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JESAAKI ACIEKTH BUKJAJTAHHS JUCIIUIIJITH ITPO®ECIHHOTO ITAKJAY IS CTYIEHTIB
MPUKJIAJTHOI MATEMATUKH 3 BAKOPUCTAHHSAM IMITALIMHOT'O MOJAEJIOBAHHS

Y emammi docniooiceno acnexmu 3acmocyeanus 3aco0i8 iMimayitino2o0 MOOe08aHHA Y NPoYeci 6UKIAOAHHA OUCYUNTIIH
npogecitinozo yukay onsa cmyodenmis cneyianvrocmi «IIpuxiadna mamemamuxay. Ocobiusy yeazy npudinreHo oemoncmpayii
NOBHO20 YUKILY PO38 A3AHHS (Pax0o6ux 3a0ay — 6i0 NOCMAHOBKYU ma demanizayii 0o nodydosu mooeui i 3acmocyeants cneyuiy-
HUX Memoois i 6I0n0GIOHUX npo2pamHux naxkemis. Taxuil nioxio cnpusie PopMyBanHIO YITICHO20 PO3YMIHHS NPUHYUNIE MOOETIO-
BAHHS MA IX NPAKMUYHO20 3ACMOCYBAHHA Y MaOYmHitl npogecitiniil Oisnerocmi. Taxoo, crio 3a3Hauumu o020 K408y poib
i 8 HAYK0B0-00CTIOHUYBKITL OIATLHOCI CIMYOeHmMI8, CRPUSIOUU PO3GUMKY AHATIMUYHO20 MUCTEHHS MA NPAKMUYHUX HABUYOK
nobyoosu, eepugixayii ma 3acmocy8anus iMimayitiHux mooeneil ckiaonux cucmem. Bono hopmye ocrosy 0nsa nposedenns gyn-
OAMEHMATbHUX MA NPUKIAOHUX 00CTIONCEHb, 00360IAI0YU CIYOEHMAM PO3POOIAMYU BIACHT MOOeNi Ma MemOoOUKY aHANI3Y, Wo
€ BAICTUGUM 011 BUDIUIEHHS. CYUACHUX MEXHIYHUX MA YNPABTIHCOKUX 3A80AHD.

Imimayiiune mooeniosanns, y KOHmMeKCmi ni020mosKu Qaxisyie 3 NPUKIAOHOT MAMEMAmMuKy, BUCMYNAE 0OHUM i3 K040~
6ux incmpymenmis, wo 3abeznedye e nuuie 2nuOOKe PO3YMIHHI MEOPEMUUHUX OCHOE, die Ui PO3GUMOK NPAKMUYHUX HAGUYOK
aHanizy ckiaoHux cucmem. Mo2o 3acmocysanis 8 HasuanbHOMy npoyeci CHPUAE aKMuBi3ayii ananimuyHo2o MUCi1eHHs CmyoeH-
mig ma QopMysanHIO BANCTUBUX NPODeCIlIHUX KoMnemenmHocmetl, HeOOXiOHUX Osl yCniuHoi OiAnbHOCII 8 2ay3i KOMN lomep-
HO20 MOOENIO8AHHA MA CYMINCHUX chepax.

Y cmammi nasedeno npuxiadu inmeepayii imimayitino2o Mooeno8ants 6 pizHi haxosi Oucyuniiny 01 cmyoenmis npu-
KIGOHOT MAMeMamuxi, wo 00360/5€ HAOYHO NPOOEMOHCIPYBAMY MONCIUBOCI BCEOIYHO20 AHANIZY CKAAOHUX CIMOXACIUYHUX
i OemepminOBaHUX npoyecié 3 ypaxysanusm bazamogaxmopnux g3aemooii. Iloxkasano, sk BUKOPUCAHHA Memodig MOOemIo-
BAHHA CIPUAE OOCTIONCEHHIO HEIHIIHOT OUHAMIKY CUCTEM, 3ACMOCYBAHHIO OA2AMOKPUMEDIanbHOT onmumizayii ma po3pooyi
ANeOpUMMIB NPOHO3YBAHHA PeaNbHUX NPOYecie be3nocepeonbo 8 HaguanbHoMmy cepedosuwyi. Ocobnugy yeazy npudiieno anpo-
BAONCEHHIO ACEHMHO-OPIEHMOBAHO20, OUCKPEMHO-N00IE8020 MA 2IOPUOHO20 MOOCTIOBAHHS, WO CHPAMOBAHO HA (OPMYBAHHS
KIIOYOBUX KOMNEMEHMHOCHel Y MAMEeMAMUYHOMY AHARI3I, an20pUmMMIYHOMY NPOEKMYGaHHI Ma Yupposomy npocHO3Y8aHHI.

O T. A. 3aiiuesa, C. I. ’Kup, B. B. ’Kymman, 1. A. Cappponosa, H. M. Jlucuus, 2025
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Y cmammi posenanymo inmezpayis 6 nHaguanvHull npoyec Maxkux iHCmMpymMeHmie MoOeN08AHHS, K MeMOO CKiHUEHHUX
eleMenmie, cmoxacmuute MoOeno8anHs, PpaxmanbHa 2eoMempis ma Mooeni Ha 0CHOBI OupepenyianbHUX pigHAHb, WO € K-
YoBUMU OISl PO38 A3AHHA CKIAOHUX MeXHIUHUX 3a0ay. [Ipointocmposano MOMCIUBOCHE BUKOPUCIIAHHSL CYYACHUX THCIPYMEHMIg
cumynayitinoeo ananisy, 3okpema Aimsun, Ansys, AnyLogic, GPSS, NetLogo ma Simulink, 015 cmpykmyproeo ma nogedinko6o2o
MOOENIOBAHHS 8 MENCAX OCBIMHbOI NPOZPaAMU 3 NPUKIAOHOI MAMeMamuKy. 3a3Haveno, wo make KOMAIIEKCHe 3ACMOCY8AHHS
Memoodig ma iHCMpYMenmig IMImayitiHo20 MOOET06AHA CYMMEBD BNIUBAE HA (POPMYBAHHS Y CMYOeHMig 2nubOKUX Komne-
MeHmMHOCMell 8 AN2OPUMMINHOMY MUCTEHHI, YUCETbHOMY MOOCTIOBAHHT MA THHCEHEPHUX 0OUUCTEHHAX, 20MYIoUlL iX 00 YCNiluHOT
npogpecitinoi disnbHocmi. 3anponono8ano oHOGNEHHs OCGIMHIX KOMIOHEHM uepe3 PO3UIUPEHHS NPAKMUUHO20 3ACIMOCYBAHHS
CUMYTAYIIHO20 AHANIZY, NOCUNEHHS AHATIMUYHO20 KOMNOHEHMA MA 8HPOBAONCEHHS MIJCOUCYUNTIHAPHO20 NIOXOOY.

KitrouoBi ci10Ba: npukiadna mamemamuxa, KoMnemeHmHoCmi, iMimayiine MOOCTIO8AHHS, 6UWd OCEIMA, NPOQeciiino
OPIEHMOBAHI 3A80AHHSL, THCIMPYMEHMU CUMYTIAYIIHO20 AHATIZY.

Zaytseva T. A., Zhyr S. L., Zhushman V. V., Safronova I. A., Lysytsia N. M. Some aspects of teaching professional cycle
disciplines for students of applied mathematics using simulation modeling

The article investigates the aspects of using simulation modeling tools in the process of teaching professional cycle
disciplines for students majoring in Applied Mathematics. Particular attention is paid to demonstrating the full cycle of
solving professional problems — from formulation and detailing to model construction and application of specific methods and
appropriate software packages. This approach contributes to the formation of a holistic understanding of modeling principles
and their practical application in future professional activities. It should also be noted that it plays a key role in students’
research activities, contributing to the development of analytical thinking and practical skills in building, verifying and applying
simulation models of complex systems. It forms the basis for fundamental and applied research, allowing students to develop
their own models and analysis methods, which is important for solving modern technical and managerial problems.

Simulation modeling, in the context of training specialists in applied mathematics, is one of the key tools that provides not
only a deep understanding of theoretical foundations but also the development of practical skills in analyzing complex systems.
Its use in the educational process helps to activate students’ analytical thinking and form important professional competencies
necessary for successful activities in the field of computer modeling and related fields.

The article presents examples of the integration of simulation modeling into various professional disciplines for students
of applied mathematics, which allows to demonstrate the possibilities of a comprehensive analysis of complex stochastic and
deterministic processes with regard to multifactorial interactions. It is shown how the use of modeling methods contributes to
the study of nonlinear system dynamics, the application of multicriteria optimization, and the development of algorithms for
predicting real processes directly in the learning environment. Particular attention is paid to the introduction of agent-based,
discrete-event and hybrid modeling, which is aimed at forming key competencies in mathematical analysis, algorithmic design
and digital forecasting.

The article discusses the integration of such modeling tools as the finite element method, stochastic modeling, fractal
geometry, and models based on differential equations into the educational process, which are key to solving complex technical
problems. The possibilities of using modern software packages, such as Aimsun, Ansys, AnyLogic, GPSS, NetLogo, and
Simulink, for structural and behavioral modeling within the framework of the applied mathematics curriculum are illustrated.
1t is noted that such an integrated use of simulation modeling methods and tools significantly affects the formation of students’
deep competencies in algorithmic thinking, numerical modeling and engineering computing, preparing them for successful
professional activities. It is proposed to update the educational components by expanding the practical application of simulation
analysis, strengthening the analytical component and introducing an interdisciplinary approach.

Key words: applied mathematics, competencies, simulation modeling, higher education, professionally oriented tasks,
simulation analysis tools.

IHocTranoBka npo6Jjemu. IMiTariiiiHe MOJEIIOBaHHS € HE3aMIHHUM IHCTPYMEHTOM, IO JTO3BOJISE OIIHIOBATH
CKJIaJIH1 poliecu 0e3 pU3HKY, AKUA MOXKEe BUHUKHYTH IIPU peajbHUX eKCIIEpUMEHTaxX. 3aBIsSKA BUKOPUCTAHHIO iMi-
TaliiHUX MOJIEJIeH, MOXKHA OIIHIOBATH MOBEAIHKY 00’ €KTIB Yy Pi3HUX CIIEHAPIsSX, MPOTHO3YBAaTH MOXKIIUBI HACII KA
pilIEeHb Ta IIYKaTH ONTUMAJbHI HUIAXH X peaizauii.

OKpiM TEXHIYHUX PO3PAXYHKIB Ta EKOHOMIYHHX IPOTHO3IB, el METOJ MOKHA 3aCTOCOBYBATH B JIOTICTHII,
BIMICHKOBIH cripaRi, 010JIOTii, MEIHUIINHI, aBiallii, pakeToOyTyBaHHI, ypOaHICTHII, a TAKOXK Yy cepi IMTydHOTO iHTe-
JIEKTY JUTS TECTYBaHHS HOBUX alTOpUTMiB. OCOOIUBY pOJIb iMiTalllifHE MOJCIIIOBAHHS BiIITpae y po3poOili HOBUX
CHUCTEM, KOJTH MTOTPIOHO 111 Ha eTarmi MPOSKTYBaHHS OIIHUTH X XapaKTepUCTUKH, PYHKI[IOHAIBHICTh Ta TIOTCHIIIHHI
crieHapii moBeniHkH. Lle 103BoIIsI€ 3HAYHO 3MEHIIIUTH PU3UKHU Ta 3HU3UTU BUTPATH, OCKUTLKY BUSBICHHS HEJOMIKIB
BiOYBAETHCS O TIOYATKy PEaIbHOTO BIPOBAKCHHS.

Sk Bu3HaueHO y [10] oBoIOAIHHS METOAMHU IMiTallifHOTO MOJIETIIOBAHHS € KIIFOUYOBUM €TaroM IpodeciiHoi
MiJITOTOBKY 151 CTyAeHTIB crienianbHocTi F1 Tpuknanna matrematuka. Lle 3yMoBIeHO THM, IO B IpOIIeCi HABYAHHS
BOHU OTPUMYIOTh 3[aTHICTh:

— OyayBaTH MaTeMaTH4Hi 1 KOMIT I0TepHI MOJIeNi pealbHUX CUCTEM;

— TpOrpaMyBaTd alTOPUTMHU, IO BiATBOPIOIOTH CKJIA IHI MPOLIECH;

— TPOBOIUTH SKCIIEPUMEHTANBHE MOJCTIOBAHHS Ta aHAI3yBaTH PE3YJIbTaTH;

— 3aCTOCOBYBATH METOMU 1 3aCO0M MOAETIOBAHHS [UIS ONTHMI3aIlil Ta IPOrHO3YBAHHS.
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IHTerparttiss IbOro MeTOy B HaBYAJIBHUIU MPOLIEC JIO3BOJISE CTYACHTaM Kpallle 3aCBOIOBATH TEOPETUYHI KOH-
Henuii i 3HaXOAUTH MPaKTHYHI pimeHHs. Tpeba Big3HAYNTH, 1[0 TPaAUIliiiHEe HABUAHHS, 3ACHOBAHE JIUILIE HA TEOpe-
TUYHHUX Marepianax i TpaauIifHUX MiIX0Aax J0 KOMIT IOTEPHOTO MOJCIIOBAHHS HE 3aBKIM A€ TIOBHE YSIBICHHS.
Tomy BaxxIuBO, 1100 caMe iMiTauiiiHe MOJIETIOBaHHS 0YyII0 HE TUIbKK OKPEMOIO IUCIUILTIHO0, a 1 YACTHHOIO 1HIITNX
LUTICHUX TUCIMILIIH, 110 OXOILIIOIOTH SIK 000B’SI3KOB1 TaK i BUOIPKOBI OCBITHI KOMITOHEHTH.

AHaJii3 ocTaHHIX gocaixKeHb i myomikamiii. Binmosigno 1o 3akony Ykpainu «IIpo ocBiTy» [7], iHTerpariis
CYYacHHX METOIiB MOJCIIOBAHHS B HABYAJIbHI IPOTpaMu 3a0e3Ieuye MPaKTHIHY CKIIaI0BY OCBITHBOTO IPOIIECY Ta
MiTOTOBKY (haxiBIIiB, CIPOMOXKHUX JI0 3[1HCHEHHS HAYKOBOT Ta 1HXEHEPHOT MisITbHOCTI.

ImitariiiHe MO/IEMIOBaHHS aKTUBHO BHKOPHCTOBYETHCS B PAMKaX HAayKOBUX IOCHIIKCHb, IO IPOBOISTHCS
3n00yBauyamMul repioro (6akanaBpChKOT0), IPYroro (MariCTepchbKOro) Ta TPeThoro (OCBITHRO-HAYKOBOTO) PiBHS
BUIIO1 OCBITH, BIJIMOBIHO /10 BUMOT [8]. BukopucTanHs iMiTalliiHUX Monenel y kBamidikamidHux poboTax g03-
BOJISIE HE JIMIIE POUIMPUTH TEOPETUUHY 0a3y JOCIiIKEeHb, a i pO3pOOIsATH MPUKIATHI PILICHHS A ONTUMI3allii
MPOILECIB Y Tally3sX TPAHCIOPTY, JIOTiICTUKH, EKOHOMIKH Ta TEXHIYHUX HayK.

3riaHo 3 CTaHnapTamMu BuIO1 OCcBiTH [ 10], BIpOBaPKEHHS IMITAIIMHOTO MOJISJTIFOBAaHHS B HABYAJIbHI nporpamu
crpuse (bopMyBaHHIo Ml)KZ[I/ICI.lI/IHJ'IlHapHI/IX KOMIIETEHTHOCTEH Ta iHTerpaii 3HaHb 3 p13HI/IX HayKOBHX HAIpPsIMiB.
Leit migxin € akTyadbHUM Y KOHTEKCTI HU(POBi3allii OCBITHROTO MPOLECY Ta BiAIOBIAHOCTI MIKHAPOTHUM IPaK-
THKaM.

HaBuyku TpauiiiiHIX KOMI FOTEPHOTO 1 MAaTEMaTHYHOTO MOJICJIFOBAHHS BIAIrPaOTh BAXKIIUBY POJIb Y MiAr0-
TOBIII CTYJICHTIB cremianbHocTi «[IpuknagHa Matemariukay. BoHU Hajexarh 10 3arajibHUX OCBITHIX pe3yJbTaTiB,
OXOTUTIOIOYH OCOOWCTICHI XapaKTepPHCTUKH, METAIPEIMETHI KOMIIETEHIIT Ta podeciitHi 3HaHHs, HeOOXiTHI 1JIs
e(heKTHBHOTO 3aCTOCYBAaHHS CY9aCHUX METO/IB Y IPaKTU4HiH aisutbHOCTI [1 —4].

3aBasKu CTpiMKOMy PO3BUTKY OOUMCITIOBAIFHUX TEXHOJIOTIH, iMiTallifHE MOJICTIIOBAHHS CTA€ OJHHUM i3 Haii-
BaXKJIMBILITNX 1HCprMeHTlB JUIs aHan13y CKITa/IHUX PeabHIX npouecis [5, 6]. Y 3B’I3Ky 3 IIUM 3pOCTae norpeda
y MOJIepHi3allii iIHKeHEPHO-TEXHIYHOT i MaTeMaTHYHO1 0CBiTH. ChOTOHI HABYAHHS MAE 6yTH CIpsSIMOBAHE HE JIUIIE
HA 3aCBOEHHS TCOPETHYHUX 3HAHB, & i HA PO3BUTOK JIOTIYHOTO MUCIICHHS, OCBOEHHS METOJ[IB MATEMaTHYHOTO aHa-
ni3y Ta (OpMyBaHHS HABUYOK [IEPETBOPEHHSI MPUKIATHHUX 33]]a4 y KOMIT IOTePHI | MaTeMaTH4HI MOJIEITI.

CyuacHa TpaHcdopMallis OCBITH, 3yMOBJICHA CYCHIIbHO-€KOHOMIYHUMH 3allMTaMH, POOUTH MPIOPUTETHUM
PO3BHTOK MPaKTHYHUX KOMIIETEHIIH cTyneHTiB. Lle mepenbadae He nurie 3aCBOCHHS 3HaHb, a i (OpPMyBaHHS 37aT-
HOCTI e()eKTHBHO 3aCTOCOBYBaTH MaTeMaTHYHI MEeTOIH y podeciiiHii MisITbHOCTI.

KoMmeTeHTHICTh BHITyCKHMKA — II€ HOrO TOTOBHICTh BUKOPHCTOBYBATH 3100yTi 3HAHHS IUIS PO3B’SI3aHHS
peansaux npoOiem. OcBita Mae OyTH MOOyTOBaHA TaKUM YMHOM, IOO YK€ 3 MEPIIOr0 POKY HAaBUYAHHS CTYIEHTU
PO3yMIH 3B’SI30K JUCIUILIIH i3 MaiOyTHROIO IPO(eci€ro Ta MEePCHEKTHBAMH PO3BUTKY CYyCIIUIBCTBA.

s mnocsiTHEHHS BUIIOTO PiBHS KOMIETEHTHOCTI HEOOX1THO CHCTEMAaTHYHO MeperIsiiaTi 3MIiCT OCBITHIX MPO-
rpaM, IHTErpyIour MPUKIAHI aCIEKTH MOAETIOBAHHs B HABYAJIbHUI mpo1iec. Lle crpusTiMe miABUIIEHHIO MOTHBA-
ii CTYJEHTIB Ta MiATOTOBLI KOHKYPEHTOCIIPOMOXKHUX (haXiBIIiB.

Merolo cTarTi €:

— JOCIIIKCHHSI METOIOJIOTIYHUX OCOONMBOCTEH BUKJIAAAHHS iMITAIliHHOTO MOJEIIOBAHHS Y BHUILIN OCBITI,
Yyepes BIPOBAKCHHS Yy OCBITHI KOMIIOHEHTH, CIIPSIMOBaHI Ha POQeCiiiHy MiAroTOBKY CTYACHTIB crierianbHocTi F1
«[IpuknamHa MaTeMaTHKay;

— MIPOBEJICHHS aHalli3y CTPYKTYPH Ta MiIXO/IB JIO BHKIAAAHHS IMITAI[ITHOrO MOJICTIOBAHHS SIK Y 000B’SI3KO-
BHX KOMIIOHEHTaX HaBYAJILHOTO IUIaHY, TaK 1 Y BUOIPKOBHX JHMCIUILTIHAX, IHTETPOBAHUX JUIS PO3IIUPEHHS Ipode-
CIHNX NPaKTHYHUX HABHYOK CTYICHTIB;

— HaJIaHHA POIO3HUIIiH peKOMEHAAIIITHOTO XapaKkTepy 100 ONTHUMIi3alii HABYAIEHOTO IPOLECY 13 BpaxyBaH-
HSM crienu(iky IUCUUILTIHY, PIBHS MATOTOBKY 37100yBaviB OCBITH Ta Cy4aCHUX TCHJCHIIN Y cepi MOAETIOBaHHS.

Buxian ocHoBHOro marepiasy. Posnisinemo ocBitTHIO iporpamy «Komim 1oTepHE MOZIETIOBaHHS Ta TEXHOJO-
rii mporpamyBaHHs» 3a nepiuM (6akaaaBpCchKUM) piBHEM BUIIOT OCBITH crielianbHOCTI «[IpHukiiagHa MmareMaTukay
[9]. 3riaHo 31 cTangapTOM BHILOI OCBITH crienianbHOCTI «Ilpukinaana maremarukay [10] y Tabn. 1 HaBenemo nepe-
nik 3aranpHEX (3K) 1 PpaxoBux(PK) KOMIIETEHTHOCTEH, IO OB’ sI3aHi 3 KOMIT IOTEPHAM, MaTEMaTHYHUM, 8 TaKOX
13 IMITALIiHUM MOJETIOBAHHIM.

i KOMIIETEeHTHOCTI OXOTUTIOIOTh TEOPETUYHI 3aCajIi, METOJN MAaTEMaTUIHOTO aHaJi3y, BUKOPHCTAHHS CIIeIli-
aJTi30BaHUX MPOTrPAMHUX 3aCO0IB Ta POBEICHHS EKCIICPUMEHTAIILHUX PO3paxyHKiB. BoHM CTBOPIOIOTH DyHIAMEHT
JUTSL YCIIIITHOTO OCBOEHHS IMITAIITHOTO MOJIETIOBAHHS, CIPUSAIOUN PO3BUTKY aHAJTITHYHOTO MUCIICHHS, 3JaTHOCTI
(hopmatizyBary 3a1a4i Ta 3aCTOCOBYBATH MaTEMATHYHI METO/IU Y TPAKTUYIHUX JIOCIKCHHSX.

Hapuanpauii tuiad 3a nepumM (OakaJaBpChKHUM) piBHEM BHIINOI OCBITH crieriadbHOCTI «lIpukiamgHa mate-
MaTHKa» OCBITHBOI Mporpamu «Komi toTepHe MOJETIOBaHHS Ta TEXHOJIOTIT MPpOrpamMyBaHHs», BKIIOYAE ITUPOKHMA
Ha01p AUCIUILIIH, SKi GOPMYIOTh (PyHIaMEHTANIbHI Ta IPUKIIAJIHI HABUYKH MOJIEIIIOBaHHS B3arali.

J1o 000B’SI3KOBMX KOMITOHEHTIB MPOodeCciiiHOT MATOTOBKY BXOAITh Komn tomephe MOOento8ants cucmem ma
npoyecis Ta Komn romepni mooeni OuHamMivHux npoyecia.
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Ta0mwums 1
Hepenik 3araasuux (3K) i paxoBux(PK) koMneTreHTHOCTEI, 1110 MOB’A3aHi 3 KOMII IOTEPHUM,
MATEeMATHYHHUM TA iMiTAIHHUM MOJETI0BAHHAM

Ko . . .. .
A . KommnerenTHOCTI, BU3HAYEHI CTAHAAPTOM BHIIIOL OCBiTH
KOMIIETEHTHOCTI
3K02 3MaTHICTh 3aCTOCOBYBATH 3HAHHS y MIPAKTUYHUX CUTYAIIisIX, [0 BKIIOYAE POOOTY 3 MaTeMaTHy-

HUMH MOJICJIIMU Ta IXHE BUKOPUCTAHHS JIJIS aHAI3Y PEaJbHUX MPOIIECIB.
3K06 A.6VCTpaKTHe MHCJICHHS, aHaJi3 Ta CHHTE3, IO € KJIIOUOBUMHU HABUUKAMH TSI pO3POOKH iMmiTa-
MIMHUX MOJICJICU Ta MAaTEMAaTUYHOI'O ITPOIrHO3yBaHHHA.
3maTHICTH IO TIOITYKY, 00pOoOIeHHS Ta aHalizy iH(opMaIii 3 pi3HUX HKepel, MO0 J0IOMarae
3HAXOJUTH JaHi s TOOYIOBH MOJIeIIEH Ta ePeBipATH IXHIO TOCTOBIPHICTh
31aTHICTh MPOBEICHHS TOCIIKCHD Ha BiIMOBITHOMY PiBHI, 10 BKJIFOYA€ CKCTIEPUMCHTAIILHE
Ta aHAJIITHYHE MOJICITIOBAHHS Y HAYKOBUX PO3POOKaX
HaBuuku y BukopucTanHi iHpopMamiifHuX 1 KOMYHIKaI[IfHUX TEXHOJOT1H, OCKIIBKHA MOAEIIO-
3K10 BaHHI YacTO 3IHCHIOETRCS 3a JOMTOMOTOIO CIEIiaIi30BaHOrO MPOTrPaMHOT0 3a0e3MeUeHHS Ta
KOMIT FOTEPHUX CUMYJISIIIIH.

JIisSTBHICTS 13 3aCTOCYBaHHS MaTeMaTHIHUX METOIIIB
31aTHICTh 0OMPATH Ta 3aCTOCOBYBATH MAaTEMATUYHI METOIH JUIsl MOJICITIOBAHHSI, aHAJIi3Y, TIPO-

3K07

3K05

©®KO03 . .
THO3YBaHHS Ta IPUHHSTTS pillICHb.
TexHonorivHa JisIbHICTH
DKO9 31aTHICTh 710 IPOBEJICHHS! MaTEMaTHYHOTO Ta KOMIT IOTEPHOTO MOJIETIOBAaHHS, aHaIi3y Ta 00-
POOKHM JaHUX, 00UYMCIFOBAIILHOTO EKCIICPHMEHTY.
HaykoBo-focitiiHa TisIbHICTh
DK12 3,I[a’l:HiCTB /10 TOIIYKY, CHCTEMATHYIHOTO BUBYEHHS Ta aHaJTi3y HayKOBO-TeXHIUYHOI iH(opMarii,
OB’ sA3aHO] i3 MAaTEMaTHYHHM MOJICITIOBAHHSM.
DK14 3narHicTh HOPMYITIOBATH MaTeMaTHYHY IIOCTAHOBKY 3aJ1a4i, 0OMpalouu METOM 11 pO3B’sI3aHHS,

1110 3a0€311eYyI0Th HeOOXiJHY TOUHICTb 1 HaIHHICTh pe3yJbTary.

BubipkoBuii OI0K OXOILTIOE AyKe MIMPOKHH CIEKTP AWCIMILTIH, 30KpeMa € Tpyla TakuX, OO IOB’s3aHi
3 MOZETIOBaHHAM Oe3mocepentro: Mooeniogants npupoonudux npoyecis, Ochosu Komn 10mepHo20 MOOeNI08AHHS,
Ocnosu meopii cmitikocmi Helipomepedicegux mooenetl, Mooenosanus npupoOHUUUX MA MEXHOLEHHUX NPoYecis,
Mooenweanns, ananiz ma onmumizayiro cucmem piznoi npupoou, Pexoncmpyrosanna mamemamuunux mooenei
npoyecie memooom SINDy, [lputinamms piwieHb 8 ymosax HesusHauenocmi 6 OizHec-cucmemax, Mooenosanns
eKoOHOMempuuHUux npoyecis, Modenosannsa 6izHec-npoyecie 6 ymosax KoHKypeHyii, Mooeni 6bazamoxpumepianoroi
onmumisayii 8 6i3neci, Mooentosanusa coyianrbHO-eKOHOMIYHUX npoyecis, a maxodxc Memodu computer modeling
and simulation.

OnanyBaHHs UMX TUCLUILIIH MOTpedye IPYHTOBHOI MaTeMaTUYHOI Ta IporpaMHoi miarorosku. Heo0OxigHoro
0a3010 ISl IXHBOTO OCBOEHHS € TaKi KIIOYOBI MPEIMETH, K Mamemamuunuii ananiz, Juckpemna mamemamuxa,
Mamemamuuna cmamucmuxa, Teopia umosipnocmi, Mamemamuuna nocixa, Mamemamuuni ocHo8u npocpamy-
sannst, Memoou onmumizayii, Jlocicmuka, [Ipoepamysanns ma 06’ ekmuo-opicumogane npozpamysanis, siKi BXo-
JSTh 10 OJIOKY 000B’I3KOBHX KOMIIOHEHT IIUKITY IPOQECiiHOT MiATOTOBKH.

i nqucomrutian 3a0e3MedyoTh CTyACHTaM TITHOOKE PO3YMIiHHS MAaTeMAaTHYHHUX METOMIB, aHANITHIHUX ITiJI-
XOJliB Ta aJITOPUTMIB, SIKi € OCHOBOIO MOJICJIFOBaHHS CKIIQJIHUX CHUCTEM, PO3POOKU MPOrpaMHOTo 3a0e3reveHHs Ta
aHaJTi3y BEJUKUX OOCATIB TaHUX.

Taxwuii HaOip JUCHHUILTIH 3a0€31e4ye CTyIeHTaM BUIbHHIA BUOIp 3 OMHOTO OOKY, a 3 1HIIIOTO — IPYHTOBHY Mare-
MaTUYHY MiJrOTOBKY, COPSAMOBAaHY Ha MPAaKTUYHE BUKOPUCTAHHSA Cy4aCHHMX METOMAIB aHalli3y, MPOTHO3YBaHHS Ta
onTuMizalii B pi3HUX rany3sax. besnepeuHo, imiTaliiiHe MOAETIOBAaHHS € HEBi €MHOIO CKJIaJJOBOK HABYAJILHOTO
MIPOLIECY, BIPOBAKYIOUUCH Y PoOOUl MpOorpaMu HUX AUCLUUILTIH. BUKIa1aHHs OXOIUTIOE TEOPETUYHI 3acaIu, MpaK-
THUYHE OIPAIIOBAHHS METOIIB Ta NeTaJbHUI aHali3 peabHUX IPOLECIB, IO CIPHUSIE MIHOIIOMY 3aCBOEHHIO MaTepi-
aIly Ta pO3BUTKY NPUKIATHAX HABHYOK.

B yMoBax BOEHHOr0 yacy HaBYaJbHHU MPOIEC OPraHi30BaHUM y 3MilIaHOMY (OpMaTi, Jie OCHOBHA YacTHHA
3aHATH NMPOBOUTHCS TUCTAHINIHO. BuknanaHHs sk 000B’SI3KOBHX, TaK 1 BUOIPKOBHUX MUCIHUILTIH Iependavyae Taki
(hopMH HaBYaHHS SIK JISKIIIi, JJAOOPATOPHI Ta MPAaKTUYHI 3aHATTS.

TeopeTnunuii MaTepias npeacTaBieHuH y Gopmari KOMII IOTEpHUX MpPE3eHTallil, 110 JOIoMarae Bisyasi3y-
BaTH KJIFOYOB1 KOHIIEMIIIT, CIIpUsiE KPAIIOMY 3aCBOEHHIO 3HaHb Ta MATPUMYE 3alliKaBlIeHicTh cTyAeHTiB [2]. I1ix yac
JIEKI1# 3aCTOCOBYETHCS KOHTEKCTHUN Ta MPOOIEMHUH MiXik, 110 A03BOJISE Kpalle 3pO3yMITH 3MICT IUCIUILIIH Ta
X IpaKkTUYHE 3HAYCHHS.

Jnia 3akpiluleHHs Marepiany Mmicisl KOKHOTO PO3IUTY AOLIIBHO MPOBOJUTH TECTYBaHHS ab0 KOHTPOIBHI
POOOTH, SIKi YaCTO BKJIIOYAIOTH IIPAKTUYHI 3aBJaHHS, 10 MTOTPEOYIOTh PO3POOKH IMITALIIITHOT MOZIEII Ta IPOBENCHHS
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BIJITIOBIIHOTO KOMIT IOTEPHOTO €KCIepuMeHTy. CaMe OHJIaiH-(popMar CTBOPIOe€ KOMGOPTHI YMOBH [UISl BUKOHAHHS
TaKUX EKCIIEPUMEHTIB.

PerynsipHa nepeBipka 3acBO€HHS 3100yBadyaMu 3HaHb J03BOJSE HAATOAUTH 3BOPOTHUH 3B’SI30K, CBOEYACHO
BUSIBIITH MPOTAJIHHU Y 3aCBOEHHI MaTepialy Ta KOPUTYBATH 3MiCT 1 METOIM HABYAHHS [UIS iIBUIICHHS €(hEKTHB-
HOCTI OCBITHBOTO IIPOLIECY.

Tpeba BiA3HAYMTH, O CYYaCHI CUCTEMH MOJICIIOBAHHS MaiiKe 3BUILHAIOTH MOCIHIAHHUKIB Bil HEOOXi1MHOCTI
MporpaMyBaHHs, aBTOMAaTHYHO CTBOPIOIOYW MOJIeNi Ha 0CHOBI popmamizoBanux cxem [11 — 13, 15]. Lli cxemu Bpa-
XOBYIOTh TIApaMETPH CHCTEMH, 30BHIIIHI BIUIMBU Ta 0COOIHMBOCTI 11 (DYHKIIIOHYBaHHS, O POOHMTH TAaKWH MiAXia
MIEPCIIEKTUBHUM JUIS PO3BUTKY IHCTPYMEHTIB IMITAI[ITHOTO MOJICITFOBAHHSI.

JlocBin CBITOBUX 1 YKPaiHCHKUX JTOCII/PKEHb MiITBEPKYE e(DEKTUBHICTD CIEIialli30BaHKUX IMITAIIMHUX MOB
[1], aKi BUKOPUCTOBYIOTECS B pi3HHX cepax. CboronHi, Maixke >K0Z€H MacIITaOHHMI TPOEKT He 00XonuThes Oe3
MOIIEPEHBOT0 MOJICTIOBAHHS, a/IKE 1€ JO3BOJISIE MiHIMI3yBaTH PU3UKH Ta MiJBUIIUTH TOUHICT IPOTHO3yBaHHS [6].

Ha croroani BimoMo gyxe 0arato MOB MOJIENIOBAaHHS, 110 OOYMOBJIEHO Pi3HOMAaHITHICTIO KJIACiB MOZAEIIO-
BaHUX CHCTEM, IIiJiell Ta MeToiB MoentoBanHs. CaMe MparHeHHs! CIPOCTUTH Ta MPUCKOPUTH MPOLEC CTBOPEHHS
MoOJIeTIeH CIIPHSIIO PO3BUTKY aBTOMATH3AIil IPOrpaMyBaHHs iIMITallifHIX MOJCIICH.

Y HaB4anbHOMY TPOIIECi HAMUA BUKOPHCTOBYIOTHCS Pi3Hi MporpamHi 3acodu. CIHCOK iX CHCTEMaTHYHO OHOB-
moeTbest. Ock HaitOLTbIT 3acTocoByBani Aimsun [11], Ansys [12], AnyLogic [13] GPSS, NetLogo[14], Simulink[lS]

Aimsun Next — TpOrpamMHHii TPOAYKT, IIO 3a0e3nedye MOKIMBOCTI 6araT0plBHesor0 MOJZICTIIOBaHHS: BiX
MleOCKOl'[l‘IHOFO MOZETIOBaHHS TOBEIIHKH OKPEMUX TPAHCTIOPTHAX 3ac00iB 0 MAKPOCKOIIIYHOTO aHAITi3y MOOITh-
HOCTI B MacIITadi MicTa 9i perioHy. Y HaBJaJlsHOMY Imporieci Aimsun Next akTHBHO 3aCTOCOBAHO ISl IPOBEICHHS
CHMYJISILIIH TOPOXKHBOTO PYyXYy, aHaTi3y e(heKTHBHOCTI TPAHCIIOPTHOI iHYPACTPYKTYpH Ta OLIHKH HACII/IKiB BIPOBa-
JUKCHHS PI3HUX TPAaHCIOPTHUX cTpateriil. Lle 1o3Boisie iHTErpyBaTé TEOPETHYHI 3HAHHS 3 IPAKTUIHUM MOJEIIO-
BaHHSM, CIIPUSIOUHU ITHOIIOMY PO3YMIHHIO IPUHIUIIB YIPaBIiHHI MOOUIBHICTIO.

Kpim Toro, Aimsun mMoxxe OyTH KOPUCHUM y IIPOBEJCHHI HayKOBUX JOCIIMXEHb 1 KypCOBUX POOIT, A€ CTy-
JIEHTU aHaJi3yl0Th peaybHI TPAHCIOPTHI JaHi Ta PO3pOOIIAIOTh ONTUMI3aliliHI PIlIEHHS IS AOPOXKHIX MEpeK.
BukopucTaHHs HBOTO MPOrPaMHOrO 3a0E3MEUEHHs] B HaBYAIBHUX MPOrpaMax JormoMarae MaiOyTHIM (axiBIsM
OTIAHYBaTH CYyYacHI METOIY aHaJi3y Ta MPOTHO3YBAHHS TPAHCIIOPTHHUX MOTOKIB, IO € KPUTUYHO BAKIUBUM Y chepi
1HPPACTPYKTYPHOTO PO3BUTKY.

ImiTamiiiHe MoJelmtOBaHHS B Ansys BUKOPUCTOBYEThCS JUIS aHAII3y CKJIATHHUX (DI3MYHHUX IMPOIECIB, J03BO-
JISIOYM TH)KEHEpaM TPOTHO3YBATH MOBEIIHKY CHCTEM Y peallbHUX YMOBax. Ansys MiATPUMYE ITUCKPETHO-TOJIEBE
MOZIETIIOBAaHHS, MeTo cKiHueHnX eneMeHTiB (MCE) ta MynbTH(hi3ndHe MOIETIOBaHHS, [0 1a€ 3MOTY BPAaXOBYBaTH
B33a€MOJIIIO0 Pi3HUX (PI3UYHMX SBUIL, TAKUX K MEXaHIYHI HABAHTAXXECHHSI, TEIUIONEPEaada Ta eIeKTPOMAarHiTHI OJS.

L5t TexHOMOTisl MIMPOKO 3aCTOCOBYETHCSI Y aBTOMOOIBHIN, aepOKOCMIYHIN, METUUHII Ta eNeKTPOHHIiH mpo-
MUCJIOBOCTI, JIOTIOMAararuil ONTUMIi3yBaTH KOHCTPYKILii, 3MEHIIYBaTH BUTPATH Ha PO3pOOKY Ta IiJBHUIYBaTU
e(heKTUBHICTh MPOLYKTIB. ANsys 03BOJIsIE MPOBOAUTH BipTyasibHI €KCIIEPUMEHTH, 110 3HAYHO CKOPOYye MOTpedy
y (i3UYHUX TECTax, a TAKOXK MIATPUMYE MapaMeTPUIHE MOJICITIOBAHHS, M0 IA€ 3MOT'Y HIBHIKO 3MiHIOBATH XapaKTe-
PHUCTUKHU MOJIETI Ta aHATi3yBaTH iXHill BIUTUB HA CUCTEMY

AnyLogic — nporpamHe 3a0e3MeueHHs Ul IMITaifHOTO MOJIEITIOBAHHS, SIKE JTO3BOJISIE CTBOPIOBATH CKIIAIHI
MoJieJTi Oi13HEeC-TIPOIECiB, BUPOOHHYNX CHCTEM, JIOTICTHKHM Ta COIIaJIbHUX SBHIIL. Horo ronoBHa 0coGnuBicTh —
MiATPUMKA TPHOX OCHOBHHX METOIIB MOJENIOBAHHSA: CHCTEMHOI TUHAMIKH, TUCKPETHO-TIOMIEBOTO MOJICITIOBAHHS
Ta areHTHOTO MOJICITIOBAaHHS, IO Ja€ MOXIIMBICTh KOMOIHYBATH Pi3HI MiAX0IU B MeXax OIHi€l Mojeli, 1 poOUTh
AnyLogic yHiBepcaIbHUM 1HCTPYMEHTOM JUTS aHAJi3y CKJIQJIHUX CHCTEM.

AnyLogic IIMpOKO BUKOPHCTOBYETHCS Y TAKUX Chepax, SK BUPOOHHIITBO, JIOTiCTHKA, PHHOK Ta KOHKYPEHIIis,
OXOpOHA 3JI0POB’ 1, TEJICKOMYHIKaIliil Ta COlliaTbHiI CUCTEMH.

AnyLogic Mae iHTYiTUBHO 3po3yMinuil rpadiunuil inTepdeiic, sskuil 103BOJsE CTBOPIOBATH MOJIETI 3a JIOTIO-
mororo drag-and-drop enemMeHTiB, a TakoX MIATPUMYE Bidyasizalito Ta aHiMallito npouecis y 2D ta 3D. Lle po6uts
HOro 3py4yHHM Ul Mpe3eHTaliil Ta aHami3y pe3yJbraTiB MopaentoBaHHA. KpiMm Toro, mporpamHe 3a0e3neyeHHs
MICTHUTb ranxy3eBi 010Ji0TEKH, SIKi JOMTOMAraroTh MOJICITIOBATH CelU(iuHI MPOIECH, TaKi SK TPAHCIIOPTHI MOTOKH,
BHPOOHMYI JIiHIT Ta MOBEIIHKY MIIIOXOIIB.

GPSS (General Purpose Simulation System) — 1ie 0flHa 3 TIEPIIUX 1 HAMBITOMIIMIUX JUCKPETHO-TIOMIEBUX 1Mi-
TalifHX MOB, po3pobiieHa IBM. BoHa mipaittoe Ha 0CHOBI TIOIiH, SIKi BiJIOYBalOTHCS y BU3HAUEHI MOMEHTH Yacy,
1 BUKOPUCTOBYE OJIOKOBY CTPYKTYPY, JIe KO>KeH OJIOK IPEICTABIISE IIEBHY OMepallito abo 3MiHy cTany cucteMu. GPSS
JIO3BOJISIE MOJICITIOBATH CKJIA/IHI TPOIIECH, TaKi sIK BAPOOHWYI JIiHii, TpchnopTHi CUCTEMH Ta JIOTICTHYHI MEpEexKi.

CyuacHa Bepcm GPSS — GPSS World, sixa 6yna ctBopena y 1993 poul anpHMye posumpem MOXKJIMBOCTI
CTAaTHCTUYHOTO aHaJi3y, aBTOMaTH4HE MPOBEJCHHS EKCIIEPUMEHTIB Ta Bl3yamsauno pesym,TaTlB MOJICTIOBAHHS.
BoHa BUKOPUCTOBY€EThCS y PI3HUX rally3sX, BKIIOUaI0Yd BUPOOHUIITBO, TEIEKOMYHIKalLii Ta TPaHCIOPT, JoIoMara-
FOYHM TOCIIIHUKAM Ta iH)KEHEepaM ONTHMIi3yBaTH MPOIECH Ta IPOTHO3YBATH IXHIO TOBEIIHKY.

NetLogo — 1ie TOTY>XKHE CEpEOBHIIIE TSI 0araroareHTHOrO MOJICIIIOBAHHS, SIKE I03BOJISIE CTBOPIOBATH CKIIA IHI
CUMYJISILIT PUPOAHUX, COLIANFHUX Ta eKOHOMIYHUX mporeciB. Po3pobiene B Northwestern University, NetLogo
BHKOPHCTOBYE TPOCTHI CHHTAKCHC, 3aCHOBaHWI Ha MOBi Logo, mo poOHUTs HOro MOCTYIHHUM Ui AOCHiTHUKIB,
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CTYJIEHTiB Ta BUKJIaaadiB. OcHoBHA 0co0mBicTh NetLogo — MOXKITMBICTh MOIETIIOBATH THUCS Y1 HE3AIEKHIX areHTIB,
SIKi B3a€MOJIIOTh MiXK COOOO Ta 3 HABKOJUILIHIM CEPEJOBHUIIEM, IO JA03BOJISAE aHANI3yBaTH CKJIAJHI CHCTEMH Ta
ixHI0 eBomtowito. [IporpamHe 3abe3nedeHHs MiATPUMYE Bi3yali3allilo B pealbHOMY 4aci, 10 J0TOMarae KOpucTy-
BadaM CIIOCTEPIraTH 3a JUHAMIKOIO MOJIEI Ta 3MIHIOBaTH IapaMeTpH JJIsl TECTYBaHHS pisHUX creHapiiB. NetLogo
IIHPOKO BUKOPHCTOBYETHCS Y O10JIOTI1, COLIONOTii, EKOHOMIIIi, €KOJIOTii Ta OCBITI, 8 HOTO 0i0Ii0TeKa TOTOBHX MOJIC-
JIel T03BOJISAE IMIBHIKO posmodatu poboty. JlomatkoBo, NetLogo miarpumye HubNet, mo nae 3Mory npoBOIUTH
IHTePAKTUBHI CUMYJISIIIIT JUTS TPYTT KOPUCTYBAYiB.

Simulink — 1ie cepeoBUILE I MOJICITIOBaHHS, CHMYJISIIIT Ta aHATI3y JUHAMIYHHX CHCTEM, SIKE IHTETPOBaHO
3 MATLAB. BoHo 1103BoJIsIE iHXKEHEpaM 1 TOCHITHUKaM CTBOpIOBaTH rpadivHi OJOKOBI Jiarpamul JUIsl TPOEKTY-
BaHHS CKIIQJIHUX CHUCTEM, TECTYBaTH ajJrOPUTMHU YIIPABIiHHS, IPOBOJAUTH CHMYJISIIIO B peaIbHOMY Yaci Ta reHe-
pyBatu Kox JUIs BOYJOBAaHMX HPHUCTPOIB. 3aBASKM IHTYITHBHOMY TpadiuyHOMy iHTEepdelcy KOpHCTyBadi MOXYTh
HIBUJKO PO3POOIJIATH Ta aHaNi3yBaTH MaTeMaTHUYHI MOJelNi, NepeBipsATH IXHIO Mpane3JaTHiCTs 6e3 HeoOXiTHOCTI
y (hi3MYHOMY MPOTOTUMI, 1[0 3HAYHO CKOPOUY€ Yac Ta BUTpaTH. Simulink MUPOKO BUKOPUCTOBYETHCS B aBTOMO-
O1NIbHIM TPOMHUCIIOBOCTI, aePOKOCMIYHUX TEXHOJIOTISIX, aBTOMAaTH3allil, Ln(poBiii 00poOLIi CUTHATIB Ta yIpaBIiHHI
CKJIAJIHAMH TpoLecaMu, 3a0e3euyroun epeKTUBHUN IHCTPYMEHT JJIsl iH)KSHEPHHX PIllICHb.

VY maByampHOMY mpomeci Simulink BUKOPHUCTOBY€ETBCS JUIS BHKIIAJAHHS OCHOB MOJICIIOBAHHS Ta CHMYJISI-
il TMHAMIYHAX CHCTEM, JOTIOMAraloud CTYACHTAM Bi3yalli3yBaTd MaTeMaTHYHI KOHIEMIIi Ta eKCIIEPUMEHTYBATH
3 mapameTpaMu mMozeneil. Bin 103Bosse Ierko HamamToBYBaTH i TECTYBaTH aTOPUTMU YIIPABIiHHS, a TAKOXK aHa-
J3yBaTH MOBEAIHKY CUCTEM y Pi3HHX yMoBax. KpiM Toro, 3aBasku MOXJIMBOCTI iHTerpanii 3 MATLAB, crynenTn
MOXYTb PO3POOIISATH CKIIaIHI MOJIETIi Ta aBTOMATH3YBaTH MPOIECH, 10 poOuTh Simulink BaXJIMBUM 1HCTPYMEHTOM
y TEXHIYHi# OCBITI.

ImiTamiiine MONEIOBaHHS BiAIrpae KJIIOYOBY POJIb HE JIMIIE B OCBITHROMY MPOIECi, a i Y HAYKOBO-IOCIi/I-
HHLBKI} JiSUTBHOCTI CTyAEHTIB, CIIPUSIOUN PO3BUTKY aHAJITUIHOTO MUCIICHHS T4 HABHUOK MOJICJIIOBAHHS CKJIATHIX
cucrteM. BoHo ¢opmye 0CHOBY 15l MpoBeAieHHS (PyHAaMEHTAIBHUX Ta MPUKIAJAHUX JOCIIIKEeHb, T03BOJISIOUHN CTY-
JICHTaM PO3pOOIIATH BIaCHI MOJIEI Ta METOIUKH aHAIi3y, 0 € BAXKIMBUM JUTS BUPIIICHHS CY9aCHUX TEXHIYHHUX Ta
YIPaBIIHCHKUX 3aBIaHb.

Bararo BUIMyCKHUKIB OOMPAIOThH IMITAlliiiHE MOJICITIOBAHHS SIK HANpPsM CBOIX KBai(iKalliiHUX POOIT, amKe
BOHO HAaJIa€ MOXKJIUBICTH IPOBOJNUTH TIHOOKI JOCIIDKCHHS Ta TeHEPYBAaTH NMPAKTUYHI PINICHHS, SKI MOXYTh OyTH
3aCTOCOBaHI B Pi3HUX Tally3sX HAYKH 1 TeXHIKA. BUKOpUCTAaHHS IILOTO MAXOMY CIPHUSE IHTErpallil MaTeMaTHIHOTO
aHaJTi3y, KOMIT FOTEpHUX TEXHOJIOT1i 1 HAyKOBUX METOJIB, IO € HEOOXITHUM JUTS IMiJITOTOBKHU (haxiBIliB, 3MaTHUX J0O
BUPIIIEHHSI CKIIQJIHAX TEXHIYHHUX 3aBJIaHb Ta ONITUMIi3allii IPOIIECIB Y peabHUX YMOBaX.

3acTrocyBaHHS IMITAI[ITHOTO MOJICITFOBAHHS TAKOXK Ma€ BaroMe 3HaueHHS Y MUKIUCIUTUTIHAPHKUX JIOCJTiKEH-
HSX, € BOHO JOIOMarae o0’€QHATH 3HAHHA 3 PI3HUX HAayKOBHUX c(ep, TaKHX SIK IHXXEHepis, CKOHOMiKa, MiChKe
IUIAaHYBaHHS Ta MEAWYHA aHANITUKA. 3aBSKY bOMY CTYACHTH He JIUIIE 3100yBat0Th TEOPETUUHI 3HAHHS, a i PO3-
BHBAIOTh MPAKTHYHI HABMYKU MOJICITIOBAHHS CKJIAJHUX CHCTEM, IO IMiJABHIINYE iXHIO KOHKYPEHTOCIPOMOXHICTh Ha
PHUHKY TpaLi.

BucnoBkn. CHCTeMHHUI PO3BUTOK OCBITHIX CTaHIAPTIB BHIIOI OCBITH BHMAara€ OHOBJICHHS IIIXOIIB IO
BHKJIQJaHHS TUCIUILIIH MPodeCciiHOro NUKIY. Y [IbOMY KOHTEKCTI 0COOIMBOrO 3HaYCHHS Ha0yBae came iMiTaIliiiHe
MOJICTIFOBaHHS SIK OAWH i3 KJIIOYOBUX IHCTPYMEHTIB aHATi3y Ta MPOTHO3YBaHH:. Takok BUIIpaBIaHe 3pOCTAaHHS 3Ha-
YeHHS NPUKJIIAJHOT MAaTEMATHKH Y HAyIli Ta TEXHOJIOTISAX 3yMOBITIO€ TOTPpeOy B 1 MoAabIIIii iHTerpallii B HaBYaIbHI
MPOTrpaMH YHIBEPCUTETIB, IO cripusie (OopMyBaHHIO MPAKTUIHO OPIEHTOBAHWX HABUYOK y CTYIIEHTIB. ToMy mporio-
HY€ETBCS:

— 30UIBIINTH MOTHBALIIO CTYIEHTIB, IIOEJHYIOUH TCOPETHYHI ACIIEKTH 3 pealbHUMH 3aBJaHHIMI;

— PO3UIMPUTH MPAKTHUYHY CKJIAJOBY TEOPETUUYHUX MATEMATWUYHHMX IUCIHILUIIH, IHTETPYIOUM peajbHi MpH-
KJaH1 3a7a4i;

— MOITHOWTHU PO3yMiHHS MAaTEMATHYHUX MPUHIIMIIIB, IEMOHCTPYIOUH IXHE 3aCTOCYBAHHS Y PI3HUX HAYKOBUX
Ta IHKEeHepHHUX chepax.

Came BUKOPUCTaHHS MaTeMaTHIHOTO MOJICITIOBAHHS SIK YHIBEPCAILHOTO METOAY JOCITIHKEHHS HAaJa€e CTYICH-
TaM 3MOT'Y PO3IIMPHUTH aHAJITHIHI HABUYKH, TiABUIIUTH PiBE€Hb MATEMAaTHIHOI KyJIETYPH Ta HABYUTHUCS €(PEKTUBHO
MPAIOBATH 3 IHGOpMALIHHUMH JaHUMH. Takuid (hopMaT HaBYAHHS € IHHOBAIIHHAM, OCKIJIBKH HE JIMIIE MOJCPHIZYE
3MICT JMCITUILIIH, aJie i 3MIHIOE€ METOJIOJIOTIF0 BUKJIAJAHHS, POOIISIUM 11 OiIBII MPAKTHYHO CIIPSIMOBAHOIO.

VY sKOCTi BUCHOBKIB, MOYKHA CKa3aTH, [0 iIMiTaIliifHE MOJICITFOBAHHS BiIirpae KIIFOYOBY POJIb Y CyYacHii OCBITI,
3a0e3Meuyrou CTyJIeHTaM HeoOXimHi mpodeciiiHi komnereHIii. KommneTeHTHICHUE MiAXix JO3BOMSE MiATOTYBaTH
(haxiBIiB, sSIKi 37aTHI MPAIFOBATH 3 MATEMAaTUYHUMH MOJEIISIMH Y HAYKOBUX Ta TEXHIYHUX cepax, a MoAepHizallis
MaTeMaTUYHUX JUCLUIUIIH, 3aCHOBAaHA HA MPUKJIAJHOMY BUKOPUCTAHHI MOJIEIe, CIpusie MiJBUIIICHHIO MOTHBAL]
Ta MPAaKTUYHOI MiAITOTOBKH CTYICHTIB.

TakuM 4rHOM, iHTETpaIllisl IMITAIIHHOTO MOJICIIOBAHHS Y HaBYAJLHUHN MPOIEC € BAXKIUBUM KPOKOM Y IIiJl-
TOTOBIII KBaTi(hiKOBaHUX CIEIAICTIB, IKI MAlOTh aHATITHYHE MUCJCHHS Ta 3[aTHICTh PO3B’SI3yBaTH CKJIAHI MPH-
KJIaHI 3a/1a4i, Ta TOTOBUX JO aJanTallii B yMOBaX TEXHOJOTIYHHUX 3MiH, BUKOHAHHS KOMIUIEKCHHX aHATITHIHIX
3aBJiaHb Y PI3HUAX TaTy3sAX HAYKH 1 TEXHIKH.
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BU3HAYEHHSA METPUK AKOCTI CKIHYEHHOTI'O EJIEMEHTA B ®OPMI BIINIPAMIAN

Y cmammi posensinymo mempuuni 61acmugocmi ckinueHHo20 enemenma 6 goopmi Oinipamiou, sika mae o0un/0éa/mpu
pyxomux gy3au. OCHOBHOIO 3a0ayel0 0aH020 OOCTIONCEHHS € BUSHAUEHHS. YMO8 BUKOPUCHIANHA OINIpamiou, AKa He € NpagunbHuMm
bazamozpanuuKom, npu no6y00si CKiH4eHHO-eNeMeHMHOI CImKu.

Y pobomi suatioeno womupu 0CHO8HI NOKAZHUKU AKOCM OINipamiou: AKicmy eneMenma, CniegiOHOueHHA CIMOPIH, acume-
mpis ma AKiCMb OPMO2OHATLHOCI. Yci 004UCTeHHS BUKOHAHO 3a NPABUNAMY, sIKi guxopucmogyroms y ANSYS.

3a opmynoro ons 3D-enemenmia 3uatioeno inmepeanviy OYiHKy MEMPUKU AKOCMI eNeMenma, KA USHAUAE MedICT 3aChio-
cysanns Oinipamio npu ouckpemu3sayii 0onacmi Memooom CKiHUeHHUX eleMeHmie Y 3a0a4ax JHiliHOT MexaHiKy, meopii npyaic-
HOCMI Ma MenTonposiOHOCHI.

Ha ocnosi ananizy cnigsionouieHHss cmopin epaneli 6inipamiou Oompumano Gopmyny 0s 00UUCTeHHS NOKASHUKA SKOCTI
Oinipamiou, sika mae 00urH/06a/mpu pyxomux 8y3uu. Medici 3acmocysanns daHoi hopmynu 6USHAUAIOMbCS NPABUIAMU, AKI OTFOMb
0713 noKasuuka cnigsionowenus cmopin 8 ANSYS Mechanical, Elecromagnetics ma CFX.

Y pobomi 3naiideno inmepsanvhi oyinku 0N NOKA3HUKA acumempii Oinipamiou 3 00HUM/080MA/MPbOMA PYXOMUMU 8Y3-
namu, AKi 00360as10my 3a0060nbHUmu sumoau ANSYS 0o axocmi cimxu Ha pisni good ma excellent. Ompumani oyinku € oome-
JICEHHAMU OIS BETNUNUH GHYMPIWHIX Kymie epaneti Oinipamiou, Ki € QYHKYIAMU RApamempis 8UO0BICEHHS/CIMUCHEHHS. nigocell
bazamozcpannuka. Buseneni 3a1excHocmi Midic GIOMIHHUMU 610 HYS KOOPOUHAMAMY 8ePUIUH 2DAHT OINIpamion ma eeruiuHamu
i1 Kymig cnpowyroms aieopumm nepesipku nOKA3HUKa AKOCmi acumempii.

Y pobomi eusnaueno mempuxy AKocmi opmo2oHATbHOCHI 6 6U2TA0I (YYHKYIT napamempie 6U00BICEHHS/CIMUCHEHHS Oini-
pamiou. Ha ocnogi ananizy MHodcunu 3nasenb 0anoi yHKyii 6Cman06eHo, Wo He3aNedCHO 8i0 napamempis Oinipamiou nokas-
HUK IKOCHIE OPMO20HATLHOCE NPULIMAE 000amHui 3HaueHHs. 32i0H0 3 gumoeami, wo gucysaiomucs 6 ANSYS, 0ooamna eusnaue-
HICIb SAKOCIT OPMO2OHATLHOCI € OOCHIANIHBOIO YMOB0IO 071l BUKOPUCTIAHHS eleMeHNi8 HeNnpasUIbHOT 2eoMempuyHoi (opmu
npu 2eHepayii CKIHUeHHO-eleMeHMHUX CIMOK.

Ompumani pe3yromamu Micmsamy GopMynu ma iHMepeantbHi OYIHKY, AKI MOXCYMb OYMU 3aCMOCOBAHI NPU AN20PUMMI3a-
il Memooa CKiHYeHHUX eleMeHmis.

Tlepcnexmusoio nodanvutux docriodicers € po3podka areopummy ouckpemusayii 3D-obnacmetl cimkoio mempaeopaib-
HO-0KMAeopanbHoi CMpyKmypu ma npoeeoeHHs 0OYUCTIOBANbHUX eKCNEePUMEHINI8 MEmOOOM CKIHUEHHUX elleMeHMIE.

KitrouoBi ciioBa: ckinuennuii enemenm, Oinipamioa, Mempuxky SKoCmi, IKiCmb eleMeHma, ChiggiOHOWEHHS CIMOPIH, acu-
Mempis, AKiCmb OPMOSOHANHOCIIL.

Motailo A. P. Determining the quality metrics of a finite element in the shape of a bipyramid

The article deals with the metric properties of a finite element in the shape of a bipyramid with one/two/three moving
nodes. The main task of this study is to determine the conditions for using the bipyramid, which is not a regular polyhedron, in
the constructing of a finite element mesh.

Four main indices of bipyramid quality were obtained in this paper: Element Quality, Aspect Ratio, Skewness, and
Orthogonal Quality. All calculations were made according to the rules used in ANSYS.

Using the formula for 3D elements, an interval estimate of the element quality metric is found, which determines the limits
of bipyramids application in the discretization of the domain by the Finite Element Method in problems of linear mechanics,
elasticity and thermal conductivity.

Based on the analysis of the Aspect Ratio of the bipyramid faces, a formula for calculating the quality index of a bipyramid
with one/two/three moving nodes is obtained. The limits of application of this formula are determined by the rules that apply to
the Aspect Ratio in ANSYS Mechanical, Elecromagnetics and CFX.

In this paper, interval estimates are found for the asymmetry index of the bipyramid with one/two/three moving nodes,
which allow satisfying the ANSYS mesh quality requirements at the good and excellent levels. The obtained estimates are con-
straints on the values of the internal angles of the bipyramid faces, which are functions of the parameters of elongation/compres-
sion of the polyhedron semi-axes. The identified dependencies between the coordinates of the bipyramid vertices and the values
of its angles, which are different from zero, simplify the algorithm for checking the asymmetry quality indicator.

In this paper, Orthogonal Quality metric is found in the form of a function of the bipyramid elongation/compression
parameters. Based on the analysis of the function’s set of values, it is established that, regardless of the bipyramid parameters,
Orthogonal Quality indicator takes positive values. According to the requirements set forth in ANSYS, positive- definite Orthog-
onal Quality is a sufficient condition for the use of irregular geometric shape elements in the Finite Element Mesh Generation.

© A. II. Moraiino, 2025
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The obtained results contain formulas and interval estimates that can be used in the finite element method algorithmi-
zation.

The prospect of further research is to develop an algorithm for 3D-discretizing with a tetrahedral-octahedral mesh and
carry out computational experiments using the Finite Element Method.

Key words: finite element, bipyramid, quality metrics, Element Quality, Aspect Ratio, Skewness, Orthogonal Quality.

IMocTanoBka mpo6aemu. [eHepalisi CKiHUEHHO-EIEMEHTHUX CITOK € Ba)KIIMBUM €TarlOM PO3B’S3aHHA Ipa-
HUYHHUX 33739 METooM cKiHueHHuX eneMeHTiB (MCE). Jlanuii eram cynpoBOMKYETHCS IEPEBIPKOIO BUMOT, SIKi
BUCYBAIOTECSI 10 HECTPYKTYpPOBaHMX IOYATKOBUX CiTOK cKiHueHHHX eieMeHTiB (CE). Lli BUMOrM cToCyroThCs
Bu3HavYeHHs1 MeTpuk CE, siki JO3BONSIOTH BCTAHOBHUTH, UM Ma€ 3r€HEPOBaHA CiTKa JIOCTATHIO SIKICTh AJISl TIPOBE-
JeHHS 00YMCIIOBaNIbHOTO aHami3y. Lle € 0co0nuBo akTyanbHUM Ui CiTOK, ki MicTaATs CE, 1m0 He nmpeacTaBieHi
B 0i0mioTekax cucteM ckindeHHo-enemeHTHoro anainizy (CEA) ANSYS, ABAQUS Tomro.

[pu reneparii CiTku TeTpaeApaT-HO-OKTaCIPAIBEHOI CTPYKTYpU He0OXiTHO BpaxoByBatH reometpito CE, ski
YTBOPIOIOTHCS [IISIXOM BUHECEHHSI IESIKUX BY3JIiB Ha TPAHUIIIO pO3paxyHKoBOi obmacti. Komipku, siki € pe3ynbTa-
TOM BHJIOBKEHHSI/CTUCHEHHS MIBOCEH OKTaeApiB, MatoTh Gopmy Oimipaminu. Bimomo, mo CE HenpaBmibHOT Teo-
METPHYHOI (HOPMHU HETaTHMBHO BIUIMBAIOTh Ha alpPOKCHMAIIIHI BIACTUBOCTI CKIHYEHHO-CJIEMEHTHOI CiTKH. Tomy
JUISL OTPUMAHHS SIKICHOI CITKH TOBOTHUTHCS BUKOHYBATH IIEPEBIPKY YMOB, SKMM MArOTh 33I0BOJBHSATH METPUYHI
noka3Huku CE. BkazaHi yMOBH BU3HAuar0Th HeOaXaHi eJIeMEHTH, SKi MOKHA BUIaIUTH a00 3aminnTH intmmmMu CE,
II0 [TOKPAIIYeE SKICTh CITKH Ha KOKHOMY KpoIli auckperu3aii. [Ipu mpoMy 6imipaMiayn He BUKOPHCTOBYIOTBCS BilIO-
mumu cuctemamu CEA, oTxe, akTyallbHOIO € 3ajjaya BU3HAY€HHs yMOB iX BukopucrtanHs B MCE.

AHaji3 octaHHiX gociaigxeHb i myOmaikauiid. ¥ poOoti [1] BuBueHO ampokcumaniiiHi BaactuBocTi CE
B opmi Oinipamiau, sika Mae OAMH/BA/TPU PYXOMHUX BY3JIM. AHaNI3 BUKOHAHO HA OCHOBI IOCJII/DKEHHS HA MiHIMyM
CJIiTy MaTpHIl XKOPCTKOCTI OimipaMiay 3 WiCTbMa Ta ciMOMa By3JaMu iHTeprossauii. [Ipu 1ipoMmy MiHIManbHUI Citil
MAaTpHIli YKOPCTKOCTI BBAKAETHCS HAHKPAIIOK XapaKTePUCTHKOO alpOKCUMAIIil B 00acTi Oimipaminu. Y BkazaHii
po0OTi 3HAWICHO IHTEPBAJIbHI OIIHKH, TKUM MaIOTh 33JI0BOJILHATH MTapaMeTPH BUIOBKCHHS/CTHCHEHHSI Oiipamiy,
10 BIAMOBIIAIOTE MEXaM BLIXHIICHHS 00’ eMy Oimipamiau Bix 06’ eMy okTaenpa Ha 10% Ta 25%. ¥ poboTi nmporHo-
3YETBCS, IO TaKi BIAXMICHHS MarOTh 3aJI0BOJIBHHUTH BiJIIOBITHO BICOKI Ta JOCTATHI BUMOTH JIO SKOCTI CITKH, sSKa
MICTUTh KOMIpKH B (hopMi OimipaMinu. Ajie gaHe MPUIYIICHHS NOTpeOye MepeBipkd 0OUUCITIOBAIbHAM SKCTICPH-
MEHTOM.

Y po0ori [2] BU3HaUeHO MOKa3HUKHU IKOCTI Aspect Ratio Ta Jacobian Ratio msa 6imipaminu, sika Mae onuH/
JIBa/TpU PYXOMUX BY3JH. JlaHi METpUYHI XapaKTepUCTHKH 3HAHICHO 3a IPABIIIAMH, SIKi BUKOPHUCTOBYIOTHCS PO3B’sI-
syBauamu Altair HyperMesh ta ANSYS. IIpu nbomy noxasHuk Aspect Ratio oTpumaHo sIK MakCHMajbHE CIIiB-
BinHOWIEHHA Haigosuoro pebpa CE no Haiikopotmoro. s Oimipamiau, sika Ma€ OIWH/ABa/TPH PyXOMHUX BY3JIH,
Aspect Ratio € ¢pyHKIIit0 MapaMeTpiB BUIOBKEHHI/CTHCHEHHS OimipaMiau, sKa 3aI0BOJIbHSIE CHCTEMI HEPiBHOCTEH
3a YMOBH, 10 3Ha4eHHs Aspect Ratio He mepepuiye ’atu. JlaHe oOMexeHHs, sike npuitHaTo B Altair HyperMesh,
JIO3BOJISIE OTPHMATH T€OMETPHYHY 1HTEPIIPETAIliI0 PO3B’I3KiB MOOYIOBAHUX CUCTEM HEPIBHOCTEH B 3aJICXKHOCTI BiJI
CHIBBIJTHOIICHB TOBXHUH pebep Oimipamian. [Ipu 11boMy 3auInaeTbcss HEBU3HAYCHUM ITUTAHHS PO METPHUKY SKOCTI
Aspect Ratio, sika € MaKCHMaJIBHUM 3HAUEHHSM CITiBBIIHOIIEHb CTOPiH a00 pajiyCciB OMMCAHOTO Ta BITUCAHOTO KiJ
rpaHeit OimipaMiay, 0 BUKOPUCTOBYIOTH B ANSYS.

Ha ocHoBi 0OMexeHb, SKi IpUHHATO 115 okasHuKa Jacobian Ratio B Altair HyperMesh Ta ANSYSS, orpu-
MAaHO iHTEpBaJbHY OLIIHKY JUIS 3HaYECHb TapaMeTPiB BUIOBKCHHS/CTUCHEHHSI Oinipaminu. I1pu nboMy 3a/IMIIAETHCS
HEBUBYCHUM NMUTaHHA Npo BixnoBiaHicTs CE B opmi 6imipaMiay iHIIMM TOKa3HUKAM SIKOCTI, sIKi BUKOPUCTOBYIOTh
cucremu CEA.

MeTo10 CTATTI € BU3HAYECHHS YOTUPHOX OCHOBHUX MOKa3HUKIB sikocTi CE B Gopmi Oimipamiiu 3a mpaBuiiaMu,
siki BUKOpHCTOBYIOTh B ANSY'S mnsa3D-eneMeHTiB.

BukJian ocHoBHOro Matepiaiy. Posrisinaerses CE y dhopmi Oimipamiau, ska Ma€e mIicTh By3JiB iHTEPITIOJALLII,
0 po3TaioBaHi B ii BeprmHax (puc. 1). Touku Kl, Kz, K5 3HaXOIATHCS Ha BIJICTaHAX 7, p, ¢ BiJ LIeHTpa Oarato-
rpannuka K. Pemrra Bepiuvn Ginipamiiu € piBHOBIIIaIEHMMU BiJl TOUKH K| Ha BiJICTaHb, KA TOPIBHIOE OJIMHUILL.

SxkicTh enementa [Element Qualit]. Busnadyenns Element Quality (EQ) Hagae koMOiHOBaHY METPHKY KO-
cTi B ANSYS, 3HaueHHS SKOI KOJIMBAIOTHCS B MeKax BiJ HYJSI 10 OAWHUII. JaHa METpHKa € BITHOIICHHAM 00’ €My
JI0 KBaJIpaTHOTO KOPEHs 3 Ky0a CyMH KBaJpariB JoBXHH pedep 3D-enemenTis [3]. s Oimipamian 3 TpboMa pyxo-
MuMU By3iamu (puc. 1) 3HadeHHs EQ e dyHKIiero mapaMeTpis 7, p, ¢:

I (r+D)(p+D(g+1
EQ=— ,
¢ 48 \/(3>+r2+p2+qz)3

(1)

ner, p, q¢>0.

Hocmimkenns Ha ekctpemyM (yrkuii £Q(r,p,q) mokaszano, mo B cramioHapHiid touni (1,1,1) sixka € Toukor0
nepeTHHy MoBepXoHs OEQ/0r=0, 0OEQ/0p=0, 0EQ/0g=0 (puc. 2a, 20), nocsiraetscst Makcumym EQ(r,p,q), 10 JOpiB-
aioe 0.01134023029.
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Puc. 1. bimipamina sk CKiHUCHHHU eTeMEHT

Jloicepeno: nobyoosano asmopom 6 CKA GeoGebra

=

Puc. 2. Cranionapna Touka ¢pyHkuii £EQ(r,p,q):

a) IOBEpXHI HyJIbOBOTO piBHS (yHKLi# 1 — OEQ/Or, 2 — OEQ/Op, 3 — OEQ/0q; 6) nepeTiH noBepxoHs 1, 2, 3

IDicepeno: nobyoosarno aemopom 6 CKA Maple

Minimanere 3Ha4eHHS EQ(r,p,q) 3aI€KHUTH BiJ BEPXHIX MEX TOITYCTUMUX 3HAYCHb 7, p, ¢ Ta MOXKE BUSBUTHCH
OJHM3BKUM JIO HYJS. 3TiTHO 3 KPUTEPISIMHU SIKOCTI CITKH, sKi pekoMeHnoBaHO B ANSY'S, MiHIMaIbHOIO I'paHHIICIO
noxubku uin3D-enementiB € 3HaueHns EQ=5-10*. JTane oomexenHs sikocti CE BUKOPHUCTOBYEThCS PO3B’si3yBa-
yamu Standard Mechanical, Aggressive Mechanical Ta Nonlinear Mechanical anist oTpuMaHHs BaJIiTHUX CITOK, SIKi
HE MICTATh HeOaXaHUX elleMeHTIB [4]. 3aCTOCOBYIOUM KpUTEpiii MiHIMaIIbHOI TpaHHUIll 10 Oimipamimy 3 OgHUM/

JIBOMa/TPbOMa PYXOMHUMH BYy3JIaMH, MOJKHA OTPUMATH iHTEPBAIBbHY OIIIHKY JJIs 3HaYeHb QyHKIil EQ(r,p,q):

0.0005 < EQ(7, p,q) <0.01134023029. 2)
Ha puc. 3 300paxkero moBepxHi piBHs GyHKii EQ(7,p,q), AKi 33JOBOJILHSAIOTH YMOBI (2).
T
15 %
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Puc. 3. Tosepxni pisust EQ(r,p,q)=C;:
a) C;=0.0005, C,=0.001, C,=0.003, C,=0.005; 6) C,=0.008, C,=0.009, C.=0.01, C=0.011
IDicepeno: nobyoosarno aemopom y CKA Maple
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AHanizyroun reoMeTpudHe npeactasieHus QyHkuii EQ(r,p,q), CIiA 3ayBaXkUTH, 10 HaiiMeHIe s Oimipa-
mign 3HaueHHss EQ=0.0005 mocsiraeTbes 3a yMOBH, IO OAMH 3 ii TapaMeTpiB 7, p, ¢ € OlnbiinmM 3a 6.589.

CuniBBigHomienns cropin [Aspect Ratio]. Busnauenns Aspect Ratio (AR) B ANSYS mna 3D-enemen-
TiB BUKOHY€TbBCS AJI KOXKHOI rpaHi okpemo. Ilpu oMy Uit TPUKYTHHKIB Ta IPSIMOKYTHHKIB 3aCTOCOBYIOTHCS
pi3Hi MeToau oOuMcieHHsA. 3arajJlbHUM 3HaueHHAM AR BBakaeTbcsl CHiBBIAHOLIEHHS CTOPiH HaWTipIIoi rpaHi
noienpa [5].

3a mpaBuIIoM [6], SIKE 3aCTOCOBYETHCS JIJISl TPUKYTHUKIB, HEOOX1THO:

1) moOymyBaTi MeIiaHy J0 OJHI€ET 3 CTOPIH TPUKYTHHKA Ta CEPETHIO JTIHIFO, 1[0 TICPETHHAE JB1 IHIIUX CTOPOHH
(puc. 4a);

2) moOymyBaTy IPSIMOKYTHHKH, 1[0 IPOXOISTE Yepe3 CepenHu CTOpiH (puc. 40);

3) moBTOpUTH MOOYJOBH JJIs 1HIIUX JIBOX MEiaH Ta CepeHiX JiHIi TPUKYTHHKA;

4) BBaxkaTH 3Ha4eHHSIM AR Haiibinplie 3 MIECTH BiIHONICHD JOBIIOI CTOPOHM NPSIMOKYTHHMKA O KOPOTIIOT,
sIKe TOJIiJIeHE Ha KBaJpaTHUH KOPiHb 3 TPHOX.

S,

Ks

\ :.-.: _~f:?.‘;':;~. G
lz..'!:' /,/":l ‘\‘ ‘ﬁ:: AS}

it

“ ;
g ]

\ ;!

) 6) 2 Koy

Puc. 4. JlonarkoBi noOynosu i oduncineHHs AR

Jicepeno: nodbyoosarno asmopom 6 CKA GeoGebra

3rizHo 3 mpaBwiIoM [6] OKa3HHK sikocTi AR npuiimae 3HaueHHsI, 1110 He MeHIne oguHuUIl. [Ipu boMy 3Ha-
yeHHs oquHMI Bianosigae CE npaBuiibHOT reoMeTpuHOT popMu (OKTaeap Iuist Oimipamism).

Jnst Buznasenns AR Ginipaminu (puc. 1) 10CTaTHRO 3HAWTH CIiBBIIHOIIEHHS CTOPiH s rpani K K K, sxe
€ (yHKIIi€lo mapaMeTpiB 7, p, q. Toai AR mist perty rpaseit 6imipaMian MOXKHa OTpUMATH IpH (PiKCOBAaHUX 3HAUCH-
Hax =1 abo p=1 abo g=1.

V npsamokyrtaukax M M,M.M, ta §,S.S.S,, sxi noGynosano st Bepiuau K, (puc. 4B), CHiBBIHOLICHHS
CTOPIH € PyHKIISMU:

P oMM, 2P P+ P+ g P oMM, _ P+ p’+4qt 3)
1 MM, rt+pt g e MM, 2\/r2p2+p2q2+q2r2 ’
o oSS _ 2\/r2p2 +p g + ¢ p 2SS _ P+ p @)
TS, rt+p ’ 1S, 2\/rzp2 +p'qt+q'r ’

ner, p, ¢>0.

Jnist nocnipKeHHs Ha MakcuMyM QyHKIIH K (7,p,q), ne i=1.4, 3HANIEHO 3aI€KHOCTI MapaMeTpa ¢ BiJl IHIIHX
JIBOX TIapaMeTpiB 7, p Ta CTAlof C,, Ky acouilioBaHo 3 PIBHAHHSAMHU TIOBEPXOHD PiBHS k(rp,q)=C, (C>0). Nonar-
KOBO, Ha OCHOBIi aHaJli3y T€OMETPUYHOTO MPEICTABIECHHS (QYHKIIH k, TOBEPXHIMH PiBHSI, BASHAYEHO YMOBH, 32 AKUX
q(r,p,C)>0 B obnacri, ne r,p>0 (tabum. 1).
MM,
——t<
MM,
T00TO Binpizok M M, € nosmmm 3a M M, st Oy/ib-SIKUX IOMyCTUMHUX 3HA4€Hb 7, p, ¢. OTKe, HaHOLIbIINM 3HAYEH-
HSIM CTIiBBiIHOIIEHHS CTOPiH NPAMOKYTHHUKIB Ha puC. 4B € max max k, (7, p,q) , ne GyHKuii k(7,p,q) BU3HAYAHOTHCS

i={2,3,4} r,p,q>0
dbopmynamu (3), (4).

3a pe3ynpraTaMu JOCTIKEHHS B Ta0m. 1 MO)XXHa 3pOOHTH BHCHOBOK, IO BiIHOIICHHS k, = 0.5,
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Tabmus 1
AHani3 3ajIeskHOCTel napameTpa q

_ B YMmoBM g10aaTHOT
k, q=/, (r, p.C), C=const BH3HAYEHOCTI ¢
k \/(1 —2C2) (7 + pP)+A[(1=4C ) + p*): —16C} 1 p?
1 q= Wil 0<C <05
1
(C=2)(* + p*)+ C,\[(C2 = d)(* + p*) +16r° p*
k 2 2 2
2 q= Wi C, >1
2
L (e p?) 47
k, q :E R pz G >0
_ P+ p) —4C D
k, q_\/ CE 07 ) 0<C, <169

AHaJIOTiuHI PE3yIbTAaTH MOXKHA OTPUMATH J|JIsl CIIBBIIHOIIEHHS CTOPIH NPSMOKYTHUKIB BIJHOCHO BepIIUH K,
ta K| rpani K KK, (pnc. 4B) MIISAXOM LUKIIYHOT TePEeCTaHOBKU MapamMeTpiB 7, p, ¢ B (i)opMynax 3), (4). BKa3aH1
MEPETBOPEHHSA HE 3MIHIOIOTh MAKCHMAJILHOTO 3HAYEHHS CIiBBiHOMEHHs cTopin rpani K KK, Ta yMOB J01aTHO]
BH3HAYCHOCTI OJTHOTO 3 TIapaMeTpiB K QYHKIIIT JBOX IHIIMX mapaMeTpis (Tadm. 1).

Otpumani CHiBBiTHOIIEHHs CTOPiH 1A rpaHi K| K K 3a1MmaroThCs CpaBeyIMBUMU JUIs Tpanel imipaminmy,
JIe OITMH, JIBa a00 TPH MapaMeTPH JOPIBHIOIOTH OJJHHHIII.

. 1 1 .
Criz 3ayBakuTH, IO KOIU r=p=q¢=1, BUKOHYIOTHCS] yMOBHU El@ (LL)=1Ta ﬁlg (LLL1) =1, sxi € cnpaBes-

1 .
JIUBUMU JJIS IPABIIIBHOTO TPUKYTHHUKA. OHOYAaCHO EIQ‘ (1,1,1) #1, mo npoTHpiYnTh BIACTUBOCTSAM MeTpUKH AR.

Tomy 3nauenns Gpyukuii k,(7,p,q) nani He BpaxoBYOThCs IPH BU3HAYEHH1 MOKa3HUKA AKOCTI AR.
TakuM YMHOM, METpUYHA XapakTepucTuka Aspect Ratio Oimipaminu 3 OTHUM/IBOMa/TphOMa PyXOMHUMH BY3-
JIaMU BU3HAYAETHCS (POPMYIIOLO:

max max k.(r, p,
AR:i:{z,z;r,p,q>o ’( P q)

NE ; )

ne k(r,p,q) 3a10BONBHAIOTE PIBHOCTAM (3), (4).

3rigno 3 pexomeHaamismMu ANSYS [7] HaitOinbiie 3HaueHHs AR y dopmyni (5) 3anexuTs BiJ po3B’sa3yBada
ANSYS, a came: AR<10.100 (Mechanical, Nonlinear Mechanical, Electromagnetics) Ta AR<1000 (CFX).

Acumertpis [Skewness]. Skewness € 0Hi€}0 3 OCHOBHUX Mip SIKOCTI CITKH, SIKi BUKOPUCTOBYIOTh B ANSYS.
Le#t moka3HUK BU3HA4Ya€, HACKUIBKU ONM3BKOIO JI0 iJlealibHOl € rpaHb a00 KOMipKa CKIHYEHHO-EJIEMEHTHOI CITKH.
B 3aranpHOMY BHIIaIKy acHMETpisi BU3HAYAETHCS METOOM HOPMAli30BaHOTO KYTOBOTO BiIXMIICHHS, sIKE JJIS Tpa-
Helt 3D-eneMeHTIB Moxe OyTH 3HaleHe 3a (popmyloro [8]:

Skewness = max M,M , 6)
180 -6, 6,

ne 6 —uaibinbmmi kyt rpani CE; 6 . — naiimenumii kyT rpani CE; 6, — kyT piBHOcTOpOHHBOI rpani CE.

3rifiHO 3 03HAYEHHSIM ITOKa3HHUK acuMeTpil Skewness npuiiMae 3HaYCHHS B IHTEpPBaJIi BiJl HYIIS O ONUHHII,
Jie HyJIb BIIMOBIZA€ TpaHi MPaBHIIbHOT FreOMETPUIHOT (POpMHU (PIBHOCTOPOHHIH TPUKYTHHK JIJIs OiripaMiau), a 3Ha-
YCHHS OJIMHHMIISA BKa3ye Ha BUPOJDKCHHS IpaHi (TPUKYTHUKA JIJIs OiripaMian) y BiIpi3oK.

Jlyis GimipaMiin METpHKa SIKOCTI Skewness BU3HAYAETHCS SIK MAKCUMAITBHUH cepeJl TTOKa3HUKIB aCUMETPil, 110
BianosinaroTh rpansm CE. O4eBnHO, 1m0 HaibinbIIe 3HaYeHHs Skewness nocaraetbes Ha rpani K K K, (puc. 1),
sIKa B 3araJIbHOMY BHIIAJKy € TOCTPOKYTHHUM TPUKYTHHKOM. [Ipy mpoMy 1t HaitOidpII0T0 Ta HAMEHIIIOTO KYTiB,
SKi € QYHKIISME TapaMeTpiB 7, p, ¢, CIPaBEUINB] OI[IHKH:

0, <0, (r,p,9)<90°,0"<0,,,(r, p,q) <6,, (7)
ne 6, =60°.
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Amnanizytoun HepiBHOCTI (7), CIIil 3a3HAYMTH, IO BEJIMYMHU BHYTpIHIX KyTiB ¢ . Ta 6  rpani K KK,
MOXYTh BUSIBUTHCH Onu3bKuMH 710 0° Ta 90° BiamosinHO. [l TAKUX KyTiB HOKA3HUK acUMETpii OinipaMian € 61u3b-
KHUM JI0 ONWHUII, 0 HebaxkaHo mpu obunciaenHsax MCE. Tomy 3rinHo 3 pekomeHaamisMu ANSYS [8], HeoOxinHO
BHU3HAYUTH OOJIACTh JOMYCTUMHUX 3HAYE€Hb MapaMeTpiB 7, p, q Oimipaminu, B sKii MOKa3HUK acuMeTpii Skewness
BigmoBinae sikocti kKoMipku good (0.25<Skewness<0.5) abo excellent (0<Skewness<0.25).

Ha ocHogi ananizy piBHocTi (6), yMoB (7) Ta BIaCTHBOCTEH BHYTPIIIHIX KyTiB TPUKYTHHKA BHSBIICHO, IIIO
HepiBHICTH Q.25<Skewness§0.5 € CTIPaBEUIMBOIO, KOJIM 3HaYeHHs GyHKuii 0 (r,p,q) 1a 0 . (r,p,q) 3a10BOJBHSIOTH
CHCTEMi HEepiBHOCTEH:

0,10x (7, ,4) <90

45" Semin(r:paq)S6OD; (8)
0,..(rsp,q)+26,,. (r,p,q) <180".

YmoBa 0<Skewness<0.25 BUKOHY€TBCS, KON

60" <6,,.(r, p,q) <907;
45" < emin (V, P q) < 6OD> (9)
0. . .(pqg)+20_ (r,p,q)<180"

max min

KoxxHa 3 cucteM HepiBHOCTEH MOKe OyTH JOITOBHEHA IHTEPBAIBHOIO OIIIHKOO JUIS BETUYUHH TPETHOTO KyTa

Orpani K K,K, a came: 30° <0(r, p,q) <60° mua (8) ta 45 <0(r, p,q) <75 nns (9). Ilpn upomy BHyTpilIHI KyTH
npu BepuHax TpukyTHuKa K K K, € QyHKuismMu napameTpis 7, p, ¢ 6inmipaminu:

AngleK1 = arccos(

7'2 .
\/r2 +q° \/rz +p &
2

p
AngleK?2 = ; 10
ngle arccos(\/r2+p2\/p2+q2) (10)

2

q
AngleK 5 = arccos .
nsie (\/r2+q2\/p2+q2)

Ha puc. 5a,6 npencrasiieHo 001acTi JOMyCTUMHX 3HAUEHb 7, p, ¢ pO3B’s3KiB cucteM (8), (9) BiANOBiIHO, KOTU
0 .. € Kytom npu Bepiuti K, 6 . — Kyrom npu BepmuHi K, (puc. 1). Koxna 3 obnactei 00MexeHa TPUTPAHHUM

max

KyToM OABC, rpaHsiMu SIKOTO € OBEPXHI piBHA 1, 2, 3 dynkuii 60 (r,p,q), 0, (r,p,q) 12 O(r,p,q).

max

Yin _,.m"‘
g

6) B)
Puc. 5. OABC — obnactb JONYCTUMUX 3HAa4€Hb 7, p, ¢, OOMeXeHa OBEPXHSIMH PiBHS:
a) 1- Hmax(r,p,q)=600, 2- Hmin(rapsq):4503 3- Hmax(r’psq)+2 gmin(rap9Q):18oo; 6) 1- Qnax(’”,PsQ):OOs 2- 0min(’”,Ps‘I):45°s
3- e(ryp’q):600; B) Hmax(rspaq)+9min(rap5Q)+0(r’psq):1800'
Jocepeno: nobyodosano asmopom 6 CKA Maple

Bynb-axa Touka (7,p,q), sika HanexuTh oodnacti OABC B mepeTHHI 3 TUCKPETHUM HAOOPOM TOUOK (pHC. 5B),
3a0e3rneuye BUMOTH JI0 SIKOCTI KOMIPKHM CKiHYEHHO-eJIeMEHTHOI pemriTku good (puc. 5a) abo excellent (puc. 50),
ko 6, 6 . acouiiiosano 3 kyramu rpaui K K K, npu Bepumnax K, K| BianoBiaHo.

max’
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OueBHIHO, IO PO3B’SI3KK CUCTEM HepiBHOCTEH (8), (9) MOXKHA MPENCTaBUTH T€OMETPUIHO, 3MIHIOIOUH BiJl-
noBigHicTs 6, 0 . inmuMm Kytam rpati K K K. 3a Takux NepeTBOPEHb 3MIHIOETHCS JIMILE MOPSIOK apryMEHTIB

max’ ~ min

¢byukuiii 6 (rp.q), 0_. (v,p,q) Ta (r,p,q), IO HE BIUITMBAE Ha OIIIHKY acuMeTpii nociimkyBanoro CE.

max min

SAxicTe oproronaiasHocti [Orthogonal Quality]. IToxasnuk Orthogonal Quality (OQ) € Miporo SIKOCTi
CiTKH, 0 o0uucioeThes 11t 3D-eneMeHTiB 3a ¢popmynoro [9]:

00 = m1n (11

ae Zt — HOPMaJIbHUI BEKTOp T'paHi i, f, — BEKTOp, CIIPAMOBAHUI Bil LEHTPY Bard KOMIipKH 1O LIEHTPY Baru
rpaHi i, a MIHIMyM BH3HA4a€ThCs 110 Beix rpansax CE.

®opmyna (11) BuxopuctoByetses anst CE, siki 3HaX0q9ThCsl B IPUTPAaHUYHOMY IIapi CKIHYEHHO-EJIEMEHTHOL
PELIITKH.

3HaueHHs noka3zHuka OQ KONMHUBAETHCS B MEKaX BiJl HYIS IO OJMHUII, J¢ HYIIb € HAWTIPIIO XapaKTepUCTH-
koto CE, a oguanIs cBiguuts mpo te, mo CE Mae ¢popMy mpaBHILHOTO OararorpaHHuKa (OKTaeap At OimipaMinam).

Jnst rpaHeit Gimipaminy KOCHHYCH KyTiB Mk BeKTopaMu 4, Ta f, , ne i=1.8,e QyHKUisMH TapamMeTpiB 7, p, .
[Ipu gocnimKeHHI TOBEPXOHb PiBHS BKa3aHUX (YHKIIHA BUSBIICHO, IO MiHIMAJIbHE 3HAYCHHS, SIKE BU3HAYAETHCS 10
i, nocsiraethes Ha rpansix K K K, K. K. K, K K K, (puc. 1) Ta HaOmkeHo nopiBHIoe 0.09. OyHKITIs, KA BIAMOBI A€

27677273y

rpani K KK, BI/I3Haqa€TLc;1 PIBHICTIO:

r+3 p+3+3q+1

CSI,,, = 1 P : (12)
\/r2+pz+1\/(r+3)2 +(p+3) +(Bg+1)

ner, p, ¢>0.
Ipu oMy KoopamHath uentpa aru ((r—1)/4,(p—1)/4,(¢ —1)/4) xomipku B hopmi Ginipamizu, ski Brko-

PHCTOBYIOThCSA I BU3HAYEHHs KOOPIMHAT BEKTOpa f; , 3HailneHo 3a gopmynamu [10].

Oynkuii CSI 35 T2 CSI, ., axi acouinoBano 3 rpansamu K K. K, K K K., TeTKo OTpUMaTH HUKIIYHOK MEpecTa-
HOBKOIO IIapaMeTpiB 7, p, ¢ y hopmyui (12).

Ha puc. 6a npencraieHo TpH pi3HUX 00TACTI 3HAYCHB MAPAMETPIB 7, p, ¢, IPU IKUX TOKA3HUK SKOCTI Oimipa-

Mmigu OQ=0.09. Ha puc. 60 ofna 3 1iux o0yacTei 300pakeHa B 301bIIEHOMY MacITa0i.

Puc. 6. [ToBepxHi piBHS QyHKIIH:
a) 1 -CSI,~0.09, 2 - CSI,,.=0.09, 3 - CSI ,,=0.09, xonmn 0<r,p,q<25; 6) 3 — CSI ,.=0.09, xomm 20<r, q<25, 0<p=<0.2.
Lbrcepeno: nodyoosano asmopom 6 CKA Maple

Amnanizyroun puc. 6, cIif BiIMITUTH, IO MOKa3HUK sikocTi OQ Oimipaminu HabmmwkeHo nopiBHioe 0.09 3a
YMOBH, HIO JiBa TapaMeTpu MpUKMaloTh 3HaueHHs Oinbiie 20, a TpeTiit € menmuM 0.2. [Ipu 3MeHIIeHH] BEpXHbOT
MeXI1 MPOMIXKKY, SIKOMY Hallexarb HapaMeTpu 7, p, ¢, 3HadeHHa OQ 30inburyeThcs. Aje BiIMOBIIHO OO TaOMHLi
MTOMUJIOK Ta MOMEPeKeHb, ski mpuidHATi B ANSYS [4], a1 moOyIoBH CKiHYEHHO-EJIEMEHTHOI CITKH JOCTaTHBO
BrUKOHaHHS yMoBU OQ>0. [Ins GpyHKUil KOCHHYCIB KYTiB, sIKi 3HaiaeHO 3a Gopmymnoro (11), ymoBa OQO>0 BUKOHY-
€TBCS JUT KOKHOT rpaHi Oimipamiiy.

BucHoBku. Y po0oOTi JIOCHIPKEHO METPHYHI TOKAa3HHKHM SKOCTI Oimipamid 3 OJHHM/IBOMa/TphoMa
PYXOMHUMH By3JIaMH, $IKi BH3HAYalOTh YMOBH 3aCTOCYBaHHsS KOMIPOK HETPAaBHIBHOI TE€OMETPHYHOI (opMu
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B CKIHUEHHO-EJIEMEHTHUX po3paxyHKax. Ha ocHOBI mpaBuiI Ta METO/IIB 0OYHCIICHHS OCHOBHUX MeTpHK siKoCTi CE,
siki mpuitHsaTo B ANSY'S, oTpuMaHO Taki pe3yasTaTy.

1. 3HaiineHo iHTepBanbHY OLIHKY Juid nmokazHuka Element Quality, sikuil € ¢yHKIi€l0 mapamMeTpiB BUIOB-
JKeHHs/cTUCHEeHHs Oinipaminu. Haiimenmie 3nauenns Element Quality BuzHaueHo 3rigHo 3 Bumoramu 1o 3D-ene-
MEHTIB, SKi 3aCTOCOBYIOTH y po3B’sizyBadi ANSYS Mechanical. Mexi BusHauenHs Element Quality mo3Bods-
1otk BuKopuctoByBatd CE B (opmi OimipaMiay Npu po3B’s3aHHI 3a71a4 JIHIHHOT MEXaHiKH, Teopil MPYKHOCTI Ta
TETUTOTIPOBITHOCTI.

2. Orpumano dopmyiy Ui OOYMCIICHHs TTOKa3HUKa Aspect Ratio sk QyHKIIIIO mapameTpiB Oimipamiam, mo
JI03BOJISIE BUKOHYBATH PO3PAXyHKH HA OCHOBI IOIIYKY MaKCHMAJIBHOTO 3HAUEHHS ABOX (DYHKIIIH, BUIISA SKUX
BH3HA4Ya€ MakCHMalbHE 3HaUEHHA napameTpis Oimipamian. Jlana gopmyna Moke OyTH 3aCTOCOBaHA IPHU aJITOPHUT-
mizanii MCE a5 nepeBipku yMOB, SKMM Ma€ 3aJI0BOJIBHSTH BEPXHS MeXa Ioka3HuKa Aspect Ratio y po3B’si3yBagax
ANSYS Mechanical, Electromagnetics Ta CFX.

3. OtpuMaHO OOMEXEHHS B BUIVIAJI CUCTEM HEPiBHOCTEH A BEIMYMH BHYTPIIIHIX KyTiB IpaHel Oimipa-
MiJIH, 1110 3aJI0BOJIHAIOTH BUMOTH Ha piBHI good Ta excellent ams moka3Huka skocti Skewness, SKi peKOMEHJOBaHO
B ANSYS. Jlani oOMexeHHS JIerKo aJanTyBaTH 10 Oyab-sKoi rpaHi OimipamMiau, OCKiNbKY HalOUBIINK Ta HaMEH-
UK KyTH BU3HAYAIOTHCS JIUIIE KOOPAWHATAMHE BEPIINH TPUKYTHUKIB, [0 3MEHIITY€ YaCOBY CKIAHICTh aITOPUTMY
MCE npu BU3Ha4YCHHI TOKa3HUKA ACUMETPil KOMIPOK CITKH.

4. BcraHOBIIEHO JTOJIAaTHY BH3HAYCHICTh MOKa3HUKa skocTi Orthogonal Quality Gimipamian 3 ogHUM/qBOMA/
TphOMa PyXOMHMH By3iaMu. AHaii3 3HaueHb Orthogonal Quality Gimipaminu BukoHaHo 3a (opmynoto mist CE,
SIK1 3HAXOAATHCS B MPUTPAHUYHOMY IIIapi CKIHUEHHO-EJIEMEHTHOT CiTKH. 3TigHO 3 pekoMeHaarisMu ANSY'S ymoBa
nonatHoi Bu3HaueHocTi MeTpuku Orthogonal Quality € JocTaTHROIO [T BUKOPUCTAHHSA OillipaMian Ipy AUCKPETH-
3amii obmacreit y MCE.

5. OTpumaHi pe3ynsTaTl CBi4aTh PO MO3UTUBHI YMOBH /ISl CTBOPEHHS anroputmiB Ha ocHOBi MCE 3 Buko-
puctanaaM Oimipamin. Iloganpiui KOCHIKEHHS BHMAarairoTh OTPUMaHHA KyOaTypHuX (opmyn ans OGimipamigu
3 IBOMa/TPbOMa PYXOMUMHU BY3JIaMH, sIKi € HEOOX1AHUMU JIJIsl POBEACHHS OOUMCIIIOBAIbHIUX €KCTIEPUMEHTIB.
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AJITOPUTM ONITUMI3ALII MAPIIPYTIB ABTOMOBLIBHIUX NEPEBE3EHD BAHTAKIB
HA OCHOBI JUHAMIYHOI MOJTU®PIKAILIF METOAY I'UVIOK I TPAHUILD

B cmammi na ocrosi Memody 2inox i epanuyb 3anponoHO8AHO AN20PUMM ONMUMI3AYI] MAPUPYMie A6MOMODITbHUX
nepeseseHb BAHMANCI8 3a Kpumepiem MiHiMizayii mpancnopmuoi pobomu 3 ix 0ocmasxu, Konu 6i0cmarni ma 0o6csaeu 00CmasKu
0151 KOJICHO20 NMYHKNLY [ MidiC NYHKMAMU € 3a0anumu. B oanomy 00criodicenti 6 akocmi Kpumepis onmumizayii 3acmocogy-
E€MbCS MIHIMI3AYIS MPAHCNOPMHOL pOOOMU Nepede3eHtss BAHMAICIE i3 8iON0GIOHO20 MPAHCHOPMHO-T0ICIMUYHO20 YeHMPY
00 BUHAYEHUX NYHKMIB 0OCMABKU MA 00HOPA308icMb NPOX0OJCeHHA Micyb ix posmauiysanns. Ocobnugicmov 3anponoHo-
8AHO20 NIOXOOY NONAAE 8 MOMY, WO BCS MHONUCUHA MONCTUBUX BADIAHMIG NePeBe3eHH BAHMANCY ONUCYEMBC MAMPUYelo
MPAHCHOPMHOI pobomu 00CMAagKy eremMenmu AKoi 00UUCTIOIOMbCA OUHAMIYHO HA KOJICHOMY KPOYI ancopummy, Ha 8iOMiny
610 KNACUYHO20 3ACMOCYBAHHA MEMOOy 2iN0K | epanuyb npu MIHIMI3ayii 008XHCUHU MAPUPYMY Nepese3eHb, KO eneMeHmu
Mampuyi giocmaneli nepesesenb € cmanumu. [a nioguuyents eqpekmueHocmi HOULYKy OnmuManbHo20 Mapuipynty npoeez)eyo
moougpiayiio memody einox i epanuyv (TBM) na eunadox OuHaMiuH020 6UBHAYEHHS eNeMeHmie Mampuyi MpaLcnopmuoi
pobomu 00CMagKu 6aHMAXCI.

B pobomi nasedeno ancopumm 3acmocy8anHs 3anponoHoeanoeo eapianmy memody TBM ons nodydosu onmumans-
HO20 ABMOMODITLHO20 MAPWPYMY 3 MIHIMI3AYIE MPAHCNOPMHOL pOOOMU NEPede3eHHs 6AHMANCIE 13 T02ICIMUYHO2O YeHmMpPy
6 Mepedxci i3 n’amu nyHKmie docmasku. AHANI3 pe3ynbmamie nposedeHUx po3pAXyHKie niomeepoxcye e(ekmusHicmy 3anpono-
HO8AH020 Ni0X00y I NOKA3YE, WO 1020 3ACMOCYBAHHS 00360TAE IMEHWUMU OOUUCTIOBATbHY CKAAOHICIb 3A80SAKU GUKOPUCIAHHIO
NOKpAaweHux cmpameziti 8i0CIKAHHS HepeleAHMHUX PilueHb Ma Ad0ANMUBHO20 PO32ATYHCEHHSL MONCTUBUX BaAPIAHMIE 00CMABKU
sanmaicis. 3anpononosanuil nioxio 0038015€ NIOBUWUIMY TOYHICHIb PE3YIbIAMIE PO3PAXYHKIE MA 3MEHWUMU YAC NOULYKY
ONMUMATLHO0 MAPUPYNTY 34 KPUMepieEM MIHIMI3ayii mpancnopmuoi pobomu 00Cmasgku 6aHmMaicie 00 NYHKMI6 NPUSHAUEHHS.
Ompumani pe3ynsmamu Moxcyms 6ymu GUKOPUCMAni 0718 ONMUMI3ayii T02ICIUYHUX NPOYECi8 MA 3HUICEHHS BUMPAM HA MPaH-
CNOPMHI Nepese3eHH.

KitouoBi cnoBa: memoo 2inok i epanuyb, Onmumizayis Mapuipymis, mpaHcnopmua 102icmuxd, agmomodiivbii nepeee-
3€HHSL.

Pasichnyk A. M., Khuda Zh. V. Algorithm for optimization of road transportation cargo routes based on dynamic
modification of the twig and boundary method

In the article, based on the twig and boundary method, an algorithm for optimizing routes for road freight transportation
is proposed based on the criterion of minimizing the transport work for their delivery, when the distances and volumes of delivery
for each point and between points are given. In this study, the optimization criterion used is the minimization of the transport
work of transporting goods from the corresponding transport and logistics center to the specified delivery points and the unique-
ness of passing through their locations. The main idea of the method is that the branching of the set of possible freight transpor-
tation options into subsets is carried out according to an algorithm based on constructing estimates from above for the objective
function on a certain set of solutions, which allows organizing a complete procedure for searching for possible route options for
this problem. In accordance with the proposed approach, the set of all possible route options is divided into several non-inter-
secting subsets, from which the subset is determined on which the objective function of transport work reaches its smallest value.

The paper shows that transport work is a complex indicator that takes into account the volume and distance of cargo
transportation and is determined by their product. Unlike the classical application of the twig and boundary method when min-
imizing the length of the transportation route, when the elements of the transportation distance matrix are constant, the peculi-
arity of the proposed approach is that the entire set of possible cargo transportation options is described by the transport work
matrix of delivery, the elements of which are calculated dynamically at each step of the algorithm, since their value depends on
the volume of shipment that occurred at the previous stage. To increase the efficiency of searching for the optimal route, a mod-
ification of the twig and boundary method (TBM) was carried out for the case of dynamic determination of the elements of the
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transport work matrix of delivery. An algorithm for applying the proposed variant of the TBM method to construct an optimal
road route by minimizing the transport work of transporting goods from a logistics center and a network of five delivery points
is also presented.

Analysis of the results of the calculations confirms the effectiveness of the proposed approach and shows that its applica-
tion allows to reduce the computational complexity due to the use of improved strategies for cutting off irrelevant solutions and
adaptive branching of possible cargo delivery options. The proposed approach allows to increase the accuracy of the calculation
results and reduce the time of searching for the optimal route according to the criterion of minimizing the transport work of
delivering cargo to the destination points. The results obtained can be used to optimize logistics processes and reduce the cost
of transportation.

Key words: twig and boundary method, route optimization, transport logistics, road transportation.

IMocTaHoBKa Mpo6aeMu. ABTOMOOUIBHI NTEPEBE3CHHS BAHTAXIB € KJIFOUOBHM €JIEMEHTOM JIOTICTHYHUX MPO-
1eciB, 1o 3a0e3neuyoTh epeKTUBHUIN pyX TOBapiB MiX MOCTaYalIbHUKAMHM 1 CTIO)KHBadaMu. B yMOBaX pHHKOBOI
KOHKYpEHIIii, TPAaHCIIOPTHI KOMIIaHii MalOTh IOCTIHO BUPIIIyBAaTH 3aBIaHHS MiHIMi3allii BUTpaT Ha MEPEBE3CHHS
pu 3a0e3MeYeHH] BUCOKOI SIKOCTI JIOTICTUYHUX MOCIYT. 3pOCTaHHS 00CSTiB BAHTAXKHUX [IEPEBE3CHb 1 YCKIIaAHCHHS
JIOTiICTUYHUX JIAHIIOTiB BUMAarae BUKOPUCTAHHS e(DEeKTUBHUX METO/IB ONTHUMI3allil TPaHCIOPTHUX IporeciB. Tomy,
JUTA TiIBUIIEHHS e(DeKTUBHOCTI JIOTICTUYHUX CUCTEM TpobiieMa po3poOKU Ta YIOCKOHAJICHHS METO/IB 1 aJlrOpUT-
MiB ONTUMI3allii MapIIPyTiB aBTOMOOUIBHUX BaHTKHUX MEPEBE3€Hb MA€ JOCTATHbO aKTyaJbHE 3HAYCHHSI.

AHaJji3 ocTaHHiX Aocaimkenn i mydaikaniii. Ha qanuii yac mis migBUINEHHS ¢(EKTHBHOCTI YIPaBIiHHS
MEPEBE3CHHSME 33 PaXyHOK BH3HAUCHHS ONTHMAIBFHOTO MapIIPYTY 3 YpaxyBaHHIM 33aHUX OOMEKEHb JOCTAaTHBO
e(heKTUBHO 3aCTOCOBYETHCS METOJN TUIOK i rpanuib (TBM). B 0cHOBI IbOro MeTOMy JISKHUTH 1J1es TIOCIiIOBHOTO
PO3OUTTSI MHO)KHHH JIOITyCTUMHUX PO3B’SI3KiB Ha MiJIMHOXKUHH. Ha Ko’KHOMY KpoIli po30UTTS, KOXKHA TTiIMHOKHUHA
MepEeBIpAEThCS HA HASBHICTH B Hill ONITUMAIILHOTO PO3B’sI3Ky. Briepiiie MeTox rijiok i rpaHuIls OyB 3aporIOHOBAHHHA
B 1960 p. au1s1 BuUpilIeHHS 3arajibHOI 3a/1adi MIJIOYHCETBHOTO JIiHIHHOTO MporpamyBaHHs [1]. B mogansimomy Oyio
MIPOBEJICHO y3arajlbHEHHS JAHOTO METOAY JJIs 3a7a4i KoMiBosbkepa B po0OoTi [2]. TlounHaroun 3 [bOTO MOMEHTY,
3’SIBWJIACh BEJMKA KiJTbKICTh POOIT, IPUCBIYEHUX METOAY T'iIOK i TpaHHUIb Ta Pi3HUX Horo Moaudikariii, mo mosc-
HIOETBHCS IOCTATHBO MIUPOKUM CIIEKTPOM MOXKIMBOCTEN IIbOTO METOAY.

3acTrocyBaHHS METONY TiJIOK 1 TpaHUIb A0 3aaadi kKomiBosbkepa (TSP) € mpenmeTom Gararbox IOCIHIIHKEHB,
SIK1 CIIPUSTH PO3BUTKY €(PEKTUBHUX alNrOpUTMIB AJ1s po3B’si3aHHA i€l NP-ckinanHoi 3aaadi. Tak y crarri [3] 3ampo-
MMOHOBAaHO MEPEXKEBUH MiIXiT A0 METOAY TIIOK 1 TpaHMIb A PO3B’SI3aHHS 3a7adi KOMIBOSDKEpa, IO JO03BOJISIE
e(peKTUBHO po30MBATH 3amady Ha IiI3amadi, KOKHA 3 SKHX PO3B’S3y€ThCA SK 33aa9a MiHIMAJIBHOTO OCTOBHOTO
nepesa. Y pobOori [4] aBTopu po3misHyau Bapiaiito TSP, ne HeoOXiHO BiJBiIaTH HE KOHKPETHI TOYKH, a TIEBHI
oOacti. Bonu 3anpornonyBany eeKTHBHUN aJTOpPUTM, 3acHOBaHMA Ha TBM, skuii J03BOJIMB 3HAXOMUTH ONTH-
MaJIbHI PIIICHHS IS 3a/1a4 3 BEIHKOIO KUTBKICTIO BepmHH. Y poOoTi [5] MochHiAHUKH NpeacTaBuiIn MoaudikoBa-
HUH aJrOPUTM METOAY T1TOK i rpaHuIs At TSP, neMoHCTpyrodn Horo e(heKTHBHICTh Ha MPHUKIIAAaX 3 HEBEIHUKOIO
KIJBKICTIO MICT. Y JIOTIOBiJi [6] aBTOpH IpoaHali3yBaIM 3aCTOCYBaHHS METOAY T'JIOK 1 TpaHUIlb AT PO3B’SI3aHHS
TSP, miakpecmroroun ioro eeKTUBHICTD I 3a7a4 CEPEAHBOTO PO3Mipy. Y cTaTTi [7] HOCHITHUKH 3alpONOHYBAIN
KBaHTOBHH BapianT TBM, sixuii Hajae NeBHI NepeBaru NOPiBHAHO 3 KJIACUYHUMH aNropuTMaMu. AHamli3 MOXIIH-
BOTO 3aCTOCYBaHHS METOMY T1JIOK 1 TpaHHLb JUIS 3aJa4i KOMiBOsbKepa HaBedeHO B poOoti [8]. Moxeni ta anro-
PUTMH PO3raily>KeHHs Ta BiJICIKaHHs JUIs 3a1a4 300py Ta JOCTaBKU 3 YAaCOBUMU BIKHAMHM IpeACTaBjeHi B cTarTi [9].
MoITUBI BapiaHTH peaizallil MeTOLy TUIOK 1 TPaHHIlb SK aITOPUTMY HIJOYHCETBHOTO JIIHIHHOTO MpOrpaMyBaHHS
po3nsiHyTO B poboTax [10, 11]. AHami3 0coOIMBOCTEH 3aCTOCYBaHHS METOTY T'JIOK 1 TPaHUIlh B 3a/1auaxX MoOyI0BH
ONTUMAJTEHUX perpeciitHux MojieNielt mpoBeneHo B poOoTi [12]. MoxkiuBi BapiaHTH 3acTocyBaHHsS Metoay TBM mis
OINTUMI3alliT JIOTICTUYHUX TPAHCIIOPTHHX 3aJ1ad pO3MIISIHYTI B podoTax [13, 14].

AHai3 pe3ynbTariB MPOBEACHUX JA0CIIKEHb NTOKA3ye TUHAMIYHY eBOIOIiF0 TBM, IIMPOKHUIA CIIEKTp 3aCTO-
CyBaHb Ta MoAH(IKaIIii, sIKi BifoOpakaloTh CeludiKy pi3HUX Bapiamiil 3a1a4di KOMiBOSDKEpa, BKIIOUAIOYH a/1alTa-
{10 KJIACHYHMX ITiXOJIIB 10 HOBUX YMOB Ta 3aCTOCYBAaHHS CYYaCHHX OOYMCIIIOBAIBHIX TEXHOJIOTIH.

IHocTanoBka 3aBaaHHsl. MeTa cTaTTi: po3poOKa aNropuTMy ONTHMIi3amii MapHIpyTiB aBTOMOOIIBHUX
MepeBe3eHb BaHTAXIB 3a KPUTEPieM MiHiIMi3alii TpaHCIOPTHOT poOOTH 3 TX TOCTAaBKH, KOJH BiACTaHI Ta 00CATH
JIOCTaBKH JJIsl KOKHOTO IMTYHKTY 1 M)XK ITYHKTaMU € 33IaHUMU. Y TAHOMY JTOCIIJPKEHHI B IKOCTI KPUTEPist ONTUMI-
3amii 0OMpaeThes MiHIMI3aIlis TPAHCIIOPTHOT POOOTH MEPEBE3CHHS BAHTAXKIB i3 BIAIMOBITHOTO TPAHCIOPTHO-IIO-
TICTHYHOTO HEHTPY 10 BU3HAYEHUX MYHKTIB JOCTABKH Ta OXHOPA30BICTh MPOXOMKEHHS MICIb 1X pO3TaIlyBaHH.
Ans migBumieHHs e()eKTUBHOCTI MOIIYKY ONTHMAaIbHOTO MapIIPYTy IPOMOHYETHCS 3aCTOCYBAaTH BapiaHT MOIH-
(hikarrii MeTo/Iy riJIOK i rpaHuIlh Ha BUIIAJJOK JUHAMIYHOTO BU3HAYEHHS €JIEMEHTIB MaTpPHIIl TPAHCIIOPTHOT pOOOTH
3 IOCTABKY BAHTAXIB.

Buknaa ocHoBHoro marepiany. Oco6auBocti 3actocyBannsi metony TBM nisi moGynoBu onTuMaib-
HOI'0 MapLIPYTY NnepeBe3eHHs1. Po3msiiaeThes mpobiieMa onTuMizanii MapIIpyTiB aBTOMOOUTEHUX TIEPEBE3EHbB IS
MiHiMi3anii cymMapHOi TPaHCIOPTHOI pOOOTH MEPEBE3CHHS BaHTAXIB BiJl TPAHCIIOPTHO-TOTICTUYHOTO LIEHTPY 10
3aJJaHMX MYHKTIB JOCTaBKH. ToOTO, HEOOX1THO 3HAWTH TaKHi 3aMKHYTHI MapIIpyT, SKH IPOXOAUTH Yepe3 KOKHE
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MICTO OJIWIH 1 JIMIIIE OfMH Pa3, IPH SKOMY MIHIMI3y€TbCSI CyMapHa TPaHCIOPTHA PoOOTa 3 TOCTABKU BAaHTAXIB 710
MICIIb IPU3HAYCHHS.
Bincrani Mix BiAMOBIAHUMHU IYHKTAMU MePEBE3€Hb € BIIOMUMH 1 3aJjaHi MaTPHUIICIO BiICTaHEMH:

C=|e,| G=1.2,...n:/=1.2, ... m), (1)

¢, — BIICTaHb MK MICUSIMU PO3MILIEHHS TYHKTY BiINPABJIEHHS 1 TYHKTIB JIOCTABKH.
OcAru JOCTABKM BAHTAXKIB 13 TPAHCIIOPTHO-TOTICTUYHOTO LIEHTPY JO KOXKHOTO ITyHKTY MPU3HAYEHHS TaKOX
€ 33JJaHUMHU 1 BU3HAYAIOTbCSA MATPULICIO JOCTABKH:

P=|p| (=23, ...n), 2)

Z€: p,— O0CAT IOCTABKY BAHTAXKY B i-f IyHKT JOCTaBKH; /1 — KUIBKICTh IHKTIB NPU3HAYECHHSL.
3arajibHa Bara IepeBe3eHb BCiX BAHTAKIB ¢, 13 TPAHCIIOPTHO-JIOTICTUYHOTO IIEHTPY [0 HKTIB NPU3HAYECHHS
BH3HAYAETHCA (POPMYIIOIO:

n
q9,= Z pi - (3)
i=2
[ToTouHMi 06CAT MEPEBE3EHHS BAHTAKY ¢, HA KOKHOMY KPOIli BUSHAYAETHCS PEKYPEHTHOO (hOPMYIIOH0:

9 =491~ Py, > “4)

Ae ¢, ,— O0csr BaHTaXy Ha IONEPEJHBOMY eTami, p, — OOCAI, BIABAHT@XCHWH B MOINCPEAHBOMY IIYHKTI
JOCTaBKH.

3a3HauNMo, 1[0 TPAHCIOPTHA pOoOOTa € KOMIUIEKCHUM ITOKa3HUKOM, 1[0 BPaxoBye 0OCAT i BificTaHb IepeBe-
3€HHS BaHTAXIB Ta BU3HAYAETHCS X JOOYTKOM 1 BUMIPIOEThCA Y T'KM. B 1aHOMY BUMAAKy BCS MHOXKHHA MOXJIUBUX
BapiaHTIB NEPEBE3CHHS BAHTAXY ONUCYETHCS TUHAMIYHOIO MaTPULIEIO TPAHCIOPTHOT pOOOTH JOCTABKU

A=|a,| =1.2,...n:j=1,2, .. n). (5)

Oco0MuBICTh 3aPOIIOHOBAHOTO METOAY IMOJIATAE B TOMY, L0 Ha BiAMiHY BiJl KJIACHYHOTO MiJXOMy ONTHUMi-
3auii BizcTaHi nepesesenHs [14, 15], enemeHTH MaTpulli TPAaHCIIOPTHOT POOOTH BU3HAYAIOTHCS HA KOXKHOMY KpOIIi
IMHAMIYHO, OCKUTBKH X 3HAYCHHS 3aJICKUTh BiJ 00CATY BiJBAHTAKCHHS, K€ BiIOYIOCS HA IMOIIEPEIHEOMY KPOITi.

1151 n MyHKTIB TOCTaBKH icHYE n°(n-1) aXbTepHATHBHAX MAPIIPYTiB JTOCTaBKH, BHKOPUCTAHHS OIHOTO 3 SIKUX
3abe3Meduye MiHIMI3aIlit0 TPAaHCIIOPTHOT pOOOTH, a BIAMOBIAHO i BUTPAT 3 IOCTABKH BAHTAXIB, TOOTO € ONTHMAIbLHIM
[1]. MaremaTtnyHy MOZAETH Takol 3a7a4i MOKHA C(HOPMYITFOBATH HACTYITHUM YHHOM: IiJh0Ba (DYHKIIST ONTHMI3aIlii
TPAHCIIOPTHOI 3a/1a41, [0 BU3HAYAE CYMapHY TPAHCIIOPTHY POOOTY 3 JIOCTABKH BAHTAXKIB JI0 TYHKTIB MPU3HAYCHHSI,
3aMHUIICTHCS Y BUITISI:

n n
F=Zqi2cﬁ~x’.}.—>mm. (6)
=l j=l
oy dopmyui (6) x, - KOG.(b{HICHrF NepeXOJly i3 MyHKTY 3 HOMEPOM i B TYHKT i3 HOMEPOM J. Koxna 3minna x,
nopieHIoe 0, SKIIO Tepexij BiX i O j He BXOAWTH y PO3IITHYTHH MapIIpyT, i TOPIBHIOE 1, Y BUIAIKy BKITIOUCHHS
TaKoTO Mepexoay B MapuipyT. Toli yMOBa TOTO, 0O KOXKHE MICTO PO3MINIICHHS MYHKTY IOCTaBKH OYyJIO BiJBinaHe
1 3aJIMIIICHE JIMIIIE OIUH Pa3, ONMMUCYETHCS HACTYITHUMH PiBHSIHHIMU:

ixi]’=1; <]=1a_n)a (7

>x, =1; (i:l,_n). (8)

AJITOpUTM NMOOYI0BM ONITUMAJLHOIO MapLIPyTy NnepeBe3eHHs. B naniil poboTi 11 moOyI0BU PO3B’SI3KY
onTuMizaliifHoi 3axadi (6) — (8) 3amMpPONOHOBAHO 3aCTOCYBAaTH ajJrOpUTM MOOymoBaHM Ha Moaudikaiii MeTomy
TBM. OcHOBHa i/iest METOMy MOJISITAE B TOMY, IO PO3TATYKSHHSI MHOXHHU MPHUITYCTUMHX 3HAUCHb HA JIEPEBO i
MHOXHUH TIPOBOAMUTHCS 32 aJITOPUTMOM, 110 0a3yeThcsl Ha MOOYIOBI OIIHOK 3BepXy I UinboBOI (hyHKUIT Ha nes-
Kilf MHOXKUHI po3B’s13kiB. Takuil miaxix J03BOJSIE OPTraHi3yBaTH IMOBHY IPOLETYPY IMepedopy MOXKIIMBUX BapiaHTIB
MapIIpyTiB IS JaHOT 3a/1adi.

VY BIAMOBIIHOCTI i3 3alIPONIOHOBAHUM MiJX00OM MHOXHMHA M (MHOXXMHA MOXJIMBHX BapiaHTIB MapIipy-
TiB) po30MBAETHCS Ha S/ MiIMHOMKHKH, IO HE TIEPETHHAIOTLCS, 13 AKMX BU3HAYACTLCS Taka MiAMHOXHHA M, Ha
SIKIM [UTboBa (PyHKINS F A0csIrae cBOrO0 HAWMEHIIOTO 3HAYeHHS. 3 ypaxXyBaHHSM OCOOJUBOCTI 3aCTOCYBaHHS
MapuIpyTy pO3Bi3HOTO THITY, HEOOXiHA yMOBa MiHiIMi3amii HUTLOBOT PpyHKIIIT (6) 3a0e3Meuy€eThCs PIOPUTETHHM
BHKOHAHHSM 3asBOK 13 JOCTAaBKH BaHTAXIB, IO MPOXYKYIOTh HAHOIIbIINI piBeHb TpaHCIOPTHOI poboTH. [loTiM
MiAMHOXKHWHA M, 3HOBY po30MBA€ThCS Ha PsI NIAMHOXKHH M, , 110 HE NEPETUHAKOTHCS, 13 IKUX BU3HAYAETHCH

1l
nigMHOXKHA M, Ha Kil QyHKIs F* TaKoXk JOCATaE CBOr0 HAUMEHIIOTO 3HaUeHHs. Takuii poIEC PO3TayKEHHS
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MPOJOBKYETHCS 10 OTPUMAHHS OJJHO €JIEMEHTHOT MHOXHWHH 7, Ka B TeOpii METOy TiIOK 1 rpaHUIlb Ha3WBa-
E€TBCSI PEKOPOOM.

Po3rmisHeMO MOCHiIOBHICTh 3aCTOCYBAaHHS 3allPONOHOBAHOTO alNTOPUTMY Ha OCHOBI Moaudikaiii MeTomy
TUIOK 1 IpaHullb A7 NOOYyAOBU ONTUMAIBHOTO MapIIPYyTy JOCTaBKM BaHTaXIB 3a KpUTEpieM MiHiMizamii Biamo-
BiJIHO1 TpaHCcOpTHOI podoTH. Ha mepiiomy eramni npoBOAMMO aHalli3 BUXiAHOT MHOXKUHU M. JI71sl IbOTO CIIOYaTKY
OyayeMO MaTpHLIO TPaHCIIOPTHOT poGoTH. Tlepiunii psIoK Hiei MaTpuLl CKIafaeThes 3 ENEMEHTIB a,, = ¢, - ¢, ;. Ilep-
UK CTOBIYMK Li€l MaTpuli (i3M9IHO O3HA4Ya€e MOBEPHEHHS B IMYHKT MOCTAYaHHS MiCI IOBHOTO PO3BAHTAKEHHS.
I OCKUIBKM B TIYHKT IMOCTaYaHHS TPAHCIIOPT MOBEPTAETHCS MOPOXKHIM, TO BIIMOBIIHO BUKOHAHA poOOTa JIOPIBHIOE
Hymo. To6To Bci enementr a,, =0 . BinnosinHo Hamam OynemMo po3misaaTi MPSIMOKYTHY MaTpHL0 A4 = ||al.].|| (=1,
2,...n;j=2,...n).

Cepext BCIX €/IEMEHTIB IEpUIOro psiika a,; =¢,-¢,; (j =2, ... n) obupaem HalimeHnwmii. Hexail a, — e Haii-
MEHIIHH eJIeMEeHT psaKa. TakuM YMHOM MU BU3HAYAEM, 10 MEPIIO0 JAHKOIO JAHITIOTa JOCTaBKH Oy/ie MepeBe3eHHS
13 IEpIIOTO MYHKTY (TPAaHCIIOPTHO-JIOTICTUYHOTO IICHTPY) B & IIYHKT HOCTadaHHsS. B mboMy myHKTi Oyzne BinBaHTa-
XKEHO p; o6c;1ry BaHTaxy. Toxi as no;[am)mm JOCTaBKU 3anmuaeTbc;1 4, =q, — p;, - TakuM 4MHOM BCI HACTYIIHI
PAIKYM MaTpHLI CKIIaJAI0ThCs 3 EIEMCHTIB a; h=gq,- ¢, (=2,...n;j=2,...n). MaTpuiio TpaHCIIOPTHOI PoOOTH,
noOyIoBaHy TAKMM YHHOM, TO3HAYHMO — Al A

3Hanz[eMo OLIHKY 3HW3Y (YHKUIT SKOCTI ISl MiAMHOXHHE M, I[Jm MaTpuLi TPaHCIOPTHOI POOOTH
A, " ” (=1, 2, ... n;j=2, ... n) BU3HAYUMO JIOJJATKOBY MaTpHITio X MIHIMaJbHAX 3HAYE€HBb TPAHCIIOPTHOL
poéom IO psAKax (1 B KOKHOMY p;me pO3TamIoBaHa Ha TOMY MICIIi, I¢ 3HAXOAUTHCS MiHIMAIEHUH €JIEMEHT I[bOTO
psiaka B Matpuii 4, ):

[0 0 0..1 0]
0 0 1.0 0
e 01 0.0 0 ' ©
000
1 0 0.0 0]

ITo mi#i mMaTpuIl 3HaXOAMMO 3Ha4eHHs (QyHKIi mim F'. J[Js mboro J0maEMO MiK COOOI0 Ti 3HAYCHHS al.’/‘.1
3 mMarpuli A4, , AKi pO3TalIOBaHi Ha THX K€ MiCIAX, WO i x; =1 B Marpuui X'

n, 2

= (4 X)=a} +ay, +d;, +....+a, (10

J€ r (i =Im — 1€ HOMEP MiHIMAJIBbHOTO €JIEMEHTA B i~-TOMY PSIKY.

AHAJIOTIYHO BU3HAYAEM JOJATKOBY Marpullo X MiHIMaIbHUX 3HAYE€Hb TPAHCIIOPTHOI pOOOTH MO cTOBMILIX (1
B KO)KHOMY CTOBIILII PO3TallIOBaHa Ha TOMY MICIIi, ie 3HaXOAUTHCS MiHIMaJIbHUN €IEMEHT IIbOT0 CTOBOIIS B MaTPHIIi
4, )- Ilpu 1poMy ikcyeMo eleMeHT x,, , AKui JopiBHIOBaTHME 1.

00 0.0 1
00 1.00
|0 1 0.0 0f an
0 0
1 0 0]

3a 3HaueHHsIMH efeMeHTiB Marpuili (11) 3HaX0aMMO 3HAYCHHS MibOBOI GyHKIIT F. JIJIs IbOTO 104aEMO MiXkK
00010 Ti 3HAYEHHS a; 13 MaTpuii 4, ko SIK1 pO3TaIIOBaHI Ha THX ke MICIIX, 11O i x; =1 B Marpui X".

ki k ki ki
F'=f4,X")=a},+al,+al, +...+a (12)

I€ s, (j=2m) — € HOMEP MiHIMAIILHOTO €JIEMEHTA B j-TOMY CTOBOLIL.
Hwoxns orminka ¢GyHKOii SKOCTI inboBOI1 (GyHKIIT HA OCHOBI MaTPHUIh MiHIMAJIBHUX 3HAYEHb TPAHCIOPTHOI
poOOTH 3a psAAKaMH Ta 3a CTOBIISIMUA BU3HAYAETHCS 13 CITIBBITHOIICHHS:

F," =max(F,; F) (13)

ky
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M

HigmuHoxuHa M,, MicTUTb B COOI migMHOKUEKM: M, ,, My, ..., M o -

V) M1k1k1+1 ERRRE

Hami HpOBOI[I/IMO aHajli3 [UX MAMHOXKUH. JJIS KOKHOI I AMHOKHUHA Ml,” ( j=2n, j# kl) 00UHCITIOEMO
BepxHio Fj, ; OLIHKY yHKLI IKOCTI LLIbOBOI (yHKIUII.

FV

p— kl kl kl
Wy = ta +a

i T +a (]:2;n, ];tkl). (14)

[Ticns toro, sk Oyio 0OYMCIIEHO BCi 3HAUCHHS F}f ; ( j=2,m j*k ) MPOBOJIMMO BiJICIKaHHS Oe3mepCriek-
TUBHHX IiIMHOXHH. HepCHeKTHBHO}O JUTS TIOAITBIIIOTO aHANIZY 6y):[e HiAMHOXXHHA, Y SIKO1 BEpXHE 3HAUYCHHS (PYHK-
11 SIKOCTI 33I0BOJILHSE YMOBI

Recordzmin{Fle,(jzz_n, j;tkl)} . (15)

SIKIIO JeKinbpKa MAMHOXHH MAaroTh OJHAKOBE HaMMEHIIE 3HAYEHHS, TO IS WX MIAMHOKHH OOYHMCIIFOEMO
HIDKHIO ouiHKy (byHKui'l' SKOCTI IiThOBOT (pyHKIII. I 1IOTO JUTsl KOXKHOI MIAMHOXHHH CKJIaJIAEMO JTOJATKOBI
ManI/IHI X 1 X MiHIMQJIBHUX 3Ha4€Hb TPAHCIIOPTHOI POOOTH 1O psaKax i o ctoBmIX. [lonepenHbo B KOXKHIM
MaTpuIli q)chyeMo nepmvm PSIOK 1 k, CTOBIUHK, a TAKOXK Kk, pAfOK 1 j cToBmuMK. Lle o3Hauae, mo enemMeHTH xlk,l
X, ; B IIMX MaTpHLIX IIOplBHIOBaTI/IMyTI) O}Z[I/IHI/ILII ITo nmx MaTPHIISIX 3HAXOAUMO 3HAUCHHS! (byHKum i F,” i F "
JIJISI LIBOTO JIOJAEMO MiXK cO0O0I0 Ti 3HAYEHHS a 3 MaTpHIi Alk , K1 PO3TAIIOBaHi Ha THX YK€ MiCIsX, IIO 1 X,
B Marpuisx X i X7.

Nk K K K
F =4, XD =ay +a +a), +...+a, , (16)
A€ r (i=In — 1€ HOMEP MiHIMaIbHOTO €JIEMEHTA B I-TOMY PAIKY.
" o_ m _ k k k k ky
F =f4,X)=a; +a, +a},+a’;+...+a}, (17)

Sn

I€s, (j=2n) — L€ HOMEpP MiHIMaJIbHOIO EIEMEHTA B j-TOMY CTOBOLLI.

Hwmxnst ominka (QyHKIIT SKOCTI 1TBOBOT (QYHKINT HA OCHOBI MaTpHIlh MiHIMAJIbHHX 3HAYCHb TPAHCIIOPTHOT
poOOTH 3a psAJKAMHK Ta 3a CTOBIIISIMUA BU3HAYAETHCS 13 CITIBBITHOIICHHS:

Fly =max (F; F). (18)

Cepen miIMHOXKUH, SIKI MalOTh OJJHAKOBE HAHMEHIIIC 3HAYECHHS BEPXHBOI OLIHKH, OOMPAEMO TY, B SKOT Fk]’i
HalMeHIIe.

Hexaii MiHiMyMm Ek JocsiraeTbes Ipu j =k, 1 F — HalimeHIe pu j =k, . ToOTO HalIepCIIeKTHBHINION
BBa)Ka€MO ITiIMHOKUHY M, 1k, - OCKUIBKY 3 IYHKTY £, BaHTAXK MOTPAILTIE B TYHKT k2 , BHBOMY OyJIie BiJBAHTa)KCHO
Py, 00’em BanTaxy. Toni mst no;:[am)mm JOCTaBKA 3anmuaeTLc;1 ¢; =q, — p,, - TakuM YMHOM BCi HACTYIIHI PJKH
MaTpHLi CKINAIOThCS 3 EIEMEHTIB a;; =g, ¢ (=2,...n5j=2,...n). ManI/IHIO no0yIOBaHy TaKUM YHHOM,
Ha3BeMO 4,

Hl}lMHO)KI/IHa M,
M, M,

Thkkyk 241 2 * 1kkan *

. Hami HpOBOIIIZI/IMO aHaJIi3 KOKHOT 3 IUX MiIMHOXHH O0YHCIIOEMO BEPXHIO F1 ko)
Ui SIKOCTI UIIBOBOI (PYHKIUIT, BUKOHYIOUl aHATOTT4HI Ail, K Uit AMHOKUE M\, o, My 5oy My, 0 My .o,
M, 3a dopmymamu (14)—(18). ITicist uporo BU3Ha4a€MO HANIICPCICKTHBHIITY ITIAMHOXUHY.

Leii poriec po3rairy KeHHs IPOLOBKYETHCS 10 OTPUMAHHS MAMHOXHHE M, , , , SIKa CKIAJa€ThCS 3 OJHOTO
eneMeHTa. TakuM UMHOM BHM3HAUA€ThCS ONTUMAaNbHUM Mapmpyt: 1>k -k, ->...—>k, —1, 3 HoBepHEHHAM

B IIOYATKOBHH ITyHKT. [IpH IbOMY ONTHMANBHE 3HAUYCHHS IITHOBOT (DYHKIIIT BU3HAYAETHCS TaK:

M

lky3 2% ">

M

Uk —1 > Mlklkzk,ﬂ EERRE

M

MICTUTB B €O0i MiAMHOXKUHU: M, Tyl >

Kk lky2

1 HIDKHIO Fk 1, OLIHKY QyHK-

*_
F*= 4iC, T 42 Chp, T3Ck0, 4,0 4 - (19)

CxemMa oOy/JI0BH JiepeBa PO3B’I3KiB 3a HABEICHUM aJrOPUTMOM Ma€ BHIVISI HaBeICHUH Ha puc. 1.

IMpuxaaa 3acTOCyBaHHA 3aNPONOHOBAHOIO MiAX0AY. PO3MISTHEMO aNTOPUTM 3aCTOCYBaHHS 3alpONOHOBA-
HOTO METOY JUTS TTOOYIOBH ONTHUMAIEHOTO MaplIpyTy JOCTABKH FOTOBOT MPOMYKIIIT i3 TPAHCIIOPTHO-JIOTiCTUYHOTO
LEHTPY PO3TALIOBAHOIO B MiCTi [{HINpo 10 ’sATH paiionHuX 6a3 30yTy po3TamoBaHuX Ha TepuTopii obmacri: I1IT ,
[IIT,, TIIT,, TII1,, TII1,, TIII1,. MaTpuns BiacTaHed Bil UEHTPY [0 MyHKTiB MPU3HAYEHHS Ta MK HAMH BHU3HAYEeHa
JAaHMMHW HaBEJICHUMU B Ta0M. 1, a 0OcATH BIANIPaBICHHS Ta JIOCTABKU BAaHTAXKIB 3aJIaHi y BIAMOBIAHOCTI 3 TaHUMH
TabII. 2

Buxinxa obnacte niaHiB M p0mycKae po3rady:KeHHsl Ha HelepeciuHi miagMHoxuun: M,,, M, M, , M,

M

16 *
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<|'“"| 1K Ky Ky = Record::)

Puc. 1. Cxema noOya0oBH po3B’sI3Ky METOJIOM T'JIOK Ta FPaHHIb

Tabmung 1
Marpuus BiIcTaHeil J0CTABKH BAaHTAXKIB
MMynkT Bincrani
Ne 3/n l'lpl/l3l-)[la‘{eHHf[ 1 2 3 4 5 6
1 Juinpo 0 101 45 31 77 80
2 II1, 101 0 155 100 50 140
3 II1, 45 155 0 63 45 130
4 II1, 31 100 63 0 58 50
5 11, 77 50 45 58 0 101
6 IIT, 80 140 130 50 101 0
Tabmaurs 2
Marpuus o0csTiB NepeBe3eHHs BAHTAXKIB
Ne 3/n XapakTepucruka IIyHKT npu3HaYeHHs
BAHTAXKY Jninpo 11, 11, ITII, TTII, IIII
1 OO0csT mepeBe3eHHs 3 0,7 0,4 0,8 0,6 0,5

IIpoananizyemo 3Ha4eHHsI (PyHKLIN SKOCTI Ta BIANOBIAHY BEJIHUUHY TPAHCIOPTHOI pOOOTH 33 MapIIpyTaMu
JUTA KOXHOT IIZAMHOXKUHY oKpeMo. [lepinii cToBmUMK Liel MaTpuii (i3sMuHO 03HAYa€ MOBEPHEHHS B MMyHKT MOCTa-
YaHHA Mics MOBHOTO po3BaHTakeHHsS. OCKUIBKM B IMYHKT MOCTa4aHHS TPAHCIIOPT MOBEPTAETHCS MOPOXKHIM, TO
BIINIOB1THO BUKOHAHA POOOTA JOPIBHIOE HYIIO, TOOTO BCi eneMeHTH g, = 0. Tak K BiIlpaBHUM MyHKT PO3MILIEHHS
TJILL — Aninpo, To I BU3HAYCHHS TPAHCIIOPTHOI pOOOTH 13 JTOCTAaBKU BAHTAXy B MEPINUN MyHKT MPH3HAYCHHS
MEePIINH PSATOK HEOOX1MHO IIOMHOXKHUTH Ha ¢, =3 — 00CAT BCHOTO BaHTaXYy:

28
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0 303 135 93 231 240
0 0 155 100 50 140
0 155 0 63 45 130
0 100 63 0 58 50
0 50 45 58 0 101
0

140 130 50 101 0

Bubupaemo HaiiMeHIIIe 3HaYeHHS Y TIEpIIOMY PAIKY, 1ie 1 Oye mepia JaHKa UIyKaHOTo MapmpyTy: 1 — 4.

Haui, 6yz[y€M0 HOBY MAaTpHIIIO 3 yPaXyBaHHAM TOTO, 1110 Oyso pocrasneno Banrax jo 111, (0,8 T). HepLHI/II/I
PAIOK O6I/Ipa€M0 i3 MOTEPEAHBOTO KPOKY, yCi iHIIII €JIeMEHTH MaTPHIl BU3HAYAEMO SIK ,I[O6YTOK 3HaueHb BHXI1THOI
MaTpuli 1 06’ eMy BaHTaxXy, SIKHH 3aMumuBes ¢, =¢q, — p, =3-0,8=2,2

303 135 93 231 240 |
0 341 220 110 308
341 0 1386 99 286
220 138,6 0 1276 110
110 99 1276 0 2222
308 286 110 2222 0O |

3HaliieMO OWiHKY 3HU3Y (GYHKLIT SKOCTI IS MAMHOXWHM M, . Jlna MaTpuri TpaHCOpPTHOI pobotu A,
BU3HAYMMO JOJaTKOBY MaTPHII0 X MiHIMaJIbHUX 3HAYEHBb TPAHCIIOPTHOT POOOTH IO PSIIKAX

00100
00010
,looo1o0
X'= .
00001
01000
0010 0]

ITo mitt Marpuili 3HaX0AUMO 3Ha4YeHHS QyHKITT i F 4'
F/=93+110+99+110+99+110=621. (20)

AHAJIOTIYHO BU3HAYAEMO JIOJATKOBY MaTpuil0 X MiHIMaTbHHX 3HAYE€Hb TPAHCIIOPTHOI POOOTH MO CTOBIIIX.
DiKkcyeMO eNeMEeHT X, , SKUii JOpiBHIOBaTHUME 1, a BCI 1HII €IEMEHTH B MEPIIOMY PSIKY 14 CTOBIUYUKY JOPIBHIO-
BaTuMyTh 0.

00100
00000
, 100010
X:
000 01
11000
0000 0]

o wiii MaTpuIli 3HAXOMUMO 3HAYEHHS QyHKIT i F
=93+110+99+110+99=511. (21)

Hwxns ominka QyHKHii SKOCTI HiNbOBOI (PyHKIIT HA OCHOBI MAaTPHUIb MiHIMAJIbHUX 3HAYEHb TPAHCHOPTHOI
po0OTH 3a psAAKAMU Ta 3a CTOBILISIMU JJOPiBHIOE:
! "
F =max (F/,; F]l)=621. (22)

Busnauumocs 3 mofaneiiuM posranyskeHHsaMm. Ilinvuoxuna M|, MicTuUTh B coOi migMHOxuHM: M, ,

M 5, M5, M, . [ani npoBogumo aHamis uux miamMHOKUH. [t koxkHOT migMHOokuan M, ( j=26, j=# 4)
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o6unci0eMo BepxHio F, ; OLIHKY QYHKUIT AKOCTI Linb0BOT ByHKLIi. Po3riounHaemo 3 M,,, i3 0YaTKOBUM ILTAHOM
Ly, = (1,4,2,3,5,6) . 3a UM IJIaHOM BEJTMYMHA TPAHCIIOPTHOI POOOTH Ma€ 3HAYCHHS:

Fl, =93+220+341+99+222,2=975,2. (23)

AHAaNoriyHo 064MCIHOEMO BEpXHi rpaHuLli GYHKLIT AKOCTI /U1 KOXKHOT M AMHOXKMHE M, ( j=2;6, j# 4) .
OTpuMaeMo HACTYIIHI 3HAYCHHS.

F, =93+138,6+99+222,2+308=860,8 ; (24)
Fl=93+127,6+110+341+286=957,6; (25)
Fh=93+110+222,2+110+341=876,2. (26)

OckinbKy BC1 BEPXHI IPaHMLI Pi3HI HE Ma€ CEHCY OOUMCIIOBATH HMXHI TPaHUI, a BiANOBIIHO Oe3MepcreK-
THUBHI [iIMHOXXUHH BiJICIKAIOThCS:

Record =min{ F,, F;, Flis, Fly, } =860.8. 27)

IlepcrieKTUBHOO IS MOJATBIIOTO aHaNi3y Oyne MiAMHOXKUHA M, , y AKOi BEpXHE 3Ha4eHHs (QYHKIIT SKOCTI
BUSBWIOCH HaiiMeHIIMM. BuxigHa o0aacTh IUIaHIB IaHOI MiIMHOKUHH JOIYCKAa€ PO3TATyKCHHS Ha HElepecivHi
HIAMHOKHMHU: M, 5, M s, M 5.

Bynyemo HOBy MaTpull0 TpPaHCHOPTHOI poOoTH 4,,, . BpaxoByrouu Te, mo Oylo ZOCTaBI€HO BAHTAX [0
[I13 (0,4 1), KITBKICTh BaHTaXYy, SKUH HEOOXITHO NOCTaBHUTH, ckiamae 1,8 T. OCKUIbKH BigOyliocs MepeBe3CHHS
1—4—3, To mepmuii i YeTBEPTUI PSAAKKM Ta YETBEPTHH 1 TPETIH CTOBIMYMKH (DIKCYEMO 3 MOMEPETHBOI MAaTPHIIi
(3HaYEHHS B CTOBIIIAX PO3PAXOBYEMO 3 IPYTOrO TOMY, IIIO MEPIINH CTOBITYHK ITOBHICTIO CKIIQJICHHH 3 HYIIB), a BC1
iHWi enemenTn Marpuui obuncmoemo sk 1,8-¢; (¢, — koedinientn Marpuui Biacraneii). OTKe, HOBa Marpuils
MaTuMe BUTIISI

3--135--93 - 231 240
0 341 220 90 252
279 0 1386 81 234
220- 138,610 --127,6--110
90 99 1276 0 1818
252 286 90 1818 0

A3 =

Ipoanamnizyemo 3HadeHHs QYHKIIIT SKOCTi Ta BIAMOBIAHKX BEIHMYUH TPAHCIIOPTHOI POOOTH 32 MAPIIPYTOM IS
KOJKHOI IT1/IMHO)KMHH OKpeMO. BCi /1ii BAKOHYEMO aHAIOTIYHO K [IPU aHANi31 MiAMHOXKHUH M, ; . 3HA9EHHS BEPXHBOT
rpaHulli GyHKIIT IKOCTI HaBEJCHO B Ta0. 3.

Tabmuns 3

3HavyenHs BepxXHbOI rpanuui GyHkuii axocti migMHOKUH M| Y

] > : .
Fla; | 7824 | 6546 | 7374

3a nanumMu Tab1. 3 MPOBOIUMO BiJICiKaHHS Oe3MEPCIEKTUBHUX ITiAMHOXIH, 00UpaeMO HAaMEHIITY 3 BEPXHIX
rpaHuIlb

Record =min { Fi,, . Fis, Figg | =654,6. (28)

[MinmmMaOXKMHA M, ,,; Ma€ HalMEHIy BEPXHIO IpaHumio (yHKHii skocTi. OTxe, Hagam OyaeMo po3IIsLIaTH
IO MIAMHOXKHHY, SIKa IOITyCKa€ po3ramykeHHs Ha M., , M, ;5. - ByAyeMo HOBY MaTpHI0 TPaHCIIOPTHOI pOOOTH
4,435 - Bpaxoyrouu Te, mo 6yno nocrasneno santax 10 111, (0,6 T), KibKicTh BaHTaKYy, KWK HEOOX1IHO JOCTa-
BUTH, cKnagae 1,2 T. PikcyeMo 3 momepeaHboi MaTpHIli TPETid PAJOK i II'ATHH CTOBIYMK, a BCl iHII eJIeMEeHTH
marpuui oduncmoemo sk 1,2 ¢; (¢, - koediuientn marpuui Bigcraneit). OTKe, HOBa MaTpullsi MaTUME BUIISL
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303--135---93---231-- 240
0 341 220 90 168
279 ---B 158:0-- &1---234
220--F38.6 0--127:6-1440
60 99 1276 0 1212
lo8 286 90 1818 O

p= ¥

A435 =]

AHAJIOTIYHO JI0 aHAJTi3y MOMepeIHIX MiAMHOKHH, HABEIEMO 3HaYCHHS BEPXHBOT IPaHUIl (PYHKITIT SKOCTI IS
PO3IISHYTHX MIIAMHOKUH M, 435y, M55 °

Fliys, =93+138,6 +81+60+168 = 540,6; (29)
Fl  =93+138,6+81+121,2+168=601,8 ; (30)
Record =min { Fls,, Fly, | =540,6 . (31)

AHaJi3 3Ha4eHb MOOYTOBaHUX MIAMHOKUHY (29) — (31) 103BOJII€ BU3HAYHUTH ONTUMANTBHE 3HAYCHHS [IJILOBOT
¢GbyHKIIT F * , 5Ke CTAaHOBUTH:

F*=93+138,6+81+60+168=540,6 TxM™. (32)

TakuM YMHOM, BIJTIOBIHA CXeMa ONTUMAIBHOTO MapIIPyTy 32 KPUTEPIEM MiHIMI3allil TPaHCIIOPTHOI POOOTH
3 JIOCTABKH BAHTAXIB y I’ ATh MYHKTIB PH3HAYCHHS BU3HAYAETHCS TaK:

Huinpo — I, — TIIT, — I, — I, — T, — [ninpo.

BucHoBKH. AHai3 pe3ylbTaTiB IPOBEACHOTO JOCIIKSHHS OKA3Ye, IO 3allPOIIOHOBAHUI Ha OCHOBI METOIY
T1TOK 1 TPaHUIIb ANTOPUTM J03BOJISIE BU3HAYUTH ONITUMAIBHUH PO3B’SI30K 3aadi 31 3HAYHUM CKOPOYCHHSM aHai3y
MOJKJIMBHX BapiaHTIB MiHIMaJIBHHAX MapIIpPyTiB JTOCTaBKHU 3a PaXyHOK BiJICIKAHHS HETEPCIEKTUBHUX T'UIOK (MHO-
JKWH). 3a3HAYUMO, M0 TAKWH MiJXiJl TOIMyCKA€E y3arajdbHEHHs JUIS MOOYIOBH ONTHMAIBHUAX MaplIpyTiB JOCTABKH
BaHTaXIB JIO MYHKTIB MPU3HAYCHHS 3 MIHIMI3alli€l0 BiJIMOBIIHUX JIOTICTHYHUX JaHMIOTIB. Llelt MeTon mo3Boise
3HAXOAWUTH ONTUMAJIBHI MapIIpyTH ISl AaBTOMOOINEHUX IIEPEBE3EHb BAHTAXKIB, 3a0€3IEUyI0OUH MiHIMI3allil0 BUTPAT
1 miABUIIEHHS €(PEKTUBHOCTI TPAHCHIOPTHOI JOTICTHKH. 3aCTOCYBAaHHS 3allPOIIOHOBAHOTO IMiAXOMY JUIS BUPILICHHS
MPAKTUYHHUX 33]a4 J03BOJIUTh TPAHCIIOPTHUM KOMIIAHISIM 3HAUHO MOKPAIIUTH SKICTh MEpeBe3eHb Ta CKOPOTUTH
noricTiyHi BUTparu. [logamnbii JOCTIKEHHS MOXKYTh OyTH 30cepellkeHi Ha po3poOLi TiOpUIHUX aJITOPUTMIB, 110
MOEHAIOTH 3aCTOCYBAHHS METOMY TLIOK 1 TPaHUIb 3 €IEMEHTAMH IITYYHOTO IHTEICKTY IS i IBUILICHHS IIBUIKO-
CTi 004MCIIeHb Ta aJallTUBHOCTI 3 YpaxyBaHHIM JUHAMIKH TPAHCIIOPTHUX MOTOKIB.
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JESIKI MATAHHS MATEMATHYHOT'O MOJIEJTIOBAHHS TYPBYJIEHTHUX TEYIM
HABKOJIO TPAHCIIOPTHUX AITAPATIB TA iX EJIEMEHTIB

OOMIKAHHS. MPAHCNOPMHUX 3AC0018 MypPOYIeHMHUM NOMOKOM VABIAE CO00I CKIAOHY HENHIUHY OUHAMIUHY CUCTeM).
Jna 0ocrioscenms yux CKAAOHUX HETTHIUHUX CUCTEM Peaniz08yonb nesHi Memooono2iuni nioxoou. Lfi nioxoou nosuni 6yoysa-
MUCS HA OCHOBE 00 €KMUBHUX (DI3UUHUX 3AKOHIB, WO ORUCYIOMb NOBEOIHKY OUHAMIUHOL cucmemu. B pesynomami ananizy docii-
02ICYBAHUX NPOYECi6 HeOOXIOHO BUABUMU IX 3AKOHOMIDHOCH Ma po3pobumu ix onuc.

Mamemamuune M0OOeN06aHHA MAKUX HETIHIUHUX OUHAMINHUX CUCEM € MINCOUCYUNTIHAPHUM THCPYMEHMOM 00CTi-
0oiceHHsl pisHomanimuux Qizuunux npoyecie. Ilpoobnemu Mooeno8anHs po3suneHoi mypoyneHmHoChi 3aumamscs gioKpu-
mumu. €OuH020 Mexanizmy nepexody 0o mypoyIeHmHO20 XA0Cy 8 PI3HUX MUNAX 2i0POOUHAMIUHUX Mmeuill HapAa3i uje He 3HAUOEHO.
Y poseunenomy mypoynenmnomy nomoyi npucymui nyivcayii 3 macumabamu 8io Haubinbuiux 00 dyxce maux. Ha cvoeooni
8I00MI womupu Mexanizmu nepexody iaminaproi meuii do mypOyrenmnoi npu docsienenni uuciom Petinonvoca kpumuunoeo
3HauenHst. Beasicacmbcs, ssuuje mypoyieHmHoCHi 6 NeHill Mipi no8 s13aH0 3 XA0COM.

Buuepnnoi meopii unuxnenns mypoyieHmHocmi 6 pisHOMAHIMHUX AEPOOUHAMIYHUX MEYIAX HA Cb020OHI 63A2ai HEMAE.
Ha cbo200Hi 3anponorosano pao cyenapiie po3eumxy mypOyieHmHux medyitl, OCHOBAHUX Ha npoyecax xaomusayii pyxy. Lle
HACMYNHI CYeHapii: 0CHOBAHULL HA VSBNEHHI NPO IEPApXilo KeasinepioOuuHux pyxie, npoyec xaomusayii pyxy piounu Proens-Ta-
KeHca, nepexio 00 mypoyieHmHo20 Xaocy uepe3 nocioogHicms Oighypkayiii No080eHHs nepiody, nepexio 00 mypoy1eHmHOCHI
uepes nepemidcysanicmo. L{i nioxoou 3apoounucs ¢ pesyrvmami 00Caioxcerb MOOETbHUX CUcmeM mypoy1eHmuux meuiti ma ix
AHATIZY 3 GUKOPUCMAHHAM OuepenyianvHux pieHsnb. Ix mamemamuynuil onuc € Ha036UYAIHO CKIAOHUM i nompedye nodab-
w020 PO3BUINKY.

Jna uucnoso2o po3s’azyeans 3a0aui 3 po3PAXyHKY XapaKmepucmux mypOyienmnoi meuii Ha8Ko10 HA3eMHO2O MPAH-
Ccnopmuo20 3acoby 06pano Mooeisb meuii 8 A3K020 CIMUCIUBO20 2a3Y, WO ONUCYEMbCA 0cepedHenuMu 3a Pelinonsoom pienanuamu
Hag’e-Cmoxca. Po3paxynkosa obnacmb HAGKON0 MPAHCNOPMHO20 ANAPAMA € CKAAOHOI0, MOMY 00YiNbHO BUKOPUCHIOBY8aAMU
baeamobnoxosutl nioXio ma KpusoNIKItiHY cucmemy koopouram. Po3pobreno memoouxy, nobyoosano areopumm ma Hanucamo
KOOU KOMNIEKCY NPOSPAMHO20 3abe3neyenns Ha mosi Fortran-95.

Lnsxom uucnosoeo po3s’szyeanns ocepednenux 3a Peiinonvdcom pisnane Has’c-Cmokca, 3aMKHEHUX MOOELUIO myp-
oynenmuocmi Cnarapma — Animapaca 6 peanizayii 6i0oKpeMieHUX 8UXOPIB, PO3PAX08AHO NIOCKONAPATeNbHe 00MIKAHHA KOLO-
8020 yuninopy. Ompumani pe3ynvmamu po3paxyHKie NOPIGHIOIOMbCA 3 eKCHEPUMEHMATbHUMY OAHUMU.

Kio4oBi croBa: mexanizm mypoynenmuocnii, aepoouHamixa mpancnopmuux anapamis, Yuciose MoOeNo8anHs, ocepeo-
Heni 3a Petinonvocom pisnanns Hae 'e-Cmokca, mooeni mypoyieHmHocmi.

Sokhatskyi A. V. Some issues of mathematical modeling of turbulent flows around transport vehicles and their elements

The flow of vehicles in a turbulent flow is a complex nonlinear dynamic system. To study these complex nonlinear systems,
certain methodological approaches are implemented. These approaches should be based on objective physical laws that describe
the behavior of a dynamic system. As a result of the analysis of the processes under study, it is necessary to identify their
regularities and develop their description.

Mathematical modeling of such nonlinear dynamical systems is an interdisciplinary tool for studying various physical
processes. The problems of modeling advanced turbulence remain open. A single mechanism of transition to turbulent chaos
in different types of hydrodynamic flows has not yet been found. In a developed turbulent flow, there are pulsations with scales
ranging from the largest to very small. To date, four mechanisms are known for the transition of laminar flow to turbulent
Sflow when the Reynolds number reaches a critical value. It is believed that the phenomenon of turbulence is to some extent
related to chaos.

Today, there is no comprehensive theory of turbulence in various aerodynamic flows. To date, a number of scenarios
for the development of turbulent flows based on the processes of motion chaos have been proposed. These are the following
scenarios: based on the idea of the hierarchy of quasi-periodic motions; the process of chaoticization of fluid motion by Ruel-
Tuckens; transition to turbulent chaos through a sequence of doubling period bifurcations; transition to turbulence through
intermittency. These approaches originated as a result of studies of model systems of turbulent flows and their analysis using
differential equations. Their mathematical description is extremely complex and requires further development.
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To numerically solve the problem of calculating the characteristics of turbulent flow around a ground vehicle, a model
of viscous compressible gas flow described by the Reynolds-averaged Navier-Stokes equations was chosen. The computational
domain around the vehicle is complex, so it is advisable to use a multi-block approach and a curved coordinate system. The
methodology was developed, the algorithm was constructed, and the codes of the software package were written in Fortran-95.

By numerically solving the Reynolds-averaged Navier-Stokes equations closed by the Spalart-Allmaras turbulence model
in the realization of separated vortices, the plane-parallel flow of a circular cylinder is calculated. The obtained results are
compared with experimental data.

Key words: mechanism of turbulence, aerodynamics of vehicles,; numerical modeling, Reynolds-averaged Navier-Stokes
equations; turbulence models.

IMocTanoBka mpooaemu. Oi3nyHuil mporec 00TIKAHHS TPAHCIIOPTHHUX 3aC001B TYpOYIEHTHUM OTOKOM YSIB-
JIsi€ COOOYO CKIIaIHY HETHIMHY MTUHAMIYHY cucTeMy. MareMaTndHe MOJICTIOBAaHHS HeJITHIMHUX TUHAMIYHUX CHCTEM
€ MDKIUCIHIDTIHAPHUM 1HCTPYMEHTOM JIOCITIPKEHHSI PI3HOMaHITHUX (i3umuHuX mporecis [1-4]. JIns mocmikeHHs
TaKUX CKIIQJHUX HENIHIHHUX CUCTEM pPeayi30oBYIOTh MEBHI METOAONOTIuHI migxoau. L1 migxoau moBuHHI OymyBa-
THCS Ha OCHOBI 00’€KTHBHHX (i3MYHHMX 3aKOHIB, IO OMHCYIOTh HMOBENIHKY TUHAMIYHOI CHCTeMH. B pesynprari
aHaJIi3y TOCIiIKYBaHHUX MPOIIEeCiB HEOOXiTHO BUSBUTH iX 3aKOHOMIPHOCTI Ta pO3pOOHTH X OMHC.

Po3yminHS TypOyIeHTHOCTI, K (hi3U4HOTO MPOIIECy, PI3HUTHCA Y CBOEMY BH3HaueHi. Tak bpenimoy Bu3Hauae
TypOyJIeHTHICTh HACTYITHUM YHHOM: « TypOyJIeHTHICTh — Iie TPUBUMIPHUI HeCTalliOHApHUIl pyX, Y SKOMY BHACIIi 0K
PO3TATYBaHHS BUXOPiB CTBOPIOETHCS Oe3nepepBHUNA PO3MOALT MyIbCalliid IIBUAKOCTI B IHTEpBajli JOBKHUH XBUJIb Bij
MiHIMaJbHUX, SIKI BU3HAYAIOTHCS B’SI3KUMH CHJIAMH, 10 MAaKCHMAIIBHUX, SIKi BU3HAYAIOTHCS MEKOBHMHU YMOBAMU
Teuii. BoHa € 3BUYaiHIM CTAHOM PYXOMOI PiIMHH, 32 BUHATKOM Te4il 3a MaJuX yucen PeliHonbaca» [5]. B poboti
[6] TypOyJICHTHICTh BU3HAYAETHCA, K OYIb-SIKHH XAOTUYHHUH PO3B’A30K TPUBHMIpHUX piBHAHL Har’e-CTokca,
YYTIMBUAN IO TOYATKOBHX YMOB, SIKUH 3 SBISETHCS SK PE3yJbTaT MOCHII0BHOT HU3KH HECTIHKOCTEH JIaMiHAPHOTO
MOTOKY, 1[0 BUHUKAIOTh MPH ITOCTYIOBOMY 301JIbIIICHH] 3HAYSHHS MapaMeTpa 0idypkartii.

Yernmen i ToOak BUIUIAIINM TPU €IIOXH B PO3BUTKY HAIIIMX YSBICHD PO TYPOYJICHTHICTh: CTATUCTUYHY, CTPYK-
TypHY Ta JieTepMiHicTuuHy [6]. [IpoTe BuuepmHOi Teopii BUHUKHEHHS TypOYJISHTHOCTI B PI3HOMAHITHHUX aeporij-
POIMHAMIYHHX TEYisiX Ha CHOTO/IHI B3araji HeMae.

AHani3 ocTaHHixX JociaigxkeHsb i myOaikaniii. TypOyneHTHICTS, K (i3u4HE SBUIIE BUHUKAE 32 IIEBHUX YMOB
y HeNiHITHOMY TUCHUIIaTUBHOMY PiAKOMY a00 ra3onoAioHOMY CepeOBUILI 3 Ay>KE BEIMKHUM YUCIOM CTYIIEHIB CBO-
6oxu, sKe Moke OOMIHIOBATHUCS 3 HABKOJIMIIIHIM CEPeOBHUIIEM eHeprieto. BHacmizok 11boro 3MiHa B yaci i mpocTopi
Oyab-AKOi T1IPOJMHAMIYHOI BEIMYUHU OMMUCYETHCA (DYHKUISIMU, 110 MICTATh BEIMYE3HE YMCIIO KOMIIOHEHT Dyp’e,
TOOTO MarOTh AyKe cKiIagHuil xapakrep [7-10]. Came 3 i€l MPUYMHU KOXKHA IHIUBITyadbHA PiKa YACTHHKA IIEOTO
CEpEeIOBHIIA TaKOI TMHAMIYHOI CHCTEMH PYXa€ThbCsl TAaKUM 3aIUTyTaHUM YHHOM, TaK IO i KOOpAWHATH 1 Hamps-
MOK PYXy 3MIHIOIOTBCS 3 YacOM 3a 3aKOHAMH CTOXaCTHYHOI MexaHiku. Kopensmii mBUAKOCTI B Oymb-sAKild TOYII
MTOTOKY OOMe)KeHi IIpH IIbOMY MaJIMMH YaCOBHMH iHTEPBAJIAMH, 3AJIC)KHUMH BiJI TOYATKOBHX YMOB, 32 MEKaMH SIKUX
HEMO>KJIMBO BCTAHOBHUTH IMPUYUHHUH 3B’ 30K MK HOJEM IIBUAKOCTEH y pi3HI MOMEHTH Yacy, 30KpeMa KOPEesLiio
3 momepenHiM pyxom [9,10].

Yce 11e miAKPIIUTIOE YABIEHHS PO CTOXaCTUYHUH XapaKTep IMyabcalliil IBUAKOCTI Ta IHIMKX (i3NYHUX Hapa-
METpiB y TypOyJlIeHTHOMY MOTOIli, 1[0 BUHUKAIOTH SIK PE3yJbTaT BTPATU CTIHKOCTI JaMiHApHOIO PyXy TiApOAWHA-
MIYHO{ CHCTEMHM MiJ 4ac 3MiHH 30BHILIHIX KEPYIOUHX MapamerpiB. 3 IbOro NOIILLY TypOyIeHTHUH pyX € OiIbIl
Xa0THYHHUM, HDXK JIaMiHapHHA, TOOTO TypOyIEHTHICTh OTOTOXKHIOETHCS 3 Xa0COM. Y OLIbII 3arajibHOMY PO3YyMiHHI
TypOyi3aliro pyxy piiuHu a00 ra3y MOJKHA YSIBHTH SIK PE3yJIBTaT 3MiHH TOIMOJIOTIi (Ja30BHX TPAEKTOPIM, IO MPH-
3BOJIMTS JI0 TIepeOyIOBHU aTpaKkTopiB i AKicHOT 3MiHM (OidypKallii) cTany pyxy y ¢azoBomy mpoctopi. BimoOpaxkeH-
HSIM CTOXaCTUYHOT MPUPOIH TypOYICHTHOCTI CITyTy€ TIOBHE IMEePEeMIlllyBaHHS (pa30BHX TPAEKTOPIH 3 PI3HOKO aCHUMII-
TOTUYHOIO TIOBEIIHKOKO 1 CTPYKTYPOIO (TOIOJIOTIEr) o0acTeil TskiHHS (aTpakTopiB), Mo iX orouyroTs [1,7-10].
O3Hakol TiepeMilllyBaHHsI € IMBUKE 3aracaHHs KOpeISAIiHHUX (QYHKIIH Ha TPOTsA31 3HAYHOTO Yacy i Oe3mepeps-
HICTh YaCTOTHHUX CHEKTpiB. Taka moBeaiHKa TPaeKTOpill y pa3oBOMY IPOCTOPi O3HATAE, IO CHCTEMA MA€ EProany-
HICTh, TOOTO MaiiXKe JJIs BCiX peaji3alliil BUMIaAKOBOTO IOJIS YaCOBi cepe/iHi IOPiBHIOIOTH BIAMOBIAHUM CTaTUCTHY-
HUM cepenHim [9,21]

<A(r)>=lrig1%f A(r)er (M)

Jie KyTOBUMH J1y>KKaMU [TO3HaYaTUMEMO CepeHe 3a aHcaMmOIieM peartizauiil. Epronuyna BnacTuBicTh, MaOyTh,
€ OJTHIEIO 3 XapaKTEPHUX PUC CTAI[IOHAPHOTO OJHOPIIHOrO ApiOHOMAacITaOHOTO TYpOyIeHTHOTO Mo [11].

[ToBHMIA CTATHCTUYHUI OMUC TypOYJACHTHOTO PYyXy 3BOJMTHLCS JIO BU3HAYCHHS WMOBIPHICHOI MipH Ha Horo
(ha3oBOMY TIPOCTOPI, IO CKIANAETHCS 3 YCUIIKUX BHITAKOBUX peallizallii, sKi XapaKTepu3yITh CTaH TiApOJHHA-
MIYHHX TT0JiB. ToMy HalOUIBII aIeKBATHUM y TeOpii TypOYyJCHTHOCTI BUIAETHCS CTATUCTHYHHMA OITHUC, IO CITHpa-
€THCS Ha BUBYCHHS CHIENN(IYHNX CTATUCTUIHUX 3aKOHOMIPHOCTEH, BIIACTHBUX BEIUKUAM CYKYITHOCTSIM OTHOTHITHIX
rizponuHaMigHuX cructeM. OCHOBOIO AJIS OIHCY TypOyJIi30BaHOTO CEpPEIOBHUINA € CTATUCTUYHA TiAPOMEXaHikKa, 10
BUBYA€ CTATUCTHYHI BIACTUBOCTI aHCaMOIiB Tedill piuH abo rasis, siki nepeOyBaroTh Y MAaKpPOCKOIIIYHO OTHAKOBHUX
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30BHIIIHIX YMOBaxX [3,4]. Takum unHOM, TipobeMa (GeHOMEHOIOTIYHOTO MOICTIOBAaHHS PO3BHHEHOT TYpOYJIEHTHO-
CTi IPUPOIHKUX CEPEIOBUII, TOJIATa€ Y BUOKPEMJICHHI ICSKUX CEPEHIX XapaKTePUCTHUK, 10 aIeKBaTHO OMHUCYIOTh
BJIACTUBOCTI CUCTEMH 3 BEIMUE3HUM YHCIIOM CTyTeHiB cBoboau (puc. 1). Came 3 1i€l Npu4YMHN TaKUK MiIX11 OB’ -
3aHUM 3 THM YU 1HIIMM CITOCOO0M 0OMEXKEHHS YHUCIia CTYIeHiB cBoOoau [3,4].

OTxe, TypOYIEHTHICTD € OJHI€I0 3 HOPM IPOSIBY PI3HOMAHITHOCTI PYXiB Y BIIKPUTHX MEXaHIIHUX CUCTEMAX,
IO MAIOTh YK€ BEJIMKE YHCIIO CTYIICHIB CBOOOIN Ta BUCOKUM CTYIIEHEM HeiHiHHOCTI (puc. 1). ¥ cucremMax Takoro
POy 31 3pOCTaHHSAM JIESKOTO KEPYIOUOTo MapaMeTpa BUHUKAIOTh XaOTHYHO PO3MOIUICHI 1 XaOTHYHO OCIIHITIONYI
CTPYKTYpH Halipi3HOMaHITHimoro macmrady. ToMy TpuBanuii 4ac TypOyJE€HTHICTh acOIFOBAJIACS 13 BTIJICHHSAM
YuCTOrO Xaocy [9-12].

Puc. 1. ITpuxiiagu KorepeHTHUX BUXPOBUX CTPYKTYyp [12-15]:
a — OOTIKaHHS IIIIHAPa; b — TypOyJICHTHHI IPUMEKOBHIA II1ap 3a HASABHOCTI IO3UTHBHOIO IMTOIOBKHBOTO IPai€HTa
THUCKY; C — «CJIiI» OCTpOBa B okeaHi; d — BUBEp)KEHHs BYJIKaHY, € — ranakTiuyHi xmapu; f — CoHie

IIpote y po3BHHEHOMY TypOyJIEHTHOMY IOTOIIl ICHYIOTh €JIEMEHTH MOPSIKY, KOIU Ha T ApiOHOMacmTab-
HOTO MYJbCYIOYOTO PyXY PLIMHI MOXXYTbh 3apOKyBaTUCS BIOPSIKOBaHI MPOCTOPOBO-4acOBI YTBOPEHHS, TaK 3BaHi
KOrepeHTHI BUXpoBi cTpyktypu [1,11,12,16]. 3 i€l npuyrHHM, AKIIO BUHUKHEHHSA TAPOJUHAMIYHOI TypOyJIeHTHOCTI
XapakTepu3ye Mepexi Bijl MOPSIKY JI0 XaoCy, TO B PO3BUHEHOMY TypOyJeHTHOMY ToTomi (ko Re >> Re ) mae
MIiCIle TaKOX 1 3BOPOTHHUH MpOIleC — HAPOHKEHHS MOpsaKy 3 xaocy [9,10]. IIpobiemMu MonearoBaHHS PO3BUHEHOT
TypOYJIEHTHOCTI, 1[0 BUHUKAE 3a IOCUTh BEJIUKUX YnceN PeliHonbaca Re 3amuimiatothes Bigkputumu. Coaij 3a3Ha-
YUTH, 10 €WHOTO MEXaHI3My Mepexoy 10 TYpOYJSHTHOTO XaoCy B Pi3HHX THIIaX TiIpOIUHAMIYHUX Tedid Hapasi
mie He 3HaleHo. Ha cboroqHi HalOuThIIT apryMEHTOBAaHHMY € YOTHPH HANTIONIMPEHIIi MEXaHI3MH TIEpeXoy Jiami-
HapHOI Tevii 10 TypOyJIeHTHOT IIpU T0CATHEHH] uKciioM Pelinonbaca kputnyanoro 3nadenns Re [1,8,9,17-23]:

— CIIeHapii nepexoay A0 TypOyiaeHTHOCTI 3a Jlannay 1 Xondowm;

— CIIeHapii mporecy XxaoTuzallii pyxy piguau Proens-Takerca.;

— Tmepexij 10 TypOyIeHTHOI0 Xaocy uepe3 MOCIiJOBHICTh OiypKalliii MOIBOEHHS NEPioy;

— mepexij 10 TypOylIeHTHOCTI Yepe3 NepeMiKyBaHICTh.

3a BUHATKOM HailOinbil paHHbOI rinore3u Jlangay [1], Bci 1HII MeXaHi3MU MOB’s3aHi 31 CKIHUEHHO-BUMIp-
HUMH MOAEIAMU TypOyneHTHOCTI. CITijl 3a3HAYNTH, IO HASBHI Ha CHOTOIHI JOCIIIKSHHS HE JO3BOJISIOTH 3pO0UTH
OCTaTOYHOTO BUOOPY TOMIK HUMH, OCKIIBKH B €KCIICPUMEHTAX, SIK MPABHIIO, IPUCYTHI PUCH PI3HUX MEXaHI3MIB.

IMocTanoBka 3aBaaHHs. Jl0CTIDKEHHS TaKUX CKIIQJHUX HETIHIMHUX CUCTEM, K TypOYJICHTHI Tedil HaBKOJIO
TPaHCIIOPTHUX arapariB HEOOXiTHO IPOBOAWTH 3 BUKOPHUCTAHHAM KOPEKTHHUX MaTeMaTHYHHX Mozeined. Bonn
MTOBHMHHI Oy/TyBaTHCsI HA OCHOBI 00’ €KTUBHHUX (DI3UYHUX 3aKOHIB, 10 OMMCYIOTh MOBENIHKY JUHAMIUHOT crcTtemu. Lle
JI03BOJIMTH BHSIBUTH 1X 3aKOHOMIPHOCTI Ta po3poduTH ix omuc. MeToro po0GoTH € po3msia mpobiemMu (heHOMEHOIIO0-
T1YHOTO MOJIEITIOBAHHS PO3BUHEHOI TYpOYJICHTHOCTI IPUPOJHUX CEPEIOBHILL, IO aF€KBATHO OMUCYIOTh BIACTHBOCTI
CHCTEMH 3 IIEBHUM UYHUCIIOM CTYIEHIB CBOOO/H, i HA OCHOBI IIbOTO IPOBECTH apPIyMEHTOBAHUM BHOIp MaTeMaTHYHOI
MO Tedii A1 HOAANBIINX AOCIIKEHb AePOANHAMIYHUX MPOIIECiB TPAHCIOPTHUX arapariB Ta iX eJIEMEHTIB.

Buxaan ocHoBHoro marepiany. Cy4yacHi minxoau a0 onmcy TypOyJeHTHOI Tedii. Y po3BUHEHOMY Typ-
OyJIeHTHOMY TNOTOLI MPHUCYTHI MyJbcalii 3 MacmTabaMu BiJl HaWOUIBIIMX 70 Iyke Manux. Taki Teuii Xxapakre-
PHU3YIOTBCSI HATIOBHEHUMH clieKTpaMu Dyp’e, MPUYOMY HE TUTBKH YaCOBUMH, a W MPOCTOPOBHUMU. OCHOBHY POIIb
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y TypOyJIeHTHOMY HOTOIIi Bi{irpatoTh BEIMKOMACIITA0H] ITynbcalii, MacITad SKUX — MOPSAAKY BEIHUHMHU XapaKTe-
PHUCTUYHOI JOBXUHHU L, 1110 BU3HAa4Ya€ po3Mip obnacti G, y skiif BinOyBaeTbes TypOynenTHui pyx [1,9-14]. Liro Benu-
YMHY Ha3UBaIOTh 30BHIIIHIM MacmTaboM TypOylaeHTHOCTi. BenukomaciitabHi pyxu, 1[0 MalOTh HailOLIbII ami-
JITYyaW, MalOTh I€BHY LIBUAKICTb, 32 TIOPSAKOM BEMYHMHU MOPIBHAHHY 31 3MiHAMHU CEepPEeIHBOI IIBUIKOCTI B3I0BK
BincTani L. [IpiGHOMacmTaOHI X MyJbcallii, 110 MalOTh 3HAYHO MEHII aMILTITYH, MOKHA PO3NIIAIATH K OpiOHY
JeTallbHY CTPYKTYPY, IO HAKIAJAAETHCSI HA OCHOBHI BEJIMKOMACIITA0HI TypOyJIeHTHI pyxu. Y ApiOHOMacIITaOHUX
MyJIbCaIlisgX YKJIJCHA JIUIIE MOPIBHAHO Majla YaCTUHA BCi€l KIHETHYHOI eHeprii pianHu. Po3BuHeHa apiOHOMACTII-
TaOHa TYpOYJICHTHICTB € JIOKAJTbHO OJHOPITHOO Ta 130TPOITHOO

3rigHo 3 Teopieto Konmmoropoa [24] npibHOMaciTabHa CTPYKTYpa pO3BHHEHOT TYpOYJASHTHOCTI JIJIsI 130TepMid-
HOi Teuii ( Kol p = const, v = const ) BABHAYAETHCS KACKAIHUM XapaKTepoOM TepelaHHs SHEPTil 10 CIISKTPY BUXOPIB
(TypOyJieHTHUX IyJbcallii) pi3HUX MPOCTOPOBO-4acOBUX MacIITabiB (puc. 2). SkicHa cxema kackay Piuapacona-Ko-
JIMOTOpPOBA TIOJISITa€ B HAcTyMHOMY. JIpiOHI BUXOpH OTPUMYIOTH €HEPril0 B Pe3ysbTaTi MOCIiTOBHOTO MOAPIOHEHHS
BEJIMKUX BUXOPIB PH 3pocTaHHi yrcia PeitHonbaca Re. Haiibinbini eHepronecydi BUXOPH YTBOPIOOTHCS BHACHIIIOK
BTPATHU CTIHKOCTI BUXIAHOI JaMiHAPHOI Tedil, 1 iXHi po3mipu A, = L, (IIpaHamIiBChKMIL IIISAX MEPEMILTyBaHHS ) 3HAYHO
MeHIII 3a XapakTepHuid macitad L camoi obmacti Teuil G. Li 36ypeHH$1 TEPIIOTO MOPSJIKY, YePe3 3aHa/IT0 BEJMKE
YHCII0 PeI/IHOJ'IbL[CEl BEJIMKOMACIITaOHUX nym,cauu/l Re, ~\u '/v , BinoBinHOrO iXHBOMY MaciuTaby A, i BiAHOCHOT
MIBUAKOCTI U, ; ; BUSIBIIAIOTBCS HECTIHKUMH 1, pyHHYIOUHCDH, TOPOIKYIOTh 36ypeHH5{ JIPYroro MopsaKy (k u; ), ki, 31
CBOTO 0OKY, 3 Ti€T CaMOi MPUYHHU CIIPHYMHSIOTH MOSBY Ile OLTBIIN APIOHUX BUXOPIB 1 T. 1 [6-14].

Hpouec MOJPiOHEHHS BUXOPIB 3yNMUHAETHCS, KOJU CHIIA MOJICKYJIAPHOI B A3KOCT1 B PIAMHI MOYMHAIOTH BiJli-
rpaBaTH iCTOTHY poib. Lle B1,£[6YBa€TBCi[ AUst BUXOPIB i3 uncnamu Peiinonbaca Re, ~1. Hpn IIOMY BiJIOyBa€ThCS
6e3nepepBHI/m TIepepo3Noin muToMoi Kinetnuroi emeprii ~U’/L HECY9Oro HOTOKy BiJl BEIMKOMACIITaOHHUX
BHXOPIB 710 OLITBIT z(p16HH>g A 110 HAWAPIOHIIKX i3 XapaKTEpHUM pO3MipoM TOPSAAKY BHYTPIIIHEOTO MaciuTady
TypGyaentHocTi M =(Vv’ , SIKMI XapaKTepu3ye BIUIMB B’ 3KUX e(DeKTiB Ha CTPYKTYPY JIpl6HOMaCH_ITa6H01 Typ-
OynentHocri [1,3,4,6- 14]. VY Mexax IyXe BEIUKHX YHCell Re BCTaHOBIIOETHCS KBa3iCTAalliOHAPHUI PEXXUM iHEp-
IHHOTO MIepeHEeCeHHs KIHETHYHOI €Heprii BiJl BETMKAX BUXOPIB 0 MEHIIIHX, 32 SKOTO €HEePTis, BPEIITi-peIlT yepes
MOJIEKYJSIpHY B’SI3KICTh V TIEPETBOPIOETHCS Ha TEIJIO B TiIAPOAMHAMIYHO CTiMKHX ApiOHHMX BHXOPIB MaciTaly
A, < (B’s3kuil inTepsan) [1,6-14,19-21].

Kosmoropos mpuitycTus, 1o ICHY€ TaK 3BaHHM lHepHII/IHI/II/I lHTepBaJ'I (m<A, <L) macmrabis BHXOplB
y AKHX HE BlZ[6yBa€TbC$[ MIOMITHOTO TPO/lyKyBaHHs i JUcHIanii eHeprn TOYHIIIIe, JUCUTALliS B HIX MaJia MOpiB-
HSTHO 3 TIEIO SHEPTI€l0, MO il BOHW OTPUMYIOTh BiJl OUTBIIMX BUXOPIB 1 MepeAaroTh ApioHimmIM [1,9, 21,24,25].

In(E)]

ancunAaudiAa

A

FEHEPALUIA

K, ka In(k)

Puc. 2. O6nacti eHepreTHYHOTO CIieKTpa TypOyASHTHOCTI JJIsl BUCOKMX 3Ha4eHb yncna Peiinonbaca [1, 9, 21, 24, 25]

BaxxiMBO MIKPECIHUTH, MO AKIO YHCIO Re BEHKE, TO, HE3BAKAIOUM Ha aHI30TPOIHICTh, HEOTHOPIIHICTh
1 HeCTaIllOHAPHICTh YCEePETHEHOT Tedii, BUITaJJKOBUH XapaKTep MOApIOHEHHS BUXOPIB 1 XaOTHYHICTh NepeaaBaHHs
IXHBOI eHeprii KaCKaJIOM MPU3BOIATH 10 TOTO, IO CTATUCTHYHUH PEXXUM JpiOHOMACIITAOHUX ITyJIbCAllil, SKi JISKATh
y IIPOCTOPO-TUMUACOBiil 061acTi G, € JTOKaIBHO i30TponHUM. ToOTO BiH € OXHOPIAHUM, 130TPOITHUM 1 KBa3icTalli-
OHApHUM (TaKUM, IO 3MIHIOETHCS 3aJICKHO JIMIIE BiJl XapaKTepHCTUK OcepeaHeHoro pyxy). KsasicramionapHauit
pexxuM TypOyJIEeHTHOI Teuii, 3a SKOTO pealizyeThCs MOTIK eHeprii B 00acTh Maux MaciuTadiB, nepeadavae, MeBHi
MEXXOB1 YMOBH PO3MISIHYTOI 001acTi Teuil G, 1110 CTBOPIOIOTh HakadyBaHHS 1 BUTik[1,9,21, 24,25].

Jna qucunaniiinoro Maciitady JOBXKHUHA 1), 3TAHO nepioi rinote3u noxidoHocti Konmoroposa, BiaAmnoBiaHo
JI0 SIKOT CTATUCTHYHUHN PEKUM JpiOHOMACIITAOHOI JIOKATBHOT 130TPOITHOI TYpOYIEHTHOCTI OJHO3HAYHO BHU3HAYA-
€THCS IBOMA PO3MIPHUMH ITapaMeTPaMHy — CEPEIHBOIO MIBUIKICTIO IUCHIIAIIT €Hepril € (r, t) 1 MOJIEKYJISIPHOIO B’ 513-
kicTio v[9.10,24]
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= (V3/8)l/4 ()

Bennunna a(r t) Tpe/ICTaBIse 00010 OCepeHeHY 3a aHcamOJieM MOXIIMBUX peaizalliid Tedii cepeoBHIIa
JIACHIIALIIIO Typ6yneHTH01 eHepru B OJMHUII MAaCH PiJIMHH 32 OAMHUIIO yacy. OIHOYaCHO BOHA XapaKTepH3ye WBHJ-
KiCTh Mepeaadi KIHeTHYHOI eHepril MyJIbCAIliIHOTO PYXy 3a iEpapXi€io BUXOPIB Y KaCKaIHOMY MPOIIECi:

U3/Lzuf/k]z...zun/nzvun/n =g = const 3)

Ie macmigok nmpyroi rimore3u moxioHocTi Kommoroposa [24], 3riiHO 3 SKOHO B IHEPIIMHOMY iHTEpBai
(M<A, <L) craTucTHUHMIT peskuM TypOyIeHTHOCT] BU3HAYAETHCA €IMHUM TapameTpoM €. Tyt u’ /A, ~u; /t, —
NUTOMA KIHETHYHA €HEPTis, SIKY OTPUMYIOTH 3a OJHHUIIIO Yacy BUXOPH k-TO IOPSAKY Biff BUXOPIB k-1 -TO MOPSIIKY
Ta sIKy BOHH NI€PEAAtoTh BUXopam (k+1)-ro mopsaky; u, = (vs)l t,=n/u, f_[_'g — BIATIOBITHO MOPSIIOK IIBHUJI-
KOCTI Ta 4acy Iynbcaliil y Buxopax KoiMoroposchkoro uncnnamBHoro MacmTa6y n. Y rteopii Kommoroposa
nependadaeTbes TAKOK, 10 HA KOKHOMY MaciuTadi (Kpolli Kackaay) BUXOPH 3allOBHIOIOTH ycio obnacte G Ge3re-
pepsHo [1,24].

BaxxmuBe CHiBBIIHOIIEHHS, IO CTOCYETHCS OOYMOBJICHOTO B’SI3KICTIO HIDKHBOTO mopory — Kommoropos-
CHKOTO TUCHITATUBHOTO MacIITaly OTPHMY€EMO 3 CriBBiHOMIEHS (2) 1 (3)

Lo (v/rU?) " w R @)

Takum unHOM, y Teopii Komvoro }f)OBa iHepuiﬁHHﬁ IHTepBaJ OXOILTIOE Jiara3oH MacITaliB, 10 3pocTae npH
36inblIenHi yncia Peiinonbaca sk Re”™ .V pa31 9HCIIOBOTO MOJICIIOBAHHS PO3BHHEHOT Typ6yJ'ICHTH01 Tevii Ha piB-
HOMIpHIH ciTi, MlHlMaJ‘ILHa KITBKICTP il By3JIiB ¥ KyOi 31 CTOPOHOIO, IO JOPIBHIOE JOBXWHI OCHOBHOTO MacIl-
Taby L, mae 6ytu N oc Re¥*, mo 1ae 3Mory B 3araibHOMY BUIAIKy JOCHTh CKENITHYHO TMBUTHCS HA TEPCTICKTHBU
YHCENBHOrO MOnemoBanHs [1]. OnHak depes HAABHICTE y peanbHiil TypOyIeHTHOCTI TOHKHX BUXPOBHX HHTOK Ta
IHIMX KOTEPEHTHUX YTBOPEHb, IO NMPOHU3YIOTh 3HAYHY YacTHHY oOnacTi TypOylneHTHOI Tedii, YHCIO CTYIEHIiB
CBOGOM PO3BHHEHOT TypOyIeHTHOCTI MOYke OyTH HaGarato Menmmm, Hix Re”*[1,9,10].

KinekicHuil onmc apiOHOMacmTabHOI JIOKANBHO 130TPOMHOI TypOyneHTHOCTI B AUIMHII G 3a NPUITYIICHHS
A ~ L, TpYHTY€TbCSI HA BUKOPHCTAaHHI CTPYKTYpHUX GyHKIiH [9]

D,./.(r)=(u,.'(x)—u,.’(x+r))(u; (x)—u_;.(x+r)) ©)

Ta IXHIX CIIEKTPiB
J. r)exp(ik - r)dr, (6)

ne i =+—1, k— XBUIbOBE YUCIIO [24,26].
3 nepioi rinore3u NoAiOHOCTI Ta NPUIYLIEHHS PO Te, 10 apaMeTpH BeJIMKoMaciuTabHO1 TypOyIeHTHOCTI
c11abo 3MIHIOIOTHCS Ha BIACTAHSIX MOPSAKY 7 = |r| , AKIo < L, << L , BurumuBae [9], mo

D, (r)=(er)" [ f (r/m)rrr ™ +g(r/m)s, | @

zie f'Ta g — noBinbHi GyHKLIT GesposmipHoro aprymenty (r/m).

3rifiHO 3 APYTOIO TN0TE3010 NOAIOHOCTI, CTPYKTYpHA (pyHKLIs B iHepLiltHOMY iHTepBaii L, >>r >>n~ LRe
HE 3aJIEXKUTH BiJl B’SI3KOCTI Vv, TOOTO /= const, g = const mpu 7/1 >> 1 . 3BiALiIsA BUILIMBAE OIMH i3 HAMBAXKIUBIIINX
3aKOHIB piOHOMAacIITAOHUX TYpOYJIEHTHUX PyXiB (3aKOH JBOX TPETHH): y Oylb-sKiil TypOyJleHTHIH Tedii 3 10CUTb
BEJIMKUM 4KCclioM PeliHombaca Re cepeHii KBajpaT Pi3HUIN IIBUIKOCTEH y IBOX TOYKAX Ha BIJACTaHI » OJHA Bij
OIHOI 32 HE HAITO MAaJIHX, aJie i He HaATO BeJIUKHUX 3HAYCHB I ( IOPIBHAHHUX 13 MacIITaboM TOBXHUHU / BIAMOBITHOT
ycepe/HeHoi Tedii ), Mae 6yTn mponopuiianM 7 | 3Binkins [9,10],

D, (r)=C(er)”, (8)

34

ne C — yHiBepcaibHa cTana.
ExBiBaneHTHE «3aKOHY JBOX TPETHH» JIJISl CTPYKTYPHOI (PYHKIIIT TIOJIS IIBUIKOCTI TBEPIKEHHS, chopMybo-
BaHE B TEPMiHaX CIIEKTpiB, HaOyBae BUIISIY:

E(k)~C*elk ™", ©)

1o 3rixHo poboTn [26]. 1/ n>>k>>1/L.

et 3akoH HUHI AOOpE MiATBEPIKEHO EKCIIEPUMEHTAIBHO JUISl HAMPI3HOMAHITHINIMX TYpOYyJSHTHUX TEUii
[3,4]. Illo crocyerbes CTPYKTYpPHHUX q)yHKL[u/I n-TIOPAKY, TO Teopis moxiOHOCTI KOHMOFOpOBa IIPUBOIUTH 110
cniBBigHomwenus V" ~ (er)’ " (e V=u "(r)—u(r+r"), sxe, B3arani KKy'H, HE MiATBEPIIKYETHCA EKCTIEPH-
MEHTAJbHO, 0COOIHUBO IS 7 >>1 [9,19-21]. Ak Bigomo, LISI oOcTaBHHA OB’ sA3aHa 3 THM, IO T1iIIOTE3H ITOA10HO-
CTi JUIs TOKAJNBHO 130TPOIHOI TypOYJICHTHOCTI B iXHil nepBicHiN (opMi IPUITyCKalU CTATICTh IPUILIUBY €HEepril
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10 ApibHOMacITaOHUX 30ypeHsb, 110 JeKaTh B iHEpIiifHOMY iHTepBai, ToOTO cTaicTh napameTrpa Konmmoroposa
€ [9,19,21].

OpHak U1l pealnbHUX TYpOYJSHTHUX T€Uii TUCHIIALlis eHEepril € (r, t) 3MIHIOETBCS HE TIJIBKH i1 Yac mepexony
Big ofHiel Touku  (06macti G) Tedil 10 iHINOI, ajle € BUMAJKOBOIO BEJIMYHMHOIO BiJj KOOPIUHAT ¥ 14acy ¢, , yIbCy-
FOYH PA30M i3 MUTTEBHM ITOJIEM HIBUAKOCTEH 1’ (r, t) . Po3noninu iiMoBipHOCTEH nucumnanii eHeprii 8(r, t) BILIMBA-
FOTh Ha 0€3yMOBHI PO3MOIIIA HMOBIPHOCTEH [Tl APIOHOMACIITAOHUX XapaKTEPUCTHK PO3BHHEHOT TYpOYJISHTHOCTI,
SIK1 3 Li€1 IPUYMHYU B 3araJIbHOMY BUITAIKy HE MOXKYTh OyTH IiIKoM yHiBepcanpHuMH [21]. Le 3amexxats y 3araib-
HOMY BHTJIKY BiJl 3MiHHU T1IPOAMHAMIYHUX XapaKTEPHCTHK OCEPETHEHOTO PYXy CEpEOBHIIA, 30KpeMa Bij YncIia
Peiinomyca Re.

Bimome 3ayBaxkenHs [1] mono mouarkoBuX rinorte3 nomioHocTi KoiamoropoBa crocyBajocs came IbOTO
BIUIHMBY. Y 3B 53Ky 3 IIMMH TPYAHOIIAMH, ysBIeHHS KomMoroposa npo BUNaIkoBuil kKackas Oyio yTOYHEHO B poOoTi
[7], B sKiii 3aIIPOIIOHOBAHO BiMOBHUTHUCS BiJl YMOBU s(r,t) =const B AingHOi G (i3 LEHTPOM y TOUII 7 1 XapaKTep-
HUM MacmTaboM A << L )i BUXOTUTH 3 TOTO, 110 CTAaTUCTUYHI XapaKTEPUCTUKHU IpiOHOMACIITAOHUX PyXiB (HapH-
KJIaJl, CTPYKTYpHi (DyHKIIi{) BU3HAUAIOTHCSI HE TCOPETHUKO-IMOBIPHICHUM CEpEIHIM 3HAYCHHSIM a(r,t) BUIIA/IKOBOI
BEJIMUMHM €, a 3aJIeXkarh BiJ 3HAYEHb AWCUMALIL s(r,t) , OCEpeHEHO1 Mo AesiKoMy 00’eMy (2 3 XapaKTepHUM
pO3MipoM 7, MaJMM TOPIBHSIHO 3 THIIOBUM MAacIITadOM HEOMHOPIAHOCTI OocepeaHeHoi teuii, r << A . fkmio, sk
00JIaCTh OCepeHEeHHs, 1110 JeKUTh Y Mexkax G, BUOpaTH Kylto pajiyca » (ofep)KyBaHi pe3ysbTaTu ciiabo 3anexarb
BiZ (hopMH 00NaCTi OCepeHEeHH), TO BEINYMHA €, , BU3HAUaeThes 3a (hopmyroro [9,21]

(rt =— I r+r*,t)dr* (10)

r <<)

Cuti 3a3HAYUTH, IO IOYATKOBA TEOPis KacKaIy He € a0COIIOTHO TOYHOIO IIIE i TOMY, IO B Hill HE BPaXOBYIOTHCS
B SBHOMY BUIJIsI Oymb-sKi JpiOHOMAcIITaOHI KOTePeHTHI JUCHIIATHBHI CTPYKTYPH, SIKUMH MOXKE BOJIOMITH TYp-
OyJICHTHE IT0JIe, 32 BUHSATKOM JIOITyCTUMOTO B ii paMKax MaKpOCTPYKTYpYBaHHS IIOTOKY Ha BEJIMKUX MacinTabax (7~ L)
[9,21]. IIporte, Oynp-sKa afekBaTHa TeOPis TypOyJIeHTHOCTI 3000B’13aHa BpaXOBYBaTH HAsIBHICTh 1 IMHAMIKY TIOIOHMX
JMCHUIIATUBHUX CTPYKTYP 1 HEPiBHOMIPHICTD IXHBOTO IIPOCTOPOBO-YACOBOTO PO3MOALUTY B XAOTHIHOMY IOTOII [27,28].

3 iHmoro 00Ky, 3 XaOTHYHMM XapaKTepOM IepeAaHHS KiHETHYHOI GHEeprii Mo Kackaxy, IO BHKIHKAETHCS
HECTIHKICTIO AUCUIIATUBHUX CTPYKTYP, [IOB’sI3aHE SIBUINE TiAPOIUHAMIUHOI BHYTPIIIHbO] IEPEeMEXOBAHOCT, 3a SKO1
o0nacri, 3aifHsTI Tak 3BaHUMHU TypOYJICHTHUMH ILIAMaMU (B SIKMX CIIOCTEpIraloThesl iHTEHCUBHI Mynbcalii rpajiieH-
TiB IBUAKOCTI, (€, >0 ), TICHO MEPEILTITAIOTECS 3 00IACTAMH 31 ClIa0KO TypOyni30BaHOK ab0 MOBHICTIO OE3BUXPO-
BOIO PiAMHOIO (B SIKMX TaKi Iynbcauii MpakTUYHO BiACyTHI, €, =0 ). HasBHICTh NEpEeMiXXHOCTI BIANOBITAE PEXUMY
Tedii (3a Masioro uncina Re), KU MOTYKHOCTI MOCTIHO AIF0Y0TO MeXaHi3My TypOyii3allii cepefoBula, o nepeaae
SHEepTiio MOTOKY Ha BEIMKUX MAcIITa0ax, Ie HeJOCTaTHBO AJIs ()OPMYBAHHS ITOBHICTIO PO3BHHEHOI TYpOYIEHTHOCTI
B ycii obnacti G, 3aiHATIH pi,Z[I/IHOIO[9 31]. TakuM YUHOM, 3HAYCHHS BETUYNHHU € (r t) (abo Cl'[Opi,E[HEHI/IX iif BeNH-
YHH, KBaIPaTHYHUX 32 rpameHTaMH IIBUAKOCTI) MOXXYTB CITyTyBaTu lH,ZlI/IKaTOpOM HepeMe)KOBaHOCTl

KpiM cTaTHCTHYHOTO MiIXOMy IO MOIENIIOBAHHS TypOyIEHTHOCTI, HUHI AEAajli MIHpIIe 3HAXOAAThH 3aCTOCY-
BaHHS METOIH IPSMOTO YHCIOBOTO MOJICTIIOBAHHS TypOyJICHTHOCTI Ha OCHOBI PO3B’SI3yBaHHS HECTAIIOHAPHOI CHC-
TeMH TpuBHUMipHUX piBHAHE Hap’e-Crokca. IIpoTe yepe3 cTOXacTHUHICTH LBOTO SIBUINA B PEATBHOCTI BAAETHCS
OTPUMYBATH JIHIIIE OCepeIHCeH1 XapaKTepPUCTHKH PYXY. I1e mae 3Mory, iHOAI MPOCTEKUTH HE TITHKH CBOJIOLIIO YTBO-
pEeHb Pi3HUX MPOCTOPOBHUX CTPYKTYP 13 TUIMHOM Yacy, aje TaKoK BUBYATH 3arajbHy JMHAMIKY 1 MPHUPOJLY PO3BUTKY

p6yJ'IeHTHOCT1 Hanpuxknapn, Pe3yJIbTaTH YMCETHHOTrO MOJICITIOBAHHS SBHIIA «HepeKHI{lB» y Fl[[pOI[I/IHaMl‘{HII/I
cUcTeMi (CKOHCTPYHOBaHI y BUMISAL OaratospycHOI MO 3a4eTyIeHHs] HAaUMPOCTIINX €JIeMEHTIB — TPUIUIETIB)
UTIOCTPYIOTh KaCKaJHUU MPOLEC Niepeadi eHeprii B pO3BUHEHOMY TypOyJE€HTHOMY MOTOLI, 10 BiJNOBIJa€ 3aKOHY
KonmoropoBa-O0yxoBa i MiIKpIIUTIOIOTE YSBICHHS MPO 3arajbHi BIACTUBOCTI B MOBEMIHII AWHAMIYHAX CHCTEM
[29]. LlikaBo TakoX 3a3HAYMTH, IO JOCITIJKCHHS IPOIECy CTOXACTH3aIlil THHAMIYHUX CHCTEM 1 clieHapiiB mepe-
X0y [IO0 XaoCy IiJ] 9ac YHCIOBOTO MOAETIOBAHHS TYpOYJIEHTHOCTI CIYKHTh aHAJIOTOM PO3B’s3aHHS HEKOPEKTHUX
3aJla4 13 BUKOPHCTAaHHAM omieparopa. ocepeqHeHHs 1 «[lapamMerpuyaHoro po3mmpenHs» [30].

3a Takoro migXoxy BHOPSIKOBAaHA CTPYKTypa TypOYJICHTHOI Tedii, [0 BH3HAYAETHCS SIK aTPAKTOP ACHMII-
TOTUYHO CTIHKOTO PO3B’SI3KY JJISi OCEPEIHCHHUX BEIHMYUWH, YABIsIE coOoto ii perymsapusoBanuid onuc [12]. Cig,
OITHAK, 3ayBaKUTH, 1[0 BUKOPUCTAHHS METO/IB IPSMOTO YHCIOBOTO MOJENIOBAHHS TYpOYJIEHTHOCTI AJISl PO3B’s-
3aHHS NPAKTUYHO BAXIUBUX 33/1a4 (0COOIUBO 3a/1a4, OB’ I3aHUX 13 PO3paxyHKaMHU TypOyIeHTHOTO TEIIO i Maco-
MepeHEeCeHHs B 0araTOKOMIIOHEHTHUX XIMIYHO aKTHBHHX CyMilllax) 4acTo € npobnemaruunum [9,21,25]. Ilpote
Oisb1I, TOBHE PO3B’SI3aHHS PiBHAHB TAPOAWHAMIKY A (QIYKTyalliiHUX mapameTpiB (depe3 AyKe BEeNUKY KiJlb-
KicTh TypOyJICHTHUX CTYIICHIB CBOOOAN) MICTIIIO O HACTUIBKH BEJIHMKY iH(POPMAILiIO, 110 HE MOTIIO O OyTH MOBHI-
CTIO pearizoBaHo [9,21,25].

VY 3B’s3Ky 3 UMM Ha MEepIInii IUTaH BUCTYIAE 3aBIaHHI HAOMIKEHOTO (HAIliBEMITIpHYHOTO) OIIHCY TypOyIeHT-
HocTi. [Tix yac BUBEACHHS yCepPETHEHHUX PIBHSAHB PYXY PIJMHH, IO CTAHOBJISATH OCHOBY CYYacHOT TiApOUHAMIYHOT
Teopii TypOyIeHTHOCTI, OCHOBHA Maca JOCIIJIHUKIB ONMUPAETLCS HA PIBHAHHS TiAPOIUHAMIKH y (OpMi PiBHIHb
Hag’e-Croxkca, sIKi 32 IPHUITYIIIEHHSAM ONHCYIOTh TEHiI0 PiIHM i B TYpOy/Ii30BaHOMY PEXXHMMi HABITh 32 EKCTPEMAIEHO
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BENMKUX 3HaUCHb Oe3p03MipHHUX mapamerpiB. OJHAaK caMa MOXIIUBICTE BUOOpY LUX PIBHSHB SIK CTAPTOBUX IS
Mepexoly 10 OCEpeAHEHUX PiBHAHD PeiiHomnaca He € Oe3mepeuHoro, xoda O ToMy, 110 MiJ 4ac IXHbOTO BHBEJCHHS
POOHTBCS AOCUTD CUJIBHE NPHITYIIEHHS PO JIHIHHUI 3B’130K TEH30pa B’3KUX HanpyxeHb 11, 3 nepummu noxiz-
HHUMHU TOJIA IUBUIKOCTEH Ou, / Ox; [16]. Xoua B TaMiHApHHUX 1 CIA0KO HAAKPUTHYHHUX TEYISIX L€ IPHITYLICHHS J00pe
MPAIIoE, alle B CUIIFHO HETIHIHHUX TypOYJICHTHUX PyXax PiINHH HE MOXKHA BHKITIOUUTH OLTBII CKIIATHOT 3aJIC)KHO-
CTi TeH30pa B’SI3KUX HAIPYKEHb BiJI TEH30pa MBUAKOCTEH aedopmartiii. Y 3B’SI3Ky 3 UM CJi HABECTH ¢ OAWH
apryMeHT Ha KOPHUCTh MOAIOHOTO POAY CYMHIBIB, MPOIUTYBABIIHM BUTAT 13 poOoTH [16]: «TakuM 4HHOM, rimore3a
Ipo Te, O TypOYJICHTHICTh MOBHICTIO OMHUCy€eThesl piBHAHHAMH Hap’e-CTokca, MaTeMaTHUHO He OOIPyHTOBaHA,
OCKIJTBKM HEMa€ 3arajibHOI TEOpEeMH, sika TapaHTye mioOanbHe iCHyBaHHS po3B’si3kiB piBHAHb Ham’e-Crokca, sk
3a/1a4i 3 MOYaTKOBUMH yMoBaMH. L{ikom iMOBipHO (X04a TakuX MPHUKIAJIB MOKH IO HEMA€), IO IIi pO3B’S3KH
MOXYTh CTaTH CHHTYISIPHUMH, TaK [0 PIBHIHHS IEPECTalOTh OyTH CIIPaBEAIMBUMH 1 IS IIOOYIOBU TIOBHOI TEeopil
noTpiOHi, MaOyTh, HOBI (Di3WYHI IPUHIUIIN, [0 BUXOAATH 38 PAMKU KIACHYHOI T1iAPOANHAMIKI.

Ha croromHi AocaiTHUKN TypOYJICHTHUX T€Yii BUKOPUCTOBYIOTh MIEPEBAXKHO KIIACHYHHUH MiIX11 0 MOAEIIO-
BaHHS 3CYBHOI TypOyJeHTHOCTI, SIKUH IPYHTYeThCs Ha ifei PelfHonbaca mpo ycepenHeHHs TiApoANHAMIYHUX PiB-
HSTHB 32 aHCaMOIleM TOTOXKHHX TeUill (MOMIIMBUX pealizaliii), abo 3a JOIOMOTO0 1HIIOT €KBiBaJCHTHOI MPOICAYPU
[31.32,34,36]. Otpumani B Takuii criocid piBHAHHSA MacmITady CepeAHBOTO PyXy, BHACIIIOK HETiHIHHOCTI BUXif-
HUX T1IPOJAMHAMIYHUX PIBHSIHb, MICTSATh HEBH3HAYCHI KOPEIALINHI WICHH (THUIY BEKTOPIB TypOyiaeHTHOT Audys3ii
1 Tema, abo TeH30pa TypOyIEHTHUX HampykeHb PeiiHoibCca) 1 TOMY BHSABISIOTHCS HE3aMKHEHUMH. 3aMHUKAHHS
ocepeqHeHuX 3a PelHOIbACOM PiBHSHB T1IPOIMHAMIKI CyMIIlli 3a3BUYail IIPOBOISTH 32 TOMOMOTOI0 THX YH 1HIITHX
HaiBEMIIIPHYHUX MOJENCH TypOyJICHTHOCTI, 0 OCHOBYIOTHCS, HAIPHKJIAA, HA 3aIy4CHHI TOCTIOBHOCTI Iude-
PCHILIANEHUX PIBHSIHB JJIS1 MOMEHTIB (ITYKTyaIliif. Pa3om 3 THM, BaXKIIMBO BXKE TYT BKa3aTH Ha IIPUHIMIIOBHN HEIO-
JIK 1[BOTO MIIXOMY, KUK TIOJNSTaE B TOMY, IO YCEpeAHEeHHs PeifHoNb/ca 3MIHCHIOETBCS 3a yciMa TPOCTOPOBUMH
Maciutabamu TypOyaeHTHOCTI [16]. ToOTo MoaeIroBaHHS Ha OCHOBI HaIliBEMITIPUYHHUX T1IIOTE3 3aMUKaHHS 3a HE0O-
X1THOCTi MPOBOANTHCS OJHOYACHO MO BCHOMY CIIEKTPY Pi3HOMACIITA0OHUX BUXPOBUX CTPYKTYD.

SIKmIo BpaxyBarty Te, 0 Ha BIIMIHY BiJl HPAaKTHYHO YHIBEPCAILHOTO CIIEKTpPa APiOHOMACINTA0OHHX ITyIbCallil,
BEJIMKOMACIITa0H1 BUXPOBI CTPYKTYPH iCTOTHO Pi3Hi UTsl pi3HUX TeUiid (prc. 3), TO CTAaE OYEBUIHOIO OC3MEPCIICKTHB-
HICTh CTBOPEHHS YHIBEpPCAIbHUX HAIliBEMITIPUYHHUX MOJIeNIel TypOyIeHTHOCTI, MPUAATHUX I OMUCY PI3HOTUITHUX
TypOyJIEeHTHHUX Teuiid. 3 1€l MPUIMHYU 3aBIaHHS MOJISATA€ TOJJOBHUM YHHOM Y BCTAHOBIICHHI MEX 3aCTOCOBHOCTI Ti€i
YM 1HIIOI HaIiBeMIIpU4HOI Mozeii TypOyaeHTHOCTI. [IpoTe € AesKki miacTaBu CroaiBaTHCA, IO 3a1y4eHHs Oararo-
MapaMeTPUYHUX alPOKCHMAIliH, 110 IPYHTYIOThCS Ha €BOOLIHHUX PIBHAHHIX MMEPEHOCY VIS CTAPIIUX MOMCHTIB
MyJIbCYIOUUX y MOTOL TePMariipoANHaAMIYHUX MapaMeTpiB, U0 MYIbCYIOTh y MOTOIi, AACTh 3MOTY MEBHOIO MipOIO
MIPOCYHYTHCS Ha IIUISAXY MOOYTOBH yHIBEPCAILHUX MOJENCH TypOyICHTHOCTI 3 YCKIaJHEHUMH BIACTUBOCTSIMH, IO
OIUCYIOTh JOCHUTh BEJIHKY KUIBKICTh PI3HOMAHITHUX TypOyai30BaHUX MPUPOTHUX cepenonul [9,31].
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Puc. 3. CriekTp mo310BKHBOI CKIIa0BOT TypOyIeHTHHX ITyJabCamii A pisHUX Tediit [31]:
| — IpUIIIMBHO-BIATTMBHAN KaHAJ; 2 — KPYTHH CTPYMiHb; 3 — Tedis B TpyOi; 4 — Tedisd 3 HOCTIHHIM 3CyBOM;
5 — ciix 3a UIiHAPOM; 6 — TYpOYJICHTHICTD 3a CITKOIO; 7 — MPUMEIKOBHIA II1ap
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Pazom 3 TuM, akTyallbHa Ha CHOTO/HI MPOOJIEMa MOJCTIOBAHHS CTPYKTYpPOBaHOI TypOyIEHTHOCTI MOPYIIYE
MUTAHHS PO MOLIYK ¥ iHIKX 0a30BUX PIBHSAHB, AJIS AKUX € (DI3UUHI MiJICTABU PO3B’A3aHHs BiANOBIAHOI IpobIeMu
3aMUKaHHS. MOXJIUBICTD ONKCY HOAIOGHOTO poay TypOyIEHTHOCTI MOXke OyTH OCHOBaHA, 30KpeMa, Ha KOHCTPYIO-
BaHHI KIHETUUHUX PiBHAHB THILy Dokkepa-IInanka-KonMoroposa, aHaIOri4HUX TUM, 1IJ0 BUKOPUCTOBYIOTHCS B TE€O-
pii ¢azoBux mepexoxis apyroro poxay [9]. Beaxaerscs, mo Takui MUIIX MOOYXOBH Teopil pO3BUHEHOI TYpOyIIeHT-
HOCTI MOXKe OyTH e()eKTHBHUM.

MaremaTH4yHa MojieJIb Ta METOAMKA PO3B’A3yBaHHA 3aaadi. Omic MexaHi3My HECTAI[lOHAPHOTO BiJPUBY
MOTOKY Ta 3apOKEHHS TypOyJIeHTHOTO IIPUMEKOBOTO IIApy € aKTyaJbHUM 3aBIaHHAM AJS 6araTbox IOCIiIHUKIB,
TakK 1 0araTboX MPAKTHYHO BAXIIMBUX 3aCTOCYBaHb. 30KpeMa, Pi3Ki 3MiHU aepOAMHAMIYHHX XapaKTEPUCTHK MPodi-
JIiB KPHJI Ta JIOTIATEBUX CHCTEM Pi3HOMaHITHHX TiIpoarperaTHuX MaIliH Py MaJINX 3MiHaX KyTa aTaky Ta PeXXUMIB
po6oTH, a TaKOXK TUHAMIYHI HABAHTAXXKCHHS HA PI3SHOMAHITHI KOHCTPYKI1 HiJ Ji€0 MOCTIIHOTO i Pi3KO MiHIMBOTO
MOTOKY, 110 HAbirae, € HaCJIiIKOM HECTallIOHAPHOTO OOTIKaHHS Ta BiIPHUBY MOTOKY.

BudepnHoi Teopii BUHUKHEHHS TypOyIE€HTHOCTI B PI3HOMAHITHUX a€pOJHMHAMIUHUX TEUisIX Ha ChOTOJHI B3a-
raji Hemae. [IpoTe, sik npuBeAeHO BUIIE, OyI0 3aIPONIOHOBAHO P CLIEHAPIiB PO3BUTKY TypOYICHTHUX Tedilf, OCHO-
BaHMX Ha mpoluecax xaorusauii pyxy. Lleil miaxia 3apoauBcs B pe3ynbTaTi JOCHIIKEHb MOJEIbHUX CUCTEM JTuUde-
PEHIIaTbHUX PiBHAHB. YacTKOBO IIe MiATBEPKYEThCSA EKCIIEPUMEHTATBHUMHI JOCHTIIKEHHSIMH T1IpOANHAMITHUX
0COONMMBOCTEH TypOYJICHTHUX Tedill B aepoAMHaMIYHHX TpyOax [14,15,19].

Jnst po3B’si3yBaHHS 33/1a4i 3 pO3paxyHKy XapaKTePHCTHK Tedil HaBKOJIO Ha3eMHOTO TPAHCIIOPTHOTO 3aco0y
00paHO Mozenb Tedii B’SI3KOT0 CTHCIMBOTO Ta3y, IO OMHCYETHCS OCEPEIHEHMMH 3a PeifHONBIOM piBHSAHHIMHU
Hap’e-Crokca. Po3paxyHkoBa 001acTh HaBKOJIO TPAHCIIOPTHOTO arapara € CKJIaJHO, TOMY JOMIJIbHO BUKOPUCTO-
ByBaTH 0aratoOJ0KOBHUII MiIXi] Ta KpUBOMiHIHHY cucTeMy KoopauHat. Cucrema piBHsSHb HaB’e-CTokca ocepeHeHa
3a PeitHonb1cOM /17151 TOBUIBHOT KPUBOMIHIIHOT CHCTEMH KOOPIUHAT 3aIHUIIEThCS
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B cucremi piBasap (11) n—kxomnonentHi Bekropu Q,E:, Fi,Gi,Ev,F,,G, MaiOTh BIANOBIIHUN BUIJIS
B 3aJISKHOCTI BiJl MOfIeJIi TypOYJICHTHOCTI.

Pe3yabTaTin 4uncaoBOro MoaeaoBaHHsA. TpuBuMipHa 3a7ada OOTIKAHHS IWIIHIPA JTO3BYKOBHUM ITOTOKOM
B’SI3KOTO Ta3y € OJHI€r0 3 0a30BUX 3aJa4 JUIsl TECTyBaHHS OyAb-sIKOT MPOTpaMHOI peatizaiii 3a1ad 30BHINTHBOT
aeponMHaMiKy TBepauX Tin. Il uncnoBe po3s’sa3yBanHs 103BONIAE aHATI3yBATH AePOANHAMIUHI XapaKTEPHCTHKH Ta
CTPYKTYpY Tevii. /{151 BUKOHAaHHS [IBOTO 3aBIaHHS PO3POOJIICHO METOUKH, allTOPUTMH Ta MPOTrpaM 3 BU3HAYCHHS
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napaMeTpiB Tedil HAaBKOJIO €JIEMEHTIB TPAHCIIOPTY 3aco0y Ha OCHOBI PO3B’sI3yBaHHS OcepelHeHUX 3a PelHombI-
coM piBHsAHb Hap’e-CTokca, 3aMKHEHHX Moneiito TypOyiaeHTHocTi Cnamapra — Anmnmapaca ta k- MeHTepa
(SST) [32,34].

[IngxoM 4YHCIOBOTO pO3B’sI3yBaHHA OcepenHeHHX 3a PeiiHompacom piBHsHb Ham’e-Crtokca, 3aMKHEHHX
MozeIUTio TypOyaeHTHocTi Crianapra — AyuiMapaca [32] B peaizaliii BiTOKpEMICHHX BHXOPIB, pO3paxoBaHO 00Ti-
KaHHsI KOJOBOTO HWTiHAPY. OTpHMaHi pe3yibTaTd pO3paxyHKIB MOPIBHIOIOTHCS 3 CKCIIEPUMEHTAIBHUMHA JaHUMUA
(puc. 4-6).

Ha puc. 4-5 mokazaHo Tediro 3a IHIIHAPOM, Ofep KaHy pPO3paxyHKOBHM IUISIXOM Ta B eKcriepuMeHTi [33,34].
[Ticist mOCSTHEHHS YCTAICHOTO PEXKUMY 32 MMIIHIPOM PO3BHUBAETHLCS BUXOPOBA JOpiXkKKa. [IpencraBieHi pesyib-
TaTu PO3paxyHKy Ta oTorpadii mosst Tedii 3 eKCIepUMEHTY y3TomKytoThes [33,34]. Buano, o Ha mpruBeneHOMY
Marepialli CrocTepiraeTscst MoAiOHICTh MomiB Tevii. L]e roBopHuTE Ipo BiAMOBIAHICTE MAaTEMAaTHYHOT MOJIENi (hi3ud-
HHUM IIpoliecam, 10 MOJEITIOIOThCS.

a) 6)

Puc. 5. Teuist HaBKOJIO MUITIHPA 31 CXOAOM BHXOPOBOI JOPIXKKHU: a — PO3paxyHOK (i3omiHii V),
Re=10000; 6 — excriepumenT [33,34]

Pesynbraty po3paxyHKiB po3NoiTy KoedimieHTa THCKY 10 TIOBEPXHi MIITIHAPY, OTPUMAHOTO HIISIXOM PO3B’s-
3yBaHHS ocepefHeHuX 3a PeliHonbacom Hap’e-Crokca, 3aMKHEHMX MOACIUTIO TypOyneHTHocTi Cranapra — AJi-
Mapaca B peasizaliii BiIOKpeMJIEHHX BUXOPiB, TOKa3aHO Ha puc. 6. OTpuMaHi pe3ynsTaTi po3noAlTy Koedimienta
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THUCKY TIOPIBHIOIOTBHCS 3 €KCIIePUMEHTAIbHUMHU JaHuMHU [33]. BUAHO 3a0BiIbHE y3TOJDKEHHS PO3paXOBaHUX Ta
EKCIIEpUMEHTAJIbHUX JTaHUX.

Cp
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0,4 J\\
0,2 \
o\

-0,2 \\Q\_Q/T/o/o,o—(—<>—,\_<>\_<
-0,4 0

0 36 72 108 144 180

Puc. 6. Po3nonin koedirmienTa THCKY Ha MOBEpXHI IuiHapa ;s Re=14000
3 BUKOPUCTAHHAM Moze TypOyneHTHocTi Crianapra — AjuiMapaca
B peastizallii BiJOKpeMJIEHUX BUXOPiB: _ — po3paxyHok Re=14500; O — exciepument Re =14500 [33]

BucHoBku. Ha cporofHi i peaibHUX aepOAWHAMIYHUX CHCTEM, IO OMUCYIOTHCS HENMiHIMHUMU TudepeH-
HiaJbHUMHU PIBHSHHAMM, Ta SIKi TOBMHHI MOBHICTIO BiJOOpakaTH AMHAMIKy MPOLECY 3 ypaxXyBaHHSIM CKJIaTHUX
HENIHIHIX e(eKTiB mpodieMa MaTeMaTHIHOTO MOJETIOBAHHS PEaIbHIX TEUil 3aHIIa€ThCs HEBUPIMIEHO. Typ-
OyJICHTHUI pyX PIAMHW HACTUILKW CKJIQJHWH 1 MIAXOMAHM IO HOr0 BUBUCHHS HACTIIBKU Pi3HOMAaHITHI, 110 BiH HE
3aJIMIIIA€ NIIAHCIB Ha CHCTEMHE 1, TOJIOBHE, TIOBHE BUKJIJZICHHS. Teopis TypOyJeHTHOCTI 1 11ie 1ajieKa Bl CBOTO 3aBep-
meHHs. [IponoBxXyoTh po3poOIsITHCS HOBI MIAX0MU 10 ii BHBYCHHS Ta PO3YMIHHS MEXaHI3My TypOyJICHTHHX TPO-
meciB. 3pocTae KUTBKICTh MOJIeIIEH, K1 MIPOITOHYIOTHCS TS KPAIOTo PO3yMiHHS OKpEeMHUX ii BlacTHBOCTEel. Teopis
TypOyJIeHTHOCTI yce mie nmepedyBae y cTaii po3poOKH i janeka Bij cBOro 3aBepieHHs. [IoBHUIT po3paxyHOK Typ-
OyJIEHTHOTO PYyXy ITOKH II[0 HEMOXKJIUBHUIA.

Ha cporogHi 4ncnoBi METOIM € OCHOBHUM iHCTPYMEHTOM, 1110 JA0Th 3MOTY TIPOJIOBKHUTHU TOCIIIHKEHHS 1 pO3-
BUBATH pe3yJbTaTH, OCPKYBaHi 3 BUKOPUCTAHHSAM SIKICHOT Teopii HeMiHIHUX AndepeHnianbHuX piBHsIHb. [Togas-
IIMH PO3BUTOK €JICKTPOHHO-OOYMCITIOBAILHIX MAIINH, €KCIICPUMEHTAJbHI TOCTIKEHHS B TiIpoacpoAnHaMIlli Ta
MEPCIEKTUBHI PO3pOOKH HOBUX METOJIB PO3B’SI3yBaHHS PIBHSAHb MATEMATHYHOI (Di3UKH JO3BOJSITH TOCSITHYTH TIEB-
HUX YCHIXiB Yy YHCIOBOMY MOJEIIOBaHHI pealbHUX TeUiil HABKOJIO TPAHCIIOPTHUX arapaTiB Ta iX eJIeMEHTIB.
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INTELLIGENT VEHICLE CONDITION ANALYZER
BASED ON PARAMETER DYNAMICS TRENDS

The article considers the problem of timely assessment of a vehicle's technical condition based on the analysis of
informative wear indicators, enabling the prevention of critical failures without the need to visit a service center. Traditional
approaches to technical diagnostics, which rely on mileage or scheduled maintenance intervals, are often insufficiently effective,
as they do not reflect the actual condition of vehicle components and assemblies. Therefore, an intelligent approach based on an
ensemble of artificial neural networks is proposed, allowing the determination of the wear degree of major vehicle systems by
analyzing the dynamics of their operational parameters.

The purpose of this research is to develop a model that enables automated classification of a vehicle s technical condition
based on a set of indicators signaling potential faults. To achieve this, a representative training dataset was formed using
statistical data on typical wear symptoms (such as reduced acceleration dynamics, unstable engine starting, increased fuel
consumption, engine knocking, etc.), enabling the timely detection of early failure signs and determination of optimal moments
for maintenance. The developed model is based on the Kolmogorov-Arnold theorem and implemented as a pattern recognition
task using supervised learning methods.

Experimental results confirm the high accuracy and practical applicability of the model. The proposed neural network
architecture can be adapted to different classes of vehicles. Practical application of such an analyzer reduces maintenance
costs, enhances operational safety, and ensures prompt response to emerging technical issues. The developed solution can be
integrated into existing hardware and software systems for vehicle condition monitoring, providing convenience, accessibility, and
reliability of the diagnostic process. The results of the study promote the broader adoption of artificial intelligence technologies
in the field of vehicle technical diagnostics.

Key words: vehicle condition monitoring, intelligent diagnostics, neural networks, technical wear indicators, artificial
intelligence, pattern recognition, Kolmogorov-Arnold theorem, supervised learning, input features.

Anvowun C. I1. Inmenekmyanvhuii ananizamop cmany agmomooding 3a meHOeHyiaMu OUHAMIKY 11020 napamempie

Y pobomi pozersioaemubcsi npobnema c80€HacHoi OYIHKU MEXHIUHO20 CMAHY ABMOMOOLIS HA OCHOBI AHANIZY THOpMamus-
HUX O3HAK 3HOCY, W0 00360/5€ NONEPeOUnu KpUmuyri 6i0Mosu He3 HeoOXioHocmi 36epHenHs 00 cepsicroeo yenmpy. Tpaouyiiini
nioxo0u 00 MexHIuHOT JiaeHOCIMUKY, WO IPYHMYIOMbCA Ha npobicy abo pe2laMeHmHUX IHMepeaax, € He0OCMAanHbO eQexmug-
HUMU, OCKLIbKU HE 8DAX08YIONTs PEANbHUL CIAH Y36 | acpe2amis. Y 36 3Ky 3 yum 3anponoHo6ano iHMeneKmyaibHuil nioxio
HA OCHOBI AHCAMONIO WIMYUHUX HEUPOHHUX Mepedic, o 003601A€ BUSHAYAMU CIYNIHb 3HOCY OCHOBHUX CUCHIEM A8MOMO0INA 3
OUHAMIKOIO napamempie tio2o pooomu.

Memoro Oocridscennss € po3pobka mooeni, aka 3a0e3neuye agmomMamu308any KiacuQixayiio mexniyHo2o0 Cmany mpan-
CNOPMHO20 3aC00y HA OCHOBI CYKYNHOCMI O3HAK, WO CUSHATIZYIOMb PO NOmeHyitini HecnpagHocmi. [na yvoeo copmosano
penpe3eHmamueHy HasuaibHy UOIPKY 3 BUKOPUCTNAHHAM CHAMUCIUYHUX OGHUX NPO MUNOGI CUMNINOMU 3HOCY (SHUNCEHHS.
OUHAMIKY PO320HY, HeCMAOLIbHULL 3aNYCK 08USYHA, 3POCIMAHHS SUMPAMU NATBHO20, N06A OEMOHAYIl MOoWo), o 0036015€
CB0EUACHO BUABTAMU O3HAKU NOMEHYIIIHUX HeCPABHOCMeN T GUSHAYAMU ONMUMATbHI MOMEHmMU 0Nl MEXHIUHO20 00C1Y208)-
sanns. Pospobnena mooens bazyemvcs ha meopemi Konmoeoposa—Apnonvoa i peanizosana six 3a0aya po3nizHaeants 0o0pasie iz
BUKOPUCTAHHAM MEMOOI8 HABYAHHS 3 YUUMETIeM.

Excnepumenmanvui pezynomamu niomeepoxcyonb 6UCOKy MOYHICIb Ma NPakmuyHy 3aCMoCcogHicy Modeni. 3anpo-
NOHOBAHY HelpoMepexcesy apXimeKmypy MOXCHA a0annysamy nid pisHi Kiacu mpancnopmuux 3acobis. Ilpakmuune 3acmocy-
BAHHS MAKO20 AHANI3AMOPA O03601IE 3HUSUMU SUMPAMU HA 0DCIY208Y8AHHS, NIOGUWUMY Oe3NeKy eKCILYamayii ma ce0€4acHo
peazyeamu Ha mexniuni npobnemu. Pospobnene piwienns mosxce Oymu iHmezposare 8 iCHyIOUI NPOSPAMHO-ARAPAMHE CUCHEMU
MOHIMOPUHEY CMAHy asmomooina, 3abe3neuyroyu 3pyuHicms, 00CMynHicmy ma HaditiHicmy diaeHocmuunozo npoyecy. Pe3yib-
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mamu O0CAONHCEHHA CHPUAIOND WUPULOMY BNPOBAOICEHHIO MEXHONO2II WNTYUHO20 THmeNeKmy Y cghepi mexHiuHOi dideHOCUKY
asmompancnopmy.

KittouoBi cioBa: diaenocmuxa mexnivno2o cmary, iHmenexmyaivHa 0iaeHOCmuKd, HeUpOHHI Mepexci, IHOUKAMopy mexHiy-
HO20 3HOCY, WINYYHUL iHmenexm, po3nisnagants 06pasis, meopema Konmozoposa—Apronvoa, naguanhsi 3 yuumenem, 6Xioni 03HaKu.

Formulation of the problem. The average mileage of a modern vehicle before reaching critical wear of its
main components typically ranges from 200,000 to 300,000 km [1]. However, this indicator may vary significantly
depending on the engine quality and operating conditions. Therefore, assessing the technical condition of an
engine should rely not solely on the odometer readings, but rather on informative features of potential failures and
statistical data from a representative precedent database of vehicles in the same class, enabling timely detection and
prevention of possible malfunctions.

It is well known that the earlier the signs of potential failures are identified, the easier, cheaper, and faster
the issue can be resolved. As practice shows [1,2], even minor engine damage often leads to a cascade of further
faults, which can ultimately result in complete vehicle failure. Thus, it is crucial for a vehicle owner to determine
the optimal moment for maintenance or repair based on reliable statistical indicators while minimizing the risks of
Type I and Type 11 errors [3].

Analysis of recent research and publications. A comprehensive study on the vehicle maintenance was
conducted by V. D. Myhal [3], in which the structure and key functions of intelligent transportation systems were
also examined.

Gong C.A. etal. [4] performed an in-depth analysis of artificial intelligence algorithms — specifically supervised
learning, unsupervised learning, and reinforcement learning — in the context of vehicle failure prediction. Their work
emphasizes the identification of appropriate artificial intelligence architectures for various types of vehicle system
faults and highlights the strengths of each learning paradigm in addressing diagnostic and predictive challenges.

Studies dedicated to vehicle condition diagnostics explore the implementation of neural network approaches,
particularly deep neural networks (DNNs), convolutional neural networks (CNNs), recurrent neural networks
(RNNs), and ensemble models. These works underline a paradigm shift from reactive to predictive maintenance,
especially through the integration of neural methods with conventional diagnostic techniques.

Nikitin D.M. and Rybitskyi O.M. [5] discuss the use of automaton models for processing and analyzing
vehicle diagnostic data.

The purpose of the article is to enable qualified and timely assessment of a vehicle’s technical condition
without requiring a visit to a service center or consultation with specialists. This can save time and financial resources
by utilizing intelligent analysis of retrospective precedent data for vehicles of the corresponding class.

Given the capabilities of modern technical data analysis software and the availability of sufficient statistical
data in databases, the stated problem is addressed through the synthesis of an ensemble of neural network models.
These models are trained on a representative sample of examples and serve as an independent tool for recognizing
the degree of wear and determining the optimal timing for preventive maintenance [6].

The main goal of this study is to develop an effective neural network model for identifying the technical
condition of a vehicle and determining the optimal maintenance schedule while minimizing the risk of Type I and
Type II errors [6].

Presenting main material. Mathematical Problem Statement and Solution Algorithm.

The task is to establish an analytical relationship (F) between the informative features of potential failures (X)
and the degree of wear (technical condition) of the vehicle’s main systems. This task can be interpreted as mapping
the feature space to the space of condition classes [6]:

FX->Y

wo X R Y R, @)
where X is the vector of the vehicle input condition features;
S is the vehicle’s technical condition (class).
The analytical form of function F'is derived based on the Kolmogorov—Arnold representation theorem, which
allows expressing a multivariable function as a superposition of univariate functions. This can be transformed into

a neural network format according to the Hecht-Nielsen formula [6]:

M
y(x)=ad v, (wx, + WX, + oW, X, + 1), 2)
im1

whereM is training sample size;

o, v are neural network parameters:

n is number of neurons:

Wy, W,,,..., W, are weight coefficients.

The task of identifying the weight coefficients is reduced to training the neural network (or an ensemble of
models with various architectures and complexities) on a representative dataset. The goal is to achieve the required
recognition accuracy within acceptable errors on both training and test sets. This can be formally described as:
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max A(S, X)
atd<39,

where A(S, X) — decision rule for recognizing class S in feature space X;

S — set of technical condition levels to be recognized;

X — set of input features;

O — training and testing error rate;

8, — maximum allowable error.

Upon training completion, the network is capable of implementing an optimal pattern recognition algorithm
according to hypothesis testing theory, accepting a feature vector of the examined object as input.

The input feature set X and the class alphabet S implement recognition rule [6]:

0, €Q,,if L(o,{o,})=sup , L(®,{o,}) 4)

€)

L(o,{o,}) >0, €Q,,

where

L(w,{w,}) — classification rule assigning an object with features X to a class in S;

S — set of classes (vehicle condition states).

According to the Kolmogorov—Arnold theorem and the network training algorithm, there exists a set of
parameters H,n,a.,v,,u, such that the function F can be approximated by (2) over the entire domain with established
small error. This allows the relationship between features and condition classes to be implemented using a three-
layer neural network [6, 7].

Training Sample Formation

The informative features indicating the degree of vehicle wear are represented as a vector comprising the
following characteristics [1,2]:

e reduced acceleration dynamics (by 25% compared to nominal),
low oil pressure (indicated on the dashboard),
increased engine oil consumption,
unstable engine start and fluctuating RPM,
low compression of the fuel-air mixture,
uneven idling,
increased fuel consumption,
increased engine knock during operation,
engine overheating.

Vehicle condition is classified into two example classes:

0 — acceptable condition,

1 — critical condition.

The feature values may be quantitative or nominal (symbolic). A fragment of the training sample is shown in
Fig. 1.

1 2 3 4 5 5 7 E 9 10 I
Var1 Var2 Var3 Vard Vars Vart Var7 Var8 Var9 Var10
1 0 1 1 1 0 1 0 0 1
0 0 0 1 1 0 1 0 0 0
0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 1 0
1 0 0 1 1 0 0 0 0 0
1 1 0 1 1 1 1 1 0 1
0 1 0 1 1 1 1 1 1 1

Fig. 1. Fragment of the training sample for the neural network

Network Architecture Configuration and Training

Initial settings for training modes, architectures, and learning methods are selected based on the chosen data
analysis software. Weight coefficient optimization is performed via combination search using the backpropagation
algorithm with various modifications [6—7]:

w,(q’;) O =w,(t-1)+ Aw}lz)(t), (5)

OE (k)
ow, (¢)

w,(-D=w,O+a-
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where w — set of weight coefficients at layer n;

n — layer number;

q —neuron number in the n-th layer;

h — input number of the neuron in the n-th layer.

The synthesis of an ensemble of models with varying complexity and architecture, trained on a representative
sample, made it possible to achieve satisfactory modeling accuracy. Training graphs for models with various
architectures and weight adjustment methods are presented in Fig.2.

Experimental studies demonstrated stable convergence of the training process to minimum error values
for each vehicle condition class. The achieved levels of performance and accuracy are acceptable for practical
implementation, validating the modeling results and justifying their application in real vehicle condition diagnostics.

Error rate

o N . " . Samples
o 20 40 &0 &0 100 120 140 Training

Training epochs —— Test

&0
55
50
45
40 ¢

a5 ¢ .

Error rate
(3]
(=)
~

-5 Samples
a =0 40 &0 0 100 ———Training
Training epochs —— Test

Fig. 2. Training curves of neural network models with different weight update methods,
architectures, and complexity levels

Modeling confirmed the stable convergence of the iterative training process to minimum error on both
training and test datasets. The performance of the synthesized models is sufficient for practical use. The task was
implemented using a standard data analysis software package.

Conclusions. For the timely identification of a vehicle’s technical condition, it is essential to establish a
functional correlation between the state of the vehicle and its relevant input indicators. This objective was
accomplished through the use of supervised learning techniques within neural networks, framed as a pattern
recognition problem.
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The outcomes of the study hold substantial practical value, as they contribute to the development of high-
performance models for evaluating the technical state of a vehicle and supporting well-informed, prompt maintenance
decisions. These decisions are made with due consideration of safety, operational reliability, diagnostic efficiency,
and economic feasibility.

Functionally, the developed neural network models can be integrated as standalone components within
existing technical data analysis systems.

The proposed diagnostic methodology, implemented via conventional data analysis platforms, enhances the
applicability of artificial intelligence technologies in the automotive sector, broadens user accessibility, and offers a
resource-efficient approach for monitoring vehicle health.
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MOPIBHSAJIbHUM AHAJI3 API JIUISA PO3ITII3HABAHHS MOBJIEHHS
3A JOIIOMOTI'OIO PYTHON

3 possumkom KoMn 1omepHux cucmem cmac 6ce OilbUl OYeBUOHUM, WO BUKOPUCAHHA CUCTIEM PO3NI3HABAHHA MOBU
HA6A2AMO poUUPUMBCS, AKUO CINAHE MONCTUSUM BUKOPUCTNAHHS TOOCLKOI MOBU NpU pobomi 6e3nocepeonbo 3 Komn 1omepom,
i 30Kpema cmarne MONCIUBUM YRPAGTIHHA MAWUHOI 36UHAIHUM 20]I0COM 8 DealbHOMY YaCi, 4 MAKONC B8e0eHHA | BUBEOEHHS
inghopmayii'y euensoi suuaiinoi modcwvkoi mosu. Ionocosuti inmepeetic € HeoOXIOHUM KOMROHEHNOM, KOTU MOBA tide Npo CMmeo-
penns komgpopmuux ymog scummsi. Taxi cucmemu 6xo005ms 8 NOBCAKOeHHULL NOOYM, KPiM MO20, MONCIUBO IX 3ACMOCY8AHHS | HA
BUPOOHUYMBI 8 CKAOI KOMNLEKCI8 YNPABTIHHA BUKOHAYUMY MexaHizmamu. [Ipu cmeopenti cucmemu 201008020 pO3NI3HABAHH
KOMAHO PO3POOHUK CIIUKAEMBCA 3 NEGHUMY HPOOTeMAMU: 8IOCYMHICMb MAMEMAMUYHOT MOOEN] CeMAHMUKY MOBHO20 CUSHATY,
WO BUPANCAEMBCA 8 MOMY, WO O BUSHAYEHHS CEMAHMUKI MOBHO20 CUSHATY THOUBIOYANbHI XAPAKMEPUCTIUKY MOBYSL: CheyU-
ixa eumosu, axyenmu, HA2010CU MOWO, pOOOMA i3 CNOHMAHHOIO MOBOIO MA HEOOXIOHICIb GUOLNEHHS HAABHOCTI KTI0Y08020
€084, BIOMIHHOCII 8 AKyCMUYHitl 0bcmanosyi, wymu, mowo. [lapamempusayis ananoe08020 cueHAIy MOBU € NEPUIUM KPOKOM
8 npoyeci po3nizHABAHHS MOBU. ANeopummi NPUHAyeri 018 BUKOHAHHS NAPAMEMPUYHO20 NPeOCMABNEHH. MOBHO2O CUSHATY:
napamempu, wo OnuUcyioms Ho8ediHKy I00cbKoi ciyxosoi cucmemu. IIpupoodno, yi aneopummu cneyianbho po3pobieni 01
30inbUeHHA NPOOYKMUBHOCIT CUCIeMU PO3ni3HABanHa mosu. [lepesadici napamempu, AKi € cRUCAMU CHEKMPATbHUX eHepeill
38VKY, A He OeMAanaMu 2010Cy NegHo20 Oukmopa Y cmammi pozenaoacmocs nopieHanus npogionux API posnisnasanns moéienus
WIAXOM BUBUEHHA IXHIX (DyHKYill, 6apianmie UKOPUCAHHA MA NOKA3HUKIE NPOOYKMUGHOCMI. AHANI3 Mae Ha Memi Haoamu
DO3DOOHUKAM NOBHE PO3YMIHHA YUX MeXHONoRil, nioKpecuowyu ixHi nepesaeu ma oomedxcenus. Python euxopucmosysascs
ons mecmysanus, yux API i3 MikpoghoHHUM 66€0eHHAM, NPOROHYIOUU POYMIHHA IXHbOI 3AMPUMKU, MOYHOCHI MA RPAKMUYHUX
sacmocyeanv. Lle docnidocenns cayeye nocionuxom 015 eubopy naiikpauoeo API 01 KoHKpemHuux umoe npoexmy 3 6i3yanbHum
NpeocmagieHHam pe3yrbmamis ons ACHOCM.

Kitrouosi cnoBa: posniznaganus moenenns, API, Speech-to-Text, Speech Service, mogui mooeni.

Bezverkhyi O. L, Luts V. E. Python speech recognition API comparison

With the development of computer systems, it is becoming increasingly clear that the use of speech recognition systems
will expand greatly if it becomes possible to use human speech when working directly with a computer, and in particular, it will
become possible to control a machine with a normal voice in real time, as well as to input and output information in the form
of normal human speech. The voice interface is an essential component when it comes to creating a comfortable living envi-
ronment. Such systems are part of everyday life, and they can also be used in production as part of actuator control systems.
When creating a voice command recognition system, the developer faces certain problems: the lack of a mathematical model
of speech signal semantics; the fact that individual characteristics of the speaker: specific pronunciation, accents, accents, etc.
are required to determine the semantics of the speech signal; working with spontaneous speech and the need to highlight the
presence of a keyword, differences in the acoustic environment, noise, etc. Parameterization of the analog speech signal is the
first step in the speech recognition process. Algorithms are designed to perform a parametric representation of the speech sig-
nal: parameters that describe the behavior of the human auditory system. Naturally, these algorithms are specifically designed
to increase the performance of the speech recognition system. Preferred parameters that are lists of spectral energies of sound
rather than details of a particular speaker s voice This article compares the leading speech recognition APIs by examining their
features, use cases, and performance metrics. The analysis aims to provide developers with a complete understanding of these
technologies, emphasizing their advantages and limitations. Python was used to test these APIs with microphone input, offering
insight into their latency, accuracy, and practical applications. This study serves as a guide to selecting the best API for specific
project requirements, with a visual representation of the results for clarity.

Key words: speech recognition, API, Speech-to-Text, Speech Service, language models.

IocraHoBka mpodiaemu. TexHONIOrisE PO3Mi3HABAHHS MOBJCHHS CTaja HAPDKHUM KaMEHEM Y CYYacHHX
mporpamax Ta iHpOpMaiiHUX TEXHONOTIAX[1], YMOXIMBIIOIOUKM poOOTy 0€3 PyK, BIpTyaJbHUX MOMIYHHKIB Ta
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IHCTPYMEHTH JOCTYNHOCTI. AHami3ylouu pobotu [2-5] mpo po3mi3sHaBaHHS MOBJICHHS OyJ0 NPHUHUHATO PIllICHHS
posmsinyTu 1sTh Bigomux API: Google Speech-to-Text, IBM Watson Speech to Text, AssemblyAl, Microsoft
Azure Speech Service i Amazon Transcribe. AHani3 BUCBITIIIOE IXHI (yHKILI{, yog006aHHs KOPUCTyBaua, MpoLecu
Ta pe3yJbTaTH PO3Mi3HABaHHS 3a JIYeHi CeKyH]IU, epeBipeHi 3a qonomororo Python i BBeaeHHs 3 MikpodoHa.

Po3mi3HaBaHHsT MOBJIEHHS — 1€ TUHAMIYHA cdepa, sKa 3’ €THY€E TOIChKE CIUIKyBaHHS 3 TeXHONOTisiMU. API,
SIKI TYT OOTOBOPIOIOTHCS, MAlOTh Pi3HI CHIIBHI Ta cJIa0Ki CTOPOHHU, OOCIYTOBYIOUYM Pi3HI BUIAJIKU BUKOPHCTAHHS,
HaNPUKIIaI CIyKOW TPAHCKPHIIIIi, IHTEPAaKTHBHI CHCTEMH Ta PIillIeHHs] KOPIIOPATUBHOTO piBHS. TecTyroun, MU nipar-
HEMO BU3HAYHUTH Halle(PEeKTUBHIITY Ta HAWTOYHINTY CITY>KOY JJIs pealibHUX IporpaM. KpiM Toro, CTarTs MiCTHTB YsIB-
JICHHSI TIPO 3aTPUMKY, TOUHICTb 1 MPAKTHYHY peai3ailifo, JOIoMarady po3poOHUKaM MPUHMaTH 3BaKEH1 PIIIeHHS.

AHaJi3 ocTaHHIX gocikeHb i myOaikaniii. AHauiz nposinnux API po3nisnaBanHs MoBJeHHsI. CydacHi
TEXHOJIOT11 pO3Mi3HaBaHH MOBJICHHS CTPIMKO PO3BHUBAIOTHCS 3aBASKU 3aCTOCYBAHHIO ITYYHOTO iHTEJIEKTY Ta aJiro-
PHUTMIB MalIMHHOTO HaBYaHHA. OJHI€IO 3 KIIOYOBHX CKJIAN0BUX nux TexHouoriil € API (Application Programming
Interface) — Habip iHCTPYMEHTIB Ta MPOTOKONIB, IO J03BOJSIIOTH iHTErPyBAaTH IOTOBI PIlLICHHS pPO3Mi3HABAHHS
MOBJICHHS y pi3HOMaHITHI AoaaTku. Bukopucranus takux APl mo3Bonse mBuIKO 1 e(peKTHBHO MEPETBOPIOBATH
ayai03aIlucH B TEKCT 3a JI0TIOMOTOI0 NIEPEAOBUX aJrOPUTMIB MAallIMHHOTO HaBYaHH:, 0e3 HEOOX1AHOCTI po3po0naTu
BJIacHI Mojieni 3 HyJ1s1. Bukopucranus API 3a6e3neuye BUCOKY TOYHICTh, MACIITA0OBAHICTh Ta TOJATKOBI (DYHKIIIT
(HampuKITa, aBTOMATHYHY ITyHKTYAIlIf0, MITKH Yacy Ta aHali3 HACTPOiB), MO € KPUTHIHO BAKIMBUMH JUIS Cydac-
HUX JIOAATKIB y Oi3HECI, OCBITI, MATPUMIII KJIIEHTIB Ta IHIIHX cdepax.

VY craTTi po3mIsSAaTHCS 11 ATh poBigHUX cepBiciB Speech-to-Text: API Google, IBM Watson, AssemblyAl,
Microsoft Azure, Amazon Transcribe.

API Google (Google Speech-to-Text)[6] mpomoHy€e BUCOKY TOYHICTh, 0araTOMOBHY i ITPUMKY Ta TIOBHY 1HTe-
rpario 3 iHmumu ciryx6amu Google. Bin migrpumye 00poOKy B pealbHOMY Yaci Ta IakeTHy 0OpOoOKy, 1110 poOHUTh
Horo yHiBepcanbHUM JUI pi3HUX nporpam. Kpim Toro, BiH Mae aBTOMaTHYHY ITyHKTYALiI0, [0 ITOKPAIIy€e YNTa0eTb-
HicTh TpaHnckpumnuid. APl Google ocob6muBoO migXxoAuTh UIA MpoOrpam, sIKi BUMaratoTh MIBUIKOCTI Ta MacmTaboBa-
HOCTI, HalpUKJIaJ, BIpTyaJIbHUX MOMIYHHUKIB 1 IHCTPYMEHTIB TpaHCKpuIiii. Takox HOro mmpoko 3aCTOCOBYIOThH
y CITy’k0ax MiATPUMKH KIII€HTIB, aBTOMATH30BAHUX CHCTEMAaX YIPABIIHHS A3BIHKAMU Ta OCBITHIX IDIaT(GOpMax.

IBM Watson[7] Hajae HaailiHI TapaMeTpy HAJAINTYBaHHS, BKJIIOYAHOYM MOBHI MOJIENI I KOHKPETHOTO
noMeHy. BiH BiioMHid cBOTM HarojgocoM Ha Oe3Ielli Ta BiIIMOBiTHOCTI, 33I0BOJILHSIOUH ITOTPEOH KOPITOPATHBHOTO
piBHA. API miaTpUMy€ MOACHHUK MOBIIS Ta MITKH Yacy Ha PiBHI CJiB, JOXA0YH 3HAUCHHS JUIS JACTaIbHOTO aHAi3Y.
IBM Watson mmpoko BUKOPUCTOBYETBCS B TAKHX TaTy3sX, IK OXOPOHA 3I0POB’S Ta FOPUINYHI MOCIYTH, J TOY-
HICTb 1 BiATIOBITHICT € KPUTUYHO BKIMBUMH. Takox HOTO 3aCTOCOBYIOTH ¥ (piHAHCOBIH cepi Ta ciykdax KOMII-
TaeHcy Ui 0OpOOKY JI3BIHKIB 1 JOKYMEHTIB.

AssemblyAl[8] — ne cyuacumii API, mo 30cepemnxyeThcst Ha MPOCTOTI Ta €PEeKTUBHOCTI. BiH mmpoko Bigo-
MUl 3aBASKH KOHKYPEHTOCIIPOMOXKHIH IiHi, IPOCTOTI BUKOPUCTAHHS Ta MOXKJIMBOCTSIM TPAHCKPHUIILII{ B peaIbHOMY
yaci. He3Baxkaroun Ha CBOIO MPOCTOTY, BiH MICTHTh TaKi po3IMIKpeHi QyHKII1, IK aHai3 HACTPOiB, BUSBIECHHS TEM
1 po3mizHaBaHHs 00’ exTiB. Cipomenuii miaxig AssemblyAl poOuThk ioro yynoBuM BUOOPOM JJIsl CTapTaIliB 1 HEBe-
JHMKHUX TPOEKTIB, SKi MOTPEOYIOTh MIBUIKOTO HAJAIITYBAHHS Ta €KOHOMIYHO e(heKTHBHHX pilleHb. AssemblyAl
TaKOXX aKTHBHO BHKOPHCTOBYETHCS B YKYPHAJICTHIN Ta Meia-cdepi I aBTOMATHYHOTO CTBOPEHHS CyOTHTpIB
1 aHaJTi3y ay/liOKOHTEHTY.

Microsoft Azure[9] nporoHye MOBHUM HAOip MOBJICHHEBUX TOCIYT, BKIOUAIOUN TPAHCKPHIIIIIIO, TEPEKIIa]
1 po3mi3HaBaHHS MOBIIS B peajbHOMY 4aci. BiH miaTpuMye KiIbKa MOB 1 JTiaJeKTiB, 3a0€3MeUyIOYH 9yJI0By THYY-
KicTh 115 I100a1pHUX porpaM. [aTerpamis API 3 ekocrncteMoro Azure poOUTH HOTO OTYKHUM 1HCTPYMEHTOM IS
nianpueMcTB. APl akTHBHO 3aCTOCOBYETHCS y BEIMKHUX KOMIIAHISX AJIST aBTOMATH3allii KOMYHIKaIlii, yIpaBIiHHSI
KOHTaKTHUMH LIEHTPaMu Ta 0OPOOKH roJ0COBUX KOMaH]l Y KOPIIOPATUBHUX PILICHHAX.

Amazon Transcribe[10] uyg0Bo mpairoe 3 BETUKAMHU 00CSITaMu ayliofaHuX, Halalouu Taki (GyHKii, sk crie-
HiaJbHUN CIIOBHUK 1 MapKyBaHHS MOBLIB. BiH cTBOpeHMH A MacuTaboOBaHOCTI, IO POOUTH HOTO iA€aNbHUM IS
MiANPHEMCTB i3 BETHKAMH TOTpeGaMu B TpaHCKpHIILii. Horo moBHa interpauis 3 inmmamu ciyx6amu AWS 3a6es-
nedye e(eKTUBHI poOOUI MPOLECH Ta aHATITHKY. Amazon Transcribe akTHBHO 3aCTOCOBYETHCA Y chepi MapKEeTUHTY,
aBTOMaTH3allil aHai3y TeJle(hOHHUX J3BIHKIB 1 CTBOPEHHS aHATITHYHHX 3BITIB.

IMocTanoBka 3aBaanHsA. Mera crarti: [IpoBecTy mopiBHAIBHUE aHaIi3 TPpoBigHUX APl po3nizHaBaHHS MOB-
JICHHSI IUITXOM BUBYCHHS TXHIX (DYHKIIIH, BapiaHTIB BUKOPUCTAHHS Ta MOKA3HHUKIB MPOAYKTUBHOCTI. AHAII3 Ma€e Ha
METi HaJlaTh pO3pOOHHUKAM TIOBHE PO3YMIHHS IIMX TEXHOJIOTIH, ITiIKPECITIOI0YH iXHI ITepeBaru Ta OOMEKeHHS.

BukJian ocHoBHoro matepiany. Koxxen API Oyiio mporectoBaHo 3a qormoMororo Python 3a momomororo Takux
KPOKiB!

1) Google, IBM, Microsoft i Amazon BumararoTs kitouiB APl Ta 00MiKOBHX 3aMUCIB CITyK0, BKJIIOYAIOUH
HaJaIITyBaHHs MMPOEKTiB Ha BIAMOBIAHUX TUIaTGOpPMax pO3POOHUKIB.

2) AssemblyAl 3a0e3nedye npocty cucreMy aBTeHTH(]iKalii Ha OCHOBI MapKepiB, 110 3HAYHO CKOPOUYE 4ac
HanamryBaHHs. Leit kpok 3a6e3neuye O6e3neunnii noctyn no API i 3amobirae HecaHKIIOHOBaHOMY BHKOPHCTAHHIO.

Beenenns 3 MikpohoHa OyJ10 3alHucaHo 3a JOMOMOTor 0i0Ti0TeKH po3mi3HaBaHHA pedeit Python, sika cniporye
30ip aymio Jy1s 0OpoOKK MOBJIEHHS. Aymio Oyio 30epeskeHo y popmari WAV miist cyMicHOCTI 3 ycima 1’ sitbma API:
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import speech_recognition as sr
sr.Recognizer()
with sr.Microphone() as source:

recognizer =

print("Please speak a word:")

audio =
audio_data =

recognizer.listen(source)
audio.get_wav_data()

3axoruteHe ayjio 0yiio o6pooaeHo koxHuM API 3a mormomororo BignoBigaux Python SDK a6o HTTP-3amuTis.
Hanpuknan, Microsoft Azure Speech SDK Hajnae knac SpeechRecognizer, sIKuit cripoliye TpaHCKPHUIIIIITO.

BibmioTeka yacy Python BukoprcToByBasiacs Ui BUMIpIOBaHHS yacy oOpoOKu Juis KoxkHoro API, Hanarouu
iH(pOopMaIIifo TIPo X 3aTpuMKy. Lleli MoKa3HUK € KPUTUIHHUM JIJISl TAKHX MIPOTPaM, K CYOTHTPH B peabHOMY Yaci Ta

BipTyaJIbHI TIOMIYHUKH:

import time
start_time =
# API call here
end_time =
processing_time

time.time()

time.time()

end_time - start_time
print(f"Processing time: {processing time} seconds")

API nopiBHIOBaNM B KiJIbKOX BHUMipax, II00 MiIKpecIuTH iXHI yHIKanbHi IepeBard Ta oOMEKeHHS (IMB.

Tabn. 1):
Tabmums 1
Xapaktepuctuku API
XapaKTepHCTHEA Google Speech- IBM Watson AssemblyAl Microsoft AZ}ll‘e Amazqn
to-Text Speech to Text Speech Service Transcribe
TounicTb Bucoxa Bin cepennboi 1o | Bucoka Bucoxa Bin cepennboi 1o
BHCOKOI BHCOKO1
3arpuMKa Huspka ITomipHa Huzpka Huspka ITomipHa
Bapricts Onmnara 3a BuKko- | bararopiaese HoctynHi Onnara 3a BuKko- | bararopiBuese
pHUCTaHHS L[iHOYTBOPEHHS tapudu pUCTaHHS I[iIHOYTBOPEHHS
[TinTprmka MoB ITonan 120 moB | Ilonax 30 moB ITonan 30 moB |Ilonax 90 moB ITonan 50 moB
HamamryBanns IMomipHi Posmmpeni ObMexeHi Posmmpeni IMomipHi
3py4HICTh BUKOPH- Iomipua Cxnanna IIpocta IMomipHa IMomipua
CTaHHs
JomatkoBi GyHKIIT bazosi Pozmmpeni ITomipHi Pozmmpeni bazosi

Bunajgku BukopucTtaHus Ta 3actocyBanns. Google Speech-to-Text ieaqbHO MiIXOOUTH AJIS BETUKHX MPO-
TpaM, TaKUX SIK TOJOCOBHI TIOIIyK, TPAHCKPHIILIS B peaTbHOMY Yaci Ta 60TH 06CITyroByBaHHs KiieHTis. Horo 6ara-
TOMOBHA MIATPUMKA POOHUTH HOTO MPUAATHUAM JUIS TIOOATBHHUX MIPOTPaM.

IBM Watson 3a3Bu4aii BHKOPHCTOBYETHCS B OXOPOHI 3[I0pPOB’S, OPUINYIHOMY Ta (hiHAHCOBOMY CEKTOpax
Yepe3 HaroJoc Ha BiAMOBiqHOCTI Ta Oe3mneni nanux. [1loneHHAK 1o1moBifada 0COOIUBO KOPHCHUM TSI TPAHCKPHITIIT
Ta aHaNi3y Hapas.

AssemblyAl nonmynsipHUiA cepel cTapTariB 3aBASKH CBOiH €KOHOMIYHOCTI Ta TMPOCTOTI BUKOpUcTaHHS. [Ipo-
rpaMu BKJIFOYAOTh TPAHCKPHIIIIFO ITOJIKACTIB, CyOTUTPH JIO BiJIeO Ta aHaJi3 HACTPOIB.

Microsoft Azure Halikpallle miIX0UTh JJIsi KOPIIOPATUBHUX CEPEIOBHUII, SKi TOTPEOYIOTh IHTETpaIlii 31 CITykK-
6amu Azure. YacTo BUKOPHCTOBYETHCS B 0araTOMOBHIHM MiATPUMIL KITI€HTIB 1 aHATITHIII.

Amazon Transcribe 1o0pe miIX0uTh AJIsl TPAHCKPHUTILIIT B MeJIia, KOJI-IIEHTpax 1 B3a€MOJI1 3 KITIEHTaMH. Horo
MacITabOBaHICTh POOUTH HOTO i€aNbHUM IS IAIPUEMCTB, SIKi IPALIOIOTh 3 BENUKUMH Ha0OpaMH TaHUX.

Jna nopiBasiHHS poOuTH API Oyio cTBOpeHO mporpamy, sika 103BOJIsUIa MOPIBHATH Yac Ta TOYHICTb PO3Mi3-
HaBaHHs MOBJIEHHs. Y IpOrpaMi 3aCTOCOBAHO K CHHXPOHHE, TaK 1 aCHHXPOHHE po3Mi3HaBaHHs MoBieHHS. CUH-
XPOHHUIA MeTOJI 320e3Meuye MUTTEBHI 3BOPOTHIH 3B’S30K AJIs1 KOPOTKHX ayHi03aIUCiB, TONI K aCHHXPOHHE PO3ITi3-
HaBaHHSI J103BOJIsIE €(hEKTHBHO OOPOOIIATH BEJIMKI aymiodailiii 3a TOMOMOT00 MepiOIUIHOTO ONMUTYBAHHS CTATYCY
tpaHckpunmii. [Ticms oTpuMaHHS TEKCTOBUX JaHUX 3 KoxHOTO API, mporpama anami3ye pe3ynbraTi, TOPiBHIOIOUN
KUTBKICTh CIIIB Y TPaHCKPHUIIIISIX 32 JOMOMOror nooynoBu rpadika. Lle mo3Bomnse He Juie MepeBipuTH ePeKTHB-
HICTh KOX)KHOTO CEPBICY, a i OIIIHATH 00CAT OTPUMAHUX JaHUX JUIS TIOAAJBIIOTO aHAi3Y.

Hwxye HaBeneHO 3aralibHUA KOJ, IO JASMOHCTPYE IHTErpalliro 3 Buile3azHaueHUMH Speech-to-Text API,
OTPHUMAaHHS TPAHCKPHIIIiil Ta MoOy10BY TpadidHOTO IpeCTaBICHHS Pe3yIIbTaTiB.
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import time import json import requests import matplotlib.pyplot as plt
def transcribe_google(audio_file_path):
from google.cloud import speech
client = speech.SpeechClient()
with open(audio_file_path, "rb") as audio_file: content = audio_file.read()
audio = speech.RecognitionAudio(content=content)
config=speech.RecognitionConfig(encoding=speech.RecognitionConfig.AudioEncoding.
LINEAR16, language_ code="uk-UA" )
response = client.recognize(config=config, audio=audio)
transcript=" ".join([result.alternatives[@].transcript for result in response.
results]) return transcript
def transcribe_ibm(audio_file_path):
from ibm_watson import SpeechToTextVl1
from ibm_cloud_sdk_core.authenticators import IAMAuthenticator
authenticator = IAMAuthenticator(‘your_ibm_api_key”’)
stt = SpeechToTextV1l(authenticator=authenticator)
stt.set_service_url(‘your_ibm_service_url’)
with open(audio_file_path, "rb") as audio_file:
response = stt.recognize(audio=audio_file, content_type="audio/wav")
result = response.get result()
transcript = " ".join([res[ ‘alternatives’][@][ ‘transcript’] for res in result.
get(‘results’, [])]) return transcript
def transcribe_assemblyai(audio_url):
API_KEY = "assemblyai_api_key" headers = {"authorization": API_KEY}
data = {"audio_url": audio_url}
response = requests.post("https://api.assemblyai.com/v2/transcript”, json=data,
headers=headers)
transcript_id = response.json().get(id’)
while True: polling_response=requests.get(f"api_url,{transcript_id}",
headers=headers)
status = polling response.json().get("status")
if status == "completed": break
elif status == "error": return ""
time.sleep(5)
transcript = polling response.json().get("text", "") return transcript
def transcribe_azure(audio_file_path):

import azure.cognitiveservices.speech as speechsdk speech_key = "your_azure_
speech_key" service_region = "your_azure_region" speech_config = speechsdk.SpeechConf
ig(subscription=speech_key, region=service_region) audio_config =speechsdk.

AudioConfig(filename=audio_file_path)speech_recognizer=speechsdk.SpeechRecognizer(speech_
config=speech_config, audio_config=audio_config) result = speech_recognizer.recognize_
once() return result.textdef transcribe_amazon(audio_file uri):

import boto3

transcribe = boto3.client(‘transcribe’, region_name=’your_aws_region’, aws
access_key_id=’your_aws_access_key’,aws_secret_access_key=’your_aws_secret_key’)

job_name = "transcription_job " + str(int(time.time())) transcribe.start_
transcription_job(TranscriptionJobName=job_name,

Media={‘MediaFileUri’: audio_file_uri}, MediaFormat=’wav’,

LanguageCode="en-US’ )

while True:

status=transcribe.get_transcription_job(TranscriptionJobName=job_name)

job_status = status[‘TranscriptionJob’][ ‘TranscriptionJobStatus”’]

if job_status in [“COMPLETED’, ‘FAILED’]: break

time.sleep(5)

if job_status == "COMPLETED": transcript_url = status[‘TranscriptionJob’]
[“Transcript’ ][ ‘TranscriptFileUri’ ]

transcript_response = requests.get(transcript_url)

transcript=transcript_response.json().get("results", {}).get("transcripts”, [{}])
[0].get("transcript”, "") return transcript return ""
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Pe3zyabraTn. API Oyno nmpoTecToBaHO 3 JecsTbMa Pi3HUMH CIOBaMH, IPOMOBJICHUMH B MIKpO(OH Y KOHT-
pOIbOBaHUX yMoBax. Y Tabmumi (uB. Tabm. 2) HuxKUe HABEICHO CepeHiil yac po3Mi3HaBaHHA Ta PiBEHb TOYHOCTI:

Tabmaums 2
Pe3ysnbTaTn yacy Ta TOYHOCTI
API Average Time (s) Accuracy (%)
Google 1.2 96
IBM Watson 1.7 90
AssemblyAl 1.1 93
Microsoft Azure 1.3 94
Amazon Transcribe 1.5 91

I'padiuna Bizyamizamis. 11[06 kpame 3po3yMiTH Pi3HHIIO B MPOXYKTUBHOCTI, AaHi OyJIo Bi3yami3oBaHO 3a
JIOTIOMOTOFO TicTOTpaM 1 JiHiHHUX rpadikiB. Li giarpaMu UTFOCTPYIOTH KOMIIPOMIC MiK IIBHIKICTIO Ta TOYHICTIO
Mix API:

INcrorpama (muB. Puc. 1) moka3sye cepemHiii 4ac po3mizHaBaHHsI IS KOxKHOTO API.

Google IBM Watson AssemblyAl Microsoft Azure Amazon
Transcribe

1,8
1,6

1,4

CepepgHiii yac
e o o o =
N H (o)} 0] = N

o

API

Puc. 1. 'icrorpama cepenHporo gacy

Jliniiianii Tpadik (1uB. Puc. 2) BUCBITIIOE TEHACHIIIT TOYHOCTI HA OCHOBI TECTOBHX CIIiB.

BucnoBku. Koxxern API mae yrikanbHi cuitbHI ctopoHu. Google Speech-to-Text Bipi3HAETHCS TOUHICTIO Ta
MIBUJIKICTIO, 1110 POOUTH HOTO 1IeabHIM IS IOJIATKIB Y peabHOMY 4Yaci, TAKUX K FOJIOCOBI MOMIYHHUKH. DyHKIIIT
HaynamTyBaHHg IBM Watson i1 Oe3neka KOpHOpaTHUBHOTO PiBHA POOJSATH HOTo MPUAATHUM AJIS CIEIialli30BaHUX
oOIacTeii, 30KpeMa 0XOpOoHH 3710poB’s Ta ¢iHaHciB. Microsoft Azure Speech Service mponoHye BiIMiHHY iHTerpa-
IO 3 EKOCUCTEMOI0 Azure, 10 poOUTH HOro HaAiHHUM BUOOPOM JUId MiANpHEMCTB. MacmTaboBaHICTh 1 JOCTYII-
HicTh Amazon Transcribe poOIsATh HOr0 imeaNbHUM TS KOMIAHIN i3 BETMKHUMHU MOTPeOaMu B TpaHCKpUMii. Tum
gacoM AssemblyAl mporoHye ekoHOMiIYHO eheKTHBHE Ta IPOCTE PillIeHHs IS 3araJIbHOTO BUKOPUCTAHHS 3 TAKUMH
KOHKYPEHTOCIIPOMOXXHHMH (YHKIIISIMH, SIK aHaJI13 HACTPOIB.

Bubip HeoOxinHoro API 3a51eKHUTh BiJl KOHKPETHUX BUMOT BAIllOTO MPOEKTY, BKITFOYAOUM OIOMKET, OarkaHi
(hyHKIIT Ta O4iKyBaHY TOYHICTh. PO3pOOHWKH TaKoX TTOBUHHI BPaXOBYBAaTH JOATKOBI (haKTOPH, TaKi SIK MiITPUMKa
IIYMHOTO CepeIOBUINA Ta PETiOHATLHUX aKIEHTIB, SKi MOXYTh CYTTEBO BILTUHYTH Ha IPOIYKTHBHICTb.

Takum yMHOM, LIeH aHami3 3a0e3neuye CTpyKTypy Uit Bubopy API po3mizHaBaHHS MOBJICHHS, aJalITOBAHOTO
JI0 BammMx motped. MaitbyTHs poboTa MOXKe BKIIFOUATH TECTyBaHHS NoAaTKoBUX API, omiHKy iX MpORyKTHBHOCTI
B Pi3HUX YMOBaX i BUBYCHHS] HOBUX TEXHOJOTIH y cepi po3mizHaBaHHS MOBICHHS.
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97
96
95
94
93
92
91
90
89
88
87

TOYHICTb(%)

Google IBM Watson AssemblyAl Microsoft Amazon
Azure Transcribe

API

Puc. 2. Jliniitanit rpadik TOYHOCTI po3Mi3HABAHHS
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INTEGRATED PLATFORMS FORAUTOMATING PERSONAL FINANCIAL ACCOUNTING
BASED ON CHATBOTS AND CLOUD TECHNOLOGIES

In the context of increasing financial complexity and the growing need for better personal finance management, virtual
personal financial assistants have emerged as essential tools for individuals seeking efficient ways to track, manage, and analyze
their finances. The widespread adoption of smartphones and cloud-based technologies has contributed to the growth of automated
financial solutions that assist users in budgeting, expense tracking, and making financial decisions. This study examines the
conceptual and practical foundations of developing a virtual personal financial assistant based on Telegram chatbot technology,
integrated with cloud services such as Google Sheets. The research explores methods for automating financial accounting,
enhancing user interaction with financial data, and ensuring secure, scalable, and accessible financial accounting tool for
individual and family.

The paper investigates the integration of asynchronous communication models using Aiogram, implementation of cloud-
based data management via the Google Sheets API, and the use of a lightweight database SQLite for handling service-related
data. Particular attention is given to the interaction logic, user experience design, and security protocols based on OAuth2 for
managing sensitive financial data.

Furthermore, the research analyzes the user experience, focusing on how the system supports both individual and shared
financial management. It explores the functionality that enables multiple users to collaboratively manage a family budget.

The proposed solution represents an approach, combining elements of software engineering, cloud computing, and digital
finance. The study highlights the advantages of chatbot-driven interfaces for personal finance management and outlines the
potential for future enhancements, including greater automation, multi-user collaboration, and artificial intelligence integration.

Key words: virtual financial assistant, financial accounting, Google Sheets, Telegram bot, chatbot.

TI'aiiman O. M., Cnumxa 1. B. Inmezpoeani nnamgopmu ona aemomamusauii ocodoucmozo ¢inancosozo oonixy na
OCHOGI 4am-00mie ma XMapHux mexnHon02ii

Y konmexcmi 3pocmaiouoi’ cknaonocmi QiHancosux npoyecie ma nompeou 6 egheKmusHoMy YAPAGIIHHI 0COOUCTNUMU
inancamu 8ipmyanbHi nepcoHanbi iHAHCO8I acUCenmu CIaiomy 8ANCIUBUMI THCIPYMEHMAaMuL OJisL TNUX, XHO WYKAE 3pYYHi
€nocodu 8IOCIOKO8YBAKHS, YIPAGIIHHS MA AHATIZY CBOIX (IHAHCIE. 3 nowuUpeHHIM cMAPMEDOHIE Ma XMAPHUX MeXHONO2Il HADY-
8arOMb NONYIAPHOCIE ABMOMAMUZ0BAH] (IHAHCOSI PileHHs, AKI 00ONOMAaionb KOPUCIYBAYAM ) 8edeHHI 0100xcemy, 8idcaio-
KOBYBAHHI sumpam ma npuiinammi Qinancosux piutenn. Lle docniodcenns ananizye Kom;enmyaﬂbni ma npaxmutmi acnexmu
p03p061<u BIPMYIIbHO20 NEPCOHATLHO0 @inancogozo acucmenma, nobyoosanozo na ocrosi mexuonoeii Telegram-6oma ma
iHmezposanozo 3 xmaprumu cepgicamu, maxumu sx Google Sheets. Memoio 00cioxcents: € uguenHs Memoodie asmomamusayii
inarncosozo 06Ky, nokpauerns 63aemMo0ii KOpUcmy8aua 3 (inancosumu OanuMu ma CMEoPeHHs De3NeYH020, Macumadosa-
HO20 | 00CMYNHO20 THCMPYyMeHmy 01 (IHAHCO8020 OONIKY K 0N OKpeMUx ocib, max i 01 cimell.

Y cmammi 0emanvro posensidaemvcs inmespayis aCUHXpOHHUX Modenell KOMyHikayii 3a donomozoio Aiogram, eénposa-
0dHCenHs XMapHo2o ynpaeninua danumu uepes Google Sheets API ma suxopucmannus neexoi b6asu oanux SQLite ona 30epieanus
cepgichux oanux. Okpema ysaea npudinaemvcs n02iyi 63a€Mo0ii Kopucmyeaya, ousatiny inmepgeiicy ma numaHHAM Oe3nexu,
30Kkpema 3acmocysannio npomoxony OAuth2 ons 3axucmy wymausoi ginancosoi ingpopmayii.

Takooic docnioscyemves 00c8i0 KOpUChtysauis, 0cooIUB0 uj000 Ho2o, K CUCHeMa niOmpumye K iHOugioyaibHe, Mmax
i cninbie Qinancose ynpasninis. 30kpema, po3enioaemvCcsi yHKYIOHATLHICIb, KA 003607€ KLIbKOM KOPUCTY8AUAM CRITbHO
YRPAGIAMU CiMElHUM YU 2PYROBUM DI00NCEMOM.

3anpononosane pivients no€OHye eneMenmu nPoSPAMHOI iHceHepii, XMapHux obuuciens ma yugposux ginancis. Jocni-
0dHCcenHs NIOKPeCTIoE nepesazy 4am-60mia 0is YnpasiiHHa 0CoOUCUMU QIHAHCAMY A 6KA3YE HA NOMENYIan 08 NOOANbUIUX
YOOCKOHANIeHb, MAKUX 5K NIOBULYEHA ABMOMAMU3AYIS, POZUIUPEHA CRIGRPAYS MIJIC KOPUCHYBAYAMU MA IHMe2Pais Wmy4Ho20
IHmenexmy.

KitrouoBi cioBa: gipmyansruti (hinancosuti nomiunux, Qinancosuil oonix, Google Sheets, meneepam-6om, uam-o6om.

© O. M. Haitan, L. V. Snytka, 2025

58 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (69), 2025



Formulation of the problem. Modern financial management systems play a pivotal role in the effective man-
agement of financial processes in both business and personal life. The advent of digital technologies and automation
software solutions has profoundly transformed financial accounting, budget planning, and income and expense
control. These functions have become easier, accessible, and more convenient for users.

A virtual financial assistant is a software tool or system designed to assist users in managing their finances. It
is an application or a bot that performs a variety of functions to help users in managing their finances, maintaining
records of income and expenses, planning budgets, analyzing expenses, and providing recommendations for achiev-
ing financial goals or investments. Presently, financial bots have become prevalent. These are computer programs
that can automate some financial tasks using coded commands.

The importance of virtual financial assistants lies in their ability to provide users with convenience and effi-
ciency in managing their finances. Virtual financial assistants can automate many routine tasks, such as recording
expenses, categorizing transactions, and generating reports. This saves users significant time and effort, allowing
them to focus more on strategic planning of their finances. Available on a variety of platforms, such as mobile
apps or online services, virtual financial assistants allow users to have constant access to their financial data. They
also offer a user-friendly and intuitive interface that allows even non-expert users to easily navigate their finances.
Virtual assistants also use analytical algorithms and artificial intelligence to analyze a user’s financial data. Based
on this analysis, they provide personalized recommendations for the optimal allocation, savings, and investments,
thereby assisting users in achieving their financial objectives. The programs pay close attention to the security of
financial data. They use advanced encryption methods and security protocols to ensure the confidentiality and pro-
tection of financial data.

Key areas that require virtual assistance in managing personal finances include:

Components of personal flnance management

%E Investments
The pur f assets, usually stocks and

bonds, forap

Fig. 1. Key areas of managing personal finances

Virtual financial assistants can be effectively used to manage family budgets by providing centralized account-
ing of financial transactions and access for all family members. This approach helps increase transparency, account-
ability, and consistency in family financial management. Sharing expenses helps to avoid unnecessary spending,
optimize the use of resources, and develop healthy financial habits. Furthermore, a transparent accounting sys-
tem stimulates discussion of common financial goals and improves communication among family members about
budget decision-making. All family members can see their contribution to the family budget and understand the
overall financial situation, how funds are being used, and which expenses are being prioritized.

Users can customize bots individually. For instance, financial bots can send notifications regarding loan pay-
ments, debts, and other reminders that the user needs.

The following are the advantages of Virtual financial assistants for users: the ability to control financial
income, expenses, and keep records; the formation of a plan and income calculations, the ability to build a model of
interaction with finances in advance; the ability to generate reports; the ability to view statistics; access to informa-
tion 24/7; and customization of the program according to the user needs [1].
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Analysis of recent research and publications. Mohanan A. et al. [2] reviewed the current literature on
intelligent personal assistants. They outlined the key benefits of personal financial assistants, which increase pro-
ductivity and improve accessibility by allowing users to manage finances, plan expenses, obtain information, and
perform routine tasks using voice or text commands. However, along with these benefits, attention has been drawn
to security and privacy threats, particularly in the case of third-party apps that could lead to unauthorized access or
misuse of user data.

Iovine A. et al. [3] classified the types of conversational agents into three categories: informational, transac-
tional, and advisory systems. Khudolii Yu.S. and Kosolapenko V.S. [4] added lead generators and feedback chatbots
to this list.

Iovine A. et al. studied the development of key components of virtual customer assistants (VCA) in the finan-
cial industry depending on the category, reviewed templates and best practices for creating Conversational User
Interfaces for VCA.

The prospects for the development of virtual financial assistant technologies lie in the use of generative
Artificial Intelligence, Deep Machine Learning, and the integration of quantum algorithms into financial planning.
Jain M. and Srihari A. [5], considering personal financial management tools, compared traditional approaches and
solutions based on artificial intelligence. Pavlyuchenko D. M. [6] conducted a study on the impact of Artificial Intel-
ligence and Machine Learning on banking services.

The market for financial management software is expanding rapidly due to the development of technology
and the growing interest in personal finance. Numerous software solutions have been developed to assist users in
managing their finances.

“Money Manager Expense and Budget” is a financial management app developed by Realbytelnc. that
helps users track their expenses, plan their budgets, and control their financial resources [7].

Key functions of «Money Manager Expense and Budget» include:

1. Input and tracking of users’ incomes and expenses with categorization of expenses and their descriptions.

2. Budget planning with the definition of monthly expenditure limits for each category. The ability to set
budget goals and receive notifications when approaching the limit, ensuring expense control.

3. Tracking reports and statistics in the form of charts and diagrams for expense control, displaying incomes
and expenses by various categories and over a specific period of time.

4. Synchronization across different devices and backup [8].

“Money Lover” is a financial app created by Finsify in 2011 for personal finance tracking and resource man-
agement. The app is available for use on various platforms, such as mobile devices with Android and iOS [8].

Key functions of “Money Lover” include:

1. Transaction and expense tracking. Adding transactions by categories to track user expenses. The ability to
link bank accounts for tracking transaction histories.

2. Financial planning. The ability to categorize expenses, set limits for each category, and receive notifications
when approaching the limit.

3. Financial management for special events. The ability to create separate financial plans for events with
planned expenses, such as vacations, holidays, or gifts.

4. Automatic addition of recurring transactions, such as weekly purchases or monthly bills, into the system.

5. Account management. The ability to add various bank accounts, credit cards, and other financial resources
to the system. The ability to track balances, transfers, expenses, and income from all accounts for a complete over-
view of financial status.

In addition to applications that require downloading and installation, there are also chatbots integrated into
messaging platforms such as Facebook, Viber, and Telegram. These chatbots offer the following advantages for users:

1. Convenience. Users are not required to download or install a separate application, as the chatbots are
directly embedded within platforms like Facebook, Viber, and Telegram. This enables users to carry out financial
transactions and access information in a convenient manner without leaving the messaging app.

2. Quick access. Users can obtain essential financial information directly within the messenger chat. This
saves time by eliminating the need to switch to standalone applications or websites.

3. Interactivity. Chatbots enable user interaction through text messages or interactive buttons, which simpli-
fies communication. Users can easily specify their requests and receive the appropriate responses and actions.

“WherelsMyMoney” is a Telegram-based financial management bot designed to help users track their
expenses and manage their financial resources [9].

The main functions of “WhereIsMyMoney” include:

1. Tracking of expenses and income, with the ability to input amounts and descriptions for both.

2. Expense statistics over a specified period.

3. Report export in selected formats, such as csv or xIsx.

Based on the analysis of existing software solutions in the field of virtual financial assistants, the development
of a virtual financial assistant in the form of a chatbot was deemed appropriate solution, and its core functionality
was defined.
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The purpose of the article is to explore the development of a virtual financial assistant in the form of a
Telegram bot integrated with Google Sheets, designed to support users in managing and tracking their personal
finances.

Based on the analysis of the subject area and taking into account user needs for a convenient tool for manag-
ing both personal and shared financial records, the functional requirements for a chat-bot were defined as follows:

e User interaction initialization: launching the bot, providing instructions, creating an individual accounting
spreadsheet, and supporting invitations for shared access.

e Implementation of a main menu with buttons: entering transactions (income and expenses), viewing
recent entries, aggregating by categories, viewing balance over a selected period (recent, monthly, or total income/
expenses), accessing the spreadsheet, and accessing help information (getting a link to the spreadsheet and a help
section).

¢ System configuration: managing reminders and invitations, and setting up shared (family) finance tracking.

e Transactions: adding, categorizing, commenting on, cancelling, editing, and deleting financial records.

e Spreadsheet operations: synchronized access to the “Expenses”, “Income”, and “Reports” sheets, with the
ability to edit or delete transactions.

e Table deletion and user management: deleting the spreadsheet (for the owner) and removing invited users.

Non-functional requirements include maintaining informal conversational interactions, preserving the user
session between interactions, and ensuring continuous bot operation without requiring repeated registration.

Presenting main material. The platform selected for the development of a virtual financial assistant defines
the foundation for its functionality and the mode of interaction with users. There are various platforms on which a
virtual financial assistant can be developed, each offering its own advantages and specific features. Several popular
platforms are considered and compared below.

Messagers Facebook, Viber, and Telegram offer powerful capabilities for chatbot development. They have
a broad user base and provide convenient communication through text messages, buttons, and graphical elements.

Mobile platforms (i0OS, Android) allow users to interact with the virtual assistant via a mobile application on
their devices. This ensures portability and accessibility for users.

Web platforms enable the creation of a financial assistant accessible through a browser, offering flexibility
and convenient interactive access to financial features.

For development of the virtual financial assistant, the Telegram platform was chosen due to its popularity,
user-friendly interface, and robust tools for building bots. Telegram has a large and steadily growing number of
active users, which ensures broad access to the target audience (Fig. 2) [10].

930

o0

400

Fig. 2. Increase in the Number of Telegram Users

Source: © Statista 2025

The platform supports BotAPI and provides a clear, well-documented programming interface that simplifies
functionality integration. Telegram’s simple and intuitive interface facilitates interaction with financial features and
services. Robust security measures and modern encryption techniques ensure the protection of confidential data,
which is critical for handling sensitive financial user data.

In development of the virtual financial assistant for automation of financial accounting and planning, several
key software technologies were selected to ensure system efficiency, flexibility, and integration capability. The pri-
mary requirements for these technologies are ease of integration with existing services, user-friendliness, reliability,
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and scalability. The selection process considered the following aspects: user convenience, automation capabilities,
and the technical implementation of interactions between system components.

One of the core technologies used for developing the virtual assistant is the Telegram API, which enables the
creation of bots for automated user interaction via chat. The Aiogram library was chosen for this purpose. Aiogram
is a high-level, asynchronous Python library for building Telegram bots, capable of efficiently handling numerous
concurrent requests. It supports essential functionality and provides a convenient interface for interacting with the
Telegram API and developing complex, interactive bots. Aiogram enables flexibility of user interaction logic and
is reliable in terms of scalability. Its key advantages lie in its simplicity and flexibility. Thanks to its extended func-
tionality, Aiogram facilitates the creation of bots with complex user scenarios and interactions through commands
and messages. It provides convenient tools for processing incoming messages, managing finite-state machines,
and implementing response logic. It also supports various message types, custom keyboards with buttons, and user
interaction events.

Python is selected as the main programming language for development of the virtual assistant due to its high
performance, flexibility, and simplicity in implementing interaction logic among system components. Python’s
elegant syntax, efficient data structures, and dynamic typing contribute to its usability. As an interpreted language,
Python is well-suited for scripting and rapid bot development. Moreover, it includes a vast number of standard
libraries that offer ready-made solutions for tasks ranging from text processing to data analysis. Python’s cross-plat-
form nature allows it to run on various operating systems and devices.

Google Sheets was chosen as the cloud-based platform for storing and processing financial data in the table
view. It provides a convenient interface for working with large volumes of data and enables users to effectively man-
age their finances through integration with other services. Interaction with Google Sheets is implemented using the
gspread library, which allows connections to a Google account to read, write, and update spreadsheet data without
manual document modifications. The library’s extensive functionality supports operations on various data types,
creation of new spreadsheets, editing and deletion of existing ones, and management of access rights to Google
Sheets directly from the Telegram bot. This significantly reduces user workload and automates most data-related
operations.

Google Sheets also enables automated data processing through built-in formulas. This functionality allows
the financial assistant to perform calculations, analyze data, and provide relevant reports to the users. Therefore,
choosing Google Sheets as the tool for storing users’ financial data is a rational decision, offering user-friendly data
handling, multi-device access, and automation capabilities.

Each user has an individual Google Sheets spreadsheet to which the bot has access. Expense and income data
entered by users via the Telegram bot are automatically recorded in the corresponding spreadsheet. This allows for
convenient storage and tracking of the user’s financial history.

To work with Google Sheets via the Telegram bot, a Google service account is required. It facilitates interac-
tion with various Google services, including the Sheets and Drive APIs. This account provides automatic authen-
tication and access to functions that enable interaction with stored data, including file creation, reading, updating,
and other operations within the Google services. Using this service account, the financial assistant uses Sheets API
to read and write data to Google Sheets. This enables the automatic update of financial data, execution of calcula-
tions, and generation of reports based on the spreadsheet content. Additionally, the service account grants access to
the Drive API, allowing file operations such as uploading, saving, searching, and synchronizing files in the Google
Drive cloud storage.

To ensure security and authentication when accessing Google Sheets, the OAuth2 standard is used. This pro-
tocol provides secure access to user data without requiring password storage. The oauth2client library is employed
for interaction with OAuth2, offering tools for authorization and authentication necessary for accessing Google APIL.
The library provides secure access to users’ financial data by retrieving access tokens for service accounts used to
interact with Google API directly from Python. This approach ensures security and access control to financial data
and automates the process of accessing Google Sheets.

The use of the gspread and oauth2client libraries allows the virtual financial assistant to access Google Sheets
and perform read/write operations. In addition, other libraries are utilized: schedule for task planning, decimal for
high-precision decimal operations, and datetime for working with dates and times.

For automating tasks such as periodic data updates or end-of-day reminders, the schedule library in Python is
used. It enables the configuration and execution of scheduled tasks, supporting the development of reminder func-
tionality for financial operations and user expense tracking. This tool allows for planning tasks, events, and actions
at specific time intervals, as well as setting up recurring tasks. The library also supports different time zones and is
useful for automating processes such as data collection, message sending, and event planning.

To store general information about the financial assistant, the SQLite database was selected. SQLite is a
lightweight relational database engine that is well-suited for small-scale projects. It provides fast data access and a
simple SQL syntax for interaction with the database.

The architecture of the chatbot represents a multi-component system that enables interactive communica-
tion between the user and the application. It is built on a microservices-based approach, where each component is
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responsible for a specific function. The structure of the virtual financial assistant comprises three main components:
Telegram bot, SQLite database, and Google Sheets. The Telegram bot serves as the user interface, allowing users
to input their financial data and receive reports. It interacts with users by collecting and processing requests, then
transfers the data to Google Sheets for storage. Google Sheets are utilized to organize and store users’ financial data.
The bot also accesses financial data via the Google Sheets AP, enabling automated operations such as balance cal-
culations, expense tracking, and report generation. The SQLite database stores and provides access to user-related
information (such as chat ID, email addresses, and spreadsheet link). The bot interacts with the database to retrieve
and update user information. This architecture allows the virtual financial assistant to efficiently interact with users,
securely store their financial data, and ensure confidentiality and integrity of the information.

Integration between components is implemented via RESTful APIs for communication between the Telegram
bot and Google Sheets. This ensures a high level of scalability, security, and user convenience.

The operation algorithm of the virtual financial assistant is based on the interaction between the user, the Tel-
egram chatbot, and Google Sheets (Fig. 3).

Me==age for

telegram_bot Message b
@telegram_ * Telegram server Iistg‘ @telegram_bot
User
Data
Interaction with table .| Google I, baze
table |

Fig. 3. The operation algorithm of the virtual financial assistant

The Telegram bot operation algorithm can be divided into several stages. The bot constantly monitors the
incoming stream of messages and waits for a message from the user. Upon receiving a message, the bot performs
semantic and structural analysis to determine the type of the request or command sent. It examines the message
text, its structure, and the presence of keywords to identify the required operation. Following the analysis, the bot
executes the corresponding action or request. This may include providing information, performing a specific func-
tion, conducting a search, or interacting with Google Sheets or the database. Upon completion, the bot generates an
appropriate response for the user in the form of text, a link, or other format that best addresses the user’s request.
Depending on the action performed, the bot may save the obtained data for future interactions. Additionally, the user
has access to the linked Google Sheet, which they can view or modity.

The development of a Telegram chatbot begins with registration via the Telegram Bot API through the official
BotFather, which facilitates the registration process and provides an API token for interaction with the Telegram
Bot APL

After receiving the API token, to integrate with Google Sheets, it is necessary to create a dedicated service
account in the Google Cloud Platform. This entails initiating a new project, enabling the Google Sheets API and
Google Drive API services, and configuring credentials with “Application Data” access type. The service account is
granted the “Owner” role to permit the creation and modification of Google Sheets documents. Once these settings
are configured, a JSON-formatted key must be generated. JSON is a language-independent data exchange format
based on JavaScript, used to transmit structured information between heterogeneous systems. It represents data as
key—value pairs, and supports objects (including associative arrays), arrays, numbers, strings, Boolean values, and
nulls.

The use of a predefined template in Google Sheets allows for the creation of a standardized, preformatted doc-
ument, which serves as a basis for storing user-provided financial data via the chatbot. To configure such a template,
a spreadsheet must be created and the service account granted editor permissions (Fig. 4-6).

The sqlite3 is a built-in module included in the standard Python distribution starting from version 2.5. Within
the framework of the virtual financial assistant, it is used exclusively for storing service information about users and
data that facilitates modifications to the spreadsheet, since the primary financial data (income, expenses, reports) is
stored in Google Sheets. The attributes of the database are listed below:

— user_id stores the user’s identifier in the database; data type: INTEGER; set as the PRIMARY KEY;
email stores the user’s email address; data type: TEXT;

— spreadsheet_link stores the link to the Google Sheets; data type: TEXT;
— last added row_sheetl stores the index of the last added row in the first sheet; data type: INTEGER;
— last_added row_sheet2 stores the index of the last added row in the second sheet; data type: INTEGER;
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Fig. 6. Template for the “Reports” sheet

— money stores the last amount entered by the user; data type: REAL;

— description stores the last description entered by the user; data type: TEXT;

— notifications stores information on whether notifications are enabled for the given user; data type:
BOOLEAN;

— invite_code stores the invitation code used for managing family budgets; data type: TEXT.

Fig. 7 presents the database initialization used for storing user data.
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# NigknmwdeHHA oo HasKW gaHWx
conn = sglite3.connect( users.db")
cursor = conn.cursor()
# CTeopeHHA Ga3n gaHux
cursor.execute(' ' "CREATE TABLE IF NOT EXISTS users
{user_id INTEGER PRIMARY KEY, email TEXT, spreadsheet_link TEXT,
last added row sheetl INTEGER, last added row sheet2 INTEGER,
money REAL, description TEXT, notifications BOOLEAN, invite code TEXT)

conn.close()

Fig. 7. The database initialization

At the initial stage of implementing the Telegram bot, a handler for the /start command is created. This han-
dler analyzes the arguments passed with the command using the message.get args() method. Depending on the
presence of an argument, the corresponding function is invoked: handle normal start for a standard launch, or
handle_invite start when a user is invited to use the system jointly.

The handle normal start method processes the message that initiates interaction with the bot. Its core func-
tionality depends on whether the user is registered in the database:

o cstablishes a connection to the database and retrieves the user record using the user_id;

e if the user already exists in the database, sends a message containing a link to their spreadsheet, retrieving
the spreadsheet key using get spreadsheet key;

o if the user is not present in the database, sends a welcome message describing the bot’s features and
prompts the user to enter their actual Gmail address;

e sets the state to UserEmail.email in order to handle the entered email address in the next step.

The handle_invite start method handles messages that initiate the process of inviting a user to join a shared
financial accounting system. Its main actions include:

e sends a message to the user requesting their email address;

e sets the state to UserEmail.invite_email to process the entered email.

The UserEmail.email and UserEmail.invite email states validate the correctness of the entered email address
and subsequently invoke the create sheet and share sheet functions respectively.

The create_sheet function performs the following tasks:

e creates a spreadsheet based on a template and grants access to the provided email address;

¢ sends a message to the user in the chat with a link to the created spreadsheet and usage instructions;

e generates a menu for further interaction with the bot;

e stores the user’s data in the database for future identification and generates an invitation code for inviting
additional users.

The share_sheet function performs the following operations:

e connects to the database and retrieves the spreadsheet link using the invitation code;

o if the spreadsheet link exists, extracts the email from the user’s message;

e opens the spreadsheet using the retrieved link and grants editing access to the specified email;

o stores the user’s data in the database, including user ID, email, spreadsheet link, and other relevant infor-
mation;

o sends the user a message with the spreadsheet link and instructions for using the financial assistant bot.

The handle text function processes user messages that are not bot commands, ensuring smooth interaction
with the bot. Its main operations are:

e retrieves the text message and user ID;

o splits the message into two parts — amount and description — using a space;

e checks whether the first part is a float-type number;

o ifvalid, performs the required operations; if the first part is not a number, sends an error message indicating
incorrect input;

e formats the number to two decimal places;

e stores the amount and description in the database;

e displays category selection buttons to the user.

The handle text message sheet function, which manages data insertion into the “Expenses” and “Income”
sheets in Google Sheets, executes the following tasks:

e authorizes access to Google Sheets using provided credentials;

e opens the spreadsheet using the key retrieved from the database;

e retrieves the money amount and description from the database;
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e obtains additional user details, such as the user’s name;

o formats the current timestamp;

e creates a data list including the formatted timestamp, message text, money amount, user name, and descrip-
tion;

e scarches the first empty row in the spreadsheet, starting from row 18;

e updates this row with the prepared data using the update method;

e updates the database with information about the last added entry.

To display information about the added transaction and provide a “Cancel” button, the cancel button func-
tions are implemented with the following functionality:

e deletes the previous message containing buttons;
retrieves the current time and user ID;
obtains the user’s recorded money amount from the database;
creates a new message confirming the recorded money amount into a specific category;
adds a “Cancel transaction” button to the message.

Functions such as balance and balance month are implemented to display the balance for all time / for the
current month. They perform the following operations:

e call the get data from_cell function to retrieve data from a specific cell in the SHEET for expenses and
income respectively;

e calculate the balance by subtracting expenses from income;

e convert resulting income, expenses, and balance data in format for display;

e generate a formatted message showing the financial balance, including income, expenses, and balance for
the selected period;

e remove previously displayed buttons from the message; generate a button labeled either “View Monthly”
or “View All-Time” for further navigation;

e send the new message with the balance data and the navigation button.

The report by category of expenses, report by category of income (for categorized transaction summa-
ries), report_recent transactions, and report_recent_earnings (for 15 recent transactions / earnings) functions imple-
ment reporting mechanisms for the user’s financial activity.

The report_by category of expenses function performs the following tasks:
authorizes access to Google Sheets using the provided credentials;
opens the spreadsheet;
determines the current month;
defines the range for expense categories and amounts;
retrieves category and amount values from the spreadsheet;
formats report text by adding category names and corresponding amounts;
sends the generated report to the chat.

The /delete_sheet command implements conditional logic based on the user’s role: if the spreadsheet was cre-
ated by the user, the command initiates complete deletion; if the user was invited to the shared sheet, the command
removes them from access. The delete sheet function performs the following tasks:

o checks the presence of an invite _code in the database for the current user;

e depending on the presence of the invite_code, generates confirmation buttons for deleting the sheet (con-
firm_delete) or exiting the shared access (confirm_remove);

e sends a confirmation message with the relevant buttons.

The confirm_delete function performs the following tasks:

e retrieves the user_id from the request;

e calls the del spreadsheet function via google client to delete the spreadsheet using the key from the data-
base;

o deletes the associated database record based on the spreadsheet link;

e sends a message confirming the deletion and provides instructions for entering a new email address to
restart the process;

e sets the state to UserEmail.email to collect the user’s email.

The confirm_remove function performs the following tasks:
retrieves the user_id from the request;
queries the database to obtain the user’s email and spreadsheet link;
opens the spreadsheet using the link;
removes the user’s access rights based on their email address;
deletes the corresponding record in the database;

¢ sends a message confirming successful removal of the email from the spreadsheet, along with instructions
for entering a new email to restart the process;

e sets the state to UserEmail.email to collect the user’s email.
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Upon first activation, the virtual financial assistant provides a brief guide to the chatbot and prompts the user
for their email address to generate a personal spreadsheet. Once the address is submitted, the bot displays a message
indicating that the spreadsheet is being created and asks the user to wait. After the table has been created, the assis-
tant sends a link to it accompanied by a brief usage guide (Fig. 8).
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Fig. 8. The registration process

Upon completing of the registration process and personal table generation a menu appears, presented as a
set of interactive buttons that assist the user in managing finances and configuring the personal virtual assistant.
To initiate interaction, the user inputs an expense, for example: “700 for phone repair.” The bot then prompts the
user to select a category for the expense or income. As a result, a confirmation message is displayed showing the
transaction details (Fig. 9).
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Fig. 9. The recording of transaction

In a similar manner, the user input both income and expenditure data into the table. After transactions have
been recorded, the user can review them either by accessing the spreadsheet via the registered email address or
directly within the Telegram bot through the corresponding menu options (Fig. 10).

The system supports collaborative financial tracking. To enable this functionality, the user must navigate to
the “Settings” section, select the “Shared Accounting” option, and send an invitation to another user (Fig. 11).
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Fig. 11. Sending an invitation for collaborative financial tracking

Upon following the invitation link and executing the /start command, the invited user receives a message
from the assistant, indicating that they have been invited to a shared accounting. To proceed, the user is prompted to
enter their email address. Once submitted, the new participant is added into the owner’s spreadsheet, allowing for
joint financial management. As multiple users interact with the financial assistant over time, the spreadsheet reflects
collaborative activity (Fig. 12—13).
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Fig. 12. Expenses sheet after data entry by multiple users
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Fig. 13. Report sheet after data entry by multiple users

To ensure proper operation, the virtual financial assistant must be deployed either on a hosting platform or
a local server. For local deployment, the following steps are required. Before launching the project, a virtual envi-
ronment should be created using the command python -m venv venv, and then activated via \venv\Scripts\activate.
All required dependencies must be installed using the command pip install -r requirements.txt within the activated
environment. Next, the database should be initialized by executing the script python db.py. If necessary, configura-
tion parameters — such as the Telegram bot token and service account credentials — can be modified in the settings.py
file. Once configuration is complete, the project can be launched using the command python bot.py. This approach
ensures that the assistant functions correctly in both local and cloud-based environments.

Conclusions. Virtual personal financial assistants serve as effective tools for enhancing financial literacy and
ensuring stability at both individual and family levels. They simplify budgeting processes, facilitate income and
expense tracking, and support informed financial decision-making.

This study presents the implementation of a Telegram bot integrated with Google Sheets, providing users with
convenient and secure access to the functions of a personal financial assistant. The results demonstrate the practical
value of such an approach for everyday financial management.

The developed tool has significant potential for further enhancement, particularly through expanding func-
tionality, increasing automation, and integrating artificial intelligence. The proposed solution represents a meaning-
ful step toward the digital transformation of personal finance management.
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APXITEKTYPA HAINIBABTOMATHU30BAHOI CUCTEMHU AHOTAIIIT
BATATOMOBHUX APXIBHUX PYKOIIMCHUX TEKCTIB

Y cmammi pozenamymo axmyanvhy Hayko8o-npuxiaony npoonemy, noe’s3aHy 3 agmoMAmMu308aHuM pO3Ni3HAGAHHAM
ICMOPUYHUX PYKONUCHUX OOKYMEHMIB, o 30epieatombca 6 apxienux yemanosax Yxkpainu. OcoOnugy CKIaoHichs CaHoums me,
U0 3HAUHA YACMURA YUX OOKYMeHmie — 30kpema nepiody XIV-XIX cmonims — mae 2emepo2enty MOGHY CIMPYKMYpY, 6KI0UAI0UU
meKcmu YKpaincoKoio, NoibCbKo, JAMUHCLKOI0, POCIICbKOI0 Md OCMAHCLKO-nypeybkoro mosamu. OKpim 6azamomogHochi,
icmopuyni mexcmu 8i03HAYAIOMBCS GUKOPUCAHHAM KUTbKOX alhasimie y Mexcax 00H020 OOKYMEHMA, Wo 3HAYHO YCKIAOHIOE
3ACMOCYB8AHHA KIACUYHUX Memo0dig onmuuno2o posniznasanna cumeonie (OCR), axi 3a36uuaii opicHmosani Ha cyuacHi ooHo-
MOBHI OPYKOBAHT OOKYMEHML.

s nodonanus 6xa3anux GUKIUKIE Y poOOMI 3aNPONOHOBAHO APXiMeKmypy IHMENeKmyanbHoi cucmemu, 30amHoi 00
HANIGABMOMAMU306AHO20 MAPKYBAHHA CUMBOIIIE Y CKAAOHUX meKcmogux gpazmenmax. Ilepedbaueno mexanizm KorekmusHoi
yuacmi Kopucmyeauig y npoyeci ietibniney ma nooansbuioi eanioayii Mimox, wjo 0036015€ 3MEHWUMU UMOGIPHICHb THOOCOKUX
NOMUNOK | nioguumuy AKicms aHomosanux danux. Taxutl nioxio cnpusie opmyeantio BUCOKOAKICHUX KOPNYCi@ OaHUX, Heo0Xio-
HUX 0711 HAGYAHHS MOOenell 2IUOUHHO2O HAGYAHHS, AOANMOBAHUX 00 PO3NIZHABAHHS PYKONUCHUX MEKCMIB 31 3MIUAHOI0 MOBHOIO
CMpPYKMYpoIo.

Knrovosumu ynxyionanshumu 0coorueocmamu 3anponoHo8anol cucmemu € RIOMpUmMKa MyTbmuMo8HOCH, MyIbmua-
pasimrocmi, a maxoic MONCIUBICIb MACUMADYBAHHS NPOYECi8 POIMIMKU 0AHUX 8I0N0GIOHO 00 cheyugiku iCMOpUYHUX Odice-
pen. Incmpymenm opieHmosanuil Ha CMEOPEHHs 2HYHK020 CepedosUIya Oisl IHMEPAKMUBHOT 63AEMOOIT MidiC 0OCTIOHUKAMU 2yMa-
Himaproi cpepu ma axieysamu 3 06podKU OaHUX, WO, Y CBOI0 Uepey, 00360IAE POSWUPUNU MONUCTUBOCT MINCOUCYUNTIHAPHUX
oocaidcetd.

3anponoHosane pinients Mae AK meopemuyne, Max i npaKmuyne 3uaueHHs. 3 001020 OOKY, BOHO CHPUAE PO3POOYI HOBUX
nioxodie 00 aBMOMamMu3068aHoi 06poOKU ICMopUUHUX ddcepen y KoHmeKcmi yughposoi cymanimapucmuxu. 3 inuioeo — 3abesne-
yye IHCmpymMeHmapitl 071 30epedcents, 6UGUEeHHS A NONYIAPU3AYLT HAYIOHATLHOT ICMOPUKO-KYTIMYPHOT CHAOWUHY WITAXOM iT
AKicHoi yupposoi mpanchopmayii.

KitrouoBi cioBa: posnizHaganus pyKonucHo2o mexkcmy, Cmeopents damaceny, 6e0000amox.

Dvasechko A. V., Lipianina-Honcharenko Kh. V. Architecture of a semi-automated annotation system for multilingual
archival handwritten texts

The developed system architecture enables the creation of datasets for further processing using machine learning and
deep learning techniques. This approach plays a key role in addressing the challenges associated with the automated recog-
nition of historical handwritten documents, particularly in complex multilingual and multi-script environments. A significant
portion of Ukraines archival heritage, especially documents dating from the 14th to the 19th centuries, contains texts written in
various languages—including Ukrainian, Polish, Russian, and Ottoman Turkish—using different scripts such as Cyrillic, Latin,
and Arabic.

Traditional Optical Character Recognition (OCR) systems are typically designed for printed texts and are limited in their
ability to handle the variability and noise present in historical manuscripts. Furthermore, they often lack support for mixed-lan-
guage documents and rare historical scripts, making them unsuitable for large-scale archival digitization projects. In contrast,
the proposed system architecture not only allows for the semi-automated labeling of individual characters but also incorporates
user interaction, validation mechanisms, and multilingual capabilities. These features significantly improve the quality of the
labeled data and ensure its suitability for downstream machine learning tasks.

The resulting datasets can be used to train modern recognition models, including convolutional neural networks (CNNs)
and transformer-based architectures, which have demonstrated high effectiveness in visual and sequence processing tasks. By
generating high-quality, annotated training samples, the system contributes to the development of robust handwriting recogni-
tion solutions that can adapt to historical variation in script style, ink degradation, and complex page layouts.
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Moreover, the architecture supports iterative model refinement through human-in-the-loop strategies, where user feed-
back is incorporated to improve recognition accuracy over time. This is particularly important in the digital humanities domain,
where expert validation and domain-specific knowledge play a critical role in ensuring the reliability of computational tools.
Ultimately, the proposed system facilitates the preservation, accessibility, and computational analysis of cultural heritage docu-
ments, thereby supporting historians, linguists, and archivists in their research efforts.

Key words: handwritten text recognition, dataset creation, web application.

IMocTranoBka npodiemu. [ludporizaiis Ta 06podka pykonrcHOT iHGopMallii € OTHIEIO 3 aKTyaTbHHUX 33724
Cy4acHO! KOMII IOTEPHOI JIIHTBICTHKH, IITYYHOTO IHTENEKTy Ta iH(OPMAIIMHUX TEXHOJOTiH 3aramoM. 3Ha4Ha
YacTHHA ICTOPUYHUX JOKYMEHTIB, 110 30€piraloThcs B apxiBax YKpaiHH, 3aJIUIIAI0THCS HEIHASKCOBAaHUMU Ta MAJIO-
JOCTYIHUMHU JAJISl TIOUTYKY ¥ aBTOMaTUYHOTO aHajIi3y yepe3 BiACYTHICTh SIKICHMX 3ac00iB pO3Mi3HABAHHS PYKOIHUC-
HOTO TEKCTY, 0COOIMBO B araTOMOBHOMY Ta MyJbTHAI(aBiTHOMY cepemoBuili. YacTHHA TaKuX TOKYMEHTIB — L€
pyxorucHi Teketr XIV—XIX cTouiTh, CTBOPEHI MOJLCHKOIO, POCIHCHKOI0, YKPATHCHKOIO Ta TypPEIbKOIO MOBaMH, i3
BHUKOPHCTAHHSM SIK KHPIITHUII, TaK 1 TaTHHUII. OKPiM TOTO, BUSBICHO YUCIICHHI IPUKIIANN YKPATHCEKUX CIIiB, 3aIIH-
CaHUX JIATHHOIO, IO YCKIIAJHIOE 339y aBTOMATHYHOI Kilacudikaii Ta po3mi3HaBaHHSI.

BinnoBinHo, mocTae 3aBaHHs AKICHOTO pO3ITi3HABAHHS 300paKeHb TEKCTIB, X CHMBOJIIB Ta IHTETpaIlii B iHTe-
JIEKTyaJIbHI CUCTEMH. 3 OISy Ha CKJIAIHICTh PYKOIMCHUX MIPH(TIB, BAPIaTHBHICTH MOB Ta HECTAaHIAPTHY Opdo-
rpadito, HasIBHI JaTaCeTH BUSABIAIOTHCSA MajoeekTnBHUMH. Lle 3yMOBIIIOE€ MOTPeOy y CTBOPEHHI CIEIiaTi30BaHOTO
JlataceTy IS 3a/1ad KOMIT FOTEPHOTO 30Dy, HaBYaHHS MOJeNeH IMHUO0KOro HaBYaHHS, CEMaHTHYHOI 00poOKY H Kia-
cuikarii TeKCTy.

AHaJii3 ocTaHHIX AocaiIKeHb Ta myOaikamii. ¥ KOHTEKCTi 3pOCTalouoro intepecy A0 Lu(poBoi ryMaHi-
TAPUCTHKH, OOPOOKH PYKOMUCHOI CHAMIIMHU Ta PO3BUTKY CHCTEM IITYYHOTO iHTENEKTY JJIS aHaJi3y iCTOPHIHIX
JOKYMEHTIB, JOCIIPKEHHS METOIIB 0araTOMOBHOI aHOTaIlii i po3IMi3HABaHHS PYKOIIHCHOTO TEKCTYy HaOyBae 0co-
OnMuBOi akTyallbHOCTI. bararToMOBHI apxiBHI Marepiayu, siKi MiCTSTh TEKCTH, HAITUCaH1 pi3HUMH MOBaMH # ain¢asi-
TaMH, CTAHOBIISITH CKJIAIHE, aJIe I[iHHE DKEePEITo s IToOYIOBH HaBYAIEHUX KOPITYCiB Ta pO3POOKH 1HTEIEKTyaIb-
HUX iHCTpyMeHTiB po3mizHaBaHHsa (HTR/OCR). CyuacHi migxoau, o MOEIHYIOTh METOIH ITTHOOKOTO HABYaHHS
(CNN, LSTM, GAN) 3 MmexaHi3MaMu BalliJallii, T03BOJISIOTh JOCIATTH BUCOKOI TOUHOCTI HaBITh Y CKJIAIHUX YMO-
BaX, TAKHUX SIK BapiaTUBHICTH opdorpadii, TpaHcmiTeparis abo BiACYTHICTh CTaHAAPTH30BaHOI po3MITKH. Orsin
aKTyaJIbHUX JTOCIIIKEHb AEMOHCTPYE SIK 3HAYHUII MIPOTPEC y TOUYHOCTI PO3Mi3HABAHHS, TaK 1 PO3BUTOK METOIO-
JIOTiH, CIIpsIMOBaHMX HA IiJBHUINEHHS SIKOCTI aHOTalid, 30KpeMa depe3 KOJIEKTUBHY BaJifalIlilo Ta JOHABYaHHS
MOJIeNIel Ha JIOKAIbHUX JaHUX.

OpnHe 3 KIIIOYOBUX JOCTiIKeHb [ 1] onucye miaxia A0 NOCTIHHOTO HABYaHHS MOJIeNel il ICTOPUYHUX PYKO-
MUCIB, 10 I03BOJISIE OHOBIIIOBATH MOZEJI 3 HOBUMH JaHUMH 0€3 OBHOTO NlepeHaByaHHs. B pamkax o6poOku 3acto-
COBYETHCS TpU(a30Ba CHCTEMA: HaBUANBHUM, BaiTaliitHUi Ta TecToBuid Habopu. Lle no3Bomnste nocsratu cTabiib-
HOCTI TIPH TTOCTYIIOBOMY PO3IIMPEHHI KOPIYCY.

VY po6orti [2] 3ailicHeHo TectyBanHs miardopmu Transkribus Ha JIATHHCHKHUX TEKCTax. ABTOPH 3a3HAYAIOTh,
0 CEPeHIM MOKa3HUK TOYHOCTI Jocar 94,7% npu BUKOpUCTaHHI Mojiesiel, HarpeHoBaHuX Ha moHax 20 000 cum-
BoJIiB. 3acTocyBaHHs Transkribus 103BOJIsIE aBTOMATH3YBAaTH TPAHCKPHIIIIiF0, 3SMEHIITYIOYH HABAaHTAXKCHHS Ha 01071i-
OTEKH Ta apXiBH.

V nocnimxenni [3] 3acrocoBano CNN 10 pykonuciB MoBoro I'ee3 i3 cepennboro TounicTio 89% Ha TecTo-
Bomy Habopi. Bynu o6po6neni 12 000 300pakeHb, MOiIeH] Ha TPEHYBAJILHUH, BaJlifalliiHIHA Ta TECTOBUI HabopH
(80/10/10).

VY omsani naracetis [4] miakpeciroeTbes, mo auire 18% 3 36 BitoMux icTOpUYHUX HAOOPIB MICTATH PO3MITKY
Ha piBHI CUMBOJIB. JlOCTHiAHUKK NMPONOHYIOTH CTaHIApTU3alio Bamijaii: mo 10 mpukiagiB Ha Kjac Ui TPEeHY-
BaHHS, TECTYBaHHS 1 BUKIIFOYCHHSI.

VY nmocmimkerni [5] mposeneno ananmiz HTR Ha cepeqHBOBIYHUX JIATHHCHKHX Ta (PaHIy3bKHX TEKCTaX.
Monens 1eMOHCTPY€E TOUHICTE po3Mi3HaBaHHA 82,5% mpu BuKopucTanHi jumie 200 BpydHy aHOTOBAaHHX CTOPiHOK.

VY po6orTi [6] po3nisnaeThes MynbTHAN(aBITHE po3mi3HaBaHHA 13 3acTocyBaHHsAM hybrid CNN-LSTM mone-
neit. Haiixpamuit pesynsrar — 93,2% TOYHOCTI — JOCATHYTHIT Ha KOpIyci 3 5 MoBamu (apaOcbka, XiHAl, OeHTralb-
CBbKa, aHIMIHChKA, YPIy).

Hocmimkenns [ 7] mokazamnu, mo cepenniiit CER (Character Error Rate) 3sMeniyetbes Ha 18% mnpu JoHaBUaHHI
mopeneit Transkribus Ha TOKaTbHUX OaraTOMOBHHUX apXiBax.

B pamkax mpoekty DigitalMaktaba[8] Oyno o6pobieno 100 nqokymeHTiB apaOChKOIO, MEPCHKOI0 Ta YPAY,
CTBOPEHO BEKTOpHE MPEACTABICHHS TEKCTIB, L0 103BOJISIE aBTOMAaTHYHE IPYMyBaHHA 3a TeMaMHu 3 TOUHIcTIO 91,3%.

B mocmimxkenni[9] 3anpormoHoBaHO HOBUH minxin Ha ocHOBi Visual Language Models Ta GAN. Cepenniit
CER y TecTi Ha KopIyci cCepeTHbOBIYHUX TEKCTiB cTaHOBHB 11,2% — mokparueHHs Ha 7,8% mopiBHIHO 3 0a30BOIO
moxeiutro CNN.

Onsan| 10] ak1ieHTye yBary Ha CUCTeMaxX aBTOMaTHYHOT aHoTalii, o BukopuctoByroTh CNN Ta ResNet. Haii-
BHIITY TOYHICTH (95,4%) Oyino 3a¢ikcoBaHO IPH PO3Mi3HABaHHI aHIIIMCEKAX PYKOIHCIB, IO OIM(POBaHi 3 apXiBiB
Vuisepcuretry Ocmana (Iamis).
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Ha ocHoBi anamisy aecsatu (Tadn. 1) gocmimpkeHb MOXHA 3pOOUTH BUCHOBOK, IIIO YCIIIIIHE PO3Mi3HABaHHS
6araToOMOBHHX PYKOIHUCIB 3aJI€XKUTh He JIUIIE Bil apXiTEeKTypH MOJEIT, ajie i Bix METOAiB 300Dy, CTPYyKTypyBaHHS Ta
Banifanii qanux. HalBuiny To4HicTh OyJI0 JOCATHYTO MPHU BUKOPUCTAHHI BETUKUX aHOTOBAHUX KOPIYCIB, Y MOE-
HaHHi 3 CNN abo ixHimMu riopugaumu Gopmamu. EQexTHBHUMU BUSBUIKCSA 1 cTparerii JOHaBYaHHS Ha JOKajb-
HuX Kopmycax (Capurro et al.) Ta BukopucTaHHs HOBHX migxoniB sk Visual Language Models (Aguilar, 2024).
VY Tabnuii 1 HIKYe 3BEICHO OCHOBHI KUTBKICHI Pe3yJIbTaTH.

Tabmung 1
IHopiBHsIHHS A0CTiI:KeHb B PO3Mi3HABAHHI 6araTOMOBHHMX PYKONMCIB
. . TouHicTsb / KinbkicTb
Ne ABTOpH Pix MeTtonoJioris Moga / kopnyc CER (%) -
1 | Schomaker [1] 2020 Lifelong learning, Icropuuni B B
HTR JIOKYMEHTH
2 | Milioni [2] 2020 Transkribus + ML JlaruHcbka 94.7 >20,000 cumBOITIB
3 | Gurmu [3] 2021 CNN Tees 89.0 12,000 300pakeHb
- - o
4 Nikolaidou et al. 2022 Dataset analysis 36 xopryciB - 18 /6 MAIOTE .
[4] PO3MITKY CHMBOJIIB
5 Aguilar & Jolivet 2023 HTR JlatuHchKa, 825 200 cropitok
[5] ¢paniry3bKa
6 |Sinwar et al. [6] 2021 CNN-LSTM 5 MOB 93.2 —
7 |Capurro et al. [7] 2023 Transkribus + Bararomosni apxisu | CER | Ha 18% -
JIOHABYAHHS
] Bergamaschi et 2022 BexTopuzarris + ApabcbKa, mepehKa, 913 100 s10KyMeHTiB
al. [8] TEMaTHUYHA KJIacud. ypay
. . CepenHbpOBigHI CER 11.2
9 |Aguilar [9] 2024 | Visual LMs + GAN TeKCTH (17.8%) —
10 |Decpactal. [10] | 2024 |  CNN + ResNet Aﬂmmi‘{’;‘f‘i)("‘pxm“ 95.4 -

Tabmuns 1 103BOJNISE JIETKO OIIHWTH BIUIMB METOJOJOTIYHUX pillleHh HAa TOYHICTh pO3Mi3HaBaHHA. Taki
JOCITIDKEHHSI IEMOHCTPYIOTh BaXKJIMBICTh BUKOPUCTAHHS aJIalTHBHUX MOJIEJICH Ta THYYKHX IiIXOIIB 10 BaJiaarii
B yMOBax 0araroMoBHOTO cepenoBuiia. HaitOinbm eeKTUBHUMU BHSBISIOTHCS CUCTEMH 3 MOXKIIHBICTIO JIOKaJIh-
HOTO JOHABYAHHS, MIATPUMKOIO PO3MITKH Ha PiBHI CHMBOJIIB Ta TiOPHIHUMH apXiTEKTypaMHu, Mo moeanyoTs CNN
3 Tparcopmepamu ab0 peKypeHTHUMH MepPeKaMHu.

MeTa cTaTTi — CHCTEMHO OIIHCATH apXiTEKTypy HaIliBABTOMATH30BaHOI IIAT(GOPMH ISl CETMEHTAIlil, aHOTa-
uii i kacugikanii cUMBOIB i3 6araTOMOBHUX apXiBHUX PYKOIHUCHHUX TEKCTIB, IO MOEJHYE IMOMEPEIHIO 0OPOOKY
300pakeHb, KOJIEKTUBHUIM JeHOIIHT Ta (OpMyBaHHs MYyJIbTHAI(ABITHOTO AaTACETY.

3aaui JOCHTiIKEeHHS:

1. IIpoekTyBaHHS MOIYIIS MOIIEPETHBEOI 0OPOOKH — BU3HAYUTH MOCIIIOBHICTh KoHBepralii PDF — pactpose
300paxkenHs (600 dpi), Oinapu3artii 3a OTCy, BUIICHHS PAAKIB, CITiB 1 CHMBOJIB 13 (hiKcalli€ro MO3UIIIHNX METaTaHHX.

2. Po3po0Oka kirieHT-cepBepHOTO iHTepdelicy aHoTallii — onucaryu apxitekrypy Flask-nonarky 3 6azoro SQLite,
MEXaHI3MOM PO3MOLTY OJIOKIB CHMBOJIB MiXK 3—5 aHOTaropamu, KOHCEHCYCHOIO BaJIIIAIIEF0 Ta JIOTYBAHHIM Jii.

3. ®opMyBaHHS CTPYKTYPH MYJIBTHAI(ABITHOTO JIATACETy — CIIPOCKTYBATH CXEMY TaOJHIIb JUTsS 30epeKeHHS
neiomiB i3 mosieM language, aBToMaTH3yBaTH eKCopT po3MiTku B CSV 13 knacudikaiieto 3a MOBaMH i andaBitaMmu.

BukJjan ocHoBHOro marepiajy. CucteMy IUTaHY€ThCS peaii3yBaTH y BUINISAL KIIIEHT-CEPBEPHOrO BeO-10-
JIaTKy, 1[0 TOBUHHO 3a0e3MeYnTH e(PEeKTUBHY B3a€MO/IiI0 KOPUCTYBAUiB 3 iHTEp(heiicoM aHOTaLlil PYKOITUCHUX CUM-
BOJIiB Ta 3p0OOUTH ii JOCTYIHOIO.

Ha pucynky 1 npencrasieHo po3poOiicHy apXiTeKTypy HalliBaBTOMAaTH30BaHOI CUCTEMU aHOTallii 6ararToMoB-
HUX apXiBHUX PYKOITUCHUX TEKCTIB.

CepBepHa JIOTiKa peaiizoBaHa 3a JoroMororo MikpodpeimBopky Flask, mo nozeomse o6podnsatu HTTP-3a-
MTUTH, YIIPABIATH CECiAIMHU, 0OpOOIIATH (POPMY peecTpallii Ta aBTOpH3allii KOPUCTYBadiB, a TAKOXK JTUHAMIYHO HaJa-
BaTH JaHi 3 0a3u JaHWX JJIs BiIOOpakeHHsS Ha CTOpiHII aHoTamii. CepBepHa YaCTHHA B3a€EMOJIE 3 0a3010 JaHUX
SQLite (610K 5), y sikiid 30epiraeTbest iHHopMaIlist po:

— 3apeecTpoBaHUX KOPUCTYBadiB (Tabmiuis users (670K 6));

— JIOCTYTIHI JI0 aHOTaIlii cuMBonH (Tabmiwuis symbols (610K 7));

— pesynbraru Jenominry (tabnuus labels (610K 8)).

Koxen 3amuc y tabmuni labels micTuTh mocmmanHs Ha KopucTyBauda (user id), 300pakeHHS CHMBOITY
(symbol id), BinmoBiany aHotarito (label), cmoBo(word) Ta moBy(language). J{71s1 kokHOT Tpynu KOpUCTyBayiB (op-
MY€ThCS 1HAUBIyaIbHUNA HaOIp 116 HEaHOTOBAHUX CUMBOJIB, III0 TAPAHTY€E YHUKHEHHS 1yONIOBaHHS Pe3yJbTaTiB.
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Puc. 1. ApxiTekTypa 3ampornoHOBaHOI CHCTEMHU

Intepceiic xopuctyBaua peanizoBaHuil Ha ocHoBi HTML-maGnoHiB i3 BUKOpHCTaHHSAM IIa0lIOHi3aToOpa
Jinja2, mo 3abe3mnedye reHepariro TMHAMIYHOTO BEO-KOHTEHTY Ta IHTETPAIliI0 3 CEPBEPHOIO JIOTIKOIO.

B nporieci po6oTu cuctemMu MOXKHA BUJTIJTUTH TaKi KITFOUOBI €Tary:

1. 3aBantaxenns nauux. Cxpunt Add data(6mox 11) Bimmopimae 3a iMmopT B 0a3y JaHUX IOTEPEIHBO
00poOIeHUX 300pakeHb CUMBOJIIB y BUTIIsINI PNG-300paxkeHb po3mipoM 64x64 TiKcelli CerMEHTOBaHHX 3 apXiB-
HUX TOKyMeHTiB B ¢popmari PDF B3sTux 3 nenTpaipHoro. BiH 31ilicHIOE iTeparlito o daiinax y mupekropii static/
symbols, TiepeBipsie BiICYTHICTh IyOltoBaHHS y 0a3i JaHUX, Ta JIOJA€ HOBI 3amucu a0 Tabmuii symbols. Koxen
3aIMC MICTUTh BITHOCHUH NUISAX JI0 300pa)XeHHs, MO0 JI03BOJIsIE KOPEKTHO 1HTErpyBaTH (aiiy y cucremy BimoOpa-
XeHHs y Opay3epi. Terep cuctema rotoBa 10 poOOTH.

2. Asropu3arnis. [licis BcTaHOBIEHHS 3’ €IHAHHS 3 cepBepoM (Onok 2), kopuctysad — User (65ox1) aBTo-
MaTUYHO MEPEHANpPaBISIEThCS HA CTOPIHKY aBTEHTH(iKaIlil, e Mae 3Mory abo 3IiIHCHUTH peecTpalild HOBOTO
oOikoBoro 3amucy — Registration (650x 3), a00 BUKOHATH BXiJ A0 CUCTEMH 3a JOMOMOTOI0 HAasBHUX OOJIIKOBHX
naHux — Authorization (01ok 4). B 000X Bumaakax BiOyBa€ThCs 3BepHEHHS 0 Tabnuui users (OJIOK 6) MIIIXOM
BHKOHAHHS BiAMOBIAHUX SQL-3amuTiB, 10 03BOJISE 3MIMCHIOBATH MEPEBIPKY aBTEHTUYHOCTI Ta 0OpOOKy 00mi-
KOBOI 1H(popMarrii.

[Ticns yemimHOT aBTOpH3aIiii KOpUCTyBaYa CHCTEMa ITepeHanpaBisie HOro Ha CTOPIHKY 1HTEepdeHcy po3MITKH
cUMBOIIB (OJI0K 9), sika 3a0e31edye IHTePaKTUBHY B3aEMOJIIIO 3 JAHUMH. 30KpeMa, pealli3oBaHO MOKITUBICTH Iepe-
STy 300pakeHHs] CHMBOITY, BBEJICHHS BiJIIIOBITHOT TEKCTOBOI MITKH Ta HAJICHJIAHHS PE3YJITATiB PO3MITKH Ha cep-
Bep. [lomani anotanii dikcyroTbes B Tabmwmii labels (6mok 8) 3a mormomororo SQL-3anuTiB, i3 MpUB’I3KOKO 110 i/1eH-
TH(iKaTopa KOPUCTyBada Ta CUMBOITY.

Jns Bizyauizarii 300paskeHHS CHUMBOIY BHKOpHCTOBYeThbcd HTML-KOMIOHEHT <img>, HOUIIX A0 SIKOTO
¢dbopmyeThest muHamiuHO Yepes ¢yHkuiro Flask url for(‘static’, filename=...), mo 3abe3neuye cyMiCHICTh i3 CHC-
TEMOIO PO3MOILITY CTaTUYHUX pecypciB. Iicis KOXKHOTO 3aBEPLICHOTO €Talmy PO3MITKM CTOpIHKAa aBTOMaTHYHO
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OHOBJIIOETHCS TA 3aBAHTAXKYE HACTYIHE 300pa)KCHHS Ul aHOTAIll. Y pasi BiACYTHOCTI HEPO3MIUCHUX CHMBOIIIB,
iHTepdeiic iHpOopMye KOPUCTYBada PO 3aBEPIICHHS JOCTYITHOTO HA0OPY PO3MITKH BiOBIAHUM MOB1IOMIICHHSIM.

3. Jleii6minr. [Ipouec neitOaiHry OpraHi3oBaHO i3 ypaxyBaHHSIM IMPHHLMUIIIB KOJIEKTHBHOTO PO3MidyBaHHS
3 0araTopiBHEBOIO MEPEBIPKOIO AKOCTi. KOxKEH JOKYMEHT, 1110 3aBaHTaXKy€ThCS 10 CUCTEMH, MOXKE MICTUTH 3HAYHY
KIUTBKICTh CUMBOJTIB — Hanpukia, 1o 10 000 oquauIls. /s 3a6e3neueHHs e(heKTUBHOTO PO3MOALTY HaBAaHTAKCHHS
Ta mapayeibHOi 00pOOKH, YCiI CHMBOJIM MOAISIOTHCS HA TUCKPETHI OJOKH (PIKCOBAHOTO PO3MIpY, HAIPHUKIIAM, O
2000 CUMBOJIIB Y KO)KHOMY.

KoxeH 010k TpH3HAYAETHCS TPYITi 3 TPHOX-II’ATH KOPUCTYBadiB, SKi HE3aJIEKHO 3IIHCHIOIOTh aHOTAIIII0 KOXK-
HOTO CHMBOJIY B M&Xax BHJUICHOTO ()parMeHTa. Takuil miaxin 3abe3nedye MOXKIUBICTh OaraToBepciiHOl OIMiHKH
KOKHOTO €JIEMEHTY Ta JI03BOJISIE pealli3yBaTh MEXaHi3M KOHCEHCYCHOI epeBipKU pe3ysIbTaTiB.

3 ommsimy Ha Te, IO JUKEpETbHI JOKYMEHTH, SIKi HiUIAraroTe o0poOIi, MOXyTh OyTH HamucaHi Pi3sHUMHU
MOBaMH — 30KpeMa YKpaiHChKOIO, MOJIBCHKOI0, POCIHCHKOI0, a TAKOXK MICTUTH ()ParMEeHTH TPAHCIITEPOBAHOTO YKpa-
THCBHKOTO TEKCTY JIATHHHUIIEIO — BUHUKAE MOTpeda y Qikcaiii MOBHOT IPUHATIEKHOCTI KOXKHOTO 3pa3ka cuMBomy. Jlns
BUpINIEHHS 1Ii€i 3a7aui nepenadadaeThesl 0oJaBaHHs 0 iHTepdelcy aHoTallii BiJNOBIJIHOTO eJIeMeHTa B3aeMOZIl
3 KOPUCTYBayeM — 30KpeMa 1ojisi BUOOpy MOBH a0 BiNOBITHOI MO3HAYKH.

ITicst 3aBEPIICHHS nepBI/IHHO'l' p03MiTI<H cuctema popmye arperopany TAOJUIII0 AaHOTAIlIH, B AKIHA I KOXK-
HOTO CHMBOJY 3HiHCHIOETHCS HOplBHﬂHH}I BiJIIIOBiIef KOPUCTYBadiB. Y BHIAJKY, KOJIX yci a00 OLTBIIICTE pecHoH-
JCHTIB HAJadH iICHTHIHY MlTKy, pe3ynsTaT aBTOMaTHYHO BBAJKAETHCS ,I[OCTOBlpHI/IM el Tpolec Ha3UBAETHCS
Baminariero (Ook 10). Y pa3si po30iKHOCTEH mependavaeThCs 3aCTOCYBaHHSI MeXaHi3My TOJIOCYBaHHS, TOOTO MPH-
CBOIOETKLCS Ta MiTKa SIKy Ha3Balia OUTBIIICTh KOpUCTyBaviB. KoHTEKCcTHA mepeBipka T03BOJISE 3MEHITUTH KiJIbKICTh
MTOMMUJIOK, TTOB’SI3aHUX 13 XMOHUM MTPOYUTAHHIM OKPEMUX JIITEP, 30KpeMa y BUTIAJIKaX, KOJIM CUMBOJIH MAIOTh CXOXKY
rpadiuny dopmy (HAIpHUKIAI, «i» Ta «i», a00 «H» Ta «1m»). [Ticisa Baninamii BigOyBaeTbcs OCTATOYHE MAapKyBaHHS,
a6o x Labeling (6mox 11) npaBunbHuit BapiaHt 3aMHUCYEThCS B 0a3y manux labels (6J101< 8).

3aHpOHOHOBaHa OararokopucTyBallbKa CTpaTeris PO3MITKU JJO3BOJISIE CYTTEBO MiABUIIUTH HANIHHICTD pe3yib-
TaTiB aHOTallii, 3HU3UTU PU3HUKH Cy0’EKTUBHOTO CIIPUUHATTS 3 OOKY OKPEMUX KOPUCTYBauiB, Ta CTBOPUTH Iepey-
MOBH 151 (POPMYBaHHsI SKICHUX HABYAJNBHUX BHOIPOK IS CUCTEM aBTOMATHYHOTO PO3Ii3HABAHHS PYKOITUCHOTO
TEKCTY.

4. Excriopt manux. [Ticist 3aBepiieHHsI IpoIiecy po3MITKH JaHUX, okpemuid ckpunt Output (610K 13) dhopmye
CSV-gaiin i3 ycima aHoTamisimu. BiH 37iiicHIOE 00’ € 1HaHHS Tabmuib symbols (611ok 7) 1 labels (6:10k 8) 3a monomo-
roro orepanii JOIN ta excrioptye naHi y ¢opmari: label,image path,word,language

Le#t daiin Moxxe OyTH BHUKOPHUCTAHWHA JJIs TIOAATBIIIOTO HABYAHHS MOJENEH PO3Mi3HABAaHHS CHMBOJIB Ha
OCHOBI TNIMOOKOTO HABYAHHSI.

BucHoBku. Y MexaxX MPOBEICHOTO JOCTIKEHHS PO3POOICHO apXiTeKTypy 1HTENEKTYalbHOT CUCTEMH IS
HaIiBaBTOMaTH30BaHOI aHOTAllli PYKOIMCHUX CUMBOJIB iCTOPUYHUX JOKYMEHTIB y 0ararToOMOBHOMY Ta MYJbTaj-
(daBiTHOMY cepenoBuili. CTBOpeHa apXiTeKTypa MOBHHHA 3a0e3MeynTH (PyHKLUIOHYBAaHHS CEpBiCy, IO BKIIIOYAE
peecTpaliio KOpUCTyBayiB, pO3MOALT 3aBAaHb PO3MITKH, IHTEPAKTUBHE BBEICHHS MITOK, (piKcallil0 pe3ynbTaTiB
y IEHTpaJIi30BaHii 0a3i JaHUX Ta TUHAMIYHE BiJOOpakeHHS 300pakeHb CHMBOJIIB, TAKOXK HAIIOBHEHH 0a3H JaHIX
CHMBOJIAMH JIJISI PO3MITKH Ta €KCIIOPT ii pe3ynbTaTiB B (hopMaTi CsV IS MOAAIBIIOT0 BHKOPHCTAHHS B SIKOCTI J1aTa-
CeTy Ul HaBYaHHSA HEHPOHHUX MEPEK.
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PO3POBKA IIVIAT®OPMHU JIs1 BEAEHHSA BJIOT'Y BUKJIAJTAYA

Memoro cmammi € ananiz apximexmypu npoepamno2o 3abesneyents Ons 6102y BUKIAAYA Ma ONUC 1020 OCHOBHUX KOMHOHEH-
mie, AKi 3abe3neuyoms e(pekmusHe YRpasiiHKa KOHMEHMOM ma UKy 63aEMo0ito 3 Kopuchiygaamu. Bucgimmoomucs nioxoou 0o
PO3POOKU AOMIHICMPAMUBHO20 80000amMKY ma nyoniuHo20 eedcaunty, ix e3aemolis uepes API, a makooic 6UKOPUCAHHS CYUACHUX
mexHonoeiu, maxux sik Next.js, MongoDB ma JWT, 0ns 0ocsenents cmabinbHocmi, Macumabosanocmi ma Oe3nexu cucmemu.

Apximexmypa npoepamno2o 3abe3neuenns ckiadaemucs 3 adMinicmpamuero2o eeboodamxy (Frontend i Backend) ma
nybiunozo eedcaiimy (Frontend). Aominicmpamusnuii inmepeetic cmeopenuii Ha niamgopmi Next.js, wo no€onye cepsepruil
pendepunz (SSR) ma knicumcoruil pendepune, 3abe3neuyioul 8UCOKY WEUOKICIb 3a8anmadicenis cmopinok. Frontend yacmuna
0036071€ GUKNAOAYAM Kepyeamu KOHMeHmoM 01102y, 8KII0UAIOuU CIMEOPEHHs, Pe0azy8anHs ma euddneHHs cmamel, KHue ma
inghopmayii npo asmopa. Backend uacmuna peanizosana ona 06podxu 3anumis, ynpasninia 6asoi danux MongoDB, aymen-
mucixayii ma nepesipku npas docmyny uepe3 JWT. Ilyoniunuii 6ebcaiim 6UKOPUCTIOBYE MeXHONOZIT CMamuyHoi 2enepayii cmo-
pinok (SSG) ma SSR, wo 3abe3newye onmumansHy npOOYKMUGHICHb ma wioKe 3a6aHmMadiceHHs Konmenny. Takoo posenanymo
CcyeHapii BUKOPUCIAHHS, BKTIOUAIOUYU ABMOPU3AYII0 AOMIHICMPAMOpA, Kepy8anHs CIammaMU, KHUAMU Ma HALAUMY8aHHAMUY.
Jna xocmuney subparno niamgopmy Vercel, axa 3abesneuye asmomamuune pozeopmanus yepes GitHub ma niompumxy CI/CD.

Pezynvmamu 0ocrioscenus niomeepoxcyons eghekmueHicms UOPaAroi apximexmypu 0ns 3a0e3neuents weuoxoi ma oes-
neuynoi pobomu 6noey suxnadaua. Buxopucmanns Next.js, MongoDB ma JWT do3eonsic cmeopumi 2HyuKy ma maciumadosamny
cucmemy 3 MONCIUSICMIO poswupenns yukyionany. Ilybnivnuti éebcatim Hadae Kopucniysauam dochyn 0o cmamell i Knue 6e3
aymenmudpixayii, a aominicmpamugnuil 6e6000amox 3abe3neyye 3pyune ynpasiinus konmenmom. O6pani mexnonozii cnpus-
10Mb GUCOKIL NPOOYKIMUBHOCIE A 3PYYHOCT BUKOPUCTIAHHS CUCHIEMU.

Kitrouosi cnoBa: nramepopma, 6102, suxiadau, oceimuiii npoyec.

Koshova O. P, Chernenko O. O., Komar 1. 1. Developing a platform for teacher blogging

The purpose of the article is to analyze the software architecture for a teacher s blog and describe its main components
that ensure effective content management and quick interaction with users. It covers approaches to developing an administrative
web application and a public website, their interaction via API, as well as the use of modern technologies such as Next.js, Mon-
goDB, and JWT to achieve system stability, scalability, and security.

The software architecture comsists of an administrative web application (Frontend and Backend) and a public website
(Frontend). The administrative interface is built on the Next.js platform, which combines server-side rendering (SSR) and cli-
ent-side rendering, ensuring high page loading speed. The frontend part allows teachers to manage blog content, including
creating, editing, and deleting articles, books, and author information. The backend part is implemented for query processing,
MongoDB database management, authentication, and access control via JWT. The public website uses static page generation
(SSG) and SSR technologies, which ensure optimal performance and fast loading of content. Also considered are use cases,
including administrator authorization, article, book and settings management. The Vercel platform was chosen for hosting,
which provides automatic deployment via GitHub and CI/CD support.

The results of the study confirm the effectiveness of the chosen architecture for ensuring fast and secure operation of the
teacher’s blog. The use of Next.js, MongoDB, and JWT allows you to create a flexible and scalable system with the ability to
expand functionality. The public website provides users with access to articles and books without authentication, and the admin-
istrative web application provides convenient content management. The selected technologies contribute to high productivity
and ease of use of the system.

Key words: platform, blog, teacher, educational process.
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IocTaHoBKa mpo0seMu. Y CydacHii CHCTEMi OCBITH 3pOCTa€ 3HAUCHHS ITU(PPOBUX TEXHONOTIH, 10 CIPHsI-
I0Th Kpallliii mepenadi 3HaHb 1 HaJIaroJPKEHHIO KOHTAaKTy MK BHKJIaZladeM Ta CTyACHTOM. BayJInBy poiib y IIbOMY
MPOLIEC] BiAIrpaloTh MepCOHANbHI O10rM BUKJIanadiB. BoHn naroTh 3Mory myOmikyBaTh HaBYaJlbHI MaTepiajiu, AiTH-
THUCS TOCBIJIOM, MOLIMPIOBATH HAYKOBI JOPOOKH 1 KOMYHIKYBAaTH 3i CTYICHTaMH. AJieé CTBOPEHHS Ta IMiATPHMKA
Takoro Oyory BuMarae po3poOKu e(peKTHBHOI apXiTektypH 13, sika 3a0e3MeuuTh 3py4YHICTh KEPyBaHHS, 3aXHCT
JOCTYILY, BUCOKY IIBHIKOIIIO T MACIITa0OBaHICTh. bpak KOMIUIEKCHUX pillIeHb i3 IBUAKHM 3aBaHTKCHHSAM, TIPO-
CTHM peIaryBaHHM 1 3aXUCTOM JaHUX IiAKPECITIOE HEOOXiTHICTh CTBOPEHHS CIIEIIaJIi30BaHOI CHCTEMH JIJIS TOTPeO
BUKJIA/1a4iB.

AHaJi3 ocTaHHIX AocaiTkeHb Ta mydaikanii. CydacHi gocmimpkeHHs [1-11] Bka3yroTs Ha MOMYJISIPU3AITiO
MIEPCOHAJII30BaHMX OJIOTiB BMKJIAAadiB SIK 3aco0y AMCTAHIIIHHOTO HaBYaHHS Ta OOMiHy 3HaHHsSMH. HaykoBi mpari
HaroJIOUIyIOTh Ha MOTpebi B Oe3mnemni, MBUAKOAI Ta 3pyuyHOMy aaMiHicTpyBaHHI. Hanpukian, y [3] po3misgaeTses
BUKOPUCTAHHS COLIANBHIX MeJia JUIs MOCTiHOT KOMYHIKaIlii y BUIIii 1Ko, a B [4] — iX BIJIMB HA OCBITHIM mporiec.

MeToro po0oTH € po3pobka mIarhopMu A1t BeAeHHs 00Ty BUKIIaaqa.

BukJiax ocHOBHOro Marepiajy.  ApXiTeKTypa NporpaMHOro 3a0e3ledeHHs], sSKa JeKUTh B OCHOBI (yHK-
LIOHYBaHHs OJIOTY BHKIQJada, CKIAAa€ThCs 3 JABOX KIIIOYOBHX CKIIAOBHX: aJMIHICTPATUBHOTO BeOIONATKy Ta
myOJIiYHOTO BeOCalTy. AIMIHICTpAaTUBHUI BEO0JATOK, Y CBOIO Yepry, MOAUIAETHCS Ha Bl YACTHHH — KJIIEHTCHKY
(Frontend) Ta cepepny (Backend). [Tyoniunuii BeOCalT € BITpHHOO JIJIS BiOOpaXKeHHS HABYAJIHHOTO Ta HAyKOBOTO
KOHTEHTY. BcCi 11l KOMIIOHEHTH IHTETPYIOThCS MK COOOI0 Yepe3 YiTKO CTPYKTYpOBaHi iHTep(eHcH MPUKIATHOTO
nporpamyBanHs (API), mo 3a0e3nedyye HaAiiHICTb, Y3TOLKEHICTh y POOOTI Ta JIETKICTh MaclITaOyBaHHS IUIAT-
dhopmu.

AnMiHicTpaTuBHa YacTuHa (iHTepdeiic) peanizoBaHa 3 BUKOPHUCTAHHIM CydacHOi (peiiMBOpK-TuIarhopMu
Next.js, gKa MOeJHY€E Y co01 mepeBaru cepBepHOro peHaepuHry (SSR) Ta kiieHTChKOTro peHaepuHry. Takuid miaxin
3a0e3neuye BUCOKY IIBUAKICTh 3aBAHTa)KCHHS CTOPIHOK HABITh NPH BEJIMKii KUIBKOCTI KOHTEHTY. [HTepdelic aqmi-
HiCTpaTopa po3/iIeHuil Ha:

Frontend (kmieHTcbka yacTWHA) — JO3BOJISIE BUKJIanady KepyBaru Bmictom Omory. Jlo (yHKIiOHANIBHOCTI
HaJIe)KaTh: CTBOPCHHSI HOBHX CTATEH, OHOBJICHHS Ta PEAaryBaHHS BXKe ONMyOITiKOBaHHUX, iXHE BUAAJICHHS, a TAKOXK
MeperIsl CTATUCTUKU BiZBITYBaHHS, A1l KOpUCTyBadiB Tomio. OKpiM TOTrO, peani30BaHO MOXKJIHMBICTh KEPYyBaHHS
CIIHCKOM KHUT: OAaBaHHA HOBUX BHIaHb, pelaryBaHHs iH(opMamii mpo HUX Ta JAEMOHCTpamis NUX JaHUX Ha
myOJIiYHOMY CaiTi.

3aBasSKHA MOXIIUBOCTSIM Next.js yci 3MiHM KOHTEHTY OIEPATHBHO OHOBJIIOIOTHCS 1 MHETTEBO BiIOOPaXKAIOThCS
KOPHUCTYBauy 3aBISIKU CEPBEPHOMY PEHJICPHHTY.

Backend (cepBepHa dacTiHa) — BiAmoBigae 3a 00poOKy BCiX 3alUTiB, 0 HAAXOIATH SK 3 aIMiHICTPATHBHOTO
iHTepdeiicy, Tak i 3 mybnigHoro caiity. TyT peanizoBaHo cucTeMy ayTeHTH(IKAIlil KOPUCTYBadiB, KOHTPOJIb JOCTYILY
JI0 okpeMuXx (YHKILIN, B3aEMOJi0 3 0a3010 AaHUX. Yci omepaii 3 AofaBaHHs, peJaryBaHHsa a0 BHIAICHHS KOH-
TEHTY, TAKUX 5K CTATTi, KHATH 4d iH(OpMAIlis ITpo aBTOpa, mepenarotbest uepe3 APl 1o cepBepHOi 4acTHHH, sKa
B CBOIO uepry 30epirae aani y 6a3zi MongoDB.

[TyGnivnmii BeOcaiiT, mo Takoxk 6a3yeTbest Ha Next.js, CIyrye 30BHIITHBOI YaCTHHOIO OJIOTY, TOCTYITHOIO IS
BCiX KOpUCTyBauiB. BiH Hajae 3Mory nepenisaaTy Bci OmyOIiKoBaHi CTaTTi, KHUTH, a TAaKOXK Oiorpadivny indopma-
1if0 Tpo BHKIamada. [Inardopma miaTpuMye craTHaHy reHepallito cTopinok (SSG) mopsiy i3 cepBepHUM pPEeHICPUH-
TOM, IO JIO3BOJISIE 3a3/1aNIeTib (OpMyBaTH CTOPIHKH Ta 30epiraty iX y kemi. Takuid miaxiJ CyTTEBO MPHUIIBHIIIIYE
X 3aBaHTaKCHHS, HABITh ITPH BEJIMKi KUIBKOCTI OJTHOYACHUX BiJ[BiAyBadiB.

MongoDB BHKOpHCTOBY€ETHCS SIK OCHOBHE CXOBHINE IS BCiX maHuX Orory. lle moKymMeHTHO-OpieHTOBaHA
0a3a aHMX, sIKa TO3BOJISE THYUYKO 30epiratu iH(opmalito y BUDISALI JOKYMEHTIB pi3HOTO (opmary. Bona uynoso
MiXOAUTH JUI1 POOOTH 3 JUHAMIYHUM KOHTEHTOM, [0 3MIHIOETHCS 3 YaCOM, 1 JIETKO MacCIITa0yeThCs, JO3BOJISIOUH
301IBIUTH 00CAT TaHUX 6e3 BTpaTH MPOAYKTUBHOCTI.

Cucrema aBreHTH(]iKalii moOymoBana Ha ocHoBi TexHoiorii JWT (JSON Web Token). Bona 3a6e3mneuye
3aXHCT aJAMIHICTPATUBHOI YaCTHHU IUTATQOPMH, TO3BOJLIIOUN JOCTYI J0 PeIaryBaHHS KOHTEHTY JIUIIE aBTOPU30-
BaHMM KOpHCTyBadaM. Takuil miaxix rapantye 0e3reKy OOTiKOBHX JaHUX i 3MEHIIY€E PH3HKH HECAHKIIOHOBAHOTO
noctyty (puc. 1).

i orrcy poGoTH 1aThopMu TS BEACHHS 00Ty TIOOYI0BaHO AiarpaMy MpereaeHTiB (puc. 2).

basa gaHux
MyGniuxni sebcanT Gnory AMiHicTpaTMeHuit eebaonarTox ~ A
3anuT o API 3anuT go B
(Frontend) (Frontend + Backend) MongoDB
< <
DaHi Dani

Puc. 1. ApxiTekTypa nporpaMHOro 3abe3rnedeHHs
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Mepernag cTatTi

3aBaHTaKEHHA KHUM

@ Poswmpennan

Mepernag kKHuru

Mepexia Ha coLianbHi
Mepexi

“Poswnpennsd

KopucTyBay _ ek
A MepernAag iHopmMaii
npo asTopa ) )
Mepesipka obnikosmux
AaAHKX
ﬂa_mrwenné;_-
ABTOpU3AUIA DNopasanHa, nepernag,
OHOBMEHHA Ta BUAANEeHHA
- cTatTen
O «Bnnmem:«:;
KepyBaHHA cTaTTAMM NonasaHHRA, Nepernag,
OHOBMEHHR T2 BUAANEHHR
/ \ B KHUT
AamidicTpaTop Gnory .:'Eimmenns}"
KepyBaHHA KHWraMu [JonasaHHa A0aaTKOBO!
iH(popMaUil Nnpo asTopa
agl-mmenuq';.
KepyaHHa 1} €BRIINEHHRY = = == = = - - = 3MIHA OCODUCTHUX OaHUX

HanawTysaHHAMMK

Puc. 2. [liarpama npenenenTiB

Ilpeyeoenm: Asmopuzayis

YyacHuk: aaMiHicTpaTop OJIOTY.

[ovaTkoBHii CTaH: aqMIHICTPATOP IlIe HE YBIHIIIOB y CUCTEMY.
KiHneBnii cTaH: aqMiHICTPaTOp YCIILTHO aBTOPU30BAHHI.
Omnwc miid:

AnMiHICTpaTop BBOJUTH CBil JIOTiH (email) i mapos.
Hatuckae kHOTIKY « YBIATHY.

Cucrema nepeBipsi€ MPaBWILHICTh BBEJCHUX JTAHUX.

[Ticns ycminrHOT IepeBipKy aiMiHICTpaToOp OTPUMYE JOCTYII IO CUCTEMHU.
Ilpeyedenm: Ynpaeninna cmammsamu

YyacHuk: aaMiHicTpaTop OJIOTY.

ITouaTkoBwii cTaH: agMiHicTparop nepedyBae B CHCTEMI.

KinueBuii cTan: gaHi mpo cTaTTi OHOBJIEHO — I0JIaHO, 3MiHEHO a00 BUAJIEHO.

Omnuc gi:
AnmiHicTparop Bigkpusae po3aii «CtaTtix.
Ha expaHi 3’BJISI€ThCS MEPEITiK JOCTYIMHUX MyOITiKaIlii.
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Bubupae noTpiOHY CTaTTIO Ta BUKOHYE HEOOXIHY /Iif0: T0Aa€ HOBY, peaarye abo BHIASIE.

Jii 00pobnstoThCs BiAMOBIIHIM (DYHKI[IOHAIOM CUCTEMHU.

Ilpeyedenm: Ynpaeninus knueamu

VYuacHuk: agminicTparop Oiory.

[owaTKkoBwMii CTaH: aIMiHICTPAaTOpP aBTOPH30BAHUI.

KinmeBuii cTaH: BiTOMOCTI PO KHUTH OHOBJICHO.

Onuc aii:

AJnMiHICTpaTOp TEPEXOAUTH JI0 po3ainy « KHHTHY.

BHBOIUTHCSI CITUCOK HAsSBHUX IMyOITiKaIlii.

OO0wupae KOHKPETHY KHUTY JUTSl pellaryBaHHs, J0/1a€ HOBY a00 BUIIAJISIE HASBHY.

Cucrema (ikcye BHECEHI 3MiHH.

Ipeyeoenm: Hanawmysanus npoghinio

YyacHuk: aaMiHicTpaTop OJIOTY.

ITouaTkoBUii cTaH: aBTOPU30BAHUH aJIMIHICTpATOP.

Kinnesuii cran: 0coOHUCTI JaHl BUKJIaga4a OHOBIIEHO.

Ormuc miif:

[epexomuTs 10 po3niny «HamamryBaHHs.

[Nepersinae TOCTYIHI TapaMeTPH 3MiHU TPOQIITO.

Penarye BnacHi nmepcoHalbHi JiaHi a00 JToJae J0AaTKOBY iH(popMaIlito mpo cebe.

Cucrema 30epirae 3MiHHU 10 podiITIO.

Ipeyeoenm: Ilepeensad cmammi

Y4acHUK: KOpUCTyBad.

ITowyaTkoBHii CTaH: KOPUCTYBau 3HAXOAUTHCS HA CAUTI OIoTYy.

KinueBuii cTan: cTarTd neperisHyTa.

Omnuc gi:

KopucrtyBau nepexonuts A0 po3ainy «Crartiy.

BinoOpaxkaeTbcs meperik yeix myOmiKamii.

OO6wupae moTpiOHY CTATTIO.

O3HAHOMITIOETECS 3 ii 3MiCTOM.

Ipeyeoenm: Ilepeenso knueu

YyacHUK: KOPUCTYBaY.

ITouaTkoBHIf CTaH: KOPHCTYBa4 BiJBiAye caiiT Omory.

Kinneswuii cran: nepemisHyTo iH(pOpMaNio Ipo BUOpaHy KHUTY.

Onuc aiu:

Kopucrysau Bigkpusae po3ain «KHurmy.

Ilepen HUM 3’SBISETHCS CIIUCOK TOCTYIHUX BHJIAHb.

OO0upae HeOOXiTHY KHUTY.

ITepernsaae 1i 3micT abo omuc.

Ipeyeoenm: Ilepeanso inghopmayii npo aemopa

Y4acHHK: KOPHCTYBaY.

[ToyaTkoBHii CTaH: BiIKPUTO CTOPIHKY OJIOTY.

KiHneBuii cTaH: KOpHCTyBa4 03HAMOMHBCS 3 iH(QOPMAIIIE0 TTPO aBTOPA.

Ormuc miif:

KopucrtyBau Hatuckae Ha BkIaaky «IIpo aBTopay.

Ha expani BinoOpaxaerscs Oiorpadidna iHpopmariis.

KopucTtyBau neperisigae BMICT CTOPIHKH.

g posropranHs NpoekTy oOpaHo mardopmy Vercel, ockiibky BoHa 3a0e3neuye 3pyyHuil Ta MBUIKUHN TPO-
1leC PO3TOPTaHHs NpOoeKTy. [i mepeBaramu € apTomarusaris, miarpumka CI/CD, mpocToTa iHTerparii 3 penos3uTopi-
SIMU T2 MO>KJIMBICTD HAJIAIITYBaHHS 3MIHHUX CEpPEeIOBHUIIIA.

CrovaTKy IigroTOBIEHO MPOEKT OO PO3TOpTaHHSA. [ IIbOr0 BCTAHOBJICHO BCi 3AJIE)KHOCTI 32 OITOMOTOIO
«npm instally, a Takox TepeBipeHo JOKanbHY poboTy mporpamu. OcoOIUBY yBary MoTpiOHO MpuUauIIH (Gaimy
package.json, y sskoMy MOTpiOHO BKa3aTu CKpHIT Jis 30ipku «buildy: «next buildy.

Hactynuum xpokoM Oyi0 CTBOpEHHSI akayHTy Ha miatdopMi Vercel Ta iHTerparlist 3 pero3uTopieM MpOeKTY
yepe3 GitHub. IIporiec po3ropTaHHs BUKOHYETHCS aBTOMAaTHYHO Micisl BUOOPY PETMO3UTOPII0 Ta HATUCKAHHS KHO-
nku «Deploy». Ilnardopma BuKOHaNa 30ipKy MPOEKTY, a MIiCIs YCHIIIHOTO 3aBEpIICHHS HATAHO MOCHJIAHHS Ha
TOTOBUH CalfT. Y pa3i BUSBICHHS IIOMUIOK Y pOOOTi caifTy 1X BUIIPABIECHHS y BUXiTHOMY KOJIi Ta 30€pEKEHHS 3MiH
Y PENO3UTOPII0 CIPUYMHAE AaBTOMAaTUYHHUIA 3aITyCK MOBTOPHOIO PO3TOPTaHHS

[ITo6 Bka3zatu cBiif 1oMeH Ha Vercel, HEOOXiIHO NepelTH 10 HAJAIITYBaHb MPOEKTY B MaHEN KepyBaHHI
Vercel. V posnini «Domainsy noTpibHO momaru nomeH: «https://teacher-blog.vercel.app/». IIpoexT roroBuit 10
BHUKOPHCTAHHS.
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BucHoBkHM 3 g0ciqxKeHHs i MepcneKTUBH MOAAJBIINX PO3BilOK Yy boMy Hampsimi. Po3poOnena miar-
(hopma GazyeTbcsi HA MEPeOBUX MiAXOAaX JO0 MPOEKTYBAHHs MPOTPAMHOTO 3a0e3MeueHHs, BKIFOYAIOUYd BUKOPH-
CTaHHS KOMITOHEHTHOI apXiTeKTypH Ta MOAYJABHOTO Minxomay 1o moOymoBu iHtepdeiicy. Lle 3abe3neunsio BUCOKY
MPOAYKTUBHICTh, MAaCIITA00OBAHICTh Ta MOMJIMBICTh TOAAJIBIIOTO PO3LUIMPEHHS (PyHKITIOHAITY.

Iomanpiri KoCHimKEHHS MOXKYTh OYTH CIPSMOBaHI Ha IHTETPaLilo MITYYHOTO IHTEIEKTY IS IepCOoHai3amii
KOHTEHTY, YIOCKOHAJICHHS MEXaHi3MiB O€3IeKH Ta BIPOBA/KCHHS aHANITUYHUX IHCTPYMEHTIB IUIS MOKPAIICHHS
B3a€EMO/IiT KOPHUCTYBauiB i3 TIaTGopMoro. OTprMaHi pe3ybTaTH MOXYTh OyTH KOPUCHUMH JIJIsl pO3POOHUKIB OCBIT-
HIX BEOpIIlIeHb, a TAKOXK JIJISl BUKJIAJAYiB, K1 MPArHyTh MiABHITUTH SKIiCTh IH(PPOBOrO HABYATHLHOTO CEPEIOBHIIIA.
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oIaxia 10 BUSABJIEHHA JOCTYIIHOCTI HAPKYBAJIbHUX MICIb
HA OCHOBI KOMII'IOTEPHOTI'O 30PY

3pocmanna xinbkocmi mpancnopmuux 3acobig y MiCbKUX pavioHax CMEopIoe 3HAUHUIL MUCK Ha ingpacmpykmypy ma
3azocmpioe npobnemy necmaui nApKy8anbHUX Micyb. Tpaduyitini Memoou ynpasninua napky8aHHam 4acmo He adanmyomscs
00 OUHAMINHO20 NONUMY MA He 3aDe3NeUyIontb OHOGILEHHS 68 PEXCUMI PealbHO20 4Aacy, MoOi K ICHYIOUI piuleHHs. HA OCHOGI
0amUUKI6 € 00poUMU 8 YCIMAH08YI Mma 00CIY208y6anHi. ¥ yili cmammi npedcmasneno nioxio Ha 0CHO8I 30py O BUAGLEHHS.
00CMYNHOCII NAPKYBATLHUX MICYb Y PEHCUMI PEanbHO20 YACY, BUKOPUCTOBYIOUYU OOCASHEHHS KOMN TOMEPHO20 30Py Ma MexHo-
N102itl 2MUOOKO20 HABUAHHS.

Pospobnena cucmema inmezpye mMooenb 8UAGLEHHS MPAHCNOPMHUX 3acobie Ha ocosi YOLO 3 ananizom eeomempuu-
Hoi obnacmi inmepecy (ROI) 0na mouHo20 8USHAUEHHA CMAMYCI8 3AUHAMOCMI NAPKYBATbHUX MICYb 3 8i0eonomokis. I Hyu-
Kutl epaiunuti inmepgetic xopucmysaua (GUI) 6ye pospobnenuil 3a donomozoio PySide6 ons sizyanizayii cmamycie nap-
Ky8auHsl, NIOMPUMKU THMEPAKMUBHO20 YNPABTIHHA NAPKYSATbHUM Micyem ma 3a0e3neyeHHs: OUHAMINHO20 HALAUNTYB8AHHSL
yepes paiinu YAML.

Excnepumenmansha nepesipka Ha mecmosux Habopax 6i0e00anux npooeMoHCmMpPy8aid eQeKmusHicine cucmemu y 6Ua6-
JIeHHT MPAHCHOPMHUX 3AC00I8 Y PENCUME PEATbHO20 YaCy, OUHAMINHIL BI3Yani3ayii d0CmynHOCMI NAPKY8ATbHUX MICYb Ma 3pyU-
Hill adanmayii 0o pisHOMaHimMHOI 2e0Mempii NAPKYBATLHUX MAUOAHYUKIS.

3anponoHosane piuienHs nioguujye eexmusnicmos YNpaginHa MIiCoKUMU NAPKYBANbHUM NPOCMOPOM, CKOPOYYE HAC
NOULYKYy MPAHCHOPWMHUX 30C0018, 3MEHULYE BNIUE HA HABKOMUWHE cepedosuuie ma 3aK1adac 0CHO8y OJisl MAUOYMHIX pO3U-
DeHb, BKII0UAIOUY iHmMe2payiio i3 cucmemami. OPOHIOBARHS, NAAMINCHUMU NAAMPOPMAMU Ma MOOYISIMYU PO3NIZHABAHHA HOMeED-
HUuX 3Haxie. Modynvra apximekmypa cucmemu 3a0e3neuye Macumado8aHicms ma 3aCMOCOGHICHb 00 THIYIAMUS «POZYMHOZ0
Micmay, CRpAMOBAHUX HA CIATUL MICLKUIL DYX.

Kimto4oBi crioBa: xomn 1omepHuii 3ip, napKy8anis, po3nisHaeanHs 306paxicens, iHmenexmyanbti mpaHcnopmmi cucmemu,
MauiunHe HAgYanHs, 6I0eoananimuka, Micoka inghpacmpykmypa, Inmepnem ecvbozo, pozymue micmo.

Popereshnyak S. V., Chornobryvets D. V. A Computer Vision-Based Approach to Parking Space Availability Detection

The increasing number of vehicles in urban areas places significant pressure on infrastructure, exacerbating the problem
of parking space shortages and causing congestion, elevated air pollution levels, and significant time losses for drivers searching
for available spaces. In central areas of large cities, the inefficient distribution and utilization of parking resources is particu-
larly critical. Traditional parking management methods often fail to address dynamic demand fluctuations and lack capabilities
for real-time information updates. Moreover, existing sensor-based solutions are associated with high installation and mainte-
nance costs, limiting their scalability and adoption.

To address these challenges, this paper presents a vision-based approach for real-time parking space availability detec-
tion, utilizing modern computer vision and deep learning technologies. The developed system leverages a pretrained YOLO (You
Only Look Once) model, adapted and optimized for the detection of vehicles within parking environments based on live video
streams. For accurate space monitoring, a geometric analysis of predefined regions of interest (ROIs) is implemented to match
detected vehicles to specific parking spots and determine their occupancy status.

A flexible, user-friendly graphical user interface (GUI) has been developed using the PySide6 framework, providing real-
time visualization of parking status, dynamic highlighting of available or occupied spaces, and interactive features for space
assignment and guidance. An integrated ROI editor allows administrators to define and adjust parking layouts directly within the
interface, facilitating rapid deployment and adaptation across various parking facility geometries. Configuration management
via YAML files ensures system flexibility, supporting adjustable detection thresholds, resource paths, and modular scalability.

The system has been validated on test video datasets, demonstrating robust performance in detecting vehicles under dif-
ferent lighting and environmental conditions. It provides accurate, dynamic updates of parking space availability, significantly
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reducing the time drivers spend searching for parking, improving traffic flow, and contributing to the reduction of fuel consump-
tion and associated emissions.

The proposed approach advances the automation of urban parking management, aligning with the broader Smart City
initiatives focused on enhancing the sustainability and livability of urban spaces. Furthermore, the modular architecture of the
developed platform allows future extensions, including the integration of reservation systems, payment processing, license plate
recognition (LPR) modules, and advanced analytics for predictive occupancy modeling.

The vision-based solution offers a cost-effective, scalable, and flexible alternative to traditional parking monitoring sys-
tems, positioning itself as a promising technological foundation for next-generation intelligent parking infrastructures.

Key words: computer vision, parking, image recognition, intelligent transportation systems, machine learning, video
analytics, urban infrastructure, Internet of Everything, smart city.

IMocTtanoBka mpodnemu. Ctanom Ha 2025 pik Oe3mepepBHa ypOaHi3allisi Ta 3pOCTaHHS KUIBKOCTI TpaH-
CIIOPTHHUX 3ac00iB, 30KpeMa B MicTax YKpaiHH, iICTOTHO 3aroCTPHIIM NpoOieMy NMapKyBaHHS, IIEPSTBOPUBIIH ii Ha
OZIMH 13 KIIFOYOBMX BHKIIMKIB Cy4acHOI Micbkoi MOOiIBpHOCTI. HecTada mapKyBasbHUX MiCIlb, Hee()EKTHBHE BUKOPH-
CTaHHS HasBHOTO IIPOCTOPY, 3aTOPU Ta TPUBAIMI Yac, BUTPaueHUH BOMISIMU Ha MOUIYK BIIBHUX MICIlb, CTAJIH IJIO-
OanpHUME MpoOieMamu. Lle mpu3BOOUTE HE JHIIE 10 IHAWBIAYAIFHIX HE3PYIHOCTEH 1 IiJBUILICHHS PIiBHS CTPECY
cepen BOAiiB, ane i CIpUYHHAE CEPHO3HI COMiaTbHO-EKOHOMIUHI Ta EKOJIOTiUH]I HACTIKU: IIEPEBUTPATy MaJIbHOTO,
3pOCTaHHS BUKHIIB IIKiUTMBUX PEUYOBHH B aTMOC(epy, MTOTTHOICHHS TPAHCIIOPTHHX 3aTOPIB 1 3HIDKCHHS 3arajibHOT
SIKOCT1 MICBKOTO JKUTTSL.

Tpajuuiiini METOXM YIpaBIiHHS HAPKyBalbHUM IPOCTOPOM, IO 6a3yI0ThCs Ha (1)13MqH0My orysi a0 BUKO-
pucTaHHI OKpEeMHX JaTYNKIB IS KOKHOTO IApKOMICIS, 4acTo € Hee(heKTHBHUMH, pr}lOM]CTKI/IMI/I JOPOTHMH
B YCTaHOBIII Ta OOCIYrOBYBaHHI I He 3aBKIU 3a0€3MEUyIOTh aKTyalbHy 1H(QOPMALIIIO PO 3aIOBHEHICTh MAPKIiHTY
B peaJbHOMY Yaci.

BpaxoBytoun 11i 0OMeXeHHsI, akTyaJbHOIO € MOoTpeda y BIPOBAKEHHI 1HHOBALIMHMX, aBTOMAaTU30BaHHUX
pitieHb. [lepcreKTHBHOK aJbTePHATHBOIO BHUCTYIMAIOTh CUCTEMH MOHITOPHHTY MAapKyBaJIBHUX MICIlh HA OCHOBI
TEXHOJIOT1i KOMIT FOTepHOTro 30py [1, 2]. BUKOPHCTOBYIOUH BiJEONOTOKH 3 KaMep CIIOCTEPEKEHHS, SIKI 4aCTO BXKe
IHTErpoBaHi B iHYPACTPYKTYpy 00’ €KTIB, Ta CydacHi aNrOpuTMH 00POOKH 300pakeHb 1 IIIMOMHHOTO HABUYAHHS, TaKi
CHUCTEMH JI03BOJISIIOTH ABTOMAaTUYHO BU3HAYATH CTATYC MApKOMICIb — BUSBIIATH BUIbHI Ta 3aiHATI MICIIS 3 BUCOKOIO
TOYHICTIO Ta omnepaTtuBHicTIO. Lle Hajae BomisM cBoedacHy iH(opMarlito, Cripusie onTUMi3allii BAKOPUCTAHHS Map-
KyBaJIbHOTO IPOCTOPY Ta MiABHUILY€E €(EKTUBHICTh MiCHKOi MOOUIBHOCTI 3araioMm.

AHaJi3 ocTaHHiX gocaigxedb i myGaikanii. [TutaHHs epEeKTUBHOTO MOHITOPUHTY MMapKyBaJbHHUX MICIh
MIPUBEPHYJIO 3HAYHY yBary AOCTiAHUKIB B OCTaHHI POKH, 1 pi3Hi pillIEeHHS BUKOPUCTOBYIOTh TEXHOJIOT1 KOMIT FOTEP-
HOTO 30py Ta MaIllliHHOTO HABYAHHS.

Y po6orti [3] Oyna 3amponoHoBaHa BAOCKOHAJIEHAa CUCTeMa BUABJICHHA MapKyBaJbHUX MiCIlb 3 BUKOPHCTAHHIM
QITOPUTMIB KOMIT FOTEPHOTO 30py HACTYITHOTO IMOKOMIHHSA. Lle pilieHHs HaroJomye Ha iHTerpalii Moxenen rmoo-
KOT'O HABYAHHS AJIsl OKPAIIEHHS TOUHOCT] BUSIBJICHHS B PI3HUX YMOBaX HaBKOJIUIIHBOTO cepegoBuina. OnHak, xoua
CHCTEMa JIOCATA€ BHCOKOI IPOAYKTHBHOCTI, BOHA 3HAYHOIO MipOIO 30CepePKeHa Ha KOHTPOJILOBAHHX CEPETOBHIIAX
1 He Mae IUPOKOi BasiAALil B JUHAMIYHO 3MiHHUX peaybHuX yMOBAX.

AHajoriuHo, y [4] Oyna p03p06neHa cucrema MOHITOpI/IHFy Ha OCHOBI BiJICO, IIO BKIJIFOYAE K TPaaWIIHHI
QITOPUTMHU MAIIMHHOTO HABYAHHSA, TaK 1 METOAU KOMII IOTEPHOTO 30py. ¥ it po60T1 HiAKPECIIIOI0ThCA TIepeBaru
0e3repepBHOTO MOHITOPHHTY Ta MPOTHO3HOTO aHaJi3y 3alHATOCTI MapKyBaJbHUX Miclb. THM He MEHIN, CHCTEMa
BHUMArae 3Ha4HUX OOYMCIIOBAIBHUX PECypcCiB 1 mepeadauae cTabiIbHUIN Ta BUCOKOSKICHHN BiI€OMOTIK, IO MOXeE
OyTH CKIIaTHIM 3aBIAaHHAM Y MiCEKHX YMOBaX.

ITonepenHi 3ycuiis, HAMPUKIAA, y [5], AOCHIKYBaIK MPOCTIII MiAXOAU A0 00pOOKH 300paxkeHb AJIsi BUSB-
JICHHS TOCTYITHUX MAapKyBaJbHUX MicCIb. X04Ya Ii METOIU Oy e(EeKTUBHHMH B CEPEIOBUINAX 3 HU3BKOIO CKIIa[-
HICTIO, BOHH NIPOIEMOHCTPYBAIN OOMEXEHHS P 3aCTOCYBaHHI 0 OB MEPEBAHTAXKECHUX Ta CKIAJHUX MICBKUX
paiioHiB, /I YaCTi HEPEKPUTTS Ta MIHJIMBICTh HABKOJIHIIHEOTO CEPEIOBHUINA € TIOIIHPESHIMH.

Iarerpauis Inteprery peueil (IoT) 3 KoMII'IOTepHHUM 30pOM, SK PO3DISHYTO B [6], IpencTaBisie IiKaBUit
HanpsAMOK. 1i cucTeMa MoeJHye BisyanbHi AaHi 3 Mepexxamu IoT ams MOKpalieHHS MOKIHBOCTEH MOHITOPUHTY
B PEXHMI peasbHOro yacy. OfHak Ied mifaxia BuMarae HafiiHoi iHppacTpykTypu loT, sika He 3aBxau Moxe OyTH
JIOLITIBHOIO 200 €KOHOMIYHO €(h)eKTHBHOK, OCOOIUBO I MOAECPHI3allil iICHYIOUOro MiChKOTO CepeIOBHIIA.

VY cdepi crerianizoBaHUX MapKyBaJIbHHUX CIIOPY[, TAKUX SIK KOHTEHHEpPHE MEPEBE3CHHS B MOPCHKUX MOPTaX,
Hanpukiam, y [7], Oylo JOCiiKkeHO BUKOPHCTAHHS CHCTEM 30pY HA OCHOBI MITYYHOTO IHTEJECKTY AJIS ONTHUMi3a-
1ii BEJIMKOMACIITA0HOI JOTICTUKH MapKyBaHHs. Xoda Ie JOCHTIKeHHSI JeMOHCTpY€e 0araroo0imsrodi pe3yabTraTu
B KOHKPETHUX ITPOMHUCIIOBHX YMOBAaX, METOJM Ta CUCTEMHI apXiTeKTypH He MOKHa Oe3MOCEepeaHbO MMePEHECTH Ha
3arajbHi CIieHapii HapKyBaHHS Ha MiCHKHX BYJIHIISIX.

VY po6orti [8] Oyi10 3amporOHOBaHO KOMIUIEKCHHUH MiAX1T 10 00pOOKM TaHWX B paMKaX IHTEIECKTYalIbHHX CUC-
TEM HapKyBaHHS SIK HEBLI'€MHOTO eIeMeHTa iHPPacTpyKTypH po3yMHOro MicTa. Lls poboTa 30cepemxena Ha ONTH-
Mi3zarii 300py, mepenadi Ta aHaIizy JaHUX PO MapKyBaHHS JJIsI MIATPUMKH 1HTENEKTYaTbHUX MPOLECIB IPHHHATTS
pimeHs. ABTOPH MiIKPECTIOIOTh BOKINBICTh €(PEKTHBHOTO YNPABIiHHSA JAHUMH Ul MOKPALICHHS MOHITOPUHTY
B PEXXUMI peabHOTO 4acy, 3SMEHIICHHS 3aTOPiB Ta MOKPAIIEHH MiChKOI MOOLTBHOCTI.
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HesBaxcatouu Ha HOMITHHH MPOTrpec, KibKa KPUTHYHUX IPOTAINH 3aJIUIIAI0THCS HEBUPIIICHUMH:

— IcHyrO4i cuCTeMH 4acTO MPUITYCKAIOTh ONTUMAaIIbHI YMOBHU Ta € HEJIOCTaTHBO CTIHKUMU JI0 3MIHHOTO OCBIT-
JICHHS, TOTOJIU Ta PEaIbHUX CLEHAPITB OKII03i1, HOMIMPEHUX Y MiChKUX JTaHAIIadTaxX.

— Bararo 3ampornoHOBaHUX pillIeHb BUMArarTh JOPOTOro OONagHAHHS a00 IHTEHCUBHUX OOYHCITIOBAaTBHUX
pecypciB, mo 00MeXYe X IPaKTHIHY MACIITaO0BaHICTh IS IXPOKOTO PO3TOPTAHHS IO BCHOMY MICTY.

— 3abe3neyeHHS BUSBICHHS, OOPOOKH Ta 3pyYIHOTO 3BOPOTHOTO 3B’S13Ky B pEAIbHOMY 4aci 3aJIUIIAETHCS MPO-
01emMor0, 0COOIMBO B yMOBaX BUCOKOTO TpadiKy, 1€ MBHUAKE IPUMHATTS PIlIEHb € BAKITMBHM.

— CyyacHHM CHCTEMaM 4YacTo Opakye IHTYITHBHO 3pO3yMIJMX iHTep(eiciB Ui B3a€EMOIIT 3 KOPHCTyBaYeM
y peaJIbHOMY Yaci Ta BOHH HEIOCTaTHLO IHTETPOBaHi 3 MUPIIUMH iHGPACTPYKTYpaMH PO3YMHOTO MICTa.

3 oy Ha i mpoOJieMu, ICHye O4eBHIHA TTIOTpeda B po3po0Ili iHTEIEKTyallbHOT, MACIITA00BAHOI CUCTEMH
MOHITOPUHTY Ta YIPaBIiHHS MAPKyBaHHSIM y PEKUMI PEaIbHOTO Yacy, sika BUKOPUCTOBYE NOCATHEHHS ITIHOOKOTO
HaBYaHHS, e()eKTUBHOI Bi/ICOAHATIITUKHY Ta aJalTUBHUX 1HTep(eiiciB KopucTyBaua, 30epiralodu Npy HbOMY JOCTYII-
HICTh Ta NMPOCTOTY pO3ropTaHHs. Lle HOCHIIKEHHS Mae HAa METi yCyHYTH IIi IPOTAJIMHU, 3aPONOHYBABIIN HOBE
pILIEHHs Ha OCHOBI KOMIT IOTEPHOTO 30Dy, aJallTOBaHe Al AMHAMIYHOTO MiCBKOTO CePe/IOBHUILA.

[ocTanoBka 3aBHaHHA. METOI TOCITIKEHHS € MiIBUIICHHS ¢()EKTUBHICTD YNPABIIHHSA MapKyBaIbHUMU
pecypcamMu B yMOBaxX MiCHKOTO CEPEIOBHINA, 3MEHIIUTH Yac IOIIYKY BUIFHOTO MICII Ta MOKPAIIUTH 3pPYYHICTH
IUTSL KOPUCTYBAdiB 3aBASKH CTBOPEHHIO IHTEIEKTYaJIbHOI MPOTPAMHOI CHCTEMH IJISI MOHITOPHHTY Ta YIIPaBIIiHHS
3aHATICTIO TAPKYBAIBHUX MICIlb Y PEXKHMI pEalbHOTO Yacy Ha OCHOBI METOIB KOMII' FOTEPHOTO 30Dy, 3AaTHOI J10
ABTOMATHUYHOI JIETEKIIiT TPaHCIIOPTHUX 3ac00iB, Bi3yamizamii cTaTyciB Micib Ta 3a0e3neueHHs 0a30Boi B3aeMOIii
3 KOpUCTYBaueM uepe3 KoH(pirypoBaHull iHTepdeiic.

s toCcATHEHHS [TOCTABIEHOI METH C(HOPMYITIOEMO 3aadi JOCIiPKCHHS:

— IlpoBectu aHami3 iCHYIOUHX IiAXOIB IO MOHITOPHHTY HMapKyBaJIbHUX MICIIb Ta METOJIB KOMII IOTEPHOTO
30py ISl IETEKIIi1 TPAaHCTIOPTHHUX 3acO0iB.

— ImmieMenTyBaTH Ta agantyBaTu Mojenb NMO0oKoro HaBuaHHs Y OLO [yist BUSBICHHS TPaHCIIOPTHUX 3aC0-
6iB Ha ocHoBi Python, OpenCV Ta PyTorch.

— Po3pobutu anroputM reoMeTpUUYHOTO aHamidy 30H iHTepecy (ROI) ans BU3HAYEHHS CTaTycy MapKOMiCLb.

— CrpoekTyBaTH IHTEPaKTUBHHUH IHCTPYMEHT AJIS HajamTyBaHHS moniroHanbHuX ROl i3 BUKOpHCTaHHIM
PySide6.

— InTerpyBaru cucreMy ymnpapiiHHS KOH(]Irypariero Ha ocHOBI YAML uis migBUIIEHHS THYYKOCTI Haja-
IITyBaHHS.

Pesynmeratn po3po0aeHOro nporpaMHOro 3a0e3rnedeHHs MOKYTh CTaTH KOPUCHHM 1HCTPYMEHTOM JUIS BIIPO-
Ba/KCHHS HA KOMEPUIHHUX Ta MPUBATHUX HNapKyBaIbHUX 00’€KTaX, a TAKOXK CIyTyBaTH OCHOBOIO JJISI CTBOPCHHS
KOMEPIIMHUX CHCTEM yNpaBiiHHA HapKiHramu pizHoro tumy (TLL, odicHi ieHTpH, KUTIOBI KoMIuTekcH). OOpaHuit
HiAX1A T03BOJISIE CTBOPUTH THYUKY Ta aalTUBHY CUCTEMY, 3/aTHY (DYHKIIIOHYBaTH B yMOBaX Pi3HUX MapKyBalIbHUX
cepenoBull. [HTerpanis iHcTpyMeHTiB Uit Bu3HaueHHs ROI Ta 30BHIIHBOT KOH}Irypalii napaMeTpiB MmiABHILYE
MPaKTUYHY IIHHICTh PO3POOKHU Ta CIPOIIYE ii BIPOBAIKCHHSI.

BukopucTaHHS TAKHX TEXHOJIOTIH JO3BOJISE aBTOMAaTHYHO BU3HAYATH CTATYC MApKyBaJbHUX MICIIb, CKOPOUY-
FOUM Yac Ha MOIIYK BIILHOTO MICISI 1 TOKpAIyroud e(heKTUBHICTh MapKyBaHHS B MicTi. Takox, OXOIUTIOE 3aCTOCY-
BaHHS IHTEJICKTyaIbHUX aITOPUTMIB IJIs1 €PEKTUBHOTO BUKOPUCTAHHS IMapKyBAJFHHUX 30H, 0 Ma€ HAa METi IOKpa-
MICHHS AKOCTI )KHUTTS BOJIIB 1 3HWKCHHS HABaHTa)XCHHS Ha TPAHCIIOPTHI CUCTEMH B TYCTOHACETICHHUX paiioHax.

Bukian ocHoBHOro marepiaiy. [IpoaHanizyBaBiim rmepeBard Ta HEJOMIKH PI3HUX TIIXOMIB, JJIs peaiza-
il MPOrpaMHOro MPOTOTHUILY B MeXKax TaHol pobotn Oyno oOpaHOo KOMOIHAIiIO AETEKIii 00’ €KTIB 32 TOTIOMOTOI0
mozeni YOLO Tta ananizy HONOXKCHHS BUSIBICHUX aBTOMOO1TIB BiAHOCHO NontiroHaabHUX ROI, BU3HaueHNX Bpy4YHY
KOPHCTYBa4YeM.

Takuit Bubip 00yMOBICHUI BUCOKOIO HIBUAKICTIO po6oTH YOLO, 110 € KpUTUYHUM ISt CHCTEM PEanbHOro
yacy, Ta THyuKicTio py4Horo BusHadeHHs ROI qnsa aganranii 1o pisHuxX koH}irypariiit napkidris. s BU3HaYeHHS
3alHATOCTI HA JAHOMY €TaIll BUKOPUCTOBY€EThCS aHAI3 BXOMKCHHS [ICHTPAJIbHOI TOUKHU BUsBIEHOTO 00’ €kTa B ROI,
OIIHAK Mepen0av4acThCsl MOXKIHABICTD TOJABIIOT0 BIOCKOHAICHHS 3 BUKOpHCTaHHAM Metony loU. BaxkinuBum acriek-
TOM € Te, IO JJISl TOCATHEHHSI MAKCUMAalIbHOT TOYHOCTI B peajbHAX yMoBax oOpana monens YOLO morpebyBarime
noaatkoBoro HardaHHs (fine-tuning) Ha maracerax, IO MICTATh 300pakeHHS MIJHOBOTO MAPKyBAILHOTO MaiaH-
YHKa 3a PI3HUX YMOB OCBITJICHHS Ta moromu. /ljis B3aeMonii 3 kopuctyBadem Ta koH(irypamii ROI po3poGieHo
cremianizoBanuid rpadiuanii inTepdeiic. BukoprucTaHHs 30BHINTHBOTO (aiiy KoH]iryparlii 3a06e3mnedye THyYKicTh
HaJAITYBaHHs CUCTeMH. J{aHwid TTiaXia CTBOPIOE BUCOKI BUMOTH JI0 arapaTHoro 3abe3nedeHHs (0axkaHo HasBHICTh
GPU) s 3abe3nedeHHs 00poOKHU BiIEOMOTOKY B peanbHOMY Yaci.

AHaJni3 10NnoMiKHHX NPOrpaMHUX 3ac00iB Ta 3ac00iB po3podku. Python € kpamum BuOOpOM a1t 61TbIIIO-
CTi 3a/1a4 MAIIMHHOTO HABUAHHS Ta KOMII IOTEPHOTO 30pY Uepe3 CBOIO IMPOCTOTY, THYUKICTh Ta BEJIHUE3HY EKOCHU-
cteMy 6i0miorek. BiH Takoxk 100pe MiAXOAUTH AJIst PO3POOKH IECKTOIMHUX OJATKIB 3aBISKH HASBHOCTI MTOTY>KHUX
GUI-dpeiiMBOpKiB.

lomo HaBUaHHS MopeNi: Y MPOTOTHUII BUKOPHCTOBYEThCS Momens YOLO, TpeHoBaHa Ha 3araibHHUX Jara-
ceTax, mo Jae 0a30By 3AaTHICTH J0 Aerekimii. OgHak, Ui TOCSATHEHHS MaKCHMMAalbHOI TOYHOCTI Ta HaIIHHOCTI
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B crleru(iyHUX yMOBax IIJILOBOTO MAPKyBaJIbHOTO MaiilaHuMKa (YHIKaJIbHI PaKypCcH, OCBITICHHS, TIOTOAHI YMOBH),
nependavyaeThesl MOAANBIINIMA eTan JoHaBuaHHs (fine-tuning). BUKOpHCTOBYIOUM TEXHIKY TpPaHC()EPHOTO HABUAHHS
(transfer learning), 6a3oBa Moaenp Oyne JoaJanToBaHa HA BIACHOMY, PETENBHO 310paHOMY Ta PO3MIYEHOMY JlaTa-
ceTi 300pakeHb came 3 IIbOro Napkiry. Lle 103BoauTh creniaiizyBaTi AETEKTOP A 0e3MOMUIIKOBOTO PO3Mi3HA-
BaHHS aBTOMOOLIIB HaBiTh 32 CKJIaJHUX YMOB €KCILTyaTarlil.

TakuM 94uHOM, AJ1s1 PO3pOOKH Oys10 00paHO HalIp Cy4acHUX, MOTYKHHUX Ta JOOpE IHTErPOBAHUX MIiX COOOIO
THCTPYMEHTIB, 1[0 JO3BOJISAIOTh €(DEKTHBHO pealli3yBaTH CUCTEMY KOMIT IOTEPHOTO 30py 3 rpadiuyHuM iHTEpdeii-
COM KopHrcTyBada. BukopucranHs nonepeaabo HapaeHoi Mozeni YOLO 3 mepcreKTHBOO MOATBIIOT0 IOHABYAHHS
3a0e3neuye MBUAKE IPOTOTHITYBAaHHS Ta IUISX A0 TOCATHEHHSI BUCOKOI TOYHOCTI B PEaIbHUX YMOBAX.

Po3po0ka BUMOr 10 cHCTEeMH MOHITOPMHIY HapKyBajJdbHHX Miclb. [Iporpamue 3abe3nedeHHs TOBUHHO
3a0e3nevyBaTy BUKOHAHHS HACTYIIHUX OCHOBHUX (yHKIiH (Puc. 1).
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Puc. 1. [liarpama BapiaHTiB BUKOPHCTAHHS CUCTEMH

YV Mexax JaHoi poooTH peamsyeTLc;I JEKCTOIHHMA 3aCTOCYHOK, MIPU3HAYCHUH JJIs1 aBTOMATU30BAaHOTO MOHITO-
pHHTY 3alHATOCTI TapKyBaIbHUX MiCIIb IIUIIXOM aHai3y BiJEONOTOKY 3 BHKOPHCTAHHIM HABYAHHOI MOJICI I€TEK-
ii 06’extiB YOLO Ta aHaNi3y MOJOKEHHS BUSABICHUX TPAHCIOPTHHUX 3aCO0IB BiTHOCHO BU3HAUCHHX 30H iHTEpECY.
MeTa naHOTO IOCIHIHKEHHS TOCATAETHCS MUITXOM pealtizallii JOTiuHOl YaCTHHU MpOorpaMu Ta rpadivyHoro iHTep-
(eticy kopuctyBaua. JloriyHa yacTHHa BiNOBigae 3a Bigeoananis (zerekuis T3, ctaryc ROI, kepyBaHHS 30HaMH),
a iHTepdeiic — 3a Bizyallizailito pe3yJIbTaTiB MOHITOPHHTY Ta B3aEMOJIIIO 3 KOPUCTYBAYEM.

Apx1TeKTypa nporpamMHoro 3a0e3nedyeHHs. 11 po3poOku gonmarka 3 iHTepdeiicoM 3aCTOCOBAHO MOZIyITh-
HUH MiIXi 3 pO3AITICHHSM JIOTIKH Ta TPE/ICTaBICHHS [ THYYKOCTI apXiTekTypH. BpaxoByrouu, 1110 OCHOBHI J1aHi,
SIKMU OTIEpY€e MPOTOTHII — Iie KoH(irypauis 30H iHTepecy (ROI) Ta mapamerpu cucTeMu, a TaKOXX BUMOTY IIOJ0 1X
penaryBaHHs KOpUCTyBa4eM, 1ii JAaHi 30epiraroThces JokanbHo y daitnax (.pkl amsa ROIL,.yaml ans xordiryparii), mo
€ TMPOCTILINM DIllICHHSIM JJIsl IPOTOTUITY MOPIBHSIHO 3 PO3TOPTAHHAM OKpPeMoi 0a3H JaHUX.

Bzaemonis mixk kommonentamu GUI Ta norikoro oOpoOku peanizoBaHa 3 BUKOPUCTAHHSIM MEXaHi3My CHT-
HaJIB Ta cJoTiB ¢pperiMBopky PySide6 (Qt). OOpobka BiIcOMOTOKY, K HAWOULIBII pecypcoeEMHaA 3aa4a, BAHECEHA
B okpemuii oTik (QThread), mo6 He 6JI0KyBaTH OCHOBHHMIA MOTIK IpadigHOTO iHTEpdEHcCy.

APpXITEKTYpy CHCTEMH JIETAIBLHO ITFOCTPYIOTh JiarpaMa KOMITOHEHTIB (PHCYHOK 2).

Onuc BUKOPUCTAHUX AJTOPUTMIB Ta apXiTeKTyp HelipoHHUX Mepe:x. [ peamizamii cHCTeMH MOHITO-
PHHTY MMapKyBaJFHUX MiCIIb OYyII0 BUKOPHUCTAHO KOMOIHAIIII0 aJTOPUTMIB KOMIT IOTEPHOTO 30pYy [UIS IETEKIii 00’ €K-
TiB, TEOMETPUYHOTO aHaJi3y JJIsl BU3HAUEHHS CTaTyCy MICIlh Ta CTaHJApTHUX METOMIB JIs Bi3yamizamii Ta ymnpas-
TiHHA TaHUMH. KITFOU0BHM €IeMEHTOM € HelipoMepexeBa MOJIENb JIJIsl BUSBIICHHS TPAHCTIOPTHHUX 3aCO0iB.

Jerekuisa TpancnoptHux 3aco0iB: Apxitektypa YOLO

OCHOBHUM 3aBaHHAM € BHSABJICHHS aBTOMOOLUIIB Ha Kaapax BifeonoToky. s mporo Oyno oOpaHO MOAENb
3 cimeiictBa Y OLO (You Only Look Once), 1110 Hanexuth J0 Ki1acy OZHOIIPOXiTHUX (Single-stage) neTekTopiB 00’ €KTIB.

Ha Binminy Bin qeoctafiiinux aetekropis (ak Faster R-CNN), YOLO o6po0iisie 300paXKeHHs 3a OTAH ITPOXi
HelpoHHO1 Mepexi. OCHOBHA i/1esl TTONSTae B HACTYITHOMY:

1. Posninenns 300paxenHs: BxigHe 300paxeHHs pO3aIISE€TECSA Ha YMOBHY CiTKy S X S kiituHok (Grid Cells).

2. IlporHo3yBaHHS B KOXHIM KITHHII: KokKHa KIIITHHKA CITKH BIATOBIZA€ 3a NETEKIII0 00’€KTIB, IIEHTPH
SIKAX TOTPAIUISIOTH Y IO KIITHHKY.
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Puc. 2. [liarpamMa KOMITOHEHTIB

Jlis cTBOpEHHSI BiICOTIOTOKY Ta IOCTYIY JIO OKPEMHX KaJpiB OyJ0 BUKOPHUCTAHO MOXKIHMBOCTI 0i07I10TEKH
OpenCV (cv2), sika 103BoJIsIE €PEeKTUBHO IPAILIOBATH SIK 3 Bifeodaiinamu (Hanpukiaj, y popmari.mp4), Tak i HOTEH-
niitHo 3 BeOkamepamu uu IP-kamepamu. Ockinbku 0OpoOKa Bifieo B peabHOMY daci BUMarae OTpUMaHHS KaJpiB
3 MiHIMaJIbHOIO 3aTPUMKOIO Ta HE MOBHHHA OJIOKYBaTH OCHOBHHM MOTIK rpadivHOro iHTEepdeiicy, Oyi0 BUKOPUCTAHO
MeXaHi3M 0araTonoTOKOBOCTI, HajaHuil ¢pperimBopkoM Qt uepes kiaac QThread (peanizoBano y VideoThread). Lle
JI03BOJISIE IUKITy OTPHMAHHS Ta aHANi3y KaJpiB BUKOHYBAaTHCS MapaieibHo 3 poboTtoro GUI, 3abe3meuyroun Bij-
TYKIUBICTh 1HTEpDEHCY.

Meton ogHoeranHoi (single-stage) nerekuii 006’exTiB Ha ocHoBi apxiTtekTypu YOLO. [ 3HaX0KSHHS
TPAHCIIOPTHHUX 3ac00iB (aBTOMOO1JIIB) Ha KaJpi 3 BiJICOMOTOKY OyJI0 00paHO HEHPOMEPEIKEBY MOJICNb apXITEKTYPH
YOLO (You Only Look Once). Ilinxin YOLO HaneXuTh 10 OMHONIPOXiTHUX (single-stage) NETEKTOPIB, 10 32 OJMH
MIPOXiJ] KOHBOJIFOIIIHOT HEHPOHHOI MEpEeXi FeHepy€E CITKY MPOTHO31B, KA MICTHTB:

OomexyBaiabHi pamku (Bounding Boxes, BBox):

B :[xlﬂyl’xZ’yz]'
Ouinku BneBHeHocTi (confidence score) 17151 KOXKHOIO BUSIBJICHOIO 00’ €KTa:
S = P(object )- max P(c| object),
ceC

ne C — Habip MOXIJIMBHX KJIACIB 00’ €KTIB.
HNmoipHocTi kiaciB:

P(c|object), ceC

IIpornec meTekiii MoXXHA MPENCTaBUTH y BUDIISAAI Takux cxeM — Y OLO model in car detection (pucyHok 3, 4).

Bukopucrana y npoToTHIi momnepenHo HaBueHa moaenb YOLO (pucyHok 5) (.pt-¢aiin), HaTpeHOBaHA Ha
BEJIMKUX J1aTaceTax 37aTHa 3 BHUCOKOIO IMIBHAKICTIO BHSBIATH 00’ €KTH KJIaCy «aBTOMOOLUIB», IO KPUTHYHO IS
CHCTEM PEaJbHOTO Yacy.

JeTekiist aBTOMOO1ITIB 3MIHCHIOEThCS IIIJISIXOM aHali3y BXiHOTO 300paskeHHs po3mipom 608%608, sike mpo-
IyCKAETHCS Yepe3 NIHOOKY 3TOPTKOBY HEHPOHHY MEPEXKY 3 Koe(illieHTOM 3MeHIIeHHS 32%32, 1m0 MIpU3BOIUTE JI0
OTPUMAaHHS BUXIHOTO T€H30pa po3MipoM 19x19x5x85.

Inrepdeiic 6i6miorexu Ultralytics (Ha 6a3i PyTorch) no3Bossie 3py4HO 3aBaHTaKUTH MOJENb Ta OTPUMATH
Ppe3ysIbTaTH AETeKIIl:

model.predict(...) > {B,C,S},

JIe BUX1JI MiCTUTh CITUCOK paMOK B, kitacu 00’exTiB C Ta BiJIMOBIHI OIIHKK BIEBHEHOCTI S

MeTon reoMeTpMYHOI0 aHAII3y 3aiiHATOCTI NAPKYBaJBHUX Micllb HA OCHOBi POCTOPOBOIO PO3TaIy-
BaHHSI BUAABJIEHUX 00’€KkTiB. /[JI1 BU3HAUCHHS CTaTyCcy 3alHATOCTI KOHKPETHOTO MAapKyBaJBHOIO MICIISI BUKO-
PHUCTOBYETHCS T€OMETPUIHHUN aHANI3 MOJOKEHHS BUSBICHUX aBTOMOO1IIB BIIHOCHO MOMEPEIHLO BU3HAYCHUX 30H
inTepecy (ROI).
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Puc. 3. Bumisin nporiecy o6po6ku 300paxeHHst aBToMo61st B Yolo

(=) AuRAPAR

v y=p..b.b,.b,.b,.c)

p. =1 : confidence of an object baing present in the bounding box

c = 3 :class of the object being detected (here 3 for “car")

Puc. 4. Kinueswuii BUrsi o6pobieHoro aBToMo01u1st Tpekinrom B Yolo

o
i’\]
7
"
\
3
,t:] “ ,rt:
a0 Iy n,'
4 7 7 - -7
N X HX
n b

- ? y )

3 iZ] 173 s =) 034 =7 e )

Conv. Layer Conv. Layer Conv. Loyers Conv. Layens Conv. Layers Conv. Loyens Conn. layer Comn. Loyer

Tx7xb6442 IxIxN92 1x1x128 1x1x256) s 1x1x512 2 Ix3x1024

Moxpool L Maxpool Layer Ix3Ix256 IxIxS12 3x3x1024 Ix3x1024
2x242 2x242 1x1x256 1x1x512 IxIx1024
Ix3Ix812 Ix3Ix1024 Ix3Ix102442
M P 1 lcy., M P 3 Lw
2x242 2x242

(@) AuRAPAR

Puc. 5. 3aransuunii Bunisag mozaeii Yolo
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KoxxHe mapkoMicIie MOAETIOETHCS MOTIroHOM (y JaHiil peaiizariii — YOTUPUKYTHHKOM), KOOPIAMHATH BEPILIHH
sikoro 30epirarotecs y ¢aitni.pkl.pkl.pkl uepes monyns Pickle.
[Ticnst oTpuMaHHS paMKU B 1711 BUSBIEHOTO aBTOMOOLISI OOUUCITIOETHCS LIEHTPaIbHA TOUKA aBTOMOOINIS:

X +x v+
— _ 1 2 _ 71 2
Pc—(cx,cy),cx— 5 , €, = 5
s koxHoro nomirony R (mo Bu3Hadae ROI) mepeBipseTscs HalexxHiCTh Touku P(C) mboMy HOJIroHy 3a
noromororo OpenCV:

cv2.pointPolygonTest (R P.F alse) ,

vertices >

Jie SIKIIO pe3ynbTar > 0, To Miclie BBAXKAETHCS 3aiHATUM
AnbpTepHaTHBHUM O1ITBII TOYHUM TTiixonoM € anaii3 nepetuny loU (Intersection over Union)

|BNR|
|BUR|
Sxmio IoU > T (ne T — moporose 3HaueHHsI, HanpukIia, 0.5), To Miclle BU3HAYAETHCSI K 3aitHsTe. (PUCYHOK 6)

loU(B,R)=

AP poom———
y Free Slota: 16

Puc. 6. Burisg 3aiiHATOCTI MTapKyBaJIbHOTO MiCIs

Bisyaumi3ariist pe3ynbrariB (MamtoBanHs ROl 3 KombOpoBUM CTaTycOM, HOMEpIB MicCllb, omioHansHIX BBox
aBTOMOOLIIB) Ta HAKIAJaHHS iX HA BiJ€OKanp 3MiHCHIOETHCA 3a HOTOMOTOI0 (YHKIIH ManroBaHHS 0i0MioTEeKH
OpenCV (cv2.polylines, cv2.fillPoly, cv2.putText, cv2.rectangle, cv2.addWeighted).

OT1xe, 115 po3podku Oyno oOpano komOiHatio: OpenCV s po6oTH 3 Bineo ta reomerpieto, YOLO (uepes
Ultralytics/PyTorch) mist nerekmii T3, anani3 Touku B mosirodi ROI mist Bu3Havenns crarycy, Pickle ta YAML s
30epexkeHHs/3aBaHTaXKeHHs TaHuX/KoHpirypariii, Ta PySide6 ans GUI. Lle cTBoproe BUMOTH 70 armapaTtHoro 3a0e3-
nedeHHs (Oaxxano GPU) s 3a0e3neueHHst poOOTH B pEaIbHOMY Yaci.

HInsixu BIOCKOHAJIEHHS Ta MOJAJBIIOI0 PO3BUTKY. MO)KHA BUIIINTH 3 OCHOBHI HAIPSIMKK MOJAJIBILIOTO
PO3BUTKY PO3pPOOJIEHOT CHCTEMH:

1. ITigBUIIEHHS TOYHOCTI Ta HAAIWHOCTI sipa cuctemu: Ilepexin Bif aHami3y LHEHTPaJbHOI TOYKHU J0 BU3HA-
4yeHHd 3aiiHATocTi Ha ocHOBI loU, nonaBuanns mozeni YOLO Ha crienmgivHOMY AaTaceTi HibOBOTO MapKiHTy JUTs
aJIanTarii 10 JIOKAJIbHUX YMOB.

2. PosmmpeHHs GyHKIIIOHATBHAX MOXUIHBOCTEH: JlogaBanns miaTpuMkn peanbaux [P-xkamep (RTSP), inte-
rpaiis LPR, BipoBapkeHHS aHATITHKH BUKOPUCTAHHS TAPKiHTY.

3. MacmraOyBaHHs Ta po3ropTaHHs: [lepexin Ha KIIEHT-CEpBEPHY apXiTEKTypy UIsSl MIITPHMKH 0araTthbox
KaMep/KOpUCTyBadiB, BHKOPUCTaHHS 0a3u MaHWX JUIA 30epiraHHs CTaHy Ta KOH]Iryparliii, po3mis BapiaHTiB po3-
ropTaHHs Ha cepBepi abo 3 BUkopucTanHsM Edge-npuctpois.

BucHoBku. Y X0/1i BUKOHaHHSA POOOTH OyJIO MOBHICTIO peaii30BaHO MOCTABIEHY METY — MOKpAIICHHS edeK-
THUBHOCTI yNpPaBJIiHHS MapKyBaJbHUMHU MaiJJaHIMKAMU Ta HAJAHHS KOPUCTyBauaM akKTyalbHOI Bi3yalabHOI iHGOP-
Mallii Ipo CTaH Micls uepe3 3pyuHuil rpadidauil inTepdeiic, 3a paxyHOK CTBOPEHHS (DYHKI[IOHAIBHOTO IIPOTOTUILY
CHCTEMH aBTOMaTH30BAHOTO MOHITOPUHTY MAapKyBaJIBHUX MICIlb HA OCHOBI BiI€OAHAIITHKH, L0 IHTETPY€e CydacHi
MiAXOMU MTHOMHHOTO HABYAHHS Ta 3aCO0HM KOMII FOTEPHOTO 30py 3 THYYKHM iHTep(EHcOoM s pealbHOTO BUKOPH-
CTaHHS.
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B pesynbrari nocnimpkeHHs Oyau JOCATHYTI BC1 3aBJaHHS T0CHIKeHHs. Byso cTBopeHo yHiBepcallbHUil Mpo-
TOTHII, IKWH MO€AHY€ MIBUJKY Ta HAAIHHY JETEKLiI0 3pydHUM iHTepQencoM, 0 He Mae NPSMHUX aHAJIOTiB cepen
ICHYIOUMX MPOTrPaMHUX PillleHb 3 BIAKPUTUM KozoMm. HaykoBa HOBH3HA pOOOTH MOJSTaE B 3alPONIOHOBaHIN iHTe-
rpauii MetoniB Aerekuii 00’exTiB YOLO 3 rHyukum MexanizmoM ympasiiHas ROI yepes rpadiunuii inTepdeiic Ta
Bi3yali3ali€io cTaHy MapKOMICIIb B pealbHOMY Yaci B paMKax €IMHOTO KOH(IrypOBaHOTO 3aCTOCYHKY. PeanizoBaHa
CHCTEMa € MPaNe3IaTHOI0, IEMOHCTPY€E OallaHC MK TOYHICTIO, INBUAKICTIO Ta THYYKICTIO HAJalITyBaHHI, JOCSTa-
FOUH TTOCTABJIICHHX IIUJIEH. APXITEKTYPHI PIillEeHHs MO0 MOAYJILHOCTI, mapaienbHoi 00pooku (QThread) Ta koH-
¢birypamiiHOCTI 3a0€3MeYyr0Th 3pyYHE PO3rOpTaHHs MPOTOTHITY Y HOBUX CEpeIOBHUINAX. BHUSBICHO MepCeKTHBU
JUTSL TIOANTBIINX TOCTI/KEHB, 30KpeMa B HAIPSMKY MOJIMIIEHHS TOYHOCTI BU3HAYCHHS 3ai{HATOCTI 3 JTOTIOMOTOI0
ool ananiTiky, loU-niepeTrHiB Ta 6ararokaMepHoi 00pOOKH.
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MOJIAJIBHI BIKHA B IHTEP®EWCI KOPUCTYBAYA 3ACOBAMH REACT/NEXT.JS

Moodanvhi gikHa cmanu nosClOOHUM eneMeHmoM yugposux inmepgelicie 0 61000PaNCeHHA CROBIUEHb, 300Dy 68e0eHUX
KOpUcmyeavem 0auux, Kepyeawus Hagicayieio. Memoto cmammi € ananiz ma cucmeMamusayis Cyuachux nioxodie 00 peani-
3ayii’ MoOanbHUX GiKOH y 8e63acmocynkax, cmeopenux 3acobamu React ma Nextjs. Y cmammi nposedeno xomniexchuli ana-
73 cyuacHux nioxodie 0o peanizayii modarvHux 6ikon y frontend pospooyi. Ilo-nepuie, 00cnioxiceHO ponb MOOUTLHUX BIKOH
Y NOKpaujeHHi 63aemo0ii kopucmyeauig y eebzacmocyuxax. Ilonpu ix wiupoxe 6UKOPUCMAHHS € NEGHA HEOOHOHAYHICIb 1000
MO020, KOIU BUKOPUCTOBY6AMU MOOATIbHI GIKHA, a KOU AIbIMEPHAMUGHT PileHHs — CRIUBaiowi 0iano2o6i ikna. Aemopu npogenu
OemanvHe NOPIGHAHHS YUX KOMNOHeHmig inmepelicy, pisni eapianmu ix GUKOPUCIAHHS, Nepesdcy ma NoOmeHYyilini HedoriKuL.
Ilo-Opyee, 6 cmammi, po3enaHymo pizHi npooremu npu po3poodneHHi QYHKYIOHATbHUX MOOATbHUX 6IKOH 6 iHmepgelici Kopuc-
mysaya. 30kpema ye cmocyemvcs npobiem 00CHynHOCH, RPOOYKMUSHOCI Ma eheKmusHocmi, iHmezpayii MoOATbHUX GIKOH
3 Mapwpymusayieio, npobrem 3 MobIIbHOIO 8epCi€lo, Nepepusantsa NomoyHoi 83aemooii, npobiem 3 POIMIMKOI0 MAa CIMUTAMU.
Tlo-mpeme, y pobomi 00cHioxHceHO NUMAHHSA MeCHYBAHHSA MOOATbHUX BIKOH Y OUHAMIYHUX 8ebcepedoguwyax. Tpaduyitini 3acodu
ABMOMAMU308AHO20 MECHYBAHHS YACHO MAIOMb NPOONEMU 3 MOOANLHOIO 83AEMOOIEI0 Yepe3 iX MUMYACOosULl Xapaxmep i 3anedic-
Hicmb 6i0 nooitl, iniyitiosanux Kopucmysauem. Y cmammi 062060p1oemucs me, ax wimyynuti inmenexkm (L) 30amen donomozmu
D038 ’a3amu yi CKIAOHOW, 00360A04Y CKIAOHUU AHANI3 MOOATbHOI NOBEOIHKU, BKIIOUHO 3 OUHAMIYHOIO adanmayieio emicmy
ma peazyeanus 8 pexcumi peanbHozo uacy. 3ae0axu inmespayii egheKmusHux Memooig OOCMynHOCMI, ONMuMI3ayii npooyK-
MUBHOCI | BUKOPUCIAHHIO PO3UWIUPEHO20 MeChYBaHHa 3a donomoeoio LI, po3pobuuku modicyms cmeopiosamu iHmyimusHo
3po3ymini ma epexmugHi inmepeeticu, AKi NOKPAWYIOMb, A He NepeturodHIcaiomsy 63aemodii kopucnysauis. Ilposedenutl ananiz
ModHce Oymu YIHHUM 5K OISt HOBAYKIB, MAK i 015l DOCBIOUEHUX PO3POOHUKIE IHmepghelcy, AKI npazHymb YOOCKOHAIUMUY C8itl nioXio
00 MOOAIbHORO OU3ALUHY 8 CYUACHUX 8e03ACMOCYHKAX.

KimrowoBi croBa: modanshe gikHo, ednpocpamysantsi, 6e60usaiin, inmepghetic, mecny8anHs, CRiugaroye GikHo.

Trofymenko O. G., Manakov S. Yu., Korniichuk M. M., Loboda Yu. V., Chykunov P. O. Modal Windows in the in Ul
with React/Next.js

Modal windows are a ubiquitous element of digital interfaces for displaying notifications, collecting user input, and con-
trolling navigation. The purpose of the article is to analyze and systematize modern approaches to implementing modal windows
in web applications created using React and Next.js. The article provides a comprehensive analysis of modern approaches to
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implementing modal windows in frontend development. First, the role of modal windows in improving user interaction in web
applications is investigated. Despite their widespread use, there is some ambiguity regarding when to use modal windows and
when alternative solutions are pop-up dialog boxes. The authors conduct a detailed comparison of these interface components,
their different uses, advantages, and potential disadvantages. Secondly, the article discusses various problems in developing
functional modal windows in the user interface. This concerns accessibility, performance, and efficiency issues, integration of
modal windows with routing, mobile issues, interruption of ongoing interaction, issues with markup and styles. Systematizing
approaches to implementing these components allows you to ensure interface quality and increase the scalability and main-
tainability of web applications in the long term. Third, the paper explores the issue of testing modal windows in dynamic web
environments. Traditional automated testing tools often have problems with modal interactions due to their temporal nature and
dependence on user-initiated events. The paper discusses how artificial intelligence (Al) can help address these challenges by
enabling sophisticated analysis of modal behavior, including dynamic adaptation of content and responsiveness in real time.
Al-based testing frameworks can simulate complex user interactions, detect accessibility issues, and predict potential UX issues
before deployment. By integrating effective accessibility practices, optimizing performance, and using advanced Al-powered
testing, developers can create intuitive and effective interfaces that enhance, rather than hinder, user interactions. The analysis
can be valuable for both novice and experienced interface developers looking to refine their approach to modal design in modern
web applications.
Key words: modal window, web programming, web design, interface, testing, pop-up window.

IMocTanoBKa Tpo6aeMu. MopanbHe BIKHO € BaXJIMBUM €JIEMEHTOM OUTBIIOCTI Be03aCTOCYHKIB, OCKUIBKH
Horo npu3HaUEHHS HoiArae y (OKyCyBaHHI yBaru KOpHUCTyBada Ha TIEBHOMY 00’ €KTi, III0 MiCTUTH BaKJIUBY iH(OP-
Mario abo CIOHYKA€ 70 1ii, IKy HeoOXiIHO BUKOHATH Iepe]l TUM, K IPOJOBKUTH POOOTY 3 OCHOBHUM KOHTEHTOM
BeOpecypcy.

AKTyanbHICTh IMMOOKO aHalli3y MiAXO/IB 0 peanti3alii MoJaJbHHUX BiKOH y Beb3acTocyHkax Ha React i Next.js
3yMOBJICHA MOIIUPEHUM BUKOPUCTAHHIM IIMX TEXHOJOTIH y cyyacHii ppoHTeHA-po3pobui. React € oqHiero 3 Haii-
MOMYJSPHIMIHX 010JIIOTEK [UI CTBOPEHHS iHTepQelciB KoprcTyBaya, a Next.js — MOTyKHHM (QpeHMBOPKOM, SIKHI
3abe3Ieuye CepBepHUIA PEHICPUHT, F'eHepallif0 CTATHYHUX CTOPIHOK Ta ONTHMI3AIii0 TPOAYKTHBHOCTI.

IIpu po3poOieHH] CKIaIHUX, MHAMIYHAX BeOiHTep(hEHCIB MOAABHI BiKHA € OTHUM 3 KIIFOUOBHX €JIEMEHTIB
B3a€EMO/IiT 3 KOPUCTYBaYeM, TOMY MpaBWIbHA 1X peaizaiis Mae Belnke 3HadeHHsA. CydacHi Be03aCTOCYHKH 9acTo
MOTpeOyIOTh THYYKHUX, €(EKTHBHUX CITIOCOOIB CTBOPEHHS MOTATIBHUX BiKOH. Taki cmocoOM MOKYTh BKITFOUATH BHKO-
PHUCTaHHS MOPTAJIIB, YIIPABIIHHSA CTAHOM Yepe3 XyKH abo KOHTEKCT, a Takoxk iHTerpaiito 3 Ul-6i0miorekamu. Kpim
TOTO, peali3alis TAaKUX BIKOH BUMarae JOTPHMAHHS NPHHIUIIB JOCTYITHOCTI, 30KpeMa MPABUIBHOTO YIIPABIIiHHS
(dhoxycom, Bukopuctanas ARIA-arpuOyTiB 1 3a0e3neueHHs HaBirallii 3 KJaBiaTypu. Yce 1ie 0e31mocepeIHbO BILTHBAE
Ha KOPUCTYBallbKUH TOCBIJ.

[lle ogHUM BaXkKJIMBUM acIeKTOM € BIUIMB MOJAIBHHUX BIKOH Ha MPOJAYKTHBHICTH 1 peHICpPHHT. BpaxoByouu
cneundiky migxoxiB SSR (Server Side Rendering) i CSR (Client Side Rendering) y Next.js, HenpaBuibHa peai-
3aIist MOXKE CIPHYMHUATH MPOOIEMH 3 MPOAYKTHBHICTIO, 3aBaHTAXKCHHSIM CTOPIHKH a0o0 Tigparaliero KOMIOHEH-
TiB. OCcoOIMBOT yBaru NoTpedye iHTerpais KOMIOHEHTIB MOJATBHUX BIKOH Y CHCTEMH MapIupyTu3ailii (BOym1oBaHi,
sk y Next.js abo kacTomHi). 30kpema mnependadeHHs CIoCO0IB KepyBaHHS icTOpiero Ta motoyHuM craHom URL
y BUINAJKaX, KOJH BIIKPUTTS 1 3aKPUTTS MOIAIBHOTO BiKHA ITPHB’s3aHE 0 HABirarfii.

AHaJi3 ocTaHHiX JocaiaKeHb Ta myouaikaniii. OCKUTBKY 3 MOTPeO0I0 pO3pOOKH MOTATBHHX Ta CIUTHBAIOYHX
BIKOH pO3poOHMKH iHTep(deiicy Be03aCTOCYHKIB CTHKAIOTHCS JOBOMI 9acTO, TO M aKTyaJbHICTH 1000pY e(heKTHB-
HOI peaizallii BiJIIOBIJHUX €JIEMEHTIB B3a€MOJIii 3 KOPHCTYBa4eM MiJTBEPKYETHCS PI3HOOIYHUMU JOCIiIKECH-
HAMH y 1iit cdepi. barato auzaitnepis iHTepdeiicy xopuctyBaua (User Interface, UI) oO6roBoproroTs IpHUHIUIHN,
SIKMX CIILI AOTPUMYBATHCS IPU po3poOIeHHI (DYHKI[IOHAIBHUX ACHEKTiB iHTepdelcy kopucTyBayda [1]. 306ip gaHux
yepe3 BeOPOpPMHU Ta J11aI0roBi BiKHA € OJHUM 3 OCHOBHHUX CIOCO0IB B3a€EMO/Ii1 3 KOpHUCTyBauaMu Ha BebcaiTi. 1106
KOPHUCTYBayi TOBIpSAJIM [11aJJOTOBUM BiKHaM Ta BeO(popmMaM, BOHH MarOTh BiINMOBiIaTH (PyHKIIOHAIBHUM HOTpebam,
HOpMaM KOH(DIICHIIIIHOCTI Ta OPUINIHIMU 30008’ s13aHHAM [2]. Y poOOTi pO3MIIHYTO YOTUPU METOAU CTBOPSHHS
MOJIAIbHUX Ta CIUTMBAIOYHMX BIKOH sIK €JIeMEHTIB iHTepdelicy xopuctyBada [3]. Jlocmimkenns [4] cipsMoBaHe Ha
BHSIBIICHHS BIJIMIHHOCTEH MK CIUTHBAalOYHMH CITOBIIIEHHSIMHM Ta TOBIOMJICHHSAMH y BUDIAAI (OpM MO0 Yacy iX
BuKOHaHHS. Cy0’€KTHBHI OIIIHKK 000X METOJIIB HE BUSBWIIM CYyTTEBOI IIEpeBard *KOMIHOTO 3 METOMIB. Y poboTi [5]
3BEPTAOTh yBary Ha CKJIQJTHOIIII TECTYBaHHS CIUTMBAIOYHX BIKOH B 1HTep(1)eH01 Be63aCTocyHK113 3acobamu Selenium.
[Ipu TecTyBaHHI BeOEIEMEHTIB BUKOHYIOThCS YHCIICHHI MEPEBIPKH Bi3yabHUX 1 CTPYKTYPHHX YaCTHH iHTepdeicy
KOpPHUCTYyBa4a Ha BiJMOBIJHICTh BUMOTaM 3pPYYHOCTI BUKOPHCTaHHS, JOCTYIHOCTI, MPOJYKTUBHOCTI Ta CTaHIAp-
TaMm, 110 CTBOPIOE MPOOIEMH ISl aBTOMaTU30BAHOTO TeCTyBaHHS [6]. CyTTEBHM € Te, 10 CKPUIITH IS TECTYBaHHS
rpadiunoro intepdeiicy (GUI) € manmonmpuaaTHUMU JIjs TMEpeBipkH 103a0iiiTi yepe3 mpoOaeMH HalaroKeHHS
TECTOBOTO CLIEHAPII0 1 He MOXKYTh OyTH MakeTHUMHU ab0 00’ eaHaHuMH B cuctemy [7]. Kpim Toro, aBTomaTru3oBaHi
(YHKITIOHATBHI TECTH HE 3aBXIU € HAJIHHIMH, OCKUTBKH TECTOBI CKPHUIITH MOXYTh HE BUSBILSITH IOMILUIKH, SIKi HE
MPOTIHCaHi B CIeHapii mepeBipku. JIo Takux HEHOINIKIB HaleKaTh, 30KpeMa, HETOUHE MO3HIIIOBAHHS MOJATBHUX
Ta CIUTMBAIOYWX BIKOH, MMOMHMJIKH Y TEKCTi MOBIIOMIICHB, Ne(eKTH GOpM, 3 SKHMHU CKPHIT HE B3aEMOJIE i 4ac
BHKOHaHHS [8]. ToMy mojabIni JOCTIKSHHS TiIXOIIB 10 PO3POOKH Ta TeCTYBaHHS MOIAIBHUX BIKOH 3acO0aMu
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React i Next.js 103BONSATh 3HAWTH €(EKTUBHI PillICHHS, SIKi 3a0e3Me4aTh SKICHY B3a€MOJII0 3 KOPUCTYyBa4eM, Bij-
MOBIIaTUMYTh CyYaCHHM BHMOT'aM JI0 TIPOIYKTHBHOCTI 1 IOCTYITHOCTI, Ta € THYYKUMH JUIsl TOJAJIBLIOT IATPUMKH
it MaciiTaOyBaHHS B€0O3aCTOCYHKIB.

Merta cTaTTi — aHaJi3 Ta CUCTEMaTH3allis CydacHUX IiIXO/IB 0 peasti3anii MofaIbHUX BIKOH y Be03aCTOCYH-
Kax, cTBOpeHnx 3acobamu React Ta Next.js.

Bukiaax ocHoBHOro marepiaiy. Po3poOka 3acTOCYHKIB Uil Cy4acHOTO IHTEpHETY OXOILIIOE Ty HH3KY
CKJIaJTHUX 1H)KEHEPHUX MPOIIECIB, Cepell IKUX BXKIIMBY POJIb BIIIrpae MPOEKTYBaHH iHTep(eliciB KopucTyBaya, sKi
MMOETHYIOTh B3a€EMOJIIIO IHTEPAKTUBHUX, TUHAMIYHAX KOMITOHEHTIB. OJHUM i3 BaXXJIMBUX €JIEMEHTIB iHTEepeHciB
€ MOJIAJIbHI BIKHA, SIKI aKTUBHO BUKOPHCTOBYIOTBCS JJIsl B3a€MOJIIT 3 KOPUCTYBadeM BeOCTOPIHKH.

1. BigminHocTi MoganbHuX BikoH (modals) Bix cnuiuBarounx (pop-ups)

MopnanbHi BikHa AEIIO CXOXKi Ha CIIMBAIOUi JiaJIoroOBi BikHA Y Be03aCTOCYHKaX, ajle BOHM BUKOHYIOTh Pi3HI
(yHKIIT 1 MaIOTh CyTTEBI BIIMIHHOCTI B TOMY, SIK BOHU TIOBOASATHCS 1 SIK pealtizyroTecs (Tadi. 1).

Tabmuus 1
OcHOBHI BIIMiHHOCTI Mi’Kk MOJAJIbHUMH i CILIMBAIOYUMH JiaJIOTOBUMHU BiKHAMH
XapakrTepucruka MopanbsHe BikHo (modal) CniinBaioye BikHO (pop-up)
B3aemopnis 3 Brokye moctyn 10 OCHOBHOTO KOHTEHTY, TIOKH He 6510kye OCHOBHHI KOHTEHT, KOPHUCTYBa4y
iHTepdericom KOPHCTYBa4 HE B3a€EMOJIIE 3 BIKHOM MO’KE MPOJIOBKYBATH PoOOTY
Micue BinoOparkaeTbcs TOBEpX OCHOBHOTO KOHTEHTY Moske BiIKpUTH HOBY BKJIAIKY a00 3’ IBHTHCS
BiZIOOpaKeHHsI BeOCalTy 9M 3aCTOCYHKY MTOBEPX KOHTCHTY
Tumn xkoHTEHTY BUKOPHCTOBYIOTBCS 17151 BAXKIIMBHX MOBIIOMIICHb | MOXe MICTHTH ITOBIIOMJICHHS, peKJiamy abo
a60 GopmM, sAKi TOTPeOYIOTh B3aeMOIl 1HIIII MEHII BJKJIMBI €JIEMEHTH
[Ipuxnan [ToBigOMIIEHHS IPO TIOMUIIKH, TiATBEPAKESHHS Jlerki nmoBigomIIeHHs1 200 CIIOBILIICHHS ITPO
BUKOPUCTaHHS JiA, popMu 1151 BBEACHHS JaHUX OHOBJICHHSI, peKJIaMa
3acrocyBaHHS B 3a3BHuaii BUKOPHUCTOBYIOTHCS KOMIOHEHTH Moske OyTH peanizoBaHe 4epe3 IMpOoCTi
React 3 YMOBHHM PEHJICPHHIOM /ISl KOHTPOJIIO KOMIIOHEHTH a00 BUKOPHCTaHHS BiKOH
BUIMMOCTI Opay3epa

TooBa BiMIHHICTE MK CIUIMBAIOYMMH JTiaJJOTOBUMU 1 MOJAIEHIMU BIKHAMH MOJIATAE B TOMY, SIK CaMe Bif-
MOBiHE BIKHO JJO3BOJISIE KOPUCTYBAUCBi B3aEMOMISATH 3 JOKYMCHTOM, KOJIM BOHO Bifikpute. Tak crumBarode BiKHO
(pop-up) mpu MOsIBI Ha €KpaHi JA03BOJIIE KOPUCTYBAYeBi B3aEMOJIISATH 3 IHIIIMM KOHTEHTOM CTOPIHKH, KOJH BOHO
BiIKpHUTE (TOOTO HATHUCKATH KHOIKH Ta MOCHJIAHHS B 30HI JOCTYITHOCTI HABKOJIO BiJIIIOBITHOTO J1aJIOTOBOTO BiKHA.
MopnansHe BikHO (modal) 6I0Ky€e CTOPiHKY, JOKHA KOPUCTYBa4y He BUKOHAE 3aIIPONIOHOBaHY Aito (puc. 1). Tum camum
BOHO 3MCHIIY€ KUTbKIiCTh iH(OpMaIlii, sKy KOpHCTyBa4i MarOTh OOpOOWTH 3a pas, i 30CepeKye HOTo yBary Ha
HaliBaxuBimomy. Ile Moxxe OyTu TiATBEpHKEHHS TMOKYIKU ab0 MiAMUCKa Ha PO3CHIKY — Y OyIb-sIKOMY pasi i
€JIEMEHTH MPHU3BOASTH 10 KOHKPETHUX JIiHi.

Title
OianoroBe BlKHO X
. Lorem ipd Emod
MpuKknan moganHOro BiKHa
P 0 mMon tamper in folor it
Lie mpeciia ] soganssons nioE, ace i obpasa dTeon fopepa AME, 6 By pROBHGHL, WO XOHGTO NpOACMTAT i
OCHOEH NG KOHTEHTY, labore et eteitur
adipiscing e

| oo | —— ceasyan

Lorem ipsum dolor sit amet, consectalur adipiscing ¢/it. Sed do eusmod
tampor ncidicunt ut laoone et dolore magna aligua.

Puc. 1. Pi3Hu1g Mixk BioOpaxeHHsIM Ha BeOCTOPIHIII MOAIEHOTO (JIiIBOPYY)
Ta CIUIMBAIOYOTO (ITPaBOPYY) IiaIOTOBUX BIKOH

Xouva moJieKy/ Il iIHCTPYMEHTH pop-ups i modals BBaXKarOTh CXOKHUMH, aJie 10 CYTi BOHU 30BCIM pi3Hi. Crutn-
Baro4i BiKHa — 1€ OKpeMi BiKHa, SIKi BIIKpUBAIOThCSA B Opay3epi. 3aBIsKu BOYIOBAaHUM TaliMepaM BOHH MOXYTh
ABTOMAaTHYHO 3HHUKATH 4Yepe3 KiIbKa CEKyH]I, SIKIO KOPHCTYyBad HE B3aeMoJIi€, MiHiMizytoun 3001. Cepen pizHHX
THITIB JIeAKi CIUITMBAKOYi BiKHAa MOXHA BiA(INBTPYBaTH 3a JOMOMOIOI0 CIIEHialIbHUX OJIOKYBAJIBHHKIB PEKIaMHU.
Bonnowac cucremHi criinBaiodi BikHa € e()eKTUBHUMU IS MOIH(GOPMYBaHHS KOPUCTYBAaUiB PO YCHIIIHICT 41
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HeBauy BUKOHAHUX Jiil. Ha BiaMiHy Big pop-up, MOAaibHI BiKHA € YaCTHHOIO TOTO CaMOro BikKHa Opaysepa,
3aTEMHIOIOUH 1 OJIOKYI04M (POHOBMI BMiCT B€OCTOPIHKM HA KIITAJIT MEBHOT HakIaaAku. Hanpukian, 3a AOIOMOToi0
MOJIaJIbHUX BIKOH MO’KHA 3allpOIIOHYBAaTH BBECTH MEBHY peecTpaliifHy iHpopmalito, IpUHHATA YMOBHU abo MOBi-
JOMUTH TIPO HOBUH (PyHKITIOHAN 3aCTOCYHKY. YacTo Taki BikHA BUKOPUCTOBYIOTH JJIS pEECTpallii HOBUX KOPHC-
TyBadiB, IIPOBOMSYH iX Yepe3 MPOIEC peecTpalii, IpH MbOMY 3aJIUIIAI0YHCE 10 CYTi Ha TOJOBHIH cTOpiHII [9].
Hamnpuknan, LinkedIn BukopuctoBye modals, o0 crioHyKkaTH Jitoiel 3aloBHIOBATH CBOT podisii abo miaTpuMy-
Baru 3B s13ku [10].

Jiayory Ta MoJalIbHI BiKHA CTaJIM 3BUYAHOIO YaCTHHOIO [HTEPHETY, alie MoKy pO3pOOHHUKaM, 0COOIUBO
MOYATKIBISIM, HE 3pO3yMIJI0, SIKUH 13 HAX IMiIXOAWTh JIs TIEBHOI CUTyallii kpaime. Po3yMiHHS BiIMIHHOCTEH MiX
pop-up Ta modal, 703BOJIsIE 3pOOUTH MpaBHIBHMIT BHOIp HAWKpamoro BapiaHTa JUIs IEBHOI CHTYyamii Ta YHHK-
HYTH HerapasliB B iHTep¢eiici. [lo3ask MomanpHi BikHa 3’SIBISIFOTBCS IOBEPX OCHOBHOTIO BMICTy BeOcalTy abo
3aCTOCYHKY, OJIOKYIOUHM JOCTYH IO pemTH iHTepdeiicy Ha yac BUKOHAHHS MEBHOI il KOPHCTyBadeM (HAIPHKIA,
HATUCKAHHS KHONKH «3aKpUTn», «IlinTBepAuTH» 4M TO iHIIOL Aii), TO BUKOPHCTOBYBATH iX BapTO IUIS BaXKIUBUX
B3a€EMOJIiH, sIKi HOTpeGyIOTL HETaiiHOT yBaru KOPHCTYBaya, HAMPUKIIA, TS iATBEPIKESHH BaXXIIHBOI JIii TIPH pee-
CTpaLlll BUaJeHHI (aiiniB, BUXoay i3 cucTeMH TOmO. ToOTO MOAanbHE BIKHO 3a3BHYail BUMAarae akTHBHOI B3ae-
Mofii 3 KOpUCTyBaueM Mepel TUM, SK BiH TIOBEPHETBCA 10 OCHOBHOTO KOHTEHTY. CrurBaroui BiKHA JOUUTBHI [UTS
HaJIaHHA J0JaTKOBOi iH(opMarii a0 HeHaB’sI3IMBUX CIIOBIMICHD, HATIPUKIAA: IS TOBIIOMIICHD IIPO OHOBIICHHS,
MiJKa30K, pekiamu. JJorpumanHs kpamux npaktuk UX-au3aiiHy KOMIOHEHTIB POOHThH Be03aCTOCYHOK OLTBII 3py4-
HUM 1 IPUBAOIMBUAM TS KOPUCTYBadiB. B Oynb-sikoMy BapiaHTi opraHizallii MOJaIEHOTO a00 CILUTUBAIOYOTO BiKHA HE
BapTO MMEPEBaHTAXYBATH KOPHCTYBava 3aHA/ITO BEJMKOIO KiIBKICTIO BapiaHTIB B OJHOMY JiaJIOTOBOMY BiKHI.

2. IIpobJsieMu nporpaMHoi peaJnizanii MOJaJIbLHIX BiKOH y Be63aCTOcymcax

MopnansHi BikHa y React Ta Next.js HOTpGGyKHB peTenbHO HpOHYMaHOFOIHHXOHy Jo peanizarii. OnHuM
i3 0a30BHX aCIEKTIB € BUKOPHCTaHHS MEXaHI3MIB YMOBHOTO PEHIECPHHTY Ta praBﬂlHHﬂ CTaHOM, IO JO3BOJISIE
JUHAaMIYHO KepyBaTH ix BimoOpaxeHHs M. Y React e mocsraeThCs 3a IOIOMOTOIO XyKiB, 30KpeMa useState abo
useReducer, a B CKIaqHININX BHUIAAKaX — 4epe3 II00abHI CTeUT-MeHemkepu. Y Next.js BaIIHBO BpaXxOBYBaTu
crenudiKy CepBEpPHOTO PEHACPHHTY, M0 MOXKE BIUIMHYTH Ha PEHICPHHT MOJAIFHOTO KOMITOHEHTa, 30KpeMa Ha
eTari rigpararii.

2.1. IIpo6aemMu 3 TOCTYNHICTIO

BaxiMBOI0 YaCTHHOIO CydacHOI peatizallii MoJaIbHUX BIKOH € JOCTYIHICTH (accessibility, Takox Bigoma sik
ally). CTBoproroun MmojiOHI KOMIIOHEHTH, PO3pOOHUK Mae 3a0e3MeunTH BianoBigHicTh ctangapraM WCAG (Web
Content Accessibility Guidelines, ToCTynHICTh BEOKOHTEHTY JIJIs JIFOJIEH 13 30pOBHMH Ta IHIIMMH OOMEKECHHSIMH),
IIpaBUIIbHE YIIpaBIiHHSA (hoKycoM, BUKoprcTaHHI ARIA-arpu0yTiB 1 miATpuMKy KiaBiatypHoi HaBiramii [11]. ko
MOJaJIbHE BIKHO pealizoBaHe 0e3 BpaxyBaHHS CTaHJIAPTIB JOCTYHHOCTI, 1€ MOXXE CHPUYMHHUTU NPOOIEMHU IS
KOPHCTYBAUiB, SIKi KOPUCTYIOThCS CIELiaIbHUMU MPUCTPOSIMU, HANIPHUKJIAJ, EKPAaHHUMHU YnuTadaMu (screen readers).
ToOTO Taki KOPUCTYBayi HE 3MOXKYTh B3aEMOJIISATH 3 MOJAIBHUM BIKHOM a00 3 OCHOBHUM KOHTEHTOM IIiCJIs HOTO
3aKPHUTTS

MoxIHBUMHE BapiaHTaMU PillieHb TPoOJIeM JOCTYITHOCTI €:

— 3a0e3medeHHs ¢okycyBanHs (focus trapping, Gokyc-TpamiHT) BcepeauHi MOAAIbHOTO BiKHA, KOJHM BOHO
BIIKpHUTE, il aBTOMaTWYHE BiTHOBJICHHS (POKyCa Ha MOMEePEeIHHOMY EJIEMEHTI Micis HOTO 3aKpUTTS;

— OJIOKYBaHHS IHIIIMX €JIEMEHTIB CTOPIHKH BiJl JOCTYITy Yepe3 screen reader, HapuKIIaz, 4yepe3 aTpuoyT aria-
hidden;

— MiaTpUMKa KOPEKTHOI HaBiramii uyepes knasiarypy (ctpinku, Escape, Tab, Tab/Shift+Tab, Enter Toro);

— BukopuctanHs atpudyTiB ARIA (Accessible Rich Internet Applications) asst mosjermenHs HaBiramii st
Toneit 3 00MeXXeHUMH MOXKITMBOCTSIMH, HAMPUKIa: aria-modal=»true» (Bkasye, 110 BIKHO € MOJAJIbHUM 1 B3a€EMO-
Jist Mae OyTH 30Cepe/KeHa JInIlle Ha HboMY), aria-labelledby (3B’s13yBaHHS 3aroyioBKa 3 MOJAJIbHIM BIKHOM), aria-
describedby (mosicHeHHs 3MiCTy BiKHA).

IIpuxnan sukopuctanus ARIA-arpubyTis:

div className="modal" role="dialog" aria-modal="true" aria-labelledby="modal-title">
<h2 id="modal-title">MopanbHe BikHO</h2>
<p>KOHTEHT MoAanbHOro BikHa</p>
<button onClick={closeModal}>3akputu</button>

</div>

VY cepenoBumii React 11i 3aaui MOXKyTh peani3oByBaTUCh SK BPY4YHY, TaK 1 3a JJOTIOMOTOK) CIEIialli30BaHUX
6i0miorexk, sik-oT: Headless UI, Radix Ul un Reach U, sxi 3a6e3mnedyioTs ceMaHTHUHY TOYHICTh Ta BUCOKHUII piBeHb
JIOCTYIHOCTI.

B Tabnuui 2 HaBeneHO pe3yibTaTd MPOBEACHOTO MOPIBHSIHHA peanidauiii noctynHocti (ally) MomaibHHUX
BIKOH IIpH PYYHIiN peajizamii Ta y TphOX BUIIE3rajaHux 0i0mioTexax.
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Tabnwuus 2
IopiBHsIHHSA PY4YHOI peaJti3amii J0CTYMHOCTI MOAATbHUX BiKOH
Ta 3aco0amu 6i0ioTex Headless Ul, Radix UI, Reach Ul
Kpurepiii Headless Ul Radix Ul Reach Ul Pyuna peauizanis
Tpeba peasizoByBaTH caMoMy

®DoKyC TpariHr €, BOyoBaHUii €, BOynoBaHuit €, BOynoBaHwuii 260 3 focus-trap
ARIA pomi / Hal,nBaBT(.)MaTHqHO Tpeba BpyuHy 3amaru role, aria-
(mesixi moTpiOHO momaTv |  ABTOMAaTHYHO ABTOMaTH4YHO . .
arpudyTn BpyUHY) labelledby, aria-describedby

3aKkpuTTA 10
HATUCKAHHIO Tax Tax Tax
knasimii Esc

Tpeba momatu 0OpoOHUK TOMiN
BpY4HY

Tpeba 3anam’siTaT aKTUBHUN

dokyc mics IToBeprae dokyc Ha .
Y prac oy [oseprae pokyc | IToBeprae pokyc | eneMeHT i HOBEpHYTH (HOKYC
3aKpUTTS TpHrep
BpPYUHY
aria-hidden st Tpeba peanizyBaru Tpeba camomy mprxoBaTy iHII
Bo6ynoBano Bo6ynoBano
¢dony BpPYYHY eJIEMEHTH 151 screen reader
CemanTuka / . C Bucoka, MoskrBa MIOMHIIKA, BEJIHKA
; A 3anexuTh Big peaizamii| MakcuMaabHO . ; . .
BIAMOBIHICTh KODHCTYBAYA CeMAHTHYHA OpI€HTOBaHA Ha BIAMOBIJAJILHICTD HA
(WAI-ARIA) pHcety WCAG PO3POGHHKY
. OoOmexeHa, .
I'myukicTs / Bucoxka, moBHa cBoboma . [ToBHMIT KOHTPOITB
. o . Bucoka IIOPiBHAHO 3
KacTOMi3arlist CTHJTI3AIIT Ta JIOTIKH . PO3POOHUKOM
1HIIUMHAU
OKYMEHTAITis 3 .. BiacyTHs — 3aneKHICTD Bi,
Hoxy 1 MinimansHa HoknanHa Ho6pa ACYTHA JHieTh B
ally CTOPOHHIX CTaTel/TaiIiB
S Cepenniit (pazom 3
Po3mip 0ibmioTekn o K€ JICTKUH Jlerkuii -
P Tailwind UI) Ay
. . . 3HauHuii, 6araro HIOAHCIB
Yac Ha po3poOKy Cepenniii Manuit Manmit ’ .
JOCTYITHOCTI
AV BapiatuBHa, 3aJ1€)KUTH Bi,
Haniiinicts Bucoxka Bucoxka Bucoxka p i A

JOCBiTy PO3pOOHHKA

[TpoBeneHuil MOpPiBHSUIBHUIN aHai3 HE BUSBUB YHIBEpCAJIBFHOTO iHCTpyMEHTa Ul peaji3amii JOCTYITHOCTI
MOfIaJbHUX BiKOH y BebOinTepdeiici. Tak, moryxHna 6i6miotexa Radix Ul moenHye rHy4KicTh HU3BKOPIBHEBHX KOM-
MOHEHTIB 3 TOBHOIO peaji3alli€lo TOCTYIHUX MOJAJIbHHUX BIKOH, a TOMY € HalKpalyuM BHOOPOM IS CEMaHTUKH
Ta JOCTYMHOCTI, 03asK B Lilf 6i0mioreni koMnoHeHT Dialog MOBHICTIO BiANOBia€e cTaHAAPTy AOCTYMHOCTI WAI-
ARIA (Web Accessibility Initiative — Accessible Rich Internet Applications € TexHonoriuaum crangaptom Big W3C
JUTSL HAJTAaHHSL MOKIIBOCTI IIOBHOIIIHHOTO BUKOPUCTaHHsI [HTepHETY JIF0AbMU 3 (i3UIHUMH OOMEKCHHSIMH OpTaHiB
30py Ta OIIOPHO-PYXOBOTO amapary). Yci KOMIOHEHTH MOJABHOTO BikHa B Radix Bke MiCTATh yce HeoOXigHe s
BimnoBimHocTi WAI-ARIA mpaktrkaM: QoKyc-TpartiHr, 3akputTs 1o Escape, aria-arpu0yTH, aBTOMaTHYHE TIPUXO-
ByBaHHs (oHy Juis screen reader’iB. Ha BimMiny Big Reach Ul, sika Takok GokycyeThbes Ha JOCTYITHOCTI, aJie Haa€e
O1UTBIII BUCOKOPIBHEBI KOMIIOHEHTH 3 OOMEKEHOI0 KacToMizalliero, Radix mpae Oinbine konTpomto Hax DOM-cTpyk-
TypOI0, CTHITI3AIlEI0 1 MoBeAiHKoI0. Y nopiBHsHHI 3 Headless Ul sika BuMarae pyqHOTro HaJamITyBaHHS OUTBIIOCTI
aTpuOyTiB JOCTYMHOCTI Ta moBeAiHKH, Radix 3HaUuHO moOJeriIye BOpOBaKCHHS MpaBWiIbHOI ally-1oTiky 3 MiHi-
MaJbHUMH 3yCHIUIIMU 3 00Ky po3poOHHKa. Lle 103BoIisie po3poOHHKY 30CepeUTHCS Ha AU3aliHi Ta Oi3HeC-JIorii,
a He BUTpayaT yac Ha peasizalito ApiOHuX, ajie KpUTHUHUX AeTanel noctynHocTi. [TopransHa ctpykTypa (Dialog.
Portal) po3B’s3ye Tumnosi mpobaemu 3 layering ta scroll-lock, sixi 8 Headless Ul motpedyroTh pyuHoi peanizanii abo
nonarkoBux 0i0moTek. Takoxk Radix Ul BUTiAHO BUiISIE BUCOKHIA PiBEHB JeTalli3allil Ta XOpoIlla JOKyMEHTAITisl.

Brim, 6i6mioTteka Radix Ul mae 1 Henomiku. Tak, BoHa He Mae cTuiiB (unstyled), mo mo6pe is MOBHOTO
KOHTPOJIIO, ajie ToTpelye OiblIe Yacy Ha CTBOPSHHS Bi3yalbHOTO MomaHHs. [IJi1 HOBauKiB a0 MIBHAKOTO MPOTO-
TUIYBaHHS 1I€ € TICBHUM 0ap’epoM, 0COOIHMBO MOPIBHIHO 3 ToToBMMH pimeHHsMu B Reach Ul. Ille onuH HroaHCcOM
€ Te, mo Radix opienToBana came Ha React i He miaTpuMye iHII HPEHMBOPKH, IO ACTO OOMEKYE 11 BUKOPHUCTAHHS
B MYJIbTU(PEUMBOPKOBHX MPOEKTaX. TakoK BOHA aKTHBHO OHOBITIOETHCS, a TOMY Aesiki APl MoxxyTh yacto 3MiHFO-
BaTHCA, 10 MOTpedye yBaXHOCTI Bi po3pooHuka. Tomy Radix Ul — e BuOip asist THX, XTO X04e MaTH IOBHUN KOH-
tponb Hag Ul, mpu npoMy He TypOyIOUHCh PO MPaBIIIBHICT peatizallii JOCTyITHOCTI. AJe BOHA BUMAarae eBHOTO
PiBHS MATOTOBKH, Yacy Ha CTUIII3AIIIO Ta PO3YMIHHS CTPYKTYpH.

Reach Ul € 3py4Hoto 6i10;110T€KOI0 IJIs1 TUX, XTO XO4€ HIBUAKO OTpUMATd CTabijibHEe, aje MEHII KaCTOMHE
pimenns, Toni sik Headless Ul kpare migiiine Tum, xto Bxke BuKopuctoBye Tailwind i roroBuii nogasatu ally-mo-
riKy Bpy4Hy, Hanpukian: aria-hidden, aria-labelledby, aria-describedby.
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Ha Bigminy Bix Radix Ul, sxa Hamae THy4Ki, HU3bKOpiBHEBI NpuMiTHBH 0e3 cTuiiB, Reach Ul € Byxunm 3a
(YHKITIOHABHICTIO, aJIe MPOCTIIINM y BIPOBAIXKCHHI iHCTpyMeHTOM. L5t 6i0nioTeka Hajae MEHI MOAYIbHY CTPYK-
Typy: onuH koMIoHeHT Dialog iHKamcymoe ycro J0TiKy, 0 00MeXy€e MOXIIMBOCTI Horo kactomisauii, ajne BOAHO-
yac poOUTh HOro 3pyYyHHM Y BUKOPUCTaHHI B cTaHAapTHUX Bunaakax. [lopiBusaHo 3 Headless Ul, sika € moBHiCTIO
unstyled i Bumarae Bij po3poOHHKa pealizyBaTd JOCTYIHICTh BPyYHY a00 3a JOIIOMOTOI0 OKPEMHX KOMIIOHEHTIB,
Reach Ul Bunsgae sk 30110Ta cepenHa — BOHA JO3BOJIIE MIBHAKO IHTETPYyBAaTH NOCTYIHI Jiamoru 0e3 3HaYHUX
3yCHIIb, 30epirarodu py IbOMY TIEBHUI KOHTPOJIb HaJl cTHITI3aier0. Bukopucranus Reach Ul mopedne B mpoekrax,
JIe BOYKJIMBI MIBUJIKICTh BIPOBA/KCHHS, CTa0lIbHA MIATPUMKA JOCTYITHOCTI Ta IPOCTOTAa — HANIPHUKIIA, Y BHYTPIII-
HIX MMaHeNSIX KepyBaHHs, aIMIHICTPAaTUBHHX 1HTEepQeiicax abo HeBEIMKUX Be03acTOCYHKaX, e kacroMizamis Ul He
€ TIPIOPUTETHOIO.

KirouoBa BiIMiHHICTh py4YHOI peari3alii TOCTYTHOCTI MOJIATbHUX BiKOH MOJIATAE y TOMY, 1110 BOHA Ma€ mepe-
Baru, 3yMOBJICHI MOXKJIMBOCTSIMH TIOBHOTO KOHTPOJIIO HaJl CTPYKTYPOIO, CTHIISIMH, JIOTIKOK, MOXKJIHBOCTSIMH OIITH-
Mizanii mij cBoi moTpedu, Oe3 3aifBOoro komy Ta BiJCYTHICTIO 3aJICKHOCTI Bifi CTOpOHHIX Oibmiorek. IIpoTte Taka
peaitizaiiisi Ma€ BUCOKHI PU3UK MPOIMYCTHTH BAXKJIMBI MOMEHTH JOCTYITHOCTI, BUMArae OijIbIle 4acy Ha TeCTYBaHHS
3 KJIaBiaTyporo Ta screen reader’ oM yacTo nmorpedye croporHix yTuiiT (focus-trap, scroll-lock, tabbable Tomro).

2.2. InTerpanisi MOIAJbHUX BiKOH 3 MaPIIPYTH3AI[i€10

I1le omHUM acrieKToM, IO TTOTPedye aHalli3y, € IHTerpallis MOJAILHUX BIKOH 3 MapIipyTH3alliern. Y Next.js i3
Horo (haiIoBOKO CTPYKTYPOIO POYTIB BUHUKAE MOTpeda BpaxoByBaTH URL-cTaH npu BIAKPUTTI MOJAIBHOTO BiKHA.
Le no3BoJIsIE HE JIHIIE TTOKPAITUTH KOPUCTYBAIIbKUH JOCBI Yepe3 MiATPUMKY 1CTOpii MepexoiB, a i Haae 3Mory
JTUTATUCS TIOCHIIAHHSAM, SIKE OJIpa3y BiIKpHUBA€E MoJaibHe BiKHO. Taka peai3allisi BUKOPHUCTOBYE query-iapaMeTpu
a00 TMHAMIYHI MapUIPYTH Y TIOETHAHHI 3 YMOBHUM PEHICPUHIOM MOJATBLHUX KOMIIOHEHTIB.

Oco0nmuBy poJib y CydacHHX MiIX0/aX 0 CTBOPSHHS MOJAIbHUX BIKOH BiJlirpae BUKOpucTanHs React Portal,
10 JI03BOJISIE PEHIIEPUTH MOJIaJIbHI BikHA 11032 0CHOBHUM DOM-nepeBom kommoneHTa [ 12]. Lle 3a06e3mneuye kpairy
KEepOBaHICTh HAKJIQJIAHHAM €JIEMEHTIB, 130JIS11iF0 CTUIIIB T4 YHUKHEHHS KOH(UIIKTIB 3 0aThKiBCbKMMHU KOHTEHHEpaMH.

NextJS 3 NOBHOLIHHUM BIPOBaUKEHHAM y Bepcii 14 HoBoro poyrepa App Router mpomnonye BiacHui
cnenuivyHUi maxig 1o peanizamii MOAaIbHUX BiKOH. JIJIS IIbOr0 MarOTh BUKOPHUCTOBYBATHCS TaK 3BaHi mapa-
nenbHI Ta nmepexoruieHi mapiipyth (parallel and intercepted routes) [13]. IIpusHaueHns parallel routes mosnsrae
Yy KOMIIO3MIIIl CTOPIHKH 3 OKpPEeMHUX OJIOKIB, SIKi ICHYIOTH MapaJiebHO 1 PEHICPHUHT SKUX MOXeE OyTH ONTHMI-
30BaHO. Intercepted routes 103BOJIAIOTH 3a JIOTIOMOTOIO BHYTPIIIHIX MEXaHi3MiB MapIIpyTH3aIlii BioOpakaTw
KOHTEHT CHEIiaIbHOTO KOMIIOHEHTa, HAKJIaJJal0uH HOTo Ha KOHTEHT OCHOBHOT CTOPIHKH, Ha SIKil BiIOyI0Cs mepe-
xoruieHHs. [Ipu npomy Buammuii URL 3amintoetsess Ha URL crienmianbHoro KOoMmoHeHTa. [IIBuakicts poboTu
TAaKOTO MAXOAY 3aJICKUTH BiJ| TOTO, YM HEOOXiJHE JUIS PEHIEPHUHTY TAKOTO CIEIialbHOrO KOMIIOHEHTa 3aBaH-
Ta)KEHHS JOAAaTKOBUX JaHUX, aJKe 3BEpTaHHS /IO CepBepa y TaKMX BHIAJKaX MOXXE BILUTMBATH Ha LIBUIKOJIIO,
10 OAHAK MOXKHA IOJI0JIaTH BUKOPHUCTAHHIM MEXaHI3MiB KEIIyBaHHs, SKIO BiANOBiIHI AaHi Tpeba 30epiraru.
[Ipu upoMy nuIIe mepiie BiAKPUTTS TAKOTO MOJAIHHOTO BikHa Oy/ie MOBIIbHIIIMM, a BC1 HACTYIIHI — IIBUIKHUMH.
CraH MOIATBHOTO BiKHA KOHTPOJIIOETHCS MapIIPYTU3aTOpOM, a He React-xykamu Tuiy useState — 3aMicThb I[bOTO
BHKOPHUCTOBYIOTHCS HaBIramiiHi MOAI1, 30KpeMa HATUCKAHHS Ha CHeIialbHUI KOMIIOHEHT mocrianus Link (sxuit
po3MIMpIoe (PYHKIIIOHATBHICTh CTAHIAPTHOTO eleMeHTa anchor) um BUKIMK (yHKIIi router.push() (mo nomae
HOBUH 3amuc y icropiro URL) [12].

2.3. IIpo6aeMu NPpOAYKTHUBHOCTI Ta e)eKTUBHOCTI

[Tpo6nema MpoxyKTHBHOCTI Ta €(HEKTUBHOCTI MPH peatizallii MogalbHUX BiKoH y front-end 3a3Buuaii BHHUKAE
B KOHTEKCTI pEeHIIEpUHTY, KepyBaHHS CTaHOM, 13051smii hokycy Ta OrmokyBaHHS GoHyY. HenmpaBmibHe BUKOPHCTaHHS
ab0 HagMipHE BUKOPHUCTAHHS MOJAAIBHUX BIKOH MOXKE CIPHYMHHUTH IOTipIICHHS HMPOAYKTHBHOCTI, 0COOIMBO Ha
cTapux abo TeXHIYHO cnabkux mpuctposx. [1{o6 3abe3neuntu wiaBHy poOoTy iHTEpdeiicy 0e3 3aTpUMOK, po3pod-
HUKHU BJIAIOTBHCS JIO KiTBKOX CTparerii omrumiszamii. [y mOKpalmieHHs: MpOIyKTUBHOCTI BaKJIMBO ONTHMIi3yBaTu
PEHICPUHT MOJAIBHUX BiKOH, OCOOJMBO SKIIO BOHH MAIOTh CKJIQJHUI KOHTCHT (HANPHKIAA, POPMH 3 KilbKOMA
eJIeMEHTaMH).

OnHUM 13 HaWBaXXITUBIIINX PIllIeHb € BUKOpUcTaHHs mopraniB (React Portal), siki J0O3BONAIOTE peHIEPUTH
MoJaipHe BiKHO Oe3nocepenHbo B DOM-aepesi min <body>, THM caMUM YHHKaTH MHpoOieM i3 z-index a6o
overflow. I{e 3HM)Xy€e HaBaHTaXCHHsI HA JIEPEBO KOMIIOHEHTIB 1 3MEHIIYE PH3UK MIOBTOPHOTO PEHICPHHTY OaTh-
KIBCHKHX BY3JIB.

Ille omHUM e(heKTUBHUM MiJIXOIOM € JUHAMIYHE 3aBaHTa)XCHHS KOHTCHTY MOJAIBHOTO BikHA, TOOTO lazy
loading a6o code-splitting. 3amicTh Toro, Mm00 TpUMaTH BaXKKUH KOHTEHT MOJAJILHOTO BiKHA MOCTiiHHO B DOM,
Horo MmiABaHTaXXyIOTh JIMIIE MPU BiAKPHUTTI, IO 3HAYHO 3MCHIIYE OOCST MOYATKOBOTO PEHAEPUHTY cTOopiHkKH. Lle
KOPHUCHO B MPOEKTAX, A€ MOJAIbHE BIKHO MICTHTb CKJIaaHI (popmu, Tabnuii abo iHTepakTUBHY rpadiky. Y Takomy
pa3i BaXJIMBO peanidyBaTu 30epexeHHs cTaHy abo KellyBaHHs, 1100M YHUKHYTH TOBTOPHOTO 3aBaHTa)KEHHS MPH
KOYXXHOMY BiJIKPHUTTI BiKHA.

[Mono aniMamiif, TO TYT BaXJMBO YHUKATH BaXkux CSS-aHimauii, siki OJIOKYIOTh OCHOBHMU MOTIK (main
thread). Hafikpamum BapiaHTOM € BUKOpPHCTaHHS 0i0MiOTeK, sSKi BUKOPHCTOBYIOTh GPU-onTHMizoBaHi TpaHC(Op-
Mariii, Harmpukiaza, Framer Motion. V ckiagaux inTepdeiicax, e MoJaibHEe BIKHO BIAKPUBAETHCS MMOBEPX BEIUKOT
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KUTBKOCTI JJMHAMIYHOTO KOHTEHTY, MPOAYKTUBHICTh MOYKHA MOKPAIIUTH IUISIXOM IMOMEPEIHBHOTO MPUXOBYBAHHS
HEaKTUBHOT'O KOHTEHTY 3a JJonoMororo aria-hidden, inert abo HaBiTh Bin’eqHanHS DOM-BY371iB 3 0CHOBHOTO TIOTOKY.

VY Bumajakax, e MOAaJIbHE BIKHO B3aEMOJII€ 3 BEIMKUMH 00CSITaMH JaHUX, MPOTYKTUBHICTh TAKOXK 3aJICIKHUTh
BiJl €pEKTUBHOTO MEHEKMEHTY CTaHy. BUKOpHCTaHHS JIOKATBHOTO CTAHY 3aMiCTh IIO0ANTBEHOTO (HAIPUKIIA, Yepes
useState 3amicTe Redux) 3mMeHIIye KibKICTh HEMOTPIOHMX pepEeHIEPIB Ta i30JIF0€ MOAATBHE BIKHO Bifl 3MiH Y 30B-
HiNIHbOMY iHTepdetici. e omuH miaxix — MeMoi3zallis Ta BUKOpHCcTaHHs React.memo abo useMemo 1 004YHCIICHb
BCEpeIUHI MOJIAIBHOTO BiKHA.

VY cknajHUX iHTEpQeicax i3 BETUKOIO KUTBKICTIO OMHOYACHUX MOJAIbHHUX CIEMEHTIB (HAIIPHUKIIAI, MMiaTBep-
JOKEHHS JTiH1, 6araTopiBHEBI JIialIOTH), MOYXKHA peallizyBaTH MeHeKep MOJAIbHUX BIKOH — IIEHTPAaJIi30BaHy CUCTEMY,
SIKa PEH/IEPUTH JIMIIE AKTUBHY MOJAIbHY KOMIIOHEHTY, 30epiraioun iHImI B «CIUITIoMy» cTaHi. Lle mo3Bomsie 3men-
IIUTH KiJBKICTh OHOYACHO NpHUCYTHIX Y DOM enemeHTiB, onTuMi3yBaTé oOCsT maM’sITi Ta MPUCKOPUTH BiAIIOBiIb
iHTEepdelicy Ha B3aEMOJIiI0 KOPHCTYyBaya.

OTxe, e(heKTUBHICTD pealtizallii MOJaJIbHIX BIKOH 3HAYHOIO MipOIO 3aJI€XKUTh Bifl IO€JHAHHS pillleHb: apXi-
TEKTYPHHX, MOBEAIHKOBUX 1 TeXHIYHUX. KiltoueM 0 BHCOKOT MPOMYKTUBHOCTI € MOETAIHE 3aBAHTAXKEHHS, e(ek-
TUBHE KEPYBAaHHS PEHICPHHIOM, MPaBWIIbHA 130JISMIis MOJANBHOTO BikHA Bix pemt DOM, a Takox AejieryBaHHsS
CKJIaJTHUX 3aBJaHb MePEeBipeHUM 010TI0TeKaM, SIKi BPaxoBYIOTh crielin(iky Opay3epHOro OTOUYEHHS.

2.4. TllepepuBaHHA MOTOYHOI B3aEMOIii

[TpoGnema mepepuBaHHS MOTOYHOI B3aEMOJIIT MPH peatizalii MoJgalbHUX BiKOH y front-end BWHHMKae ToOmi,
KOJIM KOPHUCTYBad BUKOHYE JIit0 (HAIIPHUKIIAJ, BBOJAUTH JAaHi y (OPMI, YUTAE BMICT, MPOKPYUYYE CTOPIHKY), 1 pantoBe
BIJIKPUTTSI MOJAJILHOTO BiKHA MTPHU3BOAUTH J0 BTPaTH KOHTEKCTY abo ¢okycy. Y cepenopuiii React Ta Next.js Taka
CUTYaIIisl YaCTO TIOB’s13aHa 3 HEKOPEKTHUM a00 3aHAATO arpECUBHUM KEPYBaHHIM CTaAHOM, 30KpeMa KOJIU MOJIaTbHE
BIKHO BIJIKPUBAETHCS Uepe3 I00ATBHUN CTaH, SKHI CHHXPOHIZY€EThCS 3 MapmpyToM (router.push, useSearchParams)
a00 MpUXOAUTH Yepe3 MporcH (props) BiJl 6aTbKiBCHKUX KOMIIOHEHTIB.

{06 yHUKHYTH TaKOTO MEPEPUBAHHS, HEOOXITHO YiTKO KOHTPOJIIOBATH YMOBH BiIKPHUTTS MOJAIBHOTO BiKHA
130epiraTu moTOYHUI cTaH B3aeMoii. Y React e jocsraethbcest, 3aBIsIKH JIOKATbHOMY CTaHy, HAIIPHUKIIAL, 3 useState,
y moeaHaHHi 3 useRef, mo6 36epiratu Gokyc abo maui, siki KopucTyBad yke BBIB [ 14]. Y Next.js BaXXIHBO YHHKATA
MTOBHOTO TIEPEPEHACPHUHTY CTOPIHKH MiJT Yac BIIKPUTTS MOJAILHOTO BikHA. JIOIIIBHUHN cOCiO peanizaliii Moaaib-
HUX BIiKOH y IIbOMY BHITaJKY — II€ IHTETpallisi MOTAIFHIUX BIKOH Y MapIIpyTH3aLio Oe3 mepe3aBaHTaKeHHS KOHTEHTY
CTOPIHKH.

3anmo0iraHHs MepepuBaHHIO B3a€EMOJIT — IIe, B MEPIIy Yepry, apXiTeKTypHE MUTaHHS, SKEe BHPIIIYETHCS 3a
PaxXyHOK JIOKaJIbHOTO a00 4aCcTKOBO II00aIbHOTO cTany, router-based modals, onTHMi30BaHOTO pEHIEPUHTY Ta Ipa-
MOTHOTO BHKOPHCTaHHS e(heKTiB At 30epeKeHHsI KOHTEKCTy KopHcTyBada. Lle 3abe3neuye Sk TeXHIUHY e(heKTHB-
HICTb, TaK 1 BiAYyTTs HENIEPEPBHOTO JTOCBiTY.

2.5. [Ipodsaemu 3 po3MITKOIO Ta CTHJIAMH

Konu #inetbes npo peanizaiiito MofaiabHuX BikoH y front-end 3aco6amu React Ta Next.js, ofHi€10 3 0CHOBHUX
po0JIeM € MpaBHIIbHE KEPYBaHHS PO3MITKOIO 1 CTHIISIMH, 30KpeMa 11010 HaKJIaJlaHHs eJIeMEHTIB, 1305wii Gokycy,
KepyBaHHS (POHOM, a TaKOXK aJaNTUBHOCTI MOJAIBHHUX BIKOH IJIS PI3HUX THITB MPUCTPOiB. CKIAAHICTD MONATae
B TOMY, III0 MOJaJibHE BIKHO YacTO HAKJIAJA€ThCS Ha 1HINI €JIeMEHTH iHTep(eicy, 1 HeMpaBUIIbHO HaJIAIITOBaHI
CTWJII MOXXYTh CIIPUYMHUATH YUCIICHHI TTOMUJIKH: KOH(IIKTH Z-indeX, HEeKOPEKTHY MOBEIIHKY NPH MPOKPYUYyBaHHI
CTOPIHKH, TIPOOIEMH 3 JOCTYITHICTIO.

OmHAM 3 OCHOBHHUIX MIJXOAIB IO pO3B’si3aHHs LUX MpoOiieM € BHKOopucTaHHs React Portal 3i BcTaBKORO
MOJIAJIBHOTO BikHa Oe3mocepeiHbo B Ter <body>, 110 J03BOJIUTh YHUKHYTH MPOOJIeM i3 HaKJIaJaHHAM SJICMECHTIB
Ta 30epeKEHHAM HaJIS)KHUX CTHIIIB.

3 TOYKM 30py CTHIIIB, HAMITOMIMPEHIIIHIA MiAXiJ] MOJIATae B TOMY, 1100 3p0OUTH MOJaIbHE BIKHO (PiIKCOBAaHUM
BITHOCHO BikHa Opay3epa, BUKOpHCTOBYyouM BiracTuBocTi CSS Ha kmrrant position: fixed abo position: absolute,
1 BCTAHOBUTH BiJMOBiNHI 3HaYeHHs 1A top, left, right, i bottom. Lle mae 3Mory mofanbHOMY BiKHY 3ajHILATHUCS
MOBEpPX IHIIOrO KOHTEHTY Ha CTOPIHII, HABITH MPH MPOKPYYyBaHHI. BaIIMBO 3a00pOHUTH IPOKPYIYBAHHSI OCHO-
BHO{ CTOPIHKH, KO MOJAIIbHE BIKHO BiJKPUTE, HAIPUKIA]] TaK:

useEffect(() => {
if (isOpen) {
document.body.style.overflow = ‘hidden’; // 3abopoHA€E NpoKpyYyBaHHA

} else {
document.body.style.overflow

€2, // BipHOBWE MpOKpPYYYyBaHHS
}
}, [isOpen]);

BaxxmuBo Takox 3abe3nednty, o6 (GOH 32 MOAAIBHUM BIKHOM OyB 3aT€MHEHHH a00 HAIIBIIPO3OPHI LIS
(oKycy KopHCTyBaua, 3a3BU4aH IIe TOCATAEThCS Yepe3 3aCTOCYBaHHS MOKpanieHHs cTuiiB y CSS:
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.modal-overlay {
position: fixed;
top: 0;
left: 0;
right: o;
bottom: 9;
background: rgba(e, 0, @, 0.5); /* TemHuin doH */
display: flex;
justify-content: center;
align-items: center;
z-index: 1000; /* BaxJuMBWA ANA NEepekpuUTTA OCHOBHOIO KOHTEHTY */
}
.modal-content {
background: white;
padding: 20px;
border-radius: 8px;
min-width: 300px;
max-width: 500px;

JIJ1s alanTHBHOTO KOPUT'YBaHHS PO3MIPIB Ta CTHIIIB MOJATBHUX BIKOH Ha Pi3HUX MPHUCTPOSIX 3 PI3HUMH PO3Mi-
paMH eKpaHiB: BiJl MOOITBHUX MPUCTPOIB J0 JIECKTOIIIB JOIIbHO BUKOprcTaT Menia-3anutd (CSS media queries):

@media (max-width: 768px) {
.modal-content {
width: 90%;
}
}

@media (min-width: 769px) {
.modal-content {
width: 50%;
}

}

BukopucTOBYIOYH PO3MISHYTI CTHIII, MOJajbHE BIKHO Oyje IIEHTpOBaHE, MaTUME TEeMHHUH (OH I MOKpa-
[ICHHS BHIUMOCTI, BIJITIOBITHO aJaNTyBaTUMEThCS JI0 PI3HUX PO3MIPIB €KpaHy, MaTUME KepyBaHHS MPOKPYIyBaH-
HsM (oHy Ta GoKycoM, I 3a0e3MeUeHHS KPaIIoro KOpUCTYBaI[bKOTO JOCBiTY Ta TOCTYITHOCTI.

2.6. IIpodsemu 3 MOGLIILHOIO Bepci€clo

MopanbHi BikHa MOXKYTh HEKOPEKTHO BitoOpakaTucs Ha MOOITBHUX MPUCTPOAX ab0 HE MPAIfOBATH HAJEXK-
HUM YMHOM Ha Pi3HHX po3Mipax eKpaHy. MojajibHe BIKHO MOXE IIEpEKpUBATH BaXJIUBI eJeMeHTH iHTepdeiicy abo
OyTH HE3PYUHUM JJISl B3a€MOJI1 Ha MOOUIBHUX MPUCTPOSIX.

ITpobnema amanTarii MoadTbHUX BIKOH JI0 MOOLIBHOI Bepcii 3a3BUUail 3BOAUTHCS 10 OOMEXKEHOTO MPOCTOPY
€KpaHa, 0COOIMBOCTEH CEHCOPHOTO YIPABJIIHHA Ta MOBEIIHKH MOOLTEHOTO Opay3epa (HampuKiIaj, MMOSBU BipTy-
aNBHOT KJIaBiaTypH ab0 HeOaxxaHOTO CKpoiHry (ony). I1l00 YHHKHYTH Takux NpoOieM, MOAabHI BiKHA MalOTh
OyTH MaKCHMaJbHO THYYKHMH, 3aiiMaTH BeCh e€KpaH ab0 HOro BEJWKY YaCTHHY, YHUKATH (PIKCOBAHMX PO3MIpiB
1 KOpEKTHO TparfoBary 3 touch-momisimu. Takok BaXIIMBO 3a0€3MEUNTH, MO0 MMICIs BIIKPUTTS MONAIBHOTO BiKHA
iHTepdeiic He «cTpubaBy 1 He BUHUKAIW KOH(IIKTH 3 BUBEACHHSAM €KpaHHOI KiaBiarypu. Takuid miaxXis J03BOJISIE
YHUKATH TUIOBUX ITOMUJIOK — YaCTKOBOTO BHXOIY MOJAIBHOTO BiKHA 3a MEXi €KpaHa, OpYyIIeHHS (OKyCyBaHHS
Ha MOJIAX BBEACHHS a00 MEpeKpHUBaHHA eIEMEHTIB MY 3MEHIIeHH] viewport. Bin Takox 3abe3nedye BiAMOBIHICTh
Cy4acHHMM O4YiKyBaHHSIM KOPHCTyBada 11010 MobinsHOTO UL

3aranom At epeKTUBHOT peanizalii MOAaIbHUX BIKOH y Be03aCTOCYHKAX BaXKJIMBO BPaxOByBaTH pi3Hi (ak-
TOPH, Cepe] IKUX: IOCTYIHICTh, 4N TUBHICTD, TPOAYKTHBHICTh, KOPHCTYBAILILKHH JIOCBI, IHTEPAKTHBHICTH TOLIO.
3a JOMOMOTOI0 Pi3HUX MiAXOMIB, cepen Akux BUKopucTaHHs ARIA-aTpu0yTiB, onTUMi3alisd peHIEPUHTY, YIPaB-
TMiHHA (HOKYCOM Ta 3aCTOCYBaHHS aJalTUBHOTO ITU3aifHy, MO)KHA 3HAYHO IMOKPAIIUTH B3a€MOJII0 KOPHCTyBada
1 3a0€31eYNTH KOPEKTHY poOOTY MOJAIbHUX BIKOH Ha BCIX MPUCTPOSX Ta B Pi3HUX Opay3epax.

3. Cnenndika TecTyBaHHS MOJAJIBLHUX BiKOH

[Tix gac TectyBannst UI/UX BapTo peTeibHO MEPEBIpATH KOPEKTHICTh POOOTH MOJAIBHUX BIKOH, OCKUIBKH
ixHs crienn(ika MOXKe CIIPHIMHATH ITPOOIEMH, SKi BIUIMBAIOTH HAa 3pyYHICTh KOPUCTYBAaHHS Ta IUTICHICTH B3a€EMO-
Iii 3 iHTepdeiicom. OnHi€IO 3 TONOBHUX MPOOJIEM, [0 BUHUKAIOTH I/l YaC TECTYBaHHS, € IepeBipKa KOPEKTHOCTI
(oxycyBaHHS eleMeHTiB. MoJaibHi BiKHa MalOTh aBTOMAaTHYHO (hOKyCyBaTH Kypcop abo HaBiraiilo Ha MepIinit
IHTepaKTUBHUI €IEMEHT BCepeanHi cee, He J03BOJISIFOUH KOPUCTYBAUEeBi B3aEMOISITH 3 ()OHOBUMH €JIEMEHTAMU.
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VY pasi mopyuieHH i€ JIOTiKU KOPUCTYBa4 MOXKE OITMHUTHCS B CUTYAIIi1, KOJIM HaBirauis KjiaBiaTypoio abo YuTaHHS
€KPaHOM CTa€ 3alTyTaHuM i HeodikyBaHuM [15]. OkpiM TOTo, HEAOOIPAIbOBAHA JIOT1KA 3aKPUTTS BiKHA — 30KpeEMa,
BIJICYTHICTh MOXIIMBOCTI 3aKpHUTTs uepe3 kiasinry Esc abo HaTMCKaHHs 3a MeKaMH BiKHAa — MOXKE 3HAYHO TOTIip-
ITUTH KOPUCTYBAI[LKUIA JTOCBIJ 1 BUKIMKATH (PpycTpaltito.

[lle omHUM acIEKTOM € TeCTYBaHHS aIallTHBHOCTI Ta JOCTYITHOCTI MOIAMbHUX BIKOH. Y pa3i BUKOPUCTAHHS
Ha MOOUTLHUX MPHUCTPOSX a00 MPHU 3MIHEHHI PO3Mipy €KpaHy MOJAaJbHE BIKHO Ma€ 3aJIMIIATHCS B IEHTPi, MacIIl-
Ta0yBaTUCs BiJIOBITHO IO PO3MIpy €KpaHa Ta 30epiraTu JIOTIYHy CTPYKTYpy. TecTyBaHHS Mae BpaxoBYBaTH Pi3Hi
CIICHApIl: BIIKPHUTTS 3 KJIaBIaTypH, MIATPUMKY TEXHOJIOTIH YHTAaHHS 3 eKpaHa, KOPEKTHE BiToOpakeHHS Ha TEMHIN
TeMi, a TAKOXK YHUKHEHHS TIEPEKPUTTS BAKIIMBHUX €IIEMCHTIB iHTep(elicy.

Takox OTpeOye MepeBipKH CHUTYAIIisl, KOJIU MOAATIBHE BIKHO BiIKPHBAETHCS 3 MOMIIIKAMH Baligarii Gpopm
a00 B MOMEHT KPUTUYHHUX 3MiH CTaHy CTOPIHKH — II€ I03BOJISIE BUSIBUTH MOTEHIIII{HI TOMUIKH CHHXPOHi3amii cTaHiB
a00 HEJJOCTYIHICTh MEBHUX eJeMeHTiB DOM.

3 ToukH 30py KopuctysaipKkoro 1ocsigy (User Experience, UX) MoaasnbHi BikHa MOXKYTh 200 MOKpAIIUTH B3a-
€MO1i10, a00 CYTT€BO 11 YCKIIQAHUTH, SIKIIO HE JOTPUMAHO MPUHLMITY MiHIMAaJIbHOTO BTpydYaHHs. SIKII0 MonanbHe
BIKHO HE TpaIfo€ SK opraHiuHa yactuHa userflow: Mae HaaMipHY KUIBKICTH OMIiii ab0 HEOUEBHIHI criocoou
3aKPUTTS, [Ie HETaTUBHO BIUIMBAE Ha 3arajibHE BPKCHHS Bifl IPOAYKTY. TOMY ITiJ] 9ac TECTYBaHHS Ba)KIIUBO OLIHUTH
HE JIWIIE TeXHIYHY CIPABHICTb, & i JIOTIYHICTh PO3MIIIEHHS SJIEMEHTIB, MOCIIIOBHICTE JIil, HASBHICTh 3pO3YMIIHX
THCTPYKIIiH, a TAKOXK Yac, SKHid KOPUCTYyBa4d BUTpaYa€e Ha 3aBEPIICHHS B3a€MOJIIT 3 BIKHOM.

ToMy TecTyBaHHS MOAANBHUX BikoH y KoHTekcTi UI/UX morpelye KOMIUIEKCHOTO IMiIXOMyY, SKUH BKIIFOUYAE
B ce0e He JHIIe MepeBipKy QyHKIIOHATBHOCTI, a i mrboke p03YMiHH$I JIOTiKM B3a€MOJIii KOpUCTYBava 3 iHTep(beﬁ—
coMm. Jlumie BceOiuHe TeCTyBaHHS JJO3BOJISE TapaHTyBaTH, IO MOfaJbHI BiKHa HE MOPYIIYIOTh 3aralbHy HaBirariiro,
HE CTBOPIOIOTH KOTHITUBHOTO NMEPEBAHTAXKEHHS 1 3aIMINAIOTHCS €(hEeKTUBHUM 3ac000M KOMyHiKamii B Mexax mueg-
POBOTO MPOAYKTY.

ABTOMaTH3allis TECTYBaHHS MOJAJIBHUX BIKOH, MOIPH IEpeBard, Ma€ HU3KY Creuu(idyHUX MpodiieM, [Ki
MOXYTh YCKJIaJHIOBaTH IMPOLEC pealizalii TecTiB 1 BIUIMBATU Ha HaJilHICTH pe3ynbTariB. OOHIEI0 3 KIIOYOBUX
CKJIaIHOCTEH € IMHAMIYHICTh OSBM MOAAJIBHUX BIKOH, a/I)K€ BOHU 3a3BHYail cTBOpIo0ThCA B DOM mij yac BUKO-
HaHHS CKPUINTIB, a HE 3aBaHTAXXYIOTHCS Pa3oM 3i CTOpiHKOO. Lle 03Hagae, Mo aBTOMaTH30BaHi TECTH MAIOTh TOYHO
«BIIIHMATH MOMEHT» TTOSIBU MOAATLHOTO BiKHA, 1 SIKIIO Yac OYiKyBaHHS HEIOCTaTHil a00 HeMpaBUILHO HAJIAIITOBA-
HUH, TECT MOXKE 3aBEPIITUTHCS HeBadero. KpiM Toro, MojasibHi BikHa MOKYTh MaTH aHIMaIliiHi e(heKTH 13 3aTpUM-
KOO TTOSIBH, TIO IIIe OiIbIlle YCKIIAJHIOE CHHXPOHI3AIlI0 B TECTaX.

Ille omHiero momMpeHoOw MPoOIEMOK0 € KOH(UIIKTH MO3UIlIIOBaHHS Ha eKkpaHi (z-index) Ta ¢oKycy: sKIIo
MOJIAJIbHE BIKHO HE MEPEKPUBAE KOPEKTHO BCi eleMeHTH (OHY, a00 SKIIO eIIEMEHTH 11032 MOAAJIbHIM BIKHOM 3aJTH-
IIAI0THCS AKTUBHUMH, 1€ MOXKE BBECTH TECTOBi ()peliIMBOPKH B OMaHy ¥ 3MYCHUTH iX B3a€MOIISITU HE 3 TUMH €Jie-
MeHTaMH. B Takux BHMajKax aBTOMAaTH30BaHI IHCTPYMEHTH MOXKYTh BTPaTUTH (POKyc ab0 HEMpaBUIIBHO iHTEpIIpe-
TyBaTH cTpykTypy DOM, 110 NpU3BOAUTH A0 XUOHOMO3UTUBHUX 200 XUOHOHETaTUBHUX PE3YIIBTATIB.

KpiM TexHIYHUX CKJIaJHOCTEH, MpoOieMH BUHUKAIOTH 1 MPU TeCTyBaHHI 3 Touku 30py UX. ABroMaru3oBaHi
(pefiMBOPKH TIEPEBaKHO OPIEHTYIOTHCS Ha MEPEBipKy (YHKIIOHANBHOCTI, e He 3aBXIU 3[0aTHI OLIHUTH JIOTId-
HICTB abo0 3py4HicTh iHTepdelicy. Hampuknan, 4u O4eBUAHO U KOPUCTYBada, SIK 3aKPUTH MOIANbHE BIKHO, 4X
IHTYITHBHO 3p03yMijie Oro pO3MIIICHHS — ITi ACTICKTH 3aJIMIIAI0THCS 11033 MEKaMH TPAJIHUIIHHUX aBTOMATH30BaHHX
TECTIB.

[0 cTOCYETHCS BUKOPHCTAHHS INITYYHOTO iHTENEKTY ISl TECTYBaHHSI MOJATBHHUX BIKOH, TO TYT BiIKpHBa-
10Thcst HOBI nepcriektuBy. LI Moke OyTn 3acTocoBaHMid Ui pO3Mi3HABAHHS MAOIOHIB TOBEIIHKH KOPUCTYBAdiB,
BUSIBIICHHSI aHOMaJIill y MoBeiHII iHTepdelcy Ta MpOorHo3yBaHHI NOMHIOK. Hampukian, Moaeni KOMIT IOTepHOTO
30py, IHTETPOBaHI 3 IHCTpyMEHTaMU aBTOMAaTH3aIli1, MOXKYThb «0auuT» iHTepdeiic Tak, sk Horo 6a4nTh KOPUCTYBAY,
1 BUSIBIATH IpoOJIeMHU Y Bi3yaJbHOMY BiZoOpaskeHHI MOJAIBHOTO BiKHA — 30KpeMa, H0ro 3MillleHHs, HEpeKPUBaHHS,
HenpaBWibHY ananrtauito Touo. LI Takoxx Moxke JonomaraT B TeHepallii TECTOBUX CLIEHapiiB, aBTOMATUYHO 1/1eH-
TU(IKYIOUU MOJabHI KOMIIOHEHTH B DOM 1 (hopMyroun TeCT-KeicH ISl B3aEMOIIT 3 HUMH.

ba 6inbie, 3aBasiku iHTErpallii 3 HelipoMepeskaMu a00 alropUTMaMH MAITMHHOTO HABYAHHS MOKHA aBTOMa-
THYHO MIPiOPUTE3yBATH TECTYBAaHHS HAHOLIBII KpUTHYHUX MOTAIEHIX BiKOH a00 ClieHapiiB, 0 HaifuacTilie BUKIIH-
KalOTh MOMHJIKU. TaKki MiAX0AH HE 3aMIHIOIOTh KJIACHYHY aBTOMATH3aIlil0, ajie CYyTTEBO MOKPAIYIOTh 11 THYYKICTh
Ta e(PCKTUBHICTb.

BucHoBku. Peanizanis MomaibHUX BIKOH Y cepenoBuili React Ta Next.js — 11e He JIUIIe TEXHIYHE 3aBIaHHS,
a KOMILIEKCHa iH)KGHCpHa npo6neMa sKa noegHye BuMoru 10 UX, TOCTymHOCTI, apxiTeKTypH Ta IPOAYKTUBHOCTI.
B crarTi, po3misHYTO Pi3HI Npobdnemu mpu po3p06neHH1 (I)yHKL[lOHaJILHI/IX MOJIAIEHUX BiKOH B 1HTep(I)eI/101 KOpHC-
TyBaua. 3okpema e CTOCYEThCS npoOseM TOCTYIMHOCT, HpOIlyKTI/IBHOCTl Ta e(heKTUBHOCTI, 1HTerpau11 MOJIAJIEHUX
BIKOH 3 MapIIpyTH3aLi€lo, npo6neM 3 MOOIJIBHOIO BepCi€lo, TePEPUBAHHS [OTOYHOT B3a€EMOJT, HpO6J'ICM 3 po3-
MITKOIO Ta CTWIIIMH. Takuid MiIxim J0 peamizarii MOJANBFHOTO BiKHA HE JIMINE BiIMOBiJa€ TEXHIYHHUM BHMOTIaM
WCAG, a i niaBuILy€e 3py4HICTh KOPUCTYBAaHHS AJIsl BCIX KOPHCTYBadiB, HE3aJEXKHO BiJ TXHIX (PI3UYHUX MOXKIIH-
BOCTel. BiH rapaHTye YiTKy CTPYKTYpy B3a€MOjii, KOHTPOJb HaJa (POKYCOM, MiATPUMKY KJaBiaTypHOT HaBiraiii Ta
MTOBHY CYMICHICTh 3 TEXHOJIOTISIMH TOCTYITHOCTI. Yce 11e pOOUTh Be03aCTOCYHOK OB IHKITFO3UBHHM 1 TIpodeciiiHo
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peanizoBanuM. CucTemaTH3ailis MiIX0/iB 0 peaji3alii X KOMIIOHEHTIB JO3BOJISE HE JHUIE 3a0e3MeUnTH SIKICTh
iHTepdeiicy, a it miABUIUTH MacIITa00BaHICTh Ta MIATPUMYBaHICTh BE0O3aCTOCYHKIB y JOBTOCTPOKOBII NEPCIICKTUBI.

OCKINbKY TpaauiiliHi 3ac00M aBTOMAaTH30BaHOTO TECTYBaHHS IIOICKYIU MAIOTh IPOOIEMH 3 MOAATIBHOIO B3a-
€MOJIi€10 Yepes iX TUMYacOBUH XapaKTep 1 3aJIe)KHICTh BiJl MO, 1HIIHOBAaHUX KOPUCTYBaueM, aBTOPH JIOCIIiTUIN
MUTAHHS TECTyBaHHI MOAAJIbHUX BIKOH y IWHAMIYHHUX BeOCEpETOBHIIAX. Y CTATTi OOTOBOPIOETHCS TE, SIK IITyIHHN
igrenekt (LI) 3mareH OMOMOTTH PO3B’S3aTH i CKJIAJHOIII, JO3BOJISAIOUN CKIIAIHIHA aHai3 MOAATHHOI MOBEAIHKHY,
BKJIFOYHO 3 JMHAMIYHOIO aJalTaIll€0 BMICTY Ta pearyBaHHs B PEKUMI pealbHOro vacy. [IpoBeneHuit anami3z Mmoxe
OyTH IIHHKUM SIK JUTSI HOBAdYKiB, TaK 1 JJIs TOCBIAUYEHUX PO3POOHHKIB IHTEpPQEHCY, SKi ParHyTh YIOCKOHAIUTH CBil
TIX1]] 1O MOJAIBHOTO JM3aifHy B CydacHHX Be03acTOCYHKAX.
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AHAJII3 TA PEAJIIBALIA AJITOPUTMIB ITIOIIYKY ONITUMAJIBHOTI'O IIJIAXY
AJIA IPOT'PAMOBAHHUX OB’€EKTIB Y HU®POBUX ITPOBUX ITPOCTOPAX

Hocnioscenns npucesiuene po3podyi Memooie NOULYKy ONMUMATLHO20 WIAXY 05l NPOSPAMOBAHUX 00 €Kmig y 8ipmy-
anvHoMy iepogomy cepedosuiyi. Pozensioaromscsa ancopummiuii nioxoou wjo0o GUHAYEHHS HAUKOPOMUIO20 WLIAXY md 00CTi-
OaHcyemves 3acmocysanns aneopummy A* y pywiro Unity 015 peanizayii e(hekmusrno20 ROULyKy HAlKOpOMUX 8i0Cmanie misxc
NOYAmMKOB0I0 Ma YiNbOBOIO MOYKAMU nepemMiujerts iepoeo2o nepconadica. Ocobausy yeazy npudiieHo ananizy Kio4osux napa-
mempig ancopummy — gCost, hCost ma fCost, aKi gusHauaiome eBPUCIMUYHY OYiHKY 8apmocmi nepemiujents ma 00360n10Mmb
3abe3neuumu ONMUMANLHICIMb MAPUWPYMIE Y KOHMeEKCMi CKIAOHOT CIMpYKmypu izposo2o npocmopy. Y 00crioxcenHi maxodic 8pa-
X08YI0MbCA 0COONUBOCI BIPMYANLHO20 CEPe00sUlya, MAKI AK HAAGHICb NEPEUKOO, 3MIHHI YMOBU HABKOIUUIHBO20 CePeoosuiyd
ma OUHAMIKA 12P0B020 NPOYeCy, WO BNIUBAIOMb HA NPULIHAMMSL PIUeHb CUCEMOI0 HABi2ayii.

Ocobnugy ysaey 6 npoyeci npoegpamuoi peanizayii aneopummy A* npudineno mexanizmy OUHAMIYHO20 OHOBIEHHS MHO-
JACUHU CYCIOHIX 8Y31I8 018 KOJXMCHOT 6epuiunu epaha Hasieayii. Takuil nioxio 3a6e3neuye eHyuKicmy aneopummy 8 yMoeax 3uit-
HO20 cepedosuya, 0036017104l ONEPAMUBHO Peaysamil HA NOAGY HOBUX nepeuikod abo 3miny mononozii izposoi cyenu. 3asoaxu
YbOMY 60aN0CS NIOBUWUMY AOANMUBHICIG CUCHEMU HOWLYKY WIAAXY 00 YMO8 PEanbHO20 YaCY, WO € KPUMUYHO 8ANCTUBUM O
CYHACHUX 12DOGUX 3ACMOCYHKIB.

Pesynomamu docnidocenns niomeepoxcyioms 6Ucoxy eexmuenicmo ancopummy A* y eupiwienni 3a0au nowyky onmu-
MANBHO20 WIAXY, WO 3YMOBIIOE 11020 AKMYANbHICIb O WUPOKO20 CREKMPA 3aCOcy8ats y cepi Komn TomepHUX mexHonozit,
30KpeMa 8 i2posomy OU3AUHI, GIPMYATbHUX CUMYTAYIAX A CUCTEMAX ABMOHOMHOI Hagieayii 8 pobomomextiyi. Inmeepayis
aneopummy 8 cepedosuuje pospodku Unity He auue po3sutupioe (yHKYIOHANbHI MONCIUBOCI YbO2O PYWis, ane Ui CmBoploe
nepedymMosu Onsl nO0AIbLUI020 800CKOHANEHHS IHMENEKMYANLHUX KOMNOHEHMIB i2DOGUX ma cumynayitinux cucmenm. IIpedcmas-
JieHe 00CTiONCeH s NIOKPECTIOE 8ACIUBICb BNPOBANIICEHH AOANMUBHUX AN2OPUMMIE Hasieayii ma iXHIO pOib Y PO3GUMKY
IHHOBAYIIIHUX MEXHONO2IH, Pe3YIbMAmuU MOXNCYMb Oymu UKOPUCMAHT 0718 NIOBUWEHHS A0anMUHOCHE ma NPOOYKMUGHOCHI
HasieayitiHux cucmem y KOMR TOMEPHUX i2pax.

Kitrouosi cnoBa: 4%, Unity, IDA* SMA*, nowyx onmumansHo2o wisxy, epagu.

Ulianovska Yu. V., Rudianova T. M., Riabovolenko E. A., Fesenko A. R. Analysis and implementation of algorithms for
finding the optimal path for programmable objects in digital game spaces

The study is devoted to developing methods for finding the optimal path for programmable objects in a virtual game
environment. Algorithmic approaches to determining the shortest path are considered, and the application of the A* algorithm
in the Unity engine is investigated for implementing an effective search for the shortest distances between the initial and target
points of movement of a game character. Particular attention is paid to the analysis of the key parameters of the algorithm —
gCost, hCost, and fCost, which determine the heuristic estimate of the cost of movement and ensure the optimality of routes in the
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context of the complex structure of the game space. The study also considers the features of the virtual environment, such as the
presence of obstacles, variable environmental conditions, and the dynamics of the game process, which affect decision-making
by the navigation system.

In the process of software implementation of the A* algorithm, special attention is paid to the mechanism of dynamic
updating of the set of neighboring nodes for each vertex of the navigation graph. This approach provides flexibility for the algo-
rithm in a changing environment, allowing it to quickly respond to the appearance of new obstacles or changes in the topology of
the game scene. This allowed us to increase the adaptability of the pathfinding system to real-time conditions, which is critically
important for modern gaming applications.

The results of the study confirm the high efficiency of the A* algorithm in solving the problems of finding the optimal
path, which makes it relevant for a wide range of applications in the field of computer technology, in particular in game design,
virtual simulations, and autonomous navigation systems in robotics. The integration of the algorithm into the Unity develop-
ment environment not only expands the functionality of this engine but also creates the prerequisites for further improvement of
the intelligent components of gaming and simulation systems. The presented study emphasizes the importance of implementing
adaptive navigation algorithms and their role in the development of innovative technologies. The results can be used to increase
the adaptability and performance of navigation systems in computer games.

Key words: A%, Unity, IDA* SMA*, optimal path finding, graphs.

IMocranoBka mpodiemu. [lomyk onTMMaipHOTO NIIBIXY € ONHIEIO 3 (yHIaMEHTaIbHUX 3a4ad B Trairysi
KOMII FOTEpHHX HayK, sIKa Ma€ MIPOKE MPAaKTHIHE 3aCTOCYBaHHS y TAKUX c(hepax JOICHKOI TiSITBHOCTI, SIK IITyIHHN
IHTEJEKT, poOOTOTEXHiKa, KOMIT FOTEPHI irpy, HaBiramiiHi CUCTEMH, JIOTiCTHKA, KapTorpadis Ta iHIINX CYyMIKHHUX
HanpsiMKax. AKTYalbHICTbh 3a/1a4i MOIIYKYy IUIIXY B MIPOrpaMOBaHUX 00’€KTaxX irpoBOTO cepeloBUINa 0OYMOBIIO-
€THCS KUIBKOMa KITFOUOBUMHE YMHHHUKaMU. [lo-niepie, 3pocTatoua cKIagHICTh IIU(PPOBUX CEPETOBHII TA 3POCTAHHS
BHMOT JI0 iHTEJEKTYaNbHOI MOBEAIHKH MPOrpaMHUX 00’ €KTiB 0OyMOBIIOIOTH NOTPEOY B €(hEKTUBHUX alrOpHUTMax
JUIA BU3HAUEHHs HAHKOPOTIINX a00 HallMEHIIl BATPATHUX MapLIPyTiB y 3agaHoMy IpocTopi. CydacHi KOMI IOTEpHi
ITpU XapaKTepU3yIThCA BUCOKUM CTYMEHEM CKJIAJHOCTI Ta JUHAMIYHOCTI BIpTyalbHHUX MPOCTOPIB, IO MOTpedye
BHUKOPHCTAHHS aIalTHBHUX 1 e(DEKTHBHUX aJTOPUTMIB HaBiratii. [lo-apyre, miABUAIIEHHS BUMOT IO PEaliCTUYHOCTI
MOBEAIHKY IrPOBUX areHTIiB, 30KpeMa B aClieKTaX aBTOHOMHOTO [TEPECYBAaHHS, YXWICHH BiJ] IIEPEIIKO i B3aEMOIi1
3 TUHAMIYHUMH 00’ €KTaMH, CTUMYITIOE PO3BUTOK IHTEIIEKTYAIbHUX CUCTEM KepyBaHHs. Kpim Toro, cdepa 3actocy-
BaHHS aJITOPUTMIB MOIIYKY UISAXY 3HAYHO PO3MIMPIOETHCS 11032 MEKaMU IHAYCTPii Bifeoirop. Taki aaroputMu 3Ha-
XOJISATh IIMPOKE 3aCTOCYBAaHHS B CHCTEMax aBTOHOMHOI HaBirarii MOOUTBHAX pOOOTIB, Y TPAHCIIOPTHIH JIOTICTHIII,
y Bizyaumizallii BipTyalbHUX CEpEeIOBUII IS HABYAIBFHHX 1 TPEHYBAIBHUX CUMYJIAIIN, a TAKOXK y T€0iH(pOpPMAIHHIX
cucremax. Lle miakpeciioe MbKIUCIUITIIHAPHY BaXKIMBICTh TEMHU JAOCHIPKCHHS Ta OOIPYHTOBYE MOTpedy y CTBO-
PCHHI YHiBepCaJbHHUX Ta NPOAYKTUBHUX IHCTPYMEHTIB HOIIYKY ONTHUMAaJIHIX MapLIPYTiB.

CyuacHi irpu CTaBIATh Iepe IepCOHaKaMU CKIIaJIHI 3a/1a4i 3 HaBiranii B BipTyaJlbHUX CBiTaX, Jie IM HEOOXiTHO
HIBUJKO Ta €(heKTUBHO 3HAXOAUTH LUISAX A0 Lijel, 0OMUHAIOYM NEPEIIKOIU Ta Pearyrouy Ha 3MiHU B CEpPEJOBUILI.
I'paBLi O4iKyIOTB, IO MEPCOHAXI B irpax OyayTh BeCTH ceOe MaKCUMAaJIbHO PEasiCTUYHO, 110 POOUTH aJrOpUTMHU
MOUTYKY DXy HE3aMIHHUMH iHCTPYMEHTaMU IS pO3pOOHHKIB. 3a0e3IeueHHs pealliCTHIHOI Ta aJaNTHBHOI HaBi-
ramii MepcoHaXiB € BAKIIMBUM acleKTOM TeHMIM3aliHy, M0 0e3IMocepenHho BIUIHBAE Ha SIKICTh KOPHUCTYBAIILKOTO
iHTepdeiicy. B yMoBax oOMe)eHHX pecypciB MOOITBHHUX MPUCTPOIB Ta IHIIKMX I1aT(HOPM BHHUKAE MOTpeda B ONTH-
Mi3allii aIropuTMIB MOMYKY IIISXY JJIs 3a0€3IeYeHHS TUIaBHOT pOOOTH irpoBOT0 MPOIIECY.

AHaJji3 ocTaHHIX gocaimkeHb i my6aikaniid. [TpobaemaTrka MoIyKy onTUMaIbHOTO NIISAXY B CEPEAOBHU-
m1ax 3 0OMEXCHHSIMH aKTHBHO JOCIHIKY€ThCS BIPOJOBXK OCTaHHIX AECATHIITH, 30KpEeMa Y KOHTEKCTi IITYYHOTO
IHTEJIeKTY, poOOTOTEXHIKH Ta KOMI 10TepHOI rpadiku. [lomryk ontumansHoro Mapupyty (anri. Pathfinding) — e
CKJIAJHUI Mpollec BU3HAYEHHs HAMOUIBII BUTiAHOTO NUIAXY MDK JABOMa MicIpsiMu rpu. Ha mepmii mormisa Moxe
37aBaTHCs, 110 LIe OBOJI IPOCTA 33ja4a, ajle BOHA yCKIIaJHIOEThCS, KOJIU Tpeba BpaxyBaTH Taki (PaKTopH, K HasB-
HICTh TEPENIKO, CKIIHICTh TepuTOopii abo yac, HeoOXiTHUH JJIs TepecyBaHHs. Binrak 3’sICOBY€ThCS, 1[0 BU3HA-
YEHHS! HaWOUTBIII BUTITHOTO NUISAXY € OLIBII CKJIAJHUM 3aBIaHHSIM, HiX MPOCTO MPOKIIAAEHHS JiHIT MK JBOMa
toukamu [1], [2].

3maeThes, MO iCHye 06araTo alropuTMIB MOITYKY NUIAXY UL BHPIMICHHS OJHOTO W TOTO CaMOTO 3aBIAHHS —
BH3HAYCHHS HAHKOPOTIIIOTO MapIIPyTy MK ABOMa TOYKaMHU Ha KapTi, MPOTE, METOIH, IKUMH BOHH TOCATAIOTH i€l
METH, MOXYTb 3HAUHO BiPI3HATHCA. 3 IUIMHOM Yacy NEsKi alTOpUTMHU ONTHMI3yBAJHCh Ta CTalH KPaIIUMH 3a
CBOIX IOIEPETHHUKIB 3 TOUKH 30pY MIBUIKOCTI Ta epeKTHBHOCTI. CIill TAKOK BPAaXOBYBAaTH, 110 HE 3aBKIM HAWBUINA
e(heKTHUBHICTD TOIIYKY € MPiopUTETOM. B KOHTEKCTI Bifeoirop, 0COOIMBO BAKIMBUM CTAa€ PEaiCTHYHE MOJIEIIO-
BaHHS MOBENIHKH TepcoHaxiB, kepoBaHux komi totepoM (NPC, anrn. Non-Player Character). Po3pobuuku iHOmi
BigaroTh nepesary noseninii NPC, ska HaOmkeHa 10 peaicTHYHOI 3aMicTh TOTO, 100 MPOCTO AOTPUMYBATHCh
HaifkopoTmoro MapupyTy. Lle o3Hauae, 1110 BOHM MOXYTb OOMPATH AITOPUTMU MOIIYKY HIISXY, SIKI HE 000B’SI3KOBO
€ Halie(peKTUBHIIIMMU B IJIaHI BUKOPUCTAHHA PECYPCiB, ajie 3a0e3MeuyIoTh OUIbII MPUPOAHY MOBEAIHKY MEPCOHA-
xiB [2], [3]. Takum unHOM, Y chepi po3poOKH irop mindip alIropuTMy MOMIYKY MUIIXY MOXe 0a3yBaTHCS HE JIUIIe
Ha TEXHIYHUX XapaKTePHCTHKAX, a ¥ Ha MparHeHHi 10 CTBOPEHHS OUIBII 3aHYPIOBAHOTO Ta PEajiCTUYHOTO irpo-
BOTO JIoCBiy. bararo BioMHX irop po3poOisioTh YHIKaIbHI Bepcii WX aarOpUTMiB, MOTU(DIKYIOUH Ta adanTyHOqH
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icHytoui pimeHHs Mg cBoi cnenndiuni morpedu. [IpoBenemMo anani3 HaMOMySPHININX aJTOPUTMIB HOIIYKY HaH-
KOPOTILOTO HIISIXY Ta BU3HAYMO OCOOIMBOCTI iXHBOTO 3aCTOCYBaHHSI B KOHTEKCTI BiZIeoirop.

IMomyxk y mmpuny (BFS) piBHOMipHO Hociimxkye Bci HanpsMKH. Lle Haa3Bu4aliHO KOPUCHUH aITOPUTM, SIKUI
BHUKOPHUCTOBYETHCS HE TUIBKH JJIS 3HAXOMKCHHS MUIAXIB, a H U TeHepaii IpoueIypHUX KapT, MOMIYKY NUIIXIB
3a JIOTIOMOTOIO ITOJIs MTOTOKIB, KapT BIJCTaHEH Ta iHMIOTO aHamizy Kapt [4]. AnroputM momyky y mupuny (BFS)
€ OJTHUM 3 OCHOBHHUX IHCTPYMEHTIB JUIsI aHAJTi3y Ta HaBiralii mo rpadam. Bid moyrHae cBO0 poOOTY 3 BU3HAYEHOTO
BY3JIa, SIKHI Ha3MBAETHCS KOPEHEBUM, 1 TOCTYIIOBO MPOCYBAEThLCS Uepe3 rpad, 00poOsoun KoKeH By30J1 Ha OTHA-
KOBI BiZICTaHI BiJl KOpEHs Tepe/l IePEeX0a0M J0 HACTyHOTro piBHsl. [lei MeTogmunmii miaxin no3somnse BFS mocmin-
KyBaTH rpad map 3a mapom, mo poOUTh HOTo ifiealbHUM ISl 3a/1ad, Jie oTpiOHO 3a0e3MeunTH piBHOMIpHE Ta
MIOBHE OXOIUIEHHS IpocTopy rpada. BFS BukopucToBye CTpykTypy JaHNX y BUINISAL 9eprHl Ui 30epiraHHs By3IiB,
AKi moTpiOHO 00poOuTH. Kom By301m 00pobmseThes, Bci HOTo CycCiiHi By3IH, Ki 1ie He Oynu BiJiBigaH1, 10Jat0ThCs
1o 4gepru. Ll oco6muBicTe poouts BFS 0c0611BO KOPHCHUM ISt 3HAXOMXKECHHST HAMKOPOTIINX IIIIXIB y Tpadax,
Jie Bci pebpa MaloTh OJIHAKOBY Bary, OCKUIBKH BiH TapaHTOBAHO 3HAi/1e HAMKOPOTIIHIA IIAX BiJl KOPEHEBOTO By3JIa
1o Oynp-sikoro iHmoro By3na [2]. Onnak, BFS Mae cBoi oOMexxeHHs, 30KpeMa, BiH MOxe OyTH peCcypCHOMICTKHM
y BEJHKHX rpadax, OCKUIBKH MOTpedye 30epiranHs BCiX By3/IiB HA IIOTOYHOMY PiBHI MEPE MEPEXOIOM J0 HACTYII-
Horo. Y cdepi irporoi ingyctpii BFS Moke BUKOpHUCTOBYBATHCS HE TITBKU JJIS TMOIMIYKY NUIAXIB, alle # I TeHe-
pariii kapT, CTBOPEHHS TOJiB TOTOKIB, KapT BiJICTaHEH Ta BUKOHAHHS 1HIINX BUJIIB aHAJI3y KapT, 10 POOHUTH HOTO
VHIBepCaJIbHAM Ta IIIHHAM IHCTPYMEHTOM y pyKax refimaeBeronepiB [5]. [IpukianaMu 3acTOCyBaHHS alTOPUTMY
BEFS € Taxi irpy, sik «The Legend of Zelda: Breath of the Wildy, «Diablo II», «Minecraft».

Anroput™m JIeHKCTpH, TaKoXX BIIOMHUHU SK TIONIYK i3 €IMHOK BAapTICTIO, TO3BOJISE HAM BH3HAYATH TPiOpH-
TETH IUIIXIB UL JOCTIDKeHHA. Bunatnuil yuenuit y cdepi inpopmaniiaux texnomnoriid Encrep efikcrpa y 1959
polli IPEeCTaBUB CBiil aNrOpuTM, SKHid Mi3Hime OyB Ha3BaHWK Ha HOro yecTh. Llel anroput™, MO BiAHOCUTHCS
JI0 KJIacy >kafi0HUX aJITOPUTMIB, 3[aTeH 3HAXOAUTH HAMKOPOTIII IIISIXH Bix onHiel oOpanoi Touku rpady 1o ycix
IHIIMX TOYOK, @ TAKOK MOXKE OyTH alaNTOBaHMA JUIsl 3HAXOKEHHsI HAMKOPOTIIOTO HUISAXY MK Oyb-sIKOIO Maporo
TOYOK [5]. 3aMiCTh JOCIIIKEHHS BCIX MOXKIIMBUX LUIAX1B OHAKOBO, BiH BiJIZla€ NepeBary IUisIxaM 3 MEHILO0 Bap-
ticto. [IpotsiroM poboTr airoput™ 30epirae iHGoOpMAIilo PO HAWKOPOTINI BiACTaHI BiJl MOYATKOBOI TOYKU JO
KOKHO{ 3 IHIITUX TOYOK, IIPH IIEOMY JaHi OHOBJIIOIOTHCS KOXKHOTO pa3y, KOJIU 3HAXOMUTHCS OLTBII KOPOTKUH IIISX.
AJITOPUTM 3aBEPIIYETHCS, KOJIH BC1 By3JIH OyJIH «BiIBiJlaHI» Ta HAHKOPOTIII MUISXH O HUX BU3HAYCHI, HAJTAIOUW Ha
BHXO]li TOBHUI HA01p HAWKOPOTIIHX IIISAXIB Bijl CTAPTOBOTO By3JIa JIO YCIX 1HIINX TOUOK rpady. basosa Bepcis anro-
putmy [etikcTpu Bumarae O(V2) onepaiiid, e V — KiTbKicTh BepIinH y rpadi [6]. Ha crapti anroputMmy auctaHiii
IHIMIaTi3yI0ThCS Ay’KEe BEIMKHM UYHCIIOM, IO TEPEBHILYE OyAb-sKy MOXIIHMBY IOBKHHY IILIIXY B rpadi, a Macus
BiJIMITOK 3alIOBHIOETHCS HYJISIMH. J{MCTaHIIisI IO TTOYaTKOBOI BEPIIMHHA BCTAHOBIIOETHCS SIK HYJIb, 1 PO3NOYHHAETHCS
OCHOBHHUH LUK aJTOpUTMY. Y KOXHIH iTepallii HIMKIy aJropuTM BUOHpAE BEPIIMHY 3 HAWMEHIIOIO TUCTAHIIIEIO,
o uie He Oyna oOpoOneHa, Ipu I[bOMY Mpanopels PiBHUNA Hy0. BcTaHOBMIOWOYH mpanopels B OJUHHIIO, BiH
MO3HaYae 110 BEpIIMHY K 00poOlieHy Ta neperisaae Bei ii cyciqHi BeprHU. SIKII0 3HAXOAUTHCS O1IbII KOPOTKHIMA
LUISAX J0 CYCITHBOI BEPIIMHU Yepe3 MOTOUHY BEPIIMHY, aITOPUTM OHOBIIIOE TUCTAHLIIIO 10 i€l CyCiAHBbOT BEPIIUHH.
[Iporuec TpuBae 10 THX Mip, TOKU BC1 BEPIIMHU He Oy1yTh 00p0o6sIeHi — Ipanopelb KOKHOI BEPIIMHH CTaHE PIBHUM
1. ITpuknagaMu 3acTocyBaHHs anroputMy Jlelikerpu € irpu: «Pac-Many, «Diablo 111y, «Civilizationy.

OnHUM 13 HAHTOMUPEHIINX aITOPUTMIB, III0 BUKOPUCTOBYIOTHCS IS BUPIIICHHS TaKUX 33734, € aJlTOPUTM
A*, BITOMHH TaKoX 5K «A star», IKui oeTHy€ e(hEeKTUBHICTh MeTOAY JleHKCTpH 3 EBPUCTHYHOIO OIIIHKOIO HAITPSIMKY
MOIITYKY Ta IIAPOKO 3aCTOCOBYETHCS JIJIsl BU3HAYCHHS Hale()EKTUBHIIIOTO MapIIpyTy MiXK TBOMa TOYKaMH y rpadi
3 TIO3UTHBHOIO Baroro KOKHOTO pedpa. Y HayKoBiH miTeparypi [6] omncano mepeBaru aaroputMy A* mpu po0orti
y CTaTMYHHX T4 YaCTKOBO JUHAMIYHHUX cepeloBHINaxX. Y podotax [7], [8] miaKpecToeTbcs 3aCTOCOBHICTh A* 1o
3aj1a4 IUIAaHYBaHHS PyXy y rpaOBUX MOAEISIX CEPEAOBHIIA.

3HauHa KiNbKICTh CY4aCHUX JOCTI/KEHb MPUCBSUCHA MOAU(IKALisAM 0a30BOro anroputMmy A*, TakuM sk
Hierarchical A*, Jump Point Search, Theta* Tomro, 1o cipsiMoBaHi Ha 3MEHILIEHHS OOYMCITIOBATIBHOI CKIIQHOCTI Ta
yacy nomyky. Y myomikauisx [9] po3misaaeThes iHTErpalis Takux alrOpUTMiB B irpoBi pyuii, Bkiatouatound Unity
ta Unreal Engine, a Tako)k IpaKTHYHI aCIIEKTH peaji3alii iHTeJIeKTyalbHUX arcHTiB.

OxpeMy Hillly 3aliMarOTh poOOTH, MPHUCBSIYCHI 3aCTOCYBaHHIO A* B JUHAMIYHHMX ITPOBHX CEPEIOBHUIIAX.
3okpema, y pobotax [10] posmisinaerbes miaxig D* (Dynamic A*), sskuit 103BoJIsIE aqanTyBaTHCS 0 3MiH Y CTPYK-
Typi KapTH ITiJ] 4aC BUKOHAHHSI.

VY cepenoBumi Unity TOCHiAHWKH Ta NMPAaKTHKH BIPOBA/DKYIOTH BJIACHI CHCTEMH HAaBITaliiHOI CITKU —
NavMesh [11], onnak motpe6a B KOpUCTYBaLbKil peaizarii A* 3 THyYKUM YIPaBIiHHIM By3JaM{ Ta €BPUCTHKOIO
3aJIMIIAETHCS AKTYaNbHOI0, 0COONMBO Y BUMAJIKaX, KONMM CTaHAApPTHI IHCTPYMEHTH HE 3aJ0BOJIBHSIOTH BUMOTAM
po3poOHuKa.

TakuM 4MHOM, HE3BaXKAIOUM Ha HAsSBHICTh YHCIEHHHUX PillIEHb 1 ONTUMI3alliil, 3aB1aHHs ePeKTUBHOI pearti-
3auii anroputmy A* y cepenopuiii Unity, 3 MiATPUMKOIO OHOBJIEHHS CTPYKTYpH rpada B pexkUMi peasibHOTO Yacy,
notpedye noaanbIuX JociimkeHb. CaMe Ha 110 Ipo0ieMaTHKy OpiEHTOBAHO MPEACTABIEHE JOCIiIXKEHHS.

Oco0uBicTh ATOpUTMy A* ToJIsirac y BUKOPHCTAHHI CIENialbHOI JOMOMDKHOT (DYHKIIII, TaK 3BaHOI €BpHU-
CTHKH, SKa CIIPSIMOBYE TOIIYK y OUTBII IEPCIIEKTHBHI HAPSMKHU Ta IOIIOMAarae 3MEHIIUTH 4ac, HeOOXITHUHN I

ISSN 2521-6643 Cucremu Ta Texnoorii, Ne 1 (69), 2025 105



3HaXOMKeHHs pimeHHs [12]. Llei anroput™ knacudikye By3au rpady Ha TpH KaTeropii: HeBiIOMi By3JH, BiIoMi
BY3JIM Ta MOBHICTIO JOCHipKeHI By3nu. CHodaTky, yci By3JH, 32 BHHSATKOM CTapTOBOTO, € HEBiTOMHUMH. Bimomi
BY3JIH, 31 CBOIM MOTEHIITHUM LUISIXOM, 30€piratoTbCsl y CIIUCKY 3 MPIOPUTETOM, JI€ 3 KOXKHUM KPOKOM BUOHPAIOThCA
HaWO1IbIT OOHAIANIKMBI BY3IU JUISl TIOAABINOTO JAOCTIKeHH. Takuil miaxia J03BOJIsIE ONTUMI3YBaTH MIBUAKICTh
BUKOHAHHS alropuTMy. Koim By30J1 OBHICTIO JOCITIKEHHA, HOTO CYCiIHI BY3JH TOAAIOTHCS IO CIIUCKY BiJOMEX
BY3JIiB, @ CaM BY30JI IEPEMIIIIAETHCS IO CIMCKY MOBHICTIO TOCHIHKEHUX. SIKIIO CYCiHI BY3JIH BXKE TOCIIKEH] 200
€ Y CIIICKY BIJIOMHUX, QJITOPUTM OHOBITIOE TXHIW CTaTyc, KO Yepe3 MOTOYHUN BY30J 3HAWJCHUN KOPOTIINH IIIJISX.
[Iponec momryky mpomoBKy€ETHCS, TIOKH KiHIIEBa BEPIIMHA HE OMMHUTHCS y CIIHCKY HOBHICTIO TOCIIIKEHUX BY3IIiB,
a00 X IMOKY CITUCOK BiJIOMUX BY3JIiB HE CIOPOXKHIE, IO CBITYUTH PO BiZICYTHICTH po3B’s3Ky. [LIsX BiqHOBIIOETHCS
Y 3BOPOTHBOMY TOPSJIKY BiJI KIHIIEBOI IO CTAPTOBOI BEPIIMHH, ajie MOXe Oy TH JIETKO MIepeBEPHYTHH JIs1 OTPUMAHHS
HUIAXY y IPaBUJILHOMY HampsIMKy [2].

[IpumycTrMa eBpHCTHKA OLIHIOE BapTiCTh JOCATHEHHS IUIHOBOTO By3/a TAKUM YHHOM, IO (haKTHYHA Bap-
TICTh HE MepeBUIYe OliHeHy. Lle o3Havae, 1110 BOHA 3aBXKIU J]a€ HUKHIO MEKY BapTOCTI IUIAXY. SIKIIO eBpUCTHKA
€ TPUITYCTUMOIO, ajlé He MOHOTOHHOIO, TO MOXXYThb BUHHUKATH CUTYyallil, KOJIU IOBEAEThCA IOBTOPHO JOCIIIKY-
BaTu JesKi By3JIM. MOHOTOHHA €BPHCTHKA, KPIM YMOBH HENEPEOIIHEHHS BAPTOCTI, TAKOX ITOBHHHA 33I0BOJILHATH
HEPIBHICTh TPUKyTHHKA. Ile 03Hayae, 10 OIIHKA BapTOCTI B MOTOYHOTO By3JIa JO i 3aBKIU MeHIa abo piBHA
CyMi BapTOCTI IIEPEXOIY IO CYCiTHBOTO By3J1a Ta OIIHKK BapTOCTI Bij IOTO CYCIAHBOTO By31a a0 1ii. [lIBuakicTs
BHKOHAHHS aJITOPUTMY 3HAYHO 3aJIC)KHUTh BiJI TOYHOCTI eBPUCTHYHOT (QYHKIIIT Ta €(h)EKTUBHOCTI peanizallii CTpyKTyp
JaHMX Il 30epiraHHst BiIOMUX Ta MOBHICTIO IOCIHIPKEHUX By3JiB. HalOUIbIIMM HeToNIiKOM alroputMy A* € oro
BHMOTH JIO BUKOPHUCTAHHSI 11aM’sITi, OCKLUIBKH MOTPIOHO 30epiraT BENHUKY KUIBKICTh BY3IIiB, III0 MOXKE OyTH HETIPH-
JaTHUM JUTSA 337124 3 BEJIUKOIO KUTBKICTIO MOKIIMBHX CTaHiB [2]. [IpukiagaMu BUKOPHCTaHHS alropuTMy A* B irpax
€: «StarCrafty, « Warcraft I1I», «Half-Life».

Anroputm bennMana-®opza — 11e anrropuT™ MOLIyKy HaWKOPOTIIOTo HMIJSIXY B 3BakKeHOMY rpadi, ae Bara ayr
MoOKe OyTH SIK MO3UTHBHOIO, TaK 1 HETraTUBHOIO. BiH Ha3BaHUI HA YeCTh CBOiX po3poOHuUKiB Piuapna bennmana ta
Jlectepa @oppaa. Lleii anroputm ctaB pyHAaMEHTAIBHUM Y Teopii rpadiB Ta BUKOPUCTOBYETHCS Y Oararbox obinac-
TAX: BiA MapupyTusauii B Mepexxax J0 PO3IMOoAlUly pecypciB y JIOTICTUUHUX cucTemax [13]. AnroputMm mae psa
IepeBar: BpaxoBy€e HETaTUBHI Bard, MOXKe BHSBUTH HASBHICTH IIWKIIIB 3 HETaTHBHOIO Barorw B rpadi, 0 € BaXKIIH-
BOIO BJIACTHBICTIO IpH aHami3i rpadis. Jlo HEOMIKIB MOXKHA BITHECTH:

— BHCOKY YacOBY CKJIQJIHICTh, aITOPUTM Ma€e yacoBy ckiaaHicTh O(V*E), ne V — kinbKicTh BepiivH, a E —
KUTBKiCTh pedep y rpadi, 1o poOUTh AITOPUTM BiHOCHO MOBLUIEHUM, 0COOIHBO IS TpadiB 3 BEJIMKOK KUIBKICTIO
BepUIvH 1 pebep;

— AITOpUTM € Hee()eKTUBHUM AJISI TyCTUX rpadiB, y TycTHX rpadax, Ae KUIBKICTh pedep HabmmKaeThes 10
V2, anroput™m Moxe OyTH Hee(heKTUBHUM Yepe3 BUCOKY YacOBY CKIIAHICTE;

— MpAIfO€ MOBUIBHIIIE 32 1HII QJITOPUTMU JUTS CHIEHU(IUHIX 3a1ad.

Anroput™m Bermnmvana-®opaa 3acTOCOBYIOTh Y KOMIT FOTEPHHX irpax i Pi3HUX IJICH, BPAXOBYHOUH HOTO
3[IaTHICTH TPAIFOBATH 3 Tpadamu, siKi MICTATh peOpa 3 HETraTHBHOIO BArOI0, Ta BHSBIIATH IMKIU 3 HETaTUBHOIO
Baroo [2]. B irpax 3 Benmukumu Binkputumu cBiTamd NPC MOXyTh BUKOPHCTOBYBaTH anroputM bemmmana-dopra
JUTSL 3HAXODKEHHST HAWKOPOTIIOTO HNUISXY 0 MEPCOHAXIB, IIOJOPOXKEH 1 1HIITI.

VY crpareriyHux irpax ajJroputM Moke OyTH BUKOPHCTaHWH I ONTHMI3allii po3Moily pecypciB Ta JIoTic-
TUYHHAX MapIIPYTiB, 0COOIHBO KOJIM BPAXOBYIOTHCS BUTPATH Ta PU3UKH ITEPEMILIICHHS Yepe3 pi3Hi TepuTopii. Y mpo-
1eci po3poOKH IPH AITOPUTM MOXKE JIOTIOMOTTH PO3POOHHMKaM B aHaJi3i Ta OajJaHCyBaHHI TeHMILICIO, BUSBIISIOUH
MOTEHIITHO HECKiHYEHH] UKIIK a00 1HII aHOMAaJii, IKi MOXKYTh BIUIMHYTH Ha TeHMILICH.

Xoua OCHOBHA LiJTh IUX ANTOPUTMIB OJHAKOBA — 3HANTH HAMKOPOTIIMH MIJISIX MK ABOMA TOUKAMH Ha KapTi,
METO/IH, 32 JOTIOMOTOIO0 SIKMX KOJKEH 3 HUX JIocsTae Iiel MeTH, pi3HAThCs. Lle nae po3poOHMKaM MOKIUBICTh BUOpATH
QITOPUTM, 1110 HAWOUIBIN aJalTOBaHUM ITiJ] KOHKPETHI MOTPeOU Ta 0COOIUBOCTI TXHiX irop.

VY Tol ke Yac, aKTyaJbHAM HAMPSIMOM 3JTUIIAIOTHCS TOCIIIKEHHSI, CIIPSIMOBAaHI Ha IMiABUIIICHHS IPOIYKTHB-
HOCTI QITOPUTMY B YMOBaX PEaJbHOTO Yacy, aalTaIliio 0 3MiHU TOIOJOTIT CEPENOBHINA, a TAKO)K BUKOPHCTAHHS
y rpadiyHUX pyIIisx Ui KOMIT FOTEPHHX irop.

MeTa nocaimkennsi. MeToro TaHOTO TOCIIIKEHHS € IPOrpaMHa peajli3allis alropuTMy ONTAMI3aIlii TOITyKy
HaHKOPOTIIOTO NMUISAXY JUIS IiIBUIICHHS MPOAYKTHBHOCTI Ta TOYHOCTI HaBiramii B KOMIT IOTEpHHX irpax B yMOBax
3MIHHOT CTPYKTYPH CIICHH.

MeToau aocaizkeHHA. Y TPOIEC] TOCTiPKEHHS BUKOPUCTAHO METOIH JITOPUTMIYHOTO aHAIIi3y, MOJICIIO-
BaHHS Ta MPOTPaMHOI peamizallii 3 aKIeHTOM Ha MPaKTHYHY iMIUIeMeHTawlilo B irpoBomy pymiii Unity. B po6orti
BUKOPHCTOBYBAJIMCS METOAU Ta TEXHOJIOTIi po3poOKH iIrpoBUX MOBOIO nporpamyBaHHsa C#. SIk 0OCHOBHMH Mifxix 10
oOyZ0BY HaBiramiiHoi cucteMu Oya0 oOpaHo anroputM A*, skuil 6a3yeThCsl HA €BPUCTUYHOMY IOIIYKY HaKo-
POTIIOTO HUIAXY Y Tpadi.

Buknax ocHOBHOro marepiaimy. AnroputM A* € METOJOM TOMNIYKY HAHKOPOTIIOTO HUISXY B 3BAXKEHOMY
rpadi, mo 3abesrneuye 3HAXOMKEHHS ONTHMAIBLHOIO MAPIIPYTy BiJ MOYATKOBOI BEPUIMHHM 10 KiHIEBOI. Moro
pobora 6azyeTbes Ha 00’ eTHAHHI (HAKTHIHOT BAPTOCTI BXKE MPOHACHOro NIIsAXy (g) Ta eBpucTUYHOT o1iHKH (h), sika
HaOMKEHO BH3HAYAE BApTICTh MEPEMIIIEHHs JIO IUJILOBOI BepuHU. Ha KOXXKHOMY KpOIli ajJrOpuTM OOHMpae Iyis
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MOAAJIBIIOTO PO3MIALY BEPIIUHY 3 MiHIMaJIbHUM 3HAUCHHAM cyMapHoi omiHkH (f = g + h). [Tapametp g BinoOpaxae
CYKYIIHY BapTiCTh NEPEMIIEHHS BiJ{ IOYATKOBOI TOUKU /IO MOTOYHOI, BPAaXOBYIOUH BCi MpoiiaeHi kiaiTuHky. [lapa-
MeTp h € eBpHCTHYHOIO OLIIHKOIO BapTOCTI MEPeCyBaHHs Bijl IOTOYHOTO TTOJIOKEHHS JI0 KiHIIEBOT BEPIIMHH i BUKO-
PHCTOBY€ETHCS ISl HAOIMKEHOTO MTPOTHO3YBAaHHS 3aJIMIIKOBOI BApTOCTI NUIAXY. 3aragbHa OoLiHKa f 00UHCIIOEThCS
SIK CyMa 3HaueHb g Ta h, M0 J03BOJIsIE ANTOpUTMY e(hEKTHBHO CIPSMOBYBATH IOIIYK y HAIIPSIMKY IO METH.

ANTOpUTM 371ICHIOE BUOIp HANIPSIMY IOIIYKY, OPIEHTYIOYHCh Ha MiHIMaJIbHE 3HaYeHHs QyHKIIT f: Ha KOX-
HOMY eTalli BiH o0upae KITHHKY 3 HalMeHIIHM 3HaueHHsM f Ta nepexoauts y Hei. [Iporiec monryky TpuBae 10TH,
JIOKM He Oye JTOCATHYTA IMiJhOBa KIIITHHKA (PUCYHOK 1).

iR tag Mpm M
42 | 48 | 62
2¢ pafia a0 Efva a8

48 | 42 | 48 | 62

62 | 48 62
(LI RL-EEE ] RN ]
62 | 62 | 70

Puc. 1. ImrocTpariist anropuTMy NOMIYKy DUIIXY A*

AnroputMm A* y mpolieci BAKOHaHHS 30epirae BCi 3reHepOBaHi By3JIM B ONICPATUBHIN IMaM’sTi, IO J03BOJISE
e(heKTUBHO BHKOPUCTOBYBATH HasBHY iH(opMarliro s moOyIoBH HaiikopoTmoro nuisxy. OmHaK Taka cTpaTeris
3YMOBJIFOE BHCOKY I1aM’SITTEBY CKIIAIHICTh aJITOPUTMY, OCKUIBKH 31 30UIBIIICHHSM PO3MIipy IPOCTOPY MOIIYKY 3pO-
CTa€ 1 KiIBKICTh BY3JiB, sIKi HEOOX11HO 30epiratu. Lle € oMHNUM i3 CyTTEBUX HENOMIKIB A*, 0COONHMBO y BHIAIKaX
pobotu 3 BenmukumHu rpadamu. s mogonaHHs 11i€i oOMexeHoCcTi OyI0 3aIpOIIOHOBAHO AJITOPUTM iTEPATHBHOTO
3armbnenHs A* (IDA*), sikuif moeiHye nepeBaru eBpUCTUYHOTO MOUTYKY A* Ta eKOHOMHOTO 32 ITaM’ATTIO HOMIYKY
B mubuny. IDA* 103BoJs€E 3HAXOAUTH ONTUMAJIbHI MAapIIPyTH MK MOYATKOBUM 1 KiHIIEBUM CTaHaMH B rpagax
abo ZlepeBOHO)liGHI/IX CTPYKTypax, CyTTEBO 3MEHIIYIOYH BUTPATH nam’ar1i. Ha Bigminy Bin A*, anroputm IDA*
l'Il,Z[TpI/IMye y mam’sITi Jinie iHpOopMaIliro TPO TMOTOYHMH MITAX 1 oro BapTicTh, 110 POOUTH HOTO MPUAATHUM IS
BUpINICHHS 33124 y BEJIUKHX MIPOCTOpaX CTaHIB 13 00MEKECHUMH pecypcamu mam’sti [14].

3 monIsy MPOCTOPOBOT CKIATHOCTI aJrOPUTM iTepaTuBHOTO 3aruOeHHsS A* (IDA*) € GinbIn e(eKTHBHUM
MTOPIBHSHO 3 KIIAaCHYHUM anroputMoM A*. I1ij uac BUKOHaHHS aIrOPHUTMY A*B onepaTHBHiﬁ mam’sIti 36epira€TLc;1
ycst 00MacTh MOMIYKY, IO IPU poOOTi 3 BETMKIMU TpPOCTOpaMH CTaHIB MPH3BOZIMTH /10 ICTOTHHX BHTpAT I1aM’SITTE-
BHX pecypciB. HatomicTh aJIrOPUTM IDA* onTiMizye BUKOPHUCTAHHS HaM’SITi IIISIXOM 30€peXEHHS JIHIIe TT0TOY-
HOTO BYy3J1a Ta BiJIIOBiAHOI BAPTOCTI IUIAXY, IO JO3BOJISIE YHUKHYTH €KCIIOHEHIITHOTO 3pOCTaHHS o6c;1ry mam’sTi
npu PO3ILINPEHH] npoctopy nouryky. Takuii miaxin 3abesneuye 3MEHIIEHHS MPOCTOPOBUX BUTPAT 0€3 iCTOTHOTO
HOTIPIIEHHS IKOCTi MOLIYKY ONTUMAIBHOIO MAPLIPYTy (PUCYHOK 2).

Threshold = 7
Visited node 59,1213,

Puc. 2. Anroputm IDA*

AnroputMm iTeparuBHOro 3anmbneHas A* (IDA*) 3nidcHIOE JOCTIIKEHHS MPOCTOPY CTaHIB 3a JTOMIOMOTOKO
MOITYKY B TNIMOWHY 3 00OMEKEHHSM 32 BapTicTIO. Ha moyaTKoBOMY eTarni 3a1aeThesl HOPOTOBE 3HAYCHHS, SIKE IOPiB-
HIOE 3HAUCHHIO eBPUCTUYHOI OWIHKY f 1711 mogaTKoBOro By3na, ae f(n)=g(n)+h(n). [lix gac momyky anroputm pos-
IIVPIOE JIUIIE Ti BY3JIH, JUISI SKAUX BUKOHY€EThCsl yMoBa f(n)<thresholdf(n). SIkmio y mporeci monryky 3HaXOTUThCS
[IJTOBUN BY30J1, AJITOPUTM 3aBeplIye poOOTy. Y BHIAJKY, KOJH JUIs IIEBHOTO By3ja 3HaueHHs f(n) mepeBuiye
MTOTOYHE IIOPOTOBE 3HAYCHHS, AITOPUTM HE PO3IINPIOE LIEH By307, aje GiKcye MiHIMaJIbHE 3 IEPEBUIICHIX 3HAYCHb.
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[Ticns 3aBepiIeHHS iTepanii HOBE IOPOTOBE 3HAYCHHS BCTAHOBIIIOETHCS PIBHUM MiHIMaJIbHOMY 3adikcoBaHoMy f(n),
sIKe TIEPEBUIIMIIO TOTepeHii nopir. Llei iTepaTHBHUIT poIeC MOBTOPIOETHCA A0 TUX Mip, TOKHU He Oyae 3HaiiieHO
ONTUMAJIbHE PillleHHs, a00 TOKH MPOCTip MOIIYKY He OyJe MOBHICTIO BUYEPIaHO.

Anroputm Weighted A* (BaroBanuii A*) siBisie co00ro Moan(ikalito KIaCHYHOTO anroputMy A* s 3ajgaqi
MOITYKY NULIXY B rpadax, 1e okpeMi pedpa abo 1ii MaroTh pi3Hi BaroBi KoedimieHTn adbo BaprocTi. Ha BimMiHy Bin
0a3oBoro BapiaHTta A*, sskui 3a3BHYail mependayae OJHAKOBY Bary BCiX peOep 1 CIPSIMOBaHHM Ha 3HAXOIKCHHS
HaHKOPOTIIOTO IIIJISIXY, Y BarOBAHOMY BapiaHTI KOXKHE peOpo abo Jis MOXke MaTH iHAMBiTyanbHy Bary. Ile mo3Bo-
JISi€ TOYHIIIe MOJICITIOBATH, HAIPUKJIIAl, Pi3HY BapTICTh MEPEMIIICHHS B 3JICXKHOCTI BiJl HAIPSIMKY a00 CKJIaTHICTh
BHUKOHAHHS IIEBHUX JiH.

OcHoBHa koH1entis podorn anropurmy Weighted A* 36epirae cTpykTypy KiacuaHoro A*, mpore oOumc-
neHHs QyHKIIT omiHKK f(n) TOMOBHIOETECS ypaxyBaHHIM BaroBUX Koe(illieHTiB. Y 3araJbHOMY BUIVISAL (QyHKIis

f(n) Bu3HauaeTHCs 32 HOPMYIOIO:
f(n)=g(n)+w-h(n),

ne g(n) — ¢akTHYHA BapTICTh OUIAXY BiJ IOYATKOBOTO By3Ja JI0 IIOTOYHOTO, h(n) — eBpHCTHYHA OIiHKA Bap-
TOCTI IIUIAXY Bij MOTOYHOTO By3J1a JI0 LiJBOBOTO, @ W —Koe(Dilli€HT Baru, 0 BioOpakae BapTICTh IEPEXOy Yepes
BiZMOBiIHE pebpo abo BUKOHAHHS MeBHOT il [15].

Anroputm Weighted A* € ehekTuBHIM 3ac000M /7151 PO3B’A3aHHS 33124 TIOUIYKY HUISAXY B YMOBaX, KOJIU Bap-
TICTh EPEXO/IiB MK By3JlaMH BapilO€ThCsA, 1 BAHUKAE HEOOX1HICTh BpaxyBaHHs HUX BIAMIHHOCTEH MPpU NPUHHATTI
pilIEHb MIOI0 ONTHMAIEHOTO BHOOPY MapIIPYTY.

AnroputM D* (muaamiunuii A*) € Monu(iKaIliero KIACHYHOTO MiAX0MY 0 HMOIIYKY NMUIAXY, IKAH BUKOPUCTO-
BY€ KOHIICTIIIII0 CEHCOPHOTO CIPHHHATTS HABKOJIMIIHBOTO CEPEIOBHINA Ta 3MaTHIH aJanTyBaTUCS 10 3MiH, 30KpeMa
JI0 TIOSIBU IMHAMIYHHUX TIEPENIKOJl, IUITXOM OHOBJICHHS Bar pedep y peasibHOMy 4aci. Ha koxxHOMY eTami poOoTH
D* po3p’si3ye 3amady 3HaXOMKEHHS HAHKOPOTIIOTO MIJSIXY BiJ IIOTOYHOTO MOJOXKEHHS 0 CTAPTOBOTO BY3IIa, IIPH-
ITyCKArO4H, 10 BY3JM 3 HEBIJIOMUM CTAaTyCOM IMPOXITHOCTI € JOCTYITHUMU JJIs mepecyBaHHs. i 0OpoOKu 3MiH
Y BapTOCTIi MEPEXO/IiB ANTOPUTM MiATpUMYE crierianbHuil crincok By3miB (OPEN list), skuii BAKOPUCTOBY€ETHCS IS
HOIMIMPEHHs OHOBJICHOI iH(opMaii. By3nu, mo 6epyTs yuacTs y mporieci, kKiacugikyroThCs 32 KiTbKOMa CTaHAMU:
NEW, OPEN, CLOSED, RAISE ta LOWER. Po6ota anroputMy mae iTepaTUBHHI XapakTep: Ha KOKHOMY KpOL
obupaetscs BepiuHa 3i cucky OPEN s onintoBanns. [lomryk y D* 3aiiicHIOETBCS y 3BOPOTHOMY HAIPSIMKY —
BiJ] ITBOBOTO By3Ja J0 MOYaTKoBOro. KoxkHa po3mimproBaHa BEpIIMHA MICTUTh 3BOPOTHHI TTOKKIHK HA HACTYITHY
BEPLIMHY MapIIPYTy 1O IIUJIi Ta Ma€ TOCTYII 10 TOYHOI BAPTOCTI IIIIXY 10 KiHIIEBOTO By3Ja.

Anroputm LPA* (Lifelong Planning A*) € po3BUTKOM KJIaCHYHOTO arOput™My A*, OpiEHTOBaHUM Ha JIOBIrO-
TpUBaJie IIaHYBaHHS MUIAXIB Y JUHAMIYHHX cepenoBuinax (pucyHok 3). g inkpemeHTHa Monubikariis A* 3maTHa
aJIanTyBaTHCS JI0 3MiH Yy CTPYKTYpi rpada 6e3 HeoOXiTHOCTI TOBHOTO IMepepaxyHKy MUIIXY. Y Mpoleci MOITyKy
QITOPUTM OHOBIIIOE 3HaueHHS (YHKINT ggg, Mo MpeacTaBise coO00I0 BiICTaHb BiJl CTAPTOBOTO By3Jia, BUKOPHCTO-
BYIOYH JIaHi, OTPHUMaHI IiJ Jac MoNepeaHiX 00UNCIICHB, i 3a MOTpeOH KOpHUTye 1X. 3aBISIKH BUKOPUCTAHHIO HAKOIIH-
geHoi iHpopmartiii LPA* cyTTeBO 3MeHIIy€e KiIbKICTh BEpIINH, SIKi HOTPIOHO 00pOOUTH y MOPIBHSIHHI 3 KIACHIYHUM
A*, OHOBJIIOIOYM JIMIIE Ti 3HAYCHHS ggg, 0 KPUTUYHO BIIMBAIOTH HA ()OPMYyBaHHS HalKoOpoTIIOro numixy. Lle
3a0e3neuye 3HAYHy €KOHOMiI0 OOUHCIIIOBAIEHUX PECYPCiB Ta MiABUIY€E €(heKTUBHICT pOOOTH aJITOPUTMY.

[punimn podotu anroputmy LPA* rpyHTyeThCsI Ha KOHIIEIIIIT JOBTOTPHBAIOTO [UIAHYBAHHS Ta IHKPEMEHT-
HOro oHOBIIeHHs iH(popMalii y rpadoBiil cTpykTypi. s peanizauii MoaudikoBaHoi Bepcii LHOTO aITOPUTMY HEOO-
XiTHO copMyBaTH 0a30Bi €IEMEHTH, 30KpeMa TIO0JIE Bar, sIKE BioOpakae BapPTICTh MEPEXOAY MiXK CyMIKHUMH BY3-
namu rpaga. HasBHICTE akTyanpHOT iH(pOpMaIii Ipo Bary T03BOJISIE ANTOPUTMY CBOEYACHO KOPHUT'YBAaTH MapIIPYT i3
MiHIMQJIBHAMHU O0YKCITIOBAIBHUMHU BUTPATaMH Y BiJIIIOBIIb Ha 3MIHU B CEPEIOBHIIL.
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Puc. 3. Anroputm LPA*

AnroputM A* an/I3HaquHI/I JUTSL TIOILIYKY HaHKopOTmoro IAXY Y rpadi 3 BaroBuMH KoeQirieHTaMu pe6ep
Ha mowaTkoBOMYy eTarmi BU3HAYAIOTHCS CTAPTOBA Ta KiHIIEBA TOYKH, ITiCIISA YOTO (POPMYIOTHCS ABa CIIUCKH BY3IIIB:
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Binkputuid (OPEN) ta 3akputnii (CLOSED). KokHoMy By3iy mpu3HAyarOThcs TPH OCHOBHI XapaKTEPUCTHUKHU:
gCost — (hakTHUHA BapTICTh MPONUACHOTO LUIAXY BiA cTapToBOi Touku, hCost — eBpuCTHYHA OIliHKA BiACTaHi Bix
MOTOYHOTO By3J1a 110 inkoBoro, Ta fCost, mo € cymoro gCost ta hCost.

Anroput™ (QYHKIIOHY€ B IIMKJI IO THX TIip, TOKH BiJKPUTHHA CIIHCOK HE CTaHe MOopokHiM. Ha koxHii iTepa-
1ii 0OMpaeThes By30M i3 HaiMeHIHM 3HaueHHAM fCost, SIKHid TepeHOCUTHCS 3 BIJKPUTOTO CITUCKY IO 3aKPUTOTO.
1151 KOXKHOTO CYMIDKHOTO By3J1a 3IIHCHIOETCS MEpeBipKa HOTo IPUCYTHOCTI Y BIAKPUTOMY ab0 3aKPHUTOMY CITHCKY.
Skmio cycimHil By3011 111e He 00pOoOIIABCs, HOTO JOAAI0Th JI0 BIIKPUTOTO CITUCKY 3 BiIOBITHUM OOYHCIICHHSM 3Ha-
yerHs fCost. SIKII0 By30J BXKE BIZJOMHM, TEPEBIPAETHCS MOXKIUBICT TOKPAIIEHHS UIAXY JIO HBOTO, 1 32 MOTpedH
BiJIOYyBa€THCS OHOBJICHHS BIAMOBIIHUX XapaKTepUCTHK. [Iporiec MonTyKy 3aBepIIyeThCs, KOJIU JOCIATHYTO IUTHOBHMA
BY30J1 200 BiIKPUTHIA CIIUCOK CIIOPOXKHIB, 1110 CBITYUTH PO BIICYTHICTh NUISAXY 10 METH. biiok-cxema pobotu ainro-
PUTMY IIpEACTaBIE€HA Ha PUCYHKY 4.

IIporpamua peanizariss anroputMy Oyna BUKOHaHa y cepenosuii Unity, ae B mporeci poooTu GopmyeThest
CiTKa, Ha SIKii BU3HAYAIOTHCS CTApTOBA Ta KiHIIEBA TOYKHU (PUCYHOK 5).
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Puc. 4. Anroput™m nomryky nuisixy A*

=

Puc. 5. CTBopeHHS CiTKH BY3JIiB IpH peaizarii anroputMy AnroputM A* ua pymriro Unity

[Ticast 3akiHUEHHS POOOTH ANTOPUTMY 300PaXKY€ETHCS MMOBHUIA NIISAX 3 BIJOBITHUMH CYCIAHIMA By3JIaMH, 1110
MPOLITFOCTPOBAHO HA PUCYHKY O.
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Puc. 6. 300pakeHHs TOBHOT'O LUIAXY

Jo6aBieHa MOXKIIMBICTh YBIMKHYTH PEXKHM ITOKa3y BEIUYHMHH «BapTOCTEI» MPHU PO3PAXyHKY IUIAXY (pHCY-
HOK 7).

Puc. 7. BisyanbHe BinoOpakeHHs 4ucen

ITpu 36inbmIeHH] MacTaldy 300paXKEHHS MOXKHA CIIOCTEPIraTH BC1 BEIMUNHH, TIPU SIKUX OOUHCITIOETHCS HIISX
(pucyHoxk 8).

Puc. 8. 300paskeHHs BCiX BEJIMYMH By3Ja

Ha koxxHOMY By311i 300paxkeHo mnepiii 2 BepxHix uncia: gCost — BiicTaHb By3Ja Binx nmorouyHoro ta hCost —
BiJICTaHb BYy3JIa BiJl KIHIIEBOTO, a HIK4e 300paxeHo uucio fCost — cyma Benmuunau gCost + hCost.

BucHoBku. B po6oTi mpoBeeHuil aHai3 METOMIB Ta allTOPUTMIB MOITYKY HAWKOPOTIIIOTO NUISAXY 3 BU3HA-
YeHHS IXHIX MMepeBar i HeIONIKIB, a caMe BU3HAYCHI HAWOUIBII e()eKTHBHI METOJM JJISl PI3HUX THIIB PillleHb, PO3-
IIISIHYTH MOXKIMBI Mozudikanii METoAiB Ta 0COONMMUBOCTI IX MpakTHYHOI peanizarii. Po3pobiena nporpamMua peai-
3allist AJITOPUTMY, sIKa 3aCHOBaHa Ha MOIM(IKOBAHOMY METO/Ii ITOLTYKY HAWKOPOTILOTO IUISXY, IO JO3BOJISIE CYTTEBO
3MEHIITYBaTU Yac Ha MPHHHATTS PIllleHb B KOMIT FoTepHiit rpi. [lepeBaroro poboTu € po3poOieHHs i TecTyBaHHS
Moau(ikoBaHOI Bepcii anroputmy A*, peanizoBanoro Ha pymriro Unity 3 aBTOMaTHIHIUM KOPUTYBaHHIM BaXKETiB i
Yyac JUHAMIYHOI 3MiHHU iIrPOBOTO CEPEIOBHIIIA.

HoBwu3Ha nocimimkeHHS MosTae B iMIUIeMeHTallii anroputMy A* B pymito Unity, ne Oyito BpaxoBaHO mapame-
Tpu gCost, hCost i fCost ms 3aiiicHeHHs edekTUBHOI poboTH anroputMy. OcoONIHBY yBary npuIUICHO peari3amii
JUHAMIYHOTO OHOBJICHHS CYCiIiB JUIS KOKHOTO By3Ja. L{e 103BoJIsIE alropuT™My a1anTyBaTHCS JI0 3MiH CepeIOBHINA
B pEIbHOMY Yaci, HAIIPUKJIIAJI, TIPU TIOSIBI HOBUX MEPEIIKOl, 3MiHi IOCTYITHOCTI AUISHOK Mamnu Toio. PeanizoBaHo
MEXaHi3MHU TIepEBIPKU aKTyalbHOCTI CYCIZiB Y KOXKHIM iTepallii mouIyKy, oo MiABHILY€E HAAIWHICTh Ta THYYKIiCTh
HaBiramiiHoi cucteMu. J{Js eMmipu4Ho1 nepeBipku e(heKTUBHOCTI po3pobiieHoi Mozieni Oyiiu CTBOPEHi irpoBi CIIEHH
3 PI3HUMH CIICHAPIsIMU: CTaTHYHA KAapTa, KapTa 3 MOOUIBHUMHU MEPEIIKOAAMHU Ta TUHAMIYHE OHOBICHHS CTPYK-
Typu cepenoBuina. IlopiBHANbHUHN aHAai3 IPOBOAUBCS 3@ KIIBKOMA KPUTEPIIMU: KiJIbKICTh 0OPOOIEHUX BY3IIiB, 4ac
BHKOHAHHS TTOIIYKY, TOBKUHA 3HAHICHOTO MapIIpPYTYy.
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ANTOpUTM AEMOHCTPY€ BHCOKY €(DeKTHBHICTh y BU3HAYCHHI HAHKOPOTIIMX IUIAXIB, IO Ma€ 3HAYCHHS IS
3aj1a4, B SIKUX KPUTUYHO BAXIIUBOIO € MiHIMi3allis JOBXKHUHH MapIIpyTy. Taka FHy4KiCTh Ta HAJAIITOBAHICTh POOUTH
QITOPUTM MPUJIATHUM IS IIUPOKOTO CHEKTPY 3aCTOCYBaHb, BKIIOYAIOUHU IrPOB1 IPOEKTH, CUMYJALIT Ta poOOTOTEX-
HiKy. BizHOCHa HecKJIaAHICTh iHTerpaLii B iCHy104l IpoekTH pyiuio Unity € e ofHUM 3HaYyLIIUM BHECKOM JaHOi
poboTH, 110 CIIPOIIYye BUKOPHCTaHHS Ta MOIU(]IKAIIIO alrOpUTMY AT PO3B’I3aHHA MPOOJIEM HIIHUX JOCHTiIKEHb.
PO3BUTOK IITYYHOTO 1HTEIEKTY, MAIIMHHOTO HABYaHHS Ta HIINX NEPeIOBUX TEXHOJIOTIH BiAKPHBAE HOBI MOXKIIMBO-
CTi JUTA TIOKPAIEHHS AJITOPUTMIB MOIIYKY HITAXY.
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TYPES, CHARACTERISTICS AND EXECUTION METHODS OF CYBER FRAUD

The article is dedicated to the study of cyber fraud characteristics and classification, methods of its execution. It examines
key factors contributing to the rise of cybercrime, including the rapid digitalization of society, economic destabilization, the
psycho-emotional vulnerability of the population, and the advancement of social engineering technologies.

In today’s world, where technology has become an integral part of our daily lives, cyber fraud has become one of the
biggest threats. With the growing use of the internet and mobile devices, cybercriminals are finding new ways to defraud people
and organisations, causing them significant financial and reputational damage.

The process of cyber fraud often begins with fraudsters collecting information about their potential victims. This can be
personal data, financial details, or even online behavioural history. Using this data, criminals create convincing fake platforms
or messages.

The purpose of the article is to examine the current state of cyber fraud in the country and offer advice on protecting
personal data and finances.

The main types of fraud are analyzed, including phishing, manipulative schemes in e-commerce, cryptocurrency fraud, and
cyberbullying. Special attention is given to the specifics of fraudulent schemes in wartime conditions, including fake charitable
initiatives and fraud involving disinformation.

Cyber fraud is a real threat that is growing every year, and protecting yourself from it requires care and caution. It is
important not only to choose reliable online platforms, but also to have a strategic approach to online security. It is necessary
to be vigilant and use modern protection methods to minimise risks and avoid them. Combating cyber fraud is one of the most
important tasks for modern organisations and Internet users.

The study proposes approaches to combating cybercrime, which include improving digital security mechanisms, enhancing
public cyber literacy, and implementing effective measures for detecting and counteracting fraudulent schemes.

Key words: cybercrime, fraud, phishing, social engineering, cryptocurrency fraud, digital security, disinformation.

TI'abopeup O. A., Pubanvuenxo JI. B. Buou, xapakmepucmuku ma cnocoou uunenns Kivepuwaxpaiicmea

Cmamms npucesyena 00CriOdcennio ulaxpaiicme y kibepnpocmopi, ix ocobiusocmetl, kiacugpikayii ma memooig
30iticHenHA. Pozenanymo Knouosi pakmopu, wjo cnpusiioms 3p0CIMAanHio KibepanouuHHOCHi, 30Kpema, iIHmeHcusHy yugposizayio
CYCRibCMBA, eKOHOMIYHY Oecmadinizayilo, NCUXOeMOYilHYy 6pazIuGiCMb HACELIeHHs Md PO3GUMOK MEXHONO02IU COYianbHOT
iHOCeHepii.

Y cyvacnomy ceimi, Oe mexnonoeii cmanu Hegio '€MHOI0 YACMUHOIO HAULO20 NOBCAKOCHHO20 JHCUMMS, KiDepuaxpaicmeo
Ccmano OO0Hi€ 3 HAUOIbWUX 3a2po3. 3i 3pOCMAHHAM GUKOPUCTNAHHA [HMepHeny | MOOLIbHUX Npucmpois, Kibep3nouunyi
3HAX00AMb HOBI CNOCOOU 0OMAHY TH00ell ma OpeaHiz3ayill, 3a60aiuu iM 3HAUHUX (IHAHCOBUX MA PenyMAaYitiHUX 30UMKIB.

IIpoyec xibepuiaxpaiicmea 4acmo NOYUHAEMBCS 3 MO0, WO wWaxpai 30upaomy iHpopmayito npo ceoix NOMeHYiuHUX
arcepms. Lle mooicymv Oymu nepconanvhi Oami, Qinancosi pexgizumu abo Hasimy icmopis oHlalH-nogedinKu. Bukopucmosyouu
Yyl OaHmi, 3104UHYT CIMBOPIOIOMb NEPEKOHTUBT (anbUuIUel NIam@popmu uu nOGIOOMIEHHSL.

Memoio cmammi € 00CHONHCEHHA CYUACHO20 CMAHY Kibepulaxpatcmed 6 Kpaini ma 3anponoHo8aHo Hopaou ujooo
3aXUCMY 0COOUCIUX OaHUX MA (IHAHCIB.

IIpoananizoeano ocHOGHI 8UOU WAXPALICMBA, BKIIOUAIOYU DituuHe, MAHINYAAMUEHI cXeMu y chepi eneKmpoHHoi Komepyii,
KpURMOBANIOMHI Waxpalicmea ma Kibepoynine.

© O. A. Haborets, L. V. Rybalchenko, 2025
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Oxpemy ysazy npudineno cneyughiyi waxpaicbkux cxem 6 yMo8ax 0EHHO20 CMAHY, GKIIOUAIOYU (IKMUsHI 61a200iliHi
IHiYyiamugu ma waxpaicmeo 3 BUKOPUCIAHHAM de3iHopmayii.

Kibepwaxpaiicmeo — ye peanvna 3a2po3a, Aka 3p0CMAE 3 KOJICHUM POKOM, i 3aXUCT 810 HbO20 6UMARAE YBANUCHOCHI] MA
obepesichocmi. Badicnuso ne minoku obupamu HAOIHI oHAaUH-nAam®opmu, a U mMamu cmpameziynuti nioxio 0o be3nexu 6
inmepremi. Heobxiono Oymu nunbHuMY i GUKOPUCIOBY8AMU CYUACHI MEMOOU 3aXUCY 05t MIHIMIZayil pusuKie ma ix yHUKHEeHHS.
IIpomudis kibepwiaxpaticmey € 0OHIEK 3 HAUBANCIUBTUIUX 3A0aY 0TI CYUACHUX OpeaHizayitl ma Kopucmyeauie Inmeprenty.

3anpononosano nioxodu 0o 60pomvOU 3 KiOEPILOUUHHICHIO, WO BKIIOUAIOMb 600CKOHANEHHA MeXAHI3MI6 Yupposoi
be3nexu, NidguUUeHHs KibepepaMoOmHOCHI HACeNeHHA MA 8NPOBAONMCEHHA e(heKMUBHUX 3aX00i8 3 GUAGNEHHA Ma RPOMUOLl
WAXPALCOKUM CXEMAM.

KuttouoBi cnoBa: kibepsnouunuicms, wiaxpaucmeo, iuiune, coyianvbHa iHXCeHepia, KpUnmoeamomHi waxpaicmesa,
yugposa besnexa, deinhopmayis.

Problem Raising. Execution of cyber fraud has become particularly relevant in the context of global
challenges such as the COVID-19 pandemic and the war waged by Russia against Ukraine. Criminal activities in
cyberspace are driven by the unique nature of the digital environment and its ability to adapt to socio-economic
changes, creating new opportunities for manipulation and illicit financial gain.

One of the key factors contributing to the spread of cybercrime is the intensive digitalization of society. The
increased use of the Internet, prompted by quarantine restrictions, martial law, and the transition of a significant part
of socio-economic activities to digital formats, has substantially expanded the volume of online interactions among
citizens. The widespread adoption of remote work, e-commerce, and digital communication platforms has acted as
a catalyst for the development of fraudulent schemes aimed at exploiting users’ trust and stealing their personal data.

Another crucial factor is the psycho-emotional vulnerability of the population, which has been exacerbated by
both the pandemic and wartime conditions. Mass fears, anxiety, and a general sense of instability have become tools
actively used by fraudsters for manipulative purposes. For instance, they create fraudulent charitable initiatives,
offer pseudo-medical services or fake protective measures against the virus, enabling them to gain unlawful access
to citizens’ financial resources.

Economic destabilization also plays a significant role in the rise of cybercrime, as financial hardships have
affected a considerable portion of the population. Cybercriminals exploit this context by offering fraudulent job
vacancies, false promises of quick earnings, or fake “financial assistance” programs. These methods are particularly
prevalent due to their ability to take advantage of individuals’ financial needs during crises.

Disinformation serves as another powerful tool for cyber fraud. During armed conflicts and information
warfare, the spread of fake news, chain messages, and other forms of misleading content has become a key method
of gaining access to personal data and financial resources. Fraudsters use disinformation to create an atmosphere of
distrust and chaos, making it more difficult to identify real threats.

A significant transformation in user behavior online has also contributed to the proliferation of cyber fraud.
The mass shift to e-commerce, the growing popularity of online services, and increased social media engagement
have substantially heightened the risks of falling victim to fraudulent websites. Cybercriminals create phishing
websites that mimic legitimate platforms or use social engineering techniques to gain unauthorized access to users’
confidential information.

Thus, cyber fraud is a multifaceted phenomenon influenced by social, psychological, and economic factors.
Criminal activities in the digital space are characterized by a high degree of adaptability, the use of advanced
information technologies, and the capacity to target a vast audience of potential victims. All of these aspects
underscore the urgent need for the development of scientifically grounded approaches to detecting and combating
cyber fraud, taking into account the specific methods used by cybercriminals and the scale of their impact on society.

Analysis of recent research and publications. The problems of frauds committed in cyberspace in Ukraine
have been paid attention to by such national scholars as O. V. Byshevets, O. S. Belytskyi, T. S. Vaida, V. V. Vynnyk,
V.M. Galunko, L.P. Hrynko, N.O. Dumanskyi, O.M. Dzhuzha, L.M. Ivashko, O.V. Klyuvak, T.V. Korshykova,
O.1. Kryvenko, A.B. Mizerak, L.M. Prudka, D.V. Perepelytsia, T.V. Romanenko, Y.P. Rudenko, V.P. Sabadash,
O.A. Samoilenko, I.V. Sabadash, N.V. Smetanina, [.A. Fedchak, I.M. Chekmariova, S.S. Cherniavskyi,
S.V. Shapochka, O.M. Yurchenko and others. In their studies, they considered general aspects of crimes committed
in cyberspace, in particular, Internet fraud in peacetime. The study of frauds committed on the Internet under martial
law was carried out by such scholars as O. M. Bryskovska, M. O. Helemey, Y. V. Levkivska, M. E. Sobachenko and
V. H. Teliychuk.

The purpose of the article. The purpose of the study is to systematise and analyse frauds in cyberspace, their
types, features and methods of commission, and to identify the key factors contributing to their spread. Particular
attention is paid to frauds that have arisen or intensified as a result of socio-economic crises, the COVID-19 pandemic
and martial law in Ukraine. Based on the analysis of existing fraudulent schemes, the author proposes effective
mechanisms for their prevention and counteraction, including legal, technological and educational measures.

Summary of the main material. Fraud is one of the most common types of criminal offences against property
in many criminal law systems, including in Ukraine. Given the trend towards an increase in the number of cases of
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property encroachments through fraudulent actions, combating these offences remains one of the key tasks of law
enforcement agencies. The commission of such crimes not only threatens the property rights of individuals, but also
harms the stability of the state’s economic system, jeopardising its effective functioning.

According to Article 190 of the Criminal Code of Ukraine, fraud is defined as the misappropriation of another’s
property or the acquisition of rights to it by deception or breach of trust [1]. This criminal offence is characterised
by a special focus, which may relate to both material assets and rights to such assets. An important feature of fraud
is the presence of direct intent, which implies that the perpetrator is aware of the unlawfulness of his or her actions,
and a mercenary motive aimed at obtaining an unlawful benefit.

The development of digital technologies and the widespread use of the Internet in Ukraine have created new
conditions for committing fraud. Due to the accessibility of the Internet for citizens of different age groups, criminals
have received new tools to implement their illegal intentions. The peculiarity of Internet fraud is the absence of
direct contact between the offender and the victim, which not only facilitates concealment of the offender’s identity
but also encourages him to develop more complex and sophisticated schemes for seizing other people’s property or
financial resources.

Frauds committed in cyberspace include numerous types of crimes that use digital technologies to manipulate,
deceive and illegally obtain benefits. According to the Law of Ukraine “On the Basic Principles of Ensuring
Cybersecurity of Ukraine” [3] (hereinafter — the Law), “cyberspace” is defined as an environment (virtual space) that
provides opportunities for communication and implementation of social relations, formed through the functioning
of interconnected communication systems and electronic communications using the Internet and/or other global
data networks.

The main subcategory observed in this context is the non-delivery of orders placed through online resources.
This phenomenon includes transactions for the purchase and sale of goods on digital trading platforms, placement of
advertisements for the provision of certain services and receipt of advance partial or full payment for such services
or goods. Such cases pose a significant threat to e-commerce and pose risks to the financial security of users, as
unfair practices may be accompanied by intentional fraudulent schemes and breach of contractual obligations. The
growth in the activity of such schemes is due to the large-scale transition of business entities to online platforms.
This format allows optimising operating costs, in particular, eliminating the need to lease physical commercial
premises, which, in turn, contributes to more affordable and competitive prices for goods and services, increasing
their attractiveness to end users.

Among the most common methods of cybercrime, along with the failure to deliver goods or services, a
special place is occupied by social engineering techniques used to manipulate the minds of users. One of the most
dangerous manifestations of such techniques is phishing, which allows attackers to access victims’ confidential
information through deception. This type of fraud has become particularly popular due to the growing use of digital
platforms and the lack of cyber literacy among the population.

Phishing is a type of fraud based on manipulative techniques that allow users to obtain personal data, such
as passwords, bank card numbers, account logins, etc. Phishing attacks are based on misleading the user into
voluntarily handing over their data to the attackers. Phishing can be implemented in various forms and targets both
individuals and organisations.

The main types of phishing attacks:

1. Email Phishing.

Email phishing attacks are the most common type of cybercrime used for both mass and targeted attacks.
The basic scheme involves sending fake emails on behalf of banks, government agencies, online services or social
networks. Such emails may contain:

Fake links that lead to fake web pages that look like genuine banking sites or authorisation platforms;

Malicious attachments (.pdf,.docx,.xls files) that contain viruses, spyware or macros for data theft;

Phishing forms that mimic user account login pages, but send the entered data to the attackers.

The most dangerous attacks are Spear Phishing, which targets specific individuals (company executives,
government officials, journalists, etc.). Such emails contain personalised information, which increases their
credibility and effectiveness.

2. Smishing.

Smishing is SMS and messenger phishing, where fraudsters use text messages to get the victim to perform
certain actions. Attackers send messages on behalf of banks, delivery services, mobile operators, or even government
agencies with a demand:

Click on a fraudulent link to confirm a transaction, update an account, or view an ‘important message’;

Provide confidential information in response to the message (e.g. a verification code for financial transactions);

Download a fake application that is actually malware.

Modern spear phishing attacks actively use fake messages about problems with bank accounts, blocked cards,
or winnings in promotions. The victim, panicking, is more likely to act in favour of the attackers without checking
the authenticity of the information.
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3. Vishing.

Vishing is a method of fraud through telephone calls, during which attackers pretend to be representatives of
banks, law enforcement agencies, tax authorities or technical support. The main scenarios of such attacks include:

Imitation of bank employees who inform the victim of “suspicious activity” on the account and could block
the card, forcing the owner to hand over passwords or one-time access codes;

Fraudulent calls on behalf of law enforcement agencies, which scare the victim that their account is being
“checked for financial crimes”, demanding that they transfer funds to a ‘safe account’;

Tech support-related vishing, where attackers tell the user that a virus has been ‘detected’ on their device and
offer to install ‘security’ software that is actually a Trojan.

Some vishing attacks are based on collecting public information about the victim (e.g. from social media),
which allows fraudsters to be more convincing and use personalised details during the conversation.

4. Social media phishing

On social media, fraudsters create fake accounts or hack into the accounts of real people, using them to
commit fraud. The main schemes include:

Sending personal messages asking for money (on behalf of a hacked friend or relative);

Fake sweepstakes and contests that require the victim to click on a link and enter bank card details to “claim
the prize”;

Fraudulent job offers, where criminals pretending to be HR managers promise easy money by demanding an
advance payment or transfer of personal data.

Given the popularity of social media, this method of phishing is particularly dangerous, as people trust
messages from friends more than emails or calls.

5. Web Phishing.

Phishing websites are created to imitate legitimate resources in order to collect personal data from users. They
can look like:

Fake login pages (banks, postal services, online stores, social networks);

Fake payment systems that steal credit card data.

Phishing remains one of the most serious cyber threats nowadays, requiring comprehensive protection
measures and continuous improvement of defensive tactics.

It is also worth paying attention to malware, which is often an integral tool for phishing attacks. Malware is
one of the most common threats used to achieve various criminal goals, such as stealing confidential information,
disrupting systems or blackmailing. Typically, PUPs are distributed via phishing links or attachments that masquerade
as legitimate files or programs. When combined with personalised phishing messages created with the help of
artificial intelligence, PUP becomes particularly dangerous as it can infiltrate the systems of even experienced users.

According to the statistics of the Prosecutor General’s Office of Ukraine, in 2024, the number of criminal
proceedings opened under Article 190 of the Criminal Code of Ukraine ‘Fraud’ was 64,978. Compared to 2022, this
is 2.7 times more, but 21% less than in 2023 (82,609 cases). Almost every fourth case goes to court: in 2023 — 14838
cases, in 2024 — 15607 cases [6].

By the end of 2024, 62% of Ukrainians had become victims of cyber fraud, while at the beginning of 2024,
there were about 21% of such cases. 30% of Ukrainians have not encountered such fraudsters but have heard of such
cases, and only 8% have neither encountered nor heard of such cases. Since the beginning of 2025, almost 40% of
Ukrainians have become the most aware and informed about cases of fraud and have a better understanding of how
to protect their data from cybercriminals. The most common cases involve the purchase and sale of goods when the
seller, having received money for the goods, does not provide certain services, i.e. failure to deliver online orders
by pseudo-sellers. The second most common type is phishing, where social engineering and software tools are used
to create malicious links for users to steal their personal data, accounts, etc. In third place are ‘bank calls’, when
fraudsters pose as bank representatives and obtain the necessary information for abuse.

In 2025, cybercriminals have become even more inventive, using new methods of data theft and fake bank
websites that ask you to click on a link and provide your card details. Phone fraudsters use Al-generated voices
of relatives or bank employees to steal data. Scammers create fake, fake photos and extort money. Therefore, it is
necessary to follow safety rules, protect yourself and your finances, take your time to trust strangers and always
check the information.

Cyberbullying is a complex social phenomenon that has arisen as a result of the rapid development of
information and communication technologies and the growing integration of digital platforms into everyday life. It
is a form of aggressive behaviour that is implemented through the online environment with the aim of psychological
pressure, humiliation or discrediting a person.

This form of aggression is manifested through the use of digital platforms to intimidate, humiliate, blackmail
or discredit a person. The characteristic features of cyberbullying are its systematic nature, public nature and
the possibility of anonymity of offenders, which creates additional challenges for detecting and preventing this
phenomenon.
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Its consequences can be profound and have a serious impact on the victim, including emotional exhaustion,
social isolation and reduced self-esteem. Factors that contribute to the spread of cyberbullying include the growing
availability of digital technologies, low awareness of cybersecurity basics, and the lack of effective legal mechanisms
to combat such phenomena.

There are several key types of fraudulent schemes in the cryptocurrency sector. First, it is deception through
social media, where attackers create fake accounts imitating famous people or companies to convince users to invest
in fraudulent projects. Secondly, social engineering is widely used, when criminals manipulate the emotions of
victims to force them to transfer access to their cryptocurrency wallets.

Manipulations with initial coin offerings (ICOs) are particularly noteworthy. Attackers create fictitious
projects promising high profits but disappear as soon as the funds are raised. In addition, under the guise of crypto
investment funds, fraudsters promise users a guaranteed profit, which is often part of pyramid schemes.

Cloud mining fraud also poses a serious threat when, under the pretext of providing cryptocurrency mining
services through cloud platforms, criminals obtain users’ funds without performing any real operations. All these
schemes require special attention and improved cybersecurity methods to protect crypto assets.

In the context of military conflict, criminals actively exploit the vulnerabilities of society to implement specific
fraudulent schemes that have become widespread due to the current circumstances. Such schemes include fictitious
fundraising for the army, manipulation of reports of missing or captured persons, and distribution of fake evacuation
notices requiring advance payment or “financial assistance”.

These fraudulent activities are aimed at exploiting the emotional state of victims caused by fear, anxiety or a
desire to help in a crisis. Criminals are actively adapting their methods to current realities, using social platforms,
mobile applications and other digital communication tools to achieve their goals. Fraud is often based on social
engineering techniques, such as creating trusting situations or influencing a sense of responsibility that forces
citizens to transfer funds or personal data.

The key tools used by fraudsters are computers, mobile devices, bank accounts registered in the names of
front men, and specialised software. In addition, online platforms are actively used to implement such schemes,
allowing for the rapid dissemination of disinformation, fake websites and ads. The effectiveness of fraud is often
reinforced by the high level of technological equipment of criminals, which allows them to adapt their actions to
changing conditions and remain invisible to law enforcement agencies.

Thus, fraud in wartime acquires unique features due to the specifics of the socio-economic situation and
the scale of digital technologies. This underscores the need to improve the mechanisms for protecting citizens,
in particular by increasing the level of digital literacy, introducing stricter regulations and developing effective
monitoring and counteraction tools [4].

Conclusions. Summarising the above, we can conclude that effective counteraction to fraud in cyberspace,
especially in wartime, requires a systematic approach. The key methods of combating fraud are to increase the
digital literacy of citizens, introduce modern technologies for monitoring and detecting fraudulent schemes, and
improve legal mechanisms aimed at regulating online activities. Special attention should be paid to developing
information campaigns to raise public awareness of the threats posed by cybercrime and the need for responsible
behaviour in the digital environment. Only through the integrated efforts of the state, civil society and technological
platforms can effective protection against threats in cyberspace be ensured.

Thus, countering cyber fraud in Ukraine is a difficult but important task that requires efforts from the state,
business and society. Raising awareness, improving legislation and investing in technology can significantly reduce
risks and protect citizens from fraudulent activity. Only by working together can we create a safe digital environment
for all.

Further research in cybersecurity should focus not only on identifying fraudulent schemes but also on
developing innovative mechanisms for their prevention and neutralisation. An interdisciplinary approach that
combines legal, technological, psychological and economic aspects is important, as only comprehensive measures
can ensure effective counteraction to modern threats in cyberspace.
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MOCTKBAHTOBI 3AT'PO3H JIJISI IH®OPMAIIMHOI BE3IEKU:
BUKJIUKHU INTOBAJIBHOI'O TA HAIIOHAJIBHOI'O PIBHS

Y cmammi pozensinymo xnovo06i acnekmu 8nUSY KGAHMOBUX 0DUUCIEHb HA CYYACHY iHGopmayiliny be3neky, a maxodic
NOMEHYITIHI HACTIOKU iX 6NPOBAONMCEHHSL Y PISHUX chepax CYChinbHO20 scumms. 30Kkpema, aHanizyiomycsa pusuKu, SKi GUHUKAIOMDb
yepez MONCIUBICHIb 31aMy mpaduyitinux kpunmozpaghiunux aneopummis, maxux sk RSA, DSA, ECC ma inwti, 3a 00nomo2010 kea-
MOBUX KOMN T0MePI8, SKi 30amHi 6UKOHY8amu 00uUCeH s 3 Hebauenow wsuokicmio. Le cmeoproe 3a2po3y ons Kongpidenyitinocnii,
yinichocmi ma docmynnocmi ingopmayii' y QIiHAHCOBUX, DePICABHUX, BILICOKOGUX A THUIUX KPUMUYHO BANCTUBUX CUCTNEMAX.

Y pobomi npononyiomecs winsxu eupiuieHHs npobiem, noe A3aHUX i3 BNPOBAONCEHHAM CMIUKOI 00 KBAHMOBUX AMAK
kpunmozpagii. Onucano nepcnekmuey 6UKOPUCMAHHS ANOPUMMIB, WO DA3VIOMbCA HA TPAMKAX, KOOAX KOPeKyii noMunox,
bacamosapianmuux Pi6HAHHAX, 1302eHitl eNINMUYHUX KPUBUX MA THUUX RIOX00ax, 30amHUX 3a0e3neuumu 00820Mpusany 6e3nexy
Oanux. Posansnymo MidcHapoOHi iHiyiamusy wo0o cmanoapmu3ayii NOCMKEAHMOBUX KPUNMOSPADIYHUX MexXHONozIl, ceped
AKUX 0cobnugy porw gidiepac npoepama NIST 3 po3podKu HO8UX KpunmoepagiuHux cmanoapmie.

Oxpemy yeazy npuoiieno 6UKIUKam, IKi HOCMaiomy nepeo Kpainamu Ha HayionanbHomy pihi. Ceped Hux — HeoOXioHicnb
MOOepHIZayii icHyIouuX IHYOPMayitiHux cucmem, po3pooKuU HOBUX CAHAApmie KibepbesneKu, ni020mosKu Cneyianicmie y 2anysi
KBAHMOBUX MEXHONOIH, & MAKONMC 3HAUHI (IHAHCO8T ma opeanizayitni eumpamu. Buokpemieno pusuxu 0ns iHancosol, enepee-
MUYHOL, MPAHCNOPMHOL MA 0epIHCABHOT THPPACMPYKMYPU, AKI € KPUMUYHO 3ATNEHCHUMU 610 HAOTIIHUX KDUNMOPADIUHUX Memo-
0is 3axucmy.

Cmamms akyenmye y8azy Ha 8axCcIUB0CMI MIHCHAPOOHOI CniBnpayi 6 ymMosax 2100a1bHUX HOCHKEAHMOBUX 3a2po3. 3anpo-
NOHOBAHO MEXAHIZMU MINCHAPOOH020 0OMIHY 00CEI00M, CRIIbHI QOCTIONCEHHS MA CMEOPEHHS. ANbAHCI8 071 NPUCKOPEHHS. 8IPO-
BA0JCEHHS CIMIIKUX 00 KBAHMOBUX AMAK MeXHON02il. Po3ansHymo HeobXiOHicmb po3pooKu HOBUX crpameziil Kibep3axucniy, sKi
8DAX0BYIOMb GUKIUKYU MALIOYMHbO20 MA 3a0e3neyyioms cmadinbHicme CyuacHux iHQOPMAYIliHUX cucmem y NOCMKEAHMOBY epy

KitrouoBi cnoBa: nocmxeanmosi 3aepo3u, Keanmosi Komn omepu, inghopmayitina besnexa, Kpunmoepais, MiXcHapooHa
chignpaysi.

Prokopovych-Tkachenko D. I, Khrushkov B. S., Derkach Y. O. Post-quantum threats to information security:
challenges at the global and national levels

The article examines the key aspects of the impact of quantum computing on modern information security, as well as the
potential consequences of its implementation in various spheres of public life. In particular, it analyzes the risks arising from
the possibility of breaking traditional cryptographic algorithms, such as RSA, DSA, ECC, and others, using quantum computers
capable of performing computations at unprecedented speeds. This poses a threat to the confidentiality, integrity, and availability
of information in financial, governmental, military, and other critically important systems.

The study proposes solutions to address issues related to the implementation of quantum-resistant cryptography. It out-
lines the prospects of using algorithms based on lattices, error-correcting codes, multivariate equations, isogenies of elliptic
curves, and other approaches capable of ensuring long-term data security. International initiatives for the standardization of
post-quantum cryptographic technologies are considered, with particular emphasis on the NIST program for the development of
new cryptographic standards.

Special attention is paid to the challenges faced by countries at the national level. These include the need to modernize
existing information systems, develop new cybersecurity standards, train specialists in quantum technologies, and address sig-
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nificant financial and organizational costs. Risks are highlighted for financial, energy, transportation, and governmental infra-
structures that are critically dependent on reliable cryptographic protection methods.

The article emphasizes the importance of international cooperation in addressing global post-quantum threats. Mecha-
nisms for international exchange of experience, joint research, and the formation of alliances to accelerate the implementation
of quantum-resistant technologies are proposed. The necessity of developing new cybersecurity strategies that account for future
challenges and ensure the stability of modern information systems in the post-quantum era is explored.

Key words: post-quantum threats, quantum computers, information security, cryptography, international cooperation.

IocTanoBka npodaeMu. PO3BUTOK KBAHTOBUX OOUUCIIEHb 3HAMEHYE HOBY €py Y TEXHOJOTIYHOMY IIpO-
rpeci, BiIKpUBaIOYM MOXJIMBOCTI, IO CYTTEBO MEPEBUINYIOTh MOTEHIiaN KJIACHYHHX KoM toTepiB. [Ipote wmi
JOCSITHEHHS CYIPOBOIKYIOThCSI 3HAUHUMHU PHU3MKaMH, 0coONMMBO B ranysi iHpopmauiiiHoi 6e3nexu. CydacHi
kpunrorpadiuni anroputmu, Taki sk RSA, ECC i DSA, craiooTe Bpa3iuBHUMHU 10 aTak Ha OCHOBI KBAaHTOBHX
o0uunCIeHs, 30KpeMa anroputmy Illopa, mo 3/1aTHUI BHKOHYBATH (baKTopmauuo BEJIMKHX YUCEN Y TOTIHOMIialb-
Huii gac. [e crBoproe cepiio3Hi 3arpo3u i GiHAHCOBUX, YPAJOBHX I KPUTHUHUX iHPPACTPYKTYD, IKi 0a3yIOTHCS
Ha TpaaMUiiHi# Kpuntorpadii

AHaJi3 ocTaHHix qocaimkenb Ta myoaikaniid. CydacHi qOCIiPKEeHHS 1€TaIbHO BUCBITIIIOIOTh K MOJKITHBO-
CTi, TaK i pU3WKH, OB’ s13aHi 3 KBaHTOBUMH oOuncneHHsMu. [Ipeckimn (Preskill) (2018) onucye konuemntito NISQ
(Noisy Intermediate-Scale Quantum), sika po3KkpuBaE 0OMEKECHHS Cy4YaCHHX KBaHTOBHX OOYHUCIICHbB, ajie BOJHOYAC
HiAKpeCIoe IXHIM MOTeHIiaN AJs 31aMy cydacHHUX kpunrorpagiunux cucteMm [6]. LHlop (Shor) (1997) 3anpomnony-
BaB aliTOpUTM 115 (pakTopm3anii umcedn, mwo niapusae o6esneky RSA [8]. I'pysep (Grover) (1996) nponemoHCTpyBas,
SIK KBAHTOB1 OOUMCIIEHHS MTPUCKOPIOIOTH MOWIYK y 0a3ax NaHUX, IO BIUIUBAE HA CTIMKICTh CUMETPUYHHUX IIU(PIB
[4]. NIST (2022) iniuiroBaB CTaHIAPTU3ALII0 MOCTKBAHTOBUX AITOPUTMIB, TAKUX AK KpuIlTOorpadis Ha OCHOBI Ipa-
TOK, 130T€HIH eNINTUYHUX KPHBHX 1 KOMIB BHMpaBieHHs MOMWIOK [5]. ¥V pobortax benner (Bennett) i Bpaccapn
(Brassard) (1984) npencraBieHa KBaHTOBa KpUnTorpadis, ska MporoHye CTIHKICTh 10 KBaHTOBUX atak [2]. Box-
Houac Cmit (Smith) (2022) 3BepTae yBary Ha reomoJliTHYHI aCTIEKTH PO3BUTKY KBAHTOBHX TEXHOJIOTIH, SIKI MOXKYTh
MTOCHITUTH HEPIBHICTh MK KpaiHamu [9]

Meta crarTi. JlocnianT BIUIMB KBaHTOBHX OOYHCIIEHb Ha iH(pOpMamiiHy Oe3reKy, BpaXxOBYIOUH SIK iXHIiH
MOTEHIIAMN, TaK 1 PU3MKH [UI Cy4acHUX KPHNTOrpa(iyHUX CHCTEM, a TaKOX 3alpOIIOHYBaTH €(heKTHBHI IUIIXU
BIIPOBAPKEHHS [TOCTKBAHTOBOI Kpunrorpadii At 3axucTy iHpopManii y HOBHX yMoBax. MeTa mependadae Iiu-
Ookuil aHami3 3arpos, MoB’s3aHUX i3 3acTocyBaHHsIM anroputMiB Illopa Ta I'poBepa, siki CyTTEBO MiAPUBAIOTH
CTIMKICTh KpunTOorpadivHUX MPOTOKOJIB Ha OCHOBI (pakTopm3alii uncen, JUCKpeTHOro Jorapudmy ta mnepedopy
kito4iB. OcoONuBUI akIEeHT 3po0IeHo Ha MDKHAPOAHUX iHilIaTUBaX, TakuXx sk nporpama NIST 3i cranmapTuzanii
MMOCTKBAaHTOBHX AJTOPUTMIB, & TAKOXK Ha IXHHOMY HOTEHITiali UIsI CTBOPSHHS HOBHX CTaHIAPTIB Oe3meku. Y poOorTi
AHAJI3YIOTHCS IEPCICKTUBY BUKOPUCTAHHS TAKHUX AITOPUTMIB, SIK PEIIITKOBI KPHIITOCUCTEMH, KOIOBI CXEMH, KPHII-
Torpadis Ha OCHOBI 130TeHIH STINTUYHUX KPUBHUX Ta OaraToiHBapiaHTHHUX PIBHSHb, SIKi 374aTHI 3a0€3IIEYHTH JIOBIO-
TpuBally iHpopMmaiiHy 6e3nexy. OKpeMo JTOCHTIHKYIOTHCS CTPATeTiuHi BUKJIMKH, 1110 TIOCTAIOTh Mepe]] IepyKaBaMu
Ta OpraHi3allisiMu y 3B’5I3Ky 13 MOIepHi3alli€ro icHyrounx iHhopmamiifaux cucteM. Lle Bkirtouae GpiHaHCOBI BUTpATH,
HEOOXiTHICTh CTBOPEHHS HOBHX CTaHIApTIB KiOepOe3meKw, MiAroTOBKYy (axiBIB y ramy3i KBaHTOBHX TEXHOJIO-
Tl Ta pU3MKH, [0 BUHUKAIOTH Yepe3 HepiBHOMIPHHUN AOCTYN A0 KBAaHTOBHX PO3POOOK MiX Pi3HHMH KpaiHaMH.
CrarTst TakoX CIIPSIMOBAHA HA BU3HAYECHHS IIPAKTUIHUX PEKOMEHAAIIH 00 aganTalii KpUTHIHUX 1HQPACTPYKTYp
(¢pinancoBOI, eHEPreTUYHOI, TPAHCIIOPTHOI Ta AEP>KaBHOT) 10 HOBHX 3arpo3 Ta 3a0e3IeUeHHs 0e31epepBHOTO (DyHK-
LiIOHYBaHHs iH)OPMAIITHUX CUCTEM Y TOCTKBAHTOBOMY CEpEIOBHILI. BaXKIMBOIO CKIIaJJOBOIO TOCIII)KEHHS € aHa-
113 MOXKIIMBOCTEH M1KHApOAHOI criBIpali, 0OMiHy IOCBiIOM Ta CHIIbHUX HayKOBHUX PO3POOOK JAJIS MPUCKOPEHHS
BITPOBAKECHHS CTIHKHX 0 KBAHTOBUX aTak PillleHb.

Buxnaax ocHoBHOro marepiaiy. OCHOBHA 4YaCTHHA, MeTOX0JIOTis1.[{OCITiIPKeHHST BUKOHAHO HA OCHOBI CHC-
TEMaTHYHOTO OISy HAYKOBHX IyOJiKaIlii, MPUCBIYCHUX KBAHTOBUM OOUUCIICHHSM Ta KpunTorpadii, i3 3actocy-
BaHHSM IMOPIBHSJIBLHOTO aHAJI3y CKJIAHOCTI KJIACHYHHX Ta KBAHTOBUX ajIrOpUTMIB. J[Jis KUIBKICHOT OI[IHKK Yacy
¢dakropuzariii (RSA, DSA, ECC) i TONIYKy (AES Tomio) BHKOPHCTAHO ACUMITOTUYHHNA aHAIi3: HOplBHIOBaJII/ICL
CYOEKCITOHEHITIHI a00 eKCIIOHEHIIIHH] OI[IHKH KJIACHYHUX METOJIB i3 MOJIHOMIHHUMH Y1 KOPEHEBHMH OLlIHKAMU
kBaHTOBUX anroputmis (LLlopa i TpOBepa) AHaiTHYHE MOAETIOBAHHS 6a3yBanoc;1 Ha ONHKCi KBAHTOBOTO TIEPETBO-
pennst @yp’e ta q)asoBux 1HBEPCIH, sIKi Ie)KaTh B OCHOBI KBAHTOBUX aNroputmiB. Ha (l)lHaJILHOMy eTarli IpoBeICHO
€KCIIEPTHY OLIHKY PU3HUKIB JUIS CYy4YaCHUX KPUNTOCUCTEM 1 chopMyIBOBAHO PEKOMEH AN IIO0 IepeXoy Ha IOCT-
KBAaHTOBI CXEMH 3aXUCTY.

Hwx4ve HaBeleHO pO3MIMPEHUH OIMKMC MATEMATUYHOTO arapary KBAaHTOBUX AalTOPHTMIB, SIKi CTaHOBJIATH
3arpo3sy JUis Cy4acHol kpuntorpadii, 3 aKIIEHTOM Ha BiIMOBIIHUX (HOPMYJIax Ta OLIHKAX CKJIAJIHOCTI.

Anzopumm Illopa ons ghakmopuszauii

Hexaii moTpiGHO (hakTOpu3yBaTH YHCIIO

N=p-q,
JIe p 1 q — Benuki mpocti yucna. Anroputm Lllopa 3B0auThCst 0 TOUIYKY mepiony QyHKIi
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f(x)=a"modN,
Jie a — JIOBUIBHE IIiJIe YKCIo, B3aEMHO mpocTe 3 N . SKII0 BoaeThes 3HAWTH HaMEHIIe TOAaTHE IJIe T' Take,
110
a"=1(modN),

TO (32 IEBHUX YMOB, HAaNPHUKJIAJ, SKIIO I MApHE Ta gcd(a'/ : —1,N) #1) MO)XHa BiTHOBUTH HETPHBiaJIbHUI
IUTBHUK N .

Keanmosa wacmuna anzopummy

KittouoBUM iHCTPYMEHTOM € KBAHTOBE OOUHMCIICHHS epioy 3a JOMOMOT'0r0 KBAaHTOBOTO IepeTBopeHHs Dyp’e
(Quantum Fourier Transform, QFT). Y3aransHena cxema:

1. Imimianizyemo aBa pericrpu:

|0y ®|0)
2. 3acTocoByemo omeparop Anamapa H (a6o HaGip omeparopis H®") no mepmoro perictpa, mo6 miarory-

BaTH PIBHOMIPHY CYIEPIO3HLIIO:
2"-1

1
—— D %) ®|0).
2n x=0
3. O6uncaroemo a*modN y ApyroMy pericTpi 3a JOIMOMOTOO CIIEIiali30BaHOIO YHITAPHOTO MEPETBOPCHHS
(modular exponentiation):
1 2"-1

F x=0

4. 3acrocoByemo kBaHTOBe niepeTBopeHHs Pyp’e (QFT) mo mepmoro pericrpa:

QFT 2" 21':1 XY
X) > ——
2]1

5. BukoHyeMoO BHUMIpIOBaHHS Pe3yJbTaTy B IEPIIOMY PETiCTpi. 3 BUCOKOIO WMOBIPHICTIO 3HAYEHHS BUMIPIO-
BaHHS J1a€ 3MOTY BiJIHOBUTH TEPION T .

Ouinka cknaonocmi

Knacuunnii HalmBuAmuil (Ha ChOTO/IHI) 3araibHOBIIOMHIA MeTol (akTopu3allii (PemeTo YUCIOBOTO MO,
Number Field Sieve) mae cyOekcIIOHeHIIHHY CKJIQAHICTh IPUOIU3HO

exp ((c +0 (1)) (InN)"”? (InInN)*” )

AnroputM Illopa HaTOMiCTh BHKOHYETHCS 3a IMOJIHOMIHHY KUTBKICTh €JIEMEHTAPHUX OINEepalliil BiTHOCHO
logN . YacTo HaBOASATH OIIHKY:

O((logN)* )

ne k — xoHcranTa (Hampukian, k=3 mms neskux BapiaHTiB peamizanii). Taka MBHAKOMIS pyHHY€E OCHOBY
6esnexu RSA, DSA ta ECC, sxi 6a3yroTbes Ha CKIAAHOCTI (haKTOpHU3alii Ta JUCKPETHOTO JIoTapu(My.

Anzopumm I'posepa ona noutyKy i nepeoopy Kiruie

Ilocmanoexa 3a0aui

3ajaya MOIIyKy y HEBIOPSAKOBAHOMY IPOCTOpi (HampuKIad, nepedip ycix MOXKIMBHUX KIIOYIB po3Mipy n
0iT) KI1acU4YHO NOTpedy€e B CEPeTHHOMY

0(2")

CHpO6. AJerpI/ITM FpOBepa Jae MO>KJIUBICTh BUKOHATHU IIOIIYyK 3a
o(v27)=0(2?)

ToOTO Yac 3MEHITY€ETHCS Y KOPiHB BiJl pO3Mipy MPOCTOPY.

Anzopummiuni demani

Anroputm ['poBepa MOXKHA MOJATH SIK MOCTIIOBHICTD «BinOUTTs» (reflection) cTany xBHIIbOBOI PyHKIIT Bij
L1JIBOBOr0 PO3B’A3KY 1 Bi cepeqHboro crany. KimrouoBi Kpoku:

1. Imimianizyerbes perictp 3 |0) a1 n KyOiTiB.

2. 3acTocoByeThcs nepeTBopeHHs Anamapa H®" 1yist cTBopeHHs CymepHo3uilil
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1 2"—1

ﬁ;Zﬂ”

3. 3acTocoByeTbes «opakym» O; , 10 3MiHIO€E a3y aMILTITyAU IIyKaHOTo eleMeHTa. DopMaibHO,

- ‘ X>’ SAKIMOX = Xpoma’mox >

O, [x)

- | x), iHaKIIe.

4. 3acTocoByeThCs Tak 3BaHa «audysiiiHa Tpancdopmaritis» (diffusion operator), sika BinOMBa€e aMILTITY/IH BiJ
CEepeIHbOTO 3HAYCHHSI:

D =2Jy)y| 1.
IS
1 2"-1

IS

2“ x=0

y) =

5. Kpoxku 3 Ta 4 mOBTOPIOOTHCS MPUOITHU3HO O(\/2T ) pasiB, MICJIS YOTO CTaH CUCTEMH KOJIANCYE JI0 IIITyKaHOTO
eJleMeHTa 3 UMOBIPHICTIO, OIM3bKOIO 110 1.

Bnnue na cumempuuny Kpunmozpagiro

Jns mudpy AES-128 knacuunmii mepeip kmoua gae ominky 2'*° omepamiif, Tomi Ak Ha KBaHTOBOMY
KOMII'F0Tepi e ckopouyeThes 10 2% . Xou 1ie i He HACTINBKM paANKaIbHUM 371aM, K y BUNaaKy anroputMy Illopa
npotu RSA, ane Bce oHO (haKTHUHO «BKOPOUYe» NOBKHHY KIFOUa BABIUi. ToMy sl iIBUIIEHHS OE3MEKH 32 YMOB
KBaHTOBHX 3arpo3 PEKOMEHIYIOTh 301IbIITYBaTH PO3MIp cuMeTpuIHUX KitouiB (AES-256 3amicte AES-128 To1110).

IMomyxk y 6azax nanux

Y3azanvnenuit nowyx

Anroput™ I'poBepa MO’KHA BUKOPHUCTATH HE JIMIIE IS IIepeOopy KIIIOUiB, a it U1t Oyab-sAKoi 3a1adi HOIIyKY
y HEBIOPSIKOBAaHOMY IPOCTOPi 3 N €JIeMEHTIB, J¢ KJIACHIHUH IOIIYK MOoTpedye O(N ) Y KBaHTOBOMY BapiaHTi

CKJIanHicTh ctae OV N ) . @opmyna JTUIIAETHCS AHAIOTIYHOIO:
Yac Ha momryk ~ O(\/N).

IHoxioui anzopummu

IcHyI0Th y3aranbHEHHS 1 HOKpAIIEHHS, 1110 Aal0Th 3MOTYy €(EeKTHBHIIIE 0OpOOIATH MEeBHI CTPYKTYPU JaHHX,
are 0a3oBa imes NTUIIAETHCS: (a3oBa iHBEpCis MIYKAHWX PO3B’s3KiB Ta Auy3iiiHE TMEPeTBOPCHHS MPUBOAATH IO
KBaJPaTUIHOTO MPUCKOPEHHS MONTYKY MOPIBHAHO 3 KIIACHIHUMH METOAAMHU.

Bucnoexu ma nacnioku

1. AnropurM Illopa Haae MOMHOMIMHY CKITaIHICTD (pakTOpHU3allii 1 po3B’A3aHHS 3aJladi JUCKPETHOTO JIOTa-
pudmy (Heobximaux ams RSA, DSA, ECC), pyiiHytour KpUIITOCUCTEMH Ha OCHOBI CKJIaTHOCTI ITUX 3a7ad.

2. AnroputMm [poBepa mpu3BOIUTH 10 KBAIPATUIHOTO MIPUCKOPEHHS MPH MONTYKY Yy HEBIOPSIKOBAHOMY ITPO-
CTOpi, 3MeHIIyIouH Yac nepebopy kmouis (Hanpukian, as AES) 3 2" mo 272,

3. lomyk y 06a3ax JaHUX 3arajioM TaKOXK MPHUIIBUIIIYETHCS 32 TIE CaMOI0 (OPMYIIO O(W ), 1o M-
TBEPKYy€ YHiBepCaTbHICTh KBAHTOBOI 3aTpO3H IS 3a71a4, 1€ MOXJIUBUH «rpyOHii mepedipy.

4. IloctkBanTOBa Kpunrorpadis. Yepes nepcrneKTUBy MOSIBU KBAHTOBUX KOMII IOTEPIB i3 JOCTATHBOIO KiJlb-
KICTIO cTaOlIbHUX KyOiTiB aKTMBHO PO3BUBAIOTHCS IIOCTKBAHTOBI» (KBaHTOCTIHKI) alrOPUTMH, IO He 06a3yIOThCs
BUKJIIOYHO Ha (akTopu3auii yu JuckpetHoMy jorapudmi. [Ipuknagamu e:

— konoBi kpunrocuctemu (Code-based),

— penritkoBi kpuntocuctemu (Lattice-based),

— kpunrorpadis Ha MyJbTHBapPIaHTHUX MHOTOWICHAX Ta iH.

IIpakTnyni pexomenaaii:

301IbITyBATH KIIFOY1 JUII CAMETPUYHUX aaroputMi (epexin Big AES-128 no AES256).

[TocTynoBo mepexoauTy Ha MMOCTKBAHTOBI CXeMH MIM(PyBaHHSA Ta HU(POBOTO MIINKCY, IO BUTPUMYIOTh
araxu anroputmoM Illopa.

TakuM YMHOM, MaTeMaTUYHUHN anapaTr KBAHTOBUX aJITOPUTMIB IEMOHCTPYE CYTTEBE MPUCKOPEHHS IS IIUPO-
KOTO KJlacy KpurnrorpadiyHux 3a1a4, 10 3yMOBITIO€ HEOOX1IHICTh 3a3/1aJierib MJIaHyBaTH NepexiJl 10 KBaHTOCTii-
KHX PIlIEHb.

Peanizauia:

Pesynbrati mocimimpKeHHS MiNTBEPAMIN BHCOKY ¢(eKTHUBHICTH KBaHTOBHX anroputmiB lllopa Ta I'poBepa
y 3J1aMi TPAIUIIIHHUX KpunTorpadiuaux cucteM, Takux sk RSA, ECC, DSA ta AES. Ile cTBOpIoe cyTTERI 3arpo3u
JUIS Cy4aCHHX METOJIB IU(pPYyBaHHS, IO 0a3yrOThcs Ha (pakTOpH3allii, JUCKPETHOMY Jiorapudmi Ta mepedopi
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KJTI04iB. Byso BUsIBNIEHO, 1110 KpUTHYHA iHQPACTPYKTYypa, 30KpeMa (piHaHCOBI CHCTEMH, EHEPTOMEPEsKi, TPAHCIIOPTHI
Mepexi Ta Aep>KaBHI YCTAHOBH, € BPA3JIMBOIO IO KBAHTOBHUX aTak, 10 MOXKE MPH3BECTU A0 3HAYHUX EKOHOMIYHUX
1 Oe3nmexoBUX HacHiAkiB. JlocmimkeHHs MiAKpecaoe HEOOXiAHICTh TEPMiIHOBOTO BIPOBAHKEHHS MOCTKBAHTOBHX
QITOPUTMIB, TaKHX K IPAaTKOBi, KOJOBI, 130T€HIi eNINTUYHUX KPUBHUX Ta OaraToBapiaHTHI PIBHSIHHA, AK1 3[aTHI
3a0e3MeUnTH JOBrOTpUBAITY iHpOpMamiiHy Oe3neKy. Takok BUSBICHO CYTTEBY INIO0ATBHY HEPIBHICTB Y JOCTYIII 1O
KBaHTOBHX TEXHOJIOTIH, 1[0 TIOCHITIOE TEOOITHYHY 1 TEXHOJIOTIYHY aCHMETPiro MK KpaiHamu. Haromomryerbest Ha
BaXXJIMBOCT1 MI>KHAPOJIHOT CITIBIIpaIlli, 30KpeMa B Meax 1HII[IaTHB 31 CTaHIapTH3AIli1 TOCTKBAHTOBOI KpHITorpadii,
takux sk nmporpama NIST, s MiHiMi3aIlii pU3UKiB Ta BIPOBaPKEHHS HOBUX CTaHIAPTIB iH(OpMaIiifHO1 Oe3rneku
y MMOCTKBAaHTOBOMY CEPEIOBHIIL.

BucHoBkH. [I0CTKBaHTOBE CEpEIOBUIIE CTBOPIOE CYTTEBI 3arpo3M SIK Ha IM00AJBHOMY, TaK 1 Ha HAIllOHAb-
HOMY piBHSX. 3TiIHO 3 MPEICTABICHUMH MaTepiajlaMH, HEpiBHICTh JOCTYIY A0 KBAaHTOBHUX TEXHOJOTIH MOCHITIOE
CTpaTeriyHy aCUMETPII0: JepKaBU 3 IOCTATHIMU pecypcamu i HaykoBuM mnoreHIianom (CLLIA, Kuraii, €C) Bume-
pemKaroTh iHII KpaiHu y po3po0ii kBaHToBUX cucteM ( [Ipeckin (Preskill), 2018). Lle Moxke npu3BeCTH 1O BUHUK-
HEHHs HOBUX (OopM “IH(POBOI 3aIeKHOCTI” Ta 3arpOXKY€E CBITOBOMY OajaHCy CHII, OCKUTBKH KBAHTOBI OOYHCIICHHS
HaJal0Th NiepeBary B rany3i kibepOe3rneku Ta BIHChKOBUX TEXHOJOT1H.

3nam mudpoBaHUX NaHUX 3a JonoMorow aiaropurmy Iposepa (Grover), (1996) cTaHOBUTH KpUTHUHY
3arpo3y Ui XMapHHUX CEepBiCiB 1 II00abHOT iHQPACTPYKTYpH O0OpOOKH MEpCOHANBHOI, (JiIHAHCOBOT YH YPSIOBOI
iH(popmarii. OcobmuBy HeOe3MeKy CTaHOBHTD CIICHApIH “30upail 3apa3, po3mudpyii mizHime”, KO 3JI0BMHCHUKA
HAKOITUYYIOTh 3alI(POBaHi IaHi, PO3paxOBYOUYH Ha MOaIbIIIe Aeu(pyBaHHs MICIIs TIOSBU TOCTATHBHO IMOTYKHUX
kBanToBux MmamuH (NIST, 2022). Kpim Toro, kommpomeramnis AES a0o0 iHITUX CUMETPUYHUX aJITOPUTMIB MOXKE
BHKJIMKATH MacoBi (DiHAHCOB1 BTPATH Ta 3aTPOKyBaTH CTaOLILHOCTI CBITOBUX PHUHKIB.

Ha namioHanpHOMY piBHI KBAaHTOBI OOYMCIEHHS 3/[aTHI MiAPHBATH POOOTY KPUTHYHOI iH(QPACTPYKTYpPH,
30KpeMa (DiHAaHCOBUX 1 CHEPreTUYHUX MEPEXk, TPAHCIOPTY Ta JIEpKABHUX YCTaHOB. 3AaTHICTH aaroputmy lllopa
(Shor, 2021) mBuaKO (hakTOpU3yBaTH BEIWKI YMCIIA Ta OOYUCIIOBATH JUCKPETHI JOrapupmMu poOUTh Bpa3iMBUMU
Taki noupeHi cxemu nugposoro mianucy, sk DSA ta ECDSA. Hacninkom Moxke OyTu BTpaTa KOHTPOJIIO HaJl OaH-
KIBCBKUMHU TPaH3aKIlisIMH, TIepe0oi B eHeprornocTadalHi 4u KOMIIpoMeTalliss 000poHHOI iHpopmartii. Ile 3arpoxye
E€KOHOMIYHIH 1 0€3MeKOBiil cTaOTLHOCTI K OKPEMHUX JICPXkKaB, TaK 1 BCbOIO MIXKHAPOIHOTO CEPEIOBHIIIA.

3 omusimy Ha BHKJIAJCHE, BUCHOBKH 3BOIATHCS 0 HEOOXiTHOCTI HETAHOTO BIPOBAKCHHS ITOCTKBAHTOBHX
AITOPUTMIB, 30KpeMa KpunTorpadii Ha OCHOBI I'PaTOK, 130TeHIN HaJl SMINTHYHUMH KPUBUMH Ta KOJTOBUX cxeM. Mix-
HapoJHa CITIBIIpaIld, iHiliiHOBaHAa TaKUMHK opraHizamisMu, sk NIST (2022), € BaxJIMBUM YHHHUKOM Y BU3HAYCHHI
CTaHIAPTIB, Ki 3a0e31edaTs 3aXUCT iHpopMaii micas HaCTaHHs eNOXH KBAaHTOBUX o04mcieHs. s nepxas i mpu-
BaTHOTO CEKTOpa MEpIIOYECPrOBUM CTa€ MOAEPHI3ALlisA HAasBHOI iHPPACTPyKTypH, MEpeXi J0 HOBUX IPOTOKOIIB
nmmdpyBaHHS Ta (pOpMyBaHHS €KCIIEPTHOTO CEPEIOBUINA, 3AaTHOTO 3a0€3NeUNTH HaAilfHy peatizallifo MOCTKBAHTO-
BUX pillleHb. JIulIe Tak MOXHA 3MEHIIUTH HETAaTUBHI HACIIKU MOXKJIMBIX KBaHTOBUX aTak i rapaHTyBaTH Oe3MeKy
JaHHUX Y MaiiOyTHbOMY.
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IHTET'PAIIISA ABTOMATHU30BAHUX METO/IB 350PY BEB-IAHUX
Y CTPATETI'II KIBEPEE3INEKH JIEP)KABH

Y cmammi posenanymo suxopucmanms agmomamusoeanux memoois 300py 6e6-0anux (eb-ckpaninz) 6 KOHmMeKcmi amiy-
HEeHHsl HAYIOHATbHOT KibepbesneKu, 3 0COONUBUM AKYEHMOM HA eMepONCCHMHO a0anmueHi Heliponni mepedci. Ypaxosyrouu
BUKIUKU CYYACHO20 THGOPMAYiiHO20 NPOCmopy, de 6i00Y8acmbCs NOCMIlIHe 3POCHIAHHS 00CA2I8 OAHUX, eMEPONCEHMHO A0an-
MUBHI cucmemu CIMarmo KIo408UM IHCIPYMEHMOM y 8UAGTIEHHT Kibep3aepo3, 0e3iHPOpMayiliHuX KAMRAHIT Ma 6UMOKIG Yym-
1ol ingopmayii. Asmomamu3zosari memoou 360py 6e0-0anux 00360NA0Mb iHMe2Pysamu 6 cucmemy iHgopmayitiHoi besnexu
0eporcasil HO8I NIOXOOU 015 AHANIZY BEIUKUX OAHUX, W0 0d€E 3MO2Y ONePAMUBHO I0eHMUDIKY8amu 3a2po3u, 30KpeMa uepes aHai3
KOHIMEHMY 6 COYIANbHUX MepeXcax, Ha opymMax ma 8 IHuux 6IOKpUMUX 0xcepenax.

36ip eenuxux macusie Oanux uepes eed-ckpanine 3abesnedye 6a2amoKanaIbHull nioxio 00 MOHIMOPUH2Y 3a2po3 ma 003-
BOTAE CUCMeMAM, NOOYOOBAHUM HA eMEPOHCEHMHO A0ANMUBHUX HEUPOHHUX MePeXtCax, wiauouie peazyeamu Ha HO6i CyeHapii
amax. Bnposadaicenns maxux mexnonociii 0036015€ 3HAUHO NIOBUWUMY eheKMUBHICIb NPOSHO3YBAHHS 3A2P03 MA WBUOKICD
peaxyii Ha KibepiHyuOeHmu, wo € KpUMUYHUM 0714 3aXUCHTY HAYIOHATBHOT be3neKu.

Ocobnusy yeacy npuoiieHo 8adciugocmi 00pooKu OAHUX Y PealbHOMY HACI, WO € 0COOIUBO BAICIUBUM NPU BNPOBA-
OXHCEHHI eMePONCEHNHO A0ANMUBHUX CUCIeM Y 0epicasHi ingpacmpykmypu. A0anmueni HetipOHHI MePeNC 30amHi NOCMITIHO
SMIHIOBAMU €601 cmpamezii, 6paxogyouu HO8I OGHI, Wo pobums cucmemy OiIbU CMINIKOI0 00 3MIH Y 308HIUHBOMY Cepedo-
suwyi. Pezynomamu 00criodicenHs niomeepoxcyronv, wo iHmespayis asmomMamu308anux Memooig 300py 6e6-0anux y cmpamezii
iHghopmayitinoi be3nexu depircagu 0036014€ 3HAYHO NIOBUWUMYU PIBEHD 3AXUCHTY KPUMUYHOT IHPPACMPYKMYypU ma epexmugHo
NPOCHO3Y8AMU MA 3HUNCYBAMU NOMEHYIIIHI 3a2DO3U.

Taxum yunom, BUKOpUCMAaHHA 8eD-CKPANin2y y NOCOHAHHI 3 eMEPOACEHMHO A0ANMUBHUMU HEUPOHHUMU MEPeNCAMU HA0aEe
BHAYUHUL NOMEHYIAN OIS MIYHEHHS. HAYIOHATbHOT KibepOesneku, 30Kpema 0Jisl 3aXUCHLY 8i0 HOBUX MUNI@ amMak ma 3a0e3neyeHHsl
cmabinbHoCmi IHPOPMAYIIIHUX CUCmeM 0epicasu.

KitrouoBi ciioBa: ed-cxkpanine, inghopmayiiina 6esnexa, Kibepbesnexa, agmomamusayis 300py 0anux, KpumuiHa iHpa-

cmpyKmypa.

Prokopovych-Tkachenko D. L., Ulianovska Yu. V., Rudianova T. M., Khrushkov B. S. Integration of automated methods
of web data collection into state cybersecurity strategies

The article examines the use of automated methods of web data collection (web scraping) in the context of strengthening
national cybersecurity, with a special emphasis on emergent adaptive neural networks. Given the challenges of the modern
information space, where data volumes are constantly growing, emergent adaptive systems are becoming a key tool in detecting
cyber threats, disinformation campaigns, and leaks of sensitive information. Automated methods of web data collection allow
integrating new approaches to big data analysis into the state s information security system, which allows for the prompt iden-
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tification of threats, in particular through content analysis in social networks, forums, and other open sources. Collecting large
amounts of data through web scraping provides a multi-channel approach to threat monitoring and allows systems built on emer-
gent adaptive neural networks to respond more quickly to new attack scenarios. The implementation of such technologies allows
to significantly increase the effectiveness of threat prediction and the speed of response to cyber incidents, which is critical for
protecting national security.

Particular attention is paid to the importance of real-time data processing, which is especially important when imple-
menting emergent adaptive systems in state infrastructures. Adaptive neural networks are able to constantly change their
strategies, taking into account new data, which makes the system more resistant to changes in the external environment. The
results of the study confirm that the integration of automated methods of web data collection into the state's information secu-
rity strategy allows to significantly increase the level of protection of critical infrastructure and effectively predict and reduce
potential threats.

Thus, the use of web scraping in combination with emergent adaptive neural networks provides significant potential for
strengthening national cybersecurity, in particular for protection against new types of attacks and ensuring the stability of state
information systems.

Key words: web scraping, information security, cybersecurity, web data collection, critical infrastructure.

IMocTanoBka nmpo6aemu. TexHoorii BUAOOYTKY iH(pOpMAaIi A1 alalTHBHO eMEPIKCHTHUX HeHpoMepex
y CHUCTeMi KibepOe3reKky MaroTh KIFOUOBE 3HAYCHHS JIJIS TTOKPAICHHS BIACTHBOCTEH CKIAIHUX CHCTEM iH(opMa-
niHOT Oe3mekn nepxae [1, c. 45]. EdexTrBHe 3a0e3MeUeHHs] TAKAX CHCTEM SKICHUMH JaHUMU Tiependadae 0co-
ONMMBY yBary o BUOOpY JpKepes iHpopmallii, 30Kkpema Mmoo CKIAJIHUX 1 JMHaMIYHHX Kibep3arpos [2, c¢. 120]. e
BHMarae aHajizy 3aKOHHOCTI 300py iH¢opMarllii, BiAIOBIAHOCTI THITy JAaHHWX ITOCTABICHUM 3ajadaM i MepeBipKu
ixHBOI siKOCTI. [ 3a0e3neueHHs aIanTHBHOCTI Ta eMEPIKEHTHOCTI CUCTEM HEOOXiTHO BpaxOBYBaTH, YH € JDKe-
peJio JeranbHUM, SIKUI THIT JaHUX HalOIbIIe BIAMOBIAAa€ 3aBJaHHIO, a TAKOXK YW € HaJaHa iH(opMaIlis JOCTOBIp-
HOIO 1 aKTyasbHOM [3, c. 60]. [laHi aA7st HaBUaHHS HEHpoMepex MOXKYTh OyTH KIacH(iKoBaHi Ha IEPBHHHI (HapH-
KJIaJ1, IpsIMi MOBIAOMIIEHHS 3 OQIliMHUX IKepen abo CeHCOPiB) 1 BTOPUHHI (OTpUMaHi yepe3 nepenyoiikaiito abo
aHaJiTH4YHY 00pOoOKY) [4, c. 300]. BaxiMBUM acmiekToM € BU3HAYSHHS TOXOKEHHsI JaHUX 1 IIepeBipKa IXHbOT akTy-
ANBHOCTI Y peajbHOMY 4aci.

30ip iH(poOpMAITiT A1 aTaNTHBHO €MEPKCHTHUX HEHpOMEepeKk BUMarae KOMIIPOMICY MiX TIOBHOTOXO, SIKiCTIO
Ta MBUAKICTIO 00poOKH. JIJ1s epeKTUBHOTO HABYaHHS CHCTEM, SIKi OTIEPYIOTh BEJTMKHUMH 00CSATaMU TaHWUX, BAXKITUBO
3a0e3MmeunTH OaaHe MK TOYHICTIO JJAaHKX 1 IXHBOKO OTNIEPaTHBHOIO JOCTYIHICTIO [5, ¢. 75]. Y xoHTekcTi iHdopMma-
iHOT Oe3MeKH JepiKaBy BAXKIUBO YITKO BU3HAYUTH THITH 3arpos, SIKi IOBUHHA aHAJi3yBaTH CUCTeMa, HAPUKIIA/,
KibepaTaku Ha KpUTHIHY 1Hq)paCprKTypy abo Mepemem anomaii [6, c. 150]. BI/IKOpI/ICTaHHH DI00aTBHUX JKEPET
1H¢)opMau11 TaKHX K COLiaJbHI MEPEXi JUIi MOHITOPHHTY TPOMAJICHKOI aKTUBHOCTI a00 TapKHET AJIS BiICTE)KEHHS
BHUTOKIB JIaHUX, JO3BOJIAE aJalTHBHO pearysatu Ha 3arposu [7, c. 450]. InTerpamis uMX JaHUX Y HerOMepemy
3a0esmeuye il ajanTailito 10 HOBUX THIIB 3arpo3 IUISIXOM JTUHAMIYHOTO OHOBJICHHS JAHUX 1 HABYAHHS B PEXKHUMI
peanbHOrO Yacy [8, c. 95]. BaxxiuBuM eneMeHToM € (OpMyBaHHS 3B’ SI3KiB MIXK TaHUMH, 110 103BOJISIE BCTAHOBIIIO-
BaTU B3a€MO3AJICXKHOCTI MX IIOTEHI[IHHUMH 3arp03aMu Ta IX MOXOMKEHHIM. bananc Mixk OllepaTHBHICTIO Ta SIKICTIO
JaHUX € OCHOBOIO JIJISI CTBOPEHHS apXiTEKTyp HEHPOMEPEIK, 3AaTHUX 00pOOIIATH BETUKi 00CITH iH(pOpMAIii 3 BHCO-
KOKO JTOCTOBIpHicTIO [9, ¢. 70]. YIpoBa/pkeHHS TaKMX MIJIXOMIB CIIPHATAME CTBOPEHHIO THYYKHX CHCTEM 1H(OP-
MaIliitHoi Oe3mekH, sSKi e(heKTUBHO aIaNTyIOThCS JI0 CKIAJIHUX 1 JMHAMIYHHX 3arpo3 y Kidepmpoctopi [10, c. 300].

AHaJji3 ocraHHix nociaimkeHnb i myOsaikamiii. [IpoBexeHo aHai3 Cy4acHUX JOCHIKECHb, MPHCBIYCHHUX
BHUKOPHCTAHHIO BeO-CKpamiHTy 11st 3a0e3neueHHs kibepoesneku. 3okpema, incTpymentr BeautifulSoup, Selenium
i Puppeteer 103BONSIOTE aBTOMATH3yBaTH 30ip JaHUX 13 AWHAMIYHHMX BeO-pecypciB, TakuX SK OHJIAHH-poOpyMH,
colliaJIbHI Mepeski Ta HOBHHHI caiftu [1, c. 45]. BeautifulSoup mupoko BUKOPHCTOBYETHCS ISl APCHHTY CTAaTHYHUX
Be0-CTOPIHOK 3aB/SIKM MPOCTOTI iHTerpanii B Python-ckpunru [2, c. 120]. Selenium, cBo€ro 4eproro, JeMOHCTPYE
e(heKTUBHICTb Y B3a€MO/Iii 3 AMHAMIYHUMH CTOPIHKaMHM, 0COOIUBO AJ1sl poboTH 3 JavaScript-eeMeHTaMHu, 1110 € KpH-
TUYHUM IIPpH 300pi TaHUX 13 colliaibHUX Mepex [3, ¢. 60]. Puppeteer, sk incTpymeHT 1t poboTu 3 Google Chrome,
JI03BOJISIE TIPOBOJMTH TIMOOKUH aHaNi3 Cy4acHHX BeO-ITOIATKIB Ta OTPUMYBATH JIaHi y CKJIaJHUX YMOBaX, HaIIPH-
KJIaJ1 13 3aXUINEHUX ceciii abo MpuxoBaHMX eneMeHTiB [4, ¢. 300].

3HayHa yBara MPHUIUIIETHCS BUKOPHUCTAHHIO BEO-CKPAITIHTY AJISI MOHITOPHHTY JapKHETY, A€ 3JIOBMHCHUKHU
4acTo MONIMPIOIOTH IH(OPMAIIIFO PO BUTOKU JaHUX a00 MPOIAI0Th MIKTHRBI TIporpamu [5, ¢. 75]. Y 11boMy KOHTEK-
CTi TEXHOJIOT1] aBTOMAaTH3AIli1 300pYy iH()OpPMAIIil JO3BOJISAIOTH ONICPATHBHO BUSBIISITA HEOC3NIEUHI TSH ICHITIT Ta 3a11o-
6irat MOKIIMBHM atakam [6, c. 150]. Takox iHCTpyMeHTH BeO-CKpamiHry e()eKTHBHI I MOHITOPHHTY COIIaJIbHIX
Mepex, Takux sk Twitter, Facebook a6o Reddit, ge wacto mommuproeTbest Ae3iHdopmaltis, OB’ si3aHa 3 iHhopMarriii-
HUMU aTakaMH Ha Jiep>KaBHI ycTaHoBH [ 7, c. 450].

Y NOCHiAKEHHSIX TaKOX HArOJIOUIYEThCS, 10 iHTerpanis BeO-CKpaliHry y JepskaBHi cTpaterii kibepoesneku
3aIIMIIAETHCS. HEAOCTATHBO OCIIHKeHO0. Lle BigKkpHUBae HOBI MEPCIEKTHUBH sl pO3POOKH IHCTPYMEHTIB Ta METO-
JIOJIOTIH, SIKi 3MOXKYTh IiIBUIIUTH €()EKTUBHICT 3aXUCTY KPUTUYHOI iHPpacTpyKkTypH [8, c. 95]. [nTerpamis Takux
TEXHOJIOTIH 13 CHCTEeMaMHt MalllMHHOTO HaBYaHHs (HampHKiIa, Ha ocHoBi Mojeneii BERT a6o Word2Vec) no3sossie
HE JIMIIEe aHATI3yBaTH BEJHKI 0OCATH JaHUX, ajie i mependauaTn MOXJIHBI Kibep3arposu [9, ¢. 70]. Po3BUTOK IUX
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MiJIXO/1B MOXKE CTaTH OCHOBOIO JJISi CTBOPEHHS THYUKHX Ta aJallTUBHUX CHCTEM KiOep3axucTy, 3AaTHUX pearyBaTh
Ha CKJIaJHI Ta AMHAMi4Hi 3arpo3u B peanbHOMYy 4aci [10, c. 300].

Meta pocaigkeHHss. MeTo0 JaHOTO OCIHIPKEHHS € po3po0Ka iHTErpoBaHOIO MiAXOMY 10 BUKOPUCTAHHS
AaBTOMAaTHU30BaHUX METO/IB 300py BeO-1aHuX (BeO-CKparmiHry) ajs 3abe3nedeHHs cucTeMu iHdopMmaliifHoi Oe3nexu
Jep>KaBH 13 3aCTOCYBaHHIM €MEPUKEHTHO aIalITUBHIX HEHPOHHUX MepekK. JOCTiKEeHHS CIPSIMOBAaHE Ha BIIOCKO-
HAJICHHS TPOIIeCy MOHITOPUHTY, aHaJli3y Ta MPOTHO3YBaHHS CKJIaJHUX 1H(POPMALIHHUX 3arpo3 yepe3 iHTEerpallito
ABTOMATHU30BaHUX IHCTPYMEHTIB BeO-CKpaIliHTy, Takux sk BeautifulSoup, Selenium i Puppeteer, i3 cygyacHumMu Tex-
HOJIOTiSIMH MAIIMHHOTO HaBYaHHS. B paMKax D0CHTiKeHHS INIAHY€E€THCSI pO3poOKa METOAUKHU 300py BEITHKIX MACH-
BiB JIaHWX 13 JUHAMIYHUX 1 CTATHYHUX BeO-peCypCiB, 30KpeMa i3 IapKHETY, COIIaIbHUX MEPEK i HOBUHHHX TLIAT-
(hopM, 3 METOIO BIOCKOHAJICHHS MPOLIECiB 3a0e3neueHHs iHpopMaiiiHoi Oe3neKu JiepxkaBu. TakokK JTOCIIIKYEThCS
ajlanTallisi eMepPKeHTHO aJalTHBHUX HEHPOHHMX MEpPEeX 0 HOBUX THIIB JAHUX, OTPUMAHUX i3 BEO-CKpAIIiHTY,
3 ypaxyBaHHSM iX AMHAMIYHOCTI Ta CKIAJHOCTI. 3Ha4YHy yBary NpHIUICHO aHali3y €(eKTHBHOCTI BUKOPHCTaHHS
BeO-CKpAIiHTy ISl BUSIBIICHHS, MOHITOPUHTY Ta 3al00iraHHs iHpOpManiitHUM 3arpo3aM, TaKUM K aTakH Ha KpH-
TUYHY 1HPACTPYKTYPY, BUTOKU JaHKX Ta Ae3iHdopmariiini kammnanii. [lepenOauaeTbes iHTerpanis 310paHux JaHUX
13 cHCTEMaMu MalIMHHOTO HaB4YaHHsI, TakuMH ik Mozielli BERT 1 Word2 Vec, inist 3a0e3reueHHst TO4HOTO TIPOTHO3Y-
BaHHS Ta aJanTallii 10 HOBHX CIleHapiiB arak. Ha 0CHOBI OTpuMaHUX pe3yNbTaTiB OyIyTh po3po0IeHI peKOMEH Al
IO/I0 BIPOBAPKECHHS 3alPOITIOHOBAHMX TEXHOJIOTIH y JiepaBHI CcTpaTerii 3a0e3rnedeHHs iHpopMaIliiiHoi Oe3neku
JUTS TTIBUIIICHHS PIBHSI 3aXHUCTY KPUTHYHOT 1HPPACTPYKTYypH Ta 3a0e3NeUeHHs CTa0lIbHOCTI 1HPOpPMAIIHHUX CUC-
TeM. 3alpoIIOHOBAaHE NOCITIHKEHHS CIIPSIMOBAHE HAa CTBOPEHHS THYUKHX, aIallTHBHUX 1 BUCOKOC(PEKTUBHHUX CHC-
TeM 3a0e3reveHHs iHPOopMaIliiHOi Oe3MeKH JIepKaBH, 3JaTHUX OIEPATUBHO pearyBaTH Ha CKJIATHI Ta JMHAMIYHI
3arpo3u y cydacHomy iHdopmariitHomy mpoctopi. PesynsraTy 1ocimipkeHHs! MOXKYTh CTaTH OCHOBOIO JUTS (popMmy-
BaHHsS HOBUX MiJXOJIB 10 3a0e3neueHHs iH(opMalliiiHoi Oe3meKku Iep:KaBH, 110 MOEIHYIOTh Cy4acHiI TEXHOJIOTIT
BeO-CKpaMiHry Ta HSHPOHHUX MEPEeX.

BukJjag ocHOBHOro marepiaay. ABTOMAaTH30BaHi MeTOAHW 300pYy AaHUX € BAKIMBUM iHCTPYMEHTOM JIS
MoOy/JIOBH CyYacHUX cHCTeM iH(opmariiiHoi 6e3rnekn. BoHU H03BOMSIOTH IHTErpyBaTH MOTOKU JAAHMX 13 YUCIICH-
HUX JDKEpesl, TaKuX K COLiajbHI Mepexi, JapKHET, HOBUHHI miaTtdopMu, 1Jii MOHITOPHHTY, aHaji3y Ta momepe-
JokeHHs 3arpo3 [1, ¢. 50]. BebO-ckpaminr nmepen0ayae CTBOPEHHS MporpaMu abo 3aCTOCYBaHHS CIEIiaai30BaHOTO
THCTPYMEHTY JUIS TOCTYITY 10 B€O-CTOPIHOK 1 BUITyUEHHS 3 HAX 1H(pOpMaIlii, 3BHUaiiHO B CTPYKTYPOBaHOMY BHIJISII,
Hanpukiana, y popmarax HTML yu XML. 3aBasiku BeO-CKpaIiHTy KOPHCTYBa4i MOKYTh OTPUMYBATH BEJTUKI MACHBH
JAHMUX 3 PI3HUX JDKEpes, SKi MOKHA aHali3yBaTH, 00poOisaTH. [HCTpYMEHTH AJisi BEO-CKpaIliHry — 11 3aco0u 4u
610ioTeKH, SIKi MOXKYTh aBTOMATH3yBaTH Iporec 300py NaHMX i3 BeO-caiiTiB. Bonu 3a6e3meuyroTs 3py4nuii i edek-
TUBHHH TOCTYT A0 (pyHKIUIH U1 CTBOPEHHS, aHATi3y Ta BUBEACHHS iH(opmarii. Taki iIHCTpyMEHTH 4acTo BKIIIOYa-
I0Th MOXKJIMBOCTI JUIsl TpaHC(opMallii TaHuX, MIaHyBaHHS 3a/a4, YIPaBIiHHS NPOKCi-CepBepaMu Ta iHIII KOPHUCHI
¢yHKIii. [lns 1b0ro BUKOPUCTOBYIOThCS MOMyIsipHi 6i0miotexu Python, 30kpema BeautifulSoup i Selenium, sxi
3a0e3MeuyoTh BUCOKUI piBeHb aBTOMAaTU3allii 300py TeKCTOBOI Ta rpadiuHoi iHdopmanii [2, ¢. 125]. 3i6pani gani
00pOOIISIFOTHCS 32 IONIOMOTOI0 MOjiesieii MammMHHOTO HaBdaHHA, TakuXx ssk BERT 1 TF-IDF, niist BusiBinenHst aHoma-
JiA, aHAi3y PU3HKIB Ta MPOTHO3YBAHHS IMOTEHIIHHUX aTtak [3, c. 65].

Cepen pi3HOMaHITHHX IHCTPYMEHTIB BeO-ckpaninry (Octoparse, Scrapy, ParseHub, Import.io, Web Scraper,
Beautiful Soup, Selenium, Dexi.io, Mozenda, Helium Scraper, Diffbot, WebSundew, ScrapingBee Ta iH.), aHa-
T3 SKUX TPOBOAUBCS y MPOIECi JOCTIDKeHHS, TPUIUAM yBary HacTynHuM: BeautifulSoup, Selenium, Puppeteer,
Scrapy.

BeautifulSoup — 6i6mioreka Python ans mapcuary HTML i XML-nokymenTiB. BoHa 103BOJIS€E JIETKO BUTSATY-
BaTH JaHi 3 BeO-CTOPIHOK, 3a0€e3MeuyI0un THyUKiCTh TP poOOTI 31 craTnyHuMH Jkeperaamu [4, c. 310]. [Ipuknagom
i BUKOpHUCTaHHS MO)Ke OyTH aBTOMaTH30BaHE 30MpaHHs iH(OpMAaLlil IPo KIFOYOBI MOAIl 3 BIAKPUTHX HOBHHHHUX
pecypciB, AKi MOTIM aHai3yIOThCS JJIs BUABJICHHS Ae3iHpopManiiHIX KaMmnaHii [5, c. 85].

Selenium — iHCTpyMeHT Juid aBTOMaTH3allii BeO-Opay3epa, SKUH J03BOJISE TPALIOBATH 3 TUHAMIYHUMH
BeG-CTOpiHKAMH, BK/TIOYAIOUM iHTEPAKTUBHI €IEMEHTH, CTBOpEHi 3a jornomoroio JavaScript. Moro 3acTocyBanHs
aKTyalIbHE JUII MOHITOPHHTY COLIIAIbHIX MepeX, Takux sk Twitter abo Facebook, ne po3noBcromkyeTbes iHhopMa-
IIist PO MOTEHITIHHI 3arposu [6, ¢. 160].

Puppeteer — GibmioTeka ans podotu 3 Opaysepom Google Chrome uepe3 API. BoHa no3Bosisie 3aiiicHIOBaTH
aHaJIi3 CKJIaJHUX BeO-I0/IaTKIB, TAKUX K NapKHET-MalIaHIMKH, JIe 3TOBMHCHUKH YacTO MOMUPIOIOTH 1HPOpMAITiT0
PO BUTOKH JIaHUX a00 IIKIJIMBI porpami [7, ¢. 460].

Scrapy — dpeiiMBOpK Juis 300py AaHUX i3 BEMUKUX BeO-pecypciB. BiH MMPOKO BUKOPUCTOBYETHCS JIJISI CUC-
TEMaTUYHOTO CKAaHYBaHHS JapKHETy a00 BENMKHUX HOBMHHHX IUIaT(OpPM 3 METOIO BHUABJICHHS aHOMAmid i 300py
CTPYKTYpOBaHUX AaHux [8§, c. 105].

Haenemo mpuknaau GyHKIIOHYBaHHS CHCTEM BeO-CKpamiHry y cdepi kibepOesnexku. OQHUM 13 MPUKIAIIB
yCHIIIHOTO (PYHKI[IOHYBaHHS CUCTEM BeO-CKpAIiHTy € IXHE 3aCTOCYBaHHS JI1 MOHITOPUHTY AapKHETY. Bukopucro-
Byroun Selenium i Puppeteer, Oymo BusiBneHo nmonaz 30 MOTEHIIHHUX BUMIAIKIB BUTOKY AHHUX JICPKABHUX YCTAHOB
[9, c. 75]. Li cucTteMu HO3BOJNIJIM IIBHIKO BH3HAYUTH KEpeNia BUTOKIB Ta ONEPATUBHO 3alOOIrTH MOAATBIIHM
pHU3HKaM, IO J03BOJIMJIO YHUKHYTH 3HAuHUX 30MTKIB [10, c. 310].
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[I1e ogHMM IIPUKIIAIOM € aHaJli3 COIIaIbHUX Mepesk 3a pornoMoroto BeautifulSoup Ta Scrapy. Cuctemu MoHi-
TOPUHTY aBTOMaTUYHO Bi/IC/IJKOBYIOThH KJIFOUOBI CJIOBA, OB sI3aHi 3 KibepaTakamu, 110 JO3BOJISIE ONEPATUBHO 1/1CH-
TU(IKyBaTH 3arpo3u, 30KpemMa Je3iHpopmMalliiiHi KaMmmaHii, CipsSMOBaHi Ha JepaBHi yCTaHOBH [6, ¢. 165]. 3i0pani
JaHi IHTerpytoThes y Moaeni Mamraaoro HaBdaHHs (BERT), axi aHani3ytoTh KOHTEKCT HOBIJOMJIEHDb Ta MPOTHO3Y-
FOTh MMOTEHIIHI pU3HKH [7, ¢. 465]. IHTerpailis aBTOMaTH30BaHUX METOIB 300py BeO-TaHUX TO3BOJIMIA i ABUITUTH
MIBUIKICTH BUSIBIICHHS 3arpo3 Ha 40% MOpIBHSHO 3 TPaaUIiiHUMHU miaxonamu. J{o1aTkoBo Oys10 BHSBICHO 3011b-
IICHHS TOYHOCTI MPOTHO3yBaHHS aTak Ha KPUTHYHY 1HQPaCTpyKTypy.

Ouinka epexkTuBHOCTI MeToAiB. /)i TOrO, MO0 HAJATH NETANbHE TOSCHEHHS IIOM0 OTPUMAHHS BX1JIHUX
JAHMX ISl PO3PaXyHKIB, PO3IIITHEMO KOXKEH IapaMeTp OKPEeMO: THYUKICTh, IIBUIKICTh Ta MPUIATHICTH I rpado-
Bo1 emepmkeHTHOT Mepexi (Suitability for Graph Emergent Network — SGEN). Oniinku Oyiii pucBO€HI HA OCHOBI
aHaJIi3y XapaKTePUCTHK KOXHOTO iHCTPYMEHTY BEO-CKpaIIiHTYy.

O1iHKM THYYKOCTi, IIBUJKOCTI Ta MPUAATHOCTI I rpadoBoi eMepIKEeHTHOI Mepexki OylIu BU3HA4YEH] MeTo-
JIOM eKCTIepTHUX OwLiHOK. Lleil miaxia J03BOMUB 3aIyduTH JOCBiJ (haxiBLIB JUIS aHANI3y XapaKTEPUCTUK KOXKHOTO
IHCTPYMEHTY BeO-CKpaIliHTy, BpaXOBYIOUH IXHIO €()eKTUBHICTh y PI3HUX CLIEHAPiAX BUKOPUCTAHHA Ta 33a4ax HaB-
YyaHHA rpadOBUX HEUPOMEPEK.

HaBenemo xapakTepuCTHKH BUXITHUX JaHUX.

I'myukicts (Flexibility). [Hy4YKiCTb OIIHIOE 3MATHICTH IHCTPYMEHTY MPAIFOBATH 3 PI3HUMH THTIAMH JIAHUX Ta
aJIanTYBaTHCSA J0 PI3HUX CTPYKTYpP BeO-cTOpiHOK. OIiHKK OyJIM IPUCBOEHI HA OCHOBI HACTYITHHX KPHUTEPIiB:

— BeautifulSoup: Bucoka rayukicts s cratnaaux gaaux (HTML, XML), ane oOmexxeHa Jutst TMHAMIYHIX
Be0-CTOPIHOK.

— Selenium: BUCOKa THYYKICTb U IHTEPAKTUBHUX €IEMEHTIB Ta JUHAMIYHUX BEO-CTOPIHOK.

— Puppeteer: BUCoka THy4KICTb JJIs1 CKJIaJHUX BeO-10aTKiB, [0 BUKOPUCTOBYIOTH Chrome API.

— Scrapy: BHCOKA THYYKICTb JJISI MACOBOTO 300py AaHUX 3 BEIMKHUX BeO-pecypciB.

Buaxicts (Speed). IlIBuakicTh oiHIOE €(PEKTUBHICTh THCTPYMEHTY B 300pi JaHMX 3a OJMHHMIIIO Yacy.
Ouinku OyJii IPUCBOEH] HA OCHOBI HACTYITHUX KPUTEPIiB:

— BeautifulSoup: BrCcOKa MIBHAKICTB JJIsl CTATUYHUX BEO-CTOPIHOK.

— Selenium: moMipHa MBUIKICTH Yepe3 eMYILI0 Opay3epa.

Puppeteer: momipHa mBHAKICTH Yyepe3 BukopucTanas Chrome API.
Scrapy: mucoka OIBUIKICTH IPH MMaPCHHTY BEIMKUX PECYpPCiB.

[MpunarHicTh a7 rpadoBoi eMepkeHTHOI Mepexi (Suitability for Graph Emergent Network). [IpuaarHicTs
OIIIHIOE, HACKUIBKY TOOpe 1HCTPYMEHT IMiIXOJUTh JUTst 300py JaHUX, HEOOXITHHUX JJIs HAaBYaHHS TpadOoBUX HEHpO-
Mepex. OuiHky OyIu IPHUCBOEHI HA OCHOBI HACTYIIHUX KPUTEPiiB:

— BeautifulSoup: momipHa NpUIATHICTh AJIS CTATHYHUX JaHUX.

Selenium: BuCOKa NPUIATHICTG [T IHTEPAKTUBHUX JAHUX.
Puppeteer: BucOka NpuAATHICTD JJIs CKIaJHUX JXKEPe.
Scrapy: By»e BUCOKA MIPUIATHICTH IS BETUKUX CTPYKTYPOBAHUX JAHUX.

Jis GLIBII AeTaNbHOI MATEMATHYHOI OI[IHKH METOMIB BEO-CKpAITiHTY, IPUITYCTUMO, IO OIiHIOETHCS KOXKCH
nmapaMeTp 3a mKaior Bix 1 10 5, ne 1 — HallHWKYA OIiHKa, a 5 — HaiiBuma (Taomurs 1).

Tabmung 1
Ouinka iHCTpyMeHTIB BeO-cKpaniHry Ajsi rpadoBUx HelpoMepex
IMapamerp
IncTpymenT I'nyukicTb HIBuakicTn MpunarHicTs A5 rpago- C
(Flexibility) (Speed) BOI eMepI:KeHTHOI Mepe:Ki yma
BeautifulSoup 4 5 3 12
Selenium 4 3 4 11
Puppeteer 4 3 4 11
Scrapy 5 5 5 15

Po3paxyHku U1 KOYKHOTO IHCTPYMEHTY BHKOHYBAJIHCh 32 JTOTIOMOTOIO ITiICYMKOBOI OIIIHKH 33 TPhOMa T1apa-
Metpamu: Cyma=Imyukictb+1uakicts+ SGEN. HaBegemo nmosicHeHHsI mapaMeTpiB.

I'ayukicts (Flexibility): omiHIO€ 37aTHICTh IHCTPYMEHTY MPAIFOBATH 3 PI3HUMH THIIAMH JIaHUX Ta aJarTyBa-
THUCS IO PI3HUX CTPYKTYP BEO-CTOPIHOK.

. 4 nnaBeautifulSoup, Selenium, Puppeteer;
I'myukicTh =
5 nansaScrapy.

HIBunkicts (Speed): omiHIOE €(hEKTHUBHICT IHCTPYMEHTY B 300pi TaHHUX 332 OAMHUIIIO YaCy.
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. 5 nmusBeautifulSoup, Scrapy;
IBuakicTe = )
3 nmnsSelenium, Puppeteer.

[MpunarHicTs ans TpadoBoi eMepkeHTHOT Mepexi (Suitability for Graph Emergent Network): omiHtoe,
HACKIJIbKU T0Ope IHCTPYMEHT MiIXOIUTh IS 300py JaHUX, HEOOX1THUX JUIS HaBUYaHHS rpadoBUX HEHpOMEpEK.

3 ausaBeautifulSoup;
[Mpunathictb=<4 anaSelenium, Puppeteer;

5 nmusaScrapy.

OTxe, 3TiIHO 3 MaTEMaTUYHOI TOYKH 30py — PO3PAXOBAHUMH YHCIOBHMH OLIHKAMH, HAWKPAIIUM iHCTPY-
MEHTOM JUTsl BUKOPHCTAHHS B HaBYaHHI TpadoBHX HEHpOMEpeK UL 3a1ad BEO-CKpAIiHTy € Scrapy, OCKUIBKU BiH
OTpHMaB HAMBHIIY CyMapHY OIIHKY — 15. Lle mosicHIOeThCsI TAKUMU (haKTOpaMHu: Scrapy Mae BUCOKY THYUKICTS (5),
10 T03BOJISIE €PEKTUBHO TPAIIOBATH 3 BEIMKUMH 00CsATaMH JaHUX, Scrapy Takok Mae BUCOKY MIBHAKICTE (5) mpu
MAPCUHTY BETUKUX PECYPCiB, IO € BAYKIIMBUM JJISI IIBUIKOTO 300py JaHWX, Scrapy Mae€ Iy>Ke BHCOKY IIPHIATHICTh
(5) ot poOOTH 3 BENTUKUMHE CTPYKTYPOBAHUMHE JAaHUMH, 10 € KPUTUIHUM JUTSl HABYAHHS TpaoOBUX HEHPOMEPEXK.

BucHoBku. Y Xxoxi nocnmijpkeHHS OyJio TMPOBENCHO aHalli3 YOTHPhOX I1HCTPYMEHTIB BeO-CKpaIliHTy:
BeautifulSoup, Selenium, Puppeteer ta Scrapy. OmiHKH iHCTPYMEHTIB 3I1HCHIOBAJIMCS METOJOM EKCIIEPTHOTO
OLIIHIOBAHHS 3a TPhOMa KITIOYOBHMH IapaMeTpaMH: THYUYKICTh, IIBUAKICTh Ta MPUAATHICTH Ui TpadoBUX eMep-
JDKCHTHUX Mepek. BeraHoBneHo, mo Scrapy oTpuMaB HailBUINY 3arajibHy OLIHKY (15 0anmiB), IO HOSICHIOETHCS
HOro BUCOKMMH IMOKa3HUKaMH 3a BCiMa MmapaMeTpaMu: MaKCUMallbHa THYYKiCTh, BUCOKA IIBUIKICTH 0OPOOKH JaHUX
1 BiIMiHHA IPUAATHICTH U1 HABYaHHs rpadoBuUX Helpomepex. BeautifulSoup 3abe3mnedye BUCOKY IIBHIKICTD IS
CTaTHYHHX BeO-pecypciB, ane Mae 0OMekeHHs B poOOTi 3 THHAMIYHUMHE TaHUMU. Selenium i Puppeteer nemoHCTpY-
IOTh BUCOKI TIOKa3HUKH THYYKOCTI Ta MPUAATHOCTI IS AWHAMIYHHX DKEpell, ajne IXHs MBHAKICTE € 00OMEKEHOIO
Yyepe3 BUKOPUCTaHHsI Opay3epHUX eMyIsSTOpiB. [HTerpailis BeO-CKpariHTy y cTparerii 3ade3nedeHHs iHpopMaIiiHoi
0e3MeKH IepKaBu € e(EKTHBHUM IHCTPYMEHTOM JJIsl aHAITI3Y BEJIMKUX MACHBIB IAHUX Ta BUSABJICHHS Kibep3arpos.
PesynpraTi qocnimpKeHHS CBi4aTh, MO Scrapy € HalOUIbII MPUIATHAM 1HCTPYMEHTOM JUTS HaBYaHHS rpadoBux
eMEpIUKEHTHUX HeHpoMepeX 3aBAsSKHM MOTO 3MaTHOCTI NMPALIOBaTH 3 BEIUKUMH CTPYKTYpPOBaHMMH maHUMH. Lle
pOOHTE HOTO ONTUMATIBHUM BUOOPOM IS 3aBJaHb MOHITOPHHTY Ta aHAJIi3y 3arpo3 i3 JapKHETY, COIiaTbHUX MEPExK
1 HOBHMHHUX IardopMm. Bukopucranus Selenium i Puppeteer pekoMeHIyeTbCsl I 300py JHHAMIUHUX JAHHUX
3 IHTepakTUBHUX BeO-pecypciB, ToAi sk BeautifulSoup € epexTrBHMM A7151 pOOOTH 3 MEHII CKIIAAHUMHU CTaTHYHUMHU
okepenamu. i1 HaBuaHHS TpadOoBUX €MEPHKEHTHUX MEPEkK PEKOMEHIYEThCS BUKOPHCTOBYBATU Scrapy yepes
HOro BUCOKY €(heKTHBHICTh Y POOOTI 3 BEJIMKHMHU 00CATaMU CTPYKTYPOBaHUX MaHWX. st iHTerpamii TuHaMiqHUX
JIAHMX 13 COLIATLHUX MEPEeXk 1 BeO-I0IaTKIB JOIIIBHO 3acTOCOBYBaTH Selenium abo Puppeteer, BpaxoByrouH iXHIO
BHCOKY THYYKICTh Y POOOTI 3 iHTepakTHBHUMH ejeMeHTamu. BeautifulSoup BapTo BUKOpHCTOBYBAaTH IS 3ajad,
TTOB’SI3aHMX 13 00pOOKOI0 CTATHYHMX JKepelT iHpopMallii, e moTpiOHa BHCOKa IMBUIKICTH Ta POCTOTA peatizallii.

Po3po0Oka KOMOIHOBAHOTO MMiIXOMY, SKHH MOEHYE BHKOPUCTAHHS JIEKUTBKOX 1HCTPYMEHTIB BEO-CKpaIliHTY,
MOXKe 3a0e3MeYnTH MaKCUMallbHY e(DeKTHBHICTH 300py Ta 0OpOOKH JaHUX JUIS CHCTeM 3abe3rnedeHHs iHdopma-
HiitHo1 Oe3mekn nepxaBU. PeKoMeHAyeThCS BIPOBAPKEHHS CHCTEMH IIEPiOJUYHOTO OIIHIOBAHHS €(EKTHBHOCTI
IHCTPYMEHTIB BeO-CKpaIliHry 3 METOIO afanTanii 10 HOBHUX 3arpo3 Ta yMOB BUKOPUCTAHHS. TakuM YMHOM, BIPOBa-
JDKCHHSL Scrapy sk 0a30BOro iHCTpyMEHTY AJst 300py JaHuX y KOMOiHALIl 3 IHIIMMH iHCTpyMEHTaMU 3a0e3MeunTh
KOMIUIEKCHUH MiAXiA 10 aHamizy Kibep3arpo3 i miABHIIUTH ePEeKTUBHICTh poOOTH cucTeM iH(opMalliiftHoi 6e3nexku
JepoKaBU.
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APXITEKTYPA TA ®YHKIIOHAJIBHI OCOBJINBOCTI 3AXHINEHUX CUCTEM
KEPYBAHHS BAZAMHU JAHUX HOBOI'O NIOKOJIIHHA
3 MIATPUMKOIO SERVERLESS TA EDGE-OBUYUCJIEHb

Y cmammi npedcmaeneno xomniexche 00CTiONCeHHs cyuacHux cucmem xepyeanusa oazamu danux (CKB/), wo ¢ynkyi-
OHytomb Ha OCHOSI Serverless- ma edge-apximexmyp. Pozenadaiomvca nosimui CKB/[ SurrealDB, Xata, Turso, Dolt i EdgeDB,
AKI 0eMOHCMPYIOMb THHOBAYIUHI NIOX0OU 00 30epieants, 00poOKU ma 3aXUcmy OaHux y po3noodiieHux cepedosuuax. 3 o2nsioy
Ha cmpimke 3pocmants 06c¢seis danux, nowupenns loT-npucmpois i spocmanns eumoz 0o besnexu ingopmayitinux cucmen,
po3spobka eghexmugnux apximexmyp saxuyenux CKB/[ nadysae ocodonugoi axmyansrocmi.

Y pobomi npoananizosano apximexmypHi ma QyHKyioHanbHi 0COOTUBOCT 3A3HAYEHUX CUCTEM, 8USHAUEHO IXHI nepesasi,
00MedicenHs Ma NOMEHYIAN 00 3aCMOCYBAHHA 8 KpUMUuyHo saxcausux cepax. Ocobausy ysazy npudineno numaHHam ingopma-
YiliHOT De3nexu, 30Kpema pearizayii normux KOHMpoo 00Cmyny, RIOMPUMKU WUQPYeanHs, pentikayii danux, cmitixocmi 00
300i8, a maxodic HAAGHOCMI MEXAHI3MIG JCYPHANIOBaHHA ma ayounty. Ha ocHosi nposederozo ananizy po3pobieno y3azanvHery
Mooeny apximexkmypu be3neunoi edge-opicnmosanoi CKBJ], sika éxnouae Knouosi KOMnoHeHmuy — KIIEHMCbKUlL pieens, edge-
8Y37Il, CLYHCOU ROTIMUK OOCHIYNY, JICYPHATIOBAHHS, YEHMPANI308aHe cxosue ma ciyxcoy xepysaunsa kmovamu. llobyoosarno
popmanvry Mooenb OYIHKU PUSUKIE, WO BPAX0BYE UMOBIDHICb peani3ayii 3a2po3u, CHyniHb 8PATUEOCI MA KPUMUYHICHb
BNAUBY 0TI KOJCHO20 CIPYKIYPHOO eNeMeHMA CUCTEMU.

Y pesynomami docniooicens udineno apximexkmypHi ma 3axuch nioxoou, AKi nOKA3AIU 8UCOKY eeKmugHicmp y Kpumuy-
HUX PO3NOOIIEHUX cucmemax. 30Kkpema, 00 HUX HALedHCamy. i301Yis PieHie 00poOKU, TOKANI3aYIs OaHUX, AMPUOYmuUsHe ynpas-
JUHHA OOCHYROM, HACKPI3HE WUMPYBAHHA MA CUCKEMU JICYPHATIOBAHHS 8 PEAlbHOMY YdCl. 3aCmOoCy8aHHs 3a3HAYEHUX DilleHb
CHPUSIE SHUICEHHIO DIBHS PU3UKIG 6e3 8mpamu nPoOYKIMUGHOCHI; abo MACumadosanoCchi, Wo € GUPTUATLHUM O CUCHEM, SIKi
npayioms y CKIAOHUX MePeNCesux yMosax adbo oocyzo8yoms uymausi 0aui. Ompumani pe3yiomamu Moxicyms Oymu euKo-
pucmani 013 600CKOHANEHHS NPAKMUK 3axucniy y cghepi meouyunu, enepeemuxu, npomuciosux loT-piuens ma ingopmayitinux
cucmem KpumuuHoi inppacmpykmypu.

KittouoBi cnoBa: posnodineni basu oanux, edge-obuucienns, serverless-apximexmypa, inpopmayiiina 6e3nexa, KOHmMpPoOs
oocniyny, oyiHka pusuKie.

Rozlomii 1. O., Naumenko S. V. Architecture and functional features of the next-generation secure database
management systems with support for serverless and edge computing

This paper presents a comprehensive study of modern database management systems (DBMSs) designed to operate within
serverless and edge computing architectures. The analysis focuses on recent DBMSs such as SurrealDB, Xata, Turso, Dolt, and
EdgeDB, which implement innovative approaches to data storage, processing, and protection in decentralized environments.
These systems have emerged in response to the growing demand for scalable, secure, and resilient data management solutions,
especially in the context of increased data generation, the proliferation of loT devices, and rising requirements for data privacy
and integrity.

The study examines the architectural and functional characteristics of the mentioned DBMSs, identifying their advan-
tages, limitations, and application potential in security-sensitive domains. Particular attention is paid to the integration of
access control policies, support for data encryption, replication mechanisms, fault tolerance, and auditing capabilities. Based
on the analysis, the authors propose a generalized architecture for a secure edge-oriented DBMS, which consists of a client tier,
edge nodes, access policy engine, audit and logging service, centralized cloud storage, and key management service (KMS).
Each component plays a distinct role in ensuring end-to-end data protection, context-aware authorization, local data processing,
and synchronization with a centralized repository.

To assess system resilience and identify vulnerable components, a formal risk evaluation model is developed. The model
calculates risk levels for each architectural component based on three parameters: the probability of threat realization, the
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degree of vulnerability, and the criticality of impact. The resulting weighted risk scores allow for a quantitative comparison
of different architectural configurations and help prioritize protection measures in systems operating under varying threat
conditions.

The paper also identifies a set of architectural and security design principles that have proven effective in critical distrib-
uted systems. These include layered isolation of processing levels, data localization at the edge, attribute-based access control
(ABAC), end-to-end encryption (both at rest and in transit), and real-time distributed logging. The combination of these prin-
ciples is shown to enhance security without compromising scalability or system performance, making them highly suitable for
applications in healthcare, industrial automation, energy systems, and critical infrastructure.

The results of this study can serve as a foundation for further improvement of secure DBMS design, offering practical
insights for developers, system architects, and researchers working on the next generation of distributed and edge-integrated
data platforms.

Key words: distributed databases, edge computing, serverless architecture, information security, access control, risk
assessment.

IMocTanoBka npodiemMu. Y cydacHUX ymoBax nupooi TpaHchopmailii, KOIU 00CITH JaHUX 3pOCTAIOTh
€KCTIOHEHII1HO, a BUMOTH J0 MIBUJKOCTI JOCTYIY, HAAIMHOCTI Ta Oe3neku iHhopMaliiHUX CUCTEM MOCTIIHO Mij-
BULIYIOThCS, 3HaYHY yBary (haxiBIiB IpUBEPTaIOTh HOBITHI cucTeMu kepyBaHHs 0azamu nanux (CKB). Ha 3miny
KJIACHYHUM [ICHTPAJI30BaHUM apXiTEKTypaM MPUXOIATh JCICHTpaNIi30BaHi, po3MmoiaijicHi Ta edge-opieHTOBaHi
MIXOAH, IO MependadaroTh 00poOKy Ta 30epiraHHs JaHUX OJNMXKYe J0 Miclid iXHhOTo TeHepyBaHHs [1, c. 27].
Takwuii miAXiJ TO3BOJSE 3HAYHO 3MECHIIUTH 3aTPUMKH, MiJIBHIIUTH MPOMYKTHBHICTh 1 3HU3UTH HAaBaHTAXKCHHS Ha
[EHTPaJIbHI XMapHI PECYPCH.

VY npomy koHTeKcTi 3poctae nonutT Ha CKBJl, 31maTHi eeKTHBHO MpAIIOBATH Y PO3MOAITICHUX CEPEIOBH-
max, iHTerpyBarucs 3 edge-iHppacTpyKTypaMu, MiATpUMYBaTH serverless-mapagurMy Ta BOIHOYAC TapaHTYBaTH
BUCOKHIA piBeHb Oe3neku 30epexeHHs i 00pooku ganux [2, c. 130]. Cepen HalmepcrneKTUBHIMIMX PillleHh HOBOTO
MIOKOJIIHHS BUIUIAIOTHCS Taki 6a3u maHuX, sk SurrealDB, Xata, Turso, Dolt Ta EdgeDB. Bonu 1eMOHCTpYIOTh HOBI
MiIXOAM 10 TOOYIOBU CTPYKTYPH JaHUX, 3alUTiB, aBTEHTU(IKAIlll, KOHTPOJIIO TOCTYIY W 1HTerpaii 3 cydacHUMH
IHCTpyMEHTaMH PO3pOOKH, 1110 POOUTH iX NPUBAOIMBUMU AJIS IIUPOKOTO CIIEKTPa 3aCTOCYBaHb — Bijl BE0O3aCTOCYH-
kiB 1 IoT no cuctem peanbHoro vacy [3, c. 85].

KimrouoBoro nepesaroro takux CKB/l € moenHaHHS MYyJIBTHMOIEIBHOCTI, MOXIIMBOCTEH TOPH30HTAIBHOTO
MacmTaOyBaHHS, aBTOMAaTHIHOTO KEPyBaHHs 1HPPaCTPYKTYpOIO Ta THyYKUX 3aco0iB Oe3nekn. BoHU H03BOJNSAIOTH
PO3pOOHUKAM He JIUIIIE CIIPOCTUTH TIpoIiec 30epiranHs it 00pOOKYU MaHMX, a i ypaxoBYBaTH BUMOTH JI0 KOH(1IEHITI-
WHOCTI, IUTICHOCTI Ta JJOCTYIMHOCTI IaHUX y KPUTUYHO BOKIMBHX 1HPOpPMAIIHHUX cucTeMax. BomHoyac IBUAKHIA
PO3BHTOK ITUX TEXHOJIOT1H BUMAarae AETANbHOTO aHAMI3Y TXHIX apXiTeKTypHHX ITiIXOAIB, (YHKIIIOHATEHUX MOXKIIH-
BOCTEH 1 HASBHUX MEXaHI3MiB 3aXHUCTY.

AHani3 ocTaHHiX gociifzkeHb Ta nmyOaikanii. OcTaHHIME POKaMHU CIIOCTEPIraeThes 3POCTAHHS KiTbKOCTI
HAyKOBHX 1 IPUKJIAJAHUX JOCITIKEHb, IPUCBIYCHUX MPOOIEeMaTHUIli MOOYA0BY O€3MEeUHUX, MAaCIITaA00BaHUX Ta IMPO-
JOYKTHBHUX CHCTEM KepyBaHHs 0a3zaMM JaHUX, IO BiAMOBIJAIOTh BUKIMKAM Cy4acHOT IU(POBOI iHYPACTPYKTYPH.
VY mpangix [4, c. 94; 5, c. 65; 6, ¢. 35] neTanbHO PO3MIAAAOTHCSI OCOOIMBOCTI iHTerpailii 6a3 JaHUX y PO3MOAUIEH]
Ta serverless-cepeIOBUINA, aKIIEHTYIOUH yBary Ha BaKJIMBOCTI 3MEHIICHHS 3aTPUMOK, 3a0€3MeUeHHs CTIKOCTI 10
3001B 1 MATPUMKHA aBTOMAaTHYHOTO MacITaOyBaHHS.

VY pobotax [7, c. 111] 1 [8, c. 1796] npoaHani30BaHO apXiTEKTYpHI OCOOJHUBOCTI HOBITHIX MYJIBTUMOJICITh-
aux CKB/I, Takux sk SurrealDB i EdgeDB. ABropy miKpecIo0Th IXHIO THYYKICTh Y KOHTEKCTI OJJHOYACHOT ITijI-
TPUMKH TpadOBUX, JOKYMEHTHHUX 1 pEIIALIHHUX MOJIEIICH, 10 BIIKPHBA€E HOBI MOXKJIMBOCTI JUIs TOOY/IOBH a/TalITHB-
HUX iH(popMariifHux cucteM. OcoOnuBy yBary JOCTiTHUKH NPUIUIIOTH YHi(iKOBAHNM MOBaM 3aIHTIB i MOAYIbHIN
apXiTeKTypi, sIKa JO3BOJISIE€ 3a0€3MEUNTH BUCOKHUH PiBEHb KEPOBAHOCTI TAHUMHU.

OxpeMuil HayKOBHH IHTEpeC CTaHOBIIATH MyOJiKallii, MpUCBSUCHI NMUTaHHAM Oe3meku B serverless- Ta
edge-indpactpykrypax. Tak, y mocmimkeHHsx [9, c. 3310] BHCBITIIOIOTbCA MUTaHHS TUHAMIYHOTO KEpyBaHHS
JIOCTYTIOM, MIU(PYBAHHS JAHUX y PO3MOAUICHOMY CEPEIOBHUII Ta 3a0e3neueHHs HiTicHOCTI iH(opMalii B ymMoBax
oOMexeHuX 00UnCIIoBATEHIX pecypci. Podoru [10, c. 170; 11, c. 24] GpokycyroThCs Ha pU3UKAX, OB’ SI3aHUX 13
BrukopucTaHHsIM NoSQL-6a3 y XMapHHX i TiOpUIHUX CHCTEMaX, 30KpeMa BKa3y€EThCsl Ha BIACYTHICTh CTAHAAPTHIX
MEXaHi3MIB TPAaH3aKIIHHOTO 3aXKUCTY, CKJIaIHICTh pealtizaiii MOJITHK aBTeHTH(DIKAIi Ta KOHTPOJIO JOCTYITY.

Onsin myOmiKarii TakoXk 3acBiIUy€ 3pOCTarOuy yBary J0 iIHCTPYMEHTIB, IO OPIEHTOBAaHI Ha PO3POOHHMKIB.
Hanpuknan, Xata i Turso, sk 00’€KTH Cy4acHHX AOCTIIKEHb [12, ¢. 18], po3misgaroThbes 3 MOMISAAY iHTErparii
B DevOps-niporiecu, miarpumkn inrepdeiiciB REST/GraphQL Ta aBTOMaTH30BaHOTO YIPaBIIHHS BEPCIIMU CXEM
0a3 gaHuX. Y TOH Ke 4yac, aBTOPW HAroJIOIIYIOTh Ha MOTPeOi BIOCKOHAJICHHS 3aXMCHHUX MEXaHi3MiB, 0COOIMBO
B yMOBax 0araroareHTHOi B3a€MO/Ii1 Ta aBTOHOMHOI peruTiKallii 1aHuX.

[lonpu HAABHICTH 3HAYHOTO HAYKOBOTO JOPOOKY, OKpeMi acmekTu OesneuHoro ¢yHkiionyBanHs CKBJ]
HOBOT'O MMOKOJIHHA 3aJIMIIAIOTHCS HEAOCTAaTHbO BHBYCHHMH. 30KpeMa, MOTPeOyIoTh MOAAJBIIOTO OMpaIfOBaHHS
MUTaHHS 3a0€3MeUeHHs MUIICHOCTI Ta KOHQIIEHIIIHOCTI B YMOBaX IeOpO3MOJUICHOT 00pOOKH JaHMX, Po3poOKa
yHi(iKOBaHMX MOAENeH KOHTpoto aoctyny anas myastumonensHux CKBJl, a Takoxk OLIHIOBaHHS PU3HKIB MPH

ISSN 2521-6643 Cucremu Ta Texrouorii, Ne 1 (69), 2025 131



serverless-posropranti. OKpiM TOTro, aKTyaJbHUMH 3aJMIIAIOTHCS JOCHIPKEHHS MoAo (opmaiizamii apXiTeKTyp-
HUX TaTepHiB, 10 NOEAHYIOTh €(PEKTUBHICTh, MACIITA00BaHICTh TA BUCOKHH piBeHb iH(OpMaIliiiHoi Oe3meku.

IMocTanoBka 3aBaaHHA. MeTa cTaTTi — aHaJi3 apXiTEeKTYpHUX pillleHb, (PYHKIIOHATIBHUX MOXKIMBOCTEH
1 3ac00iB 3abe3neuenns 6e3nexu B cyyacHux CKB/l i3 migTpumkoro serverless Ta edge-o0unciieHs, a TaKOX BUSB-
JICHHS IXHBOI IPUIATHOCTI U 3aCTOCYBAHHS Y KPUTHYHHX Ta PO3IOIUICHUX iHYOPMAIIHUX CHCTEMaX.

Buxnax ocHOBHOTro Martepiaiy. Po3BuTok apxiTektyp 06a3 maHWX Bil HEHTPATi30BaHHUX O PO3MOAUICHUX,
a 3roJloM i J1o serverless- Ta edge-opieHTOBaHUX PillieHh 3yMOBHB ITOSIBY HOBHX CHCTEM KEpyBaHHS 0a3aMH JaHUX,
SIKI THTETPYIOTh BJIIACTHBOCTI MacIITa0OBaHOCTI, MIBHAKOMII Ta iH(popManiitHoi 6e3neku. Cepesl CydacHUX Ipe-
CTaBHUKIB TaKOTO KJacy 0coOIMBe Miclie mocinarTtk Surreal DB, Xata, Turso, Dolt Ta EdgeDB. 3a3naueni cucremu
opieHTOBaHI Ha TOOYIOBY iHPOPMAIHHIX CEPBiCiB HOBOTO NOKOMIHHS, IO (DYHKIIOHYIOTh y AWHAMIYHHAX PO3MOIi-
JICHUX CEepeIOBUINAX 3 BHCOKUMH BUMOTaMH 10 KOH(IAEHIIIHOCTI, TIOCTYMHOCTI Ta [ITICHOCTI JJaHHX.

SurrealDB nanexuts g0 MynstuMonensHux CKBJl 3 minTpumMxoro rpadoBoi Ta JOKYMEHTHOI CTPYKTYpH
JaHMX, 0 3abe3nedye THYYKICTh Y MOJENIOBaHHI CKJIaJHHX 3B’S3KIB 1 00’€kTiB. OCOOMUBICTIO IIi€l cucTemMu
€ HasBHICTb BOyJJOBaHUX 3aC001B aBTeHTH(iKaIlii, po3MeXyBaHHS JOCTYITy Ta MiITPUMKa PoJieH, 110 T03BOJISIE pea-
J1130BYBaTH MOJITUKK O€3MEKM Ha PiBHI OKpEeMHX KosieKwil Ta 3anuciB. [lnatgopma opieHTOBaHa HA BUKOPUCTAHHS
Yy BUCOKOHABaHTAXXEHUX CEPEIOBHIIAX, 30KkpeMa B edge-iH(ppacTpyKTypax, Ie KpUTHUIHOKO € MiHIMi3allis 3aTpPUMOK
JIOCTYIY 0 JaHUX.

Xata € xmapHOIO JokymMeHTo-pensiiiinoro CKB/I, mo noeaHye eleMeHTH KITACHYHHUX PEISAIIHHUX MiIXO0I1B
i3 THy4KicTEO NoSQL. OcobnuBy yBary B 11 peamizaiii NpuIiJICHO aBTOMAaTHYHOMY MacmTaOyBaHHIO, ITiITPUMITI
serverless-apXiTeKTypH, a TAaKOK BOYJJOBaHUM MeXaHi3MaM pO3MEXyBaHHS JTOCTYITY, 130JIA1Ii1 CEPEIOBHUII Ta Kepy-
BaHHS IIpaBaMH KOPUCTyBadiB. BpaxoByroum opieHTaIlifo Ha po3pOoOHMKIB BEO3aCTOCYHKIB, CHCTEMa Ma€ 3py4Hi
iHTepdelicu s iHTerparii 3 momyasipHIMHU GperiMBOpKaMH, 110 3a0e3Mnedye 30epeKeHHs 0e3MeKH pH MiHiMizaIil
3yCHJIb Ha HAJAIITYBaHHS.

Turso mo3uLioOHy€eThC SIK Jierka 0a3a gaHux g edge-o0uncieHb, modyaoBana Ha ocHOBI libSQL — monudi-
koBaHoi Bepcii SQLite [13, c. 9]. OcHOBHOIO ifie€t0 € 3a0€3MeUeHHs MBHUJIKOTO JIOCTYIY JI0 JaHUX Yy reorpadiqHo
PO3MOINICHUX By3JIaX 3a paXyHOK HAOIIKEHHS 0OpOOKH 10 KiHIIEBOTO KOpHCTyBava. Turso peanisye perutikaliiro,
KOHTPOJIb OCTYIy Ha OCHOBI TOKEHIB, 130JIS1[i10 PEriOHAIBHUX 1HCTAHIIIH, 110 B CYKYITHOCTI JI03BOJISIE BUKOPUCTO-
BYBaTH 11 B 3a1a4aXx, ¢ KPUTHYHO BXXIIUBIMH € JIOKATBHICTE 1 O€3IepepBHICT TOCTYITY A0 JaHUX.

Dolt noennye moxximmBocTi CKBJI 1 cuctemu KoHTpoIto Bepciid. BoHa 30epirae moBHy iCTOpirO 3MiH Ha pPiBHI
TaONHIb, TO3BOJISIE CTBOPIOBATH T1JIKH, BUKOHYBAaTH 3JIUTTS Ta BiTHOBIEHHS CTaHy, IO POOWTH i 3pydHOIO [UIS
KOJICKTMBHOT POOOTH 3 JIAHUMH, aHATITUYHUX JTOCII/HKEHB 1 MOOYTOBU CUCTEM 13 BHCOKUMH BUMOTaMH JIO MTPO30-
pocrti 3miH. Cepell MexaHi3MiB Oe3MeKH — aynuT Jild, KOHTPOJb BiJNOBIJAIBHOCTI 32 3MiHH, a TaKOX MiATPUMKA
aBTeHTH(IKAIII] Ta IPaB JOCTYILY 10 OKPEMHX BEPCii.

EdgeDB peanisye xonnenuito noct-SQL 1 moeanye pensuidHy Moaens 3 00’ €KTHO-Opi€HTOBAaHUMH ITiAXO0-
JaMu 1o omucy AaHux. CHCTeMa BUPI3HSETHCS MOXJIIMBICTIO JEKIAPATUBHOTO MPOEKTYBAHHS CKIATHHUX CTPYK-
TYp i3 WiTKAM BH3HAUCHHSM THIIB, aBTOMAaTUYHUM TeHepyBaHHsM APl Ta KOHTPOJIBOBAHUM JOCTYIIOM JIO JaHHX
[14, c. 2010]. Be3meka nocsAraeThes 32 paXyHOK THUITI30BAHOCTI, KOHTPOITIO 3aITUTiB, 0OMEKEHHS Ha JOCTYII JI0 TIOJIiB
1 peaizalii mpaBuJI aBTOPU3AILi.

V3arajibHeHHsSI apxIiTEeKTypHUX 1 (yHKIiOHaIbHUX xapaktepucTHk posmisHytux CKBJl npencrasieHo
B TaOnuIi 1, Mo 103BOJsE 3AIMCHATH MOPIBHIBHAN aHaJi3 TXHIX MOKIIMBOCTEH 3 OIISAAY HA THIT MOJENTI JaHUX,
0COOITMBOCTI apXiTEKTypH, peallizallifo MEXaHi3MiB 3aXUCTY JOCTYITY, cepy 3aCTOCYBaHHS Ta KIFOYOBI (QYHKITIO-
HaJIbHI IepeBaru. AHaji3 MOPIBHSUIBHUX XapaKTEPUCTHK CBITIUTH PO Te, 0 CYYaCHi CHCTEMH KePyBaHHS 0a3zaMu
JIAaHHUX, OPIEHTOBAHI Ha serverless- Ta edge-apXiTeKTypH, IEMOHCTPYIOTh BUCOKY THYYKICTh Yy peaiisaiii Mojaesei
JTaHUX, MacIITA0OBAaHOCTI Ta OE3IEKH.

Tabmung 1
HopiBusiibHa xapakTepucTuka cyyacHux CKB/ 3 ninTpumkoro serverless Ta edge-o0unciieHb
CKBJ Tun mopeJi ApxiTekTypa Be3neka nocrymy Opienranis OcobauBocTi
SurrealDB Ipagosa + Edge-ready qu’ . Real-time, IoT SQL-noni6a MoBa,
JOKyMEHTHA aprentuixanis, ACL MYJIBTUMOJIENIBHICTb
Xata Z[OKquiiTo- Serverless RBAC, i3onmauis Be63acrocyHku, IIpocrora inTerpanii,
pensiiitna CepeIOBUIILL JAMstack CXEMH, OLYK
Key-value s .. Mobile, geo- Jlerka Bara, edge-
Turso (1ibSQL) Edge-distributed | Toxenwu, perutikaris distributed pO3TOpTAHHS
Pensuiina Self-hosted/ KonTpois 3wmiH, CrinpHa poborta, Git-monibna Mozmens
Dolt + KOHTPOJTb . . .
- serverless icTopisi, mpaBa aHaJTHKa KepyBaHHs
Bepciit
EdgeDB 06 CKIHO Serverless Tumizauis, npasuia Web, API-driven HOCT_SQL.’
pensiiiHa JIOCTYIY JICKJIapaTUBHICTh
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SurrealDB i EdgeDB Bupi3HAI0ThCA MIATPHUMKOIO CKJIAJHUX CTPYKTYpP AAHHX i3 MOXJIUBICTIO THUIII30BaHOTO
JOCTYIly Ta IHTETPOBaHUX MEXaHI3MiB aBTOPU3AIlii, 1[0 CHpHsie MOOYA0BI CUCTEM 3 MiJBHUIICHUM PIBHEM KepOBa-
HocTi. Xata Ta Turso okycyroTbca Ha MIBUAKIHM iHTErpauii 3 XMapHOI iHPPaCTPyKTyporo Ta edge-0ToueHHIMH,
HAJar04y IPOCTi y BUKOPUCTaHH1 iHTepdeiicu Ui yrpaBliHHSA JOCTYIIOM 1 MaclITabyBaHHs, 10 POOUTH iX MpUaaT-
HUMH JUTA peatizalii Be03acTOCYHKIB Ta MOOLTEHUX CepBiciB. Y cBOIO uepry, Dolt mpomoHye yHiKaIbHy KOHIIETILII0
KOHTPOJIIO BEpPCii JaHMX, [0 BIAKPHUBAE HOBI MOXKJIMBOCTI JJIs peatizailii 0e3rneyHoi KoMaHaHOT poOOTH Ta aHaJi-
THKH 31 30epeKeHHAM 1CTOpIi 3MiH.

[Torpu BUCcOKy QyHKITIOHATBHICTH po3mISHYTHX CKB/I, akTyalbHUME 3aJIMIIAI0THECS TUTaHHS (QopMarizamii
€IMHUX MiIXOIB 0 PO3MEKYBaHHS IPaB JOCTYIY Y MYIBTHMOICIBHIAX CTPYKTYypax, 3a0e3nedeHHs] HaCKpPi3HOTO
mm@pyBaHHS Ha PiBHI OKPEMHX 3aIIMTIiB, a TAKOXX CTBOPEHHS THUIOBUX PIIlIEHb IS aBTOMATH30BAaHOTO KOHTPOIIIO
[UTICHOCTI JJAaHKUX Yy PO3NOALUIEHHX 1 riOpuaHux cepenopumax. i acnekTr noTpeOyoTh MOAaIBIIOTO AOCHTIIKSHHS
3 ypaxyBaHHAM clienU(iky MOOYyI0BU CydacHHUX iH(OPMAIIMHUX CHCTEM.

He3sBakatoun Ha YUCIIEHH] MTepeBark PO3MISIHYTHX CUCTEM, ITOMTUONEHHH aHalli3 IXHbOT apXiTEeKTypH BUSIBIISE
HU3KY OOMEKEHb | TEXHIYHMX BUKJIHKIB, [0 MOXKYTh MaTH KPUTHYHE 3HAYCHHS P BIIPOBAHKCHHI B PO3NOALICHUX
cepeZoBUIIAX 3 MiIBULLIEHUMH BUMOTaMHU A0 Oe3MeKH, 1iJIiCHOCTI Ta Oe3nepepBHOCTI 00poOku nanux [15, c. 293].

VY cucremi Surreal DB 0CHOBHUM BHKIIMKOM € 0OMEXEHa 3pLIiCTh peaiizamii BOyIOBaHUX 3acO0IB 3aXUCTY.
Hespaxkaroun Ha MATPUMKY MEXaHi3MiB aBTEHTH(DIKallii Ta pO3MEXyBaHHS IOCTYIY, BIICYTHICTh MOBHOIIIHHOI
Oararo(akTopHOI aBTOpH3allii, AeTadbHOI KOH(QIrypallii mpaB Ha piBHI aTpUOYyTIB 00 €KTIB 1 IEHTPATI30BaAHOTO
JKYpHAITIOBaHHS T YCKIIaIHIOE ii BHKOPUCTAHHS B YMOBAX, 1110 Niepea0adaroTh BUCOKHN PiBEHb aylIHUTy Ta BiJIO-
BitHOCTI cTaHmapTaM. KpiMm Toro, BiICyTHICTh (pOpMali3oBaHOT MOZIeIli KOHCUCTEHTHOCTI B YMOBaX IMapalieIbHOTO
JOCTYIy 10 TpaOBUX CTPYKTYP JaHUX CTBOPIOE PU3UKU KOH(IIIKTIB MTPH OJJHOYACHOMY OHOBJICHHI.

Xata, 3Baxkarouu Ha CBOIO cloud-native apxiTeKTypy, IEMOHCTPY€E OOMEXEeHY KOHTPOJIBOBaHICTh 3 OOKY KiHIIe-
BOT0 KOPHUCTYBaya I[O/I0 HAJAIITYBAHHS CEPEIOBHUIN OE3MEKH, OCKUIBKY 3HAYHA YaCTHHA 1H(GPACTPYKTYPHU MIPUXO-
BaHa 3a serverless-a0ctpakiuisimu. Lle oOMexxye MOXKIMBOCTI iHTerpallii 3 iCHYIOUMMHU CHCTeMaMH aBTeHTU(DiKallii Ta
MOJIITUKaMH Oe3MeKH MiAnpueMcTBa. TakoX Ciifl 3a3HAUYUTH BiJCYTHICTh MiITPUMKH MOBHOLIHHOTO MHU(PYyBaHHS
Ha PIBHI OKPEMHUX 3aMUTiB a00 MOMITHK MIH(PYBaHHS HA PiBHI KOJIOHOK, IO € KPUTHYHO BXIUBUM Yy cdepi 30epi-
TaHHS MIEPCOHANBHUX 200 (PIHAHCOBHX JaHUX.

Turso, sik JierkoBaroBa 0a3a 3 opieHTaIlier0 Ha edge-cepeoBHIIa, 3a0e3edye MBUAKY TOCTaBKYy i 00poOKy
JIAaHHX, OJTHAK ii CIpoIeHa MOJIENb JOCTYITy 4epe3 TOKCHH Mae 0OMeXeHY THYYKICTh B aIMIHICTpYBaHHI CKJIaJ-
HUX iepapXiii paB. Perutikaitis Mixk iHCTaHITISIMH He 3a0e31euye TapaHTiidi CTPOroi KOHCUCTEHTHOCTI, 110 YHEMOX-
nusiioe Bukopuctanus 1iel CKB/l y 3amagax, ne BaJIMBa y3rOKEHICTh OHOBJIEHB, HAPUKIAML, y (iHAHCOBUX
cucremax. Takox BifCyTHICTH BOyOBaHHMX 3ac00iB aHaNi3y aHOMAJIill UM ayUTy YCKJIaTHIOE KOHTPOJIb HOCTYILY
B peajbHOMY 4Yaci.

V¥ Bumnazaky Dolt ToJ0BHIM HEJOIIKOM € BUCOKI OOUHCITIOBAIBHI BUTPATU HA omepanii 371uTTS (merge) mpu
BEJIMKiH KiJIBKOCTI NapajelbHUX T1I0K ab0 CKIaaHii icTopii 3miH. Uepes Lie cuctemMa BTpadya€e MPOAYKTUBHICTD MIPH
po0OTi B pekMMi BUCOKOHaBaHTaXKEHUX TpaH3aKUiIHHUX crucTeM. KpiM Toro, MexaHi3M KOHTPOJIIO BEPCiii Ma€ HU3b-
KHH piBeHb a0CTpaKIIii 3aXUCTY — X04a iCTOpist 3MiH 30epiraeThcs, BOHA HE 3aXHUIIeHa BiJ Moaudikaiii 6e3 30BHIMI-
HIX 3aC001B MMEPEBIPKHU, TAKKX SIK [HU(POBI MiANMKHCH Yn OlOKUeHH-HOTapiaT. BincyTHICTh TOHKOT KOH(Irypaiii mpas
JIOCTYITY IO OKPEMHX BEPCiil UM TiJIOK TaKOX 3HWXKYE PIBEHb THYYKOCTI 3 OISy 3aXUCTy iH(popMaIlii.

EdgeDB, momipu CBOIO THITI30BaHy CTPYKTYPY Ta ACKIApaTHBHY MOJEIH TaHUX, CTHKAETHCS 3 0OMEKEHHIMHI
B pealtizallii CKIIaJHIX CXeM PO3MEKYBaHHS JOCTYITY, 30KpeMa y BUTIaJIKaxX, KOJIH MoTpiOHa TWHAMIYHA 3MiHA TIOJTi-
THK Ha OCHOBI IIOBEIIHKOBHX (DAaKTOPiB. Y CHUCTEMI TaKoXK OpaKye THyUKHUX MEXaHi3MiB IU(PPYBaHHA 3 MiATPUMKOIO
arapaTHOro MPHUCKOPEHHSI a00 POOOTH 3 PO3MOAIICHUMH KIIFO4aMH. Y BHIIAJKaX TIMOOKO BKIIAJCHUX 00 €KTHHX
CTPYKTYP CKJIQJIHICTh YIPaBIiHHA T03BOJIAMH MOXKE MIPU3BOAMTH JI0 MOPYIIEHHS MPUHIUITIB HAMEHIINX MTPUB1IIEIB
a00 710 TOMUIIOK Y IPOEKTYBAaHHI O€3MEYHOI CXEMH AOCTYILY.

Yci 3a3HaueHi 0OMeXKeHHsI CBiIYaTh MpO HASBHICTb aKTyaJlbHUX 3aJlad, 10 NOTPeOyIOTh MOAAJIBIIOrO JOCi-
moxenHs. g ¢dopmanizauii Ta mopiBHAHHSA piBHA 3axuieHocTi Takux CKB/] nouinsHuM € noOynoBa y3arajlbHEHOT
MOJIEIi OLIHIOBaHHS €(pEeKTUBHOCTI CHCTEM Y KOHTEKCTI KpUTHYHHX HapaMeTpiB Oe3neku. Hexaii cucrema S xapak-
TEPU3YETHCS MHOXHUHOIO MapamerpiB P = { DisPaseees Pn} , JIe KO)KeH IapaMeTp OMHUCYE OKPEeMHH acleKT Oe3meku
(HampuKiIad, p, — NiATpUMKaA WH(pPyBaHHA, p, — piBEeHb PO3MEXYBaHHS JOCTYIy, p, — KOHTPOJIb 3MiH, TOLIO).
Jns KoxKHOI cucTeMu S; BU3HAYAETLCA BEKTOP Oe3MekH v, = (V;,V,y,...,V,,) ,  3arajbHa e(peKTUBHICTE MOXe OyTH
OLIIHEHA 32 JJONIOMOTOK0 3BAXKEHOT HOPMU:

E(S[):ij v,
=

e w; € [0,1] — KoeillieHTH BaroMocTi MapameTpiB Oe3NekH BiAMOBIIHO 10 3ajadvi. 3aCTOCYBaHHSA Takol
MoJieNi 103Bodisie KibKicHo nopiBHOBaTH CKBJ[ Mixk co0010 y BU3HAYEHOMY KOHTEKCTi (HAIIPHUKIAM, JJIS CUCTEM
3 MiJIBUILEHOIO BiJIMOBIIATIbHICTIO, IEPCOHATBHUMH JaHUMH 200 PO3MOIiIIEHUM O0UYHCICHHAM Ha nepudepii).

AHauni3 HasBHUX OOMEXEHb J03BOJIE€ OKPECIUTH BUMOTHU J0 apXiTEeKTypHu Oe3MeyHOi CUCTEeMH KepyBaHHS
0azaMu 1aHuX, opieHTOBaHOI Ha edge-o0uncnenHs [ 16, c. 65]. Taka cucteMa Mae 3a0e3MeUyBaTH ACHCHTPATi30BaHy
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00poOKy 3amuTiB, aJaTUBHE MacIITa0yBaHHS, HACKPI3HUI 3aXHCT JAAHUX Ta CTIMKICTh 0 BTPAaT 3B’A3KYy 3 IICH-
TPalbHUMH By3/TaMH. Ii apx1Te1<Typa MOBHMHHA MiATPUMYBATHU i30160BaHy 00poOKy Ha mepudepiiHuX By3nax, CHH-
XPOHI3AIiI0 31 CXOBHUIIIEM Yy XMapi, THyYKe PO3MEKYBAHH JJOCTYIy Ta aBTOMaTH30BaHUIA ay/InT.

dopmanizyroun apXiTeKTypHY MOJIENb, MOXKHA BU3HAYUTH TaKi OCHOBHI KOMIIOHEHTH:

1. Kimienrcekuit piBens (Client Tier) — BkiIrodae MOOLTBHI, Opay3epHi a00 BOyHOBaHI MPHCTPOI KOPHCTY-
Baya, [0 B3aEMOJIIIOTH 13 JIoKaIbHUM edge-By3noM uepe3 3axuiieHi API (HTTPS, gRPC). JlocTyn KOHTPOTIOEThCS
3a JIOTMIOMOTOI0 TOKEHIB a00 CepTH(IKaTiB, 3 ypaxyBaHHIM KOHTEKCTY (T€0JIOKAIlis, THIT MPUCTPOIO, MOBEIIHKOBI
TaTepHH).

2. Edge-By3on (Edge Node) — aBToHOMHU# 0OYHCITIOBAILHUI KOMIIOHEHT, PO3MIIICHUI OIVDKYe IO JKepe
naHux. 3abesnedye JIOKaJbHE 30epiraHHs Ta oOpoOKy 3amuTiB, peasizye MeXaHi3MH KeIyBaHHS, BasliAalii, po3-
MEXyBaHHs JIOCTYIy Ta HM(pyBaHHS. Y pasi BTpaTu 3B’SI3KYy 3 HEHTPAJIBHUM CXOBHIIEM MOXe (DYHKIIOHYBaTH
y BIIKITIOYEHOMY PEXHUMI 3 OAATIBIIO CHHXPOHI3AIII€lO0.

3. Menemxkep nomituk goctymy (Access Policy Engine) — Momynb, skuif 00CIIyroBye 3alUTH aBTOpH3aLil
Ha ocHOBI1 arpubyTuBHOi a60 poseiinoi moaeni (ABAC/RBAC). Ilintpumye koH}iryparito ITMHAMIYHUX MOJIITHK
JOCTYIY, 3 ypaxXyBaHHSM PiBHS YyTJIHBOCTI JaHUX Ta MOTOYHOTO KOHTEKCTY.

4. Kypuanoue cxouie (Audit & Logging Service) — ciryx0a, mo akyMmyInoe iH(GopMaIiro Ipo Bci momii
JOCTYILY, 3allATH, OHOBJICHHSI Ta Jii KOpUCTYBadiB. J[aHi »ypHATIOBaHHS CHHXPOHI3YIOTHCS 3 IEHTPAIBHOIO CHCTE-
MO0 03 BTpaTH 3alliCiB, HaBITh y pa3i HeCTaOUILHOTO 3’ € THAHHSL.

5. LleHTpasnbHe CXOBHIIE (Cloud Storage Core) — peno3m0pm SIKW 30epirae MOBHI pe3epBHi KOIii, arpero-
BaHy aHaJIlTI/IKy, iCTOpiIO 3MiH 1 BUKOHY€E IEPioANYHy CHHXpOHi3alio 3 edge-By3namu. Peanizye momitaku 36epi-
TaHHS, PEILTIKaIlil Ta perIaMEHTOBAHOTO AOCTYILY.

6. Ciryx0a xepyBanHs kiarodamu (KMS) — Momyins, o 3abe3nedye muppyBaHHsS JaHUX SIK Y CTaHi CHOKOIO,
Tak 1 mpu nepegadi. Kitodi 30epirarorbes B anapataux cxoBuinax (HSM) abo mporpamuo po3aisieHi 3a reorpadid-
HOIO O3HAKOIO.

B3aemonis OCHOBHUX KOMIIOHEHTIB 0€311e4HO01 CHCTEeMHU KepyBaHHs 0a3aMu JaHHUX, Opi€EHTOBaHOI Ha edge-00-
YHCJICHHS, IPEICTABIICHA Y BUIVII y3araJbHEHOI apXiTeKTypHOI MOJIENi Ha puc. 1.

KnicHTcukwi piaeHi

|
L)

Edge-syaon
, |
'1‘ ¥ ¥ 'L 'L ¥ ¥
e Kew Moy Noxanske Manesep Mogynb LieHTpansHe
noniTHK QocTyYny sanipayii CHOBMLLE CHHXpoH3auii wwpyBaHHA XMBPHE CHOBMWE
v
CnymbGa
- mrpr::bm syl
xanuie KNoqamu

Puc. 1. Apxitekrypa 6e3neunoi edge-opientoBanoi CKbJ]

Omnucana apxiTeKTypa JO3BOJISIE 3a0€3MeUNTH OallaHC Mi’K IPOIYKTHBHICTIO Ta OE3MEeKO0, XapaKTepHUH IS
KPUTUYHUX PO3MOMIJICHUX CHCTEM. JelleHTpaTi30BaHIiCTh 00POOKH, MiATPUMKA JOKAJIBHOTO JOCTYITY, THYYKE PO3-
MEXKYBaHHS TIpaB i )XypHAIIOBAHHS CTBOPIOIOTH OCHOBY JUIsl TIOOYAOBU CTiMKMX 110 300iB 1 arak 0a3 MaHUX, SKi
BIAMOBIIAIOTh CYyYaCHUM BHMOTaM IIOJO 3aXUCTy iH(popmarii. [lami KomiapHO PO3IISHYTH, SIK OCOOMUBOCTI i€l
apxiTeKTypu BIUTUBAIOTh HA CTIHKICTH JI0 3arpo3, Ta chopMyBaTd (popMaabHy MOJENb AT OLIIHKY PU3HKIB, Xapak-
TEPHUX JUIA KOXKHOTO 3 KOMIIOHEHTIB CUCTEMHU.

Omuinka pU3UKiB B apXiTekTypi Oe3neyHoi edge-opi€HTOBaHOT cUCTEMH KepyBaHHs 0a3aMu IaHUX MOTpedye
(hopMaTi30BaHOTO MiAXOMy, IO JO3BOJSE BPAaXOBYBaTH BIUIMB 30BHIMIHIX 3arpo3, BHYTPILIHIX BPa3IHBOCTEH Ta
00MEXEeHb, OB’ 3aHUX 3 OOYHCITIOBATEHUMH Ta MEPEKEBUMH PeCcypcaMi. 3 Ii€l0 METO JOIUIFHO BHKOPHCTO-
BYBaTH y3arajbHEHY MOJIEIb, B SIKiil piBeHb PH3UKY UL IIEBHOTO KOMIIOHCHTA CHCTEMH BH3HAYAETHCS HA OCHOBI
HWMOBIPHOCTI peatizailii 3arpo3u, CTYIIEHS BPa3JIHBOCTI eJIEMEHTa Ta KPUTUIHOCTI MMOTSHITIHHIX HACII/IKIB.

Hexaif apxiTekTypa CHCTEMH CKIaJa€ThCS 3 MHOXHHN KOMITOHEHTiB C = {cl,cz,...,cn} , @ IUTS1 KOOKHOTO KOM-
MOHEHTa ¢, BU3HAYEHO BIIIOBIIHY TPiHKY OIIHOK:

- Te [0,1] — IMOBIpHICTB peaizallii 3arposu;

- Ve [0,1] — CTYIIiHb BPa3JIUBOCTI KOMIOHCHTA;

- I e [0,1] — IHTEHCUBHICTh (KPUTUYHICTB) BILTUBY IPH peaizallii 3arposu.

DopMaIbHUIA PIBEHb PU3HUKY AJIs1 KOKHOTO KOMIIOHEHTa BU3HAYA€ETHCS SK:
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3araibHUN PU3KMK CUCTEMHU MOKHA OIIIHUTH SIK arperoBany QyHKIIIO:

n
Rtoral = za’i : Ri
i=1

Je o, — BaroBWil KOe(iIlieHT I KOXKHOTO KOMIOHEHTA, KM BpPaxoBye HOTO 3HAYYINICTH JUI CHCTEMH
B 1TiToMy (Hampukita, s edge-By3ima abo KMS 11i 3HaueHHS MOXYTh OyTH BUIIUMU, HIXK JIJISl KITIEHTCHKOTO PiBHS).

JIJ1s IpakTHYHOTO BUKOPUCTAHHS TaKa MOJEIb JIO3BOJISE: — I/ICHTU(IKYBaTH KPUTHYHI TOUKH, Y SIKUX PH3UKU
MEPEBUILYIOTh JOMYCTHMI TOPOTOBi 3HAYEHHS; — OOIPYHTOBAHO MEPEPO3NOAIIITH PeCypcH Oe3MEeKH MK KOMITO-
HEHTaMH; — [IOPiBHIOBATH Pi3HI BapiaHTH apXiTEKTYpPHUX PILICHb IOJ0 IXHBOI CTIHKOCTI J0 3arpos.

VY nporieci aHalizy e(eKTUBHOCTI apXiTeKTypHUX MiJXOiB BUSBICHO KiJIbKa MIPUHIIUIIIB, SIKi IEMOHCTPYIOTh
HaMKpaIllli pe3ylbTaTH B KPUTHYHHUX PO3MOIIICHUX CUCTEMAX:

1. [30ms1ist piBHIB 00poOKH. Po3aineHHs: oOuMCiIeHb MiX KIIEHTCHKUM, edge- Ta XMapHUM PiBHSMH 3 HiTKO
BH3HAYCHUMH iHTepdericaMu B3aeMOJil JO3BOJISE MiHIMI3yBaTH HACTIJKH YCIIIIHOT aTakKd Ha OKPEMHUH piBCHb,
JIOKaJTi3yr04H 11 BILTHB.

2. Jlokamizamis TOCTymy 10 JaHux. 30epiranas Ta 00poOKa JaHuX Ha edge-By3i1ax 3 epioqUIHOK CHHXPOHI-
3alli€lo0 3 IEHTPAJIbHUM CXOBUINEM 3a0e31edye 3MeHIIIEHHsI 00CATY NepeAaHnX KOH(DINSHIIIHHNX JaHuX, 0 3HIKYE
PHU3UKH TIEPEXOIJICHHS Ta HECAHKIIIOHOBAHOTO JIOCTYITY Tij Yac mepeaadi.

3. BpoBajKeHHS TOJNITHK IOCTyry Ha ocHOBi aTpuOyTiB (ABAC). Ilizxix 10 AWHAMIYHOTO KOHTPOJIIO
JOCTYITY, IKUH BPaXxOBYy€ KOHTEKCT 3aIUTy, POJIb KOPUCTYBaua, TeOJIOKAIIF0, IPUCTPIN 1 MOTOYHUNA CTaH CHCTEMH,
Jla€ 3MOTY OUTBII TOYHO BU3HAYATH JO3BOJICH Jii Ta MiBUIIYBaTH aaNTHBHICTH CUCTEMH JI0 3arpo3.

4. Hackpizne mudpyBanns. 3abesnedeHHs mMupyBaHHs JaHUX SK i yac 30epiranus (at rest), Tak i mijJ yac
nepenadi (in transit), i3 BAKOPUCTAHHIM HE3aJICKHOI CIyk0M kepyBanHs kimtouamu (KMS), no3sonse norpumyBa-
TUCh BUMOT O€3IEeKH HaBiTh y pa3i KOMIIPOMETalii OKPEeMHUX BY3JiB.

5. XXypHamoBaHHS Ta ayAuT y pealbHOMY Yaci. 3ampoBaKEHHs PO3MOIUICHIX MEXaHI3MIB JKypHATIOBAHHS
TOAIH 3 TAPaHTOBAHOIO JTOCTABKOIO IO IICHTPAIBHOI CHCTEMH ayIUTy JO3BOJISIE CBOEYACHO BUSBILITH aHOMAJTil, aHa-
JIi3yBaTH CIPOOH HECAHKIIIOHOBAHOTO JIOCTYITY Ta IMiIBHUIIYBAaTH 3arajibHy CTIHKICTh CHCTEMH JIO BHYTPIIIHIX 3arpo3.

3acTocyBaHHS ONHMCAHWX IMIIXOIIB Y PaMKax 3alpOIOHOBAHOI apXiTEKTypU JO3BOJISE MiJBHIIUTH PIBCHb
iHpOpMamiiHOi Oe3reku 6e3 iICTOTHOTO 3HIKCHHS IPOAYKTHBHOCTI a00 yckiIamgHeHHs MacuTaOyBanHsa. CaMe KoM-
OiHAIlis ACICHTPAJII30BaHOTO 30epiraHHs, AMHAMIYHOTO YIPABIIHHS JOCTYIIOM i HACKPI3HOTO KOHTPOJIO HA PiBHI
KOYKHOTO KOMITOHEHTA € BU3HAYAIBHOIO JIJIsI 3a0€e3MeueHHs CTIHKOCTI JI0 3arpo3 y CyYaCHUX KPUTHYHUX PO3IOJIiIe-
HUX CUCTEMax.

BucHoBkM. Y X0i TOCHiPKEHHS MTPOAHANII30BaHO apXiTeKTYpHi Ta (PyHKIIOHAJIbHI OCOOMUBOCTI Cy4acHUX
CUCTEM KepyBaHHA 0a3aMM JaHMX, 30CepeKeHUX Ha MiATpuML serverless- Ta edge-obuncnens. Po3misHyTO akTy-
anpHi CKB/l HOBOTO mokominHsA — SurrealDB, Xata, Turso, Dolt Ta EdgeDB — 3 mo3wuriii ixHboi 31aTHOCTI 3a0e3-
MeYyBaTH 3aXKCT JaHUX Y PO3MOAUICHUX CepeloBHUINaX. BCTaHOBICHO, IO 1 CHCTEMH MPOIOHYIOTH 1HHOBAIIHHI
TIXOH IO 0OPOOKH 3aIUTIB, 30epiraHHs JaHUX Ta KOHTPOJO AOCTYITY, OTHAK MalOTh ITIEBHI OOMEXEHHS, OB’ 3aHi
3 KOH(]Irypariier moiiTHK Oe3MeKH, M ATPUMKOI0 MU(PPYBaHHS Ta ayITUTOM i KOPUCTYBaUiB.

Ha ocHOBI mipoBeneHOro aHallizy 3ampolOHOBAaHO y3arajlbHeHY apXiTeKTypy OesmnedHoi edge-opieHToBaHOT
CKB/], sixa mepenbavae iHTErpaIito JOKaJlIbHOI 00OpOOKHM JaHWX, THYYKOTO YIPAaBIiHHSA JOCTYIOM, HACKPI3HOTO
mm@pyBaHHS Ta IEHTPaAIi30BaHOTO XKypHaoBaHHA. [1o6ynoBano GopmansHy MOIENb OMIHKK PU3MKIB JUIS TAaKUX
CHCTEM, III0 JI03BOJISIE KITbKICHO OLIHUTHU BIUIMB ITOTCHIIHHUX 3arp03 HA KOXKEH CTPYKTYPHHUM KOMIIOHEHT.

ChopMyap0BaHO KITIOUOBI apXiTEKTYpHI 3aXMCHI MiIXOMHU, MOETHAHHA SKUX € MOUIIBHUM Ui MOOYyI0BH
CY4YacHHUX 3aXMIIEHUX iH(OpPMAaLiHHUX CUCTEM 3 BUCOKHUMHU BUMOTaMH J0 HAAIMHOCTI, MaclITa0OBaHOCTI Ta CTiii-
KOCTI JI0 30BHIILIHIX 1 BHYTPILIHIX 3arpos.

PesynbraTi ocmimKeHHS MOXKYTh OyTH BUKOPHCTaHI K OCHOBA JJIS OAANBIIOTO BIOCKOHAICHHS IMiIXO/IB
1o 3axucty Aanux y HoBiTHIX CKB/I, 30kpeMa npu mpoekTyBaHHi miatdopm i [oT, Meauumau, (hiHAHCOBUX CHUC-
TEM 1 KpUTHYHOT iHQpaCTPYKTYypH.
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PERSPECTIVES OF BLOCKCHAIN TECHNOLOGY IN BUSINESS AND MANAGEMENT:
ADVANTAGES AND CHALLENGES

Blockchain is a decentralized and distributed digital ledger technology that records transactions across multiple
computers. The key idea is that once information is recorded on a blockchain, it is extremely difficult to alter or tamper with
because each block in the chain contains a cryptographic hash of the previous block, a timestamp, and transaction data. This
creates a secure, transparent, and immutable system. In this paper, we review the key features of blockchain and examples
of its particular application in business and management. In Ukraine, while blockchain technology has a huge potential to
change many business sectors, providing security, transparency and efficiency of processes, it is necessary to solve the issues
of scalability, regulatory barriers, as well as optimize energy consumption for full implementation. The future of blockchain in
business and management looks promising, especially given the opportunities offered by smart contracts, decentralized finance,
and asset tokenization. The today s leading trend is energy trading whose blockchains have been increasingly used to record and
publish local and regional electricity market data. This is believed to produce a significant impact on establishing and solidifying
transparency of pricing and investing in energy sector. Solving current problems will allow blockchain technology to become
the main tool for creating transparent and reliable business processes. However, scalability still remains the most serious and
pressing problem in blockchain implementation. While significant advancements are being made to address it, the unsolved
balance between scalability, security, and decentralization (the blockchain trilemma) presents ongoing technical, economic, and
environmental challenges.

Key words: blockchain, business, management, smart contracts, tokenization of assets, decentralized finance.

Mepinoea C. B., Pomaniok B. B. Ilepcnekmueu mexnonozii 6nokuein y 6i3neci ma meHneoycmenmi: nepesazu ma
GUKTUKU

Bnoxueiin — ye deyenmpanizogana ma po3nooinena mexmonozis yugpoeoi kHuel, AKa 3anucye mpaH3akyii Ha KilbKox
komn tomepax. Kniouosa ides nonseac 6 momy, wo xoau iH@opmayito 3anucano 6 OA0KuellH, ii HA036UUAIIHO BANCKO IMIHUMU
abo niopodumu, OCKibKu KOXCeH 00K Y TAHYIOHCKY MICMUMb KpUNmozpaghiunull xeut nonepedHbo2o 610Ky, MImKy uacy ma
Oani mpanzaxyii. Lle cmeopioe be3neuny, npo3opy ma HesminHy cucmemy. Y yitl cmammi Mu po3enadaemo Kuouo8i 0coonugocmi
Onoxueliny ma npukiaou tio2o KOHKpemHo20 3acmocyeants 6 bisneci ma ynpasninmi. B Yipaini, xoua mexnonoeis 6noxyeiin mae
senuyesHUll nomenyian sMinumu bazamo cekmopie Oizxecy, 3a0e3neuyiouu He3nexy, npo3opicmy ma egheKmusHICMmb nPoyecis,
0718 NOBHOYIHHO20 BNPOBAOIICEHHS HEOOXIOHO SUDIMWIUMU NUMAHHA MACUUMAOOBAHOCHI, pe2yIamopHux 6ap’epis, a maxooc
onmumizysamu enepeocnodxcueanus. Matibymue Onoxuelny @ OisHeci ma YnpaeniHHi uenaoac 6azamoodiysouum, 0coonuso
BDAXOBYIOYU MOHCIUBOCINI, SKI NPONOHYIOMb CMAPM-KOHMPAKIMUY, OeyeHmpanizosane (HiHAHCY8aHHA Ma MOKEHI3aAYis aKMUeIs.
1Ipogionoi0 meHdeHyier cb0200Hi € MOp2iens eHepeicto, OIOKYelHY AKOI 6ce uacmiuie BUKOPUCIOBYIOMbCA 0Nl 3aNuUcy ma
nyonikayii danux Micyeso2o0 ma peciOHANLHO20 PUHKY eneKkmpoeHepeii. Beajxcacmucs, wjo ye mamume 3HAUHUL 6NIUE HA
BCMAHOBNIEHHS A 3MIYHEHHS. NPO30POCTI YIHOYMBOPEHHA MA IHEECY8AHHS 8 eHepeemUyHULl CeKMop. BupiuienHs akmyanbHux
npobiem 003601uMb MEXHONO02TT ONOKUEliH CIAmu 0CHOBHUM IHCIMPYMEHMOM CIMBOPEeHHs NPO30puX i HadilHuX bi3Hec-npoyecis.
Oonax macumabo8anicmsy 6ce e 3anuMacmscsl Haliceplio3HiOoI0 Ma aKmyanbHoI0 NPoOIeMOI0 8NPOBAOIICEHHS OIOKUElHA.
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Hessaoicarouu Ha 3nayni ycnixu, wob eupiwumu yio npobremy, Hesupiwienuii 6ananc mixc macwimabdosanicmio, 6e3nexoro ma
Oeyenmpanizayieio (mpuiema O10KuetiHy) CMopioe NOCMIHI MeXHIYHI, eKOHOMIUHI Ma eKoNo2iuHi npodeMu.

KitouoBi cnoBa: 6nokueiin, 6isnec, MeHeONCMeHM, CMAPM-KOHMPAKMY, MOKeHI3ayis aKmuegis, OeyeHmpanizoeami
ginancu.

Problem statement. Blockchain technology is one of the most revolutionary innovations of contemporary
era, which has the potential to fundamentally change the approach to doing business in various industries [1]. The
ability of blockchain technology to provide transparency, security, and decentralization of processes makes this
technology indispensable in areas such as finance, logistics, healthcare, and commerce [2]. In today’s business envi-
ronment, where digitization is becoming a key factor in competitiveness, blockchain is a tool that can considerably
improve efficiency and significantly reduce fraud risks [3].

Despite its great potential, blockchain technology faces several unsolved challenges [4]. Blockchain systems
often have limited bandwidth, which makes them difficult to deploy on a large scale. Insufficient legal regulation
and legal uncertainty in many countries limit the implementation of blockchain in business processes. The technol-
ogy, especially in Proof-of-Work algorithms, consumes significant amounts of energy, which raises environmental
and economic issues. Implementing blockchain solutions into existing systems is often technically complex and
requires significant investment.

Implementing a blockchain requires specific equipment and computational resources depending on the type of
blockchain (public, private, or consortium) and its intended use (e. g., cryptocurrency, smart contracts, supply chain
management). The essential equipment and computational resources needed are nodes, mining equipment, block-
chain client software and platforms, cloud-based solutions, networking infrastructure, power and cooling, block-
chain developers and engineers, system administrators, network engineers, and security experts [1], [2]. Implement-
ing a blockchain involves a combination of computing hardware (nodes, storage, processors), software (blockchain
clients, smart contract platforms), networking equipment, and significant power and cooling resources. The choice
of equipment and resources depends on whether the blockchain is public (requiring more decentralized and secure
setups) or private/consortium (where the setup can be more centralized and managed).

State-of-the-art motivation and purpose. As in many countries, the study of blockchain technology is a top-
ical field of computer science in Ukraine. Many scientists from various scientific institutions and fields are engaged
in this topic, attempting to cover a specific domain of knowledge in building distributed ledgers with growing lists
of records that are securely linked together via cryptographic hashes. As of 2024, there are a lot of open questions
still being studied. Among them: the use of blockchain in economics and financial technologies [5], the implemen-
tation of blockchain in business processes and decentralized financial systems [6], data security and algorithms for
decentralized networks [7], the use of blockchain in public administration [8], decentralized financial systems based
on the blockchain [9], the impact of blockchain on digital economies [10], the impact of blockchain on interna-
tional financial systems and smart contracts [11], etc. Many scientists and international research groups are actively
working on the development and improvement of blockchain technology in various fields, including economics,
logistics, finance, and public administration.

The most serious problem in blockchain implementation is the scalability issue. Scalability refers to a block-
chain’s ability to handle a growing number of transactions and nodes without compromising speed, efficiency, or
security. As blockchain networks expand and the number of transactions increases, achieving scalability while main-
taining decentralization and security (the so called blockchain trilemma) becomes a significant challenge [12], [13].

The purpose of this study is to analyze the prospects for the development of blockchain technology in business
and management, to identify the main problems that prevent their full implementation, and to find ways to solve
them. Special attention is paid to the analysis of the impact of blockchain on various business sectors and the possi-
bilities of its application to increase efficiency.

Analysis. Blockchain technology gained wide popularity with the appearance of the first cryptocurrency,
Bitcoin, in 2009. Its creator, known under the pseudonym Satoshi Nakamoto, presented the blockchain as the basis
for a digital currency that does not require the involvement of banks or governments to carry out transactions. This
decentralized approach to data storage and record keeping was a breakthrough in the financial field. In subsequent
years, blockchain began to be actively used in various industries: finance, logistics, health care, and others.

In Ukraine, blockchain technology is at an early stage of implementation, but it has a huge potential for
development in various sectors of the economy. One of the most promising areas for the application of blockchain
is public administration. Thanks to decentralized systems, Ukraine can significantly increase the transparency of
government processes, including land registration, state registers and public procurement. For example, there are
already projects using blockchain for electronic voting, which can reduce the risks of fraud and make the process
more accessible to citizens.

Blockchain has great potential to transform business processes. First of all, this applies to the financial sec-
tor, where blockchain allows you to speed up transactions, reduce fees and increase data security. Smart contracts
are one of the key features of the blockchain, which can automate and simplify transactions, reducing the need for
intermediaries [11].
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The most striking example is cryptocurrencies (Bitcoin, Ethereum). In addition, blockchain is used for interna-
tional transfers, providing instant transactions without intermediaries and reducing fees (for example, the Ripple system).

In logistics, blockchain helps ensure full transparency of supply chains. The technology allows you to track
every step of the movement of goods, which reduces opportunities for counterfeiting and ensures faster and more
efficient delivery. Maersk together with IBM introduced a blockchain platform for tracking container shipments. This
made it possible to automate the accounting of goods and significantly increase the transparency of supply chains.

In healthcare, blockchain can be used to ensure the safety and security of patient medical data. This allows for
the creation of reliable decentralized data storage systems, which reduces the risk of loss or unauthorized access to
information [7].

However, scaling blockchain technology remains a key challenge. To achieve mass adoption, solutions are
needed that will increase the bandwidth of blockchain networks without increasing energy consumption and trans-
action costs.

Blockchain technology is rapidly developing and becoming increasingly attractive to businesses due to their
ability to optimize processes, increase transparency and data security. The main prospects of blockchain are its
applications for transparent transactions, asset management and automation of operations. It is expected that in the
coming years, more and more companies will use blockchain to optimize business processes.

The key aspects of blockchain technology in business and management, their advantages, development pros-
pects and challenges that blockchain implementation may face are presented in Table 1.

Table 1
Prospects of blockchain technology in business and management

Blockchain

Prospects for

Field s Advantages Future challenges
application development
Financial sector |Decentralized Elimination of Development of Scalability, regulation
finance (DeFi), intermediaries, DeFi, integration of
cryptocurrencies, automation of deals, cryptocurrencies into
smart contracts faster transactions traditional systems
Logistics and Supply transparency, | Transparency, resource | Full supply chain Integration into
supply chains | process automation, savings, real-time automation, customer existing systems
product tracking tracking transparency

State services

Electronic registers,

Minimization of

Transparency of state

Legal aspects, legal

transparency of
government processes,
e-voting

corruption risks,
speed of processes,
accessibility

processes, simplification of
bureaucratic procedures

regulation

Healthcare Protection of medical |Protection of personal | Creation of secure Protection of privacy,
data, exchange of data, secure exchange of | platforms for data compatibility of
information between | information exchange between doctors | systems
institutions and patients

Property Tokenization of Transparency of Faster registration, Legal regulation of

registration and | assets, registration of | registration processes, |transparency in the field of |tokenization of assets

accounting ownership increase in liquidity of | real estate and other assets
assets

Industry 4.0 Internet of Things Automation, Use of blockchain for the | Energy efficiency,
(IoT), industrial transparency of development of IoT and scalability of systems
systems production processes industrial automation

Currently in Ukraine, blockchain technology is relevantly used for the following aspects and processes in
business:

1. Smart contracts.

2. Tokenization of assets.

3. Decentralized finance.

Smart contracts are one of the most promising areas of blockchain application. A smart contract is a program
that automatically executes the terms of the agreement when all its conditions are met. This eliminates the need for
intermediaries (such as lawyers or notaries), which reduces the time and costs of concluding transactions.

For example, in real estate, smart contracts can be used to automate sales. In this case, the money is transferred
automatically after fulfilling all the conditions of the agreement, such as proof of ownership and payment. This not
only simplifies the process, but also significantly reduces the risk of fraud.

With the help of this perspective, companies can save up to 10 to 15% of costs that previously went to legal
services and drafting agreements. Automating transactions can reduce the time it takes to execute them from days or
weeks to minutes. Automatic execution of transactions reduces the risk of errors or manipulation.
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The next perspective is tokenization of assets.

Asset tokenization refers to the conversion of real assets (such as real estate, securities, commodities) into
digital tokens on a blockchain platform. This allows assets to become more liquid and traded on digital platforms.

For example, instead of selling an entire building, an owner can issue tokens, each representing a portion of
the property. These tokens can be sold to investors, allowing you to raise capital faster and more efficiently.

Asset owners can quickly sell ownership shares, which increases their liquidity by 20 to 30%. Tokenization
allows you to reduce the costs of IPOs or attracting investments through stock markets by 10 to 20%. With the help
of asset tokenization, companies can attract investors from all over the world.

As for decentralized finance, these are financial instruments that use the blockchain to provide services such
as credits, loans and currency exchange without the need for intermediaries (banks, credit institutions). DeFi allows
users to directly interact with each other through smart contracts.

This significantly reduces the costs of financial services and increases the speed of transactions. For example,
a user can take out a loan on a blockchain platform, where the terms of the loan are regulated by smart contracts,
without the involvement of the bank.

With the help of DeFi platforms, interest rates on loans can be 2 to 5% lower compared to traditional banks.
Blockchain transactions can be carried out instantly, reducing waiting time, allowing transactions to be completed
faster. DeFi opens up financial services to millions of people in the world who do not have access to traditional
banking systems.

Therefore, the introduction of blockchain for business in Ukraine will allow:

1. Implementation of blockchain in public services to increase transparency and reduce bureaucracy.

2. Growth of investments in blockchain startups in the field of financial services, agriculture and IT.

3. Use of smart contracts to automate business processes in large and medium-sized companies.

4. The possibility of blockchain integration in the field of energy for transparent accounting of consumption
and sale of energy resources.

On a global level, blockchain is already impacting industries such as finance, logistics, healthcare and digital
identity. A special part takes game industry (Fig. 1), which is at the top along with financial sector. The latter, never-
theless, is the leader continuing to make significant progress since 2010s. One of the loudest trends in recent years
is the development of decentralized finance (DeFi), which enables users to receive credits, loans and other financial
services without the involvement of traditional banks. Many companies, such as Walmart and Maersk, are already
using blockchain to track the supply of goods in real time, which can reduce losses and increase the transparency of
supply chains [10], [13].

The use of blockchain technology in 2023
30%

25%
20%
15%
10%

5%

0%
Financial sector Logistics and Healthcare Identification and Game industry
supply data security

Fig. 1. Impact of blockchain technology on top-5 industries

Another comprehensive analysis carried out on reviews of the current state of blockchain in business and
management has shown that supply chain models lead. For instance, Fig. 2 presents a word cloud of bigrams in
recent scientific publications devoted to the use of blockchain in business and management. Apart from bigram
“blockchain technology”, whose highly-rated appearance is quite obvious, other frequently appearing bigrams are
“supply chain”, “smart contract(s)” (the Porter stemmer has not been applied here to normalize the words usage),
“chain management”, and “energy trading”. Fields of big data, data management, and access control appear to have

impressive interest from researchers.
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A word cloud of trigrams in the same scientific publications is presented in Fig. 3. Supply chain management
is the leading trigram, but it is not really informative. Food supply chain management is next by its frequency.
Application of a latent Dirichlet allocation model discovers three underlying topics in the collection of scientific
documents, from which common phrases relating to blockchain technology, smart contract, and supply chain man-
agement are deliberately excluded (Fig. 4). This model further supplements the inferences from Fig. 2 and Fig. 3,
where business models and supply chain management with blockchain technology implementation are thoroughly
discussed. The topic with energy trading is dominating (the cloud on the left). Information sharing and hyperledger
fabric have a slightly lower weight (the cloud in the center). It is worth noting that bigram “energy trading” is pres-
ent in both topics with high rates. The third topic is mainly based on business processes and models with big data.
Such results are quite reproducible by dropping up to 50 % of the analyzed scientific texts. The presented visualiza-
tions remain almost the same by adding newly published reviews and original research papers.

It is interesting to remark that mentioning blockchain challenges with using word “challenge” is popular as
well, although word “challenge” does not have frequent usage in bigrams and trigrams. This is particularly explained
with that there are a lot of words associated with word “challenge”, and thus fewer bigrams and trigrams with word
“challenge” have significant frequencies. This means, in fact, that there remain many challenges to overcome.
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Fig. 2. Word cloud of bigrams in recent scientific publications (years 2024 and 2023) devoted to the use
of blockchain in business and management

Another interesting fact is that the blockchain trilemma is mentioned rarely in the recent scientific publications.
This is a complex challenge, tackling which requires adopting advanced computational technologies and resources.
Similarly to cryptocurrency transactions consuming incomparably enormous amounts of electrical energy, finding
an eventual solution to the blockchain trilemma is likely to consume gigantic amounts of electrical energy, as well
as a large number of scientific attempts to substantiate and implement it.
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Fig. 4. Three underlying topics in the recent scientific publications devoted to the use of blockchain
in business and management

Obviously, blockchain is not just a fashionable technology, but a tool capable of fundamentally changing
many sectors of the economy, both in Ukraine and worldwide. Its implementation will contribute to the transparency
of business processes, automation of operations and increased data security. In Ukraine, blockchain can become
an important factor in fighting corruption, developing financial technologies and improving business efficiency.
Another perspective is the use of smart contracting in ensuring local and global safety, whose violations being prop-
erly registered would automatically impose restrictions and fining on violators and their accomplices.

Conclusion. Blockchain technology has a huge potential to change many business sectors, providing security,
transparency and efficiency of processes. However, for their full implementation, it is necessary to solve the issues
of scalability, regulatory barriers, as well as optimize energy consumption. The future of blockchain in business
looks promising, especially given the opportunities offered by smart contracts, decentralized finance, and asset
tokenization. The today’s leading trend is energy trading whose blockchains have been increasingly used to record
and publish local and regional electricity market data. This is believed to produce a significant impact on establish-
ing and solidifying transparency of pricing and investing in energy sector.

Solving current problems will allow blockchain technology to become the main tool for creating transparent
and reliable business processes. However, scalability still remains the most serious and pressing problem in block-
chain implementation. While significant advancements are being made to address it, the unsolved balance between
scalability, security, and decentralization (the blockchain trilemma) presents ongoing technical, economic, and envi-
ronmental challenges. Solving these problems is crucial for blockchain technology to achieve mass adoption in busi-
ness and management and, in general, to implement it across industries and applications. In particular, approaches to
overcoming the blockchain trilemma, where it is extremely challenging for a blockchain network to achieve three key
properties of decentralization, security, and scalability simultaneously, are actively developed. Innovative technolo-
gies and consensus models continue to evolve, potentially bringing us closer to overcoming the trilemma.
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YIIPABJIIHHA TPAHCIIOPTHUMU CUCTEMAMMU IHTEPMOJAJIBHUX
TA MYJbTUMOJAJIbBHUX NIEPEBE3EHDb

Tpancnopmua cucmema eKOHOMIKU 8 YMOBAX 2100AI3aYTT 8ANHCTUBUL KOMNOHEHM IHHOBAYIUHO-MEXHONO02TUHUL PO3BUNOK
Kpainu ma ceimy. B edune yine mpancnopmua cucmema 6e3neko60, eKOHOMIUHO, MEXHON0IYHO M eKONOIYHO NOEOHYE PI3Hi
yuxyionanvui ckraonuxu. Lle ceiouums npo bacamoachexmuicms npobdrem mpancnopmuux cucmenm. [Ipoananizosarno eniue
8ilicbko60i acpecii Pocii, GuKIUKYU 018 BAHMANCHUX MA NACANHCUPCHKUX Nepede3eHb 8 YMOBAX GiliHu ONsl 102ICMUYHUX npoYecax
VKpaincokux nionpuemcms. Pozenanymo cmpamezii ki MOXCYMb 3MEHWUMU 8IIUE BOEHHO20 KOHMIIKMY, 3a0e3neyumu Hene-
DpepsHicmb NOCMAYAHHA.

Ha nepexio cycninbcmea na Ho8y MmeXHIKO-eKOHOMIYHY NapadueMy Ha mii 3HA4YHOL ol MPaHCnopmy 6nIueae Kame2opis
yacy. I[Ipopushi mexnono2iuni piuieHHs y HanpamKy iHMepMoOaIbHOCHI, BUCOKOWBUOKICHT eudu mpancnopmy, Maglev, euco-
KOWBUOKICHI MA2ICMpani Cnpusimumymys CMAaHo8IeHHI0 H08oi inme2posanoi mpancnopmuoi cucmemu ceimy. Tomy exonomika
BUCOKUX WBUOKOCEl Cae npepozamusoio MoodepHizayii. Kapounanene 30invuienns 6Hecky mpaHcnopmHux cucmem modice
Oymu docacHymo 3a805KuU 30LTbUEHHIO NPONYCKHOI 30AMHOCII MPAHCHOPMHUX cucmeM, inmepmooarsHocmi, digital-mexHono-
2ism, onmumizayii, nioguwennio weuokocmi. Ilpoyecu inmeprayionanizayii mpascnopmuux cucmem 6i0oueaiomsvcs Ha opmy-
6AHHI NPUHYUNOBO HOBOI OP2AHI3AYII BAHMANHCONOMOKIB.

Inmepmodanvhi nepegesenns 3abesneuyions ckopoyenns uacy docmasients. Toune nianysanus, y32o00dcena poboma
VUACHUKIG TO2ICMUYHO20 TAHYI02A MA MIHIMI3AYis Nepesanmatcetb nopooxCyiomy MpanCnopmHO-102iCMuyHi nepesazil.

3anponoHosano mamemamuyny Mooensb 3a0a4i Mapupymu3ayii iHmepmooansHix nepegeserb y OUCKPEMHOMY NPOCHOPI.
3adaua gpopmysanns onmumanbHUX Mapuipymie mosice 6ymu cpopmynbosana, Ak 3a0aua nOKpUmms CneyiaibHoeo epaga 1am-
yroeamu 3a0anoi cmpykmypu. Ak kpumepil npOnoHyEmMvbCsL: MIHIMI3aYis GUMPam MiHIMATbHA KIILKICMb MPAHCROPMHUX 3ACO-
bis. Kpim moeo, mepminu 00CmasiieHts He MOXCYMb Nepesuiyysamu 3a0anux sHavens. Hagedena moodens nanedxcums 0o Kiacy
NP-cxnadnux 3a0au.

KitiouoBi cnoBa: mpancnopmui cucmemu, inmepmooanvHi nepesesens, BUCOKOWBUOKICHUL MPAHCROPM, 3a0a4d Mapi-
pymusayii.

Ohlikh V. V., Shapovalov A. V., Razghonov S. A., Lesnikova I. Yu. Management of intermodal and multimodal
transportation systems

The transport system of economy in the context of globalization is an important component of innovation and technolog-
ical development of the country and the world. In a single whole transport system security, economically, technologically and
environmentally combines various functional components. This indicates the multidimensionality of the problems of transport
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systems. The influence of Russian military aggression, challenges for freight and passenger transportation in the conditions of
war for the logistics processes of Ukrainian enterprises is analyzed. The strategies that can reduce the impact of military conflict
are considered to ensure the continuity of supply.

The transition of society to a new technical and economic paradigm on the background of a significant role is influenced by
the time category. Breakthrough technological solutions in the direction of intermodality, high -speed modes of transport, MAGLY,
high -speed highways will contribute to the formation of a new integrated transport system in the world. Therefore, the high-speed
economy becomes the prerogative of modernization. A dramatic increase in the contribution of transport systems can be achieved
by increasing the capacity of transport systems, intermodality, digital technologies, optimization, speed increasing. The processes
of internationalization of transport systems are reflected in the formation of a fundamentally new organization of cargo flows.

Intermodal transportation provides reduction of delivery time. Accurate planning, coordinated work of participants in the
logistics chain and minimization of overloads generate transport and logistics advantages.

The mathematical model of the problem of routing intermodal transportation in the discrete space is proposed. The task
of forming optimal routes can be formulated as the problem of covering a special graph with chains of a given structure. As a
criterion is offered: minimizing costs is a minimum amount of vehicles. In addition, delivery timing cannot exceed the specified
values. The above model belongs to the class of NP-complex problems.

Key words: transport systems, intermodal transportation, high -speed transport, routing task.

IMocTanoBka npo6iemu. Hamax pocii Ha Ykpainy y 2014 pori Ta gesKi J0JICHOCHI MMofii B €Bpori Ta CBiTi
3MIHMJIM KOH(ITYpaIlifo Ha KapTi CBITY, 30KpeMa y Yy TIUBIH TPaHCIIOPTHO-JIOTICTHYHIH cepi. A moBHOMacIITaOHA
arpecis pociiicekoi deneparii y 2022 porti mopsn 3 GyHIaMeHTaIbHUM ITUTAHHSM, IIOJI0 IIHHOCTEH AKi MOIUISIOTH
a00 He MOAUIAIOTh KpalHH MOCTaBUIIA 3aBJaHHA MmepeOyI0BH MaiKe BCiX €KOHOMIYHHMX BiTHOCHH. | 11i KarakmizMu
MPUAIUIACS HA MOMEHT 3MiH TEXHOJOTIYHMX MapajurM, sKi CIPUAIOTh IPOMHUCIOBOMY PO3BUTKY Ta 1HHOBAIIISIM,
30KpeMa y CyAMHHiN cucTeMi eKOHOMIKU. CBIT ChOTOIHI 31IITOBXYEThCS 3 HEOAYCHUMHU BUKIMKAMU: TOJTITHYHUMU;
TEXHOJIOT1YHUMH, €KOHOMIYHUMHU; (hiHAHCOBUMHU; Oe3nekoBuUMHU. JloeHOCHI moii B €Bpomni Ta CBiTi 3MIHUIIM KOH-
(irypatiro Ha KapTi CBiTy, a npuckopeHHsa y XXI cT. TeMIiB rio6anizanii eKOHOMIKH Ta HayKOBO-TEXHIYHOTO MPO-
IPECY BCTYIAE Y CYNEPEUHICTh 3 HU3BKIUMU TEMIIAMH PO3BHUTKY ¥ MOXKIIMBOCTSAMHU MOJCpHi3alii HaASBHUX TEXHO-
J0Tid. JI7s1 eKOHOMIYHOTO 3pOCTaHHs KpaiH OIMMOPHHUM € iIHHOBAIiHHO-TEXHOJIOTTYHHN PO3BUTOK, SIKOMY CHPHUSIOTH
MPOPHBHI TEXHOJIOTIYHI PilICHHS, TOMY MOMEHT 3MiH TEXHOJOTIYHHX MapaJurM, sIKi CIPUSIOTH TPOMHCIOBOMY
PO3BUTKY Ta IHHOBAIIISIM, 30KpeMa Y CYIUHHIH CUCTeMi eKOHOMIKH TPAHCIIOPTHIM HE MOXKHA MPOITYCTHUTH.

Jlo mouarky moBHoMacmTabHOI arpecii, monpu okymnaiito Kpumy ta yactunu JloHenpko-JIyrancekoro peri-
OHY, Hallla KpaiHa MaJjia IOCTaTHhO PI3HOMaHITHY Ta OPI€EHTOBaHY Ha PO3BUTOK TPAHCIIOPTHY 1HPPACTPYKTYDY, sSKa
BKJIIOYaJIa MEPEXY 3aTi3HNYHUX, aBTOMOOUIFHHX IOPIT; PIYKOBUX Ta MOPCHKHUX MOPTiB. Burinne reorpadiuxe nosuo-
KEHHs YKpaiHa Oys0 MiATrPyHTAM 10 CTBOPEHHS HOBHOIIHHOTO TPAaH3UTHOT'O KOPHJIOPY JUIS TOBApiB Mik €BPOIOIO
Ta A3iero. He Mo)kHa He BpaxoBYBaTH Te, 10 YKpaiHa € BATOBUTHM €KCIIOPTEPOM CllIbCHKOTOCIOAAPCHKOT MPOIYK-
1ii. A BTiM, He MOKHA He 3TrajlaTi Mpo 3acTapily iH(PacTPyKTypy Ta BiICYTHICTh IHBECTHUIII.

B enunuii opraHizM noefHye O€3MEKOBO, EKOHOMIYHO, TEXHOJIOTIYHO Ta €KOJIOIIYHO TPAHCIIOPTHA CHCTEMa
0a3HCHI eJIEMEHTH 3 PI3HUX KpaiH 1 pi3HOro (PYyHKIIIOHAIBHOTO NMpH3HaUeHHs. ToOTO MOBa iijie Mpo 6araroacneKkTHICTh
poOJIeM TPAHCTIOPTHHUX CHCTEM HA TIIi 3HAYHOI POJIi TPAHCIIOPTY B CyCHUTLHO-CKOHOMITHOMY TPOCTOPI KpaiHH.

A BTIM, IIepexi CyCniIbcTBA Ha MIOCTY TEXHIKO-CKOHOMIYHY MapajurMy GOpMYye CUCTEMY HOBUX €KOHOMiU-
HUX BIJJHOCHH. B sIKiil IPOBIJHY poib Oyle MaTh — 4ac. MaemMo Ka3aTd Mpo HOBUM KOHIICTIT, SKHH CITijl TOKJIACTH
B OYHIaMEHT MPUHHATTS PillIeHh — EKOHOMIKa BUCOKHX IIBUAKOCTEH. ToMy came, TpaHCIIOPTHI TEXHOJIOTiT MOXKYTh
BH3HAYHUTH BEKTOP MOJICPHi3alii TEXHOJIOT1YHOI CTPYKTYPH €KOHOMIKH. ToMy BXe CbOTO/IH1, HOIPY Ha TOBHOMACIII-
TaOHy arpecito pociiicbkoi ¢enepaiiii HeoOXiTHO 3aKIa ATy MiAIPYHTS €KOHOMIYHOTO 3pOCTaHHs. BoHO Mae OyTh
oOy0BaHO Ha 3acafax 00’ €JHAHOTO BIUIMBY iHHOBALIITHOTO, CHHEPTeTHYHOTO, CHEProe(EeKTUBHOTO Ta KOMEPIIiii-
HOTO CKJIaJIHUKIB PO3BUTKY B €KOHOMIKY KpaiHU.

ITuTaHHs IHTEpPMOAATBLHOCTI IPUBEPTAE OCOOIMBY yBary B KOHTEKCT1 PO3BUTKY MIKHApPOAHOI TOPTiBii, 301J1b-
HICHHS MIKHAPOIHOTO BAaHTAXKHOTO TPAHCIIOPTY BHACTIOK IIEPECEICHH MiAIPUEMCTB Ta MOTPed IMIIOPTHHUX TOBA-
PIB BHACKIOK 3HUMICHHSI 3HAYHOI KiTBKOCTI MianpuemMcTB. BipoBamkenus [T-pimieHs y TpaHCIOPTHY Taty3b, sKe
€ HEBLUIIbHA YaCTHHA IHTEPMOJAIBLHOCTI, CIIPUAE PO3BUTKY BiTUM3HSIHOTO IT-cekropy Ta onTumizalii aepikaB-
HOTO YIPaBIIiHHS JIOTICTHKOIO.

Tomy, ocIiPkeHHS OPIEHTOBAHI Ha KapAMHAJIbHE 301IbIIICHHS] BHECKY TPAHCIIOPTHUX CUCTEM IIUISIXOM 3aCTO-
CyBaHHS 1HTEepMOnaibHOCTI, digital-rexHomnorii, onTUMi3aiii, MiABUIEHHS MBUIKOCTI Ta MPOMYCKHOT 3aTHOCTI
TPAHCIIOPTHHUX CHUCTEM € BKpail aKTyalbHi I CKOHOMIKH.

P03BUTOK TPaHCIIOPTHUX CUCTEM Y HAIMIPSIMKY iHTEPMOAAIbHOCTI BU3HAYAETHCS:

— pO3rajyXeHHSM TPAHCIIOPTHUX MEPEK,

— reorpadi4HUM PO3TAlIyBaHHAM MOCIYT BAHTAXOBIANPAaBHUKIB Ta BAHTAXKOB1ATNPaBHUKIB,

— 3a0e3MeYeHICTI0 TPAaHCIIOPTHUMH Ta JOTICTUYHUMHU 1HGPACTPYKTYPHUMHU CHOPYAaMH 3 iX HasBHICTIO Ta
HEOOX1THIMH XapaKTePUCTHUKAMU JIOPIT, 3a1i3HAIb, BOJHUX IILIXIB Ta a¢pOIOPTIB.

AHaJii3 ocTaHHIiX Aocaimkensb i myb6Jikanii. CTpaTeriyHUM 3aBIaHHSIM, K 3a3HadeHO B [loctanori Kabi-
Hety MinicTpiB Ykpainu Big 27 rpymas 2024 p. Ne 1550 «I1po cxBajenHs HarioHaabHOT TpaHCIIOPTHOI CTpaTerii
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VYkpainu Ha nepion 1o 2030 poky Ta 3aTBEpUKEHHs OIepamniiHoro IvlaHy 3axofiB 3 ii peamizamii y 2025-2027
POKax» € pO3BUTOK CaMe IHTEPMOJAIbHUX MIEPEeBe3eHb [1].

A BTiM, IONpH CBili 3HAYHHI MOTEHIIiaJ], IHTEpPMOAAIbHI Ta MYJIBTUMOJANIbHI IEpeBE3CHHS 3aiiMalOTh HE3HAYHY
YAaCTUHY TPAHCIIOPTHOTO PUHKY, TOMY BKpail akTyaJlbHUM € 3MEHILIEHHs PO3pUBY MK MOTpedaMH 1 peasbHiCTIO [2-5].

CknamHa CTpyKTypa TPAHCHOPTHOI CHCTEMH, TOB’SI3Y€ B €IMHUA TEXHOJOTIYHO Ta CKOHOMIYHO 3B’SI3aHUUN
OpraHi3M 0a3HCHI €JIEMEHTH PI3HOTO (DYHKIIIOHAILHOTO MPU3HAYCHHS 3 Pi3HUX KpaiH. 3HAYHA YaCTHHA JIOCIKSHb
CHOTOJTIHI CIIPSIMOBaH1 Ha aHaJII3 3MiH, SIKi CTAJKCS 3 TPAHCTIOPTHOKO Tally3b MICIsI TOYAaTKy TOBHOMACIITA0HOT arpe-
cii pocii mpoTtu Hamoi kpainu [6, 7].

[MuranHsa onTuMi3zalii Ta 3a1adi MapmpyTH3amii TpaHcnoptHuX 3aco0iB (Vehicle Routing Problem — VRP),
SKi TIOJIATAIOTh y TOOYAOBI HAHOUTBII e(peKTUBHUX 3 MO3UIIIM BUTpAT KOIITIB, Yacy abdo BiJICTaHi MapLIPyTiB IS
TPAHCIIOPTYBAaHHS TOBAPIB Mi’K MyHKTaMH 00CIIyTOBYBAaHHSI, TEX HE 3aJIMIIAIOTHCS 11032 YBAr0I0 HAyKOBIIiB. 3HAYHA
yBara NpUAISIETHCS He JIMIIEe TOYHUM, a i eBPUCTUYHUM Ta MeTa i eBpUCTUYHUM METOAaM JUIs ONTHMI3allii JIoTic-
TukH. Poboty [8] mpucBsiueHO BHOOPY aIropUTMIB JUIS PO3B’I3aHHS 3aa4i MapIIpyTH3aLlii TPAHCIOPTHHUX 3ac001B
3 ypaxyBaHH:IM pi3HHUX (hakTopiB. MOXKIMBOCTI BUKOPUCTAHHS IUITYYHOTO 1HTEJIEKTY B YHPaBIiHHI TPAHCIIOPTHOIO
JIOTICTHKOIO PO3MIAHYTO B [9]. AKLEHT 3p00sIeHO Ha BIUIMBI IITYYHOTO 1HTENIEKTY Ha e()eKTUBHICTD 1 ONTUMI3aLlil0
MPOIIECiB YNPABIiHHS TPAHCIIOPTHUMH PEeCypcaMu, MapIIpyTH3ALi€0, CUCTEMOIO YIIPABIIHHS JOPOKHIM PYXOM.
3acTocyBaHHS TEXHOJIOTiH MAaIIMHHOTO HABYAHHS JJIsI ONTHMi3amii JOTiCTHYHHX TPOIeciB po3mitHyTo B [10].
ABTOPY 31MCHUIIH JTOKJIaTHUH aHalli3 HeIOIKIB TPAAUIIHHUX METOIB Ta OOTPYHTYBAJIM 3aCTOCYBaHHS TEXHOJIOTIT
MAIHHOTO HAaBYaHHS I Hi,Z[BI/IH.[CHH}I FHy‘IKOCTi 1 mBUIKOCTI JoricTUKH. CKJIAJIHICTD MOJATAE Y TOMY, IO cyTo
TEXHIUHI le.IeHHH CITiJ] TIOB’SI3aTH 3 €KOHOMIYHMMH peajlisiMH, YCKITaIHCHUMH BHCOKHM piBHEM HEBHU3HAYCHOCTI.
Tomy i cboronHI 3HAYHMHN IHTEpPEC CTAHOBIATH POOOTH MPUCBIUCHI METOIAM YIOCKOHAIEHHS TPAHCIIOPTHUX CUCTEM
[11], nudpoBum acnexram iH(popMaTH3amii aBTOTpaHCIIOPTHOI chepu mpHucBsdeHo [12].

A BTiM, IMTaHHA 1OB’3aHi 3 PO3B’SI3aHHAM 3aJ[a4 MAPLIPYTU3allii B SKUX MO€AHAHO JEKiIbKa BUAIB TPaH-
CIIOPTY BHMArae MoJajbllol yBaru HayKOBII.

3pocii npakTU4HI NOTpeOH Ta Oe3nepeuHnii HayKOBH iHTepec poOIATh 10CHIHKEHHS ePCIIeKTUBHUX TPaH-
CIOPTHUX CHCTEM, iHTepMopaajbHOCTI, digital-TexHoNOrid, onTuMizalii akTyaJbHUMHU SK 3 TEOPETHYHOTO, TaK
1 IPAKTUYHOTO TOTIISITY.

IMocranoBka 3aBmaHHs. HemocTaTHi HaykoBi HampamioBaHHS, Oa)KaHHS OTPUMATH €(QEKTUBHI alTOPUTMHU
YMOBHJIM BHOIp TEMH Ta METY AOCTIKCHHsA. MeTy BU3HAYCHO SK PO3B’S3aHHS 3allad MapHIpyTH3allii B yMOBaX
THTEpPMOAATBHUX 1 MyJBTUMOJAIEHUX TIEPEBE3CHb.

Buxnax ocHOBHOro marepiajy. 3BepTraeMo yBary, IO TPaHCHOPTHI TEXHOJOTII € OZHWUM i3 HaHOIIBII
3HAYHHUX (PAKTOPIB A PO3BUTKY TEXHOIOTIYHMX HapagiurM Ta MOAEPHi3allil TEXHOIOTIYHOI CTPYKTYPH CKOHOMIKH.
Tomy Bxe cbOrozHi MOTPIOHO 3aKJagaTH MiAIPYHTS EKOHOMIUYHOTO 3pOCTaHHS. 3yCHIUIS MaloTh OyTH CIPSIMOBaHi
Ha BIIPOBAPKEHHS 00’ €IHAHOTO BIUIUBY iHHOBAIIMHOIO, CHHEPIeTHYHOI0, CHEProe()eKTUBHOTO Ta KOMEPIIiIfHOrO
CKJIaJIHUKA PO3BUTKY B €KOHOMIKY KpaiHH, 30KpeMa y TPaHCIOPTHY Ta CYITyTHI cepu.

ITutanHus 3MiH poOOTH OCHOBHHUX IHCTHTYTIB HaOyBae HOBe 3a0apBieHHs. KoMiTeT i3 BHYTPIIIHBOTO TpaH-
cropty €Bporeiicbkoi ekoHOMIuHOI Komicii OOH (€EK OOH) € ronoBHOIO MiXKHAPOIHOKO OpraHi3alli€lo, sKa po3-
poOIIsie TPaHCHOPTHY MOJITHKY, TA ICTOTHO BILTMBAE HA MIXKHAPOIHUH 1 BITYU3HSIHUH TPAaHCIIOPTHUH cekTop. BuHMK
3aImuT Ha (POPMYBAHHS HACTIJIKIB Ta MPAKTHYHHUX PIllIEHb Y BIJIMOBIIb HA HOBI BOEHHI, TCONOJITHYHI Ta T€0EKOHO-
MiuHi peainii B €Bpomni. [y YkpaiHu BaJIMBO CBOEYACHO 3aKJIACTH 0A3WC IHTETPOBAHOT TPAHCIIOPTHOI CHCTEMH,
BIMTH y BIIKPUTHH €BPOIEHCHKUI PHHOK TPAHCIIOPTHHUX IMOCIYT 1 JIIKBiAyBatu Gap’epu y cdepi MKHAPOIHUX
nepeBe3eHb. Take JTOMyUYeHHS 371MCHIOETHCS MUIIXOM TIPUEIHAHHS JI0 yrof 1 KOHBEHINiH 1 X iHkopropariiet. Lle,
CBOEIO UEProlo, nepeadavae iMIIIEMEHTAIliI0 B HAlllOHAJIbHE 3aKOHOIABCTBO CTaHAAPTIB, TEXHOJIOTIH 1 MPaBHII Iepe-
BezeHs CEK OOH y ramysi Tpancnopry.

AKIIEHT 3 NPUCKOPEHHsI MIBUJIKOCTI PO3BUTKY €BPOINEHCHKOI 1HTErpallii 3MICTHBCS Ha MOIIYK BiJNOBifeH Ha
BUKIIMKH Yy chepi Mi}KHapozLHO'i Oesmeku. I came, TpchnopTHi CHCTEMH TiCHO OB’ A3aHi 3 000Ma LIUMU ITbTEPHATHBAMU.

YuciieHHI HACIIIKY JJ1s KpaiH y BChOMY CBITI BUMAraroTh He TUTbKH HOBHX ITOJIITHYHHX ITiIXO/IB 1 Hii, a i TeX-
HOJIOTIYHHX plI.L[eHL 3[aTHHUX BiIIIOBICTH Ha mpimi BUKIHK. TlepcrekTusu i Brumis MOTHBIB CHOTOJIHI, OTHAK,
€ HETOCTAaTHBO YiTKUMH. [ OTOBHICTB, CIIPOMOKHICTE H YCHIX Iepe0yIoBH BUPIIIATHLHOIO MipOIO 3aJIeKaTUMYTh BiJl
MOTTMOJICHHS BITHOCHH Ta 1HTETpaIlil B €BpONenchKUX KpaiHax. | Xxoda, Ha MepIIHi MO, TPAHCIIOPTHI CUCTEMH
0e3rnocepeIHhO HE OB’ sI3aHi 13 3aXUCTOM OE3IEeKH, IUTICHOCTI Ta CyBEPEHITETY KpaiH €BpOIi, BOHH MOXYTh OyTH
JIOKOMOTHBOM, 00 HE TUIBKH ITPOCYBAIOTh HAYKOBUH TpOrpec, MPOMUCIIOB] iHHOBAIII, a i e()eKTUBHO PO3B’A3yIOTh
MMUTaHHS COIIAILHOTO Ta €KOJIOT1YHOTO 3aXHUCTY, EKOHOMIYHOTO J0OpOOyTY.

3po3yMiso, 10 BiffHAa ICTOTHO BIUIMBAE HA CKOHOMIKY YKpaiHHM, ajie BXKE 3apa3 KpaiHa Mae roTyBaTHCS A0
nepe3anycKy KIUoBHX cep eKOHOMIKHU. | MOBa Mae TH HE TPOCTO MPO BiTHOBJICHHS, a PO CYTTEBI 3MiHU B MiJ-
XOJIax JI0 XKUTTA, poOOTH, Oi3Hecy Ta BiOy0BHU iH(pacTpyKTypH.

[MuTaHHS JOTICTHKH CTANU MPOOJIEMHUMH ANl YKPATHCHKUX MiJIPHEMCTB — TPAJUIINAHI JIAHIFOTH ITOCTa-
YaHHA PO3ipBaHi, CTAaHAAPTHI TPAHCHOPTHI IIJISIXK BUOYIIH, MOPTH YaCTKOBO 3a0s10KoBaHi. JlonaemMo 3MiHM Hampsmy
MepeBe3eHb, MPIOPUTET TYMAHITAPHAM Ta BIHCHKOBUM ITOCTa4aHHsIM, iHOMI CIOCTEPITacThesl HecTauya MalbHOTO,
HeCcTady BOJIIB Ta TPAHCIIOPTHHUX 3aCO0iIB.
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Maemo 3rajiaTé po BHKJIMKH JUIS BaHTOKHHUX Ta MACaKHPCHKUX IEPEeBE3eHb B YMOBaX BifiHH, 00 BOEHHI
KOH(QJIIKTH CYIPOBOIKYIOTH (pHC. 1):

)

Besnexka

)

PyliHyBaHHA BapTicTe

TepmiHW Ta

oBmMeKeHHA

Puc. 1. Buxumky 715 BAHTQXKHHX Ta IMacaXUPCHKIX IepeBe3eHb B yMOBAX BiitHH

Lrcepeno: 3anpononosano asmopamu

— pyHHyBaHHS iHQPACTPYKTypH, MOUIKOHPKEHHS TA 3HUICHHS, MOCTIB, 3aJII3HIYHUX IIUIIXIB Ta IHIIHX 00’ €K-
TiB, TPAHCIIOPTHUX 3ac00iB HEOOX1THHX JUI BaHTRKHHX IepeBe3eHb. MaeMo 3MiHHM Y TPaHCIIOPTHHUX MapIIpyTax Ta
OOMEXKEHHS y pYCi;

— 30UIBIICHHS TEPMiHIB JOCTaBKH Ta 3MEHIICHHS TOYHOCTI MPOTHO3yBaHHsI Yacy, OTPUMAHHS BaHTAXY;

— 3pOCTaHHS BapTOCTI JOCTABICHHS Yepe3 MYJIBTUMONAIBHY CXEMY: 3MiHH MapIIpyTiB Ta BUAIB TPAHCIIOPTY;

— 3arpo3u Oe3IIelli MepCoHay, MacaXupam, BAHTAXKY Ta TPAHCIIOPTY: PU3HK aTaKk BOPOTa Ta HECTAOLIBHICTD
YMOB MOKE YCKIIATHUTH TIPOIIEC EPEBE3CHE;

— 3pOCTaHHS eKCIUTyaTallifHUX BUTpPAT, 30KpeMa Ha 3a0e3ledeHHs Oe3MeKH, PEMOHT iH(PPaCTPYKTYpH,
oIIary Iparii;

— HE BCi TOBapu MOXKYTh OyTH MEPEBE3€HI, K HACIIJOK 3HAYHUX JIOTICTUYHHX 3MiH;

— OOMeXEHHs y pyci Ta OJOKaau PETiOHIB, 10 YCKIATHIOE JOCTYI A0 MEBHUX TEPUTOPIN IUIsl 3M1HCHEHHS
BaHTXHHX Ta NaCAKUPCHKUX NIEPEBE3CHb.

Maemo CTBEpAWTH, IO CTPATEriYHUM HANpPSIMOM JJIsi eKOHOMIYHOTO BiJJHOBJIEHHS Ta iHTerpauii YkpaiHu
JI0 €BPONEHNCHKOTO TPAHCHOPTHOTO MPOCTOPY BXKE CHOTOJHI CTa€ PO3BUTOK IHTEPMOJAIBHUX 1 MYJIBTHUMONAIBHIX
niepeBe3eHb. Lle He nuIre, K TpaguLiiiHO BBaXKA€ThCS, CIPHAE 3MIIIHEHHIO HalliOHAIbHOT KOHKYPEHTOCIIPOMOXKHO-
CTi, €KOJIOTIYHIA MOJIepHi3allii Ta CTINKOMY PO3BUTKY TPAHCIIOPTHOI 1HGPACTPYKTYpH. [HTEepMOIaIbHICTh BIJIMBAE
Ha CKOHOMIYHY Oe3IeKy YKpaiHH.

Jlis 3a0e3reveHHsT HEeNMepepBHOCTI MOCTaYaHHS 1 30€pPEeKEHHsS] €KOHOMIYHOT aKTUBHOCTI BKpaldl BaXKJIMBO
po3pobuTn eeKTUBHI cTparerii Ta 3MEHIIIMTH BILUTUB BOEHHOTO KOH(IIIKTY Ha 1el cektop. BoHu mependadarots,
30KpeMa, IUBepCH(]IKaIlil0 TPAHCIOPTHUX MapIIPyTiB BaHTAXO0- Ta ITaCaKUPOIIEPEBE3CHb, CTBOPEHHS PE3EPBHUX
3amaciB, BUKOPUCTAHHS aJbTCPHATUBHHUX BH[IB TPAHCIOPTY, CIIBIPALO 3 BIAJOI0 Ta 3aly4YeHHS BiliCBKOBOTO
CYIPOBOJLY, 3aIIPOBaXKEHHS CIIJIBHOIO MEHEXKMEHTY YKpaiHChKHX Ta €BPOIEHCHKUX MapTHEPIB Il BUPOOICHHS
3pYYHUX JIOTICTUYHUX PILlIEHb Ta PO3B’SI3aHHS TEXHIYHO-OpraHizauiifHux mpobmnem (puc. 2).

Haromnomryemo, 1110 rio0anbHi eKOHOMIUHI TEHASHIIT BXKe CTYKal0Th y ABepi €Bponu Ta YKpaiHH, BiKe BIUIMBa-
IOTh Ha OCOOJIMBOCTI Ta TEMITH PO3BUTKY HAI[IOHAIBFHOTO TPAHCIIOPTHOTO KOMIUIEKCY. A BTiM, MAEMO aKLICHTYBAaTH,
o DIo0ati3amis eKOHOMIKH Ha TiIi IPHCKOPESHHS TEMITIB HAyKOBO-TEXHIYHOTO MPOTPeCy BCTYIAE Y CYIIEPEUHICTh
3 HU3BKHMH TEMIIAMH PO3BHTKY 1 MOXKJIMBOCTSMH MOJAEpPHI3aIlil HAsIBHUX TPAHCIOPTHUX cUcTeM. CaMme KaTeropis
Yacy BUXOAUTH Ha MEPII MINAaNbTa i eHTPANTBEHOIO JIAHKOIO CTAa€ eKOHOMiKa BUCOKUX IIBUIKOCTEH.

Ha ygaci edekruBHe po3B’s3aHHSA NMPOOIEMH KapIUHAILHOTO 30UTBIICHHS MBUAKOCTI Ta MPOITYCKHOI 37aT-
HOCT1 TPaHCIIOPTHUX CHCTEM 3a YMOB: MalluX €HEPrOBUTPAT; CKOJOTIYHOCTI; MYJIBTHMOIAIBHOCTI Ta MIBHUIKOCTI
TPaHCHOPTHHX MOCIYT; OE3MEYHOCTI, JOCTYITHOCTI Ta SIKOCTI IIEPEBE3CHb.
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..
BukopuctaHHsa

aanemBHux

TpaHcnopTy

CTBOpEHHSA Cnis ud 3
pes‘uux
3anacis

3anyyeHHs
[OnBep ikauis i BiNCbKOBOrO
map TiB cynpoBoay

Puc. 2. Crparerist 3a0e3neueHHs1 HeepepBHOCTI MOCTadaHHs Ta 30epeKeHHs! eKOHOMIYHOI aKTUBHOCTI

ﬂofcepeﬂo: 3anponoHoeano asmopamu

3po3ymino, o 0a30BUM € IHHOBAIIHHO-TEXHOJIOTIYHHNA PO3BUTOK JJIi €KOHOMIYHOTO 3pOCTaHHS KpaiHu.
Jlume mpopyBHi TEXHOIOTIYHI PilIEHHS CIPUATUMYTH BIPOBAKCHHIO IKICHO iHHOBAIIITHOTO — IT°SITOTO ITOKOJIHHS
TPAHCIOPTY, SIKUH Ma€e BKJIFOYATH: BUCOKOIIBUJKICHI BUaM TpaHcrnopTy (BILIM); BHCOKOMBHAKICHI Marictpani
(HSR), Maglev Ta Hyperloop; enexkrpomo0ini, O€3MIOTHUKA Ta JPOHM; 1HTEIEKTyallbHI TPaHCIOPTHI TE€XHOJO-
rif; TOTICTUYHI TEXHOJOTII MifCHIEH] TeIeKOMYHIKallitHUMU Ta iH(OPMAIifHUMK; IPUHIUIOBO HOBUIl pyXoMuit
cknany. OCBOEHHS MEPEAOBUX CBITOBUX TEXHOJOTiH, CTBOPEHHS BIACHUX AOPOOKIB CHPUSIB IMEPETBOPEHHIO IUX
HAyKOBHMX HAIpAIlOBaHb y PO3POOOK y BIACHI TPAHCIOPTHI MPOEKTH, SIKi Uepe3 KiIbKa POKiB, MOXKYTb JOCAITU
3100y TKIB CBITOBOTO PiBHSI.

CBO€10 9eproro e CIpUATIME CTAaHOBICHHIO HOBOI IHTETPOBAaHOI TPAHCIIOPTHOI CHCTEMH CBIiTY, 60 (opmy-
BaHHS TPUHIMIIOBO HOBOI OpraHi3ailii BAHT)KOIOTOKIB 1 IXHBOI 0OPOOKH MIITHO TIOB’SA3aHO 3 MPOIecaMu iHTepHa-
IOHAJTI3aIliT TPAHCTIOPTHUX CHUCTEM.

Bonrouac MaeMo akmeHTYBaTH, IO OCKUTBKH PUHOK HAAIMIBHAKIX TPAHCIIOPTHUX CHCTEM Hapasi mepedyBae
Ha paHHiH{ cTazii po3BUTKY, TO HOMY HE BUCTAYa€ Y3TOIPKCHOCTI, CIIJIBHOTO PO3yMiHHS it HopMmaTuBiB. Lli pakTopn
ICTOTHO YIOBUIBHIOIOTH IIBHJIKICTH HOTO PO3BUTKY, 30KpEMa Ha €BPOIEHCHKOMY KOHTHHEHTI, X04a CyJacHi TeXHIUH1
HalpauoBaHHs Bxe anpoOosaHi. CaMe TOMy, OYIKYEThCS, 1[0 CTBOPEHHS KOHCOPLiyMiB ab0 acoriianiii mpuIBua-
HIUTh TEMIIM CTBOPEHHS iIHHOBAlLil, MOE€JHAHHS Pi3HUX (OpM KOHIIEHTpaLii pi3HUX JKepell iHBEeCTULIHHUX pecyp-
ciB. Ile moeqHae CTBOpEHHs 1HHOBAIW, OOMIH 3HAHHSIMH MiX MMOCTauyaJbHUKAMU Ta CHOXHBauYaMU TEXHOJOTIH,
MOKPAIIUTD CHIBIIPALIO YPSAIOBUX YCTAHOB i PEryiSIiHIX OpraHiB B YaCTHHI PO3POOIEHHS KePiBHUX MPUHIUIIIB
1 IPaBOBUX paMOK, JO3BOJUTH BpaxXyBaTh IHTEPECH yCiX YYaCHHKIB IEepeBi3HOTO mporecy. Hapasi, Take morm-
OJICHHS Ta PO3IIMPEHHSI CIIBIPAIll Y TPAHCIIOPTHIN cdepi, JOIOMOXKe 3pOOUTH €BPOIEHCHKY CIUIBHOTY JIEpPiKaB
CIUTBHIIITAM.

3MIHH TPATUIIIHHAX JIOTICTHYHUX MapUIPYTiB, 3pOCTaHHS IMIIOPTY Ta JOBKHWHU MAapIIPYTiB Ta TEPMiHIB
MIepEeBE3CHb CTABHUTH 3aBJAHHS IOIIYKY IUIAXIB 3HIKEHHS TUTOMUX BUTPAT JJIS TOCHIICHHS! KOHKYPEHTO3IaTHOCTI
IIISXOM 3MEHIICHHS TPAHCIIOPTHOI KOMITOHEHTH B I1iHi ToBapy. CaMe mparHeHHs 10 BUKOHAHHS TPAHCIIOPTYBaHHS
3 HallMEHIINMHU BUTpaTaMH, Y IOTPiOHUI yac, 3 HEOOX1THUM JIOTICTUYHUM CEPBICOM Ta SIKICTIO € TOMiHIBHU (pak-
TOP y JAHITIOXKKY.

BrpoBakeHHs! iHTepMOAAIbHUX NIEPEBE3EHb J03BONSAE 3MEHIIUTU BUTPATU Ha TPAHCHIOPTYBAHHS BAHTAXIB
3aBISKU ONTUMI3aIi] MapmpyTiB yHidikamii TpaHCIOPTHUX OTUHHLID (KOHTeﬁHepiB) Ta udpoBizalii JOriCTUYHUX
MIPOLECIB, Ta MONIMIINTH JIOTiCTHIHUH JIOCTYTI JI0 €BPONCHCHKUX Ta CBITOBHX PUHKIB 4epes PO3BUTOK TPAHCIIOPT-
HUX KOPHIOPIB Ta e(pEeKTHBHY B3a€EMOIII0 MK BUAAMH TPAHCIIOPTY. TpaHCIOPTHO-JIOTICTUYHI IIEpeBaru lHTepMO-
JaTbHUX TepeBe3eHb 3a0e3MeUyI0Th CKOPOUCHHS Yacy JOCTaBIISIHHS 3aBASKH TOYHOMY IUIaHYBAaHHIO, Y3TOIDKEHIN
po0OTI yYaCHUKIB JIOTICTHYHOTO JIAHITIOTa Ta MiHIMi3alii HepeBaHTaXeHb. SIK OOHYC OTPUMYEMO 3MCHIICHHS
HaBaHTKEHHS Ha aBTOMOOLIIBbHI JOPOTH Yepe3 NepeBe/ICHHs] YaCTHHU BAaHTAXKIB Ha 1HII BUIM TpaHcnopty. [lepexin
Ha OUTBIII €KOJIOT1YHI BUIM TPAHCIIOPTY (3aJ1I3HUYHUMN, BOXHUN) J103BOJIsIE 3MeHIUTH BUKuan CO: Ta iHun 3a0py-
HEHHS, [1¢ OIHOYACHO CIIPHSE JOTPUMAHHIO cTaHAapTiB €C MO0 CTaIOro pO3BUTKY Ta 3€JCHOI JIOTICTHKH.

DopMyBaHHS IHTEPMOAATIBHUX Xa0iB € MIATPYHTAM JUIS HOBUX €KOHOMIYHHX 30H, CIIPHUSAE€ NMPHUEAHAHHIO 10
Mepexi TEN-T Ta monerirye JOCTyH 10 €BpPONEHCHKUX 1HBECTHLIH, CHpHUs€ PO3BUTKY iHPPACTPYKTypH, MOSBI
poOoUMX Miclb MyJIBTUMOAAIBHUX (pHC. 3).
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Puc. 3. Buroau po3BUTKY iHTEpMOJalIbHAX IIEpeBE3EHb Il YKpaiHu
ﬂofcepeﬂo: 3anponoHO6AHO asmopamu

33}13‘—13 MapmpyTnsaui'i iHTepMO}IaJ’IBHI/IX NEPEBE3CHb Y JUCKPETHOMY HpOCTOpi 3a HasSBHUX OOMEKCHB IT0JIS-
ra€ y Takomy.

B TpaHCHOPTHO-JIOTICTHYHIN CHCTEMI € MHOXKHHH:
X0={x"}, r=1,...,R;X1={x1p}, p=1,...,P,')(7={x2j, t=1,...,T, X3={x25}, =1,...,S.

VY mepeBe3eHHSIX 3alydeHi JeKilbka TUIB TPAaHCIOPTHUX 3ac00iB. TpaekTopis MpH IOMY CKJIAIA€THCS
3 JIEKITBKOX CKJIAMHUKIB (puc. 4):

MyHKTU NOYaTKOBOrO PO3TaLlyBaHHsI

B VAR

nyHKTVI AOCTaBKH

Puc. 4. Cxema pyxy TpaHCIIOPTHHX 3ac00iB
,becepe}zo: 3anponoHO6AHO asmopamu
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— PYyX TPaHCIOPTHOTO 3aco0y TMEPIIOTo THITY 3 MyHKTY MOYATKOBOTO PO3TallyBaHHs BaHTaxy x°, r=1,...,R 10
TepMiHaNa xlp, p=1,...,P — MicIi Iepexoy Ha TPAHCIOPTHUH 3aci0 Ipyroro THUILY;

— PyX TPaHCIOPTHOTO 3aco0y APYroro TUITY 3 MYHKTY TepMiHaia — Micis (GOpMyBaHHS MPUHIIMIIOBO HOBOI
MHOKAHH BaHTa)KOTIOTOKIB xlp, p=L,...,Pnox*, t=1,..., T yHKTiB nepexo/ly Ha TPAHCTIOPTHHMI 3aci6 TPETHOIO THITY;

— JinsiHKa 06’13y MyHKTiB gocTapnenHs X°=/x*}, t=1,...,S TpancnopTHuM 3aco60M TpeThoro THIry. Brpo-
JOBX PyXy TPaHCHOPTHHX 3ac00iB Ha IUIAHII 00’34y IMyHKTIB 3IIHCHIOETHCS DOCTaBKAa BAaHTAXK, IO BHUKIUKAE
CTpUOOK y 3MiHI TUHAMIYHHX TTapaMeTpiB PyXy.

Pyx TpancmopTHUX 3ac001iB MOTPIOHO OPTaHi3yBaTH TAKUM YHHOM, II00 BUTpATH OyJIU MiHIMaIbHI, OyI10 3a11y-
YEHO MiHIMAJIBHY KUTBKICTh TPAHCIIOPTHHUX 3aCO0IB 1 TEPMiHU JTOCTABIICHHS HE NIEPEBUIIYBAIN 3a/IaHUX 3HAYCHD.
OOMeXeHHS Ha TEPMiH JIOCTaBJICHHS Ta BAHTAXXHICTH 00yMOBIIIOIOTH 3aCTOCYBaHHS OJTHOIO TPAHCIIOPTHOTO 3ac00y.

3amgava (hopMyBaHHS ONTHMAIBHUX MapIIPyTiB Moxke OyTH cpopMyIbOBaHa, K 3a1ada MOKPUTTS CIEIiab-
HOTO rpada JaHIForaMH 331aH0i CTPYKTYPH.

Hexaii opientoBanwmii rpad G(X°, X', X2, X2, U°, U, U?, UP) — 3aiaHuii MHO>KHHAMU BEPIIHH

X0={x"}, r=1,...,R;X1={x'p},p=1,...,P;X2={x2[}, t=1,....T X3={x25}, t=1,...,8
Ta MHO)KHHAMH pedep
U°={u°w}={x°,, xop}, U'={u‘p}={x’p, xZ‘P}, U= jJ={x°, xop},

r=1,...R; p=1,...P; t=1,...,T, t=1,...,S.
Bepuuaam X2={x21}, t=1,...,T X3={x2s}, t=1,...,S npunucani Baru {fzt}{ﬁb}
Hyram rpada G npusHaveHi Baru {w‘)m}, {wlpl}, W b r=1,..R p=1,...P; t=1,...T t=1,..,5.
3BakeHHid Tpad HEOOXiTHO MOKPUTH JIAHIFOTaMHU

V. o i .

O; v, =1L, R k=1,...P; i=1,...T j=1,...5,

TAKUM YHHOM, 11100 Mepliia BepIInHa Y KOKHOMY V-My JIAHIOTY, v=1, ..., VX Hanexana MHOKUHI X°, npyra —
MHOXHHI X', TpeTst — MHOKHUHI X?, a iHnm — X°,
B31oBx KOKHOTO JaHIIora 3a1aHi GyHKIIIT BUTpaT.

If (x.u,f) = wf_)p + w;, + Zw;t
O

1 2 3
I (xu, f)=f7+ E fo
Oy
JIaHIIOrU MOZIEMIOIOTHCS KYCOUHO IVIAIKOI0 TPAEKTOPI€I0 Ta MAIOTh 33J0BOILHUTH TaKi 0OMEKEHHS.

ST (v f) =S S =11

I (xu, f)<F,
[TokputTst MOTPiOHO 3pOOUTH TAKMM YHHOM, 11100

VX — min
ZIS (xat, ) —> min

Hagenena Mojenp HalnexXuTh 10 Kiacy NP-CKIIQJHHUX 33]a4d 1 OTPUMAaTH TOYHUH PO3B’A30K MOXKHA JIHIIE 32
HEBEJIMKOI KIILKOCTI BEPIIUH y rpadi

G X, X, X2, X, U', U, L2, UF)

[epexin cycmiibcTBa HA HOBY TEXHIKO-CKOHOMIUHY NapaurMy (pOpMYye CUCTEMY HOBHUX SKOHOMIYHHX Bill-
HOCHH, IIEHTPAJIFHOIO JTAHKOIO SIKOi CTa€ KaTreropis gacy. 3’ sBIsIEThCS HOBA CYTHICTh — €KOHOMiKa BHCOKHX IIBU-
KOCTEH. AJe MPUCKOPEHHS TEMITiB HayKOBO-TEXHIYHOTO Iporpecy i mrobamizarii ekonoMikn y XXI ct. BcTymae
y CyMepeyHiCTh i3 HU3bKUMH TEMIIAMH PO3BUTKY Ta MOXKJIMBOCTSIMH MOJICpHi3allii HASBHUX TPAHCIIOPTHUX CUCTEM.
HeoOxinne edexTuBHE po3B’sA3aHHS MPOOIEMH KapIMHAIBLHOTO MiABUILEHHS MIBUAKOCTI Ta MPOITYCKHOIT 3aTHOCTI
TPAHCIIOPTHUX CUCTEM IIPH MAJIMX BUTpATax €HEeprii.

BucHoBkH. 3po3yMisio, 10 BiAHOBJIEHHS KpaiHM JIE)KHUTh Y LAPUHI iHTErpamii yKpaiHChbKOT €KOHOMIKH /10
exoHomiuHOl cuctemn €C. BaximBy poib y bOMY MAlOTh 3irpaTd Pi3Hi €BPONEHCHKI JIOTICTUYHO-IH(PPACTPYK-
TYPHI TIPOEKTH, 30KpEeMa, BKITFOUSHHSI YKPATHCHKUX JIOTICTUYHUX IDISXIB IO €BPOIMEHCHKUX JTOTiCTHYHHX MEPEK,
Tepexi 3aTi3HMINI Ha CTaHAApT KOMii €éBpONerchkoro (GopMary, peKOHCTPYIOBAHHS HAsSBHHX 1 BIIKPUTTS HOBHX
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MyHKTIiB MPOIYCKY Ha KOPJOHAX 3 €BPOINEHCHKUMHE Jiep:kaBamu Toio. Lle no3Bonmuth ycyHyTH Oap’epu y cdepi
MDXKHApOJHMX IEePEBE3EHb, a peasi3allis KOHIENLii MKHAPOJHUX TPAHCIOPTHUX KOPUAOPIB, sika nepeadadae pis-
HOIIpaBHY y4acTbh YCiX BUIB TPAHCIOPTY, lepeadayae opraHizauiclo KOMOIHOBaHHUX MepEBE3EHb 13 WITKOKO OpraHi-
3aliHHO-TEXHOJIOTTYHOIO B3aEMOJIIEI0 BAOBXK TPAHCIOPTHUX BY3JIIB 1 MaricTpasiei.

A BTIM, TOTIOKH TPHUBAIOTH OOMOBI ii, YkpaiHa mpuiiMae Ta peaiizye TaKTHUYHI PIlIeHH:, ajie BKEe ChOTOMHI
MOTPiOHO TOTYBATH 1 3aKJIaJaTH MIATPYHTS U CTPATETiYHUX MEPETBOPEHb.

Iepexin BiJ BICHKOBHX JIil, ICHYBaHHS i JPOHAMHU Ta paKeTaMHU J0 HOPMAJIBHOTO KUTTS CTaHE BUKIHMKOM
1 BOJJHOYAC IAHCOM JIJIS ITEPEXOy /10 HOBITHIX TEXHOJIOTIH. [licis 3aBeplieHHS BiHHU MaeMO HE BTPATUTH HOBI
MOXITHBOCTI, 30KpeMa CTOCOBHO TPAHCIOPTY, MOPSA 3 TPAJUIIHHIMHI BHIAMH [IOCTA TEXIapagurMa OaduTh CTBO-
PEHHSI Ta 3aIPOBAHKCHHS MPUHIIMIIOBO HOBOTO PYXOMOTO CKJIaly Ha OCHOBI HOBHX TEXHOJIOTIH Ta iX yMOHTYBaHHS
JIO HOBOT 1HTETPOBAHOT TPAHCIIOPTHOI CUCTEMH CBITY Ta BiIKPUTOTO PHHKY TPAHCIIOPTHUX MOCIYT.
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JOTICTUYHE YIIPABJIIHHA ®OPMYBAHHSAM ITAPAMETPIB MAPLHIPYTIB
MI’KHAPOJAHUX IMACA/KUPCBKUX IIEPEBE3EHbD

Cmamms npucesiuena axmyanvHii npooremi Qopmysants eghekmugHo20 MpaHcnOPMHO-102iCMUYH020 3a6e3neueHHs.
npU 0peawizayii MisZCHaAPOOHUX RACANICUPCHKUX Nepese3eHb. 3anponoHo8ana eKoHOMIKO-MameMamuyna Mooeisb 102iCmuiHo20
YNPABiHHA npU POPMYBAHHI MINCHAPOOHUX MYPUCIUYHUX MaAPupymie 3a Hanpamom Yrpaina-Eepona. Modens acoyitoembcs
i3 3a0auelo Komigosxcepa, AKULL MA€ N0 3AMKHEHOMY MAPUPymy 3 MiHIMATbHUMY CYMAPHUMU UMPAmMamu 00 ixamu éci 3a0ami
NYHKMU, 8i08i0YI04lL KOJCeH 0OUH Pa3 i NOBEPMAIOUUCh 8 GUXIOHUL HYHKM.

Memoro docridoicentst € po3podka egheKmugHUX NPOYecie MidCHAPOOHUX ABMOBYCHUX nepese3eHb 3a Hanpamom Ykpai-
Ha-€spona.

Hna docacuenus memu gupiuleHo Maxi 3a60aHHA. NPOAHANIZ08AHO OCHOBHI MeHOEHYIT PO3BUMKY MIHCHAPOOHUX naca-
JCUPCHKUX nepege3enb 8 Yxpaini, po3pobieno bazamoemantuii areopumm O GUPIUEHHs 3a80aHHS (OPMYEaHHS MPAHCNOPHI-
HO-102ICIUYHOI CXeMU MIdDCHAPOOHO20 Nepese3eHHs. 3a Hanpamom Ykpaina—€epona; 3anponoHo8ano MameMamuyty mMooens
JI0ICIUYHO20 YRPABTIHHS NPU (YOPMYBAHHI MINCHAPOOHUX MYPUCIUYHUX MAPWpymie 3a Hanpamom YKpaina-€epona; npose-
0€eHO eKOHOMIKO-MameMamuiHe MOOent08aHHa Ha NPUKIAOT POPMYBAHHA ONMUMATBHOLO MYPUCIUYHO20 MAPWIPYIY O MiCmaM
Ilonvwi ma npoananizyeamu pe3ynomamu po3e s3Ky.

OcHosra yeaza npudinena npoonemi ubopy Halbitbw eheKmusHUX cxem nypucmuuHux nooopodicei. Lle nabysae oco-
ONUBO BAJCTUBO20 3HAUEHHA HA CYUACHOMY emani yepe3 akmueHull po36UmMoK MINCHAPOOHUX 36 A3KI6 1 C8IMOBOI mypucmuynoi
inoyempii. Ilpoananizosano gaxmopu, wo enIusaOms Ha uOip NYHKMIE i uacy nepedysanus 6 MiCmax, 6nius npueadIueocmi
00 exmy nodopodci Ha OOYLTbHY MPUBATICMY 6I06I0VEAHHS KYIbMYPHO-ICMmopuuHux Micyv. Ha npuxiadi cemu natibinour nony-
aaprux micm Ionviyi 30ilicHeno MOOeTI0BAHHS MA BUIHAYEHO ONMUMATLHULE MAPUPYI.

3anpononosanutl nioxio mae cnpuamu 30IIbUEHHIO KITbKOCHI NOI300K 30 AKMYATbHUMU MaApupymamu, 6l eghex-
MUBHOMY BUKOPUCIAHHIO NADKY asmo0ycié asmompancnopmno2o nionpucmcmea ma Oinbiu 3pyUHOMY ma AKICHOMY 00CY206)-
BAHHIO nAcadxiCupie (3a uacom, nepecadkamu ma iw). B yinomy cnpusmume 3p0CmanH0 npudymKo80CHii OisibHOCHI NIONPUEM-
CMEA-NepesisHUKd, d MAaKoX4C JONOMOMNiCce 8PAXY8amu HOmpeol CHONCUBAYIB (NACAXHCUPIE) MPAHCROPMHUX HOCTY2.

KitrouoBi cloBas MidicHapoOHi nacaxicupcoKi nepesesens, agmoOyCHi Mapuwpymu, 102iCMuyHe YNpasinHs, Onmumizayis
MyPUCIUYHO20 MAPUPYITY, MPAHCHOPMHO-TOICIUYHA CXeMA.
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Khalipova N. V., Kuzmenko A. 1., Cherchata A O., Havryliuk V. V. Logistics management of international passenger
transportation routes parameters forming

The article addresses the urgent issue of forming effective transport and logistics support in organizing international
passenger transportation. An economic and mathematical model of logistics management in the development of international
tourist routes between Ukraine and Europe is proposed. The model is associated with the traveling salesman problem, where all
designated points must be visited exactly once in a closed loop with minimum total cost, returning to the starting point.

The purpose of the study is to develop efficient processes for international bus transportation in the Ukraine—Europe
direction.

To achieve this goal, the following tasks were accomplished: the main trends in the development of international pas-
senger transportation in Ukraine were analyzed, an algorithm for forming a transport and logistics scheme for international
transportation in the Ukraine-Europe direction was developed; a mathematical model of logistics management was proposed;
and economic and mathematical modeling was conducted to determine the optimal tourist route through cities in Poland and
analyze the results.

Based on the analysis of current trends in international bus transportation and the factors influencing increased demand,
an algorithm for building a transport and logistics scheme in the Ukraine—Europe direction was developed. This scheme takes
into account both preliminary and operational forecasts of passenger flows, as well as the results of modeling queueing systems
during formal border-crossing procedures for buses (via green and red corridors), and the real conditions with queues and ser-
vice channels at international checkpoints.

The main focus is on choosing the most efficient tourist travel routes. This issue is particularly relevant today due to the rapid
development of international relations and the global tourism industry. Factors influencing the selection of destinations, time spent
in cities, and the impact of a location s attractiveness on the optimal duration of cultural and historical site visits were analyzed.

Using the example of seven of the most popular cities in Poland, modeling was carried out and the optimal route was
determined. As a result, the route Lviv—Krakow—Oswiecim—Wroclaw—Poznan—Gdansk—Warsaw—-Lviv was found to have the
shortest total length by road — 1788 km.

The proposed approach should contribute to an increase in the number of trips along popular routes, more efficient use
of the bus fleet of transport enterprises, and improved convenience and service quality for passengers (in terms of time, trans-
fers, etc.). Overall, it will help increase the profitability of transport companies and better meet the needs of transport service
consumers.

Key words: international passenger transportation, bus routes, logistics management, tourist route optimization, trans-
port and logistics scheme.

IMocTanoBKa Mpo6aeMu. Po3BUTOK MiXKHAPOIHOTO CITIBPOOITHHIITBA YKpaiHu 3 KpaiHaMu €BpoId BifoOpa-
XKaeThCs B TAKUX cepax, K Typu3M, AiT0Bi, KyIbTypHi, CIOPTHBHI, HAYKOBO-TEXHIYHI Ta iHIII BUAW MI>KHAPOIHUX
3B s13KiB [1].

AHalti3 macaXupCchKUX MapIIPyTHUX CUCTEM MIKHAPOAHOTO CHOIYYEHHs CBIAYMTH NPO Te, 10 eheKTHBHE
(YHKI[IOHYBaHHS TPAHCHOPTY B CYYaCHUX YMOBAaX BU3HAUa€ HE TIIbKY CKOHOMIYHMI PO3BUTOK KpaiHH, ajie i 3a710-
BOJICHHSI HaraJibHUX NOTped MiJIbHOHIB MtoeH 1 crpuse pO3BUTKY MIKHAPOIHOTO CIIBpOOITHUIITBA Ta 3B A3KiB [2].

IToBHOMacmITaOHa BifiHa 3MiHKMJIA PUHOK aBTOOYCHHUX MEepeBe3eHb B YKpaiHi Ta CTBOpHJIA OLIBIINI MOMHUT Ha
HBOMY HacaMmIlepe] yepe3 MpUIHHEHHs aBiacnonydeHns. Jlo mpukmany, y 2023 pori KiTbKiCTh aBTOOYCHUX Iaca-
xupiB Ha BlaBlaCar B Ykpaini 3pocia Ha 86% mopiBHsIHO 3 2022 pokOM. A 3arajioM 3a OCTaHHI 2,5 pOKH yKpaiH-
ChbKHH aBTOOYCHHI PUHOK BUPIC IIOHAWMEHIIIe BTPUY1 B TPOIIIOBOMY €KBIBaJICHT1 — 10 OJU3bKO 7 MIIPA I'PH.

Ha 3061b11eHHS IONTUTY BIUIMBAIOTH i iHII (hakTopu [3]:

— ¢akTop Oe3MeKH, ajpKe JIFOIH POIOBKYIOTh BUIKIKATH 3 TPUPPOHTOBUX MICT 1 CiJT;

— IOCTYIIHICTB, 00 aBTOOYCH MAIOTh IINPIINH Ta THYUKIIIUHA IepesTik HanpsMKiB 1 MapIIpyTiB, HIX iHIII CIIO-
CO0M CIIONTyYCHb.

[Ipote, nonpu TypOyaeHTHUI Iepiof], HE3MIHHUM 1 Ty>Ke BaXJIMBUM (aKTOPOM BIUIUBY Ha PUHOK aBTOOYCHUX
MEPEeBE3CHb 3AIUIIAETHCS CE30HHICTh. AJKE MacaXUPOMOTIK Y BUCOKUH CE30H MOXE MEPEBHIIYBaTU MOKa3HUKU
HU3BKOTO YH CEPEAHBOTO OUIBIN HIXK yaBivi [3].

AKTyallbHICTh 00paHOi TEMATUKH TOJIATAE y (OPMYBaHHI €(PEeKTUBHOTO TPAHCIIOPTHO-JIOTICTHYHOTO 3a0e31e-
YeHHS MPH OpraHi3amii MiXKHApOJIHUX aBTOOYCHUX IEPEBE3CHB 3a HAIPSIMOM YKpaiHa-€Bpomna.

AHaJji3 ocTaHHIX AocTimKeHb i mydaikaniil. ABTOMOOITBHHN MACaXXUPCHKUA TPAHCIIOPT € CKIIAJI0BOKO
YaCTHHOIO €JIMHOI TPAHCIIOPTHOI CHCTeMH Kpainu. 11 ycmimae GyHKIiOHyBaHHS 31e6iIbII0T0 3aeKNTh Bl KOOp-
JTUHAIT pOOOTH 3 IHIIMMH BUAAMHU TPAHCIIOPTY.

s cydacHoi YkpaiHu 3Ha4eHHST aBTOMOOUIBHOTO MACaKUPCHKOTO TPAHCIIOPTY HEOIIHEHHE, OCKUTBKU came
BiH 3’€JJHy€ Pi3Hi PETiOHM y €ANHY KpaiHy, a YKpaiHy — 3 iHIIUMH KpaiHaMu €BPOINH Ta IHITMMHU YaCTUHAMH CBITY.
B mpoMy ceHci TpaHCHOPT € OMHMM 3 BH3HAYAJBHHMX AEP’KaBHO YTBOPIOIOUMX (PAKTOPIB i BXODKEHHA YKpaiHu
B €Bponeicrkuii mpocTip [2].

IIpobnemu opranizauii Ta ynpasiaiHHS NPOIECOM aBTOMOOUIBHHX NMACaKUPCHKUX NEPEBE3ECHb PO3MISAHYTI
B poborax B. K. [lomi [41 M.I". bocHsika [5] Ta iHIIMX BUEHUX.

AHaJi3 TpaHCIOPTHUX IMPOLECIB B KOHTEKCTI €BPONEHCHKOI iHTerpauii YKpaiHu € akTyalbHUM 1 moTpelye
DIMOOKOro 1 BCEOIYHOro JOCIIIKEHH.
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Kputnunuii ananiz opranizamii Mi>KHapOJHMX aBTOMOOITBHUX MACaXXUPCHKUX NEPEBE3EHb NPEICTABIECHO
B [2]. ABTOpaMu mpamni IPeACTaBICHO PEe3YIbTaTH AOCIHIIIKEHHS CUCTEMU MIXKXHAPOAHUX MACAKUPCHKUX HMEpeBe-
3€Hb Ta 3aIPONOHOBAHO LUISXU BAOCKOHAJIECHHS 1 MOKPAI[aHHS TPAHCIIOPTHOTO OOCIYyrOBYBaHHS HACENICHHS Ha
MDKXHApOJHHUX aBTOOYCHUX MapIIpyTax.

OOrpyHTYBaHHIO 3aXOfiB 3 MiJABHIICHHS €()EeKTHBHOCTI BUKOHAHHS IMACaKHUPCHKUX IEpPEeBE3CHb y MiXHa-
POIHOMY CIIONYYEHi IPH 3MIHHOMY ITIOTIHTI Ha MEPEBE3CHHS MUITXOM MPOSKTYBaHHS BIOCKOHAJICHUX aBTOOYCHUX
MapIIpyTiB MPUCBIYCHO MPaIlto [6]. ABTOPOM 3alporOHOBaHI yI0CKOHAICHHS MapIIPYTHOI CUCTEMH MIXKHAPOIHUX
MMACaXUPCHKUX MEPEBE3EHB CIIOIYYEHHAM YKpaina — [lonbma.

Po3rnsiny mutans qOCIiKEHHS Ta BIOCKOHAICHHS ICHYOUO1 OpraHi3allii macaXXupChKuX MepeBe3eHb Ha MiXkK-
HaponHoMy MapiuipyTi TepHominb — [para npucesueHo npaito [7]. B poOoTi 3anmponoHoBaHO 3aX0Au MO IiJBH-
IIEHH] SKOCTi Ta KOHKYPEHTOCIIPOMOXKHOCTI MIXKHAPOJHOTO MAPIIPYTY, PO3IISTHYTO Ta BCTAHOBJICHO NMEPCHIEKTUBHI
CyYacHi TPaHCIIOPTHI TEXHOJIOT11, aHAMITHYHUM IUISIXOM JJOCIiIPKEHO €KOHOMIUH1 Ta €KOJIOT1YHI TOKa3HUKH. TOCIi-
JoKeHHs. MapupyTy TepHomins — IIpara ABTOpOM BCTAHOBJICHO, IO PiBEHb NMACAKUPONOTOKY MOXHA 30UIBIIUTU
HIISIXOM HiJBUILEHHS SIKOCTI HaaHUX nociyr. LIInaxoM npoBeIeHHs: EKOHOMIYHOTO aHAJIi3y IePeBE3eHb BU3HAYEHO
KOHKYPEHTHO CIIPOMOXKHHH Tapud Ta mepios OKyIHOCTI JaHOTO MapIIpyTy.

HayxoBusmu Kocrts 1. I1., Bynauk C. 1., Hikimayk C. B., Koctrouernko JI. M. mocmipKyBaiucs IATaHHS Opra-
Hi3alii BHYTPIIIHIX Ta M>KHAPOIHUX MTEPEBE3CHD MACaKUPiB aBTOMOOITBHUM TpaHCIIOpTOM [8, 9].

Pobota naykosiiB Imutpiea I. A., IBaninosa O.C., lllesuenko [.1O., Kupuara I. M. [10] npucBsyeHa nuraH-
HSIM €KOHOMIKH ITiITIPUEMCTB aBTOMOOIJTBHOTO TPAHCIIOPTY. BIIMB TeXHIKO-eKCIUTyaTalliiHIX MTOKa3HUKIB pPOOOTH
ABTOTPAHCIIOPTY HA €(PEKTHBHICTH JIOTICTUYHOI cUCTeMH po3rsiaatoThes B [11] [opsainosum O. M.

ITix gac pociChKO-yKpaiHCHKOI BilfHM HaJ3BUYAHHO aKTyalbHUM 3aBHAHHSIM € ITOUTYK KOIUTIiB JUIi (iHaH-
cyBaHHs Cui1 000poHH Ta 3a0e3MeueHHs HAIIMX 3aXHMCHUKIB 3apajy HAOIIDKCHHS NEPEMOTH Ta SIKHAWIIBUIIIOTO
3BUIBHEHHS OKYNOBaHUX p¢ Tepuropiit [12]. OgHuM 3 mKepen HaOBHEHHs YKPaiHCHKOTO OIOKETY € BUBEICHHS
3 «TiHD» MacaXUPCHKUX aBTOOYCHHUX IepeBe3eHb. lle He TUIbKM HANOBHUTH Ka3Hy, a I 3alpoBajuTh MpaBUIIa
po0oTH, 3a SKUMH MpalIOe TPAHCIOPTHA cHcTeMa €BpPOCOr03y. 3a JaHUMHU EKCIEPTiB, HAWMEHIN «TiHi30BaHHUN»
PHHOK MDKHApOJHUX IepeBe3eHs. Lle 3po3ymino, 60 mpu NepeTHHaHHI Jep>KaBHOIO KOPJOHY MEPEeBI3HUK y Oyb-
SIKOMY BHTIAZIKy Ma€ IOTpUMYyBaTucs 3akoHoxaBcTBa €C y cepi nepeBe3eHb (MUTaHHS BIAMIOYHHKY BOIIS, KUTBKO-
CT1 MiCIlb, TEXHIYHOTO CTaHy TPAHCIIOPTHOTO 3ac00y).

3a yac 3amrycky eUepru 3 ceprast 2023 poky g0 motoro 2024 p. KOpAOH 3a IEKTPOHHUM 3aITMCOM MTEPETHYIIO
nmonaj 40 Tucsd aBTOOyCiB Ta 725 THCSY BAaHTaXKIBOK.

3Bakaroun HA 3pOCTAHHA ITONHUTY HAa MDXXHAPOIHI aBTOOYCHI IepeBe3eHHS Ta pedopMH, sIKi MaroTh Ha METi
MOJIMIINTH e} HaPSMOK, IIEPEBI3HUKAM BapTo 3aayMaTHCS HAJ THM, SIK 3aJTy4JaTH I1e OiIbIie KNi€HTiB Ta poOUTH
ix mocriiHuMH. Lle MOXKHA TOCATHYTH 3aBASIKH TaKUM IiX0AaM Ta iIHCTpyMEHTaM:

1) OnnaitH-OpOHIOBaHHS KBUTKIB. 3aBSIKY 3pyYHHM CUCTeMaM OpPOHIOBAHHS Ha CalTi KIIIEHTH MOXYTh JIETKO
MOPIBHIOBATH IL[IHU HA KBUTKHU, BUOMPATH NOTPiOHI MapIIpyTH Ta poOuTH ormary. Lle 103BONMUTh 30UTBIIUTH JIOSIb-
HICTh ayIuTOPii.

2) CrmiBopars 3 iHIIUMHU MIIPHEMCTBaMH. YKJIAIaHHS MapTHEPCHKUX YToA 3 TOTESIMU, TyPHUCTUYHHUMU
areHTCTBAMHU YU IHIIMMHU CYMDKHUMH KOMITaHISIMH JOTIOMOXKE TIEPEBI3HIKAM IPHBEPHYTH YBary HOBHX KIIIEHTIB
CHUTBHUMH CIIEI] MPOTIO3UITISIMH.

3) [Iporpamu nmosmpHOCTI. HamaHHS 3HWKOK I TIOCTIMHUX KIIEHTIB ab0 aKIliiHI MPOMO3MIT ISl HOBUX
JOTIOMOXKYTB 320X09YBATH ayAUTOPIIO 0 IIOBTOPHHUX MTOKYTIOK.

4) BuxopucraHHs MapKeTHHTOBHX iHCTpyMeHTiB. Hampukian, tapreroBani SMS-po3cHiky Ha MOTEHIIHHY
ayJIUTOPIIO JAF0Th 3MOTy MaiOyTHIM KJIIEHTaM JIi3HATHCS PO BaIlly KOMITIAHIIO Ta 3HUKKH.

Hanpsimok MibKHapOZHUX NMAca’KUPCHKUX IEPEBE3CHb BUTPHMAB HU3KY BUKIMKIB, BTIM, II€ JTaJIO MOLITOBX
i 10 HOBUX IEPCIEKTHB, aJKe KOXKEH 00a4uB cBO1 30HU pocTy. OTke, IOIPH CKIIaJHOII, IIel CEKTOp MPOJOBKYE
aJIanTyBaTHCS Ta PO3BUBATHUCS, BUKOPUCTOBYIOYHM HOB1 MOXKIHUBOCTI [13].

AKTyasbHICTh 00paHOi TEMaTHKH HOJISATAe Y (OpMYBaHHI €()EeKTHBHOTO TPAHCIIOPTHO-JIOTiCTHYHOTO 3a0e311e-
YeHHS MIPH OpraHi3amii MXKHAPOIHUX acaXKHPCHKHUX MEPEBE3CHb.

Meta pocaimkeHnnsi. MeTo0 JOCHIIKEHHS € po3po0Ka e(EeKTHBHUX IMPOIECiB MIXKHAPOTHUX aBTOOYCHUX
TIepEeBE3EHb 32 HAIIPSIMOM YKpaiHa-CBpomna.

JIJ1s TOCATHEHHST METH HEOOX1IHO BUPIIIIUTH TaKi 3a/1aui:

— MpoaHaNi3yBaTh OCHOBHI TEHJCHIIII PO3BUTKY MIXKHAPOIHUX MACAKUPCHKHUX IepeBe3eHb B YKpaiHi;

— po3pobuTH OaraToeTamHUK aJTOPUTM UL BUPILICHHS 3aBIaHHSA (DOPMYBaHHS TPAHCHOPTHO-JIOTiCTHYHOI
CXEMH MIXKHAPOJHOTO MEePEeBE3eHHs 32 HAPsIMOM YKpaiHa—€Bpomna;

— 3aIpOINOHYBATH MAaTEMaTU4Hy MOJEIb JIOTICTUYHOTO YIPaBIiHHA NpHU (POPMYBaHHI MIXHAPOIHHUX TYypPHUC-
TUYHUX MapIIpyTiB 3a HapsMOM YKpaina-€Bporna;

— MPOBECTH EKOHOMIKO-MaTeMaTWYHE MOJENIOBAHHS Ha MPUKIAAl (GOPMYBaHHS ONTHUMAJIBHOTO TYPHCTHY-
HOro MapuipyTy o Mictam [lonblii Ta mpoaHasizyBaTH pe3ynbTaTy po3B’sA3KY.

Buxknan ocHoBHOro marepiany. Ananiz 0CHOGHUX MEHOEHUIH PO3GUMKY MINCHAPOOHUX HACANCUPCOLKUX
nepesezenv 6 Ykpaini. TpaHCIIOPTHUA KOMIUIEKC € Ba)KIMBOIO CKIIANOBOIO y CTPYKTYpli €KOHOMIKH YKpaiHH.
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EdextuBHe (QyHKIIIOHYBaHHS Jep:KaBHOI TPAHCIIOPTHOI CUCTEMH Ta BKIIOUEHHS ii y €BPONEHCHKY H CBITOBY TpaH-
CIIOPTHI MEPEeXi CIIPHUSIOTh BUPINICHHIO HAWBAXKITUBIIIKMX 3aBJaHb CbOTOJICHHS Ta I03BOJISIE 301IBIIUTH 00CATH MiX-
HapoIHUX MnepeBe3eHb. ONTUMalbHI YIPaBIiHCHKI pillIeHHA Ta MOCTIHHUI KOHTPOJb MalOTh 3a0e3neunuTH edek-
TUBHICTb (D)YHKL1OHYBaHHS MiANPUEMCTB TPAHCIIOPTHOI raixy3i, aKi 3aiMaroThCsl MXKHAPOAHUMHU MACaKUPChbKUMHU
nepeBe3eHHsIMHU. M XKHAPOIHI TacaKUPCHKI MTEPEeBE3CHHS MOXKHA XapaKTEPU3yBaTH TAKUMH IIOKa3HUKAMH, SIK MaTe-
pianbHi, TpyaoBuMH, (piHancori. Cranom Ha 2019 pik B YKpaiHi HapaxoByBanocs npuOIu3Ho 240 aBTOTpaHCIIOPT-
HUX TiIOPHEMCTB, IO OOCIYTrOBYBaNd PUHOK MIKHAPOAHWX MAacaXHPCHKHUX IMEpeBe3eHb. MaplipyTHa Mepeka
3’€JHyBaJIa Hally JepXaBy i3 23 iHO3eMHHMH KpaiHaMu, Jie Ha TOW Jac (yHKIioHyBana noHaa 400 peryaspHuX
MapIIpyTiB, O 0OCITyTroByBalUCs MOHA 1,5 TUCSYaMU TPAHCIIOPTHHUX 3acO0iB [6].

Sk moka3zye aHami3 [2], mpiOpUTETHUMH Ha TOW Yac 3aJIMIIHITUCS 3B A3KH YKpaTHH 3 pOCIHChKOI0 (penepaltiero
ta kpainamu CH/JI (28,2%). JIpyre miciie 3a iHTEHCHBHICTIO 3aiiManu kpaiHu €Bpomnu i bimsskoro Cxomy, Biamo-
BifgHO 22,1%. Lle mosicHIOBaIOCS CKPYTHUM C€KOHOMIYHUM CTAHOM HACEJICHHS, CTAHOBJICHHSM PUHKOBUX BiJTHOCHH,
10 MIPU3BEIIO JI0 MOSIBU WION-Typu3My. [IporHO3HI po3paxyHKH, BTIM NOKa3yBallH, 0 B HaiOmmxui 10 pokiB Bax-
JIUBUM HAaNpsIMKOM Yy PO3BUTKY Maca)XXUpPChbKUX mepeBe3eHb Oyne LleHTpansHa €Bpoma, amxe oOcCsir mnepeBe3eHb
y 2019 poui B upomy perioHi Bxe csraB 14%.

Po3monin mepeBe3eHs 3a BUIAMH TPAHCIIOPTY B YKpaiHi CBIAYUB, [0 HA aBTOMOOLUIEHIH TPAHCIIOPT HPHUIIagae
moHax 85% o0CATIB MacaKMPCHKUX IepeBe3eHb. B YkpaiHi KiTbKiCcTh MapmpyTiB 3a monependi 10 pokiB 3pocia
Oimpie HiXK y 10 pasiB, a 00CSATH MepeBe3eHb macaxupiB 30imbimmimck 3 0,5 MitH 10 6,0 MIIH Tac. Ha pik. Mapii-
pyTHa CHCTEMa PETryIISIpHOTO aBTOOycHOTO cniony4eHHs y 2018 p. ckimaganack 3 190 MapmpyTiB i 3a0e3mnedyBaia
CTayni 3B’5130K 3 15 kpainamu €Bponwu, He BpaxoByroun kpain CH/I. Lle taki kpainu, sik [Tonbma, CnoBaddnHa,
Pymynis, Yropumna, Yexis, bonrapis, Himequnna, ABctpis, Typeuunna, Bennkobpuranis, Jlarsis, Ectonis, I'pe-
1ist, @panmis Tomo. Haiibinbin po3sBHHEHa MapIIpyTHa CHcTeMa cTBopeHa 3 PeciryOmikoro Ionbina, CioBaydnHOIO,
VYropmunoto, PymyHnieto, Yexiero Ta Himeuunnoro. ¥V 2018 p. Ha perynspHux aBToOyCHHX MapIIpyTax BUKOHYBa-
nock 384 peiicu. Hampuknaza, mixk Ykpainoto i [loabmero moaenHo 20 ykpaiHCBKUMU Ta 26 1HO3EMHUMH TepEBi-
3HUKaMU 37iiicHIoBanocs 138 peiiciB Ha 67 aBroOycHUX MapipyTax [2].

IMannemia Covid-19 Ta nani noBHoMacmiTabHa BiiiHa, akTUBHA (pa3a Axoi po3nouanacs y aoTomy 2022 poky,
3MIiHHJIa PHHOK aBTOOYCHUX IepeBe3eHb B YKpaiHi Ta CTBOpHJIA OLIBIIMHA IONMHAT HA HHOMY HacaMIiepen depes
MIPUIMHEHHS aBiacmoiay4eHHs. s YikpaiHu mocTaly BHKIMKHE HacaMmepe y oONacTi TpaHCIIOPTHOL JIOTiCTHKH.
Brue nanmemii MaB CBill IPOSIB Y CKOPOYCHHI MTACAKUPOIIOTOKY Yepe3 KOPAOH BHACIIOK 3aIpOBaKEHHS 00Me-
JKEeHb Yy (DYHKIIIOHYBaHHI IIYHKTIB ITPOITYCKY 3 METOK JTOTPUMAaHHS KapaHTUHHUX 3axojiB. BiifHa x akTyaizyBaya
MUTAHHS MiIBUIICHHS MPOMYCKHOI CIIPOMOXKHOCTI ITyHKTIB MPOITYCKY Ha 3aXiJHOMY KOPIOHI, OCKIJTBKH B IEPIIi
MicsIi BilfHM 3HaYHO 301TBIIMBCS MACAKUPOIIOTIK y HANPsIMi «BUI3AY» 3 YKpainu [14].

3a ocTaHHi 2,5 poKHM YKpaiHCHKHH aBTOOYCHHI PHHOK BUpIC HIOHaWMEHIIE BTPHUYI B I'POILIOBOMY €KBiBa-
JIEHT1 — J10 OJIM3BKO 7 MIIPJ TPH.

Ha 30inpeHHs MONKUTY BITMBAIOTH i iHIII (pakTopu sK Oe3reka Ta NoCTynHicTh. PakTop Oe3nexu noB’s3a-
HUH 3 TUM, IO JIIOAU MPOAOBXKYIOTh BUINIKATU 3 MPUPPOHTOBUX MICT 1 ci. JLOCTYIHICTh JOCATAETHCS 3aBASKH
IIMPIIOMY Ta THYYKIIIOMY TEpEeiKy HalpsMKiB i MapIIpyTiB aBTOOYCIB IMOPIBHSIHO i3 IHIIMMHU CIIOCOOAMU CITO-
nmydeHHs. BtiM, He 3Bakaroun Ha TypOYJICHTHICTh CYy9acHOTO IEpiony, TaKuid (paKkTop sIK CE30HHICTh 3aHIIAETHCS
HE3MIHHUM 1 BOKJIMBHM 32 BILTMBOM Ha PUHOK aBTOOYCHMX IepeBe3eHb. Tak, MacakupoIoTiK y BUCOKHH CE30H
MOYKE ITePEBHIIYBaTH MOKA3HUKU HU3BKOTO YK CEPEeTHHOTO OLIbIN HiXK yuBidi [3].

MoskHa BU3HAYUTH TPH PIBHSI CE30HHOCTI Ha aBTOOYCHOMY PUHKY: BUCOKHH, CEpeHii Ta HU3bKUii [3].

Bucokum ce30HOM — Iepioj] JIITHIX BIAIYCTOK, IIKUTHHUX KAHIKYJI, IepyKaBHI Ta iHIII cBsTa, Taki sk PiznBo, Bemvk-
nenb, Jlens HesanexHocri, Tomo. Ilik nmprmagae Ha depBeHb-CEpIICHb Ta IPyleHb-clueHb. HU3BKUM CE30HOM € Tepion
3 JIpyToi IIOJIOBUHH CIYHSI JI0 KiHII JIFOTOTO TA 3 APYTOI AEKa M BEPECHS IO CEPEeIMHU KOBTHS. 3MIHIOEThCS 1 AMHAMIKA T1aca-
MKUPOIOTOKY. 3aI€KHO BiJl POKY, PI3HHULIS MiXK [ACAKUPOIIOTOKOM Y CEPITHI Ta B JIFOTOMY MOXe OyTH y 2 4H HaBiTh 2,5 pasiL.

®DaxTopHU BIUIMBY Ha 3MiHH MACAKUPOIOTOKIB € TaKi:

— Ce30HHICTbh MPUTaMaHHa BCIM BHJIaM TPAHCIIOPTY, 1 aBTOOYCH HE € BUHATKOM, Ta BapilO€THCS 3aJI€KHO BiJl
HAIIPSIMKY.

— 3 moYaTKOM ITOBHOMACIITAa0HOT BiffHH aBTOOYCH CTaIH OJHUM i3 OCHOBHHX BHIIB TPAHCIOPTY [UIS MiKHA-
POJHHX MepeBe3eHb. ABTOOYCH 3a0€3IeUyIOTh MOXKIIMBICTD MPSMOTO CITOJNYYSHHSI 3 MiCTaMH 32 KOPJIOHOM. ABTOOY-
CHI TTepeBe3eHHS CTAJI TAKOXX HE3aMiHHOIO YaCTHHOIO MYJIBTUMONAIBHUX NIEPEBE3CHb, HAPUKIIAL, BKITIOUAIOTHCS
JI0 CKJIAJTHUX MapIIpyTiB, IO BKIFOYAIOThH peiick 10 HalOmmkunx aBiaxabiB. CTaTHCTHKA TIOKA3YeE, 10 3 TIOYATKY
ITOBHOMACIITa0HOTO BTOPTHEHHS KiJIbKICTh MIKHAPOAHUX aBTOOYCHUX MOI30K 3 YKpaiHu 301IbIIIIacs BTPUYI.

— Ilepexin Ha rpuUrOpiaHCHKUM KaJCHAAP, IO HAPa3i € aKTyaJbHUM IS YKPaiHU, TAKOXK BIUTMHYB Ha PHHOK.
Jo nporo nepexony ¢hopMyBajocs ABa OKpeMi BEIHKi MacaXXHUPOMOTOKU — 3 THUX, XTO CBATKye Pi3nBo 25 rpynss,
1 THX, XT0 7 ciuHs. Hapasi ui nacaxxuponoToku 00’ eHANNUCS B OAMH BEJIUKUN ACAKUPOTIOTIK.

3 moyarky MOBHOMACIITA0HOI BiHM 3HAYHO CKOPOTHJIMCA TaKi MIKOBI MACaXKUPOIMOTOKH : CTYIEHTH, SKi
HaByaJKcs 32 KOPAOHOM; TPYAOBI MIIpaHTH, sIKi MACOBO BUPYILIAIU Ha ce30HHI podoTH. Ha 1e BruHynu it HemMox-
JUBICTH BUI3Y 32 KOPJOH YOJIOBIKIB MPU30BHOTO BiKY, 1 YaCTKOBE ab0 MOBHE 0OMEKEHHS Mirparlil yKpaiHIiB, AKi
OTPHMAITH TIPUXHCTOK B IHIHMX KpaiHaXx.
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Jlromu movasny Mo-iHIIOMY IIAHYBATH MOI3AKU. SIKINO paHille iHTepBal MK NIPUAOAaHHSAM KBUTKA Ta JATOIO
BIJTIpaBJICHHS Mir OyTH Bix 7 10 9 qHIB, TO 3apa3 OUIBIIICTh KyIlye KBUTKH B ICHb BiApaBICHHS a0o0  3a 3 JHI 10
HBOTO.

OaHUM 13 KITIOYOBUX IHCTPYMEHTIB ITi/IJIAIITOBYBATUCH ITiJl CE30HHI KOJIMBAHHS Ta MependadaTH ix € aHa-
nmitTuka. BoHa momomarae BUSIBUTH CE30HHI TEHACHII Ta mepexbaduTy mikoBi nepioan. Crimparoduch Ha Ii JaHi,
aBTOOYCHI IEPEBI3HUKH MOXKYTh ITPALIOBATH HAJ PETYSIPHICTIO MapIIPYTHOI MEPEXi: MEHII MOMYIIPHI B IEBHOMY
CE30HI HAIPSIMKU CKOPOUYBATH, a JJISl TOTIOBHX — FOTYBAaTH MaKCHMAaJIbHO MiCTKHI a00 JOAaTKOBHI TPAHCIIOPT.

[TacaxnpomoTiK TaKOK MOYKHA MIATPUMYBATH PI3HOMAHITHUMUA MapKETHHTOBUMH KaMITaHISIMH, HAIIPUKIIA/T
y TIapTHEPCTBI 3 OHJIAiH AUCTPHO ToTopaMy. BrpoBaguTi ANCKOHTHY TOJITHKY, SKa IPyHTYBAaTUMETHCS, 3 OTHOTO
00Ky, Ha PETYISIPHOMY HaJaHHI 3HIKOK KOPHUCTyBadaM, a 3 IHIIOTO — HAa MiATPUMIN MapTHEPiB-NEPEeBi3HHUKIB
y Tepioj] HU3BKOTO HOMHUTY.

[TigymamToByBaTUCh MiJl CE30HHI KOJIMBAHHS YacoM HEMPOCTO, BPAaXOBYHOUM CTaH CIPaB, IPOTE CTpaTeriuHe
IJIaHyBaHHA, THYYKICTb Ta MOCTIMHUN aHaJli3 PUHKY JIOTIOMOXXYTh BTPUMATHCS Ha TJIABY.

3a nanumu MiHiHpacTpykTypu y 2023 poui B Ykpaini MiHICTEpCTBO PO3BUTKY TPOMaj, TEPUTOPIii Ta iHO-
pacTpykrypu Biakpuio 400 HOBUX MI>KHApOIHMX MapIIPyTiB AJisi aBTOOYCHUX NEepeBi3HUKIB [15].

3a pesynpraTamu ITOCIiKEeHHs, poBeaeHoro B 2023 p. 6mm3bko 37% yKpalHIiB HOTOPOKYIOTH 38 KOPIOH
3 METOI0 Typu3My, 28% — m006 modaunTics 3 pigauMu, 18% — s 3ycrpideit i3 apy3smu, 17% onmuraHux — pododi
noi3aku (puc. 1) [16].

B typrzm
37%

O nobauntuca 3 pigHumu

B ana 3yctpiven i3
Apy3aMu

B poboui nuTaHHA

28%
Puc. 1. CtpykTypa Mi>kKHapOAHOTO MacaKUpornoToky B 2023 p. 3a MeToro moi3nku [16]

(Dopmyeamm mpancnopmno-noztcmutmoz cxemu MidiCHAPOOHO20 NePe6e3eHHs 34 Hanpamom YKpaina—
€spona. B mocnimxenni TMPOTIOHYEThCS Ha OCHOBI aKTyaJIbHHX IPOTHO3HUX JTaHHX Ta HasIBHOI ortepaTHBHOI iH)Op-
MaIlii o0 HampsIMKIB MEPEeMINICHHS MacaXHPOMOTOKIB BHPOOITH pilieHHs Ta GopMyBatu e(eKTHBHY TpaH-
CHIOPTHO-JIOTICTHYHY CXeMY IepeBe3eHH, BUKOPHUCTOBYIOUN HAassBHHI Napk Ta 0a3y aBTOOYCHOTO MiAIPUEMCTBA K
CBOEPITHUN «Xad».

Jlis 301TBIIeHHST KUTBKOCTI MIXKHAPOJIHUX PEUCIB Ta HAIMIOBHEHOCTI TPAHCIIOPTHHUX 3ac00iB, MapIIPYT MO~
JISIETHCA Ha JIBI CKJIAO0BI:

1. BayTpimHiit aBToOycHUI MappyT aBTOOYCOM BEJIMKOI MiCTKOCTI, 10 BKJIFOYA€E BEMKi MicTa YKpaiHu, miB-
JIEHHO-CX1/IHO1, IEeHTpaJIbHOI Ta MiBHIYHOI YacTHHU YKpainu (3amopixoks, Jxinpo, Kuis, XKutomup, PiBHe, JIbBiB);

2. Jpyra 4acTuHa MapupyTy (OpPMYETbCS 3aJ€KHO BiJl KUJIBKOCTI MACa)KUPIB 3a MEBHUM MIKHAPOIHUM
HamnpsSMKOM Ta LIeH MOJ0PpOXKi (TpyaoBa Mirpalis, TYpUCTUYHA M013/1Ka a00 K BiABiAyBaHHS OJM3BKUX Ta JIPY3iB
3a KopaoHoM). L[5 yacTHHA IIIaHyeTHCS HAa OCHOBI OTepaTHBHOI iH(pOpMAIIii Ta BKITIOYae BUOIp pyXOMOTo CKiany (3
HAsBHOTO Ha aBTOTPAHCHOPTHOMY IiAMPHEMCTBI) Ta IIYHKTY IPOIYCKY VIS MEPETHHY KOPAOHY 3 BUKOPHUCTAHHIM
eYepru.

[Tpu popmyBaHHI TPaHCHIOPTHO-JIOTICTUYHOT CXEMH BPaXOBYIOThCS ITOTICPE/IHI Ta ONIEpaTHBHI IPOTHO3HI JaHi
PO TMACAKUPOIIOTOKH, & TAKOXK PE3YIIFTaTH MOIETIOBAHHS CHCTEMH MacOBOTO OOCITyTOBYBaHHS MPU MPOXOIKEHHI
(hopMaITbHUX TIPOIIEYp MPH MEPETHHI KOPIOHY aBToOycamH (3a 3eJICHUM Ta YEPBOHHUM KOPHIOPOM) Ta peabHOI
CUTYyaIlii 3 yepraMmu Ta KaHaJamu 00CITyroByBaHHs B M>KHapOJHOMY ITYHKTI IPOITYCKY.

Takuii miaxix Mae COpuATH 30UIBIIEHHIO KUJTBKOCTI MOI3/I0K 3a aKTyaJIbHUMH MaplipyTaMu, Okl edek-
TUBHOMY BHKOPHCTaHHIO MapKy aBTOOYCiB aBTOTPAHCIIOPTHOTO HiANPUEMCTBA Ta OUIBII 3pYYHOMY Ta SKICHOMY
00CIIyroByBaHHIO MACAXHUPIB (32 UacoM, NepecagkamMu Ta iH). Takuil miaxig CopuaTUMe 3pOCTaHHIO IPUOYTKOBOCTI
B JiSUTBHOCTI MAMPUEMCTBA-TIEPEBI3HUKA, @ TAKOXK JOMOMOXKE BpaxyBaTH MOTPeOH CIIOKUBAYIB (TacaXupiB) TpaH-
CIOPTHHX MocTyT. [TocnigoBHICTE BUpIlICHHS 3aBIaHHS Taka (puc. 2):
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IMouarox

A4
H : Ananiz
Buyrpiwna 6a3a sannx ATII »” > ABTOTPAHCMIOPTHOIO
NANPHEMCTBA

v

bazu crarucTHunnx > DopmyBaHHA JTAHHX JUIS
JAHHX NaCAKHPCLKHX OUIHKH IPOIHO3Y
fepeneseHbA N ' NACAKHPOTIOTOKIB I eman.
lMpozHosyearis
v nacaxuponomoxie

3aBnanns NPOrHO3YBANHA 3 YPAXYBaHHAM

CC'K)!l)lOCTi ﬂpOIICCiB NMCPCEC3CHbL
Il eman. Avania

GHYMPIWHL020
Y rMapwpymy
Sapnauna po3podxu Piienns 3a Sasnauns suGopy
MapUIPYTY BHYTPIIHIX | < BHY TPIlIHIM <% TPAHCIOPTHOIO 3aco0y Ui
NEPEeBE3CHb MAPLIPYTOM BHY TPIlIHIX NEpeBeseHb

Ill eman. Ananis

MiXHapoOH020
v Mapwpymy
3aBaanus po3podKu Iepeposnonin 3asranus Bubopy
\lilplllpyliﬂ Mi'A'HHp(),TlHII‘ - » NACAARHPONOTORY Il()()lll”y < » TPAHCHOPTHHUX 'saco()in JUIR
[IEPEBEICHD KOPJLOHY MIKHAPOHKX TIEPeBe3eHs
IV eman. Anania
| npouedyp e MATIIT ma
v ,‘ o0bpaHHA eheKmueHo20
Moaauns 3assku 10 eYepru B eapiaHmy
odpasomy MATIIT va KopjoHi 3
€sponoio
v
Ouinka napaMcrpis Ouinka napaMeTpis
oc’)ucn l"osv[;ammpw > RACAEMORKIE < > m’)lc 1v;‘os‘vr;anu;pm
YTOE) CMO s MATII A1YTOB)
3CJICHHM KOPIJIOPOM HYEPBOHHM KOPHIOPOM
V eman. Bubip
ehekmueHo20 eapiaHmy
v ma npuliHAMMS PileHHR

OuiHKa TCXHIKO-
CKOHOMIMHHX NMOKa3HHKIB
MUKHAPOIHOTO NEPEBEICHHA

v

Kineus

Puc. 2. BararoerarHuii anropuT™ BUpPILIEHHs 3aBAaHHs ()OPMYBaHHS TPAHCIIOPTHO-JIOTICTHYHOT CXEMH
MDKHapOIHOTO MEPEBE3CHHS 3a HaNpsiMOM YKpaiHa—€Bpomna
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1. AHai3 aBTOTPaHCIOPTHOTO MiNPHEMCTBA

2. OtpumMaHH iH(opMaLii PO NaCAKUPONOTOKU Ta (JOPMyBaHHS IPOTHO3Y 3 YPAXyBaHHIM CE30HHOCTI IIPO-
L[ECiB IePEeBE3EHb.

3. ®opMyBaHHS BHYTPIIIHEOIO MapIIPYTy Ta ONCPATUBHUM aHAaJI3 HAIPSMKIB ITOT3IKH aCaXKUPIB.

4. [Tepepo3nonisn macaXuPONOTOKY OOIH3Y KOPIOHY B 3aJIC)KHOCTI Bil HAsIBHOT CUTYaIlil.

5. OOpaHHs aBTOMOOUTBFHOTO IIYHKTY MPOITYCKY [UIS IIEPETHHY KOPIOHY Ta 3asBKa UL IIOCTAHOBKH B €Uepry.

6. Oninka e(peKTUBHOCTI MPOBEACHHS MUTHHUX MPOIEIYp TPH MEPETHHI KOPOHY Ha OCHOBI MOJICITIOBAHHS
CHCTEMH MacOBOTO OOCITyTOBYBaHHSI.

7. OniHka MOKa3HUKIB MapIIPyTiB MIXXHAPOIHOTO ITEPEBE3CHHS 32 HAPsMOM YKpaiHu —CBporia.

Ilobyoosea mamemamuunoi moodeni 102icmuunozo yRpasiinua npu GopmysanHi mMidicHapoOHux mypuc-
muyHux mapwipymis 3a Hanpamom Ykpaina-€sepona. [Ipobnema BuOGOpy HaiOLIbII e(EKTUBHUX CXEM TypHUC-
THUYHHUX IOJOPOXKEH 3700yBae 0COOIMBO BaXKIIMBE 3HAYCHHS HA Cy4aCHOMY €Talli B 3B’SI3KY 3 aKTUBHHM PO3BUTKOM
MDXKHApOJHMX 3B’SI3KiB 1 CBITOBOI TypucTU4HOI iHAYCTpil. EeKTUBHICTH pOOOTH TYpPUCTUYHOI KOMIAHIi HA PUHKY
B 3HauYHil Mipi Oyae 3ajekaTd BiJ TOro, HACKUIbKH MPaBWIbHO 0OpaHi MyHKTH MOJOPOXKi, BAAJO MifiOpaHuil yac
3YNUHKH B KOXXHOMY MICTI Ta BiJ] 3arajbHOI TPUBAJIOCTI MOJOPOKI.

OnmHuM 3 HAMOUTBII BaXKITUBUX MUTaHb € BiTOOpa)keHHs (aKTOpiB, IO BILTHBAIOTH Ha BHOIp HyHKTlB i acy
r[epeGyBaHHs{ B MicTax (0a30BUX, l'IpOMl)KHI/IX KlHueBHx) BILTUB anBa6nHBOCT1 00’€KTy IMOJOPOKi HA NOIUIEHY
TpI/IBaJ'IICTB BiIBITyBaHHS KyJIBTYPHO-ICTOPUYHUX MICITb. B SIKOCTI KpUTEPiaJbHOTO MOKAa3HUKA BHKOPHCTOBY€TCS
IHTEHCHBHICTH TPUOYTKY, IO TIPEACTABIISIE COOOIO BiTHOMIEHHS TPHOYTKY 10 9acy HOTo ofep KaHHsI, 0 OPTraHiTHO
cniony4vae piHaHCOBUH 1 YacOBUH (akTopu.

Busnauenns HaﬁKpaLuo'l' CXEMHU Hoz[opoxci (BuOip 3aranmpHOI KINBKOCTI IMYHKTIB 3ai3my i KOHKPETHHX MICT,
HOCTIZOBHOCTI 3ai3y B i MiCTa, TPHBAJIOCTI 3HAXOMKEHHS Y KOOKHOMY 13 an) 3a CKJIQJIHUM KPUTEPieM i3 BPaxyBaH-
HSIM MHOXXHHU BILTHBOBHX (baKToplB MOKJIMBO TJIBKH 32 OTIOMOTOIO BiANIOBIHOT EKOHOMIKO-MaTeMaTHIHOI MOJIETI.

ITo cBoili reoMeTpuyHiil MOOYIOBI CXEMH OKPEMHX MapIIPYTiB PyXy aBTOOYCiB Ha TYPUCTUUYHOMY MapIIPyTi
MOXYTb OyTH KiacuikoBadi [17] Ha pagianbHO-3aMKHEH1, KPYTOBI 1 JIJaMaHO-3aMKHEHi.

st ckmamanHs MapuipyTiB aBTOOYCHUX MOAOPOKeH c(hOPMYEMO SKOHOMIKO-MaTeMaTHIHy MOJCIbh Ha OCHOBI
3aa4i komiBospkepa [ 18]. [y aBTOOyCHUX TYPUCTHYHUX MAPILIPYTiB HAWOUTBII MPHUHHATHI KPyroBa i JaMaHO-3aMKHEHi
CXeMH pyXy. Y [IbOMY BHITJIKy aBTOOYC BiJIBIAy€E OMUH pa3 BCl MyHKTH MapiipyTy. Lle acoritoeThes 3 BiZIOMOIO B IOCIi-
JUKEHHI oTieparliii 3aja4et0 KOMIBOshKepa, IKUH TTOBUHHHHI M0 3aMKHEHOMY MapIIpyTy 3 MiHIMATbHUMH CyMapHUMH
BUTpaTaMu 00’1XaTH BCi 3a/1aHi IMTyHKTH, BIIBIJIYIOUH KOXKEH OIIMH Pa3 i IOBEPTAIOYMCH B BUXiAHUH ITyHKT [19].

ExoHOMiko-MaTeMaTHYHa MOJICITh 3a/1a4i KOMIBOsDKEpa Ma€ BUJI:

z=ZZc,.jx,,—>min )
=l =l {xi}
Z.XIJ':L ]:r (2)
i=1
ZXUZL i:r (3)
j=1
ui_uj+mxjj'£m_1’isj=1’_’ (4)

1, sakwgo mapwpym npoxkiadenuii 3 NyHKmy i @ NyHKM j, | —

()exij: laj:Lm ) (5)

0 6 npomunescnomy sunaoxy
z[e u,u, i, j =I,m — NiACHI 4nCIIa, 3HAYCHHS KX BU3HAYAIOTHCS B POLEC] PILCHHS 3a/1a4i;
— 3arallbHa KilbKiCTb 3aaHUX MYHKTIB MapIipyTy;
C;- — BUTPATH HA NEPEI3 i3 MyHKTY { y IYHKT j, i, j =1,m.
11bOBa (yHKIIIA MiHIMI3alil (1) BUpakae cymMapHi BUTpaTH Ha MPOXOKCHHS MapipyTy, ooMexeHHs (2)
3a0e3meuye, Io0 B KOKEH ITYHKT j MapIIpyT BXOAUTH PiBHO OAWH pa3, oOMexkeHHS (3) 3a0e3meuye, mo 3 KOXKHOTO
MyHKTY [ MapIipyT BUXOIUTh piBHO OIIUH pa3, oOMexeHHs (4) 3abe3nedye 3aMKHEHICTh MapuipyTy, Bi,E[CYTHiCTI)
Y HhOMY OKPCMHX HE3B ’sI3aHUX TAIUKIIB (POCTi OOMEKEHHS x;x, =0, 1, j =1,m, 3a6e3net1yBan1/I 0 TIJTBKU Blz[cyT—
HICTH 3yCTPIYHHUX ITOI3/I0K Ha3aj, ajie B)Ke IPH MIECTH ITyHKTaX 'MOKIMBAMH CTa/u 0, cka)xiMo, J1Ba HE3B’SI3aHMX
KUTBIISL TI0 TPU MMyHKTH B KOYKHOMY ).
3acmocysanua eKOHOMIKO—mameMamuunoi Mooeni 0na Gopmyeanna OnmuMaibHUX MAPUIPymie agmo-
oycnux noooposiceii. T1onplna € 4aCTUHOI CBITOBOTO TyPUCTHYHOTO PUHKY 3 MOCTIHHO 3pOCTAI0Y0I0 KUTBKICTIO
BifBinyBauiB. Typusm y Ilonsiui cripusie 3aranbHii ekoHOMIN kpainu. Halinonynspimumu mictamu € Kpakis, Bap-
masa, Bporyias, ['nancek, [lo3nans, llleuun, Jiro6nin, Topyns, 3akonane, ConsHa maxra B Benuuli Ta icropuuna
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nam’sitka AymBing — Himenpkuiit Hanmerchkuil koHnTadip B OcBennuMi. Kpamii micus BiAIOYMHKY BKITHOYAIOTh
Masypceke moo3ep s, y3oepexoks banriiicekoro Mopsi, Tarpu (HaiiBuimii ripcekuit Mmacus Kapmar), Cyaertu i bino-
Be3bKka mymia. OCHOBHI TypHCTH4HI mporno3ulii [Tonbii ckiagaroThes 3 OMISAY BU3HAYHUX MaM STOK Y Mexax
MiCTa Ta MM03aMiChbKUX ICTOPUYHHUX I1aM’ITOK, JUIOBUX ITOI3/I0K, KBTI ()iKOBAHOTO TypU3MY, arpOTYPHU3MY, T1PCHKOTO
MIIIOX1THOTO TYPH3MYy Ta ajbliHi3My [18].

Bubupaemo cim HacTynHuX MicT B [TonbIni /1 BKIFOYCHHS X B TYPUCTHYHI MapiipyTH — JIbBIB (BXOIUTh
000B’S3KOBO B cXeMy NoIopoiki), BaprraBa, Kpakis, ['mancwk, Bpoiyias, I1o3nans, OcBeHIIM.

Bixcrani Mix 3amanuMe MicTamu HaBeneHo B Taba. 1 [20]. MiHimMizyBaTi OyJieMO BiJICTaHb aBTOILISXaMH,
OTpHUMaHi 13 BAKOPUCTaHHsIM iHTepHET-pecypey Flagma. Tpeba 3HaiiTn Taki BapiaHTH TYpPUCTHYHUX MapIIPYTiB, HA
SKHX Oyzie TOCSTHYTO MiHIMaJIbHOI BiJICTaHi.

Tabmuns 1
BigcTranb aBTonuIgsxaMu Mizk TypucTudyHuMu Mictamu Moaburi
HasBa nyHkTty Bixcrane, kv
JIbBiB Bapmaga | Kpakis T'mancbk Bpousas ITo3nann OcBeHliM

JIbBiB * 382 323 717 585 652 377
Bapiasa 382 * 284 339 339 305 317
Kpakis 323 284 * 546 265 400 69
I'mancek 717 339 546 * 434 291 540
Bpoias 585 339 265 434 * 170 214
ITo3HaHb 652 305 400 291 170 * 356
OcsenuiMm 377 317 69 540 214 356 *

ExoHOMiKO-MaTeMaTHYHA MOJCIb HpI/II>'IMa€ BH:

F =382x,, +323x,, + 717x,, + 585x,, + 652x,, +377x,, +
+382x,, +284x,, +339x,, +339x,, +305x,, +317x,, +
+323x;, +284x,, +546x,, +265x,; +400x;, + 69x,, +
+717x,, +339x,, + 546x,, + 434x,, + 291x,, + 540x,, +
+585x,, +339x,, +265x,, + 434x,, +170x,, +214x,, +
+652x,, +305x,, +400x,, +291x,, +170x, +356x, +
+377x,, +317x,, + 69x,, + 540x,, +214x,5 + 356x,, — min

Xip X3 + Xy + Xps + Xpg + X, =1,
X1 + Xy X Xp5 + X Xy, =1,
Xy T X5, Xy g5 Xy Xy =1,
Xy + Xy T X3 F X5+ Xy + Xy =1,
Xsp  Xsp + Xg3 + X4 + X +X5; =1,
Xor T Xy + X3 + Xy + Xgs +Xg =1,
Xy Xgy + Xy + Xy + X0+ X =1.
Xy + Xy + Xy + Xy + X + X =1,
X, + Xy F Xy F Xy X, X, =1,
Xy Xy, + Xy X Xy Xy, =,
Xy, Fx, X X H X X, =,
X X + X+ X + X, + X =1
Xog F X2 X X, + X + X, =1,
| Xqy + Xqp + Xy + Xgy + Xgg + Xy =1
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Bu3HaunMoO ONTUMANBHUN MapIIPYT HNUIIXOM PO3B’sA3aHHS 33/1a4i KOMIBOSDKEpa B CEPEIOBHUIII €IEKTPOHHUX
tabnuib Excel (puc. 3). Po3B’ 130k Oyaemo 1rykary 3a IOIOMOTO0 /1iaJloroBOTo BikHA ,,Jlomyk po3B’s3Ky”.

[ToTpiOHO 3HAWTH Kpaluuii MapIIpyT, IO BKIo4ae B cebe Bei cim micT: JIbBiB, Bapmasa, Kpakis, [ maHCbK,
Bporyias, [To3nanb, OcBeHITIM.

B pe3synbrari BUKOHAHHS psIy KPOKIB, IO 3a00POHSIOTH HE3B’ sI3aHi i IMapIIpyTH, OyJI0 OTPHUMaHe PillICHHS,
HaBeJIeHe Ha puc. 3, a, 0.

Haina Ormady
2 OyHETY Jssie | Hapmara | Kpawis | Faancek | Bpontae | [Tossads | OcheHming
3 JIbBiE S000 352 | 3 717 5835 652 | 377 323 L
4  Bapmaga 382 000 | 2184 339 139 M5 | 317 382 5
5 Kpakie | S000 284 S000 546 265 400 69 60| .
6  aascek 717 339 546 S000 434 201 540 30|
T Bpooaoas SHS 339 Flin 434 SO0 170 114 170 D
8 Momsams | 652 305 400 291 170 | s000 356 291 s
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B pesynbrari po3B’s3Ky AaHOI 3a/1a4i, OTPHUMAaHi Taki pe3ynbTaTH: MpIMy0oun 3a MapuipyToM JIsBiB—Kpakis—
Ocsenniv—Bponnas—Ilo3nans—I gancek—BapmiaBa—/IbBiB 0TpIMaeMO MiHIMaIbHY JOBXHHY aBTOOYCHOTO Mapii-
PYTY aBTOIIISIXaMH, III0 CTAHOBUTH 1788 KM.

Bino6paskenns MapupyTy Ha kapti [losibiii, mobynoBaHo 3a nonomoroio pecypcy Flagma, maemo Ha puc. 4.
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Puc. 4. Po3poOnennii MapiipyT NofopoXi Ha TiJIcTaBi 3a1adi komiBospkepa [20]

SIkmo k 3a KpUTEpili 0OMpaTH BiJICTaHb, MPH IILOMY BPaXOBYIOUH JOAATKOBI (PaKTOpPH, MOB’s3aHi 13 OpraHi-
3aIli€10 TYPUCTHYHOI ITOJIOPOXKi, TO MOXKIIMBUH 1 3BOPOTHIN HANPSIMOK 00 i3y MyHKTIB Mapmpyty : JIbBiB— Bap-
maBa—I mancek— [To3Hanb—BpoiyraB —OceHitim —KpakiB — JIbBiB.

MosxnuBa 3MiHa KPUTEpil0 TaKUM YHHOM, 1100 KOMIIaHis He MiHiMi3yBajla pecypc (BiICTaHb) Ha BiIBixy-
BaHHA 33JaHUX IIyHKTIB MapIIpyTy, SIK Y 3a/adi KOMiBOSDKEpa, a MakCUMi3yBasla IPUOYTOK BiJl aBTONCPEBE3CHHS
3a OAMHUIIO Yacy. Y TakoMy KpUTepii IHTEHCHBHOCTI NPpHUOYTKY MOpsA 3 (akTopoM BUTPAT Oy[e BPaxOBYBaTHCS
1 iHIM# QiHaHCOBUI (haKTOp — AOXOMIB, @ TAKOK (PAKTOP Hacy.

3 TepexonoM BiJl KpI/ITepiIO Ha MIHIMyM J0 KpI/ITepiI-O Ha MaKCI/IMyM CTae MPUIMYCTUMUM 3HATTS BUMOTH
000B’SI3KOBOCTI 3aXOMy B YCI ITyHKTH MapuipyTy — BiJIIIOBITHO, 3’SIBISIETBCST MOXKITHBICTH BI/I60py i3 3arajpHOL
MHO>KWHH HaHOLTBIT IPHBAOIHBHX nyHKTlB MDK SIKAMH ONTAMI3Y€ETHCS MapuIpyT. SKimo s 3a7avi KOMiBOsDKepa
OymyBaBCsl ONTUMATBHAN MapIIPyT Mi>K 000B’I3KOBUMH ITyHKTAMH, TO B AaHii MOCTAHOBIII 3aa4i — ONITUMAaJIbHUH
MapIIPyT MK ONITHMATBHAMH ITYHKTaMH.

[Tpu moOymoBi ONTUMANBHOT CXeMH MAPIIPYTY MOXKYTh ITiJUIATaTH ONTHUMI3allii TaKoX 1 TpUBAJIOCTI repedy-
BaHHS MPOTATOM TIOJOPOXKi B KOXKHOMY 3 MYHKTIB. [Ipy MpoeKkTyBaHHI ONTHMAIBHOI CXeMH MOXE BPaXOBYBaTHCS
JIOXOZIM BiJ IEPEXOAiB MK MyHKTAaMH (MiCTaMHM) Ta iX TPUBAIICTH MOPSAJ 3 BUTpaTaMM HA IEPEXOIH, K y 3aaadi
KOMIBOsDKEDA.

BHCHOBKM Ta HepCcleKTHBH NMOAAJbLIINX J0CJAIIKeHb. Y JaHii crarTi Oyn0 MpoaHali30BaHO CydacHUI
CTaH Ta OCHOBHI TEHJEHIII PO3BUTKY MIKHAPOIHHX MMACAKUPCHKUX MepeBe3eHb B YkpaiHi. [IpoBeneHuii anami3
MPOIEMOHCTPYBAB, 110 cTaHOM Ha 2019 pik MPIOPUTETHUMH 3aJHIIATKCS 3B SI3KM YKpaiHU 3 POCIHCHKOIO (ere-
pamiero Ta xpainamu CHJI (28,2%). pyre micue 3a iHTeHCUBHICTIO 3aiiManu kpainu €Bpomu i bimspkoro Cxoxny,
Bigmosiguo 22,1%.

[Manxemis Covid-19 Ta nani moBHOMacmTaOHa BilfiHa, akTHBHA (pasa skoi posmouanacs y aoTomy 2022 poky,
3MIiHMJIA PUHOK aBTOOYCHHX IEpeBe3¢Hb B YKpaiHi Ta CTBOpMIIA OUTBIIMK MOMHWT Ha HHOMY HacamIiepen 4depes
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MPUIHHEHHS aBiacronyyeHHs1. OCHOBHUM HAIPSIMKOM y PO3BHTKY IAaCaXUPCHKUX MepeBe3eHb cTana LleHTpanbpHa
€Bpomna. BiifHa axTyani3yBaia MUTaHHS MiABUIICHHS IPOIYCKHOI CIIPOMOXKHOCTI TyHKTIB MPOIYCKY HA 3aXiJHOMY
KOP/IOH1, OCKIJIBKH B MEPILi MICsIi BiifHH 3HAYHO 301IBLIIMBCS MACAKUPOIIOTIK Y HAPAMI «BHUI3AY» 3 YKpaiHH.

3a ocraHHi 2,5 pokHM YKpaiHCbKHI aBTOOYCHUI PHHOK BHpIC LIOHAMMEHIIEe BTpUYi B IPOILIOBOMY €KBiBa-
JCHTI — 70 OMHM3BKO0 7 MIIpA TPH. SIK OKa3au J0CITiPKSHHS PHHKY IMACRKUPCHKUX EpEeBE3eHb, IpoBeaeHi B 2023 p.,
01m3bK0 37% YKpaiHINB IIOOOPOXKYIOTE 338 KOPIOH 3 METOIO TypusMy, 28% — mo6 mobauutucs 3 pimaumu, 18% — ais
3ycTpiuei i3 apy3smu, 17% omutaHux — poboUi MOI3IKH.

He3MiHHMM 1 BaXXJTMBUM 32 BIUIMBOM Ha PUHOK aBTOOYCHHX TEPEBE3CHb 3aJMIIAETHCSA (PaKTOP CE30HHOCTI.
PizHHIS MiK Taca)kUPOTIOTOKAMH Y BUCOKHIA Ta HU3bKHI CE30H MOXKE CKJanatu 2—2,5 pa3u. Jlomomarae BUSBUTH
CC30HHI TEHIEHIIi Ta Mepen0aYnTH MiKOBi MEePioaN aHATITHKA.

Ha ocHOBI pe3ynsTaTiB aHaii3y OCHOBHUX CyYacHHX TEHICHIIH PO3BUTKY MIXKHAPOJHHUX aBTOOYCHHUX IIepe-
Be3€Hb Ta (PaKTOPiB, 10 BIUIMBAIOTH Ha 30UIBIICHHS MOMUTY, pO3pO0IeHO OaraToeTamHuil anropuT™ (GopmMyBaHHS
TPAHCIIOPTHO-TIOTICTHYHOI CXEMU NEePEBE3eHb 3a HANpsIMOM YkpaiHa—€Bpomna. [Ipu hopMmyBaHHI TpaHCIOPTHO-JIO-
FICTUYHOI CXEMU BPaXOBYIOThCS MOIEPEHI Ta ONEPATHBHI IPOTHO3HI JaHi PO MacaXXUPOMOTOKH, a TAKOXK Pe3yib-
TaTH MOZEIOBaHHS CUCTEMH MacOBOTO OOCITyrOBYBaHHS IIPH NPOXOKEHHI (POPMaJIbHUX MPOLEAYP NPH MEePEeTHHI
KOpIOHY aBTOOycaMu (3a 3eJICHHM Ta YepPBOHUM KOPHAOPOM) Ta PealibHOI CUTYaIlii 3 UepraMu Ta KaHaIaMH 00CITy-
TOByBaHHS B MIXKHApOZHOMY ITYHKTI ITPOITYCKY.

Takuii miaxix Mae CpHUATH 30UIBIIEHHIO KUJTBKOCTI MOT3/I0K 32 aKTyaJIbHUMH MaplipyTaMu, OUTbII e(ek-
TUBHOMY BUKOPHCTaHHIO TIApKy aBTOOYCIB aBTOTPAHCIIOPTHOTO MiAMPHEMCTBA Ta OIIbII 3pyYHOMY Ta SKICHOMY
00CITyTOBYBaHHIO ITACAXHPIB (32 4acoM, MepecajkaMu Ta iH). B mioMy cnpusTUMe 3pOCTaHHIO MPUOYTKOBOCTI
JiSUTBHOCTI MiATIPHEMCTBA-TIEPEBI3HUKA, a TAKOX JOTIOMOXKE BpaxyBaTH MOTPEOH CHOXUBAYiB (ITACAKUPIB) TpaH-
CTIIOPTHHX ITOCTYT.

OcHoOBHa yBara npujiieHa npobiaeMi BuOopy HailOinbll eeKTUBHIX CXeM TYPUCTHUYHHX mojgopoxeil. Lle
HabyBae 0COOIMBO BaXKJIMBOTO 3HAYCHHS HA CYYaCHOMY €Tallli Yyepe3 aKTUBHUM PO3BUTOK MIXHAPOJHUX 3B’ SI3KiB
1 cBITOBO1 TypucTU4HO1 iHAYCTpii. [IpoananizoBano (akTopu, 110 BIJIMBAIOTH Ha BUOIp MYHKTIB 1 yacy nepely-
BaHHS B MICTaX, BIUIMB MPUBAOIMBOCTI 00’ €KTY MOJOPOXKi HA JOLUIIBHY TPUBAIICTh BiJBiAyBaHHS KyJIbTYpHO-iC-
TOPUYHHX MiCIIb.

Ha ocHOBI mpoBeneHOT0 aHaITi3y 3aIIPONOHOBAaHA EKOHOMIKO-MaTeMaTHIHa MOJIEIh JIOTICTHIHOTO YIIPABIIiHHS
pu popMyBaHHI MIKHAPOIHUX TYPUCTHYHHMX MApIIPYTiB 3a HampsMoM YkpaiHa-€Bpomna. Mojenb acoIlioeTbes i3
3aJlauero KOMiBOsDKepa, SIKUH Ma€ 1Mo 3aMKHEHOMY MapIipyTy 3 MiHIMAJIEHUMHU CyMapHUMHU BUTpaTaMu 00’ ixaTu Bci
3aJlaHi MyHKTH, BiJIBiYIOUM KOKEH OJIMH pa3 1 TOBEPTAOYHCH B BUXiTHUH MTyHKT.

[TonpIma € 9acTHHOIO CBITOBOTO TYPHCTHYHOTO PHUHKY 3 IMOCTIMHO 3pPOCTAar0vY0I0 KUIBKICTIO BiJBiTyBadiB.
Ha npuknazgi ceMn HaiOUIBII MOMYISIPHUX MICT 31 CHCHO MOJENIOBAHHS T4 BU3HAUCHO ONTHMATBbHUN MapLIpyT.
B pesynbrati po3B’a3Ky qaHO{ 3a1aui, OTpUMaHi Taki pe3yJabTaTu: IpaMyodn 3a MapuipyToM JIeBiB—KpakiB—OcBeH-
uiMm—Bporua—Tlo3nans—I nancek—BapiaBa—JIbBiB oTprMaeMo MiHIManbHY IOBXHHY aBTOOYCHOTO MapIUIPYTY
ABTOILIIXaMH, III0 CTAHOBUTH 1788 kM.

[omanpri TOCTIMKEHHS B HANPSAMKY YIOCKOHAJCHHS JIOTICTUYHOTO YIPABIIHHSI MDXHAPOTHIMHU aBTOOYC-
HUMH TIEPEBE3CHHIMH MalOTh 30CEPEANUTHCS Ha KITHbKOX BAKJIHMBHX HAIPSIMKaX:

Po3BHUTOK MyJIBTHMOIATBHUX CHCTEM MIKHAPOIHUX MACAKHUPCHKUX IEPEBE3CHBb. 3 MOYATKOM IMOBHOMACIII-
TaOHO1 BilfHM aBTOOYCH CTaJIM OJHHMM i3 OCHOBHHX BHIB TPaHCIOPTY JUIS MIXXHAPOIHHX IEepeBe3cHb. ABTOOYCH
3a0e3MeuyTh MOXIIMBICTh TIPSMOTO CIIOJTYYCHHS 3 MICTaMH 32 KOpJOHOM. Takok € He3aMiHHOI YaCTHHOK MYJIh-
TUMOJIAJIEHUX TIePEBE3eHb, BKIIOYAIOTHCS IO CKJIAJIHIX MapIIPyTiB.

Jl1s moKpaIeHHs IKOCTi HalaHHA O CIYT IPH 31HCHEHHI MI>XKHAPOIHHUX MACAKUPCHKUX IIEPEBE3EHb MOTPIOHO
pETeNbHO aHaJi3yBaTH Ta IUIaHYBAaTH IPOLIECH HA OCHOBI MIPOTHO3HUX AAHUX Macaxupoooiry. JlocmiakeHHs naca-
HUPOIMOTOKY € BayKIMBUM IHCTPYMEHTOM, OCKIUJIBKH JI03BOJISIE HA OCHOBI 310paHUX AaHHUX NP0 MACaKUPChKi MOTOKU
BHU3HAYaTH ONTUMAJbHI CTpATerii PO3BUTKY TPAHCIIOPTHUX CHCTEM.

OnTHuMi3allist MapLIPyTiB MOJOPOXKI HA OCHOBI OaraToKpUTepiaibHUX OLIHOK. BaXkinnBo npogoBxuTu podoTy
HaJl ONTUMI3aIlitHIMU MoaesaMu. [1pu moOymoBi ONTUMAIBHOT CXeMH MapIIpyTy MOKYTH MIJJIATaTH ONTHUMI3aIT
TaKOX 1 TPUBAJIOCTI TepeOyBaHHs TMPOTATOM nonopom B KO)KHOMY 3 IIyHKTiB. [Ipn npoeKTyBaHm ONITUMAIBHOL
CXEMH MOKE BPaXOBYBATHCS 10XO/IH BiJI TEPEXO/iB MiK ITyHKTaMHU (MlCTaMI/I) Ta IX TPUBAJIICTH MOPSA 3 BUTPATAMHU
Ha TEPEeXOny, K Yy 3aJadi KOMiBOsDKEepa. 3a YMOBH BHKOPHCTAHHS KPUTEPil0 HA MAKCHMyM CTAa€ IPHITYCTUMHM
3HSTTS BUMOTH 00OB’S3KOBOCTI 3aXOAy B yCi IMYHKTH MapuipyTy. BilmoBimHO, 3’SBISETbCS MOXKIHBICTH BHOOPY
13 3araJibHOI MHOKMHH HaWOUIBII MIPHUBAONINBUX ITyHKTIB, MK SKMMH ONTHMI3y€ThCS MapmIpyT. Ko s 3amadi
KOMiBOsDKepa OyyBaBCsl ONTUMATBLHUN MapIIpyT Mixk 000B’I3KOBUMH IyHKTaMH, TO B JaHiil IIOCTaHOBII 3aa4i —
ONTHMAJIBHUI MapIIPYT MK ONITHMATbHUMH ITyHKTaMH.

Ili HanpsMu AOCIIHKEHb JO3BOJISATH CTBOPIOBATH OUIBII aJanTHBHI, HAIHHI Ta O€3MeYHi TPAHCIIOPTHI CHC-
TEMHU MDKHApOJHHUX MaCaKUPCHKUX MEPEBE3CHb, SKi JO3BOJIATH HE TIIBKH MaKCUMi3yBaTH NMPHOYTOK BiJl aBTOMEpE-
BE3CHHsI 32 OMHMIIIO Yacy, a i BpaXxoByBaru i ()akTop 4acy Ta yIOCKOHAIIOBATH KPUTEPIi IKOCTI 00CITyrOBYBaHHS
MacakHpis.
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CAMOMEHEJIXKMEHT TA KOMAH/IOYTBOPEHHA SIK KJIIOY
JO YCIHIIIHOI'O YITPABJIIHHSA TA 3POCTAHHA
THBECTULIAHO-THHOBAIIMHOI'O MOTEHIIAJY NIJIIPUEMCTBA

Cmamms npucesuena npoonemamuyi YnpaeninHa KaOpoSUM NOMEHYIANOM RIONPUEMCME 6 CYYACHUX yMO8ax. Aemop
00CTIOMNCYE KIIOYOBT ACHEeKMU NPAKMUKYU YAPAGTIHHS, SKI He0OXIOHI 013 00CseHeHHs O0CKOHAOCMI 6 CYHACHOMY Oi3Hec-cepe)o-
suwyi. Y cmammi poskpumo noHAmMma camoeeKxmusHocmi, K 8ANCIUB020 KOMNOHEHMA NPOOYKMUBHOCHI, HO8 A3GH020 3i
30amuicmio cnigpobimHuKie Kepysamu c0iMu 3a80AHHAMU, YACOM | eMOYIlIHUM CIAHOM, WO, 8 C80I0 Yepey, MA€E NO3UMUSHUIL
BNAUB HA 3A2ANbHY POOONTY NIONPUEMCIEA.

Busnaueno, wo, 3 mouxu 30py opeanizayii, 30amuicme y4acHuKie KOMaHoUu 00 CaMoynpasninHa Mac GupiuianbHe 3HaueHHs.
ons eghexmugnozo gynryionyeanns opeanizayii. Cepedosuue, de OLIbULICHb NEPCOHATY, He 8 3MO3I GUKOHY8AMU 3A60aHHS,
00MPUMYBAMUCS POZKIAOY MA NPASHYMU 00 CamMopeanizayii oyxce YCKIAOHIOE peanizayiio 0y0b-aKkux npoekmie. B cmammi
AKYEHMOBAHO YBA2Y HA CYYACHUX CEIMOBUX MEHOCHYISX YPAGTIHHS NIONPUEMCTNEOM, AKI 6Ce Yacmiule CNPAMOBAHI Ha 0008 's3-
Kose ma pezynvosare poskpummsa norvimuku ESG. 3asoaxu JJupexmusi xopnopamuenoi 3gimuocmi cmanoeo pozsumxy (CSRD)
Esponeiicoxuii Coro3 cmarosnioe wimki cmanoapmu 38imnocmi wooo cmanoeo po3sumxy ma oanux ESG, a enposadaicenus
npunyunie ESG cmae negio’'emuolo uacmunoio cmpame2iunozo ineecmyganis, 0036014104u He MilbKY po3gusamu Oisnec, aie
U 3ayuamu iHeecmopis, SIKi YiHyIomb 8iON0GIOAIbHY NPAKMUKY 8e)eHHs Di3HeC).

3’scoeano, wio 6nposadHceHHs KOPHOPAMUBHOL KYIbIMYPU, KA CIMEOPIOE BI0YYMMS 3ALyUeHOCH] Md COMOPeanizo8aHo-
cmi, cnpusie KOMaHOKil pobomi, CMOPeHHI0 NO3UMUBHO20 poboU020 cepedosuiyad. 11iomaepodicero, o Ko KOMNAHIA € CoYi-
ATbHO GIONOGIOATLHOMW, Ye He MITbKU Niosuye npOOYKMUSHICmy npayi cnigpoOimHuKis, ane i NOKpawyye penymayin Kom-
NAaHii Ha PUHKY, 30kpema iHgecmuyitinomy. Knouosumu € npunyunu cnpaseonusocmi, ce0000u, camopeanizayii ma po3eumxy,
niompumky pisnomanimuocmi ma innosayitl. Camomeneddncmenm i KoManoHa poboma 003605100b NEPCOHATY NIONPUEMCTNGA
bpamu Ha cebe 8iOnoBIOANbHICMb 3a NPULIHAMMSL Pitetd, eeKMUGHO CRIIKY8AMUCs ma niosuulysamu npooyKmugHicmy y mot
Momenm i 6 momy micyi, Oe € Hazanbha nompeba. Ilionpuemcmaa, wo 3anpoeaount RPUHYUNY CAMOOP2AHI3AYIT Ma KOMAHOHOT
pobomu 0eMOHCMpYomb 3HAYHULL yenix y adanmayii 00 3amiH [ OLbw WEUOKOMY OOCASHEHHT CIMPame2iuHux yinel.

Kiro4oBi cioBa: camomeneddcmenm, KoOMaHOOYmMeopeHHs, YNpasiinta Kaopamu, Ynpasuinma nionpuemMcmeom, noTimuxu
ESG, camoopeanizayia korexmugy, inHo8ayii, ineecmuyiiina npueadaugicmo.

Yakovlieva-Melnyk N. H. Self-management and team building as keys to successful enterprise management

The article is dedicated to the issues of managing the human resource potential of enterprises modern conditions. The
author explores key aspects of management practices that are necessary for achieving excellence in the contemporary business
environment. The article reveals the concept of self-effectiveness as an important component of productivity linked to employees’
ability to manage their tasks, time and emotional state, which, in turn, has a positively impacts the overall performance of the
enterprise.

It is determined that, from the organization's perspective, the ability of team members to self-manage is crucial for
the effective functioning of the organization. An environment where much of the staff is unable to complete tasks, adhere to
schedules, and strive for self-realization significantly complicates the significantly complicates the implementation of any
projects. The article emphasizes current global trends in enterprise management, which increasingly focus on mandatory and
regulated disclosures of ESG policies. With the Corporate Sustainability Reporting Directive (CSRD), the European Union
establishes clear sustainability reporting standards and ESG data, and the implementation of ESG principles becomes an
integral part of strategic investing, allowing not only for business development, but also for attracting investors who value
responsible business practices.

It has been clarified that the implementation of a corporate culture that fosters a sense of engagement and self- realization
contributes to teamwork and the creation of a positive working environment. It is confirmed that when a company is socially
responsible, it not only increases employee productivity, but also improves the company s reputation in the market, particularly
in terms of investment. Key principles include fairness, freedom, self- realization and development, support for diversity and
innovation. Self-management and teamwork enable staff to take responsibility right where and when it is needed. Enterprises
that have implemented the principles of self-organization and teamwork demonstrate significant success in adapting to changes
and achieving strategic goals more rapidly.
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Overall, the article asserts that success in enterprise management lies in the formation of corporate policy through
a combination of self-management, collaboration, and adaptability, which positively influence the achievement of corporate
objectives in modern conditions.

Key words: self-management, team building, human resource management, enterprise management, ESG policies, self-
organization of the team.

IMocTanoBka nmpo6aemu. CyyacHHH CBIT — 1€ IIBHKOTUTHHHICTD, 3MiHH, IOCTIHHO 3pocTardi 00csry iHpop-
Marii. CydJacHi BUMOTH 10 IEPCOHANY — THYUKICTb, CTPECOCTIHKICTh, KPEaTHBHICTh, YHIBEPCAIBHICTh, Oe3MepepB-
Hif cCaMOpO3BUTOK — BCe, IO CIIOHYKa€ JIIOANHY HaOyBaTH HAaBUYOK CAMOMEHEMIXKMEHTY (TalM-MEHEKMCHTY).
CaMOMEHEKMEHT € BaXJIUBUM, KOJIM MOBA M€ MPO PO3LUIMPEHHS MOXKIIMBOCTEH CHIBPOOITHUKIB Ta MiABUIICHHS
e(heKTUBHOCTI poOOTH MigNpueMcTBa. Peanizallis MpoeKTiB Ha MiAMPUEMCTBI MOJIETTIY€EThHCS, KON KOXKEH YYaCHUK
KOMaH/I{ Ma€ CBIJOMUH MiIXix A0 poOOTH, pPO3yMie€ I1iJIi Ta PO3ALISLE MPIOPUTETH KOMIIaHii, MOXKe IPUIAMATH OITH-
MaJibHi (a00 IHHOBAIIiiTHI) PIIIICHHS, CIIPUATH JOCITHEHHIO IiJIed KOMaHI| Ta OpraHizailii, TOOTOo, KOJIU MpaiiBHUKH
BOJIOMIIOTh IHCTPYMEHTAMH CAMOMEHEIKMCHTY.

B cBIiTOBI# PaKTUII aKTHBHO BUKOPHCTOBYIOTh IHCTPYMEHTH, IO MPHUIIBHAIIYIOTE BIIPOBAKCHHS ITOJITHKA
ESG, onHie€ro 31 CKIIaIOBHX SIKOT € COIIAIbHO-OPIEHTOBAHI OpraHizailii. J[aHa TeHICHITIS TaKoK 0OYMOBITIOE Ta TTiJ-
KPECITIOE aKTYaIIbHICTh 3aCTOCYBaHHS IHCTPYMEHTIB CAMOMEHEKMEHTY, K JJIs1 KOKHOTO 0COOUCTO, TaK i B hopmy-
BaHHI KOPIIOPATUBHO]I MOJIITHKH, JI€ IPALIiBHUKIB CTUMYJIIOIOTh 10 CaMOOpTraHi3aiii.

AHani3 ocTaHHIX JocjaigkeHb Ta nyoaikanii. CydacHi ZOCHIIKeHHS BU3HAYAIOTh, [0 €()EeKTHBHE yIpaB-
JIHHA Ha Pi3HUX piBHSX (BiX caMOyIpaBIiHHS 10 YIPaBIiHHA B OpraHi3allisix) Mae BigOyBaTHCS uepe3 CaMoIi-
3HAHH$, CAMOPO3BUTOK Ta caMoympasiiHHsA. CaMomni3HaHHs HaJae 0COOMCTOCTI MOXKIIMBICTD PO3BUTKY, BUSBICHHS
MOTEHI[ialy, JOCATHEHHS HAaWBUILIOTO PiBHS NPOQECiitHOCTI, a MiANPUEMCTBY — BUCOKOKBAJIi(hiKOBaHOTO Ta BMOTH-
BOBAaHOTO MpauiBHUKa [1]. B ocTaHHIX HOCHIHKEHHIX OOIPYHTOBAHI: BaXKJIMBICTh CAMOMEHEKMEHTY JJIsl Cydac-
HOTO IMpaliBHUKA, METOIN CaMOPETYJIAII, IKi HEOOXiTHO BUKOPUCTOBYBATH LTS IMMOCHIICHHS MOO1Ti3amii pecypciB,
YCYHEHHS CTPECOBUX CTaHIB, 3HIDKCHHS CTYICHS €MOIIHHOI HAIIPYTH, 3MCHIICHHS MOXKIMBOCTI BHHIKHEHHS arla-
THYHUX HACTPOIB TOIIO [2].

CaMOMEHEDKMEHT,, SIK THTETPOBaHy CHCTEMY YIPAaBIiHHS COOOK0 Ta BIACHOK TiSUTBHICTIO, BBAXKAIOThH YHi-
BepCaAlbHUM THCTPYMEHTOM MOOYIOBH CB1JIOMOI, YCIIINTHOI CTpaTeTii AisibHOCTI B 1yioMmy [3]. CaMOMEHEeIKMEHT
€ BXJINBOIO YACTUHOIO PO3BUTKY JIZICPCTBA — [1€ BMiHHS CAMOKOHTPOJIO, YIIPABIiHHS €MOLISIMH, TOBEAIHKOIO Ta
npolecaMu MUCIICHHS. be3nepepBHe caMOBIOCKOHAICHHS Ta CAMOPO3BUTOK € 3allOPYKOI0 YCHIIIHOT Kap’€pH, 10
CIIpHsie He JuIe ocoducToMy npodeciitHoMy 3pOoCTaHHIO, ajle i 3araJbHOMY PO3BUTKY Oprasizarii [4].

Ha cyuacHomy erami ynpaBiiHHS IEpCOHAJIOM 3a3HAJIO 3MiH, aJie 3aBASKH TEXHOJIOTISM Ta IHHOBAIIisIM PO3BU-
TOK MEHEIXKMEHTY CIIPHsI€ PO3BUTKY eKOHOMiKU. CydacHi TEXHOJIOT1] yIpaBIiHHs IepcoHaIoM c(hOpMyIbOBaHi Ha
OCHOBI caMoyTpaBiiHHS [5]. JKopcToka KOHKYpeHIIis MiX ITiJIPUEMCTBAMH YacTo TpaHc(opmye Oi3HEC Ha «Maid-
JAHYUK IS 3Maranby 3 iHHOBaIii. CHiBpOOITHUKY BBa)KAIOTHCS TOJIOBHUM JIKEPEJIOM 1HHOBAIIIH 1 TOCKOHAIOCTI
B OyIb-sKii opranizamii. CaMOMEHEKMEHT TPAI[iBHUKIB POOHUTH 1X OUIBII BiJUTAHUMH, CHEPTIHHUMHU Ta 3allyde-
HUMH 70 poboth. JlochmimkeHHs OOIPYyHTOBYIOTh, IO CAMOYIIPABIIiHHS MPAIiBHUKIB MO3UTHBHO CIIPUSE YCHIXY
OpraHizailii Ta MOXyTb 3a0€3IIeUUTH OpraHi3aliifHy JocKoHaIicTIO [S]. CaMoynpaBIiHHS BiJPI3HIETHCS BiJl yIIpaB-
JiHHA (SKe MOKJIAJIA€ThCS Ha 3HAYHY YYacTh KepPiBHHUKA), OCKUJIBKH BOHO 3IIHCHIOETHCS 0e3 Oe3mocepenHboi mpu-
CYTHOCTI 30BHIIIHBOTO KOHTPOIIO, XapaKTePU3Y€EThCS BIMUYTTSM 3aJJOBOJICHOCTI POOOTOI0, caMOe(EeKTHBHICTIO,
Oa’kaHHSIM HaBYATHUCS Ta focsraTd. s criBpoOITHUKIB CAMOMEHEKMEHT Ha poOOYOMY MiCIli 03HaYae, 10 BOHU
BIJIMOBIIAIOTh 32 BU3HAYEHHS MiJXOJiB 10 BUKOHAHHS 3aBJlaHb, & TAKOX 32 MOHITOPUHT Ta yNPAaBIiHHS BJIACHOIO
noseAiHkolo [6]. Taki metoauku, ik SMART, WOOP, OKR i Pomodoro, HaGyBatoTh Aenaiti O11bI101 HOMYISPHOCTI
3aBISKH eMITIPUYHO JOBEJCHI e(eKTUBHOCTI, 30KpeMa, Y KOHTEKCT] MiABUILIECHHS NPOIYKTUBHOCTI, MOTHBALi Ta
amanTuBHOCTI [7]. 3aranoM, HayKoBIIi B C(hepi MCHEIIKMEHTY Ta IICUXOJIOTI] BU3HAIOTH BAKIIMBY POJIb CAMOMEHE K-
MEHTY SIK JUISl OCOOMCTOCTI, TaK i JIJIs1 KOMaH/IH, IMiIPUEMCTBA 3arajioM. AJie ChOTO/IHI YITPaBJIiHHS MiAIPHEMCTBOM
BHMarae OUTBIII TIOOATBHOTO IMiIX0AY — MOOYIOBH KOPIIOPATHBHOT MOJIITHKH Ha OCHOBI LliJieli cTamoro po3BUTKy.

Meta crtarTi. JlocmiKeHHS Cy4acHUX TEHACHIIIN B YIIPaBIIiHHI MpaI[iBHUKAMH 3 METOIO ITiIBUIICHHS e(eK-
TUBHOCTI YIIPABIIHHS MiAMPHEMCTBOM, 30KpEeMa 3aCTOCYBaHHS MPUHIIMITIB CAMOMEHEDKMEHTY, II0 CIIOHYKAIOTh
JIIONUHY JI0 0COOMCTICHOTO Ta PO eCiitHOTO 3pOCTaHHS, a MiJIPUEMCTBO — JIO CTAJIOTO PO3BUTKY.

Buxnajn ocHoBHoro marepiany. CydacHi Moaesni popMyBaHHsI MOJITHKU YIIPABIiHHS KaJpOBHM IOTCHII-
aJIOM MiANPUEMCTBA IPYHTYIOThCS HA TPAAWIIHHUX Ta KIACHUYHHMX MOJENAX TaM-MEHEIKMEHTY Ta MOTHBALIii.
JlanexorsiiHi miIIpHUeMCTBA BXKe ChOTOHI TPAHC(HOPMYIOTh CBOIO KOPIIOPATUBHY MOJIITHKY BiAMIOBITHO A0 CBITO-
BUX TeHEHLi#i Ta BuMor. ESG-noniTika npuiisie ocobauBy yBary 3MiHaM KiliMarTy, COLliaIbHO-OPIEHTOBAHOCTI Ta
HEOOX1THOCTI MATPUMKH MEPEXoay A0 MalOyTHHOTO 3 HYIHOBUMH BHKHJIAMH MAapHUKOBHX ra3iB; peasizye Modi-
TUKY TIITPUMKH TEXHOJOTIH Ta Taiy3ei, sSKi € HeBil'€MHOI0 YaCTHHOI CTaJIOTO PO3BUTKY, MEPEXOAY IO YHCTOI
CHEePreTUKHU Ta colliayibHol cripaBemuBocTi. ESG — «IoBKIIsA, colliaibHa cdepa Ta YIPaBIiHHDY — TPU KITIOYOBI
ACTIeKTH, SIKi CIIPHUSIFOTH CTIMKOCTI Ta BIAMOBIAaIbHOCTI Ha mianpueMmcteax. Kpurepii ESG (puc. 1) HagaroTh opieH-
TUP JUISA CTIMKUX i 1 JO3BOJISIOTH TIOPIBHIOBATH KOMITaHIi.

168 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (69), 2025



Kpuarepii ESG

- . - = o : .
o avironmeat Pea Social A Governance .
Conianswaa ; i
Hasroanmne ) Yopaeainns
cepe1oBRme CHpABELINBICTE PHAHEAMMH TA
- RIIMAT; - CMBPODITHHKH: pemyTaics;
. . - Desnekd, 300pos’A; '

- Zediuut peeypeis ‘43 P HATTAOB
S o - Aemorpadismi —
DIOPI3HOMAHITHICTE rpatrar CTPYETYPH;

HUHE BIANOBTCTE

Puc. 1. Kpurepii ESG

IDicepeno: aoanmosane asmopom [8]

Kpurepii 00yMOBIIOIOTE CTBOPESHHST KOPIIOPATUBHOI KYJIBTYPH, sIKa HECE BIIIIOBINANBHICTD IIepe] HaBKOJIH-
ITHIM CepeIOBHINEM, CYCITIIBCTBOM 1 BCiMa 3allikaBlieHUMH cTopoHamu. ESG 3axonu MOKJIHMKaHI CIPUATH MTOCH-
JICHHIO KOHKYPEHTHHUX TIepeBar i MiHIMi3allii pH3HKIB, 3MIIIHATH JIOBITOCTPOKOBY CTaOlIbHICTD 1 IPO30PICTH yIpaB-
JiHHSA manpueMcTBoM. BusHadeHHs kputepiiB ESG BKIIOYae €KOJIOTIYHI, COMialibHI Ta yIPaBIIHCHKI aCTICKTH, SKi
KOMIIaHii IIOBIMHHI BPaXOBYBaTH JUIsl CTIHKUX 1iH. Lli Tpu BUMipH CTBOPIOIOTH OCHOBY ISl TPOCYBAHHS €KOJIOTTYHOT
BiJINIOBiJAJILHOCTI Ta COLIaJIbHOT CIIPaBENJIMBOCTI, 3a0€3MeUeHHs PO30POro Ta BiIMOBIAAaIBHOTO YIIPaBIiHHS MTpa-
LiBHUKAMU MiaIpueMcTBa. Cepes KIIOUOBUX MUTAaHb — PO3p0oOKa e(heKTUBHOI KIIMATUIHOI CTPATErii, IPOCYBaHHS
piBHux. Kpurepii ESG nponoHyroTs KOMIaHisIM CTPYKTYpOBaHMI MiXif, 100 BiANOBIAaTH OUiKyBaHHIM 3alliKaB-
JIEHUX CTOPiH 1 3p0OUTH iX CTally AIsUTbHICTH Po30poro. Boanouac 3BiTi ESG paroThk 3Mory nopiBHIOBaTH KOMIaHii
Ta TAKUM YUHOM CIIPUATH IPO30POCTi PHHKY.

OnutyBaHHs, poBezeHe me B 2022 pori, mokaszao, mo 58% pecroHAeHTIB MOBIIOMHIN PO MiABHICHHS
iaTepecy mo imBectnnii y ESG, mpu mpomy 19% pecmoHIEHTIB BKa3aiH, IO BOHH BPAaXOBYIOTh MOKAa3HUKU
ESG-kpurtepiiB mig yac BuOopy 00’€kTa iHBecTyBaHHs. [l 3MiHa MIAKPECITIOE 3pOCTal0de 3HAYCHHS COIIaIbHUX
(akropiB y inBectyBaHHI ESG Ta iXHI HacHiAKM [T KOMITaHiH, iIHBECTOPIB, 3alliKaBICHUX CTOpPiH. BUBUCHHS KOM-
MaHil, sKi JOCAIIN YCIiXy y CBOiX collianbHuX npaktukax ESG, Moxe natw 1iHHY iHpOpMaILio Mpo eQeKTHBHI
cTpaterii Ta nepefoBuit gocsia. Temarnuni nocmimpxeHHs 2023-2024 pokis imoctpyroTh nepesaru ESG [9, 10]:

— KOMIIaHii, Kl BUPI3HIIOTHCA 33I0BOJICHICTIO CIIBPOOITHHUKIB, YaCTO JEMOHCTPYIOTh peiitunru ESG, siki Ha
14% Bu1Li 3a CepeIHi CBITOBI MOKa3HUKH;

— 50,1% iHBecTOpiB — KOMMaHiI 3 BUIIMMH MoKka3HuKaMu ESG MaroTh HIDKYI KaliTanbHi BUTPATH;

— €Bpona ninupye Ha iHBecTuliitHoMy punky ESG: y €Bpomni nepeOyae 83% ycix akrusiB ESG mig ynpas-
niHHsaM (AUM), toxi sik iHBectopH B [1iBHIUHINM AMepHlli, K NPpaBuiIo, OLIbII 00epexHi 00 IHBECTULI B KOM-
naHii, opieatoBannx Ha ESG;

— 3% cnoXKrBaviB BBAXKAIOTH, III0 KOMITaHIl IIOBHHHI aKTHBHO (hopMmyBaTH Haiikpari nmpaktiku ESG, a 76%
CTIOKMBAaYiB PUTTUHIIIN O KyIyBaTH y (ipMax, siKi HEXTYIOTb JOBKIJUISAM, NIPAIliBHUKAMHU YU T0OPOOYTOM TPOMaJIH.

Ta Bce *k, iHBecTuIlii ESG 3pocTarTh B OCTaHHI POKH, OCKIILKH BCe O1TbIIIE IHBECTOPIB BiANAIOTH IIepeBary
HediHaHCOBUM (aKTopaM IIif Yac MPHHHATTS iIHBECTUIIIHHUX pimens. 3a nannmu Bloomberg Intelligence, 3aransna
CyMa aKTHBiB, 10 TiepeOyBaroTh i ynpasmiHHaM ESG, ctanoBuTh Omu3bko 41 Tpunbitona gonapis CHIA. [Topis-
Hs1HO 3 2016 pokom (22,8 TpiH monapi), el moka3HUK 3pic maixe Ha 80%. 3a mporHo3amu Bloomberg Intelligence
iHBecTuii, mos’a3ani 3 ESG, B 2025 pomni nepesumiats 50 TpnH gonapis (puc. 2), a B A3sii, 3a BUHSITKOM SmoHii,
inBectuuii ESG 3poctyTh 6inbi Hix Ha 20% MpOTIroM HACTYNMHUX I’ SITH pokiB [9, 10].

3ocepenumo yBary Ha comianbHiil ckiagoBi ESG. Counianbhuit acniekt kputepiiB ESG ¢doxkycye yBary Ha
BiJIIIOBIIaJIPHOCTI KOMMAHIi Iepes 3amiKaBIeHUMH CTOPOHAMH, OCOOIUBO Mepel CBOIMHU IMpaIliBHUKAMHU Ta CyC-
MiJIBCTBOM Y IijioMy. KoMITJieKCHe BIIPOBaIXKEHHS COIIAIbHUX ACTICKTIB Y KOMITaHii BUMAarae IijiCHOTO MOy Ha
MEHEIDKMEHT TIAPHEMCTRA. YTIpaBIiHChKHN acriekT ESG akieHTye Ha MPO30pOCTi Ta CTPYKTYPi MPOIIECIB MPH-
WHATTA pimeHs. e crocyeThbest dinmocodii kommnanii Ta 11 miHHOCTEH [11].

OcHoBHI corianbHi ¢pakTopu B ESG BKIFOYarOTh TPYAOBY NPAKTHKY, MpaBa JIFOAWHU, PI3HOMAaHITHICTE Ta
IHKJTIO3MBHICTbh, IPABOMIpHI BiTHOCHHH i3 3aIliKaBJICHUMH cTOpoHaMH. OCTaHHIMH pOKaMH Ii aCHEKTH BUHIILTH
Ha NepeAHiil MIaH, KoM MigIPHEMCTBA aKTUBHO BHPIIIyBaiIM MpoOieMH, abo 3a BIACHUM OakaHHAM, abo uepes
30iif y po0oTi, 3a Jomomororo, Hampukiaa, peamsamis igei DEI (Diversity, Equity, and Inclusion, abo DEIB —
Diversity, Equity, Inclusion and Belonging — pi3HOMaHITHICTb, piBHICTb, BKJIIOUCHHS Ta NIPUHANEKHICTD), 1[0 CTa€
HEBiJl’€EMHOIO YaCTHHOIO KOPIIOPATUBHOTO CEPEIOBUILA Ta Peallizallito KOHIETITYalIbHOT MOJIENi CAMOMEHEIXKMEHTY.
PisHOMaHiTHe, cripaBeJIMBE Ta IHKIIIO3UBHE CEPEIOBUILIE HAa POOOUOMY MICLIi 103BOJISIE JIIOAMHI BiTUyBaTH MPHYET-
HICTh JIO 3arajJbHOI CIIPaBH, MIATPUMKY, IO CIPHUSE MiIBUIICHHIO 3ay4eHOCTI Ta JAOBIPH MPAIiBHUKIB, IXHBOMY
0a)xaHHIO PO3BHBATHUCH.
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Puc. 2. 3aranbni modaneHi aktiuBu ESG (TpiH, non. CIHIA)

Horcepeno: aoanmosane asmopom [9]

CouianpHuit kommoneHT ESG nmepenbavae popMyBaHHS MeXaHI3My B3a€EMOBITHOCHH KOMITaHii 31 CBOIMH ITpa-
LiBHUKAaMH, (DIHAHCOBHMH 3alliKaBICHUMH CTOPOHAMH, TPOMaJaMH Ta TONITHYHUM cepenoBhIieM. BiH oxormioe
TaKi TeMH, SIK CTaBJICHHS JIO MPAIliBHUKIB, OOWKOTH, TOPYIICHHS TPYIOBUX HOPM, BIAKJIMKAHHS MPOMYKIIi, 3aITy-
YCHHS TPOMAJH Ta 3arajbHUN BIUIMB Ha CYCHIIbCTBO. KOMITaHIsIM BayKIIMBO BPaxoBYBAaTH IIi HAPSMKH i dac
MIPUHHATTS PillleHb, OCKUTLKA BOHW MOKYTh MaTH 3HAYHUH BIUIMB Ha JIOBKUIIS, CYCITIJIBCTBO Ta EKOHOMIKY.

BrnuB couianbHux (aktopiB Ha (piHaHCOBI MOKa3HUKU KOMIaHii, MO)ke OyTH SIK TIO3UTUBHUM, TaK 1 CTaTH
MPUYMHOIO HA/IBUTPAT: HE3BAKAIOUM HA Te, IO aKIEHT Ha COLIANBHUX (paKTOpax MOXKE MOKPAIIUTH PEITyTaLiio
KOMIIaHil Ta iMi/K OpeH.y, 0 NPU3BOAUTE 10 MOKpAIIeHHs (iHAHCOBUX MOKAa3HUKIB, TAKOXK MOXYTh MPEACTaB-
JIATH MPOOJIEMH Ta PU3MKH, 5Ki, B CBOIO 4Yepry, BIUIMHYTh HETaTWBHO Ha ()iHAHCOBI TIOKa3HWKH KOMIIAHIT — came
TOMY, peasizanii NoAiOHIX KPOKiB MOTpedye HAYKOBOTO Ta MPAKTUYHOTO OOTPYHTYBaHHS.

Pobota mianmpueMcTBa GpopMye OCHOBY ii omeparliif, a GopMyBaHHsI CTIHKOI poOOUOT CHIIM € BUPIMIAIEHUM
acniexktoM crpaterii ESG. Ilpunnunu ESG MOXyTh AOIOMOITH KOMIaHISM y LIbOMY ITOYMHAHHI, OLIHIOIOYH TIepe-
Barv NPaKTUKW YIPABIiHHS NEPCOHAJIOM, TaKi SK: 3JI0pOB’s, Oe3reka, 1oOpoOyT Ta OCBITa, IO Y3TOIKYIOTHCS
3 HOBUMH NapagurMamu. Takui mifxix He TiNbKY MiJBHIYE 330BONEHICTh MIPALiBHUKIB, aji¢ if CIpHsie BUKOHAHHIO
BHMOT KOMTIaHii Ta 3arajJbHOTO YCIiXy KOMIaHii.

KinbkicHa oninka couianbHuX gaHux i ineit ESG npencrapisie kinbka mpoOiieM, BKIIOUAIOUX BiICYTHICTh
HaJIHHOTO CTaH{apTy BHMIpIOBaHHsI Ta TPYJAHOIII B OXOIUICHHI SIKICHHX acrniekTiB. Kpim Toro, qaHi MOXKYTh MICTHTH
aptedakry, siki TOTPiOHO BlI[(bl.HpryBaTI/I nepen 3BiToM. BI/IMlp}OBaHHH Ta 3BITYBaHHS pe3yanaT113 COIATBHUX
(I)aKTOplB MOXE€ TPEICTABISE CKIATHICTh Yepe3 cy0’eKTHBHUHN Ta SAKICHHUI XapakTep COUialbHUX NaHUX, CKIIAM-
HICTh COLIANILHUX MUTaHb Ta MOTSHINAN IS yIepeIKeHb. 1]i BUKIMKY yCKIAIHIOIOTh MPOIleC MOPIBHIHHS Pi3HUX
KOMIIaHi#, OIIHKY BILUTUBY COITIAJIbHUX 1HII[IaTHB. TaKUM YHHOM, BRXKJIUBO TIEPEKOHATHCS, IO OCTATOYHA BiIITOBIIb
€ TOYHOIO Ta HE MICTHTh >KOAHUX TOMMJIIOK.

HesBaxkaroun Ha 1ie, e(eKTHBHE BUMIPIOBaHHS Ta 3BITHICTh COMIALHUX (PAKTOPIB MAIOTh BHUpIIIAbHE 3HA-
YEHHS IS MIATPUMKHU MPo30pocTi Ta mia3BiTHOCTI B ESG, 3ycumnax xomnanii. Takuii miaxix Takox MOXe JIOIO-
MOTTH 013HECY OIIHHUTH iX e(heKTUBHICTh, BU3HAYUTHU c(epu s BAOCKOHAJICHHS, IepeIaBaTH CBIA JOCBIJ TS 3alli-
KaBJICHUX cTOpiH. [TocninoBHMI 30ip AaHUX, YiTKa KOMYyHIKalis Ta BiAIOBIAHICTh CBITOBUM CTaHIapTaM 3BITHOCTI
€ OJJHMMH 3 Halle()eKTHBHIIINX METOIB 3BITYBaHHS MPO cOIliayibHI (hakTopu. 3pocTaroya BaXKJIUBICTh COMIATBLHUX
¢axTopiB B iHBecTyBaHHI ESG 3yMOBIIeHA 3MiHOIO IPIOPHUTETIB 1 OUiKyBaHb 3aIiKaBICHUX CTOPiH. OCKIIBKH KOM-
MaHii Ta IHBECTOPH BCe O1TbIIIE HATOJONIYIOTh Ha COMIabHHUX MEPETBOPECHHAX 1 KOPIIOPATHUBHIH Mia3BiTHOCTI [12].

Jlanwuii miaxi TaKoXK 3a0X04Y€ MEPCOHAI JIO KpeaTHBHOCTI, TOTOBHICTB JI0 CITiBIIpaIlli, CAMOPO3BUTKY, 110 BEJIE
JI0 TABUIICHHSI IHHOBAIIN 1 YCIIiXy, CIPHUsIE BIIKPUTOMY CITUIKYBaHHIO Ta CITIBIIPAIll MiX CITiBpOOITHUKaMH, 3a0e3-
redye HeoOXi/IHI pecypcH Ta HaBYaHHS, MO0 MEePeKOHATHUCS, IO KOXKHOTO MOBAXKAIOTh 1 IiHYIOTh. [liqnpuemMcTBa
MOXYTh CTBOPHTH CTilKili poOoumii mrar 3a normomMororo npuHnumnis ESG, cripusiodn pisHOMaHITHOCTI, CIIpaBea-
JIMBOCTI Ta iHKIO311, a TaKOX 3a0e3MeuyI0ur BiAMOBITHY TPYAOBY IIPAKTHKY Ta 10OpOOYT MpaIliBHUKIB, THM CaMHM
PO3BHBAaTH KYJBTYpYy HOBAard Ta CiBnpani. Taki KpoOKH OMHO3HAYHO iHIIIIOIOTH MiABHUIICHHS 3aTy4E€HOCTI KaJIpiB,
MPOAYKTUBHOCTI Ta MiABUIICHHIO MOPAIEHOTO IyXy, KPiM TOTO, 3a0e31edye YeCHi TPYA0BI IPAKTHKH.

IlignpuemMcTBa MOBHHHI NpParHyTH A0 TOro, o0 ixHi pilleHHs BiAmoBianu couianbHuM niism ESG Ta
IXHIM iHTepecaM, OCKIUIBKH, ITi Yyac OWiHIOBaHHSA epekTnBHOCTI ESG, BOHM MaloTh 3HaUYHHI BIUIMB Ha PEIyTAaLio

170 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (69), 2025



KoMMaHii Ta ii moBrocrpokoBuii ycmix. IlinmpueMcTBa, 0 BiAalOTh MPIOPUTET COLIANBHIHM BiANOBITAIBHOCTI Ta
€TUYHUM NPaKTUKaM, IIBU/IIIIE 32 BCe, OyIMyTh pO3MIAJATUCS K IEPCIIEKTHBHI 7Sl PO3BUTKY, TAPTHEPCTBA Ta iHBEC-
TyBaHHS. BaxnuBicTh couianbHuX ¢akTopiB B iHBecTyBaHHI ESG cTae Bce OiIbIl OUEBUAHOIO, OCKIIBKH 3alliKaB-
JIEH1 CTOPOHHM BUMAaraloTh BUIIUX OYiKYBaHb i MEPEXOAY BiJl EKOJIOTIYHUX O COLaJIbHUX MpiOpUTETIB. [HBecTOpH
BCE YaCTillle ITYKAIOTh KOMITaHil, IKi MOXKYTh ITPOIEMOHCTPYBATH CBOIO IPUXIIBHICTE IO COIIalIbHOT BiIIOBIAaJb-
HOCTI, 1 iHBecTyBaHHs B ESG € crioco6om nocsarHeHHs mie€i Mmetu. O4iKyeThCes, 0 B MaiOyTHHOMY KOMITaHii Oy1yTh
BCE YacTillle BpaXxOBYyBaTH COIiaJbHUN BIIMB CBOIX PIlIeHb, OCKUIBKH 1HBECTOPH BCE OiIbIlIe 3BEPTAIOTh yBary Ha
MOJITUKY MiAIPHEMCTB, a He nuie Ha npudyTok [13] — 89% inBecTopiB BpaxoBytoTh nmutanHs ESG mix gac mpu-
WHATTS IHBECTUITIHKX pitneHs [10].

3 METOI0 JOCATHEHHS BHCOKOTO PIiBHS 3aMy4CHOCTI MPALiBHHUKIB Ta BIAIYTTS 0COOHMCTICHOI IIHHOCTI, Kpea-
TUBHOCTI IiJ] 9ac BUPIIIEHHS poOOYNX MUTaHb, MiIIPHUEMCTBA 3aCTOCOBYIOTh IPUHIIUI CAMOOPTaHi3allii B yrpas-
JIiHHI, IO CIIPUSE 3POCTaHHIO €(EKTUBHOCTI 3arajJbHOTO YHPABIIHHS MiANPUEMCTBOM, HOCSTHEHHS THYYKOCTI Ta
e(heKTUBHOCTI, 3/1aTHOCTI pearyBaTy Ha 3MiHH B O6i3HeC-CepeIOBHILL.

B xonTekcti 6i3HEecy camoopraHizaiis (caMoynpaBiIiHHIM) O3Ha4Ya€ MigXif, sSIKUM Aa€ mpaliBHUKAM MOXIIU-
BiCTh MPALOBaTH aBTOHOMHO Ta CI1JIbHO, 0€3 He0OX1JHOCTI EHTPaIi30BaHOIO KEPIBHULITBA YU KOHTpoto. CaMo-
OpraHi3oBaHHH Oi3HEC MMOKIIATAETHCS HA KYIBTYPY IOBipH, IPO30POCTi Ta CIUTBHOT METH, 00 320X09yBaTH iHHOBA-
1ii, KpEaTHBHICTH 1 aJITaNITHBHICTL. Ha miANMpHEMCTBI, JIe 3aCTOCOBYIOTH IMiIXiJ CAaMOOpraHi3ailii, MpaiBHUKH MarOTh
BHCOKH CTYIiHb aBTOHOMIT Ta HECYTh BiJINIOBIIANIBHICTh 33 MPUHHSTTS PIllIEHb 1 YIPABIIHHS BIACHOI POOOTOO.
3amicTh TOTO, 00 3HAXOMUTHCS ITiI MIKPOYIIPABIiHHAM MEHEKEPiB, CIIIBPOOITHUKH MPAIIOIOTh Pa3oM Yy caMo-
KEPOBAaHUX KOMaH/IaX, IO J03BOJISIE KOOPIUHYBATH CBOI 3yCHIIISL, TITUTUCS 3HAHHAMH Ta BHPIITyBaTH HPOOICMH.

[IBencekwmii 6ank Handelsbanken, BijoMuii CBOErO NEIEHTPATiI30BaHOI CTPYKTYPOIO YIpaBiliHHA. baHk Mae
Mepexy 3 moHax 800 BifineHpb y KiNbKOX KpaiHaX, i KoxkHa (imisg Mparfoe K CaMOCTiHHA OXMHMIS 3 BIACHOIO
BIJIMOBINAJIBHICTIO 3a MPUOYTKH Ta 30uTkH. Ilixix 6aHKy 10 caMoopraHizamii IOMOMIr AOCATTH BUCOKOTO PiBHA
3aJI0BOJICHOCTI KJIIEHTIB 1 mpuOyTKOoBOCT. BBaXkaeThes, 1m0 Mmoaens camoopranizanii Handelsbanken cripusina iioro
yCIixy Ta cTabiIbHOCTi, 0cOOIHMBO MijA Yac (iHaHCOBOT Kpu3H. baHk Mae MO3UTHBHY penyTallio 3aBIsAKU (iHaHCO-
Biiif HaJiliHOCTI Ta 00CIYrOBYBaHHIO KJIIEHTIB, a TAKOX OTPUMAaB YMCJIEHHI HAaropoJu Ta BiA3HAKHU 3a CBOIO J1JIOBY
MPaKTHKY Ta HiI0codito yrnpapiiHHS.

Oxkpim nerieHTpatizoBanoi Mojaeni, Handelsbanken Takok npuinise 3Ha4Hy yBary JOBrOCTPOKOBHM BiJHO-
CUHaM 1 eTHYHii Oi3Hec-TpakTHIll. YHIKAIbHUN yrpaBmiHchkud minxin Handelsbanken 6a3yeTrbes Ha mpuHIHAIT
«HaWBAXKITUBIIIA — JTFOJIHAY, IO I IKPECITIOE BaXIIMBICTh B3aEMOBITHOCHH IEPCOHATY Ta BIHOCHH 3 KIIIEHTAMH,
MPUAHATTS PillIeHb Ha MiclleBOMY piBHi. baHk opraHizoBaHuil y HEBEIHMKI CaMOKEpOBaHi BiJIIICHHS, KOXKHE 3 SIKUX
MpAIlioe SIK MiHI-0aHK 13 BIACHOIO BiIHNOBIMANBHICTIO 3a MPUOYTKH Ta 30uTku. KepiBHuUKH (iiif MaroTh BUCOKHI
CTYIiHb aBTOHOMII Ta IOBHOBAYKEHb MPUIMATH PIIlICHHS, @ TAKOXX MOXYTh IMIPUCTOCOBYBATH CBOT1 MOCIYTH Ta MPO-
MO3UIIi1 10 KOHKPETHHUX MOTPed CBOIX MiCIeBUX KIi€HTiB [14].

CaitoBuil migep y cdepi «Hayka mpo kutTs» Bayer, Haniuye 6mu3pko 100 000 criiBpoOITHHUKIB 1 OTpUMYE
50 minbapaiB eBpo goxony. B ciuni 2024 poky Bayer Oyno 3anpoBakeHO «JlMHaMi4HE CIiIbHE BOJOIIHHSDY
3 METOIO JICICHTpai3amii mpouecy MpUHHATTS pillleHb: [Ie TO3BOJWIO CIIBPOOITHUKAM poOWTH BHOIp Ha MicIli,
MIJBUINYOYM MIBUJIKICTh pearyBaHHs Ta MPUINBHIAINYBATH iHHOBawii. L[ Tpancdopmarliis nependadae ropuzoH-
TaJbHI i€papXii, 10 MPU3BOIUTH IO CKOPOUCHHS KEPIBHUX MOCaT 1 NPUHHATTS 90-IeHHUX IUKITIB IJIAaHYBaHHS JUIS
MIATPUMKH Y3TOPKEHOCTI.

Iepexin mo camoopranizaiii B Bayer Bce 1me cTBOpIO€ BeUYE3HI BUKIUKH, OCKIJIBKU BUMarae (yHaaMeH-
TANBHOTO MEPErSAy TPAIUIIHHUX KepiBHUX poiell. MeHemKepH, sKi 3BUKIN NPUHMaTH pillleHHS B iepapXidHii
CTPYKTYDIi, TENep MOBHUHHI B3SITU Ha ceOe posib (pacHUIIiTaToOpiB, HAJAI0YH KOMaHaM MOXIIUBICTh IPUAMATH aBTO-
HOMHI pillIeHHs, 30epiraroun y3ropKeHICTh 31 cTpaTeriuHuMu nimaMu. Taki mporpamy, sik «WeLead» 1 minboBi
TPEHIHTH 3 JIiAepPCTBa, CIIPSIMOBaHI Ha Te, 00 MOJ0JIaTH KPYTY KpUBY HaBYaHHSA JI0 camoopraHizauii. TpaHncgop-
Mallisl B HanpsMKy caMOOpraHizauii Bke IpoJeMOHCTpyBajia 6araroo0ilsar0odi yCIiXu: MPUCKOPEHHS TEMITIB BIPO-
Ba/DKCHHS 1HHOBAIIHUX MPOAYKTIB, 0coOMMBO B migpo3aiiax Bayer Crop Science i Pharmaceuticals. J{o3Boss-
o4d 0arato(yHKIIOHAEHAM KOMaHIaM CaMOCTIHHO KepyBaTH CBOIMH MPOCKTaMH, KOMIIAHiS CKOPOTHIIA LIUKIA
PO3POOKH TSI KITFOYOBUX IPOAYKTIB, TAKUX SIK HOBI PIIIEHHS [UTS 3aXUCTY POCIHH 1 JKUTTEBO BAXKIIMBI TIpEIIapaTH.
Taka THY4KiCTb J03BOJIMIIa Bayer mBujIie pearysary Ha moTpeOu pUHKY Ta HOPMAaTHWBHI 3MiHH, THM CaMUM 3a0e3-
MIEYUBIIY CBOIO KOHKYPCHTHY II€pPEBary B CEKTOPI «HAYK MPO KHUTTSD.

[Ile omHUM ycmixoM KOMIaHii € MiABUIIEHHs 3ay4eHOCTI Ta 3aJI0BOJICHOCTI CHiBpOOiTHHKIB. ONUTYBaHHS,
MIPOBEICHI cepell CIiBpOoOITHHKIB Bayer, Moka3yroTh, 110 TPAI[iBHUKK O1JbIIE BiI4yBalOTh CBOK BAKJIHMBICTH Ta
I[IHHICTh B CAMOOPTaHi30BaHiil cTpykTypi. Komanauy, siki paHilie npaIroBajiy 3a >KOPCTKOIO iepapXi€ro, Terep MoBi-
JOMJISIFOTB TIPO OiMbIIY CHiBIpAIto, KPEATUBHICTH 1 BIANOBIANBHICTh 32 CBOIO POOOTY, 10 MPU3BOAUTE 10 OLIBLIOT
3aJy4eHOCTI Ta MOXIIMBOCTI iHHOBaliil. Y (hiHaHCOBOMY IUTaHi 3MiHa CHpUSUIA MiJBHUIIEHHIO OIepaniifHoi edek-
TuBHOCTI. Hampukinaz, y cdepi 3aKymiBesb 1 IOTICTUKH CaMOOPraHi30BaHi KOMaHAH BITPOBAAMIIH 3aX0IH 3 EKOHOMIT
KOIUTIB, SIKi MO3UTUBHO BIUIMHY/IM Ha npulyTku Bayer [15].

Xoua camMoOprasizamis MOXe IPU3BECTU IO CKIAMHUX i CKIAJHO BIOPSIKOBAHUX MOJIEICH, BOHA BiAPI3H-
€TbCs Bi xaocy. CaMoopranizalisi BHHHKAE 3 0CHOBHUX MPABUII 1 B3a€EMOIiH, sIKi TOPOMKYIOTH MA0IOHH, CTPYKTYpH
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Ta MOBEAIHKY, HaBiTh 3a BiJICYTHOCTi 30BHIIIHBOIO KOHTPOMIO. Xaocy, 3 iHIIOTo OOKy, Opakye mependadyBaHUX
Mozenel abo MOPAIKY, 0 YCKIAJHIOE BU3HAUCHHS Oyib-sIKUX OCHOBHHUX IpaBuil. CaMoopraHizanis — 1ie mpoiiec,
3a JJONOMOTOIO SIKOTO MOZIEII Ta CTPYKTYPH BUHUKAIOTh 0€3 30BHILIHBOTO KEPIBHUIITBA YU KOHTPOJIIO. XOJaKparis —
1e crenudiyHa oprasizaiiiiHa OCHOBa, sIKa peaiidy€e caMOOpraHi3aliio 4epe3 CTPyKTYpPOBaHi poii, mpolecu Ta
MEXaHi3MHU MPUAHATTS PillieHb. Y IbOMY MiIXO0/i MOBHOBaXEHHS PO3NOAUISIOTHCS MK «KOJAMI», SIKi TIPEICTABIS-
FOTh KOHKpETHI c(hepu poOoTH B opraHizailii. KoxxHe K0JIo Ma€ IEBHY METY, 1 CITIBPOOITHUKAM MPU3HAYAIOThCS TIEBHI
pori B 1ux konax. [Iporec mpUAHATTS pillieHb 0a3yeThCs Ha MPOIIECi YIPaBIiHHS, SKUW JT03BOJISE CTBOPIOBATH,
3MIHIOBAaTH a00 BUAAJATH podi 3a morpedu. TakTuuHi Hapaau € GopyMOM Ui BUPINICHHS OTIEPaTUBHUX MUTAHb
1 CIIUTLHOTO TIPUAHSTTS PIllICHB.

B cBoiii kam3i «Leading Teams: Setting the Stage for Great Performances» [Ix. Piuapna Xexman (1940-2013)
IPEICTABUB MATPHIIIO0 TOBHOBAXEHB (PHC), IO JTOIIOMArae 3po3yMiTH CIIBIIPAII0 MK KEPiBHUIITBOM i caMoopra-
Hi3oBaHUMHU KoMaHJaMmH [16]. [TpoTaromM KiTbKOX AECATHIIITH BiH MPOBOAMB JOCIIIKEHHS B Tally3i ColliajbHOI Ta
OpraHi3aliiHol CHXOJIOTI] Ta OIKcaB YOTUPH PiBHI PO3NOJILUTY TTOBHOBaXKEHD Y KOMaHAaX. MaTpHIs TOBHOBa)KEHb
Xexmana [y boro aBTOp BU3HAYa€ YOTHPH TUIH KoMaH[ (puc. 3).

ABTOpHTapHA MaTpHOA XeKMaHa

BuzHagenua Cohepa signosinanbHoOCT
33aransHOTO KepisHuUuTBa
HaTIPAMKY

ITpoeKTyBaHHA

KOHTpONIE 1

VIPaBIiHHEA
BHKOHAHHA 3oualam<(.mannn
33aBIaHHA oboe'szkis
Manager- Self- Self- Self-
led team managing designing governed

Puc. 3. ABroputapHa MaTpuIs «XeKMaHa»

Jorcepeno.: adanmosane asmopom [16]

Komanau min xepiBHULITBOM MeHemkepa (menedger-led team) — knacuuHa MOfENb MPOEKTHOI IPYyNHU, KOIU
KOXKEeH 3 TIepCOHAITY MiANPUEMCTBA Hece MTOBHY BiJITOBIJaJIbHICTh 32 BUKOHAHHS 3aBAaHb. MeHepkep KOHTPOIIIOE
MPOLIECH, BU3HAUAE POOOUHH KOHTEKCT, KOHTPOJIIOE Ta OLIIHIOE Pe3ybTaTH Ta BiANOBIIa€ 3a 3BITHICTh. Cami okpemi
YIICHH KOMaHAXA MalOTh MAJIO CBOOOAX Y (POPMyBaHHI CBOET POITi.

CamoxkepoBaHi koMaHH (self-managing), sk mpuknaa, komanau Kanban i Scrum B IT-cdepi, — camokepoBaHi
KOMaH/IM HeCyTh OLbIlIe BiAMOBITaIbHOCTI. BOHM BUKOHYIOTH MOCTaBJIEHY poOOTY i KOHTPOIIOIOTH PE3yIbTaTH
rpymu. Taka popma camooprasizailii 4acTo 3yCcTpiuaeTbes B KOMITaHisX, SKi epeOyBatoTh y MPOIECi MEPEXoLy 10
(dopmyBanHs agile koman . CriBrpars 3 JiIepOM XapaKTepU3y€EThCS JTOBIPOIO Ta OUIBIIOI CBOOOO y hopMmy-
BaHHI poOOTH — THYUKHH CIIOCi0.

I'pymu camopospobku (self-designing). Ili camoopranizoBaHi KOMaHIW caMi BHUPIIIYIOTb PaMKH CBOE€]
poGoTH. 3aJeXHO Bif opraHizallii e MO)X€ HaBiTh O3HAYaTH, IO CHIBPOOITHUKU CHIIBHO NMPUHMAIOTh PillICHHS
Ipo HaiiM abo 3BUILHEHHS YJICHIB KOMAaHAM, a KepIBHHUK JIMIIEC BU3HAYAE I, SIKUX MOTPiOHO gocartu. Taxuit
PO3IIoAiT posei 0COOIMBO MOMIMPEHNH Y THYYKHX KOMaH/ax Ta OLIaJJINBOMY MEHEDKMEHTI (koManan Scrum 3a
THYYKHMH aCTIEKTaMH).

ABTOHOMHI KOMaH! (self—governed) - caMOBpﬂ):[Hi KOMaHH a0COJIIOTHO BUTBHO KEPYIOTh CBOEID POOOTOIO
il He MiAIATaloTH KOMHUM JisM 3 60Ky KepiBHUKIB. [XHs cmBnpam XapaKTePH3YE€THCA TAKOK CaMOCTIHIUM BH3Ha-
yeHHsAM mineit. Taka popma CaMOKCPOBAHHX KOMAH]{ 3ycTpivaeThes i 9ac pean13au11 CTapTalis.

[TorogumMocst, IO CHOTOIHI caMoopraHBauv{ aKTyaqbHa He IS BCix kommaHiil. Kommanii, siki TPAIFOrOTh
Ha cTabiTbHOMY PHHKY Ta Blemy}on, npocTi npo6neMn MOXKYTb JyKe nobpe TpaIfoBaTH 3 LEHTPaJII30BaHOIO
cucTeMoro yrpapiinHs. OJHaK, CBITOBI TEHJCHIIIT, JOCBI yCHIIIHUX MiAIPHEMCTB 3aCquy}0Tb 1o camoopra-
Hi3awii IPOHHUKAIOTh HAaBITh y TPAAWLIWHHUN NPOMHUCIOBUHA cexTop. OCHOBOI caMooOpraHizallii Ha MiAIPUEMCTBI
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€ TMUTaHHS COIiaJIbHO-OPiI€HTOBAHOI OpraHizallil Ta CaMOMEHEKMEHTY IPAIliBHUKIB, 2 BOHH 3QJIMIIAIOTHCS aKTy-
aIbHUMU B Oyab-sKiil opranizanii. ToMy mifmpueMcTBaM BapTO MPAILIOBATH HAJ| CTBOPEHHSIM CIPUATIUBUX YMOB
JUTSL 0COOMCTOrO PO3BUTKY MPAIiBHUKIB Ta YIOCKOHAJICHHIO HABUYOK CAMOMEHEIIKMEHTY.

Oco0ucTuif po3BUTOK Ta CAaMOMEHEKMEHT — 1€ MPOILeC BIOCKOHAJEHHs ce0e, CBOIX HAaBUYOK, MUCIICHHS
Ta IJIeH, caMOCTiiHA OpraHi3allis CIpaB y 4aci, IO JOIOMara€ 0COOUCTOCTI JOCATTH OLIBIIOTO YCHiXy, IACTS
Ta 3a70BOJICHHS B HTTI [17]. He 3aiiBe po3misaaTty naHi MyHKTH 1 SK pyIIidHY CHITy JUId iHHOBalid. B nanomy
BHITAJIKY, IHHOBAIlisS — 1€ 3/IaTHICTh CTBOPIOBATH HOBI Ta IIiHHI PIlICHHS MpooOiieM, oTped ado MoxkiuBocteit. Lle
HEOOXIJTHO ISl 0COOUCTOTO Ta MPO(ECiHHOTO 3pOCTaHHS, a TAKOX JIJIS COIIAIbHOTO Ta €KOHOMIYHOTO MPOrpecy.
Kitto4oBi HanpssAMKH JUTsE pO3BUTKY OCOOMCTOCTI Ta CAMOMEHEIKMEHTY: PO3BUTOK TBOPYOCTI, PO3IIMPEHHS 3HAHb,
3MIIIHEHHS CAMOBIIEBHEHOCTI, 3pOCTaHHS MPOQECiHHOCTI.

Po3BuToK TBOpUOI CKIIa0BOI, KPEATUBHOCTI — I1¢ BMiHHS T€HEpyBaTH HOBI Ta KOPHCHI iei, 110 MOXXHa BBa-
JKaTh OCHOBOIO 1HHOBAI[il, OCKIIBKH JIO3BOJISIE MUCITUTH HECTAHJAPTHO Ta 3HAXOMUTH HOBI MOXKIHUBOCTI. OcoOu-
CTHI PO3BUTOK MOXE MiABUIIUTH TBOPUY CKJIAJIOBY, 3a0€3Meuyrour CBOOOLY MOy Pi3HUX TOUOK 30DY, JOCBi
1 BUKJIMKY. PeanizyBaT 1ieii HarpsiM MOe TOIIOMOI'TH PAaKTHKa B MO3KOBOMY IITYpMi, kKapTu 1ymok (Mind Maps),
BUTbHE MUCHMO, IO JOTIOMOXE CTUMYITIOBATH ysBY Ta IOIOJATH po3yMOBi Ooku. Po3BuBarouu cBOi TBOpUi 31i0-
HOCTI, JIFOJHHA MOKPAIy€e CBOi HABUYKHM BHPIIICHHS MpoOIeM 1 IPUHHATTS pillleHb, a TAKOXK HAOyBa€ 3MaTHOCTI
aJIalTyBaTHCS Ta BIPOBAKyBaTH iHHOBALII.

3HaHHs — 11e iH(popMallisi Ta PO3yMiHHS, K1 JIFOJAMHA OTPUMYETE 3aB/SKH HaBUAHHIO Ta ocBiny. Lle rpyHT mis
igHOBamiif. OCOOMCTHI PO3BUTOK MOJKE PO3IIMPHUTH 3HAHHS, CIIOHYKAaTH BUBYATH HOBE, BIOCKOHAIIOBATH HABHYKU
Ta JIOCII/PKyBaTH HOBI chepu. Posmmproroun cBOi 3HAHHS, JIOMUHA MOXKETE IiJBHUIIUTH CBOK KOMIETEHTHICTh
1 aBTOPHUTET, a TAKOXK CBOIO 37[aTHICTH JI0 IHHOBAITIH.

BrnieBHeHicTh — 1e Bipa y BnacHi MoxauBocTi. Lle pymmiiiHa cuna iHHOBaIlif, OCKUIBKH CIIOHYKa€ JiITH Ta
nocsiraty nineit. OcoOucTuilt pO3BUTOK MOXKE IiIBUIIUTH BIIEBHEHICTh, JONOMAraro4uy MOJ0NaTH CTPAaXH, CYMHIBU
Ta oomexxeHHa. Hanpukmnan, BcraHoBmroBaru 1ini SMART, BincTexxyBaTu BIAacHHMA MPOTpec 1 BiA3HAUYaTH JOCAT-
HEHHJ, 1100 TOCHINTH caMOe()EKTHBHICTD 1 CaMOOIIIHKY. B TaHOMY HampsMKy JOPEYHO MPaKTHKYBaTH MO3UTHBHI
adipmartii, Bizyamizaliro a00 MEIUTAIliI0, 00 3MEHIIIUTH CTPEC 1 3aHETIOKOEHHS Ta MiJBUIIUTH ONTHMI3M 1 CTiH-
KicTh. [TiABUIYrOYM BIEBHEHICTh Y c00i, MOXHA MMOKPAIIUTH BIACHY ¢(PEKTHUBHICTH 1 MPOAYKTHBHICTh, a TAKOX
30ATHICTH OO 1HHOBALIM.

CriBnparist (po6oTa B KOMaHIi) — I1e po0oTa 3 IHIMHUMH JIJIs TOCSTHEHHS criyibHOT MeTH. [le karamizaTop iHHO-
Ballili, OCKUIbKH JTO3BOJISIE BUKOPHCTOBYBATH Pi3HOMaHITHI HABUYKH, MIEPCIICKTUBH Ta PECYPCH BAIIOi KOMAaHJIH.
OcobucTnii po3BUTOK MOXE MOKPAIIUTH 3IaTHICTh O CIIiBIpAIll IUIIXOM YIOCKOHAJICHHS HAaBHYOK CITIIKYBaHHS,
JiJiepcTBa Ta KOMaHHOI poOoTu. Hampukitaa, MO)kKHa CTaBUTH 3allUTaHHS Ta aKTUBHO CIyXaTH, 100 po3yMiTH Ta
MOBaKaTH ITyMKH Ta ifiei IHIIKX; TIIUTHCS CBOIMU 3HAHHSIMH, IIPOITOHYBATH MiATPUMKY Ta JEJIEryBaTH 3aBIaHHS,
1100 PO3MIMPUTH MOXKIIMBOCTI Ta HAAUXHYTH 1HIIHUX.

BucHoBku. Peanizaiiis Bxe cbOrogHi KOHIENTYalIbHOI MOJIEI CAMOMEHEPKEHTY Ha MiANPHUEMCTBI, IK OCHOBA
KOMaHJJOYTBOPEHHs Ta CaMOOpraHi3allii KOJEKTHBY, ()OPMYBaHHS COLIATbHOOPIEHTOBAHOI KOPIOPATHBHOI MOJi-
TUKH — € BUMOTOIO Yacy, [0 B MaHOyTHEOMY CTaHe 00OB’S3KOM. 3ilITOBXYIOYHCH 3 KOKHUM BHKIIKOM Ha MIIIXY
(hopMyBaHHSI COMOOPTaHI30BaHMX KOMaHJ Ha MiANPHEMCTBAX, MOTPIOHO MaM’SITaTU: MEPCOHAN — 1€ HAWIIHHIIIIN
aKTHB, III0 peai3o0Bye CTpaTerii, IHHOBAIlii, 3a0e3Meuy€e PO3BUTOK Ta YCIiX oprasizamii. Um 3mMoxe nroauHa 6e3
HaBUYOK COMOMEHE/DKMEHTY OyTH KIIFOYOBHM PECYpPCOM MIANPHEMCTBA — BIAIMOBIAb — Hi. 3alpOBaKCHHS KOH-
[ENTyaJIbHOT MOJIENI CAMOMEHEDKMEHTY B (POPMYBaHHI KOPITOPATUBHOT MONITHKY MOTPEeOy€ TPYHTOBHOTO ITiTXOTY
3 HAYKOBUMHU JIOCJIIPKCHHSMH Ta PI3HOMAHITHUMH MPAKTHKAMU.

Peasnizariist Ha TiAMTPUEMCTBI KOHIIETITYaJ IbHOT MOJICII CAMOMEHEIKMEHTY HE O3HAYa€ BiJICYyTHICTh KOHTPOJIS.
KoHTpons MOXHa peai3oByBaTd 3a JOIOMOTIOI0 IHTETPOBAHUX IUIAT(GOPM, IO Po3poOiIeHi A MaciuTaOyBaHHS
po6oTH. MOHITOPHHT JaHUX HA BCiX €Talmax CTAHOBJICHHS KOPIIOPATUBHOI MONITHKY: BiJl HAUMY IO YTPUMAHHS TIep-
COHaJy, IPOCYBaHHS CIIBPOOITHUKIB MO CITy»0i, MOKa3HUKHU, OPIEHTOBAHI Ha iHiliIaTUBU (MeTa Ta i JOCATHEHHS)
1 .. HeoOXiTHiCTh KOHTPOJIO Ta 3BITHOCTI MiITBEPKYETHCS CBITOBUMHU TEHJICHIIISIMHA BIIPOBADKEHHS TTOITUKH
ESG, sk BaXXIMBOMY €IEMEHTY CYYacHOTO YIIPABIIHHSA, IO BIUIMBAE HAa PEIyTALlil0 KOMIAHil Ta II KOHKYpEHTO-
CIpOMOXHICTh. Jlomydatouncs 1o nomitukd ESG, mianpuemctsa He Jniie GOPMYIOTh CTIHKHNA poOOYHil MITAaT Ta
JOCSTAIOTh €()EKTUBHOTO YIPABIIIHHS, aJIe i CTalOTh IHBECTUIIIITHO MPUBAOIUBUMH, TOCATAIOThH CTAJIOTO PO3BUTKY —
(hopMyIOTh TO3UTHBHUHN IMIJDK SIK B Oi3HEC CEPEIOBHIII, TaK 1 IOMIXK CIIOKWBauiB. [HTErpaIliss caMOMEHEKMEHTY
Ta KOMaHJIOyTBOPEHHSI € KIFOYOBUM (DaKTOPOM JUISl JOCATHEHHS YCHIXy B YIPAaBITiHHI MiAMPHEMCTBAMH B YMOBaX
Cy4YacHOT €eKOHOMIKH Ta CBITOBHX TEHJICHIIIN.
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HIJIBUIIEHHS BE3IEKHU IPAII ITPY IPOBEJEHHI T'TAPOCTPYMUHHOI
BOJOMNOJIMEPHOI MEP®OPAIIII CBEPIJIOBUH

Y cmammi axyenmogano ysazy na axmyansnocmi npobnemu 3abe3neyenns 6e3neunux yMos npayi npu UKOHaHHi 2iopo-
CIMPYMUHHOT 6000n0NiMepHOT nepghopayii ceeponosur — cyuacHoi iHHO8ayitiHoi 6e36UGYX060i MeXHON02i], WO AKMUBHO 8HPO-
8a0NCYEMBCS 8 NPOYECAx 0CBOEHHS. ma inmencugixayii euoodymxy naghmu i 2azy. Taxuti nioxio 0036015€ Cymmeeo 3HUUMU
DU3UKY, N0 SI3AHT 3 BUKOPUCTIAHHAM MPAOUYIIHUX BUOYXOBUX MemOo0i8, npome UCYBAE HOBI UMOU 00 MEeXHIUHOT be3neKu,
30KpemMa uepe3 3aCMOCYBAHHA BUCOKUX MUCKIB. Y npoyeci ananizy 6CMano81eHo OCHOBHI ddcepena Hebe3neKu, o cynposo-
001CYI0Mb 3A3HAYEHY MEXHON02II0; NEPesUeHH JONYCIMUMO20 DigHSL MUCKY, UMOGIPHICIb BUHUKHEHHS 2i0pasguiynux yoapis,
@ MAKodHC NOMUTIKY ONepamopa, sKi MOJNCyms npuszgecmu 00 agapiiiHux cumyayii. 3 Memoio 3HUNCEHHA BNAUBY TIOOCHKO20 HUH-
HUKA [ MIHIMI3ayil pU3UKIe 3anponoHO8aH0 6NpOBAOIICEHHSL ABMOMAMU30BAHUX CUCEM KePyBAHHsL MEXHON0IUHUM HPOYeCcoM 3d
DAXYHOK CMBOPEHHs IHMENEKMYANIbHUX CeHCOPHUX CUCIEM KOHMPOTIO 8UCOK020 MUcKy. /s yboeo Memooom amomizayiino2o
2ioponizy 6yno cunmesoeano maeHimuui Hanonopouok La0.65r0.3Mnl.103 (LSMO) ma ywinvheno nio pisnum muckom 00
1600 Mlla. byno ecebiuno dociodicero 1020 hazosutl ckaad, KPUCMATTUHY CIPYKIMYPY, MOPPON02iio, MASHIMHI, MACHIMOpe30-
HAHCHI, MPAHCNOPMHI, MAeHIMOoonipHi ma bapoonipui enacmusocmi. Byno nokazaro, wo 3i 36inbuennam mucky 0o 1600 MIla
KoeqhiyicHm 3an06HeHHs 8 KOMNAKMAX 30LIbUYEMbCA, SMEHIYIOYU CepeOHio 8I0CMAHb Midc YacmuHkamu. Y diana3oui Kim-
HamHux memnepamyp Hanonopouiox LSMO suaxodumuca y (pepomaenimuomy cmani 3 memnepamyporo Kiopi 367 °K i ne 3ane-
Jcums 610 MUcKy ywjinorenns. 3i 30L1bWenHAM MUCKY MOHOMOHHE 3MeHWEHHs NUMOMO20 OROPY 3yMOGILeHe 3MEeHUIEHHAM Bi0-
cmani migic uacmunxamu. Buseneno cicanmcvkutl eghekm 6apoonipHocmi 3 6CMAHOBIEHHAM HACHIYRHUX BANCTUBUX NPUKAAOHUX
sracmueocmeil: eghekm bapooniprocmi He oomedcyemocs memnepamypoio Kiopi ma cnocmepizacmoca ax y ghepomazHimuomy,
max i 6 napamasHimuoMy cmaax, egexm OapoonipHocmi npu NOCMILHOMY MUCKY HE3HAYHO 3aNedlCUms 6i0 memnepamypu
6 wupokomy dianasomui 6id —193 do +127 °C; ¢ dianazoni muckig 6id () 0o 400 Mlla eexm 6apooniprocmi mae Hatiuugy
yymaugicmo, sika dopisrioe 0,1%/MIla. 3pobneno suchogok wodo doyintbHocmi enposadncennss LSMO 6 cucmemu b6esneurozo
VIPAGIIHHA NPOYecamu 2iopocmpymMunHol 6000NoNIMepHOL nephopayii Haphmosux i 2a306ux c8epPOLOGUH.

KimrowoBi ciioBa: besneka npayi, odononimepra nepgopayis, Hagmozazosi ceepOI0BUHY, HAHONOPOUIOK, CEHCOPHI CUC-
memu.
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Pashchenko A. V., Perkun 1. V., Pogrebnyak V. G. Enhancing occupational safety in hydrojet water-polymer perforation
of wells

The article focuses on the relevance of ensuring safe working conditions during hydrojet water-polymer perforation of
wells — a modern innovative non-explosive technology that is actively implemented in oil and gas extraction and production
intensification processes. This approach significantly reduces the risks associated with the use of traditional explosive methods,
however, it introduces new safety requirements, particularly due to the application of high pressures. The analysis identifies the
main sources of danger associated with this technology: exceeding the permissible pressure level, the likelihood of hydraulic
shock, and operator ervors that may lead to emergency situations. To reduce the impact of the human factor and minimize risks,
the introduction of automated control systems for the technological process is proposed, through the creation of intelligent
sensor systems for high-pressure monitoring. For this purpose, a magnetic La, Sr, Mn, O, (LSMO) nanopowder has been syn-
thesized by atomization hydrolysis and compacted under different pressures up to 1600 MPa. Their phase composition, crystal
structure, morphology, magnetic, magneto-resonance, transport, magnetoresistance, and baroresistance properties have been
comprehensively studied. As the pressure increases to 1600 MPa, the filling factor in the compacts increases, decreasing the
average distance between particles. In the room temperature range, the LSMO nanopowder is in a ferromagnetic state with a
Curie temperature 367 °K and does not depend on the compacting pressure. With increasing pressures, a monotonic decrease in
resistivity is due to reducing the distance between particles. Giant baroresistance effect with the establishment of the following
important applied properties has been found: baroresistance effect is not limited by the Curie temperature and is observed both
in the ferromagnetic and paramagnetic states, the baroresistance effect under constant pressure slightly depends on the temper-
ature in a wide range from — 193 to + 127 °C; in the pressure range from () to 400 MPa, the baroresistance effect has the highest
sensitivity, which is 0.1%/MPa. The conclusion is made regarding the feasibility of implementing LSMO in safe control systems
for hydrojet water-polymer perforation of oil and gas wells.

Key words: occupational safety, water-polymer perforation, oil and gas wells, nanopowder, sensor systems.

IMocTanoBka mpoodaeMu. FmpOCprMI/IHHa BonomnoyiMepHa nepgoparis (I'BIT) € iHHOBaIIHOK TEXHOJIO-
riefo y cdepi 0CBOEHHS HAPTOBHUX 1 ra30BUX CBEP/UTOBHH, IO JI03BOJISE CTBOPIOBATH nep(bopaumm KaHanmu 0e3
BHKOPHUCTaHHS BUOYyX0oBUX pedoBHH [1,2]. [Ipote, sik i Oymb-sika TEXHOJOTIYHA omeparlis y HadTorazoBumI00yTKY,
I'BII cynpoBomKy€eThCSI IEBHUMHU PU3UKAaMH UL TIPANiBHUKIB 1 HABKOJIUIITHBOTO cepenoBuia. OCHOBHUMH KOM-
noreHTamu mnporecy I'BII e: HacoHa ycTaHOBKa BHCOKOTO THCKY; CIeIlialli3oBaHMid Timpomnepdopartop; pododa
pianHa — Boza 3 MOJIMEPHUMHU JOMIIIKAMHU; KOHTPOJIbHA amaparypa Ta CHCTEMH AWCTaHIiHOTO ympasiiHHA. [lo
MOXJTHBHX JKepesl HeOe3neKH HeoO0XiTHO BiIHECTH: IEPEBUILICHHS THCKY B CHCTEMI; Ti/paBIliyHi yIapy Ta pO3pUBU
TPyOOIPOBO/IB; MOXKEKOHEOE3MEKa P HASBHOCTI 3aJIUILKIB ra3y B CBEPAJIOBHHI; BTOMa a00 TOMUJIKH MEPCOHATY
MIpH yIPaBIiHHI CUCTEMaMHU IIiJi BUCOKUM THCKOM. PoboTa BogomnosiiMepHoro nepdoparopa nependayae BUKOPH-
CTaHHA BUCOKHX THCKIB y niana3oHi Big 100 MPa ta Bumie [2—4]. [lutanus 6e3nexu npati cTaloTb 0COOIUBO aKTy-
QIFHIMH B YMOBaX BHCOKOTO THCKY.

[TigBuieHHss piBHA OE3MEKH Mpail IiJ Yac BUKOHAHHSA TiIPOCTPYMHHHOI BOJOMONIMEpHOI mepdoparrii
Ha(TOra30BUX CBEPIJIOBUH MOKIMBE IIISIXOM BIIPOBAKEHHSI CyYaCHUX TEXHIYHHUX 3aC00iB KOHTPOIIIO, 1[0 BUMa-
ra€e CTBOPEHHS MPUCTPOIB 3aXUCHOTO BIIKJIFOYCHHS 1 IATYMKIB aBTOMATHYHOTO KOHTPOJIIO THCKY. Takuii mpucTpii
MOXke OyTH po3poOJieHHid Ha OCHOBI MarHiTHOTO HaHOMAarepialy, JJis SKOTO BCTAHOBJICHI 3aKOHOMIPHOCTI 3MiHH
BIIACTHBOCTEH UyTIMBOTO CEHCOPHOTO €JIEMEHTa BiJ 30BHIIIHBOTO THUCKY. CBO€YacHE BHSABJICHHS Ta YCYHCHHS
MOTEHIIHUX 3arpo3 CIpUATUME HE JIMIIe 30epeKeHHIO 37I0pOB’S MPAIliBHUKIB, a i 3a0e3MeYeHHI0 CTabIIbHOCTI
BUPOOHHYOTO TPOIIECY.

IMocTanoBKa 3aBAaHHsA. METOIO CTaTTi €: BU3HAYEHHS CKJIAJy Ta TEXHOJIOTIYHMX YMOB Ui CHHTE3y Mar-
HITHOTO HAHOMOPOLIKY, K (PYHKIIIOHAJBHOTO MaTepialy Ui MPUCTPOIB 3aXUCHOTO BIAKIIOUEHHS Ta KOHTPOJIIO 32
BHCOKHM THUCKOM IIPH MPOBECHHI T IpOCTPYMUHHOI BOAONONIMEPHOI nepdopallii HahTorazoBUxX CBEpAJIOBUH;

— CHHTE3 MarHiTHUX HAHOIIOPOUIKIB 3 ()YHKI[IOHAEHAMH BIACTHBOCTSMH, IO JTO3BOJIATE 3a0€3MEUUTH KOH-
TPOJIb TUCKY B TIPOIIeCi poOOTH BOAOMOIIMEPHOTO mepdoparopa;

— IPOBEJICHHS CYYaCHUMH METOJIaMH JOCIIKSHHS (DYHKIIOHATLHUX BIIACTUBOCTEH HaHOMATepialy Ta BCTa-
HOBJICHHS 3aKOHOMIPHOCTEH BIUTHBY CKJIQTy, TUCIIEPCHOCTI Ta TUCKY Ha PE3UCTHBHI, MarHiTHI, MarHiTOPE3UCTHBHI
Ta 0apOPE3UCTUBHI BIACTHBOCTI CHHTE30BaHOTO MAarHITHOTO HAHOITIOPOIIIKY;

— BH3HAYCHHS ONTUMAJIBHOTO CKJIaJy Ta YyTIMBOCTI 1010 OapOpPEe3UCTUBHOTO €(PEeKTy MarHiTHOrO HaHOIO-
POIIKY, SIKMH 3a0e3nedyBaTUMe HaIiifHUIT MOHITOPHHI' BHCOKOTO THCKY Y Ba)KKOAOCTYIHHX MICISX CBEPJIOBHH
3 MOXJIMBICTIO IHTEJIEKTYaJIbHOTO YIIPABIIHHS O€3MEYHOI0 POOOTO0 00IaIHAHHS.

CTBOpEHHs TaKOrO MAarHiTHOIO HAHOMOPOINKY Ta BIPOBAPKCHHS HOTO B MPYKHY JICNCKTPHYHY MATPUIIO
JI03BOJIUTH OTPHUMATH HAHOKOMITO3UT 3 ¢()eKTOM MAarHiTHOI [aM’sITi Ta 3 BIACTUBOCTSIMU MarHiTOAKTUBHOTO €IIaCTO-
Mepy, 110 T03BOIHTE BUKOPHCTOBYBATH (byHKmOHanLHl BIIACTHBOCTI HOBOTO MAarHiTHOTO HAHOTIOPOIIIKY TIPH CTBO-
peHH1 JATYHKIB BUCOKOTO THCKY JIJISI Cy4acHHX lHTGJ'IeKTyaJ'IBHI/IX CHCTEM praBJ‘IlHH}I TEXHOJOTIYHAMH MPOLIECAMU
1, BIIMOBIAHO, JJIS TiABHUIIEHHS OC3IIEKH Tpalli IpH peatizaliil TeXHOIOTIH 3 MiABUIICHHOIO HeOe3neHkoro [1,5-9].

Marepianu i meronun. Bubip nanonopowxy. HaHomatepianu Ha OCHOBI PiJIKiICHO3eMEIbHIUX MaHTaHITIB
Ln, A MnO, (Ln = La abo piakicHO3eMeNbHHUI 10H) 31 CTPYKTYpOIO NMEPOBCKITY, B AIKUX TPMBAJICHTHUH Ln 3ami-
IICHUI Ha OZHO- a00 IBOBAJCHTHHU JIy>KHHN a00 JIy)KHO3EMEIbHUN A-KaTiOH, BITHOCSTHCS JO IEPCICKTHBHUX
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OararodyHkiionanpHux MmarepianiB [10]. HasBHicTe koHKypyrouux B3aemomiid [11] € MpUYHHOIO YHIKaJIbHOTO
criBicHyBaHHS MarHiTHuX [12], marsitopesuctuBHux [13], MarsiTokamopuuHux [14], emexkTpokaramiTUYHUX,
MarHitrorepMiyHux [7] Tta maraironpyxHux [15] BractuBocTeil y omHOMy Marepiaii. baratrodyHkuioHanbHICTH
MaHTaHITOIIEPOBCKITIB OOYMOBJIEHA YHIKaJIbHOIO BJIACTHBICTIO BAJIEHTHHX €JIEKTPOHIB MapraHiio OpaTH y4yacTb
SIK y TIEpEeHEeCeHHI 3apsaay 3 GpopMyBaHHSIM PE3UCTUBHUX BIACTHBOCTEH, TaK i B ICHyBaHHI CHIH-NOJSIPH30BAHOTO
TPAHCIIOPTY y (pepoMarHiTHOMY CTaHi, 3 SKAM IOB’s3aHa TO0sSBa BEIHMKOI KUTBKOCTI raJlbBAHOMATHITHUX e€(eKTiB
[16]. V pinkicHO3eMeNbHUX MaHTaHiTax noomsy remneparypu Kropi 7. 3’ aBiseTbes GpasoBuii nepexin «MeTan-Ha-
MIBIIPOBITHUKY, MMOOIH3Y SKOTO mapamarHiTHuid (PM) miejeKTpuK 3 HamiBIPOBITHUKOBHM XapaKTEpOM IPOBIIHO-
cti Bumie 7. pi3Ko 3MiHIOE CBOI BIACTUBOCTI i cTae (hepomartiThuM (FM) HamiBIPOBIHUKOM 3 METAIIEBUM THIIOM
nposigHocTi Hwkde 1. Cxmax La Sr, MnO, MaHTaHiTy 3i CT€XiOMETPUYHMM CHiBBigHOmEHHAM La:Sr:Mn =
0.7:0.3:1 € pepomarneTnrom 3 BucoOKo0 Temneparyporo Kropi 7. ~ 370 K. Heenuka kinbkictb ~10 mol.% nancre-
X10METPHUYIHOTO MapraHIlio MOKpAIly€e (yHKIIOHATIBHI BIACTUBOCTI MaHTaHITY BHACTIJOK ITiBUIICHHS MAarHiTHOI
onnopianocri [17]. Hecrexiomerpuunnit cknan La, St . Mn, O, (LSMO) € nepcnekTuBHEM OaraToQyHKIiOHAIb-
HUM MarepianoM AJIs HOro BUKOPUCTAHHS B IPUKIAIHUX [UIAX, OCKUIBKH Ma€ BUCOKY Temreparypy Kropi, Benuky
HAMarHi4eHiCTh, BUCOKY MArHIiTHY OJHOPIJHICTh Ta KojdocanbHuil MR edekT y niama3oHi KIMHATHUX TEMIEPaTyp
[18].

Oco0uBHUil iHTEpEC BUKIMKAIOTH HEUYUCICHH] TOCIIKEHHS, Y SKUX BUSBIIN ¢(EKT BIUIMBY 30BHIIIHBOTO
TUCKY Ha (DYHKIIIOHAJBHI BJACTHBOCTI HAHOIOPOIIKOBHX MPECYBaHb Ha OCHOBI PiJKICHO3EMEIbHUX MaHTaHITIB.
VY TakoMy rpaHyTbOBaHOMY KOMITO3HTI 3apsIIOBUI Ta CIMHOBHH TPAHCIIOPT 3aJIEXKHUTh HE TUIHKH BiJl BIACTHBOCTEH
Martepiairy, aie i Bix poamipy FM rpanyn, iXHp0i KOHIIEHTpAIIil Ta BiZicTaHi Mixk HUMH. HaBelieH1 BHIIe mapaMeTpu
HaHOKOMITO3UTY MOXKHA KOHTPOJIFOBATH 30BHIIIHIM THCKOM. [losiBa Gapope3ncTUBHOTO eekTy 00yMOBIieHa 3Mi-
HOIO TIMTOMOTO OITOPY TAKOTO KOMITO3UTY i/l BIUIMBOM 30BHIIIHBOTO TUCKY. MarHiTHHH HAaHOIIOPOIIOK, YKJIaAeHUH
B NIPY>KHY JiCNCKTPHUUHY MATPHIIO, CTA€ HAHOKOMITO3UTOM 3 €()eKTOM MAarHiTHOI mam’siTi Ta Ha0OpOM MarHiTHHX
CTaHIB i3 BIACTUBOCTSIMH, II[0 3aJI€XKAaTh BiJl 30BHIIIHLOTO TUCKY [19]. BcTaHOBIEHI 3aKOHOMIPHOCTI BIJIUBY THCKY
Ha MUTOMHUII omip 1 BIacTUBOCTI MarHiTHOro LSMO HaHONOPOIIKY H03BOJISIOTE BUKOPUCTOBYBATH HOTO K (DyHKIII-
OHAJIBHUI MaTepiali IpU CTBOPCHHI TaTYMKIB BUCOKOTO TUCKY.

Memoo ompumannsn. Hanonopowok La, Sr .Mn O, (LSMO) orpumyBaii METOIOM CILIBHOTO OCA/UKEHHS
i3 crexiomerpuaHoi cymimi komnonenTis La(NO,),xH,0 (99.9% metals basis), Sr(NO,), (ACS reagent, >299.0%)
ta Mn(NO,),4H,0 (purum p.a., 297.0%). Sk cknagnuii po3uuH ocajH1UKa BUKOPUCTOBYBau cymi (50% + 50%)
kapOonary amomito (NH,),CO, (ACS reagent, >30.0% NH, basis) + amiaky NH,OH (puriss. p.a., >25% NH, basis)
OTpuMaHy TICIIA OCaKSHHS CYCIIEH3110 TIEPEeMITITyBaIH 1 37BN B (GUIBTP JUI1 IPOMHBAHHS 1 BIIDKUMaHHS TBEP-
noi ¢asu. Otpumany nacty cymid pu 200 °C npoTaroM 5 TOanH 1 TepMOOOPOOIISIIN Ha MOBITPI JJIs 3aBEPIICHHS
MOBHOI KpucTaizamii. TepmooOpoOky mpoBomwm mpu 650 °C mpoTaroM 6 TOAWH y PEXUMI HMOBUILHOTO Harpi-
BaHHS Ta OXOJOKEHHS. 3pa3Ku BUTOTOBISUH 3 oTpuManoro LSMO HaHOMOPOMIKY IUTSIXOM MOTIEPEAHBOTO MPECy-
BaHHA Iix TrckoM 200 MPaB Metanesiii npec-¢opmi niamerpom 10 mm. Brimus BUCOKOTO TiIpOCTaTHYHOTO THCKY
Ha BJIACTHBOCTI 3pa3KiB JOCTIIKYBalu micis ix mompecyBaHHs mia tuckom P = 0, 200, 400, 800 ta 1600 MPa.
B pesynbrari 6yno orpumano 5 mapriit HaHOMOPOLIKOBUX IpecyBanb LSMO-0, LSMO-200, LSMO-400, LSMO-
800 Ta LSMO-1600 nuninapuuHoi ¢popMu 3 po3Mipom 10x2 mm. 3pa3ku BCix mapTiit Oyiau JOCUTH MILHUMU, 1[0
JIO3BOJIMJIO IIPOBECTH MOBHUI KOMIUIEKC JOCIiIKEHb BIUTMBY BUCOKOTO THCKY Ha CTPYKTYPY, MOPQOIorito Ta QyHK-
LIOHAJIBHI BIACTUBOCTI MpecyBaHHs 03 iX MUMOBUILHOIO MEXaHIYHOIO pyHHYBaHHS.

Memoou docnioxncennsn. a3oBUii CKIIAI, CHMETPIIO0 CTPYKTYPH Ta ITAPaMETPH EIIEMEHTAPHOI KOMIpKH BH3HA-
YaJId pEHTTeHOCTPYKTYPHUM MeTOoIoM Ha aBTronudpakTomerpi JIPOH-3 npu kiMHaTHIH TeMniepaTypi 3 TeOMETpi€ro
3iioMok bperr-BpeHnTaHo. PeHTreHIBChKI BUMIpIOBaHHS MPOBOMIIM B pEKUMI CKaHyBaHHS 3 kKpokoM 0.02° B iHTEp-
Baji KyTiB 20 Binl8° no 90° 3 yacoMm eKcro3uIlii B KOXKHii Toulli 5 s. PeHTreHoda3oBuii aHai3 OyB BUKOHAHHMA
Ha MIJICTaBi MOPIBHUILHOTO aHAII3Y MOJOKEHHS MAKCUMYMIB Ta iX IHTEHCUBHOCTEH 3 JIOBIJIKOBUMH CTaHIapTaMH
JCPDS. 11106 BUKIIOYUTH BIUIMB BUIIAJKOBUX ITOMIJIOK y TIPOIECi BUMIPIOBaHHS ITapaMeTpiB KPUCTAIIYHUX IpaT
3aCTOCOBYBaIM KOMOiHOBaHUM MeTox rpadiunoi excrpanonsuii. [loxudka BUMipIOBaHb apaMeTpiB KPUCTATIYHOT
PELITKY Ta BU3HAUCHHs (pa30Boro ckiaxy cranosuia Mene 0.01 ta 3%, BignosiaHo.

Posmip D, obnacreii korepentroro poscitoanns (OKP) ta cepenniii posmip D 4acTUHOK BU3HAYAJIM METO-
nom Censxoa-1llepepa mono posmupenss qudpakiifHuX NiHii. Y HaHomopomkax piBHICTh Dy, = D € Kopek-
THOIO, KIIIO PO3MIp YaCTUHOK 3HAXOAUTHCA B Jiana3oui Bix 1 10 100 am. Tlpu pospaxynky D, , = BUKOPUCTOBYBAIU
tdhopmyny [ebas-Llepepa:

thl A
B(20)-cos(0)’

ne K., — nocriiina [llepepa, 3Ha4eHHs AKOT 3aIEKUTH BiJl (OPMHU YaCTHHKH Ta iHAEKCIB (hkl) nudpakiiinoro

BiJJOOpa)KCHHS, A — IOBXHMHA XBUJI PEHTI€HIBCHKOIO BUIPOMiHIOBaHHS, (20) — cripaBkHe (i3ndHEe PO3IMUPEHHS,

6 — KyT OperiBchKOro BinoOpakenns. BirnocHa noxubka BusHaueHHs posmipy D, . Ta (D) crtanosuna ~ 18%.
BusHa4yenHs1 peHTTeHIBCHKOT IYCTUHU p, TIPOBOJIUIIN, BUKOPUCTOBYIOYH €KCIIEPUMEHTAIIbHI PEHTIEHOCTPYK-

TYpHi J1aHi 32 GopMyIIOL0
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Z-M

Px =
Nd I/cell
ne Z — aucio GopMyIbHUX OAMHHULb, IO TPUIIAAI0TH Ha oz[Hy eJIeMEHTapHY KOMipKy, M — MonspHa mMaca
JOCTIKYBaHOi peyoBHHH, V| — 00’eM eneMeHTapHOi komipku, N, = 6.022-10% monb ' — uncno Asoraapo. [Ipu

BU3HAYCHHI T1IPOCTaTUYHOI IIITBHOCTI MpecyBaHHA p, =m/V BPIKOpI/ICTOBYBaJ'II/I Macy m Ta 00’eM V 3paska.
I[Toxrbka BUMIpIOBaHHs PEHTTEHIBCHKOI p, Ta MiJIPOCTATHYHOI p,, MLIBHOCTI cTaHOBUTH 0.02% Ta 0.1%, BianosiaHo.

BumiproBaHHs MTMTOMOT MOBEPXHi S HAHOMOPOIIKY BUKOHyBanu MeTofiom bpronepa-Emmera-Temepa (BET)
B arMoc(epi cymimi ineprHuX rasiB N, + He npu Temneparypi piakoro asory 7' = 77 °K. [lutomy nosepxHro S
BH3HAYAJH [IUIIXOM TOPIiBHSHHS 00CSTIB razy-aacopbary, aacopOoBaHOTO TOCIIKYBaHUM HOPOIIKOM i CTaHAAPT-
HUM 3Pa3KOM MaTepiajy 3 BiIOMOK MHTOMOK MoBepxHero. [Toxubka BUMIpIOBaHb MMTOMOI TIOBEPXHI S HE nepe-
suntye 6%.

BusHadyeHHs po3Mipy 4YacTHHKH D MPOBOIWIIN JUIsl MOZIEIi YACTUHOK JJOBUTBHOI (popmu 3a popmymoro [20]:

Dypr =1/(px 'Sss)’

JI€ p, — PEHTTEHIBChKA MILIBHICTB, S — IIIONIA TUTOMOT OBEpXHi 3a tanumu metony BET. Binnocna noxubxa
posmipy D, 3anexuth Bia TouHocTi MeToxy BET i cTanosuts 6%.

Bisyanizanito MIiKpOCTPYKTYpH 3 BM3HAYEHHSM PO3MIpYy HAHOYACTUHOK D, TPOBOJAWIM METOIOM CKa-
HyI040i enekTpoHHOi Mikpockonii (SEM) Ha pactpoBom mikpockomi JSM-6490LV (JEOL, Japan). ®a3oBuii Ta
XIMIYHHH CKJIaqi BU3HAYAJIH 32 JOIOMOTror eHeproxucrepciiiHoro criekrpomerpa INCA Penta FET3 (OXFORD
Instruments, UK). 3#iomky 37iiicHroBanu B pesxumi BropuHHUX (SEI) 1 poscisiaux (BEI) enexkTpoHiB pu IpUCKOPIO-
BasbHiM Harpy3i 20 kB ¢ 36imemennsM B 30-20000 paszis. JliaMmeTp eeKTpOHHOTO ITy4YKa Ha MTOBEPXHI 3pa3Kka y Horo
(dokycyBanHi gocsara 10 am. Po3minpHa 3marHicts SEM MeTOMy NMpH TaHUX TapamMeTpax Bidyallizaiii CTaHOBUTH 3
HM 13 BiJJHOCHOIO ITOXHUOKOK0 BH3HAYEHHs (ha30BoOro cKiany 4%.

Po3mip ynmeTpa mUcCTiepCcHHX HAHOYACTHHOK BH3HAYATIM METOIOM IIPOCBIUYBaHOI €IEKTPOHHOI MiKpOCKOTIi
(TEM) na enextponHomy Mikpockori JEM-200A («JEOL», Japan) npu npuckoproBaneHiit Hampysi 200 kB. Ilpu
BUTOTOBJICHHI PEIUTIK BUKOPHCTOBYBANU YJIBTPA3BYKOBUI AMCIEPrarop MpU HAaHECEHHI CycleH3il HaHOIOPOLIKY
Ha BYTiNBHY HiAKIaaKy. Po3aiabHa 34aTHICTH MIKPOCKOIA MPU AAHOMY METOAI OTPUMAHHS PEIUTIK 1 30UIbIICHHS
B 100000 pa3iB cranoBmia 1 HM.

MarHiTHi BUMipIOBaHHS JU(epeHIiabHOI MATHITHOT CIPUHHSATIMBOCTI X,. IPOBOANIIH MOIYNALIHHUM METO-
JI0M y 3MiHHOMY MarHiTHOMY 1ioni A = 0.1 Oe Ha wacrori v = 600 'l y TemnieparypHomy nianasoni 77 — 400 °K.
[TonboBi 3a1eKHOCTI y, (H) BUMIPSUIM TIPH NOCTIHHOMY 30BHILIHEOMY MarHiTHOMY noii H Bix 0 mo 1 kOe, cnipsi-
MOBaHOMY B3JI0BX MOMYJILIWHOTO MoNs /. BUMiproBaHHs TeMrepaTypHux 3anexHoctei y, (7) mpoBomuiy npu
MIPUPOJHOMY HarpiBaHHI 3pa3ka 3i mBuaKicTio 1 K/XB 3 moxubkoro BuMiproBanHs Temieparypu +0.2 °K. Ipu npo-
BEJICHHI BUMIPIOBaHb BUINE 3a KIMHATHY TEMIIEPATypPy BHKOPHUCTOBYBAIH Oi(QUISPHO HAMOTaHHWU HArpiBaJbHHHA
eseMenT. BinqHocHa moxubka BUMipIoBaHHs qH(epeHIianbHOi MArHITHOT CIPUAHATINBOCTI ), He nepeBuntye 3%.

AOCOIIOTHI 3HAYEeHHS MarHITHOT CIIPUHHSTIIMBOCTI 3HAXOAWIIM 3 YPaxyBaHHSM PIBHOCTI

%o 1

- - >
1+Ny, N

B SIKOMY MarHiTHa CIPUHHATINBICTD (DEPOMATHITHOTO 3pa3Ka y BU3HAYAETHCS TUTBKU HOTO PO3MarHidyHOIuM
(axTopom N, OCKUTBKH y ()epOMArHITHOMY CTaHi MarHiTHa CIIPMHHATIMBICTE PEYOBMHH Y, — oo. KaniOpysanms
TIPOBOIHITH Ha €TATIOHHOMY 3Da3Ky (hepOMarHiTHOTO HIKEJNIO TaKO1 K MacH, 110 Mae popMy Ky, 1 sikoi N = 4n/3.

BumiproBanus criektpis SIMP Ha simpax 3*Mn, BU3HaYSHHS pE30HAHCHHX YaCTOT, MArHITHUX Ta BAJICHTHHUX CTa-
HIB MapTaHIlio MPOBOMIIH JBOX IMITYJIb.CHUM METOIOM CIiHOBO1 JiyHH [21] y miama3oni yactot Bix 320 mo 410 MI'.
3anuc CreKTpiB 3AIHCHIOBAIIN MIPH TeMITEpaTypi pifkoro azoty 7= 77 °K nuisxoM peecTtpallii 3aJIe)KHOCTI aMILTITYIH
CUTHAITy BiJUTyHHS BiJl YaCTOTH KOJMBaHb 3MiHHOTO MarHiTHOTO TMOJS MiJ Yac Aii 30yAJTMBUX IMITy/bCIB. 3aTprMKa
MiX iMITybcaMu cTaHoBMIIa 3—4 MKc. [ToxnOka BU3HaUeHHs 4acTOTH reHeparopa craHoBuna 0.07 % abo £250 I'm.

BumiproBaHHs TUTOMOTO OTopy p 1 TemmeparypHux 3anexxHocteid p(T) mpoBoauiau 4-30HI0BUM METOAOM
y TemreparypHomy aiana3oni 7' = 77-400 °K 3i cTabinizaniero BuMiproBasibHoro ctpyMy 1 MA. KoHTakTi HaHOCHIH
MEXaHIYHUM CIIOCOOOM 3 BHKOPHUCTAHHIM iHAIIO0 Ta cpiOHOI macTu. BumiproBanHs 3anexHocTi p(7) mpoBoauin
IIpY IPUPOTHOMY HArpiBaHHI 3pa3ka Iicis HOro OXONOMKEHHS 0 TeMIiepaTypH pigkoro azory 77 °K. IlIBuakicte
HarpiBaHHs He mepeBumryBana 1 K/xB. Tounicts Bu3HaueHHs TeMneparypu ctanosmia 0.2 K. I1pu Bumipax Burie
3a KIMHATHY TeMIIepaTypy BUKOPHUCTOBYBAIM Oi(iISIPHO HAMOTaHWH HArpiBaJbHUHN elleMeHT. BimHocHa moxuOka
[IpY BU3HAYEHHI TUTOMOTO ONOpy He repeBuirysaia 0.5 %.

MarHiTopesucTuBHuiT ekt BusHadam 3a Gopmynoro MR =(p—py, ) / p , BAKOPHCTOBYIOUH 3HAYCHHS MTUTO-
MOT0 OIIOpY p Ta p,; 3a BIICYyTHOCTI MarHiTHOTO 1107151 Ta B 1o H = 2.3 kOe Binnosigno. TeMneparypHi 3a1exHOCTI
MR(T) BuMiproBaiu B TemIiepaTypHoMmy iHTepBaii Bix 77 mo 400 K Ha Tiei s ycTaHOBILi, IO ¥ MUTOMHH OIHIp p.
INonpoBi 3anexxHocti MR(H) BumiptoBanu B aianasoHi Big —1 mo +1 kOenpu 7 = 77 °K. BignocHa noxubka mpu
BUMiproBaHHI MR He nepeBuiryBaia 3%.

BET
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Bapopesuctusnuii edpekr BR = (po - pp) /p, Ta ioro 6apuyHi 3anexHocTi BR(P) BU3HAYaIH y LIUPOKOMY
nianazoHi Temmeparyp Big 77 K (-196 °C) no 370 °K (+97 °C) 3 ekcnepuMeHTaJIbHUX 3HAYCHb TUTOMOTO OTIOPY
p(T) LSMO npecyBanb, OTpUMaHUX Ticis iX gonpecyBanus mig TuckoMm P = 0 (LSMO-0), 200 MI1a (LSMO-200),
400 MITa (LSMO-400), 800 MITa (LSMO-800) ta 1600 MIla (LSMO-1600). BinnocHa noxubka BR He MepeBH-
nryBana 5%.

Buknaag ocHoBHoro wmarepiany. Cmpykmypa, oucnepcuicmv ma mopghonozia LSMO namnonopo-
wika. 3TiTHO 3 PEHTreHOCTPYKTypHUMH JaHuMu LSMO HaHomopomok Oy omHodasHuM 1 MicTHB pomGo-
eIpUYHO CIOTBOpeHY R3¢ CTPYKTypy IIEpOBCKITY 3 TapaMeTpaMH eJeMeHTapHOI KoMipku a = 7.758 A u
o = 90.31°. Ha mincraBi MexaHisMy aedexrtoyTBopeHHs [17] Bu3HaueHa MojsipHa (opMyna HaHOMOPOUIKY
{LaX St Mn2 V1 [Mn2: Mn*:,1,02./%) i BeTamoBNeHO, WO peanbHa CTPYKTYpa MICTHTh Pi3HOBAJCHTHI
ionn Mapranmo Mnj", Mn} i Mn%, a Takox karionni V' Ta anionni V'® pakaucii. Pesynsratu metomy SEM
HiATBEpAUIN XiMiuHUH 1 PazoBuii ckiax LSMO noporky. 3 aHasi3y peHTTeHOCTPYKTYPHUX JaHUX OYyJI0 BU3HAYEHO
PEHTIEHIBChKY IINBbHICTB p, = 6.205 r/cM’ mOpowIKy Ta po3Mmip obnacTeil korepeHTHOro poscitopanns D, .= 17+3
HM (1uB. Tabmuio 1). Pesynsratu metony BET no3somunm BUsHaYMTH NUTOMY MoBepxHIo S = 11.9 M*/r 1 cepenniii
po3mip yacTuHok Dy = 14=]1 um. ¥ LSMO HaHonmopomiky 3i 3011bIIE€HHAM THCKY npecyBanns P Bix 0 mo 1600
MIla BigOynocs 30UIbIISHHS T1APOCTATHYHOI IMIIBHOCTI Py Bix 3.31 1o 3.90 r/cM?, 1110 3yMOBJIEHO YIIIIbHEHHIM
YaCTHHOK Y IOPOIIKY 32 PaxyHOK 3MEHIIICHHS BiZICTaH1 MiXXK HUMH.

Ha puc. 1 300paxxena mopdonoris LSMO naHomopomiky 3a nanumu Metony TEM. YacTHHKE MaroTh ce-
puuHy GopMy 3 rodppoBaHMM IIOBEPXHEBUM IIAPOM Ta Cepeanii posmip D . = 15+2 nm. Ha nigcraBi mopiBHsIIb-

Horo anamisy D, ., D, Ta D . pO3MipiB BU3HAYEHO CepenHii posmip gacTuHOK (D) = 14+2 nm y LSMO nano-

MTOPOIIIKY.
Ta6muis 1
BaacruBocti HaHonopomkoBux LSMO npecyBaHb
3 renr? enr? / S, Po3mip yacTHHOK, HM
pa3ok P T/eM® | pT/em PP 55

X v Vo MZ/F DXRD DBET DTEM
LSMO-0 6.205 3.31 0.533 11.9 17+3 14+1 1542
LSMO-200 6.205 3.32 0.535 11.9 1743 14+1 15+2
LSMO-400 6.205 3.43 0.553 11.9 17+3 14+1 1542
LSMO-800 6.205 3.77 0.608 11.9 1743 14+1 15+2
LSMO-1600 6.205 3.90 0.628 11.9 17+3 14+1 1542

Tpumimxa: p,,— penmeeniecoka winbHicno, p,— 2l0POCMAMUYHA WIbHICMb, p /P, — KoegiyicHm 3anoenenia, S, — numoma noeepxis
nopowxy, D, — poavip oonacmeii kozepenmioeo poscioeanns, D, . ma D, — cepedniii poamip uacmok 3a oanumu BET ma TEM

Puc. 1. Mopdonoris LSMO nanonopouiky 3a ganumu merony TEM

Jlu1st MOHOAMCIIEPCHOT CUCTEMH, IO CKIIANAETHCS 13 CDEPUUHHUX YACTHHOK, HAWOLIbIIA [IITBHICTh YIAKOBKU
0e3 mopyIreHHs GOPMHU Ta IMUTICHOCTI YaCTHHOK JOCATAEThCS NpU KoedimienTi 3anmoBHeHHs 0.74 [22]. [1pu Takomy
KOe(IIiEHTI 3aTOBHEHHS MaKCUMAaJTbHE 3HAYCHHS T1IPOCTaTHYHOIT MIUTBHOCTI opoky LSMO He Moxe TepeBUIILy-
Baru 0.74-p, = 4.59 r/em®. Sk BuaHO 3 Tabawmi 1 31 30iabIIeHHAM TUCKY TpecyBants Bix 200 mo 1600 MITa, mrins-
HICTh YIIAKOBKH 301bImyeThes Bix 72 10 85 % Bin ii MakcumanbHoro 3HadeHus 4.59 r/cm?. Ile mo3Bosisie mpoBoIuTH
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BHCOKOYYTJIIMBUI MOHITOPUHT (DyHKITiOHANBHUX BracTuBocTeit LSMO mpecyBaHb, B IKUX BIAaCTUBOCTI IPECYBaHHS
3aNeXaTh BiJ IIIIBHOCTI YIMAKOBKH, TOOTO BiA BiACTaHI MiXK 4acTWHKaMH. Jl0 TakWX BIACTHBOCTEH BiIHOCATHCA
MUTOMUH omip Ta MarHitoonip FM uacTHHOK y AienekTpuyHii Marpuii [23] Ta iX OapuyHi 3aJI€KHOCTI.

MarwnitHi BnactuBocTi LSMO HaHOMOpOILKY. 3 TeMIEpaTypHUX 3aJ1€KHOCTEH a0COIIOTHOT MarHiTHOT CIIpUid-
HammBocTi LSMO nipecyBanb BUIHO, IO BCi NpeCyBaHHs 3HaxonsThes y FM crani 3 Temneparyporo Kropi 7. =
365 °K (auB. puc. 2).

T T T T T
04 -
=
Q
S 03 -
5
3
0,2 E
g —@— LSMO-0
= LSMO0-200
<f —¥— LSMO-400
o1k LSMO-800
—— LSMO-1600
0,0 - 1 L | L 1 L
100 200 300 400
T, K

Puc. 2. Brmus 30BHITIHBOTO THCKY P = 0 (LSMO-0), 200 MITa (LSMO-200), 400 MIla (LSMO-400),
800 MITa (LSMO-800) Ta 1600 MITa (LSMO-1600) Ha TeMmepaTypHi 3aJIeKHOCTI aOCOTFOTHOL
MarHiTHOI cnipuiasTBocTi 47Ny, (7) LSMO npecysanb

MarHiTHa CIpHIHSATIUBICTh IOKA3y€ HEMOHOTOHHUH mepeOir 3ayiexHoCcTi 3MiHu yacTku FM ¢a3u Big THCKY
npecyBanHs. Criogatky BMicT FM ¢a3u 36impmryerses Bix 25.1 1o 33.9 % 31 301IbIIeHHSAM THUCKY IPECyBaHHS 70
P =400 MIla, a motim 3MeHIIyeThes 10 29.8% 3a nmopanbinoro 36inemieHHs P 1o 1600 MITa. Takuiit HEMOHOTOHHHIA
xix 3miHu yactku FM ¢aszu oOymoBnennit 3011bIeHHSIM aHTH(EPOMArHiTHOTO abo CcymneprnapaMarHiTHOrO BKJIALy
BiJl TWUNOJBHUX B3a€MOJIN MpH CHWIbHOMY 30mmxeHHi FM HaHodacTHHOK [24], ske BigOyBaeTbcs MiA BIUIMBOM
30BHINIHBOTO THCKY. Temmeparypa T, = 365 °K He 3a1€kuTh BiJl TUCKY B yChoMy Jjianasoni P = 0—-1600 MIla, mo
CBIJUUTH PO BiACYTHICTH BIUIMBY TUCKY Ha XiMiuHUI Ta (pa30Buil ckiaja npecyBaHb, a Takox po3mip FM uacTuHOK
B LSMO nopouiky.

Marsnirope3onancHi BiaactuBocTi LSMO nanomopoka. Cumerpudsi criektpd NMR ¥Mn (qus. puc. 3) cBia-
yark ipo FM xapakrep B3aemoniii y LSMO HaHOMOpOIIKaX Ta BUCOKHH CTYIEHb MAarHiTHOI OJHOPITHOCTI OTO-
YEeHHS MapraHilio, o nepedysae y ctadi BucokodacTotHoro ~10'? 'y moagsiitHoro oominy [5].

[lpu ampokcuManii pe3oHaHCHUX KpUBUX (QyHKIiE [ayca Oyiga BH3HA4YeHAa pE30HAHCHA YacToTa
F=375.4+0.1 MI'l Ta mupKHa PE30HAHCHOI KPUBOI Ha ii miBBHCOTI (AF,), , = 21.7+0.2 MI'1.

Panimre Oyno BctaHoBiaeHo, o0 NMR-criekTpH Bif jiokajizoBaHux craniB Mn*'ta Mn**mMaroTh pe3oHaHCHI
vactotu F; = 320 MI'n s Mn* [25] ta F, = 410 MI'u aas Mn** [26,27]. TIpomiskHe 3HaueHHS Pe30HAHCHOT yac-
totu F = 375.4 MI'n Ta ii BincyTHicTh Ha yactorax 320 ta 410 MI'n (auB. puc. 3) CBIIYMTE PO TE, 110 MApraHElb
nepedyBae B CTaHi 3MiHHOI BaJIeHTHOCTI Mn®" i3 cepeiHiM 3HaueHHsIM O = 3.4 , sike Oyio oTpumaHo 3 popmyinu [5]

4F(Mn™)-3F(Mn" )= F,
F(Mn™)—F(Mn*)

o=

b

ne F, — pesonancHa acrora cekrpy NMR #*Mn, F(Mn*")ra F(Mn*") — pe3oHaHCHi 4aCTOTH JIOKaJTi30BaHUX
craniB Mn*'u Mn*". VcepenHeHa BaneHTHICTs ® = 3.4 03Hayae, 0 TIPH BUCOKOYACTOTHOMY MOMBIHHOMY 0OMiHi
HMOBIPHICTb 3HAXOMKEHHS MAPTAHIIIO B OMHIH 1 Tiif ke B-mo3urii B Mn** crani cranoButs 60%, a B Mn*" crani —
40%. BincyTHicTh BILIMBY TUCKY MIPECYBaHHs HA PE30HAHCHY YacToTy F) = 375.4 MI'll, ycepenHeHy BaJe€HTHICTh
® = 3.4 Ta MarHiTHy OMHOPIAHICTH (AF,), ,= 21.7 MI'll 03HaYae €KBIBaJIEHTHICTh MATHITHOTO CTaHy JUISL BCIX TIpe-
cyBanb. Po30iKHOCTI (pyHKIIOHATEHUX BIACTHBOCTEH MpecyBaHb, OTPUMAHUX IMPH PI3HUX TUCKAX MPECYBaHHS,

OyAyTh OOYMOBJICHI JIUIIIE PI3HUIICIO JOBXHHH TYHETIOBaHHS MPH MepeHoci 3apsay Mk FM yacTuHkamu.
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100 T=77K

Gaussian Fit
Fy=375.4+0.1 MHz

(AFy),,=21.7+0.2 MHz
R’=0.99706

NMR >>Mn, arb. units

340 360 380 400 420
F, MHz

Puc. 3. Criektp NMR 5Mn nanonopomiky LSMO Ta #ioro anpokcumartist ¢pyskimiero ['ayca

Ipumimxka: F, — pesonarncra wacmoma, (AF ), , — wupuna pezonancroi kpueoi ii niesucomi

Tpancnopmui ma maznimompancnopmui énacmusocmi LSMO npecysans. Ha pric. 4 HaBeieHO TeMIepaTypHi
3anexxHocTi uromoro oropy p(7) Ta maraitopesuctuBHOro edexty MR(T). Ha 3anexnoctsax p(T) crioctepiraerhes
HAITIBIIPOB1THUKOBHIA THIT TPOBITHOCTI Ta BIJICYTHICTH ()a30BOTO MEPEXOY «METaJI-HAIIBIPOBITHUKY. 31 3pOCTaHHIM
TUCKY MPECyBaHHS BiJOyBaETHCSI MOHOTOHHE 3MEHIIICHHS 0, 3yMOBJICHE 3MEHIIICHHSM BIJICTaHI Mi>K HAHOYaCTHHKAMHU
npu yurinsaeHHi LSMO nanonopomky. Jliniiauii Xix remneparyproi 3anexsocTi Inp(7) y Beix LSMO npecyBanHsIX
MiATBEPUB TEPMOAKTHBOBAHY IPHPOLY aKTUBAI[IHHOTO MPOIIECy MPOBIAHOCT] TYHEIFHOTO THUITY.

70 T T T T T T T T T T T 1 5 T T T T T
A | —®— LSMO-0 I —@—LSMO-0 ]
60 2 —A—LSMO-200 —A—LSMO-200 |
3 LSMO-400 LSMO-400 T
50 4 —m—LSMO-800 A —m—LSMO-800
E 5 ——LSMO-1600 | 10 ——LSMO-1600 _|
Q =) L J
& N ]
= < ]
e S | -
< ST |
O | 1 L 1 L 1 L A ‘ |

100 150 200 250 300 350 100 150 200 250 300 350

T, K T,K

Puc. 4. Bomus trcky npecyBants P = 0 (1), 200 MIla (2), 400 MITa (3), 800 MIla (4) ta 1600 MIIa (5) na
TeMIiepaTypHi 3ajexHocti nurtomoro omopy p(7) ta MarnitopezuctuBnoro eexkry MR(T) npecyBans LSMO

BaxIuBOI0O XapaKTEPUCTHKOIO BIACTUBOCTEH MAarHITHOPE3UCTHBHUX (PYHKIIOHATBHUX MaTEpiajiB € TeMIIe-
parypna 3anexHicte MR(T). 3 Puc. 4 BuaHO, 110 31 3pOCTaHHAM TUCKY CIIOCTEPIraloThbcsi HEMOHOTOHHE 301IbIICHHS
MR edexry TynensHoro THITy [28]. IIpu 7 = 80 °K y marnitHOMy momni H = 2.3 kOe Benmmunaa MR edexry nepe-
OyBae y miama3zoHi 12.7-14.5 %. MR edekr ciogarky 3menmryerses Bif 12.7 mo 11.4 % i3 3poctanHsM THCKY P Big
0 mo 400 MIla, a motim 30inbImyeThes 10 12.1% npu noxaipimoMy 30uTbIIeHHI TUCKY 10 1600 MIla. Criin 3a3na-
9uTH, 1110 3Ha4eHHT MR > 10 % st La-Sr-Mn cucteM BBaKa€eThCsl BUCOKAM HaBITh JUIS KepaMigHUX 3pas3kiB [29].
BaxxnuBoro ¢yHkIioHansHO0 ocoonuBicTio LSMO npecyBaHb € HU3bKa TEMIIEpaTypa MOSBUA MarHiTOONOpy MpH

182 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (69), 2025



Tt =282 °K (9 °C), mo nabararo Huxkve Temneparypu nossu FM s3aemoniii npu 7. = 365 K (92 °C). B 06’ emuux
3paskax MOBMHHA BUKOHYBATHCh PiBHICTh 1°"' = T ,[30]. [IpuunHOI0 NMOABH CHIIBHOT BIIMIHHOCTI TeMIieparyp 7°™
ta T. B LSMO HaHOomopomikax € ixHs yJabTpaJIUuCIEPCHICTh, OCKUIbKH B YIBTPAIUCIIEPCHIN MArHiTHIA HaHOYAC-
THHIII 31 3MEHLIEHHAM i1 po3Mipy criocTepiraeThes pi3ke 301IbIIEeHHS KOEPUUTUBHOCTI Ta Yyacy pejakcailii Ha 6arato
nopsAakiB. Husbki 3HaueHHs TeMiiepaTypu 7°™" CHUJIbHO 0OMEXYIOTh (DyHKIIOHAIbHI MOXJIMNBOCTI BUKOPUCTAHHS
MR edekTy B MpUKIaIHUX OULIX Yepe3 HU3bKI 3HAUCHHS TEMIIEpaTypH MOSBU MarHITOOIIOPY.

Bapopezucmusnuii egpexkm y LSMO npecysannsx. 3 puc. 5 Buano, mo B LSMO npecyBaHHS criocTepira-
€Tbest 6apopesucTuBHuii edekt BR = (p—p,)/p,y BCbOMY NIMPOKOMY BUMIPHOBAIEHOMY TEMIIEPATYPHOMY iHTEpPBaTi
Bix 80 10 370 °K (Big —193 °C mo +97 °C). [Ipu 301IBIICHHI TUCKY MPECYBaHHS 0apOPE3UCTHBHHUN e(DEKT Jocsrae
riraHTCHKUX 3HaueHb BR = 28.2+1.3% npu P = 200 MIla (LSMO-200), 41.0+2.4 % npu P = 400 MIla (LSMO-400),
63.9+1.2 % mpu P = 800 MIla (LSMO-800) ta 84.0+1.7% mpu P = 1600 MIla (LSMO-1600).

Binminnoro ocobnuBicTio BR edekty € Te, mo BiH iCHye B AyKe IIMPOKOMY TEMIIEpaTypHOMY Jiana3oHi
Big —193 no +97 °C i, Ha BiamMiny Bix MR edekry, cioctepiraerscs sik y FM, Tak i y ctani PM He3anexxHo Bix TeM-
nepatypu Kropi. binbm Toro, sik BUIHO 3 i30TepM HamarHideHocTi (auB. Puc. 5), Benmnunnaa BR edekry 3anexutsb
TIJIBKH BiJ] TUCKY P 1 3 TOUHICTIO TOXUOKU €KCIIEPUMEHTY +5 % 3a/UIIaeThCs MOCTIHHOIO y BChOMY TeMIIEpaTyp-
HOMY iHTepBani Bix —193 no +97°C.
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Puc. 5. bapopesuctuBauii epexr y LSMO HaHOMmOpOIIKY

0,

o . ABR % . .
Takox ¢y BiA3HAYMTH BUCOKY 4yTIUBICTH BR edekry AP =0.14 MII JI0 3MIHHM THCKY Ha IOYaTKOBIi
a

ctranii kpuBoi BR(T), o J03BOJISIE BUKOPHCTOBYBATH MarHiTHUN HaHonopouok LSMO y npucTposix 3aXucCHOTO

BIJIKJTIOUCHHS Ta KOHTPOJIIO 33 THCKOM NP BUKOHAHHI TIIPOCTPYMHUHHOT BoJOIONiMepHOi mepdoparii HadTora-
30BHX CBEPIUIOBHH. A BiJICYTHICTh HacuueHHs npu P > 1 I'Tla € HeoOXiqHO YMOBO NMPH CTBOPEHHI JaTUHKIB
BHCOKOTO Ta HaJBUCOKOTO THCKY. Taki GyHKIioHAIBHI 0cobmBocTi LSMO npecyBaHHS MPENCTaBISIOTH BETHKHHA
iHTEpecC 3 TOYKHU 30py iX BUKOPHCTAHHS NPH CTBOPEHHI JATYHKIB TUCKY JJIS CY4acHUX IHTEIEKTYaTbHHX CHCTEM
YIIPaBJIiHHS TEXHOJOT1YHIMH TPOIECaMHU.

JocmigHo-npoMucioBa arpooartist IpUCTPOiB 3aXHCHOTO BiKIIOYEHHS 1 JATYNKIB aBTOMaTHIHOTO KOHTPOJIIO
TUCKY 3 (DyHKI[IOHATbHUMM CEHCOpPaMU Ha OCHOBI CTBOPEHOT0 HaHOMATepialdy MiATBEpAMIa iX BUCOKY e(eKTHB-
HICTh B MiABUILEHI piBHA Oe3MeKu mpalli MpU BUKOHAHHI T1IPOCTPYMHHHOI BofomnoiMepHoi nepdopauii HadTora-
30BUX CBEpIOBHUH [1].

BucnoBku. CTBOpEHHHH MarHITHHN HAHOMIOPOIIOK BIIPOBAKCHHUI B MIPY>KHY NiCICKTPUIHY MaTPHUIO, 103-
BOJIMB OTPUMATH HAHOKOMIIO3UT 3 €(peKTOM MarHiTHOI ITaM’Ti Ta 3 BIACTUBOCTSIMU MarHITOAKTUBHOTO €JIACTOMEDY,
IO JTO3BOJIMJIO BUKOPUCTOBYBAaTH (PYHKIIOHATBHI BIACTUBOCTI HOBOTO MAarHiTHOTO HAHOIIOPOIUIKY IIPH CTBOPEHHI
JaTINKiB BUCOKOTO THCKY ULl CYyYaCHUX IHTEICKTYaIbHUX CHCTEM YIIPABIiHHS TEXHOJIOTIYHUMH MPOIIeCaMH;

Hanomarepian 3 BelIHKHUM OapOpe3UCTHBHUM CS(EKTOM i 3alpOIIOHOBAHHWHA KOHIICITYaIbHUHA MiAXiJ BUKO-
pHUCTaHHA HOTO SIK eleMeHTa 10 (YHKIIOHATBHAX CEHCOPIB MPUCTPOIB 3aXMCHOTO BiIKIIOYCHHS Ta KOHTPOJIO 32
BHCOKHUM THUCKOM € e(DEeKTHBHUM TEXHIYHUM 3aCO00M IiIBUIICHS PiBeHsI Oe3MeKH Mpalli i Yac BUKOHAHHS Tipo-
CTPYMHHHO{ BOJOIOJIIMEPHOI Iepdopariii HahTOra30BUX CBEPAIOBUH.
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IMPROVEMENT OF LABOUR SAFETY AND SAFETY OF LIFE ACTIVITIES BY INCREASING
THE EFFICIENCY OF WATER FIRE EXTINGUISHING SYSTEMS

Enhancing the level of occupational safety and safety of life activities for civil protection workers, such as firefighters and
rescuers, is a priority task, especially during emergency response at industrial facilities. These specialists are frequently exposed
to hazardous factors, notably high temperatures and intense thermal radiation. In this context, the search for ways to improve
the efficiency of fire extinguishing systems is highly relevant. This work focuses on investigating opportunities to enhance water-
based fire extinguishing systems through the application of polymer additives capable of reducing hydrodynamic drag, which, in
turn, allows for an increase in the range and intensity of the fire extinguishing agent delivery.

During the research, the regularities of behavior and manifestations of elastic deformations in the flows of agueous polymer
solutions were studied. The experimental conditions were maximally approximated to the real conditions that occur in fire hoses
during their operation on the territories of industrial enterprises. Analysis of the obtained data convincingly demonstrates
that when developing and implementing technologies for reducing hydrodynamic drag by injecting polymer solutions into the
boundary layer of the flow, it is necessary to consider the effects of elastic deformations of macromolecules. These deformations
can significantly affect the final efficiency of the drag reduction process.

It was established that the observed decrease in the efficiency of fluid drag reduction when a polymer solution is
supplied into the boundary layer of a fire hose is a complex result. It is caused by a combination of the deformational effect
of the longitudinal hydrodynamic field, which is inevitably present in the polymer delivery system (pumps, injectors), and the
specific molecular-concentration properties of the polymer solution itself (polymer type, its molecular weight, concentration).
Uncontrolled deformations can lead to partial degradation of polymer chains or changes in their conformation, which negatively
affects their ability to effectively suppress turbulent pulsations.

Understanding these processes is important not only for fire extinguishing systems but may also find application in other
fields where high-velocity fluid jets with polymer additives are used, for example, in water-polymer perforation technologies,
particularly in oil and gas wells.

Based on the conducted analysis, the paper outlines practical ways to increase the efficiency of systems for supplying
polymer solutions into fire hoses. This includes recommendations regarding the design of injection units and the selection of
optimal parameters for polymer solutions. The implementation of the proposed approaches will allow for an increase in the
tactical and technical capabilities of water-based fire extinguishing systems, thereby improving the working conditions and
safety of rescuers.

Key words: occupational safety, water-polymer perforation, oil and gas wells, fire, polymer solution.
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Hozpeonsx A. B., Ilepkyn 1. B., Ilozpeonsx B. I, Illumancokuii B. A. Iliosuwiennsn piens oxoponu npayi ma 6e3nexu
AHCUMMEIANLHOCHI WNIAXOM YOOCKOHANEHNA eheKMUBHOCHI 6O0AHUX CUCHEM NONCENCO2ACIHHA

ITiosuwennsa pigna oxoponu npayi ma be3nexu HCUmmeiAIbHOCHI NPAYIGHUKIE YUBLTLHOO 3AXUCTY, MAKUX K NONCEHC-
HUKU MA PAMYSANLHUKY, € NPIOPUMEMHUM 3AB0AHHAM, 0COOIUGO Npu AiKEIOAYii HAO36UUAUHUX CUMYAYill HA NPOMUCIOBUX
06 ’exmax. L{i gpaxisyi uacmo nioodaromvcs 6nIUBY HEOE3NEUHUX PAKMOPIB, 30KPEMA BUCOKUX MEMNePamyp ma iHmeHCUBHO20
Menio8oeo GUNPOMIHIOBANHA. Y 36 3K 3 YUM, AKMYATbHUM € ROULYK WATAXI8 NIOBULEHHS eqheKmUBHOCIIE CUCIEM NOJCeNc0d-
cinns. Jlana poboma 30cepediicena Ha 0OCTIONHCEHHT MOJICIUBOCHEN YOOCKOHATEHHS BOOSIHUX CUCTEM NOJICENHCOLACTHHA ULTAXOM
3ACMOCYBAHHA NOTIMEPHUX 000AB0K, 30AMHUX SHUNCYBAMU 2IOPOOUHAMIUHULL ONIp, WO, 8 CE0I0 uepey, 003601A€ 30LTbUUMU
0anbHICb MA THMEHCUBHICb NOOAYT 602HE2ACHOT PeUO8UHU.

Y x00i docniooxcennsa 6y10 6u64eHO 3AKOHOMIPHOCHIE NOBEOIHKY MA NPOABU NPYICHUX dehopmayiil Y NOMOKAX 800HUX
po3uunie nonimepis. Excnepumenmansi ymosu 0yau MaxCUMAanbHO HAOTUXCEHT 00 PEANbHUX YMO8, W0 BUHUKAIOMb ) NOHCEHCHUX
PYKABAx nio uac ix excnayamayii Ha Mepumopiax nPOMUCIO8Ux niOnpuemcms. AHARI3 OMPUMAHUX OGHUX NEPEKOHTUBO OeMOH-
CIMPYE, Wo npu po3podyi ma eNposadICeHHi MEXHON02I 3HUNCEHHS 2IOPOOUHAMIUHO20 ONOPY WATSXOM THOICEKYIT NOTIMEepHUX
DO3YUHIB Y NPUMENCOBULL AP NOMOKY HeOOXIOHO 8paxogysamu e(hekmu npysicHux degopmayi maxpomonexyn. Li deghopmayii
MOICYMb CYMMEBO BNAUBAMU HA KiHYEBY eheKMUSHICMb NPOYecy 3HUMHCEHHSL ONOPY.

Byno ecmanogneno, wo cnocmepesicysane 3MeHUEHHS eeKmusHoCmi 3HUNCEHHA OROpY piOuHU npu nooadi nonimep-
HO20 PO3YUHY 8 NPUMEICOBULL UIAD NONCENCHO20 PYKABA € KOMAIIEKCHUM pe3yibmamom. Bono 3ymosnene noconannsm oepop-
MAyitiHo20 8NAUSY NO3008ICHBO20 CIOPOOUHAMIUHO20 NOTISL, SIKE HEMUHYYe NPUCYIIHE 6 cucmemi nodayi noimepy (indcexmopu),
ma cneyu@isnumy MonexyIsApHO-KOHYEHMPAYIUHUMY 6AACMUBOCAMU CAMO20 NOAIMEPHO2O PO3UUHY (Mun noiimepy, 1020
MoneKkynapHa maca, Konyenmpayis). Hexonmponvosani degopmayii Modxcyms npuzgooumu 0o 4acmkosoi deepadayii noni-
MepHUX aHyreie abo 3MiHU iXHbOI KOHQOpMayii, wo He2amusHo NO3HAYAEMbCA HA IXHIll 30amHOCII e(heKMUeHoO eacumu
mypbynenmue mepms.

Po3syminua yux npoyecie € 8axciusum He minbku 0N CUCEM NONCEHCOLACIHHA, ane Ui MOdce 3HAUMU 3ACMOCY8aHHA
8 THIUX 2a1Y35X, 0e BUKOPUCHIOBYIONIbCS BUCOKOWBUOKICHT CIpYMeHT PIOUH 3 NOTiMepHUMU 000aBKAMYU, HANPUKIAO, Y MEeXHONO-
2isx 6o0ononimeproi nepghopayii, 30kpema HaPmo2azoeux ceepoOIO8UH.

Ha ocnosi nposedenozo ananizy 6 pobomi 0KpecieHo NpaKmuyHi wisxy nioguiyeHHs e(peKmusHoCmi cuchmem nooayi
NONIMEPHUX PO3UUHIG Y nodcedcHi pykasu. Lle exnouae pexomeHdayii w000 KOHCMPYKYii 8y3nie 88e0eHHs ma eubopy onmiu-
MATLHUX NAPAMempig notiMepHux pozuunie. Peanizayis 3anpononosanux nioxodie 003601ums nioUWUmMY MAKMUKO-MexXHiuHi
MOMCTUBOCINT BOOSHUX CUCTIEM NONCEHCOLACTHHA, UM CAMUM NOKPAWYIOUU YMOBU NPAyi ma Oe3nexy pamyeaibHUKis.

KimrowoBi croBa: oxopona npayi, 6o0ononimepha nepgopayis, Haghmo2azosi cepoI0BUHIU, NOHCENHCd, POIUUH HOTIMEDY.

Statement of the problem. Open fire is one of the dangerous factors, especially on the territories of industrial
facilities. It is also considered to be quite an important environmental factor, which under certain circumstances
leads not only to deterioration of working conditions of operational personnel at a particular facility, but also to
severe environmental pollution. This is especially true of firefighters, rescuers and other civil protection workers
who are subjected to harmful effects of high temperature, thermal radiation, as well as hazardous combustion prod-
ucts while eliminating emergency situations [1,2]. Improvement of working conditions during emergency rescue
operations can be achieved by reducing their conduct time, as well as by increasing a distance between a rescuer and
ignition point. This can be achieved by increasing the efficiency of water fire extinguishing systems. An increase of
work efficiency of the fire extinguishing systems is one of important engineer- technological measures that allows
to decrease the influence of the combustion products on a biosphere and to increase level of safety on the territo-
ries of industrial facilities. Reduction of hydrodynamic resistance of fire hoses and pipelines allows to improve
the efficiency of water-based fire-suppression systems which are the most widespread and feasible methods of the
fire-fighting on the territories of industrial facilities [1].

Among the well-known methods of the decrease in the hydrodynamic drag resistance through the artificial
modification of the boundary layer of the fire hoses, the method of the introduction of the polymer solutions is
almost unique, and certain practical results have been achieved in its development. The study has shown that the
introduction of small amounts of polyethylene oxide (PEO) and polyacrylamide (PAA) into the fire-suppression lig-
uids (water and water solutions of surfactants) make it possible to significantly (down to 80%) reduce the hydrody-
namic drag resistance [1-6]. This reduction (when other parameters of the hydraulic system are unchanged) ensures
that the capacity of the fire-fighting systems is 1.5-2 times higher, or the length of the fire hoses may be 3—5 times
higher, or the pump power consumption may be decreased by 60—70%, or the diameter of the fire-suppression pipes
may be decreased by 15-20%. Besides, it has been shown that the additions of the polymers to water or surfactant
solutions considerably improve their fire-suppression properties [1,2].

This study relates to the hydrodynamics of the polymer solutions in the pipelines and problem of the improve-
ment of the introduction devices. The hydrodynamics of polymer solutions at the polymer introduction into the
boundary layer of the fire hoses has not been examined properly. It is assumed that in case of the flow of polymer
solutions through the slots and other elements of the introduction systems, essential “anomalies”, which could con-
siderably affect the Toms effect, cannot be observed [1-5]. Such a conclusion is based on the analysis of the data
obtained from the study of the shear laminar flows where the effects of elastic deformations are insignificant. In the
introduction systems a complex flow is dominant and it consists of superposition of the shear and predominantly
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longitudinal (with stretching) flow. In case of such complex flows, the effects of elastic deformations become so
significant that it may result in lessening the potential effect of the polymer additives, especially at high velocities
of the flow of the fire-suppressing liquids.

Presentation of the main material. Water solutions of polyethylene oxide with the molecular masses 2 10°
and 4 10° were investigated. The mass fraction of polymer was varied from 0 to 0.3%, temperature during experi-
ments — 25°C. To achieve the required temperatures polymer solution, utilized customized termostatization [7,8].
The temperature stabilization was maintained at the specified level with precision up to +£0.1°C.

Solutions of fully dissolved polymer were prepared in dark vessel by dissolving the ethanol-polymer suspen-
sion in distilled water at room temperature during 2—3 days or by dilution of the previously prepared solutions of
polymer (0.1%, 0.2% and 0.5%) during 7—8 days before the desired concentration. Since water solutions of PEO
significantly change properties at the upon prolonged storage, conformities to law of their aging process in water
were preliminary studied and stabilizers to exclude it were chosen. The addition of 0.05% by mass potassium iodide
solution in the PEO and PAA, which almost completely eliminates the aging of these polymers in water during
storage and does not effect on the hydrodynamic activity, are used as such stabilizer [8].

We used a special hydrodynamic bench that allows achieving the exhaust velocities of the water flow through
its channel of up to 35 m/s; the channel’s length was 8.5 m. Orifices for measuring the pressure and for the sensors of
friction force were placed on the lower wall of the channel. The injection system consisted of a dosing unit, under-
slot chamber ensuring different conditions of the deformation of the polymer solution (by changing the entrance
angle) at the entrance to the slot. The angle between the injected polymer stream and the wall did not vary. The
following characteristics have been variable: the angle of the opening of the slot B (the angle of the entrance to the
slot), concentration of the injected polymer solution, velocity of the injection, molecular mass, polymer brand, and
velocity of the fire suppressing liquid (water).

The purpose of the article. The aim of this paper is to investigate methods for improving water-based fire
extinguishing systems by utilizing polymer additives. This research specifically focuses on how these additives can
reduce hydrodynamic drag in fire hoses, thereby increasing the projection range and intensity of the extinguishing
agent. The study explores the behavior and manifestations of elastic deformations within aqueous polymer solution
flows, under conditions closely simulating real-world scenarios in fire hoses at industrial facilities. A key objective
is to understand how these elastic deformations impact the overall efficiency of the drag reduction process. Ulti-
mately, this work seeks to provide insights that will contribute to enhancing the occupational safety of firefighters
and rescuers during emergency operations.

Results and discussion. This paper regularities and manifestations of the elastic deformations of the polymer
flow are investigated under conditions close to that of the real flows of the fire hoses in the territories of industrial
facilities (at oilfield territories). The experiments described below were conducted in order to establish the conform-
ities to law of manifestation of elastic deformations in the flow of polymer solutions under conditions typical for the
internal problem in relation to the fire hoses and pipelines.

300
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Fig. 1. Influence of u and angle of entrance into a slot on the relative pressure differential
Note: Mol. mass: 4-10°, C,,,=0.1%; >: 1—9° 2—13° 3-22° 4 34°

In figure 1, the experimental data related to the flow of polyethylene oxide (PEO) water solutions through
the underslot camera are shown. It is clear that the phenomena, unusual for purely viscous mediums, are inherent
for such flows. At a certain critical (threshold) average exhaust velocity u , the relative pressure differential &'
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increases sharply, and it is sharper at the higher polymer concentrations. The characteristics of the dependence
&' = f(u) indicate the high dissipation of energy in the polymer solutions flow through the injector, i.e. the increased
hydrodynamic drag resistance is served at the supercritical flow rates.

The presented experimental data corresponds to the results obtained from the study of the flow of the pol-
ymer solutions under the simulated conditions such as through short capillary tubes and slots. These flows were
thoroughly investigated in paper [6]. There should be stressed the most important moments of the elastic stress
effects in the polymer solution flows with stretching. Transition to a flow mode with increased energy dissipation
is accompanied by formation of so called “inlet flooded jet” as a “cord” or “fillet” enclosed by secondary flows in
the shape of ring- shaped vortex. In case of the supercritical flow mode for polymer concentrations ranged from
very diluted to moderately concentrated, the hydrodynamic field causes rather strong deformation effects on molec-
ular chains. The uncoiled part of a polymer chain may be as large as 60-70% [9]. In half-diluted and moderately
concentrated polymer solutions, the relaxation times of the fully stretched and slightly deformed individual chains
differ more than by 2 orders of magnitude. The reason for such a large time for the curling of the polymer chain is
supermolecular structures formed in the hydrodynamic field. This is reflected in the decrease of turbulent friction if
the lifetime of supermolecular formations in the polymer solution at the moment of its introduction to the boundary
layer is comparable to the residence time in the fire hose at industrial territories.

The results of the polymer solution injection onto the lower wall of the channel through the underslot cham-
bers with varying angles of the entrance to the slot shows (figure 2), that when the polymer solution is introduced
onto the inner surface of the fire hose at low angles of the entrance to the slot, the drop in the tangent stresses of
friction is exhibited practically right behind the point of the introduction of the polymer to the flow.

If the polymer solution is introduced into the boundary layer through the chamber with a large angle of the
entrance, there is a delay in development of hydrodynamic activity of the polymer molecules.

It should be mentioned that the distribution of the tangent stresses and relative pressure losses along the chan-
nel correlate with each other. As it follows from the results shown in figure 2, the change of the mode of the polymer
introduction through the under slot camera from weakly dissipative to strongly dissipative by modification of the
entrance conditions results in double decrease in the drag resistance coefficient.
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Fig. 2. Influence of the angle of the entrance to the slot on the distribution of the decrease in the tangent stresses along
the lower wall of the channel for the injections of PEO solutions

Note: Mol. mass: 2-10°, C,, = 0.3%, V, = 16.5 m/s, Q = 50 sm’/s; p°: 1 —7.8°, 2 - 165°

There has been (figure 3) registered a considerably larger divergence in the plots of the drop of the resistance
versus the changing concentrations of the polymer in case of the introduction of the polymer onto the inner surface
of the fire hose under conditions of strong deformation effect of the hydrodynamic field on the injected solution,
compared to the weak gradient effect.

The visualization of the flows of the polymer solution in the underslot chamber shows that the conditions of
the entrance render influence on the drop of hydrodynamic resistance only when there is a loss of stability of the
flow caused by the formation of the dynamic supermolecular structures which sharply increase the dissipatedness
of the flow. The reduction of efficiency of the polymeric solution due to the deformation effects in the introduction
system may be as large as 25% or higher at V >15 m/s. The increase in the rate of the water flow results in the
expansion of the area with the reduced hydrodynamic activity of the polymer.

The significance of the area with the reduced hydrodynamic activity of the polymer introduced into the bound-
ary layer is the more, the less is the length of the fire hose. It may be explained by the fact that the lifetime of the
derivative structures under conditions of the flow with stretching is in the order of magnitude of 0.1-0.2 s or higher.
This is the time during which the polymer after leaving the slot in the fire hose has reduced activity due to its
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memory. Obviously, the higher is the velocity of the water flow, the larger is the area behind the slot filled with the
polymer solution under this condition, and its size is defined as:

l}» =esw VO (1)

where 0_, — time of structural relaxation of the supermolecular formations,

V, — velocity of the filling flow.

Hence, for the velocity of the water flow of 25 m/s, this area should extend downwards along the stream to
2.5m, if 0 , = 0.1s. The estimated size of the area with the reduced hydrodynamic activity of the polymer is in good
correlation with the experimentally obtained results.

Specific concentration was used to plot a chart (figure 3)

PEO
= . 2
=05 @)
where O —volume flow rate of the injected liquid,
C,,, — concentration of the injected polymer solution (kg/m?),

Q2 — moistened surface,

V, — velocity of the filling flow.

The results of the experiments with the introduction of the polymer solutions of the various concentration
through the underslot camera with the changing angle of the entrance (figure 3) show that for the given specific
average concentration of the polymer in the boundary layer the efficiency of the reduction of drag resistance is
decreased with the growth of the concentration of the injected polymer solution, and it is the stronger, if the angle
of the entrance is higher.

hn

I?A‘O

0 3 5 8 Kr#.\lz 10

Fig. 3. Plot of the general pressure losses along the channel versus the specific concentration of PEO

Note: Mol. mass: 2-10°, Vl): @=165m/s,0=25m/s; °=7.8(1, 2, 3), p°=165° (4, 5, 6); CPEO: 1and 4—-0.05%, 2 and 5 — 0.1%,
3and 6 -0.3%

In [10], it was outlined a hypothesis that viscoelastic effects (swelling of the jet) near the slot strengthen the
pull of the polymer solution by the external boundary layer and result in a faster decrease in the concentration of the
polymer on the inner surface of the pipeline. The results obtained in [11] make us reconsider this hypothesis because
the visualization of the flow behind the slot and the actual concentration of the polymer in the boundary layer have
not evidenced to the increased diffusion of the polymer. Most feasible is the explanation based on the impact of the
effective viscosity (taken in its broad sense) that does not contradict to the results of the studies on the hydrodynamic
activity of the polymers under conditions of the introduction of the polymer solution to the fire suppression pipeline.
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The dynamic structures of the polymer formed in the hydrodynamic field cause its compression, and this, of course,
should cause a decrease in the diffusion of the polymer in the boundary layer.

The detected regularities of the manifestation of elastic deformations at the introduction of the polymer
solution to the fire-suppression pipeline allow suggesting a method for evaluation of the flow resistance of the
fire suppressant liquid with the polymer additives in it. The flow resistance of the liquid in the pipeline at the
introduction of the polymer solution to the boundary layer caused by the elastic deformations can be determined as:

N Lp=t
X =[xy, de+ | aor,.dy, (3)
0 1,

where y is the perimeter of the pipeline cross-section,

T, T,, —tangential stresses with the introduction of the polymer to the boundary layer and without it,

(', —length of the pipeline,

{, —length with the reduced hydrodynamic activity of the polymer.

The data obtained in this study shows that in solving the problems of drag reducing of the fire suppressing liquid
in the fire hoses and pipeline by injecting the polymer solutions in the boundary layer, for the development of the
optimum system of the introduction, it is necessary to take into account possible effects of the elastic deformations.
The decrease in the effect of drag reduction at the introduction of the polymer solution into the boundary layer of the
fire hose is due to the combination of the deformational effects of the longitudinal hydrodynamic field developed in
the system of the injection and molecular-concentration characteristics of the polymeric solution.

Conclusions. This paper demonstrates the ways to improvement of labour safety and safety of life activities
true of firefighters, rescuers and other civil protection workers who are subjected to harmful effects of high
temperature, thermal radiation, as well as hazardous combustion products while eliminating emergency situations
on the territories of industrial facilities by increasing the efficiency of water fire extinguishing systems.
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PO3POBKA METOJY KJACU®IKALII ®YHKI[IOHAJBbHUX BIJIMOB
PAJIOEJEKTPOHHUX HABITAIIIMHUX CUCTEM, IIIO BA3YETHCHA
HA TEOPII HEUITKUX MHOXHWH

Fesnepepene spocmanns ckradnocmi padioeneKmpoHHUX HAsieayitiHux cucmem HOBIMPSHUX CYOeH I po3uupents Kona
BUKOHYBAHUX HUMU (YYHKYITL NPU3BEIU 00 MO0, WO OJisl YIPAGTIHHS MEXHIYHUM CIAHOM PAdioeneKMPOHHUX HABI2aYIiHUX CuC-
mem, NiONPUEMCMEa, Wjo ix eKCHIyanyloms 3MyuleHi 6UKOHy8amu 3HauHuil 00caz pooim 3 mexHiuHo2o 00C1y208Y8aHHA | peMOHINY.
Excnnyamayitini gumpamu Ha mexiune 00CIy208Y8aHHs i peMOHM PadioeNeKIMPOHHUX HABI2AYIIIHUX cucmeM 8 OGHUIL Yac 00CA-
earomv 30-40% 6i0 3aeanvHoi eapmocmi mexHiuHo20 00C1Y208y8aHHA | peMoHmy nosimpanux cyoeu [1]. Tomy axmyanvrum
€ NUMAHHSA RIOBULYEHHS eqheKMUBHOCI CUCEMU MEXHIYHO20 0OCTY208Y8AHHS | PEMOHIMY 30 PAXYHOK 3HUMCEHHSL eKCHLYamayyi-
UHUX 6UmMpam npu 30epexcerti 1bomHoi nPUOAMHOCIE Ma KOHKYPEHMOCHPOMONCHOCIE HOGIMPAHUX CYOEH.

Y pobomi nposedeno suznauenns kpumepiie onmumizayii mexHiuHo2eo 3a0e3neuents padioeneKmpOHHUX HABI2AYIIHUX
cucmem Ha OCHOBI OOIDYHMYSAHHA MONCIUBOCH] BUKOPUCIIAHHSL PISHUX MEXHIYHUX | MEXHIKO-eKOHOMIUHUX NOKA3HUKIE epeK-
MUBHOCMI eKChayamayii, npogedeHa Kiacugixayia padioereKmpoHHUX HAGIAYIIHUX CUCTEM 3a O3HAKAMU, AKI 8DAX08YIOMb
cneyughiuni ocobnueocmi ix euxopucmanna 3a npusHauennam. Ilpogsedena xnacugikayis modxciusux eapianmie cmpamezitl
MexXHIuH020 00CTY208Y8AHHS | PEMOHMY PAI0eNeKMPOHHUX HABI2AYIIIHUX CUCTEM, KT PO3DI3HAIOMbCS pisHeM Jla2HOCHUYHOO
3abe3neuenns i micyem 8i0H0G1eHHs O10KI6 | MoOynig. [l npasunbro2o nioxody 0o onmumizayii 0oMinH020 (hondy 30itichena
Kaacugixayin eapianmis noby0osu cucmemu YAPAGIIHHS 3aNACAMY | BUSHAYEHA KLILKICHb DigHI6 30epieanHs 3anacis.

Bionosiono 0o eudie ocobnusux cumyayitl, 6CMaHOBIEHUMU HOPMAMY TbONHOL NPUOAMHOCTI, KAACUPIKO8AHO padio-
eNeKMPOHHT HABIeAYIiHI CUCMeMU 3a CIYReHeM 6NIUBY (PYHKYIOHATbHUX 8I0MO8 HA De3neKy nonbonie nogimpsanux cydis. Pospo-
Onena kracugixayis Ha OCHOBI OYiHKU UMOBIPHOCHEL BUHUKHEHHS (DYHKYIOHATbHUX 8I0MO8 8 NOTbONI 3a HAAGHOCHI iH(opMayii
Npo ROKA3HUKYU HAOIUHOCMIE PAOI0eNeKMPOHHUX HAGieayiiHux cucmeM. J{ns eapianmy gi0CymHOCII CHAMUCMUYHUX OaHUX 05
PDO3PAXYHKY IMOBIDHICHUX NOKA3HUKIE PO3POOILEHO Memoo Kiacupixayii padioeneKmpoHHUX HAGIeayilinux cucmem Ha OCHOBL
JI02IKO-TTHeBICIUMHOMY NI0X00Y 3 BUKOPUCIAHHIM MeOPii HeUTMKUX MHONCUH.

KnrouoBi cnoBa: kpumepii onmumizayii, yHKYiOHATbHI 810MOBU, PAOIOENeKMPOHHI HABI2AYIIHI cUCeMU.

Rahulin 8. V. Development of the method of classification of functional failures of radio electronic navigation systems
based on the theory of fuzzy sets

The continuous increase in the complexity of radio electronic navigation systems of aircraft and the expansion of the cir-
cle of their functions have led to the fact that in order to manage the technical condition of radio electronic navigation systems,
enterprises that operate forced to perform a considerable amount of work on maintenance and repair. The operating costs for
maintenance and repair of radio electronic navigation systems are currently reaching 30-40% of the total cost of maintenance
and repair of aircraft [1]. Therefore, it is urgent to increase the efficiency of the maintenance and repair system by reducing
operating costs while maintaining flight shelf life and competitiveness of aircrafi.

The work defines the criteria for optimizing the technical support of radio electronic navigation systems on the basis of
substantiation of the possibility of using various technical and technical and economic indicators of efficiency of operation,
classification of radio electronic navigation systems on the grounds that take into account the specific features of their use by
purpose. Classification of possible variants of strategies for maintenance and repair of radio electronic navigation systems,
which differ in the level of diagnostic support and place of restoration of blocks and modules. For the correct approach to
optimization of the exchange fund, there is a classification of options for constructing the inventory management system and a
determined number of storage levels of inventory. According to the types of special situations established by the standards of
flight suitability, radio — electronic navigation systems were classified by the degree of influence of functional refusals on the
safety of air courts. The classification was developed based on the probability assessment of functional failures in flight in the
presence of information on reliability of radio electronic navigation systems. For the absence of statistics to calculate probabil-
istic indicators, the method of classification of radio electronic navigation systems was developed based on a logical-linguistic
approach using fuzzy set theory.

Key words: optimization criteria, functional defines, radio electronic navigation systems.
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IHocTranoBka npodaemu. CyuyacHi MOBITPsIHI CyAHA OCHAIIYIOTHCS HU(PPOBUMH MiIOTAXXHO-HAaBIralitHUMHU
KOMIIJICKCAMHU HOBOTO IIOKOJIIHHS, B SIKMX BCi CHCTEMHU MalOTh BOYOBaH1 CHCTEMH KOHTPOJIIO 1 KOHCTPYKTHBHO BHKO-
HYIOTbCA Y BUIVISLIL PAAY JIETKO3aMiHHOTO OJ10Ky. besmeka mojaboTiB cydyacHHUX MOBITPSHUX CyIeH 3a0e3MedyeThCs
IUISIXOM Pe3epBYBaHHsI PaliOCICKTPOHHHUX HABIralliHUX CHCTEM, B TOHM 4Yac SIK PErySPHICTH MONBOTIB — IUIIXOM
CTBOPEHHS JOCTATHHOT KITBKOCTI 3alIACHUX JIETKO3aMiHHHUX OJIOKIB B OOMiHHOMY (hOH/Ii 6a30BOTO aepOIOPTY.

Bucoka iHTerpamis MijJoTaKHO-HABITAIIIMHAX KOMILUIEKCIB 1 BHCOKA IHTEHCUBHICTH MOJIBOTIB MOBITPSHHX
CYICH MPU3BOINTH /IO TOTO, IO 32 PE3yNIbTaTaMU ONEPATUBHOTO TEXHIYHOTO OOCIYroBYyBaHHS YacCTHHY JIETKO3a-
MIHHUX OJIOKIB ITOMHJIKOBO BHU3HAIOTHCS HEMparle3TaTHUMH, JEMOHTYIOTHCS 1 BiIPAaBISIFOTECS HA BiJHOBIICHHS,
TIPUBOJISTYH JI0 CYTTEBUX HEJOMIKIB. 3TiHO 31 CTATUCTHYHUMH JTJaHUMHU aBiakommanii Big 40 10 85% neMoHTOBaHUX
JIETKO3aMiHHHX OJIOKIB paJioeeKTPOHHUX HaBIiTalliiHUX CHCTEM Hacmpas/i € npare3naTaumMu [3-6]. Lle mopomkye
npoOIeMaTHKy TakK 3BaHUX HEMiITBepKeHHX JedekTiB. [liBHIYHOAMepHKaHChKa aBialliiiHa TpaHCIOPTHA acomia-
uist ATA oriHro€e IopivHi BTpaTH Ha piBHI B cepegHboMy 100 THC. q0o1apiB Ha KOXKEH CepeTHbOMAricTpaIbHuUil JIiTak
[2]. Benuka KinbKicTh HEMiATBEPIKEHUX Ne(EKTiB TATHE 32 cOO0I0 HEOOXINHICTh HEBUIPABIAHOTO 301TbIICHHS
00csiry 0OMIHHOTO (JOHAY 3aMacHUX JIETKO3aMiHHHUX OJIOKIB ISl MIATPUMKH PErYJISIPHOCTI MONBOTIB, IO MPHU3BO-
JIUTH IO 3HAYHHX KaIliTaTbHUX BUTPAT. SHIDKCHHS [IUX BUTPAT MOXKIIUBO 32 PaXyHOK BUKOPUCTAHHS HA3EMHHX aBTO-
MaTHU30BaHUX CHCTEM KOHTPOIIO, IO 3AiHCHIOIOTH MEPEBIPKY IEMOHTOBAHUX OJOKIB 3 BHCOKOIO JOCTOBIPHICTIO
1 3a100iraloTh TTOMHIIKOBY BIJIIIPAaBKY Mpale3aTHUX JIETKO3aMiHHUX OJIOKIB Ha BigHOBJICHHsA. OIHAK 3aKylKa Ta
eKCIDTyaTallisi HA3eMHUX aBTOMaTU30BaHMX CHCTEM KOHTPOIIO TAKOXK BUMAarae 3HaYHUX iHBECTHUIIIH.

ToMy edeKTHBHICTh eKCIUTyaTallii MOBITPSHUX CYJCH Oe3MT0CePEHbO0 BU3HAYAETHCS ONTHMATLHIM BapiaHTOM
OpraHi3ailii CHCTEMH TEXHIYHOTO 0OCIyrOBYBaHHS 1 pEMOHTY, BHOIp SKOTO IPYHTYETHCS HA BUPIIMICHHI KOMIUIEKCY
3aBHaHb AIarHOCTHYHOTO 3a0€3MeUeHHs, MECTOJHYHOT0, HOPMAaTHBHOTO 3a0€3MEUCHHS Ta ONTHMAIBHOTO (OpMy-
BaHHs 0OMiHHOTO (DOH]TY.

HaiiBaxuBIIIMMH eTanaMy >KUTTEBOTO LUKy PaJiOENeKTPOHHUX HaBiramifHUX CHUCTEM € Mepiofu rapas-
TIHHOTO Ta MiCISArapaHTiHHOTO OOCITYrOBYBaHHS, SIKi BiIPi3HSAIOTHCA PI3HUMHU MiJXOAAMHU JI0 OLIHKHA BAapTiCHHUX,
HAJ1MHICTHUX Ta IMOBIPHICHHUX MOKa3HUKIB €()EeKTUBHOCTI eKCIUTyaTallii, a TakoX (piHaHCOBMMH Ta opraHizariii-
HUMH B3a€MOBITHOCHHAMH MiX IOCTa4ajJbHUKAMH i €KCIUTyaTaHTaMd. TOMy METOIM i MiIXOIU A0 ITiBUILCHHS
e(hEeKTUBHOCTI CUCTEMH TEXHIYHOTO 0OCITyrOBYBaHHS 1 PEMOHTY BiJIPi3HSIOTHCS )11 KOXKHOTO 3 MEPioiB.

AHaJi3 ocTaHHIX JoCHiIKeHDb i myOaikanii. HaiiOinbir 3HauHMI BIUB HA ASUTBHICT €KCIUTyaTaHTIB 3J1ikic-
HIOE eTall MICIATApaHTIHHOTO 0OCIYTOBYBaHHS OCKUIBKM OCHOBHHM (DIHAHCOBHH TATap IO OpraHi3allii cucTeMu
TEXHIYHOTO 0OCITYrOBYBaHHS 1 pEMOHTY JIATA€ Ha IJIeUi eKCITyaTaHTa.

Binomi nmpuxiiaay BHPIMIEHHS! OKPEMHX 3aBIAHb ITiIBUIICHHS ¢()eKTUBHOCTI CHCTEMH TEXHIYHOTO 00CIyTO-
BYBaHHS 1 peMOHTy B poOorax koiektuBy pociuigaukiB C. B. [aneuskoro, B. O. Irmarosa, O. Il. Korynenka,
I. ®. Konaxosuua, O. A. Tamaprasina, B. B. Ynancekoro.

3Ha4YHUI BHECOK y BUPIILIEHHS 3aBJaHb MiABUILIEHHS TEXHIYHOT eKCIUTyaTallii Ha Pi3HUX eTanax eKcIuTyaTamii
BHic 1.O. MauaniH, sxuii IpeACTaBUB METONOJIOTIYHI OCHOBU TEXHIYHOIO OOCITyTOBYBaHHS 1 PEMOHTY MOBITPSIHUX
cynes. [Ipote nutanHs, miABUIIEeHHS €()EKTUBHOCTI MiCIArapaHTIMHOTo 00CIyroByBaHHS BUCBITIIEHI HE TOBHICTIO.

Takum YnHOM, PO3pOOKa METOIIB MiABUIIICHHS ¢(DEKTHBHOCTI eKCILTyarTallii paJioeIeKTPOHHUX HaBIralliiHAX
CHCTEM TMOBITPSIHUX CYICH B IEPiOJ MiCIATAPAHTIHHOTO OOCIYTOBYBaHHS SIBJISIE COOOIO Ba)KITMBE HAPOITHOTOCIO-
JapchKe HayKOBE 3aBIaHHS CIIPSIMOBAHE HA YIOCKOHAIECHHS CHCTEMH TEXHITHOTO OOCITyTOBYBaHHS 1 pEMOHTY, 3HH-
JKCHHS eKCIUTyaTallifHiX BUTPAT 1 MIATPUMKH HEOOX1THOTO PiBHS OE3IEeKH Ta PETyISIPHOCTI MOJBOTIB MOBITPSIHUX
CYJICH.

IMocTanoBka 3aBaaHHs. OCHOBHOIO METOIO JaHOT POOOTH € MOCIiIPKEHHs TUTaHHS PO3POOKH METOJIB ITiJI-
BUILCHHS ¢(PEeKTUBHOCTI EKCILTyaTamii pafioeIeKTPOHHHUX HaBIrallifHIX CUCTEM MOBITPSIHUX CyAEH B IIEPioJ Mmicis-
rapaHTiiiHOro 00CIyTOByBaHHS.

Buxnajx ocHoBHOro marepiajy. st BuGOpy MMOKa3HUKIB €(eKTUBHOCTI HEOOXiHO MpoBecTH Kiacuika-
uito PEHC IIC 3a o3Hakamuy, siki 6 BpaxoByBaiu creliiuHi 0COOIMBOCTI iX BUKOPUCTAHHS 32 MPU3HAYCHHSIM.
TakMHU OCHOBHMMHM O3HAKaMH €: BIUIMB CHCTEM Ha Oe3MeKy MOJbOTIB (HACHIIKHA BiAMOBH) 1 MOXKJIMBICTh €KOHO-
MIYHOI OLIIHKH HACHIIKIB BIIMOBH.

JIJ1 TIo/TiTy MHOXKHHY PI3HOTHUITHUX CHCTEM Ha i IMHOKUHHI BUKOPHCTOBYEMO 1€pApXidHy CHCTEMY KJ1acui-
Kallii 3 TOPSIIKOBOI PEECTPAIliEr0 OKPEMHX 3HAYCHD 03HAK [2].

Knacudikariro OyaeMo poBOJAWTH 3a ABOMa O3HAKAMH: \J — O3HAKA HACIIJIKIB BiIMOBH; () — O3HAKa CKOHO-
MIYHOI OIIIHKH HACIIJKIB BIIMOBH.

BifnoBiiHO 10 HOPM JILOTHOT IPUAATHOCTI IIUBUIBHUX JIiTaKiB [3] po3pi3HAIOTH Taki 0COONMBI cUTYyaIlil, 110
BUHMKAIOTH y MOJBOTI IpH (PyHKIioOHATRHUX BigMoBax (DB) cuctem:

— yckiagHeHHs yMoB nonboTy (Y VYII), komu cuTyanis BUMarae BiJ eKilmaxKy TiNbKM yBar" 0 Jokepena ii
BUHUKHEHHS 1 He BUMAarae eKCTpEeHUX A1l i 6JaromnoayyHoro 3aBepuieHHs OJIbOTY;

— cknagna cutyauis (CC), npu skiif 3ano6iranus ii nepexoxy B aBapiiiHy a0o kaTacTpoiuHy CUTYallil0 MOXe
OyTH 3a0€31e4eH0 CBOEYACHUMHU 1 PAaBWIBHUMU JISIMU WIEHIB €KilaXKy, B TOMY YHCJI1 HETaifHOIO 3MiHOIO IUIaHy,
PO Ta PEKUMY TOTBOTY;
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— aBapiitHa curyartist (AC), 1o XapakTepu3yeTbest HeoOXinHicTIo excTpeHoi nocaaku IIC i BuMarae 3HauHOTO
HiABUIIEHHS (i3UYHUX 1 ICUX0(]i310I0TIYHUX HABAaHTAXKEHb Ha CKilaXK, BUCOKOI MpodeciiHOi MaliCTepHOCTI eKi-
naxy Ajs 3amobiranus 3aru6eni moneit i srparu [1C;

— karactpogiuna cutyauis (KC), npu ki mMpakTHYHO HEMOXJIMBO 3an100irTi 3arubeni moneit i Brpary I1C.

Osnaka Hacniokie 6iomoeu. BCTaHOBIIOIOTHCS TaKi 3HAUCHHS 03HAKU HACHIIKIB BiIMOBH: \ = 1 — BifmoOBigae
HEBHKOHAHHIO CHCTEMOIO TOKJIAJCHUX Ha Hel BIAMOBINANbHUX (QYHKIIN B 3agaHOMY OOCS3i, IO MPHBOOHUTEH 1O
YVII, OC a6o AC; y = 2 — BiNOBiJlJa€ HEBUKOHAHHIO CHCTEMOIO MOKJIaJICHUX Ha HEl BIAMOBINAIBHUX (DYHKINIH
B 33J1aHOMY 00Cs31 TIPH JTOBUTLHOMY MOMEHTI TIOYATKy «PEeKUMY poOoTh», mo npuBoauth jo YIIII, OC a6o AC;
Wy = 3 — BIAMOBIZa€ IPOCTOIO CHCTEMH P KOPUCTYBAHHI 11 3a MPU3HAYCHHSM 1 MOXKIIMBOTO IPOCTOXO, TIOB’I3aHOTO
3 BIAHOBJICHHSM (3aMiHOIO).

[Tpu omiHIN HACTIIKIB BiIMOBY 3HAYCHHS O3HAKW \y = | Bi/MOBiae BUMAIKY, KOJU HACIIIKH BiJIMOBH BILIU-
BAaIOTh Ha Oe3MeKy MOJbOTY. 3HAYCHHS O3HAaKH ¥ = 2 BiAMOBiJa€ BUMAJKY, KOJIH CHCTEMa €KCILUTyaTy€EThCs B JIBOX
pexxuMax. Y MmepuoMy pexxuMi CUCTeMa 3HaXOMUThCS B PEXKUMI OUIKYyBaHHS A0 Aii O TPUBO3i, a B IPyroMy, MicCIs
CUTHAJIy TPUBOTH, CUCTEMa BUKOHYE BiAMOBiAanbHI PyHKIII. 3HAYeHHS O3HAKH \y = 3 BiJAINOBia€ BUMAIKY, KOJIU
cucrema BxonuTh B MEL, a MarepianbHUii 30MTOK Yepe3 BiIMOBY 3yMOBJIEHUN MPOCTOEM CUCTEMHU MPH BUKOPHC-
TaHHI 3a MPU3HAYCHHSM 1 (a00) MOXKIIMBHM MIPOCTOEM, OOYMOBICHUM BiTHOBICHHSIM pAIe3JaTHOCTI CHCTEMH Ha
croguui IT1C.

Omxe, Ha nepuomy crynei knacudikanii Buxinna MEoxknna PEHC v 1inntbes 3a 03HaKOKO W Ha TPH KJIacH:

3

Vs Wy, Yy, TOOTO W = Uvw..
=]

e U — 3HAK, 110 O3Ha4Ya€ 00’ €JHAHHS IT1IMHOXKWH.

OsHaka exoHOMIUHOT oyiHKU HacioKie eiomosu. [IpuiiMae HaCTyIHI 3Ha4YeHHS: (¢ = 1 — eKOHOMIiYHA OIliHKa
MOXIJINBA; @ = 2 — EKOHOMIYHA OIlIHKa HEMOKITUBA a00 ii CKJIaJHO BUKOHATH B pa3i 3arudeni Jronei.

YV BUMaJKy, KOJIW HACHTIIKW BiIMOBH MOYKHA OLIIHUTH EKOHOMIYHO, B SIKOCTi MOKa3HUKIB €()eKTUBHOCTI 00CTy-
TOBYBaHHSI HEOOXiTHO BHKOPHUCTOBYBATH €KOHOMIiYHI MOKa3HUKH Yy BHUIVISAI MOBHHUX CEPEOHIX eKCIUTyaTaliiHuX
Butpar (IICE3) abo ycepeqHeHux cepeaHix BUTpaT (BUTpPaT), HABEJCHHX JI0 Yacy eKCIUTyaTallii CHCTeMH — IiIKJIac
CUCTEM /.

SIkmo marepianbHUA 30MTOK Bill BiIMOBH CHCTEMH, IO HANEKHMTH KIACy Y, 3 SKMXOCh NPUYMH HE BJa-
€ThCS OLIHWUTH KIJIBKICHO, TO, JJISi OIIHKH €()EeKTUBHOCTI CKCILIyaTamii JOI[UIbHO BUKOPHCTOBYBaTH KpPUTEPid
HAJIHICTh — BUTPATW», KU Mepe0adae HassBHICTb ABOX MOKA3HUKIB e(heKTUBHOCTI. OIMH 3 HUX XapaKTepU3ye
TOTOBHICTh CHCTEMH JI0 BUKOPHCTAHHS 32 MIPU3HAYCHHAM, a IPYTHI — BUTPATH Ha eKcIuTyaTamito. Tomy, B taHOMY
Bunaaky, kpim [ICE3, B IKOCT1 10JJaTKOBOTO MOKa3HUKA €(PEKTHBHOCTI SKCILTyaTaIlii CJ1iJl BAKOPHUCTOBYBATH KOMII-
JIEKCHMIA TIOKa3HHK HaJiitHOCTI — KoedimieHT rotoBHOCTI (KT').

Bubip mporo mokazHuka noe’si3anuit 3 TuM, mo [1C eKkcruryaryroThes B IEPepUBUACTOMY YaCOBOMY PEKUMI.
Moro monsoTH 4epryioThes 3 IIIAHOBUMHM IIPOCTOAMH (cTosHKamu) Ha 3emui. ToMy B OCHOBHOMY 3aMiHa 3a0pa-
kxoBaHux JIb 3miHCHIOETBCA Ml Yac MIAHOBUX CTOAHOK. Ilpu OGe3nepepBHOMY YacOBOMY PEXHMi BUKOPHUCTaHHI,
xapaktepHoMy U1 HaseMHUX PEHC, HeruiaHOB1 mpocToi moB’si3aHi He TUIbKM 3 BiIMOBaMHU, aJie i 3 He0OX1HICTIO
BiTHOBITIOBAJILHUX poOIT. OTXKe, pu Oe3nepepBHOMY pexkumi Bukopuctands PEHC B ananoriuniii curyartii HeoO-
X1JIHO BUKOPHUCTOBYBATH KOC(IIIEHT TEXHIYHOTO BUKOPUCTAHHSI.

Takum unnom, nna migknacy PEHC vy, edextuBHicTh ekcruryaTanii HEOOXiZHO XapaKTepH3yBaTH JBOMa
nokasaukamu [ICE3 i KT TIpuuomy no cknamy IICE3 mpomy BHNAAKy HE BXOIATH BTPATH BHACIIJIOK BiIMOBH
CHCTEMH TIiJT Yac MONBOTY. SIKII0 BiqMOBa CUCTEMH PU3BOANTE 10 HEBUKOHAHHS TTOKIAICHUX Ha Hel BIAIOBINAb-
HUX (QYHKIH, TO ZOMiHYtOYMM ()aKTOPOM TIPH OIIHII HACTIAKIB BIIMOBU B TaKMX YMOBax € (DakT HEBUKOHAHHS
3aBaHHsA. ToMy KJIacH y, ¥\, BKIIKOYaIOTh B C€0€ TIIBKH MIIKIACH Y, i ,,, TOOTO Y =y 1y, = ..

Edexrusnicte TO migknacie PEHC vy, i y,, Takok OyaeMO OLIHIOBATH 3a JOMOMOIOK JBOX IMOKa3HHMKIB,
IO XapaKTEPU3YIOTh BIMOBIAHO €KCIUTyaTaliifHy HAAIHHICTh CHCTEMH i BUTpATH Ha ii eKcIuTyarario. Sk mokas-
HHK eKCIUTyaTalliiiHoi HaaifHOCTI OyIeMO BUKOPHUCTOBYBATH EKCILIyaTalliliHy HMOBIpHICTh 0€3BiIMOBHOI poOOTH
(EVBP) mis mifiKnacy ,, 1 koedinient oneparusroi rorosaocti (KOI') — st minknacy y,,.

ITin EMBP GynemMo po3ymiTH HMOBIipHiCTh O€3BiAMOBHOI pOOOTH CHCTEMHU Ha IHTEpBalli HaNpal[OBaHHS
(¢, 1) 3 ypaxyBaHHsM TOTO, 1[0 B MOMEHTH f,,#, TIpoBOaMIoCch TO, 110 BKJIIOYA€E B ce0e EKCILTyaTalli iU KOHTPOIIb
1 BimHOBIIeHHs 3a0pakoBanux URUs [4,5].

OTxe, Ha APYroMy CTYIEHI Kiacudikamii 3auexHo Bix 3Ha4eHHS o3Haku ¢, kiacu PEHC mopinsrorecs Ha
Taki JBa IiIKJIACH:

12

WIZWIZ’ \VZ = \VZZ’ W3 = WSI U W}Z.

Iepapxiuna cucrema knacudikamii PEHC nms Bubopy moka3HUKIB e()eKTHBHOCTI eKCILTyararii Ioka3aHa Ha
puc. 1.

B ta6n. 1 HaBeneni mudpu niaxiacis PEHC 1 BiamoBiaHi iM HaliMeHyBaHHS TTOKa3HHUKIB e(peKTHBHOCTI. TyT
HPUKHATI HACTYTIHI MO3HAYEHHS: P, — ENBP; K, —KOTI'; K,.— KT
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Puc. 1. Iepapxiuna cucrema knacudikarii PEHC

Ta6muis 1
IMoka3Hnku e)eKTUBHOCTI ekcIIyaTanii
Kaac PEHC Ioxasuuku epexrnBHOCTI cucremu TOIP
Vs, 1ICE3
V., IICE3 K,
v, 1ICE3, P,
v, IICE3, K.

Tpuxnao 2. 1. BusHauuTH NOKa3HUKH €(PEKTUBHOCTI eKCILTyaTalii KOpOTKOXBHIILOBO1 CUCTeMH nocaaku MLS.

OyukrionyBansas MLS BrumBae Ha Oe3MeKy IMOIBOTIB, TaK K Y BUIIAAKY BiIMOBH Ha €TAIli IIOCAIKA MOXKYTh
BuHuKHYTH cutyamii Y YII abo OC. Tomy mns MLS Hacnmiakamu BiqMOBH € (DaKT HEBUKOHAHHS BiIMOBITAIbHUX
¢dyHKIiH, ToOTO \ = 1. EKOHOMIYHA OIliHKa HACIJIKIB BIZIMOBH HE 3aBXU MOXJIMBA, TOOTO (¢ = 2.

Taxum gyuHOM, MULS BiIHOCHTBCSA 10 MiAKIAcy .. 3TiaHO 3 TaOM. 1, MOKa3sHUKaMM €(PEKTUBHOCTI EKCILTya-
tarii MLS e I[ICE3 i EVBP.

Ilpuxnao 2.2. BU3SHaYNTH TOKa3HUKY €(peKTUBHOCTI EKCIUTyaTallil Ui aBTOMaTHIHOTO pagiokommacy (APK).
@ynkmionyBanns APK e BrutnBae Ha 6e3neky nonsoTis [1C, ockinbku npu Horo BiIMOBI HE0OXiHA HaBirariiHa
iHpopManis Moxke OyTu OTprUMaHa OOPTOBOIO PaAiOTEXHIUHOIO cucTeMoro OmkHbo1 Hasiramii (PCBH). Tomy, six
npaswio, APK BXoauTh B ronoBHUiI nepenik MiHiMalabHO-aomycTiuMoro oonaananus (I'TIM/10O). Hacninku BimMoBH
MoB’s3aHi 3 HenpauesaatrHicTio APK y monpoTi 1 3 MOXJIMBUM MPOCTOEM IMPH 3aMiHi Ha CTOAHII JiTaka (y = 3).
ExonomiyHa owinka 30uTKy BHachigok HenpauesnatHocTi APK nemoxnusa (¢ = 2). Otxe, APK BimHOCHTBCS 110
MmiKIacy Vs, BigmosinHo 10 Tab:. 1, mokasuukamu edextuBHoCTI ekcrutyatarii € [ICE3 1 KT.

Onniero 3 o3Hak ais kinacugikanii PEHC € o3naka HacaiikiB BiIMOBH, TOOTO CTYIiHb BIUTUBY CHCTEM Ha
6e3neky nonboTiB. s ominku BBy PEHC Ha 6e3neky nonboty [1C HeoOXiTHO MPOBECTH aHai3 MO3aIITaTHHX
CUTYaIlii, Ki MOXXYyTh BUHUKHYTH TIPHU BiIMOBI CHCTeMH a0o0 ii CKIIaJIOBOi YaCTHUHH, IO BHKOHYE Ti X (YHKIIII.
Hanamni Oymemo BBaxaru, 10 BiJIMOBA CKJIQJIOBOT YACTHHHU CUCTEMH (SIKIIIO CHCTEMa Ma€e pe3eps) abo BCi€l cucTeMu
€ moBHO. [Ipn IboMy cucteMa abo ii ckiazoBa YacTHHA HE MOXKE BUKOHYBAaTH OCHOBHI (PyHKITIT.

Busnauenns crynens BBy @B PEHC na Ge3neky 1moip0TiB MOKIIMBE 32 HasBHOCTI Takoi iH(opmarii [6]:

— nepenik QyHKIiH, ki BUKOHYI0Thes KoxkHOI0 PEHC Ha pi3HuX eTamax i B pi3sHHX yMOBax IOJBOTY;

— HasIBHICTb anapaTypHOi Ta iHpopManiiHoi HaAMIpHOCTI 1o HaiOIbI BasknuBux ¢yHKIiH PEHC;

— cTymiHb iH(popMoBaHoCTi ekinaxy npo ®B PEHC;

— IMOBIpHICTh BUHUKHEHHS TUX M iHIIKUX DB 1 HeOe3neuHux cuTyarii.

AHaJIi3 MPOBOAUTLCS B TaKii MOCIIIOBHOCTI:

— 3’COBY€ThCS KPAaTHICTE pe3epBy BHKOHYyBaHUX PEHC dyHKIiH;

— BH3HAYAETHCS CTPYKTypa CUCTEMH 3 TOUKHU 30pY HATIHHOCTI;

— OOYHUCITIOIOTHCS IMOBIPHOCTI Pi3HUX crionydeHb @B OCHOBHUX 1 pe3epBHUX S CHCTEMH;

— BCTAHOBJIIOETHCA, 3 IKUMH cucTeMamu B3aemojie 1ana PEHC B monboTi i sIKy iH(opMalliro OTpuMYeE 1 BUIAE;

— JIOCHIJKYEThCS MOXJIMBICTh BUKOHaHHA (yHKIIIH ganoi cuctemu inmmmu PEHC TIC;

— BCTaHOBIIIOEThCA XapakTep nosiBu OB 1 MoXIIUBICTh Horo iHAMKarii iHQopMaIliiHIMHU Ta CHUTHAJI3YIOTh
cucremamu I1C;

— 3’COBY€ThCS XapaKTep BUKOPHCTAHHS CUCTEMHU Ha Pi3HUX eTamnax noasoty I1C;

— npoBoauTkcs knacudikamis PEHC no kiiacax 0coOMUBUX CUTYaLii.

Knacudikaniro PEHC no xiacax ocobiauBHX CHUTyalili MPONOHYETHCS MPOBOIUTH Ha MiACTaBi CTPYKTYp-
HO-JIOTIYHOI CXeMH, HABEACHOI Ha PHC. 2, 3 IKOi BUIHO, IO IS KiTacu(ikallii HeoO0XiTHO BU3HAYUTH 3HAUYCHHS HMO-
BipHocTi ®B PEHC mnpotsrom monwsoty [4,5]. kim0 BiomMa ekcrutyaTaliiiHa MOBIpHICT 0€3BIIMOBHOI POOOTH
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(EﬁBP—PE), T0 ¥imMoBipHicTE @B npotsarom monkoty nopisaioe Q. = 1 — P, Jlani HEoOXiIHO 3a/1aTh Oy CTUMY
itmoBipaicTs @B PEHC B nonboTi.

V 1abn. 2 HaBeneHi JOMyCTUMi KMOBIPHOCTI BUHUKHEHHS OCOOMMBUX CHUTYallil, IKi BCTAHOBJIEHI HOPMaMH
JILOTHOI IPUJATHOCTI.

Ha mixcrasi Tabn. 4 MOKHa BU3HAYMTH BUMOTH JI0 HOPMYBAHHS BEJTMYMHH JOMyCTHMOI HMOBipHOCTI OB
B TONBOTI @, .

TakuMm urHOM, SKIIO npuiHATH it @< 107, To 3HaueHHs M0IMyCTHMO] iiMoBipHOCTI @B MOBUHHI JIEKaTH
B Me)KaX, HaBeJIEHUX B Ta0I. 3.

Tax UYu € y eximaxy iHpopmartis Tax| 1v Bumsae @B PEHC na
npo ®B PEHC B <— PEeXHUMH 371bOTY 1 HA0OpY
"R BHUCOTHU?
v Hi
Yu BMHUKAETHCS aBTOMAaTUIHO Hi v
pesepBauit LRU npu BimmoBi ! Tax| T4 BmBac OB PEHC na
OCHOBHOTO < BHUKOHAHHS TIOJIBOTHOTO
3aBIaHHA?
»| Tax
v Hi
I?'IMOBipHiCTL OJHOYACHOT v .
BiZIMOBH OCHOBHOTO i Hi Yy srymeae OB PEHC wa | Hi
pesepBHoro LRUs meHIie 3HIDKEHHS 1 mocajiky?
3a4aHo1? > Tax
v
Tak Uu nepenbaveHo Ha
Uu MOoXTMBE BUHUKHEHHS pesepByBanHsa LRU, mo
aBapiliHoi curyartii pu BiJIMOBHB?
noapoTti 3 LRU, 110 Hi
BIJIMOBHB? «Y v
Tax i Hi ITII/I MOJKJIMBO BUKOPHCTaHHSI
inmux cuctem [1C npu OB
PEHC?
Tak
v v v
Asapiiina Heb6e3neuna VYcknanHeHHs | Be3 nacmiakis <
CUTyaIlis CHUTYyaIlis YMOB TIOJTBOTY
Puc. 2. CtpykrypHo-noriuna cxema kinacugikarii PEHC no kimacax ocoOnmuBux momii
Tabnuus 2
Jonyctumi iimoBipHocTi BUunukHenuss ®B
Bun ocobauBoi cutyanii JonmycTumi iimoBipHocTi BUuHUKHeHHs DB
ABgapiiina cutyanis (AC) 105 <Qf . <107
Hebesneuna curyanis (HC) 107 Q. <107
YeknagaeHHs ymoB noneoty (Y YII) 107 < 0F,,; <107
be3 nacninkis (bH) 07, >107

Ilpu ominmi WMoeipHocted @B PEHC HeoOXigHO BPAXOBYBAaTH HE TUIBKK 1HTEHCHBHOCTI BigmoB JIb,
a if oCHOBHI TApaMeTpH, 1110 XapaKTEPH3YIOTh PEKUM eKcrmyaTauu 1 cTpyKTypy cucteM. Jlo TaKux mapameTpiB Bif-
HOCSATBCSI TIEPIOANYHICTh BUKOHAHHA pi3HUX opM TO, HOCTOBIPHICTH pe3yNabTaTiB eKCILTyaTaliifHOrO KOHTPOIIO,
KpaTHICTh pe3epBYBaHHS 1 THIT CTPYKTYPH CUCTEMH 3 TOYKHU 30py HajiitHOCTI. ToMy HEOOX1THO pO3pOOHTH BUpPA3H
JUTS pO3paxyHKy WMoBipHOCTeH BinmMoBr PEHC, mo BpaxoByrOTh apaMeTpH peXXUMY €KCILTyaTallii.
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s BUKOpPHUCTaHHS PO3IIIHYTHX BHUINE iIMOBipHICHHMX MoKa3HHKIB /st kinacudikamii PEHC 3a crynenem
ix BruBy Ha BII Ta oninku iiMoBipHOCTeH BuHHKHEHHS DB B MonboTi HEOOXiAHO MaTH PO3PaxXyHKOBI 3HAUCHHS
noka3HukiB HaaiiiHocTi PEHC abo matu cratuctuyHy iH(opMalito mpo BiIMOBH, 110 Ha eTami npoektysanHs [1C
He 3aBXI1 MOXJINBO. KpiM Toro, iMOBIpHICHI TOKa3HUKH HE JJO3BOJISIFOTH OLIIHUTH MOYJIMBICTh MPOSBY BCiX CUTYya-
uiit B mporeci nonpoty [1C, 1o skux MoxyTh npu3Bectd OB. TakuMu cuTyarisiMu, BUTHO 3 pUC. 2, MOXKYTb OyTH:
3MiHa TEXHIKH MMIJIOTYBaHHS MPH BiJIMOBI CHCTEM Ha PI3HHX eTarax MoJbOTy; 3MiHa YMOB JUTSl €KIMaxy, sKi MOXYTh
BECTH JIO PI3HUX MOMUJIOK; YCKJIATHESHHS il eKiMaxy MpHu 3MiHI METEOyMOB.

[TapameTpryHa OIliHKA BIUIMBY IUX CHTYallill Ha Oe3leKy MONBOTIB HE 3aBXIW MOXJIHMBA. ToMy B TOmi0-
HUX BHITaJKaxX 1 PH BIJICYTHOCTI CTATUCTHYHOI iH(popmaiii mpo BigMou PEHC mo1iibHO BUKOPHUCTOBYBATH JIOT'i-
KO-JIIHTBICTUYHUH MiJIX1]1, IO TI03BOJISIE HA OCHOBI HEYITKMX MHOKWH 3pOOWTH OIIHKY BILUTUBY IIUX cUTyallii Ha BII
[2]. Hampuxiiaa, MOXKIINBI Taki CUTYyaIlii, MEpetik SKUX HaBEAEHO B Ta0. 3.

Sk BUAHO 3 Ta0J. 3 IPU3BECTH BipOTiTHY OLIHKY NOAIOHUX HOAIN JOCUTH CKJIAJAHO, TOMY TYT IOLIIBHO BUKO-
PHUCTOBYBATH JIOTIKO JIIHIBICTUYHUH MiAXiA A0 Kiacupikaliii 3 BUKOPUCTaHHSAM TeOpPii HEUiTKUX MHOXMH.

IIpu BuUKOpHCTaHHI JOTIKO-TIHIBICTUYHOIO MiJX0y HEOOXiJHO MPOBECTH aHai3 MOXKIUBUX CUTyalil, 10
sikux Tpu3BoanTh OB, chopMyBaTH eKCIIEPTHUIN 3aIHT, MIPOBECTH SKCIIEPTHY OLIHKY BCIX HACHIIKIB 1 OLIHUTH
3araJbHUH piBeHb BIUIMBY naHoro @B Ha BI1. Ha migcrasi IbOro B CyKyImHOCTI 3 IMOBIPHICHUMH OIlIHKaAMH (SIKIIO
BOHM €) MPUHHATH piteHHs npo BigHecenns @B PEHC 1o BiamoBigHOro Kitacy ocoOnmuBHX cutyamrii. [Iponono-
BaHUWH MiJXiJl CKJIAJAE€ThCS 3 HACTYITHUX €TAalliB, 0 BKIIOYAIOTh B ce0e 00pOOKY pe3yNbTaTiB eKCIEPTHUX OIIHOK.

Ananiz moaxcausux cumyayiti nonvomy I1C 00 sikux moowce npusecmu @B. Ha lboMy eTarti ekcriepTaMu 31ikic-
HIOETBCS aHAI3 MOKITUBUX CHTYaIlii 0, i=1,W), ne N — KuIbKIicTh cuTyamiid. Jlanmi aHami3yeTbes iX BIUIMB Ha
paniire Bu3HaueH1 xapakrepuctuku bII. MHOXHMHA ITUX CHUTYaIlill CIIy)KUTh BXiTHOW iH(opMarliero ais Gpopmy-
BaHHS CKCIIEPTHHX 3aIIHTIB.

Dopmysanms 6a308020 eKCnepmHo20 onumyeanHs. ba3oBUil eKCIIEPTHUHN 3alUT — 1€ OLIHOYHUIA 3aIHT eKC-
nepTa, XapakTepHUH JUIs IEBHOI CHCTEMH 1 BU3HAUA€ PiBeHb BIUIUBY BigMoBH Ha BIT 110710 3a1aHOT MHOXKWHH Xapak-
TepucTHK Oesneku. Ha mincrasi koxHOT cOpMyIbOBaHOT CUTYallii HOPMYIOTbCS MACHBH BUXiIHUX nauux D, D,
D,,...D,, D, D, (1ei—KiIbKiCTh CHTYalill y CHOPMOBAHIN BUILE MHOXHUHI; K, 7 1 p — KITBKICTh CKIIaI0BHX 3alIUTy
nepioi, APyroi Ta i-1 cUTyaliil BiAMOBIAHO), SIKi € KOMIIOHEHTaMH BEKTOpa 3aIluTYy.

Tabmums 3
MoxauBi cutyaiii, 10 AKkuX Moxke npusBectu OB

Homep cutyanii
p cuTyan Onuc cutyauii

TexHika MJIOTYBaHHS 3MIHIOETHCS] HE3HAYHO Ha MapIpyTi

YexmagaeHHs poO0TH eKinaxy (MOXKIIFBI TOMUJIKH €KilTaxy)
YcknagHeHHs] poOOTH eKillaXy IpH 3MiHI METEOyMOB

TexHika MUIOTYBaHHS 3MIHIOETHCS HE3HAYHO, aJIe MOXKIIUBO Oyze moTpiOHa 3MiHA TUIaHy TONbOTY
TexHika MIOTYBaHHS 3MIHIOETHCS HE3HAYHO NMPH BUKOHAHHI 3JILOTY

TexHika MIOTyBaHHS 3MIHIOETHCS HE3HAYHO NP BUKOHAHHI MTOCAIKA

S e [ [ [ [ [ 3

3MIHIOETHCSI TEXHIKA ITIJIOTYBAHHSI 1 YCKIIAHIOETBCSL pOOOTa EKIMaxKy.

Panowcysanns euxionux oanux (BI) i nobyoosa ¢ynxyii npunanesxcnocmi. [Jns modymosu ®II Oymemo BUKO-
. . Y v N . . .
PHUCTOBYBaTH METOJ KUTbKICHOTO TAPHOTO MOPIiBHIHHA [3,4]. Hexail 4 — HediTka miAMHOXWHA 3 (QYHKIIEIO n ele-
MEHTIB HACTYITHOTO BUITY:

A= {ﬂz(51)/ 51’#2(52)/52""’ﬂ2(0~n)/ 5n}. (1

CTyniHb IPUHAJICKHOCTI €JIeMEHTIB MHOKUHH BU3HAYAETHCS 32 TOTIOMOTOIO IIAPHUX MOPIBHSHB, 8 KUTBKICTh
IIMTaHb 10 EKCIIEPTa CTAHOBUTD 71(71-1)/2. 3a HOTO OUIHKOI0 (POPMYETHCS MATPULS APHUX MOPiBHSHb! A= Hdi ‘, ne
3HAYCHHS Z d,, BHOMPAETHCS 3 Ta0M. 4 OIlIHKA eJICMEHTa X, MTOPIBHIOETHCS 3 j TIO X, BIIACTHBOCTAMH A.

CrponienssMm npouenaypu Gopmyannas OI1 € Bu3HaYeHHsT BaroBuX Koe(IIi€HTIB 4epe3 po3paxyHOK cepell-
HBOT'O TEOMETPUYHOTO 31 CITiBBITHOIICHHS

)

ne a, - KOC(QIIIEHTH MaTPHII MAPHUX HOpiBHHHB., a BUXIJHI JaHI NPEACTaBIsA0Th cO00I0 c(HOpMOBaHy Ha
OCHOBI E€KCIIEPTHOTO ONUTYBaHHS MaTPHUIIO MAPHHUX ITOPIBHSIHE.

CkitazioBi 6a30BOTO E€KCIEPTHOTO 3allUTY Aalli YIIOPSIKOBYIOTBCS 3a CTyICHeM HeOe3IeKu cutyamrii. PaH-
JKYBaHHs BUKOHYETBCS 4epe3 OOYMCIIEHHS KOe(ilieHTiB BaxmuBocTi KB ,...,KB (1€ n — KilbKiCTh KOMIIOHEHTIB
EKCTIEPTHOTO OIUTYBAHHSI), SKi BUKOPHUCTOBYIOTHCS JJIS peajizamii HEeWiTKUX Moneseil. MeTomu pamKupyBaHHS
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JIO3BOJISIFOTH BUSIBUTH HaO11bI1 HEOE3MeUH1 CUTYyaIlii JJ1s1 TOTO, 00 MOTiM pO3CTaBUTH HEOOX1/IHI aKIIEHTH IIiJ] Yac
OLIIHIOBAHHSL.

Tabnuns 4
Ixama xas moGy1oBU MATPHULi MOPiBHIHD
Ouinka SAxicHa .
. . BaacTuBocTi anbTepHaTUB
3HAYMMOCTI OIliHKa
1 O,uHaKopa AnbTepHaTHBY MalOTh OJJMHAKOBUH paHT
3HAYNMICTh
3 CnaOka [TepeBara onHi€l anbTepHATHBY TEpell IHIIIOI MaJIOTIEPEKOHITHBA
nepeBara
5 CuiipHa € HaIilHI TOKa3¥ iCTOTHOI IIepeBary OfHi€1 albTepHATHBH HaJl
nepeBara 1HIIIOIO
7 OueBuHa IcHYIOTB TEpEeKOHIINBI CBITYEHHS HA KOPHUCTH OJIHI€T aJIbTepPHATHBU
riepeBara
9 AbcomroTHa CBiJJueHHs Ha KOPUCTH MEepEeBard OJHi€l albTepHATHBU HaJl IHILOO 3
nepeBara HaOUIBILIOI0 MIPOIO TIEPEKOHIIMBOCTI
2468 [pomixHi BuKoprCTOBYIOTBCS, SKIIO HEOOXiTHIH KOMIIPOMIC
3HAYCHHS

DopmyeanHs AiHGICMUYHUX 3MIHHUX | mepmig. J{ns dopmanizaliii JiHTBICTHYHHUX JTaHUX, CKOPUCTAEMOCS
MOHATTAMH HewiTkoi 3MiHHOT (H3) 1 minreictnunoi 3miHHOI (JI3), BBeneHux B poboTtax [6].

Tix JI3 Oynemo po3ymiTu TaKy HEUiTKY MHOXKUHY, SIKiil IPUCBOEHO IESKY Ha3By 1 111 3MiHHA BU3HAU€Ha KOpTe-
xeM <A, X, A>, ne A — inenrudikarop H3, X = {x}— obnacts ii Busnauenns;, a 4 = | J #, /x — HM na X, sika 3a1ae
0OMe)KeHHS Ha HaOip YuCIIOBUX 3HaueHb H3 4 . xeX

s popmanizanii cy6’eKTUBHOTO 3MiCTy AKICHUX MOKa3HUKIB i moOynoBu PIT HeoOXiTHO BUKOPHCTOBYBAaTH
TaKi BUXi/Hi laHi: Ha3Ba mapametpy x| =Ln); miamason |x;,X; |, 3MiHM mapameTpy X, KillbKiCTh TEPMiB, sIKi 3aCTOCO-
BYIOTBCS [I/Is1 JTIHTBICTHYHOIO OIKCY MapaMeTpa X; Ha3sa Oyap-aKoro tepma JI3.

Just Buznauennst JI3 «Slkuit BrumuB 3aiicaioe @B Ha YVII» BiamosigHoro KOPTEeKY <YVIL Ty Xyyr™
HeoOXiHO 3azaty ii 6asoBy Tepm-mMuoxuny T, = {T.} (i=1,L, Ae L — KinbKicTh TepMiHiB, sKi BHKOPHCTOBY-
IOTBCS B SIKOCT1 HEHITKMX €TAIOHIB OI[IHIOBAHUX napaMeTplB). Bba3oBa TepM-MHOKHHA Takoi JI3 Bu3HauuMo n’saTbma
TepMaMH:

Tyz =Urlm= (“HU3bKA” (H), “HIDKYE CEPEJIHBOI'O” (HC), “CPEJIHE” (C), “BUILE CEPEJ-

HBOI'O ” (HC) “BUCOKA” (B)} [Ticns BU3HAUEHHS TEPMiHIB HEOOXIIHO 3aJ1aTH YHiBEpCaJbHY MHOXKHUHY X oy
Ha sKii OyIyTh 3a/1aHi [i HEWIiTKi €TaJOHH, a TOTIM n06yz[yBaTH ix OII.

Bubip memoody obpodxu HY. BUKOPHCTOBYEMO MaKCUMIHHHI METOI, 023010 IS SIKOTO € MAKCHMiHHA KOMITO-
sunis (MMK). [pyaTyrodncs Ha IpHHIUII y3aransHenns, MMK peamisyeTbcs 1BOMa OPOLEMYPAMH, TIEPIIA 3 SKUX
BHKOHYETBCS 32 (POPMYIIOFO:

Z=X%F= g {ﬂ_r (x; V"} ® E__“Jl [ﬂr ["; ]}‘."_,-' } = L;ng {”I[-\'.—' A piy [.T; ]/[" ®V; ]}, 3)

e X i f’ — HUY, s1xi MiCTATh BIAMOBITHO N i M KOMIIOHEHTIB; 3HAKAMU * 1 * MO3HAYEHO OJHY 3 ApH(QMETHIHUX
ormepariii +, + 1 OlHy 3 HeWiTKuX apu()METHUHUX onepamii +,~,X,¥ BiANOBINHO; y APYTil — 30IHCHIOETHCS
MOTYITMHAHHS ,E[eKlJ'II:KOX KOMIIOHEHTIB z,, k=1r (r — KUTBKiCTh KOMIIOHEHTIB 3 PIBHO3ZHAYHUMH HOCISIMH )
onnnm 2, (z,)/z, s 4. (z, ) = max (. z,j)

Obuucnenns ma leepnpemamﬂ pisns eniusy @B na BIl. PiBeHn BILTUBY ®B na bII 6yneMo oniHIOBaTH Ha
OCHOBI1 HEWiTKOI MOZIEN 3 0alIbHOIO IIKAJIOI0, SIKa pealtizye 6e3nocepem{bo KUTBKICHY OIIIHKY Ha 6eanepepBH11/I Bapi-
atuHoi N-6anbHor0 mkanoro. Ha mincrasi HewiTkoi Mojeni i Buxignux nanux (L a6oXi, I = n) OTPUMaHUX
ITiCJISL OMUTYBaHHS KOPUCTYBAYiB (IIPEACTaBHUKIB KCILTyaTaHTa), BU3HAYA€ThCS MOKa3HUK piBHs BBy @B PEHC
BIT (LS a6o ps).

OTpuMaHUH pe3ynbTaT iHTEPIPETYETHCS Yepe3 BU3HAYECHHS BiAMOBITHOCTI pO3pPaxOBaHOIO PiBHS Oe3NeKd
€TAJIOHHUM 3HaYeHHSIM, OTPUMaHUX Ha eTari (opMyBaHHS JIIHTBICTUYHHUX TepMiB. BUXi/Hi JaHi MpeaCTaBIAIOTHCS
SIK B JIHTBICTHYHIN (popmi, Tak 1 B yucnoBuii y Bunsani HY i piBaiB. CyTh OILIHKHK BiITOBITHO O Ii€i MO
HacTynHa. KopucTyBau BiIIOBiZae Ha MOMEPENIHBO POKIPOBaHI 3alUTAaHHS (KOMIIOHCHTH CKCIICPTHOTO 3alUTy) 3a
CKJIaZieHO0 eKcrepToM N — GalbHOI0 IIKaIor0. Jlialma3oH MIKadH MOXKE BapilOBAaTHCS 1 3aJICKHTH Bill CKIATHOCTI
OLIIHKH CHUTYyalliil. BU3HaueHHs cTaHy Oe3MeKH pealizyeThes 3a pe3yabTaTaMi OIIUTYBAHHS KOPUCTYBAYiB CUCTEMHU
3TiJHO CKJIQIIEHOTO eKCIIepTaMy MUTAHH:, KOMIIOHEHTH SKOTO TOIEPEIHbO PAHKYIOThCS depe3 Bu3HaueHHs KB
P\j=1n), ne 1 — KinbKicTh KOMIOHEHTIB.
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st pamxupyBaHHs Oy1eMO BUKOPHCTOBYBATH METOJ HA OCHOBI mepeTBopeHoi Marpuli A4’ =(a], ), oTpuma-
HOT Ha TiICTaBi MaTPMIi MApHUX MOPIBHAHL 4 =(a | (1uB. Tabn. 4). EneMenT nepeTBOpeHoi MaTpuili BU3HaYa-
€THCA SAK:

100a,
—, Vi< j:iv=i,w=j;
a;, +1
a; =141, Vi<jiv=w=j=1i 4)
100 . .
, Vi<jiv=jw=
aj+1

nei=j=1n
3nauenns KB P, (i =1, n) JUTSL KOYKHOTO 3 MATaHb KCIIEPTHOTO OMUTYBAaHHS OOYHCITIOEMO 32 (POPMYJIIO0

n
’ . .
=Zaj,Vl¢]. (5)
J=1
B
ITicns Busnauenns KB 3nificHioeThes iX Hopmanizanis 3a Bupasom PN, = ——— TakuM 4nHOM, 11100 BUKOHY-
BaJlacs yMoBa 3 PN, =1, >P

-1 i=1

Jianaszon [X X, X; KX =0,X,=N, ) 3MiHM napameTpa X ,(j =1,n) (Nj- MaKkcHMambHO MOMIHBA Killb-
KiCTh 0aJliB IO KO)KHOMY l'[I/ITaHHIO) B1H06pa)Ka€TI>C$I Ha yHlBepcaanm MHOXxHHI etanoHanx HY U = [0, L — 1]
(L — KiIBKICTb CTAJIOHIB), JULS OTO (IKCOBAHE 3HAYCHHSI X € X ,, X, 1epepaxoByeThCs B BiANOBIIHMAIT €ICMEHT
U’ €[0,L-1] no popmyi [17]:

U, =(L-1)=L—. (6)

irre)q: — . .
[pu mpomy OIT H; (U j ),l =1,L neuirxoro TEpMY C i-M HOMEPOM OOUHCITIOETHCS 32 JOMTOMOTOIO BHPA3y:

;f;f[L';_]{%} . @

1+(U —i+1)

ne PN . ;=T KB, oOuucieni 3a OLiHKaMH €KCIEPTiB AJIsl KOKHOTO KOMIIOHEHTA BHUILEHABEEHOTO eKCIIepT-
Horo 3anuTy. Ha 3aBepiuanbHiil cragii Bu3HauaeMO NOKa3HUK piBHSA BIUIMBY Ha BII 3a HACTYNHUM JIOTTYHUM BHUpa-
30M:

% L n
-): VoA
i=1lj=1

e (®)

ne i =1, L Homep Tepma i3 6a30B0i TepM-MHOKHHU T, a j = 1,77 HOMEP KOMIIOHEHTHU EKCIIEPTHOTO 3aITUTY.

Ipuxnao 2.3. Hexaii X = {X1, ..., X7} — MHOXHHA, 110 BU3HAYA€ CUTYallii, 10 IKUX MPU3BOJUTh BiATIOBIAHUN
OB. [nTeprperalis IUX CUTyalild HaBeleHa B Ta0J. 2, a MATPULI MapHUX HNOPIBHIHB cuTyauiil (1), nponymepoBa-
HUX Y TIOPSIIKY, TOJaHHS Y MHOXKHHI X, CKIIQJICHOI Ha MiIcTaBi TalI. 4, Ma€ BUTIIAA

1 3 5 7 7 7
l15553
3
ll11137
5 5
1 1
A=7gll335 )
Ly by s
7 5 3
[ R
7 3 3 3 3
T n
9 7 7 5 5 5
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Heo6xinno nodynysatu HM A , sixa nopmanisye nonsrrs «®B nanoi PEHC npussoauts g0 Y VYII». Barosi
Koe(ilieHTH BiANOBIAHO 0 popMynu (2) BU3HAYAIOTHCA HACTYITHUM YHHOM:

1
, J1357779_1688w—\/155537—1596

a)3:\/;;11137—1449 a)—\/11335—1448

wsle Ll ss 2 1403 J AL s 21333,
75 3 7 333
7:d1.1.1.1 L 104
977555

Ticns Hopmanisauii otpumaemo: ,(6,)=1; 1, (6,)=0,945. 1, (6,)=0,858 ; My (54 ) = 0,857,
My (55 ) =0,831; u, (56 ) =0,790; 45 (57 ) = 0,654 . Orpumane HY npencrapieHo Ha puc. 3. Sk BugHO 3 puc. 3,
roro @II mae criaarounii Xapakrep.

w(x)
1

0,8

0,6

0,4

1 3 5 7

Puc. 3. HeuiTke unco, 1o o1iHioe cTyninp BBy OB

EnleMenTH niepeTBOpEHHSI MATPUII BIAMOBIAHO 10 BUpa3y (4) MaTUMyTh TaKi 3HAYCHHS:

1 75 833 875 87.5 875 90
25 1 833 833 833 75 875
167 167 1 50 50 75 875
A=(a)=125 167 50 1 75 75 833 . (10)
125 167 50 25 1 75 833
125 25 25 25 25 1 833
90 12.5 125 167 167 167 1

Me3xi 3MiHH Jiana3oHy MIKAJIH BiATIOBiEH 3a7ae eKCHepT AJIsl KOXHOIO KOMIIOHEHTa okpeMo. Hexait, Hanpu-
KJIaJ, JUIA BCIX KOMIIOHEHTIB MexXi oJHakoBi [0; 5], Xxo4a MpakTHYHO BOHM MOXKYTh OyTH 1 pi3Hi. BukopucTtoByroun
MaTpUIIO NMAapHUX piBHAHB (9) 1 mepeTBopeny marpuio (10), obuuciumo KB 11 Ko)KHOTO KOMIIOHEHTa eKCIepT-
HOTO 3aITUTY. o

3aHeceMo B Tabm. 5 pesysbTaTh obunciennss KB g Bcix KOMIOHEHTIB Pj( j= 1,7), HopMaui3oBani KB

PN, [ =1 ?] 1 BiATIOBi i KOpI/ICTyBa‘{lB _ T A —
( 2137) iu (Uj )al =17, a pe3yibTaTH

BuxkopuctoByroun Bupasu (5) 1 (6), BU3HaYa€MO 3HAYCHHS U
00YHCIICHb 3aHOCHMO B Ta0II. 6.
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Pe3ynbTaTi ONUTYBAHHSA KOPUCTYBAYiB Ta eKcIepTiB

Tabmaurs 5

Homep L o Binnmosiai
KOMIIOHEHTH Pj ( j= 1,7) PN, (j=17) (*B 0anax)
i) X.(i=17)
1. 75+ 83,3 +3%87,5+90=511,5 0,266 1
2. 25 +3x83,3+75+87,5=4374 0,228 2
3. 2%16,7+ 2x50 + 2x75+ 87,5 =370,9 0,193 1
4. 12,5 +16,7 + 50 + 2x75 + 83,3 =312,5 0,162 3
5. 12,5+16,7+50+25+75+83,3=262 0,136 3
6. 12,5+ 4x25+ 83,3 =195,8 0,102 4
7. 90 +12,5+12,5+3%x16,7=165,1 0,086 5
Tabmuis 6
Pe3ynbTaTn o0unciieHn
Homep U:, o, o, . o o
KOMIOHEHTH e 2 (Uj ) Hy (Uj ) 5 (Uj ) M (Uj ) Hs (Uj )

) (j=14)
1. 1,2 0,190 0,930 0,398 0,068 0,017
2. 2,4 0,047 0,177 0,789 0,612 0,132
3. 1,2 0,300 0,948 0,513 0,142 0,053
4. 3,6 0,050 0,098 0,237 0,706 0,846
5. 3,6 0,082 0,142 0,299 0,746 0,868
6. 4.8 0,103 0,142 0,211 0,357 0,702
7. 6,0 0,114 0,141 0,182 0,250 0,380

3rizHo 3 BUpazoM (8) 3HaXoAMMO MoKa3HUK piBHs BBy @B Ha YVII:

s

usli)= v R =[aa!(1L2) m g} (2,4) m g (L2) A 1 (3,6) A 117 (3,6) m pf (4.8) A 1] (6)]v
v 2) A 12 (2,8) A 13 (1L2) A 123 (3,6) A 45 (3,6) A 115 (4.8) A 1] (6)]v
v L2) A 1 (24 n 2 (1L2) A 1 (3.6) n 17(3.6) 1 (48) A 1] (6)]v
v (12) A 1 (2.8) A 2 (1.2) A 45(3.6) A 115(3,6) A 115(4.8) 2] (6)]v
V[ 2) A 22 (2,8) A g2 (1,2) g2 (3,6) A 5 (3,6) A 1l (4.8) 12 (6)]v
v (L2) A 113 (2.4 A 0 (12) A 11(3,6) A 125(3,6) A 11 (48) A 12 (6)]v
V[ (L2) A 122 (2,8) A 13 (1L2) A 125(3,6) A 425 (3,6) A 115 (48) A 417 (6)] =
=[0.19 A 0.047 A 0.3 A 0.05 A 0.081 A 0.103 A 0.114]v
vy [0.93 A01TT A 0948 A 0,098 A 0141 A 0,142 A O.]4]v
v [0,398 10,789 A 0,513 A 0,237 A 0,299 A 0,211 A 0,182]v
v [0.068 A0612 A 0142 /0,706 A0.746 A 0357 A O.25]v
v [0.0]T A 0132 A0.053 A0.845 A 0.868 ~ 0.702 A 0.38]=
=[0,047 A 0,098 A 0,182 A 0,068 A 0,017]=0,182
I3 Tab11. 6 BUIHO, 1O OGYHCIIEHE 3HAYCHHS [ = W, (TOGTO i =3), TOMY JUIA IPHAHATTS illleHHs BHOUPACTLCS
HewiTkuii TepM T3, HasBa sikoro «CepeHiii», 1o Bu3Hauae pisens BBy OB Ha VYII. Ha ocHOBI 116010 TBEp-

JDKCHHS 1 IMOBIPHICHUX XapaKTEPUCTUK, OMMUCAHUX BUIIE, MOXKHA MPUUHATH pimeHHs npo BinHecenns @B PEHC
JIO BiJIMIOBITHOTO KJIACy OCOOIUBUX CHUTYAIIii.
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BucHoBKM. 3anponoHOBaHa iepapxidHa cucteMa Kinacudikanii paxioenekrpoHHux cucteM I1C, mo no3Bonse
OOIPYHTOBaHO BHOPATH MOKA3HUKH €(EKTUBHOCTI iX excmyararii. Iloka3aHo, 10 B SIKOCTi IMOBIpHICHHUX HOKa3-
HUKIB U1 orisHyTHX KiaciB PEHC TTC noninsHo BukopuctoByBatu KI' i EMIBP, a B SKOCTi TeXHiKO-eKOHOMIYHOTO
MOKa3HUKa — MOBHi ekciuryarauini Butpatu (IICE3).

OOrpyHTOBaHI BUMOTH JI0 TpaHUYHUX 3Ha4eHb iiMoBipHOCTeH DB B mepion momsoty I1C. Po3pobireHo ori-
KO-TIHrBicTHUHUI MeTo knacudikarii ®B PEHC no knacax ocoOnuBHX CHTYyaIlil, M0 0a3y€eThes Ha TEOpii HeviT-
KHX MHOXXHH, CKJIQJICHHH METOJ J03BOJISIE NMPOBECTH aHaNi3 BIuBy @B Ha Oe3meKy MoibOTIB y BUMAIKaX, KOIA
BiJICYyTHI HeoOXiMH1 okasHuku HamiiHOoCcTI PEHC nis onminku fimoBipHOCTed @B 1 1yt THX cUTYaIliid, iIMOBIpHICTB
BUHHUKHEHHS SKUX OLIHUTH HEMOXIIHBO.

Ha mincrasi po3podnennx knacudikartiit nokasuukis epexruHocTi PEHC i cuctem TO 3anponoHOBaHO KpH-
Tepiil, sKuid, Ha BIIMIHY BiJl BIJOMUX, JO3BOJISIE 3MIHCHIOBAaTH KOMIUIEKCHY onTuMizaiiro cuctemu TO 3 ypaxyBaH-
HSIM TIOKa3HHKIB JIOCTOBIPHOCTI, MEPIOAUIHOCTI KOHTpOJII0, cTpykTypr HACK 1 06csry O®.
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IHTEPMOJIAJIBHI IEPEBE3EHHSI: BAPIAHTH KOMITO3HIIIT
I YHACTDb MOPCBKOI'O TPAHCIIOPTY

B pobomi 0ocridscero Oeginiyito «8i0 deepeti 0o dgepeii» GiIOHOCHO IHMEPMOOATbHUX Nepese3eHb, PO3LIAHYMO ii asmop-
coki maymavenns. Posenanymo eusnauents iHmepmooanbHux nepegesets K pisHo8Uy MyTbmuMOOdIbHUX Nepese3etn, 6Cma-
HOBJIEHO 11020 03HAKYU 8IONOGIOHO 00 YKPAIHCHKO20 3aKOH00ascmad. Busnaueno nowamkosi i kinyesi mouxu, akumu popmyemocs
IHMepMOOaibHe nepesesen s i nepeniveHo yMosu inmepmooarbHocmi. Ioenmugikayis nouamxy i Kinys iHmepmooanbHo2o nepe-
BE3EHHA € BANCIUBOIO 3 MOYKU 30pPY 6CMAHOBNEHHS MiCle3HAX00JICeHb NPUUHAMMA ONEPamopoM iHmMepMoOdIbHO20 nepese-
3eHHA BION0BIOANLHOCTT 3a 8aAHMAMC | N030A6IeHHs 8i0 Hel. /i 00Ka3y HeoOIPYHMOBAHOCI meepddceHb o0 00CTNABKU
«8i0 0sepeli 00 d6epetly, AK 03HAKU THMEPMOOATbHO0 Nepede3eHHs, HA8e0eHO MeXHONORIYHI Kapmu iHMepMOOaIbHOT d0CmasKu
8i0n06ioHo do xonmpaxmie CIF i FOB, sixi mooicymb 6ymu iHmepmoOanbHuMy, aie He nog a3yioms 0sepi ckiady 8ionpasHuxa
3 dgepuma sanmancoodepircysaya. Lfi npuxiadu intocmpyromos medxci iHMepMoOaibHO20 nepege3eHHs ni0 i0N0GIAIbHICHIIO
onepamopa i OiIAHKY, 0e nepeseseHtst i00y8aembCs N03a 1020 Mexcamu i He nionadaioms nio 8ionogidarbHicms onepamopd.
Taxe posmedicy8anHs 6CIMAHOBTIOE PI3HI CIMAMYCU 0718 3A3HAYEHUX 080X NEPEGISHUKIS I, AK HACTIOOK, PI3HULL Pi6eHb 8ION08IAATb-
HOCI 3a 6mpamy i nopyy, 3ampumxy eanmanicy. locrioscents pynmyemoca Ha 6a3i GUSHAUEHHS IHMEPMOOANbHUX NEPese3eHb
6i0N0BIOHO 00 HAYIOHATILHO20 3AKOHONABCMBA, A MAKONC A8MOPCHKUX (opMyn0sans yiei deiiniyii, AKy HA0arOMsb YKPAIHCHKI
i 3aKopOOHHI HAYKOBYI 6 C60IX nyonikayisx. B pesynbmami 6cmano6ieni HACMYnHi BUCHOBKU. KIIOYOBUM YUHHUKOM ) MPAHCPHOp-
Mayii 36UYAlIHO20 Ce2MEeHMOBAHO20 NEPeBEe3eHHs. HA THMEPMOOUIbHE € He NPOCHO GUKOPUCTNAHHS KLTLKOX 8UOI8 MPAHCNOPHLY,
a came maka ix 63aemoois, AKka 3abe3neyye 3'€COHAHHS MIdIC HA3EMHUMU A MOPCLKUMY OLTAHKAMU Mapwpymy. Biomaxk, y pamxax
MPAHCROPMHO20 3a0e3nedeH s MINCHAPOOHOT MOP2IBNT Y4aACMb MOPCLKO20 MPAHCNOPHTY € HEegi0 EMHOI0 CKAa008oi0. IHmep-
MOOANbHe nepese3eHHst He 0008 3K080 OXONIIOE Y8ech ULTAX «8i0 0sepell 8IONPAHUKA 00 08epell OMPUMYBAUAY. — BOHO MOJICe
NOYUHAMUCS ADO 3a6EPULYBAMUCS 8 THUUX MOUKAX MaAPWpymy ionosioHo 0o 0bpanux OA3UCHUX YMO8 NOCMABKU, NPU YMOGI
30epedicents, GUSHAUEHUX O3HAK «IHMEPMOOATbHOCMIY. 3a OY0b-AKUX YMO8 NHOCHAYAHHS MOBAPIB, KOJHCHOMY iHMEpMOOATbHOMY
nepeseseHHio 8i0N0GidAc 00UH Onepamop IHMepMoOaiIbHO20 NEPede3eH s, KUl 6UAE HACKPI3HUL MPAHCROPMHUL OOKYMeHM,
w0 3abe3neyye 38 30K Midic 6IONPAGHUKOM | 00epAHCY8aAteM.

KitiouoBi ciioBa: inmepmooanshi nepegesents, mpancnopmua 00UHUYs, MOPCcoKe nepesesenHs, JiHitine CYOHONIABCMNEO,
KOHMeUHepPHI nepeee3eH s, 3MIUAHT nepese3eH s, MYTbMUMOOATbHI Nepe6e3eHHs, KOMOTHOBAHI nepede3eHHs, Opeanizayis nepe-
8€3€eHb, YNPABNiHHSA nepese3eHHAMU.

Drozhzhyn O. L. Intermodal transportation: composition options and the importance of maritime transport

The paper examines the definition of “door-to-door” in relation to intermodal transportation and considers its author's
interpretations. The definition of intermodal transportation as a type of multimodal transportation is considered, its features are
established in accordance with Ukrainian legislation. The starting and ending points that form intermodal transportation are
identified and the conditions of intermodality are listed. Identification of the beginning and end of intermodal transportation is
important in terms of establishing the locations where the intermodal transportation operator assumes and disclaims liability
for the cargo. To prove the groundlessness of the statements about door-to-door delivery as a sign of intermodal transportation,
the author presents technological maps of intermodal delivery under CIF and FOB contracts, which may be intermodal, but do
not connect the door of the sender's warehouse with the door of the consignee. These examples illustrate the boundaries of inter-
modal transportation under the responsibility of the operator and areas where transportation takes place outside the operator's
boundaries and is not the responsibility of the operator. Such a distinction establishes different statuses for these two carriers
and, as a result, different levels of liability for loss and damage, and delay of cargo. The study is based on the definition of inter-
modal transportation in accordance with national legislation, as well as the author's formulations of this definition provided by
Ukrainian and foreign scholars in their publications. As a result, the following conclusions have been established.: the key factor
in transforming conventional segmented transportation into intermodal transportation is not just the use of several modes of
transport, but rather their interaction, which provides a connection between land and sea sections of the route. Therefore, the
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participation of maritime transport is an integral part of the transport support for international trade. Intermodal transportation
does not necessarily cover the entire route “from the sender's door to the recipient's door”. — It may begin or end at other points
along the route in accordance with the selected basic terms of delivery, provided that certain “intermodality” features are main-
tained. Under any conditions of supply of goods, each intermodal transportation is managed by a single intermodal transport
operator, which issues a through transport document that ensures communication between the consignor and the consignee.
Key words: intermodal transportation, transport unit, sea transportation, liner shipping, container transportation, mixed
transportation, multimodal transportation, combined transportation, transportation organization, transport operation.

IHocTranoBka 3aBnanHs. BinnosinHo 10 3akoHy «IIpo MynbTHMOAaIbHI IEPEBE3CHHS ONEPATOpP MYJIBTH-
MozanbHOro nepeseseHHs (OMII) — cy0’ekT rocofaproBaHHs, SKUI yKIaJa€e JOrOBip MyIbTUMOJAILHOTO EpeBe-
3€HHs, IpUIIMae Ha yac epeBe3eHHs 111 CBOIO BiIMOB1IalbHICTh BAHTAXK, 0()OPMITIOE JOKYMEHT MYJIbTUMOJAIBHOTO
MIEPEBE3CHHS Ta 3IMCHIOE YU 3a0e31euye 30iHCHEHHS TePEeBE3CHHS BAHTAXY 0 MicId pru3HadeHHs [ 1]. OcKinbku
IHTepMOJIaIIbHI TepeBE3CHHsI BAHTAXKIB € POJOBUM IOHATTSIM 110 BiZHOMICHHIO 10 MYIIBTUMOAAIBHOTO, BC1 O3HAKU
MYJIBTUMOAAIILHOTO KOPEKTHI 1 10 IHTepMOAAILHUX MepeBe3eHb [2]. Buxonsun 3 mboro, B KOHTEKCTI JOCIIKCHD
iHTepMOAanbHUX NiepeBe3ensb (II1), ik pi3HOBHIY MYITBTUMOIAIBHHX, BC1 BIACTUBOCTI OCTaHHIX € 3aCTOCOBHHUMH.

Jlo ocoOnuBoCTel iHTEpMOAANBLHUX IEPEBE3EHb € 1HIWBIMyaTbHUI CKJIa] TEXHOJOTIYHUX, OpraHi3allii-
HUX 1 (IHAHCOBHMX BHMOI' BaHTA)XOBIJIIpaBHHUKA A0 omepaTopa iHTepMomaiabHOro mepesesenHs (OII) 3 meroro
3a0e3MedYeHHs IKICHOT JOCTaBKU ApiOHONApTIOHHOTO BaHTaXy B iHTepMOAalbHil TpaHcnoptHiil ogununi (ITO).
CkJaiHICTh 3MICTY 3aBJIaHb [0 BiJHOIIEHHIO APiOHUX BiMPABIEHb € HACTIAKOM B MEPIIY Yepry Pi3sHOMaHITHOCTI
CaMMX TeHepaJbHUX 1 TApPHO-IITYYHUX BAaHTAXIB, SKi MPEACTABIAIOTHCS N0 NEPEBE3€Hb, IIUPOTO0 HANPSIMKIB
nepeBe3eHHs], 0araToBapiaHTHICTIO MOTEHIIHO MPUUHATHUX OpraHi3aliiHUX 1 TEXHOJOTIYHUX PIlIEHb TaKOTO
MEePEeBE3EHHsL.

AHaJi3 ocTaHHIX AOCTiTKeHD i myOmikanii. YJacHUKY epeBe3eHHs, SKi MPUIMaIOTh YIacTh pU PopMy-
BaHHI IHTEPMONAIBHOI TPAHCIIOPTHOI CHCTEMH B KOHTEKCTI BaHTaKHHUX TPAHCIIOPTHO-PO3MONUIEINX KOMILICKCIB
(TPK) Gymo mocmimkeHo B poborax O. M. Tlonsikoroi [3]. CkiiaoM yYacHUKIB IHTEPMOJAIBHAX B YMOBaxX KOOIIE-
pamii .... [4-8]. OCHOBHI y4acCHUKH MPOIECY IHTEPMOAAIBHOI JJOCTABKH B YaCTHUHI OOCIYyrOBYBaHHS KOHTEHHEPIB
B MOPCBKHX MOpTax BU3Ha4YeHi B poboTtax [9, 10].

Tpeba 3a3HAYNTH BEIMKY KUIBKICTH ITyOIIiKaIliid, B IKHX aBTOpPaMH «HACKPI3HICTB» OpTraHi3amii Takoro mepe-
BE3EHHSI MOIAETHCS Uepe3 MOB’ I3aHHS IBOX MICIETIONOKEHb — CKJIaJ] BAHTAXOBIAIIPAaBHUKA / CKIIaJl OTPHUMYBada.
B sikocTi npukiasy MOUIMPEHOCTI 3B S13Ky MOHATH «IHTEPMOJATbHE MEPEBE3CHHs» 3 JTOCTABKOIO «BiJ| IBEpeil 10
IBepei» B Ta0i. 1 HaBeneHo nepenik nyomikamniil ykpaincekux [11-15], 1 3akopgonHux HaykoBwiB [ 15-20] (Tabmn. 2),
SIKi BCTAHOBITIOIOTH TAKHi 3B'130K B aBTOPCHKUX BH3HAUCHHSX.

Tabmuns 1
3B's130K MOHATTS iHTEPMOJAAIBLHUX NEepeBe3eHb i3 T0CTABKOI0 «Bi/l ABepei 10 ABepein»
B NyOJikanifax ykpaiHCbKUX aBTOPiB
Jxepesio | Tesa
IHTepMOaNbHi TepeBe3eHHS
«IHTEepMOIaTBHI ITepeBE3CHHS — Iie 3MilllaHi TepeBe3eHHS «BiJ] IBepell 10 IBepei», MO MiArOTOBIIOIOTHCS

1 1 BUKOHYIOTBCS. . .».
12 «Jo iHTepMOL[a:l:I'I)HI/IX NepeBe3eHb BiTHOCSATD .TpaHCHOpTHO—TGXHOJ'IOFi‘IHy cHeTeMy opraHiEauﬁ nepese-
3€HB ..., IPH sIKill IepeBE3CHHS «BAHTAKHOTO MiCIIsH» BUKOHYETHCS ... TI0 BapiaHTY «BiJl ABEpei 10 IBepeii».
13 iHTepMozaIbHe TePCBE3CHHS nepeL[Gavqae opraHiisauilo MIOCITIJOBHOTO NEPEBE3CHHS BAHTAXIB ... B MEXax
TPaHCIOPTHOTO JIAHIOTA (Bill «IABepei 10 IBepei»).
IarepmonanbHi nepeBe3eHHs (intermodal transport) — ... Ile ciucrema TpaHCTIOPTYBaHHS 3 BUKOPHCTAHHIM
13 JIBOX a00 Olybllie BUIIB TPAHCIIOPTY JUIs TIEPEBE3eHHS OHIET 1 Ti€T )k BaHTaXKHOI OAMHHUII B paMKax KOMII-

JIEKCHOTO TPAHCIIOPTHOTO JIaHINora (BiJ ABEpelt 10 ABepeit).
MynbTUMOJIAJIbHI IepeBE3SHHS

«MYITBTHMOJIANIBHI TIEPEBE3CHHS — 1€ IHTErPOBaHA Ta B3aEMO3B’s3aHa TPAHCIIOPTHA CHCTEMA, 3aBIaHHAM
14 SIKOT € IPUCKOPEHHSI, 3CLICBICHHS Ta CIIPOLICHHS TEXHOJIOTIYHHUX TPOLEAYP YIPOIOBK IIOBHOTO JIAHIFOTA
JOCTaBKH «BiJl ABEpEii 10 ABEpei».

IIOHATTA ((MyJ'lBTI/IMOlIaJ'IBHi TMEPEBE3CHHA)» BU3HAYCHO K NECPEBE3CHHA BAHTAXY, 11O OAHOYACHO BUKOHY-
15 €TBCS IBOMa 200 OiJibllle BUAMHU TPAHCIIOPTY, OPraHi30BaHO OJIHUM OIIEPaTOpOM, sIKMi Oepe Ha cebe Bij-
MOBIAJIBHICTH TOCTABKM BaHTAXY «BiJI IBEpeil 10 ABepeii».

Meta nocaimkenns. Hamonansanm 3akoHomaBcTBoM [ 1] BU3HAYEH] yUaCHUKH MYJIBTHMOIAILHOTO IIEpEBe-
3CHHS BAaHTAXIB SK HACTYIIHI:

— OIepaTopy MYyJIBTHMOIAILHOTO MIEPEBE3CHHS;

— 3aMOBHHKH MMOCIYTH MYJIBTUMOAATBHOTO IEPEBE3CHHSI;
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Tabmnurs 2
BusnaueHHs1 iHTepMOIaIBbHOIO NepeBe3eHHsI Yepe3 I0CTaBKY «Bijl 1Bepeii 10 1Bepeii»
B nyOuikanisx iHo3eMHHX aBTOPiB

Jxepesio Buznauenus Ilepexkyiaa ykpaiHCbKOI0

Through transport of a container and its [epeBe3eHHs KOHTEWHEpa Ta KOTO BMICTY BiJl BiJIpaB-

16 contents from consirnor to consignee. Also HUKa 10 ofepKyBaua. Takox Bimomwuii sik «House to
known as House to House. House»

17 Shipping s’ervice from shipper’s door to [Tocnyra mocTaBkM BiJl ABepell BAaHTAXKOBIAMPaBHUKA JI0
consignee’s door. JIBEpei BAHTAXKOOAEPIKyBaya.

18 Ship.ping service from shipper’s door to [Mocmyra 3 MOCTAaBKY BiJ ABEpEH BiApaBHUKA IO JBE-
receiver’s door. peii onepxyBada.
Door-to-Door. Shipping term denoting Bin nBepeii 1o nBepeid. TepMiH, 1110 03HAYAE MOCITYTH 3

19 shipping services from the shipper’s door to JIOCTaBKH Bij ABEpel BaHTAXXOBIIPaBHUKA JI0 ABEpEH
the consignee’s door. BaHTaXKOOJICP)KyBaya.
In one of its most widely accepted meanings, |B ogHOMY 3 Hal0iIBII MOMIMPEHUX 3HAYEHD IHTEPMO-
intermodal freight transportations refers to a | nanbpHI HepeBe3eHHs BAHTaXIB — 1€ MYJIBTUMOJIAJIHUN
multi-modal chain of container -transportation |JIaHI[IOKOK KOHTEHHEPHO-TPAaHCIIOPTHHX mociyT. el

20 services. This chain usually links the initial JIAHITFOXKOK 3a3BHYAi MOB'SI3Y€ ITOYaTKOBOTO BiIIpaB-
shipper to the final consignee of the container |HHKa 3 KiHIIEBUM OJIep>KyBadeM KOHTEIHepa (Tak 3BaHa
(so-called door-to-door service) and takes MoCJIyra «Bij ABEepei 10 ABepei») i 3AIHCHIOEThCS Ha
place over long distances BEJIMKI BIJICTaHI.

— (paxTUYHI IEPEBI3HUKY;

— BJIACHHWKH MYIBTUMONAIBHUX TEPMIiHAMIB a00 cy0’€KTH TOCIONAPIOBAHHS, Y BOJOAIHHI Ta KOPUCTYBaHHI
SIKMX Ha 3aKOHHUX IiJICTaBaX 3HAXOAATHCS MYJIBTUMOAATIBHI TEPMiHAIIH;

— TpeTi ocobw, 3aITydeHi 10 HaZaHHs MOCIYTH MYJIBTUMONANEHOTO ITEPEBE3CHHS.

Yepes Te, 10 BiTHOCHO «MYJIBTUMOAIBHOTO TIEPEBE3CHHS» (SIKE 3a3HAUYAECTHCS B OHUHI) IPOTUCTABISETHCS
«OTIEpPaTOpW» Y MHOXCHI MOCTAE MEBHE HEMOPO3YMIHHS 3 MPHUBOAY TOTO, UM MOXKE €IWHE MYIETHMOAAIbHE (YU
IT1, six #oro pi3HOBHUI) 3a0e3medyBaTiCs AeKiTbKoMa oneparopaMu. [ HagaHHs 0OrpyHTOBaHO BifmoBiai, Tpeda
PO3NISIHYTH BapiaHTH OpraHizamii iHTepmonansHux nepesesders (II1) i crarycn kommaHild-TIepeBi3HUKIB, SKI TPH-
HMAalOTh B HUX y4acTb.

Mera cTarTi. 3 HaBeJIeHUX BU3HAYEHb JTOCTaBKHU «BiJ] IBEpel 10 JBEpeil» BUIUIMBAE YsIBA IIOI0 MOXKIUBOCTI
€IMHOTO TIIyMa4yeHHs BUpasy «door-to-doory, sik Takoro, sSIKUil BCTAHOBIIIOE [TOE€JHAHHSA TIOYATKOBOI 1 KIHIIEBOT TOHUOK
JIOCTaBKH: BiJl CKJIaAy BiANIpaBHUKA 0 CKIIaay oTpuMyBada. OCKIIbKY BU3HAYEHHS YITKO MICTATh IIOYATOK 1 KiHEellb
BiJIIOBIaIBHOCTI TIEPEBI3HUKA, OUEBHIIHO, IO B IIbOMY KOHTEKCTI O3HAKY «Bill IBEpEH 10 ABEpEi» HEMOMXKIUBO
CHpUHAMATH SIK TOTOXXKHE BIIACTUBOCTI IHTETPOBAHOCTI BHJIIB TPAHCIIOPTY, YH HEMEPEPBHOCTI (HACKPI3ZHOCTI) TpoIIe-
ciB, siki BinOyBatoThcs npotsroM IT1. HacmigkoMm mboro ctae oapasy 1Bl HEBU3HAYEHOCTI: UM BTPAYAEThCS IHTEPMO-
JATBHICTB, SIKIIO 1T 3aKiHdy€eThCs (UM MOYMHAETHCS) HE B TOYKAX «JIBEP1 BIANPABHUKA/OTPUMYBaday, 1 SIKIIO TaKe
MOXKJIMBE, Ui MOXKe ofiHe i Te came II1 Oytm opranizoBaHe Ounbmn Hix omHuM OIIl. MeToro cTaTTi i € yCyHeHHS
HEBU3HAYEHOCTEH, BKA3aHNX BUIIE.

Buxnax ocHOBHOTo MaTepiaJjy. BinmoBiaHo 10 icHY(0401 IPaKTHKX IHTEPMOJAIEHOTO 00CITYTOByBaHHS BaH-
TaXiB, TEXHOJIOTIUHI MpoLecH, sIKi 3a0e3MeuyloThCcs OIepaTopoM iHTepMmopanbHoro nepesesenHs (OIIT), moxHa
MOJIIIUTH HA 2 KaTeropii:

— OCHOBHI (Ti, sIKi Oe3MmocepeIHbO MOB’A3aHi 13 TPAHCIIOPTHUMH OTlepauisiMu 1 HikcyroTbes B JokyMeHTi I11);

— JIOJaTKOB1 MOCIYTH (CTpaxyBaHHS, aKyBaHHs, ClopBeil Toio), siki OIIl Hajgae 3aMOBHUKY 1032 MeXaMu
MEPEBI3HOTO MPOIIECY 32 OKPEMUMH JOTOBOPAMH.

Yepes Te, 1110 MKHAPOJIHI IHTEPMOJAJIbHI MTEPEBE3CHHS MOTPEOYIOTH Oe3mocepeIHbO1 (hi3MIHOT yUacTi orre-
paropa B TEXHOJIOTIYHOT OTIEpallisx, SKi BiIOyBaIOThCS 32 KOPJOHOM Ha JISTKUX TUIIOBUX JUIS JOCTABOK 13 3aJIy4eH-
HSIM MOPCBKOTO TPAaHCIIOPTY YMOBax JIOCTaBKH «BiJl ABepei o aBepeit» (Biamosigarore EXW, DDP 3a Inkotepmc
2020) omepaTopyu BAAIOTHCS 0 MOCIYT 3aKOPIOHHOI MEpPEsKi areHTiB, Ha SIKMX MOKIAHaroThCs (QyHKII 13 3a0e3me-
YCHHS TaKUX OIepalliii 3a KOPIOHOM. B 4HCI0 TaKuX OCHOBHUX (DYHKIIIH BXOAATH TaKi, sIKi OB’ s13aHi i3 hakTHIHUM
MEePEeBE3CHHAM Ha36MHUMH BHUJAMH TPAHCIIOPTY, BHYTPIIHHO-TIOPTOBUM E€KCIICUPYBAaHHSIM B 1HO3EMHOMY TIOPTY,
KOHTAKT 3 BaHTa>KOBIANPABHUKOM/BaHTAXKOOAEPKyBaueM i T.A. besyMoBHO, opraHizoBaHi Ta TaKUX yMOBax oIepa-
TOPOM IepeBe3eHHsI MepeOyBaroTh y 30HI BUKIIIOYHOI BiJNIOBIIABHOCTI Omeparopa sK JOTOBIPHOTO MEpeBi3HUKA,
SIKUH Ji€ K TMEepeBI3HUK «act as carrier», HE3aJIeXKHO BiJl KUIBKOCTI MiIPSIHUKIB, AKHX BiH BUHAMa€e 3 METOIO
oprasi3arii mepeBe3eHHs 1 XapakTepy poOiT, sSKi BOHH BUKOHYIOTH 32 3aMOBJICHHSIM OIEpaTopa, SKIIO TUTBKA Taki
POOOTH BITHOCSTHCS IO «OCHOBHHXY, IPUKJIAIN SKUX 3a3HAYCHI BUILE.

[opsim i3 TUM, TpakTHUKa IHTEPMOAAJILHUX IIEpeBe3eHb Iependadac BHIMANKU, KONM 3aMOBHHUKH ITIepeBe-
3CHHS BUMAraroTh JIOJaTKOBHUX CEPBICIB ITiJ Yac IMEPEBE3CHHS, SKi HE Imepen0adeHo JOoroBopoM nepeBeseHHs. Taki
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JIOIaTKOB1 MOCIYTH ( 3 OpraHi3allii CIOpBeEpPCHKUX MOCIYT, CKIIa{yBaHHS, CTPaXyBaHH 1 T. 1.) MOXYTh OyTH HaJaHi
OIIT 3a iHIIMM JOTOBOPOM (I OKPEMHUMHM JIOTOBOPAMH), 1 B3a€MHI IpaBa i 000B’S3KH, SIKi BUHUKAIOTh BHACIIIO0K
TaKOTo JI0TOBOPY (IOrOBOPiB), OyAyTh HACTiAKAMU TaKUX JOKYMEHTIB.

Mix THM, MOJIEJIb TOCTaBKH «BiJ] IBEpeH 10 JIBepei» € He €MHOI0 MOKIMBOIO BXKe BHACTIZOK Toro, mo 111
Moxe OyTH HACJiTKOM TaKhX YMOB KYIIBII-TIPOIaXXy TOBapiB 3a IHKOTEepMC, sIKi He Mepen0avaroTh iHTerparii BCix
HA3¢MHUX 1 MOPCHKUX IUISHOK JOCTAaBKH Bill CKJaqy BiIOpaBHHWKA O CKIAmy oxepxyBada. [IpHkimamoM Takux
YMOB € momupeHi «ppanko-6opt» FOB 1 «BapTicts 1 ¢ppaxm» CIF. B nepmomy Bunanky (FOB) BiamoBigansHICTh
MepEeBi3HIKA TIOYUHAETHCS HE 31 CKJIaly BIANPABHUKA, 4 B TIOPTY BiAIPABICHHS BiJl MOMEHTY 3aBaHTaXCHHS B iHTEP-
MoJabHy TpaHcrnoptHy omunmIto (ITO) Ha GopT cynHa (He Ha CKJIalli BiANpaBHUKA), 1 3aKIHUYETHCSA HA CKIIAJIi
B MYyHKTI KiHIIEBOIO NpH3HA4YCHHS. 3aMOBHHMKOM IIOCIYT'M iHEPMOJAIbHOIO MEPEBE3CHHS BUCTYIA€ IMOKYIElb
toBapy. B npyromy (CIF) Bunanky, HaBnaku, BianosiganpHicTh OIIl mounHaeThCs BiJl CKJIAIy BiANpPaBHUKA i 3aKiH-
YyeThCS B IOPTY MpU3HAYCHHS (He Ha ckiaji oTpuMyBada). 3a CIF mocmyru 3 II1 y OII 3amoBisie mpoaaBsels.

DaKTUYHO, 32 03HAYEHUX YMOB MOknBa oprauizanis 111, sky moxxHa onucaru «CY-DOOR» 1 «kDOOR-CY»
BIZIMOBIJIHO, SIKIIO NTEPEeBE3EHHS 3a/I0BOJIBbHSE HACTYITHOMY:

1. mepeBe3eHHs OpraHi3ye €IMHUI OTlepaTop MepeBe3eHHS;

2. IepeBe3CHH CIUTauy€eThCS 33 «HACKPIZHOIO CTaBKOIOY;

3. BHIOAETHCS €IWHUN TPAHCIIOPTHUHM JOKYMEHT Ha YBECH IIUISIX MEPEBE3CHHS;

4. mepeBe3eHHS 31MCHIOETCS 3a IOTIOMOTO0 O1JIbII OHOTO BHY TPAHCIIOPTY;

5. IpOTATOM TIepeBe3eHHS HEe BiI0OYBAEThCS BAHTAXKHUX OIepalliii 6e3rmocepeiHbo i3 BaHTaXKeM, a IepeBaHTa-
KyeThesl TiIbKU [TO mpu 3MiHI BUAIB TPAHCIIOPTY.

Xo4a nyHKT 4 He BU3HAYa€ KOHKPETHI BUHM TPAHCIOPTY, iZiess IPOBaDKEHHS YKPYITHEHOI Mi>KBHJOBOI TpaH-
CIIOPTHOI OAMHMIII OTpHUMaJla PO3BUTOK TiNbKM BeepenuHi 1950-x, koau BoHA oTpHUMala pPO3MOBCIOMKEHHS caMe
3a y4acTI0 MOPCBKOTO TPAHCIOPTY B KOHLEMIIil «sea-land». OcobnuBe 3Ha4eHHS! MOPCHKOI AUISHKHU IMiIKPECICHO
B pobotax [23, c. 102; 24, c. 42; 25, c. 93].

HaseMHl onepaui g
KpaiHi gidnpasgneHHs

(o—o-e(w)

onepauil e nopmy —
aidnpasneHHa
@)

= i

omepatyi a Mopi 9

-
vac nepefysanHa eaHmaxy nid eidnoeidansHicmio O :

onepauil 8 Nopmy Npu3HaYeHHnA

HazeMHi orepauyil e kpaibi NpuaHayeHHA

“BIf] IBEPI 1O HBEPI"

-

Puc. 1. Inrepmoznansre nepese3enns Ha ymoBi nocraBku CIF (DOOR-CY)

Ha puc. 1 nmpencraBieHo cxeMy TEXHOJIOTIYHOTO MPOIIeCy IHTePMOIAIbHOT JOCTABKH, SKa BiIOBIIA€ YMOBI
Iakorepme CIF (Cost, Insurance and Freight). 3000B’s13aHHS 3 TpaHCIOPTYBaHHS TOBapy 10 TOPTY NMPH3HAYCHHS
BilHECEH] 10 00OB’S3KiB MPOAABIA. TaKUM YHHOM, BIAFOYKCH JIO TOCIYT iHTEPMOJAAIbHOI KOMMaHii, 000B’I3KH
OIIT npunazmatoTh Ha 3a0e3MeueHHs Ha3eMHOTO TPAaHCIIOPTYBAHHS BiJ BignpaBHHKA (B) 10 MOPTy BiANpaBICHHS,
onepauii B mopty BinnpaeieHHs (H); onepauii B Mopi (@), i 3akiHUyIOThCS B TIOPTY IPH3HAYCHHs Oe3 3000B’s13aHb
3 BUBaHTa)XCHHS B MOPTY 1 OpraHizallii oneparii, noB’s;3aHux i3 nepeOyBaHHAM BaHTaxy B OpTy (P).

Takum unHOM, Ha ymoBax CIF II1 Binnosinae hopmymni, npuiHATIN B TiHITHOMY CynHOIUIABCTBI «house-to-pier
[22, c. 51], 1 B KOHTEHHEPHUX NIepeBe3eHH X 3BeThcs «door-container yard». Bci 30008’ s13aHHS, SKi IOUMHAIOTHCS
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Big MP (BKIIOUHO i3 pO3BAaHTAXEHHSM 13 Cy[IHA) 1 IO CKJIaly OTpUMYyBada, € 000B’I3KOM MOKYTILS, IKUIT Ha TIPaKTHUIL
YKJIaJia€ TPAHCTIOPTHUI IOTOBIp B KpaiHi JOCTaBKH i3 TPAHCIIOPTHOKO KOMITAHIEKO OO TOCTABKHU B MicClle MPU3HA-
yeHHd ofepxyBauesi (O). BingnoigHo A0 puc. 1 Taki 000B’A3KH OMUCYIOThCS mpsiMoro M4-O (HazeMHi omneparii
B KpaiHi Npu3HaYeHHs) 1 il HUMHU PO3yMilOTh BUKIIIOYHO OTepallii, sIKi OB’ s3aHi 3 OJHUM YH JIeKiJIbKOMa BUJAMH
HA3eMHOTO TPAaHCIOPTY (HAPHUKIIA] 3aJII3HUYHUNA 1 aBTOMOOIJIbHUIMA, Y aBTOMOOUTEHUM-3aJ113HUYHNA-aBTOMOO1JTb-
HUH 1 T. 1.). BapiaHTH Ha3eMHOTO TPaHCIOPTHOTO OOCIYTOBYBaHHS HA IIbOMY BiJPi3KYy, SIK IPABUIIO, HE TOTPEOYIOTh
YKJIaJaHHs HACKPi3HOTO TPAHCIIOPTHOTO JOKYMEHTY.

BiamoBigHo 1o puc. 1, mo gocTaBKa BiJl BiIIpaBHUKA JIO OTPUMYyBaJa peai3yeThbCs JBOMAa CETMEHTAMU: BiJ
BiJIIPaBHUKA JI0 TIOPTy BUBaHTaxeHHs (B-M") — OIII, 1 Big mopTy po3BaHTakeHHS 10 oTpuMyBada (MP-0) — dak-
THYHUM(-1) TIepeBi3HUKOM(-amu). Taka ninsiHka He yTBoproe II1, OCKiIBKY He MICTHTH JISKIJIBKOX BHIIB TPAHCIIOPTY
(B BUTIA/IKy BUKOPUCTAHHS aBTOMOOUIBHOTO), Y1 HEe 0(OPMITIOETHCSI HACKPI3HUM TOBAPOPO3MOPSTIUM JOKYMEHTOM.
TakyuM YMHOM TOYKH CKJIaJiB BiAIIpaBHUKA 1 OflepKyBada MOEIHYIOTHCS IUIIXOM, B skoMy npucyTHe II1 i HazemHa
TIUISHKA, SIKa HE € «IHTePMOAaJIbHOIOY.

3BopoTHa cutyaris (nokymners HoMinye OIIL, skuit popmye IIT) yTBOpro€eThCs, SIKIO MPOgaXk TOBapiB BigOy-
Ba€eThCs HA YMOBI «dpanko 6opt», FOB (puc. 2).

“B14 ABEPI 4O ABEPI"

g o vac nepebyeaHHs eaHmaxy nid eidnosidansHicmio Ol
Ha3emHi onepaufl

& ' -
KpalHi eidnpaeneHAs ~

A

onepauii € nopmy i o -
eidnpaenerHsn -

®

onepauyii 8 Mopi

onepauil € nopmy Npu3Ha4yeHHa

)%

HasemHi onepaui
8 KpalHi npusHa4YeHHsa

Puc. 2. TnTepmonansue nepeBe3eHnst Ha ymMoBi moctaBku FOB (CY-DOOR)

Bignmosigno 1o nux ymos nocraBku OII, skuii i€ ik TOTOBIpHUIA NEPEBi3HUK, MPHUIIMAE BiANOBIAIBHICTh
HE Ha CKJIaJi BianpaBHUKa B, a 3 MomeHTy HaBaHTaxkeHHs [TO Ha 6opt cynHa. HazemHe TpaHcropTyBaHHS 3a0€3-
MeYy€eThCS TAKUM YNHOM (PAKTUYHUM MEPEeBI3HUKOM, BUMHATHM MPOAABIEM JI0 IOPTY HaBaHTaXKeHHA B-M", akuii
HE 1HTerpye ABOX YW OuIbIle BUIIB TPAHCHOPTY (SKIIO BUKOPUCTOBYETHCA JIMILIE aBTOMOOUIBHHIA), 1 HE yKiIagae
HACKPI3HOTO TOBapOPO3IOPSAIOr0 JOKYMEHTY. [HTepMOIanbHAN TPaHCIIOPTHUH JOKYMEHT BHIAETHCS 3 MOMEHTY
npuiHATTS OII Ha cebe BiAMOBIATBHOCTI B TOPTY M", 3aKpPIILTIOE 110 BiIMOBIIAIbHICTh MMO3HAYKOI MiCIs MPH-
wHaTTa “port of loading”, maroro “date onboard” B TOBapoOpO3MOPSAAUOMY TPAHCIIOPTHOMY JOKYMEHTI, SIKHH BiH
Bunae. Taka BignosiganeHicTh OIIT sk mepeBi3HUKA ONMUCYEThCS AUTTHKOIO M™-O.

BucHoBku. B pe3ynbrari BUKJIaIeHOr0 BCTAHOBIICHO HACTYITHE:

— BH3HAYAJILHUM B MEPETBOPCHHI 3BMYAHOTO CErMEHTOBAHOTO MEPEBE3CHHS Ha 1HTEpMOJajbHE BiAirpae
HE MPOCTO iHTETPOBAHICTH JBOX 1 OUIbIIE BUAIB TPAHCIIOPTY, a TaKa B3a€MOJIA, SKa MOB’S3y€ HAa3eMHI i MOPCBHKY
JUISTHKY NIepeBe3eHb. TaKuM YMHOM B KOHTEKCTI TPAHCIOPTHOTO OOCIYTOBYBaHHS MIXHAPOIHOI TOPIiBIi y4acTb
MOPCBKOTO TPAHCHOPTY B Ll B3a€EMOII € HE3aMIHHOIO;

— IIT He 3aBxAM € TaKUM, 11O OB’ sI3y€ BECh IIUISIX «BiJl ABEPEH BiNIpaBHUKA J0 ABEpei oTpuMyBauay. Take
TePEBE3CHHS MOXKe OyTH peaizoBaHe MOEMHAHHSIMHU 1HIIUX [TOYATKOBOI/KIHIIEBOI TOYOK BiJMOBIAHO 0 0a3MCHUX
YMOB ITOCTaBKH, HACIIKOM SIKOTO 1 CTAJIO TaKe MEPEBE3CHHS 32 YMOBH BiJIIOBITHOCTI O3HAKaM IHTEPMOJAIBHOCTI;
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— BIATNOBIAHO 10 OyJb-SKUX YMOB MOCTAaBKHU TOBAPiB, OJHIN IHTEPMOJAJIbHIN TOCTABIIl BiMOBIA€ JIHIIE
onuH nepepizHuk-OlIl, sKkuX BUJae HACKPi3HUI TPAHCTIOPTHUI JOKYMEHT, 1110 TIOB’A3Y€ BiAMpaBHUKA 1 OTPUMY-
Baua.
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PO3PAXYHOK PEKUMIB YIIPABJIHHA ABTOMOBIJIIAMM JJISA SMEHIIEHHSA YU CJIA
JOPOXKHBO-TPAHCIIOPTHHUX ITPUT'O/]

Hocrioxcenns haxmopis, wo cnpusioms UHUKHEHHIO 00POJICHbO-MPAHCHOPIMHUX HPUS00, NOKA3AN0, U0 NOKPAUEHH
aKMuUGHOI Oe3nexu agmomoding ma MoOepHiz3ayis O0OPOHCHbOI IHPPACMPYKMYPU, CIPAMOBAHA HA 30LTbUICHHS WEUOKOCH md
NPONYCKHOI CHpOMOJICHOCII, He 3abe3neuye nioguwjeHHs 3aeanvhoi Gesnexu cucmemu «8odili—asmomoditnb—dopoeay. Taxi
3aX00U MOXCYMb NPU3BOOUMU 00 MO20, U0 B0Vl BUXOOUNb 3A MEMHCT De3NeUH020 KepysanHs MPAHCNOPMHUM 3acobom. BusHa-
YeHO KiNbKICHI NOKA3HUKU AKOCMI KepyBanHs, ujo 8idobpadcaiomy piseHs He3neku 00podxcHbo2o pyxy. Takooxc npedcmasneni
SHAUEHHA NAPAMEmPI8 KePYBAHHsL A8MOMOOLIEM, W0 BIONOBIOAIOMb PISHUM MURAM 00PONCHIX OLIAHOK. L[i NOKAZHUKW MOJICYNIb
Oymu BUKOPUCMAHL 600iAMU K THOPMAYIIHA NIOMPUMKA, SIK eleMeHm 63aEMOOIT 8 cucmemi «800Ili—a8momMo0diby, a MaKodic
071 MOHIMOPUHZY Oe3neKu O0POAHCHLOR0 PYXY YHOBHOBANICEHUMY OP2AHIZAYIAMU.

I1i0 yac ananizy ymoe GUHUKHEHHS OOPONCHLO-MPAHCROPMHUX NPU200 O)I0 BCMAHOBIEHO, WO 3aX00U 3 MIOBUUEHHS]
AKMUBHOI Oe3nexu cucmemu «800ili-MPAHCNOPMHULL 3aCi0» Ma OOPONCHVOI THOPACMPYKMYPU, CHPAMOBAHT HA 30LTbIUEHHS
WeUOKOCMI PyXy ma nponyckHoi 30amHocmi, He 3ab6e3neuyiomb 3pOCMAHHA 3A2aNbHOI AKMUSHOT be3neKu cucmemu 8ideocno-
cmepedicenns. Taxi Oif Moscympb 003601umu 600i€61 UMY 30 MEXCT He3NeUH020 KOHMPON0 HA0 agmomodinemM. Y 36 'A3Ky 3 yum
OYNI0 BUSHAYEHO | 3aNPONOHOBAHO GUKOPUCIOBYBAMU AK 360POMHUL 36 A30K, NOKAZHUKYU De3neKu pyxy, wo 0aroms 3mMo2y 6HO-
cumu Kopexmugu 8 0ii 600ist 0151 3an00ieaHHs 00POICHLO-MPAHCHOPMHUM HPUSOOaM. L]i NOKA3HUKY 3aCMOCO8YIOMbCS He Auiie
camum 800ieM, ane Ui CIy2ylonb OCHOBOIO O BCMAHOGIEHHA be3neuHux Jianda3onie 3HaAueHb, nepesulerHs aKux nio yac pyxy
MOdHce cmamu ni0Cmagoro 05k AOMIHICMPAMUBHO20 BMPYUAHHS 3 OOKY CIIYHCO HARTADY.

Icnye npunywenns, wo noninwen s, AOpoNCHIX MO8, NiOBUEeHHS WBUOKICHUX T 2A1bMIBHUX XAPAKMEPUCIUK, CIILIKOCTI
agmomooins, 1020 Keposanocmi ma QyHKyiti akmugHoi besnexu cnpuse niosuyentio 3a2anvHoi besnexu pyxy. Oonak yi meep-
0JiCEHHsL cynepeuams CIMamuCMu4HUM OGHUM RO OOPOACHLO-MPAHCROPIMHUM NPUL0OAM.

Knto4oBi ¢I10Ba: 00podicHbO-mpancnopmua npuzood, mpancnopmHuil NOmix, 0POACHI yMosu, akmueHa besnexa, besneu-
HULL PEACUM DYX).

Bekh P. V., Kuzmenko A.lL, Ruban 0.A., Lashkov A.V. Calculation of vehicle driving modes to reduce the number of
road accidents

A study of factors contributing to road accidents has shown that improving active vehicle safety and modernizing road
infrastructure aimed at increasing speed and capacity does not ensure an increase in the overall safety of the driver-vehicle-road
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system. Such measures may lead to the driver going beyond the limits of safe vehicle control. Quantitative indicators of driving
quality have been determined, reflecting the level of road safety. The values of driving parameters corresponding to different
types of road sections are also presented. These indicators can be used by drivers as information support, as an element of inter-
action in the driver-vehicle system, and for monitoring road safety by authorized organizations.

During the analysis of the conditions of road accidents, it was found that measures to increase the active safety of the
driver-vehicle system and road infrastructure, aimed at increasing the speed of movement and throughput, do not ensure an
increase in the overall active safety of the video surveillance system. Such actions may allow the driver to go beyond the limits
of safe control over the car. In this regard, it was determined and proposed to use as feedback, traffic safety indicators that allow
making adjustments to the driver’s actions to prevent road accidents. These indicators are used not only by the driver himself, but
also serve as the basis for establishing safe ranges of values, exceeding which while driving may be the basis for administrative
intervention by the supervisory services.

There is an assumption that improving road conditions, speed and braking characteristics, vehicle stability, handling and
active safety features contribute to overall traffic safety. However, these claims are contradicted by traffic accident statistics.

The average pre-accident behavior of bus, truck, and car drivers has a ratio of 1:0.7:0.5. Analyzing the distance to
an accident in the driver-passenger systems, it was found that for drivers with high dynamic characteristics, this distance is
3.3 times smaller than for drivers with low dynamic characteristics.

Key words: road accident, traffic flow, road conditions, active safety, safe driving mode.

IMocTtanoBka mpoduemu. [Ipodecis Boxgist € ogHiE0 3 HAWOUIBII BiMOBINATIBHUX Ta HampyKeHHX. BoHa
BHMArae 3HaYHOTO HEPBOBO-CMOIIIMHOTO HABaHTAXXKEHHA Ta MOCTIHHOI 30cepemKeHocTi. OCHOBHOIO METOIO OpraHi-
3arii pobo4oro mporecy Bofis € 3a0e3MeUeHHsT YMOB, SIKi CIPUSATUMYTh €(EeKTUBHIN poOOTi Ta 30epekeHHIO HOro
3JI0pPOB'SI IPOTATOM YyCi€l 3MiHHU.

Bogiii moBUHEH MOCTIHO OTpUMYyBaTu Ta 0OpPOOIATH 3HAYHY KiBKIiCTh iH(OpMalii I0J0 TOPOKHBOI CUTY-
aiii, craHy JOpPOTH, HAaBKOJIMIIHHOTO CEPEIOBHILA, 3aCO0IB PEryalOBaHHs, a TAaKOXK POOOTH CUCTEM 1 MeXaHI3MiB
aBToMOOLI1. OKpiM IIBOTO, BiH Ma€ aHaJi3yBaTh OTPHMAaHI JaHi Ta MPUAMATH MBHIAKI pitieHHs. OCKUTBKA TOPOXKHS
CHTYyaIlisl MOCTIHHO 3MIHIOETHCSI, PU3UK MIOMIIIKOBUX HiH 3aJTUIIAETHCS BUCOKHM.

[IprynHN HENPaBIIBHUX i BOIISI MOXKYTh OyTH HACTYITHUMH:

— HeZIOCTaTHIH Yyac s CIpUHHATTS, 00poOKY 1HpOpMAITiil, yXBaJICHHsI PIICHHS Ta BUKOHAHHS HEOOX1THOT [iT;

— CIIpHUHATTS HEMpaBIuBoi iHpopMallii (HampuKiIal, BOJAiil TOMUIKOBO MPUMaEe YEPBOHUN CUTHAJ CBITIIO-
(opa 3a 3eneHuii);

— xuOHa iHTepHpeTallis KOPeKTHUX AAHUX (HAIPHKIAA, BOMIH NMPHITyCKae, IO XKOBTUI CHUTHAIN CBiTIO(Opa
3MIHUTBCS Ha 3€JICHUH, alle BMUKAETHCSI YePBOHUN );

— TIOMUJIKOBE PillieHHsI (HAapUKIIa/, 3aMicTh MaHEBpY B HeOe3MeuHill CUTyallii BOJiil BUPIlIye ralbMyBaTH );

— HeTpaBWJIbHE YNPABIIHHS aBTOMOOLIEM (HAPUKIIA], 3aMiCTh HATHCKAHHS Ha rajlbMO IiJ 4Yac eKCTPEHOro
raJbMyBaHHS BOJIN HATHCKA€E Ha MENAb Ta3y).

Ilcuxiunuit cTan Bojis Oe3nmocepeHbO BILIMBAE HA WMOBIpHICTh BUHUKHEHHS JATII. OnTuMansHui ncuxo-
EMOIIIMHUI CTaH J03BOJIAE MBUAKO Ta TOYHO MPOXOTUTH BCi €Tamy — BiJ COIPHUHATTS iH(pOpMaIlii 10 BUKOHAHHS
I, BigxuieHHs BiI IbOTO CTaHy, TaKi sK HaaMipHe 30y/UkeHHs a0o Jenpecis, YCKIAIHIOKTh MPoIec 00poOKu
iH(popMaIii Ta MIBUIIYIOTh PU3UK MOMIIIOK. CaMe TOMY IICHXOJIOTIYHI XapaKTePUCTUKH BOJIS BINITPAIOTh KITIO-
YOBY pOJIb y 3a0e3redeHHi 0e3aBapiifHOTO KepyBaHHS.

Heranpuuii anani3 ycix tumiB ATII nemoxnuBuii 6e3 Bu3HaueHHS (aKkTOpiB, K1 IX CHPUUMHAIOTE. Y Oara-
THOX KpaiHaX TpoMajicbka JTyMKa Ta oQiliifHa cTaTUCTHKA 3/1e01IBIIOTO MOB'I3YIOTh aBapii 3 MOMIJIKAMU BOJIiB.
3a manuMu BeecBiTHBOT oprauizarii oxopoHH 310poB’s, 9 3 10 1opOXKHIX MPUTOA TPAIISIIOTECS Yepe3 Aii Boiis,
a pellTa TaKoX MEBHOIO MIpOI0 3aJICKUTh BiJ] IXHIX pillleHb. Y NEBHiM Mipi IbOMY TAaKOX CIpHsIE CTaH JOPOXKHBOT
1H(QPACTPYKTYPH.

[ig wac pOSCJ‘Ii,I[yBaHHSI ATII mMoxe BUHUKATU BPaXKCHHS, IO TEXHIYHA HECTIPABHICTh HE CTaja IMPHIUHOIO
aBapii, a OCHOBHY pOJIb 3irpaio TMOPYUICHHS NPaBHJI JOPOKHBOTO pyXy. Hampukian, Haisn Ha MIIIoX0a 3a3BH-
Yail MOSCHIOIOTH TIEPEBUIICHHIM IIBUAKOCTI a00 3aIi3HUIIM TaTbMyBaHHAM. OpnHak, SKOU TUCK y THEBMATHUHIH
cHcTeMi raibM OyB BHIINM, a iX HaJAIITYBaHHS TOYHIIINM, Tpareaii Morio 6 He crarucs. Takuit mmulmuit anami3
npuanH [ TII no3Bonse aiiiTn BUCHOBKY, IO POJIb TEXHIYHIX HECHPAaBHOCTEH Y BHHUKHEHHI aBapiil € CyTTEBIMIO0,
HDX I1€ 9aCTO BBAYKAETHCSL.

AHaJni3 ocTaHHIX 10ocaixKeHsb i mydaikaniii. ¥ [1] po3nisHyTO MOHATIHHUI anapat oprasizariii JOpoXHbOTO
PYXY, TPaHCIIOPTHE NIIaHYBAHHS MICT, TEXHIYHUX 3ac00iB opraHizamii JOPOXKHBOTO PYXYy, CKOJOTii i €KOHOMIKH
oprasizaiii JOpOXKHBOTO PyXy, METOJIH PO3B'SI3aHHS TPAHCTIOPTHUX npooem.

BuBueHHIO TEOPETUYHUX 1 MPAKTUYHUX ACTIEKTiB OpFaH13aHII/IHO [IPaBOBOTO 3a0€3MeUeHHs OE3MEeKH T0POXK-
HBOTO pyXy B YkpaiHi npucssiueHa [2]. Cnuparouuch Ha 3100yTKH BITYU3HSAHOI FOPUCTIPYACHIIT, 3apyOiKHUMA 10C-
BiJl, a TAKOXK aHaJi3 YHHHOTO 3aKOHOJABCTBA, HOPMOTBOPUOI Ta MPaBO3aCTOCOBHOI MPAKTUKHU, PO3POOICHO KOH-
HENTyaIbHUHN MIAX1A 10 BUPIIICHHS aKTyalbHHUX MUTaHb (DOPMYBaHHS Ta peaisallii Aep>KaBHOT MOMITHKH Y cepi
JOPOXKHBOT Oe3mekn. OOIPyHTOBaHO HEOOXIHICTh BU3HAHHSI OE3TIICKH TOPOKHBOTO PYXY K HEBIA'€MHOT CKIaI0BOT
HaI[IOHAJIbHOT OE3MEeKH Ta OTHOTO 3 KIFOUOBHMX HAIPSIMIB JIEP’KABHOT TTOJTITHKH.
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B [3] po3misHyTO MOHSTIMHUM amapaT i METOJONOTIYHI OCHOBH TeOpii MOCIiMXEHHsS omepanii, MeToau
PILICHHS ONTUMI3aLiMHUX 3324 32 IOTIOMOTOI0 JiHIHOTO, IMHAMIYHOTO, HEMIHIMHOTO Ta I[1JIOYUCELHOTO MPorpa-
MYBaHHsI, TPOOIEMH ONTHUMI3aIli]l YIPABISIOUYUX PillieHb METOIOM CTOXaCTHYHOTO MPOrpaMyBaHHs, METOU iMiTa-
LiHHOTO MOJIETIOBAHHS.

JocmimkeHAs B3a€MO3B'SI3KY MK 3aJHIIKOBAMHU Je(OpMaIlisiMA Ky30Ba aBTOMOOLIS Ta IIBUAKICTIO PYyXY
B MOMEHT yJapy NMpoBeieHO B [4]. BukopucTaHi YnceNbHI METOIN PillICHHS OOCpPHEHUX 3a7a4 MEXaHiKH Aedop-
MOBAHOTO TBEPJIOTO Tijia: TEOPis MIIACTUYHOCTI, TEOPis MPY>KHOCTI, a TakoXX MeToau 3D-MoentoBaHHs Ta METOIAH
EKCTIEpUMEHTAILHOTO JTOCIIPKEHHS ieopMallii MakeTiB 1 MOJeJIel TPaHCIIOPTHUX 3aC00iB.

Po3misg TeopeTHYHMX, 3aKOHOAABYMX Ta MPAKTHYHHUX TPoOIeM aaMiHICTpaTHBHO-TIPABOBOI KBamidikarii
MOPYIIeHb BOJISIMY TPaBUII SKCILTyaTallii aBTOTPAHCIIOPTHUX 3aC00iB HaBEIEHO B [S5]. AHANIZYEThCS FOPUIAHMIHHMA
CKJIaJl aJMIHICTPAaTUBHHUX MPOCTYIKIB, BIAMOBIAaNbHICTE 3a siki nepenadaueHa KYnAII. Pospobneno meromudHi
PEeKOMeH IaIlii 1010 BIOCKOHATIECHHS HalIsAAy cHiBpoOiTHHKaMH Jlep>kaBHOT aBTOMOO1IbHOT iHCTIEKIIIT 32 Oe31eKoi0
JIOPOKHBOTO PYXY.

3’sCyBaHHS Ta y3araJlbHCHHS TCOPETUYHUX I MPAKTHYHUX aJMiHICTPATUBHO-NPABOBHUX 3acaj] 0(OPMIICHHS
JOPOKHbO-TPAHCIIOPTHUX MPUTOJ IPUBEAEHO B [6], BUpOOJIEHHS Ha I[iii OCHOBI MPOMO3MLIH 1 peKOMEHAALIN 111010
BJOCKOHAJICHHS 3aKOHOAABCTBA Ta aJMIHICTPATUBHOI MISUTBHOCTI MyOIiYHOT aJIMIHICTpaIlii 3 METOI0 3a0e3eUCHHS
TIpaB 1 3aKOHHUX iHTepeciB mocTpaxnanux y JTTI, myGmigyHOro iHTEpecy IepyKaBH Ta CYCHIBCTBA B IIJIOMY.

Mertoro [7] € mOKpaIeHHs SIKOCTI aBTOTEXHIYHOT SKCIIEPTHU3H 332 PaXYHOK ITiIBUIIICHHS TOYHOCTI BU3HAUCHHS
koedirienTa 3ueruieHHs. JloCmiKeHO MpoIec eKCTPEHOTO rajlbMyBaHHS aBTOMOO1JIs1 Oe3 OJIOKyBaHHS KOJIIC Ta 3HH-
JKCHHS TTOXMOKY BU3HAUEHHsI KOe(iIlieHTa 34eTUICHHS IIPU IPOBEICHHI aBTOTEXHIYHOT €KCIIEPTH3H.

PimenHro nuTaHp BU3HAYEHHS IIBUIKOCTI aBTOMOOLIS Hepes] 3iTKHEHHSIM 3 HEPYXOMOIO MEPEIIKOI0I0 MpU
ATII npucesiuena [8]. Po3poOiieHo MeToau BU3HAUEHHS HIBHIKOCTI aBTOMOOLIS 0 yAapy, sSKi IPYHTYHOThCS Ha
JOCIIKEHH] 3aIMIIKOBUX JieopManiif e1eMeHTiB KOHCTPYKIIii YIIKOAXKEHOTO aBTOMOO1IS.

IMocTanoBKa 3aBJaHHsA. METOIO CTAaTTi € JOMOBHEHHS 3aXOJiB 3 MiJABUILEHHS aKTUBHOI O€3MEKH CHCTEMHU
«BOAINA-TPAaHCHIOPTHUH 3aciO» Ta JOPOKHBOT IHPPACTPYKTYPH, SKi COPAMOBAHI Ha 30UIbLICHHS MIBUIKOCTI PyXy Ta
MPOMYCKHOT 37IaTHOCTI, aje He 3a0e3MeuyloTh 3pOCTaHHS 3arajbHOi aKTUBHOI O€3MeKH CHUCTEMHU BiJeocrocTepe-
eHHs. ToMy TIpOITOHY€ThCS BUKOPUCTOBYBATH SIK 3BOPOTHHIA 3B’S130K, TOKA3HUKH OE3IIEKH PYXY, IO JAIOTh 3MOTY
BHOCHTH KOPEKTHBH B Aii Boist 1 3ano6iranss ATII. 11 moka3HUKH 3aCTOCOBYIOTHCS HE JIUIIIE CAMHUM BOJIEM, aie
i CITyTYIOTh OCHOBOIO [UTSI BCTAHOBJICHHS O€3IIEUHHX /Tialla30HiB 3HaYCHb, IEPEBUIICHHS SKUX i Yac pyxy MOXKe
CTaTH MiICTABOIO JUIA aJMiHICTPATUBHOTO BTPYUYaHHS 3 OOKY CITy»KO HaTJIsAy.

Buxknax ocHOBHOro MatepiaJy. IcHye nmpumyIieHHsl, MO0 MOJINIIeHHS JOPOXKHIX YMOB, ITiBHIIICHHS IIIBUI-
KICHUX 1 TaJbMIBHUX XapaKTEPHUCTHK, CTIHKOCTI aBTOMOOLIS, HOro KepoBaHOCTI Ta (yHKUIN aKTHBHOI Oe3meku
CTIpHsi€ MiABMIIEHHIO 3aranbHoi Oe3mexku pyxy. OnmHak Iii TBEp/UKEHHS cynepedars craructudHuM paHum JITII.
CepenHi MOKa3HUKHM TiepefaBapiitHOT MOBEAIHKM BOJIIB aBTOOyca, BaHTa)KiBKH Ta JIESTKOBOTO aBTOMOOLISA MaroTh
criBBigHomenHs 1:0,7:0,5. AHani3youn JUCTAHLIIO 10 aBapii B CHCTEMaX «BOJii-acakxup», BCTAHOBJIEHO, 1110 AJIs
BOJIIIB 13 BUCOKMMU JMHAMIYHUMH XapaKTEPUCTHKAMU ISl BIICTaHb B 3,3 pa3u MEHINA, HiX JIsl BOAIIB i3 HU3BKUMU
JUHAMIYHUMH XapaKTepUCTHKaMHu [ 1, 2].

JI1st po3yMiHHS IPUYWH BILTUBY PEKUMIB PyXy TPAaHCIIOPTHOTO 3aco0y Ha iiMoBipHicTs JATII, ciig nmpoanarti-
3yBaTH MEXaHi3M BHHUKHEHHS aBapii.

JOpOo’KHBO-TPaHCTIOPTHA TPHUTO/IAa TPAIULIETHCS, KOMM BOMIN HE MO)KE BHKOHATH HEOOXITHWHA MaHEBp UL
VHUKHEHHS 31TKHCHHS, TPAHCIIOPTHHIA 3aci0 3 TKpKae 3 Toporu abo rmepeBepTaeThes IiJl 9ac MaHeBpy. Takox aBa-
pisi MOXXE CTaTHcCs Yepe3 HECHPOMOXKHICTh CUCTEMH aBTOMATHYHOTO TallbMyBaHHS €(EKTHBHO BijgpearyBaTH Ha
CHUTYyaIlil0 Ta YHUKHYTH 3iTKHEHHS. [IpyurHaMu IIUX CUTYalliil 3a3BUYail € TEPEBUIIECHHS OE3MeUHIX MapaMeTpiB
PYXy, BCTAHOBJICHUX BOJI€M, TaKUX K IIBUJKICTb, AUCTAHIIS Ta TOPU3OHTAIBHUN iHTEpBaa. Y BHIAAKAX, KOIU
HEOOXiJTHO 3HU3UTH IIBUKICTh HA BUCOKUX MIBUAKOCTSIX, CHCTEMH aKTHBHOI O€3MEKH aBTOMOOLIA MOXYTh BUXO-
JIUTH 32 MEXI1 JIOMMYyCTUMUX 3Ha4YeHb [3].

JOpOXKHBO-TPAHCIIOPTHA MPHUTO/Ia BUHUKAE, KOMU CHCTEMa aBTOMAaTHYHOTO raJIbMyBaHHS HE BUKOHYE HEO0-
X1THUHA MaHEBp AJs YHHUKHEHHS 3ITKHEHHS a00 TPAHCHOPTHHM 3aci0 ImepeBepTacThCs il Yac MaHEBPY Ha TOPO3i.
Taxki cuTyarlii TparuIIOThCS Yepe3 MEePEeBUILICHHS Oe3METHHUX MMapaMeTpiB pyXy, 3alaHUX BOIIEM, 30KpEeMa IIIBUIKO-
CTi, IUCTAHIIIT YU TOPU3OHTAIBLHOTO iHTepBaTy [8]. Y BHIIaAKax, KOJIH MOTPiOHE YIIOBITbHEHHS HA BUCOKHX IIBHJIKO-
CTSIX, CHCTEMa aKTHBHOT O€3IeKH MOKE MEPEBHIIYBaTH JOIYCTHMI MeXi. Harpukitay, Ha BeNHKii MIBHIKOCTI MOXKE
BHHUKATH HeOe3IeuHa CUTYallis, 3a SKOi 3AaTHICTh JI0 YIIOBUIBHEHHS BUXOANUTH 3a TPAHWYHI 3Ha4eHHs (pHc. 1).

KepoBanicTh TpaHCIOPTHOTO 3ac00y JOPIBHIOE R IO THX Mip, IOKH TIOYaTKOBA MIBUIKICTh TaJIbMyBaHHS HE
NEePEeBUIINThH Oe3MeYHe 3HaUeHHS V.

[Ticnst 30U1bIIEHHES V1 MOYATKY raqbMyBaHHA Ha IBUAKOCTI V, BunuKae imosipuicts JITIL, mo nopisHioe:

P=1-R, (1)

ne R, — CUTYalllifHa HaIIHHICTh KePyBaHHs aBTOMOOLIEM.
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Puc. 1. 3anexHicTh HIBI/IZ[KOCTi MNPOBCACHHS «TaJIbMYBAaHHS» MEPE] HeOEe3IEUHOI0 Z[iJ'ISIHKOIO

IIpumimxka. V, (6esneuna weuokicmy) i V, (epanuuna wsuoxicms) nicis 36insutenns 0o V', (36irbuenns besneunoi weuoxocmi) i V'
(30inbutenns epanuiHoi WeuOKocmi) 6i0N0GIOHO 00 Hebe3NeUH020 3HAUEHHS

[Tpu MakcUManbHIN IBUAKOCTI V| HalIHHICTh KEPYBaHHs aBTOMOOLIEM JIOPiBHIOE HYIIHO, @ iMOBipHicTh JITII
JOPIBHIOE OAMHUII. SKIIO aAre3iiiHi BIACTHBOCTI JOPOXKHBOTO MOKPUTTS Ta TaJIbMiBHI BIaCTUBOCTI aBTOMOOLIS
HiABUIIYIOTHCS, TO BOAIH HABUAE€THCS €(PEKTUBHOMY METOAY LUKIIYHOTO raJIbMyBaHHS, i KpHBA 3HWXKEHHS HAJiH-
HOCTI1 KepyBaHHsI aBTOMOO1JIEM 3MIIIYEThCA BIIPABO 10 MYHKTHUPY, SK MTOKa3aHO Ha PUCYHKY 1.

301LIbIIEHHS Vk 1 Vm o L 1 V1m BiJIMOB1THO MOBUHHO OYJIO CIIPUATH MiABUIIEHHIO HAAIMHOCTI, aje bOoro He
TpamiseTbes. TyT i3 30iblueHsaM V, 1V Boii 3011bIye MUTTEBY INBUIKICTD V3, ¢. 447-448]. 1le siBulle MOXHA
MOSICHHUTH 32 JIOTIOMOTOI0 TeOpil roMeocTasy, To0TO, KepyIoUr aBTOMOO1IIEM, BOMIIH HAMAraeThCs PyXaTHCS 3 MAKCH-
MaJIbHOIO IBHKICTIO Yepe3 3MiHY JTOPOXKHIX YMOB [4].

«Bogmili—niepeBi3HUK» 30UIbIIYE CUTYaTHBHY IIBHJKICTh, HE TEPCBHUINYIOYH HOBY Oe€3IeuHy IIBHI-
KicTh V. A «BONIH—IIOPYITHUK» SK 1 paHillie BUXOAUTH 33 MEXKi O€31eKH 1 301IbIITy€ MBUIKICTH 10 Vli, 1[0 BiJMOBI-
nae pisHIo pusuky P. [loniOnuii rpadik MokHa mOOy/TyBaTH i B pa3i 3MEHIIEHHS TaJbMIBHOTO IUISAXY NPH HE3MiH-
Hi{ IBHUJKOCTI MOYATKy ranbMyBaHHs. [1o110HI rpadiku TakoX MOXKHA TTOOYyBaTH IS TAKUX CUTYaIlii, ik 00’1311
MIEPEIIKOAHN, BXi/l y HOBOPOT i OOTIH.

3 orsiy Ha HaBeJCHE BHIIE, MOKHA 3pOOUTH TPH KIIFOUOBI BUCHOBKH:

1. OcHOBHUMHM YMOBaMHM O€3MEYHOTO PyXy € AOTPHUMAHHS BCTAHOBIECHHX OOMEXKEHb IIBHJKOCTI Ta MiATPHU-
MaHHs 0e3MevHol JUCTaHIIiT MK TPaHCIIOPTHUMH 3aCO0aMU.

2. Xoua BIOCKOHAJIEHHs JJOPOKHBOT iHQPACTPYKTYpH Ta MiJIBUILIECHHS PiBHS aKTHBHOI O€3MEKH TPaHCIOPT-
HUX 3aC00IB MOKPANIYIOTh TEXHIYHI MOKJIMBOCTI, BOHH BOAHOYAC CTBOPIOIOTH EPEIYMOBH ISl 3pOCTAHHS IIBU-
KOCTI PyXy, @ He 301TbIIYIOTh 3arajbHUI PIBEHb OC3MCKH HA JOPOrax.

3. ITigBuieHHs OE3MEeKH JOPOKHBOTO PYXy MOXKIIMBE JIMIIE 32 YMOBH 3MCHIIICHHS KIJTbKOCTI BOIIIB, K1 IIepe-
BHIIYIOTh JIOITyCTUMI Mexi Oesreku. [l 1mporo HeoOXiJHO BUPIIIWTH JB1 BakimBi 3aaadi. [lepm 3a Bce, Bomii
MAaroTh OyTH IMOTiH(POPMOBaHI PO PiBEHb Oe3MEKN KepyBaHHS TPAHCIIOPTHUM 3ac000M. J{ist IIbOTo CITij 3a0e3NneUuTH
KOHTPOJIb 32 TOKAa3HUKaMHU O€3IIEKH ITijl 9ac pyxy Ta IMepeaaTH IIi 1aHi BiAIIOBITHIM OpraHaM, siKi 3MOXKyTb BXXHBATH
3ax0/liB y pa3i MOpyLICHHS Oe3MeYHNX MapaMeTpiB.

IIpoBesaeHi AocTiKEHHS JO3BONMUIIM BU3HAYUTH TPH TIOKA3HUKHU SKOCTI KEPyBaHHS aBTOMOO1JIEM, 110 Xapak-
TEPU3YIOTh OE3IEKY PEKHUMY PYXY: MAKCHUMAIbHY IIBUAKICTh V. KOE]IiEHT MBUIAKOCTI k Ta CEPENHBOKBAIPA-
THYHE BIIXHIICHHS 103/[0BKHBOTO MPUCKOPEHHS aBTOMOOLIIS Bil CEPEAHBOI0 3HAYCHHS G , TAK 3BAHHIA LIIYM MPHCKO-
penns [1, 3]. Lli moka3HUKH (DIKCYIOThCS HA BCIX €Taax pyXy aBTOMOOLIS i OHOBIIOETHCS CEpeIHE 3HAUCHHS KOXKHI
5 kM. [ToTpiOHO 0OrpyHTYBaTH BUOIp LIHUX MOKA3HUKIB.

[To-nepue, Bubip V —AK NOKa3sHUKa MAaKCUMAJbHOI IIBUIKOCTI OYEBUIHUH i HE MOTpEOye CreLialbHOro
obrpynTyBaHHs. Voro 3HaueHHs 0OMeXeHe MpaBHIIIaMH JOPOXKHBOTO PYXY, XapaKTepU3ye Iiarna3oH 3MiHU IIBUI-
KOCTI Hifl yac pyXy. Yum MeHmIe & , TUM Oinblle CHTyaliiHa MIBMAKICTh aBTOMOOLISA IEPEBUILY€E CEPEIHIO IIBH/I-
KICTh TPaHCIIOPTHOTO MOTOKY. 3TiHO 3 [6], AKIIO IMIBUIKICTH ABTOMOOLJIS HIYKYA a00 BHIIA 33 CEPEIHIO MBUAKICTD
TPAHCIIOPTHOTO TIOTOKY 1 KUTBKICTh 3ITKHEHb BiIOYBa€ThCS YacTillle, BiJCTaHb, poiieHa ao JITTI, 3MeHnIyeThCs.
Binxunenns VB HIKHIO CTOPOHY BiJNOBIJa€ 3HAYEHHAM K , OJIM3bKMM JI0 OIMHUIL. Y 3B'A3Ky 3 MM 3HA4YEHHSA k|
HEeoO0XiJTHO OOMEKYBaTH HE TUTLKU 3HU3Y, a i 3BEPXY.
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Cepenre KBagpatHdHe BIIXWJICHHS CEPEIHbOTO 3HAYCHHS MO3IO0BKHBOTO NPHCKOPCHHS O, XapaKTepusye
WBH/IKICTb 3MiHH WBHMKOCT] aBTOMOOUIsL. ITi/IBUILICHHS G, HEraTUBHO BIIMBAE Ha GE3MeKy ,Z[OpO)KHLOFO pyxy. Horo
HA3BATH ITYMOM MPHCKOPEHHS, o0 HlI[erCJ'II/ITI/I foro IKimmBHmit BIUIMB HA TPAHCIIOPTHUH MOTIK, MOAIOHO /10
LIKiZUIMBHX CHTHAIB y pajiokaHasax, ski HasuBaroThcst mrymoM [1, 7]. Voro BenuunHa moBuHHA GyTH 0OMEXKeHA
3BepXy. Buxoasun 3 BUKOPHCTaHHS MOHSITTS MPUCKOPEHHS, SIK KOMIUICKCHUH TOKa3HIUK, 10 XapaKTepU3ye BIUIUB
MIBUIKICHUX 1 TAIbMIBHUX BJIIACTUBOCTEH (IMHAMIYHOCTI) aBTOMOOUIS Ha aKTUBHY O€3MeKy, IPUHHATO MaKCHMAaJlb-
HUI [IyM npuckopeHHs. 1lefl MoKa3HUK OTPUMAaB Ha3By KOHCTPYKTHBHOTO INYMY MPUCKOPEHHs. 3HAYEHHS KOH-
CTPYKTHBHOTO IIYMY IPUCKOPEHHs OyJId po3paxoBaHi JiJIsi aBTOMOOUTIB 31 CTATUCTHYHUMH JTAHUMH PO CEPEITHIO
BHKOHaHY poOOTY 710 aBapii.

3a pesysbTaTaMu PO3paxyHKiB 1100y10BaHO rpadik 3a/IeKHOCTI Cepe/IHbOi POOOTH IIepes| aBapicio S, Bij Beiu-
YHHH KOHCTPYKTHBHOTO LIyMY NPUCKOPEHHs O, (pucC. 2).
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KGHCTP}’R‘THBHHE IIyM pO3roHY
Puc. 2. 3anexHicTs nepenaBapiiiHuX XapakTepUCTHK aBTOMOOLIIS Bill BEIMYMHU KOHCTPYKTHBHOTO IIIYMY PO3TOHY

SIk BUIHO Ha PHCYHKY 2, 30UIBIIICHHS KOHCTPYKTHBHOTO IIYMY PO3TOHY TPU3BOAUTH J0 3MCHIICHHS Cepe-
HbOI poOOTH 10 aBapii. [HIIMMU ciioBamu, 301IBIICHHS TaK 3BAaHMX aKTUBHUX (PYHKULiIN Oe3nmeKu aBTOMOOLNIS MpH-
3BOIUTH J0 3HIKCHHS aKTHBHOT OC3IICKH.

IIpoBesieHI TOCTIKEHHS TO3BOJIMIN BU3HAYNTH 3HAYCHHS MOKA3HUKIB SIKOCTI aBTOMOOWUTIB, SIKi HA MepIInit
MOMIIA] BIIMOBINAIOTh PI3HUM PIBHAM O€3MeKu pyxy. MakcHMaibHI 3HAUCHHS V. . cTaHoBuate +10 KM/TOI II0
MIBUIKICHUX 00OMEXEHb JUISHOK JOPIT. 3a pe3yiasTaTaMH BUMIPIOBaHb OyJIM CTBOpPEHI TiCTOrpaMy PO3MOALTY 3Ha-
YeHb k I 9ac pyXy MO MicTy Ta Tpaci. 3a HIKHIO MEXy 3HA4€Hb k , IO BiNOBIAAOTh OE3MEYHMM yMOBAaM PyXy
B MiCTi, Oy/ii MpuiHATI HaWO1IbI Biporiani 3Ha4enns k 0,45, 0,75 1 0,8 Ha MaricTpaisax i MaricTpaibHUX J0pPOrax
BIMOBiHO. B AKOCTI BEpXHBOI ME3Ki 3HAYEHHS HMOBIpHOCTI k& mepeuntysanu 0,05. [lis MicTa e 3Ha9€HHs J10PiB-
Htoe 0,75, st moce — 0,9, a quis marictpani — 0,95. Cryninb HeOe3neku miciib J{TI1 BU3HAYAE€THCS CTYTICHEM YIIO-
BUTBHEHHS TPAHCIIOPTHOTO 3ac00Y, SKUI MOTPANMB Y HHOTO. 3aJICKHO BiJ CTYIICHS YIIOBUIBHEHHS BUALIIOTH TaKi
CTyIEH1 HeOe3NeKu: JITKUM, cepeaHiil 1 kpuTudaHuil. ¥ [1] 3anpornoHoBaHO PiBHSHHS JUIS BU3HAYEHHS CEPEAHBOIO
3HAUCHHS TPOYKTUBHOCTI TPAHCIIOPTHOTO 3ac00y 110 aBapii 3 OIiHKH HeOe3meku aBapii. [1lym mpuckopeHHs MOXKHA
BHU3HAYUTH 32 (OPMYJIOI0:

c,= ]’”T““‘ , M/C? 2

BiamoBigHO 10 HIKHBOTO Ta BEPXHBOTO 3HAYCHD MIPUCKOPEHHS BU3HAYCHO MTOPOTOBi 3HAUCHHS /IS 3aCTOCY-

BaHHS BIJIIOBIAHUX aIMiHICTPaTUBHUX 3aXOJiB y pasi, SAKIIO 3apeeCTPOBaHi BOJIEM 3HAUCHHS i 4ac PyXy BHII
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a00 HIKY1, HaBeaeH] B Tabmu 1.

Tabmuns 1
3HavYeHHs AKICHMX MOKA3HUKIB KePyBaHHs JIETKOBUM aBTOMOOij1eM, 110 BiIMOBIIaI0TH 0e3MeaHUM
peKkuMaM i peskuMaM pyxy, AKi BAMAraloTh HAKJIAIEHHS HA BOAIA aAMiHiCTPATUBHOIO CTATHEHHA

Micto Mloce ABTOMAaricTpaib
Iloxa3zHuku Beaneuno B me:xkax | Heoe3- | besmeu- | B meskax | Hede3- | besnmeu- | B mexkax | He0e3-
HOpPMH TMEYHO HO HOPMH MEeYHo HO HOPMH neYHo
Maxkcumaib-
Ha INBHU- . +(20... 4> 4 +(20... (> + +(40... (>
KicTs, Vnw, 50+10 5()+(20...60) 5060 9010 0()+(0...60) 9()+>60) 110%10 110+40..60) | 110+60
KM/TOJ
Koedimientn
msnocri, | 0,45...0,75 | 0,35...0.25 Moegme 0.75...0.9|0,65...0,55 | MeHIe 58 095 0.7...0,6 | Merme
k 25 0,55 0,6
Haba- HaGararo Haba-
Mpuckopen- | 0,751a |y ) 45 | rato | 061 a5 4o | G e | 04T g5 g5 raTo
Hi, G, M/C MEHILIE OlJbIE | MEHIIE MEHILIE OlIbIIIE

100 3HM3UTH WMOBIPHICTH aBapiHHOCTI Ta BIEBHEHO Ta OE3MEYHO KepyBaTh aBTOMOO1IEM, HEOOX1AHO KOH-
TPOJTFOBATH MAKCUMAJIbHY IIBUAKICTh V o KOE(ILi€HT IBUIKOCTI kK Ta IIlyM pO3rOHY o, BIJIMTOB1THO JIO JOIYCTUMOT
IIBUIKOCTI B TPAHCIIOPTHOMY MOTOIII.

OHUM 3 KpUTEPIiB, 10 BILTUBAE HA BU3HAYCHHSI TPHCKOPEHHS TPAHCIIOPTHOTO 3acO0y Yy pa3i aBapii, sIBISEThCS
MIPOCTOPOBE PO3TAIIYBaHHs Ta TEOMETPis MPOI3HOI YacTHHU. B 3ai1exKHOCTI BiJ HepiBHOCTEH MPOI3HOT YaCTHHH Ha
TPAHCIIOPTHHUHN 3aci0 JIFOTH 3yCHJUIA, MO HE PO3MVISIAIOTHCS MPH MPOSKTYBaHHI Ta BUTOTOBJICHHI TPAHCIIOPTHOTO
3aco0y. HepiBHOCTI mpoi3HOi YacTHHN MOXYTh OyTH O0OyMOBJICHI Pi3HUMH NMPUYMHAMHM BiJ BIACTHBOCTEH 1 0cCO-
OIMBOCTEl OCHOBHM Ta EIEMEHTIB JOPOXKHBOTO OZATY. ['eoMeTpist mpoi3HOT YaCTHHH € pe3yNsTaToM Jii JOCTaTHBOI
3HAYHOT KUTBKOCTI (pakTopiB. OLIHUTH BIUIUB KO)KHOTO 3 HUX MOXKIIMBO Ha OCHOBI 3araJIbHOBIIOMHX MPUHIUIIIB, SKi
TPaIUIiIiHO 3aCTOCOBYIOTHCS Y BUPILLIEHHI TAKOTO POAY 33/ad. 3 ypaxyBaHHAM MOXJIMBOCTI 3acTocyBaHHs [ T-Tex-
HOJIOTi! AOCTaTHBO 3HAYHI IUIOLI JOPOXKHBOTO MOKPUTTS MOXKYTh OyTH €KCTpaIojibOBaHI y MPOCTOPOBE reoMe-
TPHUYHE T10JIe, SIKE € OCHOBOIO AJISl pyXY TPAHCIIOPTHUX 3aC00iB.

Mertoz KiHIIEBUX €IIEMEHTIB JO3BOJISIE BUPILIUTH MOCTaBIEHY 3a1a4y. [Ipyr IboMy TOUHICTh BU3HAYCHHS 3aJIe-
JKUTP BiJl KUTBKOCTI MPUHHATHX eleMeHTiB. Haloupumii iHTepec B IIbOMY CEHCI OOYI0Ba MO MPOi3HOT YaCTHHH
B CTATUYHOMY CTaHi, a TAKOX 3B’ SI3KOB1 3MiHHM T'eOMeTPii POI3HOT YACTHHH, 32 SKUMH 3arajioM MOXKIIUBO BU3HAYUTH
JIOZIATKOBI 3yCHJIIISA, IO BUHUKAKOTH T 9ac pyXy TPAHCIIOPTHOTO 3ac00y MO MPOi3Hil YacTHHI, ika Ma€e BUIbHY T€0-
METPIFO, IO Y CBOIO Yepry MOXKE TUHAMIYHO 3MiHIOBAaTHCS. TaKMM YHHOM HAa OCHOBI MOJIENII MPOi3HOT YaCTHHU, IO
B33a€MOJIi€ 3 TPAHCTIOPTHUMH 3ac00aMH, MOXKIIMBO BH3HAYNTH BIUIMB OCTAHHIX Ha XapaKTEPHCTHKH KOM(pOPTHOCTI
MIePEBE3CHHS MACAKUPIB Ta HANIHHOCTI JJOCTABKHU BAaHTAXiB.

I'eometpis mpoi3HOT YaCTUHM BIUIMBAE B KIiHI[EBOMY PO3paxyHKYy Ha OCHOBHI JOTiCTHYHI ITOKAa3HUKU TpPaH-
CHOPTHUX 3ac00iB. OJHUM 3 TaKMX TMOKa3HUKIB € HMIBUIKICTh TPAHCHOPTHUX 3ac00IB IpHU MepeBe3eHHsIX. B KiH-
LIEBOMY PO3PaxyHKy IIBUIKICTh TPAHCIOPTHUX 3aCO0iB B JIOTICTUYHIN CUCTEMI BU3HAYa€ BAPTICTh TOCTABKH BaH-
TaXiB, K OAHMH i3 OCHOBHUX KpHTepiiB. ToMy mocTraBieHa 3amadya BH3HAYCHHS OC3MEYHUX MIBHIKOCTEH PyXy
JIOCTaBKH, € OCHOBHOIO 1 aKTyaJIbHOO. [lel kpuTepili 3ajeKuTh Bifl 3HAYHOI KUTBKOCTI (DaKTOpIiB, Y TOMY YHCII
JIOKaJIbHUX HEPIBHOCTEH MPOI3HOT YaCTHHU. Po3risiiarodn Moeh B3a€MOJIIT PyXOMOTO CKJIaay 3 TPOi3HO YacTH-
HOIO MOXKJIMBO BU3HAYUTH JIOJATKOBI 3yCHJIIA, IO BHHUKAIOTH B PE3yNIBTaTi pyXy TPaHCIOPTHUX 3aCc0O0IB IO HEPIB-
Hill MOBepxHi. 3a7a4a iX BU3HAYCHHS 3BOAUTHCS 10 BCTAHOBJICHHS (DYHKIIIOHATBHOT 3aJICKHOCTI 3MIHH BiJIIOBITHOT
KOOpJIUHAIT 3 YacoM. Y MOJABIIOMY 1€ JJa€ MOXIJIMBICTh OTpUMaHHs (DYHKIIIOHAIBHUX BEIHYUH MPHCKOPEHHS,
SKi BKe 0e3ocepeJHhO MOKIIMBO BUKOPHUCTOBYBATH IIPH PO3PaxyHKaX, i BU3HAUCHHI OC3MEYHMUX IIBUAKOCTEH 1O
KPHUTEPiI0 T€OMETpii JOPOKHBOTO OAATY. 3arajJibHO BimoMmuit nmpuHIUN [I’anamOep Jae€ MOXKIMBICTh PO3IVISIIAHHS
CUCTEMH JMHAMIYHOI 3a/1aui B3a€MOJI] «TpaHCTIOPTHUH 3aci0 — JOPOXKHE MOKPUTTS Yepe3 BUPILIECHHs! Y CTATHIII.

MareMaTuyHy MOZENi MOBEPXHi MPOi3HOT YaCTHHHU [9] MPOMOHYETHCSA NPEACTABUTH Y HACTYITHOMY BUIJISAI.

Hexait D — neska obnacte B 1utonuHi xOy, ska neOpMyeTbCs B BHACTIJOK OCIA0JICHHS OCHOBH, 0OMe-
JKEHA 3aMKHEHOIO KyCKOBO-INIaIKOI KpuBor L. KoHTyp L mepecikaeTbest 3 OyIb-SKOIO MPSMOIO, HapaleIbHO0
JI0 OJIHI€T 3 Ocel KOOpAMHAT, KiHIIEBOMY YHCIi TOYOK a00 KIHIICBUM YHCIIOM IIUTMX Binpi3kiB. Hexali oGmacth
D Bu3HaueHa y 3arajlbHOMY BHITaJIKy XaOTHYHA CITKa XapaKTEPHUX TOYOK pelibedy Ta KOHCTPYKIIH (perepiB)
D, = (x,., b2 ),i =1, N Ta Hexail y By3iax CITKU penepiB (x,., y,.) 3a/aHi 3HaueHHA Aeskoi QyHkuil f; = f (x,., yl,) ,
OTPHUMAHOI 3a pe3ybTaTaMH BUMiPIOBAHHS TeONC3NIHUMH CITyOamu. HeoOXiIHO BITHOBHTH HENIEPEPHBHY BCIOMU
D + L ¢yHKIito, sKa IpuiiMae 3aBIaHHS 3HAUCHHS B By3J1aX CITKH: u(xl, » ) = f.,i=1,N . lla 3agada mae OinpIe

218 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (69), 2025



HIX OffHE pillleHHs. PO3rIsHEMO OlHY 3 MOXKIJIMBHX il pillleHb y BUITIA1 Oe3MepepBHOI KYCKOBO-JIiHiHHOT QyHKIIT g
(x, y) (miHiMHOTO CcIITaitHy), AJIS IKOTO BUKOHY€ETHCS YMOBU

g(x.»)=f, i=LLN (3)

1106 moOymyBatH cruiaiiy, po3ainumo obnacts D Ha KiHIIEBi €J1eMEHTH, SIKi 00MpaeMO Y BUIVISLII TPUKYTHHKA
3 BepLIMHAMU Yy By3Iax CiTku D, .

3ayBaXxnMo, 10 B 7 — BUMIpHUX (n>1) IpocTOpax HeMae BUBHAYCHOTO BiIHOIICHHS MK 3araibHUM 4HC-
JIOM €JIEMEHTIB pO30UTTS Ta 3araJbHUM YMCIOM BY3MiB CITKH D), , sIK LI€é Ma€ MICIe Y OJHOBUMIPHOMY BUIAJKY.
ToMy po30UTTS HAa TPUKYTHHUKOBI €JI€MEHTH HeoqHO3Ha4Hi. Hikue OyaeMo roBOpuTH Mpo JMiHiHHI, KBaApaTU4HIi Ta
KyOiuHi CIITaliHK y 3B’A3KY 3 IPUHHATHM pO30UTTSIM obnacti D, .

PosrsiHeMo TpukyTHHI eneMeHT d,. Homepa By3miB i, j Ta m BKa3aHi y IOCIIIOBHOCTI, BIMOBIOHIN pyXy
MPOTH FTOAMHHUKOBOT CTPLIKY [9]. BimHOBIEHA QyHKITIS U (x, y) 00UpAaETHCS JIIHIHHOO g (x, ) Ha L[bOMY CJIEMEHTI.

g(x,y)zgk (x,y)zalk +a§ +a3ky, (x,y)e d,, 4)

k k k PV . . . .
J€ a;, a, ua, —IOCTI}HI, 0 y 3aTaJlbHOMY BUMAJKY BIAPI3HSIOTHCS Ul PI3HUX €JIEMEHTIB.
Bonu Bu3HawatoThCs yMoBaMmH (3) Ta BEAYTh IO CHCTEMH PiBHSIHb

a+ax +ay =f,
atax; +ay,=f, (5)
a+ax,+ay, =1,
ne f;, f;»f, —BKasaHi 3Ha4eHHs QYHKLII B By3J1ax i, j Ta m BiANOBIIHO; BEPXHiii iHAEKC «K» IPOITYCKAETHCS

JUTS CIIPOIIICHHS 3aIIHCY.
Busnaynuk cuctemu (5)

Lx
28°=28=1 x, y,|#0 (6)
Lox, »,

JOpIBHIOE JBidi IJIOIII TPUKYTHUKA d, 1 He HopiBHIOE Hymo. ToMy cucTeMa (6) Mae €MHE PilllEHHS, AKe
3aMUCYETHCS Y BUITISAL

a=(af+af +a,f,) 25",

a,=(B.f,+B,f, +B,.f,)-(25)", (7
a, =y +y,f,+ v, 1) 29)",
ac ai:xjym_xmyj7Bi:yi_ym’yi:xm_xi' (3)

[Huwi 3minni a;,a,,.B,.¥;,, BHXOIIUTE 3 q)(?pMynH (7) MUKITIYHOI IMepecTaHOBKU iHACKCIB. [licTaBUBIIN
BHpa3 (6) B (4), OTPUMAEMO HACTYIIHI YsIBICHHsI JliHiiHOTO cruaiiny g (x,y)e C[D]:

g(x,y)=g"(x.y)=(28)" X[(a; +Bx+yy)/, +(aj. +Bjx+yjy)fj +(a, +[3mx+ymy)fm],

(x,¥)ed,, k=11 ©)

Hexaii Ha mmaaki 3aMKHEHil rpaHudHiil kpuBi L Bu3HaueHa Oe3nepepBHa (HYHKITiSA q)(x, y) 1 Hexail kpuBa L
6y/e 3aMiHATUCSA 6AaraTo30pPSHOIO JAMAHOIO L , BEPIIMHHU SKHX 3HAXOAATHCA Ha L i 36iraroThes 3 IPAaHUYHUMH By3-
namu citku D, . Toni B pe3ynbraTi KyCOUHO-NiHIHOI anpokcuManii KOpaoHy, GyHKIil (p(x, y)|i* , fKa BU3Ha4YeHa
Ha L . ®yHKIiA @i ¢ 36iraeThcs B TOYKAX IPAHMIN; HA JTAHKAX l; rpasnni L dyHKIis (p*(x, y) OOYHCITIOETHCS
BiIMOB1THO 710 TipaBmi (7).

B pesynbrari 3acTOCyBaHHS JIHIHHHUX CIUIAHHIB U OTPUMAHHS PIIICHHS B BKa3aHiil oOnacTi 3 BiTOMUMH
3HaYeHHAMH (YHKLII B By3Jlax ciTku noOynoBaHa OesnepepBHa (yHKLIsA, 10 BiTHOBIIOEThCA. L PyHKIIiOHANBHA
3aJIeKHICTh T03BOJISIE MOAETIOBATH AUCKPETHUHN Y Yaci CTaH OCHOBH 1 CTPYKTypH Ha Hei. Lle Mae 3HauHuil mpakTud-
HUH 1HTepeC U1 TPAHCTIOPTHUX CIICIiaNiCTiB.

BucHoBku. HaliHeOe3neYHUMHI HECTIPABHOCTSMH, sIKi dacTime 3a Bce cnpuunnstors [T, € HecnpaBHOCTI
raneMiBHOI cuctemi (10 50 %), pynsoBoro ynpasminas (14 %), cucremu ocBiTiIeHHS Ta curHaiizarii (16 %).

Sk cBiqUNTH cTaTUCcTHKA, po3noain npuanH JTII Taxwmii:

— Yepe3 MOMIUTKOBI i1 monuau — 60-70 %;

— gepe3 He3aI0BUIBHAHN CTaH JOPIr i HEBIAMOBIIHICTh JOPOXKHIX YMOB XapakTepy pyxy — 20-30 %;

— yepe3 TeXHIYHI HecTIpaBHOCTI aBToMo0inst — 10-15 %.

barato mocmiaHUKIB BBaXKaIOTh, 110 2/3 ycixX MPUTo] BUHUKAE 3 BUHU JtofeH i jumre 1/3 uepes dakropu, ski
HE 3ajeKaTh Bl IXHBOI BOII Ta AISUILHOCTI.
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®akropy, sAKi cupusioTh BUHUKHEHHIO JITII, MO)XHA pO3aiINTH HA TPU YMOBHI TPyIH: depe3 Aii JIOAUHU
(Yy4acHHKIB JJOPOXKHBOTO PYXY), Ue€pe3 HECIIPABHOCTI TPAHCIIOPTHUX 3aCO0IB Ta JOPOXKHI YMOBH.

AHaJi3 103BOJISIE 3BECTH MTPUUYMHH, 1110 IPU3BOJATH O aBTONPHUTOl, Y HACTYIIHI OAHOPIHI TPyIH:

— HeBUKOHaHHS [IpaBUiI y4acHUKAMH JOPOKHBOTO PYXY;

—3aCTOCYBaHHS BOAISIMH TaKHX MPUHOMIB KEpyBaHHS TPAHCIIOPTHUMH 3aCO0aMH, K1 IPU3BOIATH JI0 3aHOCIB,
MEePEKUIAHHS Y¥ JIO0 BTPATH KepyBaHH ITiJ] 4ac pyXy, a00 CPHUSAIOTH BAHUKHEHHIO MOJIAMOK MEXaH13MiB, BHACIIIOK
YOro BUHHMKAIOTh aBapiiiHi CHTYyaIlii;

— 3HW)KEHHS MPaIle3IaTHOCTI BOIisS BHACIIJOK MEPEBTOMH, XBOPOOH UM TIiJl BILTMBOM (DAKTOPIB, SIKI BUKITHKA-
FOTh 3MiHY CaMOIIOYYTTH;

— HE3aJOBUTbHUH TEXHIYHUI CTaH TPAHCIOPTHHX 3aC00iB;

— HEMpaBUJIbHE PO3MIIIEHHS Ta KPIiMICHHS BaHTAXY, 0 MPU3BOJUTH JI0 BTPATH KEPYBaHHS, 3MiHU PEKUMY
po0OTH MeXaHi3MiB;

— He3a/I0BIbHE YTPUMAHHS €JIEMEHTIB JIOPOTH;

— HEe3aJI0BLIbHA OpraHi3allisi JOPOXKHBOTO PYXY.

OnHak aHali3yr4Yd KOHKPETHI MPUTOIH, MOXHA TMPUHTH 0 BUCHOBKY, 1[0 HaWJacTillle BOHW BUKJIMKAHI HE
OJTHI€I0, a KiJIbKOMa MpUYHMHAMHU. BeTaHoBneHo, 1o Ha koxxHi 100 JITIT toBoauThes 01u3bK0 250 IPUYKH 1 CYITyT-
HIiX (hakTopiB.

BrockoHaneHHsI AOPOXKHBOT THPPACTPYKTYPH, SIKE CIPAMOBaHE Ha MOKPAIICHHS aKTUBHOT O€3MEKH aBTOMO-
O1J1s1, T IBUIIICHHS IBUIKOCTI Ta MPOMYCKHOI 31aTHOCTI, HE 3a0e3Ieuye MiABUIIEHHs aKTUBHOT Oe3MeKH BCI€T Crc-
TEMH JIOPOKHBOTO PYXY, & JIUIIEC POLIUPIOE MEKi OE3IIETHOTO BOIIHHS.

AKTHBHa 0Oe3IeKa € XapaKTEPUCTUKOI CUCTEMH «BOMIH—aBTOMOO1Ib». OTXKeE, MiIBUIICHHS aKTUBHOT OE3MIeKH
JOPO’KHBOTO PYXy MOXKJIMBE JIMINE 32 PAXyHOK 3MCHIICHHS KUTBKOCTI BOAIIB, SIKi BUKOPUCTOBYIOTH PEXXUMH PyXY
1mo3a Mexamu 0e3MeKH B TPAHCIIOPTHOMY MOTOLI.

Hananns Boniei indopmatii mpo piBeHb KePOBaHOCTI aBTOMOOIIIS, HEOOX1THOT IS ONTHMi3allii HOTO pexkuMy
PYXY 3 ypaxyBaHHSAM KpUTEpiiB O€3MeKH, HE T03BOJIAE MOBHICTIO BUKIIOUYNUTH BUIAIKK TEPEBUILCHHS MPAHUYHUX
3HAYCHb Yepe3 HAsBHICTh BOMIIB, SKi ITHOPYIOTH L0 iH(opMaIito.

JIJ1s 3MEHIIIeHHs KITbKOCTI BOJIIIB, 110 TIEPEBUIIYIOTh TPAHWYHI 3HAYCHHS MOKa3HUKIB Oe3IeKn, HeOOX1THUI
KOHTPOJIb 33 TIOTPUMAHHSAM HAMH O€3MEeUHUX PEXKHUMIB PyXy. Y pa3si MOpYyIICHHS UX PEXKHUMIB KOMIICTCHTHI OpraHu
MAalOTh BUKOPUCTOBYBATH JIaH1 PO AKICTh KEPYBaHHS aBTOMOOIJIEM JIJIS 3aCTOCYBAHHS aIMIHICTPATHBHUX CTATHEHb.
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MOJEJIb 3AJIEZKHOCTI BAHTAXKOOBITY ABTOMOBIVIBHOT'O TPAHCIIOPTY
BIJ1 IIHU HA BEH3UH A-95

Asmomobinbruti mpanchopm 3aumae opyee micye 8 Ykpaini ceped audie mpancnopmy 3a 00cs120M 8AHMANCHUX Nepese-
3env. Came momy 6UHUKAE HEOOXIOHICMb 0OCTIONCEHHS, MOOETIOBANHS, AHANIZY Md NPOSHO3YE8AHHS BAHMAICO00ICY HA ABMO-
Mmobineromy mpancnopmi. Tlosedinka ma 3nauenHs 0Y0b-K020 eKOHOMIUHO20 NOKASHUKA 3ANeNCUMb RPAKMUYHO 610 Oe3niyi
haxmopis, ane 6ci haxmopu 8paxysamu HemoxcIUGo. Ane 8 yboMy i Hemae nompeobu. 3azsuuaii uule 0OMeNCeHA KinbKiCmb
paxmopie Hacnpagodi icMOMHO 6NIUBAE HA OOCTIOHCYBAHUL NOKA3HUK. Bnaus inuwux gaxmopie nacminoku HesHaymutl, wo ix
I2HOpYBaHHS He MOodice Npu3eecmu 00 ICMOMHUX 8I0XULeHb Y NOBediHYl D0CHI0dNCYy8an020 00 ekma. Bajciusoio nepedymosoio
AKICHO20 aHANIZY MA NPOSHO3Y € BUOKPEMIEHHS MA 8PAXY8AHHA 8 MOOei nuwe 0OMiHyouux haxmopig. OOHUM 3 HALIBANCIUGI-
WX YUHHUKIG, W0 BNIUBAE HA BAHMAICO0DIe ABMOMOBITLHO20 MPAHCHOPMY € YiHa Ha naivhe. B pobomi posenanymo numanns
MOOCTI08AHHS BAHMANCO0DIZY ABMOMODLTbHO2O MPAHCHOpmy 610 Yinu Ha bensun mapxu A-935. [l nobyoosu mamemamuynoi
Modeni guxopucmosysanuca cmamucmuyni 0ani Jepocasnoi ciyxcou cmamucmuky Yxpainu. 3 memoro agmomamusayii npo-
yecy noby00su Mooeni 3a1exHcHOCH 00CA2Y BAHMANCHUX NEPe6e3eHb Ha ABMOMODLTbHOMY Mpanchopmi 6i0 yinu Ha Oensun A-95
8 OAHOMY O0CTIONCEHT BUKOPUCIAHO MOJCIUB0CH mabauyHo2o npoyecopy Excel. [[na 3abesneuenns docmogipnocmi hobyoosa-
HOI MoOeri, ceped 3anponoHoeanux eapianmis niniti pezpecii 6 Excel obupanu my, ska mMae HauOinbuLy eeiudury anpoxcumayii.
B Oaniii pobomi dompumano 6cix eumoz 00 OCHOBHUX emanis MamMeMamuiyHo20 MOOETIOBAHHS PealbHO20 HPOYeC). HABEOEHO
NOCMAHOBKY 340aui, 8UOKPEMIEHO NOKASHUK, AKUL CYMMEBD BNIUBAE HA OOCTIONCYBAHUL 00 €KM, NPedCmasneHo Memoouxy
106y008u MamemamuuHoi Mooesi, 0CTIOHCeHO NOOYOOBAHY MOOETb PealbH020 POYeCy Ma PO3LIAHYMO 3ACMOCYBAHHS OMPU-
MAaHux pe3ynomamis 00 NPaKmMuyHo20 NUMAHHA NPOSHO3YBAHHA 8AHMANCO00icy asmomoditbHo2o mpancnopmy na 2025 pix.
Ompumani  0aHoMy 00CTIONCEHHT pe3yTbmamu 8idi2paiontb 6ANCIUBY PO NPU NIAHYBAHHS 00CS2I8 Nepese3etb Moeapie asmo-
MOOIIbHUM MPAHCROPMOM MA AHANI3L 00CA2I8 308HIUHLOI MA GHYMPIUWHBOL MOp2ieni Mmosapamil.

KitrouoBi clioBa: agmomobinbHuil mpancnopm, eanmanicoobie, Mooeib, 0CHOBIPHICHb AnpoKCUMAayil.

Maiborodina N. V., Gerasymenko V. P. Dependence model of freight turnover in road transport on the price of A-95
gasoline

Road transport ranks second in Ukraine among modes of transport in terms of freight volume. This is why there is a need
to study, model, analyze, and forecast freight traffic in road transport. The behavior and value of any economic indicator depend
on a multitude of factors, but it is impossible to take all of them into account. However, this is not necessary. Typically, only a lim-
ited number of factors significantly influence the indicator under study. The impact of other factors is so negligible that ignoring
them does not lead to substantial deviations in the behavior of the object under analysis. A key prerequisite for a quality analysis
and forecast is identifying and considering only the dominant factors in the model. One of the most important factors influencing
road freight traffic is the price of fuel. This paper examines the issue of modeling road freight traffic depending on the price of
A-95 gasoline. To construct the mathematical model, statistical data from the State Statistics Service of Ukraine was used. To
automate the process of building the model of the dependence of freight volume on road transport on the price of A-95 gasoline,
this study employed the capabilities of the Excel spreadsheet processor. To ensure the reliability of the constructed model, the
regression line option with the highest approximation value was selected among those offered in Excel. This work adheres to all
the requirements for the main stages of mathematical modeling of a real-world process: the problem is stated, the key influencing
indicator is identified, the methodology for constructing the mathematical model is presented, the developed model of the real
process is analyzed, and the application of the obtained results for the practical task of forecasting road freight traffic for the
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year 2025 is considered. The results obtained in this study play an important role in planning the volume of goods transported
by road and in analyzing the volume of external and internal trade in goods.
Key words: road transport, freight turnover, model, approximation reliability.

IMocTanoBka npodaemu. B YkpaiHi 3 KOKHUM POKOM Bce OijIbIlie PO3BUBAETHCS IHTEPHET 1HAYCTpIs, sKa
nepeadadae KymiBIIO-TIPOIaX TOBApiB uepe3 iHTepHeT Marasuau. Came B TaKUX yMOBaX JIOCTaBKa TOBApIiB aBTO-
MOOITFHIM TPaHCIIOPTOM HaOyBa€ Bce OUIBIIOT MOMyIsspHOCTI. OCHOBHUMH YHHHUKAMH BUOOPY aBTOMOOIIBHOTO
TPAHCIIOPTY IS BAHTaKHUX IIEpEeBE3eHb € Horo rmepeBary. Hanpukinaz, BUKOPUCTaHHS aBTOMOOUTFHOTO TPAHCIIOPTY
3a0e3Ieuye rHyYKiCTh JOCTABKH Ta MapIIpyTiB, Ma€ MBUAKY ONECPATUBHICTh Ta HAUKPALIUA BU TPAHCIIOPTY IS
TEpMIHOBHX BaHTaXiB. 3 PO3BHUTKOM Majioro 0i3Hecy B YKpaiHi Jefasi IIMpIIe BUKOPHUCTOBYETHCS aBTOMOOITH-
HUH TpaHCHOPT AJIS IIEPEBE3CHb BAaHTAXKIB, OCKUIBKU BiH 3pyYHHH IS IEPEBE3CHHS HEBEIMKUX MapTiii BAHTaXIB.
Tako BUKOPUCTaHHS aBTOMOOIJILHOTO TPAHCIIOPTY HE MOTPpedy€e BEMMKUX BUTPAT Ha iHYPACTPYKTYpY, OCKIJIbKY HE
noTpiOHO OyayBaTH KOJIii, MOPTH YU aepornopTH. HalBUriAHIIIUM BHIOM TPaHCIOPTY Ha HEBEUKUX JUCTAHIISNX
€ caMe aBTOMOOUTEHUM TPaHCIIOPT, AKUI 3a0e3neuye KOMOIHOBaHI 3aBaHTaKEHHS [l 301pHUX BHUIIIB BAHTAXIB.

3 mowaTkoM BiiiHH B 2022 poIli BaHTaXHi MEPEBE3CHHS aBTOMOOLIEHIM TPAHCIIOPTOM HEPEMICTIUTHCS 3 APY-
TOTO MICIISI cepell BUAIB TPAHCHOPTY 3a 00CATOM BaHTAXHHX IepeBe3eHb Ha mepme. OCOOMUBIMHU TMepeBaraMu
ABTOMOOUTLHOTO TPAHCIIOPTY Y BOEHHHUH Yac € MOXJIMBICTh 3MiHM MapIIpyTy B peajbHOMY Yaci Ta HeoOMexe-
HICTh XOPCTKUMH TpadikaMH SK Y 3a1I3HUYHOTO TPAHCTIOPTY. BpaxoByroun Toii (hakT, mo aBiarpaHcropt B YKpaiHi
He npaifoe 3 2022 poKy JUIA NepeBe3eHb BaHTaXIB, JTOBOIUTHCS PO3MOAUIATH JaHy MPOTaJHHY B TEpEBE3CHHIX
MDX 3aJ1I3HUYHIM Ta aBTOMOOITBEHUM TpaHCIIOPTOM. EKOHOMIYHA aKTHBHICTh KpaiHU HANPSMY BIUIMBAE Ha ITOIUT
Ha nepeBe3eHHs. CydacHa YkpaiHa nmoTpeOye MIBUAKOI opraHi3allii mepeBe3eHb Ta JOCTYI 0 HaWBiaaICHIIINX
1 HeOe3meuHux Touok. Came aBTOMOOUTBHUN TPAaHCIIOPT 3a0e3Meuye TaKy OpraHizallii BAHTaKONIEpPEBE3€Hb.

OT3xe, TOCIiIKECHHS 3aleXHOCTI BAHTa)X000Iry aBTOMOOUIBHOTO TPAaHCIOPTY Bif I[IHM HAa OCH3UH MapKu
A-95 sBrnsie cob010 akTyallbHy 3a1a4y AJIs HiAMPUEMCTB 1 opraHizauiii Ykpainu.

AHani3 octaHHiX JochaigkeHb i myOaikaniii. JlocnimpkeHHio cdepd aBTOMOOUIBHOTO TPaHCIOPTY MPHILIS-
€THCSI BEJIMKA yBara BUCHNX, OCKUIBKU 3a0€3MeUeHHS CTAIOT0 PO3BUTKY € OXHUM 31 CTPATETiYHUX 3aBIaHb HaIllOHAb-
HO1 €KOHOMIKH KpaiHu. TeopeTryHi Ta METOOJIOTIYHI MMTAaHHS PO3BUTKY aBTOTPAHCIOPTHOI T'aly3i B HAIlIOHAIBHIH
eKOHOMIIlI po3niaaiuchk B mparyx FO. €. Tlamenko, Hukudopyk O.1., Umuprosa JI.YO., JIe6ins B.B. [1, 2, 3]. TIpa-
BOBI 3aca/ii peryJIFOBaHHS aBTOMOOTLHOTO TPAHCIIOPTY B YKpaiHi tociikeHo B podotax 1. M. bap6ip [4], B. M. Jlin-
KiBchkoro [5]. JlocmimpkeHHsT Oe3MeKH pyXy Ta BIUIMBY aBTOMOOUIFHOTO TPAaHCIIOPTY Ha HABKOJHIITHIO CEPEIOBHIIEC
po3msiHyTO B podotax b. B. Jlepen’siaka [6], O. M. Tepentsena [7], B.€. Onimescrkoi [8], I. Amutpisa [9].

Binnaroun Hane)kHe HAIBHUM HAYKOBHM JIOCIIPKEHHs YUCHUX 3 TTUTaHb c(hepH TisUTBHOCTI aBTOMOOITLHOTO
TPAHCIIOPTY, CMiJl 3a3HAYUTH, IO HEJJOCTaTHBO JOCIiIKEeHa MPOoIlelypa MPOrHO3yBaHHS OUiKyBaHHUX 00CATIB BaHTa-
JKOTIEPEBE3EHb Ta BILTUBY JOMIHYIOUNX (DaKTOpiB Ha BaHTaXKO0OIr.

Mera crarTi. OCHOBHOIO METOIO JaHOT POOOTH € MoOy10Ba MaTeMaTUYHOT MOJIEN 3aJIeKHOCTI BAHTAXK000ITy
ABTOMOOLIFHOTO TPAHCIOPTY BiJl IiHK Ha OCH3WH Mapku A-95 B yMOBaxX HEBH3HAUCHOCTI Ha OCHOBI HasBHUX CTa-
TUCTUYHUX JTAaHWX 32 MTOTIEPEIHI POKH 13 3aCTOCYBaHHSIM METO/IB MAaTeMaTHYHOI CTATUCTUKH. I[ocmzm(eHHﬂ aHayi3
moOyToOBaHOT MOJIENI Ta MPOTHO3YBaHHs BaHTaX000Iry Ha aBTOMOOUTLHOMY TpaHCIopTi Ha 2025 pik.

Bukian ocHoBHOro marepiany. J{ocmipkeHHS BaHTaK000Iry aBTOMOOITBHOTO TPAHCIOPTY MA€ BaKIIMBE
3HAYEHHS JUISI CYYaCHOT eKOHOMIKH YKpaiHHU, OCKUIBKH JOXiJ] TPOMHCIOBOTO Ta CLIIHCHKOTOCTIONAPCHKOTO BUPOOHH-
LITBA HA MIPSAMY 3aJIEKHUTH BiJ 10r0 MOXXIIMBOCTEH.

Jln1st yCTiITHOTO MPOrHO3YBaHHS 00CATY BaHTaX000iry i BHOOpy Mozei, 1[0 BUKOPHUCTOBYBaTUMEThCS, HEO0-
XitHO oOupatu perpeciiiHy ¢yHKIIiI0 cepe 6araTb0X MOXKJIMBHX BapiaHTiB. {71t BuUOOpPY afekBaTHOI Mojeli OynemMo
3aCTOCOBYBaTH CleliaibHi KpuTepii sikocTi Mogeni [10]. 3 MeToro mepeBipkd JOCTOBIPHOCTI 3alpOIIOHOBAHOI
MOJIEJTi, CKOPUCTAEMOCS elIEMEHTaMH IUCIIEPCIHOTO aHaji3y Ta MepeBipuMO 3HAUYIIICTh OTPUMAHUX PE3YIIBTaTIB.

Jns nanoi 3aga4i o6epeMo piBeHb 3HauymmocTi o = 0,05 (abo 5%). Toxi Bei chopMyap0BaHi BHCHOBKHU OyIyTh
BUKOHYBATHUCh 3 piBHEM J0BipH p =1—0a =0,95; T0o6TO 3 iimMOBipHicTIO 95%.

Jist CTBOpEHHSI MaTeMaTH4HOI MOJEN 3aJeXKHOCTI BAHTaXK000ITy aBTOMOOLIEHOTO TPAaHCHOPTY BiJ LIHH HA
OeH3uH Mapku A-95 ckopucTaeMocs AaHUMH, sKi po3MillleHi Ha caiiTi Jlep:kaBHOI CIIykOM CTaTUCTUKU YKpaiHU
B pozaini CratuctuuHa iHpopmauis / ExoHomiuHa cratuctrka / Tpancnopt / BanTaxkoo0ir 3a BUAaMu TPaHCIOPTY
(2014-2022) [11]. CraructuuHi qaHi HiHK Ha OcH3WH Mapku A-95 Ta BaHTa)X000iry aBTOMOOIIBHOTO TPAHCIIOPTY
3a nepion 2014-2021 poxkiB HaBeneHO B TabwmiIi 1.

B Tabmumi 1 HaBeneno nani 10 2021 poky. 3 HacTaHHSAM BiliHU B YKpaiHi 24 irotoro 2022 poKy cTajao He MOX-
JIUBUM 310paTh AKiCHO cTaTHCTUYHI AaHi 32 2022, 2023 ta 2024 poku. CKOpUCTAEMOCS HasIBHUMU CTaTUCTHYHUMH
naHuMu 3a nepion 2014 — 2021 POKH.

3amada perpeciiHoro aHan13y TOJIATAE B TOMY, 11100 32 HAIBHUMH CTATHCTHYHIMH JAHIMH:

1. OTpumaru HalKpali OLHKY g, a; ,-.. g, HEBLIOMHX napaMeTplB a,,a,...,a, ;

2. IlepeBipUTH CTaTUCTHYHI T1IIOTE3U npo apamMeTpy MOJIENi;

3. IlepeBiputu, uu 100pe OTpUMaHa MOJAECIH Y3TOKYEThCA 31 CTATUCTUYHUMU JTAHUMH (TIEPEBIPUTH aIeKBaT-
HicTh Mogieni) [10].
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Tabmus 1
Ilinn Ha GeH3UH MapKHu A-95 Ta BaHTaXK000iry aBTOMOOL/ILHOTO TpaHenopTy (2014-2021)

TokazHuK Ommmmnst |y, 2015 2016 2017 2018 2019 2020 2021
BUMIpy
BanTaxo00ir
aBTOMOGITBHOTO | MmH.TKM. | 37747,1 | 34504,6 | 37978,6 | 41459,5 | 42569,5 | 48906,3 | 42016,9 | 46808,1
TPaHCIOPTY
Iina na Gensnn rpH/1 13,1 20,4 20,1 24,6 29,1 28,6 24,9 30,5
Mapku A-95

SkicTh OTpUMaHUX OIIIHOK MapaMeTpiB &0,31 e an MOXKHA aHAII3yBaTH IIIJISIXOM JTOCIHIHKEHHS BiIXUICHB
MDK TEOPCTUYHUMHM 3HAUCHHSAMH MOJEINi Ta (GaKTHIHUMH (EMIIIpUIHUMH) JaHUMH. L{i BIAXWICHHS T0O3BOJSIOTH
OLIIHUTHU CTYMiHb BiAMOBITHOCTI MOOYIOBaHOI MOJENi peaIbHUM CIOCTEpeKeHHAM. ONHUM 13 HAHOMIMPEHINITNX
MiIXOAIB JAJISl OLIHIOBaHHS MapaMETPiB € MeTO/l HAlMEHIIMX KBAAPATIB — 116 CTAaTUCTUYHUN METOJ, SIKUU Mepe-
Oavae 3HAXOPKEHHsI TAKUX 3HAYCHb NApaMETPiB, TP SKUX cyMa KBaJApaTiB BiIXUJIeHb TEOPETUYHNX 3HAYECHD BiJl
EeMIIPUYHUX € MiHIMalbHOW. POpMaIbHO, BIH IPYHTYEThCSA Ha MiHIMi3awlii (QyHKIIT:

S{ananan) =3[ - f (xaanna) |

i=1

ne y, — emIipuuHi jaHi, f( x,.;ZIo,le,...cAln) — TEOpeTUYHA MOJIENb, KA 3aJIeXKUTh BiJl mapamerpiB. Takum
YMHOM, METOJ] HAaHMEHIINX KBAJApaTiB 3a0e3neuye 3HaXOKCHHS HailkpaIoi anmpokcuManii eMIIipuYHuX JaHUX 3a
3aJJaHOI0 MOAEIIIIO.

3 MeTor0 aBTOoMaTu3alii nooyaoBu Moaeli obepemo Tadnnunuii mpouecop Microsoft Excel.

OO0poOKy YMCIOBHX JaHWX PO3MOYHEMO 3 BUKOpucTaHHs Hancrpoiiku / Anami3 ganmnx / Onucosa craruc-
THKA. Pe3ynpraru HaBeneHO B TaOHIi 2.

Tabmurs 2
Pe3ysabTaTn onucosoi cratuctuku B Excel
XapakTepucruka Lina Ha OeH3UH l?aHTa)ROOﬁil"
Mapku A-95 (rpu/a) aBTOMOOIILHOTO TPAHCHIOPTY

CepenHe 3HaYCHHS 23,91375 41498,83
CranjapTHa MOXuOKa 2,061029 1689,579

Meniana 24,75 41738,2

Mona - -

CraHpapTHe BiIXWICHHS 5,829469 4778,852
Jucnepcis BUOipku 33,98271 22837427

Excnec 0,228039 -0,59313
Acumerpis -0,81062 0,207513

IaTepBan 17,43 14401,7

MiniMym 13,07 34504,6
Maxkcumym 30,5 48906,3

Cyma 191,31 331990,6

KinmskicTs 8 8

Ha ocHoOBi 1aHux npo BaHTaXk000ir aBToMOO1TEHOTO TpaHcopTy 3 2014 poky mo 2021 pik:

1. Busznaunmo BuA GyHKIIII perpecii.

2. [Mobynyemo QyHKIITO perpecii.

3. HocainumMo JOCTOBIpHICTH MOOYn0oBaHO1 (pyHKLIT perpecii.

4. BukoHaeMo MPOrHO3yBaHHs 3a MOOYI0BaHO0 (DYHKIIIIO perpecii:

a) CITPOrHO3y€EMO BaHTaXK000Ir aBTOMOOIILHOTO TpaHcopTy Ha 2025 pik;

0) 00YMCITUMO JTOBIPYHIA 1HTEPBAJ JUIS MPOTHO30BAHOTO 1HIWBITYyaJIbHOTO 3HAYECHHS BaHTAX000Iry aBTOMO-
O1TLHOTO TPaHCIIOPTY.

1. Jlyis BU3Ha4YeHHS BUAY (QYHKIIIT 3aJIe)KHOCTI BAHTaK000ITy aBTOMOOUIEHOTO TPAHCIIOPTY BiJ IiHU HA OEH-
3uH Mapku A-95 Oyayemo kopersitiiine moine Touok (Puc. 1).

224 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (69), 2025



Bantasoodir agroMoblinnore TRanemeprv.Man kM
GO0

5
SO o EENDEN

" 4pE08.1

LT
" 5ERE

400 d1459 4
& 3Tt ® 39TEG

& L5046

J00G

2000

1000

] L] 10 [E] 20 25 kil RE
Puc. 1. KopernsiitHe mose TO40K

2. 3acobamu TabmuuHOTO Mporecopy Microsoft Excel 3nitficHroemo BuOip ¢yHkmii perpecii. Ha puc. 2 300pa-
JKeHO BUOIp JiHIHHOI iHIi TpeHTy.

Bantasoodir asroMedlisnorse TpancnoprysLIn Ty
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Puc. 2. I'padik 3anexHOCTI BaHTaXK000ITy aBTOMOOUTBHOTO TPAHCIIOPTY Bif MiHM HAa OeH3WH MapKu A-95
(TiHiiiHA MOJIEITb)

OT1xe, QyHKIIOHATIbHA 3aJIEXKHICTh Ma€ BUIIIS
y=647,9x+26005. (1)

Benuuuna anpokcumanii R* =0,6246. Ockinbku 0,5 < R* <0,8 , To yHKIiOHATbHA 3a€KHICT MPUIHATHA
JUIS OTIUCY 3B’A3KY MK BEJIMYMHOIO BAHTAXK000ITy aBTOMOO1IBHOTO TPAHCIIOPTY Ta I[IHOO Ha OeH3MH Mapku A-95.
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3 MeTor0 30iIbIIeHHs MOKA3HUKY SKOCTi Mojeni R* obepeMo noniHoMianbHy QyHKIIi0 2-To crenens. I1o6y-
JIOBaHA MOJIEJTb Ta Tpadik 3aJIe)KHOCTI BAHTaXXK000Iry aBTOMOOUTLHOTO TPAHCIIOPTY BiJl IiHK HA OEH3WH Mapku A-95
300pakeHa Ha puc. 3.

BanTamoosdir apToModLILnors TPANCHOPTY, SMITH.TRM
S
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Puc. 3. I'padik 3a1exHOCTI BaHTaXK000IT'y aBTOMOOIIBHOTO TPAHCIIOPTY BiJl IiHK HAa OCH3UH MapKu A-95
(TosiHOMiaNbHA MOZIENb 2-TO CTEIEH:)

Orxe, pyHKIIOHATBHA 3QJICKHICTh MA€E BUTIIS]T
¥y =54,325x>~1757,8x+50852 . 2)

Benuunna anpokcumarii R* =0,7578 . Ockineku 0,5 < R* <0,8 , To (yHKI[IOHATBHA 3a]IEKHICTh TAKOXK TIPH-
WHATHA JJIs1 OMHCY 3B’ 3Ky MiJK BEIMYHHOIO BAHTAXK000ITy aBTOMOOITFHOTO TPAHCIIOPTY Ta LIHOO Ha OCH3MH MapKU
A-95. B nopiBHsAHHI 3 JiHiitHO0 Moaemto (1), BeJHMurHa anpoKCHMAIlii O1IbIla, TOMY MOJIIHOMiajdbHa MOJEIb 2-T0
cTerneHs (2) Kpaie Oucye 3aJeKHICTh MiXK PO3IVISTHY TUMH BEITHIHHAM.

O6epemo moniHOMianbHy (GyHKIi0 3-To cTeneHs (puc. 4). OCKilbKH BelMYMHA anpokcuMaii R =0,8162
(0,8 < R*<1), To dyHKIiOHATBHA 3aTEKHICTh JOCTATHHO TOYHO OMHCYE 3B 30K MiK BETHYMHOIO BAHTAKOOOITY
ABTOMOOUILHOTO TPAHCIIOPTY Ta I[iHOIO Ha OeH3WH Mapku A-95. ToMy aJis MONANBIIOTO MTOCHIHKEHHS Ta aHATi3y
obupaemMo (HYHKIIOHABHY 3aJIe)KHICTh

¥y =-9,7229x° +689,09 x> —~14953x +137200 . 3)

OTxe, IUIsI TOJANBIIIOTO JOCII/PKEHHS Ta aHaji3y oOMpaeMo TOMiHOMiaNbHY (yHKIi0 3-ro crenens (3),
OZIep’kKaHy Ha OCHOBI JaHMX BAaHTAX000Iry aBTOMOOUIFHOTO TPAaHCIOPTY Ta LiHU Ha OeH3MH Mapku A-95 3 2014
poky 1o 2022 pixk.

Emnipudna QyHKIisS perpecii Mae BUIIISA:

)A/ =-9,7229x" +689,09 x> —14953x+137200 . @)
Teopernuna ¢yHkuis perpecii Mae BUIVIAL
y=-9,7229x’ +689,09 x* —14953x+137200 + u , 5)

Jie ¥ — BUIAJIKOBA CKJIAJ0Ba.

[IpuunHu HasBHOCTI BUIIAQAKOBOI CKJIaI0BOI # B perpeciiiHiii Moneni (4) 00yMOBIICHHI BBEACHHSIM B MOJENIb
HE BCIX MOSCHIOIOUMX 3MIHHUX. [ mociimkeHHs Oyio po3IISHYTO 3aJIE€KHICTh BAHTaK000ITy aBTOMOOIIBHOTO
TPAHCIIOPTY JIMIIE Bif I[iHM Ha OCH3MH Mapku A-95 3 METOIO CIPOIICHHS peabHOI CUTYallil, Ta BBAXKAIOUU L[iHY
Ha OCH3MH — OJHUM 13 JOMiHYIOUHX (pakTopiB BIIMBY. PeanbHa cuTyallisl € CKJIAIHOI KOMIIO3UIEI Pi3HUX (ak-
TOpiB, 110 HNPU3BOAUTH IO BIIXUIEHHS pealbHUX 3HAYE€Hb BAHTAXX000Iry aBTOMOOLIBHOIO TPAHCHOPTY Bif HOro
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3MOJICTIhOBAaHUX 3HA4YCHb. Takok MOXUOKU 300py CTATUCTUYHUX JAHHUX BIUIMBAIOTH HA PO301KHOCTI MiXX MOZAEIH-
HUMH Ta EMIIPUYHUMHU JaHUMH, 110 TIO3HAYAEThCA HA BEJMYMHI BUMAJIKOBOI CKIagoBOi. OOMEKEeHICTh 310paHuX
crarucTuyHUX Aanux 3 2014 mo 2021 pik Takox BinoOpaskeHa y BHUIMAAKOBIN ckiamoBiid u . OqHUM i3 HAHOLIBII
HenependauyBaHuX (akTopi, 10 0OYMOBIIOE TOSBY BHUIAAKOBOI CKIIAJ0BOi, € JIOAChKUMA (axrop. Llg npuynna
MoOXxe “3incyBaty’ HalsIKiCHiNTy Moxenb. HaBiTe mpu mpaBmiibHOMY BHOOPI (OPMH MOIEINi, CKPYIYITb03HOMY
I000pi NOSCHIOIOYNX 3MIHHAX HEMOXIIUBO CIIPOTHO3YBAaTH IMOBEIIHKY KOXKHOTO 1HIUBIIyyMa.

Bantasoobir anTomModlibuere TpARCHOPTY, MIN.TEM
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Puc. 4. I'padik 3anexHOCTI BaHTa)K000ITy aBTOMOOLUTBHOTO TPAaHCIIOPTY Bifl iHK HAa OEH3WH MapKu A-95
(moniHOMiaThbHA MOMEH 3-TO CTEIEH)

3. Jlnst nanoi dyHkiii perpecii (4) 1octoipHicTs anpokcumaii [ 10] (koedinient nerepminanii) R* = 0,8162
(0,8< R* <1), ToMy MOHA BBaXaTH, 1o MobyaoBana QyHKIis perpecii Ha 81,62% BiANOBizae BXiTHUM CTaTHC-
TUYHUM JaHUM BaHTa)X000ir'y aBTOMOOLIBHOTO TPAHCIIOPTY Ta LiH Ha O€H3UH Mapku A-95.

OO6uucnuMo iHAeKC Kopersaii R 3a popmyinoro

R=VR. (6)

R=40,8162=0,9.

Ockinbku BenmuuEM R* i R HaGMMkKaroThCs 10 OMMHUII, TO [ist MoOyoBaHoi GyHKIIT perpecii (5) 1e cBin-
YUTH MO 11 TOCTOBIPHICTb. R

OO0uncaMMO eMIipUYHI 3HAYEHHS Y, , BAKOpPUCTaBIIHU (yHKILI0 perpecii (1).

O6uuncnumo 3anuiky GyHKUii perpecii #, 3a GopMynoro

U=y =Y (7)
OO6umcanMo BiTHOCHI TOXMOKH 3aunIIKiB QyHKIIT perpecii §, 3a ¢popmysoro

8, =21.100%. (8)
Yi B
O0YHICTUMO CepeTHE 3HAYSHHS BiTHOCHOT MOXUOKH 3aJIMIIKIB & 32 (GOPMYIIO0
_ 1 n
§=—-,. 9)
noio

5, =%-(—1,52%)=—o,19%.

o | —
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Ockinbkn 6 =-0,19% 3nayno menme_10%, To (yHKLiI0 perpecii MOKHa BBaXKaTH JI0CTaTHHO TOYHOIO.

4. a) 00YMCITMMO TOUKOBHIi IIPOTHO3 p, 0OCATY BaHTaKO000iry aBTOMOOIUIBHOTO TPAHCIIOPTY IS 3a/[aHOr0
3HA4YCHHs X,, =55,552pn ninu Ha OensnuH Mapku A-95 cranom Ha [ kBapran 2025 poky.

BukopucTaBIIM AJ11 TOYKOBOTO MPOTHO3Y MOOYI0BaHy eMITipuuHy (YHKIIiI0 perpecii (4):

¥,y ==9,7229x, * +689,09x, > ~14953x, +137200.

3HavYeHHS )A/np 00cATY BaHTaXX000iry aBTOMOOLITBHOTO TpaHCOpTy Ha 2025 pik 3a yMOBH WiHU 55,552pn 3a
1 1 Ha OeH3uH Mapku A-95 3rigHo onepkaHoi (yHKIIT perpecii (4):

¥, =38321,1 (Mutk.TiM).

3 #iMoBipHicTIO 95% MOXHa CTBEpIKYBaTH, II0 OOCAT BaHTa)KOOOI'y aBTOMOOIUIBHOTO TPAHCHOPTY Ha
2025 pik 3a ymoBH Linu 55,552pn 3a 1 y, =383211 (MuH.TKM).

BucHoBku. Y JaHOMY JOCTIDKSHHI, CTUPAIOYHCh HA CTATUCTHYHI JIaHi, 3a JOMTOMOTO TaOJIMYHOTO Mpolie-
copa Microsoft Excel moOynoBaHo GyHKIIiF0 3aJIe)KHOCTI BAHTA)X000ITy aBTOMOOIJTBHOTO TPAHCIIOPTY BiJl BAPTOCTI
OeH3uHy Mapku A-95. 3iiiicHeHo perpeciitHuii aHasi3, B pe3y/bTari IKOro MiATBEPIKEHO JOCTOBIPHICTb OTPUMAHOT
mozeni. CTaTUCTUYHI BUCHOBKH, 3pO0JICHI y paMKax JOCIIKCHHS, MAlOTh PiBEHb NOBIpU 95%, 1O CBIMYUTH PO
HaJ1MHICTh Ofiep)KaHUX PE3YJIbTATIB.

[ToOymoBaHna QyHKIIiS perpecii € CTaTUCTUYHO 3HAYYIIOK Ta MOXe OyTH BHKOPUCTaHA JJIsi TIPOTHO3YBaHHS
MaiOyTHiX 00CATIB BaHTaX000iry aBTOMOOIILHOTO TPAHCIIOPTY 3aJI€KHO BiJ 3MIHM LiH Ha OCH3MH Mapku A-95.
3rigHO 3 po3paxyHKaMH, IPU MPOTHO30BaHil BapTocTi OeH3MHY 55,55 rpH 3a miTp y 2025 poii, o4ikyBaHU# 00CsT
BaHTa)X000iry craHoBUTUME MPpHOIK3HO 38 321,1 MITH. TKM.

PesymbraTi nocmipkeHHS MalOTh BaXKITHMBE NMPUKIagHE 3HAYCHHSI. BOHM MOXyTh OyTH BUKOPHCTaHI y TpO-
LIeCi CTPATEeTrivyHOro TUIaHyBaHHS TPAHCIIOPTHOI JIOTICTHKH, 30KpeMa JJisl ONTUMi3allii IepeBe3eHb aBTOMOOITbHIM
TPAHCIIOPTOM, & TAKOXX MIPH aHaITi31 TEHICHIIIH 30BHINTHBOI Ta BHYTPIIIHKOI TOPTiBIi. OTprMaHa MOJIEH TO3BOJISE
BPaxOBYBATH BILTUB MAJUBHOI NONITUKU Ha TPAHCHOPTHY iHGPACTPYKTYpy Ta 3a0e3Meuye OCHOBY JJIsl IPHHHATTS
€KOHOMIYHO OOTPYHTOBAaHUX YIPABIIHCHKHUX PIllICHb.

VY nomanbIIuX AOCHIPKEHHAX AOLIIBHO PO3IMIUPUTH MOJEIb, BPAaXyBaBIIN JOAATKOBI (hakTOpH, SIKi MOXYTh
BILIMBATH Ha BAHTaX000IT aBTOMOOIIBHOTO TPAHCIIOPTY, 30KpeMa: PiBeHb €eKOHOMIUHOT aKTUBHOCTI, 3MiHHU B 3aKO-
HOJABCTBi, KypC HAlliOHAJILHOI BAJIIOTH, BapTICTh TEXHIYHOTO OOCIYrOBYBaHHS TPaHCIOPTHUX 3acO0iB, a TAKOX
CE30HHI KOMMBaHHS. TakoX IMEePCIIEKTHBHUAM € BUKOPUCTAHHS OLTBII CKIIAHIX MOJENEH Ta MAIIMHHOTO HAaBYaHHS
JUISL T ABUILCHHS TOYHOCT1 IPOTHO3YBAHHSL.
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OU®POBI3ANIA JOT'ICTUYHUX NPOLECIB, YITPABJIIHHA PECYPCAMMU
TA OIIEPATUBHE IIJTAHYBAHHS B IEPKABHIN CHOEIIAJIBHIN CJTYKBEI TPAHCIIOPTY

Y cmammi posensnymo axmyanviy npooiemy yughposizayii 102icmutHux npoyecie, YApagiinH pecypcamu ma onepa-
MUBHO20 NIAAHYBANHS 8 YMOBAX cheyudiunux 3a60ans Jlepaicagroi cneyianvhoi cryocou mpancnopmy (0ani — epaccneymparc-
cayoncha). 3anposadicerus yudposux mexHonoeitl 0ae 3mocy iCmomuo niouwUmMY eexmusHicmy YNpaeninHa MamepiarbHuMu
ma MeXHIYHUMU Pecypcamil, CKOpOMUmMY 4ac Ha RPUIHAMMS piuleHb i ONMUMI3y8amu GHYMPIWHi npoyect, wo € 0cobauso 8aic-
JUBUM 30 YMOBU HeOOXIOHOCI BUKOHAHHSA 3A80aHD i3 3a0e3neueHHs Oe3nepepsroeo QyHKYIOHY8AHHS KPUMUYHOT MPAHCNOPMHOT
iHpacmpykmypu depoicasu.

Y medxncax 0ocnioocenns 6usHaueHo HU3KY KIOUOBUX THIYIAmMus, cnpamosanux Ha npoeaodcents €OUHoi yugposoi cuc-
meMu YRPAGNiHHS JIO2ICIMUKOI0 MaA Pecypcamil, 2e0iHpopmayitino2o MOHIMOpuH2y cmany 00'ekmis iHghpacmpykmypu, agmo-
Mamu3ayio onepamugHo20 NIGHYBAHHA Ul pedazy8anHs, a MaKodlc po3pooKy MOOINbHUX 000amKie 0N NOCUNEHOI KOOpOUHa-
yii 0cobogoco cknady. 3asnavero, wo 3acmocysanus zeoingopmayitinux cucmem (I1C) dae mooxcnugicms gizyanizyeamu ma
ONEPAMUBHO AHANIZY8amMY CIan 00'ckmis KpUMUUHOT MPAHCHOPMHOI iHGpacmpyKmypu, 3abe3neuyioul c60€UacHe UKOHAHHS
PEMOHMHO-8I00Y006HUX pOOIM T NIOBUWYIOUU 3a2ATbHY De3neKy MPAHCHOPMHUX )38

Memoodonoeis docnioxicenns nepedbauae NOPIGHAIbHUL AHATI3 CYNACHUX YUPPOSUX NAAMPOPM, Mamemamuyne mode-
JIIOBAHHA JIOLICIUYHUX NPOYECI8, 4 MAKOIIC 3ACMOCYBAHHA CINAMUCIUYHUX Memo0i8 0718 OYIHIOBAHHS eheKmUBHOCMI 8npoea-
0dicenns Oanux iniyiamus. [{na niomeepodicenns sinomes wo0o enugy yudposizayii Ha onepamugHicmy i MOUHICHIb NAAHYBAHHSL
6yn0 nposedeHo excnepumMenmanbHe MOOeTIOBAHHS HA OCHOBI PeanbHUX OAHUX HPO GUKOPUCTAHHS PeCypCi8 i MpanCnOpmHUX
3aco0ig y nioposdinax Jlepaccneympancciyxncou.

Ompumani pe3yromamuy 0eMOHCHPYIONb 3MEHWIEHHS 6UMPAm 4acy Ui pecypcis, a maxkodic nioguujents weuoxocmi pea-
2YBAHHSL 3A805KYU BUACHIT 00POOYI KpUMuUyHO 6axciugol ingopmayii. Ha 0cnosi nopieHanHs 3 nonepeoHimu d0CIioNCeHHAMU Ma
npoexmamiu 3 yughposoi mparcghopmayii 'y iticbKositi i mpancnopmuii cghepax 3podieHo GUCHOBOK, WO 3aNPOROHOBAHT 3aX00U
Modcymb 3a0e3neyumu cymmesuti npupicm egpexmugrocmi [lepoccneympancciyircou. 3anponoHoeano nepenekmusHi Hanpamu
nO0ATBIUX 00CTIONHCEHD, 30KDEMA iHMe2Payilo 3 IHUUMY 0ePICABHUMU Ui BIICHKOBUMU CIPYKIMYPAMU 3A0I8 NOCUTEHHS 83AEMO-
0ii ma po3uwupentst YYHKYIOHATbHUX MOHCIUBOCHEL YUDPOBUX NAAMPOPM.

KmouoBi cnosa: yugposizayis, nocicmuxa, I'lC, onepamuene nianysanns, ynpaeninus pecypcamu, Jepoccneymparc-
cryorcha, 8ilicbkosa iHgpacmpykmypa, iHgpopmayitini cucmemu, MpaHCcROPmHi NOMOKU, ONMUMIZaYis.

Prodan D. Ye., Rybalchenko L. V., Chubenko O. I, Bibik M. V. Digitalization of logistics processes, resource
management and operational planning in the State Special Transport Service

The article deals with the topical problem of digitalization of logistics processes, resource management and operational
planning in the conditions of specific tasks of the State Special Transport Service (hereinafter — the State Support Service). The
introduction of digital technologies makes it possible to significantly increase the efficiency of managing material and technical
resources, reduce decision -making time and optimize internal processes, which is especially important if the tasks of ensuring
the continuous functioning of the critical transport infrastructure of the state.
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The study identifies a number of key initiatives aimed at introducing a single digital logistics and resource management
system, geoinformation monitoring of infrastructure facilities, automation of operational planning and response, as well as the
development of mobile applications for enhanced personnel coordination. It is noted that the use of geoinformation systems
(GIS) makes it possible to visualize and quickly analyze the state of critical transport infrastructure, ensuring timely repair and
repair work and increasing the overall safety of transport units.

The research methodology involves a comparative analysis of modern digital platforms, mathematical modeling of logis-
tics processes, as well as the use of statistical methods to evaluate the effectiveness of implementation of initiatives. To confirm
hypotheses on the impact of digitalization on efficiency and planning accuracy was

Experimental modeling was conducted on the basis of real data on the use of resources and vehicles in the units of the
State Summer Service.

The results demonstrate a reduction in time and resources, as well as increasing the response rate through timely process-
ing of critically important information. On the basis of comparison with previous studies and areas of digital transformation in
the military and transport spheres, it is concluded that the proposed measures can ensure a significant increase in the efficiency
of the State Support Service. Prospective areas of further research are proposed, including integration with other state and mil-
itary structures to enhance the interaction and expand the functional capabilities of digital platforms.

Key words: digitalization, logistics, GIS, operational planning, resource management, State Supreme Support, Military
Infrastructure, Information Systems, Transport Flows, Optimization.

Mocranoska npobiaemu. CrpiMkuit PO3BHTOK U(POBUX TEXHOJIOTIH BiAKpHBAa€E HOBI MOXKIMBOCTI IS TiJI-
BUIICHHSI eq)eKTI/IBHocn JIOTiICTHYHHX TIPOIECIB i TMOKPAILICHHS OTIEPATHBHOTO IUIAHYBAHHS Y BiliCHKOBIH Ta Crieli-
ani3oBaHil TpchnopTHm ramysi. JepxasHa crenianbHa Ciryxoa TPaHCTOPTY (Hepxcnenrpanccmyx0a) BUKOHY€E
HaJ3BUYalHO BaxkJIMBi (YHKILIi 3 opraHizalii, 0OCIyroByBaHHS Ta BiJIHOBIICHHS TPAHCTOPTHOT iHppacTpyKTypu
B YMOBAX 5IK MHPHOTO 4acy, TaK i HaI3BUYAHHUX YU BOEHHUX cHUTyamiit [1-3]. ¥ KoHTekcTi 3POCTAKOUHX 3arpo3
1 MOTpeOH B OMEPATUBHUX AifX IH(POBI3aIlis CTa€ KIIOYOBUM IHCTPYMEHTOM, IO JIA€ 3MOTY CYTTEBO ITiJBHIIUTH
QJIaTITUBHICTH 1 KEPOBAHICTh ¥ PEabHOMY Yaci.

AKTyaJlbHICTh TEMH 3yMOBIICHA TAKUMH YHHHUKAMU:

— 3pocTaHHs 00csriB iH(opMarlii, o norpedye MBUIKOT Ta TOYHOI 0OPOOKH i Yac TUTAHYBAHHS Ta PO3IO-
JITY pecypciB;

— HEOOX1THICTh ONIEPAaTHBHOTO pearyBaHHs Ha HenependadyBaHi BUKIIVKH, TTOB'sI3aHi 31 30epe)KeHHSM Ta BiJI-
HOBJICHHSIM 00'€KTIB KPUTHYHOI TPAHCIIOPTHOI iHPPaCTPYKTYpH;

— IMOCHJICHHS BUMOT J10 0e31eKH Ta e(eKTUBHOCT] YIPaBIiHHI MaTepialbHIMH i TEXHIYHIMHU pecypcamu;

— 3aIlUT Ha iHTErpanio BilicbKOBO-TOTICTHYHUX MIPOIECIB Y M00aIbHy HU(POBY iHPPACTPYKTYpy I 3a0€3-
TIEUYEHHS CBOEYACHOTO i CHHXPOHI30BaHOTO pearyBaHHsI.

AHaJi3 ocTaHHiX AocTilKeHb Ta mydaikauniii. HaykoBuit aHaini3 BriuBy nudpoBizalii Ha JOTiCTUYHI MPO-
LIECH MIPOBOJATHCA SIK B YKpaiHi, TaK 1 32 KOPIOHOM, 1 CIIPSIMOBaHI Ha BUBYEHHS POJIi HOBITHIX TEXHOJOTIH y Mif-
BUIICHHI ¢(EKTUBHOCTI YIPABIIiHHS JIAHIIOTAMU MOCTadaHHsA. Y MyOINiKaIlisX Ta CTAaTTAX 3aKOPIOHHUX aBTOPIB
BiJJ3HAYAETHCS, IO OCHOBHUMH HaIlpsMaMH I (POBi3allii B JIOTICTHII € BUKOPUCTAHHS BEIUKUX JaHUX, [HTepHETY
peueii (IoT), a Takoxx poOOTH3AIIS CKIAICHKUX Ta TPAHCIIOPTHUX OTIEPAIlii.

CBoi po0OOTH ITbOMY TTUTAHHIO TIPUCBATHIIN TaKi HaykoBIli, sk JloBryss O., Cractok K., I'ypxiii H., ['aBpan B.,
Canorninpka H., [Tnaryxa I, Iniraa A., Ckinska B, Kpukascekuit €., MakoBo3 O., Bumaescbkuii O., Tokma-
xoBa 1., lIpamenko H., tensmanryk M. [4] Ta iHmIi.

Kpim Toro, B YKpaiHi aKTUBHO AOCIHIPKYIOTHCSI IUTAHHS aBTOMATH3allii CKJIaACEKUX MPOLECiB, 30KpeMa 3a
JIOTIOMOTOR0 POOOTH30BaHUX CHCTEM. 3T1HO 3 pe3yabTaTaMu A0CTiKeHHs kommnaHii DHL, aBTomaTn3oBaHi ckiiaau
JI03BOJISIIOTH 3MEHIIUTH BUTPATH Ha 00poOKy BaHTaxiB Ha 20% y MOPiBHSHHI 3 TPaAUIIMHUMMU CKJIaJaMH, OCKIIBKU
aBTOMAaTHU3Aallisl 3HAYHO 3HIXKY€E HEOOX1AHICTh Y (hi3MUHiH Mpaili Ta MOKpallye MBHIKICTE 00pOOKH TOBapiB.

IMocTanoBka 3aBaaHHs. MeTOW MOCHIIKEHHS €: Po3poOKa KOMIUIEKCHUX MiaXOAiB 10 mudposizaiii
JOTICTHYHUX TporeciB y JepxkcmenTpanccinyx0i; oOTpyHTYBaHHS METOMIB 1 MoJelNeH, Mo 3a0e3MeuyIoTh OIIe-
paTHBHE IUTaHYBAaHHS Ta PO3IOIIT PECYpCiB HA OCHOBI JaHUX PEANBHOTO Yacy; OIIHIOBAaHHS BIUTHBY 3aIlpOIIO-
HOBaHUX IU(GPOBUX pilllecHb Ha €(PEKTUBHICTh YNPABIiHHS pecypcamMu i JOTiCTHYHUMHU JaHIIOraMH; po3poOKka
PEKOMEHIAIIH 00 1HTerpalii HUPPOBUX CHCTEM YIPABIiHHSA 3 ICHYIOUMMH MPOLETypPaMH i iIHCTPYMEHTAMHU
IUTaHyBaHHS.

TakuM 4MHOM, y3arajbHEHHS HAYKOBOTO i MPAKTUYHOTO JIOCBITY, 8 TAKOXK MOOY0Ba BiAMOBIAHOT METOI0II0-
rii, MOXXyTb JONOMOITH Jlepxcnentpanceayx0i peaizyBaTy e(eKTUBHIINI MiXiA 1O YIIPaBIiHHS pecypcaMu Ta
LIBUJIKOTO pearyBaHHA Y KpU30BUX CUTYaIlisIX. Y MOJANBIIOMY TaKi HAMPaIrOBaHHA MOXKYTh OYTH KOPUCHUMU U JIS
IHIIKUX JIepyKaBHUX YCTAHOB 13 MOAIOHUMU 3aBAaHHAMM |5, 6].

Buxaang ocHOBHOT0 MaTepiaiy. MeToau. Y X0/ TOCTiKEHHS OYJ10 3aCTOCOBAHO KOMIUTEKCHHIA ITiJIX 1)1, KU
MOEIHY€E IEMCHTH MaTeMaTHYHOTO MOJCIIOBAHHS JIOTICTHYHHX IIPOIECIB, METOMIB TEOPil YIPaBIiHHS 3aIIacaMH,
reoinpopmaniiaux cucteMm (I'IC) Ta aHanizy Benukux naHux. OOpaHi METOTU 3yMOBJICHI cHelM(iKow 3aBIaHb
JlepxcIenTpaHcCITy>k0H, Jie 0COOIMBY POJIb BiIINPAIOTh OMEPATHBHICTh, TOYHICTH Ta MOMJIUBICTH IHTEIPOBAHOTO
aHaJTi3y PI3HUX TUIIB HaHUX (TEOMPOCTOPOBHX, TEXHIYHHUX, PECYPCHUX TOIIIO).
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1. Anzopummiuna ocnosa ma mamemamuyni mooeini

biomerpuyHa ifeHTH(IKaLlisS BUKOPUCTOBYE YHIKaIbHI (pi3ionoriyni abo MOBEAIHKOBI XapaKTEPUCTUKU 0COOU
JUIA MATBEpAXKeHHs ii ocoductocTti. CyuacHi MeToau 010MeTpUYHOI ieHTh(iKalii 3a0e31euyloTh BUCOKHI PiBEHb
0e3MeKH Ta TOYHOCTI, 10 POOUTH iX MOMYASIPHUMH y cdepax Oe3neku, JoCTyIy Ta KoHTpoito. B tabnuni 1 Hase-
JICHO OCHOBHI 010METPHYHI METO/IH, Ki aKTHBHO BUKOPHCTOBYIOTHCS CHOTOJIHI.

Tabmuns 1
IMapameTpu Ta iHcTpyMeHTapiii qocHiTKeHHSs
ITapamerp Onuc
[lepiox ciocTepexeHHs 12 MicsiB y peXXHMi peasbHOTO yacy
OcHOBHI 1aHi O0csru pecypeiB, 4ac BUKOHAHHS JIOTICTHYHHUX OIEpalliii, KoOOpAHMHATH 00'€KTIB
iHPACTPYKTYpHU
MaremarnuHi Mozeli TparcmopTHa 3a7a4a, CTOXaCTUYHA ONTHMI3alis, iMiTaiiHI Mozemi

Koxen meros 6ioMeTpu4HOT ifieHTH(IKaIlii Mae CBOI TiepeBaru i HeOJiKH, 3aJIe)KHO BiJl KOHKPETHOI chepu
3aCTOCYBaHHA. Y Cy4acHHUX CHCTeMax Oe3IeKH BCE YacTille BUKOPHUCTOBYIOTHCS KOMOIHAMI{ KiTbKOX 010MeTpHUYHUX
METO/IB [T MiABUILIEHHS TOYHOCTI Ta HAAIMHOCTI iAeHTHDiKaLlii.

g onucy nporeciB MIaHyBaHHA JIOTICTUYHUX OTepallii 0yj0 BUKOPUCTAHO MEpPEXKEBl MOAEII TUITY «Opi€H-
TOBaHi rpadu», 1€ BEpIIMHU BiJOOPaXarOTh MYHKTH TPAHCIOPTYBaHHA (CKJIaAd, MPOMiXHI 0a3u, MOCTH, TUISHKH
JIOpir), a pedpa — MOXIIHBI MapIIPYTH MEPECYBaHHS TEXHIKH Ta MOCTa4aHHs pecypci [7]. OnTuMizaniiitHa 3agada
(OPMYITIOETHCS TAKUM YHHOM.

minZn:Zm:cy.x,j, @)

i=l j=1

e ¢; — BapTicTh (ab0 Yac) TPAHCHOPTYBAaHHs PECYpCy 3 MyHKTY [ JI0 IYHKTY j, a X, KUIbKICTb Pecypcis,
110 TPAHCTIOPTYIOTHCA IIUM MapLIPyTOM.

OOMexeHHsI HaKIaJaloThca Ha 3arajibHi JOCTYIIHI OOCITH pecypciB, MPOIYCKHY CIPOMOXHICTh MapUIpyTy
1 oTpeOH y BiANOBIAHUX MyHKTaX IMPU3HAYEHHS:

m
D x, =8, Vi )
Jj=1

ne S, — IOCTyNHUM 00cAT pecypciB y MyHKTI i .

Boanouac y BifickkoBo-crielp)iuHUX yMOBaX 3ajJaui 3 ONTUMIi3allii MapUIPyTiB YCKIATHIOIOTHCS (PakTopaMu
PHU3UKY, HEJOCTYITHOCTI MEBHUX TEPUTOPIid, MOTPeOOI0 B MPIOPUTETHOMY 3a0e3MeueHHI KPUTHYHUX 00'€KTiB iHO-
pactpykrypu. Jlns omiHOBaHHS MUX (aKTOPIB 3aCTOCOBAHO METOAM CTOXAaCTHYHOTO MOJETIOBAHHS Ta iMITaIliliH1
migxonu [8-10].

2. T'eoingpopmauiiini mexnonozii

Inrerparis reoindopmartiitanx cuctem (I'IC) nae 3Mory oTpuMyBaTH Ta 0OpOOIIATH CYyITyTHHKOBI Ta aepodo-
TO3HIMKH (30KpeMa, 3 BUKOPHCTAHHSIM OC3MMIIOTHHUX JIITATBHUX anapartiB), IO IMiIBUIIYE TOYHICTh JAHUX MPO CTaH
00'exTiB TpaHCcTIOPTY. — HakmagaHHs 1rapiB JaHUX MPO JOPOTH, MOCTH, TIPOIYCKHI CIIPOMOXKHOCTI 13 3aXHIICHUMHU
KaHaJlaMH 3B'S3Ky JI03BOJISIE aBTOMAaTHYHO MOJICNIOBATH aJBTEPHATHBHI JIOTICTHYHI CIeHapii Ta oOWpaTH OITH-
MaibHi Mapmpyta [11]. -I'IC-matdopma iHTErpy€eThcst 3 MOOUTLHUMHE JTOJJATKAMU 0COOOBOTO CKJIay, A€ KOXKCH
BHUKOHABEIb OTPUMY€E aKTyaJbHY iH(opMaliio po cTaH MapLIpyTiB, HOTpedu y MaTepiaiax i TEXHIll, IIJIaHU eBa-
Kyarii To1ro.

3. Memoou cmamucmuyunoi 06pooKu oanux

g ouiHioBaHHS €(EKTUBHOCTI BIPOBaKEHHs LU(POBUX PillleHb 3aCTOCOBAHO KOpesUiiiHOperpeciiHuit
aHaJIi3, 10 JJaB 3MOT'Y BCTAHOBHMTH 3aJICXKHICTh MK piBHEM IH(poBi3allii Ta OHepaTI/IBHiCTIO BUKOHAHHS 3aBIaHb. —
BPIKOpI/ICTaHO ,Z[I/ICI'IepCII/IHI/II/I aHai3 (ANOVA) JUTSl BU3HAYCHHS CTaTHCTHYHOT 3HAYYIIOCTI 3MiH y IIOKa3HUKAX gacy
TIPUAHATTS plI.HeHb ONTHMI3allii MapIIPYTiB 1 CKOPOUYCHHS BUTPAT pecypciB [12]. — 3 MeTOr0 BUSABJICHHS OTSHIII-
HUX PU3UKIB 1 aHOMaIIi{l y TaHWX 3aCTOCOBaHO MeToaw MammHHOTO HaBuaHHs (Machine Learning) Ta po3mi3Ha-
BaHHS 00pa3iB, 0COOIMBO i1 Yac aHaIIi3y reornpoctopoBoi iHpopmanii [13-14].

PesyabraTn. Ha ocHOBI 3acTocoBaHMX Mopenei i METOmiB Oyi0 PO3rOpHYTO MINOTHY iHTETpOBaHy ILIaT-
(dhopmy, gKa TIOeAHYE 00K pecypciB (ManuBo, OyAiBeNbHI MaTepianu, 3amacHi YacTUHU), TeONPOCTOPOBHUN aHai3
MapIIpyTiB Ta aBTOMATH30BaHy CUCTEMY IUTaHYBaHHSA poOiT y miaposainax epsxcnentpancenysxou. IlinoTauii mpo-
€KT OXOIUTIOBAB TPU PETIOHU 3 PI3HUMH YMOBaMHU iH(PpacTpyKTypH (aBTOAOPOXKHS, 3aTi3HUYHA, MOCTOBI IIEPEXOIH).

1. Iloxpawienna onepamugno20 NaAHY6aAHHA

PesynbsraTtom BnpoBaKeHHS €IUHOI HU(PPOBOi CUCTEMHU CTaB Mepexia BiJl py4HOro (mamnepoBoro) crnocody
IUTaHYBaHHS JI0 aBTOMarn3oBaHoro. CepenHiil yac yXBaJCHHS YIPABIIHCEKHAX PIMICHB MIOAO PO3MOALIY pECypciB
3MeHmuBcs npubim3Ho Ha 40%, a cepeqHiii yac pearyBaHHs Ha HaA3BHUAIHI CHTYaIlii CKOPOTHUBCS Maibxke Ha 35%.
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3aBIAKH ONEPATUBHOMY JOCTYIY J0 OHOBJICHUX JaHUX BAAIOCS MiABUIIUTH KOOPAMHAIIIO MK MiIpO3/IiIaMu Ta
3MEHIINTH AyONIOBaHHS ONepaliil 1 HelliJIbOBe BUKOPHCTaHHS pecypcis [15].

2. Onmumizayin nozicmuuHux npouecie i 3MeHUWeHHs GUMPAM

B pamkax mMozaentoBaHHsS MapLIpyTH TPaHCHIOPTYBaHHS OyJI0 ONTHUMI30BaHO 3 ypaxyBaHHSAM OOMeEXeHb IMpo-
ITyCKHOI CIIPOMOXKHOCTI JIOPIr' i MOCTIB, a TaKOK IPIOPUTETHOCTI 3a0e3MeUeHHs] KPUTHYHIX 00'€KTiB. 3acTocy-
BaHHSI MaTeMaTUIHUX METOMIB ((popMyn 1-2) mamo 3MOry 3HHU3UTH 3arajbHi BUTPATH Ha JIOTICTHKY B CEPEIHHOMY
Ha 20-25%, M0 mATBEPIKYETHCS Pe3yIbTaTaMy KOpEeIALiHHO-perpeciitHoro anamisy (Koe(illieHT KOpeJsmii Mix
piBHeM mudpoBizalii Ta 3HWKEHHSAM BUTpAT CTAaHOBUTH OJin3bko r=0.76 mipu p<0.05 ) [16-18].

3. Ananiz cmany 06'ckmie Kpumuunoi mpancnopmnoi ingppacmpykmypu

Bukopucranns I'IC-MoxymiB UIi MOHITOPHHTY MOCTIB, HOPOXHIX IUISHOK Ta 3aJi3HUYHHUX BY3JIB (IMB.
puc. 1) 703BOIMIIO IPOBOIUTH ONEPATUBHUM aHAIII3 MOUIKO/PKEHD Y pa3i Ha[3BUYAHUX CUTyaIliid. 30kpema, Oynu
po3po0bieHi mabioHu OIIHKK PU3HKIB, IO TPYHTYIOTHCS HA MIPOTHO3HUX MOJENAX (aHATMITHKA HA 0a3l CymyTHHUKO-
BHX 3HIMKIiB, JIOTIOBHEHA 300paXeHHSAMHU 3 ApoHiB). Lle gamo MOXKIHUBICTh 3aBYaCHO BUSBISATH KPUTHYHI TOYKH, 110
noTpeOyroTh PEMOHTY UM MocuiieHHs [19].

¥moeHe eigobpameHnHa Knovyoemx ob’exTie TpaHcnopTHol iHg pacTpyKTYpK
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Puc. 1. YMoBHe BimoOpakeHHs KITFOYOBUX 00'€KTiB TPAaHCHOPTHOI iHQPACTPYKTYPH B TPHOX PETiOHAX
(cxemaTnuHi 300paskeHHS)

VY3aranbHeHHs1 pe3yabTatiB. /i1 3pydHOCTI MpeNcTaBlieHi AaHi 3BeleHo B Tabmuio 2. Y Hili HaBeJCHO
HOPIBHSHHS KIIOYOBUX NOKAa3HUKIB «Jl0 BIIpoBakeHH» Ta «Ilicns BIpOBaKEHHSD MIJIOTHOTO NMPOEKTY I (pOBi-
3aIii IOTICTUYHUX MPOIECIB.

Tabmaurs 2
OcHoOBHI pe3yJIbTaTH BIPOBA:KeHHS M (PPOBOI MJIaTdhopmu
0 IMican . .
Tloxa3nuk A BignocHa 3mina, %
BIIPOBA/’KEHHSI BIIPOBAJKEHHSI
Hill 4yac yXBaJEHHS
C.epezl ¢y ¢ 5 roguH 3 ronuHA -40
pilieHb
Yac pearyBannas Ha HC . .
. . 2 mHi 0 1.3 gmi
JloricTuuHi BUTpaTH A 100% 3a

TakuM YMHOM, EKCTIEPUMEHTABLHE BITPOBAKEHHS IU(POBOT CHCTEMH TSl TPHOX PETiOHIB MiATBEPMIIO TilOo-
Te3y MPO MO3UTUBHUK BIUTUB U POBI3allii Ha OTIEPAaTUBHICTH 1 €(DEKTUBHICTh BUKOHAHHS 3aB/IaHb Jlep KcIernTpanc-
CITYKOM.
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Oorosopennsi. OTpuMaHi pe3ylbTaTH CBi4aTh, IO BIPOBA/KEHHS IHTEIPOBAHMX IH(PPOBUX PIIIEHB
y Hepxcneurpanccinyx0i € BUCOKOS(PEKTUBHUM iHCTPYMEHTOM JIJISL:

a) CKOOPIMHOBAHOTO YIPABIIiHHS PECypcaMy B PEKUMI PeaIbHOIO 4acy;

0) MOHITOPHUHTY Ta IUIaHYBaHHA PEMOHTHUX M BiZIOyIOBHHUX pOOIT Ha 00'€eKTax KpUTHUHOT IHDPACTPYKTYPH;

B) ONTHMIi3alii JOTICTUYHUX JAHIIOTIB 3 YpaXyBaHHAM OOMEKEHb IPOITYCKHOI CIPOMOXKHOCTI U PH3HKIB
TTOIITKO’KEHb.

[TopiBHSAHO 3 IHIMTUMH JOCIIPKEHHIMHE Y c(epi BiChKOBOT JIOTICTHKY Ta nMppoBoi Tpancdopmaii [20, 21],
3aMpOBaPKEHUH TIIX1T 1a€ 3MOTY KOMIUIEKCHO aHAJII3yBaTH CTaH TPAHCIOPTHOI iIHQPACTPYKTYPH Ta OIEPaTUBHO
pearyBary Ha 3MiHY CHUTYyaIliil. K10 y TpaauIliifHAX MOJISNIAX peali3y€eThes MEPEeBaKHO YITPABIiHHS 3amacaMu abo
BHOip ONTHMATBFHUX MapLIPYTiB, TO B TAHOMY IPOEKTI BUpiIIeHO 3aBnaHHsA 00'eqHanHs ['1C-ganux, Moaenei mpo-
THO3YBAaHHS PU3HKIB 1 MOOUTEHUX JAOAATKIB JJIsi 0COOOBOTO CKIIATY.

BonHouac icHyOTh IIEeBHI OOMEXEHHS HOCIIIKEHHS, a caMe: HEMOXIIUBICTh YPaxyBaTH BCi BOEHHI PU3HUKU
Ta PANTOBi 3MiHM OOCTAaBUH (HAIPHUKNIAJ, MOIIKO[KEHHs iHPPACTPyKTypH) B paMKaxX OJHOIO MiJIOTHOTO MPOEKTY;
3aJIe)KHICTh TOUHOCTI MPOTHO3IB BiJ SKOCTI MMOYATKOBHUX JaHUX (CYMYTHUKOBUX 300pa)KeHb, 3BITIB 3 MiIPO3MiNIiB
TOII[0); HEOOX1THICTh MOJANIBIINX IHBECTULIIN Yy KibepOe3neKy Ui rapaHTyBaHHS 3aXHCTy iH(OpMaliifHOT cucTeMu
BiJl HECAHKI[IOHOBAHOTO JIOCTYITY.

[lepcneKTHBHI HAPSIMH TOAANBIIHX JOCITIHKEHb:

— Posmmpenss QyHkIioHany riatdopMu IS iHTErpalii 3 1HIIUMU Jep>KaBHUMHU Ta BIHCHKOBUMH CHCTE-
MaMH, [0 JI03BOJIUTh MacCIITa0yBaTH PillICHHS Ha 3arajibHONIEPKAaBHUN PiBEHb.

— 3acTocyBaHHs WITy4yHOTO iHTENeKTY (Al) /U1 IIMOIIOro aHalli3y BETMKUX MACHBIB TAHUX Y PEKUMI peaib-
HOTO yacy (HallpuKJaJ, BUSBICHHS aHOMATIH y pyci TpaHCIIOpTy abo repeadadeHHs aBapiitHOCTI).

- MO}Z[an)Hi p03p061<1/1 JUISL MOOUTBHUX JOJATKIB, II0 BKIIOYATUMYTh PO3MNpPEHHH (DYHKIIIOHAN JOMOBHEHOT
peansHOCTi (AR) mmst Bl3yan13au11 JOTiCTHYHHUX MapmpyT1B Ta TMOIIKOXKEHb 1HYPACTPYKTYpH.

3aranom, pesynsTaTh HlI[TBepI[)KyIOTB BUCYHYTI TiIOTE3U Hpo Te, 0 KOMIUIEKCHUH Mifxix a0 nugposiza-
i JIOTICTHYHUX TPOLECIB, praBJ‘IlHHH pecypcami Ta ONEPaTHBHOTO TIAHYBAHHS J03BOIIAE CYTTEBO CKOPOTHTH
BUTPATH, 3MCHIIIUTH YacC MPUIHATTS PilICHb 1 MiABAMIATH HATIHHICTh (YHKIIOHYBaHHSI KPUTUYHOI TPAHCIIOPTHOT
1HPPACTPYKTYPH.

BucHoBKH. Y cTaTTi IPOJEMOHCTPOBAHO, IO U(POBI3allis JOTICTHYHHUX NpoIieciB Y JlepKcImenTpaHccrykoi
€ TIOTYXXHHM JIpaiBepOM ITiIBUIIICHHS ¢(DEKTUBHOCTI YIPaBIiHHSI MarepialbHO-TEXHIYHUMHU PECYpPCaMH, IIBHUIKO-
CTi pearyBaHHsI Ha HaJ3BUYaiHI CUTYyAIlil Ta 3MEHIIICHHS onepaniitaiux Butpart. [arerpamis ['IC, aBroMarn3oBaHuX
CUCTEM TUTaHYBaHHS Ta MOOUIBHUX JIOAATKIB JUII 0COOOBOTO CKIIaAy 3a0e3ledye IeHTpalli3oBaHy KOOPMHAIIIIO,
OTIEPAaTHBHUH MOHITOPHHT 1 BiTOOpa)keHHS KIIIOYOBUX ITOKa3HUKIB Y peaJbHOMY Yaci. 3alpOIIOHOBaHa METOHOJIOTIS
MiATBEpPKEHA EMIIPUIHUME pe3yIbTaTaMH, OTPUMAHUMU IIiJ1 4ac MiJIOTHOTO BIPOBAPKCHHS Y TPbOX pEriOHax.
PexomeHnparii 1y IpaKTUIHOTO 3aCTOCYBAHHSI:

1. ITornmuOneHHs iHTerpauii 3 iCHyIOUUMH CHCTEMaMHU: CJIiJ] BpaxyBaTH MOXKIMBOCTI B3a€EMOJII 3 iHITMMU Jiep-
YKaBHUMH i BIICBKOBUMH CHCTEMaMHU, 100 YHUKHYTH AyONIOBaHHA JaHUX 1 MOKPALIUTU CYMICHICTb.

2. 3a0e3neveHHs HaJIe)KHOTO PiBHS KiOepOe3eKu: 3apoBaIuTH JOJaTKOBI 3aCO0U 3aXHCTY JaHUX, OCKITIbKU
BIICbKOBA 1 KPUTHYHA TPAHCIOPTHA 1HPOPMAITis € 00'€KTOM IMiIBUILICHOTO PU3HKY.

3. Po3mupenHs GyHKITIOHATY: BKIFOUUTH MOYJI JUT IPOTHO3YBaHHSI MOTPEeO y pecypcax Ha OCHOBI aHAIIi3y
ICTOPHYHUX JIAaHUX 1 IOTOYHOT CUTYAIlil B pealbHOMY Yaci.

4. besnepepBHe HABUYAHHS NIEPCOHAIY: MIOCTIHHI TPEHIHTH Ta CHMYJIAIIIT JJOTOMOXYTh ITiIBUIIIUTH PiBEHb KBa-
nidikanii 0coboBoTO CKIamy ¥ €(heKTUBHICTE BUKOPUCTAHHS ITU(PPOBUX iIHCTPYMEHTIB.

OTtpumani B poOOTi pe3ylbTaTH MOXYTh CTaTH OCHOBOIO ISt MacIITaOyBaHHS CHCTEMH Ha BCEYKPaiHCHKOMY
piBHI Ta OyTH afalTOBaHUMHM AJS MOTPed IHIIMX BiCHKOBUX (hOpMyBaHb, IO BiANIOBIJAIOTH 32 TPAHCIIOPTHY Ta
JIOTiCTUUHY Oe3IeKy.
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MPO MOJIEJIb ®YHKIIOHAJIbHOI BE3NEKU KEPOBAHUX
OJJHOKAHAJBHUX TPAHCIIOPTHUX MPUCTPOIB

Y cmammi pozenanymo numanna gynkyionansnoi 6esnexu 00HOKAHATLHUX MPAHCHOPMHUX RPUCIPOI8 POOOMU30BAHUX
bopmosux cucmem. Ilokazawo, wo mexuiuHi npucmMpoi Ha Mpancnopmi, AKi po3pooIAOMbCA 8 OaHU Yac, 6 Oinbuocmi ceoiil
oxonneni 60y0o8anum konmponem. Jlocnioxcenuam benexu ma HAOIIHOCHI OOHOKAHATLHUX KOHMPOTbOBAHUX HPUCHPOIB He
npudinerno docmamuwvoi ysazu. Tax, y iCHyIOUUX HOPMAMUBHUX OOKYMEHMAX W00 HAOIIHOCHI, KOMALEKCHUL NOKA3HUK HAOIl-
HOCmi (Koeqiyienm 20mosHOCHI NPUCIPOI0) BUSHAYAEMbCA Y 6U2TA0T BIOHOWEHHS CepeOHbO20 HANPAYIOBAHHS HA 8I0MO8Y 00
CYMU CepeoHbO20 HANPAYIOBAHHA HA 8IOMOBY MA CEPeOHbO20 HACy BIOHO6NIEHHS. SHaAUEHHS KoepiyieHma 20Mo8HOCI, 8U3HAYeHe
0718 yMo8 pobomu 06'ekma, Konu cepedHill napamemp nomoxy 8i0Mos i cepeOHs mpusaichb BIOHOBNEHHS 3ATUMAIOMbCA CA-
numu. Taxe mpaxmyeanus nepeddauac, 6y0b-aKutl 610M06a NPUCMPOIO BUABTAEMbCA | NOMIM 6i0pA3y 6IOHOBTIOEMbCS, MOOMO
80Y008aHI 34C00U KOHMPONIO I0edNbHi. Y peanvHux yMo6ax ckiaoHo CMEOPUmu 3acoou KOHMpoo, wo 3a0e3nedyionb NoGHy
eapanmiio eusenents giomosu. Pozenanymo nioxio, wo gopmanizye npuxiaoui npobiemu @yHKyionanwHoi besnexku ma 0ae
3MO2Y SHAUMU ONMUMATbHI PieHHs NPUKIAOHUX 3a80ans. Texuiuni npucmpoi na mpanchopmi, wo po3pobisIomvcs 8 OaHull
yac, y Oinbuiocmi ceoitl oxonieni 66y008anum Kowmponem. JJocuiodcennam desnexu ma HAOIUHOCMI 0OHOKAHATBHUX KOHMPO-
JIbOBAHUX MPUCMpois He npudireno oocmamuvoi yeazu. Ompumano QopmyavHi eupasu cmayioHapHux iMOGIPHICHUX 05 8i0-
HOBNIIOIOMbCS OOHOKAHANLHUX RPUCIPOIB i3 60Y008AHUM anapamuum Konmponem. Bonu 0o3gonsioms epaxogysamu peanbHi
Xapaxmepucmuxy eghekmugHocmi ma HaditiHocmi 3acobie KOHMPON0, NIOBUULYIOUU NPU YbOMY OOCIOBIDHICIb 00ePIHCYBAHUX
pesyibmamis ananizy cucmem. Bioomo, wo naditinicme mpancnopmuozo npucmpoio ys eracmugicmo 30epieamu npaye3oam-
HICMb HA RPOMSAZL 3A0AHO20 YACY i3 30€PeNCeHHAM 3A0AHUX eKCHILYAMAYIIHUX XAPAKMEPUCIUK 30 8IONOGIOHUX MEXHIUHUX YMO8
excnryamayii. Ll enacmugicme Oe3nocepeonvo nog's3ana 3 eKOHOMIUHUMU eKCRTyamayitinumy napamempamu. B xinyegomy
RIOCYMKY, eKOHOMIYHI NApamempu, 6 CY4ACHUX YMOBAX, 8i0iepariomy sUPIUATbHY POb K Y BUPOOHUYMET 1b020 NPUCIMPOTO, MAK
i bizHec-npoyecax excniyamayii. Kopomko posenanyme uacosi nokasHuxu oesnexu ma HaoiliHoCmi 00HOKAHATbHO20 KOHMPO-
7b06aH020 npucmpolo. Busnauene noxasHuKu mpusaiocmi uacy Migc 6ioMo8amy ma oKpemo Midc npuxo8anuMu 8i0Mo8aMu,
a MaKoxc 4acy GiOHOGIEHHsL Ma 4acy npocmor NPUCmpoio.

KirowoBi croBa: modenn, 8iomosa, agmomamuune Kepy8anHs, pobomu308ani Gopmosi mpanchopmui cucmemu, QyHKyio-
HANbHA Oe3neKd, 0OHOKAHATbHI KOHMPOIbOBAHT NPUCIPOI.

Razghonov S. A., Lesnikova 1. Yu., Oglih V. V., Shapovalov O. V. About the controlled single-channel transport devices
Sfunctional safety model

The article considers the functional safety of single-channel transport devices of robotic on-board systems. It is shown
that the technical devices currently being developed are mostly covered by built-in control. The safety and reliability of sin-
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gle-channel controlled devices have not been given sufficient attention. Thus, in existing regulatory documents on reliability, a
comprehensive reliability indicator (the device's readiness coefficient) is determined by the ratio of average work on refusal to
the amount of average work on refusal and average recovery time. The values of the readiness coefficient are determined for the
operating conditions of the object when the average failure of the refusal and the average duration of recovery remain constant.
Such interpretation implies that any refusal of the device is detected and then immediately restored; that is, the built-in control
tools are ideal. In real conditions, it is difficult to create controls that provide a complete guarantee of detection. The approach is
considered that formalize applied functional safety problems and allows you to find optimal solutions to applied tasks. Technical
devices the currently being developed are mostly covered by built-in control. The safety and reliability of single-channel con-
trolled devices have not been given sufficient attention. The formula expressions of stationary probabilistic ones for renewed sin-
gle-channel devices with built-in hardware have been obtained. They allow for taking into account the real characteristics of the
efficiency and reliability of controls, while increasing the accuracy of the results of the analysis of the systems. It is known that
the reliability of the transport device is the property to maintain performance for a given time with the preservation of the given
performance characteristics under appropriate technical conditions of operation. This property is directly related to economic
operational parameters. In the end, economic parameters, in modern conditions, play a crucial role in the production of this
device and the business processes of operation. Briefly consider the time indicators of safety and reliability of a single-channel
controlled device. The indicators of the duration of time between failures and separately between hidden failures, as well as the
recovery time and downtime of the device, are determined.

Key words: model, failure, automatic control, robotic on-board transport systems, functional safety, single-channel con-
trolled devices.

IMocTanoBka nmpodaemMu. BripoBakeHHS! TEXHONOTiH aBTOMaTUYHOTO KepyBaHHS B POOOTH30BaHUX OOpTO-
BUX TPAHCIOPTHUX CHCTEMaX BUMarae nodynoBu Mojieneit, mo ¢popMaitizyoTh IpUKIaH MpodaeMu (pyHKIIOHATb-
HO{ Oe3IeKH Ta IAI0Th 3MOT'Y 3HAWTH ONTUMAJIbHI PIlICHHS MPUKJIaTHUX 3aBIaHb.

OynkIioHambHA Oe3MeKa € YACTHHOO 3aTalbHOI OE3MEKH y BUTIIAL CHCTEMHU a00 00TaJHAHHS, SIKE 3AJIC)KUTh
Bij cucteMu abo OONamHAHHS TPABIIIFHO IPAIIOI0YOTO Y BIAMIOBIME Ha WOTO BXOIH, B TOMY YHCITI O€3MEYHOTO
VIpaBIiHHSA HMOBIpHUX TIOMHIIOK, 3001B 00JIa/THAHHS 1 3MiH HABKOJIMITHHOTO CEPEIOBHIIA

3 omHOTO OOKY, (pyHKIIIOHANBEHA Oe3Meka Oe3rmocepeIHhO MOB'sA3aHa 3 HAIIHHICTIO armapaTHOi CKJIaloBO1,
1 TyT 3aMIIMIIOCS TPOXH HEBUPIIICHUX 3aBIaHb, CICKTPOHIKA O€3BIJIMOBHO IPAIIOE€ POKAMH, a SKIIO IHOTO
HEJIOCTaTHBO, TO 3aBXK/JU € MOXIIUBICTh pe3epBYBaHHs. AJe € IIle MpoTrpaMHa CKJIaJIoBa, Ha AKY sIKpa3 1 MOKa-
JAETHCS YNpaBiiHHA QyHKIissMH Oe3neku. BracTuBicTs QpyHKIIOHANBHOT Oe3NeKkn Mae 3a0e3MeYnTH KOPEKTHE
BUKOHAHHA (DYHKLIH CUCTEMU yIPaBIiHH, a IPH BUHUKHEHH] BiIMOB ITepeBECTH 00'€KT yIPaBIiHHS HA TaK 3Ba-
Huii 6e3neunuid ctad. O0'€KTH, AKUMU YIPABISIIOTH KOMI'IOTEPHI CUCTEMH, HailuacTille CTBOPIOIOTh PU3UKH JJIs
JOBKUJIJIS Ta JtoAeH (pi3He BUPOOHHIITBO, Ta30Ba Ta HAPTOBA MPOMHUCIIOBICTh, MEAUYHI IPUCTPOT, 3aTI3HUUHHH,
aBTOMOOUTHHHIM, aBialli HHIHA TPaHCIOPT TOH_IO) Komm'toTepHi cucremu praBJ‘IlHHfI TaKUMH 00'€KTaMU MOBUHHI
BHKOHYBaTH (byHKuu 0e3meKu 1 MaTH TEeBHI XapaKTepHCTHKH (pe3epByBaHHs, CTIHKICT IO BIAMOB, caMofia-
THOCTHUKA, CTIHKICTB JO 30BHIMIHIX €KCTPEMATBHHUX BIUIHBIB TOIIO). KOHTPOIE 32 po3po0OKOT0, BIPOBAIKEHHSIM
Ta EKCIUTyaTalli€l0 KOMIT'IOTEPHUX CUCTEM YIPABIIHHS, BOKIUBUX IS OC3IMEKH, 3MIHCHIOEThCS JACPKaBHUMHU
opraHamMu cepTudikamii Ta JieH3yBaHHsA. TakuM YHHOM, PO3POOHUKAM CHCTEM JIOBOJIUTHLCS 3HAHOMHTHCH 13
BHMOTaMH 10 (YHKIIOHAIBHOT O€3IeKH.

[lo BXOAUTH Y MOHATTA (l)yHKLIIOHaJ'H)HOI 0e3nekn? OYeBHUIIHO, IO [1€ CHCTEMH KOHTPOJIO Ta YIPaBIIiHHS.
KoHTponb a00 MOHITOPHHT MOXe 6yT1/1 BiJTHECEHHI J10 OKPEMOTO BHITa/IKy ynpaBmHHﬂ TOMY Ha3UBaTUMEMO TaKi
CUCTEMH IIPOCTO CHCTEMaMHU praBJ'IlHHH YV peanbHOMY CBiTi Y IbOMY KOHTypl MaEMO: KepOBaHI/II/I MpoIec, AaTUHK,
KOHTPOJIEp Ta BUKOHABUMI MexaHi3M. Heo0oB's13k0BOIO 3 MOMISAY YIPaBIiHHA, IPOTE HEBI'€MHOIO YACTHHOIO ChO-
TOJIHIIIHIX CHUCTEM YNPAaBIiHHSA € JIOAHUHO-MAIIMHHUH iHTepdeiic i 0OpoOHUKH MaHHX, OTPUMAHUX B pe3yibTari
MoHiTopuHTY. [loniOHa apXiTeKTypa peami3yeTbes Uit BOYIOBaHMX CHUCTEM, SKi IMIMPOKO 3aCTOCOBYIOTHCS B IPO-
MHCJIOBIH aBTOMAaTH3allil, TOOYTOBUX MPHUCTPOSAX, ABTOMOOUTBHUX CHCTEMAX, MEIUYHUX MPUCTPOSX, KOMYHIKAIiii-
HUX Mepexax, poboTax, JpoHax Ta iHmre. Y cdepi cTaHmaapTHu3alii iCHye Take MOHATTS, sk “umbrella standard”,
TOOTO, OCHOBHHHU «BEPTHKAILHHIT» CTAHAAPT BepXHBOTO piBHA. [1in GyHKITIOHATBHOIO OE3IIEKOI0 MAa€EThCs Ha YBa3i
KOpeKTHe (DYHKIIIOHYBaHHS K CICTEMU YIIPABIiHHSA, Tak 1 KEPOBAHOTO HElo 00NaHaHHs. TakuM 9nHOM, JUTs 320€e3-
MedeHHs (PYHKI[IOHATbHOI 0e3MeKH HeOoOXiTHO CIOYATKy BH3HAYMTH (YHKIIIT O3MEeKH, HeOOXiqHI JUTs 3HIKCHHS
PHU3UKY KEPOBAHOTO OONIaJHAHHS, @ TAKOX IJIs JOCATHEHHS Ta 30€pexeHHs UM 00JaJHaHHSIM O€3MeYHOro CTaHy
(manpuknaz, GyHKIII npoTHaBapiiiHoro 3axucty). Jlami, cucTemMa yrnpaBIiHHS ITOBUHHA MaTH BIACTHBICTh TaK 3Ba-
HOI IOBHOTHU 0e3MeKH, 110 Nepeadayae MMOBIPHICTH TOTO, IO CUCTEMa KOPEKTHE BUKOHYBaTuMe (DyHKIIii Oe3mneku
3a BCIX 3aJIaHUX YMOB MPOTSATOM 331aHOTO iIHTEPBAIY Yacy.

ITpu 3abe3neyeHHi MOBHOTH OE3IMEKHU BPaXxOBYIOTHCS JIBa THITH BiJIMOB: BUTIQJIKOBI Ta cUCTeMaTH4Hi. Bumnan-
KOBI BiTMOBH BUKJIMKaHI BHXOJIOM 3 JIaJy aliapaTHAX KOMIIOHEHTIB Ta MAPYIOTHCS TAKIMHU METOIAaMH, SIK Pe3epBY-
BaHHS, CaMOJIIarHOCTHKA, (DI3UUHUI Ta €ICKTPUYHHUN O KOMIIOHEHTIB, IMiIBUIICHHS CTIHKOCTI JIO 30BHIIIHIX
BILTHBIB TOINO. CHCTEMATHYHI BIJIMOBU BHKJIMKaHI IIOMMJIKAMH MPOCKTYBaHHs, 30KpeMa, 1 IOMHJIKAMH MTPOrpam-
HOTO 3a0e3MeueHHs. YCyHEHHSI CHCTEMAaTHYHUX BiIMOB MOYKIJIMBE IIUISIXOM Y0CKOHAJICHHS ITPOIIECiB IIPOSKTYBaHHS
Ta PO3pOOKH, TECTYBaHHS, YIPABIiHHSA KOH(]Irypariew, MpoeKTHOTO MEHEIKMEHTY TOIo. KpiM TOro, OCKUIBKH
KJIACUYHE PE3EPBYBaHHA HE JIO3BOJISIE YHUKHYTH CHCTEMAaTHYHHX BiJIMOB, 3aCTOCOBYETHCS TaK 3BaHE JMBEPCHE
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pe3epByBaHHsI, KOJIM PE3EPBHI KaHAIIM po3po0IIeHi 13 3aCTOCYBaHHAM Pi3HOTO IMPOTPAMHOTO Ta armapaTrHoro 3abesre-
yeHHs. JJoporo, He3py4uHO, ane iHKOJIX AOIOMAarae.

Jis1 KepyrouuX CUCTEM, JI0 SKUX HAJICKATh TaKi apXiTEKTYpH, SIK KePYBAHHS OJHOKAHAIBHUX TPAHCIIOPTHUX
MIPUCTPOIB, BOYIOBaHI CUCTEMHU Ta IHTEPHET peueii, 0CHOBHOIO BIIACTHUBICTIO € (pyHKIioHaJIbHA Oe3neka. [1ix dyHk-
[IOHANBHOI OE3MEeKOI0 MAETHCS Ha YBa3i KOPeKTHE (HYHKI[IOHYBAHHS SK CHCTEMH YIIPABIIHHSA, TaK i KEPOBAHOTO
HEero o0JIaIHAHHS.

MogemntoBaHHSs € HAHOUTBIIT €(hEKTUBHUM CIIOCOOOM JAOCHIKSHHS CKJIATHUX CUCTEM Pi3HOTO NMPU3HAYCHHS, —
TEXHIYHHX, CKOHOMIYHUX, CKOJIOTIYHHX, COIIAIbHUX, IHPOPMAIIHHUX — K HA €Talli 1X MPOeKTyBaHH, TaK 1 B TIPO-
meci excruryaraiii. MOXKJIMBOCTI MOJICITFOBAHHS CHCTEM JIAJICKO HE BHUEPIIaHi, TOMY NOCTIHHO 3’ IBJISIFOTBCS HAWHO-
BIIII METOIM Ta TEXHOIOTIT MOJEIIOBAHHS.

CTBOpEHHS MOZIET] — KPOIITKHH 1 TBOPUHUI Iporec, 0 BUMArae BifJ JOCTIIHIKA HE TUIBKU IITHOOKHUX Teope-
TUYHUX 3HaHb 3 PI3HUX MaTeMaTHYHUX Ta TEXHIYHUX AMCLUILIIH, ale i TBOPYOTO MiIXOMy 10 pO3B’si3aHHS 3ajad,
YMiHHSI T€HEpyBaTH TIEBHI €BPUCTUKHY, 10 BiIMOBIAAIOTh MMOUHHI CyTi TOCIiIXKYBaHOTO 00’ €KTa.

Amnajniz ocTaHHIX gocaizkeHb i myOmikamiii. CydyacHi TEXHOJOTIT MOJICIIOBAaHHS HE TITbKU TMOJIETIIVIN
1 MPUCKOPUIIM TIPOIieC MOOYA0BH Ta JOCIIIKEHHA MOAETI, aje il 3HauHO HAaOIM3UIU CIIPUUHATTS iHdopMaii crewi-
ajicra 3 MOJEIIOBAHHS CHCTEM i CHEIialIicTa, 0 MPAIOe Y Taly3i, Ika MOJIETIOETHC.

OnHOKaHAIBHI MPUIIAJHM aBTOMATH3AIIIT € BEJIMKOIO IPYIIOI0 BUPoOiB. Bci BOHU cTBOpEHI TSl yUaCTi y Pi3HUX
BHpOOHMYHUX Tporiecax. [Ipunaam Ta 3acodu aBToMaTH3allil HeoOXiHI I POBENCHHS BUMIpIOBaHb, KOHTPOJIIO 32
poboToro obnaHaHHS Ta 3a0e3MeUeHHs BUpOOHUYMX TporieciB. [Ipunaam Ta cucTeMu aBToMaTu3allii J03BOJSIOThH
3poOUTH BUPOOHHIITBO OUTBIN e(PEKTHBHUM Ta Oe3MeYHHM. BOHH 3aCTOCOBYIOTHCS Ha Oy/lb-SIKOMY YCTaTKyBaHHI,
MPAIOOTh Y CUCTEMaX OMaJCHHS, Ha BUIOOYBHHX MianpueMcTBax. KoxkeH BHJ MPOMYKIIil MPUCTOCOBAHHUN IS
TOTO YM 1HIIOTO BUPOOHUITBA. Lle 3pydHO, OCKIIBKY 3aBKIM MOXKHA MiII0OpaTH MPOAYKILIO, IO MiIiHTe s TIeB-
HOTO BUy 00NajHaHHsA. YCi BUPOOU MArOTh BiTHOCHO MPOCTY KOHCTPYKILiO. IX KOPIYCH BUTOTOBJIEHI 3 MillHUX
CTaJIeBUX CIUIaBiB a00 ymapocTiiikoro miactuky. OTxe, IpeAcTaBieHa NPoAyKILis He BUiiIe 3 Ja1y Bijl BiOpalliitHIX
Y1 MEXaHIYHUX BIUTUBIB. [I[pocTOTa KOHCTPYKIii O3Ha4Ya€e HaAiHHICTh. BCi BUpOOU 3MOXKYTh OIpalioBaTH B Oe3aBa-
piiiHOMY peXXHMi He JIMIIe rapaHTiiHUI TepMiH, a i1 6arato pokKiB micis 3aKiHYEHHS TaKOTro TepMiHy. [ ooBHE 1€
MIPOBOAUTH NOTOYHE OOCITyTOBYBaHHS BHPOOIB, IX PErypHI IEPEBipKH.

TakuMm YMHOM 3a3HaveH] MPHUIaIN XapaKTepU3YIOThCS HaIHICTIO, JOBTOBIYHICTIO T 3PYUYHICTIO EKCILTyaTa-
mii. BoHu xoporr tiM, 110 Oyib-sike 00JIaHaHHS MPAIOBaTUME ITiJ1 KOHTposieM. [Ipunanu 3abe3nedars KOHTPOJIb
3a TeMIIepaTyporo, TACKOM, IHTCHCUBHICTIO THCKY PIJIVHH 1 TaK JIai.

Bynp-sike BUpoOHHIITBO TIepeadadae 3aCTOCYBaHHS BiIIOBIIHOTO YCTaTKyBaHHs. Y KO)KHOMY pa3i HEOOXiqHO
3a0e3MeunTH HOpMaJIbHY poOOTy Takoro obnmamHaHHs. Lle o3Havae, mo Tpeba BUMIpIOBaTH poOOYE CEepeOBHIIIE,
KepyBaTu BCiMa IpoliecamMy B aBTOMaTHYHOMY pexumi. Came JIs BUPIIIEHHS TAKUX 3aBIaHb 3aCTOCOBYIOTHCS CUC-
TEMH aBTOMAaTHU3allii i, 30KpeMa, OJJHOKaHAJIbHI KEPYIOUi IPUCTPOT.

TexHiuHI IPUCTPOT HA TPAHCHOPTI, IO PO3POOIIAIOTECS B JaHHUH Yac, B OUIBIIOCTI CBOiK OXOIUIeH1 BOyIOBa-
HUM KOHTpojeM. JlocmipkeHHsAM Oe3neKkn Ta HaliHHOCTI OJHOKAHAIBHUX KOHTPOJILOBAHUX MPHUCTPOIB HE MPUIi-
JCHO JOCTaTHBOI yBaru. Tak, y iCHyIOUYMX HOPMAaTHBHHUX HOKYMEHTAaX IIOAO HAIIHHOCTI, HAPUKIAMA, ¥ CTAHAAPTI
JCTY [1], KOMIJIEKCHAN MOKa3HUK HAJAIHHOCTI (KOC(II[IEHT TOTOBHOCTI MPUCTPOIO) BU3HAYAETHCS Yy BUIIIAII Bifl-
HOIICHHS CepeIHbOT0 HANPAIFOBAHHS Ha BiIMOBY J0 CyMHU CEPEIHBOTO HAIIPAITIOBAHHS Ha BiIMOBY Ta CEPEIHBEOTO
4acy BiIHOBIICHHS. 3HaYeHHs Koe(illi€eHTa TOTOBHOCTI, BU3HAYCHE JJIs1 YMOB POOOTH 00'€KTa, KOJIM CepeiHii mapa-
METp MOTOKY BiZIMOB 1 Cepe/IHs TPUBAIICTh BiTHOBJICHHS 3aJIMINAIOTHCS CTAITAMHU.

Take TpakTyBaHHS Iiependavae, Oyab-sSKUH BiJMOBAa IPUCTPOIO BUSBIETHCS 1 MOTIM BiIpa3y BiJHOBIIO-
€Thbcs, TOOTO BOYIOBaHI 3aCO0M KOHTPOJIO ificalibHi. Y pealbHUX YMOBaX CKJIaIHO CTBOPHUTH 3aCO0U KOHTPOITIO, 10
3a0€e3MeuyroTh IOBHY rapaHTilo BUSBICHHS BiAMOBH. Lle 3 TuM, 1110 epekTHBHICTH BOyIOBAHUX 3aC00IB arnapaTHOro
KOHTPOJIIO O6e3MocepeIHbO 3aJIEeXKUTh BiJ 00CITy 1X ycrarkyBaHHs. [Ipuuomy el 3B'130Kk Mae€ HeNiHiMHMI Xapak-
Tep — WBUAKICTb 3pOCTaHHS 00CATY 00JaiHAHH IEPEBUILY€ IBUIKICTh 3pOCTaHHA €(h)eKTUBHOCTI 3ac00iB KOHTP-
omo. Tomy B po3paxyHKax HaJIHOCTI KOHTPOJIILOBAHOTO MPUCTPOIO HEOOX1IHO BPaxOBYyBaTH HE iJiealibHICTb BOY-
JIOBaHUX 3aCO0IB KOHTPOJTIO K OO TXHBOI €(eKTUBHOCTI, TAK 1 MO0 IXHBOT HAMIHHOCTI. MOXKJIMBICTh MPOITYCKY
BiTMOBH MPU3BOJHTE M0 TIOSIBH TaK 3BaHOI MMPUXOBAHOI BiIMOBH IIPHCTPOIO, SIKUH MOXKE iCHYBaTH JOCHUTH JOBTO,
JIO TOTO MOMEHTY, KOJIU BiH Oy/ie BUTIAJIKOBO BHSIBIICHHI MO3aIMTATHUMH 3ac00aMU (Bi3yaJIbHO a00 HETIPSIMHUM IILISI-
xoM). OTKe, MOXKIIMBICTh TaKoi MOJiT HE MOXXKHA BHKIIIOYATH Y pO3paxyHKax. bijbplle TOro, mMpuxoBaHa BigMOBa
MIPUCTPOIO 3 MO3UIIIT QYHKIIIOHAILHOT Oe3MeKH € HeOe3MEUHO0 BiIMOBOKO. TOMY MpecTaBIisie MPaKTUIHE 3HAYCHHS
(haKT TOCIiIKEHHS YMOB, 32 SIKMX CepeIHIH Yac Mi>k IPUXOBAHIMH BiIMOBAMH IIPUCTPOIO (CEpEIHE HAPAIIOBAHHS
Ha TIPUXOBaHYy BiAMOBY) Oyno 6 MakcMMalbHUM. bakaHo, MO0 3a UX YMOB CEPEIHIN Yac MPOCTOK MPUCTPOIO
OyJ10 IO MOXKJIMBOCTI MiHIManbHUM. Takui MinXiA COpSAMOBAaHWN Ha OAHOYACHE MiABHUILEHHS HAAIMHOCTI Ta 0e3-
MeKu mpucTporo. Bimomo, mo HagiiiHICTh TPaHCTIOPTHOTO MPUCTPOIO 1Sl BIACTUBICThH 30epiraTté mpane3aaTHiCTh
Ha MPOTA31 3aJ]aHOTO Yacy i3 30epeXeHHAM 3aJaHUX eKCIUTyaTaliiHUX XapaKTEePUCTHK 32 BIAMOBIAHUX TEXHIYHUX
yYMOB eKcInTyaraii. L{s BmacTuBicTh Ge3mocepeiHbO MOB's13aHa 3 CKOHOMIYHUMU SKCILTYaTalliiHUMH ITapaMeTPaMH.
B kiHIIEBOMY MTiJICYMKY, €KOHOMIYHI TapaMeTpH, B CYYaCHUX YMOBAX, BiIirpalo0Th BUPIIIAILHY POJIb K Y BUPOOHH-
IITBI I[LOTO MPUCTPOIO, TaK 1 Oi3HEC-TIpoIlecax eKCILTyaTarlii.
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IocTanoBka 3aBnaHHs. Po3risaaeTbest oguH abCTpakTHU npucTpiif. Byab-ska npupoaHa 4u mTyYHa HAJ-
MIpHICTb, Y TOMY YHCIIi CTPYKTYpPHE PE3epBYBaHHs, BiACYyTHS. TpaHCIIOPTHUH PHCTPill MOXkKe OYTH OXOILICHO OTHO-
PiBHEBHM, TBOPIBHEBUM, 1-PIBHEBUM KOHTPOJICM.

[1ixg ogHOpIBHEBHM KOHTPOIIEM PO3YMIETHCS BBEACHHS 10 CKJIaIy IPHCTPOIO BOYAOBAHUX 3aC00iB KOHTPOIIO,
SAKi 3 WMOBIPHICTIO p, PABMIILHO BUABJIAKOTH BIIMOBH MPUCTPOIO. IMOBIPHICTE NPABUIILHOTO BUSBIEHHS p, — 1€
KOMILICKCHUH MOKa3HUK e(peKTHBHOCTI 3aC00iB KOHTPOJIO, IO BPaxOBY€e IOBHOTY KOHTPOJIO, Oe3MepepBHICTD,
JOCTOBIPHICTh PE3YJBTaTiB KOHTPOJIIO.

SIkmio 06'eM ocHoBHOTO OOnanHanHs W, a 06'em KOHTpONIBHOTO OONanHanus W = f(p,), TO pe3ynbTyrounii
ob'em obnagHanus W, = W +W, .

ITependavacThes, MO NPH BUABJICHHI BiZIMOBH OCHOBHOTIO IPHCTPOXO 3 HMOBIPHICTIO p, IPUCTPill pEMOHTY-
€Thcd. B iHIIOMY BUTIaIKy BUHHMKAE BiJIMOBA, sIKa MOXKE ICHYBaTH JesKuid (1HO/I 3HaYHUI) Yac 10 BUABJICHHS HElll-
TaTHUMH 3acobamu. BinqMoBa amapatypu KOHTPOIIO 32 IPUHHATOIO MEPEIyMOBOIO HE BUKIIUKAE BiIMOBH OCHOBHOTO
npuctporo. [Ipn ogHOpiBHEBOMY KOHTPOII BiIMOBa 3aC00iB KOHTPOJIO HE BUABIAETHCS 1 MPH MOJANIBININ BiIMOBI
OCHOBHOI anapaTypy BUHHKAE BiIMOBA IIPUCTPOIO 3aTrajioM.

[Tig 1BOpiBHEBMM KOHTPOJIEM MA€ThCS HA yBa3i BBEIECHHS JI0 CKJIAJy MPUCTPOIO 3aC00iB KOHTPOJIO OCHOB-
HOT'O Ta KOHTPOJILHOTO 00NaHaHHs 3 HMOBIPHOCTAMH NPABHJILHOTO BUSABIECHHS p, 1 p, BianosiaHo. Lle o3Hayae, mo
00'eM KOHTPOIBLHOTO 0OnanHanus 30inbmennit: Wi, = Wk, + Wk, ne Wk, = f (p,), a Wkl = f (p,). Ilpu nBopieHe-
BOMY KOHTPOJIi BiIMOBa 3aC001B KOHTPOJIIO BUABIAETHCS 3 AMOBIPHICTIO 2, BITHOBJIIOCTBCS 1 IPH BiIMOB1 OCHOBHO1
armapaTtypu BiIMOBa MOXX€ HE BUHHUKHYTH. SIKIIIO 5K BIIMOBHUTH amaparypa KOHTPOJIO JIpyroro piBHs obcsirom Wk0,
1 MpHU3BEe A0 IIEPEXOAY Bil IBOPIBHEBOTO 10 OJHOPIBHEBOTO KOHTPOJIIO.

I1pu n-piBHEBOMY KOHTPOII 06CAT KOHTPOIBLHOTO O0NaHaHHs 30inbieHo 1o Wk =Wk,  +...+Wk+Wk, rne
Wk(n,[):f(pn)ﬁ e Wk(/):f(pg)7 Wk(()):f(lj/)

V pobori [2] 3anpononoBana eBpuCTUIHA (GOPMyIa OLIHKHK p, (1€ i=1,2,...,n) 3aJI€XKHO BiJl HEOOX1THOTO ISt

peanisauii 3a1aHoi eeKTHBHOCTI pi KOHTPOIBHOTO OOnanHanus W, -

p,=1-exp(-6-AWk, ) (1)
ne 8 =5...10 — Hopmytounit koedimient; AWk, =Wk (W +Wk ).

Hanani npuitmaemo B ymMoBax JaHoOi 3a/1adi, 1[0 IOTOKH BiJIMOB, BiIHOBIICHb, & TAKOXK MPHUXOBAaHHUX B1IMOB
OCHOBHOTO IIPUCTPOIO € HAMMPOCTIMINMY 3 MapaMeTpaMH A, |L, Ta y BianoBigHO. KoHTpons ogHOpiBHEBHI. IHTEH-
CHBHICTb Bi]MOB KOHTPOJIFHOTO YCTaTKyBaHHS MPSIMO MIPOTIOpIiiiHe floro o0csry.

3aBiaHHS NOJSITa€e B JOCHIIIXKEHHI CTAI[IOHAPHUX IMOBIPHICHUX Ta TUMYACOBHX MOKA3HUKIB O€3MEKU Ta Hail-
HOCTI IPUCTPOIO 3 BOYyIOBAaHUM arapaTHUM KOHTPOJIEM 3 ypaxXyBaHHSM HeiJleanbHUX XapaKTepUCTHK ¢(heKTUBHOCTI Ta
HaAIHHOCTI 3aC00iB KOHTPOJIIO, a TAKOK MOXIIUBOCTI BUSIBJIEHHS IIPOITYILLIEHOIO 3ac00aMU KOHTPOJIIO BiAMOBH (IIpH-
XOBaHOI BiTMOBH) MTO3AIITATHUMH 3ac00aMU (Bi3yaJbHO ab0 HEMpsAMHUM IUIAXoM). KpiM Toro, Mae Ha MeTi IOKa3aTH
IICHTUYHICTD PE3yNBTaTiB MATEMaTHIHOTO MOJIEITIOBAHHS JaHOI 3a1adi 3a JOIIOMOT00 TpaauIiiHuX piBHIHE Kommo-
TOpOBa 1 32 JIOTIOMOTOIO BiJIOMOTO TPa(OBOr0 METOIY, III0 B yMOBAX MPOCTOTO 3aBJaHHS HE CTAHOBUTH TPY/IHOIIIIB.

Buxnaa ocHoBHOro Martepiauy.

I'padoBa moaeas npuctTporo

I'pad craniB po6OTH30BaHOTO GOPTOBOTO TPAHCIIOPTHOTO MIPUCTPOIO 3 OJHOPIBHEBUM KOHTPOJIEM ITOKa3aHO
Ha puc. 1.

Ha puc. 1 BepmuHO0 «0» MOKa3aHO CTaH CHPABHOCTI OCHOBHOTO Ta KOHTPOJIBHOTO OOJIa[HAHHS HMPHCTPOIO.
[HTEHCHBHICTH BiZIMOB OCHOBHOTO OOnanaHanus A=W, koutposnbHOro A =Wk . IMOBIpHICTb TIPABUJILHOTO BUSIBIECHHS
BiJIMOBH OCHOBHOI'O YCTPOIO p,. KOHTPOIIOrOUMIA TIPUCTPIii HE OXOIIEHUH BIACHUM KOHTpPOJIEM (p, =p, = ... =p = 0).

BepumHoro «1» moka3aHo CTaH BiAMOBU KOHTPOIIIOIOUOTO OONaJHAHHS, 10 HE BIJIMBAE HA POOOTY OCHOB-
HOTO MPUCTPOIO.

A

Puc. 1. I'pad craniB npucTporo 3 0MHOPIBHEBUM KOHTPOJIEM
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CraH «2» — CTaH BiTHOBJICHHS, SIK€ HAacTae abo Miciisl BUSABICHHS BiIMOBH OCHOBHOTO 00OaTHAHHS 3 HMOBIp-
HICTIO p,, 200 TICHIs IEAKOTO (3a3BMYall BEIMKOIO) 4acy iCHyBaHHs NPUXOBAHOI BIIMOBU OCHOBHOTO O0NaIHAHHS,
koJn (haKT i€l BIIMOBU SIKUMOCH YHHOM TIPOSIBUBCSL.

BepmuHoro «3» moka3aHo CTaH MPUXOBAHOI BIJIMOBY MPUCTPOIO. Y IIeH CTaH MpUCTPiil moTparuise abo yepe3
BiIMOBY 3aC001B KOHTPOJIIO 1 MOANBIIOT BiIMOBH OCHOBHOTO 00JaTHAHHSI, 200 Yepe3 MPOMyCK BiIMOBH BiJl 3ac00iB
KOHTPOJIIO. Y IPYroMy BHITJKy MPHHHATO, IO HEAOITEHO BPaXOByBaTH HAIIHHICTh 3aC00iB KOHTPOJIIO, OCKITBKH
BOHM BX€ HE BUKOHAIIW CBOET (PYHKIIIT BUSBIICHHS BIJIMOBH.

VY oMy Best 3a1aui Oe3imid nparne3aaTHux ctaHiB Sp = (0, 1), 6e31iv Henpane3aatHux ctadiB Sp = (2, 3).

KoedinienTn 6e3mexn Ta roTOBHOCTi 0IHOKAHAJIBHUX KOHTPOJIbOBAHUX Bi/ITHOBJIIOBAHUX NMPUCTPOIB

BekTop noyatkoBUX WMOBIpHOCTEW CTaHiB Oe3MEeKH Ta HAAIMHOCTI MPUCTPOIO (puc. 1) Mae BHTTIS:

P,(0)=1;P (0)=0; P,(0)=0; P,(0) = 0.
Cucrema qudepeHIiiaTbHuX piBHSIHb KoJMOropoBa (BU3HAUAEThCS 3a Tpad)oM CTaHIB) Ma€ BUTIISL:

dPS_t(t)=_(x+xl)P0(t)+uPz (1);

dp, (1)
dt

=By (t) — AP, (t);

SP(1)=1.

i=0

w0,
Ilpu 1 > P(f)=P u " =0, nei=0,1,2,3.

Cucrema ajareOpaidHuX piBHSIHB (IPU ¢ —> 00 ) Ma€ BUIIIA:
—(A+2,) R +pP, =0;

ME, =ME =0;
PR, —ub, +yh =0;

PAE, + AP, —yP, = 0;

3
Y P=l.
i=0
VY pesynbTari po3B'sI3aHHS CUCTEMH ajreOpaiyHUX PIBHSHb 3HAXOIWMO CTaIliOHApHI WMOBIpHOCTI mepeOy-
BaHHS MPUCTPOIO y BCIX CTaHaX:
P Ay :
0 — 5
Ay + Ay + (A +2) Ay + (P A+ A )Ap

Ay

A= -
My + Ay + (A + 4Ry +(PA+A, ) A
P = (7‘+7‘1)7‘V .
Apy + Ay + (A +A) Ay + (A +A)An
(}_717“*'7”1)7%l

P = .
’ (A+2)y(A+p)+(PA+2,)Ap

Koedimientn 6e3nexu Ta TOTOBHOCTI MPHUCTPOIO B JaHiid 3aaadi 30iratoTbcs. BOHM BH3HAYalOTHCS CYMOIO
MoBipHOCTEN nepeOyBaHHs cUCTeMH y Oe3nedyHux craHax «0» 1 «1»:
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(% + 2 )y
(A+2) (A +p)+(PA+A)Ap

YV cBoto 4epry, koedillieHT IPOCTOI0 NPUCTPOIO 3HAXOAUMO 32 (HOPMYIIOIO:

A +0) v+ (Pr+2)n]
(A + 2, )y () + (P+ 2 )

Busnaunmo ¢opmynsHi BUpazu koediuieHTIB Oe3neku (TOTOBHOCTI) Ta MPOCTOIO aHali30BaHOI CHUCTEMH,
KOPHCTYIOUHCH alTOPUTMOM peaizalii BiZoMuX rpad)OBHX HAMIBMapKIBCBKHX METOMIB. 3 Ii€I0 METOO 3a rpadoM
Ha pHc. | BUKOHYIOTB TaKi MPOLEAYPH:

1. ITiaroToB4i mpoueaypu:

— 3HAXOSTH NepeXiTHI KIMOBIPHOCTI Ta MaTEMaTUYHI OYiKYBaHHS yacy rnepeOyBaHHS CHCTEMH y BCIX CTaHAX:

A DA DA 1 1 1 1
:7\‘4_17&1 > Poa :7\.1-7;%1 > Pos = ll-?:k] S P =Py =Pp=LT =m; T :x; T, :;; T :;~

— 3HAaXOJATh Baru NIISIX1B:

K,=K,=P,+P =

K,=P,+P,=1-K, =1-P,~ P, =

Do

loy = Poi> Loy = Doy + (p01p13 + po3)p32; ly = PuPis+ Poss bz =P =1 by =pyy =1 L, = py, =1.
— 3HAXOAATh Baru KOHTypiB:

C = PpPays G, = PP P> Cs = Pyi D13 D3 Pao-

2. Po3paxyHKOBi poLieaypH:
— MiJICTaBIJIIEMO PaHillle BU3HAUEH] MapaMeTpH B PO3paxyHKoOBY (opMyily koedimieHTa Oe3neku (TOTOBHOCTI)
IPUCTPOIO.

K,=K, =P,+P, = (A2 )uy .
(A +2)y (A +p)+(PA+2,)Ap

TakuM 4MHOM, IEPEKOHAINCS, 10 TPAIULIHUNA MeTox Aae 100pi pe3ynbTaTu A HAIOTo 3aBAaHHs. Y Mipy
MiJBUILEHHS CKJIaJHOCTI 3aBJaHHs 3aCTOCYBaHHS A ii BUpilIeHHS TpaJulliifHOro Metody piBHsAHb KonMoropoa
CTa€ MpOoOIEeMATUIHUM, TOI1 K MOMKIJIUBOCTI pO3pOOICHUX TPadOBUX METOIIB OOMEKEHI JIUIIE TPYAHOIAMH 100y~
J0BU rpa)oBHX MozeJel 3 TUCIIYaMH CTaHIB.

[Ipoananizyemo oTpruMaHuil Bipa3 KoedimieHTa Oe3MeKH KOHTPOIBOBAHOTO MPUCTPOIO, IO BiTHOBIIOETHCS.

Sxmo p, =1 (BiICYTHS KOHTPOJB TOJIOBHOTO IPHCTPOIO):

_ Ky
r_y(k+u)+ku' @

OTpumaHe BUpa3 03HAYae, Mo 3a BACYTHOCTI KOHTPOIIO OCHOBHOTO IIPHCTPOIO KOE(DiIliEHT TOTOBHOCTI 3aJie-

. .. .. .. . . . .. 1
JKUTh HE TIJIbKW BiJ] IHTCHCUBHOCTI BiJIMOB 1 BiJIHOBJICHb, a W BiJl TPHBAJIOCTI MPUXOBaHOI BiIMOBH ( — ). SkOm
Y

MIPUXOBaHI BiIMOBH BUSBIISIICS MUTTEBO (Y — 00 ), TO AaHa (popMysia epeTBOproBayiacs O Ha i/ieani3oBaHy BiIOMY
(hopmyiry KoedillieHTa TOTOBHOCTI:

K, =—t—. 3)
A+
Taka MOXITHBICTB (Y — o0 ) B IPUPOII HE icHYE, ToMY hopmydy (2) ciil po3misiaaté 6a30BOk0 IPH PO3paxyH-
KaxX Koe(iI[ieHTIB TOTOBHOCTI HEKOHTPOJIBEOBAHUX IIPHCTPOIB pOOOTH30BAHUX OOPTOBUX TPAHCIIOPTHUX CHCTEMAX.
IToBepHEMOCS 10 OTpUMAHOI paHilie GopMysH KoedillieHTa TOTOBHOCTI KOHTPOJILOBAHOTO MIPUCTPOIO 1 Bpa-
Xy€MO 3aJIEKHICTh IHTEHCUBHOCTI BiZIMOB IIPUCTPOKO KOHTPOJIIO BiJl KMOBIPHOCTI p,, TOOTO BiJl KMOBIPHOCTI TOTO,

. . ..W
10 MPHUCTPii MPaBWIIBHO BUSBIIAE BiIMOBH po0040ro nmpucTporo. 3 dopmynu (1) mpu 3amini K pa :

Wot Wy At
TIPY TIPUHHITOMY TPHITYIIEHH], 10 IHTEHCUBHICTH BIJIMOB MPHCTPOIO MPSIMO MPOTIOPITiiiHA HOTo 00CATY, OTpUMY-
€MO:

__Mnp,
' S+lnp,
Inp, .
Takum uuHOM, A, =QA, 1€ O = Stim U (popMmyIa po3paxyHKy Ta TOTOBHOCTI KOHTPOIIOEMOTO IIPUCTPOIO
+ Inp,

NEPETBOPIOETHCA K BUY:
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A(1+¢)uy 3 (1+@)uy

AM1+@)y(A+p)+ A7 (B +o)n (1+@)y(A+p)+ (P, +9)hp

I'padik sanesxunocti ¢ = f(p,) HaBeneHo Ha puc. 2.

3 poro rpagika BUILTHBAE, MO 00CST (a, OTXKE, 1 IHTCHCHBHICTh BIIMOB) KOHTPOJIBHOI anapaTypy MOBUHCH
HEJTIHIMHO 3aJIe)KaTH BiJ MOXIIMBOCTI MPOIMYCKY BiIMOBH OCHOBHOTO MPHUCTPOXO. SIKIO MOTPIOHO JOCATTH TOTO,
00 WMOBIPHICTH MPOIYCKY BiIMOBH HaOIMKaIacs 10 HYJS, TOOTO BIpOTiIHICTh MPABHILHOTO BHSBICHHS Ipar-
HyJIa OJMHHIII, TO, MOXKIIUBO, 110 MOTPIOHUH 0OCST KOHTPOJBHOI armaparypy MepeBHIIUTE 00CAT OCHOBHOTO INPH-
cTporo (¢ >1).

r

i
ﬂ.‘?i B J: .........

D.‘S B SEsmsss e m e —————

0,25}~

0 0,25 0,5 0,75 |
Puc. 2. I'padix 3anexuocti ¢ = f (]_91)

Taxk, Hanpuknan, npu p, =1- p, =0,01 (TodT0 99% BiIMOB OCHOBHOTO IIPUCTPOIO MPABUILHO BUSBIAIOTHCS)
koedilieHT @~2 1, omke, W, = 2W, . 3 rpadikis ciin Takox, mo npu p, — 0 koedimieHT ¢ —> oo . 3ayBakUMO,
IO BIUTMB HOPMYBAJILHOTO Koe(illieHTa 0 Ha MPOTHO30BAHE 3HAUYCHHS IHTCHCUBHOCTI Bi]MOB ariaparypy KOHTPOITIO
II0/I0 HEBEJIHKE, 0COOIMBO NPH peaNbHUX 3Ha4eHHAX p, =0,1.

Sxmo npuitHATE, M0 p, =1 (IIpH yMOBI ( —> 00 ) 3HAXOIMMO, III0 3HOBY KO€(ili€HT TOTOBHOCTI BU3HAYa-
€ThCA 32 i7iealli3oBaHoI0 hopmyioro (3).

Takum unHOM, TIonEpeHa Gopmyna (3) koedillieHTa TOTOBHOCTI MPUCTPOIO € 1/1eaTi30BaHO0 1 IPECTABIISIE
CO0O0 OIIIHKY OJIHOTO 3 IBOX I'PAaHUYHUX BHITAJIKIB:

1) p,=1 npu ymoBi ¢ >0,

abo

2) y>o.

KopoTko po3riisineMo 4acoBi MOKa3HUKH 0e3MeKH Ta HAIHHOCTI OJHOKAHAIBLHOTO0 KOHTPOJIHOBAHOIO
MPHCTPOIO.

Bu3HAUMMO MOKAa3HUKU TPUBAJIOCTI Yacy MiXK BiIMOBaMH Ta OKPEMO MiXK MPUXOBAHUMH BiIMOBAMH, a TAKOXK
4acy BIJHOBJICHHS Ta 4acy IPOCTOIO IPHCTPOIO.

Cepenni HampairoBaHHs 4acy MiX BifiMoBaMu 7' i IPUXOBaHMMH BiMoBamMu 7, TIPUCTPOIO 3Hak1eMo 3a (hop-

ZieSPB

MYJIOI0, OTPUMAHOIO B po0OTi [4] At BUMaAKOBUX MapKiBChKUX mporecis, T = S 2y
Ziesp iZjegp i

B ymoBax maHoi 3amadi: §P — 0e3Jmiy TpaHMYHUX Hemnpare3aTHux cTaHiB. [Ipu BU3HAUeHHI MOKa3HUKA T
3a3Hauye€Ha MHOKMHA BKIIFO4ae ctadu 2 1 3. CToCOBHO MoKa3HUKa ¢ 1151 MHOJKHMHA BKJIIOYA€E TIIIBKU cTal 3. B ocran-
HbOMY BUITAJIKY K Oe311id Sp npuiiMaroThest ctanu 0, 1 ta 2.

3HaiiieHo 3aJIe)KHOCTI BiTHOCHOI 3MiHH CEPEAHBOI TPUBAIOCTI IPOCTOIO IPUCTPOIO Bl €(hEKTUBHOCTI KOHT-
POITIO Ta JOAATKOBOTO KOHTPOJIBHOTO 00T JHAHHS 32 PI3HUX CIIBBIIHOIIEHb MIX ITapaMETPaMu y Ta L.

Biguomrenus

Top  (A+@)y+(@+e)u
THP npoz (1 + (p) (]/ + .u)
JI03BOJISAE TS PI3HUX 3HaYeHb HIMOBIPHOCTI HE BUSBICHHS BIIMOBH P, , KOe(ili€HT] ¢ MPUPOCTY AOAATKOBOTO

oONasHaHHS, CEPEAHBOI TPUBAIOCTI ICHYBaHHs MPUXOBAHOI BIIMOBH — BH3HAUYUTH YMOBH, IIPH SKUX Oyme Matu
Miclle MiHIMaJbHHNA 9ac POCTOI0 PUCTPOIO. v
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OTpuMaHi pe3ylbTaTi MOKa3yIoTh, 10 iICHYIOTh ONTHMaJIbHI 3HAYE€HHSI HMOBIPHOCTI IPaBUILHOTO BUSBIICHHS
BiMOBU npucTporo p=1— p, Ha piBHi 0,7 ... 0,9, npu AxoMy crioctepiraerbes 3Hayne (B 1,5 —2 pasu i 6iblie) cko-
POYEHHS TPUBAJIOCTI MPOCTOI0 MPUCTPOIO, AKIIO TPUBANICTh MPUXOBAHOI BiIMOBH 1CTOTHO OijibIlla 32 TPUBAJICTh
BiiHOBICHHS. [IpH IbOMY 0OCST T0JITATKOBOTO 00JIaIHAHHS JJIs1 BUSBIICHHS BiIMOB cTaHOBUTH 30...45% Bijg 00CsTy
OCHOBHOI amnapaTypH IPHCTPOIO. 3ayBayKHMO, III0 aHAJIOTiYHI peKOMEHA0BaHI 3Ha4eHHs IMOBIpHOCTI p, 1 Koedirli-
€HTa ( OyJIM BCTAHOBJICHI IIPU TOCTIKEHHI CEPEIHBOTr0 Yacy MiXK IPUXOBAHHMH BiIMOBAMH.

BucHoBku. OTprMaHo (GopMyIJIbHI BUPa3H CTAIllOHAPHUX IMOBIPHICHUX JJIS1 OJHOKaHAILHUX PUCTPOIB, 10
BiTHOBITIOIOTHCS, 3 BOYJOBAaHUM arapaTHUM KOHTpoJieM. BOHM TO3BOMSTIOTE BPaxoBYBAaTH peaibHi XapaKTepUCTHKA
e(heKTUBHOCTI Ta HAJIIHOCTI 3aCO01B KOHTPOITIO, IMiIBUIIYIOUH TPH IIbOMY JOCTOBIPHICTH OJIEPKYBaHUX PE3yJIbTa-
TiB aHAITI3y CUCTEM.

ITokazaHo, 110 iCHYIOTH ONTHMAJbHE 3HAYEHHS HMOBIPHOCTI MPABIIIBHOTO BHSBJICHHS BiIMOBH IPHCTPOIO
p=1-p, HapiBHi 0,7...0,9, Ipu sKOMy cHocTepiraeTbest 3Haute (B 1,5-2 pasu i 6iblie) CKOPOUEHHS TPUBATIOCTI
MIPOCTOIO MPHUCTPOIO, SKIIO TPUBANICTh IPUXOBAHOI BIIMOBH iCTOTHO O1JTbIIIA 32 TPUBATICTh BiTHOBJICHHSI.
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HOBITHI METOJHA OBPOBKHW HETOYHUX JAHUX JJISI BUPIIIEHHS 3AJIAY V COEPI
PAJIOJIOKALIITHOTO CIOCTEPEKEHHS TA JUCTAHIIMHOI'O 30HIYBAHHS 3EM.II

Y naw yac supiwenns 3a0au padionokayitiinoeo cnocmepesiceris ma OUCmanyitino2o 30n0yeanns 3emi sumazae 00pooKu,
aHanizy ma K1acuhiKy8anHs HemouHoi, HenosHoi ma cynepeunusoi ingopmayii. OOHic 13 HAUIBANCIUBIULLX NPOYE)YP 00POOKU
OaHUX € KAACUDIKYBAHHSA CYNYMHUKOBUX 3HIMKIG. Benuxuii 06cse HemouHuxX OaHUX Modice CHPUMUHUMY NPoOReMy i3 npoyeoypoio
KAACUIKy8anHA 300padceHdb. 3a3HaueHo, wo y OaHOMY 8UNAOKY 08 KIACUDIKYBAHHA 300padiceb Ci0 3aCmoco8y8amu meopii
ceiduens Jlemncmepa-Lleiigpepa, ockinexku dana meopis modice npayioeamy i3 HeMoOYHOW ma HesUHAUEHOW iHpopMayico.
Ipasuno kombinayii [emncmepa 6UKopucmogyemvcst 01 00 ' €OHARHS OAHUX, OMPUMAHUX 80 PIZHUX eKCNepi8, CHEeKMPATbHUX
Kananie abo padionokayiunux cmanyii. Teopis ceiouenb modxice Mooemosamu HegusHauericmy. Padionoxayitini cmanyii 06’ eo-
Hylomb 0ari i3 pisHux 0dicepen 015 USHAUEHHA Koopounam 00 ‘exma. Padionoxayitini cmanyii Moocyms 6I0PI3HAMUCA 30 CBOEI)
HaOitHicmIo, mouHicmio i nosHomorw. Adanmayiiini 61acmugoCmi pisHUX padionoKayiiHux cCmanyill € pisHUMU 00 00HO20 [ MO20
e camoeo cepedosuiya. Tomy 00 eOHanua ingopmayii € 00Hi€I0 i3 HAUDITLUL BANCIUBUX MA CKIAOHUX NPOYEOVD NPU BUDTILEHH]
3a0au padionokayitinozo chocmepedcennsi. Hosuil nioxio 0o 06’ cOnanns danux, 3acHosanutl Ha meopii ceioyens JJemncme-
pa-Lletigepa, dac naditiny KOMNIEKCHY OYIHKY KOOPOUHAM 00 '€kma. 3a3nHaueno, wjo 20106H0I0 Memor 00 €OHanns iHpopmayii
€ CIPOWEHHS OaHUX, OMPUMAHUX 610 PIZHUX eKCnepmie, djcepel, CNeKMpailbHUX Kananie ma padionokayitinux cmanyii. 06’ ¢o-
HAHHA OaHUX Cnpowyye obuucnenns. Busnavenns 6a3060i timosipHocmi € 8axcausol0 3adauero, AKa Modce GNIUHYMU HA OCMA-
MOYHI pe3yIbmamu K1ACUQIKyeanus npu 3acmocy8anti meopii ceiouens. IIpoananizosano pisni Memoou eusHaueHHs 6a30601
uimogiprocmi. Posensanymo uacmomuuii memoo 014 eusnavenns 6a3060i timosgipnocmi. Taxodc demanbHo ONUCAHO YUCTOBUL
npuKIad. 3anponoHosano Memoo eusHaueHHs 6a3060i UMOGIDHOCHI i3 GUKOPUCTIAHHAM HEYIMKUX MHOJNCUH, OCKITbKU Meopis
HEUIMKUX MHOJCUH MOJiCe NPaylo8amu i3 HeGUHAYEHUMY Ma HenosHumMu Oanumu. Pozensnymo memoo eusnavenns 6a306ux
mac i3 BUKOPUCIAHHAM GIOCIANT MIJIC KIACUDIKOBAHUMY OAHUMYU MA HOPMATLHUM PO3ROOITOM KOJNCHOI XApaKmepucmuxiy 0s
KOJICHO20 eMmaioOHH020 KAACY. 3a3HAUeHO, Wo He iCHYE 3a2a1bH020 Memooy 0l ausHaueHHs 0a3060i imosipocmi. Posenanymi
Memoou Moxcymsv Oymu 3aCmocosani Ons GUPIUIEHHS 3a60aHb OUCAHYIIIHO20 30HOYBAHHA, A came. eKON0IUHUX, CITbCbKO-
20CN00APCHKUX, 2e0N02IUHUX 3a0ay Ma 074 6UPIIUEHHS 3a80aHy Y chepi padionoKayitinoeo CHOCMEPENCEHHS.

KitouoBi cnoBa: 3adaui oucmanyiiino2o 30H0yeanus 3emi, 3a0aui padionokayitino2o CHOCMEPeXCcerHsl, meopis c8ioueHs
Hemncmepa-1lleiighepa, nemouni 0ani, 6a3061 UMOIpHOCHII.

Alpert S. I. The novel methods of processing imprecise data for solution of radar surveillance and remote sensing tasks

Nowadays solution of radar surveillance and Remote Sensing tasks require processing, analysis and classification of
ambiguous, partial and contradictory information. One of the most important data processing procedures is the satellite image
classification. The large volume of inaccurate data can cause a problem with the image classification procedure. It was noted,
that Dempster-Shafer evidence theory can be applied for image classification in this case, because this theory can deal with
imprecise and uncertain information. The Dempster s combination rule can be applied for combining data from different experts,
spectral bands or surveillance radars. Dempster-Shafer evidence theory can simulate uncertainty. The surveillance radars inte-
grate data from different sources for object coordinate determination. Surveillance radars can differ in their reliability, precision
and completeness. Adaptations of various surveillance radars to the same environment are not the same. That’s why, informa-
tion fusion is one of most important and difficult procedures for radar surveillance tasks. A new data fusion approach based on
Dempster-Shafer evidence theory gives a reliable complex assessment for object coordinates. It was noted, that the main aim
of aggregation of information is to simplify data, whether the data is coming from different experts, sources, spectral bands or
surveillance radars. Data fusion simplifies calculations. The determination of basic probability is an important problem which
can influence final classification results, when we apply Dempster-Shafer evidence theory. Various methods to determine basic
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probabilities were analyzed in this paper. It was considered frequency method to determine the basic probabilities. The numerical
example was described in detail too. It also was proposed the method to determine basic probabilities using fuzzy sets, because
fuzzy set theory can deal with ambiguous and incomplete data. It was considered the method to determine basic probabilities
based on the distance measure between the test data and the normal distribution model of attribute categories. It was noted, that
there is no general method to determine basic probabilities. These considered methods can be applied for remote sensing tasks,
such as ecological, agriculture, geological problems and for solution of radar surveillance tasks.

Key words: remote sensing tasks, radar surveillance tasks, Dempster-Shafer evidence theory, imprecise data, basic prob-
ability assignment.

[ocTanoBka npo6aemu. JJoCHTh 4acTO IPU BUPIIICHHI 32124 paJdioNOKAI[ifHOTO COCTEPEIKEHHS Ta 3a/1a4
IucTaHmiiHoro 30HMYBaHHA 3emuti (/133) BHHUKae mOTpeda y MPOBEICHHI aHami3y, 00poOKH Ta KIacU(iKyBaHHS
HETIOBHHX Ta HETOYHUX JAHUX.

Ha nanwmii yac BimoMi pizHi MeTOIH 0OPOOKH HETOYHOI Ta HEMOBHOT iH(OpMAIIIT JJis BUPIMICHHS 3a1a4 pai-
OJIOKAIIIHHOTO CIIOCTEPEKEHHS, 30KpeMa, JUII BU3HAUCHHS KOOpIWHAT 00’€KTa (I, MOBITPSIHOTO CY/IHA, TOIIO),
OCKUIBKH METOJIH, 110 0a3yI0ThCsS Ha BUKOPHCTaHHI Ta IHTETpyBaHHI iH(GOpMAIIii, OTpUMaHOI BiJ] IEKIJTbKOX JaTYH-
KiB I1Ie HOTpeOyIOTh 3HAYHOTO BAOCKOHAJICHHS. ToMy Ha IaHHI Yac TOCUTh aKTyaJIbHOIO 3AJINIIAETHCS 33129 KOMII-
JICKCHOTO OIIHIOBAaHHS KOOPANHAT 00’ €KTa.

Teopist cBimuens Jlemncrepa-lllefidepa no3Bonsge MpoBECTH KOMIUIEKCHE OIIHIOBAaHHS KOOPAMHAT 00’€KTa
(mini), 06’ eHyIOUH iH(OPMAILLiI0, OTPUMAaHY 13 pi3HUX JaTYMKIB (paaiofokariiHux cranmiif) [10].

Crin 3a3Ha4MTH, IO JaHA TEOPis € y3araJbHEHHSIM KJIACHYHOI TeOopii HMOBIPHOCTEH, 3aCTOCOBYETHCS IS
00'eTHAHHS aHUX, OTPUMAHUX 13 PI3HUX JHKEPEN 32 HASIBHOCTI HETOYHUX Ta CYNIEPEWINBUX BXiTHUX JAHUX.

Takox aHai3 Ta KIACHU(IKyBaHHSA HEITOBHOI Ta CylepewInBOl iHQopMaIlii € OMHUM i3 HAWOLIBII BAXKITUBUX Ta
CKJIQJTHUX €TalliB ITiJ] Yac 00OpOOKH CYITyTHUKOBHX JIAaHUX, a CaMe TIepCleKTPaabHUX 3HIMKIB, OCKUIBKH TilTepCIIeK-
TpaJ'ILHICTB CIPUYUHIOE IPOOIEMY i3 TPOLIEYPOIO KnacmbleBaHHﬂ Pi3Hi criekTpanbHi qiana3zoHN MOXYTh JaBaTh
pi3Hi OIiHKY (HMOBIPHOCTI) l'IpI/IHaJIe)KHOCTl OIHOTO 1 TOTO XK CaMOT0 00’€KTy 110 TIEBHOTO KJIaCy IPH IPOBEICHHI
MpoIeaypr KIacH(piKyBaHHS TiMEPCHEKTPaIbHUX 300paxeHs. ToO0To, rimepcreKTpaNbHICTh CTaBUTh MEpea HaMU
OararoalbTepHATUBHY 3a/1a4y Kiacu(]iKyBaHHS, SKa, B CBOIO Yepry, lae 0araroalbTepHATUBHUMA PO3B’SI30K 3a1adi
y BUIVISIAI TeBHOTO Habopy rimotes [5].

ToMy Ha maHMH MOMEHT JOCHUTH AKTYaJbHOIO 3aJMIIAETHCA 3afada PO3poOKM HOBUX METONIB 00poOKH,
30KpemMa, Kiacu(ikyBaHHs, caMe TinepcrnekTpaIbHUX KocMidHUX 300paxeHpb (I'K3), ockinbky TOYHICTH BiOMHUX
METO/IiB 00POOKH TilepcreKTpaibHuX 300paKeHb € HeJOCTaTHHOI0, 0COOIIMBO B YMOBaX, KOJIM BXi/IHi 1aHi € HEMIOB-
HUMH, HCTOUHUMH Ta CYNEPCUINBUMH.

VY nomibHUX YyMOBax 3aciyroBy€ Ha yBary Mmiaxij, 110 0a3yeThcsl Ha BUKOPUCTaHHI Teopii cBiaueHb Jemrcre-
pa-1lleiidepa (TCII) npaBmii komOiHyBaHHs J{emricTepa, sike 103BOJIsT€ KOMOIHYBATH JIaHi, OTPUMAaHi Bijl pi3HUX
JoKepel (EKCIIepTiB), Ta sike Ha/lae OaraToalbTepHATUBHUHN PO3B’A30K 3a1a4i (Y BUIVIAAI HAOOpy TiIoTe3) 3a HassBHO-
CTi HETOYHHX Ta CYICPEWIMBHX BXITHUX JaHHUX. TOOTO 3a IOMIOMOTOI0 TpaBuiia KOMOiHYBaHHS JleMIicTepa MOKHA
OTIPAIIOBATH YCi OIIHKU €KCIEPTIB Ta OTPHMATH iHTETrpaiabHy (y3arajbHEeHy) OIiHKY.

Coiz 3a3HAYNTH, 10 aKTYaIbHICTH ITi€1 pOOOTH 3yMOBJICHA HEOOXiIHICTIO pO3POOKH HAyKOBO OOI PYHTOBAHHUX
peKoMeH Al o0 BUOOPY HANOIIBII MiIXOAIIINX METONIB 00pOoOKH HaHUX IJs €(hEeKTUBHOTO PO3B’S3KY 3a1a4
y cdepi pagionokaliitHo cmocTepexeHHs Ta 3apaanb [133.

AHaJii3 OCTaHHIX A0CTiIKeHb Ta myOJikauiii. Y ganiid craTTi Oys0 po3NIAHYTO Marepiaiu JUIsi IPOBEISHHS
MOPIBHSJIBLHOTO aHAaJIi3y CyYaCHUX METOMIB 0OPOOKH Ta IHTErpyBaHHs JaHUX, OTPUMAHUX 13 PI3HUX JKepen (JaTyu-
KiB, paIioJOKaIlifHUX CTaHI[M, CIIEKTPaJbHUX KaHAJIB, TOIIO) JJI BHPIIICHHS 3a1ad Kiacu(ikyBaHHSA y cdepi
PanioNOKaIiHHOTO CIIOCTEPE)KEHHS Ta JUCTAHIIIHOTO 30HIyBaHHSL.

V crarsax besneka [Ix. K., Epnixa P., ®ynna B. ta Oncona K. Oynu po3misiHyTi Iesiki METOIM HEKOHTPOJIbO-
BaHOI KJIacudikallii, a caMe aJrOpUTMHU KJIacTepH3aIlii, 0 J03BOJIAIOTH 00’ €THYBAaTH €IIEMEHTH CYITyTHHKOBOTO
300pakeHHs Y TPYITH 32 MOMIOHICTIO X CIIEKTPATBbHUX XapaKTePHCTHK [3, 9].

Takox 3a3Havaocs, Mo KiacTepusailis morpedye MiHiMyM HaBUAIBHUX JaHUX JUISA BUIUICHHS KJIacTepiB Ta
€ 1o0pe aBTOMAaTU30BaHOI0. AJie JaHWId THI Kiacudikaiii € He JOCUTh TOUHUM [6, 9].

VY poborti Yanra C. Oynu AeTajgbHO PO3MISHYTI MEpeBaru Ta HEAONIKH CydacHUX METOMAIB nemmdpyBaHHS
CYIYTHHKOBHX 300paxXeHb, BUKOPUCTOBYIOUH 1H(OPMAIIil0, OTPUMAHY i3 Pi3HUX CHEKTpaIbHUX KaHAIIB [5].

V¥ crarrax Yanaepa I. Ta Mionra . Oysu po3misiHyTi METOAM KOHTPOJIbOBAHOTO Kilacu(iKyBaHHS Ta iX OCHOBHI
chepu 3aCTOCYBaHHs [4, 8]. 3a3HaueHo, 110 METOIU KOHTPOITHOBAHOTO kJacu(ikyBaHHS MOTPeOYIOTh JOCUThH BUCO-
KOi MIBUAKOII] Ta 3HAYHUX MAIIMHHHUX PECYPCIB Ta € TOUYHIIIUMHE 38 METOAU HEKOHTPOJIEOBAHOTO KIacu(ikyBaHHs.

Crin 3a3HaYuTH, MO PO3IAHYTI METOAH KiIaCH(iKyBaHHS NAIOTh HE JOCHTH TOUHI pE3yNbTaTH 3a HasBHOCTI
HETMOBHUX T4 HETOYHUX BHUXIJHUX NaHWX. ToMy, y JaHiid poOOTi MPOMOHYETHCSA 3aCTOCOBYBATU TEOPIO CBITYCHD
Hemmncrepa-1leiidepa, sika MoXe MPAIfOBATH B YMOBaX HEBU3HAUEHOI, HETOYHOI Ta cyrnepewnBoi iHpopMmarii.

IMocTanoBka 3aBaanHs. OTxe, METa JTOCHIHPKEHHS TIOJIATAE Y TPOBEACHHI MOMUdikamii MmeTonquku Jlemr-
ctepa-llleiidepa BrpoBa>KEeHHSM HOBITHIX METO/iB BU3HAYCHHS «0a30BHUX WMOBIpHOCTEW JIJIs BUPILICHHS 3a/1a4
PpamioIoOKaIliifHOTO criocTepekeHHs Ta 3a1a4 J133 3a HassBHOCT1 HEMOBHUX Ta HETOUYHUX JaHUX.
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Buxnax ocHOBHOro MaTepiajy. Y BUNAIKy, KOJU BXiJHI JaHi, [0 OAEp>KaHi 13 pi3HUX JpKepen iHpopmarii
€ HEIIOBHIMH Ta CYIEPEewINBUMH, CJIiJi BAKOPUCTOBYBAaTH METOA KiIacu(iKyBaHHS, SIKUH Oa3yeThCsl Ha Teopii CBia-
ueHb Jlemncrepa-Illefidepa.

Teopis cinuens Jemncrepa-llletidepa € y3aranpHeHHSIM Teopii IMOBIpHOCTEH Ta Moxe OyTH 3acTocoBaHa
JUTSl BU3HAYCHHS KOMIDIEKCHOI OIIHKK KOOPAUHAT 00’ €KTa (ITOBITPSIHOTO CYIHA, IIiJTi), BAKOPHUCTOBYIOUHU Ta 00’ €IHY-
FOUH 1H(POPMAITit0, OTPUMAHY BiJl JCKIIBKOX PaIiojOKainHUX cTaHIii. Takox Teopis CBiIYeHb MOXe Oy TH BUKOPH-
CTaHa JuIsl KIacu(iKyBaHHS CyITyTHHKOBHX 300pakeHb 332 HAABHOCTI HEMTOBHHX Ta CYNEPEWIMBUX BXIJHUX NaHUX.
[Ipu 11bOMY KOXKEH TTIKCENb BiIIHOCUTHCS JIO TOTO KIIACY, JI0 SIKOTO BiH HAJICKUTH 13 HAWOLIBIIO 0a30BOX0 HMOBIpHI-
cTi0 (0a30BOI0 Macoro). ba3zoBa IMOBIPHICTE € y3aralbHeHHAM KJIACHYHOTO TMOHATTS HMOBIpHOCTI. AJle Ha BiIMiHY
BiJ] KJTAaCHYHOI HMOBIipHOCTI 0a30Ba HMOBIpHICTE MOXe €(EKTHBHO ONMMCATH HE3HAHHS Ta JIO3BOJISIE PO3PI3ZHUTH
BiJICYTHICTB JIOBipH Ta HeJoBipH [2, 11].

OcHoBa aHamizy ) —1e CyKyITHICTh BUXIIHUX BUYEPIIHUX Ta B3a€MO BUKIIOUHUX TillOTE3 BIIIHOCHO CTaHy
00’€KTa Ta BCIX IX MOXIIUBHX CIIOTY4EHb.

Q wictuts 29 migMEOKHUH, 1e O — YHCIIO TiNoTe3.

Basosa iimoBipHicTh (0a30Ba Maca) — 1e Taka QyHKIis 7, 110 3a10BOJIbHSIE HACTYITHUM YMOBAM:

m(2)=0,
Z m(4)=1, (i=0,1,2,..), (1)
4ic4,

e 4, (i=1,2,...) — mIMHOXUHA MHOXUHH 4,

A, — obMekeHa MHOKHHA.

Jamni po3ristHeMO OCHOBHI BiIMIHHOCTI Mk 6a30BOI0 IMOBIPHICTIO Ta KJIACHYHOIO HMOBIPHICTIO:

Jnsa 6a3oBoi HMOBipHOCTI € HE0OOB’si3koBUM, 1o (L) HopiBHIOE “1”, a IS KJIAaCHMYHOI MMOBIPHOCTI
000B’SI3KOBO BUKOHYETHCS piBHICTE: p(Q) =1.

s 6a30B01 IMOBIPHOCTI € CIPaBEINTUBIM HACTYITHE TBEPKCHHS: SKIIO A C B, To He 000B’sI3K0BO Oyne
BHUKOHYBaTUCs HepiBHICTE: m(A) < m(B), a Ui KIacHIHOT KMOBIPHOCTI 000B’SI3KOBO BUKOHYETHCS TBEPIKCHHS:
ko Ac B, to p(A4) < p(B). B B

s 6a30B0i IMOBIPHOCT] HE BUMAraeTbcsl B3aeMo3B’ 130K Mik m(A4) Tta m(A), ne A — AONOBHEHHS A0 A,
acame: AUA=Q, AN A=. Jlna x1acuuHoi iiIMOBIpHOCTI € 060B’13k0BOIO piBHICTB: p(A)+ p(A4) =1.

YacToTHHI MeTO 3HAXOMKEeHHs 0a30BUX HMOBIpHOCTEH

YacroTHuit Meto moOyaoBu 6a30BUX MMOBIpHOCTEH (0a30BMX Mac) 3aCHOBAaHMH Ha CTaTUCTUYHOMY aHa-
J1i31 4aCTOT MOJiH, sSIKi CIIOCTepiratoThCsl. Y BUMAJIKy HEBU3HAYCHOCTI YACTOTHUI METOA aBTOMATHYHO PO3MOALISIE
YaCTUHY Macu Ha BeCh MpocCTip (2.

Hexait ocHoBa ananizy (2= {6, 0,000, 9,1} MICTHTB yCi BUXi/HI FIIOTE3H Ta BCi iX MOMKIIUBI CIIOIY4EHHS.

D — MHOXHHa CIIOCTEPEKEHB, € KOXKHE CIOCTEPEKEHHS N10B’3aHE 13 IEBHOIO rNOTE3010 YU MiMHOXHHOKO
rimores.

N —3araipHe 9HCIIO CIIOCTEPE)KEHb;

N (A) — KUTBKICTP pa3iB, KOJIU CIIOCTEPEKEHHS M ATPUMYBAIH Tinoresy 4 Q.

Toxi 6a30Ba KMOBIPHICTH PO3PAXOBYETHCS 32 HACTYITHOKO (POPMYIIOIO:

m(a)= YD, @
N

A — MIMHOXWHA TI0TE3, MO MiATPUMYIOTECS CIIOCTEPEIKECHHSM;

N —3araibHa KUTBKICTh CIIOCTEPEKCHD;

N(A) — KiNbKiCTh CIIOCTEPEKEHb, 1T Yac IKUX Oyna 3adikcoBaHa OIS, IO MATPHMYE A.

ITpu romy 6a30Bi Macu MOBUHHI 3a]I0BOJIBHATH yMoBaM (1).

YacToTHUI METO BU3HAUCHHS 0a30BHX MMOBIPHOCTEH MOXKE ONEPYBATH i3 peaJbHUMH JaHUMH, BPaXOBY€e
HEBU3HAUEHICTh BXIAHUX JIaHUX, HE MOTpeOye CKIaJHUX Ta TPOMI3AKHX oOuucieHb. Ciif 3a3HAYUTH, IO JAHHHA
METOJI € CTAaTUCTUYHUM Ta MOTPeOy€e BEIMKOTO YHCIA CIIOCTEPEKEHD Il OTPUMAaHHS TOCTOBIPHUX PE3YJIBTATIB.

Hpuxnan

VY nanoMy NpHKIaAi po3TITHEMO 3aCTOCYBaHHS YaCTOTHOTO METONY AJISl 3HAXOMKCHHs 0a30BHX MMOBIp-
HOCTEH.

Hexait ocHoBa aHaimizy (2 MICTHThH HACTYITHI TilTOTE3H:

Q={4,4,,4,}.

3a yMOBOO 3aJ1aui MaeMO:
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N(4)=10;
N(4,)=10;
N(4,4,)=5;
N(4;)=10;
N(4,,4,)=15;
N(4,,4;)=20;
N(4,, 4y, 4,) =30.

Tenep po3paxoByEMO 3arajibHe YHCIIO CIIOCTEPEIKEHD:
N=10+10+5+10+15+20+30=100.

Jamni po3paxoByemMo 3HaueHHS 0a30BUX HMOBIPHOCTEH JUIS yCiX TPHOX TiMOTE3 Ta X KOMOiHAIiH 3a opMy-
noto (2):

ma)=A) _10
N 100
m(A2)=M=£=O,l;
N 100
m(Al,Az)ZMZLZO,Oi
N 100
m(ay =) 10 o
N 100
N(4,4) 15
m(4,,4;) = (]{] 3):ﬁ:0715;
N(A4,,A 20
m(Az,A3):—(A]i[ 3):m20,2;
N(A, 4, 4) 30
m(Al,A2,A3)=$=m= 3.

Cuix 3a3Ha4NTH, 10 CyMa OTPUMAaHUX 0a30BUX IMOBIpHOCTEH TiloTe3 Ta yCix iX CIody4eHb IOBUHHA AOPiB-
HIoBat# “1”, TOOTO:

m(A4)+m(A4,)+m(A4,A4)+m(A4)+m(A,A)+m(A,, A)+m(A4,4,,4,)=1.

MeTonu Bu3HaYeHHS 02a30BUX IIMOBIPHOCTEI i3 32CTOCYyBAHHAM TeOPii HEUITKUX MHOKHH

Bba3oBi IMOBIpHOCTI MO’KHA PO3paxyBaTH, BUKOPUCTOBYIOUH TEOPIiI0 HEUITKUX MHOXWH, SIKa B CBOIO UEpry,
IIPOKO 3aCTOCOBYETRLCS ISl aHAI3Y Ta 0OPOOKH HETOYHHX Ta HETIOBHUX JIAHHX.

BBenemMo OCHOBHI MOHATTS TEOPii HEUITKUX MHOXKHH.

[Tpunyctumo mo, X — yHiBepcaIbHa MHOXHHA.

Heuitka mimMHOkMHa 4 C X ONUCYETHCS 32 JOITOMOTOKO HACTYITHOI XapaKTePUCTUIHOT (PYHKITIT:

w, X >[0,1] 3)

KoxHOMY eneMeHTy x € A CTaBUTHCS Y BIANIOBIAHICT AIMCHE 3HAUCHHS XapaKTepHUCTUUHOI QyHKIIT |, (x),
o HanexwuTs inrepsany [0,1]. IIpu mbomy 3Ha4eHHs L, (Xx) BimoOpakae Bary (grade of membership) enemenTa x
Yy MHOXKHUHI A.

Temep po3rstHEMO HEeUiTKy MHOXKHHY A C X Ta noBinbHe milicHe yucio o €[0,1]. Tomai o —3pi3 abo o —
PiBCHB, KU BiAMOBITa€ MHOXKUHI A, MO3HA4Ya€Thes yepe3 “A. Cimin 3a3HauuTH, 110 JaHUH O — 3pi3 € YITKOK MHO-
JKUHOIO Ta MMO3HAYAETHCS HACTYITHUM YHHOM:

‘A={xe X n,(x)=a} “)

TpukyTHE HEUiTKE YHCIO A OMUCYETHCS 32 TOMOMOTOIO TPilKM uncen [a,b,c]. Xapakrepuctuana QyHKITiS
TPHUKYTHOTO YUCIIA PO3PAXOBYETHCS 32 HACTYITHOIO (POPMYIIOF0:
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X —

Q

,a<x<bh

j;’ (5)
,b<x<c

b

By (x)=

o o

c—

LleHTpanbpHUI €IEMEHT BU3HAYAETHCS 32 JOIOMOTOI0 O — 3pi3y HACTYIIHUM YHHOM:
A=few@zal=[4 04 ] (=123, (6)

ge o, =1>a,>0,>..>0,=0, ac[0,1].

Iepmumii miaxin 1o BU3HaYeHHs 6a30BUX iiMOBipHOCTEl

B manomy Bumazaky mMu 6epeMo iHTerpaj BiJ XapaKTepHUCTUYHOI (PYHKIN MK TBOMA Pi3HUMH O — 3pi3aMH,
oTpuMyeMO 6a30By HMOBIpHICTE “A4, (ol —3pi3y):

oy
upper
pp

L) (x)dx
m(“4) = —= (7

tupper

Z J. H(A)(x)dx

i a

Hower

Jpyruii niaxig 1o BusHa4YeHHs 0a30BUX iIMOBipHOCTEH
bazoBa HMOBIpHICTh PO3paX0OBy€ThCs, BUKOPUCTOBYIOUH 3HAUYEHHS O — 3pi3y, 32 HACTYMHOIO (hOPMYIIOLO:

o, (1-a,)

m(*4;) = ®)
L Zai_l(l -a,)
Tperiii miaxix 10 Bu3HaYeHHs 6230BUX iiMOBipHOCTE#
0, — 3pi3 PO3MISAAETHCS K IHTEPBAJ JIOBIPHU 3 piBHEM JOBipH: 1—a.
bazoBa MMOBIpHICTh PO3PAXOBYETHCS HACTYITHHM YHHOM:
l-a,
m("4) = ©)
Z (1 - ai)

3anpornoHOBaHI METOU 3HAXO/DKEHHS 0a30BMX WMOBIPHOCTEW MOXYTh OyTH 3aCTOCOBaHi IPHW BUPILICHHI
3a7a4 Kiaacu(iKyBaHHS 32 HaIBHOCTI HEBU3HAYCHOI Ta HEMOBHOI iH(opmaii [1,7].

Meton Bu3Ha4YeHHs 0a30BUX HMOBipHOCTeH i3 3acTOCYyBaHHSIM MipH BiacTaHi Mk KJacH(pikoBaHMMHU
JAHUMHM TA eTAJOHHUMHU JAHUMH

Y nmaHoMy METOJIi 3aCTOCOBY€ETHCS Mipa BiAcTaHi MiX KiIacu(iKOBaHMMHU Ta €TaJOHHUMH JaHWMU. [IpoBo-
JIUThCA PO3PaxXyHOK BiACTaHI MiXK KJIaCH(PiKOBAaHUMH 00’ €KTaMHU Ta HOPMAJIbHUM PO3IOIIIOM KOXKHOI XapakTepH-
CTHKH Ul KOKHOTO eTaJIOHHOTO Kiacy. [Ipu oMy kiacudikoBaHi JaHi BUKOPUCTOBYIOTbCS AJIsl TIOOYAOBU HOP-
MaJIFHOTO PO3IOIUTYy €TAIOHHUX JAHUX U1 KOKHOI 13 XapaKTepUCTHUK. ba3oBi HMOBIPHOCTI pO3pPaxoOBYIOTHCS i3
BHKOPUCTAHHSAM MIPH BIJICTaHI MK KJTacH(IKOBAaHUMH JaHUMH Ta MOJEIUIIO JUIS KOXKHOI 13 XapaKTepPUCTHK IS
KOKHOTO €TaJIOHHOTO KJIACY.

PosmisstHeMo N 00’ ekTiB Ta n kiaciB. KoxeH kinac Bkirodae B cede / 00’ €KTiB. Ta Ma€ k xapaktepucTuk. Hexait
3 MEPIIOTO KJacy OOMpAaEThCs BUTIAJKOBUM YHMHOM 71 00’ €KTIB, PO3PAXOBYETHCS CEPEIHE 3HAYCHHS LI 1 CepeIHE
KBaJpaTHIHE BIIXWICHHS O IS MEPIIO] XapaKTePUCTHKH MEPIIOTO KIIACY.

Jaui ananoriyao oOupaeMo m 00’€KTiB i3 IHIIKX KJIaciB Ta OOUYHCITFOEMO CepeTHE 3HAUYCHHSI Ta CepPEeTHE KBa-
JpaTHYHE BIAXUICHHS TaKOX ISl MepIIoi XapakTepucTHKH. byayemo rpadik HOpMaabHOTO pO3MOALTY JUIs IEPIIOi
XapaKTEePUCTUKHU JUII KOKHOTO Kiacy. IToTiM OymyeMo Mozielnti HOpMaaIbHOTO PO3MOALTY BCIX IHIIMX XapaKTEPHCTHK
JUISL BCIX KJIaCiB.

[IpoBomumo npoueaypy kiacuQikyBaHHS, a caMe 0OMpaEMO BUIAJAKOBUM YHMHOM OO’ €KT 3 MIEBHUMH Xapak-
TEPUCTUKAMH, 1110 KJIACU(IKy€eEThCS, Ta aHATI3yEMO B3a€EMO3B’ 130K MIXK IIUM 00’ €KTOM Ta HOPMaJIbHUM PO3MOILIOM
KOKHOT XapaKTePUCTUKU KOKHOTO Kiacy. [ mboro o0UuCIioeMo Mipy BiCTaHI MiX KIacH(piKOBAHUMH JaHUMU
X, Ta HOPMaJIbHUM PO3IIOJIJIOM XapaKTePUCTUKH Ki1acy A:

d(A)=2 j plxjuldy, (10)

e p [x| u] — (PYHKIIiSI IMUTBHOCTI HOPMAJIBHOTO PO3IIOILTY XapaKTEPUCTUKY KIacy A, IO pO3paxoBYETHCS 32
HACTYITHOIO (POPMYIIOIO:
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1 1[x-pnT
P[xhl]:mexp _E[%} ) (11

JIe |L—CepelHE 3HAYCHHS HOPMAJBHOTO PO3MOALTY XapaKTePUCTUKU Kiacy A, 0— cepenHe KBaapaTHuHE
(crangapTHE) BiAXUIICHHS.
Haui o0uncnoeMo (GpyHKIIII0 MOXUOKH:

2 ¢ p
erf(x)=—=|e"dt (12)
3
Busnauaemo mipy Bifcrani d(4) sk QyHKIII0 MOXHOKNU:

d(A)=erf| 1 (13)
Tl 28
Po3zpaxoBane 3HaueHHs MipH BicTaHi d(4) MOKa3ye CTyNiHb BiIXMWICHHS MiXk KlacH()ikoBaHUMH JaHUMH X,
Ta MOJEIUTI0 HOPMAJIHOTO PO3MOALTY EBHOI XapaKTEPUCTUKH MIEBHOTO Kiacy A.
3a3HaunMo, 110 YUM OiNbIle 3HaYeHHS MipH BiJICTaHi, THM MEHIIOI0 Oyne 3Ha4eHHs HMOBIPHOCTI, 3 SIKOIO
Kacu]ikoBaHi 00’€KTH X, HaleXaTb Kiacy A.
IIpu npoMy HMOBIpHICTh HAJIEKHOCTI 00’ €KTIB X, Kiacy 4 BU3HAYAE€ThCA HACTYITHUM YHHOM:

p(A)=1-d(4), (14)

ne d(A) e Miporo BifICTaHi MiX IIEBHOIO XapaKTEPUCTHUKOIO KIacU(piKOBAHOTO 00’ €KTa Ta HOPMAIBHUM PO3-
MOZLJIOM MEBHOI XapaKTePHUCTHKH KOYKHOTO KJIACY.

Jlaiti 009rCITIoeMO yci HMOBIPHOCTI HAJIGKHOCTI Kiacu(hiKOBaHUX 00’ €KTIB PI3HUM KJlacaM 3a MIEBHOIO Xapak-
TEPUCTUKOIO, HOPMYEMO PO3PaXOBaHi HMOBIPHOCTI Ta OTPUMY€EMO 6a30Bi MacH (6a30Bi KMOBIPHOCTI).

AHaJIOTIYHUM YHHOM PO3paxoByeMO 0a30Bi HMOBIPHOCTI TPUHAIEKHOCTI 00’ €KTIB Pi3HUM KJlacaM 3a THIIUMHU
XapaKTepUCTHKaMH. BUKOpHCTOBYIOUM mpaBwiio KoMmOiHarlii Jemrncrepa, oTpuMy€eMO pe3yibTyroui KOMOIHOBaHi
0a30Bi MacH NMPUHAJISKHOCTI 00’ €KTIB KJIacaMm.

IIpaBuiio komOinanii Iemmncrepa

JlocuThb 4acTo rinore3n MOXXyTh OHOYACHO (pOPMYBATUCS KiJIBKOMA Pi3HHUMH JuKeperaaMu iHpopmarlii (Criek-
TpaJIbHUMH KaHAJaMH, TaTYNKaMH, PalioIOKAIHHUME CTaHIIsAMK). SIKIO 11 Kepena JaHuX € B3aEMHO HE3aJIexK-
HUMH, TO MOXHA BUKOPHCTOBYBAaTU NpaBuio koMmOiHarii Jlemmncrepa [10].

Hexaii, ocHoBa aHanizy 2 mictuth Q rinores;

P — KinpKicTh HE3QJICKHUX JKEPEIT JaHUX TiNoTe3;

P —Te JHKEepeJIo HAa/la€ OLIHKY WMOBIPHOCTI TinoTe3n A, y BUIISAI BiAMOBinHOI 6a30B0Oi Macu m »(4,) abo
OLIIHKY WMOBIPHOCTI CITOTy4eHHs TinoTe3 X y BUDISAOL m p(X ) Toni mpaBnio komOiHamii lemricrepa 3amae HOBY
KOMOIHOBaHy 0a30By HMOBIPHICTb, SIKa PO3PaXOBYETHCS 32 HACTYITHOO (hOPMYIIOKO:

mD(X)=ﬁ > Il m(x)) (15)

XiNn..nXp=X 1<p<P
v(x#2)eD?

ne C — xoedilieHT KOH(IIKTHOCTI, 110 PO3PaXOBY€ETHCS HACTYITHUM YHMHOM:

c= 2 Il m/(x) (16)
X\n i Xp=0 1<p<P P
v(x#2)e)?

KoeirienT koHGIIKTHOCTI BimoOpaxae CTYIiHb IPOTHPITYs MiX rinote3amu. C mpuiiMae 3HaYECHHS B iHTEP-
Baui [0;1].

SAxmo C =0, To mpoTHUPIY B OLIHKAX JXKEPeS HEMAE.

UumM Onuxde 3HaYeHHS koedinieHTy KoHGIKTHOCTI C 10 «1%», TUM OiNbII CYyNEpeuINBUMH € TiOTE3H.

Criz 3a3Ha4MTH, 10 B pO3paxyHKax 3a mpaBuiioM Jemncrepa (15) npumyckaerses, o m D(@) =0.

IIpaBuno xomb6iHanii [lemncrepa Moxe OyTH 3aCTOCOBAHO AJSl KOMIUIEKCHOIO OLIHIOBAHHS KOOPAMHAT
00’€eKkTa (11111 Y¥ TOBITPSHOTO CYAHA), 00’ €IHYIOUH 1H()OPMAITiI0, OTPUMAHY i3 KiJIbKOX JaTYMKIB UM PaIioJIOKaIlii-
HUX CTAHIHN.

Takox maHe TpaBmIo Jemricrepa 3acTOCOBY€EThCS T KITaCH(DiKyBaHHS CyITyTHUKOBHX, 30KpeMa, TilepCIeK-
TpaJlbHUX 300paXKeHb, KOJH 3arajbHa KUIbKICTh CIEKTPATbHUX KaHATIB JOCATAE JACKUIBKOX COTeHb. [Ipu mpomy
Pi3HI CIIEKTpaJIbHI Jialla30HW HAJAIOTh Pi3HI OMIHKK (MMOBIPHOCTI) PUHAICKHOCTI OHOTO ¥ TOTO X 00'€KTa 110
MIEBHOTO KJIACy. [HIMMM CIIOBaMHM, BEJIMKA KUTBKICTh CHEKTPAIFHUX KaHAIIB CTaBUTH Iepe] HaMH Oaratoaisrep-
HATHBHY 33J1auy KJIacu(iKyBaHHS, 110, B CBOIO 4epry, nepeadadae OGaratoanbTepHATUBHUM PO3B 30K y BUIVIAML
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neBHoro Habopy rinores. Came Teopist cBiguens emmcrepa-llleidepa Moxke OyTi 3acTocoBaHa ISl BUPIMICHHS
i€l 6araroa’abTepHATUBHOT 3a1a4i kinacudikyBanus [5, 10].

BucHoBKH. 3a3BH4aii BUPIIICHHS 33/1a4 PaIiOJOKAI[IIHOTO CIIOCTEPEKEHHS Ta 331a4 JUCTAHIIHHOTO 30HIY-
BanH# 3emuti ([I33) moTpeOyroTh AeTaabHOro aHamiily, 00poOKkH, Kinacu(ikyBaHHA Ta IHTEIpyBaHHS JaHUX, OTpUMa-
HUX 13 PI3HUX JDKepen (IaT4rKiB, CIIEKTPAIbHUX KaHAIIB, padioIOKAI[IfHUX CTaHINH). AJe JOCUTh 9acTo I JaHi
€ HeTIOBHUMHU, HeBH3HAYCHUMU Ta HETOYHHMH, 110, B CBOIO YEPTy, CIIPUIHHIOE TIEBHI TPYIHOIII i 9ac iX 00poOKu
Ta aHamizy. Ha choromHinmHid AeHb METOMH, IO 3aCHOBaHI Ha IHTErpyBaHHI iH(OpMaIlii, OTpUMaHOT Bifl JEKidhb-
KOX JTAaTYHKIB IIIe MOTPeOyI0Th 3HATHOTO BIOCKOHAICHHS, OCOOMBO 332 HASBHOCTI HETIOBHUX Ta HETOUHHX JAaHUX.
Tomy Oym10 3aIPOIIOHOBaHO BUKOPUCTOBYBAaTH MeTOIHKY Jlemrictepa-Illeiidepa Ta HOBITHI MiIXOAH A0 PO3PAXYHKY
6a30BHUX HMOBipHOCTEH U1 BUpimeHHs 3axad 133, a came kimacu(ikyBaHHS CyITyTHUKOBHUX 3HIMKIB Ta JJII 3a/1a4
PanioNIoKaifHOTO CIIOCTEPEKEHHS, 30KpeMa, BU3HAUYCHHS KOMIUIEKCHOI OI[IHKHM KOOpAUHAT 00’ eKTa (I1imi).

Y poborti Oyno mokaszaHo, 1o Teopis cBigueHb Jemmcrepa-llleiidepa € meBHUM y3araJbHEHHSIM KIACHYHOI
Teopii IMOBipHOCTEH Ta MOKe OyTH BUKOPUCTaHA IS iHTETPYBaHHsI JAHUX, OJICPIKaHKX 13 Pi3HUX JDKEPEI 38 HasiB-
HOCTI HETOYHHUX BXIJHHUX JAHUX.

Bynu neranbHO po3NIAHYTI HOBITHI METOAM BU3HAYEHHS 0a30BUX MMOBIpHOCTEH. 3a3Ha4eHO, 1110 YACTOTHUI
METOJ] BU3HAUCHHs 0a30BHX HMOBIPHOCTEH BpaxoBy€ HEBH3HAUCHICTh Ta HETOYHICTD BXiJHHUX JaHUX, MOXE OIEpy-
BaTH i3 pealbHAMH JTaHUMH, HE IOTpeOye CKIaIHAX PO3PaXyHKIB Ta BEIMKHUX YAaCOBHX 3aTpar, ajlec BUMAarae HasB-
HOCTI BEJIMKOTO YHCTIa CIIOCTEPEkKEHb. Takoxk OyIio AeTanbHO pO3TITHYTO YHCIOBUI NPUKIA]] PO3paxyHKy 0a30BUX
WMOBIpHOCTEH 13 BUKOPUCTAHHSIM YaCTOTHOTO METOJY.

VY crarti Oyno po3mIsSIHYTO METOJl BU3HAUEHHsI 0a30BMX HMOBIpHOCTEH i3 BUKOPUCTAHHSAM TEOPii HEHITKHX
MHOXKHH, OCKUIBKH IPH PO3B’SI3aHHI 3a/1a4 KiIacu(iKyBaHHS MH JOCHTh YacTO MaeMO 0OpOOIATH Ta aHai3yBaTu
HETIOBHI Ta HEBU3HAaueHi JaHi. Po3risgaBcs MeTol 3HAXOKEHHS 0a30BHX Mac i3 BUKOPUCTaHHSIM MipH BiJICTaHi MikK
KJIaCU(IKOBAaHIUMHU Ta €TaJJOHHUMH JaHUMHU.

Byno posmisiHyTo mpaBmiio komOiHyBaHHs Jlemricrepa, sike BUKOPHCTOBYEThCS U 00’ €IHAHHS OI[IHOK
(6a30BUX HMOBiIpHOCTEI) Pi3HUX EKCIEPTIB Ta Ja€ iHTerpaibHy (y3arajibHEeHy) OLIHKY. 3a3Ha4anocs, IO JaHe
MPaBIJIO MOXe OYTH 3aCTOCOBAHO JJIsl KOMIUIEKCHOTO OLIIHIOBAaHHS KOOPIUHAT 00’€KTa, IHTETpyIOYH AaHi, OTPH-
MaHi i3 KUTbKOX JAaTYMKIB Ta JUIsl KJacH(iKyBaHHS CYMYTHUKOBHX 3HIMKIB 32 HasSBHOCTI BEJIMKOI KIJIKOCTI CITEeK-
TPaJbHUX KaHAIB.

3ampornoHoBana Meroauka Jemmncrepa-lllefidepa Ta HOBITHI METOJM 3HAXOHKEHHS 0Aa30BHX WMOBIPHOCTEH
MOXYTbh OyTH HIMPOKO 3aCTOCOBAHI MPH PO3B’sA3aHHI PI3HOMAHITHUX EKOJIOTIYHHX, IPUPOAOPECYPCHUX, T€OJIOTIY-
HUX Ta CIJIbCHKOTOCIIONAPCHKHX 3aBIaHb Ta JUIs BUPIIIEHHS YACICHHUX 3a/1ad y cdepi paliooKaiiiHo criocTepe-
JKCHHSL.
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BUMOTI'HU 10 ABTOMATU30BAHOI CUCTEMM MIJIBOPY OJIUB

Y cyuacnux ymoeax pozeumy mpancnopmuoi inypacmpykmypu ma RpoMUcio8ux meXHon02ill NUMAaHHs RPABULbHO20
0000py MACMUTLHUX MAMepianie, 30KkpemMa MOMOPHOI onusy, Habysae ocobnugoi akmyanvHocmi. Bionosionicmey onueu mex-
HIYHUM XAPAKMEPUCUKAM | PeanbHUM YMOBAM eKCHyamayii 6e3nocepeonbo nausae Ha egheKmugHicms, 006206iuHicmy ma
besnexy pobomu 0sueyig i mawiun. OOHAK HAAGHICIb 8ETUKO20 ACOPMUMEHINY MACMUTLHUX MAMEPIANi8 Ha PUHKY, DI3HUYA
y iXHIX 81aCMUBOCAX | CMAHOAPMAX, @ MAKONHC 8I0CYMHICb YHIBEPCATLHUX YUPPOBUX PiuteHb 011 ni060PY YCKAAOHIOOMb Yell
npoyec 5K 0Jist npoghecionanie, max i dis nepeciunux Kopucmyeayis.

Y pobomi nasedeno ananiz cyuacnux incmpymenmia 0000py oausu, ceped AKUX OHAAUH-NAAMpOpMU, MOOLIbHI 3acmo-
cyuru ma mooyni ERP-cucmem. Bemanosneno, wo iCHyIoui piuienns Maiomy Cymmesi 00MeNCeHHs. OPIEHMAayiio Ha KOHKPemHi
Openou, HeOOCMAMHE 8PAXYBAHHA YMOB eKCHIyamayii, oomedxcery Macumadosanicms ma ciabKy inmespayiio 3 iHwumu cucme-
mamu. Le niomeepdacye nompe6y y cmeopenti Hogoi agmoMamu308aHoi cucmemy RIOMpUMKYU RPUIHAMMA pilleHs, aKa 6yaa
6 He3aNedCHOI0 8i0 BUPOOHUKA, 2HYUKOI0, MACUWIMADOBANOI0 | 30AMHOI0 8PAX0BYEAMU WUPOKUL CHEKMD MEXHIYHUX MA eKchiy-
amayivuHux napamempis.

3anpononosaro Konyenyiro nody006u maxoi cucmemu, Wo eKI0YAE MOOYIbHY ApXimeKmypy, iHmezpayiio 3 308HIUHIMU
basamu danux uepes API, agmomamuune onosnenns ingopmayii ma 3acmocysants iHmerIeKmyarbHux areopummie oopooxku
OGHUX, BKTIOUAIOYU MAWUHHe HaguanHA. Pospobreni gynkyionanvhi ma He@yHKYIOHATbHI UMO2U 00 cucmemu hepedbaua-
10Mb BUCOKY WBUOKOOII0, CIMITIKICIb 00 HABAHMAICEHb, 3AXUCI NEPCOHATLHUX OGHUX MA THMYIMUEHo 3po3yminuti inmepgeiic
Kopucmysaua.

3anpononosaro eumoeu 0o apximexkmypu cucmemu y euensioi Kiienmcokoeo inmepgeicy sk eebnopmany abo mMooinb-
HO20 3ACMOCYHKY, CepBepHy 02IKY 00pOOKU 3anumis, YeHmpanizoeane cxosuuje OaHUX i AHATIMUYHO-PeKOMEeHOAYIUHUL MOOYTb.
OKpemo posensHymo eapiaumu peanizayii cucmemu K y 6u2isioi 10KAIbHO20 PiteHHs 05 RIONPUEMCIG, MAK 1 K XMAPHO20
cepgicy. Texniuna peanizayis nosuHHA 6A3Y6AMUCS HA BIOKpUMuUX mexuonoziax, maxux ax Python, Django/Flask, PostgreSQOL
abo MySQL, i3 6uxopucmanHam cy4acHux (hpeimeopkis 0 pormenoy.

Taxum uurom, 3anponoHoeanuii nioxio 0o CMeopenHa agMoOMAmMU308anoi cucmemu 0060py MOMOPHOT onusU 3abe3neyye
BUCOKY A0aNMUEHICMb, MOYHICMYb peKoMeHAayitl ma 8iON08IOHICIb 8UMO2AM CYYACHO20 PUHKY, WO Cpusmume ni08UuueHHIO
epexmueHOCIMI MEeXHIYHO20 00CIY208Y8AHHS MPAHCROPMHUX 3AC00I8 | RPOMUCI06020 0ONAOHAHHSL.

KitrouoBi cnoBa: nio6ip onusu, asmomamuzosana cucmemd, 6a3a 0anux, inmepgheiic KOpucmysaua, WimyuHul iHmenexm.

Bobur D. S., Tiahunova M. Yu. Requirements for the automated oil selection system

In the current context of the development of transport infrastructure and industrial technologies, the issue of selecting the
correct lubricants, particularly engine oils, is becoming increasingly important. The compliance of oil with technical specifica-
tions and real operating conditions directly affects the efficiency, durability, and safety of engines and machinery. However, the
wide range of lubricants available on the market, differences in their properties and standards, as well as the lack of universal
digital solutions for selection, complicate this process for both professionals and ordinary users.

The paper presents an analysis of modern oil selection tools, including online platforms, mobile applications, and ERP
system modules. It has been established that existing solutions have significant limitations: a focus on specific brands, insuffi-
cient consideration of operating conditions, limited scalability, and weak integration with other systems. This confirms the need
to create a new automated decision support system that would be manufacturer-independent, flexible, scalable, and capable of
taking into account a wide range of technical and operational parameters.

A concept for building such a system is proposed, including modular architecture, integration with external databases
via APIs, automatic information updates, and the use of intelligent data processing algorithms, including machine learning.
Functional and non-functional requirements for the system have been developed, including high performance, load resistance,
personal data protection, and an intuitive user interface.

Requirements for the system architecture are proposed in the form of a client interface as a web portal or mobile appli-
cation, server-side logic for request processing, centralized data storage, and an analytical-recommendation module. Variants
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of implementing the system as either a local solution for enterprises or a cloud service are considered separately. The technical
implementation should be based on open technologies such as Python, Django/Flask, PostgreSOL or MySQL, using modern
frontend frameworks.

Thus, the proposed approach to creating an automated engine oil selection system ensures high adaptability, recommen-
dation accuracy, and compliance with modern market requirements, which will contribute to improving the efficiency of mainte-
nance of vehicles and industrial equipment.

Key words: oil selection, automated system, database, user interface, artificial intelligence.

IMocTanoBka npodjeMu. Y CydyacHHX YMOBax iHTEHCHBHOTO PO3BUTKY TPAaHCIOPTHOI iHPPaCTPyKTypH Ta
MIPOMUCIIOBHX TEXHOJIOTiH 3pocTae morpeda y HaJiliHOMY TEeXHIYHOMY OOCIIyroByBaHHI oOnanHaHHS. OIHUM i3
KPUTUYHUX YUHHHMKIB, 110 BIUIMBAIOTh Ha €()EKTUBHICTH Ta JOBrOBIUHICTh pOOOTH MAIMH 1 IBUT'YHIB, € IPaBUIIb-
HUH 100ip MACTIIBHHX MarepiaiiB. 30KpeMa, sIKiCHa Ta KOPEKTHO IiaiOpaHa MOTOpHA ONMBa 3a0e3Iedye 3MeH-
MICHHS TEPTSI, 3aXKUCT JETaJeH BiJl 3HOCY, OXOJIOJKSHHS BY3JIiB 1 cTa0lIbHY POOOTY CHCTEMU 3arajoMm.

VY pa3i BUKOPUCTAHHS HEBiJIOBIIHOI OJIMBH MOXXYTh BUHHKATH CEPWO3HI HACHIIKW — BiJl 3HWXKEHHS IMpPO-
,Z[YKTI/IBHOCTi JIBUTYHA [I0 fioro TePeIIacHOr0 BUXOY 3 Jajy. CI/ITyaI_IiIO YCKIIa/IHIOE BEJIMKE PO3MAITTS MACTHIIb-
HUX MarepiaiiB Ha PHHKY, III0 Bl,Z[p13H5HOTLC}I 3a [TOKa3HUKaMH B’S3KOCTI, XIMIYHUM CKIIaJIOM, EKCIUTyaTaliiHIMHA
BJIACTUBOCTSIMH Ta BiAMOBIIHICTIO MI>KHAPOIHUM CTaHJapTaM.

Y 11bOMY KOHTEKCTi 0COOJIMBOI aKTyanbHOCTI Ha0yBa€e CTBOPEHHS aBTOMAaTH30BaHOI iH(OpMAIliitHOI cucTeMH,
sika O 103BOJISLIA 00 €KTUBHO, IIBHJKO Ta 3 ypaxXyBaHHSAM IHAMBIMYaJIbHUX XapaKTEPUCTHUK TEXHIKU 3iHCHIOBATU
BUOIp ONTUMAJIBbHOT OJMBH. Takuil IHCTPYMEHT OyJe KOPHUCHHUM SIK JJIsi KBaJi(hikoBaHMX CHEIialiCTIB CEpBICHUX
LEHTPIB, TaK 1 Ui 3BUUAHUX KOPUCTYBauiB, SIKi Oa)KaroTh 3a0€3MeUnTH HajekHe (PyHKI[IOHYBaHHS CBOiX TpaH-
CHOPTHUX 3ac00iB. | Xoua MOTOYHI IHCTPYMEHTH YaCTKOBO BUPILIYIOTh 3aBJaHHA J0OOPY MAaCTHJIBHUX Marepialis,
BOHH He 3a0e3IMeuyroTh HAJIC)KHOTO PIiBHS aIaNTHBHOCTI, MAacIITa0OBAHOCTI Ta KOMIUICKCHOTO BPaxyBaHHS BCIX
(bakTopiB, MO MATBEPIKYE HEOOXITHICTh PO3POOKH HOBHX ITiJTXOIB 1 CHCTEM.

AHaJji3 ocTaHHIX AocaigxeHb i myOaikaniid. Ha choromHinmHili JeHh HA PUHKY MPEICTABICHO MUPOKUI
CHEeKTp NU(POBUX ITHCTPYMEHTIB, IPU3HAYECHUX JUISI JIOTIOMOTH y BUOOPI MacTHIIbHUX MatepiaiiB [1, 2]. Li pitneHHs
peastizyloThes K y BUIVIIAI BeOCEpBiciB, Tak 1 y popMi MOOIIBPHNX JOAATKIB, i B OCHOBHOMY pO3po0iieHi Oe3moce-
PEIHBO BUPOOHUKAMH OJIUBH.

Haii0inpr nommpeHumH €:

— OHJAWH-IIAT(QOPMU IIPOBIAHUX OPEHIB;

— MOOLIBHI 3aCTOCYHKY;

— 1iHTerpoBadi Moxayii B ERP-cuctemax.

OmnnaifH-mardopMu MpoBigHUX OpeHiB, Takux sk Motul, Castrol, Shell a6o Liqui Moly [3-6] mpononytoTh
IHTepPaKTUBHI KAaTaJIOTH, B IKUX KOPHCTYBa4d BBOAUTH JaHi PO TPAHCHOPTHHIM 3acid (MOmeNb, MapKy, pik BUITYCKY,
THUI IBUTYHA TOIIO), 00 OTPUMATH PEKOMEH/ AT 010 CYyMiCHOT MPOAYKIIIi;

MoO0iTBHI 3aCTOCYHKH OPIEHTOBAHI HA IBUIKUH noCTy 10 QyHKIT 06opy onmsu. [Ipukiianamu Takux cep-
BiciB € Oil Finder [7], AutoMate, Oil Selector [8]. Boru nepeBaxxHO po3paxoBaHi Ha aBTOMEXaHIKiB a00 aBTOBIIAC-
HUKIB;

IarerpoBani moxyini B ERP-cuctemMax BUKOPHCTOBYIOThCS HA aBTOCEpBicax. Jleski cuctemMu ynpasiliHHS aBTO-
cepBicaMu MaroTh BOyJ0BaHy (DYHKIIiFO Mig00py oNMBU ab0 3a0e3meuyroTh 3’ €JHaHHS 3 0a3aMU JaHUX BUPOOHHKIB
MacCTHJIBHUX MarepiaiiB [9].

[Ipore OiAbWIICTh i3 UUX pillIEeHh MAIOTh 3HAUHI OOMekeHHs. BOHM Opi€eHTOBaHI BUKJIIOYHO HA MPOAYKIIIIO
OIHOTO OpeH/Ty, HE 3aBXKIU BPaXOBYIOTh crenu(idHi YMOBH €KCIUTyaTallii, Taki K 3HOLICHICTb 00JaJHaHHSI, eKC-
TpeMaJibHi TeMIIepaTypH, IHTCHCUBHICTh HABAHTAKCHHS, Ta 1HO/II BUMAraloTh PYYHOTO BBEJCHHS BEJIUKOI KIIBKOCTI
mapaMeTpiB, IO YCKIAIHIOE POOOTy KOPHUCTYBAYA.

IMocTanoBka 3aBnanHsi. OCHOBHA MeTa JJaHOI pOOOTH — PO3pOOKa KOHIENTYaIbHOTO MiJX0AY Ta BUMOT JI0
moOyIOBY aBTOMAaTHU30BaHOT CUCTEMH IIATPHUMKH BUOOPY MOTOPHOI OJTMBH HA OCHOBI KOHKPETHHX €KCILTyaTaIliii-
HUX YMOB Ta TEXHIYHHX XapaKTEPUCTUK 00’ €KTa.

BukJiag ocHoBHOIO MarTepiaJy. HpOBe}IeHI/II/I aHayi3 ICHyIO‘lI/IX umbposnx pimmens 1st miadopy MaCTHIBHUX
MarepialliB JO3BOJISIE€ BUSBUTH K MO3UTHBHI ACHEKTH, TaK 1 KIIOYOBI HEJOMIKK. Y OUTBIIOCTI BUIMAJKIB CEPBICH,
MIpeJCTaBlIeH] Ha PUHKY, 3a0€3Meuy0Th KOPUCTYBAUYeBl MBUIAKUI TOCTYN 110 iH(OpMaIlii, 0 AO3BOJISIE EKOHOMUTH
yac. TakoX BapTO BiJ3HAUWTH 3pO3yMiNHii iHTEp(dEHC TaKuX CUCTEeM, KUK He MOoTpedye crelialbHoi TeXHIYHOl
MiTOTOBKH 3 00Ky KopucTyBada. bararo pimeHs peanizoBaHo sk y (hopmari BeOIuiardopm, Tak 1 y BUIISAL MOOLTb-
HUX 3aCTOCYHKIB, 110 PO3IIUPIOE iXHIO fOCTynHicTh. KpiMm Toro, iHpopmalis, sIKy BOHH HaJal0Th, OHOBIIOETHCS
0e3rmocepeHhO BUPOOHUKAMH, IO 3a0€3Ieuy€e BHCOKY aKTyalbHICTh JaHUX.

BomHouac, GUTbIIiCTE HASBHUX CHCTEM MAOTh PSIII CYTTEBUX 0OMekeHb. OCHOBHA IpobiieMa IoJsirae B ooMe-
JKCHHI aCOPTUMEHTY MACTHIIEHUX MaTepiajiB JIHIIE O MPOIYKIIil KOHKPETHOTO OPEH Ty, IO 3MEHIITY€ BapiaTUBHICTh
rHy4Koro Bubopy. KpiMm Toro, mepconamizaiisi 1000py OJUBH B OIJIBIIOCTI BHIAIKIB BIICYTHS, HE BPaXOBYEThCS
crerudika yMOB eKCIUTyaTallii, TAKUX SIK CTHJIb BOAIHHS, KINIMaTH9HI yMOBH, TEXHIYHHUI CTaH ABUTYHA YU HOTO 3HO-
nreHicTb. OOpoOKa JaHUX y TAaKUX CHCTEMAax 9acTO BHKOHYETHCS BPYUHY, IO IiJBHILYE HMOBIPHICTH OMIJIOK Ha
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eTarli BBEICHHS MapaMeTpiB. Takox CIIi 3ayBaskUTH, IO OLTBIIICTE IU(POBUX CEpPBICiB (QYHKIIIOHYE SIK 3aMKHYTI
mnatdopmu, 6e3 MOXKIMBOCTI 00OMiHY iH(OpMaNLi€l0 3 IHIIUMH CHCTEMaMM ab0 30BHILIHIMU 0a3aMH JaHHX, L0
YCKJIAJIHIOE iX IHTErpallito B iCHytouy iH(ppacTpyKTypy aBTocepBiciB 00 JOriCTHUHUX KOMILIEKCIB.

OpHi€ro 3 BIIMIHHOCTEH MPOMOHOBAHOTO MIAXOAY € He3aJEeXKHICTh BiJl KOHKPETHOTO OpEHY, L0 JIa€ 3MOTy
3a0e3MeUnTH 00’ EKTUBHHIA Ta MAKCHMAJIBHO aIanTHBHUIN 100ip MPOAYKIIii.

KpiM Toro, BaXJIMBOIO NIEPEBAror0 € MOXKJIMBICTh aBTOMATHYHOT 0OPOOKH MIUPOKOTO MEPEIiKy BXiTHUX mapa-
MeTpiB. Cricrema Mae OyTH Opi€HTOBaHA Ha BHKOPHCTAHHS HE JIMIIE TEXHIYHHUX XapaKTEPUCTHUK TPAaHCIIOPTHOTO
3aco0y, a i JaHWX, 110 BiJOOpakaroTh peajbHI YMOBH eKCIUTyaTallii. He MeHII Ba)JIMBOIO € THYYKICTh HAJIAIITY-
BaHb, [0 JI03BOJISIE KOPUCTYBAYEBl BIUIMBATH Ha KITFOUOBI MapaMeTpu 1000py Ta OTPUMYBATH CYIIPOBiJ Ha BCIX eTa-
Iax B3aEMOI] 3 CHCTEMOI0. 3aIIpOITIOHOBAaHA KOHIICTIIIS TAKOX Iepeadadae iHTerpamito 3 30BHIIIHIMYU cepBicaMy —
O0JTiIKOBUMH, TOPTOBEIBHUMH, CEPBICHUMH ILIaTGopMamu.

Oco0nuBy yBary NpUAIIEHO 3aCTOCYBAHHIO 1HTENEKTYaJIbHUX aJITOPUTMIB, 30KpeMa METOJIB MAallMHHOTO
HABYaHHS Ta MITYYHOTO 1HTENEKTY. 3aBISKU I[bOMY CHUCTeMa OyJe 34aTHa He JIMIIE aHaJIi3yBaTH BEJHKY KiJIbKiCTh
nmapameTpiB, a if HABUATUCS HA OCHOBI 310paHOi CTATUCTUKY, IO JO3BOJIUTH 3 YACOM IiJIBUIUTH TOYHICTh BHIABA-
HUX pPEeKOMEHIAITiH.

TakuMm 4MHOM, MPAaBIIBHO c(POPMYITBOBaHI BIMOTH € OCHOBOIO O CTBOPEHHS HAIIHHOI, MyITbTH(YHKIIIO-
HaJIFHOI Ta e(beKTHBHm CHCTEMH IiI00pY MACTIIHHUX MaTepiaiB, sika 3aJ0BONBHATHME MOTPEOH sIK podeciiHmx
TaK 1 3BUYAHUX KOPUCTYBAUiB.

Ha erami npoektyBanHs iHpopManiitHoi cuctemu [10] migbopy MacTHIIBHUX MaTepialliB BaXJIMBUM KPOKOM
€ YiTKe BHU3HAYCHHS BUMOT, SKi BOHA TIOBHHHA PEali30ByBaTH JUIS 3a0€3MECUCHHS HaNeXKHOI (YHKIIOHAIBHOCTI,
HajiHOCTI Ta eekTuBHOCTI. L1i BUMOTrHM NOAIISIIOTECS Ha (PyHKIIOHAIBHI Ta HE(QYHKIIOHAIBHI.

Jlo ¢yHKIiOHATBHUX BUMOT HAIEXKHUTH 3a0€3Me4eHHs 300py TeXHIUHOT iH(pOopMaIlii Mpo TpaHCTIOPTHHUIL 3acib,
BKJTIOYHO 3 TUTIOM aBTOMOO1JISI, MApKOI0, MOAIEIIIIO, TApaMeTpaMH JBUTYHA Ta POKOM BHITyCKy. OZHUM i3 KpUTUYHUX
3aBJaHb € BpaXyBaHHS YMOB €KCIUTyaTallil: TEeMIIEPaTypPHUX PEXUMIB, HABAHTAXKCHb, 3HOILICHHS By3IiB. Cuctema
MMOBMHHA TAKOX MIATPUMYBATH 1HTErpallilo 3 30BHILIHIMH JyKepenaMu (€IeKTPOHHI KaTajloru BUPOOHUKIB OJIMBH,
0a3u TexHiuHOI nmokymeHTanii a0o API-cepBicu cTopoHHIX mIargopm), MO TO03BOJUTH OMEPATHBHO OHOBIIOBATU
iH(OpMaIlif0 Ta TIOHOBITIOBATH 0a3y JaHUX.

Ieneparis pekoMeHAAMI Ma€e peaTi30ByBaTUCh Y BUTIISII ABTOMATHYHOTO T000PY ONTHMAaIbHUX MACTHIEHUX
MaTepialiiB i3 ypaXxyBaHHSAM YCiX BXiTHUX napaMeTpiB. [Ipu IbOMyY BaXJIMBOIO € MOYJIUBICTh TTONIYKY aTBTEPHATHB
y pa3i HeIOCTYITHOCTI KOHKPETHOTO MPOAYKTY. Takok cucTeMa MOBUHHA HaJaBaTH CYNPOBiIHI peKOMEH Al 110/10
MEPIOMYHOCTI 3aMiHU OJIMBU Ta BUKOHAHHS BiJIMOBIIHUX CEPBICHUX omepaliiil. Pe3ynbraru migdopy mMarTh Gop-
MYBAaTHCS Y BUIVISI/I 3BITHOTO TOKYMEHTA, IPUIATHOTO [T APYKY a0o B eneKTpoHHOMY (opmari (Hanpukian, PDF
a6o HTML).

HedyHkiioHanbHI BUMOTH CTOCYIOTBCS 3arajlbHUX XapaKTEePUCTHK CHUCTEMH, SIKi BIUTUBAIOTh Ha AKICThb 1l
eKcIlTyaranii. 3okpeMa, HeoOXiHO 3a0€3MeUUTH BUCOKY HMIBUIKOIK0 — YCi 3aIIUTU MOBUHHI 0OpOOISTUCH MaKCHU-
MaJIbHO IIBHUJIKO.

CucreMa Mae OyTH CTIHKOIO IO HaBaHTa)KEHb Ta 3a0e3MedyBaTi CTaOUIBHICTE POOOTH HABITH 32 YMOB ITIKO-
BHX 3BepHEeHb. OCOOIMBY yBary CiJl MPUIUTATH 3aXHCTY MEPCOHANbHOT iH(OpMaIlii, o nepeadavae J0TpUMaHHS
BHAMOT II0NT0 0€3MeKN KOpUCTYBaIbKUX AaHuX. Llle omHier0 BaXXITHBOIO XapaKTEPUCTHKOIO € MacIITa0OBaHICTh, KA
JIO3BOJIMTH aJaINTYBaTH CUCTEMY JIO 30UIBIICHHS 00CATIB TaHUX Ta PO3NIMPEHHS KOPUCTYBaIlbKoi 6a3u. Kpim Toro,
iHTep(eiic cucTeMu MOBHHEH OyTH 1HTYITHBHO 3pO3yMIJIMM Ta TMPUIATHUM JI0 BUKOPHCTAaHHS 0cO0aMU 3 PiI3HUM
piBHEM TEXHIYHOI MiATOTOBKH.

3aBeplIaIbHAM €JIEMEHTOM (PyHKIIOHATIBHOI CTPYKTYPH € MOMYIIb 3BITHOCTI Ta MIATPUMKH, KU BiJIOBiTaE
3a reHepalito CTPyKTYpPOBaHUX JOKYMEHTIB 3 pe3ylbTaTaMu Miz0opy, 0 MOXKYTh OyTH 30epekeHi abo po3apyKo-
BaHi. OKpiM 1IbOTO, CHCTEMa HAaJla€ KOPUCTYBauEeBi JOCTYI 10 PO3ALUTY JOBiIKOBOI iH(OpMAIlil, BKIIOYAIOUH TOSIC-
HEHHsI, peKOMEeH/allii Ta BiAMOBiAl Ha HAMOIbII MOMIKUPEH] 3alTUTaHHS.

Cepen KIOY0OBHX (YHKINIH aBTOMAaTH30BaHOI CUCTEMHU J00OpPY MACTHIIFHHX MaTepialliB BapTO BUALIHTH
KiTbKa 0a30BHX MOAYIIB, 0 GOPMYIOTH ii OCHOBHY (pyHKIIOHANBEHY CTPYKTypy. Hacammepen, cucrema moBHHHA
3abe3meuyBary 30ip BXIJHUX JaHUX, HEOOX1THUX Il JOPMYBaHHS JOIITBHAX PeKOMEHAIiH. [0 IIbOTO HANIEeKHUTh
IHTepaKTUBHA B3aEMOJIiS 3 KOPHCTYBadyeM y (hopMari ONMTYBaHHS, & TAKO)K aBTOMAaTH30BaHE 3UNTYBaHHS TEXHIYHOT
iH(popMallii 3 JOKYMEHTIB TpaHCHIOPTHOTO 3aco0y, (depe3 VIN-kox a6o API-putsr).

OTpuMaHi J1aH1 HaJXOAATh JO MOIYJIS TOIIYKY, Jie 3MIHCHIOEThCS X (IBTpalis B MeKax 0a3u JaHHX CHUC-
TeMH. BpaxoByIOTbCSI TEXHIUHI XapaKTCPUCTUKH ABUTYHA, YMOBH €KCIUTyaTallii Ta iHIII MapaMeTpH, 0 JO3BOJISIE
c(hopMyBaTH CIHCOK JIMIIE THX MACTHJIBHUX MaTepiajiB, IKi BiIMOBIAAIOThH 33laHUM MapamerpaM. Hactynaum no
00pOOKH MiJKIIIOYAETHCS aHATITHYHUN MOJYIIb, SIKUil 3icTaBisie crenudikanii o6paHoro JIBUT'YHa 3 BJIaCTUBOCTAMU
JOCTYIHUX NPOXYKTiB. Y pCSyJ'[LTaTl KOPHCTYBady MPOTOHYETHCS ONTHMANbHHH BapiaHT MOTOPHOI OJIMBH 3 TOUKH
30py €(EKTUBHOCTI Ta BiJMOBIAHOCTI yMOBaM eKanlyaTaun VY Bumangkax, Koiau 0a30BHH MPOAYKT HEJOCTYITHH,
CHCTEMa TeHepYye MepelTiK aNbTePHATHBHUX TTO3UIIIMH.

BaxiuBe 3HaueHHSI Mae MOJYJb 30€PEKEHHsI KOPUCTYBAIIBKOT iCTOPIT, 110 T03BOJISIE (DiKCYBaTH BCl 3alHTH,
3MIACHEHI y CHUCTEMi, a TaKOoX 30epiraTh apxiB JaHUX TNpPO TEXHiYHe oOciayroByBaHHS. lle mae MOXIHMBICTB

ISSN 2521-6643 Cucremu Ta Texnoorii, Ne 1 (69), 2025 255



(hopMyBaHHS TIEPCOHATII30BAHUX PEKOMEHMAIlI y TOAaNbIIOMY BUKOpHCTaHHI iardopmu. 11lo6 3abe3meuntn
aKTyaJIbHOCTb 1H(opMaIlil cucTeMa MiATPUMY€ aBTOMaTHYHE OHOBJICHHS JaHUX IIISIXOM CHHXPOHi3awii 3 30BHiIl-
HIMU JKepesiaMu, Hacamnepes oQiliifHIMU KaTajJoraMyu BUPOOHUKIB MaCTHIILHUX Marepialis.

3aBepIuajgbHUM eJIEMEHTOM (DYHKLIOHAJIBHOI CTPYKTYPU € MOJYJIb 3BITHOCTI Ta MIATPUMKH, KU BiIIOBiga€E
3a TeHepalliio CTPYKTYPOBAHUX JOKYMEHTIB 3 pe3ylbTaTaMHt Mig0opy, 0 MOXYTh OyTH 30epexeHi abo po3apyKo-
BaHi. Tako)k cMCTeMa HaJa€ KOPUCTYBa4eBl JOCTYI J0 PO3AUTY JOBiIKOBOI iH(OpMAIIil, BKIIOYAHOYH MOSCHEHHS,
pEeKOMEHIaIi1 Ta BiJINOBI/Ii Ha HAHOIBIIT OMIHPEH] 3aITUTaHHS.

VY mporieci CTBOPEHHS Ta BIPOBAKCHHS aBTOMAaTH30BaHOI CUCTEMH IiJJ00PYy MOTOPHOI OJMBU HEOOXiIHO
BpaxOBYBAaTH HU3KY YHHHUKIB, 10 MOKYTh 00MEXyBaTH (GYHKIIOHATHHICTE a00 TOYHICTh PE3YJIBTATIB.

OHUM 13 KITFOUOBHX 0OMEXKEHb € HEITOBHOTA HAsIBHUX 1HQOPMAIIHHUX JKEPE: Il OKPEeMUX MOZIeIICH TpaH-
CIIOPTHHX 3ac00iB MOXXYTh OyTH BiACYTHI TOUHI TEXHIYHI XapakTepUCTHKH abo crernmikarii By3na. Kpim toro,
e(eKTUBHICTb POOOTU CHCTEMHU 3aJIEKHUTh BiJi KOPEKTHOCTI BBEACHUX KOPUCTYBa4eM AAaHUX. Y BUIAJIKy TOMHIIKO-
BHX a00 HETOUHHX MapaMeTPiB pPe3ynbTaT J000py MaCTUIBHOIO MaTepiady MOXe He BiTIOBIaTH eKCILTyaTalliifHUM
YMOBaM.

Takoxx IPOOIEMOIO € MOCTIHHA 3MiHa MDDKHAPOIHUX Ta JIOKaJIbHUX CTaH):[apTlB y ramysi Knacn(bmaun MOTOP-
HuX onuB. lle BUMarae peryaspHOrO OHOBJICHHS 0a3u NaHHUX CHCTEMH, adu m):[TpHMyBaTH il BIATIOBigHICTE aKty-
aIFHIM HOpMaTuBaM. Takox BapTo BpaxoByBaTH, 1o cTropoHHI API-cepsicu, depes sKi 3miHCHIOETHCS B3a€EMOIIS
3 30BHINIHIMU 0a3aMy JaHuUX ab0 KarajgoraMy, MOXXYTh MaTh TEXHIUHI abo JiIeH31iHI OOMexeHHs. Y IesKuX
BHITIaJKaX MOBHUI 00cAT iH(OpMAIIil PO MaCTHIIBHI MaTepiaii HEIOCTYITHUH Yepe3 BiJICYTHICTh BIAKPUTHX JaHUX
BiJl OKpEMHUX BUPOOHHKIB.

ITpn p03po6u1 CHCTEMH BPaxOBYETHCSI HU3KA 0A30BHX IPHUITYIICHb. 30KpeMa, nepeu6aqa€TbcsI 110 KOPUCTY-
Baui BOJIOJIIOTh MiHIMAJIbLHUMH 3HAHHSIMH III0JI0 BIACHOTO TPaHCTIOPTHOTO 3aco0y Ta 37aTHI KOPEKTHO BBECTH 3aIIH-
TyBaHi JaHi. TakoX BBa)KA€ThCs, L0 CHCTEMA OMEPYE JOCTOBIPHUMH Ta aKTyaJlbHUMH MapamMeTpaMH, BBEICHUMHU
B mporieci B3aemomii. CTaHaapTu3allis MacTUILHUX MaTepialliB 3MIMCHIOETHCS 3TIHO 3 MIKHAPOJHO BH3HAHUMU
knacudikanisimu (SAE, APl a6o ACEA). Ilintpumka 6a3u ganux 3abesnedyerbes abo kBamidikoBaHUMHU (axiB-
LsIMH, 200 3a JONOMOTOI0 aBTOMAaTH30BAHUX MEXaH13MiB OHOBJICHHS.

ApxiTeKkTypa Mail0yTHBOI aBTOMaTU30BaHOI CHCTEMHU JT000PY MOTOPHOI ONUBU (POPMYETHCS 32 MOILYJIBHHM
npuHIunoM. Lle 3a0e3mnedye MOKITHBICTE THYYKOTO PO3MIMPEHHS, aamTalii 0 HOBUX YMOB BUKOPUCTAHHS, 3pyd-
HOTO CYNpOBOIy Ta OHOBJICHHS. KoskeH (hYyHKIIOHAILHUI OJIOK CUCTEMH peallizye OKpeMy IiJICUCTEMY, sIKa BiIITO-
BiJla€ 3a KOHKPETHY YaCTHHY 3arajbHOTO IPOIECY.

Jlo 3arambHOI CTPYKTYPH CHCTEMH BXOAWTH KIIEHTCHKHH iHTEpQEc, IKUH peatizyeThes Yy BUDIISLAL BeOHOp-
Tamy abo MOOITBFHOTO 3acTOCYHKY. BiH BiAmoBigae 3a opraHizamito B3aeMozii KOPHCTyBada 3 (DYHKI[iOHAIbHUMU
MOJYJISIMH Ta TOBUHEH OyTH 1HTYITHBHO 3pO3yMIJIMM i TOCTYITHUM JJISI PI3HUX KaTeropiii KopuCTyBauiB.

CepaepHa Jiorika (Oexenn) 3abe3neuye Joriky oOpoOKH 3amHTiB, peaizalilo alropuTMiB JOOOpPY, a TAaKOX
B32€MO/IiI0 3 iH(pOpMaLiHO 0a3010.

LenTpamnizoBaHe CXOBHILE JaHUX B SKOMY 30epiraroThCs JaHi Ipo TPaHCHOPTHI 3aCO0H, MaCTHIIbHI MaTepi-
anu, crienrgikallii JBUTYHIB Ta iCTOPIIO B3aEMOJIIH 3 CHCTEMOIO.

BaxiuBy poib BiAIrparoTh iHTErpamniiHi iHTepdeiicy, 1o 3ade3nedyroTsh 00MiH 1H(GOPMAIlIEr0 3 30BHIITHIMU
JoKepellaMu, TAKAMHU sIK TeXHiuH1 karaiorn, ERP-cuctemu, 6a3u qOKyMeHTallii Ta cepBiCH BUPOOHHKIB TEXHIKH.

3aBepIraJbHAEM KOMIIOHCHTOM € aHATITHYHO-PEKOMEHIAIIHUN OJTOK, (DYHKITIS SKOTO IOJISATAE Y TIIMOOKOMY
aHaJTi31 BX1IHUX JaHUX, TIOPIBHHHI crienn(ikaIliii Ta popMyBaHHI IEPETiKy pEKOMEHIOBAHUX OJIUB BiJIMOBIIHO 10
3aJJaHUX YMOB.

Bubip anapatHoi matdopmu 17151 pO3rOPTaHHS aBTOMaTH30BaHOI CUCTEMH T1100pY MOTOPHOT OJIMBH 3aJICKUTh
BiJ MacITa0iB ii BOpOBaIKEeHHS, KIJIbKOCTI KOPUCTYBAdiB Ta CEU(IKK iHPpacTpyKTypH MiANpHeMCTBa. TexHidHi
pillleHHs MaloTh 3a0e3MedyBaTi Ha liliHiCTh, CTabiIbHY POOOTY Ta MOXKIIMBICTE MAaCIITA0yBaHHS SIK y MEXaxX OJHOTO
CEPBICHOTO LIEHTPY, TaK 1 B paMKax po3MoAijieHoi xmMapHoi cucteMu. [lependadaroThscs KijlbKa BapiaHTIB peaizarii,
BKITIOYAIOYH JIOKAJIFHE BCTAHOBJICHHS Ha CEPBEPHOMY OO JHAHHI MiANPHEMCTBA, XMapHY MIaTGopMy 3 TOCTYIIOM
gepe3 Opaysep, a TaKoXK MOOUTBHI KITIEHTH 3 0a30BUM (PYHKIIIOHATIOM JIJIsI ONIEPAaTUBHOI pOOOTH B TIOJILOBHX YMOBAX.

VY BUMAngKy JIOKaJHHOTO PO3MIIIEHHS CHCTEMH PEKOMEHIYETHCS BUKOPHUCTOBYBATH CEPBEP i3 MPOIECOPOM
piBHs Intel Core 15 a0 ekBiBaJeHTOM, ONEpaTHBHOIO maM’sATTI0 He MeHnie 8 I'b, xopctkum nuckom Bix 100 I'b
3 MOKJIMBICTIO TIOAAJIBIIIOTO PO3IIUPEHHS, & TAKOXK OmepaliiiHoto cucteMoro Ha 6a3i Ubuntu, Debian abo Windows
Server. OG0B’ I3KOBOIO YMOBOIO € CTa0UIbHE MEpEKeBe iIKITIOYCHHS JIJIs 3a0€3TCUCHHST CHHXPOHI3allii, OHOBIICHb
Ta 3B 53Ky 3 30BHIIIHIME cepBicaMu. B yMmoBax 3pocTanHs 00CsTiB 00poOKH TaHUX 200 KIIBKOCTI OHOYACHUX ITij-
KITFOUEHb JIOMUIBFHO Nepe0auuTH MOXIIUBICTh PO3LIMPEHHS 00UMCITIOBAILHIUX PECyPCiB.

Juns peanizanii QyHKI[IOHATYy CUCTEMH OOIPYHTOBAaHO BUKOPHUCTAHHS BIIKPUTHX 1 THYYKHX TEXHOJIOTIYHUX
pillleHsp, gKi 3a0e3MeuyoTh BUCOKY LIBHAKOIIIO, 3pYUYHICTD Y po3po0ii Ta MATPUMKY Cy4aCHUX CTaHIApTIiB iHTe-
rpauii. @poHTeHa-uacTHHA iHTEepdeiicy Moxke OyTu modynoBana 3 BukopuctanHsmM HTMLS5, CSS3 Tta JavaScript
y moeqHaHHi 3 (pperiMmBopkamu React a6o Vue.js, o 103BOJsIE CTBOPUTH TUHAMIYHUI, aJaNTHBHUI Ta KPOCILIAT-
(dopmHUit iHTEepdeiic kKopucTyBada. Y sSKOCTI OEKeHIy ITOULTBHO 3acTocoByBatd Python 3 dpeiimBopkamu Django
a6o Flask, abo » Node.js — 3a5iexxHO0 BijJx 00paHOT apXiTEKTYpHOI MO, IO BiJTIOBIJa€ BUMOTAM MPOCKTY.
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s 36epiranns indopmariii pekoMeH0BaHO BUKoprcToByBaTH persiiiai CYB/] — PostgreSQL abo MySQL,
sIKI MalOTh XOPOIIY HNPOAYKTHBHICTh, MAcIITA00BaHICTh T4 AKTUBHY CHUIBHOTY HiATpUMKH. OOMIH JaHHUMU MiX
MOJAYJSIMM CUCTEMH Ta 30BHILIHIMU Jkepenamu 3abesneuyersest uepe3 RESTful abo GraphQL API, mo no3Boisie
THY4KO OymyBaT JIOTiKy B3aeMofii. Y mpoueci po3poOKH AOLIIBHO 3aCTOCOBYBAaTH 3aCO0M TE€CTyBaHHS, Taki SK
Postman, Selenium, Pytest, a Takoxx pearni3yBatu KOHTeHHepH3aIlito 3 BUKopucTaHHsM Docker, o J03BOIHUTE CIIPO-
CTHTH PO3TOPTAaHHS Ta MAacIITa0yBaHHS CHCTEMH B Pi3HUX CEPEIOBUINAX.

OmHMM 13 BOXKJIMBUX YNHHUKIB YCIINTHOTO (DYHKIIOHYBaHHS iH()OpMAIIiitHOT CHCTeMU € 3a0e3MeueHHs 371ar-
HOCTI JIO TIOBHOIIIHHOT iHTerpaii 3 iHIIMMHU TpOoTrpaMHUMU pimeHHsIMH. CrcTeMa, 1o MPOIOHYEThCS, TOBHHHA
miaTpuMyBati 00MiH iHpopMmariero 3 ERP- i CRM-cucremamu, siki BAKOPHCTOBYIOTBCS CEPBICHUMH LIEHTPAMH IS
00JTiKy KJII€HTIB, TPAHCIIOPTHUX 3aC00iB, BUTPATHUX MaTepialiB Ta iHmMHUX oneparii. Takox nependadaeTscs 3B 5-
30K 13 oimiitHuMu API kataoriB BUpOOHUKIB MacTHII, IO JIO3BOJISIE aBTOMATU30BAHO OHOBIIIOBATH TIEPENiK MPO-
oykii Ta ii TexHiUHI XapakTepucTHKH. JlonaTkoBo iHTerpalis 3 6azaMu TeXHIYHOI JOKYMEHTallil Ta TIaTHKHUMHA
HITI03aMU BiIKpUBA€E MOXKIIUBICTD SIK AT PO3MIMPEHHS (DYHKI[IOHATY 00CIyTOBYBaHHS, TaK 1 JUI1 MOHETHU3AIlii CUC-
TEMH B KOMEPLIIHOMY CEpEOBUILL.

Jns 3a0e3meueHHsT Y3roHKEHOCTI TaHUX BAXITUBO peatizyBaTH yHiikamito ¢opmariB 0OMiHYy, BUKOPHUCTO-
Byroun romuperi crangapta JSON a6o XML. [epen 36epexentsM Oymp-saxoi iHGopMamii TOUiTbHO TPOBOTUTH
MEePEBIPKY JpKEpes Ha MPEMET JTOCTOBIPHOCTI Ta aKTyalIbHOCTI. 3aXUIIEHUH JOCTYII IO 30BHIIIHIX pecypciB 3a0e3-
MEYYETHCS IIITXOM BUKOPHCTaHHS CYyYaCHUX MPOTOKONIB aBTopu3ariii, 30kpema OAuth 2.0 a6o API-kirouis, mo
rapaHTye KOH(iIeHITIHHICTD 1 UTICHICTD TIepeaanol iHpopMarrii.

BucHoBku. TakuM 4MHOM, aBTOMaTH30BaHa CUCTEMa JJOOOPY MACTHILHUX MaTepialiB MOBHHHA MaTH YiTKY
MOZYJBHY CTPYKTYpPY AJIs ¢peKTUBHOI poOOTH BeixX mpomeciB. OCHOBHUMH CKJIAJIOBUMH € MOAYI 300py JaHUX,
HOIIYKY, aHAJIITHKH, iCTOpii KOPUCTYBauiB, OHOBICHHA iH(OpManii Ta reHeparii 3BiTiB. SIKicTh 70O6OpY 3HAYHOIO
MIpPOIO 3aJIC)KUTH BiJl TOBHOTH TEXHIYHUX XapPAKTEPUCTUK Ta KOPEKTHOCTI BBEJCHUX KOpUCTyBadeM AaHux. IlocTiiHi
3MiHU CTaHAAPTIB MAaCTUJIBLHHUX MaTepialiB BUMAraloTh PETYIIPHOrO OHOBJICHHS 0a3 JaHUX 1 MIATPUMKHU iHTErpa-
mii 3 30BHINIHIME JpKepesiaMy. CucTeMa NMOBHHHA OyTH 0€3MeUHO0r0, MaciTabOBAaHOK 1 31aTHOIO JI0 POOOTH SK
y JIOKaJIbHIM, TaK 1 B XMapHiil iHppacTpykTypi. s po3poOKku peKkoOMEHI0BaHO BUKOPUCTOBYBATH Cy4acHi TEXHOJIO-
Tii BeOpo3poOKH Ta 3aCO0M TECTYBaHHSI 1 KOHTeWHepu3aii. Takuii miaxin 3a0e3meunTh CTablIbHy POOOTY CHCTEMH,
MIPOCTOTY OHOBJICHHS 1 3pyUYHICTh KOPUCTYBAHHS [T PI3HUX KaTeropil KIIiE€HTIB.
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OHOIHIOBAHHS JAHUX B TEJIEMETPUHYHOMY KAHAUJII,
BPA’KEHOMY XAOTHUYHO-IMIIYJIBCHUMU NEPENIKOJAMMU

IIpobremoro bazamvox meremempuyHUX cucmem € HegiOnoBIOHICHb MIJC BUCOKOIO WBUOKICIO nepedayi OaHux i 0ocmo-
BIPHICIIO X NPUTIOMY 8 YMOBAX 6NIUBY IMNYILCHUX NEPEUK00, XAPAKMEPHUX 075t PIBHOMAHIMHUX cepedosuuy nepedadi ingopma-
yii. Ockinbku, 3a805KU CIMPIMKOMY PO3GUMKY MEXHONO0RIN, meneMempis 000amKo80 cmand 8idiepagamu Kooy poib 8 3a0e3-
NeYeHHI HALeNHCHO20 PIBHS HAOIUHOCMI MA 2aPAHMYBAHHI 3A0AH020 CMYNeHs. De3NneKu CKIAOHUX MEeXHONOIYHUX 00 ckmig ma
cucmem, maxa HegionosioHicms Cmac 6ce OiNbIU KPUMUYHOIK.

Cmamms npucesuena npodnemi cunmesy npucmpois OYiHIO8AHHA CIMAHY TIHIUHUX CIMAYIOHAPHUX OUHAMIYHUX CUCTEM,
Wo npayroms 8 YMo8ax wiymy ma 30ypeHs y Kanaii cnocmepedcersv. B pobomi pozenadacmuca kKomOiHo8anutl 6n1U8 2aycie-
CbKO2O WYMY MA XAOMUYHUX IMIYIbCHUX NEPeuiKo0 Ha MouHicmb Ginempayii nosioomiens y yugdposomy meiemempuiHomy
Kauani. Memoio 00cniodicentst € niouweHHi mouHOCMI OYIHIOBAHHS NOBIOOMIIEHb 8 MELeMEMPULHOMY KAHANL, 8PAIICEHOMY XA0-
MUYHO-IMIYTbCHUMU NEPeUKO0amu 3 NOMIDHUM 3POCIAHHAM 0OYUCTIOBATLHUX GUMPATN.

B 3aeanvromy 6unaoxy, eghekmueHicms 6UKOPUCIIAHHS MEMOOI8 CUHME3y NPUCTPOI8 ONMUMATLHO20 OYiHIOBAHHS 3ale-
JHcumbs 610 nOGHOMU anpiopHol ingopmayii 6IOHOCHO MameMamuyHoi MoOeli npoyecis, Wo Maions Micye y 00'ekmi KOHmMpoIio,
cmamucmuynol ingopmayii wooo eracmusocmel 0ifOUUX 348a0 A MEXAHIZMY YMEOPEeHHS GUXIOHUX 0anuX. J[s 3a0a4 maxoeo
KIACy CMAaHOAPMHUM PilleHHAM € onmumanvhull ginemp Kaimana, axuii demoHcmpye natisuwy AKicms 30iHcHOCMi OYiHOK 00
icmunHUX 3HaYeHb. AKuo 0aHi NOMOYHO20 CIMAHY CUCIMEMU CHOCIEPECeHb GIOCYMHI, MA00OCMOBIPHI abo He 8I0n0sidaionb
NPULHAMUM MOOETAM MO 3a0a4a CUHME3Y CMAE He HEeKOPEeKMHO chopmosanor. [ia eupiuieHHs yboeo npomupiuus, 6 npeo-
cmasnenitl pobomi 3anponoHo8ana adanmayis Mooell Kanany cnocmepediceb 00 YMO8 NOS8U PIZHOMOUHUX SUXIOHUX OGQHUX
BKIIOUHO 3 aHOManbHUMU. Ha 0cHO8I cKopekmosanoi Mooeni CuHmMe308aH0 Ncego0dAaNECiBCLKUL MYTbMULINOMESHUL] ATOPUMM
OYIHIOBAHHS 8 AKoMy 3AKAA0EHU MEXAHIZM PO3paxyHKy anocmepiopuoi' iuwoeipnocmi nosasu XIII, a Ha 11020 ocHO8I 3anposa-
0XHCEHO NPONOPYIiiHe 36aJICY8anHs uxionux oyinox. Ha ocnosi pesynomanis YUPP08020 CMamucCmuiHo20 MOOEI0BAHHA NPoge-
0€eHo nopzemzﬂbﬂuu AHANI3 MOYHOCIE PO3LTAHYMUX ANROPUMMIB OYIHIOBAHHSL. Iquop/vzamuHuM 0oHcepenom 01 OYiHKU 8IOHOCHOT
MOYHOCHI 8UOPAHUL CUSHATBHUL 3ATUUIOK, WO YMBOPIOEMbCA, AK PISHUYA MIXC eMATOHHUM MeleMempPUyHUM CUSHATOM ma
oyinxoro apaxcenoro XII1, ompumaroio 3a 00nomo2or 6ionosionux ginempis. Pesynemamu yucenvno2o Mooentosants niomeep-
02ICYIOMb eeKMUBHICHb 3ANPONOHOBAHO20 NiOX00).

Kitto4oBi cnoBa: zinitina Qunamiyka cucmema, Xaomuuna iMRyIbCHA nepewxooa nceg0obatieciscbkuil (pinbmp, cyoonmu-
MAnbHa npoyedypa OYiHIBAHH.

Volovyk A. Yu., Kychak V. M., Savytskyi A. Yu., Makohon V. I. Telemetry channel data estimation exposed to chaotic
impulse-pulse disturbances

The paper is devoted to the problem of devices synthesis for estimating the linear stationary dynamic systems state operat-
ing under conditions of noise and perturbations in the observation channel. The paper considers the joint influence of Gaussian
noise and chaotic pulse disturbance on the accuracy of message filtering in a digital telemetry channel.
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The problem of many telemetry systems is the disparity between high data rate and reliability of their reception under the
influence of impulse noise, which is typical for various medium information transmission. Since, due to the rapid development
of technology, telemetry has become crucial to ensure the proper level of reliability and guarantee a given degree of safety of
complex technological facilities and systems, such discrepancy is becoming more and more critical.

The aim of the study is to improve the accuracy of message estimation in a telemetry channel exposed to chaotic-pulse
disturbances against the background of a moderate increase in computational cost.

In general, the efficiency of using methods for synthesizing optimal estimation devices depends on the completeness of
a priori information about the processes mathematical model occurring in the control object, statistical information about the
existing disturbances properties and the initial data formation mechanism. For problems of this class, the standard solution is the
optimal Kalman filter demonstrating the highest quality of convergence of estimates to true values. If data on the current state of
the observation system is missing, unreliable, or does not correspond to the accepted models, then the synthesis problem becomes
incorrectly formulated. To resolve this contradiction, the presented work proposes a correction of the telemetry observation
channel mathematical model, taking into account the appearance of differently accurate initial data, including anomalous ones.
Based on the adjusted model, a pseudo-Bayesian algorithm for multi-hypothesis estimation is synthesized. It includes a mecha-
nism for calculating the posterior probability of chaotic impulse noise and proportional weighting of the initial estimates based
on it. Based on the results of digital statistical modeling, a comparative analysis of the accuracy of the considered evaluation
algorithms was carried out. The residual of the signal generated as a difference between the telemetry reference signal and the
estimate of the affected chaotic pulse interference obtained with the help of appropriate filters was chosen as a source of informa-
tion for the relative accuracy estimation. The source of information for assessing the relative accuracy was the signal residual.
1t was generated as the difference between the reference telemetry signal and the estimate of the affected chaotic impulse distur-
bances obtained using the appropriate filters. Numerical simulation results confirm the effectiveness of the proposed approach.

Key words: linear dynamic system, chaotic impulse noise, pseudo-Bayesian filter, suboptimal estimation procedure.

IMocranoBka npodiaemu. TeneMeTprUdHI CHCTEMH 3HAWIDIN HMOMKUPEHHS B PI3HOMAHITHUX Taly3sX Hapom-
HOTO TOCIIOJIAPCTBA, HAYKH 1 TEXHIKH. AHaJi3 HASBHUX Ha ChOTOJHI MyONiKalild CBITYUThH MPO MIMPOKHIA ITOTIHUT Ta
BEJIMKY 3aIliKaBJICHICTh 0 MUTaHb MTOOYI0BH KaHANIB YIIPaBIiHHS Ta iH(OpMaIliiiHOro oOMiHy B HampsIMKax reodi-
3MKH, OKEaHOJIOT'11, METEOPOJIOTil, METUIIUHH, aBialliiHOT Ta KOCMIYHOT TEXHIKH, CUCTEM KepyBaHHS POMHUCIOBUMH
MiAIPUEMCTBAMH 1 TeXHONOTiYHUMHE Tnipotiecamu [1-3]. CtpimMKko 3pocia KifdbKiCTh MyOmiKaiii CTOCOBHO CHUCTEM
KepyBaHHs Ta MOHITOPUHTY O€3MUIOTHUX aBTOHOMHHX CHCTEM, POOOTH30BaHUX IMPUCTPOIB, MAJIOrabapUTHUX 0e3-
MiJOTHHX JIITATbHUX anapaTiB HUBUIFHOTO Ta BiCHKOBOTO MpHU3Ha4YeHHs [4,5].

TeneMeTquHa iH(opMallisi BAKOPUCTOBY€ETHCS 7151 BUBUEHHSI BIACTUBOCTEH MpoLeciB B 00'€KTI TeeMeTpii,
ynpaBmHH;I CTaHOM HOTO CHUCTEM Ta KOHTPOIIO B pealbHOMY 4Yaci. XapaKTepHOIO PUCOI0 IIMX CHCTEM € BEJHKa
KUTBKICTB 1 plSHOM&HlTHlCTL BI/IMlpIOBaHI/IX (1)13I/I‘IHI/IX BEJIMYHH, IO HOTpe6y}0TL nepenadyi Ha BEJHKI BigcTaHI
3 BHCOKOIO TOYHICTIO Ta MIBHAKICTIO. B HU3II BumaakiB moxubka nepenadi He moBuHHA nepesunryBaru 0,5% moB-
HOT IIIKaJIK JTMHAMIYHOTO Jlialla30Hy BUMIPIOBaHOT ()i3MYHOT BETMYWHH TPH NIBUAKOCTI Iepenadi iHhopMariifHoTo
motoky mopsiaky 10°— 107 6it/cex i GinbIire, 3 GOMyCTHMOO iMOBipHicTIO moMumku 10 4— 10 6 [6, 7].

[Tpo6nemoro 6araThoX TEIEMETPUYHUX CUCTEM € HEBIMOBIIHICTH MiXK BUCOKOIO IIBUJIKICTIO TIepeIadi JaHUX
1 JIOCTOBIpHICTIO IX MPUIIOMY B YMOBaX BIUIUBY IMITyIbCHHX IIEPEIIKOJ], XapaKTEPHUX Al Pi3HOMAHITHHX cepe-
JoBUII nepenadi iHpopmartii. Taki mepemKkoan YMHATh CyTTEBHH BIUIMB Ha Iepeaady JaHHX CHCTEM KepyBaHHS Ta
MIPUIHATTS pillieHb. [Ipu [bOMY CITiji 3a3HAYUTH, IO 0 HENABHHOTO Yacy MUTAHHAM BIIOCKOHAJIEHHS MiJICUCTEMH
3aBaJJOCTIMKOCTI, BiIHOCHO iIMITYJIbCHUX TIEPEIIKO]], 0COONMBOI yBaru He npuAainsiocs. Lle sBuiie nos's3aHe 3 THM,
110 TeHJICHIIIs] TEXHOJOTI1YHOTO YCKJIaJHEHHs 00’ €KTIB KOHTPOJIIO, B IEPULY YePTy, COPSAMOBYE iICHYIOU1 MiIXOIU Ha
301bIIeHHs e(heKTUBHOT MIBUAKOCTI epeaadi iHdopMaii Ta 30epexeHHs ii KOoH(IASHIIHHOCTI IPU LIbOMY, TUTaH-
HSMH 3a0€3IeUeHHs 3aJJaHOTO PIBHS HAIIHHOCTI TPAaHCMICIT TaHUX B KOHKPETHHX YMOBAaX BHKOPHCTAHHS HEXTY-
Bajy. Cy4acHUil pO3BUTOK TEXHOJIOTIH 3MiHUB CBIT. CKJIa/IHI TEXHOJIOTIYHI 00’ €KTH Ta BUCOKO-IHTEIPOBaHI CUCTEMH
HaOyJIM MacoOBOCTI, @ B HACIHIJOK iX JISUTBHOCTI MOYalld YTBOPIOBATHCS 1HTEHCUBHI €JICKTPOMATHITHI TIEPEIIKOIM.
OHOYaCHO, TEIEMETPIs TOJATKOBO CTaJIa BiIIrpaBaTH KIFOUOBY POJIb B 3a0€3IICUCHHI HAJIS)KHOTO PiBHS HAIIHHOCTI
Ta TapaHTyBaHHI 33J]aHOTO CTYIIeHIO Oe3meku. CHTyallis, Mo CKIaiacs CIOHYKae J0 HeoOX1MHOCTI MOJepHi3aIlii
ICHYIOUMX Ta pO3pOOKHM HOBHX CIICIiajli30BaHMX METOJIB Ta aJTOPUTMIB 3aXHCTy TEIEMETPHYHOI iH(popMaIlii Big
Xa0THYHUX iMImyabscHUX nepentkon (XII1). BpaxoByroun Buine cka3aHne, po3poOKa TaKHX MPHCTPOIB Ta aTOPUTMIB
Hapasi € aKTyaJIbHOIO.

AHaJi3 ocTaHHIX gocjigxkeHb Ta nyOaikaniii. be3 cymHiBY 3anuimaeTscs Toi (akT, M0 CTPIMKHIM TEXHO-
JIOTIYHUH MPOrpec MPOHUKAIOYU Y Pi3HI chepH KUTTS MOKpAIIy€e HOTo SKICTh, BOAHOYAC 30UIBIIYIOYH Bpa3iu-
BICTb J10 IIMPOKOTO CIEKTPY 3aBajl, SIKi MOXKYTh CTAHOBHUTH 3arpo3y Uil iHPpacTPyKTYpH CyCHiIbCTBA. 3 METOIO
crpoOu po3yMiHHS BILUTUBY TaKUX CEPEHOBHUII Ha €IEKTPUYHI CUCTEMH, B poOOTI [8] pO3IIIHYTH METOIU Kila-
cudikamii XIIT y BUTIISAI €IEKTPOMAarHiTHAX 3aBaJl Pi3HOMAaHITHOTO MOXO/keHHs. B poborax [9-10], Ha ocHOBI
B1JIOMOi TOTIOJIOTIi €EKTPOMArHiTHUX 3aBaJ OOTPYHTOBaHI iX ()i3WYHI MapaMeTpH, Ha CUCTEMHOMY DPiBHI po3-
TISTHYT1 MOXKITUBI HACTIAKY 1X BIUTUBY. B [11] MOmemOr0ThCS KOMIUIEKCHI ClIeHapil CKIaJHUX eJIEKTPOMArHiTHUX
3aBaJl B YMOBaX SKHX TEJIEMETPUYHI MPUCTPOI MpaIforoTh Ha mpaktumi. David Yang y cmiBaBTOpCTBi, B CBOii
poGori [12] HagaB peTenbHUN aHAII3 BIUIMBY NMOTYKHUX PalioyacTOTHHX 3aBaj Ha (DyHKIIOHYBaHHS ITU(PPOBUX
CXEM Ta IPUCTPOIB.
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[TuTaHHs ONTUMATBFHOTO MPUHOMY JaHUX TIO PalioTeIeMETPHYHIM KaHalaM 3B 3Ky B YMOBax JisiHHS Xao-
TUYHUX iMIOyabcHUX nepemkon (XIIT) po3misaanuce B HU3MI poOIT 1 TOTOBHUM YMHOM, 3BOAMINCH A0 CHHTE3Y
OLIIHOYHO-KOMIIeHCaliHHUX npouenyp ¢inprpauii [13, 14] Ta metoxiB anantuBHOi Qinsrpanii [15, 16].

[Ipobnema cuHTE3y ANTOPUTMIB OLIHIOBAHHS BEKTOpA CTaHY MTUHAMIYHUX CHUCTEMH 3HAXOIMTHCS B IICHTPI
yBaru 0aratb0X aBTOPIB MPOTATOM TPUBAJIOTO Yacy. JJOCHTE PETENbHO TCOPETHYHI ACIIEKTH 3 I[LOTO HAIPSIMKY PO3-
DistHyTI y [17]. He3Bakatoun Ha Te, Mo mpoOiiemMa CHHTE3y BiTHOBHHKIB CTaHy JOOpe IOCIiIKeHa, BOHA 3aJIHIIa-
€ThCS aKTyalIbHOO, SIK IS JIHIMHUX, TaK 1 ;Ui HediHiHHuX 00'ekTiB [18, 21]. Ha choromHi po3po0ieHo gocTatHs
KUTbKICTh KOHCTPYKTHBHHAX METOMIB CHHTE3y MPHJIAJIiB OIIHIOBAHHS TIOBHOT Ta 3MEHINIEHOT PO3MIPHOCTI JIJIS JIiHIH-
HUX CTalliOHAPHUX TUHAMIYHUX CHUCTEM Jie 30ypeHHS BiJIOKPEMITIOIOTHCS BiJ KOpHCHOTO curHany. lle mo3Boise
BiJHOBUTH HOPMaJIbHY Ipare3narHicTs ¢inbrpa Kammana OIiHKH SKOTO BTPadaloTh KOPEKTHICTH MPU HASBHOCTI
30ypens [19, 20].

Ha >xansp, peanizaliis CydacHUX aJTOPUTMIB 6araro CTyMiHYaTUX ONTUMAIBHUX MPOLEAYp JiHIHHOI (isTparii
Ta MOZIEIIbHO-OPIEHTOBAHUX MPHUCTPOIB 3 HENIHIIHOO 3aJI€XKHICTIO, B IPAKTUYHUX JIOAAHKAX JOCUTh YAaCTO HAIIITOBXY-
€THCS Ha 3HAYH1 TPYAHOLL, 110 00YMOBJIEH1 0OMEXEHHSIMH Ha 00’ €M Mam’ i1, IIBUIKO/IO TPOMHUCIIOBUX MIKPOIIPOLIe-
COpHHX 3ac001B Ta 4aCOBOIO 3aTPUMKOI0. B f1aHiit poOoTi 3pobieHo cripoly 061iiTH 11 0OMexeHHs 3a paXyHOK BiIMOBU
BiJl CTPOTOi TEOPETUYHOI ONTUMAIBHOCTI, TOOTO IO CYTi, MIPOIIOHYIOThCS CYyOONTUMANBHI MPOIEAYPH OLIHIOBAHHS
TENIEMETPHYHNX TAaHUX. 3alPONOHOBAHO HOBWH IiIXiJ IO CHHTE3Y BITHOBHHKA IAHUX TEIEMETPHUIHOIO KaHATy Ha
OCHOBI JIIHIHOT cTaIlioHapHOi cucTeMu B yMoBax BIUTUBY XII1. OTpuMaHuii pe3yibTraT IpYHTYEThCS Ha 3acagax Teopii
TNceBI00aECIBCHKUX OIIHOK, Y MPUITYIIICHHI 1010 HASBHOCTI MEBHOT anpiopHoi iHGopmartii BigHocHO XIIT.

OTxe, MeTa IOCTiIKeHHS TIOJIATAE Y IMiIBUIIICHHI TOYHOCTI OI[IHFOBAHHS JAHUX B TEIEMETPUIHOMY KaHAIi,
BpaXXEHOMY XaOTHYHO-IMIYJIbCHUMH TIEPEIIKOJJAMH 3 TIOMIPHUM OOYHCIIOBATBHUM YCKJIQJHEHHSIM OTPHUMAHOTO
AITOPHUTMY.

Buxkniajx ocHOBHOro Martepiay. Po3misiHeMo JiHIMHY AUCKPETHY JUHAMIUHY CUCTEMY, SKa OIHCYe iH(popMa-
LiliHe MOBIIOMIIEHHS, 110 TPAHCIIOETHCS M0 PalioTeIeMETPHYHOMY KaHay nepeaadi, Ha ()OHi 3arajbHUX IIyMiB
MIPUPOJIHBOTO MOXOKEHHS

X =AX T Bw,, (1

Yk :Ckxk + EDk (2)

Ie, X, — n-MipHHUI BEKTOp CTaHy IMHAMIYHOI CUCTEMH; Y, — M-MipHHUH BeKTOp crioctepexeHHs; A,,B,C, —
CHCTEMHI MaTPHIli BiIIOBIJHNX PO3MIpiB; w,, &, — OLIi rayciBChKi IyMH 3 HYIbOBHMHE CEpPEAHIMH 3HAUCHHAMH Ta
KoBapianiitaumu MarpuisiMu Q, R, BiamosimHO.

B 3arampHOMY BUMAIKY, €EKTUBHICTS BUKOPHUCTAHH METOMIB CHHTE3Y MIPHUCTPOIB ONTUMAIBHOTO MIPUHOMY
TEJIEMETPUYHMX JTaHUX 3a Pe3yJbTaTaMH CIIOCTEPEIKCHD 3aJIS)KUTh BiJl MOBHOTH anpiopHoi iHdopMariii momao mare-
MaTHYHOI MOJIeITi TIPOIIECIB, M0 MAIOTh MicCIle y 00'€KTI KOHTPOJIIO, CTATHCTUYHOT 1H(POPMAIIiT 010 BIACTUBOCTEH
JIIOYMX 3aBaJl Ta MEXaHI3My YTBOPEHHS BUXITHHUX JaHHX. 3a JaHUX OOCTaBUH, ONTHMAJIbHUM PIllICHHSAM IS OIli-
HIOBaHHS HEBIJJOMHX MapaMeTpiB € cTangapTHUH ¢inbTp Kammana. SIKmio gaHi MOTOYHOTO CTaHy CHCTEMH CIOCTE-
PEeXeHb BifICyTHi, MaIOJOCTOBIpHI a00 HE BiAMOBINAaIOTh NMPUHHATHM MonensaM (mosiBa XIII), To 3agaga cuHTE3y
CTa€ HEKOPEKTHO C(POPMOBAHOIO. Y TAKOMY BUIAJKY JOLIIBHO MEPEUTH 0 MOIIYKY OUIBII PO3MIUPEHUX METOIB
OLIIHIOBaHHS, SIK MTAPaMEeTPiB CUCTEMH TaK 1 CTaHy KaHally criocTepexkeHs [20].

B npencraeneniii po0OOTi 3anporTOHOBaHA KOPEKIIis MAaTEMAaTUYHOI MOJICNI KaHaTy TEIEMETPHYHHUX CIOCTE-
PEXEHD 3 YpaxyBaHHSIM IOSBH Pi3HOTOUYHUX BUXITHHX JaHUX BKIIOYHO 3 aHOMAITbHUMU. [ boro piBHAHHS (2)
MOJIaMO Yy THIIIOMY BUIIISIL

Y. =C.x, +v,0,+& 3)

Jie HOBI HEBIJOMI MalOTh HACTYIIHE 3HAYEHH:: Y, — BUIAJKOBA MOCIIJOBHICTh, KA XapaKTEPHU3y€e IIPOLEC
HOSIBU IMITYJIbCHHX Ilepemkos; 0, — cTpuOkononioHuii npouec 3 Ni4eHuM YUCIOM CTaHiB G,,i =1,..., N , IKuii omu-
Cy€ MOXJIMBI 3HAUCHHS BEIIMYMHU IMITYJIbCHUX MEPEIIKo. Y MOAANBIIOMY, sl CIIPOLIEHHS, CKIanoBy v,0, +&,
OyZeMO BpaxoOBYBAaTH SIK IIyMOBY CKIIafIOBY ,V, IHTCHCHUBHICTD SKO1 3aJICKUTH BiJl aMILTITYIH IMITYJIbCHOT TIepe-
KoM, Bupa3 (3) momaMo y BUTTISAL

Yi=Cx, v, “4)
SIk BiIOMO, ONTUMAIIbHA OLIHKA X(k+ijr) fAKA MiHIMi3y€e 6araToKpOKOBHi OaleCiBChKUI PH3HK, 32 YMOBH, 110
BeKTOp crioctepexerb Y, ={y,,...,y,} 3alIeXHuTb BiJl m-KOHKpETHOI peanizawii nocmizosrocti I} ={y,,...,7,}

SIBIISIE COOOFO arOCTEePiOpHE CepPETHE

A

X(k+ifr) =E {X(]M)

Y:} = Ix(k+l)-f|:x(k+l) Ykm:|dxk

CKopHCTaEMOCH METOIOM MaTeMaTHYHOI iHIYKII] Ta BIACTUBOCTSAMH 3IMaXKyBaHHS YMOBHOTO CEPEIHBOTO.
HeBakko mokaszaru, 110 anocTepiopHa IyCTHHA PO3MOALUTYy HMOBipHOCTEH f [xk |Yk"’ J MOxe OyTH anpoKCHMOBaHA
3BaKEHOIO CyMOIO 2" rayCiBCHKUX TYCTHH po3nofiny ais ycix k=0,1... [22].
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X(k+1lk) = Z I{ k1) |: (k1) Y Fm]dx( )}p(Y,:",ka),
r=1 r=l _

ze p(Y”’ F"’) — anocTrepiopHa iMOBIpHICTh pealtizallii KOHKpeTHOI mapameTpuyHoi nauku I} . 3ayBakumo,

110 IS HpaKTI/I‘lHI/IX 004HCIIEHD OLlIHKA X(k+1k) MaJIONpHUJaTHA, TaK SK 31 301IbIIEHHIM & HOTpe6a B 00’eMi or1re-

paTUBHOI aM’ATi TpoLEecopa 3pocTae y Bi/IMOBiAHOCTI 10 3aKoHy 2* . 3 MeToIO OZIEpIKAHHS OIIHOK X(x+ix) ¥ (opMi,

HpI/II/IHSITHII/I s peanizanii Ha Mikpo-EOM OynemMo oOMexyBaTH Ha KOXKHOMY TAaKTOBI YHCIIO MapaMeTPUYHUX

T1JIO0K. I[.]'IH LUbOro NpUIMYCTUMO, IO OCEPECAHCHHS I10 F(A ) Ha (k—l) TaKTOBI BXKE BHUKOHAHO, a4 TYCTHHA pPO3-

(ki) *
Toni cybonTHMaNbHA OIIHKA, SKY B MOAAJIBIIOMY OyZeMO Ha3WBaTH MCEBIO0AEHCIBCHKOIO, MOXKE OyTH OOUYHCICHA
PEKYpPEHTHO Ha OCHOBI CITIBBIAHOIIICHHS

Moty iMoBipHOCTEH [ [xk ‘Y(H) aIpOKCHMOBAaHA TayCiBChKOIO 3 €KBiBaJICHTHUMH ITapaMeTpaMu X(xk-1) , P

A <3

X(k+k) = Zx<k+1)f[x(k+l)

r=1

1- / [Xw)

Y. v, :i]p(Yk :i|Ykm)’ (5)

Y(rZ—l)’yk:i:| |:Yk ‘Y Xk Ve = J

ae f[x(,m) Yy, =i : , (6)
I ¥ :’]
X Y07 =1 | = N[ A0, A, By, A +B,Q,B] |,

f|:y(k+l Y(m 1)> X(ka1)> Vi =i:| =N|:Ckxk’i2Rk:| >

f|:y(k+l) Y(’Zfl)’yk :l} = N|:Ck x(k\k*1)>CkP(k\k—l)

N|[ -] — HopmanbHa rycTiHa posnoiny iMoBipHoCTel, i =1,6.

CZ+i2Rk],

3acrocyBaHHs npaBuia baiteca no p [ V=i |Y,:"J Jae

P[yk =i|Yk"’] _ Gp[vk =i ‘Y{Z_l)}f [yk ‘Y(';_l),yk :,} |
> plve =iy [ Vi =]

r=l1

ne p|:’Yk = I‘Y(’]::l):| = zp[y(k—l) = I‘Y(’Z—l):|p[Yk = i‘y(kfl) — l:| ,

r=1

p[y(,ﬁl) =’.‘Y(VZ4)}_ BeJIMYWHA BiJlOMa 3 TOMEPEIHIX 00YMCIIeHb Ha (k—l) TaKTOBI, p|:yk =i ‘Y(H) =i} -
€JIEMEHT MaTpHIIi IepexiiHNX IMOBIpHOCTEH 3a7aHo anpiopHo.

BinHOCHO BIAaCTMBOCTEH OLIIHOK, AKi MOBHICTIO BU3HAYAIOTHCS CHIBBIAHOMIEHHAMH (5) — (6), KOPUCHO 3pO-
OWUTH HACTYIIHI 3ayBa)KEHHS:

— omiHKa (5) € HeTIHIHHOIO BITHOCHO CIIOCTEPEIKEHB, TOMY L0 BarOBUi KoedilieHT (6) 6e3mocepenHpo 3aie-
KHTH Bijl IOTOYHOTO 3HAYEHHS Y, ;

— CTIMKICTh OIIHOK (5) 710 MiSTHHSI IMITYJIbCHHX TIEPEIIKO]] 3a0€3MeUyEThCS MPUPOIHIM MUITXOM — MO€HAHHS
(hYHKIIIH “BUSBICHHS — OILIHIOBaHHS ",

— JI0 CKJIay OIIHKH (5) BXOIUTH OaHK OIIIHOK, OAEP>KaHUX MOJIEIEHO- YMOBHUMHI ¢inmerpamn Kanmana, gicio
SKAX B KOXXHHH MOMEHT 4acy k HE3MiHHO i JOPiBHIOE YMCITy BUCYHYTHX Tirmore3 N BiIHOCHO MOMJINBUX 3HAYCHb
aMITTITYAN XaOTHYHOI IMITYJIBCHOI nepemmkonu. B poborti [22] mokaszaHo, 1o AJIs 33/1a4 CYyTO MPAKTHYHOTO Xapak-
Tepy AOCTATHIM € 3 — 5 pobouux rinores.

Hus npoctoty MOIMbIIOro aHanizy 0OMeXHMOCh BHIIAJKOM, KOJIHU 7Y, anI/IMae 3HadeHHs 1, ¢ 3 BiANOBiJ-
HUMU I/IMOBlpHOCTHMI/I Py, P} - SIK Bxke 3a3Hauanocs, y3arajbHEHHs Ha BUNANOK Y, =G, =1,..., N — NPUHIMIOBUX
TPYIHOILIB HE BUKJIMKAE 32 BUHATKOM 301IbIIEHHS po3MipHOCTI 3afadi. Ilpu y, =1, mo BlI[HOBiI[aC yMOBaM poboTH
0e3 BIIMBY XaOTUYHMX IMITyIbCHHUX IEPEHIKO, KoBapialiliHa MaTpHI HIyMiB CHOCTEpeXeHb Vv, IopiBHIOE R,
1 BUBHAYAETHCA AKICHUMH MMOKAa3HUKAaMH KaHaly nepefaui iH(opmarilii. BumaakoBi nosBH iMIYJIbCHUX MEPELIKON
B KaHaJIi CLIOCTEPEIKEHB IMTPU3BOISTH 10 BTPATH TOYHOCTI CIIOCTEPEIKEHB, IO OyIeMO BpaXOBYBaTH, PAITOBHM Y TIep-
1I0MY HaGNMKEHH, 3pOCTAHHAM KOBAPIalliiiHOT MaTPUII IIYMiB COCTEPEKEHb 110 BEMMUUHU G R, . OGMeKeHHs,
HaKJIaJIeHl Ha MOCTIJOBHICTh [} HE MOPYIIYIOTh CIIPAaBEIMBOCTI CHiBBigHOMIEHH (5) — (6). Lle o3Hauae, mo sk
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i paHille yMOBHY T'YCTHHY PO3MO/LTY iiMOBipHOCTEH [ [x . ‘Y( H)} MOJKHA MPEACTABIATH Y BUTIISIII 3BaXKEHOT CyMH,
a CTaTHCTHYHA HE3aJIeXKHICTh 3HAUCHb BHUIIAJKOBOI MOCIIIOBHOCTI Y, CIIPOLIy€e OOYUCICHHS BarOBUX MHOMKHUKIB
p[“/k =i ‘Y('Zfl)} . YMOBHI I'yCTHHH PO3NOALTY HMOBIPHOCTEH, SKi BXOIATH J0 CKIany (5) B SKOCTI CITIBMHOXHHKIB,

€ TayCOBHMMH 3 BiJIIOBIAHUMHU ITapaMeTpaMu:

f[x(/m) Ykm:| =C, exp {—%[X(kﬂ) - ;((k+1\k)j| P(klﬂ‘k)[ Xy~ )A((k+1k)i|}

m M 1
Y. x k1) V(e = l:| =C,exp {_E[Y(M) - C(k+l)x(k+1):| " x

X|:y(2k+l)R(k+]):|_l |:y(k+,) - C(k+])x(k+l)]},

! [y o)

m , 1 :
f|:y(k+l) Y Yy = l} =Cyexp {_E[y("”) _C(k+1)x(k+1|k):| "%

-1 ~
|:C k+1 Pk+l\k)C(Tk+l) + Y(2k+l)R(k+l):| |:y(k+1) - C(k+1)x(k+”"):|} ’

ne C,, C,, C, — HOpMYHOUi MHOXKHHUKH.

m
Y,y
METPH: CEPEIHE 3HAYCHHS X(k+k+1) TA KOPEISAMIHHY MATPHUIIIO P(k“‘ )
Kanmana, BHacniiok 4oro Bupa3 Ajsl pe3yibTyIo40i OLIHKH CYTTEBO CIIPOITYEThCS

BractuBOCTI HOPMATBHOTO 3aKOHY PO3IOILTY f [x ) =i J , IO3BOJISIFOTH OOUMCITIOBATH MOTO mapa-

(k+1) (k+1

3a JJOMIOMOTOI0 MOJIETTbHO-YMOBHOTO (hijbTpa

AT ~l

X(k+1l+1) = X(k+1k+1) P |: k+1 1‘Yk+1 j|+ X("*‘\k”)p[y k+1) G‘le j| (7)

o ~l ~ N ~ T
P(iﬂ‘ ) = Z{P(’k+1 ey + |:X(k+1\k+1) — X(k+1ff+1) } [X(m\kﬂ) - X(k+1\k+1)] } x
I=1

xp|: M) Z‘Yk+l:|

CTpyKTypHa CHHTE30BaHOTO MPUCTPOI0 0OPOOKH TEIEMETPHYHHX JaHUX BU3HAYAETHCS BUpa3oM (7) i moka-
3aHa Ha puc. 1.

plyi=oY,")

Xikik

Puc. 1. CrpykTypHa cxema IpUCTpOr0 0OpOOKHM TaHUX, CTiKoro M0 BIuBy XIT1

Pe3y.m>TaTu MojeBaHHsl. Ha 3aBepiieHHs, MpoBeaeMO MOPIBHSIBHUN aHali3 epeKTUBHOCTI PO3MIAHY THX
aJIFOpI/ITMlB OIIIHIOBAaHHS, B3SBIIU 332 OCHOBY iH(OpMAIIifHO — TeIEMETPUYHUN KaHAJI BUCOTHOT MOzl aepojuHa-
MIYHOTO 00’€KTY Ha OCHOBI JMHAMIYHOT CHUCTEMH YETBEPTOTO MOPsAKY. BpaxoByrouu, 0 CHHTE30BaHi MPHUCTPOI
MAIOTh AKICHI TIOKa3HUKH $IKi 3aJIeXkKaTh BiJl pe3ysIbTaTiB MOTOYHHUX CIIOCTEPEKEHb, a iH(opMalliiiHe cepeloBHILE, 3a
(hi3MYHOIO IPUPOJIOID, € CTOXaCTUYHHUM TO Y OCHOBY OLIIHIOBaHHS €(heKTUBHOCTI JOLIJIBHO MOKIACTH MeTOA L dpo-
BOT'O CTAaTHCTHYHOI'O MOJICITFOBAHHS.
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Mozens THHAMIKHU BHIIE 3TaJJaHOTO 00’ €KTY Ta PIBHSAHHS CIIOCTEPEKEHb B Oe3MepepBHOMY 4aci:

h 01 0 Of A 1 h

d| v, 00 1 O0fyw, 1 v,

P , ; =[1

alv. | oo o 1]v ()] [8(0)s »(6)=[t 0 0 0] v (1)+7,8(7)
v, [0 0 TI T2} v, 1 v,

KoncranTu T1 Ta T2 xapakTepu3yoTh aepOAWHAMIYHI BJIACTUBOCTI 00’ €KTY CIIOCTEPEKEHHS 1 MaIOTh BiJIO-
BizHi 3HaueHHs -1.1772, -1.0850. [ndopmariiina ckiagoBa, MO MiJIATae TPAHCIAIIT TI0 TeIeMETPUYHOMY KaHaTy
SIBIISIE COOOIO JTaHi CEHCOpa BUCOTH 0apOMETPHYHOTO THITY.

ExBiBaIeHTHUIT 3amuC A1l UCKPETHOTO Yacy:

X, =AX, 1t Q,

y,.=Cx, +v,R,

1 3107 4.107 0
AZ|0 ! 3.10° 4.0 | Q,=diag[10° 110° 5-10° 3-10”]
ne A= ;
0 0 9.9-100"  2.9-107 C=[1 0 0 0]; R,=14-107

0 0 -3.47-107 9.7-10"

Bunanxosa 3miHHa 7y, ska Moxpemoe BB XII1 Ha naHi, MO TPaHCTIOIOTHCS TEIEMETPUYHIM KaHAJIOM,
SIBIISIE COO0I0 HOPMAJIbHO PO3MOALIEHY MOCTiAOBHICTh 3 mapamerpamu N (O ; 8Rk) 1 IMOBIpHICTIO MOSIBH 3aBaJu

q =0.05. IntepBan quckperuzanii AT =0.024c¢, k=1...N, N =800 — nuckpeTHa nociioBHICTh. BekTrop moyar-
KOBOTO CTaHy MOJIeJTi JMHAMIKH:

Xp =[1.0 0375 -0375 -0.001],
IToyaTkoBi OIIHKHU TOCIIKYBAaHHX (LIBTPIB:
x0=[0.8 -0.5 05 -0.015]
KopensmiiHuMu MaTpUIIMH ITOYaTKOBOTO CTaHY:
P, =diag[0.1 0.01 0.001 1.107].

MogzentoBaHHsI TPOBOIMIIOCS JAJISl IBOX BUMAJKIB: B YMOBaX HOPMAaJIbHOTO (DYHKIIIIOBaHHSI KaHAITy MOBiAO-
MJICHB Ta JIJISl CUTYAIli] KOJIM TeJIeMEeTPUYHUI KaHa 3HaxoauBes il BrutuBoM HissHHS XII1. [TopiBHSHHIO MisTamm
crannaptauil Ginerp Kanmana (FK), sk npuctpiii ne-dakro st poOOTH B CTaHIAPTHUX YMOBAX Ta CHHTE30BaHHUN
anropuT™ rncenobarecieebkoro tumy (PBF) 3 migsuinennm 3axucroM Bia BrumBy XIIT. Pesynbratu mocimikeHHs
JUIS BUTIAJIKY HOPMaJbHUX YMOB POOOTH HaBEe/ICH! HIDKYE.

c
o

o
p—
H Yrm

o
o

4 nom
@
T

0)

100 200 00 400 SO0 €00 700 800
Tere (¥)

Puc. 2. Jlunamixa Tenemerpii (a); pe3ynsraT 00poOKn TaHuX (uIETpaMu crioctepexeHHs (0)
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s BunanKy BiJICYTHOCTI IONATKOBUX 3aBaj 00M/IBa BiIbTpa aleKBaTHO BiICTEXKYIOTh MapaMeTpH iHpopMa-
LiIfHOTO CHUTHAITY, MiHIMI3yIOUH NIPH LIbOMY CEPEAHBbOKBAPATUYHY ITOXHOKY OIIHIOBAaHHS HEBiJIOMOTO Mapamerpa.
OcCKiJIbKH OUTBLIICTD Yacy TeJIeMETPHUYHUI KaHaJl Mpalloe B IITATHOMY pexumi, a HasBHicTh XII1 B HOpMambHUX
YMOBax € MOAI€I0 3 TOCUTh MaJIOl0 WMOBIPHICTIO LIIJIKOM IMPUPOAHBO, 110 32 YMOBH ii BiICyTHOCTI CHHTE€30BaHHMA
PBF He moBuMHEH MOTipIIyBaTH ITapaMeTpH OLIHIOBAaHHS MOPiBHAHO 3 onTuManbHuM FK. Curyaris kapauHaIEHO
3MIHIOEThCS KOJIM Ha CUTHAJ TPAHCHIALIT mounHae 3iiiicHroBati i XII1.

15 <= | T ™ YR T T T T

Horue
H sboorme

100 200 X0 400 500 600 7C0 800

100 200 300 400 500 600 700 800 250 300 350 40C
Time (k) Time (k)

Puc. 3. lunamika tenemerpii npu Brumsi X111 (a); dinsrpanis cnocrepexenus (0)

ITo Tounocti crangapTHuid FK mounHae cyTT€BO MporpaBaT TNCeBI00aleCiBCBKOMY alTOPUTMY B SKOMY
nependadeHuil MeXaHi3M OIIIHIOBAaHHS, 0 3aKJIaJICHUH B PO3paxyHKy amocTepiopHoi WMoBipHOCTI mosBu XIIT
(Puc. 4) Ta nponopiitHO-MOBIpHICHOMY 3Ba’KyBaHHI BUXITHHUX OLIHOK (7).

0.6} | ! i |
|
|
I |
|

Jii--.AJL‘OL..LJ:JJ.M ) J.-Ji j_*.l Lm._nu, |

400 o0 100 &0

Thre (k)

Puc. 4. Po3paxyHkoBa arocrepiopHa iMoBipHicTb nosiBu X111

[opiBHSIHHS MMOKAa3HUKIB TOYHOCTI OIIHIOBAHHS CHHTE30BAaHOTO (UIBTPY Ta HOT €TaJOHHOTO CTaHAAPTHY
(pimprpa Kammana) mpoBeeHO Ha OCHOBI CTATUCTUYHOTO aHAII3Y 3AIUIIKY, SKHHA YTBOPIOETHCS, K PI3HUILST MIXK
€TaJIOHHUM TEJIEMETPHYHUM CHTHAIIOM Ta OIiIHKOIO BpaskeHOI0 X1 oTpuMaHOI0 32 JOIOMOTO0I0 BiATIOBITHHUX (ilTb-
TpiB. B ineanpHOMY BUTIAJIKy OTpUMaHa TaKMM YHHOM HEB’s13Ka TOBHHHA JIOPIBHIOBATH HYJIO. B peanbHOCTI, 1oTo
BiIMIHHICTh MO’>KHA BUKOPUCTATH JUIS OIIIHOK BiTHOCHOT TOYHOCTI PO3IIISIHYTHX aaropuTMiB. [IpaBoBOIO IMiICTaBOO
JUTS 3aCTOCYBaHHS 3aITPOMIOHOBAHOTO METOJY aHaJli3y € PUITYIICHHS, 10 TependadcHe BUKOPUCTaHHS 00oMa (ifThb-
TpaM¥ BHITaJIKOBUX KOMIIOHEHT PO3IOJIEHUX 32 HOPMAJILHUM 3aKOHOM, 3T1IHO TPaHUYHOT TEOPEMH, Y KIHIIEBOMY
BUMAJIKY, TEX MOBHHHO MPHUBECTH JO HOPMAJILHOIO PO3IMOiTYy YTBOPSHOTO PIi3HHIIEBOrO CUrHay. Bisyamizais
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PI3HHUIIEBUX 3aJUIIKIB Ta iX CTATUCTUYHHUX XapaKTEPUCTHUK y BUIVISLAI (PYHKIIIH IITBHOCTI pO3MOiTy HMOBIpHOCTEH
MpEeACTaBIICHI Ha puC. 5.

40 . r . y v
o '\I J\\Wﬁfkw v _J-J\,.f f‘*w 1 FK N(1.9e-3 : 2.1e-2)
2 ‘fk Y / PBF N(8.9¢< : 1,05e-2)
& -0.05 ] 30
"1 | t t——t e Res FK] - % ;
100 200 300 400 500 TO(C 800 £ \
( ( lLl g 600 ) é 20t —— J
T T T T T oA e »/,\(' N
0 T‘f.(‘c"\'“""h’.-) \,"‘-.vﬂ",.‘v'ivﬁv',v/ ""\“\ ,-'"N}‘w\"“ﬂ{ i Wl P8 ,-.‘.L = b \ A
{: ' 10+ - > / N - 4
& 0.05 1 S
0.1F ‘ Res PBF] - e i
i i 4 A - 0 == Il ! ! { { =
100 200 300 400 500 600 700 800  -0.06 0.04 -0.02 0 0.02 0.04 0.06
k Res(X)

Puc. 5. Pi3HuneBuit curHai Ta 0r0 CTAaTUCTHYHI XapaKTePUCTHKH

HagiTh BizyaJIbHO MOXIIMBO TIOOAYHTH 1110 pizHHIIeBUH curHal FK € 3arpyOneHuM BiAMOBIAHO JO CHTHAIBHOT
Hew’si3kuid PBF, mo mie pas migkpecioe HeeheKTUBHICTD 3acTOCyBaHHA anroputMy ¢insrpamii Kanmana. 1{poro
ciig Oyio i 04iKyBaTH, TOMY IO BiH HE IPU3HAYCHUH U1 pOOOTH B YMOBAX anpiopHOi HEBU3HAYEHOCTI BiTHOCHO
CTaHy KaHaJly CIIOCTEpExKeHHs. UuCenbHI XapaKTepUCTUKN TOYHOCTI aITOPUTMIB HaBeIEHI B TabumI 1.

Tabmnuma 1
Pe3yjbTaTi CTATHCTUYHOIO aHAJI3Y 3aJMIIKIB Pi3HULEBOI0 CUTHAJLY
Aaroputm HopmanbHuii pexxum HasiBaicTs XITT
¢inbrpanii M(x) Var(x) Var(x) Var(x) M(x) Var(x) Var(x) | Var(x),
FK 1.66-10° | 8.22:10° | 7.84:103 | 8.64-10° | -1.94-103 | 21.1-10° | 20.05-10° | 22.1-103
PBF 1.58-10°% | 8.22:10° | 7.83-10° | 8.64-10° | 0.78-10° | 10.4-10° | 9.96-10° | 10.98:107

[Jani, HaBezeHi B Tabu. 1, miaTBepAXKyIOTh TOH (DaKT, 110 B HOPMAJIBHUX YMOBaxX poOOTH SKICTh OLIHIOBAaHHS
cunre3oBaHoro PBF He moctymaerscst eranmonnomy FK, a y Bumagky HasBHocTi XIII, TouHICTh TceBaobaiieciB-
CBKHX OITIHOK, sIK MiHIMYM B JIBa pa3H IMEepPEBUINY€E BIAMOBIIHI olliHKU cTanmaptHoro FK. HasBHiCTh cucTemMaTny-
HOT CKIamoBoi y BuXigHuX orfiHkax sk FK Tak i PBF € HacmigkoMm po30i>KHOCTI B 3HAYSHHSIX [TOYATKOBOTO CTaHY
MOJIeJTi JIMHAMIKH Ta TIOYaTKOBUX OIIHOK JOCIIKYBaHUX (MIJIBTPIB, IO Oe33arepeyHo BiIOMBAETLCS HA Pi3HUIIE-
BoMy curHaiti. OCKUTEKH TPUKIIA]l MOJICTIOBAaHHS HOCHTh CYTO JIEMOHCTpPALIIHHUI XapaKTep, a METOIO IPOBEACHOTO
CTaTHCTUYHOTO aHAJIi3Y € BiTHOCHE MOPIBHAHHS TOYHOCTI PO3NISTHYTHX aJTOPUTMIB HUTAHHS PEIpe3eHTa01IbHOCTI
BUOIPOK 3aJIUIINIOCS 110 3ayBarolo.

BucHoBku. 3a pe3ynbraTaMu NpeacTaBiIeHol p060TI/I MOJKHA CTBEP/KYBATH, 1110 B yMOBAX HasiBHOCTI XIIT,
cuHte3oBaHuit anroput™ PBF cyTTeBo ToKpariye TOYHICTh OTPUMAHHUX OL[IHOK BOAHOUYAC HE MOTIPIIYIOYU poOOTY
TeJIeMETPUIHOTO KaHAITy TIPH CTaHAAPTHHX 30BHINIHIX (baKTopax

Pe3ynerary OpiBHIIBHOIO aHANI3Y Jajii 3MOTY MiATBEPAUTH €(DEKTHBHICTDH 3aPONOHOBAHUX MPOLEIYD OIli-
HIOBAHHS 3 TOYKH 30Dy IiJIBUIICHOT CTIHKOCTI JO JiSTHHS XaOTHYHO — IMIYJIBCHUX MEPEIIKOA 3 BiTHOCHO MOMIPHUM
YCKIIQJIHCHHSM CTPYKTYPH CHHTE30BaHOTO aJITOPUTMY, @ BIITIOBIIHO 1 JOJATKOBHM OOUUCITFOBAIBHUM HaBaHTAKCHHSM.

V pa3i TOBHOT BIJICYTHOCTI anpiopHUX JaHHUX 1010 HMOBIPHOCTI TIOSBH aHOMATIH JOUIJIHLHEM OyJie Tepexis
JIO aalITUBHUX CXEM OIL[IHIOBAHHS.
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CONTROL DEVICES FOR PROJECTION REFLECTIONS IN THE PHASE SPACE
OF STRANGE ATTRACTORS OF DYNAMIC CHAOS GENERATORS

One of the ways to experimentally test the proposed mathematical models that exhibit the properties of deterministic
chaos is to implement them using «analog computersy. Depending on the dimensionality of the system, three or more signals
are obtained, the spectrum of which can be analyzed. However, the most obvious evidence of chaotic behavior is strange
attractors. A two-dimensional version of attractors is obtained by applying two signals to an oscilloscope that is switched to
the X-Y mode. In this way, three projections are obtained, although the minimum dimensionality of the system implies that
the object is three-dimensional. There are digital ways of displaying strange attractors in 3D using special consoles; they are
connected to the system under study and to a personal computer. The greater the accuracy of such a set-top box, the higher
its cost. However, it is possible to implement the display of a strange attractor on the oscilloscope screen in pseudo-3D using
simple mathematical operations. With this approach, no information is lost during signal processing, and the cost of the device
is lower. The structure of the object of study can be compared to a mathematical simulation by rotating it in phase space
immediately after connecting three signals to the console, without additional programs. The basic mathematical operations
are realized with the help of operational amplifiers, inverters, analog multipliers, and sin/cos potentiometer analogs. The
article is devoted to a number of devices-attachments to the oscilloscope that make it possible to rotate strange attractors
in pseudo 3D along two or three axes. The presented works contain device schematics and the necessary information for
independent implementation. These studies demonstrate the sequence of development of the idea, the gradual departure
from the analog sin/cos potentiometer to its digital counterparts, and the expansion of the rotation range from 90 to 360
degrees. The possibility of drawing a sectional plane along one of the axes and obtaining a Poincaré section is controlled.
The main structural elements of the devices are defined, and the operation of some of them is briefly described. For a better
understanding of the operation of such devices, images illustrating rotations in phase space are shown. A certain number of
images were converted from black and white to color and further processed. The prospective development of such devices has
been determined.

Key words: dynamic chaos, attractor, generator, Poincaré section, phase plane, device, signal, mathematical model.

Cemenos A. 0., Xnvooa A. A. Ilpucmpoi kepysanna gidodpasricennamu npoexuii y ¢hazoeomy npocmopi ougnux
ampaxkmopie 2eHepamopie OUHAMIUHO20 XA0CY

Oonum 3 cnocobie exchepumenmansioi nepegipku 3anponoHOBAHUX MAMEMAMUUHUX Mooenell, SKi NPoAGIAIomy 61a-
Ccmueocmi OUHAMIYHO20 XAOCY, € peanizayis iX 3a OONOMO20) «aHAN0208UX KoM tomepigy. B sanexcnocmi 6i0 posmipnocmi
cucmemu OMpuMyIoms mpu ma Oinbiie CUeHAnie, CNeKmp AKUX MOJCHA NPOananizyeamu. Ane Hallbinbw HAIAOHUM OOKA30M
XaomuuHoi nosediHKU € OUBHIi ampaxmopu. JJ8oeuMipHy 8epcito ampaxmopie ompumyloms WisXoM nooayi 080X CUSHANIB HA
ocyunozpag, saxuti nepesedenuti 6 pexcum X-Y. Takum uurom ompumyoms mpu npoexyii, Xo4a MiHiManbHa posmipHicms cuc-
memu nepeobavae, wo 06’ckm mpusumiptuil. Icnyroms yughposi cnocobu idobpadicenns ousnux ampaxmopie 8 3D 3a dono-
MO2010 CHeyianbHUX NPUCHIABOK, BOHU NIOKTIOYAIOMbCsL 00 OOCTIONCYBAHOT CuCmeMU i 00 NEPCOHANbHO20 Komn tomepa. Yum
Oinviua mounicmo maxoi npucmagky mum oinviua ii éapmicms. OOHAK HASGHA MOJNCIUBICIb 3a OONOMO20I0 NPOCHIUX MameMa-
MUYHUX Onepayiil peanizysamu 6i000paxicenHs OUBHO20 AMPAKMOPY Ha eKpari ocyunoepagpa y ncesdo 3D. Tpu makomy nioxodi
He 6Mpaaenocs iHghopmayis npu 06p06ui cuzHany, 6apmicm npunady meuua. Cmpykmypy 00 ’ekma 00CIONCEHHS MONCHA
NOpIGHAMU 3 MAMEMAMUUHOI0 CUMYTAYICI0 06epmaioyu 1020 8 dias’oeo/wy npocmopi 6i0pasy nicns nioknouenHs. MpoOX CueHanie
00 npucmasku, 6e3 dooamrosux npozpam. OCHOGHI MAmeMamuyi onepayii peanizyiomucst 3a OONOMO2010 ONePayiiHuX niocu-
J08AYiB, IHEEPMOPIB, AHANO208UX NOMHOJICYBAYIE I ananoeig sin/cos nomenyionempa. Cmamms npucésuena psoy npucmpo-
ig-npucmaeox 0o ocyunocpagdy sKi 0aronb MONCIUSICMb 0bepmamu OusHi ampaxkmopu 8 ncesdo 3D no 060x, abo mpbom ocsim.
Y nasedenux pobomax nassui cxemu npunadie i Heobxiona ingopmayis 013 camocmitinoi peanizayii. [lpusedeni 0ocrioxicenHs
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0eMOHCIMPYIOMb NOCTIO0BHICb PO3BUMKY 10€i, nocmynosutl 6i0Xi0 6i0 AHAN0206020 SIN/cOS nomeHyiomempa 00 11020 YUPPosux
ananoeis, posuwupenns dianazory obepmantsa 6id 90 do 360 epadycis. Keposana moxciugicms nposedenus nioujuHi nepepisy
no ooniii 3 oceil i ompumanns nepemuny Ilyankape. Busnayeno ocnosni cmpykmypui enemenmuy npunadig, KOpOmKo ORUCAHO
pobomy Oeaxux 3 Hux. [[ns Kpawozo po3yminHsa pobomu maxkux npucmpois Hageoewi 300paxcents SKi LIIOCMpPYIOns ROGOPOMi
v @pazoeomy npocmopi. Ilesna xinvkicmo 300pasicens 0yna nepemeopend 3 YOpHO OIIUX HA KOTbOPOi | 00AMKO80 ONPaLybOBAHO.
3’8c08aHO nepchekmuHUL PO36UMOK MAKUX RPULAdIs.

Kimro4oBi cnoBa: dunamiynuii xaoc, ampakmop, cenepamop, nepemun Ilyankape, pazosa niowuna, npucmpii, cueHar,
MaAmemMamuyna mooens.

Formulation of the problem. The study and search for new mathematical models exhibiting the proper-
ties of dynamic chaos are often carried out not only with the help of specialized software but also by creating
real prototypes of the proposed models. They can be carried out by a set of discrete elements, analog computer
(operational amplifiers, analog multipliers, logic elements — carrying out mathematical operations) or with the
help of programmable gate arrays (FPGA). Often the papers compare the results of: numerical modeling; simu-
lation (PSpice, MultiSIM, OrCAD); and the characteristics of a real prototype. In case of exclusively software
implementation and simplification of the mathematical model, strong discrepancies with the more real case are
possible [1], a large number of differences in the software and real implementation can be found in [2] when
considering strange attractors. The structure of such objects is given in 3D exclusively in the software reali-
zation, and when modulating in the simulator or on the oscilloscope screen exclusively in the X-Y mode, less
often in the X-Y-Z mode. The researcher is limited to three options for displaying the strange attractor (X-Y,
Y-Z, X-Z), choosing two signals from the electronic realization of the system of equations under study. This, in
the case of a simple attractor shape, is sufficient for perception and comparison with the software version. How-
ever, this approach does not give an idea of depth and causes difficulties in studying the structure in the case of
attractors of complex shapes [3-5].

Analysis of recent research and publications. The development of semiconductors has made operational
amplifiers, various logic elements, as well as microcontrollers, FPGAs, and the development of programmable
analog arrays (FPAA) [6] very accessible. The realization of dynamic chaos generators solely on discrete ele-
ments is becoming less common. Often the developed systems are tested in practice using an analog computer
[2, 6]. The approach to the synthesis of such systems is reviewed in [7], the synthesis of individual elements to
create nonlinear circuits is described in detail. A modular construction system as a tool for teaching problems
is tested in [8], the combination of modules allows generating more than 30 strange attractors. Another paper
proposes a simple and flexible analog computer for the study of linear and nonlinear systems [9]. The design
of electrical circuits based on differential equations, synchronization and the use of FPAA is devoted to [10]. A
hybrid analog computer capable of modeling systems up to fourth order is proposed in [11], all necessary infor-
mation for its replication is available. A detailed guide to the application and use of such systems is described
n [12], historically the development is given in [13]. Modern commercial versions of analog computers are
proposed in [14, 15]. The implementation of the circuit using FPGA is discussed in [16]. The paper describes a
way to rotate the attractor in 2D as part of an implementation on an FPGA, it is assumed that the parameter ¢
can be used as an additional parameter for information encoding. A development of the work is [17], now the
rotation is possible in 3D using the developed algorithm CORDIC (Coordinate Rotation Digital Computer),
which performs calculations of sine and cosine functions, for systems with fractional order. Realization of both
works is carried out on FPGA and part of information is lost due to transformations on DAC and ADC. Also
used expensive FPGA — Artix-7 XC7A100T, so this method is not universal for the study of the structure of
attractors of complex shapes [18, 19].

The above-mentioned robots allow to realize the system of equations in the form of an electric circuit and
display a strange attractor on the oscilloscope screen in X-Y mode. However, in none of the reviewed works, as well
as numerous works devoted to the study of dynamic chaos generators, no application or description was found, as
separate and universal, of devices that allow to consider strange attractors in pseudo 3D and with the ability to rotate
them in phase space.

The purpose of the article. Consideration of existing methods of visualization of 3-dimensional signals
using oscilloscope in X-Y mode, i.e. conversion of signals of 3D objects into pseudo 3D by displaying them on 2D
oscilloscope screen. Providing some found works devoted to such devices, variants of their practical realization and
use. Identification of key structural elements of such devices and prospects for further development.

Presenting main material. Rotation matrices are used to rotate a three-dimensional image by an angle ¢ in
the Cartesian coordinate system. By multiplying the original point coordinates with one of the orthogonal matrices,
new point coordinates are obtained. Rotation matrices and coordinates of points in rotation along one of the axes
can be written as specified in (1). In the case of sequential rotation along two axes, the coordinates obtained at the
first step are multiplied with another rotation matrix.
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1 0 0 x| X =x
M (9)=|0 cose —sing ;M (¢):|y|=| ¥ =y-cos(p)+z-sin(p)
0 sing cos@ |z | |z =—y-sin(@)+z-cos(p)
cosp 0 sing x| [ x =x-cos(¢)+z-sin(o)
M,(e)=| 0 1 0 [ M/(e)|y|= y=y @)
—sing 0 cos¢ |z | |z =—x-sin(¢)+z-cos(p)
cosp —sing 0 x x =x-cos(¢p)—y-sin(o)
M_(¢)=|sing cos¢ 0 M_(¢):|y|=|y =—x-sin(@)+y-cos(¢)
0 0 1 z z=z

where M, ((p) — rotation matrix along one of the axes; x,y,z — coordinates of the initial point; x,y,z — coordi-
nates of the point rotated by some angle o.

An example of such an approach is described in [20, p. 127]. There are several ways to perform the above
transformations, in the considered work are used already practically unavailable sin/cos potentiometer (another
possible option is a resolver), a simplified scheme is shown in Figure 1. To perform the operations and obtain the
required sign, an inverter (to obtain -zsin(¢)) and two adders are used. Points A, B, C, D are the sin/cos leads of the
potentiometer from which are taken: zcos(g), xcos(), xsin(¢), zsin(¢). The case mentioned in the paper illustrates
two consecutive rotations, along the Y-axis, then X'. The third obtained signal Z' can be fed to the Z input of an
oscilloscope (if available), thereby adjusting the luminance of the outlying areas. The rotation angle of the above
circuit is limited to 90 degrees due to a design feature of the potentiometer.

A later work [21] also uses a sin/cos potentiometer, but to rotate the 2D image, but the input signal is not
fed directly to the potentiometer, but to 4 analog multipliers, the sin/cos signal is taken from the potentiometer (or
it is possible to feed signals from an external oscillator bypassing the element). Improvements to this circuit are
presented in [22], it consists in reducing the noise affecting the stability of the output signal. For this purpose, the
authors replace the sin/cos potentiometer with a “resistive ladder” and 4 computer-controlled multiplexers, inverters
and 4 buffers.

SiniCos Pot 1
- i R X
[ }—=—>0
Add.
N~
l/
S~
1~

I {R:;}Qdd '_]Z'
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Fig. 1 Schematic diagram of the image rotation attachment based on sin/cos potentiometer in series on two axes

Thus, the circuit allows to rotate the 2D image with a step of 15 degrees (7 gradations within the first quad-
rant). After buffering, the summation of signals takes place at the differential inputs of the display, or, in the absence
of such inputs, in the case of an oscilloscope, adders are added before the buffers. Rotation by 360 degrees is possi-
ble by supplying the opposite end of the “resistive ladder” with an anti-phase signal (-X, -Y). A different scheme is
proposed in [23], the sin/cos potentiometer is replaced by a pair of EPROMs and a set of multiplying DACs to which
the X, Y lines are also connected. The adjustment is done with a conventional potentiometer and ADC (controls the

ISSN 2521-6643 Cucremu ta TexHoorii, Ne 1 (69), 2025 271



EPROM pair), the rotation step is about 0.35 degrees (256 bits provide 90 degrees rotation). Two polarities of the
signal (-sin(x), -cos(x)) are provided by inverters, then through multiplexers the received signal is mixed and fed to
the buffer from which X', Y' are taken. The considered works cannot be directly used for rotation of strange attrac-
tors in 2D since the proposed schemes are designed for specific specific purposes (study of visual stimuli; rotation of
an image obtained from an electron microscope). However, they demonstrate a tendency to replace sin/cos potenti-
ometer with its digital analogs and basic blocks for performing mathematical operations using an analog computer.

Mention of further development can be found in [24], a number of methods for the study of nonlinear dynam-
ics are given, including the work of [25]. It describes a multifunctional analog device that allows: to rotate strange
attractors in pseudo-3D by 360 degrees relative to any axis continuously or manually; to perform a plane section
in phase space along one of the axes; to display the upper or lower part of the split attractor; to display a Poincaré
section along one of the axes by controlling the position of the section surface, and it is possible to display the
“first return” in the forward and backward directions. The grid of dots indicates the reference plane (X-Y plane is
accepted) for better understanding of the relative position of the projection plane. The limitation of the device is
the frequency range from 0 to 20 kHz, but by replacing the microcircuits with higher-frequency ones it is possible
to extend the specified range. For a more visual explanation are given the figures from this work (Figure 2, 3), they
were converted from black and white to color with the help of visual-paradigm service.

(d) (e) ®

Fig. 2. Projections on the plane V -V, (a), three-axis rotation (b), rotation by some degree, projection to X -Y,, (c), top
part of the attractor (a) when rotated by angles (b) at different projections (d-f) [25]

The planes on which the attractor projections fall have been added to each figure. In the case of (d-f) the posi-
tion of the reference plane is indicated. The figures show a strange attractor, the signals for which are obtained from
the Chua scheme [26]. The Figure 2 show the following: (a) — projection of the strange attractor on the plane V -V ,
without rotation; (b) — explanation of rotation in two-dimensional space, where numbers in axis indices indicate the
order of rotation with respect to axes by angles -¢ (50.6), -¢ (18.3), ¢ (166); (c) —rotated attractor, projection on the
plane X -Y , rotation angles are not specified in the work; (dy-f) — upper part of the rotated attractor by angles (b) and
its projections on the planes X -Y , X -Z, u Z -Y..

Figure 3 show the following: (a) — Projection of the attractor on the plane (-1 )-V_, three planes of cross sec-
tions S1-S3 in phase space are shown in red color; (b-d) Poincaré cross section in forward and backward directions,
trajectory directions are indicated by the red arrow (the instrument can display either or both); (e-f) — The attractor is
rotated to @ (56.3), is the map of the first return in the forward direction, projected on the plane X -Y . The extended
structural diagram of the device is shown in Figure 4.
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The (Pre.Amp.) blocks provide pre-scaling of the input signal. Block (Timing.Gen.) and multiplexer (M1)
provide continuous rotation or manual input of the rotation angle, in the proposed design the input is provided by

(d) (e) ®

Fig. 3. Projection of an unrotated attractor in the plane (-1 )-V , (a), cross sections in the phase plane S1-S3 (b-d),
rotated attractor (a) and cross-sections in the phase plane S1-S2 (e-f) [25]
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Fig. 4. Structural diagram of the device for rotation and section creation [25]
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dialing a binary number from 0 to 512 using latching buttons, step 0.7 degrees (in [23] the input was performed
with a smaller step, but with less control). Three blocks (Counter) are required to perform continuous rotation and
angle control, if it is not required can be replaced by a switch. Through the data buses (Bus A, B) information about
the selected angle is entered into the ROM, coefficients from it into the unit of rotation operation. Three two-di-
mensional rotation devices (Rot. 0-1) and a permanent memory device (ROM) are used, the principle is similar to
[23]. At the output there are 4 sampling and storage units (S&H), comparator (Comp.), which allows to realize the
display of Poincaré section, upper or lower part of the attractor relative to the section plane (control is convention-
ally designated as potentiometer Con.2). The set reference signal (r) controls the distance from the selected plane
(conventionally labeled as potentiometer Con.1) to the section surface. This mode is enabled by the switch (Sd),
change of the projection plane by the switch (S1). A more detailed explanation with many examples and a complete
schematic diagram with element ratings and additional information for making the device can be found in [25]. A
simpler device, but based on a modern element base, is given in [27]. The appearance of the device is shown in
Figure 5 (a), the demonstration of the rotation of the attractor obtained by realizing the Lorentz system by different
angles is shown in Figure 5 (b-i) [28].

(2 (h) (1)

Fig. 5. Prototype device pseudo 3D rotation (a), strange atractor at different angles (b-i) [28]

The device is only used to rotate the attractor, in two axes. The rotation is available for 360 degrees. The
principle of operation is similar to the works [23, 25]. The device can be divided into the following blocks: signal
pre-scaling; rotation angle adjustment; rotation angle expander up to 360 degrees; analog computer to perform
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mathematical operations; rotation angle indication and generation of control signals. Replacing the ROM with a
PIC16F874 microcontroller made it possible to add the indication of the rotation angle for two axes on LED indica-
tors. It also, together with the two digital potentiometers, performs the function of sin/cos potentiometer. Similarly,
together with the inverting stages, it provides an extension of the swing angle range up to 2x. The rotation step is
1 degree, and the control is realized on two potentiometers, coarse and fine, for each of the two axes. The frequency
range is limited to 20 kHz, but can be extended by replacing the element base. Even greater demonstration can be
achieved using stereoscopy methods, which can be used to a greater extent in laboratory work, such methods are
described in detail in [29].

Conclusions. The variants of realization of devices for rotating attractors in phase space and displaying the
projection on one of the planes were considered. The main element of such devices is a sin/cos potentiometer or
its analog. It is used to realize an orthogonal transformation that allows to rotate 3D objects into pseudo-3D. This
element can be realized with the help of a bundle: ADC, ROM with coefficient table, digital-to-analog multiplier.
Changing the ROM to a microcontroller allows additional functions to be introduced, e.g. indication and rotation
angle extension. Thereby reducing the overall size of the device. Combining and modifying the developments of
[25, 27] is promising. Transfer of the device to modern element base, increase of frequency range, control of rota-
tion of dynamic chaos generators of greater dimensionality, more control over the rotation angle (input of binary
number/controller) and separate functions of the device. For example, Poincaré section, displays of the top and
bottom of the attractor (separated by the section plane), distance to the section plane, switching between projections,
automatic/manual rotation.
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TEXHOJIOT'Ti EKCKYPCIMHOI'O TA CYIIPOBIJTHOT'O OBCJYTI'OBYBAHHSA
Y COEPITYPU3MY TATOCTHUHHOCTI

Cmammio npUCesueHo ananizy ma cucmeMamu3ayii mexHonoziti eKCKypCitinozo ma cynposionozo 00Ciye08y8anHs.
¥ chepi mypusmy ma 20CMUHHOCI, 3d PI3HUX MPAKIMYBAHb eKCKYPCii ma cynpogooy: no-nepute, K mypucmuynoi nociyau,
KON 3ACMOCO8YIOMbCA 20N0BHUM YUHOM CEPBICHI MEXHON02IUHI nputiomy, no-opyze, K Memoody HAGUAHHA 3 GUKOPUCTIAHHAM
Hacamnepeo nedazo2iuHux NPULoMie, no-mpeme, K IHCIMPYMeHny peKiamu ma NonyApu3ayii 3 npiopumemnum 6a3y6aHHAM Ha
Mapremuneosux incmpymenmax ma PR-mexnonozisx. O0rpynmosano cniibhi ma 6iOMIHHI pUcu Migic eKCKypCieo ma cynposo-
00M, 3aNPONOHOBAHO NOHAMMSL eKCKYPCiliHO-Cynposionozo 3axody (EC3). Hagedeno agmopcoky mexHonoiuHy cxemy cynposooy
MUn08020 00HOOEHHO20 NIZHABAILHOSO ABNMOOYCHO20 MYPY AK NPUKIAJY Ma NIOTPYHMS 015 (POPMYBAHHS CHIGHOAPMIE MYpPUC-
MUYHO20 CYNPOBOOY 8 YMOBAX «EKOHOMIKU BPAICEHbY.

Oxpemi nociiyeu ma 3a2anom OisibHicmb, H08 A3aHA 3 NIO20MOGKOI0 MA NPOBEOCHHAM eKCKYPCItl Ma CYNPO8o0Y, a MAKodIC
3 eKCKYPCIlIHUM Ma CYRPOSIOHUM O0OCTY208Y8AHHAM MYPUCUYHUX NOOOPOdCel, OCGIMHIX, OiNOGUX MA PEKAAMHUX 3aX00i8,
€ 3MICINOBHO MA MEXHONO02IYHO CKAAOHUMY ONePaYisMU, U0 BUMAAIOMb OOCUMb WUPOKO20 CNEKMPY NPOPECtinUX 3HANb, HABU-
YOK Ma 0COOUCMICHUX XapaKmepucmux it ROCMauaibHuKie, BKII0UAIONU 8UCOKY 6I0NOGIOATbHICHIb (V M. Y. (DIHAHCO8Y), 00i3HA-
nicmo 3 Google-kapmamu ma npagunamu CmeopeHHs KOHMeHNY 018 COYIATbHUX MePedC, CIMPecOCMItiKiCmb ma e(exmugHicmy
¥ NpUHAMMI piuiens 3 YpaxyeanHam 6eTUUe3H020 CReKMPy MONCTUBUX HenepedbdayeHux cumyayiti nio yac nodopodici. Pozmeorc-
VBaHHs eKCKYPCii ma cynposody 3a1edcumy 6i0 CniggiOHOWEHHs eKCKYPCIlIHUX ma CynpogioHux nociye. byov-axka exckypcis abo
8 YioMy npozpama mypucmuiHoi noodopoici ABIAE coboIo pe3yIbmanm meopuo20 Npoyecy, oe YiHyemucs Kpeamus, He3gUUHICMb
ma inougioyanvruti nioxio. Tomy npoyecu exckypCilino2o ma CynposioH020 00CIY208Y8aHHs He MOJCYymMb Oymu niodani abco-
omuii gpopmanizayii. lpu cmandapmuzayii mexHONOIMHUX NPOYECi8 NMYPUCMUUHO20 CYRPOBOOY Md NPO6eOeHHs eKCKYpCill
8 YMOBAX (EKOHOMIKU BDAJICEHbY 8APMO 3HAUIMU «3010MY CePeOUHY» Midic 3abe3neyeHHaM BUCOKOI AKOCIMI NOCTY2 Ma NPOABAMU
mMeopUoi YU ma KpeamusHoCmi.

Kir040Bi c110Ba: exckypcilino-cynposionuii 3axio, mexHono2is npoeedeH s eKcKypcii, mexHon02is MypUCMUYHO20 Cynpo-
800Y, eKCKYPCItiHi Memoou ma npuiiomMu, «eKOHOMIKA BPANCEHLY.

Horb K. M., Korneyev M. V., Horozhankina N. A., Kucher M. M. Technologies of excursion and accompanying service
in the sphere of tourism and hospitality

The article is devoted to the analysis and systematization of technologies of excursion and accompanying services in the
field of tourism and hospitality, under different interpretations of excursion and accompanying: firstly, as a tourist service, when
mainly service technological techniques are used, secondly, as a method of training using primarily pedagogical techniques,
thirdly, as a tool of advertising and popularization with a priority based on marketing tools and PR technologies. The common
and distinctive features between an excursion and accompanying are substantiated, the concept of an excursion and accompany-
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ing event (EAE) is proposed. The author s technological scheme of accompanying a typical one-day cognitive bus tour is given as
an example and basis for the formation of standards of tourist accompanying in the conditions of the «economy of impressionsy.
Individual services and in general the activities related to the preparation and conduct of excursions and accompaniment, as
well as excursion and accompaniment support for tourist trips, educational, business and advertising events, are substantively
and technologically complex operations that require a fairly wide range of professional knowledge, skills and personal charac-
teristics of its providers, including high responsibility (including financial), awareness of operating Google maps and creating
content for social networks, stress resistance and efficiency in making decisions, taking into account the huge range of possible
unforeseen situations during the trip. The distinction between excursion and accompaniment depends on the ratio of excursion
and accompaniment services. In modern conditions, it can be considered relevant to improve, create and implement national
standards and educational, methodological and instructional and regulatory materials on tourist support, taking into account
international standards. But both the excursion and the tourist travel program as a whole are the result of a creative process,
where creativity, unusualness and an individual approach are valued. Therefore, the processes of excursion and support services
cannot be subjected to absolute formalization. In standardizing of the technological processes of tourist accompaniment and
conducting excursions in the conditions of the «experience economyy, it is worth finding a «golden meany between ensuring high
quality services and manifestations of creative imagination and creativity.

Key words: excursion and accompanying event, excursion technology, tourist accompaniment technology, excursion
methods and techniques, «economy of impressionsy.

ITocranoBka npodaemu. OpraHizamis eKCKypciit Ta CYNPOBOLY B TyPHCTHIHOMY IpoIeci Ta B TOCTHHHOCTI
€ BaYXJIMBOIO CKIIQJOBOKO K cepu 0OCIyroByBaHHs, TaK i HaBYaHHS, BUXOBaHHS, HAJIATO/DKEHHS Ta YKPITUICHHS
JITOBUX 3B’sI3KiB, 3a0€3MeueHHs CTa0IBbHOTO MOTOKY CIIOKUBaYiB. Sk 3arajibHUM MUTaHHSM Ta MPoOJIeMaM opra-
Hi3aIlil, Tak 1 OKPEeMHM TEXHOJIOT1sIM, METOAWYHUM Ta TEXHIYHUM MPHIHOMaM MiATOTOBKY Ta 3A1HCHEHHS €KCKYypCii
1 CyIIpOBOJIiB MPUCBIUEHO 3HAYHY KiJbKICTh HAYKOBUX Ta HABYATHHO-METOJUYHMX MPAIlb, [II0 AKTUBHO BUKOPHCTO-
BYIOTbCA y MPAKTUYHIN IiSUIBHOCTI, HacamIepen B TypU3Mi Ta TOCTHHHOCTI. AJie IPU LbOMY CJIa0KO MPOCTEKY-
FOTBCS PO3MEKYBaHHS y 3TraJIaHUX TEXHIKaX Ta MPUHAOMAaXx ITirOTOBKH Ta MIPOBEICHHS EKCKYPCIH i CYIPOBOMIB pi3-
HOTO 3MiCTY, IITbOBOTO MPU3HAYCHHS T4 KOHTHHICHTY.

ExckypciitHa Ta cynpoBigHa JisUIBHICTh B CyJacHHX YMOBaX B YKpaiHi aKkTHBHO PO3BHUBAETHCS Ta BIOCKOHA-
JIIOETHCSI, HE3BAYKAIOUW HA BC1 MEPEIIKOIN Ta BUKIUKH, 1 TIOCTYITOBO HAOIMIKAETHCS JIO CBITOBHX Ta €BPONCHCHKUX
BHUMOT 1 cTanmapti. [IpoTe ci1abo BpaXoOBYEThCS KOMILICKCHHN IMiIX1JT IO 3aCTOCYBaHHS €KCKYpCIHHUX Ta Cynpo-
BiTHUX TE€XHOJIOTiH B KOHTEKCTI pO3MEXYBaHHS MiIXOIB IPH ypaxyBaHHI KIIFOUOBHX IiJIeH MisUTBHOCTI BKA3aHOTO
HanpsIMy, HacaMIepe/ SIK IJIaTHOI MMOCIIYTH, K IHCTPYMEHTY BUXOBAHHS Ta HABYAHHS 1 SIK €JICMEHTY MOTMYJISpH3AIIii.
VY 11poMy 3B’3Ky MOKHA BBKATH aKTyaJbHUM PO3IVISL Ta CHCTEMATU3AIII0 eKCKYPCIHHUX Ta CYIPOBIAHUX TEXHO-
JIoTiH Hacammepes 3a Pi3HUX LiNbOBUX YCTaHOBOK.

AHaJi3 ocTaHHIX JocaizKeHb i myOsikanii. TexHonorii, METOMUKH, OKpeMi TeXHIUHI NpuioMHu (SIK Tpa-
JUIIIHHI, TaK 1 IHHOBALiifH1) MIATOTOBKHU Ta MPOBEICHHS €KCKYPCill 1 CynpOBOAIB € IPeAMETOM BHBYEHHS 0araTbox
HAyKOBIIIB Ta MPAKTHUKIB, IO MPEICTABICHI K Y YACICHHAX JDKEPETaX HaBUYAIGHOTO IIPU3HAYCHHS, TaK i B HAYKO-
BHX po3poOkax. Cepen (axiBiiB, y poOOTax SKHX JIETAIbHO OOIPYHTOBaHI BKa3aHI METOJMKH Ta TEXHIKH, BAPTO
3a3HaynTh Hacamnepen Takux: O. Crapunens [1], O. Illectens [1], JI. Marsiituyk [1], O. Koposns [17], B. Kintenko
[14], O. Manunogceka [14], T. JIucrok [19], O. Tepemyxk [19], O. Amutpyk [19], K. Bepec [5], O. B. KoBanenko
([15], [16]), C. C. I'anacrok [7], M. M. Binsanuceka [2], JI. I. bornapenko [2], O. M. Jlaze6Ha [2], I. B. Maika
[20], O. B. Kacuneus [13], T. Cokomn ([26], [27]), O. B. I'appumrok, JI. B. IliBasoBa [6], H. C. Hemepernwuii [23],
M. M. Tlokononna [23], €. €. Kpiserko [18], M. M. ITokononna [18] Tomro.

OxpeMi 3 HaBEJCHUX Ta iHIIMX Mpanb MOBHICTIO MPUCBAYCHI €KCKYPCiiHiil Ta YaCTKOBO CYIIPOBiAHIN Misinb-
HOCTI, B IHIIMX BOHA PO3MIAJAETHCSA AK €JIEMEHT OUIBII 3arajJbHOTO 3MICTY, TOJIOBHUM YHWHOM Yy SIKOCTi OJHOTO
3 KIIOYOBUX HAMpsMIB opraHizamii TypUCTHYHOI AisiabHOCTI. IIpy LbOMy BiacHE eKCKypcii y OiibLIocTi podiT
PO3MIANAIOTECA MAaKCHMAJIbHO I'PYHTOBHO, 3 JE€TalbHUM OINKCOM YCIX OpraHi3aliifHO-TEXHOJOTITUYHUX €JIEMEHTIB
(eKcKypciiiHa METOIHKA, eKCKpriﬁHHﬁ METOJI Mi3HAHHS, MTPUAOMHU Ta TEXHIKH eKCKypcii'IHOFO MOKa3y 1 po3MOBiIi
TOH_IO) CYIpPOBITHA X HisIIbHICTH ONHCYETBCS B OCHOBHOMY q)parMeHTapHo Ta eMi30JUYHO, TOJIOBHUM YHHOM SK
CBO€p1,I[H€ JONOBHEHHS IO €KCKypciliHOi. Takok c1ab0 MpOCTEXKYETHCS 1 YITKICTh PO3MEXKYBaHHS MDK EKCKyp-
CI€I0 Ta CYNIPOBOAOM, III0 YCKIIATHIOE (DOPMYBAHHS Ta 3aCTOCYBAHHS KOHKPETHUX TEXHOJNOTIH. BkazaHi oOcTaBuHN
3YMOBJIIOIOTh HEOOXiTHICT YOOCKOHATICHHS METOXMYHHX Ta OpraHi3amiiHO-TEXHOJOTTYHUX 3acaj] IMiITOTOBKU Ta
MIPOBEICHHS €KCKYPCIH 1 cprOBomB Hacamrepen y ctepi TypH3MYy Ta TOCTUHHOCTI.

MeTol0 cTATTi € aHAJIi3 MiIXOMAIB Ta CUCTEMAaTH3allis] TEXHOJIOTiH eKCKYpCiHHOro Ta CyNnpoBiIHOTO o6cny—
TOBYBaHHS, BKIIIOUHO 3 1HHOBALIMHWUMHU, 3 MO3UIIH HOr0 LiJIbOBOTO MPU3HAUEHHS Ta KOHTUHTEHTY CIIOXKHBAYiB,
OOIPYHTYBaHHS BIIMIHHOCTEH MiX EKCKYPCIHHOIO Ta CYMpPOBIIHOIO CEpPBICHOIO MISUIBHICTIO Ta BiJIIOBiAHOTO
MOHSTTS €KCKYPCIHHO-CYIIPOBITHOTO 3aX0AY, PO3pOOKa TEXHOJIOTIYHOT CXeMU CYIPOBOAY THUIIOBOTO OIHOJEHHOTO
TYPY €KCKYPCIHHO-TII3HABAIEHOTO CIIPSIMYBaHHS B YMOBaX «EKOHOMIKU BPAsKCHD).

Buxknax ocHOBHOT0 Matepiauty. B cydacHiii miteparypi mpeacTaBieHO BEIUKY KUTbKICTh BU3HAYECHB Ta TPaK-
TyBaHb €KCKYpCii, 3HAYHO MEHIIOI0 MipOI0 OOTPYHTOBAHO MOHATTS TYPUCTUIHOTO CYIIPOBOLY, O€3 SKOTO B KJIaCHI-
HOMY pO3yMIiHHI HE MOXKe OOIUTHCE K OyIb-sIKa €KCKYPCis, TaK 1 TYPUCTUIHHNA MapmpyT. 3 00’ €KTUBHUX MO3HUIIIH
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eKCKypcii Ta CyIpOBOIY MAIOTh SIK CIIUIBHI PUCH («00IacTi HepeTHHAHHY), TaK 1 BiAMiHHI. Byab-skuii ekckypcoBog
3aBXKAU € CYNPOBOKYBaueM, ajie Aajieko He BCAKUN CympoBia € ekckypciitHuM. CymnpoBin 3a3Bu4aii nepeadayae
HacamIiepes opraHizaliifHo-TexHiuHe 3a0e3MeueHHs MepecyBaHHs JIOACH y MPOCTOPi 3 IEBHOI METOI, HAlMmpH-
MITUBHIIIKUN BapiaHT CyPOBOAY — eJIEMEHTapHEe MPOBEACHHS JItoIel MICIIEBICTIO JI0 3a7]aHOT TOUYKH HaONTHMallb-
HimmM nuixoM. [To Mipi Toro, Sk Take «IIPOBEACHHS» BKIIOYA€ OKPEMi €IeMEHTH MToKa3y 00’€KTIB Ha MUIIXY Ta
PO3IIOBIII PO HUX, IO BUKJIMKAE IIEBHUH iHTEpEC Y CYIPOBOKYBAHUX, CYIIPOBi MOCTYIOBO MEPETBOPIOETHCS HA
EKCKYpCIit0, CyIPOBOIXKYBaHI 0COOHM — Ha €KCKYPCaHTIB, JIO0 TIOBHICTIO MiATOTOBJICHOTO Ta BIAMPAaIlbOBAHOTO MapIil-
PYTy 13 3aCTOCYBaHHSM HaWOUIBII TPUAATHOTO JJI HHOTO CIIEKTPY €KCKYPCIHHUX MPUAOMIB JIJIS JOCATHEHHS Bill-
BiJlyBa4aMH TyPUCTHYHOTO «WOW-eQeKTy». [Ipy boMy Ta 3MICTOBHA MEXa, Jic¢ 3aKiHUYETHCS CYIIPOBIJ] Ta MMOYH-
HA€ETHCS EKCKYPCisl, 3aJISKUTD B/l NTIHOWHY OIPAIIOBAaHHS 3MICTY Ta CTYTICHS IiATOTOBJICHOCTI T'iJja y 3aCTOCYBaHHI
HpUIOMIB ITOKa3y Ta PO3MOBifi.

Jig THX TypUCTHMYHHMX MapIIPyTiB, IO BKJIIOYAIOTh OINIBIIE OJHOTO MPOTYASHKOBOTO 3aXOJy Ta BiABiAYy-
BaHH4, 3a3BUYail (GyHKII] CyNIpOBiAHOTO Ta €KCKYPCIHHOTO 00CIYrOByBaHHS PO3MEXOBYIOTECS: TOJIOBHUM 3aBJIaH-
HSIM CyNpOBOMIXKYBaua € 3a0e3nedeHHs Oe3nepebiifHOCT] peanizalii mporpaMu MoJOPOXi Y Yaci Ta mpocTopi, exc-
KypCOBOZa — HaJlaHHs AKICHUX €KCKYpPCIHHHMX IOCIYT, KOJIM KOXKHa €KCKYpCisi B Typl PO3LIHIOETHCS K CBOEPiAHA
«BHCTaBa» 31 CBOIMU clieHapieM Ta (adysoro [17], 6e3BIAHOCHO CTyMeHs 11 Tearpasizamii. SIKIIo cynpoBOIKyBayu
3a MPOTrPaMoIO MOIOPOXKI, MTOPS]] 3 OPraHi3aliMHUMHE, HaJae Xo4ya O emi30uuHI eKCKYPCIiHI MOCITyTH (HATPHKIIA],
03By4Yy€ IIiKaBy JOPOKHIO 1H(OpMAIIiIO i Yac TPUBAJIOro aBTOOYCHOTO IMepei3ly y SKOCTI OJHOTO 3 MPUHOMIB
3a0e3MeueHHs TOro, 00 TYPUCTH HE CKYYalld B JIOPO3i, TOPSI 3 MTOKa30M (iIbMY a00 MPOCITyXOBYBaHHSM ayJ1io3a-
MMUCIB BIAMOBIJHO JI0 TEMATHKH TYPY), TO TaKy pOOOTY, Ha HAIIl TIOTJISII, B)KE MOXKHA HAa3BaTH €KCKYPCIHHUM CyIpo-
BOZIOM, @ CYIIPOBOIXKYBada — I'1JOM-EKCKYPCOBOIOM.

VY 3B’s3Ky 3 BHIIEBUKIIAJCHNM, Y MOJAIBIIOMY B Iiif cTaTTi MU OyAeMO OmepyBaTH 37¢OUIBIIOT0 MOHATTIM
«EKCKypcitHO-cynpoBigauit 3axin» (EC3), 3 ypaxyBaHHSM BENIHMKOTO CIEKTPY MOXIIMBHX BapiaHTIB CIiBBiJHO-
LIEHHS eKCKYPCIHUX Ta CYMPOBITHUX MOCIYT Ta BUAIB CEPBICHOI AiSIIBHOCTI B OAHOMY TaKOMY 3aXO7i.

IIpencraBneni y 6ararb0x HayKOBUX pO3pOOKax Ta HaBYAIbHO-METOAMYHHX MPALAX YUCICHHI KiIacu(ikarii
eKCKypCiil (eKCKypCiiiHO-CYNpOBIAHUX 3aX0A1B) 3a PI3HUMH O3HAKaMH (HacamIleper 3a 3MiCTOM Ta MPU3HAYSHHAM,
CKJIaJIOM YYacHHKIB, MiciieM Ta (hOpMOIO TIpoBeleHHs i criocoboM mepecyBanus ([14], [17] Ta iH.)) 3yMOBIIOIOTH
3aCTOCYBaHHS PI3HUX MIIXOMIB J0 1X OpraHi3allii Ta 3MiHCHEHHS, a BiIIOBITHO 1 10 TEXHOJOTIYHUX 3acaj] Ta METO-
JTUKO-TEXHIYHUX MPUHOMIB SIK TX MiArOTOBKYU (IIPOEKTYBAHHSA), TAK 1 pealizailii. 3 HaIIoi TOYKU 30Dy, B Cy9aCHUX
YMOBaxX Ba)XJIMBHM € PO3MEXYBaHHS TaKuX migxoxiB Hacammepen mis EC3, ski MOXHA TPaKTyBaTH 3 HACTYITHUX
TPHOX KITFOUOBHX TTO3HUITIH:

1) sIK MIaTHY MOCIYTY B CUCTEMI HacaMIlepea TYPUCTHIHOTO OOCIyTOBYBaHHS;

2) sIK HaBYAIbHO-BUXOBHUH 3aXijl B CHCTEMI OCBITH;

3) sIK peKJIaMHO-IIOMYIApU3aLiHUN 3aXiJ B CHCTEMI AIJIOBUX KOMYHIKallilf Ta MAPKETHHIOBOTO KOMILICKCY.

3anexHo Bij MpeAcTaBIeHUX TphoX TiyMadeHb EC3 oueBuAHUM € (pakT BUKOPUCTAHHS AU(DEepEeHLIIHOBAHOTO
MiIX0Ty 0 OOpaHHS METOJIB Ta TEXHIYHUX MPHUHOMIB 1 MiATOTOBKH, 1 peaiizamii Takux 3axomiB. Y Tadm. 1 mu
3IIACHUIH cIIpoOy 3arajbHOI CHCTEMATH3Aallii OCHOBHUX XapaKTEPUCTUK KOKHOTO 13 TAaHWX BUIUICHUX THITIB 3aX0-
IiB, BKIIFOYHO 3 TEXHOJOTIYHOIO Crenn(ikok0, 3 YPaxyBaHHIM IIFOBOTO MPH3HAYEHHS Ta OCOOIUBOCTEH OIUIATH
1 I[IHOYTBOPEHHSI.

Bapto npoanaizyBary HaBeJieHy TaOJIHUITO.

KnacwyHi TypHCTHYHI eKCKypcii Ta cynpoBoau (GOPMYIOTHCS 3 YpaxyBaHHSIM HAsBHOTO PUHKY €KCKypCiid-
HUX TOCIYT, HA HAX BCTAaHOBIIOETHCS KOMEpLifHA PUHKOBA IiHA 3 YpaxyBaHHAM IONHTY i KOHKYPEHIII Ta 00H-
paroThCsl MPUHOMH IOKA3y 1 PO3MOBiAI, [0 MAKCUMAJIBHO MOXYTh IIPUEMHO 3[MBYBaTH TYPHUCTIB. 3a3BUUail Taki
EC3 npoBoxsThes MilleH30BAaHUMH Ta CepTH(IKOBAHUMU TilaMU, K y CKJIaJi TypiB, TaK 1 y SIKOCTI «CaMOCTIHHUX»
BUJIB IJIATHUX HOCHYT. [Ipy oMy JUIS TypUCTIB — FOCTEH 3 IHIIMX MICT, PETiOHIB Ta KpaiH, Taki eKCcKypcii crpsi-
MOBaHi B OCHOBHOMY Ha ()OpMyBaHHsI IOZUTUBHOIO 00pa3y BiJIBiAyBaHOTO MicCLs, AJIsl MiCLIEBUX MELIKAHIIIB — Ha
MOCUJICHHS IOYYTTS MaTpioTU3MY, JI000B1 0 «Manoi 0aTbKiBIIMHI». Ajle B 000X BUIAAKaX aKLEHT POOUTHCS Ha
IIKaBOCTI 1H(pOPMAIIi U IIMPOKOTO 3arajiy, eCTETUYHOCTI KPAaeBUIIB Ta OKpEMHUX 00’ €KTIB MOKazy. ['ianu-eKCKyp-
COBOJIM Ta TYPUCTHYHI i CYyTO €KCKYpCIHHI yCTaHOBH B ITbOMY BUIIAJIKY, KPiM JIIIICH3yBaHHS Ta CepTU(IKAIITy cdepi
TYPUCTHYHHX HOCIYT, B YMOBaX KOHKYPEHIIl MIParHyTh 10 3a0e3MeUeHHs] MaKCHMAIIBHOI SIKOCTI €KCKYPCIHHIX Ta
CYIIPOBIJTHUX TIOCIYT, 3 ypaxyBaHHSIM MiKHAPOIHUX, HAIlIOHALHUX Ta «BHYTPIIIHEO()IPMOBHX» CTaHIApTIB [22].

Exckypcist Sk BaXIMBHH iHCTPYMEHT HaBYAIGHOTO Ta BUXOBHOTO IPOIIECY Iependadae, y mepiry 4epry, Taky
oOyIOBY MapIIpyTy Ta BimOip iHpopMarlii 1 06’€KTiB MOKa3y, 10 MAKCHMAIBHO PO3LIMPIOIOTE KPYro3ip, 3abe3me-
YyIOTh HOBI 3HaHHS, ()OPMYIOTh HABHYKH JPYXKHBHOTO MOBOPKCHHS B KOJIEKTHBI MiJ 4ac MOAOPOXKI, HaTPiOTHYHI
MOYYTTS Ta IOBAry A0 IHIINX KYJIBTYp, EKOJIOTIYHY CBiIOMICTh TOILO, B OKPEMHUX BHUIIAJIKAX € EIEMEHTAMH peai3a-
1ii KOHKPETHUX HaBUAIbHUX MporpaM. B Takux EC3 mmpoko 3acTOCOBYIOTHCS Pi3HOMaHITHI MeAaroriyHi NpuioMu
Ta METOJH, TOJIOBHUM YHHOM 3a0XOYyBalIbHI, CIIPIMOBaHI HA HEBHMYIICHE 3aCBOEHHS HABYAJILHOTO MaTepiaiy,
HaNpUKJa, irpoBi, CIOCTEPEKEHHS Ta MOPIBHAHHSA 1 T. 1H. 3a3HaueHi EC3 3a3Buyaii He mepeciilyioTb KoMepLiiHO1
METH, ajie IX OpraHi3aTopH, sSK IPaBIIO, BUMYIICHI OpaTH IIaTy 3 YYaCHHKIB, TOJIOBHHUM YHHOM 3 METOIO IIOKPUTTS
MMOTOYHUX BUTPAT Ha iX 3IiiiCHeHHS (TpaHCIIOPTHI BUTPATH, BXiHA IIaTa B My3eil abo mapk Tomro). KoHTrHTeHTOM
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TaKHX €KCKypCii B OCHOBHOMY € 3700yBaui OCBITH Ta CiIyXadi HaBYAJIBHUX KYPCIB 1 TPEHIHTIB, 10 IPETEHAYIOTh
y KiHIIEBOMY MiICyMKy Ha OTPUMAaHHS JOKYMEHTY IO OCBITYy (aTecrary, AUILIOMY, cepTHdikaty Tomo). Cranmap-
TU3allis eKCKYypCIHHUX MOCHyT Ta cepTH]ikalis i JileH3yBaHHSI €KCKYPCOBOIB y IIbOMY BHIAIKy OPi€EHTYETHCS
MEPIIOYEPTrOBO Ha BiJIMOBIIHI CTaHAAPTH Y cepi OCBITH.

Tabmung 1
CyTHicTh Ta KJII040Bi opraHizaniiiHo-TexHi4YHi NpuiioMu MiATOTOBKH i MpoBeIeHHs
Pi3HOCTIPIMOBAHMX €KCKYPCiiiHO-CynpoBiTHUX 3aX01iB

T'osioBHI BUAM npuiioMiB

(moxasy Ta po3nosBisui)

Exckypciiino- OcobauBocTi . .
Co Ta TeXHiK 15 MiATOTOBKH .
CynpoBiTHMii OcHoBHA MeTa omIaTu Ta i mpoBeen s Tunosuii npukJaag
3axig HiHOYTBOpEeHHS P

SIx TypucTUuHa

Hapauus sikicHoro

Komepriiiina puH-

CepgicHi mpuiiomu: GopMyBaHHS

Exckypcis «Henos-

KOHTPOJIEM 3aCBO€HHS MaTepiaiy

mociyra €KCKypCiifHOTrO KOBa LliHa MapIIpyTy Ta TEKCTY, Bin0ip 00’ek- |TopHa bapcenona» y
cepaicy TiB, 3aC001B IMOKa3y 1 PO3MOBI i ckiazi Typy «Yapis-
JU1st 3a0e3Te4eHHs MaKCUMaIbHOTO | Ha [cmanisy
TYPUCTUYHOIO WOW-E(EKTY
Sk meton 3akpirieHHs Ha- Bigmkonysanns | [lenarorivuni npuitomu: Metonu ta | Exkckypcist my3eem
HaBYaHHS Ta BYAJIHOTO Marepia- | TOTOYHUX BUTPAT |TEXHIKM HAaBYaHHS i3 3aCTOCYBaH-  |icTopii Ykpainu mis
BHUXOBAHHS Ty B mikasiii popmi HSIM HAOYHOCTEH, 3 000B’SI3KOBUM | 3aKpIIJICHHS Ha-

BYaJLHOTO MaTepia-
my 3 icTopii Ykpaian

SIK iHCTpYMEHT
pexnamu ta PR

3abe3meyeHHs 1o-
MyJISPHOCTI cepery
CIIO)KMBAYiB Ta
TapTHepiB

BeskomroBHE
MIPOBEICHHS

MapKeTHHIOBI TPUHOMH: TIOKa3
KJIFOUOBHX 00’€KTIB Ta AUISHOK, 1110
M IKPECTIOI0Th BUT1IHICTh OOpaHHS
3aKJIaAy U CIOKUBAHHS TTOCIYT,

Pexnamna exckypcis
rOTEIbHO-PECTOPAH-
HUM KOMIUIEKCOM
«bapronomeo»

JITOBOTO MAapTHEPCTBA, IHBECTHIIIN
abo micus poboTH

Licepeno: cknadeno asmopamu

Peknamui ekckypcii Ta cynpoBOAM MarOTh 32 OCHOBHY METy B HAHOIJbII BHUTIIHOMY CBITII MPE3CHTYBATH
MIEBHY TPYITy 00’ €KTIB HA MiCIIEBOCTI 200 y MPUMIMICHHSX Ta OyIiBIsAX (K MPABHIIO THX, IO PO3TAIIOBaHI Y MEKaX
OJTHOTO 3aKJIaTy, IiIIPUEMCTBA, KOMIAHIT), JUI TOCSTHEHHS TOJIOBHUM YHHOM KOMEPIIIHHO-II0BUX IIineit. Opra-
Hi3amis Ta npoBeAcHHs Takux EC3 Ge3nocepeiHho He MOB’S3aHE 3 MOXKIIMBICTIO OTpUMaHHs MPHUOYTKIB 1 HABITH
BiJIIKOyBaHHS MOTOYHHX BHUTpAT, HABIIAKH, BOHHU Iepen0avaoTh IEBHI BUTPATH HiAMPHUEMCTBA, IO CIIPSIMOBAHI
TOJIOBHUM YMHOM Ha OIIIaTy Ipatli ¢axiBIiiB 3 pexyiamu Ta PR, y ckimazi 3ararsHUX BUTpAT HAa MAPKETHHIOBI 3aXOIH.
AJie KIHIIEBOIO METOIO y IAaHOMY BUTIAJIKY € (DOpMYyBaHHS MMO3UTHBHOTO iMiKy Ta 00pa3y MicCIs, IO B OCTATOYHOMY
HiCyMKy 3a0e3mneuye cTablIbHICTE pOOOTH MiANPHEMCTBA, BKIIOYHO 3 MPUOYTKOBICTIO. «KIiTlieHTaMM» TakUX eKc-
Kypciii 3a3BMUail € HOBI HAHATI MpaLiBHUKKA a00 MPETEHACHTH Ha BaKaHTHI NIOCAIH, MPEICTaBHUKH KOMIIaHii-1H-
BECTOPIB Ta A1IOBUX MapTHEPIB, KYPHAIICTH Ta MOTEHU1AHI crioxuBadvi. s npoBenenns ganoro tumy EC3 3acro-
COBYETHCS IIMPOKHH CIIEKTP peKIaMHUX Ta PR-IHCTpyMEHTIB, TOJIOBHUMHE CepeNl SIKMX CITiJl Ha3BaTH MPe3eHTaliiHI
npuiioMu. Y IIbOMY BHITAIKy MOBa HE e PO SKIiCTh MOCITYT Ta Oyab-Ki CTAaHIAPTH MO0 iX HaTaHHS, KPIM THUX
KBaJTi(hiKaIiHHIX BUMOT, 110 BUCYBAIOThCS J0 (axiBIIiB 3 pekinamu Ta PR.

Oxkpemo ciin Bia3HaunTh ekckypceii Ta EC3, mo nmpoBomsAThCS SK MPOTpaMHi 3aXOAW B PaMKax HAyKOBHX
KOoH(epeHIIii, ATOBUX Hapaj, BUCTABOK HOBHX JIOCSATHEHBb TOIIO. Y IbOMY BHIQJKYy O3HAKH KOXKHOTO i3 3a3Ha-
YCHUX TPHOX LINbOBHUX Pi3HOBHIIB EC3 3HAXOIATHCS y CBOEPIAHOMY «IEPEIIICTCHHI» Ta «B3a€MOIPOHUKHEHHI.
YdacHHMKH TaKUX €KCKypCill 3a3BH4ail OTHOYACHO € i AUTOBUMH TYPUCTAaMH, 1 IITOBHMHU NapTHEPaMHU OpraHizaTopiB
3ax0fy, 1 MPEeTCHACHTAaMH Ha OTPUMAaHHS cepTU(diKaTy yJacHUKA SK JOKyMEHTY NP0 HAaBYAHHs ab0 MiJBUILCHHS
KBadiQixarii.

B ninomy Bci po3mIsIHYTI Ta 4aCTKOBO CHUCTEMATH30BaHI IIbOB1 PI3HOBUAM €KCKYPCITHO-CYNPOBIAHUX 3aXO0-
IiB XapaKTepU3yIOThCA SIK BIIMIHHUMM, TaK 1 CIIIBHUMU prcaMu. KoxkHa TEXHOMIOTiS MiATOTOBKU Ta MPOBEACHHS
EC3 y Oymp-sixoMy pa3i Mae 0a3yBaTHCs Ha IPUHIUIIAX TOCTUHHOCTI K KITIOYOBOI OCOOHCTOI PHCH pealtizaTopiB
TakHX 3axoliB [8], mepembayary iX TOCKOHAJI KOMYHIKATHBHI KOMIIETEHTHOCTI [9], BIIMOBIIHUHI OCBITHIi piBCHb
1 ¢ax, Ta JOCTOBIPHICTH iH(OPMAITiT, IO HATAETHCS i Yac eKCKypCii.

3arajyioMm TEXHOJIOTI1 SIK MiATOTOBKH, TaK 1 MPOBEJCHHS €KCKYPCiii Ha JJaHWH Yac € JOCTaTHbO PO3POOICHUMH,
JeTalbHO OOTPYHTOBAaHMMH Ta IMUPOKO 3aCTOCOBYIOTHCSI HA MPAKTHUIN. T€XHOJOTIi X KJIACHIHOTO TYPUCTHIHOTO
CYIIPOBOJIY B HaIlliii KpaiHi Ha TaHWH Yac po3poOiIeHi OKH 10 JOCUTH C1a00, Y HaBYaJIbHIN Ta HAyKOBiH JiTeparypi
3yCTPIYaroThCs, K BXKE 3a3Ha4dajocs, 3a3BUUail B €Mi30QUYHOMY Ta ()parMEHTapHOMY BUIVIA[I, B OCHOBHOMY SIK
JIONIOBHEHHS 10 €KCKYPCIMHUX Ta «TypHUCTUYHO-OPraHi3alifHuX» TEXHIK, METOAIB Ta npuitoMiB. TypomepaTopchki
Ta TYPareHTChKi KOMIaHil y IIbOMY 3B’S3KY, SIK IIPABUJIO, 3 YPaxXyBaHHAM JOCBiy PO3pOOJISIOTH CBOI TEXHOJIOTI Ta

ISSN 2521-6643 Cucremu Ta Texrouorii, Ne 1 (69), 2025 281



BCTAHOBIIIOIOTH BIACHI «BHYTPINIHbO(IPMOBI» CTaHIapTH H MpaBUIa TyPUCTUYHOTO CYIPOBOY, Ha MiACTaBi SIKUX
HABYAIOTh Ta KOHTPOIIOIOThH BiJINIOBITHUI TepCOHAIL.

Hmxde npencraBieHo aBTOPChKY TEXHOJIOTIUHY CXEMY CYNPOBOAY TUIIOBOTO OJHOJCHHOTO aBTOOYCHOI'O eKC-
KypCiHHO-BIAOYMHKOBOTO TYpy Ui TPYyIH TYPUCTIB 3 20 YONOBIK, 110 BKJIIOYAE MOCTIIOBHO: MEPei3a 10 1HIIOTOo
MICTa, OTNIIOBY €KCKYpPCilO0 UM MICTOM, 00i1 B Kade, BiIBiMyBaHHS My3€l0, BUTBHUI Yac Ta 3BOPOTHIN mepei3.
JaHa cxeMa MOXKe CITY’KUTH MUIOTHUM MaTepiaioM Uil 0OTOBOPEHb Ta AUCKYCiH 3 METOIO OAATBIIOTO BIOCKOHA-
JICHHS iCHYIOUMX, (DOPMYBAaHHS HOBHX Ta 3aTBEPIPKCHHS 3arallbHUX CTaHAAPTIB TYPHCTHYHOTO cympoony. OTxe,
MTOCJTIZIOBHI JIii CYyNMpOBO/XKYBada TAaKoro Typy IIiJl 4ac WOTO IiJrOTOBKH, MPOBEIEHHS Ta MiJBEJCHHS ITiJICYMKIB
MOJISTAIOTh Y HACTYITHOMY.

1. 3a omue abo aBa AHI 10 OYATKY TYpPY BigBimaTH o¢ic TypHCTHYHOI KOMIIaHii — po3po0HHKa Typy Ta OTpH-
MaTy JIeTajlbHi KOHCYNBTAIII]l Ta YCHO 3’CyBaTH BCi HIOAHCH MOCIIIJJOBHUX MIPOTPAaMHUX 3aXOJIiB TYpYy.

2. OTpuMary MakeT JOKYMEHTIB 1 MaTepiaiiB Ul peasizamii Typy — «IHanky («Bajli3Ky») CyIpOBOIKyBaday,
110 MICTUTBH: (pipMOBY TaOINUKy TYpUCTUYHOI (pipMM Ul JEMOHCTpAL]l IpH 30MpaHHI ITPyHH Ta Ui PO3MIILCHHS
Ha J1000BOMY CKJII aBTOOyca mia 4ac Typy (3a yMOBH Y3TOKEHHs 3 MEPEBI3HUKOM); IPYHNOBUN CTPaXOBUHU MOJIC;
Mpanop TYPUCTHYHOI KOMITaHIl Ui rpymnoBoro ¢ororpadyBaHHsS Ha 3HAKOBHX MICIIX; PO3APYKOBAHY IpOrpamy
TYpy 3 TAUMIHIOM Ta KOHTaKTaMH YCiX HaJaBadiB OKPEMHX MOCIYT; CIIUCOK TPYIIN 3 HOMEPaMH Telle(hOHIB KOKHOTO
TypHCTa Ta BKa3aHHAM MiCIIs B aBT06yci' CXEMy PO3CajKu TYPHUCTIB IO MICIIAX B aBTOOYCI; MaImipIli 3 HOMEepaMu
MICIIb B aBT06y01 IPYKOBaHI peKJIaMHi MaTeplaJm Ta CyBEHIpH Ha 3raJKy IpoO MOTOPOXK.

3. Y pa3i HeoOXigHOCTI OTpHMATH TOTiBKOBI KOIITH IS OTUIATH OKPEMHUX ITOCIHYT (B HAIIOMY BHITA/IKY — TPaH-
CIIOPTHHX, €KCKYypPCIHHUX, BXiIHI KBUTKH B My3€H, XapuyBaHHs), iepepaxyBaTd y MPUCYTHOCTI IpeICTaBHUKA-KOH-
CYJIBTAHTA BiA TYpUCTHUHOI pipmu.

4. Y pa3i HeoOXiTHOCTI YTOUHEHHSI IEBHUX HIOAHCIB MOJIOPOXKI 3B’SI3aTHCA 3 HaJjaBadaMHu MOCIyT (Hacamrie-
pen 3 MepEeBi3HUKOM Ta €KCKYPCOBOIOM IO MICTY).

5. Y pa3i HeoOXiJTHOCTI HANKMCATH Y YaT FPyIH TYPHUCTIB O 1iH MOJOPOXKi B OAHIM 13 COLIaIbHUX MEpEX (Yar
CTBOPIOETHCS PO3POOHHUKOM Typy) OKPEMi HACTAHOBHU TYPHUCTaM MO0 peUeii, JOKYMEHTIB Ta JIIKiB, SKi BAPTO B3STH
3 c000I0 B Typ, Ta (GopMH OASTY 3 YpaxyBaHHIM MPOTHO30BAHUX ITOTOAHUX YMOB Ta IHIIUX 0OCTABHH.

6. 3BUIBHHUTH TaM’SITh BIIACHOTO CMapT(OHY I HAaKOMWYeHHs GoTorpadiii Ta Bijeo3anuciB MaiOyTHLOTO
TYypy.

7. Y neHb peaiizallii Typy B3ATH 3 COOOI0 «BaIi3Ky CYIPOBOKYBaday, OTpUMaHI TOTIBKOBI KOITH, cMapT(hOH
Ta 3apsAIHI MPUCTPOI. 3’ IBUTHCS Ha MICIle 3yCTpivi TPYIH 3a 15 XBHIIMH J0 MOYaTKy Typy. Y pasi BiICYTHOCTI aBTO-
Oycy Ha MICIIi OIIepaTHBHO 3B’SI3aTUCS 3 BOIEM.

8. Ilpu nmpubyTTi aBTOOYCY MO3HAHOMHTHCS 3 BOMIEM Ta pO3paxyBaTHCS 3a TPAHCIIOPTHI MOCIYTH, NEPeBi-
PHUTHU caJoH aBTOOYCY Ta CHAIHHS, IEPEBIPUTH POOOTY aBTOOYCHOTO MiKpo(hOHA, PO3KIACTH MAMipLi 3 HOMEpaMu
o MiclixX. 3’CyBaTu 3HAHHS JAOPOTH BOAIEM, Y pa3i HEOOXiJHOCTI KOPUCTYBATHCS BIACHUMM 3HAHHSIMU JOPOTH,
JoBiKOBUMH KapTorpadiunumu Google-cepBicamu Ta TesneOHHUMHU KOHCYJIBTALISIMU NIPEACTaBHUKIB IpUHMaro-
4Oro Micra.

9. 3ycrpitu rpymy Ot aBTOOYCY 3 AEMOHCTpAIi€0 (ipMOBOI TaONWYKH TypUCTUYHOI KoMmaHii. JIF00’s;3HO
3aMpoIIyBaTl TYPUCTIB IO aBTOOYCY HOYEPrOBO, OTOJOIIYIOYH KOXKHOMY HOMEp Horo micus. Y pasi 3ami3HeHHs
KOTOCH 13 TypUCTIB TEPMIHOBO 3 HUM 3B’3aTHUCS Ta 3’ ICyBaTH 0OCTABUHH, HAraIaBIIIH, 1110 YaC OYiKyBaHHS HE MOXE
TIEPEBUIYBATH 15 XBHIIHH.

10. [Tics BUi3my aBTOOYCY B TYP 3 BUKOPUCTAHHSAM MIiKpO(OHY IIIe pa3 MPHUBITATH IPYITy, HOOaKaTH TTO3UTHB-
HOTO HacTPOIO, MPEACTABUTHCH Ta NIPEACTABUTH BOJis, OTOJIOCUTH HOMEP aBTOOyCy Ta MpOrpamy Typy, IPOAHOHCY-
BaBILM B 3a0X0UyBaNbHill Gopmi Bei 3axoan mix yac Typy. BBiunuBo mompocuTy 10TpUMyBaTHCh TaHMIHTY IiJ 9ac
TYpy Ta MiATPUMYBaTH YHCTOTY B aBTOOYCI.

11. 3’scyBatu Micie HaiOMMxK4I0i KOMGOPTHOI aBTO3aNpaBHOI CTaHII{ JUIs MepHIol CaHITapHO-TEXHIYHOT
3YNUHKH Ta BU3HAYUTH OPIEHTOBHUI Yac ii BiABiAyBaHH:, PO 110 OTOJIOCUTH B MiKPOQOH.

12. 3B’ a3arucs 3 eKCKYPCOBOJIOM 110 MiCTy BiJIBilyBaHHS, BU3HAYUTH (YTOUHUTH) MICIIE Ta Yac 3yCTpiyi.

13. B 1opo3i mepioquaHo HaJaBaTH IiKaBy JOPOKHIO 1H(1)0pMau1}0 Ta KOHTPOIIOBATH HACTpIH y TypUCTHIHIN
rpym OHepaTI/IBHO pearyBaTi Ha CKapru Ta mo0akaHHs TyPHUCTIB, MOCTIHHO MIATPUMYIOYH KOM(DOPTHUI ICHXOJIO-
TIYHUHA KTiMaT B TPYTIi.

14. ITo mpuOyTTi KO MicIs MEPIIOT caHITapHOI 3yIMHKH YiTKO OTOJIOCUTH Yac BIANPABICHHS Ta KOHTPOIIO-
BaTH BYACHICTH 300py TypHUCTiB Ta Bia i3my. [1ix yac 3ynuHkM 310paTy mamipili 3 HOMEpaMH MiCIIb.

15. 3’scyBatu Miclie Ta 4ac IpyTroi caHITapHOI 3yIUHKH OJIFDKYE 710 MiCTa BiJBiTyBaHHS, aHAJIOTI9HO KOHTPO-
mroroun yac nepeOyBanHs rpymu Ha A3C.

16. Ilepen B’i310M 10 MiCTa MPU3HAYCHHS BAPYTE 3B’ A3aTHUCS 3 NPUIIMAIOUUM TiIOM, OCTaTOYHO 3’sCYBaBIIU
MiCIIE Ta Yac 3yCTpiyi.

17. IMicng 3ycTpivi 3 MiCLIEBUM €KCKYPCOBOZOM PO3paxyBaTUCs 3 HUM, IPEACTaBUTH HOTO IpyIli Ta epenaTu
oMY IOBHOBa)KEHHS CYIIPOBOKYBa4a Ha Yac eKCKypCii, HaJaBIIH 3py4HE MiCIe B aBTOOYCI 3 MIKPO(OHOM.

18. Ilix yac ekcKypcii CTEKUTH 3a TPYIOIO Ta HACTPOEM Y T'PYIIi, KOHTPOIIOBATH Yac. Y HaWOUTBII 3HAKOBUX
MICIIIX OpTaHi3yBaTH Ta 3pOOUTH CIIIbHI TPYMOBI ()OTO 3 MPATOPOM TYPHCTUIHOT KOMITaHii.
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19. 3a roguny 110 00imy 3B’s13aTHCA 3 aIMiHICTPAaTOpOM Kade Ta y3roguTH yac 0011y, HFOAHCH W00 MPOi3Iy
Ta MAapKyBaHHS aBTOOYCY, yTOUHUTH KUIBKICTh YYaCHUKIB TPYNH, 110 OyIyTh 00igaTH.

20. [Ticxst 3aBepiIeHHS €KCKYPCii MONPOCUTH €KCKYPCOBO/A HaJlaTH 3aralibHi MOpaau rpyi, e 1 AK 3 KOPUCTIO
Ta 33J0BOJICHHSM IIPOBECTH B JAaHOMY MICTi BUIBHHI yac, HOASKYBaTH 3a €KCKYpCito Bia cebe Ta Bij yciei rpymu.

21. 1o mpubyTTIO B Kade po3paxyBaTuCs 3 aAMIHICTPATOPOM 3 YpaxyBaHHIM (aKTHIHOI KUTBKOCTI yYaCHUKIB
TpyIH, MO 0011aI0Th. 3’ICyBaTH MOCAIOYHI MICIS UL TPYMH Ta MICIE CaHITApPHOTO By3Ja. 3allpOCUTH TPYILY 1O
kade, HaMpaBUBINY 70 CaHBY3J1a Ta MOCAJAKOBHUX Micilb. CIiZIKYBaTH 3a TAWMIHTOM ITiJ] yac 00iay. 3a HeoOXiMIHOCTI
3apsAAMTH CMapT(OH BiJI CTAIIIOHAPHOTO JHKEPEia KUBICHHS.

22. ITix yac 00ixy 3aTeneOHyBaTH 10 My3€l0, OCTATOYHO 3’SICYBaBIIH Yac PUOYTTS TPYITH, TPUBAIICTH EKC-
Kypcii Ta onIsily eKCIIOHATiB, OCOOIMBOCTI MPOI3/y Ta MapKyBaHHS aBTOOYCY.

23. Ilicna o0ixy MoAsSKyBaTH 3aKJIady XapayBaHHs BiJ ceOe Ta Bij rpymnu. 3i0paBiiu rpymy B aBroOyci, migda-
JBOPUTH yCIX Ta MPOAHOHCYBATH BiIBiyBaHHS MY3€IO.

24. 1o npubyTTi A0 My3€I0 po3paxyBaTHCs 3a My3€iHy €KCKYypCilo Ta 3 ypaxyBaHHSIM (aKTU4HOI KUIBKOCTI
YYacCHHUKIB — 3a BXiJIHI KBUTKHU. [103HAHOMUTHCH 13 My3€HHUM TifioM. 3allpOCUTH TPYIy A0 MY3el0, MPEICTaBUTH
€KCKYpCOBO/1a, MPU3HAYUTH Yac 300py B aBTOOYCI Micist My3eHHOT eKCKypCii.

25. Ilix gac mepeOyBaHHs B My3€i KOHTPOIIOBATH IPYILY, BKJIIOYHO i3 3aralbHIM HACTPOEM Ta IICUXOIOTITHUM
KJIIMaToM. 3poOUTH JeKiIbKa TPynoBHX (HOTO 3 mparnopoM. HampukiHil NoAsKyBaTH My3eHHOMY TiIy Bij ceOe Ta
BiJI TPyIIH.

26. Ilicns 3aBepieHHs niepeOyBaHHS B My3ei 310patu rpymy B aBTOOYyCi, epeixaTH y BU3HAUYCHE MicIle JUIs
MOYaTKy Ta 3aKiHYEHHsI TPOBE/ICHHS BUIBHOTO Yacy 3a OakaHHSM, 3alIPONIOHYBATH BapiaHTH. BU3HAYNTH Ta OTroJIO-
CHTH 4yac 300py Ipymu B aBToOyci Ta yac Bix i3ay. KOoHTpoIroBaTH NCUXOJIOTIYHUN KITIMaT B TPy Ta 3apAKEHICTh
BIIACHOTO CMapT(OHY.

27. Iicna 360py Tpynu B aBTo6y01 M0 3aBEepPIIEHHI BiJIBHOTO I1acy posnaru TypucTam peKﬂaMHl JUCTiBKU
Ta CyBeHlpH HAa 3raJIKy BiJ KOMMaHii — opraH13aTopa Typy. [licna Bin’i34y y HampsiMi JOMiBKHM MiABECTH MiJCYMKH
MOAOPOXKI, 3’SICYyBaTH HAMIIKABIII 1T MOMEHTH Ta MICIISL.

28. Ilix yac 3BOPOTHOTO Mepei3ay HaJaTH YCHO i3 3aCTOCYBaHHAM MIKpO(OHY peKiIaMHy iH(OPMAIIO 00
HACTYITHUX TYpiB KOMIIaHii, 32 0akaHHSAM TYPHCTIB 3a0e3MeuyBaTh MPOCIyXOBYBaHHS ayIi03aluciB ab0 meperisia
(GUTBEMIB, TIATPUMYIOUH APYKHI CTOCYHKH 3 TPYIIOr0 Ta BomieM. [lompocuTty ycix TypHCTiB He BUXOAUTH 3 TPYIO-
BOTO YaTy 10 PO3MIIIEHHS Y HhOMY aHKETH IIOJI0 OIiHKY CKJIAJIOBUX Typy Ta ii 3alTOBHEHHS, 320XOTHTH JI0 BHKJIA-
JICHHS B YaT OKPEMHX 0COOUCTHX (OTO Ta BiJICO3AMHKCIB 3 TYpY.

29. Ha 3BOpOTHOMY HUISIXY POOHMTH CaHITapHI 3yNUHKH 3 ypaxyBaHHSIM MOOa’KaHb TYPUCTIB, BUKOPHCTOBY-
roun Jumie komdoptHi A3C.

30. IIpu HaOMIOKEHHI A0 PiIHOTO MICTa OTOJIOCHUTH Ipo HpUOYTTS He3abapoM, Mpo MpaBmia 3yHHHOK Ta
BUXOJy Ha IUIAXY 70 KiHIEBOro myHKTY. [lompocutu He 3a0yBatu ocoducti pedi. [logskyBaTu 3a KOPUCTYBaHHS
MOCITyTaMHU KOMIIaHii.

31. 3a moTpebu 3ynuHATH aBTOOYC /17151 BUCAIKH TYPHUCTIB JIMIIIE HA Y3rOJKEHUX 3 BOJIEM 3yITUHKAX, JII00 I3HO
MPOINAIOYHCH 3 KOXKHUM TYPUCTOM Ta BUCIIOBIIOIOYH TIO3UTHBHI MTOOAKaHHS.

32. Ilpu nmpuOyTTi JO KiHIIEBOTO IyHKTY MOMPOINATHCEH i3 PEIITOI0 TPYIIH, I pa3 MOASIKYBAaTH Ta MOOaKaTh
YChOTO HaWKpaIIoro.

33. [IpoTarom mepiroi JoOH MiciIs 3aBepIICHHS Typy BUKJIACTH B YaT IPYIOBI Ta iHIII IiKaBi BIacHi GoTo Ta
BiJICO3AIIHCH 3 TyPY, TOOAKaTH OCTATOYHO YCIM YIaCHHKAaM YChOTO HAaHKPAIOTO Ta HEHAB SI3JIMBO 3aKIMKATH KYITy-
BaTH Ta 3MIMCHIOBATH HOBI TYpH KOMITaHii.

34. IIpoTsiroM THXHS BifBiZaTH o(ic TYpUCTHUHOI KOMITaHil, HTOBEPHYTH «IIallKy CYHIpPOBOKyBa4ay Ta Bi-
3BITYBaTu MpO CYNMPOBOKEHUH Typ, OOTOBOPHUBIIM 3 HOTO OpraHizaTopaMH CHIIBHI Ta Cl1a0Ki CTOPOHH MOJOPOXi
1 BapiaHTH yIOCKOHAJICHHS NIPOrpaMu Ta TEXHOJIOr1] ii peamizarii.

TakuM 4MHOM, JHLIE 13 3araJibHUX MO3MLIA HaaHOI TEXHOJOTIYHOI CXeMH CYNPOBOY THUIIOBOTO OJHO/ACH-
HOr0 aBTOOYCHOTO Typy 3 TPhOMa POTrPAMHHUMU 3aX0JaMH Ta BUIBHHUM YacOM CTa€ 3pO3yMIINM, IO TyPUCTHYHHHA
CYIPOBIJ SIBJISIE COOOI0 TOCUTH CKIIQJHUH CEPBICHUI IpOLIEC, SIKUI BUMarae HeaOUIKUX 3HaHb, BMIHb Ta 0COOHCTHIX
pHC Horo pealtizaTtopiB, BKIIOYAIOUYH HaJ3BHYAHY BiIOBINANBHICTE (Y T. 4. (piHAHCOBY), 0013HAHICTh B ONIEPYBaHHI
Google-kapTaMu Ta CTBOPEHHI KOHTEHTY JJIsi COIMEPEXK, CTPECOCTIHKICTh Ta ONIEPATHBHICTh Y IPHUHATTI PIllICHB,
3 ypaxyBaHHSM BETHYE3HOTO CIIEKTPY MOKIHBHX Herepen0adyBaHUX CUTYaITiil.

V CBITIIi BUILIEBUKIIAIEHOTO aKTyalbHUM B CyJaCHHX YMOBAaX MO)XXHA BBAJKATH BIOCKOHAIICHHS, CTBOPCHHS Ta
BIIPOBa/KEHHS HAIIOHAILHUX CTAaHAAPTIB 1 HABYAILHO-METOANYHHUX Ta 1HCTPYKTHBHO-HOPMATUBHUX MarepialiB
[OZI0 TYPHCTHYHOTO CYMPOBOY 3 YPaxyBaHHAM Ml)KHapOJIHI/IX HOpM. 3 iHIoro 60Ky, He BapTo 3a0yBaTH Mpo Te,
10 SIK eKCKypCis, TaK i porpama TypPHCTHYHOT nonoponcl B I[JIOMY SIBJISIE€ COOOIO pe3yJbTaT TBOPYOIo Mporecy, e
LIHYETHCS KPEaTUB, HE3BUYHICT Ta IHAUBIAyanbHUN mifxia. ToMy, Ha BiIMiHY BiJi OKpEMUX IHIINX BUPOOHUYUX
Ta CEPBICHUX TEXHOJIOTIH, MPOLIECH EKCKYpCIHHOTO Ta CYHpOBIAHOTO0 OOCIYrOBYBaHHS HE MOXYThb OyTH MiJfaHi
abcomoTHil popmanizaii.

VY npoMy 3B’SI3Ky BapTO HArOJOCHTH HAa BaKIMBOCTI €MOIIMHOI CKIAOBOI Y HAJaHHI 3a3HAYCHOTO BHIY
mociyT. B cygacHuX yMoBax y CBiTi i TypH3M, 1 TOTENEHO-PECTOpAaHHA CIIPaBa € Y He HAWSCKPABIIIM IIPOSIBOM Ta
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BiJI3ePKAJICHHSM «EKOHOMIKH Bpa)kKe€Hb), KOHIIEHIIiI0 AK0i B 1998 p. 3amouarkyBanu aMepUKaHChKi HaykoBLi J[xo-
3ed b. [Naitn 1 xeitmc X. Tinmop [6]. 3rigHO 3 JaHOIO KOHIIEMIII€I0, EKOHOMIKA BpaXeHb € Cy4YaCHHM €TaroM po3-
BUTKY CBITOBOTO TOCIIOAPCTBA, MIiCIIA BiAMOBIAHUX €TaliB MPIOPUTETHOCTI B €KOHOMILIl arpapHoro, iHAyCcTpiajib-
HOTO Ta CEPBICHOTO CEKTOPIB, Ta Mependayae BaXXIUBICTh HE CTUIBKU (POPMaJIbHUX MPOSABIB SIKOCTI 1 B1IMOBIIHOCTI
CTaHIapTaM TOBAPIB Ta MOCIYT, CKUTBKU «CTYTICHS MMO3UTUBHOCTI» THX €MOIIIH Ta BPAKCHb, SIKi BOHH BHKIIHKAIOTh
y cnoxkuBauiB ([4], [12] Ta iH.). ToMmy B HamoMy BHMaKy, MO0 CTAHIAPTH3aIllT TEXHOJIOTIYHUX MPOLIECIB TypHUC-
THYHOTO CYTIPOBOAY Ta MPOBEICHHS €KCKYPCii, BapTO 3HAWTH «30J0TY CEPEIMHY» MK 3a0e3IeUeHHSIM BHCOKOI
SIKOCTI ITOCIIYT Ta MPOsSBaMU TBOPYOi (aHTa3il 1 KpeaTHBy.

BucHoBku. Okpemi MOCIyTH Ta B MIJIOMY JiSUTBHICTH IIOJO MiATOTOBKH W TIPOBEIEHHSI €KCKypcCid Ta
CYIIPOBOJTY, & TaKOX EKCKYpCiiiHe 1 CyNpoBigHe 3a0€3MeUCHHS TYPUCTHYHUX IOIOPOKEH, HaBYATbHUX, JIIOBHX
Ta PEKJIAMHUX 3aXOJiB SBIISAIOTH COOOKO 3MICTOBHO Ta TEXHOJIOTIYHO CKJIAJIHI omeparlii, mo moTpedyroTh T0BOII
HIMPOKOTO CIEKTpY MpodeciiHuX 3HaHb, BMiHb Ta OCOOHCTHX XapaKTEpUCTHK Horo HajgaBadiB. Po3mexyBaHHs
MIX €KCKYPCI€I0 Ta CyNPOBOAOM 3aJICKUTh BiJl CHiBBITHOIIEHHS €KCKYPCIHHUX Ta CyNPOBIAHUX MOCIYT B OXHOMY
TYPUCTUYHO-TIPOTYIIHKOBOMY 3axofi. Bubip TexHomorii 3AiiicHeHHs! eKCKYpCiiiHOT Ta CyNmpoOBiAHOI AisUIBHOCTI
3aJIe)KUTh 3HAUHOIO MIpOIO Bijl MPOBIIHOI METH 3aX0lly Ta KOHTHHIEHTY BiJBiyBauiB, 110 AU(EPEHLIIOETHCS 32
TPbOMA KIIFOYOBHMH ITHOBUMH TPAKTYBAHHSIMHE €KCKYPCIHHO-CYTIPOBITHOTO 3aX0My: K TYPUCTHIHOI TOCIYTH, SIK
METO/Iy HaBYaHHS 1 K pexiaamHoro ta PR-iHcTpymMeHTy. OKpeMi TeXHOJIOTIT eKCKYpCIHHOTO Ta, 0COOIHBO, CYIpO-
BiJTHOTO OOCITYyTOBYBaHHS MOTPEOYIOTh BIOCKOHAJICHHS Ta CTAHAAPTU3Allii, 3 YpaxXyBaHHIM MIXXHAPOJHHUX HOPM Ta
TEHJICHIII «EKOHOMIKH BPaKEHbBY.
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CONSUMER LOYALTY PROGRAMS IN THE WORLD’S LARGEST HOTEL CHAINS

Types of consumer loyalty programs are considered depending on the number of participants, benefits, presence (absence)
of entry barriers for participants. By increasing customer loyalty, hotels partially abandon the idea of maximizing revenue at the
expense of customers, setting prices acceptable to them.

Consumer loyalty programs among well-known international hotel chains were analyzed, their pros and cons were
highlighted. It was found that one of the attractive aspects of the Marriott Bonvoy loyalty program is the opportunity to stay
for the fifth night for free, customers can transfer points to 40 partner airlines and have the opportunity to upgrade their room
category and take advantage of the benefits of the executive lounge, consumer incentives include converting points into retail gift
certificates, cruises, car rentals, tickets to concerts and sporting events. As of the beginning of 2023, the Marriott Rewards loyalty
program covered more than 192 million regular customers. In addition, there is an incentive program, within the framework of
which points are accrued for special events and banquets held in hotels according to a special scheme.

Hilton is offering a fifth night free. To use this opportunity, guests must have Hilton Silver elite status, which entitles them
to room upgrades, free breakfast, and additional points. The hotel chain has become a leader in terms of development, with its
membership growing by 110% between 2018 and 2023, reaching a total of 173 million members.

Hyatt offers numerous benefits within its loyalty program, including free breakfasts, waivers of resort fees and parking
fees on award nights, and guaranteed room upgrades. Hyatt has more than 48 million loyal members.

Wyndham Rewards partners with Caesars Rewards from Caesars Entertainment. This allows all members to combine
their accounts and earn and redeem points at Caesars properties; while elite members can earn corresponding status. As of
September 2023, Wyndham had 105 million members (up 78% from 2018).

In terms of earning points, Choice has two credit cards developed in cooperation with other companies. As of September
2023, Choice Hotels had 60 million members (up 54% from 2018).

The Accor hotel chain contains many elite and luxurious offers. Points in the ALL program are divided into four levels of
privileges. Using all the benefits of the loyalty program, it is possible to exchange the collected points for taxi rides, car rentals
and rail travel. As of June 2023, Accor had 89 million members, which is 40% more than in 2019.

Among the types of consumer loyalty programs that are actively used by international hotel chains, the following are
highlighted: rewards, special prices, free services, partner programs.

Key words: customer loyalty, consumer loyalty programs, hotel, hotel chain, hotel service, hotel room, international hotel
chains.

TI'oposrcankina H. A., Kopueese M. B., Il[onokosa I. B., /loszononui /. €. Ilpocpamu cnoxcuguoi noanvnocmi y
HAROLbWUX 20MEbHUX MePeHCcax Ceimy

Pozensanymo munonoeito npoepam cnojcuguoi 10A1bHOCMI Y HAUOLIbWUX 20METbHUX MePedlcax Ceimy 8 3aNedlCHOCHII 8i0
KLIbKOCMI YUACHUKIS, nepesae, HAseHOCmi (8i0cymuocmi) écmynnux 6ap'epie ona yuacnuxie. ITiosuwyrouu 10sSabHicmy KicH-
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mie, 20MenbHi Mepexci YacmKo8o 8IOMOBIAMbCA i0 i0el Makcumizayii 0oxodie 3a paxyHoK KIIEHMIB, 6CHAHOBTIOUU NPU-
uHAmHi Ona nux yinu. [Ipoananizo8ano npoepamu cnoxXcuguoi 10AIbHOCI ceped 8I00MUX MIHCHAPOOHUX 20METbHUX TAHYIOZIS,
8udineHo ix nepesazu ma HeQONIKU.

Bcmanosneno, wo oouieio 3 npugabausux cmopin npozpamu nosisHocmi Marriott Bonvoy € moocaugicmos be3kowimos-
HO20 NPOJICUBAHHSL HA 1 AMY HiY, NPU YbOMY KIICHMU MOJICYMb REPesooumu 6anu 00 agiakoMnaniti-napmuepie ma Maronib 3Mo2y
NOKpauysamu Kameaopiro Homepa.

IIpoepama noanenocmi Hilton dapye n’amy uiu npoocuganna besxouwmosgro. Llo6 ckopucmamucs yicto moocnugicmio,
KieHmu nogunui mamu enimuui cmamyc Hilton Silver, axuil 0ae npago na nokpawenns xamezopii Homepy, 6e3KOWmosHuUlL
cHioanok ma 000amxogi banu.

Mixcnapoona eomenvna mepexca Hyatt Hotels Corporation npononye yuciieHui nepesazu 8 Mexcax Ce0€i npospamu
JIOSIHOCHI, KII0YAI0UY De3KOUMOBHT CHIOAHKY, CKACYBAHHS KYPOPMHUX 300pi6 ma naamu 3a NapKy8anHs nio 4ac 6uHazopoo-
HUX HOYell, a MAKoC 2apanmosare nioBulLeHHs Kame2opii Homepis.

Wyndham Rewards mae napmuepcoki gionocunu 3 Caesars Rewards 6io Caesars Entertainment. Lle 0ae 3moey 8cim yuac-
HUKam 00 eOnamu c6oi 00niKosi 3anucu 1 ompumyeamu ma guxopucmosysamu banu y 3axradax Caesars; 600HOYAC YYACHUKY
eNiMmHO20 PIBHA MONCYIb OMPUMAmMU 8I0N0GIOHUL CHANYC.

1I]odo moocnusocmi 3apobimky banie, Choice Mae 08i KpeOumui Kapmku, po3pooieHi y CRignpayi 3 IHuuMu KOMIAHISMU.

TomenvHa mepesxca Accor micmums Oezniy enimuux ma poskiunux nponosuyil. banu ¢ npoepami ALL posnodineni
Ha womupu pieni npusineis. Bukopucmogyouu 6ci hepeeazu npospamu J0AIbHOCH, MOXNCIUBO 0OMiHI08amu 3i0pani banu Ha
NOI30KU Y MAKCI, OpeHdy asmomooinie ma nooopoxci 3atizHuyero.

Ceped munig npozpam CRO’CUBHOT NOATLHOCTI, SIKI AKIMUBHO BUKOPUCTOBYIOMbCA MIJICHAPOOHUMY 20METbHUMU Mepe-
aHcamil, BUOLIEHO HACMYNHI. BUHALOPOOU, CReYiabHI YiHu, Oe3KOUWIMOBHI NOCTYel, NAPMHEPCHKI NPOSPAMU.

Kito4oBi crioBa: osnbHicme KIi€Hmis, npoepamu CROJUCUBUOT OATbHOCHI, 20melb, 20MeNbHUll 1aHYloe, 20MmelbHd
nocyed, 20menbHull Homep, MIJNCHAPOOHI 20MeTbHI MepPediCi.

Problem statement. Customer loyalty programs are designed to keep customers interested and intrigued for
the longest possible period. Therefore, it is not easy to distinguish one from the others. Most hotel programs are
rewards programs — they are multifaceted schemes that depend on a variety of factors, such as the number of prop-
erties, bonuses for intermediate stages, points validity, transition nights, free stays, etc.

The growing interest of many hotel companies in increasing customer loyalty is not only due to the fierce
competition for customers among hotels, but also to this feature of the modern hotel market.

Loyalty programs ensure that consumers receive benefits when making repeat purchases from a company.
This does not include one-off promotions, as such programs are aimed at encouraging consumers to stay in regular
contact with a business over a long period of time.

In addition to stimulating demand for a company’s products or services, loyalty programs also create value for
customers. The customer can evaluate the program’s usefulness at two stages (when points are accrued and when
they are used).

Analysis of recent research and publications. The works of T.M. Baidak, V.O. Bolotova, M.H. Boiko,
O.B. Hirna, L.I. Haieva, O.Ya. Kobyliukh, K.V. Hurdzhyian, O.V. Zhehus, O.V. Illiashenko, O.V. Zozulov,
M.M. Ivannikova, L.O. Ivanova, O.M. Muzyka, N.V. Kuzmynchuk, T.M. Kutsenko, O.Yu. Terovanesova, M.P. Mal-
ska, I.H. Pandiak, Yu.S. Zanko and others were the theoretical and methodological basis of the study.

The goal of the article is to study consumer loyalty programs in the world’s largest hotel chains.

Presentation of the main material. The hospitality sector tends to use various loyalty programs to obtain
rewards, accumulate points, create exclusive clubs and establish partnerships with businesses working in other
hospitality-related industries. Consumer loyalty is a conscious choice of a particular company among alternatives.
Loyal customers are ready to bear additional costs (e.g., paying a higher room rate, spending extra time traveling,
waiting for inconvenient check-in or check-out times, etc.) if they know that a particular hotel offers the hotel prod-
uct or service they need most [1-9].

Currently, many loyalty programs can be divided into the following types depending on the number of partic-
ipants and the benefits they receive: by number of participants (partnership; own), by benefits received by the buyer
(programs related to the following material benefits; programs related to obtaining various kinds of privileges), by
the presence (absence) of entry barriers or conditions for loyalty program participants (open; closed) [10].

However, it should be noted that by increasing consumer loyalty, hotels partially abandon the idea of maxi-
mizing revenue at the expense of customers by setting prices that are acceptable to them [10].

Customers participating in loyalty programs are entitled to additional discounts and more favorable accom-
modation conditions. Meanwhile, if a hotel customer is forced to buy a room at another competitor hotel for some
reason, this does not have any negative consequences for them. The only possible consequence is that in the case of
an accumulative program, the transition to the next level of the loyalty program is somewhat slower (i.e. there are
no direct losses, only a loss of profit).

In other words, loyalty is not a one-way relationship (customer and hotel), but a two-way relationship (it
means that the client is loyal to the hotel, and the hotel, in turn, is loyal to the client). Thus, loyalty programs are a
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system of long-term relationships between customers and companies, in which both parties agree that immediate
benefits can be reduced for the sake of future long-term cooperation [10].

There is no one hotel consumer loyalty program which is ideal for every traveler. Some programs offer more
flexibility and prioritize earning points for free nights, while others emphasize special member-only privileges such
as free Wi-Fi access or upgrading the room category.

So let’s take a look at consumer loyalty programs among well-known international hotel chains.

According to the latest international estimates, Marriott, Hilton, Hyatt, Wyndham, Choice, Accor are consid-
ered to be the most well-known and attractive loyalty programs.

The Marriott hotel chain includes more than 30 brands and almost 8,700 properties in 139 countries and
regions. One of the attractive aspects of the Marriott Bonvoy loyalty program is the possibility of a free fifth night
stay. It’s about the guest getting the night at the lowest price, spending zero points, if he or she books five bonus
nights in a row [1].

Another advantage is that Marriott Bonvoy members can transfer points to 40 partner airlines (including
Alaska Airlines Mileage Plan and Asiana Club). In addition, guests can upgrade their room category and enjoy the
benefits of the executive lounge.

In addition, consumer rewards programs provide for the conversion of points into retail gift certificates, cruise
trips, car rentals, tickets to concerts and sporting events [2].

The Marriott Bonvoy rewards programs provide for the use of points for stays at partner hotels, including
payment for SPA treatments and restaurant visits [9]. Members have the opportunity to earn points for excursions,
tour packages and transport services by booking them through Marriott or their travel partners, such as Uber. Addi-
tionally, members can increase their points by making everyday purchases with any Marriott Bonvoy credit card.

The pros and cons of the Marriott hotel chain’s consumer loyalty programs are presented in Table 1.

Table 1
The pros and cons of the Marriott hotel chain’s consumer loyalty programs
Pros Cons
More than 7,000 participating hotels. Suite Night Awards cannot be used for partial payment of
accommodation.
Properties in more than 130 countries and located in cities, | Rooms in high-end hotels are worth a lot of points.
beaches, small towns, etc.
Rewards can be used for hotel stays, flights, car rentals, The highest level of Marriott Bonvoy membership is more
cruises, and vacation vouchers. difficult to achieve than the highest level in the Hilton
Honors and World of Hyatt programs.

Source: created by the authors based on [3]

By the beginning of 2023, the Marriott Rewards loyalty program had more than 192 million regular members. The
incentive system, which awards points for organizing certain events and banquets at hotels under special arrangements,
is popular with customers. The program is not limited in time. The points earned can be used to pay for cruises, resort
stays, car rentals and other services. Most clients actively use the benefits of the program, accumulating points for using
various services, but some avoid joining the club, fearing frequent newsletters and messages from the hotel [8].

Hilton is a hotel chain which has more than 1.1 million rooms in approximately 7,400 hotels located in
124 countries and territories. Also, it should be noted that Hilton has partnered with Amex Membership Rewards to
allow the transfer of accumulated points. For every Amex point transferred, the customer receives 2 Hilton points.

The hotel giant also has four co-branded credit cards, all issued by American Express. Holders of these Amer-
ican Express cards automatically earn Hilton Honors Gold status as long as their card account remains active.

Hilton also gives the fifth night of stay for free. To take advantage of this opportunity, customers must have
Hilton Silver elite status, which entitles them to upgrade the room category, free breakfast and additional points.

The pros and cons of the Hilton hotel chain’s consumer loyalty programs are presented in Table 2.

Table 2
The pros and cons of the Hilton hotel chain’s consumer loyalty programs
Pros Cons

There are no blackout dates when using points to book a | Bonus points do not count toward gaining elite status.
room.
More than 7,000 hotels and resorts around the world Members cannot earn hotel points and air travel for the
participate in consumer loyalty programs. same stay.
Resort fees are waived for all premium seats booked with | Free nights at top-tier hotels require a lot of points.
points.

Source: created by the authors based on [1]
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This hotel chain has become a leader in terms of development: in 2018-2023, the number of its members
increased by 110%, reaching a total of 173 million people.

More than 1,200 hotels have joined the consumer loyalty program of World of Hyatt in more than 70 coun-
tries. Hyatt owns hotels exclusively in attractive resort areas and major cities.

Hyatt offers numerous benefits within its loyalty program, including free breakfasts, waived resort fees and

parking fees during reward nights, and guaranteed upgrade of the room category [4].
Hyatt recommends using both personal and business credit cards to earn points, which is a highly effective solution.
Hyatt has more than 48 million loyal members.
The pros and cons of the Hyatt hotel chain’s consumer loyalty programs are presented in Table 3.

Table 3
The pros and cons of the Hyatt hotel chain’s consumer loyalty programs
Pros Cons
Free nights in standard rooms start at 3,500 points per Some elite membership benefits are not available at some
night. hotels.
It is possible to earn and use points at hotels with different | Free nights bonuses are only available for standard rooms
prices and styles. if the hotel has available rooms at the standard rate.
Elite members of the World of Hyatt and American Rooms in the highest category of facilities are worth a lot
Airlines Advantage programs can earn points and miles of points.
for stays and flights at the same time.

Source: created by the authors based on [5]

Wyndham unites more than 9,000 hotels under 24 brands in 95 countries of the world, including some upscale
hotels, but most of them are budget hotels.

Wyndham’s economy brands, such as Super 8, Days Inn and Microtel, operate in regions where Hyatt or
Marriott are not present.

Wyndham Rewards has a partnership with Caesars Rewards from Caesars Entertainment. This allows all
members to combine their accounts and earn and use points at Caesars properties; at the same time, participants of
the elite level can receive the appropriate status.

Additionally, customers can earn extra points on hotel services and daily purchases if they hold one of the
three Visa Wyndham Rewards Earner credit cards.

The points earned can be used to pay for hotel stays, renting a home for a vacation, airline tickets, excursions
and events, and to purchase gift cards and retail goods.

The pros and cons of the Wyndham hotel chain’s consumer loyalty programs are presented in Table 4.

Table 4
The pros and cons of the Wyndham hotel chain’s consumer loyalty programs
Pros Cons
More than 8,000 facilities around the world. It can take six to eight weeks to process partner rewards.
Qualifying nights can be postponed to the next year, The brand has a limited number of high-quality properties.
which will make it easier to obtain a higher status.
The free all-inclusive stay at the hotel includes meals, Membership bonuses are minimal until you achieve
drinks, and amenities for two guests. diamond status.

Source: created by the authors based on [4]

As of September 2023, Wyndham had 105 million members (an increase of 78% compared to 2018) [8].

Choice takes an honorable third place by amount of real estate after such international hotel chains as Wyn-
dham and Marriott.

From time to time, the brand organizes promotions that allow you to accumulate points for a free night by
fulfilling not very difficult conditions.

On the possibility of earning points, Choice has two credit cards developed in cooperation with other compa-
nies. Unfortunately, having Choice Privileges elite status doesn’t come with any noticeable benefits. There is limited
availability of superior rooms, and only a few brands offer free breakfast for top-tier elite program members.

The pros and cons of the Choice hotel chain’s consumer loyalty programs are presented in Table 5.

As of September 2023, Choice Hotels had 60 million members (an increase of 54% compared to 2018) [8].

Accor has a wide portfolio of hotel brands (there are more than 40), which includes many upscale and luxury
offers. Points in the ALL — Accor Live Limitless program are recognized as one of the most profitable rewards.
Members can use them after accumulating 2,000 points or more to reduce the cost of their hotel bill by €40 (or the

equivalent in another currency).
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Table 5
The pros and cons of the Choice hotel chain’s consumer loyalty programs
Pros Cons

More than 7,400 participating hotels. Free nights at Preferred Hotels & Resorts properties can
be booked only by calling the Choice service center.

When staying in budget hotels, you can get free nights in | The points required for reward nights vary greatly

top-tier hotels. depending on the property.
Members can earn points for hotel stays, car rentals, cruise | Points can only be used at a limited number of hotels in
vacations, eating in restaurants, and more. the collection.

Source: created by the authors based on [1]

Most of Accor’s hotels are concentrated in such regions of the world as Europe and Asia. The hotel chain does
not offer its customers a compatible credit card to quickly accumulate points in the loyalty program.

The ALL program has four levels of privileges. The highest, Diamond, provides free breakfast on weekends
(or daily in the Asia Pacific region), upgrading the room category and access to the executive lounge. Additional
bonuses include, for example, free use of bicycles at Fairmont hotels.

Taking full advantage of the loyalty program, collected points can be exchanged for taxi rides, car hire and rail
travel, due to Accor’s cooperation with Europcar, Hertz and Eurostar.

The pros and cons of the Accor hotel chain’s consumer loyalty program are presented in Table 6.

Table 6
The pros and cons of the Accor hotel chain’s consumer loyalty program
Pros Cons

Members can earn and exchange points at more than Points expire after 12 months of account inactivity.
4,200 participating hotels worldwide.
Program members can use a combination of points and A limited number of hotels in the USA.
cash to pay for hotel stays.
Other travel and hotel services, including flights, car It can be confusing to calculate the points-to-euros ratio to
rentals, restaurants, and SPA treatments, will earn points. | get a free night.

Source: created by the authors based on [1].

As of June 2023, Accor had 89 million members, which is 40% more than in 2019.

The relatively low growth rate can be attributed to three factors: delayed investments, slower development of
joint credit card programs and a lower density of presence in many markets.

Some studies demonstrate that loyalty program commissions as a percentage of total spend are still generally
lower than commissions of online travel agencies, which can range from 11% to 30%. But if you run an economy
class hotel in a non-entertainment location, you may have more to contribute to the loyalty program than you get
from the guests who earn rewards.

It can be noted that each customer’s loyalty to the company and its services or products goes through different
stages, but the main task of a hotel business is to create truly loyal customers. Truly loyal customers are regular
buyers who purchase a wide assortment of the company’s products, attract other customers and do not respond to
competitors’ offers.

Conclusions from this study and prospects for further research in this area. To summarise, the main
recommendations for achieving the goal of our study are as follows. Among the types of loyalty programs, which
are actively used by international hotel chains, the following can be distinguished: rewards — earning points for
purchasing hotel services, the points earned can be used to pay for goods or hotel services; special prices — using dis-
counts when hotels have various offers, discount programs motivate customers to make additional purchases; free
services, which aim to develop relationships with hotel services consumers and encourage customers to purchase
new services by offering some products within the same brand free of charge; partner programs — customers have
possibility to receive rewards for purchasing products from partners.
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EHEPITOE®EKTUBHICTD Y IIPOEKTYBAHHI TA BYAIBHUIITBI
I'OTEJBbHUX TA PECTOPAHHHUX OB’€KTIB

Posensanymo moocnugocmi 3HUIICEHHS eHepeOCHONCUBAHHS Ma nideuujerns enepeoeghexmugnocmi. Posenanymo meo-
DemuyHi OCHOBU eHep2oeeKMUBHOCHI, 3aKOHO0A8 e ODIPYHMYBAHHS BNPOBANNCEHHS OCHOBHUX NPUHYUNIE eHepeoedeKmue-
HO20 20CN00APIBAHHS, HEOOXIOHICHb BUKOPUCIIAHHS BIOHOBTIOBAHUX Ddcepell eHepeil, IHHOBAYIIHUX Mamepianis, mexHonoeil,
cucmem ynpaeninua. Posenanymo nepegaci 6npogaodicents «3eneHo2oy Ou3aiiny, 6UKOPUCMAnH cucmem pekynepayii menada,
CYYACHUX cucmem 0ceimaeHHs, 0Y0ieNbHUX MAMePIanie, a6MoMamu308aHoi cucmemi YApaeiiHHa AK 0y0igramMu 20menbHo-pec-
MOPARHUX 3aKAA0I8 Y YINOMY, MaK i ix okpemumu cucmemamu Qynxyionysanns. JJosedeno, wjo akmyaibricms ma HeoOXioHicmb
pedopmyeanns eHepeemuyHol cucmemu € Y He Nepuiouepeo8uM 3a60anHIM Oisl 0epiucasg ma npueamno2o Oinecy, wo 003-
BONUNDb 3HAYHO NIOBULUMU CBOI CHPOMONCHOCT U000 NEPCHEeKMU8 MiHIMI3aYil eHepeoCnONCUBAHHA, BNPOBAONCYIOUU HeOD-
XIOHI 3ax00u 3 eHepeoehexmusnocmi. Memor cmammi U3HAUEHO NPOBEOEHHS AHANIZY CYUACHUX MeHOeHyill y cepi enepeo-
eghexmusrocmi 6Y0igHUYMBA 20MENLHUX MA PECIOPAHHUX 00'€KMiB, po3eNA0Y NPAKMULYHUX NPUKIAOIS | NEPCHEKMUB PO3GUNIKY
6 Yill eany3i ma HAOaHHA NPONO3UYIL U000 BNPOBAONCEHHA PO3IAHYMUX NI0X00i8. 3a60aHHAMU OOCTIONCEHHA BUCTIYNATU.
BU3HAUEHHS. OCHOBHUX NPUHYUNIG eHepeoeheKmuUsHO20 NPOEKMYBAHHS 20MENbHUX MA PECIMOPAHHUX 00'€KMie;, aHANI3 BUKOPU-
CMAaHHS 8IOHOBIIOBAHUX OJicepell eHep2il; NPosedeH st AHANi3Y W00 BUKOPUCIIAHHS ITHHOBAYILIHUX MAMEPIANie Ma MeXHON02il,
XAPAKMEPUCIUKA 3ACIOCYBAHHSL KDO3YMHUXY, ABMOMAMU30BAHUX cUCIeM ynpagiinua Oydienamu (BMS) comenvro-pecmopan-
HUX 3aK100i8; PO321A0 GUKOPUCIAHHS MONCTUBOCTNEN (3€1eH020)» OU3AUHY, aHANi3 HeoOXIOHOCHI NPOGeOeHHs eHeP2emUtHO20
ayoumy 3a0ns OYiHKu eHepeemuuHoi eghexmugHocmi cnopyo. Bnpoeaosicents cy4achux mexHono2ii 0ceimieHHs, menioizonayii
ma 80008i08e0eH s CNPUAE 0CSACHEHHIO BUCOKUX CIAHOAPMIE eHepeoeqeKMUBHOCTI, Wo, CB0EI0 Uepeoto, nidguwyye Komgpopm
ma be3nexy ons cocmeli 2omenie ma pecmopanis. Pozsumok enepeoegpexmugrocmi y 0y0ieHuymai 20menbHux ma pecmopan-
HUX 00'€KMi6 € CKNAOHUM, ae NepCneKmusHUM Hanpsamom. Lle He nuuie nUManHa SHUNCEHHS GUMPAN, aJie U 8aXCIUBA YACHKA
2no0banvHoi cmpamezii 60pombOU 3i MIHOI KIIMAMY, W0 8UMA2AE BION0BIOATLHO20 CABIEHHA 00 GUKOPUCIIAHHS Pecypcie ma
BNPOBAVINCEHHS THHOBAYIUHUX MEXHONO2TN 01 30epedceHHs. NAaHemi.

KitrouoBi croBa: enepeochoscusanis, enepeoepexmusricmy, iHHOBAYILIHT MeXHON02IE, eKON02TuHI guMoeU, cepmudixayis,
CMAHOAPMU3AaYis, 6000CNONCUBANHA, YINUTI3AYIS, ABMOMAMU3AYis, 20Mmelb, DECIOPAH.

Pogrebnyak A. V., Kucher M. M., Sabirov O. V., Grytsenko A. V. Energy efficiency in the design and construction of
hotel and restaurant facilities

The article is devoted to one of the urgent problems of Ukraine's economy, namely, the possibility of reducing energy
consumption and increasing the energy efficiency of production activities. The theoretical foundations of energy efficiency, the
legislative justification for the implementation of the basic principles of energy-efficient management, the need to use renewable
energy sources, innovative materials, technologies, management systems are studied. The advantages of implementing green
design, the use of heat recovery systems, modern lighting systems, building materials, automated management system for both
buildings as a whole and their individual functioning systems are considered. It is proved that the relevance and necessity of
reforming the energy system of Ukraine is one of the top priorities for the state and private business, which will allow to sig-
nificantly increase the capabilities regarding the prospects of minimizing energy consumption by implementing the necessary
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energy efficiency measures. The purpose of the article is to analyze current trends in the field of energy efficiency in the con-
struction of hotel and restaurant facilities, to consider practical examples and development prospects in this field, and to provide
proposals for the implementation of the considered approaches. The objectives of the study were: to define the basic principles
of energy-efficient design; to analyze the use of renewable energy sources; to analyze the use of innovative materials and tech-
nologies, to characterize the use of smart, automated building management systems (BMS); to consider the use of green design
opportunities; to analyze the need for an energy audit to assess the energy efficiency of buildings. The article concludes with a
list of the studied issues and proposals for the representatives of the hotel and restaurant business on their implementation. The
introduction of modern lighting, thermal insulation and water drainage technologies contributes to achieving high standards
of energy efficiency, which, in turn, increases comfort and safety for hotel and restaurant guests. The development of energy
efficiency in the construction of hotel and restaurant facilities is a complex but promising direction. This is not only a matter of
reducing costs, but also an important part of the global strategy to combat climate change, which requires us to be responsible
in the use of resources and implement innovative technologies to preserve our planet for future generations.

Key words: energy consumption, energy efficiency, innovative technologies, environmental requirements, certification,
standardization, water consumption, disposal, automation, hotel, restaurant.

IHocTanoBka npodjeMu. AKTyaJbHICTh Ta HEOOXiTHICTh peOpMyBaHHS €HEPreTUYHOI CUCTEMHU € YU HE
MEPIIOYEPTOBUM 3aBIaHHIM JJIS ACPIKABH Ta IPUBATHOTO Oi3HECY, IO JO3BOJUTH 3HAYHO IMIJIBUIIATH CBOI CIPO-
MOYKHOCTI IIO0 TEPCIEKTHB MiHIMI3allii eHeproCoXUBaHHS, BIPOBAKYIOYH HEOOXITHI 3aX0AH 3 eHeproedek-
TUBHOCTI. ¥ CY4YacHOMY CBITi MUTaHHS eHeproecpeKTHBHOCTi CTalOTh OJHWMH 3 KIIIOYOBUX Yy Oararbox rajyssx,
BKITIOYArOYH OYIiBHHIITBO TOTEIIB Ta peCTopaHm 3pocTaHHA BUTPAT Ha €HEPreTHYHI PECYpCH, MiIBHIICHI €KO-
JIOTiYHI BUMOTH Ta TOCHICHHS KOHKypeHun Ha PHHKY CTHMYJTIOKOTh l'IlI[l'IpI/IeMCTBa JI0 TONTYKY HOBHX pimeHs,
AKi O JI03BOJIWIIA 3HU3UTH CHEPreTHYHI BUTPATH, TMOKPAIIHTH €KOJIOTIYHI MOKA3HUKH Ta MiABHITUTH KOM(POPT s
roctel i mepconamy. Y coepi 6y}11BHI/II_ITBa TOTENBHUX 1 peCTOpaHHUX 00'€KTIB eHeproe(peKTUBHICTh CTAE HE JIUIIE
THCTPYMEHTOM €KOHOMIi, ajie i Ba)KJINBUM acCIEeKTOM CTaJIOTO PO3BHUTKY. [0Teni Ta pecTopaHu, o AOTPUMYIOThCS
MIPUHIIUIIB €HEProe(PEeKTUBHOCTI, HE TUTBKU 3HMKYIOTh CBOT BUTPATH Ha €HEPrOpecypcH, ajie i MiABUIIYIOTh CBOIO
MPUBAOIUBICTH IS €KOJIOTIYHO CBiOMUX criokuBadiB. Lle m03Boisie iM 3afiMaTy MPOBIAHI MO3WIIT HA PUHKY Ta
BiJIIIOBIIaTH CyYacHUM CTaHIApTaM i BUMOTaM. 3aCTOCYBaHHS €Heproe(eKTUBHHUX 3aXO/iB y OyIiBHHULITBI TOTEIIB
1 pecTopaHiB nepeadadae KOMILICKCHUAMN MiIX1]1, 0 BKIIOYAE ONTHMI3AIII0 MPOEKTYBAHHS, BAKOPUCTAHHS HOBITHIX
TEXHOJIOTIH.

AHaJIi3 ocTaHHIX qocaiIKeHb i myOmikaniil. AHami3 JiTepaTypHUX JKEpe, O CTOCYIOThCS eHeproegek-
TUBHOCTI Ta IHHOBAIIIHHAX TEXHOJIOTI! B TOTEILHO-PECTOPAHHOMY Oi13HECI, IEMOHCTPYE IMUPOKUN CTIEKTP TEM, Bijl
SHEeProCIOKUBAHHS 0 BIIPOBAKEHHS CYIaCHUX CHCTEM aBroMaru3amii. OJHUM i3 JUKeper € CTaTTs, SIKa OXOILTIOE
CyJacHE CHEeproCIOKUBaHHS JIIOACTBA. BoHa Hamae 3araqpHUN OINIAA €HEPTETUYHUX IOTPeO CyCIiNbCTBA Ta Mil-
KPECIIIOE BUKJIMKY, 3 SIKUMU CTHKAIOTHCSI KpaiHU B KOHTEKCTI eHeproeekTuBHOCTI. L5 iH(opMarlis € BaxXIHBOIO
JUTS PO3YMIiHHS 3aralibHOI KAPTUHHU €HEPTeTUYHUX BUTPAT, IO MOXKYTh OyTH KOPUCHUMU MPHU POPMYBaHHI KOHIIET-
1ii eHeproeeKTUBHOCTI B TOTEIbHO-PECTOPAHHOMY CEKTOPi, OCKIIBKH MiJBUILEHHS eHeproe(eKTUBHOCTI € KpH-
TUYHO BaXKJIUBUM JJIs1 3MEHIICHHS BUTPAT 1 MOKPAILEHHs €KOJOT1YHOTrO BIUIMBY HiaAnpueMcTs [1]. 3akoHO#aBCTBO
BH3HAYA€ MPABOBI OCHOBH JUTA MiIBUIICHHS eHeproe(heKTHBHOCTI B KpaiHi, mepeadauae 30008’ 13aHHS IS MiITIPH-
€MCTB, 30KpeMa ISl TOTETIB Ta PECTOPaHiB, 00 BIPOBAKEHHS eHeproeeKTHBHUX TEXHOJIOTIH. 3aKOHOIaBCTBO
PO EHEPreTHYHY €(PEKTUBHICTE (POPMYE paMKH [UIS HEPTETUIHOI MONITHKY, IO € HaJ3BUYaiHO aKTyalbHUM UL
3aKJIaJIiB TOTELHO-PECTOPAHHOTO Oi3HECY, SIKi MParHyTh 3MEHIIUTH CBOT EHEPTeTUYHI BUTPATH Ta BILIHB HA HABKO-
JUIIHE cepefoBuiie. EHeprozoepekeHHs MOXKe CTaTH BAKITMBUM YHHHUKOM HAIllOHAIBHOT KOHCOMIAIii, a TAKOX
OOTPYHTOBYIOTH HEOOXiTHICTh BIPOBAKCHHS €HEPro30epiralounx TEXHOIOTIH y MPOEKTYBaHHS Ta €KCIUIyaTaIliio
3akyaniB. Lleit pecypc € 0coONMMBO IIHHNM, OCKUIBKH IIPOIIOHY€ CTPATET] U PO3BUTKY CHEProe(eKTUBHIX MIPAKTUK
B roTeNbHO-pecTopanHoMy OizHeci [2]. Crarta B. f3inoi, O. Bumnikinoi ta A. ITorpe0Hsika npucBsYeHa Cy4acHUM
CHUCTeMaM aBTOMAaTH3allii yCTaTKyBaHHs B PECTOPAHHOMY TOCIONAPCTBI, IETAIBHO PO3MVIsLAae BILUTUB aBTOMAaTH3a-
1ii Ha ONTUMI3allil0 eHePTOCIIOKUBAHHS. ABTOPH MiKPECIIOI0Th, 1110 BUKOPUCTAHHS aBTOMAaTU30BAHUX CHCTEM HE
JIUIIIE 3MEHILYE BUTPATH Ha eHepri}o ane i miaBuiye eeKTUBHICTD POOOTH 3aKIaiB, 110 € KPUTUYHO BAXKIUBUM
Y Cy4acHHX yMOBax KOHKypeHuu Le mxeperno mae 0coONUBE 3HAYCHHS TSI PO3YMIHHS TOTO, SIK TEXHOJIOTI] aBTO-
MaTu3alii MOXyTh OyTH IHTETpOBaHi B CHCTEMH OC3IIEKH Ta ynpaBJ‘[lHH}I B TOTEJIFHO-PECTOPAHHUX l'Il,LIHpI/I€MCTBaX
[3]. EnepreTnunuii aynuT Moke BUSBUTH MOYKIIMBOCTI JJIsI OMIIIIEHHSI eHeProe()eKTUBHOCTI B TOTEJIFHIX 1 PECTO-
panHuX 3akmanax. Llei pecype nl;:u(pecmoe IO ayAWT € BKJINBUM KPOKOM Y BIPOBAKEHHI 3MiH, CTIPAMOBAHHIX
Ha 3MCHIIEHHS CIIOKHBAHHS €HEprii, i MOXe CIyTyBaTH OCHOBOIO ISt TPUAHSATTS o6rpyHTOBaHHx pileHs moao
IHBECTHIIIH B eHeproeeKTUBHI TEXHOIOTI [4]. Ipartst mpo €BpOH€I/ICLK1 MPAKTUKH 1HB€CTYBaHH$[ B 3elieHe Oy/iB-
HHITBO OTHCYE, AK eHeproe)eKTUBHI Ta eKOJIOTIYHO YHUCTI TEXHOJIOT1] MOXKYTh OyTH iHTErpOBaHi B MPOEKTYBaHHS
Ta eKcnnyaTam}o Bona Moxe ciyryBaTH MPUKIAIOM IS HlI[HpI/IeMCTB IO MPArHyTh afaNTyBaTH €BPOMEHCHKHM
JIOCBIZ 1O MiCLIEBUX ymoB. Llst Mparist TakoX MpoToHye HpaKTI/I‘{Hl peKoMeH Al 1010 1HBECTYBaHHS B 3€JICHE
OyIiBHHLITBO, 10 MOXKE MiJBUILUTH eHeproe(beKTHBmCTL 3aKJamiB i CTIPHSATH iX CTAJOMy PO3BUTKY [5]. Y npam
[6] meTanbHO PO3MIANAIOTHCS PI3HOMAHITHI BiIHOBIIOBAJBbHI JDKEpENa €Heprii Ta iX pojb B CHEPreTHYHIH molmi-
tuni Ykpainu. e mkepeno € KOpUCHUM [UIs PO3yMIHHS, SIK BiTHOBIIOBAJIBHI DKEpENIa MOXKYTh OyTH BIPOBAKCHI
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B TOTEJIBHO-PECTOPAHHOMY CEKTOpi /Ul MiJBHIIECHHS €HEproc(eKTUBHOCTI Ta 3MCHIICHHS EKOJOTIYHOTO CIiJTy.
ABTOpU NPOMOHYIOTH CTPATerii, sIKi MOXYTh JOIMOMOITH MiJIPHEMCTBAM aJalTyBaTH CBOI €HEPreTUYHI CHUCTEMU
10 cydacHUX BUMOT [6]. Otxe, npaui [1-6] dopmytoTs 6a3y uisl AOCTIKEHHS MOXKJIMBOCTEH MiABUIIIEHHSA SHEP-
roe(heKTUBHOCTI, BIIPOBAPKEHHsI IHHOBAL[ITHUX TEXHOJIOT1H Ta 3abe3neueHHs 0e31eKH B rOTebHO-PECTOPAHHOMY
Oi3Heci. BOHM TEMOHCTPYIOTH, SIK IHTErpaiis HOBHX TEXHOJOTiH, aBTOMATHU3AIlis Ta JOTPUMAHHS 3aKOHOIABUMX
HOPM MOXKYTb CTaTH KJIIOYOBUMH acIIEKTaMU PO3BHUTKY wi€l chepu B YKpaiHi.

MeTta npocJinxenHsi. MeToro CTaTTi BU3HAYCHO MPOBEICHHS aHAII3Yy CYYacHHUX TCHIEHINH y cdepi eHepro-
e(heKkTUBHOCTI OyIiIBHUIITBA TOTEIILHUX T4 PECTOPAHHUX 00'€KTIB, PO3MISAAY NMPAKTHYHUX MPHUKIIAIIB 1 IEPCIIEKTUB
PO3BUTKY B IIiif rayry3i Ta HaJaHHS TMPOTIO3HUIIIH 11010 BIPOBA/KEHHS PO3IITHYTUX TTiIXO/IB.

Buxnax ocHoBHOT0 MaTepiany. EHeproeeKTUBHICTS € BaXKIIMBUM aCHEKTOM OyIiBHHIITBA. Y Oararbox Kpa-
{HaX iICHYIOTH >KOPCTKi 3aKOHOZaBYi BUMOTH 1010 eHeproedekTuBHOCTI OyniBens. Taki cranmapty, sik LEED ta
BREEAM, BCTaHOBIIOIOTH KPUTEPIi I OLIHKK eHeproe(eKTUBHOCTI Oy/iBeNb. BUKOHAHHS IUX CTaHJApTIB J03-
BOJIsIE HE JIMIIE 3HIDKYBATH €HEPreTHYHI BUTPATH, alie i OTpUMYBaTH MMOJATKOBI MiJIbTY Ta MiBUIIYBaTH €KOJIOTIY-
HU# pedTHHT 00'ekTiB. [y chepu OyaiBHUITBA eHEPreTUYHO e(EeKTUBHE MPOEKTYBAHHS Mepen0dadaeThCs 3a paxy-
HOK BUKOPHCTaHHSI HACTYIHMX MiIXOIIB: Opi€HTYBaHHs OyiBedb BIIHOCHO CTOPIH CBITY, 3 ypaxXyBaHHSIM «PO3H
BITpiB»; BUKOPUCTAHHS MaTepiajiB 3 BHCOKUMH TEIUIOI30JSAIIHUMHI BIACTHBOCTAMM; ONTHUMI3aIlis (GOpM Ta po3-
MipiB Oy/iBJIi; BIPOBAKCHHS CUCTEM MTPHPOIHOTO OCBITIICHHS Ta BEHTWIIALT; BIIPOBAKEHHS eHeproe(eKTHBHUX
CHCTEM OTIAJICHHSI, KOHIUIIOHYBaHHS Ta OCBITJICHHS; BAKOPUCTAHHS BiTHOBIIOBAHUX JKEPEI €HEPril; MpOBEICHHS
E€HEePreTUYHOTO ayJuTy; cepTu(dikaiis eHeproeeKTUBHOCTI 3aKiIaliB TOTEIbHO-PECTOPAHHOTO Oi3HeCy [2].

OmHMM 3 OCHOBHHX TPEHJIIB Cy4acHOTO OY/IBHHIITBA € TIEpeXiJl Ha BiJHOBIIOBaHI pkepena eneprii (BE).
VY rorensx i pecTropaHax aKTUBHO BIIPOBA/UKYIOTHCSI COHSAYHI MaHeNi, BITPOBi TypOiHHU, TeoTepMalbHi CUCTEMH Ta
TerutoBi noMnu. Hanpukian, COHsUHI maHei MOXYTh 3a0e3MedyBaTH YaCTHHY €HePreTHYHUX MOTped roTeio abo
pecTopany, 1110 3HaUHO 3HIDKY€E BUTPATH Ha €IEKTPOCHEPTil0 Ta CKOPOUY€e BUKUAN BYIJICKHCIIOTO rasy.

IHTerparisi BiTHOBIIOBAHUX JKEpPEN €HEeprii y roTesibHI Ta PecTOpaHHi 00'€KTH JO3BOJISE€ 3HAYHO 3HU3UTH
3aJIeKHICTh BiJl TPAAULIHHUX EHEPreTUYHHUX pecypciB. 30KpeMa, COHSYHI KOJIEKTOPH MOXKYTh BUKOPUCTOBYBATHCS
JUIA HarpiBy BOAM, 110 € OCOOJIMBO aKTyaJIbHUM JUJIs TOTENIB 13 BEIMKOIO KUIBKICTIO CaHITapHUX BY3JIiB.

[eoTepMalnbHi crCTEMH JO3BOJSIOTH BUKOPHCTOBYBATH TEILIO 3€MIIi JJIS OMAJICHHS Ta OXOJOKEHHS IIPH-
MIIIeHb, 10 3a0e3Meuye cTabijIbHe SHEPronoCcTayaHHs HEe3aJIekKHO BiJ TIOTOJHUX YMOB. BiTpoBi TypOiHH TakKox
MOXYTh BUKOPHCTOBYBATHUCS JIJIsl TeHEpaIlii eJIeKTPOCHEPrii, 30KpeMa y perioHax 3 OCTIHHUMU BiTpaMH.

CydacHi Marepiayid, Taki SK BaKyyMHI 130JIIIiHI MaHENi, HEProomaaHi CKIOMAKeTH Ta TEIUI0i30IAIli-
HHI IITYKaTypKH, HO3BOJSIOTH 3HAYHO 3HU3HTH TEIIOBI BTpaTH Oyximi. Hampuxiiax, BUKOpHCTaHHS TPHIIApO-
BHX CKJIOTIAKETIB 3 MOKPUTTSAM i3 HU3BKUM KOC(iI[ieHTOM IPOITyCKaHHS TeIIa CIPHs€E MiATPUMII ONTHMAIBHOTO
TEMIIEPaTypHOTO PEKUMY B IPUMILIEHHSIX, IO 3HUXKYE MOTPeOy B I0NaTKOBOMY OMajieHHI a00 KOHJUIIIOHYBaHHI
(Tabm. 1) [1-3].

Tabmung 1
3asie:kHicTh MOKA3HMKIB eHeproedexkTUBHOCTI OyniBeJib Bil BUAiB BUKOpPHCTAHUX OydiBeIbHUX MaTepiajiB
Marepia Tin Gynisi EKOHOM(i]ﬂ eHeprii, 3MeHIIeHHS BI/ITopaT
% Ha onaJjieHHs, %
BakyyMmHi i3ossi1iiiHI maHesni T'otens 30 25
Enepro36epirarodi CKIOIaKeTH Pecropan 20 18
Terutoi3osIiiHI ITYyKaTypKH T'otens 15 12

IDicepeno: [1-3]

Po3ymHi cuctemu yrpaBiiHHS OyniBisiMu, a0o BMS, BigirparoTs BaXJIHBY POk Y MiIBUIICHHI eHeproedek-
TUBHOCTi. BOHU JO3BOJNSIOTH aBTOMATH3yBaTH IPOIECH YIPABIIHHS OMAICHHSM, KOHAHUIIOHYBaHHSM, BEHTHIIS-
Ii€10, OCBITJICHHSAM Ta 1HIIMMHU CHCTEMaMH OyIiBii, 3a0e3meuyroun iXx poOoTy B ONTHMalbHOMY pekuMi. Lle He
JIUIIIE 3HWKYE €HePreTUYHI BUTPATH, alie W MiBHIIYe piBeHb KoMDopTy s rocteit. Hampukan, cuctemun BMS
MOXYTh aBTOMAaTHYHO PETYIIIOBATH TEMIIEPATYpy B HOMEpax TOTEIIO 3aIeKHO BiJ] 4acy JOOH Ta HasBHOCTI TOCTEH.
e m0o3BOIISIE 3HN3NUTH BUTPATH HA OTTAJICHHS Ta KOHAUIIOHYBaHHS 0e3 3HIKEeHHS KoMpopTy. Y pecTopaHax po3yMHi
CUCTEMH YTPaBIIiHHS MOXYTh 3a0€3MEUUTH ONTUMAIbHE OCBITJICHHS Ta BEHTHWIALIIO KYXOHb, II0 TAKOX CIIPHSE
MiJBUIIEHHIO eHeproeekTuBHOCTI [3].

3ereHuii TU3aiiH, 110 BKIIOYA€ BUKOPUCTAHHS POCIIHH JUIS IOKPAIEHHS TEIUTOi30Is11ii, OYMIIICHHS TOBITPS Ta
CTBOPEHHS KOM(OPTHOTO MIKPOKIiMary, Habupae NOMYyIAPHOCTI B OyIIBHUITBI FOTEJIBHUX 1 PECTOPaHHUX 00'€KTIB.
BeprukaibHi caau, 3e1eHi Jaxy Ta iHIII eJIeMEHTH 3eJICHOTO JU3aiiHy He JIMIIE MiIBUIILYIOTh €Heproe(eKTHBHICTD,
ayie ¥ CTBOPIOIOTH YHIKaJIbHI YMOBH IS BIAMIOYMHKY rocteil. [IpoBeieHHs eHepreTHYHOTO ayJuTy cTae 000B'sSI3KO-
BHM €TallOM Iepe]] BBEACHHIM O0'€KTIB y CKCILIyaTallifo. AyIUT JH03BOJISIE OIIHUTH PIBEHb €HEProe(eKTHBHOCTI
Oy/IiBJIi Ta BUSBUTH MOXKJIMBI HEJIOMIKH. 3a pe3yJbTaTaMu ayJIuTy BUIAIOThCS eHeproeekTuBHI cepTHdiKaTH, TaKi K
LEED a6o BREEAM, siki miaTBepIKyrOTh BIIMOBITHICTh 00'€KTa Cy4acHUM CTaHIapTaM eHeproeeKTUBHOCTI [4].
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3aMiHa TpaIuIiHUX OCBITIIOBAIBHUX NpuialiB Ha cBiTnonionHi (LED) m0o3Bosisie 3HaUHO 3HU3UTH CIIOXKH-
BaHHA eJeKkTpoeHeprii. KpiM Toro, BUKOPUCTaHHS JAaTYMKIB PyXy Ta CHCTEM aBTOMATHYHOTO BUMKHEHHS OCBIT-
JIEHHSI JOTIOMara€ YHUKHYTH HEMOTPiOHMX BUTPAT €Heprii B roTelisAX Ta pecropaHax (Tabdm. 2) [3.,4].

Tabmums 2

IMopiBHSIHHS eHePreTUYHOI e(DeKTUBHOCTI Pi3HUX THUIB OCBITJIEHHS B rOTEJISIX Ta peCTOPaHax

. Cepennsi TpUBAIiCTh CIy:XKO0MH, CnoxxuBaHHA ExoHomis

Tun ocBiT/IeHHA w0
roauH eHeprii, Bt eHeprii, %
Jlamnu pozxaproBaHHS 1 000 60 -

JIroMiHEeCLIeHTHI JIaMIH 10 000 15 75
CBiTiomioH1 JIAMIIN 25000 7 88

Jwcepeno: [3—4]

Cucremu pekyrneparlii Tersa J03BOJSIOTh BUKOPUCTOBYBATH BiIpallbOBaHE TEIUIO JJIS MiJIrpiBy CBIXKOTO
TOBITPS, 110 HAJXOAUTh Y IpUMilieHHs. Lle 3Ha4HO 3HIKY€E OoTpeOy B I0IATKOBOMY OTIAJICHHI Ta IiIBHIILYE CHEP-
roeeKTUBHICTh Oy/iBIIi. Y roTENsIX Ta pecTopaHax Taki CHCTEMH MOXKYTh BUKOPHCTOBYBATHCS IS MiAITPiBy BOIM,
BEHTWJIALT Ta KOHIUI[IOHYBaHHS MOBITPSI.

3acrocyBaHHs iHHOBAIliHHUX Oy[IiBEIbHUX MarepiajliB € BaXKIMBOIO CKIIAAOBOIO eHeproe()eKTUBHOIO Oy/IiB-
HunTBa. CydacHi TEIIO130 M1 HI MaTepiany, Taki SK aeporeli, MiHOMOJICTHPOJ Ta MiHepallbHa BaTa, 3a0e3medy-
IOTh BHCOKHH PIBCHP TEIDIOI30JIAMI, [0 JO3BOJISIE 3MCHIIUTH BUTPATH HA OIMAJICHHS Ta KOHAMIiOHyBaHHs. KpiMm
TOTO, BUKOPHUCTAHHS CHEPrOOIIaJHAX BIKOHHUX CHCTEM i3 HU3bKOEMICIHHUM ITOKPUTTSM CIIPHSIE 3HIKCHHIO BTPAT
TeruIa yepe3 BikHa. 1le 0coOMMBO BaXKIMBO JUTS TOTENIB T4 PECTOPAHIB, JIe BEJIUKI BIKHA € BAKIHMBHM CIIEMEHTOM
mu3aitay (tabdm. 3) [3,4].

Tabmuns 3
EdexTuBHiCTH Cy4yacHHX TeNI0i301iiiHNX MaTepiaiB
Marepiaa Tensonposianicts, Br/(M-K) 3MeHIIeHHs BTPAT Temja, %
Aeporeins 0.013 60
[TinononicTrpon 0.032 50
MinepanpHa Bara 0.040 45

IDicepeno: [3—4]

IHHOBAIIIHI CHCTEMH TEIMJIOI30JIALIi Ta BONOBIABEJICHHS € BAXJIMBUMH €JIEMEHTaMH €HEProe(eKTHUBHOTO
OyniBHUITBA. BoHM He nuie 3a0e3neuyoTh MiHIMI3alli0 BTPAT TEIlIa, ane i CIpUsIOTh ONTUMi3aLii BOJOCHOXKHU-
BaHHS, 110 € BaXJINBUM aCIIEKTOM JUIA TOTeNiB Ta pecTopaHiB. CUCTEMH TEIIIOI130IMi] BKIIOYAIOTh BUKOPUCTAHHS
Cy4acHHX MarepialiB, Takux K OararomiapoBi i30JALiHHI MaHeNi Ta TePMOIUTIBKH, sKi 3a0e3MeuyroTh BUCOKUN
PIBEHb TEIUIOI30JALIT MPH MiHIMAIFHUX BHUTpaTax Ha BCTAHOBICHHS Ta oOciyroByBaHHs. CHCTEMH BOMIOBIiIBe-
JCHHS, 0 BKJIIOYAIOTh BUKOPHCTAHHS JOMIOBOI BOOY UL TEXHIYHHUX MOTPEO, JO3BOJLSIIOTH 3HM3UTH BUTPATH HA
BOJIOIIOCTAYaHHS Ta IMIIBUNIMTH ¢(DEKTUBHICTh BUKOPUCTAHHS BOAHUX pecypciB (Tabm. 4) [3-5].

Tabnurs 4
EdexkTuBHiCTH Pi3HUX CHCTEM TeNI0i30J51iI Ta BOIOBiIBeIeHHS

Tun cucremn INokazuukn epekTHBHOCTI Exonomis e(:’Heprn/
Boau, %
Bararomaposi i3ommiiiHi maHemi 3meHmeHHs Brpar temia 1o 40% 30
BuxopucrasHs 10110BOi BOAU 3HIKEeHHs cCoKKUBaHHs Boau Ha 50% 50
BucokoeekTHBHI CHCTEMH BOIOBIIBEACHHS OnTuMisaiist Bogocrnoxusadusa Ha 30% 30

IDicepeno: [3—-5]

JloTpuMaHHS caHITapHUX HOPM Ta €KOJOTIUHUX CTaHJAPTiB € 000B’I3KOBUM aCIIEKTOM MPU MPOEKTYBAHHI Ta
eKCIUTyaTallil TOTeJIbHUX 1 pecTopaHHuX 00’ ekTiB. L{i BUMOrH crpsiMOBaHi Ha 3a0e3MedeHHs 30pOoB’sl Ta Oe3neKn
rOCTeH, a TaKOXK Ha 3HWKEHHS HEraTHBHOTO BIUIMBY Ha AOBKULIA [2,5,6].

OnHi€ro 3 KITFOYOBUX TCHICHIIIH Y Cy4acHOMY 6yZ[IBHI/H_ITB1 € BUKOPHCTAHHS €KOJIOTIYHO YHCTUX Ta OE3MEeTHIX
MaTeplamB Le Britouae Bubip OyaiBeIbHUX MaTepialliB 3 HU3HKHUM BMiCTOM JIETKUX OpFaHI‘IHI/IX CrIoNyK (VOO),
SIKi He BUAULIIOTH IIKIAJIHBUX PEYOBHH Y HABKOJHIITHE CEPEAOBHIIE i HE MOTiPUIYIOTH SKICTh MOBITPS BCEPEIHHI
npuMilieHb. BUkoprucTanHs NpupoAHUX MaTepialliB, TAKUX SK JEPEBHHA 3 CEPTH(IKOBAHHUX JIICOBUX TOCIIONAPCTB,
abo MaTepiaiB, IO MiIAI0THCSA BTOPUHHOTO IePepoOIICHHS, CIIPUsE 3MEHIIICHHIO BYIJICIIEBOTO CITITy OymTiBeIbHIX
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mpoekTiB. Kpim Toro, Marepiaiu 3 BUCOKUMH TEIIOI30SMIMHIMY BIACTUBOCTSIMU 3HIDKYIOTH ITOTpeOy B eHepril
JUIS OTIAJICHHS Ta KOHAULIOHYBaHHS, 10 TAKOXK € BHECKOM Yy 30epeKeHHS TOBKIJIIS.

g miATBEepIKEHHS EKOJIOTIYHOCTI Ta eHeproe(PeKTUBHOCTI OyIiBeIb y TOTEILHOMY Ta peCTOpaHHOMY Oi3Hecl
LIMPOKO BUKOPUCTOBYIOTHCS MIKHAPOIHI cepTHdikaliiini cucteMu. OTpUMaHHS TaKuX CepTU(IKATIB MiATBEPIKYE
BiJIITOBITHICTH OY/IiBIIi BHCOKHM CTaHIApTaM €HEProe(eKTUBHOCTI, CKOJOTTYHOCTI Ta OE3IMEeKH, 10 € TOAATKOBOIO
MepeBaroro Jijisl TOTENiB Ta PECTOPaHiB Ha KOHKYpEeHTHOMY puHKY. CepTH(dikoBaHi 00’ €KTH TaKOXK MPUBAOIIOIOTH
TOCTEH, SIKi MIKIYIOTHCSA PO JOBKUIISA, IO CIPHUSE MIJIBHINCHHIO IXHOT MPUBAOIMBOCTI Ta KOHKYPEHTOCIIPOMOXK-
Hocri [2,3].

J71s 3MeHIIIeHHS CTIOKUBAaHHS BOIH Ta 3a0€3IeUeHHs JOTPUMAHHS CaHITapHUX HOPM Yy TOTEJIX Ta pecTopa-
HaX BUKOPHCTOBYIOTBCS CHCTEMH aBTOMAaTHYHOTO YIPABIiHHS BOJIOCIIOKHBAHHAM. TaKi CHCTEMH BKIIIOYAIOTh BUKO-
PHUCTaHHS EKOHOMIUHHX 3MIITyBadiB, SIKi 3HIDKYIOTh BUTPATY BOAH, a TAKOXK YCTAHOBKY CHCTEM PEyTHIIi3allil BOIH,
10 JI03BOJISIE IOBTOPHO BUKOPHCTOBYBATH TEXHIUHY BOAY JJIS IIOJIMBY 3€JIEHUX HacaJKeHb a00 3MUBY B TyajeTax.
Li TexHOMOTI{ HE NUIIe JONIOMAraloTh 3HU3UTH OIEpalliifHi BUTPATH, aje i CIpHUIOTh 30epekeHHI0 BOIHUX PECYP-
CiB, 110 € KPUTHYHO BXKIIMBUM Y Cy4YaCHHX yMOBaX. BpoBapkeHHs TaKuX CHCTEM OCOOIMBO aKTyalbHE y perioHax
3 00OMEXXEHUM BOJIOTIOCTaYaHHIM a00 B YMOBaX ITiJIBUIIEHOI €KOJIOTIYHOT BIAMOBIIaTbHOCTI.

ToTenpHi Ta pecTopanHi 00’€KTH T€HEPYIOTh 3HAYHI OOCATH BiJXOiB, TOMY Ba)KITHBOIO CKJIQJIOBOIO IXHBOI
pobOTH € BIpOBa/pKEeHHS €(PEKTHBHUX CHUCTeM yTwiizaiii. e Moxe BKIIOYATH PO3AUIBHUEN 301p BIAXOMIB LIS
MOJAJTBIIIOTO MepepoOIICHHS, KOMITOCTYBaHHS OPTaHIYHHUX BiIXO/IB, a TAKO)K BUKOPUCTAHHS 010ra30BUX YCTAHOBOK
JUTS TIepepoOICHHS Xap4OBUX BiIXOiB. BIpoBa/KeHHST TAKMX CHCTEM J03BOJISIE 3MEHIIUTH OOCST BiIXOIB, IO
HAJIXOIITh Ha TIOJIITOHHU, Ta CIPHUSE PO3BUTKY HUPKYISIPHOI €KOHOMIKH, JI€ PECYpCH BHKOPHCTOBYIOTHCSI MAKCH-
MaJIBHO €()EKTUBHO.

Po3BuTok eHeproe(eKTUBHUX TEXHOJIOTIN HE 3yIHHAETHCS Ha JOCATHYTOMY, 1 B HAHOMIKIOMy MailOyTHEOMY
MOXHa OYiKyBaTH MOSBU HOBHX pillIeHb, SIKi JO3BOJISATH 1€ OiNbIIe MiJABUIIUTH €HEProe(heKTUBHICTh FOTEIbHUX
1 pectopaHHUX 00’€KkTiB. Lle MOxe BKIIIOUATH BIPOBAIXKEHHS OLIbII €(PEeKTUBHUX CUCTEM aBTOMAaTHYHOTO YIpPaB-
JIHHS EHEPTOCIIOKUBAHHIM, BAKOPUCTAHHS HOBHX TUIIIB BiTHOBIIOBAHUX JDKEPEI SHEPTil, a TAKOXK MONANBIINN PO3-
BUTOK OyHiBEJIbHUX MaTepiajiB 3 MOKPAICHUMH 130JIALIHHIMHI BIACTHBOCTAMU. Y TaOI. 5 mpeacTaBieHi OCHOBHI
TEHJICHIIIi PO3BUTKY iHHOBAI[IHHUX TEXHOJOTIH €HEpProCIOXUBaHHS, CHEPro30epeKEeHHS Ta eHeproe()eKTHBHOCTI
Y TOTEJIBHO-peCTOpaHHOMY Oi3Heci [6].

Tabmuns 5
IMepcneKTUBH PO3BUTKY eHeproegeKTUBHUX TEXHOJIOTIi y roTeIbHO-pecTOpaHHOMY Gi3Heci

. . . HNmoBipuuii Tepmin
TexHoJoris OuikyBani nepeBaru .
OKYNHOCTI
CyuacHi cucteMu apromaru3aiii eaep- | [linBumieHHs eeKTUBHOCTI yIIPaBIiHHS CHEP- 2-3 poku
TOCIIO)KUBAHHS TOCIIOKMBAHHAM
B)IOCIfOHaJ'IeHi BiJJHOBJTIOBaHI JUKepena | 3HMKSHHS BUTpPAT Ha eJIEKTPOSHEPTilo Ta 3-5 poxis
eHeprii OTaJICHH
InHOBamiiiHI OyiBenbHI MaTepiam [TigBUIIIEHHST TETII0130JISIIIi1 Ta 3HIKEHHS €Hep- 1-2 poku
TeTUYHHX BTpar
JuBepcudikaiis eHepreTHIHUX JoKe- | SHIKEHHS pU3UKY 3aJIS)KHOCTI BiJ] TPaIUIIiii- B 3anexHocTi Big BHOOPY
pen HUX JDKEper eHeprii JOKepen

IDicepeno: [6]

BucHoBku. [IpoBeneHe TOCTiIKEHHS 03BOJIsIE 3pOOUTH BHCHOBKH IIOAO €HEProe(heKTUBHOCTI Y Oy/IiBHHU-
LITBI TOTENIBHUX Ta PECTOPAHHUX OO'€KTIB, a TAKOXK OKPECIUTH MEPCIEKTUBH PO3BUTKY L€l ramysi. Eneproedex-
TUBHICTb € KJIFOYOBUM (PAKTOpOM y CydacHOMY OYIiBHHUIITBi, OCOOJMBO Y TOTEIBHOMY Ta PECTOpaHHOMY Oi3Hec.
Po3misiHyTO MpakTHYHI acleKTH BIPOBAKEHHS eHeproeeKTMBHUX pillleHb. BHpoBaKeHHS Cy4acHUX TEXHO-
JIOT1H OCBITJICHHS, TEIDIOI30JMIi Ta BOMOBIIBENCHHS TAaKOXK CIPHSIE AOCSITHEHHIO BHCOKHX CTaHIAPTIB CHEPIo-
e(heKTUBHOCTI, 1110, CBOEIO YEProlo, MiABUIILYE KOM(MOPT Ta Oe3MeKy IS TOCTEH TroTelliB Ta pecTopaHiB. Kpim toro,
JNOTPUMAaHHS CaHITAPHUX HOPM Ta E€KOJIOTIYHHX CTaHIApTIB 3a0e3leduye BiAMOBIIHICTL Oy/iBeNIb HAHCYBOPINIMM
BUMoOTaM. ['aTy3b eHeproe()eKTHBHOCTI HE CTOITh HA MICIIi, 1 B HAWOIMKY1 POKH OYIKYETHCS TOSIBA HOBHX TEXHO-
JIOTiH Ta pillleHb, IO JO3BOJISATH I OiIbINe MiABUIIUTH CHeProeeKTUBHICTh TOTEIBHHUX 1 PECTOPAHHHUX 00'€KTIB.
Cepen nepcreKTUBHUX HAMPSAMIB MOXKHA BUJIIIUTH: OUIKY€ETHCS BJIOCKOHAICHHS TEXHOJIOTH COHSYHOI Ta BITPOBOI
CHEPreTHKH, 110 J03BOJIUTH 3HU3UTH BUTPATH HA EIEKTPOCHEPTil0 Ta 3a0C3MEUNTH CTa0IbHE CHEPronoCTadaHHs
HE3aJIeXKHO Bijl 30BHIIIHIX YMOB; iHHOBALIl{HI CHCTEMH aBTOMATH3allii CHEPrOCIOKUBAHHS 3MOXYTh IIl¢ TOYHIIIIE
KOHTPOJIFOBATH Ta ONTUMIi3yBaTH POOOTY iHKEHEPHUX CUCTEM, 3HIDKYIOUM BUTPATH €Heprii Ta 3a0e3Mmedyrouu KoM-
(hopTHI yMOBH 1715 TOCTEH; pO3po0Ka HOBUX MarepialiiB 3 OKpaIlEeHUMH TEITO130JSILIHHUMHU BIACTUBOCTSIMH J03-
BOJIUTh 3HAYHO 3HU3WUTH BTPATH TeIUIa Ta MiJABUIIMTU €(DEeKTUBHICTH OymiBesb; Ii Ta iHIII IHHOBAIli TO3BOJIATH
OyIIBIIIM TOTENIB Ta PECTOPAHIB JAOCATATH IIE BUIIHUX IMOKA3HUKIB €HEproe(EeKTUBHOCTI, 3HWKYIOUH OTNepamiiHi
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BUTPATH Ta MiBUIYIOUN IXHIO KOHKYPEHTOCIPOMOXHICTh Ha PUHKY. Y pE3yNIbTaTi, BIPOBAKEHHS TaKUX PillICHb
Oyze CIpHsITH CTaJOMy PO3BUTKY Tamy3i Ta 3a0€3MEYeHHIO BHCOKHX CTAHAAPTIB SKOCTi 0OCIyrOBYyBaHHS; BIIPO-
Ba/DKCHHS CUCTEM PEyTUIIi3allii BiIXOIIB Ta BUKOPHUCTAHHS BTOPHHHOI CHPOBHHHU CTaHE BAXJIMBUM KPOKOM J0
3MEHIIICHHS BYIJICIIEBOTO CIIiTy OYIiBENbHHUX MPOEKTIB Ta CIPUATHME 30epekCHHIO TIPUPOIHUX pecypciB. Buie-
3a3HauCHI IHHOBALIHHI MPOMO3UIIi JO3BOIATE OYIIBISM TOTENIB Ta PECTOPAHIB MOCATATH IIE BUIINX MTOKA3HUKIB
eHeproe()eKTHBHOCTI, 3HI)KYIOUH OIEpPAIliifHI BUTPATH Ta ITi JBUIYIOYHN TXHIO KOHKYPEHTOCIPOMOXKHICTD Ha PUHKY.
Po3BuTOK eHeproeeKTUBHOCTI Y OyMiBHHUIITBI TOTEIBHUX Ta PECTOPAHHUX OO'€KTIB € CKIIAJHUM Ta MEPCICKTHB-
HUM HarpsiMoM. Lle He JHIe MUTaHHS 3HWKCHHS BUTPAT, ajie i BaXKJIMBA 9acTKa TII00aIbHOI cTparerii 60poThoH 3i
3MIHOIO KIIiMary, [0 BUMArae BiJl HAC BIIIOBIIaJHHOTO CTABICHHS O BUKOPUCTAHHS PECYPCIB Ta BIPOBAKCHHS
IHHOBAIIHHUX TEXHOJIOTIH 17151 30epeKEHHS IUIAaHETH.
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PECULIARITIES AND MODERN TRENDS IN THE ORGANIZATION OF HOTEL SERVICES

The article examines the specific features and components of the service process organization in hotel establishments,
as well as the current trends in its development that contribute to enhancing the quality and efficiency of hotel services. The
objective of this article is to analyze and characterize the main elements involved in the organization of hotel service processes
and to identify innovative directions for its development in the present-day context.

The study investigates the stages of organizing the hotel service process and outlines their essential content. The factors
influencing the quality of hotel services are identified and described, including staff training, hotel infrastructure and equipment,
management efficiency, personalized customer service, implementation of new technologies, effective communication,
partnerships, and feedback mechanisms. Based on the conducted analysis, the article highlights contemporary directions in
organizing hotel service, such as the integration of new information and communication technologies (ICT), optimization via
popular media platforms, the efficient role of a Social Media Marketing (SMM) manager, and the establishment of barter
agreements. These contemporary approaches allow accommodation facilities to minimize advertising costs while significantly
enhancing brand awareness and attracting new clientele. Using the experience and skills of an SMM manager ensures the
successful implementation of a marketing strategy and a positive impact on the organization of the customer service process.

The introduction of ICT innovations, characterized by the use of media platforms such as Facebook, Instagram, LinkedIn,
and TikTok, the development and implementation of SMM manager responsibilities, and the formation of barter agreements
with celebrities and influencers for promotional purposes represent current trends in hotel service organization that impact the
growth of service quality and operational performance of hotel enterprises. The factors that influence the quality of service to
consumers of hotel services have been identified, as well as modern directions for organizing the service process and approaches
to improving its efficiency and quality have been established. They can be used in further research for planning activities on a
progressive basis and for developing strategies for hotel establishments.

Key words: service organization, hotel, modern trends, social networks, media platforms, information and communication
technologies, SMM manager, enterprise, service quality, efficiency.

Koina 0. I, Hepaba H. O., Caiicax €. JI., Tamapenko /I. K. Ocobnueocmi ma cyuacni nanpamu opzauizauii
20MmenbH020 00C1Y206y6aAHHA

Posenanymo ocobnueocmi ma cknadosi opeanizayii npoyecy o6Cny208y8anHs 8 3aKIA0AX 20MENbHO20 20CN00ApCHea,
a MaKodic CyuacHi Hanpsamu 1o2o po3sumxy. Memoio cmammi € ananiz ma Xapaxmepucmuxka OCHOBHUX CKIA008UX Opeanizayii
npoyecy 00C1y208y8anHA COHCUBAUIE 20MENbHUX NOCTY2, BUSHAYEHHS NPOSPECUBHUX HANPAMIG 11020 PO3BUMKY 8 CYUACHUX YMO-
sax. Pozenanymo emanu opeanizayii npoyecy eomenvHo20 00C1y208y8aHHA, POIKPUMO X OCHOSHUL 3Micm. Busnaveno ma onu-
CAHO aKmopu, wo GNIUBAIOMb HA AKICMb 00CTY208YBAHHA CROACUBAYIB 20METbHUX NOCTY2, 00 AKUX 8IOHOCAMbCA: npogecitina
ni020moBKa NepcoHaLy, CMmax ma 0ONaOHAHHS 20Meio, epeKmusHicmb Ynpaeiinis 2omenem, iHOUSIOYatbHul nioxio 0o cnodcu-
6ai8, 3ACMOCYBAHHS HOBUX MEXHONO2IN, eeKMUeHa Opeanizayis KOMyHIKayill, CRIBPOGIMHUYMBO 3 NAPMHEPAMU, 360POMHULL
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36'30K. Busagneno cyuaci anpamu opeanizayii 20menvHoeo 00Cy208y8aHHA. GNPOBAONCEHHS HOBUX THOOPMAYIUHO-KOMYHI-
Kayilinux mexHonoeil, ix yOOCKOHANEHHS WNAXOM BUKOPUCMAHHA NONYIAPHUX Media-niameopm, 3abe3neuents egexmusHoi
podomu SMM-menedcepie ma yxradanna bapmeprux y200. Chopmosano yinbosi epynu cnoxicuayis onsa pooomu 8 coyiansHux
Mepedicax, a maxodxc nepenix 3a60anv ma nian pooouozo ons SMM-meneddicepa, wo 0036015€ 3aK1A0AM 20METLHOSO 20CNO-
0apcmea MiHiMI3yeamu GUMPAMU HA PeKiamy, npu YooMy 3HAYHO NOCUTIOBAMY NI3HABAHHICMb OpeHOy ma 3aTy4amu HOBUX
KaieHmig. Buxopucmanus 00cgidy ma Haguvox SMM-meneddxcepa 3abe3neuye yeniwmy peanizayito Mapkemuneo8oi cmpamezii
ma nO3UMUBHULL BNIUG HA OP2AHI3AYII0 NPOYecy 00CTY208y8aAHHA COJNICUBAYIS. Bnposadcents ingopmayitino-KoMyHikayiiHux
HOB08BeOeHb, WO XAPAKMEPUIYIOMbCS GUKOPUCAHHAM RONYIAPHUX Media-niamopm, po3podra gyuxyii SMM-venedcepa
ma ix peanizayis y npoyeci ynpaguinus, a maxkodjiC YKIA0aHHs OapmepHux y200 a8isioms co000i0 CYyuacHi HaNpamu opeanizayii
20MenbHO20 0OCIY208Y8AHHA, SKI 6NIUBAIOMb HA 3POCMAHHS PIGHS IKOCMI HOCIY2 MA eheKMUSHOCHE OISIbHOCHI 20MeNbHUX
RIONPUEMCIG, 3MIYHEHHSL IX KOHKYDeHMHUX no3uyii. Busnaveni gpaxmopu, wo eniusaioms Ha akicmo 00C1y208Y6anHsA CHONHCU-
8ai6 20MENbHUX NOCTYe, A MAKONIC 6CMAHOBLEH] CYYACHT HANPSIMU OPeaHi3ayii npoyecy 06CIy208Y8anHa ma nioxoou 0o niogu-
WjeHHs 11020 ehekmusHOCMI 1l AKOCMI MOJICYIb BUKOPUCTOBYBAMUCS. Y NOOATBUAUX OOCTIONHCEHHSX 0N NAAHYBAHHA OIANLHOCTI
HA NPOepecusHitl 0OCHOBI ma cmpamezii po36UmKy 3axK1adie 20MeIbHO20 20CNO00apcmeada.

KittouoBi cnoBa: opeanizayis 00ciy208y6anHs, 20meib, CyYACHi HANPAMiL, COYianbHi Mepedici, media-niameopmu, iHgop-
Mayiino-komyHikayiuni mexnonoeii, SMM-menedoicep, nionpuemcmeo, SKichib HOCLYe, eqheKmueHiCb.

Problem statement. Today, hotel operations are aimed not only at providing temporary accommodation and
comfortable living conditions for guests but also represent a complex set of economic, organizational, and techno-
logical processes. The strengthening of competitive positions and sustainable development of accommodation facil-
ities are largely influenced by the effectiveness and quality of customer service. These are driven by technical and
technological updates, innovation implementation, service individualization, and the availability of professionally
trained personnel, which altogether characterize the features of hotel service organization.

Analysis of research and publications. [ssues related to hotel service organization, its directions and devel-
opment aspects in a modern market environment have been explored by numerous researchers. L. Chepurda and
L. Ivashyna have studied the challenges in organizing the activities of domestic hotel enterprises under crisis
conditions [1]. A. Diakonova, F. Trishin and others have explored the implementation of reengineering based on
innovative technologies and management information systems, which enhances service quality and efficiency [2].
V. Kifyak’s and others research identifies factors significantly influencing the development and effectiveness of the
hotel and restaurant business, including internal aspects such as staff training, establishment of a favorable moral
and psychological climate, adaptability to market dynamics, innovative approaches, investment policy, and service
quality [3]. However, the identification of differentiated approaches to improving service technologies and the man-
agement of functional units, as well as determining innovative development directions, remains relevant.

The aim of the article is to analyze and characterize the main elements of organizing hotel service processes
and determine innovative directions for their development under current market conditions.

Main content presentation. Hotel service is a type of business that is developing very rapidly and, therefore,
is characterized by a high level of competition. The process of providing hotel services is regulated by quality stand-
ards, is cyclical in nature, and is divided into several business processes that are carried out in a certain sequence. An
important parameter for assessing hotel service is the hotel rating, which is formed based on consumer reviews on
booking websites, in social networks, and on other web resources. The collection of operational information using
information and communication technologies and media platforms enables accommodation facilities to promptly
identify and eliminate shortcomings in their operations and to improve service quality. The quality of the ser-
vice process organization depends on the precise and highly professional execution of technological operations in
accordance with a defined algorithm that characterizes the main stages of hotel service organization, and begins with
the reception and registration of guests through various communication channels (online booking, social networks,
telephone networks, and direct contact within the facility). The subsequent stages include: guest accommodation
services within the room inventory, provision of food services, core and additional services, and the final stage
involves the organization of guests’ departure from the hotel (Fig. 1).

Thus, the organization of the service process in an accommodation facility consists of a set of stages, each of
which plays a significant role in creating a convenient, comfortable, and pleasant environment for guest stay and in
ensuring a high level of hotel service quality. The quality of guest service depends on a range of factors that influ-
ence this process (Table 1). Key factors include: professional training of personnel, the condition and equipment of
the hotel, efficiency of hotel management, personalized approach to consumers, implementation of new technolo-
gies, effective communication management, cooperation with partners, and feedback mechanisms.

In the current context of socio-economic instability in the country, there is a growing need to ensure the eco-
nomic resilience of enterprises, which is aimed at meeting dynamic needs through the implementation of advanced
technologies and the improvement of management systems. These measures, in turn, contribute to enhancing finan-
cial and economic efficiency, improving goal-oriented activities of business entities, and increasing the quality of
service provision [4, p. 162].
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Main stages of the organization of the hotel service process for consumers

v ¥
Stage —> Content of the stage
v v

Guest reception and
registration

Booking (selection) of hotel rooms, guest meeting and
registration, documentation processing, informing guests about
accommodation rules and available services.

v v

Accommodation
services

Escorting guests to the room, providing key cards or access
cards, informing guests about accommodation conditions and
rules, maintaining the room in accordance with standards,
providing main and additional services in accordance with the
accommodation agreement.

—

v v

Food and beverage
services

Providing services in cafés, restaurants, and bars within the
hotel, organizing meals in the hotel restaurant (room service),
business and festive events, presentations, etc.

v v

Additional services

Organization of excursions, transfer, room service and delivery,
laundry and dry cleaning, rental of sports equipment, beauty
services, car rental, etc.

—>

v v

Guest check-out

Issuing invoices, accepting payments, offering various payment
options, organizing transfer, handling luggage, collecting guest
feedback (surveys) on service quality.

>

Fig. 1. Main stages of the organization of the hotel service process for consumers

Source: compiled by the authors

Table 1
Factors influencing the quality of hotel services
Factor Description
Professional staff The qualification level and skills of hotel personnel, their knowledge of service procedures
training and standards, communication competencies, and ability to interact effectively with guests.

Condition and
equipment of the hotel

The condition of the building, furniture, and equipment; cleanliness and order in the hotel;
availability of necessary amenities and services for guests, such as wireless Internet, parking,
gym, pool, etc.

Efficiency of hotel
management

The effectiveness of the hotel’s management system, including the distribution of duties
and responsibilities, development and adherence to service standards, quality control, and
continuous process improvement.

Personalized approach
to consumers

The ability of the hotel to provide personalized service, taking into account the individual
needs and preferences of each guest, and responding to their requests and complaints
attentively and promptly.

Use of new The use of modern information and communication technologies to facilitate and automate

technologies service processes, as well as to ensure guest access to necessary information and services
through IT tools.

Communication The quality of communication between hotel staff and guests, as well as among different hotel

organization departments; the ability to resolve conflicts effectively and interact with clients considering

their needs and expectations.

Cooperation with

Collaboration with other providers and partners such as travel agencies, restaurants, and

partners transport companies to offer additional services and ensure comprehensive guest satisfaction.
Evaluation and Collection of guest reviews and evaluations regarding their stay experience, and the hotel’s
feedback ability to use this information to improve service quality and respond to specific customer

needs.

Source: compiled by the authors
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Modern tools and directions in the organization of hotel service that contribute to enhancing the economic resil-
ience of enterprises, as well as the quality and efficiency of service provision, include the Internet and information and
communication technologies. These tools help reduce costs, facilitate consumer access to various types of accommo-
dation establishments, promote their visibility, and ensure leading competitive positions in the hotel services market.

An important role in the development of information and communication technologies and in improving the
service process within a hotel belongs to the SMM manager (Social Media Marketing Manager). The SMM manager is
responsible for brand promotion and the advancement of products or services on online platforms. This specialist devel-
ops and implements strategies aimed at attracting and retaining consumers, enhancing the hotel’s reputation, shaping
a favorable image of the accommodation facility, and maintaining stable communication (“feedback’) with the target
audience. The manager analyzes the behavior and interests of both existing and potential consumers of the hotel product,
their influence on the service process, and fosters interaction with various user communities on media platforms.

The functional responsibilities of the social media manager are formulated depending on the development
directions required to increase the efficiency of automated information processing systems and the quality level of
hotel service. Promotional activities for a business entity’s brand and services on social networks are tailored to the
target audience that the business intends to reach. According to the conducted analysis, the media platforms and the
age categories of their users have been identified, which show specific preferences when choosing hotel products.
This enables the identification of target audiences and the organization of the SMM manager’s work in accordance
with targeted directions (Table 2).

The presented evaluative characteristics of the functioning and use of modern computer technologies in the
process of organizing hotel service make it possible to formulate a set of tasks for the SMM manager and to define
the ways of their implementation (Table 3).

Table 2
Characteristics of the target audience of hotel product consumers for organizing the activities
of the SMM manager

Age group Key characteristics Communication Potential interests and needs
of the target group channels
Young, active individuals; Instagram, TikTok, Active recreation, adventures,
18-24 years | frequent users of social media and | Facebook, YouTube traveling with friends, budget-friendly
mobile applications accommodation
Young professionals and couples; |Instagram, Facebook, Romantic getaways, luxury vacations,
25-34 years |interested in comfortable leisure | LinkedIn, YouTube sports events, convenient conditions for
both work and rest
Families, often travel with Facebook, Instagram, Family vacations, child-friendly
35-44 years |children; interested in high-quality | LinkedIn, YouTube amenities, wellness and relaxation
service programs, quality dining
Experienced travelers; interested | Facebook, LinkedIn, Comfortable and peaceful vacations,
45-54 years |in comfort and exclusive services |YouTube cultural events, gastronomic tourism,
wellness programs
Retirees; looking for calm and Facebook, YouTube Peaceful vacations, wellness and
55+ years |safe leisure experiences; interested medical programs, cultural and historical
in high-quality service excursions, elder-friendly amenities

Source: compiled by the authors

Table 3
List of tasks for the hotel SMM manager regarding the development of information
and communication technologies and the service process

No Task Task description Implementation methods
1 2 3 4
Studying the Conduct an analysis of existing and Use of analytical tools, conducting surveys,
1 [target audience |potential consumers to identify the main analysis of user feedback and behavior on
demographic groups and their needs social media
Developing a Create a detailed content plan for social Development of a monthly content plan
2 |content strategy |media that considers seasonality, audience |including text posts, photos, videos, stories,
specifics, and key events and other content formats
Content Regularly publish content and actively Planning and implementing posts across
3 publication engage with followers by responding to various social networks, monitoring user
and audience comments and messages activity, and responding to inquiries
interaction
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Table 3 (Continued)

1 2 3 4
SMM Continuously analyze the outcomes of Use of analytical tools to monitor performance
4 performance SMM activities and adjust the strategy indicators such as user engagement, reach,
analysis accordingly number of followers, interactions, and
conversions
Managing Create and manage targeted advertising Setting up and launching ad campaigns via
5 |advertising campaigns to attract new consumers and Facebook Ads, Instagram Ads, Google Ads;
campaigns promote special offers analyzing their performance and optimization
Conducting Organize contests and promotions on social | Development of contest terms and conditions,
6 |contests and networks to increase follower engagement |announcement publication, result monitoring,
promotions and activity and winner determination

Source: compiled by the authors

To ensure the effective execution of the assigned tasks, it is necessary to develop a work schedule for the

SMM manager (Fig. 2).

08:00 - 09:00

09:00 - 10:00

10:00 - 11:00

11:00 - 12:00

12:00 - 13:00

13:00 - 14:00
Lunch break
14:00 - 15:00

15:00 - 16:00

16:00 - 17:00

17:00 - 18:00

18:00 - 19:00

Monitoring news and trends on social media; analyzing competitor activity

Daily content planning: selecting content, writing texts, preparing visual materials

Publishing content on social media (Facebook, Instagram, LinkedIn, TikTok) according
to the content plan

Interaction with followers: responding to comments and messages, monitoring activity
on social media

Preparing and launching targeted advertising campaigns: audience targeting, budgeting,
creative development

Analyzing the effectiveness of publications and advertising campaigns: collecting and
analyzing statistics, report preparation

Developing the content plan for the following week: idea generation, team discussions

Organizing promotions and contests: drafting terms and conditions, creating
publications, coordinating with other departments

Training and development: studying new SMM tools and methods, participating in
webinars and training sessions

Interaction with followers: evening monitoring of user activity, responding to comments
and messages

Fig. 2. Daily work plan of a hotel SMM manager

Source: compiled by the authors
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As a result of identifying the most popular media platforms and segmenting their users based on consumer
preferences, specific directions are outlined for organizing the work of the SMM manager. These directions support
the development of information and communication (computer) technologies and contribute to improving the qual-
ity of hotel service provision (Table 4).

Table 4
Areas of SMM manager activity based on the media platforms Instagram and TikTok

Media platform Criterion Areas of activity
Developing content for young adults (18—34 years); publishing stylish

Instagram Age categories photos, reviews, and promotional campaigns.
TikTok Age categories Creatmg entertaining content for youth (10-29 years); using challenges and
dance videos.
Tnstagram Growth rate Investing in thg platform to ensure steady audience growth; implementing
targeted advertising campaigns.
TikTok Growth rate Active use to attract a new, younger audience; launching viral marketing

campaigns.
Average time spent | Engaging the audience through Stories, Reels, IGTV, interactive polls, and

Instagram on the platform | Q&A sessions.
. Average time spent | Creating dynamic videos; engaging through comments and live streams;
TikTok Lo T .
on the platform participating in trending formats.
Ins.tagram Popularity trends Ar}aly.zmg trends to adapt content strategy; monitoring user engagement and
TikTok adjusting campaign performance accordingly.

Source: compiled by the authors

Another modern direction in the organization of hotel service and an important function of the SMM man-
ager in the hospitality industry, which contributes to the improvement of this process, is the conclusion of barter
agreements. These serve as an effective tool for brand promotion, expansion of the target audience, enhancement
of communication quality, and improvement of interaction with consumers. The most common form of barter in
the hotel business is providing complimentary stays to celebrities and influencers in exchange for advertising and
promotion of the accommodation facility. The organization of such interactions under barter conditions consists of
several stages.

The first stage is goal setting, during which conditions are created to attract new consumers, promote the
brand, and increase the number of bookings. The second stage—partner selection—involves identifying influencers,
celebrities, and bloggers whose audiences match the hotel’s target market, as well as reviewing their previous pro-
motional campaigns and feedback. The third stage includes negotiation and agreement of barter terms, under which
influencers are offered complimentary accommodation and services in exchange for advertising posts, stories, and
reviews on social media. The final, fourth stage entails discussion of the agreement details and formalization of
the contract. The agreement typically specifies the duration of stay, quantity and type of promotional content, key
messages, and hashtags to be used.

Organizing cooperation with influencers requires the SMM manager to carry out the following tasks:

1. Identifying and selecting influencers, including profile analysis, initiating contact, and verifying their audi-
ence demographics.

2. Conducting negotiations to agree on the terms of cooperation and drafting written agreements.

3. Coordinating the influencer’s visit, which includes arranging arrival and ensuring a comfortable stay.

4. Monitoring the execution of the agreement by collecting analytics, verifying publications, and compiling
performance reports.

5. Evaluating effectiveness based on analysis of the impact on booking numbers, social media follower
growth, and overall brand recognition.

Barter agreements represent a contemporary direction in hotel service organization, an effective commu-
nication mechanism for engaging with the market environment, and a marketing method for promoting the hotel
product. They enable accommodation establishments to minimize advertising expenses while significantly enhanc-
ing brand recognition and expanding their customer base. This, in turn, improves the quality and efficiency of the
service process. Enhancing two-way communication via digital platforms increases consumer awareness about the
hotel, provides insight into their preferences and needs, and thus allows for business process optimization and ser-
vice quality improvement based on the obtained information. Leveraging the experience and competencies of the
SMM manager ensures the successful implementation of the marketing strategy and has a positive impact on the
organization of consumer service processes.

Conclusions. Thus, the implementation of information and communication innovations characterized by the
use of popular media platforms, the development of SMM manager functions and their integration into management
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processes, as well as the conclusion of barter agreements, represent modern trends in the organization of hotel ser-
vice. These factors contribute to improving the quality of services and the operational efficiency of hotel enterprises,
thereby strengthening their competitive positions. The identified factors influencing the quality of consumer service,
along with the established modern directions of service process organization and approaches to enhancing its effec-
tiveness and quality, may be applied in further research to guide strategic planning and progressive development of
accommodation establishments.
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