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I'yk K. I., marictpaHT kadenpun pakeTHO-KOCMIYHMX

Ta iHHOBALINHUX TEXHOSOTIN

[HinpoBCbKOro HauioHaneHoro yHisepcuteTy imeHi Onecs NoH4apa
ORCID: 0009-0007-7675-203X

HEWPOMEPEXEBE KEPYBAHHA CUCTEMOIO BEHTUJISAIII O®ICHOTIO NPUMIIIIEHHS

IIpobnema axocmi nOGIMpsL 8 3aMKHEHUX NPUMILEHHSX BUHUKAE Yepe3 eKCITYAmayito cUCmem OnajieHHs, BUKOPUCIAHHS 0dice-
Den GiOKpUmo2o 802H10, OUXAHHS 100el, PO3KNAOAHHS CUHIMEMUYHUX MAMEPIanie, a MaKodic yepe3 NOMpPanisaHHs NUTY 3306Hi i HASG-
Hicmb Mikpoopeanizvie. Ilepeguujeniis 0OnYCmumux KOHYeHmpayiti Modice no2iputyeamii CamMonowymmsi IOOUHU, Momy KOHIMPOTb
AKOCMI NOGIMPA € aAXNCTUGUM. TPaOUYItHI eHMUTAYIIHI CUCEMU He 8PAXOBYIONTb 3MIHIOBAHICG YMO8 | He 003601810Mb SHYUKO
peayniogamit nogimpooomin. CmeopenHs cyuacHux agmomMamu308aHux CUCMeM 6eHMUIAYii 3 BUKOPUCIAHHAM 0OHUCTIOBATLHUX niexX-
HOM02IL MA 3 8PAXYBAHHSIM PE3VIbINAMIe CHOCHEPEeCEHHS. 34 RAPAMempamil HO8Imps NOCMAIONb HAYKOBOIO NPOOIEMOO.

IIpoananizoearo cyyacui nioxoou 0o xepysarns HVAC cucmemamu, axi KOHMPOIOWOMb AKICMb mMa KOMGOpmMHicmy
NOBIMpPsL 8 NPUMILYEHHSX, NIOMPUMYIONTb NAPAMEMPU ROBIMPSL GIONOBIOHO 00 CAHIMAPHUX HOPM MA 00360JSI0Nb CMBOPIOGAMU
3AMKHEHI cucmemu KepysanHsi. Posensinymo cucmemu Kepysanns na OCHO6I meopii HewimKoi 102iKu ma HeupoHHUX MepeliC, K
003601510Mb eeKmusHO Kepysamu napamempamu nosimps ma sabesnedysamu enepeoedexmusHicms 0yoisers.

Memoto cmammi € pospobka nelipokonmponepa 015 cucmemu 6enmuiiyii 0Qicno2o npumiveris, wo sabesnedye asmo-
MAmu308ane Kepyeanus 3 Ypaxy8amHsM HeCmayioHapHoi noeedinku o0 'ekma uepes pe2ynioBanHs WeUOKOCmI O8USYHA KOM-
npecopa oxon004cysanbHol cucmemu eenmunayii. Hetipomepedicega cucmema kepysants, o NpONOHYEMbCS, BUKOPUCTNOBYE
NPUHYUN THBEPCHO20 HeUpoKepy8anHs 0Jisl HAGYAHH MOOel ma 3a0e3neuye Kepy8anHs WSXOM MIHIMI3ayii yyHKyil noxuoxu.
Hetipoxonmponep nobyoosanuil y 6ueiidi 6aeamomaposoi HeupoHHoi mepedici 3 cieMoionumu gynkyiamu axmusayii. /[na ana-
N3y eghexmueHoCmi 3anponoHo8an020 nioxo0y UKOPUCTMAHO HAOIP OAHUX Y 8U2nA0T YACOBUX PAOIS, WO MICIANG SUMIPIOBAHHA
memnepantypu, 801020Cmi ma Konyenmpayii gyenexucinozo 2azy. OOuuciosaib i excnepumenmu 3 pisHUMU 6apiaHmamu Cmpyk-
mypu HelpoOHHOI Mepedici NOKA3anU e(eKmusHICms Mepeici 3 00HUM NPUXOBAHUM WUAPOM.

Bemanoeneno, wo netipokonmponep weuoko peazye Ha 6XiOHUll CUHATL, KEPOBAHA 6EHMUIAYILIHA CUcmeMa 3a0e3neuye
HOPMAMUGHY MeMNEPAMypy y NpuMityenHl 3a npuiHAmnuil wac ma oes nepepezymiosans. Lopisnsnns 3 II-konmporepom ma
I11]]-konmponepom 6kasye Ha cymmesy nepesazy HetpoKOHMpoLePa 6 30e3neueHHi MOYHOCMI KePYSAHHS, WiuoKocmi peayii
HA 3MINU Y NApamempax nogimps ma 3MeHueH s eHep2OCONCUBAHHSL.

Kiro4oBi croBa: modeniosannsi, cucmema enmunsyii, Kepy8anHs, HelpoHHA Mepedicd, HelipOKOHMPoep.

Huk K. G. Neuronetwork control of office room ventilation system

The problem of air quality in enclosed spaces arises due to the operation of heating systems, the use of open fire sources,
human respiration, the decomposition of synthetic materials, the ingress of dust from outside, and the presence of microor-
ganisms. Exceeding permissible concentrations can adversely affect human well-being, making air quality control important.
Traditional ventilation systems do not account for changing conditions and do not allow flexible air exchange regulation. The
creation of modern automated ventilation systems using computational technologies and considering air parameter monitoring
results poses a scientific challenge.

Modern approaches to managing HVAC systems, which control the quality and comfort of indoor air, maintain air param-
eters according to sanitary standards, and allow for the creation of closed-loop control systems, have been analyzed. Control
systems based on fuzzy logic theory and neural networks have been considered, which allow for effective air parameter manage-
ment and ensure building energy efficiency.

The aim of the article is to develop a neurocontroller for an office ventilation system that provides automated control con-
sidering the non-stationary behavior of the object by regulating the compressor motor speed of the ventilation cooling system.
The proposed neural network control system uses the principle of inverse neural control for model training and ensures control
by minimizing the error function. The neurocontroller is built as a multilayer neural network with sigmoid activation functions.
10 analyze the effectiveness of the proposed approach, a dataset in the form of time series containing measurements of tempera-
ture, humidity, and carbon dioxide concentration was used. Computational experiments with various neural network structures
demonstrated the effectiveness of a network with a single hidden layer.

It was established that the neurocontroller responds quickly to input signals, and the controlled ventilation system ensures
the standard temperature in the room within an acceptable time and without overshoot. Comparison with P-regulator and
PID-regulator indicates a significant advantage of the neurocontroller in ensuring control accuracy, response speed, and reduc-
ing energy consumption.

Key words: modeling, ventilation system, control, neural network, neurocontroller.

O K. T.Tyk, 2024
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IMocTanoBKa npodaeMu. Y 3aMKHEHUX MPUMINIEHHSIX BHACIIIOK €KCILTyaTallii CHCTeM OMajtoBaHHS, 3aCTO-
CYBaHHS JIXKepeJ BiIKPUTOTO BOTHIO, AMXAHHA JIFOJEH, PO3KIaJaHHAd CHHTETUYHUX PEUOBHH, IO BUBUIBHAIOTHCS
3 03700TIOBaJIPHUX MOJMIMEPHUX MaTepiaiiB (papO, MOKPHUTTS MiIUIOTH, NEKOPATHBHUX IMaHEJIeW TOIIO), MeOIiB,
OPI'TEXHIKH, IOTPAIUISIHHS Ty 3 30BHI Uuepe3 BIIKPUTI BiKHA Ta JIBEPI, @ TAKOXK 38 HASBHOCTI MIKPOOPTaHi3MiB BiJl
XBOPHX JIFOJICH Ta HOCITB MIKPOOPTaHi3MiB, SKICTh IMOBITPS 3HAYHO MOTIPIIYEThCSA. B yMOBaX BUpOOHMIITBA J0/1aT-
KOBO BHHUKA€ 3a0pyIHCHHS ITHJIOM Ta JISTKUMHU XIMIYHHMH PEUOBHHAMH, IO YTBOPIOIOTHCSI B TEXHOJOTIYHOMY
MIPOIIEC] Ta BUIUIAIOTHCS Y TIOBITPSI.

Ho CKnany 336pyI[HIOBa‘IiB HOBiTpH BiHOCATH Byriekucnuii ras (CO,), okenn azoty (NO,), npiOHi 4aCTO4KH
nuy (PM, ,, PM,)), netroui OpFaHl‘{Hl CIOJTYKH (VOC), 6akrepii Ta FpI/I6KI/I OCO6J'H/IBy He6e3neKy JUI 310POB’ s
JFOIIHA yTBOpIOIOTL MleOOpl“aHISMI/I SIKI pa30oM 3 HassBHUMH y HOBlTpl MTUJIOM, PiJHHOIO Ta IHIIMMH CIIOTyKaMHU
YTBOPIOIOTh OakTepiajbHI aepo3oii. A 3a HASBHOCTI y MPUMIIMICHHI XBOPHUX JIIONCH PO3MILTIOIOTHCS KPATUTHHA
piAMHH, SKiI 3 4YacOM MPH BUCHXaHHI YTBOPIOIOTH OakTepiasbHUi mwil. HasiBHICTE OakTepialbHOTO 3a0pyIHCHHS
HOBITPS MOXKE CIIPUYMHUTH PO3HECEHHS iH(EKIIHHNX 3aXBOPIOBAHB, OCKINBKY THJ IIBHJKO PO3MOBCIOMKYETHCS
y 3AMKHEHOMY NPHUMIIIEHHI.

[epeBulneHHS MPHUITYCTUMHX KOHIICHTPAIIi# 3a0pyIHIOBAUIB MOBITPSI MOXKE BUKIIMKATH TOTiPIICHHS CAMOIIO-
9y TTS JIIOIMHU, CCHCOPHI OAPA3HEHHS CIM30BUX OOOJIOHOK TOMIO. TOMY KOHTPOJB 3a3HAYCHIX MTOKA3HUKIB SIKOCTI
TTOBITPS BiJIIrpae BAXKIUBY POJIb JIJIS 30pOB’ st MronuHu. HaituacTime it 3a0e3neueHHs] ONTHMAaIbHUX YMOB TOBI-
TPOOOMiHY BCTAHOBIIOIOTh BEHTUJISIIHY CHCTEMY Ta PO3PaxOBYIOTE ii MPOXYKTHBHICT BUXOSYH 3 MOKAa3HHKIB
00’€My TPUMIIICHHS, YUHHAX TIri€HIYHAX HOPM 0OCATY TOBITPOOOMIHY, (YHKIIOHATEHOIO IPU3HAYCHHS TIPHMI-
ICHHS], KITBKOCTI 0Ci0, sKi mepebyBaroTh B MPUMILICHH] OHOYACHO, Ta BUAIB POOIT, 10 BUKOHYIOTHCS. OZHAK TaKi
METOAMKH HE BPaXOBYIOTh 3MiHIOBaHICTh YMOB y IPUMIIIEHH] Ta HE JO3BOJISIFOTh THYYKO PETYJIIOBATH MapaMeTpH
MOBITPOOOMIiHY. BiJIKpUTTS BIKOH Ta JIBEpel MPU3BOIATH JO 3MiH y MapaMeTpax TeMIIepaTypH Ta BOJOTOCTI MOBi-
Tps, IOSIBA Y MIPUMIIICHHI HIINX JIFOACH MPU3BOIUTH 10 30UIBIIEHHS KOHIIEHTPAIlii ByTJIEKHCIIOTO a3y, O3Ha4YeHI
(baKTOpH CYTT€BO BIIMBAIOTH HA SKICTh MOBITPS Ta HE MOXKYTh OyTH BpaxoBaHi ITiJ] 9ac MOMEPEIHIX PO3paxyHKiB
HPOIYKTHBHOCTI BEHTIIIALIIITHOT CHCTEMH.

OcTaHHIM 4acoM Cy4acHi O(iCHI Ta >KUTIOBI MPUMILIEHHS 03100 I0I0THCSI aBTOMAaTU30BAHUMH CHCTEMaMH
BEHTWIALIT Ta KOHAMLIIOBAHHS MOBITPA AJs 3a0e3reueHHs Oe3MeKH KUTTEAISUIBHOCTI JIIOAUHU Ta MOKPALICHHS
YMOB KOM(OPTY, TOMy MOJIEIIOBAHHS CUCTEM KepyBaHHS BEHTHJIAMICIO Ta KOHAUIFOBAHHIM Ha OCHOBI CIIOCTEpe-
JKCHB 3a IapaMeTpaMHy TOBITPS Ta IHIAMH (paKTOpaMH 3 BUKOPHCTAHHSIM CYYaCHHX OOUMCITIOBAIEHIX TEXHOJOTIN
MOCTA€ K HAyKOBa Mpoodiiema.

AHaJi3 ocTaHHixX pociaikeHb Ta myosikamiii. BinmnosinmHo 10 €BpornelchKoi TUPEKTUBU MIOAO €HEPro-
e(eKkTUBHOCTI OyniBeNb [5] 10 HUX BUCYBAIOTHCS BUMOTH TIOJIMIICHHS €HEPTeTUYHOTO (DYHKI[IOHYBAaHHS 3 ypa-
XyBaHHAM KIIMaTHYHUX Ta MICIIEBUX OCOOIUBOCTEH, BUMOTH LIO/I0 MIKPOKIIIMATy B MPUMIIIEHHIX. Takox BHCY-
BAIOTHCSl BUMOTHU ILIOJI0 PO3POOKH 3arajbHOT METOAOJIOTIYHOI CXeMHU OOpaxyHKY IHTEPOBAHOTO €HEPreTHYHOTO
(yHKITIOHYBaHHS 6ymBenb Ta KepyBaHHsI 1apaMeTpamMu ix €(EKTUBHOCTI.

BinpmIicTs 3 mepeiueHuX CKIIAJ0BHX SKOCTI Ta KOM(MOPTHOCTI MOBITPS Y MPUMIIICHHSX MOKHa KOHTPOIIIO-
BaTH Ta perymopati 3a nonomororo HVAC cucrem (Heating, Ventilation, & Air Conditioning System), siki 3aBIsSKH
KEepPYBaHHIO BEHTWISIIMHUM, ONAIOBAIbHIM OO THAHHAM Ta OOJIaJIHAHHSAM KOHJWIIIOBAHHS JIO3BOJSIOTH ITif-
TPUMYBATH TapaMeTpH MOBITPS Y BiAMOBITHOCTI MO CaHITapHUX BHUMOT. TOMy 3HauHa KiJIbKiCTh HAYKOBUX POOIT
MIPUCBAYYETHCSI MOJECIIOBAHHIO Ta PO3pOOIl TaKUX CHUCTEM, BHUSABJICHHIO LUIAXIB MiJBULICHHSA iXHbOI €(EKTHB-
HocTi. B po6oTi [1] HaBoAMTECS aHANi3 HASSBHUX CHEProe(eKTUBHUX PIICHB VIS MPHUCTPOIB YTHII3AIIT TEIUIOTH
BHUTSDKHOTO TTOBITPS B CHCTEMaX BEHTHJIAIIT 1 KOHIUIIFOBAHHS, 1110 BPAXOBY€E TUHAMIKY KITIMATHUHUX 1 BHYTPIIIHIX
XapaKTepUCTHK eKcIutyarallii. Po3po0ieHo MeTONHKy TeXHIKO-SKOHOMIYHOT OIIHKH €HEPTeTHYHUX XapaKTePHCTHK
aKTHBHUX yTHIII3aTOPiB, M0 (YHKIIIOHYIOTh B YMOBaX BIAXHJICHB IMapaMeTpPiB BiJ MPOEKTHUX 3HaYeHb. [Ipoanati-
30BaHO BIUIMB BIAXWJICHHS 3HA4YCHb ITapaMeTPiB, 30KpeMa BUTPATH MOBITPs, TEMIEPATypPH 30BHIIIHBOTO MOBITPS
nepes yTHIIi3aTopoM, TeMIIepaTypH 1 BOJOTOCTI BUTSKHOTO MOBiTps. [IpoBeeHO MOpiBHAIBHMI aHali3 croco0iB
IT1JIBUIIIEHHST €HEProe(PeKTUBHOCTI CHCTEM BEHTWJISIIIT 1 KOHUITIFOBaHHS.

BpaxoBytouu, 110 MareMaTH4HI MOJIC)I CHCTEM KEPyBaHHS CTAHOM TMOBITPS y TIPUMIIICHHSIX € HETIHIHHUMHA
Ta MOXYTh CYTTEBO BIJPI3HATHCS JJIsi KOXKHOT OKpemoi OymiBmi, s 3iiiicHenHs: kepyBanHd HVAC cucremamu
LIMPOKO 3aCTOCOBYIOTBCS Pi3HI THIIM KOHTpOsepis. Haifmpoctimti 3 HUX 31iHCHIOIOTE PEeryioBaHHs I1apamMeTpis
TIOBITPsI 3 BUKOPHCTAHHSM ONepalliil yBIMKHCHHS/BUMKHCHHS PHIIA/iB 33 IH(OPMALLI€I0 PO CTaH MOBITPs y NpH-
MillleHH]. 3aCTOCYBAaHHs TAaKoOro CrmocoOy KepyBaHHs NPU3BOAMTE 10 CYTTEBHX KONMBAHb MAPAMETPIB MOBITPS
y MPUMIIICHHI.

Binbi cknaganMu 3a Oy/10BOYO, aje i OLIbII e(i)eKTI/IBHI/IMI/I e IIJI- KOHTPOJIEPH [4] SIK1 JIO3BOJISIFOTH TIOOYTY-
BaTH 3aMKHEHY CHCTEMY KepYBaHHS Ta HAaJAIITOBYIOTHCS B TaKii croci0, o0 BiAMOBiqaTH BUMOTaM CTaOiIBHOCTI,
3a0e31euyBaTH JTOTPUMAHHS BCTAHOBJICHUX 3HAUCHB ITApaMETPiB, aalTyBaTUCh 0 MEPEXiTHNX MPOIIECiB, JOCATATH
MIPOYKTUBHOCTI PETYIIFOBAHHS B yCTAJICHOMY CTaHi, 30KpeMa 3a0e3IeuyBaTu CTIHKICTh 10 30ypeHb Ta HeBU3HAUe-
HOCTI yMOB HaBKOJMIIIHBOTO cepenoBuIIa. TpyaHomi y 3actocyBanHi [11/[-koHTponepiB HaifuacTimie BUKIHKaHI
BIJICYTHICTIO 1H()OpMAILIil IPO XAPAKTEPUCTUKU 00’ €KTy KEpyBaHHS, HEJIHIMHICTIO Ta HECTAI[IOHAPHICTIO CUCTEMH,
HEOOXiHICTIO HANIAITOBYBATH NapamMeTpH KOHTPOJIEPiB, OCKUIbKH HEBIpHUI BUOIp KoedilieHTIB MOXKe npu3Be-
CTH 10 HecTabuIbHOCTI Beiel cucremu. OCTaHHIM 4acoM JI0 HAJIAIITYBAHHS Koe(bu_ueHTy MPOTOPIIITHOCTI, 1HTE-
TPaNEHOTO Ta TU(PEPEHIIATEHOTO KOS(IIIEHTIB KOHTPOJEPIB, a TAKOXK CITIBBIIHOIIEHb MiXK HUMH 3aCTOCOBYIOTHCS
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METOJH €KCIIEPUMEHTAIBHOTO HAAIITYBAHHS Uepe3 MiAKIIOUCHHS KOHTPOJIepa 10 00’ €KTy KepyBaHHS Ta i3 3aCTO-
CYBaHHSIM HEHPOHHHUX MEpexX. 3aCTOCYBaHHs HEHPOHHUX Mepexk /uis nindopy napamerpis I11/]-koHTponepa miaBu-
LIy€e SKICTh KEPYBAHHS uepe3 3MEHIIECHHS B JUHAMIII MAKCUMAJIbHOTO B1IXUJIEHHS BETMYMHU, HAJl SIKOIO 3/1HCHIO-
€TBCSI KEPYBaHHSI, Ta 30UIBIICHHS IEKPEMEHTY 3aracaHHs IepeXiTHOTo MpOIeCy.

OCTaHHIM 9acOM PO3BHBAIOThLCS M1JIXO/H, IO € OLTBII ePEeKTUBHUMU Yy TIOPIBHIHHI 3 TPATUIIIHHUMHI PEryJisi-
topamu Ta [1IJ]-koHTponepamu. B cucremax kepyBaHHS JUIS TiI00PY MapaMeTpiB KepyBaJIbHOTO BIUIMBY IIHPOKO
BHUKOPHUCTOBYIOTBCSI CYy9acHI METOIM 00UNCIICHb, 30KpeMa €BOTIONIHHI METO/N, €KCIEPTHI CHCTEMH 13 3aCTOCYBaH-
HSIM HEUiTKO{ JIOTikH, HeHpoHHI Mepexi. Cucremu KepyBaHHS, 110 OyIyIOThCS Ha OCHOBI Te€Opil HEUiTKOI JIOTiKK
Ta BUKOPHCTOBYIOTh CUCTEMY HEUITKMX MpaBui 0e3 (opmaiizanii npeaMeTHoi o0nacTi y BUIVISAI MaTeMaTHUYHOI
MOyIelli, JT03BOJISIOTh KepyBaTH MapamMeTpaMy MOBITPS Ta TEIIOBOTO KOMQOPTY, CTBOPIOIOYM KOMGOPTHI YMOBH
JUTS JTIOMHY, Ta BOIHOYAC TO3BOJITIOTH JOCITATH IMIOKa3HHUKIB eHeproeeKTHBHOCTI OyniBimi [3]. AJie 3acTOCyBaHHS
TaKOTO X0y BUKIMKAE CKIIQIHOIII ITiJ1 Yac (GOpMYITFOBAaHHS CHCTEMH TPABWII, 110 IOBUHHA BPAaXOBYBaTH 0CO0-
JUBOCTI BIUIMBY KITIMAaTHYHUX (PaKTOPiB HA TTAPaMETPH TTOBITPSI.

ITepeBaramu 3acTOCyBaHHSI HEHPOHHUX MEPEX IMpPHU MOOY/IOBI CHCTEM KEpyBaHHS € Te, III0 BOHH MOXYTh Biji-
TBOPIOBATH HEJNIHIIHI 3aJIeKHOCTI 13 3aJ]aHOI0 TOYHICTIO, 30KpeMa AMHAMIKY MPOLECY KepyBaHHs, i 4ac MOOyI0BH
HEHPOMEPEKEBOI0 PErysaTopa He NOTPIOHO BUKOPUCTOBYBATH CKJIQJAHMNA MaTeMaTUUHUI OMMC CUCTEMH KepyBaHHS
Ta MaTeMaTHYHy MOJENb KePOBAaHUX XapaKTePHCTHK MOBiTps [2]. Ha ocHOBI HaBUaibHOI BUOIPKH, 10 GOPMYETHCS
B PE3yJIBTaTi CIIOCTEPEKEHbD 32 TIapaMeTpaMHU TOBITPS y IPUMIIICHHI, BiIOYBAETHCS TPEHYBaHHSI IITYYHOT HEHPOHHOT
MepeKi, a HaBYeHa Ha OCHOBI pealbHUX JaHUX MepeXka 3[aTHa TeHepyBaTH KepyBaJbHHUH BIUIMB, IO 3abe3medye
HaOMIPKCHHSI TApaMETPiB TOBITPS 10 HiIb0BHX. CHpsSMyBaBIIN KEPyBAILHHI BIUTUB Ha BXiJ CHCTEMH Ha TIOTOYHOMY
eTari KepyBaHHS 31iHCHIOEThCS IEPEBEACHHS CHCTEMH 3 TIOTOYHOTO CTaHy B Oa’kaHUi CTaH 3a EBHUM IPOMDKOK Hacy.
B Takiit croci6 31iiiCHIOEThCS aJaNTUBHE KEPYBAaHHS HENNIHIMHOI CHCTEMOIO 3 TIPOTHO3YIOUOK0 KOMIICHCALLIELO.

Mera crarTi. BpaxoByroun akTyaibHICTh PO3BUTKY METOIB aBTOMAaTH30BAaHOTO KEPYBaHHS, 110 aJ[alTOBaHI
JI0 HeCTaIllOHapHOT MOBEMIHKA 00 €KTy KepyBaHHsI, Y poOOTI pO3IISIIAEThCS 3ahada moOyI0BH HEHPOKOHTpOIepa
JUTSL CUCTEMH BEHTHJISIIT 0(iCHOTO MPUMIIIICHHS.

Jl1s TOCATHEHHST METH HEOOX1IHO pO3B’sI3aTh TaKi 3a/1a4i:

— 3iCHNTH 30ip Ta aHaJi3 BXIAHUX AAHUX JJISI pOOOTH CHCTEMHU KEPyBaHHS;

— o0paTH apXiTeKTypy HEWPOKOHTpOIepa, 31CHUTH HaBYaHHS MOJETI;

— JIOCHIIUTH AKICTh KEPYyBaHHA MapaMeTpaMu MOBITPs y MPUMILLIEHHI.

BukJiag ocHOBHOro Marepiany

MeTtox moGynoBu. PosrmsgaeTses 3amada MOICTIOBAHHS CHCTEMH aBTOMATH30BAaHOTO KEpPyBaHHS IIpOIIe-
COM BEHTHJIAIIIT TIOBITPS, MO 3a0e3Ieuye JOCATHEHHS Ta MiATPUMAaHHS HOPMATHBHHX TOKAa3HUKIB TEMIIEPaTypH,
BOJIOTOCTI Ta KOHIICHTpAIil BYIJIEKHCIIOTO Ta3y y MOBITpi MpuMileHHs. Bentnamiiina cucrema 3abe3nedye mpu-
IUTUB 30BHIIIHBOTO MOBITPS Y IPUMIIICHHS Oy/iBii. BuMipioBaHHS MOKa3HMUKIB MOBITPS 3A1HCHIOETHCS JATUNKAMU,
30KpeMa TEPMOMETPOM, HCHXPOMETpoM, rasoananizaropom CO,. 3Ha4eHHS MOKa3HMKIB TOBITPS 3aJ€XaTh Bil
IIBUKOCTI MPUIUTUBY 30BHIIIHBOTO OXOJIOMKEHOTO TOBITPS Y MPHUMIIICHHS, TOMY 4epe3 KOHTPOIIOBAHHS IIBH-
KOCTI MOTO MPHUILIMBY MOXKHA MiATPUMYBaTH HOPMAaTHUBHI 3HAUCHHS mapaMmeTpiB mosiTps. HeoOximHo po3podutu
CHCTEMY aBTOMATH30BaHOTO HEHPOMEPEKEBOTO KEPYBaHHS, 1[0 3/iMCHIOE KepyBaJIbHUI BIIMB HUISIXOM PETYIIIO-
BaHHS IIBUJAKOCTI JIBUTYHA KOMIIPECOpa OXOJO/KYBaJlbHOI BEHTWIALIIHOI CHCTEMH Ta BUKOPUCTOBYE Ul Haja-
IITYBaHHS BUMIPSIHI MOKa3HUKH SIKOCT1 MOBITPSI.

DyHKIIIFO, 10 3IHCHIOE KepYBaJIbHHUI BIUIMB Ha 00’ €KT KepyBaHHS, MOYKHA 300pa3HUTH Y TaKUil Criocio:

u(t) = fY(0),Y(®),

ne u(t) — KepyBaJbHHI BIUIUB B MOMEHT Yacy f; Y (f) — mapameTpu CTaHy MOBITps IIicyIs 31iiICHEHHS KepyBallb-
HOTO BIUUBY u(t); Y (t) — HOpMAaTUBHI 3HAUEHHS APAMETPiB CTaHy MOBITPS.

HeiipomeperxeBa cuctemMa KepyBaHHsS 371MCHIOE KepyBaJbHUI BIUIMB Ha 00’ €KT KEPyBaHHS 3 BPaXyBaHHAM
noxuOku kepyBaHHs. CHUCTeMa KepyBaHHS PO3MIAAA€THCA B TUCKPETHOMY 4aci 3 HOCTIIHUM Ta IOCTaTHHO MaIuM
KPOKOM IHCKpeTu3alii 7. B oCHOBY moOymoBH HEHPOKOHTPOJIEpa MOKIAAEMO IPHHIUI iHBEPCHOTO HEHPOKEpY-
BaHHS, SIKMI TIOJSITa€ B TOMY, [II0 HAaBUYaHHS HEHPOHHOI Mepeki BiIOyBaeThCS 3 BUKOPHCTAHHAM iH(opMarii mpo
MOBEJIIHKY TUHAMIYHOTO 00’ €KTY.

Jns MonenroBaHHS MOBEAIHKN TUHAMIYHOTO 00’€KTY BHKOPHCTOBYETHCS HEHpOHHA Mepeska 31 3BOPOTHIM
3B’SI3KOM, SIKa 37aTHA MOJICTIIOBATH 3aJIC)KHOCTI y Yaci Ta mependadyaT BUXOAM CUCTEMHU Ha OCHOBI 11 momepenHix
CTaHiB Ta BXiHUX cUrHamiB. CIOCTepe)XEeHHS 3a 3HAYCHHSMHU KEpyBAJIbHUX BIUIMBIB 1 BIIMOBIJIHUX HUM CTaHIB
00’€KTYy KepyBaHHS JI03BOJISIE CTBOPUTH HABYAIIBHY BUOIPKY ISl HAJIAIITYBAHHS MOJEII:

X={T,U},

ne T,={Y(¢),S(t-1)}; U, =u(r), u(t) — xepyBanbHuii BILTHB B MOMEHT 4acy ¢; S(¢-1) — momepenniii cran
00’€KTy KepyBaHHS.

Jlis 3ificHeHHST KepyBaHHSI HEMPOKOHTPOJIEP i €MHYIOTh JI0 00’ €KTY B 3aMKHEHOMY PEXXHMIi, Ha BXiJ] HEH-
POKOHTpOJIEPA MOTPAILISE BiAXUICHHS HOPMATUBHHX 3HA4Y€Hb IIapaMeTpiB cTany 00 ety Y, (¢ +1) Bix Binnosiz-
HUX 3Ha4eHb apaMeTpiB MOTOYHOTO cTany Y (7). BuxinHe 3HaueHHs MOziei HEHPOHHOT Mepexi Y (f) € 3BOPOTHUM
3B’s13k0M. I'eHepoBaHmii KepyBaIbHUI BIUIUB IEPEBOJNTH 00’ €KT KepyBaHHs B cTaH Y (7 + 1) Ta3a nauuMu Y (¢ +1),
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Y, (t +1) oOunciroeTbca moMuUiIKa y po0Ooti HelipokoHTposepa. Kepyrounii BuXifHMH CHrHaJ OOYHCIIOETHCS

[UISTXOM MiHIMI3aIlil MOMUJIKY Ta MEePEIAEThCsl Ha MOJICTh CUCTEMH BEHTWIIALIT MpUMilIeHHs. B skocTi KpuTepiro
HaBYaHHS OyJ10 00paHO CepeIHbOKBAIPATHYHY ITIOMUIIKY IMiTalii:

e si(ro-ro) .

ne N —3arajbHa KUTbKiCTh BUKOPHCTAHUX JaHUX.

HetipoxonTponiep moOynoBaHO y BUDIISAII HEWPOHHOI MEpexi, siKka CKJajaiach 3 BXIIHOTO, BUXIJHOTO Ta
KUTBKOX MPUXOBAHHUX IIAPIB, IO JO3BOIMIIO 3IIHCHATH alpOKCUMAIIIFO CKJIAIHOT HeJIIHIHHOT 3aime)xHOoCTi. B skocTi
(hyHKIIIM akTHBAIlT HEHPOHIB BUKOPHCTAHO cirMoiaHi ¢yHKIii. HaBuaHHS HEHPOHHOT Mepexki 31iCHIOBAJIOCHh METO-
JIOM 3BOPOTHOTO PO3MOBCIO/DKEHHS TOMUJIKH Yepe3 MiHIMI3allif0 TOMUIKH METOJIOM T'PaJiEHTHOTO CITyCKY B TPO-
CTOp1 BaroBUX KoeQilieHTiB HEHPOHIB w; Ta 0iaciB b, WTY4HOI HEHPOHHOI MEPEXi.

BianoBigHo 10 METOLY TPaiEHTHOTO CIIYCKY 3MiHEHHS BarOBHX KOE(ili€HTIB 3/IICHIOEThCS B TaKUil criocio:

Wyt + 1) = wy(r) + OE(K) by (1) by(r +1) = by(r) + OE ()
ne E(k) — cepeqHbOKBaJpaTHYHA MOMUIIKA JUTSL k -OTO HEHPOHA MEpEexi.

B pasi 3pocTaHHs TOMMJIKH iMiTallii HA KOHTPOJIbHIN BUOIPIl, HABYAHHS 3aBEPIIYBANOCH.

YuclioBe MOTETIOBAHHS TA Pe3yJIbTATH PO3PAXYHKIB. [[11s1 aHaMi3y e(heKTUBHOCTI MPOMIOHOBAHOTO MiIXOIY 10
3I1MCHEHHSsI KepYBaHHsI CUCTEMOIO BEHTUIISILIT BUKOPHCTOBYBABCs HaOlp AaHMX, 110 cKiaaascs 3 omu3bko 3000 3amucis
y BUIVISIII YaCOBHX PSIIIB, B SIKMX IOIAHO PE3YNIBTaTH BUMIPIOBAHHS TEMIICPATyPH, BOJIOTOCTI Ta KOHLICHTPAIll ByIIIe-
KHUCJIOTO Ta3y Uil TPhOX IpHuMineHb. HaBuaHHs Mozl KepyBaHHS 3HiHCHIOBAIIOCH 3 BHKOPHCTaHHIM BHITAIKOBO 00pa-
HUX MPHUKJIAJIB 3 HABUAILHOI BUOIPKH, 1110 30epirajga mapaMeTpy TMOBITPS Y TEePIIMX IBOX MPUMINICHHsX. JlaHHI 110
TPETHOMY TIPUMIIIICHHIO HE BUKOPHUCTOBYBAJIHCH [Tl HABYAHHS MOJIEITI, 1X 3aCTOCOBAHO JIIs BepH(DiKallil pe3y/ibTaTiB Ta
TIEPEBIPKH 3IaTHOCTI HEUPOHHOT MepeKi JI0 y3araibHeHHs. [lonepeiHpo 31iiCHIOBaIACh HOPMAUTI3allisl BXITHUX JaHHX.
B pospaxyHkax, 1110 BUKOHAHO, KCPYBAHH: 3MIHCHIOBAJIOCH JIMIIE JUTS MATPUMAHHS HOPMAaTHBHOI TEMIIEpaTypH IOBi-
TPy npuMitnesHi. J{ist mporpamHoi peam3au11 HEHPOKOHTpOIIEpa 3aCTOCOBAHO 010TI0TEKY TPOrPAMHOTO 3a0€3MEUCHHS
3 BIIKPUTHM KOJIOM JIJISl YUCIIOBHX PO3PAXYHKIB 3 BUKOPHCTAHHSM rpaan notoky manux TensorFlow.

IIpoBeneHo cepito 0OUNCITIOBANBHUX €KCIIEPUMEHTIB IS aHan13y p03po6ﬂeHoro MIJIXO/ly JIO MOJIEITIOBAHHS
CHCTeMH KepyBaHHs. B pe3ysbTari 004MCIIIOBATEHUX EKCIICPUMEHTIB 3 plSHI/IMI/I BaplaHTaMI/I CTPYKTYpH HEHPOHHOT
MepeKi BUSBUIIOCH, 110 HAHOLIBII e(DEKTHBHOIO € HEHPOHHA MEpekKa, MO MICTUTh BXINHWIA, BUXITHUN Ta JUIIe
OJIMH TIPHXOBAHUI IIap.

Jliist 06paHoi apXiTeKTypH HEHPOHHOT Mepexki Oyio 3MIHCHEHO PO3PaxXyHKHU 3 BUKOPUCTAHHSIM JaHUX BUOIPKH.
Po3rnsryTO BHMamoK, KONM 3a pe3yasTaTaMi BUMIPIOBAaHHS ITapaMEeTPiB TOBITPsI BCTAHOBJICHO, IO OIMH 3 Mapame-
TPIB, 1[0 KOHTPOIIOETHCS, & CAME TEMIIEPATYPa MOBITPs MEPEBUILY€E HOPMAaTHBHY TeMiieparypy Ha 5°C. [lns imitanii
mpoIiecy KepyBaHHS Ta IEPEBIPKHU IMPOAYKTHBHOCTI HEHPOKOHTpOJIEpa MOXUOKY y 3HAYCHHI BUMIpIOBAHOTO Tapa-
METpPY BHKOPHCTAHO SIK €TaJOHHU BXia. Ha puc. 1 CyIibHOIO JIiHIEI0 HABEJACHO PE3yJIbTaT MOJICITIOBAHHS BUXOTY
3a pe3yJibTaraMy poOOoTH HEHPOKOHTponepa. 3 aHaji3y MOXKHa OaqWTH, IO HEHPOKOHTpPOJEp IIBUAKO pearye Ha
BXIJIHU{ CUTHAJI, 9aC BCTAHOBIICHHS HOPMATUBHOT TeMIIEpaTypH JOpiBHIOE Onm3bKo 10 cekyHI.
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Puc. 1. Peakirist BUXOAY CUCTEMH TSI PI3HUX CHCTEM KEPyBaHHS
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OKpiM HIBUAKOCTI BIATYKY, MOKHA Oa4MTH, 1110 Y IPOLIECI KEPYBAaHHS HE CIIOCTEPIraeThCs MEPEBHIIICHHS 3Ha-
YeHb [TOKA3HUKA, 10 KOHTPOTIOEThCSL. I1icist ycTaneHHs IpoLecy perynioBaHHs BIAXMICHHS 3HAYEHb TEMIIEPaTypu
BiJl HOPMATUBHUX JOpPiBHIOE HYO. Lle BKazye Ha Te, 110 KepyBaHHS Ma€ BUCOKY IIBUJKICTh peakilii, 3abe3medye
TOYHICTH KEPYBaHHS Ta JO3BOJISIE YHUKHYTH MEPEPEryTFOBAHHS.

s mopiBHSAHHS Ha pUc. | HABEICHO pe3y/bTaT KepyBaHHs, 0 3MIHCHIOETHCS 3a TormoMororo [1-koHTpoepa
(nynkrupHa ninist) Ta [TIJ]-koaTponepa (npiOHM nyHkTHp). MoskHa OaunTw, 1m0 [1-KoHTposep 3ade3neuye CyTTEBO
TipIIy SKiCTh KepyBaHHs, BCTAHOBJICHHS HOPMATHBHOTO 3HAYCHHS ITOKa3HWKA TPHBAE OJM3BKO XBHJIMHH, CIOCTE-
pITaeThesl epeperymoBaHHs, M0 MPU3BOAUTE 10 OLTBIIOTO eHeprocrmoxuBaHHs. 3actocyBaHHs [11J]-xoHTpONep
TaKOX HE JIO3BOJISIE TOCSTTH TUIABHOTO PETYIFOBAHHS, Y MOPIBHAHHI 3 HEHPOKOHTPOJIEPOM CIIOCTEPIraeThCs OUIBII
TPUBAIIUI MEPEX1IHNH Tpoliec, OUTBIINM € BiIXUICHHS 10 MAKCUMAIIbHOMY 3HAU€HHIO MapaMeTpy.
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Puc. 2. Cuamynsmist pe3ynpraty KepyBaHHS

Ha puc. 2 HaBesieHo BuXinHy xapakTepuctuky [1-konTposepa, [11/l-korTposepa Ta HelipokoHTpoepa. [lepe-
X1THUH TIpoLeC, M0 YTBOPIOETHCS HEHPOKOHTPOIECPOM, MOPIBHIOETHCS 3 BIATOBIIHUMHU MPOIECaMH, 0 peaizy-
IOThCSl 3BUYAfHUMH KOHTpOJIEpaMu. 3 aHali3y pHC. 2 MOXKHa OauuTH, 10 HEHMpPOKOHTpojep 3abesnedye Kparry
MPOMYKTUBHICTh JUIS KEPYBaHHs IIBHIKICTIO KOMIIpecopa MOpiBHAHO 3i 3Buuaiinumu [11/1- ta [1-koHTpOnmepamu.
Peaxist HelfipokoHTpoOJIepa HA 3MiHY MOXHOKU KePYBAHHS € MIBUIKOIO Ta TUIABHOIO MOPIBHIHO 31 3BUYAHUAM pery-
JSITOPAMH, ITiJ] KepyBaHHIM HEHPOKOHTPOJIEPA HE CIIOCTEPITaeThCs MEPEBUILICHHS, [0 CHPHUSIE 3MECHIIICHHIO CTIOXKH-
BaHHS CJICKTPOCHEPTii Ta TepMiHy CIyX01 kommpecopa. TakuM YHHOM, HEHPOMEPEKEBHI TiIXi]] [T CTBOPCHHS
CUCTEM KepyBaHHS NapaMeTpaMU MOBITPS y MPUMIILIECHHI € TPane3IaTHIM Ta ¢(SKTHBHHM.

BucHoBku. Y poOOTi 3aCTOCOBaHO HEWPOMEPEKEBUU MIAXIM IO CTBOPEHHS CHCTEMHU KepyBaHHS BEHTHIIS-
IHHOK0 CHCTEMOIO JIJIs 3a0€3NICUCHHS] HOPMATHBHUAX TApaMeTPiB MOBITPS Y MPUMINIEHHI. PO3mIstHyTO TiAX0Au 110
3IiCHCHHS KepyBaHHs CHCTEMaMU BCHTWIIAII] Ta KOHANIIIIOBAHHS, III0 CIIMPAIOTHCSI HA BUKOPUCTAHHS 3BHYAHHUX
peryasitopiB ta I11J[-koHTposIepiB, IHTENEKTyallbHIUX CHUCTEM, SIKi 3aCHOBAHI Ha JIOT1YHUX MpaBHIaX, HEHPOHHUX
Mepex. BetaHoBieHO, 1110 HeHpoMepeKeBUil MiAX1 JO CTBOPEHHS CHCTEM KepyBaHHS 3/IaTHUH BiITBOPIOBATH HEMi-
HilfHI 3aJI€XKHOCTI 13 331aHOI0 TOUHICTIO, BPAaXOBYBAaTH JUHAMIUHI 3MiHU, 110 BiI0yBaIOThCA 3 00’ €KTOM KEpYBaHHS,
Ta HEe MOTpelye 3aCTOCYBAHHS CKJIQAHUX MaTeMaTUYHUX MOAEIeH 00’ €KTIB, 10 AOCTIKYOThCS.

HeiipoxonTponep nodynoBaHo y BUINISA HEHPOHHOT Mepeski 13 3aCTOCYBaHHAM HaBYaJIbHOI BUOIPKH, 1110 CTBO-
PEHO 3a pe3ylIbTaTaMy CIOCTEPEKCHHS 3a ITapaMeTpaMH MOBITPs y IPUMIILICHHI. 3a pe3ylibTaTaMyi 00UHCIIOBAIEHOTO
EKCIIEPUMEHTY 00paHO CTPYKTYpY HEUPOHHOT MEpesKi, 3MIHCHEHO MepeBipKy i poOOTH Ta TOCIiIKEHO POOACTHICTS.

[TopiBHSHO pe3yibTaTH pOOOTH PO3POOIICHOTO HEHPOKOHTpOJIepa 3 podoToto [1-koHTposepa, IT1I-koHTpoepa
Ha MPUKJIAJl KepyBaHH TEMIIEpaTypolo cepeoBuIna. BcTanoBIeHO, 10 HEHPOKOHTpOep 3a0e3medye KOHTPOIIb 3
CTIIOCTEPEKYBAaHUMH MTapaMEeTPaMH IIBUIKO Ta IUIABHO TOPIBHSIHO 31 3BUYAWHUM PETYIATOPAMH, Mi KePYBaHHAM
HEHPOKOHTPOJIEpa HE CIIOCTEPIraeThCs MEPEBUIIICHHS, IO CIPHSIE 3MCHIICHHIO CTIOKUBaHHS €JIEKTPOCHEPrii Ta
TEpMiHY CITy>k01 KOMIpecopa.

B nonanpmiiii nepcnekTuBi MiIaHyeTbes JOCTIAUTH B3a€MOBILIMB PI3HUX MapaMeTpiB MOBITPs, 30KpeMa TeM-
neparypu, BigHocHoi Bosorocti, CO, , BMICTY IUIly, OCKUIbKH y PEaIbHUX OyIiBIISAX 3a3Ha4EHI MapaMeTPH BILIMBA-
I0Th OJIMH Ha OJTHOTO, 1 3MiHa OJTHOTO IMapamMeTpa MOKe MIPU3BECTH JI0 3MiHM IHIIHUX MapaMmeTpiB. MaiibyTHs poborta

nepezndadae po3poOKy cTparerii KOHTPOIIIO, 1[0 BPAXOBY€E B3a€EMO3B’ 130K MIX IapaMeTPaMH.
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OBMEXEHA HECKIHYEHHICTDb

Y cmammi posensoaemvca numanna idenmuixayii nowammsa oomedxcenoi HecKinueHHocmi. AKmyanvHicms pobomu
NoNA2A€ Y NOCMIUHIT HeOOXIOHOCT POSUIUPEHHS CIEKMPY MAMEMAMUYHUX THCIPYMEeHMig, AKi nNOmpiOHI 01ia BUDIUEHHS CKa0-
HUX NPUKIAOHUX 3A80aHb NPOEKIMYBAHHA Y mexHiyi. Lleti mepMmiH pO3UUPIOE MOMCIUBOCIT BUKOPUCTNAHHA KIACUYHOT HeCKIHYeH-
HOCMI 8 NPUKAAOHUX 3A0aYax Mamemamury.

OcHogHoio memoio cmammii € popMyBanHs NOHAMMS 0OMENCeHOT HECKIHYEHHOCHE Md NPoeedenHs il PI3HOACHeKMHUX
00Ci0NCeHD.

B pobomi cghopmynvoaro (hyHOaMeHMAnbHI 61ACTMUBOCHIT 0OMENICEHOT HECKIHUEHHOCI, KT BCIAHOGTIOIONb 1T OCHOBHI
Xapaxkmepucmuxyu ma ocooaugocmi sacmocyéanna. IIpogedeno ananiz 0cHOBHUX MAMEMAMUYHUX Onepayill, AKi MOJICHA BUKO-
Hy8amu 3 00MeNCEHOI0 HeCKIHUEHHICIMIO, W0 HAJAN0 MOJCIUGICIb 3p0OUMU BUCHOBOK, WO BOHA NPU BUSHAUEHUX YMOBAX MAE
no8o0censt nodione 0o ckinvennozo yucia. Ilposedeno nopiHANbHUL AHANI3 GLACMUBOCHEN HECKIHUeHHOC, 0OMedNceHol
HeCKIHUeHHOCTE Ma MHOJNCUHU, WO HAOATIO MOJNCIUBICIb OLIbUL YUMKO BUSHAYUMU NOHAMMSL 00MediceHol HecKinuennocmi. J{ns
BUKOHAHHS MAMEMAMUYHOI Onepayii NopisHAHS 8eIUYUH, AKI 8i000pANCAIOMbCS 3d OONOMO0I0 0OMEIICEHOT HeCKIHUeHHOCNI,
3aNPONOHOBAHO NOPIGHATLHI OYIHKIL: AOCONIOMHY THME2PATbHY OYIHKY, GIOHOCHY CEPeOHI) THMeZPUNbHY OYIHKY Md KLIbKICHIb
837116 CIMKU NPURYCIUMUX NOXUOOK.

Taxosic HasedeHo NPUKIAOU, AKi TIOCIMPYIONb BUKOPUCHIAHHS 0OMEXCEHOT HECKIHYEHHOCNT 8 NPUKIAOHUX 3A0aYaX, MAKUx
AK 3ACMOCYB8AHHA MEMOOi8 KEAZIKOHCMANM MA QYHKYIOHATbHOT 30idcHOCmI. 3anponoHo8ana KoHyenyis 00MelceHoi HecKiH-
YEHHOCMI 3HAYHO CHPOWYE 3ACMOCYBAHHSL DI3HUX (DOPM HECKIHUEHHOCHI 8 NPUKTAOHUX 3a0ayax, 30KpeMa npu po3e s3yeanHi
cucmem piHAHb 3 HEGUIHAUEHUMU PIUEHHAMU.

KitrouoBi ciioBa: oOMedcena HeCKiHUeHHICHb, MAMEMAMUYHA Onepayis, NOPIGHAIbHA OYIHKA, MemoO K8A3IKOHCIMAHM,
MemooO QYHKYIOHATLHOT 3012ICHOCTI.

Kimstach O. Yu. Limited infinity

The paper discusses the identification of the concept of limited infinity, highlighting its relevance in expanding the range
of mathematical tools necessary for solving complex applied design tasks in technics. Limited infinity extends the applicability
of classical infinity in mathematical problems.

The primary objective of the paper is to develop the concept of limited infinity and conduct comprehensive research on it.

The paper outlines the fundamental properties of limited infinity, elucidating its key characteristics and practical appli-
cations. An analysis of basic mathematical operations involving limited infinity demonstrates that, under certain conditions, it
behaves similarly to a finite number. Furthermore, a comparative analysis of infinity, limited infinity, and sets clarifies the con-
cept of limited infinity. To facilitate comparisons involving values represented with limited infinity, the paper proposes several
comparative estimates. the absolute integral estimate, the relative average integral estimate, and the number of grid nodes of
permissible errors.

Additionally, the paper provides examples illustrating the application of limited infinity in practical problems such as using
the quasi-constant and functional convergence methods. The introduction of the concept of limited infinity notably streamlines the
utilization of various forms of infinity in applied tasks, especially when solving systems of equations with undetermined solutions.

Key words: limited infinity, mathematical operation, comparative estimate, quasi-constant method, functional conver-
gence method.

IocTanoBka npo6aeMu. ITOHATTS HECKIHUEHHOCTI € ONHMM i3 HaiimommMpeHimmX y Maremaruii. Moro
JIOCUTh Ba)KKO 3pO3YMITH 4epe3 HOro uucelbHy HeBM3HaueHicTh. KpiM TOro, JMiHTBICTUYHHN 30ir i3 MOHATTIM
HECKIHYEHHOCTI OyTTs 1 mpocTopy Yy dinocodii poOUTH Lieit MaTeMaTHUHUI TepMiH 4acTKOBO (inocoderkum [1].

MaremaTuyHe MOHATTS HECKIHYEHHOCT! HACTUIBKM CKJIaJgHe, 110 WOro BUBUEHHS MOTpeOye 3acTOCYBaHHS
CHeLiaIbHIX Menarorigaux Metois [2]. [IpoTe ciix 3a3HaunTH, II0 TAKOMY CKJIaJHOMY TEPMiHY B CYYacHOMY CBITI
BCE IIe MPUIUIIEThCS HemnocTaTHs yBara [3]. Tomy, He3BaXKaro4n Ha THUCSYONITHIO i1CTOPIIO I[HOTO MOHSATTS, HOTO
PI3HOMaHITHE BUBUCHHS 3QITUINAECTHCS aKTYaIbHIM HAIIPSIMKOM MATEMaTHKH.

AHaJi3 ocTaHHIX JAoc/igKeHb Ta MyOmikamiii. Y MaTteMaTuIll MOHATTS HECKIHUEHHOCTI Ma€e Pi3HOMAaHITHI
3HAYCHHS [4] 1 3aCTOCYBaHHS, 110 YTBOPIOE Pi3HI HOTO IMiIBUIM Ta ACTIEKTH HOTO BUKOPUCTAHHSI.

© 0. 10. KimcTau, 2024
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VY [5] po3msimaeThes pisHUIS MK TIOTEHIIIHOK HECKIHYEHHICTIO 1 (pakTHYHOI0 HecKiHueHHIicTro. Llel mimxin
HIMPOKO BUKOPUCTOBYETHCS B MPUKJIAAHIM MAaTEMAaTHUIIl A5 CIIPOLICHHS IEPETBOPEHb MaTeMaTHYHUX 00 ekTiB. [IpoTe
JIesiki aBTOpU BTPadaroTh 00’ €KTHBHICTh y MaTeMaTHYHMUX OMEpalisX, sK Le BUJHO 3 [6], Ie aBTOp JIOIycKae rpyoi
MIOMMUJIKY IPY BUKOHAHH1 MaTeMaTUYHUX Olepaliii 3 HECKIHYEHHICTIO Ta HyJeM (HeCKIHYEHHO MaJIOl0 BEJIMYHHOIO).

HeckiHYeHHICTh TaKOXK ITUPOKO BUKOPHUCTOBYETHCS B PI3HAX MAaTEMAaTHYHHX METOMAX, TAKUX SIK:

— pO3B’sI3yBaHHs IHTEPHOJSIHHNX 3a1a4 [7];

— 3aCTOCYBaHHSI YACEIFHIX aJITOPUTMIB IS pO3B’sI3aHHS IHKCHEPHUX 33/1a4, Y TOMY YUCIIi BU3HAYCHHS MEXK
o0acti oOMexeHb [8];

— BU3HAUYCHHS MTOHATTS MiBIpocTopy [9];

— BU3HaUCHHA HapaMeTpiB ¢pyHKiH [10] Ta ix mex [11];

— BU3HAUCHHS PO3MIPHOCTI Ta BUOipkn MaTpuik [12, 13].

HeckiHueHHICTh TaKOXK BUKOPUCTOBYEThCS B aHaNi31 HECKiHYCHHUX psiliiB [14]. V wiit ke poOoTi posmisiia-
I0ThCS ITapaIOKCH HECKIHUEHHOCTI, B TOMY YHCIIi Tapagokc Toppidesuti, SKUif TICHO OB’ A3aHUI 3 HOHATTSIM 00Me-
JKEHOT HECKIHUE€HHOCTI.

IIpu BU3HAYEHHI MOHATTSA HECKIHYEHHOCTI HEOOXiJHO 3BEPHYTH yBary Ha KijbKa Ba)KJIMBHMX aCIEKTiB, SKi
OyJy BCTaHOBJICHI paHilIe i MOKYTh TOIOMOTTH Y TIOAABIIOMY JTOCTiIKEHHI:

— MHOXKHMHA — 11¢ HECKIHUCHHA CYKYITHICTb MiAMHOXKUH [15];

— HEOOXIJHO PO3PI3HATH 1 YITKO iJICHTU(IKYBaTH IBa JIy)KE PI3HHUX, X0ua 1 KOPCTKO B3aEMOIIOB’SI3aHUX
MOHSATTS: HECKIHYECHHO BEJIMKE 1 HECKIHUEHHO MaJie [4];

— iICHYIOTh MOTEHIIIHHI Ta pealibHi HecKiHueHHOCTI [16];

— y 3a/1auax IOINyKY pPillleHb B MeXax 0OMEXEeHO1 00JacTi pillieHh MOXHA TOBOPUTH MPO HECKIHYCHHICTh
pimens [17].

OcTaHHI}{ aCMeKT 4acTO CIIOCTEPIraeThCd B HAYKOBHUX Ta IH)KEHEPHUX 3a]adax. ICHYIOTh 3amadi, AT SIKHX
XapaKTepHUM € TOIIYK PillleHb 32 HAasBHOCTI HEBU3HAYEHOI cUCTEMH PiBH:HD [ 18] abo koiau HEOOXiaHI YnCenbHi
MeToau po3B’sizaHHs [19]. ¥V BupileHH] TakuxX 3aja4 MOXYTh JOIIOMOITH Pi3HI MaTeMaTH4YHI METOAU Ta ajro-
PUTMH, HalIpUKIIaA MeToJ kBa3ikoHCTaHT [18] 1 MeTon ¢yHKkuioHanbHOT 301kHOCTI [19]. ¥V 1boMy BUNaaky 10BO-
IUTHCS OTIEPYBATH 0OMEKCHOIO HECKIHUCHHICTIO, aJIe IIe OHATTS HE € YiTKO CPOPMYITHOBAHHM 1 TOCIIIKSHUM.

MeTa cTarTi: i1eHTH}IKALS Ta PI3HOACTIEKTHE JIOCIHKEHHS 00OMEKCHOT HECKIHUEHHOCTI.

Bukian ocHoBHoro marepiany. OOMexxeHa HECKIHUCHHICTh € HEBIJ €MHOIO YaCTHHOK HECKIHYCHHOCTI,
IIe BiJHOIICHHS IOHATH aHAJOTIYHO IBOM MOHSATTAM MHOXWHH 1 MiAMHOXHUHH [15]. s mo3HaueHHS 00MEKEHOT
HECKiHYEeHHOCTI MPONOHYEThCS BUKOPHCTOBYBATH CUMBOJI « [oo| », TOJI MOKHA 3aIMCATH:

@eoo. (1

BpaxoByroun, mo oOMe)keHa HECKIHYCHHICTh € OONacTI0 MOXJIMBUX PIlIeHb A AESKOi MaTeMaTHIHOi
3aJ1adi, sKa MPEeJICTABIsIE peallbHUi (Di3HUHUI 00’ €KT, MOYKHA CTBEPIPKYBATH, 110 MEKI 0OMEKEHOT HECKIHYEHHOCTI
3aBKIH YITKO BU3HAYCHI Ta XapaKTePHU3yIOTHCS KIHIIEBIMH 3HAYCHHSIMHU. Hampukian, SKio po3risTHy TH Ipooiemy
BH3HAYCHHS ONTHUMAIIbHUX TEOMETPHUYHHUX PO3MIpiB 00’ €KTa MpoekTyBaHHs [18], Toai O4eBHIHO, IO Ii PO3MIpH
00MEeXeHI TEXHOJOTIYHIMH YMOBaMH 400 MaKCHMAaJIbHUMH 3HAYCHHSMH, KOTPi BU3HAYAIOTHCS CHCTEMOIO OiTbII
BHCOKOTO PiBHS, B Ky BOYZOBY€EThCSI 00’ €KT MpOeKTyBaHHs. OTxe, MOKHA C(HOPMYITIOBATH TEPIY BiJIMIHHY PUCY
00MeXeHOI HECKIHUCHHOCTI: BOHA Ma€ MEXi, IKi MPE/ICTaBIICHI KIHIICBUMH 3HAUCHHSIMH.

VY 1poMy BUIAJKy MEXI MOXHA MPEJACTABUTH y BUNISAI (PyHKIIN oOMexeHb, sIKi 3a3BUYail MalOTh Micle
B NpUKJIaIHUX 3aja4ax. OqHaK 3a3Ha4eHi (PYHKIIOHAJIbHI OOMEKEHHS TaKOXK XapaKTepU3yIOThCsa KiHIIEBUMH 3Ha-
yeHHAMH. Lle rpadiyno mokazaHo Ha puc. 1.

A

J ()

£(x)

Y

X

Puc. 1. [Ipuknax 300paskeHHS MeK 00MEKEHOT HECKIHUCHHOCTI

Jorcepeno: pospobneno agmopom
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KinpkicTh He3aJeXHMX 3MIiHHHX a00 pO3MIpPHICTh IMPOCTOPY OOMEKEHOI HECKIHUCHHOCTI MOXKHA 3arajoM
MPEACTAaBUTU Y BUMIISAL #-BUMIPHOTO BEKTOPY, & OOMEXKEHHs — /m-BUMIPHUM BekTopoM (yHkuiil. Ha puc. 1 mis
OJTHi€T He3asIeKHOT 3MiHHOT 10Ka3aHO TpU (PYHKIIOHAIbHI OOMeXeHHs: f; (X) — Bix Touku 4 10 Touku B, f,(x) —
Bij Touku B 10 Touku Ci f; (x) — BiJt Touku A 10 Touku C. OyHKI[IOHAIBHI OOMEKEHHS MOXKYTh OyTH JIIHIHHUMUA
Ta HENIHIHHUMU, TUCKPETHIMU 1 HENIEPEPBHUMHU, aJIe BOHU 3aBXKIU MAIOTh KiHIICBI 3HAYCHHSI.

VY mpoMy mpeacTaBIeHHI 00MEKECHY HECKIHUCHHICTh MOYKHA CILTYTaTH 3 00IaCTIO OOMEKEHb, alie [1e TIOMIII-
koBO. OOMe)keHa HECKIHUYCHHICTh (DAKTUYHO TPEICTABISIE KUTbKICTh MOKIIMBUX PIlICHh Y Mexax ooiacti oOme-
KeHb. SIKIIO 3p00MTH NepeMillleHHs, HanpUKIa, 3 Todkd A B Touky C (puc. 1) 3 KpokoM po3mipoMm /4 (Ax), Toxi
MOYJIMBHM OyJie 3poOUTH 7 KpoKiB. KokHa 3 HOBMX TOYOK Ha NUIIXY PyXy Oy/e BIAIOBIJATH PIICHHIO 3aj1adi
nonryky. KinekicTe Touok Oyzie 3amexaty Bii po3Mipy KpoKy /(Ax), i SKIIO HOro NMpUHHATA HECKIHYEHHO MalliM
h(Ax) — 0, Tomi KiNBKiCTh PillIeHb ParHe o HECKiHYEHHOCTI . Y IIbOMY HOJIATA€E CyTh 3aPOTNIOHOBAHOI KOHIIETI-
i1 oOmexeHoi HeckindeHHOCTi. OOMeKeHa HECKIHUCHHICTh OOMEXeHa B IMTPOCTOPi, aje Mae MOTEHIIIHHO HEeCKiH-
YCHHY KiJTbKICTh 3HAYEHb.

Jly’ke Ba>JIMBOIO BIACTUBICTIO OOMEXEHOT HECKIHUEHHOCTI € ii MO3UTUBHICTh. BOHA sBIIsie cO00I0 KiIBKICTh
pilIeHb, AKe 3aBKI1 BUMIPIOETHCS MO3UTUBHUM JIIHCHUM YMCIIOM (BapiaHT BiACYTHOCTI pillIEHHS, sIKe BiJIOBigae
KOMIIJICKCHUM YHCJIaM, Y [IbOMY BUMAJKy HE PO3IVISIA€THCSI, OCKUIBKHU BIH HE 3yCTPIUA€ThCsl B PEATbHUX MPUKIIAN-
HUX 3a/1a4aX IPH MPaBUIIbHIH mocTaHoBIN ). Tomy 0OMekeHa HECKIHYCHHICTD 3aBKIH O3UTHBHA!

@>O. )

OOMexeHa HECKIHYEHHICTb, K 1 OyIb-KUN 1HIIWNA MaTeMaTHYHUN 00’ €KT, XapaKTepu3yeThcsl HaOOpOM MeB-
HUX BracTuBocTeil. OmHa 3 MUX BIACTUBOCTEH Oyia BiI3Ha4ueHa BUINE: KiHIIEBI MeKi. BHX0Is19u 3 IBOTO Ta Bpaxo-
ByrouH (1), MOXKHA CTBEPKYBAaTH, 110 0OMEKEHA HECKIHUCHHICTh € YaCTHHOI HECKIHUECHHOCTI 1, OTXKe, MCHIIA 32
HECKIHUCHHICTh:

oo <o (3)

HepiBHicTh (3) cTaBUTh MUTAHHS NPO CHIBBIIHOIMIEHHS MK OOMEKEHOI HECKIHYCHHICTIO Ta II00AJIBHOK
HecKiHYeHHicTI0. OUYeBUIHO, 110 MI00aIbHA HeCKIHUEHHICTh MICTHTh Y 001 HECKIHYCHHY KUIBbKICTh pa3iB oOMe-
JKCHY HECKIHYCHHICTh. [le MOKHA BBayKaT pO3MIMIICHHSIM MPSMOKYTHHKA 31 CKIHUCHHUMH 3HAYEHHSIMH CTOPiH Ha
HECKIHYEHHIH TJIOMIMHI, TO/II:

woff] = . @

Pipnsinus (4) BKasye Ha Te, 10 OOMEXEHAa HECKIHYEHHICTh HACHPaB/i € «KIHIEBHM YHCJIOM», IO € Hapa-
nokcaibHuM (akrtom. OHAK el MapajoKe JIETKO YCYHYTH, SIKIIO B3STH KPOK 32 MOZIYJIEM h(Ax) , OlmbImil 3a
HECKIHYCHHO Mally BeJNIMYHMHY. TOIi 3arajibHa KiUJIBKICTh PIlICHh Y OOMEXKEHIH HEeCKIHYeHHOCTI BiJIIOBiIaTHME

N — KigbKOCTI By3JiB IMPOCTOPOBOI CIiTKM 31 CTOPOHAMH €JIEMEHTAPHOIO IIPOCTOPY, SKi JOPiBHIOIOTH
3a MojylieM h (Ax) . Y npomy Bunanky (4) HabyBae BUIISY:
/N =, (5)

110 IIJTKOM Y3TO/KYEThCS 3 KJIACHYHHUM YSBICHHSM PO MaTEeMaTH4HI orepailii 3 HECKiIHYCHHICTIO.

Buxonsun 3 BuIe3a3Ha4€HOT0, MOXKHA BUJIUIMTH 11I€ OJJHY XapaKTepHY BIACTHBICTh OOMEXEHOT HECKIHYCH-
HOCTI: BOHA Ma€ KIHIIEBE 3HAYEHHS.

Lle aOcomoTHO BIpHO AJIsl MPUKIATHUX 3a]ad, KOJIM TOYHICTh PIIICHHS 33/1a4i BH3HAYAETHCS JIOMYCTHMOIO
MOXHUOKOIO €. Y TaKHX BUMAJIKAX BUKOHY€ETHCS YMOBa |h (A})| < ¢. Toni, Ha ocHOBI (4) 1 (5), MOXKHA HApEILTI 3aIHCATH:

ol = lim = = N (6)
S
BpaxoBytoun (6), MOkHA 3a3HAYHUTH, 1110 HEOOXiTHA TOYHICTh BU3HAUCHHS PillICHHS Oy/ie TOCATHYTA 32 YMOBH,
SIKIIIO |oo| > N.
¥ TakoMy MpUKIIaJHOMY 3aCTOCYBaHHI OOMEXeHa HECKIHUCHHICTh BUPOKY€ETHCSA B KIHIIEBY MHOXKHUHY, a ii
KOHIIETII[IS T2 3aCTOCYBAHHS BTPaualOTh HEOOXiHUI piBEeHb OOIpYHTYBaHHs. O/HAK 11€ TIIbKY Ha NEPIINi OIS,
31 3MCHIICHHSAM 3HAUCHHS MIOMUJIKU € MHOXHHA IEPETBOPIOETHCS B OOMEXEHY HECKIHUCHHICTh 3 PSJIOM BIACTH-
BOCTEH, ONIU3bKUX JI0 I00ANbHOI HECKIHUEHHOCTI, 8 BAKOPUCTAHHS OOMEKEHOT HECKIHYEHHOCT] 3HAYHO CIIPOILy€e
il MaTeMaTH4YHEe OIepyBaHHS, OCKUIBKH 3aBXIH MPOCTIlIe BUKOPHCTOBYBATH KiHIIEBE 3HAYCHHS Y MaTeMaTHIHHUX
MEPETBOPEHHAX Ta OOUNCIICHHSX.
Bsarani uis OUThII aKIIEHTOBAHOTO PO3YMIHHS PI3HHUII MIX 3BHYAHHOIO HECKIHYCHHICTIO, OOMEKECHOIO
HECKIHYCHHICTIO Ta MHOKHHOIO HEOOX1HO IMOPIBHATH 1X BIacTUBOCTI (Tadim. 1).
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IopiBHsIbHA TA0/IMIA BJIACTHBOCTEI

Tabnurs

. . . OoOmexena
BaacruBicTh Heckinuennictb . . MHoXHHA
HECKiHYEHHICTh
HAasBHICTb aITOPUTMY .
HE Mae HE Mae icHye
BU3HAYEHHS 3HaYeHb
HasIBHICTH 0OMEKEHb HE Mae ICHYIOTh iCHYIOTh
. HECKIHYCHHA HECKIHYCHHA HECKIHYCHHA
KiJIbKICTh 3HaY€Hb L. L. L.
KUIBKICTh KUIBKICTE KUJIBKICTE
KUIBKICTh 3HAYEHD .
. . . HECKiHYEHHA
[IPH 3aCTOCYBaHHI HECKiHUEeHHA HECKIHYEHHA R
L. L. KUIBKICTB 200
JIOJATKOBHX KiJIBKICTB KiJIBKIiCTB .
KiHIIEBE 3HAYEHHS
00MEKEHb

KUIBKICTh 3HAYEHD
[P 3aCTOCYBaHHI
MIPUITYCTUMOT

HECKIHUEHHA
KIJIBKICTh

KIHIIEBE 3HAYEHHS

KIHIIEBE 3HAYEHHS

MOXUOKH PO3PAXYHKY

Hoicepeno: pospobneno aemopom

ITix MHOXMHOIO (Tab1. 1) po3yMieThCs, HAIPUKIA, CYKyIHICTh BUIIIUX TAPMOHIMHUX CKIAQOBUX CICKTPHY-
HOTO CUTHAIY, sIKi OTPUMYIOThCS IIUIIXOM PO3KJIaJIaHHS HECHHYCOINaIbHOTO CUTHAITY 3a JIOTTOMOTO0 psifiB Dyp’e.
BiamoBigHo Taka MHOKMHA Ma€ OOMEKEHHS 3a HaWMEHIIIO YacTOTOIO 1 HE Mae OOMEXEHHS 3a HAWBUIIOIO Yac-
TOTOIO, aJie 1€ TUIbKH TeopeTUYHO. OCHOBHOIO OCOOIMBICTIO MPUKIIAAHOTO 3aCTOCYBAHHA MHOXKMHHU € HasIBHICTb
YITKOTO aJIFOPUTMY BHU3HAYEHHS KOXKHOTO €JIEMEHTa, 110 3a3BHYail BiICYTHE Y KJIAaCU4HOI a00 00MekeHO1 HeCKiH-
geHHOCTi. OCTaHHA CITOPIIHEHA 3 MHOYKHHOIO 32 HASIBHICTIO 00MExeHb. 11le 0HO0 Ba)KITMBOIO BIACTHBICTIO € Kijlb-
KICTh 3HAYCHb, SIKA JUIA BCIX TPHOX MOHATH (Tabi. 1) oJHAKOBA 1 JOPIBHIOE HECKIHUYEHHIN KUTBKOCTI, IO TIOETHYE
iX, 1 CTBOPIOE YMOBH iX IOMIJIKOBOTO BUKOPUCTAHHS. AJle SIKIIO 3aCTOCOBYIOTHCS JONATKOBI OOMEKEHHS Ta TPHITY-
CTHMI TIOXHOKH PO3PaxyHKY, SKi XapaKTEPHI JJIs BIIOBIIHOT TEXHIYHOT CUCTEMH, TOAI BiJIOyBa€eThCsl AudepeHii-
aIfisi MOHATh. 3aCTOCYBaHHS JIOJJATKOBHX OOMEXKEHb Malike 3aBK/IH B CIIEKTPOTEXHII IPU3BOIUTH 0 OOMEKECHHS
KIUJTBKOCTI WICHIB PsiTy, 10 POOHUTH KiIbKiCTh, HAPUKIIAM, BUIINX TAPMOHIHHIX CKJIQJOBHX KiHIIEBUM 3HAYCHHSIM.
Ane s KiacudHoi a00 00MeXeHOi HeCKIHUEHHOCTI I1e He TPU3BOANTH 10 CYTTEBUX 3MiH. Ha oOMexeHy HecKiH-
YEHHICTh OUIBIINIA BILTUB Ma€ TOXUOKa PO3PAaxXyHKIB, ii 3aCTOCYBaHHS y OOMEKEHOMY MPOCTOPI MUTTEBO MPHU3BO-
JUTh 10 3MEHIICHHS KIJIbKOCTI 3HaueHb 10 BH3HAYEHOTo yucia. Taka nudepeHuiamis 3a HaBeJeHUMHU O3HaKaMH
(Tabin. 1) Hamae MOXKJIIMBICTD OTHO3HAYHO 11EHTU(IKYBAaTH BIAMOBIAHUN MaTeMaTUYHUN 1IHCTPYMEHT Y PUKJIaAHIN
MaTeMaTH4Hii 3a/1a4i Ta YiTKO BU3Ha4Yae cepy 3acTOCYyBaHHSI 0OMEXEHOT HECKIHUEHHOCTI.

Ha mincraBi BiracTHBOCTEW, BH3HAUYCHHUX BHIIE, IJIT OOMEKEHOI HECKIHUCHHOCTI MOXKHA C(OPMYITIOBATH
HACTYITHI MpaBuiIa 1 MAaTEMaTHYHOTO OTICPYBAHHS:

@1+@2:N1+N2’
Esz:NI'N”

Joo] + o0 = o0, (7)
M-OO:OO,
o] -0 = 0.

BiamosigHo 110 (7) MOKHA CTBEPIXKYBATH, 110 OOMEKEHA HECKIHYCHHICTh MTOBOJUTHCS K CKIHYCHHE YHCIIO.

€IMHOIO CKJIaTHOIO0 CUTYAIIE0 JUTS BU3SHAUCHHS PEe3yNibTary Moyke OyTH BapiaHT, KOJIH MPUITYCTHMA ITOXHOKA
MparHe JI0 HECKIHYeHHO MaJIoTo YUCIIa 1 P [IbOMY BUKOHYIOTBCS JIii, 3/1aTHI 3HAYHO 301IbIINTH KUIbKICHUH HAOIp
00MeXeHOi HECKIHUeHHOCTI:

g i, - ®
abo ' Z
— \ime,
(lglgolh)llj —> o0, )

Pesynbrar, orpumanmii y (8) abo (9), moBHHEH MaTh 3HAYCHHS, sIKi (PAaKTHYHO JOPIBHIOIOTH HECKIHUCHHO-
CTi, alie B TOH e Yac HOro MpakTUYHO HEMOXKIIHBO MOPIBHATH 3 II00AJHHOIO HECKIHUYCHHICTIO, YACTHHAMH SIKOT
€ 00OMeXeHi HecKiHdeHHOCTI. Taki TpyIHOII BHHUKAIOTh Ha MEXI1 ICHYBaHHS 00MexeHoi HeckiHueHHocTi. 1106 1x
YHUKHYTH, He0OX1THO 3a0€3MeYNTH BUKOHAHHS YMOBH:
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I<N<N,,,. (10)

VYV (10) N__ € 1esKot0 rpaHu4IHO0 KiHIIEBOIO PO3MIPHICTIO OOMEKEHOT HECKIHUEHHOCTI, SIKa 3a3BUYall BU3HA-
Ya€eThCs OOUHCITIOBATEHUME MOKIIBOCTSIMH.

Cuin 3a3Ha4YMTH, IO B MPUKIATHAX 3a/1a9ax I YMOBA 3aBKAU MPUCYTHS i Peali3y€eThes, TOMY IO PIillICHHS
3 a0COJIFOTHOKO TOYHICTIO B pealibHIi TEXHIlll HE 3aCTOCOBYEThCS, a JIesika MOXHOKa 3aBK/IU MPUITYCTHMA.

Takox MOpIBHSIHHS 00MEKEHOT HECKIHYEHOCTI MOKITBO BUKOHATH Ha OCHOBI BIIMOBITHHX OIIIHOK: a0COIFOTHOT
THTETpaJIbHOI OIIIHKH; BIJITHOCHOI CEPETHBOI IHTETPATILHOT OIIHKHU; KITLKOCTI BY3JIIB CITKH IMPHUITYCTHMHUX TTOXHOOK.

AOcCommoTHA 1HTETpajbHA OIliHKA BU3HAYAE 3arajbHy IUIOILY, 00’ €M a00 6araToOBUMIpHHIA IPOCTip y a0COIIOT-
HUX OJUHULAX, Y 3ardJIbHOMY BI/IFJ'DI}Ii BOHa BUIIISIIA€ HACTYITHUM YUHOM:

X| max Xk max
]a B xf[m “'Xk'[xn fl,k (xlﬂ"‘xk) ot nk (xl’-”xk) B (11)

Sk (X)) = oo = Sk (X5 -%, ) dX,

ne fi, (x,..x) .. fou (%%, ) — QyHKIIT BEpXHBOT MEXKi IPOCTOPY 0OMEKEHOT HECKIHUEHHOCTI 3a i-TO0 HE3aIeK-
HOIO 3MIHHOIO; [, (XX, ) - Sy (XX, ) — QyHKIIT HIKHBOT Me3Ki MPOCTOPY 0OMEXEHOI HECKIHUEHHOCT] 32
i-TOTO HE3AJIC)KHOIO 3MiHHOIO.

Ominky (11) mouinsHO BUKOPUCTOBYBATH JIMIIE Y BUIMAAKY OAHAKOBOI PO3MIPHOCTI (Di3MYHMX BEITHMUUH BCIiX
(yHkuilt Mex f(X) Ta npumyctumux moxubok & (X), iHaKuIe BUHMKAE KOH(UIKT nOpiBHsAHHS. Takox BHHHKAe
npobnema BpaxyBaHHs (hopMH IPOCTOPY Y CHIBBIJHOIICHHI A0 MPUITYCTUMUX MOXUOOK.

BignocHa cepenHs iHTErpajibHa OIliHKA

Xmax Xk max 1

I, = f 'f A i (XX )+ o+
’ X min Xk min ('xk max xk min) : F’cepk [ b : ‘ (12)
Sk (%03 X ) = Srorse (X1 ee) = oo = frri (X000, ) | 6K,
F _ \fp,k ('xl’ "'xmaxk) + q.k (xl’ "'xmink) . . .
ne Loept ) — cepeaHpoapruMeTHIHA BETMYHHA Bapiallii mpocTopy 0OMEXeHOT HECKiH-

YCHHOCTI 3@ i-TOI0 HE3aJICKHOIO 3MiHHOIO.

Ominka (12) Ha BigmiHy Bij omiHku (11) € BITHOCHOIO Ta OCEPEAHEHOI0, IO POOUTH i1 HE3AIEIKHOIO BiJl pO3-
mipHOCTI DyHKUIH f (X), @ BUKOPHCTAHHS CEPEIHBOr0 3HAYeHHs J03BOJIsE MOPIBHIOBATH BiAMOBIAHI IpocTOpH
00MEeXKEHOI HECKIHUEHHOCTI 3 YaCTKOBUM ypaxXyBaHHAM (hakTopy Horo hopmu. Ase Taka OIHKA, SIK 1 IONEPEaHs,
Mae 0OMEXeHY HAOUHICTb, SIKY MOXKHA CIIOCTEPIraTH MpU BUKOPUCTAHHI TPETHOT OIIIHKM — KiJBKOCTI BY3JIiB CITKH
IPUMYCTUMUX TOXUOOK.

OctaHHs — TpeTs 3alpOIIOHOBaHA OIiHKA — BiJOOpaskae KUTBKICTh BY3JIiB CITKH MPHITYCTHMUX IOXHOOK Ha
IUTOIIY TIPOCTOPY 0OMEKEHOT HECKIHUSHOCTI, TOMY ii 32aCTOCYBaHHS MOYKE OyTH BHKOHAHE JIMIIIE TS IPUKIAMIIB, K
Ha pHC. 1, U1 j-TOi TTOIMHT

fmaxj(xminj +i'8/)_fminj(xminj +i'8j)

€;

N, :z”:trunc +1, (13)
i=0

J€ &, — IPUITyCTUMA NOXUOKA JUIs j-TOI IWIOIUHM; [, (x j) 1 [ (x ; )xf MaK¢rMajbHa Ta MiHIMaIbHa 0OMexKY-
BaJIbHI (DYHKIIIT IJIONIMHU MPOCTOPY OOMEKEHO! HECKIHUEHHOCTI; n = —=/ — T/ _ KigpKiCTh KPOKIB CITKH 32
BiCCIO HE3aJIC)KHOI 3MiIHHOI. &

Sxo Mae Miciie 6araTOBUMIpHHE MPOCTIpP, TOJI 3a/1a4a BU3HAYCHHS OILIHKYA 3BOJUTHLCS JIO CYKYITHOCTI IIJIO0-
CKHUX 3aJiad, TOOTO CyMU oTpuMaH#uXx 3a (13) cyOoriHoK

N = ﬁ N, (14)

Taxum unHOM, 3acTocoBytoun omiHkH (11), (12) 1 (14) 3araizom abo okpeMo, MOkHA 00’ €KTHUBHO MOPIBHATH
HE TUTbKHA 0OOMEKEeH1 HECKIHUCHHOCTI, a 11e W CKJIaJiHI BUpa3H, 0 SKUX BOHH BXOJSTh.

Haii6inmp1r sickpaBo 0OMeKeHa HECKIHYEHHICTh MPOSBIISIETHCS B METO/IaX KBa31KOHCTAHT [18] 1 hyHKIIOHAIb-
HOT 301HOCTI [19], e pakTHYHO HECKIHYeHHA MHOKMHA (TIT00aThHa HECKIHYCHHICTD) PIllleHb 3BOJUTHCS JI0 CKiH-
YEHHOT MHOXHMHHU (0OMeXeHa HECKIHYCHHICTh). Lle 3MeHIIIeHHsI TPUBAE 70 THX TP, TOKHU He Oy/ie JTOCATHYTA 3ajaHa
TOYHICTB PO3PAXyHKY, sika Mae mictme pu N = 1.

OO0unaBa METOM BIAHOCATHCS 0 MPUKIATHAX MAaTEMaTHYHUX IHCTPYMEHTIB, SIKi po3poOIieHi st peaizarii
MIPOEKTHHUX MPOLEAYD.

Mertoj KBa3iKOHCTAHT, HATPUKIIA/, HAJA€ 3MOTY IEPETBOPUTH MATEMATHYHY MOJIEIb CICKTPUYHOT MAIIUHH,
sIKa MPECTaBIICHA Y BUIVISII HEBH3HAYCHOI CHCTEMH PIBHSIHB, HA MATEMAaTHYHY MOJIEIb, KA BKE BiIOOpaKaeThCs
3a JIOTIOMOTOI0 BU3HAYEHOI CUCTEMHU PIBHSHB (pHC. 2, a).
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Lle mocsraeThes NUIIXOM MEPETBOPECHHS JESKUX 3MIHHMX 1 HEBIJOMHX MapaMeTpiB B YMOBHI CepeHbO3Ba-
JKEHI KOHCTAHTH (KBAa31KOHCTAHTH) JUIsI OTPUMAHHS MApUTETY B KINBKOCTI HEBiIOMUX 3MIHHUX 1 HE3aJIEKHUX PiB-
HsHb. HacnpaBai MeTo] mpalitoe 3 00MeXeHOI0 HECKIHUEHHICTIO PillleHb Ha MepHIOMY eTarli, sika MOCTYIOBO 3BO-
JIUTKCS 10 cTany, kKo N = 1.

Meroz ¢pyHKIIOHATBEHOT 301KHOCTI (pHC. 2, 0) 103BOIIsIE 3a0€3MIEUUTH IITYIHY HAUTUIIKOBICTh Y TIEBHIH CHC-
TeMi PIBHSHbB, IO MPHU3BOAUTH J0 JABOX 1 OUIBII KPATHOTO BUPAKEHHS OMHOI 3 HEBIMOMHUX y (PYHKIISX OTHOI UM
KUIBKOX 1HIIMX HEBIJOMUX BEJIUYUH.

[lepetnHaHHS OTpUMAaHMX (YHKIIIH HaJa€e IyKaHWHA pe3ysbTaT ad0 BU3HAYAE MPOCTIP OOMEKEHOT HECKiH-
YEHHOCTI pinieHb. [loganpina KOpeKIisi OTpUMaHoi HaIMIPHOCTI B CHCTEMI PIBHSHB JIO3BOJISIE 3MEHIIIUTH PO3MIp
00MekeHOI HECKIHYSHHOCTI JI0 €IMHOTO PillieHHs 3 HEOOX1THOK TOYHICTIO.

@m_amx )
|
hopmMyBaHHaA (nouatok)

MaTeMaT4HoT Moaeni
(KiNbKICTE pilueHb AOPIBHIOE «) OpMYBARI HARAMIIKOBOCTI

l CUCTEMH PIBHAHB
|

BU3HAYEHHA KBAIKOHCTAHT KOpEryBaHHs
(kinbkicTb pilweHs AopisHoe[]) HagnWWkosocTi| | MOLYK pilleHHs
‘L (KiNBKICTL pilleHb fqopiBHIoe]w])
KOperyeaHHs ,  NowyK i
KBa3iKOHCTaHT pilleHHs ) SN
[y —H'-:: N=1 >
2 R
. < Taxk
e
TaHI
ocTaroyHe
pilleHHn
(KiHELH:}
a 0

Puc. 2. Anroput™Mu MeToIy KBa3iKOHCTAHT (@) Ta METOY
¢byHKIIOHATBHOT 301KHOCTI (0)

Hoicepeno: pospobneno asmopom

OOMexeHa HECKIHYEHHICTb CIIOCTEPIraeTbesa TaKOXK MPHU JTOCIIPKEHH] MEePEeXiIHUX MPOILECiB y PI3HUX TeX-
HIYHHUX NPUCTPOSAX, HAIPUKIIAJ, 11e CTOCYEThCS JUHAMIYHUX PEKUMIB eIeKTpUIHUX MamuH [20]. ByZ[L-SIKI/Iﬁ nepe-
X1THUH TIPOLIEC € CIOTYYHOIO JIAHKOIO MK JBOMa CTAIMMH pPeXHMaMu. BiH XapaKTepH3y €ThCs HEIHIHHOO 3Mi-
HOIO BEJIMYHH, SIKi BU3HAYAIOTH CTAH TEXHIYHOTO MPUCTPOI0. KiNbKiCTh TOYOK, SIKi JO3BOJISIOTH r[06yz[yBaTH KpI/IBl
MepexiaHOTO TIPOIIECY, 3aJICKHUTH BiZl KPOKY 3a 9acoM; SIKIIO BBa)KaTH HOTO HECKIHUEHHO MaJHM, TOMI KiJIbKICTh
TOYOK ITparHe 10 HeCKiHYCHHOCTI, ajie HacIIpaB/i BOHA BCE OTHO BH3HAYAETHCS KiHIIEBIM YHCIIOM, TOOTO KiJIbKiCTh
TOYOK — 0OMEKEeHA HECKIHYCHHICTb.

[HIIMMY MpuKIIaaMu BUKOPHCTAaHHS 0OMEXKEHOT HEeCKIHUEHHOCTI € 3a1a4i ontumizaiii [21], ski moB’s3aHi
3 MONIYKOM ONTHMAJIBHOTO PIillIEHHSI B 0OMEXEHOMY IMPOCTOPi MPHUIYCTUMHUX pilieHb. [Ipy 11boMy KiJIBKiCTb MOX-
JIUBUX BapiaHTIB 00’ €KTa MPOEKTYBAHHS BHU3HAYAETHCS MPHUITYCTUMOIO MOXHUOKOIO PILIEHHS 1 PO3MIPOM MPOCTOPY
nouryky. SIkimo noxuOka cTae HECKIHUEHHO MaJlOr0, TOJI KUIbKICTh BapiaHTiB 00’€KTa MPOEKTYBAaHHS MparHe 10
HECKIHYEHHOCTI, TOYHIIIE, 10 00MEXEHOI HeCKIHUEHHOCTI.

Konrernirisi 00MexeHOi HECKIHYEHHOCT1 Ma€ OiIbII IMPOKE 3aCTOCYBAHHS, KOTPE BUXOIUTH 38 MEX1 TEXHiU-
HUX npooiieM. [Tpukiagom Moxe OyTH KUTbKICTh KOCMIYHUX 00’ €KTIB, Ki CIIOCTEPITalOThCS B 00’ €KTHBI TEJIECKOTIA.
Hacnpagni 1ie mae OyTH HeCKiHUCHHMIA HA0Ip, OCKIJIBKU KUIBKICTh 00’ €KTIB HECKIHYCHHO 301IbINY€ETHCS 3 Bijaa-
JICHHSM Y KOCMOC, aJie ONITHYHA PO3/iTbHA 3aTHICTh TEIECKOIIa TO3BOIISIE TIOOAYHNTH JINIIIE YACTHHY 3 HUX. TakuMm
YHHOM, XapaKTEePUCTUKH TEIECKOIIAa CTBOPIOIOTH OOMEKEHHS, SIKE TIEPETBOPIOE HECKIHIEHHY MHOKUHY B 0OMEKCHY
HECKIHUCHHICTb.

3arajioMm iCHye HIMPOKHMA CIIEKTp 3a/1a4 (31e01IbIIe MPUKIIAHNX ), B SKUX MOKHA BUKOPHCTOBYBATH TIOHSATTS
00MeXeHOI HECKIHYEHHOCTI.

BucHoBKM 3 1aHOT0 J0CJTi/IsKeHHS | NePCNEeKTUBH NMOJAJIbIIUX PO3BiIOK Y 1aHoMY Hanpsimi. OOMexxeHa
HECKIHUECHHICTh € OKpPeMHM i 100pe cOpMOBAHMM MOHSTTSAM Y raiysi MPUKIaZHOI MaTeMaTHKH. Voro 3acto-
CyBaHHs crpolrye (hopMai3amito po3B’si3yBaHHS 32124, SIKi XapaKTEePU3YIOThCS HEBU3HAYCHICTIO CHCTEMU PIBHSHB,
BHMAraroTh BUKOPUCTAHHS YHCEIFHIX MPOIEIYP PO3B’sI3yBaHHS a00 MICTATH II00aTbHY HECKIHUCHHICTD.
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OCHOBHa CKIIQJIHICTh 3aCTOCYBaHHsI OOMEXKEHOI HECKIHUEHHOCTI € MOPIBHSIHHS HAOIM)KEHO OJHAKOBHX 3a
YMOBHUM TPOCTOPOM BEIIMYMH, SIKI BiJOOpa)kaloThCS 3a JOMOMOTOI OOMEXeHOi HecKiHYeHHOCTi. Haenewi
y poOOTi NOPIBHAJIBbHI OLIHKH 11I€ TOTPEOYIOTh MOJANBIIONO AOCHIKEHHS Ta BAOCKOHAJICHHS.
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NOBYJJOBA BA3UCY BIIIPAMI/IX 3 TPBOMA PYXOMMUMMU BY3JIAMHU

Y cmammi posensanymo moxcnugocmi anpokcuMayii Memooom CKiHueHHUX eleMenmi6 (hyHKYii mpbox 3MIiHHUX 6 oOnacmi,
AKa mae gopmy womupuxymuoi oinipamiou. OCHO8HOI0O 3a0ayelo 0aH020 O0CTIONCeHHA € NOKPAUEHHS ANPOKCUMAYIUHUX
gracmueocmell pewinox mempaeopanbHo-oKmaeopaibHoi CmpyKmypu Wisxom NONOBHEHHS iX KOMIpKAMU, SKi He € Npasuib-
HUMU 6a2amoSpaHHuKamil. 30Kpemd, aemopom BUSHAMbCs CKIHUEHHT eleMeHmu, AKI YMeopeHi 8 pe3yivmami JiHiliHux dedop-
Mmayii okmaeopa.

Y Oanmiti podomi 06 ’ckmom docnioxcens € CKinueHHull enemenm y hopmi Oinipamiou 3 mpooma pyxomumu 6y3namu, AKi
MOJICHA nepemiuyamu 83006dic nigocetl baeamozpannuka. Jlana enacmugicms 0036014€ NPUCMOCY8AMU CKIHYEHHUL eleMeHn,
AKULL He € NPABUTLHUM 0A2AMOSPARHUKOM, 00 2PAHUYT PO3PAXYHKOBOI 061acmi Kpauje 3a NPASUIbHULL 0A2amopaHHUK.

Y pobomi nobyoosano dea crinuenHo-enemenmui 6azucy Oinipamiou 3 civoma ma wiicmvma gyznamu inmepnoaayii. Jns
100y008U 6a3UCHUX QYHKYIU OINIPAMIOU 3ACMOCOBAHO 08A MEMOOU. 2eOMEMPUUHUL Ma Memod KoHOeHcayii. Ompumani 6azucu
€ NONTHOMIGNBHUMY QPYHKYIAMU, AKI NAPAMEMPUYHO 31edHCamb 6i0 3HAYEHb MPbOX KOeQiyicHMi8 6UO0BICEHHS/CIMUCHEHHS Ni6-
ocetl Oinipamiou. bazuc 3 wicmvma 8y3namu iHMepnorAyii Micmums 000amKosull napamemp y 6ueisdi 64208020 Koegiyienma,
SKULL € HACTIOKOM 3ACMOCY8anH s npoyedypu KoHoencayii 00 (yHKyitl cemusysnosoeo daszucy oinipamiou. Hasenicmv napame-
mpie 0036018€ NOKPaAULY8amu iIHMepnoIayiuHi 61acmueocmi nodyo0osanux 6a3ucie 6inipamiou 8ionosioHo 0o Kpumepii aKocmi
anpoxcumayii, AKi 6UKOPUCIMOBYIONb 8 Memo0di CKIHYeHHUX eleMenmis. B daniti pobomi maxum Kpumepiem 68adicacmocs 6en-
YUHa CRidy Mampuyi 3copcmrocmi. 32i0H0 3 0OPAHUM KpUmepiem 3HAUOeHO 3HAYeHHs Koe(hiyichmig MiHIIHOT eghopmayii mpbox
nigoceti okmaeopa, npu AKUX Ciio Mampuyi JHopcmKocmi Oinipamiou € MiHIMATbHUM.

Y cmammi ompumano inmepeanvhi oyinku 01 KoegiyicHmis 6U00BICEHHA/CMUCHEHHA MPbOX nigocell oKmaeopd, sKi
Xapaxmepuzyioms GIOXUNEHHS 2eOMeMpPUYHUX pPo3Mipie Oinipamiou 6i0 NpaguibHO20 0G2AMOSPAHHUKA MA NPUBOOIMb 00
smpamit 6Cix 6u0i¢ cumempii. J[ns 6usHauen s Medtc OONYCMUMUX 3HA4eHb Koehiyienmie TiHiHuX dedopmayiti okmaeopa pos-
DPaxosano nokasuux acumempii Skewness, skuil 6uKOpucmosyoms 6 cucmemi ckinuenno-enemenmuozo ananizy ANSYS. Ompu-
MAHI IHMEPBATbHI OYIHKU 071 KOCDIYIEHMIE BUO0BICEHHS/CIMUCHEHHS NIBOCell OKMAaeopa 8i0N08idaiomy Kpumepito MiHiMaibHO-
cmi cidy Mampuyi JcopcmKocni Oinipamiou 3 mpbomMa pyxXomum 8y3iamu, U0 6KA3YE HA NO3UMUGHUL NPOSHO3 BUKOPUCHIAHHSL
0aH020 CKIHYEHHO20 eleMeHma AK KOMIpKU peulimxu mempaeopanbHo-0KmaeopanbHoi cmpykmypu.

[lepcnexmugor nodansuiux 00CioxceHs € n00y006a KyoamypHux popmyn Ha CKIHUeHHOMY eremenmi 8 hopmi binipamiou
3 MPbOMA PYXOMUMU 8V3NAMU 3 MEMOIO BUKOPUCTIAHHS 1020 NPU ANeopumMisayii Memoody CKiHUeHHUX eleMeHmis.

KutouoBi cnoBa: ckinuennuil enemenm, oinipamioa, ysziu inmepnonsyii, memoo Konoencayii, basuc, 6asucti Qyuxyii,
MAMpuys HCoPCMKOCMI.

Motailo A. P. Constructing of bipyramid basis with three movable nodes

The article discusses the possibilities of approximation by the finite element method of the function of three variables in the
region that has the shape of a quadrangular bipyramid. The main task of this study is to improve the approximation properties of
lattices of the tetrahedral-octahedral structure by replenishing them with cells that are not regular polyhedra. In particular, the
author studies finite elements, which are formed as a result of linear deformations of the octahedron.

In this work, the object of research is a finite element in the form of a bipyramid with three movable nodes that can be
moved along the semi-axes of the polyhedron. This property makes it possible to adjust a finite element that is not a regular
polyhedron to the boundary of the computational domain better than a regular polyhedron.

Two finite-element bases of a bipyramid with seven and six interpolation nodes are constructed in the paper. Two methods
are used to construct the basic functions of the bipyramid: the geometric method and the condensation method. The obtained
bases are polynomial functions that parametrically depend on the values of the three elongation/compression coefficients of the
semi-axes of the bipyramid. The basis with six interpolation nodes contains an additional parameter that is a weight coefficient,
which is a consequence of the application of the condensation procedure to the functions of the seven-node basis of the bipyra-
mid. The availability of parameters allows improving the interpolation properties of the constructed bipyramid bases in accord-
ance with the approximation quality criteria used in the finite element method. In this work, such a criterion is considered to be
the value of the trace of the stiffness matrix. According to the selected criterion, the values of the linear deformation coefficients
of the three semi-axes of the octahedron are found, at which the trace of the bipyramid stiffness matrix is minimal.

In the article we have obtained interval estimates for the elongation/compression coefficients of the three semi-axes of the
octahedron, which characterize the deviation of the geometric dimensions of the bipyramid from the regular polyhedron and lead
to the loss of all types of symmetry. To determine the limits of the permissible values of the coefficients of linear deformations of
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the octahedron, the Skewness asymmetry index used in the ANSYS finite element analysis system was calculated. The obtained
interval estimates for the elongation/compression coefficients of the octahedron semi-axes correspond to the criterion of mini-
mality of the trace of the stiffness matrix of a bipyramid with three moving nodes, which indicates a positive prediction of the use
of this finite element as a lattice cell of the tetrahedral-octahedral structure.

Prospect for further research is the construction of cubature formulas on a finite element in the form of a bipyramid with
three moving nodes in order to use it in the algorithmization of the finite element method.

Key words: finite element, octahedron, bipyramid, interpolation nodes, condensation method, basis, basis functions, con-
densation method, stiffness matrix.

I[ocTranoBka mpodaemu. Sk BiIOMO IpU PO3B’s3aHHI MPAaHUYHHUX 33/1a4 MATEMAaTHYHOI (Di3HMKH METOIOM
ckindeHHuX eneMenTiB (MCE) i 06’ eMHIX 00acTeli 00UHCITIOBaIbHA CKIIAIHICTh AITOPUTMY € JOCTAaTHBO BUCO-
koro. HaituacTiie 1e noB’si3aHO 3 yTOUHEHHSIM JUCKPETHOT MOJIENI PO3PaxyHKOBOT 00JIACTi B MICIISIX JTii 30BHINIHIX
Ta BHYTPIIITHIX CHUJI, HABAHTAXXEHb, [DKEPEI TeIUIa TOIO. BiAMOBIHO 301IbIIYOTECS YaCOBa CKJIAHICTh aJITOPUTMY
Ta 00’eM mam’sTi, HeoOxinHi qa peamizanii MCE. YV Bumankax, konu 3a1ada He MOxke OyTH po3B’s3aHa 3a IpH-
HHATHUI 9ac, OTHUM i3 CIIOCOOIB 3MEHIIECHHS CKIIaJHOCTI OOUUCICHD € 3aCTOCYBaHHS aJbTEPHATUBHUX PELIITOK
JULst TOOYIOBU TUCKpeTHOT Mozeni. Ha mpakTuili BizoMo mpo BUKOpUCTaHHs B 3D pemriTok TeTpaeapaepaibHO-0K-
TaeIpatbHOI CTPYKTYPH, SIKi TO3BOJITIOTH CKOPOTUTH YaC CKIHUEHHO-EIIEMEHTHHIX PO3PAaXyHKIB MOPIBHSHO 3 PEIIIT-
KaMH TeTpaepaibHOl cTPyKTypH. [Ipu IbOMy OKTaeap He MICTHThCS B 010MIOTEKaX CUCTEM CKIHYCHHO-CIIEMEHT-
Horo aHamizy (ANSYS, NASTRAN, JIIPA Ta iH.). Tomy icHye 3amada ociijpkeHHs ckiHdeHHUX eneMeHTiB (CE)
B (hopMi OKTaepa Ta YOTUPUKYTHOI OimipaMisy, sika Kpamie 3a IpaBIIbHUN 0araTorpaHHuK MOXe OyTH IPHCTOCO-
BaHa JI0 TPaHHUIb PO3PAXYHKOBOI 00JIACTI.

AHaJii3 ocTaHHIX JocaiIxKeHb Ta myGJikauiii. Y podorax [1, 2] noOyaoBaHO CKiIHYEHHO-EJIEMEHTHI 0a3nucu
OKTaeJpa 3 ciMoma By3JiaMH iHTepnossiuii. ABTopamH [ 1] 3acTOCOBaHO PELIITKH, sIKI MICTSATh OKTa€ApH, IPU PO3B’A-
3aHHI IPaHIYHHX 3a/1a4 JUTSI PO3PAXyHKY MEIHMYHHUX XapaKTEPUCTHK. Y BKa3aHil poOOTI eKCIIEPUMEHTAIBHO J0BE-
JICHO, 1110 3aCTOCYBaHHS OKTaeApiB 3MEHIIIYE YacOBY CKIIaaHICTh anroputMy MCE mopiBHSHO 3 pe3yiabsraTamH, sKi
OTPUMAHO TIPH TPIaHTYIsAIIT oOnacti 3amadi. Y po6orti [2] piBHssHHA 3D-i1€ambHOTO MOTOKY HECTHUCIIMBOT PIAMHA
nuckpetn3zoBaHo MCE. 361xHiCTh 9HCETBFHOTO PO3B 3Ky 10 TOUHOTO B AaHii 3a1aui nepeBipeHo B 001acTi, ika Mae
(hopmy rekcaenpa 3 BIIMCAHUM y HbOTO OKTaeApoM. Y poboti [3] mobynoBano 0a3ucu okTaenpa 3 micTbMa By3j1aMu
iHTepnossLii Ta goBeneHo 30ikHicTs MCE npu po3B’si3aHHI IpaHUYHUX 337134 JUIS PIBHAHB €IINTUYHOTO THIY 32
YMOBH JHCKPETHU3AIII] PO3paXyHKOBOI 00JIACTi PEIIiTKOIO TETpae/IpabHO- OKTaeﬂpanLHOI CTPYKTYPH.

v p060Tax [4, 5] 6imipamina po3rsgaeTbes sik CE, sknit oTprMaHO NUITXOM JHIHHUX IedopMaltii HeomHiei
Ta J1BOX TiBoceit okTaenpa. Iloni6ui nepopmatii CE npasmibHOi reoMeTpu4HOT OPMH BHHHKAIOTE TPH JAUCKPETH-
3aI1ii po3paxyHKOBOT 00J1aCTi, KOJIM JICSIKi BY3JTH JOBOANTHCS BHHOCHTH HA TPAHUINIO. Y TaHUX poOoTax moOynoBaHO
napaMeTpuyuHi 6a3ucu Oimipamiay 3 OTHUM Ta JBOMA PYXOMHMHM BY3JIaMH, a TAKO)K BU3HAUCHO YMOBH 1X BUKOPH-
CTaHHs IpU po3B’si3anHi rpannunuX 3a1ad MCE. [Ipu 11s0My NMUTaHHS BUHECEHHS Ha TPAHUIIIO TPHOX BY3JIiB OKTa-
ellpa 3aIUIIAETHCS He nociimkeHuM. OTxke, aKTyalbHOIO € 33aJaya BUBYCHHS MOXIUBOCTeH iHTeprnomsuii Ha CE
B (hopMi Oimipamisiy, sika yTBOPEHA B pe3yJIbTaTi TPhOX JIHIHHUX AehopMalliid mBoceH oKTaeapa.

MeTtor aaHoi cTaTTi € moOymoBa 6a3uciB OimipaMiau 3 TPhOMa PYXOMHUMH BY3JIaMH, TOCIIKEHHS iX reo-
METPHUYHHUX Ta alpPOKCHMAIIWHUX BIACTHBOCTEH, a TaKOK BU3HAYCHHS YMOB iX BHKOPHCTAHHS IIPHU PO3B’sI3aHHI
rpannuHux 3agad MCE.

Buk1aa ocHoBHOro Martepiaiy. PosrisiaeTses HOTHPHKYTHA Oinipamiza, sika Ma€ CiM By3JIiB IHTEPIONSLII,
po3TaloBaHi B ii BepuIMHAX Ta TOYL NepeTHHy AiaroHaneii (puc. 1). Beaxaerses, mo Touku Ki, K, K¢ Bignaneni
Bi/l leHTpy OararorpanHuka K, Ha BincTaHb a(a € R), a Biapisku K,K,, K K, Ta K K, MaioTh npomopuiiii
BEJIMYMHI @ JTOBKHHU:

KK, =r-a=t,K,K,=p-a=bK,K;=q-a=c, (1)
ne r,p,g>0 tar,pqeR

Puc. 1. YotupukyTHa Oinipamizia sik CKIHUEHHUH €JIeMEeHT

JDicepeno: nodbyoosaro 6 cepedosunyi komn romeproi mamemamuxu Maple ona koeghiyienmis r=0,9; p=0,7; q=1,2
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basucHi ¢gynxuii 6imipaMinay, sSKi BiANOBIIAOTH ii BEpIIXHAM, JIETKO OTPHUMATH, 3aCTOCOBYIOUH F€OMETPUYHI
MeToau nodynosu [7]:

1 ) 1 A
NS, = @0 x(x +a); NS, = —a(a Py x(x —t);
1 . _ 1 Y
NS, = oy YO+ @ NSy =y = ) @)

2(z +a); NS, = ;z(z -o).

NSs = cla+c) a(a +c)

basucHy (yHKLI0, IKY aCOLIHOBAHO 3 LIEHTPAIbHUM BY3JIOM, MOXKHA 3HAlTH 3 PIBHOCTI:
6 J—
NS, =1-Y"NS,, ne i =1;6. 3)
i=1

Toni 3a dopmynamu (1), (2) MoxkHa OGaunTH, 1O QyHKIA (3) € SIBHO 3aJEKHOI BiJ KOOPAMHAT (X, V, 2)
Ta mapameTpiB a, 7, p, q-

1
NS, =1- o (pq(x2 +a(l=r)x)+rg(y’ +a(l-p)y)+m(z +a(l —q)z)). 4)
ToToxHUMHU TIepeTBOPEHHAMHU (YHKILIIO (4) MOXKHA 3BECTH J10 BUIVISIY:
2 2 2
NS, <1 U= A=p) (d-a) | p (5)
4r 4p 4q
1 ’ 1 ’ 1 ’
(x+§a(1—r)) (y+§a(l—p)) (z+§a(1—q)j
F=1- - -—
e G G a6
4pq 4qr 4pr

G=pq(r* +1)+(a" +(1-9) p+q)r.
IIpencraBnenns ¢yukuii NS, y Bunsini (5) n03Bossge reoMeTpudHo ii iHTepnperyBaTth. [liiicHo, moBepx-

HAMHU piBHA 6asucHoi QpyHkuii NS, = NS, (X, y,z,a,7, p,q) B IbOMY BUIIAJKy € €JIICOIIM 31 3MIIIEHUMH B TOUKY

[”(’ i) ; alp -1 ; ag - Dj LIEHTPaMHU, AKILO [TOYaTOK CUCTEMH KOOPAMHAT OB’ s3yBaTH 3 By3i1oM K, (puc. 2).
2 2 2

2

Puc. 2. TToBepxHi piBHs eHTpasnbHOI GyHkuii NSy(x, y,z,a,r, p,q) =C

Jlicepeno: nobyodosano 6 cepedosuwyi komn tomeproi mamemamuxu Maple ons a=1, p=0,7, g=1,2, r=0,9;, C=0, C=0,7, C=1,2
[ToBepxHi piBHS 0a3HUCHUX (YHKITIH {NS,,}:,":1 € TapaMy NapajiesIbHUX IJIOLIMH, 1110 IPOXOISATh YEPE3 OCHOBY,
sIKa HE MICTUTh OJIHOMMEHHOTO By3J1a i, Ta MPOTUIICKHY BEPIIMHY Oiripamiau.

Js moGynoBu 6a3ucy 4OTHPUKYTHOT Oimipaminu 3 mIicTbMa By3JlaMH iHTEPHOJSLIi JOCTaTHRO 3aCTOCYBaTU
npouenypy KonaeHcaii [7], po3noAuisiour BHECOK LEHTPaIbHOI (DYHKIIT 3 BATOBUMH Koe(illlEHTaAMU IO TUX BY3-
Jax, sIKi 3HaXOJAThCs B BEPIIMHAX OararorpaHHuKa, TOOTO:

NC, = NS, +a,-NS,, NC,=NS,+a,- NS,
NC, = NS, +B, - NS,, NC, = NS, +B, - NS,, (6)
NC, = NS, +7, - NS,, NC, = NS, +7v, - NS,,

oe o, +o, +B +B,+v,+v,=150<0, <L
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Juia nochipKeHHs anpOKCHMAIliHIX BIaCTUBOCTEH CKiHYEHHO-EJIEMEHTHOTo Oasucy (6) HeoOXiHO 3MeH-
LIUTH KiJIbKICTh HEBIIOMUX BaroBUX Koe(ilieHTiB. 3a10BOIBHAIOYH YMOBHU MOBHOTH Oasucy [7]:

6 6 6 6
inNCi =X, zyiNCi =) zziNCi =3 ZNCI- =1, -
i=1 i=1 i=1 i=1
Ta BPaXOBYIOUH iX JIHIHHY 3a/1€XHICTh, MO)KHA OTPUMATH TaKi CIIBBiIHOIIEHHS BaroBUX Koe(illieHTIB:

l-a (r+1 l-a (r+1
#;52:‘031;71:#”’2:‘”’1- (7

o, =ro; P, =
p+1 q+1

3rigHo 3 ymoBamu (6), BaroBuid Koe(imieHT o, 3MIHIOETHCS B MEXaX BiJl HYJS JO OJAMHUIN. 3BIJCH JIETKO
OTPUMATH IHTEPBAJIbHI OL[IHKY JUIsl IHIIMX BaroBUX KOE(II[iEHTIB:

0<a,<r;0<p, <

OTxe, 6a3ucHi QyHKIii 6inipaMi;m 3 IiCThMa By3JIaMH 1HTEPIOJIALi] BU3HAYArOThCS popmynamu (6), (7).

[loOynosani Gpynkuii {NC,} € QyHKIiAMU KOOpAMHAT (X, y, Z) 3 MAPAMETPAMHU 7, p, ¢, o, . s BUBYCHHS
IHTEPNOJIIHHUX BIACTUBOCTEH OTPHMAHOr0 0a3uCy B 3aJICKHOCTI BiJ] 3HAYCHb KOE(]Iili€HTIB BUJOBKCHHS/CTHC-
HEHHs MiBocel OaraTorpaHHMKa HEOOXiHO oOpaTu Kputepiit sskocTi anpoxcumarii. Ha nymky aBropa [6], Takoro
XapaKTepUCTUKOI Moxe OyTH MiHiManbHUHM ciin MaTpuui xoperkocti CE. OOpaBLIM AaHy XapaKTEPUCTUKY 3a
OCHOBY BH3HAa4Y€HHS Hailkpauoro cepesn 0aszuciB Oimipamiau, Tpeba 3HaWTH BiANOBIAHI 3HAYEHHS MAPAMETPIB 7, p,
¢, IPH SIKKUX CIIiI MATPHII )KOPCTKOCTI Oimipamiau 3 6asucHuMU GyHKIIsIMU (6), (7) Oyae MiHIMaTbHHUM.

3a hopmyoro:
¢ oNC, jz (aNc ]2 [aNC. jz
Trace = Lo+ L+ L |dV,
Z;‘ IJJ ([ ox oy 0z

Jae V — o0’eM OimipaMiay, — CiJ MaTpPUL >KOPCTKOCTI Oimipaminu € (yHKIi€r0, Ky MOXKHA MPEACTaBUTU
(byHKLUi€0 0HI€T 3MIHHOI o, 3 MapaMeTpamu 7, p, -

a
Ti = Ao’ + B C 8
race 30r°p’q* (1+r)(1+ p)(1+ CI)( G )’ ®

i (S
A=Y ayr'pq, B="7 b,r'p'q“,C=3 c,r'p'q" )

of<12 Jer|<12 <12

(o= (i, j, k) —mynsTHiHAEKC, i, j,k =0.4, |a|=i+ j+k)

— MOJIiHOMIANBHI QYHKIIT TPOX 3MIHHMX 7, p,q 31 CTAIMMM Koe(illieHTaMu ay,, by, ¢,
KICTb 3amicy B JlaHiil poOOTi HE HABOJSATHCA.

CKOpHCTABIIUCH HEOOXITHOIO YMOBOIO iICHYBaHHS SKCTPeMyMy (YHKIIIi OnHiel 3MiHHOT (d (Trace)/do, = 0) ,
JIETKO 3HAWTU KPUTHYHY TOUKYy o, = — B/(24), ska € Toukoro MiHiMymy ¢yHKuii Trace = Trace(o,) , koma A > 0.
[Ipu oMy @, = o, (¥, p,q) . [1iICTAHOBKOIO TaHOTO BUPaA3y IS o, y PIBHICTH (8) MOKHA OTpUMATH (PYHKIIIIO CITITY
MAaTPHII )KOPCTKOCTI SIK (PYHKITIFO TPhOX 3MIHHUX NapameTpiB Trace = Tr(r, p,q) . JIns OCTIHKEHHS HA EKCTPEMYM
HEOOX1JTHO 3HANTH KPUTHYHI TOYKH JaHoi QyHKIT (puc. 3), SKi € po3B’sI3KOM CHCTEMH PiBHSHb:

K1 uepe3 TpoMmis-

oTr/or =0,
oTr/op = 0; (10)
oTr/og = 0.

BI/IFIBJ'DICTLCSI, 1o yMOBi r,p,q > 0 3a10BOJIBHAKOTH JIUIIIEC [ABa pOSB’HSKI/I CUCTEMMU:
1, ~0,64917; p, ~ 0,70588; 4, ~ 0,70593;
1, ~0,16991; p, ~ 0,77288; ¢, ~ 0,77375.

IlepeBipka 3HaKiB TOJOBHMX MIHOPIB MAaTpHIi YaCTHHHMX NOXIAHUX JPyroro NOpSAKy (yHKmii
Trace = Tr(r, p,q) BKa3ye Ha Te, 110 TOYKa (7, p;,¢,) € TOUKOIO MiHiMyMy. OTKe, CITiJi MaTpHIli JKOPCTKOCTI Girmipa-
MiJIM € MIHIMQJIBHUM B IIiif TOYIli Ta CTAHOBUTH MPUOIN3HO 2,358.
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q1,2 0’511
r i
1,5
2 1 1 Y 1
3 02040408101.314181320 B 1 % 3

Puc. 3. I'padiune npeacraBnenHs po3s’si3kiB cuctemu (9) y mpocropi Orpg Ta npoekuii Ha ruonmny Orq :
1 — nosepxust Tr/or =0; 2 —noBepxust 07r/dp = 0; 3 — nosepxus d7r/og =0

IDicepeno: nodyoosaro 6 cucmemi komn tomeproi mamemamuxu Maple 3a ghopmynamu (8), (9) ona a=1; r=0,9; p=0,7; q=1,2

[Tomanpmuii aHamiz oTpuMaHuX GyHKIIH Oa3ucy Oirmipamiu, ska Mae TPH PyXOMi By3JIH, pPO3TaIlIOBaHi B Bep-
mmHax K, K,, K, moB’s3anmii 3 TiM, o ganuii CE He € mpaBuisHIM OaratorpanHukoM. JlificHo, B naHii poOorti
Oimipamiay citii po3mISAATH SIK IMOJTIEAP, SIKUH OTPUMAHO B pe3ysIbTari JIHIHHAX JedopMalliid TpboX MiBOCEH OKTa-
enpa. Toxi HEoOXiTHO BU3HAYUTH YMOBHU BHKOpPUCTaHHS Oimipamimam npu anroputmizanii MCE. 3actocoByroun
METOJIH, SIKi PEKOMEH/IOBAHO CUCTEMOIO CKiHUeHHO-enieMeHTHOTO anamizy ANSY'S, st CE, sikuii He € mpaBHIbHAM
GaraTorpaHHUKOM, TpeGa 06UMCIUTH TOKa3HUK acumeTpii Skewness [8, 9]. Moro 3Hauenns € Miporo acuMerpii, ska
PO3PaxoBYETHCS SIK Koe(PilieHT MPONOPIiHHOCTI BiiHOCHO 00’ eMy CE, sikuii € npaBuiibHUM OaratorpaHHukoM. [Tpu
L[bOMY BiXWJICHHA B Mexkax +0,1 Ta +0,25 Bijg 00’€My IpaBHILHOTO F€OMETPUYHOTO TijIa BBAXKAIOTHCS JOMYCTH-
MHMH, BiJIMOBIIHO, IPY BUCOKHUX T4 HEBUCOKUX BUMOTAX /IO TOYHOCTI OTPUMYBAaHUX PO3B’SA3KiB.

TakuM YMHOM, Ha MPAKTULI NPUIYCTUMUMH € TaKi 3Ha4eHHs Koe(illi€HTIB BUJOBXKECHHS/CTUCHEHHS 7, P, ¢
niBoceit Gimipamiau, sKi 3aJ0BONBHSIOTE YMOBI 3,6 <rpg +r(p+1)+ p(q+1) + g(r +1) < 4,4 TIpu BUCOKHX BUMO-
rax Jio TOYHOCTI OTPUMYBAHHMX PO3B’SI3KIB 1 3 < rpg + r ( D+ 1) + p(g +1) + g(r + 1) £5 — Ipy HEBUCOKUX BUMOTaAX J10
TOYHOCTI OTPUMYBaHHUX PO3B’s3KiB. [Ipy 1IbOMY KpUTHYHI 3HAYCHHS KOC(IIIEHTIB 7, p, ¢, IPH SKUX CIIiJ MaTPHIIi
JKOPCTKOCTI OimipamiaM € MiHIMaJbHHM, 33J0BOJILHSIOTh HEPIBHICTD, SIKA BIAMOBITa€ BUCOKHM BUMOTAM JIO TOY-
HOCTI 1pu po3B’s3anHi 3a1a4 MCE.

BucHoBKH 3 10CTixKeHHS i MepCNEeKTUBY NMOAAJBLIINX PO3BiIOK Y IbOMY HanpsiMi

1. 'Y po6oti mobynoBano /1Ba 6a3ucu OimipaMi 3 TpbOMa PyXOMHMH By3JIaMH, SIKi MOXKYTh OyTH 3aCTOCOBaHi
npu auckperusanii nudepenniansaux piBHaHs MCE s TpuBuMipaux obnacreit. [ToGynoBani ¢yHkIii gomycka-
I0Th TEOMETPUYHY IHTEPIPETALII0 Ta MICTATh HEBU3HAUCHI ITApaMEeTPH, SKi JO3BOJISIOTH MOKPAIyBaTH iHTEPIIOS-
uiiiHi BnactuBocti ganoro CE BiAmoBigHO 10 06paHOro KpUTEPito AKOCTI alpOKCHMAITii.

2. JoCNiKEHO TeOMETPUYHI BIaCTUBOCTI (DYHKIIH ceMHBY3JI0BOro 6a3ucy OimipamMinM, siki € piBHAHHIMU
napaboIivHOrO Ta EIINTUYHOIO THIIB HPU OYyIb-SIKHX JOIMYCTUMHX 3HAYCHHIX KOS(II[IEHTIB BHIOBKCHHSI/CTUC-
HEHHS TPHOX MiBocel Oimipamiau. [ToBepxHi piBHSA (YHKIIIN, SIKI aCOIIHOBAHO 3 BEpIIIMHAMH OiripaMiau Ta ii 1eH-
TPOM, €, BIIMTOBITHO, BUPOPKCHUMH NapaboiYHUMHU IIHTIHAPAMH Ta SITINCOIIaMu.

3. JlocImipKeHO armpoKCUMAITiiHI BIIACTHBOCTI MOOYIOBAHOTO Oa3ucy OimipaMiay 3 IIicThbMa By3JIaMH 1HTep-
noJisitii, QyHKIIT SKOTo 3ajearh BijJl 3HAYeHb KOS(DIIIEHTIB BUIOBKCHHS/CTUCHEHHS TPHOX IMIBOCEH Oirmipamisy.
3TiJIHO 3 KpUTEpiEM BU3HAYCHHS HalKpamoro 0a3ucy Oimipamilu 3HaiJIeHO KPUTHYHI 3HAUCHHS KOCSQIIIEHTIB
BUIOBKCHHS/CTUCHEHHS TPHOX MiBOceil Oimipaminy, mpu SKUX CIIiJ MaTpuii skopcTtkocTi Ha ganomy CE e mini-
MaJIbHUM.

4. 3HaiiiecHO 1HTEepBaJbHI OIIHKU I KOe(ilieHTIB BUIOBKEHHS/CTUCHEHHS TPHOX MiBocel Oimipamian
3 IIICTbMA By3JIaMHM iHTepHoiaLii. Mexi JOIMyCTUMHUX 3HaU€Hb BKa3aHUX KOe(II[iEHTIB PO3pPaX0BAaHO BiAMOBITHO O
BHMOT, Ki BUCYBatoTh 70 acuMmeTpuuHux CE B cuctemi ckiHueHHO-eneMeHTHOro aHanizy ANSYS.

5. [lepcriekTHBOO MOAAJIBIINX OCIHIIDKEHb € To0yaoBa kybatypHux ¢opmyn Ha CE B ¢popmi 4OTHPHUKYTHOT
Oimipamian 3 METOI0 BKJIFOUEHHS ioro 1o 6i0miorekn MCE.
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ALGORITHM FOR THE CONSTRUCTION AND OPTIMIZATION
OF THE TERRITORIAL LOCATION OF SOUND SOURCES OF EMERGENCY NOTIFICATION
SYSTEMS OF THE POPULATION

The article is devoted to the development of an algorithm for solving the problem of optimizing the territorial placement
of elements of the public emergency notification system according to the criterion of maximizing the coverage of the territory of
the settlement with the permissible power level of sound signal sources based on the application of genetic algorithms.

The relevance of the article is due to the need to improve modern systems of emergency notification of the popula-
tion, especially in cases where it is necessary to take into account the characteristics of certain territories. This problem is
quite important in today s world of permanent emergency situations, and the high-quality distribution of emergency notification
sources can become one of the important elements of the system of warning and timely response to disasters.

One of the most effective technologies for building such systems is the use of genetic algorithms, which ensure the search
for the most effective options in a dynamic mode with the possibility of their further optimization. Therefore, the development
and improvement of methods of rational placement of sources and optimization of the technical characteristics of the system of
emergency notification of the population is an urgent problem for the safety and preservation of the health of the population.

The purpose of this article is to develop an algorithm for structural optimization of the territorial placement of sound
signal sources of the public emergency notification system according to the criterion of maximizing the coverage of the territory
of the settlement with the permissible power level of sound signal sources based on the modification of the genetic algorithm.

In accordance with the proposed approach, the function of maximum coverage of the territory of the settlement with a
minimum number of sound signal sources of permissible power is used as an optimization criterion. In the process of searching
for the optimal structure of the territorial arrangement of elements of the notification system, a modified genetic algorithm of
analysis and determination of the most effective options is used. As a condition for building an optimal solution to the problem,
the condition of complete coverage of the territory of the population with sound warning signals is defined.

According to the results of the conducted research, it was found that the developed algorithm allows determining the opti-
mal structure of the territorial placement of sound signal sources of the emergency public notification system based on the cri-
terion of maximizing the coverage of the territory of the settlement with the permissible power level of the sound signal sources.

Key words: genetic algorithm, algorithm for placement of sound signal sources, optimization of the public notification system.

Haciunuxk A. M., Pina M. I0. Anzopumm nodyoosu ma onmumizayii mepumopiansnozo pomiwjenis 36yKoeux
Ooicepen cucmemu eKCmpeHozo OnosilieH A HACETeHH

Cmammst npucesiuena po3pooyi aneopummy supiuients 3a0a4i Onmumizayii mepumopiansno2o po3mityents eiemMenmis
cucmemu eKCpeH020 ONOGIULeHHS HACEeH s, 34 KpUMepieM MAKCUMI3ayii nROKpUmms, mepumopii Haceneno2o nyHKmy iz 0ony-
CIUMUM PIBHEM NOMYHCHOCHI 0Jicepeil 36YKOBUX CUSHANIB HA OCHOBI 3ACMOCYBANHS 2CHEMUYHUX AN20PUNIMIG.

Axmyanvricme cmammi 00ymogiena nompedoio y NOKpaujeHHi Cy4acHux cucmem eKCmpeHo20 Ono8iujeHHs HaACel1eHH s,
0COONUBO Y 6UNAOKAX HEOOXIOHOCMI 8PAXYBAHHSA 0CcOOIUBOCHEl NesHuX mepumopii. L[a npobrema documsv saxcausa y cyuac-
HOMY C68imi NOCMIUHUX HAO3BUUAUHUX CUmyayitl, a AKiCHULl po3nooin dxcepel eKCmpeHoeo ONOBIUeHHA MOXHce CIAMMU OOHUM 13
BAICTUBUX eNeMEHMIB CUCmeMl NONEPeOI CeH sl Ma BUACHO20 Peazy8ants Ha Kamacmpogu.

OoHiero i3 HAUOINbLI eheKMUBHUX MEXHON02TT HOOYO0BU MAKUX CUCIEM € 3ACTOCYBAHHS 2eHEMUYHUX AN2OPUMMI6, AKi
3abe3neyyioms NOWYK HAtlOIbw eheKmusHUX 6aPIAHMIE 8 OUHAMIUHOMY PENHCUMI 3 MONCTUBICINIO IX NOOATLULOT ONMUMI3AYIl.
Tomy pospobia i yOOCKOHANEHHS MemoOis payioOHATbHO20 POSMIUEHHS ddicepen ma ONMUMI3ayii MexHIYHUX XapaKmepucmux
cucmemu eKCmpeHo2o ONoGiueHHs HaceleHHs € AKMYanbHoIo npobiemoio 0s be3nexu ma 30epedxcenis 300pos s HACeNeHHS.

Memoio danoi cmammi € po3pooKa aneopummy CmpyKnmypHoi onmumizayii mepumopiansHozo pomiujenns 0xcepen 36)-
KOBUX CUSHANIE CUCTeMU eKCIPEH020 ONOBIUeHHS HACENEHHS 3a KpUMepieM MaKCuMizayii noKpumms mepumopii HaceneHo2o
NYHKMY 13 00NYCIMUMUM DiGHEeM NOMYIUCHOCHE 0dIcepel 36VKOBUX CUCHANIB HA OCHOBI MOOUMIKAYIT 2eHeMUYHO20 AN2OPUMMY.
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Y 6ionosionocmi i3 3anponorosanum nioxo0om 8 AKOCHI Kpumepis OnMmumizayii 6UKOPUCTOBYEMbCA (YHKYIA MAKCU-
MATbHO20 NOKPUMMSL Mepumopii HaAceieHo2o NYHKMY npu MIHIMATbHIU KIIbKOCMI 0Jicepell 36YKOBUX CUSHANIE OONYCMUMOL
nomyasjcHocmi. B npoyeci nowyky onmumansHoi cmpykmypu mepumopiaibHo20 pO3MileHHA eleMenmié cucmemu OnoGiujeHHs
3acmoco8yEmMbcs MOOUDIKOBAHULL 2eHEMUUHULL ANeOPUMM AHANI3Y MA 8U3HAYEHHA HAOINbW eekmuenux eapianmie. B axocmi
YMO8U NOOYO08U ONMUMATLHO20 PO36 A3KY 3a0adi 6USHAUEHO YMOBY NOBHO2O NOKPUMMA MePUmopii po3milyeHHs HaceleHHs.
CUSHANIAMU 36VKOB020 ONOBIUYEHHS.

3a pesynsmamamu npogedenux 00Cai0NHceHb 6CMAHOBNEHO, WO PO3POOIEH UL ANeOPUMM O0360NSE GUIHAUUMY ONMUMATLHY
CIPYKIMYPY MepUumopiansHo20 po3MityeHHs Oxcepel 36YKOBUX CUSHANIE CUCTEMU eKCMPEH020 ONOBIWeH A HACeNeHHs. 3a Kpume-
DiEM MaKkcumizayii nokpumms mepumopii HacenerHo2o NyHKMy i3 O0NYCIMUMUM PIBHEM NOTMYHCHOCHI 0XHCEPET 36VKOBUX CUSHATIB.

Kit040Bi c110Ba: eernemuunutl aneopumam, aneopumm po3miwenns odicepen 36yK08UX CUSHANIG, ONMUMI3AYIs cucmeMi 0no-
BIUeHHS HACENEHHS.

Problem’s Formulation. Overview of modern emergency notification systems population indicates a wide
range of various modern technologies for them buildings However, among the main shortcomings of the existing
systems it is worth noting that characteristics of the notification sources not always correspond to their locations
placement, or that in general distribution of sources of certain part of cities is insufficient or excessive. Insufficient
coverage of the territory can lead to lower speed of the population’s reaction to an emergency event, and excessive
the level of sound signals can cause health deterioration of people. Therefore, it is necessary to use combinations of
common sources emergency notification and mass media: Internet, television, radio and others [1]. If the issue of
mass media to some extent is decided, the placement of emergency notification sources needs to take into account
a greater number of factors: energy supply, territorial features of the city, population and others. So the power of
the notification sources has to be provided from several supply options, since sources without permanent access
to energy supply will be limited by the left number of energy, and those that connected only to the main power
grid in general may not work during problems with energy supply [2, 3]. Also, the effectiveness of emergency
systems notification directly depends on the effectiveness of their interaction with people. According to this, the
development of methods of rational placement of sources and optimization of the technical characteristics of the
public emergency notification system is an urgent problem for the safety and health of the population.

Analysis of recent research and publications. Currently for resolution of various optimization problems
have been widely used modifications of genetic algorithms. In which are used partially modified principles of the
genetic evolution and selection, and the main advantage is the possibility of solving rather complex problems of a
large size, which do not allow to build an exact analytical solution. Genetic algorithms are effectively used to build
solutions to problems of searching of local extrema, both differentiated and undifferentiated functions [4, 5].

The works [6,7] also note the importance of the evolutionary approach for improving the quality of results
by using new generations of the population, where each generated generation will give better result and protect
algorithm from stopping at certain optimal local solutions.

From recent advances there is an increase in the variety of methods for crossovers and mutations, that are used
in different types of problems for improving the quality of results and the speed of obtaining them [8].

A genetic algorithm can be adapted to solve a problem of maximum coverage of a certain territory of the
settlement by means notifications taking into account the specifics of their locations and other criteria systems.

Formulation of the study purpose. The purpose of this work is to develop an algorithm for solving
the optimization problem of territorial placement of sound signal sources of an emergency alert system for the
population, based on the criterion of maximizing the coverage area of the locality with an acceptable power level
of sound signal sources.

Presenting main material. To build an effective emergency alert system for the population, it is important
to solve the problem of optimal placement and determination of the number of sound signal sources of acceptable
power. The optimization criterion chosen is the maximum coverage area of the locality with a minimum number
of sound alert sources of acceptable power. To solve this problem, it is proposed to apply a genetic algorithm,
according to which:

1. Definition and preparation of the information presentation of the structure and area of the settlement, fig. 1.
The start of the coordinate system coincides with the geometric center of the city territory, as shown in fig. 1.

T

.....;E. I

Fig. 1. Structural scheme of the settlement
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The corresponding information base should reflect the following parameters of the city territory: population
of the territory — black color; possible locations for sound signal sources — white color; places where no devices can
be placed — blue color.

The area of the settlement S is determined as the area of the closest geometrlc figure or taken from existing
reference data. In most cases, for the software implementation of the algorithm, it is suggested to approximate the
area of the settlement by a polygon whose area is found as the sum of the areas of corresponding triangles. For this,
a point inside the polygon is chosen, and it is divided into » triangles. Then, the area is found using Gauss’s formula:

1 n-1 n-1
Sv :§|(zxiyi+l)+xnyl _(in+1yi)_x1yn |’ (1)
i=1 i=1

where n —number of sides of the polygon; (x,, y,) — coordinates of a fixed point inside the polygon; (x,y) i=1,2, ...,
n — coordinates of the vertices of the polygon.

In specific cases, when the shape of the territory can be approximated by a circle, the area of the settlement is
approximately calculated by the formula:

Sv:n*((xr_x0)2+(yr_y0)2)’ (2)

where (x,, y,) — coordinates of the center of the circle; (x, y ) — coordinates of a point on the circle.
Locations of people to whom it is necessary to ensure the arrival of warning signals are determined by the set
of coordinates of their location points in accordance with the parameters of the settlement structure:

P={0,p) 0,0, 00 (x,0,) s €)

where (x, y,) — corresponding coordinates of the points of the territory of population placement.
The distance of effective propagation, or the radius of action of sound signal sources for the warning system,

taking into account the influence of various criteria, is calculated by the formula:
n-p=hk~E*k,

r=r,*10 20 4)

where p — expected minimum sound pressure at the limit of operation of the warning source r, cannot exceed the initial
sound p, (the maximum permissible value of p,is 100 — 105 dB); r, — initial distance, 30 m is recommended; h —height of
the source location; k, — coefficient of influence of height; £ — power supply capacity; k, — power supply influence factor.

Note, that the radius of the sound signal determines the coverage area of the notification system. The expected
minimum sound pressure at the working limit of the warning source cannot exceed the initial permissible regulatory
value. The results of the calculation of the dependence of the radius of action of the sound signal on the value of its
power are shown in table 1.

Table 1
The distance of propagation of sound signals
p,, (dB) 80 85 90 95 100 105 110
7, (M) 168 300 533 948 1687 2935 5334
The initial minimum number of warning sources ¢ for the system is determined by the formula:
SV
q= e (5)

where S — area of the settlement; 7 — radius of action of the warning sources.

The value of g must be an integer greater than or equal to 2, otherwise the problem has a trivial solution with
the placement of the sound signal source in the geometric center of the territory.

2. To generate the first set of combinations of coordinates for the placement of warning sources (x, y), several
such coordinates are combined into a genotype O, a set of such genotypes is combined into a population V-

V=[0, 0, .., 0], (6)
0, = [0, ¥ (a1 v (5 7)1, (7

where O, —is a representative of the population; 7 — number of individuals in the population; (x,, v ) — coordinates
of the points of placement of sources; ¢ — number of notification sources.

Thus, the genotype combines the coordinates of all points of possible placement of alert sources into a single
list. The highest adaptability, according to this algorithm, will be in the genotype in which the total area of coverage
around the warning sources will cover the largest area of population placement P at a given sound signal level p.

For each genotype, the adaptability coefficient reflects the number of population locations that fall within the
sound signal coverage area. The initial value of the coefficient of adaptability of the genotype O is assumed to be
zero: K, =0 and according to the formula

Ko, = Ko, +1, ®)
only those points (x, y) of the set P are counted that satisfy the condition
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\/(x.—x.)+(yj—y,.)2 <r, )

where (x, y) (=1, 2, n) — coordinates of the i-th point from the set P of population locations; (x, »)
(=1, 2, m) coordinates of the j j-th point from the set of O locations of sound signal sources; » —radius of adtion
of the warmng sources.

The greater the value of K, for each genotype, the greater its adaptability.

3. Conducting a spatial crossover. The initial (parental) pair (O,, 0,) with the largest value K|, is selected
from the population V. An arbitrary point is chosen on the map of the settlement area in fig. 1 and all points of a
circle with a radius 7 around it are calculated. All points O, located in this circle and points O, located outside are
combined to generate a new genotype (offspring). If the number of points in the new genotype is greater than ¢, then
the extra points with the least adaptability are removed. This step is performed several times to determine pairs of
the most fit genotypes.

4. Carrying out genetic operations of mutation of each representative with a certain probability will work
regardless of other parameters:

— Mutation. A random genotype O is selected from the population ¥, a random point is selected in it (usually
with a small adaptability), its coordinates are changed to other random ones within the available coverage area. It is
recommended to set the probability of such a mutation to 5 — 10 %.

— Modified mutation. A random genotype O is selected from the population ¥, in which one random value is
added to the coordinates of a random point, so that the point is shifted by a small distance. It is recommended to set
the possibility of such a mutation to 10 —20%.

Further, new adaptability values for each genotype are calculated using formula (8). The best of them are
selected for inclusion in the next O generation.

5. Analysis of the fulfillment of the criterion of optimal coverage and conditions for termination of the work
of the genetic algorithm.

If, after several cycles of the genetic algorithm, the optimal coverage criterion will not be met, then it is
necessary to increase the indicator ¢ by 1 and add one arbitrary point to each genotype. The optimal coverage
criterion has the following form:

S, <(S,+S,+...+8), (10)

where S —area of the city; S, (i=1, 2, ..., n) —area of coverage of the territory by warning sources with radii of action r.

Now it is checked whether the value of K|, of the most adapted genotype is equal to the number of points of
the set P.

If this condition is not met, the algorithm continues its work, again moving to point 4. Otherwise, the transition
to the next stage is performed.

6. Checking for the need to optimize the obtained solution. The radii of all warning sources are checked for
intersection using the ratio:

\/(xz_xl)2+(y2_yl)zgrl+r2’ (11)

where (x, y,) and (x,, y,) — are the coordinates of the locations of the warning sources, and », and r, — are the radii
of the action.

In the case when condition (11) is not fulfilled, the radii of the notification sources do not intersect and
additional optimization is not required.

Otherwise, there is a possibility of reducing the radius of action of the warning sources. Based on the relation (4),
this can be done by reducing the power E or the placement height h. The reduction must be carried out until the
adaptation factor K, of this warning system is equal to the number of points of the set P.

Let’s con51der the model problem of placing sources of sound signals with a power of 105 dB for a settlement
whose structural scheme can be approximated by a circle with a radius of 5500 meters. In this case, the ratio of the
area of the territory of settlement to the area of coverage of one source with a power of 105 dB, in accordance with
the data in Table 1, is equal to 3.51. That is, it is necessary to determine the locations of 4 sources of sound signals.
The results of the calculation of the location coordinates are shown in Table 2, the scheme of their placement is
shown in fig. 2.

Analysis of the given data on fig. 2 shows, that the proposed approach allows optimize resource costs and
provides an acceptable notification mode for the population with a permissible sound pressure level of 105 dB,
which reduces negative impact on health.

Table 2
Coordinates of the locations of sound signals of the notification system

Sound source number
Coordinates of the locations v " v

1 2 3 4
x, (M) 1325 -1625 -1570 1115
y, (M) 1120 1325 -1220 -1120
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Fig. 2. Scheme of placement of four sources

Conclusions from this study and prospects for further research in this direction. The results of the
research allow us to conclude that the developed algorithm allows us to determine the optimal locations of sound
signal sources of the public emergency notification system, taking into account the permissible parameters of its
operation. The search for the optimal accommodation option is carried out on the basis of maximizing the coverage
ofthe area of the inhabited locality, taking into account the permissible level of power of sound signals. In the future,
it is necessary to consider the possibility of building a system of emergency notification of the population using
sources of different power and optimizing their locations.
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MIJIAXW ONITUMIBAIIL KPOCIUIAT® OPMEHHHUX JIOJATKIB I3 BUKOPUCTAHHSIM
BIBJIOTEKH REACT TA ®PEMMBOPKY REACT NATIVE

Y cyuacnomy ceimi, 3i 3pocmannam eukopucmants MoOINbHUX NPUCTPOI, BANCTUBICIG CINBOPEHHS KPOCHIAMPOPMEHUX
000amkis, ujo 3a6e3neuyoms 6UCOKY NPOOYKIMUBHICHb MA AKICIb KOPUCTY8AUbLKO2O 00CBI0Y, 3HAUHO 3pOCad. YOOCKOHANEeHHS
cmeopenns, makux 000amxie 3 euxopucmanusim React ma React Native 6i0kpusae wupoki Moscaugocmi 07 po3pooHuKia 3a6-
OSIKU MONCTUBOCIIT NEPEGUKOPUCTIAHHS KOOY, BUCOKILL UBUOKOCTT PO3POOKU MA JlecKOCMI 8Nposaddcerts iHHosayill | Habyeae
0CO0IUB0T AKMYATLHOCHI, OCKIIbKU BOHA COCYEMbCA He MINbKU TEXHON02IYHUX ACheKmig po3pooKu, aie il eKOHOMiuHOI eek-
MUBHOCHII, AKOCMI KOPUCMYBAYLKO20 00CEI0Y MA WBUOKOCHT BNPOBAOJICEHHS THHOBAYIN HA PUHOK NPOSPAMHO20 3a0e3neyeHHs.
Bioxkpumuii k00 ma akmusne CRINKY8aHHs Y CRIIbHOMI 003601A10Mb WEUOKO GUAGTAMU MA YCYBaAMU RPOOIeMU, PO3POOIAMU HOBI
Gyukyii ma nokpawjenna, a maxoxuc cnpusioms 0OMIHy 3HAHHAMU Ma 00CEI00M Midc po3podHuramu. Lle cmeopioe nosumusie
cepedosuuye 0ist iHHOBAYILL MA POCMY, CRPUSLE WBUOKOMY NPO2Pecy MeXHON02il ma NiOGUULYE AKICIb KIHYesUX NPOOyKmIe.

B pobomi nposedeno ananiz K1o4o6ux ACneKkmis ma 6UKIUKIe, N08 A3aHUX i3 CMBOPEHHAM KPOCHIAmM@popmeHux dooam-
Ki6, AHANI3YIOMbCS OCHOBHI 8UOU ONMUMIZAYILL HA PI3HUX PIGHAX PO3POOKU, BKIIOUAIOYU KOMINOHEHMHULL DiBeHD, Pi6eHb CIAHY
ma oanux, pisenv pooomu 3 APl ma 306niwnimu oanumu, a makodc pisersv 3azpysku ma xooy. Ocobnuea yeaea npuoinacmocs
inme2payii cCUHXpOHHO20 MA ACUHXPOHHO2O PEHOEPUHZY O O0CASHEHHA ONMUMANLHOI NPOOYKMUBHOCIT A KOPUCHTYBAYLKO2O
00csidy. Bucsimniolombcs nepegaz HyuKo20 YnpagiinHs CHAaHom 3a 00NOMO2010 Chelin-MeHe0lHcepis, a MaKodiC 6alNCIUGICIY
onmumizayii 300paxcenv ma media 015 NiOBUWEHHA 3a2AlbHOT NPOOYKMUBHOCHI 8e0-Ccatimis.

B cmammi siosnauena ponv cnitbhomu po3pooHuKie y npoyeci YOoCkoHanenus ma inHosayitl. Pospodnuxu, siki éonodioms
YUMU TEXHONOIAMU A ONMUMIZAYIAMU IX 3ACIOCYBAHHS, MOJICYMb CINEOPIOGAIMY NPOOYKIIU, W0 He POCMO 8ION0BIOAIOMb BUMOSAM
yacy, a ghopmyroms Hosi cmanoapmu y cghepi ModinbHOT ma 8ed-po3podxu. lodanvuie docTiONiCceHHs ma iHMe2payis HOGIMHIX mex-
HOM0RITL Y npoyec PO3POOKU KPOCHIAMPOPMEHHUX 000amKig Oyde Mamu 3HAUHUL 6NUS HA THOYCIPIIO NPOSPAMHO20 3A0€3NeYeHHS.

Kutrouosi cnoBa: React, React Native, kpocnaamegopmeni dodamxu, onmumizayis, po3pooKa npoepamHozo 3a0e3neyeHHs.

Bezverhiy O. L., Kutsenko O. I. Ways of optimizing cross-platform application using the React library and the React
Native framework

In today’s world, with the growing use of mobile devices, the importance of creating cross-platform applications that
provide high performance and quality of user experience has increased significantly. Improving the creation of such applications
using React and React Native opens up wide opportunities for developers due to the possibility of code reuse, high development
speed and ease of innovation, and is especially relevant because it concerns not only the technological aspects of development,
but also economic efficiency, quality of user experience and the speed of introducing innovations to the software market. Open
source and active community communication allow rapid identification and resolution of issues, development of new features
and enhancements, and the sharing of knowledge and experience between developers. This creates a positive environment for
innovation and growth, promotes rapid technological progress, and improves the quality of end products.

The paper analyzes the key aspects and challenges associated with the creation of cross-platform applications, analyzes
the main types of optimizations at different levels of development, including the component level, the state and data level, the
level of working with APIs and external data, as well as the loading and code level. Special attention is paid to the integration
of synchronous and asynchronous rendering to achieve optimal performance and user experience. Highlights the benefits of
flexible state management using state managers, as well as the importance of image and media optimization to improve overall
website performance.
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The article notes the role of the developer community in the process of improvement and innovation. Developers who
master these technologies and optimize their application can create products that not only meet the requirements of the time, but
also form new standards in the field of mobile and web development. Further research and integration of the latest technologies
into the development process of cross-platform applications will have a significant impact on the software industry.

Key words: React, React Native, cross-platform applications, optimization, software development.

IMocTanoBka mnpoduemu. Buxopucranns O0i0Omiorekn React Ta React-native ans cTBOpeHHsS Kpoc
1aTGOpMEHNX JOATKIB BUILTUBAE 3 Py TCHCHIIIN:

1. 3pocTannsa MOOITEHOTO TpadiKy Ta BAKOPHUCTAHHS MOOLTBHUX JOAATKIB. Y Cy4acHOMY CBiTi CIIOCTEPITa€ThCs
CTiliKe 3pOCTaHHS KiNbKOCTI KOPUCTYBauiB MOOLTBHUX MPHUCTPOIB, IO CIIOHYKA€E A0 PO3POOKM MOMATKIB, 3MaTHUX
3aJI0BOJIBHUTH PI3HOMAaHITHI MoTpedu miei ayautopii. KpocmuarhopMHICTh cTae KIIOUOBOIO BiANOBIIAIO Ha IeH
BUKIIMK, 103BOJISIIOUN PO3POOHHUKAM CTBOPIOBATH J0ATKH, 110 €(heKTUBHO (PYHKIIOHYIOTh Ha Pi3HUX MIaTdopmax.

2. HeoOxigHICTh CKOPOYEHHS Yacy Ta BUTpaT Ha po3poOKy. Po3poOka okpeMux Bepciil 1oaaTkiB A KOXKHOT
wIaTGopMH € YaCOMICTKOIO Ta Hoporoto. Buxopucranus React ta React Native m03Borsie 3Ha4HO ONTHMi3yBaTu
pecypcH, OCKITBKH PO3POOHIKH MOKYTh BHKOPHCTOBYBATH OJJHY Ta TY K KOZOBY 0a3y IUIsl CTBOPEHHS JONATKIB, 10
MPALOIOTh Ha PI3HUX ONEpaIlifHUX CUCTEMaX.

3. [lormuT Ha BUCOKY MPOAYKTUBHICTH Ta SKICTh JIOJATKIB.

4. HeoOXiHICTh MOCTIMHOTO OHOBJICHHS Ta IMIJTPUMKH JOAATKIB. YMOBH PHUHKY Ta BUMOTH KOPHCTYBadiB
MTOCTIMHO 3MIHIOKOTBCS, TOMY JIOJIATKH MOTPEOYIOTh PETYIISIPHOTO OHOBJICHHS Ta MOJICPHI3aIIii.

HayxoBi qociipkeHHS B raily3i onTuMizanii 3acTocyBanHs JavaScript, po3poOka HOBUX MaTepHiB po3poOKH,
MOKPAIICHHS apXiTEKTypH TOJATKIB Ta IHTETpallis 3 iHIIMMHU TEXHOIOT1SIMH 1 Ii1aT(OpMaMH € KPUTUIHO BaXKITHBUMHU
Juist JocsrHeHHA miei MeTd. CHUNBHUMU 3yCHJUIIMH HAyKOBI[iB, PO3POOHMKIB 1 CHITBHOTH MOXHA JOCAITU
3HAQUHOTO MPOrPecy y CTBOPEHHI e(eKTUBHHUX, NOCTYIHUX Ta BHCOKOSKICHHUX KpOCIUIAT(OPMHUX IOMATKiB, L0
33JJ0BOJIbHATUMYTb IOTPEOU CyuyaCHUX KOPUCTYBAdiB 1 pUHKY IPOrPaMHOTO 3a0€3MEUECHHS.

AHaJii3 0CHOBHHUX BUAIB onTuMi3aniii React-momarky. Ontumizaiis React-101aTKiB € KITFOYOBHUM €IIEMEHTOM
JUTSL TIIBUINEHHS TPOAYKTHBHOCTI, 3a0€3MEUCHHS IIBUAKOCTI pOOOTH iHTepdelicy Ta MOKpAIICHHS 3arajbHOro
KOPHUCTYBAIIbKOTO JOCBiMY. ICHye KijbKa pIBHIB, Ha SKHX MOXIIMBO BHKOHATH OINTHMI3aIito React-monarkis,
KOXCH 3 SIKAX BHUMAarae 3acTOCYBaHHS CHenU(IYHUX MiAXOMIB 1 TeXHIK. PO3IITHEMO OCHOBHI BHIM ONTHMI3allii
Ha PI3HUX PIBHSAX:

1. KomnoHneHTHHY piBeHb

[TepeBuKOpHCTAaHHS KOMITOHEHTIB

— CTBOpEHHS MEPEBUKOPUCTOBYBATIBHNX KOMIIOHCHTIB ISl 3MEHILICHHS AyONIOBaHHS KOAY Ta MiJBUIICHHS
YUTAOCIBHOCTI Ta MATPUMKH KOITY.

[TonepemxeHHs! HENOTPIOHUX PEHNEPIB

— Buxopucranns React.memo ams kinacoBux koMrnoHeHTiB Ta React.PureComponent 1 GpyHKIIOHATBHUX
KOMITOHEHTIB /103BOJISI€E YHUKHYTH HEMOTPIOHUX PEHIEPIB, TOPIBHIOIOUH Props Ta state.

SIKII0 KOMITOHEHT BiZJoOpakae ToW caMHi Pe3yibTar 3 THMHA CAMHMHU IIPOIICAMH Ta CTAHOM, MOYKHA OOTOPHY TH
foro y BUKIHMK React.memo Ui MiABUIIEHHS MPOTYKTUBHOCTI B JESKUX BUIAIKaX IMIISIXOM 3araM’ sTOBYBaHHS
pesymsrary. lle o3Hawae, mo React mpomycTuTh peHIEpPUHT KOMIOHEHTY Ta ITOBTOPHO BHUKOPUCTAE OCTaHHIN
pe3yIbTaT peHACPUHTY.

React.memo TinbKu nepeBipsie 9u 3MIHWIKCS MpoTicH. SIkio GyHKIis, 3ropHyTa y React.memo, mae useState
a6o useContext Xyku B CBOTH iMIIIeMeHTaIlii, BOHA Bce I1e Oyae pepeHAepuTHCS IPH 3MiHi cTaHa a0 KoHTekcTa.[1]

3a 3aMOBYYBaHHSM BiH TUTBKH IMOBEPXOBO MOPIBHIOE CKIAHI 00’ €KTH, 10 3HAXOIATHCS B 00 €KTI MPOIICIB.
SIKIII0 BU XO04YETE KOHTPOJIOBATH MPOLIEC MOPIBHIHHS, BU TAKOXK MOXKETE HA/IaTH KOPUCTYBATBHUIIBKY (DYHKIIIIO /IS
MOPIBHSHHS MTOMICTHUBIIH i1 IPyTUM apryMEHTOM.

Buxopucranns shouldComponentUpdate

— Jia xnacoBux KOMIIOHEHTiB, MeToz shouldComponentUpdate 103BoJ1si€ KOHTPOIIIOBATH POLIEC PEHAEPIHTa
[UISIXOM MTOPIBHSHHS IIOTOYHUX 1 HACTYITHHUX Props Ta state.

AcuHXpOoHHHH peHnepuHr 3 React.Suspense Ta nmiHuBa 3arpyska:

— React.Suspense Ta React.lazy npornoHyoTh MEXaHi3M JUISI aCHHXPOHHOTO PEHACPUHTa KOMIIOHEHTIB, 110
JIO3BOJIsIE KOMITOHEHTaM YeKaTH 3aBaHTaKCHHS HEOOX 1 THUX JaHUX 200 THIIIMX KOMIIOHEHTIB IIepe/1 1X BiIOOpasKeHHSIM.
e 0co0MBO KOPUCHO LTS TIOKPAIIEHHS MTPOTYKTHBHOCTI MUISIXOM JIIHWBOT 3arpy3KH KOMITOHEHTIB, SIKi HE TOTPiOHI
KOPHCTYBa4CeBI BiZjpa3y MicIsl 3aBaHTAKCHHS JJOAATKY.

React.lazy mpuiimae ¢yHKIIIO, sIKa Mae BUKIIMKATH IuHaMidHuil import(). Bona mae moepayTn Promise,
SIKMH TIpU BUPIILIIEHHI TOBepHE Moxynb 3 default-ekciopToMm, sikuif MicTuTh React-KOMIOHEHT.

Jlenaunii KOMIIOHEHT TOTIM IMOBMHEH BiPEHAEPUTHCS Yy TUII KOMIOHeHTa Suspense. Lle no3Bossie Ham
MOKa3aTH PE3CPBHUN KOHTCHT (HANPHUKIAL, IHAUKATOpP 3aBAHTAKCHHS), TIOKA MM YEKAEMO HA 3aBAHTAXKCHHS
JIe1auoro KOMIoHeHTa.[2]

Bukopucranns React.memo ta React.PureComponent mst 3amo0iraHHst HEIOTPIOHUX PEHIEPIB Ta METOLY
shouldComponentUpdate Jij1s1 KOHTPOJIFO OHOBJICHH KOMITOHEHTIB.
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2. PiBens Crany Ta /lannx

VYrpapninas Cranom

— EdexruBHe ynpapiiHHS CTaHOM, BUKOPHUCTOBYIOYM KOHTEKCTH a00 CTeUT-MeHekepu Tuiy Redux um
MobX, Moke 3HaYHO 3MEHIIUTH KUJIbKICTh PEHAEPIB Ta COPOCTUTH MOTIK AaHUX.

bibmiorexa Redux BUKOPUCTOBYETHCS LIS KEPyBaHHS CTAHOM IONATKY, IO TO3BOJIIE 3MEHIIUTH KiTBKICTh
KOZy Ta 3pOOUTH JOJATOK OUIBII IPOCTHM IJISI PO3YMIHHSI Ta PO3IIHPEHHS [3]

Po3po6ka noxarky Ha Redux 6e3 Bukopucranus Redux toolkit Moxke OyTH TOCHTB CKJIaTHOIO Ta BUMarary 6arato
yacy. HeoOxiTHO BpydYHY CTBOPIOBATH JIii, PEIyKTOPHY Ta CTBOPIOBATH 3B’ SI3KM MK HUMH. 3 iHII0T0 00Ky, Redux toolkit
Mae 6arato ToToBHX (YHKIIIH, TakuX sk createSlice, sika 103BOJIsIE aBTOMATHYHO CTBOPIOBATH JIii Ta PEIYKTOPH JUIS
KOHKPETHOTO CETMEHTa CTaHy oAaTKy. Lle 3HauHO 3MEHIIy€e KiJIbKICTh HAITMCAHOTO KOy Ta CIPOIIYE PO3POOKY [4]

JlinnBa 3arpyska Jlanux

— 3acrocyBanHs niHuBOI 3arpy3ku (lazy loading) ans gaHMX Ta KOMIIOHEHTIB MOXKE TOKPAIIUTH 4Yac
3aBaHTAKEHHS JOJATKy Ta e()eKTUBHICTh BUKOPUCTAHHS PECYPCIiB.

AcunxpoHHe 3aBaHTaxeHHs JlaHux:

— Bukopucranns xykis, Hanpukiaz useEffect, s acHHXpOHHOTO 3aBaHTa)KEHHS TAaHUX J03BOJISIE IHIIIFOBATH
3amutu 10 API abo 6a3 manmx Oe3 OIOKyBaHHS peHACpPHHTa KOMIOHEHTIB. Lle no3Boisie inTepdeiicy 3amumarucs
BiJITyKOBHM, ITOKH JaHi 3aBaHTaKYIOTHCSI, Ta 3MCHIITYE BiTIyTTS 3aTPUMOK y KOPHCTYBAiB.

Ha BimMminy Big componentDidMount i componentDidUpdate, ¢hyHkiis nepenana B useEffect 3amyckaerncs
TICIIsE PO3MITKH Ta peHIEPY, MPOTATOM BijikiaaeHol moii. Lle poOuTh XyK miAXOMAImMM Uit 0araTboX MOIMUPEHUX
mo0OiYHMX e(PEeKTiB, TAKUX SIK HAaJAIITYBaHHS ITiJITICOK Ta 0OPOOHUKIB MOJIiH, OCKUIBKH OUTBIIICTh TUITIB pOOOTH HE
MMOBUHHI OJIOKYBaTH OHOBJICHHS €KpaHy Opay3epoMm. [5]

Bukopucranns Konkypentrnoro Pexumy (Concurrent Mode):

— KonkypenTtHuii pexxum y React Hafae 61ab11 THyUKuHii CIOCiO 7SI aCHHXPOHHOTO peHiepHHra iHTepdeiicis.
Bin nos3Bomnsie React po3nodatu peHaepusr 3MiH B iHTepdelici 6e3 Toro, mo6 OJ0KyBaTH OCHOBHUM MOTIK, THM
CaMHM IIiJIBUILYIOYH BIATYKOBICTh JOAATKY Ta 3a0e3reuyroun OUIbI IIaJKe OHOBJICHHS iHTep(eiicy.

Onrtumizalis Ha piBHI CTaHy Ta JaHUX BKIOYae e(DeKTHBHE YIPABIIHHS CTAHOM 3a JIOTIOMOTOI0 KOHTEKCTIB
9H CTEHT-MEHEIKEPIB, MO CHPHUIE 3MEHIICHHIO PEH/ICPIB Ta CIPOIICHHIO TIOTOKY MaHuX. JIiHWBa 3arpy3ka JaHuX
Ta KOMIIOHCHTIB ITOKpAIlye Yac 3aBaHTAKCHHS NOAATKy. ACHHXPOHHE 3aBaHTKCHHS TaHUX Yepe3 XYKH, SIK-OT
useEffect, mo3Bonsie 3iiiicHIOBaTH 3amuTH 0e3 OJIOKYBaHHS PEHJICPHHTA, MIATPUMYIOUH 1HTEp(EHC BiATyKOBUM.
KoHKypeHTHHI PEeKUM ITiJIBUIILYE BIATYKOBICTb, JIO3BOJISIIOYN aCHHXPOHHUN PEHACPHHT 3MiH.

3. PiBens PoGotu 3 API ta 3oBHimHIMEU JlaHrMu

KenryBanus Bianosineit

— KemryBanHs BifmoBineit Bif cepBepa MoXe 3MEHIIMTH KiTbKICTh 3aMTIB A0 CepBepa Ta MPUCKOPUTH
BiJJOOpa)KCHHS IaHUX KOPUCTYBauy.

OnruMizarist 3auTiB

— YHukaiiTe HaaMipHUX a00 HEMoTPIOHMX 3alMTIB JO CepBepa, arperyroud JaHi abo BUKOPUCTOBYIOUU
debounce/throttle mist 00pOOKH MOIN.

Ha piBHi poGotu 3 API Ta 30BHINIHIMK TaHUMHU, KSIITyBaHHS BIAMOBIIEH BiJl cepBepa MOXKE 3HAYHO 3MCHIIIUTH
HaBaHTAKCHHS Ha CepBEp Ta MPUCKOPUTH TPOIEC 3aBaHTAKCHHS TaHMX IUIS KOpUCTyBada. ONTHUMI3AIlis 3aluTiB
Yyepe3 YHUKHEHHS HaJMIpHHX a00 HEMOTPIOHWX 3alWTiB, a TAKOK BHKOPUCTAHHS METOJIB arperaiii 1aHux abo
debounce/throttle 1yt 00poOKY TIOIH, TO3BOJISE MiBUIIATH €(DEKTUBHICTH B3aEMO/IIT 3 CEPBEPOM Ta ONTHMI3yBaTh
3arajbHy MPOAYKTUBHICTB JOIATKY

4. Pigens 3arpysku Ta Komy

Code Splitting

— Buxopucrtanus posfineHss kony (code splitting) 103Bosisie€ po3AUINTH KO HA MEHII YaCTHHH, SIKI MOXYTb
OyTH 3aBaHTaXKCHI 3a MOTPEOH, 3MCHIIYIOUH YaC 3aBAHTAKCHHS JOJATKY.

Jlinuga 3arpy3ka KomrnoHeHTis

— React.lazy Ta Suspense 103BOILIIOTH OpraHi3yBaTu JIHHUBY 3arpy3Ky KOMIIOHEHTIB, IO HE € KPUTUYHUMHU
IUTSL TIOYaTKOBOTO PEHICPUHTA.

Buxkopucranas Web Workers st O6poOku Baxxkux 3aBianb

— JIo1st 06poOKM CKITaHUX 00UYKCIICHb Oe3 OJIOKyBaHHS 0CHOBHOTO 1MOTOKY Ul, MokHa BukopuctoByBatu Web
Workers, 110 103BOJIsSIE TOKPAIIUTH BIATYKOBICTB iHTEp(EcCy.

Ha piBHi 3arpy3ku Ta Koy, ONTHUMI3allis BKIIOYae B cebe Taki MiIXOau SK po3aiieHHs koxy (code splitting),
110 JTIO3BOJISIE 3MEHIIUTH Yac 3aBaHTAXKCHHS JIOJATKY HUISXOM IMOJUTY KOy Ha MEHII YaCTHHH, SIKi 3aBaHTaXKYIOThCS
nie 3a noTpedu. JIiHuBa 3arpy3ka KOMIIOHEHTIB 3a Jornomororo React.lazy Ta Suspense mokpaiitye npoxyKTHBHICTb,
OCKIJIbKM Ba)KJIMBI KOMITOHEHTH 3aBaHTA)XXYIOThCS TUIBKM KOJM 1ie HeoOximHo. Buxopucranus Web Workers mis
00pOOKH CKITaIHUX OOUMCIIEHb JJONIOMAarae IOKPaIUTH BIATYKOBICTh iHTepdeiicy, He OoKyrour 0CHOBHUM moTik UL

5. Onrtumizaiist 300paxkenp Ta Menia

— Kommpecist 300pakeHb, BUKoprucTaHHs hopmaris, ontumizoanux 1t WEB (Hanpuxiian, WebP), Ta ninnsa
3arpy3ka Mejia MOKyTh 3HAYHO ITOKPAIIUTH MPOIYKTHBHICTH 338 PaXyHOK 3MEHIICHHS 00CATY TepeIaHuX JaHUX.
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Onrtumizanis 300paXkeHb Ta MeJlia € BaKJIMBOIO JUIS MiJIBUICHHS MPOAYKTHBHOCTI Beb-caiiTiB. Kommpecis
300pakeHb, BUKOPUCTaHHS (QopmaTiB, siki onTumizoBaHi st WEB, Takux sik WebP, Ta niHuBa 3arpyska memia
MOXYTh 3HAYHO 3MEHIIUTU OOCAT MepeJaHnX JaHUX 1 TAKMM YHHOM TOKPAIIUTH Yac 3aBAHTAKCHHS CTOPIHOK Ta
3arajibHy MPOXYKTUBHICTH CauTy.

Mera cTarTi: aHaJI3 MOTEHIIATy Ta 0COOJUBOCTEH BUKOPUCTAHHS NUIAXiB onTuMizanii React i React Native
JUTSL PO3POOKH KPOCIUTAT(HOPMEHUX JIOJATKIB, @ TAKOXK aHaJi3 OCHOBHUX HANPSIMKIB ONTUMI3aIlil.

OnTumizartist React-1onaTkiB Ha BCIX WX PIBHSAX J03BOJISE JTOCSATTH 3HAYHOTO IMiIBUIIICHHS TPOJYKTHBHOCTI
Ta 3a0e3MEYUTH KpaIlnui JTOCBI KOpUCTYBaya. BayKIMBO 3ayBakKnUTH, 110 ONITUMI3aIlis € IPOIIECOM, IKUH TIOTpedye
MTOCTIMHOTO aHaJIi3y, TECTYBaHHS Ta BIOCKOHAJICHHSI.

3acTocyBaHHsI CHHXPOHHOI'O TAa AaCHHXPOHHOIO PeHICPHHTY JJIs onTHMIi3auii qoparkis. Bukopucranus
CUHXPOHHOTO Ta ACHHXPOHHOTO peHIEpUHTY Y React moBHHHO OyTH 30a1aHCOBaHe, 00 3a0€3MeYUTH ONTHMAIBHY
MPOAYKTUBHICT Ta KOPUCTYBALBKUH 10CBiA. CHHXpOHHUN PEHEPHHT MOXe OyTH e(h)eKTHBHUM IS BiJOOpaskeHHS
KOHTEHTY, SIKUM JOCTYIHMIA Bimpa3y abo misi AyKe KPUTHYHUX JUId KOPUCTyBaya 4YacTHH iHTepdericy, Toai
SIK ACHHXPOHHHU PEHICPUHT € iIealbHUM JJIsl ONTHMi3allii 3aBaHTAKCHHS MOAATKOBHX JaHUX, MOIYIIB abo
KOMITOHEHTIB, sIKi HE € HEOOXiTHUMH JJIs1 IOYAaTKOBOTO BiZJOOpaKEeHHSI.

Kimtou 10 e(heKTHBHOTO BHKOPUCTAHHS [UX ITIXOAIB IOJSITa€ B aHaji3i moTped KOpUCTyBada Ta BUMOT 10
npoz[yKTHBHOCTi JIONIATKY, a TAKOK B nocriﬁHOMy TECTyBaHHI Ta ONTHMIi3aIlil 3 METOIO JOCATHECHHS HaﬁKpamoro
0ayaHCy MK IIBHIKICTIO PEHICPHUHTY, BiATYKOBICTIO 1HTep(beHcy Ta 3arajbHOIO SIKICTIO KOPHCTYBAIIbKOTO TIOCBITY.

VY React MO)kHA BHKOPHCTOBYBATH SIK CPIHXpOHHI/II/I TaK i ACHHXPOHHMIA PEHICPHHT [ PI3HUX YaCTHH BaIlIOro
nonarky. lle MOXIMBO 3aBASKH MeXaHi3MaM ynpaBJIlHH}I CTaHOM 1 PCHICPHHTY, ski React Hamae, 103BONISTIOUN
PO3pOOHMKAM ONTHUMI3yBaTH MPOILYKTHBHICTS 1 KOpI/ICTYBa]_II)KI/II/I JOCBIJI.

CHHXpOHHUH pEHJICPUHT — 16 CTaHAapTHUH miaxin y React, 1e KOMIIOHEHTH pEHACPATHCS OJMH 33 OJHUM
Yy OCHOBHOMY IMOTOIIl BHKOHaHHS. KoiM KOMIOHEHT OTpUMYe€ HOBi props abo ioro state oHoBmoeThcs, React
MepepeHIepoe KOMIIOHEHT 1 MOro novipHi eneMeHTH cUHXpoHHO. lle o3Havae, mo intepdelic kopucTyBada
OJIOKY€ETBCS J0 3aBEPIICHHS BChOTO MPOIIECY PEeHAECPHHTA.

ACUHXpOHHHI peHIepUHr y React 1N03BONSIE KOMIIOHEHTaM OYiKyBaTH 3aBAaHTAKCHHS MaHUX a00 IHIIMX
pecypciB 06e3 ONoKyBaHHs iHTepdericy kopucTyBada. Lle Moxke OyTH peati3oBaHO 3a TOTOMOTOI0 TaKUX (DYHKITIH, K
React.lazy ns ninnBoi 3arpy3ku KOMIIOHEHTIB 1 React.Suspense, 110 103B0JIsI€ KOMIOHEHTAM «JIEKaTHy 3aBAHTAKCHHS
HEOOXI1JTHOTO KOHTEHTY Tieper ix pernepurroM. Konkypentauid pexum (Concurrent Mode) — 1ie 1ie ofHa (QyHKITIS,
sika 103BOIsE React mparroBaTy HaT KUTbKOMa 3aBIaHHSAMU aCHHXPOHHO, IIOKPAIITYIOYH BiITyKOBICTD TOAATKY.

[Tpukiaay 3aCTOCYBaHHS CHHXPOHOTO Ta aCHXPOHOTO PEHACPUUHTY JUIS ONTHMIi3allii

— CUHXpOHHHWI PEHJCPUHT BUKOPHCTAHO JIs PEHJCPHHra OCHOBHOTO CKENIETY JOJATKy a00 KPUTHYHO
Ba)XJINBUX KOMITOHEHTIB, sIKi TOBUHHI OyTH BiJIpa3y JOCTYITHI KOPUCTYBauy.

— ACHUHXPOHHUH PEHACPUHT BUKOPUCTAHO IS 3aBaHTAKECHHS BEIMKUX KOMITOHEHTIB, MOJIYIIIB, SIKi BAMAaratoTh
JOAATKOBUX JIaHUX 3 cepBepa, ado ais (yHKLIOHANY, 10 BUKOPHUCTOBYETHCS HE Bigpa3dy Micis 3aBaHTAKEHHS
JIOJIATKY (HAIPUKIIA], MOIAJIbHI BiKHA, IOJJATKOBI CTOPIHKH).

BHKOpHCTOBYIOUH ITi METOIH PO3YMHO, MOYKHA 3HAYHO ITIOKPATIIMIIH TPOIYKTUBHICTB JONATKY | KOPHCTYBAIIbKHI
JIOCB1JI, 3MCHIIYIOYH 4Yac 3aBaHTAKCHHS Ta BIATYKOBICTH iHTepdeiicy. React Hamae THydYki IHCTPYMEHTH IS
onTuMi3allii peHAepuHry, 1 e(QeKTHBHE X BUKOPHCTAHHS JO3BOJISIE JOCSATTH BUCOKOI MPOIYKTHBHOCTI HaBiTh
Y BEJIMKHX Ta CKIAIHUX TOAaTKaX.

ACWHXPOHHMIA PEHJICPUHT KOMIIOHEHTY B React BHKOHAaHO 3a Jjomomoror koMmOiHamii React.lazy Ta
<Suspense>. lle n03BoJIsI€ BiIKIACTH 3aBaHTA)XKEHHS KOMIIOHEHTa JIO MOMEHTY, KOJHU BiH JiHCHO TOTpiOeH,
HAIpUKJIIaJ, IPU MAPIIPyTH3aIlii a00 BiIKIaJCHOMY PEHACPUHTY YaCTHHH iHTEepdeiicy

import React, { Suspense } from ‘react’;

const LazyComponent = React.lazy(() = import(‘./LazyComponent));

function App() {
return (
<div>
<Suspense fallback={<div>Loading...</div>}>
<LazyComponent />
</Suspense>
</div>
);
}

JoaarkoBi 3ayBaskeHHsl. ACUHXPOHHHM PEHAECPUHT OCOOIMBO KOPUCHUHN JUIA BEIMKUX KOMIIOHEHTIB abo
010mi0TeK, 10 MarOTh 3HAUYHUI BILUTUB HA Yac 3aBaHTa)KEHHS BALLOTO JIOJATKY.

[t BUKOpHCTaHHS MapIIpyTH3aIli1, 3aCTOCOBAHO aCHHXPOHHHUN PEHICPHHT JJIsl KOMITOHEHTIB CTOPIHOK, 00
KOKHA CTOPiHKA 3aBaHTaKyBajacsl He3aJIeKHO, TOKPAITYIOUH 3aralbHy IPOIYKTHBHICTb.
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1. Ontumizanist KonrekctHo-3anexuuit Pennepunry

— IlpucrocyBanns 1o YmoB KopucryBaua: Po3poOka J0Tiky, 10 aanTye PeHACPUHT KOMIIOHEHTIB 3aJICKHO
BiJl KOHTEKCTY (HAIIPHUKJIA, IIBUAKOCTI IHTEpHET-3’ €IHAHHS, TUITY IPUCTPOIO), IEPEKITIOYAI0YNCh MK CHHXPOHHUM
PEHJEPUHIOM JUIS IIBUJIKOTO 3’ € JHAHHS a00 MOTYKHUX IPUCTPOIB Ta ACHHXPOHHUM JUIs TIOBLILHOIO 3’ €IHAHHS 200
MEHIII ITOTYKHUX MPUCTPOIB.

Cunxponnuit Penaepunr:

— Apanrarisi peHAEpPHHTY KOMITOHEHTIB Ha OCHOBI IOTOYHOTO KOHTEKCTYy KOPHCTyBaua, HAIpUKIA,
BHKOPHUCTAHHS PI3HUX BePCii KOMIIOHEHTIB JUIS PI3HHUX THIIIB PUCTPOIB 200 YMOB MEPEXKi, III0 BUMArae CHHXPOHHOTO
PEHICPHHTY IS IIBUJIKOTO BiIOOpasKeHHSI.

AcunxpoHHuil Pennepunr:

— JluHamivHe BKJIFOUEHHSI a00 BUKJIFOUCHHSI KOMITOHCHTIB Ha OCHOBI 3MiH Y KOHTEKCTI KOpHCTyBada abo
JIAHMX, SKi BUMararoTb aCHHXPOHHOI 00pOOKH IS TUTABHOTO OHOBJICHHS iHTEpQEicy.

2. IMokparniene Ynpasninas JJaHumu

AcunxponHe 3aBaHtaxeHHs Jlanux 3 KemryBanusm: Peamizamisi cTpareriili kemryBaHHs Al JaHUX, IO
3aBaHTAXKYIOThCS ACHHXPOHHO, MOXKE 3HAYHO MOKPALIUTH Yac peaKiii J0AaTKy, MiHIMi3YIOUHU 3aTPUMKH B PEHJICPUHTY
Ta 3MEHIIIYI0YM HABAHTAXKEHHS Ha CEepBep.

CunxponHuii Pengepunr:

— OnruMizaris ToCTyITy 0 KeIIOBaHUX JaHUX JJIsl CHHXPOHHOTO OHOBJIEHH: iHTepdeiicy. IlIBuakmii nocTym
JI0 KSIIOBAaHHUX JAHUX J03BOJISIE MUTTEBO OHOBITIOBATH CTaH KOMIIOHEHTIB 0€3 3aTpUMKH.

Acuuxponnuit Peanepunr:

— BukopucTaHHSI aCHHXPOHHHX 3aIMTIiB JUISI TOTIOBHEHHSI KEIITy Ta OHOBJICHHS 1HTEep(eicy Ha OCHOBI HOBHX
JaHNX. ACHHXPOHHE KCeITyBaHHS J03BOJIIE MiATPUMYBATH iHTepdeiic akTyaTbHUM, MiHIMI3yIOUH Yac OYiKyBaHHS
JUISL KOPUCTyBava.

3. Bukopucranns Konkypenrnoro Pexumy

— Konkypentnnit Pexxum React mms [loxpamenoi BiarykoBocti: ExcriepumentyBanus 3 KoHkypeHTHHM
PexxumoMm Ui po3yMiHHS, SIK BiH MOXKE JOIOMOITH Yy HMOKpAIICHHI BiATYKOBOCTI JOAATKY, J03BOJIsitoun React
IIPAIIOBATH HaJl PEHAEPUHIOM HOBHUX OHOBIICHb IHTEp(eicy 0e3 mepeprBaHHs MOTOYHUX B3a€EMO/IiH KOPUCTyBaya.

CunxpoHHuii Penjepunr:

— B koHKypeHTHOMY pekumi React Moxke omTuMi3yBaTé CHHXPOHHHH PEHICPUHT IIIIXOM IMPIOPUTH3ALIT
B3a€EMO/II KOPHUCTYyBaua Ta BXKJIMBUX OHOBJIeHb Ul, 3a0e3meuyoun ITaBHICTh Ta MIBUJKICTh BIATYKY iHTepdeiicy.

Acunxponnuit Peanepunr:

— Jlo3Bonsie React mparioBaté Hajg JEKITbKOMa OHOBJICHHSIMH iHTep(deHcy OTHOYACHO, BUKOPUCTOBYIOUH
ACHHXPOHHICTB [UIS PO3IOILUTY 3aBIaHb peHACpPHHTY. Lle 3MeHITye GIIOKyBaHHS OCHOBHOTO MOTOKY Ta MOKPAIYE
3arajJbHy BIIT'YKOBICTb JTOJATKY.

4. I'myuke Yrpasminas CTaHOM

— Bukopucranus CreiiT-MeHemkepiB: 3acTOCyBaHHA ITTOOANBHUX CTEHT-MEHEKepiB (Hanmpukiaa, Redux abo
MobX) mist epeKTUBHOTO YIpaBIiHHS CTAHOM Y BEIHMKHX J0/aTKaX, 1110 JI03BOJISE Kpalle KOHTPOIIOBATH MPOIECH
OHOBJICHHS CTaHy Ta iX BIUIUB HA PEH/ICPUHT KOMIIOHCHTIB.

CunxponHuii Penepunr:

— OnoBnennst Crany 3 Kemry: I11Bujxe OHOBIEHHSI CTaHY KOMIIOHEHTIB 3a J0IOMOIOI0 CUHXPOHHOTO YU TAHHS
JaHUX 3 JIOKAJTBHOTO KeIITy, M0 3a0e3euy€e MUTTEBUH JOCTYI IO aKTyaIbHUX JaHUX.

AcuuxponHuit Peanepunr:

— Acunxponne Kenrysanns Ta Onosnenns [lanux: BukopucTaHHS aCHHXPOHHAX MEXaHI3MIB TSI OHOBJICHHS
KeIIOBaHUX JIaHUX 3 cepBepa, 3a0e3euyr0uH aKTyallbHICTh JaHUX 03 3aTPUMOK B pOOOTI iHTEpdEiicy.

3acTOCYBaHHS CHHXPOHHOTO Ta ACHHXPOHHOTO PEHACPHUHTY BIMArae peTelbHOTO IIAHYBAaHHS TA PO3YMiHHS
moTped KOpHCTyBadiB Ta OOMEKEHb JOMAaTKy. PerymspHuil aHamiz MpoayKTHBHOCTI Ta KOPUCTYBAIIBKOTO JOCBiTY
JIoTIoMarae BHUSIBUTH ONTHUMAJIBHUN OallaHC MDK IIBHAKICTIO PEHACPUHTY, €(DEKTHBHICTIO 3aBAaHTAXEHHS Ta
3arajJbHOIO SKICTIO B3a€EMOIIT 3 TOAATKOM.

BucHOBKH. YIOCKOHQJIGHHS CTBOPEHHS KpPOCIIAT(OPMEHHUX [JOAATKIB 3 BUKOPUCTAHHSIM 0i0mioTexu
React Ta ¢pelimBopky React Native € 3HauyIUM HAaIpsSMKOM B JTOCIIKEHHSIX 3 KOMIT IOTEPHUX HayK, 0COOIUBO
y koHTekcTi WEB- Ta Mo6i1bHOT po3poOku. Lleit miaxin He TUIbKK CHpUs€e MiABUIIEHHIO €(EeKTUBHOCTI pO3pOOKH,
aJie ¥ BiJKpUBa€ MIMPOKI MOKIUBOCTI JIJIsI CTBOPEHHSI BUCOKOSIKICHHX, IHTEPAKTUBHUX Ta JOCTYITHUX JONATKIB IS
MIUPOKOTO CHEKTPY KOPUCTYBAUiB Ha PI3HOMAHITHHX IIardopmax.

BasxiiBo TakoXk BiJI3HAUUTH POJIb CITITLHOTH PO3POOHHKIB Y TTPOIIECl Y10 CKOHAJICHHS Ta IHHOBAITii. Bigkputuit
KOJI Ta aKTUBHE CIUJIKYBaHHS y CITIJILHOTI JIO3BOJISIFOTH IBUJIKO BUSIBJISTH Ta YCYBaTH MPOOJIEMH, pO3pOOJIATH HOBI
(yHKIIT Ta MOKpAIIeHHS, a TaKOX CIPHUSAIOTh OOMIHY 3HAaHHSMH Ta JIOCBIZIOM MK po3poOHukamu. lle ctBoproe
MTO3UTUBHE CEPEIOBHIIE IS IHHOBAIII Ta POCTY, CIPHsE IBUAKOMY IMPOTPECy TEXHOJOTIH Ta MigBHUILYE SIKiCTh
KIiHI[CBUX ITPOIYKTIB.

IHTerpyBaHHs! CHHXPOHHOTO Ta aCHHXPOHHOTO PEHJICPUHTY CIIPUSIE MiIBUIIEHHIO €()EKTUBHOCTI PO3pOOKH Ta
Jla€ MOXKJIMBICTD BiJNIOBIJaTH HA IIBUKO3MIHHI BUMOTH PUHKY. BIpoBayKeHHS iHHOBALIMHUX MiJXOA1B, TAKUX 5K
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KOHKYpeHTHHH pexuM React, rmmboke inTerpyBanss 3 PWA, Ta po3munpeHHs MOXINBOCTEH <Suspense™, BiIKpUBae
HOB1 TOPU30HTH AJIS1 PO3IIMPEHHS (PyHKIIOHATBHOCTI Ta JOCTYIHOCTI JOATKIB.

3a pe3ynbraraMu aHaiily, MOJKHa 3pOOUTH BHCHOBOK, IIO MOJAJbIIE JTOCIIPKEHHS Ta iHTerpalis HOBITHIX
TEXHOJIOTiH y mpouec po3poOku KpocmiaarhOpMEeHHUX OAATKIB Oylae MarTu 3HaYHMK BIUIMB Ha 1HAYCTPIIO
IporpaMHOro 3ade3nedeHHs. PO3poOHUKY, SIKi BOJIOMIIOTH IIMMHU TEXHOJIOTISIMA Ta ONITUMI3aLisIMU 1X 3aCTOCYBaHHS,
MOXYTh CTBOPIOBATH IPOMYKTH, IO HE MPOCTO BiINOBIIAI0TH BUMOTaM 4Yacy, a GopMyIOTh HOBI CTaHAApTH y cdepi
MOOIJTbHOT Ta BEO-pO3POOKH.
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Y ecmammi npedcmasgneno pesynomamu 0ociiodicenns ma pospoonenHs Hetipomepedtcesoi Mooeni MOHIMOPUH2Y Ha036U-
YauHux cumyayiti npupooHo2o Xapakmepy, a came — 1iCO8UX nodjcedic Ha mepumopii Yxpainu. byno npoeederno docniodcenns
Jnicosux nooicedic Ha mepumopii Yxpainu. Iposedeno ananiz 306pasicens. [lodyoosano netipomepesicegy mooens.

Byno sasnaueno, wo pospodoka ma npoexnysanns CIIIIP 015 MOHImMOpUH2y ma nonepeodceHts 1icosux noxcexc 8 Yxpaini
Ha ocnogi mexnonoziti LI ma ananizy 300pasicens € Haykogo Hosolo 3adaueio. Pesyromamu docniodcens moocyns 6ymu 8uKo-
PUCmani 0118 po3pooKu ma enposadNCeHHs OLIbIL eheKMUBHUX MA HAOTIHUX CUCTEM MOHIMOPUH2Y MA NONEPEONCEHHSL TICOBUX
nodcedxc 8 YKpaii.

Byno nposedeno demanvhutl ananiz aimepamypu 3a memoio. Busgneno ciabki micys ma nocmaeneno 3a0ayi ons npoee-
OeHHs 00CTi0NCeHHA. [JOCTIONCeHHA BUKOHAHO 3 BUKOPUCTNAHHAM 3HIMKI8 3 6i0Kpumux 0xcepenr NASA Earth Observatory. J[nsa
00pOOKYU ma ananizy CynymHukosux 300paicens guxopucmano oioniomexu Python: Keras, TensorFlow, PyTorch. 3a donomoeoro
Memooie MOOen08AHHS CNPOEKMOBAHO APXIMEKMypPy CUCIeMU Md NOKA3AHO BAPIAHMU BUKOPUCTIAHHS.

Byno suseneno, wo eghexmusnum nioxo00m 00 3MEHUEHHS. PUSUKY BUHUKHEHHS NPUPOOHUX KAMAcmpogh € po3poonents
ma 6nposaddceHtst CyuacHoi cucmemu niompumxu nputinamms piwens (CIIIP) ons koxcrnoeo peeiony Vrpainu. Taxa CIIIP
aKymymoe ingopmayito npo mexHiuHi, coyianbhi ma eKOHOMIYHI XapaKmepucmuKi pe2ioHy 3 Memor nooyoosu eexmusHoi
cmpamezii 3an00ieaHHa NPUPOOHUM Kamacmpopa.

byno nasedeno moodenv nasyanms Helponnoi mepexci suensioae wacmynwum yunom. Habdip oanux micmumo 306pa-
JICeHHsL 6 HeOOPOOIeHOMY 8UTAOL, 0€ BOHU NOZHAUEH] K NOJMCEIHCA, BIOCYMHICTIb NONUCENCT AOO NOUAMOK NOJCeNCT. 300padiceHHs:
NOMPIOHO 00AAMKOBO 0OPOOUMLU, NePUL HIdC BUKOPUCNOBYBATU 1020 0118 HABYAHHS MOOEI.

Y emammi nasedeno aneopumm nasuanns Hetiponnoi mepexci. byno npedcmasneno gopmyny 3 0emanbHumM nOSACHEHHAM
Koeghiyicnmis. Byno no6yoosano Kinbka pisHux mooeneil HeupoHHOT Mepeirci ONist 6UABTEHHA MAKCUMATBHO e(heKmUsH020 8api-
aHm Hasuauua. Y pe3yriomami HaguanHs 320pmroeoi HelporHoi Mepedici )10 8usA6NEHO, WO Kpauje 3a 6ce BUKOPUCHIO8ysamil
6ci Qhynkyii 01 naguanns. Byno docsenymo mounocmi netiponnoi mepesci 92%. ¥V maiibymnvomy modicna nokpawumu pooomy
aneopummy, woo nioguwumu mounicmo. Pesyromamu pobomu Heuponnoi mepedxnci suxopucmaro ons CIIIIP 3a01s pannboco
BUABLEHHS MA NONEPEONHCEHHS ICOBUX NOXCENHC HA mepumopii Yrpainu.

KitrouoBi cnoBa: Hetipomepesicesa modens, 3eopmkosa Hetiponna mepedxca, CIIIP, ananiz 300pajicenb, mouHicnib
HABUAHHSL, TICOBT NOJNCEICT, CYNYMHUKOBT 300DANCEHHS.

Holovina N. V. Computer intelligence technologies usage for images analysis with the purpose of developing and
designing a decision support system for monitoring and prevention of forest fires in Ukraine

The article presents the results of research and development of a neural network model for monitoring natural emergen-
cies, namely forest fires in Ukraine. A study of forest fires on the territory of Ukraine was conducted. Image analysis was carried
out. A neural network model was built.

It was pointed out that the development and design of the DSS for monitoring and preventing forest fires in Ukraine based
on Al technologies and image analysis is a scientifically new task. The results of the study can be used for the development and
implementation of more effective and reliable forest fire monitoring and prevention systems in Ukraine.

A detailed analysis of the literature on the topic was carried out. Weaknesses were identified and tasks for research were
set. The study was carried out using images from the open sources of the NASA Earth Observatory. Python libraries: Keras, Ten-
sorFlow, PyTorch were used to process and analyze satellite images. With the help of modeling methods, the system architecture
is designed and usage options are shown.

It was found that an effective approach to reducing the risk of natural disasters is the development and implementation of
a modern decision support system (DSS) for each region of Ukraine. Such a DSS accumulates information about the technical,
social and economic characteristics of the region in order to build an effective strategy for the prevention of natural disasters.

The neural network learning model was given as follows. The dataset contains raw images where they are labeled as fire,
no fire, or fire initiation. The image needs to be further processed before it can be used to train the model.

The article describes the learning algorithm of a neural network. A formula was presented with a detailed explanation
of the coefficients. Several different neural network models were built to identify the most effective learning option. As a result
of convolutional neural network training, it was found that it is best to use all features for training. A neural network accuracy
of 92% was achieved. In the future, the algorithm can be improved to improve accuracy. The results of the neural network were
used for the SPPR for the early detection and prevention of forest fires in Ukraine.

Key words: neural network model, convolutional neural network, DSS, image analysis, training accuracy, forest fires,
satellite images.
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IMocTanoBKa mpo6aemu. JIicoBi TIOXKEXK] € CeplO3HOI MPOOIEMOI0 B YKpaiHi, 10 3aBIA€ 3HAYHOT IIKOIH
JIOBKIJUTIO, eKOHOMIII Ta JIFOACHKOMY 3710poB’10. Ll{opiuno B YkpaiHi BUHHKA€E THCAYI JTICOBUX MOXKEX, SKi 3HUIITY-
FOTh THCSAY1 TE€KTapiB JICiB, 3aBJAIOTh MIJTBHOHHUX 30MTKIB Ta IPU3BOAATH J0 3aru0eIi JIFoIeH.

TpaauniitHi METOIM MOHITOPHHTY Ta MONEPEKEHHS JTICOBUX IOXKEXK, TaKi SIK HA3EMHI CIIOCTEPEKEHHS Ta
aBiamaTpyaOBaHHS, HE 3aBXAU € €(EKTUBHUMHU, OCOONMBO Y BiJJIAalEHUX Ta BaKKOAOCTYNHUX paioHax. Buko-
PHUCTaHHS TEXHONIOTiN obuucmroBaabHOro inTenekry (LLI) Ta aHamizy 300pa)keHb 3 CyNyTHHUKIB Ta O€3MiTOTHUX
nmitanpHuX anapatiB (BIIJIA) mponoHye nepcrneKTUBHUI MeToJ Ui po3poOKu OuTbll e(heKTUBHUX Ta HAAIMHUX
CHUCTEM MOHITOPHHTY Ta MONEPEIKEHHS JTICOBUX MOMKEXK.

Po3po6ka ta npoextysanus CIITIP a1 MOHITOPHHTY Ta MONEPEHKEHHS JIICOBUX MOXKEXK B YKpaiHi Ha OCHOBI
texnoyoriit I Ta aHamizy 300pakeHb € HAyKOBO HOBOO 3a7a4ycto. Pe3yibTaTti JOCIiKSHHS MOXKYTh OyTH BHKO-
pHUCTaHI 15l po3pOOKH Ta BIIPOBAKEHHSI OUTBIN ¢(DeKTUBHUX Ta HANIHHUX CHCTEM MOHITOPUHTY Ta TONePEIKCHHS
JIICOBHX MOXKEX B YKpaiHi.

AHaJi3 ocTaHHIX Aoc/ixKeHb Ta myoaikaniii. Binbsim Yomtec i ®@pank Jle banor [1] Oynu omarMu 3 niep-
IIMX, XTO BU3HAB YOTHPH (Pa3u yNpaBIiHHSA KPHU30I0: 3a00iraHHsl, MiATOTOBKA, BIATIOBIE 1 BinHOBIeHHS. KpH30Bi
peaxuii akTUBYIOThCA TiJ yac a3y Bigmosiai. [lo ckiamy IUX OCEpeNKiB BXOAATh KEPIBHUKU CIY>KOU eKCTPEHOi
JIOTIOMOTH, TIPEJICTAaBHUKHU MiCLIEBO1 BIaIy TOII0. BOHM 1HIIIIOIOTH, KOOPAMHYIOTH 1 KOHTPOJIOIOTH BAKOHAHHS BCiX
3axo/liB, COPAMOBAHMX Ha MOJOJAHHA Kpu3u Ta i1 HachiakiB. Kpu3oBi ocepeaxu iHPOPMYIOThCS 3alliKaBIEHUMH
CTOPOHAMH, SIKi TAKOXK OTPUMYIOTh BKa31BKHU BiJl CBOIX KPU30BHUX OcepeKiB. « POKyC y TOMY, II00 OyTH TOTOBUM 0
HecmnoiBaHOK» — [larpik Jlaranek [2]

Janiena ®onmi ta [xoBanHi ['iga [3] miIKpeciOOTh BaXIIUBICTh CTPYKTYPOBAHOTO Ta CKOOPIMHOBAHOTO
VIPaBITiHHS pearyBaHHSIM Ha KPU3Y, IMiIKPIMNIEHOTO CHCTEMOIO MIATPUMKH MPUHHSITTS PIllICHb, SIKa 3/1aTHA:

1) oOMmiHIOBaTHCS TH(POPMAITIED 3 TPOMAJITHAMH,

2) B3aEMOJIISITH 3 IHIIMMHU THPOPMALIHHUMH CHCTEMAaMH,

3) KoOpAMHAIlIS HEOTHOPITHUX 1 aBTOHOMHUX 3alliKaBJICHUX CTOPIH,

4) nepeadaueHHs HACIJIKIB IPUHHATUX PIllICHb.

Ha iXHFO JyMKY, 3py4HICTh BUKOPHUCTAHHS CUCTEMH 3QJICKHUTh BiJI 4iTKOrO BUOOPY KOHIIETIIIH 1 11 37aTHOCTI
MOJICTIIOBATH Oy/b-sIKi KPU30B1 CUTYAIlii.

Buxopucranss ontosnorii abo metamoseni [4] 3abe3nedye B3a€EMO/III0 YCiX OMMCAHUX BHILE KOMIIOHCHTIB.
Inun Bumoru, BucynyTi ®@ormi ta ['aa [3], 7omoBHIOWOTH MiAXif, 3anponoHoBanuii Mikoro Exnacni [5] mns mia-
TPUMKH 0Ci0, AKi IPUHMAIOTh PIILIEHHS, 10 CTUKAIOTHCS 31 CKIQAHUMH CUTYalLlIsIMH, 10 PO3BUBAIOTHCS, IIJISTXOM
M IBUIICHHS X YCBiOMIIeHHs cutyaltii. [{eif miixijg 3ae)uTh BiI TPhOX €TaIliB: CIPUNUHSATTS JEIKUX CIIEMCHTIB
CepeIOBUINa, PO3YMIHHS MOTOYHOI CUTYAIIIl Ta IPOEKTYBAHHS CUTYAIlil B HaHOIImKIoMy MaiOyTHhoMYy. [Tporec
Mi3HaHHS, 3aIPOIIOHOBAHUK Tpymoio yueHux [9-10] migTpumye i Tpu Kpoku. Lleit mpomec Britovae Taxi mii:
BH3HAYEHHS IIiJeil, 30ip MaHMX, BU3HAYCHHS CUTYallii, 3aCTOCYBaHHS IPABUJI, BXKUTTS 3aX0iB, HABYAHHS Ta PO3-
BHTOK.

[To-niepime, 100 aBTOMATHU3yBaTH €Tl CHPUHHSATTSA Ta 300py, CHCTEMi MOTPIOEH JOCTYN IO JaHUX, SKi
MTOCTIHHO BUITPOMIHIOIOTH YHCIICHH], Pi3HOPiAHI, BIOMI Ta HeBigoMi mkepena. Ls curyartis HasuBaeTsest 4V Bemn-
KHX JaHUX. SIKk BU3Ha4eHO B poOoTi [6], 1Ie BEIMKHUIA, MACUBHUI OOCAT NAaHWX, SKUW MOCTIHHO TEHEPYEThCS Ta
notpedye 0OpoOKH I MiATPUMKHU NPUUHATTS pillleHb y PeKUMI peanbHOro vacy. pyruii i3 4V mos’s3aHuil i3
HIBUJIKICTIO Yepe3 AMHAMIYHICTh CEPEOBUINA, KA CIPHUUHAE 3acTapiiuii BMicT. KpiM Toro, AaHi reHepyrOThes
B pi3HUX (hopMarax i TUMAX YUCICHHUMH PI3HOPIAHUMH JHKEPETaMH, 110 CTaBUTh IMiJl CYMHIB CYMICHICTh MK CHC-
temamu [7]. Haperi, octanHe V CTOCY€ThCs IPAaBAUBOCTI HASIBHUX JIaHUX, 1HIIMMH CJIOBaMH, iX HEBU3HAYE€HOCTI
[8], iX 00’ €KTHBHOCTI Ta JOCTOBIPHOCTI.

[MuranHsaME aHANI3y 300pakeHb U IETEKTYBAHHS MPHPOMHUX KATacTpo] 3 BUKOPUCTAHHSIM TEXHOJOTIH
OOUHCITFOBAIILHOTO THTEJIEKTY 3 METO X 3amoOiraHHs Ta 30epeKeHHS JKHUTTS JIOJeH 3aliMaEeThCs aBTOp poOOTH
[11]. ¥ miif poOOTi BBOAUTHCS CYTTEBO HOBHH IMiIX1M «PO3pOOKH 3a JOMOMOTOI MOJCIIFOBAHHS JUISI CTBOPCHHS
Ta BIIPOBAKEHHS allTOPUTMY BHSBICHHS MOXKeXi 3a normomororo TMS320DM642 DSP ta MATLAB/Simulink.
Monens anropuTMy BUSBICHHS MOXKeKi moOynoBana B Simulink y Bursiai rpagiunux 6nokis. Kox C aBromarnaHO
TeHepyeThes 3 OJ0K-Iiarpam 3a jponomoror Maiictepai peanbHoro yacy (RTW). BukonyBanuii haiin, cTBopeHMit
3 xkoxy C uepes c-xkomminstop TI DSP, 3aBantaxyerscss Ha ninboBy mnaty DSP i peanizyerses uepe3 DSP. Ls
METO/I0JIOTisl IPOEKTYBAHHS BiAKpUBAE OLIBII JIETKUI MUISX AJIS pealtizaliii CKIaJHOro aJrOpUTMY BHCOKOTO PiBHS
B M(poBoMy curHanbHomy mpouecopi (DSP). ExciepumenTanbHi pe3yabTaTi MOKa3yoTh, IO 3alpOIIOHOBAHHMA
MIiAX1 HEe TUTBKU Ma€ XOPOIIIi MOKa3HUKHU BHSBICHHS, aJie i €()EeKTUBHO CIIPOIIYE IPOLEC PO3POOKH.

VY wiit po6orti [12] aBTOop po3misgae aaropuTM BUSBICHHS ITOKEKI HA OCHOBI KOMII FOTEPHOTO 30py. 3ampo-
TTOHOBAHWI alTOPUTM BHSBICHHS TOKEXKI CKIANAETHCS 3 IBOX OCHOBHUX YACTHH: MOJIEIIOBAHHS KOJBHOPY BOTHIO
1 BUSIBJICHHSI HAaNIPSIMKY HOTO pyXy. AJNTOPUTM MOKHA BHKOPHCTOBYBATH ITAapajiebHO 31 3BHUAHUMH CHCTEMaMHU
BUSIBIICHHS [IOKEXi JUTA 3MEHIICHHS PU3HKIB OMUJIKOBOTO BHSIBJICHHS TPHBOTH. MIOTO TaKok MOXHA PO3rOpTaTH
SIK aBTOHOMHY CHCTEMa BHSBJICHHS IMOXEXKI 3a JIOTIOMOTOI0 CHEIiallbHUX JaT4YMKIB depe3 MpUCTpiil 300py Bimeo.
3anpornoHoBaHa MOJIENb KOJILOPY BOTHIO MIEPEBipeHa 3 IecAThMa Pi3HOMAaHITHUMH TTOCITiIOBHOCTSMH, BKJIFOYAI0YH
pi3Hi TunM BorHIO. EXCIIEpUMEHTANBHI pe3yabTaTi JOCUTh OOHAMIMINBI 3 TOUKH 30py MPAaBUIbHOI KiIacudikamii
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IMKCEIiB BOTHIO 32 KOJILOPOM. 3arajibHa CHCTEMa BUSBJICHHS HMOXKEXI MPOILYKTUBHICTH NEPEBIPSIETHCS HA €TANOH-
HOMY Bizeo3anuci 6a3y naHux, a ii eeKTUBHICTh MOPIBHIOIOTH 13 HACy4acHIIINM METOJIOM BUSBICHHS ITOXKEXKI.

Crarts [13] onucye Metoau reoindopManiiiHoro MoHiTopuHry. ['eoindopmaniifHiii MOHITOPUHT 3aCTOCOBY-
IOTh JUISL CTIOCTEPEHKEHHS 1 TaciHHSA JicoBUX noxkexk. CTarTs onucye KOCMiYHUNA MOHITOpUHT. KocMmiuHnii MOHITO-
PHHT € CKJIQJIOBOIO YAaCTHHOIO TeoiH(pOpMaIiitHOro MoHiTOpuHTY. CTaTTsl OMICY€ CIeliali3oBaHy iH(pOpMaiiHy
cucTeMy MOHITOpHHTY. CTaTTs IOKa3ye 0COOIMBOCTI MOJICIOBAHHS IIPU POBEACHHI MOHITOPHHTY. KoMIutekcHUi
MOHITOPHHT € OCHOBOIO MOHITOPHHTY JHUCTAHUX mokex. CremnianizoBaHa iHQopMalliiiHa cucteMa MOHITOPHHTY
noxkex. CremianizoBana iHpopMaliiiiHa cuctema MoHiTopuHTY Tiokex (CICMII) 3abe3neuye 30ip, 30epiraHHs,
00pOOKY 1 OIMPEHHSI TEOJaHKX PO MOKEXKI B JIicax, yMOBaX BUHUKHEHHS 1 PO3BUTKY JIICOBUX TOXKEXK, PIBHI 1X
BIUTMBY Ha HaBKOJIMIITHE CEPEOBHUINE, OACP’KYBAHHIX HA OCHOBI HA3EMHHUX, TIOBITPSHHX 1 KOCMIYHHX 3aC00iB i MeTO-
JIiB CITIOCTEPEKEHHS 32 JTICOBUMH TMOXKEKaMH 1 IIOTOAHUMH yMoBaMu. Macitab TexXHIUHOI peamizamii i€l cucremMn
Moxe Oyt Big okpemoi I'IC o cutyauiiiHoi kiMHaT. [HGopMamiiiHa MATPUMKA CUCTEMH 3A1HCHIOETHCS HA TOP-
tani. [Hpopmaris, mpeacTaBlieHa y BUNIAAL CyKYIMHOCTI TabIMIb, EIEKTPOHHUX TEMATHYHUX KapT i pe3ysbTaTiB
00pOOKHU CYIyTHUKOBUX 300pa’k€Hb, ONEPATUBHO OHOBIIIOETHCS HA CEPBEPI B PEIKUMI PEATbHOIO 4acy.

Meta cTaTTi noJsirae y A0CIJKEHH] Pi3HUX METO/IB aHai3y 300paXkeHb JIICOBUX MOXKEXK 3 METOI0 MOOY10BH
apXiTEKTYpU HEHPOHHOI MEPEIXKi ISl PAHHHOTO BUSBIICHHS Ta MOIIEPEIKSHHS JTICOBHIX ITOXKEK.

JlocmikeHHsI BUKOHAHO 3 BUKOPUCTAHHAM 3HIMKIB 3 BikpuTuX Jpkepel NASA Earth Observatory [11]. Jlnst
00pOOKH Ta aHAITI3Y CYITyTHUKOBHX 300paskeHb BUKOpHcTaHo 0i0mioTeku Python: Keras, TensorFlow, PyTorch [10].
3a JOTIOMOTO0I0 METO[iB MOJICTIIOBAHHS CITPOEKTOBAHO apXiTEKTypy CHCTEMH Ta TIOKA3aHO BapiaHTH BUKOPHUCTAHHS.

Buxnan ocHoBHOro marepiaay. E¢exTuBHUM migXomoM A0 3MEHIICHHS PU3UKY BUHUKHEHHS MIPHUPOTHHUX
KatacTpod € po3poOIeHHS Ta BIIPOBA/KCHHS CyYaCHOT CUCTEMH MiATPUMKH NpuHHATTS pitneHs (CIITIP) mis kox-
Horo periony Ykpainu. Taka CIIIIP akymymroe iH(opmamito mpo TeXHi4Hi, colianbHi Ta eKOHOMIUHI XapaKTepH-
CTHUKHU PETiOHY 3 METOI0 MOOY/0BU e(PEeKTUBHOI CTpaTerii 3amobiraHHs MpUpOIHUM KaTtacTpodam. 3a JOIOMOTr00
CIIIP Takox MO)KHA pO3pOOJIATH IUIAHM €BaKyallii HaceleHHs Pi3HUX TPyl MOOUIBHOCTI MPU MAcCOBHX JIICOBHX
MOXKeKax Ta PO3pOoOIIATH IUIaHU PO3TOPTAHHS MYHKTIB €BaKyallii /Ui npuiiMaHHs, BeACHHs 00Ky eBaKyHOBaHOTO
HaceJICHHS, MaTepiaJIbHUX 1 KyJIbTYpHUX LiHHOCTeH [13].

CIIIIP — 1ie indopMariiina cuctema, 1o 3A1HCHIOE MiATPUMKY TMPUAHSITTS PillieHb IIJISIXOM BUOOPY HalKpa-
IIOTO BapiaHTy Ta MUIIXOM PO3POOKH Ta MOPIBHAHHS KITBKOX alIbTEPHATHB IS PO3B’SI3aHHS [TOCTABICHIX 3aBJaHb
a00 caMOCTIIHO BU3HAueHUX wijei [12].

KomnionenTu CIIIIP BKItO4atOTh KEpyBaHHS JaHUMH, KEPYBaHHS MOJICIUTIO, IHTep(dhelc KoprucTyBaJa, yrpas-
JIHHS 3HAHHSIMH Ta KOPUCTyBadaMH, sk oka3zaHo Ha puc. 1. CIIIIP — e inTepakTrBHA CHCTEMA, SIKa TO3BOJISIE OCO-
Oam, SKi TPUUMAIOTh PILIICHHS, JIETKO aHAJII3yBaTH Ta OIIHIOBATH MOJIEI pillleHb 1 00pOOIIATH JaHi s PO3B’ I3aHHS
CKJIAJIHUX 1 HECTPYKTYPOBAHUX 3aBJIaHb IPUHHSATTS PIIICHb.
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Puc. 1. KomnonenTu ueitponnoi mepexi CIITIP

Mopens HaBYaHHS HEHPOHHOI MEpEXi BUINIAAAE HACTYHHAM dYuHOM. Halip maHmx MICTHTH 300paskeHHS
B HEOOPOOIEHOMY BUIIISII, I BOHU MTO3HAYCHI SIK ITOYKEXKa, BIJICYTHICTh TIOXKEXK1 200 IMOYaTOK MOXKekKi. 300paKeHHs
MOTPiOHO TOAATKOBO 0OPOOHTH, MEPII Hi’K BUKOPUCTOBYBATH HOTo A1 HaBUaHHS Mozelni. Ha puc. 2 npencrasiena
apxiTeKTypa JAJsl HABYaHHS MOJAEI HeHPOHHOI Mepexki BUSBICHHS ITOMKEXKI.

300paxkeHHs1 OOpOOMISAIOTHCS TAKUM YHMHOM, IIOO BIAMOBIZATH MoZENi Ta 3a0e3MEYUTH TOYHE MPOTHO3Y-
BaHH$ J1icoBOi roxkexi. [licis 00poOku 300pakeHb BOHU BUKOPUCTOBYIOTHCS JIJIsSi HABYAHHS 3TOPTKOBOI HEHPOHHOT
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Mepexi. st ekoHoMii pecypciB Ta 30epekeHHS] 00YMCITIOBATBHUX MOKIMBOCTEH BHKOPUCTOBYIOTHCS TIOYATKOBO
HABYEH1 BaroBi KOe(ilieHTH, K1 MPOXOJSATh MOBTOPHE HABYAHHS 32 JIOMIOMOIOI0 HOBOTO HA0OPY BXITHHUX JaHUX.

Jaii mMonenb BUKOPUCTOBYE BXiJHI JaHi Ta MPOTHO3Y€E IMOBIPHICTH MOXKEX1 AJS KOXKHOTO kjacy. Habopu
JaHUX BUKOPHCTOBYIOTbCSA Ul HaBYaHHS Mojeni. Mojeni JUis MepeBipKU J0MOMAaraioTh MEpeBIpUTH TOYHICTD
HaBYaHHS Mogeni. [1icis mepeBipku MOJeh MPOXOAUTH OIIHKY [UIS TOTO, 00 OTPUMATH KiHIIEBUI pe3yNbTaT Ui
JOCSTHEHHS ONTHMATBHOI IPOIYKTHBHOCTI QJITOPUTMY.
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Puc. 2. ApxiTekTypa Ui HaB4aHHs MOJIeNi HeHPOHHOT MepeKi [UIsl BUABICHHS MOXKEX]

Ha puc. 3 MoxxHa MOOAUUTH OIMH 3 pe3yJIbTaTiB 00poOKK 300paXkeHb — TpaHchopMarliro Koibopy. Ile HeoO-
X1JIHO 77151 TOTO, 00 J0IaTH HOBUH BiJITIHOK 3 METOI0 3a0€3IeUEeHHS I0aTKOBOT MPOIYKTHBHOCTI ainroputMy. Kpim
TOTO, 3MiHA CIEKTPY Ja€ MOKJIMBICTD KPAIIe BUSIBUTH UM Ta BOTOHb. JlaHMI KOJILOPOBHUIA CIIEKTpP Aa€ MOXKIIUBICTh
BUSIBUTHU OLIbIIIE JAeTaEH.
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Puc. 3. Tpauchopmariist KOIbOpy

ISSN 2521-6643 Cucremu Ta TexHonorii, Ne 1 (67), 2024 39



[Jaui Oyno BUAiIEHO MOPOTOB1 3HAUEHHSI (puUC. 4) /I HaBYaHHS MoJiei. [ ToCsATHEHHS METH Kpalle po3pis-
HATH JAeTan 300paxenHs. [licis 1poro BUKOPUCTaHO BHUSIBICHHSI KpaiB I TOTO, 1100 Kpalie po3MOIUIUTH 00’ €KT
BOTHIO Ha JIOCJIIJKYBaHOMY 300pakeHHI. BUSIBJICHO KJIFOUOBI TOYKH, Opi€HTAIlil0 300paxkeHHs. JleTanbHuil aHami3
Ta YUCIICHH1 KOMOiHaLil (yHKUIH MiIBULIYIOTh €()EeKTUBHICTh HABYAHHA HEHPOHHOT MEPExKi.
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Puc. 4. BusHaueHHs OPOroBOro 3Ha4eHHsI

IIpu mpoBemeHi jgocmikeHHsT Oyi1o 00’€IHAHO Kigbka (yHKIH. Pi3HI koMOiHAIli HaJaau MOXKIHBICTh
BHUSIBHTH HaWOULTBII e)eKTHBHI METO/IN HABYAHHS HEHPOHHOT MEepexKi.
ANTOPUTM 3rOPTKOBOI HEMPOHHOT MEPEkKi BUIIISIA€ HACTYITHUM YHHOM:

Ay =22 wy X(i—k)/—l

ne:

1) A; — eneMeHT KapTu 03HaK Ha No3uii (i, j).

2) w,, —3HaueHHs Baru Ha no3uuii (k, 1) B sapi 3ropTku.

3) X (1-k), -1 — 3HAUCHHS eNIEMEHT BX1JIHOT CiTKM Ha mo3utii (i-k, j-1).
4) ki 1 — po3Mmipu spa 3TOPTKH.

ITicmst 3rOpTKY 10 KapTH O3HAK 3aCTOCOBYETHCS HENiHiTHA (DyHKIIIS aKTHBAILi], sSIKa BBOAUTH €IEMEHT HETIHIN-
HOCTI B TIpOIIeC 0OPOOKH.

VY nepuomy BUnanky (puc. 5) 0yi10 BUKOPUCTAHO HIYMOBUH (iJbTP, CErMEHTAallisl 300paXKeHHs Ta KOJIpHUI
MPOCTIp AJs aHalizy 300pakKeHb Ta HaBYaHHS HEHPOHHOI Mepexki. MokHA MOMITHUTH, IO TOYHICTH PE3yNbTaTiB
cknajae Bcroro 77,23%.

VY npyromy Bumnaaky (puc. 6) 0yao BukopuctaHo ¢insTp mymy mno ['aycy, Kio4oBi TOUKH i (UIBTPU AT
BHSIBJICHHS MeX. MOXHA IMOMITUTH Pi3Ki TIepeX0a TOYHOCTI KPUBHX MPU HABUAHHI Ta MepeBipiil anroputMmy. Tod-
HICTH HaBYaHHS 3pocTac MocTynoBo. OmiHKa TOYHOCTI JAHOTO aNrOpUTMY ckiana 77%.

VY HacTylmHOMY BHIIQJIKy OyJ0 BHKOPUCTAHO BCi (YHKINIT aHaNi3y BXITHHX 300paKeHb JIJIS HABYAHHS HEW-
poHHOT Mepexi. Ha puc. 7 MokHa MOOAUUTH, 1[0 OCTATOYHA MOJIC]Ib MAa€ BUCOKHI PIBEHb TOYHOCTI y TIOPIBHIHHI
3 monepeaHiMy BapianTamu. TouHicTh cTaHOBUTH 92%. Criouatky pe3ynbTaTH HaBYaHHS 3MIHIOIOTHCS TI0 KPHBIH,
aJie TTOTIM TOYHICTh BUPIBHIOETHCA.
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Puc. 5. KpuBa To4HOCTI HaBYaHHS HEHPOHHOT MEPEXKi Y TIEPIIIOMY BHITAIKY
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Puc. 6. KpuBa ToO9HOCTI HaBUaHHS HEHPOHHOT MEPEXkKi Y APYTOMY BHITAIKY
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Puc. 7. KpuBa To4HOCTI HaBYaHHS HEHPOHHOI MEPEXKi Y TPETHOMY BHIIAJIKY

BucHoBKM 3 J0C/TiI7KeHHSI | TePCNEKTHBY NMOJAJBIINX PO3BIIOK Y IILOMY HanpsiMi. Y Xo7Ii MPOBEACHOTO
JOCITKEHHST OyJI0 TOCII/PKEHO Pi3HI CrocoOM Ui aHali3y BXIIHUX 300pakeHb 3 METOIO MOOYIOBH HEHPOHHOI
MEpeXi JUI PaHHBOTO BHSBICHHS Ta MOICPEHKEHHS JIICOBUX MOXEeX. byrmo moOymoBaHO apXiTEeKTypy HaBUaHHS
HelipoHHOT Mepexi. [IpuBeneHo mocinoBHI GyHKIT aHamizy 300pakeHb. JlOCHiHKEHO Pi3HI METOAM HaBYAHHS
HEHpOHHOIT Mepexi. BusBneHo Hai0IbII e(eKTUBHUI alTOPUTM HABUAHHS 3TOPTKOBOI HEHPOHHOT MEpexi 3 TOUHi-
¢TI0 92%. Y MaitOyTHOMY MOKHA MOKPAIIUTH POOOTY ajJrOpUTMY, 100 MiJBUIUTH TOUHICTh. Pe3ynsratu podoTu
HelpoHHOiI Mepeski Bukopuctano qist CIIIIP 3am1d paHHBOrO BUSBICHHS Ta MONEPEIXKEHHs JIICOBUX MOXKEXK Ha
Teputopii Ykpainu.
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HNPOEKTYBAHHSA, PO3POBKA TA TECTYBAHHSA WEB-CEPBICY
JJIsI BUBOPY TEM JUIIVIOMHHUX POBIT

Y pobomi posenaoaemocs npoekmyeanns, po3podka ma mecmyeannsa web-cepeicy 0 8ubopy mem cmyO0eHmcbKUX Ouniom-
HUx podim. Lletl 3acmocyHox mosce 6ymu KOpUCHULL AK guKaadauam, max i cmyoenmam. Web-cepgic peanizye cepgephy uacmumy
NPOSPAMHOR0 3aDe3nedenHs, ke Ha0ae MONCIUBOCIIE N0 CIMBOPEHHIO, 30epedceHtio Ma po3nodiny mem ceped cnydenmie BH3.

REST API — ye apximexmypruii cmuib 015 peanizayii 6e6-cepsicie, wo IPYHMYEMbCs Ha RPOCHUX Ma YHIQIKOBAHUX
NpUHYUNAx, maxux sx euxopucmanua cmanoapmuux HTTP-vemoodie ons 63aemodii 3 pecypcamu uepes URI, niompumxa Oe3-
CMAH080T KOMYHIKaii Midic KieHmoMm i cepsepom, niompumka nepedaui oanux y gpopmamax XML i JSON, posdinenns 00608 ’s3-
Ki6 01 macwmabosarwocmi ma cmitikocmi cucmem. Bukopucmanna REST API cnpoujye po3pooKy, po3eopmanus ma cynposio
6e0-3aCMOCYHKIB, poOnsul IX OLIbW MACUMAOOBAHUMU MA eQeKMUBHUMU.

Web-cepgic nanucanuti Ha M08i npoepamysanta Java ma 6uKopucmosye cimeticmeo gpetimeopkis Spring: Spring Boot,
Spring Data JPA, Spring Web, Spring Security.

Cmpykmypa npoekmy nobyoosana na ocrogi namepny npoexmyeannsa Controller-Service-Repository, wjo éxiiouae 6io-
NOBIOHI wiapu O 6NOPAOKYBAHHA (DYHKYIOHATLHOCIE. Y wiapi KoHmponepa su3HAYAemvCcs 308HIWHIL THmepghelic cepeicy, 6iH
sionosioac 3a Hadawna danux xiienmam. Llap cxosuwa eionosioac 3a 36epicanna ma ompumanua danux. Cepsicnuil wap
€ micyem, 0e po3smawiosyeEmuvcs 6ca OisHec-n02iKka. AKuo OisHec-n02ika nompedye ompumants abo 30epexceHHs danux, 60Ha
83aemo0ie 3 penosumopiem. [l ompumants 00chiyny 00 6izHec-102iKu KIIEHMU BUKTUKAIOMb KIACU 3 wapy konmpoiepad. Ak
cxosuuge oanux guxopucmosyemovcsi CKBJ] PostgreSQL.

Tecmyesanns € 8adxciuBo0 ckiad08010 po3podKu npoepamnoeo 3abesneuenns. s mecmysanns web-cepsicy suxopucmo-
BVIOMbCSL IOHIM-MECU, Wo Nepesipsionb OKpeMi KOMNOHeHMU, IHMe2payiiini mecmu, wo nepesipsiomy 63aEmo0i0 Mixie KoM-
nonewmamu, ma mecmu API, axi nepesipstomo npayezoamuicmov API cepsicy. J[ns mecmyeanns REST API euxopucmosyromscs
Swagger ma Postman. bioniomexa Testcontainers 0036015€ cmeopiogam. mecmu 3 GUKOPUCIAHHAM PeanbHUX 3aielchocmeti 3a
donomozoio konmelinepie Docker, wjo nonezutye mecmyants 3 GUKOPUCIAHHAM PEAbHUX CEPBICiB.

Web-cepsic doseonsic agmomamu3zysamu npoyec CmeopeHHs. ma 00panHs mem OUNIOMHUX poOim O BUKIAOAYIE | Chiy-
0enmis 8i0n0BioHo.

Kitrouosi cioBa: web-cepsic, java, spring, REST API.

Oleksiichuk Yu. F., Olkhovsky D. M., Olkhovska O. V., Andrushkiv O. M. Designing, developing and testing a web
service for selecting thesis topics

The paper discusses the design, development, and testing of a web service for selecting topics for student theses. This
application serves both educators and students by facilitating the creation, storage, and distribution of thesis topics among
university students.
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REST APl is an architectural style used to implement web services. It relies on simple and standardized principles, such
as using standard HTTP methods to interact with resources via URIs, supporting stateless communication between clients
and servers, facilitating data transmission in XML and JSON formats, and dividing responsibilities for scalability and system
robustness. Utilizing REST API simplifies the development, deployment, and maintenance of web applications, enhancing their
scalability and efficiency.

The web service is developed using the Java programming language and uses the Spring framework, including Spring
Boot, Spring Data JPA, Spring Web, and Spring Security. The project structure follows the Controller-Service-Repository design
pattern, which organizes functionality into corresponding layers. The controller layer defines the external interface of the service
and handles data provision to clients. The repository layer is responsible for data storage and retrieval, while the service layer
contains all business logic. If the business logic requires data retrieval or storage, it interacts with the repository. Clients access
the business logic by invoking classes from the controller layer. PostgreSQL is used as the data storage.

Testing is a crucial component of software development. The web service will undergo unit tests to verify individual
components, integration tests to examine component interaction, and API tests to ensure the functionality of the service’s API.
Swagger and Postman are used for testing REST API functionality. The Testcontainers library facilitates the creation of tests
using real dependencies with Docker containers, simplifying testing with real services.

The web service automates the process of creating and selecting thesis topics for educators and students, respectively.

Key words: web service, java, spring, REST APL

IMocTranoBKka npodeMu. ABTOMATH3AIIIS PI3HUX OCBITHIX MPOIIECIB € aKTYaJIbHOK 33/1a9€I0 B Cy4YaCHOMY CBITi.
Bubip crynentamu Tem 0akagaBpChKUX, MariCTEpPChKUX POOIT Ta HAYKOBHUX KEPIBHHUKIB 3aiiMae Oarato 4acy Ta moTpe-
Oye CYTTEBHX opraHi3aui171HHx 3ycuiib. ToMy x04a 6 4acTKOBa aBTOMATHU3AIIiS I[bOTO TPOIIECY € aKTyaJbHOKO 33]1a4elo.

B yHiBepcuTeTi BKe BIIPOBAIKEHO AL IPOTPaMHHX CHCTEM, IO aBTOMATH3YIOTh CKIIaJaHHs PO3KIaLy [1]
po3moaia Ta 00JiK HaBaHTaKEHHs BUKJIA1a4uiB, IJIaHYBaHHS HABYAIBHOTO mpouecy [2], Bubip CTy/ICHTaMK IH/IUBI-
JyaJIbHOI OCBITHBOI TpaekTopii Tomo. Peanizamii cucremu 11 BUOOPY TeM IUILIOMHUX poOIT y BUINIAAL web-cep-
BiCYy JO3BOJIHTH IPOCTO IHTETPYBATH ii y IPOTpaMHi MPOIYKTH, IO BXKE ICHYIOTh a00 OYIyTh CTBOPIOBATHCSL.

Po3rstHeMo 0CHOBHI BUMOTH 10 cucteMu. CepBic Mae MiATPHMYyBATH:

1. Pi3ni ¢pyHKIioHaNBHI pomi. Cynep-aaMiHICTpaTop, aaMiHICTpaTop, Kyparop, BUKJIaad Ta CTYICHT MarOTh
Ppi3HI QYHKIIOHATBHI MOKITMBOCTI Ta 000B’ SI3KH.

2. Mopnensb poneit. BuGip Mix OHIEIO POJITIO Ha KOPUCTyBada abo KiUIbKOMa POJISIMHU 320€3MEYUTh THYYKICTh
Ta JIOT1YHICTh YHPABIiHHS JOCTYIIOM.

3. KepyBanns rpynamu. CrcTeMa BKITIOUa€ MOKIIUBICTD PEECTpALil Ta yIPaBIIiHHS IpylaMy CTyACHTIB, BCTa-
HOBJICHHSIM aKTHBHOTO Ta apXiBHOTO CTaTyCiB IPyII.

4. Jlimit BubOpy TeM. Buxiafnau Mae MOXKIIMBICTB 3a/1aBaTH JIMITH HA KUIBKICTh TEM ISl KOXKHOT TPyTIH.

5. Peectpauito kopucTyBauiB. PeecTpallis koprcTyBadiB 3 MOXJIMBICTIO HaJaBaTH IM pojl aaMmiHicTparo-
piB, BUKJIa1a4iB YU CTyAEHTIB. Peectpatist Moxxe OyTH SIK OZHOTO KOpPHUCTYBaua (Bpy4HY) Tak 1 0aratrbox (LUIIXOM
IMIIOPTY 3 (aiiy).

6. YrpapiiHHS TeMaMu. BUKanadi MOXyTh CTBOPIOBATH, peIaryBaTH Ta BUAAISTH TEMH JUIDIOMHUX POOIT.

7. Crarycu TeM. TeMu MOXKyYTh MaTH pi3Hi CTaTyCH, IO BiIOOPaKAIOTh iX TIOTOYHUH CTaH (penaryeThbes, HEBHU-
OpaHa, 3a0poHBOBaHA, BUOpaHa, 3aTBEp/KEHA, BUKOHAHA, HEBUKOHAHA).

8. KabineTn kopuctyBauiB. CepBic Moxe OyTH IHTETPOBaHHN 3 0COOMCTHMH KaOiHETaMH CTY/JCHTIB Ta BUKJIa-
JIa4iB 3 MOKITUBICTIO MEPETISAY Ta B3aEMO/IIT 3 TEMaMH.

9. 3aTBepKEHHS TEM Ta FeHepallifo Haka3y. MexaHi3M 3aTBep/LKEHHS TEeM KypaTopoM ado aIMiHICTpaTopoM,
a TAaKO)K aBTOMATHYHA T'eHEepallist Hakas3y JUIs YHIBEpCUTETChKOI JOKyMEHTAIli.

10. Indopmariiine croBimeHHs. MOXINBOCTI JUIs CHOBIIIEHHS BHUKJIAJauiB Mpo BHOIp TeM Ta iHIN mofil
yepes email abo iHII 3py4Hi KaHAIH.

AHaJti3 ocTaHHIX J0CTiTKeHb Ta MyOaikaniii. B octanHi poku Ui po3poOKH IpOrpaMHUX IPOAYKTiB 3 API
Haifuacrimre BukopuctoByeThes TexHomorist REST (Representational State Transfer) [3-7].

REST API a6o RESTful API — me apXiTeKTypHHI CTHIIb JUIs peaii3aliii BeO-cepBiciB, SIKUM IPYHTY€EThCS
Ha TIPOCTHUX Ta YHI(DIKOBAHWX MPHUHIIMIIAX, TAKUX SIK BUKOoprcTaHHs cTaHmaptHux HTTP metoniB mis B3aemomii
3 pecypcamu yepe3 URI, miarpuMka 0e3cTaHOBOT KOMYHIKAIll MiXK KJIIEHTOM 1 cepBepoM, MiATPUMKA Tepeaadi
nanux y ¢opmarax XML i JSON, poszaineHHs: 000B’S3KiB, IO CIIPHUSE MACIITA00OBAHOCTI Ta CTIHKOCTI CHCTEM.
Bukopucranns REST API cnporye po3poOKy, po3ropTaHHs Ta CyIpOBOKEHHS BeO-01aTKiB, pOOISIYH 1X O1IbII
MaciTaboBaHUMU Ta e(beKTI/IBHI/IMI/I [8 9]

MOXUBICTB pocToi 1HTerpau11 B IHIII IPOTPaMHi MPOLYKTH CIIPHUSE TOMY, 110 web-cepBicu MIMPOKO BUKO-
PHCTOBYIOTECH JUIst BI/IpIHIeHHSI pisHOMaHITHHX 3a7a4 [9-10]. 3okpema, web-cepBicH € BaXXIMBUMH KOMIOHEHTAMU
MikpocepBicHoi apxiTexTypu [11].

3ajgava aBTOMaTH3aIlii PO3MOIITY TeM JUIDIOMHUX POOIT aKTyaabHa JJIsI KOXKHOTO HABYAIBHOTO 3aKJIay, ale
BPaxOBYIOUH Pi3HY apXiTEKTypy HasBHOTO MPOTPAMHOTO 3a0e3IeUeHHs, BHPINIYBATUCS BOHA MOXE IO Pi3HOMY
[12-14]. B [12] po3nisiaaeThest po3poOKa cepBepHOi YaCTHHH 3aCTOCYHKY JIJISL PO3IOJLTY TEM Ta KepyBaHHS Mpolie-
COM HaIMCaHHS TUTUIOMHUX poOiT. B crcTeMi € HaCTyIHI poITi: HaBYAIBHHUN TIEPCOHAN, BUKJIA/Iad, CTYJCHT, TOJI0Ba
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kagenpu. Koxen i3 ydacHUKIB BUKOHY€E BIacHi (DyHKIIIi: 3aIOBHEHHS HAaBAaHTa)KCHHS BUKJIA1a4uiB, 3alI0OBHEHHS T'pa-
(biKy BUKOHAHHS TUIIOMHHX POOIT, CTBOPEHHS Ta peJjaryBaHHs TeM AUIUIOMHUX POOIT, BUOIp TeM, CXBAJICHHS TEM
toito. B [13] onucyerbes mpoekTyBaHHs Ta po3podka i0S-3aCcTOCYHKY /Ui BHOOPY TeM poOiT. 3aCTOCYHOK Mae cep-
BEpHY YaCTUHY, B SIKili BUAUIAIOTHCS, 30KpeMa, CYyTHOCTI BUKJIaZay, CTYJIEHT, TUIIOMHa poboTa. Po3podka Momyins
CHCTEMH ISl YIPABIIHHIM MPOIIECy HAIMCAHHS AUTUIOMHUX pOOIT po3misinacthes B [14]. B cucTeMi BUALISIOTHCS
CYTHOCTI BUKJIaJa4, CTYIEHT Ta JOJATKOBUH ITEPCOHA.

MeTor cTaTTi € IPOEKTYBaHHS, PO3pO0OKa Ta TECTyBaHHS Web-cepBicy Ui YIPaBIIHHS PO3MOIITIOM TeM
JMTITIOMHUX po0iT. Web-cepBic Mae miaTpuMyBarTy:

a) MOYKJIMBICTh PEECTpAIlii Ta aBTOpH3aIlii KOPUCTYBaYiB;

0) pi3Hi poJIi KOPHCTYBAYiB 3 BiAMOBIAHUMH IIPABAMH;

B) MOXKJIMBICTh BHKJIaIa4aM MPOTIOHYBATH TEMH TUTUIOMHUX POOIT JUIst BUOODY;

T') MOXKJIMBICTh CTYJICHTaM pOOUTH BHUOIp;

JI) MOXKJIMBICTh 1HTETpAIlil 3 IHIIUMH IPOrPAMHUMU MPOTLYKTAMH.

Buxian ocHoBHoro marepiaany. [l peanizauii Web-cepicy BuOpana MoBa nporpaMyBaHHs Java Ta ciMeid-
ctBO (peitmBopkis Spring [15]: Spring Boot, Spring Data JPA, Spring Web, Spring Security. Sk cxoBuie naHux
BuxopuctoByeTbcst CKB/] PostgreSQL [16].

baza nanux € HeoOXiTHUM eJleMeHTOM wWeb-cepBicy 1 3a0e3neuye 30epexenHs nanux. CTpykrypa 6a3u qaHux
TpesicTaBleHa Ha puc. 1.

PosmistHeMo 0CHOBHI TaOuL 0a3y JaHUX.

1. admin — 30epirae nani KopHCTyBaqu 3 aaMmiHicTparuBHUME TipaBamu, poisimu: SUPERADMIN, ADMIN,
MENTOR PROFESSOR, mae HaCTyHHl aTpuOyTH:

username — yHiKaJbHE iM s KOpHCTyBaua;

* email — eslekTpOHHA ajpeca;

+ full name — moBHe iM’s1;

* title — peramii, mocana Tomo;

* password — mapoJib KOpUCTyBava, KU 30epiraeThCs y BUIVISL TEMI-KOy OTPUMAHOTO 3 IOTIOMOTOI0 (DYHK-
wii BCrypt [17];

2. admin_role — 36ep1rae 3QIHCH 3 POJIAMH aJIMiH-KOPHUCTYBadiB, Ma€ MOJS:

* admin_id — 30BHIHII K04 Ha id aAMiIH-KOPUCTYBa4a;

* roles — poJib aJIMiH-KOPHCTYBaYa.

3. student — 30epirae JjaHi KOPUCTYBadiB 3 HeaaMiHicTpaTUBHUMU TipaBamu, posutro STUDENT, mae mons:

e username — yHiKaJbHe iM’sl KOpUCTyBaya,;

» full name — noBHe iM’;

* password — mapoiib KOpUCTyBava, sIKUK 30epiraeThCsl y BUTIISII TII-KOY OTPUMAHOTO 3 JIOTIOMOT0r0 (DyHK-
uii BCrypt [17];

* group_id — 30BHIMHIHN KII0Y HA id TPYIH CTyACHTA.

4. student_group — 30epirae 3amucu CTYJCHTCbKHUX TPYI, M€ MOJIS:

* name — yHiKaJbHA Ha3Ba TPYyIH;
full name — nmoBHa Ha3Ba IPyIH (K y po3KIaIi);

 archived — craryc rpynu (aKTHBHA 44 apXiBHA).

5. group_limit — TaOnuus 11 BU3HAYEHHS MAKCUMAaJIbHOT KIJIBKOCTI T€M, K1 BUKJIa1a4 MOXKE 3alpOIOHYBaTH
CTYJICHTCHKIH IpyIi, Ma€e MoJs:

e group id — 30BHIIIHIN K04 HA id CTYIEHTCHKOT TPYIIH;

 professor_id — 30BHINIHIN K04 Ha id BUKIIaga4a;

e upper_limit — 9nciIOBEe 3HAYCHHS MaKCHMAJIbHOT KIJTBKOCTI TEM.

6. thesis — 30epirae TemMu, Mae TOJS:

* course_name — (pOPMYITIOBaHHSI TEMHU KypCOBOI poOOTH;

* diploma name — ¢popMynIOBaHHSI TEMHU TUIIOMHOI pOOOTH;

° comment — KOMEHTap BUKIaJiaya,

* owner_id — 30BHiIIHIN KIt0Y Ha id BUKIIa/1a4a, SIKUH € BIACHUKOM TEMHU.

7. offered_thesis — 30epirae naHi TeMm, siki Oy 3aMPONOHOBAHI CTyAEHTCHKUI Py 1 IX CTAaTyCH, Ma€ MOJISL:

* thesis_id — 30BHIilIHIN K104 Ha 1d 3apONIOHOBAHOT TEMH;

* assignee id — 30BHINIHIN KTt04 Ha id CTyIEHTA, KU MIPAIIOE 3 TEMOIO;

o status — akTyaJbHUH ctaryc Temu, MoxuBi 3HadeHHs: PENDING, OPEN, RESERVED, SELECTED,
APPROVED, COMPLETED, UNCOMPLETED.

8. offered_thesis_student group — TaOnuis MoeIHy€e 3aMpoOHOBaHI TEMH 31 CTYJICHTCHKUMU I'PyIaMH, Ma€e
TIOJIST:

 offered thesis_id — 30BHImHIH KJIt0Y Ha id 3aNIPOTIOHOBAHOT TEMHU;

» group_id — 30BHImHIH K04 Ha id CTYyIEHTCHKOI TPYTIH.

Web-cepBic nepedayae HaCTyIHI PoIi:

ISSN 2521-6643 Cucremu Ta Texnouorii, Ne 1 (67), 2024 45



i admin

TJusername varchar(20)
) email varchar(255)
[0 full_name varchar(255)
) password varchar(255)

[ student_group

([ archived boolean
) name varchar(100)
[ full_name varchar(255)

Teid bigint
[ title varchar(255) *
id varchar(255)
owner_id:id
group_id:id
<
admin_id:id
group_id:id
professor_id:id
i student
i admin_role ([ group.id bigint
J username varchar(20)
dmin_id har(255 2
g:ﬂ:ﬂ ::::;:255; [[J full_Lname varchar(255)
) password varchar(255)
Tsid varchar(255)
A
ffi thesis
fifl group_limit
() comment varchar(255) Eupger: it R
| ]
[[J course_name varchar(255) i g
[T group_id bigint
(L) diploma_name varchar(255)
R owner_id ———— [[3 professor_id varchar(255)
== Tsid bigint
Teid bigint
thesis_id:id - Assignes. i:id J
il offered_thesis
[ thesis_id bigint
[ assignee_id varchar(255) il offered_thesis_student_group
] status varchar{255) %4 group_id bigint
Toid bigint %9 offered_thesis_id bigint
group_id:id
offered_thesis_id:id

Puc. 1. ER-miarpama 6a3u maHux web-cepicy

1. Cynep-aaminictparop. Mae Bci rpaBa, OIMH B CUCTEMI.

2. Anminictparop. OcHOBHA (PYHKIIiSI TOJaBAaTH KOPHCTYBAIB.

3. Kyparop. Mae 6auntu 3araipHy iH(GOpMAIito PO Te, XTO SIKYy TeMy BUOpaB, Ha SIKOMY €Tarli BUOIp TEM.

4. Buxitagad. Moxke noaBati TeMu, pOOUTH iX BUIUMHUMH YIS TPYIL.

5. CryneHt. Moske BUOMpATH TeMH, BITHOCUTBCS 0 OKPEMOT IPYIIH.

KoeH cTyJieHT BiTHOCUThCS 10 ofHiel rpynu. [pymna moxe OyTu:

1) akTUBHOIO, SIKIIO CTYACHTH III¢ 31IHCHIOIOTH BUOIP TEM;

2) apxiBHO0, SIKIIO CTYJCHTH BXKE 3aBEPIIMIIN BUOIP TEM.

Craryc 3MiHIOETBCS aqMiHOM 200 KypaTtopoM. CTyneHTH apXiBHOI TPyIH MOXYTb TIJIBKH ITOJUBHTHUCS CBOIO
TeMy, iHII (yHKIIT A7 HUX HegocTynHi. Ha3ea rpynu — yHikanbHa.

SIkmo cTyneHT nuine podoTy KijibKa pasiB (Hanmpukiaa, 0akalaBpCbKy 1 MaricTepcbKy poOOTH), TO KOKHOTO
pa3sy Oyze cTBOpIOBAaTHUCS HOBUN OOJIIKOBUI 3amyC.
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CTyaeHTH TpyIH MAlOTh JIIMIT Ha BUOip TeM KOHKPETHOTO BUKJIaga4a. [Ipu cTBOpeHHI rpynu noTpiOHO 3a1atu
i1 Ha3By. [1oTim 3aaTH TIMITH JUI KO)KHOTO BUKJIa/1a4a.

Buknanay Moxe CTBOPHUTH, 3MIHUTU Ta BHIAIUTH TeMy. Bukiazad Moxe H0IaTH KOMEHTAp J0 TEMH, SKHU
CTYIEeHT Oyae 0auuTu npu BUOOPI TEMH.

Buknamay Moke BUOpaTH TEMH 3 CBOTO CIIUCKY Ta 3alpOIIOHYBATH iX Tpymi. SIKIIo Tema 3amporoHOBaHA
AKTUBHIH IpyIi, TO il He MOYKHA 3MIHUTH YK BUJATUTH. MOKHA 3alpPOITOHYBATH KIJIBKOM IpyIaM OJIHY U Ty X TEMY.

Tema Moke MaTH HACTYITHI CTaTyCH:

1. PenaryeTbcst — TeMa He 3alIpOTIOHOBAaHA aKTHBHIH TPYIIL.

2. HeBubOpana — Tema 3anporioHoBaHa akTUBHIHN rpyTi, aje ii e HiXTo He BUOpaB.

3. 3a0poHBOBaHA — CTYACHT MOXE 3a0pOHIOBaTH TeMy. B 1poMy cTaryci iHII CTyaeHTH OymyTb OauuTH ii,
ajie He 3MOXKyTh BUOpatu (Oyzie iHImmMi Kouip abo nomitka). [Ticis nomaTkoBoro 0OMipKoByBaHHS 200 KOHCYNbTAIi
3 BUKJIaJa4eM CTYyIEHT IpuiiMae pimeHHs: BHOupae TeMy (cTatyc Bubpana) abo BiAMOBISETHCS BiJ HEi (cTaryc
Hesubpana).

4. BubpaHna — CTyJieHT BUOHMpA€E TeMy, IiCIIs LIbOTO CAMOCTIHHO BIAMOBUTHCS BiJl TEMH HE MOXeE, TUTbKU Yepe3
azMiHa abo BUKJIaa4ya y BUHSATKOBUX CUTYaIlisIX.

5. 3aTBepIrKeHa — Kyparop, aAMIHICTPaTop YK BUKJIAIad MOXKYTh 3aTBEPIUTH TeMy. [1icis HbOro HiY0ro 3Mi-
HIOBAaTH HE MOXKHA.

6. Buxonana — Kyparop, aIMiHICTpaToOp UM BUKJIAAa4 MOKYTh 3MiHHTH TEeMy Ha IIeH CcTaTyc, SKIIO CTYACHT
BXKE 3aXUCTHUB POOOTY.

7. HeBukoHaHa — Kyparop, aAMIHICTpaTOp YM BUKJIAJad MOXXYTh BCTAHOBHUTH IIEH CTaTyc IS TEMH, SKIIO
CTYACHT BipaxoBaHWii a00 He BUKOHAB POOOTY 3 IHIIOI MPUYHHH.

B maiibyTHROMY 17151 Web-cepBicy OymyTh CTBOpeHi KabiHeTH KOpUCTyBadiB abo OyIyTh MiA’ €AHaHI 1HII cep-
Bicu. B KoHTpoOnepi nependadeHi METOIU I TAKUX KaO1HETIB.

1. KaGiner Bukmnagaya. Bukiagad 6a4nTh BCi cBoi TeMu, MOke (DIIBTpyBaTH iX MO cTaTrycax, A0/aBaTH HOBI,
penaryBary, SIKIIIO TeMa B ctatyci Penarosana, 0auuTh, XT0 BUOpaB 4K 3a0pOHIOBAB HOTO TEMY.

2. Ka6iner crynenta. CTyqeHT 6a4uTh CIUCOK TEM, iX CTaTyC, IMEHa BUKJIAJIadiB, 1110 3alPOTIOHYBAIIH I1i TEMHU.
Moske 3a0pOHIOBaTH TeMY, BUOpaTH TeMy. BiTMOBHTHCS MOXHA Bijl 3a0pOHBOBAHOT, ajie He BiJl BUOpaHoi. SIKIo 1ist
SIKOTOCH BHKJIa/Iada JOCSATHYTO JIIMIT TE€M UIA 1€l TPYTIH, TO HOTO TeMH B)KE HE MOYKHA BUOPATH UM 3a0POHIOBATH.

3. Ka6iner kyparopa. Kyparop 6auuTh CITUCOK CTYJICHTIB I'PYyIIH, TEMH, sIKi BOHU BHOPai a00 3a0pOHIOBAIH,
JIaTy OCTaHHBOTO BXO/Y B KaO1HET KO’KHOTO CTy/IeHTa. Takok KypaTop MoXKe OaqiTH CIIICOK TEM, IO 3aIPOIIOHyBaB
KOYKHUUM BHKJIa1ad.

3arajbHUHN anrOPUTM POOOTH 3 CHCTEMOIO MOYKE BHIVISIATH HACTYITHIUM YHHOM.

. ABTOMaTHYHO CTBOPIOETHCS CyNEp-aAMIHICTPATOP MiCIs MEPIIOTo 3ayCKy CHCTEMH.

. Cynep-aamiHicTparop A01a€ aaMiHicTparopa 4u aMiHICTPaTOPiB.

. AZIMiHICTpaTOpH 0JAat0Th BUKJIA1a4iB Ta KypaTopiB.

. Buknagadi npaiitoroTh 3i CBOIMH TeMaMHU.

. AnminicTpatop abo KypaTtop CTBOPIOE TPYILY, 3a1a€ JIIMIT IJIsl KOXKHOTO BUKJIAIada.

. AnminicTpatop abo Kyparop JOAa€ CTYICHTIB Y TPYILY.

. Buknmagaui mpomnoHyrTh TeMH KokHIH Tpymi. CucteMa BiJCTEXKYe, MO0 BHUKIATa4i 3ampONOHYBaIH
JIOCTATHIO KUTBKICTB TeM. Jlesiki TeMH MOXKYTh ITPOIIOHYBATHCS PI3HUM TPpyIIaM, JesKi — JIUIIE OTHIH.

8. CTyzneHTH BUOMPAIOTh TEMH BIJIIIOBIIHO JI0 MOPSIKY OTMMCAHOTO BHIIIE.

9. Kyparop Bubupae TeMH 3aMiCTh CTYAEHTIB, III0 HE 3pOOMIN BYaCHO BHOID.

10. Kypatop abo anminicTpaTop 3aTBepKy€e TeMu. I'pyma ctae apXxiBHOIO.

11. Kyparop abo agmizicTparop GpopMye Haka3 BiAMOBITHO 10 BUOPAHUX TEM.

12. TTicns 3axucTy poOIT KypaTop, aAMiHICTpaTOp ad0 BUKIIAAa4 MOXKE IIEPEBECTH TEMH B CTaTyC BUKOHAHUX
Y1 HeBUKOHAHHUX.

13. HoBwuii cemecTp, nepexij Ha Kpok 4.

CrpykTypa mpoekTy moOymoBaHa Ha OCHOBI marepHy mpoektyBaHHS Controller-Service-Repository [18]
1 CKJTAJIA€THCS 13 BIJTIOBITHUX IAPIB.

[ap kontponepa (Controller) Bu3Hauae 30BHiHIK iHTepdeiic (API) cepsicy 1 BiAmoBigae 3a HaJaHHS 3a
HajaHHs ganuX kiaiertam. [llap cxouma (Repository) BianoBinae 3a 30epiraHas Ta OTpuMaHHs JaHuX. CepBiCHUMA
map (Service) — 11e MicIle Jie pPO3TalIOBYEThCS BCsl Oi3Hec-orika. SKiio Oi3Hec-JIorika BUMarae OTpuMaHHs1/30epe-
JKCHHS IaHUX, BOHA MAKII0YaeThes 10 Repository. 106 oTpumaru noctyn A0 Oi3HEC-JIOTIKH, KITIEHTH BUKITUKAIOTh
knacu 3 mapy Controller.

[ap Controller Bxmrowae Hactymui kmacu: AdminController, GroupController, GroupLimitController,
OfferedThesisController, StudentController, ThesisController, UserController. B ko>kHOMY 13 KJ1aciB BU3HAYAIOThCS
METOAU JJ1s1 POOOTH 13 BiIIOBITHUMH CYTHOCTSMHU.

[ap Service mictuTh Taki kiaacu: AdminService, GroupLimitService, GroupService, OfferedThesisService,
StudentService, ThesisService, UserService.

~N OB WN—

ISSN 2521-6643 Cucremu Ta Texnouorii, Ne 1 (67), 2024 47



[lap Repository ckmamaerses i3 iHTepdeiiciB: AdminRepository, GroupLimitRepository, GroupRepository,
OfferedThesisRepository, StudentRepository, ThesisRepository, UserRepository.

CyTHOCTI (KJ1acH) JOMEHHOT MOZIeNTi BiJOOpakaroThes y BiAMOBIAHI TaOIMI1 0a3u JaHUX, IPOEKT Ma€ HACTYTIHI
wiacu: Admin, Group, GroupLimit, OfferedThesis, OfferedThesisStatus, Student, Thesis, User, UserRole.

Hanpuxknan, nporpamuuii kox cyTHOCTI Group BUDIISIIAE TaK:

@Getter

@Setter

@Builder

@AIllArgsConstructor

@NoArgsConstructor

@Entity

@Table(name = «student_group»)

public class Group {

@ld

@Generated Value(strategy = GenerationType. IDENTITY)

private Long id;

@Column(name = «namey, nullable = false, unique = true, length = 100)
private String name;

@Column(name = «full namey)

private String fullName;

@Column(name = «archived»)

private boolean archived;

}

TecrtyBaHHS — HEBiJ’€MHHI eTan po3poOKu mporpamHoro 3abesmedeHHs. s tectyBanHs Spring Boot
web-cepBiciB iCHY€ KUJIbKa THITIB TECTIB.

1. Unit-tectu. Lli TecTu nepeBipsA0Th OKpEMi KOMIIOHEHTH NMPOrpaMu (HaNpUKial, KIacu, MeToan) 0e3 3aiy-
YeHHS 3aJeKHOCTed. [l TecTyBaHHS KOMITOHEHTIB Spring Boot BUKOpUCTOBYIOTECS (ppeiiMBopkH, Taki sk JUnit
a6o TestNG.

2. Iarerpaniitai Tecty. L1i TecTH mepeBipsAOTH B3aEMOJIIF0 MK PI3HUMH KOMIIOHEHTAMHM 3aCTOCYHKY. Y BUITAJIKy
Spring Boot 11e Moxe OyTH, HAPUKIIAJl, TECTYBaHHs B3a€MOJIii CEPBICiB, PEITO3UTOPIIB Ta THIINX KOMIIOHEHTIB.

3. Tectu APL. Lle Tectw, siki nepeBipsioTh mpare3narHicts APl web-cepsicy. Boru MoxyTh BKITIOUaTH aBTo-
MaTH30BaHi TECTH, sIKi B3aeMoaitoTs 3 API 3a mormomororo HTTP-3anuTiB i nmepeBips0Ts MOBEPHEHI BiAIOBI .

[ pydHOTO TeCTyBaHHS B IPOEKT iHTErpoBaHwmii cepBic Swagger [19], sikuit 1o3BoIIsIE Bizyasi3yBaTH HasiBHI
KiHIeBi Touku (endpoints) i BukoHaTH pi3Hi 3amutu 10 web-cepsicy. [l BukoHannss HTTP-3anuTiB Takox BHKO-
pHUCTOBYEThCA 3acTOCyHOK Postman [20]. Postman — ne mporpamMHuii iHCTPYMEHT, SIKHIi BUKOPHCTOBYETHCS IS
TECTyBaHH:, pO3pOOKH Ta B3aemoii 3 BeO-cepBicamu 1 APL. Bin 103Bosisie KoprucTyBauaM CTBOPIOBATH, BAKOHYBATH
Ta apTomMatu3yBaTu Tectd API, Bimnpasiastu HTTP-3amuTu Ta oTpuMyBaTH BiIOBI I AJIs BaTiAALlil (PyHKIIOHATb-
HOCTI Ta BUKOHAHHS PI3HUX CIieHapiiB. Postman Takox 3a0e3mnedye MOXKIMBOCTI JOKyMeHTyBaHHs APl Ta criabHOT
poOOTH B KOMaH/II.

Testcontainers [21] e Gi0II0TEKOIO TeCTYBaHHS, IO TO3BOJISIE CTBOPIOBATH TECTH 3 BUKOPUCTAHHSIM PEaIbHUX
3aJIe)KHOCTEH 3a JIOTIOMOTOI0 0OTHOpa3oBuX KoHTelHepiB Docker. 115 6i6mioTeka Hagae mporpamue API miist rerepa-
i HeOOXiTHUX 3aJICKHHUX CEPBICIB y BUIIISAI KOHTelHepiB Docker, 1110 103BoJIsiE€ THCaTH TECTH, BAKOPHUCTOBYIOUH
peasbHi cepBicH 3aMiCTh MakeTiB. TakuM 4WHOM, Oyab-sfKi THIIM TECTiB, HE3aJEKHO Bijl TOTO, YW II€ MOIYJIbHI
TecTH, TecTd API abo iHTerpariiini TecTu, MOXyTh OyTH peali3oBaHi 3 BUKOPUCTaHHAM pEabHUX 3aJISKHOCTEH 3a
JIOTIOMOTOF0 OJTHi€T 1 Ti€T % MOJIETIi MPOTrpaMyBaHHsL.

BucHOBKH 3 10C/Ii/I>KeHHS i IePCNEeKTUBHY MOAAJIBIIMX PO3BiIOK Y IbOMY HanpsiMi. B po0Ooti po3nisanyTo
TNPOEKTYBAHHS, TIPOTPAMHY peaniszaiiio Ta TecTyBaHHS web-cepBicy Ui BUOOPY TeM JUILNIOMHUX POOIT CTyAeH-
tamu. Web-cepBic TicIs BIPOBAKEHHS TO3BOJIUTH CIIPOCTHTH p060Ty BHKJIa[aqiB TIPU MIATOTOBII TE€M JUILIOM-
HUX poOiT. [ cTyneHTiB BUOIp TeM cTaHe OiIbIIT 3pyIHHM, OCKIJTBKH HOT0 MOYKHA Oyzie poOuTH B pe)KI/IMl OHJIaWH.
B mopanemomy miaHyeThess CTBOPEHHST Web-Bepciil KaOiHeTIB CTy[eHTa, BUKIIagada Ta KypaTtopa abo iHTerparis
3 IHITMMH CUCTEMaMH, 1[0 BUKOPHCTOBYIOTHCS B YHIBEPCHTETI.
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JAEAKI COIIAJIBHO-EKOHOMIYHI ACHEKTH BUKOPUCTAHHSA
HEHTPIB OBPOBKHU JAHUX

Y cmammi ananizyiomvca npobnemu, nog’azami 3 po3eumxom iH@opmMayitiHux mexnHono2itl — XMapHux o64uciens i cucmem
WMYYHO20 THMeNeKmy, AKUll npu3eie 00 Macoso2o OydisHuymea yeHmpie 06pooxu danux (Oani — L{O/]) ma noasu nog’a3anux
i3 YUM COYianbHO-eKOHOMIUHUX MA eKON02IUHUX NPOONeM, AK-MO. npobaemMu 3 Hecmauelo enekmpoenepeii 04 yenmpig 0bpodku
Oanux (data centre) i nepigHomipHumM po3nodinom ii pecypcis, npodiema 3 HecmepnHuM OJst THOOCbKOI NCUXIKU ULYMOM, CHIBOPIO-
BAHUM CUCTEMAMU OXOT0O0MCEHHs MAKUX YeHMPI8, 6UUEPNAHHAM B00HUX PecypCis, HeOOXIOHUX 0715 OXON00NCeHHs Oama-yeH-
mpie ma in. 3asnaveni npodiemu, 3 0210y HA IXHIO HOBU3HY, He 3HAUWLIY NOKU WO HANEHCHO20 PO36 SI3AHHA | NPAKMUUHO He
Oy QOCTIONCEHT 8 HAYKOBUX NPAYSX.

Posenadaromovca npoonemu opearizayii, npoexkmysanns ma 0yoisnuymsa L[OJ], 30kpema ii npagogi, ma nog a3aui 3 yum
COYianbHi, eKOHOMIUHI MA eKON0IYHI NPoOIeMU.

Biosnauaemocs, wo nasgni ckiadonowi ma npooiemu, wo GUHUKIY, HOB SI3aHi 3 MUM, ujo MiCyeea 61a0d He 3M021d OYi-
Humu moowcnugi npoonemu 3 excniyamayieio 1O/ i suoana dozeonu na ixne 6yOienuymeo, npacuyyu ompumamu Qinancosy
81200y 0I5t eKOHOMIKU PeioH).

Hazonowryemuvcs na neo0Xionocmi HegioKAa0H020 Po3pOONeHHs KOMIIEKCY 3aX0018, 30KpeMd 1l npasosux, 0 GUPIUeHHs
i 3an06ieaHHs COYIATLHO-eKOHOMIUHUX TA eKONO2TUHUX NPOOIeM, SAKI 8Jice ABHO HAMIMUTUCSA, OCKITbKU 8JiCe 8 HAUIOTUNCUOMY
MauOymHbOMY KiTbKIiCMb | NOMYHCHOCE YeHmPI8 00pOOKU OGHUX 3POCHYINb HA NOPAJOK.

KuttouoBi cioBa: xmapmui mexnonoeii, po3sumox xmapHux oouuciens i wimyunozo inmenexmy, LIOJ], coyianvhi npobnemu,
eKOHOMIYHI NpobOeMU, eKONOIYHI NPOOIeMU, MEMOOU GUPILUEHHS.

Chanyshev R. I. Some socio-economic aspects of the use of data centers

The article analyses the problems associated with the development of information technologies — cloud computing and
artificial intelligence systems, which resulted in the mass construction of data processing centres. Such construction has led to
the emergence of a number of socio-economic and environmental problems, such as: the problem with the lack of electricity
for data centres and the uneven distribution of its resources, the problem with the noise created by the cooling systems of data
centres, the problem of exhaustion of water resources required for cooling data centres, etc.

These problems, given their novelty, have not yet found a proper solution and have not been practically investigated in
scientific papers. The analysis of publications related to this topic shows that the main focus of researchers is on the study of the
impact of information and communication technologies on the socio-economic development of society and on the life, education
and social interactions of people. Economic issues are considered in terms of the impact of data centre construction on local
economies and the revenue generation by governments and local authorities from the construction and operation of data cen-
tres. At the same time, the social and economic problems arising from the operation of data centres are not considered enough
because of their recent emergence.

This article discusses the problems of organisation, design and construction of data centres, including legal issues, and
the associated social, economic and environmental problems. If at the time of the emergence of cloud computing technologies
(in fact, since 2012) data centres were located on sites outside major population centres and had no problems with power supply
and heat dissipation from the equipment, then nowadays data centres are built within cities or in close proximity to population
centres. In this case, there are significant problems with power supply and ecology, in some cases leading to redistribution of
capacities in favour of data centres at the expense of infringement of interests of the population. In addition, the rejection of
water cooling of data centres for environmental reasons and the switch to air cooling has created the problem of unbearable
noise emitted by air-cooled data centre systems, which has led to increased social tension and mass protests by local residents.

The problem is aggravated by the fact that, according to analysts, the total number of data centers in the near future may
increase by 2.5 times, which will inevitably lead to a sharp increase in social tension, mass protests and undesirable economic
consequences.

This problem is particularly important due to its worldwide nature, since data centers are being built in all regions of the planet.

1t is noted that the existing difficulties and problems arise due to the fact that local authorities failed to assess the possible
problems with the operation of data centres and issued permits for their construction in order to gain financial benefits for the
economy of the region.

This problem is of an urgent nature and requires measures, including legislative measures, which could resolve the con-
tradiction between the need to build data centres (and additional power plants to supply them, including nuclear power plants)
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and the interests of people living in the immediate vicinity of the data centres. In addition, it is mandatory to take into account
the impact of the consequences of such construction on the environment. There are also known cases of destruction of cultural
and historical heritage during the construction and operation of data centres.

An important point is the issue of security associated with the possible consequences of terrorist actions (cessation of the
functioning of vital information systems, contamination of the territory with toxic and radioactive substances, shutdown of power
supply to the population).

The article emphasises the need to urgently develop a set of measures, including legal ones, to address and prevent
socio-economic and environmental problems.

Key words: cloud technologies, development of cloud computing and artificial intelligence, data centres, social problems,
economic problems, environmental problems, methods of solution.

IMocTanoBka nmpo6aemu. [IpsMuM HACTIIKOM IIHPOKOTO BIPOBA/DKEHHS XMapHHUX TEXHOJIOTiH 1 OyM po3-
BHUTKY CUCTEM INTYYHOTO IHTEJICKTY, 110 PO3MOYaBCS OCTAHHIM 4acOM, CTaJI0 MAacoBe OYIIBHUIITBO LIEHTPIB 00pOOKH
nanux (gani — [{O/]). ko 3a yaciB BAHMKHEHHSI TEXHOJIOT1H XMapHUX 00unCIieHb ((hakTHIHO, TourHao4un 3 2012
poky) LHO/] po3minryBanucst Ha MaifIaHIMKaX 11032 BETMKUMHU HACEIICHUMH ITyHKTaMHU Ta HE MaJI Tpo0ieM 3 eneK-
TPOIOCTAYaHHSM 1 BiJIBEICHHM TeIUIa BiJl 00JIaJHAHHS, TO Ha TenepinHii yac OyniBauiTBo LIO/] BeneThes B Mexkax
MicT abo B Oe3nocepenHiii OMU3BKOCTI BiJ HaceneHuX NMyHKTIB [1, 2]. [Ipu 1poMy BUHUKAIOTH CYTTEBI MPOOIEMH
3 eJIGKTPOIIOCTAYaHHAM Ta ekoJoriero. Kpim Toro, ctaB mpobaemoro 1 mrym, sikuii Bugarots uncienni O/, mo npu-
3BEJIO JI0 3pOCTaHHS COLiaJIbHOI HAIPY>KEHOCTI Ta MACOBUX MPOTECTIB MIiCLIEBUX KUTETIB [3].

Jo Toro x mpoOiieMH 3 eIeKTPOIIOCTaYaHHsIM IIPU3BOAATE JI0 MIEPEPO3MOALTY MOTYKHOCTEH Ha KopucTh LIO]]
3a paxXyHOK OOMEXEHHs IHTepeciB HaceaeHHs [4].

[TpoGnemy mocuittoe Te, Mo B HAHOMMKUiN mepcrnekTuBi KubkicTh 1O/l Moke 3pocTr Ha TopsiIoK [5], mo
HEMUHYYE TIPU3BE/IC JI0 PI3KOTO 3pDOCTaHHS COIIAbHOI HAITPY)KEHOCTI, MACOBHX MPOTECTIB 1 HeOAKAHNX EKOHOMIY-
HUX HACHIJKIB.

Oco6:11B0i BaXKIIMBOCTI IiH Mpobiemi Hanae i BcecBiTHIN xapakTep, ockineku OyniBHunTBO 1[0/l BeneTscs
B YCiX perioHax ruraxeru [6].

3a3HaueHa podieMa Mae HaralnbHUM XapakTep i moTpedye BXKUTTS 3aX0/IiB, 30KpeMa i 3aKOHOJaBIOT0 Xapak-
Tepy, AKI MOIIIM O po3B’si3aTH MPOTUPIUYS MK HeoOXinHicTio OyaiBHuITBAa LIO] (1 1OMATKOBHX €NeKTPOCTaHIIIH
JUIA IXHBOTO €NEKTPOINOCTauYaHHs, 30KpeMa i aTOMHMX) Ta iHTepecaMu JIIofeH, 1110 MEUIKaIoTh y 0e3rnocepeaHii
omu3pkocti Big LIOM. Kpim Toro, 060B’13K0BUM € BpaXyBaHHS BIJIUBY HACJIJIKiB TAKOTr0 Oy[AiBHHUIITBA HA €KOJIOTIIO.

BaxxmuBruM MOMEHTOM € W MUTaHHS OC3MEKH, IOB’s3aHE 3 MOXIJIMBAME HACTiIIKAMH TEPOPUCTHIHUX Mil
(mpunmHEeHHS QYHKIIOHYBAaHHS XKUTTEBO BAKIMBHX iHPOPMAIIIHHUX CHCTEM, 3a0pyIHEHHS TEPUTOPIl TOKCHUYHIMHU
Ta pallioaKTUBHUMH PEIOBUHAMH, BITKIIIOUCHHS SIIEKTPOIIOCTAUYaHHS JAJIsl HACCTICHHS ).

Binomi i BuIaiku 3HAIIEHHS! KYJIBTYPHO-ICTOPUYHOT CTI/IIIMHY 111 9ac OymiBHUITBA Ta ekcrutyatarii LIOJI [7].

AHaJii3 ocTaHHIX Joc/iTKeHb Ta myOmikaniil. AHami3 myOIiKaIlii, MoB’s3aHMX 3 M€K0 TEMOFO, TOKA3YE, 1110
OCHOBHHUH aKIEHT JOCTITHUKHA POONATH HA JAOCHIIKCHH] BIUIMBY iH(OPMAIiHNX 1 KOMYHIKALiHUX TEXHOMNOTIiH
Ha COILlIaJIbHO-EKOHOMIUYHUI PO3BUTOK CYCHIIBLCTBA [§] 1 Ha JKUTTS, OCBITY Ta COIialibHI B3aeMoJil iroaeid. ExoHo-
Mi4HI IPOOIEMH PO3MISAAIOTHCS 3 MOy BIUIMBY Oy/iBHHUIITBA IICHTPIB OOPOOKH JAAaHHX HAa MIiCLIEBY EKOHOMIKY
Ta OTPUMAaHHSA JIOXOly YpsIaMu 1 MiCEBUMH OpraHamu Biaju Bia OyniBHuUTBa Ta excruryatanii LIOJl. Bonnouac
MpoOJEMH COLIIAIbHOTO Ta EKOHOMIYHOTO XapakTepy, 110 BUHMUKAIOTh Mif yac excrutyatamii O/, dbakrtuuno He
PO3MIAJAI0ThCA Yepes Te, 110 BOHW BUHUKIIN TUIBKM OCTAHHIM YaCOM.

L5 Tema, 3Baxkaroun Ha ii HOBU3HY, Il HE 3HAWIIIA CBOTO BiTOOPaXCHHS B HAYKOBHX ITyONiKaIlisIX, a iHpop-
MaIlis i3 3a3HaUeHOT MPOOJIEMATHKH MMPAKTHYHO MTOBHICTIO MAa€ HOBUHHHM XapaKTep Y BUIIAII OIMyOTiIKOBAHUX 3BITiB
PI3HUX aHAMITHYHHUX areHTCTB [9] 1y GopMaTi HayKOBO-TTOMYJISPHUAX CTATEH.

MeToro mi€i cTaTTi € aHai3 MpoOIIeM, OB’ A3aHUX 13 IPUCKOPSHUM PO3BUTKOM XMapHHUX TEXHOJIOTIH 1 cuc-
TEM HITyYHOTO IHTEJIEKTY, IO CYIIPOBOKYETHCSI MACOBUM OY/IiBHUIITBOM LIEHTPIB OOPOOJICHHS TaHUX, SKE, CBOEIO
Yeprolo, MPHU3BEIIO0 10 BUHUKHEHHS Hemepe0auyBaHuX MPOoOIeM COIiaIbHOTO Ta EKOHOMIYHOTO XapaKTepy.

Buxknax ocHoBHOro MatepiaJy. I[loBcionHe BIpOBaPKeHHSI XMapHUX TEXHOJIOTIH 1 IIBUAKUI PO3BUTOK CHC-
TEM IITYYHOTO 1HTEJIEKTY MPU3BEJIO IO MACOBOTO OYy/IIBHUIITBA IIEHTPiB 00POOKHU JaHUX IO BCHOMY CBITY. 3a JaHUMU
MDKXHApOJHOT KoHCcanTUHroBoi kommnanii JLL, monut Ha nociyru LIO/] nepeOyBae Ha peKOpAHO BUCOKOMY piBHI. 3a
cnoBamu Kapia bitca (Karl Beets), crapmoro menemkepa kommnanii JLL, «po3BUTOK LEHTPiB 00pOOIeHHS TaHUX
MOLTHPIOBATHMETHCS CKPIi3b, I € JOCTAaTHRO €HEprii Ta JOCTYIMHOI 3eMiIi» 3a CIIOBaMH KepiBHHKA HAIliOHAIBHIX
neHTpiB 00poOku ganux y JLL Ipii Benamakansi (Priya Velamakanni), «Opak BiJIbHOT 3¢MJTi IPU3BIB JI0 CTBOPCHHS
0ararormoBepXOBUX IIEHTPIB 00POOKH maHux» [10].

B inmromy 3BiTi JLL HaBogsThCs citoBa npenctaBHuka JLL B Chicago 3 mutanb OpOKepChKHX MOCIYT y cdepi
neHTpiB 00pooku nannx, Exmi Keenrpoca (Andy Cvengros): «Ilomurt, sik 1 paHilre, nepedyBae Ha pEKOPIHO BHCO-
KoMy piBHi, a 3poctanHs L{OJl mBHIAKO PO3MIMPIOETHCS 3 OCHOBHUX PHUHKIB Yy TOIIYKAX MOTYKHOCTI... BOAHOYAC
OisbIIIa YacTHHA MOTY>KHOCTEH, 110 BBOJISATHCS B eKcIutyarallito y 2023 poiii, BXKe 37[aHa B TIONIEPEIHIO OPEHIY ».

Kpim toro, motysxHicTh, cioxkuBana Bcima [1O]] y CIIA, Bxe nepesuiye 5,3 I'BT, 1o noctatHbo 11st 3a6e3-
TIEYCHHS JICKTPOCHEPTIEI0 BCIX )KUTIOBUX OYIUHKIB y paioHi CaH-DpaHIMCKO POTATOM OJHOTO poky. [Ipu mibomy
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y 3BiTI KOHCANTHHTOBOI koMmmaHii Newmark, maeTbcs MPOTHO3, IO 10 KIiHIS JECATHIIITTS €HEProClOKUBAHHS
ueHTpiB 00podku nanux y CIIA nocsarae 35 I'Bt. Bucoki remnu OyaiBaunrsa L{O/] Bxxe npussenu 1o aedinury
B CHIA enexrporeneparopis, Tpanc(hopMaTropiB Ta 1HIIOTO €IeKTPoOOIaIHAHHS, 10 MO3HAYMIIOCS HA BapTOCTI
OyniBauuTBa [11].

Hepmri O/l mepeBaskHO OymyBaiy Ha BUTPHHX MaiJIaHUYMKaX OCTOPOHB BiJl BEMHKHX HACEICHHUX ITYHKTIB,
y MicIsIxX, e He Oyio mpoOiieM 3 eNeKTPOIIOCTauyaHHsIM, BOJAOIO Ta BiBECHHSIM TeIlIa, Y palloHaX 13 MepeBaskHO
XOJIOJHUM KitiMaToM. AkTuBHE OyaiBHUITBO L{O/1, Hanpukita, Benocs B [ciianaii, eHepreTHyHa clucTeMa SKOi BUKO-
pucToBy€e reorepmaibHi exekrpoctaniii i [EC 1 BBakaeThbes Jpyroro y CBiTi 32 HAAIMHICTIO, IPH IIBOMY 1 BapTICTh
esekTpoeHeprii eHeprii HeBucoka. [1ik OymiBaunTBa LIO/] B Icmanaii npunas Ha kiHens 2010-x [12].

[Micns mowarky nangemii COVID-19 i moBcrogHOTO Tiepexoy Ha BijialieHi MeToaud poOOTH 1 HaBYaHHS,
XMapHi TeXHOJIOTIi cTanyu Habarato aKTUBHINIC BUKOPUCTOBYBATHCS SIK KOMIIAHISIMH, TaK i MPUBATHUMH KOPHUCTY-
Badamu. [licis 3aKkiHYeHHS NaHAeMiil TimoB OyM BUKOPHCTAHHS CHCTEM IITYYHOTO 1HTEJIEKTY. YCe 11e MPU3BeIo 10
Toro, 1o OyaiBHUITBO HOBUX LIO]] moyanocs ckpisb, e MOKHA OyJI0 OTpUMATH JI03B1J Y MiCLI€BO1 BIIa/IH.

IIpo6nema OyniBaunTBa HOoBUX IO/l mocumtoeTbesa TUM, IO OyAyBaTd iX MOXKHA TIJIbKM B THX MICLAX, 1€
€ BIIIIOBITHI JIiHIT 3B 513Ky, IiIKITFOUEH] 10 MaricTpainbHux Mepex [nTeprer (Internet backbone). [1pu pomy Bipait
Oaxcana ¢izuuna Onu3pKicTs LIOJ] 1o Micupb po3TanryBaHHS OCHOBHOT KUTBKOCTI CIIOXKHBAUIB iXHIX MTOCTYT (OCKITBKU
IIBUKICTD TIepeIaBaHHs JAHUX JIIHISIMHA 3B’ SI3Ky 00Me)keHa, a BEJTUKI 3aTPUMKHU MK HaJICHIIAHHSM 3aIUTy H OTpH-
MaHHSM BIJIIIOBIJII BiJl cepBepa HEMPUIHSITHI JJIs1 KOPHCTYBadiB).

bpax BinmoBijmHuX MainaHuukiB s OyxnisaunTBa 11O/l pu3BOIUTE 10 HenependadeHuX COIliaTbHUX KOH-
¢umikriB. Tak, mij yac OyniBauITBa HOBoro LIOJ] Microsoft B okpy3i MekienOepr y mtari Bipkusist i gac mija-
TOTOBKH Oy/IiBEIFHOTO MaiilaHunKa Oy/no BUSBICHO CTapHil IBUHTAp, HA SIKOMY OyJM IMOXOBaHi apoaMeprKaHIi,
MICJIS YOTO BIIa/ia OKPYTY 3BEPHYJIACS 3a KOHCYJBTAIIEIO 10 apXEOJIOTiB.

[Ticist mpoBeneHOro TOCIiPKEHHS apXEOJIOTH NI BUCHOBKY, 1110 MiCIIe TOXOBAHHS Ma€ OyTH 3aHECEHO J10
HarionanbpHOTO peecTpy iCTOpUYHUX Miclib, @ OyAIBHUIITBO Ha IbOMY MaiiiaHuuKy Mae OyTH 3a00poHeHo. OnHak
JenapraMeHT iCTOPUYHUX PECYPCiB IITATy YXBAJIHMB PIllICHH, 32 SIKUM TIOXOBaHHS MalOTh OyTH ITEPEHECCHI B iHIIIE
Miciie, a OyIiBHUIITBO MTPOJIOBIKEHO [7].

SIk yke 3ramyBainocs BHIIE, odanocs OymiBHHIOTBO OaratonoBepxoBux 1[O/l, BiTHOCHO HEBENHKI LECHTPH
0OpOOKH JTaHWUX CTaJM PO3MIIIYBAaTH BCEpEIMHI Oy/iBeNb y IEHTpalbHIM YacTuHI MicT. Hampukian, BelMkuin
O/ CoreSite LA1 po3ramoanuii y camomy 1ieHTpi Jloc-Anmkeneca [1], a IO/l DataBank LGA1 po3ramoBy-
€Thes B XMapouoci mayntayna Hero-Fopka [2]. Take posmimenss LIOJ], KpiM ychOro iHIIOTO, a€ 3MOTY CKOPO-
TUTH BUTPATH Ha MPOKIIAJICHHS JIiHIN 3B’ A3KY Ta €NEKTPOTNIOCTAUYaHHsI Y 3B’ 53Ky 3 BEJIMKOKO MIUIBHICTIO HACCIICHHSL.
VY SnoHii, 1e MiTpHICTh HACENEHHs TyXKe BUCOKA, Ie MPHU3BEIIO JI0 TOTO, IO OUIBbIIE MOJOBUHHU BCIX SMOHCHKUX
HO/] po3zramosano B Tokio.

3a nanumu Synergy Research Group, no xinng 2026 poky B excrutyaranii oyae ommssko 1200 O/, 3 Hux
53% O/ posramoani B CIIA, npubnuzno 16% O/ po3ramosani B €Bpori, 11% —y kpainax Aziatcpko-Tuxo-
okeancbkoro periony (APAC), 15% —y Kurai, i Tinbku 5% — y perTi cBity.

OnHiil TUTBKH BEHUKIH TPIiIi XMapHUX MPOBaiIepiB (171 TO3HAYCHHS TAKUX KOMITAHIi 3a3BHYail BAKOPHCTO-
BYETBCSI TEPMIH «Timepckeinepu», Bin «hyperscaler») — kommnanisim Amazon, Google 1 Microsoft HanexuTh oHaa
400 Bemukux LTO/I.

3 iHmoro OOKy, OpHTaHChKa arcHIlis HepyxoMocTi Savills, IpyHTyrOUHCh Ha JaHHX, OIMyOJIIKOBaHUX
TeleGeography, 3a3Hauae, o 3a ii OI[IHKAMH, TUIBKH B €BPOII JIJISl 33JIOBOJICHHS 3pOCTA0YOT0 TIOIUTY KiJIbKICTh
LEHTPiB 00OpOOKY TaHUX Ma€ 30UTBIIUTHCS Maike B 2,5 pa3u 3a paxyHok OyxiBaunTBa monax 3000 Houx IO [13].
[Ipu boMy icTOTHUM (DAKTOPOM CTa€E MOXKIUBICTH MiAKIF0ueHHS HOBUX 11O/ 10 HassBHUX JIiHIH 3B’ SI3KY. Y IESKUX
BHITAJIKaX TaKa MOXJIMBICTh Ma€ OUIBIIMNA NPIOPUTET, HIXK BAPTICTh OPSH/IU 3eMJTi Ta BaPTICTh €IIEKTPOSHEPTii.

Aute Bce 5K OCHOBHORO Ipo0IieMoro, 1oB’s3aHoto 3 [1O/1, € mpobiiema HecTadi eneKTpoeHeprii. ByiBHUIITBO HOBHX
HO/I crpumyeThest edilMToM SISKTPOSHEPTii Ta BiITOBITHAM 3pOCTaHHAM IiH Ha Hei. Tak, BapTIiCTh eJeKTpOeHeprii
B CiHramypi BuIIla BIETBEPO MOPIBHSHO 3 1i BapTicTio B Unkaro, ae 1ediryTy eneKTpoeHeprii HOKH 1o HeMae [14].

3a ocranHii yac notyxHicTh Benukux IO/ 36iumpmmmtacs Big 30 MBT 1o 60-90 MBT, i B nepcniekTrBi BoHa Oyzie
tinbku 3poctaty. OxHi Timbku L1O/] komnawnii Apple y 2023 poui Butparumm nonan 2,3 TW-h enexrpoeneprii, a cymapHa
notyxHicth LIO/] komnanii Microsoft nepeBurimia noTy>kKHiCTh, CIOKUBaHY TAKOKO KpaiHoro, sik [Topryrais.

s npobrema Mae cUCTEMHHMI XapakTep 1 € CHiIbHOK 1S BCiX perioHiB posmimienHs L{OJ] — 1 B CILIA,
i B €Bporii, i B A3ii. Kpim Toro, mpobiema mocuiIroeThes TUM, IO B 0araTbox KpaiHax 3aKOHOJaBCTBO BUMArae repe-
XOJy BLJI TPAJAUIIHUX CIIOCOOIB BUPOOHUIITBA EIEKTPOCHEPTIi O BUKOPHUCTAHHS IIOHOBITIOBAHUX JKEPEI CHEpril.

Hampwuxnax, B €Bpori gie cuctemMa TOPTiBIi KBOTaMH Ha BHKHIN mapHukoBux rasiB (EU ETS), mo npuzo-
JIITH JIO HEOOX1THOCTI BXKHTTS 3aXO0/IiB III0JI0 3HIKEHHS BUKUIIB BYIJICIIO B atMocdepy i gac excruryararii LIO/I.

[ToniGHi cutyarii MOXXYTh HETaTHBHO BIUIMHYTH Ha MOJJIMBICTH BUKOPHCTAHHS B MOBHOMY 00Cs31 CHCTEM
HITYYHOTO 1HTEJIEKTY B OKPEMHX PETiOHaxX CBITY, 3 AOCOIIOTHO Henepe10aqyBaHUMH CHOTOIHI COIIaJIbHO-C€KOHOMIU-
HuMU Hacinkamu. Tak, Pene Xaac, reaepanbuuii nupekrop kommnanii ARM, 3asBus, mo Bxe y 2030 poui B CILIA
JUIs 320€3MedeHHsT pOOOTH CHCTEM IITYYHOTO iHTENEKTY MOXe 3HamoOuTHcsa 10 25% Bei€l eNeKTpoeHeprii, 1o
reHepyeTbes B kpaini [15].
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IIpu oMy poOIATHCSA CIPOOM BUKOPUCTOBYBATH IITYYHMN 1HTENEKT JUIS ONTHMI3allii €HEpProBUTpaT Ha
3a0e3mnedeHHs poOOTH CUCTEM LITYYHOT'O iHTENIEKTY IUIIXOM HOTo BIPOBAIKEHHS B MEXaHI3MHU KOHTPOJIIO 33 CHEp-
rocrnoxuBaHHsAM. Ha xanb, 11e He JacTh 3MOTH BUPILIYBaTH MPOOIeMy MOBHICTIO.

Hedimut enekrpoeHeprii Moxke NPU3BECTH 0 3POCTaHHS COLIaJIbHOI HAMPYKEHOCTI B CycHiibCTBi. Tak,
y Bemukiit bpuranii, ne HallOmmKkInM 9acoM TuIaHyeTbest OyniBHUNTBO Omu3pko 300 moBux 1O/l y 2022 poumi
BHOYXHYB CKaHIAN ICISI TOTO, SIK 3’sICYBaJloCs, IO OyHiBHUITBO XHTIA B 3axigHoMmy JIOHIOHI MpPU3YIMUHEHO,
OCKIIBKH BCS JIOCTYITHA HAa MICIICBUX €JIEKTPOIIACTAHIIISAX MOTYXKHICTh OyJ1a 3ape3zepoBana juts LIO/].

Anminicrpartis Benmkoro Jlonnmona (GLA) nonepeuiia 3a0y0BHUKIB PO Te, M0 peai3ailis HOBUX MPOEK-
TiB Oy/IiBHHIITBA )KUTJIOBHX OYIMHKIB MOXe OyTH npuninHeHa 10 2035 poKy, OCKIIbKH 3Ha 100U ThCs Oinbiie Hixk 10
POKIB JUIst TOTO, I0O 30UTBIIUTH TIOTYKHOCTI MICIIEBUX €IIEKTPOMEpEX, aJike Tilbku oauH [1O]] cioxknBae CTiUIbKH
K eNIEKTPOEHEPTii, CKIJIbKU MOXKE CIIOKUBATH KiJIbKA TUCSAY KUTIOBUX OYTUHKIB.

[Ipobnema nossirae B ToMy, 110 IeH paiioH BUSABUBCS Ay’Ke NpUBaOIUBUM JUTd OyaiBHUIITBA HOBUX L1O/] uepes
PO3BUHEHY 1H(PACTPYKTYPY BOJIOKOHHO-ONTHYHUX JIiHIN 3B’SI3KY, 1II0 BXKE iICHYE B HhOMY [4].

Sk ofuH 13 BapiaHTIB PO3B’sI3aHHS MPOOJIEMH EIEKTPOIIOCTAYaHHs PO3MISIAIOTH BapiaHT BUKOPUCTAHHS MaJIUX
MOJYIBHUX sZiepHUX peakTopiB (SMR), 110 po3Mirryrorbes B 6e3mnocepenHii 6iamu3bkocti Bin Maiiaanunkis LIO/L.

MonynbHi peakTOpy pO3NIAAIOTECS SIK ISMICBIIa, KOMITAKTHIIIA i ITBHIKO BIPOBADKyBaHa allbTCPHATHBA Tpa-
munidanM AEC. SMR Ha miBHIKUX HEHTPOHAX MAFOTh OTYKHICTB /10 15 MBT KoskeH 1 31aTHi niparroBath 10 10 pokiB
0e3 mepe3apsaky, 1o AacTh 3Mory L1O/] npariroBary 63 miIKITFOYeHHS IO MaricTpajibHUX elleKTpoMepex [16].

Kpim Toro, moiOHi pillleHHs IPOCYBAIOTHCS SIK «CKOJIOTIYHI», OCKUILKH CIIPHUSIOTh 3HUKCHHIO BUKHIIB BYT-
JIe1ro B atMocdepy.

Taki TyMKH BHAAIOTHCS BEIBMU CYMHIBHUMH, OCKITbKH SMR renepyrots y cepenapomy B 35 pasiB Oibiie
palioaKTUBHUX BIXOJIB, HIX BEJIHKI aTOMHI elneKkTpocTaHIii. [Ipu mboMy aToMHa eHepris He € BiTHOBIIOBAHOIO.

Bukopucranus SMR moxe Bupimutu npobdiaeMy 3 enekrponoctadanusiM 1O/, ane npu nboMy 3’ IBISIOTbCS
3HA4YHI PU3UKH, MOB’A3aHi 3 MpoOJIeMoro 3a0e3nedeHHs] Oe3MeKH TaKuX sAepHUX peakTopiB. [lo Toro x macose
OyaiBHHLTBO SMR Maibke HeMHHYyuYe MOXKE TIPU3BECTHU 10 MACOBHUX MPOTECTIB MICIIEBOIO HACEICHHSI.

Tum He MeH1, koprnopauis Microsoft mnanye BukopuctoByBatd SMR 111 3a0€31e4eHHs eeKTPOSHEPrieto
coix LIO/ [17].

OCKUTbKH TpOManCchka TyMKa Ticis Hu3ku karactpod 3 AEC 3me0inpmoro HamamrToBaHa MPOTH BUKOPH-
CTaHHS aTOMHUX EJICKTPOCTAHIIIHA, OCOOIUBO THX, IO PO3TAIIOBaHI B Oe3MOcepeHiil OIM3BKOCTI — KOPIIOpallis
Microsoft mpomoBKye cripoOy CTBOPEHHS AJIETCPHATUBHUX CUCTEM €JIEKTPONIOCTAYaHHS.

Kommnanist Google nms enexrponocradanns aBox cBoix LIOJl y Hesanui, 6inst mict Jlac-Berac i Pino, Bukopuc-
TOBYBaJIa 1HIITY «3eJIeHY» TEXHOIOTII0 — JaTa EHTP OTPUMYE EICKTPOCHEPTII0 BiJ Te0TepMalbHOI eNeKTPOCTaH-
uii motyxHictio 3,5 MBT. Boza B 1iif 3aMKHYTiif cHCTEMi BUKOPHCTOBYETHCSI TIOBTOPHO, 10 OCOOIMBO BAXKIUBO
B HamiBnycTenbHil HeBani [18].

Kpim HecTaui enextpoeneprii, cyuacti LIO/] 3itkaynucs 3 npobnemoro oxonomkeHHs. [licist mouarky maco-
Boro OymiBauITBa [{O]J] y KpaiHax i3 TEIUIMM 1 CHEKOTHUM KJIIMaroM muTaHHs «SIk 1 yum oxonmomkysaru LTO?7»
OYiKYBAaHO CTAJIO BeNbMHE akTyalnbHuM. Tak, 10 nmumast 2022 poxy, B tormoncskomy LIOJ] Google uepe3 anomManbpHO
BHCOKY crieky (+40°C) craBes 301 y cHCcTeMi OXOJIO/DKEHHS. Y pe3yJibTari 3ylTHHKH cepBepiB Jeski cepicu Google
CTaJIM TUMYACOBO HEJOCTYIIHI Il KopucTyBadiB. KpiMm Toro, ananoriuni npooiemMu BuHUKIH 1 B [1O]] kommaHin
Oracle i Amazon.

CriBpoOiTHuKH 1tuX [[O]J] Oyin 3MyIIeHi BKUTH TSPMIHOBUX 3aXO[iB, IMOJUBAIOYHM BOJOIO 31 IITAHTIB BCTa-
HOBJICHI HA JaxXy 30BHIIITHI MOAYJi CHCTEM KOHIHUIIOHYBaHHS [19].

EdexruBnae oxonomxkenns oonaananus 11O/l MokHa 3a0e31meunTH pu BUKOPUCTAHHI CHCTEM BOJISIHOTO OXO-
nomxkeHHs. OfHAK y IbOMY BHIIAJIKy KOMIIaHIii CTHKAIOThCA 3 MPoOIeMoro HecTadi npicHoi Boau. Kpim Toro, Bosa,
BHUKOpHUCTaHa aiisi oxonomkeHHs L{O/l, 3a0pyaHIOeThCS XIMIYHUMUA PEYOBUHAMH (/17151 3a00iraHHsl MOSIBH BaIlHsI-
HOT'O HAJILOTY JI0 BOJU JIJIs1 OXOJIOKEHHSA I0AI0ThCs ClelialbHi XiMiuHI pe4OBUHH, O€3 BUIAJIEHHS SIKUX BOJA CTa€
HENPUIATHOIO AK JUIs TOBTOPHOTO OXOJIOMKEHHS, TaK 1 JIIsi BAKOPUCTAHHS B SIKOCTI MUTHOT). CKUIaHHA TaKoi BOAU
B IPUPOJIHI BOXOHMH IPU3BOAUTH 10 3HAYHOTO 3a0pyIHEHHS HABKOJIHUITHHOTO CEPEIOBHIIIA.

IIpoGnemy noruOItoe To# (hakT, 1110 HassBHA THPPACTPYKTYpa MICT He MPU3HAYCHA TS TIepepOOICHHS BEJIU-
KOT KIJIBKOCTI CTOKIB, 1110 HaaxoAsaTh Bif 11O/] i3 BOASHIUM OXOJIOIKEHHSIM.

VY pamkax cymoBoro nporecy 2022 poky mixk razeroro The Oregonian i BiaJior0 aMmepukaHcbkoro micta Jlai-
naca (mrrar OperoH), Oyi0 BUSIBIIEHO i ONPHITIONHEHO (akT Toro, mo Brponosx 2021 poky IO/l xommanii Google
y Janaci ButparuB npubimzHO 1,2 MIp JiTPiB MATHOT BOJAM, IO CTAHOBHUTH TIOHAT 29% yCi€i BOJHM, BUKOPUCTAHOT
B MicTi 3 HaceneHHsM y 14 583 ocobu. 3a nanumu The Oregonian, cioxuBanus Boau LIOJ] Google y Jlannaci maiixe
MOTPOINIOCS 3a OCTaHHI IT’SITh POKIB 1 3pocTaTuMe Hajaui, ockinbku Google mnanye 30ymayBatu B micTi me asa LIO/.

IIpu npoMy HEOOXiHO BpaxoByBaTH, 110 MicTo Jlanmac po3ramioBaHe B MOCcynuiMBoMy perioni (1856 poky
MicTo OyII0 IepeHeceHo OUTBII Hi’K Ha MIJTIO Ha TIBJIEHb Yyepe3 Opak Boan). Y 3B 43Ky 3 IUM BUKOHABYUH AUPEKTOP
HeKkoMepIiHo1 nmpaBo3axucHoi rpynu WaterWatch JIxxon [IeBoy (John DeVoe) 3asBuB, 1110 3017bIICHHS CITOXKH-
BanHs 11O/ Boxu BABIYi a00 BTPpUYI BIPOJOBK HACTYIMHOTO JSCATHIIITTS MOXKE TPU3BECTH J0 OOMUTIHHS MICICBOT
piUKH Ta 3aruben ¢ayHH, sKa MEIIKae B il pidmi. 31 cBoro 00Ky, koMiaHis Google ykiana KOHTPAKT i3 BIIA00
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MICTa, 3a SIKUM KOMIIaHisi 3000B’s13yeThes BUAUATH $28,5 MIH Ha MOIEpHI3aIlif0 CHCTEM MOCTaYaHHs BOJM (3aB-
JIIKA BUKOPUCTAHHIO IMiJIBOJTHUX JIXKEPEN BOJH).

IIpu upoMy crmig 3a3Ha4MTH, O BULIEONUCAHUN (akT Oysl0 BUSBIECHO BUIAIKOBO, OCKUJIBKH TEXHOJOTIYHI
KOMIIaHi1 TOCUTh HEOXoue NUIAThes Takoro iHdopMmartiero. Uptime Institute, 110 3aiiMaeTbest cepTudikaliero ramyse-
BOTO PIiBHS B TaTy3sX IPOEKTYBAHHS, OyIIBHHUIITBA Ta CKCILTyaTallii IEHTPiB 00pOOIEHHS TaHUX, IIPOBIB BiIMOBIIHE
JOCIIDKEHHS, BHACTIIOK SIKOTO 3’SICYBAJIOCS, IO TiIBKH MOJOBHHA KOMITaHIH ITOBIIOMIISIE TIPO OOCATH BUKOPUCTA-
HOT Boziy 200 MPO BUKUM BYIIIEKUCIIOTO Ta3y mix yac podotu LIO/] [20].

[TpakTryHO B Takiii camiii cuTyallii onmuHMIAcs 1 KoMiaHis Microsoft, ko 3’sicyBanocs, mo tpu O] i3
IT’SITH 3aIJTAaHOBaHUX JI0 TOOYI0BU B MicTi DiHike (mITar Apu30Ha), BUKOPUCTOBYIOTh BOISIHE OXOIOMKeHHS. [Ipu
[IOMY TOTY>KHOCT1 YCTaHOBOK 3 IMEepepOoOKH CTIYHUX BOJI Y IIbOMY MiCHKOMY arjioMepari 3 HaceleHHsM B 1,6 Mijib-
fioHa oci0 (Ha JBa MOPSAKK OUTBIIOMY, HIJK HAaceNIeHHsI 3ralaHoro Buie Jlamiacy) BUSBUIIOCS SIBHO HEIOCTATHBO.

3’scyBanocs, mo Microsoft He BKHIIa JOCTATHIX 3aXOAIB /YIS 3HWKEHHS 00CATY PO3UMHEHUX Yy Lilf BOAL XiMiu-
HUX PEUOBUH, HE CTBOPUJIA CHCTEMY KOHTPOJIIO SIKOCTI CKU/IB 1 He Iepeadaunia MicIist Juist 30epiraHHs BiIXOAIB.

Slk xomrieHcaliro kommanist Microsoft moo6itsuia Mickkii Biaai Bugmtu 40 MITH J10JIapiB HA PEKOHCTPYK-
Li}0 OYUCHUX CIOPYA MiCTa 1 HE BUKOPUCTOBYBATH BOJASHE OXOJOKEHHS JUIsl ABOX HOBUX cropymkyBaHux LIO/.
VY pamkax yrogu Microsoft 3000B’s13a1acst 3aBepIINTH PEKOHCTPYKIIO 10 KiHs ceprast 2024 poky, a B pasi nepe-
HECEHHs TePMiHIB Ha IMI3HIIHK 9ac — 30epiraT cTiuHi Boau B eMHOCTIX Ha TepuTopii LIO. ITpu nbomy HoBi LIO/]
BHKOPHCTOBYBATUMYTh MOBITPSHE OXOJIOKEHHSI.

Sk Oyno 3ramano Buiie, Microsoft 3000B’s13a1acsi BAKOPUCTOBYBATH MOBITPSHE OXOJIO/PKEHHSI 3aMICTh BOJIS-
HOTO. JIJIs1 TOBITPSIHOTO OXOJIO/KCHHS BUKOPHUCTOBYETHCS BEJIMKA KUIbKICTh BEHTHJIATOPIB, 3a3BHYAil PO3MIIIIEHUX
Ha naxax Oynisens LIOJl. Ane, sik BUSBHIIOCS, 1 TIOBITPSIHE OXOJIOKEHHS HE TIAHAIes, OCKUIBKH CTBOPIOE 11 O1IbIIIe
npo0ieM, yKe He eKOHOMIYHOTO, a COIIaIbHOTO XapaKTepy.

binsme tpetunu LIO/[ y CIIA posramosani B ogHomy mrati — IliBnivniit Bipmpkunii. O y npoMy mrTati
6inbie, Hix y €Bporni Ta Kutai. Taka konnentparis LIOJ] B onHOMY IITaTi MOB’3aHa 3 0COOIMBOCTIAMHU 3aKOHO-
JIaBCTBA WITATY, 10 HAJAI0Th 3HAYHI TIOJIaTKOBI Tijsru BuacHukam [[O/].

HecnoniBanum nHacnigkom Taxoi koHueHTpauii LIO/l B oOMexxeHOMY perioHi cTanu cowiaibHi NpodaeMu —
JOMOBJIACHHKH 1 TPOMaJICHKi akTuBicTH OKpyTY [Ipinc-BimbsiM (Prince William County) B [1iBaiusiii Bipmxusii (CLLLA)
CTaJIH TOIaBaTH MaCOBI CKapTy Ha «KaTacTpo(iuHmiiy 1rym, mo BuaaeThes MicrieBumu L{O]1, siki Hasiexarh KOMIIaHii
Amazon. [Tpuyomy BHOYI IITyM TiTBKH TIOCHITIOBABCSI, JIOCSTAIOUM PiBHA B 65 1b. 3a clloBaMU aKTHBICTIB, Oe3mepepB-
HUI yM OyB CIIPHYMHEHHH ITLTO000BOI0 POOOTOIO CHCTEM IMOBITPSIHOTO OXoJiomkeHHs Ha naxax LIOJ1, momo ycy-
HEHHS SIKOTO HE BXKHMBAIOTh KOHHUX 3aX0/liB. BotHOUAC MiCIIeBI KHTEII CKapyKaThCsl HA IIIyM, 110 HE JIa€ MOXKIIMBOCTI
3aCHYTH Ta Ha MPOOJIEMH, 110 BUHUKIIM HE TIIBKY 3 IXHIM 30pOB’sIM, a 1 31 370pOB’SIM TOMAIITHIX TBAPHUH.

JKutensM moBenocst 3ByKOi30JII0BaTH OyIMHKH, a A€SKi 3 HUX IOYaln IUIaHyBaTu nepeisn. Jlo KiHnsg TpaBHS
HaMIsA0Ba Paja OKPYTy 3B’s3ajacs 3 KepPIBHUITBOM Amazon, ajie B MiICYMKY IEPErOBOPH 3a Y4aCTIO EKCIIEPTiB
3 000X CTOPIH PO3TATHYJIMCA OUIBII HIX Ha PIK.

ITicas tpuBanux nportectiB skurteniB [liBHiyHOI Bipmkunii komnaniss Amazon Oyna 3MylieHa po3poOuTH
3aXO0[IH IIO/I0 3HIKCHHS IIIyMY BiJl CHCTEM BEHTHILAMIT. POOOTH 3 MOnepHi3amii 00maqHaHHsI 3aiHSUIH YOTUPH MICSIII,
1 obikrcs kommnanii B 30 MutH onapis. [Tpu oMy MicCIIEBI )KHTENI MPOAOBKYIOTh CKAPKUTHUCS HA HEMPUEMHHN
BHCK, 1110 BUXOJNUTH 3 BEHTHJISIIIMHUX MPOPI3iB Ha cTiHaxX OymiBelb. [21].

Amnasoriuni ckapra B Apu3oHi 2018 poky mpu3BeNd JI0 pillIeHHs MICIIEBOI BlIaJiu 3a00pOHHUTH Oy/[IBHUIITBO
HoBuX 11O/l y mpomy mrari [3].

3 omIsAMy Ha CTYMiHB BKIIMBOCTI MpobiIeMu, KoMmmaHist Microsoft mpoBesna excriepuMenT i3 po3MitneHns LO/]
Ha JtHI Mopst (T.3. Microsoft Project Natick).

Taki TexHOMOr{ TIepedauaroTh PO3MIIIEHHS CEPBEPIB yCepeTuHI IUIIHPUIHOTO BOJOHETIPOHUKHOTO KO-
Iycy, 10 SIKOTo 3 Oepera MiABOAAThCS KaOell 3B°sI3Ky Ta eJIeKTPOXKUBICHHS. OXOI0IKEHHs KOPITyCy 1 CEpBepiB, 110
3HAXOIATHCS B HOMY, 3/11HCHIOETHCS HUISIXOM MPUPOIHOT HUPKYIIALIT MOPCHKOi BOAM HABKOJIO KOPITYCY MiABOAHOTO
HO/J (mani — ITHO/). ¥ pasi HeoOxigHOCTI 00ciyroByBaHHsa abo peMoHTY cepBepiB kopryc [TLO/] migniMaeTbes
HAa IMOBEPXHIO 32 JOIIOMOTOI0 CIEHIaNbHOTO Cy/IHA.

VY mosicHeHHi 10 3aBaHb MpoekTy Microsoft 3a3Havae, 1o Oiblie TOJOBUHM HACEICHHS CBITY KHBE Bill-
HOCHO HEJIAJIEKO BiJl MOPCHKOTO y30epeskksi, 0 AacTh 3Mory nepeaasaty nani Bijx [I1O/] 1o criokuBadiB i3 BHCO-
KOO MBUAKICTIO. [IpH 1IbOMYy OJHOYACHO BHPIIIYIOTHCS MPOOJIEMH 3 PO3MIIICHHSAM, OXOJOMKCHHSM 1 IIIyMOM,
a poOieMa 3 eJIEKTPOIIOCTaYaHHAM MOXKe OyTH BHpIIICHA 33 JOMIOMOTO0 MPHJIMBHUX €JIEKTPOCTaHIIH ab0 1HITIX
JOKepell BIIHOBITIOBaHOT eHeprii [22].

Excniepument Microsoft Project Natick BusBuBcs BramumM, yxe B 2023 poky kuraiicbka koMmmnanis Highlander
noOyayBana nepimit nosHorinauH 1{O/], moBHicTIO po3MitieHuii Ha qHi Mopst [23].

OpHaK 3aJIMIIA€THCS HE3PO3yMUIHUM, sK migBoAHi IO/ BIimBaTUMyYTh Ha eKoJorito, skuio takux L{O/] Oyne
1mo0OyoBaHo Oararo. [IOBHOILIHHUX JOCIIJDKEHB Ha IO TeMY IIie He nmpoBoAmin, ockutbku [TIO/] moiiHo 3’ sBuiucs
1, pakTHYHO, BCE I € eKCIICPUMEHTAIBHIMHI PO3POOKAMHU.

Kpim Toro, icaye BapianT OymiBHuITBa IaBatounx 1Ol (oOmagHaHHS SKHX PO3MIIIYETHCS HA CIICIiaib-
HUX Oapxkax, po3TamoBaHuX 0Tt Oepera mopst). [lmaydi, sk i migBoxaHi, [1OJ] 1ocuTh MOOLUTBHI, IO Ja€ 3MOTY
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PO3TOPHYTH 1X y OyAb-sIKill TOUIIl CBITY, I¢ € He0OXiHa 1H(PACTPYKTypa (EIEKTPOIIOCTAUaHHS Ta MiJBOAHI Kabei
3B’s13Ky). [1matuTu 3a KymiBimo abo opeH Ity 3emJIi (a 1ie Ty’Ke BeJIrKa CTaTTs BUTPaT) IpHU IIbOMY TEX He MOTPiOHO.

VY xBitHi 2012 poky kommanis Nautilus Data Technologies BBena B eKCILTyaTaIlito CBiil MepIINiA TUIABAIOYHI
Haaoauui 11O/] (mani — HIIO/I) mix Ha3Boro «Stockton 1» B mopty CtokToH (1mitat KamidopHis), po3ranioBaHoMy
Ha piumi Can-Xoakin. Oxonomkerns HIIO/] 311 CHIOETBCS pIYKOBOIO BOJIOHO, 110 3aKaYYEThCS TPSMO 3 piuku. [Ipo
Te, KYJI! CKHJIAIOThCSI CTOKH, HE IMTOBIIOMIIIETHCS [24].

IcnyroTh 1 OibII ek30THYHI MpoekTH po3MimenHs 11O/ — nanpuknazn, npoextu po3minienns 11O/ na op0i-
TaJbHUX KOCMIYHUX CTAHIISIX.

Crnouarky posmintyBaru HeBeiuki LIO[l y kocMmoci 30upaiiucs [Jis ONepaTiBHOTO ONMpPALOBaHHS JaHUX, L0
HAJXOAATH 13 KOCMIYHUX anapariB. OnHak y 3B’ 3Ky 31 3pocTanHsM kinpkocti LIOJ y cBiTi Ta €Bpormi, B €Bporneii-
cpkomy CoOr031 33 TyMaJTUCsI PO MPHHIIAIIOBY MOXKITUBICTb 1 TOIUIBHICTH cTBOpeHHs [1O/], po3MilieHnX Ha HABKO-
no3eMHii op6iTi (mam — OLIO/T). Ouikyerbes, 1o po3mitieHHs [IO] Ha opOiTi 1acTh 3MOTY 3MEHIIIMTH BYIVICIICBI
BHKH/IH, OCKUTLKH €JIEKTPUKA JIJISi HUX BUPOOISTHMETHCS 32 JIOTTIOMOTOK0 KOCMIYHUX COHSYHUX (POTOCTEKTPUIHUX
MaHeNneH, TeXHOJIOTisl BUTOTOBJICHHS 1 3aCTOCYBAaHHS SIKMX A00pe BigmpanboBaHa, 00 BOHM JaBHO BHKOPHCTOBY-
I0ThCS B KocMOHaBTHI. OOMiH AanuMu 3 HazemMHuMU L{O/] 3aificHIOBaTUMETBCA 32 JIOTIOMOTOO ONITHYHOTO 3B’ SI3KY.

Leit mpoekT MoXe TOMOMOITH AOCITTH METU 3eJICHOro Kypcy €BpOmHM IOA0 JOCATHEHHs ByIJIELEBOI HEil-
TpanbHOCTI 10 2050 poKy.

Kpim Toro, OLIO/] MmoxxyTh 3a0e3neuntn Oiibiny Oe3reky 30epeKeHrX Ha IXHIX cepBepax NaHHX, OCKUIbKH
(hi3MYHMIA TOCTYT JIO CepBepiB OTpUMATH Oyne JyXke CKIaIHO. MOXIIHMBO, 10 caMe MipKyBaHHsS OC3IIEKH € TOJIOB-
HUM 3aBJIaHHSIM.

VY nucronani 2022 p. €Bporneiicbka Komicis o0pana A NPOBEICHHS TEXHIKO-€KOHOMIYHOTO 00T PyHTYBaHHS
JouineHOCTi cTBopeHHs eBponeiicbkux OO/l xommnanito Thales Alenia Space, 1o crerianizyeTbest Ha po3pooii
iH(hOpMaLIHUX CUCTEM JIsl aepPOKOCMIYHOrO ceKTopy [25].

BucHOBKH 3 1aHOTO AOCTi/IKEeHHS | MePCNeKTHBH NMOAAJIBLIINX PO3BiIOK Y TaHOMY HampsiMi. 3 orsity Ha
BHUIIIE3a3HAYCHE, MOYKHA 3DOOUTH TaKi BUCHOBKH:

1. 3pocranns kinpkocti [IO]/] Oye mpomoBKyBaTHCs 1 ali.

2. 3 ypaxyBaHHSM TOTO, IIO BEJIUKI KOPIOpAIlii BOJIOAIIOTh JOCHTH BEIMKHMH (DiIHAHCOBHMH pecypcamu,
MOXHa CIIPOTHO3YBATH MOSABY 1 3pOCTAHHS KOPYMIIIHHOI CK1ag0Boi (iKY MiCIIEBOI BIAAX B Tilf UM iHIIIH opmi,
HaNpUKJIaa, y BUDNIA/ aCUTHYBaHb Ha OyIiBHUILITBO 200 MOAEPHI3alil0 MiCIIEBUX CUCTEM BOIOTOCTAauYaHHS).

3. IIpssMuM HACTIIKOM ITHOTO 3POCTAHHS CTaHYTh MPOOJIEMH 3 CJIEKTPONOCTAYaHHAM, IPICHOIO BOJOIO Ta
IIyMOM, III0 HEMUHYY€E HOCHJINTD COLiaJIbHY HAMPYXEHICTh y CYCIIJIbCTBI.

4. Ins 3anob6iranHs npobiaeMam, 0 BUHHKAIOTh, HOBI L1O/] OynyBatumyThes B TUX Micusx, Ae Oyae Haii-
JIeT1Ie OTPUMATH J03B1T Ha OyIiBHULITBO He TiibKK camux LIO/], a i enekTpocTaHIlii A HUX, 30KpeMa i aTOMHHUX.
[pu oMy mpobiieMa MIBHIKOCTI JOCTYIY IO OOYHCIIOBAIBHHX PECYpPCiB MOXKEe OyTH BHpIIIEHA 3a JOTIOMOTOIO
CYITyTHUKOBOTO 3B’SI3Ky (MIPHKJIAJ] YCHIIIHOT eKcIuTyaraiii cuctemu «Starlink» 10BOTUTh MOXKIIMBICTD TPAKTHYHOT
peamizamii Takoro MeTony). JlocuTh IMOBIPHO, 110 MOXKJIMBOCTI TaKOTO 3B’sI3Ky Oylie pO3IIMPEHO 3a JOMOMOTO0
op6itampaux IO/,

5. MiaBoani LIO/I, 3 BEIMKOIO YaCTKOIO HMOBIPHOCTI, OTPUMAIOTh ITUPOKE PO3MOBCIOKEHHS, OCKUIBKH B HUX
MIPAKTUYHO BiICyTHI POOJIEMH 3 OXOJIOKEHHSM 1 IIIyMOM, 1 X Oy1yTh CTBOPIOBATUMYTb CKPi3b, € € BUCOKOILBU/I-
KiCHI KaHaJM 3B’S3KY Ta MOKJIMBICTH OyNiBHHUIITBA CIICKTPOCTAHIIIN, 30KpeMa i «3ereHux». [Ipu oMy MOKIIHBe
BHHUKHEHHS MPOOJIEM 3 SKOJIOTIEr0, 30KpeMa 1 TaKuX, Mepei0aYnTh SKi ChOTOIHI HEMOXKITHBO.

6. HaBmakw, umaaroui [{O/] otpumaroTs oOMexeHe MOMMPEHHs, OCKUTBKN KiJTbKICTh 3pYYHUX CTOSHOK IS
cyaeH ooMmexeHa. Posmimysatu x Taki LIO/] y BigkpuTOMy MOpi HE MOXKHA Yepe3 MOTOAHI YMOBH (IITOPMH).

TakuM YMHOM, HEOOX1THO 3pOOUTH BUCHOBOK MO T€, III0 HACTAB Yac BXKUTTS 3aX0/IiB, 3AaTHUX 3aXUCTUTH 1HTe-
pecH MicLIeBOr0 HaCeNIeHHs, 30KpeMa Ha 3aKOHOAAaBYOMY PiBHI BCTAHOBUTH MIEBHI OOMEKEHHSI II0/I0 YaCTKH PECYPCiB
(emekTpoeHeprii, BOMHUX PeCypciB, 3eMENbHHUX JUISHOK Ta iH.), SIKI MOXKYTh OyTH BUJIJICHI 17151 OYIIBHHUIITBA Ta EKC-
mryaraii LIO/]. [Tpu 1ipoMy cJ1iJ1 3BEpHYTH OCOOIMBY YBary Ha MOXIJTUBHIA BIUTUB TAKOTO Oy/IiIBHUIITBA HA SKOJIOTIHO.
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PO3POBKA CUCTEMHU OLIU®PYBAHHS TA KATAJIOTI3AIIII MPOTOKOJIB KOMICII
3 BE3NEKHU JOPOKHBOI'O PYXY IBAHO-®PAHKIBCBHKOI
MICBKOI TEPUTOPIAJILHOI TPOMA A

Cmamms npucesuena po3pooyi cucmemu oyuppysanta ma Kamano2izayii npomoxonie ma piuternv KoMicii 3 esnexu pyxy
Isano-Dpanxiscvkoi micvkoi mepumopianvhoi epomaou (KBJP).

KBJIP posensdae numanns wjo0o peanizayii 3ax00ig 0isi 3abe3nevents podim 3 61a20ycmporo, opeanizayii 00posicHb020
DPYXy ma nioguuyeHHs be3nexu 6Cix yuacHukie pyxy Ha mepumopii Ieano-@pankiscvkoi micokoi mepumopianvroi epomadu 6io-
108IOHO 00 2eHePATbHOO NIAHY, NPOEKMIE 0eMATbHO20 NAAHY8AHHS A 3A0Y008U HACETEHUX NYHKMIG, NPOEKMIB KANIMANbHO20
DEMOHNTY, PEKOHCIMPYKYIT ma 108020 6Y0igHUYMEA 00 €KMIB BYIUUHO-O0POIICHLOI MePedICi, BNPOBAVICEHHS ABMOMAMUZ0BAHUX
cucmem KepyeanHs 00PONICHIM PYXOM, KOMIIEKCHUX MPAHCHOPIMHUX CXeM i cXeM 0peanizayii 00podcHbO20 PYXy, 30H NAPKYBAHHS
3 8PAXYBAHHAM NPUHYUNIG CIATIO20 PO3BUMKY MA DOMPUMAHHS NPABUT O1a20YCMPOIO.

3 2016 no 2024 poxu komicielo npogedeno Oinvuie cma 3acioans, de pozenanymo oOinviue 3150 numans. [Ipomoxonu
Komicii ogpopmasiromocs y euensdi PDF-ghatinie ma sasanmadicytomucs Ha cepsep. Ichye 2ocmpa HeoOXiOHicmb Y noulyKy piiets
KOMICIT 3a negHo10 adpecoio, po3MAauLy8anHsIM, mowo. 36epHenHs 2pOMAdsH, MyHIyunatbhoi incnekyii nompedyioms gopmy-
8aHHs 6I0N0GIOel ma eumsa2ie uu 6y10 negue piuleHHs npuliHAme uu Hi. Y cmammi po3ensinymo po3pooxy cucmemu oyugpy-
BAHHA NPOMOKONIE KOMICIT ma cmeopenHsa kamanoey (8ed catimy i3 06a30t0 0anux) i3 yHkyier weuokoeo nouyxy. 3abesneueno
MOJICTUBICINb 3ABAHMAIICEHHS OPULTHATLHO20 NPOMOKONY ONsl hOPMYBaHHS OQiyitiHo20 UMY,

Cnpoexmosano ma peanizosano 0azy oanux zacovamu Microsoft SOL Server 3 nakemom Entity Framework Core 0as
30epieanns piwenv KBJ[P.

Pospobaeno cucmemy oyugppysanns PDF-gaiinie piwenns xomicii ma imnopmy ix 00 6asu 0anux.

ITo6yoosano 6eb 3acmocynox i3 ghyrkyieto nowyky 3 euxopucmarnnim mexronoeii ASP .NET Core MVC ma Razor Views.

KntouoBi cnoa: oyugpysanns, 6e0-3acmocynox, 6a3a 0auux.

Pashkovskyi B. V. Development of a system of digitization and cataloging of protocols of the traffic safety commission
of the Ivano-Frankivsk city-territorial community

The article is devoted to the development of a system of digitization and cataloging of protocols and decisions of the Traf-
fic Safety Commission of the Ivano-Frankivsk City Territorial Community (KBDR).

KBDR considers the issue of implementation of measures to ensure improvement works, organization of road traffic
and increase the safety of all road users on the territory of Ivano-Frankivsk urban territorial community in accordance with the
master plan, projects of detailed planning and construction of settlements, projects of capital repair, reconstruction and new
construction of objects of the street and road network, implementation of automated traffic control systems, complex transport
schemes and traffic organization schemes, parking zones taking into account the principles of sustainable development and
compliance with the rules of landscaping.

From 2016 to 2024, the commission held more than a hundred meetings where more than 3,150 issues were considered.
Commission protocols are drawn up in the form of PDF files and uploaded to the server. There is an urgent need to find deci-
sions of the commission at a certain address, location, etc. Appeals from citizens, municipal inspection requires the formation
of answers and excerpts whether a certain decision was made or not. The article deals with the development of a system for
digitizing commission protocols and creating a catalog (a website with a database) with a quick search function. It is possible to
download the original protocol to form an official extract.

The database was designed and implemented using Microsoft SQL Server with the Entity Framework Core package for
storing KBDR solutions.

A system for digitizing PDF files of the commission s decision and importing them into the database has been developed.

A web application with a search function was built using ASP .NET Core MVC technology and Razor Views.

Key words: digitization, web application, database.
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IMocTanoBKka npodaemu. Sk OyI0 3a3HaUCHO, IPOTOKOJIN 3acCilaHb KoMicii 3 O6e3neKku pyxy o(opMIsIoThCs
y Bursini PDF-¢aiinis Ta 3aBanTaxyrothes Ha cepsep. Ockinbku PDF € HecTpykTypoBaHUM JOKYMEHTOM, ICHYIOTh
MpOoOJIEMH MOLIYKY PillleHb MPUUHATUX KOMICI€r0:

i noyKy pilleHHs, 10 MICTUTb IIEBHY aAPECY UM 1HIIUN TEKCT, HEOOX1IHO BIAKPUTH KOKeH (haidi (Oiblie
100 chaiiniB) Ta mpoBecTH NOUIYK BcepeauHi (hailiy, mo 3aiiMae BeIUKHiA 00°eM dacy.

IuppoBi J0KyMEHTH MaroTh 03714 TepeBar, 0CoOJMBO B MOPIBHSAHHI 3 TPAIUIIHHUMU MAIEPOBUMH JTOKY-
MEHTaMH.

[{udpoBi TOKyMEHTH MOKHA 30epiraTi Ha eJIeKTPOHHUX MPHUCTPOSX, TAKUX K KOMIT FOTEPH, XMapHI CepBicH,
(irem-HakormayBadi 1 T.11. Lle 103Bomsie 30epiraT BeNrKy KiTbKICTh JAaHWX Ha HEBEJIMKOMY ITPOCTOPI 1 IBHUJIKO 3HA-
XOINTH HEOOXiIHY iH(OopMAIIiio 3aBIsIKM MOXKIMBOCTI MOMIyKy. L{ndpoBi TOKyMeHTH MOXHA JIETKO peraryBar 6e3
noTpedu JpyKyBaTu ad0 BUKOPUCTOBYBATH CKJIAJHI mpoliecH. Lle m03Bosisie 3pyuyHO BHOCHTH 3MiHHU JI0 JOKYMEHTIB
1 3a0e3neuye iX akTyaJbHICTh. 3 IU(POBUX JOKYMEHTIB MOXKHA OTPHMATH JOCTYI y OyAb-sIKUi 4ac 1 3 Oyab-sIKOTO
MicLis 3a gornomororo InTepHety abo 30epiraroun X Ha MOPTAaTUBHUX MpUCTposiX. Lle 3ab6e3neuye mBUAKNMIL 1 3pydHui
JOCTYI J10 iH(popMallii, 1o Moxe 6yTH BKJIMBUM Y Cy4aCHOMY CBiTi. BukopucTtanus unppoBUX TOKYMEHTIB CIpUSE
3MEHILEHHIO CIIOKMBAHHS Narepy Ta IHIIMX PecypciB, IO JoroMarae 30eperTi HaBKOJHUILIHE CepeIoBHIIIE. Ludposi
JOKYMEHTH MOJKHA JIETKO OOMiHIOBaTH €IeKTPOHHO Yepe3 eICKTPOHHY MOIITY, (1)a1/m006M1HH1 CepBiCH, MECCHKEPH
tomo. Le 3MenIye yac, moTpiOHMIA T Tepenadi iHopMarii, 1 CIpoIrye KOMYHIKaIIii0 MiXK CTOPOHAMH.

AHaJi3 0OCTaHHIX JA0CTiKeHb Ta my6Jikaniii. Y po6oTi [1] aBTOpH NPOBOASTH OPIBHSIHHS Pi3HOTO MPO-
rpaMHoro 3a0e3nedeHHs, 1o BukopuctoBye TexHonmoriro OCR (Optical Character Recognition — TeXHOJIOTisl ONITHY-
HOTO po3Mi3HaBaHHS CHMBOIIB). L{i mporpamMu 103BOJIAIOTH 3a JIEKiJIbKa XBUJIMH PO3ITI3HATH BiJICKAHOBaHE 300pa-
xeHHs1, PDF-noxymenT uu mupoBy ¢otorpadiro, BUITyduTH iHGOPMAIIIO 3 HUX, Ta IEPETBOPUTU A0 (HopMary,
KU OyZie 3pyYHHM JUIs PeJaryBaHHs JaHuX.

ABTOpKa po0OTH [2] po3MIsAaE 0COOIMBOCTI 30€pEKECHHS KHIDKKOBUX 010J1I0TEUHMX BUJaHb. 30KpeMa 3BEp-
TAETHCSl yBara Ha OCHOBHI MPHHIUIK H METOIH ounq)pyBaHHﬂ JIPYKOBaHHX JIOKYMCHTIB, BU3HAYAIOTHCS TUIOBI
¢yHkuii enekrpoHHoro ¢poHay 3anopizbkoi 00JacHOT yHIBEpCaIbHOT HAYKOBOI 010110TEKH.

PoGora [3] € kOMIUIEKCHUM JOCTiIKEHHSIM ocobnuBocTeit ouudpyBanHs GonaiB 6i0miorex Ykpainu. 3ampo-
IMOHOBAHO CTPAaTETiYHI HANPsSMHU Ta 0a30B1 OpraHi3aliiiHo METOIMYHI 3acai BIOCKOHAJICHHS OpraHi3arlii onudpy-
BaHHS Ta (hopMyBaHHS MUPPOBUX KOJICKIIH y Oi0mioTekax Ykpainu. Po3poOieHo iHHOBAIIiHI MOJIesi opraHizaiii
onrpyBaHHS JTOKYMEHTHOT CIAIIWHN YKpaiHu. 3MiHCHEHO KOMITAPATUBHHUK aHai3 3aKOpJOHHOTO Ta YKpaiH-
CBKOTO JTIOCBiTy 3 peai3allil MpoeKTiB onuppyBaHHS JOKYMEHTHOI CIIa/IIHH.

Astopu [4] posmsmaioTs mapcuHr PDF-mokyMeHTIB Ta TpOMOHYIOTH pIillleHHs, OOMEXKEHHSI CHHTAKCHCY,
3aJIsl YHUKHEHHS TUTIOBUX ITOMMJIOK, 1 IPOTIOHYFOTh BUKOPUCTAHHS ()OPMATTbHUX TpaMaTHK. Takok MOSCHIOETHCS,
SK y3TOJ/PKEHICTh JaHUX MOXKHA MTEPEBIPUTH Ha OLTBIII IETATBHOMY PiBHI 3a IOTIOMOTOFO CIEIiaIbHOTO 3ac00y mepe-
Bipku TurmiB. [1inxia Baminyerscs Ha HAOOPi peanbHUX (aiti.

MeTo10 po00TH € CTBOPEHHS CUCTEMH JUIsl LIBUAKOTO TotnyKy 1o npotokonax KBJIP. Jns nocaraenns metu
HEOOX1JHO BUPILIUTH HACTYIIHI 3aBJaHHSA:

— CTBOPHUTH MOJIENb 0a3u MTaHUX IS 30epeskeHHS IPOTOKOMIB Ta MUTAHB, O PO3TIISIAIHCS;

— CTBOPHUTH MporpaMHe 3abe3neucHHs st oundpyBanas PDF-daiinie Ta 3anecenns iHpopmanii 1o 6asu
JaHUX;

— CTBOPHTH TIporpaMHe 3a0e3redcHHs (BeO caiT) 1l BioOpaskeHHsI MPOTOKOIIB, MUTaHb, 10 PO3IIISIAIHACS
Ta peaiizaii QyHKIIT MONIyKy 1Mo HUX.

Buxnax ocHoBHOro marepiauy. PosrmsHemo THmoBy cTpykTypy PDF-mokymeHTy, IO MiCTHTH NPOTOKOJ
saciganus KB/IP (puc. 1).

SIK BUJTHO 13 PUCYHKY, 3a3BHYai MUTAHHS MOAUISETHCS HA /1Bl YACTHHH: «CIyXaJIn» Ta «BUPILIMINY», & HOMEP
IIPOTOKOITY 3alUCaHU Y KOJIOHTUTYIIAX.

[ 306epiraHHst IPOTOKONY Ta HOro MUTaHb 3MOAETOEMO JBi cyTHOCTI: Protocol Ta Item, siki OyayTh peaiti-
30BYBAaTH BiIHOLIEHHS OJUH 10 Oararbox.

public class Protocol

{
public int Id { get; set; }

public string Number { get; set; }
public DateTime Date { get; set; }
public List<Item> Items = new();

public class Item

{
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Poarisa NETAHL:

1. CIVXAJH: [Tatasas moao aeapiifiHocTi Ha ByaHIAX MicTa [eano-Ppankieceka Ta
aoporax OTI za mepioa 3 2018 mo 2023 pix 3a gasEMH YnpaBTiHHA DaTPyILHOL
nominii. Indorpadika, onnaiin kapra Ta CTaTHCTHYHI JaHi miaroToeneHi borgasom
ITamkoBCHKHM.

BHPIIIHNIIN: Ilpuiiaats 3eit. Jopyautr JenapraMeHTy 1HGPacTPYKTYPH, KHTIOBOI Ta
KOMYHATBHOI TOMITHKH MICBKOI pajH BpaxyBaTH mNojaHy iHpopmanio Ta
MArOTYBaTH IUTaH 3aXO/IB MOAC BAOCKOHATEHHA JOPOXKHIX YMOB, OpraHizamii
AOPOXHEOrO PyXY, MiKBifamii npuauH euHHkHenHa [J[TII. sabesnedenns besmexn
AOPOXHBOTO PYXY, a TakoX HajaTH iHdopMmami:o npo aeapiiiHo-HeOesmewsi
ainaaxd Ta Micus kommentpamii JTII y eigain OesmekH JOpoXHBOTO pPYXY
VopaeniuHa natpyasHoi nomimii go 15 Gepesna 2024 poxy.

2. CIIVXAIH: 3eeprenna [upextopa 'onoesoro cepeicsoro meatpy MBC Oxera
Illmexka momo 3aMiHE JopoxHBOro 3HaKY 3.3 «Pyx BaHTaXHOro TpaHCOOPTY
3abopoHeHO) 13 3a3HAYEHHAM MaKCHMATBHO JomycTHMOI MacH 20 T.

BHPIIIHIIHN: norogaTs JeMOHTaX QaHOTO 3HAKy. BHKoHaHHA pimerHA gopy4aatH KIT
«MyHBIITHIATEHA JOPOKHA KOMIIAHLD).

3. CJIVXAJH: 3eepuenna [lupextopa «Tofora-llentp» Yrpmmwoka B. 1. moao
NpHHHATTA pilIeHHA Opo obmamTyeaHHA ceiTadodopHOro 00 €KTY Ha mepexpecTi
symuus Haapigaoi ta boraana Xaensuumnekoro.

BUPIIHNIIN: 306or’azatn xommanito «Tofiota-IlenTp» 3aMOBHTH po3poOKy cxeMH
oprasizamii JOpoXHEOrO pyXy 3 obramryeamnam ceitaiodopHOro ob6’exry, Ta
3aTBEPAHTH ii B YIpaBTiHHI NAaTPYIBHOT MOMIMii B YCTAHOBTEHOMY MOPAIKY.

4. CIIVXAJH: 3eeprenna T3:0B PPAHKOP TPEFIJI Yopromaza B. P. mogo
pHeceHHA 3MiH g0 cxeMH OJIP mo Byn. Hagpigsiii 3 HajaHHAM J03BOOY Ha
3AifiCHEHHA TiBOTO NOBOPOTH NHpH 3ai34l Ha NPHIEITY TEPHTOPIID TOProBOTO
LIEHTPY, 1 [IPH BHizA1 3 HEOTO.

BHPIIHNIIH: Mopyauta [enapramenty iHQpacTpyKTYpH, XHIIOEOI Ta KOMYHAIBHOT
nomitHEH [Bamo-®pamKieceKOi MICBKOI pagH BpaxyBaTH JaHy NPOMO3HINIO IpPH
BHIOTOBJIEHHI HOBOI CXEMH OpraHizamii JOpOXHEOTO PyXy Ha Bya. Haapiumili B M.
Ieamo-Ppanxieceky. T3:0B «®PAHKOD TPEﬁJI» 30008’ 23aTH po3pobHTH cxemy
opramizamii pyXy Ta NapKyBaHHA Ha NpHIErTilf TepHTOpii, Ta 3aTBEpAHTH ii B
YCTAaHOBIEHOMY MopaAfky v Bimmimi Oesmexs AopoxHBOro pyxy B YIOpaBTiHHL
naTpyaeHoi mominii B [eano-PpaHKiBCcEKili 0bmacTi.

it xostiver Ixano- t 1 MicREol o
v M Umomenasrote, 21, weswme Ppamascx, 76004, gen, 556515, 532038, epailand@il ifna, wow ok if ua
NPOTOKO. Nel min 09.02.2024 posxy
i wosricii 3 6 P PYXY

1. &5

ﬂw&mSaiO

Puc. 1. Yactuna tumnosoro npotoxony KbJP

public int Id { get; set; }

public int? Number { get; set; }
public int OrderNumber { get; set; }
public string Heard { get; set; }
public string Decided { get; set; }

public Protocol Protocol { get; set; }

}

ITone OrderNumber BigmoBimaTHMe 3a MOPSAOK PO3MIALY NUTAHHS ({HKOJMM MHUTAHHS PO3MISAAIOTHCS
B IHIIOMY HOPS/KY, HiX Oy/IM IPEICTaBJICHI B OPSAAKY ICHHOMY).
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PosrssHeMo Tabnui Ta aiarpamy 0asu TaHUX (PUCYHKH 2-4).

bpashkowvskyi-malk...omunalka.Protocols + X QesERLGMEATEE el T ETER o) toloe] S

Column Mame Data Type Allow Nulls
W Id int B
Number nvarchar(MAX) ]
Date datetime2(7) O
O

Puc. 2. [luzaiin Tabmuii Protocols

bpashkovskyi-malko...- komunalka.ltems + X BRI WENEL G GInITHELEN N

Column Mame Data Type Allow Nulls

»2 Id int ]
Number int
Heard nvarchar(MAX) O
Decided nvarchar(MAX) ]
Protocolld int ]
OrderNumber int ]

O

Puc. 3. luzaiin Tabnui Items

MNumber
Date

Items (komunalka)
% Id

MNumber
Heard
Decided
Protocolld
OrderNumber

Puc. 4. [liarpama 0a3u naHux

[ BU3HAUCHHS HOMEPY 1 JJaTH MIPOTOKOIY BUKOPUCTAEMO PETYIISIPHI BUPA3H.

B nporpamyBanHi, peryaspHuii Bupas (Big aHml. regular expression, CKOpodeHO regex abo regexp, a iHOAl
mie i Ha3uBaroTh rational expression)— Ie PSIOK, IO OMUCYE ab0 30iraeThcs 3 MHOKHHOIO PSIKIB, BIAIIOBITHO
10 HaOOpy CIICIiaTbHUX CHHTAKCHYHHUX NpaBHI. BOHN BHKOPHCTOBYIOTBCS B 0ararhOX TEKCTOBHX PEIaKTOpax Ta
JOTIOMDKHHUX THCTPYMEHTAX JUIsl TIOMIYKY Ta 3MiHM TEKCTY Ha OCHOBI 3aJlaHuX I1a0JioHiB. barato MoB mporpamy-
BaHHS MM ITPUMYIOTh PETYJISIPHI BUPA3H Il pOOOTH 3 PSJIKAMHU.

BukopucraeMo HacTYIHUWI peryisipHUN BUpa3, SKuid 3actocyemo 0 mepmoi ctopiku: «[IPOTOKOJT \
u2116\\s*(\\d+)\\s*Big (\d+\\\d+.\\d+)\\s*poky».

Jliis BU3HAYCHHS IUTaHb Y MPOTOKOJII CJIiJ] CIIEPINY BUAAIUTH KOJIOHTUTYIIH 3 KOXKHOI CTOpiHKHU. J[j1st 11bOT0
BUKOPUCTOBYETHCS peryisipHuii Bupas «(?: +|Buxonasuwmii) .*? \\d+ 3 \\d+».

ByneMo BHKOPHCTOBYBATH CJIOBA «CITyXalll» Ta «BHPILIMIN» K OPIEHTUPH [UIsS BU3HAUCHHS MUTAHb Y TPO-
TOKOJTI.

g xpaioro po3yMiHHS aJITOPUTMY POOOTH, JIICTHHT KOAY, IO BiANOBiAa€e 3a AaHUX (DYHKLIOHA, HAZAMO
MIOBHICTIO.
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public static List<Item> GetProtocolltems(string filePath)

{
using var pdf = PdfDocument.Open(filePath);

var text = string. Empty;
foreach (var page in pdf.GetPages())

text += page.Text;
var firstPage = pdf.GetPages().FirstOrDefault();
text += ContentOrderTextExtractor.GetText(firstPage);
text = RemoveFooters(text);
var itemRegex = new
Regex(«CITY XAJI?TUN\:2\N\s* (¥ ?7)\s*¥\d*\.7BUPTLLHMITI?A NN 2\N\s* (¥ 2)\s ¥\ 2\ FWdF\ F\s*2(?7=CITY -

XAJl|l'onoB|3acTym)»);

var itemMatches = itemRegex.Matches(text);
var items = new List<Item>();
for (int i = 0; i < itemMatches.Count; i++)

var item = new Item

Number =1+ 1,

Heard = itemMatches[i].Groups[1].Value,
Decided = itemMatches[i].Groups|[2].Value

b

items.Add(item);

}

return items;

}

Jst MOKITMBOCTI BIIOOPAKEHHs! IPOTOKOIIB MOOYIyEMO CaiiT 3 BUKOPUCTAHHSAM ASP .NET MVC Ta Razor Views.
T'osioBHA CTOleKa MICTHTHME TIePEIIiK HpOTOKOJ'IlB BiJICOPTOBaHMX BiJl HAITHOBIIIOrO 10 HalcTapimioro, i3
HOMEPOM, JaTOI0, KUTBKICTIO PO3MIIHYTUX MUTAHb i TOCHIAHHSAM Ha IEPeJIiK MUTaHb (pHc. 5).

Mpotokonu KBAP ITEKCI’ ANA NOLYKY H LLlykaTi I

Mpotokon N2 Oara Kinekicte nuraus

1 09.02.2024 27 MNepeiity A0 NUTaHL
10 10.11.2023 18 [epeittn A0 NuTaHbL
9 03.11.2023 38 [epeiitn A0 NuTaHbL
8 08.09.2023 36 [epeiit A0 NuTaHbL
7 25.08.2023 27 Mepeittn po nuTaHL
6 23.06.2023 26 [epeiin Ao NuTaHbL
4 12052023 24 [epeiitn A0 nUTaHbL
5 06.05.2023 22 Mepeittu A0 NuTaHbL

Puc. 5. TonoBHa cTopinka caiity
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IIpu mepexoxi 3a MOCHIAHHAM «HEPEHTH J0 MUTAHb» MU MOTPAIUIIEMO Ha CTOPIHKY i3 JETaJsMH MPOTO-
KOy, Jie 0a4MMO HOMEp, JaTy MPOTOKOITY, IOCHIIaHHS Ha 3aBaHTaKeHHs BuxigHoro PDF-¢aiiny Ta mepenik nuranb:

HOMED, CITyXaJjH, Ta BUpiUIK (puc. 6).

MNpotokonn KBAP |Tenn AR NOWYKY

| [ycam ]

Mpotokon N21 sia 09.02.2024 poky

JaganTaxuin srxiavni daia npotokoay
Homep Cayxanu Cayxann
1 MuranHa woao asapidocti  Mpuidnaty 3eir. Jopyunti JenaprameHty

Ha BYAMUAX MiCTa IBaHO-
DpaHKiBCLKA T3 AOPOrax
OTF 3a nepioa 3 2018 no
2023 pik 33 AaHWMK
¥npasniHHa natpyasHOT
noniwil, Indorpadixa,
oHnakH kapTa 1a
CTATMCTIAYHI AaHi
nigroTosnesxi boraaHom
Nawkoscskmm,

3sepHenna [upextopa
lonoexoro cepaicHoro
uexTpy MBC Onera LUnexa
WOAO 33MiHU JOPOXKHBOMO
3HaKy 3.3 «Py BAHTAKHOTO
TpaHcnopTy 3abopoHeHo: i3
33IHAHEHHAM MAXCHMANBHO
aonycrmol macn 20 7.

3aepHenns Jupextopa

iIHOPACTPYKTYDH, XKATAOBOT Ta KOMYHANBHOT
i MiCLKOT paan Bpaxy nogaHy

iHHOPMALLIIO Ta NiAroTysaTH NAax 3aXoMis
WOAC BAOCKOHANEHHA AOPOXKHIX YMOB,
Opraxizauil A0POXHLOro PyXy, NiKsigauil

p B AT, 326 eHHA
Ge3nexn AOPOXHBOTD PyXy, 3 TAKOX HalaTH
iHhOpMaUio Npo aeapiiHo-HeGeaneqH
AiNRHKK T3 MICUA KoHUeHTpawir TN y sigain
Geanexn AOPORHBOTD Pyxy YNpaBAiHHA
naTpynsHoT noniuii 4o 15 Gepesna 2024
poky

NOrcAXTH AeMOHTAEN. A3HOTO JHAKY.

BuxoHaHHA pilwexHA aopyqnta KI
MyvHIl i
¢ b

30608'A3aTH KOMNaHIO «TokoTa-LlenTp=

Puc. 6. CropiHka jierajnei IpoTOKoITy

BukopucraBmy Gpopmy IS MOIIYKY, MOKEMO 3HANTH YCI MUTAHHSA, SIKI MiCTSTh YaCTKOBE BXO/DKEHHS IIyKa-
HOTO CJIOBA, MPOTOKOJIM y PE3yJIbTaTi TOIIYKY BiICOPTOBaHI BiJl HAHOBIIIOTO /10 HaiicTapimoro (puc. 7).

MNpotokonu KBAP !T@KCT ANA NOLWYKY | Wykati
3HanaeHo: 185 nuTaHb
Mporokon
Ne Homep Cayxanu Bupiwnnm
Oporokon 9 3eepHeHHA xuTenis 3anuwmTv Bes poarnagy
Ne1 gin 6yanHKy Woao Ao3e0NYy Ha
09.02.2024 BCTAHOBAEHHA
ABTOMATMYHOTO Warbaymy
Ha ey, FHESGAGKHOH, 81
(ei3a iz Byn. Jlenkoro).
Npotokon 26 3eepHenHa MyniumnaneHol  Jopyuntu KM “MyHiumnansHa
N1 gin IHcnexuii “lobpogiii” npo iHcnexuia “Jobpoaii” aemoHTyBaTMH
09.02.2024 AEMOHTAX HE3aKOHHO CamMOBINLHO BCTaHOBAEHHI 3acobum

gcraHosneHux TM, MA® 1a

IHLLKMX eneMeHTIB.

obMexeHHs pyxy Y BiANosiaHOCTI
Ao akrie: N2 308 - syn. Mazenw, 146
(Bina Napk Motenio) N2 143- syn.
Heszanex+ocri, 160 N2 358 - syn.
lpywescekoro, 22A N2 414 - gyn.
Kpuea, 2 N2 583 — ayn. [loexeHka,
1A-3A N2 4933 - eya. Kopona
Nanwna, 20, 20A N2 5347 — ey,
Mazenw, 35 b N2 3613 - Byn.
Mazenu. 42 N2 4494- gvn.

Puc. 7. Cropinka mouryky
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BucHoBku. Po3pobieHo cucteMy onn¢pyBaHHS MPOTOKOJIB KOMicii Ta CTBOPEHHS Karajory (BeOcailTy i3
0a3010 AaHWX) 13 YHKIIEIO MBUAKOTO MOLIYKY. 3a0e3MeueH0 MOXKIUBICTh 3aBaHTAKEHHS! OPUTTHATBHOTO MPOTO-
Komy 1711 popMyBaHHS O(QiliHOTO BUTATY.

CrtBopeno 3 Bukopuctantsm texHonorii ASP .NET Core MVC ta Razor Views, sik 6a3a qaHNX BUKOPUCTAHO
Microsoft SQL Server 3 makerom Entity Framework Core.

Caiit noctymHuit 3a BeO-aapecoro https://kodlo.if.ua/ Ta NIMPOKO BUKOPUCTOBYETHCS JIJIS IIBUJIKOTO TOIIYKY
pitens KBJIP.

CnucoK BUKOPUCTAHUX JIZKepeJ:

1. loasHes, P. O. [IpoGnema onn¢pyBaHHs nanepoBux JOKyMeHTiB. Te3u nonosineit MixHapogHOT HayKo-
BO-MIPaKTHUYHOI KOH(EPEeHLiT MOOJANX YUEHHUX, aCHipaHTiB Ta CTyAeHTiB “IH(dopMmalliiiHi TEXHOJIOTI B Cy4yacHOMY
CBITI: mochimpkenHs Mooanx BueHnx 20 — 21 mrotoro 2020 p. XapkiBChbKUi HalllOHAIBHUNA YHIBEPCUTET pajiioe-
nekTpoHiku, Xapkis. 2020. C. 31.

2. T'op6enko, 1. OnmdpyBanHs sk 3acid 30epekeHHsT KHUKKOBUX BHIaHb 0101i0TeK. IcTOpis Ta cydacHi TeH-
JICHIIIT pO3BUTKY BHIaBHNUYOI cripaBu. 2015. Ne8. C. 129-133

3. lleruenko, M. O. Onudpysanns Gorais 6i0mioTek Ykpainu. [ducepTraiiis Ha 3100y TTs HAYKOBOTO CTYIICHS
nokropa ¢irocodii. 2022. C. 2-4.

4. Endignoux, G., Levillain, O., & Migeon, J. Y.. Caradoc: A pragmatic approach to pdf parsing and validation.
Security and Privacy Workshops (SPW). IEEE. 2016 ct. 126-139.

5. Bikinenist: caiit URL https://uk.wikipedia.org/wiki/PerynspHuii Bupa3
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PO3PAXYHOK EKOHOMIi YACY IIPU CTBOPEHHI TECTY
3A JOIIOMOTOIO ITYYHOTI'O IHTEJEKTY

Jucmanyiiine naguanns po3eusacmvpca dice 6azamo Oecamunimo, aie HAUOLIbWY y8azy 6VI0 NPUBEPHYMO 00 Hb0O2O
3 nowamxy nowupenns nanoemii COVID-19, kou y 6cbomy cgimi 0y10 66e0€H0 Kapanmuni 0OMexcenns. 3asosKu ybomy, npo-
yec inmezpayii yb02o Muny HAs4anHs y 36uuHe oune Oyno npuckopeno [1]. Adoce came ducmanyiine Ha84aHNS, 3A60AKU 11020
SHYUKOCHIE, 00NOMOR2NI0 NPOOOBHCUMI BUKOHYBAMU HAGYATLHUL NILAH A HABUAMUCH MALXHCe 3 2PAYIKOM, AKULL CMBOPIOCIU CaM
cobi. Ane nepeniuyiouu nepesazu OUCMAHYIUHO20 HABYAHHSA, 8 HbO2O MAKOMIC € | He2AMUBHT BNIUGU HA OP2ANI3M, a came. No2ip-
WeHHSA 30Dy, NOCMABU, NCUXONIOTYHI ACNEKMU.

Hucmanyiiine naguannus mae b6azamo nepegaz Hao 36UYatiHUM 8i08I0YEAHHAM AYOUMOPIll MUM, WO 6UHAMU Mamepianu
ModicHa 0y0b-0e, a AKUO WOoCh OYI0 He 3pO3VMIN0, MO MONCHA NePelsIHymu 1020 We pas, MaKoxc ieKyii ti 3a60anHs MOJUCHA
3A6AHMANCUMY HA NPUCTIPIL T UM CAMUM Hasuamucs 6e3 ceimaa aoo inmepremy [2].

Came nio uac oucmanyiiinoeo HABUAHHA ONUNTYBAHHA Y GU2IAOI MECIYBAHHA CMAE 6ce Dbl PO3NOBCIOONCEHUM A
akmyanvHum. Pospaxynok exonomii uacy npu cmeopesHi mecmie 3 GUKOPUCIAHHAM WNYYHO20 IHMENEKmy € OCHOBHUM ACHeK-
mom 0anoi’ pobomu. Buxopucmosyiouu ancopummu wmyunozo inmenexkmy, 6y10 onmumizo8ano npoyec CMeopents mecmis,
BMEHULYIouU Yac i 3ycuiis, Heooxioni sukiadauam. Lle nepeddbauac pospooxy mamemamuynoi Mooeni O KLIbKICHOL oyiHKY uacy,
30€pexceno2o npu 6UKOPUCIAHHT WMYUHO20 THMENEKMY NOPIBHAHO 3 MPAOUYILHUMU MEMOOAMU CMBOPEHHS MECMIE 6DYUHY.
Pesynomamu yb020 pospaxynky oaroms yinky inopmayiio npo niosuwyenns eqekmusnocmi, Aky npONOHYE WMy Hutl iHmeiekm
6 OCBIMHIX YCMAHO8AX, W0, 3PEUMOI0, CHPUATNUME 600CKOHATIEHHIO MEXHOL02TUHUX MemOO0N02ill HAGYAHH.

Y Oaniii pobomi pozpobrerno mamemamuuny Mooenb pO3PAXYHKY eKOHOMIL uacy npu cmeopenHi mecmis 3a 00nomMo20i0
WMYYHO020 iHmeneKmy y NOPIGHAHHI i3 8IACHOPYYHOIO PO3POOKOI0 mechis sukiadayem. IIposedene 0ocniodNcen s HOKAZANO, WO
3 MAKUM NiOXO00M MONHCHA 00CsAmU eKOHOMIT yacy 00 62,5%.

Taxoorc y pobomi HasedeHo peanizayiio CMeopeHHs mecmie 000Ma 3anpONOHOBAHUMU BAPIAHMAMU (31 WIMYUHUM IHMETeK-
mom ma 6e3 Hb020) y cucmemi, KA peanizo8and 3 BUKOPUCIAHHAM Gpelimeopky Laravel.

Ompumani pesyrsmamu niomeepodicyioms ooyirehicme ma egpexkmusnicms sukopucmanns LU npu pospobyi mecmi.

KuttouoBi cnoBa: ducmanyiiine HaguanHs, mecny8anHa, npoyec CMEOPenHs mecmis, WmyyHull iHmenexm.

Tiahunova M. Yu., Kyrychek H. H., Kostetskyi D. V. Time savings calculation in test creation using Artificial Intelligence

Distance learning has been evolving for many decades, but it garnered significant attention with the onset of the COVID-
19 pandemic when quarantine restrictions were implemented worldwide. As a result, the integration of this type of learning
into traditional face-to-face education was expedited. Distance learning, with its flexibility, allowed for the continuation of the
curriculum and learning almost on a self-paced schedule. However, while listing the advantages of distance learning, it also has
negative impacts on health, such as deteriorating eyesight, posture, and psychological aspects.

Distance learning offers numerous advantages over traditional classroom attendance, as materials can be studied any-
where, and if something is not understood, it can be reviewed again. Additionally, lectures and assignments can be downloaded
to devices, allowing learning without the need for light or the internet.

During distance learning, testing in the form of quizzes becomes increasingly common and relevant. The time savings
calculation in test creation using artificial intelligence is an important aspect of our study. By leveraging Al algorithms, we aim
to streamline the test creation process, reducing the time and effort required from instructors. This involves developing a mathe-
matical model to quantify the amount of time saved when utilizing Al compared to traditional manual test creation methods. The
results of this calculation will provide valuable insights into the efficiency gains offered by Al in educational settings, ultimately
contributing to the advancement of technology-enhanced learning methodologies.

This study developed a mathematical model to calculate time savings in test creation using artificial intelligence com-
pared to manual test creation by instructors. The research showed that this approach can achieve time savings of more than 60%.

The study also presents the implementation of test creation using both proposed methods (with and without Al) in a system
developed using the Laravel framework. The results obtained confirm the feasibility and effectiveness of using Al in test development.

Key words: distance learning, testing, test creation process, Artificial Intelligence.
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IMocTanoBka mpodiaemMu. SIKIO po3misiaTd HABYaHHSA B 3arajbHOMY, TO CTBOPEHHS TECTIB € Ba)KJIIMBOKO
YAaCTUHOIO 1IOTO IMPOIIECY, 00 3a JOMOMOTOO iX MOXKHA 3pO3yMITH, HACKLIBKH JJO0pEe 3aCBOEHO MaTepiali CTyICH-
TaMH, 1 [0 MOTPiIOHO MPOIPAIIOBATH OUIBII ACTANBHO. Y 3BUYHOMY MPEACTABICHHI IS CTBOPEHHS TECTY BHUKJIA-
Jady MoTpiOHO BUTpauaTH yac Ha Te, 1100 CTBOPUTH MUTAHHS 1 MiAiOpaTH 10 HHOTO BapiaHTH Bianoizei. Llei
IpoIiec, OKpiM BUTPATH Yacy, TAKOK CHIIBHO BTOMIIIOE. AJIe Ha 3aMiHy IIbOMY, € KpaIlluii BapiaHT — IIe TeHePYBaHHS
TECTIB 32 JIOTIOMOTOIO0 IITYYHOTO 1HTEICKTY.

AHaJi3 ocTaHHIX aocaiKeHb Ta myoaikamiii. [TpoBiBm anamnmi3 opraHisarii mporecy HaB4aHHS Ta 0c00-
JIUBO peaji3allii KOHTPOJIKO 3HaHb ITiJ Yac AUCTAHIIIHOT OCBITH [3-6], cTae 3pO3yMIUINM, 11O OJHUM i3 HAWITOIIH-
peHIIMX BUIB ONUTYBaHHA y Takii (opmi € came TecTtyBaHHS. Po3poOka TecTiB 0a3yeThesi Ha PI3HUX METOIUKAX
[7-10], xokHa 3 SIKUX Ma€ CBOi IepeBark Tak Henoiiku. [IpoTre Ha 3aMiHy CTaHJAPTHHX MiAXO/IB, HANPAIbOBAHUX
poKamH, y pi3HHX cepax KUTTS BCE YACTIIIE 3aCTOCOBYIOTHCS IHCTPYMEHTH IITYYHOTO iHTENeKTy [11].

Meta craTTi — 00IpyHTYBaHHS AOIUILHOCTI BUKOPUCTAHHS 1HCTPYMEHTIB HITYYHOTO iHTEIEKTY IJISI CTBO-
PEHHsI TECTIB 32 PaxXyHOK PO3POOKH MaTeMaTHUHOI MOJIENi JIJIsl pO3paxyHKy 4acy, BUTPau€HOTO Ha CTBOPEHHS TE€CTY
3 BUKOPUCTAHHA HITYYHOTO 1HTEJEKTY 1 0€3 HhOro.

BuxkJiag ocHoBHOro Marepiaiy. Po3risiHeMo pi3Hi BapiaHTH CTBOPEHHS TECTIB:

— KOITM BHKJIAJIad TIPAIIO€ HaJl TECTOM, BiH BUTpAYa€e BEIHUKY KyITy 9acy, 00 HOMy MOTpiOHO, ONMPAIOYHCH HA
TEKCT WOTO JICKIIH, pO3pOOUTH MTUTAHHS Ta BapiaHTH BiNOBIIeH 10 Hhoro. [Ipn TakoMy BapiaHTi poOOTH, PUCYT-
HIW 1HIUBIAYaJIbHUHN MiIXiJ, 00 BUKJIAad MOXE perymosari CKJIQJIHICTh MTUTaHb 1 TecT Oyne 0coONIUBUM. Hpore
e TPOIIEC TAKOK Mae TIeBHI 0OMEXCHHS Y BUIVISII p060qoro qacy, 3a sIKUil ToTpiOHO 3pOOUTH BEITUKY KyIy 1HIIIOT
poboTH, 1 floro MoXxe He BHCTAaYNTH HA HAIMCAHHS SKICHOTO TECTY, OCOOIMBO KOJIH Y BHKJIA/Iada BEJIHKA KiJIbKICTh
JUCITUTLTIH,

— KO [/l CTBOPEHHS TECTY BHKOPHCTOBYIOTHCS IHCTPYMEHTH IITY4HOTO lHTeJIeKTy (ILT), Toxi BuKIaTAqy
MOTPiOHO JIMIIIE HATICATH KOPEKTHY Ha3BYy 1 JIOKJIaTHO OIUCATH, 10 TOBUHEH NEPEBIPUTH TECT: 1110 6yx[e CTBOPEHO,
SIKOT CKITJTHOCTI, 1 BKAa3aTU KUIBKICTh MUTaHb. [1icis 11boro TecT OyJie 3reHepOBaHO aBTOMATHYHO 32 JiUeHI CEeKYHIH,
1 micyIst mepeBipKY HEKOPEKTHI a00 HEelliKaBi MUTAHHS MOXKHA OyJIe MPOCTO BHIAIUTH.

V Tabnuii 1 moka3aHo MOPIBHSIHHS IIUX JBOX IiIXOIB.

Tabmuns 1
IMopiBHsIHHS CTBOPEHHSI TECTIB IBOMA MiAX0AaMHu
Bapianrt CTBOpeHHS BUKJIaia4eM ABTOMATHYHA reHepais
Yac [ToBinsHO 1IBuaxo

3anexuTh BiJ KBamiikanii BUKIagada i yBax-

TounicTh 3aIUTaHb .
HOCT1

3aJeXKUTh B/l OIHCY 3aIHUTY

3aexuTh Bijl IOCBiAY BUKIA1a4a Ta foro

CxJ1aJIHICTh CTBOPEHHS MurTeBa renepatisi, ajie TOTPiOCH KOHTPOJIb SKOCTI

I ATOTOBKHU
3BOpOTHIii 3B'I30K JletanpHM | KOHTEKCTHUH 3BOPOTHHIA 3B'I30K IIpocTo renepyeTsest 6€3 MOSICHEHD
Pi3HOMaHITHICTH 3alIUTaHb 3aneXuTh Bi yABU BUKJIafaya MaxkcuManbHO YHIKaabHI MTUTAHHS

3aeKuTh Bi}_'[ iHTepecy BHKJIaJladya B HOBUX

InnoBaIii Ta TEXHOJIOTT . .
METOJaX 1 TEXHOJIOTISIX

BuxkopucroBye nepeosi TexHOJIOT1T

3 TabnuLi BUIAHO, IO SIK IIPU CTBOPEHHI TECTIB CAaMOCTIHHO BUKJIaa4yeM, TaK i 31 3aCTOCYBaHHSIM iHCTPyMEH-
TIB IITY4HOTO IHTENIEKTY € CBOI I€PeBaru Ta OOMEKEHHsL.

Po3podumo MateMaTHuHY MOZENb JUIS PO3paxyHKY €KOHOMII 4acy IpH CTBOPEHHI TeCTYy BUKJIAadyeM 3 BHKO-
puctannsM I i Ge3.

[Ipu mpoMy 3ayBakuMoO, IO Yac, KU BUTpavYae BUKJIAAAd Ha T, 00 PO3POOUTH TECT, 3aJICKUTh BiJl TOTO,
SIKUE Y HBOTO CTaX 1 IKOT CKJIaTHOCTI IMTOTPIOHO 3po0uTH TecT. ToMy OyeMO OpieHTYBAaTHCS Ha CEPEHbOCTATUCTHY-
HOTO BUKJIa/1aua 1 po3poOKy TecTy CepeHbOI CKIIaTHOCTI.

[Ipunyctumo, mo T, — me yac CTBOPEHHS OJHOIO 3allUTaHHS TECTYy BUKIAJAYEM, PO3PAXOBAHUN
y xBunuHax, N — 3arajgbHa KiTbKIiCTh NHTaHb y TecTi. Hexali yac CTBOpEHHs 3amuTy JUIsl CTBOPEHHS aBTOMa-
tynoro tecty HII 3amamo sk T . Ilpu upomy BBakarumemo, mo T = T,. Hexaii yac, BuTpayeHuii BUKIA-
JayeM Ha TEepeBipKy ABTOMATHYHO ctBoperoro III omnoro SaHI/ITaHHSI sagano T . ITpunycrumo, 110
T p—02 * T,. Hexait wac, ;11(1/114 6y;[e BUTPAUCHO BUKJIA/IAYEM HA KOPETyBaHHS LIMX Sal'[I/ITaHL 3anaHo T cop
HpHHyCTHMo mo T =05 * a KUTBKICTB 3alUTaHb, AKi MOTpeOyroTh KoperyBamms, N = nopiBHioBarnme
N,=0.35* N,

y TaKOMy BUITAJIKy 3araJIbHAH 4ac, BUTPAYCHUH BHKJIagadyeM Ha po3poOKy N, NUTaHb TECTy CaMOCTIiIHO
6e3 Bukopuctanus L1, pozpaxoByeThbes 3a popmynoro 1:

T = TB * N3ae (1)

B_3ae

B’

A 1ei ke yac, BUTpaueHUi Ha po3poOKy N, NMHUTaHb TECTY 3 BUKOPUCTAHHSAM LITYYHOTO 1HTEJIEKTY po3pa-
XOBYETBCS 32 (POPMYIIOIO 2:
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T = Tzan + TKOp * NKOp + Tnep * N3ae (2)

mi_3ae

OckinbKy yac Ha reHeparito 3anutanb LI 1yxke Manuii, TO He BpaXoBY€EMO 1€ Y 3arajibHOMY PO3pPaxyHKY.
SIkiio 3arajabHUNA BUTpadeHuid yac N, , epenucaTy 3 ypaxyBaHHsIM HaBeIEHUX BUILE MIPUITYLIEHb, TO OTPU-

3ae

MaeMo, 10 BUPa3 3a GOpMyYIIor0 2 MepeTBOPIOETHCS Y BHpa3 3a Gopmyoro 3:
T =T,+0,2*T,*N,, +0,5*T, *0,35* N, 3)
CrpocrtuBim Bupas 3a GopMmysoro 3, OTpUMaEMO:
T =T,+0,2*T,*N,, +0,175*T *N,_, =T,+0,375*T *N,, =
=(1+0,375*N_)*T, 4)

wi_sae

mi_sae

Ie o3Havae, 1o yuM OutbIne Oyzie CTBOPEHO 3aBAaHb Y TECTi, THM MEHIIUM OyJie BIUIMB Yacy Ha CTBOPCHHS
sanuty 70 11 y 3aransHo BUTpadyeHOMY Yaci Ijist CTBOPEHHS YCiX 3aBAaHb IS TECTY.
Po3paxyemo Bizicotok 3ekoHOMIIeHOTO yacy E mpu BukopucranHi LI myist ctBopeHHs TectiB 3a popmyrioro 5.

T, ...—-T.
E = B_3ar wi_sar *100% (5)

B_3ar

[TeperBopumo hopmyay 5 3 ypaxyBanHs popmyd 1 Ta 4, oTpEMaEMo pe3yIbTaT, IPeACTaBICHIH (GopMyItoro 6:

T _T. * _ *T %
E = fns = Lwiar s ggp - Lo Naw = TB+0,375T,*Noy 4 50,
TEiaar TB *NSHF
_ [o, 625 — Tl J #100% (6)

Takum 9uHOM, 13 GOpPMYIH 6 BUIHO, IO YUM OUIBIIOK Oy/ie KUIbKICTh 3alIUTaHb y TECTi, TUM e()EeKTUBHICTD
3actocyBanns LI 6yne Bumie. [Ipu ipomy y Oynb-sikoMy pasi BOHA HE TIepeBHIIyBaTHMe 62,5 %.

PosrnsiHemo 11e Ha ipukiiai. [IpumycTumo, 1o Ha CTBOPEHHS OTHOTO 3alTUTaHHsI BUKJIaad BUTPAya€e B cepel-
HbOMY 5 XBWIIMH, 1 TECT CKJIaJaeThes 13 25 3anutanb. Tolli ekoHOMIs yacy y BificoTkax npu 3actocyBanHi LI ckinana-
tume (0,625-0,04)*100% = 58,5%, 1110 03Ha4ae, 10 BUKJIa a4 BUTPATUTh Ha CTBOPEHHS TeCTy Ha 58,5% MeHIie yacy.

Iepepaxyemo 111 x 3HayeHHs 3a Gopmynaamu 1 ta 4. Yac, sSkuii BUKIaJa4 BUTPATUB Ha CTBOPEHHS 25 MUTaHb
TECTy CaMOCTIHO, O€3 BUKOPUCTAHHSI IITYYHOTO IHTENEKTy JopiBHIoBatuMme T, . = 5%25=125 xB.. 3araneHuii yac,
BUTpA4YEHHMIi Ha CTBOPEHHs 25 NMUTaHb TecTy 3 Bukopuctanusm LI nopisrroparume T, ,, =5+0,375%5%25=51,875 xs.
Toni yac, AKMii 3eKOHOMUTB BUKIIafiad JopiBHIOBaTHME 125-51,875=73,125 xB., m0 i € 58,5 % Bil BUTpaueHOro yacy 6e3
Buxopucransst 1111, Ha pucyrky 4.13 3a moromororo rpadika 300pakeHO MTOPIBHSIHHS BUTPAT Yacy IUX JBOX ITLIXOMIB.

Taxum 9rHOM, PO3pOOIEHa MaTeMaTHIHa MOIENb € anekBaTHO. CITiT TakoK 3a3HAYUTH, IO TIPHITYIICHHS,
3aCTOCOBaHI y JlaHii Moelti 6a3yroThesl Ha onuTyBaHHI BuKIanadie BH3 cneniansHocTi 123 KoM roTepHa iHkeHepisl.

[IpoBenene mpakTHYHE TECTYBAaHHS (PYHKIIOHATY BHSBWIO, IO CHCTEMa CTBOPWJIA TECTH 3 iJCaLHOIO
SKICTIO, IKi HE TTOTPEOYIOTH KOJHUX KOPEKIiH BapiaHTIB BiATIOBIEH. 3aranom, I TeHepallii TECTiB Ta MepeBipKN
BIAMNOBIAEH HA 25 MUTAaHb 3HAL00MIOCSI BCHOro OM3bK0 20 XBUIINH.

R
—— Bealll

KinexicTs niTass

Puc. 1. 3anexHicTh BUTPau€HOTr0 Yacy BiJ| KIILKOCTI ITUTaHb

Peanizanis cucremu, sika 103BOJISiE CTBOPUTH TECTH BHKJIaZadeM abo 3a nomnomoroto LI BukoHana 3a pomo-
Mororo ¢peitmBopka Laravel. Ha pucynkax 2-3 300pakeHO JIOTiKY, B AKili BUKOHY€TbCS JBi Jii MpH CTBOpPEHHI
MUTAHHS Ui TecTy. B fKoCTi mapaMeTpiB nepeaaeTbcs HOMEP TECTY, A0 SKOTO JOAA€TbCs MUTAHHA, HOro HasBpa,
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a TaKkoXX BapiaHTH BiAMOBiAell y BUMIAAI MacuBy. [lepiioro mi€ro CTBOPIOETHCS 3anuc B 0a3i JaHUX, B sIKii 30epira-
€THCS1 Ha3Ba MUTAHHS, MICIsI 4Or0 OepeThes HOro ineHTH(IKATOp, KUl BUKOPUCTOBYEThCS ISl ineHTH DIkl mpu
JI0/laBaHHI MUTaHb B 0a3y JaHUX.

Puc. 3. IIpuxnan CTBOPEHHS MUTAHHS

IIpuxnan Mozeni nuTaHHs BioOpaxkeHO Ha pUCyHKY 4. 3a3Buuaii B Laravel Mojieni BUKOPUCTOBYIOTBCS IS
oOMiHy iH(opMaliiero 3 023010 JaHUX. Y TOMEPEAHIX MPHUKIaAax OyJI0 MOKa3aHo Te, K B HUX MEepeNalThCs AaHi,
il 3a OTIOMOTOI0 METOAY Save BOHHU 30epiraroTbes. Ale MOJENi TaKOK JO3BOJISTIOTH BH3HAYATH BITHOCHHHU MiX
TabmuisiMe. Lle o3Hauae, Mo Mpy HAJICKHOMY HAJTAIITyBaHHI IPH BUKOHAHHI 3alUTy J10 0a3u JaHWUX BapiaHTH Bij-
MOB1/Iel aBTOMATHUYHO JIOJIAFOTHCS JIO0 PE3YIIBTYIOUOro 00’ €KTy. BUKOpHCTaHHS BIJIHOCHH TaKOX €(EKTHBHO CKOPO-
qy€ 4ac, OCKUIBKH JaHi OTPUMYIOTHCS 3a JOMTOMOTOIO OTHOTO 3aIIHTY.

Puc. 4. ITpuxitag Mozesni MuTaHHS
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Hactynnum po3mistHeMo cTBOpeHHS TecTy 3 BukopucTaHHAM II. /lns miporo Oymo BcTaHOBIEHO 610/i0TEKY
«jumbaeric/laragpty, sxa Mae 3p0o3yMily AOKyMEHTalilo Ta Hajae (yHkuii qus gerkoi po6otu 3 ChatGpt Api. Ha
PHUCYHKY 5 300pakeHo, sIK (yHKIlis OTpUMY€ JaHi Bil KOPUCTYBa4a, a caMe Ha3By TECTyBaHHsI, HOro OMUC Ta KiJib-
KiCTh MUTaHb Ui reHepyBaHHs. OCKUIbKHM 3alUT 3aiiMae meBHUM yac, B Laravel MokHa 3poOuTH crieniajdbHHMA
3aIUT, IKUI BUKOHY€ThCS aCHHXPOHHO, TOOTO KOPUCTYBA4 JIMIIE HAJCUIIAE JaHi, 1 Micisl TOTro, K KOJ| IX OIpaltoe,
TecT Oyzie TOaHo 10 Kypcy.

Puc. 5. Jlorika 3aIrycKy acCHHXpOHHOTO CTBOPEHHSI TECTY 32 JIOTIOMOTOIO HITYYHOTO 1HTENEKTY

Ha pucyHky 6 300paeH0 JIOTiKy aCHHXPOHHOT KOMaHIH, SIKa 3a/1a€ MOYaTKOB1 HAJIAIIITYBAHHS 1 OIUCYE TE, K
MOBUHEH (DYHKIIIOHYBATH IITYYHHU 1HTEJICKT, TICII TCHEPYETHCS 3allUT BiJl KOPHUCTYyBaua, B IKOMY BCi JlaHi 30upa-
FOTHCS B MACHB 1 TIepeIaroThes cTaTHuHii (yHKIIiT 010mioTekHn, ska BianpaBuTh 3anut Ha ChatGpt 1o AP, i noBepHe
pe3yJIbTar.

Puc. 6. Jlorika acCHHXpOHHOI KOMaH/IX BiATIPABKH 3aMUTY

Jaui BiAMOBi b IITYYHOTO iHTENEKTY Oy/ie KOHBEPTOBAHO 3a IOTIOMOTOI0 crieriianbHux kinaciB DTO, siki BuKo-
PHUCTOBYIOTBCS JUIsl 3pY4HOI Mepeaadi JaHuX MiX KOHTpOJIepaMH i cepBicamu mpoekTy. Ha pucynky 7 300paxeHo
Te, K 1H(pOPMALlit0 CTIOYaTKy MPEeACTaBICHO y BUDIIsAI1 3Bu4aiiHoro psaka JSON. L BiamoBias nepeaaeThes B Kiac
GeneratedAiQuestionsDTO, 5ie paaok po3aiaseTbess Ha 00’ €KTH, 1 Ha pUCYHKY 8 300pa)KeHO JIOTIKY MEepEeTBOPEHHS
uiei inopmanii. Ha pucynky 9 3006paskeHo pe3yabTyrounii 00’ €KT, IKUi nepeaeThes Mo MPOEKTY U 3 HbOro 1H(OP-
Mallisi 30epiraeTbcs B 0a3y JaHUX.

{ "questions": [ { "question”: "fxa ocroeHa ¢yHrms nporpamu PocketTracer?”, "options”: [ { "answer": "I'padiunnii quzaiin”. "correct”: 0
}. { "answer": "Mogemoranns Mepex’”, "correct”: 1 }, { "answer": "Mysuure creoperna’, "correct”: 0 }, { "answer": "TexctoEa
nepemucka’. "correct”: 0 } ] }. { "question”: "fxe npusnauenns mae PocketTracer?". "options”: [ { "answer": "®i1pM0Ba MoBTEH
"correct": 0 }, { "answer": "Kyaimapia", "correct”: 0 }, { "answer": "Monemoranna Ta crnvymania mepesi”, "correct”: 1}, { "answer":
"Mamonox Ha Bogi”, "correct”: 0} 1}, { "question”: "fxi MoxIHEOCTI Hagae nporpava PocketTracer?”, "options™: [ { "answer":
"Cropteen: nporsosn’. "correct”: 0 }. { "answer": "Irpn BipTyatssoi peadsnocti”. "correct”: 0 }. { "answer": "Cuvymania Mepesxi Ta
anams’, "correct’: 1 }, { "answer": "Teonoriuai gocmimxenss", "correct”: 0 } 1}, { "question": "fIxi nami moxHa aHamizyEaTH 38
gonomorowo PocketTracer?”, "options”: [ { "answer”: "Tperan mogu”, "correct™: 0 }, { "answer”: "Exononimmi mamkaropr”, "correct™ 0 }.
{ "answer": "TTopeninky mepexi”, "correct”: 1 }, { "answer": "Actponomitmi cioctepesxenns”, "correct™: 0 } ] }. { "question”: "Sxi
{HCTPYMeHTH JocTvnH] E PocketTracer 114 pegarveassd sodopaxens”’, "options™: [ { "answer”: "Mozaika Ta xomasi”, "correct™: 1 }, {
"answer": "Tpadiam nemsan”. "correct”: 0 }. { "answer”: "Texcrori cram”. "correct”: 0 }. { "answer": "Myzmam cenmman”. "correct™ 0 } ]
}. { "question": "Jomy npraingeTsca ocHoeHa yEara E PocketTracer?”, "options”: [ { "answer": "Irpoei ¢i=i", "correct”: 0 }, { "answer":

" Muzafiu inTepdeficy”, "correct™ 0 }, { "answer": "Mogemoransa Mepex”, "correct”: 1 }, { "answer”: "®opuyeanss sormn", "correct”: 0 }
1}. { "question”: "fx1 o0aacTi EMkopHCcTanHa nporpamu PocketTracer ocodareo momymapm?”, "options™: [ { "answer”: "Tactponomia”,
"correct”: 0 }, { "answer": "Mexmumsa", "correct”: 0 }, { "answer": "Indopmamii Texsomorii”, "correct”: 1 }, { "answer": "Actpodiznxa”,
"correct”: 0} 1} 1}

Puc. 7. lapopmartis, sxa HagxomuTh 10 API
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Puc. 9. Pesynbryrounii 00po0iaeHuit 00’ exT

BucHoBKM 3 TOCTiTKeHHSI i MePCHEKTUBH TMOJAJBIINX PO3BIIOK Yy IbOMY HampsiMi. TakuMm 4uHOM,
y poOOTi JOCTIKEHO MUTaHHS JOIUTBHOCTI BUKopucTanHs I mpu po3poOiii TecTiB. 3aBasku po3poOiieHiit mare-
MaTHUYHIH MOJENT MOXKHa po3paxyBaTd, IO €KOHOMis dacy npu BukopuctanHi LI mms cTBopeHHS TecTy MoOxke
csratu Maibke 62,5%. Lle momomarae 3HaUHO 3MEHIIMTH BUTPATH Yacy BHKIAnada. 3aBISKH TaKiii MOMKIUBOCTI,
MOYKHA CTBOPIOBATH TECTH Pi3HMX PIiBHIB CKIAIHOCTI, IO JO3BOJSIE BUSBIATH CNAOKi MIiCI B 3HAHHSIX Ta KOpe-
TyBaTH HaBYQJIBHUH mporiec OuTbl epeKTHBHO. SIKIO MOPIBHSITH JIBa IMiIXOH, TO BHIHO, IO TIPH aBTOMATUYIHIH
renepariii 3 BukopuctanHusM LI, mpoxyKTHBHICT poOOTH BHKJIa[a4da 3HAYHO 301TBIIUTHCSL.
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ASSESSMENT OF THE STATE OF INFORMATION SECURITY USING EXPERT SYSTEMS

The problems considered in the article are related to ensuring the specified indicators of efficiency and reliability o
the designed software complexes for information systems through a structural approach to the main stages of the software life
cycle. The relevance of this class of software is determined by t[ie wide distribution 3/ such systems. Distinctive features of the
modern complex of programs for information systems are their large information and logical complexity, significant volumes of
programs, work in conﬁtions of a limited amount of computing resources with high requirements for the efficiency and reliability
of their functioning, as well as a pronounced production and technical nature ofgofrware tools for all life cycle stages. The main
problem associated with the creation of complex software systems is to increase the reliability of programs. One oﬁhe promising
ways to solve the problem is the implementation of a detailed regulated technological process. At the same time, the required
level of regulation has been achieved as a result of a structural approach to ensuring reliability at various stages of software life.
Among the known ways to improve the reliability of software, this article pays special attention to progressive methods of creat-
ing programs and the widespread use of automation tools, since the technology under consideration and its instrumental support
are based on a structural approach to software development. The role andé%ﬂuence of the corresponding structural methods
on the reliability characteristics of the software is shown. In general, the structural approach makes it possible to increase the
efficiency of working with software based on the implementation of three provisions: streamlining andp unifying the structural
construction of the software package; ordering work to eliminate errors; creating conditions for the effective application of
assembly programming technology based on the software backlog.

ey words: information systems, reliability, efficiency, software, quality, structure, technological process, integrated indi-

cator, objective function, errors, probability of failures, cybersecurity.
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Bockoboiinuk B. 0., Casuenko 10. B., Kapnykog JI. M., Ilapwuna O. A., Ilpoxonosuy-Tkauenxo /I. I. Ouinka cmany
inghopmauinnoi besnexu 3a 00nOM02010 eKCHEPMHUX CUCHIEM

Posenanymi 6 cmammi npodnemu nos'szaui iz 3adesnevennam Kibepoesnexu iHghopmayii ma 3a0aHUX NOKAZHUKIE epermue-
HOCMI Ma HAOTUHOCIE NPOEKMOBAHUX NPOSPAMHUX KOMNILEKCI 0N IH(POPMAYIIHUX CUCIEM 3a PAXYHOK CIPYKIYPHO2O NI0X00Y
00 OCHOBHUX €manig HCUMMEBO20 YUK NPOSPAMHO20 3a0e3neueHHs. AKMyanbHiciy 0aH020 KIACy NPOSPAMHO20 3a0e3neueHHs.
BUBHAYAEMbCSL WIUPOKUM PO3NOBCIOONCEHHAM MAKUX cucmem. BiOminnumu pucamu cyuachoeo KoMRIeKcy npoepam ons ingopma-
YIHUX cucmeM € iX eenuxa iHpopmayitina ma 102iuHa CKIAOHICHb, SHAYHI 00cs2uU npozpam, poboma 6 ymosax ooMedxHceHol Kilb-
KOCHIi 004UCTIOBANHUX PecypCie MPU BUCOKUX 6UMOX 00 epexmugHoCcmi ma HAOIIHOCMI iX YYHKYIONY8AHHA, a MAKONC ACKPABO
eupaofceHuu eupo6Huqo -MeXHIYHULL XapaKmep nPpocPAMHUX 3aco0ig Ha 6Cix emanax dcummeso2o yuxny. OcroeHow npobremoro,
N08'A3aH0I0 3i CMBOPEHHAM CKAAOHUX NPOSPAMHUX CUCTEM, € NiduweHHsa Haditinocmi npoepam. OOHUM 3 RePCHEeKMUBHUX WS-
Xig gupiwients. npoonemu € peanizayis 0emaibHo Pe2lamMeHmosan020 mexHonoiunoeo npoyecy. Ilpu yobomy neodXxionuii pisets
peanamenmayii 00cs2aemvpCcsl 8 pe3yIbmami CmpyKmypHo2o nioxody 00 3abe3neueHHs: HAOIUHOCMI Ha PI3HUX emanax Hcumms
npoepamtozo 3abesneuenns. Cepeo gidomux uiisaxie niosuuienns Haoitimocmi 113 6 dawuiti cmammi ocobnuea ysaea npuoLIAEmvcs
NPOSPECUBHUM MEMOOAM CHIBOPEHHS. NPOZPAM MA WUPOKOMY BUKOPUCTAHHIO 3AC00i8 ABMOMAMU3AYIT, OCKITbKU PO32IAHYMA MeX-
HON02IA MA i1 IHCMPYMEHMANbHA NIOMPUMKA TPYHMYEMbCS. HA CIMPYKMYPHOMY Nidxo0i do pospobku 113. [lokasarno pore ma éniue
BI0NOGIOHUX CIPYKMYPHUX MemoOi8 HA Xapakmepucmuky Haditinocmi 113. B yinomy cmpykmypruil nioxio 0036014€e niosuiyumu
eghexmugHicmy poOomu 3 NPOPAMHUM 3a0e3NeUeHHIM HA OCHOBI peanizayii mpbox NONONCeHb. 6NOPAOKY8AHHA ma VHipikayii
cmpyKkmypHoi no0y008u npocpamHo20 KOMIIEKCY; 6NOPSOKY8aHHs pobim 3 YCyHeHHs ROMUTIOK, CIBOPEHHS YMO8 Oisl eeKmuHO20
3aCMOCY8anHs MEeXHONO0RIT NPOSPAMY8AHHS HA OCHOBI BIOCABAHHA NPOSPAMHO20 3aDe3NeyeHHs BUKOPUCIO8YIoYl Moy Acembnep.

KitrouoBi croBa: inghopmayitini cucmemu, HaoitiHicmy, eqekmueHicnb, npoepamue 3a0e3neuens, SKicnb, CIMpyKmypd,
MEXHONO02IUHULL NPOoYec, THMe2PaIbHUL NOKA3HUK, YLTb0BA (YHKYIA, NOMUIKY, UMOBIPHICHb 8i0MO8, Kibepbesneka.

Introduction. The development of the modern world is characterized by various regular trends. One of them,
and a very important one, is the increasing importance of the available information types. In this regard, in the
period of society informatization, one of the urgent problems is information security. Various subjects of economic,
state and information relations, such as the state, many public organizations, solid commercial organizations, as
well as enterprises and citizens, as the main constituent unit of the state, need to form information security and
ensure their information systems with it. The main objectives for ensuring information security are: minimizing
the financial costs generated in the process of implementing threats, full compliance with the requirements of
state regulatory bodies, ensuring the unity and integrity, as well as confidentiality and availability of information.
It should be emphasized that those organizations that do not pay due attention to information security issues face
constant failures and problems in their work and suffer huge material and financial losses. It is much easier and
cheaper to ensure reliable information security than to eliminate the severe consequences of threats [1].

Successful information security requires a comprehensive approach to information security [2].

The problem of software reliability is of particular importance for real-time information systems operated
for a long period of time under extreme loads. First of all, they highlight the tasks associated with the choice and
practical definition of quality indicators and quality assessment criteria, the tasks of analyzing the complexity of
programs and creating methods for targeted management of the complexity and quality of programs, as well as
creating methods for managing the development of programs. The experience of creating information systems and
their operation led to the formation of such a direction as software reliability.

Despite the commonality of the main provisions of software reliability and hardware reliability, there is a fundamental
difference in the causes of software malfunctions [1-3, 15]. With regard to software, this reason is that the real data to
be processed cannot be processed by a specific program focused on this type of processing. This is due to the fact that
the initial data, being in the range of acceptable values, nevertheless, did not fall into the area verified during testing and
testing. Under the primary error, as a rule, is understood [4], [5] the deviation of the source text of the program from the
formalized reference and customer requirements. Distortions in the program are those of its elements that are subject to
correction. The primary error appears when comparing the results of program execution with some standard.

The main tasks of the reliability of information systems software are [6] — [8] as follows:

— formation of the basic concepts used in the study of indicators and parameters of software reliability;

— identification and study of the main factors that determine the characteristics of the reliability of programs;

— study of the characteristics of distortions of the initial data from various types of sources and their impact
on the reliability of the programs;

— study of types of errors in programs and the dynamics of changes in their number during debugging;

— development and research of design methods and structural construction of complex programs that improve
the reliability of operation;

— study of means and methods of control and protection against distortions of the computing process by
introducing various types of redundancy and noise immunity, providing automatic recovery to the original state;

— development of methods for predicting reliability characteristics.

The main part of the article. The article deals with the issues aimed at solving the most urgent problem of
modern society in the conditions of widespread informatization — information security, especially in the conditions
of information warfare [3].
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Fig. 1. Statistics of financial threats

The statistics presented here are based on the defect products provided by users who have confirmed their
consent to the transfer of statistical data. Thus, in the second quarter of 2021 119,252 computers were prevented
from launching one or more malware designed to steal money from bank accounts (Fig. 1) [4].

Traditionally, ZeuS/Zbot has become one of the most widespread bunker families (17.8%), but its share has
almost halved, down 13 pp. CliptoShuffler (9.9%) took second place again, with its share also decreasing by 6
percentage points. The top three is rounded off by SpyEye (8.8%), which gained 5 percentage points and, as a result,
moved up from 8th place. It is also worth noting the disappearance of Emotet from the TOP 10, which is a predictable
event given the liquidation of the banker's infrastructure in the previous quarter [5]. Targeted ransomware attacks on
large organizations continued in the second quarter. Perhaps the most high-profile event of the quarter was the attack by
DarkSide ransomware on Colonial Pipeline, one of the largest fuel pipeline operators in the United States. The incident
resulted in fuel disruptions and the declaration of a state of emergency in four states. The attack was investigated by the
FBI and several other US government organizations, and the incident was reported to US President Biden [6].

For the attackers, such sudden fame was unwelcome. The creators of DarkSide published a post on their blog
blaming "third-party" operators. Later, another post was published stating that DarkSide developers had lost access
to part of their infrastructure and were closing the service and affiliate programmed. Another consequence of this
high-profile incident was a new rule on the XSS forum, where many encryption developers, including REvil (also
known as Sodinokibi or Sodin), LockBit, and Netwalker, advertise their affiliate programmed [7]. According to the
new rule, the forum's administration has banned the advertising and sale of any ransomware on the site. A similar
decision was made on other forums popular with criminals. Ukrainian police conducted searches and arrested
members of the Clop group. The law enforcement agencies also deactivated part of the group's infrastructure,
which, however, did not lead to the suspension of the group's activities. In the second quarter, attackers targeting
network attached storage (NAS) devices became more active. A new family of Qlocker ransomware was introduced
that packs user files into a password-protected 7zip archive, while old friends echOraix and AgeLocker gained
momentum and protected 97,451 users from ransomware attacks [8].

In the first quarter of 2023, a list of the most active extortion groups, i.e., those who have added the most
victims to their site are presented in Fig. 2. [9]

The process of digitalization of modern society raises problems associated with the possibility of unauthorized
access to critical facility resources. The security of critical facility resources is of great importance for ensuring the
effective functioning of both an individual enterprise and the entire state. Therefore, the issue of developing and
implementing a system for assessing the level of information security is certainly relevant.
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Fig. 2. List of the most active extortion groups
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An important condition for the effective operation of a critical facility resource protection system is its
manageability. A modern CIP resource protection system has a complex, multi-component, physically and
logically distributed structure. The design of an optimal protection system involves the use of qualitative and
quantitative information about the importance of criteria and the construction of a multi-criteria generalized
decision-making criterion for critical infrastructure facilities, which is based on a certain set of necessary
subsystems-modules, such as: a module for protecting the network perimeter and inter-network interactions, a
module for protecting network servers, workstation protection, a module for comprehensive anti-virus protection,
cryptographic protection, etc.

Closely related to the concept of program reliability is the concept of errors in programs. The results of the
analysis of errors in programs [9], [10] showed that complex software cannot exist in an absolutely debugged state.
Errors [11-13] introduced into programs during design, development, and implementation are sources of software
reliability degradation. At the stage of structural design, errors in determining the structure of programs are possible.

The relationship between the number of expected and remaining errors at the end of the technological cycle
with system reliability indicators is often determined by the specifics of the area of program use. In the general case,
the system reliability indicator of programs is the probability of failure-free operation during the time interval t, i.e.,
until the first failure occurs:

P(t)=P(T>1) (D
The probability of failure-free operation allows you to determine the following system indicators:
o) =1-P(1); )
a(t) =60 ()=1-P'(1); 3)
MY = a@)/[P(1)] = d InP(1)/d(1). “4)

Most of the indicators specified by individual software components and technological operations are associated
with these system indicators.

The use of various mathematical reliability models designed to assess program reliability indicators (for
example, the number of errors remaining undetected; the time required to detect the next error; the time required
to detect all errors with a given probability, etc.) allows for a more reasonable approach to planning debugging and
testing programs, deeper understanding of the nature of errors and methods for their prevention, methods for the
effective use of redundancy. Each of these models is based on some assumptions and is focused on a certain class
of programs.

Among these types of errors that reduce the reliability of programs, a special place is occupied by primary
errors, which are distortions in the source code of the program. Since the primary errors in programs are introduced
into their source texts, a special place for evaluating software reliability is given to a method based on the analysis
and control of the statistical characteristics of program source texts.

The use of the structural approach as the basis for the regulation of the technological process and the
constructive organization of programs has a twofold character. On the one hand, structuring leads to an increase in
the reliability of programs. On the other hand, structuring leads to an increase in costs and is associated with certain
losses in the characteristics of programs, which negatively affects their reliability. For a comparative assessment and
comparison of the two directions of action of structuring, a simplified model of the relationship between program
structuring and their reliability is proposed, which makes it possible to draw a qualitative conclusion about the
nature of this dependence [14, 16, 17].

Assuming that the total increment in the number of program elements during structuring is evenly distributed
among each M modules, we denote the average increment per module as 4:

A=AN/M,

where AN — increase in the number of program elements due to structuring.
To simplify the distribution of errors over all elements of the program, let us assume that the error rate K per
element of the program is constant, i.e.

K=n/N = const,

where n — number of errors in a monolithic software package.
Let's introduce the notion of error search length L, considering that in order to find errors it is necessary to
look through all N elements of the program complex. Then the length of the search for n errors is

L=Nn=NXK,
The length of the structured set of programs is considered evenly distributed on M modules, the length of each

module is equal to (N + AM) / M. The number of errors in the structured set of programs will be (N + AM) K, then
the number of errors per module will be on average equal to (N+AM) K/ M.
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The search for errors attributable to each module occurs only within the module. This assumption is based on
the fact that structuring aims at maximum automation of each module. Thus, the search length L _of all errors in a
structured set of programs is determined by the relation

! N+ AM (N +AM)KM (N + AM)' K
© M M - M

characterizing the relationship between the search length of the total number of errors.

As the total number of elements in the structuring and, consequently, the number of errors in the program
complex M and A increase, the values at which the error search length in the structured complex is less than the
error search length in the monolithic program complex acquire such values. To determine the conditions under
which L < L, we can introduce a characteristic of the length of a program module N, =N/ M.

Solving the system of equations:

L=M(N, +A4)K;
L=KN?M,

we obtain that L < L, when M > (1 + AN/ N)?. It follows that even if the volume of a structured program complex
is doubled, its length will be less.

The technological process of software creation can be represented as a set of operations obtained as a result
of detailing of the regulated sequence of stages and phases as applied to specific conditions of technology use.
Such regulation and detailing of the technological process of software creation is aimed, first of all, at achieving
the specified technical quality indicators. In the overall technological scheme, you can present the purpose of each
stage and operation in the implementation of various components of quality indicators, and then form an integrated
indicator. Such an integrated indicator of the quality of the created software can be defined in the form of the ratio
IT= F(I1) where [ = 1 ... m — parameter number; [T, — value of the /-th quality parameter; m — the number of used
indicators. Given the contribution and role of each technological step or operation in achieving a given indicator,
we can derive a relationship to determine each /-th quality indicator in the form of IT,= F(IL,), where i = 1 ... x —
current issue; k — number of steps and operations. The goal of the technological process is to optimize by some
predetermined criterion the value of the integral quality indicator:

Pr=opt[®FIL )] [=1..m; i=1..x

The specific type of functions F and @ is determined by the type of the corresponding indicators and the
features of the technology. The degree of achieving the target function of the technology determines its quality.

The formalized relations introduced allow us to conduct quantitative evaluations when choosing specific
technologies for software creation. At the same time the system indicator of reliability is the probability of faulty
program operation P,— is defined by the relation

k
P,:F(H,.j):HPI.

i=1
i.e., the product of the probabilities of no-failure operation, calculated according to the formula (1), achieved at each
technological stage. With regard to the quality indicators under consideration, the target function takes the form of

k
Pr = max] [P,
i=1

where P, is calculated using the formula (1).

Where P, is calculated by formula (1). Similarly for each technological stage we can calculate the remaining
reliability indexes O(t), a(t), A(t) according to formulas (2) — (4) respectively.

When using the reliability indicators detailed by technological operations, the target function takes into
account the integration of the system indicator. It is shown that all errors can be assigned to four classes of available
programs in complexes. The figure shows these classes and their percentage ratio, as well as the main groups of
errors prevented by the structuring methodology.

All technologies and automation tools that support the process of creating software for information systems should
focus on solving the problem of increasing the reliability of operation. Currently, significant results have been achieved in
the study of these problems, which allow us to identify ways of improving the reliability of this class of programs:

— development of a methodological theory of software reliability, including research of methods of software
reliability analysis, selection and justification of criteria, study of error types, causes of their occurrence and
distribution laws;

— development and implementation of software methods for designing complex programs;

— development of methods for evaluation and prediction of reliability characteristics, especially at early
stages of software creation, methods for timely error prevention and localization, methods for measuring statistical
characteristics that determine the stability of functioning and software reliability;

— development of methods for maintaining programs and their modernization under conditions of long-term
operation.
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Fig. 3. Groups of errors prevented by structural design

The main result of the authors' research is structuring the types of software errors fig. 3. As a result of the
structural approach to the design, the integrated software quality index is defined and the technological process goal
is formulated, which is to optimize by some predetermined criterion the value of the integral quality index.

Complex practical decision-making tasks of critical facilities are usually multi-criteria: the consequences of
decisions have to be assessed using not one, but several criteria (indicators of quality or efficiency of target functions).

To analyze complex and responsible multi-criteria decision-making tasks, the experience, knowledge and intuition
of the decision maker and experts are not enough. It is necessary not only to have adequate information support, but also
to use special mathematical methods developed by decision-making theory.

To select the best (optimal) solution, it is not enough to set a set of criteria. Additional information about the
preferences of the decision maker is needed, which should be formally represented in the model of the problem situation.

Conclusions. The article considers the issues aimed at resolving the most pressing problem of modern society in
the conditions of widespread informatization — information security, especially in the conditions of information warfare.

Modern expert systems are developed using the mathematical apparatus of fuzzy logic for operation in narrow
areas of application and are designed to solve quite complex problems based on the experience of experts' work
constantly accumulated in the knowledge base, to recreate the experience, knowledge of high-level professionals
and use this knowledge. Practical implementation of expert systems allows, on the basis of the facts provided by the
user, to recognize a situation, formulate a decision or give a recommendation for the choice of action and consists
in making the optimal decision for effective information security. Nowadays, expert systems can be widely enough
used in analyzing and assessing the state of information security by specialists of any qualification. Using expert
systems with new knowledge bases on normative documents in the field of information protection, with specific
solutions for many realistically possible situations, it is possible to greatly simplify the work of information security
specialists in many organizations and at the same time provide them with self-training on specific examples, as on
a kind of simulator

It should be emphasized that due to high financial, labour, social and time costs, expert systems are currently
not widespread. Although in the field of information technologies everything is changing very quickly, in the near
future the labour and experience of human professionals will not be replaced by the work of artificial intelligence,
including ES. Today, expert systems can achieve significant results by functioning and interacting only together
with humans, because it is man, unlike artificial intelligence, who is able to analyses, think, think creatively and
non-standard, and this allows him to develop and move forward throughout his era.

To select the best (optimal) solution, it is not enough to set a set of criteria.

The results of the study are necessary for the development of complex software complexes of information
systems. The methodology of structural design of complex software already at the design stage, presented in the article,
allows to prevent a significant number of errors due to the detailing of reliability indicators by technological operations.

Complex practical decision-making tasks of critical facilities are usually multi-criteria: the consequences
of decisions have to be assessed using not one, but several criteria (indicators of quality or efficiency of target
functions).
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To analyze complex and responsible multi-criteria decision-making tasks, the experience, knowledge and
intuition of the decision maker and experts are not enough. It is necessary not only to have adequate information
support, but also to use special mathematical methods developed by decision-making theory.

To select the best (optimal) solution, it is not enough to set a set of criteria. Additional information about the
preferences of the decision maker is needed, which should be formally represented in the model of the problem situation.

Bibliography:

1. 1. Savchenko, O. Shapoval, T. Chupilko, Y. Ulianovska, V. Titov, and V. Shchepetov. "Computer Simulation of
Safety Processes of Composite Structures Rheological Properties.". (2022) doi:10.1109/MEES58014.2022.10005747

2. I. Savchenko, O. Shapoval, V. Bakharev, T. Chupilko, M. Babaryka, and N. Dzyna. "Mathematical Model
of Rheological Processes of Composite Materials Deformation.". (2022) doi:10.1109/MEES58014.2022.10005658

3. O. Khrebtova, O. Shapoval, O. Markov, V. Kukhar, N. Hrudkina, and M. Rudych. "Control Systems for the
Temperature Field during Drawing, Taking into Account the Dynamic Modes of the Technological Installation.".
(2022) doi:10.1109/MEES58014.2022.10005724

4. V. Kulynych, A. Shapoval, and V. Dragobetskii. Hard Alloys Recycling as a Promising Direction of
Technological Equipment for Machine-Building Production. Materials Science Forum. Vol. 1052 MSF (2022).
doi:10.4028/p-49mxgo

5. Parshina O., Savchenko Yu., Polyanovs'ka B. Problem aspects of financial and economic security in the
conditions of development crypt. Scientific Bulletin of the Dnipropetrovsk State University of Internal Affairs.
Special Issue Ne 1. 2019. pp. 243-248. DOI: 10.31733/2078-3566-2019-5-243-249.

6. ITapmmna O.A., ITapmmn 10.1., Cauenko 10.B. ExoHoMiuHa 6e3neka B yMOBax JiAKUTadi3aMii: cydacHUui
CTaH Ta MEePCIEKTUBH PO3BUTKY iH(opMauiiiHoro cycmiibcrea. HaykoBuil BicHUK J{HIPOMETPOBCHKOTO JepiKaB-
HOT'O YHIBEPCHUTETY BHYTpIlIHIX cripaB: 30. Hayk. mpaub. 2019. Ne 2. C. 148-155.

7. Hapumna O.A., [Mapums 10.1., CaBuenxo FO.B. Cucrema MeHemKMeHTY 3a0€3Me4eHHs] KOHKYPEHTOCIIPO-
MOYKHOCTI POMUCIIOBOT MTPOAYKITii B yMoBax aedinuTHOCTI pecypciB. CximHa €Bporna: eKOHOMIKa, Oi3HEC Ta yrpaB-
miHHsS. 2019. Ne6 (23). C. 354-359. URL: (http://www.easterneurope-ebm.in.ua/journal/23 2019/55.pdf)

8. V. Dragobetskii, V. Zagirnyak, S. Shlyk, A. Shapoval, and O. Naumova. "Application of Explosion
Treatment Methods for Production Items of Powder Materials." Przeglad Elektrotechniczny 95 (5): 39-42 (2019.).
doi:10.15199/48.2019.05.10

9. M. Zagirnyak, V. Zagirnyak, D. Moloshtan, V. Drahobetskyi, and A. Shapoval. "A Search for Technologies
Implementing a High Fighting Efficiency of the Multilayered Elements of Military Equipment." Eastern-European
Journal of Enterprise Technologies 6 (1-102): 33-40 (2019). doi:10.15587/1729-4061.2019.183269

10. S.G. Karnaukh, O.E. Markov, V.V. Kukhar, and A.A. Shapoval. 2022. "Classification of Steels According to
their Sensitivity to Fracture using a Synergetic Model." Int J Adv M Tech 119 (7-8): 5277-5287.(2022) doi:10.1007/
s00170-022-08653-y

11. I. Lutsenko "lIdentification of Target System Operations. Development of Global Efficiency Criterion of
Target Operations." Eastern-European Journal of Enterprise Technologies 2 (2): 35-40. (2015.) doi:10.15587/1729-
4061.2015.38963

12. M.V. Zagirnyak, V.V. Prus, and A.V. Nikitina. "Grounds for Efficiency and Prospect of the use of
Instantaneous Power Components in Electric Systems Diagnostics." Przeglad Elektrotechniczny 82 (12): 123-125
(2006.)

13. Savchenko, 1., Shapoval, A., Kuziev, I. Modeling of high module power sources systems safety processes.
(2022) Materials Science Forum, 1052 MSF, pp. 399-404.

14. Savchenko, 1., Shapoval, O., Kozechko, V., Markov, O., Hrudkina, N., Voskoboynik, V. Optimization of
Informative Signals Stability Along the Waveguides. (2021) Proceedings of the 20th IEEE International Conference
on Modern Electrical and Energy Systems, MEES 2021.

15. Hrudkina, N. S., O. E. Markov, A. A. Shapoval, V. A. Titov, I. S. Aliiev, P. Abhari, and K. V. Malii. (2022).
"Mathematical and Computer Simulation for the Appearance of Dimple Defect by Cold Combined Extrusion." FME
Transactions 50 (1): 90-98. do0i:10.5937/fme2201090H

16. O.E. Markov "Forging of Large Pieces by Tapered Faces." Steel in Translation 42 (12): 808-810. (2012.)
doi:10.3103/S0967091212120054

References:

1. 1. Savchenko, O. Shapoval, T. Chupilko, Y. Ulianovska, V. Titov, and V. Shchepetov. "Computer Simulation of
Safety Processes of Composite Structures Rheological Properties.". (2022) doi:10.1109/MEES58014.2022.10005747

2. I. Savchenko, O. Shapoval, V. Bakharev, T. Chupilko, M. Babaryka, and N. Dzyna. "Mathematical Model
of Rheological Processes of Composite Materials Deformation.". (2022) doi:10.1109/MEES58014.2022.10005658

3. O. Khrebtova, O. Shapoval, O. Markov, V. Kukhar, N. Hrudkina, and M. Rudych. "Control Systems for the
Temperature Field during Drawing, Taking into Account the Dynamic Modes of the Technological Installation.".
(2022) doi:10.1109/MEES58014.2022.10005724

78 ISSN 2521-6643 Cucremu Ta TexHonorii, Ne 1 (67), 2024



4. V. Kulynych, A. Shapoval, and V. Dragobetskii. Hard Alloys Recycling as a Promising Direction of
Technological Equipment for Machine-Building Production. Materials Science Forum. Vol. 1052 MSF (2022).
doi:10.4028/p-49mxgo

5. Parshina O., Savchenko Yu., Polyanovs'ka B. Problem aspects of financial and economic security in the
conditions of development crypt. Scientific Bulletin of the Dnipropetrovsk State University of Internal Affairs.
Special Issue Ne 1. 2019. pp. 243-248. DOI: 10.31733/2078-3566-2019-5-243-249.

6. Parshina O.A., Parshin Y.I., Savchenko Y.V. Economic security in the context of digitalization: current state
and prospects for the development of the information society. Scientific Bulletin of Dnipropetrovs'k State University
of Internal Affairs: Collection of scientific works. 2019. Ne 2. C. 148-155.

7. Parshina O.A., Parshin Y.I., Savchenko Y.V. Management system for ensuring the competitiveness of
industrial products in conditions of resource scarcity. Eastern Europe: economy, business and management. 2019.
No6 (23). C. 354-359. URL: (http://www.easterneurope-ebm.in.ua/journal/23 2019/55.pdf)

8. V. Dragobetskii, V. Zagirnyak, S. Shlyk, A. Shapoval, and O. Naumova. "Application of Explosion
Treatment Methods for Production Items of Powder Materials." Przeglad Elektrotechniczny 95 (5): 39-42 (2019.).
doi:10.15199/48.2019.05.10

9. M. Zagirnyak, V. Zagirnyak, D. Moloshtan, V. Drahobetskyi, and A. Shapoval. "A Search for Technologies
Implementing a High Fighting Efficiency of the Multilayered Elements of Military Equipment." Eastern-European
Journal of Enterprise Technologies 6 (1-102): 33-40 (2019). doi:10.15587/1729-4061.2019.183269

10. S.G. Karnaukh, O.E. Markov, V.V. Kukhar, and A.A. Shapoval. 2022. "Classification of Steels According to
their Sensitivity to Fracture using a Synergetic Model." Int J Adv M Tech 119 (7-8): 5277-5287. (2022) do0i:10.1007/
s00170-022-08653-y

11. I. Lutsenko "lIdentification of Target System Operations. Development of Global Efficiency Criterion of
Target Operations." Eastern-European Journal of Enterprise Technologies 2 (2): 35-40. (2015.) doi:10.15587/1729-
4061.2015.38963

12. M.V. Zagirnyak, V.V. Prus, and A.V. Nikitina. "Grounds for Efficiency and Prospect of the use of
Instantaneous Power Components in Electric Systems Diagnostics." Przeglad Elektrotechniczny 82 (12): 123-125
(2006.)

13. Savchenko, 1., Shapoval, A., Kuziev, I. Modeling of high module power sources systems safety processes.
(2022) Materials Science Forum, 1052 MSF, pp. 399-404.

14. Savchenko, 1., Shapoval, O., Kozechko, V., Markov, O., Hrudkina, N., Voskoboynik, V. Optimization of
Informative Signals Stability Along the Waveguides. (2021) Proceedings of the 20th IEEE International Conference
on Modern Electrical and Energy Systems, MEES 2021.

15. Hrudkina, N. S., O. E. Markov, A. A. Shapoval, V. A. Titov, L. S. Aliiev, P. Abhari, and K. V. Malii. (2022).
"Mathematical and Computer Simulation for the Appearance of Dimple Defect by Cold Combined Extrusion." FME
Transactions 50 (1): 90-98. doi:10.5937/fme2201090H

16. O.E. Markov "Forging of Large Pieces by Tapered Faces." Steel in Translation 42 (12): 808-810. (2012.)
doi:10.3103/S0967091212120054

ISSN 2521-6643 Cucremu Ta Texnouorii, Ne 1 (67), 2024 79



I1. B. JIy6’stamit, O. A. Boiitouy, [. O. Ky3pMeHKO

TPAHCIIOPTHI TEXHOJOTTI (3A BHIAMH)

YK 629.078
DOI https://doi.org/10.32782/2521-6643-2024-1-67.12

Ny6’aHnn IN. B., kKaHanaaT TEXHIYHMX HayK, OOLEHT,

3aBigyBad kaeapu TpaHCMOPTHUX CUCTEM Ta TEXHIYHOIO cepBicy
XepCOHCLKOro HaLioOHanbHOro TEXHIYHOIO YHIBEpPCUTETY

ORCID: 0000-0003-2668-5063

BonTtoBu4 O. A., KaHaMAAT TEXHIYHUX HAYK, LOLEHT,
OekaH bakynbTeTy iHXeHepii Ta TpaHCcnopTy
XepCOHCLKOro HaLiOHanbHOro TEXHIYHOIO YHIBEPCUTETY
ORCID: 0000-0003-0510-4362;

Ky3bmeHko I. O., acnipaHT kadenpn eKOHOMIKM,
NigNnPUEMHNLTBA Ta EKOHOMIYHOT Be3neku
XepCOHCLKOro HaLioOHanbHOro TEXHIYHOIO YHIBEPCUTETY
ORCID: 0009-0004-6878-7310

OCOBJIUBOCTI KOMEPIIMHOI JIIJTbHOCTI
IPU 3MIINAHUX KOMBIHOBAHUX NEPEBE3EHHSIX

Y ecmammi pozensoaromuvcs akmyanvhi numanis, ROG'S3aHi 3 KOMEPYIIHOIO OISLIbHICIIO Y KOHMEKCME 3MIUAHUX KOMOI-
HOBAHUX Nepese3etn, Ma ULIAXU NOKPAWeHHs CUCIeMU mapughie Ha npuKIadi agmomoodinbHO20 Ma 3aN3HUYHO2O MPAHCHOPIY.
Ooun 3 0CHOBHUX ChOC00i8 80OCKOHANeHHs mapugHoi cucmemu — ye i oughepenyiayia 3anexnco 8id Kiacy aKocmi nepegesetsb
I IHWUX MPAHCNOPMHUX NOCTY2, d AKOIC NOCHYNO8e NPUNUHEHHS NPAKIMUKU «Nepexpecto2oy (iHaHCy8aHHs Ma CYOCUOYBAHHS
HepeHmabenvHux 6Udi6 OILIbHOCHI 30 PAXYHOK NPUOYIIKOBUX.

Ha cb0200Hi mpancnopmuuti cekmop 30amet 3ade3neuumu auuie 6a306i Nompeodu HaceleHHs Ma eKOHOMIKU U000 00cs-
2ig nepesesenn, ane e ujodo axkocmi. Cyuacnuii cman mpancnopmHoi 2any3i He noGHicHIO GiON0GIOAc UMO2am e(ekmusHol
peanizayii espoinmeepayiinoeo Kypcy Ykpainu ma inmeepayii nayionansnoi mparncnopmuoi mepeoci ¢ Tpanc'esponelicoky
MPAHCIOPIMHY Mepexcy.

s niosuwjenns epexmusnocmi ma KOHKypeHMOCHPOMONICHOCHI] MPAHCHOPIHO20 CEKMOPY HeoOXiOHO 800CKOHAAUMU
NPABOBULL MEXAHIZM OepIICABHO-NPUBAINHO20 NAPMHEPCMEA, NOCUTUMU B3AEMOOII0 MIIC OEPIHCABHUM A NPUBAMHUM CEKIMOPOM,
OpeaHamu 0epHCAsHOT 61A0U MA MICYE8020 CAMOBPAOYBAHHA, A MAKONHC 30IUCHUMU HeOOXIOHI pedopMmu, BKIIOUAKYY BNPOBA-
0dHCeHHA OeyeHmpanizayii 3a 00NOM0O2010 CKOOPOUHOBAHUX iHiyiamue depocagHoi norimuku. Lle cmeopums MiyHy 0CcHO8y 04
CMAN020 PO3GUMKY MPAHCNOPMHOL 2aY3i MA GIOKPUMO20 KOHKYPEHMHO20 PUHKY MPAHCHOPIMHUX HOCTYe.

32i0HO0 3 YUHHUM 3AKOHOOABCNBOM, Pi6eHb MAPUQie Y MpaHcnopmi BUSHAYAEMbCS UXOOSUU 3 HOPMAMUBHUX 3AMPAI HA
OOUHUYIO MPAHCNIOPMHOT poOOMU, PiBHS PeHMAbeIbHOCHE MA NOOAMKOBUX 30008'33anb. Pospaxynku 3i cnoocusauamu nociye
MPAHCROPINY 342ATbHO20 KOPUCHIYBAHHS BPOBOOSIMbCS 8I0N0BIOHO 00 OioyuUX mapuie 32i0Ho 3 Kodekcamu (cmamymami) okpe-
MUX 8U0I8 MPAHCHOPMY, THUUMU 3AKOHOOABYUMY aKmamu Ykpainu, a makooc 8i0no6ioHo 00 MIdCHAPOOHUX KOHBEHYill, AKUX
00mpuUMyeEmsbCsl Ykpaina, ma Miscoepaucagnux y200 y cepi mpancnopmuux nociye.

Asmopamu 3anpononogana memoouxa 6cmarosneH s mapugie na smiwiani KoMOIHOBAHT nepege3eHHs, Wo 6a3yemucs Ha
oyinyi epexmuenocmi gynxyionyeanns eciei mpancnopmmoi cucmemu. OcKinbku 3mitani KOMOIHOBAHT Nepese3eHH s, 30KpeMd
KOHmpetliephi, NOEOHYIOMb MOYHICMb A8MOMODIILHO20 MPAHCHOPMY 3 GUMPAMAMU, NOOIOHUMU 00 3ANIZHUYHUX, MO MAPUGh Ha
HUX NOBUHEH OYMU 8 MeNCAX Midc mapughom 0 mpaouyitiHux 3ani3HUYHUX nepese3ets ma AemoMOOLIbHUX.

KitrouoBi ciioBa: mapudh, amiuiani nepegesens, sumpamu, mapugHa notimuxad, KOMepyiina OisibHiCmb, MPaHCnOPMHI
nocyzu.

Lubiany P. V., Voitovych O. A., Kuzmenko I. O. Peculiarities of commercial activity in mixed combined transport

The article examines topical issues related to commercial activities in the context of mixed combined transport and ways
to improve the tariff system on the example of road and rail transport. One of the main ways to improve the tariff system is to
differentiate it depending on the quality class of transportation and other transport services, as well as to gradually stop the
practice of "cross-financing” and subsidising unprofitable activities at the expense of profitable ones.
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Today, the transport sector is able to meet only the basic needs of the population and the economy in terms of transpor-
tation volumes, but not in terms of quality. The current state of the transport sector does not fully meet the requirements for the
effective implementation of Ukraine's European integration course and the integration of the national transport network into the
Trans-European Transport Network.

To improve the efficiency and competitiveness of the transport sector, it is necessary to improve the legal mechanism for pub-
lic-private partnerships, strengthen cooperation between the public and private sectors, state authorities and local governments, and
implement the necessary reforms, including the introduction of decentralisation through coordinated public policy initiatives. This will
create a solid foundation for the sustainable development of the transport sector and an open, competitive transport market.

In accordance with the current legislation, the level of tariffs in transport is determined based on the standard costs per unit of
transport work, profitability and tax liabilities. Settlements with consumers of public transport services are carried out in accordance
with the current tariffs in accordance with the codes (charters) of certain types of transport, other legislative acts of Ukraine, as well
as in accordance with international conventions to which Ukraine is a party and interstate agreements in the field of transport services.

The authors propose a methodology for setting tariffs for mixed combined transportation based on an assessment of the
efficiency of the entire transport system. Since mixed combined transport, in particular, containerised transport, combines the
accuracy of road transport with costs similar to those of rail transport, the tariff for it should be in the range between the tariff
for traditional rail transport and road transport.

Key words: tariff, mixed transport, costs, tariff policy, commercial activity, transport services.

IMocTanoBka npodiaemu. ChoroHi muTanHs pedopMyBaHHS TapU(HOT MOTITUKH € BaXKIIUBUM HE JIMIIIE 3 TeOpe-
TUYHOI, aJie 1 3 MPAaKTHYHO1 TOYKHU 30y AJIs BCIX raly3eil CyCHUTbHOTO BUPOOHUIITBA, BKIIFOYAIOYH TPAHCHIOPT. Y Tapu-
(ax, sIK 1 B [iHAX, BiIOOPAKAIOTHCS EKOHOMIYHI IHTEPECH BCIX YYaCHUKIB pUHKY. BOHUM € 0CHOBOIO Jist hOpMyBaHHS
JIOXOJTiB, HEOOXIJTHUX JUIS TTOKPUTTS BUTPAT MIIMPUEMCTBA T4 OTPUMAHHS NPUOYTKY, SKUH 3a0e31edye OHOBJICHHS
OCHOBHHUX (DOHJIIB, COITIAJIbHUI PO3BUTOK Ta CTBOPEHHS CYCIIJIBHUX (DOHJIIB CIIOKMBaHHs. PiBeHb TapudiB Mae 3Ha4-
HUI BIUIMB Ha OUTBIIICTH CHIOKUBAYIB 1 € OHUM 3 KIIIOYOBHX YHHHHUKIB y BHOOPI IEBHHUX MOCIYT Ta TOBAPIB.

AHani3 ocTtaHHiX AocailkeHb Ta nmyOmikaunii. IlutaHHAME (GOpMyBaHHS Ta PO3BUTKY TapU(HOI MOIi-
TUKW 1 KOMEPUIHHOI AisNTBHOCTI TPAHCIOPTY 3aiiMaiucs Ta MPOJOBKYIOTH 3aiiMaTucs 0araro MpOBiTHUX BITUM3-
HSIHHUX 1 3apyOiKHUX YYCHHX, a TAKOXK cneuianiCTiB:|€.B. HaropHuit |IOO Hasuniu, }0.C. bapam, M.B [lopo-
menko, JI.B. 3epkanos, M. I'. benincbka, H.M. Konecnukosa, F0.®. Kynaes, M.B. Makapenko, B.I. [Taciunuk,
J1.O. Tlo3masixkoBa, I'M. Kipma, T.A. Mykwminosa, J[.O. Illampaii, T.I. SInoBceka, B. I1. SHoBchKa, I'.J1. EfiTyTiC,
H.I1. Tepromuua, €. M. Cnd Ta iH.

Opnak crnernudika Tapu@HOT TONITHKA B TEPEBE3CHHI BAHTAXIB 3aIMINAETHCS HEJOCTaTHHO BHUBUCHOIO
1 moTpelye MOAATBIINX JTOCIiIKEHb.

Mera cTaTTi nosisirae B aHani3i TapuHOI MOJITUKU Ta KOMEPLIHHOT AiIJIbHOCTI y 3MilIaHUX KOMOIHOBaHHUX
MIEPEBE3CHHSX, @ TAKOXK Y BUBYCHHI OCOOIMBOCTEN 1 pO3pOOIIi IUISIXIB MOKPAIICHHS CHCTEMH Tapu]iB.

Buxnax ocHoBHOTo Matepiaiy. Po3poOka rHydKoi CcTeMH BCTaHOBJICHHS Tapr(iB Ma€ BayKIIMBE 3HAYCHHS
JUTSL TIOKpAaIeHHsT (PIHAHCOBOTO CTaHy MiANPHEMCTB TPAHCIIOPTHOI rany3i. Taka cucTeMa MOBWHHA IependadaTw
00'exTHBHI, An(epeHIiHoBaH] MiIXOAN 10 BCTAHOBICHHS TapH(iB IS MAaCAKUPCHKHUX 1 BAHTAXKHUX IIEPEBE3CHB,
3aCHOBaHI Ha PI3HMUX MapaMETPax TPAHCIIOPTHOTO PUHKY. Peanizaris miel KOHIENIii B yMOBaxX MEPEXOAy 10 PHHKO-
BHX BIJIHOCHH € MPOOJIEMAaTHYHOIO Ta MA€ CBOT METOJ0JIOT1UHI cKiaaHomi [1].

Tapudna noniTika moBuHHA 3a0e3MeuyBaTi e()eKTUBHE (PYHKIIOHYBAHHS TPAHCIIOPTHOI CHCTEMH, CIIPHATU
PO3BUTKY KOHKYPEHIIii, & TAKOX BIJHOBJICHHIO 1HBECTHUIIIHOT CKIaI0OBOI Tapu(iB I PO3MIUPEHOTO BiITBOPCHHS
BUPOOHMYHUX (HOHIIIB TpaHCTIOPTY. BoHa Mae BpaxoByBaTH HEOOXITHICTh IIOKPUTTS BUTPAT HA TIEPEBE3CHHS, PEKOH-
CTPYKIIiI0, TEXHIYHMIA 1 COIIaIbHUN PO3BUTOK Tally3l, MiJBUINCHHS SKOCTI TPAHCIIOPTHHUX IOCIYT, & TAKOX CTBO-
peHHS e(pEeKTUBHOI B3a€MOAIT MK PI3HUMH BUAAMH TPAHCIIOPTY.

Tapu¢na moiiTuka MOBUHHA BPAXOBYBATH IHTEPECH MIIPUEMHHUINTBA, CIPUSITH PO3BUTKY ABTOMOOLIBHOTO
TPAHCIIOPTY Ta BIPOBAKEHHIO CY4aCHUX TPAHCIIOPTHUX 3aC001B, CTUMYIIIOBATH BUKOPUCTAHHS HOBITHIX TEXHOJIO-
riif mepeBe3eHb. B ymoBax iHQusii HeoOXinHa iHmeKcanis TapudiB, SKi BCTAHOBIIOIOTHCS JICPKaBHIMHU OPTaHAMH.

OMH 13 KJIFOYOBHX HANpPsAMIB YAOCKOHAJICHHS Tapu(HOI cucTeMu — 1ie audepenmiaris tapudis 3a Kiacamu
SIKOCT1 TIEPEBE3CHb Ta IHIMUX TPAHCIIOPTHHUX IMOCIYT. BaXJIMBUM YHMHHUKOM y (hOpMyBaHHI Tapu()HOT MOTITHKH
B TPAHCIIOPTHIM Tally31 MOBUHHE OyTH CKOPOYCHHS BUTPAT Ta 3HIKCHHS COOIBAPTOCTI U1l 3MEHILICHHSI TPAHCIIOPT-
HOI CKJTaZi0BOi y BapTOCTI MpOAyKIIii [2].

Jns moganeioro pedopMyBaHHs B 001acTi Tapu(HOT MOMITHKY HA TpaHCHOPTI HeoOXiaHO[3]:

— 3a0e3ne4ueHHs cBOOOM I[IHOYTBOPEHHS B TPAHCIOPTHUX CEKTOPAX 13 BUCOKOI0 KOHKYPEHIII€IO;

— KOHTPOIIb 38 (JaKTHYHMMHU BUTPATaMH Ta PEHTA0CIBHICTIO TPAHCIIOPTHAX I1iANPHEMCTB-MOHOIIONICTIB;

— BCTAHOBJICHHSL, 3 HEOOXIZHOCTI, (hikcOBaHMX TapH(IB HA TPAHCIIOPTHI HOCIYTH IS IPUPOIHIX MOHOTIONIH;

— pamioHaJBHMN PO3IOIIN TTOBHOBKEHD 3 TAPH(HOTO PETYITIOBAHHSI MK ICPKaBHUMHU Ta PETriOHAaTbHUMHE
PIBHSIMH YIPABIiHHS TPAHCIIOPTHUMH CHCTEMaMU;

—y pa3i iHdaniitHuX mpomecis iHAeKcanis TapudiB, sIKi BCTAHOBIIOIOTHCS ACP>KaBHUMHU OpraHaMM;

— BAOCKOHAJICHHS Tapu(HOT MOTITUKHU Ta 30€PEKEHHS €IMHOTO TAPU(YHOTO IPOCTOPY BiAMOBIAHO A0 MIKYpSI-
JOBUX YTOJI IIPO IPOBEICHHS y3TOIXKEHOI ONITHKY B TaTy3i TAPpHU(HOTO PEryTIOBaHHs HA TPAHCIIOPTI.

OCHOBHHM HaIPSIMKOM YIOCKOHAJICHHS TapU(PHOT cCHCTeMHU Moxke OyTH ii qudepeHIriamnis 3a KiracaMu SKOCTI
MEePEBE3CHb Ta IHIIMX TPAHCIIOPTHUX MOCIIYT, @ TAKOXK MOCTYIOBE PUITMHEHHS MPAKTUKH "TiepexpecHoro” ¢inaH-
CyBaHHS Ta CyOCH/TyBaHHs 30MTKOBHX BHUJIIB JISUTBHOCTI 32 PaXyHOK MPHOYTKOBHX.
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3rifiHO 3 YMHHUM 3aKOHOJABCTBOM, PiBE€Hb Tapu(iB y TPaHCHOPTHiHM cdepi BU3HAUAETHCS HA OCHOBI HOP-
MaTUBHUX 3aTpaT Ha OAMHUIIIO TPAHCHIOPTHOI POOOTH, PIBHS PEHTAOCNBHOCTI Ta CIJIATH MOJAaTKiB. Po3paxyHKH 3i
CHOXMBa4aMH TTOCITYT TPAHCIIOPTY 3arajbHOTO KOPUCTYBaHHS NPOBOAATBLCS 3T1/IHO 3 YHHHUMH Taph(paMH, BCTAHOB-
JICHUMH KOZIeKCaMH (CTaTyTaMu) OKPeMIX BHJIIB TPAHCIIOPTY Ta IHIIMMH 3aKOHOABYMMH aKTaMU YKPaiHH, a TAKOXK
BIMOBIIHO 10 NPHMHLMIIB MiXKHAPOJHOTO MPaBa, MIKHAPOJHUX KOHBEHIIIH, /10 SKMX MpUEIHAnacs YKpaiHa, Ta
MDKACPIKABHUX Yro y cdepi TpaHCIOPTHUX mociyr [4].

MinicTepcTBO PO3BUTKY IpOMaJ, TEPUTOPiH Ta iHppacTpykTypu Ykpainu (MiHiHppacTpyKTypH), y3romKy-
o4 3 MiHicTepcTBOM CKOHOMIKI/I perysioe Tapu(Hy [iHY Ha TaKi MOCITYTH:

— KOMIDIEKC poOiT, MOB'sI3aHUX 13 00pOOKOI0 30BHIITHHOTOPTOBEIBHUX Ta TPAH3UTHHUX BAHTAXKIB Y MOPCHKUX
Ta PIYKOBUX MOPTAX;

— TOCITYTH, IO HAAIOTHCS CyAaM 3aKOPAOHHOTO IJIaBaHH B MOPCHKUX Ta PIYKOBUX MOpTax YKpaiHu;

— MOCIYTH 3 TEPEBE3CHHS BAaHTAXIB 3aJi3HUYHUM TPAHCIOPTOM B MeXax YKpaiHH Ta IMOB'SI3aHi 3 HUMH
MOCITYTH;

— IepeBe3eHHs MACAXKUPIB, Oaraxy Ta BaHTaK00araxxy 3aJli3HIYHUM TPAHCIIOPTOM Y MIKHAPOTHOMY Ta BHY-
TPIIIHEOMY CITOJTYYeHHI (KpiM MIKMICHKUX TIEPEBE3CHB);

— aepoHaBiramiiHi 300py 3 MOBITPAHUX CY/JIEH B MOBITPAHOMY NPOCTOpPi YKpainu;

— aepornopToBi 300pH 3a 06CIYTOBYBaHHS MOBITPSHUX CyJIEH Ta ITACAKUPIB B a€pONoOpTax YKpainu (BKiIro4a-
I0YH [I0CAJIKY-3JIIT, 00CITYTOBYBaHHsI IACAXKHUPIB B a€POBOK3aJIax, OHAHOPMATHBHY CTOSHKY, 3a0€3IIeUCHHS aBia-
IHOT Oe31eKn);

— IEPEBE3CHH [AaCAKMUPIB Ta Oaraxy aBTOMOOLISMH Ha MDKMICBKHX i MiKOGIACHMX MapuipyTax (Tapudu
Ha MEPEBE3EHHs MacaXupiB Ta Oaraxy aBTOMOOUILHMM TPAaHCIIOPTOM, IO HPAIO€ B 3BUYANHOMY PEXKHMI pyXy
B MDKMiCBKOMY, BHYTPIIIHBOOOJIACHOMY Ta NMPHMMICHKOMY CIOJy4€HHI, IOBUHHI 3aTBEepuKyBartucs Panoro Mini-
crpiB AP Kpum, o6epxaamiHiCTpalisMu, a Takox MiCbKUMU JiepkaaminicTpanisvu Kuesa Ta CeacTonons).

Tapudna noniTka Ha aBTOMOOUILHOMY TPAHCIIOPTI 3arajlbHOr0 KOPHCTYBAHHs IOBUHHA BPAXOBYBATH 1HTE-
pecH MANPHEMILB, CTUMYIIOBATH PO3BUTOK Ta BIOCKOHAJICHHS MapLIPY THOI MEPE3Ki, BIPOBAKCHHS HOBUX TCXHO-
JIOTiH, 30KpeMa Cy4yacHUX CHCTEM aBTOMATHKH, & TAKOK CIIPHSTH BUPIMICHHIO HINX 3aBIaHb [5]:

— PO3LIMPEHHSI MOXIIUBOCTEH CyO'€KTiB TOCIIONAPIOBAHHS Ul 3a/IOBOJICHHS IOTPEO CIOKMBAYIB y TpaH-
CTIIOPTHHX MOCTYTaX;

— 3aJTy4eHHsI 1HBECTHILIIN Y PO3BUTOK TPAHCIIOPTY 3arajibHOTO KOPUCTYBAaHHS IS 3a0€3Me4YeHHs CTaOUTbHIX
€KOHOMIYHHX yYMOB;

— CTHMYJTIOBaHHSI KOHKYPEHIIIT IUITXOM 320X0YCHHS TOSIBH HOBHUX CY0'€KTIB TOCIIOaPIOBAHHS Ha aBTOMOO1ITh-
HOMY TPAHCIIOPTi 3arajbHOTO KOPUCTYBAHHS.

Metoan popmyBanns TapupHOi NONITHKH Uit 3MilIAHMX KOMOIHOBAHHUX NepeBe3eHb. UnnHa Tapudua
TIOJIITMKA HE MOBHICTIO BiINOBIIA€ BUMOTaM PUHKY TPAHCMOPTHUX TOCIYT. OCTaHHIM 4acOM MPOMOHYBAIKCS PI3HI
METO/MKN PO3PaxXyHKy Tapu(iB Ha MEPEBE3CHHS BAHTAXKIB 3 ypaXyBaHHAM iXHbOI BapTOCTI. OJHAK LI METOM HE
BPAXOBYIOTb IIBUJKICTh JOCTAaBKU BAHTAXKIB 1 IXHIO 30€PEIKECHICTb.

3anporoHOBaHa aBTOPChKA METOIMKA BIH3HAUCHHS Tapu(DiB Ha 3MilIaHi KOMOIHOBaHI IepeBE3CHHs 3aCHOBAaHA
Ha OIiHII e()eKTUBHOCTI (DYHKIIIOHYBaHHS TPAHCIIOPTHOT CHCTEMH B ITJIOMY. 3MillaHi KOMOTHOBaHI IepeBe3CHHS
(BKIIFOYHO 3 KOHTPEHIEPHUMHU) I03BOJISIOTH 3a0€31€4yBaTH CBOEYACH] IIEPEBE3EHHS SIK aBTOMOOLIBHUM, TaK 1 3aJ1i3-
HIYHUM TPAHCIIOPTOM, 32 BUTpaTamu, OIM3bKUMH 0 3aii3Hn4HuX [6]. Toxi BenuunHa Tapudis Ha 3MillaHi KOM-
OlHOBaHI KOHTPEUIIEPHI NEPEBE3CHHS MOBUHHI 3HAXOJUTHCS B MEXKAX MOMDK BEIMYMHOK Tapu(y Ha TpaJuIIiiHi
3ajmisHu4Hi nepesesenns (7 ) Ta Ha aBToMOOiIbHI nepesesenns (T ).

T <T<T (1)

3an K asm’
. Buxopsun 3 wi€i yMoBH, IPONOHYETHCS HACTYIHNUI MOPSII0K BU3HAYCHHS ONTHMAJILHOTO PO3MIpy Tapudy Ha
3MillIaHi KOMOiHOBaH1 KOHTpEHIepHi nepeBe3eHHs [ 7]:
1. Busnauaerncst BepxHs Mexka tapudy 7 , B poii sKoi IPUAMAETHCS [IF0UUA B TETEPIIIHIN Yac Tapud Ha
aBTOMOOLIbHI nepeBesennst 1)
"o @

asm’®

2. BusHauaeThes HIDKHA MeXa Tapudy, AKa BilNOBiae IOTOYHUM BUTpaTaM 1™ =B Ta piBHOBaroBuii Tapuc
3 ypaxyBaHHAM PiBHA PEHTa0ENbHOCTI MPOAyKILii (P »)> K@ IIEPEBO3UTHCS (T pierosec)

TKPtGﬂoew :BK (] +P,,p) , (3 )

3. BusHauaeThcs OUiKyBaHa BeJIMUYWHA MPUOYTKY, SKHMH MOXKE OTPHUMATH BaHTAXKOBIIACHHK BiJl CKOPOUYCHHS
TEPMiHIB MEPEBE3CHHS Ta 3MCHIICHHS BTPAT BAaHTAXY MPHU TPAHCIOPTYBAHHI 32 KO)KHUM OKPEMHUM BaHTaXEM
B 3QJIEKHOCTI BiJl Horo BapTocTi (A11).

AH_=E T—E, . 4)
npm.oas
ne £ p]; IPUBE/CHHIT CKOHOMIYHUIT CDEKT 3alPOIIOHOBAHOTO BapIaHTy;
\om.as~ IPHBEIICHHIA E€KOHOMIYHHH eeKT 0a30BOTO BapiaHTYy.
4. BuzHavaeThCsl po3paxyHKOBE 3HAUCHHsI Tapu(dy Ha 3MilIaHi KOMOIHOBaHI MPUCKOPEH]I KOHTPEHIIepHI Tiepe-
Besenns (17).

P =B (1 +Pp) +B Al , 5)

ne B, — KoeQilieHT eacTUIHOCTI Tapuy, AKAH 3MIHIOETBCS B 3aJIEKHOCTI Bil KOH FOHKTYPH PHHKY 1 3HAXOMTHCS
y MEXKax:

0<B <1
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5. 3 ypaxyBaHHSIM 30BHIIIHBOTO JOJATKOBOTO IPUOYTKY (AH ) Bix BapTOCTl BaHTaXy, 1110 HepeBO3I/ITLC$I
4, ) HoTOYHUX BUTpAT (B, , B ), 1000BuUii Koe(ilieHT KOMIAyIiHTy (¢) Ta TEPMiHY NOCTABKU BaHTaxy (¢, , 1),
BHpa)KeHHSI TS BU3HAYCHHS p03paxyHKOBOFO Tapudy MOKHaA 3aIUCATH

=B (I+P,)+f (L + B, Ja"~( L[ + B ) a*}, (©)

6. Po3paxyHkoBe 3Ha4eHHSA TapH(y Ha 3MINIAHMX KOMOIHOBAHMX KOHTPEHIEPHHUX ITEPEeBE3CHHSX MOPIBHIO-
I0ThCS 3 BEPXHBOIO Mexkero Tapudy (7°* ). Sxmo pospaxyHkoBuid Tapud J0piBHIOE a00 NEPEBHIILYE 1I€ PO3PaxyH-
KOBE 3Ha4€HHS, TO JUISl MATPUMAHHSA IIONUTY Ha PUHKY TPAHCIOPTHUX MOCTYT HEOOXiTHO 3HU3UTH PO3PaxXyHKOBHH
Tapu( 3a paxyHOK 3MEHIIECHHS KOe]illieHTa e1acTHIHOCTI (B ).

BucHoBku. [{71s1 mogansioro peopmyBaHHs Tapu(HOI NOMITUKY Y TPAHCHOPTHIH ramy3i HeoOXiqHO:

— 3aMPOBAIUTH BiIbHE L{IHOYTBOPEHHS B CEKTOpPaX TPAHCHOPTHOTO PUHKY 3 BUCOKUM PiBHEM KOHKYPEHLIIT;

— KOHTPOJTIOBAaTH (h)aKTHYHI BUTPATH Ta PEHTAOCIBHICTD TPAHCIIOPTHUX IMiAIIPUEMCTB-MOHOIIONICTIB;

— BCTaHOBITIOBATH (hiKCOBaHI Tapu(hy HA TPAHCIIOPTHI MOCITYTH PHUPOITHIX MOHOTIONICTIB, KOJIH I1¢ HEOOX1THO;

— PO3YMHO PO3ME)XyBaTH MTOBHOBAKCHHS IOAO TAPH(HOTO PETyNIOBaHHS MK JIEP)KaBHUMH Ta PETiOHAIIb-
HUMHM OpTaHaMH YIPaBIiHHS TPAHCTIOPTHUMH CUCTEMaMHU;

— IHJAeKCyBaTH Tapu (U, BCTAHOBICHI JepKaBHUMU OpraHaMH, y BUIAAKY 1H(IIIT;

— BAOCKOHAJIMTHU Tapu(Hy MONITUKY Ta NIATPUMYBATH €JUHUI Tapu(HUI TPOCTIp 3TiAHO 3 MIXKYPSIJOBUMHU
yroflaMH Ipo y3rofKEeHy MOIITUKY B Taly3i TapU(HOIO PEryIOBaHHS Ha TPAHCIIOPTI.
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HOomyK mJasaXiB NIIBUINEHHSA E@EKTUBHOCTI ®YHKINIOHYBAHHSA CUCTEMHA
TEXHIYHOI EKCIIJIVATAIII PATIOEJIEKTPOHHUX HABITAIIMHUX CUCTEM

CyuacHi nogimpami cyOHa OCHAWYIOMbC YupposuMl NIMOMANCHO-HABI2AYIIHUMY KOMILEKCAMU HOB020 NOKONIHHA, 8 SKUX
6Ci cucmemu Maioms 80Y006aHI cucmemy KOHIMPOIIO i KOHCMPYKIMUBHO GUKOHYIOMbCA Y 6U2ia0i paody neeko3aminnux onoxig. besnexka
NOTLOMIB CYHACHUX NOBIMPAHUX CYOEH 300e3NeUyEMbCs ULTAXOM Pe3ep8y8antsl padioeleKmpOHHUX HABIAYIUHUX CUCIEM, 8 MOt Yac
SIK pe2yISPHICHb NOTbOMIE — ULTSXOM CHBOPEHHS OOCANHbOL KLTIbKOCIT 3aNACHUX 1e2KO3AMIHHUX OII0KI8 6 00MIHHOMY (DOHOL.

Y ecmammi siosnauaemvcs me, wo 8ucoxa inmeepayis niomMaNCHO-HABI2AYIIHUX KOMIIEKCIG T GUCOKA THIMEHCUBHICTb NOTTbOMNIE
NOGIMPAHUX CYOeH NPU3800UMb 00 TMO20, WO 30 Pe3VTbMAMaMi ONepamuHo20 MexHIYHO20 00CTY208YBANHS YACTIUHA TE2KO3AMIHHUX
OOKIB NOMUTIKOBO BU3HAIOMBCS HENPAYe30amHUMU, OCMOHMYIOMbCSA | BIONPABTAIOMbCA HA BIOHOBNEHHS. 32I0HO 31 caMUCIUYHUMU
Oanumu, 6i0 40 00 85% demonmosanux 1ecko3aMiHHUX OI0KI8 padioeneKmPOHHUX HABI2AYIUHUX CUCEM HACNPABOl € npaye30am-
Humu. Le nopodaicye npobnemamuxy max 36anux Heniomsepodicenux degpexkmis. Ilisniunoamepuxanceka agiayitina mpancnopmna
acoyiayis « The Air Transport Associationy oyintoe wopiuni empamu Ha pigHi 6 cepednvomy 100 mucsy donapis Ha KosceH cepeorbo-
MmazicmpanvHutl iimax. Benuka xinvkicme neniomeepodiceHux deghexmie msere 3a coboio HeoOXIOHICMb HeBUNPABIAHO20 30LTbUIECHHS
00cs2y 8 OOMIHHOMY (YOHOT 3aNACHUX 1e2KO3AMIHHUX ONOKI6 Os RIOMPUMKU Pe2VIAPHOCHIE NOTbONLIE, WO NPU3B00UNTL 00 3HAYHUX
Kanimanohux eumpam. JJauna cmamms npucesuena noulyKy MOMCIUGOCIEN 3HUNCEHH YUX BUMPAIM 30 PAXYHOK GUKOPUCIAHHSL
HA3EMHUX ABMOMAMUZ06AHUX CUCIEM KOHMPOIIO, W0 30CHIOOMb NepesipKy 0eMOHMOBaHUX ONOKI8 3 8UCOKOI0 OOCIOBIPHICIIO
i 3anobiearoms NOMUIKOBIL 6I0NPABYi NPaYe30amHUX N1e2KO3AMIHHUX 010Ki8 Ha 8iOHO8NeHHs. OOHAK 3aKYNKA MA eKCRIYAMAaYis Ha3eM-
HUX a8MOMAMU308AHUX CUCTIEM KOHIMPOIIO MAKONC BUMALAE 3HAYHUX THBECIUYL.

Y pobomi 3aznaueno, wo epexmusnicms excniyamayii ROSIMpsHUX Cyoer 6e310cepeOHbO GUSHAYACIbCS ONMUMATLHUM 8api-
AHMOM OP2aHIZaYil CUCIEMU MEXHIYHO20 00CTY208Y8AKHS T PEMOHIMY, GUOIP SIKO2O TDYHMYEMbCS HA GUPILUEHHT KOMIIEKCY 3A60aHb
OlaeHOCMUUH020 3a0e3neueH s, MeMOOUUHO20, HOPMAMUBHO20 3A0e3NeUeHHs Md ONMUMATLHO20 (HOPMYBAHHS 0OMIHHO20 (OHOY.

KitrouoBi cioBa: cucmemu KOHmMpoOnr, 6i0HOGNEHHS, MEXHIUHE 00CTY208Y8aHHA, 1e2KO3AMIHHI OI0KU, PadioeleKmpoHHI
HagieayiuHi cucmemt.

Rahulin S. V., Zubenko V. O. Finding ways to improve radio-electronic navigation systems operational efficiency

Modern aircraft are equipped with digital pilotage and navigation systems of the new generation, in which all systems
have built-in control systems and are structurally made in the form of a number of easily replaceable blocks. The flight safety of
modern aircraft is ensured by the redundancy of radio-electronic navigation systems, while the regularity of flights is ensured by
the creation of a sufficient number of spare easily replaceable blocks in the exchange fund.

The article notes that the high integration of pilotage and navigation complexes and the high intensity of aircraft flights leads
to the fact that, according to the results of operational maintenance, part of easily replaceable blocks are mistakenly recognized as
inoperable, dismantled and sent for restoration. According to statistics, from 40 to 85% of disassembled easily replaceable units
of radio electronic navigation systems are actually functional. This gives rise to the problem of so-called unconfirmed defects.
The North American Air Transport Association (ATA) estimates annual losses at an average of 100,000 thousands of dollars for
each medium-haul aircraft. A large number of unconfirmed defects entails the need for an unjustified increase in the volume in the
exchange fund of spare easily replaceable units to maintain the regularity of flights, which leads to significant capital costs. This
work is devoted to the search for opportunities to reduce these costs through the use of ground-based automated control systems,
that verify dismantled blocks with high reliability and prevent erroneous sending of workable easily replaceable blocks for restora-
tion. However, purchasing and operating ground-based automated control systems also requires significant investment.

The article defines that the efficiency of aircraft operation is directly determined by the optimal variant of the organization
of the maintenance and repair system, the choice of which is based on the solution of the complex tasks of diagnostic support,
methodical, regulatory support and optimal formation of the exchange fund.

Key words: control systems, restoration; maintenance; easily replaceable blocks; radio electronic navigation systems.
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IMocranoBka npodaemu. CucTeMa TEXHIYHOTO OOCIYTOBYBaHHS 1 PEMOHTY € CHCTEMOIO YIIPABIIiHHS TEXHIYHIM
CTAHOM PaJIi0eIEKTPOHHUX HABIraAIIHUX CHCTEM B 33JJAHIX YMOBAX CKCIUTyarallii i siBJs€e COO00 CyKyNHICTh B3a€EMO-
OB’ I3aHKX 3aC001B, EKCIUTyaTalliiHO-PEMOHTHOI JOKYMEHTAIlii Ta BUKOHABLIIB, HEOOX1THUX U1l MIATPUMKH SIKOCTI
BHPOOIB, M0 BXOASTH B cUCTeMy. [1i1 €hEeKTUBHICTIO CUCTEMHU TEXHIYHOTO OOCITYTOBYBaHHS 1 PEMOHTY PO3YMIETHCS
CYKynHicTh BnactuBocTeit cuctemu TOIP, 1m0 XxapakTepru3yroTh CIIBBITHOIICHHS MiXK BUTPaTaMH pecypciB (MaTepi-
QIPHHX, YaCOBUX 200 TPYAOBHX) Ha MIATPUMKY 4H BigHOBIeHHS npane3narHocTi PEHC i mocsraeTsest pe3ymsratom.

[TinTpumka npaBwibHOTO (QyHKITIOHYBaHHS Beiel cuctemMu TOIP 37iiiCHIOETBCS 32 JONIOMOTOI0 OpraHi3arii
IHKEHEPHO 3a0e3IeueHHsl, SKe SIBIIIE COO00 HEOOXITHUH 1 JOCTATHINA KOMILIEKC 3aXO0J1iB, IO MTPOBOSTHCS 3 METOIO
MITPUMKH CIPABHOCTI, 3a0€3MeUeHHsI IHTEHCUBHOCTI BUKOPHCTAHHS TIOBITPSIHOTO CyIHA, OC3TEKH 1 peTyJIsIpHOCTI
MOJBHOTIB MPH €KOHOMHOMY BHKOPHCTAHHI TPYIOBHX 1 MaTepialbHO-TEXHIYHUX PECYpPCiB.

Ha puc. 1 naBeneni ocnoBHi cknanosi cuctemu TOiIP I1IC. fx BugHO 3 aHami3y, iHKEHEpHE 3a0€3MCUCHHS
BKJIIOUa€ B cebe 3axX0u 100 3a0e3MeUeHHs IbOTHOI eKCIuTyaTanii Ta miATPUMaHHs HeOOXiJHOTO PiBHS Oe3meku
MOJIBOTIB, TeXHIYHE 3a0e3nedeHHs nporecy TOiP, a Takox koMIIIeKe (hiHAHCOBOTO 3a0€3MEUECHHS.

I |L'|[crcu:|l TOIIC |
I I

1IC 1a Jacobn AT Excrumyataniiina

Opranizamiiiai

erpotn AT Ta peMOHTHA TeXHiTHi crpykTypn TO
JOKYMCHTANIA TEPCOHAT
T T T
1
[ I
Jaleanedenns TLOTHOL Inxenepue Dinancose
ekciutyatanii ta YTIP sabesneHeH sabesnedeHHn
T
1 1
Jliarnoctinme Iu_(pupmmrme {'Ie-pmz[ukama
- sabe3neneHH i HaBYaHHA
sabesneueHns
TEPCOHATY
Jabeaneuenna Metomune 3oboB w3aHHA

3anacHuMi
BHpOGAMIE

i IOKyMeHTalbHE
3abesneseHHs

NOCTABHIER
i eRCILTYaTaHTa

Puc. 1. OcHOBHI CKJIaJI0BI CUCTEMH TEXHIYHOTO 00CITyTrOBYBaHHS IIOBITPSIHUX CYJCH

JiarnoctuyHe 3a0e3neyeHHs pU3HaueHe JJis 311HCHEHHS IPOIIeCy MiarHOCTYBaHHS Ta ONTUMAJIbHOTO BUKO-
pucTaHHs 3aco0iB KOHTpoIIto TexHiuHoro ctany PEHC.

Cucrema 3abe3medeHHs 3anmacHUMA BupoOamu (C33B) mpusHadeHa U BUPINICHHS HACTYIHHX 3aBIaHb:
MOTMIOBHEHHSI 3aMaciB BUPOOiB, 110 BUPOOMIIH MIXXKPEMOHTHUI a00 Ha3HaYeHUH pecypc; MiATPUMAaHHS HEOOX1THOTO
PIBHS CTPaXOBHX 3araciB; MATPUMKHA HEOOX1THUX 00CATIB He3HIKyBaHOTO O® BHpOOIB (KOMITOHCHTIB) B aBiari-
MPUEMCTBAX 1 CEPBICHUX IICHTPaX.

Indopmariiine 3a6e3neuenns npouecy TOIP npencTarise KOMIUIEKC B3aEMOTIOB’ I3aHUX 3aX0/I1B MO0 300Dy,
00poOKH, BUKOpHUCTaHHIO iHpopMaiii npo TexHiuHuid cran [1C, cucrem, BUpoOiB 1 00NaHaHHS Ha EKCILTyaTalliii-
HUX 1 PEMOHTHHX IiAIIPUEMCTBAX, 00pOOIIi pe3yNbTaTiB eKCILTyaTanii, BUIPOOYBaHb 1 JOCTIHKEHb 3 METOIO BIIOCKO-
HaJICHHS KOHCTPYKII1 Ta ycyHeHHs HenouikiB I1C i miaBuIeHHs e(heKTUBHOCTI eKCILTyaTaii.

MertoauuHe Ta JOKyMEHTalliifHe 3a0e3MEeUeHHs] Ma€ MICTUTH KOMIUIEKC HOPMATHBHOI JOKYMCHTALlil, METO/IB,
QJITOPUTMIB 1 peKOMEH/IAIIiH 3 OLIHKY 1 pO3paxXyHKy IOKa3HUKIB eKcIuTyaTaliiHoi HaaiiiHocti PEHC, Bubopy ontumars-
Hux crpareriii TO, onTumizarii AiarHOCTUYHOTO 3a0€3MeUeHHS Ta YIPaBIiHHS CUCTEMOIO 3a0€3MeUeHHS 3aracaMu.

3000B’s13aHHsI ITOCTAYANbHUKA 1 €KCIUTyaTaHTa SBISIOTH COOOI0 KOMIUIEKC 3aXOIiB, 3aCO0iB i HOPMATHUB-
HO-TEXHIYHOT JOKYMEHTAI[i1 HEOOX1THOT JIIsl MIATPUMKH JIbOTHOT MPUIATHOCTI 1 HEOOXIHOTO PiBHS €(DEKTHBHOCTI
nporiecy excrutyatarii [1C B rapanTiiHAN Ta MicisrapaHTIHHUNA TIepioIu.

EdexruBnicth cuctemu TOIP icTOTHO 3aleKUTh BiJ O€3BIIMOBHOCTI, PEMOHTOIIPUAATHOCTI Ta JOBIOBIYHO-
cti PEHC, nocToBipHOCTI pe3ynbTariB i TPUBAIOCTI €KCIUTyaTallifHOro KOHTpOoI0. KigbKiCHUMH XapaKTepUCTH-
KaMU pi3HuX BracTuBocteit cucremu TOIP € BiAMOBIAHO MOKa3HUKHM OC3B1IMOBHOCTI, PEMOHTONPUIATHOCTI Ta JIOB-
roBiuHocti PEHC, 10cTOBIpHOCTI Ta TPUBAIOCTI EKCILTyaTaIlifHOTO KOHTPOITIO, TPUBAIOCTI BiTHOBICHHS CHCTEM.

Iopsin 3 nporpamoro TOIP, mo 3ampononoBana pozpoOHuKoM [1C, KOKeH eKCITyaTaHT Ma€ MpaBoO PO3po-
OmsiTu cBOMO MpHBaTHY nporpamy TO ekcrnyaraHTa, sika BpaxoBye Bci ocoOnuBocTi excruryaranii I1C i no3Bosnse
OTPUMATH MAaKCHMAJIbHUI TPUOYTOK HPHU MiATPHMII BUMOT JILOTHOT MPUIATHOCTI.

IIpu po3pobui nporpam TOiP HeoOXinHO palioHaIbHE MOEIHAHHS SKICHOTO 1HKEHEPHOTO aHaji3zy 3a BUOO-
pOM MeToniB TexHigHOI ekcrutyararii Ta podit 3 TOIP I1C 3 kijbKiCHOIO OLIHKOIO TOKa3HHKIB edekTuBHOCTI TOIP
Ha OCHOBI CTBOPCHHS MaTteMaTnaHuX Mojelnel BBy TOI1P Ha HafiitHICTh 1 Oe3nieky 0opToBHX cucTteM. Ile 103B0-
JUTH (OPMaTi30BaHO aHAJI3yBaTH BILUTUB MOXIIMBUX BIJIMOB CHCTEM Ta X KOMIIOHCHTIB Ha OC3IeKy, perysipHiCTh
MOJBOTIB i ekoHOoMiuHICTH [1C.

AHaJji3 gocaizkeHb Ta myouaikaniii. Briepire pamionansauit migxin momno Gopmysanss mporpam TOiP 6ys
3anpornoHoBanuid B 70-X pokax aBiakommaniero United Airlines i ctaB mi3Hile MIUPOKO BIIOMUHN SIK METOAMYHHMA
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JOKyMEHT 3 po3pobku mporpamu mianoBoro TOiP ATA MSG-3 [1]. Oanak yepe3 BiICYyTHICTh KOPEKTHOI MaTeMa-
TUYHOT Mozeni Mmetoanka MSG-3 myxe cnabo ¢popmarnizoBana. Tomy akTyaiabHOIO € 3a/1aua METOJUYHOTO 3a0e3Ie-
yeHHsa (popmysanHs nporpam TOIP mis po3poOHuKiB 1 excrmyaranTis [1C.

3a/10BOJICHHS] CYYaCHUM BUMOTaM 3 O€3IEeKH MOJbOTIB MPU3BOIUTD 10 HEOOX1IHOCTI CTBOPEHHS 0€3BiAMOB-
HUX 3 BUKOHAHHS 3ananuX QyHKIiH 6opToBux PEHC 3a paxyHOK 6aratopa3oBoro pe3epByBaHH:, BBEICHHS CHCTEM
OOPTOBOT0 KOHTPOJIIO Ta YIPABIIHHS, JIOKATI3YIOUUX HECTIPUSATINBHI BIUTMB BiIMOB Ha (DYHKIIIOHYBaHHS MiJOTaX-
HO-HABITAIIMHOTO KOMIUTEKCY B IIoMy. Lle mpu3BoanTh J10 301IbIIeHHS KUTBKOCTI 00naqHanHs Ha [1C, mo B cBOIO
4epry, TATHE 3a COOO00 3pOCTaHHS YMCIIa BIZIMOB 1 HeCIpaBHOCTEH 00naHaHHsl, 30UTbmeHHs TpyaomicTkocTi TO 1,
SIK HACJIJIOK, HEOOX1THOCTI 301IbIIEHHS KITPKOCTI 3aITaCHUX KOMILICKTYIOUMX B OOMIHHOMY (OHII. Y IUX yMOBax
noTpiOHa 3MiHA 11€0JIOTil JHOTHOI Ta TEXHIYHOI eKCIUTyarallii 3 METO IMiJIBUIICHHS Oe3IEeKH IMOJIbOTIB, ITiJBH-
meHHs sKocTi pyHkuionysanus cucteM [1C 1 ckopodeHHs HeBuITpaBaaHux npoctois I1C.

Bupimmtu 1ie 3aB1anHsa MOKHA HUTAX0OM mifBuineHHs HaaiiHocti PEHC, nepexomom Ha 00cayroByBaHHS 3a
CTaHOM Jio 6e3mneuHoi BifmoBH (breakdown maintenance strategy) 6e3 BukoHaHHs 3aiiBuxX po0it 3 TO1P i mnanoBux
3aMiH KOMIIOHEHTIB. Y [[bOMY BHUIIJIKy KO)KHA CUCTEMA €KCILTYaTyIOThCS 10 BiIMOBH, SIKA PEECTPYETHCS B MOIBOTI
a0 B mpoteci nepeanonboTHoro oneparusHoro TO.

[lepcneKTHBHIM IIUIIXOM BHPIIICHHS AaHOI 3amadi it pedepBoBanux PEHC e BUKOpHCTaHHS THIIOBOTO
(TOJIOBHOTO) TIEpesTiKy MIHIMAIBLHOTO OONaJHAHHS Ha TIJICTaBl SIKOTO JIOMYyCKaeThes ekcruryaramis [1C, musxom
BiJKITaeHOTo (Y BCTAHOBICHUX MEXaX ) IIPOMIXKKY Yacy YCYHEHHS BUSBIICHUX HECTIPABHOCTEH. Y 3apyOi’KHUX HOP-
MaTHBHHX JIOKYMEHTax Iiei repenik HazuBaetbes [IMJIO (Master Minimum Equipment List). OcHoBHUIT iepe-
nik MiHiMaieHOTO oONaaHanHs ([IM1O) po3pobiseTbes BacHUKOM cepTrdikary-po3pooHukom [1C. Leit mepenik
BH3Ha4Ya€ MiHIMaIbHY KoH(piryparito cuctem I1C, ms skux € 061acTh OCHOBHIX YMOB €KCIUTyaTallii Ta JbOTHO-TEX-
HIYHUX XapaKTEPUCTHK, 10 3a0e3Meuy€e MOKINBICTh BUKOHAHHS MOJBOTY i3 30€peKEHHSIM HE00X1THOTO PiBHS Oe3-
MeKH NoNboTY. [HImmMu cnoBamu, Ha miacTasi [IMJ1O gomyckaetbes Bumit [1C i3 TpaH3UTHOTO a€pONOPTY 3 BiAMOB-
JIEHOIO CUCTEMOIO0, 110 BX0auTh y I[IMJIO.

Buxopucrtanns [IMJIO/MJIO B aBiakoMIiaHii MOXe JJaTH iCTOTHUN €KOHOMIYHMI €()eKT 3a paxyHOK HaCTYyII-
HUX YMHHHKIB: 3aMI00IraHHs 3aTPUMOK IIPH BIJIBOTI 3 TPAH3UTHOTO aepoONopTy; onTuMizamii nposeneHus TO mois-
XOM Y3TOIDKCHHS 4acy MPOBEICHHS BiTHOBICHHS BiIIMOBJICHOI CHCTEMH 3 TEpMiHAMH HAWOIKYOI MEpioJHIHOl
(hopmu; onTEMI3alii 00CATIB 3alaCHUX KOMILIEKTYruuX BUpoOiB. [Ipu po3poodui [IMJIO/MJIO ceprudikoBaHHX
[1C, 0CHOBHOO YMOBOIO BKITFOUCHHS CHCTEMH, IT1JICUCTEMH, arperary B Ied nepeltik Mae OyTu 30epeskenns st [1C
(TIipu HOTO BHIIBOTI 3 HETIpare31aTHUM OOJIaJHAHHSIM) PiBHS O€3IMeKH.

KokeH ekcruTyaTaHT BHpIIIy€e CaMOCTIiHO 3 ypaXyBaHHSM CBOiX KOHKPETHHX YMOB HEOOXiJHICTh BUKOPH-
crannsg [IMJ10O. Le 3nilicHIOEThCS NUTSIXOM po3po0ku Ha 6a3i [IMJ1O korkpeTuzoBanoro nepeniky MEL (Minimum
Equipment List), sikuii BpaxoBye koH]irypanito [1C i ymMoBH ekcrityaranii A KOHKpeTHOi aBiakommadii. [Ipu
[[OMY aB1aKOMIIaHisl TOBUHHA PO3POOUTH KOMIUIEKC OpraHi3alilfHO-TeXHIYHUX 3aXO/iB, 10 3a0e3MeuyioTh He00-
XigHu# piBeHb Oe3nexu nonvoty npu Bukopuctanui MJ1O. Lei nepenik moxe Biapisaarucs Bix [IMJ1O, ane He
MTOBHHEH OyTH MEHIII JKOPCTKUM.

Bci moxxui Bigmosu [1C 1o Buy iX IPOSIBU MO’KHA PO3ALIUTH Ha IBi TPYIHN: «SIBHI» IS IbOTHOTO SKITTaXKy
MpY BUKOHAHHI HUM CBOIX 3BUYaliHUX 000B’s13KiB; «[IpuxoBaHi», TOOTO HESBHI JJIs CKIMaXYy.

[TpuxoBaHi BiIMOBH ITOBHHHI CBOEYACHO BHSIBIIATHCS BOYJIOBAaHMMHU 3aCO0aMU KOHTPOJIIO Ta YCYBATUCS MPH
oreparuBHOMY o0OciyroByBanHi [1C y 6azoBomy aeporopTy. Y Tpyli sSBHUX BIJIMOB Oy/b-siKa HeOe3leuHa OfH-
HUYHA BiMOBa Ma€ OyTH B IIPUHIIMITI BUKITFOUYEHA, 200, 32 BIJICYTHOCTI TEXHIYHOT MOXKIIMBOCTI, HMOBIPHICTh TaKOi
BiJIMOBH TIOBHHHA OyTH 0OMEXEHa BiJIMOBIIHO 10 HOPM JILOTHOT IPUIATHOCTI. SIBHI BiZIMOBHU pe3epPBOBAHUX CUCTEM
3a3BUYail HE BIUTMBAIOTH Ha OE3IEKY MOJIBbOTY, 1 CUCTEMHU, ISl AKX MOYJIMBI MOIIOHI BiZIMOBH, MOXYTh BKITFOUATHCS
B niepenik [IM10/M/IO.

[Ipu mpuxoBaHHX BIAMOBAX CEpEHIM Yac MK BITHOBJIEHHS CUCTEMH 3aJICKUTh Bifl OE3BIAMOBHOCTI CHC-
TEMH, MEePIOANYHOCTI KOHTPOIIO MPale3aTHOCTI, JOCTOBIPHOCTI Ta MOBHOTH KOHTPOI0. [Ipu SsBHUX BigMoBax (3a
nepenikom [IM/10) ueit yac JOpiBHIOE CyMi cepelHbOro yacy 0e3BiIMOBHOT POOOTH CUCTEMH Ta CEPEIHBOIO Yacy
MOJIBOTY 3 HECIIPABHUM OJIOKOM (332 YMOBH, IO IS BiIMOBA BUSBIICHA 1T YaC MOJIBOTY ).

Jli1s HayKOBO-OOIPYHTOBAHOTO MiAX0ay A0 (opMyBaHHS onTUMaNbHUX mporpaM TOiIP, a Takox mepelikiB
IMJIO/MJIO, HeoOXiHO MaTh MaTeMaTH4YHI MOJEN Ta METOIUKHU JUIS OI[IHKH eKCIUTyaTalliiHOT HalidHOCTI Ta
“mMoBipHOCTI 6e3BiaMOoBHOT poboTr PEHC mpotsirom nonboty [1C. 111 Moziei NOBHHHI BpaXOBYyBaTH BILTUB SIK TPH-
XOBaHHX, TaK 1 SBHUX BigMOB. KpiM TOT0, BOHM MOBHHHI BpaXxOBYBaTH JJOCTOBIPHICTh BOYJJOBAHOIO KOHTPOJIIO Ta
BIUIMB CTPYKTYpPHU pe3epBYBaHHS 3 TOUKHU 30py HaxaiiHocTi PEHC.

ITicnst mouarky ekcrtyartarii Bech ®uTTeBUH nuki [1C (BUKITIOYalOUH yTHII3AI[iF0) MOYKHA PO3JIIIMTH Ha J[BA
eTamu: Mepioj] rapaHTiHOTO 1 mepiox miciasrapaHTiiHOro o6cayroByBanHs. KoxkeH 3 IUX MepiofiB Mae CBOi 0co0-
nuBocTi B moOyaoBi cuctemu TOIP, a, oTke, BUMarae pizHOTO MiJxoay 10 BHOOpY ONTHUMAaIbLHOTO BapiaHTy cTparerii
TOI1P Ta opranizauii BiAMOBIAHOTO TEXHIYHOTO 3a0e3eueHHs pollecy ekcIutyaranii. Tomy HaliBa)JIMBIIIHUM € IPO-
6nema BubOpy ontumanbsHoro Bapianta crparerii TOiP PEHC Ha pi3Hux eranax skutteBoro uukiay HJI

OCHOBHOO BIJIMIHHICTIO IIUX MEPIOIB € Te, IO i/ Yac rapaHTiiHOrO 0OCITyrOByBaHHS BC1 BUTPATH, OB’ -
3ani 3 BinHOBeHHsIM PEHC, Hece nocravansauk [1C, a mpu micnsarapaHTiHHOMY 0OCITYTOBYBaHHS — €KCILTyaTaHT.
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BinmosinHo 10 BuMor, 1o npen’ sBisitothes crnenudikamismu ARINC-700 [2], konctpyktuHo PEHC cydac-
Hux [1C BUKOHYIOTBCS y BUIVISLII PsIy JierkozaMiHHOTO OnokiB (JIB), ski B MDKHApOJHHUX CTaHAApTaX HA3UBAIOTh
Line Replaceable Units (JIB). ¥ cBoto yepry, JIb noOynoBaHi 3a MOAYJIBHUM MPUHIUIIOM 1 CKJIQAAIOTHCS 3 PALY
yHi(iKoBaHMX 3HIMHO-CKIaganbHuX MoayniB — Shop Replaceable Units (3M). Koxken JIb mae BOynoBanuii 3aciod
kouTpoito (BCK), mo no3Bomsie mpoBoauTu KoHTpoib npanesaaTHocti (KII) mporsrom nomsoty I1C Ta B aepo-
nopty iy yac oneparusaoro TO.

Bucoka iHTerpariis miaoTaXHO-HABIrAIMHAX KOMITJIEKCIB 1 BUCOKA IHTEHCHBHICTh TIONBOTIB [1C npu3BoauTh
1o toro, 1o KIT xHa crostami [1C 3nificHoeThes Tinbku 3 Bukopuctanusam BCK. 3a pesynsratamu KIIBCK i 3ayBa-
JKCHHSIM eKilTaxy NpuiMaeTbes pimeHHs npo aemoHTax JIb 3 6opry IIC. Tak sik gocroBipHicth BCK He abco-
JIIOTHA, JiesiKi 3 JIb TOMUIIKOBO BU3HAIOTHCS HETpaIle3/IaTHUMHU, IEMOHTYIOTHCS 1 BIZNPABIISIOTHCS HA BiTHOBJICHHS,
110 MPU3BOJIUTH JI0 JOAATKOBUX BUTPAT.

3riiHO 31 CTATUCTUYHUMHU JaHUMHU 3apyOKHUX aBiakomnaHii, Bifg 40 no 85% nemonrtoBanux JIb cuctem aBio-
HIKH Hacpasi € npate3nataumi [3,4]. Lle npu3BoanTs 10 BEIUKUX BUTpPAT aBlaKOMITaHIN yepes Tak 3BaHi HEIliATBep-
JokeHi aedexru. IliBHIYHOaMEpUKaHChbKa aBialliiiHa TpaHcnopTHa acomianisi ATA oLiHIOE HIOpiYHI BTpaTH B cepel-
HpoMy 100 Tuc. 1011. Ha KOXKHE cepeaHbo-MaricTpainbHe [1C uepes npodnemu HeniaTBeppKeHux Aedekris (H).

OCHOBHOIO M€TOK0 JaHOI POOOTH € HOCIHIPKCHHS ITUTAaHHS TEXHIYHOI eKCILTyaTalii paaioeeKTPOHHIX HaBi-
TanifHUX CHCTEM TOBITPSHUX CYIEH 3 TOUKH 30py TOMIyKY MULSXIB i ABUIICHHS eq)eKTI/IBHOCTl il QyHKIIOHyBaHHS.

Buxian ocnoBHOro matepiasy. OmHUM i3 NULIXIB CKOPOYEHHS KUTBKOCTI HGHLZ[TBepI[)KeHI/IX ;[e(beImB € BUKO-
PHCTaHHS eKCIUTyaTaHTaMH Ha3eMHUX aBToMaTH30BaHHUX cucteM KoHTpomo (HACK), siki 103BOJSIIOTE 31iiicHIOBATH
MTOBTOPHY TIepeBipKy JeMoHTOBaHMX JIb 1 3amo0iraTi MOMUIKOBY BiIPaBKy Nparie3IaTHIX OJIOKIB Ha BiTHOBJICHHSI.

Sk mokasye anainiz mooygoBu cucteM TOIiP BiTunmsnsHux Ta 3apyOixkHuX [IC HOBOrO MOKOMIHHS 3 ypaxy-
BaHHSAM 0COONMMBOCTEl KOHCTPYKTHBHOTO BukoHaHHS cydacHHX PEHC, mo ckianarorscs 3 JIB, ski B cBOIO uepry
BKJIIOYAIOTh B cebe psia 3M, moxHa BuainuTty Tpu piHi TOIP.

[epumii piBens nomsirae B TO JIb B monboti abo Ha crosuui [IC. Tyt 3a nonomororo BCK npoBonuTHcs
KIUJIb. 3abpakoBanuii 3a pe3ynbraramu KoHTpodto JIb, Hanxomuts Ha npyruit pisenb TOiP.

Hpyruii pisenp nependadac TO nmemonrosanoro JIB, sikuit Moxe 3nificHioBatucst Ha 3B, B 6a3oBomy aepo-
mopty abo B mentpi TOiP. Ha mpomy piBai KII i momryk micii BigmoBu B JIb BHpOOISIOTECS 3a JOIIOMOTOIO
HACK-L. ITorryk mictist BiiMoBH B JIb Moske 3nificHrOBaTHCs 3 HOHHOIO 10 3M 3a gonomororo HACK-S. BigHoB-
JICHHS Tipane3aarHocTi JIb mpoBoIUTHCS MUITXOM 3aMiHHU BiJIMOBJIEHUX 3M.

Tpertiii piBens — 11e BigHoBIeHHS 3M. Jlns KIT 1 momyky mictist BiiMoBH B 3M 3 NIMOMHOIO JI0 OHOTO 200
JeKinpKoX HeBigHOBMOBaIRHIEX eneMenTiB (HE) moxe 3acrocoByBarncs HACK Bucoxkoro pisuas (HACK-E).

TakuM 4MHOM, 3aJICKHO BiJ] PiBHS AIarHOCTUYHOTO 3a0€3MeUeHHS MOXIIMBI HACTYIHI BapiaHTH MOOYIOBU
cucremu TOiP PE3: ekcruryarant He mac HACK 1 Bci gemonToBasi JIb BianpaBnstoThes A BiqHOBICHHS Ha 3B
a6o B rieutp TOIP. 3anacHi cripasni JIb noctynatots a1 MoHTaxy Ha 6opt IIC 3 OD; excrimyarant mae HACK-L,
ska no3Bojisie 3aiiicHioBatu KIT nemonrtoBanux JIb. Ilpu 11boMy BHACHiJOK BHCOKOI JOCTOBIPHOCTI KOHTPOJIIO
HACK-L npaktu4Ho Bci HOMHIKOBO 1eMoHToBaHi JIb moBeprarotbes st MoHTaxy Ha 0opt [1C; excruryaTtaHt mae
HACK-S, sixa no3Boisie 3aiticHtoBat KIT nemonToBanux JIb 1 mpoBOIUTH MOIIYK HECTIPABHOCTI B HUX 3 THOWHOIO
1o 3M. Ilpu pomy, i BigHoBieHHs Ha 3B (B nentp TOIP) Bignpasisirorbes 3M, BU3HaHI Helpale3IaTHUMU 32
pesynbraramu kKoHTpoIto 3a gornomororo HACK-S. V npomy Bumnanky crBoproerses OD, mio cknamaerses 3 3M,
HeoOXinHux s BimHoBIeHHs JIb;ekcmuryarant mae HACK-E, sika nossosse 3niticaroBarn KIT nemontoBanux JIb
1 IIPOBOJIUTH TOIITYK HECITPABHOCTI B HUX 3 INIUOWHOKO JI0 HEBITHOBIIFOBAHOTO €JIEMEHTa. Y IIbOMY BUIIJIKY BiTHOB-
nenns JIb 3nilicHIOETBCS Oe3mocepeIHbo excruryaTanToM, a O®D ckmamaerbes 3 3M 1 HE.

Sk BuHO 3 pHc. 2, IpH 11boMy BapianTi JIb, 3abpakoBanuii 3a peszynsratamu KP BCK, nemontyeTses 3 60pty
I1C 1 BimnpaBnseTbes Ha 3B. [ miaTpumku HeoOXinaHOI peryaspHOCTi noasoTiB 3 OD mocTaBISeThCS Hpales-
narauit JIb, sikuit MoHTyeThes Ha OopT HJI 3abpakoBanuii JIb micist BinHOBNeHHs Ha 3B abo noctymae B OD, abo
Bizipa3y MoHTyeTbcs Ha Oopt I1C.

3aBoj-
BHPOOHHK

Excrutyarais
Ha Gopry I1C

O6minHuit
houn JIb

MonTax Ha
Gopry I1C

Puc. 2. Miarpama craniB JIb mpu BiacyTHOCTI B ekcruryatanta HACK
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Ha puc. 3 naBenena giarpama ctaniB JIb 3a HasBHOCTI y excrutyatanta HACK-L, mo Biamosigae npyromy
BapianTy nodynosu cuctemu TOiP. 3 pucyHka, BUIHO, 1110 pu I1boMy BapianTi JIb, 3a0pakoBaHuii 3a pesynpraramMmu
KP BCK, nemonTtyetsest 3 6opty [1C 1 Hagxoauts Ha HACK- L, nyis moBTopHOi nepeBipku. SKio 3a pe3yasraTaMmu
KP 3a nonomoroto HACK- L, JIb Bu3Ha€eThCs npane3gaTHUM, TO BiH MOHTYeTbest Hazaz Ha Oopt [IC. SAxmo x JIb
OpaKyeThbCsi, TO BiH BiIIPaBIIETHCS I BinHOBICHHS Ha 3B, a Ha 60pT [1C MouTYy€eThCS JIB 3 OO.

Excrutyarartis
Ha 6opty I1C

3aBoz-
BUPOOHHK

OO6MiHHMI
donn JIE

MoHnTax Ha
Gopry I1C

Puc. 3. [liarpama cranis JIb npu nHasBHOCTI B ekciuryaranta HACK-L

Ha puc. 4 naBeneno giarpamy crani JIb 3a HasiBHOCTI y ekcrutyaranta HACK-S, mo BiAmoBiae TpeTboMy
BapianTy nooynosu cuctemu TOIP. Sk BujHO B IboMy Bumaiky JIb, 3a0pakoBanuii 3a pesynasraramu KP BCK, nemon-
tyethes 3 6opty 11C 1 Hagxomuts Ha HACK-S myst KP. Slkimo 3a pesynsratamu KP JIb BU3HaeThCS Tpane3gaTHiM, TO
BiH MOHTYyeThcs Hazan Ha 60pT I1C. Skmio x JIb OpakyeThest, TO MPOBOAUTHCS MONIYK OAHOTO a00 JAEKITbKOX Ae(eK-
TtHUX 3M, sKi qami Bianpasisiiotees Ha 3B juis BigHoBeHHs. CripaBHi 3M, HEOOX11HI /715 3aMiHU 1e(DeKTHUX, HAIXO-
JTh 13 O®D y niex BiHoBieHHs JIb. Ilicns BimnoBnenns JIb mouTyeThest Hazan Ha 6opr T1C.

Exkcrutyatanis
Ha Gopry I1C

MonTax Ha
Gopry I1C

BUPOOHUK

Puc. 4. [iarpama cranis JIb mpu HasiBHOCTI B ekcruryatanta HACK-S

[iarpama craniB JIb 3a HasiBHOCTI y ekciuryaranTa HACK-E HaBeneHo Ha puc. 5, 1110 BiJINOBIIa€ YETBEPTOMY
BapianTty nooynosu cuctemu TOiP.

JIB JIB

Excrutyararis
Ha Gopry I1C

MoHnrak Ha
Gopry I1C

3aBon-
BHPOOHUK

Puc. 5. diarpama craniB JIb mpu HasBHOCTI B ekciuryaranta HACK-E

Sk BUIHO 3 pUCYHKY, JIb, 3a0pakoBanmii 3a pesynsratamu KP BCK, nemonTtyetscs 3 6opty [1C i HagxonuTs
Ha HACK-E ans KP, nomryky necripasuux 3M i BigmoBnenux HE. fIkmo 3a pesynsratamu KP JIb Bu3HaeThCs mpa-
Le3JaTHUM, TO BiH MOHTY€eThcs Hazal Ha 0opt [1C. Sxkuo JIb 3abpakoBanuii 3a pesynsraramu KP, To mpoBoguThes
MOITyK HecrpaBHOro 3M i BiIMOBJICHHX B HbOMY €JIEMEHTIB. HecnpaBHi eleMEHTH 3aMiHIOIOTBCS Ha CIIPaBHI i3
3araciB oominHoro onmy. [Micns BimHoBneHHs JIB MOHTY€EeThCs Ha3ax Ha 6opTt H/I.
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TakuM 4MHOM, Mepe MOCTAYaNbHUKOM 1 eKCITyaTaHTOM CTOITh 3aBAaHHsS BHOOPY ONTHMAJIBHOTO BapiaHTa
ctpaterii TO, 110 103BoJIsI€ 3a0e3MeUNTH MaKCUMalbHY edekTuBHICTh excrutyaranii [1C. Lle mos’s3aHo 3 TuMm, 1110,
3 0fIHOTO OOKY, KymiBis Ta ekcruryarariss HACK Bumarae neBHHUX iHBECTHUILIH, a 3 iHIIOro 00Ky, BincyTHicte HACK
MIPU3BOAMTH A0 BUTpaT BHachigok H/I i HeoOxigHocti popmyBanus gopororo O JIb.

s BuUOOpy ONTUMAIBHOTO BapiaHTy HEOOXiTHO pO3pOOUTH MOKA3HUKH, IO JO3BOJISIOTH OIIHIOBATH ITOBHI
eKCIUTyaTalliiHi BUTPATH 3 ypaxyBaHHSAM OCHOBHHUX XapakTepucTuk mporecy TOiP, nocroipHocti KP BCK, mepi-
onnunocti KP, TpuBanocti BimHoBneHHs JIb, cTpyktrypu Ta obcsry O®. [Ipuduomy, 11i MOKa3HUKH TOBHHHI Bpa-
XOBYBaTH OCOOJIMBOCTI TicisrapaHTiiiHOro repiomy excruryarariii I[1C. Kpim Toro, BapTiCHI MOKa3HWUKU ITOBHHHI
BpaxoOBYBATH PI3HOYACOBICTh KaIiTaIbHUX BKJIa/JeHb, OcKiTbkn O® 1 HACK MOXyTh 3aKynOBYBAaTHCS SIK pa3oM
3 [1C, Tak i B mepiox HOro excruryarartii.

Cyuacni HACK OyayioThcs 3a MOTYJIBHIM MPHHITUIIOM 3 Pi3HOIO KOH(DIrypariero BUMIpIOBAJIBHUAX 3ac00iB.
3 TOYKH 30py CTPYKTYpHOI TOOYIOBH MOXJIMBI Taki BapiaHTH: BapiaHT po3ocepemkenoro HACK, mo cknagaeTbes
3 KUJIBKOX JIOKAJIbHUX CTAHI[IH KOHTPOJII0, NPO(iIbOBaHUX 32 TUIIOM KOHTPOJILOBAHOTO OONaHAHHS; BapiaHT 30Ce-
pemxenoi HACK (yniBepcanbHa ognomicHa HACK).

ITepearoto pozocepemkeHoi HACK € nopiBHsAHO OibII BUCOKA MPOAYKTUBHICTH 1 HagiiiHicTh. Taka HACK
MOYKE OJTHOYACHO KOHTPOIIOBATH KiJIbKICTh OJIOKIB, SIKa JIOPIBHIOE KUIBKOCTI JIOKAJIBHUX CTaHIIA KOHTpoJto. [Ipu
BIJIMOBI1 OJIHI€T CTAHINT KOHTPOJIO pPeliTa MPOJOBXKYIOTh TpaioBaTi. KpiM TOro, JIesKi 3 BiIMOB JIOKAJIbHUX CTaH-
i KOHTPOJIFO MOXYTh OyTH MapHpyBaHi 32 paXyHOK BHKOPUCTAHHS OJHOTUITHOTO OOJIAJIHAHHS 1HIIMX CTaHIIIH
koHTpOoIr0. HemonikoM po3ocepemkenoro HACK € BiTHOCHO BHCOKa BapTiCTh.

VuiBepcamsaa HACK B Oyjib-sIkrii MOMEHT 4acy MO)Ke KOHTpOITFOBaTH Tilbku onH JIb. Taka crctema Mae 3Ha4HO
MEHIITY TIPOYKTUBHICTIO. Y BHIAMKY, IKIIO HEOOXiAHA POTYKTUBHICTh BUSBUTHCS OUTBIION0, HIK Ta, SIKY MOXKe 3a0e3-
neanty oqaomicHa HACK, BuHMKHE uepra Ha KOHTpodIb 3 JIB pisHoro tumy. Lle Moxxe npu3sBecT 10 HEOOXiqHOCTI 30171b-
IeHHS 00csATy 0OMiHHOTO (hoHAY 1 0 mpocToto [1C y pasi BincyTHoCTi 3anacHux JIb B 0OMiHHOMY (hOHII.

BucHoBKM 3 1aHOTO0 JOCJHiIKeHHSI i MepCHeKTHBH MOJAJbIIMX PO3BIAOK y AaHoMy Hanpsimi. Takum
YHHOM, HE3BXKAIOUHM HA MOXKIIMBO MEHIIY BapTicTh oqHoMicHa HACK Moxe BUSBUTHCS MEHII €(EKTUBHOIO, HiXK
po3ocepemxena. Hacminku BiamoBu ogHoMicHoi HACK € mopiBHSIHO OUTBII BaXKKUMU, HDK JIJISL PO3IOJIJICHOT,
TaK SIK Ha MPOTSI3i Yacy YCYHEHHsI IPHYHMH Bi]MOBH ITOBHICTIO TIPHITUHSIETHCS MIPOIIEC KOHTPOIIO. TOMY BaKIIBHM
€ 3aBIaHHs BHOOpY onTuMaibHOT cTpykTypu HACK Jutst KOHKpETHHX YMOB aBiakomItaHii. [Ipore B jaHuii yac Bija-
CYTHE METOJIMYHE 3a0e3TeueHHs ISl OliHKY epekTuBHOCTI BUKOprcTaHHss HACK 3 pi3HOIO CTPYKTYpOO TIOOYIOBH.

EdexruBnictb ekcruryaranii PEHC 3HauHOI0 Miporo BH3HAYa€ThCS YMOBaMHU (hOpMyBaHHS 1 00CsATOM OOMiH-
Horo ¢(onmay. 30inbIIeHHsT 00CATY 3amacHUX BHPOOIB JO3BOJSIE 3a0€3MeUyBaTH BHCOKHH PIBEHB PETYISPHOCTI
MOJIBOTIB, aJie 3 IHIIOTO OOKY Iie TATHE 3a c00010 BenuKi BuTpatu. [Ipn Mamiif KiTbKOCTI 3al1acHIX BUPOOIB B OOMiH-
HOMY (DOHJII BUTpATH 3HIKYIOTECS, aje PU3HUK A(DIIUTY 3pOCTae, M0 NPU3BOIUTH 10 mpocToiB 11C 1 mopymeHHs
PEryNsIpHOCTI MOJIBOTIB, A OTKeE, 10 (PIHAHCOBUX BTpaT. BupileHHs 11i€i cynepedHoCTi MOXke OyTH JOCATHYTO HIIS-
XOM MiHiMi3alii 3araJibHUX BUTPAT, 1110 BKJIIOYAOTh BTpaTH uepe3 npoctoi I1C 1 Butpar Ha npuadaHHs HeoOXiqHOT
KUIBKOCTI 3altaCHUX BHPOOIB.
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OLIHKA BIIJINBY AEPOIUHAMIUYHUX KOE®IIICHTIB CUJIN JIOBOBOT'O OMOPY
CHAPSIJIA HA JAJBHICTD IOT0 MOJILOTY

Badicnusoro cknadoeoio eekmopa aepoouHamiunoi cunl, wo 0ie Ha CHApAo, € cuaa 10008020 ONOPY, AKA MAE HANPAMOK
NPOMUNEHCHUL] HANPAMKY WBUOKOCI PYXY CHAPAOA MA CYMMEBO BNAUBAE HA OUHAMIKY tio2o norvomy. IIpakmuunum dooam-
KOM MeopemuyHux non0JceHb 00CTIONCEHHS CULU 10008020 ONOPY, € GUKOPUCIAHHS X 0/l PO3PAXYHKY MPAEKMOPIll NOTbONY
cHapsois i ckradanns Tabnuys cmpinebu apmuiepiicbKux cucmem, 8I0Mak 3a Mipy moyHocmi ii UsHaUeH s, NPUUHAMA MOoY-
HiCMb po3paxynxy maoauynoi danerocmi. Ananiz 6umo2 00 MoYHOCHI PO3PAXYHKY MAOIUYHOI OANbHOCIE APMULEPIUCLKUX CUC-
mem CeiOuUNb, Wo BETUNUHA CePeOUHHOT NOXUOKU HA MATUX OATbHOCHAX cmpinbou mac snavenns nopsoky 0.50 % odanvho-
cmi norvomy, Ha eenuxux oanvrocmax — (0.25-0.30)%. Excnepumenmanvue 0ocniodcents cunu 10608020 onopy 3600Umvcs
00 docniodcenna it aepoouHamiuHux Koeghiyicnmis npu pisHux sHauenHax yucen Maxa. Kpim moeo, 6ajxiciugo oyinumu 61ue Ha
0anbHICMb NOTLOMY CHAPAOA AK MIHIUHOL, MAK i HeNiHIUHOI CKIA00801 AepoOUHAMIUHO20 KoepiyieHmy cunu 10006020 ONOPY.
s oyinku 6niusy aepoOUHAMiuHUX KOe@iyieHmie Ha OaIbHICMb NOTLOMY CHAPAOA BUKOPUCTNAHUL MEMOO PIZHUYb, SIKULL NOJIS-
20€ 6 P36 A3aHHI cucmemu OUepenHyianvHux pisHsHb NPOCMOPOBO20 PYXY CHAPSAOA MAK, WoO 3MIHIOIOYU 3HAYEHHS KOJCHOI 3i
CKAA00BUX AePOOUHAMIYHUX KoehiyicHmis, ompumyeamu 3mMiny eenuyunu oanvrhocmi norwomy. IIposedene uucenvhe mooeno-
8aHHS 3a1excHOCmel NoxuobKu oarvrocmi noavonty 155-wum OD cnapsodie — Assegai M2000 ma ERFB/BB 6i0 aminu eenuyunu
ix aepodunamiunux xoegiyicnmie na 1%.. Iloxazano, Haubinbuly noxuoKy @ 0aIbHOCMI NOTLONTY CHAPAOA BHOCUNMb JIHILIHUL
KoeghiyicHm cunu 10008020 ONOPY NpU CMPinboi Ha MaKcuMarbHOMY 3apadi — 0.9% oanvHocmi cmpinbu, 6i0N06IOHO HaMeHULI,
Ha minimarsHomy 3apadi — 0.13%. Kpim moeo, pesyrvmamu MoOen08aHHs 3aC8i0UUNU, U0 6NIUE KBAOPAMUUHO20 KOe(iyieHNTy
cunu 10008020 onopy Mac Ha 1-2 nopaoKu Menui 3HaueHHsA 8 NOPIGHAHHI 3 NHILIHUM.

KitrouoBi cnoBa: apmunepiticokuil cHapso, cuia 10608020 ONOPY, aAepoOuHaMiNHUL Koegiyienm, danbHicmy cmpinbou,
BIOHOCHA NOXUOKA, MEMOO PI3HUYb.

Bondarenko S. V., Kosovtsov Yu. M., Hrabchak Z. M. Evaluation of the influence of the aerodynamic coefficients of
the frontal resistance force of the projectile on its flight distance

An urgent and important issue in the creation and development of promising anti-artillery systems and ammunition for
them is the introduction of automated control systems with the wide use of ballistic computers, which include new approaches to
ballistic and meteorological data preparation for firing, the mathematical basis of which are ballistic integrating algorithms for
calculating installations for firing based on solving the inverse problem of external ballistics. An important component of the aer-
odynamic force vector acting on the projectile is the drag force, which has a direction opposite to the direction of the projectile’s
velocity and significantly affects the dynamics of its flight. The practical application of the theoretical provisions of the research
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of frontal resistance is their use for calculating projectiles flight trajectories and compiling the firing tables of artillery systems,
therefore, the accuracy of the tabular range calculation is taken as a measure of the accuracy of its determination. The analysis
of requirements for the accuracy of calculation of the tabular range of artillery systems shows that the value of the median error
at short firing ranges has a value of the order0.50 % of the flight range, at long ranges — (0.25 +0.30)% . The experimental
study of the drag force is reduced to the study of its aerodynamic coefficients at different values of Mach numbers. In addition,
it is important to evaluate the influence of both the linear and non-linear components of the aerodynamic drag force coefficient
on the range of the projectile. To evaluate the influence of aerodynamic coefficients on the flight range of the projectile, the dif-
ference method was used, which consists in solving the system of differential equations of spatial motion of a projectile so that,
by changing the value of each of the component aerodynamic coefficients, a change in the value of the flight range is obtained.
Numerical modeling of the dependence of the flight range error of 155-mm HE projectiles — Assegai M2000 and ERFB/BB on a
change in the value of their aerodynamic coefficients by 1%. It is shown that the largest error in the flight range of the projectile
is introduced by the linear coefficient of the force of frontal resistance when firing at the maximum charge — 0.9% of the firing
range, respectively, the smallest, at the minimum charge — 0.13%. In addition, the simulation results showed that the influence
of the quadratic coefficient of the frontal drag force has 1-2 orders of magnitude smaller values compared to the linear one.
Key words: artillery projectile, drag force, aerodynamic coefficient, firing range, relative error, difference method.

IMocTaHoBKa MPOGJIEMH B 3arajibHOMY BUIJISIII Ta aHAJI3 JiTeparypu. OCHOBHOIO aepOUHAMIYHOIO XapakK-
TEPHCTHKOIO, sSIKAa BH3HAYAE PYX CHApsa B MPOCTOPI € CHJIa OMOpPY IMOBITps. B 3aransHOMYy BHIIaAKy BEKTOp CHIIA
OITOpY TIOBITPSI Ma€ JOTUYHY Ta HOPMAJIbHY CKJIJIOBi, TOOTO CKJIAJIOBI 32 HANPSIMOM JIOTHYHOT Ta HOPMaJTi JI0 TPA€K-
TOPIi B IUIOIIMHI, SKa TPOXOANUTH Yepe3 JOTHIHY JIO TPAEKTOPIi Ta BICCIO CHApsi/ia, Ta MalOTh Ha3By — CHJIa JIOOOBOTO
onopy DF (Drag Force) Ta migitimanena cuna LF (Lift Force) crapsina [1-2]. TyT i nasi rmo TekcTy CTaTti npuiiMeMo —
MO3HAYEHHS aePOIMHAMIYHUX CHJI, IX aHANITUYHI BUpa3H, BianoBiaHo 10 STANAG 4355 (Edition 3) [3], a Takox s
MIO3HAYKH BEKTOPiB OyA€MO BUKOPHUCTOBYBATH HAMIBXUPHI OYKBH, BiJIIOBITHO JJIs CKAJISIPIB — CTAaHIapTHI OyKBH.

OnHi€ro 3 HAMOUIBII BATOMUX CKJIaJOBUX CHJIM ONOPY HOBITPs € CHJIa JOOOBOTO OMOpy cHapsia. Biqmitumo,
10 CUJIa JTI0OOBOTO ONOPY 3yMOBIIEHA PSAAOM CKIAJHUX (DI3UYHUX SBUIL TA BU3HAYAETHCS HOro (JOPMOIO 1 OpieHTa-
L€, XapaKTepoM OOTiKaHHS, TUIIOM IPUKOPIOHHOTO APy i HOTO B3a€MOJIEI0 3 YIAPHUMHU XBHJISIMU, IHTCHCHB-
HICTIO 1 ()OPMOIO XBHJIb, IIBUJIKICTIO 1 BUCOTOKO HOTO MOJIBOTY, KyTOM HYyTAIlil Ta CKJIAAA€ThCS 3 TPhOX PI3HUX 32
CBOEIO TPUPOJIOI0 CKIIAIOBUX — JOHHOTO OIOPY, OMOPY TEPTS Ta XBIIHOBOTO oropy [1, 4]. [Iponopmii Mix uMu
CKJIAZIOBUMH MAfOTh TCHJICHIIII0 3MIHIOBATHCS HA Pi3HUX IIBUAKOCTSIX MONBOTY CHapsiaa (Tadi. 1).

Tabmung 1
ChniBBiTHOIIEHHS MizK CKJIaJJOBUMH aepoOIMHAMIYHOI0 ONOPY MOBIiTPs
HIBuakicTn AepoanHamMidHMii onip
cHapsaa TepTs, %o JIOHHMI, Yo XBWJIbOBHIi, %0
V<a- 20-30 70-80 -
V>a- 10-15 35-40 50

THpumimxka: a” — weuoxicmo 36yKy 6 nogimpi.

Tak mpu M03BYKOBUX LIBHAKOCTSAX CHJIA JOHHOTO omnopy Moxe pocsratd ao (70-80)%, cuma TepTs —
(20-30)%, a xBWIbOBUH omip — OIU3bKO HyIA. Ha Ha3ByKOBUX MIBUAKOCTSAX CIIBBIJHOLIEHHS MK HUMU 3MIHIO-
FOTBCS KapAHHAIBHO.

BaTUBIIINM TPaKTHIHAM JONATKOM TCOPETHYHHX OJOKCHb BU3HAYCHHS CHITH JIOOOBOTO OTMOPY MOBITPS,
€ BUKOPHCTaHHS iX JIUIS PO3PaxXyHKy TPAEKTOPIH MOJIbOTY CHApsIiB 1 ckianaHHsS Tabmuip cTpinbpOH, iCTOTHO 3a
MIpy TOYHOCTI iX BU3HAYCHHS, IPUHHATH TOYHICTh BU3HAUCHHS TAOJUYHOT TATBHOCTI, TOOTO OXHOKA BU3HAYCHHS
CWJIM JIOOOBOTO OTOPY TOBITPsI HE TIOBHHHA TIEPEBUIITYBATH MOXHOKY BU3HAUEHHS TaOIMYHOI naykHOCTI [5, 6]. Ha
CHOTOJIHI EKCIIEPUMEHTAIILHE JTOCII/DKEHHS CHITU JIOOOBOTO OIOPY CHAapsiJia 3BOJUTHCS JIO JTOCIHIPKEHHS 11 aepo-
JMHAMIYHOTO KOC(IIlieHTY IPU Pi3HUX CIIBBITHOIMIEHHAX ynces M Ta KyTa HyTamii o, [1-2, 4]. Baxmuso Bigmi-
TUTH, 1O TIPH JOCITDKEHHSIX aepOJMHAMIYHII KOS(IIIEHT CHITH JIOOOBOTO OMOPY PO3KIAJAIOTh B psij Telsopa 3a
KyTOM HYTAIlil 1 yTPUMYIOTh JIMIIC JIHIMHUI YIeH PO3KIIanty, 10 J03BOJISIE CYTTEBO CIIPOCTUTU MaTeMAaTHIHI MOJIEI]
MOJIBOTY CHapsiaa. BomHo4ac, 1e mpu3BOIUTh 10 3HAYHOTO MOTIPIICHHS TOYHOCTI MOJAAHHSI CHIIH JIOOOBOTO OMOPY Ta
He rapaHTye 3a0e3rnedeHHs NoTPiOHOT TOYHOCTI pO3paxyHKy TpaeKTopii moaboty cHapsaa [1, 7, 8].

[IpoBenenuit aHami3 OIIHKA TOYHOCTI BH3HAYEHHS CYMapHOI CEPEIUHHOI MOXUOKM BH3HAYCHHS TaOIUYHOI
JaTBHOCTI 32 3HaUCHHAMHU TaOnuip cTpuIhOM Ta 3a pe3ylbraTaMu eKCIEePHUMEHTAIbHUX JaHUX CTPLI0 3 122-MM
cHapsga OD-462 rayouni J[-30 ta 152-mm cHapsaa OD-5402K, camoxianoi rayouri 2C3M nokasas 110, BeJIMIHHA
CYMapHOI CepeMHHOI MOXUOKH Ha MaJIMX JANBHOCTSIX CTPUTLON Mae 3Ha4eHHs mopsiaky 0.5% manbHOCTI ONBOTY,
Ha BEJIHMKHX JAJBHOCTAX MOTPiOHA TOUHICTH 30imbImyeTses Ha (40-50)% [5]. B mpoMy HampsMKy akTyadbHAM Ta
BaXXJIMBUM JIOCIIJKCHHSIM € OIlIHKA BIUIMBY BEITMUWHHU a€pOAMHAMIYHOTO KOSQIIIEHTY CHIIH JIOOOBOTO OTOPY CHa-
psina, siK JNiHIAHOI, Tak 1 HENMHINHOT HOTO CKJIal0BOI, HA JaJbHICTh TOJBOTY CHApS/A, 10 B CBOIO Yepry HaJIacTh
3MOTY BUCYHYTH BUMOTH JI0 OTPiOHOT TOYHOCTI IX pO3PaxXyHKY.
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TakuM YMHOM, METOIO CTATTI € OIliHKA BIUIMBY CKJIaJOBHX a€pPOAMHAMIYHOTO KOe(]ilieHTy cHIM J0O0BOTO
OTIOpY CHapsA/Ja Ha JalbHICTh CTPUIHLOM apTUIIEPIHCHKUX CUCTEM.

Buxkiajx ocHoBHOro marepiaiy. 3aranabHuil Bupas i cuiu jo6osoro onopy DF y BektopHiit popmi, mae
Bun [1, 3]:

DszénpdzC'va, (1)

Jie p — T'yCTHHA MOBITpst; d — niameTp (KamiOp) cHapsiia; v — BEKTOp MIBUAKOCTI MONLOTY cHapsna; C, — aepoau-
HaMi4HUH Koe(DillieHT CHIIK JIOOOBOTO OIOPY.
BekTop mBUAKOCTI CHapsiia BITHOCHO MOBITPS v , BU3HAYAETHCSI KOMIIOHEHTAMHU (TIPOEKIT Ha Bici MPSIMOKYT-

HOT cucTeMH KoopauHar) (puc. 1):
V=[V,, V5, V, |5 V= ViV VS, (2)

Trajectdr’y

-
-
.
-

v

Puc. 1. ist cunu 1000BOTO OHOPY

Jicepeno: pospodneno agmopamu

3anuiiemMo 3HaYCHHsI aepoinHaMiuHOro Koedimienty C, Ta npuiiMemo, o KyT o, Manuit. J{is 1poro, pos-
kinanemo C, B psn Teitmopa 3a cremeHsME KyTa o, HaBKOJIO 3Ha4eHHS o, ~ 0. Ockineku DF e ¢yHxmis napHa,
TOOTO TIPH 3MiHI KyTa o, HE 3MIHIOEThCS, To C, Oyle po3KiIalaTHCs 3a TApHUMH CTETICHIMH KyTa o, [8]:

2
€y =(Co), +§[a C”} T 3)
a, =0

2
oo,

BinmoeiaHo 110 (3), BpaXxoBYyrOUH MepIii JABi CKIAI0BI HOro CyMH, HaIaMO aepOTUHAMIYHUI KOS(IIIEHT CHITH
J1000BOTO OTIOPY Y BUTIISIT

Cp=Cp + CD“z 0‘5 s “4)

ne C,, — niHiliHUA KoedimieHT cuu 1060Boro onopy; €, — KBaApaTHYHUH KOS(DILIEHT CHIIH JJOOOBOTO OTODY.
Jlns OIIHKY BILIMBY HMOXMOOK BU3HAYEHHS CKIAJOBUX aepoIMHAMIYHOro koedimienty (4) Ha HanbHiCThL
MOJILOTY CHApsiia BUKOPUCTAEMO METOJT PI3HHUIIb, SKHH MOJISTAE B PO3B’A3aHHI CHCTEMH TU(PEPEHITIAIbHUX PIBHIHb
MIPOCTOPOBOTO PYXy CHapsija Tak, 00 3MIHIOKOYM 3HAYCHHS KOJKHOT 31 CKJIaJIOBUX aepOIMHAMIYHUX KOS(IIIEHTIB
CHapsja, OTPUMYBATH 3MiIHY BEITUYHMHH JAIBHOCTI HOro monboty [2, 9]. TakuM 4WHOM, MOYKHA OTPUMATH 3aJIEK-
HICTh MOXUOKH JTAJBHOCTI BiJl 3MiHM BETMYMHU aepPOJANHAMIYHUX KOC(IIIEHTIB CHApsA.
[Tpuitmemo, 1o aificHuM (30ypeHNM) yMOBaM CTPiab0H BiIOBIAAIOTh BETUIUHU

Cops Cp > @1, @5, -..r 1, (5)
PO3paxyHKOBHM (HE30ypeHHM) YMOBAM — BETHIHNHH

Coons Cuuzyvv Aiys s - iys (6)

JIe a, — apaMeTpH, SKi XapaKTepu3yrTh OaJliCTHYHI, METEOPOJIOTiUHI Ta reo(i3uYHI YMOBH CTPIIhOU.

IToBHa ropu3oHTaNFHA AATBHICTH AIHCHOT TPAEKTOPIT PO3TIAAAETHCS K (DYHKILS BeMn4rH (5), a TOBHA TOPH-
30HTaJbHA JANBHICTh PO3PAXYHKOBOI TpaeKTOpil — GyHKIis BeauuuH (6).

ITocniIOBHICTH OIIIHKY BIIMBY CKJIaJI0BUX a€POAMHAMIYHOTO Koe(ilieHTy critn JIOOOBOTO OTMIOPY CHaps/Ia Ha
JIabHICTh HOTO MOMBOTY HACTYIIHA!

a) cucrema nudepeHIiabHUX PiBHSAHbB, sIKa OMUCYE MPOCTOPOBHIA PyX CHapsiia MpU yMOBaxX CTpUIbOH, e
3MIHIOETHCS 3HAYEHHSI OHOTO 3 aepOIMHAMIYHUX KOe(]Iili€HTIB, pellTa 3alIUIIaeThCsl HE3MIHHUMU, 1IHTETPYEThCS
YUCENbHUM METO/IOM, B IIPOIIEC] PillIeHHS SIKOT BU3HAYAETHCS IOBHA TOPU30HTAIbHA JAJBHICTD
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D= D(CDO, Cp,» @, @, ...,al.,); (7)

0) IHTErpyIOThCSI PIBHSIHHS, SKI XapaKTePU3YIOTh PyX CHAPsJIA 3a PO3PaXyHKOBUMH (HE30ypEHUMH) YMOBAMH
Ta BU3HAYAETHCS TIOBHA TOPU30HTAJIbHA AaJIbHICTh

Dy = D(CDON’ CDﬂZN’ aiy> Gy ""aiN) 5 ®)
B) pO3y3ro/DKeHHs (TI0XHOKa) B 3HAUCHHSX TTOBHOT TOPH30HTAIBHOT TAJBHOCTI OTPUMYIOTH SIK
3D = D(CDO, Cy,»a,a, ...,al.,) - Dy (CDON, Cp, » x> oy, ...,a,.N) . 9)

JI1s mojjanbiuX po3paxyHKiB BUKOPUCTaHA MaTeMaTHIHa MOJICITb TIPOCTOPOBOTO pyxy 155-Mm OD cHapsia
Assegai M2000, ogHOTO 3 CIMEHCTBa MEPCICKTHBHUX apTHIICPIMCHKUX CHApSIIB IMiBICHHOAPPUKAHCHKOT hipMu
Denel Naschem — Assegai (Crinc) M200X Series 155-mm Projectiles. OCHOBHi iHEepITiifHO-BaroBi XapakTepUCTHKH
155-mm O®D cHapsia Assegai M2000 HaBeseHi B Ta0. 2.

Tabnuist 2
Inepuiiino-Barosi xapakrepuctuku 155-mm O® cuapsina Assegai M2000
Hiamerp (xamibp), d 0.155 m
Maca, m 43.7 ke
Bincrans Bix I cHapsana mo UEHTPY CHIH TSOKIHHA, X ., 0.563 u
[onspHuit MOMEHT iHepii, I 0.1444 ko M2
ExBaropianbHuil MOMEHT iHepuii, /. 1.7323 ke m?

Lorcepeno: [9]

MaremaTinyHa MOJIETb MPOCTOPOBOTO PYXy NOMOBHEHA acpOAMHAMIYHMMH KOe]ilieHTaMH CHII (MOMEHTIB)
155-mm O® cHapsa Assegai M2000 ta peatizoBaHa IpOrpaMHO Ha OCHOBI CTaHAAPTHOT MiIPOrPaMy YUCEILHOTO
IHTErpyBaHHs JU(epEHIIabHUX PIBHIHD, HAMMCAHOO B IporpaMHoOMy cepenosuiini Maple [9-10].

AJICKBaTHICTh MOJICITI IMiATBEPIKYETHCS PIIIEHHSAM TpsaMol OamictiuaHol 3amaqi jist 155-mm O®D cHapsna
Assegai M2000 mpu 3amaHuxX TaOJIWYHHX MMOYATKOBHX YMOBaxX Ta IOPIBHSHHS OCHOBHHX ITApaMETpPiB IOJIBOTY,
IO pO3paxoBaHi 32 MaTEMAaTHYHOIO MOJEIUTIO Ta MapaMeTpiB MOJBOTY I[LOTO CHapsjaa, mo po3paxosaHi Ballistic
Research Laboratories (bamictuunoi nocinigHoi taboparopii CILIA) Ta npuitHATI 32 €TaNIoHHI.

OCHOBHHMH TIOYaTKOBUMH YMOBAMH MOJIEIOBAHHS Mporecy noiaboty 155-mm OD cHapsiga Assegai M2000
IIPUMUHATO:

0, = 0; ¢, = 1000 mil = 0.982 pad; g, = 0; g, = -9.80665 m / ¢*; g, = 0, (10)

ne 0,, ¢, — KyTH BIAXWJICHHS OB3OBKHBOI BICi CTBOJIA TapMaTy BiAMIOBITHO B TOPU30HTAIBHIN Ta BEPTHKAIBHIN
IUIOIUHAX; g, &, & — CKJIQJIOB1 MPUCKOPEHHSI CHITH TSDKIHHSL.

i GinbIn 1eTanbHOT OLIHKY BIUIMBY CKIIQJOBUX aepoAMHAMIYHOro KoedimieHty C, Ha JaIbHICTh MOJbOTY
CHapsi/la, YUCENbHUM EKCIEPUMEHT MPOBEACHUM ISl IIUPOKOTO CIEKTPY HOro IIBUIKOCTEH, BiJ MIHIMAIbHOI A0
MaKCHMAaJIbHOI:

Vv, € {308; 465; 545; 673; 811; 944} m / c. (11)

Ha puc. 2 npezacrasieHi pe3yabTaTH YUCETbHOIO MOJICIIOBAHHS MaTEMAaTHYHOT MOJIeNi OAbOTY 155-MmM OD
cHapsiia Assegai M2000 y BUDIIsIII ciMeCTBa 3aJIEKHOCTEH BIJTHOCHOI MOXMOKM B JIAJTHHOCTI MOTO TIOJBOTY Bif
MTOYATKOBOI IIBHIKOCTI (IIPH IMOCTIHHOMY KyTi KUIAHHS), 32 YMOBH 3MiHU aepOJHHAMIYHOTO KoedimieHTy Ha 1%.
Hait6inpry moxuOKy B TaIFHOCTI MONTBOTY CHApsIAa BHOCUTD JIHIHHUHA KoedimieHT 1060Boro omnopy C,, (puc. 2 a).
B cBoto uepry, HalOLIbII TOXUOKHU B TAJTBHOCTI IMOJILOTY CHApS/Ia, CIIOCTEPIraloThCs MPH CTPLILO1 HA MaKCHMAalh-
HOMY 3apsiii (IIBUAKICTH ONBOTY CHapsaa 944 m/c), BIIMOBITHO HAMEHIIT — Ha MIHIMAJILHOMY 3apsiii (IIBUKICTh
nonboTy cHapsiza 308 m/c). Tak, Ha MaKCHMaJIbHOMY 3apsijii 3MiHa aepOJMHAMIYHOTO KOe(illieHTa CHIIA JT000BOTO
oropy Cp, TPU3BOIUTH JI0 TOXHOKU B TaJbHOCTI IMOJIOTY CHaps/a, sika gocsrae 0.9%D, BINOBITHO HA MiHIMaJIb-
HoMy 3apsiai — 0.13%D.

BruB kBagparndHOro KoedilieHTy JI000BOTO OMOpY MPOSBISETHCS 3HAUHO B MEHIIIH (opmi, HalbibIIe
3HAUCHHS TOXUOKH, SIKY BiH BHOCHTB B AAJbHICTh MOJILOTY CHapsAa, CHIOCTEPIraloThesl HA MAKCUMAJILHOMY 3apsifii —
0.12%D (puc. 2 6). Ilpu 3MeHIIeHH] UIBUAKOCTI MOJBOTY CHapsga MOXUOKH B JATbHOCTI 3MEHIIYIOTHCS, TaK Ha
mBuarkocti 811 m/c, moxuodka ckiagae 0.016%D, Ha mBuaKoCTi 465 M/c — 0.006%D.

PesynbraTy mpoBeneHOro iMiTaIiiftHoro MmoaeoBanHs crpinsou 155-mm O cuapsima ERFB/BB (Extended
Range Full Bore) 3 moyarkoBumu ymoamu (10, 11), Takox MiATBEPUKYIOTh BHINE3a3HAUYCHI BUCHOBKH (pHC. 3).
3 HaBeJeHHUX TpadikiB BUIHO, MAKCUMAJIbHI 3HAYCHHS MOXMOKU B JAJLHOCTI BiIOYBArOThCS HA MaKCHMAaIbHOMY
3apsizi, 31 3SMEHIICHHSM IIBHIKOCTI MOJIBOTY CHAps/ia IIOXHOKA CyTTEBO 3MEHIITY€ThCSI.
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Ha [MIBUAKOCTSX 2-6

Puc. 2. BirHocHa noxuOKa B JaJbHOCTI OJILOTY CHAapsAa Bijl 3MIHN BEJIMYMHU aepOIMHAMIYHNAX KOS(IIi€HTIB
C,» Cp, 155-mm OD cnapsma Assegai M2000

1 —944 m/c; 2 — 811 M/c; 3 — 673 m/c; 4 — 545 m/c; 5 — 465 m/c; 6 — 308 m/c
Jicepeno: (a-8) pospobaeno asmopamu, (2) [9]

Bennunna noxuOku B ganeHoCTi 155-MM O® cHapsina ERFB/BB jekinbka MeHIna 3a moxuOKy B JaJIbHOCTI
155-Mmm OD cuapsima Assegai M2000, 110 00yMOBJICHO TOKPAIICHOK aepOJMHAMIYHOK KOMIIOHOBKOK) CHapsjia
ERFB/BB. Taxk, 3Buuaiini 155-MM cHapsan MatoTh 6amictuanuii koedimieHt (0.47-0.52), nns cuapsais cepii ERFB
1€ 3HAYCHHS 3HaYHO HMKYE Ta 3HaXoJuThcs B Mexkax (0.28-0.38).
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Puc. 3. BinHocHa noxuOka B JaJbHOCTI OJILOTY CHAapsAa Bijl 3MIHM BEJIMYMHU aepOIMHAMIYHUAX KOe(illi€HTiB
C,, 155-mm O® cnapsna ERFB/BB

Jicepeno: pospodneno agmopamu
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BucHoBku. Ha croromHinHii yac npu po3paxyHKax TPaeKkTOpii MOJIbOTY CHAPSIIB aKTyaJIbHUM NMUTaHHAM
€ BU3HAUCHHS Ta MPECTABICHHS CUIN JIOOOBOTO ONOPY B CUCTEMI AU(EPEHIIATBHUX PIBHSIHb IPOCTOPOBOTO PyXy
CHapSIIIB.

VY crarTi npeicTaBiIeHi pe3yIbTaTi YUCEeIbHOTO MOCITIOBAHHS 3aJIeKHOCTEH BITHOCHOT TOXHOKH JallbHOCTI
noiboty 155-Mmm O® cHapsima Assegai M2000 ta 155-mm OD cHapsima ERFB/BB Bin 3MiHu BenuauHu iX aepou-
HaMIYHUX KOC(II[IEHTIB CHITH JIOOOBOTO OTOPY.

[Tokazano, HaWOUIBII MOXHOKK B JAJIBHOCTI MOJILOTY CHAapsiia BHOCHTH JIIHIMHUN Koe(illieHT J000BOTO
omopy C,, , Ipu cTpine0i Ha MakcuManbHOMY 3apsini — (0.33-0.87)%D, Biamosiguo Haitmentri (0.02-0.13)%D — Ha
MiHIMaJBHOMY 3apsizi. Kpim Toro, pesysipTaTi MOJICIIOBAHHS 3aCBITYHIIH, IO BIUTUB KBaPAaTHYHOTO KOC(IIiEHTY
CWJIY JIOOOBOTO OIOpY Ma€ Ha 1-2 TOPSIKK MEHIII 3HAUCHHS B IMOPIBHSHHI 3 JIIHIHHUM.

[TomapoIuM HAPSIMKOM JI0CITIDKEHB € PO3POOKa METOIUKH OI[iHKH TOTPiOHOT TOYHOCTI BU3HAYCHHS aepOAHN-
HAMIYHHUX KOe(iI[ieHTiB cHn JIOOOBOTO OMOPY 3a PI3HUX YMOB CTPLIBOH apTHICPIHCHKUX CHCTEM.
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IllanoBHi aBTOpH!

Jlo HaykoBoro xypHaimy «CHCTEMH Ta TEXHOJOTI» NPUIMAIOThCS PYKOIHCH HAyKOBHX IIpallb, sIKi HIKOJNM paHiIle
He myOITiKyBaJIHcs 1 He PU3HAYEHI IS OTHOYACHOI IMyOiKaii B iHIINX BUAAHHSAX.

[Tpocumo BpaxoByBaTy BUMOTH JIO CTaTeH 1 MOPsAKY X mojanHHs 1o myOnikanii. Marepiasm, oopMIteHi 3 BIAXUICHHIM
BiJI 3a3HAYEHHUX HIDKYE BUMOT II0/10 TIOPSAKY TTO/IaHHS Ta 0(h)OPMIICHHS HAYKOBOI CTaTTi, PEJIKOJIETIs HE PO3IVIsiIaE.

Ilpuiitmaromsca cmammi, HaTIACaHi YKPATHCHKOIO, aHTITIHCHKOIO MOBAMH.

Pykonuc cmammi nogunen mamu maxi enemenmu:

1 — V/IK (BupiBHIOBaHHSI 10 JTiBOMY Kparo). Busnauntu kon — uB. http://www.udcsummary.info/php/index.php?lang=uk;

2 — iHimiamy Ta Mmpi3BHUIIe aBTopa (MpH(T — HAMiBKUPHHAI ), HAYKOBHI CTYIIIHB 1 BACHE 3BaHHS, TI0Ca]Ia Ta MicIie poOOTH
(moBHa Ha3Ba cTPYKTypHOTO minposiiny), ORCID (tupudt — npsmuii);

KoskeH HaCTYIHUIA CIIiBABTOP 3 HOBOTO Psi/IKa.

3 — Ha3Ba HAayKOBOI CTaTTi (BUPIBHIOBAHHS 10 LIEHTPY, MIPU(T — HAIIBKUPHHIA);

4 — aHOTAIIs Ta KITIOUOBI CIIOBA YKPATHCHKOIO (cepenHiit obcsr aHoTamii — He MeHIne 1800 qpykoBaHHUX 3HAKIB);

5 — iHiujanM, Tpi3BUIIE aBTOpa, HAa3By CTAarTi Ta aHOTAIil0 aHDIHCHbKOI MOBOIO (2000-2500 npykoBaHUX 3HAKIB),
KJIFOYOBI CJI0BA aHIIHCHKOIO;

6 — TEKCT HAyKOBOI CTATTI i3 3a3HaYCHHSIM HACTYITHUX EJIEMEHTIB!

IMocTanoBka npodJiemu.

AHaJi3 ocTaHHIX JoCc/TiIKeHb i myOmiKkamii.

Merta crarri.

Bukiaa ocHOBHOTO MaTepiaJy.

BuUCHOBKY 3 TOCTIKEHHSI 1 IEPCIICKTHBY MMOAANBIINX PO3BIIOK Y IIBOMY HAIPSIMI.

7 — CriMCOK BUKOPUCTaHHX JUKEPEIT Y HOPSIIKY 3ralyBaHHs a00 y asipaBiTHOMY MOPS/IKY (IIOAAETHCSI MOBOIO OPHTIHAITY
Ta 0popMITIOEThCS 3a MbkAepxkaBHIM ctagmaptoMm JICTY 8302:2015 «Iadopmaris ta nokymerTamis. bibmiorpadidae mocu-
JIaHHs1. 3arajibHi BUMOTH Ta MpaBUiIa CKITaaHHs ).

[Nocuanns Ha JtiTepaTypHi JUKeperia B TEKCTI HAyKOBOI CTATTI CIIiJl Ha/laBaTH B KBaIpaTHUX JIyKKax [ 1, c. 56; 7, c. 45-51].

8 — References (Tpancmirepariis) (opopmioersest y pomancbkomy aidasiti B cruimi APA Style Reference Citations
BimmoBiHO 10 MizkHapoanoro cranaapty APA).

3a3HaveHi eJIeMEHTH BUAUIAIOTECS B PYKOIIMCI HATIBKUPHAM HIPH(TOM.

IMocTanoBka nMpoG1eMHu BUKOHYETHCS Y 3arajIbHOMY BUIVISLII Ta HATOJIOIIYETHCS Ha 11 3B'SI3KY 13 BAXKIMBUMH HAYKOBUMH
YH TPaKTUYHAMHE 3aBIaHHAMU. [1i7] yac BUKOHAHHS aHAI3y OCTAaHHIX JOCII/DKCHB 1 MyONiKaliil, Ha sIKi CIIUPAEThCS aBTOP
Ta B SKAX PO3NIIAETHCS AOCIIDKyBaHa MpodieMa 1 miaxoau 10 ii po3B’s3aHHS, HEOOXiTHO BHAUINTH HEBUPIIICHI YaCTHHH
3arajibHOI MPOOJIEMH, SIKY JOCIIKYIOTh Y CTaTTi. Bukiia OCHOBHOrO Marepiaity JI0CHiDKSHHS BAKOHY€ETHCS 3 TOBHUM 00T PYH-
TYBaHHSM 3JJ00yTHX HayKOBHX PE3yJIbTaTIB.

Texcm cmammi mae o6ymu nadpanuii B TekctoBomy penakropi Microsoft Word. Tum daitry — texer y dopmari
RTF a6o DOC(X).

O0csr crarrti — 12-20 cropinok (OcHoBHa yactuHa). Hlpudt — Times New Roman, kerenb — 14, MixXpsiAKOBUI
iHTepBan — 1,5, mosst — yci 2 cm, adb3an — 1 cM. @opmaryBanHs ab3alliB 3a JOIOMOTOI0 IHTEPBAJIIB (MIPOOLTIB) YK TAOYIIALIIT
HETIPUITYCTHUMO. Y TEKCTi HE0OXiJHO BUKOPHUCTOBYBATH JIATIKH JIMIIIE TAKOTO 3pa3Ka: « ». Y TEKCTi 3a00pOHEHI EPEHOCH.
Hywmepartist cTOpiHOK HE BEIEThCS.

Pucynku, cxemu, Tabnuii, (hopMyITH CITiJ] HABOIUTH Y BUIVIS, 110 JO3BOJISIE TX KopuryBanHs. KinbkicTs Tabnuib, Gop-
MYII Ta LTFOCTpALliid Mae OyTH MiHIMATBHOFO Ta IOPEYHOI0. PHCYHKH 1 TaOMHII Ha aTbOOMHUX CTOPIHKaX HE PHAMAOTHCS.

Po3mipuTaOmuips Ta imrocTpartiii He MOBUHHI TEPEBHUIIYyBaTH PO3MipH APYKOBAaHOI CTOPIHKHM 30ipHUKA. PUCYHKH, rpadikn
i TaONUIII NOBMHHI Oy TH MPOHYMEPOBaHi Ta MaTH Ha3By (JlomyckaeThes WpudT Tekcty — Times New Roman, pozmip — 12 nit).
Haii0inbIn ckitajHi pUCYHKH TIPOIIOHY€THCSI HAOMPAaTH, 3aCTOCOBYIOUH rpadiunuii penakrop Microsoft Visio.

ITix xokHOIO Tabm. Ta puc. Mae Oyt 3a3HadeHo kepeno ([pkepeno: ...). Tabmuii, rpadiku Ta pUCYHKH TOTPiOHO
T0/IaBaTH y YOPHO-OLIOMY KOJIBOPI. LmrocTpariBHI MaTepiaiy NoTpiOHO PO3MIIILYBATH IICJIsl MOCHIAHHS HA HUX Y TEKCTI.
Pucynku nonarkoBo noaarots okpeMuM Qaitiiom Microsoft Excel. OnHoyacHe BUKoprcTaHHs TaONUIb 1 rpadikiB uIs 1osic-
HEHHsI OIHHX 1 TUX CAMHX TTOJIOKEHb HE PEKOMEHIY€EThCSI.

Marematndai (OpMYTH MalOTh OyTH PETEIhHO MEepPEeBIpeHi Ta YiTKO HaapykoBaHi. @OpMyIH MPOMOHY€ETHCS HAOH-
paru, 3actocoByroun BiaritoBanuii y MS Word penakrop dhopmysn MathType 4.0 (6.0) Equation, abo Microsoft Equation 3.0
3 HACTYIIHUMH PO3MipaMy CUMBOJIIB: 3BUYaiHUH — 14 1T, KpynHuii inaexc — 10 0T, Minkuit iHaekc — 7 0T, KpYIHUH CUMBOI —
18 T, Minkwmit cumBon — 12 nT. @opMyTH HEOOXiTHO BUIUISATH OIXHUM PSIKOM BiJl PEIITH TEKCTY, IEHTPYBaTH, HyMEpyBaTh
B KPYIJIUX JIy’KKax, BUPIBHSHUX IO IPABOI MEXKI TEKCTY.

CrenianbHOCTI, 32 SIKKMU MOXYTb OyTH IOJIaHi CTaTTi

113 — Ilpukiamaa MaTeMaTrka (kareropis b)

122 — Komm’rotepHi Hayku (kateropis b)

123 — Komrt’totepHa imxeHepis (kareropist b)

125 — Kibepbesmeka Ta 3axucT iHnpopmaii (kareropis b)

275 — TpancnopTHi TexHOJIOTI{ (3a Buxamu) (kareropis b)

172 — TenexomyHikaii Ta pagiorexHika (kareropis b)

255 — O30poeHHs Ta BilicbKOBa TeXHiKa (kareropist b)

241 — T'oTenbHO-pecTOpaHHa ClIpaBa

I[Mepenpyk MarepiasiB JO3BOJSIETHCS JIMILIE 38 TIMCHMOBOT 3TO/IM PEIAKLIIL.
Marepiany, o myOJTiKyI0ThCS, BiI0OpaskKatoTh MO3HUIIII0 aBTOPA, SIKa MOYKE HE 30iraTHcs 3 MONISIIOM PEAAKIIil.
3a ToCTOBIpHICTH (DAKTIB, CTATUCTHYHMX JTAHUX Ta 1HIIOI iHpOpMAIIii BiITOBIiTaTbHICTh HECE aBTOP.



