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METO/I ONTUMI3ALIl POBOTU30BAHOI TPAHCIIOPTHOI CUCTEMHU
MOPTOBOI NEPEPOBKH BAHTAKOIIOTOKY

Cmamms npucssyena po3podyi mMemooy cmpyKmypHoi onmuMizayii QyHKYIOHY8aHHS MPAHCNOPMHOL cucmemy po6o-
MU308AHUX MPAHCHOPMHUX 3AC00I8 NepepoOKU KOHMEUHEPI8 ma BAHMANCI8 8 HOPMY HA OCHOBL MOOUpIKayii Memody 2inox
i 2panuyb.

AxmyanvHicms 0anoi cmammi 06yMoeieHa mum, wo OIULKO NOT0BUHU 00CARI8 6CIX MIJICHAPOOHUX Nepese3eHdb 30ilicHI0-
10MbCA MOPCHKUM MPAHCHOPMOM, A NPOOYKMUBHICMb iX nepepooKu 8 NOPMAX 3 YPaXyBaHHAM MUMHO20 OOPMAEHHA | KOHmMD-
010 HANPAMY 3ANEHCUMD 6I0 eqheKMUBHOCHI PYHKYIOHYBAHHA Nopmosux mpaxncnopmuux cucmem. QOHicto i3 Hatibinbu epex-
MUBHUX MEXHON02I NOOYO0BU MAKUX MPAHCHOPHIHUX CUCIEM € 3ACMOCYBAHHSA POOOMUZ0BAHUX MPAHCHOPMHUX 340018, AKi
3abe3neyyiomo nepeseseHHs KOHMeHepia i BAHMANICI8 30 MEXHONOSIYHUMU MAPUPYMAMU 8 HENEPEPBHOMY PelCUMi 3 MOooic-
JUGICMIO OUHAMIYHO20 CKAHYBAHHA MA BUABLEHHA MO8APi8 3a00poHeHux do nepesesenus. Tomy po3podxa i yOOCKoHANeHHS
Memoodig onmumizayii pobOMU308anUx MPAHCHOPMHUX CUCTEM NOPMOBOI nepepodKU 8AHMANCI8 € DOCMAMHbO AKMYATbHOW
NPUKIAOHOI0 NPOOLEMOIO.

Memoio danoi cmammi € po3podKa anzopummy cCmpyKmypHoi onmumizayii pobomu308anoi mpancnopmuoi cucmemu
3a6e3neyents nepeee3eHb 6aHMaiCie i KOHMeUHepie MeXHONOLIYHUMY MAPWPYMAamy npu ix nopmosiii nepepodyi Ha 0CHO8I
MOOuixayii memody 2inok ma epanuyb.

Y ionogionocmi i3 3anponoHo8aHuM nioxXo0om 6 AKOCHI Kpumepis onmumizayii BUKOpUCMogyemvcs (yHkyia Minimizayii
sUMpPam Ha opmyeants cmpykmypu ma QyHKYIOHy8anHs eleMenmie mpancnopmuoi cucmemu. B npoyeci nowyxy onmumans-
HO20 8apianmy cmpyKmypu mpascnopmuoi CUCmemu 3acmocogyemvcs Memoo 2iloK i panuib 8 AKOMY 0iA po30uUmms nOmMoYHoi
MHONCUHY PO38 SI3KI8 3a0aUi HA NIOMHONCUHU PO32ATYHCEHHS BUKOPUCTIOBYEMbCS NPUHYUN MOJMCTUGUX 8apianmis. [[is nioMHO-
JICUH PO32ATYHCEHHS OOUUCTIIOIONBCS HUNICHT OYIHKU 3HAUEHDb YLIb0BOT (YHKYIT 6UOOPY OnmMuMansHoi Modeni. B sxocmi ymosu
BUKTIIOYEHHS HeeqheKMUBHUX 8apianmia i NPUNUHEHHS. PO32AYHCEHHS O 340adi CIPYKMypPHOI Onmumi3ayii 6UsHaveno ymosy
3abe3neyents MaKCUMAILHO MOJICIUBOT NPOOYKMUBHOCTI nepese3eHb 00panuMi pobOKaApamu, Wo Maoms MeHuLy 6apmichib.

3a pesynomamamu nposedeHux OOCHiodiceHb 6CMAHOBIEHO, WO PO3POOIEHULl ATeOPUMM 00360NAE GUIHAYUMY ONMIU-
MAbHY CPYKIMYPY pOOOMU308GHOT MPAHCHOPMHOI CUCTEMU, KA 34 YMOBU iT MIHIMATbHOT 6apmocmi 3a0e3ne4ye MaKCumanibHo
MONCUBY NPOOYKMUBHICIb NepepoOKYU 8anmaoicie i konmeunepis ¢ nopniy. [lpu yvomy 3anpononoganuii nioxio oonyckae y3a-
2anvHenHs 01 UNAOKy noby008U ONMUMATLHOT CIPYKMYPU MPAHCHOPMHOL CUCHEMU 3 MAKCUMATLHOIO NPOOYKIMUGHICIIO ma
MIHIMATILHO MOJCIUGOIO 6APMICIIO.

KitrouoBi croBa: minimizayis eapmocmi mpancnopmuoi cucmemu, Memoo 2iiox i epanuyb.

© A. M. laciunnk, K. B. Xyaa, B. B. llu6a, 2023
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Pasichnyk A. M., Khuda Zh. V., Tsyba V. V. The method of optimizing the robotic transport system of port cargo
processing

The article is devoted to the development of a method of structural optimization of the functioning of the transport system
of robotic vehicles for the processing of containers and cargo in the port based on the modification of the method of branches
and boundaries.

The relevance of this article is explained by the fact that about half of the volume of all international transportation is
carried out by sea transport, and the efficiency of the operation of port transport systems depends on the productivity of their
processing in ports, considering. and customs clearance and direct control. One of the most effective technologies for building
such transport systems is the use of robotic vehicles, which ensure the transportation of containers and cargo along techno-
logical routes in a continuous mode with the possibility of dynamic scanning and detection of prohibited cargo. Therefore,
the development and improvement of optimization methods of robotic transport systems for port cargo handling is an urgent
applied problem.

The purpose of this article is to develop an algorithm for the structural optimization of the robotic transport system for
ensuring the transportation of goods and containers along the technological routes of their port processing based on the modi-
fication of the method of branches and boundaries.

In accordance with the proposed approach, the cost minimization function for the formation of the structure and function-
ing of the elements of the transport system is used as an optimization criterion. In the process of searching for the optimal version
of the structure of the transport system, the method of branches and boundaries is used, in which the principle of possible options
is used to divide the current set of solutions of the problem into branching subsets. For subsets of branching, lower estimates of
the values of the objective function of choosing the optimal model are calculated. As a condition for the exclusion of inefficient
options and termination of branching for the structural optimization problem, the condition for ensuring the maximum possible
productivity of transportation by selected robocars with a lower cost is defined.

According to the results of the conducted research, it was found that the developed algorithm allows to determine the
optimal structure of the robotic transport system, which, under the condition of its minimum cost, ensures the maximum possible
productivity of cargo and container processing in the port. At the same time, the proposed approach allows generalization for the
case of building the optimal structure of the transport system with maximum productivity and minimum possible cost.

Key words: branches and borders method, the problem of choosing optimal regressive model.

IMocTanoBka mpoOiaemMu. B cydacHuX peamisix OAHi€l0 i3 YyMOB €()EeKTHBHOTO BiJHOBJIGHHS E€KOHOMIKH
€ MOJIEpHi3allisd Ta MOoAaJIbIINI PO3BUTOK TPAHCIOPTHOI CUCTEMH 1 MiABUILIEHHA PiBHS BUKOPUCTAHHSA TPAH3UTHOTO
noreHniany Ykpainu [1]. [Ipu mpoMy BayKIHBe 3HAYCHHS AJIS IiIBUIICHHS e(heKTHBHOCTI (PyHKIIOHYBaHHS YKpa-
THCBKOT TPAHCIIOPTHOT CHCTEMH Ma€ 11 IHTETpallisi B €BPONEHCHKY MEpEeKy MIKHAPOIHUX TPAHCIIOPTHUX KOPHIOPIB
[2] Ta onmTuMi3allis TPAHCIIOPTHO-JIOTICTHYHOT IHPPACTPYKTYpH 3a0e3MeUeHHs] MKHAPOTHIX BaHTAXKHUX TepeBe-
3eHb [3, 4]. 3a eKCIepTHUMH OIliIHKaMH TiIBHINCHHS €(EKTHBHOCTI BUKOPUCTAHHS TPAH3UTHOTO IMOTCHIIIATY J103-
BOJIUTH YKpaiHi OTpUMyBaTH IopiuHo 0au3bko $ 2,5 mupa. HagxomkeHs [5]. OcobnuBe 3HAYSHHS sl YCIIITHOTO
BHpILICHHS BKa3aHOi MpoOIeMH Bifirpae MiABHINECHHS TPAH3UTHUX TOBAPOIIOTOKIB Yepe3 CyXi Ta MOPCHKi MOPTH
[6]. 3a3HaunMO, 1110 OIM3BHKO MOJIOBUHH OOCSTIB BCiX MIKHAPOAHUX MEPEBE3CHb NEpepOOIISIOTECS B MOPTAax 1 31iH-
CHIOIOTHCSI MOPCBKUM TpaHcopToM [7, 8]. ToMy BaxkinuBe 3HaYEHHS Ma€ yAOCKOHAJICHHS Ta ONTUMI3alis QyHKIIi-
OHYBaHHsI MYIBTUMOJAIBHUX TPAHCIIOPTHUX CUCTEM, IO 3a0e3MeuylOTh NMEPEBE3EHHsI KOHTEHHEPIB Ta BaHTAXKIB
[9], a TakoXK TEXHOJIOTIH X mepepoOKH Ta MUTHOTO O(OPMIIEHHS 1 KOHTPOIIO y BiANOBITHUX MyHKTaX MPOIYCKY
[10]. Onsiero 13 HAKOLTBIT €(PEKTUBHUX TEXHOIOTIH MOOYIOBU TaKUX TPAHCIIOPTHUX CUCTEM € 3aCTOCYBaHHS POOO-
TH30BaHHUX TPAHCIIOPTHHX 3acO0iB, SKi 3a0e3MeUyrOTh NEPEBE3CHHS KOHTCHHEPIB 1 BAHTAXIB 32 TEXHOJIOTTYHUMHU
MapIIpyTaMy B IPOTPaMOBaHOMY aBTOMAaTHYHOMY PEXKHMi 3 MOMIIUBICTIO JMHAMIYHOTO CKaHyBaHH: TOBapiB 3a00-
POHEHHUX JI0 MTEPEBE3CHHA. Y 3B’A3KY 3 IIUM pO3pOOKa METOIB CTPYKTYpHOI ONTHMI3aIlii TPAaHCTIOPTHUX CHCTEM i3
BHKOPHUCTAHHSAM POOOTH30BaHUX TPAaHCIIOPTHUX 3ac00iB (pOOOKAPIB) € JOCTATHHO AKTYaAIHLHOO.

AHaJi3 ocTaHHiX gocaixxensb i nmyoaikanid. Ha nanuii yac st moOyioBu po3B’s3Ky 33134 JUCKPETHOTO
MaTeMaTHYHOTO TMPOrpaMyBaHHS JOCUTH IIUPOKOTO 3aCTOCYBAaHHA HAaOyB ONTHMI3aIlifHUI anropuTM Ha OCHOBI
METOJIy T'JIOK 1 rpaHulls. Briepime alnroputm 3acToCyBaHHS TaHOTO MeToy OyB 3alpornoHoBaHuid B po0oTi [11] ms
3arajbHOI 3a/4a4i LiNOYHCIOBOIO JIiHIHHOTO MPOrpaMyBaHHSL.

3acTtocyBaHHS METOMY T'UIOK 1 IpaHUIlb JUIA PO3B’A3aHHS 3a/1a4i BUOOPY ONTUMAIBHOT perpeciiiHoi Moneni sk
3aJa4i JUCKPETHOI oNTUMi3allii HaBeieHo B poboTi [12]. OcobnuBOCTI 3aCTOCYBaHHS METOAY T'UIOK 1 TPaHHLb IS
PO3B’s13aHHA 331341 BUOOPY ONTHMAIIEHOI perpeciiHoi MOeNi po3nITHyTi B podorti [13].

MOXITUBOCTI 3aCTOCYBaHHS METOJY TiIOK 1 TpaHHWIb NPU PO3B’SI3aHHI 3a7a4 JIHIHHOTO I[JIOYHUCIOBOTO
MporpamyBaHHsl HaBeJieHI B po0oTi [14]. Ha ocHOBI MeTOMy TiJIOK 1 TpaHUIL PO3POOICHO S(EKTHBHI ONTHMi3a-
ilHI aNTOpUTMHU MOOYIOBH PO3B’S3KiB MPUKIAIHUX 3a/1ad. Pe3ynbraru moOymoBy po3B’sA3KiB 3a1a4i GOpMyBaHHS
KOMaH/IM Ta IMOIIYKY 1HBECTOPIB JUIS CTapTaIl-NPOEKTIB 13 3aCTOCYBaHHAM ONTHMI3alliHHOTO JITOPUTMY TUIOK Ta
TpaHMIs HaBeIEHO B myOmikamii [15].

Merta cTatTi: po3poOka aaropuTMy CTpyKTYpHOI ONTHMI3aIlil TPAHCIIOPTHOI CHCTEMH POOOTH30BaHUX TPaH-
CIIOPTHHX 3ac00iB MepepoOKn KOHTEHHEPIB 1 BaHTaXiB B NMOPTY HAa OCHOBI METOAY TLTOK Ta IpaHHIb. B skocti
KpHUTepis ONTUMi3aLii 00MpaeThCcs MiHIMi3allis BUTpAT Ha (POPMYBaHHS CTPYKTYpHU Ta (DYHKI[IOHYBAaHHS €IEMEHTIB
TPAHCIIOPTHOI CUCTEMH 32 YMOBHU X MaKCUMAaJIbHO MOKJIIUBOI MTPOAYKTHBHOCTI.
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Buxnan ocHoBHOro marepiany. [Ipu moOynoBi TpaHCTIOPTHOI CHCTEMM IEpepOOKH MOTOKY KOHTEHHEpiB
1 BaHTaXIB B MOPTY HEOOXiAHO BU3HAUUTU ONTUMAJIBHY KiJIbKiCTh POOOTH30BaHUX TPAHCIIOPTHUX 3ac00iB, iX THUI
Ta PO3MONUIUTH YUCEIbHY KUNBbKICTh 3aBIAaHb TPAHCIOPTYBAaHHS KOHTCWHEPIB 3aJaHUMH MaplipyTamu. Sk Kpu-
Tepiid onTuMizauii odupaeMo MiHIMI3alil0 BUTPAT Ha 3aKyMiBJIIO Ta €KCIUIyaTallil0 TPaHCHOPTHUX 3aco0iB Ta iX
MaKCHMAIJILHO MOKIIUBY MTPONYKTUBHICTE. [1i1 uac BUpIIIeHHs 3aBIaHHS HEOOX1THO BpaxyBaTH, IO KOXEH poOoKap
MMOBHHEH 3a0€31euyBaTH TPAHCIIOPTYBAaHH KOHTEHHEPIB Y ICBHOMY YaCOBOMY iHTEpBAJIi.

Ha nepriromy ertari JOCTiKEHHS TIPOBOANUTLCS CUCTEMHHUI aHaJli3 IOPTOBOI TPAHCIOPTHOT CUCTEMH Tiepe-
PpOOKH TIOTOKY BaHTaXXIB 1 KOHTCHHEPIB Ta BU3HAYAIOTHCS i1 XapaKTepUCTUKH, HEOOX1TH1 1 popMyTroBaHHS Mare-
MaTHYHOI MOJIeJI 3a/1adi onTuMi3aiii. B JaHoMy BUTIIaJIKy TPaHCIIOPTHA CHCTEMa MepepoOKU NMOTOKY KOHTEHHEPIB
B MTOPTY BU3HAYAETHCS TAKMMH MTapaMeTpaMu:

1. MHOXXHHA TEXHOJIOTIYHUX MAapIIPyTiB MEpPeMiIIeHHs BaHTaXiB a00 KOHTEHHEpIB y TpaHCHOPTHIHN cuc-
Temi— 1= {i,i=1, ...I};

2. BepxHill rpaHUYHO JOMYCTUMHI Yac mepeMilleHHs BAHTaXXy a00 KOHTeHHepa TEXHOJIOT1YHUM MapIIpyTOM
<x,>, =1, ...[

3. KinbKicTh nepeBe3eHb KOHTeHHepiB a00 BaHTaXXiB TEXHOJIOTIYHUM MapIIPYTOM Y TPAHCIIOPTHii cuctemi —
J={j,j=1,..J};

4. KinpkicTs BUAIB poOOKapiB, SIKi MOKYTh BUKOPHCTOBYBATHCSI B TPAHCIIOPTHIN CUCTEMI IS IEPEBE3CHHS
KOHTEHHEpIB a00 BAaHTaXIB TEXHOJIOTTYHUMH Mapuipytamu. — R = {r, r =1, ...R};

5. IIpomyKTHBHICTh Pi3HUX BUJIIB pOOOTU30BAHUX TPAHCIIOPTHHUX 3acO0IB iJ] Yyac MepeBe3cHHs KOHTEHHEPIiB
TEXHOJIOTIYHMMHU MapmpyTamu — P = {p , r =1, ...R};

6. MakcuMaJIbHO JIOITyCTHMA KiJTbKICTh pOOOKApiB, K MOXKYTh BUKOPUCTOBYBATHCS B TPAHCIIOPTHIHN CHCTEMI
IIpH TIEPEeBE3CHHI BAHTaXIB a00 KOHTeﬁHepiB TEXHOJIOTITYHUMH MapHipyTamu — S

7. Marpuiist cepefHboi KiTbKOCTI TPaHCIIOPTHUX IepeBe3eHs Konreinepis ||/ ||, (i =1, ...J, j =1, ...J) 3a kox-
HUM TEXHOJIOTIYHUM MapLIpyTOM, 1110 BU3HAYA€ThCs napamerpamu [ = {i, i =1, .../ } J= {/ j=1,...J}.
8. Marpuus cepeHbo1 IHTEHCUBHOCTI TPAHCIOPTHUX [1€PEBE3ECHb ||/1[j||, (=1,...[j=1, ...J) 3a KO)KHUM TeX-

HOJIOT1YHUM MapIIpyTOM, 110 BU3HAYa€Thes napamerpamu [ = {i, i =1, ...I}, J = {j,j =1, ...J}.

Juna dhopmanizanii anroputMy moOynoBH LiIb0BOT PYyHKIIT IPUIMAIOTHCS TaKi MPUITYILIEHHS:

1. JIns migBHIEHHS HAOIHOCTI CHCTEMH Ta yHidikamii mporecy eKCIUTyarallii Ta TeXHIYHOTO OOCITyToBY-
BaHHA BCi poOOKapH, 1[0 BUKOPUCTOBYIOTECS Y TPAHCIIOPTHIN CHCTEMI, MAIOTh OYTH OIHOTUITHAMH HE3aJEeKHO Bil
X KUTBKOCTI.

2. Bei pynkmii TICPEBE3CHH BAHTAKY a00 KOHTelfHepa BUKOHYIOTHCS OJHHUM i TUM e pOOOKapOM HE3aJIeKHO
BiXl cnoco6y X po3n0;:uny

Ha migcraBi BUXiHUX JaHUX Ta 3 ypaxXyBaHHSAM NPUHHATHX NPUIYIIEHb IIIHOBA QYHKIISA 3a1adi CTPyK-
TypHOi onTumMizarii (byHKmOHyBaHHsI TMOPTOBOI TPAHCIOPTHOT CHCTEMH po60Kap1B 3 mepepoOKH MOTOKY BaHTAXKIB
1 KOHTeHepiB, 0 MOJIEIIOE MiHIMI3alliF0 BUTPAT Ha 3aKYIIBIIIO Ta EKCILUTyaTallil0 TPaHCTIOPTHUX 3ac00iB i3 3a0e3-
TIeYEHHS MepeBe3eHb Ha BCiX TEXHOJIOTTYHUX MapUIPyTax, 3alUIIETHCS TaK:

N

W=minz i ZWnS e, €. (1)

Nge N, r=1 \ s=I

ne W — NpUBENIeHI pivuHi BUTPATH HAa TPAHCTIOPTHHMH 3aci0 s (s = 1, ..., §) 7-ro Tuiy, mo 3abe3nedye migaMHo-
KuHy 1iepesesens (J ¢ € J);

_ tg— BapiaHT PO3MO/IiTY TEXHONOTIYHUX MAPIIPYTIB Mk pobGokapamu, n, € N, N, — MHOXXMHa BapiaHTiB pPO3-
MOALTY TEXHOJOTTUHUX MapUIPYTiB MiX poOOoKapamu;

15, — MIMHOXHHA TEXHOJIOTTYHUX MAPIIPYTiB, 1110 00CITyrOBYIOThCS $-UM POOOKAPOM IIPH 71 PO3MOJLITL TEX-
HOJIOTIYHUX MapIpyTis, [ ; € I

e — KOC(i)l].llCH”.F po3noziiny BapiaHTy o6pnyr03yBaHHﬂ TEXHOJIOTIYHUX MapuIpyTiB pobokapamu, e =1,
y BUNAJKy BUOOpY BapiaHTy PO3MOJILTY MapIIPYTiB 71, Y HPOTHJIEKHOMY BUIAJIKY €, 0;

e o, — KoedimienT posmoaity p060KaplB 32 TEXHONOTITHIMI MapIIpyTamy, e —1 y BUIAJKy BUOOPY TpaH-
CIIOPTHOTO 3aC00y r-0T0 By IIPH 71; BAPiaHTi PO3MOLTY TEXHOIOTTIHUX MapmpyrlB, y OPOTUIIEKHOMY BHUIMAAKY
enSrZO;

g, HaC 0_6cnyr013y13aHHﬂ. [-rO TEXHOJIOTYHOI0 MapIIPyTy S-MM TPAHCTIOPTHHM 3aco00M IIpH BapiaHTi po3-
HOILTY TEXHOJOTIYHUX MAapIIPYTiB Mi POOOKapaMH 71,
JonatkoBi yMOBH A7 3a7a4i CTPYKTYpHOI ontumizanii (1) popMyTroThCs Tak:
1. Moxe OyTu BHOpaHHMH TiTBKM OIUH BapiaHT PO3MOAULY TEXHOJOTTUHMX MapLIPYTiB UL BCiX poOokapiB

TPAHCIIOPTHOI CUCTEMHU:

D, =1,81,...I )

nse Ng
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2. Moxe OyTtu BuOpaHuil TiIbKHU OJUH BUA TPAHCIIOPTHUX 3aCO0IB AJISI KOKHOTO BapiaHTy PO3MOJILTY TEXHO-
JIOT1YHHUX MapLIPyTiB:

R
Ye, =l,nge N 3)
r=1

3. Yac OGCHyFOByBaHHsl KO)KHOTO TEXHOJIOT1YHOTO MapuIpyTy He MOe MEPEBHUIIYBATH JIOMYCTUMOTO 3Ha-
YEHHS JUIS BCIX BapiaHTIB pO3NOLTY TEXHOMOTIUHIX MapIIPYTiB MiXK poOOKapaMHu:

Z Znsmensler <x,ielg,s=1,...,8. (4)

ngeng = 1

B pesynerati po3s'si3anns 3amadi (1) — (4) HE0OXiJHO BH3HAYWTH ONTHMAIBHY CTPYKTYpY poOOTH30BaHOI

TpchnopTHo'i CHCTEMH, TOOTO 3HANTH TaKi 3HAYEHHS 3MIHHMX S, € ., e . TiJIMHOXUHHM TEXHOJIOTTYHUX MapIIpyTiB

1, (s=1,...,5), npu sxux ninbosa GpyHkuis (1) nocsrana 6 cBOro MiHiMalIbHOTO 3HAYEHHS Ta Oy BUKOHAHI YMOBH
06MC>KCHH$I 2)-4).

Anroput™m noOyZOBU PO3B’A3KY 3a/adi CTPYKTYpPHOI onTHMi3alii TpaHCHOpTHOI cucteMu. OnTtuMizaniiHa
3agaya (1) — (4) HaJexXuTh 10 KiIacy HeliHIHHUX KOMOIHATOPHUX 3a/1ad TUCKPETHOTO0 MaTeMAaTHYHOTO MPOrpaMy-
BaHHA i JUI1 HOOYMOBH ii PO3B’SI3Ky 3alPOIIOHOBAHO 3aCTOCYBATH ONTHMI3allifHUN alTOPUTM HAa OCHOBI METOLY
TUTOK 1 rpaHuIls. Briepiie anroputM 3acTOCyBaHHS METOMY TUIOK 1 TpaHUIL OyB 3amponoHoBaHUH B poboti [10]
JUTS 3araJIbHOT 3a/1a4i [IJIOYHCIOBOrO JIHIHHOTO MporpaMyBaHHs. BiAOBITHO 0 alrOpUTMY IIBOTO METOY 3IIikiC-
HIOETHCSI PO3TATY)KEHHSI Ta CHCTEMHUI aHalli3 BapiaHTIB 3 BUKIIOUCHHSIM Hee()EeKTHBHUX TUIOK, SIKI HE 3a/I0BOJIb-
HSIOTH 3alaHUM oOMexxeHHAM. [Ipu npoMy meit mporec MpOmOBKYETHCS 10 MOMEHTY BU3HAYCHHS ONTUMAIBHOTO
PO3B’S3Ky y BiAMOBITHOCTI 31 chOpMyTBOBAaHMM aJTOPUTMOM PO3TATY)KCHHS BapiaHTIB i KpUTEpieM iX OIIHKH,
a TaKO)XK YMOBaMH¥ MPUIIMHEHHS OAAIBIIOT0 PO3TaTy KeHHS.

Po3msiHEMO cIoYaTKy 3arajbHy CXEMY PO3raiy’KeHHs BapiaHTIiB NPH ONTUMI3alii CTPyKTypH TPaHCHIOPTHOI
CHCTEMH, NPECTABIEHY Ha puc. 1.

Puc. 1. 3aranpHa cxema alropuTMy pO3raiyKeHHsI BapiaHTIB P ONTHUMI3aIlil CTPYKTYPH TPAHCTIOPTHOI CUCTEMH

Horcepeno: pospobneno agmopamu

Jlnis peanizanii aaropuTMigHOT CXEMH METOY, Ha MEPIIOMY €Talli, IPEACTABICHOMY MEpIIUM piBHEM rpada,
BCSI MHO)KHHA MOXKJTMBHX BapiaHTIB pO30HMBAEThCS Ha MiMHOKHHHN po3ranyxeHHs S. [IoTiM Ha 1pyroMy erari po3-
TaJTy’>)KeHHsI KOKHA 3 OTPUMAHMX I IMHOKHH PO30HBAETHCS Ha N miaMHOKUH. s S=1 1 S=I KiIbKiCTh I AMHOXHH
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JOpiBHIOE 1, OCKINBKH NpH S=1 BCi TEXHOIOTIYHI MapIIPyTH 00CIyTOBYIOTBCS OJHUM POOOKapoM, a mpH S=I KoxX-
HUH poOOTH30BaHUM TPAHCTIOPTHUIT 3a¢i0 00CITyTOBY€E TUNBKH OAWH TEXHONOTIYHUI MapIHIPyT.

Ha TperboMy eTami po3raylyeHHs KOKHA 3 IIJMHOXHH BapiaHTIB MOIEPEIHBOTO €Taly 3HOBY pPO30H-
BaeThcs Ha R mimMHOXHH. Temep 3a KinbkocTi poOokapiB Oinbie 1 i MeHme / y BiANOBITHOCTI 3 alrOPUTMOM
MOAATBIIOTO PO3TayKEHHsI HEOOX1THO 13 MHOYKHHU MOXITUBHX BapiaHTIB PO3MOIITY TEXHOMOTIYHIX MapIIPYTIiB —
N,={ng n,=1, ..., N; } BU3HAYUTH HaHOLIbII oNTUMAaNIbHI 32 KpuTepismu (1) — (4). Cxema 3aCTOCYBaHHS TAKOTO
QITOPUTMY PO3TATYKSHHS JUIS BUMIAIKY TPHOX POOOKapIiB Ta IM'SITH TEXHOJIOTIYHAX MAapIIPYTiB, IO BKIIOYAE BCIO
MHOXXHHY MO>KJTMBUX BapiaHTIB HaBeJeHA y BUIVISL Tpada, puc. 2.

JLis migBuIieHHs e(heKTUBHOCTI allTOPUTMY 1 BU3HAYCHHS YMOBH MTPUITMHEHHSI PO3TalyKSHHS He0OX1THO BiJI-
COPTYBATH BC1 THITH POOOKApIB B TOPSIKY 3MEHIIICHHS MPOAYKTUBHOCTI Ta BapTOCTi. [I0TIM BUKITIOUHTH 3 TIEPEITIKY
poOoKkapwm, siKi MalOTh MEHIITY TIPOYKTUBHICTh 3a OiIbI0i a00 piBHOT BapTocTi. [Ticis mpoBeneHOT0 BUKITFOYCHHS
POOHMO TOPIBHSHHS 3arajbHOI BAPTOCTI CUCTEMH AJISI BapiaHTIB # i 7-1 1 00MpaeMo BapiaHT 3 MEHILIOIO BAPTICTIO.
IIpu poMy nopaneimit nepedip HIKMX BUAIB pOOOKAPIB MPUIUHSIETHCS 1 IEPEXOAUMO J0 3MiHM BapiaHTa PO3Io-
LY TEXHOJNOTIYHUX MAPIIPYTIB 7.

()
&)
()
(5
G
o
G)e
@
G

h 4

®

5
8 9 10

®

Puc. 2. I'pa¢ anropuTMidHOi CXeMH PO3raily’KeHHS 3 ypaxyBaHHIM MOXIJIMBUX BapiaHTIB
PO3TIONUTY TEXHOIOTIYHUX MapIIPyTiB

Hoicepeno: pospobneno agmopamu

Kputepiem BukitoueHHs Hee(eKTUBHMX BapiaHTIB 1 MPUIIMHEHHS PO3TallyKeHHA IJIS 3ajadi CTPYyKTYpHOI
OINITHMI3allii € yMOBa 3a0e3redeHHs 00paHUMH POOOKapaMy MEHIIOI BapTOCTI MAKCUMAIbHO MOXIIUBOI HPOIYK-
THUBHOCTI ITEPEBE3ECHHS BAaHTAXIB a00 KOHTEWHEPIB Y TEXHOJIIOTIYHOMY MpOIIeci iX mepepoOku B mopty. 3a 6azoBuid
BapiaHT MOOYJOBU ONTHMAIBHOTO PO3B’SI3KY 3a1avi MPUHMAEThCS BapiaHT, M0 3a0e3Ieuye JOCTaTHRO PIBHOMIpHE
3aBaHTaXCHHS HAsBHUX pOOOKapiB Ta J03BOJISIE BAKOPUCTOBYBATH MiHIMAJIbHY KUTBKICTD JIOMATKOBHUX PETYIFOIOUNX
MPUCTPOIB. Y IBOMY BHIAJKY JUIS BCiX pOOOKApiB #-IrO BUIY PIBHOMIPHICTH PO3MOALTY HABAHTAXKECHHS MiK HUMH
MOYKHA BH3HAYHMTH BiAMOBIIHUM KOe(DilliEHTOM PiBHS PO3MOALTY HABAHTAKCHHS

g =it /m, (5)

V cniBBigHOmIEHH] (5) MO3HAYEHO: M — MiHIMallbHa YHMCENBHICT POOOKApPIB 7-T0 BHY, ¢, — CEPEIHil dac
MIEPEBE3CHHS 32 TEXHOJIOTIYHUM MapIIpyTOM poOOKapOM 7-0T0 BHITY, A — CyMapHa iHTEHCHBHICTb TIEpEBE3CHb:

3

i=1

A (6)

1

J
s
g
j=

A_— IHTCHCHUBHICTh TPAHCIIOPTYBAHb i-M TEXHOJIOTIYHUM MapIIPYTOM.
y
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CepenHiit yac mepeBe3eHHsI 32 TEXHOJIOTIYHUM MapIIPyTOM poOOKapoM 7-0ro Buay Oylie BU3HAYATHCS TaK:

izjl Mty |/ (Ap,)- )

i=1 j=1

Tyt lij — o0csTH MepeBe3eHb, g, — BUTPATH Ha TICPEBE3CHHS OIHOTO KOHTEIiHEepa, p, — MIPOAYKTUBHICTH pO0O-
Kapa r-0ro BUJY;

3anaroun 3HaYEHHS KOe(DillieHTY piBHOMIPHOCTI pO3MOiTy 3aBaHTAXXEHHS MK poOoKapaMu OJIH3bKi 10 OAH-
Huii, Hanpuknan g = 0,85, i3 criBBiAHOIIEHHS (5) BU3HAYAIOTHCS HUKHI 3HAYEHHS KUIBKOCTI pOOOKApiB KOKHOTO
BHly M, SIKi TIOTIM NPUAMAIOTECS B SKOCTI TI0YaTKOBOTO 3HAYEHHS YHMCENBHOCTI poOokapis. [lpu npomy posray-
JKEHHS BapiaHTIB 13 MEHILIOI0 KUTbKICTIO poOOKapiB po3misiaT He NOTpiOHO. Takok yMOBOIO BUKITIOUEHHS Heeek-
TUBHHX BapiaHTIB € MEPEBUILCHHS YaCy BUKOHAHHS (DYHKIIIOHAJbHUX 3aBIAaHb KOKHIUM POOOKApOM IIEBHOTO BHIY,
TOOTO HE BiJIOBIAHICTh HOTO MPOXYKTUBHOCTI 1 HE BUKOHAHHS YMOBH OOMEKEHHSI BU3HAYCHOI CITiBBiTHOIICHHIM
(4) Ta BiANOBITHO MPUTTUHEHHS MOAABIIIOTO PO3TaTy>KCHHS BapiaHTIB Ii€l TIIKH ISl pOOOKapiB JaHOTO 7-TO BHIY.
ITicist bOro BUOMPAETHCS YEPTOBUI BaPiaHT PO3MO/LTY TEXHOJIOTIYHMX MAPIIPYTIB 71 , IO 3a0€3MEUYIOThCS TAHUM
BHJIOM po0OOKapiB, a00 BUOUPAETHCS poOOKAp 1HIIIOTO BUTY.

[Tomyk HOBHX BapiaHTIB MPUITHHSETHCS MOBHICTIO, KOJIM JUIS BCiX MOYATKOBUX 3HAYCHD YHCEIBHOCTI PO0O-
KapiB KOKHOTO BHIY IIPH BCiX MOKJIMBHX BapiaHTaX PO3MOALTY TEXHOJOTIYHHX MapIIPyTiB BU3HAYA€THCS TaKHH
BHJ POOOTH30BAHOTO TPAHCIOPTHOTO 3acO0y, AT SKOTO BUKOHYETHCS YMOBA MPHUITMHEHHS PO3rally’KeHHs, TOOTO
IiIbOBA (PYHKIIIS OTPUMYE MiHIMaJIbHE 3HAYEHHS 1 BAPTICTh TPAHCIIOPTHOI CUCTEMH Oye MiHIMAIbHOIO, a IPOIYK-
TUBHICTh CUCTEMH 3 TIEPEBE3CHHS KOHTEHHEPIB Oyne MaKCUMAIBHO MOXIINBOIO. J{71s1 OOYI0BHU pO3B 3Ky B SIKOCTI
MOYaTKOBOTO ONTHUMAJIBHOTO BAapiaHTy CUCTEMH MPUHAMAETHCS BapTICTh 1 MPOAYKTUBHICTH MEPIIOr0 3HAHAEHOTO
BapiaHTy, 1110 3aJI0BOJIbHAE YMOBaM (4), SIKi B IpoLieci MOJANIBIINX 00YHCIeHb 3aMiHIOIOTHCS Ha 3HAUEHHs BapiaHTa
3 MEHIIOIO BapTiCTIO. B pe3ynbrari OTpIMyeMO ONTHMANBHUN BapiaHT CTPYKTYPU TPAHCIIOPTHOI CHCTEMH 3 MiHi-
MaJIFHOIO BapTiCTIO Ta MAKCUMAaJIbHO MOKIIBOIO MPOIXYKTUBHICTIO.

BucHOBKM 3 1aHOT0 IOCJTI/I?KeHHS i MePCNeKTHBH MOJAJBIINX PO3BiIOK Yy 1aHoMYy Hanpsimi. Pe3ynsraTi
MIPOBECHOTO JTOCIiKSHHS [TOKA3yIOTh, 0 3aIPOIOHOBAHHH ITiXiM J03BOJISE BU3HAYUTH ONITUMAJIBHY CTPYKTYPY
p060T1/13013aHo'1’ TPAHCIIOPTHOI CUCTEMH sIKa 3a6e3neqy€ MaKCUMAaIIbHO MOXXJITHBY HpO,Z[YKTI/IBHiCTI: nepepoOKH KOH-
TelHepiB B IOPTY 3a ymoBH i MiHIMaJIbHOT BapTOCTl IIponec mouryky onTuMasbHOro BapiaHTy CTPYKTypH Tpa-
CTIOPTHOI CHCTEMH pealtizyeTbcs Ha OCHOBI METO/Y T1JIOK i rpaHMIlb. /{11 po30UTTS MOTOYHOT MHOXKUHH PO3B’SI3KiB
3a/1a4i Ha MiAMHOXUHU PO3rayKeHHs BUKOPHCTOBYETHCSA MPHHLIMIT MOKITHBHX BapiaHTiB. J{J1s TAMHOXUH poO3ra-
Jy)KEHHS 00YHMCIIOIOTHCSI HIDKHI OLIIHKM 3Ha4YeHb LibOBO1 (DYHKIIT BHOOPY ONTHMaIbHOI MOJeNi. 3a3HaYUMO, 110
3aMpOIOHOBAHUI MiJXiJ] JOIYCKA€E y3araabHEeHHS IS BUMAAKy TOOYIOBH ONTUMAIBHOI CTPYKTYPH TPAHCIIOPTHOT
CUCTEMH 3 MaKCUMAJIbHOIO IPOJYKTUBHICTIO Ta MiHIMaJIbHO MOXKJIMBOIO BapTiCTIO.

B nomanemmx 1ocmimpKeHHIX JOUTEHO PO3IISHYTH y3aralbHEHHS 3aIpOIIOHOBAHOTO MIIXOIY JUIS OTITUMi3a-
il CTPYKTYpH TPAHCHOPTHHUX CUCTEM IHIIHMX BHIIB TPAHCIIOPTY.
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MPOEKTYBAHHS IHOOPMAIIMHOI CHCTEMHU
3 MOKJHUBICTIO T'OJIOCOBOI'O YIIPABJIIHHS

Poboma npuceauena cmeopennio inpopmayiinoi cucmemu po3nizHABAHHA 2010COBUX KOMAHO HA OCHOBI WMYYHUX
HeUPOHHUX Mepedc. 3 PO3BUMKOM KOMN'TOMePHUX cucmem cmac 6ce Oinvi 04eBUOHUM, WO BUKOPUCHAHHA CUCHEM PO3-
RI3HABAHHA MOGU HADA2AMO POWUPUMBCA, AKUO CHIAHE MONCIUBUM BUKOPUCMANHA TI0OCLKOT MOBU npu pobomi be3no-
cepedHbo 3 KOMN 10mepoM, i 30Kpema cmaHne MOXCIUBUM YAPAGNIHHA MAWUHOIO 36UYAUHUM 2010COM 6 PeaNbHOMY Yaci,
a maxoxc 68edensl i sugedenus iHgopmayii y uensioi 36uyaiinoi 100cvkoi mosu. OOHUM 3 NePCHEeKMUBHUX CNOC00i8 opaa-
HI3ayii T0OUHO-MAUUHHO20 63AEMOOIT € nepedaua KoM 1omepHil cucmemi IHCMpYKyitl Kopucmysaya 6 Gopmami MOSHUX
KomaHo. Tonocosuil inmepgheiic € HeoOXIOHUM KOMNOHEHMOM, KOIU MOBA 1ide NPO CMEOPEHHS KOMMOPMHUX YMOB HCUNITSL
07151 100ell 3 0OMedHceHUMU MOodCIUBOCmAMU. B pobomi suznaueno nioxoou 00 udilenHs IHQOPMAMUSHUX O3HAK, WO ONU-
CYIOMb MOGHUL CUSHAN: Memoo NiHiliH020 nepedbauents ma cneKmpanbHull ananis, po3eiaHymo cmpykmypy HeupoHHoi
Mepedici i3 00HUM 360POMHIM 36 'A3KOM | 6CIAHOBNIEHO, WO HABYAHHSA HEUPOHHOT Mepedci 30ilICHIOEMbCA WAAXOM NOCTI-
006HO20 Npeod 61eHH HABUATLHOI GUOIPKU, 3 OOHOYACHUM HATAUNYBAHHAM 842 8i0N0GIOHO 00 Ne8HOT npoyedypu, NoKu
NOMULKA HAAWMYSAHHS NO 8CIll MHOMCUHI He 00CsieHe NPUIHAMHO20 HU3bK020 piHa. Llinnicms odepicanux pe3yivmamis
nonA2ac 8 60OCKOHANEHHI HO8020 MeMOOy PO3NIZHAGAHHA MOBNEHHS, AKUL Kpawje adanmyemscs 00 MOGLeHHs KOpUcmy-
saua, wjo nompedye MiHiMyM pecypcie i cmeopenni iHpopmayitinoi cucmemu 3 MONCIUBICIIO 2010C08020 YRPABNIHHSA 30
0onomo2orn npucmpois va 6asi piznux onepayitinux cucmem. Ha ochogi makozo nioxo0y cnpoexmosano ingopmayiiinuil
KPOCHIAmM@opmMeHHull 000AmoK 3 2010CO8UM [HMEPPECoM.

Kito4oBi croBa: eonocoge ynpasninns, (ponema, 2010co8uii anapam, wimyuHi HeupoHHi Mepedici, 2eHemuyHUL aneopum,
CNeKmpAnbHi I0TIKY, KeNCMPATbHI Koegiyienmu.

Bezverkhyi O. L., Aleksandrenko D. O., Luts V. Ye. Designing an information system with the possibility of voice
control

The work is devoted to the creation of an information system for recognizing voice commands based on artificial
neural networks. With the development of computer systems, it is becoming more and more obvious that the use of speech
recognition systems will be greatly expanded if it becomes possible to use human language when working directly with the
computer, and in particular, it becomes possible to control the machine with a normal voice in real time, as well as input
and output information in the form of ordinary human language. One of the promising ways of organizing human-machine
interaction is the transmission of user instructions to the computer system in the form of language commands. Voice inter-
face is a necessary component when it comes to creating comfortable living conditions for people with disabilities. In the
paper, the approaches to the selection of informative features describing the speech signal are defined: the method of linear
prediction and spectral analysis, the structure of a neural network with one feedback is considered, and it is established
that the learning of the neural network is carried out by successive presentation of the training sample, with simultaneous
adjustment weights according to a specific procedure until the tuning error across the set reaches an acceptably low level.
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The value of the obtained results lies in the improvement of a new method of speech recognition, which is better adapted
to the user's speech, which requires a minimum of resources and the creation of an information system with the possibility
of voice control using devices based on various operating systems. An informative cross-platform application with a voice
interface was designed based on this approach.

Key words: voice control, phoneme, vocal apparatus, artificial neural networks, genetic algorithm, spectral readings,
cepstral coefficients.

IHocTranoBka npodaemu. CrcTeMH TOJIOCOBOTO YIPABNIHHS 3/aTHI MOJETIINTH Ta CIPOCTUTU B3a€MOJII0
KOPHUCTYBaya He TIJIbKM 3 KOMIT IOTEPHOIO CHCTEMOIO, ajle 1 CIIKYBaHHS MIX JIIOIbMH, TOMY T'OJIOCOBE pO3IMi3Ha-
BaHHSI MOBH € Ha CHOTONIHI aKTyalbHOIO 3amadeio. OcoOnrBO aHa iest po3BUBAETHCS Y HANPSIMKY KOHIICTIIIT TaK
3BaHUX PO3yMHUX MPHUCTPOIB. binbIme Toro, iHOAI romocoBuii iHTEpdeic € HeOOXiTHOI KOMIOHEHTOIO, HAIPHKIIAJ,
KOJIM Hje MOBa Ipo Jofel 3 0OMEXCHUMH MOXJIMBOCTSIMU. 3a7a4el0 TaKUX CHUCTEM € BHUJUICHHSA Ta PO3IMi3Ha-
BaHHS i3 IIOTOKY 3BYKOBOTO CUTHAITY HA0OpPY MOBHUX KOMaH. [IpruoMy npu BBEICHHI SKOICh KOMaHIH CHCTEMa HE
MTOBWHHA pearyBaTH Ha iHII YaCTHHU MOBHOTO CHTHAIIY.

ITpu cTBOpEHHI CHCTEMH TOJIOCOBOTO PO3ITi3HABAHHS MOBH PO3POOHUK CTHKAETHCS 3 IEBHUMH NPOOIEMaMH.
[To mepuue, BiACYTHICTh MaTeMaTHYHOI MOJIENI CEMAaHTHKH MOBHOTO CHUTHAIY, IO BUPAXKAETHCSA B TOMY, 1O IS
BH3HAYCHHS CEMAHTHKH MOBHOI'O CHUTHAITy MOXYTh 3aCTOCOBYBATHCSI HMOBIPHICHI Ta €BPUCTHYHI METOIH, IO HE
JIAI0Th TOYHOTO PE3YNIBTaTy Ta TOUHICTh SKMX 00CPHEHO MPOIOpIiiHA KITBKOCTI CMUCIIOBUX OJMHHIIL, HA SKi BOHH
pospaxoBadi. Ilo apyre, iHAUBiTya bHI XapaKTEPUCTUKU MOBIL: crielu(ika BUMOBH, aKIIEHTH, HATOIOCH TOIIO.
[To Tpete, pobOTa 13 CHOHTAHHOIO MOBOIO Ta HEOOXIAHICTh BUILIEHHS HasIBHOCTI KJIFOUOBOTO ciioBa. [1o ueTBepre,
BIIMIHHOCTI B aKyCTHYHIHA 00CTaHOBII, ymMH [1].

B nanwmii yac icHye TpH BaKJIMBI HampsiMu po3po0OK B posmizHaBaHHI MoBH. [lepie — HaOopHU pi3HOPIAHUX
napaMmeTpiB, SKi 00'€IHYIOTh aOCONIIOTHY CIEKTpalbHy iH(OpMAIil0 3 JUHAMIUYHOI abo CIeKTpanbHy iH(popMa-
110, 3aJIe)KHY BiJl Yacy, CTalOTh 3aralbHUMU. J[pyre — cX0%i METOIU MEePEeTBOPEHHS, YaCTO BUKOPUCTOBYBaHi MpH
HOpMaTi3amii i JeKOopeIsii mapaMeTpiB s SMEHIICHHS OOUNCITIOBAIEHIX BUTPAT, CTAIOTh NOMYIIpHUMH. TpeTe —
3aBJaHHSI OIIHKH MTapaMeTPiB CUTHAIY 00'€IHYETHCS 3 TIPOIIECOM PO3ITi3HABAHHS MOBH.

AHani3 ocTaHHIiX Aocaifkens i1 myOaikanii. [TapameTpu3zariist aHaIOTOBOr0 CUIHATY MOBH € IEPIIUM KpO-
KOM B IpoLeci po3Mi3HaBaHHS MOBH. B 1aHuil yac 3HauH1 YaCTHHU pO3pOOOK 30CepeIKeHi Ha 3aBJaHHIX PO3Ii3Ha-
BaHHS HE3aJIC)KHO BiJl JMKTOPA, BCS yBara 30cepe/lKeHa Ha po3poOlli OMKCIB, SKi HE 3aJIe)KaTh BiJl 3MIHU TUKTOpA.
[TepeBaxxHi mapameTpu, siKi € OMMCaMU CHEKTPaJbHUX SHEPriid 3BYKY, a HE JNETAISIMHU TOJIOCY MEBHOTO JUKTOpPa
[2]. MoBa siBrisie co00r0 3BYKOBI KOJMBaHHS MOBITps B Aiana3oHi yactoT Big 70-100 I’y 1o mekinpkox Kijiorepil.
i Toro mo0 y BUXiTHOMY MOBITPSHOMY MMOTOL BUHUKJIM KOJIMBAHHS 3 TAKMMHU 4aCTOTaMH, HEOOXiHa HasIBHICTb
JoKepelia 3ByKy Ha IIIJISIXY MOBITPSHOTO MOoToKy. CripaBa B TOMY, IO KPiM TOHY OCHOBHOT YaCTOTH, B 3BYIIi IHCTpY-
MEHTIB 1 TOJI0C1 3aBXK/I1 NPUCYTHI TaK 3BaHi FapMOHIKH. [ apMOHIKY € 3BYKH iHIINX YaCTOT, BIMIHHUX BiJl OCHOBHOI
4acTOTU. Y 3arajbHOMY BHUIAAKY OyIb-AKHiA 3BYK MOXKHA MPEACTABUTH Y BUIVISIIL JIESIKOTO HECKIHUEHHOTO Habopy
a0COJIOTHO YHCTHX 3BYKIiB Pi3HUX 9acTOT. CyKYIHICTh YaCTOT TAKUX YHCTHUX 3BYKIB HA3UBAETHCS CIIEKTPOM 3BYKY.
VY pe3ynbrarti JoCTiKeHb 0yJ10 BCTAHOBJICHO, IO B YTBOPSHHI MOBH aKTHBHO O€pyTh Y4acTh YOTHPH YACTOTH, SKi
BHHHUKAIOTh B PE30HAHCHUX MOPOKHUHAX MOBHOTO TpakTy. Lli 4acToTH Ha3uBaroThcs GOpMaHTAMH. 3 TOUKU 30pY
JIIONWHYU, HAMMEHIIO CMHUCIIOBOIO OJMHHUILECIO € cioBo. CioBo minuThes Ha ckiaad. Lo & cTocyeThCcs Haykw,
IO Ma€ CIpaBy 3 PO3IMi3HABAHHAM i CHHTE30M MOBH, TO TYT BBOAUTHCS 1HIIE IMOHATTS OXUHHMII 3ByKOBOTO JIATy —
¢donemu [3].

BapTo BiAMIiTUTH Ba MOMEHTH:

1. ®onema He € ¢i3MUHOIO peatizailis 3ByKY, a € MOJaHHsIM 3ByKYy B CBIZIOMOCTi (a0CTpaKIL€T0).

2. donHeMa BTLTIOE iEF0 aTOMApHOCTI, 3aCHOBaHY Ha Cy0'€KTHBHOMY YSIBICHHI ITPO MOBH.

®doHEeMH HE OTOTOKHIOIOTHCS Oe3MocepeIHbO 31 clioBaMu abo0 ckiagaMu. BoHUW rpaloTh poiib HEMOIUIEHUX
YaCTHHOK, aTOMIiB MOBH 1 SIBIISIOTH COOOIO TMOCHIJOBHOCTI 3BYKiB. 3 ()OHEM CKJIAJAIOThCS BCi iHINI KOHCTPYKIIT
MOBH, TakKi K CKJIaJH 1 cJoBa.

JocuTh BaXIIMBOIO YaCTHHOIO NOCITIHKEHHS IS BHKOHAHHS 3a/1adi aBTOMATUYHOTO PO3Ii3HABAHHSI MOBHU
€ BUBYCHHS CITyXOBOTO aHaJi3aropa, OCKIJIbKU HeaJeKBaTHa 00poOKa CUTHATY MOXKE MPU3BECTH JI0 BTPATH YACTHHU
KOPUCHHX O3HaK Ta JI0 3aHaJTO JACTAJIBHOTO MPEJCTABICHHS 1HIIOT YaCTHHU.

Komn'toTepHi cucremu po3mi3HaBaHHS MOBH MOCTYIIOBO 3HAaXOAATh 3aCTOCYBAaHHS HE TUIbKU B HayKOBii
ctepi, asie it y moOyToBiii. [IpukiiaqoM TOMy MOXYTh CIYKHTH OQicHI naketu i inme [13 3 yOymoBaHuM po3-
Mi3HABaHHSM MOBH JIJISl TOJIOCOBOTO BBEJICHHS TEKCTOBOI iH(popMarltii. OgHiero 3 mpobiieM ynpoBaKeHHSI T0JI0-
COBHUX TEXHOJIOT1M y MOPTATUBHIN TexHili OyB HU3bKUI OOYMCIIOBAIBHHUIA pecypc MIKpONpPOIECOpiB, i HEAO-
CTaTHINA 00CsT oreparuBHOI maM'saTi. KpiM 1[pOro alropuT™Mu 3 TOCTAaTHBOIO HANIHHICTIO PO3Ii3HABAHHSI MOBHU
B YMOBaX CKJIaJHOI IIyMOBOi OOCTaHOBKH HaBKOJHIIHBOTO CEPEAOBHINA Oy 3aHAATO PECYpCOEMHI IS TTOP-
TaTUBHOTO 3acTocyBaHHsA. 11[00 HaBUMTH MamIMHY BIi3HABATH MOBY, ii MOTPIOHO 3aCTABUTHU MPOCITYXOBYBAaTH
CJIOBa, CKa3aHi SIK OJIHIEIO JIIOMUHOIO, TaK 1 PI3HUMH JIIOAbMU. 3a/1a4a MAllMHU — MIPOCITYXaBIIH BCi JaH1, B3ATH
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CepelHi 3Ha4YeHHsI OCOONMBOCTEH BUMOBH, MOBHICTIO BUKIIOYUTH 1HAWBIAyaJbHICTh, OO MOTIM, MOYYBIIU
CJIOBO, HE 3pOOUTH MOMUIIKY.

Haii0inpmm mpo6ieMu BHHHKAIOTH B HACTYITHHX YMOBaX: JIOBUIGHUHA KOPHCTYBad; CIIOHTAHHA MOBA, SKa
CYIPOBOIKYETHCSI MOBHUM «CMITTSIM», HASIBHICTD aKyCTHYHHX 3aBaj i CKPUBIICHD; HAsBHICTH MOBHHUX 3aBa/l.

Merta crarTi. {71 CIIpOIIEHHS IpoLecy PO3Mi3HABaHHS MOBH JOIUIBHO Oyno O BUKOPUCTOBYBATH LIa0IOHU
OKpeMHUX 3BYKIB €IMHI A BCiX AMKTOpiB. Tomy ams peamizauii e(heKTUBHUX HE3aJNEKHUX CHCTEM aBTOMAaTH30-
BaHOTO PO3IMi3HABaHHS MOBH HEOOXiIHO BUIUIUTH iH(QOPMATHBHI O3HAKH 3BYKIB MOBH, PO3POOHMTH MareMaTHYHi
METOJIH iX OTIPAIFOBAaHHS 3 METOI0 CTBOPEHHS €JIMHUX JUIS BCIX JUKTOPIB MIA0IOHIB.

Ha croronHiniHiii AeHb po3Mi3HaBaHHSI MOBU 3BOJUTHCA 0 BUPILICHHS TPhOX THIIIB 3a]1au:

1. Po3mizHaBaHHs OKpEeMO BIMOBICHHX CIiB.

2. Po3mizHaBaHHS 37MTOI MOBH.

3. InenTudikamnis mo 3pa3Ky MOBH.

Po3pobka TexHoorii po3mni3HaBaHHSA MOBH BUEHI IIOYAJIH 3 OCBOEHHS METOJUKH BUAUICHHS 1HPOPMAaTUBHUX
03HaK, [0 ONMHUCYIOTh MOBHOI cuTHaI. [10TiM IpUCTYMIIM 1O BUPIMICHHS 3aBIaHHs KiIacU(ikalii MOBHAX CHT'Ha-
J1iB HabopaMu 1HPOPMATUBHUX O3HAK. [CHYFOTh Taki MiJXOAH O BUIUICHHS 1HPOPMATHBHHUX O3HAK, IO OTIMCYIOThH
MOBHUH CUTHAI:

* MeTOJ JIiHiHOTO MepeadaueHHs;

* CHEKTpaJIbHAN aHAI3.

CriekTpallbHUI aHai3 BiAPI3HAETHCS BiX JIIHIKHOTO Tiepea0adyeHHsI TUM, IO OIIHKM CePEeTHBOI0 3HAYCHHS
YCEepEeIHEHOTO IIIyMYy BiIHIMAIOTHCS 3 CHEKTpa, OOYHCICHOTO MO 3allyMJICHUMHU JaHUMH. HaiOinbIn 4acTo BHKO-
PHUCTOBYIOTBCS J1Ba MiIX0Ay A0 Kiacu(ikaiii Ta po3ni3HaBaHHSA:

* Mipa OJIN3BKOCTI MapaMeTpiB (Taka (PYHKIlIS HA3HBAETHCS METPHKOIO);

* HEHPOHHI Mepexi.

Jpyruii niaxia He BUKOPUCTOBYE NONOMDKHUX (DYHKIIIH, ajle MOAEIIOE MPOIIeC PO3Mi3HABAHHS B 010JI0THHUX
cucreMax. Lleit miaxig BumaeThes OibII MEPCIIEKTUBHUM B JaHUK Yac. Y cucTeMax po3Mi3HaBaHHS MOBU BHUINIA-
IOTHCA IB1 OCHOBHI ITiJICUCTEMHU:

* ImiicucTeMa morepeIHs0i 0OpOOKH MOBHHX CHTHAIIIB;

* migcucreMa Kiacugikamii MOBHUX CUTHAMIB.

BukJian ocHoBHOro marepiany. Hexail icHye MOBHUII cUrHan sIK BXiZHI AaHi HeHpoHHOI Mepexi. Ilicns
00pOOKY 3BYKOBHX JIJaHMX OTPHMAaHO MAacHB CETMEHTIB CHTHaIiB. KokeH CerMeHT BiAMOBigae HaOOpy 4wcen, 1o
XapaKTepU3yTh aMIUTITYHI CIIEKTPU CUTHaTY. JlJis MiArOTOBKY 10 OOYMCIICHHS ISl CHTHAITY BUXOJY HEHPOHHOI
Mepexi HeoOX1IHO 3anucaty BCi HabOpH Yucel B TAOIHIIEO, PSIOK SIKOT — I1e Habip YHcelt KOXHOro kaapy. KinbkicTs
BXIJIHHX 1 BUX1THUX HEHPOHiB BiloMo. KoeH 3 BXiTHUX HEHPOHIB BiJIMOBIIa€ OTHOMY HAO0Opy Yucell. A Ha BUXIJ-
HOMY IIapi TUTBKY OUH HEHPOH, BUX1JT SKOTO BIAMOBIAaE OaKaHOMY 3HAUECHHIO PO3ITi3HABAHHS CUTHAIY.

Hexaii xq,— i-¢ BXiJHe 3Ha9€HHs -TO HAbOPy YMCE;

Yy, — BUXiJI j-TO HEHpOHa 1mapy;

W — BaroBUil koeQillieHT 3B’A3KY, 0 3’ €IHYE i-i1 HEHPOH 3 j-M HEUPOHOM;

W, — BaroBuil koeillieHT 3BOPOTHOTO 3B’A3KY j-TO HEHPOHY;

[. — 3MIIIICHHS j-TO HEHPOHY IIapy.

751 OOYMCIICHHS BUXOly HEHPOHHOT Mepeski HeOOX1THO BUKOHATH HACTYITHI TIOCITIIOBHI KPOKH.

Kpox 1. IninitoBari BCl KOHTEKCTH BCIX HEHPOHIB IPUXOBAHOTO mapy X.=0.

Kpok 2. [lonaru nepruuit Habip yncen Ha BXiJl HEUPOHHOT MEPEXK X =(X, |, X ,,- - -,X, ). OOUMCIUTH /ISt HHOTO
BHXOIH IPUXOBAHOTO IIapYy.

yjzf(Zwijli=1x1i+ﬁj+ijj Q)

ne f(x) — HenminiiiHa akTUBaIliiiHa QyHKIIS yj=II+e—aS]..

Kpok 3. Skmmo morounuit Habip Yrcen He € OCTaHHIM, TO IIePEeUTH 10 KPOKY 5, iHaKIIe 10 KPOKy 4.

Kpok 4. 3anmucary BUXOAH HEHPOHIB IPUXOBAHOTO MIapy Ha KOHTEKCTH X=y,, ae j=1,...,J. lepexin 10 KPOKY
2 1JISl HACTYITHOTO HAaGOpy YHCEIL. "

Kpox 5. O0uncnuty BUXiJ HEHPOHY BUX1THOTO IHapy.

y.=fCGw, =1y +B) ()

PosrnsinemMo 3amavy, sika mossrae B po3mizHaBaHHI umceld Big 0 mo 9. JIns po3mi3HaBaHHS OJHOTO YHCIA
noTpiOHO MoOYIyBaTH BIacHY HEHpOHHY MepexKy. | Tak moBuHHO nobynyBatu 10 HelipoHHNX Mepex. HanukToBana
6a3a 3 250 cniB (yucna Big 0 10 9) 3 pi3HUMH BapialisiMu BUMOBHU. ba3a BUIaIkOBUM YHHOM MOAIIsIAacA Ha J1Bi piBHI
YaCTHHU — HABYAIIbHY 1 TECTYBAJIbHY BHOIPKH.
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Puc. 1. Crpykrypa HEMpOHHOI MEPEXI 13 OMHUM 3BOPOTHIM 3B’ A3KOM
PyKTYyp p p p

Tabmumg 1
Onuc HAdOPy 03HAK MOBHOI'0 CHTHAJLY
Kaap l-¢ sHaveHHs | 2-¢ 3HAUCHHA I-¢ sHaveHna
1-i LH MY X11 X1z X1
2-ii Ealp X3 Xa3 X
MN-mit kazap N1 Xnz b

I — KIIBKICTh 3HaY€Hb OHOTO HAOOPY uucell, N — KUTbKICTh HaOOpiB yrcen (Kaap CUTHATY Micis Hapi3KH).

Ilpy HaBYaHHI HEHUPOHHOT MEPEXKi PO3MI3HABAHHIO OJHOTO YKCJIA, HAPHUKIA] 5, OakaHWW BUXIJ i€l
HEWPOHHOT Mepeki MOBUHEH OyTH OJXMHUIICIO JIJIs HAaBYAIbHOT BUOIPKY 3 YUCIIOM 5, a iHIm — Hy 0. HaBuaHHs
HEWPOHHOT MepeXKi 3IHCHIOETHCS IIISIXOM TOCIIIOBHOTO TIpe]l’ ABJICHHS HaBYaJbHOT BUOIPKH, 3 OJJHOUYACHUM
HaJAIITyBaHHSIM Bar BiATOBIZHO 0 MEBHOI MPOIENypH, IIOKH ITOMHMJIKA HAJIAMITYBAaHHS IO BCii MHOXHHI HE
JOCSITHE MPUHHATHOTO HU3BKOTO piBHA. DYHKIliS MOMUIKH B CHCTeMi Oyae OOYHCIIOBATUCS 32 HACTYIHOIO
dhopmynoro:

E=12N3(y,~d)N =12 3)

ne N — KiTbKiCTh HaBYaIbHUX BUOIPOK, 0OPOOIEHNX HEHPOHHOIO MEPEXKEIO TIPUKIIA/IIB; Y, — PEATILHUN BHX1]L
HelpoHHOT Mepexi; di — Oaxanui (ieanbHUI) BUXi HEHPOHHOT MEepexKi.

1 KOXKHOTO €JI0Ba 3 TECTOBOi BUOIPKM pealibHI BUXOAU OOUMCIIOITHCS HEMPOHHUMH MEpeKaMHu pO3Mi3-
HaBaHHs pi3HUX uncen. HelipoHHa Mepexa, sKa Ma€ MaKCHUMaJbHE BUXiJHE 3HAYECHHS, 1 € HEHPOHHOI MepexKero
po3mi3HaBaHHA JaHOTO CJI0Ba. | coBO, po3Mi3HaHe HEHPOHHOIO MEPEXKEIO, € PE3YIILTATOM po3Mi3HaHH [4].

HpoeKTyBaHHﬂ Be0-101aTKY p03Hi3HaBaHHﬂ MoBH. [IpoekTyBaHHS BeO-IONATKy — II€ CTBOPEHHS IPO-
IyMaHoOi Mozeli e(peKTHBHOTO BEO- -pecypey Ha eTalll MiIroTOBKU 10 CTBOPEHHS An3aiiHy. CTBOPEHHS CTPYKTYpH
caiity, a came — CTPYKTYpH p03/:[1n113 i 1HTep(1)eHcy, JI03BOJISIE OIITUMI3YBaTH IPOIIEC p03p061<14 CTBOpEHUii poTo-
THII TO3BOJISIE OIIIHUTH HOTO BIATIOBIMHICTH 3aBOAHHAM 1 IPH HEOOXiTHOCTI BHECTH 3MiHHU B IOIEPEIHIO MOJEIb.
Takum unHOM, po3p061<a III/ISaI/IHy 1 IpOrpaMHOi YaCTUHH Bl,Z[6yBaTI/IMeTLC}I Ha OCHOBI TPOTOTHITY, IO T03BOUTH
VHHKHYTH HECIIOJ[iBAHOK 1 BUKOHATH POOOTY MaKCUMAJIBHO ONEPATHBHO 1 €(PEeKTUBHO, 3 MIHIMyMOM ONTHMi3allii
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B mpoueci. [IpoToTun cTBOPIOETHCS HAa OCHOBI TEXHIYHOTO 3aBJIaHHS, B SKOMY BioOpa’keHi BUMOTH /10 caiity. 30ip
BHUMOT — Bi/IMOBiAabHE 3aBAAHHS, B/l AKOT 3aJI€KUTh TOUUIBHICTD 1 €EeKTUBHICTh MaiiOyTHHOTO MpOeKTy. [Ipoek-
TyBaHHS iHTepdeliCy 1 CTPYKTYpH CaiiTy 3aBXIU NOYMHAETHCA 3 HOCTAHOBKH 3aBJaHb 1 po300py TeMaTuku [5].

Web Speech API no3Bomnsie B3aeMozisTH 3 TollocOBUMH iHTepdelicamu y BeO-gonaTkax. BiH ckiagaeTses
3 IBOX 4acTHH — SpeechSynthesis — mepeTBopeHHs TEKCTY B MOBY Ta SpeechRecognition — acHHXpOHHE po3mi3Ha-
BaHHs MOBH. Web Speech API no3Bossie BeO-niporpamMaM oOpoOIIATH ToIocoBi AaHi. JlocTynm 10 MOBJIEHHS 31iic-
HIOEThCS Yepes inTepdeiic SpeechRecognition, sikuii 3a06e3medye MOXKIIUBICTh PO3Mi3HABAHHS KOHTEKCTY MOBJICHHS
3 aymioBXoAy (3a3BHYaid 3a JOMOMOTOI CIYXKOU po3Ii3HABaHHS MOBH 32 YMOBYAaHHSM IPUCTPOIO) 1 BiIMOBiAATH
HaJIC)KHUM YHHOM.

SIK mpaBMII0, BUKOPHCTOBYETHCS KOHCTPYKTOP IHTEpQercy U1 CTBOPEHHS HOBOT0 00’ ekTa SpeechRecognition,
KW Ma€ psii 00poOIIOBaYiB TO/IN A1l BUSBICHHS, KOJTM MOBJICHHS 3/IIHCHIOEThCS Yepe3 MiKpo(OoH MPUCTPOIO.

Web Server Legend:
Speech Enabled Web = = Out of scope interface
Application

Out of scope function

Web app | ORI
HTML, IS
User Agent
“webruntime "'"""“"""'":
* 5.--. r=1 Audio | I
Q | 1 Capture J._l. SPEECH WEB API |
§ ==L e I
| Sy e S —————
Author selected service R S p——
i Gl i o8 i
I Default : : . : speechprotocl I Remote Speech :
L Spasch, I Speech Service i ! Sanvice I
Ll s el sl L 1
(- -
E "'} speech Protocol
I ;
] — — .
1
i
1
|
]
1

Device

==

Puc. 2. Cxema ronocoBoro po3mizHaBanHs Web Server

Iarepdeiic SpeechGrammar npencrapisie KOHTEHHEP [UIs IEBHOTO HAOOPY TPAMATUKH, SIKUH MPHIIa]l MOBHU-
HeH posmizHary. [pamaTrka BU3Ha49a€eThCs 3a qonomMororo JSpeech Grammar Format (JSGF) [6].

CHHTEe3 MOBJICHHS 3IIHCHIOEThCS depe3 iHTepdeiric SpeechSynthesis, KOMIIOHEHT «TEKCT-MOBICHHS,
SIKMA JO3BOJSIE TporpaMaM MpPOYHWTATH TEKCTOBHE BMICT (3a3BMYaif 3a JIOTIOMOTOIO0 CHHTE3aTropa pillleHb 3a
3aMOBUYBAHHSM TPHUCTPOIO). Pi3HI TWIM TOJNIOCIB Ta TEKCTiB mpenctaeiieHi o0'ekramu SpeechSynthesisVoice
ta SpeechSynthesisUtterance. OTpumard TOJIOCOBE BiJOOpakeHHS MOXKHA, II€pEelalodd 00’ €KTH METOIy
SpeechSynthesis.speak() [7].

Tonocose po3mizHaBaHHA Nepedadae OTpUMaHHS MOBJICHHS Yepe3 MiKpO(pOH MPUCTPOIO, SKUK MOTIM Tepe-
BIpsSIETBCSI CITYKO00I0 PO3Mi3HABAHHS MOB y CIIUCKY I'PaMaTHKH (B OCHOBHOMY, CIIOBHHK, SIKHI OKPEMO BKa3yeThCs
B KO)KHOMY fo7aTky) Konu cioBo ab6o (paza ycminiHo po3mi3HaIOThCS, BOHU NEPEaloThCs SIK pe3ynsraT (abo cru-
COK pe3yNbTaTiB) Y BUINISAJII TEKCTOBOTO PAAKY, 3 IKUMH B Pe3YJIbTaTi MOXKYTh OyTH 1HILIHOBaHI MoAaIbI Jii.

Web Speech API mae ocHOBHUII iHTEepdeiic kKoHTposepa — SpeechRecognition — IITIOC Psi TiCHO OB’ I3aHUX
iHTepdeCIB 1T MpeICcTaBICHHS TPAMaTUKH, PE3yJIBTaTIB TOMIO. SIK IpaBUIIO, CTAaHIAPTHA CHCTEMA PO3ITiZHABAHHS
MOBJICHHS, IOCTYITHA HAa TIPUCTPOI, OyJiec BUKOPUCTOBYBATHCS JJIsl pO3Mi3HABAHHSA MOBM — OLTBIIICTH cy4yacHi OC
MAalOTh CHCTEMY PO3Mi3HABAaHHS MOBJICHHS IS BUITYCKY TOJIOCOBHX KoMmaH[. Hampukitan, Mac OS X, Siri Ha 10S,
Cortana B Windows 10, Android Speech Tomio [8].

PeanizyBaru roniocoBe po3nizHaBaHHS KOMaH T B€O-701aTKOM BUKOHAEMO 3a JIOTIOMOT 010 6i0mioTeku JavaScript
Annyang.

Annyang — HeBennka 610ioTeKa i3 BiIKpUTHM BHX1IHUM KOJIOM, BaXKUTh 2 KijloOaiTa Ta 3HaXOAUTHCS Y Bijlb-
HOMY AOCTYI JJIsl BUKOPUCTAaHHS Y MpoeKTax BianosigHo 1o MIT minensii.
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Po3nizHaBaHHS MOBIIEHHS BiIPI3HAETHCA 3aJIEKHO BiJl BHKOPUCTOBYBAHOTO MPOTOKOIY:

https:// OnuH pa3 npocuTs Npo I03BiM i 3amam'aTOBYy€ BHOID.

http:// IlpocuTh Gararopa3oBOro M03BONY HA KOXKHY 3aBAHTAKCHHS CTOPIHKU. Pe3ynbraTé Takok MOBepTa-
10ThCS 3HayHO noBubHiIEe B HTTP.

®daktudHa 00pOOKa MOBIICHHS Ta MIEPETBOPECHHS KOMaH[[ B TEKCT BUKOHYETHCS B XMapi, TOMY IIBHIIC 3’ €]I-
HaHHS 3yMOBJIIO€ ONTHMAITBHIITY POOOTY HOIATKY.

Komnu po3nizHaBaHHS MOBH BiIOYBa€eThCs B OE3MEPEPBHOMY PEKUMI, pe3yJIbTaTH MOBEPTAIOTHCS MOBUIBHIIIIE
(Opay3ep vekae, KO JIIONWHA 3aKIHYATH PO3MOBJISTH, 1100 TOOAYUTH, Y1 € MOCH IIIe, 110 JIFOIWHA X0Uue JOIATH).

SIKII0 BUMKHYTH PEXHUM Oe3MepepBHOTO PEKUMY, BeO-TIepersiiad MOBEPTae pe3yasTar Habararo MIBHIIIE.

1106 3amycTuTH annyang y HelepepBHOMY pEeXHMi, HEOOXiTHO BKa3zaTh continuous: false B 00'ekTi mapame-
TpiB, SIKUH npuiiMae annyang.start(). Takox BapTo BBIMKHYTH autoRestart.

annyang.start ({autoRestart: true, continuous: false});

Bapto 3BepHyTH yBary, Lo IIi MapaMeTpH BXE € CTaHAAPTHUMHU, SIKIO BUKopucToByeThest HTTPS. Skmo
BukopuctoByethest HTTP, 3a 3amoBuyBaHHsAM Oyae akTHBOBaHO Oe3NepepBHUI pexuM (IO MPU3BEAE O MOBiJIb-
HOTO pO3ITi3HaBaHHS), 00 3ar00irTH MOBTOPHUM TIOBIIOMJICHHSIM TIpo Oe3reky [9].

JIJ1s cTBOpEHHS TOJI0COBOTO iHTepdhercy OyneMo BUKOPUCTOBYBATH 010Mi0TeKy annyang.

OcHOBHI KOMaH1 010JIOTEKU:

init(commands, [resetCommands=true]) — iHimiami3amiss Oi0NOTEeKH 3a JONOMOTOI0 JIOJABAHHS CITUCKY
KOMaH]I TS pO3ITi3HaBaHHS.

start([options]) — KoMaH/1a, 110 BKa3y€ Ha MOYATOK TOJIOCOBOTO PO3Ii3HABaHHS, TOMY iHIIiai3alisi KOMaHI
Mae OyTH 3po0JieHa 0 MOYATKy PO3Mi3HABaHHS.

Onmwii KoMaHu start:

autoRestart (boolean, default: true) — no3Bisn nepesamycky Ipy BUHUKHEHHI IPOOJIEM i3 PO3Mi3HABAHHSIM;

continuous (boolean) — 103BiJ Ha BBIMKHEHHS IIOCTIHHOTO PEXXUMY PO3Ii3HABAHHS;

paused (boolean, default: true) — 3amyck po3ni3HaBaHHS Y PeXUMI IPU3YTUHEHHS.

abort() — 3yIMHUTH PO3Mi3HABaHHS a00 BUMKHYTH MiKpO(OH.

pause() — MPU3YIHHEHHS pO3Mi3HABAaHH KOMaH] (/10 BUKIMKY KoMaHu start() a0o resume()) 63 BUMKHEHHS
nBrkka SpeechRecognition B Opay3epi 4u MikpodoHy.

resume() — BIJTHOBITIOE BUKOHAHHS KOMAaH/IN 3BOPOTHOTO BHKIIUKY Ta PO3Mi3HABAHHS.

debug([newState=true]) — BUBeIEHHS HAJAroKyBaJbHUX TOBiIOMJICHb Ha KOHCOJII.

setLanguage(language) — BCTAaHOBJICHHSI MOBHU PO3ITi3HABAHHSI.

addCommands(commands) — 1oaBaHHsT KOMaH[l, CXOKUI Ha QyHKIIO init(), ane He BUAAISLE MOTMEPEIHIX
KOMaH/]I.

removeCommands([commandsToRemove]) — BuaanuT icHyr04i KOMaHI{, MO)KHA TepeJaBaTi OIUHOYHY
(pasy uu MacuB KOMaHJ, 1100 BUAATUTH BC1 ONEPEAHI KOMAaHAM BapTO 3alyCTUTH (DYHKIIiIO Oe3 mapaMeTpiB.

addCallback(type, callback, [context]) — MOXJIMBICTE OTPUMAaHHS MACUBY 13 PO3MI3HAHUX CJIiB Ta OJU3BKUX
IO HHX.

removeCallback(type, callback) — BuaaneHss konoekiB i3 momii [9].

CTBOPIOEMO CKPUNT AJIS PO3Ii3HABAHHS KOMaHIl, HAIIPHKIIA JJISl BXOLY B CHCTEMY.

if (annyang) {

var login = function(name){

var user = document.getElementByld('user');

user.focus();

user.value = name;

I8

var addPassword = function(pass){

var password = document.getElementByld('pass');

password.focus();

password.value = pass;

¥

var loginCommands = {

'username *name': login,

'password *pass': addPassword,

'sign in": welcome,

IR
var welcome = function() {
signIN();

annyang.addCommands(loginCommands);
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annyang.start();

}

ITepmu 3a Bce, mepeBipsIEMO YU PO3MOYATIOCS PO3IMI3HABAHHS 1 UM Tpalfoe 06101i0TeKa, 1 [IbOr0 BUKOHYEMO
nepeBipky if(annyang).

Jaii cTBOproeMo (QyHKIIT 10 MOJiB (YHKIIT 3TTHO 3 THM, [0 BUMOBHB KopucTyBad. CTBOPIOEMO TEpEiK
KOMaHJI Ta CTABMMO 1M y BHKOHaHHS (DYHKIIIi BiJIMOBIIHO 710 po3mi3HaHoi ¢pasu. Hampuknaa, *name — o3Havae
nmapamMeTp, 110 IepeaaeTbes y GpyHkiito login(name) Ta Oyzie BCTAHOBIICHO Y TOJI1 JIOTiH GOpMHU BXOAY. AHAIOTIYHO
BHUKOHYETHCSI KOMaH/Ia BBEICHHS MapoiIro. SIKI0 BUKOHATH KOMaHIy ‘sign in’, BOHA 3aITycKae Ha BUKOHAHHS CTBO-
peny panime ¢yHkuiro signIN(), sika mepeBipsie Ha HasBHICTh 3apEECTPOBAHOTO KOPUCTYBaua i3 BBEJICHUMH JIOTTHOM
Ta apoJem.

g mepexofy Mix CTOpiHKaMHu 3acTocoByeMo location.href.

CTBOpPHMO TOJOCOBE PO3MIi3HABAHHS VISl MPOKPYYYBAHHS CTOPIHKHU JI0 IMOYATKY, BBEPX Ta BHU3. i MBOrO
JIOIAEMO HACTYIHUIA CKPUIIT:

var userCommands = {

'scroll top': scrollTop,

'scroll down': down,

'scroll up': up,

var scrollTop = function(){

console.log('scroll top");

var top = Math.max(document.body.scrollTop,document.documentElement. scrollTop);
if(top > 0) {

window.scrollBy(0,-100);

t = setTimeout('scrollTop()',50);

} else clearTimeout(t);

return false;

}

var down = function(){

$('html, body").animate({scrollTop: '+=300'}, 500);

var up = function() {

$('html, body').animate({scrollTop: '-=300'}, 500);

H

OyHKI1Ii, 1110 BUKOHYIOTHCS € 3BUYailHUMU y MOBi Javascript. {ns nomaBaHHs royiocoBoro intepdeicy Bapro
JIMILIEe CTBOPUTH BIAMOBIAHY KOMaHY, fAKil mepenatu abo icHytouy (yHKLIiI0, a0 nepegatu akKTHBHICTh MIEBHOTO
€JIEMEHTY YU CTBOPHUTH HOBY (DYHKIIIOHABEHY OAWHHUIIIO, sIKa BOymoBaHa B nicepnoeneMentu CSS.

TonocoBi ¢yHKIIT BeO-T01aTKy € aHATIOTIYHAME 3 (DYHKIIISIMH, 10 3MIHCHIOIOTHCS 3a JOIOMOTOI0 JTOTIOMIXK-
HUX MPHUCTPOIB: KJIaBiaTypH, MHUIIII.

BucHoBku. Y pe3ynbrari BHKOHaHHS poOoTH OyIio:

1. IIpoanainizoBaHO Cy4acHi MOXKIIMBOCTI TOJIOCOBOTO KepYBaHHs PUCTPOSIMH. BU3HaUEHO TiAX01H 10 BUII-
JIeHHS 1H)OPMATUBHUX O3HAK, 1[0 OMUCYIOTh MOBHHUI CHTHAJ: METO] JIIHIHHOTO Tepe0aueHHs Ta CIIeKTpaIbHUMA
aHai3.

2. MocnimkeHo MoJieli po3Ii3HaBaHHS MOBH Ha OCHOBI IITyYHUX HEHPOHHUX Mepek. PO3IMIsHyTO CTpyK-
Typy HelipOHHOI Mepexi i3 OJHUM 3BOPOTHIM 3B’SI3KOM. BCTaHOBIIEHO, 110 HABYAHHS HEHPOHHOT Mepexi 31iic-
HIOETBHCS LIUISIXOM TOCIiJOBHOTO Mpe’ IBICHHS HaBYAIbHOI BUOIPKH, 3 OAHOYACHUM HaJAIITyBAHHIM Bar Bij-
MOBIIHO 10 NEBHOI MPOLEAYpH, MOKH MOMUIIKA HANAIITyBaHHA MO BCi MHOXHHI HE OCATHE NMPUUHSATHOTO
HU3BKOTO PiBHS.

3. CnpoekToBaHO iH(GOPMAIIHHIIA KPOCIUIaT(GOPMEHHUH JIOIAaTOK 3 TOJIOCOBUM iHTEepdeiicom. Bei MokimBi
MEPEXO/IU Ta 3MIHU CTaHIB CUCTEMH BKJIFOUAIOTh B ce0€ TOJI0COBE YIIPaBIIiHHS.
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AJITOPUTM KJACU®PIKALIT MEJUUYHUX JAHUX JJ5 MTPOTHO3YBAHHS OHKOJIOTTI

Y oaniii pobomi nasederno pesynvmamu docrioxcens sacmocysanna Jlocicmuunoi peepecii ma /epeea piwens 3 suxopu-
cmanns aneopummy PCA 6 3a0aui euagnenns ma npoeno3yeanti onxonoeii. byno npoananizosano npobnemy ma axmyanvHicmo
0arno2o 0ocriocents. [Ipoananizoeano pisHoManimui Kimepamyphi 0dxcepena ma Memoou MauurHo20 Hasyanns. Ilposedenuil
OemanbHull AHANI3 00PAHUX MeMODis, A MAKONC PO3TAHYMU IX MameMmamuyni mooeni. byno nposedeno mpenysans 6i0nogioHux
Mooenell ma pAo excnepumMermia 01 0OpanHa HAUKPAWUX napamempie Ha o6panux 060X HAOOPAx 0anux, AKi OYIU 0emarbHO
npoawanizosani 8 oauili pobomi. Hagedeno pesynvmamu mounocmi modenei ma nody0osani 8iOn0GioHi Mempuxu, maxi Ax
Classification report, Confusion Matrix, Roc-curve. Taxooic 6ynu nposedeni excnepumermu 015t HOKPAWEHHs MOYHOCHE MOOe-
netl 3 guxopucmanns aneopummy PCA. B pesynomami 6ynu ompumani nabazamo xpawji pe3yavmanmu y 6Unaoxy 3 opyeum Haoo-
DOM OaHux, aie 3 neputum NOKpawumu mouHicmo ne 80anocs. 11icns nposedenHs ekcnepumeHmanbHoi uacmuny 6y10 0emanbHo
NPOAHANI308aH0 OMPUMAHT Pe3VTbIMAMU Mma HABedeHi GION0GIOHI 2icmospamu Ol KOJCHO20 3 HAOOPI6 OaHUX 3 OMPUMAHUMU
pesynvmamamu. Jlane docuioxcenna 00800ums, wo arcopumm PCA kpawe suxopucmogysamu, mooi Konu HAA6HUU HAbIp 0aHUX
3 GeNUKOI KilbKicmio 03HaK. B pezynvmami dociiodcents OYau ompumani Xopouti pe3yibmamu y 3a0aui 6Us6NIeHHs. ma npo-
2HO3Y8AHHS OHKONIO2I] Ma HABEOEHO YIHHICIb 0AH020 Q0CTIONCEHHSL 3 ONUCAHUMY BUCHOBKAMU. B pobomi nposooumbcs oyinka
De3VIbIMAmis 3a 00NOMO20I0 PI3HUX MEMPUK, MAKUX K MOYHICMb Ma Yymausicmy, i pe3yibmanu NoPiGHIOONbCA 3 THUUMU
Memodamu ananizy ma kaacugikayii. Jlogedeno, wo yi Memoou Mojcyms 600CKOHATUMY HPOYec OiaeHOCUKY OHKONOZIT, CHpU-
AMU 3MEHUEHHIO NOMUTKOBUX KAACUDIKAYill ma CRpusmu panHboMy GUABIEHHIO XBOPOOU.

Kito40Bi croBa: aneopumm, Mawiunte HA6UAHHS, OHKOL02Is, BUABNEHHSA, NPOSHO3YBAHHS.

Boyko N. L, Kurylo V. Medical data classification algorithm for oncology prediction

The article presents the results of research on the application of Logistic Regression and Decision Tree with the use
of PCA algorithm in the task of cancer detection and prediction. The problem and relevance of this research are analyzed.
Various literature sources and machine learning methods are reviewed. A detailed analysis of the chosen methods is con-
ducted, along with their mathematical models. Training of respective models and a series of experiments are carried out to
select the best parameters on two selected datasets, which are thoroughly analyzed in the study. The accuracy of the models
is evaluated, and corresponding metrics such as Classification report, Confusion Matrix, and Roc-curve are constructed.
Additionally, experiments are conducted to enhance the accuracy of the models using the PCA algorithm. As a result, signif-
icantly improved outcomes are achieved with the second dataset, while the accuracy improvement is not achieved with the
first dataset. After the experimental phase, the obtained results are analyzed in detail, and corresponding histograms with the
results are provided. This research demonstrates that the PCA algorithm is better utilized when dealing with datasets with a
large number of features. Overall, the study yields promising results in cancer detection and prediction, and the value of this
research is highlighted with the described conclusions. The paper evaluates the results using various metrics, such as accu-
racy and sensitivity, and compares the results with other analysis and classification methods. It has been proven that these
methods can improve the process of oncology diagnosis, contribute to the reduction of false classifications and contribute to
the early detection of the disease.

Key words: algorithm, machine learning, oncology, detection, prediction.

[ocTanoBka mpodaeMu. MalMHHE HaBYaHHS aKTUBHO PO3BHUBAETHCS Ta yKE JaBHO HAOYI0 HEaOUSIKOT Bax-
JIUBOCTI Y CY4acCHOMY CBITi, B TOMY YHCIi B MEAMLMHI. B Hami JHI BaXKO YSBUTH JIiKapHIO 0€3 BUKOPUCTAHHS
Cy4acHHX TexHOIOTiH Al. 3a JOMOMOT0F0 SKUX BCTAHOBIIOIOTH A1arHO3H, IIPOTHO3YIOTh PO3BUTOK XBOPOO, aHATII3y-
FOTh CTaH TallienTa i 6araro iHmoro. B ocHOBi pobotn MH B MeuIuHI JISKHATH aHAJI3 BEIUKHX MEIHYHUX TaHUX,
3aBISKHA 0OpOOIll SKMX Ta 3 BUKOPUCTAHHAM PI3HOMaHITHHX MeToliB MH M MOXeMO MOKpaIIuTH poOoTy METH-
[UHA, OCKUTBKH arOpuT™MH MH MOXXYTh BHSBUTH Ti BiIXWIICHHS, SIKi HE MOJKE BUSBUTH JIIOIUHH.
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TeMoro poOOTH € IPOTHO3YBaHHS OHKOJIOT1T 3 BUKOPUCTaHHS METOJIiB MAallIMHHOTO HABYaHHS, OCKIIBKH IS
JiarHo3 MaiiKe He BUJIIKOBHUI Ta MaJio XTO HOTO BUSIBIISIE HA paHHIX CTalisX, Yepe3 110 MOMUPAE BEJIMKA KiTbKICTh
moneit. Leit nanpsimok OyB 0OpaHHii, TOMY L0 pak € OCHOBHOIO MPOOIEMOI0 OXOPOHH 37I0POB’Sl Ta MPOBiIHOIO IJI0-
0abHOIO MPUYKMHOIO CMEPTI, 1€ CKPUHIHT, A1arHOCTHKA, IPOTHO3YBaHH:I, OLlIHKA BUYKMBAHOCTI Ta JIIKyBaHHS paKy
Ta 3aX0IU KOHTPOIIIO BCE IIIE € CEPHO3HOI0 MPOOIEMOIO.

3BiJICH BUIHO, IO MPOTHO3YBAHHS OHKOJIOTIT 3 BUKOPUCTAHHSIM METOIB MAIIMHHOTO HABYAHHS € BAKIIHBUM
Ta aKTyaJbHUM HaNpPSMKOM JOCTIKEHb B Cy4acHOMY CBiTi. OHKOJIOTIUHI 3aXBOPIOBaHHS CTAHOBIATH CEPUO3HY
3arpo3y AJIs 3MOpOB'S Ta JKUTTA JIOACH, a paHHE BUSBICHHS Ta MPOTHO3YBAaHHS MOXKYTh 3HAYHO IOKPAIIHUTH IX
BIDKMBAHHS Ta Pe3yNbTaTH JIKyBaHHS. 3aCTOCYBaHHS METO/IIB MAaIlIMHHOTO HABYAHHS JO3BOJISIE AHATI3YBATH BEJINKI
00CSTH MEIMYHNX IaHHUX Ta i1eHTrn(iKyBaTH (pakTOpH PH3HUKY Ta O3HAKH OHKOJIOT, SIKi JIFOANHA MOKE TIPOITY CTHTH.
Lle BigkprBae HOBI MOXJIMBOCTI JUIsl IIOKPAIIEHHS CTpATETii MpodilakTHKH, TIarHOCTHKH Ta JTIKyBaHHS paky. I1po-
THO3YBaHHS OHKOJIOT11 3 BUKOPUCTaHHSIM METO/IIB MAIIMHHOTO HABYAHHS MOKE€ BUKOPHCTOBYBATHUCS SIK IHCTPYMEHT
JUISL paHHBOTO BUSIBJIGHHSI Ta 1HAWBIAYyalli3allii TiKyBaHHS, IO CHpHUsE MOKPAIIEHHIO PE3y/bTaTiB Ta 301IbIICHHIO
LIaHCIB HA OY>KaHHS Y Tali€HTIB 3 OHKOJIOTTYUHUMH 3aXBOPIOBAHHIMH.

g nopanboro anamizy 0ymno o6paHo 1Ba METO/IH, a caMe JIOTICTHYHY Perpecito Ta IepeBo pillleHb, a TAKOK
anroput™ PCA mist 3MEHIICHHS pO3MIPHOCTI JAaHUX Ta MOKPALIeHHS TOYHOCTI Moeni. [lani Metoau Oymu oOpaHi,
OCKUIBKH BOHHM € 3p03yMiJIi 1 IPOCTI y peatizallii, a TAKO)XK BOHH MalOTh CBOT YHIKaJIbHI IIepeBark Ta MOXYTh PHHE-
CTH LIHHY 1H(OPMAIIIO JUTS TPOTHO3YBaHHS OHKOJIOTII.

AHaJii3 ocTaHHIX gocigKeHb i myosikamiii. AKTyanbHICTD JOCITIIKCHHS TIOJSTAE B TOMY, IO TIPOTHO3Y-
BaHHS OHKOJIOT11 € BaXKITMBOIO 32/1aU€i0 B MEIUIMHI, & BUKOPUCTAHHS JIOTICTUYHOI perpecii Ta JiepeBa pillleHb J103-
BOJISIE OTPUMATH LiHHY iH(OpMAIIifo 1Ist Kiacupikariii Ta IporHo3yBaHHS OHKOJIOTTYHHUX 3aXBOpIOBaHb. JloqaTkoBo,
BUKOpUCTaHHs anroputmy PCA 11 3MEHIIEHHS] pO3MIPHOCTI JAHUX MOK€ HOKPAILUTH TOYHICTh MOJIEI, 3HU3UTH
IIyM Ta MOKPAIIUTH poOOTY 31 30aTaHCOBAaHUMU O3HAKAMHU.

B po6ori [5] po3misgatoTeest 00paHi MeToau pa3oM 3 aroputMoM PCA MaroTh MOTEHINAT MOKPAIIUTH TOY-
HICTh Ta HaAIWHICTH MOZAEII MPOTHO3YBAaHHS OHKOJIOTII, II0 POOUTH JaHE JOCIHIHKEHHS aKTyalbHUM Ta HOBHU3HOIO
y BUKOPHCTAHHI IIMX METOMIB IS IPOOIEMH OHKOJIOTI.

VY crarri [1] aBTOpH IPOBOIATH JOKIaTHHN OIS POOIT, IKi BAKOPHCTOBYIOTh MAIIMHHE HABYAHHS IS KJla-
cudikalii Ta NMPOrHO3yBaHHS pPE3yJIbTaTIB MAI[IEHTIB 3 BUKOPUCTAHHIM CIIEKTPOHHMX MEIWYHHUX 3amuciB. BoHn
aHAITI3YIOTh Pi3HI aJTOPUTMHU TITHOOKOTO HABYaHHS, HAOOPH TaHUX, BUKOPHCTaHI TIOKa3HUKH Ta PE3YJIbTaTH JOCITi-
JokeHb. TyT mokasaHi, Taki pedi sik: JliHilHA perpecis, TpajieHTHHI cyck, SVM, nepeBo pinieHs Ta iHmi. [onoBHa
nepeBara crarti [ 1], 1110 11e Bce € TIOSCHeHHS, K Ha MIPOCTHX MPUKIIAIaX, TaK 1 Y PaKoBii MiarHOCTHIIL, [0 3HAYHO
MOKPAIIy€e PO3YMIHHSA X METOIB B OAAIBIIAX JOCTiKeHHX. CTaTTs [1] € KOPUCHOIO Y TOCIiKEHH], OCKUIBKH
HaJa€ BHUYEPIHUI OIS METOJIB Ta MOJAEICH MAIIMHHOTO HABYAHHA, SIKi 3aCTOCOBYIOTHCS Ul MPOTHO3YBaHHS
pe3yIbTaTiB Mali€HTIB HA OCHOBI €JIEKTPOHHUX MEINYHUX 3aKciB. BoHa gonomarae 3po3yMiTu pi3Hi MiXOAH, 10
3aCTOCOBYIOTHCS B IIiil 00NIACTi, @ TAaKOXK BUSBUTH MOTEHLINHHI epeBark Ta BUKIUKH, MOB'SI3aH1 3 BUKOPHUCTAaHHIM
MAIIUHHOTO HABYAHHS HA OCHOBI €JIEKTPOHHUX MEITUYHHX 3aIUCIB.

Y po0ori [2] aBTOpH AOCHIIKYIOTE Pi3HI AITOPUTMH Ta MOJEIi MAITHHHOTO HABYAHHS, [0 3aCTOCOBYIOTHCS
IUTSL IPOTHO3YBAHHS paKy. BoHM BUKOPUCTOBYIOTH HAOOPH JaHUX, IO MICTATH KITiHIYHI Ta TCHETHYHI XapaKTepH-
CTHKH TAII€HTIB, JUTsl HABYaHHS Ta TECTyBaHHS Mojielici. Y cTarTi [2] aBTOpH pO3MISAAI0Th Pi3HI METOJM MAIIVH-
HOTO HaBUAHHSI, TaKi K JIOTICTHYHA Perpecis, Jepena pillleHb, METOJ] ONOpHUX BekTopiB (SVM) Ta HaiBHUIA OaeciB
knacudikarop. BoHH MOpiBHIOIOTH €()EKTHBHICTh IIMX METO/IB y IPOTHO3YBaHHI paKOBHX 3aXBOPIOBaHb Ta BU3HAYA-
FOTh HAMOIIBIN TOYHI Ta HAAIMHI migxoan. JlociiKeHHS MOKa3ye, 1110 BUKOPUCTAHHS MAalTMHHOTO HaBYaHHS MOXE
JIOTIOMOTTH BIIOCKOHAJINTH MMPOTHO3YBAHHS PaKy Ta CIIPHUSTH PaHHIN IIarHOCTHIII IIbOTO 3aXBOPIOBaHHA. PesynbraTu
i€l poOOTH € KOPUCHI JUIS MOJANIBIIOTO PO3BUTKY METO/IB IPOTHO3YBAHHS Ta 1iaTHOCTUKY PaKy Ha OCHOBI MaIllMH-
HOTO HaBYaHHSL.

Crarts [3] € orIs110M BUKOPUCTaHHS METO/AIB MAIIMHHOTO HaBYaHHS B IepeadadyeHHi paky. Y CTaTTi aBTOpH
PO3IISLIAIOTE Pi3HI aNTOPUTMH Ta MOZEJ MAITMHHOTO HABYAHHS, 0 BUKOPHCTOBYIOTHCS JJIsI aHANI3Y KITIHIYHUX
Ta TEHETUYHUX NAHHUX y PaKOBHX IOCITIKeHHAX. CTaTTs onucye pi3HI METOIM MAaIIMHHOTO HABYAHHS, TaKi K
JIOTICTUYHA pEeTpecisi, METO/ OTIOPHIX BEKTOPIB (SVM) niepesa pileHb, HEHPOHHI MEpexXi Ta chaM6J'IeB1 MoOeTi,
i BKa3ye Ha IXHIO e(beKTI/IBHICTL y nporHo3yBaHH1 pe3ynLTarlB PaKOBUX 3aXBOPIOBaHb. Llst CTATTS € KOPUCHOKO LS
JOCII/DKEHHS, OCKUTBKH Haja€ 3pO3yMUTHHA OIVISAA Pi3HMX METONIB MAIIMHHOTO HABYAHHSI, IO 3aCTOCOBYIOTHCS
y MpOTHO3yBaHHI paky. BoHa Hagae 6a30Bi 3HAHHS MPO Pi3HI AJITOPUTMU Ta iXHI MOMKIHMBOCTI, IO JOTIOMOXE
y BUOOpI MiAXOAiB A AOCHipKeHH. KpiM Toro, cTaTTs TakoX BKa3ye Ha MOTCHLINHHI BUKIMKU Ta IEPCICKTHBU
BUKOPHUCTaHHS MAITUHHOTO HaBYaHHS B PAKOBUX JOCIiPKEHHSIX.

Crarta [4] doKycyeTbest Ha OILUHII Ta MOPIBHAHHI MPOAYKTUBHOCTI alrOPUTMIB 3MEHILIEHHS PO3MipHOCTI
B MOJIEJISIX MAILIMHHOTO HABYaHHS U151 IPOTHO3YBAaHHS PaKy. ABTOPH MPOBOSATH KOMIUIEKCHHUM aHANi3 Pi3HUX METO/IIB
3MEHIIEHHS PO3MIPHOCTI, SIKi BAKOPHCTOBYIOTHCS B IOEJHAHHI 3 &JITOPUTMaMHU MAIIUHHOTO HaBYaHHSI JJIS1 IPOTHO3Y-
BaHH paKy. Y cTarTi [4] IOCHIIKYIOTbCS Pi3HI METOAM 3MEHIIEHHS PO3MIPHOCTi, OCHOBHHI 3 HUX — aHaJi3 TOJIOBHUX
komrioHeHTiB (PCA). ABTOpH OLIHIOIOTH €()EKTUBHICTH X aJITOPUTMIB y 3MEHIIICHHI pO3MipHOCTI HAOOPIB TaHUX,
OB’ SI3aHUX 13 pakoM, 1 MOKpameHH] MPOAYKTHBHOCTI MoJeel MalllnHHOTO HABUYAHHS B IIPOTHO3YBaHHI paky. Lls
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CTaTTS € WIHHOIO JUIS TOCHI/DKEHHS, OCKUIBKH BOHA JIa€ YSIBICHHS MPO €(EeKTUBHICTH 1 MPUIATHICT PI3HUX aJIro-
PHUTMIB 3MEHIICHHS] PO3MIpHOCTI AJIsl IPOTHO3YBaHHS paky. Lle momomarae 3po3ymiTu BIIMB METOAIB 3MEHILIEHHS
PO3MIpHOCTI Ha TOYHICTh 1 €PEeKTUBHICTD MOZIEJIeH MAITMHHOTO HABYAHHS B TOCIIIXKEHHSX, TIOB’SI3aHUX 13 PAKOM.

MeTo10 1BOr0 JOCJHIAKEHHs € OLIHKA Ta MOPIBHSHHS METOJIB MAIIMHHOIO HABUYAHHS HA IPOrHO3YBaHHS
oHkouorii. lle moCTiKeHHs CTAaBUTh 32 METy BHU3HAYUTH ONTHMANBHI METOMU I Kiacu@ikaimii Ta IpOrHO3y-
BaHHS PAaKOBUX 3aXBOPIOBAaHb Ha OCHOBI JOCTYIMHUX KIIHIYHAX Ta TEHCTHYHUX AaHUX. Pe3ynmbTaT JOCHiIKeHHS
MOXYTb CIPHSATH TOKPAIEHHIO TOYHOCTI Ta HAIHHOCTI MOJIeJIeH TPOTHO3YBaHHI OHKOJIOTIT Ta KIIHIYHUX CTpaTe-
riii y 60poTh0i 3 MU XBOPOOAMHU.

BukJian ocHoBHOro Marepiairy. MareMaTnyHa IOCTaHOBKA 3a]1ayi MMOJISATAE Y MOOY/IOBI MOJIENel 3a IOTIOMO-
TOI0 JIOTiCTHYHOI perpecii, Jepesa pimeHs Ta anroputMy PCA ms mporHO3yBaHHS OHKOJIOTIYHHX 3aXBOPIOBAHb.
Hexaii Mmaemo HaOip He3aneKHUX 3MIHHUX X = { X1, X3, ..., X}, Ie p — KUTBKICTb O3HAK, 1 3aJIeXKHY 3MiHHY Y, 1110 BKa-
3y€ Ha HasABHICTh 3arpo3u ado ii BiJICyTHICTh OHKOJIOTIYHOTO 3aXBOPIOBaHHS. MeToro € ToOy10Ba MOJIEN], sIKa 31aTHa
KJ1acu(ikyBaTH HOBi CIOCTEPE)KEHHS B 3aJIEKHOCTI BiJl IXHIX O3HAK Ta 3p0OUTH MPOTHO3 HASIBHOCTI OHKOJIOTIYHOTO
3aXBOpIOBaHHA. J[ng gaHOi 3a7a4i IPOrHO3yBaHHS OHKOJIOTIT 3a JOMOMOIOK JIOTICTHUYHOI perpecii, MaTeMaTu4Ha
MoieTb MOXe OyTH ONUCaHa HACTYIIHUM UHHOM:

1. [punyctuMo, mo MaeMo Halip KIIHIYHUX Ta TEHETUYHHX O3HAK Uil N MPUKIANIB, SKi MO3HAYNMO SIK
x, (1<i<N).KoxkeH x, € BEKTOPOM O3HAK pO3M1pHOCT1 d.

2. JIy1s1 KOXHOTO MIPUKIIAAY X, , MAEMO BlZ[HOBl,I[Hy MITKY KJacy y,, e y,=l, AKIIO PUKJIaJa BiTHOCUTHCS 10
MO3UTHBHOTO KJacy (HasBHICTh 3arpO3W OHKOJIOTIYHOTO 3aXBOPIOBAaHHA), 1 ), = 0 SIKIO TPUKIIA]] HAICKHUTH IO
HETaTUBHOTO KJacy (BiACYTHICTB 3arpo3u OHKOJIOTIYHOTO 3aXBOPIOBAHHS).

3. JloricTnuna perpecis Moznemntoe iiMoBipHICTs P( y, = 1| X, ) 3a1exH0 BiJ 03HaK X, 3a JOIOMOTOIO JIOTiC-
THYIHOT QyHKIIT — curmoinu (Popmyna 1):

1

Py, =1|x,)=—+——, 1
v, =1lx) I+oxp(—2) )]
pe z, =Pot P ox, tP2* x, t.HPd* x,
Bo, 1, ..., B_d € mapameTpaMu Mozedi, SIKi HOTPIOHO 3HANTH.

4. 3ajmada noysrae y 3HaXODKCHHI ONITUMAIBHUX 3HAYCHb NTapaMeTpiB B, Ki MiHIMI3YIOTh (DYHKIIiFO BTpaT Ta
MaKCUMI3yI0Th WUMOBIPHICTh NIPaBUIBHOTO Kiacudikaiii. YacTo BUKOPUCTOBYETHCS METOJl MAKCUMAIILHOT MPaBJIo-
MOIOHOCTI 200 METOJI TPATIEHTHOTO CITYCKY JIJIsl 3HAXOKEHHSI WX ONITUMAJIBHUX 3HAYCHb.

5. Iicnst 3HAXO/PKEHHS ONTHMAaIbHUX 3HAYCHD MapaMeTpiB 3, MOXKHA BUKOPUCTOBYBATH MOJIENb JUIS TTPOTHO-
3yBaHHS KJAciB I HOBUX NMpuKiIaaiB. st npuknany skio P(y =1 | x) > 0.5, knacugikyeMo NpUKIIa SK HO3UTHB-
HUH KJac B IHIIOMY BHIIAJKY KjacHu(pikyeMo Horo sik HeraTUBHHUIA KJlac.

MareMaTH4HO, JIOTiCTUYHA Perpecisi BUKOPUCTOBYE JIOTICTUYHY (DYHKIIIO AJISi MOJENIOBaHHS HMOBipHOCTEH
KJIaciB 3aJIeKHO BiJ Habopy O3Hak. 3ajaya MONATaE y 3HAXOMKEHHI ONTHMAaJbHUX MapaMeTpiB, SAKi JO3BOJISIOTH
MaKCHMIi3yBaTy TOYHICTh KJIaCH(DIKaIil Ta MPOrHO3YBAHHS OHKOJIOTIYHIX 3aXBOPIOBAHb HA OCHOBI JJaHMX O3HAK.

SIKIIO TOBOPHTH IPO MaTeMaTHIHy MOJAENb AEPEBa pIlIeHb, TO TAKOXK MPUITYCTHMO, III0 MAaeMO Halip KIIi-
HIYHHUX Ta TeHeTUYHHX O3HAK I N MPUKIAAiB, AKi Ho3Ha4nMo K x, (1 <=1 <=N). KoxxeH x, € BeKTOpOM 03HaK
po3mipHocTi d.

1. JlepeBo pimeHb po30uBae Habip TaHMX Ha JACKUIBKA TPYI (By3JIiB) 3aCHOBaHY Ha 3HAYCHHAX 03HaK. KoxkeH
BY30J1 Ma€ CBOIO YMOBY PO3/iJICHHS, sika Oa3yeThcs Ha 3HAUCHHI OfHi€el 3 03HaK. Hampukman, SKmo o3Haka x, > t,
MIEPEUTH 10 JIBOTO MiIJepeBa, B IHIIOMY BUIIAJIKY — JIO IIPABOTO IIiIepeBa.

2. 3amaga nmojsirae y moOyIoBi ONTHMAIBHOTO JEePeBa PillleHb, IKe MiHIMi3ye MOMIIIKY Kiacugikarii Ta Mak-
CHMI3y€ TOYHICTh ITPOTHO3YBaHHS. JJIs IIbOro MOXKHA BUKOPHUCTOBYBATH Pi3HI KpuUTepii, Taki sk eHTporito (Dop-
Myna 2) abo kpurepiit xuni (Popmyna 3), anst BuOopy Haikpaioi 03HaKH Ta 3HAYEHHS PO3JIUICHHS B KOXKHOMY
BY3JIL.

x):z_pi*logz(pj)7 (2)
i=1
Jie B TaHii popMysti x — MOTOYHHNA CTaH, p — UMOBIPHICTH MOMIi i/ CTaHy X
Gini(1)=1-Y (p(i| 1)), 3)

i=1

Jie ¢t — By30J1 iepeBa pillieHb, p(i|t) — HMOBIPHICTD, 110 00’ €KT HAJICIKUTH KJIACy 1 B YMOBax By3Ja t.

3. JlepeBo OyayeThbcs PEKypPCUBHO, PO30MBAOYHM HAOIp JaHUX HA IMIIMHOXWHU B KOXKHOMY BY3J11 TOCSTHEHHS
KPHUTEPIt0 3yMUHKH, HAITPHUKIIA]], MAKCUMAaIbHOI NIMOWHHU JepeBa ab0 MiHIMaILHOT KUTBKOCTI TIPUKJIIAIIB B BY3JIi.

4. Tlicns moOymoBH JiepeBa, MOKHA BUKOPHUCTOBYBATH HOTO TS KitacH(iKkallii HOBUX IPHUKIIA]IiB, TIPOHIIIOBIIH 110
LUISIXY BiJl KOPEHs JepeBa A0 JIUCTS, Jie KOXKEeH JIMCT MPeICTaBIIsie KOHKPETHHH Ki1ac (O3UTHBHUI a00 HeraruBHMIL).

MaremaTuyHoO, JepeBo pilieHb po30uBae Halip JAHUX HA MiIMHOXXHHHM Ha OCHOBI 3HAUCHb O3HAK 1 PEKyp-
CHBHO OyJly€ I'JIKH PillICHb JOCATHEHHS KPUTEPiI0 3yMHHKY. 3a/1a4a [oJIsIrae y 3HaXOIKEHHI ONITHMANIbHOTO AEPEBa,
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sIKe MiHIMi3y€e TMOMMIKY Kiacu(ikalii Ta MakCHMi3ye TOYHICTh IMPOTHO3YBAaHHS OHKOJIOTIYHHMX 3aXBOPIOBaHb Ha
OCHOBI JaHUX O3HAK.

Takox HaBegeMoO MaTeMaTu4Hy Moaenb anroputMmy PCA. Jlist nanoi 3a1a4di mporHo3yBaHHs OHKOJIOTIi, MaTe-
MaTuyHui ornuc anroputMy PCA Moxke OyTH HACTyIHUM:

1. Ilpumyctimo, 1o MaeMo Halip HaHUX, KU CKIATAETHCS 3 N MPHUKIANIB 3 d O3HAKAMH, SIKi YTBOPIOIOTH
MaTpuIo X po3MipHocTi N X d.

2. Crioyatky IpOBOIUTHCS [EHTPYBAHHS JaHUX IUIIXOM BiTHIMAaHHS CEpeIHBOTO 3HAYCHHS KOXKHOI O3HAKU
BiJI BIAMOBIJHUX 3HAYCHD yCiX MpuKiIaaiB. Lle 3a0e3mneuye HYIbOBE cepelHeE 3HAYCHHS JIJIS KOXKHOT O3HAKU.

3. Ha HacTymHOMY KpoIli 00UHCITIOEThCS KoBapiariitna Marpuist C po3MipHICTIO d X d TIISIXOM MHOMKCHHS
Marpuui X Ha il TpaHCIIOHOBaHY Bepcito 1 moxineHHs Ha (N — 1). Koapiariiina MaTpurist BigoOpaxae CTyIiHb B3a-
€MO3B'SI3Ky MK O3HaKaMH.

4. BuxoHyeThCsI po3KIaj KoBapianiitHoi Marpui C 3a JOIIOMOTOI0 METOY CUHTYJISIpHOTO po3knany (Singular
Value Decomposition, SVD). Ileit po3kiaj nae HaMm BIacHI 3HaUCHHS Ta BIACHI BEKTOPU KOBapialifHOT MaTpHIi.

5. TonoBHI KOMIIOHEHTH 0OUPAIOTHCS B MOPSAKY CIAJAaHHS X BIACHHUX 3HAYCHb, 110 Bi0OpaXKae BAXKIUBICTD
KOKHOT KOMITOHEHTH B TIOSICHEHHI uctiepcii JaHux. Mo)kHa BUOpaTH mepii K TOJOBHUX KOMITOHEHT, SIKi MOSICHEO-
IOTh OUTBIIY YacTHHY 3araipHOI nucrnepcii (Hanpuknam, 90%).

6. OTpuMaHi TOJOBHI KOMITOHEHTH YTBOPIOIOTH HOBY MATPHIFO 3MEHIICHOI PO3MIPHOCTI F PO3MIpHICTIO
N x k, 1e KO)KHUI CTOBITYHK MPEICTABIE OAHY TOJIOBHY KOMITOHEHTY.

Anroputm PCA no3Bosie 3MEHIIUTH PO3MIPHICTh JaHUX, 30epirarodu Mmpu oMy OIBITY YaCTHHY iX Bapi-
amii. B gaHiil 3ama4i nporHo3yBaHHS OHKOJIOTIT, anroputM PCA Moke JOITOMOTTH 3MEHIIUTH KiJBKICTh O3HAK Ta
HOKPAIIUTH TOYHICTH MOJIENI, 3a0e31euy0un BayKINBY iH(OPMAIIIO TPO B3a€EMO3B'SI3KM MK 03HAKAMH Y 3MEHIIIe-
HOMY TIPOCTOPI.

[ nopaneioro aHanizy Oyno oOpaHo ABa HaOOpH JaHUX, sIKi Oynu 3aBaHTaxkeHi 3 caifty Kaggle. Ilepmmit
Ha0ip JaHUX MICTUTH pe3yJbTaTH JiarHo3iB 768 Jironei, /e 32 BOCbMU MEIUYHUMHU O3HAKaMH IPOTHO3YBAaTUMEMO
YH 3arpoXxye oHKosoris moauHi uu Hi (0 ado 1). IlponeMoHCTpyeMo nepiux n'saTh noiis Ha Puc. 1.

Fregnancies Glucose BloodPressure SkinThickness Insulin BMI Cancer_Markers Age Outcome

0 6 5 0 336 1627 50
1 I a5 & 2¢ 0 266 0351 3 0
2 8 83 64 0 0 233 0672 32
3 | 8 2 a4 22 0167 0
4 0 137 40 35 168 43.1 2288 33

Puc. 1. [lemoHcTpartist epIioro Habopy JTaHUX

Jpyruit Habip panux Mictuth 1000 psakiB Ta 26 MEAWYHUX O3HAK 32 SIKMMHU MIPOTHO3YyBaTUMEMO TPH Bapi-
aHTu Bigmosineit «Mamnay, «CepenHs», «Bucoka» 3arposa 3axBoproBaHOCTI Ha oHkosnorito. Ha Puc. 2 npongemosn-
CTPY€EMO MEepLIUX M'STh MOJiB.

Chrarl
FRLE a 2 N i
L8 1':"5 " ’ i 1r  aliomal ID' T 'DICI:H"I.I?-“'I.] AL Lung Patiges -f.l.lk': Liate 11
8 Pelletion use allerpy =LA ik Direnee kgl oF Brewth

ke inring  Lewel

Puc. 2. JlemoncTpanist apyroro Habopy AaHHX

JIyis monmanpioro BUKOPUCTaHHS oOpaHi HaOOpW JaHWX OyjM MepeBipeHi Ha BiICYTHI JaHi, BUKHIHU, aHO-
MaJIbHI 3HAYCHHS Ta JyOJIIKaTH, a TAKOXK OyJIM HOPMaIi30BaHI JUIA MOKpAIeHHs e(eKTUBHOCTI MOJIeNIel Ta po3i-
JIeH1 Ha HaBYaJIBbHI, BAJJAIiiHI, TECTyBaJIbHI JIaHi.

Criouarky, HarpeHyemMo mozedi Jlorictuunoi perpecii Ta [lepeBa pileHp Ha nieprioMy HaOOpi TaHUX, SKHHA
CKJIamaeTbes 3 8 o3Hak. Jist mporo Bukopucraemo 6i0mioreky keras Ta i BiAMOBIAHI METO/H.

model = LogisticRegression()
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HaBunmMo Mozens Ha HaBUAIBHUX JJAaHUX Ta Bi3yalli3yeMo Hallll pe3yJasTaTd Ha TECTOBiH BUOIpIT.
Accuracy: ©.8177083333332234

TounicTe Hamoi Mozeni gocarae mavxe 82%, 110 CBITYUTH MPO HETOTaHi pe3ynbTaTy, aje SKi CIifl MoKpa-
Ty, )1 Croyarky Cuiji MepeBipuTH UM He BiI0OYBAEThCS MePEHABYAHHS — KOJIM Ha HABYAIBHUX JaHUX PE3yJIbTaTH
HabaraTo BHII, Hi’K Ha TECTOBUX. TOYHICTH MOJIEII HAa HABYAJILHHUX JAaHUX

Accuracy on train data: ©.7690972222222222

Baunmo, mo TOYHICTH Ha HAaBYANBHUX NaHUX csrae 77%, mo mpuOIm3Ho Ha 5% MeEHIe HiXK Ha TECTOBUX
JIAHMX 1 [Ie 03HAUYa€ Te, M0 NepeHaBYaHHs He BinOyBaeTbes. Llle Takox BimoOpasuThCs y 3BITI Mo Kiacuikaiito
(Classification report), sKvid MICTATB JJaHi PO TOYHICTH (precision) — BiJICOTOK NMPAaBHIBHHUX MO3UTHBHUX IIPOTHO31B
BiJIHOCHO 3araJibHOT KUTbKOCTI MO3UTHBHUX MPOTHO3iB. Bigkmukanus (Recall) — BiZcOTOK MpaBUIIBEHUX TO3UTHBHUX
MIPOTHO3IB BiTHOCHO 3arajbHOI KUIBKOCTI (paKTHYHUX MO3UTHBHUX pe3ynsrariB. Ominka F1(fl-score) — 3BaskeHe
TrapMOHIYHE CepelHE 3HAYCHHS TOYHOCTI mporHo3is (Puc. 3).

precision recall fl-score support

a 2.82 2.93 9.87 125

1 2.82 2.61 a.7e 67

accuracy a.82 192
macro avg 2.82 .77 a.78 192
weighted avg B.82 B.82 @.81 192

Puc. 3. Classification report

Jis kpamoro po3yMiHHS OTpUMaHHX pe3yibraTiB modymyemo “Confusion Matrix”, sika moka3ye KiJIbKiCTh
MPaBIIIBHUX Ta HEMIPABUILHUX MPOTHO3iB. 300pasuMo Marpuiio Ha Puc. 4.

1030

True label

False True
Predicted label

Puc. 4. Confusion matrix

3 Puc. 3 MokHa T00A4YNTH, 10 MOJEIL POOUTH 9 HEBipHUX MPOTrHO3iB Ta 116 BipHUX y BUIAJKY, KOJIU MiTKa
nosuHHa Oyt False abo 0 Ta 26 HeBipHUX, a 41 BipHY, koiau MiTka noBuHHA OyTH True a6o 0.

CrpoOyeMo MOKPaLIUTH OTPUMAaHi pe3ysibTaTu BUKOpUCTOBYtoun anroput™m PCA. [l uporo Oynu npoBezeHi
SKCIIEPUMEHTH 3 BUKOPUCTAHHIM Pi3HOI KUIBKOCTI KOMIIOHEHT. B pe3ymerari BukopuctoBytoun PCA npu pi3Hii
KUTBKOCTi KOMITOHEHTIB, Pe3yJIbTaTd Oy piBHUMHE MPU 2—5 KOMIOHEHTAaX Ta iX TOYHICTH csraya

Accuracy on test data: 8. 7656

Accuracy on train data: ©.,711

TiNbKH 3 3BEICHHSAM JaTaceTy JI0 CEMH KOMIIOHEHTIB TOYHICTh TPIIIKH 301IbIIHIIACS, alle He IMepeBepIria
OpUTiHAJBHUH JaTaceT. Takox 300pa3uMo ToYHICTh Ta KpuBY-ROC mpu 7 KOMITOHEHTaX

Accuracy on test data: @.8020833333333334
Accuracy on train data: 8, 75735611111111112
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Puc. 5. ROC-Curve 3 gauumu PCA

3poOuBIIH eKCrIepuMEeHTH 3 BuKoprucTaHHsM PCA, MOXXHa cKa3ary, II0 B JAHOMY BHIIAy BiH HE JIaB OYiKyBa-
HUX Pe3yJbTariB, OCKUIBKHU HE MOKPAIIUB TOUHOCTI, a MOXKe OyTH KOPUCHUM, TJIbKH Y Bi3yai3alii Ta aHali31 1aTaceTy.

Hactynaum kpokoM € TpeHyBaHHs Mozaeni epesa pimeHsb. s nporo Oynu 3po0iieHi BiINOBiIHI ekcrepu-
MEHTH, SKi IIOKa3aly, 10 MOJeTb BiAMPaIboBYe Kpalle 3 KpurepieM Entropy Ta nae Halkpali pe3ynbTaTd 3 MaK-
CHUMAJILHOKO JIOBXKUHOIO 6.

model = DecisionTreeClassifier(criterion = 'entropy', max_length=6)

Haiikpama tounicte 77% Ha TecTOBii BUOIpII OCITAEThCA, KOJTM IMTMOWHA JiepeBa piBHa = 6. Takoxk gaBaiiTe
MIOAMBUMOCS HAa TOYHICTh HAa TPEHYBAJIbHIA BUOIpIIi.

Accuracy on test data: &.7788323333333334
Accuracy on train data: ©.845%4861111111112

[IpoananizyBaBmIz OTprMaHi pe3ynsTaTd, 0a4uMo, o Mones JIoricTHYHOI perpecii nae Kpami pe3ylbTaTH.
Aute cripoOyeMo MOKpaIIuTH pe3ynbTat JlepeBa pileHb BUKOpUCTOBYrOUH anroput™M PCA. 3poOuBim ekcrepu-
MEHTH TPH Pi3HiH KiNBKOCTI KOMIIOHEHT HalKpalla TOUHICTh OyJia TOCATHYTa MpH 4 03HaKaX.

Accuracy on test data: 2.78125
Accuracy on train data: @.8194444444444444

[ToGymyemo Classification report mist nanoi moxedni (Puc. 6).

Falsa

Trug label

Trise

False True
Predicted labesl

Puc. 6. Classification report

TouHicTh Ha TecTOBIH BUOipIi Hocsria 78%, M0 TPOXU MOKPAIIKIO Pe3yIbTaTi. badnmMo, mo Monens poOuTh
29 momuiok npu kinaci False Ta 12 npu kinaci True, o 3HaYHO BiAPI3HAETHCS BiJI pe3yIIBTaTiB JIOTICTUYHOL perpecii,
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OCKIJIbKHM BOHA JlaBaja Oiiblie MpaBUIILHUX BiANoBizel 3 kiaacom False. Ase nieit pe3yasraT He TOKpaIIUB Pe3yiib-
tatu JloricTuaHOI perpecii.

Temnep mpopoOuMo 11 BCi K KPOKU JAJISL APYTOro HabOpY NaHUX, KU CKiIanaeTrbes 3 26 o3Hak. [1oOymyemo
MYJIBTHUHOMIQJIbHY JIOTICTUYHY Perpecito 3a JONOMOToro nakera keras.

model = LogisticRegression(multi_class='multinomial’)

Hapunmo Moznens Ta 300pa3uMo OTpUMaHy TOYHICTh Ha TECTOBUX Ta HABYAJIBHHUX JAHUX

Accuracy on test data: &. 88
Accuracy on train data: 1.¢€

TounicTe Ha TecTOBUX maHuX — 88%, 110 € JOBOJI HEmoraHo. A Ha TPEHYBaTbHHUX 100%, mo CBiTYUTH PO
MOKJIMBHH TIPOIIEC TCPCHABYAHHS. Ie 6yno 6 MOXKJIMBO BHUIIPABUTH JOAABINHU OUIBINY KUIBKICTh JaHUX, OCKUIBKH
BUKOPUCTOBYEThCH, TUIBKM OZIHY JAECATY 3 3alPOIIOHOBAHOTO JaTaceTy. Ajsie MOTpiOHO crpoOyBaTH MOKpPAIIUTH
curyartito BukopuctoBytoun PCA. Ane criouarky mie Bizoopasumo Confusion Matrix.

Loy

Mdiam

True label

High

Low Medium High
Pradicted laba|

Puc. 7. Confusion Matrix

Ha puc. 6 nmokazaHo, 1110 MOZIETIb KOJJHOTO pa3y He MOMWIMIIACS Ha JaHUX 3 BUX1IHUM 3HaueHHIM “‘Low” Ta
“Medium”, ane 3poOuna Tpu nomunku 3 “High”.

ITepeBipumo, sik Mozens Oyae cebe BecTu 3 BUKOpUCTaHHAM PCA 3 pi3HOIO KUJIBKICTIO KOMIIOHEHT, JJ1s IIbOTO
MPOMIEMOCS IUKIOM IO BCiX MOXKJIMBUX BapiaHTaX Ta BUBEIEMO HAHKpAIIUi pe3yIbTar.

Accuracy on test data: .96
Accuracy on train data: ©.94G66666666666GT

Sk 6auMMO, LI0 Pe3yNIbTaTH 3HAYHO [TOKPALIMINCE. JlaHa TOUHICTh Oyna JOCSITHYTH 3 BUKOPUCTAHHS 3—6 KOM-
MOHEHT. TOYHICTh Ha TECTOBIM BUOIPIl 3HAYHO MiAPOCIIA, a HA TPEHYBaJbHIH 3HH3UBCS. Takok 300pa3uMo pe3yib-
TaTH [0 KOXKHIH 3 Buxinaux o3Hak 3 Confusion Matrix.

=7 10

Medium

True label

High

L o

Lo Medium High
Predicted label

Puc. 8. Classification report
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3 OTpUMaHUX PE3yJbTaTiB 0auMMO, IO TEeIep MOAEND IPAIIO€ MPAKTUYHO ieadbHO 1 pOOUTH TUIBKH OJHY
MMOMUJIKY Ha TECTOBUX JaHUX. B nanomy Bunaaky PCA pomomir oTpuMaru Kpaili pe3yabTaTH.

Taxox BUKOpUCTaeMO 1€ JlepeBo pillleHb 1 MOJUBUMOCS UM BOHO MOKPAILUTh HAM Pe3yNbTaTh JUIsl AAHOTO
naracety. JJi1 HaBYaHHS Ta TECTyBaHHS BHUKOPUCTaiiMO Lei ke o0pobneHuii natacet. Sk 1 monepenHiii moOGyaosi
JepeBa pillleHb 3HaiIeMO HaHONTHMANBHIITY DIMOWHY Ta KUTBKICTh KOMIOHEHT. Haifkpaii pe3ynsraTa 3 MakcH-
MaJIbHOIO TTHOMHOIO 7. 3 KpurepieM Gini TouHicTh piBHA 96%, a 3 Entropy TouHicTh piBHa 92% 6e3 BUKOPHCTaHHS
PCA. Buxopucranasm PCA TouHicTh 3Ha4HO 3pocTae Ta gocsrae 100% B peskux Bumnankax. /lapaiite moOymyemo
OIIHE JIePEBO PillleHb, e TOUHICTH piBHA 100%, a came 1€ KiTbKiCTh KOMIIOHEHT piBHA ITSITH 3 KpuTepieM Gini.

x[0] == 1.346

gini = 0.662

samples = 75
value = [2B, 21, 26]

— ™~

x[0] == -2.647
gini = 0.52
samples = 45
walue =[1, 21, 23]

#[2] == 1.565

gini = 0.1B

samples = 30
value =[27,0, 3]

Ve A 4 \
—— 4] == -0.109 x[0] == 15498 i
gimi = 0.0 x[4] o= LT gimi = 0.0
samples = 1% gini = 0.21 gini = 0.069 samples = 2

value = [0, 19, 0]

value =1, 2. 23]

samples = 26

Y N

samples = 28
value = [27. 0. 11

value = [0, 0, 2]

CANN

©l0] == -2.311 gini = 0.0 xld] <= 1.046 Y
g:::,IF]EDSE:”-J} samples = 19 sfrm:il_esﬁfz samples = 26
value =[1, 2, 4] walue = [0, 0, 10] value = [1, 0. 1] value = [26, 0, 0]
/o N\
gini = 0.0 s oas ini = 0.0 gini = 0.0

samples = 2
value = [0, 2, 0]

samples = 5

samples = 1
wvalue = [0, 0, 1]

samples =1
walue =[1, 0, 0]

value =[1, 0, 4]

‘N

gimi = 0.0 gimi = 0.0
samples = 4 samples = 1
value = [0, 0, 4] value = [1, 0, 0]

Puc. 9. [ToOynosare JlepeBo pimnieHs

3poOUBIIH EKCIICPUMEHTH IS IILOTO JIaTaceTy, OTPUMAJIH XOPOIII Pe3yJIbTaTH Ta HABITh B ACSIKHX BUMAIKAX
AT TOYHOCTI, sika piBHa 100%. B ieomy Ham momomir anroput™m PCA, siknit ctaB gyske KOPICHUM Y BHITAAKY
JIAHOTO JIATaceTy.

B pesynbrari mocimimpkeHs Ul IEPIIOro 1aTaceTy BAAOCS JOCSITTH MaKCUMaJbHUX TOYHOCTEH, sKi 300pa-
skeni Ha Puc. 10.

DoCcAFHYTE TOYMHICTE
& ] 2

]

B L7 SnsApRC TR AAFDETY LA
B pa TR B AATERHT I PLA

LEpens puen

Nef i Tirasd POooss

MeTonWKa

Puc. 10. CroBmuacta giarpama JIoCsATHYTOI TOYHOCTI IS IEPIIIOTO JaTACETy
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3 nmaHoi miarpamu, 6auMMO IO MAaKCHUMajJbHA TOUHICTH 82% 3 BUKOPHUCTAHHSAM OiHOMIiaJIbHOI JIOTiCTHYHOT
perpecii. A OT 3 BUKOPUCTAHHSM JIEPEBA PIllIEHb MAKCHUMAJIbHA JOCATHYTA TOUHICTh HAa TECTYBAJIBHUX JJAaHUX PiBHA
78%. Takok MOKpallyBalIMCh Pe3yJIbTaTH 3 BUKOpHUCTaHHS anroputMy PCA 3 pi3HOIO KiJBKICTh KOMIIOHEHT, alie
B IaHOMY BHIAJIKy HE BIAJIOCS TIOKPAIIUTH TOYHICTh MOJIeNi. baurMo, 110 1 IbOTO TaK 3BAHOTO IBIKOBOTO JAaTa-
CeTy HaWKpaIli pe3yJbTaTd MU OTPUMATH BHKOPHCTOBYIOUM OiHOMIaJIbHY JIOTICTHYHY PErpeciro, OCKLUIFKHA BOHA
0e3rmocepeHbO MOJEITIOE HMOBIPHICTD HAJICKHOCTI IO OJHOTO 3 KJIACIB(pak 3arpoxye abo Hi), a He MOJEIIOE caMmy
3MiHHY BiJnoBiai. JlaHuii MeTox € Ty’ke KOPUCHUM Y BUKOPUCTAHHI 3 JBIHKOBUMHU JaHUMHU(KOJIM HA BUXOJI € JIBa
KJIaCH ), III0 MU JIOBEJIH Ha MPAKTHUIII, & TAKOK MOXKEe OyTH 0COOIMBO KOPUCHUM, KOJIH ICHY€ HENIHINHUH 3B’ 30K MiXK
MMPOTHO3aMU Ta HMOBIPHICTIO YCITIXY.

Y BUnNanuKy 3 IpyruM JaTaceToM BIAIOCS JOCIITH JIyXKe XOPOIIUX Pe3ysbTariB, ki Bizyanizyemo Ha Puc. 11.

DOCAFHYTA TOMHICTH

-]

B e R SN AT SR Ty PLA
B ) R Op T AR O Ty POA
o
[T R AR ——r—
MeToanka

Puc. 11. CroBmuacra miarpama JOCATHYTOI TOYHOCTI AJISl IPYTOTO AaTaceTy

baunmo, 1110 y 11bOMY BUITaJIKy MaKCUMalIbHA TOUHICTD, SIKY BIANOCs JocsarTy piBHA 100% Ha TecTOBIH BUOIpITL.
Takwuit 4ynoBHil pe3yasTaT MU OTPUMAIH 3aBISIKH BUKOPHUCTAHHIO METOAY JACPEBa PillleHb 3 IITMOMHOIO 7 Ta BUKOPH-
crans anroputMmy PCA, a ot 6e3 11p0r0 anropuTMy TOUHICTH Mozeli piBHa 92%. B ipomy Bunanky anroput™ PCA
3HAUHO MOKPAIIUB TOUHICTh MOJIENI, TaK AK i 3 BUKOPUCTAHHSIM METOY JOTICTHYHOI perpecii, Tak i AepeB pillicHb.
Takox Oyna BUKOpUCTaHA MyJIbTHUMEAiHA JOTICTHYHA PErpecist, TOUHICTh siKoi carae 88% 6e3 Bukopuctanus PCA
Ta 96% 3 BUKOPUCTAHHAM. B pe3ynsrari Oynu OTpUMaHi Jy>Ke XOpOLIi pe3yabTaT! 3 BUKOPUCTAHHIM 000X METO/IB,
aJie Kpalux pe3yNbTaTiB BAATOCS JOCATTH 3 BUKOPUCTAHHIM METOAY JEPEB PillIcHb, OCKLUIEKY BiH MOXKe (hiKCyBaTu
HENiHIWHI 3B’3KH MK 3MIHHUMH TPEIUKTOpa Ta 3MIHHOIO BiJMOBIi/i, TOMI K JIOTICTHYHA perpecis nepenbadae
JHIAHWKA 3B’ 30K MiX TPEAUKTOPaMH Ta Jorapru(pMoM IMaHCIB 3MIHHOI BIAMOBII, a TAKOXK METOJ JepeBa PilllcHb
€ HemapaMeTPUIHHM METOJIOM, TOOTO BiH HE BHMarae MPUIYIICHb 100 PO3MOALTY JaHUX a00 (YHKIIOHATHHOI
(hopMH 3B’SI3Ky MiXK MPEITUKTOPAMH Ta 3MIHHOIO BiIITOBIIi.

Sxmo ropoputy mpo edekTuBHICTh anroputMy PCA, To MOKHA CKa3aTd IO JAHWA METOX TOKpAIy€e TOY-
HICTb, TOJIi KOJIM y HAC € JIaHi BETTMKOT PO3MIPHOCTI, 5K II€ Y HaC € y BUTIAJIKY JPYTOT0 JaTaceTy. A OT y BUIIAJKY Iep-
IIOTO JaTaceTy JaHUH aJrOpUTM HE MOKpaIlye TOYHICTh MOJIENi, OCKITBKHY LIEil TaTaceT He CKIIAAETHCS 3 BEJIUKOT
KisbKoCTi 03HaK. I1ix gac poOoTH 3 JaHMMHU BETUKOI pO3MIPHOCTI KiJIBKICTh O3HAaK MOXe OyTH Habarato O1IbIIOL0,
HIX KUIBKICTh CIIOCTEPEKEHb, 1[0 MOXE MPU3BECTH O NepeoOIaJHAHHS Ta IOTAHOTO y3arajJbHEHHs. 3MEHIIYI0UU
PpO3MIpHICTh AaHuX 3a fgornomoror PCA, Monenb MOXKe 30CEpeUTHCS Ha HAaUBXKIIMBIIUX (YHKLIAX, IO TpH-
3BOIUTH J0 Kpamioi MPOXyKTUBHOCTI. A TakoXK JaHWI aJrOpUTM € KOPUCHHH y BUMAAKy: 1) Bisyamizamii qaHux,
OCKIJIBKHM BiH MOYKE 3MEHIIUTH 0araTOBUMIpHI JaHi J0 HHU3bKOBUMIPHOTO MPOCTOPY, SKHH MOXKHA JIETKO Bi3yali-
3yBaTH; 2) KOJM Y HAaC € KOpeaboBaHi (GyHKIIT, TOOTO Koiu (YHKIIIT B JAaHUX CHIIBHO KOPEJIbOBAaHI OJHA 3 OJIHOIO,
MOJIENTb MOXE CTPaKJAaTH BiJl MYJbTUKOJIIHEAPHOCTI, 0 MOKE MPU3BECTH O HECTAOUTLHUX 1 HETOUHUX OIIIHOK
napametpiB moneni. PCA Moke JOMOMOTTH JIeKOpeoBaTH (QYHKINT Ta 3MEHIIIUTH BIUIMB MYJIBTHKOJIIHEAPHOCTI,
MTOKPANTYIOYH TOYHICTh MOJIENI; 3) Y 3MEHIIIeH] ITyMy — 3MEHIIIYIOUH PO3MIpHICTh JaHUX 3a foroMoror PCA, mrym
MOYKHa BHJIQJIHUTH, IO MPU3BOAUTH JI0 YUCTINIOTO T4 TOYHINIOTO MPEACTABICHHS JaHuX; 4) MPUCKOPEHHS 00UYHC-
JICHb: 1HOJII 3MEHIIIEHHS PO3MIpHOCTI aHUX 3a goroMoro PCA Moxe MPU3BECTH 10 MPUIIBUANICHHS 00YHCIICHb,
OCKIJIBKH 11¢ 3MEHIIY€ KiNbKiCTh (PyHKIIH, IKi HOTPiOHO 00pOOUTH.

SIk110 MOpiBHIOBATH aHi METOAM, TO BaXKKO BUSHAYUTHUCS, SIKUI MpaIlOe Kpallle, OCKUIBKH, K 1 JOTiCTUYHA
perpecis, Tak 1 JepeBo pillleHb MOKa3ald XOPOIli pe3yabraTd. A OT sIKuil MeToa BUOpaTtu Tpeda NUBUTHUCS MO
CHTYyaIlil, TaK K 6a4nMo, 10 Y HAIIIOMY BHIIAJKY B OJHOMY BHIAIKy ceOe Kpalie MposiBHiIa JIOTiCTHYHA perpecis,
a B IpyroMy JepeBa pimeHb. Tak caMo y BUITaAKy BUKopucTaHHs anroputmy PCA, sKuif y A Ipyroro aaraceTy
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MiJIBUIIMB TOYHICTh MOJIENIi, @ OT JJISl TIEPIIOT0 HA000pOT Tpilku 3HU3MB. TomMy BUOip MOTPiOHO poOUTH criMparo-
4HCh HA 00paHuil faracer. SIKIo faraceT CKIagaeThes TUIBKH 3 JBOX BUXIAHUX O3HAK, TO Kpallli pe3yJIbTaTH MOXeE
MoKa3aTtu OiHOMialbHa JIOTICTHYHA Perpecis, a AKILIO JaTaceT CKJIAAA€ThCs 3 BEJUKOI KIIBKOCTI BXITHUX O3HAK TO
Oys0 6 mpaBUIBHO 3acTOCOBYBaru anroput™ PCA Ta BUKOpHCTaTH, SIK 1 METOJ A€PEB pillleHb, TaK 1 JOTICTUYHO
perpecito. B 3aranmpHOMY 00MIBa METOAN MOXKYTh IATU XOPOIIi PE3YIITATH.

BucHOBKHM Ta epCNEeKTHBH MOIAJIbIINX A0CTiKeHb. B 1aHiii po6oTi Oyiio mpoBeneHO TOCIiKEHHS 11010
BUSIBIICHHS Ta MPOTHO3YBaHHS PaKy 3 BUKOPHCTAHHSIM METOMIB MAaIIMHHOTO HaB4daHHS. [IpoaHamizyBaBIH pi3HO-
MaHITHI JIITepaTypHi JpKepela Ta MPOBIBIIY 3HAYHY KUTBKICTh EKCIICPUMEHTIB OYyJIM OTPHMaH1 XOPOIIi pe3yJabTaTH.
JlJ1s MpOTHO3yBaHHS OHKOJIOTIN OyiH 3aJIisiHI ]BA METOJM MAIlTMHOTO HaB4aHHs — JloricTiuHa perpecis ta Jlepero
pilieHb. 3aBIsSKU SKUM Oylia JOCATHYTa BUCOKA TOUHICT, siKa csirae 3 BUKOpUcTaHHAM Jlorictuunoi perpecii 82%
ta Jlepesa pimens 78% Juisd mepmoro eKCiepuMenTy Ta BianoigHo 96% ta 100% mist npyroro. Takox OyB BHKO-
puctanuii anroput™M PCA, skuil 4ynoBo cebe NpOsIBUB y BUINAAKY APYTOro €KCIEPHMEHTY, JIe BUKOPHUCTOBYBABCS
BEJIMKUI JJaTaceT, OCKIIbKY BiH 3HAUHO IMiJIBUIINB TOYHOCTI Mojienel mpubau3Ho Ha 8%, a OT y BUMAJIKY MEPIIOTO
€KCTIEpUMEHTY, J1e BUKOPUCTOBYETHCS AaTACET 3 MaJIOO KiJIbKICTIO O3HAK MOKPALIEHHSA TOYHOCTI HE BigOynocs. 3aB-
JSKW aHaJ3y PI3HUX AOCTIIKEHb MOXHA 3pOOUTH JeKiIbKa KIIFOUOBUX BUCHOBKIB.

[To-mepiiie, K aNTOPUTMHU JIOTICTHYHOI perpecii, Tak 1 alTOPUTMHU JiepeBa PillieHb MOKa3aJd 0araroo0isrodi
pe3yIBTaTH B IPOTHO3YBaHHI paky. L{i MeTony MalImHHOTO HaBYaHHS BUKOPUCTOBYIOTH IIOTYXKHICTh aHAITI3Y JaHUX
1 po3mi3HaBaHHs MaOIOHIB, MO0 1IeHTH(IKYBaTH MIA0JIOHH Ta POOUTH TOYHI MPOTHO3H.

[To-npyre, MpOMYyKTUBHICTH MOJIENIEH JIOTICTHYHOI perpecii Ta JepeBa pillieHb MOXKE BiIPI3HATHCS 3aJICKHO
BiJl KOHKPETHOTO HabOpy JaHUX 1 XapaKTepy MPOTHO30BaHOTO paKy. Y TOW 4ac SK JOTICTUYHA PErpecis € MHUPOKO
BHUKOPHCTOBYBAaHUM ANTOPUTMOM, KU MOXXHA IHTEPIPETYBATH, SKUH IIPUITYCKa€E JiHIMHUI 3B’S30K MK IIPEIUK-
TOpaMH Ta Pe3yJIbTaToOM, JAEepeBa PillleHb € HeNMiHIHHIUMH Ta MOXYTh (DIKCYyBaTH OUTBIN CKIIAJHI B3a€EMOJII1 MiXK 3MiH-
Humu. ToMmy BuOip anroputMy MOBHHEH 0a3yBaTHCS Ha KOHKPETHHX BUMOTaxX 1 0COOIMBOCTSX 3aBAAHHS IPOTHO3Y-
BaHHS pPaKy.

Kpim Toro, metonu BuOopy 03HaK i nomnepenHboi 00poOKH BiAIrpatoTh BUPIIAIBHY POJIb Y TOKpPAIIEHH] TOY-
HOCTI Ta HaIIfHOCTI MOJIeNIel MPOTHO3YBaHHs paKy. Bu3HaueHHs BIAMOBITHUX (QYHKIIH i 3MEHIICHHS PO3MIiPHOCTI
MOX€ JIOTIOMOTTH ITiIBUIIATH MPOLYKTHBHICTH MOZIETII.

3aranom, 3acTOCyBaHHs METO/IiB MAITMHHOTO HAaBYaHHS, 30KpeMa aITOPUTMIB JIOTICTUIHOI perpecii Ta aepeBa
pIllIeHb, Ma€ BEIUKI TIEPCIICKTHBH JJIsl IPOTHO3YBaHHS paKy. L{i MeTomu € MiHHUM 1HCTPYMEHTOM I METUIHUX
MPAaIiBHUKIB Y BUSBIICHHI 0Ci0 13 TPy pU3UKY Ta YMOXKIIUBICHHI PAHHLOTO BTPYYaHHS Ta IEPCOHAI30BaHUX CTpa-
Teriii TikyBanHA. OJJHAK HEOOX1/IHI MTOIaIbIIi TOCIiPKEHHS Ta IepeBipKa, 100 ONTHMIi3yBaTH I1i MOJIEIi, BKIIOUUTH
JIO/IaTKOBI JpKepelia TaHWX 1 MiIBUIIUTH iX e(heKTUBHICT Y peaNbHUX KIIHIYHUX YMOBaX.
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OIIHIOBAHHSA IJIBHOCTI PO3IIOALITY: TP OCHOBHI HIAXOAHU

Y pobomi 6yno npogedeno demanvruti anaiiz mpbox 0CHOBHUX NiOX00i8 00 OYIHIOBAHHSA WINLHOCTI PO3NOOLTY OGHUX:
HeNapamempuiHo2o, NApamMempuyHo20 ma Hanisnapamempuyroeo. Pesytomamu ybo2o NOpPiGHAHHA 6KA3YIOMb HA Me, U0
eheKmuBHICMb KOXHCHO20 Memooy 3anelcums 610 KOHKPEMH020 KOHmeKchy ma ocoonusocmeil 6xionux 0anux. JJociioxncents
BKII0UANI0 AHANIZ MeMOOi6 Ma cepedosuwd, o BUKOPUCHIOBYIOMbCA 018 OYIHIOBANHSA WitbHOCMi po3nodiny. Bascausum ema-
nom 6Y10 8UHAUEHHS HAOOPY 6XIOHUX OAHUX, AKULL BUKOPUCTOBYEMbCS ONIA NOPIGHAHHSA Memodie. L]e mooice exnouamu 6 cebe
8UOIp KOHKpemHOo20 damaceny ma 6CMAHOBIEHHA NApaAMempis, AKi 6NIUBAIOMb HA pe3ynbmamu 00ciodxcenus. s npose-
OeHHsl NOPIBHSIbHO20 AHANIZY OYI0 Peaniz08aH0 MPeHYBAHHs ma no6y008aHo Mooeui 0Jist OYIHIOBAHHS WITbHOCHI PO3NOOILY
3 BUKOPUCTLAHHAM KOJICH020 3 00panux nioxodi. Buxopucmani 6ibniomexu, maxi sx seaborn, numpy, pandas, matplotlib.
pyplot, sklearn.datasets, sklearn.model_selection, scipy.stats, nHadanu HeoOXiOHi iHcmpyMmenmu 015 eQekmueHoi peanizayii
ma sizyanizayii pesyromamie. AHATI3 6K1H0UA8 OOYUCTEHHS CePeOHbOT WITbHOCH MaA K8AOPAMUUHOT ROMUAKL OIS KOHCHO2O0
6udy ipucie na oopanux danux. Lle 003601UnN0 GUIHAUUMU eHeKMUBHICING KONICHO20 MeMOOY 0l KOHKPEMHO20 KAACY OaHUX
ma subpamu ONMUMAarbHUL nioxio. B docrioxcenHi 6y10 8paxo6aHo 6axciusi acnexmu, maxi AKk CMAmucmuiHa SHauywicmo
OMPUMAHUX Pe3VIbMAMI8 Ma CIMIUKICMb Memo0ig 00 BUNAOKOBUX AHOMANIN YU 6ukudig y oanux. Pozensdani nioxoou do oyi-
HIOBAHHA WILTLHOCHE PO3NOOLTY MAK0JC Ni00AANUCS Nepesipyi HA PI3HUX CYEHAPISX, GKIIOUANYU GUNAOKU 3 HePIGHOMIDHUM
PO3NO0INIOM OAHUX, ACUMEMPUYHI PONOOLIU A HAABHICMb 8eUKOT KiTbKoCHi anoManiil. JJociiOdceH s makoic 30cepeocy-
8A0CSA HA NOPIGHAHMI DI3HUX MEMPUK AKOCMI MOOeNi, MAKux K cepeous keaopamuyna nomunka. Le oozeonac suznavumu,
HACKINbKU MOYHO KOJICEH Memo0 8i0OMBOPIOE peanbHuli po3nodin 0anux ma UsHA4ac 1020 a0ekeamuicmy 0 KOHKPEemHO20
3acmocysania. OCHOGHUM 8UCHOBKOM OOCTIONCEHHS € me, WO WiNbHICHb PO3HOOLTY OAHUX CYMMEBO 3aNeXHCUMmb 8i0 HAOOPY
0aHux, ocobaugocmel mexcmie, nioxo0y OYiHIO8AHHA MA GUKOPUCAHUX Memodie 0bpodku danux. Omoxce, pexomenoayii
wo0o subopy memoodis ma nioxodie 00 OYiHIOBAHHS WITLHOCMI NOGUHHI OYMU Adanmosani 00 KOHKPemHol 3a0aui ma KoH-
meKcmy 3acmocy8anHs.

KitrouoBi cnoBa: oyintoganus winerocmi po3nooiny, Henapamempuynull nioxio, napamempuyHui nioxio, Hanignapame-
mpuyHWil NIOXi0, cmamucmukd, MawuHHe HABUAHHS.

Boyko N. L, Chornobay D. S. Evaluation of distribution density: three main approaches

The study conducted a detailed analysis of three main approaches to density estimation: non-parametric, parametric, and
semi-parametric. The results of this comparison indicate that the effectiveness of each method depends on the specific context
and characteristics of the input data. The research included an analysis of the methods and the environment used for density
estimation. An important step was defining the set of input data used for comparing the methods, which could involve selecting
a specific dataset and setting parameters influencing the research outcomes. For the comparative analysis, training was imple-
mented, and models were built for density estimation using each of the chosen approaches. Libraries such as seaborn, numpy,
pandas, matplotlib.pyplot, sklearn.datasets, sklearn.model_selection, and scipy.stats were employed to provide necessary tools
for efficient implementation and visualization of results. The analysis involved calculating the average density and quadratic
error for each type of iris on the selected data, allowing the determination of the effectiveness of each method for a specific class
of data and the selection of the optimal approach. The study also considered important aspects such as the statistical significance
of the obtained results and the robustness of methods to random anomalies or outliers in the data. The considered approaches
to density estimation underwent testing in various scenarios, including cases with non-uniform data distribution, asymmetric
distributions, and a significant number of anomalies. We note that taking into account the context and purpose of the research is
important when choosing the optimal method. For example, if accurate reproduction of distribution characteristics is required
for further application in complex analytical tasks, parametric methods may be preferred. On the other hand, nonparametric
methods can be useful in cases where the data distribution is difficult to approximate by known functions. The research focused
on comparing different metrics of model quality, such as mean squared error, to determine how accurately each method repro-
duces the real data distribution and assess its adequacy for a specific application. The main conclusion of the study is that the
density of data distribution significantly depends on the dataset, text characteristics, the estimation approach, and data process-

© H. 1. Bboiiko, /I. C. Yopnooaii, 2023

32 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 2 (66), 2023



ing methods used. Therefore, recommendations for choosing methods and approaches to density estimation should be adapted
to the specific task and application context.

Key words: distribution density estimation, non-parametric approach, parametric approach, semi-parametric approach,
statistics, machine learning.

Beryn. OmuiHIOBaHHS IIUTBHOCTI PO3IOIUTY € BAXKIIHBOIO 33J[aUei0 B CTATHCTHUII Ta MAIIMHHOMY HaBYaHHI.
BoHa BUKOPUCTOBYETHCS JJ1s aHAJI3y Ta IHTEpIIpeTallii JaHuX, MOJICITFOBAHHS CKJIaTHIX CHCTEM Ta IPOTHO3YBaHHS
MaiOyTHIX mofiil. Y mii poOoTi MU 30CepeMMOCh Ha IOPIBHSAHHI TPHOX OCHOBHHUX ITiJIXO/IIB JIO OIIIHFOBAHHS IIIiJTh-
HOCTI pO3IOIUTY: HeTlapaMeTPHUYHOT0, IapaMeTPUIHOTO Ta HalliBnapaMmeTpuaHoro [1, 3].

[TopiBHSIHHS TPHOX OCHOBHMX IiAXOMIB /O OI[IHIOBAHHS INITBHOCTI PO3MOAUTY MOXE JOIOMOITH BHPIIIUTU
Ppi3Hi 3aBlaHHS B CTAaTUCTHIII Ta MAIIMHHOMY HaB4aHHi. Pe3ynbTarth 1iei KypcoBoi poOOTH MOXYTh OyTH KOPUCHUMU
JUIA CTYAEHTIB Ta npodecionanis [2].

BuBueHHs pi3HUX METOAIB Bajlialii Ta MOPIBHAHHS OLIHOK IIIBHOCTI PO3MOALTY A03BOIUTH 3pOOUTH 00'€K-
TUBHUI BUCHOBOK IPO T€, SKHMHA MiJAXIiJ IO OI[IHFOBAHHS IIUTBHOCTI PO3MOMLTY € HalOUIbIl e(EeKTUBHUM Ta TOY-
HUM JIJISl KOHKPETHUX THMiB JaHux [5, 10]. BoHo Moxe OyTH KOPUCHHMM JUIs TOAAJBIION0 PO3BUTKY CTATHCTHKH
Ta MalllMHHOTO HABYaHHS, & TAKOXX MOKE 3HAWTH 3aCTOCYBAHHS B PI3HUX Taly3sX, ¢ BUKOPUCTOBYIOTHCS METOIM
OIIIHIOBAHHS IMIJIBHOCTI po3mnofiry [4].

B pamkax 11i€l poOoTH po3msiiaucs METOAN MAIIMHHOTO HABYAHHS JUTS OIIIHIOBAHHS MIUTLHOCTI PO3IIOIITY.
Juis nociiKeHHs i€l TeMu oOupaticst pisHOMaHITHI PillICHHS:

e HemapamerpuuHuii miaxif 6a3yeTsCsi HA BUKOPUCTAHHI CTATUCTUYHUX METOJIB, SKi HE BUMAararoTh anpi-
OPHOTO 3HAHHA IPO PO3MOALT JaHuX. Llel miaxin no3Bomise OTpUMyBaTH OiNbII FHYUYKI Ta TOYHI OLIHKH IIIIBHOCTI
pO3MOoiTy, alle Moke OyTH MEHII €(EeKTUBHUM JJIS TaHUX 31 CKIaJTHUMH PO3TOIITaMU.

o [lapaMeTpuyHwMii MiXij1 ependauae BUKOPUCTAHHS KOHKPETHOT MOJIEITI PO3MOIUTY JaHUX Ta OL[IHFOBAHHS
i mapamerpiB. Lle#t miaxig Moxe OyTH O171bII epeKTUBHUM JUISL IaHUX 31 3p03yMUIMMU PO3NOIIIAaMH, ajle MOXKe OyTH
MEHIII TOYHUM, SIKIIO MOJIENIb HEIOCTATHLO TOYHO OMUCYE MaHWK PO3IMOILI.

e HamisnapaMeTpuyHHN MiAXiJ] KOMOIHY€ BJIaCTHBOCTI HEMapaMETPUIHOTO Ta MapaMeTPHYHOTO MiIXOMIB,
BHKOPHUCTOBYIOUH MOJETh 3 OOMEKEHUM YHCIIOM MapaMeTpiB, SKa MOKe OyTH Jenio OibIll THYYKO, HiK TTOBHA
napaMerpuyHa Mojielb. L{elt miaxin Moxke OyTH OUTBIIT €(hSKTHBHUM Ta TOYHUM, HiXK HEMapaMETPUIHUH MiIXi[I, aje
MEHIII TOYHHUM, HiXK TIOBHA ITapaMeTpHUIHA MOJICIIb.

AHaJi3 octaHHix gxepest. HeoOximHOI0 yMOBOIO OyB aHali3, SKOMOTa OUIBIIOT KiTBKOCTI Keped, o0 0Xo-
IHUTH BCi CTBOPEHI ANTOPUTMHU AJISI OLIHIOBAaHHSA METOAY LIUIBHOCTI po3noainy. Hivkde Oyae 3a3HaueHO JeKiIbKa
HaNOUTBII BAXKIIUBUX JKEPE:

Crartsa Kapayma Ta Illinra, onqHe 3 nepmux AOCTIIKEHb OLIHKH MIUTBHOCTI PO3MOIiTY, TOPIBHIOE METOAM
3MIAJHKYBAaHHS Ta HE 3IVIa/DKyBaHHS JUIS OIIHKY IMUTEHOCTI PO3MOALTYy. BOHM BUKOPUCTOBYIOTH METOAM SIACPHOT
OLIIHKM Ta JIOTICTUYHY PErpecito Juid OLUIHKU IIIIBHOCTI PO3MONALTY. Y pe3ynbTarTi BOHM IIHILIM BUCHOBKY, LIO
METOMIH SJICPHOT OLIHKH € OUTBII TOUHUMM JIJIS TUITABHUX PO3MOJLIIB, TOMI SK JIOTICTHYHA PEerpecis Mpalroe Kparie
JUTS HEDITAJKUX PO3MOALTIB [7].

Ille oqHMM BaXUTMBHM JOCTiDKeHHAM € cTarTs CiabBepMaHa, Je aBTOp PO3INISIAE METOJ SICPHOI OIIHKH
IIUTBHOCTI po3moiny. BiH BCTaHOBHB, 1110 METOJI S/IEPHOT OI[IHKU € ONITUMAILHUM Y TOMY BHITAJIKY, KOJH PO3IIOLT
€ TIAJIKAM, TOJII SIK y BUIAAKY HEIIQJKOTO PO3IMOILUTY IIeld METOl MOXKE TIPU3BECTH JI0 3HAYHOT TIOXHUOKH [9].

Takoxx BaXKITUBUMH JIOCHIKSHHSAMU € cTarTi XonTa Ta Jla Pomens ta /I)xorcona ta Kortue, ae BOHU mOpiB-
HIOIOTh METOJI AJIEPHOI OIIIHKK 3 METOZIOM Map3€HOBCHKOTO BiKHA Ta METOJIOM K-HalOMMKIMX CycCiJliB BiIMOBIAHO.
OO0uaBa AOCHIKEHHS MMOKA3aJId, 110 METOJl AAEPHOI OIL[IHKM € OUIbII TOYHUM JUIS TIAJAKHX PO3IMOILNIB, TOMI SIK
METOJI MMap3€HOBCHKOIO BiKHA Ta METOJ K-HalOMMK4IuX cyciliB € Oinbll e(heKTUBHUMHU IS HETVIaIKUX PO3MOILIIB
[10].

B crarti "Comparison of Kernel Density Estimation Methods for Bivariate Data" aBropu mOpiBHIOIOTE TpH
OCHOBHUX TIJXOIW IO OI[IHFOBaHHS IIUTLHOCTI PO3MOIUTY: SACPHY OIIHKY, PO3KJIAJIaHHS Ha CyMy TrayCiBChKHX
(byHKIINH Ta MeTon GYHKIT ricTorpaMu. 3TiIHO 3 pe3yJbTaTaMH JTOCIHIPKEHHS, METO SIIEPHOT OIIHKY € HAWTOYHI-
IIMM, @ METOJI PO3KIIQJIaHHS Ha CyMY TayCIBChKHX (DYHKIIH € HalmBuImmM. MeToa (QyHKIIIT TicTorpaMu J1a€ MEHIII
TOYHI Pe3yJIbTaTH, ajie BiH MPOCTIIINK Y BUKOPUCTaHHI Ta HE BUMAarae BEIMKOI 004YHCIIIoBaIbHOT MOTy)KHOCTI [10].

Astopu crarti "A Comparative Study of Kernel Density Estimation Algorithms" npoBonsTs mopiBHSIHHS
HIECTH PI3HUX METOMIB AJEPHOI OIIIHKH LIUIBHOCTI PO3MOiTY. 3TiTHO 3 pe3ybTaTaMU JOCIIKSHHS, METOJIH 3 Tay-
CIBCBKUM SIIPOM € HAMTOUYHIIINMHU, ajie BOHU MAarOTh BUCOKY OOYHCITIOBANIbHY CKIIAJHICTh. MeTOo/ map3eHOBCHKOTO
BIKHA Ma€ MEHIIly 00YHCIIIOBAIbHY CKIIAHICTh, e HOro TOYHICTh 3MEHIIY€EThCS MPU 301IbIICHH] KiTbKOCTI BUMI-
piB ganux [11].

OTOX, METOI0 TOCJiIKEeHHS € MOPIBHSAHHA TPHOX OCHOBHMX MiAXOMAIB 0 OLIHIOBaHHS IIUIBHOCTI PO3MO-
JITy Ta BU3HAYCHHS HAWOLIBII €(heKTUBHOTO Ta TOYHOTO IMiAXOAY JJIS KOHKPETHHUX THUIIB JAaHuX. s 1[bOro Mu
PO3MITHEMO TIepeBary Ta HEMOJMIKH KOKHOTO 3 TIIXOJIB Ta MPOaHATI3YEMO 1X BIUIMB Ha Pe3yJIbTaTH OI[iHIOBAHHS
IIUTBHOCTI PO3MOITY.

OO0’ €KTOM HAIIOTO JOCIIHKCHHS € OIIHIOBAHHS IIJTLHOCTI PO3MOALITY.
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BukJiag ocHOBHOTro MartepiaJjy. MaTemMaTiuHa MOCTAHOBKA 3aBJJaHHA TOJIATAE B TOPIBHSAHHI Ta OIIHII e(ek-
TUBHOCTI TPHOX OCHOBHHUX MiJXOIB 0 OLIHIOBAaHHS HIUIBHOCTI PO3MOAUTY JaHHX: HEmapaMeTpUYHOro, mapame-
TPUYHOIO T4 HAMIBIAPAMETPUYHOTO, & TAKOXK BUBUCHHI PI3HMX METOJIB Ballifalii Ta iX BIUIMBY Ha pPe3yJbTaTd
OLIIHIOBAaHHS IIIJIBHOCTI po3noAiny [6, 8].

Jns nocsrHeHHs 1€l MeTH, y po0oTi OyayTh peaizoBaHi alTOPUTMHU HETIapaMEeTPHYHOTO, TapaMEeTPUIHOTO
Ta HaliBIapaMEeTPUIHOTO IMiXOIIB JO OLIHIOBAHHS IMIILHOCTI PO3MOALTY AaHuX. )i OliHIOBaHHS €(DeKTHBHOCTI
Ta TOYHOCTI KOXKHOTO 3 IUX IMiXO0IB OyIyTh BUKOPUCTAaHI BIAMOBIIHI METPHUKH OIliHOBaHHA [11, 13].

JlJ1s HermrapaMeTpUYHOTO OIIHIOBaHHS S OyAy BHKOPHUCTOBYBATH SJICPHY OIHKY IIUTBHOCTI. SIepHa oIliHKa
nrieHOCTI (aHm. kernel density estimation, KDE) — 11e HenapaMeTpHyHUA METO/T OIIHIOBAHHS IIJILHOCTI HMOBIp-
HOCTI pO3MO/Iiy BUTIAJIKOBOI BETMYMHHA. BOHA TO3BOJISIE OMIHUTH IIITBHICTH PO3MOLTY BUITAJKOBOT BETUYMHU Oe3
BUKOPHCTAHHSI IIEBHOI MapaMeTPHUYHOI (OPMH LIITFHOCTI PO3MOALTY OCHOBI Habopy crioctepesxeHs [ 14, 17].

Ines monsrae B TOMY, 110 KOXKHE CIIOCTEPEIKEHHS BHOCUTH CBili BHECOK JIO IIITFHOCTI PO3MOALTY, 1 IIei BHECOK
MPEACTaBICHUN SIAPOM — CUMETPHUHOIO (DYHKIII€I0 BITHOCHO HyJs. Slapo Moxe OyTu 0OpaHUM PI3HUMH CIOCO-
0amu, 3a3BUYail BUKOPUCTOBYIOTh rayCiBChKe AP0, aje MOXKYTh OyTH BUKOpHCTaHi 1 iHi siapa [12, 19].

lupuna siapa HA3UBAETHCS APAMETPOM 3IVIa[KyBAaHHsI 1 BIUTHBAE HA IVIaKICTh OLIHKU MIUTHHOCTI. Bennke
3HAUCHHS 3TV KYBAHHS IPU3BOIUTE JI0 BETUKOT TIIAAKOCTI OI[IHKH, ajJe MOXKE 3[TaJKyBaTH JIETalll PO3MOALITY, TOMI
SIK Majie 3Ha9eHHS MOXKE MPHU3BECTH JO IEePCHABAHTAKCHHS OIIHKW. 3a3BUYai, UIS BH3HAUCHHS ONTHUMAJIBHOTO
3HAYCHHS 311aJPKYBaHHS BUKOPUCTOBYIOTh METOJIM XPECTOBOT meperipku [15, 16].

MareMaTHYHHIA ONMHUC METOMY: SIIepHOI0 OIIHKOK JJIS IMIJIBHOCTI PO3MOAUTY f 3a KpaTHOK BHOIpKOO X =
(&1,..., &n) nasusaroth QyHkiio (Popmyna 1):

ne K : R — R — ¢yHkuisg, sxy HazuBaroTh sapoM (kernel) ominku, # > 0 — yucio, sike HA3UBAIOTh MAPAMETPOM
3rmajKyBaHHs (bandwidth).

1 mapaMeTpUyHOTo OLIHIOBAaHHS 51 BAKOPUCTOBYIO rayCiBChbKY MOJeNb. I ayciBcbka MOJIENb (TaKoX BigoMa
SIK HOpMaJIbHa MOJIEJIb) € MPUKJIAJIOM [TapaMeTPUYHOro MiXOAY 10 OLIHIOBaHHS PO3NoNniTy naHuXx. BoHa 6a3yeTbes
Ha MPUITYIIEHHI, 10 JaHi PO3MOIIICHI 32 HOPMaJIbHUM 3aKOHOM. Lle 03Hauae, 1o po3noAis MoXxe OyTH MOBHICTIO
OIMMCAHUH TBOMA MapaMeTpaMu: CEPeAHIM 3HAYCHHSIM Ta CTAHJAPTHUM BigXwieHHM [18].

Jliis 3actocyBaHHsI rayCiBChbKOT MOZIENTi JI0 JaHUX TOTPIOHO CIOYATKY OIIHUTH 3HAYECHHS MapaMeTpiB po3Io-
ITY, TOOTO CepeHE 3HAUSHHSI Ta CTaHAapTHE BiaxmiIeHHs. Lle Moxe OyTH 3p00JIeHO 3a JOTTOMOTOK0 METOTY MaKCH-
MaJIbHOT MPaBIONOoAIOHOCTI a00 METOJIOM HaMEHIIINX KBapartis [2, 14].

Maremarnyanii onmc MeToxy: I'ayciBchbka MOZIENb OMUCYETHCS HOPMAIBHUM PO3IIOILIOM, SIKHH BU3HAYAETHCS
JIBOMA MapaMeTpaMu: CEPeHIM 3HaYe€HHSM (mu) Ta CTAaHIAPTHUM BiIXwWwieHHsIM (sigma). HopmansHUA po3mnomin
Mae€ IUIBHICTB PO3IOALTY, IKa MOKe OyTH BUKOpPHCTaHa JUIs OUCY KMOBIPHOCTI IIEBHOTO 3HAYEeHHS 3MiHHOI [1, 13].

[inpHICTH TayCiBCHKOI MOJIEIi BU3HAYAETHCS (POPMYIIOLO 2:

1 £ ot —(x—mu)’
m*sigma) 2* sigma’

Jie X — 3HAUYCHHS 3MIiHHOI, MU — CepeIHE 3HAYCHHS PO3IIOILTY, Sigma — CTaHJapTHE BIIXUICHHS PO3IIOILITY,
7 — gucio [1i.

Jlyis HamiBIapaMeTpUYHOTO OIIHIOBaHHS 51 BHKOPHUCTOBYIO JIOKAJIbHY JIOTICTHUHY perpecito. JlokaibHa
JiHIHA perpecis — Ile METOJ HalliBIIapaMeTPUYHOTO OI[iHIOBaHHSI, SKHH BUKOPHUCTOBYETHCS IS MOJICITIOBAHHS
3aJIe)KHOCTI MiXk JIBOMa 3MiHHUMH. Lle#t MeTox € mokpaleHHsIM 3BHYaHO1 JIiHIIHOT perpecii, 0CHOBaHOI Ha MiHIMi-
3aii KBapaTHYHOI BiJICTaHi MiXkK OI[iIHCHUMH 3HAYCHHSAMH Ta CIIOCTEPEIKYBAHUMH JaHuUMH [5, 12].

Y noxanbHil JiHiIHINA perpecii, Ha BiqMiHy BiJ 3BHUaifHOI JiHIHHOI perpecii, koe(ilieHTH MOIeIi 3aIeKaTh
BiJ] KO>KHOTO OKPEMOTO crocTepexeHHs. KoxHe crioctepexeHHs Mae cBif BacHuUil Habip KoegilieHTiB, 0 03BO-
JIsi€ pO3TIIAATH HEJMHIMHI 3aJIe)KHOCTI Ta AUHAMIKY JaHHX.

OcHOBHa 111es TOKaJIbHOT JIiHIHHOT perpecii mojsrae B ToMy, o0 OL[iHUTH JIiHIHHY (YHKLIO perpecii B oKoui
KOXXHOI TOYKH BXIZHOTO JaraceTy. s HbOoro BUKOPUCTOBYETHCS JIOKAIbHE B3BaXKyBaHHS CIIOCTEpekeHb. To0To,
B 3QJIC)KHOCTI BiJl TOTO, HACKUTBKH JTAJIEKO BiJf TOUYKU PO3IVISIAETHCS CIIOCTEPEKEHHS, IIi CIIOCTEPEKESHHS MOXYTh
MAaTH Pi3Hy Bary B OIliHII KoedirieHTiB perpecii [10, 15].

MareMaTHYHMIA ONTUC METOY: B JIokanbHIN JiHIMHIA perpecii BUKOPUCTOBYIOTHCS JIBa MapaMETPH: MUPHUHA
SJ[pa Ta CTEMiHb JIOKaIbHOT anpokcuMartii. [lluprHa sapa KOHTPOIIOE PO3MIp JIOKATBHOTO OKOJTY, B SIKOMY POOUTHCS
OIIiHKAa perpecii, ToMi SK CTEIMiHb JIOKAIBHOT alpOKCUMAIlii BIUIMBAE HA TJIaJIKICTh PYHKIIT perpecii.

11106 OIiHUTH MITBHICTH PO3MOALUTY B TOUIII X, CIIOYATKy BU3HAYAETHCS BIKHO W, IKe MICTUTH ITIO TOUKY, 1 pO3-
DISIAETHCS MiABMOIPKa HABYAIbHUX JAHUX, AKI HAJIEKATh JI0 1bOro BikHa. Hexaii (x, ), ..., (x, y,) — 1li TOYKH, 1€
Xi — BEKTOp O3HAK, & y, — I1iJIbOBa 3MiHHA.

(x)= )
(
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Tozi Mojienb TOKANBHOI JIOTICTHYHOT perpecii moiirae B ToMy, 110 BiTHOCHO MaJIeHbKUH JIOKaJIbHHA BUOIpKO-
BUI Habip BUKOPUCTOBY€ETHCS AJIsl HAONMKEHHS IINBbHOCTI po3nofiny. KoxHilt Touni X NIpUCcBOIOEThCS IMOBIpHICTH
HaJIekatu 10 knacy 1 3a gormomororo norictuyHoi ¢pyHkuii (Gopmymna 3):

p(x) =1/ (1 + exp(-f(x))), €)

ne f(x) — niniitHa koMOiHaIis BitoMuUX (yHKIIH x Ta IX mapaMeTpis.

s ananizy Oyno ob6pano HaOip JaHMX 3 KUTBKICTIO 3a0UTHX TOJIB Y PI3HUX YeMITiOHATaXx.

i nani MOXXyTh OyTH BHKOPHUCTaHI AJs aHaJi3y €(QEeKTHBHOCTI aTakd Ta TOYHOCTI KOMaHIM B OpraHizarii
aTak, a TaKOX MOXYTh OyTH BHKOPHCTaHI JUIsl TIOPIBHSHHS Pi3HUX KOMaHJ Ta YeMITioHaTiB. Hampuknaza, mopis-
HSIHHS KIJIbKOCTI 3a0MTHX TOJIB Ta BiTHOIICHHS T'OJIiB JIO YapiB JO3BOJISIE OMIHUTH ¢(EKTUBHICTh aTaKyOvo1 JIiHI
KOMaHJIH, a CepeTHs KUIBKICTh yIapiB Ta iX TOYHICTh MOXKE CBITYUTH MPO SAKICTh yIapiB koMauau [3, 7].

Kpim Toro, aHamizyrouw 11i 1aHi BiIHOCHO Pi3HUX YEMITIOHATIB, MOXXKHA TIOPIBHATH €()EKTUBHICTh aTaK Pi3HUX
KOMaH]I Ta YeMITIOHATIB Ta BU3HAYHTH, SIKUH 3 UEMITIOHATIB Ma€ HAMOUTBIN e()eKTHBHI aTaKu Ta HAHBUIILY TOYHICTh
B OpraHizaiiii aTax.

CroBHIIi MiCTATh 1H(OPMAIIIIO PO TaKi MOKA3HUKH, SIK:

* Squad: Ha3Ba KOMaHAH

» Comp: 4eMITioHaT, B IKOMY Tpa€ KOMaHIa

* Gls: KinpKicTh 3a0UTHX TOMIB KOMaHAOIO B IIOTOYHOMY CE30H1 YEMITIOHATY

* Sh: KUTBKICTB yapiB KOMaHAU B IOTOYHOMY CE30HI UEMITIOHATY

* SoT: KimBKICTh ynapiB KOMaHAX B CTBip BOPIT B IOTOYHOMY CE30HI YEMITIOHATY

* SoT%: BimHOMIEHHS KITBKOCTI yOapiB B CTBip BOPIT O 3arajbHOI KITEKOCTI yIapiB KOMaHIH B IIOTOYHOMY
CE€30H1 YeMITIOHATY, BUPAXXECHE Y BiJICOTKaX

* Sh/90: cepenHs KiIbKICTh yaapiB koMaHIu 3a 90 XBWIMH TP B TOTOYHOMY CE30HI YEMITIOHATY

* S0T/90: cepenHs KiMbKIiCTh yAapiB B CTBip BOPIT 32 90 XBIIIMH I'pH B TOTOYHOMY CE30HI YEMITIOHATY

* G/Sh: criBBiTHOIMIEHHS KIJIBKOCTI 3a0UTHX TOMIB J0 KUIBKOCTI yAapiB KOMaHIU B IOTOYHOMY CE30HI YeMITi-
OHATY.

3aranom, 15 Tabmuns Moxe OyTH KOPUCHOIO JUIs (yTOONBHUX TPEHEPIiB, aHATITUKIB Ta (paHATIB IS aHANI3y
e(heKTUBHOCTI KOMaH/]I Ta MOPIBHSAHHS 1X 3 iHIIMMHU KOMaHJaMH Ta YeMITIOHATaMHU.

B sikocTi MOBH miporpaMyBaHHS Oy/ie BHKOPHCTAaHO MOBY Python.

Js MaHITy LIl 3 JaHUMH ST BUKOPHCTOBYIO 0i0mioTekn numpy, pandas, matplotlib:

3a nomomMoror QyHKIioHaTy 0i0mioTekn seaborn Ta pandas 34MTaEMO JaTaceT Ta BUBEAEMO HOTO.

I orpumaemo naHuii pe3ynbpTaT BUKOHAHHS:

Squad Comp Gls sh SoT SoT% sSh/9@ SoT/9@ G/Sh
0 Ajaccio Liguel 21 289 76 26.3 8.76 2.30 0.05
1 Almer?a LaLiga 42 384 137 357 11.64 415 0.11
2 Angers Liguel 25 323 108 334 979 3.27 0.07
3 Arsenal PremierLeague 78 540 175 324 15.88 515 0.14
4 Aston Villa Premier League 44 386 130 33.7 11.35 3.82 0.11
93 Villarreal LaLiga 46 430 156 36.3 13.03 473 0.10
94 Werder Bremen Bundesliga 47 323 123 38.1 10.77 410 0.13
95 West Ham Premier League 36 412 113 27.4 12.12 3.32 0.07
96 Wolfsburg Bundesliga 52 353 123 348 11.77 410 0.14
97 Wolves PremierLeague 26 379 112 296 11.15 3.29 0.06

98 rows x 9 columns

Puc. 1. [Ipuknax Habopy gaHuX

JlJ1s OLIHKK TOYHOCTI OLIHIOBAaHHS HIUILHOCTI po3mnofiny s Oymy BukopuctoByBatd MSE (cepeanst kBaipa-
TUYHA TIOMUJIKA).
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MarematnuHo, MSE 00paxoBy€Thcs 32 HACTYIHOIO (hOPMYIIOr0 4:
1< ~ )2
MSE=—3"(7,~ 7, (4)
i=1

bi(H

* N — KUTBKICTh MPUKIAAIB Y HAOOPi JaHUX

* y;— (aKkTHUHE 3HAYCHHS JJIA i-TO TPUKIIATy

* ¥ — IPOTrHO30BaHe 3HAYCHHS AJIA 1-T0 MPUKIIATy

* X —cyMa M0 BCiX IpHUKJIanax B Habopi JaHUX

B sikocTi HemapaMeTpHYHOTO MiIXOIY JIO OIIHIOBAHHS IIUTFHOCTI PO3MOALTY Oyie BUKOPHCTAHO sSepHE OIli-
HIOBaHHS IIiIJILHOCTI.

1] S g _ Budparty wap
3ifpama BXLIH: Babparn xapo | Bndparn wapem)
A upa

Puc. 2. 3aranpHuii mporiec s,AEPHOTO OMIHIOBAHHS MIUIBHOCTI

[Ticns po30UTTS JaraceTy Ha TPEHYBaJIbHI Ta HaBYaJIbHI IaHI Ta BUOOPY TPEHYBAIBHUX JAHUX JJIsi KOXKHOTO
YEeMITIOHATy OKPEMO MOXKHA IEPEHTH JIO SIIEPHOTO OIIHIOBAHHS IIUTLHOCTI PO3MOUTY JUIS KOXKHOTO YEMITIOHATY.

Jliis Toro, o0 OIMIHUTH CEPEHIO MITBHICTD PO3MOAUTY IS KOYKHOTO YEMITIOHATY MOTPIOHO POBECTH OITi-
HIOBaHHS IIIJIBHOCTI PO3MOILTY Ha TECTOBHUX JIaHUX.

Ta6mus 1
CepenHe 3HaYeHHS IIIBHOCTI Ta 3HAYEHHSI KBAAPATUYHOI MOMUWIKH
nicJIs HeMapaMeTPUYHOI0 OMiHIOBAHHA JJIsI KOKHOIO0 3 YeMITiOHATIB
Yemmnionar Cepennsi IUILHICTD MSE

Premier League 0.01561471517828143 0.9690358935043641
La Liga 0.02561471517828143 0.9500648160376134
Bundesliga 0.02339282465267133 0.9537660902404608
Serie A 0.01950314745805246 0.9614651165339614
Ligue 1 0.01249948401393461 0.9751907450489135

3navenHs MSE mis Bcix yeMIioHaTiB 3HAXoAAThes B Aiana3zoHi Big 0.9501 no 0.9752. Ile cBimuuTh mpo Te,
0 MOJIETIi MPOTHO3YBaHHS, HMOBIPHO, MatOTh TIOAI0HY TOYHICTh 1 €(DEKTUBHICTH B YCiX YeMITIOHATAX.

Xoud 1 MaJi, ane BiAMIHHOCTI y 3Ha4eHHsX MSE M0XyTh BKa3yBaTH Ha MOYJIMBI BIIMIHHOCTI B TOYHOCTI ITPO-
THO31B JUIA pi3HHX 4yemiioHariB. Hampukian, Premier League mae HaiiBuie 3Ha4eHHss MSE, mo Moxe CBiIUUTH
PO MEHII TOYHI MPOTHO3H JJIS IIbOTO YEMITIOHATY MOPIBHSHO 3 1HIITVMH.

Pi3Hi yeMmioHAaTH MalOTh Pi3HY CEPEIHIO IMIITBHICTH TojiB. CepeaHs ITBHICTh TOMIB IS KOXHOTO YeMITi-
OHATy BKa3y€ Ha Te, SIK 9acTO 3a0MBAIOTHCS TOJHM B cepelHbOMY 3a Mard. Hampuximaz, Ligue 1 mae HaifHmxay
CEPEHIO UIUIbHICTH TOJMiB, 10 MOXKE O3HAYATH, 1110 KOMAH/X B [IbOMY YE€MITIOHAT] 3a0MBatOTh MEHIIIE TOJIiB 32 MaT4
MOPIBHSHO 3 IHIIUMH YEMITIOHATaMH.

Cylmtm 3 306pa>x<eH0ro Ha rpadiky, MOXKHa 3p06HTH BHCHOBOK, II[0 PO3IIOLT IIITEHOCTI TOIB BIIPI3HIETHCS
TS pi3HUX 4yemrtioHariB. ['pagik JICMOHCTpYe LIUTBHICTH posnozuﬂy TOJIIB TS KOXKHOTO qurnoHaTy OKPEMO. Sk
MOXXHa T00auuTH, (popMa PO3MOILTY MOXKE BIAPIZHATUCS MiXK YEMITIOHATaMH, IO CBITYHATH MPO Pi3HY KUIBKICTH
3a0UTHX TOJIB KOMaHJAMH B IUX YeMITIOHATAX.

Premier League ta La Liga marots mmpimii po3noain: [padiku mist Premier League ta La Liga nemoncTpy-
FOTh IIAPIIUHI PO3MOALT IIJTPHOCTI TOJIIB MOPIBHIHO 3 iHIIUMU YeMITioHaTaMu. [le Moxke 03HauaTH, 110 B IIUX YeM-
MMoHaTaX KOMaHIX 3a0MBAaOTh Pi3HY KUIBKICTB TOJIIB, BKIFOUAIOUH SIK BUCOKI, TaK 1 HU3bKi pe3yJIbTaTH.

Bundesliga ta Serie A marots Oinbin ctuciauii posmoxin: I'padixu mis Bundesliga Ta Serie A moxasyrots
OUTBII CTUCITUM PO3MOALT LIUTBHOCTI roiiB. Lle MoXe cBiAYMTH Npo OLIBII OTHOPITHUN piBEHb 3a0MBAaHHS TOJIIB
KOMaHJaMH B [IUX YeMITiOHATaX.

I'padix mst Ligue 1 mokasye HaiiOinbll KOHIEHTPOBAHUM PO3MOALT HIIILHOCTI TOJiB MOPIBHAHO 3 1HIIUMHU
yemmioHaramu. Lle Moke o3HadaTH, 0 koMaHau B Ligue 1 3a0uBaroTh MPUOIU3HO OTHAKOBY KiIBKICTH TOJIIB
B CEPEIHBOMY.
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Puc. 3. I'padik mimsHOCTI pO3NOALTY AJIS YEMITIOHATIB MiCIIs HeTTapaMeTPUIHOTO OIiHIOBaHHS

B sxocTi mapamMeTpu4YHOro MiAX01y JO OIIHIOBaHHS IIIJIBHOCTI pO3MOALTY OyJie BUKOPHUCTaHA rayCiBChbKa
MOJIEIIb.

BakoHaTH npones Bizvasiorsety OuiHmTi 1T
e mcmatknpowes | | Basyanisysame Sxver
e~ HAESANHA CTPHIAKT OUTHAM IR
TAVCERCRIOTO ooy

pomoaLT

F20paTi BXLIH
aaHi

Puc. 4. 3aranpHuii mporiec OLiHIOBAaHHS 3 JOTIOMOTOIO rayCiBChKOT MOAEIi
J1s mapaMeTpuYHOro MiAX0My MU OTPUMAaeMO HACTYITHHH pe3ynbTar, 1o npeacTaBieHui B Tabnuri 2.

Tabnurs 2
CepeHe 3HAYeHHS IIIJILHOCTI Ta 3HAYEHHS KBAJAPATHYHOI MOMMJIKHM IiC/IsA NAPAMeTPUYHOI0 OLiHIOBAHHS
JIA KOYKHOI'O 3 YeMITioHAaTIiB

Yemmionar Cepeans IJIbHICTH MSE
Premier League 0.02273525789271167 2.7989827707412
La Liga 0.02969282465267133 1.3163337269991
Bundesliga 0.02811471517828143 1.7898104858905
Serie A 0.02189948401393461 1.3835093807136
Ligue 1 0.01950314745805246 2.0158633584665

Cepeani 3Ha4eHHSI IUTBHOCTI JUTsl BCIX YeMITIOHATIB po3TanioBadi y niana3zoHi Bix 0.0195 1o 0.0297. Ie o3Ha-
Yae, 10 KOMaH/IH B [IUX JIiraX B CEpPeHbOMY MAalOTh Pi3Hi piBHI KOHIIEHTPAIIii FOMIB, SIKi BOHH 3a0MBar0Th. HaliBuia
cepeHs MIUTBHICTH criocTepiraeThes B La Liga, a HaliHmk4a — B Ligue 1.

Yum meHmie 3HadeHHs MSE, TuM kparie Mojaenb MiIX0IuTh AJIs ONKHCY JaHuX. 3ayBaxy, mio MSE ms Beix
YEMITIOHATIB € JOBOJII BETMKUMHU 3HAYSHHSIMH, 110 CBIYUTH TIPO T€, IO TayCiBCbKa MOJIEIb HE JTy’Ke TOUHO allpOKCH-
MY€ PO3IOJIT JAaHHUX MO0 3a0MTHUX TOJiB KOMaHaMHU.

IIpore, MoxxHa MOPiBHATH 3HadeHHs MSE Mik pi3HUMH 4YeMITiOHaTaMHu JJIsi OI[iHKK BiJHOCHOi TOYHOCTI
Mojienti. 3 1i€i TOYKH 30py, HAlKpala anpokcuMariis crocrepiraeteest ans La Liga, a Haiiripma — qis Premier
League.

B stkoCTi HamiBIapaMeTpUYHOTO MiX0Ly A0 OLIHIOBAHHS HMITBHOCTI PO3MOALTY OyAe BUKOPUCTAHO JOKAIbHY
JiHIHY perpeciio.
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PE3VIBTaTH

Puc. 5. 3aranpHuii mporiec OniHIOBaHHS 3 JOIOMOTOIO JIiHIHHOI perpecii

[Ticns po30uTTs HAOOPY JaHWX Ha TPEHYBaJbHI Ta HaBYaJbHI JaHI Ta BUOOPY TPEHYBAIBHUX NAHHWX JUIS
KOXXHOTO YeMITIOHAaTy OKpeMo. MoxHa TIepeiTH JI0 SJISpPHOTO OIiHIOBAHHS MIUTEHOCTI PO3MOALTY JJIsi KOKHOTO YeM-
MOHATY.

Jns Toro, mo6 OLIHUTH CEPEAHIO IIIIBHICTh PO3MOALNY IS KO)KHOTO YEMITIOHATY BHUKOPHUCTOBYETHCS
¢byHkuis np.mean(), sika oOuncioe cepenHe apudmernune 3HaueHHss MacuBiB density EPL, density Laliga,
density Bundes, density SerieA, density Liguel, ne 30epiraeTbcs 3Ha4eHHS IIJTBHOCTEH AJII KOKHOTO YeM-
MOHATY.

[Ticns BUKOHAHHS KOAY OTPHIMAEMO HACTYITHUH pe3yibTar, o HaBeneHui B Tabmwmi 3.

Tabmuns 3
Cepenne 3HaYeHHS IIIBHOCTI Ta 3HAYEHHS KBAaJPATHYHOI NOMHJIKH Mic/IA HaniBIapaMeTPUYHOI0
OLIiHIOBAHHS VIl KOKHOTO 3 YeMIiOHATiB

YemmioHar Cepennsi IVIBHICTH MSE
Premier League 0.016898851400602735 1.0000648160376134
La Liga 0.017050323471320117 0.9490358935043641
Bundesliga 0.023228439174188672 0.9637634702404255
Serie A 0.018841238846155775 0.9651907450489135
Ligue 1 0.012864284886784837 0.9914651165339614

CepenHi 3Ha4eHHS OIUTBHOCTI JIJIS PI3HUX YEMITIOHATIB po3TarioBaHi y miana3oHi Big 0.0129 no 0.0232. Ile
BKa3ye Ha Pi3Hi PiBHI KOHIIEHTPAIIil TOJIiB, SIKi KOMaH/IX 3a0MBaOTh Y pi3HUX Jirax. Hanpukian, Premier League ta
La Liga mMatoTh nof1iOHI cepeiHi 3HaYE€HHS HIUTLHOCTI, ToAl K Ligue 1 Mae HaWHWKYY CepeHIO MIUILHICTD cepes
yCiX 4eMITIOHATIB.

3naueHHs MSE (cepenHst KBajpaTHyHa IOMMIIKA) BUKOPUCTOBYETHCS IJISI BUMIPIOBaHHS TOYHOCTI MOJENi
JIOKaNbHOI JiHIMHOT perpecii. Uum MeHuie 3HaueHHs MSE, TuM kpaiie Mopaenb MiIXOAUTh Ui OMUCY JaHHX.
Y nanomy Bunanaky, MSE mist pizaux uemmioHatiB MaroTh 3HadeHHs Bif 0.949 no 1.000. 3po3ymino, 1o naHi Mojaei
JIOKaJIbHOI JIIHIMHOI perpecii He € ay»e TOYHUMH B ONUCI PO3MOALTY IIUIBHOCTI romiB a1 kKomasn. Ilpore, nopis-
HIOOYH 3HaYeHHS MSE Mix 4yemImioHaTaMu, MOKHA 3pOOUTH BUCHOBOK, 1110 La Liga Mae HaitHmk4e 3HaueHHs MSE,
TOOTO MOZENH Kpalie MiIXOIUTh U IILOT0 YeMITioHary, a Premier League mae HaitBumie 3Hagenns MSE, mo cBin-
YHUThH PO MEHIY TOYHICTh MOJEINI JUIS I[LOTO YEMITIOHATY.

Cynstum i3 300paxkeHoro Ha Puc. 6, MoxxHa 3poOUTH BUCHOBOK, o Premier League ta Serie A MaroTh CXOXi
PO3TOIIIN 3 BUCOKHUM ITiKOM B paiioHi 60—70 romis. La Liga ta Ligue 1 MaroTh OUIbII pO3NOAiIEH] MKW HABKOJIO
40-50 romie. Bundesliga cnioctepiraerbest MeHIMi ik HaBkoj10 30—40 romis.

Premier League Ta Serie A MaroTh OUIBIIYy KiJTbKICTh KOMAaHJ, sIKi 3a0MBalOTh BiTHOCHO 0ararto TrojiB
y TOpiBHAHHI 3 iHmIKUMH yemmioHaramu. La Liga ta Ligue 1 maroTe OibIn po3nofineHuil po3noaia rofiis, 1o
MOJKE€ CBIJYHUTH MPO MEHIIY KOHIIEHTPAI[il0 KOMaH]l 3 BHCOKMMH MOKa3HUKaMu rojiB. Premier League Ta Serie A
MaroTh OB KOHIIEHTPOBAHUH PO3MOLT rOMiB, [0 MOXKE CBIAUUTHU MPO OLIBII aTaKyIO4yy I'py Ta BUCOKY Pe3yib-
TaTHBHICTb.

OTxe, HaBaiiTe miICyMyeMO ycCi pe3yibTaTd, OTPUMaHi IPH BUKOHAHHI IONEPeTHBOTo po3aity y Tatmui 4.
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Puc. 6. I'padik ibHOCTI PO3MOALTY IS YEMITIOHATIB MiCJIs HAMiBIIAPAMETPUYHOTO OI[IHFOBAHHS

Tabmuug 4
Ta6auus MOPiBHAHHS KBAAPATHYHOI MOMHJIKY JUIS Pi3HUX MiAXO0AiB OI[iHIOBAHHS IIIJIHLHOCTI
MSE pas MSE npas MSE pas MSE aas .
Meron Premier League La Liga Bundesliga Serie A MSE s Ligue 1
“Inepue ouintoBanHs 0,950064 0,9690358 0,953766 0,9614651 0,9751907
IIUIBHOCTI
TayciBchbka Mozennb 2,7989827 1,3163337 1,7898104 1,3835093 2,0158633
JoxamkHa mHIAHA 1,0000647 0,9490358 0,9637634 0,9651907 0,99146511
perpecis
2
25
2
1,5
1
OIS I I I I I I I I I I I I
0

MSE ans Premier MSE ans La Liga MSE ann Bundeshga MSE ans Serie A MSE ans Ligue 1
League
B AepHE DUIHINEAHHS UWINLHOCT | Faycigcuka mogens B [lonantHa NiKIAKA perpecis

Puc 7. I'padik nopiBHSAHHS KBaAPaTHIHOT MOMUJIKH JJIsl PI3HUX ITiAXO/IB OLIIHIOBaHHS IIIILHOCTI

B Ta6m. 4 Ta Ha Puc. 7 MokeMo TIepenIsIHy TH TOYHICTh Pe3yAbTaTiB JIsi KOKHOTO 3 TiAXO/iB B HAIIOMY JTOCITi-
JoxeHHi. JlaBaiiTe nepeiiemMo 10 aHai3y OTPUMAHUX PE3y/IbTaTIB.
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SlnepHe OLiHIOBaHHS MIUILHOCTI MOKa3ye HAMKpAIll PE3YIbTaTH 3 TOYKU 30py TOYHOCTI NependadeH s po3io-
JiTy JaHUX U1 Beix m'situ ¢yToonsHux mir (Premier League, La Liga, Bundesliga, Serie A, Ligue 1). Moro nepesaroo
€ 10ro rHy4KicTh 1 3AaTHICT aJaNTyBAaTUCS A0 CKIAJHUX PO3MOAUIIB AaHHUX. 3HaueHHs MSE s saepHOro oriHio-
BaHH MIJIBHOCTI € HAMHM)KYMMH, 110 CBIAYUTH PO HOTO BUCOKY €(PEKTUBHICTH Y MOJEIIOBaHHI PO3IOALUTY JaHUX.

SnepHe OLIHIOBAHHS NITLHOCTI TO3BOJISIE OUTIBIIT THYYKO MOJEITIOBATH PO3MOALT JaHuX. I')padik NIimbHOCTI,
OTPHUMAaHUH 3 BUKOPHCTAHHSM IIbOTO METOIY, MOXe OyTH OULTBII PeaiCTHYHUM Ta TOYHUM BiToOpakKeHHSIM pPO3Mo-
Iy 3a0uTHX TomiB. Llel miaxix 10o3BoJsie BpaxoBYBaTH HEJIHINHI 3aJI€KHOCTI Ta OCOOJIUBOCTI B JJAHHX, a TAKOXK
JIO3BOJISIE OUTBIIT THYYKO MOJICITFOBATH PO3TIOJLI Ta BPaXOBYBaTH HENiHIMHI 3a71€KHOCTI.

layciBchbka MoneNb Ma€ 3Ha4HO BUII 3Ha4eHHs MSE TOpiBHSAHO 3 SIGPHUM OILIIHIOBAaHHSAM IIUTBHOCTI JUIS
Bcix (yTOompHuX nir. Lle Moxe cBimunTH Ipo 0OMEKEeHY THYUKICTh T'ayCiBCHKOI MOJIETI P MOJETIOBAHHI CKIIAM-
HUX PO3MOALUTIB NaHUX. Takox 1ei mijaxia nepeadadae, o JaHi MarOTh MaTH rayciBebkuii po3noaii. [Ipote, y nara-
ceTax MOXyTh OyTH CKIAHIII Ta HENiHINHHI 3aJIe)KHOCTI, IKi HE MOXYTh OyTH aJIeKBaTHO BiJTBOPEHI rayCiBCHKOIO
Mozemto. Lle Moxke nmosicHuTH BuIi 3HaueHHS MSE 11715 rayciBcbkoi MofieNi Y TOPIBHSIHHI 3 SIICPHUM OLIIHIOBAaHHSAM
LIIBHOCTI.

JlokanbHa JiHiiHA perpecid Mmoka3ye NpUHHATI pe3ynbTaTy 3 TOYKH 30pY TOUHOCTI epen0adeHHs: po3noainy
naHux. BoHa 31aTHa BpaxoByBaTH JIOKaJIbHI Bapiallii Ta HeJiHIMHHI 3aJeKHOCTI Y pO3MOALII JaHUX, aie i pe3yasTaTu
HE HACTUIBKH TOYHI, SIK Y BUTIAJIKY 3 SICPHUM OIIIHIOBAHHAM MIUTBHOCTI. Lle Moke OyTH MOB'SI3aHO 3 0OMEKECHHIMHU
JHIAHOT MOZIeTTi PU MOJICITFOBaHHI CKJIaTHUX Ta HEJTIHIMHUX 3aJI)KHOCTEH y naraceTax.

JlokanpHa JliHIHA perpecis BpaxoBy€ HEJIiHIMHI 3aIeKHOCTI Ta MOXE JIOTIOMOT'TH BUSBUTH OCOOJUBOCTI pO3-
oty 3a0uTux romiB. el MeTos 1a€ MOXITUBICTh 30CEPEIUTHCS Ha JIOKAIbHUX OCOOMMBOCTAX JAHUX T4 BUSBUTH
HeiHIMHI 3akoHOMipHOCTI. OJTHaK, Pe3yJbTaTH JIOKAIBHOI JTIHIHHOT perpecii MOXyTh 3ajeKaTu B BHOOpY mapa-
METpiB, TAKHX K IINPUHA BiKHA, 1 HEBIPHUI BUOIP MOXE IPU3BECTH JI0 HEAOOIIHKH a00 MEPEOIiHKY 3aIeKHOCTEH
B nanux. Kpim Toro, nokanbHa niHiliHa perpecis Moxe OyTH OiNbII YyTJIMBa A0 IIyMy Ta BHIAAKOBUX BiAXWUIICHb
B JIAaHUX, 10 MOKE MIPU3BECTH 0 MEHII TOYHHUX Pe3yJIbTaTiB.

YV nopiBHSHHI BCiX TPHOX METOMIB, sIEPHE OLIHIOBAaHHS LIUIBHOCTI BUJAE€THCS Halle(DeKTUBHIIIUM IS MOJIe-
JIIOBaHHS PO3MOALTY JaHUX. BOHO J03BONSE OTpUMATH OUIBII TOYHI PE3yJIBTATH Ta Kpallle alpOKCUMYE pealbHUN
PO3TOIIT TaHHX.

BucHoBku. B naHiii po6oTi Oy10 MPOBEACHO JOCTIIKCHHS Ta OIIHKY TPhOX OCHOBHHUX IIIIXOJIB JIO OIIHIO-
BaHHS HIUTLHOCTI PO3MONLTY. 3araiibHa MeTa poOOTH ToJsTaia y BCTAHOBJICHHI IepeBar Ta 0OMeKeHb KOXKHOTO
MiJXOAY 3 METOI0 BU3HAYCHHS HAMO1IbII €()eKTUBHOTO METOY JIJISl OI[IHIOBAHHSI IIUTEHOCTI PO3IIOLTY.

[Nepmmmit migxiz, mo OyB po3DISTHYTHH, — HETapaMeTPUYHHH, a caMe siIepHe OIiHIOBaHHS HITbHOCTI. Hema-
paMeTpHUYHI METOIU I'PYHTYIOThCS Ha IPSIMOMY OLIHIOBaHHI IIUTFHOCTI pO3MOALTY O3 SBHOTO BUKOPUCTAHHS Mapa-
MeTpiB. I1ix yac mocmimkeHHs Oys0 BCTAHOBIICHO, 11O 11i METOH J00pe CIIPaBISIOTHCS 3 MOJCTIOBAHHAM CKIIaJIHUX
Ta HENIHIHHUX PO3MONLTIB, ajle BOHU MAalOTh NEBHI OOMEKEeHHS, TakKi K BeJIMKa 0OYMCIIIOBabHA CKJIAJHICTD Ta
pobaemMa BUOOPY ONTUMAIBHOI TAJKOCTI sipa.

Jpyruii minxig, mo OyB pO3IISHYTHH, — HapaMeTPUYHUI METOI, a caMme rayciBcbka Mopeib. Lli meromn
nependavaroTh MPUITYIICHHS MO0A0 (YHKIIOHATBHOI GOpME PO3IMOIITY Ta OIIHIOITE ioro mapamerpu. Ilix wac
JOCIIKEHHs OyJIO BCTAHOBIICHO, IO I1i METOIU e(EKTHBHI Ta MalOTh HHU3bKY OOYHMCIIOBAIBHY CKJIAIHICTD, aje
BOHH MOXXYTh HEIPABHIBHO MPAIIOBATH, SKIIO MPUIYIICHHS PO PO3NOALT HEMPaBIIIbHI a00 SIKIIO PO3IIOIINT Ma€e
CKIaZHy CTPYKTYpY.

Tpertiii miaxiza, mo OyB pO3MISIHYTHIA, — HAIlIBIApaMETPUIHNHN, a caMe JIOKaJIbHA JIiHiIiHA perpecis. Hamisma-
paMeTpUYHI METOIH MOETHYIOTh TIepeBaru HermapaMeTPUIHUX Ta MapaMeTPUIHUX METOIB, TIO3BOJISIOUN MOJICIIO-
BaTH CKJIJIHI PO3MOALUTN 3 BUKOPUCTAHHSIM 0OMeXeHOi KibKocTi mapametpis. [lix wac gocmimxkeHHs Oyino BcTa-
HOBJICHO, 110 11i METOJY € THYYKHMH Ta e¢()eKTUBHUMH, aJie BOHH MOXYTh OyTH IyTJHBi 10 BUOOpY ImapaMmeTpiB Ta
CKJIQIHOCTI MOJIEJI.

Ha mincraBi oTpuMaHuX pe3ynbTaTiB MOXKHA 3pOOUTH BUCHOBOK, 1110 BUOIp MiXOMy 1O OI[IHIOBAHHS IIJIb-
HOCTI PO3MOJILTY 3aJI€KUTh BiJl KOHKPETHOT 3a/1a4i Ta BUMOT JOCHIigHHKa. {1 MOIenoBaHHA CKIalHUX PO3MOILIIB
PEKOMEHTy€ThCS BUKOPUCTOBYBATH HEMapaMEeTPHIHI METOAH, ISl IPOCTHX PO3MOALTIB 3 BIIOMOIO (DYHKIIOHATB-
HOIO (HOPMOFO — apaMeTPUIHI METOJIH, & JUTS JOCATHEHHS OaTaHCy MK THYUYKICTIO Ta OOUHCITIOBATIBHOIO (hEKTHB-
HICTIO — HaIliBIIapaMeTPHUYHI METOITH.

JIis momanpmmx TOCIiPKEHh MOXKHA PO3TIISIHYTA HOBI METOMW OI[IHFOBAHHS IIUIBHOCTI PO3MOLTY, SIKi KOM-
OIHYIOTH ITepeBar pizHUX miaxomiB. Takoxk, MOKINBO, PO3IMIHPUTH 00JIACTH 3aCTOCYBAHHSI OI[IHFOBAHHS IIUJILHOCTI
PO3MOiTY Ha pealibHi AaHi Ta IPOBECTH MOPIBHIIBHUMN aHaJi3 Pi3HIX METO/IB 3 BUKOPUCTAHHIM METPUK ¢(PEKTUB-
HOCTI.

CnmcoK BUKOPUCTAHUX JIKEPE:
1. Al-Saaidy H.J.E., Alobaydi D. Studying street centrality and human density in different urban forms in
Baghdad. Iraq. Ain Shams Eng J. 2021. Vol. 12(1). P. 1111-1121.
2. Anderson W., Guikema S., Zaitchik B., Pan W. Methods for estimating population density in data- limited
areas: evaluating regression and tree-based models in Peru. PLOS. 2014. Vol. 9(7). P. 1-15.

40 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 2 (66), 2023



3. Angel S., Arango Franco S., Liu Y., Blei A.M. The shape compactness of urban footprints. Prog Plann.
2020. Vol. 139. P.100429.

4. Angel S., Lamson-Hall P., Blanco Z.G. Anatomy of density: measurable factors that together constitute
urban density. Buildings and Cities. 2021. Vol. 2(1). P. 264-282.

5. Boyko C.T., Cooper R. Clarifying and re-conceptualising density. Prog Plann. 2011. Vol. 76(1). P. 1-61.

6. Brunsdon C., Fotheringham A.S., Charlton M.E. Geographically weighted regression: a method for
exploring spatial nonstationarity. Geogr. Anal. 2010. Vol. 28(4). P. 281-298. https://onlinelibrary.wiley.com/
doi/10.1111/§.1538-4632.1996.tb00936.x

7. Credit K. Spatial models or random forest? Evaluating the use of spatially explicit machine learning methods
to predict employment density around new transit stations in Los Angeles. Geog Anal. 2022. Vol. 54(1). P. 58-83.

8. Dovey K., Patka E. The urban density assemblage: modelling multiple measures. Urban Des Int.
2014. Vol. 19(1). P. 66-76.

9. Ehrlich D., Kemper T., Pesaresi M., Corbane C. Built-up area and population density: two essential societal
variables to address climate hazard impact. Environ Sci Policy. 2018. Vol. 90. P. 73-82.

10. Faour G. Evaluating urban expansion using remotely-sensed data in Lebanon. Leban. Sci. J.
2015. Vol. 16(1). P. 23-32.

11. Georganos S., Grippa T., Niang Gadiaga A., Linard C., Lennert M., Vanhuysse S., Mboga N., Wolff E.,
Kalogirou S. Geographical random forests: a spatial extension of the random forest algorithm to address spatial
heterogeneity in remote sensing and population modelling. Geocarto International. 2021. Vol. 36(2). P. 121-136.

12. Guastella G., Oueslati W., Pareglio S. Patterns of urban spatial expansion in European cities. Sustainability
(Switzerland). 2019. Vol. 11(8). P. 2247.

13. Giineralp B., Zhou Y., Urge-Vorsatz D., Gupta M., Yu S., Patel P.L., Fragkias M., Li X., Seto K.C. Global
scenarios of urban density and its impacts on building energy use through 2050. Proc Natl Acad Sci U S A.
2017. Vol. 114(34). P. 8945-8950.

14. Jongman B., Ward P.J., Aerts J.C.J.H. Global exposure to river and coastal flooding: long term trends and
changes. Global Environ Change. 2012. Vol. 22(4). P. 823-835.

15. McFarlane C. The geographies of urban density: topology, politics and the city. Prog Human Geogr.
2016. Vol. 40(5). P. 629-648.

16. Rodriguez-Galiano V., Sanchez-Castillo M., Chica-Olmo M., Chica-Rivas M. Machine learning predictive
models for mineral prospectivity: an evaluation of neural networks, random forest, regression trees and support
vector machines. Ore Geol Rev. 2015. Vol. 71. P. 804-818.

17. Shang S., Du S., Zhu S. Estimating building-scale population using multi-source spatial data. Cities.
2021. Vol. 111. P. 103002.

18. Sharifi A. Resilient urban forms: a review of literature on streets and street networks. Build Environ.
2019. Vol. 147. P. 171-187.

19. Talebi H., Peeters L.J.M., Otto A., Tolosana-Delgado R. A truly spatial random forests algorithm for
geoscience data analysis and modelling. Math Geosci. 2022. Vol. 54(1). P. 1-22.

References:

1. Al-Saaidy, H.J.E., Alobaydi, D. (2021). Studying street centrality and human density in different urban
forms in Baghdad. Iraq. Ain Shams Eng J, 12(1), 1111-1121.

2. Anderson, W., Guikema, S., Zaitchik, B., Pan, W. (2014). Methods for estimating population density in
data- limited areas: evaluating regression and tree-based models in Peru. PLOS, 9(7), 1-15.

3. Angel, S., Arango Franco, S., Liu, Y., Blei, A.M. (2020). The shape compactness of urban footprints. Prog
Plann, 139, 100429.

4. Angel, S., Lamson-Hall, P., Blanco, Z.G. (2021). Anatomy of density: measurable factors that together
constitute urban density. Buildings and Cities, 2(1), 264-282.

5. Boyko, C.T., Cooper, R. (2011). Clarifying and re-conceptualising density. Prog Plann, 76(1), 1-61.

6. Brunsdon, C., Fotheringham, A.S., Charlton, M.E. (2010). Geographically weighted regression: a
method for exploring spatial nonstationarity. Geogr. Anal, 28(4), 281-298. https://onlinelibrary.wiley.com/
doi/10.1111/j.1538-4632.1996.tb00936.x

7. Credit, K. (2022). Spatial models or random forest? Evaluating the use of spatially explicit machine learning
methods to predict employment density around new transit stations in Los Angeles. Geog Anal, 54(1), 58—83.

8. Dovey, K., Pafka, E. (2014). The urban density assemblage: modelling multiple measures. Urban Des Int,
19(1), 66-76.

9. Ehrlich, D., Kemper, T., Pesaresi, M., Corbane, C. (2018). Built-up area and population density: two
essential societal variables to address climate hazard impact. Environ Sci Policy, 90, 73-82.

10. Faour, G. (2015). Evaluating urban expansion using remotely-sensed data in Lebanon. Leban. Sci. J,
16(1), 23-32.

ISSN 2521-6643 Cucremu Ta Texaouorii, Ne 2 (66), 2023 41



11. Georganos, S., Grippa, T., Niang Gadiaga, A., Linard, C., Lennert, M., Vanhuysse, S., Mboga, N., Wolff, E.,
Kalogirou, S. (2021). Geographical random forests: a spatial extension of the random forest algorithm to address
spatial heterogeneity in remote sensing and population modelling. Geocarto International, 36(2), 121-136.

12. Guastella, G., Oueslati, W., Pareglio, S. (2019). Patterns of urban spatial expansion in European cities.
Sustainability (Switzerland), 11(8), 2247.

13. Giineralp, B., Zhou, Y., Urge-Vorsatz, D., Gupta, M., Yu, S., Patel, P.L., Fragkias, M., Li, X., Seto, K.C.
(2017). Global scenarios of urban density and its impacts on building energy use through 2050. Proc Natl Acad Sci
US4, 114(34), 8945-8950.

14. Jongman, B., Ward, P.J., Aerts, J.C.J.H. (2012). Global exposure to river and coastal flooding: long term
trends and changes. Global Environ Change, 22(4), 823-835.

15. McFarlane, C. (2016). The geographies of urban density: topology, politics and the city. Prog Human
Geogr, 40(5), 629-648.

16. Rodriguez-Galiano, V., Sanchez-Castillo, M., Chica-Olmo, M., Chica-Rivas, M. (2015). Machine learning
predictive models for mineral prospectivity: an evaluation of neural networks, random forest, regression trees and
support vector machines. Ore Geol Rev, 71, 804—818.

17. Shang, S., Du, S., Zhu, S. (2021). Estimating building-scale population using multi-source spatial data.
Cities, 111, 103002.

18. Sharifi, A. (2019). Resilient urban forms: a review of literature on streets and street networks. Build
Environ, 147, 171-187.

19. Talebi, H., Peeters, L.J.M., Otto, A., Tolosana-Delgado, R. (2022). A truly spatial random forests algorithm
for geoscience data analysis and modelling. Math Geosci, 54(1), 1-22.

42 ISSN 2521-6643 Cucremu ta TexHounorii, Ne 2 (66), 2023



P. T. 3anepkoBnuit, B. 1. badbuu, M. 1. [lnenra, JI. . Xwminsapuyk, O. M. IlIsenp

YK 004.05
DOI https://doi.org/10.32782/2521-6643-2023.2-66.5

3auepkoBHun P. I, goktop ginocodi,

AOUEHT Kadbeqpyn KOMM IOTEPHUX HayK

JIbBIBCbKOr0 TOProBenNbHO-eKOHOMIYHOMO YHIBEPCUTETY
ORCID: 0000-0001-6991-2866

Babuu B. l., ctapwumi Buknagay kagpegpu KOMm'toTEPHUX HayK
JIbBIBCbKOr0 TOProBenNbHO-eKOHOMIYHOTO YHIBEPCUTETY
ORCID: 0000-0003-1996-9332

Mnewa M. l., kaHgngaTt isnko-maTeMaTUYHMX HayK, OOLEHT,
OOUEHT kadbeopyn KOMIM IOTEPHUX HayK

JIbBIBCbKOro TOProBenibHO-eKOHOMIYHOMO YHIBEPCUTETY
ORCID: 0000-0001-5321-9602

Xminsapuyk J1. 1., ctapwimn Buknagay kadeopu KOMM'loTEPHUX HayK
JIbBIBCbKOro TOProBenibHO-eKOHOMIYHOMO YHIBEPCUTETY
ORCID: 0000-0002-1753-6472

WBeub O. M., kaHaAMAAT EKOHOMIYHMX HaYK, AOLIEHT,
OOUEHT Kadbeqpn KOMM IOTEPHUX HayK

JIbBIBCbKOr0 TOProBenNbHO-eKOHOMIYHOMO YHIBEPCUTETY
ORCID: 0000-0002-7175-2256

CUCTEMA TECTYBAHHSA NPOAYKTUBHOCTI API IIPU BUCOKHUX HABAHTAXKEHHSAX

B ocHosax bacamvox cyuacHux kom lOMepHUX cucmeM Jiedcamv iHmepelicu npukiaonozo npozpamysarnns, abo API
(Application Programming Interface). Inmepgeticu npuiadno2o npopamy8anis ciy2ylonib MOCHOM MidC PISHUMU eleMeHmaMU
KOMI TOMEPHUX cuchem, 0036015104 U iM CHITKYBAMUCS, 83AEMOOIAMU Midic cOD0I0 Ma 6e3nepeutkoOH0 0OMIHIOBAMUC OGHUMU.
@axmuyno API — Habip npomoxonis, iHCMPYMEHMI8 | 6UHAUEHb, AKI 00360IA0Mb PISHUM NPOSPAMAM THME2PYBamucs Mixc
€00010, @ MAKOXHC HAOAIOMb POPOOHUKAM MONMCTUBICING OMPUMAMU OOCTYN 00 NEGHUX NPOSPAMHUX QYHKYIL a00 HAOOPIE OAHUX.

Baoicnueum 3a60anusam 6 npoyeci po3pooxu API € 3abe3neuenns ix KopekmHoi pobomu 8 ymMosax 8UCOKUX HABAHMA-
acertv. API mooicyms mamu comui, mucsayi i Hagimv MIIbUOHU KOPUCIYBAYI8, OIS SKUX BAJCIUBe 3a0e3nedenHss CIMIUKOCHI,
macumabosanocmi i HadiHOCMI yux npoepamuux 3acobis. Cucmema, He € HAOTUHUM YUHOM NPOMECMOBAHA 8 YMOBAX BUCOKUX
HABAHMAICEHD, MOJICe 3A3HAMU KPAXY Y BUNAOKY, AKWO BeUKA KITLKICMb KOPUCTY8AUI8 3aX04e B00HOUAC GUKOPUCTAMU OOUH
i mou camuti memoo APIL, abo ompumamu cxodxci oani. Taxa cucmema maxodc 6yoe menw cmitikoro 6i0 DDoS-amaxk — udig
XAKePCoKUX amax, wo “3acmiuyioms’” Komn 10mepHy cucmemy 8eIUKOI0 KilbKichio 3anumis, Qpakmuuno 610Ky04u 0ochmyn 00
Hei 01sl peanbHUuxX KOpUCmy8ayis.

Y yiti cmammi npedcmasasemoca 00CHiOHCeHHA Ma PO3POOKA CUCHEMU MECTYBaAHHSA, CIMBOPEHOT Ol OYIHKU NPOOYKMUB-
nocmi APL. B ocnosi cucmemu nexcums Locust, incmpymenm 075 mecmy8anHs npooyKMUeHOCMI npozpam 3 6I0KpUmum npo-
epamuum kooom. Lleii incmpymenm npusnavenuii 018 MOOEIOBANHSA Md AHANI3Y NOBEOIHKU PISHOMAHIMHUX 000AMKIE NPU HABAH-
MAadtCceHHi 8enUKoI0 Kinbkicmio Kopucmysayis. Pospobiena cucmema mecmy8ants npooyKmueHOCMi UKOPUCTIOBYE MONCIUBOCIII
Locust onsa moeo, wjob pemensto gusuumu cmitikicme API-cucmemu y peanviomy cyenapii. Bona demansno mecmye 10KanbHy
sepcito API, nasanmaoicyiouu it max 3eanum “poem” sipmyanshux xopucmyeauis. Ilicis yvoeo Locust 30upac oaui npo npooyk-
muenicmo APl — KinbKicmp yCniwHux ma noOMUIKOBUX 3anumis,; MiHIMATbHULL, MAKCUMATbHULL MA cepeOHill ac 00pooKu 3anumy,
a Maxodic demanvHull 36im, AKULL Modce Oymu GUKOPUCMAHUL 071 NOOATLUI020 AHANI3Y pe3yibmamis. Ompumani 6 pe3ynomani
mMaKo2o Q0CIONCeHHs OaHI CNPUSIONb POYMIHHIO I, 8 NOOATLUIOMY, NOKpAUeHHIo akocmi pobomu AP, npononyiouu yinui pexo-
Menoayii wo0o onmumizayii npoOyKmusHoCmi npoepamu ma gussnenns “gysvkux micyv” (bottlenecks) y npoepammomy xooi.

Kiurouosi cnoBa: API (Application Programming Interface), mecmyeanus, mecmyeanus npooyKmusHOCHI, HABAHMANCY-
sanvHe mecmyganus, Locust.

Zatserkovnyi R. G., Babych V. L., Plesha M. 1., Khmilyarchuk L. I., Shvets O. M. A system to evaluate the robustness
of an API under high loads

Many modern computer systems extensively use application programming interfaces, or APIs. APIs serve as a bridge
between different elements of computer systems, allowing them to communicate, interact with each other, and exchange data
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seamlessly. Formally, an API is a set of protocols, tools, and definitions that allow different programs to integrate with each
other, and provide developers with the ability to access certain software functions or data sets.

An important task in the process of developing APIs is to ensure their correct operation under high loads. APIs can have
hundreds, thousands, and even millions of users, for whom it is important to ensure the stability, scalability, and reliability of
these software tools. A system that has not been reliably tested under high load conditions may fail if a large number of users
want to use the same API method or retrieve similar data at the same time. Such a system will also be less resistant to DDoS
attacks, a type of malicious hacker attack that "clogs" a computer system with a large number of requests, effectively blocking
access to it for legitimate users.

This article presents the research and development of a testing system designed to evaluate API performance. The system
is based on Locust, an open-source tool for testing sofiware under high loads. The tool is designed to model and analyze the
behavior of various applications when facing a large number of users. Our performance testing system uses the capabilities of
Locust to thoroughly study the stability of the API system in a real-world scenario. It tests a locally running version of an API in
detail by loading it with a so-called "swarm" of virtual users. After this process is complete, Locust collects data on the perfor-
mance of an API — number of successful and failed requests; minimum, maximum, and average request processing time, as well a
detailed report that can be used for further analysis of the results. The data obtained as a result of such an analysis contributes to
understanding and, subsequently, improving the quality of API performance, offering valuable recommendations for optimizing
application performance and identifying bottlenecks in code.

Key words: API (Application Programming Interface), testing, performance testing, load testing, Locust.

IMocTanoBka npodjeMu. B ocHOBax 6ararb0x Cy4acHUX KOM IOTEpPHUX CUCTEM JIeKaTh iHTepdelcH mpuKia-
Horo mporpamysaHHs, a00 API (Application Programming Interface). Intepdeiicu nmpukiagHoro nporpaMyBaHHs
CIIyTYIOTh MOCTOM MDX Pi3HUMH €J1eMEHTaMH KOMII IOTEpPHUX CUCTEM, TO3BOJIIOUH IM CILIKYBATHUCS, B3a€EMOAISATU
Mix co00r0 Ta Oe3nepenikonHo oomiHtoBarucs nanumMu. @akrnuno APl — HaOip mpoTOKOIMiB, IHCTPYMEHTIB 1 BU3HA-
YeHb, SIK1 103BOJISIOTH PI3HUM IIpOrpamMaM iHTErpyBaTUCh MiX 00010, a TAKOXK HAAAI0Th PO3POOHHNKAM MOXKIIMBICTD
OTPUMATH JTOCTYII JI0 IEBHUX MPOTpaMHUX QYHKIiH a60 HabopiB maHux. Kpim Toro, API mosermytoTh iHTerpario
PI3HOMaHITHHUX JIOJATKIB, TO3BOJISIFOYM PO3pOOHUKAM IHTErpYBaTH JaHi 3 PI3HUX 30BHIIIHIX JDKEpes. 3a Bepciero
Postman, mo naitnonymspHimmx APl Hamexars 3aco00M CHCTEMH KEpPYBaHHSIM B3a€MOBIJTHOCHH 3 KOPHUCTYBadaMH
Salesforce, HoTarHuKa Notion, Ta Mecenmkepa WhatsApp [1].

BaxxnmBuM 3aBmaHHsAM B nporieci po3podkn API e 3a0e3nedenHHs X KOpEeKTHOI poOOTH B YMOBAaX BHCOKHX
HaBaHTaXeHb. AP] MOXyTb MaTH COTHI, THCSi 1 HABITh MITBHOHU KOPHCTYBAYiB, IS SIKMX BaXKJIMBE 3a0€311CUCHHS
CTIMKOCTi, MacIITa0OBAaHOCTI 1 HAAIHHOCTI X MPOrpaMHUX 3aco0iB. CucTeMa, SKa He € HaAIHHIUM YMHOM IIpO-
TECTOBAaHA B YMOBAaX BUCOKHUX HABAaHTAXKEHb, MOXKE 3a3HATH Kpaxy y BUIIAJIKY, IKIIO BEIHMKA KUTbKICTh KOPUCTYBaUiB
3axoue BOAHOUYAC BUKOPUCTATH OAMH 1 Toi camuii metox API, abo orpumaru cxoxi aaHi. Taka cuctema Takox Oyzie
MEHIII CTiiKoro Bix DDoS-arak — BUiB XaKepChbKUX aTak, M0 “3aCMI4yIOTh~ KOMIT FIOTEPHY CUCTEMY BEJIMKOIO Kijlb-
KICTIO 3aMUTiB, (PAaKTHIHO ONOKYIOYH JOCTYII J0 HEl IS peadbHUX KOPUCTYBAviB [2].

AHaJi3 ocTaHHIX JocaizKkeHb i myOaikanii. Ha cboroaHi y HU3I TOCHTIHKEHb ONKCaHa MPOLEaAypa TECTY-
BaHHs API, abo x 3anpornoHoBaHi HOBI i7iei Ta cucTeMH. Y ¢cTaTTi [3], MpeacTaBieHO 3apONIOHOBAHUH IHCTPYMEHT
ABTOMATHU30BaHOTO TecTyBaHHSA API, a Takok MPOBEICHO OIS JIITEPAaTypH 3 aBTOMAaTH30BaHOTO TecTyBaHHs API.
ABtopu cTarTi [4] HABOJATH CUCTEMATHYHHUNA OIS JIITeparypH, Mo’ sa3aHol 3 TectyBanHsaM API. B mporeci Oyio
3HaliIeHo Ta KiIacu(ikoBaHO Pi3HOMaHITHI MPOOIEeMH Ta pimieHHs, noB’s3aHi 3 TectyBaHHIM RESTful API (API,
o npu3HaueHi 1 Web 1 1oTpuMyIoThest HAOOpy MEBHUX CTaHAAPTIB) Ta CTBOPEHHAM MOXYNbHUX TecTiB. [ToBep-
TAIOYHCh 10 TECTYBaHHS KOMII' FOTEPHUX CHCTEM IIiJl BEJIMKUM HAaBAaHTAXXCHHSM, B CTATTi [5] ommrcaHo 0cOOIMBHIA
HiAXIA 0 TaKoro TeCTYBaHHA. ABTOPH aHAJi3yIOTh >KypHAJIM BUKOHAHHS Iporpamu (Jior-gaiinnm), mod BUSBUTU
“HOpMaJIbHY”’ MOBEAIHKY IPOTPaMH i, BIAMOBIAHO, HE3BUYHY, AHOMAJIbHY MOBEAIHKY. JlesKi aBTOPH OMUCYIOTh IIPO-
L[€C TECTYBAHHS KOHKPETHHUX NIPOTPAMHUX CUCTEM — HAIPHUKIIAJ, aBTOPU Y CBOil poOOTIi [6] 3aCTOCOBYIOTH METONO-
noriro load testing (TecTyBaHHs 3 HABAHTKCHHSAM ) IS [IEPEBIPKH MPOTrPAMHO-BH3HAYCHAX MEPEIKEBIX KOHTPOIIE-
piB (SDN). OmHak ciin 3a3HaYHUTH, IO B TOCITIIKEHHIX PIIKO 3ycTpiuaeThes TecTyBanHs APl BracHe Ha mpemmer
CTIKOCTI B yMOBaX BUCOKMX HaBaHTaXXEHb.

MeTa cTaTTi — TOCIIPKEHHS Ta PO3pO0Ka CUCTEMH TECTYBaHHS, CTBOPEHOT JIsl OIIIHKY POYKTUBHOCTI API.
B ocHoBi cuctemu nexuth Locust, IHCTpYMEHT JUIS TECTYBaHHS MPOJYKTUBHOCTI MPOTPaM 3 BiIKPUTHM MPOTrpam-
HUM KOJIOM.

BukJjan ocHoBHOro Marepiany. barato BHIIB KOMIT IOTEpPHOTO TECTYBaHHSI CTOCYIOTHCS TIEPEBIPKH OKpe-
MUX aCIHEKTiB MOBEIIHKU CUCTEMH 3a Pi3HUX yMOB. Jl0 TaKuX BHUJIB BIIHOCUTBCS MeCHmy8aHHs NPOOYKMUGHOCTI
(performance testing), T. 3B. Hasanmaoicysanvue mecmyeanns (load testing), a Takox cmpec-mecmysanns (stress
testing). Yci 1l BUAM TeCTyBaHHA € HEBil €MHHMH YaCTHMHAMH METONOJIOTIT TeCTYBaHHS MPOrpaMHOro 3abesIe-
YEHHS, OJJHAK BOHU (POKYCYIOThCS Ha plSHI/IX PIBHSIX HAaBaHTA)KEHHS CUCTEMHU.

Tecmysanns npobykmusyocml OLIHIOE POOOTY CUCTEMH 3 TOYKH 30PY MPOAYKTUBHOCTI, IIBHKOCTI BiITYKY, CTa-
OUTEHOCTI Ta MacIITa0OBaHOCTI TTiJ O‘IIKYBaHI/IM po60qI/IM HaBaHTaKCHHAM. Voro ocHOBHa MeTa — IEPEKOHATHUCS, IO
CHCTEMa BIATIOBI/IA€ 3a1aHUM KpHTepmM HpOI[}IKTI/IBHOCTl TectyBanHs HpOI[}IKTI/IBHOCTl MO)KE BUKOHYBaTHCh B yMO-
Bax, [0 OJM3BKI IO CTAHAAPTHOTO PiBHA 3aBaHTAKEHOCTI crcTeMy. OHAaK OKpeMi MITHTIH [TbOTO TECTyBAHHS — HAIIPH-
KJIaJ, HaBaHTAXKyBaJIbHE TECTYBaHHS TA CTPEC-TECTYBaHHS — (PAaKTHIHO ITEPEBAHTAKYIOTh KOMIT FOTEPHY CHCTEMY.
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Hasanmaoicysanvne mecmyganms 30CEpeKYETbCS Ha BUBUCHHI MOBEIIHKH CHUCTEMH IIiJl BIUTUBOM JESKOT
3aJIaHOi KiIJIBKOCTI OTHOYACHUX KOPHCTYBadiB, TpaH3akiii abo o0csAriB qannx. BoHO cipsiMoBaHe Ha MOJICTTIOBAHHS
PI3HOMaHITHHX CIIEHapiiB BUKOPHCTaHHS CUCTEMH, BU3HAYEHHS i peaybHOI POIYCKHOI 3AaTHOCTI Ta O0YNCIICHHS
pecypciB, SKi BUKOPUCTOBYE CHCTEMa IIiJ| NSSKMMU HaBaHTaxeHHsIMU. OCHOBHA yBara IMPUALISIETHCS PO3YMIHHIO
TOTO, SIK CUCTEMAa MOBOJUTHCS B MIKOBHX YMOBaX, 00 MEPEKOHATHCS, 0 BOHA MOXKE BIIOPATHCS 3 BHCOKHM HaBaH-
Ta)KEHHSM 03 3HAYHOTO TOTiPIICHHS IPOXYKTHBHOCTI.

Cmpec-mecmyeants BUXOAUTH 32 paMKH HaBaHTAKyBaJbHOTO TECTYyBaHHs, BUBOASYN CHCTEMY Ha MexXi il
MOYKJIMBOCTEH, ()aKTHYHO 3aJaf0uM KiJIbKICTh OJHOYACHMX 3allMTIiB, HA KWW BOHA HE po3paxoBaHa. Mera Takoro
3aBiIOMO “NIPOBAJILHOTO TECTYBaHHS — BHUSBUTHU TOYKY 3JIaMy ab0 TpaHMYHI MEXi CUCTEMH, 1 3pO3yMITH ii MOBe-
IIHKY TIpH TepeBaHTaXXeHHi. HaBaHTa)kyBaJIbHE TECTYyBaHHSI TOTTOMArae BUSBUTH BPa3IUBOCTi abo ciaadKi micts, sKi
MOXYTh IIPU3BECTH 10 30010 CHCTEMH 3a HAA3BHUYAHHNX OOCTaBHH, TAKUX SK PANTOBI CINICCKH aKTUBHOCTI KOPHC-
TyBauiB abo pecypciB. KpiM Toro, BOHO mepeBipsie, Ui cuCTeMa aIeKBaTHO pearye Ha epeBaHTAKEHHsI, HAJICKHUM
YUHOM B1THOBITIOETHCS MICHISI IEPEBaHTAKEHHS.

VY BHNAAKy HAIIOi CHUCTEMHU HAMOLIBII aKTyaJbHUMH BHIAMH TECTYBaHHS € TECTYBaHHS MPOAYKTHBHOCTI
(performance testing), a Takox HaBaHTaxyBaJbHe TecTyBaHHs (load testing). [Hak1Ie kaXkyuu, HaC IKaBUTH OLIIHIO-
BaHHS IIBUIKOCTI pOOOTH CHCTEMH B IIIJIOMY, a TAKOXK ITEPEBipKa pOOOTH CUCTEMH 3 KUTBKICTIO KOPUCTYBAiB, OJIH3b-
KOIO JIO peanbHoi. BimpmiicTs mporpaMHoro 3a0e3neyeHHs, i Hallla CUCTeMa B TOMY YHCII, TOKPUTA MOXYTEHUMHA
Tectamu (unit tests) abo iHTerpamiiHUMH TecTaMu (integration tests), 10 MEePeBipsAIOTh KOPEKTHICTh Ta aJIeKBaT-
HICTh OKPEMHUX €JIEMEHTIB CUCTEMH a00 K yciel cucTemH B 1ijioMy. OJJHaK TaKi TECTH HE MOXKYTh BCEOIYHO OIIHUTH
po0OTy cHCTEMU 3 BUCOKOKO KIJIBbKICTIO KOPHCTYBAadiB, aJKe 3a3BHUail BOHU HE Mapajelli3oBaHi 1 MpaIoloTh JIIIE
3 OJJHHM 3aruToM BogHo4ac. Lle 1 3yMoBIioe HEOOXiTHICTh PO3POOKH TECTIB 3 BENNKOIO KiTBKICTIO KOPHCTYBAYiB.

Juis po3poOKM TECTiB, MIO CTOCYIOTHCS TMPOAYKTHUBHOCTI, BHKOPHUCTOBYEThCS cepenoBuiie Locust. Lls
KOMIIT'IOTEpHA CHUCTEeMa — II€ IHCTPYMEHT ISl TECTYBaHHS NMPOIYKTUBHOCTI 3 BIAKPUTHUM BUXITHUM KOJIOM, IPH-
3HAYEHMil 11T OIiHKM MacIITaboBaHOCTI Ta MPOXYKTHBHOCTI BeO-nonatkiB i API. Horo ocHoBHa MeTa — iMiTyBaTH
Ta TeHEepPyBaTH Pi3HOMAHITHI HABAHTAXXCHHS HA CHCTEMY, 00 MPOaHai3yBaTH, sIK CHCTEMH OBOAATHCS B YMOBaX
BHCOKOTO Tpadiky Tpadiky. Ha BigmiHy Bij 6ararbox TpaauLiiiHUX IHCTPYMEHTIB HaBaHTa)KyBaJIbHOTO TECTYBaHHS,
Locust 103BoIIsIE€ CTBOPIOBATH TECTOBI CLIEHAPIT HE 32 JOIIOMOTOI0 CKJIaTHUX (haiiIiB KOH(Iryparii, a Ha OCHOBI KOIY
Ha Python, o poOUTH 1el THCTPYMEHT JIy’Ke THYYKHM 1 JIETKUM Y HaJIallTyBaHHI.

3a3BHYail HaBaHTaKyBaJbHUM TECTYBAaHHSM PEKOMEHIYETHCS MPOBOMUTH HA JIOKATBHUX a00 TECTOBHX Bep-
cisix xomn’rorepHoi API-cucremu, mo0 He HaBaHTaXYBATH peallbHYy CHUCTeMy 0e3 HaralibHOi notpebu. Ilpumy-
CTUMO, 1110 Takuid API 3anymennii Ha JIOKaJIbHIN MallliHi, TOYHiIIe, Ha XocTi localhost Ta mopTi 80 — TpamuiiitHoMy
po3TairyBaHHi 111 web-cepBepiB. HacTyrmHUM KpoKoM y TeCTyBaHHI € iHCTa roBaHHS locust, 1 TYT € JiBa CIIOCOOH:
3a gomnomorolo Pip, 3aco0y miist kepyBaHHS MOAYISIMU Ha MOBI IIporpamyBanHs Python:

pip3 install locust

A0o x 3a ornomororo Docker — minardopmu, sika CIpoILye NpoIiec KepyBaHHS Pi3HOMaHITHUMU JAOJaTKaMH,
“3amaKoByIO4M” IPOrpaMHy KOMIIOHEHTY Ta YCi il 3aJIeXKHOCT] B TaK 3BaHUN ‘“KOHTEWHep

docker pull locustio/locust

Hactymaum kpokom poGotu 3 miardopmoro Locust € po3poOka TecToBoro (aiiry, mo BH3HAYAE TOBENIHKY
KopHUCTyBayiB. Taka MOBEIIHKA BU3HAYAETHCS Y 3BUYaliHOMY Kol Python (B O1bIIOCTI CXOXKHX 3aC0O0IB TECTYBaHHS
MIPOAYKTHUBHOCTI BUKOPHCTOBY€EThCs “‘domain-specific language” — ocoOnrBa MoBa IporpaMyBaHHsI, aKTyalbHa
JUIre s poOOTH 3 KOHKPETHUM 3aco00oM). OCKUTBKH TeCTOBI (aiiu € mpoctuMu Python-¢aiinamu, mis ix pos-
POOKHM MOKHA BUKOpHCTOBYBatH Oyab-skuit 3pyunuii IDE (Visual Studio Code, PyCharm i T. 1.), a ast KOHTpOITIO
ix Bepciit — crapaapTHy cuctemy Git.

3a Bepciero gokymeHrariii Locust [8] mpukiang TectoBoro aiiry BUDIsSgae HACTYITHUM YHHOM:

import time
from locust import HttpUser, task, between
class QuickstartUser(HttpUser):
wait_time = between(1, 5)
@task
def hello_world(self):
self.client.get("/hello")
self.client.get("/world")
@task(3)
defview_items(self):
for item_id in range(10):
self.client.get(f"/item?id={item_id}", name="/item")
time.sleep(1)
def on_start(self):
self.client.post("/login", json={"username":"foo", "password":"bar"})
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Sk 6aunMo, TecTOBUI (ailn € 3BUYaifHUM CKpillTOM Ha MOBi IporpamyBaHHs Python. Tomy BiH MOXe BHKO-
PHCTOBYBaTH JOBUTBHUM KOJ 3 Oymb-SKMX MOIYJIIB, 30BHIIIHIX a00 BOyIOBaHUX — HampHKIaz, 0i0mioTeky time.
Knac QuickstartUser € moxigaum Big HttpUser, i 11e Bka3ye Ha Te, 110 BiH 3narHui Haacunatu HTTP-3amut no API
a00 Oynb-sKOi 1HIIIOT KOMIT TOTEPHOI CUCTEMH, SIKY TIOTPiOHO MPOTECTyBATH.

Psanok wait_time = between(l1, 5) Bkazye Ha Te, IO IHTEPBAJ MK 3alIUTaMU, SIKI HAJICUJIa€ CUCTEMa, O0Upa-
€ThCS TIOBUTBHUM YHHOM B Jiara3oHi Bif 1 10 5 cexyHa. (Ile pakTHaHO cHMYIISIIisS IOBEMIHKH pealbHUX KOPUCTYBa-
4iB. 3a3BWYail B IPOMIXKKY MIX PI3HUMH 3alATAMH BOHH JICSIKUH Yac MeperIsaaoTh OTpUMaHy HUMH iH(OpMaIIifo,
a HE MMOCTIHHO HAaBaHTAXYIOTh CHCTeMY.) MeTon on_start BUKIHKAETHCS TPU CTBOPEHHI KOYKHOTO BipTYaJbHOTO
KOpHUCTyBa4a. A METOIH 3 aHOTaIli€l0 (@task — e TPOrPaMHUI KOJI, SIKUH 3aIyCKAeThCs y TaK 3BAHOMY “TPiHIIETi”.
I'pinteT — 1e 3aci6 acHHXpOHHOTO MporpamyBanHs B Python, 1o 103Bosisie BOAHOYAC BUKOHYBATH BEIHKY KUTbKICTh
3aBaaHb B nporpamHoMy koi [9]. Takum unHOM, Y npukiani 3 gokymenTanii Locust nBa 3aBnanns: hello world,
110 HaJICUJIA€ JIBa CTaTHYHI 3allUTH B KiHLIEB1 TOUKU hello 1 world, Ta view _items, KWl HaJICUIIa€ AECITH 3aMTIB
B KiHIIEBY TOYKY item 3 pi3HOMaHITHUMU 3HAYCHHSAMU apameTpy item_id.

[Iponenypa BUKOHAHHS TeCTOBOTO (hailiy HacTymHa: Locust CTBOPIOE AEAKy KiJbKIiCTh BIpTyaIbHUX KOPUCTY-
BaUiB, SIKA 3a3HAYAETHCS B NMPOIECi BUKOHAHHSA. [|JIs1 KOKHOTO KOpPHCTyBaya CHepIly BUKIMKAETHCS METOX on_start,
a TOTIM BHIAQJKOBHM YHHOM BHKJIMKAIOTHCSI ONHCAaHI HaAMM 3aBHaHHs, hello world abo view items. B anorarmii
METONy View_items (irypye uancio 3 — 1e 03Havae, 1o TakKuid METOJl BUOMPATUMETHCS BTPHUUI YacTillle, HiK 3a3BH-
gaid. [Iporpama 3aBepirye poOOTY, KOJIH BOHA BPYYHY 3YIHHSETHCS KOPHCTYBadeM, ajic MOXKHA 3aJaTH i aBTOMa-
TAYHHNA KPUTEPIid 111 1i 3yNUHKH — HAIPUKJIIal, MaKCHMaJIbHY KUTBbKICTh 3alTUTIB 400 MaKCHMaJIBHUN 9ac poOOTH.
[Ipuxnan komaHay, MO 3anyckae Locust, HACTYHHMIA:

locust -f test.py --host localhost:80 --users 50 --spawn-rate 1 --headless -t 30m

[Napamerpu 1iei KOMaHAM PO3MUPPOBYIOTHCS TAKUM YHHOM:

e -ftest.py — pO3TalIyBaHHs TeCTOBOTO (aiiimy MoBoio Python, 1o BH3HaYae MOBENIHKY IPOTPaMH B LILJIOMY.

e -—-host localhost:80 — micue po3raiyBanas API, sxuit Tectyetsest Locust.

e —-users 50 — KUNBKICTh BipTyaJbHUX KOPUCTYBadiB, SKHX CTBOpUTH Locust. B maHoMy BUmanky Takux
kopuctyBadiB 50. To6to BogHouac 50; 1eit npouec, sik Oy10 3rajlaHO paHillle, OPraHi30BYEThCS 3a AOIOMOIOI0 TaK
3BaHUX “TPIHNETIB”.

e --spawn-rate | — IIBUKICTh CTBOPEHHS KOpHCTyBauiB. Locust mounHae 3 HyIs1, a MOTIM J107ja€ KOPUCTYBa-
YiB 31 MIBHJIKICTIO, SIKa 3AJICXKHUTH BiJl spawn-rate. YUcIo-3Ha4eHHS NapaMeTpy — KiTbKICTh HOBUX KOPHCTYBadiB, 110
CTBOPIOIOTHCS IIOCEKYHIH.

--headless — mapameTp o3Hayae, MO MPAIIOE B PSKUMI KOHCOIBHOTO JIOAATKy, a He web-iaTepdeiicy. Lle
JIyXKe 3pYYHO Y BUITAJIKY, SIKIIO MMOTPiOHO aBTOMaTu3yBatu poboty Locust, OCKIIBKH 32 3aMOBYYBaHHSM HOTO HEOO-
X1JTHO 3aITyCKaTH BPYYHY, 3 BHKOPHCTAHHAM CIICIiaJbHOTO CalTYy.

e -¢ 30m — xpuTepiil Ui 3aBepIIeHAS POOOTH MporpaMu. B manoMy BUIIaaKy t BKa3ye Ha Te, IO [eil KpuTe-
piii — vac (time), a 30m — Ha H#oro TpuBaicTh, 30 XBUIIHH.

Yy BHIIA/IKy NIPUKIIA]Y JOKyMeHTalli1, Locust 3aBx Iy BUKIIMKAE OITHI 1 Ti cami KiHNeBi Touku APL: hello, world, item
3 PI3HOMAHITHUMU meﬂmq)lKaTopaMH Ta login Ha TI0YaTKy POOOTH KOXKHOTO KOpHCTyBaya. Ane 3ycTpiuaroThCsl BUTIAAKY,
KOITH ITOTPIOHO [TOBTOPIOBATH CaME Ti 3AIMTH, SIKi BAKOPHUCTOBYIOTH PeasibHi KOPUCTYBadi — i B LbOMY BHIIAJIKy TaKHi
TIIX1 He JisSTAME, OCKUTBKH B 3aITUTIB OyBaroTh Pi3Hi Bapiallil Ta HU3Ka MOXKJIMBHX IIapameTpiB. B TakoMy Bumaaky mu
MOXKEMO BHKOPHCTATH METOJ BifOOpY 3pa3KiB, 00 TouHime mporecTyBaTu API, BUKOPHCTOBYIOHMH 3pa3Ku pealbHUX
3aIuTiB KOpHCTyBaviB. Hexali HU3Ka 3amuTIB BiJl KOPUCTYBAYiB — TOYHIIIC KaXKydH, TOUHI aipech KIHIEBUX TOYOK, 11O
SIKAX BOHHM 3BEpTAITUCh — 3i0paHi y daiti sample.csv. Toxi Python-daiin moxxe OyTr BUIO3MIHEHHI TAKUM YHHOM:

from locust_plugins.csvreader import CSVReader
from locust import HttpUser, task, between
class CSVUser(HttpUser):
wait_time = between(1, 5)
csv_reader = CSVReader(“sample.csv”)
@task
def advance_through_csv(self):
next_url = next(csv_reader)
self.client.get(str(next_url[0]))
def on_start(self):
self.client.post("/login", json={"username":"foo", "password":"bar"})

VY mpomy mpukiani Locust He 3BepTaTHMEThCS 10 CTATHYHUX KiHIIEBUX TOYOK, a 34uTyBaruMme aaHi 3 CSV-
(hairy. TakiM YHMHOM, TECTYBAIBHUKHA MOXYTh JIOBUTBHAM YHHOM 3MIHIOBATH KiHIIEBI TOUKH, SIKI TECTYE 3aci0, 6e3
Oyab-KO1 3MiHH TECTOBOTO (paiiiTy, IO € 3pyYHHUM B YMOBax HemnepepuBHoi iHTerpanii (Continuous Integration).

[ics 3aBepireHAs POOOTH OUSBHITHIM HACTYITHHM KPOKOM € aHalli3 OTPUMaHUX Pe3yNbTaTiB. I IOT0 BHKO-
PHUCTOBYETBCS MapaMeTp IiJT HA3BOO CSV. Y BHIAJKY 3aIaHH IIbOTO MapaMeTpy 3 ACIKAM 3HAYCHHSIM — HAIIPUKIIA],
--csv=sample — micis 3aBepiieHHs podotu Locust cTBoputh uotupu Qaiinu: sample stats.csv, sample_failures.
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csv, sample_exceptions.csv Ta sample_stats_history.csv. Bmict niepiioro ¢aiiny — cTaTUCTHKA MIONO PE3yNbTaTiB
TECTIB Ha MPOJYKTUBHICTh: KUTBKICTh YCIX 3aIMTIB, HEBJAINX 3allUTiB, CTATUCTHYHI JaHi 1010 TPUBAJIOCTI 3aIHTIB
tomo. Jlpyruii Ta TpeTiit ¢aiii CTOCYIOThCS HEBIAIMX 3alUTIB a00 X BHHATKIB Yy camomy Locust. A octaHHiH
(haiiir — icTOpisl CTATUCTHKY, sIKa BKa3y€ Ha Te, SIK PI3HOMAaHITHI CTATUCTHYHI JIaHI 3MIHIOKOTBCS B TIporieci podboTn
nporpami [10]. Okpemi cTaTUCTHYHI JaHi MO)KHA BHOKPEMHTH Ta 30eperTH, 3uuTyroun psaku CSV-gaiiny. Bin mic-
TUTHME JIaHi, III0 CTOCYIOThCS KOXKHOI KiHIIeBOi Touku API, a Takoxk s ychoro TecTy B Lijiomy. Hampukian, dain
sample_stats.csv MOXXJIMBO pO3MH(PYBATH TAKAM YHHOM:

with open("sample_stats.csv”, "r") as sample_stats:
last _line = sample_stats.readlines()[-1].split(",")
total requests = final line[2]
failed request = final line[3]
median_runtime = final _line[4]
average_runtime = final _line[5]
minimum_runtime = final_line[6]
maximum_runtime = final_line[7]
requests_per_second = final_line[9]

B noganemomy naHi, oTpuMaHi TakKMM YWHOM, MOXKHA MPEACTABUTH KiHLIEBOMY KOPHCTYBAa4eBl y 3pY4HO
0 OpMIICHOMY BUIIISAII:

Performance tests complete! Result summany:

* Total requests: 1000

+ Total failures: 18

* Min response time: 7.26 ms

* Max response time: 128567.45 ms
s Average response time: 1928.64 ms
+ Median response time: 250,00 ms
* Requests per second. 2.61

Puc. 1. [Ipuxiiag moganHs pe3yabTaTiB pOOOTH TECTIB MPOAYKTHBHOCTI Ha 0cHOBI Locust.

Kpim pobotu B pexxumi koHcoumi, Locust 103Bossie MpalioBaTy 3a IOMOMOIOI0 BidyaJbHOro iHTepdelicy. 3a
3aMOBUYBaHHAM Iiei iHTepdelic € akTUBHUM 1 po3MilleHnid 3a aapecoro localhost:8089, ane agpecy MoxkHa 3Mi-
HUTH, a iHTepdeiic — BiIKITIOUUTH.

Start new load test

Number of users

https:/flocalhost. 80/

Run time

30m

Puc. 2. [Ipuxnax BizyansHOTO iHTEpdEcy 3aco0y st TecTyBaHHA Locust. Y mboMy MpHUKITaji BAKOPUCTOBYIOTHCS
TicaMi IapaMeTpH, 110 BUILE ONMCAHI B KOMAHTHOMY PSIZIKY.
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OxkpiM HaJlaHHSI MOXKIIMBOCTI KOHTPOJIIO mapaMmeTpiB mporpamu Locust, web-iHTepdeiic 103Bos€ Bi3yallbHO
IIPOaHaNi3yBaTH POOOTY CHCTEMHU B PEKHMI peanbHoro yacy. Y BKmaaui “I'padikn” MoxHA MOOAUUTH HU3KY ITOKA3-
HUKIB: KUIBKICTb 3alIUTIB Ha OJIHY CEKYH]Y, CEpPEAHil uac BiITyKy, a TAKOX KiNbKICTh BIpTyaIbHUX KOPUCTYBAiB.

Puc. 3. Ilpuknanu rpadikis Locust. TyT BepxHiii rpagik — cepeaHiii yac BiATYKY 3aIUTIB,
a HYDKHIHM — KiJIBKICTB BIpTyalbHUX KOPUCTYBadiB. SIk 6auMMo, BOHA MOYMHAETHCS 3 HYJIS 1 3 4aCOM
JHIAHO 30UTBITY€ETHCS, TOKH HE TOCATHE MAKCUMYMY.

BucHoBKkH. Y cTarTi mpeacraBieHa po3poOKa CHCTEMH, CTBOPEHOI IS OLIHKH npoxykTuBHOCTI API, Ha
ocHOBI iHCTpyMeHTY Locust. Onrcano MoximuBocTi Locust, mpukinaad poOOTH HaJ TECTOBUMH (paliiaMu MOBOIO
Python, Ta KoMaHH, 110 HECTAHIAPTHUM YHHOM 3MIHIOIOTH ITOBEIIHKY CHCTEMH B HijoMy. OTpuMaHi B pe3yibTari
TaKOTO JIOCII/PKEHHSI JIaHi CIIPUSIOTH PO3YMIHHIO 1, B IOJIATBIIIOMY, TIOKPAIEHHIO IKoCcTi pobotn API, mpomnonyroun
[iHHI pEeKOMEHIAIi] M0JI0 ONTUMI3allil MPOAYKTUBHOCTI MPOTPaMH Ta BUSIBIEHHs “By3bKuX Micip” (bottlenecks)
y IMIPOTPaMHOMY KOIi.
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HNUPPOBIBAIIA KOMIPIOTEPHUX CUCTEM HA OCHOBI HITYYHOI'O IHTEJIEKTY

Y ecmammi nposedeno ananiz po3sumxy cyuacHux mexnonoeiil wmyuHozo inmenexkmy. Illpoananizosano oCHOBHI cyyacHi
piwenns yughposizayii komn 1omepHux cucmem. JJ0CTi0NCeHO KIHOU08I PodiemM po36UmMKY 0aHOI KOHYenyii ma wisaxu ix eupi-
WeHHS, OOHUM 3 AKUX € MEeXHON02iA Yupposoi IMYHHOT cucmemu, HaBedeHO nepedyMosu ii UHUKHEHHS MA CYYACHUL CIAH.
Hocniooceno 63a€M038 I3KU OCHOBHUX XAPAKMEPUCIUK CYUACHUX piulenb yugposizayii. Ilpoananizosano nepesazu, sxi 0ae
BUKOPUCIAHHA PTUIEeHb HA OCHOBI WIMYYHO20 IHMENEKMy pU GUPIUEHHT WIUPOKO20 CHEKMPA 3a60aHb, WO BUHUKAIOMY 8 Dedilb-
Homy orcummi. [Ipedcmagieno meopemuuny ocHo8y 05l AHANIZY peKOMeHOayill w000 3abe3neyents Kibepbesnexku KpumuuHux
IH(Opacmpykmyp Ha OCHOGE WIMYUHOO THMELEKMY.

3pobaeno po3pobxy piwenna no asmomamuuromy ananizy LOG ¢haiinie na ocHO8I winy4noeo inmenexkmy 3 6UKOPUCTIAH-
HAM XMapHoi niameopmu Azure ma inmepdeticy kopucmyeaua Airflow.

Lmyunuil inmenexm ma yugposizayis Komn 10mepHux cucmem — 081 MexXHON02IT, AKI MAroms 8elUKULL HOmMeHyian, 00U0si
BaICe WIUPOKO BUKOpUCmosyiomubca. [loeOnannsa wimyuno2o inmenexny ma yugposizayii Komn 1omepHUX Cucmem € AKmyanrbHuM,
MOMY W0 Modice Oymu Cnocobom ananizy HedoniKie y 3acmocy8anti npoyecia i mexHonoziil.

KitrouoBi cnoBa: wimyunuil inmenexm, yughposizayis, Komn 1omepHa iHjicenepis, Kibepbesnexa ingpacmpyxkmyp.

Popereshnyak S. V., Vecherkovskaya A. S. Digitization of computer systems based on artificial intelligence

The article investigated the use of artificial intelligence technology. It was determined that for the technology of artificial
intelligence and machine learning there is no development of the role of people in the coexistence and use of the capabilities of
the system of artificial intelligence and machine learning. We mean the systemic point of view of the interdependence of man and
system. However, soon there will be a large number of systems using artificial intelligence technologies to help us with medical
treatment, provide reliable transportation and support us in decision-making.

It is obvious that the opportunities provided by modern technologies of artificial intelligence and machine learning have
both their advantages and disadvantages. It has been investigated that the main advantages of systems with artificial intelli-
gence support are: the possibility of dynamism of the learning process and adaptation, the potential of compatibility, which
significantly affects the learning process. The disadvantages include the following: the main problem of artificial intelligence
technology is that there is currently no generally accepted approach to implementation.

The article analyzes the development of modern artificial intelligence technologies. The main modern solutions for digitali-
zation of computer systems are analyzed. The key problems of the development of this concept and ways to solve them are studied,
one of which is the technology of the digital immune system, the prerequisites for its emergence and the current state are given. The
interrelationships of the main characteristics of modern digitalization solutions have been studied. The advantages of using solu-
tions based on artificial intelligence in solving a wide range of tasks that arise in real life are analyzed. The theoretical basis for
the analysis of recommendations for ensuring cyber security of critical infrastructures based on artificial intelligence is presented.

A solution was developed for automatic analysis of LOG files based on Al using the Azure cloud platform and the Airflow
user interface.

Artificial intelligence and digitization of computer systems are two technologies that have great potential, both are already
widely used. The combination of artificial intelligence and digitization of computer systems is relevant, because it can be a way
to analyze shortcomings in the application of processes and technologies.

Key words: artificial intelligence, digitalization, computer engineering, cyber security of infrastructures.
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IocTranoBka npodaemu. KoM’ toTepHa iHxeHepis nepexunae 1uppoBy TpaHchopmartiro. Ll eBomronist mpu-
3BeJIE 10 MOAANBIIUX TPAHC(OPMALIIHHUX JOCSTHEHb Y BUKOPUCTAHH] TEXHOJIOT1H IITYYHOTO iHTEEKTY Ta MAIIHHHOTO
HaBYaHHSI 715 aBTOMAaTH3alli{ 0ararb0X pyTHHHHX 1H)KEHEPHHUX 3aBaHb. BomHouac 3aCTOCYBaHHS ITYYHOTO 1HTENIEKTY,
MAIIMHHOTO HaBYaHHS Ta aBTOHOMII JIO CKJIQJHHUX 1 KPUTHYHHUX CHCTEM 3a0XOUy€ HOBI METOAH, MPOLIECH Ta IHCTPY-
MEHTH KOMIT IOTepHO] irkeHepii. Bxpaii BaxmBo, o0 MpaliBHAKA TIHOOKO PO3YMLUTHA HOBI TEXHOJIOTII Ta IPHHIIUIIN
IITYYHOTO 1HTEIEKTy Ta MAIIMHHOTO HABYAHHS, BKIFOYAIU iX Y METOAW Ta IHCTPYMEHTH TaKUM YHMHOM, IOO TOKpa-
IIUTH JUCIMILTIHY KOMIT FOTEpPHOT IH)XEHEii, 1 rapaHTyBaJIH, 10 BiIMOBIIHI MTiIXOIH CHCTEMHOT iHKeHepii BUKOPHCTO-
BYIOThCS IS TOTO, 00 3pOOUTH CUCTEMH INTYYIHOTO IHTEIEKTY ETHYHUMH Ta HaIIHHUMH, HA/IIHHO Ta Oe3IeuHO.

VY kareropii po0040i criH Ta KyJIBTYpH 0arato iHXeHepiB MOXOASTh 3 (pyHIaMEHTATbHUX TUCIHILIIH 1HXe-
Hepii Ta He MAalOTh JIESKUX OCHOB iH(OPMATHKH, SKi KePYIOTh C(EpOr0 AUCIMILTIH MTYyYHOTo iHTenekTy. Creria-
JICTH KOMIT IOTEPHOI iHXKeHepii MoTpeOyIoTh MOAANBIIOT0 PO3BUTKY 0a30BUX MU(POBUX 1HKEHEPHIX KOMIETEHIIN
y po3po0Iii Ta iHXeHepii mporpaMHoro 3a0e3neyeHHs, iHKeHepii JaHUX Ta M0B’A3aHUX 1HPOPMAIIHHIX TEXHOJIO-
risx. CHCTeMH IITYYHOTO iHTEJNEKTY Ta MAllIMHHOTO HABYaHHS CTBOPIOIOTHCS B IIUX TPHOX TUCIMIITIHAPHUX 0OJac-
Tax. [IpoTe koMIT'ToTepHa iHXKeHepish MOXKe CTBOPUTU MII[HY OCHOBY B MUKIMCLHIUTIHAPHUX MiAXOAaX 10 CIHiJb-
HOTH HITYYHOTO 1HTENEKTy. 3 4acoM IHCTPYMEHTH PO3POOKH IITYYHOTO IHTEJNEKTY BKJIIOYaTUMYTh abcTpakuii Ta
IIa0JIOHU TIPOEKTYBAHH, SIKi 3pOOJIATE TEXHOJIOTIF0 OLTBII TOCTYITHOIO ISl IMUPOKOTO KOJa IHKEHEPIB, MOKpAIITy-
FOUM MDKIHUCITUIUTIHAPHE PO3YMIiHHS Ta BUKOPHCTAHHS TEXHOJIOTIi. YiTKOIO MPOOIeMOI0 PO3BHTKY poO0UOi CHIH
€ IHTerpallis ITYYHOTO IHTEJIIEKTY 3 CHCTEMHOIO 1H)KEHEPIEI0 Ta IHTErPAIli€r0 JTFOJICHKUX CHCTEM — Habararo OiibIie
MPEJICTaBICHHs KOTHITUBHUX HAayK 1 KOTHITUBHOI iIHXKEHepil B HA0Opi AUCITUILIIH KOMIT FOTepHOT iHxeHepii. Crierri-
aJIbHI CHCTEMOTEXHIYHI BUMOTH, TaKi sk Oe3I1eKa Ta Ha liiHICTh, TOBUHHI BUHTH Ha niepiui miiad. Hosi miaxonu 10
TECTyBaHHS Ta OIIHIOBAHHS JIJIl HABYAHHS Ta ajanTallii 3Ha4HO BIUTMHYThH HA I JUCIIUTUTIHH.

AHaJi3 ocTaHHIX gocaigxeHb i myOaikauii. OHIEO 3 TOTOBHUX 1 BAXKIMBHX MPOOJIEM TSl peatizallii mep-
cnektus LLII/MH e Te, 1m0 Hapa3i He iCHy€e 3aralbHOBU3HAHOTO MiIXOMy /10 peaisaiii, OCKiIbKH HabaraTo OiubIia
yacTKa peaisalliif, peani3oBaHUX Ha CbOTO/IHI, € By3bKOcCTeLiani3oBaHuMH [1]; € i iHII BUKIIMKH, 1 1010 HUX iICHY€
Oararo aymok [2]. Po3misgHeMo nesiki 3 BaXJIMBUX MUTaHb, MOB’S3aHUX 3 PO3YMIHHSAM IOTOYHOTO CTaHy CIpaB,
1 TOTO, 1110 MOYHA 3pOOUTH, 100 JOCITTH MEBHOTO MPOTPECY B METO/IAX KOMIT IOTepHOI iHkeHepii. OnuH 3 onsiiiB
OyB 3iiicHeHn# y [3], Ie po3mIsAmaNocs MUTaHHS MO0 HAIEKHOTO PiBHS BKIIOYECHHS KOMIT IOTEPHOI IHXKEHepil sK
(hyHKIIT THIY OpraHi3ailii, ska BUKOHY€E POOOTY, 1, 30KpeMa, 1010 opranizarii Tuimy R&D. MoxHa cTBepIKyBaTH,
0 TaKa CyBOPICTh B HAyKOBO-AOCIIHUX OpraHi3allisiX 4acTo HE € BHUIPABIAHOI a00 HEIOCSKHOI, OCOOIUBO
TaM, Jie HeMa€ BIIEBHEHOCTI, UM 3MO)KE HOBA TEXHOJIOTIS JIOCATTH KITFOUOBHX Iijiel edektuBHOCTI. B [4], BU3Ha-
YCHO TPH PiBHI KOMIT IOTEPHO]T iH)KEHEPil AT M ATPUMKH IPaBIIIBHOTO PO3Mipy CHCTEMHOT iHKEHEPHOT TiSUTBHOCTI:
HehopmanbHuil, HamiBpopManbHuii 1 popmanpauid. B [5] mepexonaHi, mo po3podka BUMOT ISl CHCTEM MaITHHHOTO
HaBYaHHS € 0COOIMBUM 3aB/SIKH iHIIIH apaanTMi, ska BUKOPUCTOBYETHCS IS pO3POOKH PillleHb HAa OCHOBI JJAHUX.
BoHu aHanizyroTh BIJIMB MAIIMHHOTO HABYAHHS HA PO3POOKY BHMOT, ONMCYIOYH BILJIMB HA BHUSBICHHS BUMOT, aHa-
i3, cnenudikalio Ta nepeBipky Ta Bajigauito. [ToniOHuM YrHOM [6] PO3pOOMIIN €KBIBAJIEHTHY OLIHKY 33 IIUMH
caMUMH BUMIpaMH JJI BUKJIMKIB pO3POOKH BUMOT y BUMAJKy CHUCTEM LITYYHOIO 1HTEJEKTy. BOHH pexomeHnay-
IOTh OPIEHTOBaHMH Ha IUTb MiAXiA IO PO3POOKH BHMOT, SIKMI HAMAraeThCsl BPiBHOBAKUTH HETOYHICTH (hOPMYITIO-
BaHHS METH 3 TOYHICTIO crienuQikamnii BUMOr. J0naTkoBi TOKYMEHTH, CIIPSIMOBaHI Ha pO3pOOKY BHMOT, CTOCYIOTHCS
BH3HAYCHHS MTPABOBOI Ta €THYHOI €(PEKTHBHOCTI CHCTEM IITYYHOTO 1HTENIEKTY Ta MAITMHHOTO HaBUaHHA [7]. Takum
YHHOM, 11 BOXJIMBI aCIIEKTH KOMIT IOTEpHOT 1HXKEHEPIl 3aJIUIIAl0ThCS Ha CTa lii BUBYCHHS.

V¥ crarri [8], 00roBOpIOIOTECS Pi3HI MPOOIEMH MO0 TEXHIYHOT 3a00pTOBaHOCTI, TIOB’A3aH1 3 PO3POOKOIO MPO-
IPaMHOTO 3a0€3MeYeHHSI INTYIHOTO iIHTEIEKTy Ta MAIIMHHOTO HaBdaHHS. [TyOmikanis [9] ¢pokycyeThCst Ha meperiko-
Jlax IMiIX0/Ty JI0 OIiHIOBAaHHS, OPI€EHTOBAHOTO HA 3/{I0HOCTI, KOJIM CHCTEMA XapaKTePH3YEThCSI CBOIMU KOTHITUBHUMH
3MI0HOCTSMH, a HE 3aBJIaHHSAMHU, JUIsl BUPIIIEHHS SIKUX BOHA IIPU3HAYEHA.

Sk 6aunMo, I1i JOCTIKEHHS HE BPaXOBYIOTh IIOBHICTIO TEXHI4HI Ta TEXHOJOTTUHI MOXIIUBOCTI LU poBizamii
KOMIT IOTEPHUX CHCTEM, TOMY AOCTIIKEHHS 100 BUKOPUCTAHHS IUTYYHOTO 1HTEJNEKTY Ta MAlIMHHOTO HaBYaHHS
B raily3i KOMIT I0TEpHO] iHXeHepil MoTpeOyroTh O1IbII IITHOOKOTO MiIXO0MY.

Merta cTaTTi: BU3HAYCHHS MIEPCICKTUB Ta MOTEHIIIHHIX ITepeBar BUKOPHCTAHHS TEXHOJOT1H ITYIHOTO iHTe-
JIEKTY 1 M IBUTIICHHS €()eKTUBHOCTI KOMIT FOTEPHOT 1HXKEeHepil.

Bukian ocHoBHOro Marepiaay mociimkenns. Jocmigaunbka paga SERC po3poOuna HopoxHIO KapTy
IUTSL CTPYKTYPYBaHHS Ta KEpiBHUIITBA TOCIIHKCHHIMH IITYYHOTO IHTEJICKTY Ta aBTOHOMHOCTI. L{s1 mopoxHs Kapra
Oyna onricana B [10] i mpencTaBieHui Ha HU3I (OpYMiB, BKIIOUaroun oOuABI cucteMHi aucruruiiay [11], [12] ta
JUCIHILTIH mTy4YHOTO iHTenekTy [13]. Crnenianbuuii ceminap «SE4AI/AI4SEy, cioncopoBanuii SERC ta apmieto
CILA, me 6inble BAOCKOHAIHUB JOPOXKHIO KapTy. [ToyaTtkoBa Bepcis Oyna mpeacrapieHa Ha KoH(pepeHIii Acomiarrii
3 po3BUTKY mTyuHOro inTenexry (APIII) Bocenu 2020 poky, a motodHa Bepcis Oyne omyomikoBaHa B 2021 pouwi
B noci6Huky INCOSE Al mis daxisuis 3 KI. L 1opoxHs kapTa MyOIiKyeTbCsl 3 METOIO MOB’S3aTU JTUCLUILTIHY
KOMIT IOTEpPHOI 1H)KeHepii 3 pi3sHUMHU TEHACHLISIMHU B IITYYHOMY 1HTEJIEKTi Ta HOro 3acTOCYBaHHAM JIJIsl aBTOMATH-
3ariii cuctem. Lleit 38’5130k Hala€ThCs SIK 3aciO 1711 0OTOBOPEHHSI MOXKIIMBOI €BOJIIOIIIT TEXHOJIOTIH MTYYHOTO 1HTE-
JIEKTY Ta MallTHHHOTO HaBYAaHHSI, aBTOHOMIT Ta AUCIMIDTIHA KOMII IOTepHOI iHKeHepil 3 uacoM. PucyHok 1 300paxye
MIOTOYHY YMOBHY JOPOXKHIO KapTy.
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Puc. 1. Hopoxus kapra SERC AI4SE ta SE4AI

Po3miisiHeMO eBOIOIII0 TEXHOJIOTIT MITYYHOTO 1HTENEKTY s U(POBOT KOMIT I0TEpHOT iHXKEHEepii.

udposa imxeHepis € 0CHOBOIO AJISI HEPIINX TPHOX BEKTOPIiB JOPOXKHBO1 KapTH. I1ix yac imkeHepHOTO MOJIe-
JIIOBaHHS Ta aHali3y Oyze 310paHo OibIlle OCHOBHUX JAaHWX, BOHU CTaHyTh HaBYAJLHUMH JaHUMH IJISI IPOTPaM
MAaIIMHHOTO HABYAHHS.

€ KiJbKa MMOTOYHUX AOCATHEHb y UG POBii imkeHepii, moB’s3anux 3 AI4SE [10]:

1. TakcoHOMIT Ta OHTOJIOTIT IHCTPYMEHTIB 1 IOMEHIB — IH)KEHEPH1 Ta MpOorpamMHi 1JaHi OTPUMAIOTh B3aEMOJIIIO
3aBISIKH OHTOJIOTisSIM, Opi€HTOBaHMM Ha JoMeH. ['padoBi 6a3u JaHUX AJIS MOB’SI3aHUX TAHUX CTAIOTH BCE OLTBIN
MOMITHUMH B 1IHCTPYMEHTaX CHUCTEMHOI iH)KeHepii Ha OCHOBI Mojeneld. TakcOHOMIT € BilIPaBHOIO TOYKOK IS
moOyTOBH OHTOJIOTIH, IO 3pEIITOI0 a€ 3MOTy oOIpyHTOBYBarH 0a30Bi naHi Ha ocHoBi IIII. Ie#i mporpec € TpaH-
chopmarriitHoro iHPpacTpykTyporo B AI4SE.

2. IaTerparnis JaHUX MiX MiANMPUEMCTBAMH — OCHOBHOKO METOIO IH(POBOT iHXKEHEpii € aBTOPUTETHE JDKe-
peno MpaBAMBUX JTAHMX, SKi JISKaTh B OCHOBI PI3HUX il 3 po3poOKM Ta yHpaBIiHHS IPOrpaMaMH B CKJIQJHUX
imKeHepHuX cucTeMax. OCKUTBKH IPOrpaMy Ta iHXCHEPHO-KOHCTPYKTOPCHKA AisTIbHICTH OOMIHIOIOTHCS TaHHMU,
HiANPUEMCTBA CTBOPIOBATUMYTH BEJIMKI HAOOpH JAaHUX IS IepeAadi 3HaHb i TOBTOPHOTO BUKOPUCTAHHS B Pi3HUX
nporpamax i npoexrax. Lli naHi 6yayTh HOCTYIHI Ui aBTOMATH3allii MOIIYKy, TOOYIOBU/TICPEBIPKU MOJIEIi Ta IPH-
WHATTS pillIeHb.

3. CemaHTH4HI IpaBUIIa B IH)KEHEPHUX IHCTPYMEHTAaX — 3aCHOBaHI Ha ITPE/ICTABIEHHAX 3HaHb, TAKUX K OHTO-
JIOTi1, CEeMaHTUYHI TpaBmia 3a0e3neyars OCHOBY IS MipKyBaHb (3a qornomororo 1111) mono moBHOTH Ta y3romke-
HOCTI iIHXXCHEPHHUX MOJICIICH.

4. ludposa nongiiina aproMmarm3amis (Digital Twin Automation) — po3po0JeHi CUCTEMH MiATPUMYyBaTH-
MYThCS IBIHHUKaMU — TIOBHICTIO THHAMIYHUMH BIpTyaJlbHUMH KOIISIMH CHUCTEM, CTBOPESHHMH 3 TUX CAMHX MOJIe-
TIeH, 110 ¥ peanbHi CUCTEMH, 1 TPAIIOIOTh MapalieibHO 3 PI3UYHUMU cucTeMamu. J{aHi mpo qu3aiiH i 30ipKy cuctemMu
OHOBJIIOBATUMYTHCS 3 TUX CaMHX KaHAJIB JaHUX, 0 1 iXHI peanbHi aHanory. el auHaMidHMI TpoLiec CTBOPIOE
MOYaTKOBY iH(QPaACTPYKTYpy AJIsl CIUTLHOTO HABYAHHS JIFOJMHU Ta MAIIHHU.

Po3po0ka pilieHHs1 10 ABTOMAaTHYHOMY aHAJi3y log ¢aiiyliB Ha OCHOBI IITYYHOrO iHTE1EKTY

PinreHHst Ha OCHOBI IITYYHOTO 1HTENIEKTY 10 aBTOMarn4yHoMy aHaiizy LOG ¢aitniB HOBUHHO:

— MaKCHMaJIbHO aBTOMATH3yBaTH aHaJIi3 JOTiB;

— 00poOisaTH yci moaii y HaJaHOMY KOHTEKCTI aHai3y;

— OyTH IPO30pUM IS JIIOOMHU (aHATITHKA);

— Mard MOXJIUBICTh aanTyBaTHCS IO IEBHUX HANAIITYBaHb MepeXi (TEXHOJOTii, TOMONOTil Mepexi Ta
1HIIIC);

— 1, 3BHYAIHO, CAMOBOCKOHATIOBATHUCSL.
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Sk pesynbTar 1e pimeHHs 3a0e3mneuye Jerkicte aHanizy LOG ¢aiimiB 1 ckopodye 4ac i JHOACHKI 3yCHILIS.
ABTOMaTn4HO po3naxoBye naketu LOG ¢aiiniB i BUTATYE 3 HUX ONEPEIHBO BU3HAYEH] M1a0I0HH B Tabnuii. 36epi-
rae Bci gani LOG ¢aiiniB Ta Tabnauii Ha HeHTpani3oBaHiii abo Ha xMapHiil ratgopmi. CucreMa ycye HeClpaBHOCTI
Ha OCHOBI MPABIJI i MAITMHHOTO HABYAHHSI.

PimeHHs 3acToCOBYyEe MacmITabOBaHy apXiTEKTypy Ha OCHOBI MIKPOCEPBICIB Ta XMapHI TEXHOJOTIi Ha 0a3i
Kubernetes Ta Geloud Composer.

s xepyBaHHS pOOOYNMH TIPOIIECaMH 31 CKIaIHUMHE 3aBJaHHSIMH, aHaJi3y MOMUIIOK 3aBIaHb, TOBTOPHIUMH
crpo0aMu Ta 3aJISKHOCTIMH 33 IsTHHN Ay>Ke TIOTYKHHUI iHCTpyMeHT — Apache Airflow [14].

s aBromarnanoro ananizy LOG ¢daiiniB Tpeba BUKOHYBaTH BEJIMUYE3HY KUTbKICTh KOPOTKHX 3alUTIB. Yci 1Tl
3aIUTH TIPOTITOM TOIUHH MaroTh OyTH 3aBEpIIeHi, IIePII HiXK MOXKHA OyJie 3aIryCTUTH HACTYITHY TOAMHY. STk Hacoi-
JIOK, IOTPiOHO CTEXXUTH 32 YCHIIIHICTIO Y HEBJAYCO 3aIUTiB.

B Tabmuui 1 HaBezeHi AaHI IO MaKCUMAaJIbHIN KUTBKOCTI KOPUCTYBaYiB Ta BKa3zaHa MaKCHMalbHa KiJIbKICTh
00pOOTIeHHX MAaKeTiB KOKHUM KOPHCTYBaveM.

e neco 2400 06pobieHnx nakeTiB 3a roguHy. Beaxaemo, mo tpeba 3amyctuty 1000 3anuTiB 3a MEHIIE HiX
15 xBuuH, 06 Oyno KocTaTHBEO Oydepa Al MOBTOPHUX HEBIAIHX 3aIUTIB.

V pilleHHi 3aCTOCOBYIOTHCS HACTYITHI MO aHAIi3y.

1. Yacmommna modens: HEHOPMATBHY MTOBEAIHKY MOJKHA BU3HAYUTH SIK 3HAUYHE BiIXHICHHS YaCTOTH TPHBOTH
BiJl cepeTHbOT0 (HAPUKIIA, TPOCTOr0 a00 EKCIIOHEHIIIAIBHOT0) 3a IOTIOMOTOK0 CTAaHIaPTHOTO MOPOTY BiIXHIICHHS
abo BepxHbOT Mexi IQR.

2. Mooens 3ampumKu ouunieHHA: BABYCHHS 3BUYAHOI 3aTPUMKH OYHIICHHS KOXKHOTO aBapiifHOTO CHTHAITY
Ta BCTAHOBJICHHS ITOPOTOBOTO 3HaueHHS. O4YiKyeThcs HEHOpMaJlbHA MOBE/IIHKA, SKIIO 3aTPUMKa CKaCyBaHHS TpPH-
BOTH TIEPEBUIILYE BCTAHOBJICHUN TOPIT.

3. Modens npasun acoyiayii: BUBYCHHS OCITIJOBHOCTEH TPUBOT, SIKi 3aBXK/AU 3 ABJISIOTHCS Pa30M Iepe] iHi-
LiFOBaHHSM 1HIIUJEHTY TPUBOTH.

4. Texcmoea mooens: BUBUECHH: TOTO, 110 TOBUHHO/HE OBUHHO OyTH B neBHOMY LOG ¢aitni komn totepa 3a
nonomororo miaxoniB LSTM i BOynoByBanHs ciiB (To0To HewacTuid TekecT y LOG daiinax BBaXkaeTbcss HCHOPMab-
HUM).

5. Mooens nomunkoeoi agapii: BUBUCHHS TOTO, 0 Mac OyTH/HE Mae OyTH B TICBHOMY (aiiiIi )KypHaITy aBapiit
3a JOMOMOTOI0 TIXOMIB JIOTICTHYHOI perpecii Ta BOYJOBYBaHHS CIiB (TOOTO HEYACTHI TEKCT y (aiiax »KypHaIy
aBapiil BBAXKAETHCSI HEHOPMAIILHIM).

Ta6mmis 1
Bxinni nani nust pospaxyHnkis pecypciB xmapHoi miargopmu Azure
Jlokanis Ne 1 Jlokamist Ne 2 Jlokanis Ne 3
MaxkcuManbHa KiTbKICTh KOPHCTYBadiB 3a TOIH- 20 15 20
HY
CepenHsi KUTBKICT KOPUCTYBaYiB 3a TOJMHY 8 8 8
O6pobieHo HaK'eTiB.KopI/ICTyBa'{eM 3a TOIUHY, 120 120 120
MaKCHUMaJIbHA KUIBKICTb
O6po6ner ngKeTiB KOPHCTYBa4eM 3a TOJMHY, 3 3 3
cepenHs KiTbKICTh
Posuip naxera (extracted), 1.2GB 1.2GB 1.2GB
MaKciMaJIbHUH
Po3wmip makera (extracted), cepenniit 450MB 450MB 450MB

3poOuMoO po3paxyHKH pecypciB XMapHOi TuargopMu Azure 3 BUKOPHCTaHHS iHTepdelicy KopucTyBada
Airflow, siki Tpe6a 3a1isTH 151 pilICHHS HAa OCHOBI IITYYHOTO 1HTEJIEKTY 0 aBTOMaTHYHOMY aHaiizy LOG ¢aitnis.

Tabmuns 2 1e neperik 0e3KOIITOBHUX PECypCiB Uil BUKOHAHHS OHOTO 3aBIaHHs (00poOKa OHOTO MaKeTy
OyAb-KOTO PO3MIpy).

Tabmaurs 2
be3komToBHI pecypcH 1Jisi BHKOHAHHS OTHOTO 3aBIaHHSI
Po3mip nakera 0-200 MB 201-400 MB 401-600 MB =601 MB

Driver core 5 5 5 8
EXEC core 4 4 5 7
EXEC Bumor 3 4 6 6
Spark cluster /

Hlistory Server 2 2 2 2
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3aranbHa kinbkicte EXEC core (7C,,, ) Taka:
TCEXEC = NEXEC X CEXEC’ (1)
ne N xpe — 1€ kinekicts EXEC Bumor, a C xpe — 1€ kinpkicTh EXEC core, nuBuch 3HadeHHs 3 Ta0mui 2.
3aranbHuii 06’ em nam ‘sti (T, ) 3a12€ThCS SK:
TMEM = (4 X NDRIVE+ 4 X TCEXEC )’ (2)
e N, —ue KiTpKicTh Driver core, [UBHUCH 3Ha4eHHd 3 Taomuiu 4.2.
3aranpHa KiabKicTh core (7C) Taka:
TC = (CDrive + TC,,. + SO), 3)

ne SC — e xinbkicte Spark cluster / History Server, nuBuch 3HavuenHs 3 Tabmumi 2.

Bukonytoun piBastHHES (1), (2) Ta (3), OTpUMy€eMO 3arajibHy KUIBKICTh pecypciB I 0OpoOKH HakeTy Oyib-

sikoro po3mipy (Tabnuus 3).

Tabnuus 3
3arajbHi pecypcu Aj1s 00poOKH NaKeTy 0yIb-AKOr0 po3Mipy
Po3mip nakera 0-200 MB 201-400 MB 401-600 MB >601 MB
Total EXEC core 12 16 30 42
Total Memory 68 84 140 200
Total core 19 23 37 52
B Tabnuyi 4 npusedeni dani po3nodiny nakemis no posmipam, siKi 00UH KOpucmyeay oopooue 3a 200Umy.
Tabnus 4
KinbkicTh naketiB 00po06/ieHUX KOPUCTYBa4eM 32 TOAHMHY
Po3mip nakera 0-200 MB 201-400 MB 401-600 MB > 601 MB
OO6po0ieHo makeTiB KOPHCTyBAuCM 3a 37 37 37 9
TOJIMHY, MAKCHMaJIbHa KUIBKICTh
OO0po0IIeHO MaKeTIB KOPUCTYBauEM 3a 3 5 > 1
TONIUHY, CEPEIHs KUIBKICTh
3araybHa KiIbKICTh core 1ist ofHoro kopucrysada (7C, ) Taka:
TCUSER = (PMAX x TC)' (4)
abo
TCUSER = (PAVR X TC) (5)
ne P, — e MaKkCUMallbHa KiJIBKICTh TAKETiB 0OPOOJIEHNX KOPUCTYBAaY€eEM 3a TOMHY, a P, — 1€ cepenHs

KIUJIBKICTb MaKeTiB 00POOIEHUX KOPUCTYBaueM 3a TOJUHY, AUBUCH 3HaYEeHHS 3 Tabmui 4.
Buxonsauu 3 piBHsAHB (4) Ta (5), MO)kKHa OOYUCIIUTH 3arajbHy KUIBKICTh cOre JUIsl OMHOTO KOPHUCTyBaua s
00pOOKU MaKeTIB yCiX pO3MipiB.

Tabmuus 5
3arajibHa KiJIbKICTh core Il OTHOT0 KOPUCTYBa4ya
Po3mip nmakera 0-200 MB 201-400 MB 401-600 MB >601 MB
HJ’IS[ M-aKCI/IMaJ'l])H()l KIJIBKOCT1 703 851 1369 468
IMaKeTIB 3a FOIII/IHy
Jost cf:pezmbm KiJIbKOCTI 57 46 74 52
IMaKeTIB 3a FOHﬂHy
3aranbHa KiIbKICTh core 11 KoxkHoi nokanii (7C, ) Taka:
TCLOC= NUSERMAX X ZMAX TCUSER (6)
abo
TCLOC = NUSERAVR X ZAVR TCUSER (7)
1€ N g p1iiy — 1€ MAKCUMAJIbHA KUTBKICTh KOPHCTYBaviB 3a IO/MHY, a N, — 1€ CepeHs KUTbKICTh KOPHC-

USE

TyBadiB 3a TOIMHY, TUBUCH 3HaUeHHS 3 Tabmui 1.

USERAVR
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Buxonsun 3 piBHsHB (6) Ta (7), MOKHA OOUMCIIUTH 3arajibHy KiIBKICTh cOTe JIJIS KOXKHOT JIOKAITii.

Tabnuis 6
3arajibHa KiJILKICTEH core a5l KOKHOI JIOKAIIl
Jlokamisg Ne 1 Jlokamis Ne 2 Jlokamisg Ne 3
Jlst MaKCUMaITbHOT KIJTBKOCTI KOPHC- 67820 50865 67820

TyBadi 3a TOANHY

Jns CepeHbOi KibKOCTI 1832 1832 1832
KOPHCTYBayl 3a TOAUHY

Takum 4uHOM, 3p00OIEHO PO3POOKY pillleHHs 0 aBTOMaTHYHOMY aHaizy LOG ¢aiiniB Ha OCHOBI IITy4HOTO
1HTENEeKTY 3 BUKOPUCTAaHHAM XMapHoi miatdopmu Azure Ta iHTepdeiicy kopuctyBaya Airflow.

BucHOBKH 3 JaHOIO JOCJTiIKeHHS i MepcneKTUBH MOAAJIbIIUX PO3BIIOK y JaHOMY Hampsami. Y naHiit
CTaTTi OyI0 MOCHTIPKEHO TEXHOJIOTII TYYHOTO 1HTENeKTy. BH3HaYeHO, 0 MOKK-IIIO TSI TEXHOJIOTIT IITYYHOTO iHTe-
JIEKTY Ta MAallMHHOTO HaBYaHHS BIJCYTHI pO3pOOKH POJIi JIFOAEH Yy CIiBICHYBaHHI Ta BUKOPUCTaHHI MOXKIHBOCTEH
CHCTEMH IITYYHOTO IHTENEKTY Ta MAIIMHHOTO HABYAHHS, TYT MAETHCS Ha YBa3i CHCTEMHA TOYKa 30py B3a€MO3aJICK-
HOCTI JIFOJIMHU Ta CUCTeMH. AJie He3abapoM Oyjie 3ajlisiHa BEIUKa KiJIbKICTh CUCTEM, SIKi JIOTIOMOXKYTh HaM 3 MeZHd-
HUM JIIKyBaHHSIM, 3MOXKYTh 3a0€3IIEUUTH HATiiHE TPAHCTIOPTYBAHHS Ta IiATPUMATH HAC ITiJ] Yac PUHHATTS PillicHb.

OueBUIHO, 10 MOXKIIMBOCTI, SIKi JAIOTh CY9acHI TEXHOJIOTIi IITyYHOTO 1HTENEKTy Ta MAIIMHHOTO HAaBYaHHS,
MAIOTh SIK CBOI IT€peBary, Tak i HeIOMIKH.

JocmimkeHo, o 0OCHOBHUMH MepeBaraMy CUCTEM 3 MiATPUMKOIO IITYYHOTO IHTEJIEKTY €: MOXKJIMBICTh JIMHA-
Mi3My MpoLIeCy HaBUYaHHS Ta aJamTallib, IOTeHIiaJl CyMiCHOCTI, 110 3HAYHO BIUIMBAE Ha MPOIIEC HaBYaHHS.

Jo HemomikiB MOXKHA BiJHECTHM HACTYyMHE: OCHOBHA MpoOJieMa TEXHOJIOTIi IITYYHOTO 1HTENEKTY MOJISrae
B TOMY, 1110 Hapa3i HeMae€ 3arajlbHONPUIHATOTO MiAXOAY 0 peai3aii.

[IpoanaizoBaHo, IO TEXHOIOTII INTYYHOTO IHTEIIEKTY Ta MAITHHHOTO HABYaHHS OYIyTh MPOIOBKYBATH PO3-
BHBAaTHCS Ta BIOCKOHAIOBATHCS JUIS MIATPUMKH O1IbIIOT KITBKOCTI (DYHKIIIN Ta pO3IIUPEHHS cep BILUIUBY.

3pobiieHo po3poOKy pilieHHsS 1Mo aBToMarnyHoMmy anaiizy LOG ¢aiiiB Ha OCHOBI INTYYHOTO IHTEJIEKTY
3 BUKOPHCTaHHIM XMapHOI uiatgopmu Azure Ta iHTepdeiicy kopuctyBada Airflow. IIpore mepeBaror BUKOpH-
CTaHHS TEXHOJIOTII IITYYHOTO IHTEJIEKTY € MOXIJIUBICTh 00’ €THATH TIOTYKHICTh KUIBKOX KITFOUOBHX 111eH, 1100 J0T0-
MOTTH KepyBaTH Jie/lalli CKIQJIHIIIAMHA CUCTEMaMH 3 IMiITPUMKOIO IITYYHOTO iHTEIEKTY.

OKpecieHo, 10 B3a€MO3B’SI30K IITYYHOTO iHTEJIEKTY 3 JIFOACTBOM POOUTH CBIT OiNBII iHTETPOBAHUM Ta Ma€
Bce OiNBbINNIT BIUTUB HA KOXKHY YaCTHHY HAIIIOTO XKHUTTSI, TIOYMHAIOYH BiJl MAIIMHHOTO HABYAHHSI 10 PO3YMHOTO MOHi-
TOPHUHTY 3JI0POB’Sl Ta HABKOJHUIIHBOTO CEPeI0BUILA.
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TEOPAJIIOJTOKAIIVMHI ACHEKTH BE3NEKA MPUITOBEPXHEBUX OB'EKTIB
KPUTUYHOI IH®GPACTPYKTYPH

3nayna wacmuna Haa6HoOi mexrHocepu coyiymy Hanexcums 00 00'€kmie Kpumuyroi ingpacmpykmypu, axi 30008'13aHi
3aCmMoco8ysamu Cy4acHi cucmemu besnexu ma Kibepoesnexu 3 HOMeHYIUHO 8UCOKUM pigHeM ix peanizayii. ¥ cmammi npedcmag-
JIeHO Mamepian, npucesyenuil 2e0padionoKayiliHuM MOJICTUBOCISM NPUNOBEPXHEGOT 0ideHOCIUKY 3eMTT 3 O3UYIl 3a0e3neyenHs
Oe3nexu niozemnux inyceneprux cnopyo. O0Hax, npu 3abesnevenni makoi bes3nexu 3acobamu ceopadionokayii, CK1aoHo no36y-
MUCS BUCOKO20 PIBHS HEOOHOZHAUHOCTI THMepnpemayii 00epicysanux OaHux npo ubUHKI He0OHOPIOHOCHI. 3azHayeHo, o,
HABIMb 3a ANPIOPHO HUZBKO2O 3A0AH020 Pi6H 00CHOBIPHOCHI Pe3yTbmantie 00CIIONCEHb, W0 NPOBOOAMbCA 3acobamit 2eopadi-
onoxayii, 6o y coiii binbuiocmi Maioms AKICHULL Xapakmep yepe3 cladky nepeddauysanicms 2emepoenHo20 Xapaxkmepy npu-
NOBEPXHEUX Wapie 3emui. Y 36'43Ky 3 uuM, 3 NO3UYItl MOOETI0BAHHA 2iINOMEMUYHUX 8UMIPIOBAHD, HACAMNEPE) U000 NPUIMATL-
HO-NepedasanbHo20 PynopHO20 AHMEHHO20 DNOKY, BUKOPUCIAHO NISHABANLHY MEMOOUKY «HOpHO20 Awjukay. Opienmylouucs Ha
Pexomenoayii MCE-R (cepis P, [lowiupenns padioxsuins) wjo0o eneKmpuyHux XapaKmepuchuky 3eMHOI nOBepXHi, 3anponoHo-
BAHO 3AMIHUMU NAPAMEMPU PEATbHO2O Cepeiosuwd Ha 1020 e(heKMUBHI 3HaueH s, ane 8dice 07 0OHOPIOHO20 TpyHmY. Biono-
8i0HO 00 4020 86e0€HO IMNEOAHCHI NApaMempU eneKMPULHUX XAPAKIMEPUCTIUK TDYHATY MA PO32NAHYMO ACHEKMU Y3200iCeHH
AHMEHHOT cucmemu i3 30H008AHUM CepedosUIeM 30 eeKmuBHUMU 3HAUEHHAMU 1020 (TPYHMY) eNeKMPUYHUX XAPaAKmepucmux,
peanizayis AKux 3a0e3neyye nioguuerHs UMOBIPHICHO20 PigHs 0iGeHOCIMUKI WAPYBAMO-He0OHOPiOHOT 3eMHOl nosepxHi. Bukia-
OeHi acnexmu npunogepxnegoi diacnocmuxu 3emii 3a 0ONOMO2010 eLeKMPOMACHIMHO20 2MUOUHHO20 iT 30HOYBAHHSA 3i 3MIH-
HUM HAOOPOM «TiH3 NPOSICHEHOT ONMUKIY, WO OPIEHMOBAHI HA YCHiluHe 8UABLEHHS TOKATbHUX HEOOHOPIOHOCHEl, CRPUSIOMD
peanizayii NO3UMUSHOT meHIeHyii NiOBUWeHHS Pe3YTbMAMUBHOCTIT 8 NPOYeCt PO36'a3aHHA 2e0MI3UUHUX 300ay PO3NIZHABAHHSL
0eMAcKy8anbHUX napamempia 06'exmis 0ocniodcents, nepui 3a 6ce 3i cghepu 2eopo3gioxu. IIpu yvomy, cmpimko po3eusaroyucy,
CYUACHI eKcnepuMenmanbHi Memoou, cnocoou ma nPUCMpoi, 6KII0UHO 3 MeOPEMUUHUMY PO3POOKAMUY, Yoice NPUMyI iOiiuiIu
00 yeniuHol peanizayii He iuue 2e0Qi3UYHUX 3a0a4 2IUOUHHO20 PO3NIZHABAHHS 3 BUCOKUM PigHeM 00CHOBIPHOCHI, a Ul 00 3a0ay
2eopadaproi npomeneeoi momozpagii.

KirowoBi ciioBa: eeopadionokayis, dienekmpuyna RpOHUKHICMb, X6ULbOGULL ONIP, NPOCEIMII08AIbHA CIPYKITYPA, DYROPHA
aHmena, iMneoancHe y32004CeHHs.

Tarasenko Yu. S., Savchenko Iu. V. Georadar aspects of security of near-surface critical infrastructure facilities

A significant part of the existing technosphere of the society refers to critical infrastructure objects, which are obliged
to apply modern security and cybersecurity systems with a potentially high level of their realization. The article presents the
material devoted to the georadiolocation capabilities of near-surface ground diagnostics from the position of ensuring the safety
of underground engineering structures. However, when ensuring such safety by means of georadiolocation, it is difficult to get
rid of the high level of ambiguity of interpretation of the obtained data on deep inhomogeneities. It is noted that, even at a priori
low level of reliability of the results of conducted studies by means of georadiolocation, they are mostly of qualitative nature
due to poor predictability of the heterogeneous nature of the near-surface layers of the earth. In this connection, from the point
of view of modelling hypothetical measurements, first of all concerning the receiving and transmitting horn antenna unit, the
cognitive method of “black box” was used. Being oriented on ITU-R Recommendations (series P, Radio Wave Propagation)
concerning electrical characteristics of the earth surface, it is proposed to replace the parameters of the real environment by its
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effective values, but for homogeneous soil. In accordance with what impedance parameters of electrical characteristics of the
soil are introduced and aspects of matching the antenna system with the probed medium by effective values of its (soil) electrical
characteristics are considered, the implementation of which provides an increase in the probabilistic level of diagnostics of the
layered inhomogeneous earth surface. The described aspects of the near-surface diagnostics of the Earth by means of electro-
magnetic deep sounding with a variable set of “lenses of clarified optics”, which are focused on the successful detection of local
inhomogeneities, contribute to the realization of a positive trend of increasing the efficiency in the process of solving geophysical
problems of recognizing the demasking parameters of research objects, primarily in the field of geological exploration. At the
same time, rapidly developing, modern experimental methods, techniques and devices, including theoretical developments, have
already come close to the successful implementation of not only geophysical problems of deep recognition with a high level of
reliability, but also the problems of GPR radar tomography.

Key words: georadiolocation, dielectric permittivity, wave impedance, illumination structure, horn antenna, impedance
matching.

Beryn i moctanoBka npo6jemu. Hapasi, y cBiTii TeHISHIIIT KUTTEAISTBHOCTI Cy4acHOTO COIiyMY Y BHITIS
IparHeHHs 10 00'eHAHHS Ta NMPOXKUBAHHS Ha BHUCOKOYypOaHi30BaHUX TepuTopisx [1, 2], HaxiifHa excrutyaTamis
CYIIyTHBOI iM TeXHOC(EepH BHMarae CTBOPIOBATH BIAMOBIAHI cUCTeMHU Oe3neku Ta kKibepOesneku miogo 00'e€KTiB
kputnuHoi iHppacTpyktypu (OKI) [3, 4], cepen skux Ha 0COOMUBY yBary 3aciyroByIOTh 00'€KTH MPUIIOBEPXHEBOT
(rmuOMHHOT) JToKami3alii HasBHUX MiA3EMHUX KOMYHIKAI[iil y BUIJISAAI ra30MPOBO/IiB, BOJAOTOHIB, HAPTONPOBOIIB Ta
KabelbHUX MaricTpayiei, a TakoX 1HINUX MiI3eMHUX CIOPY/, BU3HAYAKOUW MICISI BUTOKY PiJIMHU, PUXOBaHI KOH-
CTPYKTHBHI MiJI3¢MHI IOPOKHUHH, HE3aKOHHI BPi3KU B HASBHUX 1HKCHEPHHUX MEPEKax, 3CyBHI NPOIECH, PIBESHb Ta
00'eM I'PYHTOBHX BOJI TOIIIO.]I.

BifnoBiiHO 10 METOMOJIOTIYHOTO MPHUHIIMITY IMi3HAHHS, B OCHOBI SIKOTO NMPHUHHSITO TEOPIIO pamioHAILHOT
JUSUTBHOCT1 JUIS JOCATHEHHSI TIOCTaBJICHOT METH, CKOPHUCTAEMOCS €IeMEHTAaMH KOMIUICKCYBAHHS: MEmOOUYHUMU
3 pagiodizuku Ta reoizuky (BUKOPUCTOBYIOUYH HAITPAIFOBAHHS 3 Tally3i paaionokaiiii, 1e(heKToCcKomii Ta mia3eMHO1
€JIeKTPOPO3BiakH) [5, 6, 7]); mixcoucyunninaprumu (CIMparOYUCh HA HAYKOBi daHi merpodizuku, HBY enexrpo-
JUHAMIKH, reoiH(opManiifHUX CUCTEM Ta TEXHOJIOTiH); pisHopieHesumu (AUCTAHILINHO-KOCMIYHUMH Ta MOBITpPS-
HO-TIPUIIOBEpXHEBUMHU ). [Ipnuomy OakaHuil piBeHb alipiopHOT JOCTOBIPHOCTI €NIEKTPOPO3BIAKU 3eMHOT KOpH 3a0€3-
MeYyI0Th 3A€0UIBIIOr0 3aBISKU IMiJIBUIICHHIO MOTY>KHOCT1 30HIyBaJbHOIO CHUTHAJY, clloco0aM HOro CTBOpPEHHS
IUISIXOM 3MIHH HECYYOl YacTOTH, BHIY MOMYJALIi, TPHBAIOCTI BILTHBY Ta METOJIB ONTUMAIBFHOTO HAKOTIMYCHHS.
Tak, Ha HOCTII/IHOMy CprMl 1 Ha iH(QPaHU3BKUX YACTOTaX peaii3amis NTMOWHHOTO PO3pi3y MOXKIMBA Bill COTEHBb
IO IECATKIB KlJ'IOMeTplB a Ha yacToTrax IOoHAaL rlrarepu (IT'T = 10° T'y) — o caHTHMeTplB 1 mimimMetpie. Kpim
TOTO, Yepe3 PI3HOMAaHITTS BUKOPUCTOBYBAHUX IOJIB, IXHIX YaCTOTHO-9ACOBUX CIIEKTPIB (HU3HKOYACTOTHOTO, BHCO-
KOYaCTOTHOTO, HAIBUCOKOYACTOTHOT0), €JICKTPOMATHITHIX BJIACTHBOCTEH TE€ONOTITHOTO CePEOBHUINA, EIEKTPOPO3-
Biai (Ha BIAMIHY BT IHITUX Te0(i3WIHUX CIIOCO0IB) MpUTaMaHHe OLIbII HiXK 50 METOIB AOCIIIKSHHS, B OCHOBI
iH(pOpMaIIHHUX JDKEpEN SKUX JIeXKATh, K NMPaBUIIO, MONSApU3alliiHi, IHAYKIIHHI, IMIEIaHCHI, TEOTIEKTPOXIMIvHI,
6ioreo¢>i3Hqu TapaMeTpH Ta XapaKTepPUCTHKH [6, c. 40—41]. IIpu oMy, B KOHTEKCTI 3a0€3MeUeHHsI Oe3MEKH ITi-
36MHUX 1H)XKEHEPHHUX CHOPY/, AOIIIBHO BUKOPHUCTOBYBATH reopajiapHy MPOMEHEBY ToMorpadiro. B ocHOBI ii pea-
Jizalii 3akiIaieHo JOCATHEHHs aKTUBHOI, ITACHBHOI Ta HENHIHHOI paaiofoKaliid OMMKHBOTO eNeKTPOMarHiTHOTO
OJISl B3a€MOJIT 3 NMTMOMHHUME 00'€KTaMu, a METOAMKA OTPUMAaHHA Ta 00pOoOKH JaHHX Yy Takiid Tomorpadii 3amo3u-
yeHa i3 ceficMopo3Binku [8]. O4eBHIHO, IO BUKOPUCTOBYIOUH KiJIbKA LIMKJIIiB BUMIPIOBaHb 32 PI3HUX BiACTaHEH Mix
JDKEPEJIOM BHITPOMIHIOBAHHS 1 IPHHMadeM BTOPHHHOTO BUIIPOMIHIOBAHHSI, BAAETHCS 3HU3HUTH, 2 HAWJACTIIIE HABITh
030y THCSI HEOTHO3HAYHOCTI IHTEpIIpeTallii OepKyBaHUX TAHHX, IKa TaK XapaKTepHa uId reopamionokarii. [Ipote,
3a MIBUJIKICTIO OTpUMaHHSA iH(opMallii Mpo IHOMHHKUN Po3pi3, 3a TPYIOBUTPATAMH 1, BIAMOBIAHO, BAPTICTIO POOIT,
reopajiojokailiiiia Tomorpadis, Mo BUKOPUCTOBYE CHTHAN, SIKUH MPOXOAMTH, 3 METOI OTPUMAaHHS KUTbKICHUX
€JIEKTPOMATHITHUX XapaKTEPUCTUK Y KOXKHIH TOYIII JTOCIIKYBAaHOTO IIPOCTOPY, BUIIEPEKAE TeOPI3UTHI METONIH 13
CEHCMOPO3BIJIKH, TPaBIPO3BIIKH, AaepHOI Teo(i3uKHu Ta iHIKX, (i3UYHA OCHOBA SIKHX HE MAa€ KOPEJISIIi 3 MPHPO-
JIOIO TIOJIiB, BAKOPHUCTOBYBAaHUX y reopajionokaiii. Came 3a KUTbKICHOIO OIIIHKOIO 3Ha4€Hb IIBUKOCTI TOIIHPEHHS
CJICKTPOMArHITHUX XBHJIb, K ITPABUIIO, 1 BAAETHCS BUSBUTHU TaK 3BaHi aHOMAJIbHI 30HM 1 HaBiTh (IsI KOHKPETHOTO
3aJ]aHOTO, SIK MPABWJIO, HU3BKOTO PiBHS JAOCTOBIPHOCTI) BU3HAUUTH BOJIOTICTh IIApiB Ta 00'€M MOPOXKHUH, XOua
iH(popMallig PO BHYTPILIHIO OyJIOBY CEpPEIOBHIIA, SIKE JIOKYEThCS, B OLIBIIOCTI BUMA/KIB 3aJIUIIAETHCS AKICHOIO
[9], 1 ue 31e011b1IOTO Yepe3 TeTepOreHHUI XapaKTep MOBEIIHKU AOCTIIKYBaHUX (IPUIOBEPXHEBUX) MIAPiB 3eMJTi.

Amnajni3 ocTaHHixX gocaimkedsb i mydsikamiid. 3riqHo 3 [10], «emekTpoMarHiTHUH BIATYK re0ocepeaoBHIa Ha
30BHIIIHI €HEPreTHYHI BIUIMBW» HacaMIIepe]] 3aJIeKUTh Bil HOro (reocepeIoBHUINa) BIaCTHBOCTEH, «SIKi TOCI 3aJIH-
[IAI0THCS HEAOCTATHHO OCMHUCICHUMH 200 BimoMUMI». /sl Cy9acHOI reoeNeKTPOANHAMIKY TeTEPOTCHHUX Cepel-
OBWIII, <TICJICKTPHUYHA CIIPUAHATIUBICTh SAKAX IIAMOPSIKOBYETHCS APIOHO-CTYIMHYACTAM 3aKOHAM Y ITUPOKOMY
Jliarma3oHi 4acToT», BIACTHBAa 0araTOacleKTHICTh MPOOJIEM TEOPETUYHOIO Ta EKCIIEPHUMEHTAIBHOTO XapakTepy.
30KpeMa, y3araJpHIOI0UH 0araTopiuHi eKCIIepUMEeHTANBHI JOCTIKEHHS, «CTaBCs IIEPEJIoM Y pO3yMiHHI BU3HAYAIb-
HUX BJIACTUBOCTEU Te0CEePEOBHUIIIA K BIIKPUTOI HEPIBHOBAKHOT TUCUTIATUBHOI JMHAMIYHOT CHCTEMU, HEMHIHHOT,
aKTMBHO{, EHEPTeTUYHO HACHUCHO], 3 Oe3MepepBHO MiHIUBIMU HapaMeTpaMI, JIe «MOTOPOM» YCi€l reoquHaMiKU
«€ TEIUIOBUH MOTIK 13 3eMHMX HaJpP, 3yMOBIEHUI! 1 Au(y3i€ro JeTKuX rasis (BoaeHs, remii)» [10].
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VY 3B'SI3Ky 3 BUKJIAJACHUM, aKIICHTYIOUH yBary Ha alpiopHy CYMyTHIO CKIaHICTh MTOOYJOBU €JIEKTPOIUHAMIY-
HO1 MOJIeJTi 3 BUBYEHHS 6arato(hakTOpHOTo BILTMBY BHYTPIIIHIX 1 30BHIIIHIX (30HAyBaJIbHUX ) MOTIB HA 30CEPEAKEHI
(;moxainpH1) ab0 po3mojiieHi 00'€eKTH B MPUIIOBEPXHEBOMY I'€OCEPEIOBHUII, HI)KYE BUKIIAJACHO acleKkTH (Tepil 3a
BC€, Y YaCTUHI IpUKUMaNbHO-TIEpPEeIaBaIbHOTO aHTEHHOTO 0JI0Ka) reopaionoKaliiiHOro BUSBICHHS [NIMOUMHHUX HEO-
JTHOpITHOCTEH Ha Tii (Y MacHBi) T€TEPOTCHHOI CTPYKTYPH 3 TO3UIIIA MOAETIOBAHHS MMOTEHIIHHUX TIMOTETHYHIX
BHMIpiB, BUKOPUCTBYIOYH ITi3HABATBHY METOMUKY «4OpHOI CKpHHEKI» (UC). YpasnuBicTh TaKOi METOTUKH LIITTKOM
OYEBHJIHA, TTPOTE ii PETPOCIIEKTHRA MO3UTHBHOI PE3yIBFTAaTUBHOCTI, HAliIMOBIPHIIlEe, Ja€ 3MOTY BUKOPHCTOBYBAaTH
JIaHy METOJVKY SIK «IIPOOHY KYJIO», SIK IHCTPYMEHT Mi3HAHHS IS JTOCHIHKEHHS €JICKTPOMArHITHOTO BIATYKY Bij
30Cepe/KEHO HEOAHOPITHOCTI, HANIPHUKIIA y BHIVISAI KOHCTPYKTHBHHX ITIJI3€MHUX TOPOXKHEY. Y TakoMy pasi,
3aCTOCOBYIOYH aIpiOpHO HANPAIbOBAHMIA PaJIioIoKaIli HHII «apceHa 3 €(PEeKTHBHHUX ITOBEPXOHB (TIOPTPETIB) BTO-
PUHHHX 3pa3KoBUX (KaJiOpoBaHUX) BUIIPOMIHIOBAYIB, 3'sBISETHCS I0JATKOBA MOXJIMBICTh iHTEpIpETAIlil XapaKTe-
puctuk reochepu (abo ii T0KkaTbPHUX HEOJHOPIMHOCTEH SIK TOATKOBOTO JKepena-00'ekTa iHpopmallii) 3 mo3uiiit il
JIoKarlii Ta 0e3M0cepeAHbOT0 PO3Mi3HABAHHS BIACTUBOCTEH (DOHY BiJf F€TEPOTeHHOI CTPYKTYPH.

ITo cyTi, «<40pHOI0 CKPUHBKOIO» MOXE OyTH OyIb-sikuil 00'€KT, mpoiec abo (i3udHe SBUIIE, BIACTHBOCTI
YH peaklilo AKX BUBYAIOTH 32 Pe3y/bTaTaMM 30BHILIHIX BIUIMBIB Ha Takuil YC, He Marouu 3MOTH 0e31ocepeIHbo
JOCIITUTH WOTO BHYTpilIHIO cTpykTypy [11]. Tak, Ijis BCTAaHOBJICHHS 3aKOHY (DYHKI[IOHYBaHHS CHCTEMHU OYyib-
SIKOTO CTYTICHS CKJIAIHOCTI MOXKYTh BHKOPHUCTOBYBATH KiOCpHETHYHHN METOHA «YOPHOI CKPHHBKMY», MO 00'€THY€
YOTUPH MOJICIII ONKCY CHCTEMH, a caMe: BXOJIiB, BUXO/IIB, MEXKI Ta 30BHINIHKOTO cepenopuia [12]. Tomy, Hacam-
nepes, y Mipy noaadi (ysSBHOI a00 peasibHOT) pi3HUX THIIIB BILIMBIB 31 3SMIHHUMH NTapaMeTpaMH Ha BX1JIHUW KaHa
UYC nparHyTh BUSIBUTH HOTO PEAKIlil0 Ha BUXITHOMY KaHaJIi JJisi KOHKpeTHOro (npoOHoro) BruuBy. Llel mporec
3aBEJICHO HA3MBATH EKCIICPIMEHTOM HaJ «I0PHOI0 CKPHHBKOIO». SIKIO BAAETHCS 3AIMCHUTH PO3Mi3HABAHHS KOH-
KPETHUX BUMIB BIUIMBY HA BiANOBIAHICTH MIX ampiOpHUMM CTaHAMHU «BXOIY» Ta alOCTEPIOPHUMHU «BUXOIY»
«YOPHOT CKPHUHBKMU», TO, SIK PABHUJIO, BBOAATH NeBHI (inbTpoBi oOMmexxeHHd 11 (UC) ¢yHKIioHyBaHHSA. 30KpeMa,
y mpoleci po3B's3aHHS 3a/1a4i TeopaaiooKaifHOTO po3Mi3HABaHHS, HANPUKIIAL, KOHCTPYKTUBHUX MiA3EMHUX
MOPOKHUH y T€TEPOr€HHOMY CEpelOBHIli, 3a3BUYail CIIOYAaTKy YTOUHIOIOTH MEXKi MOXKJIUBOI MOBEIIHKU IIBU-
KOCT1 MOLIMPEHHS eIeKTPOMArHiTHOI XBWJII 30HIYBaHHsS B 3aCTOCOBYBaHIl XBUJIEBIAHOBIIOBAJIbHIA CTPYKTYDI,
sIKa, 3a3BHYai, 00'€JHY€E Yy MOBITPSIHOMY IPOCTOPI MPUAMAIIFHO-TIEpEIaBAIbHY aHTEHHY CHCTEMY Ta 00'€KT BHUSIB-
JICHHS, IKAW JIOKYETHCSI, Y IPUIIOBEPXHEBIN miBcdepi 3emiti. [Ipu 1iboMy 0€3MmiICTaBHUM MPEICTABIATA a00 po3-
ME)KOBYBATH CEHCMOAKyCTUUHY, TEIUIOBY, €IEKTPOMATHITHY Ta iHIIII KOMIOHEHTH SIK BJIACHOTO, TaK 1 BTOPHHHOTO
BHITPOMIHIOBAaHHS BiJl ()OHOBOTO T€OCEPEOBHINA, ke 3 Mo3ulid YC MOIiNBHO OTOTOXHIOBATH 3 SKHMOCH 1HTE-
rpanbHAM (€(EeKTHBHUM) €JIEKTPOMArHITHUM BTOPHHHHMM BIUIMBOM Ha NpHHMaibHY aHTEHY reopanapa. Takox
JOPEYHO HAaraJaTH, 10 BiIIOBITHO IO MPHHIHUILY CYTIEPIO3HULii A peaIbHOI eIeKTPOMArHiTHOT XBUII, TPECTAB-
JICHOT y BUIJIAJI CYMH T'apMOHIMHUX XBUIIb, TOOTO y BUINIA/I XBHJIBOBOTO ITAKETY, MIBUKICTh IEPEMIIICHHS MAKCH-
MyMy i aMmiTyau (iHakie rpymnoBa MBUAKICTE) JIUIIE TUIBKU y HE AUCHEPryBAIILHOMY CEpEOBUIN, 30iraeTbes
3 ¢azoBoro. IIpuuomy, 3rifHO 3 TEOPi€IO BiJHOCHOCTI, I'PYHNOBa MIBUJKICTh U < ¢ — IIBUAKOCTI CBITJIA y BaKyyMi,
a (ha3zoBa MIBUIKICTb U = ® A/(2m), 1€ @ 1 A — BIAMOBIIHO KPyroBa 4acToTa i NOBKHHA XBUJII. OCKIIBKH ISt Yac-
TOTH OOMEKEeHb HE iCHY€, TO 3a BiJHOIICHHSIM IIBUIKOCTI CBiTIa y BaKyyMi 10 ¢a30BOi IMIBUIKOCTI MOUIMPEHHS
B TPAKTi, OCTaHHS, TOOTO U, MOXKE TIEPEBUIILYBATH C. Y 3B'SI3KY 3 UUM BBOAATH i BUKOPUCTOBYIOTH IMOHSTTS IIBU-
KHX 1 MOBUIBHUX XBWJIb, a 3AJICKHICTh BUDALY U'U = ¢2 BBOKAIOTH 3AIMCHECHHOIO IS MIBUIKOCTEH MOIIMPEHHS
MOHOXPOMAaTHYHUX XBWIb TUIBKUA B CEPENOBHILAX, AKI HEe AUcCHeprytoTs. OnHaK 3 OIsAy Ha Te, IO B MPUPOAi
CTPOTr0 MOHOXPOMATHYHHMX XBHJIb HE iICHYE, TO, OT>Ke, 3TifHO 3 [13], He mOBMHHO OyTH ¥ (a30BOT MIBUAKOCTI AJIs
peaNbHUX XBHJIb ¥ AucnepryBanbHUX cepenoBumax (JC). Lle TBepmKeHHs 30ira€Thes 3 BUCIOBIIOBAHHIMH MPO-
BIIHUX YYEHUX MUHYJIOrO CTONITTS JaypeaTiB HoGeniBchkux mpemiit 3 ¢izuku M. bopha i JI. Jlannay, sixi He3a-
JIE)KHO ONIMH BiJ OHOTO CTBEpUKYyBaiH, 1o B JIC dazoBa MBUAKICTh XBHIIb HE MA€ JKOJHOTO (PI3UYHOTO 3MICTy
13 (ha30BOIO MIBHKICTIO HIIIO HE MOIIHPIOETHCS.

Jaui, Bigxosiau Bif AUCKYCIT 1010 METOANYHUX aCHEKTiB BUMipIOBaHHSI IIBUAKOCTEH ((PpazoBoi Ta rpynoBoi)
HOIMIMPEHHS XBUIb pi3HOI mpupoau B J{C, eneKTpoquHaMi9HUHN TOKa3HUK 3aJIOMIICHHS B SIKii 3aJI€XKUTh BiJ 4aCTOTH
XBUJII, opieHTyBatuMeMoch Ha Pekomenmanii MCE-R P.527-6 (09/2021) (Cepisa P, Po3noBcromkeHHS pagioXBUIIb)
[14] cTOCOBHO €IEKTPUYHUX XapaKTEPUCTHKH 3€MHOI IOBEPXHI, Y SIKHUX, MiJ] 4aC MOJEIIIOBaHHS PO3MOBCIO/PKCHHS
PafioXBUib, PEKOMEHAYIOTh YPaxoBYBaTH IIO:

a) SNEKTPUYHI XapaKTEPUCTHKH MOXKYTh OYTH BHPaXKEHI TPhOMA apaMeTpaMu y BUNIISIL MACHIMHOL NPOHUK-
Hocmi p (SIK MipH 3aTHOCTI MaTepialy maTpuMyBaT (OpMyBaHHS BCeperHi ceOe MarHiTHOTO MOJIS Y BiANOBIAb
Ha MPUKIaJeHe MarHiTHE TOJIe), ieleKmpuyHoi nponukHocmi € (IK MipH 3IaTHOCTI MaTepiary MPOTHUCTOSATH eJIeK-
TPUYHOMY TIOJTI0) Ta eeKmponpogioHocmi o (K MipH 3IaTHOCTI MaTepiaxy MPOBOAUTH EICKTPUIHUN CTPYM);

b) Mar"iTHy MPOHUKHICTh IOBEPXHi 3eMJIi 4 MOXXKHA BBa)KaTH TaKOIO, 1[0 JIOPIBHIOE MarHITHIN POHUKHOCTI
V BaKyyMi;

C) CJICKTPUYHI BIACTUBOCTI MOBEPXHI 3eMIIi MOXKYTh OyTH BUPa)KeH] KOMIIJICKCHOIO Ti€IEeKTPUIHOIO IPOHUK-
HicTIo 200, 110 Te came, AIHCHOIO 1 yIBHOIO YaCTMHAMM KOMIIJIEKCHOI AieIeKTPUIHOI IPOHUKHOCTI;

d) HeoOxinHa iH(opMaLis PO 3MiHY IMTMOMHU IPOHUKHEHHS PAJiOXBUIIb i3 YACTOTOIO.
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OckinbkH 3eMHA TIOBEPXHs HE OXHOPINHA (BOHA CKIAAE€ThCS 3 O€3idi MIapiB Pi3HOI TOBIIMHU 3 PISHUMH
CIICKTPUIHUMHI XapaKTepI/ICTI/IKaMI/I) TO 3aIPOBAINIIN IHTETPATBHE MOHATTS e@heKmusHUX TTapaMeTPIB ITiJ] 9ac 3aMi-
IIEHHS PEaNbHOTO CEPEIOBHINA HA HOTO IPENCTAaBICHHS y BUIVILII OQHOpiAHOTO IpyHTY. [Ipn mpoMy, «edeKTHBHI
napamMeTpy MOXKHa BUKOPUCTOBYBATH 3 OJHOPIIHUMHE TIAJKUMH KPUBUMH MONIUPEHHS 36MHHX XBHJIb BiIIOBITHO
1o Pexomennanii MCE-K P.368» [14, m. 2.1].

PesyabraTn pocaimkenHs. Ha mpaktuil, sk MpaBuiio, 3pyYHO BHKOPHUCTOBYBATH BiHOCHI (0e3po3MipHi)
MIPOHUKHOCTI: z[@eneKTquHy g, 1 MarHiTHy W, sIKi BBOJATD SIK € =¢/e Ta ;{fp/ M,> A€ € Ta 1t — B.i,Z[H(').BiJIHO nieneK—.
TPHYHA Ta MAarHiTHA NPOHMKHICTH CEPCOBHIIA, & 3HAYCHHS JICICKTPUYHOI IPOHUKHOCTI, MATHITHOI HpOHI/IKHOCTl
Ta eIeKTPOIPOBIIHOCTI BiITOBIAHO /s BAKYYMY JOPiBHIOOTH: £ =8,854187817x107" (D/m); u, =4nx1077 (H/A?);

—O 0 (CM/M) [Tpuuomy, BignoBigHO 10 X PexomeHarii, BBEDKaIOTI) =, 1, OTKE, W= 1. Tozu s Bnnazu(y
miockoi xsui, Wwo najae, E (r,t)=E" @“*" (mpu wactori BI/IHpOMlHIOBaHHFI @, IOTOYHOMY 4aci t, MarHITHIN
HpOHI/IKHOCTl U, TIeTeKTPUYIHIHI HpOHI/IKHOCTl € 1 eJIEKTPOIIPOBIIHOCTI G) MOTYIIb BEKTOPY XBHJILOBOTO uKcia k~ Mae
sursn k- =(-jou(c+jwe))'.

VY PexoMeHIAliIX MPUAHSATO OI[IHIOBATH EJIEKTPUYHI XapaKTEePUCTUKU 3E€MHOI MMOBEPXHI 32 piBHEM HOp-
MaJIPHOTO TTHOWHHOTO TPOHUKHEHHS €JIEKTPOMArHiTHOTO IOJIA y BHIVISI «CKIH-IIApy» O, Y3IOBXK SKOTO aMILIi-
TyZla HAaIIPY>XCHOCTI €JIEKTPOMAarHiTHOTO MO BUIIPOMIHIOBAaHHS (yCcepeauHi MaTepiary) ajga€e B e pasiB Bif CBOTO
[OYaTKOBOT'O 3HaYeHHS Ha MoBepxHi (= 37%). Tak, muOMHY MPOHUKHEHHS J B OJHOPIAHOMY CEpeAOBUILI 3 KOMII-
JIEKCHOIO BITHOCHOIO Ji€JIEKTPHYIHOI0 NPOHUKHICTIO € (€ =€ '—j€ ") BU3HAYaIOTh 3a CIIiBBiIHOMICHHAM

5= L (A=) (), (1)
V2A
Zie A — IOBXKKMHA XBUJIi B MeTpax, 4= (¢ ))°+ (¢ ")’. OueBHaHO, 1110 B Mipy TOTO SK ysBHA YaCTHHA KOMILIEKCHOI
BIJHOCHOI JI€NIEKTPUYHOI IPOHUKHOCTI € "y piBHsHHI (1) HAOIMKAETHCS 10 HyIsl, NTMOMHA IPOHUKHEHHS MPSIMY€
JI0 HECKIHYEHHOCTI.
3okpema [14 n. 3], Ha puc. 1 HaBe#EeHO THUIOBI 3HAYCHHS TIMOWHU MPOHMKHEHHS €IIEKTPOMarHiTHOTO
MOJISL 3aJIEKHO Bifl 9aCTOTH AJISL Pi3HUX TUIIB MOBEPXHEBUX KOMIIOHEHTIB 3€MHOI IOBEPXHI, BKIIOYHO 3 YHCTOIO
Bozioto (1), Mopcekoto Bomoto (2), cyxum rpyHTOM (3), BoiOruM IpyHTOM (4) Ta cyxum nsomnoMm (5). [Ipu mpomy
IMOWHY MPOHWKHEHHS YHCTOI i MOPCHKOT BoM po3paxoByBain 3a 20°C, CONIOHICTE S MOPCHKOT BOJM CTAaHOBHUIIA
35 r/kr, a B cyXoMy I BOJIOTOMY I'PyHTaxX BpaxoByBalu 00'€MHHI BMICT BOJIOTH, BiANIOBiIHO, 110 JopiBHIOBaB 0,07
10,5. ['muOuHa MPOHUKHEHHS IS CyXOro JIboAy AaHa npu 0°C.
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Puc. 1. InnbuHa npoHUKHEHHs 6 (M) JUIs PI3HUX TUIIB MOBEpXHi 3anexHo Bia yactotu f (I'Ti) [14]

IIpuuomy, Ha gactotax mo 1000 I'T po3citoBaHHS Ha 3eMHIN MOBEPXHI MOSCHIOBAIOCS a00 MOCTYNAIbHUM
PyxoM 3apsiaiB (IPOBIAHICTIO), a00 TXHIM KOJMBAJILHUM PyXOM (KOJUBAHHS JUIIONIB), A€ YIBHY YaCTUHY KOMILJICK-
CHO{ BiZIHOCHOT JlieIEKTPUYHOT IPOHMKHOCTI & "' IPEICTaBIAIOTh y BUIIAI

6= ¢,"+o/(2nfe,) )

.Tog[i Hepmnﬁ JIONIAHOK 3 & | 3YMOBIIIO€ PO3CIHOBaHH, CTIPUYMHEHE CTPYMaMHu 3MiIIEeHHS, HaNpUKIa, iyz[y—
KOBaHi BiOpalli€io IMIONIB, a APYTruii IonaHok 6/(2nf€ ) — po3CilOBaHHsA, CIPUMUHEHE CTPYMOM TIPOBifHOCTI. Sk
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MIPUKJIIA]] 3aJISKHOCT] KOMIUIEKCHOT BiTHOCHOI Ai€IeKTPUYIHOI IPOHUKHOCTI YHUCTOI 1 MOPCHKOI BOAM Bil YaCTOTH 3a
T =20°C i 0°C HaBezeHi Ha puc. 2 i 3 BiANOBITHO.

JloLinbHO 3a3HaYKTH, IO CTPYM MIPOBIAHOCTI — Lie 00'eMHE MepeMillleHHs BUTbHUX 3apsAAiB 1 (PaKTHYHO €AMHUI
CTpyM Ha HYJbOBIH 4acToTi (TOOTO 3a MOCTIHHOTO cTpyMy). CTpyM MPOBiTHOCTI 3aBXAW OUIBLIMIA 32 CTPYM 3CYBY
TIPH 4aCTOTAX, HUKYHMX 3a MEPEXiTHY 4acToTy f, i MEHIIMH 32 CTPYM 3CYBY IIPH 4aCTOTAX, BUILMX 32 NIEPEXiIHY Yac-
Toty f . [lepexinna yacToTa f, BU3HAYAETHCA AK YACTOTA, 3a AKOi CTPYM MPOBIIHOCTI TOPIBHIOE CTPYMY 3MIILCHHS:

f=olQ2nes,"). 3)

JUist HEMPOBIIHUX Mi€NEKTPUYHUX MaTepianiB (Marepianis 6e3 Brpar) 6=0 i, omxke, € "= ¢€,". Jlna nesaxux i3
HUX, TAKMX K CyXHH IPYHT i CyXa POCIMHHICTB, £,"=0 1, 0TXe, € "=0 He3anexkHO BiJl 4aCTOTH. 3 1HIIOTO OOKY, M
NESKHX IHIINX HEMPOBIIHUX MaTepiaiB, AK-OT YMCTA BOJA 1 CYXHUid CHIT, €, 1, OTXKeE, € " TOPIBHIOKOTH HYIIIO TUIKH
3a HyJIbOBOT 4acTOTH. JIJ1s1 MPOBITHUX JICIEKTPUYHUX MaTepialiiB (3 BTpaTaMu), TAKUX SIK MOPChKa BOJIA i BOJIOTHIA
TPYHT, €JIEKTPOIPOBIIHICTh G Ma€ KiHIEBY BEJIMUYWHY, BIIMIHHY BiI HyJIA. Y IbOMY pa3i 3aMicTh YABHOI YaCTHHH
KOMIUIEKCHOT BiTHOCHOT JIieIEKTPHYHOI IPOHUKHOCTI JIETIIIE MPAIIOBAaTH 3 TMPOBIIHICTIO G, Ky MOXXHA OTPHMATH
3 piBHsHHSA (2), ipupiBHsaBIK €, 10 0, TOOTO:

o=2m¢ f g."=0,05563 f P B (3a)

ne fon, — JacTora B T Y3aranLHmqu HABE/ICHY BHIIE (bopM_yn}{ 3 YPaxyBaHHSM 3a1ucy (2), OTPHUMYEMO
CyMy JBOX JOJAHKIiB, 3 SIKAX OJHH WICH BiAIOBIZa€ 3a €ICKTPOIPOBIMHICTh, a IHIINH — BPaxOBy€e PO3CIIOBAHHSI
HOTY>KHOCTI, ITOB'SI3aHE 31 CTPyMOM 3CYBY.

TakuMm yuHOM, BiANOBiTHO 10 [14], ehexmueni 3nauenns enekmpuuHux Xapaxmepucmux IpyHmy BU3HaYa-
I0ThCSI TUIIOM IPYHTY, HOTO BOJIOTICTIO, TEMIIEPATYPOI0, 3aralbHOI0 T'EOJIOTIYHOI CTPYKTYPOIO 1 YacTOTOIO 30H-
JQYBAJIGHOTO €JIEKTPOMATHITHOTO BUIIPOMIHIOBAaHH:. [IpUuoMy, 3TiJHO 3 YHCICHHUMH BHMIipIOBaHHSIMU, 3HAUYCHHS
SIIEKTPUYHUX XapaKTEPUCTUK IPYHTY BaPIFOOTHCS 3aJISKHO BiJ TUITY IPYHTY, IO 3a3BHYai MOB'S3aHO 3 HOTo 31aT-
HICTIO MTOTJIMHATH ¥ YTPUMYBATH BOJIOTY, & HE 3 XIMIYHUM CKJIaJIOM CAMOTO IPYHTY. 3aBISIKK HABEICHUM 3aJIC)KHO-
CTSAM KOMIDICKCHOI BITHOCHOI Ii€NEKTPUIHOI MPOHUKHOCTI, HAIIPUKIa I, 9icToi Boau (S = 0 T/KT) 1 MOPCHKOI BOIU
(S =35 r/kr) Big wactotu (puc. 2 mist T =20°C i puc. 3 wist T = 0°C) Ta aHAJOTIYHUM JUISI IHIIUX cepepoBuin [14],
3'SIBIIETHCS MOYJIMBICTh aHATTN3Y IMIICIAHCHHUX ITapaMeTpiB IPYHTY.

[Ipu bomy, Qi3MuHI Ta MaTeMaTHYHI aCIIEKTH IUCKYCIi MIOA0 «MpoOIeMHu, 0 BU3HAYAE METOOIOTIUYHY
OCHOBY T€0EJICKTPOMAarHeTU3MY», IIPH IMIIETAHCHOMY OIHUCI €JICKTPOMArHiTHOTO TMOJI Ha MEX1 pO3ALLy «Iie-
JIEKTPHUK-TIPOBIAHNUKY, TAKOXK 3AIMIIAEMO B MeXaX paHile o3BydeHoi mizHaBanbsHO1 MeToauku YC [15]. IIpote
B KOHTEKCTI «IMIEAaHCHOTO OMHUCY ENEKTPOMATHITHOTO MOJs Ha MEXi PO3ALTY AieNeKTPUK-TIPOBITHUK» [16],
0€3CYyMHIBHO KJIIOUOBOTO B MUTAHHI y3TOJKEHHA I 4ac MiarHOCTUKH IPYHTY, HOro 3eMHY miBcepy OTOTOX-
HIOEMO 3 TACUBHUM 00'€KTOM, a CUCTEMY, sIKa 0€3M0CEPEAHbO 30HYE, — 3 AKTUBHUM I'eopalioloKaliiiHuM mpu-
cTpoeM (Teopagapom), 3AaTHUM 3a0€31MeUyBaTH «IPUOIU3HO IIOCKY SIEKTPOMATHITHY XBHIIIO» Ha MEXi po3-
IUTY «3eMITS-TIOBITPSD».
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Puc. 2. 3anexHicTh KOMILIEKCHOI BiIHOCHOT 1ieIeKTPUYHOI IPOHUKHOCTI £ YMCTOi Ta MOPCHKOT BOAH
Big yacroru 3a T =20 °C [14]
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ITix gac peamizanii IPUIOBEPXHEBOI AIATHOCTUKU 3eMIli € aKTyaJbHUM BUOIp aHTEHHOI CHCTEMH, sIKa Mae
OyTH y3TOMXKCHOIO HacaMIlepes i3 BIIBHUM HPOCTOPOM, OCKITBKM CKJIAJHO YHUKHYTU HOBITPSIHOTO 3a30py MIiX
AHTEHHUM OJIOKOM 1 MIPUIOBEPXHEBUM JOCIIIKYBaHUM IIAPOM 3EMJIi.

BaxaHo 3a0e3neunTH MAaKCHMAIBHUIA PIBEHBb CNICKTPOMArHITHOTO BIUTUBY Ha MiBC(epy 30HAYBAHHS 1 3BECTU
10 MiHIMyMY (BiI(iTBTPOBYBaTH) CYIIyTHI MIEPEIIKOAM 1HAYCTPIAILHOTO Ta 1HIIIOTO IMOXOKEHHS, YHEMOXKITHBITIO-
FOUYM B TaKHH CIOCIO Pi3HOMAHITHI MEePEeBIAOUTTS Bif 00'€KTIB, 110 JEMACKYIOTh, SIK JTOBKIJUIA, TaK 1 CTAaHAAPTHUX
(MoCBiUEHUX) TETEPOTEHHHUX CTPYKTYP (200 iXHIX Mojelneil), mapaMeTpH SKHX y)Ke BUBUCHI B reoi3HuHii cdepi
OCHIDKEHHS.

VY 3B'SI3Ky 3 UMM 3a3HAYMMO, 1[0 TUTAHHS Y3TO/LKCHHS BXKe IT0oOpe peasi3yloThCs B CydacHid ONTHIN, IO
a/IeKBaTHO Ja€ 3MOTY BUKOPHCTOBYBATH IIEPEIOBI CTPYKTYPHI PIllICHHS IIOAO CHHTE3y iHTepEpeHIiHNX aHTH-
BiIOMBHMX MOKPHUTTIB, HATIPUKJIAA, NETATBHO BUKIaAeHUMH B [17]. ¥V miif poOOTi 3apoOOHOBAaHO METOJ 3B'I3aHUX
XBWJILOBUX TOBIIHH, 3aB/SIKH Peaizalii sSIKOTo y BUINIA/I TOHKOIIAPOBUX iHTEPPEPEHIIIHNX CTPYKTYP 1 «TT- CTPYK-
Typ» (110 YTBOPIOIOTH OKPEMUH Kiac cmpykmyp, wo npocgimaioroms, — [1C) 3abe3nedyeTbes Ha 3aJaHiil JOBKHUHI
XBWJI1 A OJHOYACHE BUKOHAHHS aMILTITY/THOI Ta ()a30BOT YMOB y3rO/IPKEHHSI, SIKi PUBOMIATH KOS(II[IEHT BiIOUTTS BiJl
YCi€l CTPYKTYpHU A0 TOTOKHOTO HYJIS.

100 ey e ———rrry e
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Puc. 3. 3aexkHiCcTh KOMILIEKCHOI BiIHOCHOT Mi€E€KTPHYHOI IIPOHUKHOCTI € YHMCTOi Ta MOPCHKOI BOIH
Bim yacrotn 3a T = 0°C [14]

[Ipudomy, B pe3yibraTi YUCENBFHOTO SKCIIEPUMEHTY ITOKa3aHo, IO IiJl Yac CHHTE3y 3alpolOHOBaHHUX Oara-
TOMAPOBHUX IHTEP(EPECHIINHUX MOKPUTTIB iXHs JUCKPETHA MHOXHHA (KIJIBKICTh) «MA€ SK CTPYKTypHE PIillICHHS
YBEPTHXBHJIHOBI ONITUYHI TOBIIUHU IIAPIBY.

OTXe, 1 AJIs1 HAIIIOTO BHIAKY JiarHOCTHKH MapyBaTO-HEOMHOPIIHOT IMiITOBEPXHEBOT 3eMHOT ITiBC(epH, CITH-
parovrch Ha BUKJIA/ICHE BHIIE, SIK TOYATKOBE HAOIIKEHHS, JOIITEHO BUKOPHUCTOBYBATH HE TIJIBKH PYTIOPHi aHTEHH,
SIKi cepes OUTBIIOCTI aHTEH HAHOUIBII y3TOKeH] 3 HOBITPSIHUM IIPOCTOPOM 3aBISKH KOHCTPYKTHBHOMY IUIaBHOMY
Hepexoy Bifl XBHJICBOAHOI YAaCTHHH A0 BUIPOMIHIOBAJIBHOI alepTypH aHTEHM, a W YBEPTHXBHILOBI (200 X iM
HETapHO KpaTHi) AieJIeKTPUYHI BCTABKH, IPU3HAYEHI JUISl JOCSITHEHHS MIHIMyMY Koeili€HTa BiIOUTTS Ha 3aaHil
JIOBXKUHI €JIeKTPOMarHiTHUX XBWib. IIpu 1boMy, caM Mo co0i ONTUMAaIbHUN PO3KPUB PYMOPHOI aHTEHU ampiopi
3000B's13aHUH 3a0€e3MeuyBaTh y3ro[IKEeHHS 3 BUIBHUM IIPOCTOPOM, Y IKOMY JiHii BEKTOPiB HAIIPY>KEHOCTI eNeKTpUY-
Horo E i marHiTHOro H moIiB JieXaTh y TUIOLIMHI MOMEPEYHOro Mnepepizy XBWII, a caMa XBHJIS € IONEPEYHOIO
(E,=0, H,=0), wo nosnauaerbest sk TEM-xBuiis (transvers — nonepeynuit). I1i 4ac BAKOPUCTAHHS OIHO3B'SA3HUX
HaNpsIMHUX CHCTEM IJIsl peallizallil BUIIPOMIHIOBaHHS €ICKTPOMATHITHOI XBHJII Yepe3 PYIMOPHY aHTCHY 3aBEICHO
BHKOPHCTOBYBATH HonepedHo-MarHiTHi (TM) abo monepeuno-enekrpuydi (TE) Tumm XBuib, M0 MOXYTh PO3ITIOB-
CrolKyBaTucs K £ Ta H XBWJI Ha BIANOBIIHUX 4aCTOTaXx, AKi MEPEBUILYIOTh IXHI KPUTHYHI YaCTOTH. Y 3B'A3KY
3 YMM MOXKITHBE BUKOPUCTAHHS Pi3HI TUIIM PyHOpiB. 30KpeMa, pyrop, yTBOPEHUH 30UTBIICHHSIM po3Mipy b 10 By3b-
Kilf CTiHIII XBUJICBOIY, MTApajieIbHOTO BEKTOpY E, € ceKkTopianbHUM E- niowunnum. Pymop, yrBopeHnii 3011bIeH-
HSIM PO3MIipy @ TO IIUPOKIH CTIHIII XBUJICBOAY, TapaJeIbHOTO BEKTOpY H, € cexTopianbHuM H-naowunnum. Pymnop,
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YTBOPCHMI OHOUACHUM 30UIBIIEHHSIM PO3MIpIB @ 1 b TOIIEpEeYHOTO Mepepi3y XBIICBOLY, IPUHHITO HA3UBATH Mipa-
MiZaJgbHUM, a 301IBIIEHHSM MONIEPEUHOT0 Mepepizy KPyIIoro XBUIEBOLY — KOHIYHUM. IIpH rtaBHOMY Hepexoi Bix
XBUJIEBOJLY JIO PyIoOpa CTPYKTypa MO B OCTAHHBOMY Harajaye CTpyKTypy IOJs y XBUJIeBO1. [Ipuuomy mpo BXia-
HUM OMip Z  TaKvX aHTEH MOXKHA CYJIMTH 32 BiIOUTTSAM BiJl AHTEHH, IKE BUHUKAE B XBUJICBOJHOMY TPAKTI. ¥ 1IbOMY
pa3i BUMIpIOIOTh Koe(iieHT BiOUTTA [, IKUi BU3HAYAETHCSA (POPMYIIOL0

) ZBX—l
. L, —Z . 4 V4 . .
=280 20 a60 =0 — BX(l—r)=1+F,
ZBX+ 0 Zﬁ_kl Zo

0
rae: Z,, — BXIJHUI OIip aHTeHH, a Z, — XBUJIBOBHH OMip HiABiAHOrO (inepa (xsunesony). TakuM unHOM:
Ly 1+T

z, 1-T

Zy, T+l L
—= = —— — HOPMOBaHHMH OMip aHTEHHU.
zZ, 1-I

HaBezeHi criiBBiIHOMIEHHSI CIIPABEJIHMBI 111 OCHOBHOTO THITY XBIJIi. [IpruomMy miiaBHe 301TbIIICHHS TIEpEPizy
XBWJIEBOLY, IO KOHCTPYKTUBHO MPUBOIUTH JI0 PYIIOPA, TUTBKU MOKPAIIY€ Y3TOIKEHHS HOTO (XBUJICBOY) 3 BUTbHUM
npoctopoM. OTxke, AKIIO aHTEHA Y3TO/UKEHA 3 TPAKTOM, TO KoediuieHt Binourts I”= 01 Z = Z , IpUIyCKaKO4H,
1[0 TPAKT MPAIOE B OJHOMOIOBOMY pexumi. HasiBHICTD jke Oylb-SIKHX BiOOpa)KeHb MPU3BOAUTH J0 HU3KH HEra-
TUBHHX HACTIJKiB, BKIFOYHO 31 3HIKeHHIM KK/ *uBribHOrO (blz[epa MOPYLIEHHAM CTa0lIbHOCTI pOOOTH reHepa-
TOpa, CIOTBOPEHHIM iH(opMaIii, 0 MepenacThes, 3HIKSHHIM plBHSI JOITYyCTUMOI OTYKHOCTI Tomo. [Ipuaomy,
pPYIOpHa aHTeHa 37aTHa 3a0e3MeuyBaTH MPHOIN3HO MOABIHHMI Aiana30H XBIIb MEPEKPHUTTS, X0Ua, CIIPABEIIHBO-
CTi 3apaji, Jiana30HHICTh TAKOi PYIMOPHOT aHTCHH OOMEKY€EThCSI XBUIICBOJIOM, IO KHBHTH 1i. CaMe ToMy (depe3
IIMPOKY JiaIma30HHICTh PYIIOPHUX aHTEH, MPOCTOTY IXHHOI KOHCTPYKIIIT Ta 1HII O3UTHBHI XapaKTEPUCTHKH) TaKi
AHTEHU 3HAXOJSTh NIMPOKE 3aCTOCYBAHHS HE TIJIbKU B TEXHIIll aHTCHHUX BUMIPIOBaHb, & 1 MOXKYTh T1JTHO €KCILTya-
TYBaTUCS 1 B TEXHIYHIN c(epi reopo3BiIKH 3 BUMIPIOBAHHS XapaKTEPUCTHK BTOPHHHOTO €JIEKTPOMArHITHOTO TOJIS
B TIPOLIECi reopaAioNoOKaIiifHO] MPUIOBEPXHEBOI JIarHOCTUKH 3eMITi.

3a3BU4ail B pealbHUX YMOBaX €KCIUTyaTallii OifbLIICTh reopafapiB MAOTh MOBITPSHMIN 3a30p MK aHTEH-
HUM OJIOKOM 1 JiarHOCTOBAaHOKO 3€MHOI0 TOBepxHer. ToMy uacTo mparHyTh 10 JikBimamii (a0o 3MeHIIEeHHS)
TaKoOTo 3a30py 3 0ararhboX MPHUYHMH (IEPEeIyCiM CHePreTUYHUX, IIYMOBHX TOIIO), AOMAraluuch y Takuil crocid
HIOMTO ICTOTHOTO 3HIKEHHS KoedillieHTa BIIOUTTS BiJ MeXi JOTUKY MOBITPSIHOTO MPOCTOPY 3 MiBC(eporo 3eMHOI
noBepxHi. J{7s1 3a0e3meueHHs ) HeoOXiHOI YMOBH y3TO/DKEHHS 13 3¢MHOIO MiBC(EpOr0 MOXKHA B JUISHIN 3a30py
3aCTOCYBATH MIapyBaTy, CKPAHOBAHY BiJ 30BHIIIHIX 1HIYCTPIAILHUX Ta 1HIIHX E€JICKTPOMArHiTHUX MEPEIIKOI, Jie-
NeKTpu4Hy BCTaBKy (K UC y BUIVISI SKOICK JIIH3H), B SIKIH MPUJISTIIHH 11ap 10 allepTypH aHTEHH BiJIIOBIIa€ eeK-
TPUYHUM MapaMeTpaM MOBITPSHOTO CepeIOBHINA (3aITOBHIOIOUH B TAKUH CIIOCIO HIOWTO «HeOakaHUI» TOBITPSHUHA
3a30p), a HeTlapHo KpaTHHﬁ YBEPTHXBWJIBLOBUH 11ap, npnnerfmﬁ JI0 TIOBEPXHI 3eMJI1 1 HeOOXiTHUH TSI y3TOIKEHHS,

3000B's13aHUI BiAIOBiAaTH XBUIHOBOMY OHOPY an emp

Hp o (Z 7 )1/2

ne:Z, .., XapaKTepHCTHIHHH (XBUIBOBHI) OTIp «IPOCBITIIOBAEHOD CTPYKTYPH Y BUIVIA YBEPTHXBHIIHO-
BOTO TpaHcpopMaTopa;

Z,=|E/H|=(u/e)"”=120mr= 377 Om — XBWIbOBHIA OIip BiILHOTO IIPOCTOPY;

Z — anpiopHO 3aJjaHui (KOPENbOBAHUM 3 IJAHUMH PUC. 3) XBUJILOBUH OIIIp JIIarHOCTOBAHOTO TIPUIIOBEPXHE-
BOTO mIapy 3emili 3 i &, Mo Bu3Ha4aeThes AK (W /e €)', Tipudomy OaxkaHo MaTh UMM apceHan TaKuX «IpOCBiT-
JIFOBAJIBHUX JIIH3Y», [0 allPiOPHO MOJIEIIOIOTh MOTSHIIHHO MIHIMBUHN XapaKkTep LIapyBaToOro IPyHTY

BucHoBkH. BuknaneHi acnekTH MPUIIOBEPXHEBOI MIarHOCTUKU 3eMIIi 32 JOMOMOTOI0 E€IEKTPOMArHiTHOIO
MIMOMHHOTO i1 30HIyBaHHSA 31 3MIHHUM Ha0OpPOM «JIiH3 MPOSICHEHOT ONTHUKMU», 110 OPIEHTOBAHI1 HA YCIIIIHE BHSB-
JICHHS JIOKaJIbHUX HEOAHOPIAHOCTEH, CIIPUSIIOTH peanisaui'i MO3UTUBHOT TEHACHIIIT ITiIBUILICHHS pe3ynBTaTI/IBHOCTi
B Tpomeci po3s 'T3aHHSI reoqnmtmnx 3ajaq p03H13HaBaHHSI JeMaCKyBaJIbHIX napaMeTplB 00'€KTIB TOCIIIKCHHS,
mepI 3a Bee 3i cpepu reopo3Biaku. [Ipu oMy, CTPIMKO pO3BHBAIOYHCE, CydacHi eKCHepI/IMeHTaJ'IBHl METOIH, CIIO-
co0H Ta MPUCTPOi, BKIFOYHO 3 TEOPSCTHUYHUMH PO3POOKaMH, HANIPUKIIAI, Y BHIVISI yOmikariii [18], yxe BOpUTYI
M 10 ycnimHoi peanizaiii He Juire reoi3ndHuX 3a7ad NIMOMHHOTO PO3Ii3HABaHHS 3 BUCOKHAM PiBHEM
JIOCTOBIPHOCTI, a i JI0 3a]1a4 reopajapHoi mpoMeHeBoi Tomorpadii [9].
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AHAJII3 PESEPBHUX CUCTEM EJIEKTPOXUBJEHHS
MPUCTPOIB 3AJIIBHUYHOI ABTOMATUKHU

TIpucmpoi asmomamuxu ma menemexaniku na 3aniznuuromy mpancnopmi (CLIB) npusznaueni ona agmomamusayii npo-
yecis, No8'A3anUX 3 YAPAGTIHHAM PyXOM N0i30i6, 3abe3neyenns besnexu ma HeoOXiOHOI NPONYCKHOT CHPOMOCHOCIIE 3aNi3HUYb,
a maxodic onmumizayii npoyecy nepeseseHs.

Pyx noi3dié no nepezonax, noizna ma mareeposa poboma Ha cManyisx 30iCHIOIOMbCA 8 YM08ax Oe3nepepeHoi OuHa-
MiuHOT 06cmanosky. B makux ymosax 014 wieuoKoi nepedayi pisHux HaxKasie ma 6Ka3i60K TOKOMOMUBHUM OPUa0am ma iHuum
npayieHuKam, nog's3aHum iz pyxom noizois, 3acmocogyioms 3arizHU4Hy cueHanizayio. Bona doseonsc pezynosamu pyx noizoie
HA NEPe2oHax, NOi3HY Ma MaHeeposy podomy Ha CHIAHYIAX ma 3a0e3neyye 6e3nexy pyxy.

IIpucmpoi’ asmomamuxu ma menemexanixi, Wo SUKOPUCTIOBYIOMbCS 8 OAHULL YAC HA 3ANISHUYHOMY MPAHCNOPi, no
3a0auax i 061acmi 3aCMOCYBaAHHS, WO BUPTIUYIONbCS, OLIAMb HA NEPecOHHT | CIAHYIUIHI.

[lepezinni cucmemu pezynoonms pyx noizoie Ha nepeoHax, 00 HUX 8IOHOCAMbCA:

— Hanigagmomamuyne OIOKY8AHHS Pe2YNOE pYX NOi30i6 Ha OUIAHKAX 3 HEIHMEHCUGHUM PYXOM, HpAGOM HA 3aHAMMmSL
noiz0om nepe2ony € 0038L1 8UXiOH020 ceimaogopa cmanyii;

— aemomamuyne ONOKY8AHHS Pe2yioc pyX noi30i8 3a 00NOMO2010 KOMIUHUX CEIMI0pOpIs, 6CMAHOBIEHUX HA Nepe2OHi,
AKI nodinsroms nepeein Ha 610K-0inbHuyi. Tlokazu npoxioHux ceimaoQopie MIHIOIONbLCA AMOMAMUYHO Nid Ji€l noi30i8, wo
pyxarombcs. OCHOBHUM eleMeHMoM ABMOMAMUYHO20 OI0KYBAHHA € PEUKO8I TAHYI02U, 20108HE NPUSHAYECHHS AKUX — BUSHAYEHHS
MICYE3HAX00ICEHHS NOi3018;

— ABMOMAMUYHA TOKOMOMUBHA CUSHATIZAYIS NIOUULye De3neKy pyXy noiz0ie ma NOKpaufye ymosu npayi 10KOMOMUGHUX
Opuead — nokasanHs KOMUHUX c8imioghopie nepedaromscs 6e3nocepednbo 00 Kabinu MawuHicma,

— ABMOMAMUHHUL OUCHEMUEPCLKULL KOHMPOTb 0AE MONCIUBICMb 30cepedumu iHgopmayilo npo noisuy cumyayin ma
NOKA3AHHSA 6XIOHUX MA SUXIOHUX CINAHYITIHUX CBIMI0MOPI8 Y MeNcax OUChemyepcbKoeo Koad Ha mabio noi3Ho2o duchemyepad.
1] inghopmayis 0o3eonac onepamueHo Kepysamu pyxom noi30ie, 8ICUBAIOYYU CBOEUACHUX 3AX00i8 000 BUKOHAHHS 2pApiKa pyX).

Cmanyitini cucmemu pe2ymonmy pyx noi30ie Ha CIaKYisax ma 6enuKux OLIAHKAX, ye:

— eIeKMPUYHA YeHmpanizayisa CmpinoK ma CUSHANIB,

— Oucnemuepcoka yeHmpanizayis € Haibinb O0OCKOHANUM Ma eheKmUGHUM 3aC000M pe2yniosanHa pyxy noizoie na 3anis-
HUYAX,

— ABMOMAMU3AYISA COPMYBATILHUX 2IPOK — KOMIIEKC NPUCMPOI8, W0 NiOBUULYE NepepodHy 30amHICMb COPIMYBATbHUX 2IPOK.

Kimro4oBi croBa: npucmpoi 3anisnuunoi agmomamuxy, enekmponocmayanHs 3aii3HuYb, pe3epsti 0xcepena JHcUenenHs,
COHAYHI bamapei.

Bekh Ya. P. Analysis of reserve power supply systems of railway automation devices

the use of signaling, centralization and blocking systems (SCB) makes it possible to increase the throughput and carrying
capacity of railways, ensuring safe and uninterrupted movement of trains, and reduces the turnaround time of cars, increasing
the speed of passenger and freight deliveries.

Automation and telemechanics devices currently used in railway transport, according to the tasks they solve and areas of
application, are divided into stage and station ones.

Semi-automatic blocking regulates the movement of trains in areas with light traffic. Automatic blocking regulates the
movement of trains using track traffic lights installed on the stretch, which divide the stretch into block sections. The indications
of passing traffic lights change automatically under the influence of moving trains. The main element of the battery is track cir-
cuits, the main purpose of which is to determine the location of trains. Automatic locomotive signaling increases train safety and
improves working conditions for locomotive crews. With their help, the readings of track traffic lights are transmitted directly to
the driver s cabin.

Automatic crossing signaling and automatic barriers ensure the safety of train traffic when crossing railways at the
same level as roads. These devices automatically activate traffic signal devices for vehicles and close the barrier when a train
approaches and open it after the train has passed.

© 4. 11. bex, 2023

66 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 2 (66), 2023



Station systems regulate the movement of trains in stations and large areas: — electrical centralization of switches and
signals — a set of automation and telemechanics devices that provide control of switches and signals of the entire station from one
point by the station duty officer; — dispatch centralization is the most advanced and effective means of regulating train movement
on railways. This system combines automatic blocking devices, electrical centralization and coded telecontrol and telesignaling
systems. It allows you to control switches and signals from one point and makes it possible to concentrate all administrative
and executive functions for regulating train traffic at the train dispatcher; — automation of sorting humps — a set of devices that
increases the processing capacity of sorting humps.

Therefore, ensuring their reliable operation, even in emergency situations, is an important task, and the use of alternative
solutions provides economic and technical reserves.

Key words: devices of railway automation, power supply of railways, backup power sources, solar batteries.

IMocTanoBka mpo6aemu. HaniitHe Ta 6e3nepepBHe €JICKTPOIIOCTaYaHHS HOTpC6y€TI>C${ JUIS  CTabUTBHOT
p060m HpPICTpOlB aBTOMATUKH Ta TeJIEMEXaHIKU 3aTi3HUYHOTO TPAHCIIOPTY. [Ipuctpoi CHB Ta IHIII eNEKTPOCIIO-
JKUBaYl 3aJ1I3HALb BITHOCATHCS JI0 PI3HUX TPYII GHCKTPOCHO)KI/IBEILIIB Ta eJIEKTPOIPHIIMAaYiB.

EnexrpomnpuiiMaui, mepe0oi B eJIEKTPOMOCTaYaHHI SKHX MOXKYTh IPUBECTH JI0 HEOE3MEKH IS )KUTTS JIFONICH,
3HAYHOTO 30UTKY JIepXkaBi, MacOBOTO OpaKy IpH NMEpEeBE3EHHSX, BUXOAY 13 JIaly YCTaTKyBaHb, IIOIIKOKEHHS BaX-
JIMBHX €JIEMEHTIB HAJIEXKaTh 10 CIIOXKUBAYIB MEPIIOi KaTeropii. ToMy OTpUMaHHs HOCTIHHOTO, HaAiITHOTO KUBJICHHS
BiJl eHEProCUCTEM, ENIEKTPOCTAHIIIN, MiIcTaHIii abo JiHii eneKkTponepeaadi, o MarTh JOCTAaTHBO CTabiIbHY Yac-
TOTY, HAIIPyT'y Ta MOTYXHICTh HA CBOIX LIMHAX € TOJIOBHOIO IIJUTIO O€3MeKHU AJIS TAKMX OTPUMYBAYiB KUBJICHHS.

Amnani3 ocTaHHiX Jociimkens i myomikaniii. Po3nissHyTO cXemu, KOHCTPYKINiIO, TIPUHIUT Ail Ta 0COOIH-
BOCTi (DYHKIIOHYBaHHS [TEPBUHHHUX Ta BTOPUHHUX JDKEPEN EICKTPUIHOI eHEeprii KUBICHHS CHCTEM 3ali3HHYHOI
ABTOMATHKH, TEJIEMEXaHIKN Ta 3B’s3Ky. HaBejieHO Kitacudikaiii BUNPAMIIAYIB, cTa011i3aTOPiB, IHBEPTOPIB, METO-
DMKy PO3paxyHKy Ta BUOOPY MapaMeTpiB MPUCTPOIB EIEKTPOKUBICHHS CHCTEM aBTOOIOKYBAaHHS Ta €ICKTPHYHOL
neHTpaizamii [1].

Hagenena metomornoris, o J03BOJISIE OEAHYBATH SIKICHI Ta KUTBKICHI OIIHKK Pi3HUX (PAKTOPIB PU3UKY IJIS
HOPUIHATTS IHTETPANBHOTO PillleHHS MIPY IPHEIHAHHI BiTHOBIIOBAHHX JKEPET SHEeprii 10 CHCTEMHU eJIEKTPOIIoCTa-
yaHH4. [linTpuMKa HamIHHOCTI, CTabIIBPHOCTI Ta €(EKTUBHOCTI ENeKTPUYHOI CUCTEMHU CTA€ CKIAJTHUM MUTaHHIM
JUIS PO3MIOAUIBHUX MEPEX 13 3SMIHHUMH €HEPTeTHUHUMH pecypcamu. 30UIbIIEHHS YaCTKA COHAYHUX EIeKTPUIHUX
CTaHLIiN y TeHepalii eHeprocUCTeMU CTAaHOBUTh BEJIIMKUNA BUKIUK Ui €(DEeKTHBHOTO YNPaBIiHHSA PO3MOALIBHOIO
MEpEeXkKero Ta Cepilo3Hy 3arpo3y il HopMaibHOMY (YHKLIOHYBaHHIO [2].

BusHaueHHs1, 3 METOIO 3a0€3MeUeHHs CYMiCHOCTI MK PYXOMHUM CKJIQJIOM 1 KONIHHUMU KOJaMH, OOMEKEHHS
JUTSL TIPOBIAHUX TIEPEIIKO] BiJl pyXOMOTO CKJIaAy Ta IiATBEPIKCHHS BIAMIOBITHOCTI PyXOMOTO CKJIagy UM oOMe-
JKeHHsM [3].

BcraHoBneHHST BUMOT JI0 JOMYCKY PYXOMOTO CKJaay IO iHPPaCTPyKTypu y cdepi: — Y3TOMKeHHS MpPUH-
[UIIB 3aXHUCTY MK JDKEPEIOM JKUBIICHHS Ta TATOBHMH OJMHUIIIMH, OCOOJMBO PO3Ii3HABAHHS HECIPABHOCTEH
IpY KOPOTKHMX 3aMUKAHHSAX; — Y3TO/DKEHHS BCTAHOBICHOI IOTYXKHOCTI Ha JiHII Ta MOTpeOM B €IEKTpOCHEpril
MOi3/1iB; — Y3TOIKCHHSI PEKYNEPATUBHOIO TaJIbMyBaHHS TATOBOTO arperary Ta CIPUHHATIMBOCTI JpKepesa >KHB-
JICHHS; — KOOP/JMHAIIisl FapMOHIHHOT TOBeiHKY [4].

OmuineHo eHeproeeKTUBHICTh CUCTEMH eNIEKTPOTATH Ta SIKICTh €IeKTPOCHEPrii eNeKTpuIHOi Mepexi. JJocii-
JOKEHO eNeKTpoMarHiTHy cymicHicTh (EMC) TATOBHX 1 HETSATOBUX CIOXKKBauiB. JlOCTIIKY€ETHCS MOMIUPEHHS TATO-
BOT'O CTPYMY, a TAaKOXX TPEThOI rapMOHIKH [5].

JlocnmipkeHHsT eIEKTPOMArHiTHOT CyMICHOCTI B 3alli3HWYHOMY CEPEOBHII, 30KpeMa, y YOTHPHOX JOCIII-
HUIBKHUX TaTy3sX: CHCTEMaX CIOCTEPEeKHOI CHUTHaizarii, koniiHux nanmorax, GSM-R ta ciyxbax pamiomMmoB-
neHHs [6].

EHepreTHqHa cTpareris YKpalHI/I Ha riepiox 1o 2035 poky «besneka, eHeproeeKTHBHICTb, KOHKYPEHTOCIPO-
MOKHICTBY II€ IOKyMEHT, SIKHi BU3HAYA€E CTPATETIYHI 111l PO3BUTKY €HEPTeTHYHOTO KOMILUIEKCY YKpaiHU Ha mepio
1o 2035 poky [7].

Hopwmu siKoCTi enekTpu4HOi eHeprii B cucTeMax eJIeKTPOIOCTadyaHHs 3araJlbHOTO MpHU3HadeHHs [8].

Mera crarri. JlocmiKeHHs IUISXiB yAOCKOHAJICHHS CHCTEMH PE3EPBHOTO ENEKTPOXKUBICHHS IPUCTPOIB
3aTi3HUYHOT ABTOMATHKH.

BuxkJjan ocHoBHoro marepiany. IIpuiimadi nepiioi kareropii HOBUHHI 3a0e31euyBaTucs eleKTPOSHEPrieto
BiJT TBOX HE3AJICIKHUX JHKEPEN )KUBJICHHS U IepepBa IXHBOTO EIEKTPOIIOCTaYaHHsI MOKe OyTH JOMyIIeHa TiITBKU Ha
4ac aBTOMAaTUYHOTO BKITIOUSHHS PE3EPBHOTO JKUBIICHHSL.

Jlis mpuiiMadiB mepiioi kareropii HEoOXiHO TependadaTd JOJATKOBE €IEKTPOIOCTAaYaHHS BiJl TPETHOTO
HE3aJIS)KHOTO JpKepena. JIJis Iboro BHKOPUCTOBYIOTh aBTOMATH30BaH1 TN3eIb-TeHepaTopH ad0 aKyMYyJIsTOpHI OaTa-
pei[1, 2].

Came ToMy 3a71a4a MOZICpHI3allii CUCTEMI PE3epBHOTO €IICKTPOKUBIICHHS MTPUCTPOIB 3aTI3HUYHOI aBTOMATHKH
3 METOIO MiJABUILEHHS HAJIMHOCTI 1 AKOCTi €JIeKTPONIOCTaYaHHs € aKTyaIbHOIO.

BucoxoponstHi niHii CLIb noaiisroTs Ha OKpeMi JUISTHKY — IuTedi xKuBJIeHHs. KoxHe ruieue IOBUHHO 3a0e31e-
YyBaTHCh IBOCTOPOHHIM KMBJICHHSM BiJl ITYHKTiB OCHOBHOTO i pe3epBHOTO JKMBJICHHS, K1 pO3TaIIOBaHi MO KiHIISIM
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ninpHUI. Le BiTHOCUTBCA i 10 JTiHIN MO37I0BKHBOTO EIeKTPOIIOCTaYaHHs, SIKi BAKOPUCTOBYIOTHCS ISl PE3EPBHOTO
xwuBJeHHs npuctpois CLIb.

Y cucTemi XUBJIEHHS 3MIHHUM CTPYMOM JIOBKMHA IJieya He oBUHHA OyTH Oinbmioro 50 kM (puc. 1). Enex-
TpokuBieHHA koxHoro mieda BJI CLB ta BJI [1E BuKoHy€ThCS pO3ALIBHUM 1, KPIM TOTO, €JIEKTPOXKUBICHHS KOXK-
Horo mwieda BJI CLIb moBHHHO IPOXOAXUTH Yepe3 130101041 TpaHCHOpMaTOpH.

T
_ He Ginbwe 50 kM _ 1 _ He binbwe 50 km
As Alee [ ol
J — - - :
OCcHo8HUT NyHKM PesepaHull nyHKm OCHO8HUI NyHKM
XKUBNEHHA XKUBNeHHS XKUeneHHs

Puc. 1. Cxema xxusnenns BJI CLIb npu cucteMi 3MiHHOTO CTPyMYy

Ha ninsiHKax 3 BENMKOIO 1HTEHCUBHICTIO PyXy, ¢ CyMDKHI ITYHKTH >KHBJICHHS HE JOCUTh HaliiHI a0o e
MIpY HAJIHHUX TyHKTaX JKUBJICHHS BiZCTaHb MiXK HHMHU TiepeBuInye 50 KM, JUIs 3MCHIICHHS OBXHHH JIHII, 110
BHMUKAETHCS ITiJ] Yac aBapiil, Ha KOXKHY JUISHKY JIiHiT JOIIIEHO MTOJIaBaTH SJIEKTPHYHY SHEPTi0 OHOYACHO 3 000X
OOKiB Ha3yCTpiU OAWH OIHOMY i3 PO3PHUBOM BCEPEIHHI Ta YCTAHOBKOIO IIYHKTY CEKLIOHYBAaHHS, SIKUI € pe3epBHUM
MMyHKTOM XuBIeHHs (puc. 2) [1].
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KUueneHHs XKUSneHHs KUBMEHHS

Puc. 2. YcraHoBKa IyHKTY CEKIIOHYBaHHS Ha eNEKTPU(IKOBAHUX IUITHKAX

Sxo npuctpoi AB OTpUMYIOTh €JIEKTPOXKHBIICHHS B TEJIEKEPOBAHKUX TSATOBHX IMiJICTAHININ, (igepHI BUMH-
Kadi KUBIJIBPHHAX IIYHKTIB aBTOOIOKYBAHHS TaKOK BMUKAIOTHCS B 3arajbHy CHCTEMY TelleKepyBaHHA. 1o MOxkiH-
BOCTI ITyHKTH HBIICHHS aBTOOJIOKYBaHHS IMOBHHHI MaTH OJHAKOBY (pa3y Ta B HEOOXIJIHUX CHUTYaIlisIX JOIMYCKaTH
napaneibHy poOoTy TpaHchopMaropis.

VY 3MinraHiii cHCTEMi JKUBJICHHS, TaK CaMo SIK i IPH CHCTEMi 3MiHHOTO CTPYMY, BCIO BHCOKOBOJIBTHY JIiHIIO
JUIATH HA OKpeMi JUISHKH, TOOTO TIedi )KUBJICHHS, KOXKHE 3 IKUX OTPUMYE€ >KUBIICHHS 3 000X KiHLIB (puc. 3). JoB-
JKUHA TUIeYa KUBICHHs HE MOKke OyTH OUbIIor0 40 KM.
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HUuaneHHa HUSMTSHHA xuaneHHa

Puc. 3. Cxema enexrpokunienns BJI CIIb npu 3mirnaniii cucremi

VY pa3i HeMOXJIMBOCTI AOTpUMaHHS 3HAYEHb JOBXKHH BiJl HASBHUX JDKEPEN €HEPTii Ui eJIeKTPOKUBIICHHS
npuctpoiB CLb, Mi>k HUIMH PO3MILIYIOTh aBTOMAaTH30BaHI PE3epBHI €IEKTPUUHI CTaHLii. SIKIIO0 BiACTaHb MiX

68 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 2 (66), 2023



HAsIBHUMH IYHKTaMH JKUBICHHs mepeBuilye 40 KM, TO 3aMiCTh PE3EPBHOIO MYHKTY KHBICHHS JOMYCKAETHCS
obnaHaTH aBTOMATUYHUIA MyHKT CEKI[IOHYBaHHS. ABTOMaTUYHUI MyHKT CEKI[IOHYBAaHHS B HOPMAJIbHOMY PEXKUMI
YKUBJIEHHS] BUCOKOBOJIBTHOT JIiHIi JUIMTh OCTaHHIO Ha JIB1 YACTHUHHU, a MPH BiAKIIOYEHH1 OJHOTO 13 CYMDKHUX 3 HUM
MMyHKTIB aBTOMaTUYHO 3’ €IHYE€ OOM/IBl YaCTUHMU JIiHii, TOJIAal04YH B HUX >KUBIICHHS 3 OJTHOTO KiHI [1].

PesepeHe xuBnennss Ab BinOyBaeThCs BiJf aKyMyIATOPHUAX OaTapeil, TPy IbOMY EMHICTh aKyMYJISTOPIB IIPH-
HMaeThes 3 ypaxyBaHHSIM 1000BOTO pe3epBy. Ha 0CHOBHUX ITyHKTaX >KUBJICHHsI BUCOKOBOJIBTHI (iiepH aBTOOIOKY-
BaHHA, POOIATH PO3IUTEHIMY IJIs1 KOXKHOTO III€Ya KUBJICHHS i MOHTYIOTh Ha 3aKPHUTHX MiAcTaHIisX. Ha myHkTax
PE3epBHOTO KHUBJICHHS BUCOKOBOJIBTHI (inepn Ab MOXyTh OyTH 3aralbHIMH Ha JIBa II€Ya KUBJICHHS 3 HACTYITHUM
IXHIM pO3MOALIOM Ha MiJICTAHIIIAX a00 MOBITPSHUX PO3MOIIEHUX MyHKTaX.

[MepenbauaroTh MO OJHOMY PO3’€IHYBAYy HANPHUKIHI KOKHOTO MEPErOHY B CHJIOBIM OIMOpi JJIsl )KUBIICHHS
BXiHOTO CBiTIIO(hOpa (3 O0KY meperony). B cepeanHi BKIIIOUArOTh e OAWH po3’€THYBad, SIKIIO JOBKUHA IIEPETOHY
Oyne Oinbiroro 10 kM. He3anexxHo Bif CUCTEMH €NEKTPOXKHUBICHHS pO3’€IHYBaui, SIKi BCTAHOBJICHI O11s BX1THUX
cBITIIO(OPIB 3 OOKY IEPETOHY i B Cepe/IMHI TIEPETOHY, 00T JHYIOTh ENEKTPONPUBOJAMH 3 AUCTAHIITHUM KEpyBaH-
HSIM BiJ] 4eproBOro MO CTaHLii abo AucneTyepa.

AHAIIOTIYHUMH € CXEMH IYHKTIB JKUBICHHS MPUCTPOIB AUCIETYSPCHKOI [IEHTpai3alii om0 po3nIsTHy TUX
CXeM eHeprorocradants npuctpois Ab [1, 5].

OnHi 13 BAXXJIMBUX Ta HEOOXITHUX €JIEMEHTIB 3aC00iB 3a113HUYHOI aBTOMATHUKH Ta TEJIEMEXAHIKH BBAXKAKOTHCS
JKUBWIIbHI TlaHeni Ha roctax ELI. Tomy y pasi iX HecnpaBHOCTI MOKe CTaTHCS MOBHA BiIMOBa B poOOTI IPUCTPOiB
€JICKTPUYHOT IICHTpaTi3allii Ta MAaCOBUX 3aTPUMOK T0i3/1iB. PO3MIISIHYTI MOXKITMBI IUISIXU yCYHEHHS HEJIOMIKIB, Bac-
TUBUX MarHiTHUM ITyCKa4iB (KOHTAKTOPIB) 1 CXeMaMH yTIPaBIIiHHSI HAMHU.

BiamoBigHO 10 MpOBEICHOTO aHAIli3y HalvaCTillIe BUXOIATH 3 JIaay:

— 30,5 % — MarHiTHi ITyckadi (KOHTaKTOPH);

— 19,6 % — 3axXHCHI aBTOMATH;

— 18,5 % — 3amo01KHUKHY;

— 13 % — MOHTaX;

— 7 % — 3apsiiHi OPUCTPOT;

— 5,4 % — TymOnepu 1 makeTHI BUMHKadi [5].

Kpim Toro, 6mm3pko 40 % maHemnel eneKTpoKUBICHHS JaBHO BUPOOWIIH CBil TEPMiH eKCIDTyarallii Ta moTpe-
OyIOTh 3aMiHHU.

J10 TOJIOBHUX MIPUYVH IMOIIKO/PKEHh MATHITHUX MyCKadiB (KOHTAKTOPIB) XKUBJISYMX TAHEJICH B MOPSIKY CIia-
JTAHHS 3@ YaCTOTOKO BIIMOB BIJTHOCSITHCS:

— 3HUKHEHHS eJICKTPUYHOI0 KOHTAKTy B CHJIOBUX (BHACIILIOK IiATOpaHHS a0o0 31aMy IPYKUHH) Ta JOTIOMiXK-
HUX KOHTaKTaXx;

— HECIPaBHOCTI MAarHiTHOI CUCTEMH Yepe3 3HOIIYBAaHHS KOHTAKTYIOUUX ITOBEPXOHb a00 HECTIPABHOCTI KOPOT-
KO3aMKHEHOT'0 BUTKA, 1110 BUPAXKAETHCA B CHIIBHOMY T'Y/iHHI 1 BiOpalii mpucTporo;

— MOIIKOKEHHsI 200 3J1aM KOTYIIKH 3 IPUYUHH 3rOPaHHs 0OMOTKH 200 MI>KBUTKOBOTO 3aMUKAHHSI.

HesBakaroun Ha KOHKPETHI KOHCTPYKTHBHI HENONIKH Ii IPUYUHH HOCSATH KOMIUIEKCHHH Xapaktep. Tak,
HAIPHKIIAJ, 3HUKHEHHS eJICKTPHYHOTO KOHTAKTY B CHJIOBUX Ta JIOTIOMDKHHAX KOHTAKTaX BiIOyBa€THCS depe3 HECBO-
€JacHe iX OUYMIIEHHS Ta peryioBaHHsA. KpiM 1mboro, BiKpUTa KOHCTPYKIIiSI JOMTOMIXKHMX KOHTAKTiB Ha T BHUKO-
PHUCTaHHS B KOHCTPYKIIIi HAKJICIIB 3BUYAHUX MarepialliB, sIKi JISTKO OKUCIIOITLCSA (Mifi, JIaTyHI Ta 1H.) 3aMICTh
CIIeIiali30BaHMX CIUIABIB Y IMOETHAHHI 3 BIICYTHICTIO MOYJIMBOCTI X pe3epBYBaHHS TEX 3HIKYIOTh HailHICTE. [le
XapaKTEepHO MPAKTHIHO JUIS BCiX THUIIB MarHiTHHUX ITyckadiB (koHTakTopiB) [1, 5].

bes cnernianbHO po3poOIeHUX TEXHIYHUX PIllIEHb Ta 3aCTOCYBAaHHS Cy4acHOI eJIeMEHTHOI 0a3H MiABUITUTH
HaAIHHICTh POOOTH CHIIOBHUX KOMYTYIOUHX BY3JIiB IaHEJEH €JICKTPHYHOIO KUBICHHS HE MPEACTABIIETHCS MOX-
JIBHM.

IlepcrieKTHBHUM € BIPOBAKCHHSA COHAYHHX Oarapeit Ha nepeizzax. AxkymynatopHi Oarapei 3a6e3neqy—
I0Th POOOTY €JIEKTPOIPUBO/IIB aBTOILIAr0ayMiB i pe3epByBaHHs BOTHIB Nepei3HUX CBITIO(OPIB MPH BiIKIIOYCHHI
3MIHHOTO cTpyMy. st IpUCTPOIB Mepei3HOi cCUrHami3aii 3 aBTomnar6ayMaMH BHUKOPHCTArOThCs Oarapei Ha 28 B,
0e3 aBTomnar6ayMy Ha 14 B. IloTyXHICTh IPUCTPOIB MEPEi3HOI CUTHATI3AIIIT 3 aBTOIJ.U'IaF6ayMOM BU3HAYAETHCS
MOTYXKHICTIO IBUTYHA TOCTiiHOTO cTpyMy Ty CJI-571k, sika ckiiagae 95 BT, abo 1BUTYHA 3MIHHOTO CTPYMY THITY
ANP56B4b 18 Bt Ta nBox sammnodok cBimiodopy tumy XKC-12 30 Bt. Takum yrnHOM, HE0OXiqHO TepenbadyuTH
pe3epByBaHHs HaBaHTAXCHHS TMOTYXHIicTIO 125 a6o 48 Bt. JIpurynu tumy CJI-571k € 3actapinumu. [1oTykHICTD
MIPUCTPOiB Iepei3Hoi curHamizamii 6e3 apromnnTardayMmy BpaxoBye IMOTYXHICTh ABOX JaMII IIEpei3HOi CUTHAMI3aIi] Ta
J3BiHKA IIpU HaTpy3i kuBieHHS 24 B — 9,6 Bt i npu 12 B — 4,8 BT. ToMy noTyXHicTb, SIKy HEOOX1IHO pe3epByBaTH,
40 a6o 35 Br [1, 2, 6].

IIpu po3paxyHkax MOTYXKHOCTI COHSYHUX MaHENeH OJHUM 3 TOJOBHUX (DaKTOPIB € piBeHb 1HCOMALIT Miclie-
BocTi. Haii0Ginp1muii piBeHb iHCONALI] y IIEHTpalIbHIi Ta MiBACHHINH YKpaiHi, ToMy BUTiAHiIIE Oye 3aCTOCOBYBaTH
3aIPOIIOHOBAHUI CIIOCIO pe3epBYBaHHS CICKTPUIHOTO )KUBIICHHS Ha ITEpEroHax 1iei MicueBocti. Halikpamum Bu0o-
poM (oToeneMenTa naHoi maHeni Oyne MOHOKPUCTATIYHUEN THII, TaK SIK BiH Ma€ OUTBIITY MOTYXHICTh HA OJUHHIIIO
IJIONII HiXk motikpucTaniyauid. OHak 1 komTye Oinbie. [TomkpucTaniydi COHsIuHI 0aTapei KOMTYHTh TPUOIU3HO
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40 nenTiB 3a 1 BT, a MoHOKpuCTamiuHi — 10 60 meHTiB 3a 1 BT. He MeHIIT BaXIUBUM € TeMIepaTypHUi koedilieHT
MOTYKHOCTI — 3MEHILICHHS OTY>KHOCTI, IPH 301bIIEHH] TeMIEepaTypy HaBKOJIHUIIHBOTO cepenoBuiia. Koedimient
CWJIBHO 3aJIeKUTh Bif SKOCTi (poTonepeTBoproBauiB. Ha nanuii MOMEHT JesiKi MaHeNi MaloTh TEPMiH eKCIUTyaTarii
JI0 ABaJIIATH POKIB, 3a LIeil yaC BOHM BCTUTHYTh ce0€ OKYIIUTH 1 HaBiTh MIPUHECTU NPUOYTOK [5].

Ha cranmisx ganuii crioci0 pesepByBaHHs Oy[ie MEHII BUTiTHUM, OCKiJIbKH 3arajibHe HAaBAaHTA)KCHHS 3HAYHO
OinbIre Ta ckianae 0au3bKo 40...60 KBA, MOTYXHICTh IPUCTPOTB TAPaHTOBAHOTO KUBJICHHS — 12...48 kKBA B 3anex-
HOCTI BiJl KITLKOCTI CTPIJIOK Ha KPYIMHUX CTaHIisAX. [I0Ty)XHICTh MPUCTPOIB TaPaHTOBAHOTO JKUBJICHHS TOCTIHHOT
Hanpyru 700...850 Bt. Hanpyra xusnennus Ab 24 B, emHuicts 216...360 A-ron. ToMmy MOTyXHICTh pe3epBYBaHH!I,
Ky HEOOX1JTHO 3a0€3MEeUnTH, BAXKKO Oy/Ie TOCSITTH OHUMH COHIYHUMHU MaHEISIMU.

ITpu 6e3akymymsiTopHiN cuctemi enekrpoxuieHHs EL] Bin meperBoproBauiB (inBepTopis) Ty MT-0,3-24,
ycraHoBneHux Ha naHeni [IBITIM-EILK, orpuMyioTs >xuBieHHS (y BUMAAKY BiIKIIOYCHHS BCIiX JKepes 3MiHHOTO
CTpyMYy) HACTYIIHI HaBaHTaXXEHHs TapaHTOBAHOTO 3MIHHOTO CTPyMy: CTaHLIHHI OJ0KH Aemm(ppaTopiB KOIOBOIO
Ab, mpunsrarounx A0 cTaHii OJOK-AUISHOK; CXeMU 3MiHM HampsIMKy PyXy Ta KOHTPOIO MPHJIETIUX TEePErOHIiB
(npm opranizaii TBOCTOPOHHBOTO pyxy moi3aiB); cxemu ACH Ha npunerux neperonax; cxemu JJCH Ha cranmii;
CXEMH OTOPOJKEHHS MOi3AiB [6].

HowmiHanbHi (MaKCHMMasbHi) IOTYXHOCTI IIMX HABaHTAXKEHb MPUBE/ICHI B PO3PaxyHKOBiH Ta0I. 1.

Tabmuns 1
Po3paxyHok HaBaHTaKeHb IlepeTBOPIOBAYiB
Buni Hory:xHicTh Kiapkicts | MakcuMajbHa MOTYKHICTH
HaBanrtaxxeHHs "B“:ll‘?m HABAHTAKEeHHS OMHHIb HABAHTAXKEHb
P, Bt 0, BAp BHUMipy P, Bt 0, BAp

Cxema 3MiHH HaIPSMKY _
(610x JICITH-2) Tligxig 12,7 6,0 5 63,5 30
Cxema JICH Iocr EIT 36,5 5,0 1 36,5 5
Cranuiini AeumMpparo- | i, 16,6 16,8 5 83 84
pH aBTOOJIOKYBaHHS
Cxema JICH na nepero- .
Hi (610K JICHII-2) Minxin 12,7 6,0 5 63,5 30
Bceroro — — 246,5 149

Po3paxyHOK HOTYKHOCTI II€peTBOPIOBaYiB BUKOHYETHCS 3a Pe3yabTaTaMH PO3PaXyHKY MaKCUMaJIbHOT IIOTYX-

HOCTI HABAaHTaXEHb SM:
Sw = V (Z“PM)2 + (2 Q,w)2 > (1)
S, =+/246.5" +149* = 288.03 BA.

IIpuitmaemo nepeTBoproBadi notyxHictio 300 BT.
Tpeba MaTu Ha yBa3i, 10 HABAaHTAXKyBaJibHA 3/1aTHICTh MEPETBOPIOBAYIB ICTOTHO 3aJI€KUTH Bijl KoedilieHTa
MOTY>KHOCTI HAaBaHTaXXEHHS:

-, ()

cosQ, =
246,5

288,03

Peanbumii koedilieHT TOTYKHOCTI BUSIBUBCSI MeHIIEM 0,9, TOMY HaBaHTa)KCHHS Ha ITEPETBOPIOBAY MMOBHHHO
OyTH 3MEHIIICHE.

JomycTtiMe B IbOMY BHIA/IKy HABaHTa)KEHHS, SKE MOXHA ITiJKITFOYUTH JI0 IEPETBOPIOBAYa BU3HAYAETHCS 32
hopmynoro:

cosQ, = =0,856.

1,76 - P
PD,, — > HOM , (3)
’ 1+1,57-\/1—coscp.w2
cosQ,,
1,76-300
P, = ’ ~270,91Bm.

’ |, L57-41-0,856

0,856

OCKiJIbKY MOTY>KHICTh HABAaHTAXKEHHS MEHIIa Hix Prom, To 3anumaeMo neperBoproBadi noTyxHictio 300 BT.
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KoedirieHT 3aBaHTa)KeHHS IEPETBOPIOBAYIB BU3HAYAETHCS 32 BUPA3OM:

P
K, =—", “4)

HOM

~ Ze P, —HOMiHajbHA NOTYXKHICTh MEPETBOPIOBAYIB 3 yPaXyBaHHAM HOTO HACTPOHKH Ha MAKCHMAJIbHY MOTYK-
HICTh HAaBaHTa)KEHHS,

246,5
KU =
300
KoedirieHT moTy>KHOCTI BIUTUBAE HE TUTLKA HA BUKOPHUCTAHHS BCTAHOBJICHOI MOTY)KHOCTI TIEPETBOPIOBAYIB,

ajie Takox 1 Ha ix koedinient kopucHoi aii (KK/I1). Tomy KK/I nepeTBoproBadiB BU3HAYA€THCS 3 YPaxXyBaHHIM KO-
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3apa3 nurtaHHs enekrpornocTadanHs nocTiB EL] Ta iHIMX cTaHIIMHUX NPUMIIIEHb, 8 TAKOXK NePeriHHuX pu-
ctpoiB CIIb BUpIIIYOTHCS 3TiTHO 3 BUMOTaMH HOPMAaTHBHUX JTOKYMEHTIB, 3aTBepKeHHX MiHiCTepcTBOM iH(pa-
CTPYKTypH VYkpainu. Y cBoiii 0CHOBI IIi TOKYMeHTH 0a3yroThcs Ha Bumorax [TYE. HpH LIbOMY YKUBJICHHS nepej:[6at{a-
€TBCS BiJl TIOETHAHUX 200 CIemiaTbHUX KOMIUIEKCHUAX TpchcbopMaTopHHx migcranniit (KTID), a iHomi 1 Bix BacHUX
¢inepis 0,4 kB [1, 4]. Cranmiiini 06HaH_ITYBaHH}I ABTOMATHKH MariCTPaJbHOTO 3aJli3HUYHOTO TpchnopTy(Hocm
EIl) B ocHOBHOMY OTPHMYFOTh SJIEKTPOCHEPrito BiJ Tpu(]a3HUX TpaHCPOPMATOPHUX MiACTAHIIN 3 BTOPHHHOIO
Hanpyroto 380/220 B i miyxo3a3zemiieHHON HelTpamto. [IpoeKTyBaHHS CXeM eIeKTPOIOCTauyaHHsl i 3a3eMJICHHS Bijl-
OyBa€eThCS 3T1THO 3 MOTOKEHUMH HOPMAaTUBHUMHU JOKYMEHTaMH Ta AirounMu JlepkaBHUMHU cTaHIapTamiu [7, 8].

[IpuHIMIIOBO BBEACHHS >KUBIAYO! HAMPYTH BiOyBAa€ThCS HACTYIMHHUM YMHOM: BiJ TpaHc(opMmaTopHOi mia-
CTaHIii BBEJICHHS B MOCTOBY OYyMiBIIIO 3MIHCHIOETHCA YOTUPHKUIBHUM KaOeneM, SIKUU MiAKITI0YaeThCs 0 KiIeM
muta BBigHOro nepemukans (ILIBIT), mo npusHaueHuX Ui 3HECTPYMIICHHS MIPUMILLEHHA MIPH MOXKEXHIH Hebe3-
meri. Jladi Hampyra MomaeThCsl BHYTPIIIHIM YOTHPKIJIBHUM Kabenem Ha BBinHy manens [IB1-ELK, B skiil mo
KOXHi# (asi BcranoBneHi npuctpoi 3axucty. Kopmycu HIBII, IIB1-EIK i iHImmx maHenew exeKTpoXUBICHHS ITif-
KITIOYAroTh IO HYJIA Yepe3 YeTBEpTY KUy Kabelo, 3'eHany 3 HeHTpanio Tpancdopmaropa (Hyas0BUi podoumii
MPOBITHUK). Bijist TOCTOBOT CITyKO0BO-TEXHIYHOT OY/IiBIII O0JIATHYETHCS 3a3E€MITIOBAY, SIKHH 3'€ JTHAHUH 3 KOHTYpaMH
Marictpayieii 3a3eMJICHHS B CITy)KOOBUX KiMHaTaxX (peJyieifHOIO0, 3B'S3KOBOIO, TEHEPATOPHOIO), SIKiI 3a3EMITFOFOUNUMHU
MIPOBiAHUKAMHU 00'€THAHHI 3 KOPIIycaMH CTaTHBIB, nmanenei, IIIBII, mynsrom-Tabmo. Yepes mo CTBOPIOETHCS MTOB-
TOpHE 3a3eMIIeHHS ycTarkyBaHHA. Jlo mux sxe 3azemrorounx npuctpois (3I1) migkmroueHi mpunaay 3aXUcTy Bij
nepenanpyru. Enexrpoxusnenns npuctpois CLIb (pene, cimiodopu, peikoBi koia, KOHTPOIBHI 1 poboui Koia
CTPUIOYHHX €JICKTPOIPUBOIB) BiJOKPEMIICHO Bif TpHU(a3HOI Mepexi 3 MIyX03a3eMIICHOI HEHTPaUIIo PO3AiiIo-
BHMH TpaHCPOpPMATOpaMH, IO PO3TALLOBYIOTHCS B 3aKPUTHX MAHENAX KUBJICHH. [30M111i IKepe )KUBJICHHS PH-
ctpoiB CLIb Oe3nepepBHO KOHTPOIIOETHCS CUTHANII3aTOpaMHU 3a3¢MIICHHS 3 TUTOMOIO 9y uBicTio 1 KOM/B. Uepes
IO HAIPYTa, IO OAAETHCS HA CTATHBH 3 alapaTyporo 1 Ha BuKoHapyi npuctpoi CLIB, i3ompoBana Bix 3emMiti, oo qae
MOYKJIMBICTh BUKOPHCTATH OJTHOTIONIOCHE PO3MUKAHHS KiJl. JIJIs M ATPUMKH HOPMaJILHOTO PiBHS 130JIAIIIT BiJIaIeHi
BiJl MOCTa HABAHTAXKEHHS 3MIHHOTO CTPYMY 3 HOMiHaJIbHO Harpyroro 220 B 3rpymoBaHi B okpeMi po3/iioBi TpaH-
chopmaropu 3 MakCUMaJIbHOFO MOTYXHICTIO 1,5 KB-A [2. 6].

BUCHOBKH 3 1aHOr0 JOCJIIKEHHS] Ta NMEePCHeKTUBH MOAAJIBIIMX PO3BiAOK Yy JaHOMY HampsiMKy. Jlo
CTIO’KHBAYiB IIEPIIO] KaTeropii BiJHOCATH MPUCTPO eIEKTPUIHOI LIEHTpaTizallii 3a HagiHHICTIO eNeKTPOXKUBIICHHS.
Haii6inbn BUMOIMHBUX A0 HAAIHHOCTI €EKTPOKUBICHHS BUIUISIOTH TPYILy Cepell YCiX CIOKUBAYiB MEPIIoi KaTe-
ropii. CioxxuBadi 11i€i Tpyny HOBUHHI MaTH TPETE HE3aJIeXKHE JUKepeno exekrpoeHeprii — JAIA.

B cucremi xuBieHHs aBTOOJOKYBaHHS 3MiHHUM CTPYMOM CHTHAJIbHI YCTAHOBKU OTPUMYIOTH €JIeKTpOeHep-
rito BiJ ABOX TpaHCc(OpMaTOpiB, 110 NpHeaHaHl 10 diHild ocHoBHOTro (BJI CLIb 6 (10) kB) Ta pesepsnoro (BJI I1E
6 (10) kB) enexTpoxUBICHHS.

ISSN 2521-6643 Cucremu Ta Texaouorii, Ne 2 (66), 2023 71



HapniitHuM pe3epBoM JUTs KHUBJICHHS IPUCTPOiB Ab mpu npunuHeHHi nmofadi enexTpuyHoi eHeprii Bix BJI
CLb BuCTynaroTh JiHIl TO3M0BKHBOTO €IEKTPOIOCTAYAHHS, B CBOI YEpry OTPHUMYIOUM XKHBJICHHS Bifl TATOBHX
migcranuii. PesepByBaHHS NiHIMHMX TpaHCcOpPMATOpPiB BiOYyBA€THCS Y BHUIAAKY BiJICYTHOCTI JAPYTOTO BHCOKO-
BOJITHOTO KOJIa.

BukopucTanHs 3MIIAHOT CHCTEMH JKUBIICHHS Mepen0a4acThbesl TUIBKH IS 3ai3HHYHAX JUITHOK 3 aBTOHOM-
HOIO TATOI0, & )KUBIICHHS CUCTeMH 3MiHHUM cTpyMoM Bix BJI CLIb. V pasi BinkiIro9eHHs JKepesia 3MiHHOTO CTPyMY,
MPUCTPOI NEPEXONATh Ha KHUBJICHHS Bill aKyMYJISTOPIB.

OmHAM 13 PINICHHSAM JUIS MOJIIIIICHHS MapaMeTpPiB SKOCTI eJeKTPOSHEPril, MOoJeTIIeHHs YMOB TIpalli 00ciy-
TOBYIOUOTO IIEpCOHAITY 32 PaXyHOK MOJCPHi3allii CHCTEMH PE3epBHOTO EJIEKTPOIIOCTauaHHs IIPHCTPOIB 3aIi3HIYHOT
ABTOMATHKH € 3alPOBA/DKCHHS COHSYHUX Oaraped Ta akyMyIsTOPiB HOBOTO MOKOJIHHS 3aKPHUTOTO THITY HA IMPH-
CTpOSIX Nepei3HO1 CUTHAMI3allil.

Ha crannisx i3 KinpkicTio cTpiiok Oinbmie 30, € MOXIMBICTh 3a0€3MEUUTH €IEKTPONOCTaYaHHs IPUCTPOIB
MPL] o ABOX OKpeMHX JiHifX BiJ JBOX HE3AJIEKHUX JPKEpes 30BHIIIHIX MepeX 3MIHHOTO CTpyMy. B sikocTi Tpe-
THOTO HE3aJIEXKHOTO JDKepela KUBJIeHHs nependadaerscs A, 1 Toai enekrpoxusieHHs npuctpois MPLI BinOyBa-
€ThCs M0 Oe30arapeiiniii cuctemi [1, 5].

JIis 3aXMCTy BiJ MepeHanpyxeHb (aTMOC(EpHUX 1 KOMYTAIliHHMX) Ha BUCOKIM 1 HU3BKIH CTOPOHI Pi3HHX
KTII mependavaroThesi 0OMeKyBadi epeHanpyKeHb, PO3PSTHUKH, ICKPOBI MPOMIXKKH, OCKUTEKH IPH JiT HAa BUCOKO-
BOJIETHY 0OMOTKY TpaHchopmaTopa OmickaBku, 40 % mepeHanpyxeHb 31aTHI HaBICTHCh €MHICHUM IIISIXOM. BuOip
obmexyBauiB niepeHanpyxenns (OITH) poOuThcest 6€3 ypaxyBaHHsI 4acy BiIKITIOYSHHS 0HO(a3HUX KOPOTKUX 3aMH-
KaHb, TOOTO 10 HAMOUIBIIOT pOOOY0T HAPyTH. 3aXUCT TpaHCHOpPMATOpa 3 BUCOKOT CTOPOHH BiIOYBAETHCS BUCOKO-
BOJIETHUMH 3all001KHUKAaMH, SIKi 3a0€3MeUyIOTh TIJIbKH MaKCUMaJIbHHAN 3aXKCT. 3aXUCT TpaHCPOpMaTopa 1Mo HU3b-
Kilf CTOpOHI Bi CTpyMiB BiZiOyBa€eThCSI aBTOMaTHYHIMH BUMUKadaMH, aJie 3aXHCT BiJl HETIOBHO (pa3HOTO peKUMY HE
nependavaoTb, TOMY BiIKIIOYUTH TPAHC(HOPMATOpP MPU TAKOMY BUI YIIKOPKEHHS HEMOXIIUBO [6].

Bapto monmaru, mo pobora obnagHaHHA MPHU TPUBAIUX MEPEHANPYKEHHAX YTBOPIOE IPUCKOPEHE CTapiHHS
130JISI1111, TIIO PU3BONTS JIO MOPYIICHHS 13011111 KaOesiB Ta 00IaTHaHHS, 1[0 MOXKE CTBOPUTH MOXKEXY. Jlo modarky
BiiiHH, Ha Mepexi 3aJi3HUllb eKcIuTyaryBanoch moHaa 5000 noctiB enekTpuuHoOl HeHTpanizauii. Criopynu i o0naz-
HanuHs EL] 3HaX0A4ThCS B €KCIUTyaTalii pi3HUI MPOMIXKOK Yacy, 0araTo 3 HUX BKe eKCILTyaTyloThcs ToHa S0 pokiB,
TO0OTO HabaraTo OUTbIIIE HOPMATHBHOTO TEPMIHY CITYKOH.
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OCOBJIMBOCTI TA KJIOYOBI CKJIAJIOBI CEPBICHOI JISAJIBHOCTI
B ABIALIIMHIN TAJTY3I

Y ecmammi 0osedeno, wjo sAxicho nobydosana cucmema cepsicHo20 00Cy208y8aHHSA 8 CYHACHIU agiayitinill 2any3i Mac nep-
wouepeose 3Hauenns. Busnaueno cymuicms ma 00IpyHmMoBano 0coonus0Ccmi cepeicHoi JisibHoCmi 6 asiayiiitill 2anysi, a came:
be3nocepeoniti KOHMAKM Ma 83AEMOOISL MINC CRONMCUBAYEM T NOCIAYATLHUKOM ROCTYe Ha 8Cix emanax ¢ ceemenmi B2C ma B2B,
BUCOKA PONb NEPCOHANY; THOUBIOYATbHULL NIOXIO 00 KIIEHMIB, 0co0MUBA Y8aea A0 KIIEHMCbK020 A0CEIdy, NiOmpumMKa AKOCmi
nociye; wupoke 3acmMocy8ants MexHoNo2ll, opicHmayis Ha pe3ynvmam, 0008 s13k08e 3abe3nevents agia besnexu; HaA6HICMb
HeCMAaHOapmuux cumyayitl, 3pyYHicmy ma mexHiuHa a0eKAmHIiCMy NOCIy2, 6UBANMCEHA YIHOBA NONIMUKA,; BUCOKI 8UMO2U 00
NOBHOMU MA AKOCMI IHPOPMAYIIIHO0 3a0e3neueHHs NACANCUDIB.

3anpononosano posensioamu cepgichy OisbHICMb 8 AGiayIiHill a3l Y KOHMEKCNI KIIEHMOOPIERMOBAH020 NIOX00Y 00
00Cny208y8aHHsL y PO3PI3i 080X CKAAOOBUX: CUCTEMU 0OCTY208YBAHHS NACANCUDIE MA cUCMeMU 00CTY208y8aHHA BUPOOHUYOT
ingppacmpyxmypu aeponopmy ma agiakoMnaHiti  aeponopmy.

Mo cknady cucmemu obcy208y8anHs RACANICUPIE 3ANPONOHOBAHO BKIIOYUMU. NOOYOOBY KIIEHMOOPIEHMOBAHO20 CEPBICY
ma BUKOPUCTAHHA CYUACHUX TEXHON02IH 00CI1Y208y8aHHA | KOMYHIKAYIT 3 KIIEHMamuL 1A AKICHO20 00CIY208Y8aAHHA NACAHCUDIG
nepcouanom aeponopmy ma agiaxomnanii. CK1a0osumu oyinku Akocmi 00C1y208Y6anHs 6 AepoOROPy GUIHAYEHO RPUMIlYeHHS/
ingpacmpyxmypy, npoyecu, ma nepconan, s AKUX po3podreHo cucmemy Kpumepiie oyiniosants. Oyinky o0ciy208y8anis
RACANCUPIB ABIAKOMNAHIEIO 3aNPONOHOBAHO 30IICHIOBAMU Y PO3PI3I HA3EMHO20 0OCTY208YBAHHS, WO BKIIOUAE Neped NOTbOMHe
i niciis nobomHe 00CIY208Y8AHHI NACANCUPIE MA OPLAHI3AYII0 ABIAYIUHOT JITbHOCTI, | 00CTY208Y8AHHS RACANCUPIE HA OOPNLY
NOBIMPAHO20 CYOHA 3 OYIHKOW Pobomu exinaxcy 6opmy ma 60pmoso2o npodykmy. [[ia KojcHoi ckiadosoi po3pobnero posuti-
DeHy cucmemy Kpumepiie oyiHIOBaAHHSL.

o cxnady cucmemu 0bcnyeo8ysantst 6upobHuuoi ingpacmpykmypu aeponopmy ma agiakomMnauii 6 aeponopmy gioke-
CeHO: NOCIY2U XeHONIHe08UX KOMRAHIL, NOCIyelU 3 eKCHayamayii ma o0ciy208y8anHs aepoopomy, nociyau 3 opeanizayii 3abes-
neyeHHs NoTbomie ma 00Cy208Y8aHHA A6ia 0CMABKY BAHMAICI8 i bazaxcy. J{ns KoJCHOT CKAA0080T po32nAHYMO 8UOU HOCTY2,
wo ix ghopmyromo.

KitrouoBi cnoBa: cepsicua disivHicmsy, asiayiiina 2any3vb, aeponopm, agiakoMnaHis, AKiChb 00CIy208Y8aHHSL.

Dokiienko L. M., Lyamzin A. O. Features and key elements of service activities in the aviation industry

The article proves that a well-built service system in the modern aviation industry is of primary importance. The essence
and features of service activities in the aviation industry are substantiated: direct contact and interaction between the consumer
and the service provider at all stages in the B2C and B2B segment, high role of personnel; individual approach to clients; spe-
cial attention to customer experience, maintaining the quality of services,; wide application of technologies, result orientation;
mandatory provision of aviation security, presence of non-standard situations, convenience and technical adequacy of services;
balanced pricing policy, high requirements for the completeness and quality of passenger information provision.

It is proposed to consider service activity in the aviation industry in the context of a client-oriented approach to service
in terms of two components: the passenger service system and the service system for the production infrastructure of the airport
and airlines at the airport.

The passenger service system is proposed to include: the construction of customer-oriented service and the use of modern
technologies of service and communication with customers for high-quality passenger service by airport and airline personnel.
The components of the assessment of service quality at the airport are defined as premises/infrastructure, processes, and person-
nel, for which a system of assessment criteria has been developed. The assessment of passenger service by the airline is proposed
to be carried out in terms of ground service, which includes pre-flight and post-flight passenger service and organization of
aviation activities; and passenger service on aircraft board with evaluation of the efficiency of the cabin crew and the on-board
product. An extended system of evaluation criteria has been developed for each component.
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The service system of the production infrastructure of the airport and airlines at the airport includes: services of handling
companies, services for the operation and maintenance of the airfield, services for the organization of flight support and air
cargo and baggage delivery services. For each component, the types of services that form them are considered.

Key words: service activity, aviation industry, airport, airline, service quality.

IMocTanoBka npo6aemn. CydyacHi aBiakoMITaHii BUMYIIIeHI (YHKIIOHYBaTH B CEPEIOBUIII IMOCTIHHUX 3MiH,
3yMOBJICHUX KOJMBAaHHSMH PHHKIB, YACTHMH 3JIUTTAMH Ta aJbHCAMH, HECTAOIIPHIMH €KOHOMIYHIMH (haKTOpaMu
Ta BUKJIMKAMH, TIOCTIfHO 3pOCTAI0YMMH MOTPEeOaMH Ta O9iKyBaHHSIMH KIII€HTIB, TEXHOJIOT1YHIMH 3MiHAMH Ta HEO00-
XiTHICTIO BIIPOBa/KEHHS CydacHHUX IH(poBux pimeHs. OCHOBHI I'paBIli aBiapHHKY — aBiakOMIIaHii Ta aeporopTH
BUILIOTO PiBHS — PO3YMIiIOTh, 10 TEXHOJIOTI{ Ta MIBUAKO JOCTYITHA TOBHA iH(OpMaIlis B pyKaxX KIIi€HTIB 3MiHIOIOTh
«TIpaBUIIa TPU», 1 HA CHOTOAHI BXKE HEOCTATHBO MOKJIAaTUCS BUKJIIOYHO HA IMI/K OpEeHy, IPUCYTHICTh HA PHHKY
yn MacmTad. Te, 1110 BUPi3HsE 1 BUPI3HATUME JiJIepiB MAHOYTHHOTO — 1€ AKICHUI CepBic Ta MepIIOKIacHe 00CITy-
TOBYBaHHS KJTI€HTIB.

CyudacHa aBialliifHa rajxy3b € OQHHM i3 HaWOUIBII OPIEHTOBAHUX HA KIIIEHTA CEKTOPIB CYy4aCHOI CBiTOBOI €KO-
HOMIKH, e 3a0e31eUeHHs SKICHOTO O0CIYTOBYBaHHS KIIEHTIB CTa€ BCE ORI BAXKITUBUM JUIS 320€3MCYCHHS KOHKY-
PEHTOCTIPOMOXKHOCTI Ha PUHKY Ta MPUOYTKOBOCTI JisTHHOCTI.

I, B maHOMY KOHTEKCTI, MIPaBHJILHO MOOYyIOBaHa CHCTEMa OpraHi3amii cepBiCHOI MisUTLHOCTI HaOyBae mep-
I0YEPTOBOTO 3HAYCHHS. 3aMICTh 30CEPEKCHOCTI HAa TPAIUIIIHHUX OIepallisx HaJaHHS aBia MOCIYyr HacTaB 4ac
3aCTOCYBATH ITiXi/1 Opi€HTOBaHUH Ha KiieHTa. TOOTO, BUKOPHCTAHHS CEPBICY 5K KJIFOUOBOI BiIMiHHOCTI; B3a€MOIisI
3 KIII€HTaMH Ha OCHOBI IXHiX MMOTpe0 1 IIHHOCTI st KOMITaHi{; IPUHHATTS pillleHh Ha OCHOBI KJIIEHTCHKOTO TOCBIY;
OXOTIJICHHS] HOBUX KaHaJIiB KOMYHIKallii i CTBOPEHHS KJIIEHTOOPI€EHTOBAHOI KOPIIOPATUBHOI KYJIBTYPH.

AHani3 ocTaHHIX focaifxkensb i nyOaikanii. TeopeTndyHi 0CHOBH CEpBICY Ta CEPBICHOI AiSNBHOCTI B IIJIOMY
Ta 3a PI3HUMHU BUIaMU €KOHOMIYHOI AisIIBHOCTI (TYpHU3M, TOPTiBIIA, TOTEIbHO-PECTOPaHHA CIpaBa, TPAHCIIOPT) PO3-
misianucs y podorax Anomiid B.B., I'abu B.B., I'puropak M.IO., I'pymescokoi T.M., Kapnyus O.B., Mantok JLIL.,
Mimenko B.1., Onumyk H.B., IT’staunekoi I T., Pymrok M.B., Casuenko JI.B., Tkauenko T.I., Yromuikosoi O.1. Ta
HIIUX.

[{omo aBiaIiiiHOI Tay3i, TO B OCTaHHI POKH B IEHTPI yBard sIK BITYM3HSIHUX, TaK 1 3apYOIKHUX JOCIIIKCHb
JIOMIHYBAJIM TIpaill MPHUCBSYCHI MpoOJieMaM OIHIOBaHHS 1 3a0€3MeUYCHHs SKOCTI OOCIyTOBYBaHHS B aBialliifHii
rairy3i siK CKJIaJJOBO1 CEpBICHOT AisUTbHOCTI [ 1—7], a TakoX BIUIUBY SIKOCTI 0OCITyrOBYBaHHS Ha PiBEHb IPUOYTKOBOCTI
aBia Oi3Hecy, piBEHb 33JI0BOJICHOCTI Ta JIOSITLHOCTI TTacakupis [8—11].

B T0i1 ke uac, Ha ChOTOIHI HEIOCTATHRO OOIPYHTOBAHHUMHM € TEOPCTHUHI aCIEKTH OpraHizallii cepBicHOi
JisUTBHOCTI B aBialliifHil ramysi, 0cOOIMBO 3 BpaxyBaHHIM BCiX Cy0 €KTiB, IO 3a1isfHi y (OpMyBaHHI Ta HaJaHHI
aBiaTPaHCIIOPTHUX MOCIYT.

MeTto10 cTatTTi € OOIpyHTYBaHHS OCOONMBOCTEH CEPBICHOI MiSJIBHOCTI B aBialliiiHii ramysi, GopMyBaHHS
1 XapaKTepUCTUKA CUCTEMH i KIIIOUOBUX CKJIaJOBHX 3 MO3HUIIT KJIIEHTOOPIEHTOBAHOTO CEPBICY.

Buxnax ocHoBHOro Marepiamy. OOCIyroByBaHHS KII€HTIB B aBialliiHil raysi Bilirpae KIrO4Y0OBY poib y il
ycmixy. bi3Hec BCiX KOMITaHiH, 110 3a/IisHI y HaJJaHHI aBiaTPaHCIIOPTHUX MOCIIYT, 30CEPEKYEThCS Ha PiBHI 00CITY-
TOBYBaHHSI, IO HATAETHCS KIIi€HTaM. SIKicHe 00CITyrOByBaHHS KIIIEHTIB Ma€ BHpINIAIbHE 3HAYCHHS 1 € TIIO0ATbHIM
TPEHJIOM B aBia 0i3Hecl, OCKIJIbKH BOHO JIO3BOJISIE, 3 OTHOTO OOKY, 3a0€3MEUUTH 330BOJICHICTD KITIEHTIB, 301IBIITUTH
KUTBKICTh JIOSUTBHHUX KJI€HTIB, «yTpUMYyBaTW» iX B JOBIOCTPOKOBii MEPCIEKTHBI, a, 3 IHIIOro OOKy, 3abe3medye
1 e(exTHBHE (DYHKITIOHYBaHHS aBiaKOMIIaHii (a€pOMopTy) 3 BUCOKUM piBHEM MPUOYTKOBOCTI Ta iX KOHKYPEHTOCIIPO-
MOJKHICTh Ha aBiapUHKY.

CepBicHa JisNIbHICTD y KJIACHYHOMY PO3YMiHHI ABJISIE COOO0I0 MPOIIEC HAJIATO/IKEHHS TOBTOTPUBAIINX B3aEMO-
3B’3KiB BUPOOHHUKA TOBApiB Ta MOCIYT i3 IHAUBIAyaJIbHUM (KiHIIEBHM) CIIOXKHBA4YeM; 11 TisUTbHICTh, TIOB’s3aHa i3
HaJaHHSAM HOCIYTH 1 COpAMOBAaHA Ha 3a/I0BOJICHHS OTpeO criokuBayis [12].

OCKUITBKH, aBiaTPaHCIOPTHI MOCITYTH € 0COOIHUBOIO KATErOPIi€r0 MOCITyTH 3i CHeLII/I(l)iIIHI/IM Ha0OpOM Mapame-
TPIiB SIKOCTI, (pOpMa TPOSIBY SIKUX BIACTHBA TUTGKH aBialliiHOMY TPaHCIIOPTY 1 TIOB’s3aHa SIK 3 nmporecamu (bopMy-
BaHHSA 1 HAJJAHHS MOCITYT, TaK i3 YPaxyBaHHAM CIPHAHATTS OTO BHTY MOCIYT KIIIEHTaMH, TO i CepBiCHA AisUTBHICTD
B aBiamiifHii ramy3i Mae cBOI XapakTepHi 0COOIHUBOCTI.

Cepgicna OisinbHicms 6 agiayii — 1ie CUCTeMa 00CIYTOBYBaHHS, 110 BKITFOYA€E KOMIUIEKC MOCITYT, HEOOX1THUX
JUTSL 33/I0BOJICHHSI ITOTPe0 MacakupiB MpHU aBiallepeBEe3eHHI Ta CTBOPEHHI ISl HHOTO MAaKCUMAaJIbHO KOM(OPTHUX
YMOB y BiIMOBIAHOCTI 13 Cy4YaCHUMH M1KHAPOJAHUMHU aBialliiHuMu ctannapramu. CepBicHa JisUTBHICTh B aBiallii —
e He nuie Oesrexa, HyHKTyaJII)HiCTL HaJIiHICTS, aje 1 MoCTiiiHa p060Ta 3 SIK MACAKUPAMH, 1110 BKIIIOUAE peKIaMy
Ta NPOCYBAHHS, CIUIKYBaHHs Ta sIKICHE OOCIyrOBYBaHHS B npouec1 aBia IepeBe3eHb, TaK 1 3 00CIyTrOBYIOUUMHU
KOMIIaHIsIMH, SIKi 3a6e3neqy}0TL (bopMyBaHHﬂ 1 HaJJaHHS aBialliitHOT MOCIYTH.

CepsicHill TisUTEHOCTI B aBialliiHil ramysi, Ha AyMKY aBTOPIiB, IPUTAMaHHI HACTYIIHI 0COOIUBOCIII:

— Oe3mocepenHiil KOHTAaKT Ta B3a€MOJisS MK CHOXXHBAYeM Ta IMOCTAYaJIbHHUKOM ITOCIYT Ha BCIX eTamax
HaJ[aHHSA aBia oCayTH sk B cermeHTi B2C, Tak i B cermenTi B2B: aeponopT — aBiakoMIaHis; KIIi€HT-aBiaKOMIIaHis
1 00CIyrOByIOYi KOMITaHIi (XeHJIIHTOBa, KEWTEPUHTOBA, TYPUCTHYHA TOIIO); KIIEHT-aepoIopT Ta OOCITyroByrOUi
KOMITaHi1 (OpHITONOT1YHi, METEPEOJIOTI4HI, acpOHABIraIliifHi, TIPOTUIIOXKEKHI TIOCITYTH TOIIO);
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— Jy)Xe BHCOKa poJb NEPCOHATY B Ipolieci 00cayroByBaHHs. 79% aBia macaXxupiB BBa)KaloTh, IO CIILIKY-
BaHHA 3 CEPBICHUM areHTOM B a€poOIOPTy UM OOPTIPOBIAHUKAMU Ha OOPTY MOBITPSHOTO Cy/HA JJISl HUX JAY>KE BaX-
JIUBE 1 116 OCHOBHUHN KpUTEPii OLIIHKH SKOCTI 0OCIYrOBYBaHHS B aepoOINOPTY Y Ha OOPTY MOBITPSHOTO Cy[HA, IO
BKJIFOUEHUH 10 OCHOBHHUX aBia PEUTHHIIB;

— HeOOXiTHICTh 1HIWBIAYATBHOTO MiAX0MY 0 KOXKHOTO KII€HTA. 3allikaBJIeH] Ta JIOAIbHI KJIIEHTH BUTpava-
JOTh Ha aBiamilHi Ta HeaBialiiHi mociayru Ha 30% Oinbine; 80% KITIEHTIB 3 OUIBIIOW HMOBIPHICTIO MPHAOAIOTH
MPOAYKT ab0 MOCIYTy BiJ OpeHIy, SIKHI 3a0e3redye epCOHaTI30BaHui TOCBiJ, & MepCcoHali30BaHi pPeKOMEH Il
BIUIMBAIOTH Ha 92% moxynmiB B [nTepreri [13];

— oco0OimBa yBara Jio KIIi€EHTCHKOTO TIOCBiLY, aJIXKe 3a CTAaTUCTHKOIO MOoHA) 50% MOKYITOK 0a3yIOThCs Ha TIO3H-
TUBHOMY CTaBIICHHI JI0 KIIi€HTA. 3 MO3UIIi1 KJIIIEHTCHKOTO aBia JIOCBiMy HAHOUIBII BAXKIIMBUMHE € HACTYIIHI CTaHAAPTH
00CITyroByBaHHS: BiIMOBIAaTH Ha 3alTUTH KITi€HTIB (61%), OpaTH BiAMOBigaIbHICTH 3a cBOT oMuikH (60%), pooutn
Bce, 00 BUpimuTH pobieMy kiienta (59%), Oytu noctynHuUMH JUTst KiaieHTa (55%) Ta 3anuimaTics mo3uTHBHUMHA
1 10OpO3UWIMBUMHU i/ Yac B3aeMoJil 3 kimieHTamu (54%) [14];

— BaXJIMBICTB MiATPUMKH SKOCTI. 62% CIOXXKKMBauiB 3a3HAUYNIIN, 110 TPUMTUHIIIHU CITIBIIPALIO 3 OPEHIOM Micis
MOTraHOTO OOCIIYTOBYBaHHA KIIIE€HTIB; CIIOKMBayi BABIYI YacTille OUIATHCA CBOIM MOTaHUM JOCBIZIOM OOCIIyTOBY-
BaHHA KIi€HTIB (54%), Hi’ TOBOPATH Ipo Mo3uTHBHUH 10CBiA (33%) [15]. I TyT OpieHTHPOM BHCOKOI SIKOCTI 00CITY-
TOBYBaHHS B aBialliifHii rajry3i MOXYTh CTaTd OCHOBHI pedTuHru: “SkyTrax” “World Airline Awards” / “World
Airport Awards”, “Air Help Score”, “Airline Ratings”, “Avia Tickets Ratings”;

— IIUPOKE 3aCTOCYBAHHS TEXHOJOTIH i1 0OCIyroByBaHHS MacaXupiB: MOOUTBHI nonarkw, Hafmiiiai CRM
1aTOopMH, IHTEIIEKTYaIbHI 3ac00HU 3B'sI3KY, PO3ITi3HABaHHS MOBJICHHS Ta aHAJI3 A3BIHKIB, PIIICHHS IS YIIPaBIiHHS
JaHUMH, XMapHe IporpaMHe 3abe3neyueHHs, [HTepHeT pedel, po3mupeHa peagbHiCTh. BaxknuBicTs mudposizarii
00CITyroByBaHHS 3yMOBJICHA, HAIIPUKJIIA, THM, O 81% KIII€HTIB HAMAraroThCs BUPIIIMTH MPOOIEMYy CaMOCTIHHO,
MepI HiK 3BEPHYTHUCS 0 KOHCYNBTaHTa, 84% CIIOXKUBAYiB AOBIPSIOTh OH-JIAHH OMISIaM TakK caMo, K 0COOUCTHM
pexoMeHanisam, Ta 68% crnokuBadiB JOOIATH 4aT-00TH, TOMY 110 BOHH IIBUAKO BiAmoBigawTs [14, 15]. A Takox
BUKOPUCTAaHHS HU(POBUX IHCTPYMEHTIB i1 OOCIyroByBaHHS aepoIOpPTy Ta aBiakOMIIaHii: aBialliiina Oe3neka Ta
po3yMHe 00CITyroByBaHHS MOBITPSHUX CY[E€H, YIIPaBIiHHS MOJbOTaMU Ta iHTENEKTyallbHa KaOiHa MiJIOTiB, MaJuBHA
e(heKTUBHICTP Ta 3aXUCT JTOBKIIIA, CHCTEMa OE3MEKH aepoIopTy Ta BIPOBAKEHHsI G10MeTpii TOIO;

— Opi€HTAIlA Ha Pe3yabTart, aJpKe 30UIBIICHHS KITBKOCTI JIOSUTHHIX KII€HTIB Ha 5% 301IbIIy€e IPUOYTOK 10
95%, a 30UTBIICHHS PIBHSI 33/I0BOJICHOCTI acaxupis Ha 1% reHepye B cepenHbOMY 3pOCTaHHS HeaBialliiHIX JJOXO-
niB Ha 1,5% [16];

— 000B’s13k0Be 3a0e3neUeHHs aBia OE3MeKH K OCHOBHUI MIPIOPUTET HaAaHHS aBia MIOCIYTH;

— HasBHICTH BEJIMKOI KITBKOCTI HECTAHIAPTHUX CUTYaIliil B Iporeci 00CIyroByBaHHS;

— 000B’SI3KOBICTh HAJIAaHHA MACAXHUPaM KOMIUIEKCY IOCIYT B aepolopTax Ta Ha OOpPTY MOBITPSHOTO CyJHA
(3rigHO aBialiffHUX MpPaBWI) Ta HEOOOB S3KOBICTH BUKOPUCTAHHS MACAXXUPAMHU BCIX 3alIPOIIOHOBAHUX CEPBICHUX
(momaTKOBHX) MOCIYT;

— 3pYYHICTb Ta TEXHIUHA aJIcKBaTHICTh CEPBICHUX MOCIYT;

— HEeoOXigHICTh POpPMYBaHHS BUBAKCHOI LIHOBOI MONITHUKH, IO 3yMOBJICHO BHCOKHM PiBHEM KOHKYPEHIIIi
B aBialliiHii ramysi;

— BHCOKI BUMOTH JIO0 TIOBHOTH Ta SIKOCTI iH(oOpMaIiitHoro 3abe3neueHHs nacakupiB y Mporeci CepBiCHOTO
00CITyTOBYBaHHS.

ABianiiiHuit 6i3HeC ChOTOHI — 1€ 1 1IealbHO HaJIaro/KeHa podoTa 3 aBiakoMITaHisIMHU, TOOTO, B paMKax 0i3-
Hec mozeni “B2B”, i sikicHa monenb poboTtu “B2C”, ajpke chbOTOHI MacaXup € MEHTPOM JisSUTBHOCTI aeporopry,
a KJIIEHTOOPIEHTOBAHICTh — OCHOBA JiSUTBHOCTI OUIBIIOCTI Cy4acHUX aBiaKOMITaHiMH.

BingnosigHo, i cepBicHa IisSUIBHICTD B aBialliifHilf ramy3i He TOBHHHA OOMEXYBaTHCS JIUILIE 0OCITyTOBYBaHHIM
MacakUpiB B Mpolleci HaJaHHS aBialliifHO MOCIyTH, a BKIIOYATH TaKOX 1 CUCTEMY OOCIIyTOBYBaHHS BUPOOHUYOT
1H(PaCTPYKTYpH aeponopTy Ta aBiakoMIaHiid B aeponopty (puc. 1).

Beznepe'{Ho cucmema 00Cyz08y6anua naca.)fcupis, 1o 683y€TbC$[ Ha q)opMyBaHHi BUBYEHHI Ta yA0CKOHA-
JICHHI KIIIEHTCHKOTO ,E[OCBIZ[y, € KITFOYOBUM cpaKTopOM ycmxy B aBlaI.IlI/IHOMy 0i3Heci, OCKIIBKY BiH BiIrpae BAXKIIUBY
POJIb B 3aI0BOJICHHI KITI€HTIB, iX yTpHMaHﬂl Ta l'Il,I[TpI/IMI_Il JOSUTEHOCTI. ABlanacameH CTArOTh OUTHII BUMOTIIUBIMU
IO SIKOCTI 0OCTYTOBYBaHHS 1, BiIIIOBITHO, OCHOBHI rpaBLu Ha aBia pHHKY — aBiaKOMIaHii Ta aepONOPTH — MOBUHHI
30CepEeIUTHCS Ha TTOKPAIIeHHI 00CITyrOBYBaHHS KIII€HTIB (MACaXXUPIB), 1100 3aTHINATHCS MPHUOYTKOBHUMH Ta KOHKY-
PEHTOCIIPOMOXXHHMH Ha PHHKY.

B3aeMo03B 30K MiXK SIKICHUM o6cnyFOByBaHHsIM Macakupis i pmHeM npn6yTKOBOCT1 JIOBEJICHO, aJKe ICHYE
MO3UTHUBHUHN 3B 30K MiX 3arajJbHUM PiBHEM 3aJ0BOJICHHS nacaxcnpna 1 HeaBial[iHUMU JOXOJaMHU: 301bIICHHS
MacaXuporoToky Ha 1% mpU3BOAUTH 10 3pOCTaHHS HeaBialiiHUX q0xoAiB Bif 0,7% mo 1%, 30inbIeHHS pO3Mipy
KOMEpIiiiHOI 30HU B aepornopTy Ha 1% Mpu3BOAUTH A0 3pOCTaHHs HeaBialiifHUX aoxoaiB Ha 0,2% [16].

KiienToopieHTOBaHU# cepBic Ha CHOTOHI € HE JIUIIE OCHOBOIO CEPBICHOT AiSIIBHOCTI, 8  OCHOBHUM IIPHHLIU-
oM (QYHKIIOHYBaHHs Cy4acHOTO aepONOpTY Ta aBiakoMIiaHii. B aBiarifiHoMy 0i3Hecl KIIiEHTOOPIEHTOBAaHHH CEpBiC
nependavae:
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CEPBICHA II. Cucmema obcnyzosysannsn
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B aBialliiHil Tamy3i

Puc. 1. CxiiaioBi cepBicHOT JisUTBHOCTI B aBialliifHii ramysi

Loicepeno: asmopcuvka po3pobra

1) 3anHs cBOrO Macaxupa: GOpMyBaHHS «IIOPTPETY» MACAKHIPA; BUBYCHHS CKapr; BAKOPUCTAHHS IT00aKaHb
MacaXupiB, mo0 crpoOyBaTH HOBI crIOcOOM HaJaHHS ITOCIYT; PO3MOBIISATH 3i CBOIMHU KIIIEHTaMHM Ta LIMPO iX CITy-
XaTH; PO3YMITH Ta 33JOBOJBHATH NOTPEOU MAacaXUpiB; MEPCOHAI3yBaTH KITI€HTCHKUI TOCBI.

2) Po3ymiHHS moTpeb macaskupa: po3yMiHHS TOTO, IO MAaCaXUPU BBAKAIOTh XOPOILIMM OOCITyTOBYBaHHSIM;
BU3HAYUTH OYiKYBaHHS MACa)KUPIB Ta HACKIJIBKU BOHHU BiJPI3HSIOTHCA BiJl PEaIbHOCTI; CIIJIKYBATH SIK 33 MO3UTHB-
HUMH, TaK i HETATUBHUMU BiTyKaMH Ta KOMEHTApsIMH MAaCaXUPIiB; MOCTIHHO IIYKATH IUISXH TOKPAIICHHS PiBHS
00CIIyroByBaHHS MacaXUpiB.

3) OuiHioBaHHS SIKOCTI OOCITYTOBYBaHHS IMACaKUPIB: OMHUTYBAHHA Ta (OPMU 3BOPOTHOTO 3B'SI3KY; «Ta€MHI
TTOKYIIIi»; MOHITOPHHT KOMEHTAPIB Y COIIAJIbHUX MEpekax Ta BII'yKiB Ha MpodeciiiHUX aBia-caiiTax i BIaCHOMY CalTi.

4) ®opmyBaHHsI IPOrpaMu 0OCITYTrOByBaHHS MacaKUPiB — 103BOJIsiE (PopMai3yBaTH piBEHb 0OCIYTOBYBaHHS
KIIIE€HTIB, KWW BU TIparHeTe HaJlaTH, 1 Te, SKi MPAKTUYHI 1ii BU OyneTe poOUTH, 00 OCITTH IBOTO Ta MiABUIUTH
JIOSTIBHICTB KITIEHTIB 1 YTPUMATH iX, Ta IPOTPaMH JIOSUTBHOCTI IS IIOCTIHHUX TaCaKUPIB — YTPUMAaHHS TacaKUPiB
3aJISKHUTD BiJl iX JIOSIIBHOCTI Ta 33JJOBOJICHHS CEPBICOM, aJKe YacTO 3HAHUTH HOBOTO KJIIEHTA JOPOXKYE, HIK yTPH-
MaTd TIOTOYHOTO.

To06T0, KJII€EHTOOPIEHTOBAHUH CEpBic B aBialliifHOMy 0i3Heci — I1ie BMiHHS «IEPEBTLIIOBATHCS Y MACAKHUPAY,
JYMaTH 1 OLIHIOBATH SIK MAaCa)XHp, CTAaBUTH cOO1 MUTAHHSA SK MACaXXUp, a TAKOXK JTyMaTH PO JOBIOCTPOKOBY Iep-
CHEKTHBY 3 MO3ULIT TOTO, IO «KIIEHT — LIe Ha BCE KUTTS.

Peanizanis KJ1i€HTOOPIEHTOBAHOIO MiXOAY 0 OOYIOBH CEpPBICHOI JisSNIBHOCTI B aBialiiiHii ramy3i He MOX-
nuBa 0e3 BUKOPUCTAHHS Cy4acHHX TEXHOJIOTIH 060J1yr013yBaHH;1 Ta KOMYHiKallii 3 KJIi€HTaMH, SIKi MOBUHHI OXO-
TUTIOBATH BUKOPHCTAHHS PI3HUX KaHAIiB KOMyHlKaLIll 30ip Ta aHaJi3 JaHWX, BIPOBAKCHHS CHCTEM YIPABIIHHSI
B3a€MOII€I0 3 KIIIEHTaMH1, aBTOMATH3AIIiI0 MIPOIIeCiB 00CIYTOBYBaHHS KIIIEHTIB 32 JIOTIOMOTOIO CyJacHUX IU(POBUX
pimeHs.

B cywyacHoMy aBialliiiHoMy Oi3HeCi MPHUHUHATO 3aCTOCOBYBATH NPHHIIMIT OMHIKaHAJIBHOCTI, TOOTO BHKOPH-
CTaHHS OJIHOYACHO KiJIbKOX KOMYHIKaIliIHHUX KaHaJiB, 00’ €THAHUX y €IUHY €KOCUCTEMY 31 30€peKEHHSIM YCi€l icTo-
pii cIinkyBaHHS 3 HITBOBOIO aynuTopiero. HalOinpI momupeHNMH € HAaCTYITHI KaHAJIM KOMYHIKAIlii B aBiamifHOMY
0i3Heci: aBTOMaTU3allisl MPOIECiB, 4aT-00TH, TOJIOCOBI poOOTH, MOOUIBHI peecTpallii, CHCTEMH OH-JIAiiH OpOHIO-
BaHHS, TEXHIYHA MiATPUMKA, YIIPABIiHHI YeProro, MPOrpaMu JIOSUIBHOCTI, Cllyx0a 0araxy, podoTa 3 NpeTeH3isIMu
Ta BIAIIKOJYBAaHHS, MiITPUMKA EKIMaXiB. A HaWOLIBII monmyasspHuUMH TexHojorismu €: Block chain, nomoBHeHa
1 BipTyasibHa peaNbHICTh, INTYYHHUH IHTETEKT, pOOOTOTEXHIKa, OiomeTpis, [aTepHeT pedeit, Big data ta aHamiTuka,
MOOIIbHI pitreHHs [17].
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lomo HaiiOLIBII MOMYNTSIPHUX KaHAIIB 3aJydCHHS KII€HTIB, TO 3a pe3yJbTaTaMH ONUTYBaHHS CEpBiCy
“HubSpot” y 2022 pomni 10 HUX YBIHIIIN: MAPKETHHT y COLIAIbHUX MEpexax Ta MeceHpkepu (SMM), BeO-calfT Ta
6mnor, E-mail, momrykoBa ontumizauis (SEO), [nTepHer pexnama, konteHT-MapkeTuHr (Content Marketing), mapt-
Hepebkuii MmapkeTusr (Affiliate Marketing), «capadanne pagio» (WOM Marketing), mapkerunr BBy (Influence
Marketing) Ta nmpocyBaHHs 3a normoMororo 3axoniB (Event Marketing) [18].

SIK110 X pO3MIAAATH caMe OpraHi3allilo CEepBICHOI JIsTIBHOCTI Ta SKiCHE 0OCITyroBYBaHHS MAacaXKHpiB, TO, HA
JIYMKY aBTOpPIB, KJIFOYOBHMH CIIEMEHTAMH CUCEMU 00CTIY208Y8aHHs NACANCUPIE 6 asiayilinitl eany3i € HACTYIHI

(puc. 2).

OocayrosyBannst IACAKUPIB
B aBiauniitHiii ramaysi

Aeponopm < ﬂ > Asiakomnanis
o —— = T
Obcnyeosysanns Haszemne obcnyzoysanns Obcnyzoeysanns
nacasicupis 6 aeponopmy nacasxjicupie agiakOMnaHieio nacascupie na 6opny
g nOGIMpsHO20 CYOHA

Tpuminenns / N Ilepen nonbotHE

—) iHppacTpyKTYypa 00cITyroByBaHHs! PoGora eximaxy Ha
: oopry
—> IIpouecu N [Ticng monsoTHE
) Hepconan 00cITyroByBaHHS BoproBuii mpoyKT
Oprasizartis

—>|  aBiauiiiHO} MisSTLHOCTI

Puc. 2. KimtouoBi enemMeHTH 00CITyroByBaHHs TACAKUPIB B aBialliiHIi ramysi

Jicepeno: asmopcvra po3podka

BiamoBinHo, cepsicua disinbHicms 6 aeponopmy — 1ie CKOOPIAUHOBaHA JisSUTbHICTh, CIPSIMOBaHA Ha BUKOHAHHS
BCTaHOBJICHHX BUMOT JIO SIKOCTI BIIJIIIAMHU Ta CTPYKTYPaMHU aepoTopTy, SKa XapaKTepU3y€EThCs Pe3ysIbTaTaMu pi3-
HOMAaHITHHX NIPOIIECIiB y HOTO CTPYKTYypHHX mifpo3aitax. CepBicHa isTIBHICT B aepOIOPTY (TTACAKUPCHKOMY Tep-
MiHaJi) IoA0 00CITYroByBaHH IMACAKUPIB MOBUHHA BKIJIIOUATH HACTYITHI €JIEMEHTH, 10 (OPMYIOThH PiBE€Hb SKOCTI
00CITyrOBYBaHHS:

1. ITpumileHHs aeponopTy Ta ioro iHdpacTpykTypa:

— sKicTh nociayru (atMocdepa TepmiHaliB, ekpaHH iHPOPMAILIii PO MOJBOTH, BKa31BHUKH JAJIS1 OPIEHTYBaHHA,
KJIIMaT-KOHTPOJIb, SIKICTh OCBITJIEHHS, PIBEHb LIYMY, YUCTOTa, KOM(OPTaOeNbHICTh TOIIO);

— SIKICTh IHQPACTPYKTYpH (TPOMAICHKUM TPAaHCIIOPT, TAKCi, MAPKyBaHHS; CTYIIHb JOCTYITHOCTI aepOHOPTY
3 MICTa; peecTpalis macaKupiB, Yac OYiKyBaHHS B Uep3i, IPOCTOTA MPOXOHKEHHS IPOLIEIYP);

— sKIicTh Oe3nekn (€()eKTUBHICTH KOHTPOJIO OE3MeKH Ta iHPOpPMAIIHHUX CTIHOK, Yac MPOXOMKEeHHS (op-
MaJIPHOCTEH: aBialliiiHa Oe3leKa, MUTHHI Ta IPUKOPIOHHUHN KOHTPOJIb; Yac BHUIadi Oaraxxy Ta Horo cTaH TOIIO);

— (yHKIIOHANBHA SKICTH (TPAHCIIOPTHI 3aCO0M JIJIS IHBAJIIIIB 1 JIF0eH TTOXUIIOTO BiKY, IIOCIYTH 3 JIOTIISALY 32
JTiThMH 0€3 HATTISY ).

2. [Ipouecu aepomnopry:

— OH-JIaliH cepBicu (iHGOPMATHUBHICTH Ta 3PYYHICTH KOPUCTYBaHHS BeO-caliToM aepomopry; 3py4HICTh
OH-JIaifH 3aMOBJIEHHSI OCIYT aepOIOPTy; POOOTA KOHTAKTHOTO IIEHTpPY TOLIO);

— SKICTh MPOAAXKY KBUTKIB (IIBUIKICTH O(POPMIICHHS KBUTKIB, epeo(OpMIICHHS, KOHTPOJIb Ta IOBEPHEHHS
KOILTIB);

— sKicTh KoM(popTy (yIpaBiiHHSA YepraMu, TOCTyH 10 IHTepHETy Ta HOro MIBHIKICTh, 3pYYHIII irpOBi MPH-
MIIICHHS, [IIHA B Mara3uHax, BapTiCTh MAPKIHTy aBTOMOO1IIB B a¢pOIIOPTY; BAPTICTh TPAHCIIOPTYBAHHS B a€POTIOPT;
KUTBbKICTh Ta SIKICTh CEpBICY JIJIs HEeaBialliMHUX MOCIYT; 3pYYHICTh PO3KIaay; 3pyUHICTh TpaHcdepy depe3 aepo-
MOPT; IliHA TIEpEBE3€Hb; KIIBKICTh MapIIPyTiB).

3. Ilepconan aeponopTy: piBeHb KBami(ikaii mepcoHary, Tpy10Ba TUCIHUILTIHA, BMOTHBOBAHICTh MIPAaIliBHHU-
KiB; BBIWINBICTH [IEPCOHAITY, €THKA 1 KyIbTypa OOCIyTOBYBaHHS TaCAXUPIiB; PIBEHB SKOCTI HaTAHHS HeaBiaIllHUX
HOCIYT TOIIO.
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Bci mocmyru, siKi HaJlae aBiakOMIIaHis MacakupaM B IPOLieCci 00CIyroByBaHHS B3a€MOIIOB I3aHi, a AKICTh 1X
HaJaHHS B CYKyIMHOCTI (hopMye iMi/K aBiakoMMaHii Ta ii KOHKYPEHTOCIPOMOXKHICTb, TOMY CEPBICHY OifIbHICMb
asiakomnauii BApTO PO3MISIATH 3 MO3HUIIIT IBOX CKIIAJOBHX:

1. HazemHe 00cayroByBaHHs acaXUpiB aBiaKOMITaHIEIO:

— SIKICTh Tepell MOJBOTHOTO OOCITYTOBYBaHHS: CAaiT aBiaKOMIIaHIi: 3py4YHICTh Ta JIETKICTh KOPUCTYBAaHHS,
1H(OPMATUBHICTD, 3PO3yMITICTh; OH-JIAifH OPOHIOBaHHS KBUTKIB: HAsBHICTh, 3pyUYHICTh; OH-JIAWH pEeCTpallis Ha
peiic: HasBHICTb, 3pYYHICTh; MOJITHKA IIOJO MEePeBe3eHHs Oaraxy / pydJHoi MOKJIaXi; MOXJIUBICTh CaMOCTIHHOT
peectpariii Ha peiic; mpoIeIypH Nepea M0CaaKo; e(peKTUBHICTh Ta 3pYUYHICTh IMOCAJKH; TIEPCOHAT aBiaKOMIIaHii:
MIPHUBITHICTh, ONIEPATUBHICTD; 3aJI OYIKyBaHHS Ta JAyH/DK aBiaKOMITIaHIl: 3pyYHOCTI JJIsl MACaXKUPiB, TOCTUHHICTD
MIepCOHAIY;

— SIKICTb ITICJIS TIOJIBOTHOTO OOCITYTOBYBAHHS: MOCIYTH TpaHC(epy; MOCIYTH 0 NpUOYTTIO B aepOIOPT IPH-
3HAYEHHS; Oarak macaxupis: 30€peKEHICTh, JOCTABKA; ICHY€E UiTKa cXeMa/IIpaBriia KOMIIEHCAII] 11010 BTpaTH abo
MOIIKOKEHHS Oaraxy;

— SKIiCTh oprasizauii aBiauiHOI NiSJIBHOCTI: BYACHICTH/IyHKTYaJbHICTh BiAMpPaBICHHS/MPUOYTTS pEHCiB;
KIUIBKICTh PEHCiB; 3pYUHICTh CTUKYBAaHHS PEiCiB; JOCTYMHICTh KBUTKIB; aKI[il HA KBUTKH 32 PI3HUMH HarpsiMaMu;
CHIBBIJTHOIICHHS IiHA/AKICTh MOCIYT; MPOrPaMH JOSUIBHOCTI JJIs MOCTIHHUX KJIIEHTIB; SKICTh POOOTH 3 MPETEH3i-
siMH; 710 o(biciB aBiakOMIIaHI# JIETKO JICTAaTHCS.

2. O0cnyroByBaHHS MacaXKUPiB Ha OOPTY JliTaka:

— SKICTh POOOTH eKilmaxy Ha OOpTY: MPUBITHICTH OOCITYTrOBYBaHHS Ta TOCTHHHICTh; YBaXHICTh Ta OTICPaTHB-
HICTh 00CITYTOBYBaHHS; IOTIOMOTa TIPX TIOCAIITI Ha OOPT JliTaka; 3HAHHS MOB IIEPCOHAIOM OOpTY; UyiHE CTaBICHHS
eKiMaxky Ta IMOCTiHa TOTIOMOTa; TPUAIICHHs OJJHAKOBOI YBaru BCiM MacaXUpaM; SKICTb Ta TOUYHICTh OTOJIOIICHB;
JIOCTAaTHICTh Ta CBOEYACHICTH iH(opMaIlii Ha OOpPTy; AOCTATHICTh 3HAHB CKIMaXy IS BiANIOBiACH Ha 3amHUTaHHS
MAcaKUPiB; HABMYKHU BUPILICHHS MPo0ieM Ta KOH(IIKTHUX CUTyallil; JOMOMOra CiM'M 3 AiTbMH, MaJI0 MOOITEHUM
Hacakupam; 30BHIIIHIA BUIIS eKilaxy OopTy;

— sKiCTh 00CIyroByBaHHS Ha 60pTy (OOPTOBHIA MPOAYKT): KOM(POPT CUIIHHS;, YACTOTA CAJIOHY, CUJIiHb, Tya-
JIeTy; OCBITICHHS KabiHu / atMocdepa Ha O0pTy; TeMIleparypa cajoHy, po00oTa KOHAHIIOHEpa; KOM(OPT i 3pyIHOCTI
B CaJIOHI; Marepiaiy Ui YnTaHHs / )KypHau aBiakommnaniii; Wi-Fi/ Fly Net; ekpan 1 inTepgeiic 6opropux TV; BuOGip
po3Bar Ha OOpTy; AKICTh Ta MIOIp CTPaB, PI3HOMAHITHICTh, MEHIO; KUIBKICTh 1Ki; BUOIp HAIOIB; I[IHK Ha OOpPTY;
CHIBBIJTHOIICHHS I[IHH Ta SIKOCTI Ha OOPTY.

Jpyra ckiagoBa cepBiCHOI JisSUIBHOCTI B aBialliiHIN ramysi — Le cucmema opeanizauii 006cnyzo8y8aHHs
sUpOOHUUOT IHpacmpyKkmypu aeponopmy ma asiakomnauii, T00TO, 3a3BUYAN, HEBUIUMA JIJIS TACAXXHUpa podoTa,
sIKa TIOCTIHHO BUKOHYETHCS B aepOIOPTY Ta Ha OOPTY MOBITPSHOTO Cy[HA 3a]JIs1 OpraHi3alii poOoTH i 3a0e3neueHHS
SIKICHOTO 1 0e3MeYHOro HaJJaHHsI aBia MOCIYTH.

Punox B2B B aBiamiiiHiil ramy3i € BaXXJIMBOIO Ta HEBiJl'€MHOIO YaCTHHOIO, K€ BiH J]a€ 3MOTY IIMPOKOMY
CIEeKTPYy KOMIIaHi}l CIiBIpaIfoBaTh pa3oM, 100 MOCTauyaTH aBiakOMIIaHisIM, BUPOOHHUKAM JIiTaKiB Ta 1HIIAM Tij-
MIPUEMCTBAM TOBapu Ta mociyry. Lleil puHOK € BUTiTHUM SIK AJIS CIIOXKMBAYiB, TaK 1 I KOMITaHil, OCKIJIbKU BiH
nae 3Mory eekTHBHO Ta Oe3nepediliHO 3iHCHIOBATH OIIEpallil Ta IIOKpaIlye 3arajbHy SKicTh mogopoxkei. CexTop
B2B B aBialii BiTHOCHTBCS 70 ONeparii MiK KOMITaHISIMHU 1 OXOIUTIOE IIIMPOKHHA CIICKTP BUPOOHMKIB JIITAaKIB; aBia-
KOMIIaH1#; MOCTaYabHUKIB TIOCIYT 3 TEXHIYHOTO OOCIIyTOBYBaHHS Ta PEMOHTY; OINEpaTopiB acpoIopTiB, MO Bil-
MTOB1/IAlOTH 32 YIIPABIiHHS Ta €KCIUTyaTallif0 aepOIOPTiB, KOHTPOJIb MOBITPSHOTO PYyXy, Ha3eMHE O0CITyrOBYBaHHS,
aBiariiiHy Oe3leKy; MocTadyalbHUKIB HeaBlallifHUX TOCTYT I MacaXupiB (po3apiOHa TOPTIBIS, PECTOPAHU Ta
Kacge, ToTenbHUH Oi3HEC).

o cuctemu o0ciyroByBaHHS BHPOOHHUYO! iHQPACTPYKTYpPH acpoIropTy Ta aBiaKOMIIaHiIH aBTOPH IPOIIOHY-
I0Th BiJIHECTH:

1. IMocnyru XeHUTIHTOBUX KOMIIaH1H 15 aBiakoMmaHiil. XeHJIIHTOBa KOMITaHisl — 11 00CIyroByro4ya KoMIia-
Hisl, 10 3/1MCHIOE KOMITJIEKCHE OopraHi3alliiiHe 3a0e3neueHHs] KOMEPI[IHHOTO Ta TEXHIYHOTO 00CITyrOBYBaHHS MOBi-
TPSIHUX CYyZIEeH, 00CIyTOBYBaHHA MaCaXUpPiB, 0araxy Ta eKinaxiB B aeporoprax Ta MicTax nepedyBaHHs 3a MapLIpy-
TOM TONBOTY. Lle areHT mignprueEMCTB aepoIOPTOBOrO KOMILICKCY, IO IPAIIOE 3 aBiallepeBi3HUKAMH, 3aKIF0Ya0qn
JIOTOBIp Ha OPraHi3alilo aepoIOPTOBOrO Ta HA3EMHOTO OOCIYTOBYBaHHS. 3a3BU4ai, 10 CKJIAAy OCHOBHUX ITOCIYT
3 00CITyrOBYBaHHS XCH]TIHTOBOT KOMITAHIT BXOJSITh:

— 00CITyTOBYBaHHS MOBITPSHUX CY/ICH Ha NIEPOHi: POOOTH 10 3yCTPidi-BHITYCKY ITOBITPSHOTO CYJHA; KOOP-
JIUHAITiS, KOHTPOJIb 3aBaHTAXKEHHS; BHYTPIIIHE MPUOUPaHHS MOBITPSHUX CY/ICH;, BAaHTAXKHO-PO3BaHTaXyBaJIbHI
pOOOTH; TPAHCTIOPT AJIS MACAXKHPIB Ta €KiMaXiB; OyKCHUPYBaHH:; HA3eMHE JKEPEIIO KUBICHHS; 00CITyTOByBaHHS
TyaJICTHUX CUCTEM; 3allpaBKa IMMUTHOIO BOAOK; POOOTH 3 BUJAJCHHSA Ta 3aXUCTY Bij OOMEp3aHHS MOBITPSHUX
Cy/ieH;

— TepMiHaJbHE 00CIYTrOBYBaHHS MACAXXUPIB: PEeECTpallis MacaxupiB; 3yCTPidu Ta MOCAAKa; IepeBipKa T0KY-
MeHTIB (Bepuikauig); OpOHIOBaHHS 1 MPOJAX aBiamepeBe3eHb; MOIIYK 3ary0jieHoro Oaraxy Ta iHINI MOCIYTH,
OB’ s13aHi 3 pOOOTOIO IO BTPAYCHOMY, 3HAWACHOMY 200 MOIIKOPKEHOMY MaiiHy aca)XHpiB, 3a0e3MEUCHHS T0CTaBKU
Oaraxy, o BiIcTaB; 0OCITyTOBYBaHHS JiTeH 0€3 CYIPOBOMY Ta MACAKUPIB 3 OOMEKEHIMHU MOXKIIUBOCTSIMH;

ISSN 2521-6643 Cucremu Ta TexHoorii, Ne 2 (66), 2023 79



— omeparlii 3 aIMiHICTpyBaHHS: KOHTPOJIb 00CIYTOBYBaHHS TacaXXHPIB Ta MOBITPSIHUX CyAEH HA IIEPOHI; B3a-
€MOIiS1 3 KOHTPOIIOIOYMMU OpraHaMH i cIy>k0aMu; opraizaiist poO0oTH NMpeACTaBHULTB Ta CTAHIIN; BiAganeHuit
PO3paxyHOK LEHTPYBaHHS MOBITPSIHOTO CyAHA; OpraHi3allig OTPUMAaHHS J03BOJIIB HA BUKOHAHHS MOJBOTIB; (opMy-
BaHHS, BIANIPaBKa 3BIiTiB Ta CTATUCTUKU; BepH]iKallis TOKYMEHTIB; epe OpOHIOBaHH: KBUTKIB; PO3MILIEHHS Maca-
JKHPIB Yy TOTENIi; OpraHi3allist JOCTaBKH OOPTOBOTO XapayBaHHS.

2. IMociryry 3 excIuTyararii Ta 00CIyroByBaHHs aepOAPOMY:

MOCITYTH 3 MATPUMKH €JIEMEHTIB apOJAPOMHHUX MTOKPUTTIB B EKCILTyaTalliliHil TOTOBHOCTI;

3a0e3MedeHHs MPOTUTIOKEKHOT OC3IEeKH B 30HI aepoipoMy Ha3eMHUMH 3ac00aMu;

MOCITYTH OPHITOJIOTIYHOTO OOCIIYTOBYBaHHS TOJBOTIB, MO BKIOUAIOTH KOMILICKC 3aXOJIiB 13 3aXHCTY Bij
BIUIMBY HOTEHI[IHO HeOE3MEeYHNX IS TTOJBOTIB MOBITPSIHUX CYJCH NTAXiB HA aepOIpOMax;

— 3a0e3neueHHs OXOPOHH HaBKOJIHUIITHHOTO CEPEIOBHIIA B 30HI a€POIPOMY Ta a€pOIOPTY;

— TOCTyru 30epeXeHHs aBia anyuBa Ta MacTHIL.

3. Oprasizariiro po0oTH i3 3a06e31eYeHHs MOJIbOTIB!

— MOCJIYTH 3 MEAWYHOro 3abe3neveHHs MONbOTIB, AKi mependayarh MiATPUMKY NPOQeciiiHOTo 310pOoB s,
ONTUMi3alilo (QyHKIIOHATIBHOTO CTaHy OpPraHi3My 1 MiJBUIIEHHS MPale3JaTHOCTI JIbOTHOTO CKIIaiy, OleparopiB
3 KepyBaHHs OE3MUIOTHUMH aBiallifHIMU KOMIUIEKCAMH, MIEPCOHANTY 3 YIPABIIHHS MOBITPIHAM PYXOM, iHXKEHEp-
HO-TEXHIYHOTO CKJIAAy 3 METOI0 e(peKTHBHOTO Ta O€3IIeYHOr0 BUKOHAHHS HIMH 3aBJaHb 32 MPH3HAYCHHSM;

— MeTEeOopOJIoTiuHe 0OCIYrOBYBaHHS IMOJIBOTIB, 10 BKJIFOYAE MOCIYTH 13 3a0e3MeYCHHS METEOPOIOTIYHHMU
MIPOTHO3aMH, KOHCYJITAIISIMHA 1 CIIOCTEPEKESHHSAMH, a TAKOXK 1HIITY METEOPOJIOTIUHY 1H(POPMAIIiI0 Ta TIOCIYTH, IO
HAJAr0ThCS Cy0’ €KTaM aBialliiHOl JMisUTBHOCTI,

— 00CITyTOBYBaHHS MOBITPSHOTO PyXY: JUCIETYEPChKE 00CIYTOBYBaHHS; OIBOTHO-iH(pOpMamiiHe 00CIyTo-
BYBaHHS; aBapiiiHe 00CIyroByBaHHS;

— oprasizallisi XapuyBaHHS JHOTHOTO CKJIay MiJl 4ac BUKOHAHHS MOJBOTIB: MOCIYTH IIOAO MOBCIKACHHOTO
(mepes MONBbOTHOTO) XapuyBaHHS B HA3€MHUX YMOBax; OOPTOBE XapuyBaHHS IIiJl 4aC TPUBAIUX MONbOTIB; aBapiiiHe
Xap4yyBaHHS CKIMaxy.

4. O0ciyroByBaHHSI aBia TOCTaBKU Oaraxky (0OpoOka Oaraky mepen BHIBOTOM, KOMIUICKTYBAaHHS Oaraxy
B aepoIIOpTY, CHCTEMa COPTYBaHHs Oaraxy, IO BiIIpaBIETHCSI, B acponopry, oOpoOka Oaraxy, mo mpuoOyBac)
1 BaHTaXiB (YIaKOBKa Ta MapKyBaHHs BaHTaXiB, MUTHE O(OPMIICHHS BaHTAXIB, BaHTAKHO-PO3BAHTAXKYBaJIbHI
MTOCTIYTH, BIICTEXKEHHS MapIIPyTy BaHTaXYy, MOCIYTH CKJIAJACHEKOTO 30epiraHns, TOKyMEeHTaIbHE 3a0e3IeUeHHS aBi-
ariepeBe3eHb BAHTAXKIB).

I, HacamKiHelb, 000B’SI3KOBa CKJIAJIOBA CEPBICHOI MisSILHOCTI B aBiallidHIN Trairy3i, sKa € OCHOBOIO 1 IS
CHCTEMH O0CITyTOBYBaHHS MACaKUPIB, 1 U1 CUCTEMH O0OCIIyTOBYBaHHS BUPOOHUYOI iHYPACTPYKTYPH aepoIropTy
Ta aBiaKOMIAaHIM — yIpaBIiHHA SKiCTIO 00CIyroByBaHHS B aBiallilfHill ramysi. YIpaBmiHHS SIKICTIO OOCIIyTOBY-
BaHHS B aBialliliHil ramysi nepeabauae miliecnpsMOBaHUN MPOLEC BILIUBY Ha ()aKTOpH 1 yMOBH, sKi 3a0e3meuy-
I0Th CTBOPEHHS aBiallifHUX MOCIYT ONTHUMAJIbHOI SKOCTI; 11€ CKOOPAMHOBaHA JisJIbHICTh, CIIPSIMOBAaHA Ha BUKO-
HaHHS BCiMa MiApo3aiIaMu Ta CTPYKTypaMu, o (OpMYIOTh aBialliliHy MOCIYTY BCTAHOBJIEHUX BUMOT 10 BUCOKOT
SIKOCTI ii HamaHHs. BiImoBigHO, y3aralbHEHOIO XapaKTEPUCTHKOIO SKOCTI 0OCIyroByBaHHS B aBiamiiHIN ramysi
€ 3aJI0BOJICHICTh 00 HE3aJOBOJICHICTh aBianacakxupa / KJI€HTA I[I€0 TOCIYror0 3a THMH NTapaMeTpaMu, mo Oysin
OIMCAaHi BUILE.

BucHOBKM 3 1aHOTO NOCHiIXKeHHs i MepCNeKTUBH NMOAAJIbLIINX PO3BiAOK y nanomy Hanpsami. CygacHuit
aBIapHHOK € BUCOKOKOHKYPEHTHHM Ta IIIBHJIKO 3MIHHUM, 1 KO>K€H HOTO YYaCHUK IparHe BUIIMTUCS Ta cTaTH (aBo-
putoM. I, 3a3Buyaif, UM HE €MHOIO BIIMIHHICTIO KOMITaHii, 0 (JOpMYIOTh aBia MOCIYTY, € PIBEHB SIKOCTI 00CIYTO-
ByBaHHS. CaMe TOMY, SIK JOBE/ICHO Y CTaTTi, sSIKICHO MOOyA0BaHA CHCTEMa CEpBICHOTO 0OCITyTOByBaHHS B aBialliiHii
rary3i HaOyBa€ MepIoYeproBoro 3Ha4CHHsI.

ABTOpamMH 3alpOIOHOBAaHO PO3MNISAIATH CEPBICHY AiSIBHICTh B aBialiiHIM ramysi 3 mo3umii JBOX CKIIano-
BHX: CUCTEMH OOCIIyrOByBaHHS MAacaXHpiB (B aepoONopTy Ta Ha OOPTY MOBITPSAHOTO CyIHA) HA OCHOBI MPUHIIMIIIB
KJIIEHTOOPIEHTOBAHOIO CEPBICY Ta 3 BUKOPUCTAHHAM CyJacHuX TEXHOJIOT1H KOMYHIKalil 1 cucTeMu 06cnyr013y-
BaHHS BHPOOHUIOL 1Hq)paCprKTypH aepoIropTy Ta aBiaKOMIIAHIMH, IO BKIIIOYAE TIOCITYTH XSHUTIHTOBAX KOMIIaHIH,
MOCIIYTH 3 eKcrmyaTauu Ta OGCJIYFOByBaHH}I aepoApoMYy, OCIYTH 3 OpraHi3alii 3a0e3me4eHHs OJIbOTIB Ta 060J1y-
TOBYBaHHS aBia IOCTaBKU BaHTAXIB 1 Oaraxy.

B mepcrniekTrBi BaXJIMBUM acIIEKTOM JTOCIIJPKEHb € TIMTAHHS YIPABJIiHHS Ta OI[IHIOBAaHHS SKOCTI CEpBiCHOT
JUSUTBHOCTI B aBialliifHii ramy3i y po3pi3i BUALUICHHX CKJIAJ0BUX 3 BUKOPUCTAHHSM BiJTIOBITHOT CHCTEMH KPUTEPIiB
1 IOKa3HHUKIB.
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PO3POBKA MATEMATHYHOI MOJIEJI ONITUMI3AIIIT
TEXHIKO-EKCILIYATAIIIMHAX ITAPAMETPIB MICHKOI'O EJTEKTPOTPAHCIIOPTY

Cmamms npusnauena yOOCKOHANEHHA NACANCUPCOKUX Nepese3eHb HA MICbKOMY eleKkmpuynomy mpanchopmi. Pospo-
Oneno onmumizayiiiny mMooens, KA 0036015€ ONMUMATLHO POZNOOLTUMY HASBHUL PYXOMULL CKAAO 1O MAPUPYMam micma, wo
003607UMb NEpesesmu AKOM02a binbiie Naca’cupie, SMEHWUMY GUMPAmy Ha eXCHIyamayilo ma 30inbwumu KoMgpopm ons naca-
Jicupie Ha mponeidycrux mapuwpymax m. [ninpo. IIpoananizoearo eghexmusnicmy 6i0 8Npo8ads’ceHHs 0aHOT MOOei.

Baoicnusicmo sikocmi 00c1y208Y68anHs RACANCUPIE 30LIbULYEMbCS 8 YMOBAX (YOPMYBAHHSL PUHKOBO20 Cepedosuyd i po3-
BUMKY KOHKYDeHYii (Midic OKpeMuMu 8uoamu mpancnopmy). 3 po3eumkom putky mpancnopmHux Hocaye y cnodxcugaia (naca-
JCupa) 3’ A6UNACL MONCIUBICMb BUOOPY HAUOLILUL AKICHO2O, 3pYUHO20 | be3neunoeo eudy nepesesens. Ilacaxcup 6yoe obupamu
motl 8U0 MPAHCHOPMY, Oe AKICHb 00CTY208Y8AHHA (2apaHmMii 88IUIUBOCTE, O0OPOUUTUBOCTE, KOMPOPMHOCHI, WUOKOCI, be3-
nexu i m.o.) Hatieuwji. Bubpani 3a maxumu Kpumepismu mpaHchopmui nionpuemcmea 6yoyms mamu Oinbuii 0oxoou, npudymku,
Oy0ymb HAUOINbUL KOHKYPEHMOCHPOMOMICHI.

Mema pobomu: po3pobxa 3ax00i8 3 nioguyeHHs eheKMUBHOCHI nepede3eHHs NACANCUPIB HA MICLKOMY eleKMPUYHOMY
mpancnopmi.

Y npoyeci nanucanus cmammi 6ynu 6UKOHAHT HACHYNHI 3A80AHHA: NPOAHANIZ08AHO CMAMUCTMUYHT OGHT NACAHCUPCOKUX
nepeseseHb MicoKUM eleKmpusyHumM mpanchopmom 8 Yxpaini ma 6 m. /[ninpo, po3pobneno mooens onmumaibHo20 po3nooiLy
DYXOMO20 CKAA0Y HA MAPWPYMAX MiCbKO20 e1eKmpPUYHO20 MPAHCHOPmy, po36 I3aH0 3a0ayy onmumizayii ma npoananizoeano
Dpe3ynbmamu po3e asKy.

Pospobnena onmumizayiiina modens dae 3mo2y OnmumMizyeamu KiibKiChib pyXomoeo CKaaoy, AKull nepeeo3umv HAseHUl
RACANCUPONOMIK HA MAPUPYMAX, IMEHWUMY eKCHTyamayiuni sumpamy ma 30insuwumy pieens KoMpopmy 018 NaAcaxncupis.
Taxooic 610 po3paxo8ano 0OCHOBHI XAPAKMEPUCIUKY OESKUX MAPWPYmie mponeioycie m. [Hinpo; po3paxoeano ocHOGHI exchiy-
aAmayiiini Xapaxmepucmuxy yux Mapuipymis, 3a AKUMu 6)110 6U3HAUEHO THMEPBANY PYXY MPoTelibycis, uac 0bepmy Ha Mapuipymi.

B pesynomami pospaxynky onmumizayiiinoi Mooeni, ompumany, wjo Heodxiono 52 o0unuyi pyxomoeo cxkaady, 3amicmo
56 (na 8%), cepeowniti koeghiyicum kompopmuocmi 30invwumu na 15,7%, eapmicme 200unu pobomu smenwumu ua 3273,7 eph
(8%). Cnio 3a3nauumu, wo 3MeHUeHHs PYXOMO20 CKAa0y 6NIUBAE HA IHMEPS8AL pyXy mporeiibycis, ane ye ameHuieHHs 6i00)-
BAEMbCS HA MAPWPYMAX, 0e BelUKA KilbKICHb pyXomMo2o cKaady. Inmepean nidguwumoscs 8 cepednvomy Ha 1,5 xeununu, ujo
€ NPUHAMHUM OIS OYIKY8aHHA nacaxcupamu. Taxodc MONCHA BiCUmu 3ax00u 071 30LIbIEHHS. WBUOKOCI PYXy mporetioycis,
HANPUKIAO, BUOLNEHHA cMyel Ol 2poMaAdCbKo20 mpanchopmy no np. Crodoxcancokomy.

KittouoBi cioBa: nacascupcovki nepegesenns, 3a0aua onmuMizayii, MiCbKuil enekmpuyHull mpascnopm.
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Lesnikova 1. Yu., Khalipova N. V., Kuzmenko A. L., Razghonov S. A., Lesnikov P. V. Development of a mathematical
model for optimization of technical and operational parameters of urban electric transport

The article is intended to improve passenger transportation by urban electric transport. An optimization model has been
developed, which allows to optimally distribute the available rolling stock along the city routes, which will allow transporting
as many passengers as possible, reducing operating costs and increasing comfort for passengers on trolleybus routes in Dnipro.
The efficiency of the implementation of this model is analyzed.

The importance of the quality of passenger service increases in the context of the formation of a market environment and
the development of competition (between individual modes of transport). With the development of the transport services market,
the consumer (passenger) has the opportunity to choose the most high-quality, convenient and safe type of transportation. The
passenger will choose the mode of transport where the quality of service (guarantees of politeness, friendliness, comfort, speed,
safety, etc.) is the highest. Transport companies selected according to such criteria will have higher incomes, profits, and will
be the most competitive.

The purpose of the work: development of measures to improve the efficiency of passenger transportation in urban electric
transport.

In the process of writing the article, the following tasks were performed: statistical data of passenger transportation by
urban electric transport in Ukraine and in the city of Dnipro were analyzed; a model of optimal distribution of rolling stock
on the routes of urban electric transport has been developed; The optimization problem has been solved and the results of the
solution have been analyzed.

The developed optimization model makes it possible to optimize the number of rolling stock that carries the available
passenger traffic on routes, reduce operating costs and increase the level of comfort for passengers. The main characteristics
of some trolleybus routes in the city of Dnipro were also calculated; The main operational characteristics of these routes are
calculated, according to which the intervals of movement of trolleybuses, the time of rotation on the route were determined.

As a result of the calculation of the optimization model, it was obtained that it is necessary to have 52 units of rolling stock,
instead of 56 (by 8%), to increase the average comfort coefficient by 15.7%, to reduce the cost of an hour of work by 3273.7 UAH
(8%). It should be noted that the decrease in rolling stock affects the interval of movement of trolleybuses, but this decrease
occurs on routes where there is a large number of rolling stock. The interval will increase by an average of 1.5 minutes, which is
acceptable for passengers to wait. Measures can also be taken to increase the speed of trolleybuses, for example, the allocation
of a lane for public transport on Ave. Slobozhansky.

Key words: passenger transportation, optimization problem, urban electric transport.

IMocTanoBka mpodjeMu. MicbKUil eIEKTPHYHUI TPAHCIIOPT € CKIIAIOBOI0 YaCTHHOKO TPAHCIOPTHOT Mepexi
VYkpainu. Ha choroHINIHIM IeHb TTAPK PYyXOMOTO CKJIay HapaXxoBYe JIEKUIbKa TUCSY OMHHUIL TPAMBAiB Ta TPOJICHOY-
ciB, OLTBIIICTP 3 SKHUX BiANPAIFOBAJIH CBil pecypc, a B JEIKAX MiCTax IieH oKa3HUK jocsarae Maibke 100%. 3a ocranHi
IiBTOpA JECATKA POKIB KUTBKICTH PyXOMOTO CKJIay MICHKOTO €IEKTPOTPAHCIIOPTY YKpAiHM 3MEHIIMBCS Ha TPETHHY,
y 3B’SI3KY 3 UMM B OKpPEMHUX MicTax YKpaiHM BifOy/IOCs CKOPOUEHHS MEpexXi TpaMBaHHUX 1 TponeHOyCHUX JiHiH, mpu
YOMy TOTpeOU MiCHKOTO HACENICHHs B IIEPEBE3CHHAX HEOOX1HO 330BOJIBHSATH, a/PKe B YKpaiHi MiCBKHI €IEeKTPOTpaH-
cnopt 00cimyroBye Oinbine 50% BHYTPIIHBOMICHKUX MACAKUPCHKUX IepeBe3eHb. [ IpoTsAromM poky HoCIyraMu MiCbKOTo
€JIEKTPOTPAHCIIOPTY KopHCcTyeThest Oitbiie 2000 MiTH. acaxupis, 3 HUX 50—-60% — NiIbroBUKH pi3HUX Kareropii. [Tpu
LBOMY 00’ €MH MaCaXUPCHKUX IIEPEBE3EHb MiCHKUM EJIEKTPOTPAHCIIOPTOM 3 KOKHHM POKOM 3MEHIITYEThCSL.

AHaJti3 ocTaHHIX AocTaiTKeHb i myOmikanii. 3HaYHUIT BHECOK Y pO3POOICHHS KITIOUOBHX MPOOIeM y cdepi
OpraHizailii TpaHCIIOPTHOTO 00CIYroBYBaHHS nacaxupis 3poowin M. /1. bnaruos, I'. A. Bapenonyno, €. I1. Bomo-
nin, B. K. [Jons, I. C. €Eppemos, O. C. Iraarenko, FO. C. Jlirym, JI. b. Miporin, /1. C. Camoiinos, B. B. Ckanenpkuii,
I. B. Cmipin, M. b. OctpoBcbkuii, A. B. [Nanimes, B. I1. ITomimyxk, I. M. FOH Ta inmi ByeHi [1].

[Tpobnemy po3moniiay MacaXMPChbKUX TEPEMIIIEHb MO BYJIWYHO-IOPOXKHIA Mepexki MicTa JOCHTIIKYBaIH
HHU3Ka BUCHUX, cepen akux [ panoBcwkuii b. 1., Topbados I1. @., ['enouu €. M., JTro6wuii €. B., Toruapenko C. 1O.,
10. eddi, H. Onnenxaiim, XK. Opty3ap ta iH. [2-5].

AKTyaJIbHICTh JaHOI CTaTTi 0O0yMOBJIEHA THM, 1[0 B CYJaCHUX YMOBaX MOTpeda HACEJIeHHS B IEPEMILICHHIX
3aJI0BOJILHSAETHCSI HE TIOBHICTIO 1 MOSICHIOETHCS TAKMMHU (DaKTOPaMU: BEJMKI 3aTpaTy yacy MacaKUpiB Ha MepeMi-
LICHHS, OTPi0HE MOKPAIIeHHS PiBHSA KOM(POPTHOCTI MOT3I0K 1 BUPIIIEHHS BaXJIMBILINX aKTyaJlbHUX MpoOiIeM Tex-
HIYHOT'O Ta TE€XHOJOTIYHOro 3a0e3MeYeHHs] MIChbKOIo eJIEeKTPUYHOTrO TPaHCIOpTY. Benuka TpuBanicTh O4iKyBaHHS,
pi3Ke MOJOPOXKAHHS P03y, BUKIHKAIOTh HAPIKAaHHS Y MICIIEBOTO HACEIICHHSI.

Mera crarTi. MeToro 1aHOT CTaTTi € pO3p0o0Ka 3aX0IIiB 3 MiABUIICHHS ¢(PEKTHBHOCTI IIEpEBE3CHHS MAaCaXXUPIiB
Ha MICBKOMY €JIEKTPHYHOMY TPaHCIOPTi y M. JIHimpo.

JIJis IoCATHEHHST METH HEOOX1IHO BUPIIIIUTH TaKi 3a/1aui:

® IPOAHATI30BaHO CTATHUCTHYHI JIaHI MACaKUPCHKHX IEPEeBE3eHb MICBKAM EJIEKTPUYHUM TPaHCIOPTOM
B YkpaiHi Ta B M. /IHinpo;

¢ PO3pOOICHO MOJETh ONTUMAIBHOTO PO3MOALILY PyXOMOTO CKJIaay Ha MapHIpyTax MiCHKOTO €JIEKTPHYHOTO
TPaHCIIOPTY;

e PO3B’SA3aHO 3a/auy ONTHUMI3allil Ta MPOAHAi30BaHO PE3yNbTATH PO3B’SI3KY.

BaxxuBicTh SIKOCTi 00CIIyroByBaHHS Haca)KUPiB 301IbIIYETHCS B yMOBaX (hOpMyBaHHS PUHKOBOTO CEpeao-
BUIIA i PO3BUTKY KOHKYPCHIIii (MK OKPEMHUMHU BUAAMU TPAHCIIOPTY). 3 PO3BUTKOM PUHKY TPAHCIIOPTHUX ITOCIYT
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y CIOkKBaua (macaxupa) 3’ SBHJIaCh MOXKJIIMBICTh BHOOPY HAHOUIBII AKICHOTO, 3pyYHOTO 1 O€3MEYHOT0 BULY Tepe-
Be3eHb. [lacaxup Oyne obuparu Toil Bua TpaHCIOPTY, A€ SIKICTh 0OCIyroBYyBaHHS (TapaHTii BBIWIMBOCTI, 100OpO-
3UYWIMBOCTI, KOM(OPTHOCTI, MBUIKOCTI, Oe3MeKu 1 T.1.) HaiiBumli. Bubpani 3a TakuMu KpUTEPisIMH TPAHCIOPTHI
MiAnpueMcTBa OynyTh MaTH OUIBII JOXOAH, MPUOYTKH, OyyTh HAO1IbII KOHKYPEHTOCIIPOMOXKHI.

PamionansHe BUKOPUCTAHHS PYyXOMOTO CKIIQAy HAa MAapHIPyTax € OCHOBHHM ITOKa3HUKOM e(eKTHBHOCTI
poOOTH TIANMPHEMCTB, aJXKe e € 1 EKOHOMIYHA e(DEKTUBHICTh POOOTH MIJANPHUEMCTBA, 1 TIEPEBE3CHHS MAaCaKUPIB
B KOM(OPTHHUX YMOBAax, HEJIOMYIIECHHS MEPEOBHEHOCTI pyXOMOTo ckiaay. J{ist BUpilmeHHs Takol 3a1a4i 3acToco-
BY€ETKLCS ONTHUMI3aIliHA 3a]ja4a 3 CHCTeMaMu oOMexeHb. 11[00 cTBOpUTH Taky 3aj1ady HaONMKEHY JI0 PEabHOCTI,
HEOOXiJTHO pO3DIISIHYTH KOXKHHUI MapIIpyT OKPEMO, a IMOTIM BCIO CHCTEMY ITIJTKOM.

Buxnax ocHoBHOro MaTepiajy. OnTHMIi3aliiio JOTiCTHIHNX pillleHb 3A1HCHIOIOTH HAa OCHOBI BCe0iYHOTO aHa-
J1i3y KOMIUIEKCY B3a€MO3aJICKHUX YHHHUKIB, BU3HAYEHHS Ta TIOPIBHAIBHOI OI[IHKH MOXKJIMBUX aJIETEPHATHUB 1 IOIIY-
CTUMUX ILJIAHIB AiHt [5].

Jl1st 3HaXOKEHHS PO3B’ 13Ky ONTUMI3aliHOI TOTiCTUYHO]I 3a1a4i BUKOPHCTOBYIOTh EKOHOMIKO—MAaTeMaTH4H1
METOAM MOJICITIOBaHHS Ta ONTUMI3allii, a TAKOK 00YHCITIOBAJIbHY TEXHIKY Ta HEOOXiIHEe MporpaMHe 3a0e3neYeHHsl.

IIpouec onTumizanii JOriCTHYHUX piIJ_IeHB 13 BUKOPUCTAHHSAM €KOHOMiKO—MaTeMaTHYHOTO iHCprMeHTapiI-O
CKJIATa€ThCS 3 TAKAX OCHOBHHX €TAITiB: YCBITOMIICHHS HpO6J'ICMHOl cnryauu (hopMyIIOBaHHS WL Ta BU3HAYCHHS
00OMEXEHB; p03p061<a €KOHOMIKO—MAaTeMaTUIHOI MOJEIIi; BI/I6lp METOIIB 1 TMPOrpaMHUX 3aco0iB ays TPOBE/ICHHST
PO3paxyHKiB; MiATOTyBaHHsS BUXiAHOI iH(opMarii; MONIyK i aHami3 BapiaHTIB PIICHHS; YXBAJCHHS PIIICHHI Ta
3aTBEPIUKCHHS TIIAHY Horo peanizailii; KOHTPOJIb 32 BUKOHAHHSM PIIICHHS W OI[IHKAa Pe3yJbTaTIiB; IMiJCYMKOBUI
aHaji3 mpobIeMHOT CI/ITyaHll Ta 1i IepeoCMHCIICHHS (3 TOBEPHEHHSIM 10 Tepioro eTaHy)

OTXe, ONTHMI3AIIIO JOTICTUYHHX PIllIEHb CIYITHO PO3MIAIATH CKOPIIIE SK IHKIIYHIHA TPOLIEC, 1110 HOCTiiTHO
BiZTHOBJIIOETHCS, @ HE JINIIE SIK OKPEMHUH aKT IbOTO MPOIEeCy. 3HAXOAATh PO3B’ 30K ONTHUMI3aIiifHOI JOTiCTHYHOT
3a7a4i 3 BUKOPUCTAHHSM CIIELiaJIbHIX MaTeMaTHYHUX METOJIB ONTHMIi3allil, KOMII IOTEPHUX IpOrpaMm Ta 3aco0iB
00YHCITIOBAJIEHOT TEXHIKM HA OCHOBI HAJIEXHOI BUXiHOT iH(pOpMarrii.

Haifuacrimie ontumizaniiiii JoricTuyHi 3a1a4i € 6araTOBUMIpHUMH Ta B y3araibHeHid GpopMi MaroTh BUIIIAL;

y=f(x,...,x,) > max (min)
g(x,...,x,)<0, i=lm (1)
h(x,...x)=0, k=1p
ae X, ..., X, Ta y — IiicHI 3MiHHI (kepoBaHi TapaMeTpH), epIli # 3 IKUX € OCHOBHIMH Ta YTBOPIOIOTH IIJIaH
x=(x,,...,x,) 3a/1adi, a OCTaHH: I0Ka3y€ BiANOBIHE 3Ha4YEHHA I[iTb0BOI QyHKLUIl; [, g, i = I,_m s h, k= I,_p ,—
9UCII0Bi QyHKIIT 3MIHHUX X, ..., X, .

Xapaxmepucmukuy mapupymie aKi nioniaearoms 00CHOHNCEHHIO

Ji1s BU3HAaUEHHS XapaKTepUCTUK TPOIEHOYCHIX MapUIpyTiB OylI0 B3ATO MApIIPYTH, IKi 0OCIYTOBY€E TpOJIeH-
Oycue nerno Ne 1 m. Jlninpa. Lle mapupytu: 2, 3, 47, 10, 12, 14, 15, 17, 20. OCHOBHi XapaKTepUCTHKH MapHIPYTiB
HaBeAEHO B TA0II. 1.

Tabmums 1
OCHOBHi XapaKTepuCTHKH TPOJIeii0yCHIX MapuIpyTiB
X Ne mapuipyty| ) 3 7 10 12 14 17 20
apaKTepPUCTHKA
1 2 3 4 5 6 7 8 9
I'miaxn OopHa I'muxun | I'muku . o
IUJbHA | JWJIbHA CBbKHIO | pexHUit3
PosTamrysanis apyroi kinme- o | L Cra- Byn. | w/MIe- | s/m Ie- | #/m Co- | By BYIL
BOT 3YIIHHKH Mapve | POMOC- | s s | D O
pyc ToBa JIHKK | peMoras | pemoraS | HAYHUN TIHKH JIIHKA
MakcuManbHHUH acakuporo-
TiK y romumy "mik", Q, z 840 742 161 405 708 216 407 1208
b b _],1
JloBxuHa NpsIMOro MapuipyTy 6,14 5,67 4,32 3 4,57 2,2 4,7 6,1
ﬁl;:f“a SBOPOTHOTO Map- 6.3 567 | 4,65 322 | 477 2,05 4,6 5.8
JloBxxuHA MapmIpyTy 12,44 11,34 8,97 6,22 9,34 425 93 11,9
HoBikiHa IPAMOT OBITPAHOT |10 35 | 6 91 7,12 437 6,08 2,42 6,41 7,55
JUISHKA

ISSN 2521-6643 Cucremu Ta TexHounorii, Ne 2 (66), 2023 85



3akinueHHs taoi. 1

1 2 3 4 5 6 7 8 9
KinpkicTh 3ynHHOK IPSMOTO 19 17 14 13 18 6 15 19
MapupyTy
KinpkicTh 3ymMHOK 3BOPOTHO- 18 16 12 12 17 6 16 18
0 MapuIpyTy

CxeMu MapuIpyTiB HaBelIeHO Ha puc. 1-8.
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b T > P S| r— ]

f# ‘ . ‘f, : —— S}{ & | &

e % oL el T

VN - : 3 § 3

7 m=h ?’A /I ll &2 Y // i
Puc. 1. Cxema mapmipyty Ne 2

Puc. 2. Cxema mapmpyty Ne 3
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Puc. 4. Cxema mapmmpyty Ne 10

e L'_-'__:_-__;
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Puc. 5. Cxema mapuipyty Ne 12
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W’y WA /~ 3>RL
Puc. 6. Cxema mapmipyty Ne 14

Puc. 7. Cxema mapuipyty No 17

o ocHOBHEX eKchyaTaumHHx XapaKTePUCTHK MAPIIPYTy HATEKHUTD:
1. KoedinieHT HEIPSIMOIIHIHHOCTI MapUIpyTy:

LM
kyenp = L_ > (2)

6l

88
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-

Puc. 8. Cxema mapuipyty Ne 20

o
X &
& &7

Je Len — BIICTaHb MiXK KIHIIEBUMH ITYHKTaMH IO MTOBITPIO, KM.
2. Yac peiicy Tposeiibyca B ipsMoMy 1p ¢ p Ta 3BOPOTHOMY £ p 36 HAPSMKY pO3paxyBaTH 3a 3aJI€XKHICTIO, XB.:
(3)

60-L”
= = + n:f ’ tn3 + tKj’ 4

1
P Vm
60-L*
A R O

m
e me TeXHIYHa MIBUJKICTh Tposeibyca, KM/TOI. ;
1" n) — KITbKICTh MPOMDKHUX 3yITHHOK Ha MapIIPyTi BIAMOBITHO YIPSIMOMY Ta 3BOPOTHOMY HalpsIMKax, Ofl.;
¢ —4ac MpOCTO Ha MPOMIKHIHM 3yIHHIL, XB.;
¢ ,— 9ac IIPOCTOKO Ha KiHLEBiH 3yNMHIII, XB.
3. Yac 060poTHOTO peiicy Tposeiidyca TOpiBHIOE, XB.:
_4np 36
Ly =10 +17. (5)

(6)

4. Yac crioirydeHHs 3a 000pOTHHH peiic, XB.:

5. Excrutyaranilina meuaxicts V TposeiiOyca, KM/ToxL.:
60-(L" +L7)

= (M)

e
106

6. llIBuaxicts ciony4enns V_ tponeiibyca, kmM/Ton.:
60-(L” + L7
V. =—t'06 x) . )

c

c

)

7. HeoOxiHa KiJBKICTh TPOIEHOYCIB A HA MapIIPYyTi y TOAUHY ITIK», OJ.:
— Qmax i toﬁ
60-q,

b

ne O, — MaKCUMallbHUI NacaKUPOMOTIK y TOMMHY «ITiK», T1ac.;
¢, — HOMiHaJIbHa MTAaCa)KMPOMICTKICTh TposeiOyca, nac. (tabi. 2)
(10)

8. InTepan pyxy TposneiOyciB / y TOMUHY «ITK», XB.:
¢
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Pe3ynbTaTn po3paxyHKiB OCHOBHHUX eKCILTyaTAl[ilHUX XapaKTepUCTHK

Tabmnurs 2

Ne mapmpyr

Xaparrepnerme PIIpYTY| 5 3 7 10 12 14 17 20

ESSE;‘“‘CHT HEMPAMOIIHIH- 1,20 1,64 1,26 1,42 1,54 1,76 1,45 1,58
t p p, XB 46,03 | 4226 | 3420 | 2825 | 39,14 | 1825 | 36,63 | 4588
t 3B p, XB 4563 | 4126 | 3344 | 2808 | 3889 | 17,69 | 3725 | 43,75
t 06, XB 91,65 | 83,53 | 67,64 | 5633 | 78,03 | 3594 | 73.88 | 89,63
t ¢ 00, XB 83,65 | 7553 | 59.64 | 4833 | 70,03 | 2794 | 6588 | 81,63
V e, km/roxn 8,14 8,15 7,96 6,63 7,18 7,10 7,55 7,97
V ¢, kM/TOx 8,92 9,01 9,02 7,72 8,00 9,13 8,47 8,75
A, ITYK 7 7 3 6 9 3 4 14

I, xB 13,00 | 11,93 | 22,55 9,39 8,67 11,98 | 1847 6,40

Cucremu JiHIHHUX HEPIBHOCTEH MPEACTABISAIOTh COOOI0 KIJIbKICHI XapaKTepUCTUKH MacaKUPOIOTOKIB Ha
MapIIpyTax, MICTKICTb PI3HHUX THITIB PyXOMOTO CKJIaJy, iX KOM(pOPTHICTh, BAPTICTh TOAUHHA poOOTH. J[JIs KOXKHOTO
MapHIpyTy OYOyeThCS OKpeMa CUCTeMa JTiHIHHUX HEepiBHOCTEH, BUXOISIYH 3 IaHUX, a IIOTIM 00’ €THYIOThCS B OZHY.

OyHKIIIS METH TIOKa3ye HaM MIHIMI3allit0 KUTBKOCTI PyXOMOTO CKJIaIy TPOJIeHOYCiB Ha MapIipyTax y Bifmo-

BIJTHOCTI 10 3aJaHUX OOMEXEHD

F=x+x,+x,+x, +x, = min

A1X1 + AyXy + A3X3 + AuX4 + A5X5 = Zyq
b1xy + byxy + b3xz + byxy + bsxs < 7y,
C1X1 + CpXy + C3X3 + CyXxy + CsX5 = Zy3
aixq + axxy + azxz + azxy + asxs = z3q
bix1 + byxy + byxz + byxy + bsxs < 73,
C1X1 + CXp + C3X3 + CyXyq + C5X5 = Z33
ay1xq + axxy + azxz + ayxy + Asxs = 244
b1xy + byxy 4+ b3xz + byxy + bsxg < 7y,
C1X1 + CaXy + C3X3 + C4X4 + CsXg = Zy3
aixq + axxy + azxz + agxy + asxs = z4q
bix1 + byxy + byxz + byxy + bsxs < 7z,
C1X1 F CaXp + C3X3 + CyXyq + C5X5 = Zy3
axq + azxy + azxz + asxy + asxs = Z19q
b1x1 4+ byxy 4 b3x3 4 byxy + bsxs < Z102
C1X1 + CaXy + C3X3 + C4X4 + C5X5 = Z1g3
ai1xq + axx, + azxz + agxy + Asxs = zZ1q
bix1 + byxy + b3xz + byxy + bsxs < 7z,
C1X1 + CpXy + C3X3 + CyXq + C5X5 = Z1p3
ai1xq + axxy + azxz + agxy + AsXs = Z14q
bixy + byxy + b3x3 + buxy + bsxs < Zy4
C1X1 + CaXy + C3X3 + C4X4 + C5X5 = Zy3
aixq + axx, + azxz + azxy + AsXs = Z15q
bixy + byxy + b3xs + byxy + bsxs < Z;5,
C1X1 + CpXy + C3X3 + C4Xq + C5X5 = Zy53
ai1xq + axx, + azxz + asxy + asxs = z174
bix1 + byxy + b3xz + byxy + bsxs < z19,
C1X1 + CaXp + C3X3 + C4Xy + C5X5 = Z173
a1X1 + ayxy + azxz + agxy + AsXs = Zppq
bixy + byxy + b3xs + byxy + bsxs < 7y,
C1X1 + CpXp + C3X3 + CaXq + Cs5X5 = Zpp3

x; < 45;

X, <25

x3 <13

X, <5

X5 <3
X1,X5,X3,X4,X5 € Z
X1,X5,X3,X4,X5 = 0
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J€ X, X, X, X, Xs — KUTBKICTh PYXOMOTO CKJIaJY, 1€ X ;= KUTBKicTh TponenOyciB moaeni FOM3 T2, HasBHUX
B TposeiOycHoMy jieno Ne 1; x, — KilbKiCTh TponeiOycis mogeni Jininpo T203, HasBHUX B TPOIEHOYyCHOMY JEMO
Ne 1; x, — kinbkicTs Tponeibycis moneni BKM-321, nasBuux B Tponeibycuomy jeno Ne 1; x, — KUIbKICTh TpOIIEH-
OyciB mozneni {uinpo T103, HasBHuX B TposeiOycHomy nemo Ne 1; x, — KinbKicTh TponeiOycis moxeni 31V -682T,
HasBHUX B TposeiibycHomy neno Ne 1

@, — MICTKICTBb i-r0 THITy PyXOMOro ckiamy (5 4on/m?). i=1 — MicTkicTh Tponeibycy mozeni IOM3 T2, i=2 —
MICTKICTh TpoJieitOycy moneni Juinpo T203, i=3 — micTkicTh Tponeioycy monaeni BKM-321, i=4 — mMicTkicTb Tpo-
neidycy monem Juinpo T103, i=5 — MicTKicTh TponeiOycy moaeni 31Y-682I". Jlani oTpuMaHi 3 TEXHIYHUX Xapak-
TEPUCTHUK TpoJieiiOyciB (Tab. 2).

b, — BapTiCTh TOAMHU POOOTH i-TO THITYy PyXOMOTO CKJIaLy ISl KOKHOI MOJIEN TposieiOycy [6].

¢, — KoedilieHT KoM(POPTHOCTI i-TO TUITY PyXOMOTO CKJIay JUIsl KOKHOI MOJIEN TposierOycy [6].

Z,— naca?lcnpOHOTiK Ha ] -My MapIIpyTi .(Ta6n. 2.1).

z;, — BapTiCTh poboTu Ha j-My MapuipyTi [6]. .

z, ; — KoedirieHT KOM(POPTHOCTI Ha j-My MapIpyTi [6].

[igcTaBUMO OTpUMAaHi 3 PO3pPaxyHKIB faHi y popMyiy 2.1, OTpHMaEMO €KOHOMIKO-MaTeMaTHIHY MOJIEIb!

F=x+x,+x,+x, +x;, &> min

100x; +100x, +115x3 +108x,4 +98x5 =840
1187,9x; +954,1x, +871,5x3 +1082,9x,4 +1085, 7x5 <13406,4
X +1,5x) +1,5x3 +1,3x4 +x5 212,1
100x; +100xy +115x3 +108x,4 +98x5 > 742
1187,9x; +954,1x, +871,5x3 +1082,9x, +1085, 7x5 <11842,32
X +1,5x +1,5x3 +1,3x4 +x5 29,5
100x; +100x, +115x3 +108x4 +98x5 =156
1187,9x; +954,1x, +871,5x3 +1082,9x, +1085, 7x5 < 2489,76
X +1,5x +1,5x3 +1,3x4 +x5 22,6
100x; +100x, +115x3 +108x4 +98x5 =161
1187,9x; +954,1x, +871,5x3 +1082,9x, +1085, 7x5 < 2569,56
X +1,5x) +1,5x3 +1,3x4 +x5 22
100x; +100x, +115x3 +108x,4 +98x5 > 405
1187,9x; +954,1x, +871,5x3 +1082,9x, +1085,7x5 < 6463,8
X +1,5x) +1,5x3 +1,3x4 +x5 27

100x; +100x, +115x3 +108x,4 +98x5 > 708

1187,9x; +954,1x, +871,5x3 +1082,9x, +1085, 7x5 <11299, 68
Ll-!—l,sz +1,5x3 +1,3x4 +x5 29,1 (12)
100x; +100x, +115x3 +108x4 +98x5 > 216
1187,9x; +954,1x, +871,5x3 +1082,9x, +1085, 7x5 < 3447,36
X +1,5x) +1,5x3 +1,3x4 + x5 24,1
100x; +100xy +115x3 +108x4 +98x5 =90
1187,9x; +954,1x, +871,5x3 +1082,9x,4 +1085,7x5 <1436,4
X +1,5x) +1,5x3 +1,3x4 +x5 21
100x; +100x, +115x3 +108x,4 +98x5 > 407
1187,9x; +954,1x, +871, 5x3 +1082,9x, +1085, 7x5 < 6495,72
X +1,5x, +1,5x3 +1,3x4 +x5 > 4
100x; +100x, +115x3 +108x,4 +98x5 >1208
1187,9x; +954,1x, +871,5x3 +1082,9x, +1085, 7x5 <19279, 68
X +1,5x; +1,5x3 +1,3x4 +x5 214,6
X; S45,x) <25;x3 <13;x4 <5;x5 <3
X{,X),X3,X4,X5 €Z

X1,Xp,X3,X4,X5 20
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Kol eHTH N X ChmegRsaH 3anaH
& nin xl x? %3 x4 L) OfasiuiinHa | OfsEen MappyT
1 100 100 O 115 108 1] SOE BA
2 11879 541 B85 10829 1085.7 L Iab Ny 134006 4
3 1 1.5 1.5 1.3 1 13 12.1 2
4 100 100,00 115 108 o] T T42
b 11879 1 TR 1082 9 1085, 7 GG 11842 32
G 1 1.5 1.5 1.3 1 10 9.9 3
T 100 100U00 115 108 111] 230 1568
B 11879 5 1 [ 1al] 1082 9 1085, 7 1743 2489 16
9 1 1.5 1.5 1.3 1 3 26 4
10 100 100U00 115 108 on 108 161
1 11879 4541 BiS 1082 9 10857 2040 2569 58
12 1 1.5 1.5 1.3 1 3 2 T
13 100 1000 115 108 1] S60 Lika]
14 11879 9541 BI1.5 1082 9 1085, 7 4674 6463 8
15 1 1.5 1.5 1.3 1 T 7 i
16 100 1000 115 108 o] 3 i
17 11879 9541 B71.5 1082 9 10857 6728 11294 648/
18 1 1.5 15 1.3 1 10 8.1 i2
19 100 1000 115 108 o] 300 216
20 1187.9 5.1 B71.5 10829 | 10857 20662 3447 30
21 1 1.5 1.5 1.3 1 5 4.1 14
2 100 100000 115 108 aB 1% 1]
23 1187.9 5 BT1.5 10829 | 10857 ara 1436.4
24 1 1.5 1.5 13 1 2 1 15
25 100 100 O 115 108 o] 415 407
26 1187.9 541 BI.5 10829 1085. 7 4435 G405 72
27 1 1.5 1.5 1.3 1 5 4 17
28 100 100 O 115 108 R 1213 1208
24 11879 51 8B5S 10829 1085. 7 110646 1927968
30 1 1.5 1.5 1.3 1 17 14.6 20

Puc. 9. Buxinni gani B cepenoruini MS Excel (Ckpun ekpaHa)

MapameTpwn poss'asyeaqa

ONTUMIZYEATH LINBOEBY DyHKLi:

fo:

O Makcumym

SMIHKD YK KAITUHENR 3MIHHWX

5C540:5G6549

Mignaras oBMeREHHAM:

@ MiHinym

sss20f

O 3HAYEHHA:

SCS40:5G540 = yine
SC540:5G549 = yine
SC550 <= 45
SDS50 <= 25

SESS0 <= 13

SF850 <=5

SGS50 == 3

SHS10 <= 51510
SHS11 == 51511
SHS12 == 51512
SHS13 <= 51513
SHS14 == 51814
SHSE15 == 51815

3poBUTH HEOBMEXEHI IMIHHI He Big EMHWUMK

EvBepiTe MeTog
PO3E A3aHHA:

MeTog po3s'A3aH

3a CHMMAEKC-METOI0M

HA

+
+
Joagatn
IMIHWTH
BriganuTi
CEMHYTH
3aBaHTaxUTH/3BeperTn
i MNapametpy

[na po3e A33aHHA MAgKUX HENHIMHWK 33034 BUGEPITE PO3E AZYEAY HENIHIMHWK 33Jad 33
METOA0M 3EE4EHOM0 rpagicHTa, AnA posE A3aHHA NiHIAHKY 33E4aHE BMBERITE PO3E ASyEaY 3a
CUMMIEKC-METOA0M, 419 HEMNAAKWK 33643HE BMEEPITE POSENBAHNIA PO3E ASyEaY,

03B AZaTH ZaKpuTH

Puc. 10. Po3B’s13anns 3anadi B cepenosuini MS Excel (Ckpun expana)

Joeigka
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DYHKLIA METH 1 1 1 1 1 52
X1 x2 X3 x4 x5
1 2 0 8 0 1 o0 ] 9
2 3 0 0 3 4 0 7
3 4 0 0 2 0 0 2
4 7 0 1 0 0 1 2
5 10 1 0 4 0 0 5
B 12 0 & 1 0 1 7
T 14 0 3 0 0 0 3
8 15 0 0 1 0 0 1
9 17 z) 0 1 0 0 4
10 20 2 8 1 0 1 12
6 25 13 5 3
Puc. 11. Pesynsrar po3paxyHKy B cepenonuii Excel
ITopiBHsAEMO pe3ynbTaTH 3 HASBHUM CTaHOM. [IOpiBHSHHS HaBEACHO B TaOIHII 3.
Tabmaurs 3
IopiBHsIHHA
Hani 01.12.2021 [6] Onrumizauis
Homep Kitnkicrs Z, ce.pe.nﬂiizi BapricTs Kitskicrs Cepe.:ufliﬁ Bapricts
MapIpyTy o Koedimient ) TOAMHH oL Koediuient ] TOIMHHU
koMdopTHOCTI po6oTH, rpH koMdopTHOCTI podoTH, rpH
2 10 1,33 13090,7 9 1.37 8715.7
3 8 1,17 10013.5 7 1.38 6936
3 1 1,3 1082.9 2 1.5 1733
7 2 1 2375.8 2 1.25 2030
10 5 1,3 5003.3 5 1.3 3673
12 8 1,28 7277.9 7 1.32 6728
13 3 1,33 3076.8 3 1.5 2862
15 1 1 1178.9 1 1.5 875.1
17 5 1 7127.3 3 1.12 3335
20 13 1,21 17122 12 1.38 11966
Bcboro 56 1.203 55259.5 52 1.392 50983.8

papTIcTe foau poboTy THe [P _

CepegHilt KoedilieHT KomdopTHOCTI

KinbkicTb oa.

o ———
N
o
)
o
w
o
o
o
n1
o

60

B Ontumisauia M OanHi 01.12.2021

Puc. 12. TlopiBHAHHS OTPUMaHHUX PE3YNIBTATIB

BUCHOBKH 3 JaHOT'0 JOCTiIKEHHSI T MePCIeKTHBH MOAAJbIINX PO3BiIOK Y TaHOMY HampsiMKy. Buxo-
JSTYM 3 PO3PaxyHKIB 3aBASKH ONTHUMI3allil Ha BCIX MaplIpyTaX MOXXKHA CKOPOTHTH KUIBKICTh PyXOMOTO CKIIJy Ha
3 oguHutti (Ha 8%), cepenHiit koedimieHT koMbopTHOCTI 30UTBIIATH HA 15,7%, BapTicTh roAMHNA pOOOTH 3MEHIIIUTH
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Ha 3273,7 rpH (8%). Caix 3a3HaYMTH, 110 3MEHIICHHS PyXOMOTI'0 CKJIaly BIIMBAE HA IHTEpBAJ PyXy TpoJeHOyciB,
aJie 11e 3MCHIICHHS BiI0yBaeThCSI HA MapIIPyTax, A€ BEIMKA KUTBKICTh PyXOMOTO CKIay. Pi3HULA Mixk iHTepBaTaMu
HaBeZieHa B Ta0nuili 4.

IlopiBHsAHHS iHTepBaJIiB pyXy TpoJieii0yciB

Tabnuns 4

Jani na 01.12.2021 Micast onTumizanii
MapumipyTt Kinbkicts | YUac o6opoTHOrO I KinbkicTs | Yac o6opoTHOrO I
OIMHHUIIb, IIIT. peiicy, xB HTEpBaIl, XB OIMHHUIIb, IIIT. peiicy, xB HTEpBaI, XB
2 10 92 9,2 9 92 10
3 8 83 10,5 7 83 12
12 8 78 10 7 78 11
17 5 73 15 3 73 19
20 13 90 7 12 90 7,5

BiamoBigHO 10 po3paxyHKiB iHTEPBAJ MiJIBHITUTHCS B CEpENHLOMY Ha 1,5 XBWIMHY, IO € MPUHHATHUM JIJIS
OYiKyBaHHS TacaKupaMu. Takok MOXKHA BXXKHTH 3aXOJ¥ JUIsl 30UTBIICHHS IIBHIKOCTI PyXy TpOJIEUOyCiB, HAIIPH-
KJIaJl, BUIUICHHS CMYTH JUIS TPOMAJChKOTO TpaHCHOPTY 1O 1p. CI060KaHCEKOMY.

Po3mistHEMO CTPYKTYpY PyXOMOTo, SIKUil BUXOAUTH HAa MAapUIPYT Ta Micis ontuMmizanii (Tada 5, puc. 13, 14).

Tabmuig 5
Pyxomuii ckian
Ha 01.12.2021 IMicas onTumizamii
TTHI- | nHI- TTHI- | nHI-
Mapuipyr IOTI‘ZB PO AI§§1M PO | 3iy-682 10T1\2/13 PO AI§§JIM PO | 3iv-682
T203 T-103 T203 T-103
2 3 6 3 0 0 0 8 0 1 0
3 5 2 0 2 0 0 0 3 3 0
3 0 0 0 1 0 0 0 2 0 0
7 2 0 0 0 0 0 1 0 0 1
10 1 3 0 0 0 1 0 3 0 0
12 2 3 0 0 1 0 5 1 0 1
13 0 2 0 1 1 0 3 0 0 0
15 1 0 0 0 0 0 0 1 0 0
17 6 0 0 0 0 3 0 1 0 0
20 9 3 3 0 0 2 8 1 0 1
Bcroro 30 22 6 3 2 6 25 13 5 3
HanaBHMI po3noain pyxomoro cknaay
= [OM3T2 = JHINPO T203 AKCM-321 = JHIMPO T-103 = 3iYy-682
3%
Puc. 13
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Po3nogin pyxomoro cknagy nicasa ontumisauii

= lOM3 T2

= [IHINPO T203
AKCM-321

= IHINPO T-103

= 3iy-682

Puc. 14

Buxonsaun 3 rpadikiB MOkHa TOOA4YKTH, 1110 3apa3 CTapuil pyxomuii ckian (Tponeidycu 3uY-682 1 KOM3 T2)
ckianae 50%, 3a macyMKaMu ONTUMI3aLlii MaeMO, 110 CTApHUil pyXoMHil ckina ckiaaaae 17%, e o3Hauae, o HOBUH
PYXOMUI CKJIa] HEOOXiTHO BHUITyCKATH MAaKCUMYyM, KU HasSBHHU B JIETIO, 4 CTApUH PYXOMHHA CKJIa] BUKOPHUCTO-
BYBAaTH, SIK MIAMIHHAN PyXOMHUH CKJIaJ, SKIIO KUK TPOIeHOyc 31aMaBcs a00 HoMy MOTpiOHI periaMeHTHI poOoTH
(TO-1, TO-2, CP, KP).

Jlana onrtuMizaliiiiHa MOJIeIThb Ty>Ke THYYKa 1 MOXeE JIETKO 3MIHIOBATUCH Y 3B’ SI3Ky 3 HEBU3HAUCHICTIO MTACaXKH-
POIIOTOKIB Y MiCTi (CE€30HHICTb, JIHI THXKHsI, KAPAHTHHHI 0OMEKEHH ), HeBH3HAYCHICTh EKOHOMIYHOT CUTYyaIlil (3MiHa
BapTOCTI €HEPHOTOCIIB, 3MiHa BapTOCTI IMIIOPTHUX 3alTYaCTUH JJISI PyXOMOTO CKJIany, iHQISAIIRHI Tpoiec), 1o
BIUIMBA€ HA COOIBAPTICTh MEPEBE3CHb.
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ANALYSIS OF POSSIBILITIES FOR INTEGRATING THE TRANSPORT SYSTEM OF UKRAINE
INTO THE EUROPEAN TRANSPORT NETWORK

This article is devoted to the analysis of transport networks of such European countries as Ukraine, Hungary, and
Romania. The article provides an analysis of the peculiarities in the movement organization in these countries. The transport
systems of these countries were researched since during the war the issue of the interaction of the automobile transport networks
exactly in these countries became particularly relevant. After all, there are incredibly long queues at the checkpoints in Poland
because of strikes by Polish customs officers. And, therefore, the routes through Romania and Hungary are the most realistic both
during the export of goods from Ukraine and to import humanitarian goods.

The joint use of Europe's integrated systems is a necessary component in the organization of the effective operation
of road transport, as it ensures increased efficiency in the use of the motor vehicle fleet and personnel; reduction of costs for
maintenance, fuel, lubricants due to optimization of routes and reduction of non-productive vehicle mileage; reduction of the
need to expand the motor vehicle fleet; clearer prospective planning of work based on objective information about the real
mileage of each vehicle unit and reduction of losses related to repairs and expansion of the range of services and prompt
response to requests.

It is advisable to conduct further research in the direction of adapting the use of augmented reality technology in the
driver's navigation systems.
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Hecmepenro I. 1., Myzukin M. 1., Cmpenxo O. I., bidix C. I, Anexceesa A. O. Ananiz mosycnugocmei inmezpauii
mpancnopmuoi cucmemu YKpainu 6 €6poneiicoKy mpancnopmmy mepeicy

Hana cmammsa npucesuena ananizy MpaHcHOPMHUX Mepedc MAakux €6ponelcykux kpain, Ak Ykpaina, Yeopwuma
ma Pymynis. Cmammsa micmume auaniz ocoonueocmeti opeawizayii pyxy 8 yux kpainax. Jocnioxcyeanuco mpamcnopmmi
cucmemu came yux Kpain uepes me, wo nio yac itiHu HAOyIU 0coOMUBOI AKMYATLHOCIE RUMAHHS 63A€MOOIT A8MOMOOITLHUX
MPAHCNOPMHUX Mepexc came yux Kpain. A0xce Ha nynkmax nponycky i3 Ilonvuyero HetiMo8IpHO 6eNuKi uepel uepe3 ChpauiKu
RONbCOLKUX MUMHUKIB. A, omoice, winsixu uepe3 Pymynito ma Yeopwuny € natioinow peanohumu K nio 4ac excnopmy moeapis 3
Yxpainu max i 3 memoro 68e3eHHA 2YMAHIMAPHUX BAHMANCIB.

Eghexmusnicmo  inmezpayitinux npoyecig nio uac 6X00XCeHHs MPAHCHOPMHOI cucmemu Ykpainu 6 egponelicbky
MPAHCROPIY MEPEeNCY — aANCTUSULl YUHHUK, WO BNIUBAE HA PO3GUMOK eKOHOMIKU KpaiHu, 8idicpac 6ajciugy poib nio udc
B0EHHUX Olll, CNPUSE NIOBUUJEHHIO KYIbIMYPU M OCEINEHOCI HACeLeHHS, NIOBUYYE eeKmUBHICMb NPpayi, a MAKodIC MAE BenuKe
nonimuune 3uavents. OOHUM 3 OCHOGHUX CROCO6I8 nidguuenHs egheKmugHOCH pobomu asmomobLibHo20 mparnchopmy Yxpainu
HA YbOMY WTIAXY € A0anmayis eIMYUHAHUX MPAHCHOPIMHUX MEPEXC 00 MPAHCIOPMHUX CUCTEM CYCIOHIX KDAiH.

Cymicne guxopucmanns inmezposanux cucmem €8ponu € neodXioHoio ck1adoeoio 8 opeanizayii egexmueroi pobomu
agmMoMo0iIbHO20 MPAHCNOPALY, Addice HPU YbOMY 3a0e3neuyIombCs Ni08ULeHHS eqheKMUBHOCHE BUKOPUCIIAHHS HAABHO20 NAPKY
MPAHCcRopmy i NEPCOHANY; 3MEHUIEHHA UMPAM HA MeXHIuHe 00CIy208Y8aHHs, NANUBO, MACMUNbHI MAMEPIAnY 30 PAXYHOK
ONMUMI3AYIT MAPWPYMIG | SHUNCEHHA HeNPOOYKMUBHO20 NPoDiy A8MOMPAHCHOPNTY, SHUNCEHHS NOMPeOU 8 POIULUPEHHT NAPKY
asmomparcnopmy, Oinbui yimke nepchnekmugHe NiaHyeants pobomu Ha OCHOSI 06 ckmugHoi ingopmayii npo peanvhutl npoodie
KOXCHOI 00UHUYT ABMOMPAHCHOPMY | SHUNCEHHSA BMPAN, N0 A3AHUX 3 PEMOHMOM | POUIUPEHHSL CNEKMPA NOCILYe | ONEPATNUBHO20
Deazy8amHsl Ha 3anUmu.

TTooanviui docriodNcerHs AOYiTbHO NPOBOOUMU 8 HANPAMKY A0ANMAYIT BUKOPUCIIAHHS MEXHON02TT DONOBHEHOI peanbHOCi
6 HABI2AUIUHUX CUCMEMAX BOOISL.

KitrouoBi cioBa: npasuna 0opoxcHb020 pyxy, 0606 a3K06e 001a0HAHHA ABMOMO0INA, cucmema wmpaghis.

Formulation of the problem. The effectiveness of integration processes during the entry of the transport
system of Ukraine into the European transport network is an important factor that affects the development of the
country's economy, plays an important role during military operations, contributes to the improvement of culture
and education of the population, increases labor efficiency, and is also of great political importance. One of the
main ways to increase the efficiency of road transport of Ukraine on this path is the adaptation of domestic transport
networks to the transport systems of neighboring countries, as well as the application of modern navigation systems
and their development [1].

Today, owing to truck downtime at the borders with Poland, a large share of international transportation
between Ukraine and European countries is carried out to Romania and Hungary. It is very important to know the
peculiarities in the organization of vehicle traffic on the transport highways of these countries because it is a guar-
antee of traffic safety and timely delivery of goods and passengers [2]. Such transportation has become especially
relevant since the beginning of full-scale military operations, which caused a decrease in the volume of maritime
transport in Ukraine, and the only transport that can bring goods to the ports of European countries is by road.

In addition, ensuring safety must be a management responsibility on par with production functions. Safety
must be ensured by setting achievable objectives while simultaneously planning the goal, and organizing continu-
ous control. In line with this principle, the importance of safety is equated to the factors of transportation quality,
cost, and quantity [3]. In this connection, the question arises of the need to combine the reliability factor to manage
international road transport.

Analysis of recent research and publications. Ukrainian and foreign scientists such as O.P. Holykov,
V.H. Shynkarenko, A.l. Abramov, A.V. Velmozhyn, A.l. Vorkut, B.L. Heronimus, Ye.A. Zhukov, V.N. Ivanov,
V.Ye. Kanarchuk, L.V. Kantorovych, and other devoted their research to highlighting problems and finding ways to
economic issues in the development of the transport industry. Scientists comprehensively studied the issue of the
development of the transport complex, gave recommendations, and proposed ways to ensure the effective function-
ing of this important sphere of the country's national and economic complex. At the same time, the path of European
integration of Ukraine and the formation of our state as a full-fledged member of the European Community requires
the development of new means and methods of traffic management in the context of cooperation with leading
international transport organizations and participation in the implementation of relevant projects and programs [2].
Despite the recognition of transport as a priority sphere of activity that must be supported by the state, financed, and
developed to meet international standards at the appropriate level, several problems hinder the development of road
transport and the process of European integration.

Purpose of the article: to analyze transport highways and peculiarities in the organization of road trans-
port in Ukraine, Romania, and Hungary to find ways to integrate Ukrainian roads into the European transport
network.

Statement of basic materials. International road freight transport plays an important role in the country's
economy and significantly affects the development of market relations. They have many advantages compared to
other modes of transport — these are the speed of delivery, relatively lower financial costs compared to other modes
of transport, safety, and delivery at the exact time and point [5].
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The efficient movement of goods is the basis of the functioning of any economy and company. Thanks to the
possibility of fast and safe transportation of goods, production processes are possible, and consumers have access
to a wide range of products [6].

Among the three standard modes of transport — sea, air, and road — road transport is the most common mode
of freight transportation. An extensive network of expressways is required for its effective functioning.

There are also types of road transport depending on the type of freight being transported. They include:

— automobile transportation of maritime containers;

— oversized transport;

— transportation of heavy goods;

— transportation of medicines;

— refrigerated transport and much more.

The above-mentioned advantages and possibilities of road transport make it an ideal solution for any company
that sends any freight to any part of the country or Europe [6].

Transportation of goods outside the European Union requires customs clearance. To drive through other Euro-
pean countries, it is necessary to observe the current traffic rules (for example, in the field of exhaust gas emissions).
A license for international transportation in Europe is a type of international permission document issued by the
European Road Transport Inspectorate, which gives the owner the right to carry out road transportation of goods in
all countries of the European Union. It gives the right to carry out bilateral, transit transportation or transportation
to third countries near EU member states [6]. Issuance of licenses for international road transport is regulated by
Regulation (EC) No. 1072/2009 of the European Parliament and the Council of October 21, 2009, on general rules
for access to the international road transport market ("Regulation No. 1072/2009").

First, the highway network was analyzed. The length of state highways in Ukraine is 169.5 thousand km. The
network of main routes is spread throughout the country and connects all major cities of Ukraine (see Fig. 1), and
also provides cross-border routes with neighboring countries. Of these, 165.8 thousand km are with hard surfaces.
The State Highway Agency of Ukraine is responsible for the condition of these roads [7].

Fig. 1. Highways of Ukraine on the map of the country [8]

The basic traffic rules and speed regime in Ukraine are as follows. For example, the speed of movement out-
side populated areas is 90 km/h; on a road with single carriageways separated from each other by a dividing strip is
110 km/h; on the highway is 130 km/h [9]. There are fines for violating the speed limit:
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— for exceeding the speed from 20 to 50 km/h — a fine is of 340 hryvnas.

— for exceeding the speed by more than 50 km/h — 1.700 hryvnias.

— For passing through a public transport lane — 680 hryvnias.

— For passing through an intersection at a "red" traffic light — 425-510 hryvnias.

The maximum permissible level of alcohol in the blood is 0.00 %o.

The permissible level of alcohol in a driver's blood in Ukraine must not exceed 0.2 ppm (permillage).

In Ukraine, the permissible level of alcohol content in a driver's blood is 0.2 ppm. The fine for drunken driving
is UAH 10.200, in addition, the violator is revoked a driver's license for a year. The same actions, committed more
than twice a year, are punishable by a fine of UAH 40,800 and revocation of rights for 10 years. A dipped beam is
mandatory 24 hours a day throughout the year.

The fine for not turning on the dipped beam in Ukraine ranges from 425 to 510 hryvnias. During the specified
period, daytime running lights must be turned on on all mechanical vehicles outside populated areas, and in the case
of their absence in the vehicle structure, dipped beam headlights.

A child car seat, also a children's car seat is a seat that is installed in a car for the safe transportation of children
from the moment of birth to approximately the age of 12 years (until the child reaches a weight of 36 kg and grows
taller than 1.45 meters). The official name of a child's car seat in Ukrainian legislation is "special means that make
it possible to fasten a child with the help of safety belts." The fine for the first violation of the rules for transporting
children will be UAH 510; for repeated violations within a year is 850 hryvnias.

In Ukraine, according to the Traffic Rules, the use of seat belts is mandatory for the driver and all passengers,
including those in the back seat. The fine for violating the rules for using seat belts is 510 hryvnias.

If a police officer notices a driver talking on the phone while holding it while driving, she/he has every right
to stop and prosecute him/her. If the conversation on the phone did not lead to any consequences, the driver faces a
fine of UAH 510.

Average fuel prices in Ukraine as of December 1, 2023, are shown in Table 1.

Table 1
Average fuel prices in Ukraine in 2023
Type of fuel price Price (UAH)
A-95 premium gasoline 57.57
Gasoline A-95 54.33
Gasoline A-92 51.65
Diesel fuel 54.28
Automobile gas 36.74

At the next stage of the research, the highway network of Hungary was analyzed. According to the report of
Allami Autépalyakezel6 Zrt. ("State Highway Administration"), the total length of the Hungarian highway system
is 1.400 kilometers (see Fig. 2).

The number of Hungary’s border crossings with a motorway link may double by the year 2022, the national
daily Magyar Hirlap said. Over the past 20 years six such facilities have been built, to be followed by another
six over the next five years, the national development ministry told the paper. The government decided to build
900 kilometres of motorways and dual carriageways, and earmark a total of 2.500 billion forints (8.2 billion euros)
for road construction until 2022, it said. The M4 motorway to connect Budapest with Oradea (Nagyvarad) in western
Romania will be completed with the inauguration of the last 30 km section on the Hungarian side of the border by
early 2020. The construction of the dual carriageway M30 between Miskolc and Kosice (Kassa) in eastern Slovakia
is scheduled to start next year but its Tornyosnémeti border crossing will be inaugurated before this year is over [10].

As far as links to Austria are concerned, the border sections of M8 at Rabafiizes (in the direction of Graz) and
MSS5 at Sopron (in the direction of Vienna) will be completed in the coming five years. The last section of motorway
M6 between Boly and the Croatian border will probably be opened in late 2020 pending environmental permits. The
construction of the last section of motorway M3 between Vasarosnamény and the Ukrainian border is scheduled to
start in early 2021 [10].

The basic rules of the road and the speed regime for Hungary are: in populated areas is 50 km/h; outside the
populated areas is 90 km/h, a car with a trailer is 70 km/h; on the road for cars is 110 km/h, a car with a trailer is
80 km/h (follow the signs); on the highway is 130 km/h, a car with a trailer is 80 km/h; cars with installed anti-skid
chains is 50 km/h.

Exceeding the speed limit of up to 15 km/h is subject to a fine of up to 30,000 forints (€100.00) or a verbal
warning is imposed (at the police's discretion depending on the specific road situation). Further, every 15 km/h
excess is added to this amount by 15.000 forints (€50.00), and starting from 45 km/h of excess is 30,000 forints
(€100.00) fine.
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Fig. 2. Highways of Hungary on the country map [10]

The maximum amount of HUF 300.000 (€1,000.00) is charged for exceeding the permitted speed by more
than 75 km/h in a populated area, outside it by 105 km/h. The maximum permissible level of alcohol in the blood
is 0.00 %o. If the level of alcohol in the blood is up to 0.5 %o, then the fine will be 150.000 forints (€500.00). For a
blood alcohol level between 0.5 %o and 0.8 %o, the fine is HUF 200,000 (€750.00). If the level of alcohol in the blood
exceeds 0.8 %o, then the fine will be 300.000 forints (€1.000.00).

A dipped beam is mandatory 24 hours a day throughout the year. For non-compliance with rules is a fine of up
to 10,000 forints (€33.00). For driving only with fog lights, the fine is HUF 5,000 (€17.00).

Using a telephone without a technical device that allows for hands-free conversations while driving is pro-
hibited. Fines are from HUF 10,000 (€33.00) in the populated area and to HUF 20,000 (€66.00) on the highway.

The official price of fuel at gas stations in Hungary since November 2021 is HUF 480 per liter (about UAH 40).
This year, due to the war in Ukraine, it has slightly increased. For cars and trucks, the price is HUF 661 per liter of
gasoline (UAH 54.2) and HUF 679 per liter (UAH 55.7) per liter of diesel fuel.

The car must have a first-aid kit, a warning triangle, and a reflecting vest, which is mandatory for every pedes-
trian who is on the road or roadside outside a populated area in the dark, as well as in case of poor visibility. The
fine is up to 30.000 forints (€100.00). Studded tires are prohibited. Anti-skid chains are allowed in difficult weather
conditions (an appropriate international road sign is installed), and the use of a radar detector is not prohibited.

The next stage in the analysis was the research of the peculiarities of the transport network in Romania. In
December 2018, Romania had 806.7 km of motorways, and another 148.6 km were under construction. In recent
years, a national highway master plan has been developed, and many works have begun across the country leading
to significant changes in 2022 (see Fig. 3).

To travel on roads in Romania outside the cities, you must pay a toll. In Romania, there is an electronic system
for issuing vignettes (rovinieta). Vignettes can be purchased at gas stations, large shopping centers, and any post
office. When paying the fee, the operator enters the license plate of the car for which the vignette is purchased, as
well as the type of vehicle and the validity period of the vignette into the electronic database and issues a receipt
with the above-mentioned data.

The information in the database is stored throughout the validity period of the vignette. The fee depends on
the category of the vehicle and the validity period.

The cost of a vignette in Romania for trucks and vans weighing up to 3.5 tons is: for 7 days — €6.00; for
30 days — €16.00; for 90 days — €36.00; for 1 year — €96.00.
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Fig. 3. Highways of Romania on the country map [11]

Control of the presence of vignettes is monitored either automatically at fixed points where the system's
cameras are installed, or on the road, using mobile terminals, by police crews and employees of the National Road
Company of Romania. The verification is carried out by reading the vehicle's license plate and comparing it with
the database. In the absence of a vignette, a fine is charged (250-500 lei (€55.00—110.00) for a passenger car and
750-1250 (€167.00-278.00) lei for a van or minibus up to 3.5 tons), and in addition to this, compensation for road
damage is (130 lei (€28.00) for a car and 430 (€95.00) for a van). Bridges (€6.00) and ferry crossings (€12.00)
across the Danube both within Romania and between Romania and Bulgaria are additionally paid.

From November 1 to March 31, the use of summer tires on cars is prohibited. In case of violation, there is a
fine from 2,500 to 4,000 lei (€555.00-889.00). Studded tires are prohibited.

The speed regime for cars is as follows: in the populated area is 50 km/h; outside the populated area is
100 km/h; on the highway is 130 km/h.

Cars with a trailer and motorhomes with a total weight of more than 3.5 tons are subject to the following speed
regime: in a populated area is 50 km/h; outside the populated area is 90 km/h; on the highway is 120 km/h (110 for
motorhomes). Even though the speed limit outside populated areas is set at 100 km/h, this applies only to those
roads that have the status of national expressways or European roads (E85). A limit of 90 km/h has been set for the
rest of the roads outside populated areas.

For drivers with experience of less than 1 year, the maximum speed is set at 20 km/h lower than the maximum
permitted speed of vehicles of this category.

The following fines are imposed for violating the speed limit:

—10-20 km/h — 134 lei (€30.00);

—21-30 km/h — 201 lei (€45.00);

—31-40 km/h — 268 lei (€60.00);

—41-50 km/h — 402 lei (€90.00);

—over 50 km/h is 603—1340 lei (€134.00-300.00).

The maximum level of alcohol in the blood is 0.00 %o. If the level of alcohol in the blood is less than 0.8 %o,
then the fine will be from 603 to 1340 lei (€134.00-300.00), and the driver's license revocation for up to 90 days. If
the level of alcohol in the blood exceeds 0.8 %o, then the driver faces imprisonment from 1 to 5 years.
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During the movement of the vehicle, the dipped beam must be turned on regardless of the time of day through-
out the year. A fine of 135 lei (€30.00) is imposed for the lack of a dipped beam or improper use of a high beam. For
using fog lights in the absence of fog, there is a fine of 200 lei (€45.00).

It is forbidden to use a telephone communication device that is not equipped with a technical device that
allows for hands-free conversations while the vehicle is in motion. The fine is 134 lei (€30.00).

As a rule, in Romania (as well as in Ukraine), the parking fee is charged by employees of companies that

service parking lots. Parking costs range from 2.5 lei (€0.50) to 12 lei (€1.50) per hour. A receipt is issued upon
payment. Violation of parking rules is 201 lei (€45.00).

The use of a video recorder is allowed in Romania.
At the final stage of the research, the main criteria taken into account in the process of integrating the

transport system of Ukraine into the European transport network were compared. The results are shown in
Tables and Figures.

Table 2
Comparing the length of the highway network, km
Ukraine Hungary Romania
Length of roads 170000 203601 198930
Length of roads with hard surface 165800 77087 49873
Length of highways 169500 281 8067
250000
200000
150000 u Length of roads
= Length of roads
100000 with hard coating
Length of highways
50000
0
Ukraine
Hungary
Romania
Fig. 4. Comparing the length of the highway network, km
Table 3
Comparing the standard speed limits in Ukraine, Hungary and Romania, km/h
Ukraine Hungary Romania
In the city 50 50 50
Out of the city 90 70 100
On the highway 130 130 130

From the comparison Table, it can be concluded that the speed limits in the city and on the highway are the
same. Restrictions outside the city vary considerably.
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Fig. 5. Comparisng the standard speed limits in Ukraine, Hungary, and Romania, km/h

Table 4
Comparisng the standard speed limits in Ukraine, Hungary and Romania, km/h
Ukraine Hungary Romania
A95(liter) €1.33 €1.67 €1.69
A98(liter) €1.61 €1.70 €1.81
Diesel (liter) €1.32€ €1.71 €1.81
Gas €0.92€ €0.98 €1.34

expensive fuel is in Romania.

The comparative Table shows that the lowest price for all types of fuel is in Ukraine/Poland, and the most
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Fig. 6. Comparison of fuel costs in Ukraine, Hungary and Romania, €
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Table 5
Comparing the validity period of the electronic vignette
Validity of electronic vignette Ukraine Hungary Romania
10 days €0.00 €11.00 €23.00
1 month €0.00 €14.00 €7.00
1 year €0.00 €130.00 €28.00
€ 140,00
€ 120,00
€ 100,00
€ 80,00 u 10 days
= 1 month
€ 60,00
1 year
€ 40,00 -
€ 20,00 - . 1 year
1 month
. -
Ukraine 10 days
Hungary
Romania
Fig. 7. Comparing the validity period of the electronic vignette
Table 6
Comparing the car parking costs in the researched countries
Ukraine Hungary Romania
Parking cost of 1 hour €0.55 €1.60 €1.50
€ 1,60
€ 1,40
€ 1,20
€ 1,00
€ 0,80
€ 0,60
€ 0,40
€ 0,20
€-
Ukraine
Hungary
Romania

u Parking cost of 1 hour
Fig. 8. Comparing the car parking costs in the researched countries
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Table 7
Comparing the standard fines in Ukraine, Hungary and Romania

Ukraine Hungary Romania

Overspeeding €25.60 €408.30 €109.80
(on average)
Alcohol in the blood €851.60 €750.00 €217.00
(on average)
Dipped beam headlights turned off outside the city €11.70 €25.00 €37.50
(on average)
Unbuckled seat belt €12.80 €92.50 €30.00
Talking on the phone while driving €12.80 €50.00 €30.00
Improper children transportation €13.50 €150.00 €217.00
Average value of fines €154.7 €246.0 €106.9

9200

800

700 B Overspeeding

(on average)
600 Alcohol in the blood (on average)
500 Dipped beam headlights turned off outside
the city (on average)

400 Unbuckled seat belt

300 B Talking on the phone while driving

200

u Improper children transportation

L B Average value of fines
0o = l
Ukraine

Hungary
Romania

Fig. 9. Comparing the standard fines in Ukraine, Hungary, and Romania, €

Conclusions from this research and prospects for further surveys in this direction. After analyzing the
data of the comparative charts constructed in the course of the research, it can be concluded that the speed limits in
cities and on highways of all countries that were accepted for comparison are almost the same. Restrictions outside
the city vary considerably.

The lowest price for all types of fuel, despite the war, is in Ukraine; the most expensive fuel is in Romania.
Hungary has the highest fines, followed by Ukraine, and Romania has the smallest fines.

Thus, it can be said that the conditions in the transport networks of the analyzed countries are favorable for
the integration of the transport system of Ukraine into the European transport network.
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AKICTBb OBCJIIYT'OBYBAHHS NTACAXKHUPIB ABIAIIIAIIPUEMCTBAMHA
B AEPOIIOPTOBUX KOMIILJIEKCAX

Jna niosuwents KOHKYPEHMOCHPOMONCHOCHI aeponopmosux KOMNIEKCi8 HA C8IM0o6oMY PUHKY a8iampanchopmHux
nociye nionpueMcmeam 00800Umvca 0CcoOIUBY Y8azy npudiramu numarHam axocmi. Ilepuioyepeogumu nOKA3HUKAMU KO-
cmi nociye 8 agiayilnit OBLIbHOCMI € asiayiting Oe3nexa, peeyispHicmb noibomis ma cepsiche 0ocyeosysans. Ane cnekmp
nomped Kopucmyeayis asiayiiiHux nociye NOCMItIHO PO3UUPIOEMbCA T 3pOcmarnmy gumoau 00 3adesneuennsa ix axocmi. Taca-
JHCUp, OYIHIOIOYU PiBeHb agiayilino20 Cepsicy, CNPUlMAac NOCIy2y 8 KOMNIEKCI, He3aNeHCHO 810 mo2o, Xmo il Hadac — asianepesi-
3HUK YU AEPONOPM, A OMOMONCHIOE BUKTIOUHO 3 Pe3VIbmamamuy 0ianbHocmi asiakomnanii. Omoice YOOCKOHANEHHAM Cepeicy,
HA3eMHO20 Ma 8 NPoYeci NoTbomy, 3aUMarmbCs A8iAKOMNAHII.

Cmamms npucesuena sUSHAYeHHI0 (PaKmopis, Wo eNIUBaOMs Ha AKICMb 00CTY208Y8AHHS NACANCUDIE 6 AEPOROPTNOBUX
KOMNIEKCax AK cK1a0060i 3a0e3neuents KOHKYPEHMOCHPOMOXCHOCTT A8IaKOMNAHIL.

Ilooarno xkpumepii oyini06anHa AKOCmi 00CTY208Y8aHHA NACAHCUDIE 8 AEPONOPIMOBUX KOMNIEKCAX, BKIIOUAIOYYU NOCTyeU
Ha bopmy Nimaxa.

Po3pobireno memoouxy oyinku AKOCMI NOCIYe Aeponopmosoz0 KOMNIEKCY, Wo hepeddayae OnumysanHs NAcaxcupis
3 Memo OmMpUMAHHA 0c06060i Mma 3a2anbHoi iHGopmayii wooo AKOCMI HAOAHUX NOCILY2, BUABLEHHS HEOONIKI 8 00CTY208Y8AHHI
NACAXHCUPIE 8 AEPONOPMOBUX KOMNIEKCAX | NOOATbUI020 YOOCKOHANEHHS AKocmi ix pobomu. Takoxc onumyeanHs 003601ums
BUSHAYUMU OCHOBHI HANPAMU POOOMU KePIBHUYMEA w000 NOKPAWeHHA AKOCHE pOOOmU aeponopmosoeo KOMAIEKCy 3a0is nio-
BUYEHHS eKOHOMIYHUX NOKA3HUKIG 11020 OISIbHOCIIL.

IIpakmuuna 3Hauywicms pe3yromamis 00CIiONHCeHHA NONALAE Y MOHCTUBOCH X BUKOPUCTNAHHA AK THCMPYMEHmY YIpae-
JIIHHSL CUCMEMOT0 AKOC HOCTY2 AepOnopmo8o2o komnaexcy. OKpemi nonodCeHHs MOXCYIb OYMU 6UKOPUCIAHT ABIAKOMRAHIAMU
07151 KOMNIEKCHO20 PO3BUMKY HAABHO20 KOHKYPEHINMHO20 NOMENYIany ma 00CAHeHHA YCHIWHO20 iX (YHKYIOHYBAHHA HA PUHKY.

KittouoBi c110Ba: 06¢1y206y8aHHs nacaxcupis, AKicmy 00CTy208Y8AHHS, KOHKYPEHMOCHPOMONCHICIb, A8IAKOMNAHIA, aepo-
NOPMOBUL KOMILIEKC.

Semchenko N. 0., Ukrainskyi Ye. O. Passengers service quality by airlines in airport complexes

In order to increase the competitiveness of airport complexes on the world market of air transport services, enterprises
have to pay special attention to quality issues. The primary indicators of the quality of services in aviation are aviation safety,
regularity of flights and service. But the range of needs of aviation service users is constantly expanding and the requirements
for ensuring their quality are growing. When evaluating the level of aviation service, the passenger perceives the service as a
whole. For him, it is not important who provides these services — the airline or the airport. The passenger equates the provision
of services exclusively with the results of the airline's activities. Therefore, airlines are engaged in improving the service, both
on the ground and during the flight.

The article is devoted to the determination of factors affecting the quality of passenger service in airport complexes. The
quality of services is a component of ensuring the competitiveness of airlines.

The article presents criteria for evaluating the quality of passenger service in airport complexes, including services on
board the plane.

A methodology for assessing the quality of airport complex services has been developed. The methodology involves sur-
veying passengers with the aim of obtaining personal and general information about the quality of services provided, identifying
shortcomings in passenger service in airport complexes and further improving the quality of their work. Also, the survey will
allow to determine the main directions of the management's work to improve the quality of the airport complex. This, in turn, will
lead to an increase in the economic performance of the airport complex.

The practical significance of the research results lies in the possibility of using them as a management technique for the
service quality system of the airport complex. Separate provisions can be used by airlines for the comprehensive development of
the existing competitive potential and the achievement of their successful functioning on the market.

Key words: passenger service, quality of service, competitiveness, airline, airport complex.
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IocTranoBKka npo6JaemMu. [[1s MiBUIEHHS KOHKYPEHTOCIIPOMOKHOCTI aepOIOPTOBUX KOMILJIEKCIB HA CBITO-
BOMY PUHKY aBiaTpaHCIIOPTHHUX MOCIYT aBiaKOMIIaHiSM JOBOJUTHCA OCOOMUBY yBary NpUAUIATH MUTAHHIM SKOCTI.
IMacaxxup, oLiHIOIOUU PiBEHb aBiallifHOTO CEpPBICY, CIPUIIMAE MOCIYTY B KOMIUIEKCI, HE3aJIeXKHO BiJ| TOrO, XTO il
HaJla€ — aBiallepeBi3HUK UM aepoIOpT, Ta OTOTOKHIOE BUKIIOYHO 3 pe3ysibTaTaMU AisUIbHOCTI aBiakommaHii. OTxe
YIOCKOHAJICHHSIM CepBicy, HA3eMHOT'O Ta B IIPOIEC] MTOJIBOTY, 3aiMarOThCs aBiakommaHii. [leprrogeproBumu mokas-
HUKaMHU SIKOCTI TIOCIYT B aBialliifHii JisJIbHOCTI € aBialliifHa Oe3reka, perysipHiCTh MOJIbOTIB Ta CEpBICHE 00CITyTO-
BYBaHHs. AJie CIIEKTp NOoTpeOd KOPUCTYBaYiB aBialliiHUX MOCIYT MOCTIHHO PO3IIUPIOETHCS 1 3pOCTAIOTH BUMOTH 10
3abe3mneueHHs ix skocti. [IpoBefeHn aHali3 OCIYT aepoITOPTOBUX KOMIUIEKCIB MOKa3aB, IO B Taly3i MisUIBHOCTI,
Ha3eMHO1 1 Ha 60PTY JTiTaka, I1i TUTAHHS JTOCIIIPKEHO IIe HeIOCTATHRO, OCOOIUBO B YaCTUHI PO3POOKH €IMHOT METO-
JIVKH Ta MOZETI JUIS OI[iHKH PiBHA SKOCT1 a€POIIOPTOBHX MOCIYT. LIMM MOSICHIOETHCS aKTYaNbHICTh JOCIIIKSHHS.

AHaJi3 ocTaHHIX Aoc/iTKeHb i myomikaniii. J{ociipkeHHIM PUHKY TOCIYT 3 00CIyTOBYBaHHS B a€poIop-
TOBUX KOMIUIEKCAX 3aiiManucs BITUM3HSIHI 1 3aKOPIOHHI HayKoBI, Taki sk B. B. 3anopoxers, M. I1. IlImatko [1],
0. O. @engena [2], B. 1O. ITasenko [3], K. B. Mapinuesa [4], . O. byraiiko, A. B. Tepemenxo [5], N. Halpern,
D. Mwesiumo [6], A. Parasuraman [7], G. C. L. Bezerra, C. F. Gomes [8], V. Bogicevic [9, 10], N. Kano [11],
S. G. Abdelaziz, A. Elabbassy [12] L Kovynyov R. Mikut [13] Ta iH.

[Nonpu HATBHOCTI BENHMKOI KUTBKOCTI IPYHTOBHHX HayKOBHX MPallb, npo0IreMa sIKoCTi 00CITyTOBYBaHHS B a€po-
MOPTOBHUX KOMILIEKCAaX YKpaiHU pO3KPUTA HEJOCTATHRO 1 HOTpe6y€ MOAAJBIIOTO BUBUCHHS.

MeTa cTaTTi: po3poOka MeTOAMKY 300Dy iH(pOpMAIIii 1 OLIHKK CTaHY SIKOCTI HA3€MHOTO 1 TOBITPSHOTO 00CITy-
TOBYBAaHHS B a€pOIIOPTOBHUX KOMIUTIEKCaX YKpaiHM Ta HaJaHHS pEKOMEH/AIiH 010 HOoro MOiMIIeHHs.

Bukian ocHoBHOro marepiajy. 3 moyarky po3BUTKY aBialliiHO MPOMHUCIOBOCTI Ha modarky 20 CTONITTS
aBiakoMIaHig Oyina TPaHCIIOPTHOIO KOMIIAHIEIO, SIKA MPOIMOHYBaIa KII€EHTaM MOCIYTH 3 HOBITPSHUX IEPCBE3CHB.
lonoBHOI0O MeTor aBiakoMIaHii B Ti 4acu Oyio Oe3nedHe NepeBe3eHHs KIIEHTIB 3 OIHOTO Micis B iHme. Yepes
HU3BKUI PUHKOBUI MOMUT OUIBIIICTH aBiakOMMaHii Toro yacy Oyau abo 3acHOBaHi ypsiioM, a00 4acTKOBO (hiHaH-
CYBAJIUCS YPSAOM.

YV Mipy po3BUTKY aBialliifHOT IHAYCTpIi Ta yAOCKOHAJIEHHS TEXHOJIOTIH aBialliliHi MepeIbOTH 3 4acOM CTalll
Hal0e3MevHIM CrIoco00M MepeBe3eHHs MacaXUpiB 1 BaHTaxIB. | B TenepilHiil yac aBiauiliHi epeBe3eHHs € Bax-
JIUBOIO CKJIQJIOBOIO B TPAHCIIOPTHIA CUCTEMI CBITY.

ABiaKOMITaHIs € YCTAHOBOIO, IO 3IIMCHIOE CBOIO MIsTBHICTE Y cdepi mociyT. Tomy, micis neperyinsiii aBia-
midHOT Tany3i y apyrid momoBuHi 20 CTONITTS, YPSAW MiHIMI3yBaJIM CBi KOHTPOJb HAJ JICPKABHUMH aBiaKOM-
MaHIAMHU Ta JO3BOJWIA NPUBATHAM KOMIIaHISIM CTBOPIOBATH BIIACHI HOBI aBiakommaHii. TakuM 4WHOM, IOoYaia
CTBOPIOBATHCS KOHKYPEHIIiS Ha PUHKY aBiallifHUX IOCIYT, SKa 3 POKAMH TLTBKH 3aroCTpIoeThesl. Ha mouarky Oe3-
nevHa poOoTa aepormoOpTOBUX KOMILJICKCIB OyJia OCHOBHMM OYiKYBaHHSM KIi€HTIB. OCKIJIbKU MOKA3HUKU O€3MeKH
aBiakoMIIaHii HabaraTo MOKPALMINCS, KIIEHTH IOYalIH OYiKyBaTH BiJ aBiakoMmaHii Oinbinoro. CboroaHi, OKpim
eJIEMEHTapHUX NMoTped Oe3mnexu (aBialiitHol Oe3meku i 0e3neKH MONbOTIB), PErYISPHOCTI MOIBOTIB, KIIEHTH TAKOXK
BHMAraroTh SIKICHOTO CEpPBICHOTO 00CIyroByBaHHs: KOM(OPTY Ta MEpIIOKIACHUX Nochayr. OTxe Ui MiABUIICHHS
KOHKYPEHTOCIIPOMOXHOCT] aepONOPTOBUX KOMILJIEKCIB Ha CBITOBOMY PUHKY aBlaTpaHCIOPTHUX MOCIYT MiAIpPUEM-
CTBaM JTOBOITUTHCS OCOOJHBY YBAry MPHIUIATH IMUTAHHSIM SKOCTI. AJie CIIeKTp HMOTped KOpUCTYBadiB aBiamiiHUX
MOCITYT TIOCTIHHO PO3MIUPIOETHCS 1, BIAMOBIIHO, 3pOCTAIOTh BUMOTH JI0 3a0€3MeUeHHs 1X SAKOCTI.

JUIs MiABUINEHHS KOHKYPEHTOCIIPOMOXKHOCTI aepONOPTOBMX KOMIUICKCIB Ha CBITOBOMY PHHKY aBiarnepeBe-
3¢Hb B HAYKOBHX pOO0iTaxX BITUYM3HIHHX Ta 3aKOPJOHHUX JOCIITHUKIB MMPOIIOHYIOTHCS Pi3HI METOIU 1 MOJIEII OTITH-
Mi3aii TeXHOIOTiuyHUX mponeciB. Tak y podoti MapinneBoi K. B. Bu3HadeHo, 110 MOACITIOBAHHS TEXHOJIOTTYHUX
MIPOIIECiB B a€POIOPTOBUX KOMITJIEKCAX IOBUHHE MICTUTH B CO01 TPH OCHOBHI HAIPSIMKH: MOAETIOBAHHS IIPOIIECIB,
MOB'SI3aHMUX 3 MOBEIHKOIO aBialmacakupa, MOJICIIOBaHHS TEXHOJOTIYHUX MPOIECIB y CUCTEMI IIMBUIBHOI aBiallii,
(hopMyBaHHS TEXHONOTii 00CITyroByBaHH MacakupiB [4].

OnHUM 3 NIEepUIMX JOCTIAHUKIB MOTPeO CIOXKUBAYIB MOCIYT 1 IX BIUIMBY Ha MOTHBAIIIO TPYAOBOi AisSUIBHOCTI
O0yB A. Macinoy, sikuii cTBOpUB Teopito iepapxii morped. Ha ocHOBI THX e NPUHIMIIIB ICHYE i€papXis O4iKyBaHb
KJIIEHTIB BiJ AisTBHOCTI aBiakomnaHi (puc. 1).

B Tenepininii yac KIEHTH MArOTh NIMPOKHIA BUOIp aBiakOMIaHii 11 3A1CHEHHS MepeboTiB. AJle BCi BOHU
BHMYIIIEHI B 0OpOTHO1 3a KIII€HTa MPONMOHYBAaTH CTaHIAAPTH30BaHI MPOAYKTH — MOMIOHI TMPOIYKTH 3 TOYKH 30PY
arMoc(epH B caloHi, XapuyBaHHs, U3aiHy CHJIiHb, possar y MOJILOTI TA KOMYHIKAIIIHHAX TEXHOJIOTIH.

CyugacHi aBiakoMmaHii, o0 OTpUMaTH KOHKypeHTHl nepeBar 1 BIVIMHYTH Ha BUOIp KII€HTIB, 30CEPEIIKY-
IOThCS HA OOCIYTOBYBaHHI, BUKOPHCTOBYIOUH Pi3HI CTpaTerii YTPHMAHHS CBOIX ICHYIOUMX KJI€HTIB 1 3aiydeHHs
HOBHX. OCHOBHA MeTa TOJISITa€ B TOMY, 100 33TOBOJBHUTH KII€HTIB, MMEPEKOHATH iX B JOIIBHOCTI BKIAIECHUX
HUMH KOIITIB 1 THM CAMHUM 3MYCHUTH 1X TIOBEPTATHCS 3HOBY 1 3HOBY.

KitienTH B CBOIO uepry MaroTh IEBHI OYiKyBaHHS Bijl aBiakoMmaHiil (puc. 2): OCHOBHI i 10JAaTKOBI.

KitieHTH OCTIHHO OLIHIOIOTH 00CITyTOBYBaHHS aB1aKOMIIAHII CyMOIO TPpOILEii, IKy BOHH 3aIlIaTHIIN 38 KBUTKH.
S npaBuIIo, KIIEHTH, AKi 3arJIaTUiIM Oiblle, MOTpeOyI0Th BUILOTO PiBHS MOCIYT MOPIBHAHO 3 TAMH, XTO 3aIJIaTHUB
MEHIIIE.
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Hoicepeno: no6y0oeano agmopamu Ha OCHOBI 61ACHUX OOCTIONCEHD
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Desnexa CBOCHACHICTE IJHFITil.'Tb COCNVIOBY BAHHA AKICTH aia EASUHICTh

Puc. 2. O4ikyBaHHS BiJ| aBiakoMITIaHil

Hoicepeno: nobyooeano agmopamu Ha OCHOBI 61ACHUX OOCTIONCEHD

OxpiM MiHIMaJBHOTO HA0OPY OYiKyBaHb, JOAATKOBI BKJIIOYAIOTH PI3HOMAHITHICTH MPOMOHOBAHUX 3aXOJiB
1 MpoTNO3uUIIiH B 00CITyrOBYBaHHI, SIKICTh HQJIaHUX MTOCIYT, IIBUAKICTH il B BUPIIICHH] MUTaHb Ta IPOTPaMH JIOSUTb-
HOCTI (320X0UEHHS) B IKOCTI BASYHOCTI.

PiBeHb 3aI0BONICHOCTI KIIIEHTIB MOXKHA MIPEICTABUTH SIK BiIHOIICHHS MPOyKTUBHOCTI aBiaKOMIaHii 10 0di-
KyBaHb KJII€HTIB. SIKIII0 piBEHb 33/10BOJICHOCTI KJII€HTIB JOPIBHIOE OIMHMII, TO aBIaKOMIIaHisl BUIIPABIOBYE OUiKy-
BaHHS KJIIE€HTIB. SIKIIIO piBEHb 33J0BOJICHOCTI KIIIEHTIB OiJbIIIe OJMHUIT, 116 03HAYAE, M0 MOKA3HUKH aBiaKOMITaHii
MEPEBHINYIOTh OYIKYBaHHS KJII€HTIB, 1 SKIO MEHINE OJMHUII, TO HABIAKH.

OudikyBaHHS KJII€HTIB 3a3BUYall BU3HAYAIOTHCS PUHKOM IIOCIYT, SIKHH € JyX€¢ MIHJIHBAM: HOBUH MPOIYKT
(momatrkoBa mocityra), IO 3alpPONIOHOBAHWMN B OJIHIM aBiakOMIIaHil, HEBIOB31 3’SBISETHCA BXKE B IHIIMX 1 CTae
OCHOBHHM. ToMy KJIi€eHTH Hajami OyayTh 3HOBY OUYiKyBaTd BiAMIHHOCTEH B OOCIYrOBYBaHHI, THM CaMHM IIi/IBH-
IIYIOYH CBOT BUMOTH JIO IMTOCITYT aBiaKOMIIaHii i CPUSAIOYH 3pOCTaHHIO KOHKYPEHINT Ha pUHKY aBialliiHUX TOCTYT.

B aBiamiitniii ramy3i piBeHb 3aJ0BOJICHOCTI KIIi€HTa 0a3y€eThCs Ha MOEAHAHHI MaTepiaibHUX 1 HeMaTepiaTbHUX
nociyr (puc. 3).

TexHoOTisI 00CITYTOBYBaHHS IMACAXHPIB B a€POMOPTOBUX KOMIUIEKCAX BKIIFOYAE PsiI MPOLEAYD, IO BILUIMBA-
FOTh Ha SKICHY OIIIHKY 3 OOKY CITO)KHBAYiB aBlalliiHUX MOCIHYT (puc. 4).

[MuTaHHAM yIpaBIiHHS SKICTIO MMOCTYT IPUCBSYCHI mpani 3akopaoHHuX BueHUX: E. [leminra, 1. xypana,
K. IcikaBu, H. Kano, ®@. Kpoc6i, I. Taryri, A. @elirenbayma, V. lllyxapra ta iHmux. OnHak y ux podoTax y HeoO-
X1THI{ Mipi He OyJ0 BiOOpaKEHO MUTAHHS OIIHKH Ta YIPaBIIiHHSA AKICTIO MOCIYT y cepi AisTbHOCTI B aeporop-
TOBUX KOMITJICKCAX.

HaykoBi miaxonu 3apyOi>kKHUX aBTOPIB JI0 OI[IHKH SIKOCTI MOCIYT MOIUISIFOTHCS Ha JB1 TOUKH 30py BU3HAUCHHS
SIKOCT1 TOCIIYT:

1) y Burmzi 3ictaBieHHs i MOKA3HUKIB 13 BCTAHOBJICHUMH BUMOTaMH, BUPQKCHUMH y KIJTbKICHOMY 3Ha9CHHI
(®. Kpocbi);

2) SK CTyHiHb 3aJ0BOJICHHS MOTpeO Ta O4YiKyBaHb CIIOXKMBauiB BHACHIMOK HamaHHsa mocuyr (E. [JlemiHr,
A. @eiirenbaym, VY. Llyxapr).

Haii6inp1r monmpeHoo KOHIICTIIE OIIHKH SIKOCTI MOCIYT, 10 TPYHTYETHCS HAa BU3HAUCHHI CTYICHs 33710~
BOJICHOCTI CIIOKMBAUiB, € IM'ATUCTYIIHYACTa MOJEIb SKOCTI mociyr (GAP Mozens — MoJesb pO3XO/KEHHS SKOCTI
MOCTIYTH), po3pobieHa aMmeprKaHCEKUMH BueHUMH A. [lapacypamanom, B. 3efitamnem Ta JI. beppi [7].
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Puc. 4. Texnomnorist 00CIyroByBaHHsI MacaXHpPiB B aPOIOPTOBUX KOMIUIEKCAX

Lrcepeno: nobyoosano asmopamu Ha OCHO8I 1ACHUX OOCTIONHCEHb

KepiBHUITBO aBiakOMIaHii BUKOPHCTOBYE Pi3HI METOIH JJIS BIACTE)KEHHS SKOCTI 0OCITyTrOBYBaHHS KIIIEHTIB
1 BceOiuHO 3ajTydae epcoHaj aepornopPTOBUX KOMIUIEKCIB JI0 IIbOTO MPOIIECY.

3HauHi KOUITU 1HBECTYIOThCS Y MPOBEACHHS MapKeTUHTOBUX JOCIHIIPKEHb 3 METOIO BUSBIICHHS PiBHS 33]0-
BOJICHOCTI KJII€HTIB Ta MOTEHIIMHUX MpOOIeM, OLIHKHU SIKOCTI OOCIYTOBYBAaHHS MACaKUPIB Ta HOT0O MOJANIBIIOTO
BJIOCKOHAJICHHA. ABiakOMIaHii Ha MOCTIiHIM OCHOBI OEpPYTh Yy4acTh y mporpamax, peMTUHIax Ta ayJuTax, o Ipo-
BOJSITHCSI MDKHAPOJIHUMU aCOIAIlisIMU Ta CHEI[laTli30BaHUMH PEUTUHTOBUMHU arcHIIISIMU JJIsI BUBUCHHS, aHATI3Y,
3a0e3MeueHHs 1 MiATBEPIKSHHS BiNIOBITHOTO PIBHS HaIaHHS MOCIYT.

Jlesiki aBiakOMITaHii BAKOPUCTOBYIOTh ITPOrpaMH TAEMHHUX TIOKYTIIIB JJ1s1 300py JaHUX JIJIs BUMIPIOBaHHS KO-
CTi 00CIyroByBaHHS. 3BOPOTHIH 3B'S130K, OTPHUMAHHUH 32 OTIOMOTOK0 TAaKHX MPOTrpaM, 3a3BUYail MiCTUTh JIETaTl, SKi
HEMOKJIMBO OTPHMATH 32 JOIIOMOTOI0 3BHYaHUX ONMHUTYBaHb. [IpH 1IbOMY Ta€EMHHMH TOKYIISIMH MOXYTH OyTH
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HE TUIBKM KJII€EHTH aBiakOMIIaHiH, a i caMi mpamiBHUKU. TaeMHI HOKYMII CIIOCTEPIraloTh 3a MOBEAIHKOIO arcHTIiB
3 00CITyTOBYBaHHS, CTAaBJISITh 3alIUTAHHS Ta MOXYTh HABITh CTBOPIOBATH CKJIAJIHI CUTYyallii, HAPHUKIIAJ, IOAABATU
HEOOIPYHTOBAHI CKapry, o0 OL[iHUTH 31aTHICTh MPaliBHUKIB aBiakoMITIaHii BUpIIKTH Ui npobiaemu. [ToTimM TaemHi
MOKYIIII JOKYMEHTYIOTh OTPUMaHy IiJ Yac nepeBipku iH(opMmallito i aBiakommaHii po3poOisioTh cTparerii Kopu-
TYBaIBPHUX 3aX0liB. TaéMHHX CITIOXHBadiB cepell KIIE€HTIB 3aTy4aloTh B 0OMIH Ha MaTepiajbHy KOMIICHCAINIO 1X
MOAOPOXKEH, BUTpaT ab0 Ha €JIEMEHTH IIPOrpaM JOSITBHOCTI.

Jlis BiICTEXXEHHS SIKOCTI OOCIIYTOBYBaHHS KIIIEHTIB BCE OUIBIINOT MOMYJISIPHOCTI HAaOyBae BIPOBAKCHHS
MePEIOBUX IHHOBANIMHUX Ta iH(QOPMAIIMHAX CUCTEM, 3[aTHHX 3a0€3MEeYNUTH B TOMY YHCII 1 €(EKTHBHHHA 3BO-
pOTHUII 3B'30K 3 KJIi€HTOM. [Ipy BIIOCKOHAJIEHHI CepBICYy aepONMOPTOBUX KOMIUIEKCIB, 3aBISKH BUCOKOMY PIBHIO
PO3BUTKY iH(POPMAIITHUX TEXHOJIOT1H, pO3POOISIOTECS NOJATKH JUIsi MOOUIBHUX TPUCTPOIB 1 COMIaIbHIUX MEPEK,
BHUKOPHCTOBYIOUH IHTEICKTyaIbHi TEXHOJOTII 1 reosokamiiHi cuctemu [14]. Lli MoOiNbHI 10JaTKH BUKOPHCTOBY-
FOTHCS IS HQJaHHS MIEPCOHAII30BAaHUX TIOCTYT KJIIEHTaM, a TAKOXK JJIsl CIIOCTepiradiB 3a sIKICTIO HaJlaHHS TOCTYT.
B M0OOiIBHEX ToAaTKax KOPUCTYBaui MOXKYTh IPONTH aHKETYBaHHS, OL[IHUBIIIN €Tal 00CIyTOBYBaHHS SIK HA PiBHI
npoayKui'i TaK 1 Ha piBHI Ha/IaHHS TOCIYT, HaJaTH CBOI MUCHMOBI 1 Biieo- ((OTO-)KOMEHTapi, 3aJUIIUTH CBOT MPO-
no3utii. Tak SK 1 TAEMHUM CHOXHMBa4YaM, iM TPOTIOHYIOTh pi3HOMaHITHI 3a0x0o4eHHs. Ha BlZ[MlHy BiJ nmporpamu
TAEMHOTO TOKYTILA, BUKOPHCTAHHS MOOIUTPHUX JOAATKIB 3a0e3ledye ONepaTUBHICTh, PErYISPHICTH 1 THYYKICTh
HaJIaHHA PE3yJBTATIB ayIuTy.

Jlesixi aBiakommaHii popMyIOTh (HOKYC-TPYITH IS OTPUMAaHHS JeTalbHOT iH(popMaIlii BiJ pi3HUX TUIIIB KITi€H-
TiB MMPO iX 3aJI0BOJICHICTH IMOCITyTaMHu Ta MPOMYKTaMH MianpruemMcTBa. Ha 3ycTpidi MonepaTop cTaBUTh yUYaCHUKAM
TpyNH KiUTbKA 3aIUTaHb 1 i KIIEHTH JAUISTHCS CBOIMU JyMKaMHU Iiji 9ac oO0roBopeHs. [lormobnene inanuBityanpHe
THTEPB'I0 3 OKPEMHUMH KJTIEHTAMH € 1€ OJHUM CIIOCOOO0M, SKHIA JI03BOJISIE aBiakoMIIaHii OTpUMaTH Oiblie iHpopma-
I1i1 TPO BUMOTH KJIIEHTIB 1 PIBEHB iX 3a10BOJICHOCTI.

CouianbHi MEpexi TAaKOXK JOMOMAaraloTh aB1akOMITaH1sIM 301paTH iH(OPMAITiIO Bi KIIIEHTIB Uepe3 OHJIaiH-¢o-
PyMHU Ta couianbHi Media-tuiatdopmu. KilieHTH yacTo mUIIyTh JOMUCH IIOJO CBOIX MOJOPOXKEH, 1€ Jat0Th OLIHKY
JeTansiM 00CITyroByBaHHS. ABiaKOMIIaHii BUAUISIOTH IEPCOHAI JJIS1 MOHITOPUHTY TaKUX BEO-CalTIB Ta COLL.MEPEXK,
00 30upaTH SK MO3WTHBHI, TaK 1 HETaTWBHI BIATYKHU. Takuil MOHITOPHHI JOMOMAara€ KepiBHULTBY aBiakoMIIa-
HIW Kpallle 3p03yMITH SIK BiJOyBa€ThCs TIOBCAKICHHA JISIbHICTh aBiakKOMIIaHIT Ta 3p03yMiTH OYIKYBaHHS KITIEHTIB.
B com.Mepexax HaBiTh MOXHA BiJICTE)KUTH SKICh OCOOMCTI JIaHI Ta MEBHI 3BUYKH KIIIEHTIB, 110 MOIOOJISIOTH TOI0-
POXKYBaTH.

[l 3abe3nedeHHs Oe3nepeOiiHOCTI, BAKOHAHHS MiHIMaJbHHX CTAHJAPTHUX BUMOT IIOA0 OOCITYTOBYBaHHS
KIIIEHTIB Ta MiIBHIICHHS €()EeKTHBHOCTI TEXHOJOTIUYHHMX IPOIeciB (axiBIli 3 SKOCTI CaMOCTIHHO UM CIIUIBHO i3
30BHIIHIMU ayAUTOPaMH PO3POOIISIOTH METOIUKH KOHTPOIIIO SKOCTI aepOIIOPTOBOTO OOCIYTOBYBaHHS Ta 3a0e3Ie-
YyIOTh 1OT0 MOHITOPHHI, 3[i/{CHIOIOTH IIOCTIHHY B3a€EMOJIIIO 3 IEPCOHATIOM a€pPOIOPTY 3 MUTAHb HOKPAIICHHS PiBHS
cepgicy. Tak B ieHTpi 00CIyroByBaHHS KJIi€HTIB NPUAITSIETHCS 0COONMBA yBara 4acy OUiKyBaHHsI KJIi€HTa, IepII
HIX are’T 3 00CIyroByBaHHS BIAMOBICTh HA J3BIHOK; TPUBAJIOCTI PO3MOBH 3 KOXKHUM KIIIEHTOM; MpodecioHamizmy
areHTa 3 TOYKM 30py 3HaHb 1 CTABJIECHHS A0 OOCIyrOBYBaHHS; Ha CTiHII peecTpalii — yacy O4iKyBaHHS KITI€HTIB
y XoJi; 9acy o(hOopMIICHHS peecTpallii; mpodecioHani3My areHTa 3 TOYKH 30py 3HaHb 1 CTaBJICHHS O OOCIYyTOBY-
BaHHS; B KIMHATI BIIMMOYMHKY — YACTOTI; TOCTYIMTHOCTI BH/IIB 3aKyCOK Ta KUTLKOCTI MPOXOJIOJHUX HAIOTB; HA BUXO/I
Ha MMOCAJKy — HeoOXiTHOMY Yacy IOCajKH, MpodecioHaai3My areHTa 3 TOYKH 30py 3HaHb 1 CTABJICHHS 110 00CITy-
TOBYBaHHS; ITiJ] Yac MOJIbOTY — YACTOTI CaJIOHY, HEJOJIIKaM B 1HTEp €pi 1 3py9IHOCTSX, IPOTIOHOBAHUM CTpaBaM Ta
HaIosM, IpoQecioHaTi3My eKilmaxy 3 TOYKU 30py 3HaHb i CTABJICHHS JI0 0OCITyrOByBaHHS; NP MPUOYTTI 1 BUIa4i
0araxy — 9aCTOTi HEBiJIOBITHOCTI 1 TIOIIKOJIKEHHS Oaraxy.

OnuTyBaHHS J03BOJISIOTH aB1aKOMITaHil 3p03yMiTH ii MOTOUHY €(EeKTUBHICTh 1 BiAMOBIAHICTh OYIKYBaHHSIM
KJII€HTIB, BIACTE)XYBaTH 3MiHM MOMHUTY. 711 OTpIMaHHS BUMIPIOBAHHS PiBHS 3310BOJICHHS O4iKyBaHb 1 HOTpeO Kili-
€HTIB B aHKETaX € MUTaHHA 1010 KOHKPETHOTO MPOAYKTY 1 XapaKTepUCTUKH HOTO SKOCTI (puC. 5).

[kana GaniB piBHSA 3a70BOJICHHS (TOTPIOHOCTI) MOXKe OyTH BU3HAYE€HA 32 OLIIHOYHOO TAOIUIICIO 10 METOLY
H. Kano [15]:

1 — MOBHICTIO 3aIOBOJIbHSE (HarajibHa MoTpeda),

2 — 3aJI0BOJIbHSIE OUTBIIIO0 Mipoto (1€ TIOTPiOHO),

3 — HelTpanbHO (HE BAXKIINUBO),

4 — Tepniumo (iHOII TOTPiOHO),

5 — MOBHICTIO HE 33/I0BOJIbHSIE (a0COTIOTHO HE IOTPiOHO).

CucreMa KOHTPOJIO SIKOCTI — OJJMH 3 OCHOBHHX IHCTPYMEHTIB aHaJIi3y Ta OLIHKU TEXHOJIOTIYHUX IPOIECIB
aepOIOPTOBOTO OOCIYTOBYBaHHS NPU MPUHHATTI YIPaBIIHCHKHUX PIllIeHb MO0 1X ONTHMIi3allii Ta BAOCKOHAJICHHSI.
JaHa cucrema, 3aCHOBaHa Ha 3BOPOTHOMY 3B'SI3Ky CIIOXKHBAdiB IOCIYT (TTACAXXUPIB, Bi/[BiAyBa4iB, BAHTAXKHUX arcH-
TiB Ta iH.) Ta KOHTAKTHOI ayIuTOpii (KOHLIECIOHEPiB, AePKaBHUX OPTaHiB TOIIO) 3 MEHEPKMEHTOM aepOTOpTOBOTO
KOMIUIEKCY, CIIpHUSIE: JOKaIi3allil He3aJ0BOJIEHOCTI KIIIEHTIB, sika MOTPeOy€e KOPUTYBAJIBHOTO BIUIMBY, BUSBICHHIO Ta
3aro0iraHHIO MOXIIMBUX PU3HKIB, 3yMOBJICHUX BIIXWJICHHSM BiJ 3a7JaHUX MapaMeTPiB B TEXHOIOTIYHUX MpoLecax,
1, SIK HACJIIOK, ONTHMIi3allii BUTPAT aepOITOPTOBOTO KOMILIEKCY.
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Iarerpansauit moka3sHUK O IS OILIHKH PiBHA SIKOCTI pOOOTH aepOIOPTOBOTO KOMILIEKCY, SKOMY IIpHTaMaHHA
BEJMKA KUTBKICTh MOKa3HHUKIB Pi3HUX 332 BUMIpPOM, BEJIMYMHOIO, XapaKTepOM BUKOHAHHS 1 T. iH., MOXKHA IIpe/CTa-
BUTH:

0=10, 0, 0,0 0 0, 0,) = 2.2,Q, (1
Jj=1

Je Qn — rpyIa MoKa3HUKIB SKOCTI MPOIECY JOCTaBKH;

Q. — rpyna MoKa3HUKiB AKOCTi 00CITYTOBYBaHHs KIIIEHTIB EPCOHANIOM, IO MOKa3ye npodecionanism mepco-
HaJy;

0, — rpyna NOKa3HUKIB SKOCTI 1H¢)paCpr1<TypH aepoIOPTOBOTO KOMILIEKCY;

O, — rpyna NnoKasHHKiB SKOCTi aBlakoMITaHii;

QLl — TpyIa MOKa3HUKIB SKOCTi [IHOYTBOPEHHS;

O, — Tpyla IOKa3HUKIB SIKOCTI JIOAATKOBHX IIOCIIYT;

6

a,— Barosi KOe(illieHTH IPyII TOKa3HHKIB, Zai =1.

j=1

s BU3HAYEHHS IHTETpaJbHOTO MOKAa3HUKA SIKOCTI POOOTH aepOITOPTOBOTO KOMILTEKCY HEOOXITHO CIIOYaTKY
BCi TTOKAa3HUKU 3TPYIyBaTH 3a KaTeropisIMH 3 ONHAKOBHMH BIACTHBOCTSIMHU (3HaueHHsMHE). [licis yrpymyBaHHS
TIOKA3HUKIB BU3HAYAETECS KOMILICKCHHH MOKA3HMK AKOCTI KOKHOI rpyrHt Q.. JUIst bOro HEOOXiAHO BUSHAYHTH I
KOKHOTO MOKa3HMKa OJIMHUYHMI MOKa3HUK SKOCTI (¢,) Ta BaroBHH KoecbuneHT (c,). st BU3HAYEHHS OJMMHHYHUX
HOKa3HMKIB SKOCTI (¢,) MOTPiOHO MPOBECTH (baKTopHI/IH aHai3.

[Ticns BU3HAUEHHS KOMIUIEKCHUX TIOKa3HUKIB SKOCTi 0OCIIyTOBYBaHHS MTACAYKUPIB a€POIIOPTOBOTO KOMIUIEKCY
3a TPyHaMU BH3HAYAETHCS IHTETPANbHUM MOKA3HUK SIKOCTI OOCIYTOBYBaHHS NTAaCa’KHPiB BCHOTO acpONOPTOBOTO
KOMIUIEKcy 3a hopmyioro (1).

BucHoBKH 3 10CTIIKEeHHS i MePCIEKTHBY MOJAJBIINX PO3BITOK y oMy Hanmpsami. s oTpuMaHHs 3Ha-
YCHHS IHTErpajbHOTO MOKA3HHUKA MEePeAyCciM HEOOXiJHO MPOBECTU ONMHUTYBAHHS PECIOHACHTIB, 1100 KOHKPETU3Y-
BaTH Tpynu (akTopiB, pO3pOOHUTH BIAMOBIAHI PEHTUHTOBI LIKAJIW Ui BUMIPIOBaHHS CHOXXMBa4aMH CHPUHHATTA
KO)KHOTO (haKTOpy, a TaKOX, MOMJINBO, 3MCHIIUTH Halip (akTopiB, mpuOpaBmy HaMEHII 3HAYMMi 3 HUX, 00
CTBOPUTH HAIIHUN i BUMSPITHUH, ajle CTUCIUI IHCTPYMEHT JUI BUMIiPIOBAaHHS SIKOCTI 00CITyTOBYBaHHS B a€pOIIOp-
TOBHX KOMILIEKCaX. A TaKOX MOTPIOHO MiATBEPAUTH KOPUCHICTH MPOBEICHOI CErMEHTAIlil KIIIEHTIB HA OCHOBI iX
OYiKYBaHb 1010 AKOCTI HAJJAHUX MOCITYT. BU3HAYEHHS OIMHMYHUX TIOKA3HUKIB SKOCTI (¢,) 1 BATOBUX MOKa3HUKIB (a,,
¢,) TOTpedy€ PO3POOKH Bi/ITIOBIIHOT METOIMKH.

IHTerpamisi BCix €IEMEHTIB CHCTEMH TO3BOJNUTH MOCTIHHO MPOBOAUTH JOCHIDKCHHS CIIOXKHBYHX IMEpeBar
3 MeTOI0 (POPMYBAHHS Ta MPOTO3UINH KIIEHTOOPIEHTOBAHUX aePOTIOPTOBHX TOCIYT.

VY CyKymHOCTI, BIIPOBa/DKECHHS CHCTEMHU KOHTPOJIO SIKOCTI OOCIYrOBYBaHHS MACaXHPIB B acpOMOPTOBOMY
KOMIDIEKCI JIO3BOJIMTH MIABUIMUTH 1X €(DEKTHUBHICTD, @ TAKOXK KOHKYPEHTOCIIPOMOXKHICTh BITUM3HSIHUX OpraHi3allii
aepOIOPTOBOTO KOMILJIEKCY JI0 CBITOBOTO PiBHSI.

OCHOBHE 3aBIIaHHS JJI1 MEHE/DKMEHTY aepOIIOPTOBHX KOMIUIEKCIB TIOJISTAE Y 3aJ0BOJICHHI TIOTPeO KITIEHTIB
Ta SKICHOMY HaJaHHI MOCIYT. Pe3ynbTaTtu AOCHiIKEeHHS JO3BOJIATh KEPIBHULITBY aBiaKOMIaHii mpuiMaTu o0rpyH-
TOBaHI PINICHHS JIJIS MiJBUIIECHHS SKOCTI 00CIyrOBYBaHHs KIIIEHTIB Ta KOHKYPEHTOCIIPOMOXHOCTI aepOIOPTOBUX
KOMILIIEKCIB.
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MULTI-BAND GRAPHIC EQUALISER BASED ON GYRATORS

Studies of the properties of human hearing have shown that the perception of loudness depends on both the frequency
and intensity of sound. A person is able to compare the loudness of sounds of different frequencies. This allows us to construct
so-called equal loudness curves (isophones). From them, it can be concluded that when the volume level is reduced, a person
perceives sound components in the low and high frequencies of the sound range poorly, and at frequencies from 2 to 6 kHz, the
ear is most sensitive to sounds. Therefore, it is with the help of an equalizer that sound correction is performed in accordance
with equal volume curves. The purpose of this paper is to find a way to build an active eight-band equalizer to adjust the
frequency response shape. This task can be solved in several ways. In the preliminary study, the three most common control
principles were identified and analyzed, namely graphic equalizers based on an operational amplifier, bandpass filter signal
addition, and an active filter with a feedback loop. Comparison of the latter with an equalizer based on an operational amplifier
gave the following result: both have a uniform frequency response, but compared to the low-Q filters, the gyrator-based circuits
have a higher quality, which gives an advantage to the operational amplifier-based equalizer because to obtain better quality
factor and better stability of the EQ parameters based on the inclusion of a bandpass filter in the feedback loop, more complex
[filters that can accommodate two OPs and more elements must be used, which is not economical and will lead to an increase
in size. It was also noticed that when adjusting the depth of control, the largest increase will be at the extreme positions of the
slider, while at the middle positions, the slider has little effect on the depth, which is a big disadvantage. The same effect was
observed for the developed scheme but with a smaller impact. But these effects are insignificant and can be ignored. The worst
results are obtained with the equalizer with the addition of bandpass filter signals since it has frequency response fluctuations
along the entire frequency axis at the middle positions of the sliders, and it also has the disadvantage of adjusting the frequency
response in the attenuation direction, which is insignificant compared to the gain side. In order to increase the depth of control
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in the attenuation direction, it is necessary to increase the quality factor of the filters, and this, in turn, will lead to an increase
in frequency response fluctuations, so it is undesirable to use this scheme.
Key words: graphic equalizer, operational amplifier, gyrator, Bexendahl, multiband equalizer.

Cemenos A. 0., Cmanvuenxo O. B., Xnvooa A. A., Ilinace b. 0., Kpucmogopos A. B. bazamocmyzosuii zpaghiunuit
eKeanaiizep Ha OCHOGI Zipamopie

Hocnioocenns eracmugocmeii Cyxy m0OUHU SUABUIY, WO GIOUYMMS 2YUHOCHE 3ANIeNCUMdb K 810 Yacmomu, max i 6io
inmencusnocmi 38yKy. Jlioouna cnpomodicna nopisniogamu no eyuHocmi 36yku pisnoi uacmomu. Le 0o3gonse nobydysamu
max 36aui Kpuei pignoi eyunocmi (i30¢honu). 3 HUX MONCHA 3pOOUMU BUCHOBOK, WO NPU SHUNCEHHI DIBHA 2YYHOCHI TOOUHA
NO2AHO CAPUIMAE CKIA006I 36YKY 6 001ACMI HUZBKUX [ UCOKUX YACMON 38YK08020 0ianazomy, a Ha yacmomax 6id 2 do 6 xl'y
cnocmepizaemvcs Hauguya yymaugicms 8yxa 00 38ykig. Tomy came 3a 00nomo2010 exeanatizepa 6UKOHYEMbCA KOPEKYis 36YKy
8i0n06i0HO 00 Kpueux pigHoi cyurocmi. Memoro 0anoi pobomu € 3Hax00NCeHHs WIAXY HOOYO08U AKMUBHO20 BOCLMU CMY208020
exsanauizepy 01 peeymosanua gopmu AYX. Lfio 3a0auy moxcnugo supiwumu dexiivkoma cnocobamu. [Ipu nonepednvomy
oocriddcenHi Oyno eudiNeHo mpu HAOITbUL POINOBCIOONCEHUX NPUHYUNU PeYTIOBAHHA, N0 AKUM O)10 NPOBEOeHO AHANI3, ye
maki epaghiuni exeanausepu Ha OCHOBI: OupepenyianrbHo20 NIOCUTI8aYd, CKIAOAHHS CUSHATIE CMY208UX (inbmpis, aKMUeHUlL
pinbmp 3 Kor0M 360pomHO20 38 A3KY. [lopieHAHHA OCMAHHBO20 3 eK8aNAl3ePOM HA OCHOBI dUpepenyianbHo2o nidcun8aya 0ano
makuil pesytomam: 6 060x AYX ¢ pieHomipnoto, ane 6 NOPiGHAHHI 3 HU3LKOIO O0OPOMHICIMIO (LILMPIE, KOHMYPU OCHOBAHI HA
2ipamopax maromv euugy 00OPOMHICIb, Ye HAdAe nepesazy 6 CHIOPOHY eKkeanatizepa noHyO08aHO20 Ha OCHOBI OUpEPeHYianbHO20
nidcuniosaua, ockinbku 0ns 3000ymms Kpaujoi 000pomHocmi ma kpaujoi cmabitbHOCmi napamempis exeanausepa Ha OCHOBI
BKIIOYEHHS CMY208020 (iIbMPY 8 KOO 360POMHO20 36 SI3KY NOMPIOHO BUKOPUCTOBY8AMU OIbUL CKAAOHT (HiNbMpU, SKI MONCYMb
emiugysamu déa OIl ma 6Oinvuty KinbKicmo enemMenmis, a ye € He eKOHOMIYHO ma npusgede 00 30ibieHHs eabapumis. Byno
NOMItEHO MAKOIC, WO NPU Pe2YTIOBAHHT 2NUOUHY Pe2YTI08aHHS HAUOIIbWIUL npupicm Oy0e HA KPAUHIX NOTOJCEHHAX pe2yiamopd,
mooi AK npu cepeoHix NONOJCEHHSAX, NOB3YHOK MAN0 NIUGAE HA 2nubuHYy, wjo ¢ genuxum nedonixom. Taxuil dce epexm 68
nomivenul i 013 po3poONeHOl cxemu ane 3 MeHWUM BNAUSOM. Alle yi 6Ny HesHAUHI | HuMU ModcHa 3Hexmyeamu. Cami nozami
De3VIbIMAmu y eKeanaiepa 3 CKIA0aHHAM CUSHATIE CMY208UX (LIbmpis, OCKIIbKY 6 HboMy npucymHui konuearnns AYX no eciil
YACMOMHILL OCI NPU CepeoHix NOTONHCEHHAX NOB3VHKIB, MAKOIC 8 HLOMY € HedomiK pezymosanis AYX 6 cmopony ocrabnenns, axuil
€ He3HAYHUM Y NOPIGHAHHI 3 CMOPOHOIO nidcunenHs. [l mozo, wob 30ineuumu 2nubUHy pe2ynio8anHs 8 CMopOHy NoCiAO1eHHA
nompioHo 30inbutysamu dobpomuicmy (itempis, a ye 6 c60io uepey npusede 00 30inbuierHs konusarnb AYX, momy maxy cxemy
BUKOPUCTOBYBAMU HEOANCAHO.

KitouoBi cnoBa: epaghiunuii exeanaiizep, onepayitinutl niocumosady, 2ipamop, bexcenoan, 6azamocmyeosuil exeanatizep.

Formulation of the problem. At the present stage of the development of sound processing and reproduc-
tion technology, there is a significant increase in the interest of both consumers and developers in multi-band tone
controllers — equalizers. Modern audio equipment and speaker systems can provide high-quality sound reproduc-
tion to the fullest extent only in a specially equipped room designed for listening to music. Most living spaces,
especially small ones, are not suitable for this purpose. At any point in such rooms, there is such a phenomenon
as interference (addition with different phases) of sound waves coming directly from speakers and reflected from
walls, ceiling, floor, and furniture. At some frequencies, standing waves appear — voids and dips in sound inten-
sity with an unevenness of up to 20 dB, which necessitates adjusting the frequency response of the audio system
in certain frequency bands.

Insufficient soundproofing of the room results in listening to audio programs at a level significantly lower
than the level at which they are generated (approximately 90 background). As a result, it is necessary to raise the
volume level at frequencies below 200 and above 5000 Hz to preserve the timbre of the sound. The corresponding
compensation introduced in volume controls is usually incomplete.

Frequency response control is also necessary for solving other tasks: correcting the sound of low-quality
phonograms and equipment frequency response errors, compensating for age-related changes in hearing, and
selecting timbre sounds to the listener's taste. Tone controls and equalizers are used for multi-band frequency
response control.

Therefore, an eight-band equalizer that uses the differential amplifiers on which the gyrators are built as a filter
is being developed and researched.

Analysis of recent research and publications. The first equalizers were quite simple devices. As a rule, it
was a single knob that could be used to cut out a certain part of the high-frequency component. The first "serious"
equalizer was invented by Peter Bexendahl [1]. His equalizer provided for separate control of low and high frequen-
cies, with both gain and attenuation. The control remained in its middle position if equalization was not required.
Subsequently, equalizer circuits experienced a rapid development that continues to this day [1].

Although the operational amplifier in its analog form is no longer a leading element in graphic equal-
izers, work is still underway to improve filters based on them, so in [2], the design of a graphic equalizer is
being developed, and how to determine the target response is discussed. Much attention is paid to the cascade
equalizer. In [3], the implementation of a Bode-type amplitude equalizer on differential amplifiers was pro-
posed. Research is also underway to improve the method of developing a graphic equalizer using a neural
network [4].
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Although the topic under study is not new, a clear demonstration of the developed equalizer in the form of an
article has not been found, so the results of the study of the eight-band graphic equalizer and its calculation will be
demonstrated in a visual form below.

The purpose of the article: Develop a simple eight-band equalizer based on operational amplifiers, some of
which act as a filter, namely, as a gyrator. To simulate and demonstrate the performance of the proposed circuit, to
take the frequency response and frequency response of each band, and to provide the necessary calculations.

Presenting main material. To correct narrowband distortion, many bandpass tone controls (BTs) are used,
which allow you to adjust the frequency response both in a narrow frequency band and in a wide frequency band
(integrally). Typically, such BTs are a set of narrow-band filters with interleaved resonant frequencies located
throughout the entire audio range on a logarithmic scale. It is convenient to raise or lower the gain of each filter by
means of variable resistors with a linearly moving motor [5]. In this case, the resistors of all filters arranged in series
on the front panel clearly characterize the set frequency response of the RT, which explains the popular name of
multipole BTs — graphic correctors or graphic equalizers. The proposed circuit is shown in Figure 1.
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Fig. 1. Scheme of the graphic equalizer based on gyrators

The preamplifier is based on TLO84CN, which has sensitivity control in the negative feedback circuit, and
the gain can be adjusted within the range of 1...100 using a potentiometer (220 k€2). A 15 pF capacitor prevents
self-excitation at high frequencies. The output of the chip also provides a line output for connecting a mixing console.
The equalizer is built on the same operational amplifier. Eight potentiometers are connected in parallel between the
inverting and non-inverting inputs of the operational amplifier (OA). The following control principle is used. R-L
links are connected between the potentiometer movers and ground, with inductances formed electrically. This scheme
is known as a "gyrator" [6]. C1 is the capacitor "C" of the series oscillating circuit; C2, 330 Ohm, 100 kQ resistors,
and TLO84CN simulate the "R-L" circuit. The 330 Ohm resistor ( R, ) represents the series inductance loss, and the
100 kQ resistor ( R, ) represents the parallel inductance loss. The equivalent inductance is calculated using formula 1:

L=R"R,-C, (1)

where R1, R2 are two loss resistances (in ohms); C is the capacitance of C2 (in nF). The inductance L is
Henry's. Let's calculate the capacitances of the capacitors for the corresponding oscillating circuits using Thomson's
formula. Thus, the resonant frequency of the oscillating circuit is determined by formula 2:

1

2mJLC

)

Whence the capacity will be equal (formula 3):

1
C——4.n‘f2.L [uF]. 3)
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The stage ends with a volume control. Let's calculate the 8-band graphic equalizer according to the above

formulas. The control frequencies are selected according to Table 1, and the capacitance C, according to [5].

Table 1
Frequencies and gyratory capacities of the 8-band equalizer
f, Hz 50 100 250 500 1000 2200 5000 12000
C,,uH 4,7 2,2 0,68 0,33 0,15 0,068 0,033 0,01
C,, nF 68 33 18 10 5,1 2,2 1 0,51
L,H 2,244 1,089 0,594 0,33 0,1683 0,0726 0,033 0,01683

The circuit obtained for the simulation is shown in Figure 2. To build the model, we need to connect an oscil-
lating circuit to the TLO84CN, in which the R-C operational element plays the role of inductor. To make the model
complete, you need to model an input buffer stage and eight such oscillating circuits that will accommodate eight
operational amplifiers.
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Fig. 2. The device circuit is prepared for modeling

To obtain the characteristics of each circuit, you will need to connect an explicit frequency response meter to
each filter, connecting it between two points of the regulating resistance — the middle one, to which the capacitance
is connected, and the other, which is connected to the non-inverting input of the op-amp. To obtain the overall
characteristic, the input of the buffer stage and the input after the buffer stage (linear input) can be used as inputs.

First, let's check that all the circuits are working correctly. To do this, we will obtain the amplitude-frequency
and phase-frequency characteristics of each circuit and examine them. They are shown in Figures 3 and 4. The
overall frequency response and frequency response with the buffer stage connected to the input will look like
Figure 5 (a, b).

The overall frequency response and frequency response of the equalizer without the buffer stage connected,
i.e., when the signal is applied directly to the line input, will look like Figure 6 (a, b). To measure the depth of adjust-
ment relative to the average level, we will change the slider position in one and the opposite direction for only one of
the contours; this will be enough to see the depth of adjustment of each of the contours since they are identical. The
results for the maximum and minimum positions, respectively, are shown in Figures 7 (a, b), 8 (a, b), and 9 (a, b).
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Fig. 4. Frequency response of all gyrator-based contours in one coordinate system
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Fig. 5. General frequency response (a) and frequency response (b) of an equalizer based on a differential amplifier
with a connected buffer stage
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Fig. 6. General frequency response (a) and frequency response (b) of an equalizer based on a differential amplifier
when a signal is applied to a line input
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Fig. 7. Frequency response (a) and frequency response (b) of the equalizer at the maximum position of the slider
of one of the circuits (1000 Hz)
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Fig. 8. Resulting values for the maximum (a) and minimum position of the slider of one of the contours (1000 Hz)
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Fig. 9. The frequency response (a) and frequency response (b) of the equalizer at the minimum position of the slider
of one of the circuits (1000 Hz)

Conclusions from this study and prospects for further research in this direction. The data obtained
indicate that all circuits operate at the required frequencies, the gyrators were designed correctly, and all circuit
frequencies have the correct geometric arrangement on the frequency axis. The quality factor is approximately the

997,35

285,2
be placed on the frequency axis.

As can be seen from Figures 7 and 8, the depth of adjustment of one circuit in the direction of signal amplifi-
cation is 16.1 dB, and in the direction of attenuation -16.3 dB. The frequency range of the device is 50 Hz— 12 kHz,
and the output voltage level is 2 V, the input impedance is not more than 240 kQ, the output impedance is not more
than 1 kQ, the nonlinear distortion coefficient at the rated output power at a frequency of 1 kHz is not more than
0.4%. Comparing this result with the result obtained when constructing an equalizer based on the addition of band-
pass filter signals [7], we can conclude that the construction based on a differential amplifier is much better; firstly,
the quality factor of the circuits is higher, the frequency response is smoother, and the depth of adjustment in both
directions is the same since the signals are not summed. The only advantage of the summation principle is a greater
depth of control in the gain direction, but this can be realized in this method; it was necessary to set a greater depth
of control, but this is not necessary since 16 dB is already quite sufficient. So, the advantage of building an equal-
izer on gyrators in comparison with building on the basis of summing the signals of bandpass filters is a significant
uniformity of the frequency response and equal control depth relative to the average level.

same and is O = = 3,49 . This means that the control will be more accurate, and more oscillating circuits can
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BIPTYAJIBHA JIABOPATOPIS SIK EOEKTUBHE PIIIEHHSA
1] YAC JUCTAHIINHOI OCBITH

Y ceimi, 0e memnu 3min i mexHono2ili CMPIMKO NPUCKOPIOIOMbCS, HAGUAHHA € OiNbll BANCTUBUM | AKMYATLHUM, HIdC
0yOb-xonu paniute. Hewjo0agHi sminu 6 0c8imHboMy ceKmopi OOKOPIHHO 3MIHUIY NAPAOUSMY HABUAHHA, 30KpeMa 081 K408l
nodii: nandemis COVID-19 ma novamox giinu ¢ Yxpaini y 2022 poyi. Lli 6uxnuxu eumaearoms HOBUX mMa IHHOBAYIUHUX PileHb
¥ HasuabHoMy npoyeci. Tum uacom cumyayis 6 HABUANLHUX 3AKAA0AX 3HAYHO YCKIAOHUNACA Yepe3 NOYamoK GiliHu 6 Ykpaini
v 2022 poyi. Puzuxu 015 cmydenmis i ukiaoauie, nog's3ami 3 nepe6yeanHsIM 6 YHIGepCUMenCoKuX Kamnycax nio 4ac KOHQRixny,
3DOCIU, WO NOPYUUTO BAICIUGE NUMAHHA PO Me, K NPOBOOUMY | BUKAAOAMU 3aHAMMSA nio yac eitiny. CninbHum axmopom,
AKUL 8I0I2PAB 6aANCIUBY POTb Y BUDIUEHHT YUX NPOOIeM, CIMANA HAABHICMb 2a0Jcemda, AKULL € Y Maldice KOJCHO20: MODITbHO20
meneghony. Leii npucmpiii cmag MoCmom Migxe chyoeHmamu ma eUKIa0ayami, 00360171041 NPOBOOUMIU NeKYii ma npakmuyHi
3AHAMMA 8 PeXCUMi OHAAIH HABIMb MO0, Koau Qi3uuHul docmyn 0o yHieepcumemy 0y6 0OMedxceHul.

Bipmyanvui nabopamopii cmaroms 6i0n06i0010 Ha CYYACHT BUKIUKU Y HABYAHHI MA HAOAIOMb CHIYOEHIMAM MONCIUBICTY
ompumMamu AKiCHy 0C8Imy 8 yMogax oomexceny ma Kpusu. Bipmyanvhi nabopamopii 003601410my cmyoenmam po3eusamu Hagu-
YKU Ma 600CKOHATIOBAMIU CE01 3HAHHSL, He BUX005UU 3 00MY a00 3 be3neurno2o micys. Lle iHHoeayitiHi piuenHs, SKi RIOMpuMyoms
HABUATLHULL Npoyec i CHpUsiomb nidguwenHIo axocmi ocgimu. Takum yuHoM, 8ipmyanvhi Komn'tomepui 1abopamopii € Heob-
XIOHUM eeMeHmoM 0CGIMHbO20 NPOCMOPY, AKULL MOJICe 2apanmysamy HAGYAHHS MA PO3GUNOK YUHI6 HABIMb Y HAUCKIAOHIMUX
cumyayisx.

Y pobomi nposedeno ananiz npeomemmnoi oonacmi, gusHa¥eHo 3a0aui, AKi NOMPIOHO BUPILYEAMU NPU CINBOPEHHSL GID-
myanvhol 1abopamopii. Taxooc 6y10 npoananizoeano npoepamue sabesnevents Ons 6i00wIeH020 00Cmyny 00 1abopamopii.
Onucano npuxiad 3a0ay, SKi QOYITbHO GUPIULYEAMU 8 PAMKAX HANPAMY KOMN HOMEPHOT iHoiceHepil | HaBedeHO 3aeanbhi pucu
3a60aHb, 015 AKUX OOYLILHO CMBOPHOSAMY GipMYyanbii 1adopamopii. ¥ pobomi Oyn0 po3podieHo CmpyKmypHy cxemy ipniy-
anvHoi 1abopamopii, aka € 6a3080t0 04 0YOv-aKux cneyianbHocmei. Takooc 6Y10 3anPONOHOBAHO MA ODIPYHMOBAHO 6UOID
anapamuoi ma npoepamuoi cknadosoi sipmyanvioi rabopamopii 6 medcax BH3 ma y giodanenux kopucmyeayis, po3pooieHo
mMa ONUCAHO an2opumm (yHKYIOHYBAHHS CUCINEMU 3A2AI0M.

KitrouoBi cnoBa: siodanenuii docmyn, gipmyanbha 1a60pamopis, eukiaday, cneyianizogane 00naOHaH s, OUCMAHYIHA
ocgima.

Tiahunova M. Yu., Lavryk V. R. Virtual laboratory as an effective solution during distance education

In a world where the pace of change and technology is rapidly accelerating, education is more crucial and relevant than
ever before. Recent developments in the education sector have fundamentally changed the paradigm of learning, particularly due
to two key events: the COVID-19 pandemic and the onset of the war in Ukraine in 2022. These challenges demand new and inno-
vative solutions in the educational process. Meanwhile, the situation in educational institutions has significantly complicated due
to the onset of the war in Ukraine in 2022. Risks for students and educators, associated with being on university campuses during
conflict, have increased, raising important questions about how to conduct and teach classes during wartime.

A common factor that played a vital role in addressing these issues was the presence of a gadget that is almost ubiquitous:
the mobile phone. This device became a bridge between students and educators, enabling the delivery of lectures and practical
sessions online even when physical access to the university was restricted.

Virtual laboratories emerge as a response to modern challenges in education, providing students with the opportunity to
receive quality education amidst constraints and crisis. Virtual laboratories allow students to develop skills and enhance their
knowledge without leaving home or a safe location. These innovative solutions support the learning process and contribute to
the improvement of educational quality. Thus, virtual computer laboratories are an essential element of the educational space
that can guarantee learning and development for students even in the most challenging situations.

The paper analyzes the subject area, identifies tasks to be addressed when creating a virtual laboratory, and examines
the software for remote laboratory access. Examples of tasks relevant to computer engineering are described, along with gen-
eral features of tasks suitable for virtual laboratories. The paper develops a structural scheme of a virtual laboratory based on
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the proposed task directions. The choice of hardware and software components for the virtual laboratory within the university
and for remote users is proposed and justified. The paper also outlines and describes the algorithm of the system's functioning
as a whole.

Key words: remote access, virtual laboratory, teacher, specialized equipment, distance education.

IMocTanoBKa mMpoOiaeMu. Y cydacHOMY CYCITUIBCTBI HAaBYaHHSI Ta OCBITA 3aBXKIU BiJIrpaBali BaYKJIUBY POJIb
y XKUTTI Monedt. OMHAK OcTaHHI MOJIl B HAIIM KpalHi IPUHECTH CEpHO3HI BUKIIMKH OCBITHBOMY mporiecy. OOme-
JKCHHSI Ta BUKJIMKH, TIOB'S3aHi 3 €MiJIeMisIMU Ta BIICHKOBHMH JisIMH, 3MYIIYIOTh TIEPEOCMUCIHTH TiAXia 10 HaB-
YaHHS Ta 3alIPOIIOHYBATH HOBI TEXHONOTI4HI pimeHHs. OHUM i3 TaKHX pillleHb MOXKE CTaTH CTBOPEHHS BipTyaJbHOT
nabopatopii. OCHOBHI 3aBIaHHS BipTyallbHOI J1aboparopii:

— HaJaTu CTYACHTaM MOXJIMBICTH MpAIlOBaTH 31 CIeliali30BaHUM anapaTHUM 3a0e3MeUeHHSM BiAJaIeHHO,
HE 3aJIeXKHO BiJl CBOTO MICIISl pO3TalllyBaHHS;

— HaJlaTl MOXKJIMBICTh BUKOPUCTOBYBAaTH KOMIT FOTE€PHI anapTHi 1 porpamHi 3acobu A0CTaTHBOI MOTY>KHOCTI,
siKi € y mexxax BH3, maroun o0urciIioBaIbHy TEXHIKY HAaBIiTh 3 MiHIMAJIbHIMU MapaMeTPaMu.

AHaJIi3 OCTAHHIX JOCiIKEeHD i HyﬁJIiKauiﬁ. Amnaui3 ny0Jikailii 3a octaHHi poku [ 1-5] mokasas, o CTBO-
pEeHHS BlpTyaJ'ILHI/IX na6opaT0p1H y CBOTOICHHI, KOIU aKTyaJIbHOIO CTasia IUCTaHIIHA OCBITa, € MEPCICKTUBHUM
HaIpsIMOM IIiIBUIICHHS PiBHA OTPHMaHHX yMiHB cTyneHTiB. KpiM Toro, icHyr0i BipTyanbHi 1aboparopil 3a3Buyaii
p03p06m0I0Tbc;1 32 IICBHAM HAPSAMOM 1y 6aratbOX BHIIaIKaX € Ha60paT0pHI/IM TPaKTHKYMOM, /10 SKOTO HaJalil-
TOBAHO BiJUTAJICHUI JOCTYI. Y JaHiid poOOTi MPOMOHYIOTHCS 3CYHYTH BEKTOD YABJICHHSI IIPO BipTyallbHY Jaboparo-
pito i TPOTIOHYETHCs HE JIHIIIE BiJIaJieHe KOPUCTYBaHHs TICBHUMHU PECypcaMu, a i B pasi HGOGX])L[HOCTI JIOTTYYCHHS
cremianicta-nabopaHTa, IKUi 3HAXOAUTEMEThCS Y MeKaxX pealibHOi Jlaboparopil Ta 3Moxke Mia’ eIHATH HeoOXimHi
KOMITOHEHTH 32 BKa3iBKaMH.

Mera crarTi. Meta gaHoi poOOTH — HaIaTH YiTKi peKOMEHJALI] 1010 po3pOoOKH BipTyalbHUX J1aboparopiit
y BH3 3a Oynp-sikuM HanmpsMoM, a TaKoXK Ha IIPUKJIa/li HalpsIMy KOMIT IOTEpHOI 1H)KeHepii, 100 JOMOMOTITH CTy/IeH-
TaM MPOIOBKYBATH HABYAHHS Ta OTPUMYBATH NMPAKTUYHI HABUYKH Y OyIb-sIKii JIOKALIi: 32 KOPIOHOM, 9l y 60MO0-
CXOBHIIII, Y1 HA THMYACOBO OKYITOBaHii TepUTOPii YKpaiHu.

BukJian ocHoBHOTro mMartepiaiy. /711 BUBYCHHS TOCTYITHUX pillleHb Tpeba po3yMiTH, 1110 BiJalieHa OCBiTa
Ta poOOTa CTarOTh BCE OUIBII MONIMPEHHUMH, a TOMY BaXIIMBO PO3TISHYTH Ta BUOpaTH HAJIEXKHI TEXHOJOTIYHI
PIIeHHS JUTIsl CTBOPEHHS BipTyasbHOI Jaboparopii. Byno nmpoaHanizoBaHO HACTYITHI HAWITOMYISAPHIMI TIaTGOPMHE
JUTS BiIIAJIGHOTO JIOCTYILY, a came: TeamViewer, Binnanenunit podounii ctin Chrome, Anydesk. YV xoxxHoi mporpamu
€ CBOI IepeBary Ta HelOJiKH, SKi HaBeAEeHO y TabnuIli 1, ToMy OinbII JeTanbHO MPOMOHYEMO BPAXOBYBATH caMe Iii
ACTIeKTH Tepel OCTATOYHUM BUOOPOM MIEBHOTO IPOTPAMHOTO 3ac00y.

Tabmuns 1
IlepeBaru Ta He0JiKU NporpamM
Ha3sBa IlepeBarn Henmoaixkn
TeamViewer —BHCOKa HaJ(IiHICTh Ta CTaOLIBHICTB; —notpeba y riaTi 3a gesiki GpyHKIT;
—3py4Hui iHTEepdelic KopUucTyBaya; —00MEXeHHSI Ha KUTBKICTh OIHOYAC-
—MiITPUMKA JIUTSL PI3HUX OllepalliiHUX CUCTEM. | HUX HiJKIIOYEHb y OE3KOITOBHIN
Bepcii.
Bignanenuii po6ounii cTin | —0E3KOIMITOBHUI Ta MPOCTHH Y BUKOPUCTAHHI; | —MOXe MaTH 0OMexeHy (QyHKIIIOo-
Chrome —He MoTpeOy€e BCTAHOBJICHHS JOMATKOBOTO MPO- | HATBHICTb.
IpaMHOI0 3a0€3Ie4eHHsI.
AnyDesk —BUCOKA MIBUIKICTH 1 HU3bKA JIATEHTHICTb. —00MexeHHs y Oe3KOIITOBHIN Bepcii.
—MiITPUMKA JUISL PI3HUX OTEepaliiHUX CUCTEM.

[Ticns perensHOTO aHANI3y HAUMOMYISPHIMIMX IIATGOPM IS BiAJATICHOTO JOCTYILY, TaKUX Kk TeamViewer,
BignaneHuil podounit crin Chrome i Anydesk, MoxxHa 3pOOUTH BUCHOBOK, II0 KOXKHA 3 X INIAaT(OpM Mae CBOI
nepeBard Ta HeJOMiKHU. Bakko BUOKPEMUTH OIHY KOHKPETHY IIaT(GOpMy SIK €AUHUN ileanbHUN BUOIp, OCKIIBKU
KOYKHa TporpaMa Mae CBiil BinacHuil HaOip 0coOIMBOCTEH Ta MepeBar, a TaKoXX Pi3HUH piBEeHb BIIOMOCTEH Ta KOM-
(hOopTy KOPHCTYBadiB 3 HUMHU.

Bubip mutatrgopmu T BipTyaidbHOI JabopaTopii MOBHHEH 3aje)aTd Bill IHIUBIAyaJIbHUX MOTped Ta 3Ha-
HOMCTBa KO)KHOTO KOPHCTYBa4a 3 IUMH IporpamMamMi. BaxITMBO BpaxoByBaTH, IO KOKHA IIporpama Moxe OyTd
HaJIAITOBaHA ITiJ KOHKPETHI MOTPeON KOPHCTyBava, i HeMae 0OMeXeHb Y BUOOPI ONTHUMANBHOI TUIATGOPMH IS
KOHKPETHOTO 3aBIaHHS.

s cTBOpeHHsI BipTyanbHOT Jlaboparopii kadenapu KoMIT I0TepHUX cucTeM Ta Mepex HY «3amopisbka moii-
TexHika» Oyno oOpano TeamViewer. Bubip 3xificHeHO 3 ypaxyBaHHSIM KOHKPETHHUX MOTPeO Ta 3pyIHOCTI KOPUCTY-
BauiB, SIKi BX€ MaJM IEBHUM OCBiX poOOTH 3 Li€ro mporpamoro. Takuit Bubip 103Bojsie €(EeKTUBHO BIIPOBAIUTU
BipTyalbHy J1a0OpaTopito Ta CIPOCTUTH MPOLEC OTPUMAHHS MPAKTUUHUX HABUYOK 32 HANPSIMOM KOMII IOTEpPHOI
IHXEHepii JUIsl CTyJCHTIB Ta BUKJIa/IaviB.
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TakuMm 4nHOM, IpH BHOOPi MOTPiIOHOTO MPOTrPaMHOT0 MPOAYKTY CIIiA BPaXOBYBaTH MOTPeOU Ta OUiKyBaHHS,
a caMme BpaxyBaTH HACTYITHI ACTIEKTH:

— B@)XJIMBO MAaTH IHTYITUBHUI Ta HOCTYNHHUIA iHTepdeiic UId KOPUCTYBaviB yCiX piBHIB MiATOTOBKH. [HTEp-
(eiic moBUHEH OyTH 3pO3YMUINM Ta JPY>KHIM 10 KOPUCTyBaya, 100 HaBiTh MOYATKIBLI MOIJIH 3 JIETKICTIO BUKO-
PHCTOBYBaTH BipTyalbHY J1a00OpaTopiro;

— miar¢opMa TOBHHHA HAJaBaTH 3pydYHi IHCTPYMEHTH Ta (DYHKII Al BUBYCHHS TUCIMIUIIH OOpaHOTro
HaIpsIMy Ta IMPaKTUIHOTO 3aCTOCYBAHHS OITAHOBAaHUX 3HaHb. BOHA MOBMHHA CIIPUATH aKTHBHOMY HAaBUAHHIO 1 JIOTIO-
MaraTy KOpHUCTyBadyaM PO3BHUBAaTH CBOI HABHUKH;

— OCKIJIbKM KOPHCTYBa4i MOXXYTh BHKOPHUCTOBYBATH Pi3HI OMeEpaIliiiHi CHCTEMHU Ta MPUCTPOT (KOMITIOTEPH,
IUTAaHIIeTH, CMapTQOHH), IIaTGopMa MOBHHHA OyTH CyMICHOIO 3 pi3HUMH IUIaropMaMu Ta Opay3epamu;

— BipTyallbHa JIaOopaTopisi IOBUHHA MPAIloBaTH ¢(PEeKTUBHO Ta IIBUIKO, HAJIABATH KOPHCTyBa4aM MUTTEBUN
JOCTYH 10 HEOOXiTHUX PecypCiB Ta IHCTPYMEHTIB;

— TaTopMa NOBUHHA HAJlaBaTH BUKJIajayaM MOXJIMBICTb CTBOPIOBATH Ta KEpyBaTH HAaBUYaJbLHUMHU Marepia-
JlaMH, OLIIHIOBaTH POOOTY CTYIEHTIB Ta HaJaBaTH 3BOPOTHUH 3B'I30K;

—3a0e3nedeHHs KOH(1IeHIIIHOCTI Ta 0e3MeKn JaHUX KOPUCTYBAaYiB € KPUTUYHO BAXKIIUBUM aciekToM. [1nar-
(dopma mmoBMHHA 3a0€31ETyBaTH BUCOKHI PIBEHb 3aXHUCTY OCOOHMCTHX MAaHHUX Ta iHQOpPMAIIl CTYICHTIB.

Bipryansay n1abopatopiro ZOIIITFHO BUKOPHCTOBYBATH 3 TOYKH 30py ABOX THIIIB 3aBIaHb:

— 3aBIaHHS, SIKI BUKOHYIOTBCS 3 BUKOPUCTAHHSIM IIPOTPAMHOTO 3a0€3IeUeHHs, IKEe BUMAarae IMoTyXHHX ara-
paTHUX Ta MPOTrPaMHUX KOMIT FOTEPHHUX PECYPCiB, SIKi HE 3aBXKIIU € y CTYICHTIB;

— 3aBJIaHHS, SIKi BAKOHYIOThCS 13 3aCTOCYBaHHSM CIICIliali30BaHOTO 00JIaJHAHHS.

VY pamkax 1i€i po60TH po3po0JeHO 3aBAAaHHS KOXKHOTO THITYy JJISI KOPUCTYBadiB BipTyaibHOI Jabopatopii
Kaeapu KOMIT IOTEPHUX CUCTEM Ta MEPEK.

PoGota 3 1onoBHEHOO pCaHbHiCTIO JIOCHTB I1iKaBa JJisl CTYACHTIB, TOMY IO CTYJEHT MOXE CaMOTYKKH nomy-
YHTHCh [0 CTBOPEHHS i€l peaJbHOCTI, OTpUMaTh 6a30Bi HABUYKH B LIbOMY HAPAMKY Ta Y MaI/I6yTHI)OMy peaiizy-
BaTH cebe y wiid cepi. I xoua BoHa He HOBa, ane € Ayxe 0araTo He 3aHHATHX KOMIPOK, A€ KMITIUBICTD 1 KpeaTHB-
HICTb IOIIOMOXXYTb Y MOAJIbIIOMY PO3BUTKY.

Hait0inpm momynsspHAM IPOTpaMHUM CEPEIOBHUILEM UISi CTBOPEHHS JOMOBHEHOI peanbHOCTI € Unity Hub
[6]. Came 1ie cepenmoBHILEe MOTPeOy€e OArato BUTPAT IaM’SITi KOMIT FOTepa, a TOMY € JIOIITbHUM BUKOPUCTAHHS Came
BipTyaJIbHOT Tabopatopii it poOOTH 3 HUM.

OmHMM 13 BOXJIMBHX ACIEKTIB, KOJIU PO3IVISIAETHCS MOXJIMBICTh BUKOPUCTAHHS BIpTYalbHOI Jlaboparopii,
€ oTpeda y BHpIIICHH] 3aBJaHb, 0 TOTPEOYIOTh CIIOCTEPEKEHHS 1 KepyBaHHS ITEBHUM CIIEIiaTi30BaHUM 00JIaI-
HaHHAM. Y HaHiit pooTi Oyio 11e po3MIHYTO Ha MpUKIaai podora-nunococa iRobot Create 2 Roomba 600, Arne,
akuM Ou He Oyno oOpaHo crierianizoBaHe oOJIaJHAHHS BipTyalbHOI Jaboparopii, ¢ 3a3HAYUTH OCHOBHI KPOKH,
SIKUX Tpeba MOTpUMYyBAaTUCS MPH HOro 3acTocyBaHHI. [Jisi KOPEKTHOIO BUKOPUCTAHHS CIeliani3oBaHOro o0maj-
HauHs (CO) B pamKkax BipTyalibHOI 1aboparopii HeoOXiaHO:

— BU3HAYUTH 3aBJIaHHS, II[0 BUKOHYBATUMYThHCS Ha 1Ibomy CO);

— 3pOOUTH amapaTHy MiATOTOBKY YCiX HEOOXITHUX KOMIIOHEHTIB [UIs1 BUKOHAHHS 3aBIaHb;

— BCTAaHOBUTH 3aBYaCHO HEOOXiTHE CIeliali30BaHe MPOrpaMHe 3a0e3eUCHHS;

— po3mHncaTy 3aBOaHHS IS CTYACHTIB,;

— 3a0€3MeUrTH 3PYIHHIA JOCTYTI J0 CITOCTEPEKEHHSI 32 IPOIIECOM 1 MOXKITMBICTh aHATI3yBaTH OTPUMAHI PE3yJIBTaTH.

[epm 3a Bce, TOTPiOHO PO3POOUTH 3aBIAHHS, SIKi CTYJICHTH OyAyTh BUKOHYBATH 31 CIeIialli3oBaHUM 00a-
HaHHsM. 111 3aBIaHHS MOBMHHI BKJIIOYATH B ce0¢ KOHKPETHI BUMOTH Ta IiJIi, SKMX CTYJACHTH MOBUHHI JTOCSTTH.

AnmnapaTtHa TiITOTOBKa BKIto4ae B cebOe mepeBipky Ta miaroroBky CO mo poOoTH, a TakoX HalaropKeHHS
3B'SI3KY 3 BipTyaJIbHOIO J1aboparopielo.

CryneHraM HeoOXiHO HaJaTH iHCTPYKIII Ta 3aBAAHHS, AKi 103BOJATH iM kepyBaTu CO uepe3s BipTyanbHUI
inTepdeiic. Lle Mmoxke BKIItouaTu B cede mporpaMyBaHHA pyXiB po0oTa, 30ip 1aHUX, aHaJi3 pe3yabTaTiB Towwo [7].

I1ig yac BUKOHAHHS 3aBJaHb, BAXKJIMBO MaTH MOXJIMBICTh criocTepirat 3a podotoro CO Ta aHaizyBaTu HOro
po06odi mapaMeTpH Ta pe3ylNbTaTH B peaJbHOMY Yaci. s Iboro MOXKyTh BUKOPUCTOBYBATHCS BiZIEOCIOCTEPEIKECHHS
Ta 3aco0u 300py aHUX.

Ha 3aBepransHOMYy eTarti, CTY/ICHTH MTOBHHHI TPESICTaBUTH PE3YIBTATH CBOET po0OTH Ta OLIHUTH BUKOHAHHS
3aBmaHsb. lle Moxe BKITIO9aTH B ce6e aHaJIi3 IaHuX, CTBOPCHHA 3BITiB Ta 0OTOBOPEHHS PE3YJBTATIB 3 BUKIIAIAUeM.

3 ypaxyBaHHSIM OINFCAHMX BHIIE BUMOT y JaHiif poOoTi 3aMPOTIOHOBAHO HACTYITHY CTPYKTYPHY CXeMy BipTY-
aipHO] 1aboparopii (puc. 1), sKa MPOMOHYETHCS SK TUIIOBA UTS BipTyaIbHHUX naGopaTopm OyIb-IKOTO CTIPAMYBAHHS.

3 OOKy KOpHCTyBada, a came, CTyJleHTa ad0 BUKJIaJadya HeoOXiTHO MaTu MiHIMaJbHUHA Ha61p raJKeTIB IS
Buxoay B IntepHet. Lle moxe Oyt cMapTdoH abo mianier, abo HOyTOyk (HeTOyK), abo koMl 1oTep. BpaxoByroun
(hakTop BiifHM B KpaiHi, HEOOXiAHUN OyIb-SKUI MPHUCTPiil 3 MOKIIMBICTIO BUXOAY 10 [HTEpHETY AJs BiAJaI€HOTO
JocTyIy 1o Jlaboparopii. B 11eii uac, 10 KoM 1oTepa B yHiBepCUTETI Mae OyTH 000B’A3K0OBO Mij’€lHaHa BeOKamepa,
00 crocTepiraty 3a BUKOHAHHSIM NMPaKTUYHUX 3aBaHb, OB’ A3aHUX 13 CleLiadi30BaHUM OOJIaIHAHHSM, Y peajlb-
HOMY dYaci, 1 6e3mocepeHpo 1€ CrelianizoBaHe o0NaHaHHA. Y BUMAIKy po3pOONeHUX 3aBIaHb y daHii poOoTi,
TaKUM CIeliaTi30BaHIM 00TaJHAHHIM € POOOT-IIIIIOCOC.
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Puc. 1. CrpykTypHa cxema BipTyanbHOi 1aboparopii

VYnpaBiiHHs BipTyalbHOIO JIAOOPATOPIEI0 BiIaNCHO mependadae BpaxyBaHHS Pi3HUX acCHEKTiB Ta MOTpeO,
BKJIFOYAFOYHM SIK TEXHIYHI, TaK 1 JIIOACHKI (hakTOpH. BUTbII AeTanbHO pO3MIISHEMO Ti acleKTH, sSKi MOTPiOHO Bpaxo-
BYBaTH:

— 3amyck Ta MoHiTopuHr [1K;

— UIMOBIpHICTB TIEpeO0iB 3 IEKTPOITOCTAYAHHSM;

— MiJKITIOYCHHS IPUCTPOIB;

— pobota acucTeHTa;

— 3aIyCK J1a0OopaTOpHUX 3aBAaHb.

BpaxoBytouun BipnaneHe ynpapiiHHS, HE0OXiTHO MaTh MOXKIIUBICTh BKJIFOUEHHS 1 BUMKHEHHS KOMITIOTEPiB
3 BiJIaJieHo1 mo3uii. Takox, MaTh CUCTEMY MOHITOPHHTY JJIsl BIICTEXKEHHs ITPalle3JaTHOCTI KOMI'IOTEPiB Ta BUac-
HOTO BHSBJICHHS MOXITUBHX MPOOIEM.

B ymoBax BiifHU 1 TepeOoiB B €MEKTPONIOCTAYaHHI MOXKYTh BUHUKATH IPOOJIEMH 3 KHUBJICHHIM KOMI'IOTEPIB.
BpaxoBytouan e, He00XiTHO 32a0€3MEINTH MOKIUBICTD BiJIANCHO TIEpEe3aBaHTaKyBaTH KOMITIOTEPH a00 BKIIIOYATH
X, KO MMOCTAaYaHHS EJCKTPOCHepTii BiIHOBIMOEThCS. Lle 3amobirae BTpaTi JaHuX Ta 3abe3neuye Oe3nepepBHY
poboty 1aboparopii.

VY JesikuX BHIAAKaX y BIpTyalbHHX JIAOOPATOPHHUX POOOTAX € HEOOXIMHICTh (Bi3UYHO MiJAKIIIOYATH TPUCTPOT
JI0 KOMIT'FOTepiB. J[jIst 1IbOTO aCHCTEHT OBUHEH BUKOHATH HEOOXiqHI Aii B aymuTopii. OG0B’ I3KOBO MOTPiOHO Bpa-
XOBYBAaTH, II[0 HASBHICTh ACHUCTEHTA-JIA0OpaHTa Ha MOYATKOBOMY €Tall HaJA3BHYaifHO BaxuBa. BiH Bimmosimae
3a 3alyCcK KOMIT'IOTEpiB Ta 3a0e3meueHHs IXHbOI Mmpare3faTHocTi. BiH Takox BiANOBifae 3a MiAKIIOUCHHS Pi3HUX
npuctpoiB 1o [1K, mo Moxe OyTH ckilaHUM 3aBJaHHAM, HAPUKIA[, Y BUMIAAKY MiAKIIOYEHHS poOoTa-muiiococa.
ACHCTEHT BHpILIy€E TEXHIYHI IPOOJIEMH Ta KOOPAUHYE POOOTY B 1abopaTopii.

AcHCTeHT MOXXe OyTH BIIIIOBINAJTBHUM 3a 3aIyCK JIAOOPATOPHHX 3aBJaHb Ha KOMI'FOTEpax Ta HaJaBaTd
THCTPYKIII CTYICHTaM LIOO0 MPOBEIACHHS EKCIICPIMEHTIB.

3arayiom, BiJiajieHe YIPaBIiHHS JTAOOPATOPi€r0 BpaXxoBY€E SIK TEXHIUHI, TaK 1 OpraHi3aliidHi acleKTH, o0
3abe3meunTH e(heKTHBHY Ta Oe3leuHy poOOTy BipTyabHOT 1abopaTopii y BCiX yMOBaX, BKIIFOYAOUH BifHY Ta mepe-
001 B CHEPToNnoCTaYaHHi.

Kamepa nmoBuHHa MaTu po3aineHy 3aatHicTs 1920x1080. Lle 3pyunnii hopmar Bimeo, sikuii 1erko oOpoOHUTh
3Bu4aiiHa Mepexa B 100Mb/s, i HaBiTe LTE. Y Takoi po3ainbHOi 30aTHOCTI TOCUTH YiTKE 300paKeHHSI, IIPU I[bOMY
pecypcH KOMIT'IoTepa He NepeBaHTakeHi. Takox MpUCTpiil MOBHHEH MaTH IITaTuB abo KpirieHHs ao xopmycy 11K,
00 3adikcyBaTu Horo y noTpiOHOMY MOJIOKEHHI.

BeOkamepa mMae TOCTiHO TpuMaTu 00'€KT 3MOMKH B KaJpi, TOMY MiJ Yac CIOCTEPEkKEHHS 3a eKCIIepUMEH-
TaMU BOXJIUBUH 11 KyT orsny. Lleit mapamerp BapiroeTbes Big 45 no 170°. Ins BipTyanbHOT 1abopaTopii mponoxy-
€ThCS KaMepa 3 KyToM oty Big 110°.
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3actocyBaHHs BeOKamMepu JO3BOJIUTh OTPUMATH Bi3yaJbHUN KOHTPOJIb 32 CIEIiani30BaHUM 00IaTHAHHIM.
Bona moxxe OyTu po3milieHa 3BepXy Ha CHCTEMHOMY OJIOI, HAJar0ul MOXKIIUBICTb CIIOCTEPIraTu 3 BUCOTH. Takuii
MiIX11 CpuUsie MOKPALEHHIO AKOCTI Jab0paTopHUX AOCTIAKEHb, HAZAIOYW MOXJIHMBICTH Bi3yaJdbHO KOHTPOIIO-
BaTH poOOTYy crewiajaizoBaHOro OOJIafHAHHS IiJl YaCc BUKOHAHHS PI3HOMAaHITHHX 3aBAaHb, HABiTh, AKIIO BOHO
3IIHCHIOE PYXH.

30epexkeHHs [UTICHOCT] TaHUX 3aBXKIK OYyJI0 1 3aJIMIIAE€THCS aKTYaIbHOKO MpoOiieMoro. 30epiraHHs JaHUX Ha
PI3HUX HOCISIX, TAKUX SIK YKOPCTKI JIUCKH, (IICIIKH 1 1HII, HE 3aBX]IM TapaHTY€ MIOBHY Oe3MeKy 1 HaliiHICTh iH(pOp-
Marlii. [cCHytoTh uuclieHH] (hakTOpH, SKi MOXKYTh CIIPHYHHHTH BTPATy JaHWUX, BKIFOUAIOUN BIJIKITIOYCHHS E€JICKTPO-
€Heprii, IepeHanpyry B Mepexi, MpUpOIHi KaTacTpodu, a TAKOK JHONCHKUHN (hakTop, TAaKWi SK BUIAJIKOBA BTpara
HoCis iHpopMarii.

VY 3B'13Ky 3 UM OJJHMM i3 HAHOUIBII HAMIMHUX Ta e(h)eKTUBHUX CIIOCO0IB 30eperkeHHs iHpOopMalii € BUKOPH-
CTaHHS XMapHUX CEPEIOBHUIL. XMapHi TEXHOJIOT1] JO3BOJISIIOTH 30epiraT JaHi Ha BiAJaJICHUX cepBepax, [Ki min-
TPUMYIOTh BUCOKY JOCTYIHICTh Ta pe3epBHE KomitoBaHHsA. Lle 3a0e3medye 3aXMCT AaHUX BijJ BTPAaTH y BHUIAIKY
HenependaueHux o0CTaBUH, 1 3a0e3nedye iX HITICHICTh Ta TOCTYIHICTh AJISl KOPUCTYBauiB y OyIb-IKHI MOMEHT.

Ha cproronnimHiit feHs icHye 6araTo pi3HUX XMapHUX CEpPBICiB, SKi HAAAIOTh Pi3HI (HYHKLI10HAIBHI MOXKIHBO-
CTi JUIs 30epiranHs Ta 00poOKH JaHUX B XMapi. J{eski 3 HalOLIbII PO3MOBCIOMKEHUX Ta BIIOMUX XMapHHUX CEPBICIB
BKITIOYAIOTh!

— Google Drive;

— Microsoft OneDrive;

— Dropbox.

Google Drive — me cepsic 30epiranHs, peraryBaHHsi Ta CHHXpoOHi3amii ¢daiiiiB, po3pobienuit Google.
Hagaroun noctyn go c¢aitnis, Disk BukopucToBye mugpyBaHHs A 3a0€3MEUEHHS] BUCOKOTO PiBHSA O€3IEKH,
a ockinbku Drive — 11e XxMapHHUi cepBic, HeMae HEOOXiqHOCTI 30epiraTu (ainu JTOKaIbHO, 10 3HUKYE PU3HK
JUTSL TPUCTPOIO. JIMCK IHTErpOBaHO 3 XMapHUMH J0AaTKaMu, TakuMu sk JlokymenTtu, Tabauii ta IlpesenTarii,
JUTs epeKTUBHOI cIiBIIpalli B pexkuMi peajJbHOro yacy. Drive cyMiCHUN 3 TEXHOJIOT15IMH, Ki BUKOPUCTOBY€E Ballla
KOMaH/a, 1 JOMOBHIOE iX; HeMae HeoOXimHOCTI KoHBepryBatu (aitmu Microsoft Office B inmi popmartu ms
CHIIBHOT POOOTH; BU MOXKETE pefaryBaty i 30epiratu moHaa 100 Tunis ¢aiinis, Bkirouatoun PDF, CAD Ttoro.
CremiaipHi IHCTPYMEHTH, pealli3oBaHi B cepBici J[uck, 3a0e3MeuyoTh BUHATKOBY IIBUIKICTH, ¢()EKTHBHICTh
1 HaaiitHicTh TomyKy Google. KpiM Toro, roToBi mOImyKkoBi GiIBTPH TO3BOJISAIOTH KOMaH 1aM IIBHJIKO 3HAXOIUTH
noTpiOHiI daim [8].

OneDrive — xmapHuii cepsic Bixg Microsoft, sikuii 3a0e3nedye qocTyn 10 BCiX Bamux ¢aiinis. Paiam MoxxHA
30epiraTu Ta 3aXWINATH, JUINTHCS HUMH 3 iHIIMMH KOPHUCTYBauyaMM Ta OTPUMYBATH JI0 HUX JOCTYH 3 Oyab-sIKOTO
MICIISl Ha BCiX MpHUCTPosix [9].

Dropbox — cepsic (aiinoBoro xocTHHTY BiJ Komnadii Dropbox Inc., o BkJItouae nepcoHalibHe XMapHe CXO-
BHIIIe, CHHXPOHIi3alito (aiiiiB 1 kmieHTChKI nmporpamu. LlITab-kBapTrpa KoMmaHii 3HaxoauTbesa B CaH-DpaHIHUCKO.
Dropbox 103BoJ1sI€ KOpUCTYBauaM CTBOPIOBATH CIIELialIbHI AKX Ha CBOIX KOMIT'FOTepax, siki Dropbox cuuxpoHizye
TaKUM YUHOM, 11100 OJTMH 1 TO¥M caMMid BMiCT MOXKHA OYJI0 MeperisaaTH Ha Oyab-akoMy TpucTpoi. daiinu B il narmii
TaKOX JIOCTYIHI yepe3 BeO-caiT Dropbox i MoOiIbHI AomaTku. Dropbox mpaitoe 3a Moaemtro freemium, ne kopuc-
TyBa4i MalOTh MOXKJIUBICTh CTBOPUTH OC3KOIITOBHUI OOJIKOBUH 3alKC 3 MEBHUM OOCSATOM, aye i 301TbIICHHS
00csATY CBOTO OOJIIKOBOTO 3aITMCy HeoOXiTHa MyiaTHa miamucka [10].

[MopiBHABIIM pi3HI XMapHi CepBicH, y poOO0Ti 3anporoHoBaHo 3ynmuHUTH BUOIp Ha Google /Tucky. Xoua KoxHE
XMapHe CepeIoBUINE Ma€e CBOi CHIIBHI Ta ciabki croponu, Google JIMCK BUAUIAETHCS CBOEIO 3aralibHOO MOMYIISP-
HICTIO Ta BUCOKHMM aBTOPUTETOM Cepell KOpPUCTyBadiB. LIS MOMymSpHICTh CIPOIIY€ MpOIeC afanTamii A7 HOBUX
KOPHCTYBAYiB 1 JO3BOJISIE 1M LIBU/IIIIE TOYaTH BUKOPUCTOBYBATH cepBic A 30epiraHus Ta 0OMiHy TaHUMHU.

OnHiero 3 roioBHUX nepesar Google Jlucky € iforo yierka inTerparis 3 iHmuMu cepsicamu Google, TakuMu
sk Gmail Ta Google Docs. Lle monerurye oOmiH (aitnamu Ta ciibHy poOOTY HaJl TOKYMEHTaMU J1J1s1 KOPUCTYBAYiB,
SIK1 BK€ KOPUCTYIOThCS iHIIMMU npoaykramMu Google. Kpim toro, Google Jluck mponoHye 6e3KOIITOBHE CXOBHILE,
0 poOHUTH HOTo JOCTYIHHUM It 0araTh0X KOPHUCTYBAviB. 3a JJOJATKOBY ILIATy OOCST CXOBHIIA MOKHA PO3IIHPUTH
3a moTpeodu.

Criz 3a3Ha4YMTH, O BUOIP XMAapHOTO CEPBICY MOXKE 3aJISKATH BiJl KOHKPETHUX MOTPeO 1 1iJiel KopucTyBaya.
Onnak Google Jluck € nmpuBaOIIMBAM BapiaHTOM JUIS IMIHPOKOTO KOJIAa KOPUCTYBAYiB 3aBISKH CBOIM MPOCTOTI Ta
nomynsipHocTi. [l edextuBHOTO BUKOopucTaHHs Google Jlucky y BipTyasbHii 1abopaTopii HEOOXiTHO HaIAITy-
BaTH JOCTYII CTYJICHTIB Ta BUKJIJIa4yiB /IO BiAMOBIIHUX PO3/ITIB Ta MAIOK.

[Ticns BUKOHAHHS POOIT 31 CTBOPEHHS MPOEKTY Ta TECTYBAHHS IPOrPAMHOTO KOy Ha IPUCTPOI, CTYICHT MOXeE
30eperTH CBiil MPOEKT y MarnkKy Ha KOMI'tOTepi, a00 ofipa3y BilIPaBUTH MPOEKT A0 xMapHoro cxoBuia Google Disk.
Crynenty HeoOxigHO nepeittu y noparok Google Disk, ge BiH 00upae marky 3 mpeaAMeToM, Jali Hamnky 3 rpynoo Ta
BXKeE TAIKy 31 CBOIM iM'sIM. 3aBaHTaXKyIOUH Ha XMapy, CTYJEHT MOXKE CKOPUCTATHUCS IIUM IIPOEKTOM JJIS1 MOJEpHi3aLii
B MaiiOyTHHOMY, a BUKJIa[1ad MOXE OLIIHUTH HABHYKH CTYJCHTA, HA CKIIBKU TOYHO Oylia BHKOHAHA poOoTa 3a BciMa
KpUTepiasMu. XMapHE CepeloBHINe 30epirae BCro iH(GOpMAIII0 Ta HaJae JOCTYN y OyAb-IKHH Yac MpH Oyab-sIKHUX
o0CTaBHHAX.
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BucHoBKH 3 10C/IiAKeHHS | NepCNeKTUBU MOAAJIbIINX PO3BIIOK y IbOMY HanpsiMi. Takum 9uHOM, TTPH
TIPOBEICHHI JOCHIKSHHS OyJI0 BU3HAYEHO BUKJIMKH CyYacHOCTI 1 BUMOTH JIO BipTyanbHOI jaboparopii. A came
OyJo BpaxoBaHO, IO € CTYICHTH, SIKi 3HAXOAATHCS Ha OKYIIOBAHUX TEPUTOPIsX. [ HIX 0cOoOIMBO BaXKIMBE, 00
i AKITIOUCHHS 10 BipTyasIbHOI TJabopartopii Oymno 3aXMIeHUM, OCKIJIBKH XHi JaHi MOXKyThb OyTH B HeOe3meri. Takox
OCKIUIBKH iCHy€ mpoOJsieMa 3 TOCTYIOM J0 iHTEpHETy Ha OKYIOBaHUX TEPUTOPISIX, TOMY BaXKJIHBO, 1100 mepenada
Tpadiky Oyia MakCUMalbHO €()eKTUBHOIO 1 HE 3aBaXkaia CTy[JeHTaM HaBUaTHCA.

Taxox OyIio mpoaHali30BaHO porpaMHe 3a0e3nedeH s, HeoOX11He I pealtizallii BipTyaibHOi Jaboparopii,
a caMme Oprasisamii BiJIaJeHOro AOCTYIY. I3 pO3MITHYTHX CHCTEM BiAJAICHOTO JOCTYITY, TakuX sk: TeamViewer,
Bignanenuii pobounii crin Chrome, Anydesk, Bubip Oyio 3pobneno Ha kopucth TeamViewer, 60 me I13 € Gimpin
MOMYJISIPHAM Ta 3HAHOMHM 1O (DYHKITIOHATY OiJBIIOCTI KOPUCTYBAuyiB ChOTOJICHHS, BHKOPUCTOBYE TEXHOJIOTIIO
mu(pyBaHHs JaHWX, aHAIOTIYHY 3 MIM(PYBaHHSAM OaHKIBCHKHX OIEpalliid, 0 MOBHICTIO 3a0e3Medye MiUTiCHICTD
JAaHUX KOpPHCTyBava Ta 3abe3redye Oe3nepepBHy KOMYHIKAINO 3 BiIIaICHOIO BIPTYaIBHOIO J1a00paTopiero, HaBiTh
IIPY HU3BKIN MIBUAKOCTI iHTEpHETY. Takox Oyio po3po6IeHo IpaKTHYHI 3aBIAHHS, IS SIKUX JTOLITEHO BUKOPHUCTO-
BYBaTH BipTyaJbHY JIAOOpaTOpito: 3aBAaHHSI 13 BUKOPHCTAHHSIM CIELiali30BaHOTO allapaTHOTo 3a0e3MeueHHs, SKOTO
CKOpIIIIe YChOTO HEMA€ B HASIBHOCTI y CTY/ICHTA, 1 3aBAAHHS, SIKi TOTPeOyIOTh 3HAYHUX OOUMCITIOBAIEHUX PECYPCIB,
SIKi T€X MOXYTbh OyTH HEAOCTYITHUMH IS CTyAeHTa. Sk crenianizoBaHe obnagHanHsa O0yno oopaHo poboTy i3 podo-
toM-isiococoM iRobot Create 2 Roomba 600. Ipyrum Tumom 3aBnaHHs O0yJo CTBOPEHHS AOMOBHEHOI pealbHOCTi
3a JIONIOMOTO0 TIporpaMHoro 3abe3neueHHs Unity3D.

TakuM YMHOM, BOXKJIMBO 3a3HAYUTH, 110 pOOOTA HAJl CTBOPEHHSM BipTyaJIbHOI JTabopaTopii BUMarae 30ajaH-
COBAHOTO TiIXOAY, YpaxyBaHHsS MOTped KOPUCTYBadiB Ta aKTyalbHUX oOcTaBuH. Lle € kpokom ymepen B 3abe3me-
YEeHHI JOCTYIy J0 OCBITH B yMOBaX BiliHM 1 0OMeXeHb Ha (DI3MUYHOMY PiBHI, @ TAKOXK y BIPOBAKCHHI CYyYacHUX
TEXHOJIOTIH JUTsl MiJBUINECHHS SIKOCTI HABYAJILHOTO MPOIIECY CTY/IEHTIB.
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THEORETICAL ASPECTS OF INFORMATION PROVISION
OF RESTAURANT ENTERPRISE MANAGEMENT PROCESSES

The article is devoted to consideration of modern information support of restaurant enterprise management processes.
It is established that the information support system organizes the collection, processing, storage and transmission of
information to support various processes in the restaurant business. The information system consists of hardware, software
and organizational components that cooperate to achieve effective management and is a key tool for effective management
of a restaurant enterprise, which contributes to achieving competitive advantages and ensures improvement of service
quality. The essence and characteristics of the system of information support of restaurant enterprise management processes
have been studied. The constituent elements of information support in the management of a restaurant enterprise are
considered. The classification of information technologies according to categories is provided. The advantages and features
of information support for restaurant enterprise management processes are given. It has been established that information
technologies are an integral part of the restaurant business, because they contribute to the automation and optimization of
restaurant management processes, improve communication with customers, provide fast and convenient service, increase
the efficiency of the kitchen and allow analyzing data to make better management decisions. Recommendations on the
effective use of information support in restaurants are provided. It was analyzed that for the effective introduction of new
technologies it is important to ensure proper training of the staff and support from the management. Adequate infrastructure
and information security should also be provided to ensure data reliability and confidentiality. It has been studied that the
introduction of modern information technologies and improvement of information support can significantly increase the
efficiency and competitiveness of a restaurant enterprise. With proper planning, development and implementation of new
technologies, the enterprise will be able to provide high quality customer service, increase its attractiveness in the market
and improve its financial indicators.
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Hepaba H. O., Kyuep M. M., A3ina B. A., Caiizax €. JI., T'onosko H. O. Teopemuuni acnexmu ingopmayiiinozo
3abe3neuenns npoyecie Ynpasiinua pecmopanHum niORPUEMCHIEOM

Cmammsa npucesyena po3enady Cy4acHozo iHgopmayitino2o 3abes3neuenHs npoyecié YNpasuiHHA pPecmopaHHum
nionpuemcmeom. J{ocniodiceno cymmuicme ma 0OXapaxkmepusosano cucmemy iHgopmayiiino2o 3abesneuenHs Hpoyecie
VNPABNIHHA PECMOPAHHUM NIOnpueMcmeom. PosensHymo ckiadoei enemenmu iHQopmMayilinoco 3abe3neyeHts 6 ynpasniui
pecmopannum nionpuemcmeom. Haoano xnacugikayito ingopmayitinux mexronoeiii 8ionogiono kameeopii. Hasedeno
nepesazu ma 0codru8ocmi ingopmayitino2o 3abes3nevens nPoyecie ynpagiinmsa pecmopanum nionpuemcmeom. Bemanoesieto,
wo iHghopmayitini mexnonoeii € Hegi0 €EMHOI0 YACMUHOK PeCMOPARH020 BI3HECY, A0ce BOHU CRPUAIOMb ABMOMAMU3AYIi ma
onmumizayii npoyecie YNPaeniHHsg PecmopaHoMm, NOTINULYIOMb KOMYHIKAYI0 3 KIIEHmamu, 3abe3neuyoms weuoke ma 3pyuHe
00C1Y208y8aHHA, NIOBULYYIONb eQeKMUBHICb POOOMU KYXHI Ma 003601A10Mb AHANIZY8AmMU OaHi O NPUIHAMA KPAUUX
VAPAGHIHCHKUX piuienb. Hadano pexomenoayii wjo0o eghekmugrno2o suxopucmants inghopmayiiinoeo 3abesneyents y 3ax1aax
pecmopanno2o 2ocnodapcmea. [losedeno, ujo ingopmayitine 3abe3neyeHHs. YNPAgIiHHA DPeCMOPAHHUM RIONPUEMCIEOM
Oasyemocs Ha BUKOPUCIAHKT THEOPMAYITHUX MeXHONO02I 013 300py, aHanizy ma onmumizayii pisnux acnexmis 6isnecy. lle
BKIIOUAE ABMOMAMU3AYII0 0ONIKY MO6aApis, YNPAGIiHHA NEPCOHANOM, KOHMPOTb 34 (QIHAHCAMY MA 63AEMOOII0 3 KIIEHMAMU.
3acmocyeanns ingopmayiiinux cucmem O0onoMaeac egexmugHiuie GUPIYBamu 3a80anHs y cgepi pecmopannoeo 6isHecy.
Inghopmayiiine 3abe3nevenns pecmopany 6idicpae K408y poib y 3abe3neueHti epekmueHo2o ma KOHKYPeHMOCHPOMOUCHO20
OisHecy i 11020 6axcIuBi ACNEeKMuU GKIYAIOMb. 00NIK iHepedieHmie ma moeapis, YIpAeNiHHA NePCOHANOM, (hiHaHCOBUL 00K,
mapremune ma CRM, mexnonoeiuni innogayii, cucmemu YpagiinHs 3aMOBIEHHAMY, AGMOMAMU308AH] CUCeMU YNPAGTIHHS
sanacamu, npoepamue 3abe3neuents 0is 00Ky i 36IMHOCMI, NPOSPAMU 3aXUCy 8i0 Kibepamak i 36epedcenHs Konpioenyiinocmi
OaHUX, a MAKoJC iHWi MmexHono2ii, wjo norecutyioms pobomy. Inpopmayiiine 3abe3neuenns cnpuse eekmusHOMy YRpaeIiHHIO
BCIMA ACTIEKMAMU PECMOPAHHO20 DI3HECY, WO BANCTUBO 0TI OOCSISHEHHS YCRIXY Y Yitl 2a1y3i.

KitrouoBi cioBa: agmomamusayis, ingopmayiunuil yenmp, ingopmayitine 3a0e3neuenns, iHgopmayiini mexnonoeii,
pecmopannuti 6i3Hec.

The statement of the problem in general terms and its connection with important scientific or practical
tasks. In today's world, restaurant enterprises undergo significant transformations due to the rapid development of
information technologies and the increasing competition in the restaurant services market.

Improving the information support for managing restaurant enterprises is a relevant topic in the modern
gastronomic industry. Thanks to the rapid development of technologies and the growing influence of the Internet,
restaurant enterprises have a unique opportunity to utilize information systems and software to optimize their oper-
ations and enhance service quality.

Information technologies enhance operational efficiency, reduce costs, improve service quality, and increase
customer satisfaction. Technologies and software are becoming more accessible and advanced, providing restaurant
enterprises with extensive opportunities to refine their processes and achieve success in a competitive market.

Over the past five years, a considerable amount of research has been conducted to improve the information
support for managing restaurant enterprises. Scholars and practitioners have focused on developing new meth-
ods and approaches that allow for the effective use of information technologies to optimize restaurant operations.
Research encompasses aspects such as automating ordering and service processes, inventory management, cus-
tomer data analysis, streamlining food preparation and delivery processes, as well as the implementation of elec-
tronic restaurant management systems.

Literature review. The analysis of recent research and publications involved utilizing a broad information
base encompassing scholarly articles, publications, statistical data, and other relevant sources related to restaurant
management and the application of information technologies in the restaurant business. Scholarly works of both
domestic and international researchers such as O. Artemenko [1], L. Veretin [3], I. Yegupova [4], A. Kravchenko,
V. Samodai [5], A. Svistun, M. Sukach, L. Khrushch, I. Shushakova [6], M. Shvydenko [7], S. Michael, and others
were processed and analyzed for this study.

Purpose. The main goal is to explore opportunities for enhancing the information support of restaurant man-
agement processes to increase restaurant efficiency and improve consumer satisfaction. To achieve this goal, the
following tasks have been identified: analyze existing approaches and methods of restaurant management utilizing
information support; examine various types of information technologies used in the restaurant business; identify
the main advantages and peculiarities of existing information support systems for restaurant enterprises; investigate
the core components of information technologies and their role in the processes of managing restaurant enterprises.

Results. Information provision in managing restaurant enterprises is the process of ensuring necessary infor-
mation for effectively overseeing all aspects of a restaurant's operations. It encompasses the collection, analysis,
storage, and dissemination of information required for making informed managerial decisions.

The constituent elements of information provision in managing restaurant enterprises include: restaurant man-
agement systems: These software suites automate key processes in the restaurant business, such as ordering, inven-
tory operations, financial accounting, table reservations, and more. They facilitate centralized data collection and
processing, easing restaurant management; reservation and table management systems: These systems enable cus-
tomers to reserve tables online while allowing restaurant staff to efficiently manage table schedules, avoid conflicts,
and maximize resource utilization; inventory management systems: These systems assist restaurants in efficiently
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managing inventory of raw materials and other necessary supplies. They automate ordering, supply, and inventory
control processes, helping avoid shortages or excess stock; data analysis and reporting systems: These systems
gather, analyze, and visualize data on sales, expenses, profits, dish popularity, customer satisfaction, and other met-
rics. They aid managers in obtaining informed data for decision-making and strategy development; customer mobile
applications: These apps enable customers to place orders, reserve tables, view menus, provide feedback, and utilize
loyalty programs. They enhance customer interaction and satisfaction [1].

These constituent elements of information provision contribute to optimizing managerial processes within the
restaurant business, elevating efficiency, and ensuring a higher standard of customer service.

Information technologies represent a set of methods and tools utilized for the collection, transmission, stor-
age, and processing of information using software and hardware, aiming to address managerial tasks of an economic
entity. The classification of information technologies can be reviewed in Table 1.

Enhancing the competitiveness of Ukrainian enterprises can be achieved through accelerating innovative pro-
cesses that facilitate the effective utilization of innovations in the form of new information technologies, products,
and services, as well as organizational, technical, and socio-economic solutions in production, finance, commerce,
administration, and other spheres.

The strategic objectives of information technologies aim to ensure business development, its manageability,
quality, competitiveness, and cost reduction in executing business processes [1].

Table 1
Classification of Information Technologies
Category Information Technology
Ordering and Reservation Point of Sale (POS) systems;
Management Reservation management systems;

Online booking and ordering;
Mobile applications for ordering and reservations.

Inventory and Supply Inventory management systems;
Management Electronic inventory accounting;

Automated ordering systems from suppliers.
Personnel Management Personnel accounting and scheduling systems;

Electronic timekeeping registers;

Automated payroll systems;

Intranet and communication platforms for employees.
Analytics and Reporting Data analysis and reporting systems;

Electronic reporting forms;

Business Intelligence systems.

Customer Service Online ordering and delivery;

Self-service kiosks;

Mobile applications for ordering and restaurant reviews;
Loyalty programs and bonus systems.

Source: Compiled by the author based on data from [1; 3; 6].

Firstly, information technologies assist in restaurant management and enhance operational efficiency. Restau-
rant management systems automate many aspects of operations such as table reservations, inventory management,
sales tracking, and financial monitoring. This aids in reducing human errors and streamlining processes, ultimately
leading to increased productivity and cost reduction.

Secondly, information technologies enable improved customer service. By implementing online table reser-
vation systems and food ordering, customers can easily and conveniently plan their visits and avoid queues at the
restaurant. Mobile device applications allow for ordering food for delivery or pickup, making the ordering process
more convenient and faster.

Undoubtedly, the utilization of information technologies in the restaurant business also enhances communi-
cation with customers. Restaurants actively leverage social media platforms such as Facebook, Instagram, Twitter,
and YouTube to promote their services, share promotions, discounts, and new menus. This enables them to attract a
wider audience and build relationships with potential clients [7].

Furthermore, information technologies can contribute to enhancing the culinary creative process. Sending
orders to the kitchen using electronic ordering systems (POS) and utilizing specialized kitchen software improves
food preparation efficiency and reduces waiting time for customers. Innovations such as using artificial intelligence
and machine learning automate the cooking process and aid in developing new recipes.

One cannot overlook the analytical capabilities that information technologies provide. They enable restau-
rateurs to collect, analyze, and utilize data about their customers, such as ordering habits, preferences for specific
dishes, or eating styles. This allows for personalized offerings, menu adaptation, and improved marketing strategies.
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Information systems take on the process of meal formulation considering the set of ingredients and procure-
ment schemes. They automate the management of dish lists based on consumption norms and seasonal procurement
norms for ingredients used in dishes.

Information technologies have become an integral part of the restaurant business today. They facilitate the
automation and optimization of management processes, enhance communication with customers, ensure swift and
convenient service, improve kitchen efficiency, and allow data analysis for better managerial decisions [2].

It is worth noting that the successful implementation of information technologies in the restaurant business
requires not only the presence of necessary systems and software but also proficient planning, setup, and staff
training. Ensuring cybersecurity is also a crucial aspect as restaurants collect and process a substantial amount of
confidential information about their customers.

The Information System (IS) in restaurant management plays a pivotal role in collecting, processing, storing,
and transmitting information necessary for the effective functioning of the restaurant. The fundamental essence of
the IS lies in creating an informational environment that facilitates making well-founded managerial decisions and
optimizing business processes.

The primary characteristics of the Information System (IS) in restaurant management encompass: information
gathering: The IS ensures the collection of information from diverse sources such as customer orders, inventory
records, financial data, and more; information processing: The IS facilitates processing information to derive useful
insights and reports. This may involve sales analysis, inventory control, personnel management, and other opera-
tions; information storage: The IS ensures information storage in a centralized database, allowing easy accessibility
while ensuring its security; information transmission: The IS enables the transmission of information among various
departments and employees within the restaurant, enhancing communication and collaboration; process automation:
The IS assists in automating many routine operations like order tracking, inventory management, customer transac-
tions, leading to more efficient resource utilization and reduced errors [7].

An additional characteristic of the Information System (IS) in restaurant management is: integration with
other systems [7]: The IS can be integrated with other systems such as Enterprise Resource Planning (ERP), Cus-
tomer Relationship Management (CRM), or Access Control Systems to establish a unified information platform
and facilitate cohesive operations across various functional areas; mobile accessibility: Modern ISs can provide
mobile access to information via mobile devices, allowing restaurant managers and employees to access real-time
information and manage processes even outside the office; data security: ISs should have data protection mecha-
nisms including backup, encryption, and access control to ensure the confidentiality and integrity of information,
especially concerning financial data and customers' personal information; scalability : ISs should be flexible and
scalable to meet the growing needs of the restaurant enterprise. They should be capable of handling large volumes
of data and adapting to changes in business processes and market requirements [7].

Overall, the Information System is an integral component of restaurant management, contributing to process
optimization, increased efficiency, and informed managerial decision-making.

Therefore, informational support and technologies play a crucial role in the restaurant business, aiding in the
improvement of management, customer service, culinary creativity processes, and data analytics. Their utilization
can contribute to enhanced efficiency, cost reduction, and improvement of a restaurant's competitiveness. Informa-
tion technologies have become an essential tool for success in the modern restaurant industry.

Information technologies in the restaurant business encompass a wide array of solutions that help automate
various aspects of restaurant management and enhance guest service quality. Employing information technologies
in restaurant operations helps save time, effort, and resources, increases business efficiency, and enhances guest sat-
isfaction. Through proper implementation and utilization of these technologies, a restaurant can gain a competitive
edge and become more successful in the market [6].

Restaurant automation systems allow establishment owners to address a range of issues: monitoring employ-
ees to reduce the likelihood of deception, facilitating accounting processes, and improving customer service speed.

At present, there are two types of restaurant automation systems: standalone and cloud-based. Each has its
drawbacks — standalone systems do not protect against employee deception, while cloud-based systems rely on
internet access and lack substantial flexibility in operation.

There's also a hybrid system variant. A local module is installed in the restaurant, and then data is synchro-
nized and uploaded to remote servers. This ensures system operability even with poor internet connectivity. Once
the connection is restored, the data on the server can be easily updated.

The system is modular, featuring components for floor managers, waitstaff, chefs, and accountants. For instance,
when a waiter takes an order, the system immediately displays the list of dishes on the chefs' screen. Upon dish com-
pletion (where managers can set a countdown for preparation time), the waiter receives a notification on their phone
or tablet. The primary components of information technology in the restaurant business are presented in Table 2.

Information technologies (IT) play a crucial role in modern restaurant businesses, automating and optimizing
numerous processes. Here are several ways in which IT can contribute to the restaurant business: order and reser-
vation management: IT systems enable restaurants to accept online orders, maintain a customer database, manage
reservations, and tables.
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This simplifies the order taking and processing, prevents errors, and provides convenience for customers;
Point of Sale (POS) systems: Utilizing modern POS systems allows restaurants to efficiently process payments,
including contactless transactions, integrate loyalty programs, and gather sales data for analysis; inventory man-
agement: IT aids restaurants in inventory tracking, timely product orders, and avoiding surplus or shortages. An
automated inventory management system can suggest when to restock, optimize orders, and ensure efficient product
usage; kitchen automation: IT can automate kitchen processes, including electronic ordering systems and commus-
nication with service staff, leading to faster, error-reduced order preparation and improved quality; online presence
and delivery: IT enables restaurants to build their online presence through websites, mobile apps, and social media,
facilitating menu viewing, placing delivery or pickup orders, and leaving reviews.

Table 2

Key Components of Information Technology in the Restaurant Business

Technologies

Characteristics

Restaurant Management Software

Managing all aspects of daily operations, including ordering, inventory, payroll
calculation, and financial accounting.

Order Management Software

Receiving and processing guest orders using electronic menu systems, mobile
applications, or online food delivery platforms.

Electronic Payment Systems

Ability to accept credit cards, contactless payments, or mobile payments for guest
convenience.

Electronic Inventory Management
Systems

Automatic tracking of product quantities and alerts for necessary inventory
replenishment.

Personnel Management Systems

Work schedules, time tracking, access control, authorization systems, staff
training, and development.

Commercial Platforms

Online table reservations or food delivery platforms to attract new customers and
increase sales volume.

Quality Control Systems

Collecting guest feedback, assessing food quality, monitoring cleanliness, and safety.

Interactive Screens and Digital
Menus

Presenting dishes and beverages through interactive screens or digital menus.

Mobile Applications

Food ordering, table reservations, payments, and special offers through mobile
applications.

Automated Kitchen Systems

Order displays, preparation time management systems, electronic recipes, and
order status monitoring.

Wireless Networks and Access
Points

Wireless internet for guests and mobile device-based offers.

Interactive and virtual reality

Tables with sensors, virtual tours, virtual menus, or gaming elements.

Security and video surveillance

Cameras, motion sensors, recording systems for security and service monitoring.

systems
Social media and internet Brand promotion, guest interaction, advertising campaigns through social media
marketing and the internet.

Automated wine systems

Temperature control for storage, wine ordering, and information provision.

Smart devices

Smart thermostats, trash fill sensors, lighting systems for process automation.

Geolocation technologies

Personalized guest offers based on their location.

Video menus and presentations

Presentation of dishes and cooking in video format or interactive demonstrations.

Guest feedback and evaluation
systems

Collecting feedback and ratings through electronic surveys, mobile apps, and
social media.

Source: compiled by the author for data [4].

Integration with delivery platforms simplifies the food delivery process and expands the audience reach;
analytics and reports: IT allows collecting, analyzing, and utilizing sales, expenditure, dish popularity, and other
data, aiding restaurant owners in informed decision-making for business management, menu refinement, pricing,
and promotional strategies; customer service enhancement: IT can assist restaurants in providing better customer
service, including electronic menus and table orders, customer loyalty programs, personalized offers, and booking
reminders, enhancing customer satisfaction; security and data protection: IT also plays a crucial role in ensuring
customer data, operational systems, and payment transactions' security. Employing secure networks, data encryp-
tion, and other technologies helps prevent misuse and maintain information confidentiality. Information provision-
ing is a crucial component of management and operational activities in any organization, involving the collection,
processing, storage, and dissemination of information to support decision-making and achieve set objectives. The
components of information systems in the restaurant business are outlined in Table 3.
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Table 3
Composition of Indicators in Information Systems within the Restaurant Business

Component
Hardware

Definitions
The physical components of an information system, such as computers, servers, routers,
printers, and other devices necessary for processing, storing, and transmitting data in the
restaurant business.
A set of programs used to perform specific tasks in the restaurant industry, including order
management systems, POS (Point of Sale) software, inventory management programs,
reservation systems, and other solutions that facilitate restaurant operations.
Structured data repositories used to store information about customers, menus, inventory,
financial data, and other critical aspects of the restaurant business. Databases enable the storage,
update, and analysis of information to make decisions and improve business processes.
Data transmission and communication means, such as local networks, wireless technologies,
internet connectivity, and other communication channels that facilitate information exchange
among different devices, programs, and users in the restaurant business.
Systems and procedures ensuring the confidentiality, integrity, and availability of data in the
restaurant business.
Methods, tools, and techniques for analyzing large volumes of data to derive valuable insights
and support decision-making. Data analytics in the restaurant industry may involve statistical
sales analysis, demand forecasting, trend identification, and other analysis methods to enhance
business efficiency.

Software

Databases

Communication
tools

Information security

Data analytics

Source: compiled by the author based on [4].

All these IT solutions can function independently or be combined depending on the needs and scale of the res-
taurant business. Information provision encompasses processes, technologies, and resources necessary for collect-
ing, processing, storing, and transmitting information for the effective operation of the organization. The advantages
and specifics of information provision are listed below in Table 4.

Table 4
Advantages and Specifics of Information Provision
Advantages Description
Increased efficiency and IT aids in automating many routine processes, freeing up staff from unproductive
productivity. tasks and providing more time for customer service. This improves service quality

and reduces wait times.

Inventory management IT systems help reduce unnecessary expenditures, prevent
product shortages, and maintain optimal inventory levels. This enhances business
efficiency and reduces costs.

IT systems help avoid human errors in the ordering process, food preparation, and
transactions. This positively impacts customer satisfaction and decreases expenses
associated with error correction.

IT enables the collection and analysis of sales data, dish popularity, expenses, and
other key metrics. This provides restaurateurs with information for making informed
decisions regarding business management and development strategies.

IT systems facilitate communication among staff, table service, and the kitchen.
Electronic ordering systems and communication between service staff and chefs help
reduce delays and improve workflow coordination.

Websites, mobile apps, and social media aid restaurants in attracting new customers,
providing them with convenience in ordering and reservations, as well as offering
extended options for selection and personalized service.

Optimization of inventory
management.

Enhanced accuracy and error
reduction.

Analytics and informed
decision-making.

Improved communication.

Attraction of new clients.

Increased customer
satisfaction.

IT solutions enhance the overall customer experience in restaurants. Fast and efficient
service, order accuracy, personalized offerings, and convenient payment processes
contribute to customer satisfaction and potential increase in loyalty.

Cost reduction and efficiency
improvement.

IT solutions help restaurants reduce manual labor costs, prevent losses, optimize
processes, and improve overall business efficiency.

Source: compiled by the author based on [5].

It is essential to consider that the successful implementation of IT solutions in the restaurant business requires
proper planning, staff training, and ongoing support. The systematization of information programs in the restau-
rant business involves the utilization of various programs and systems for data collection, processing, storage, and
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analysis. The primary goal of systematizing information programs is to facilitate restaurant management, enhance
business process efficiency, and improve customer satisfaction. Some key aspects of systematizing information
programs in the restaurant business are outlined in Table 5.

Table 5
Information Programs in the Restaurant Business
Information System: Description
Point of Sale (POS) Software designed for order processing, cash transactions, inventory management, and
reporting. Ensures swift and accurate order processing and payment handling.
Inventory Management IT systems that control product and ingredient inventory, automating the ordering
process and receipt of goods.
CRM System A customer interaction management system that gathers and analyzes customer data,
provides personalized service, and enhances customer loyalty.
Analytical System A data collection and analysis system for sales, financial indicators, dish popularity, and
other key metrics to facilitate informed decision-making.
Online Ordering and Systems and platforms for online customer order acceptance, food delivery organization,
Delivery and ensuring a convenient customer experience.
Human Resources System | IT systems for human resource management, including employee record-keeping, work
schedules, payroll, and other personnel processes.

Source: compiled by the author based on [5; 6].

Systematizing information programs helps restaurants optimize business processes, enhance efficiency, and
ensure customer satisfaction. The selection of specific programs depends on the restaurant's needs, size, and opera-
tional specifics. Overall, information provision is an essential element of the restaurant business, aiding in stream-
lining operations, attracting customers, and improving the overall service experience. Implementing IT solutions
can become a competitive advantage for a restaurant and contribute to its successful development.

Conclusions and Prospects for Further Research in this Direction. Information systems are an integral
component of successful restaurant management. They facilitate the collection, processing, storage, and transmis-
sion of information to support various processes within the restaurant business. Comprising hardware, software, and
organizational components, an information system collaborates to achieve efficient management, serving as a key
tool for effective restaurant management that fosters competitive advantages and enhances service quality.

The application of core information technologies in the restaurant industry aids businesses in improving cus-
tomer service, streamlining management processes, ensuring effective control over inventory, finances, and other
operational aspects. Information technologies are essential tools for the successful operation of a restaurant business,
aiding in effective management, improved customer service, and achieving competitive advantages in the market.

The advantages of information provisioning in the restaurant industry encompass operational efficiency
enhancements. Information systems enable the automation of ordering, inventory tracking, personnel, and financial
management processes, thereby reducing the risk of errors and expediting task completion. Information provision-
ing within a restaurant enterprise allows for increased efficiency, improved customer service, and risk mitigation.
Restaurant enterprises integrating information technologies into their platforms stand a greater chance of achieving
success and competitive advantages in the market.
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PUHOK I'OTEJBHUX MMOCJYT B YKPATHI: OI[IHIOBAHHSI CYYACHOTI'O CTAHY
TA TMHAMIKHA PO3BUTKY

Y emammi docnioocyemucs cyvacnuti cman ma OUHAMIKAG PO3GUMKY PUHKY 20METbHUX NOCTYe 8 YKpaini wiaaxom eusHa-
YeHHs 0coOnUBOCHIell 3MIHU CIMAMUCIUYHUX NAPAMEMPIE, WO Xapakmepuzyioms OisnbHichb cy6 ‘ekmig 2ocnodapiosants 6 cepi
2ocmunnocmi. OCHO8HOI0 MEMOIO Yiei cmammi € ananiz pUHKY 20MmelbHUX Nociye 8 Ykpaini, oyiHIo8anH:A 11020 CY4aCcHO20 CMAHy
i meHOeHyitl pO36UMKY HA OCHO8I OUHAMIKU NOKAZHUKIG OIATbHOCHE KOLEKIMUBHUX 3AC00i8 PO3MIUeHHSL.

Y pobomi winaxom nposedenns KitbKicHo2o ananizy 0anux JlepocagHoi ciyscou cmamucmuku Ykpainu oxapaxmepuso-
8AHO CYUACHULL CMAH PUHKY 20MENbHUX NOCTY2 Y KPAiHi, 11020 CIpYKmypd, 0coOIUB0CHi ma meHOeHyii pO36UMKY 3 ypaxy8aHHam
Kracugikayii 6udie exonomiunoi disivnocmi 3a KBE/[-2010. IInsxom inmepnpemayii noxasnuxie Kinbkocmi 2omenie i nooio-
HUX 3aK1a0i8 poamiujerns, 0cib, wo nepedysanu 6 KONeKMUSHUX 3ac00aX POIMIWJEHHS, 3AUHAMUX NPAYIGHUKIE 8 2OMETbHIll
cohepi il 0bcazie peanizayii ma SUPOOHUYMBA 20METLHUX NOCTYe 6CMAHOBNEHO MeHOeryil iX pozsumky ¢ Ykpaini. Ha ocnosi
OYIHKU OUHAMIKU YUX CIAMUCTUYHUX NOKAZHUKIG 8CIMAHOBNEHO 8i0 €MHI meHOenyil ix po3eumky 6 YKpaiui 6 ocmanHi mpu
DOKU, W0 NOACHIOEMbCS HeeamusHum eniueom nandemii COVID-19, nonimuunux ma eKoHOMIUHUX KPU306UX A6UUY 8 KDAIHI ma
cgimi. B x00i docnidoicenns suznaueno, wo maxi oonacmi six Qdecoka, 3axapnamcvka, Jlvsiscoxa ma m. Kuis, maromos nai-
OinbuLy KinbKicms 2omenig ma nOOIOHUX 3aK1A0I8 po3mityenns, U 8iOnosioHo Oinbuiull npudymox 6io yiei disnoHocmi. Taxoc
BCMAHOBIIEHO 3POCMAHHSL POIT THOUBIOYATbHUX NIONPUEMYIE Y 20MenbHIll 2aly3i Ul Hanpamu X cnienpayi 3 20menbHUMU Mepe-
acamu, aKi nepedbauaioms 06'conanns pecypcis, 3uans ma innosayitinoi axmugnocmi @OIlig 013 cmeopenHs HOBUX CHONCUBUUX
nponosuyitl. 3pocmannsa yacmku @OIlig y cmpykmypi cy6 'exmie zocnodap;oeanmz HA PUHKY 20MENbHUX NOCTY2 NOACHIOEMbCS
HEeCKAAOHOI0 npouec)yporo ix peecmpauzz HUDICUUMU 6UMPAMAMU HA ynpaeﬂmrm biznecom, 6inbuioro npodykmugHicmio ma egex-
MUBHICMIO Peanizayii nociye, 2HyYKicmio y npUUHAmMMmI plWeHb HAOAHHAM THHOBAYIIIHUX ROCTIYe | BNPOBAONCEHHAM HOBUX KOH-
yenyiti, a maxoxc HeoOXiOHicmio 3a0e3neueHHs camo 3aHAMOCHi.

KimowoBi cnoBa: cghepa comenvhux nociye, nionpuemcmed, ananis, CMAmMuCMuyHi NOKAZHUKY, OUHAMIKA DO3GUMKY,
CYUACHUIL CINAH, KOTEKMUBHI 3AC0OU PO3MIUjeHHS.
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Yudina O. L, Korneyev M. V., Stebliuk N. F, Razinkova M. Yu., Mishina Ye. S. Market of hotel services in Ukraine:
assessment of the current state and development dynamics

The article examines the current state and dynamics of the development of the hotel services market in Ukraine by
determining the peculiarities of the change in statistical parameters characterizing the activity of business entities in the field
of hospitality. The main goal of this article is to analyze the market of hotel services in Ukraine, to assess its current state and
development trends based on the dynamics of performance indicators of collective accommodation facilities. In the work, by
conducting a quantitative analysis of the data of the State Statistics Service of Ukraine, the current state of the market of hotel
services in the country, its structure, features and development trends is characterized, taking into account the classification of
types of economic activity according to KVED-2010. By interpreting the indicators of the number of hotels and similar accom-
modation facilities, persons staying in collective accommodation facilities, employed workers in the hotel sector, and the volume
of implementation and production of hotel services, trends in their development in Ukraine were established. So, based on the
assessment of the dynamics of these statistical indicators, negative trends in their development in Ukraine in the last three years
have been established, which is explained by the negative impact of the COVID-19 pandemic, political and economic crisis
phenomena in the country and the world. In the course of the research, it was determined that Odesa, Zakarpattia, Lviv, and
Kyiv regions have the largest number of hotels and similar accommodation facilities, and, accordingly, greater profit from this
activity. The growth of the role of individual entrepreneurs in the hotel industry and the directions of their cooperation with
hotel chains, which involve the pooling of resources, knowledge and innovative activity of FOPs to create new consumer offers,
have also been established. The growth of the share of FOPs in the structure of business entities in the hotel services market is
explained by the simple procedure of their registration, lower costs of business management, greater productivity and efficiency
of service implementation, flexibility in decision-making, provision of innovative services and introduction of new concepts, as
well as the need to ensure self employment

Key words: sphere of hotel services, enterprises, analysis, statistical indicators, dynamics of development, current state,
collective means of accommodation.

[ocTanoBka mpodaemu. [IpoTsIroM ocTaHHIX POKIB Ha PUHKY TOTEIBHHUX MOCIYT CHOCTEPITaloThCs MEBHI
3MiHH (HOpM OpraHizallii AisUTLHOCTI 3aKJIaJiB THMYACOBOTO PO3MIIICHHS, OCKUIBKH iX TOCTI MalOTh MOXJIHBICTb
MOPIBHIOBAaTH OCOOJIHMBOCTI Ta SKICTh CepBIiCY B YKpaiHi i 32 KOPJJOHOM 1 BUMAraroTh 3a0€3IMCUCHHS BiIITOBITHOTO
piBHs KoM opTy mix gac nepeOyBaHHs y roTesi. JlaHuii ¢pakTop 3MyIIye roTenbHi MiAIIPHEMCTBA IPHCTOCOBYBATHCS
JI0 HasiBHUX MOTPeO CIOXKMBaUiB /ISl 3aJI0BOJICHHS 1X MOMHTY, IO CIPHUSE MOJANBIIOMY PO3BUTKY BHYTPIIIHBOTO
Ta TI00AIBFHOTO PHHKY TOTEIBHUX MOCTYT. ChOrOHI roTeIbHA IHAYCTpid € HAHOUIBII AUHAMIYHUM CEKTOPOM €KO-
HOMIKH YKpaiHH, 110 IIBHKO PO3BUBAETHCS 1 3MaTHUI IPUHOCUTH pealibHU NpuOyTOK. ToMy IPOBEACHHS aHAT3Y
CY4acHOro CTaHy Ta AMHAMIKH PO3BHUTKY iHIYCTPIii TOCTUHHOCTI JO3BOJISE ACTANBHO O3HAHOMUTHCS 3 TOJIOBHUMU
TEHJICHIIAME Yy c(epl TOTEIbHUX MOCIYT, BUIBUTU Ta OI[IHUTH HOBI MOXIIUBOCTI IS iX IONANIBIIOTO PO3BUTKY
Ta 3MIITHEHHS! KOHKYPEHTHHX MO3MIIN 3aknaaiB po3MinieHHs. OUiHIOBaHHS KUTbKICHUX MapaMeTpiB Ha MiATPYHTI
aHaJIi3y BUSBILIE MOMKIMBOCTI JJISl HIOKPAMICHHS SIKOCTiI 0OCITyTOBYBaHHS Ta 3a0BOJICHHS ITOTPE0 CIIOKUBAYIB, IO
CTIpUsE 3arajbHOMY PO3BUTKY T'ally3i TOTEIBHOT IHIYCTpii B YKpaiHi.

AHaJi3 ocTaHHIX J0CHiTKeHb i myGJikaniii. [IutaHHIM PO3BUTKY Chepr FOTEIBHUX MOCITYT MPUIIISIIOCT
Oararo yBard y po0OoTax BITUYM3HIHHX 1 3aKOPJIOHHUX aBTOpiB. AHApyHKiB b. M., Mensauk JI. M. [1] Bu3Ha49a0TH
0COONMMBOCTI OpraHizailii 6i3Hec-NPoIIeCiB Y 3aKiIajax cepu roTelbHUX Nociyr. Y poborax [Tynenreiino I1. P. [2],
Trauenxo A. M. [3], Octamnenxo S1. O. [4] Ta iH. BUCBITIIIOIOThCSA MUTAHHS YIPABIiHHSA TA PO3BUTKY MiANPUEMCTB Ha
PHHKY TOTeIbHO-peCTOpaHHUX MocayT. Bikropino JI., Bepma P., Ilnamka I [5], Mixaitniuenko I. 1. [6] gocmimxy-
10Th (paKTOpU PO3BUTKY chepu TocTHHHOCTI. [IpoTe, B yMoBax HecTabUTFHOCTI Ha PUHKY TOTEIbHUX MOCIYT, BUHU-
Kae HeOOXIJHICTh Yy MOCIHiPKEHHI AMHAMIKHA MMOKA3HUKIB AISUIBHOCTI MiJIPUEMCTB TOTEIBHOTO TOCIOAApCTBa Ta
OLIIHIOBAaHHI X Cy4acHOTO CTaHy Ha OCHOBi OCOOMMBOCTEN 3MiHM CTAaTUCTUYHUX MTapaMeTpiB B chpepi rOCTUHHOCTI.

MerTo10 CTATTI € aHAI3 PUHKY TOTEIBHUX ITOCIYT B YKpaiHi, OLIHIOBAHHS HOTO CYy4acHOTO CTaHy i TEHICHIIIN
PO3BUTKY Ha OCHOBI JJUHAMIKH MMOKa3HUKIB JISTLHOCTI KOJIEKTUBHUX 3ac00iB po3MinieHHs (K3P).

Bukian ocHoBHOro marepiaJy. /1ji1 BU3HAUCHHS CTaHy PUHKY TOTEIBHHUX TOCIYT B YKpaiHi, 30KpemMa Horo
CTPYKTYPH, XapakTepy 0COOIIMBOCTEH Ta TEHACHIIIT PO3BHUTKY, OIUILHUM € MPOBEJCHHS KUTBKICHOTO aHaJi3y TaHHX
JlepxaBHOI CITy>kOH CTAaTUCTUKN YKpaiHu. CTaTUCTHYHI MOKa3HUKH MisIILHOCTI 3aC00iB PO3MIIIICHHS, 10 SIKUX BiJl-
HOCATHCS — KUTBKICTh K3P, KiNbKiCTh MiCIlh Ta BHYTPILIHIX W IHO3EMHHX TYpHCTIB, III0 MEIIKAIOTh Y HHUX, CIy>KaTh
BOXITUBOIO iH(OpMaIliitHOO 6a3010 /IS aHAJI3y PUHKY TOTEIBHUX MOCIYT. AHaJI3 KUTBKOCTI KOJIEKTUBHHX 3aC001B
PO3MIIIIEHHS Ta MiClib, 1[0 BOHU HNPONOHYIOTh, HAJA€ YSABJICHHS PO 3aralbHUM 00CST MOMUTY Ta MOXIMBOCTI IS
PO3BUTKY HOBHX IOTEJIbHUX MPOEKTIB a00 po3IIUpeHHs icHyounX. JInHamMika KiTbKOCTI KOJIEKTUBHHUX 3aC001B po3-
MinieHHsa B Ykpaini B 20162020 pp. 3rigHo ganum Jlep:kaBHoi ciry>kOM cTaTUCTUKU HaBeaeHa Ha puc. 1 [7].

TakuM YWHOM, 3a JaHWUW TIEPiOJ MICNIS HE3HAYHOTO CKOPOYCHHS KOJCKTHBHHX 3ac00iB po3mimieHHs (K3P)
y 2017 porti, X KiJBKICTh CTaNa MOCTYIOBO 301IBIITYBATHCh, 10 TiKoBOro 3HaueHHS 2019 poky (5335 oa.), micns
goro B 2020 pori yepe3 mangemiro COVID-19 3menmmnach 1o 4523 ox. (muB. puc. 1).

AHaJi3 JaHuX MPO KUTBKICTH MICIIh B KOJIEKTHBHUX 3aC00aX PO3MIMICHHS Ta KIJIbKICTh TYPHUCTIB, IO B HUX
nepeOyBaiv, JO3BOJISE OLIHUTH 3aBAHTaXCHICTh TOTEIBHUX O0'€KTIB, MO JONOMArae 3po3yMiTH e()EeKTHBHICTb
VIpaBIiHHS roTensaMu. [IoKa3HUKH MisTIbHOCTI KOJIEKTHBHHUX 3ac00iB po3mimieHHs y mepiox 2016-2020 pp. npen-
crapjeHi B Ta0m. 1 [7].
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Puc. 1. Iunamika 3mian kinskocTi K3P B 2016-2020 pp.

JDicepeno: cknadeno agmopom Ha ocHosi [7]

Tabmung 1
JissinbHicTh KOJIEKTUBHHUX 32c00iB po3MilenHs y nmepiog 2016-2020 pp.
Kinbkicrs KijabkicTn KiabkicTs 0ci0, o nepedysajm Yacrka Koedinienr 3apan-
Poxn K3P, on micus y K3P, y K3P, Tuc. iHO3eMHHX TAKEHOCTi
b . . 0 0
THC. 0] YCbOT0 3 HUX iHo3emui | TypHCTiB, %
2016 4256 375,6 6544.8 863,7 13,2 17,4
2017 4115 359,0 6661,2 824,5 12,4 18,6
2018 4719 300,0 7006,2 917,9 13,1 234
2019 5335 370,6 6960,9 959,4 13,8 18,8
2020 4523 312,1 3379,5 2544 7,5 10,8

Jlocepeno: cknaoeno asmopom na ocrosi [7]

3a HaBeleHUMH JaHUMU XapakTep AMHAMiKU KinbKocTi Micus B K3P memio BiapizHA€TbCS BiJg TUHAMIKH KiJlb-
KOCTI 3aKiafiB B 1inomy. 3 2016 poKy KUIBKICTh MiCIlb 3MEHIITYBalach, i Maja HallHIX4HA MoKka3HUK B 2018 p. —
300 tuc. ox. OcKiIBKH B TOMY K poli Oyna HaiOiIbIIa KUTBKICTh 0ci0, mo nepebysana B K3P, koedimienT 3aBan-
TAKCHOCTI € HAaWBUIIUM — 23,4, 10 CBITYHUTH MPO HEJAOCTATHE BUKOPUCTAHHS MOTEHIIIATY TOTEIBHUX MOCIYT abo
Hee(eKTUBHE YIIPaBIiHHs pecypcamu. HaliHmkunMm € xoedimienT 3aBantaxkenocti K3P B 2020 pori — 10,8, yepes
3HAYHE CKOPOUCHHSI TYPHUCTIB, i HE3HAYHE 3MEHIIICHHS KUIBKOCTI 3aKJIaiB Ta MicIlb B HUX (puc. 2) [7].
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Puc. 2. Ilunamika 3aBantaxenocti K3P B 2016-2020 pp.

Loicepeno: cknaderno asmopom na ocrosi [7]

AHani3 kinbKkocTi oci0, mo nepedysanu B K3P 8 2016-2020 pp., mokaszas, 110 KiJTbKiCTh IHO3EMHUX TOC-
Tel B cepeiHboMy cTanoBmia 13,1% Bin 3aranbpHOi KiIbKOCTI 0ci0, a micns nannemii, B 2020 p. gopiBHIOBaa
nunie 7,5%.

TakuMm YMHOM, aHANI3yIO4H KUTBKICTH 0¢i0, mo nepebyBamu B K3P, MoxkHa 3pOOHTH BHCHOBOK, IO Yepe3
nanaeMito COVID-19, kinbKicThb BiJIBilyBa4iB CKOPOTHIIACH BIBIYI Yepe3 CKOPOUCHHS KITBKOCTI IHO3EMHHX BiJIBI/I-
yBauiB B 3,8 pa3u Ta BHyTpimHIX B 1,9 pasu (puc. 3) [7].
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Jl11 BU3HAYCHHS Cy4yacHOTO CTaHY PHUHKY TOTEIbHHMX IOCIYT B YKpaiHi KpiM aHaNi3y AMHAMIKH KOJIEK-
TUBHUX 3aKJIaJiB PO3MIIEHHS, BAXJIMBO MPOAHATI3yBaTH KUIBKICHI MOKa3HUKU AISUIBHOCTI 1HIIUX 3aKJIajiB
TOTENILHOTO TOCIOAApCTBa. sl I[bOTO BUKOPUCTOBYETbCS Kiacuikallis BHUIIB €KOHOMIYHOI IiSIBHOCTI 3a
KBE/I-2010, a came cexkiii | «TumyacoBe po3MilllyBaHHs i OpraHi3alis xapayBaHHsm, po3aity 55 « Tumuacose
po3minryBaHHs» [8].
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Puc. 3. Iunamika oci6, mo nepedysanmu y K3P tuc. oci6. 3a 2016-2020 pp.

JDicepeno: cknadeno agmopom Ha ocHosi [7]

JluHaMika 3MiHH YacTKH TOTEJIB Ta MOJAIOHMX 3aKjalliB PO3MIMIEHHs Y 3arajJbHOMY 00Cs31 iHIINX CY0’€KTIB
TUMYacoBoro po3mimmenHs B 2017-2022 pp. HaBeneHi Ha puc. 4 [7].
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m 55.2 misnbHICTB 3aC00iB PO3MIIIYBaHHS Ha MEPioj BiIYCTKH Ta iHIIOTO THMYACOBOTO MPOXKUBAHHS
m 55.3 HajgaHHA MicIb KEMIIIHIaMU Ta CTOSIHKaMU JUIsl dKUTIIOBUX aBTO(YpProHiB i npuyenin

m 55.9 MisUIBHICTD 1HIIKX 3aC001B THMYACOBOI'O PO3MIIIly BAHHS

Puc. 4. Jlunamika 3MiHM 4acTKH TOTEJIB Ta MOAIOHMX 3aKJIa/liB pO3MIIIEHHS Y 3aralbHOMY 00cs31 IHIIHMX Cy0’€KTIB
TUMYacoBOro po3MimieHHs B 2017-2022 pp.

Jicepeno: pospooneno asmopom Ha ocrogi [7]

TakuM 4MHOM, Y 3arajibHOI KUTLKOCTI Cy0’€KTIB TOCTIOAAPIOBAHHS 3 THMYACOBOTO PO3MIIICHHS, HAHOIIbITY
YacTKy 3aliMaloTh TOTENI Ta MOJiOHI 3aCO0M THMYacOBOTO PO3MIIIEHHS, HA IPYTOMY MICIli 32 BEJIMYMHOIO YaCTKH
3HAXOAATHCS 3aCO0M PO3MIIIECHHS Ha Mepiof BIAIYCTKH Ta 1HIIIOTO TUMYACOBOTO NMPOXKUBAHHS, HACTYIHY MTO3HILII0
3aliMaroTh iHIII 3aCO00M THMYACOBOTO PO3MIIIICHH I HAWMEHIIIA YaCTKa [IPUMAIAE HA TOCIYTH PO3MIIICHHS Y KEM-
MiHrax Ta CTOSIHKaX JJIS )KUTJIOBUX aBTO(QYpProOHiB i Mpu4eriB (AUB. puc. 4).

3HavHa YacTKa roTelliB cepe]] BCiX BU/IB 3aKJIaJiB PO3MILLIEHHs 03HA4Ya€, IO TOTENi € HAUTOIIUPEHIIUMU Ta
HAMOLIBII IPEACTABICHUMH 00'€KTaMU IS TAMYACOBOTO POKUBaHHS. Lle CBIMYHUTE MPO 3HAYHY MOIMYISIPHICTH Ta
MOITUT Ha TOTENBHI ITOCITYTH CePel MOAOPOKYIOUNX Ta TYPHUCTIB.

HactymauM mOKa3HUKOM, IO XapaKTepU3ye MISUTBHICTE IMiIIPHEMCTB Ha PHHKY TOTEIBHUX IOCIYT € Kilb-
KICTB JIiF0YMX Cy0’€KTIB TOCIIOAPIOBAHHS. 32 OI[IHKOI JTUHAMIKH IILOTO MTOKA3HWKA BCTAHOBIICHO, IO Y JIOBOEHHHH
niepion 20162021 pp. HaliMeHIIIa KiJIbKICTh TOTEJIB Ta MOMIOHUX 3aKJaiB po3MimieHHs Oyna B 2016 porri i ckia-
naia 4104 ox., 3 2017 p. BigOyBanocs iX OCTyMmoBe 301IbIICHHS 3 TIKOBUM 3Ha4eHHsAM 5451 oquauie B 2019 pori,
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i moanbIIMM 3MEHIICHHSIM Y 3B’s13Ky 3 nmanaemiero COVID-19 y 2020-2021 pp., ane mix gac BiiCHKOBOTO CTaHy
2022 p. gociiKyBaHUI MOKa3HUK 11e 3HUu3uBCs 10 4082 ox. (puc. 5) [7].
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Puc. 5. KinbkicTh Iit04UX TOTENIB 1 MOAIOHMX 3aC00iB THMYACOBOTO po3mimtyBanHs y 2016-2022 pp., ox.

IDicepeno: cknadeno agmopom Ha ocHosi [7]

Takox MOKa30BUM MOKa3HUKOM XapaKTEPUCTHKK PUHKY TOTEIBHUX ITOCIYT € YacTKa (i3MIHUX OCiO-mianpu-
emiiB (POITiB) B 3arajibHIN KiJTBKOCTI Cy0’€KTIB rOCIIOapIOBaHHS, POTATOM JOCITIKYBaHOTO TIEpiojy IeH mapa-
METp Ma€ cepemHe 3HaueHHs 77,5%, 3 HanOimpmumM 3HadeHHsaM B 2019 1 2022 pp. — 6mmsbko 79% (Tadm. 2) [7].

Ta6muis 2
KinbkicTh Ailounx cy0d’€KTiB rocnofapoBaHHs 3a BUAOM ¢KOHOMIYHOI Aif1bHOCTI
«JisabHicTh roTestiB i nogi0HNX 3ac00iB TUMYacoBOTO po3minryBanus» y 2016-2022 pp.
Poxn Ycboro, on. 3 aux ®OIIL, ox. Yacrra ®OIL, %
2016 4104 3174 77,3
2017 4432 3392 76,5
2018 4985 3883 77,9
2019 5451 4291 78,7
2020 5125 3963 77,3
2021 4903 3734 76,2
2022 4082 3221 78,9

Ilorcepeno: cknadeno asmopom Ha ocnosi [7]

IcHye KilbKa MOXIIMBHX HPUYMH 3HAYHOTO 301umbmIeHHS KibKocTi DOIIiB (¢hizndyHuX 0OCIO-HIiANpUEMIIIB)
y CKJIa/Ii AiF0uuX cy0'ekTiB rocronaproBanHsa. OHIEIO 3 HUX € EKOHOMIYHA HECTaOUIbHICTh, TOOTO B IEIKUX BHUIIA-
kax 30inpmenHs yactku OIIiB € pe3ynpTaroM eKOHOMIYHOI HecTablTbHOCTI a00 TPYJHOLIIB Ha pUHKY mpaii. Ha
CyYacHOMY eTalli B yMOBaX €KOHOMIYHOTO cliagy 0araro nMpuBaTHHUX 0Ci0 0OMpPAaIOTh MITAX CaMOCTIHHOTO MifnpH-
€MHHMIITBA SIK CIIOCIO 3a0e3MeueHHs TOX0y Ta 3MEHILIEHHS PU3UKY 0e3p0o0iTTS.

Takilf 0COONMUBOCTI CYy9acHOTO PO3BHUTKY PHHKY TOTEIBHHX MOCIYT MOXKE CIPUATH HECKIAaIHA MpOLeAypa
peectpanii @OIly, sika B 6ararbox KpaiHax € MPOCTO Ta JAOCTYITHOW, B YKpaiHi MOKHA 3MIMCHUTH PEECTPALIIO
HaBITh 4epe3 enekTpoHHuil cepsic «/lisp» [9]. Llelt dakTop cTUMYNIOE IHIUBIAYIBHUX MiIPUEMITB Ha BIAKPUTTS
BJIACHOTO 0i3HECY, BKIFOUAIOUN TOTEIIbHUH.

Kpim Toro, @OI1u 3a3BHuail MatoTh HIDKYI BUTPATH HA YIPABIIHHS 613HECOM ITOPIBHIHO 3 BETUKHMHU TOTEIb-
HUMH NiANpHEMCTBaMH. BOHM MOXYTh IIpamoBaT B MEHIINX MacITadax, He MoTpeOyBaTH 3HAYHUX KaIliTaJIOBKIIa-
JICHb 1 BUTPAT Ha yIpPaBJIiHHA IEPCOHAJIOM, IO JO3BOJISIE UM CY0'€KTaM roCIoJaploBaHHs (JOPMYBaTU €(EKTUBHY
L[IHOBY MONITHKY, 3a0€3MeuyBaTd KOHKYPEHTOCIPOMOXXHICTh Ta 3aJlyyaTd Oinblie CHOXKUBadiB. 3HAUHA 4yacTKa
($hi3UYHUX OCIO-MIIANMPHUEMIIIB Y CTPYKTYPi 3aKiIa/iiB PO3MILIEHHS XapaKTepu3ye CydyacHi TeHAEHIIH pUHKY TOTENb-
HUX IOCIYT, sIKi BApTO BPaXOBYBaTH.

36inbmrenss kinmpkocTi @OIiB Takok BKa3ye Ha 3pOCTAaHHS PO IHAMBIAYaIbHHUX IiIIPUEMIIIB Y TOTEIBHIN
rairy3i, sIKi BIZIPI3HAIOTHCS OUTBIION THYYKICTIO Yy MPUHHATTI PillleHb, HATAHHAM 1HHOBAI[IHUX MOCIYT 1 BIPOBaJI-
JKCHHSIM HOBHX KOHIIETIIiH. BeTHKUM TOTEISIM 1 TOTeIRHNM JIAHIIOTaM Ba)KJIMBO BUKOPHCTOBYBATH TaKy CHUTYaIlio
Ha pUHKY JuIs opraHizaiii ciiinpari 3 ®OIlamu, 00'eqHy0UN X pecypcH, 3HaHHS Ta YHIKAJIBHICTD, 100 CTBOPUTH
HOBI CITO)KMBYI TIPOTIO3HITIT Ta MiJIBUIIATH CBOI KOHKYPEHTOCIPOMOXHICTb.

BpaxoBytou 11i (hakTopH, BEIHKi TOTEIIBbHI i JIPHEMCTBA Ta TOTEIIbHI JIAHIIOTH MOXKYTh pearyBaTy Ha 3011b-
menHsa yacTku @OITiB mIIsX0oM MOCTIHHOTO BIOCKOHAIEHHS CBOiX MOCIYT, PO3BUTKY OpEHIy Ta MOIIYKY iHHO-
BaI[ifHUX IUISIXiB NPUBEPHEHHS Ta YTPHUMAHHS TOCTEH, a TaKOX IIJSIXOM OpraHizamii criBmpani 3 He3aJeKHUMU
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HiANPUEMIIMU Ha OCHOBI IAPTHEPCHKUX YTO, 3a0€3MEUEHHs B3aEMOBHIIIHOTO OOMiHY JOCBIIOM Ta pecypcami,
1 BAKOPUCTAHHS I[bOTI0 MAPTHEPCTBA /ISl PO3LIMPEHHS CBOET IPUCYTHOCTI HAa PUHKY.

Kpim Toro, miaTpuMKa iHAMBIAyadbHUX MIANPUEMLIIB 3 OOKY IOPHIUYHUX 0Ci0 y cdepi roOCTUHHOCTI (HafaHHs
KOHCYJIBTalli}l, HABYaJIbHUX Mporpam, (piHaHCOBOI MiATPUMKH, CTBOpEHHs creuiaiizoBanux nporpam aias @OIIis)
MMO3UTHBHO BIUIMHE HA PO3BUTOK PHHKY TOTEIBHUX MOCIYT YKpaiHH.

BianoBigHO 10 aHANi3y KITBKOCTI JAiF04MX Cy0’€KTIB TOCIIOAPIOBAHHS 3@ BUJIOM €KOHOMIYHOT TisUTBHOCTI
«TOTEJIIB 1 MOAIOHKUX 3aC001B THMYACOBOTO PO3MINTyBaHH» [7] y po3pisi perioHiB y 2017-2021 pp., BCTaHOB-
neHo, mo Oxeckbka, JIbBiBchbKa 00i1., M. KuiB, 3akapnarchka, IBaHo-®PpaHkiBcbKa, JIHimponeTpoBchka o0iacTi,
3aiiMaloTh Tepiri 6 MO3UIiKd Mo KUIBKOCTI cy0’€KTIB TOCIIOAapIOBaHHS 3a aHali3oBaHui mepion. 3 2017 poky
po3mnozin roreniB i moaioanx K3P maB HesHauHi 3MiHH, ane, ctraHoM Ha 2020 p., HalOIBITY YacTKy 3aiimann
3a3HavyeHi Bulle obiacTi, a HaltmeHny (MeHIe 2,5% Bin 3aranbHOMY 00csATy 1o Ykpaini) — [lonTaBchka o0I.
2,2%,Yepkacbka o0i. 2,2%, XmenpHuIbKa 0011. 2,1%, UepHiBenbka 061. 1,8%, Bonunacwka 06:1. 1,7%, TepHo-
ninbebka 061. 1,6%, XKXutomupcebka 061. 1,5%, PiBaencrka o6i. 1,4%, Yepniriecska o6in. 1,2%, Kiposorpan-
cbka 001. 1,1%, Cymcbka o6n. 1,1%, Jlyranceka o6i. 0,5, pa3zom 11i 00J1acTi 3a3HaueHl Ha PUC. 3 K «IHIIII»
i B wminomy 3aiimatoth 18,4%. Ilpore y 2021 p. 3HU3MIACA KUIBKICTh 3aKjaAiB po3MmilieHHs y JIbBiBCHKiid,
3akapratchkii, JIHImponeTpoBebKii, XapkiBcbkild, KuiBchkil, BinHuIbKil obmacTsax ta y M. Kuis Ha 3,4%,
1,3%, 0,2%, 0,6%, 0,8%, 0,9% Tta 2,2%, BiamoBiaHo, a B Onechkii Ta [BaHO-DpaHKIBCHKIN 00JacTAX 3pociia
Ha 1,5%, B MukonaiBcekiit — Ha 1%, Joneuskiit — 0,2%, y XepcoHChKOMY Ta 3amopi3bKOMYy perioHax KinbKicTh
roreniB 1 moxioHux K3P 30inpmuiacs maixke BABiui i ctanoBwmia 2,2% (3 2,9% no 5,1%) i 3,8% (3 4% no
7,8%), BignosinHo (puc. 6) [7].
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Puc. 6. YacTka B 3araibHiit KUTBKOCTI CY0'€KTiB TOCTIONApIOBaHHS po3pisi perioHiB B 2020-2021 pp.

Lrcepeno: cknadeno asmopom Ha ocnogi [7]

OniHIOBaHHS YMOB PO3MO/LUTY TOTEIIB Ta IHIIMX 3aKJIa/IiB PO3MIIIEHH 10 00JIaCTIX HAJa€e BAXKIUBY iH(OP-
MaIlifo PO TEPUTOPIANbHUM PO3MOALT FOTEIbHOI IHAYCTPIl Ta JO3BOJISIE aHATI3yBaTH TyPUCTUUHHIN MOTEHIAI Pi3-
Hux obnacteil. TakuMm YHMHOM, OTHUM 3 OCHOBHHUX (DaKTOPIB PO3MOALTY TOTENIB 3a IEBHUMU PETiOHAMH € IX TypHC-
TUYHA IPUBAOIUBICTb.

TepuropiaibHi OAMHULI 3 BHUCOKMM TYPUCTMYHHM IIOTEHLIaJOM, Taki SK HPUPOAHI MapKH, iCTOPUYHI
mam'saTKH, KypopTH abo MicTa 3 KyJIBTYPHUMH Ta PO3BaKATEHUMH MOXITUBOCTSIMH, 3a3BUYail MAfOTh OLITBINE TOTEIIB
Ta IHIHX 3aKJIadiB po3MilieHHA. Lle 3yMOBICHO MTOMUTOM Ha TYPUCTHYHI MOCIYTH y TaKUX obnacTsaX. EkoHoMiuHi
(hakTOpH TaKOX BILIMBAIOTH Ha TEPUTOPiaIbHE PO3MIIIECHHS TOTSILHUX MIANPHEMCTB. Perionu 3 OLIBII BUCOKUM
piBHEM JIOXOJIB Ta IMOKYITHOK CIPOMOXKHICTIO HACEJICHHS, TaKi SIK BEJIHMKI MicTa a00 MPOMHCIIOBI IIEHTPH, MAlOTh
OlITbIIIe TOTENIB AUTOBOTO MPU3HAYCHHS IS 00CIyrOBYBaHH JIIIOBUX TYpHUCTIiB Ta Oi3Hec-3axomiB. Bubip micris
PO3TaIIyBaHHS TOTENIB TAKUX PETiOHIB 3a€XKHUTH BiJ] MOTCHIIITHOTO IOMUTY Ta MOXJIMBOCTEH IJIsI PO3BUTKY 0i3-
Hecy. BaxxmuBuM ¢akTopoM, SKHif TaK0XK BIUIMBAE Ha PO3MOJLT 3aKIaiB FOTEIBHOTO TOCIIOAAPCTBA € iHPpaCTPyK-
Typa Ta JOCTYIHICTb PETiOHY, OCKIIBKH AT 3a0€3M1eUeHHs 3pyYHOCTI AJIs1 TYPUCTIB FOTENi 4acTo OyIyr0ThCS HOpYyY
3 KJIFOYOBUMH 00'eKTaMU 1HPPACTPYKTYPH, TAKUMH K aepornopTH, 3aJ1i3HWYHI BOK3aJIM 1 CTaHIIi1, aBTOMarictpali.
Ile nonomarae 3aiyyaru OlyblIIe TOCTel Ta MiATPUMYBATH MOTIK TypI/ICTlB y perion. Jlemorpadiuni pakropu Takox
BIUIMBAIOTh posnozun roTeNiB y KpaiHi. Perionu 3 BeMMKOIO KiJbKIiCTIO HAaCETIEeHHS, 0COOIMBO 3 BEJMKOIO YaCTKOIO
B HIOT0 CTPYKTYpPi MOJOIUX JIFONEH a00 JTrofell 3 BHCOKHM PiBHEM JOXOIIB, MOXKYTh MaTH OLIbIIIE TOTETIB [UIS 3210~
BOJICHHSI IIOMTUTY Ha MOCIYTH TYPUCTHYHOI TaIy3i Ta 3ac00iB pO3MilIeHHS. 32 HASBHOCTI BEJMKOTO TYPUCTHIHOTO
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MOTECHIIANY TaKi PETiOHH 3aMy4aloTh SIK MiCLIEBUX JKUTENIB, TaK i iHO3EMHHX TYPHCTIB, III0 NOTpedye TOJaTKOBUX
TOTENBHUX TOCTYT.

Vci i (hakTopu B3aEMOJIIFOTH MiXk COOOIO Ta BILTUBAIOTH HA PO3MOLI TOTENIB Ta IHIINX 3aKJIA B PO3MIIICHHS
mo obnactax. Po3yMiHHS CyTHOCTI BIUIMBY LMX (haKTOpPiB JOMOMAra€e OLiHIOBAaTH PHUHKOBY CHUTYallil0, BU3HAYaTH
MOTSHIIHHI MOXJIMBOCTI JJIsI PO3BUTKY TOTEIBHOTO Oi3HECy Ta mpuiiMaTH OOIPpYHTOBaHI PIICHHS MIOMO PO3TAIIy-
BaHHS FOTEJIIB y PI3HUX PETiOHAX.

3a OI1iHKOI0 TOKAa3HUKIB BUPOOHUIITBA Ta peai3allii HoCIyT roTeJIbHUX MiANPHEMCTB BCTAHOBJICHI iX HE3HAYHI
KOJIMBAHHS BiTHOCHO OJIMH OJIHOTO, NIOPIBHSHHS [UX IMOKA3HHUKIB XapaKTepH3y€e piBeHb BUKOPHCTAHHS Ta PIBCHb
e(heKTUBHOCTI peaizallii roTenbHuX mocuyr (tadin. 3) [7].

Tabmums 3
O06csr peasizoBaHoi Ta BUP00OJIeHOI MPOAYKUii (TOBapiB, MOCJIYT) cy0’€KTIB rocnogapoBaHHsA
BH/IOM €KOHOMIYHOI AistibHOCTI «/lislJIbHiCTb roTeJiB i NogidHNX 3ac00iB THMYACOBOIO PO3MilllyBaHHS»
y 2016-2021 pp.

O0csr peasizoBaHol NpPoxyKUii O0csir BUpoO1eHol mpoxyKuil PeaaizoBa-
poxu yCbOro, 3 nux OOIL. YacTka 3 Hux OOII, YacrTka HO/BMPO-
THC TPH TPH DOII, % yeporo, THE.rp THC. TPH DOII, % 0J1eHO

2016 8439192,3 2087149,8 24,7 8859725,2 1583092,3 17,9 0,95
2017 10649057,7 2753739,7 25,9 11296386 2327004,2 20,6 0,94
2018 13247405 3767966,7 28,4 13565451,7 3204395,2 23,6 0,98
2019 14357886,2 4473731,8 31,2 12905762,8 3813330,3 29,5 1,11
2020 8532763,6 3441754,5 40,3 8163022,8 2970023,6 36,4 1,05
2021 15120876,9 5510675,8 36,4

Lrcepeno: cknadeno asmopom na ocnogi [7]

3rigHo 31 cratucTHYHUME JaHUMH B 20162018 pp., Oyino peanizoBaHO MEHIIE TOCHIYT, HiX BUPOOICHO, 10
MOJKE BKa3yBaTH Ha HasBHICTh HEpeasli30BaHMX 3amaciB abo mpobiemu 3 peamizamiero (puc. 7) [7].

14800000 135654517 14357886,2

13800000

12800000 11296386
11800000 LEPa e 12905762,8
10800000
98000005529 725-2 10649057,7 2763.6
8800000
7800000 F439192’3 81630228
6800000
2016 2017 2018 2019 2020
B O0csr peaizoBaHOl MPOPIYKIIiT OO6csr BupoOieHol mpoxyKuii

Puc. 7. [lunamika peaizoBaHOi Ta BUPOOJICHOT MPOAYKIIii TOTENIB Ta MOAIOHUX 3ac00iB po3MiryBarus 20162020 pp.

Hoicepeno: cknaderno asmopom na ocrosi [7]

Taka cuTyalliss MOXe CKJIACTHCS 32 PI3HUMH NpPUYMHAM, HANPUKIaJ], HEIOCTAaTHs KiJIbKICTh OpPOHIOBAHB,
HEBJIaJIa MApKETHHTOBA Ta I[IHOBA MTOJITHKA, IPOOJIEMH 3 IOCTaYaHHIM, a00 HEIOCTATHIH MOMUT Ha pHHKY. Lle Moxe
CBIJJYMTH PO Hee(PEKTHBHE BUKOPHCTAHHS PECYPCiB 200 MOXKITUBICTh BIOCKOHAJICHHSI ITPOIECY peai3allii mociyr.
HenocrarHiii IONUT, CBOEIO YePror0, MOXKe OyTH TOB'sI3aHHM 31 3MIHOIO BITOJI00AHb CIIOKWBAYIB, 3pOCTAHHIM KOH-
KypeHIlii 200 eKOHOMIYHUMH (HaKTOpaMH

B 2019 ta 2020 pp., He3Ba)KAOYH HA MMAHACMII0, peali3oBaHi MOCIYTH MEPEBUIILYBAIM BUPOOJICHI, 1O CBiJl-
YUTH TPO 30UIBIICHHS (PAaKTUIHOTO PiBHS MOMUTY, BITHOCHO OYiKyBaHOTO. 3pOCTAHHS MOIHUTY MOXe OyTH pe3yib-
TaTOM IOCWJICHHS MapKEeTHHIOBUX 3YCHJIb, 3MiHH BiIHOIIEHHS CIIOXUBAYIB JI0 MEBHUX MOCIYT a00 MiJABHUIICHHS
JKUTTEBOTO PiBHS CMIOKHUBAYIB TOTENFHUX MOCIYT.

Takox epekTHBHE yIpaBIiHHS 3alacaMy Ta ONTHMI3allisi BAPOOHHIITBA TOTTOMAra€ YHUKHYTH HEIOCTadi Ta
3a0e3MeunTH 301IbIIeHHS 00Csry peanizanii mocayr. [HIIo NPUYUHOIO 3pOCTaHHS PIBHS peati3allii MOXyTb OyTH
palioHaJbHO BCTAHOBJICHI [IHM HA IMOCITYTH, IO 30UIbIIye iX mpogax. Jlo 0cTaHHBOT 3 MOXIUBHX MPUYHH Halle-
KHUTh PO3BUTOK HOBUX PHHKIB IiJIPHEMCTB TOTEIHFHOTO TOCMOAAPCTBA IUITXOM OXOIUICHHS! HOBUX CETMEHTIB 200
po3immpeHHs reorpadii 3aKkiaaiB po3MileHHs.
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3a cratuctiuyHUMH JaHuMmH, dacTka OOIIiB B peanizanii Ta BUpOOHULTBI MOCIYT 3a aHATI30BaHUHN Mepio]
3poctae 3 24,7 no 40,3% Ta 3 17,9 no 36,4%, BiagnoBigHo. He3Baxkaroun Ha Te, IO YacTKa CaMUX MiJIPUEMCTB
B 3arajbHill KITBKOCTI Cy0’€KTiB rOCIOAAPIOBAHHS HE 30UIBIIY€EThCS, @ 3aIUIIAETHCS B CEpeIHbOMY ONMu3bKo 77,5%
(nuB. Tabm. 2.2). IIpore y 2021 p. yactka obcary peanizauii @OIliB 3meHmyeTbest Ha 3,9% y mopiBHSAHHI 3 moIIe-
peaHIM pOKOM.

3pocranns yactku OOIIiB y ckiai iHIIAX TOTENFHUX MiIIPHEMCTB HOSCHIOETHCS BILTBOM TaKOTO (PaKTOPy
PO3BUTKY SIK 3pOCTaHHS MPOIYKTHBHOCTI 1X MisibHOCTI. Choromni @OI1n xapakTepu3yroThCs OLIBIIO MPOAYKTHB-
HICTIO Ta €(DEeKTUBHICTIO B peai3allii CBOIX IMOCIIYT, OCKIJIBKH BOHH MOXKYTh IIPOTIOHYBATH Pi3HOMAaHITHI ITOCIYyTH Ta
3a0e3reuyBaTy OUTBIINAN 00CAT MPOAaXKIB HAa OHE MIANPHEMCTBO. Takuii pe3ylbTaT JOCATAETHCS IIJIIXOM BIIPOBa-
JDKCHHSI HOBUX TEXHOJIOT1H, MMOKPAIIEHHS IPOLeCy YIPaBIiHHS Ta ONTHMIi3alii Oi3Hec-Tpoecis.

HominyBanns Benmukux POIIIB gocsAraeThecs 3aBASIKH TOMY, 11O OOCST peainisaiii iX mociayr B OCHOBHOMY
3aJIeKUTh Bifl KUTBKOX BEJIMKHX ITIIPHUEMCTB, SIKi BOJIOAIIOTh 3HAUHUMHU PECYPCaMH, ITUPOKUM KOJIOM CIIOXKHBaUiB
abo BHCOKMM piBHEM creniajizamii. ¥ TakoMmy BHUIaKy, xoda kinpkicte @OIliB Moxe 3anmumiaTucsa cTabibHOIO,
BOHM 3[IaTHI TeHEPYBaTH 3HAYHHUIA 00CST MPOAaXKiB.

30inbieHHs o0csry peanizoBanux nociayr @OIlamu Bkazye Ha 3MiHY CTPYKTYPU PUHKY FOTEIBHUX MIOCIYT,
B sikoi ®OIIu cknamarTh OLTBITY HOro 9acTKy. Lle MOsICHIOETBCS 3pOCTaHHSAM IOMKUTY Ha iHAMBITYyaIbHI Ta He3a-
JIeKHI TOCIyTH a00 3MIHOIO CIIOKUBAIBKUX YIIOZ00aHb, STKi MOXKYTh 3a0e3nedyBatu OOI1w.

HacTymHuM Noka3HUKOM, SIKHH XapaKTepU3y€e CyYacHHH CTaH PUHKY FOTENIbHUX MOCIYT, € KUTbKICTh 3alHs-
THX TIPAIiBHUKIB y TOTeNsX 1 moxiOHnx K3P, 0CKiNIBKY BiH JT03BOJISE OI[IHUTH MAaCIITa0 PO3BUTKY Taly3i TOCTHHHO-
cti (Tabm. 4) [7].

Tabnurs 4
KinbkicTh 3aiiHATUX NpaniBHUKIB B roresx i nogioHux 3acodax
TUMYacoBOro po3mimyBanus y 2016-2021 poxax
KiabkicTh 32iiHITHX NPalliBHUKIB y ¢y0’€KTIB rocnogapoBaHHsA
poxn ycboro, 0cib 3 nnx y @OII Yactka y ©OII, %
2016 29644 8359 28,2
2017 32139 9897 30,8
2018 36334 12993 35,8
2019 36833 13054 35,4
2020 29465 9817 33,3
2021 28674 10256 35,8

JDicepeno: ckradeno agmopom 3a oanumu [7]

JlocniKkeHHS 1IMX MTOKa3HUKIB JJOTTOMAarae, mo-nepie, OIiHUTH €KOHOMIYHY aKTHBHICTB IiIPUEMCTB B 1HIY-
CTpii TOCTUHHOCTI i BUSBHTH 3MiHH Y cdepi 3aiiHATOCTI. [lo-Ipyre, KIBKICTh MPAIiBHUKIB CIYKHTh 1HIHKATOPOM
PiBHS KOHKYPEHIIiT Ha PHHKY, a TAKOK BKa3ye Ha SKiCTh 00CITyroByBaHHs. KpiM Toro, aHami3 3MiH Y KUTbKOCTI TIpa-
LiBHUKIB Ha/Ia€ 3MOTY IIPOTHO3YBaTH PHHKOBI TEHACHIII] 1 BU3HAUYATH PO3BUTOK TOTENIFHOI ramysi. BpaxyBanus mux
(hakTOPIB 103BOJISIE OTPUMATH BAXIIMUBI IHCAMTH IIOI0 CTaHy Ta MEPCIECKTUB PO3BUTKY TOTEIFHOTO CEKTOpa. Takum
yHOM, B 2020 Ta 2021 pokax CIOCTepira€ThCsi CKOPOUSHHsI 3aHATHX, 1€ € 3aKOHOMIPHOIO BIAMOBIAIIO0 HA CKOPO-
YEeHHA B TOH ke mepiox cy0’€KTiB rocrnoJapioBaHHs BiNOBITHOTO BUIY JisSUIBHOCTI, CKOPOUEHHS BUPOOHUIITBA Ta
peanizaiii roTebHUX TMOCIYT MiCs TaHaeMii.

TakuM 9YUHOM, 3MEHIICHHS KiTBKOCTI 3aiHATHX MPALiBHUKIB Y TOTEJIX 1 MOAIOHHX 3aKIanaX pO3MIiMICHHS
B YKpaiHi MOSCHIOEThCSA PI3HUMH NpUYWHAMH. BOHO BKa3ye Ha €KOHOMIiYHI TPYOHOILI Ta 3HIDKCHHS IONHTY HA
MOCIYTH PO3MIIIEHHS, IO 3B’S3aHO 3i 3MCHIIEHHS TYPUCTUYHOTO ITOTOKY, 3HIDKCHHSM IHBECTHUIIH y TOTEIBHY
rayry3b ab0 3MiHOIO CITOKUBAIBKUX MPiopuTeTiB. CKOPOUYCHHS KaAPiB TAKOXK € HACHIIKOM aBTOMAaTH3AIlii MpoIeciB
Ta BIPOBA/DKCHHS HOBHX TexHouorii. KpiMm Toro, moyiTi4Ha Ta coliaibHa HeCTaOlIbHICTh BUKIIMKAE 3MEHIICHHS
KUTBKOCTI 3aiHATHX Y TOTEJIBHIH rany31 VYei i (baKTopH BIUIMBAIOTh HAa CTAH FOTEIBHOT ramy3i B YkpaiHi Ta HOTpeGy—
FOTh BIIMOBIIHUX CTpaTEeriii i 3aX0iB A1 30epEeIKSHH 1 BiTHOBICHHS po6ormx MICIIb Ta PO3BHUTKY TajIy3i B I[iIOMY.

BaxTUBHM MOKA3HUKOM, 1[0 XapaKTePHU3ye Cy4aCHHH CTaH rOTEIbHOI 1HIyCTpil VKpamn € MOKa3HUK TIPH-
OyTKy 10 ONOJATKyBAHHS TOTEINIB 1 MOMIOHUX 3aCO0IB TUMYACOBOTO PO3MIILICHHS Y PO3Pi3i PErioHiB, pe3yIbTaTH
po3paxyHkiB 3a 2020 p. HaBeneHo Ha puc. 8 [7].

Y Ouibl cTabiTbHOMY CTaHI COLIiaJIbHO-€KOHOMIYHOI cucTeMH Ykpainu y 2020 p. obnacti, 110 MaroTh Haid-
O1TBIIHI IPUOYTOK, B TOM e Yac MarOTh HAHOIIBINY KiIbKICTh CY0’€KTIB rOCIIOAPIOBAHHS 33 BUJIOM €KOHOMIYHOT
JUSUTBHOCTI «TOTeN 1 Toai0H1 3aCO0M TUMYACOBOTO PO3MIIIyBaHH:». [0 TaKMX perioHiB BiAHOCATHCS: M. KuiB, 1o
Ma€e 4acTKy y po3Mipi 79,8% Bin 3aranpHOTO IMpUOYyTKY, YacTka Omechbkoi obmacti cknamae 6,2%, 3akapmarchKol
obiacti — 3,5%, JIpBiBCBHKOT — 2,7%. He3Baxkatoun Ha Te, mo [TontaBchka Ta 3amopi3bka 001acTi HE € IPOBIIHUMUA
M0 KUTBKOCTI 3aKJIaJliB, BOHU MalOTh OUTBIINE NMPHOYTOK, sIKiii craHoBHTH 1,4% Ta 1,2%, BinnoimHo. J{Himporne-
TPOBCBKA O0JIACTh, SIKA HAJICKUTH J0 OJHOTO 3 PETiOHIB, N0 MalOTh HAWOUIBINY KUTBKICTh 3aKJaliB PO3MIIICHHS,
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Mae 1% Bix 3arampHOTO MpUOYTKY. B KaTeropito «iHIID» BXOAATH 0OJACTi, [0 MAIOTh YacTKy NMPHOYTKY MEHIIE
0,5%. 1o Takux perioHiB BiAHOCATHCS: XMeNbHUIIbKA, JloHenbka, IBano—DpankiBchka, MukonaiBcrka, Uepkacbka,
KipoBorpazaceka, Kuiscrka, XKutomupcrka, Binauipka, PiBHeHcbKa, UepHiBellbka 00acTi.

2, 1,4 121 06 2

>

6,2

79,8

u M. Kuis B Opecbka 00macTh B 3akaprnarcbka 00J1acTh
JIbBiBCBHKA 00MACTh H [TontaBchKka 007acTh B 3aropizbka 00sacTh
B J[HinponeTpoBchKa o0nacTs M XapkiBcbka 001acThb L Biciing

Puc. 8. YacTtka nprOyTKy /10 ONOAATKyBaHH: roTeNiB i moAiOHUX 3aco0iB po3MilyBaHHs 1o perioHax B 2020 p.
JDicepeno: ckradeno agmopom Ha ocHosi [7]

OnHak, B OCTaHHI JIBa POKH ITiJ] BIUIMBOM KPHU30BHUX SIBHI CTPYKTypa MPUOYTKY 3a perioHaMH 3MiHUIIACS
(puc. 9, 10) [7].

29 1 0,4 0,4 0,50,31,6 u M. Kuis
: B Opecbka 001acTh
u [BaHo-®paHKiBChKa 001aCTh

4,8
0,8

JIbBiBChKa 00MACTD
B XapkiBchKa 001acTh
® 3aropi3bka 001aCcTh
B KuiBchKa 001acTh
B JJoHerpka 00macTh
B J[HinporeTpoBchka 001acTh
B [Hmi

Puc. 9. Hactka npuOyTKy /10 OMOJaTKyBaHHS TOTENIB 1 MOMIOHUX 3ac0o0iB po3MiltyBaHHs 1o perioHax B 2021 p.
JDicepeno: cknadeno agmopom Ha ocHosi [7]

39.8
® v. Kuis B Onecbka o0nacTh M 3akaprarcbka o01acTh
JIbBiBCBHKA 00aCTh ® [TonTaBchka 001acTh B [BaHOo-@DpaHKiBChKa 0071aCTh
B J[HinponeTpoBcbka obnacTs M TepHONiIbCbKA 001aCThb W [Hui

Puc. 10. Yactka npuOyTKy 10 OIOIATKyBaHHS TOTENIB i MOAiOHNX 3ac00iB po3MillyBaHHs 1O perioHax B 2022 p.
IDicepeno: cknadeno agmopom Ha ocHosi [7]

OTxe, y 2021 p. BiAMOBITHO A0 BEIUUMHU MUTOMOI Bard IIbOT0 MOKAa3HUKA PEriOHU PO3TalllyBaIHuCs B HACTYII-
HoMy mopsiaky: M. Kuis (87,3%), IBano-@pankiBcbka obmacth (4,8%), JIbBiBcbka o0macth (2,9%), XapkiBcbka
obmacts (1,0%), Onecrka obmacts (0,8%), Kuiscpka i 3anopiszbka obmacti (0,4%), Jlonenpka obmacts (0,5%),
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Huinponerposcbka obnacts (0,3%), inmi (1,6%), a y 2022 p. 3a pe3ynsraTaMu paHXUPYBaHHS BEJINYUHH IPHOYTKY
nepii BiciM micup 3aiiHsun: JIpBiBchka 06macth (39,8%), M. Kui (14,1%), 3akapnarceka obnacts (14%), Onecbka
obnacts (7,2%), JuinponerpoBcbka obnacts (5,1%), [Bano-OpankiBcbka obnacts (4,8%), TepHoninbchka 061acTh
(3,0%), ITonraBceka obnacts (2,1%), inmi perionu (9,9%).

BucHOBKH 3 HOCTiIKeHHS i MEPCNEeKTHBH MOJANBINHX PO3BiIOK Yy HbOMY HAmpsiMi. AHAII3 PUHKY
TOTENBHUX MOCIYT B YKpaiHi, MOKa3aB, IO TOTENl € HAHMOINPEHIITUMH 00'€KTaMU THMYaCcOBOTO PO3MIIICHHS.
Ha oCHOBI OIIHKH JUHAMIKM TaKHX CTaTUCTUYHHX IMOKA3HWKIB SK: KUTBKICTh TOTEJNIB U MOMIOHMX 3aKJaIiB po3-
MIIIEHHS; KUTBKICTh 0ci0, mo nepedysanu B K3P; kibkicTh 3alHATHX i MOKA3HHKH pealtizallii Ta BUpOOHHUIITBA
TOTENBFHUX TIOCIYT, BCTAHOBJICHO BiJI'€MHI TEHJICHIIIT X pO3BUTKY B YKpaiHi B OCTaHHI TPU POKH, IO MOSCHIOETHCS
HeratuBHUM BIUIMBOM maHjemii COVID-19, momiTHYHUX Ta €KOHOMIYHUX KPHU30BUX SIBUII B KpaiHi Ta y CBITI.
B xoxi mocmimpkeHHs: BU3HAUEHO, 10 Taki obmacti gk Oneckka, 3akapnarchka, JIbBiBcbka Ta M. KuiB, MaloTh Haii-
O1NTBIIY KIJIBKICTH FOTEINIB Ta MOAIOHMX 3aKJIaJIiB PO3MIllIEHHS, i BIIMOBIAHO OLIBIINI MPUOYTOK Bij Li€l AISLTEHO-
cTi. Tako BCTAaHOBJIEHO 3pOCTaHHS PO IHAUBITyalbHUX MiATPUEMIIIB Y TOTENbHIH ramys3i it HanpsiMu iX criBIpari
3 TOTEJIbHUMHU MEpEKaMH, SIKi IiependayaroTh 00'eIHaHHS pecypciB, 3HaHb Ta iHHOBaliiHOT akTuBHOCTI POIIiB 115
CTBOPCHHS HOBUX CIIO’KUBYHX IPOMO3HUIIH.

3pocranns yactkn DOIliB y CprKTypl Cy0’€KTIB TOCIIOAPIOBAHHS Ha PHHKY TOTEIBHUX MOCIIYT MOSCHIO-
€THCST HECKIIATHOIO TPOIEIYPOIO IX peecrpauu HIDKIAMH BUTpaTaMH Ha ynpaBJ'IlHHH 0i3HEeCOM, OLITBIIOIO TTPOIYK-
THUBHICTIO Ta €(DEKTHBHICTIO peatiallil IMOCIyT, THYYKICTIO Y IPUIHATTI pillleHb, HAIAaHHAM IHHOBALIHHHUX ITOCITYT
1 BIPOBAKCHHSM HOBHX KOHIICTIIIIH, 8 TAKOXX HEOOX1THICTIO 3a0e3IeYCHHS CaMO 3aiHATOCTI.

JocnimkeHns PHHKOBHX YMOB (YHKIIIOHYBaHHS TOTCIBHHUX MiANMPHUEMCTB Ha OCHOBI aHAJI3y CTaTUCTUYHHUX
JAaHUX HaJIa€ 3MOTY JIJISl OILIHIOBAHHS CyYacCHOTO CTaHy TOTEIHHOTO PHHKY, MOTEHITiaTy OTO PO3BUTKY. OTpI/IMaHl
Pe3yIbTaTH CIyKaTh m,z[rpyHTﬂM JUTSL TIPOBEACHHS TOAANBIINX JTOCHIPKEHb Y HAPSAMKY (bopMyBaHHﬂ cTparerii
VIPaBIiHHS PO3BUTKOM 1 3a0e3MedeHHs] KOHKYPEHTOCIIPOMOXKHOCTI 3aKJIa/liB THMYaCOBOTO PO3MIILIEHHS.
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THEORETICAL FOUNDATIONS OF FOOD SAFETY MANAGEMENT RESEARCH

The article is devoted to the study of food safety management at restaurant enterprises. Improving food safety management
at restaurant enterprises involves the use of the latest technologies and standards, as well as taking into account legislative
requirements in the field of food safety. The enterprise must have appropriate procedures and instructions for the organization
of food quality and safety control, as well as ensuring hygiene in the kitchen and in the restaurant. It is also important
to ensure that food safety personnel are properly trained and educated so that they can apply procedures and standards
correctly. In addition, the company must use high-quality and verified food suppliers. The concept of food safety was considered
and its structural elements were determined. The basic principles of food safety management at restaurant enterprises were
established. Relevant modern international organizations, their activities and the importance of influence on food safety are
analyzed. The main documents at the state level responsible for regulating food safety have been identified. The main incidents
of food safety violations and ways to eliminate them are considered. The relevance of the problem of improving food safety
management at restaurant enterprises has been proven. The key problems in the field of food safety at restaurant enterprises
were studied and the prospects for the development of food safety at restaurant enterprises were determined. Recommendations
for improving food safety management at restaurant enterprises have been developed. Improving food safety management at
restaurant enterprises is an important element of ensuring the restaurant's competitiveness and reputation. Customers will be
more inclined to choose restaurants that maintain high standards of food quality and safety. The research is relevant in modern
conditions, as food safety is becoming an increasingly important problem in the restaurant industry. The global COVID-19
pandemic has exacerbated this problem as people have become more aware of hygiene standards in public places, including
restaurants. Ensuring food safety at restaurant enterprises is important not only for the health and safety of customers, but also
for the successful operation of the enterprise itself. A restaurant's reputation can be seriously damaged if problems with food
quality or safety are discovered.

Key words: international organizations, management, restaurant enterprise, quality standard, food safety.
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Mzina B. A., Buwnikina O. B., Cabipos O. B., I'anonenxo C. O., I'ypouu H. O. Teopemuuni ochogu docnioxycenns
MeHedHcMenmy xapuoeoi beznexu

Cmamms npucesiuena 8UUEHHIO MEHEOJICMENNy Xapyoeoi be3nexku Ha NiONPUEMCMBAX PecmopanHo20 20CNO0APCMEa.
Byno posenanymo nonamms xapuosoi besnexu ma usHAueHo 1020 cmpyKmypHi enemenmu. byno ecmarnogneno ocrogui npunyuny
MeHeOJICMeHmy Xapuoeoi Oesnexy Ha RIONPUEMCMBAX DeCMOpanHozo 2ocnodapemead. IIpoananizosano 6ionosioni cyuachi
MIICHAPOOHT Opeanizayil, ix OIIbHICIb MA 8ANCTUBICHIL BNIUSY HAXAPHO8Y De3neKy. Busnaueno 0CcHO8HI 00KyMEeHNU HA 0epICaBHOMY
DigHI, W0 6i0N0GI0aIOMb 3a pecyliosanHs Xap4uoeolo besnexor. Posensnymo ocHoeHi inyudeHmu nopyuenHs xapuoeoi besnexu
ma wiaAxu ix ycynenus. JJoseoeno axmyanbHicms npooiemu YOOCKOHANEHHS MEHEOMCMEHMY Xapuo8oi be3nexu Ha NiOnpUEMcmeax
pecmopanto2o 2ocnooapcmed. Bugueno xnoywosi npobremu y eanysi xapuogoi besnexu Ha RIONPUEMCMBAX DeCMOPAHHO20
20cn00apcmea ma GU3HAYEHO NEePCNEKMUSU PO3GUMKY XApuoeoi Oesneku Ha NiOnpuemMcmeax pecmopanHo2o 20cnooapcmed.
Pospobneno pexomendayii w000 600CKOHANEHHS MEHEONCMEHNTY XAp4oeoi Oe3neku Ha NIONPUEMCMBAX PECHOPAHHOZO
2ocnodapemea. Xapuoea besnexa € 0yice 8axicIU6010 0Jisl peCMOPAHHO20 20CNO0APCMEa Ma 6KIIOUAE 8 cebe Npasuibie 30epieanHs,
20MmyeanHsi ma 06poOKy idici, o0 YHUKHYMU PUSUKY 3aX80pI0eanHs cocmell. [Tionpuemcmsa pecmopaniozo 20cnoo0apcmead NoGUHHI
0OMPUMYBAMUCH BUCOKUX CIAHOAPMIB 2i2iEHU, Nepesipsimu SKichib RpoOyKmie | Konmpomosamu memnepantypy 30epizanns. Taxooic
BAJICTIUBO HABUAMYU NEPCOHAN NPABUAAM Ge3nexu idci ma pe2yiapHo nepesipamu yci npoyecu, nogsI3aui 3 NpUOMyBaHHaM ma
nodauer ixci. 3abesneuents xapuosoi benexu donomazae 30epecmu penymayino 3axiady, 3abesneyumii 3a008071eHHs KIIEHMI8 ma
VHUKHYmMU npoOnem 3 0p2anamu pe2yioanHs ujoo0o CanimapHux Hopm. Xapuoea besnexa 8 3aknaokax pecmopanno2o 20Cnooapcmsa
€ KpUMUYHUM ACHEeKMOM, OCKibKY BOHA NPSAMO N08'A3ana 3i 300pos'am ma besnexoio cnodicugadig. OcHO8HI acheKmu 8aicIUeoCci
Xapyosoi beznexi BKI0UAMb: 300P08's. CHONCUBAYIB, penymayis 3aK1ady peCmopaHHo20 20CRo0apcmed, 8i0n0sIOHICMb OloHoMy
3AKOHOOABCMGY, 3HUNCEHHS (DIHAHCOBUX PUBUKIB, 30epedicents aKocmi npodykmis. [l YCniuHO20 MeHeONCMEHNY Xapyogoio
be3nexoro 8 3aK1a0ax pecmopanHo20 20CHO0APCMEA BANCTUBO 3ACTNOCOBYBAMIU CUCTEMHUL RIOXIO.

KitrouoBi ciioBa: migcHapoOwi opeanizayii, MeHeoJIcMeHm, 3aKaa0 PecmopaHHo2o 20CRo0apcmed, CMaHoapm aKocmi,
xapuoea besnexa.

Formulation of the problem. The problem of food safety is becoming more and more relevant in the restau-
rant business, as customers expect high quality and safety of food products. To ensure this, restaurant management
must use the latest technology and standards, take into account legal requirements and have procedures and instruc-
tions for quality control and food safety. It is also important to train staff and use proven product suppliers. Ensuring
food safety is important for a restaurant's competitiveness and reputation, and the global COVID-19 pandemic has
heightened attention to hygiene standards. The successful operation of a restaurant depends on ensuring the quality
and safety of food products.

Analysis of the latest research. Among the scientists who studied the issue of food safety in the restaurant
industry, it is worth highlighting such scientists as T. Afanasyeva [1], Yu. Basova, 1. Bezborodko, A. Borodai [3],
S. Belyaeva [2], L. Byshovets, O. Davydova [4], O. Ivanishcheva, O. Zapototska [6], O. Kamushkov, O. Kurakin,
A. Mostova [7], Yu. Nakonechna, T. Overkovska [8].

The purpose of the article. The purpose of this work is the analysis of food safety management of restau-
rant enterprises, assessment of domestic and international food safety standards, and justification of proposals for
improving food safety management at restaurant enterprises.

Presenting main material. The main structural elements of food security (fig. 1).

[ STRUCTURAL ELEMENTS OF FOOD SAFETY ]
| |
[ Food ] [ Food manufacturers J
I ]
[ Ingredients } [ Consumers }
| \
[ Food technology } [ Management system }

Fig. 1. The main structural elements of food security
Source: compiled by the author [2]

Structural elements of food safety are characterized by the following provisions [1]:

1. Physical access to adequate food products, which is ensured by the availability and sufficiency of food
products [1].

2. Economic access to adequate food products, which means the availability of food products at reasonable
prices [1].

3. Social access to adequate food products, which is ensured by equal access to food products for all people
regardless of their social position [1].
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4. Reliability of food products, which means the absence of harmful substances and microorganisms that can
cause human disease [1].

5. Quality of food products, which covers taste and dietary properties of products, their nutritional value and
compliance with quality standards [1].

For a reasonable understanding of structural elements, it is necessary to analyze them in more detail.

Physical access to adequate food means being able to obtain sufficient quantities of safe and nutritious food.
To ensure physical access to food products, it is necessary to have the availability of products in markets, supermar-
kets, restaurants, cafes, shops and other places.

One of the main aspects of physical access is the availability of sufficient food to meet the needs of consum-
ers. The availability of products depends on the efficiency of the system of production, storage and transportation
of products. Also an important factor is the availability of products for people with different physical abilities, for
example, for people with limited mobility or with certain dietary restrictions.

To ensure food sufficiency, it is necessary to have a sufficient amount of food for the population in each region
and to comply with the requirements of the national program for providing the population with food products. This
may require proper planning of production and import of products, increased production volumes, increased effi-
ciency of transportation and storage of products.

Elements of physical access to adequate food also include the availability of food at reasonable prices, allow-
ing more people to have access to adequate food. It is also important to ensure physical access to food products in
case of extreme situations, such as natural disasters, wars or other crisis situations.

In order to ensure physical access to adequate food products, it is also important to ensure proper storage
and transportation of products so that they do not spoil and become unsafe for consumption. In this context, it is
important to ensure proper conditions in all links of product supply — from the producer to the final consumer [3].

Economic access to adequate food means the ability of people to have sufficient access to the food they need
that is safe, nutritious and healthy at affordable prices. This is an important issue for many people around the world,
especially in low-income countries.

One of the most important organizations dealing with issues of food availability and quality is the World
Health Organization (WHO) [12]. WHO works to improve economic access to food, in particular, by developing
national nutrition programs, improving the monitoring and evaluation system of food quality, promoting the devel-
opment of food markets, and supporting the development of local and national food supply systems.

In addition to WHO, there are other organizations that deal with the problems of availability and quality of
nutrition, in particular, FAO (Food and Agriculture Organization of the United Nations) [10], UNICEF (United
Nations Children's Fund) [11], UN Women and others.

In addition, many countries and local governments are developing and implementing various programs and
initiatives to ensure affordable access to adequate food products for their citizens. Such programs may include
various measures, such as food subsidies for the most vulnerable population groups, support for small and medi-
um-sized businesses in the food sector, development of infrastructure to ensure the supply of fresh and healthy food,
support for local production and entrepreneurship in the field of agriculture and other.

In addition, it is important to pay attention to the impact of international trade and globalization on economic
access to food products. Often, an increase in world trade can lead to changes in the production and supply of food
products, which can affect the prices and availability of these products in different countries.

In this context, the World Trade Organization (WTO) plays an important role in solving the problems of eco-
nomic access to food products by promoting free trade and developing trade rules that ensure a balance between the
economic and social interests of different countries. The main goals of the WTO are shown in fig. 2.

WTO objectives

~~

to increase the standard of living

to organize a constant increase in profitability
and increase the efficiency of consumer demand

to optimize the world's resources according to
the purposes of use

Fig. 2. The main goals of the World Trade Organization
Source: compiled by the author [4]
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Food safety is an extremely important aspect of ensuring the proper standard of living and health of the popu-
lation. It means that food products must be free from harmful substances and microorganisms that can cause human
disease, and must meet established standards and requirements [4].

Ensuring the safety of food products requires compliance with a number of standards and procedures aimed
at preventing the contamination of food products with harmful substances and microorganisms. Such procedures
include the use of safe methods of food production, transportation and storage, as well as food quality control at all
stages of production and distribution.

National and international food safety organizations such as the FAO (Food and Agriculture Organization
of the United Nations) and the World Health Organization (WHO) develop and set food safety standards that help
ensure food safety worldwide. In addition, government regulatory and supervisory bodies establish rules and regu-
lations that aim to ensure food safety at the local level.

One of the aspects of food safety is their impact on the environment and ecology. During the creation, deliv-
ery and storage of food, various chemicals and other materials can be used that can have a negative impact on the
environment. For example, the use of pesticides and other chemical means of plant protection can lead to soil and
water pollution, which can negatively affect ecosystems and human health.

Therefore, an important aspect of food safety is their impact on the environment and the development of envi-
ronmental policy in the food industry. The development of a green economy and ecological production practices can
help ensure food safety and reduce their negative impact on the environment.

In addition, the issue of food safety is related to the problem of global food processing and transportation.
Often, food grown in one country is processed and transported to other countries, which can create additional food
safety issues [S5]. In particular, such a process can lead to the contamination of food with harmful substances, as
well as increase the risk of spreading diseases through infections and diseases [1]. The purpose and functions of the
World Health Organization (WHO) are indicated in fig. 3.

WHO

Aim Functions

1. Normative and regulatory activities
(mainly carried out by the headquarters).
2. Scientific and technical cooperation
(carried out by regional and state bodies
and organizations).

Strengthening the system of providing
health care for the population of all
countries of the world.

Fig. 3. Purpose and functions of WHO
Source: compiled by the author [5]

The principles of food safety management cover the entire life cycle of food products, starting with the raw
material supply stage and ending with the consumption stage (figure 4). This cycle covers the processes from the
creation of a product to its removal from the market, including such stages as production, processing, transportation,
storage and sale. The importance of each stage in the food processing industry to ensure the safety and quality of
the product requires systematic integration and consideration of risks, taking into account scientific research and
evidence:

1. Product development: this stage includes concept definition, formulation and formulation development,
research and packaging development.

2. Production: this stage includes purchasing raw materials, manufacturing the product, its packaging and
labeling.

3. The distribution stage includes the distribution of the product through the distribution network to retail
outlets and other establishments where consumers can purchase it.

4. Implementation and use: this stage includes the sale of the product and its use by consumers.

5. Withdrawal from the market: This step involves withdrawing the product from the market if safety or qual-
ity issues are identified.

The life cycle of food products is important for ensuring the safety of food products, because at each stage
there may be risks of contamination of the product, which can negatively affect the health of consumers [6]. Prod-
uct life cycle management includes the development and implementation of quality control procedures, ensuring
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product safety and monitoring risks at each stage. The main principles of food safety management and their charac-
teristics are shown in fig. 5.

Product
developme
SN
[ Withdrawal from the ] [ P . ]
roduction
market

Implementation

Distribution
and use

<

Fig. 4. Life cycle of food products
Source: compiled by the author [6]

These principles are designed to ensure a high level of food safety at all stages of the food life cycle and to
increase consumer confidence in food products.

However, the general principles of restaurant management usually include the following aspects, which are
depicted in fig. 6.
In accordance with the requirements of the SOD, the following principles should also be noted:

1. The enterprise must ensure the availability and sufficiency of food products, as well as ensure the safety of
the products produced.

At all stages of production and supply - from raw
food safety materials to the final product.
) Ensuring timely and effective risk management to
prevention ensure food safety and avoid safety issues.

Ensuring the use of scientific data and information

scientific justification for decision-making and development of risk
management strategies.

Ensuring effective communication and interaction

mutual communication bet\iveen different parties at all stages of the food life
cycle.

parties in matters related to food safety.

sustainability Ensuring accountability and transparency of all

parties in matters related to food safety.

ensuring responsibility > Ensuring accountability and transparency of all

Fig. 5. Basic principles of management
Source: compiled by the author [7; 8]
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2. The enterprise must develop and implement a food safety management system, including product quality
control procedures, relevant documentation and personnel training.

3. The enterprise must monitor all stages of production and storage of food products, from the beginning of
the supply of raw materials to the end of sale.

4. The enterprise must ensure thorough control of all types of possible food safety risks, including physical,
biological and chemical risks.

Food safety management should be systematic,
covering all aspects of the enterprise's activities,
starting with the purchase of products and ending with
the storage and release of finished products.

1. Systematic approach

When defining a food safety management strategy, it is
2. Risk-based approach necessary to take into account the risks that may arise
in the process of food production and processing.

3. Eiisuring sustainable The enterprise must ensure the continuous operation of
operation of the food safety the food safety management system, including control
management system. over the implementation of food safety measures.

4 flé f:ﬁg?&ﬁi;g;isggg il;)i)l?y The business must recognize its responsibility for food
food products. quality and safety, arid undeistand the importance of
each employee's role in ensuring these aspects
5. Continuous monitoring and The enterprise must constantly assess the effectiveness
updating of the food safety of its food safety management system and make
management system. changes depending on changes in production
conditions and legislation.

Fig. 6. Principles of food safety management in the restaurant industry
Source: compiled by the author [13]

5. The enterprise must develop and implement a system of monitoring and assessment of food safety risks,
including analysis of potential risks and assessment of the impact on consumer health.

6. The enterprise must establish quality and safety standards for food products that meet national and interna-
tional regulatory requirements.

7. The enterprise must ensure planning and management of waste generated during the production and storage
of food products to ensure appropriate treatment and disposal of the relevant waste.

The implementation of food safety management principles helps to ensure the efficiency of the operation of
restaurant enterprises, to reduce costs for the production and sale of food products, as well as to increase consumer
confidence in the quality and safety of food products, which in turn ensures the growth of the enterprise's profit and
increases its competitiveness on the domestic market. In addition, compliance with food safety management princi-
ples is necessary to meet legal requirements for food safety and quality. Failure to comply with food safety require-
ments can have serious consequences, such as fines, product recalls, lawsuits and loss of consumer confidence.
For enterprises involved in the preparation of food, compliance with the principles of food safety management is
particularly important. They have a great responsibility to ensure the safety and quality of the products they use
in their work and serve to their customers. In addition, compliance with the principles of food safety management
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contributes to the creation of a positive image of the enterprise, which ensures the attraction of new customers and
the preservation of existing ones.

In Ukraine, state control over compliance with food safety requirements is carried out by the State Service of
Ukraine for Food Safety and Consumer Protection (State Consumer Protection Service). In addition, compliance
with the principles of food safety management can be checked by other regulatory bodies, such as the State Fiscal
Service, the State Environmental Inspection, etc.

Administrative, civil and criminal responsibilities are provided for non-compliance with food safety require-
ments, depending on the severity of the violation.

Violation of legislation on product safety and quality may result in fines established by law. For example, in
Ukraine, according to the Code of Ukraine on Administrative Offenses, fines for violating product safety require-
ments can range from 1,700 to 5,100 hryvnias. In addition, for some food safety violations that may cause serious
consequences for the health of consumers, criminal sanctions for restaurant enterprises may be provided, such as
imprisonment or the deprivation of a license to conduct a restaurant activity.

The problem of improving food safety management at restaurant enterprises is relevant from various angles.

On the one hand, it is a matter of ensuring the safety and health of customers who visit restaurants and other
public catering establishments. Failure to comply with food safety requirements can lead to the spread of infectious
diseases and other health problems. Such cases can negatively affect the company's reputation and lead to a loss of
customer trust.

Also, the problem of improving food safety management at restaurant enterprises is relevant from a legal
point of view. Ukrainian legislation provides requirements for food safety and establishes responsibility for their
violation. Therefore, restaurant enterprises must comply with these requirements and ensure a high level of food
safety in their establishments.

Due to the growing popularity of the food industry and increased competition in the restaurant market, enter-
prises began to pay more attention to food safety issues. Also, standards and requirements for product quality are
changing, which poses new challenges to restaurants in terms of compliance with food safety standards. In addition,
non-compliance with food safety principles can lead to serious consequences for the health of customers, which
can lead to complaints and negative feedback, which in turn can affect the company's reputation and profitability.
Despite this, legislation in the field of food safety is constantly changing, which may lead to the need for constant
adaptation and improvement of food safety management systems at restaurant enterprises.

The statistics of food safety violations in restaurants in Ukraine in recent years has been quite high, which
indicates the need to improve food safety management at enterprises in this field. The relevant state authorities are
taking measures to reduce the number of violations and increase the level of food safety at restaurant enterprises.
Some organizations, such as the WHO and the WHO European Office for Food Safety and Health (WHO/Europe),
publish reports on the state of food security in various countries around the world. Below it is proposed to consider
which organizations deal with the issue of food safety (fig. 7).

WHO
(World
Health
Organizatio

n)

Internationa
1 Council on
Food
Information

International
Institute of
Nutritional

Resources

European and
national
agencies

Health and
Safety
Committee of
the European
Commission

Food and Agriculture
Organization of the
United Nations

Fig. 7. International food safety organizations

Source: compiled by the author [9]
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From the reports of international organizations on food safety, it is possible to draw conclusions about the
state of food safety in the restaurant industry in individual countries.

According to WHO/Europe, more than 5,000 cases of food incidents related to restaurants were registered in
the countries of the European Union during 2022 [9]. The main incidents of food safety violations are shown in fig. 8.

The main incidents of food safety violations

| l

3. Contamination of 4. Violation of food

1. Poisonin 2. Allergi ti
& CIBIC reactions products standards

Fig. 8. Main incidents of food safety violations
Source: compiled by the author [9]

These incidents included cases of poisoning, allergic reactions, contamination of products and violations of
food standards, which negatively affect the further activities of the restaurant business and create a negative image
among competitors and customers.

In the world, there are serious problems with food safety at enterprises of the restaurant industry. Thus,
1-2 deaths and several serious cases of food poisoning are registered in the USA every year, which were related to
restaurants.

Conclusion. The problem of improving food safety management at restaurant enterprises is relevant both in
Ukraine and in other countries of the world. Ukraine, like many other countries, faces a significant number of food
safety violations in restaurants. This may be due to insufficient control by the authorities, insufficient qualifications
of industry workers, as well as a lack of awareness among consumers regarding food safety issues.

Since the restaurant business is quite popular and widespread, problems with food safety can have serious
consequences for the health of consumers and negatively affect the image of the restaurant or the country as a whole.
Therefore, improving food safety management at restaurant enterprises is an extremely important task to ensure
safety and meet consumer needs.

According to the conducted research, the concept of food safety and its structural elements were defined. The
main principles of food safety management, which are key to ensuring food safety and quality, were described. The
relevance of the problem of improving food safety management, which is of great importance for ensuring safe and
high-quality food products, was proven on the example of the restaurant industry. Therefore, restaurant enterprises
must adhere to the principles of food safety management in order to ensure high quality and safety of food products
for their customers.

So, it can be concluded that the problem of food safety in restaurants remains relevant both in Ukraine and in
other countries of the world, and requires constant control and improvement of food safety management.
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IllanoBHi aBTOpH!

Jo HaykoBoro xypHany «CHCTEMH Ta TEXHONOTID» IPUIMAIOTECS PYKOIMCH HAYKOBHX IIpallb, SIKi HIKONM paHilre
He myOITiKyBasvcs i He IpU3HAYeHi A1 OTHOYACHOI IyOmiKamii B iHIINX BUAAHHSAX.

[Tpocumo BpaxoByBaTy BUMOTH JIO CTaTeH 1 MOPsAKY X mojaHHs 1o myOnikanii. Marepiasm, oopMIteHi 3 BIIXUICHHIM
BiJI 3a3HAUEHHUX HIDKYE BUMOT 110710 TIOPSAKY ITOIaHHS Ta 0(hOPMIIEHHS HAYKOBOI CTaTTi, PEIIKOJIETisl He PO3IIIsiIae.

Ilpuiimaromsca cmammi, HaTIMCaHi YKPATHCHKOIO, aHIITIHCHKOIO MOBAMH.

Pykonuc cmammi nogunen mamu maxi enemenmu:

1 — V/IK (BupiBHIOBaHHS 10 JTiBOMY Kparo). BusnaunTtu kon — uB. http://www.udcsummary.info/php/index.php?lang=uk;

2 — iHimiay Ta mpi3BHUINE aBTopa (MpH(T — HAMiBKUPHHUI ), HAYKOBHI CTYIIIHB i BACHE 3BaHHS, TI0CaJIa Ta MicIie poOOTH
(moBHa Ha3Ba cTPYKTypHOro minposainy), ORCID (wupudt — npsmuii);

KokeH HaCTyIHUIA CIIiBABTOP 3 HOBOTO PsiJIKa.

3 — Ha3Ba HAayKOBOI CTaTTi (BUPIBHIOBAHHS T10 LICHTPY, MIPU(T — HAIIIBKUPHHIA);

4 — aHOTAIIs Ta KITIOUOBI CIIOBA YKPATHCHKOIO (cepenHiit oOcsr aHoTamii — He MeHIne 1800 qpykoBaHHUX 3HAKIB);

5 — iHiujanM, Tpi3BUIIE aBTOpa, HAa3By CTarTi Ta aHOTAIil0 aHDIHCHKOI MOBOIO (20002500 npykoBaHUX 3HaKIB),
KIIFOYOBI CJIOBA aHIIIHCHEKOIO;

6 — TEeKCT HayKOBOI CTATTI 13 3a3HAYCHHSIM HACTYITHHX €JIEMCHTIB:

INocTanoBka npodsieMu.

AHaJji3 ocTaHHIX HocTiKeHD i myOmiKkanii.

Merta crarri.

BukJia o0cCHOBHOT0 MaTepiaury.

BUCHOBKY 3 TOCTIKEHHSI 1 IEPCIICKTHBY MOAANBIINX PO3BIIOK Y IIBOMY HAPSIMI.

7 — CriMCOK BUKOPUCTaHHX JDKEPEI Y HOPSIIKY 3ralyBaHHs a00 y asipaBiTHOMY MOPSIKY (IIOAAETHCSI MOBOIO OPHTIHAITY
Ta opopMITIOEThCS 32 MibkAepxkaBHIM ctaggaptoMm JICTY 8302:2015 «Iadopmaris ta nokymenTamis. bibmiorpadidae mocu-
JIaHHs. 3arajibHi BUMOTH Ta MpaBUiIa CKITaaHHs ).

[Nocuanns Ha JTiTepaTypHi JUKepera B TEKCTI HayKOBOI CTaTTI CITiJl Ha/laBaTH B KBaIpaTHUX JyKKax [1, c. 56; 7, c. 45-51].

8 — References (Tpancmirepariis) (opopmimoersest y pomaHcbkoMy aidasiti B cruimi APA Style Reference Citations
BimmoBiHO /10 MizkHapoaHoro cranaapty APA).

3a3HayeHi eJIeMEHTH BUILISIOTHCS B PYKOIIUCI HAMTIBKUPHUM IPHPTOM.

IocTanoBka npood1eMu BUKOHYETHCS y 3arajIbHOMY BUIVISAIL T2 HATOJIOIIYEThCS Ha 11 3B'SI3KY 13 BOXIMBUMH HAYKOBUMH
Y TPaKTHYHAMH 3aBOaHHAME. [li yac BUKOHAHHS aHAI3y OCTAaHHIX JOCII/DKEHB 1 MyOmikamiil, Ha sIKi CIIHPAEThCs aBTOP
Ta B SKUX PO3ILIIAETHCS JOCIIPKYBaHA POOIeMa 1 MiAXoau J0 il po3B’si3aHHs, HEOOXITHO BHIUTMTH HEBUPINICHI YaCTHHU
3arajibHOI IPo0JIeMH, SIKY JOCIIKYIOTh y CTarTi. Bukiiag 0CHOBHOro Marepiaity 0CHiKeHHS BAKOHY€ETHCS 3 TOBHUM OOTPYH-
TYBaHHSM 3[00yTHX HAYKOBHX PE3YJIBTATIB.

Texcm cmammi mae 6ymu nadpanuii B TexctoBomy penakropi Microsoft Word. Tum daiiny — texer y dopmari
RTF a6o DOC(X).

O6csr crarti — 12-20 cropinok (OcHoBHa yactuHa). llpudt — Times New Roman, kerens — 14, MiXpsakoBrit
iHTepBaN — 1,5, moms — yci 2 cm, a63ar — 1 cMm. @opmaTyBaHHS a03alliB 3a JOIIOMOTOI0 iHTepBatiB (IPo0OiiB) 4u TaOymAIIil
HEMPUITYCTUMO. Y TEKCTi HeOOXiZHO BUKOPUCTOBYBATH JIAIKH JIMILIE TAKOTO 3pa3Ka: « ». Y TeKcTi 3a00pOHEHi IIepeHOCH.
Hywmeparist cTopiHOK He BEAEThCA.

Pucynku, cxemu, TabmmI, popMyITH CITiT HABOIUTH y BHIIISAL, IO TO3BOJISIE iX KOopHTryBaHHA. KUTbKicTh TabmmIth, Gop-
MyJT Ta UTIOCTparliii Mae OyTH MiHIMaJIBHOIO Ta JOPEYHOI0. PUCYHKHM 1 TabnuIli Ha aTbOOMHUX CTOPIHKAX HE PUIAMAIOTHCS.

Pozmipu Tabnuiis Ta o Tpalliii He HOBHHHI IEPEBUIILYBaTH PO3MipH APYKOBAHOI CTOPIHKHM 30ipHIKa. PucyHku, rpadiku
1 TaOIHIIi TOBUHHI Oy TH IPOHYMEPOBaHi Ta MAaTH Ha3BY (I0ITycKaeThes mpudT Tekety — Times New Roman, poamip — 12 rit).
Hait0imp1m cxitagHi pICYHKH POIIOHYETHCS HabMpaTH, 3aCTOCOBYI0UH rpadivrmii pemakrop Microsoft Visio.

ITix koxHOMO TabJI. Ta puc. Mae OyTH 3a3Ha4eHO prepeo (Ixeperno: ...). Tadmuir, rpadiku Ta pUCYHKH MOTPIOHO
TI0/1aBaTH y YOPHO-OLIOMY Kosbopi. ImrocTpariBHI Martepiany NoTpiOHO PO3MIILYBaTH ITICIISl HOCHIAHHSA HA HUX Y TEKCTI.
Pucynku nomatkoBo mogaroth okpemuM (aitmom Microsoft Excel. OmHodacHe BUKOpHUCTaHHS TaOMUIb 1 rpadikiB Ayst mosic-
HEHHsI OIHUX 1 TUX CAMHX TOJIOKEHb HE PEKOMEHTYEThCSI.

MaremarnyHi GopMyiu MaroTh OyTH peTesbHO TEpEeBipeHi Ta YiTko HaapykoBaHi. PopMyaH NpONOHYeThCsl HaOH-
parH, 3acTocoBytoun BiamroBannii y MS Word penakrop dopmy:n MathType 4.0 (6.0) Equation, abo Microsoft Equation 3.0
3 HACTYIIHUMH PO3MipaMy CHMBOIIB: 3BUYaiHINA — 14 T, KpynHuii innexe — 10 1T, Minkwnit iHaexc — 7 0T, KPyImHAH CHUMBOI —
18 nt, mMinkuii cumBo — 12 nT. @opmyIsTd HEOOXiTHO BUIUISTH OXHUM PSIIKOM BiJl PEIITH TEKCTY, ICHTPYBATH, HyMEPyBaTh
B KPYIJIUX Jy’KKax, BUPIBHSHUX JI0 IPABOi MEXi TEKCTY.

CrieriasibHOCTI, 32 SIKUMH MOXXYTh OyTH TTOZ[aHi CTaTTi

113 — Ipuknagna maremaruka (kareropisi b)

122 — Komn’totepHi Hayku (kareropis b)

123 — Kommr’rotepHa imkeHepis (kateropis b)

125 — Kibepbesneka Ta 3axucT indpopmariii (kareropis b)

275 — TpancniopTHi TexHouori1 (3a Bunamu) (kareropis b)

172 — TenexomyHikamii Ta pagioTexHika (kareropis b)

255 — O30poeHHs Ta BiickKOBa TeXHiKa (kareropis b)

241 — T'oTenbHO-pecTOpaHHa CrIpaBa

Tepenpyk MarepialtiB J103BONSETHCS JIUIIIE 32 MMCHMOBOT 3rOIM PEAKIIIL.
Marepiamm, o myOIiKyrOThCs, BiIOOpaXaroTh MO3MIIIO aBTOPA, sIKa MOYKE HE 301raTHCs 3 MOTTISI0M PEIAKILi.
3a TOCTOBIPHICTH (DAKTIB, CTATUCTHYHMX JTAHUX Ta IHIIOT iHPOPMAITii BiMOBIAaTBbHICTh HECE aBTOP.



