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Abstract. The study is devoted to the possibilities of using artificial intelligence to optimize
transport and logistics processes in Ukraine. Modern Al algorithms make it possible to
automate route planning and transport management, which helps reduce logistics costs and
increase delivery efficiency. One of the key areas is the optimization of vehicle loading,
which ensures a more rational use of resources and reduces the number of flights. Thanks to
demand forecasting and big data analysis, companies can more accurately plan their
logistics operations, increasing their competitiveness in the market. Al technologies also
contribute to increasing the safety of transportation by preventing possible technical
malfunctions of vehicles.

Keywords: Transport and logistics processes, CRM system, logistics sector, artificial
intelligence, internet of things system

AKTYQJIbHICTh JIOCJiKEHHI 3yMOBJIEHA THUM IO JIOTICTUYHHUUA CEKTOP
3a0e3neuye e(heKTUBHE PO3MILLIEHHS TOBAPY Ta PECYpCY HE TUIBKHU BCEPEAMHI KpaiHH,
ane 1 3a ii MexaMH, TOMY PO3BUTOK TPAHCIOPTHO-JIOTICTUYHUX CUCTEM B YKpaiHi €
JOBOJII KpUTUYHUM miporiecoM. [Hterpamis I TexHosmoriit Habupae Bce OLIBIIOTO
MOMUTY Yepe3 3pOCTa0uy KOHKYpEHI110 Ha pUHKY. LIITydHHi 1HTEAEKT 103BOJIUTH HE
TIJTBKA OTPUMYBATH 1H(OPMAIIIIO TIPO MICIIE3HAXOKEHHS TOBApy B peaJbHOMY 4Yaci,
ajie 1 BIJCTEKYBAaTU CTAaH BAaHTAXIB, IO € AY>K€ BaXKJIUBUM, aKE IS JIOTICTUYHUX
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KOMITaHI Ba)KJIMBO HE TUIBKH MOA0ATH Mpo OE3MeKy Mg Yac MepeBe3eHb, aie 1
3aJ0BUILHUTH KJII€HTA.

JloCNiKEHHIO MHTaHb BIPOBAIPKEHHS IITYYHOTO IHTENEKTY B JIOTICTHUYHI
Ipoliecu MPUCBATUIIM CBOI IMpalll Takl BITYM3HSHI Ta 3apyOikHi HaykoBui sik B.C.
SIkoBeHko, skui mocmimkyBaB 3actocyBaHHs LI B cucremax muctpubymii, C.
Mapnakawm, P. PamacBami Ta C. Tpinari, Siki BABYaJIU BIIPOBAKCHHsI IHTEPHETY peuei
y norictuaHi nporecu, O.B. Xpuctodop ta B.M. MenbHUK, K1 pO3TIIA1aIl TUTAaHHS
nudposizarii gorictuaaux onepaiii, I1.B. TlomoBuy, sxuit 10oCTiHKyBaB aHATITHYHI
IHCTPYMEHTH B TPAHCIOPTHIH JIOTICTHIII.

MeTor po6oTH € MPOBEACHHS OTJIAIOBOTO JOCIHIIKEHHSI CTOCOBHO IITYYHOTO
IHTEJIEKTY Ta JOCHIIUTA HOBITHI TEXHOJIOTIi SKI JONMOMOXXYTh II1JIBHIIUTH
KOHKYPEHTOCIIPOMOXHICTh YKpPaiHCBKMX TPaHCIOPTHO-JIOTICTUYHUX KOMaHii Ha
MIXKHApOJHOMY PUHKY.

IITy4HHil 1HTENEKT Oy’K€ BAAIO MOEAHYE JIOJCHKUN 1HTENEKT 3 HOBITHIMH
TeXHOJor1sIMH. [IpukiIagoM BIAIoro Hajgaro/HKeHHs poOOTH IITYYHOI'O THTENEKTY 1
JIOTICTUYHUX TIpollecax € IUIaHyBaHHS. B mpoiiecax mjiaHyBaHHS JIOTICTUYHUX
IPOLIECIB BUKOPUCTAHHS MITYYHOTO 1IHTEJIEKTY MOKE HaBITh MEPEBEPIIUTH JIFOJACHKUN
noteHmian. [Ipu muraHyBaHHI JIOTICTUYHOI JISUTBHOCTI JOCBIJ, BiATOBITAIBHICTD,
cnenu@ika OOCIYroBYBaHHS KIIEHTIB, THYYKICTh, 3JI0POBHI IIy3] y IMOEIHAHHI 3
ABTOMATHU3AIE€I0 TMOBTOPIOBAHMX IMPOLECIB MPUHOCHTH OUIBIIMK CHHEPreTHYHUN
edpekt [1]. BukopuctaHHs IITYYHOTO 1IHTEJIEKTYy Ma€ 3HA4YHI TNEepeBaru y
BUKOPUCTAHHI Takl SIK, aBTOMAaTH3allld PYTUHHUX 3aBAaHb, IIBUAKICTb 1 TOYHICTb,
poboTta 24 roauHu, 3MEHIIIEHHSI BUTPAT Ta PU3HKIB. SIKII0 OpaTu 10 yBaru HaBiTh IIi
nepesaru 1111 moxkeM0 BU3HAUMTH 110 J1JIs1 TPAHCTIOPTHO-JIOTICTUYHUX OTIEpaIliii BOHU
MaTUMYTh 3HAYHHUM BIUIUB HA PO3BUTOK Ta 3MOXYTh 3HAYHO Kpallle aBTOMaTU3yBaTH
poboTy BcepemuHi pobOouux mporeciB. Ha maHomy erarmi po3BHTKY HOBITHIX
TEXHOJIOTIA BXKE ICHye 0e3ylid TporpaMHUX 3a0e3ledyeHb, [0 AaKTUBHO
BUKOPHUCTOBYIOTHCS OUIBIIICTIO KPYITHUX JOTICTUYHUX KOMMaHii YKpaiHu.

Omgaum 13 takux mnpukiaaniB € CRM-cucrema, y TpaHCcopTHOMY Oi3Heci
JI03BOJISIE  KOHTPOJIFOBATH JIOCTAaBKY BaHTaXXy Ha BCIX eTanax JOTICTUYHOTO
JIAHITFOKKA Ta aBTOMAaTUYHO CTAaBUTH 3aBJaHHS BIJIMOBIIHUM CIiBpoOiTHHKaM. Taki
CUCTEMH MICTATH BC1 HEOOX1/IHI IHCTPYMEHTH B OJTHOMY 1HTEep(eiici, TAKOK MOXKYTh
IHTErpyBaTUCA 3 IHIIMMH MPOTPaMaMH, K1 KOMIIaH1s BUKOPUCTOBYE Y poOoTi [2].

Tak i cucrema l0T (Internet of Things) oxoruroe pi3HOMAaHITHHIA CEKTOP
TEXHOJIOT1M, SIKI BXK€ 3MIHIOIOTh pOOOTY JIOTICTUYHUX KOMIIaH1i, 30KpemMa 1€ aKTUBHI
1 macuBHi MiTku RFID (MiTka pamiouactoTHOi iaeHTH(IKALT), K1 HAIalOTh JaH1 Mpo
€JIEMEHTH, JI0 SIKMX BOHU MpUKpirieHi. Ha koxeH 3 mpeaMeris, 1mo Tpeda po3mi3HaTH
HAHOCSITh MITKY TPAaHCIIOHJIED, Ha SIKiK 30epiraeTbes Bes iHGOpMaIist Tpo 00’ €KT abo

20



BaHTax [3]. Ha nmanwii MOMEHT Taki TEXHOJIOTi BXKE€ BHKOPHUCTOBYIOTH HANOLIBII
JIOTICTUYHI KOMIIaHii 110 BCbOMY CBITY, Taki sk Amazon, FedEx, DHL Ta in.

BucnoBok. B pesynbpTaTi mpoBeAEeHOTO JOCTIKCHHS, BCTAHOBJICHO IIIO
BrpoBapkeHHs LI  TexHOMOTI B TPaHCHOPTHO-JIOTICTHYHI IPOIIECH MAaTHMeE
3HAYHWN BIUIMB HA PO3BUTOK JIOTICTUKU B YKpaiHi. OmTmMmizailisi, aBTOMaTH3aIlis,
VOPABIIHHS Ta MPOTHO3YBAHHS 3MOXYTh 3HAYHO 3HU3UTH BUTPATH Ta CKOPOTUTH Yac
JOCTaBKH, TAKOXX JOMOMOKE 3HAYHO MIJABHUILUTHU SIKICTh OOCITYrOBYBaHHS KJIIEHTIB.
I TexHosorii — e TexHoJjorii MaiOyTHbOro [4], Ta camMe BOHHM € HEBiJ €EMHUM
KJTFOUEM JI0 CTAJIOTO PO3BHUTKY JIOTiICTHKH.
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BIIJIMB YIIPABJIIHHA PU3UKAMM HA JIAJBHICTD
TPAHCIHIOPTHO-JIOI'ICTUYHUX CUCTEM
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Kuiscokuti incmumym 3ani3HUtHO20 MPAHCROPMY
Heporcasnoeo ynisepcumemy inghpacmpykmypu ma mexHono2ii
VYkpaina, M. KuiB

THE IMPACT OF RISK MANAGEMENT ON THE ACTIVITIES
OF TRANSPORT AND LOGISTICS SYSTEMS

Vynohradov O.S. — postgraduate, vynohradov_os@gsuite.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. One of the stages of risk management in transport systems is the assessment of the
risks themselves. The result of evaluating a particular risk may lead to a decision to
Implement measures aimed at mitigating the impact of such a risk on the management of
transport and logistics systems, particularly in the area of traffic safety. These measures
may include a series of actions requiring additional resources. This study examines the risk
assessment system in accordance with DSTU 1SO 31000:2018, which has been implemented
into Ukraine’s national legislation and incorporated into the Regulations on Traffic Safety
Management Systems of transport companies. The analysis focuses on the impact of
identified risks of various categories and the adequacy of considering risks in ensuring
traffic safety.

Keywords: risk management, transport systems, traffic safety, risk assessment system,
safety management systems

AKTYQJIbHICTh JOCJII’KEHHSI 3YMOBJIEHA 30UIBILICHHSM PU3HUKIB PI3HUX
KaTeropii, 3 Orisiy Ha CyCHUIbHO-TIOJITUYHI OOCTaBUHM Y CBITI, SIK1 BIUTMBAIOTh Ha
TISUTBHICTh TPAHCHOPTHO-JIOTICTUYHUX CcUCTeM. BuacHa iaeHTHdikalis, BCEOIUHMI
aHai3 Ta K HACHIJIOK, BIpHA OIlIHKA PU3HMKIB CHpPUSIE 3MEHIIICHHIO iX BIUTUBY SIK Ha
chepy IisUTBHOCTI caMOi TPAHCIIOPTHO-JIOTICTUYHOT CUCTEMH, JIe PU3UK BUHHUKAE, TaK
1 Ha O6e3MneKy pyxy TPaHCIOPTY B IIJIOMY.

MeTo10 pobdOTH € TIPOBENCHHS OIJISIOBOTO aHATI3y CHUCTEMHU OIIHKU PHU3UKIB
BignosigHo a0 JCTY ISO 31000:2018, ska imMmjaeMeHTOBaHAa B HAaIllOHAJILHE
3aKOHOMABCTBO YKpainu Ta y IloJio’keHHSI MPO CUCTEMY YIPaBIIiHHSA OE3MEKOI0 PYXY
KOMITaHii cepr 3aI3HUYHOTO TPAHCHOPTY 3 TOYKH 30pYy BIUIMBY 11€HTU(IKOBAHUX
PU3HKIB PI3HUX KaTEropid Ta JOCTATHOCTI BpaxyBaHHS BIUIMBY PU3HKIB Ha O€3MeKy
pyxy.

OCHOBHUM JIOKYMEHTOM, Ha TiJCTaBl SIKOTO MPUWHATE HAI[IOHAIbHE YKPATHCHKE
3aKOHOJIAaBCTBO B oOjacTi ympaBminHsg pusukamu € JICTY ISO 31000:2018
“MenemxMeHT pus3ukiB. [lpuHuunu Tta HactanoBu” [1]. 3rigHO 3 CTaHIAPTOM
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OLIHKAa pHU3MKY Tiependadae 3ICTABICHHS pE3ylbTaTiB aHANI3y pU3HKIB 3
BCTAHOBJICHUMU KPUTEPIIMH PU3UKY JJI BU3HAYEHHS TOTO, /i€ MOTPiOHI JOAaTKOBI
nii. BiAmoBigHO 70 BHINE3a3HAYEHOTO JIEP)KaBHOTO CTaHAApTy MIiHICTEpCTBOM
iHdpacTpykTypu Ykpainu OyB npuiinatuii Hakaz Ne 842 Bin 24.12.2020 poky, kUM
Oyno 3arBepmkeHo [loJokeHHS TPO CHUCTEMYy YIIpaBIiHHSA O€3MEeKO pPyxy Ha
3aJ1I3HUYHOMY TPaHCHOPTI [2].

BiamoBigHO 10 MONOXEHHS PU3UK - KUTbKICHA Mipa HEOE3MeKH, 10 BPaXxOBYE
WMOBIPHICTh BUHUKHEHHSI HETATUBHUX HACHIAKIB BIiJ 3IMCHEHHS T'OCHOJApPCHKOT
TISJIBHOCTI Ta MOXJIMBUW pO3Mip BTpaT BiJl HHUX, a OIIHIOBaHHSA PHU3HUKIB
3MIMCHIOETHCS Y (pOopMi aHaII3y MOTEHIIHHUX HeOe3nmeuyHux (pakTopiB abo 3arpos, sKi
CTaHOBJIATH 3arpo3y AiSUIBHOCTI MiAnpueMcTBa. OIIHIOBAaHHS PU3HKIB 3/IIHCHIOETHCS
3a IBOMa KpUTEPISIMU: UMOBIPHICTh HACTAHHS MO/l YA YMOB, SIKI 3aBJIalOTh IIKO/IH,
Ta CEpHO3HICTh HACTIAKIB MOJAIlI YA YMOBH, SIKIIO BOHM HAcTaHyTb. B cBOIO uepry,
Oe3leKka Ha TPAHCHOPTI 3a0€3MeUyeThCsl 3a MPUHIMIAMU MPIOPUTETHOCTI O€3MEeKn
PYXy HaJ TOCTIOJAPChKUMH iHTEpecamMu. 3 3a3HAYEHOTO aBTOP POOUTH BUCHOBOK, IO
KOKEH 1JICHTH(IKOBAaHUM PU3HUK 3 OYJIb-sIKOi KaTeropii pu3uKy MOBUHEH OI[IHIOBATHCH
3 TOYKH 30py MPUHUHATHOCTI BIAMOBIIHO JO BCTAHOBJICHOTO KPUTEPIO MPUHHATHOCTI
Ha MAMPUEMCTBI Mmoo Oe3neku pyxy. Kpim Toro, cami kpurtepii NpUHHATHOCTI
MOBUHHI OyTH BCTAHOBJICHI TAaKUM YHMHOM, 11100 Oe3rneka pyXy majia MmpuBlieoBaHe
3HAYCHHS HAJl MOXJWBHMH BHTOJaMH TPAHCIOPTHOTO TIAIPHEMCTBA  BiJ
rOCMOIapChKOT A1STTLHOCTI.

PosrnsHemo  peanizaiiifo OLIHKA PHU3MKIB PI3HUX KATETOpid 3 TOYKY 30pYy
Oesrneku pyxy Ha npukiazi [lomiTuku ynpaBiaiHHS pu3uKaMu Ta MOXIUBOCTSIMU AT
“Vipzanizauis” [3]. BignoBigHo no IlomiTuku mpoiiec yOpaBiiHHS pU3HKAMU
BKJIIOYAE, SIK aHAJII3 TaK 1 OLIHKY 1IeHTU()IKOBAHUX PU3HUKIB.

AHai3 pyU3MKiB € OCHOBOIO ISl OLIIHKK PU3UKIB - IPUNHATTS PIllICHb TIPO TE, YU
MOTPIOHO YMHpPaBISATA PU3UKAMU 1 SIK caMe, a TaKOX MPO HAWOUIBII MIIXOJSIILY
CTpATeriio 1 METOAM ynpaBiiHHSA pusukamu. OTxke, camMe Ha eTami aHalli3y PU3UKY
BIIMOBIJa/IbHI 32 TaKUU aHaJli3 0COOM MOBMHHI BU3HAYUTHU YW BIUIMBAE, B TOMY YMCII
1 ormocepeKoBaHo, 1IeHTU(IKOBaHUN PU3UK Ha OE3MeKy pyxy B KOMMaHii 1 B pasi
TAaKOTO TMOTEHIIIHHOTO BIUIMBY HEOOXIJHO OILIHUTH 1ICHTHU(IKOBAHUM PHU3HMK IO
HOTO MPUIHATHOCTI BIATMOBIIHO 0 BCTAHOBJICHUX HA MiANPUEMCTBI KPUTEPIiB.

[TomTHKOIO BCTAHOBJIEHO, M0 PHU3UKH PO3MOAUISIOTECA IO YOTHPHOM
KAaTeropisiM 1 pU3HMKU MOB’s3aHI 3 O€3MEeKOI0 pyXy BIAHOCATH JO ONepariiiHux
pusukiB. [lomiTrka, Takox, nepeadayae, 1m0 pU3UKU KOKHO1 KaTeropii ynpasistoThCs
BIJIMOBIAHO /10 OKPEMHUX BHYTPIIIHIX MOJIOKEHb JJI1 KOKHOI KaTeropii pu3uKy.

[Ipore, nampukian, pU3WKH BiJHECEHI 10 KaTeropii (iHAHCOBUX PHU3HKIB
MOXYTh OTIOCEPEIKOBAHO BIUIMBATH Ha O€3MeKy pyxy B poO3pi3i 3MEHIICHHS
OIO/KETIB Ha Ti, YW 1HII 3aXOAM, IO MOB’s3aHI 3 0OE3MEKOI0 PyXy 1 MalTh OyTH
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i1eHTU(IKOBaHUMH SK OIEpaliifiHl pU3MKH, W0 Tmepeadadae HEOOXITHICTh
OIIIHIOBAHHSI TaKOTO PHU3HMKY, SIK 3 TOYKH 30py 1 (hiHAHCOBOro, 1 oOmepariiiHoro
pusuky. BignoBimHo mo [lomiThku aHami3, OliHKA, BHMIpIOBaHHA (KiJIbKICHA Ta
AKiCHA OIlIHKM): Tiependadae AeTaIbHUA pO3TIIA] HEBU3HAYCHHOCTEH, JDKepen
PU3HKY, HACIIIKIB, WMOBIPHOCTI, TOJIi, CIIEHApiiB, 3aCO0IB KOHTPOJIO Ta IXHBOI
epextuBHOCTI. [lomiss Moke MaTu JAeKiTbKa MPUYMH 1 HACTIAKIB 1 BIUIMBATH Ha
nekinpbka — nieil.  Omxke, [lomituka  mependavae  HEOOXIAHICTh — OIIHKU
11eHTU(DIKOBAaHUX PHU3UKIB 3 TOYKU 30pY iX MPUHATECKHOCTI PI3HUM KaTETOpisM, IO
3000B’s3y€ BIAMOBIIAJILHUX Ha MIAIPUEMCTBI 0CI0 PO3TISAIATH BIUIMB KOXKHOTO
171eHTH(PIKOBAaHOTO PU3UKY Ha OE3IEeKy pyXy.

BucnoBok. B pesynpTaTi mpoBemeHoro aHamizy Oyno 3’SCOBaHO, IIO
[Tono>keHHA MPO CUCTEMY YIpPaBIiHHSA OE3MEKOI0 PyXy TPaHCIOPTHO-JIOTICTHYHUX
KoMITaHii B YkpaiHi, Ha npukmaal AT “Ykpzanizuuus”, nependavyaroTh aHaji3 Ta
OLIIHKY BIUIMBY PU3MKIB PI3HUX KaTEropiii Ha O€3MeKy pyxy.
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ORGANIZATION OF GRAIN TRANSPORTATION IN CONTAINERS
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Abstract. The paper analyzes that container transportation is an inexpensive and convenient
way of transportation. Today, this issue is relevant, as Ukraine exports grain in both large
and small volumes, using various delivery options. Therefore, transportation of grain in
containers for small batches will be a great way to minimize costs and increase cargo
safety. Using the method of grain transportation in containers will increase the mobility and
independence of market participants from specific traditional delivery methods. The basic
requirements for loading and transportation of containers by various modes of transport
are the key to high-quality and safe cargo delivery.

Keywords: grain, transportation, ship, cargos, containers

AKTyaJIbHICTh PO00TH 3yMOBJIEHa NOCTIHUM €KCHOPTOM 3€pHa pPI3HUMHU
BaplaHTaMU J0CTaBKU. Lle MOXKyTb OyTH SIK BEJTMKI MApTii 3 JOCTABKOKO Yepe3 MOPTH
Opnecu, Tak 1 HE3HAYHI MAPTIi, 10 MEPEMIIYIOThCA Yepe3 piuKoBi moptu JyHato abo
aBTOTPAHCIIOPTOM. SIK OJIMH 13 BapiaHTIB I TIEPEMIIICHHS] HEBEJTUKUX TMapTii 3epHa
MPOIIOHYETHCST PO3IJIIHYTH TIEPEBE3CHHA B KOHTeMHepax. Ha paHnit MOMEHT
KOHTEHHEPHI MepeBE3eHHS BBAKAIOTHCA HAMOUIBII MOMYJISIPHUMU 1 3aTpeOyBaHUMU B
YChOMY CBITI. 3aBISIKH YHIBEPCAIBHOCTI KOHTEMHEPIB € MOKJIUBICTh MEPEBO3UTH iX
3a JIOMOMOTrOK MPaKTUYHO BCIX BUJIB BaHTaxy. KoHTelHepH CTalOTh OCHOBHUM
TE€XHOJIOTITYHUM PIIIEHHAM MEPEeIOBOr0 CBITOBOTO JOCBIAY - MYJbTUMOJAIBHUX
HepeBe3€Hb, CHPUAIOTh PO3BUTKY TPAHCIOPTHOIO YCTAaTKyBaHHS 1 IIiJIBUILEHHIO
piBHS iHGOpMAaTH3aAIli. 3a JTOIMOMOT0K KOHTEHHEPHHUX NEPEBE3eHb MOYKHA 3I1MCHUTH
NIEPEBE3CHHSI «B1Jl IBEPEH /10 ABEPEi».

MeTtorw po00TH € yIOCKOHAJEHHS poOIT, HAMIPaBJICHUX HA MEPEBE3CHHS 3epHa
MOPCBHKUM TPaHCIOPTOM.

KonrelinepHi nmepeBe3eHHST — 1€ OAMH 3 HalOUIblI 3arpedyBaHUX Ta
e(CKTUBHHUX BHUJIIB MIXXHAPOHUX BaHTaXxorepeBe3eHb[1].

Haii0inpm edeKTUBHUM 1 BUT1IHUNA BapiaHT - MIXKHAPOIHI BaHTaXKOIIEPEBE3CHHS
3 BUKOPHCTAHHSM KOHTeWHepiB. DakTopiB Ha KOPUCTb CaMe€ LBOTO CIOCO0Y
TPAHCTIOPTYBAHHS OUTBII HIXK TOCTATHHO: €KOHOMIsSI KOIIITIB, MOYKJIMBICTh MEPEBO3UTU
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pi3HI BUAM 1 00CATH BaHTaxy, 3aXMILIEHICTh, mmpoka reorpadis[2]. KonrelinepHi
MepPEeBE3EHHsS] MalOTh CBOI CHElU(iKy B TMOPIBHAHHI 3 CYJHOBHUMH BiJIpPaBKaMH.
HesBaxkarouu Ha Te, 1110 00CATH TYT HEBEJIHKI, MOTPIOHO OyTH rOTOBUM JI0 TOTO, IO
yacy OyJie BUTpA4€HO HE MEHIIE, aHK 3 BIAMPABKOIO CyAHa 00'eMoM BaHTaxy B 80
TUC. TOH. Ba)JIMBO TOCKOHANBHO NPOPAXOBYBATH 1 IUTAHYBAaTH KOXKEH eTarl,
OLIHIOIOYH Pi3HI MOXKIIUBI PU3UKHU.

TpancnopTyBaHHS 3epHa 3 MOPTIB YKpaiHU 3aBXKIN BUKIUKAE 1HTEPEC, OCKIITLKH
el BaHTaX 3aBXKAM 3aTpeOyBaHuil OaraTbma KpaiHaMu CBITY. 3€pHO € OJHHUM 3
OCHOBHHMX BaHTaXIiB, 110 EKCIOPTYIOTbCS 3 YKpainu. BapianTu nocTaBku 3epHa
3aJIeKaTh BiJl pO3TalllyBaHHs KpaiH MPOJaBIs Ta MOKYIIS, HAOUIbII 3aTpeOyBaHUM 1
eheKTUBHUM € TocTaBka mopeM[3].

Ha nepunii rutan npu nepeBe3eHHAX 3€pHa B KOHTEHHEPAX BUCYBAETHCS BUMOTH
€KOJIOTIYHOCTI, O€3MeKH, CBO€YacHOCTI JocTaBku. LliHa rpae y miil cuTyauii MeHII
MPIOPUTETHE 3HAUYECHHS — 3HAYHO OUIbIIA POJb BIABOAUTHCS 4acy AOCTABKU. TakoxX,
IpU JIOCTaBLl 3€pHAa B KOHTEWHEpax WIeTbca Mpo HeBenuki naptii. IlepeBe3eHHs
3epHa B MIIIKaX MOXe€ OYTH JOIIJIbHHM, KOJIM HEOOXITHO JOCTABIISITH BaHTAX1 JI0
cmabko 00JlaHAaHUX TOPTIB, J€ HEMAaE HAJIEKHOTO TEPEeBAHTAKYBAIBHOIO
00J1aTHaHHS I CBOEYACHOT X 00poOKu[6].

3aBaHTa)XEHHS BaHTaXy B KOHTEHHEp - KOMIUIEKC 3aXOJiB 3 MIJHATTS 1
MOJAJbIIOTO  PO3MIIIEHHS ToBapy ab0 MaiiHa BCEepeauHI TPaHCIOPTHOTO
ycTaTKyBaHHs. Taka mociyra 3arpeOyBaHa, OCKUIBKA KOHTEWHEpPHI MEPEBE3CHHS -
HEJOPOTHA 1 3pydyHHd crnoci0 TpaHCHOPTYBaHHA. TeXHOJIOrli KOHTEHHEpPHUX
NEPEBE3CHb JI03BOJISIOTh 3aHYPIOBATH 1 TPAHCIIOPTYBATHU OLIBIINICTh BUIB BAHTAXKIB.
BanTaxi B KOHTelHepax MEpeBO3SATHCA 3a JOTIOMOTOI0 3aI3HUYHUX, aBTOMOOUTEHUX,
BOJHUX TPAHCIIOPTHUX 3aCO0IB.

B mepmry uepry, mpu BHOOpI MOPCBHKOTO TEpPEBI3HHMKA — KOHTEHHEPHOI JHI1
ChOTOH1 HEOOX1JHO BUSIBUTH HASIBHICTh MOTPIOHO1T KIJIBKOCTI MOPOKHIX KOHTEHHEPIB
1 MICIISl HA CY/IHI.

BaxxnmBo po3yMiTH pO3paxyHKOBUN TPAH3UTHHUM Yac 3HaXOJKEHHS KOHTEHEpa
B jopo3i. KonrteitHep — 1e 3akputwii mpoctip, 0€3 NpUPOAHOI 1 MPUMYCOBOI
BEHTUJIAIT. BinmoBimHo, MOBre nepedyBaHHS 3epHA B HHOMY MOXKE MMO3HAYUTHUCS Ha
fioro sikocti. JIiHIAHUN TepEBI3HUK HE HECE BIAMOBINAIBHOCTI 3a SKICTh 1 KUIBKICTD
BaHTaXYy, [0 3HAXOJUTHCS B KOHTEHHEI.

VY pasi, SKII0 JOBrOro Mepexoy He YHHUKHYTH a0o K BaHTaX OOIThCS BOJIOTH,
TO HEOOXITHO BHUKOPHUCTOBYBATH JOJIATKOBY cemapallifo BCEpeauHI KOHTEWHepa, a
TaKOXX CUJIIKareslb y BCTAHOBJICHUX HOpMaXx.

Hemae Takoi 3epHOBOI KynpTypu a0 MPOAYKTY, sIKI HE MOXHa Oyno O
MepeBE3TH B KOHTEWHEpl, a00 HaBajgoM abo B MilIKax, ab0 13 3aCTOCYBaHHSM 1HIITUX
BUJIIB Tapu, MmaTepiamiB cemnapamii. [luTaHHS TiAbKM y BU3HAYEHHI, SKUM CaMe
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CrOCOOOM TPOBECTH KOPEKTHE HABAaHTAKEHHS 13 3aCTOCYBaHHSIM MPaBUIBHUX
3aco01B yImaKoBKM a00 cemapaliii i KO)KHOTO BUY 3epHa a00 MPOAYKTY MEpepoOKH
OKpEMO 3a MEBHUX YMOB B MPU3HAUYECHOMY MICII.

JIsisi mepeBe3eHHsI 3€pHAa BUKOPHUCTOBYETHCS CTaHAAPTHI YHiBepcalbHi 20-TH
(GyTOB1 KOHTEIHEPH, 3 TOMYCTUMOIO Macoro OpyTTo 30480 Kr. 3epHO 3aBaHTAXKYETHCS
B KOHTeWHepHHUI Bkiaguml. [Ipu oMy BUKOPUCTOBYETHCS 10 90% BHYTPIIIHBOTO
00'eMy KOHTEHHepa, 10 J103BOJISIE 3aBaHTaXyBaTh B HHOro 10 26000 kr 3epHa B
3aJIe)KHOCTI BiJ] MOPIBHSUIBHOI Bardl BAHTAXKY.

Ane s mepeBe3eHHS 3€pHa HEOOXITHO MPOBECTU KOHCTPYKTHMBHI 3MIHH
KOHTeWHepiB. s 3axWcTy JBepe 1 TOpIEBOI CTIHKM KOHTEHHEpa BiJI THUCKY
OPOAYKTY BCTAHOBJIOETHCA OINOpPHa MeTajeBa KoOHCTpykuid. lle mo3Bosse
KOHTEiHEpY 3 3amacoM BUTPUMYBAaTH TPAHUYHO  JIOMYCTHUMi  JUHAMIYHI
HAaBAHTAKEHHSA MpPU COPTYBAaHHI IUIATGOPM HaA CTaHLIi 3 BUKOPUCTAHHSAM CIYCKY
3BEPXY 1 TPAHCIIOPTYBAHHI 3aT13HULIEIO.

[Ipu BUSIBJIEHHI MIKITHUKIB CJIIJ MPOBECTU (yMiraifito KOHTEHHEPIB BIMOBIIHO
10 BUMOT [lepkaBHOT 1HCHEKIT 3 KapaHTHHY Ta 3aXUcTy pociimH. He nomyckaeTscs
nmojiaya KOHTEMHEpIB, TOBEPXHA SKUX TMOKpUTa abcopOyroul 130JSAIIHHUMU
MaTepiaiamu, i MePeBE3CHHs BAHTAXIB 13 CTIMKUM IHIKIJJIUBUM a00 HENPUEMHUM
3amaxom.

[cHYIOTH pi3HI BUJM 3aBaHTAXXCHHSI, SKI BHU3HAYAIOTHCA B 3AJICKHOCTI Bij
XapaKTEpPUCTHK BaHTaxy. PydHa a0o 13 3aCTOCYBaHHSM CIELIATBHOI TEXHIKH - 1€
BU3HAYAETHCS  ICHYOUMMU  HopMmamu. [lpu  HaBaHTa)KeHHI-pO3BaHTAKEHHI
KOHTCHHEPIB BPaXOBYIOTh 0Oe3yd HioaHCIB. Cxema 1 TEXHOJIOTiS HaBaHTaKEHHS
KOHTEHHEPIB BIJIPI3ZHAIOTHCS JUISl PI3HUX THUIIB TOBapy 1 4acTO 3alie)aTh B TOTO,
SKUM BHJIOM TPAHCHOPTY Oy/i€ MepEeBO3UTHCS BaHTAXK.

Brnacue, mis HaBaHTaXeHHS 3€pHAa B KOHTEHHEp MOTPIOEH CHEIiaTbHUIM
BKJIaauI (JaitHep-0er). Y KOHTEHHEp BCTaBIAETHCS BEIMYE3HUM MOJIETUIICHOBUMA
MaKeT.

KoHkypeH1is KOHTeHHEpHUX MEepEeBE3eHb JOCUTh BUCOKA. | He3BaXkarouu Ha Te,
0 HIOPIYHO 3 PHUHKY W€ BEJIMKa KUIBKICTh KOMIIaHIW, MPUOJIM3HO TaKUil Ke
BIJICOTOK 3'SIBJIIETHCS HOBHX.

VY 3B'SI3Ky 3 UM CBOTOAHI TOCITYTd TEPEBE3CHHS 3E€PHOBUX BAHTAXIB Y
KOHTEWHEpl MPOMOHYIOTh JOCUTh BEJIMKAa KUIBKICTh TPAHCIIOPTHUX KOMIIaHIN, aje
JaJIeKO HE KOXKHA MOJKE HaJlaTH HEOOXIJTHUN SKICHUM CepBIC 31 3HAHHSAM Creudiku
i€l cepy nepeBe3eHb.

Hanatu 3epHOBMM KOMMaHIsIM HE TIIBKH MOCIYTY MEpEeBE3€HHs, a U J0JIaTKOBI
MOCIYTH, HEOOXITHI B 3€PHOBOMY CBITI, OyTH mpodecioHaIOM HE TIIbKH
TPAHCTIOPTHOI, ajie 1 3€PHOBOI Tally3i, PO3YMITH 3€PHOBUI PUHOK 3CEPEAMHH - OCh
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HEOOXIIHUHA MIHIMYM, SIKMM TIOBMHHA BOJIOJITH TpPAHCIOPTHA KOMMAHIs MAJis
oprasi3ailii 3epHOBO1 JIOT1CTHUKH.

BucHoBok: B ymoBax MBHIKO MIiHJIWUBOI KOH'IOHKTYPH PHHKY, TEPEBE3CHHS
3epHa B KOHTEHHEepax Il MaJuX MapTiid cTaHe BIAMIHHUM BHUXOJOM JUIS MiHIMi3allii
CBOIX BHUTpAaT 1 MIABUINCHHS 30€pPEKCHOCTI BaHTAXKY. 3allydeHHS CIOCOO0Y
TPAHCTIOPTYBAaHHS 3€pHAa B KOHTEWHEpaxX I03BOJHUTH IMJABUIIATH MOOUTHHICTE 1
HE3aJIeKHICTh YYACHUKIB PUHKY BiJl KOHKPETHUX TPAIUIIHHUX CIIOCOOIB JOCTAaBKH.
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DEVELOPMENT OF TRANSPORT AND TECHNOLOGICAL SYSTEMS
BASED ON ESG - ANALYSIS

Voichenko T.O. — Doctor of Economics, Assoc., larino101266 @gmail.com
Danube Institute of Water Transport
State University of Infrastructure and Technologies
Ukraine, Izmail
Radchenko O.A. — Assoc. NAU, mirnau@i.ua
National Aviation University
Ukraine, Kyiv

Abstract. This study is devoted to identifying approaches to defining and analyzing ESG
risks, implementing the concept of sustainable development by transport companies and
companies using their services, given existing trade, financial, technological and investment
restrictions. We consider one of the approaches to assessing a certain level of sustainable
development of companies based on ESG criteria - ESG ratings, which give users an idea of
the extent to which the decision-making process in a company is focused on sustainable
development, including the extent to which the company takes into account ESG risks,
whether the company's work is balanced in each of the areas: ecology, social risks,
management risks.

Keywords: Sustainable development, ESG risks, transport and logistics systems

AKTYaJIbHICTh  JOCJTII’KEHHsI 3yMOBJICHa TIONIYKOM HOBHUX JpaiiBepiB
KOHKYPEHTOCTIPOMOKHOCTI Ta KOHKYPEHTHOI OOpOTHOM KOMIMAHIsIMU TPaHCIOPTHO-
TEXHOJIOT1YHO1 cpepu, Tak K epeKTuBHA PoOOTa TPAHCHOPTHUX CHUCTEM 0a3yeThCs
Ha MPUHIIAIAX €KOJIOTTYHOTO CIPSIMYBAaHHS 1 COIIAJIBHOI BIJMIOBIIAIbHOCTI.

MeTo10 po0d0TH € JOCIIPKEHHsS MiIXOJIB J0 BU3HAueHHS Ta aHamizy ESG-
PU3HMKIB Ta BIPOBA/PKCHHS  KOHIEMIli  CTajJoro PO3BHTKY TPaHCIIOPTHO-
TEXHOJIOTIYHUMH CHCTEMAaMH.

BHacniiok TEXHOJOTIYHOTO MPOTpPecy, IHHOBAIIMHI TEXHOJIOTII MOBCIOIHO
BIIPOBA/KYIOTHCSI Y KUTTS KOPIOpalliid, TOPKarOYMCh BCiX cdep exoHomiku. Bce
YacTille MParHeHHs OTPUMATH MaKCUMAaJbHUN €KOHOMIYHHM e(PEeKT KOMIaHISIMH Bij
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CBO€1 MIANBHOCTI 3MYyIIye iX «3a0yTw» MpO €KOJOTI4HI Ta COILiajlbHI aCHEeKTH.
BinOyBaeTbcss BHUUEpIlyBaHHS MPUPOJHUX PECYpCiB, TOTIPIICHHS JIOBKLULIS.
[TinBumeHHs JTIOACHKKOI MOOUIBHOCTI Ta MPUCKOPEHHS NIEPECyBaHHs TOBAPIB CHPUSIE
PO3BUTKY TpaHCHOPTHOI rany3i. OOCIrd BaHTAKHUX Ta MACAKUPCHKUX MEPEBE3CHb
3pOCTalOTh MIOPOKY, IO HAJA€ BCE OUIBIIOTO BIUIMBY HA €KOJOTIYHE Ta COIaIbHE
CepeIOBHIILIE.

BrpoBamkeHHST KOHIIEMINI CTaloro pO3BUTKY Yy TMEpPEeBa)xHi OUIBIIOCTI
BUIIAJIKIB TPUBAJIMI Yac OyJ0 MEPEeBaKHO MPEPOraTHBOIO BEIMKHX KOPHOpAIll, sKi
MaloTh JIOCTaTHI pecypcH. 3roJioM MPHUHIIMIN CTAJIOr0 PO3BUTKY BUMIILIM 33 MEXI
KOPHOpaTUBHOI (OPMH BJIIACHOCTI Ta CTaJIM BHPINIAJLHUM YHMHOM BIUIMBaTH Ha
PO3BUTOK TEPUTOPI HaA pETriOHAIBHOMY Ta HaIllOHAJIbHOMY piBHAX. CTidKui
PO3BUTOK mependadae goTpuManHs npuHIuniB ESG, ski 103BONAIOTH BPaxoBYBaTH
BIUTUB sK ()IHAHCOBHUX, a 1 HE)IHAHCOBUX YMHHHUKIB B PO3BUTKY KoMIaHii [1, 3. 290].

3aranom nig ESG-pusukamu (pakTtopamu) po3yMIIOTbCS PU3HMKH, MOB'A3aH1 3
MOTEHLIMHUM BIUIMBOM 3allIKaBIICHUX CTOPIH Ha NOTOYHE (YHKI[IOHYBAHHS Ta
HEPCIEKTUBH PO3BUTKY KOMIIAHI, a TaKOXX PU3MKH, SIKI TOCTIOAAPChKA AISUIbHICTh
KOMIaHil Hajae Ha ii 3aliKaBJIeHI CTOPOHHU Ta HABKOJIMILHE IMPUPOJHE CEPEIOBUILEC
[1, c. 291]: exomnoriuHi pusuku (environmental), comianbHi pu3uku (social), pu3uku
yopaBiiHHS (governance). B mioMy icHye aBa MIAXOAW ISl PO3YMIHHSI CYTHOCTI
ESG-pu3ukiB: mepimii — BUIIICHHS CaMOCTIHHOTO, okpemoro Buay ESG-pusukiB y
BCI CYKYNHOCTI PHU3MKIB KOMMaHii, Apyruil miaxin posrianae ESG-pusuku sk
OpUYMHU (YMHHUKH) PU3UKY, SIKI MOXKYTh MPHU3BECTH 1O BUHUKHEHHS PU3HKOBHUX
TIOJT1HA.

Crifikuii pO3BHTOK Ma€ Ha yBa3l OJHOYACHE JOCATHEHHS TaKHX IUJICH SK:
€KOHOMIYHE 3pOCTaHHS, COIlllajibHA 3aXWIIECHICTh, 3HIKCHHSI BIUIMBY HETaTHMBHUX
MPOSBIB II00aJBFHOTO MOTEIUTIHHS Ta MOTIPIICHHS HAaBKOJUIIHHOTO CepeaoBHINa. Y
2015 poui Opranizauiero O0'eqnannx Hauiid Oyno npuiHATO LTl CTAJIOr0 PO3BUTKY
Ha mnepiox a0 2030 poky. barato wined crtajsoro po3BUTKY O€3MocepeaHbo
CTOCYIOThCsl TpaHcnopTHOi cdepu [2]. Tlpotsrom HacTtymHuX 20 POKIB TpaHCIOPT
ctae 6a30BUM (HaKTOPOM 3POCTAHHS CBITOBOTO MOMHUTY Ha EHEPrit0 B OLIBIIOCTI
KpaiH, mo po3BuBaioThes. Y 2002 pormi 3a pesynbratamu CBITOBOrO camiTy 3i
CTaJIOTO PO3BUTKY POJIb TPAHCIOPTY y CTAJIOMY PO3BUTKY 3HOBY Oyia 3adikcoBaHa y
JIOKYMEHTi, sIKMil Ha3uBaeThes «lloraHHecOyp3pKHMil IUIAH BHUKOHAHHS pillleHB»
(JPOI). ¥V npomy maHi 3adiKCOBAaHO OCHOBHI MIAXOAW 10 BUPOOJEHHS MOIITUKU
PO3BUTKY TPAHCTIOPTHHUX CHUCTEM Ta TIOCTYT 3 METOIO CIIPUSHHS CTaJOMY PO3BHUTKY.

JI1s1 OIIHKM YCHIITHOCTI pOOOTH KOpIHopartliii HaJl €eKOJOTITYHUMH, COIIaIbHUMHU
Ta YMPaBJIIHCHKUMHU aCTIEKTaMH CBO€I AISUIBHOCTI yYaCHUKaMU PUHKY BHPOOJISIOTHCS
crieriajabHl IHCTpYMEHTH OIliHKN — ESG-kpurepii.
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VY 3B'3Kky 3 orojomeHHsSIM €Bpocoro3oMm y 2021 pori mpo 3amnpoBaiKeHHS
BYTJICLIEBOIO PEryJItOBaHHSA y (OpMI TPaHCKOPAOHHOTO «KapOOHOBOIO» IMOMAATKY,
BUHUKJIA 3arpo3a 3HWKEHHS MNPUOYTKOBOCTI HHU3KM Taly3ed Ta BTpatu
KOHKYPEHTOCTIPOMOKHOCTI Ha €BpPOIEUCHKOMY PUHKY Y 3B'A3KY 31 crenudikoro ii
ramy3eBoi cTpykrypu ekcrmopty [3]. 3a omiEkamu (axiBIiB TPaHCIIOPTHO-
JIOTICTUYHOT Taiy3i, TPAHCIOPT TE€HEpye NPUOIM3HO YBEPTh CBITOBUX BUKH/IIB
MapHUKOBUX Ta3iB. OTXKe 3HIKCHHS €MiCil MapHUKOBUX Ta3iB OJHA 13 TOJOBHHUX
HANpsAMIB PO3BUTKY «CTilikoro TtpancropTy» [2]. Moe mHpuUCKOpeHHii pPO3BHTOK
€KOJIOTTYHMX TEXHOJIOTIH y Tally3i: KapIIepUHT Ha BOJHEBOMY IajiuBi, low steaming
— «IOBUIbHE TMPOIMAPIOBAHHSA» — EeKCIUTyaTallld TpPaHCOKEAHChKUX CYyAE€H Ha
MIHIMaJIbHIA IIBUAKOCTI, JITaKW 13 JABUTYHAMH Ha COHSYHUX Oatapesx. Y
CBOTOJHIIIHIX peajisix TPaHCIOPTHA cdepa € OMAHIEI0 3 KIYOBHX cdep Npu
JOCSITHEHHI IIJIEH CTAJIOr0 PO3BUTKY, OCKUIBKM MA€ CUJILHUN BIUIMB HAa €KOJOTTUHUM
Ta COLIIAJIbHUI CTaH KpaiHH.

Ha panuii MOMEHT OLIHKY [IsUIbHOCTI KoMmmadid 3 no3umii ESG-dakropi
poBOANTH OM3bKo 160 opranizaiiid, Takux sk Sustainalytics, MSCI, S&P Global ta
iH. [4]. €auHOrO MAXOAY /10 OIIHKM HEMAae€, SIK HEMA€ €IMHOTO CIUCKY OIIHOYHHX
kputepiiB. Koxna opranizaiiis, sika 3aiiMaeThecsi ynopsiikyBaHHsM ESG-pelTuHris,
po3po0Jisie  BIACHI METOJOJOTIi OI[IHKK. 3a TaKoro MiAXOoay 1HBECTULIMHUIN
MOTEHIlJI Ta MPUBAOJIUBICT, KOMIIAHIi, PiBEHb 1i COLIAJIBHOI BIAMOBIAATBLHOCTI
3QJIEKUTh B1Jl BIAMIHHOCTEW Yy METOJOJIOTIi OLIHKH KOKHOIO 3 areHTCTB. ICHYIOTH
TOCIIJKEHHS, K1 TTOKa3yI0Th, 1O 13071b0BaHui po3risig ESG-dakropiB npu owuiHii
JIOCSITHEHHSI PIBHS CTAJIOTO PO3BUTKY, a TAKOX PO3OUTTS IIJIEH CTAJIOr0 PO3BUTKY Ha
3 rpynu — coIlialibHY, YINPaBIIHCBbKY, €KOJOTIYHYy — HE Ja€ 3MOTU MPOBECTH
KOMITJIEKCHHUI aHaJli3 ICHYIOUMX B3a€MO3B'SI3KIB MK IUMH (aktopamu [4]. [loniOnuii
MiAXi, SKAW 3a3BHYail  BUKOPHCTOBYETHCS PEUTUHTOBUMHU areHTCTBAMHU, YacTo
MPU3BOJUTH 10 TOTO, 110 KOMIMAaHIi MOXYTh OTpUMaTH BHUCOKI pedTuHru ESG 3a
«TOTAHUX» YMOB JOCSATHEHHS I[iJIEH CTAJIOTO PO3BUTKY.

binbuiicte KOMMaHid, SKI € MDKHAPOJAHMMM MEPEBISHUKAMH Ta CIy:KOaMu
JIOCTaBKH, YCHIIIHO BIPOBAKYIOTh Y CBOKO ISUTHHICTH 1THCTPYMEHTH, TMOKJIWKAaHI
JOTIOMOTTH 1M JOCSTTH IIUJIEH CTaloro po3BUTKY. barato xommauiii npu BHOOPI
croco0y JOCTaBKM BaHTaXy Oa)KalOTh peai3oByBaTH KPiM €KOHOMIYHUX KPUTEPIiB
BUOOpY TpaHcmopTHOi koMmrmaHii 1 ESG-kpurepii, 3M1HCHUBIIM ITUM BiAMOBIIaTbHUAN
BUOID.

Haii0inpm yacTuM MiIXo0M 10 BUOOPY MOCTayaIbHUKA TPAHCIIOPTHUX MOCIYT
€ mnoOyaoBa OaJIbHO-PEUTHUHTOBOI MOJIEIl OIIHKM TMEepPeBI3HUKAa 3a 3aJaHUMHU
CKJTACUYHUMI» KPUTEPISIMU 3 TPUCBOEHHSAM KOXHOMY KPHUTEPII0 TIEBHOI Baru B
3arajbHii OLIHII 3 BUBEJCHHIM y pe3yJbTaTi 3arajbHoi KUIbKOCTI 0ajiB, OTpUMaHUX
KOXKHHM TIEPEBI3HUKOM. B paMkKax HOBOr0O «CTIMKOTO» MIIX0My JOIIBHO

31



JIOTIOBHUTH
npeAcTaBieHl y TaOJIHIIl.

icHytouy wmozens ESG-kputepismu.

Knacuuni ta ESG-kpurepii

Tabnuys - Kpumepii 6ubopy nocmayanbHuka mpaHcnopmuux noCay2

Kpurepii

Onuc xkpuTtepito

Kiacuuni

Bapricth nocraBku

Ieit kpuTepiit HaO1IbIIE BIUIMBAE HA IPUHHSATTS PIIICHHS
Mpo BHOIp TPaHCIOPTHOI KOMIIaHIii, OTKE HAAAa€ TMPIMHI
BILJIMB Ha KIHLEBY BapTICTh TOBAPY

Tepmin gocTaBKH

TepMiH AOCTaBKHM BIUIMBA€ Ha HAABHICTh TOBApy Ha CKIIAJI
Ta MOKJIMBICTh HOTO MPOAAKY MOKYIIIIO

[Tocnyru 3 Ge3neKu BaHTaxXy

30epeKeHHs BAHTaXKy MPU TPAHCHIOPTYBAaHHI Ta LILJIICHICTh
YIIAaKOBKM (YacTKa BHIIAJKIB HAaJXOMKEHHS BaHTaXy B
HETOBapPHOMY CTaH1)

MoxnuBa 3aTpuMKa 4acy

JJOCTaBKH

UacTka BHUMNAAKIB 3aTPUMKH JIOCTAaBKM BiJ 3arajbHOi
KUTBKOCT1 TIEPEBE3CHB

JlocBig poOOTH TIEpEeBiZHUKA
(y pokax)

UuM [oBIE TPAHCIOPTHA KOMIAHIS Mpalloe Ha PHUHKY,

TAM  HaWKpamuii  BaplaHT  JOCTaBKM BOHA  MOXKE

3aMpONOHYBATH KITIEHTY

ESG-kputepii

Cxmamauas ESG-3BiTHOCTI /

Jlanuii kputepiii nae po3yMiHHS TOro, SIKi J1i KOMIaHis

eKOo-CTaHJapTy «EBpo S5»

PO3KPUTTS €KOJIOT1YHOI [poOuTh /i 3HMKeHHS ESG-pu3ukiB
iHopmarrii
BinnoBigHicTe  aBTOmapky | JlaHa ymoBa CHipusie 3HUKEHHIO BYTJIELIEBUX BUKU/IIB

mporpamax

Enextponnuii Exonowmis enekrpoeneprii; ckopodeHHs BUKkuiB CO,

TOKYMEHTOOO0ITr
Biamnosigansae YTumnizamis akyMyJIsTOPiB, aBTOIIMH, JIAMIT Ta iH.

MOBOJIKEHHS 3 BiIXOJaMU

TpancnoptHi  3acobu  Ha | ExexktpomoOini, BUKOpucTaHHsA OiomanuBa. 3HIDKCHHS
QIBTEPHATUBHUX  JDKEpENiax BYTJICICBUX BUKHUIIB
eHeprii

Yyactb B €KOJIOTIYHUX | Y4YacTh B €KOJOTIYHMX  @porpaMax,  MIATPUMKA

E€KOJIOTIYHUX 1HII[IaTHB

CrpaxyBaHHs BAHTaXy

3HMKEHHS BUTPAT y pa3i IICYBaHHS Y HEJAOCTaBKU TOBAPY

BiacrexxeHHs BaHTaxy

BincrexeHHs po3TairyBaHHSI BAHTaXy B PEXKUMI OHJIANH

Iorcepeno: ckraderno aemopamu nHa ocrosi [5, 6, 7]

3arajbHi BUCHOBKH. B pe3ynbrari mpoBeaeHOro JOCIIKEHHS BiI3HAYEHO, 110

Ha JaHWA MOMEHT BifOyBaeTbcs TioOambHA 3MIHA TEOMOJITUYHOI CHUTyalii y

CBITOBOMY MaciuTabi. He3Baxaroun Ha CKIJIaJIHI €KOHOMIYHI Ta T€OMOJITUYHI YMOBH,
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KOPCTKI OOMEXEHHsI, 6arato KOMIaHI TPaHCHOPTHO-TEXHOJOTIUHOI cepu Ta ix
KJIIEHTH MIATPUMYIOTH Ta peali3yloTh NPHUHIMIM CTajJoro pO3BUTKY Yy CBOIl
nismbHOCTI. Po3poOieno 6e3mid iHIIATHB, TUIAHIB Ta METOJWYHUX PEKOMEH/Iallii
IIOJI0 COPUSHHS CTAJIOMY PO3BUTKY KOMIIaHIM 3a jormomMororo o0miky Humu ESG-
pU3UKIB, Yy TOMYy 4YHCII B TpaHCHOpTHIA cdepi. Ane ¢akruuHo ESG-iHTerparis
3HaXOAUTHCS Ha MOYATKOBIM cTamii. HeoOXiqHICTh mepexoay eKOHOMIKH 0 HOBOTO
€KOHOMIYHOTO Ta TEXHOJOTIYHOTO YKJIaay JOBOAUTH MOTpeOy BupoBamxkeHHs ESG-
OPUHILIMIIB Y JISUTBHICTH  MIANPUEMCTB TpaHCHOPTHOI cdepu. [pamoTHmii
npodeciitnuii miaxig no ynpasiinHga ESG-pusukamu Ta po3kputts HediHaHCOBOI
iH(opMarlii mTpo CBOIO JiSJIbHICTh MOKJIWKAHUN JOMOMOTTH KOMIIAHISIM OTPHUMATH
KOHKYPEHTHI1 IIepeBary y HOBiii eKOHOMIYHIN peasbHOCTI.
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PROSPECTS FOR ECONOMIC DEVELOPMENT OF THE LOGISTICS
INFRASTRUCTURE OF UKRAINE

Halkevych M.V. — Ph.D. in Economics, Associate Professor, halkevych _maryna@ukr.net
Izmail University of Humanities
Ukraine, 1zmail

Abstract. The paper analyses the main trends characterising the activities of transport
infrastructure enterprises in Ukraine. A number of problems of domestic transport and
transport-logistic enterprises are revealed. Actual problems of transport sphere
development are specified. The reasons of lagging behind the transport infrastructure
enterprises of Ukraine from modern western analogues are substantiated. International
projects and programmes in the field of transport logistics, in which Ukraine is a
participant, have been analysed. Prospects and prerequisites for increasing the efficiency of
transport and logistics enterprises of Ukraine in the conditions of strengthening
international cooperation and activation of European integration processes are defined.
Keywords: transport infrastructure, transport and logistics enterprise, logistics, transport
logistics, integration.

AKTYaJIbHICTh JOCHIZKeHHSI 3YMOBJIEHA aHAJI30M CY4YacHOTO CTaHy Ta
MEPCIEKTUB PO3BUTKY TPAHCIOPTHO-JIOTICTUYHUX MIANPUEMCTB B YKpaiHl 3 METOIO
MONIYKY 1HCTPYMEHTIB IIJIBUIIECHHS €()EKTUBHOCTI IXHBOI MAISIBHOCTI, a came
MIJBUILEHHA PIBHA IHTErpamii B CHCTEMY CBITOIOCHOJAPCHKUX  3B'SI3KiB.
€BpoiHTerpailiss YkpaiHi ae OuIbllle MOXIMBOCTEH JJIsl MIANPUEMCTB BUXOJUTH Ha
MDKHApOJHI PUHKH, 3HAXOJIUTH PUHKY 30YTy IS CBO€I MPOAYKIIii, IO MOCHIIIOE
KOHKYPEHI[II0 cepejl MANPUEMCTB Ta MOTpedye OUIbIN MIBUIKOTO pearyBaHHS Ha
3MiHd. B ux yMoBax, a came Jijisl MiABUIIEHHS €KOHOMIYHOI €()eKTUBHOCT1, BUHUKAE
norpeda y OUIbII JOCKOHAJIOMY BHKOPUCTaHHI 3acaj JOTicTUKH. OpieHTalis Ha
MDKHApOJHUWA PUHOK MIANPUEMCTB Ta OpraHizaliid YKpaiHu cTaja HEBiJ €MHOIO
YaCTHUHOK iX JIOTICTUYHOI cTparterii. KpaiHu, 1m0 3amydeHi y CBITOBY TOPTIBIIIO
XapaKTepU3yIThCS 3POCTAHHAM OOCSTIB JIOTICTUYHUX MOCIYT, MPO 10 CBIAYUTH 3BIT
CaiToBoro 6anky [1, 2]. BiTuu3HsHUN pUHOK TPAHCTIOPTHO-JIOTICTHYHOI JISTTLHOCTI €
MaJIOBUBUYEHOIO Tay3310, [0 POOUTH AOCTIHKCHHS NTUHAMIKK 30BHINTHBOT TOPTIBIII
AKTyaJbHOIO Ta CBOEYACHOIO.

Mera jgociimkeHHsl. JlocaiguTd Ta  PO3KPHTH CTaH  TPAHCIIOPTHO-
€KCMEeIMLIMHUX JIOTICTUYHUX TMOCAYr B YKpaiHi 1 B CBITI, OLIIHUTH iX PO3BUTOK,
BUSIBUTHU TEPEBATrH 1 HEJOJIKH.
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OcHoBHUI TekcT. B eKOHOMIYHO PO3BHHEHHMX KpaiHaX JIOTICTHKY BXKE KiIbKa
JNECATUIITh BBAXKAIOTh BAXJIMBOI CKJIAJOBOI HAIIOHAIBHOI €KOHOMIKH, IO IJIKOM
onpapaHo. CBITOBUM PUHOK JIOTICTUYHHUX TOCIYT OI[IHIOETHCA B OUIBII HIXK 5 TPJIH.
70J. 1mopiuHo 3poctae Ha 4-5% [3]. B Ykpaini pHHOK JIOTICTHYHHX MOCIYT II0YaB
dopmyBatucs Ha movarky 90-x pokiB XX B. [lepmuMu Ha HROMY CTaJI TISITH TakKi
BimoMi 3aximHi JorictmuHi kommadii, sk «United Parcel Service» (UPS) (CIIIA),
«Thomas Nationwide Transporty (TNT) (Himzepnanmu), «Schenker-Billspedition
Transport Logistics» (Schenker-btl) (Himeuunna/llIsertis) [4].

Sk BiJIoMO 13 3arajabHOI TeOpii CKJIa0Ba JIOTICTUKH B CTPYKTYp1 BUPOOJICHOTO B
KpaiHi MPOAYKTY — BaKJIMBa XapaKTEPUCTUKA PO3BUTKY E€KOHOMIKH KpaiHH, CBOTO
POy MaKpOEKOHOMIYHMM 1HAMKATOp. SIKIIO B PO3BUHEHHUX KpaiHax JIOTICTHYHA
ckianoBa y BBII pieaa 10 — 15 %, To B g00pe opraHi3oBaHHX €KOHOMiKax Ien
BizicoToK e MeHme. Tak y kpainax €C 1 CIIIA norictTu4Hi BUTpaTH CTaHOBIATH 12-
16% BBII, y Kurai - 26%, y SAnonii — 6% [3].

[Ilo crocyerbcs YKpaiHW, TO OLIBIIICTh €KCHEPTIB CIHIBBIIHOCITH €KOHOMIKY
KpaiHh 3 PIBHEM KpaiH «TPEThOT0 CBITY», y SKMX JIOTICTUYHI BUTpPATH MOXYThb
nocsiratu 40 % Bix o6csry BBII. Otoxk, OUIBIIICTh €KCIIEPTIB YBaXKAE, 110 MOKA3HUK
B YKpaiHi komBaeThes B Mexax 30 — 35 % [4]. Ykpaina, 3aBASKH CBOEMY BUT1THOMY
reorpadiuHOMY pO3TalllyBaHHIO, € TPAH3UTHOIO KPaiHOIO i y»K€ TOMY TTOBUHHA MaTH
BHCOKHWIU JIOTICTUYHHUI TOTEHIal. BUHNMKae MUTaHHS, HACKUIBKU PEali3yeThCs LIeH
noteHuian. [IpuynHaMu HU3BKOTO BUKOPHUCTAHHS YKPAiHOI CBOTO JIOTICTUYHOTO
MOTEHIIaly € Te, M0 YKpaiHa BHSBHJIACS HE TOTOBOIO IO TMEpPexXoay BiX
IIEHTPAJII30BAaHOTO JI0 PUHKOBOT'O THUITY €KOHOMIKH. SIK pe3ynbTar 1mporo, B YKpaiHi
HE TPUIUIAETHCA JTOCTAaTHHOI YBard pPO3BUTKY TPAHCHOPTHOI 1HGPACTPYKTypH —
OCHOBHOI 0a3u JIOTICTUYHOTO MOTEHIIIany. ['0JJOBHUMH MEPENIKOAAMH JUIsl PO3BUTKY
1HOPaCTPYKTYpU €: TOCTIHHE WiABUIIEHHS I[iH Ha MajJWBO, BUCOKI CTaBKH Ha
KpeIuTH, MpoOLIM B 3aKOHOJABYiM 0a3l YKpaiHHW, BUCOKI MIXKHAPOJHI BUMOTH IO
PYXOMOIo CKJaay, HEBIAMOBIIHICTh SIKOCTI aBTOMOOIIBHUX JOPIT €BPOMEHCHKUM
CTaHAapTaM, HHM3bKa IIUIBHICTh JOPOKHBOI Mepexi (2 — 3 pa3u HWXKYE, YUM Y
kpainax €C 1 CIIIA) [4]. Takox oJiHI€IO 3 TOJTOBHUX MPOOJIEM HA IIISAXY IT1IBUIIICHHS
JIOTICTUYHOTO TIOTeHIliany € mopTu. Lle came By3pke MicClle Y BHKOPHCTaHHI
KoedilieHTa TpaH3uTHOCTI KpaiHu. ChOTOAHI 1€ CTao Iie OUIbII MOMITHO, KOJU Y
CBITI OJIep)KaJId IIHUPOKE TMOIIMPEHHS MYJIbTUMOJAIbHI TEePEBE3CHHS Ha OCHOBI
BUKOPUCTaHHSI KOHTEWHEPIB MI>KHAPOJAHHUX CTAHIAPTIB.

CydacHUI PHUHOK JIOTICTUYHHUX TMOCIYT MOXHA pPO3JUIMTA HAa TPU OCHOBHI
cektopu: | - TepeBe3eHHS W CeKCHEAWPYBAaHHS BaHTAXKIB PI3HUMU BHJIAMU
tpancropty; II - cxmanceki mocmyru; III - mocmyrm 3 iHTerpamii  Ta
VOPaBIIHHS JIAHIIOTaMHU TOCTaBOK. CTPYKTYpHO Ha BITYM3HSHOMY JIOTICTHYHOMY
PUHKY TIEpeBaXKarOTh OIlepallii, MoB's3aHi 13 TPAHCHOPTHOIO JIOTiCTHKOK - 89%,
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MOCIYyTH CKJaAchbkoro 30epiranHs - 8%, excneaupyBaHHs - 2%, KepyBaHHS
JaHIroraMu noctaBok - 1%. ToOTo, CbOrogH1 yKpaiHCBKMH PHHOK JIOTICTUYHUX
nocayr (GopMylOTb B OCHOBHOMY BY3bKO (PYHKIIIOHAJbHI IOCEPEIHUKH, IO
3aliMalOThCSl OKPEMO TPAHCIIOPTYBAHHSM, €KCIIEIUPYBAHHSAM, BaHTaXOIEpepoOKOLo,
MUTHUM OGOPMJICHHSIM, CKJIaJyBaHHSM, a Ha PUHKY MEPEBaKalOTh TPaHCIOPTHO-
EKCIIEAUTOPCHKI MIANPUEMCTBA.

Jl7i TOpIBHSIHHS: CTPYKTYpa PUHKY JIOTICTUKH €Bpomu abo CBITOBOIO PHUHKY
JIOTICTUKU CBIAYUTH MPO TE, IO B HiIM MOCTIHHO 3MEHIIYETbCA MUTOMa Bara
TPAHCIIOPTHUX BUTPAT, IPOTE POCTE OOCIT KOMIUIEKCHUX JIOTiCTHUHUX mociyr 3 Pl-
OpoBaiifieplB — CHEIlali30BaHUX MIANPUEMCTB, IO HAJAIOTh BECh KOMILIEKC
JIOTICTUYHUX TIOCIIYT B OJIHIM 0COOI.

AHami3yloud  CHUTyalll0  pPO3BUTKY cdepu  JOTICTUYHHUX  TOCIAYr B
VYkpaiHi BiI3HAYUMO OCHOBHI MEPEIIKOH, 110 CTPUMYIOTh PO3BUTOK TPAHCHOPTHO-
JIOTICTUYHOT0 OOCIYroByBaHHS TOBaPHUX MOTOKIB [5]:

- 1e(dIUUT TePMIHAIBHUX, TPAHCIIOPTHO-JIOTICTUYHUX 1 CKIAJACHKUX KOMIUIEKCIB
CEpEeIHBOr0 W BUCOKOTO Kjacy (0cOOIMBO JIsl KOHTEHHEPHUX BaHTaXIB, IMTOMA Bara
SAKUX Yy CBITOBIM MPaKTHUIIl Bke ocsirae 55 %);

- HU3bKa IIBUJKICTh NPOXO/JKEHHS TOBApPHUX IOTOKIB (HU3bKa peiicoBa
BUJIKICTH 1 pocToi A0 40 % yacy B A0po3i);

- HU3bKa TMPOIO3HUIliA KOMIUIEKCHOI TPaHCIOPTHO-JIOTICTUYHOI TOCTYTH IS
3a0€3Ne4YeHHs] MDKHAPOJHHMX, MIDKPErIOHAIBHUX 1 BHYTPIIIHbO-PEr1OHATBHUX
MepeBe3eHb Ta HU3bKa KBasi(ikailisi epcoHay;

- HEJOCTaTHICTh 1HTerpamii iHGOpMAIIMHUX 1 TPOrpamMHO-OO0UYHCIIIOBATBLHUX
KOMIIJIEKCIB;

- BIJICYTHICTh KOOpJHMHAIl MK BHJAMH TPAHCIOPTY ¥ KIIEHTaMH TMpHU
oprasizaiiii MyJIbTUMOJAIBHHUX 1 3MIIIIAHUX TEPEBE3€Hb BAHTAXKIB (HEOOX1IHA 3MiHA
KOHIIENIi — B1JI €IUHOTO TEXHOJIOTIYHOTO Tpolecy ¥ mrpadiB 3a mpocToi 10
MJIaHYBaHHS IEPEBE3CHHS HA MPUHLMIIAX €IMHOTO BIKHA 1 €AMHOI TApU(PHOI CTaBKH);

OCHOBHUMHU JpailBEpaMH HA TOCHII)KYBAHOMY PUHKY €:

- roGaizallist JiSJIbHOCTI KOMITAHIM-KIIIEHTIB Ta MPAarHeHHS 10 CKOPOYCHHS
PO3MIpY JIOTICTUYHOTO JIAHITIOTA i ONTUMI3aIlil BUTpAT Ha 1i IJISHKAX;

- KOHIICHTpaIli KOMITaHIM-KJIIEHTIB HAa KIFOUOBUX KOMIETEHINISX 1 ayTCOPCUHT
HEeNpOo(UILHUX HAMPSMKIB;

- PO3BUTOK KOHTPAKTHOI, MPOEKTHOT JIOTICTUKHU, TOOTO (hOpMYBaHHS CcTpaTerii i
TAKTUKH JIOTICTUYHOTO 0OCIYyTrOBYBAHHS KOPIIOPATUBHUX KIIIEHTIB;

- IT-miaTpYMKa JOTICTUYHMX TMPOLIECIB, OCOOJMBO MOKJIUBICTh OJEpP>KaHHSA
BYACHO MOBHOI 1H(OpMaIIii Mpo MicIle 3HAXOKEHHS BAaHTAXYy B JIAHIIO31 TOCTABOK;
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-y cepi BUpOOHHIITBA - PO3BUTOK «OINAJTMBOI JOTICTUKWY, BIPOBAKEHHS
METOJIMK «OIIAJTMBOIO BUPOOHHUIITBA» 3 METOI PEeCypco30epeKeHHs W BUSBICHHS
JOKEpEN BTpAT pecypciB MiANPUEMCTBA MPU 3A1MCHEHH] JIOTICTUYHUX OTepaIlii;

- HaJIJaHH$ CTIelliali30BaHUX HAOOPIB JIOTICTUYHUX MOCIIYT, HAPUKIIA]] PO3BUTOK
(Gper-IoTiCTUKH, «XOJOJHOD» JIOTICTHUKH, aBTOMOOUIBHOI JOTICTHKH, arpapHoi
JIOTICTHKH, (papMalleBTUYHOI JOTICTHKH H T.11.;

- hopMyBaHHS 1HTErpOBaHOI JIOTICTUYHOI MIATPUMKUA IKHUTTEBOTO IUKITY
MOPOAYKII, IO OCOOJUBO aKTyaJbHO JUIsl HAayKOMICTKHX BHpPOOIB 1 BHPOOIB 3
KOPOTKUM J>KATTEBUM IMKIIOM, HANPUKIAL KOMI'IOTEPHOI TEXHIKH, MOOUIBHHX
TenaedOoHIB 1 T. .

3araabHi BUCHOBKHM. TakuMm yuHOM, B YKpaiHi cpopMOBaHi MepeayMOBH [0

po3BUTKYy rinobansHux 3, 4PL mpoBaiinepiB, 31aTHUX BUPIIIYBAaTH BCl MUTAHHS: Bij
BUKOHAHHS OKPEMHUX Omepaliil y cdepl JOTriCTUKU 10 HaJaHHS KOMIUIEKCHUX MOCIIYT
1 IHTETPOBAHOIO YIPABIIHHSA JIOTICTUYHUMHU JIAHUIOTAMH MIANPUEMCTBA-KIIIEHTA
(BKJIFOYAIOUM ONTHMI3allit0 O13HEC-TIPOIIECIB MPOTATOM YChOTO JIAHI[IOTA MOCTABOK).
3 morysiAy CBITOBOTO JOCBIAY M Cy4acHMX TEHJEHIIN PO3BUTKY IJI00alIbHOIO PUHKY
JOTICTUYHUX TOCIyr YKpaiHa mnepeOyBae Ha etami (opMyBaHHS ¥ KOHCOJiAamii
rajiysi, CyTTEBO YCTyNalOud 3aXiJIHUM KpaiHaMm, SK 10 $KOCTI, TaK 1 IIO
KOMILJIEKCHOCTI MOCITYT Hal[lOHAJIbBHUMH TPAHCIIOPTHO-JIOTICTUYHUMU KOMITaHISIMH. Y
TOM k€ 4ac B YKpaiHl CHOCTEpPIra€ThCsi BUCOKA 3alIKaBJICHICTh Yy MOUIMPEHHI
TPAHCIIOPTHO-JIOTICTUYHUX MOCHYT, K 3 OOKY CIOKHBAUIB, TaK 1 3 OOKY JIOTICTUHYHHUX
oneparopiB. IligBUIIEHHS poil perioHiB YKpaiHM $K CIHOXKMBA4diB 1 OJHOYACHO
BUPOOHUKIB  IIMPOKOTO  CIEKTpa  TPAHCIOPTHO-JMIOTICTUYHUX  TOCAYT Y
CEepPEIHBOCTPOKOBIM TEPCHEKTHBI Oyae BH3HAYATHUCS 3OUIBIICHHSAM CIIOKHBYOTO
NOMUTY ¥ 000pOTY PO3APIOHOT TOPTIBIIL.
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Abstract. The advancement of technology in the field of transport logistics management is a
topic of significant relevance for contemporary businesses striving to optimise their
logistics processes and enhance the efficiency of their operations. The objective of this study
Is to examine the current methods of transport logistics management and to propose new
approaches. The findings indicate that the utilisation of innovative technologies and
software systems can enhance an enterprise's competitiveness and success in comparison to
its competitors. Consequently, it can be concluded that enhancing the technology of
transport logistics management is a crucial step to improve the efficiency of companies and
the quality of services, which can subsequently lead to an increase in overall profits and a
strengthening of positions in the market.

Keywords: mpancnopmua nocicmuka, mexunonocii, inmeepoeéani cucmemu, ORMUMATbHI
mMapupymu 00CmasKu 8aHmMaxicie

AKTyaJIbHiCTh TeMH OOyMOBJIEHAa TEOPETHUYHUM BHBUYCHHSM CY4aCHOTO
MIIXOQY 10 YNOPAaBIIHHS B TPAHCHOPTHIM JOTICTULI CHPSMOBAaHUM HAa CTBOPEHHS
IHTErPOBAHUX CHUCTEM, KU OyJie TapaHTIEI0 ONTUMAILHOTO BUKOPUCTAHHS PECYPCIB
1 3HDKEHHS BUTpAT HA JIOCTABKY BaHTaXiB. Y cydacHOMY Oi3HeC-CepelOBHIII, SKE
XapaKTEepU3y€e€ThCsl TOCTIMHUMU 3MIHAMH Ta 3aroCTPEHHSIM KOHKYPEHIIli, 1CHY€
HarajbHa TMOTpeba y BIOCKOHAJIEHHI TEXHOJOTINH, IO BUKOPUCTOBYIOTHCS B
YIOPaBIIIHHI TPAHCTIOPTHOIO JIOTICTUKOIO, K Y TEOPETUYHOMY, TaK 1 B MPAKTUYHOMY
iani. Ile moB's3anHo, 3 ogHOro OOKYy, 3 HEOOXIAHICTIO €(EKTHUBHOTO YIPaBIIHHS
JIOCTABKOIO TOBAapiB, 1100 TapaHTyBaTH MYHKTYAJIbHICTh 1 SIKICTh HaJaHUX MOCTYT. 3
1HIIIOTO, BUKOPHUCTAHHS HOBUX TEXHOJIOTIA 1 METOJOJOTIA YNpaBiiHHA, IO €
000B’SI3KOBUM JJTs1 MIATPUMKH KOHKYPEHTOCIIPOMOKHOCTI Ha PUHKY.
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MeTtor0 A0CaiIKEeHH € TEOPETUYHUI KOHTEKCT BJOCKOHAJECHHS TEXHOJOTIT
YIOPAaBIIHHS TPAHCHOPTHOIO JIOTICTUKOIO, IO € (PyHIaMEHTaIbHOI YMOBOIO MJis
YCHIITHOT'O PO3BUTKY O13HECY Ta €KOHOMIYHOTO 3pOCTaHHS Ha HaIllOHAJIBHOMY DPiBHI
KpaiHH.

Binomo, 1mo B TpaHCHOPTHIM JIOTICTHIIl BUKOPUCTOBYBAIHCS PI3HOMAaHITHI
METOIM Ta WIAXOAU, YITKO OpPIEHTOBAaHI Ha BHUPIMICHHA KOHKPETHUX 3aBIaHb.
Hanpuxman, anroputMu, 3acHOBaHi Ha rpadax 1 MaTeMaTHYHMX MOJEISX,
BUKOPHUCTOBYBAIMCS JJIsl ONTHMI3allii MapIpyTiB TOCTaBKU BaHTaxiB. L{i anropurmu
BpPaxOBYBaJIU JIMIIIE KiJbKa (paKTOPIB, HAMPUKIAJ] BiCTaHb MK ITYHKTaMH JOCTaBKH
Ta yac, HeOOX1AHUM JUIs JOCTaBKU BaHTaxy. Pi3Hi TexHouorii, Taki sk GPS-napiraris
Ta IITPUX-KOAMU, OYyJIM BUKOPUCTAHI JJIsI BJOCKOHAJICHHS CHUCTEM MOHITOPUHTY
BaHTaXiB [2]. OgHaK 11i TEXHOJOTIi MarOTh CBOI oOMexeHHs. CydacHi TEXHOJIOTII Ta
MIIXO0M B TPAHCIIOPTHIN JIOTICTHLI CIPSAMOBAHI HA CTBOPEHHS IHTETPOBAHUX CHCTEM,
0 MOEAHYIOTH PI3HOMAHITHI METOAM Ta TexHoJjorii. JIo HUX BITHOCSATHCS OLIBIIT
CKJIQHI CHUCTEMH YIpPaBIIHHSA CKJIAJ0M, CHUCTEMHU MOHITOPUHTY BaHTAXIB 1
TPAHCHOPTY 3a JIOMOMOTOK JAaTYMKIB, CHCTEMH IUIAaHyBAaHHA MapHIpyTiB 3
ypaxyBaHHsIM Oaratbox (axrtopis. JJis onTuUMi3ailii MapuIpyTiB JOCTABKUA BaHTaAXKY
BXKE 3apa3 BHKOPUCTOBYIOTh KOMOIHAIlIl0 CTaTUCTUYHHUX J@HUX IPO JOPOIKHIO
00CTaHOBKY, MpO TMOTOJHI YMOBH, MpPO 3aTOpU Ta 1HUI (HAKTOpH, SKI MOXKYTh
BIUTMHYTH Ha 4Yac JIOCTaBKu [1].

OnHuM 3 BaXKJIMBUX PIIIEHb y cepi TPAHCIOPTHOI JOTICTUKH € BUKOPUCTAHHS
€KOTeXHOJOri. Taki TeXHOJOrli € ePEeKTUBHUM 3acCO00M 3MEHIIEHHS ILIKIJJIMBOIO
BIUTUBY HAa HABKOJMIIHE cepenoBuie. Jlis BUPOOHUIITBA €HEPrii KOMIMaHIii
BUKOPUCTOBYIOTh T1IOpUIHI Ta €NEKTPUYHI TPAHCIIOPTHI 3aCO0H, a TaKOXK COHSYHI Ta
BITPOBI1 YCTaHOBKH.

CyuvacHi pimieHHsS y cdepl TPaHCHOPTHOI JIOTICTUKU BKIIIOYAIOTh HIUPOKHIA
CHEKTp I1HHOBalIMHUX TEXHOJOrIA 1 PO3POOOK, SKI JI03BOJSIOTH KOMIAHISM
ONTUMI3YyBaTH CBOi Oi3Hec-mporiecu. BoHM AomoMararTh KOMIIAHISIM TiBUIIUTH
€(EeKTUBHICTh, 3HU3UTH BUTPATU Ta MIABUUIUTH SKICTh MOCIYT, OJIHOYACHO
3MEHIIIYIOUHW IIKIJUTMBUI BIUIMB Ha HABKOJUIITHE cepenoBuie. Lle kimo4uoBi pakropu
ycmixy OyAb-sIKOTO TPAHCIOPTHOTO MiANPUEMCTBA. Bce 1€ poOUTh TpaHCHOPTHY
JIOTICTUKY OUIBIII KOHKYPEHTOCIIPOMOSKHOIO Ta MPUBAOIMBOIO 1Jisi KiieHTiB. CydacHi
TEXHOJIOTI{ JI03BOJISIFOTh CTBOPIOBATH O1IIbIN €(heKTUBHI Ta YHIBEPCAIbHI CUCTEMH, SIK1
MOXHa aJanTyBaTH JO pI3HOMaHITHUX 3aBdaHb Ta yMoOB. OJHaK YCIIIIHE
BITPOBAKCHHSI IIUX CHCTEM BHUMAarae BpaxyBaHHS BCiX (DakTOpiB, IO BIUTMBAIOTH Ha
JIOCTaBKy BaHTaXy, BKJIIOYAIOUM TEXHIYHI, €KOHOMIYHI, COILIaJIbHI Ta E€KOJOT14HI
acrekTH [3].

3po3ymijio, MO0 ICHYIOYl PIMICHHS B TPAHCHOPTHINW JIOTICTUINl MalOTh 3HAYHI
HEJOJIKM, SIKI TMEepPenIKO/KAIOTh €(PEKTUBHOMY YIPaBIIHHIO JIOTICTUYHUMU
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mpolecaMu Ta JOCTaBKOK BaHTaXiB. OQHUM 13 HaWOIIBII ICTOTHHX HEIOJIKIB
ICHYIOUMX pilleHb € iX oOMe)XeHa 3JaTHICTh aBTOMAaTU3yBaTH MPOLIECH JOCTABKU
BaHTaxiB. Jledki eTanmu JOCTAaBKH, Takl SK 3aBaHTAXKEHHS Ta PO3BAHTAKEHHS
BaHTaXy, BCE K BUMAraroTh y4acTi JIIOJIMHU, III0 HEMUHYYE MPU3BOJAUTH JI0 3aTPUMOK
1 TIOMUJIOK, Ta 1 caMi CHCTEMH MOHITOPUHTY BaHTaXXIB MalOTh HEAOJIKW. BoHM He
3aBXIM HAJAI0Th TOYHY 1H(POPMAIIII0 PO MICIIE3HAXOHKCHHS Ta CTaH BaHTaxy. Lls
CUTYyallisl BUHHKAE 4epe3 HEOOXITHICTh BpaxoByBaTH O€3JliY 3MIHHHMX MPH PO3poOII
ONTUMAJbHUX MApUIPYTiB JOCTAaBKH BaHTaxy. OAHAK Cy4acHI CHCTEMH IUIaHyBaHHS
MapuIpyTiB BKJIIOYAIOTH JIUIIE MIJIAMHOXHUHY LHMX 3MIHHHMX, 110 MOTEHLIMHO MOXeE
OPU3BECTU JI0 BUOOPY HEONTUMAIBHOTO MAapHIpyTy Ta 3aTPUMOK Y JIOCTaBIIl
BaHTaxy. Hampukian, MeToaM TPOrHO3yBaHHS TMOMUTY MOXKYTh BHSBUTHUCSA
HEa/JIeKBaTHUMH, OCOOJMBO B YMOBAaxX JIWHAMIYHOIO PUHKY Ta 3MIHU CHOXHUBYHX
nepeBar. lle Moxke nOpu3BECTH 10 HAIMIIKY ab0 HEJOCTAaTHOCTI 3amaciB AJis
3aJI0BOJICHHS TTOIHUTY.

Kpim Toro, mianyBaHHs BUPOOHHUIITBA MOXKE 3ITKHYTHCS 3 TPYJIHOIIAMHU 4yepes
Opak matepiaiiB abo HernepeadaueHi nmpobdiaeMu y BupoOHHYoMy Tpoiieci. Lle moxe
MPU3BECTH O 3aTPUMOK JOCTaBKM TOBapiB i HeBUKOHaHHA monuty [3]. Tomy
BaXUIMBO TOCTIHHO PO3pOOJSATH HOBI METOAM Ta TEXHOJOTIT MJs TOKpalleHHS
JIOTICTUYHUX Omepallii Ta miaBUIICHHS iX eeKTUBHOCTI. [IpuKkiagoM Takux METO/IIB
€ BHKOPHUCTAHHS CHUCTEM YIPABIIHHA TpaHCHOPTHOIO Jorictukor (TMS), sxi
3a0€3Me4yloTh KOMILUIEKCHHM KOHTPOJb YCIX MPOLECIB JOCTABKA BaHTAXIB, BIJ
IJIaHyBaHHS 70 BiaBaHTakeHHs. e 3a0e3neuye miABUILEHY TPO30PICTh 1 KOHTPOJIb Y
JoricThyHmx jiaHiorax [4]. OMHUM i3 OCHOBHHUX METO/IiB TPAHCIIOPTHOT JIOTICTHKH €
MOCTIHE BJIOCKOHAJICHHS ITPOIIECIB.

VY neili MIHIMBUN Ta IMBHUIKHUN Yac, SIKMA TMOCTIMHO MOTpeOye KapauHAIbHUX
3MIH TPAaHCIOPTHI MiANPUEMCTBA TOCTIMHO MIYKAIOTh HOBI NUISXH TMOKpAIEHHS
AKOCT1 OOCITYyroByBaHHS Ta 3HWXEHHS BHUTpAT, LIO JO3BOJIsIE iM OyTH OuIbII
THYYKHMH Ta aJanTyBaTHCS O MIHJIMBUX YMOB PUHKY Ta BUMOT KiieHTiB. CydacHa
TPAHCIIOPTHA JIOTICTUKA BUMAara€ KOMIUIEKCHOTO MiAXOAy Ta BHKOPUCTAHHS
PI3HOMAHITHMX METOMIB 1 TIAXOJIB JUIsI BHPIMICHHS OCHOBHHMX 3aBJaHb, SKi
MOJIATAIOTh Y SIKOCTI TPAHCHOPTHUX TOCHyr. TpaHCHOPTHI MiANPUEMTCBA, SIKi
YCHIIIHO 3aCTOCOBYIOTH 11l METOJH, OTPUMYIOTh 3HAUHI MEpeBaru B KOHKYPEHTHIN
00pOoTHOI Ta MOKYTH 3AIPOIIOHYBATH CBOIM KITIEHTaM OUIBII sIKicHI mocayru [4].

Jlns rapMoHizaiii (QyHKI[IOHYBaHHS Ta 3 METOI YAOCKOHAJIEHHS YIIpaBJIiHHS
TPAHCHIOPTHOIO JIOTICTUKOIO JOIIBHO 3alpONOHYBaTH HOBUW MIAXIJ, AKUH Oyne
OpIEHTOBAaHUU HA CHOKUBUYOMY METO[I1 yrnpaBmiHHS. CHOKUBYUA METOJ YIPaBIIIHHS
€ Cy4aCHUM IiJIXOJIOM JIO YIPABIIHHS B TPAHCHOPTHIN JOTICTHUIl, SKHH MOBHICTIO
CIpSIMOBAaHUW Ha CTBOPEHHS IHTETPOBAHHMX TPAHCHOPTHUX cucTteM. JlaHuii meTon
noJyisirae B crenu(piyHiil opraHizaiii ynpaBiiHHA 32 TIEBHUMH B3a€MOIIOB'SI3aHUMU
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[MKJIAMA ~ JIOTICTUKH, 10 BIAMOBIAAIOTH, PI3HUM  KATETOpisIM  CIOXKMBAYiB
TPAHCHIOPTHOTO  MIANPUEMCTBA, TOOTO BAHTAXKOBJIACHUKIB. 3a  JOMOMOTOIO
CIIO’KMBYOTO METOJY YIPaBIIHHS 3a0€3MeUyI0ThCS BCl BAMOTH BaHTaKOBJIACHUKIB Ta
I1JIel BIJIMOBIIHUX TIPoIieciB (GOPMYBaHHS SIKOCTI TPAHCIIOPTHUX IMOCTYT. MeToauka
CHOKMBYOTO METOAY BIAPI3HSIETbCA BiA BIJOMHUX, THM IO Ma€ OUIbII
PO3TATYKCHIIMK 1 TOKpAIIeHW MEXaHi3M 3BOPOTHOTO 3B'SI3KYy, IO JO3BOJISIE
KepyBaTH TOKa3HWKAMH SIKOCTI TPAHCIOPTHUX TMOCIYT BIANOBIAHUX MPOLECIB,
BUMOTaMH CIIO>KMBAUiB, LIJIIMU Ta IX peani3aliero. 3a JOMOMOT00 3alpONOHOBAHOTO
METOy B YIOpPaBIIHHI TPAHCIOPTHO-JOTICTUYHOI CHUCTEMHU BUKOPUCTOBYETHCS
MEXaHI3M 30BHIIIHINA Ta BHYTPINIHIM caMOperyJssilii TpaHCHIOPTHOIO IPOIECy, IO
3abe3reuye CTIMKUM CTaH PIBHOBArd BIJKPUTOI CHUCTEMH Ipu 11 B3aeMojii 3
HABKOJIUIITHIM cepenoBuIeM. [IpudoMy, BHYTpPINIHS CaMOPETYJIAIiS 3a0e3neuye
HE3JIE)KHY PEaKlil0 TPAHCIOPTHUX MPOILECiB (POPMYBaHHS SKOCTI Ha MOCIYTH, L0
MOPYIIYIOTh iX HOpMajibHE (YHKI[IOHYBaHHS. BHUKOPHUCTOBYIOUM CIIOKUBUUN METOJ
VOPABIIHHSA TPAHCHOPTHO-JIOTICTUYHA CHUCTEMa YHUKHE BHYTPILIHIX MPOTHPIY,
NpUiiMaloyu CIIOHTAHHI 4YM OOMEXEHI pillleHHs y cdepi SKOCTI TPaHCIOPTHHUX
nocayr. CHOXUBYMM METOJ YHPABJIIHHSA TPaHCHOPTHO-JIOTICTUMHUMU CHCTEMaMU
0a3yeThbCsl Ha MPUHIIMIAX YIIPABIIHHSA JIOTICTUKOIO, YIIPABJIiHHS B3a€EMOBIIHOCHHAMU
3 KJIIEHTaMH, TapMOHI3allil CUCTEMH YIPaBIIHHS HIANPUEMCTBOM Ha OCHOBI SIKOCTI
MOCITYT Ta BUKOPUCTAHHS MPUHITUIIB CHHEPTETUYHOTO CUCTEMHOTO MiIXOY.

3aranbHi BHCHOBKH. PO3BUTOK CydacHMX TpaHCHOPTHUX MIANPUEMCTB
3aNeKUTh BiJl BIPOBA/DKEHHS HOBHX NPAKTHK YIPABIIHHS SKICTIO TPAHCIOPTHUX
nociyr. Peanmizaiisi CUCTEMHOI MapajurMu 3alpolOHOBAHOTO CIOYKMBYOTO METOAY
yIpaBJIiHHS CyO0'€KTIB TOCMOJAPIOBAaHHS (TPAHCHOPTHI MIAMPUEMCTBA 1 CIOKHUBAY1)
3YMOBJIIO€ HEOOXIIHICTh 3MIHM TIOTJISITy Ha B3a€EMOBIIHOCHUHU 31 criokuBayamu. Lle
OXOIUTIOE HE JIMIIE POJib CHOXKMBaya B KYIIBJI TPAHCIOPTHOI MOCIYTH, aje ¥ foro
y4acTh y OUIbII IIMPOKOMY TMPOIECI JIOTICTUYHO-TPAHCIIOPTHOI CHUCTEMHU,
BKJIFOUAIOYHM PO3BUTOK MOCIYT, OLIHKY SKOCT1, MOTHBALlI0 MOCTAYaJbHUKIB MOCITYT
Ta 1HII ACTIEKTH.

[apMoHizalliss cucTeMH CHOXXHMBYOTO METOJNY YOPABIIHHS  JIOTICTUYHO-
TPAHCIIOPTHOI CUCTEMU 0a3yeThCsl HA TAKUX MPUHIIUIIAX:

- lepapxiyHa CTPYKTypa €JIE€MEHTIB, IO CKJIaJal0Th TPaHCIOPTHO-JIOTICTUYHY
CUCTEMY;

- iHTerpaumis 13 3arajbHOK CHCTEMOK)  VYIPABIIHHS  TPAaHCHOPTHUM
H1AIPUEMCTBOM;

- BIUIMB Ha BUPOOHUYI TPAHCIIOPTHI MPOIIECH, alie HE Ha iX PE3yNbTaTH;

- 3MiHA OPraHi3aliifHOI CTPYKTYPH TPAHCIIOPTHO-JIOTICTUYHOT CUCTEMHU 3 METOIO
3aJlydeHHs] 30BHIIMIHIX 1 BHYTPIMIHIX CMOXXKHUBAYiB (BaHTAKOBJIACHUKIB) JIO TPOIIECY
HaJaHHS TPAHCTIOPTHUX MOCTYT.
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3anponoHOBaHU METOJA 1O YHPAaBIiHHSA B KOHTEKCTI TPAHCIOPTHUX IOCIYT
cripussiTuMe (OpMyBaHHIO Ta OUIbII €()EKTHUBHOMY BUKOPHUCTAHHIO OE3MEepEepBHOIO
JAHIFOTa KOHTPOJIO SIKOCTI TPAHCIIOPTHUX TOCIYT, SKHH OXOIUTIOE CIOKHBaya,
noctadalibHUKa 1 crokuBada. OTke, CyThb HOBOI MapajurMHu YIPaBIIHHS SIKICTIO
TPAHCIIOPTHUX TOCTYT TOJSATa€ B Y3TOJKEHHI OCHOBHHUX NPUHLUIIIB YNPaBIiHHSI
TPAHCIIOPTHOIO JIOTICTUKOIO.
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INTEGRATION OF RAILWAY TRANSPORT INTO THE URBAN
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CHALLENGES
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Abstract. This study explores the integration of railway transport into Ukraine’s urban
systems to address mobility challenges and improve public transit efficiency. The research
focuses on infrastructure modernization, multimodal hubs, and unified ticketing systems as
essential components for seamless connectivity. A GIS-based accessibility analysis was
conducted to evaluate urban railway coverage, alongside a comparative study of European
multimodal practices. Results highlight the benefits of synchronized schedules, centralized
digital platforms, and integrated fare systems in reducing congestion and improving
commuter convenience. This approach aligns Ukraine's urban transport strategies with
European standards and fosters greater mobility for citizens.

Keywords: railway integration, urban mobility, multimodal hubs, Ukraine, transport
infrastructure, unified ticketing

AKTYaJbHICTL TeMH. 3aJli3HUYHUA TPAHCHOPT BiAIrpae 3HAYHY pOIb Yy
3a0e3ne4yeHHi MOOUIBHOCTI HAceJIeHHS B MICBKUX ariiomeparisx Ykpainu. [Ipore
Horo 1HTerpamis 3 1HIIMMHU BHJIaMHU TPAHCIOPTY 3aJIMIIAETHCA HEIOCTATHBOIO, IO
CTBOpIOE HU3KY mnpodsieM. Lle crocyeTbcsi HE3pyUHOCTI Mepecagok, BIACYTHOCTI
€IMHOI cucTeMu Tapu@ikaiili Ta 0OMEXEHOro MOCTYIY J0 3aJlI3HUYHUX CTaHIIA y
rycroHacesneHux paiionax. Ili mpobreMu He nuIe 3HIKYIOTh SKICTh TPAHCIIOPTHOTO
oOCNTyroByBaHHs, ajie¢ W CHOPUAIOTh TEPEBAHTAXKEHHIO AaBTOMOOUIBHUX JOPIT,
30UTBLIEHHIO Yacy B I0PO31 Ta MOTIPIICHHIO €KOJIOTTYHOI CUTYaIlll y MiCTaXx.

JocBig eBpomeicbkux KpaiH, 30kpemMa Himeuunmnu ta @Ppaniii, mokasye, 1o
1HTEerpalisi 3a1i3HUYHOTO TPAHCIOPTY 4Yepe3 PO3BUTOK MYJIbTUMOAAIBHHUX BY3JIB,
mupoBux MiIATPOpM A KOOPAMHALIT PO3KIAIIB Ta €IUHOI CHUCTEMH MPOJAKY
KBUTKIB MOXE 3HAYHO MOKPAIIUTH MOOUIRHICTh HACEJICHHs. YKpaiHa Ma€ 3HAYHHMA
MOTEHITIa JJIsi BOPOBA/DKEHHS IHUX PIMIeHb, SKI COPUSITHMYTH ONTHMI3AIli
TPAHCTIOPTHUX TOTOKIB, IMIJABUIIEHHIO SKOCTI TMOCIYT 1 3MEHIIEHHIO 3aTOpIB Ha
JOpOTax.
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Mertor0 gociIKeHHsl € BU3HAYEHHS Ta OOTPYHTYBaHHS KOMIUIEKCHHX I1IXO1B
70 1HTerpalli 3ajJi3HHYHOTO TPAHCIIOPTY B MICBKI TPAHCTIOPTHI CUCTEMH YKpaiHH 3
ypaxyBaHHSM CY4aCHUX BUKJIMKIB MOO1IbHOCTI. OCHOBHI aCIEKTH BKIIIOYAIOTh:

1. AHami3 cTaHy TpPaHCIOPTHOI CHUCTEMHM YKpaiHU: BHU3HAYEHHS KIIOYOBHX
npo0JieM 1HTEerpanii 3a1i3HHYHOT0 TPAHCIIOPTY 3 1HIIUMHU BUAAMH TPAHCIIOPTY, TAKHX
K METpO, aBTOOyCH Ta TpaMBai.

2. BuBuYeHHSI MI>KHApOIHOTO JOCBITY: aHaNi3 MPAaKTUK 1HTErpallii 3aJi3HHYHOTO
TPAHCIIOPTY Y MICbKi CUCTEMH B KpaiHax €Bponu, 30kpema Himeyunnu ta @paHniiii, 3
akIeHToM Ha HudpoBi MIaTGOPMU, MYJIBTUMOJAIBHI BY3JIM Ta €AUHY TapuQpHy
CUCTEMY.

3. Oui"ka BIUIMBY  1HTerpaifii: po3poOka  CIleHapiiB  BIPOBAKEHHS
MYyJbTUMOJATIBHUX TPAHCIIOPTHUX BY3JiB, €IUHOT CUCTEMHU MPHUI0aHHS KBUTKIB Ta
U poBOi KOOPAMHALIIT PO3KIIAIIB.

4. ®opmyBaHHS peKOMEHAAIIN: pO3p0OOKa TPAKTUYHUX PIIIEHB AJI MOJTINIICHHS
MOOUIBHOCTI HACEJIEHHS, ONTUMI3allli TPAHCHOPTHUX MOTOKIB 1 3MEHILIEHHS 3aTOPIB Y
MICBKHUX arjoMeparisx YKpaiHu.

I[li 3axomm  chopsMOBaHI  Ha  MIJBHINCHHSA  SKOCTI  TPAHCIOPTHOTO
00CITyrOoByBaHHs, CKOPOUEHHS yacy NepecajoK, MOKPAIEHHS €KOJIOTIYHOI CUTYyalil
Ta 3a0e3MeUYeHHsl 1HTerpauli YKpaiHChbKOI TPAHCIOPTHOI CHCTEMH y €BPONEUCHKUN
TPaHCHIOPTHUM TPOCTIP.

VY nociiKkeHH1 3aCTOCOBYBAIUCH KUJIbKA METO/IIB:

- GlS-ananiz: oyinka oocmynHocmi 3AnNi3HUYHUX CMAHYIU Y MICOKUX
aznomepayiax Ykpainu 0na 6u3HAUeHHS pIGHA NOKPUMMS HACENeHHs
3ANIBHUYHOI IHPPACMPYKMYPOIO.

- IlopiBHsIbHUYM aHANI3 MIKHAPOJHOTO JOCBIAY: BHUBUEHHS I1HTErpalliifHUX

NPaKTUK y KpaiHax €Bpomu, Takux gk Himeuunmna ta @DpaHiiis, 3 aKIEHTOM Ha
MYyJbTUMOJIATBHI BY3JIM, KOOpJWHAIIO TpadikiB Ta €IUHY CHCTEMY MIPOJAKY
KBUTKIB.

- MogentoBaHHS TPAHCIOPTHUX TMOTOKIB: PO3pOOKa CIIEHApIliB 1HTEerpauii
3QJII3HUYHOTO TPAHCHOPTY B MICBKI CUCTEMH 3 ypaxyBaHHSM MaCa)KUPOIMOTOKIB Ta
1H(PACTPYKTYPHUX OOMEKEHD.

- CrarucTuuHui aHami3: BUKOPUCTaHHS JIaHMX IIOJO0 MACaXHUPOIMOTOKIB Y
MICBKHUX arjoMeparisax JJis OIliHKY BIUIMBY IHTETpaIlil Ha 3araJibHy MOOUIbHICTb.

Po3pobiena MeromoJioris  JO3BOJISIE  CHCTEMHO  OLIHUTH  1HTErparliiiHi
MO>KJIMBOCTI YKPaTHCHKOI TPAaHCTIOPTHOT CUCTEMH Ta BU3HAYNUTH ONITHMAJIbHI PIlICHHS
JUIST  MIABUIIEHHS 11 e(peKTHMBHOCTI. YKpaiHChbKa TpaHCIOPTHA CHUCTEMa Mae
OaraTopiBHEBY CTPYKTYPY, A€ 3alTi3HUYHUN TPAHCIOPT BHUCTYMAE MAaricTpajbHOIO
KOMITOHEHTOIO MACAKUPCHKUX NEepeBe3eHb. [HTerpalis 3aJi3HUYHOrO TPAHCHOPTY B
MICBKY TPAHCIOPTY CHCTEMY TOTpeOdye€ CHCTEMHOrO TIiAXOAy, 3 BpaxXyBaHHSM
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MPaBOBOi, TEXHOJIOT1UHOI, 1HPPACTPYKTYpHOI, EKOJOTiuyHOI Ta 1H(OpMAaIiitHOI
cKJIasioBoi. TpaHcdopMallisi HOPMATUBHO-TIPABOBUX YMOB y cdepl 3ali3HUYHOTO
TpaHCHOPTY YKpaiHW 3A1MCHIOIOTHCS MUISXOM BHKOHAHHS CEMHU JHUPEKTUB Ta
YOTUPHOX peraMeHTiB €Bpornericbkoro Coro3y, sKi nepeadadeHo YTroJorw IMpo
acomianito.  OCHOBHMMHM  HampsiMamMH  MOJEpHI3alii €  rapaHTyBaHHs
HEAUCKPUMIHALIMHOTO JOCTYIy [0 3ali3HUYHOI 1H(QPACTPYKTYpH, TOCHICHHS
iHTerpaii 3 €BPOMEHCHKOIO0 3alli3HUYHOIO CHCTEMOIO0 Ta TMOKPAIICHHS SKOCTI
MacaXMPChKUX MEPEBE3CHb BIMOBIIHO A0 MIXXHAPOJAHUX CTAHIAPTIB.

Peopranizaniss cTpykTypu YKp3ami3Hulll mepefdadae onTumizaiiio (yHKIIHM
ormeparopa 1HGPACTPYKTypu Ta TMEpEeBI3HUKA, 10 CTBOPIOBATUME YMOBU IS
KOHKYPEHTHOTO PUHKY 3aJlI3HUYHUX TEPEeBEe3€Hb. Y IPaBIIHHSA TPUIUATHMA YOTUPMA
¢imisMHA, BKIIOYAIOYW MIICTh PETIOHATBHUX 1 JBAIATH BICIM (PYHKITIOHAIHHHX,
COPUATAME PO3BUTKY TPAHCHIOPTHHX MOCIHYT 1 YIMOPSAKOBAHOMY YIPABIIHHIO Y
rany3i. CydyacHa MOJEpHI3alisl CHUCTEMU TapU(PHOrO pEryIlOBaHHS IMOJSArae B
3aMpoOBaKEHHI PUHKOBHX MEXaHI3MIB I[IHOYTBOPEHHS, 30KpeMa 4epe3 Jierami3amito
CKJIaJIOBOI 1IIHM Ha BaHTa)KHE MepeBe3eHHs [1].

HoBuii Bapiant 3akony VYkpainu «lIpo 3ami3HUYHHI TpaHCOPT YKpaiHW»
CHOPUSATUME BJIOCKOHAJCHHIO PUHKOBUX MEXaHI3MIB Yy Taily3l 3alli3HUYHOIO
TPAHCIIOPTY, & TAKOX MOKPAIICHHIO EKOHOMIYHIX MOXKJIMBOCTEH ISl BAOCKOHAJICHHS
MaTepiayIbHO-TEXHIYHUX 0a3 JJIsl 3aJII3HUYHOTO TpaHCHopTy. OCHOBHA METa MOJISTae
B TOMY, 1100 MOOyIyBaTh CTPYKTYpY, SIKa 30aJlaHCYy€ B3aEMOJII0 MK YYaCHUKAMH
nepese3eHHs. OCHOBHOIO METOI0 MOJIEPHI3AIlil MPOIIECY € TOCATHEHHS €BPOTEHCHKIX
CTaHAapTIB OE3MEeKu MepeBe3eHb 1 CTBOPEHHS CUCTEMH JEP>KaBHOTO KEPIBHUIITBA Y
chepl Oe3mexr 3aT3HUYHOTO TPAHCHOPTY. Y CyYaCHOMY YMpPaBIIHHI CHHEPTiYHI
peanizamiifHi 3ax0olu € KIOYOBUM (PAaKTOPOM PO3BUTKY TMPHUHIUIIB OE3MEKH
TpPaHCHIOPTYBaHHs, €()EKTUBHOCTI EKCIUTyaTallli Ta KOHKYPEHTOCIPOMOXKHOCTI Ha
PUHKY NIEPEBE3EHb M0 3aJ13HUYHOMY TPaHCIOPTI [2].

ApXITEKTOHIKa Cy4YacHOi TpPAHCIOPTHOI CHUCTEMU YKpaiHU JAEMOHCTPYE
OaraTopiBHEBY CTPYKTYPY B3a€MOIIOB'SI3aHUX €JIEMEHTIB, /1€ 3aJII3HUYHUA TPAHCIIOPT
BUCTYIA€ MAariCTpaJbHOK KOMIIOHEHTOI0 MACaXUPCHKUX MEepeBe3eHb. AKTyami3ailis
IMUTAaHHS 1HTerpaii 3aJi3HUYHOTO TPAHCIOPTY B MICBKY TPAHCIIOPTHY CHCTEMY
3yMOBJIEHA HEOOXITHICTIO MiABUIICHHS €(EKTUBHOCTI BUKOPUCTaHHS HasBHOI
1HpacTPYKTYypu Ta ONTUMI3AIli MMACAKUPOMOTOKIB y MeXaxX arjoMeparrii.
Merononoriyauii  06a3uc 1HTErpalliHUX TPOLECIB TIPYHTYETbCA Ha MPUHIUIAX
CUCTEMHOTO TMIJIXOJy, M0 Tepeadadac KOMIUIGKCHE BpaxyBaHHS TEXHIUYHUX,
€KOHOMIYHHMX, COIllaJbHUX Ta EKOJIOTIYHUX AacCHeKTiB TPaHCIOPTHOI CHCTEMH.
IMmuiemMeHTarrisi mepeaoBUX TEXHOJOTIUYHUX PIllIeHb y cdepi opraxizaiii pyxy Ta
iHoOpMaIIHHOTO 3a0e3MeUeHHs TMACAXUPCHKUX TEePEeBEe3eHb JO3BOJIIE CYTTEBO
MIIBUIIUTH SKICHI XapaKTEPUCTUKH TPAHCIIOPTHOTO 0OCITyTOBYBaHHS HaceleHHs [3].
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MonepHizamiss pyxoMoro CkKjaay, ONTHMI3allisl MapUIpyTHOI  MEpexi,
BIIPOBA/XKEHHSI IHTEPMOJAAJIbHUX TPAHCIOPTHUX BY3JIB 1 CTBOPEHHS €JIMHOI CUCTEMHU
€JICKTPOHHOTO KBHUTKa € (akTopaMu, SKI CHpUSIOTh e(EKTHUBHIN 1HTerparii
3QJII3HUYHOTO TpaHcmopTy. IligBuIeHHS MOOUIBHOCTI HACEJCHHs, 3MEHIICHHS
HABaHTa)XCHHS HA BYJIMYHO-TOPOKHIO MEPEXKY Ta MOKPAIIEHHS €KOJIOTTYHOT CUTYyaIlii
B MICTax € BCiMa MO3WTHBHUMH HACJIIIKAMU BITPOBA/PKCHHS KOMIUICKCY 3aXO/IiB.

[Tapanurma cTamoro po3BUTKY TPAHCIOPTHUX CUCTEM € OCHOBOIO JIJISI KOHIICTIIIIT
MOJIepHi3allli 3ali3HWYHOTO TPAHCIOPTY B KOHTEKCTI MIChKOI MOOLUIBHOCTI.
EnexrpornoctauanHs MpUMICHKUX 3ai3HUYHUX JIIHIN, BIPOBAHKEHHS IMIBUAKICHOTO
PyXy B arjiomeparisix, OyJAiBHUIITBO TPAHCIIOPTHO-TIEPECATOUYHUX BY3JIB 1 PO3BUTOK
CYyNyTHBOI1 1HPPACTPYKTYpPH € MPIOPUTESTHUMU HamNpsiMaMH PO3BUTKY. [HTerpariiini
MpOIIeCH MOTPEeOYIOTh 3HAYHOI MOJCPHI3aIlli ICHYIOYUX 00’ €KTIB 1 CTBOPEHHS HOBHUX
KOMITOHEHTIB TPAaHCIIOPTHOI CUCTEMH. 3aJli3HUYHI CTaHLli Ta IUIaTGOpPMHU MOBHUHHI
OyTH MOJIEpHI30BaHi, 100 BIAMOBIAATH CY4YaCHUM BHUMOTaM 11010 0e30ap’€pHOCTI Ta
IHKJIFO3UBHOCTI, 3a0€31euytoun KoM(MOPT 715l BCIX KaTEropii nacaxKupis.

TexHonoriyHa  MoOJAEpHI3aIlis 3aJII3HUYHOTO TPaHCIOPTY  BKJIKOYAE
BIIPOBA/DKCHHSI  1HTEJIEKTYaJbHUX  TPAHCIOPTHUX  CHUCTEM,  aBTOMATH3AIlIO
JUCHeTYepr3allii Ta BIPOBA/KEHHS I1HHOBAI[IMHUX CHUCTEM YIPABIIHHSI PYXOM.
Cyuacni IKT noxkpamyroTh 0e3neKy NepeBe3eHb, I'apaHTYIOThb TOYHE BUKOHAHHS
PO3KJIJIB 1 ONTUMI3YIOTh Ipadiku pyXy MOi3/1B.

Jlns  MyJIbTUMOJANIBHOI 1HTErpamii 3aji3HUYHOTO TPAHCHOPTY HEOOX1THO
CTBOPHUTH PO3Tally’KeHy MEpEXy TPaHCIOPTHO-TIEPECAIOYHUX BY3IIB, 5K T0O3BOJIATH
nacakupaMm O€3MEepemKoIHO TEPEeCyBaTHCS MK PIZHUMH BHUAAMH TPAHCIIOPTY.
ApPXITEeKTYypHO-TUTAHYBaJIbHI PIIICHHS JJI1 TPAHCIIOPTHO-TIEPECATOUYHUX KOMIIIEKCIB
MaloTh BPaxOBYBaTH MalOyTHI MacaKUPOTIOTOKH Ta MAKCHUMI3yBaTH 3PYUHICTh IS
KopucTyBadiB. OCHOBHUMHU TMPHUHIUIIAMUA E€KOHOMIYHOTO MEXaHI3My 1HTerparii
3ali3HUYHOTO TPAHCHOPTY € JepKaBHO-TIPUBATHE MMAPTHEPCTBO Ta 3aTy4YCHHS
1HBECTULIIMHUX pecypciB. s ¢piHaHCYBaHHS MOAEPHI3ALIMHUX MPOIECIB HEOOX1THO
nuBepcu(IKyBaTH JKepena (piHAaHCYBaHHS Ta CTBOPUTH CHPUSTIMBI YMOBHU AJiA
3aJly4eHHs] TPUBATHOTO KamiTaldy A0 PO3BUTKY TPAHCHOPTHOI 1HHPACTPYKTYpH.
JloricthyHa CTOpOHAa TMpPOIECY IHTErpallii BKIIOYAE OMNTHUMI3AINID MapIIPyTHOI
Mepexi BIAMOBITHO J0 MOTped HaceleHHs B nepeBe3eHHs X. DopmyBaHHS MapIIpyTiB
MICHKOTO 3aJII3HUYHOTO TPAHCIIOPTY Mae 0a3yBaTHCS Ha pe3yibTaTax aHalizy
NacaXUPOIOTOKIB 1 TPOTHO3Y MOIMUTY Ha TPAHCIIOPTHI MOCIYTH B MaHOyTHbOMY [4].

Y cBiTIN  rI00aNbHUX — KIIMAaTHYHUX  MPOOJIeM  eKOoJIOTiYHA  CKJIaJoBa
MOJIEpHI3aIlli  3aJI3HUYHOTO  TPaHCIOPTYy HalOyBae OCOOJMBOrO  3HAYCHHS.
EnexTponizaliis 3a1i3HUYHUX JIHINA 1 BIPOBAHKEHHS €HEPrOe(HEKTUBHOTO PYXOMOTO
CKJIaZly 3HAYHO 3HUXKY€E BIUIUB TPAHCIOPTY HA HABKOJMIIHE CEPEIOBUIIE Ta
MOKpaIye eKoaorito MicT. [TiIBUIIEHHS TOCTYIMHOCTI TPAHCTIOPTHUX MOCTYT JJIS BCIX
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BEPCTB HACEJIEHHS, CTBOPEHHS] KOM(POPTHUX YMOB MEPEBE3ECHHS Ta PO3BUTOK CEPBICY,
CIIPSIMOBAHOTO Ha KJIIE€HTa, € OJHUMHM 3 COIIAJIBHUX acCMHeKTIB 1HTerparii
3QJII3HUYHOTO TPaHCHOPTY. 30UIbIIEHHS MOOLIBHOCTI Ta COINAIbHOI 1HKIIO31 €
pPE3yIbTaTOM BIPOBAKEHHSI THYYKOi Tapu(HOI MOMITHKKA Ta CUCTEMHU COIllaIbHUX
nier [1].

[adopmarriitne 3a0e3neyeHHs] MacaXUPCHKUX IEPEBE3€Hb BUMAarae€ CTBOPECHHS
enuHol TuiatGopmu, siKa IHTErpye iHQOpMAII0 MPO PO3KIaA PyXy BCIX BHUIIB
TPAHCIIOPTY, HAsBHICTh BUIBHUX MICIb, Tapu@u Ta MOMJIMBOCTI TEPECAIKH.
[Tacaxxupy MOXYTh OIUIATUTH TMPOi37 3a JOMOMOTOI0 MOOUIBHUX JIOAATKIB Ta
oHJIaliH-cepBiciB. (CTpaTeriuHa peanizailisi €BpONEHCHKUX HOPMATUBIB Yy Talys3l
3QJII3HUYHOTO  TPAHCHOPTY BHUMAarae 3HayHOi TpaHchopmallii peryasiTOpHOTro
cepenosuma. dyHmaaMmeHTadbHa OCHOBA MAJIA 1HTErparii yKpaiHCHKOI 3aTi3HUYHOT
CUCTEMHU B €BPONEHCHKHI TPAHCHOPTHUM IMPOCTIP MOJIATAE B MPO30PUX CHUCTEMAX
JUEH3YBAaHHS MEPEBI3HOI AISUIBHOCTI, cepTu(ikamii O0e3neKn pyXxoMOro CKjaaay Ta
JOITYCKY TOKOMOTUBHUX OpHTaj.

[HdopMaliitHO-TeXHOJIOTIYHA ~ MOJIEpHI3allisl  3aI3HUYHOTO  TPAHCIIOPTY
nepeadavae BIPOBAHKEHHS 1HTEJIEKTYaJbHUX CHUCTEM YIIPaBIiHHS MEPEBE3CHHSIMU,
AK1 3a0€3MeYy0Th aBTOMATH3AIlI0 MPOIECIB TUIAHYBAHHS MapIIPYTiB, MOHITOPUHTY
pYXOMOro  CKJIaAy Ta  MPOTHO3YBAaHHA  IMACAKUPONOTOKIB.  ApXITEKTypa
iH(popMmaniiiHOi cucteMu 0a3yeTbCsd Ha NPUHOUIAX 1HTEporepabesbHOCTI Ta
MacImTaboOBaHOCTI, IO JO3BOJISIE IHTETPYBATH PI3HOMAHITHI TPAHCIIOPTHI CEPBICH Ta
aganTyBaTh (YyHKLUIOHAJIBHICTH BIAMOBIAHO 0 3pOCTAIOYMX MOTPEO KOPHCTYBAYIB.
Po3pobka HarioHaAJIbHUX CTaHAAPTIB €KCIUIyaTallii 3ajJi3HUYHOTO TPAHCIOPTY, SKi
BIJIMOBIAAIOTh €BPONCHCHKUM TEXHIYHMM crenudikailii iHTepornepadbebHOCTI, €
YaCTMHOIO MOJIEpHI3allli CHCTEeMH TEXHIYHOTO peryiioBaHHs. BrpoBamkeHHs
yHI(IKOBAaHUX TEXHIYHUX BHUMOI CTBOPIOE YMOBHM JUIsl 1HTErparlii TpaHCIOPTHOI
cucTeMH YKpaiHM B MIKHApOJIHI TPAHCIOPTHI KOPUIOPU Ta TAPAHTYE CYMICHICTb
VKpPAiHCbKUX  3aJII3HUIb 3  €BPOINEUCHKOI  3alli3HUYHOK  Mepexero. Llib
pedopMyBaHHs JepxkaBHUX TapuQiB Ha 3aJI3HUYHI NEPEBE3EHHS MOJISITAE B TOMY,
100 3pOOUTH I[IHU TPO30OPUMH Ta BIPOBAIUTHA PUHKOBI CTaHIAPTH JJIsi BUSHAUYCHHS
BapTOCTI TpaHcmopTHUX Tmociayr. JliGepamizamis TapudHOT MOJITUKH CTHUMYIIOE
MOJIEpHI3AIIII0 PYXOMOT0 CKJIaJy Ta PO3BUTOK KOHKYPEHIIIT Ha 3aTI3HUYHOMY PUHKY.

BucnoBku. Pe3ynpTaTH JOCHIKEHHS JEMOHCTPYIOTh, IO  1HTErparis
3QJII3HUYHOTO TPAHCIOPTY B MIChKI CHUCTEMHM YKpaiHU MOXE CTaTU BaKJIMBUM
KPOKOM JI0 TOKpAIlEHHsT MOOUIbHOCTI HACEJIEHHS Ta OINTUMI3allli TPaHCIOPTHUX
NOTOKIB. BHpoBa/ykeHHs MyJIbTUMOAAQIBHMX BY3JiB 3a0€3MEYUTh 3pY4HICTbH
Mepecajok MIXK 3aTi3HUIICIO Ta IHITUMHU BHJAAMH TPAHCTIOPTY, a IudpoBa miaTdopma
JUIsl KoopauHaMii rpadikiB 3MEHIIUTHh Yac MEePecajok 1 MABUIIUTh €(PEKTUBHICTH
IrpPOMaJICLKOTO TpaHcmopty. €nuHa cuctema Ttapuikailii CmpoCTUTh AOCTYH MO
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TPAHCTIOPTY, 3MEHIIUTh BUTPATH Yacy Ha MEPECaakd 1 MOMYJISIPU3yE BUKOPUCTAHHS
IPOMAJICKKOI0 TPAHCIOPTY cepel HacelieHHA. Peanizailisi UMX pIlIEHb CHOPUSITHME
3MEHIIICHHIO HABAHTAKEHHS HAa aBTOJOPOTH, MIABUIICHHIO €KOJIOT1YHOI CTIMKOCTI
TPAHCHIOPTHOI CUCTEMHU Ta IHTerpamii YKpaiHu y €BpONEUChKUN TPaHCHOPTHUN
MPOCTIp.
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Abstract. A study of possible additional time costs during the transportation of goods by rail
has been conducted. The importance of determining the distribution density function, which
is used to determine the probabilities of various downtime scenarios, has been proven,
allowing for more accurate modeling of probable distributions of time parameters and
transmitting the risks of delays at border crossings. Risks and probable scenarios have been
predicted using the distribution density function. Factors influencing waiting times and
downtime for rail transport have been analyzed. The importance of organizing a cargo
delivery system in multimodal transportation from departure to destination has been
proven.
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AKTYaJbHICTh JAOCJTII’KEeHHsI 3YMOBJICHA Ba)KJIUBICTIO KIJIBKICTh JTHIB, Ha SKi
BU3HAYAETHCSI MPUNHATTS BaHTAXy 3al13HUYHUM TPAHCIIOPTOM, CIY>KUTh OCHOBOIO
JUTSL MOKITUBUX JOJIATKOBHUX BUTpAT yacy. Lls TpuBamicth GopMy€eThCS BIAMOBIIHO A0
YMOB, BU3HaUYE€HHUX Ha cxeMi (puc. 1). BaxianBo BpaxoByBaTH, 110 JaHa TPUBATICTb
MOXE 3MIHIOBATHUCS 3aJIe)KHO BiJ KOHKPETHUX OOCTaBMH MapIIpyTy Ta
OPUKOPJIOHHOTO KOHTPOJIO, IO BIUIMBA€ HA 3arajbHUM 4yac OOpOOKM Ta JOCTABKU
BaHTaXY.

VY mpoueci BIAOpaBIEHHS BaHTaX BiJ BUXIAHOTO NYHKTY JO IIYHKTY
MPU3HAYEHHS 3HAXOAUTHCSA Y JI0PO31, Yac y J0pO31 OXOIUIIOE MEPIoJl PyXy 3 OJHOTO
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MYHKTY J0 1HIIOrO Ta MOXJIKBI mpocTtoi. [Ipu Mi>kHapoJHOMY MepeBe3eHHI BUHUKAE
notpeda MPOXOKEHHS MPUKOPAOHHOTO MEPEXOAdy, IO y CBOI UYepry, BKIIOYAE B
cebe He Nuie yac Ha (PaKTUUYHMUA Tepexill, ajie 1 MOKJIMUBHUN MPOCTIH, 10 MOXKE
BUHUKHYTH BHACJIJIOK PI3HUX OOCTaBUH, TAKUX SIK OUIKYBaHHS JO3BUILHUX MPOLIETYP
abo 1Hm1 HenepenOadeHi nomii. Takuid MPOCTI MOXKe 1 He BUHUKHYTH, 3aJIEKHO Bij
YMOB MapIIpyTy Ta IPUKOPTOHHOTO KOHTPOJTIO.

BianpaBneHHA

9

IIpUKOPAOHHUNH IIYHKT

Yac y noposi

Yac Ha niepexon IIpocTiit

| :_j éj Q

Pucynox 1 — Yac 3naxoooicennss sanmasicy y 00po3i nio uac nepese3enHs

Busnauennss QyHKINT MITBHOCTI PO3MOJAUTY € BaXKJIMBUM €JIEMEHTOM aHalli3y
CTaTUCTUYHUX JAHUX. 3HAHHS CEpPeIHbOTO 3HauyeHHS () Ta CTaHIAPTHOTO
BIIXWJIEHHSI (G) M03BOJIAE CTBOPUTH HOpPMabHY KpHUBY, sSKa MOJEIIOE Trpadiku
PO3MOJIT TPUBAJIOCTI 4Yepru Ha KopjoHi. Il ¢yHKIS TIBHOCTI PO3MOALTY
BUKOPHUCTOBYETHCS Il BU3HAUEHHSI HMOBIPHOCTEN PI3HUX CIIEHAPIiB Yacy MpoCTOI0.

dopmyna HOpMaIbHOI KpUBOI g (DYHKIT MIIJIBHOCTI PO3MOJLTY BUIJISIAE
HACTYITHUM YHHOM:
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_(x=p)?

_ 1 o 20
f(x)_a-\/ﬂ © (1)

7€ Ll - CepeIHE 3HAUCHHS TPUBAJIOCTI YEPTH;

G - CTaHJapTHE BIIXWJICHHS, BKa3ylOUu Ha PO3KU]] 3HAYCHb TPUBAJIOCTI.

Metoro poOoTH € BHUKOPUCTaHHS (yHKUII UIUIBHOCTI PO3MOAUTY ISt
ONTUMI3alli TEepioAy OUIKYBaHHS y BaHTAXKHUX MEPEBE3CHHIX, M0 € KIIYOBUM
€TaroM Yy TOKpAIEHHI MPOJYKTUBHOCTI JOTICTHUHUX TmpoueciB. g ¢yHKIisa
JI03BOJIsIE€ OUIBII TOYHO MOJIEIIOBATH MMOBIPHICHI PO3MO/IUIM YaCOBUX MMapaMeTpiB Ta
nepeadavyBaTH pU3MKH 3aTPUMOK Ha MPUKOPJOHHUX Mepexoax.

[aTerpamis QyHKII MUTBHOCTI y GOPMYITy Yacy MPOCTOI POOUTH PO3paxyHKH
OLIbIII TOYHUMH, BPAXOBYIOUM MMOBIPHICHI aCIIEKTH Ta PO3IMOLIT TPUBAJIOCTI YEPT HA
kopjoHi. lle cnpuse 3MEHIIEHHIO pU3MKY HenependavyyBaHUX 3aTPUMOK Ta
palioHaIbHOMY BHKOPHCTaHHIO pecypcis [1].

Ha migcraBi (QyHKIT HIUIBHOCTI PO3MOJLTY MOXHA PO3pOOSIATH €(PEKTHUBHI
JIOTICTUYHI CTparterii. 3 ypaxyBaHHSIM CTaTUCTUYHHUX MapamMeTpiB MOKHA BU3HAYUTH
ONTHUMAaJbHI HUIAXU Ta 3aXOJU Ul YHUKHEHHS a00 3MEHIICHHS BIUIMBY MOXJIMBHUX
3aTPUMOK.

[IporHo3yBaHHS pU3MKIB Ta BIPOTIHUX CIEHAPIiB 3a JOMOMOIoO (YHKIII
IIUIBHOCTI PO3MOAUTY HaJa€ JOTICTUYHUM MEHEKepaM MOXJIMBICTh IUIAHYBaTH Ta
MpUIMATH PIICHHS, KOPUCTYIOUNUCH 00'€KTUBHUMH JAHUMH.

Bukopucranss aHanizy Ta (QyHKIIi IITBHOCTI PO3NOJAUTY AOIOMAara€e He JuIle
YHUKATH HETaTUBHUX CLEHAPIiB, aje il miABUIIYE 3arajJbHy €(peKTUBHICTh BAHTAXKHUX
nepeBe3eHb. Lle pocsraeTbes 3aBIsSKH KpalioMy po3yMIHHIO YAaCOBHX MapaMeTpiB Ta
iX BIJIUBY Ha JIOTICTHYHI MPOIIECH.

VY3aranpHeHO, BUKOPUCTaHHS (PYHKITIT HIIBHOCTI PO3MOUTY HE JIUIIE TT1IBUIILYE
TOYHICTh PO3pPaxXyHKIB 4acy MPOCTOI0, ajie i crpuse po3poOIll OUIBII CTPATETTYHUX Ta
e(PEKTUBHHX IIIXOIB JI0 JOTICTUYHOTO YIPABIIHHS BaHTaXOTepeBe3eHb [2].

OT:xe yac TpUBAJIOCTI MPOCTOIB 3AJEKUTH B1Jl PI3HUX (PAKTOPIB CTPYKTYPY SKHX
MO/TaHO Ha pHC. 2.
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BucHoBok. BaxinBo oOpraHi3oByBaTH CHUCTEMY JOCTaBKM BaHTAXIB IpHU
MYJIBTUMOJIAJIbHUX TEPEBE3CHHSIX BiJ BIANPABICHHS 10 MPU3HAUYECHHS, 3BEPTAIOUU
yBary Ha eQeKTUBHUM OOMIH I1H(OpMAIE€0 Ta BUKOPUCTAHHS ONTUMAJIbHUX
MapuIpyTIB [UIsl MiHIMI3a1[ii TPOCTOIB Ta EKOHOMIT TPAHCIIOPTHUX BUTPAT.
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Abstract. The container transportation system in Ukraine and the world is analyzed, the
expansion of Ukraine and the need for infrastructure development are supported. The
importance of legislative support, the acquisition of private operators and the creation of
new terminals to enhance competitiveness is emphasized.

AHani3 Cy4yacHOro CTaHy CBITOBOTO PUHKY KOHTEHHEPHHUX MEPEBE3CHb Ta CTaHy
KOHTEWHEPHUX TMepeBe3eHb B YKpaiHi, BKIIOYAIOUM HOMEHKJIATypy, OOCAru Ta
HaIpsIMKK OCHOBHUX BaHTa)KOMOTOKIB, B11I0Opa)kae CTIMKY TEHAEHIIIO A0 3POCTAHHS
00CAriB KOHTEHHEPHUX TIEepeBE3€Hb, XO4a YKpaiHa IMOKHU BIJACTAE BIJ PIBHA
PO3BUHEHUX KpaiH.

Konrelinepuzaiisi  [03BOJis€  3HAYHO  MIJBUINUTH  €(PEKTUBHICTH 1
KOHKYPEHTOCTIPOMOXHICTh 3aJiI3HUYHUX MIAIPHEMCTB, IO € 0COOIMBO BaXKIMBUM B
YMOBaX Cy4acHO1 €KOHOMIKH.

[Ilo6 nmocsArTH cepeaHbOro PiBHSA KOHTeWHepu3amii kpain CxigHoi €Bpomnw,
VYkpaini HEOOXi1IHO 30LIBIIMTH OOCATH MEepeBE3eHb BTpUYl. 3a ICHYIOUMX TEMIIIB
3pOCTaHHSl KOHTEWHepu3aliss B YKpaiHI Mae€ TMepCrneKkTUBY MPOAOBKYBATU
301IbIIIYBaTHUCH.

Po3BUTOK KOHTEWHEPHMX TIEPEBE3CHb € CTPATEriuHUM HANpsSMKOM ISt
TPAHCTIOPTHOT ~ CHUCTeMH  YKpaiHW,  OCKUIBKM  CIpHUsi€  3MIIHEHHIO i
KOHKYPEHTOCIIPOMOKHOCTI Ha CBITOBOMY PUHKY TPAHCHIOPTHUX MOCIYT.
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CydacHul cTaH KOHTEHHEPHHUX TEPMIHAJIB Ta TEXHOJIOTIYHI MpoOieMH iX
3a0€3MeUeHHs] MOKa3ylTh, IO IS 3a0e3nedyeHHs €()EeKTUBHOCTI KOHTEHHEPHUX
IepeBe3eHb Ta CBOEYACHOI OOpOOKHM KOHTEHHEpiB HEOOXIJHO CTBOPIOBAaTH HOBI
KOHTEHHEPHI TEPMIHAIN HA BaHTAXXKHUX CTAHIIIAX, K1 3alJJaHOBAHI /10 3aKPUTTSL.

3pocTaHHs OOCATIB KOHTEWHEPHHMX IEPEBE3CHb MOXKJIMBE uepe3 PO3BUTOK 1
pO3MIMPEHHS  1HPPACTPYKTYpH KOHTEHHEPHOTO TPAHCIOPTY, 30KpeMa depes
OyIIBHUIITBO HEOOXIMHOT KUIBKOCTI KOHTEWHEPHHX TEpMiHAMIB y HaWOUIbII
MEPCIEKTUBHUX pPEerioHax.

OCHOBOIO TEXHOJIOTIYHOI'O NPOLECY KOHTEHHEPHUX IMEPEBE3EHb € OpraHi3allis
Ta YIOpPABJIIHHA IPOLECOM JTOCTaBKM Ha 0a3l 3aJI3HUYHOIO TPAHCIOPTY, a TAKOXK
KOOpAWHAINA [ yCiX YYacHHUKIB TIIEPEBI3HOrO mpouecy sl eheKTUBHOIO
BUKOPUCTaHHA PECYpCiB YIpaBIiHHA TMepeBe3eHHsAMU. llepeBaroro mpuBaTHUX
orepaTopiB KOHTEWHEPHHX TIEPEBE3CHb € MOXJIMBICTH CTBOPEHHS ONTHUMATbHOI
«MEpEeXK1 MEepPEeBE3€Hb» 3 BUKOPUCTAHHSM BHUTIIHUX CXEM TPAHCIOPTYBAaHHS, SIKI
BKJIIOYAIOTh OOIPYHTOBaHI pIlIEHHS, MNpOoQeciiHuA MIAXIT 1 BHCOKY SKICTh
TPAHCIIOPTHO-JIOTICTUYHOTO CEPBICY.

[IpuBaTHI KOMIIaH1i-0epaTOPH BBOJATHCS HA PUHOK 3aJII3HUYHUX NEPEBE3CHBb
IUIA CHOPUSHHS EKOHOMIYHIM KOHKYpEHIi, 3HI)KEHHS MOHOIMOJI3MY, IIOBHOIO
3aJI0BOJICHHS MTOMUTY HA 3aJi3HUYHI MOCIYTH 4Y€pe3 PO3LIMPEHHS iX aCOPTUMEHTY 1
MIJBUILEHHS SIKOCTI1, 301IbIIEHHS TAPKy PYyXOMOIO CKJIaay 1 MOMINIIEHHS TOKAa3HUKIB
Horo Bukopuctanss. Lle BignoBigae norpedbaM CyCHJIbHOTO BUPOOHUIITBA Ta CIPHSIE
PO3BUTKY Tajty31 3aJIi3HUYHUX TIEPEBE3EHb.

[linTpumMKka KOHTEHHEpPHUX IEpPEBE3CHh HAa 3aKOHOJIaBUYOMY pIBHI, JOTOBHEHA
paIllOHANIPHOIO TEXHIYHOIO Ta TapU(HOIO MOJITHKOIO, € KIIOYOBOK YMOBOKO IS
iXHBOTO €(DEKTUBHOTO PO3BUTKY.

3arajioM, pUHOK TPaHCHOPTHO-EKCIEAUTOPCHKUX MOCAyr B  YKpaiHi
XapaKTEPU3Y€EThCS CIA0KUM PO3BUTKOM 1 HEOCTATHBOI CTPYKTYPOBAHICTIO, @ TAKOX
BIJICYTHICTIO JOCTOBIpHOi 1HQOpMalii m[po HOro CTPYKTypy Ta JOXOAM.
BHyTpilIHONOMITHYHI 3MIHUA B YKpAaiHi CyTTE€BO BIUIMHYJIA HA PO3BUTOK Oi3HECY Ta
JIOTICTUIHUX TIOCIIYT.

Hns  possutky 3PL  — SPL  mpoBaiimepiB  BaXJIMBO  MaKCHMAaJbHO
BUKOPUCTOBYBATH TMOTEHINAN 3ali3HUYHOI 1HPPACTPYKTYpH, aHaI3yBaTH CBITOBI
TEH/ICHLIIT Ta 3aCTOCOBYBATH JIOCBIJ IHIIUX KpaiH.

Ilocmanoeéxka  npoonemu. Ilpobrema monsirae B HU3BKOMY  PIBHI
KOHTeHHepu3alii B YKpaiHi MOPIBHAHO 3 PO3BMHEHHMMHU KpaiHaMH, 1[0 BHMarae
3HAYHOTO 30UIbIIEHHS OOCATIB TEpEeBE3€Hb Ta PO3BUTKY 1HPPACTPYKTYpHU
KOHTEItHepHOro TpaHcnopTy. HemocTaTHsl KUIBKICTh Cy4acHMX TEpMIHAJIB, cilalOKa
CTPYKTYpPOBAHICTh PHUHKY Ta BIJCYTHICTh HAJEKHOI 3aKOHOJABYOi MiATPUMKHU
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CTPUMYIOTh PO3BUTOK KOHTCHHEPHHX TME€PEBE3€Hh 1 KOHKYPEHTOCIPOMOXKHICTh
TPAHCIIOPTHO1 CUCTEMU Y KPATHU.

AHa3  CBITOBMX 1 YKpaiHCBKMX TEHJCHIIIH KOHTECWHepHu3allii, CTaH
1HPPACTPYKTYpH KOHTEHHEPHUX TEPMIHAJIB, POJb MPUBATHUX OINEPATOPIB 1 BILUIUB
3aKOHOAABYOT MIATPUMKH. OKpecieHO TEXHOJIOTIYHI, EKOHOMIYHI Ta pPHUHKOBI
aCTEeKTH PO3BUTKY KOHTEHHEPHUX MEpEeBEe3eHb B YKpaiHi.

BucnoBku. KonreiiHepusalliss € CTpaTeriyHUM  HANPSIMKOM  PO3BHUTKY
TPAHCIIOPTHOI CHUCTEMHU YKpaiHu, IO CHOpUSATUME ii 1HTerpamii y CBITOBHIl PHHOK
nepeBe3eHb.  HeoOXimHO  30UIBIIMTH  OOCSATH  TEPEeBE3CHb, MOJCPHI3YBaTH
1HPPACTPYKTYpy Ta 3aJy4UTH MPUBATHUX OIEPATOPIB, 3a0E3MEUMBIITN 3aKOHOIaBUY 1
TapuHy mMATpUMKY. lle MOIABUIIMTE KOHKYPEHTOCIPOMOXKHICTh Taiy3l Ta
CTUMYJIIOBaTUME €KOHOMIYHE 3POCTAHHS.
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Abstract. The article considers the problems of increasing energy efficiency in the
production of electricity and thermal energy. Discussion of the main factors affecting
energy efficiency, such as the use of modern technologies, optimization of production
processes, the influence of government policy and economic incentives. The role of
alternative energy sources and the need for modernization of the energy infrastructure are
also analyzed. The results of the research should serve as a basis for developing
recommendations for increasing energy efficiency in this area and forming a strategy for
the sustainable development of the energy sector.

Keywords: energy saving, energy efficiency, energy resources, Kyoto protocol, thermal
energy

AKTYQJbHICTh JOCJIKEHHS. Y Cy4aCHOMY CBITI EHEpPreTHYHl pecypcu
3aIMIIAIOTHCS NePIUTHIIINME, MiABUIICHHS €HeproedeKTUBHOCTI B cdepax ycix
€KOHOMIK, 30KpeMa y BUPOOHHUIITBI €JIEKTPUYHOI Ta TEIUIOBOI €HEPTii, € HaJ3BUYANHO
aKTyanbHUM. EHEpreTMuHuUd CEKTOp EKOHOMIKM € KJIIOYOBOIO B 3a0e3leueHH1
CTallILHOCTI E€KOHOMIKM Ta COIIaJIbHOTO PO3BUTKY. 3pOCTar04yi BUMOTH O
EHEepPreTUYHOi Oe3MeKu, HEOOXITHOCTI 3MEHIICHHS BUKHJIIB TMAapHUKOBUX Tra3iB Ta
ajanTamii 0 KJIIMaTy BUMAararTh BIPOBAKEHHS HOBUX TEXHOJIOTIM 1 METOJIB JJIs
MIJBUIICHHS  €HeproeekTuBHOCTI. 0€3 TOro, ONTUMI3allisi BUKOPUCTAHHS
EHEPreTUYHUX  PEecypciB  JIO3BOJISIE ~ 3MEHIIWTA  BUTpPATH,  IJIBUIIUTH
KOHKYPEHTOCTIPOMO>KHICTb IMiIMIPUEMCTB Ta CIIPUSIHHS.

MeTow poOoTH € aHami3 ICHyOuUux mpobOiieM Ta Oap'epiB, AKI 3aBaXKAIOTh
MIBUIIEHHIO €HEProe(EeKTUBHOCTI Y BUPOOHUIITBI €IEKTPUIHOI Ta TETJIOBOT €HEePTii.
JocnipkeHHss  NoTpeOyIOTh  BUBYEHHS  CyYaCHUX  TEXHOJOTIYHMX  PIlICHb,
€KOHOMIYHHMX Ta €KOJOT1YHUX aCIHEKTIB, @ TAKOXK P >KaBHUX MOJITHUK, K1 COPUSIIOTH
YU TIEPENIKOIKAIOTh BIPOBAKEHHIO €HEProe(PeKTUBHUX TPAKTHK. PesynbraTtu
JOCIIIJKEHHS! TIOBMHHI CIIYI'YBaTH OCHOBOIO JJi PO3POOKH pEKOMEHJAIii 100
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MiBUIICHHS €HEepProeeKTUBHOCTI B JaHii cdepi Ta GopMyBaHHS CTpaTeTii CTAIOro
PO3BUTKY €HEPIeTUYHOI'O CEKTOPA.

[TonstTs eHeproeeKTUBHOCTI TICHO NOB's13aHe 3 HOHSITTSAM
«eHeprozoepexxeHHs». EHeproeekTUBHICTh CIIJT PO3YMITH SIK TakKHil CTaH
C€KOHOMIKH, SKAWA JO3BOJIIE MaKCHMalbHO €(EKTHBHO BHUKOPHUCTOBYBAaTH HAasBHI
E€HEPTreTUYHI PEeCypCH, CIHPAOYNCh HA ICHYIOUMW TEXHOJIOTIYHWHN ykiaaa. Takum
YHUHOM, €HEproe(eKTHBHICTh € SAKICHUM TOKAa3HUKOM CTYNEHS  PO3BHUTKY
HAI[IOHAIbHOT €KOHOMIKH, a €HEepro30epekeHHS — II€ KUIbKICHa XapaKTepHUCTHKa
3MEHIIICHHS] BUKOPUCTaHHS OJTHOTO MOKa3HUKA BIIHOCHO 1HIIOTO [1].

OCHOBHUMM 13 TOKa3HUWKIB, SKUM JIO3BOJIIE BHU3HAYUTH CHEPTrEeTUUYHY
e(EeKTUBHICTh EKOHOMIKH KpaiHH, BUCTYIIA€ €HEPrOEMHICTh BAJIOBOTO BHYTPIIIHHOTO
npoaykty (BBII). Bin Bu3Ha"aeTbest K BiAHOMIEHHS KUTBKOCTI CITOKUTHX MAJTHBHO-
EHepreTUYHUX PpEeCypCiB [0 BAJIOBOTO BHYTPIIIHBOTO MPOAYKTY Kpainu. Jlms
CHIBCTABJICHHS TOKA3HHUKIB PI3HUX KpaiH BPaxOBYIOTh PO30OLKHICTH OQILIMHUX
KypCiB HAIIIOHAJIbHUX BalOT CTOCOBHO IX MApPUTETy pPEATbHOI KYIIBEJIbHOI
cupoMokHOCTi. lle /a€ MOXJIMBICTH CHIBCTaBUTH IOKa3HUKHU KpaiH 3 pPI3HUMH
BHYTPIIIHIMY IIIHAMH Ta PI3HUMH JT0XO0JIAMHU .

Ha piBeHb eHeproeeKkTUBHOCTI BIUIMBAIOTh TaKi YMHHHUKU: €(EKTHUBHICTH
BUKOPUCTAHHS pECypCiB JJii BHUPOOHHUIITBA TOBapiB Ta TMOCHYT, CTPYKTypa
HalllOHAJIbHOI €KOHOMIKH, IIIHOBAa MOJITUKA Ha E€HEPropecypcH, piBE€Hb PO3BUTKY
TPaHCHOPTHOI 1H(QPACTPYKTypH, reorpadiyHe pO3TAIIyBaHHA KpaiHHW, KIIMATHYHI
YMOBH, COLIAJIBHO-KYJBTYPHI, IeMOrpadiyHi YNHHUKHU TOLIO.

AJie CTaTUCTUYHI TOCHIIKEHHS 1010 BILUTUBY KOKHOTO 3 (DaKTOPiB HA MOKA3HUK
eHeproe(eKTUBHOCTI HE MPOBOJUIIUCH Hi Y BITUYM3HSHIN MPAKTHUIl HI 32 KOPJIOHOM.
ToMy nocuTh CKJIagHO BHM3HAUYUTU CTYIIHb BIUIUBY KOKHOTO UWHHUKAa Ha
eHeproe(eKTUBHICTh HAIIOHAIBHOI eKoHOMikH. [loTpeba y BHM3HAYEHH1 YITKOL
cucteMu (HaKTOpIB BIUIMBY Ha €HEProeeKTHBHICTh HAlLIOHAJIBHOI E€KOHOMIKU
MOCTaJIa JIUIIE 3 MOMEHTY (POPMYBaHHsI CTpaTerii MiABUIICHHS €HEeproepeKTUBHOCTI
MPOBIAHUMH KpaiHaMM 1 3arocTpujiacsi B 3B’SA3KY 3 HEOOXIAHICTIO 3ampOBaJKEHHS
MeXaH13MIB peatizarii mojioxeHb KioTchkoro nporokony [2].

Cnig 3a3HaYuTH, MO HA JaHUM MOMEHT pPO3POOKOI0 CHUCTEMH YHWHHHKIB
NEPEeBaXKHO 3alMalOThCA PI3HI MDKHApOJHI areHTCTBA, KOXKHE 3 fAKuX (opmye
CUCTEMYy TIOKAa3HUKIB Ta I1HIUKATOPIB BUXOJSYM 13 CBOIX 3aBIaHbh Ta OaueHHS
npobnemu.  dopmyBaHHS ~ cucTeMud  (AKTOpIB  BIUIMBY  Ha  [OKAa3HUK
eHeproe(peKTUBHOCTI TTOBUHHO CIPHSTH BU3HAYEHHIO HAMPSMIB JEPKABHOTO BIUIMBY
Ta (POPMYBAHHS 1€BOI MPOrpaMu €HEProeEeKTUBHOTO PO3BUTKY €KOHOMIKH.

BucnoBok. BuBueHHs mnpobiemMu eHeproeeKTUBHOCTI MPUBOIUTH HAC [0
pPO3yMIHHS HEOOXITHOCTI EHEpPro30epeXeHHs Ha YCIX CTaaisiX — BUPOOHHUIITBO,
TPAHCTIOPTYBAHHS Ta CIIOXUBAHHSA €HEPreTHYHuX pecypciB. KoxHa crasis motpedye
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JETaIbHOTO BUBYEHHS Ha MpeaMeT (HaKTOpiB BIUIMBY Ta MOXJIMBOCTI MAaKCHUMAaJbHO
€(EeKTUBHOTO BUKOPUCTAHHS PECYPCIB.
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Abstract. Multimodal transport plays a vital role in ensuring the reliable delivery of cocoa
beans, a key raw material for the chocolate industry, to Ukraine amid global logistical
challenges. The combination of maritime, rail, and road transport offers flexibility and cost
efficiency but faces obstacles such as limited infrastructure, unstable logistics routes due to
geopolitical tensions, and strict storage requirements. Addressing these issues requires
investments in container hubs, adoption of digital supply chain technologies, and
optimization of multimodal routes. Implementing these strategies can reduce risks, stabilize
delivery schedules, and strengthen Ukraine’s position in the global cocoa supply chain
while boosting its economic potential.

Keywords: Multimodal transport, cocoa beans, logistics optimization, supply chain,
transportation infrastructure, digital technologies, global logistics challenges

AKTYaJIBHICTh  IOCJII/I’KEHHS. AKTyalbHICTh JIOCTIJKEHHSI 3YMOBJICHA

3pOCTAIYO0I0 POJUIIO MYJIBTUMOJIAJLHUX MEPEBE3CHb Yy 3a0€3MeUeHH] CTablIBHUX Ta
e(eKTUBHUX JIAHITIOTIB MOCTaYaHHS B yMOBaX ria00agbHUX JOTICTUYHUX BUKIUKIB. Y
CydyacHOMY CBITi, [I¢ CIIOCTEPIraeTbCsid TOCTIMHE 3pPOCTaHHS TIOMHUTY HA
BAaHTQXKOTIEPEBE3CHHS Ta MIABUIICHHS CKIAIHOCTI TPAHCIOPTHUX MAapIIpyTiB,
MYJIBTUMOJIAJIbHI  TICPEBE3CHHS BHCTYINAIOTh  KIIOYOBHUM  IHCTPYMEHTOM TSI
3MEHIIEHHS JIOTICTUYHMX BHTpAT, ONTHUMi3alli 4Yacy JJOCTaBKM Ta 3a0e3MeUeHHs
30epexKeHHs IKOCTI TOBapiB.
Oco0a1Boi 3HauymoCTI TemMa HalOyBae JUisl YKpaiHM, siKa aKTUBHO IHTETPYETHCS Y
MDKHAPOJIHI PUHKH Ta IMIIOPTY€E CTPATET1YHO BAXKJIMBI TOBApH, TaKl K Kakao 000w,
JUISL  PO3BUTKY CBO€I XapyoBOi MPOMHUCIOBOCTI. B yMoBax HecTaOLIBHOCTI
TPAJAMIIIMHUX MOPCHKHX MAapIIPyTiB, CHPUYUHEHUX BINCHKOBHUMH [isIMA Ta
€KOHOMIYHUMH CaHKI[IIMH, MYJbTUMOJQIBbHI TEPEBE3CHHS J03BOJISIOTH 3HAUTH
aJbTEPHATUBHI IIUISIXU IOCTABKH BaHTaXIB.
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Beryn. V cydacHOMy CBiTI MyJIbTUMOJANIbHI IEPEBE3ECHHS € KIHOYOBOIO JJAHKOIO
y TJ00albHOMY JIAHIIOTY TOCTa4aHHs, OCOOJMBO [JI1 TOBapiB, SKI MaloTh
cnenu@iuHi BUMOTH JIO TPAHCIOPTYBaHHs, TaKUX SK Kakao 0O00u. 3aBasku
MOXJIMBOCTI KOMOIHYBaTH Pi3HI BHUAM TPAHCHOPTY (MOPCHKHUM, 3ali3HHUYHHM,
aBTOMOOUIbHUI), MYJIBTHMOJANbHI TEpPEeBE3CHHs 3a0e3neuyloTh Oe3nepediiiHy
J0CTaBKY TOBApiB Ha BEJIMKI BIJCTaHl, MIHIMI3YIOUH PU3HKHU Ta BUTPATH.

VYkpaiHa, sk KpaiHa, 1[0 IMIIOPTYE 3HAYHY YaCTKy Kakao 0001B 1Jisi BUPOOHHUIITBA
IOKOJIay, TMOTpeOye e(QEeKTUBHUX JIOTICTHYHUX PIMICHb [JIs  3a0e3TMeUCHHS
CTaOUIBHOrO MOocTayaHHs. PO3BUTOK MYJIbTUMOJAIBHUX MEPEBE3CHb MOXKE CYTTEBO
3HU3UTU BUTPATU Ta PU3UKH, TMOB'SI3aH1 3 JIOTICTHKOIO, @ TaKOX CHPUSITH CTAJIOMY
PO3BUTKY EKOHOMIKM. Y CyYacHMX yMOBaxX TIJIO0aJIbHUX JIOTICTUYHUX BHUKJIMKIB,
30KpeMa HecTablIbHOCTI MOPCHKHMX MAapIIPYTiB 1 3pOCTaHHS BUTpaAT Ha MajHUBO,
MYJIbTUMO/IAJIbHI IEPEBE3CHHS CTAIOTh BCE O1IbII aKTyaJIbHUMHU.

Buxkinku MyJbTHMOJAJIBHHUX NepeBe3eHb KaKkao 000iB. YKpaiHa CTUKA€THCS

3 PSAOM BHKJIMKIB, IO BIUIMBAIOTh Ha €(PEKTUBHICTH MYJIbTUMOJAIBHUX TIEPEBE3CHb
Kakao 000iB. OJIHIEI0 3 OCHOBHUX MPOOJIEM € HEIOCTAaTHS KUIbKICTh KOHTCHHEPHHUX
TEpPMIHATIB Y BHYTPIIIHIX PEriOHaX KpaiHH, 10 YCKJIAJIHIOE TIPOLIEC MePEBAHTAKEHHS
TOBapiB 1 3HIKYE €PEKTUBHICTH JOTriCTUKH. CHUTyallil0 J0JAaTKOBO YCKJIQJHIOIOThH
HECTaOUIbH1 JOTICTUYHI MApUIPYTH, aJKE Yepe3 BIMCHKOBI JI1i Ta EKOHOMIYHI CAaHKIII1
BUKOPUCTAaHHS TPAAUIINHUX MOPCHKHUX LUISXIB CTAa€ MpoOaeMaTuyHum [1].
Kpim wnporo, cnenu@iuHi BHUMOTM J0 YMOB 30epiraHHs Kakao OOOIB il dac
TPAHCIIOPTYBaHHS TaKOX CTBOPIOIOTh TeBHI TpyaHouni. Lleit ToBap mnotpedye
0COOJIMBUX YMOB JUid 30€peXEeHHA SAKOCTI, IO MOXE 3HAYHO YCKJIAJHWUTU
Oprasizaiiro MyJIbTUMOJAIBHUX TEpeBe3eHb. BaXKIMBOIO MPOOIIEMOI0 3aJIUIIAETHCS
HEBU3HAYCHICTh Y TEPMIHAX JIOCTaBKH, aJKE 3aTPUMKH B TPAHCIIOPTHHUX KOPHUAOPaX
4acTO MPHU3BOAATH JI0 HECTAOUIBPHOCTI IMOCTadyaHHS. YcCi Il (paKTOpu CTBOPIOIOTH
JIOIATKOB1 BUKJIMKU JJIs JIOTICTUYHOI CUCTEMHU, SIKa MIOBUHHA 3a0€3MEUYUTH CBOEYACHY
Ta 0e3MeYHy TOCTaBKy Kakao 0001B 10 YKpaiHu.

IMepcnekTuBNM Ta MOKJINBOCTI onTHuMi3aiii. Jlst TOKpAILEHHS
MYJbTUMOJIATFHUX TepeBe3eHb Kakao 0001B B YKpaiHy BaXJIMBO 31HCHIOBATH HU3KY
3aX0/I1B, CIPSAMOBAHHMX Ha ONTUMI3AIlII0 JOTICTUHYHHUX MpolieciB. OHUM 13 KIIFOYOBHUX
HaAmpsIMIB € TOKpaIIeHHS TPAHCHOPTHOI 1HGPACTPYKTypH: 1HBECTHUIlI B PO3BUTOK
KOHTCHHEpHUX XabiB Ta HOBHX JIOTICTHYHHMX IICHTPIB JIO3BOJISATH 3MCHIIHMTH
3aJIEKHICTh B1Jl HECTAOJIbHUX MAPUIPYTIB Ta MOMIMIIUTHA €(PEKTUBHICTh TIOCTAaBKH [2].
Bukopucranas nu@poBUX TEXHOJOTIM TaKOX BIAIrPaE BAXKIMBY POJIb Y Cy4YacHIN
jorictuli. BripoBakeHHsI cUCTEM yNPaBIIIHHS JIAHIIOTOM [TOCTA4aHHS, MOHITOPUHTY
BaHTQXIB y pealbHOMY 4Yacl Ta aBTOMATH30BaHUX IUIATGOPM JTOMIOMOXKE
ONTHUMI3yBaTH MEPEBE3EHHS Ta CKOPOTHTH 4Yac MOocTaBKH. OKpiM TOTO, PO3MIUPEHHS
MDKHApPOJIHOT ~CIIBIOpalli, 30KpeMa BCTAHOBJEHHS MAPTHEPCHKUX BIJHOCHH 3
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MDKHApPOJHUMH TPAHCTIOPTHUMH KOMITAHISIMU, JO3BOJIUTh CIPOCTUTH MPOIECH
nepeBe3eHb 1 3HU3UTHU BapTICTh JOCTaBKM Kakao 000iB. He MeHIT BaxIMBUM €
ONTUMI3AIllsl MapUIPYTIB Ta JOTICTUKU. P0O3p0oOKa HOBUX, OLIbIN €PEKTUBHUX IIJISAX1B
NEpPEeBE3CHHs, KI TependadyaroTb KOMOIHOBaHE BUKOPUCTAHHS  MOPCHKOTO,
3aI3HUYHOTO Ta AaBTOMOOUIBHOTO TPAHCIOPTY, MJO3BOJUTH 3HAYHO 3MEHIIUTU
BUTPAaTH Ha TIEPEBE3CHHS Ta CKOPOTHTH Yac JOCTABKU TOBApY JO KIHIIEBOTO MYHKTY
npu3HavyeHHA [3].

BucnoBok. EdextuBHa qocTaBka Kakao 000iB 10 YKpaiHM BUMarae Cy4acHHUX
MIIXOMIB JIO JIOTICTUKH, IO BPaxOBYIOTh IJIOOAjdbHI BUKJIMKH. BHKOpUCTaHHS
MYJIbTUMOJATBHUX TMEpPEeBE3€Hb  JI03BOJUTh 3HU3UTH PHU3HMKH, TOB'A3aHl 3
HECTAaOUIbHICTIO MOPCBKMX MAapIIPYTIB, Ta ONTUMI3yBaTH JIOTICTUYHI BHUTPATH.
[aBectuiii B iH(pacTpyKTypy Ta BIPOBAKEHHS HOBITHIX TEXHOJOTIH MOXYTb
CYTTE€BO TMIJIBUIIUTA €(PEKTUBHICTh IOCTAYaHHA Kakao 000IB, 10 MaTuMe
MMO3WTUBHUN BIUTMB HA BITYM3HSHY IIOKOJIAHY TPOMHCIIOBICTb.
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CEKUIIA 4: BIIHOBJIIOBAHA EHEPI'ETHUKA,
EHEPI'O3BEPEKEHHSA TA EHEPI'OE®EKTUBHICTD

SECTION 4: RENEWABLE ENERGY, ENERGY SAVING AND ENERGY
EFFICIENCY

INNEPCIHHEKTUBHI IVIAXHW SMEHIIEHHA EHEPI'OCITIO’KUBAHHS
METPOHOJIITEHY

Benexcuncokun O.10. — acnipant, belezhynskii_oyu@gsuite.duit.edu.ua
Kuiscokuu incmumym 3anisnuuno2o mparcnopmy
epoicasrnozo ynisepcumemy iHhpacmpykmypu ma mexro102ii
VYkpaina, m. Kuis

PROMISING ROUTES FOR CHANGES IN ENERGY SUPPLY
TO THE METRO

Belezhynskii O.YU. — Postgraduate student, belezhynskii_oyu@gsuite.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. In connection with the gradual increase in tariffs for consumed electricity, further
the development of rail electric transport, in particular the rolling stock of the metro, is
Impossible without application of modern energy-saving technologies and energy-efficient
systems. To solve the specified of the new problem in the work, it is necessary to perform an
analysis of measures and determine promising directions on energy saving and energy
efficiency improvement in the rolling stock of the metro. It was established that the
introduction of energy recovery and storage systems allows It is possible to save a
significant amount of electricity, which is spent on traction, but it needs and significant
capital investments. It is noted that in today's difficult conditions of the development of the
economy of Ukraine the promising direction of energy saving is the use of energy-efficient
control systems.

Keywords: Energy saving, subway, recuperation, rational driving mode, rolling stock

AKTYaJIbHICTb JOCTiI2KE€HHS 3yMOBJICHA MOCTIHHO 3pOCTAl0OUYUMU TapudamMu Ha
€JIEKTPOCHEPTiI0 Ta BIJICYTHICT, MOJEPHI3AIll Ta OHOBJIEHHS PYXOMOTO CKJIajay Ha
(G OH1 BEIMKHUX Ta 3pOCTAIOUUX 00CATaX MICHKHUX MEPEBE3CHbD.

Metow po0OTH € aHali3 NMUTAaHHS BUTPAT E€JIEKTPOCHEPrii Ha TATYy BaroHiB
METPOIONITEHY Ta CKOPOYEHHSI BUTpAT €JIEKTPOEHEprii Ha TAry IMOi3lIB Ta
BITPOBAKEHHSI CY9aCHOTO €Heproe()eKTHBHOTO PYXOMOTO CKIIay.

OpHi€0 3 BOXIMBUX JIAHOK B CY4YacCHIM TpaHCHNOPTHIN 1H(PaCTpyKTypl MICT-
METanoJliciB € METPOMOJITEH, SKUH Mae HaWOUIBII TMEepPeBi3HI MOXKJIUBOCTI Yy
MOPIBHSHHI 3 IHIMUMU BHJAMH MICBKOTO TPAHCIOPTY, €KOJOTIYHO YHCTHH,
IIBUJKICHUN Ta KOM(OPTHUN TEPEBIZHUK, IO JO3BOJISIE WOTO KIacH(DiKyBaTH SK
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NEPCTIIEKTUBHUM BUJ| MAaCaXXUPCHKOTO TPAHCIOPTY HAa JOCUTH TpuBaiuil mepion [1].
OnHuM 13 BOXKIMBUX MUTAaHb B TEMEPIIHIA 4Yac 3aJMINAETHCA 3MEHILIEHHS BUTpPAT
€JIEKTPOCHEPrii Ha TATY MOI3[IB METPOMOJITEHY, OCKUIbKM CIOXWBAaHHA Ha TATY
ckiazae 6au3bpko 70 % Bijg 3arajgpHOl KUTBKOCTI CIIOKMBAHO1 eHeprii. Yepes mocTiiiHe
MiBUIICHHS Tapu(iB Ha EIEKTPOCHEPTil0 aKTyalbHICTh BHUPINICHHS MHTAHHA 31
3MEHILEHHS BUTPAT €IEKTPOCHEPTIi Ha TATY METPOMOJITEHY OUEBUIHA.

Craixg 3a3HaYuTH, MO EJIEKTPU(IKOBAHUN MICHKHI TPAaHCIOPT KOPHUCTYETHCS
MiJI6TOBUM Tapr(oM, BCTAHOBJICHUM aHAJOTIYHO SIK 1 171 HACEeJICHHSI.

Ha wmeit wac B MeTpomnoniTeHaXx YKpaiHM TIEpPEBE3CHHS  MACaXUpiB
3a0e3neuyeThCsl, HacamIepea, Moi3jaMyd 3 KOJEKTOPHUMH JIBUTYHaMHU TOCTIMHOIO
CTPyMy TIOCHIJIOBHOTO 30y/DKEHHS Ta pEJIeMHO-KOHTAaKTOPHUMHU CHUCTEMaMu
yrpasiinas cepiit: 81-502, Em, Ex, 81-717/714, 81-540/541 Ta inmi moaudikarii. 3
METOI0 CKOpDOUYCHHS CIIOXHMBAHHS €JNEKTPOEHEeprii Ha TATY B OCTaHHI pPOKHU
CTBOPIOETHCS Ta MOJIEPHIZYETHCS BITYU3HIHUI PyXOMHUI CKIIaJl METPOIIONITEHY [2].

B 2014-2018 pomi IIAT «KBB3» cnuibHO 3 IHIIMMHU BITYM3HSHUMU Ta
1HO3EMHUMH MIJIPUEMCTBAMU MOJEPHI30BAHO Ta BBEACHO B EKCIUTyarauilo 27
m’stuBaronHnx mnoi3aiB KII «KuiBchkuit Metpomnosiiten» 3a (GoHIOM 3eleHHX
1HBeCTHUIIIM. Y X0J1 MOJEpHI3allil y BaroHiB Oynau 30€pekeHi Ky30BHU, 32 BUHSTKOM
MAacK{ KaOlHM TOJIOBHUX BAaroHiB, TOJl SIK MPAKTUYHO BCE XOJIOBE Ta EJICKTPUYHE
o0JialHaHHS, a TAKOXK OCHAIICHHS 1HTEP'epy 3aMIHMIN Ha HOBE. EnexTpoobiiaiHanHs
BaroHIB y Mpoleci MOAEpHi3allii 3a3Haj0 MPaKTUYHO MOBHOI 3aMiHM Ha HOBE. [lopsn
13 eJeKTpoOoOIalHaHHAM BHUPOOHUITBA KpIOKIBCBKOrO 3aBOAY, 3HAYHY YacTUHY
HOBOTO €JIEKTPOOOIaIHAHHS TTOCTABWJIM SAMOHCHKI Ta HIMEIbKI KOMIMaHii, Taki SK
ITOCHU, Mitsubishi Electric, Knorr Bremse, Fuji Electric, Schaltbau ta inmmi.
['onoBHUMU BIAMIHHOCTSIMH HOBOCTBOPEHOTO Ta MOJIEPHI30BAHOTO PYXOMOTO CKIIATY
€  BUKOPUCTaHHS  ACHHXPOHHOTO  E€JEKTPONpPHUBOJA  3MIHHOTO  CTpyMYy,
MIKPOIIPOLIECOPHOI CUCTEMM YHPABIIHHS, a TakK0X BIPOBAIKEHHA I1HIIOIO
eHepro3oepiraroyoro o0JaJHAHHS Ta TEXHOJOTIH, HacaMIlepe/ CUCTEM pEeKyIeparii.
3a pe3ynbTaTaMu TITOBO-CHEPTETUYHHX BUIIPOOYBAHb JIOCIHITHOTO IT'SITUBATOHHOTO
nmoi3Jla BUTPATU HA CIOXXKWBAHHSI HUM €JEKTPUYHOI €Heprii CTaHOBIATH 25,7
Br/ron/T*km. 3a pe3ympTaTaMu JOCHIDKEHB [3] BigoMoO, IO MOACpPHI3aIis
ICHYIOYOTO PYyXOMOTO CKJIaay Yy BIJHOIICHHI IO I’ SITUBAarOHHOTO 34Yemy J03BOJISE
CKOPOTUTHU CIIOKMBAHHS €JIEKTpOoeHepTii 3 Mepexi Ha moHan 40 %. Takum unHOM, B
KII «KuiBcbkuii METpPOMOJITEH» BUKOHYIOTHCS 3aXOJM 3 EHEepro30EpekeHHs Ta
NiBULIEHHS €HEProe()eKTUBHOCTI PyXOMOT'O CKJIay METPOMIOJITEHY IIJITXOM 3aMIHU
3aCTapiIor0 TArOBOTO OOJaJHAHHS HAa HOBE 3 peali3alliel0 PeKylnepaTUuBHOIO
raJIbMyBaHHS.

[Ipore B yMoOBax peanbHOI €KCIUTyaTaimii Ha BEJIMYMHY BHUKOPUCTAHHS
eJIEKTPOCHEePTii pekymeparllii BiumBae 6arato gakropis [4]. Cepel OCHOBHMX MOKHA
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BUJUIMTA TaK: IHTEHCUBHICTh PyXy B 30HI peKymepaiii, pexuM pyxy I1HIIHX
CIIO’KMBAUIB EJICKTPOCHEPTii, BIACTaHb MDK CTaHIsIMA Ta Tpodias Kojii. 3a
pesyibTaTaMu aHami3dy JOCHKeHb [5,6] BCTaHOBIEHO, WIO 3a 1CHYIOYOI
1HQPACTPYKTYpH  CHCTEMH  TSATOBOTO  €HEPro3ade3leueHHs  METPOIOJIITEHY
BUKOPHUCTAHHA EJEKTPOCHEprii pekymepaiii Mae IMOBIPHICHHM XapakTep Ta He
nepesumye 30%. Takum 9uHOM, B 1LEed Yac MOMKJIIMBOCTI peKymneparii
BUKOPHUCTOBYIOTHCSI HE B IOBHOMY 00cCs31 1 iIcCHY€e mpobiema peanizalii HaaJIUIIKOBOT
€JIEKTPOCHEPTii 3a BiICYTHOCTI CIIOKMBAYiB B 30H1 pekyrneparii [4].

3HauyHAa  KUIBKICTh  JOCIHIPKEHb TMPHUCBSYECHA HANpsIMKaM  BU3HAUYCHHS
pallOHANIBHOTO PEKUMY BEJICHHS PYXOMOT'O CKJIAJly METPOIOIITEHY Ha MEPEeroHi 3a
KPUTEPIEM MIHIMYMY CIIOKHBaHHS €JIEKTPOSHEPTii 3 Mepexi.

Crnipg 3a3HauMTH, 1O Hapas3l 3HA4YHA KIUIbKICTh JOCIIKECHb HallpaBjieHa Ha
PO3pOOKY MIKPOTIPOLIECOPHOT CUCTEMU YITPABIIHHS ISl Cy4aCHOTO PyXOMOTO CKJIaly
3 ACMHXPOHHHUM TATOBUM MPUBOJIOM Ta MOXJIMBICTIO PEKYTIEPATUBHOTO TaJIbMyBaHHS
[2]. Ha choromni MiKpOIpPOLIECOPHUMHU CHUCTEMaMH YIIPABIIHHS, MO JIO3BOJISIOTH
BU3HAYATH PAIliOHATILHUNM PEKUM BEJICHHS 32 KPUTEPIEM MIHIMAIBHOTO CIIOKUBAHHS
€JIEKTPOCHEPTii, OCHaIlleHu pyxoMuid ckiaa metponoiiteniB CIIA, Anrmii, SnoHii,
Opanmii, Irami. KpiMm Toro, 6aratro METpOIOJITEHIB CBITY MalOTh MEpexi
aBTOMATHU30BAHOTO METPOTONITEHY, /1€ PYXOMHUH CKIaja OONagHAaHUN cHCTeMaMu
aBTOBEJICHHS Ta Kypcye ©0€3 MalIuHICTIB. ABTOMATH30BaHI METPOIMOJITCHU
exciutyatytotbesi B JlyOai, HropuOeprsi, Jlioni, Ilapwxki, Cinranypi, bapcenoni ta
iIHIMX Mictax. Ha meil yac ekcrulyaToBaHMW HapK METPOMOJITEHIB YKpaiHu
0o0JIafHAHUKM CHCTEMAaMM aBTOMAaTHYHOI JJOKOMOTHBHOI CUTHATI3aI(l] 3 aBTOMAaTHYHUM
perymoBandsM mBUAKOCTI (AJIC-API), mo npusHaueHa st OE3MEKU Pyxy
noi3aiB. Cucrema AJIC-APII 3a0e3neuye Oe3mnepepBHY Mepenady CUTHAIBHHUX
MOKa3aHb y KaOiHy ympaBJIiHHS PYyXOMOTO CKJIaay Mpo O03BOJIEHY MIBUJIKICTh PYXY,
KOHTPOJIb 3aiHATOCTI KOJIi Ta IIBHAKOCTI pyXy MOi3/la, aBTOMAaTUYHE 3HUKEHHS
IIBUJKOCTI 4YM 3YNUHKY T0i3Ja Mpu 1i TEPEeBUIIEHHI, KOHTPOJb MHJIBHOCTI
MamuHicTa. [IpoTe 3a3HaueHa cucTeMa HE J03BOJISIE BU3HAYATH palllOHAIbHHMA
PEXKUM BEACHHS PYXOMOTO CKJIaJy METPOIOIITEHY Ha TMEPEroHi 3aJeKHO Bl HOTro
3aBaHTa)XKEHHS 3a KPUTEPIEM MIHIMyMY CHOXXHBaHHS elIeKTpoeHeprii [2].

JIns OIIHKW TOTEHIany 30epeKeHHsS KIUIBKOCTI €JICKTPOCHEPrii 3a paxyHOK
3aCTOCYBaHHS €HEPTroe(HEKTUBHUX CHCTEM YIIPABIIHHS, SKi JO3BOJSIOTH BU3HAYATH
palioHANIbHUIN pEeXKUM BEACHHS PYXOMOTO CKJIaJy METpOmnoJiiTeHy Ha neperosi, B KII
«KuiBCbKUM ~ METpPONOJIITEH»  BUKOHAaHI  €KCIEPUMEHTaNbHI  JOCIIJIKCHHS.
JlocmikeHHsT 31MCHIOBAIMCH 3 BUKOPUCTAaHHSAM BUIIPOOYBAJIbHOTO KOMIUIEKCY, JO
CKJIaZly SKOTO BXOJUTHb IT'SITMBArOHHUW TIOi3]] Ta BUMIPIOBAIbHA CHCTEMA,
BCTAHOBJIEHA Ha HWoro OopTy. ExcrnieprMeHTH BUKOHAHI MiJ Yac THIOBHX INTATHHUX
pPeXKHUMIB BEJEHHS pPyXOMOIo CKJIaay Ha TmeperoHax «XpeuaTuk—IearpanbHa—
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Xpemaruk» Ta «lynasceka—bepecreiicbka—1llynsaBcbka» mpu HOro HOMiHAIBHOMY
3aBaHTAXKEHHI 3 JOTPUMAHHSAM «HEMIKOBOTO» Ta «IIKOBOTO» TrpadikiB pyxy.
PesynbraT nmoCHiKeHb y BUIISIAL TpadikiB 3aJIEKHOCTI KUIBKOCTI CIOXKHUTOI
€JIEKTPOCHEPrii BiJ Yacy pyXy Ha MeperoHi HaBeleHO Ha puc. 1. Tpaextopii
MPOXO/DKEHHS TMEperoHy  «Xpemaruk—IleaTpaabHay 3a yMOB  JOTPUMAaHHS
HEMIKOBOTO» Tpadika pyXy HaBeJCHO Ha pUC. 2. 3a BUKOHAHUMH JTOCIIIDKEHHSIMH B
KIT «KwuiBcbkuit merponomniten» (Pucynok 1, 2) BCTaHOBIEHO, HIO0 MOTEHIIAT
30epeKeHHsl eJIEKTPOCHEPTii 3a pPAaxXyHOK BHUKOPHCTAHHA €HEproe(eKTUBHUX
MIKpOIIPOLIECOPHUX CHUCTEM YIPABIIHHSI Ha IMEperoHax: «Xpemaruk—IearpaabHay
ckianae a0 7 %; «TearpanbHa—Xpematuk» — 10 5 %; «llynsaBcrka—bepecrericbka»
— 1o 1,5 %; «bepecreticeka—IllynsBceka» — 10 10 % [2].
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Pucynox 1 — [lomenyian ekonomii enekmpoenepeaii 3a paxyHoK 3acmocy8anHs
PAYiOHATbHUX pedcuMie 8edeHHs noi30a Ha nepeconax «Xpewamux—Teampanronay (a),
«Teampanvna—Xpewamuxy (6), «lllynascoka—bepecmeticokay» (8) ma bepecmeiicvka—

L Iynsecoxar (2):
1 — minimanvro moorcauge cnosicueanns enekmpoenepeaii,
2 — CNOJMCUBAHHS elleKmPOeHep2ii Ni0 Yac MuUnosux pexdcumie 6e0eH s,
3 — cnooicusanHs eleKkmpoenepeii nio Yac PisHUX Peicumie 6e0eHHs,
dA — exoHOMIs 3a pAXYHOK 3ACMOCYBAHHS eHepeOeheKMUBHUX PeHCUMIE BEOEHHS.
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Pucynok 2 — I'paghixu npoxoocenns nepecony « Xpewamuk—Teampanoray
ni0 4ac munoux pexcumMis 6e0eHHs PYXoM020 CKAA0Y 3a KHENIKOBUM» epaghiKom pyxy

BucnoBok. B pe3ynbrari BOpoBa)KEHHSI CY4YaCHUX TSATOBUX IEPETBOPIOBAYIB 3
ACMHXPOHHUMHU JBUTYHAMH Ta PEKYIEPATUBHOTO TaJIbMYBaHHS MOXHA JOCSITHYTH
ekoHoMii 01m3pk0 20% enekTpoeHeprii B ogHovac npu oHosJlieHHI 100 % pyxomoro
CKJIaly IIed TOKa3HUK 30uIblIyeThcs OubIn HIK 10 40%. 3a3HadeHo, 10 MOpu
BIPOBA/KEHHI  €HEProe(EeKTUBHUX CHUCTEM  YIpPaBIiHHA Ta  3aCTOCYBaHHS
palioHaIbHUX PEKMMIB BEICHHS MO13/1a 3 YpaXyBaHHIM MPOQUI0 KOJIIH, IIBUAKOCTI
Ta 4Yacy XOJly MDK CTaHI[iIMU MOXKHAa JIOCATHYTH JOJATKOBOi EKOHOMIl
€JIEKTPOCHEPT 1.
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Abstract. The study analyzes the use of hydrogen as an alternative fuel for transportation.
Hydrogen fuel is an environmentally friendly alternative to traditional fuels, reducing
greenhouse gas emissions and air pollution. It is suitable for heavy transport due to its long
range, fast refueling, and high energy efficiency. Challenges include high costs, limited
infrastructure, and safety concerns. Ukraine has significant potential for developing
hydrogen energy and integrating with EU markets.

Keywords: hydrogen fuel, alternative fuel, transport, environmental sustainability,
greenhouse gases, renewable energy sources.

AKTYaJIBHICT  JOCJIiIKEHHS 3yMOBJICHA  MOpOOJEMOIO  TMIiJIBUIICHHS
€KOJIOTIYHOCTI Ta €HeproeeKTUBHOCTI TPAHCIOPTHUX 3acO0IB aBTOMOOUIBHOTO Ta
3QJII3HUYHOTO TpaHCHOpTy. ['0JIOBHUMM HanpsMKaMU TOKpPAIICHHS SKOCTI HaJlaHHS
TPAHCHIOPTHUX TIOCIYT, MO TependadeHl y HalllOHAIbHBIA TPAHCHIOPTHINW cTpaTerii
VYkpainu no 2030 poky [1] € HaOmwkeHHs pIBHS iX HaJaHHS Ta PO3BUTKY
1H(PACTPYKTYpU [0 €BPONMEUCHKUX CTAaHIAAPTIB, MIJBUILEHHS pIBHSA O€3MeKu Ta
3MCHIIICHHS] HETaTMBHOTO BIUIMBY HAa HABKOJHUIITHE TMPHPOAHE cepenoBuie. B cBoro
yepry «Crpareris HHM3bKOBYTJICIIEBOTO pPO3BUTKY VYkpainu n10 2050 poky»
nependayae MOJEpHI3AII0 TPAHCIOPTHOI Taly3l 3a paxyHOK BUKOPUCTAHHS
TPAHCTIOPTHUX 3acO0iB, MO0 MOXXYTh CIOKHUBATH PI3HI BHIM MOTOPHOTO IaJInBa
(manpuxmnan, O6eH3uH 1 ra3 abo 3 goOaBkamu OiomanuBa Ta OIOKOMIIOHEHTIB),
€JICKTPUYHUX, BOJHEBUX aBTOMOOLTIB, aBTOMOOUIIB Ha MAJIMBHUX €JEMCHTaX, a
TaK0 PO3BUTOK I'POMAJICBKOTO E€JIEKTPOTPAHCIIOPTY [2].

Opniero 3 T1IO0ANBHUX EKOJOTIYHUX MpOOJIeM CydYacHOCTI € mpobiieMa
BUKOPUCTAHHS JIBUTYHA BHYTPIINIHBOTO 3TOPAaHHS JUIS TITOBUX TPAHCIIOPTHHUX
3ac00iB. OCKUIbKM B JBUTYHI BIJJOYBA€THCS MPOIEC 3rOpaHHs MaJTUBHO-TIOBITPSHOI
CyMillli, y Tmpoueci poOOTH YTBOPIOIOTHCS BYIJIEKUCIMNA Ta3, AKid copuse
rJI00aJbHOMY TOTEIUIIHHIO Ta 3MiHAM y KiiMati. Takok BUIUISETHCS OKCHI a30Ty,
BYTJIEBOHI 3’ €qHAHHS, albJErian, ApiOHI YacTKU caxi Ta iHml. Bce 1e moriprye
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AKICTh TIOBITPSA Ta Ma€ CEpHO3HUI BIUIMB HA CaMOMOYYTTS Ta 370POB’S HACEICHHS.
IIpu BukopucTaHi 1y manuBa 3a0pyIHIOETHCA MPUOIU3HO 16 KyO. METpiB MOBITPS.
[Ipu uboMy y nBUryHa masia €(eKTUBHICTh NpUOIN3HO 25% MEepeTBOPIOETHCS B PyX,
BCE 1HIIE TEPETBOPIOEThCA Ha Tero. OTke mepexill Ha eNeKTpOMOOiTl, BOJHEBI
aBTOMOOLII Ta 1HII BUJIU TPAHCIIOPTY, IO BUKOPUCTOBYIOTH BiJHOBIIIOBaHI JKepelia
€Heprii, T0MOMO>Ke BUPIIIUTHU 111l TPOOIIEMHU.

MeTta po00TH € TPOBEICHHS OTJSAOBOTO aHAMI3y aJIbTEPHATHUBHOTO BHUIY
MajnBa a caMe BOJHIO Ta MOPIBHSIHHS 3 IHITUMHU BUAMU TIAJINBA.

BoaneBe manuBo cTae Aenani akTyalbHINIMM SIK albTEpHATHBA TPAJULIIMHUM
BUJIaM MaJIMBa, 0COOJIMBO ISl BAXKKOTO TPAHCTIOPTY, TPOMUCIIOBOCTI Ta BUPOOHUIITBA
eHeprii. Y kpaiHax €Bponu aKTUBHO 1HBECTYIOTb Yy BOJIHEBY 1H(QPaCTPYKTYpy.
3okpema, Himeuunna, ®panumis, Higepmanau Tta Icmanis po3BHBaIOTh BOJTHEBI
3ampaBKU 1 Mepexi BoAHEBUX xaliB. HiMeuunHa € JijiepoM 3a KUIBKICTIO BOJHEBUX
3anpaBok y €Bpormi, Maroun 0iau3bko 100 cranmii. B Ykpaini moku mo BoJHEBa
iH(pacTpykTypa po3BuHEHa cinabko. OgHak B YKpaiHi € 3HaYHUM MOTEHLIAT JJIs
BUPOOHUIITBA 3€JICHOTO BOJIHIO 3aBJISIKU MOXKJIMBOCTSIM JIJIs1 PO3BUTKY BITHOBJIIOBAHOI
eHepreTuku (CoHsuHa, BiTpoBa) [3].

BoaneBuii TpaHCIOPT aKTUBHO PO3POOJISIETHCS MPOBITHUMHU KaMITaHISIMU, BXKeE
ICHYIOTb 1 BUIIPOOOBYIOTH JIETKOBI, BaHTa)HI aBTOMOOLII, TaK0XX BUIPOOOBYIOTH
TEXHOJIOTII0 Yy MacaXXUPChKUX TMEPEBE3CHHSAX aBTOOycax, Ta Ha 3allI3HUYHOMY
TPaHCHOPTI.

Bosenp nmponoHye MOKIIMBICTh CYTTEBO 3MEHIIIMTH BUKHUIN MTAPHUKOBUX Ta3iB y
TPAHCIIOPTHOMY  CEKTOpi. SIKIMO MHOAMBUTHCH 3 OOKy  KOHKYpeHmii 3
EJIEKTPOTPAHCIIOPTOM,  AKYMYJISITOpHI ~ €JIEKTpOMOOUIl  Hapa3l JIOMIHYIOTH Y
JIETKOBOMY TPAHCIOPTI, II€ SIKIII0 HEe BPaXOBYBATH IO MPU BUTOTOBJIECHI 1 yTHIII3aIii
aKyMYJIATOPHUX OaTapeil y HABKOJMIITHE CEPEJOBUINE MOTPAIUISE BEMKa KUIbKICTh
XIMIYHUX 3’€HaHb, MIKOAY BIJ SIKUX Ie Tpeda AOCHIAUTH. Y TMOPIBHSIHHI 3
TU3eIIbHIMH BaHTQ)KIBKAMH BOJHEBUN TPAHCTIOPT MOXKE CYTTEBO 3MEHIIUTH BUKHUIH
BYTJICKHCIIOTO Ta3y Ta 3a0pyIHIOIOYHX PEUYOBHH Y TMOBITPS, IO BaXKIUBO IS
TOCSTHEHHS IIiel aekapOoHizarii, ocoomuBo B €C. BoaHeBl MalMBHI €JIEMEHTH
TeHEPYIOTh CHEPrilo uepe3 XIMIYHY peakilito MDK BOJHEM Ta KHUCHEM, MOOIYHUM
IPOJYKTOM SIKOi € YHCTa BOJA, IO POOHUTH iX E€KOJOTIYHO OC3MEUYHMMH 1 OLIBII
e(EeKTUBHUM 3aCO000M PyXYy.

SKIIIO TUBUTHUCH 31 CTOPOHU EKCIUTyaTallliHUX SKOCTEH BOJIEHb HA BIIMIHY Bij
€JICKTPOBAHTAXKIBOK HA aKyMyJISITOpax MOXKE 3a0€3MeUMTH 3HAYHO OUIBIIMNA 3amac
xony (o 800 kM 1 Giiblie) 1 WBHALTY 3anpaBKy (mpubiauzHo 10—15 xBuauH), 10 €
KPUTUYHUM JUISI KOMEPIIMHOTO TPaHCIOPTY, JI€ 4Yac MPOCTOK Ma€ BaXKIIMBE
3HadyeHHs. [le poOuTh BOHEB] BaHTAXIBKH OCOOIMBO MEPCIICKTUBHUMU JIJIST TAJICKUX
MepPEBE3CHb 1 11 BAKKOTO TPAHCIIOPTY, /1€ BAKOPUCTAHHS aKyMYJIITOPHUX OaTapei €
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MeHII e(eKTUBHUM. TakoX BOJHEBI MalMBHI €JIEMEHTH 3a0e3MeuyroTh BHCOKHN
pPIBEHb €HEPrOEMHOCTI, TOMY BOHH MIIXOMASTh ISl BaXKKUX BaHTaKIBOK, aBTOOYCIB 1
HaBITh 3aJI3HUYHOTO TPAHCIOPTY. 3 YaCOM 3aCTOCYBaHHS Y BaHTa)KIBKaxX BOJHEBUX
NaJTUBHUX €JIEMEHTIB CIPUATUME PO3BUTKY IHPPACTPYKTYpPHU 3aMpaBHUX CTAHIIN JIJIst
BOJIHIO, ¥ CBOIO 4YEpPry 1€ CHPUATHUME PO3IIMPEHHIO MOXKIJIMBOCTEH BUKOPUCTAHHS
BOJTHIO 1 JUTSI JIESTKOBUX aBTOMOOLJTIB.

Ha mepeBary € paesiki BUKIMKH JJIsi BUKOPUCTAaHHS BOJHIO. BHcoka BapTiCTh:
BUPOOHUIITBO Ta 30epiraHHs BOJHIO, OCOOJMBO 3€JIEHOr0 (BUTOTOBIIEHOTO 3
BIJTHOBJIIOBAHUX JIKEpeJ), MOKU M0 € aoporuM. [HdpacTpykTypa: Ha CbOTrOJHI
KUIBKICTh BOJIHEBHUX 3aIllPaBOK € 0OMEXEHOI0, 0COOJIMBO y kpaiHax CxigHoi €Bporu,
BKJIIOUYHO 3 YKpaiHotw. besneka: BojgeHb € BUOYXOHEOE3MEUHUM Ta30M, 1[0 BUMAarae
CHeIaJIbHUX 3aX0/1B O0e3MeKH /s oro 30epiranHs 1 TpaHCHOPTYBaHHS.

VYkpaina Mae XopoIin MepCreKTHBH I PO3BUTKY BOAHEBOT CHEPTETUKH 3aBISTKH
HasIBHOCTI MPUPOJHUX PECYPCIB JUIsl BIIHOBJIIOBAHOI €HEPTeTHUKH Ta MOMJIMBOCTI
ekcropty 3esieHoro BoaHio a0 €C. CTuMyntoBaHHS BUKOPHUCTAaHHS BOJHEBOTO
TPaHCHOPTY, OCOOJMBO y BaXKKOMY CEKTOpi, MOXE JOMOMOITH YKpaiHi
IHTErpyBaTUCd B €BPONEHUCHKUI 3€JICHUM EHEPreTUYHUN PUHOK 1 3MEHIIUTU
3aJIEKHICTD B1Jl IMIIOPTY BUKOITHOTO MaJIUBA.

BucHoBok. B pe3ynbrari mpoBEACHOrO aHamizy 3pO3yMUIo, IO Hapasi
CIIOCTEpITA€ThCS AKTUBHMM PO3BUTOK TPAHCHOPTHUX 3acO0IB 3 BUKOPUCTaHHSIM
BOJIHIO, aJie 31 3HAYHUMU BUKJIMKaMH. [lorpu Te, 0 BOJIEHb Ma€ BEIMKUH MTOTSHITIAT
IUIsL  IeKapOoHi3alli MPOMHUCIOBOCTI Ta BAXKOr0 TPAHCHOPTY, MHOro MIMPOKE
BIIPOBA/DKCHHSI  TOTpeOye€  MOJANBIIOTO  3HUKEHHS  BAapTOCTI, PO3IIUPEHHS
1HOPaCTPYKTYpU Ta BIOCKOHAJICHHS TEXHOJIOTIM 30epiraHHs 1 TPaHCIOPTYBaHHS.
OdikyeThbCsl, IO 3 PO3BUTKOM 3E€JCHUX TEXHOJIOTIH 1 JEp)KaBHOKO MIATPUMKOIO
BOJHEBUN TPAHCIOPT MOXKE CTaTH OCHOBHHUM €KOJIOTIYHO YHCTHM PIIICHHSIM Y
TPaHCHOPTHIN ramy3i.
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Abstract. The article examines the use of modern semiconductor components to increase the
energy efficiency of power circuits of electric locomotives. Technological losses of electrical
energy in such systems are a significant problem that affects the economy and reliability of
electric transport. The use of new generation semiconductors, such as power transistors
based on silicon carbide (SiC) and gallium nitride (GaN), allows to reduce losses during
switching and conduction, ensuring higher efficiency and stability of system operation. The
article considers the main advantages of these materials, in particular, their high heat
resistance, reduction in the weight and size of devices, as well as an increase in the
frequency of operation of converters. Special attention is paid to the integration of new
semiconductor solutions into modern inverters and control systems of electric locomotives,
which helps reduce operating costs and reduce the impact on the environment.

Keywords: semiconductors, power circuits, silicon carbide (SiC), gallium nitride (GaN),
eco-friendly technologies, power losses, energy efficiency, switching efficiency, eco-friendly
technologies

AKTYaJIbHICTh  JIOCJIUKEHHSI  3yMOBJIEHAa  HEOOXIAHICTIO  3MEHILECHHS
TEXHOJIOTIYHUX BTpAT EJEKTPOCHEPrii Uis MIABUIICHHS €()EKTUBHOCTI Cy4acHOTO
€JIEKTPOTPAHCIIOPTY, 30KpeMa €JEKTPOBO3IB, fAKI € KIIOYOBUM €JIEMEHTOM
3a3HUYHOI 1HPpacTpykTypu. TpanuiiiiHi CHJIOBI KOMIIOHEHTH MAarOTh CYTTEBI
0OMEKEHHS, MOB’A3aH1 3 BUCOKMMH BTpaTaMu IiJl YaCc KOMYyTalli Ta IPOBI1IHOCTI, 110
3HUKYE TXHIO €EKOHOMIYHICTh 1 HQJIHHICTb.

MeTo10 po6oTH € OOTpYHTYBaHHS JOIIJIBLHOCTI BIPOBAKEHHS €(HEKTHBHUX
pilIeHb 13 BUKOPUCTaHHS Cy4aCHUX HAIIBIPOBIIHUKIB JJIs1 3HUKEHHS €HEPreTHUHUX
BTpPaT y CHJIOBHX KOJIaX €JIEKTPOBO3IB, IO CIPHUSATHUME IMiJBUIICHHIO IXHbOT
eHeproe(eKTUBHOCTI, HAIIMHOCTI Ta €KOJIOTTYHOCTI.

EnexkTpoBo3u BIJIrpaloTh I[EHTPAJIbHY pPOJIb y CY4YaCHUX 3alTi3HUYHUX
MIEPEBE3EHHSIX, 3a0e3reuyoun BUCOKHI1 piBEHB €KOJIOTTYHOCTI Ta
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eHeproedexkTuBHOCTI. [IpoTe, MOCATHEHHS HOBHX CTAaHAAPTIB MNPOAYKTHUBHOCTI
BUMAarae 3HI)KCHHS BTpaT eJeKTpoeHeprii B CWIoBUX KoyiaX. OJHUM 13 HAHOUIBII
NEPCHEKTUBHUX MIJIXOJIB JJI JTOCATHEHHS I11€i METH € BUKOPUCTaHHS CYy4acCHHX
HaITIBIIPOBITHUKOBUX TEXHOJIOT1H, K1 JO3BOJISAIOTH 3HAYHO MIABUIIATH €(PEKTHUBHICTD
pOOOTH TSITOBUX CUCTEM.

TpaguiiitHi cuiIoBI Kojla €JIEKTPOBO3iB, IO 0a3ylThCS Ha KpPEMHIEBUX
HAIIBIIPOBIIHUKAX, YaCTO XapaKTePU3YIOThCS BUCOKUMH BTpaTaMu €Heprii Ta
HU3BKOIO  TepMIuHOIO  cTiMkicTio. ILli  Hemonmiku  3MyHIyIOTH  1HXKEHEpIB
BUKOPHUCTOBYBATH T'POMI3IKI CUCTEMU OXOJIOKEHHS, 10 301JIBIIIYE Bary Ta po3Mipu
JIOKOMOTHBIB. SIK HACIiJIOK, JUHAMIYHI BJIACTUBOCTI €JIEKTPOBO31B IMOTIPIIYIOTHCS,
0 3HWXKYE iXHIO €(QEKTHBHICTh IIiJi Yac poOOTM B YMOBaX IHTEHCHUBHOIO
HABaHTa)KCHHSL.

PeBomowiitHUM pillIeHHSM Y I1{ rainy31 CTaJIo BIPOBAIKEHHS HA1BIIPOB1AHUKIB
Ha ocHOBI kapOiny kpemHio (SiC) Ta HiTpuay ramto (GaN). Il maTepianu maroTh
VHIKQJIbHI ~BJIACTUBOCTI, CE€pel SKUX BHCOKAa TEPMOCTIMKICTh, IO JO3BOJISIE
¢dbyHkiionyBaTu mpu temieparypax 10 300°C. 3aBasku 1[bOMY 3HAYHO 3MEHIIIYETHCS
norpeba B CHCTEeMaxX aKTUBHOTO OXOJIOJKEHHS, a CHJIOBI €JIEMEHTU MOXYTh OYyTH
KOMITAKTHIIIMUMH 1 JeTmuMU. Taki 3MiHM MO3UTHUBHO BIUIMBAIOTh Ha KOHCTPYKIIIO
€JEeKTPOBO31B,  pOoONSYM  iX  KOHCTPYKTMBHO  NPOCTILIMMU  Ta  OUIbII
eHeproedexTuBHUMH [1, 2].

OpnnouacHo BukopuctanHa SiC 1 GaN [03BoJIsI€ €IEeKTPOBO3aM MPALIOBATH HA
BHILMX YacTOTax KoMyTallii. Lle 3HmKye eHepreTuyHi BTpATH M1J] Yac NEePETBOPEHHS
€Heprii B CHUJIOBHX KOJIaX, MOKPAIIYIOYH 3arajibHy €(QEeKTUBHICTh TATOBUX CHCTEM.
3MEHIIIeHHS] BTpaT OCOOJIMBO BaXJIMBE MPH EKCIUTyaTarlii eJIeKTPOBO31B, SIKI 4acTO
IpaIiolTh y CKJIAJHUX YMOBaxX pi3KO3MIHHOTO HaBaHTaxeHHS. [lpu 1pomy
3a0e3meuy€eThCsi  CTaOUTBHICTh IXHBOI pPOOOTH Ta  CKOPOYYIOTHCS  BUTPATH
eHepropecypciB, HEOOXIAHUX JI eKCIUTyaTalii [3].

KpiM TexHIYHMX TiepeBar, BIPOBAJKCHHS HOBITHIX HAamiBIPOBIAHUKIB
MO3UTUBHO TIO3HAYAETHCS HA EKOHOMIYHOCTI €JEeKTPOBO3IB. 3HW)XEHHS BTpar
EJIEKTPOCHEPTii Ja€ 3MOry ONTHUMI3YBaTH CIOXKMBAHHS, IO 3MEHIIY€E 3arajibHi
ekcrutyaTariiini ButpaTd. [lojermieHi KOMIIOHEHTH TaKOX CHIPHUSIOTh 3HUKEHHIO
MacH JIOKOMOTHBIB, IO J03BOJISIE MIABHIIATH IXHIO IMIBUAKICTE 1 3MEHIIATHU
3HOITYBaHHS 3aJII3HUYHOI 1HPPACTPYKTYypH.

OkpiM 1BOTO, MOJIEpHI3AIlis TATOBUX CHUCTEM BHUMAarae ajanTailli CUCTeM
KepyBaHHS e€JeKTpoBo3aMu. HamiBNpOBIAHMKA HOBOTO TMOKOJIHHA MOTPeOYIOTh
YIOCKOHAJIEHUX aJITOPUTMIB YIPaBJIiHHSA, SKI 37aTHI 3a0€3MeUUTH MaKCUMAaJbHY
e(eKTUBHICTh 1 CTAaOLIBHICTh iXHBOI poOoTH. Taki iHHOBAIIII JO3BOJSIOTH HE JIMIIE
MIIBUIIATA TPOAYKTUBHICTh, a W TMPOJOBXKUTH TEPMIH CIyXkOW o0O0NaHaHHS,
3HIDKYIOUM BUTPATH Ha Moro oOciyroByBaHHs [2].
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Exonoriunuii aciekT Tako BIJITpae BaXIJIMBY POJib Y BIPOBAIKEHHI HOBITHIX
TexHosiorid. EnextpoBo3m, ocHaiieHi kommnoHeHTamMu Ha ocHoBi SiC 1 GaN,
CTIOYKMBAIOTh MEHIIIE EJICKTPOEHEPTii, 0 JO03BOJIIE CKOPOTHUTH BUKHUINA MAPHUKOBHUX
razi. lle BiamoBimae TIOO0AIBPHUM IIUIAM IIOJO JeKapOoHI3allli TpaHCHOPTY,
CIPUSIIOYN CTATIOMY PO3BUTKY 3aTI3HHYHOT TaTy3l.

BucnHoBok. TakuM 4YHMHOM, IHTErpalis Cy4YaCHUX HAMiBIPOBIIHUKOBUX
MaTepialiiB y CUJIOBI KOJIa €JI€KTPOBO3IB € BAXKJIIMBUM €TallOM PO3BUTKY 3aJ13HUYHOTO
Tpancniopty. Buxopuctanus SiC 1 GaN He Jumie TMOKpamye TeXHIYHI
XapaKTepUCTHKN JIOKOMOTHBIB, a ¥ CIHpHsE€ 3MEHIICHHIO CHEPrOCIIOXHBaHHSI,
3HMKEHHIO CKCIUTyaTallliHUX BUTPAT 1 MIABUILECHHIO €KojoriyHocti. lle mo3Bosmsie
3a0€3MEeUNTH CTIMKUKA PO3BUTOK TPAHCIOPTHOI 1HOPACTPYKTYPH, BIAMOBIIAIOYH
BHMOTaM Cy4aCHOTO PUHKY TEPEBE3CHb.
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WAYS OF IMPROVING ELECTRICITY QUALITY INDICATORS
DURING THE MODERNIZATION OF TWR LINES

Bondar O.1. — Doctor of Philosophy, Associate Professor bondardiit@gmail.com
Ukrainian State University of Science and Technologies
Ukraine, Dnipro

Abstract. This work deals with the problem of finding ways of improving the efficiency of
electricity transmission in the electrical networks of non-traction consumers of railways of
Ukraine, which are electrified according to the alternating current system. The possibilities
of providing bilateral power supply of non-traction loads, which receive power from "two
wires - rail"(TWR) lines during the modernization of the equipment of these lines, are
considered.

Keywords: quality of electricity, TWR lines, voltage losses, voltage unbalance indicator,
bilateral power supply, phase-shifting device

AKTYaJIbHICTh JOCJII’KeHHs] TIUTAaHHS TOIIYKY IUIAXIB MOKPAIICHHS SIKOCTI
CJICKTPUYHOI €HEprii y Mepekax >KUBJIECHHS HETSATOBHX CIOXKMBAUIB 3aJII3HUYHOTO
TpaHCIIOPTY OOyMOBJIEHa MO0 HU3KOKW (aktopiB. [lepenyciM Bia3HAYMMO, WIO
BHACIIJOK BIJOMHX KOHCTPYKTHBHUX OCOOJMBOCTEH CHCTEM YKUBJIEHHS, Y HAHOUIbII
HECIIPUSATIMBUX YMOBAaX 3 TOYKH 30py SKOCTI MiJIBEJCHOI EJIEeKTPUYHOI eHeprii
MOTEHIIITHO 3HAXOATHCS HETATOB1 CMOXKMBAUl MIJISTHOK, KOTP1 €NeKTpru(iKOBaHO 1O
CUCTEMI TATH 3MIHHOTO CTPYMY 1 $IKI 30KpeMa OTPUMYIOTh >KUBJICHHS uepe3 JiHiii
cCUCTEMU «7Ba mpoBoau — perikay ([IIP). 3aramom cucrema TIru 3MIHHOTO CTPYyMY
BUKOPUCTOBYETHCSI MPUOIU3HO HA TOJIOBHMHI JIOBXKUHU €IEKTPU(PIKOBAHUX [IJISTHOK
3am3HUIp YKpainu. [lpu upomy mporsxHicTs diHiM JIIP Ha 3ami3Huugx Ykpainu
ckiamae 0mm3pko 4400 kM [1]. OcoOyMBICTIO IUX JIiHIN, MO TEpINe, € HasBHICTh
rajbBaHIYHOTO 3B’SI3KY SIK Yepe3 IIMHM MIJICTAHIIIl, TaK 1 yepe3 PEHKOBY MEpexy 13
CHUCTEMOIO TATOBOIO ejleKkTpornocrtayaHHs. O3HaueHUN 3B’A30K CYTTEBO YCKIAJIHIOE
MUATAaHHS E€JIEKTPOMArHITHOI CYMICHOCTI Ta € TPUYMHOI BUHUKHEHHS OJATKOBUX
BTpaT CJIEKTPUYHOI €Heprii Ta NPU3BOAWTH JIO 3HIDKCHHS  HAAIMHOCTI
enekTpornoctadands. Jlo toro x y Oumemocti BumaakiB miHii TP otpumytoTs
KUBJICHHS TI0 KOHCOJIbHIM CXeMi 4Yepe3 HasBHICTh Ha JBOX CYCIJHIX TATOBUX
MiCTAHISAX TOJOBHUX 3HWXKYBAJIBHHUX TpaHCHOPMATOPIB 3 pI3HUMHU TpynamMu
3’eqHaHHS OOMOTOK.
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HaBeneni BHAcHiIOK €NEKTPOMArHiTHOI 1HAYKLII y ABOX MPOBIIHUKAX JiHIT
JIIP, saxi po3TamoBaHO Ha OMOpax KOHTAKTHOI MEpeXi 3 IOJBOBOI CTOPOHH,
JOJIaTKOB1 CHaJM HANpyrd, MOXKYTh cAratu 4 kB, 0cOOIMBO HAMPUKIHIN JOBXKHHU
30JMKEHHS, Y CBOIO YEepry CHPUYMHAIOTH JOJATKOBI BTpPATH EJIEKTPOEHEPTii Ta
301IBIIYIOTh CTaje BIAXWIEHHS HANpyrd Ha crokuBadax. OIHOYACHO, MOTEHIANT
pEHKH BiIHOCHO 3€MJII MPAKTUYHO HE 3MIHIOETHCS, SKIIO 3HEXTYBaTH HEBEIMKUM
CIaJIoM HaNpyrd BUKIUKAHUN MPOTIKaHHSAM TATOBOTO CTpyMmy. BinmoBigHo cuctema
BEKTOPIB JIIHIKHUX Halpyr Ha CHOXMBayl CTa€ HECUMETPUYHOIO. 3 TO3MIIii
TEOPETUYHOT ENEeKTPOTEXHIKM TaKa CHCTeMa MOXKE pO3IIIANaTUCA K pe3yiabTaT
HaKJIaJaHHsI CUMETPUYHUX CKJIQJ0BHUX MPSMOI Ta 3BOPOTHOI MOCHiZOBHOCTI. OTxke
KOHCTPYKTHBHI OCOOJMBOCTI €JEKTPUUYHUX MEPEXK, Kl OTPUMYIOTh JKHBJIEHHS BiJ
it JIIP 3ymMOBIIOIOTH MOTIPHICHUN PEKUM HAMpyrd Ta HASBHICTh 3HAYHOI
3BOPOTHOI MOCIIAOBHOCTI TPU(A3HUX HAIMIPYT Ha CIOKHUBAYAX.

MeTo10 po0d0TH € TPOBEJACHHS OIJISJOBOTO aHANi3y MOMJIMBUX TEXHIYHUX
3aX0/iB, Kl COPSIMOBAHO Ha MOKPAILIEHHS OCHOBHUX MOKA3HUKIB SIKOCTI €JIEKTPUYHOI
€Heprii B eJIEKTPUYHUX MEPEKAX HETATOBUX CII0KUBAUIB, SIKI OTPUMYIOTh JKUBJICHHS
no miHigx JITP mig gac peKoHCTPYKIIiT 3a3HAYEHUX MEPEXK.

VYcio CyKymHICTh BIJOMHX Ha ChOTOJIHI TE€XHIYHHMX 3aXOJIB CIPSMOBAHUX Ha
MIJBUILEHHA €(PEKTUBHOCTI Mepenayl €Heprii y 3a3HaueHHX CHCTeMaX >KHUBJICHHS
HETATOBUX CIIOKMBAa4YliB YMOBHO MO’KHA PO3AUIMTH Ha 1Bl rpynu. Jlo mepmioi rpynu
BIJIHECEMO 3aXOJ{, KOTpl CHPSIMOBAHO Ha KOMIUIEKCHE pPO3B’S3aHHS MpoOJeMU
MOKPAIICHHS SIKOCTI €JIEKTPOEHEPTil Ha YCIX MPHEIHAHHAX PO3MNOALIBY0I YCTAHOBKU
PVY-27,5 kB. 3okpema iiieThCs PO PETyIIOBAHHS HAIIPYTH 332 PaXYHOK BCTAHOBJICHHS
BCTAHOBJICHHSI OycTepHMX TpaHCHOPMATOPIB Ta MPHUCTPOIB  MOB3JOBXKHBOI
KOMITeHCAIlil peakTuBHOT moTykHOCTI [2]. Crogm X MOXKHa BIJHECTH 1/I€t0
3aCTOCYBaHHsI TPUCTPOIB CUMETPYBaHHS TATOBOTO HaBaHTaxxeHHs [3]. 3aranom tpeba
BIJI3HAYUTH ONOCEPENKOBAaHUM BIUIMB O3HAYEHUX 3ac001B Ha npouecu y diHisx [I1P.
3 TEXHIYHO1 TOYKH 30py FOJIOBHA CKJIAJHICTh y peajizallii moaiOHUX 3aX0A1B MOJsrae
y 3a0e3MeueHH] HEOOXITHOTO pIiBHSA HAAINMHOCTI €JIeKTPONOCTayaHHS B yMOBax
MIKITIOYEHHS 0 CUCTEMU JOJIATKOBUX €JIEMEHTIB 13 PSAAOM XapaKTepHUX MpodiieM,
30KpeMa 3 YCKJIQJHEHUM XapaKTepOM MEPEXiIHUX PEKUMIB y EMHICHUX €JIEMEHTaXx,
MOJKJIMBICTIO BUHUKHEHHSI HEOE3MEUHNUX PE30HAHCHUX SIBUII HAa BUIIMX T'APMOHIKAX,
TOIO0. 3HAYHA BCTAHOBJICHA TOTYXHICTh JTOJAATKOBOTO 00JagHAHHS 00YMOBIIOE HOTO
BUCOKY  BapTiCTh, TOMY TIMTAHHS  €KOHOMIYHOi  JOIIIJILHOCTI  TMOMIOHUX
KaIiTaJIOBKJIaJIEHb TAKOX CYTTEBO OOMEKYIOTh MOXIIMBOCTI iX peasi3alii.

3axomu Jpyroi TPymHu CHOPSIMOBAHO Ha YCYHEHHS HEIOJIKIB MPHUTaMaHHUX
6esnocepenupo miHisM JIIIP. Hampuknan, ogHuM 13 MOXKIMBHX MIISXIB OpraHi3allii
JBOCTOPOHHBOTO KMBJICHHS HABAHTAXKEHHS LMX JIIHIN € MepeKIOueHHs 3a3HaueHOl
miHli HAa OOMOTKY cepenuboi Hampyru (35 kB) roioBHOTO 3HMKYBaIHHOTO
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tpanchopmaropa [4]. Takuii BapiaHT TIepeBa)KHO MOKEe OYTH 3aCTOCOBaHHWM y pasi
MOBHOI PEKOHCTPYKII MepexXl J>KUBJICHHS HETATOBUX CIIOKHMBAYiB, OCKUIbKH
OJIHOYaCHO TOTpedye 3aMiHM OOJIaJHAHHS KOMIUIEKTHUX TpaHC(hHOpMaTOPHUX
niactaniii (KTII) depe3 siki OTpUMYIOTH >KMBJICHHS 3a3Ha4y€Hl CIOXUBayl. 3aiis
TOTO 1100 YHUKHYTH IIi€] 3aMiHU iICHY€ BapiaHT HUBJICHHA BiJ 0OMOTKH 35 kB yepes
JOJTaTKOBUH TpaHCHOPMATOpP 1O TPHUITPOBIIHIN TiHiT [1].

[TpuHIIMTIOBO 3HW3UTH HECHMETPII0 CHUCTEMHU HAMPYT Yy MICIIX IPHUETHAHHS
CIOKMBAYiB MOXKHA 3a PAaxyHOK BIJIMOBH BiJ BHKOPUCTaHHS PEHKOBOI Mepexi y
SKOCT1 TPETHOTO MPOBOJY 3 OJIHOYACHUM PO3TAITYBAaHHSAM JOJATKOBOTO MPOBITHUKA
Ha OIopax KOHTAaKTHOI Mepexi [4]. MojaepHi3oBaHy TakMM YHHOM JIHIIO 1HOJI
HA3MBAIOTH JIHIEIO 13 3a3eMJICHOI0 (Pa3010, OCKITIBKH €JIEKTPUYHUMN 3B’ 130K 3ralaHOro
MPOBOJIy 3 PEUKOBOIO MEPEkKEI0 30epiracThCsi depe3 OOMOTKY TpaHcdopmaropa.
MOKJIMBUM € TAaKOX 1 1HILIE TEXHIYHE PILIEHHS, KOTpE MOJISrae y BiJ €IHaHHI (a3u
tpanchopmaropa KTII Big peiiku Ta NOIAKIIOYEHHS 11 0 3a3emioBava 13
PEryJIbOBaHOK IHAYKTUBHICTIO. Y pa3l BUPIBHIOBAHHS CHaay HAIpPyrd B TAKOMY
3a3eMJIIOBAYl 31 CrajaMu Hampyrd y MpoBOAAX JIiHIT ICTOTHO 3HUKYETHCS BEJIMYMHA
Koe(illiEHTY HECUMETPIi.

B pobGoti [1] neTambHO pO3TISIHYTO 1 OOIPYHTOBaHO Ha 0a3i Cy4acHHUX
JTOCHIPKEHb MOMJIMBICTh OpraHizaiii JBOCTOPOHHBLOTO >kuBJIeHHs JiHil JIIP 3
BUKOPUCTAHHAM (pa30MOBOPOTHOrO MPHUCTPOIO. Bii3HavaeTbes, MO NpHU MOMIPHUX Y
MOPIBHSAHHI 3 IHIIMMH CIOCOOAMM KalliTaJOBKJIAJAEHHSAX, 3alpOIIOHOBAaHUM CHOCIO
J03BOJISIE 3MEHIIMTH K HECUMETPII0, TaK 1 HECMHYCOIJHICTh KUBJSYOI HANPYTH Y
miuii JITTP. OgHOYacHO 3MEHIIYIOTBCS 1 CYKYIHI BTpAaTH €JIEKTpOEHEepTii mpH ii
nepeaadi 10 BKa3aHUX CIOXKMBayiB. BaxkimBuM € Te, 1110 MOAIOHUHN CIIOCIO T03BOJISIE
3a0e3reuyBaT  JBOCTOPOHHE JKuBieHHs JiHIA JIIP He3amexxHo Big cxeMu
I1IKJITFOYSHHS TATOBHX ITIICTAHIIIN JO CHCTEMH 30BHIIITHBOTO €JIEKTPOIIOCTaYaHHS.

[lutanHss mpakTUYHOI peanmizamii TUX YW I1HIIUX 3aXO/diB 3 MiJABUIIECHHS
e(eKTUBHOCTI mepeaadl eynekTpoeHeprii mo jiHisx [P mouuibHO po3rasgaTu s
KOXKHOT OKpEMOi JIiHII K Ha MiACTaBl aKTyaJlbHOI0 €KOHOMIYHOTO OOIPYHTYBaHHS,
Tak 1 3 ypaxyBaHHSAM HasBHUX TEXHIYHUX OOMEXEHb. Y I[bOMY KOHTEKCTI 30KpeMa
BapTO BIJI3HAYMUTH, 1110, HAMPUKIAJ, MUTAHHS BIUIUBY MPOMOHOBAHUX TEXHIYHHUX
3aXO0/1B Ha BEJIMYMHY CTPYMIB KOPOTKOTO 3aMUKAHHS MEPEBAXHO JIMIIAIOTHCS 1032
yBarorw J0CHiTHUKIB. OTxe MOTPIOHO BpPaxOBYBaTH MAaKCHUMAIbHO IIMHUPOKE KOJIO
oOMexyouux (pakTopiB.

BucHoBku. Ha mijncraBi BHUKJIAACHOTO BHUILE, MOXIMBO CGHOPMYIIIOBATH
HACTYITHI 3arajibHi BUCHOBKH.

1. IIpoGnema mokpareHHsT SKOCTI €JIEKTPUYHOT €HEprii Y Mepekax >KUBJICHHS
HETATOBUX CIHOXKHMBAYIB 3aJI3HUYHOTO TPAHCIIOPTY HEPO3PUMBHO IIOB’s3aHa 3
MUATAHHAMH 3MEHIIIEHHSI TEXHOJOTIYHUX BTPAT MPHU TEpe/adl eJIeKTPUIHOI eHEeprii,
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TONIepKaHHS HAJCKHOTO PIBHA HAMIMHOCTI EJIEKTPOIOCTaYaHHs, 3a0e3MeueHHS
€JIEKTPOMAarHiTHOI CyMICHOCTI, TOIIO.

2. KirouoBuMH TIOKa3HHKaMH SKOCTI €JEKTpOoeHeprii, ski MNoTpeOyIoTh
MOKpaIlleHHs] Y MepeXkax, IO >KUBIAThea Bin miHiA JIIP BapTo BBaxkaTu craie
BIJIXHJICHHSI HAllpyTdl y TOYIll NMPHUENHAHHS CIOXHBada Ta KOEQILIEHT HECUMETPIi
HaIPYTH 10 3BOPOTHIN MOCTITOBHOCTI

3. CyKynHICTh ICHYIOUHMX Ha ChOTOJHI ()aKTOPiB, BUSHAYATHHUMHU CEPEJ] SIKUX €
3HayHa 3HONICHICTb OOJIaJHAHHS, PYHHYBaHHA MEpeX y HAcHiJOoK OOWOBUX i,
MJBULIIEHHSI BAPTOCTI €JIEKTPUYHOI €Heprii CTBOPIOE MEPEyMOBHU AJi MOCTYIMOBOI
MOJICpHI3aIlli EJeKTPUYHUX MEpeXk Ha OCHOBI MPHUHIUIIB IIJBHUIICHHS 1X
E€HepPreTUIHO1 €(heKTUBHOCTI.

4. 3pocTaHHs KUJIBKOCTI HOBUX UYTJIMBUX JIO SIKOCTI €JIEKTPOCHEPTii MPUCTPOIB,
a TaKoX HENIHIMHOro, PI3KO3MIHHOTO Ta HECUMETPUYHOIO HAaBAaHTAXEHHS Y
MOETHAHHI 3 MPOLIECAMM IHTErpalil BIAHOBIIOBAHUX [IKEPENl €HEeprii B CHUCTEMY
€JIEKTPOIIOCTAYaHHs €JIEKTPU(PIKOBAHUX 3aTI3HULL Yy MOJAIBIIOMY CHPUYUHSATAME
3pOCTaHHS E€KOHOMIYHOI €(EKTHBHOCTI TEXHIYHMX 3aXOJIB 110 MOJEpHIi3amii
CJIEKTPUYHUX MepeK €JIEKTPONOCTauYaHHs HETSATOBUX CIO>KMBAaYIB
eNeKTpU(IKOBAHUX 3aII3HUIb Y KpaiHU.
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Abstract. The wide application of batteries makes their lifecycle prognosis a challenging
and hot topic in the battery management research field. Feature extraction is a key step for
the lifetime prognostics of batteries, which takes a significant effect on the accuracy of
performance prognosis. The state of charge of a battery depends on many parameters. Their
discharge and charge curves represent a nonlinear process that depends both on the
battery's own chemical processes and on its operating parameters. The battery's own effects
that introduce nonlinearity are self-discharge, degradation, hysteresis, etc. The operating
parameters on which the discharge curve depends are the discharge current, battery
temperature, number of discharge cycles, charging conditions, etc. The main reasons that
lead to irreversible degradation of the battery and deterioration of its performance
characteristics are considered. Recommendations are given for maintaining high
performance indicators over the longest period of use.

Keywords: battery, service life, degradation, charge, capacity reduction, operating
recommendations

AKTYAJBHICTh JOCJIIKEHHsI 3yMOBJIEHa HEOOXIJIHICTIO HaJaHHS 3arajibHUX
pEeKOMEHJalld 00 ONTUMI3alli 3aCTOCYBAHHS XIMIYHMX HAKONUYYBayiB
eNeKTpuyuHoi eHeprii. Ciig 3a3HaYuTH, 1O 3 IJIMHOM 4Yacy aKTyaJbHICTh JaHOI TEMU
TUIBKM ~ 30UIBIIYETHCA  4Yepe3 IIMPOTY  PO3MOBCIOKEHHS, PI3HOMAHITHICTb
BUKOPHUCTAHHS Ta MOCTIHHO 3pOCTaIOUMi MOMHUT Ha JIaH1 €JIEMEHTH >KUBJICHHS.

MeTtoro po6OTH € TPOBENCHHSA aHANi3y TEPMIHY CIYKOM aKyMyJIATOPHUX
Oatapel, sSIKUii BU3HAYAETHCS CYMapHOIO TPUBATICTIO 1X €KCIUTyaTarlii Ta 30epiranHs.
Tepmin cyxOu akyMyJsITOpIB — 1€ iXHE HaIpaIfoBaHHs, 3arajbHa KUTbKICTh ITUKJIIIB
3apAy/po3psy, TPy BUUEPHaHH] SIKOTO aKyMYJISITOPU 3HUKYIOTh PO3PSAIHY €MHICTD
710 TIEBHOTO, PErJIAMEHTOBAHOT'O TEXHIYHOIO TOKYMEHTAII€0 PiBHSL.
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Yac KUTTS akyMyJSITOpHHX Oarapeil, KpiM iX eJIeKTpPOXIMIYHOTO CKIIafy,
3aJIeKUTh B TaKuX (PAKTOpPIB, SIK TIIMOMHA PO3PSIAY, PEXKUM 3apsy Ta TeMIlepaTypu
aKyMyJiaTopa, TMOB'S3aHOI 3 yMOBaMH HOro ekciutyararii Ta 30epiraHHs. TepmiH
CIY)KOUM aKyMyJISITOPIB TaKOX 3aJIGKUTh 1 Bl oOJagHaHHSA, B SKOMY BOHH
BUKOPHUCTOBYIOTHCSI.

SIk mpaBWIIO, TPU HU3BKUX TeMIlepaTypax 3HIKEHHS pPO3PSIHOI €MHOCTI
aKyMyJIATOPiB 3HA4yHO Oinblne, HOK m0pu miaBUIIeHWX. [lim wac 30epiraHHs
aKyMyJISITOPIB  PI3HOTO  €JIEKTPOXIMIYHOTO CKIAAy CIOCTEPIraeThCsl  IMPOLEC
MHMOBIUIBHOTO PO3pSAy, IO BIIOOpa)kaeThbCsl Ha YACTKOBIM BTpaTi eMHOCTI. Pi3Hi
TUH O0aTtapei MaroTh Pi3HY YaCOBY IHTEHCUBHICTh CAMOPO3PSy MpH 30epiraHHi — BiH
BHU3HAYAETHCS XIMIYHUM CKJIAJIOM JDKEpEeNl CTPyMy, TEPMOJIMHAMIUYHUX BJIACTUBOCTEH
€IEKTPOIIB, 3a0pyAHCHHSM EJEKTPOJITY Ta Marepiady eneKkTpoaiB. BimcoTox
CaMopo3psly aKyMmyJiaTopa mpu 30epiraHHi OOYMCIIIOETHCS MOPIBHAHHSIM €MHOCTI,
110 BIAAAETHCS HKEPEIOM CTPYMY MPU MOro NEpBUHHIN €KCIUTyaTalli, 1 EMHOCTI, 110
BIIJTA€THCS AKYMYJISITOPOM MICHS HOrO THMYaCOBOTO IPOCTOIOBAHHS Ha 30€pIraHHI.

[Ipouiec camopo3psiny XIMIYHMX JDKEped CTpyMy HaWiHTEHCHBHIIIUN Ha
moyaTtkoBoMy eTami ix 30epiranss. JITiH-10HHI aKyMyJsiTOpU BiJIPI3HSIOTHCA
HU3bKUM CaMOpPO3PSAA0M, TPUBAIUM TEPMIHOM KUTTS, BEJIMKOI IMUTOMOIO €MHICTIO.
JOTi — 1geanbHU MaTepian sl CTBOPEHHS aKyMYJSTOPIB, OJWH 3 HaWJIErmux
METaJiB, IO BIAPIZHIOTHCA BUCOKUM E€IEKTPOXIMIYHUM MOTEHIIAJIOM Ta 3a0e3revye
HaWBHINY UIUIBHICTH eHeprii. [Ipu cTBopeHH1 OaTapei diTiii HE BUKOPUCTOBYETHCS B
YUCTOMY BUIJISIZL, 3aMICTh HBOTO B HUX € 10HH, IO MEPEMIIIYIOTHCS MIXK KaTOAOM 1
aHOJIOM  aKKyMmyJsiTopa MHpu 3apsaax 1 pospsaax. TepMiH  3HOIIyBaHHs
aKyMYJIATOPDHUX YapyHOK BH3HAYA€TbCS TMPH 3HIKEHHI iX emHocTi 70 80% Bin
nouatkoBoi. OJHaK, Ha TMPAKTHUIIl aKyMyJaaTopu 3 eMmHIcTIO MeHIIe 80%
IPOJOBXKYIOTh 1 HaJall MpAaIIOBaTH, XO0da 4Yac TPUBAIOCTI Ii€i poOOTH CYTTEBO
3HMKYEThCA. TlocimiioBHUNA 3apsa/po3psa aKyMyJsiTOpIB NPHU3BOAUTH 10 3HWKCHHS
aKTUBHOTO MaTepialy eleKTpoJa Ta 3MIHM HOTO XIMIYHOTO CKJIaay, IO 3pEHITOI0
BeJI€ 10 MIJBUILEHHS BHYTPIIIHHOIO OMOPY Ta 3HUKEHHS EMHOCTI.

3HIKEHHSI EMHOCTI MOE CIIOCTEPIraTrcCh 1 Mpu 30epiranHi aKkymyssiTopa (Koiu
BIH HE EKCIUTyaTyeThCsl). Tak, HaWOlIbIIa MIBUAKICTh 3HUKEHHS €MHOCTI JITIH-
MOJIIMEPHOTO aKyMyJIsiTOpa BIJOYBa€TbCsl TPH BUCOKUX TeMIleparypax. Tomy
30epiraTd JITIH-TIOTIMEPHI aKyMyJIaTopu Kparie 3apsypkerumu Ha 40-50% mpu
temriepatypl 5°C. fBuine camopo3psily BJIaCTUBE BCIM THUIAM aKyMyJsiTopi. Jlis
OLIIHIOBAHHS PIBHSA CAMOPO3PSAY YW BEJIMYMHU BTPAYE€HOI HUMHU 3 YAaCOM €MHOCTI
BUKOPUCTOBYIOTHCSI  BIJICOTKM BiJl 3HA4Y€HHs, OJEPKYBaHOTO BiJipazy IMiCJIs
3aBEpUICHHSI 3apsIHOTO Mpoliecy. B olHUX aKyMyJsITOpIB AOMYCTUMUNA CaMOpO3psia
MpOTSATOM JIOOW TICTsT 3aKiHYCHHsS 3apsany (Hampukiaj, HIKEIb-KaIMI€BUX), Y
BUIIAJIKY 3 THIIMMH CaMOPO3PSIT OI[IHIOETHCS 32 MICSIb (JTITIH-I0HHUN aKyMyJIsSTOPHI
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Oarapei). BB Temneparypu 30epiraHHs Ha piBEHb CaMOPO3PAAY aKyMYJSITOPIB
MOXXKHA TIOKa3aTH Ha MpocToMy mpukiani. Camopo3psis repMETUYHUX CBHHIIEBO-
kucinoTHUX akymysitopiB SLA AGM nipu 20 °C cranoButs 40% Ha pik 1 15% mipu 5
°C.

[linBuieHHss  TemmepaTypu  COpPUYHMHSE  30UIBLICHHS  1HTEHCUBHOCTI
camopo3psany SLA AGM akymynsaropiB. Tak, mpu 30epiranai B 0COOJMBO CIIEKOTHHUX
ymoBax MoxiuBa BTpata 40-50% emnHocti 3a 4-5 wicauiB. Camopospsia
aKyMyJISITOpHUX OaTapel TMOSICHIOEThCS MPOIIECOM  BHUIUICHHS KHUCHIO Ha
MO3UTUBHOMY €JEKTPO/Al. Y pa3l MiJIBUILIEHHS TEMIlepaTypu BUIUICHHS KHUCHIO
nocuoeThesi. OTHAK, HE3BAXKAIOUU Ha T€, 110 CTYMIHb CAMOPO3PsIy 3HAUHOIO MIpOIO
3aJIEKUTH Bl TEMIIEPATypHOTo (pakTopa, MPUMKHCYBATH 1€ SIBUIIE BUKIIOUHO HOMY
TeX HE BapTo. be3mocepenHbO BIUIMBAE Ha CAMOPO3PSAAHHUMA TMpolec 1 SKICTh
MarepiaiiB, 10 BUKOPUCTOBYIOTbCS B  aKyMyJsITOpi, OCOOJHMBOCTI  MOro
KOHCTPYKTUBHOTO BUKOHAHHS. BTpaTh €MHOCTI B aKyMynsTOpax yMOBHO MOJKHA
PO3JLIMTU HA JIBl TPyNU: 0OOPOTHI Ta HEOOOPOTHI.

HeoOopoTHi BTpaTtu eHeprii € HEMUHYYUMH, ajie iX MOXHa 3HU3UTU 3aBJSKH
JOTPUMAHHIO MpaBWJI 3apsiny, po3psady, 30epiraHHs akKyMyJsTOpiB, a TaKOX
PIBHOMIPHOCTI PO3MOJITYy HaBaHTaXEHHS IIiJ Yac eKcIulyaTallii. 3acTOCyBaHHS
LMKIIIB pOOOTH 3 HEMOBHUM PO3PSAJIOM JI03BOJISIE 3HAYHO 30UIBIIUTH TEPMIH CIIYKOH
akymyssiTopiB. [loTpiOHO Bi3HAUUTH 1I€ OAWMH MOMEHT, 11O CTOCYETHhCS TEPMIHY
CILyKOM aKyMyJISITOPIB. SIKIIIO TeXHIYHA JOKYMEHTAI[Isl [IEBHOTO TUITY aKyMYJISITOPIB,
Hanpukiaa SLA AGM, ¢ikcye 500 nmxmiB iXx 3apsiay/po3psay, TO 1€ YHUCIO
TOBOPUTH HE PO T€, 10 JaHe XIMIYHE HKEPEsIo CTpyMy MOXKHA 3apspkatu auie 500
pasiB, a BKa3ye Ha Te, 10 BECh MPOIIEC eKCIUTyartamii (MHKUBICHHS ) aKyMyJsiTOp
CKJIa/Ia€ThCS 3 M'ATUCOT LUKJIIB TOBHOT'O 3apsiAy/po3psy.

ToOTo, AKIIO ABIYI 3apsIAUTH CBUHIIEBO-KUCIOTHUN akymynsatop SLA AGM nHa
50%, TOo B cyMmi 00M/IBa pa3u yTBOPIOIOTH JIUILE OJWH MOBHUI LMK 3apsaLy/po3psry
akymysaropHoi 6atapei. [Ipu 30% ranbuni HUKIIB po3pALy iX KUIBKICTh BIAMOBIIHO
BTpUYi. YCI BUPOOHHKH aKyMYJSITOPHUX Oarapedl po3paxoBYIOTh TEPMiH IXHBOTO
KUTTS KUTBKICTIO IIUKJIIB MTOBHOTO po3psiay — a0 0%.

3ano0iraHHIO MepeYacHOMY CTAPIHHIO aKyMYJISITOPIB (TIPOJOBKEHHIO TEPMIHY
iXHBOTO KHUTTS) CIIpUsi€ HU3KA (HAKTOPIB.

1) HenoBuwuit po3psn. BukopuctanHs HEMOBHOI €MHOCTI aKyMyJaTopa Tepen
3apAJKAHHSAM ICTOTHO 30UIbLIYE KUIBKICTh IUKIIB SKUTTS. [lpu HermmOokux
po3psAmax aKymyJsATOp NPOCIYXWUTh 3HA4HO JOBIIE. bararopa3zoBuii po3psn
aKyMyJISITOPIB /10 HANpPYTH, IO 3HAXOIUTHCS HUXKYE PIiBHS, IO PEriaMEHTY€EThCS
TEXHIYHOIO JIOKYMEHTAIlI€l0, MPU3BOJUTH JI0 IIBUAKOTO BUXOMY OaTapeil 3 Jyany.
BunsTkOM € akyMyssITOpH, IO MarOTh Tak 3BaHWMM "epekT mam'sTi" (Harmpukiaj,
HIKEJIEBl aKyMYJISITOPH).
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2) Yuukaenns 3apsagy a0 100% emuocTti (y BUNAAKy 3 JITiIH-IOHHUMH: JITIN-
NoJIMEpHUM, JiTi-3am130-PpochaTHUMU  aKyMYJISITOpaMH). 3HUXKEHHSI  KIHIIEBO1
3apsiTHOT  HANPYTW  J03BOJIsI€ 30UIBIIMTH Yac eKCIUIyaTallii XIMIYHOTO JpKepesa
CTpyMYy.

3) Bubip mnpaBUIBHOTO 3apsiIHOTO MPHUCTPOIO. AKYMYIATOpPU HE JIOOISATH
MepeBaHTaXEHb, TOMY 3aps/pKaTH i1X TOTPIOHO OOMEKEHOI TOTYXHICTIO 1
OOOB'SI3KOBO MIAXOSAIIMM 3apsIIHAM TNPUCTpoeM. [liIBHUILIEHHS Hampyru 3apsiay
JUIIEe Ha KUTbKAa BIJICOTKIB MOXXE IPHU3BECTH JO ICTOTHOTO CKOPOYEHHS LHUKIY
CIIyOM aKyMmylaTopa, THM YacOM 3HWXKEHHS CTPYMy CIPUYHHHUTH HEA03apsi
Oartapei. Cmiag BIAMITUTH TakKOX 1 Te, IO TMPOIEC IMOBUIHHOI MiJBapsSaKd Ta
MJIAHOMIPHOT PO3PSAJKH KOPUCHIIIMK 111 Oarapei, HiK poOOTa B 1HTEHCHUBHOMY
PEXKUMI.

4) OOMexeHHs TeMIeparypu akymyssaTopa. HeoOXigHo JgoTpuMyBaTHCS
TEMIEPATYPHOTO PEKUMY EKCILTyaTallii, 0 peKOMEHAYETHCS, YHUKATH 3apSAKU MPH
MIHYCOBIA TeMmIiiepaTrypi. byab-sSkuil THI aKyMyJSITOpHUX Oaraped 3apspKaTH
NOTPIOHO JIMINE 32 MO3UTUBHUX Temmeparyp. [loTpiOHO yHUKaATH TeperpiBaHHs abo
HEPEOXOJIOIKEHHSI aKyMYJISITOPIB, OCKUIBKM HaJATO HU3bKa ab0 BHCOKA TeMIlepaTypa
HEraTUBHO B1JI0OPaKAIOTHCS HA IXHHOMY KHUTTI.

5) OOMekeHHs 3apsiAHUX Ta PO3PSAIHUX CTPyMiB. BUCOKI 3apsiaHi Ta po3psiHI
CTPYMHU 3HMXKYIOTh KUIBKICTh LIUKJIIB poOOTH akyMmyJsiTopa. Benukuil ctpym crpusie
BUHUKHEHHIO HAJIMIPHOI MEXaHIYHO1 HAIIPYTH B aKyMYJISITOPHii OaTaper.

6) 3anoOiranHs ayke TMOOKMM pospanaM. Jlyxe rnuOokuil po3psii AOCHUTH
IIBUJIKO MOXE 3IICYBaTH aKyMyJsTOp. SIKIIO MOBHOTO po3psay akymyJsTopa
3amo0IrTH HE BIAJOCs, MOTPIOHO SKHAWMIBHAIIE 3apsauTH Horo xoua 6 Ha 40%
€MHOCTI.

7) 30epiranHs aKyMmyJaTOPIB Y YACTKOBO 3apSJPKEHOMY CTaHl. AKyMYJISITOPHUM
OaTtapesaM BIacTHBUU caMopo3psl. PiBeHb po3psany Oe3nocepeqHbO MOB'SI3aHMM 3
TEMIIEpaTypor0 30epiraHHs TOMYy, 4YUM Ouiblie BoHa Oyne HaOmmxKeHa [0
ONTUMAJILHOI, TUM Kpalie Oyze /s camoi Oarapei. BaxinBa posb 301IbIIIEHHS Yacy
KUTTSI aKyMYJIITOPIB BIABOJUTHCS 3apsIIHUM TPUCTPOSIM.

Haiikpamumu € 3apsiHi TpUCTPOT 3 MIACTPOIOBAaHHAM ((DIKCyBaHHSM) 3apsiTHOL
HAIPYTH, ajie 1 32 JOMOMOTOI0 MPUCTPOIB, IO MPAIIOIOTH 32 TPUHIIUIIOM BiJCIKaHHS
MIHIMaJIbHOTO 3apsITHOTO CTPYMY, MO>KHA MPOJOBKHUTH LMK JKUTTS aKyMYJSTOPIB,
BUOpaBIIM pIBEHb CTPyMy BijAciueHHs. [[ns 301IbIIEHHS €MHOCTI aKyMYJSITOPHI
€JIEMEHTH YacTO 3'€IHYIOThCS B €IMHY OaTapero mapanenbHo. JKoTHUX 0COOIHMBHX
BHUMOT JIO €JIEMEHTIB TAKOTO 3'€JHAHHS HE BUCYBA€THCA, KPIM HasIBHOCTI 1IEHTUYHOTO
XIMIYHOTO CKJIaay, BUpoOHHMKA Ta po3MmipiB. [lociimoBHe 3'€qHaHHS BUMarae OiIbI
peTenpHOro Mmabdopy, TaK sIK po30alaHCyBaHHS IO €MHOCTI CIPUYUHUTH
NEepeHaIpyry Ha OJHIN 3 aKyMYJISTOPHUX YapyHOK. BUkopucTaHHs akymMyJsTOpiB Ha
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OCHOBI JIITIF0 HEMOXJIMBE 0€3 CHeIialbHOl IHTeEKTyalbHOI cxeMu 3axucty — BMS,
o0 OOMEXye Hampyry 3apsjay Ta po3psay Ha KOXKHIM 4YapyHIl, 10 BXOJUTH 0
ckiany akymysstopa. CremianbHl CUCTEMHU YIpaBiiHHA Ta OanaHcyBaHHa (BMS)
BUKOPUCTOBYIOThCSI, HANpUKIAL, y poOoTi iTii-3ami30-pocatHux (LiFePO4)
akyMyJATopHuX Oarapeil. Cucremu OalaHCyBaHHS YapyHOK 3aXUIIAIOTh AKyMYJISITOP
BiJl TICPEBUILECHHS HANPYTH TPU 3apsAHOMY MPOLEC], ONTUMAIbHO PO3MOAUISIOTH
CTPYM MDX YapyHKaMHu, KOHTPOJIOIOTH TEMIIEpPAaTypy aKyMyJATOpa, BIAKIIOYAIOYU
Horo mpu meperpiBi, 0OMEXYIOTh TTHOWHY pO3psAy Ta CTPYM CHOXKHMBaHHA. BMS
3abe3neuye Oe3neKky poOOTH JITIEBOTO aKyMyJsiTOpa, 3YIHHIE POOOTYy TMpH
NEPEBUIICHH] TPAHUYHUX BEJIMYUH CTPYMY 1 TEMIIEPATYPH.

BucnoBok. 3asiBieHUN BHUPOOHMKOM TEPMIH BUKOPUCTaHHS aKyMYJISTOPHU
MOXYTh TPOCIYXHUTH 32 YMOBH JOTPUMAaHHS MPAaBHJIBHUX PEXKUMIB EKCIUTyaTallii.
JIOTpUMYIOUHCh BCiX BHMOT OaTapeil, MOKHA MaKCHMAaJbHO MPOJOBXKHUTH KHUTTA
aKyMYJISITOPiB, a00 HaBIAKW CYTTEBO HOTO CKOPOTHUTH.
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I'BPUJHA CUCTEMA EHEPITOIIOCTAYAHHSA TBAPUHHUIILKOI
®EPMMHU 3 BUKOPUCTAHHAM BIJHOBJIIOBAJIBHUX KEPEJI,
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HYBRID POWER SYSTEM WITH RENEWABLE ENERGY SOURCES,
GAS GENERATOR AND ELECTRIC VEHICLES FOR LIVESTOCK FARM
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Kyiv National University of Technologies and Design
Ukraine, Kyiv

Abstract. The proposed hybrid power supply system for livestock farm enhances
autonomous operation and utilizes biogas produced by the farm's biogas station, thus
addressing power supply issues when PV and wind generation are insufficient. A developed
control algorithm effectively utilizes excess renewable energy for electric vehicle charging
and limits the maximum generator power in autonomous mode. To reduce the discharge of
the main storage battery, EV batteries are discharged during peak hours. The system was
investigated through computer modeling using Simulink software in both autonomous and
grid-connected modes. The modeling results showed that the system is able to operate in
autonomous mode for a day without renewable energy generation.

Keywords: hybrid system, electrical gas generator, vehicle-to-grid charging station,
autonomous power supply

AKTYaJbHICTh JOCTII’KEHHSI 3yMOBJICHA HEOOXINHICTIO 3a0e3MeueHHS
ABTOHOMHOTO EHEPTrOKHUBJICHHS Il 00 €KTIB KPUTHYHOI 1HPPACTPYKTYypU TpU
YaCTUX BIAKITIOYEHHS IIEHTPAIBHOT €JIEKTPOMEPEKI.

MeTow po6OTH € CTBOpEHHs TiOPUIHOI CHUCTEMHU EHEPronoCTavYaHHS IS
TBAPUHHULBKOI (PepMH, sfKa 3MOKe 3a0€3MEeYUTH aBTOHOMHHUU PEXHUM POOOTH HE
MeHIIE 100U, 3 BUKOPUCTAaHHSAM (OTOENEKTPUYHOI CHCTEMH, BITpOre€HEparopa,
aKyMyJIATOpHOI Oarapei Ta EIeKTPHUYHOTO Ta30BOTO TEHEPATOpa, 3 MOKIIMBICTIO
pOOOTH 3 3apsTHOIO CTAHITIEIO JJIS SIIEKTPOMOOLITIB.

ABTOHOMHE €HEpPromocTayaHHs 3a3BUYail MOTpeOye 3HAYHWUX 1HBECTHILIH.
Opnak y 0ararbOX BHUNAAKax MiJATPUMaHHS aBTOHOMHOI POOOTH MiJNPUEMCTB €
BOXJIMBUAM JUIsl YHUKHEHHS EKOHOMIYHMX BTpar. Tomy iHBecTHIii y TiOpuIHI
CUCTEMH, IO 3a0€3MeUyl0Th aBTOHOMHY pOOOTY, B JaHOMY BHIIJIKy, € EKOHOMIYHO
nomiabHUM.  CUIbCHKOTOCTIONAPChKI  00’€KTH, Takl SK (epMH, TaKOXK MOXKYTh
noTpeOyBaT aBTOHOMHOI pOOOTH, aJkKe BIIKIIOUYEHHS eJIEKTPOSHEPrii MOXe
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MPU3BECTH /10 MOPYUICHHS pOOOTH CHCTEM BEHTWJISLII, BOJOMOCTauYaHHs, TOAIBII Ta
1HIIIOTO 00JIaIHAHHS, sIKE HEOOXI1JIHE JIJIs 3a0€3MeUCHHS )KUTTEAISIIbHOCTI TBAPUH.

I'6puani cucTeMu, 110 OPIEHTOBAHI HA BUKOPHUCTAHHS BIJIHOBIIIOBAHUX JIKEPEI
eneprii (BJIE), cTaroTh Aeaan NomyaspHIIIMAMHE, OCKIJILKH BOHU HE JIUIIE BUPIITYIOTh
MMATAaHHS €HEeProNOCTaYaHHs, ajie ¥ JOIMOMaraloTh 3MEHIITUTH BUKUIN BYTJIEKHCIIOTO
razy Ta 3a0pyAHCHHS HAaBKOJHWIIIHHOTO CEpEOBHUINA. TBapuHM Ha depmax
BUPOOJIAIOTH THIH, KW Ma€e HETaTUBHUN €KOJIOTIYHWW BIUTMB MPH HEMPABUILHOMY
30epiranHi Ta BuUKopucTaHHIO [1]. I[lepepoOka THOIO Ha 0i0ra30BHX CTaHINSIX
J03BOJISIE 3MEHIIUTH HETaTHUBHI €KOJIOT1YHI HACHIJKH Ta 3a0e3MeUruTH J0JaTKOBE
JOKEpENo eHeprii y BUTIIsA 1 6iorasy.

Jlist 3a0e3neueHHs aBTOHOMHOI'O €HEprornocTayaHHs IOHAWMEHIe Ha OJHH
JICHb TIPONIOHYETHCS CHUCTEMA, IO CKIAAETHCA 3 COHSYHOI (HOTOCTECKTPUIHOI
CUCTEMH, BITPOr€HEepaTopa, HAKONMMYYBAJIbHOI Oarapei Ta eleKTpora3oBOro
reHepaTtopa. Kpim TOro, cucrema MOKE TMpaIfOBaTH 31 CTAHINEI 3apsJIKU
enexktpomooOiniB (V2(G), sdka 37aTHA MIJKIIOYATUCS JO JBOX EJIEKTPOMOOUTIB 1
IpaIoBaTi 3 OJHUM €JIEeKTpPOMOOLUIEM OJIHOYAcHO. Y 3UMOBHUUM TEpioJ| TeHeparis
BJIE mMoxe OyTH HEIOCTaTHBHOIO JJiA 3a0e3MeueHHs aBTOHOMHOT poboTu, Tomy EIT
BUKOPUCTOBYETHCS SIK JIOJJATKOBE JIKEPENIO €HEprii y pasl BIJICYTHOCTI €JIEKTPUKHU B
Mepexi. Y TOJAMHHM MIKOBOI'O CIOKMBAHHS EHEPTisl aKyMyJsiTopa eJIeKTpOMOOLIs
MOX€ JIOTIOMOI'TH 3MEHILIUTHU PO3Ps] OCHOBHOI HAKOMMYYyBaJIbHOI OaTapei. Y pasi
BHUCOKOI reHepauii BJIE, 3amMicTh eKcropTy €Heprii B Mepexy, il BUKOPUCTOBYIOTh
JUTSI BJIACHOTO CIOKMBaHHS. HammuimkoBa eHeEpris 3aCTOCOBYETHCS IS 3apsIKH
EJICKTPOMOOUTIB dYepe3 3apsaHy CTaHII0 13 3MIHHOK BHXIJIHOK ITOTYXHICTIO.
[ToTy>KHICTh 3apsiIKu KEpPYEThCS JOJATKOBHUM KOHTPOJEPOM TMOTY>KHOCTI, SIKHIA
BpaxoBye Mpo(disib 3apsIKM OCHOBHOI HAKOMUYYBAJIbHOI OaTapei, o0 3a0e3neunTy,
110 ii MOTY>KHICTh 3apsIIKU HE OOMEKY€EThCS.

JloCHDKEHHST  CUCTEMU  TPOBOAWIJIOCS 32  JOMOMOTOI  MPOTPaMHOIO
3a0e3nedyeHHss Simulink. Po3po30ieHa Monenb CKIAgaeTbesi 3 (HOTOENEKTPUUHOT
cuctemu 30kBt, BiTporeneparopa mnotyxHicTio SKBT [2], razoBoro renepartopa
noTyxHicTio 7.5 kBT, ocHOBHOi akymynaropHoi Oarapei 80 kBt-rom, aBox
aKyMYyJIAITOPDHUX OaTapel eJNEeKTPOTpPaKTOpa Ta eJIEKTPOBAHTAXKIBKM EMHICTIO
30 kBt'ron Ta 50 xBT'rom BIiANMOBIZIHO, CHUCTEMH KepyBaHHSA. MoJieltoBaHHS
MIPOBOIAIIOCS JIJIst JOOOBOTO 1HTEPBATY POOOTH CHCTEMH B 3UMOBHUI TIEPIO/I.

BuchoBok. Pe3ynbTrat MoOENIOBaHHS MIATBEPAWIM, IO CHUCTEMa 3/1aTHa
3a0€3NeYnTH aBTOHOMHHMM pPEXUM pOOOTH [JIsi TBAPMHHHUIBKOI (epMHU HaBITH 3a
BIJICYTHOCTI T€Hepallii BITHOBIIOBAHUX JXKEpEJ CHeprii IoHaiiMeHIe Ha 24 ToAuHH,
MpU [IbOMY 3aJIMIIAIOYN JIOCTATHIN 3apsii OCHOBHOI Oarapei Ta eNeKTPOTPAHCTIOPTY
HAIPUKIHII T00H.
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NATURAL GAS COMBUSTION TYPE "DAVA" WITH
VARIABLE LOAD FUNCTIONS
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Abstract. The tendency to reduce the natural gas consumption can be achieved and by
increasing their combustion efficiency. This paper presents the family of burners of "DAVA"
designed and made in Chisinau, which are based on their operation principle of dynamic
power variation for automat regulation to the consumer.

In Moldova is launched the production of natural gas burners type "DAVA" with adaptable
variable.

Keywords: variable load, natural gas burner, homogeneous gas-air mixture, stability,
combustion process, power regulation, efficiency, reliability

AKTyaJIbHICTH P000TH. BUPOOHMUTBO MPOMUCIOBUX Ta30BHX MaJbHHUKIB Yy
PecnyOnimi MonjoBa Oysio HEJOOLIHEHUM «CETMEHTOMY TMOPIBHSHO 3 1HIIUMH
CYCIIHIMHU KpaiHaMHu.

Jlume y ckiajHiA eHepreTUYHId CUTYallll OCTaHHIX POKIB OyJIO 3p0O3yMisio, IO
MOXJIMBO 1 TOTpiOHO poOuTu B Pecry6mimi MomngoBa 1y BUpOOHHUIITBA TEBHUX
YCTAaHOBOK 13 3aJly4E€HHSIM CIIELIAJICTIB, SIKI MPAIOIOTh K B €HEPreTHIll, TaKk 1 B
THIITUX CYMIKHUX TaTy3sX.

Ha ocHOBI mnpoBeAeHMX IOCHIIKEHb y WIA ramy3l, 3 BUKOPHUCTAHHIM
BHUCOKOSIKICHUX MaTepialliB Ta KOMIIOHEHTIB, pO3p0o0JIeHO HalliiHe, eHeproepeKTUBHE
Ta €KOJIOT1YHE MPOMHUCIIOBE 00JIaIHAHHS — ra30BUi nanbHUK TUIY « DAV Ay [1,2].

INgauM npukiagoM € CIMEHCTBO Ta30BUX MNaldbHUKIB THIY «DAVAY,
MPU3HAYEHUX I poOOTH Ha 3MIHHUX HABaHTAXKCHHSIX (HEOOXIIHUI MmapamMerp, aje
BOJHOYAC 1 HOBMHKA), SIKE BIIPOBA/KEHO TiAnpueMcTBOM «Romany Gaz Group” SRL
[3] 3 myHinunanitery Kumunisa.

3arasabHi 1aHi po3poOKH.
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Po3pobreno Ta cTBOpEeHO BIACHY KOHIICMINIO KOHCTPYKIIO Ta BHUTOTOBIJICHO
NajdbHUK — YCTAHOBKY, sIKa Ma€ B CBOEMY KOHCTPYKTMBHOMY CKJIaJi Tl K KJIACHYHI
KOHCTPYKTHBHI €JIEMEHTH, aji€ 3 HOBUM TEXHOJOTIYHUM MPHUHIMIIOM - PEKUMOM
poOOTH ITpH 3MIHHUX HaBaHTa)XCHHAX (yHikaimbHE) [1-3].

Konnenirisi 6a3yeTscsi Ha TaKUX OCHOBHHMX KpuTepiax: (a) moBHe 3ropsHHS; (b)
OesneuHa/HafiiiHa  poboTa; (©) edeKTuBHE 00CITyrOoByBaHHS/TEXHIUHE
obcnyroByBanHs;, (d) MpUIHATHI €KOJOTIYHI TMapaMeTpu; (1) MIUPOKUH Iiana3oH
PEryIIOBaHHS MOTY>KHOCTI MaJbHUKA, 10 BUILJIUBAE 3 noTped
TEIJIOCTIOKUBAHHS/TEXHOJIOTIYHOTO  CIIOKMBAHHSA, 3aJeKHO BIJl  KIIMaTUYHUX
dbakTopiB (30BHIIIHS TEMIIEpATypa 30BHIITHLOTO MOBITPs Ta BHYTPIILIHS TeMIepaTypa
00’€eKTa, MapaMeTpu/HaBaHTAXKEHHS) €) BIJ MOTpeOU rapsdoi BOJU - BiJl KUIBKICHOTO
Ta TMOTOAMHHOTO CIIOKMBAaHHSA Tapsidyoi BOAM; , a TAaKOX IHINUN aKTyaJlbHUN 1
BAKJIMBUNA YMHHUK - (1) 3a0€3MEYEeHHs] HU3BKOIO BMICTY €JEMEHTIB 3a0py/IHEHHS
HABKOJIMIIHBOTO CEPEIOBUIIA 3a PaxXyHOK SKICHOTO cCHaloBaHHA (y 3MIHHOMY
pEeXKUMI1) TOPIOYHMX MPUPOJHUX Ta3iB.

KonctpyktuBHa ~ BupoOHMYa  Kkiacu@ikaiis  BKIIOYAE  TEXHOJIOTIYHI
XapaKTEPUCTUKU MOTY>KHOCT1 IMajJbHUKA TEIUIOBOI €Heprii — Majoi, cepelHboi Ta
BEJIMKOI JUIsl O0'€KTIB TEIUIOEHEPreTUKU. Mo)ke BUKOPUCTOBYBATUCS y TOMY YHCII
st onasieHHss Ta TEC 3 maporo; MOBITPSIHOI TEIUIOTE€HEPATOPH; XJI100NEKAPCHKUX
reyax; TEXHOJIOTIYHUX CylIapkax (CUIbChKOTOCHOJapChka MPOIYKINiS - TIOTIOH,
¢pykTH; OyIiBENbHI Marepialu - JAEpeBO, LEMEHT, IICOK Ta 1H.); CIEeUlalbHI
(TexHOJIOT14H1) 3acTOCYBaHHS (IJIaBKa CKJIa, aJIFOMIHIIO, 1HIIKUX KaTEropid MEeTaliB), a
TAKOX JUIsl PI3HUX TEXHOJOTIYHUX YCTAaHOBOK, JIE B SKOCTI OCHOBHOIO JDKEpelna
€Heprii BUKOPUCTOBYIOTHCS TOPIOY1 MIPUPOIHI Ta3u (aye, 3a HeoOX1AHOCTI, 3 IEBHUMU
KOHCTPYKTUBHUMU TEXHIYHUMHU BTPYYaHHSIMU MOXYTh TaKOX JOIYCKAE€ThCS
BUKOPHUCTAHHS 1HITUX BUJIIB TAJINBA).

[MTaneauk Ty «DAVA» € yCTaHOBKOIO 3 BHUCOKMMH €KCIUTyaTaliiHUMHU
napaMeTpamu JI0 s SIKUX BiJTHOCHUTHCS:

-BUCOKA TEIUIOTEXHIYHA €()EKTUBHICTH;

-BEJIMKHM 3ar1ac Jijis 3MIHHU 1 MATPUMKH MOTYKHOCTI NaJIbHUKA,;

-CTaOIIBHICTB 1 AKICTh 3TOPSHHS MAJINBA;

-e()eKTUBHHI MOHTaX 1 €KCILTyaTaIlis;

-€KOJIOTIYHUN 3aXHCT;

-TeXHIYHA HAJIAHICTh 1 TEPMIH/IUKI poOOTH/EKCIUTyaTallli BUIIE HOPMATUBHOTO
TEepMIiHY (KJIaCHYHUX MaJbHUKIB) [5,8,9] .

VY nmnanpHUKax I[bOrO THUIY 31 3MIHHUM HaBaHTOXEHHSIM € BOyJOBaHUU
MIKPOKOHTPOJIEP, SIKUH MOKE€ KOHTPOJTFOBATH JEKUTbKA TEXHOJIOTTYHUX MPOIIECIB:

-TIPOIIEC TOPIHHS,
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-TIPOLIEC PETyJIIOBaHHS TemrepaTypu abo THCKY B KOTJI Ha OCHOBI 3aKOHIB
perymoBanHs PID (mponopuiiiHuii — iHTerpaibHUN — nudepeHIliagbHui),

-TPOIIEC MOHITOPUHTY KOPUCHUX TEXHOJIOTTYHHUX MTapaMeTpiB,

-mapaMeTpu 0e3neKu KoTiia ToIlo,

-3a0€3MeUeHHs] BUCOKOI €(EKTHUBHOCTI CHOXKMBAaHHS MPUPOJIHOTO Trasy, fK
OCHOBHOTO J[)KepeJsia eHeprii.

et migxim copuse e(PEeKTUBHOMY CIOXHBAaHHIO MPUPOJAHUX PECYPCIB,
3a0e3MeYeHHIO 3HMKEHHSI P1BHS 3a0pyIHEHHSI HABKOJIHMIIIHBOTO CEPEAOBUIIA Ta HAIA€
YCTAHOBI[I KOHKYPEHTOCTIPOMOKHICTb.

[Ipyu 1poMy JaHUM NaNbHUK TWpallOe HA MPUPOJHOMY 31 3MIHHUM
HaBaHTAXXEHHSM, 110 Ma€ 3HA4YHI mepeBaryd Ha (OoH1 MaTbHUKIB HA TPUPOTHOMY rasi,
K1 3apa3 MIMPOKO BUKOPUCTOBYIOTHCS HA TEIIOCTIEKTPOCTAHIlAX, Y ToMy uncihi LIET
(razoBi manmpHmkn — GBL, GBL-R, GBL). -K, Lamborghini, Rielo, Gibunigas,
Weishaupt), [4-7] ta in. Lli ycTaHOBKM MalOTh MOCTIHHHUN PEKHUM POOOTH — B OJHUH
ab0 nBa cTyneHi (B OJHIM 3 JBOX TOYOK — HHU3bKE HABAHTAXKEHHS 1 BUCOKE
HaBaHT@XXEHHsA), poOOoTa CTpUOKaMH, IMepexiJ BiJ OJHOTO CTYMEHS TEIIOBOi
MOTYXHOCTI /IO IHIIOTO OUIBIII BUCOKOTO 1/ a00 HaBMaKU, HA MaHEP «BCE — MaJl0 —
HIYOTO0», IO AY>KE HE3PYUHO MPH eKCIUTyaTallii.

Takuii TOPSAIOK BUKOPUCTAHHS BHUKIWKAE AUCOATAHC SKOCTI 3TOPSIHHS, SK
HACIAOK nucOaniaHCy CyMilll; BUHUKAIOTh SIBUILA PO3PUBY/TIPOHUKHEHHS IMOIYM'd,
110 CTBOPIOE pU3MK JAedarpailii; TPUBaIICTh TEXHOJIOTIYHUX 3YNMHOK 3 HACTYITHUMU
MpoIecaMy MPOAYBKHU 1 SIK HACTIJOK — 30UIBIICHHSI TEXHOJOTTYHUX BUTPAT (BTpaT)
razy, MIJIBUIICHHS CTYNEHS PHU3UKY TOMKO/KeHHA. [lpu 1mpoMmy miepeBaxkae
BIJICYTHICTh IPOIIECIB aBTOMATH30BAHOTO pEryJtoBaHHs, YCKJIaJTHEHE
0o0CITyroByBaHHs, BIUIUB JIIOJACBKOTO (DakTOpy Ha SKICTh TEXHOJIOTTYHOTO
peryJiroBaHHS cymini (moBiTps/Ta3), JI0JTaTKOBI1 ACUTHYBaHHS B
eKCIUTyaTallii/o0CIyroByBaHHi, TEXHIYHA HEMOKJIMBICTh BapilOBaTH HaBaHTAXKEHHSIM
70 TOTpeO peanbHOTO CIOXMBAHHS TETUIa 3aJI€KHO BiJl TeMIIEpaTypH 30BHIITHHOTO
MOBITPSl Ta MPU3BOAUTH A0 HAJAMIPHOI BUTPATH Ta3y, C TAKOX HEAKICHE TOPIHHS Ta
BEJIMKY KUTBbKICTh 3a0pY/IHIOIOUYHX BUJIIJICHb.

Ha puc. 1 mpuBeneHo 3aranbHui BuUJ Ta30BOro naibHUKy Tumy "DAVA" 3i
3MIHHUM HaBaHTAXKEHHSIM. Jl0 OCHOBHUX KOHCTPYKTHBHUX €JIEMEHTIB MajJbHUKA
BITHOCSITECSA: BY30JI TEXHIYHOTO Ta3zy (THUCK Traszy, HaT4MK TeMIepaTrypu Trasy,
aBTOMATHUYHI Ta30Bi KJalaHW, PEryJsTOp BHUTPATH); BEHTUJISATOP Ta CICKTPOHHHM
0JIOK yIpaBIiHHS.

Ha puc. 2 mpuBeIeHO KOHCTPYKTUBHO-TEXHOJIOTTYHY CXEMY MaJbHUKA.
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Pucynox 1— I'azosuu nanonux muny "DAVA" 31 3MiHHUM HABAHMA*CEHHAM

Jlo mepeBar 1i€i po3pOOKH BIJHOCHUTHCS MOJMKIIMBICTh aBTOMATHYHOTO
peryiroBaHHs, 3a0e3neuyrour (OpMyBaHHS CTEXIOMETPUYHOI CyMimIl Ta i1 MOBHE
3TOPSIHHS TIPU CTPOTO PErNIAMEHTOBAHOMY HAJIUIIKY MOBITPS MPOTITOM YChOTO Yacy
poOOTH YCTAaHOBKM MaJIbHUKA HE3AJIEKHO B1Jl 3MIHM 30BHIIIHIX (DAKTOPIB, TAKUX SIK
THCK rasdy, Halpyra Mepexi, TUCK y TOIILIi, aTMOC(EPHUN TUCK TOLIO.

Bukopucranus [ I-puHOnmy aBTOMATHUYHOI'O peryntoBaHHsA 3
MPOTMOPIIIAHUM, IHTETPAJILHUM 1 TOXITHUM €(EeKTOM peryjiroBaHHs 3a0e3neuye
ONTUMAaJIbHE 1 O€3MeYHe PeryaloBaHHS 3a3HAUYCHUX MapaMeTpiB B 3aJIEKHOCTI Bijl
XapakTepy BUKOHYBAHOTO TEXHOJIOTTYHOTO MPOIIECY.

[TanpHUK po3paxoBaHuil Ha POOOTY B HACTYITHUX PEKUMAX:

(a) Pexum «Fix» (F), skuil € aBTOHOMHHM pPEXKHUMOM pOOOTH, IPHU SKOMY
TEMJIOTBOPHA 3[aTHICTh MAJIbHUKA 1 TEMIIepaTypa TEIUIOBOTO areHTa MiATPUMYIOThCS
Ha 33J[aHKX (3aMOBJICHUX ) OTIEPATOPOM 3HAUCHHSIX;

(b) aBToHOoMHmit pexum «Master» (M) — omepaTtop IuIe BCTAHOBIIOE
TEMIIEpaTypy HArpiBaJIbHOTO areHTa, a TEIUIOTBOPHA IOTY)KHICTb, HEOOX1gHA IS
OTpPUMAHHS Ili€l TeMIlepaTypu IUIAXOM 1i pEryJloBaHHS, pO3PaXOBYEThCS Ta
ABTOMATUYHO 3aCTOCOBYETHCS MAIBHUKOM;

(¢) Pexum "migmermuit" ("S") — sBase cobor0 pexUM poOOTH MAJIbHHKA,
IHTErpOBaHMIA B CUCTEMY aBTOMATH3AIli1 OMaTIOBaIbHOI YCTAHOBKH.
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Pucynox 2 — Koncmpykmu6no-mexHono2iuna cxema naibHUKa:
1- ycma nanvnuxa; 2— cmabinizamop, 3 — pe2yiamop eumpamu 2asy;
4 — pecynamop sumpamu nogimps; 5 — 6eHMUNAMOP;
6 — erexmpoHnuUll 010K YNPABIIHHS
Sk B pexxuMi poOOTH, TaK 1 B peKHMI MMay3H, MaJIbHUK aBTOMATUIHO KOHTPOJIIOE

CBIf poOOYMi CTaH 1 BCTAHOBIIIOE TIOBHY TEXHOJOTIYHY JIarHOCTUKY B pasi
MOMIJIKH/HECTIPABHOCT1, BKa3yIOUM KOJI TIOMHJIKHM SIK Ha €KpaHl MajbHUKa, TaK 1 Ha
KOHCOJII/IEHTPAJIbHIN MMaHel MPOBOJIKH.

ABTOMaTH4YHI MOHOOJIOYHI Tra3oBi mNambHUKH TUNy «DAVA» 31 3MIHHUM
HAaBAHTA)KEHHSM 3HAWIUIA LIMPOKE 3aCTOCYBAHHS Ha psAll 00’€KTIB, Hacammepen B
eHepreTuill, sik B Pecry0uini MomnioBa, Tak 1 Ha psal 00’extiB Pocii, Ykpainu, [8-
11].

ABTOMaTUYH1 MOHOOJIOUHI NaTbHUKHU TUTTY "DAVA" 31 3MIHHUM HaBaHTAKEHHSIM
cepTudikoBaHl HalllOHAJTLHUMHU opraHamu ceprudikaiii PecrmyOniku Momngosa,
VYkpainu, Pymynii (€C).

[loBHE 3ropsiHHA TOPIOYMX MPUPOAHUX Ta3iB MIATpUMYeE/3a0e3neuye HHU3bKI
BUkuaM mikiamuBux kommnoHeHTiB CO ta NOX y razax 3ropsinHs, komnoHeHT CO
nparHe 10 HyJs, a NOX crtaHoBUTH NpuOAM3HO S50 BIACOTKIB IMIOA0 MOTOYHHUX
eKOJIOTIIHIX HOPM'

[Tpuniun poOOTH 1 ANTOPUTMH YIPABIIHHS MAIBHUKOM JI03BOJISIIOTH OTPUMATH
Bucokuit KK/, 6mm3pko 92-94% B mapi «KOTeN-MambHUK.

Crnig 3a3Ha4yWTH, MO TPUHIUI ABTOMATUYHOTO KEPYBaHHS aBTOMATHUYHUMU
MOHOOJOYHMMU  razamu  tuny «DAVA» 31 3MIHHUM  HaBaHTaXEHHSIM
Bu3HaHO/kBanipikoBaHo Ilarentom Ha Bunaxig Ne 1908, Bumanuii Jlep>kaBHUM
areHTCTBOM 3 OXOpOHH npomMuciioBoi BiacHocTi (AGEPT) Pecry6iiku Mososa.
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KoHcTpykTuBHMIA CKaa majdbHUKA BiamoBizae ymoBam cranmapty SM SR EN
676, TexHiunuM npunucam PT MD 27-02749742-003:1999 ta kOMIUIEKTY T€XHIYHOT
noKyMeHTarii [5,8]. 3axucT majnpbHUKa BIAINOBiA€E Kiacy eyekTpobesneku I 3rigHo
SR EN 60335-1:2003.

BucnoBok. KoHCTpykilisi manbHHKa Ha TOPIOYOMY MPHUPOJAHOMY Tasi THUITY
«DAVA» BigoOpakae KOHCTPYKTHBHI OCOOJIMBOCTI, $IKI XapaKTepU3YIOThCA
MOKa3HUKaMH poOOTH MpHY 3MIHHMX HABaHTAKCHHAX, 3a0€3Meuye alanTalliio pexxumy
poOOTH B aBTOMAaTUYHOMY pEXHUMI, IO JO3BOJSE TIABHIIATH MOKA3HUKU
e(eKTUBHOCTI Ta HaJIIMHOCTI MaJbHUKA MPU 3MIHHUX HAaBAHTAKEHHSX. HABAHTAKEHHS
31 3MEHIIECHHSM CIIOKMBAHHS MaJIMBa IPUPOIHOTO razy.

[IpuHIUTIOBO MPUMHATHI peKUM poOOTH MajJbHUKA CTaB MOKIMBHUM 3aBIISKU
KOHCTPYKTUBHIA  TEpMIYHIN  ONTHMi3allii YCTAaHOBKM Ha BHCOKOMY piBHI
MPOJIYKTUBHOCTI, 110 3a0€3Meuy€e BUPILIEHHS! OKPEMHUX TEXHOJOTTYHUX Ipo0sieM, 110
ICHYIOTh B MaIlIMHAX 3 MOCTIHHUM PEXKUMOM POOOTH, a TAKOXK CIPUSE MIABULIEHHIO
AKOCTI TOpIHHS. TpoLECy, MIABUUICHHS PIBHA HAIIAHOCTI, €(EeKTUBHOCTI
eKCIUTyaTallli/TeXHIYHOro OOCIyroByBaHHS, OTPUMAaHHS BUCOKOI €(EKTUBHOCTI, 11O,
K HACJIJ0K, 3HAYHO CIPUSIE 3MEHILIEHHIO CIOXUBAaHHS TOPIOYOT0 MPUPOJHOTO razy
Ta BIUIMBY Ha HABKOJIMIIHE CEPEIOBUIIIE
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USE OF WIND ENERGY AS A WAY TO REDUCE GREENHOUSE GAS
EMISSIONS: ANALYTICS AND MARKET PARTICIPANTS

Zakharchenko L.L. — postgraduate student, serafim@ukr.net
Tikhonov 1.V. — Doctor of Technical Sciences, senior reseach officer, master marine,
itykhonov@i.ua
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. The article examines the state of development of technologies that use wind
energy to reduce greenhouse gas emissions from the operation of ships, analyzes the types
of wind turbines and their application, implementation examples, and development
prospects. The implementation of renewable energy sources indicates the feasibility of their
use and the need for further research to ensure the best combination of various innovative
energy-saving technologies. The introduction of renewable energy sources indicates the
expediency of their use and the need for further research. It is the comprehensive approach
and the combination of the capabilities of state and private companies to continue research
into the application of various innovative energy-saving technologies in the design of new
and modernization of existing vessels that will allow us to achieve the best results in the
near future.

Keywords:Wind energy, energy efficiency, wind-assisted propulsion system

AKTYaJIbHICTh JOCJTiI:KeHHS] 3yMOBJIEHa HEOOXIJIHICTIO JOTPUMAHHS BHUMOT
Mixnapoanoi Mopcbkoi opranizaimii (IMO), momo 10 OXOpOHHM HaBKOJHMITHHOTO
cepelioBuIlla Ta OE3MEKU CYyAHOIUIABCTBA, 3MEHILICHHS BUKIJIB MAPHUKOBUX Ta3iB.
BnpoBamxkenHss eHeproeeKTUBHUX TEXHOJOTIH B CYIHOIUIABHY Tally3b MOXYTh
CYTTE€BO 3MCHIIUTH BHWKHIW IMAPHUKOBHX Ta3iB Ta BINIMHYTH Ha EKCIUTyaTaIliliHi
BUTpATH CyJHA 3a peiic. B po3pisi 3pocTaHHs 3alliKaBIEHOCTI JI0 BIPOBAKEHHS
aTbTEPHATUBHUX JDKEPEN €HEprii B Tally3i Ta iX BIPOBA/KEHHS HA BOJHUX CyJAHAX
y4YaCHHUKaMW pPHUHKY T€peBE3€Hb, JIO3BOJISIE 3PO3YyMITH TEPCIEKTHUBHICTh 1X
BITPOBAKCHHSI.

MeTtorw po00TH € OrJIsi[ Cy4yaCHOTO CTaHy BIPOBAKEHHS B1JHOBIIOBAJIBLHUX
JDKepeNl eHeprii, 110 MOXYTh HIABUUIUTH EHProePeKTUBHICTh BOJHUX CYJEH 3a
paxyHOK BHKOPHUCTAHHS €HEpPTil BITPY Ta MEPCICKTUBH PO3BUTKY JAHOTO HAIPIMKY.
PoGora copsmMoBana Ha pO3yMIHHS TOTO, $K BHUKOPHCTAHHS 1HHOBAIIHUX
TEXHOJIOTIH BIUIMBA€ HA 3MEHIIICHHS BUKH/IIB TAPHUKOBUX Ia3iB.
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He3Bakaroun Ha Te IO CyAHOIUIaBHA Tajly3b € OJHA 13 HAaWOUIbII €KOJOTIYHO
YUCTUX BHUJIB TPAHCIOPTY, YacTKa BHUKHUIIB MOPCHKUX TPAHCHOPTHUX 3acO0IB Y
I00aJbHUX BUKHAAX MAapHUKOBUX Ta3iB CTaHOBUTH Onu3bko 2,89%, mio 3anumiiae
OaraTo Miclis U1 BAOCKOHAJICHHS Ta AckapOoHizatii [1].

barato MiXKHapOXHUX OCHITHUIPKAX KOMIaHii, BUPOOHHKIB Ta BIIACHUKIB
CyIICH 3aIliKaBWJINCh BUPIMICHHSM MUTaHb OB’ S3aHUX 13 3MEHIIICHHSM BIUIMBY Ha
HABKOJIMIIIHE CEPENOBHINE IMiJ] Yac eKCIUTyaTallii BOJAHMX TpPAHCIOPTHUX 3aco0iB,
[IIXOM BIPOBAKEHHS Cy4YaCHUX Ta 1HOBALlIMHUX TEXHOJIOTIH, IKi BAKOPUCTOBYIOTh
€HEepriio BITPY.

Hapas3i po3poOka pisHOMaHITHOT KiJIBKOCTI BiTpoBUX ycTaHoBokK (WAPS - wind-
assisted propulsion system) diHaHCYETbCS JAEpKABHUMH Ta HEKOMEPLIHHUMU
nporpamamu [2].

CyuacHi BiTpuia — 1€ IHHOBAL[IHI KOHCTPYKIII , SIK1 MOEAHYIOTh B COO1 OCTaHHI
HAyKOBI JIOCSATHEHHS B LM ramysi. [lepegoBi Marepianu Ta MOJETIOBaHHS JO3BOJISIE
JNOCSATTA 1M HaWBHUIIOrO piBHA eQeKTHUBHOCTI. KOMIT'IOTEpHI CHCTEMH CyJIHA
J03BOJISIIOTh ~ ONTUMI3YBAaTH KEpPyBaHHS CKJIAMHAMH CYYaCHUMH  BITPOBHUMH
YCTaHOBKAMH.

Exciepru DNV pospobwnu  crangapt ST-0511, skuit  Tumonorizye
BITPOYCTAHOBKH:

- poTopHi ycranoBkwu (rotor sails);

- sxopcTki Bitprmia (rigid wing sails);

- M'siki BiTpmia (Soft wing sails);

- cuctema M’sikux BiTpui (SOft sail system);

- BEHTHJIbOBaHa TuTiBKOBa cucteMa (ventilated foil system).

Hesanexxna HayKkoBO-I0CIiHHIIbKA KOHCanTiHroBa opranizais “CE Delfi”, skxa
CIIeIIaT3yEThCSA HAa PO3POOII PIllIEHh €KOJIOTIYHHUX MPOOJIeM, MpoBesia JOCHIIKCHHS
YOTUPHOX BHUJIB CyYaCHHX BITPOBUX YCTaHOBOK. EkcmepTu oprasizamii IiANIIH
BUCHOBKY, IIIO JUISl BEIMKUX CYJEH HalKpalui MOKa3HUK €KOHOMII JOCATAEThCS TpU
3actocyBaHHI poropa dnerTHepa, a 11t Maliux cyjeH — Kalt BiTpuil.

OcHamenHst cyaHa cuctemoro KalT BITpui, J03BOJISIE OTPUMATH EKOHOMIIO
nanuBa Big 10 10 20%, a TakoK He MOTpedye 301IbIIEHHS YMCEIBHOCTI eKIMaxy s
00CITyroByBaHHS JTOJAATKOBUX CHUCTEM 1 CYJTHO HE MOTPiOHO BUBOJUTH 3 €KCILTyaTallii
JIJ1s1 11 BCTAHOBJICHHS.

Ha 3amoBienHs Himenbkoi kommanii Enerkocon, me y 2010 pori Ha cymHi
E-Ship 1, Oyso BctaHOBICHO YoTUpH poTopu TUly DeTTHEpa BUCOTOK 27 METPIB i
niameTpoM 4 meTpu. Taka TEXHOJIOTISI 103BOJIMIIA €KOHOMUTH 10 15% manuga.

Poropu @nertHepa MOXYTh NOCATHYTH PIBHSA €KOHOMIi TajivMBa Ha pIBHI
10 30-40% [3]. Imu MoxHA OOMAIITYBAaTH MOPOMH, aBTOBO3H, 0AraToLiILOBI Cy/Ha,
OaJIkepH, TaHKEPHU.
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BAR Technologies y [TopremyTi, BenukoOpuranis, 1 Yara Marine Technologies
PO3pOOMIIM CUCTEMY BITPUJI 13 CYLIUTBHUM KPHJIOM (KOPCTKHUM KPHJIOM) ITiI HA3BOKO
WindWings. WindWings cTBopeHbI 3a 3pa3koM aBlalliiHOTO KpHJia, MPUMILIN, SK
1HHOBAIlIHI TEXHOJIOTIi 3 BITPUJBHOTO CIHOPTYy. JlaHWW THUN BITpUJIA JI03BOJISE
3a0e3nmeunT eKoHoMito nanua 10 30% [4].

Konctpyxkuia Bitpun tuny WindWings po30ipHa, a 11 103BOJIsIE OTPUMYBATH
JOCTYI IO BaHT@XXHUX JIIOKIB 1 32 MOTpeOH MPOXOAUTH CyJaM Mmia Moctamu. J[aHum
TUATIOM BITpWJIAa 3allikaBWiIach OaraToHarioHambHa XapuoBa kommanis Cargill, ska
pealtizyBajia mapTHepchkuil mpoekT criibHo 3 BAR Technologies na ogHomy i3 ¢Boix
CYyXOBaHTaXXHUX CyJeH. B po3pi3i ciiBnpaiii 0yj10 3ariaHOBaHO BCTAHOBJICHHS JaHUX
BiTpui Ha 20 cynax komranii Cargill.

SInoncekuii ctapran Eco Marine Power po3po6isie Momugikaiiro >KOpCTKUX
BITPUJI Y CBOEMY IIPOEKTI Sailet, sikl MOXJIMBO BUKOPUCTYOBBYBATH 1 SIK CAMOCTIMHUN
€HEeproomagHui npucTpid. BiTpuia MOXXyTh aBTOMAaTHYHO ONYCKAaTUCh IIJ Yac
HETIOTOI1 200 KOJIM BOHU HE BUKOPUCTOBYIOThCH [5].

Takoxx Eco Marine Power cmibHO 3 HHU3KOI IMapTHEPIB IMpalloe HaJ
MiKHapoaHuM npoekToM Aquarius MRE (Mopchka BiTHOBIIIOBaJIbHA EHEPIETHKA).

Agquarius MRE - me iHTerpoBaHa cHCTEMa J>KOPCTKHUX BITPHJI, COHSYHHX
naHesel, MOAYJIiB HAKOMWYEHHS COHSYHOI €HepTii, CHCTeMHU 3apsIKH Ta MOPCHKHUX
KOMII FOTEPIB, SIKa JJO3BOJISIE BUKOPUCTOBYBATH €HEPTIIO BITPY Ta COHIA [6].

Pi3HOomaHITHI Bapiamili 1HHOBaUIMHUX SKOPCTKUX BITPWJI 3HAUIUIM CBOE
PO3MOBCIOJIKEHHS 1 Y THIIMX BUPOOHUKIB, SIKI IMIIXONMWIN JaHy 1HIIaTUBY, B Oadaroui
B HIli €EKOHOMIYHY NPUBAOIUBICTb.

BucnoBok. BrpoBa/pkeHHS BIIHOBIIOBAJIBHUX JDKEpENT €Heprii B ramysi
CYy/JIHOIUIABCTBA € HEOOXIJHOI YMOBOIO [JIsi JOCATEHHS aMOITHHUX IUJICH 1o
CKOPOYEHHIO BUKH/IIB MAPHUKOBUX ra3iB. [IpoTe 3acTOCYyBaHHS CydyaCHUX TEXHOJOTIN
noTpedye 3BaKEHOTO MiAXOMy 10 IX 3aCTOCYBAaHHS AJisi KOHKPETHOTO TUITy BOIHOTO
TPaHCIIOPTHOTO 3ac00Yy.

VYcnimHe BOPOBAIKEHHA 3aXOAIB 3 €HEproe(eKTHUBHOCTI HE € MPOCTHM,
OCKUJIBKH OUIBIIICTh 13 HUX BUMAarae 3MiHM OO13HAHOCTI Ta JOTPHUMAHHS MPOIECAYD,
30CEpPEKYIOUMCh Ha ONTUMI30BaHIM poOOOTI CHOXKHUBAYIB EHEPrii sSIK  JIs
KEPIBHMIITBA, TAK 1 JJIs1 epcoHaiy [7].
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Abstract. Improving the mobility of the population requires the introduction of motor-car
electric rolling stock with improved technical characteristics, high level of comfort for
passengers and low environmental impact. The directions of improving the traction and
energy properties of multiple unit electric rolling stock are considered. the expediency of
using the distribution of traction load between electric motors of a multi-motor traction
electric drive is shown. the feasibility of using energy recovery and on-board energy storage
devices is analysed. the expediency of using energy-optimal modes of movement of multiple
unit electric rolling stock is shown

Keywords: electric rolling stock, traction properties, energy efficiency

AKTYaJbHICTh  JOCJIUKEHHST  3yMOBJICHA  HEOOXIJHICTIO  OHOBJICHHS
MOTOPBAaroHHOI0  eJNeKTpopyxomoro ckmany. lLle mnepenbaueHo 3aBIaHHSAMU
HanionansHoi TpancnoptHoi crpaterii Ykpainu Ha nepiog 10 2030 poky, cXBajeHOi
Posnopsmxkennsm Kadinery MinictpiB Ykpainu Big 30 tpaBusa 2018 p.Ne430-p [1].
V¥ Crparerii Bii3Ha4a€Thcsl HEOOXIAHICTh peOPMYBaHHS TPAHCIIOPTHOI ranysi, AJs
YOro HEOOXI1JHO BUPIIICHHS 3aB/laHb, MOB’S3aHUX 3 OHOBJIEHHSAM PYyXOMOI'O CKJIATy
IUIS TTACAKUPCHKHUX TIEPEeBE3CHbB, 3aMiH1 BUAIB TPAHCIOPTY 3 BYIJICIEBUMH BHKHIAMH,
POCYBaHHI ‘3eIeHUX” BUIIB TPAHCIOPTY, 3aCTOCYBaHHI BHCOKOTEXHOJIOTTYHOTO
PYXOMOro CKJIaay TOHIO. 3 ypaxyBaHHSM CYTTEBOIO 3HOCY HAsBHOIO PYXOMOIO
CKJIaJy, JOCSTHEHHS BHILE BKa3aHOTO MOXIIMBE NMPHU CTBOPEHHI HOBOT'O PYXOMOTIO
CKJIamy.

Metow poGOTHM € aHami3 UUIAXIB TOKPAIEHHS TATOBO-€HEPTeTUYHUX
BJIACTUBOCTEN MOTOPBArOHHOI'O €JIEKTPOPYXOMOTO CKIIAMY.

TsroBo-eHEPreTUYH1 BJIACTUBOCTI BU3HAYAIOTHCS TEXHIYHUMHU TapaMeTpaMu
€JIEKTPOOOIaTHAHHS ~€JIEKTPOPYXOMOro ckiaay. HowmiHanbHI pexumu  poOOTH
EIeKTPOOOIaTHAHHSA, SK TPABUJIO, BU3HAYAIOTHCS 3 YypaxyBaHHSM TPAHUIHUX
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PEXKUMIB pOOOTH EIEKTPOPYXOMOTO CKJIaay. B peaslbHHX eKCIuTyaTallliHUX yMOBaX
oOnagHaHHS TMpalioe 3 HaBAaHTAXEHHSMU, MEHIIE BiJ HOMiHaIbHUX. lle Moxe
NPU3BECTU JI0 TMIJIBUIIEHOTO CIIOKMBaHHS eHeprii. Taka curyalis BUHUKAE Yy
0aTaroIBUTYHHOMY  TSTOBOMY  €JEKTPONPHUBOJII HA  OCHOBI  ACHHXPOHHHX
CJIEKTPOBUTYHIB. SIK BIJOMO, IIpu poOOTI aCHHXPOHHUU €JIEKTPOIBUTYH CIIOKHUBAE
HAMarHiuyyl4uii CTPyM, BEIUYMHA SKOTO BH3HAYAETHCS TUIBKM HAMpPYyrow Ta
4acTOTOIO JKUBJIICHHS. B pexxumax 3 HE3HAUHWM HABAaHTA)XCHHSAM 1€ MPHU3BOAUTH 10
cyrreBoro 3HmwxkeHHs KKJ[ enexkrponsuryna. B [2] mocmimxeHi BTpatu y
0araToJIBUTYHHOMY TSTOBOMY  €JIEKTPOIIPUBOAL  Kap €pPHOTO  €JIEKTPOBO3Yy Ta
MOKAa3aHo, IO NP ONTUMI3AIi pOOOTH EIEKTPOABUTYHIB Y PEKHUMAaX 3 HEMOBHUM
HABAHTAKEHHSAM JIOCSTAEThCS 3HMIKEHHS CIOKUBaHHSA eHeprii. OCKUIBKU TSATOBHIA
€JICKTPOTPUBOJI MOTOPBArOHHOTO E€JIEKTPOPYXOMOTO CKIIay € OaraToJBUTyHHUM, IO
MOKHa OYIKYBaTH, IO CXOXUU e(eKkT Oyae OOCATHYTO 1 IpH ONTHUMi3alli Horo
po0OTH y peKHMax 3 HEMOBHUM HABAHTAKCHHSIM.

AHaNOriyHO J0 ONHMCAaHOTO BHUILIE MOXXEe OyTHM BIPOBAKEHA ONTUMI3ALlisd
HaBaHTA)KCHHS BXIJHUX I[EPETBOPIOBAUIB Ha EJIEKTPOPYXOMOMY CKJIAIl 3MIHHOIO
CTpyMy. K BiIOMO, NpH HEBEIUMKHUX HABAHTAKEHHSAX 3HIKYETbCA KOE(DILi€HT
MOTYXHOCT1 Ta 3pOCTalOTh BUIII FAPMOHIWHI, 10 BIUIUBAE J10 30UIBIIEHHS BTpaT y
TATOBIM Mepexi. Tomy BOAUaeThCsl AOLUIBHUM PO3MOAUISTH HABAHTAKEHHS MIXK
MepEeTBOPIOBaYaMH 3 METOIO 3MEHIIICHHS 3arajlbHUX BTpaT.

JIns miIBUIIEHHS €HEProe(EeKTUBHOCTI €JIEKTPOOOJIaIHAHHSA € JOIIJIBHUM
BU3HAYEHHS! HAWOLIbII YaCTHX PEKUMIB HOTO poOOTH 1 ONTHUMI3alisl €HEPreTUYHUX
MOKA3HHKIB €JIEKTPOOOTaHAHHS Y ITUX PEKUMAX.

besnocepennbo Bif pexuMiB pOOOTH TATOBOTO OOJaJHAHHS 3aJIEKUTH POOOTa
JIOTIOMDKHUX CHCTEM, sKi 3a0e3medyroTh (yHKIIOHYBAaHHS TATOBOTO OOJaJHAHHS.
30kpema, 3a0e3MedyroTh Horo oxoyiomkeHHs. O4YeBUAHO, IO MPHU 3MIHI PEKUMY
poOOTH TATOBOTO €JIEKTPOOOJIaAHAHHS JOLIIBHO KOPUT'YBATH POOOTY HOMOMINKHUX
CHCTEM 3 METOIO 3HWKEHHSI CTIO)KHBAHHS €HEPTii.

BaxxiMBOI0O TEXHOJIOTIEI0 €HEPro30epekeHHsl € peKymepalis eHeprii ta ii
BUKOPUCTAHHS Yy TATOBUX pexumax. HaiOinpima edeKkTHuBHICTh peKyrepartii
JIOCSITAa€ThCA TPU aKyMYJIOBaHHI €Heprii J0 OopToBoro HakomuuyBayda. Y [3]
TOCITIDKEHO PyX IPUMICBKOTO €JIEKTPOIOi3y Ta BCTAHOBJICHO, IO KOCQIIEHT
pekymepartii ckinamgae 0,26...0,47 4.0. TooTo 26...47% eneprii, sika BUTpaueHa Ha
TATY, JOCTYIIHA JIJISl aKyMYJIIOBaHHS Y OOpTOBOMY HaKOMU4yBayi. 3BICHO, (haKTHUHI
3Ha4YeHHs1 OyayTh Hrpk4di. OJHAK 1€ BCE OJIHO JOCTAaTHI JJIsi BIPOBAHKEHHS M€l
TEXHOJIOTTI.

Enepro30epexeHHs JOCATAETbCSI IMPH  BIPOBAIKEHHI EHEPrOONTHUMAIBLHOTO
pyXy, SKWil Tiependadae BH3HAYCHHS CHEPrOONTUMAIBHHX TpPaekTopid pyxy [4].
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BaxxnmuBuM HampsIMKOM € 3MEHINEHHS BYTJEIEBOTO CHiAy, 110 BUKOPUCTOBYETHCS
npu aigroputmax Eco-driving [5].

JIiss  MOCSATHEHHS HAWBHINOI €HEpPreTHYHOI e(EeKTHBHOCTI MOTOPBAarOHHOTO
PYXOMOTO CKJaJy HEOOXigHE BIPOBA/PKCHHS TMEPENiYeHUX TEXHOJOTIH 3
ypaxyBaHHSM X B3a€EMHOTO BILJIHBY.

BucnoBku. B pe3ynbrarti anaizy BCTAaHOBJICHO, IO 71 3a0€3MEUYCHHS] BUCOKUX
MOKA3HUKIB €HEepProeeKTUBHOCTI Ha MOTOPBATOHHOMY EJIEKTPOPYXOMOMY CKIIajl
HEOOX1THO 3IMCHIOBATH OMNTUMI3allil0 pPOOOTH TATOBOTO Ta JOMOMIXHOTO
eJIeKTpooOIalHAaHHS, 3aCTOCOBYBaTH  OOpPTOBI ~ HAKOMM4YyBadl  €HEprii  Ta
IPOBaKyBaTH €HEPTrOONTUMABHI TPAEKTOPii pyXy. BpaxyBaHHs B3a€MHOTO BIUTHBY
IIUX TEXHOJIOT1H J03BOJIUTH 3a0€3MeUNTH HANMBUILI MOKA3HUKH €HEeproeeKTUBHOCTI.
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Abstract. Composite materials for lead-acid batteries (LAB) electrodes were synthesized
using an electrochemical method. The influence of electrode material components on the
electrochemical, electrical, corrosion and mechanical properties of the electrodes was
studied. It is shown that the use of nano-sized inclusions in the electrochemical co-
precipitation of metals and dispersed non-metallic materials makes it possible to obtain
materials with a high specific surface area and thereby significantly improve the porosity of
electrodes. The effect is the increase of specific energy of electrodes and accumulator as a
whole.

Keywords: composite, lead-acid battery, electrodeposition, electrode, energy capacity

AKTYaJbHICTH A0CHigxkeHHs. B nanuii yac nutanHs eHeproeekTUBHOCTI Ta
€HEepro30epeKeHHs] CTalOTh BCE OUIbII aKTyaJbHUMH, a €KOJOTrIYHI MpoOsieMH Ta
OoOMEXEHI 3amacu TajuBa MIIBUIIMWIN I1HTEpPEC M0 CTBOPEHHS €(PEKTUBHUX Ta
HaJIHHAX JHKEPEN )KUBJICHHS TPAHCIIOPTHUX 3aCO0I1B.

AKyMyJISTOPY € KUTTEBO BAKIMBOIO YaCTUHOIO €IEKTPOCHEPTETHYHOI CHCTEMHU
TPAHCTIOPTHOTO 3aco0y, 3abe3medyroun Oe3nepediiiHy poOOTy HOTro eNeKTPUIHUX
OPUCTPOIB 1 €NEKTPOHIKU. SIK 1 paHille 30UIbIIEHHS TEPMIHY CIYKOH 1 MUTOMHX
MOKA3HHUKIB aKyMYJISTOpPIB € OCHOBHMMH BHMOTaMH CyYacCHOTO BHpPOOHHMIITBA Ta
HAyKOBHUX JIOCTIKEHB, 10 Tepeadadae sk yAOCKOHAJIEHHS CIoco0y BUPOOHUIITBA
aKyMYJIITOPiB, TaK 1 po3pO0KYy HOBUX MaTepiajiB JjIsl CTBOPEHHS HOBUX BapiaHTIB.
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OpauM 13 cmocoOiB MOJEpHi3alii aKyMyJIATOPHUX CHUCTEM € BHUKOPUCTAHHS
KOMIO3UTHUX €JEKTPOAHUX MaTepiaiiB, sSKI MOXYTb MaTH MiJBUIIEHI MEXaHIYHI,
€JIEKTPUYHI 1 KOpO3iiHI BiacTuBOCTl. HOBI KOMMO3MIIIMHI Martepiaiu, 10 MaroTh
MIJBUILIEHY MHUTOMY IOBEPXHIO 1 CTPYKTYPY 3 BHCOKHUM CTyIlEeHeM Je(eKTHOCTI
MOXHa OTPUMYBAaTH METOJIOM EJEKTPOOCAKEHHS METAJliB B TaKUX yMOBaX, SKi
MEePEIIKODKAIOTh OTPUMAHHIO TalbBAHIYHUX OCAJIB 3 PETYJSIPHOIO KPUCTATIYHOIO
CTPYKTYpOIO, TPH IIbOMY BJIACTHBOCTI KOMITO3UTHHX OCQJiB MOJKHA BapirOBaTH,
MiIOMPAIOYH MaTePiau Ta TEXHOJIOTTYHI YMOBH €JIEKTPOJII3Yy.

Metoo pob6oTM € po3poOKa TEXHOJIOTli CHHTE3yBaHHS KOMITO3UTHHUX
CBUHIIEBUX MarepialiB 1 BHUBYEHHS IXHIX €JEKTPOXIMIYHUX, EJIECKTPUUHUX,
KOPO31MHUX BJIACTUBOCTEH.

QaxiBusimMu [HCTHTYTY TpaHcmopTHUX cucTeM 1 TexHojorii HAHY musaxom
PETYIIIOBaHHS MMapaMETPIB PEeKUMY E€ICKTPOJII3Y 1 CKIATy €IEKTPOJITy CHHTE30BaHI
KOMITO3WTHI CBHHIICBI MaTepiany 3 HAHOJIWUCIIEPCHUM OKCHIIOM THUTaHY, acpOCHIIOM,
rpaditoM, ByrieneBsumu Hanotpyokamu (BHT) piznoi ctpykrypu [1, 2].

BuByanu  3aMeXHICTh  €NEKTPOXIMIYHMX,  E€JICKTPUYHHMX,  KOPO3IHHUX
BJIACTUBOCTEH  CHHTE30BAHMX KOMIIO3UTHHX OCaJiB CBHUHIIO Bl  BMICTY
HAaHOJMCIIEPCHUX YACTHHOK B EJEKTPOJITI B Tpoleci enekTpordizy. OcolauBoCTi
CIeKTPOKpHUCTANI3AIil, CTPYKTYypy Ta MOp(}OJOTiI0 CBUHIIEBUX KOMIIO3UTIB
TOCITIKYBJIM METOJOM CKaHYIOUOi €JIeKTPOHHOI MiKpockomii. ExcriepumeHTanbHO
BCTAHOBJICHO, M0 MOPQOJIOTisI KOMIIO3MUTHHX OCaIiB 3aJCKHTh B yMOB
€JIEKTPOOCAIKECHHS.

x150

Pucynox 1 — Enekmponni hpomoepaii nogepxui ceuHyesux KomMno3umis 3 0ioKcuoom
mumawuy (a), aepocunom (b), yeneyesumu HaHompyoxkamu (8)

Taki KOMITIO3UTH MaJIM MiABUIIEHY €JICKTPONPOBIAHICTD 1 MOKPAIeHI KOPO3iiiHi
XapaKTepUCTUKU. Bigomo, 10 OJHIEI0 3 XapaKTEepPHUX BIACTUBOCTEH METAIIB €
nuromMut omip. Bin go0Ope kopentoe 3  (PI3UKO-XIMIYHUMH Ta MEXaHIYHUMU
BJIACTUBOCTSIMU. [luTOoMUN omip YymIMBUNA 10 BJIACTUBOCTEH CIUIABIB 1
KOMIO3UIINHUX rerepoda3sHuX MOKPUTTIB, Yy SKUX (a3u  BIAPI3HAIOTHCA
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CJIEKTPONPOBIAHICTIO.  Pe3iCTOMETpUYHMM  METOAOM  BHUMIPSHO  MUTOMHUU
CJIEKTPUYHUIA OMIp KOMIIO3UTIB. Pe3ynbratv JOCHiKEHb MOKa3alu, 10 MUTOMUA
Omip € YyNIMBUM JO CKJIaAy oOcagy Ta MOoro KpPUCTAIIYHOI CTPYKTYpH.
EnexTpoocamkeHHs 1a€ MOKIMBICTh HE TUIBKYA OTPUMATH KOMIIO3UT TIEBHOTO CKJIATY
[IIXOM JT00ABOK B €JIEKTPOJIIT a00 BUKOPUCTAHHS MOMEPEAHBO JETOBAaHOTO aHOAA, a
M TMOJIMIIUTH CTaH MOBEPXHI PEHITKH NUIIXOM HAHECEHHS Ha MOBEPXHIO PEIIiTKU
TOHKOTO IIapy KOMIO3HIIIIHOTO eIEKTPOXIMIYHOTO MTOKPUTTSL.

ExcriepuMeHTanbHO JOBENEHO, IO MiJBUIEHA KOpPO3idHA CTIMKICTh TaKoi
pPEeUITKH 3a0e3MeuyeThCs He TUIBKM CTBOPEHHSM 30BHIIIHBOTO KOPO31HHOCTIMNKOTO
miapy, aje i1 OUIbI OJAHOPITHOIO CTPYKTYPOIO MOBEPXHI CBHUHIIEBOrO Marepiany. Y
CBOIO Yepry, OJHOPIJHICTh MOBEPXHEBOTO IIAPy CIPHUSAE MPOTIKAHHIO PIBHOMIPHOT
MOBEPXHEBOI KOPO3ii 63 JOKaI30BaHUX KOPO3IMHUX PYyHHYBaHb 3 KaTaCTPOpIYHUMHU
HACJIJIKAMH, II0 JO3BOJISIE 3HU3UTH BaroBi BTPaTH aKyMYJSTOPHUX PEIITOK NpH
KOpO3li.

BucHoBok. Takum 4WHOM, MO€IHAHHA PI3HOPIAHUX PEYOBHH MPHU3BOIAUTH 10
CTBOpPEHHSI HOBOT'O Marepiaiy, 1110 Ma€ BUCOKY MOPUCTICTh 1 PO3BUHEHY BHYTPILIHIO
noBepxHio. OTpuUMaHI HaMU CBUHIEBI KOMIIO3UTH MOXYTb OyTH BUKOPHCTaHI,
HAMPUKJIAI, ISl BATOTOBJICHHS a00 MoAudIKaIlil eJIEKTPOJHUX OCHOB 1 aKTUBHUX Mac
CBHUHIIEBO-KHCJIOTHOTO aKyMyJISITOpa, IO Ja€ MOXJIMBICTb CTBOPEHHS OUIbII
e(PEeKTUBHUX 1 HANIMHUX aKyMYyJIATOPHUX CUCTEM.

JitTeparypa

1. Komens M.JI., Koctups M.B., Kopnau C.B. 3acTtocyBaHHS HaHOKOMIO3ULIHHUX
CJIEKTPOAHUX MaTepiajliB aKyMYJSTOPHUX CHCTEM Yy TpaHcmopTi. 30ipHUK MmaTepianiB XV
MixnapoaHoi koHdepeniii «[IpobGiemMu MexaHiKu 3ai3HUYHOTO TPAHCIIOPTY», M. [[HIMpo
(Vxpaina), 2020, c. 54-58.

2. Koctups M.B., Kopnau C.B., I'epacika H.C. Cnoci6 moaepHi3zanii akyMyasiTOPHUX
CUCTeM Ui TpPaHCIOPTHHUX 3aco0iB. 30ipHUK MatepianiB 81 MikHapogHOI HAYKOBO-
npakTU4yHOi  KoHdepeHmii «[Ipobnemu Ta MEPCHEKTHBH PO3BUTKY  3aJII3HUYHOTO
TpaHcnopty», M. Iainpo (Ykpaina), 2021, c.73-74.

101



EHEPI'TA IPUJINBIB - YACTA EHEPI'TA JUIA JIIOACTBA

Kypenin B.M. — xanj.ekoH.HayK, A01EHT, Kypins@ukr.net
Mukonaiscokut HAYIOHAILHUU ACPapPHULL YHIgepCcUumem
VYkpaina, Mukonais

TIDAL ENERGY - PURE ENERGY FOR HUMAN LIVES

Kurepin V.M. — Candidate of Economic Sciences, Associate Professor, kypins@ukr.net
Mykolaiv National Agrarian University
Ukraine, Mykolaiv

Abstract. It is no longer necessary to convince anyone that rational use and economical
consumption of energy and natural energy resources is necessary. Today's new energy
reality is the implementation of measures aimed at improving the quality of the
environment, energy security, the formation of personal skills for economical and thoughtful
use of energy. The world economy, as well as the economy of an individual state, is closely
intertwined with the problems of energy saving and energy efficiency, ecology, technical
rearmament and structural restructuring.
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AKTYQJBHICTh JTOCHIIKEHHS 3yMOBJIEHAa IONIYKOM IIUISXIB Ta METO/IB
BHUPILIEHHS HaBaXXJIMBIIIKX MPOOJIEM Yy raiay3i BIIHOBIIOBAHOI €HEPIreTUKH, 30KpemMa
OJIHUM 13 HalpsIMIiB HOBOI €HEPreTHKH, 10 PO3BUBAETHCS - TEXHOJOTIEIO
BUKOPUCTaHHSI €Heprii NpuiuiuBiB. Tum Oulbliie, IO BiifHA 3 OOCTpilaMu Ta
OoMOapayBaHHSIM EHEPreTUYHUX OO0'€KTIB, 3 pealbHUMU 3arpo3amu Oesmeiri
BITYM3HSHUX ATOMHHUX eJeKTpocTaHiiii [1], 3 maneHHMM WiAHATTIM IiH Ha
€HEProHOCii HA0YHO MPOJAEMOHCTPYBaJIa, IO I Trajdy3b JJIS KpaiHU CTAa€ OJIHIEIO 31
CTpaTeriyHuX.

Metorw pobdoTH € OOroBopeHHss MpoOJeM Ta MEPCIEeKTUB PO3BUTKY
BUKOPUCTAHHS BIJIHOBIIIOBAaHUX JDKEPEN EHEprii, eJNeKTpo- Ta OloeHEePreTUYHUX
pecypciB, Temia 3eMJli Ta TEeIJIONOCTa4aHHS KpaiHW 3a PaxyHOK BUKOPUCTaHHS
eHeprii TIAPOECHEePreTUYHUX PpecypeciB, a TaKoX peaiizamii 3axoAiB MO0
€HEepro30epeKeHHs Ta eHEProePeKTUBHOCTI.

Menikanii npuOepeXHUX paioHIB J00pe BIOYYBAalOTh CHUJIy Ta CTYIIHb
nepea0avyBaHOCTI PETYJSIPHUX TPHUILIMBIB Ta BIJUIMBIB, BOHHM BHUKIHKAIOTHCS
rpaBiTaniinumMu cunamu Micsis ta Conug. EHepris npuriiuBiB paHiiie NpakTUYHO
HE BHUKOPHCTOBYBAIAcs, ajie JIOJACTBO Ma€ Ha 1€ aMOITHI IJIaHU MO0 3MIHU ITI€T
cutyamii. [lpunvBHa eHepreTMka Mae BeIMYE3HUN MOTEHIlA], BOHA € JDKEPEIOM
€KOJIOTIYHO YMCTOT eHeprii B ychoMy cBiTi [2]. BoHa nmpusHaueHa 1151 BUKOPUCTAHHS
€KOJIOTIYHO YHCTOi eHeprii MpUIUTMBIB JJIs TEpexXoAy JO0 palliOHAIBHOTO
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BUKOPHUCTAHHA PECYPCIB OKeaHy Ta 3amoOiraHHs KiiMaTuyHUM 3MmiHaMm [3]. Haxanb,
y Halll Yac Taka eHepreTrka BCe 1€ 3HaXOAUTHCS Ha MTOYATKY CBOT'O PO3BUTKY.

[IpunuBHa  eHepreTMka CTa€  3arajJibHOCBITOBOIO  TEHJICHINEIO, BOHA
BUKOPUCTOBYE TEXHOJIOT1I0 MPUILIMBHUX TEYil, 3a JTOMOMOTOI0 MIJBOAHUX BITPSIHUX
TypOiH, sIKl BCTAHOBIIIOIOTHCS SIK Ha BEJIMKIM rIMOMHI, TaK 1 HA MUJIKOBO/I, @ TAKOXK Y
rupjax MUPOKUX pidok. [limBogHI MPHCTPOi NMEPETBOPIOIOTH EHEPril0 BOJAHM, IO
pyxaeTbcsi B MOMEHT npuruiuBy. [loTik Boau obepTae jomnati TypOiHHU, BUPOOISIOUN
enekTpuKy. TypOiHM HAIIWHO 3aKpIIUTIOIOTHCA HA JHI, 0e3mepeOiiHO TeHEpYIoUn
€KOJIOT1YHO YUCTY CHEPTIIO.

VY CTBOpEHHI €KOJIOT1YHO YHMCTOi €HEPreTUKU €HEPTisl COHL Ta BITPY POOUTH
BEJIMKUI BHECOK [4]. AJle TOBHOIO MIpOIO Ha3BaTH TaKl JKepelna nepeadadyyBaHUMU
HE MOXUIMBO. 3HAYHOIO MEPEBarol0 €Heprii MPUIUIMBIB € IXHA NependadyBaHICTh.
Eneprist npuIuinBiB, SIK BITHOBJIIOBAHE JKEPENO 3 Eepen0ayyBaHICTIO, € HEOOX1IHOIO
1u1st QYHKIIIOHYBAHHSI €HEPTOCUCTEMU

€ 1HUI nepeBary eHeprii NPUILIMBIB — BOHU (IM1ABOJHI TYpO1HM) MPUXOBaHi Bij
ouell 1 He MCYITh Mei3aX, BaXJMBa IepeBara IoJiArae y BIJACYTHOCTI rpebenb Ta
IHIIMX TIEPEIIKOA JJIs HaBiraili, HasBHICTb Oe3leYHE NPOXOKEHHS CyACH Haj
NPUIMBHUMU €HEPIreTUYHUMH YCTaHOBKAMHU.

AMOITHI IPOEKTH NMPWIMBHUX E€HEPreTUYHUX YCTAHOBOK BIEpIIE Yy CBITI OYJI0
peanizoBaHo KommaHiero Nova y cmiBhpami 3 kommadiero Tesla B Ilornmanmii.
[linBomHa TpUIMBHA €NEKTpOCTaHIliss Oyna BcraHoBieHa y 2016 pori Oind
[HoTnanacekux octpoBiB. Hapasi uucio TypOiH AOBeneHO 10 mecTu. Bxe BiciM
POKIB TypOiHM 3a0€3MeUyIOTh HalllOHAJIBHY CUCTEMY YHCTOIO eHepriero. B pesynbrari
3'sIBUJIACS TIEpIIa y CBITI MIAKIIOYEHA 0 €HEProMepeki MPUIMBHA €JIEKTPOCTAHIIIs,
3/aTHA MocTtadatu eHeprito Ha 3anuT [S]. [lounnatoun 3 2018 poky amMOiTHI TPOEKTH
0 MOKJIMBOCTI OYJIIBHMIITBA MPUJIMBHUX €JIEKTPOCTAHINN peanidytoTbes B Kanani,
[Motnannaii, Yenbsci Ta @paniiii, B IHIIUX TOYKaX CBITY.

SIk mpuKiIan MEepPCHeKTHB PO3BUTKY BUKOPHUCTAHHS BIJHOBIIOBAHUX JDKEPET
eHeprii 3a JOMOMOIOK PEryJiipHUX NPUIUIMBIB Ta BIJMBIB € OYIIBHHUITBO Ta
excrutyatariisi 15 typ6in y npotoui Ileri (mposiuntis Hosa [llotnanais, Kanaga).

VYpsaag VYenscy y 2020 pormi iHBecTyBaB y OYIIBHHUIITBO MPHJIMBHOL
eJIeKTpOCTaHIlli Ha OCTpoBi bapjci B miBHIYHOMY YelbCl OUTbINE SIK OJUH MUTbHOH
¢byHTIB cTepiiHTiB. Uepes Aesikuii yac JIt0JICTBO OTPUMYE MEPITUi y CBITI OCTPIB, 110
OTPUMYE €JIEKTPOCHEeprito Jume 3 okeaHy. IIpoekT mnepenbavae reHeparlito
€JIEKTPUKH 3 €Heprii Teuiil Ta MpUILTUBIB Mk ocTpoBOoM bapsci Ta miBoctpoBoM JitiH
(n'ste TypO1H 1o 100 KBT 13 MOMXJIMBICTIO MOAAJIBIIOTO PO3IIUPEHHS).

2021 pik OyB 3HAKOBHUM ISl peati3allli MpOEKTIB MO OYTIBHUIITBY MPHIMBHUX
enexrpoctanniit. Hosuii mpoext y Ilornanaii «Oran na Mara», 3a paXyHOK SIKOTO
OynyeTbcsl TpUMETaBaTHa MPHUILUIMBHO-BIIJIMBHA €JIEKTPOCTAHIlA B MPOTOIl Aiiiei

103



(mix octpoBamu Aiineit ta [xypa y ckmanl ['ebpuacekux octposiB loTnanmii).
[TpurnnuBHO-BIJUIMBHA €JIEKTPOCTAaHIlA Oynae 3a0e3rnedyBaTH TeHepallilo YUCTOl
BIJIHOBJIIOBAHOI €HEeprii, BHACIIJOK SKOi BHUPOOHHUIITBA MAIOTh MOXJIHMBICTD
BIJIMOBUTHUCS BiJl BAKOPUCTAHHS BUKOITHUX BU/IIB MAJTHBA.

Byaytouu npuruiMBHO-BIUIMBHI €JIEKTPOCTaHIIIi, 3p03yMiio, Tpeba 3abe3neunTu
miJ yac ix ekcrulyarainii moBHy Oe3neky Mopchkoi ¢daynu Ta ¢mopu. Exonoriununii
MOHITOPUHT, HA3€MHI CIOCTEPEKEHHS MOPCHKHX IITaxiB Ta CCaBIliB, ITiABOJIHI
3MOMKHM Yy pailoHI BCTaHOBJECHHS TypOiH, BHUBUEHHS MOPCHKOTO >KHUTTSA OUIs
MIJBOJTHUX E€JIEKTPOCTaHII Ta TypOiH - Takl O€3MeKOBl 3aXOJu JIOMOMOXKYTh
30epertu 0OajaHC MDK HaBKOJHMIIHIM CEpEIOBUIEM Ta OyJAIBHHMIITBOM Ta
eKCIUTyaTaIlen 00’ €KTIB eKOHOMIKH.

baraTomniTHIiI MOHITOPMHT JOBKULISA Ma€ HaWOUIHIIMK Ta HaWKpaIuidi y CBITi
MACHBIiB €KONIOTiUHMX NaHHX [6]. VIMOBipHiCTH TOTO, IO TOpYY i3 NpAIIOIUYNMH
TypOiHamMu Oyne puba, mTaxu, U0 MIPHAKOTh, 1 MOPCHKI CCaBLl, BKpail Mana. 3a
JIOTIOMOTOI0 €KOJIOTIYHUX JOCHII)KEHh HETaTUBHUX BIUIMBIB HA MOPCBHKY €KOJIOTIIO
BUSBUTH HE BIAN0CA, OyJIO 3’ICOBAaHO, III0 MOPCHKI TBAPUHU HE 3 SBIISIOTHCS MOPYY 3
TypOiHaMu, siKi mpaioioTh. Hapasi Bke MOKHa CTBEpIKyBaTH, OyIiBHUIITBOM Ta
eKCIUTyaTaIll€l0 MPUILUIMBHO-BINIMBHUX EJIEKTPOCTAHIIM CBIT OTPUMAaB €KOJIOTIYHO
YICTE BUPIIICHHS EHEPTeTUIHOI IPOOIIeMH.

Jlesiki HayKOBI[I-IOCTIAHUKN CTBEPKYIOTh 3BOPOTHE, IPUIIMBHI €JI€KTPOCTAHIIIL
MalOTh KUIbKAa CEPUO3HUX EKOJIOTIYHUX BaJ. BOHM € 3HAYHOI 3arpo3oro it
JOBKULIS okeaHy. TypOiHM cepilo3HO MOPYLIYIOTh NPWIMBHI NOTOKH. BOHH MOXYTh
3aBAaTH IIKOJU MOPCHKiH (hayHi, sika MOTparuisi€ y Jomari.

[IpunuBHI eneKkTpoCTaHIll ICHYIOTh 1 B IHIIKUX (opmax, 30kpema Tpedm Ta
NPWIWBHI JaryHu. BoHn MOXyTh MaTH HETaTUBHI €KOJIOTTYHI HACHIIKHU, TOPYIIYIOUU
MOPCBKI €KOCHCTEMH Ta CTBOPIOIOYHM BEJIHMKY KIIbKICTh MYyJTy. HaBememo mpukian,
npwinBHa JlaryHa y bperani (®@paniiis), mpu3Bena 10 3HUKHEHHS MICLIEBOT KaMOanu
y 1pomy paioHi. IlpunuBHiI JaryHu - ne HabaraTo OUIbII €KOJIOTIYHO Oe3leyHa
dopma. Taki eneKkTpocTaHLIi MPaIOITh Yy 3aXUIIEHHUX, LITYYHUX MNPUOEPEKHHUX
OaceitHax. Ane BUpOOJICHHS €HEeprii HUMU Ha0araTo HUXYi, HK B 1HIIIUX BUJIIB.

bararo 3axucHUKIB KJIIMaTy CTBEP/UKYIOTh - MU HE MOXKEMO JIO3BOJUTH COOi
BI/IMOBUTHCH BIJ] TPWIMBHOI €HEprii. Y CBITI € pPErioHu siKi 0coOJMBO 100pe
MIIXOATh JJIsi PO3UIUPEHHS MPWIMBHOI €Heprii (Hampukiaa, TepUTOpii JOBKOJIA
BenukoOputanii Ta Kwuraw), ix o000B’SI3KOBO Tpeda BHUKOPHUCTOBYBATH, TakKi
€JIEKTPOCTAaHLIi € HAA3BUYaHO HAAIMHUMU 1 MOXKYTh Ipocay>kutu 10 100 pokis.

[IpunvBHA eHepreTHKa — 1€ HOBa TEXHOJOTISA. 3p03yMisio, IO BUTpATH Ha Hel
3aXMapHi, aje Ha MOYaTKOBOMY eTami (po3poOka, BIPOBAaKEHHs). TUM HE MeHI,
nedInUT eHeprii y MoeaHaHHI 3 TOCTPOO HEOOXIMHICTIO 3HU3HUTH TI00aIbHI BUKUIH
MapHUKOBUX Ta3iB CTAIOTh OCTaHHIM MOIITOBXOM [7], HEOOXITHUM ISl TOTO, 100
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HaJaTh NPUIUIMBY IIIAHC OTPUMATH KOHKYPEHTHY Me€peBary Ha €EHEPreTUYHUX
pUHKAX.

Hapa3i Butpatm Ha Hei Bxe mMamaroTh. BoHa 3a BapTICTIO BXKE MOXKeE
KOHKYPYBaTH 3 JU3CJIbHUMH €JICKTPOCTAHIISIMUA, Mal4¥ IpU IbOMY 3HA4HI
nepeBaru. Hemae cymHIBIB, 1€ BHpIIIEHHsS 0aratbox MpoOJieM Uil BiamajieHuX i
OCTPIBHUX HACENEeHUX IyHKTIB, KyJIud T€HEPYETbCS EHEPrisi 3a paxyHOK 3aBO3Y
AN3eIbHOTO ManuBa. Y MallOyTHOMY NpPUIMBHA E€HEPris CTaHe JCIIEBINOI0, HIXK
€Heprisi aTOMHUX CTaHI[I} Ta CTAHI[I HA BUKOITHOMY TajHBi.

BuchHoBok. Bce 61bI11 cepiio3Hy 3arpo3y il CBITOBOI €KOHOMIKH Ta €KOJIOTii
CTAaHOBHUTh 3MiHa KiiMary. Y 3B'S3Ky 3 I[MM BHHHUKA€ HarajJbHa HEOOXITHICTh
3HaXOJIUTU CTINKI, BITHOBJIIOBAHI Ta €KOJIOTIYHO YHCTI JpKepena eHeprii. OmHa 13
CKJIQIOBUX TEPEXOAY 0 EKOJIOTIYHO YHCTOi €KOHOMIKM € BUKOPHCTAaHHS €HEprii
NpUIUIMBIB Ta BIIIMBIB. lLle HamacTh MOXJIIMBICTH 30UIBIIMTH  BIACOTOK
BIJIHOBJIIOBAHOI €HEPrii B €HEpro3ade3NeuyeHH] MUTJIOBUX KOMIUIEKCIB Y BChOMY
CBITI.
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Abstract. Energy saving, which is the main source of strategic plans for development in
high-cost countries. In matters of energy efficiency, unfortunately, Ukraine still lags
significantly behind the developed world. Despite the existence of a strategy and state
targeted programs, our state, instead of reliably investing in reducing energy consumption,
buys large volumes of gas. Indicators of energy consumption per unit of production in
developed countries are many times lower than in Ukraine. It is necessary to give up the
dominance in the domestic economy of industries with outdated energy-intensive
technologies, to increase the culture of energy consumption among the population, to get
rid of the chronic dependence on the import of energy resources.

Keywords: energy efficiency, alternative energy, independence, renewable sources,
country's potential

AKTYaJbHICTB J0c/iTKeHHsI. [IpoTaroM ocTaHHIX AECATUIITH AUCKYCI MI0JI0
nepeBar Ta IMEpPCIEKTHB BIAHOBIIOBAHUX JDKEpEN €Heprii Hal TpagulliiHUMU He
MPUNUHAIOTHCS. SIK 1 paHilie, mpoTsIroM Iie KUIbKOX JECATKIB POKIB TpaaWLiiHI
JoKepesa eHeprii OyayTh 3aJUIIaTUC OCHOBHUMH. AHa3 MOXIUBOCTI IiJIBUIIICHHS
eHeproe(eKTUBHOCTI €KOHOMIKHM, aKTHBI3allli €Hepro30epekeHHs 3 ypaxXyBaHHSIM
NEPCTIEKTUB BIJHOBIIOBAHOT TeHepallii, CKOpPOYEeHHS CYyOCHUIIA Ha TpaauIliiiHy
€HEpriio, BIUIMBY YMHHHKIB Ha IIBUAKICTh €HEPreTHYHOI TpaHChOpMaIlii JO03BOJIHUTh
MOKa3aTH ILJISIXU JOCATHEHHSI EHEPreTUYHOT HE3aJIeKHOCT1 KpaiHH.,

Metow poGoTM € aHajmi3 OCHOBHUX IMpoOJEeM Ta MEPCHEKTUB PHHKY
aJIbTEPHATUBHOI EHEPTETUKU B YKpaiHi; TECOPETUUHUIN aHAII3 TEHCHIIM M1 BUILICHHS
eHeproe()eKTUBHOCTI  Cy4aCHOI E€KOHOMIKM 3  ypaxyBaHHSIM  MOXJIMBOCTEH
BIJTHOBJIIOBAHOI TeHeparlii, TPaauIlIMHOTO TMajuBa Ta 3aJIy4CHHS albTEePHATHUBHOL
CHEPTeTUKH.

JIJist TOCSTHEHHST €HEPTeTUYHOI HEe3aJIeKHOCTI TTOTPIOHO 3aCTOCOBYBATH 3aXO0IH
IOJI0 €Hepro30epexeHHs, sIK y MPOMHCIOBOCTI Ta 1 y MoOyTi, BUKOPUCTOBYBATU
HAsSBHUM TOTCHITIAN BiJHOBIIOBAHMX Ta aJlbTCPHATHBHUX JPKepea Kpainu. bakaHHs
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pyxaTHCsl B OTHOMY HamnpsIMKY 3 €BpONEHCHKUMH MapTHEPaAMU MiJBUIIY€E IHTEPEC 0
aJbTEPHATUBHOI €HEPTreTUKHU B KpaiHi [1].

VY MaiiOyTHHOMY aJbTEpPHATHBHI JpKepesia eHeprii OyayTh 3a0e3neuyBaTu Maibxe
MOJIOBUHY CBITOBOro momuty. | 1ie nuiine moyaTtok. AKTHUBHICT PUHKY Oyze TiIbKU
3pocTaTuMe, X04a CKENTHUKU CTBEPIKYIOTb, 110 TAKHI MOBOPOT MO € HEpeaTbHUM.
[IpoTe puHOK MOKa3ye XOPOILy IWHAMIKY, YACTKa €HEPrii 3 BIIHOBIIOBAHUX JKEPE
HA PUHKY 3 POKY B PIK aKTUBHO 30UTBIIYETHCS. MU MaeMO MEPEKOHINBY IUHAMIKY TIO
(opMyBaHHIO €HEPIETUYHOTO MMOMUTY, MOIVITHEMO Ha HBOTO.

[lle npexinpka poOKiB TOMY OOJaAHAHHS [Jisi QJIbTEPHATUBHOI EHEPTrEeTUKU
noJieeBIaio B cepenuboMy Ha 18% - 20%, a y nepion 3 2022 poky 1o 2025 poky
Oyne nmemeBiTd 1 craHoBUTUME 30%. 3HM3WIIAcSd BapTICTh HE TIIBKHM CTaHIIIM, a ¢
€IeKTpOCHepPrii, Mo BUpoOIsseThes HUMH [2]. Huska kpaiH BXe€ ITaBHO OTOJIOCHIIA
KOHKYpCH Ha TMpaBo OyayBaTH e€JEKTPOCTaHIIl, NMepeMararoTh TI YYaCHUKH, SKi
MPOMOHYIOTh MEHITY IIIHY peai3anli eHeprii.

Hapasi BapricTh OyAiBHMIITBA COHSIYHOI €JEKTPOCTAHIlI BJIBIYl JCIIEBIIE,
BITPOBI MOJEHICBIIANIA HA YBEPTh. Y HAWOMKYOMY MalOyTHbOMY TaKH THIIA
CTaHII BBOJWTH B €KCIUTyaTallll0 CTaHE 1€ JelIeBIle, COHIYH1 — Ha 55%, BITPOBI —
Ha 25% BIAMOBIIHO.

B ymoBax chOroseHHsI BaKKO NepeadoaunTd, SKUMU OyAyTh LIIHU Ha HaQTy Ta
ras, TOMYy IUIaHYBaTH pPO3BUTOK €KOHOMIKH, W0 0a3yeThbCs Ha TpPaJULIHUX
eHepropecypcax Hapasi Baxko. J[o Toro ok, Il pecypcu OCTaHHIM YacoM
MEPETBOPUIIUCS Ha MOJITUYHUN BIUIMB a0o0 3aci® Oip:koBoi rpu [3]. Tomy HaBITh y
KOPOTKOCTPOKOBIN MEPCIEKTUBI IJIaHYBaTH I[IHOYTBOPEHHS 3 PO3BUTKY €KOHOMIKU
Baxko. [loTpiGeH momryk HOBUX pillieHb, a BIH TOYMHAETHCA TOJI, KOJU CTapi
PIIIICHHS TIEPECTAIOTH MPAIFOBATH.

Puszuku, moB'sa3aHi 13 3a0pyAHEHHSM JOBKUUIS ITHOPYBAaTH HEMOKJIIWBO, HE
JO3BOJISIIOTH 116 POOWUTHM AaHOMaJIbHI OPUPOAHI 3MiHM. TomMy oOJHA 3a OZHOIO
3'SIBJSIOTBCS JIEpKaBHI TPOrpaMH, sKlI CHPSIMOBAHI HAa CKOPOYEHHS CIIOXWBaHHS
Ha(TOMPOIYKTIB Ta ITHIIMX BUAIB MPUPOJHOTO NaINBa, MAKCUMI3ALlll0 BUKOPUCTAHHS
HasiBHUX pecypciB. Taki mporpamMu NpHITYyCKarOTh BIIMOBY BiJ IUIACTUKY, BTOPUHHY
nepepoOKy pEYoBHMH Ta MaTepiamiB, Iepexis Ha TriOpuaHi aBTOMOOLM Ta
BIJIHOBJIFOBAHI JKepelia eHeprii.

VY neskux kpaiHax BapTICTh BUPOOHMIITBA €JICKTPUKU 13 COHSIYHOI €HEpTii BxKe
3piBHsJIACS 3 PO3APIOHUMU I[IHAMU Ha €JIEKTPOEHEPrito y moOyTi, KOMEPIIHHOMY Ta
OPOMHUCIIOBOMY CEerMeHTax puHKy. Taki gepxkaBu, sik Anouig, [Hnmis, aepxaBu
Ckannunagii, Icnaniss, Himeuuuna, Itamis, CIIIA, Kutaii BXe OIIHWIU TepeBaru
albTepHATUBHOI eHepreTuku. Ha ixHi0 wacTky mpumanae O0ims3bko 80% CBITOBHX
notyxHocteil [4]. Onuparoduch Ha MPAKTUKY BUIIEIIEPEPAXOBAHUX JIEPKAB MOXKHA
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CTBEPJKYBaTH, albTEPHATHBHA EHEpreTUKa Moxe OyTH peHTa0enbHOo 0e3
J0JIaTKOBOI MIATPUMKHU.

B Vkpaini, nmoku mo, Jokepenaa €Heprii, 10 TOMOBHIOIOTHCS, HE 3alMaloTh
CYTT€BOI YaCTKH, ajie¢ iX PO3BUTOK He3anepeyHuil. 3 MOoYyaTKy IECATUIITTS 4YacTKa
BiJTHOBJIIOBAJIbHOI E€HEPreTUKH 3pocia Maibke BaBiul. [{ns Hac omnTumanbHe
BUKOPHUCTAHHA €HEeprii COHILIA, BITpY Ta OiomacH [5].

MoHonosi30BaHui PUHOK YKPaiHChKOI COHSYHOI eHepreTuku y 20-x pokax 21
CTOJITTS cTaB po3BuBatucs, y 2014 pori Oynu BCTaHOBJIEHI HOBI «3€J€HD» Tapudu,
YKpaiHChKlI Ta 3apyOiHI 1HBECTOPH 3BEPHYJH yBary Ha JaHUM CETMEHT (COHSYHY
eHepreTuky). KibKICTh BBEIGHMX B €KCIUTyaTallle CTaHIIH COHSYHOI E€HEePreTHUKH
PI13KO 30UJIBIIICHO.

HesBakaroun Ha Te, 110 COHSYHA €HEpPreTHKa € BITHOCHO HOBOIO Taly33i0 B
VYkpaiHi, i TeMIK pPO3BUTKY HaA3BHYallHO BHUCOKI. Jl0 po3TanmryBaHHS COHSYHUX
€JIEKTPOCTAaHIIIN yCs TEpUTOPIs HAIIOI Jep>kaBu npujatHa. Hailoinbm cupusTInBUMU
€ MIBJEHHI PerioHn YKpainu, ue 3anopi3bka, MukonaiBcbka, Onecbka, XepcoHChKa
o0nacTi Ha SKUM 30CepemkeHo TMoHah S55% MPOMHCIOBUX CTaHIIM COHSYHOI
enepretuku (CEC).

CporoHi, BBaXKA€ThCs, 110 Halla Jep)KaBa Ma€ OJUH 3 HAWBUUIMX TEMIIIB
PO3BUTKY COHSYHOI eHepreThku B €Bpormi. Haxanb BTOPrHEHHs arpecopa 3aBaajio
3HA4YHOI IIKOU rany3i [6]. Ha miBIHI ChOTrOJIHI TPUBAIOTh aKTUBHI OOMOBI JIii, Ha 11
TEPUTOPIi 3HAXOAUTHCS 1Bl TpeTuHU yKpaiHcbkux CEC, npubmmsHo 25% coHsuHuX
€JIEKTPOCTaHLIA CbOTOJIHI 3HAXOAUTHCS HA OKYIIOBAHUX TEPUTOPISAX.

He3Bakatoun Ha MIHJIMBI YMOBHM CBhOTOJIEHHSI CEpell HACEJICHHSA IONUT Ha
coHsiuH1 OaTapei 3poctae. Bike Oust 3 THCSY MPUBATHUX TOCIOAAPCTB, BCTAHOBUBIIN
COHSIYHI TIaHEeJN, MPOAA0Th HAJJIUIIKU 3reHepoBaHoi eHeprii. Kpim Toro, € mporpamu
MJIBTOBOTO KPEAUTYBAHHS Ta MOBEPHEHHS 3 00JacHUX OIOKETIB 10 22% pidyHUX 3a
KpeIuTaMu Ha COHSYHI MaHeJi.

[lepcnekTrBHA 1 BITpsiIHA €HEpPreTHKA, aje TEePMIH ii OKYHNHOCTI TyT BUUIIUH.
[TomipHu#i kiiMat B YkpaiHi 3a0e3nedye NOTOKH BITPY, KI BII3HAYAIOTHCS MO BCIA
TEPUTOPIi, 116 NMEPCHEKTUBHO. Bij TOTro KIIBKICTh BITPSHUX T€HEPATOPIB y KpaiHi
3poctae [7]. Bitpoenepreruka mpairoe Ha JIbBiBIIMHI, XapkiBiuHi, JloHeuunHi,
Jlyranmuni, i Bigkputo y JlHimponeTpoBchbki, MukomnaiBcekuii, Opecbkuii Ta
3anopi3bka 00J1acTi.

B Vkpaini nBoma cnoco0aMu BHUKOPHCTOBYIOTH OiloMacy il OJEp>KaHHS
€Heprii: a) nepuuii - nepepoOsioTh TEXHIYHI KyJIbTYpPHU: COHSIIHUK, COI0 Ta PINak;
0) apyruii - mepepoOJIsIIOTh MOOYTOB1 BIAXOMU, BIIXOAM MiANPUEMCTB CLIBCHKOTO
rocrojiapcTBa Ta nepepoOHOi MPOMHUCTOBOCTI.
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Y cimbchbKOMYy TOCTOAApCcTBI  YKpaiHUM BigXxodiB OioMacu JOCTAaTHBO.
[lepepoOkoro 010BiAXOMIB MOXKHa 3a0e3meuuTd ra3zoM 5-6% piuHOi noTpedu
nepsxaBu. biomMacoBi yCTaHOBKM MOKYTh 3HU3UTH 00CsT iMnopty razy Ha 9%-10%.

B Vkpaini npubnuzno 13% manopotouux 3emenb, ix Tpeda BUKOPUCTOBYBATH
JUTSI BUPOIITYBaHHS CIICIIAII30BAaHUX CHEPTeTHYHHUX KYJIbTYp: CHEPreTHYHOI BEepOw,
MICKaHTYyCy, TOTOJII TOIIO. BupolryBaHHS TaKuMX CEHEPTreTUYHUX KYJIbTYp MOXKE
3a6e3MeNTH TIePexia Ha TBEp/E MaTHBO Ta 3aMiHHTH Ha TBEPAE MAIMBO 23 MIpI. M°
ra3y. Lle 1B TpeTHHM CIIOKUBaHHA ra3zy Y KpaiHOIo.

B yMoBax reomoyiTHYHMX PHU3HMKIB 1€ OJUH 13 IIAHCIB JJIs HAIOi Jep>KaBU
3100yTH €HEpreTUYHy He3aldekHICTh. HeoOXiaHICTh BUKOPUCTAHHS aJIbTEPHATUBHOI
€HEpPreTUKu O00OB’A3KOBa, TOMY J€pXaBa MIATPUMYE IMepexif 10 albTEPHATUBHUX
JDKEpeN eHeprii Ta CTUMYJIIOE 1HTepec A0 BUKOPUCTAHHS BIIHOBIIOBAJIBHUX HKEPEI
€HEepPreTMKN KOMIaHisIMH Ta (pi3nyHuMHU ocobamu. Hapasi KiIbKICTH JIILEH30BaHUX
00'€KTIB €NEKTPOCHEPTreTUKH, SIKI BUKOPUCTOBYIOTh aJbTEPHATHBHI JKEpena
301IbImIIacs 10 350 00'exTiB.

VYkpaiHa Mae cTaTyc NOBHOMNPABHOrO 4WieHa MIKHApOAHOrO AareHTcTBa 3
BigHoBroBaHux Jokepen eHeprii  (IRENA). IRENA nmns VYkpainu, 1me HOBI
MOXIJIMBOCTI y 3aJ]y4y€HHI CBITOBHX TMPAaKTUK Ta TEXHOJIOTIM, MOKpAaIIeHHS
1HBECTULIIMHOTO IMIJPKY Hamoi Aep:kaBu. Mu maemo noctyn 10 PoHAy pPO3BUTKY
AOy-/labi (momaemo 3asBKM) IUIsl OTPUMAHHS MiIBIOBHX KPEIUTIB Ha «3CIICHI»
MPOEKTH, CHIbHE (iHaHCYBaHHS MPOEKTIB (50% BapTOCTI MPOEKTY) «3EJICHOI»
CHEPTeTUKH.

Ane, Haxanb, € 1 TaJbMyBaHHS y PO3BHUTKY «3€JIEHOI» CHEPreTHKU: 3aiiBa
Oropokpartu3allis, HeJJOCKOHAJIe 3aKOHOJIABCTBO TOIO. Y PSI MPOTHO3YE, mo a0 2035
POKY YacTKa aJIbTepHATUBHOI €HEPreTUKH B YKpaiHi ctaHoBUTUME 25%. Pesynbratu
aHaI3y PUHKY HalIMMH (axiBUSIMH MEHII ONTUMICTHYHI: 10 03BYY€HOT0 TEPMIHY HE
BapTO OUIKYBaTH HA YACTKY, 1110 niepeBuiye 15%.

OT1xe, B OCTaHH1 ACCATUIITTS, BIIMOBIISIOTHCS BIJ] TPAAUIIIHHUX JKEPEN €HEPrii
1 HaMararTbCsl TOBHICTIO MEPEUTH 10 aJbTEpHATUBHMX. Taka TeHAEHIIs Oyne 1
Hagam. bi3Hec 3 KOXKHUM pPOKOM Bce OuUIbIlIe TOYMHAE PO3YMITH BaKIUBICTh
30epeKEHHSI CTaHy HaBKOJHUIIIHHOTO CEPEJIOBUINA Ta HAMAara€ThCs MIHIMI3yBaTH
HEraTUBHUM BIUIUB CBOET MISJILHOCTI HAa MpUpoay. THcAdl KOMIAHIN y CBITI, a TAKOX
1 B YKpaiHi, cChOro/iHi poOJIATh BHUpIMIAIbHI KPOKHA HA NUIIXY JO0 €KOJIOTi3aIlli CBOTO
BUPOOHUIITBA.

I'moGanpHuii mporec TpaHchopMallii €IEKTPOSHEPIeTUYHOTO CEeKTOpa He
001if110B 1 YKpainy, naHyoya TeHJEHIISl CbOTOJICHHS - TIepeX1]] Ha BUPOOHUIITBO Ta
BUKOPHUCTAHHS aJIbTEPHATUBHOI eHeprii. BUKOpUCTaHHS albTepHATUBHOI €HEPTETUKU
Ta €HEProe(PEKTUBHOCTI JO3BOJIATH SK 3a0MIATATH KOIITH, TaK 1 MIABUIIATH SKICTh

110



eHepromnocTtadyanHsi. Hapasi momynspHICTh albTepHATUBHUX METOJIB T€HEPYyBaHHS
eJIEKTPUKHU Oe3MepepBHO 3pOcTae, Tak Oy/e 1 Haaal.
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AOCJIIZKEHHSI THIIIB TA KJIIOYOBUX ITAPAMETPIB IHBEPTOPIB
COHAYHUX EJEKTPOCTAHIIN JOMOI'OCIIOJAPCTB
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STUDY OF TYPES AND KEY PARAMETERS OF HOUSEHOLD
SOLAR POWER PLANTS INVERTERS

Levitsky M.E.— bachelor's student, mishauserO@gmail.com
Moroz O.M.— Doctor of Technical Sciences, Professor, moroz.an@ukr.net
State Biotechnological University
Ukraine, Kharkiv

Abstract. The situation in Ukraine's energy sector is critical due to constant missile and
bomb attacks by Russian troops on energy facilities, resulting in a shortage of energy that
leads to constant disconnections of consumers from the grid. The electricity shortage can be
partially covered by solar power plants, including households. Reliable operation of a solar
power plant is possible only with the right choice of inverter, the key parameters of which
are power, number of phases, initial, maximum and rated voltages, monitoring functions
and other parameters. Currently, it is advisable to build solar power plants with a hybrid
inverter.

Keywords: Household solar power plant, net billing, inverter types, inverter parameters

AKTYaJBHICTh JOC/TIIKEeHHSA 3yMOBJICHA IIUPOKUM OYAIBHUITBOM COHSYHHMX
enekTpoctannii  jpomorocrnogapcts  (CECn) B Vkpaini i 3a0e3nedeHHS
ABTOHOMHOCTI TPH BIAKIIOYEHHSX €JIEKTPUYHOI €HEeprii, a TaKoXX OTPUMAaHHS
JOJIATKOBUX JIOXOJIB 32 PaxyHOK MNPOAAKI HAJIMIIKIB E€JIEKTPUYHOI EHeprii 3a
«3eneHnMy» Tapudom abo MeXaHi3MOM CaMOBUPOOHHUIITBA €IEKTpHUYHOI eHeprii (net
billing).

Metow pobotu € gocnimpxeHHs TumiB iHBepTopiB misi CECx Ta ximouoBux
napameTpiB 3a SKUMHU OOMPAIOThCA IHBEPTOPH JIJISl ITUX CTAHIIIN.

Bracniiok cucTeMaTMYHMX Ta IUIECHPSIMOBAHUX OOCTPUIIB E€HEPreTUYHUX
00’€exTiB YKpaiHU pOCIMCHKMMH BifiCbKaMM BHHUK 3HAYHUN JEPIUT €IEKTPUYHOI
€Heprii, AKUd MOXKJIMBO YacCTKOBO 3aJOBUIBHUTH 3a PaxyHOK BIJHOBIIOBAJIbHHUX
JOKEpeN €Heprii, 30KpeMa COHSYHMX eJiekTpocTaHiii B Tomy uyuciai 1 CECnh.
Crparerist po3BUTKY po3moiieHoi reHeparlii Ha nepiof g0 2035 poky [1] mependauae
3a0XO0UYCHHS CyO’€KTIB TOCIOJAPIOBAHHS MPUBATHOI (POpMU BIIACHOCTI OyHIBHHUIITBA
Ta BBEJEHHS B €KCIUTyaTallil0 YCIX BHJIB PO3MOJUICHOT TeHepallii 30KkpemMa IMUIIXOM
noctynHoro kpenutyBanHs. [lepeBaramu OymiBaunitBa CECx e Taki ¢akropwu, sk
MaJjii TepMiHM OYJ1BHUIITBA Ta BBEJECHHS B €KCILTyaTallilo.
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CECn noninstoTecsl Ha Pi3HI TUMH B 3aJI€KHOCTI Bl CIOCOOY MiJIKIIOUEHHS 1X
710 eHEPTOCUCTEMH, 30KpeMa:

1) Aemonomui (off-grid) CEC. LJi cmanyii ne nioxkmoueni 00 3a2aibHOi
eHepeomepexci I 3abe3neuylomv — eHepeemuyH)y  He3AJledHCHICMb
oomoeocnooapcmea.  OcHosnumu  enemenmamu maxkux CEC €
Gpomoenexmpuuni  mooyni (@EM), ineepmopu ma axymyaisimopHi
bamapei (AKB) ons 30epicanns enekmpoernepeii.

2) Mepeoicesi (grid-tied) CEC. Taxi cmanyii nioxkmoueni 00 3a2aibHoOi
eHepeocucmemu. 32eHeposana eleKmpoenepeis UKOPUCO8YEMbCsL Ol
gnacnux nompe6 J[I', a naoauwky mMoxcymos Oymu nepeoami 8 mepeicy.
L]e 0o36ons¢e enacnuxy CEC ompumysamu KomMneHcayito 3a 8iOnyujeH)y 6
Mepedxicy eleKmpoeHepeito 3a 00nomo20io mexanizmy net billing [2] abo
3a «3e1eHumM» mapugpom.

3) libpuoni (hybrid systems) CEC. Taxi CEC nio’eonani 0o 3azanvhol
Mmepedci i maiomb y coemy cknadi PEM, ineepmopu ma AKB. Pexxcumu
pobomu AKE makoi cmanyii 3anexcamov 8i0 YiHU eleKMPUYHOL eHepeil
i3 3a2anbHOi Mepedci, YiHu elekmpoenepeii Ha puHKy Ha 000y Hanepeo
(P/[H), npocno3zis 8iOKMOUeHb 3a2anibHOI Mepedici, MAKCUMANbHUX ma
MIHIMANbHUX — piHie 3apsady obamapet, HAABHOCMI 002080py HA
NIOKIIOYeHH s bacamomapughrozo JIYUTbHUKA, MONCIUBOCMI
peayrnrosamu earekmpocnodicusars /1.

B 3anmexnocti Bin tnmy CEC JII' BUKOPUCTOBYIOTBCSI TaKl THUIIM 1HBEPTOPIB:
aBroHoMHuui iHBepTop (Off-Grid Inverter), mepexesuii inBeptop (Grid-Tied Inverter)
ta TiOpumauit iHBeptop (Hybrid Inverter), sxi MaroTh CBOi  yHIKaJbHI
xapaktepuctuku [3, 4]. KirouoBumm mnapamerpaM, 3a SKHMHU BHOUPAIOTHCS
iuBepTopu uisi CECn € Taki mapametpu [5]:

1) Tun CECO (asmonomna, mepesicesa, 2iopuona).

2) [lomyoicnicmo  ineepmopa, sika nosunna cmanosumu 80-90% 6io

Mmakcumanvroi nomyscnocmi ecix PEM, axi exoosms 0o cknady CEC.

3) Kinvkicme az (1-o ¢aszui nioxoosms 011 00MO20CHO0APCME 3
Hagaumaxcenuam 0o 10-12 kBm, 3-u ¢asni — 015 Oinbd NOMYHCHUX
CEC).

4) KK/1, six npasuno ye 95-98%.

5) Ilouamkoea, Hominanbha ma Mmakcumaivha Hanpyeu. Ilouamkosa
Hanpyea ye Hampyea npu AKiU IHEEpmMOp NOYUHAE C80H pobOmY,
HOMIHAIbHA HANpyea — Hanpyea 3 AKOoi0 IHEepmop Modice npayiosamu
MPUBAIUL 4ac, MAKCUMANbHA HANPY2a — HANPY2a HA 6X00i 8i0 CMpIH2Y
DEM.

6) Pobouuii oianazon nanpye MPPT.

7) Maxcumanohutl 6xXiOHUiL cmpym ma Cmpym KOPOMKO 3AMUKAHHS HA
MPPT.

8) Kinvkicmo MPP mpexepis.

9) Makcumanvha Kinbkicmo 6xodie na MPP mpexkep.

10) Hominanbha 6uxiona nomyxichHicmes ma Hanpyeq.
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11) Makcumanvruil guxionui cmpym.

12) Hominanvna uacmoma cmpymy.

13) [ianazon pobouux memnepamyp.

14) Cnoci6 oxonoodxcenns (011 CECO ye sik npasuio npupoona Koneexkyis).

15) @yukyii monimopuney — ye modnce Oymu K JOKATbHUL MOHIMOPUHE
(uepe3 ekpan ineepmopa), max i OUCMAHYIUHULL OOCmMyn uepes
inmepHem ab6o MoOibHI dodamku, wjo 0o3eojse eracHukam CECO
giocmeoicysamu egpekmusnicms ii pobomu, ompumyeamu iHghopmayiro
npo NOMeHYitHi npoodiemMuy ma OnmuMi3y8amu CNONCUBAHHS eHepail 3d
PAxXyHOK inmezpayii 11020 6 cCucmemy «po3yMHO20 0YOUHKY».

16) Posmipu (nosunni 6ionogioamu OOCMYNHOMY NPOCMOPY Ol U020
PpOo3Miyents) ma eaeq.

17) Ilepioo eapanmii, penymayisi 8upoOHUKA MA HAAGHICMb CEPBICHO20
006cnyeo8ysants 6 Ykpaii.

18) Lina.

BucnoBok. B pe3ynbpTaTi MpOBEAEHOTO JOCIHIKEHHS BU3HAYEHO, IO THII
imBepropa it CECpa  3amexuTs Big 1muted OyaiBHuMITBAa craHmii. Kirodosi
napameTpu, 3a SKUMH OOHUpAEThCS I1HBEPTOP, 3aJCKHUTHh BIJ MOTY>KHOCTI CTaHIIII,
KUIBKOCT1 (a3, HANpyru CTPIHTIB (POTOENEKTPUYHUX MOAYJIB, KiibkocTi MPP
TpekepiB, (YHKILIM MOHITOPUHTY, a TaKOX MeploAy TrapaHTiii, OpeHAy Ta IIHHU.
BpaxoByroun cuTyalil0o B €HEPreTUYHId ramy3i YKpaiHu Ha pas3l JOLUIBHUM €
Bcta"oBieHHs: CECn 3 riopugauMm iHBepTOopoM Ta AKB.
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Abstract. The unsteady heat transfer of an electric cable with single- and multilayer
electrical and thermal insulation under the action of high-enthalpy gas flows, low
temperatures, electromagnetic fields, as well as under conditions of electric explosion
caused by the action of high-density pulsed currents is considered. The algorithms for
calculating the thermal modes of electric cables based on the methods of successive
intervals and finite differences are proposed. The results of parametric studies and
comparison with experimental data are presented. The requirements for ensuring reliable
operation of cable structures under extreme operating conditions are established,
Keywords: cable line, electro-thermal insulation, conjugate problem, mathematical model,
unsteady heat exchange

AKTYAJBbHICTh JOCJTiI2KeHHsI 3yMOBJICHA IMIJABUIIEHHSIM BUMOT 10 HAAIMHOCTI
Ta JIOBIOBIYHOCTI BUCOKOHABAHTAKEHUX BY3J11B 00JIaJHAHHS, TPUBAJIOTO CTPYMOBOIO
HaBaHTAXXEHHSI KaOeNbHUX JiHIM. BaxiuBe 3HaueHHs HaOyBalOTh 3a/adi, MOB'sI3aH1 3
HAWTIOBHIIIUM  BpaxyBaHHSIM  yCiX  (DI3UKO-MEXaHIYHUX, EJIEKTPOTEXHIYHUX,
TEIJIOTEXHIYHUX YMHHHUKIB, 10 Oe3MocepeHh0 BIUIMBAIOTH HA PO3PaxyHKOBI
PECYPCHI XapaKTEePUCTUKU cucTeMu. Jlo OAHIET 3 HUX HAJICKUTH 3a/1aua 3HAXO/KCHHS
TEMIIEpaTypHOTO ToJisl. BU3HaUYeHHS TeMIEpaTypHUX IMOJIB €IEMEHTIB KOHCTPYKIIIH
I1]] Yyac BIUIMBY Ha HMX IOJIB PI3HOI (P13MUHOT MPUPOJIM BUMArae po3B'si3aHHS LIJIOT0
KOMIUJIEKCY B3a€MOIOB'SI3aHUX 3a/lay Ta30BOi JUHAMIKH, €JIEKTPOJAMHAMIKU, Teopii
TEIJIONPOBITHOCTI, TOOTO, PO3B'A3aHHS 30BHIIIHIX 3324 CHPSKEHOTO TEIJI000MIHY,
MOB'SI3aHUX 13 MPOIECAMH 3MIHU CTaHY €JIEKTPOI30JIALlii CKIAAHOTO CKIIATy IMiJ i€
arpeCUBHUX YMHHUKIB. EkxcrnepuMmeHTanpbHe BHBYCHHS IIi€1 B3aeMOIli BUMAarae
JIOpPOTUX, CKJIAJHUX 1 TPUBAIUX BUMPOOYBaHb, TOMY OCOOJMBO aKTyaJlbHUM €
JuceIbHe MOJISTIOBaHHS X mporiecis [1,2,3.4,5].
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Meto10 po00TH € AOCHIIKEHHS HECTALIOHAPHOTO TETIOOOMIHY €JIEKTPHUUYHOTO
Ka0eJo B CIOJIyYeH1N TIOCTAHOBIIl B YMOBAX BIUIMBY BUCOKOEHTAJIBIINMHUX Ia30BUX
IOTOKIB, HHU3bKHX TEMIIEpATyp, EJIEKTPOMAarHiTHUX IIOJIIB, a TaK0X B YyMOBax
€JICKTPUYHOIO BHOYXY MiJ Jdi€l0 IMIYJbCHUX  CTPYMIB BHCOKOi HIIJIBHOCTI.
BpaxyBaHHS HEOTHOPIAHOCTI MPOTIKAHHS OIIBIIOCTI MPOIIECIB il Yac PO3B'sI3aHHS
3aJa4 y Takid CKJIaJHIA CHOMydeHId TOCTAHOBII TMPECTABISA€ TPYAHOLI 3
MaTEMaTHYHOTO Ta OOYHUCIIOBANIBHOTO TMOTMSAY. ToMy BHHHMKAE HEOOXITHICTh
pO3pOOJICHHS  aJITOPUTMIB  PO3B'SI3aHHSA  CIOJIYYEHUX  3a7ad  TEIUIOOOMIiHY,
3aCHOBAHUX Ha PI3HUX MaTeMaTHUYHUX CHPOLICHHAX MaTeMAaTUYHOI MOCTaHOBKHU
3ama4 [1,2].

[IpencraBieHO MaTeMaTU4YHY MOJEIb 33Jadl PO3paxyHKy TeMIEpaTypHUX
TMOJIIB EJEKTPUYHHUX KabeliB. Y po3B'si3aHHI HENIHIMHOTO PIBHAHHSA, 110 OMHUCYE LIeH
MpOoILIEC, BPaXOBaHO HEOAHOPIAHI YMOBU. BOHM XapaKTepH3yIOTh HASIBHICTH PI3HUX
30BHIIIHIX 1 BHYTPIIIHIX BIUIMBIB Ha CKJIa/I0B1 €IEMEHTH KOHCTPYKIIIi KaOeJto.

MareMaTtiyHa MOJENb HENIHIAHOI 3a/Jayl HECTALIIOHAPHOI TEIJIONPOBIIHOCTI
JUIA CKJIAJICHOI CHCTEMH 3 HElJealbHUM TEIJIOBUM KOHTAKTOM Ha CTHKaX MICTHUTh
BHpPAa3 MOTY>KHOCTI BHYTPIIIHIX JPKepen Teria.

N
F(x,,T,7)= ZWV, ;(X,,T,,7) me N — KinbKicTh BIUIMBIB.
i1

[ToTy>kHICTh BHYTPIIIHIX JpKepen (CTOKIB) TeIia sIBJsi€ COOOI0 CYIEPIO3UIII0
MOTYXHOCTI JIKEepeN Terlia, 0 € HACHIJIKOM BIUIMBY Ha KOHCTPYKIIIO IMOMIB Pi3HOL
¢b13U4HOI MpUpoIU. 3aNPOIIOHOBAHO B PIBHSHHI TEIUIONPOBIAHOCTI 3 BIANOBIIHUMHU
IPAaHUYHAMH Ta TMMOYATKOBUMH YMOBaMH TEIJIOBHUH e(EKT BIUIMBY ITMX IOJIB Ha
eJIEMEHTH KOHCTPYKLilM BpaxoByBaTH y BUrisi mxepena temaa W(X, Fo).

@da30Bi MEpeTBOpPEHHST B MaTepialii Kabelro BpaxOBYEMO Y  BUIJIIL

: : 2
W, . (x,.T,,7,); JUKOYJIEBI TEIIOBU/IIIEHHS W ,(x,,T,,7)=I'R,

2 . .o .
W (X, T,,7)=1"R,__-, ne RW_- Omp >KWIH IMOCTIHHOMY CTpyMy 3a po0Oodoi
TEMIIEpATypH, - RMN OIMp KUK Ha 3MIHHOMY CTPYyMi, 3a SIKOTO BTpaTd B KU

3pOCTalOTh 4Yepe3 30UIBLIEHHS ONOpYy, CHPUYMHEHOIO NOBEPXHEBUM €(EeKTOM 1
epexkrom Ommspkocti. W,,(x,,T,,7)=1tgSU —Temno, IO BUAIIAETECA YEpe3
TieNEeKTPUYHI BTpATH B i30Jsiwil, e | - eMHicHa cuia cTpyMy Ta tgd - TaHreHe KyTta

mienexktpuyHux BTpar, U - miroua Hanpyra B kaOemi [5]. Jlns pamiogactoTHOTO

. . -2a1
KOAaKClaJIbHOTO Kabelrro JOKEpeia TCIUIa BU3HAYAIOTh 13 BHPA3y WV5 = PO e e o-

KOe(iI[iEHT 3aracaHHs, Z-KOOpAWHATa MO JOBXHHI Kabemo [5]. Y maremaTwuHiit
MOJeNl IO po3risfaeTbes, rpaHudHl QyHkuii f,(z),(1=0;1), 3aneKHO BiA TUILY

IPAaHUYHUX YMOB € TEMIIEPATypoOl0 IMOBEPXHi, TEMIEPaTypOr HABKOIUIIHbOIO
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cepenoBua, TeriosuM notokoM; @ (T,7)- npuseneni koedilieHTn TemmooGMiny
Ha 30BHIIIHIX ITOBEPXHAX CUCTEMHU. BBakaroun KoeQili€HTH «;,h;,M, B PIBHSHHI

TaKUMHU, 110 JOpiBHIOOTH 0 a00 +1, MaeMO rpaHUYHI YMOBH MEPIIOTO-TPETHOIO POAY
1 pi3H1 IXHI TOE€THAHHS.
VY pasi 1eanbHOTrO TEIUIOBOIO KOHTAKTY B pIBHAHHI «, =0; f,(R ,T,7)=0.

3a HasABHOCTI TEPMIYHOTO OMOPY Ha CTHKY mmiapiB [4] «, =1, GyHKIIs

f,(R,.T.7)=w,,,(R,,T,7) Xapakrepusye [pKepena ab0 CTOKM TeIla Ha KOHTAKTI

mapiB, SKi BH3HAYalOThCA 3a CIIBBIIHOLICHHSIMHU JUIS Wv, ja60 3a JaHUMH

EKCIIEpUMEHTY. 3ajada MoKe OyTH BHpilIeHAa HAOIMKCHHUMH aHATITUYHAMU Ta
YHCEIILHUMU MeToAaMH. [4]

OnHuM 13 TIAXOIB J0 PO3B'S3aHHA HENMHIMHUX 3a7a4 TEIUIOMPOBIAHOCTI €
METOJ TOCHIIOBHUX iHTepBamiB [1], sikuii mossirae B po30HWBIII Yacy MpoIEeCy Ha
KIHIIEBl 1HTEpBAIM, Y KOXKHOMY 3 SIKHUX XapaKTEPUCTUKU MaTepially, BHYTPIIIHI
JoKepena Teria Ta KoedillleHTH TeIUIOBIIadul € MOCTIHHUMH. Y TakKili TOCTaHOBIII
HEJIHIMHA 3aJja4a TEIJIONPOBITHOCTI 3BOAUTHCS 10 CYKYIMHOCTI PO3B'A3KIB JIIHIMHUX
3a/1a4 i3 Pi3HUMHU MMOYATKOBUMH Ta TPAHUYHUMHU yMOBAMU ISl KOKHOTO 1HTEPBATY
yacy. BHUKOpPHCTOBYIOUM PO3B'S30K JIIHIMHOI 3a/adl TEIUIONPOBIIHOCTI, PO3B'A30K
MOCTABJIEHOI 3a/1a4l 3aMMIIEMO y BUTJISI1

t,;(x,7)= Z S [ i (%), (pn}g<”>(r)+ZE (x, p)exp(p,7) ¢+ 7 (x,7), ()

i=1 ({n=0
ne dymxii 075 (2), @, b 00, Q1 [0 (00,0, ] (x02), B (6P, T (%07),
BU3HAYAIOTHCS 3a CIIBBIIHOIICHHAMH, HaBeAeHUMH B [1].

Po3s'szanns (1) mae 3Mory OTpUMaTH TeMIIEpaTypHE TIOJ€ EIEKTPHYHOIO
Kabeno 3a MOro pi3HUMH mepepizaMu. 3a HEOOXIAHOCTI AOCIIJKEHHS PO3MOJLTY
TEeMIepaTyp MO AOBXHHI KaOeyro, He0OOX1THO BUKOPUCTOBYBATH YMCEJIbHI METO/IH,
OCKUTBKH MOYJIMBOCTI BUKOpHUCTaHHS pimneHHs (1) oOMexeHi.

Sx mpuknam AOCTIIKEHO TEMIEpaTypHE II0JIe CTPyMOBBOAa (CKIIAIEHOTO
CTPHIKHS) KPYIJIOTO MOIEPEHOro mepepisy 3 Mixi 3 posmipamu 1, =1, = 610"m 1 h
=R/2 = 410° M. Ha TOpWIX CTPHXHIB 3aJaHO TIPaHHYHI YMOBH 3-TO POAY 3
koedimienramu  teroBimmayi oy = 20 1 o, = 500 Br/m? rpa.
JIJist BU3HAYEHHST TEMIIEPATYPHUX TIOJTIB CHCTEMH CTPUKHIB BUOUPAEMO ONTUMAJIbHE
3HaUYEHHA 1HTepBasly 4acy. Ilim dYac CTpyMOBHMX HaBaHTaXXEHb 3aJIEKHICTh
TEMIIEpaTypyd CTPWKHS Bil Yacy HaBaHTAKCHHSI Ma€ PI3KO  BHpPAXKEHY
HECTAaIl[IOHAPHICTh. Y 3B'SI3KY 3 IIUM 13 JIEIKOTO MOMEHTY 4acy BUHHMKA€ HEOOX1THICTh
y 3MEHIIIEHHI YaCOBOTO 1HTEPBAIY.
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[Ipu po3paxyHKy BBa)XKa€emMo, IO  TEIJIO(PI3WYHI XapaKTEPUCTUKH MaTepiairy
nocTiitai B inTeppamax AFO =1 10" wacy, a mpupict wacy AFO ji B IHTEpBAI AFo J-

. . | ) -1 . .
BapitoBaBcs Bijg 110 go 1° 10™. 3i 30UIbLIEHHSIM Yacy CTPYMOBOI'O HaBaHTAKEHHS
noxuOKa po3paxyHKiB 3pocTae. BusHadeHOo, IO ONTUMAJIBLHUM € TPHUPICT

AFo,, =110 .

PesynpTat po3paxyHKIB TEMIEPAaTypHOTO TMOJNS 3a PI3HUX CTPYMOBHUX
HABaHTa)XCHb, OTPUMAHUX METOJOM TMOCIIJOBHUX IHTEpPBAJiB 1 3a JOIMOMOTOIO
METOJly CKIHYEHHHUX Pi3HUILIb, CBIAYUTH MPO iX 3aOBUIBHUMN 30iT.

Temnmepatypui mpodisi  CTpyMOBBOAA MO  JOBXHHI  CTPHXKHS — MaJio
BIIPI3HSIOTBCA OJIMH BiJl OJHOro 3a Mmanmux cTpyMiB. Ilpu ctpymi 1500 A
CIIOCTEPIraeThCsl ICTOTHE 3POCTaHHS TEMIIEpaTypH TEIUIOBOTO KIHLS CTPYMOBBOJA.
Ha nepmomy cTpuxHi 3 60Ky HOTro XOJIOJHOTO KIiHIIS TPaieHT TeMIepaTypu Majuil.
OTpuMaHi pe3ynbTaTu JAl0Th 3MOry BUOpaTH ONTHUMAaJbHI T€OMETPUYHI MapaMeTpu
CTPYMOBBO/IA 1 peKUMH CTPYMOBOTO HABAaHTA>KEHHSI.

TeruoHanpy>keHi NOBEPXHI €JIEMEHTIB KOHCTPYKIIIM KaOeaiB HEOOX1AHO TEIIo
13omoBaru. [lo-niepie, s 3a0e3ne4eHHs Npane3aaTHOCTI OKPEMUX €JIEMEHTIB
abo Bci€l KOHCTPYKIlli, 3amoOiraHHs BIUIMBY Ha HUX BHCOKHX TeMIiepatyp abo
TEIUIOBUX IOTOKIB BEIMKOI MUTOMOI LIIbHOCTI. [lo-apyre, A 3MEHILIEHHS BTpaT
TEeIula, 30€peXEeHHs] BUCOKOIO EJIEKTPUYHOIO MOTEHLIaNTy, MIATPUMAHHS 3aJlaHOTrO
TEIUIOBOTO PEXUMY poOOTH. SIK mpuKiIax po3risHYTO HPOIpiBaHHS €JIEKTPUYHOTO
ka0emo mMiJ 4Yac HarpiBaHHS BHCOKOCHTAJbIIMHMM MOTOKOM Tra3y. 3OBHIIIHIA
JNONATKOBHM TEIUIOBUM BIUIMB, MOXE MAaTH pi3Hy (I3MYHy MpUPOLY Ta
XapaKTepU3yeThCsl TEIUIOBUM IOTOKOM ((X), Koe(ilieHTaMu TervioBigaavl «, (7),

TEMIEPATypOI0 30BHIIIHBOIO IOTOKY rasy, mo HaOirae. T (r). Kpim Toro, mix

eJIeMEHTaMH KOHCTPYKIIiii MOXe BinbyBaTHcs mpoMeHnucTHii Temmmooomin. o 7=90c
TeMIeparypa ra3y BIJNOBiJa€ TeMmIepaTypl HABKOJHUIIHBOTO cepeloBuIla. Takum
YUHOM, 30BHIIIHIN TEIJIOBUH BIUIMB Ha €JIEMEHTH KOHCTPYKIIIA MOJYKHA 3aIUCaTH y
BUTJISIII

—A, 6T/6n|n =a,(7) [Tr (r)-T, (T)] +q(r)—eo T,
1€ & - CTYIIHb YOPHOTH 30BHIIIHBOI TOBEPXHI KaOeIto.

PiBHSHHS TEMIOMPOBIAHOCTI IS KaOearo 3 0araTomapoBUM TETUIO3aXHCHUM
MOKPUTTSIM 3aMMHUCYETHCS B 3aTalIbHOMY BUTJISAI

o, T . OT 0 ,.0T v
AT) - 0Ty 90 T I,
ot or ot ot
7€ B pa3i 3MIHHHUX TEIUIO(I3UIHUX XapaKTEPUCTHK MaTepiaiiB IIapiB 3HAYCHHS

. e . * Ak K . o e
xoedimientip 0,C, 0, BusHAUAIOTBCA cHcTeMOIO piBHOCTEH i3 3HAUEHHAMHU p_,C A
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I'YCTHUHH, TEIUIOEMHOCTI1, KOe(IIli€HTa TEIJIONPOBIAHOCTI U1 M-TO Mapy, V - 1HAEKC
cuctemu KoopauHat (v =0,1 BIAMOBIAHO JJIs TIJIOCKOT Ta MUJTHIAPUIHOT CUCTEM).
3araJibHUN BUTJIS[ YMOB Ha CTHKAaX 3 ypaxXyBaHHSAM KOHTAaKTHUX TEPMIYHHX
OTOpIB Yy (PI3UKO-XIMIYHUX TEPETBOPEHHAX, IO CYIPOBOKYIOTHCS BHUIIJICHHSIM
(mOrnMHAHHAM) TEIJIOTH HaBeAeHO B [4], AeR_=~ - 3HadeHHA Koe(ill€eHTa

KOHTAKTHOTO TEPMIYHOI'O OHOpY A M-TO CTUKY; W, - 3HAQUYEHHS IOTYXXHOCTI

JoKepena (CTOKY) TeIjia Ha M — HOMY CTHKY.
I'pannuHi ymMmOBH Ha oci kabento — A, T, /or =0,r = 0.

Sx uWcenbHMA TPUKIAA JOCIIIHKEHO TEeMIIepaTypHI TOJs KabemB 3
0araToapoBOIO 130JAII€I0. AHANI3 PE3yNbTaTiB PO3paxyHKy TeMIepaTypHUX MOJIB
enexktpuunoro kademo tuny KIInTgBIIT-150 3 migaumu CITDK 1 koMOiHOBaHOIO
TEIJIO130JIAIIIE€I0 TTOKa3y€e, M0 HE3HAYHE 30UIbIIEHHS OJHOIO IHapy TerI0i30JIsIii
3MEHIIIY€ TETUIO-HANPYKEHICTh TEIIOBOI 130JIA1111 €EKTPUYHOTO KAOEIIO .

BucHoBok. 3ampomoHOBaHI  aJrOPUTMU  JIal0Th  3MOTY  pO3paxyBaTH
HECTAI[lOHApHUN TEMmI000OMIH Yy KaOedl HEe3aJleXHO BiJ THUIY KOHTAKTIB MIX
Marepiajgamu IIapiB, BUJy TPAaHUYHUX YMOB Ha 30BHIIIHIA MEXI1, KUIBKOCTI IIapiB
TEIJI0130J1A1111, 3aKOHIB 3aBAaHHs KOe(illleHTa TEIJIOBI/Iaul, MOTYKHOCT1 JIKepes
Terja BCEpeIuHl MaTepialliB MapiB 1 Ha CTUKaX, KOEPIIIE€HTIB KOHTAKTHOIO
TEPMIYHOTO OIOPY.
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OCOBJIMBOCTI EJIEKTPUYHUX HABAHTAKEHDb
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CHARACTERISTICS OF THE ELECTRICAL LOADS
OF THE STORAGE ROOM OF THE POSTAL DEPOT
Malyi Ya. — postgraduate student, yarikmaly2899@ukr.net
Shvedchikova I. — Doctor of Technical Sciences, Professor, shvedchykova.io@knutd.edu.ua
Kyiv National University of Technology and Design
Ukraine, Kyiv

Abstract. An analytical review of the logistics postal depot is presented. The existing ones
are analyzed and structured classification features. Weight indicators are set priorities.
Current trends are analyzed. This approach ensures the reliability, efficiency, and
productivity of warehouse functioning. Implementation of renewable energy sources at
production enterprises for various purposes is proposed. The search for options for
alternative power supplies for warehouses is becoming especially relevant during martial
law, in conditions of uncertainty, when they carry additional security risks.

Keywords: renewable energy sources, postal depot premises, load, types of depots

AKTyaJIbHICTh JOCJHiIKeHHs1. B cydacHHX ymoBax BiIOyBa€eThCs Mepexia 10
BIIPOBA/KEHHS BIIHOBJIEHUX Jkepen eneprii (BJIE) Ha BupoOHHYMX NIaIpHEMCTBAX
PI3HOTO MIPU3HAYCHHS JJi 3a0€3MeUeHHs OUIbII €KOJIOTTYHUX Ta 0e3MeYHUX YMOB iX
poboTu. Pi3HOBHIOM BUPOOHHUYUX MiANPUEMCTB, PO3TAIIOBAHUX O1JI TPAHCIOPTHO-
JOTICTUYHUX TEHTPIB, € CKIaAChKi Xabu (mpumimieHHs). [lorounuit crtan
(GYHKIIOHYBaHHSI TaKUX 00 €KTIB OOYMOBIIIOE 3POCTaHHS TPYIOBUTPAT Ta BaPTOCTI
poOOUYMX TMPOIECIB Yepe3 3pOCTaHHS I[IH Ha EHeproHocii Ta mepeboi B
enekrpornocravyanHi [1]. ToMy moiryk BapiaHTIB allbTEPHATHBHOTO €JICKTPOKUBIICHHS
CKJIQJICBKUX MPUMIIIEHb € aKTYaJbHOIO 33/1a4€l0.

MeTtor0 po0d0TH € BU3HAYEHHSI TUIIOBOTO MPOMUII0 €IEKTPUYHUX HABAHTAKEHb
CKJIQJICHKOTO MPUMIIIEHHS MOMTOBOTO Jeno. OOrpyHTyBaHHS NMPOQ1II0 HABAHTAKEHb
€ BLKJIUBUM €TanmoM JUisi BHOOpPY JOKEpeNn TeHepallli i aJlbTepHATUBHOTO
€JIEKTPOKUBIICHHSI.

B Vkpaini npuiinata Mi>kKHapoaHa Kiacudikallis CKIaAChKUX HpuMilieHs [2].
Bci ckmanachki mpuMIIEHHSI 3a piBHEM JOCKOHAJIOCTI MOAUISIOThCS Ha 6 KiaciB (A+,
A, B+, B, C, D). Ha choroani HailOuIbII 3aTpeOyBaHUMH € CKJIAQJChKI MPUMIIICHHS
kinacy A+. Lle oOyMOBII€HO THM, 10 JaHUM MPUMIIIEHHSIM MPUTAMaHHI MOJIMIIEHH]
TEXHIYH1 XapaKTePUCTUKH.
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Enexktpuuni HaBaHTaXeHHs OyJIeMO pO3MNIAIATH Ha MPHUKIAIl CKIAICHKOTO
npuMillieHHs: JoricTuyHoro neHTpy AT «Yxkpmomra» M. YepHniri. [lpumimenss
IICHTPY BiJHOCUTHCS JI0 KaTeropii A+, 1o o3Ha4ae JOTPUMaHH BUCOKUX CTaHIApTIB
oesneku. Jlemo po3TamoBaHe OUIS 3ali3HAYHOI MMiA’13HOT KOIIi, Mae 3aKpUTy
TEPUTOPIIO 3 JIOCTYNIOM TIIBKH I mepcoHamy. Jlo KpUTHYHHUX CIOXKHMBAYiB
HaJEeXKaTh: COPTYyBaJbHE OOJIaJHAHHS, €JIIEKTPUYHE OOJIaJHAHHS 1H)XXEHEPHOTO
BIJUTLTY, TIOXKE)KHI CHCTEMH, BiJICOHATIISA Ta OXOpPOHA, aBapiitHe ocBiTieHHs [1]. Ha
puc. 1 Ta puc. 2 HaBeneHi rpadiku eNEeKTPUYHUX HABAHTAXEHb CKIIAICHKOTO
NPUMIIIIEHHS 332 CE30HaMH: PUC. | — OCIHHBO-3UMOBUHU TEPiOf, PUC. 2 — BECHSHO-
JITHIM mepioJi, BIAMOBIAHO.

KBT
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100+

2 4 6 8 10 12 14 16 18 20 22 ron

Pucynok 1 — I'paghix naganmasicenns 015 0CIHHbO-3UMOB020 NEPiOOy

KBT
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100-

2 4 6 8 10 12 14 16 18 20 22 rop

Pucynok 2 — I'paghix nasanmasicenns 0151 6eCHAHO-IIMHBbO20 NEPiody

Sx cBimuate puc.l Ta puc.2, MiKOBE HABAHTAXKEHHS Yy BECHSHO-JTITHIN Tepiof
ckianae 904 kBt , npu ToMy 110 Y OCIHHbO-3UMOBHM MEPi0JI MIKOBE HABAHTAXKEHHS
cTaHoBUTH 745 kBT. SIk MokxHa 6aUWTH 3 HaBEIEHUX PUCYHKIB, €JIEKTPOCIIOKUBAHHS
B I€P10Ji OCIHHbO-3MMOBOI'0 CE30HY 3HAYHO MEHIIE y MOPIBHSIHHI 3 BECHSIHO-JIITHIM
nepiogoM. Lle moscHI0eTbCS TUM, 110 B3UMKY BIIPOBAKYIOTHCS 3aX0/IH, CIIPSIMOBaHI
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HAa EKOHOMIIO CIIO)KMBAaHHS eJeKTpoeHeprii. EKOHOMIsS eNeKTPOCHOXUBAaHHS Y
3MMOBHI NEpio Ha TEXHOJIOTIYHUN MPOLIEC HE BIUIMBAE, A BIUIMBAE BUKIIOYHO HA
JTIOJTIATKOBI IMOTPEOH.

BucHoBok. B pe3ynbTari NmpoBEASHOTO aHali3y BHU3HAYEHO HABAaHTAKCHHS
CKJIaICBKOTO TPUMIIIECHHS Ha MPUKIAAl JOriCTHUHOrO HeHTpy AT «Ykpmoiray M.
Yepniris. [lokazaHo, 10 MalOTh MICI€ CYTTEBI BIIMIHHOCTI B 00’ €MaX CIIO>KUBAHHS
€JICKTPOCHEPTii 32 Ce30HaMU. 3MEHILICHHS CIIOKUBAHHS B OCIHHBO-3UMOBHI MEPI0J1 €
IITYYHUM Ta 00YMOBIIEHO BXXUTTSIM 3aX0/11B 3 €KOHOMII eHepropecypcis. [lompanpimii
aHai3 Ta y3arajibHEHHS I1HQOpMalii CTOCOBHO EHEProCIOKMBAaHHS CKIIAJACHKOTO
xa0y JO3BOJIMTH OOMpaTH pallioHaJbHI MapaMeTpu T'eHEePyHUYOoro OoOJagHaHHS MpPH
nepexoai A0 BhpoBakeHHs BJIE B Mexax KOHIEMIT «3€JI€HOTO0 CKIAIACHKOTO
xa0y».

JitepaTtypa
1. Vkpnommra. HopmarusHa 6a3a. Pexxum gocrymy:
https://www.ukrposhta.ua/ua/normatyvna-baza
2. Ximiuesa I'., binamos K. OOrpyHTyBanHsI BUOOPY Ta €EKTUBHOCTI 3aCTOCYBaHHS
JoricTHIHUX Xa0iB 3a kinacudikariitaumMu o3Hakamu. Haykosuii ormsig. 2024, Ne 3(95). DOI
10.26886/2311-4517.3(95)2024.2.
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RENEWABLE ENERGY IN UKRAINE’S TRANSPORT
INFRASTRUCTURE UNDER MODERN CONDITIONS

Motrunych 1.V. — Senior Research Fellow, ira2049@ukr.net
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Abstract. This paper addresses the integration of renewable energy into Ukraine's transport
infrastructure as a critical component for sustainable development under modern
conditions. Given the global shift toward renewable energy sources, the study emphasizes
the significance of green technologies in reducing Ukraine’s dependence on fossil fuels and
aligning with international climate commitments. Key focus areas include the development
of solar, wind, and bioenergy sources to power electric vehicles, charging stations, and
public transport systems. The paper highlights the economic and environmental benefits of
incorporating renewable energy, such as lowering greenhouse gas emissions, reducing air
pollution in urban areas, and enhancing energy security. Additionally, the study examines
the challenges faced in implementing these technologies, including limited funding,
infrastructural constraints, and regulatory hurdles. The findings suggest that successful
adoption requires substantial support from both governmental and private sectors, as well
as strategic collaboration with international partners. Policy recommendations include
expanding electric vehicle charging networks, incentivizing private investment, and
introducing tax benefits for eco-friendly technologies.

Keywords: Renewable energy, transport infrastructure, Ukraine, sustainable development,
electric vehicles, public transport, energy security, environmental benefits, green
technologies, policy recommendations

AKTyaJIbHICTh J0OCHiI:KeHHA. B yMoBax TJ00albHOTO TMEpexoay Ha
BIJTHOBJIIOBAaHI JpKEpelia €Heprii MUTaHHS IHTErpallii «3€JICHO1» EHEPreTHKU Y
TPaHCHOPTHY 1HMPACTPYKTYpy YKpaiHH € OCOOJMBO BaXJIMBHM. BuKOpHCTaHHA
BIJTHOBJTIOBAHUX JDKEPENT y TPAHCIIOPTI HE JIMIIE 3HUXKYE 3aJICKHICTh YKpaiHU Bijl
IMIIOPTY BUKOITHOTO NaJMBAa, ajie ¥ CHpuse 3MEHIICHHIO BUKU/IIB MAPHUKOBUX Ta3iB,
10 € BIAMOBIJII0 HA KJIIMaTU4HI BUKIUKHU. KpiM Toro, mepexia Ha €KOJIOTIYHO YHCTI
JoKepena eHeprii  BIAMNOBIAAE€ LUIAM CTAJOTO PO3BUTKY Ta MIDKHAPOJIHUM
3000B’s3aHHSM YKpaiHU 11010 KJIIMaTUYHHUX 3MiH. B ymMoBax BifiHM Ta €KOHOMIYHOI
HECTaOITbHOCTI  BUKOPUCTAHHS  BIJIHOBIIOBAHOI C€HEPTreTUKH TAKOX  CIPUSE
3MIIIHEHHIO €HEePTeTUYHOI Oe3NeKu. 30KpeMa, eINeKTPUYHUI TPaHCIOPT, IO MPaLioe
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Ha BIJHOBJIOBAJBHUX JKEpENiax, MOXKe 3a0e3MeunT Oe3nepepBHICTh pOOOTH HABITh
y KpU30BUX CHUTYallisiX, KOJM TIOCTABKM NaJIbHOTO MOPYLIEHI. 3MIIHEHHS
EHEepreTUYHOI OC3MEeKM B yMOBax BIMHHU, MepexiJ] Ha EKOJIOTIYHO YHCTI JpKepena
eHeprii € HeoOX1THUM KPOKOM JIJIsl EKOHOMIYHOI Ta €KOJIOT1YHO1 CTaO1IbHOCTI KpaiHH.

MeTo10 DOCTiIKEeHHS] € aHaIi3 MOXJIHMBOCTEH 1 MEPCIEKTUB BIPOBAKECHHS
BiJTHOBIIIOBAHOI €HEPIreTUKU Yy TPAHCHOPTHY 1H(PACTpyKTypy VYKpaiHu, OIliHKa ii
E€KOHOMIUHUX Ta €KOJIOTIYHUX TepeBar, a TaKOXX BUSABJICHHS OCHOBHHUX MEPEIIKOJ Ha
NUISIXy peami3aiii «3eJIeHUX» TPOEKTIB y TPaHCIOPTHOMY cekTopi. PobGora
nependadyae BHU3HAUCHHSA KIIIOYOBMX HAMpsIMIB JJIE  PO3BUTKY 1HPPACTPYKTYypH
BIJTHOBJIIOBAHOI EHEPreTUKU Y TPAHCIOPTi, 30KpeMa uepe3 CTBOPEHHS MEPExKi
3apsAIHAX CTaHIIM, PO3BUTOK EJIEKTPOTPAHCHOPTY Ta 3alpOBAKEHHS TEXHOJIOTIH,
10 0a3yl0ThCsl HA BUKOPUCTAHHI allbTEPHATUBHUX JIKEPETT CHEPTii.

Heooxionicme 6NPOBAOIHCEHHA 6IOHOBI06AIBHOT  eHep2emuKu 6
mpancnopmHuii ingppacmpykmypi. BUKOpUCTaHHS BiIHOBIIIOBAHUX JIKEPEJI €HEPrii y
TPAHCIIOPTHOMY CEKTOP1 € BaXKIUBUM KPOKOM JO €HEPreTUYHOI HE3aJeKHOCTI Ta
BIJIMIOBIJIA€ IUISIM CTAJIOTO PO3BUTKY KpaiHu. BiTHOBIIOBaHA €HEPTreTUKA € OJHUM 13
TOJIOBHUX HampsMKIB, K1 aKTUBHO PO3BHUBAIOThCS B KpaiHax €Bpornericbkoro Corosy,
TOMY Ui YKpaiHM II€ TaKoX IIaHC IHTErpyBaTHCS y €BPONEHChKE EHEpreTHYHE
cniBroBapucTBo. OKpiM TOro, 3 OISy Ha OE3MEKOBI PU3UMKA B YMOBax BiiHH, a
TAKOX KJIIMaTU4HI PU3MKH Ta TOTIPIICHHS EKOJIOTIYHOI CHUTyalli B MicCTax,
3aMpOBaXKEHHSI BIJHOBIIOBAHUX JDKEPEN €HEprii € HEOOXITHUM KPOKOM I
CTBOPEHHS KOM(POPTHOTO CEPETOBHINA IS )KUTTS HACEICHHS.

OcHoeHi Odicepena GiOH061106AIbHOI eHeplii 6 Ykpaini: YkpaiHa BOJIOIIE
3HAYHUM TIOTEHIIAJIOM [IJIi PO3BUTKY BIJIHOBIIOBAHOI EHEPreTHKH, 30KpeMa
COHSIYHOI, BITPOBOI Ta 010€HEPTETUKH, 110 MOKHA BUKOPUCTOBYBATH y TPAHCIIOPTHIN
1HOpaCTPYKTypl IJIsl SKUBIICHHSI €JIEKTPOTPAHCIIOPTY Ta 3apsIHUX CTaHIUW s
enexktpoMoOumiB [1] CoHsiuHA eHeprisi € MEepCIEeKTUBHOIO Jisi MIBACHHUX PETIOHIB
VYKkpainu, TOml SK BITpOBA €HEPrisi MOXKE aKTUBHO BHUKOPUCTOBYBAaTHCS Ha
y30epex kKX Ta y CTEMOBUX 30HaX. bioeHepreTrka Mae MOTEHIIA 3aBASKU HAIBHOCTI
CLIIbCHKOTOCTIOZAPCHKUX BIXO/IIB, sIKI MOXKYTh BUKOPUCTOBYBATHCS JJIsI BUPOOHUIITBA
OlomanuBa, 110 MiIXOAUTH JIJISi TPOMAJICHKOTO TPaHCTIOPTY. EHepris nux mKxepen Moxe
3a0e3mneuyBaTy €JIEKTPOTPAHCIIOPT, 3apsiHI CTAHIN JJIs €JIeKTPOMOOLIIB, a TaKOX
BUKOPHUCTOBYBATUCS y BHPOOHUYMX TMPOIECAX TPAHCIOPTHOI 1HGPACTPYKTypH, IO
CIPUATUME EKOHOMIi PECYpCIB Ta CKOPOUECHHIO BUKH/IIB Y HABKOJIMIIIHE CEPEIOBHUILIE.

3apaoni cmanuyii ona enekmpompancnopmy: Po3mMpeHHsS MEpexi 3apsIHuX
CTaHI JJIs1 EJICKTPOTPAHCIOPTY CIPHUATHME PO3BUTKY EJIEKTPOMOOUIBHOCTI B
VYkpaini Ta 3HWKEHHIO BUKHUJIB MAapHUKOBUX rasiB. BrpoBa/keHHS TakuX 00'€KTIB
MOXJIMBE 4Yepe3 MIATPUMKY JEp>KaBOI Ta I1HBECTHUINI MDKHApPOAHUX (HIHAHCOBUX
opranizaiiii [2]. Po3mmpeHHs Mepexi 3apsIHUX CTaHIIA € KIFOYOBOK YMOBOIO JJIS
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PO3BUTKY €JIEKTPOTPAHCHOPTY, 1o 3HMWKYe BUkuau CO:2 Ta 3aJIeKHICTh BiJl Ha(TH.
MixXHapOgHUN TOCBIJl CBIAYUTH MPO Te, IO JAepKaBHA MIATPUMKA, HANPHUKIAA, Y
BUIJIS/II MOAATKOBUX TMUIBI JJISI BIACHUKIB €JICKTPOTPAHCIOPTY Ta I1HBECTHINN Y
3apsAHy 1HQPACTPYKTYpPY, € MI€EBUM KPOKOM [JIsl PO3IIMPEHHS LbOro ceKTopy. B
VYkpaiHi 1€ MOXJIHMBO 32 PaXyHOK JEpXaBHOI MIATPUMKH Ta 3aTy4CHHs 1HBECTHULIIN
MDKHApOIHUX (iHAHCOBHX oOprasizaiii, Takux sk CBiTOBHI OaHK, €BpONEUCHKHIA
6aHk pexkoHCTpyKIii Ta po3BuTKy (EBRD), siki Bke aKTUBHO MiATPUMYIOTh MIPOEKTU
eHeproeeKTUBHOCTI B YKpaiHi.

Ilepesazu eukopucmanusa 6iOHOGI06ANbHUX O0)cepell eHepzii 6 mPAHCnopmi.
Bukopuctanus BiJHOBIIOBAJIBHOI €HEPTrii 3HM)KYE BUTpPATH Ha €HEprito, cTabimisye
Tapudu Ta CHOpHSE MOKPAIIEHHIO €KOJIOTIYHOI CUTYyallli, 30KpeMa 3HUKCHHIO PiBHS
3a0pynHEHHS TOBITpS B MicTax [3]. A TakoX BUKOPHUCTAHHS BiJHOBIIOBAIHHOI
€Heprii B TPAHCHOPTI NPUHOCUTh HU3KY €KOHOMIYHUX Ta €KOJoriyHux nepesar. [lo-
nepiie, e J03BOJIsIE 3HM)KYBAaTH BUTPATHU HAa €HEPrito Ta cTaduri3yBatH Tapupu Ha
TpaHcnopTH1 nociyrd. llo-mpyre, BiAHOBIIOBAJIbHA €HEPrisl CHPHUSE MOKPAIIEHHIO
SAKOCTI TOBITPSI B MICTaxX, 3HIKYIOUH PiBeHb 3a0pynHeHHs. Llel acmekT € ocoOnuBo
BAXJIMBUM JUIsl BEIMKUX MICT, Takux sk KwuiB, XapkiB, Oneca, nie miJBUILIEHA
KOHIICHTpAILlisl TPAHCHIOPTY MPU3BOIUTH /10 HAAMIPHUX BUKHJIIB IIKIIJTUBUX PEUOBHUH.
OxkpiM TOro, po3BUTOK 1H(PACTPYKTYpH BIAHOBIIOBAHOI €HEPI€TUKU CTBOPIOE HOBI
po0oul MiCIsl Ta CHPUSAE TEXHOJIOTITYHOMY PO3BUTKY KpaiHU.

Ilepewikoou ona pozeumky 'zenenoi’” mpancnopmmuoi iH@pacmpykmypu.
OCHOBHMMH BHUKJIMKaMU € HEJJOCKOHAJIAa 1H(QPACTPYKTypa, OOMEKEHICTh JEPKABHOTO
¢biHaHCYBaHHS Ta BIJCYTHICTb YITKOT IMOJITHKH OO0 BIPOBAKCHHS B1JTHOBIIFOBAHO1
EHEPreTUKH Yy TPAHCIOPTHOMY cekTopl [4]. BaxnuBuM acrnekToM TakoxX €
HEJIOCTATHICTh MPABOBUX MEXaHI3MIB JJIsi CTUMYJIIOBAHHS MPUBATHUX IHBECTHUINHN Y
"3eneHy" €HEepreTUuKy. Y TPAHCIOPTHOMY CEKTOpi Opakye KOHKPETHHX Iporpam
MIATPUMKH, K1 O JIO3BOJWJIM IUBHJLIE I1HTErpyBaTH BIAHOBIIOBAJIbHI JIKEpesa
€Heprii, a OOMEXEHICTh PEeCypCiB TallbMy€ IIBUIKICTb PO3TOPTAHHS 3apsiAHUX
CTaHIliil Ta enekrporpaHcrnopty. KpiM TOoro, icCHye pu3UK HU3BKOI OO13HAHOCTI
IpOMaJiH ILOJI0 TMEepeBar «3€JIEHOro" TPaHCHOPTY», IO TaKOK MOXe OyTH
MIEPEIIKO/IOK0 JUTsl YCIIIIHOT peati3allii MpOoeKTiB.

Pexomenoauii onsa peanizayii npoekmie 6i0H061I06AIbHOI eHep2emUKU 6
mpancnopmi. CTBOPEHHS JIep>)KaBHUX MPOTpaM, K1 repeadaqaroTh MOJATKOBI MiJIbIH
JUISI IHBECTOPIB Ta CTUMYNIOBAHHA 1H(PPACTPYKTYpPHUX MPOEKTIB, 10 0a3yloThCs Ha
«3EJIeHI»  eHEpPreTHlll, TaKuxX sK OyIIBHUITBO 3apsAJHUX CTaHIN A
€JIEKTPOMOO1IIB Ta BAKOPUCTAaHHA Ol0manuBa B TPOMaICbKOMY TPaHCIOPTI [S].

3ampoBaKeHHA JEp)KaBHUX TMporpaM JJisi CTUMYJIIOBaHHS 1HBECTHIN Yy
BiJTHOBJTIOBAHY €HEPIeTUKY € HEOOXITHUM JIJIsi PO30YI0BU 1HPPACTPYKTYPH 3apsITHUX
CTaHIIIHA Ta PO3BUTKY €NEKTPOTPAHCIIOPTY. TaKoK Ba)KITMBUMU € TIOJJATKOBI MBI Ta
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cyocunii nans 1HBECTOPIB, WO CHOPUATUME 3ayY€HHIO TPUBATHOTO KamiTaimy.
JIOIIIbHUM € CTBOPEHHS MpOTrpaM MUIBIOBUX KPEAUTIB JJIs IMIJNPUEMCTB, SKi
3aiiMarOThCs  PO3POOKOI0  E€KOJIOTIYHUX TPAHCHOPTHUX pimieHb. CriBmnpans 3
MDKHApPOJHUMU TAapTHEPAMH, TaKUMHU sSK €Bpomneichbkuil OaHK PEKOHCTPYKII Ta
pO3BUTKY Ta Mi>kHapomHe areHTCTBO 3 BimHOBIIOBaHOI eHeprii (IRENA), no3BoauTh
3amy4uTd (piHAHCYBAaHHS HAa PO30YIOBY «3€JIEHO1» 1HOPACTPYKTYPH.

BucnoBok. J[locmimkeHHS TOKa3ye, IO 1HTErpaiis BiJHOBIIOBAJIBHOI
CHEpreTUKN y TPaHCHOPTHY 1HPPACTPyKTypy YKpaiHU € peajbHUM 1 HEOoOXiIHUM
KPOKOM JJIsl 3a0€3MeUeHHS] €Heproe(EeKTUBHOCTI Ta €KOJOTIYHOCTI TPaHCIIOPTHOTO
cekTopy. PO3BUTOK COHSIUHOI, BITPOBOI Ta 010€HEPTETUKH JI03BOJIUTH YKpaiHl JOCITTU
3HAQUHUX Ppe3yIbTaTiB y 3HIKCHHI BHUKHUJIIB, TOKpAIEHHI SKOCTI TOBITPS Ta
CKOPOYEHHI 3aJeKHOCTI BiJl IMIOPTHUX eHeproHociiB. IliaTpumka nep:kaBoio
MPOEKTIB  EKOJIOTIYHUX TEXHOJOTIM, PpO3BUTOK 3apsaHOl 1H(pacTpykTypu Ta
3QJIy4CHHS] MDKHAPOJHUX IHBECTUIIM CIPUATHUMYTh MPUCKOPEHHIO MEPEXOay [0
«3€JIEHOT» TPAHCIOPTHOI CHUCTEMH Ta TMIABUIICHHIO KOHKYPEHTOCIPOMOKHOCTI
VYkpainu B MD>KHApOJIHINM CIIBHOTI.
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MEPCHIEKTUBHU IHTET'PAIIII COHSIYHUX EJEKTPOCTAHIIIA TA
CUCTEM 3BEPITAHHS EHEPI'II B EJEKTPUYHI MEPEXKI
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Jlepoicasnutl 6iomexnono2iunull yHigepcumem
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PROSPECTS OF THE INTEGRATION OF SOLAR POWER PLANTS AND
ENERGY STORAGE SYSTEM IN ELECTRIC NETWORKS

Oberemok D.O. — graduate student, dimaoberemok1992@gmail.com
State Biotechnological University
Ukraine, Kharkiv

Abstract. The paper analyzes the possibility of integrating solar power plants and energy
storage systems into the existing energy system. Currently, renewable energy sources are
widely used in the world. One of the types of power plants is solar. The absence of harmful
emissions, noise and negative impact on the environment are the main advantages of
photovoltaic cells, a source of conversion of solar energy into electricity. The disadvantages
are the dependence of generation on climatic conditions and time of day. To compensate for
these features, it is advisable to use solar power plants together with energy storage systems
based on batteries.

Keywords: solar panel, energy storage system, batteries, generation, stability of the energy
system

AKTYaJIbHICTh JOCJHIUKEHHSI TOJiArae y mnpoOsieMi (QOpMyBaHHS CILIEHApIiB
MEPCIEKTUBHOTO PO3BUTKY E€JIEKTPHUUYHUX MEPEX, MEPCIEKTUBU IHTErpaliii HOBITHIX
TEXHOJIOT1i Ta ONTUMI3aLlil0 pOOOTH 00’ €THAHOT EHEPreTUYHOI CUCTEMH.

MeTtor pod0OTH € aHaII3 MOXKJIMBOCTI IHTETpallli COHAYHUX E€JIEKTPOCTAaHLIN Ta
cucTeM 30epiraHHs eHeprii B eJICKTPUYHI MEPEKI.

[lomyk Ta CTBOpPEHHS HOBHMX JIKEpeNl €JIEKTPUYHOI €Heprii 3yMOoBJeHa
MOCTIMHUM 3pOCTaHHSM CIOKMBAHHS Ta HEPIBHOMIPHICTIO PO3MOJILITY 3a 4acoOM Ta 3a
MICLIEM PO3TallyBaHHS CIIOKMBAYIB €JIEKTPUYHOI €HEPTIi.

PiBHI cro>kMBaHHSI €JIEKTPOEHEprii BIPOAOBXK 00U, Micsis ab0 pPOKy HE €
CTAJIMMH, a TEeHepallsd Ha EJIEKTPOCTaHLIAX $KI MpaIlol0Th Ha TBEPAOMY MajuBI
(TEC, AEC) He MaloTh MOXJIMBOCTI MOCTIMHO 3MIHIOBaTH CBOI MOTYKHOCTI. 3MIHU
pexumy pobotu reHeparopiB TEC i1 AEC weraTuBHO BIUIMBaE Ha pecypc Ta
coOiBapTicTh OOJIaHAHHS CTaHIIA. B 1ell 4ac reHeparlisi COHSYHHMX Ta BITPOBHUX
€JIEKTPOCTAHIIIN 3aJICKHUTh BiJl TOTOJJHUX YMOB Ta 4Yacy JI00H, 1 He 3aBXK/H CITIBIaIa€e
3 TMOMUTOM CHOXHUBadiB. TOMy MOJENIOBaHHS PO3BUTKY I'€HEPYIOUMX MOTY>KHOCTEH
Ta aHali3 CIEHapiiB PO3BUTKY MOMUTY Ta MPOMO3UIi €IEKTPUYHOI €Heprii MOBUHHI,
30KpeMa, ypaxoByBaTH:

- BIUIMB 3aXO[IB 3 €HEproe(eKTUBHOCTI Ta MOTEHIlia] YNPaBIiHHSA IOMHUTOM,
PO3BUTOK TEXHOJIOT1H 30€peKEHHS EHEePT1i;
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- BIUTUB CKJIAJTHOIIPOTHO30BAHUX TEXHOJIOT1i BUPOOHHUIITBA €IEKTPUUHOI €Heprii
(BEC ta CEC) Ta HeoOXi1HICTh 3a0€3MeUeHHS JOCTATHOCTI PE3ePBHUX MOTY>KHOCTEH
JUIS KOMIIEHCAIll1 KOJIMBaHb BUPOOITKY €JIEKTPUYHOI €HEPTii TAKMMHU TEXHOJOTISIMHU.
[1]

BinHoBmoBanbHI JpKepena eNeKTpOeHeprii Ha JaHUW Yac HE 3/1aTHI TOBHICTIO
3aMIHUTH COOOIO €JIEKTPOCTaHIIli Ha TBepOMY MaiuBi. TOMy aKTyaJlbHUM MUTAHHSAM
3apa3 € CHUCTEeMH HAKONMUYEHHS eJNEeKTpU4HOi eHeprii. KpiM kigacMuHuUX MeETO[IB
30epexeHHsT eJIeKTpoeHepTii (TiApoaKyMyJIIOr09i CTaHIi, TiJpOeIeKTPOCTAHIIIT)
AKTUBHUI PO3BUTOK MAIOTh CUCTEMH JIJIsl 30€peKEHHS eEKTPUYHOI €Heprii, CTBOPEHI
Ha 0a3l akyMyJIsTOPHUX OaTaped — aKyMyJsITOPHI CUCTEMM HAKOIMHMYECHHS C€Heprii
(ACHE) (Battery energy storage system, BESS). Haii6inbma xopuctb
aKyMYJISITOPHUX CHCTEM IIOJIATAa€ y MHTTEBIM 3MiHI CBO€I MOTYXHOCTI Big 0 10
HOMIHAJIbHOI, LI0 MMO3UTHBHO BIUIMBA€ HA CTIMKICTh EJNEKTPUYHHUX MEPEK MpH
HEHOPMAIBHUX pexuMax poOoTH. Takok MaHEBPEHICTh aKyMYJSITOPHHX CHCTEM
MOK€ BUKOPHUCTOBYBATHUCS JJIsi MIATPUMAHHS CTaOl YaCTOTU EIEKTPUYHOI Mepexi
a0o0 JyIst peryJIloBaHHS HAMIPYTH Y CIIOKUBAYiB, BIITAJICHUX BiJl JKEpelia reHepaliii.

AKTyaJbHUM MUTAHHIM € BUKOPUCTAHHS COHSYHMX TaHeJel Ta akyMyJIaTOPHUX
CUCTEM JJIsl CTBOPEHHSI aBTOHOMHUX CHUCTEM IIPU SIKOMY HAJUIMILIOK COHSIYHOI €Heprii
B YacH MIHIMAJbHOIO CIIOXKHUBaHHA Oyne 30epiratucs B akyMyJIsITOpHUX Oarapesx, a
y 4acH MiKOBOTO HABAHTAKEHHS — TCHEPYBATH B MEPEXKY.

€ 3pa3ku NMpalYNX CUCTEM HAKOMUYEHHS €JIEKTPOEHEPTii, CTBOPEH1 Ha 0asi
aKyMyJISATOpHUX Oatapeid Bij kommawii Tesla, moryxuictio 100MBm Tta emHicTIO 129
MBm-200, siKi HAKOMUYYIOTh €JIEKTPOCHEPTiI0 Ta T€HEPYIOTh ii B TOAMHHU MIKOBHX
HAaBaHTAXKEHb, COPUSIOYM CTallmi3aiii poOOTH Ta 3MEHIICHHS HABAaHTAXKECHHS Ha
CIIEKTPUUHY Mepexy [2].

B Vkpaini nepia cucrema HakOmU4eHHs eHeprii 3anpairoBaia B 2021 porii B M.
Enepronap notyxuictio 1 MBm Ta emHuictio 2,25 MBm-200, a Bxe B 2025 poiii B
VYkpaiHi TUIaHy€THCSl BCTAHOBJICHHST CHCTEM, 3araJIbHOO MOTYXHicTio 200 MBm. [3]
i cuctemu OyayTh BUKOPHUCTOBYBATHUCS AJisA OaTaHCYBaHHS €HEPTreTHYHOI CUCTEMHU
Ta KUBJICHHS KPUTUIHUX CIIOKUBAYIB.

VY cucremax 30epiraHHsi €Heprii BIACYTHI BaKKl €JIEMEHTH Taki sIK: CTaTOpH Ta
pOTOpH TeHepaTopiB, OOMOTKM CHJIOBHX TpaHchopmaropiB. barapei wMaroTh
JOCTATHBO KOMITIAKTHI PO3MIpH, IO Ja€ MOKJIMBICTh BCTAHOBIIIOBATH X ITiJT 36MJICIO,
B 3aXUIICHUX CIIOPYyAax.

BuchoBok. B pesynbTaTi mpoBeneHOro aHajizy 3poOJIeHO BHCHOBOK, IIO
cucTeMu 30epiraHHs €Heprii Ta COHAYHI €JIEeKTPOCTAHI[IT MalOTh TOCTATHIN MOTEHIIAN
JUIA X BUKOPUCTAHHS B €JIEKTPUYHUX Mepexkax, 0 MPU3BEE O BaroMOro BHECKY Y
CTIHKICTh €JIEKTPUYHOT MEPEXKI Ta CTAIOTO EJIEKTPOTNIOCTaYaHHsI CIIOKUBAYIB.
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Abstract. Abstract: the idea of the state's energy potential is associated with powerful
thermal power plants (TES), hydroelectric power plants (HEP), nuclear power plants
(NPP), long-distance heat networks, high-voltage power transmission lines, powerful
transformer stations, etc. Nowadays, there is a large number of local heat and electricity
generation systems scattered across the country. These energy-generating sources belong to
a separate branch of industry with its products in the form of heat and electricity and
constitute the Small Energy Industry of Ukraine.
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AKTYAJIbHICTh [JOCJII’KEHHSI BU3HAYAETHCS CYYaCHUM CTAaHOM EHEPreTUKHU
KpaiHU Ta HEOOXIIHICTIO CTBOPEHHS €KOHOMIYHUX YMOB JIJIsl BOPOBAIKEHHS 3aXO/IIB
€KOJIOoT13allil B eHEPro30epeKeHHs KpaiHu.

Metow po0d0THM € aHali3 TENIOEHEPreTUYHOro MOTEHLIAy YKpaiHu, SKH
PO3IIAAAETHCS K TOJIOBHE JKEPEIIO Majlol EHEPreTUKU KPATHH.

IIBuakuii pO3BUTOK COHSYHOI (TENIOUEHTPUYHOI) EHEPreTUKH Ja€ 3MOry
BBakaTH, 1m0 XXI CT. cTaHe CTONITTAM COHsA4YHOI eHeprii. lle miaTBepmKyeThCs
TaKOXX JOBFOCTPOKOBMMM TPOTHO3aMH PO3BUTKY TeIIOEHEPreTUKU. Tak, Bxke
ChOTO/IHI1, 3arajbHa MOTYXHICTh IeJIIOLEHTPUYHUX CTAaHUINA KpaiH €BpONu CTaHOBUTH
41,4 I'BT., 10 ICTOTHO BIUIMBA€ HAa 3MEHIIEHHS BUTPAT HA(THU 1 ra3y, 1 TAKUM YHHOM
3MEHIIUTH 3aJIeKHICTh BlJ EKCHOPTYy NajiuBa 3 pocii, a TaKoX BHUKOPUCTAHHS
COHAYHOI eHeprii Jo3BoJmiI0 cradinizyBatu Bukuau CO, B €BpOINEHCHKOMY pErioHI
Ha piBHI 1992 poky.

P03BUTOK COHAYHOI €HEPreTUKU BiI0OYBA€ETHCS Y ABOX HANpPAMAX:
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1. ®OTOENEKTPUYHHUI — BJIOBIIOETHCS EICKTPOMArHITHE BUIIPOMIHIOBAHHS
onTUYHOTrO Aiana3oHy COHIIS 1 MEPETBOPIOETHCS B €IEKTPUUHY €HEPTiI0 MOCTIHHOTO
TOKY;

2. TepMoarHaAMIYHUI — COHSYHA €HEPTisl KOHIIEHTPYETECS y KOTIII, Mapa 3 SKOro
HAJXOJUTH J0 TypOIHH 3 TE€HEPATOPOM.

[Ipy cTBOpEHHI TENMOLEHTPUYHOTO OOJIagHAHHS HEOOXITHO BpaxoBYBaTH
reyliOTeXHIYHI MOXKIJIMBOCTI, IO MepeadavdaroTh KUIbKICHY XapaKTepPUCTUKY MOTOKIB
COHSYHOTO BUIIPOMIHIOBAHHS 1 MOXJIMBICTh 1X BUKOPUCTAHHS JJisi pOOOTH Pi3HUX
THUITIB COHSYHUX OaTapeil.

XapakTep penbedy Ta OCOOIMBOCTI aTMOC(PEepHHMX YMOB BH3HAYAIOTh
dbakTHYHUN pagiallifHUN peXuM, KUK MOTPIOHO BpaxOBYBAaTH IIiJ 4ac BUOOPY Ta
MPOEKTYBaHHI TETIOTEXHIYHOro oOjanHaHHA. PamiamiiiHuii pexxum TepuTopii
VYkpainu, ocoOnMBO 1ii MIBJEHHUX pAHOHIB, 3arajioM € CHPUSTIUBUM IS
MPaKTUYHOTO BUKOPUCTAHHS COHSYHOI eHeprii [1].

JUisi mepeBa)xHO OUIBIIOI YaCTUHU TEPUTOPIl YKpaiHM XapaKTepHA CEepenHs
IHTCGHCHBHICTIO COHSYHOI pamiamii. JIJisg BU3HAYeHHS HANOIBINOI JOLUUIBHOCTI
PO3MIIIECHHS TeI0CHEPIeTUYHOTO YCTaTKyBaHHS 3aJI€KHO Bl METEOPOJOTIYHUX 30H
KpaiHu OyJI0 MPOBEJCHO CTATUCTUYHY OIIHKY KIIMAaTHUYHUX YMOB, SIKa JO3BOJIMIIA
OTpUMATH 1HPOPMAIIIIO PO EHEPreTHYHY JOLUIbHICTh BUKOPUCTAaHHS eHeprii CoHL
MPOTATOM POKY.

VY peanbHUX yMOBaxX XMAapHOCTI PIYHMI MPUX1J CyMapHOI COHSYHOI pajiamii 3
[liBgour Ha IliBoewp ctanoButr 1050 - 1400 kBT.u/M°. [Ipu 1bOMy BIJICOTOK
po3ciaHoi pamiaiii cranoButume 40 - 50%.

BingcoTok mpsMoi COHSYHOI pajiarii 3MIHIOETbCS TPOTATOM POKY. Y mepion 3
JIUCTONAA 1o JTIOTHH BoHA cTaHOBUTH 20 - 40%, 3 Oepesns no xoBTeHb — 40 - 65%,
Ha TiBeHHOMY Oepe3i Kpumy B iTHI Micslli ctaHOBUTH 10 65 - 70%.

Ha no6GoBuii mepebir COHSUHOI pajianii BIUIMBAE MPO30pPIiCTh aTMocdepu. Ak
MPaBUJIO, BIIITKY B MEPIILY MOJOBUHY JHS aTMoc(epa mpo3opiiia. [HTeHCUBHICTh Ta
3arajibHa KUIBKICTh TOJWH MPSMOi Ta PO3CISTHOI COHSYHOI pajiailii B JITHI Micsll
BpaHIll Oubie Ha 3 - 4%, HIXK Yy BiNMOBIIHUN 110 BUCOTI COHIIS BEUipHI T'OJUHH.

Haii6inpimra kiapKicTh roauH coHssgyHOTO cBiTiIa (2300 - 2400) criocTepiraeTbes y
Kpumy Tta Ha y30epexoki YopHoro Ta A30BCRKOrO MOpIB. Y CTEMmoOBiM YkpaiHi
JOBXHHA COHSYHOTO CBIT/Ia 3a pik craHoButh 2000 - 2200 romamH. Y HampSIMKy
[Tomices Ta Ha cxoAl YKpaiHU TPUBAIICTh COHSIYHOTO CBIT/Ia 3MEHIIYEThes 10 1740 -
1840 roaun, y HU3MHAX 3aKaprnaTchbKoi 00JaCTi KUIbKICTh TOJWH COHSYHOTO CBITJIA
nocsirae 2025 roauH y pik. HailOunbin coOHsSYHI MICAIl 1€ TpaBeHb — CEpIEHb,
HalMEHIIIE COHIIS Y JTUCTOMA Il — JIIoToMy [2].

JIyist 3arayibHOi OIIIHKM PECypCiB COHSIYHOI €HEpTii BCIO TEPHUTOPI0 YKpaiHu
MO>KHa YMOBHO PO30MTH Ha 4OTHpHU 30HHM. llepiia 30Ha XapakTepus3yeThCsl PIUHOIO
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CYMOIO COHsYHOI paiarii Menmoro 3a 1100 kBr.rox./m® apyra — 1100 - 1200
kBr.rom./M?, Tpers — 1200 - 1300 kBr.u./M?, werBepra — 1300 - 1400 kBT.4./M°

Y mabauyi 1 npencTaBiieHl cepeHbOMICSYHI Ta CEpeIHbOPIUHI CYMHU MPSIMOi
(I), po3cisaoi (II) Ta mpsimoi + po3cistHoi (I1I) consyHOT pamiarii, sika MoTparJise Ha
TOPU30HTAJIBHY MMOBEPXHIO y PI3HUX KIIIMATHYHUX 30HAX Y KpaiHH.

Tabnuys 1 — Cepeonvomicsauni ma cepeonvopiuni cymu npamoi (1), poscisnoi (I1) ma
npamoi + poscianoi (I11) padiayii na copuzonmanvHy N08epxXHIO, 6 PIZHUX KIIMAMUYHUX
30Hax Yxpainu, kBm.200./m*

Micsti I 11 111 v \Y VI VIl VIII IX X Xl Xl Pik

[ s01a I 6,5 134 | 30,7 51,3 | 80 90 81,8| 735 |48,6 |20,5 | 45 2,8 503,6
Uepniris II |186 294 | 4741603 | 80 81 | 84,6 688 |47,7 |316 | 153 | 121 576,8
1T | 251 (42,8 | 78,1 111 | 160 | 171 | 166 142 196,3 |[52,1 | 19,8 | 149 | 10804

11 s0ma I 6,9 |150 | 37,4 |50,7 |81,7 | 989 | 955 80,8 |558 [298 | 7,3 4,6 564,4
Kuiis I 1198 26,7 | 479 63 |796 | 821 80,8 669 |86 | 33 |174 | 138 579,6
I | 26,7 |41,7 | 853|113 | 161 | 181 | 176 147 1104 1628 | 24,7 | 184 1144

111 s0ma I 7,1 1143 | 40,1 | 74,1 | 113 | 127 | 140 118 (82,5 |36,8 | 12,7 | 6,1 7714
Oueca I |19/4 1269 | 48,6 60,8 |699 | 687 | 65 54,9 43,7 |36,1 | 171 | 158 526,9
I | 26,5 |41,2 | 88,7 | 134 | 181 | 196 | 205 173 | 126 |729 | 29,8 | 219 | 12983

IV3ona | I 146 (21,4 | 479 | 77,7 196,7 | 123 | 145 123 86,7 |59,3 | 21,5 | 107 925,?
Cpmato | II | 31,1308 | 39,7595 | 73 | 704 | 657 56,4 49,1 [388 | 27,8 | 20,6 562,9
pis I | 45,7 |52,2 | 87,6 | 137 | 169 | 193 | 211 179 135 |98,1 | 493 | 31,3 | 1390,8

BucnoBok. Sk BugHO 3 TaOJUIl, EHEPri€l0 COHAYHOI pajiaimii MOKHA
BUKOPUCTOBYBaTH Ha BCid TepuTopii YKpaiHu, a PO3BUTOK T€II0CHEPTETHUYHOTO
MOTEHITIAly YKpaiHM € CTpaTeriyHO BaXJIMBHM HANPSIMKOM HE3aJIeKHOCTI HAIIIOi
JIepKaBH.
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Abstract. The paper analyzes energy efficiency in the transportation sector, focusing on
electrification, car sharing, and smart planning.
Keywords: energy efficiency, transport electrification, car sharing, smart planning

AKTyasbHicTh TeMu. B yMoBax rno0anbHOI EHEPreTHYHOI KpU3U Ta
€KOJIOT1YHMX BHUKIIMKIB, ONTHUMI3aIlisl €HEProCHOXUBAHHSI TPAHCIIOPTHOTO CEKTOPY
CTa€ KPUTHUYHO BAYKIMBUM 3aBJIAHHSIM JJIS CTAJIOTO PO3BUTKY MICT Ta KpaiH.

Mera  JOCHIAKEHHHA: aHajl3 ~ Cy4yaCHUX  CTparTerii  MiJIBUILECHHS
eHEepProe()eKTUBHOCTI TPAHCIOPTHOTO CEKTOPY Ta BH3HAYCHHS TMEPCHEKTUBHHUX
HaAMPSIMKIB 1OTO PO3BUTKY.

Enextpudikariiss TpaHCIOpTy €  KIIOUYOBUM  HANpPSIMKOM  ITiJIBHIICHHS
eHeproe(eKTUBHOCTI. 3a JaHWUMHU JOCIIKEHb, CEPEIHIN ABUTYH BHYTPIIIHHOTO
3rOpsIHHSL Ma€ NaMMBHY €PeKTUBHICTH Jmie O0nm3bko 40%, mo o3nagae, mo 60%
eHeprii BTpadaeThCs Yepe3 TEIIo 1 TepTa. Y TOW ke 4Yac €NeKTPOIBHTYHH MAlOTh
3Ha4yHO BuUIUH KoediuieHT kopucHoi aii (KKJI), mo n03Bossi€ iM BUKOPUCTOBYBATH
OUTBIITY YaCTHHY CITO’KMBAHOI eHeprii st pyxy [1].

EnextpoMoOini 3Ha4HO eHeproeeKTUBHIII 3aBIASKH HU3BKIM BapTOCTI
€JIEKTPOCHEPTIi: Y CEpeIHhOMY, BUTpaTh Ha 1 kM ckiagatoth jutie 0,396 rpH, 1m0 B
4-5 pasiB gnemeBie, HDK JJs aBTO Ha OeH3uHi um amseni. lle 3abesmeuye
€KOHOMIYHICTh Ta €KOJIOT14YHICTh MPH MI0JIECHHOMY BUKOPHUCTaHH] [2].
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Po3Butox  Mepexi  3apAgHMX ~ CTaHI Ta  Jep)KaBHAa  MIATPUMKA
€JIEKTPOMOOUIBHOCTI CHPUSIIOTh HIBUALIOMY NEPEXOAY Ha €KOJOrIYHUN TpaHCIOPT
[3].

Kapmiepunr sk Mojenb CHUIBHOTO KOPUCTYBAHHS TPAHCIOPTOM JEMOHCTPYE
3HaYHUI MOTEHINa) y 3HI)KEHHI 3arajlbHOr0 eHeprocrnoxuBaHHs. OauH aBTOMOO1Tb
y CHCTEMl KapUIepuHTry 37aTeH 3amiHuTh 8-10 mpuBaTHUX aBTO, LIO0 CYTTEBO
3MEHIITy€ HAaBaHTA)XXCHHA Ha MICBKY 1HPpaCTpyKTypy [4].

Po3zymHe mnmaHyBaHHA TPaHCIOPTHOI 1H(PPACTPYKTYpH BKIIIOYAE ONTHUMI3ALIIO
MapLIpyTiB TPOMAJChKOrO TPAHCHOPTY, CTBOPEHHSA BEIOIHQPACTPYKTYypU Ta
HIIIOX1IHUX 30H. BIpoBagkeHHs 1HTENEKTyaIbHUX TPAHCIIOPTHUX CHUCTEM J103BOJISLE
3HAYHO 3HU3UTH €HEPrOCIOXKUBAHHA [5].

B Vkpaini enekTpoMoOiIbHICTh CTPIMKO PO3BUBAETHCS: KUIBKICTh €IEKTPOKAPIB
3pocna 3 7y 2012 poui no 10 700 y 2023-my. 3 2018 poky ckacoBaHO MOJATKU Ha
PO3MUTHEHHS €JIEKTPOMOOLTIB, a IMIOPTEPH CILIAYYIOTh JIMIIE CUMBOJIYHUI aKIIU3 —
1 eBpo 3a 1 kBt Gartapei. HoBuii 3akoH, 110 3MIHMB ONOJATKyBaHHSA aBTO, HaOpaB
yrHHOCTI 1 6epesns 2024 poky [6].

Hosi innoBamii, sik-or Tesla Cybercab, oOiustors 3HHM3UTH BHTpaTH Ha
tpancropt g0 $0,125/kM Ta CHOpUSATH PO3BUTKY aBTOHOMHOTO 1 CIIJIBHOTO
KODUCTYBaHHS ~ aBTOMOOUIAMM, [0 MIHIMI3y€E HAaBaHTAXEHHS HA  MICBKY
1H(PaACTPYKTYPY.

BrpoBamkenns Cybercab mosxe 3HU3UTH €HEPTrOCIIOKUBAHHS B TPAHCIIOPTHOMY
CEKTOpl, ONTUMI3YIOUM MapuipyTu Ta 3MeHmnytoun Bukugu CO2. lle Takox
CIPHUATUME PO3BUTKY KapIIEPIHTY, 110 3MEHIIUTh KUIbKICTh aBTOMOO1JIIB Ha IOPOTax.
[7]

BucnoBok. Ilepexigm 10 elIeKTPOMOOUTHHOCTI, PO3YMHOTO TIJIAHYBAaHHS
TPAHCTIOPTHOT 1H(PPACTPYKTYpHU Ta IHTErpamii I1HHOBAlIMHUX PIIIEHb, TAKUX SK
aBTOHOMHI ~ aBTOMOOUI, € BaXJIMBUMHU  HaNpsAMKaMu  JJIS  ITABUIIECHHS
eHeproe()eKTUBHOCTI TpaHcnopTy. KoMIIeKCHUI MIAXiA CHPUSTAME 3MEHILIEHHIO
€HEeprocroKUBaHHs, 3HIKEHHIO BUKUIB CO2 Ta 3a0€3MEUYEeHHIO CTajJoro po3BUTKY
TPAHCIIOPTHOTO CEKTOPY.
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Abstract. The paper analyzes the problem of recycling and disposal of used lithium
batteries. Recycling of lithium batteries will allow the secondary use of such valuable
metals as lithium, cobalt, nickel, manganese and others. Based on the results of the
analysis, a rational technology of processing lithium batteries is proposed, which can be
applied industrially and retains the potential for further improvement. Preliminary
experiments have established the effectiveness of cavitation treatment of used lithium
batteries with the extraction of valuable metals for subsequent hydrometallurgy.

Keywords: reduction of material costs, environmental friendliness, precious metals,
cavitation treatment

JIiTieB1 aKyMyJISITOPY MIUPOKO BUKOPUCTOBYIOTHCS B €IEKTPOMOOUISIX, CUCTEMAX
BIJTHOBJIIOBAHOI €HEprii, B PI3HHUX TaJKeTax, 1 B MEPCHEKTHUBI 3HAWIYTh IIMPOKE
3aCTOCYBaHHS B TPOMAJICbKOMY €JIEKTPOTPAHCIOPTi. AKTYaJbHICTh AOCJiIKEHHS
3yMOBJICHa OOyMOBJIEHAa THUM, IO TepepoOka Ta yTuiizaiis (PEIUKIIHT) JITIEBUX
aKyMyJIATOPIB  CIPUSTUMYTh  MIABUIICHHIO  eHeproeekTuBHOCTI y  cdepi
€JIEKTPOTPAHCIIOPTY Ta Yy BCIX MNEpepaxoBaHUX OOJACTIX 3a PaxyHOK 3HHUKEHHS
BUTpAT MaTepialiB. B MTieBUX aKyMyJsTOpax MICTATHCS Takl IIHHI METAJIH, SIK JIITIMH,
KOOaJIbT, HIKeNlb, MapraHelb Ta I1HOI, SKI MOXYTh OyTH BWJIYYEHO 1 MOBTOPHO
BUKOpucTaHo. KpiM TOro, 1me copusTUME BHUPILIEHHIO €KOJOT1YHOTO MUTaHHA,
OCKIJTbKM Ha 3BaJMILAX JITIEBI aKyMYJSITOPH BHAUIAIOTH TOKCHYHI PEYOBUHHU Ta
BakKi meTanu [1, 2].

Metow podoTH € aHali3 NpoOJEeMH PEUUKIIHTY JITIEBUX aKyMYJISTOPIB Ta
MO/TAHHSI TIOTIEPEAHIX PE3YIbTATIB MIOI0 BUPIIICHHS 3a3HAUYCHOT IPOOIEMH.
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Panime cniBpoOiTHUKaMU [HCTUTYTY TpPaHCIIOPTHUX CHCTEM 1 TEXHOJOTIH
HAHY Oyno 3po06iieHO y3arajipbHIOIOYWNA aHaji3 IPOMHUCIOBO 3aCTOCOBHUX
TEXHOJIOT1H PEHUKIIHTY JiTIEBUX akymynsatopiB [3]. Ha miacTaBi pe3ynbTarTiB 1IbOTO
aHaj13y MOJKHa 3alpoIOHYBAaTH palllOHAJIIBHY TEXHOJOTIIO IEepepoOKH JIITIEBUX
aKyMyYJISITOPIB, SIKa MOKE NMPOMHCIOBO 3aCTOCOBYBAaTUCH Ta 30epirae moTeHIian A
MOJABIIOT0 BJOCKOHAJICHHS (pHUC.).

MonepenHs
obpobka
Pospsn 3a [JOMOMOroHo
KaBiTaujil
poboYO0i pianHU

lopomeTtanypris Cenapauiqa

Pucynox — Cxema nepepodxu nimiesux akymynamopis

CroyaTky BIAMNpAanbOBaHI JITIEBI aKyMYyJSTOpPU 1 aKyMmyJasiTOpHi Oatapei
MAaI0Th MAaKCUMAIBHOMY O3PSIy 3 METOIO 3aro0iranHs BUOyxiB 1 3aiiManb. [loTiM
aKyMYJISITOpU (aKyMyJISITOpHI OaTapei) mifjaroTh KaBiTalliiiHOT oOpoOill y BOJHUX
pO3UMHAX HEOPraHiYHUX KHUCJIOT: 3a JomomMoror TpyOku Bentypi, abo B
yABTPa3BYKOBOMY peEakTopl. Y TMepuIoMy BHUIAJKYy TiIpoAMHAMIYHA KaBiTalls y
TpyOul BeHTypi reHepye IMOYJIbCHUW THUCK CTPYMEHS PO3UYMHY KHUCIOTH, SIKIA
HAIPaBJISIOTh HA aKyMYJISTOPHI €JIEKTPOIM KPi3h OTBOPU B KOPIYyCl akyMyJsitopa. Y
APYroMy BUIIAJKy aKyMYJSITOPHI €JIEKTPOIU 3aHYpIOIOTh y PO3YUH KHUCIOTH IS
BIUTUBY YJbTPa3BYKOBOI KaBiTailii B peakTopi. OTpuMaHy piJIKy CyMilll pO3UMHEHHUX
METaJiB 1 YACTUHOK aKTUBHOTO MaTtepiany MiJal0Th cenapanii 3a1J1 BIAOKPEMIICHHS
YaCTHHOK CenapaTopiB, KJICH Ta IHIIMX MaTepiaiiB, Kl HEe MICTATh MmeTaniB. lleit
OPOAYKT BKE MPUAATHUN U1l T1APOMETATYpPriiHOTO BUIIYYEHHS JITiIO, KOOAJbTY,
Hikemto, maprafmp. OCHOBHA ifies TOJSITaE B TOMY, IO TaKAM YHHOM BJACThCS
3HAYHO 3/ICLIEBUTH 1 CIOPOCTUTH HACTYIHE T1IpPOMETANypriiHe BUIYYEHHS I[IHHUX
METajiB, sIKE BUKOPHUCTOBYE TMOIMEPEAHE PO3UYMHEHHS iX B KucioTi. [lomepemni
€KCIIEPUMEHTH 31 CUJIbHO PO3BEICHUMU CIpYaHOIO, COJISTHOIO Ta a30THOIO KHCIOTaMU
BKa3yIOTh, 110 TIPH OJTHAKOBIN TeMriepaTypi 10 XBUIMH yabTPa3BYKOBOI KaBITAIIHOT
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00OpOoOKM aKyMyJSITODHHUX €JEKTPOJMiB 3a0e3MedyloTh Ha TMOPSAOK  OlibIme
PO3YMHEHHUX METAJIB Yy poOouiil piuHi, HDK 60 XBUIWH 3BUYAaHOTO po3unHeHHs. Lle
CBIIYUTHh MPO TMEPCIEKTUBHICTh METOMY JJIsI BUJIYYECHHS JITIIO, KOOAIBTY, HIKEIIO,
Maprasifio 3 BIANMPaIbOBAHUX JITIEBUX aKyMYJISITOPIB.

BucnoBok. B pe3ynbrari mpoBeneHOTO aHAMI3y Ta MOMEPEIHIX JTOCTIIKCHb
3aMpoNOHOBAHO PAIllOHATIBHY CXEMY NEpEepOOKH JIITIEBUX aKyMYJSTOPIB, 3T1THO SKO1
nornepeaHio 00poOKy BIAMPAlbOBAHUX AKyMYJISTOPIB 3IIHCHIOIOTH 32 JIOIIOMOTOIO
KaBiTalii y BOJHMX pPO3YMHAX CHJIBHO pO3BEJCHUX HEOpraHiyHuX Kuciaor. lle
JI03BOJISIE€ 3HAYHO 37ICIIEBUTH 1 CIIPOCTUTH HACTYIHE TiApOMETATYpriiiHe BIITYYCHHS
I[IHHUX METaliB — JITiI0, KOOaNbTy, HIKEII0, MapraHilio, SKE& BHKOPHUCTOBYE
TIOTIEPETHE PO3UYUHEHHS 1X B KHCIIOTI.
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Abstract. The paper analyzes the possibilities of increasing energy efficiency and energy
saving in electric transport, primarily in magnetic levitation transport, by reducing energy
dissipation during movement. The technology of passive magnetic levitation over a railway
track using supermagnets, as well as the technology of movement in a vacuum pipeline are
considered as promising technologies. Preliminary results of the authors' developments on
this problem are presented. Two variants of magnetic levitation vehicles with passive
magnetic levitation are considered: a passenger train and a high-speed tram.

Keywords: energy dissipation, greenhouse gas emissions, passive magnetic levitation,
vacuum pipeline

AKTYaJIbHICTh JOCJiIKEHHSI 3yMOBJICHA HEJIOCTAaTHBOIO €HEProe(EeKTUBHICTIO
€JIEKTPUYHOIO TpaHCHopTy. EHeproepekTuBHICTh MOKe OyTH MiABUIIEHA HA LLIAXY
3HIDKEHHS! BUTPAT Ha MaJMBO Ta OOMEXEHHs BUKHy TAPHUKOBHX ra3iB. EnexTpuuHi
MEpexi OTpUMYIOTH 3HauHy 4dacTuHy enektpoeneprii Bix TEC (1 TEL), sxi
BUKOPUCTOBYIOTh BHMKOIHE TAJIMBO 1 BUKHUAAIOTH y TOBITpsS MapHUKOBI rasu. o
nouatky BiitHu (2022 p.) mons renepartii Big TEC 1 TELL B Ykpaini ckinanana 29,9 %
[1], a B MICISIBOEHHHMI IEpioJ HABPSAJ UM BAACTHCSA BIJIMOBHTHCS BiJl TEILJIOBOT
reHepaiii. ToMy 3HM)KEHHS JHUCHMALll €Heprii MOBMHHE MNPU3BECTH J0 OaKaHOTO
pesynbTaTy. KpiM TOro, BO4eBH/Ib, 1I€ MOKPAIIUTH TUTAHHS €HEPro30epeKeHHS.

MeTtorw po00OTH € MPOBEACHHS aHaji3y MiJBUILIEHHS €HEproe)eKTUBHOCTI Ta
eHepro30epekeHHs Ha eJIEKTPOTPAHCIIOPTI 32 PaxXyHOK 3HUKEHHS JAUCHUMAIl] eHeprii
Ha TPAHCIOPTHUX 3aco0ax Ta TMOJAHHS TMOMEPEIHIX PE3YJBbTATIB OO0 BUPIMICHHS
3a3HAa4YEHOI MPOOIIEMHU.

OpHuM 13 [IKaBUX BapiaHTIB 3HWKEHHS UCHUIIAII] e€Heprii Ha 3aTI3HUYHOMY
TPAHCIIOPTI € po3poOka itamiiickkoro crapramy IronlLev. Po3poOnHukam Bpanocs
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CTBOPUTH  JOCTIIHMHA  3pa30K 1  MPOBECTH  MepIIl  BUIOPOOYyBaHHs
MAarHiTOJIEBITALIMHOTO  TPAHCIOPTY, 34aTHOrO JIEBITYBaTHM HAJd  3BUYAlHUM
3aJI3HUYHUM NUIIXOM, SIK B CIOKOi, Tak 1 mpu B mpormeci pyxy. ug mworo
BUKOPDUCTOBYIOTbH ~ MAarHiTHI  cjaiiiepy 3  BMOHTOBaHMMM  IOCTIHHUMH
CyliepMarHitTamu, fKi 374aTHI 3a0e3MeuuTH CTIHKYy JeBITallil0 HaJx peldkaMu
3amizHnyHOI komii (puc. 1). Ile moBUHHO 3HAYHO 37€mIEBUTH MaryieB y MOpIBHSHHI 3
texHouoriero Transrapid, Hampukian, 3a paXyHOK BHKIIOYSHHS JOPOTOi HUISXOBOT
CTPYKTYpH. AJie, Il pO3roHy/TalbMyBaHHS 1 MIATPUMKH PYyXY, CYAsUd 3 MaTepialiB
caiity crapramy IronLev, Bce x Taki moTpibeH criemianbHuii ABUTYH [2, 3]. [Toku e
HE B1JIOMO, SIKiii BapiaHT JBUTYHA MPOIOHYEThCH.

VY moromy 2024 p. imxxenepam [ronLev Baanocst po3irHati eKCriepuMeHTaIbHUMI
MarieB Macor oaHy TOHHY g0 70 km/ron. Skmo  BuUmpoOyBaHHS
eKcrepuMeHTalbHOro MaryieB 20 ToHH Ha mBUAKOCTI 200 KM/TO, SIK1 3aIIaHOBAHO B
IronLev, BinOyAyTbCsa yCHIIIHO, TO LIe OyJie CBIAYUTh Ha KOPUCTh MEPCHEKTUBHOCTI
HOBOI1 TexHoJIor1i1 [2, 3].

MarHiTHUn
crnaungep

pevika 3/q -

7 -y v 4 o
<y o 3/8 pevikun
Pucynox 1 — Ilepcnexmusnuii Maenes, 32iono mexuonoeii lronLev

Kuraiichki 1HXXE€HEpPH NPOJOBXKYIOTH YCIIIIIHI PO3POOKH Ta BUIPOOYBaHHS
MAarHiTOJICBITAI[ITHOTO TPAHCIIOPTY y BakyyMHi#l Tpy0i (ananmor Hyperloop) (puc. 2).

Marnes

BakyymHui Tpybonposig

Pucynok 2 — Maenes y eéaxyymuiti mpyoi
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3a paxyHOK MiHIMi3allli onopy NoBiTps MarieB y BakyyMHiil TpyOl1 J03BOJHUTH
CYTT€BO 3HU3UTHU JUCUTIAIIIO €HEPrii 32 BUCOKUX MIBUAKOCTEHN pyxy. Y motomy 2024
p. 3MI noBigomMuid, 10 MPOTOTUIN KHUTalChKOoro MarieB y BaKyyMHOMY
TpyOOIpoBOAi po3irHaBcs 10 623 km/rox [4].

Jlesiki  pe3ynbTaTd JIOCHIHKEHb CHIBPOOITHHUKIB [HCTUTYTY TpaHCIOPTHUX
cucteM 1 TtexsHojoriii (Iuctutyt) y chepi Marnes, y tomy uwmchi, Marnes y
BaKyyMHOMY TpyOOIIPOBO/I, paHilie Oyiau BUKIaAeHI B [5-7]. 30kpema, po3risHyTi
MUTaHHS EJIEKTPUYHOI TATH, MAarHiTHOTO MiJBiCY, OOPTOBOTO E€IEKTPONOCTAYaHHS,
MIHIMI3aIlli aepoJIMHAMIYHOTO OIOpPYy, EHEPronocTadyaHHs BCI€T CHCTEMH BijJ
BIJIHOBJIIOBAaHUX JpKepen eHeprii. Ha nmanmit mMomeHT B IHCTHTYTI BemyThes
JOCIIJKEHHSI MIOJI0 CTBOPEHHS CHUCTEMH «IIACMBHOI» MAarHiTHOI JieBiTalii Ha
CylepMarHitax, 3a aHajori€eo 3 mpoekToMm Ironlev, BUBYAOTBCS MOMKIMBOCTI ii
3aCTOCYBaHHS Ha 3ali3HMLAX 1 TpamMBaHHUX KOJISIX YKpaiHu. 3oKpema,
pO3TISIAEThCA JIBa BapiaHTa: a) eJIeKTpoBO3 3abesmneuye Tiary 15-30 merkux
MacCaKUPChKUX BaroHiB J0 20 TOHH KOXKEH, K1 3[]aTHI JO MAarHiTHOI JEBITAIlll Haj
3QII3HUYHUMH KOJIISIMHM;, OJWH TATOBUM BaroHYWK 3a0e3rnedye TIry TPbOX JIETKUX
TpaMBaliHUX BaroHiB 0 10 TOHH KOXKEH, SKl 37aTHI JO MAarHiTHOI JeBITaIii Haj
TpaMBalHUMU KOJISIMUA HIBUAKICHOTO TPaMBaWHOTO MapuIpyTy. 3aBIsSKH MarHiTHOI
JeBITalli onip pyXy BaroHiB Oyne MiHIManbHUM. OCKIIBKH TEXHOJOTIA 3a0e3neuye
JIEBITALIII0 HABITh B CTaHI BIICYTHOCTI PyXy, TO Ha 3yIMHKAaX HE MOTPiOHI JOJAaTKOBI
MEXaHIYHI KoJieca JIJIl YTPUMaHHS Bard BaroHiB, SIK 1€ BUKOPUCTOBYIOTH SITTOHCHKHMA
Ta  NIBJEGHHOKOpeWchbkuid ~ MarneB,  fKI  NpalOlOTh  HAa  TEXHOJIOTIi
€JCKTPOAMHAMIYHOTO ITi/IBICY.

Texwnouoris MaruitHoi jeBiTamii IronLev mo cyrti Ham He Bigoma, e € «know
howy» itamiiicekoi Gipmu (puc. 3, a, JiBopyd). 3amporoHOBaHa HaMHU CHCTEMa
«TACUBHOI» Mar”iTHOI JeBiTaIlli BUIUIIIAE TakK, SK 300paxkeHO Ha puc. 3, 0

(npaBopyu).
IronLev Cuna marHiTHoi nesitauii

Cnangep T Cnangep

?

-~

depomarHiTHa penka
a) 0)

Pucynox 3 — Cucmema nacuenoi macnimmuoi nesimayii
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CyTb Hamoi po3poOKku: Ha (EepOMarHiTHy perKy 3BepXy MOUMHAIOTH OJATaTH
claijep TpaHCIOPTHOrO 3aco0y, B IKOMY BCTAHOBJICHI JiBa O1YHHMX CylepMarsira 3
MOJIFOCAaMH, OPIEHTOBAHMMM TaKMM YWHOM, IIO OJIHAKOBI IMOJIIOCH HAMpaBIIEHO Ha
petiky. Lle cTBOpro€ MarHiTHE 10JIe, CUJIOBI JIIHIT SKOTO (ITyHKTHUPHI JI1HIT) HampaBjeH1
MpuOJIM3HO Tak, SIK BKa3zaHO Ha puc 3, 6 (mpaBopyd). ToOTo, hepomarniTHa peiika
HaMarHiuyyeTbcs BIAMOBIAHUM 4YWHOM. KpiM Toro, y criaiinepi y BepxHiil 4acTuHI
BCTAQHOBJICHO CYMNEPMarHiT 3 MOJIOCAMH, OPIEHTOBAHMMM Ha BIAIITOBXYBAaHHS BiJ
Mar”iTHOTO moJjisi peiku (puc 3, 6 mpaBopy4). ToMy, Konu craiaep Bke JOCTaTHBO
OJIATHYTO Ha peWKy, BUHUKAaE€ €(PEeKT MarHiTHOTO BIAIITOBXYBaHHS ciaiiiepa Bij
periku. Ilpu 1bOMYy MardiTHe TIOJIe BEPXHBOTO CyNEpMarHiTa HE TIOBHHHE
MIePEBUINYBATH NIEBHOI BEJIMYMHU, 1100 HE MEPEMarHiTUTU PEUKy, 1HAKIIE JICBITaIlls
3HHUKHE. SIK MOKa3yloTh MOMEepPeaHl pO3paxyHKU Ta €KCIIEPUMEHT, Y BEPTUKAIBHOMY
HaIpsIMKY €(QeKT BIAIITOBXYBaHHs cllaiiiepa BiJl peHKH CTIHKHIA, a O1YHE CTAaHOBUILE
cnaiijiepa HecTiiike, ToMy HeoOX1/1H1 O14H1 Kojeca Jijisi ctadutizanii ciainepa. OHaxk,
HAaBAHTAKEHHS Ha O14H1 KoJieca 1 BIAMOBIIHA cUjia TepTA OyIyTh 3HAYHO MEHIIHUMH,
HIK HAaBaHTa)XEHHS Ha KoJieca 3BUYaifHOTO TOTATY 1 BIMOBIHA CHJIA TEPTS, OCKUIbKU
B OCTAaHHHOMY BHUIIAJIKy HABAHTAKEHHSI BA3HAYEHO Barolo BaroHa.

BucnoBok. B pe3ynbrari MpoBEAEHOTO aHamizy 1 MOMEpPeaHIX JAOCTIIKEHb
BCTAHOBJIEHA  MOXJIMBICTH  CYTTEBOIO  3HIDKEHHS  JMCHUMNAIll  €Heprii Ha
MAarHiTOJIEBITALIMHUX TpaHCIOPTHHUX 3acobax. [lo-mepiie, e nacaXupcbKuid MOTAT,
a00 IMBUAKICHUH TpaMBail 1O TEXHOJOTIl MAacCUBHOI MAarHiTHOM JieBiTalii Ha
cylepMmarHiTax, sKi 3JaTHI JO JIeBITalli HaJ 3BUYAMHUMHU 3aJII3HUYHUMHU
(TpamBaitauME) Kodismu. [lo-apyre, e Maries moiz y BakyyMHOMY TPYOOITPOBOII.
EdexT macuBHOI MarHiTHO1 JIeBITAIlll HaJ 3BUYANHOIO 3aJI3HUYHOIO PEUKOI0 MOXKE
OyTH JIOCATHYTO 3a pPaxXyHOK BHUKOPHUCTaHHS CXE€MU pO3TalllyBaHHS TPbOX
CyNepMarHuTiB B claiepi, Sk BKazaHo Ha puc. 3, 0 (mpaBopyy).
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Abstract. Decarbonization of the transport industry is one of the most important priorities
on the way to sustainable development. Global decarbonization trends indicate that many
countries are taking measures to reduce their dependence on carbon, greening production
activities, and transitioning to sustainable development. The work examines the problems
and prospects of decarbonization of the transport industry as a necessary prerequisite for
ensuring a climate-neutral future. The impact of growing greenhouse gas emissions on
climate change is analyzed and the need to implement urgent measures to reduce emissions
of CO, and other harmful substances into the atmosphere is substantiated. Modern
approaches and initiatives aimed at decarbonization are studied, such as: the use of
renewable energy sources, the introduction of "green" technologies in industry, energy
efficiency projects, and others.

Keywords: Decarbonization, transport, sustainable development, sustainable development
goals, sustainable transport, transport infrastructure

AKTYaJbHICTh J0CTiKeHHsI 3YMOBJICHAa HEOOXITHICTIO 3MEHIIIEHHS BHKH/IIB
NapHUKOBUX Ta3iB, 10 MAa€ BAXJIMBE 3HAYEHHS JJIsi OOpOTHOM 31 3MIHOKO KJIIMATYy.
JexapOoHizaliisi nepefdadae CKOPOUCHHS BHUKHIIIB MApHUKOBUX Ta3iB, 30KpeMa
NUIIXOM TEPEeXOoy BiJl TPATUIIAHUX JKEpeN €Heprii, Takux K BYruuis, HadTa i
MPUPOIHUN Ta3, 10 YUCTHX AINbTEPHATHB.

Metow po00oTM € TPOBENCHHS OIJISA0BOrO aHali3y NUIAXIB JeKapOoHi3aiii
TPAHCIIOPTHOT Tally31 Y KOHTEKCT1 BIPOBAKEHHS LIJICH CTAJIOr0 PO3BUTKY.

['moGanbHe MOTEIUIIHHS IMHPOKO BHU3HAHO OMHIEID 3 TOJIOBHUX MPOOJIeM
JIIOJICTBA, 1 BOHO 3aJIMIIIAETHCS aKTyallbHUM MpoTsroM noHaxd 40 pokis [1]. 3a el gac
KJIIMaTUYHA TOJITHKA TTPOUIIIIA KUJIbKA €TaIiB €BOJIIONIT, TOYNHAIOYH BiJl HAYKOBOTO
BU3HAHHA MpOOJeMU, BUXOJY Ha TOJITUYHY AapeHy, CTBOPEHHS IHCTUTYLIMHOT
iargopmu, iMmieMenTaiii Kiotcekoro npotokody Ta mianucanss [lapusbkoi yroau
[2]. V BignoBigs Ha Ti00aNBEHY OOpOTHOY 31 3MIHOK KIIiMaTy Ta 3HA4YHY pPOJIb
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TPAHCIIOPTHOTO CEKTOpY y BUKHaax napHukoBux rasis (I1I') Ykpaina takox mparitoe
HaJ[ aJallTaIl€r0 CBOET TPAHCIIOPTHOI MOJIITUKHU JI0 IPUHIMIIB €BPOINEUCHKOI 3eJeHO01
yTO/H.

€Bporeiicbka 3eneHa yroga (Hagani — EGD) — me mian aiii €Bponeiicbkoro
Coro3y 11010 JOCATHEHHS KIIMAaTUYHO HeWTpanbHoi €Bponu 10 2050 poky.
[nimiaTuBa Oyina 3armoyaTKoBaHa y BiIMOBIAL HA BUMOTY rpomaasH €C, siKi BBaKalOTh
3MiHY KJIIMaTy CEpHO3HOIO MPOOIEMOIO 1 BBaXKaIOTh, 1110 €C MoBUHEH poOUTH OiJbIIe
mwia Oopotebu 3 Hero. IIpaBoBi Ta momitnuni pamku EGD rpyHTyroTBCS Ha
€BporneiicbkkoMy 3esieHoMy Kypci, Boanesiit ctpaterii €C ta Ctparerii aganraii €C
710 3MIHH KJIIMATy.

TpancnopTHUl CEKTOp € OTHUM 3 HAHOUIBIIUX JKepen 3a0pyAHEHHS Ta BUKH/IIB
MapHUKOBHX ra3iB. PiBeHb TpaHCIIOPTHOT O€3MEKH, EHEPrOCIIOKUBAHHS Ta BIUIMBY HA
JOBKULIS B YKPAIHCBKUX MICTaX HE BIJIIOBIJA€ CyYaCHUM BUMoOraM. 3a0pyIHEHHS Bl
TPAHCIIOPTY HETaTHBHO BIUIMBAE HE JIMIIEC HA JOBKULISL, a U HA 370POB'Sl MiCHKOTO
HACEJICHHS.

Ha tpancnoptr mnpumanae 4BepTh MPOMHUCIOBUX BUKHUIIB Traszy, 1 Il BUKUIU
IPOJOBKYIOTh 3pOCTATH: JJIs IOCATHEHHS KIIIMaTU4YHOI HelTpanbHOCTI A0 2050 poky
TPAHCHOPTHI BUKHUAM MarOTh OyTH ckopodeHi Ha 90%, 1 BCi BHIM TPAHCIOPTY
MOBUHHI CIPUSATU JIOCATHEHHIO 1i€1 MeTU. PO3BUTOK CTalioro TpaHCHOPTY O3HAya€e
HaJaHHS MIPIOPUTETY 1HTEpECaM KOPUCTYBAYIB 1 CTBOPEHHS ACIIECBIINX, 3J0POBIIIHUX 1
YHUCTIIINX aJbTEPHATUB ICHYIOUUM BUJAM TPAHCIIOPTY.

JekapOoHizallisi TPaHCIOPTHOI rajy3i - 1€ MPOIeC 3HMWKEHHS ab0 MOBHOTO
yCYHEHHsI BUKUIIB Byryekucioro razy (CO:) Ta iHIIMX MapHUKOBHUX Ta3iB, SKi
BITUYBAlOTHCA TMPU BHUKOPUCTAHHI TPAHCIOPTHUX 3aco0iB, Ta € OJHUM 3
HAWBKJIUBIIIUX MPIOPUTETIB HA MIISAXY J0 CTAIOrO PO3BUTKY. [ 100anbH1 TeHIEHIIIT
nekapOoHizallii MoKa3yTh, 10 0arato KpaiH BXXKHBAIOTh 3aXOMIB JUIS 3MCHIICHHS
CBOET BYTJIELEBOI 3aJIEXKHOCTI, €KOJIOTi3alli CBO€i BHPOOHMYOI AISIIBHOCTI Ta
nepexoay 10 ctajoro po3BUTKY. OCHOBHI 3aXOjH, IO CIPHUSIOTH JeKapOoHi3allii,
BKJIIOYAIOTh ~ pealli3allilo  ypsSAOBUX IHIIIATUB, 3alpOBAKEHHS  BIAMOBITHUX
HOPMATHUBHHUX aKTiB, BUKOPUCTAHHS €KOHOMIYHUX CTHUMYJIIB, PO3BUTOK IHHOBAIIITHUX
TEXHOJIOT1i Ta MI>KHAPOJIHE CITIBPOOITHHUIITBO.

Bigmosimno g0 €Bpomeiichkoi 3eneHoi  yrogau, Hanpukiaii 2020 poky
€Bpornelickka kKoMicis npuiiHsiaa «CTpaTerito cTaaoi Ta po3yMHOT MOOIITBHOCTIY, sIKa
€ OCHOBHUM JIOKYMEHTOM, IO OKpECI€ MalOyTHI pPO3BUTOK €BPOMNEHCHKOI
TPAHCIIOPTHOT CUCTEMU 3 METOIO JOCSITHEHHS KJIIMAaTHYHO HEUTPAIbHOI €KOHOMIKH
10 2050 poky [3]. Crparerisi IpyHTY€TbCA Ha TPhOX MPIOPUTETAX, MOB’A3aHUX 31
3MEHILIEHHSIM MOTOYHOI 3aJIEKHOCTI TPAHCHIOPTHOIO CEKTOPY BiJ BUKOITHOTO MajKBa,
HaJaHHS TOCTYTr MYJITUMOJAIBHOTO TIEPEBE3CHHS Ta TMepeXiJ Ha CTIMKI BUIH
TPAHCTIIOPTY, IO € HAJA3BUYAWHO aKTyaJIbHMM y Hall 4yac. 3a3HadeHl MPIOPUTETU
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30CepeKeH1 Ha CTUMYJIOBAHHI BUPOOHHIITBA TPAHCIOPTHUX 3aC00IB 3 HYJIHOBHUMHU
BUKUJAMH BIJHOBJIIOBAHOTO Ta HU3bKOBYIJIEIIEBOIO TNalMBa Ta BIAMOBIAHOI
1HQPACTPYKTYpH; CTBOPEHHI aepomopTiB 1 TMOPTIB 3 HYJILOBUMH BHKHJAMH,
JOCSITHEHHI CTajioi MIChKOI Ta MIDKMICBKOI MOOUIBHOCTI Ta OXOPOHHU 370POB’S
HACEJICHHS; TPUIHATTI IPUHITUITY «3a0pyIHIOBAY TUIATUTHY.

BinmoBigHO 10  3asBi€HMX ~ 3aBIaHb, JAepxkaBu-wieHH €C  aKTHBHO
BIIPOBA/KYIOTh TOJITUKY JAeKapOOHi3allii TpaHCIOPTHOTO cekTopy. Cepen yCHimHux
1HIIIATUB BapTO BHIUIMTH TaKi: COPHUSHHS 30UIBIICHHIO CEPEAHBOI 3aBaHTAKEHOCTI
TPAHCHIOPTHUX 3ac00IB 3a JOMOMOTOI0 iX CIUIBHOIO BUKOPUCTAHHS; CTATHEHHS
IUTaTH 32 TIEpeHaBaHTaXKEHHS Ha JOporax (3aTopu); MpornaryBaHHs BEJIOCUIIEIHUX Ta
MIIIOX1THUX 30H; CKOPOYCHHS BHUKHIIB Ta 3a00pOHM Ha PIBHI MicTa Ha 00Ir
OCH3MHOBUX/IU3EIbHUX aBTOMOOLTIB, eJeKTpUudikalis 3ali3HHIb, BIPOBAIKECHHS
MYJBTUMOIAJILHUX TIepeBe3eHb [4].

["apMoHi3arliiss TpaHCHOPTHOI NOJIITUKKU Y KPAiHU 3 €BPONEUCHKUMU CTaHAAPTAMU
CIIPUSATUME 3MEHIICHHIO BUKWJIB, IHTErpailii B €BPONEUCHKY TPAHCIOPTHY Ta
E€HEPreTUYHy CUCTEMHU, MIJBUILEHHIO KOHKYPEHTOCIIPOMOKHOCTI Ha MIKHApOIHOMY
PUHKY Ta 3a0€3[EUYEHHI0 CTaJOro EKOHOMIYHOro 3pocraHHs. OnHak VYkpaiHa
CTUKA€TbCA 3 KUIbKOMa BHUKJIMKAaMH Ha MUISIXY [0 JeKapOoHi3allii CBOro
TPAHCIIOPTHOTO CEKTOPY, BKIIOYAIOYM 3aJIe)KHICTh BiJl BHUKOIHOTO TaJNBa,
HEOOXITHICTh MOJEpHI3alli 1HPpacTpyKTypu Ta oOMekeHI (piHAHCOBI pecypcH AJis
JOCSITHEHHS 1IUX ILIJICH.

VYci BUAM TPaHCHOPTY BIAITPalOTh BAXKIMBY POJIb Y TPAHCHOPTHIA CHUCTEMI, 1
KOXKEH 13 HMX Mae OyTH aJanTOBaHMK A0 OUIBII €KOJOTIYHO CTIMKHWX CTaHJIapTiB.
KitouoBuM mipiopuTeTOM € 30UTBIIEHHS BUKOPUCTAHHS TPAHCIOPTHUX 3aco0iB 3
HU3BKMM 1 HYJIBOBUM DPIBHEM BHKHIIB, a TaKOXX BIPOBAKCHHS BiJHOBIIOBAHUX
JOKepeNl TMajuBa 3 HHU3bKUM BMICTOM BYTJICII0 B aBTOMOOIITRHOMY, BOJIHOMY,
MOBITPSHOMY Ta 3ali3HUYHOMY TpaHcnopTi. KpiM Toro, HeoOXiHO pPO3BUHYTHU
HEOOXIHY IHQPACTPYKTYpPY IJs IIUX TPAHCHOPTHUX 3aCO0IB 1 MIJBHUILUATH MOMMT
cepell KiHIeBUX KOopucTyBadiB. KiIt0ouoBUM KOMIIOHEHTOM € MIATPUMKA JOCIIIKEHb
Ta 1HHOBAIlM, CIPSIMOBAHUX Ha PO3POOKY KOHKYPEHTOCIPOMOXXHHX, CTIMKHX 1
«KpYroBux» [5] OpOAYKTIB 1 MOCIAYr, MO JOoNoOMarae 3a0e3MedYuTH MOCTavyaHHS
HEOOX1THUX TPAHCMIOPTHUX 3aCO01B 1 MajJMBa HA PUHOK.

Bukopucranus BiTHOBIIOBAaHUX JHKEPEN €HEPTii CTa€ KPUTUYHO BKIMBUM Y
00poThO1 3 €KOJIOTIYHUMHU TpobiieMaMH, sIKI COPUYUHAE TpaHcnopT. Tpanuiiiini
TPAHCIOPTHI 3aco0u, WI0 MpaIloTh Ha OCEH3WHI Ta Au3esl, € OCHOBHHMU
mxepenamMu BUKUAIB CO: Ta 1HIMUX MIKIJJIUBUX PEYOBUH, IO CIPHYHHSIIOTH
3a0pyIHEHHS MOBITPS Ta TI100aTbHE MOTETUTIHHS.

[lepexin Ha BIITHOBIIOBaHI JKEpena e€Heprii MOXKe CYTTEBO 3HUBHUTH
€KOJIOT1YHU BIIJIUB TPAHCIIOPTY:
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- eJIeKTPOMOOiJii, 110 MpaIol0Th HA €NEKTPHUIll, OTPUMAHIN BiJ COHSYHOI Ta
BITPOBOi €Heprii, € OJHMM 13 HaWOUIBII e(PEeKTUBHUX CHOCOOIB 3MEHIICHHS
BUKHAIB. Ilo€HaHHS e€JIEeKTpOMOOUTIB 13 COHSYHUMHU OaTapesMu JI03BOJISE
BUPOOJISITU YHUCTY EJIEKTPOCHEPTilo IS 3aps/iKd, IO 3HUXKYE 3aJIeKHICTh Bij
BHUKOITHUX TaJIUB.

- BOJAHEBHMH TPAHCHOPT TaKOX JEMOHCTPYE 3HAYHWHA TOTEHINAT ¥y
3HUKEHHI €KOJOT1YHOTO HaBaHTaXCHHsA. BoaHEeB1 aBTOMOOII, MO MPAIOIOTh Ha
MajuBi 3 BOJHIO, BUKUAAIOTH JIUIIIE BOMY, IO POOUTH iX aOCOIMIOTHO €KOJIOTIYHO
YUCTUMHU. BUPOOHMIITBO BOJHIO 3 BUKOPHUCTAaHHSIM BiJHOBIIOBAHHUX JIXKEpel
eHeprii 10JaTKOBO MiJIBUILY€E €KOJOTIYHY O€3MeKy bOTr0 BUAY TPAHCIOPTY.

- OiomajuMBO, SKE€ BHUIOTOBISIETRCA 3 POCIMHHOI CHPOBHHH, TaKOX
pPO3TISAAEThCSA SK albTepHATHUBA TpaauIiiHUM BUAaM mnanuBa. [lompu Te, mo
O0lonanuBo BupoOisisie CO:2 mpu 3ropsHHI, BOHO Ma€ MEHIIMWA BYTJICLEBUU CIiA
3aBasku norauHanHio CO:z i 4ac pocTy POCIHUH, 3 IKUX HOr0 BUPOOJISIIOTh.

- enekmpugikayia 3anizHuyi. 3aN3HUYHUL MPAHCNOPM € HAUOLIbUL
eKOJIO2IUHO YUCMUM 8UOOM HA3EMHO20 MPAHCNOPMY 3A80AKU BUCOKOMY
pisHio enekmpugirayii ma 3pocmaroi4omy UKOPUCMAHHIO MEXHON02IU 3
HYILOBUM BUKUOOM 8y2neyto. Lle 003605€ 3HAUHO CKOPOMUMU BUKUOU 8
MPAHCNOPMHOM) CEKMOPI.

3arasioMm, BIJIHOBJIIOBAH1 JKEpeja €Heprii MalmTh BHUpINIadbHE 3HAYCHHS Yy

CTBOPEHH1 CTaJloT0 TPAHCHOPTY, SIKUM MIHIMI3yE HETaTUBHUN BIUJIUB Ha
HaBKOJIMIIHE CEPEIOBUIIIE.

BucnoBok. Otxe, OopoTh0a 31 3MIHOIO KJIIMary, 30KpeMa uepes
JeKapOOHI3allil0 TPAHCIIOPTHOTO CEKTOPY, € KIIOYOBUM 3aBAAHHSM, SIKE CTOITh MEepe
CBITOBOIO CIMUJILHOTOIO, BKIIOYarO4n Ykpainy. Ha mnpuxmani €Bponeiicbkoro
3€JIEHOTO JJOTOBOPY MOKHA MOOAYUTH YITKUN BEKTOP, CHPSIMOBAHUN Ha JIOCSTHEHHS
KIIMaTUYHO1 HeuTpanbHOCTI 70 2050 poky, 7€ TpaHCIOPTHHUM CEKTOpP Ma€ ICTOTHY
pOJIb Yy CKOPOUYEHHI BHKHU/IB MAPHUKOBHX Ta3iB. YCHIIIHA peajizaiis KIiMaTUYHOI
MOJIITUKA BUMAara€ KOMITJIEKCHOTO MiAXOMYy, KWW OXOIUIIOE BIIPOBAKEHHS HOBHUX
TEXHOJIOT1i, Mepexia A0 BIAHOBIECHUX JDKEpENl €Heprii, pO3BUTOK IHPPACTPYKTypHU
JUTISL €KOJIOTIYHO YMCTUX TPAaHCIOPTHUX 3acO01B Ta MIATPUMKY IHHOBaLIM. YKpaiHa
aKTUBHO aJIallTy€ HAI[lOHAIbHY TPAHCIOPTHY TONITHUKY JIO €BPONEHCHKHUX
CTaHAApTIB, 3a0€3MeUyI0Yr CTAMA PO3BUTOK Tally3i Ta 3MEHIIYIOUU 1i HETaTHBHHMA
BIUIMB Ha JIOBKUJUIS, TaKi 3yCHJUISl CHPUSIIOTH CTBOPEHHIO 3/J0POBOIO CEpEOBUILA Ta
MIJBUIEHHIO SIKOCTI JKUTTS TPOMAJsiH, BOJHOYAC 3a0e3Meuyrodd BUKOHAHHS
MIKHAPOJHUX 3000B’sA3aHb y c(pepi 3aXUCTy HABKOJUIIHBOTO CEPEIOBUIIA.
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Abstract. The article is dedicated to analyzing measures aimed at increasing the energy
efficiency of Ukraine's railway transport enterprises amid the energy crisis caused by the
full-scale invasion of Russia. It has been established that energy conservation in railway
enterprises must be based on a comprehensive approach, which includes technical and
organizational-economic aspects. The technical aspect covers measures to reduce energy
intensity, the use of alternative energy sources, and innovative technologies. The study
results provide recommendations for implementing energy-saving measures such as
accounting for energy-intensive production processes, the application of blockchain
technologies, optimization of thermal insulation, and the use of economical lighting systems,
among others.

Keywords: energy efficiency, energy conservation, railway transport, fuel and energy
resources, energy resource savings, alternative energy sources

AKTYAJIBHICTh JOCJIIKEHHSI 3YMOBJICHA TOCWIEHHSIM E€HEPreTUYHOI KpHU3H,
AK€ 3arOCTPHIIOCH Yepe3 MOBHOMACIITaOHE BTOPTHEHHS pocii B Ykpainy. O6ctpinu
Ta pyWHYBaHHS E€HEPreTHUYHHUX OO0 €KTIB MPHU3BOIATH A0 3HIKCHHS €(EeKTHBHOCTI
NAJTMBHO-CHEPTETUYHOTO KOMIUIEKCY KpaiHu. BpaxoByroum, 110 3HaYyHa 4YacTka
BCHOTO CIOXXMBAHHS MAJIMBHO-CHEPTETUUYHUX PECYPCIB i€ Ha MOTPEOH TPaHCHIOPTY
VYkpainu B UUIOMy ¥ 3aJlI3HUYHOI Tally31 30KpeMa, BaKIJIMBOIO 3HAYEHHS HA0yBalOTh
JAOCTI/DKEHHST MO0 TOIIYKY MEPCIEeKTHBHUX MNUISAXIB MiABUIICHHS €HEPreTUYHOI
e(EeKTUBHOCTI Ha MIANMPUEMCTBAX 3aJII3HUYHOTO TPAHCTIOPTY.

Metoro poGoTm € aHami3 Ta OOIPYHTYBaHHSA 3aXO[dIB 1 UWHHHUKIB, SKi
COPUATUMYTh MIABUIICHHIO €HEProe(EKTUBHOCTI MIAMPUEMCTB  3aJI3HUYHOTO
TPAHCTIOPTY 1 3HWIKEHHIO EHEPrOMICTKOCTI TPH ONTHUMI3allli BUKOPHUCTAHHS
E€HEepPropecypciB y TPaHCIOPTHIHN ramy3i.

3a3HUYHUN TPAHCHIOPT € OCHOBOIO TPAHCHOPTHOTO KOMIUIEKCY YKpaiHu,
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BYKJIMBOIO CKJIAJOBOIO SIK JUISI BAHTAXXHUX, TaK 1 JUIS MACAXUPCHKHUX TepeBe3eHb [1,
2]. 3aBasgkM CBOIM IepeBaraM Ta YHIBEPCAIBHOCTI 3ali3HUYHHUNA TPAHCIOPT
00CIIyroBy€e Maike BCl Taly3l €KOHOMIKH 1 3aJ0BOJIbHSIE TIOTPEOU B IMEPEBE3CHHSIX
MacaXKUpiB 1 BAHTAXKIB MPAKTUYHO Y BCIX KIIMAaTUYHMUX 30HaX 1 B Oynb-skuit yac. [1pu
IIbOMY MPOIIECH PECYPCO30EPEIKEHHS MAIOTh CTPATETIYHE 3HAYSHHS JUTSI TTAMPUEMCTB
3ali3HUYHOI raiy3i, 1o 3a3HadeHo B HaiioHanbHIM TpaHCIOPTHIN cTpaterii YKpainu
Ha niepiox 10 2030 poky [3].

Jlo moyaTKy BiliHM eKCIUTyaTaIliiiHa 3ali3HUYHA Mepeka YKpaiau Oyina ofHi€ero 3
HalOUIbIIUX y €Bpomi 1 jgocaraina maixe 21 tuc. kM. I3 HUX enekTpudikoBaHi
9926,4 km, mo crtaHoBUTh 47,4 % Bcix komii [3]. OpieHTallis MacakupPCbKUX
NEpPeBE3eHb 1 BAHTAXKOIMOTOKIB  3a/lI3HUIb HA TIEPEBaXHE  3aBAHTAXKEHHS
eNeKTpr(iKOBAHUX HAMPSMIB Ta 3HUKEHHS CIIOKUBAHHS JU3EIHHOTO TAJITNBa CIPHSIE
eHepro30epeXeHHIO 1 3MiHI eHeprodanancy. [Ipu nboMy nepeBe3eHHs eIEKTPOTITOI0
3a0e3neuye 3HaYHO HI)KYY MUTOMY COOIBAPTICTb.

[loBHOMacmiTabHE BTOPrHEHHS pocli B YKpaiHy OKpiM Oe3nocepeaHix
pYWHYBaHb 1 MOMIKOKEHb (Y TOMY 4YUCIl W 00’€KTIB 3aJi3HMYHOI raidy3i) CTBOPIOE
JIOJIATKOB1 BUKJIUKU JUIsI €HEPreTHYHO! CUCTeMH. KpUTHUHMMH CTalOTh MHUTAHHS
3a0e3nedyeHHs] CTaOlIBHOTO TIOCTaYaHHS E€HEeprii, BIOPOBAHKEHHS 3axXOJliB 3
eHeproe()eKTUBHOCTI Ta palllOHATBHOTO BUKOPUCTAHHS EHEPIETUYHUX PECYPCIB.

VY Takux CKIaJHUX YMOBAax TEXHOJIOTII Ta METOJIU 30€pEKEHHS €IEKTPOEHEPTIi 1
MajJbHOrO CTajd HAaWAKTyaJbHIIIMMUA MUTAaHHSAMU TOCHOJAPCHKOI AiSUIBHOCTI
KOKHOT'O 3aJII3HUYHOTO0 Mipo3auty. [Ipu oMy citiji 3a3HaYUTH, 1110 HUHI OCHOBHI
dakropu hopmyBaHHS €HEProePEKTUBHOCTI MIAMPUEMCTB 3aJII3HUYHOTO TPAHCIIOPTY
MaloTh B CO01 JIB1 BaXKJIMBI CKJIAJIOB1: TEXHIYHY Ta OpPraHi3alliifHO-eKOHOMIYHY.

TexHiuHMIA aCTIEKT 30CEPeIKEHUN Ha IMiABUIICHHI €(heKTUBHOCTI BUPOOHHUIITBA
Ta 3HIDKEHHI EHEPrOEMHOCTI dYepe3 3axoau 3 eHepro3oepexenHs. Ha Ttakux
MiAIPUEMCTBAX 3aJII3HUYHOTO TPAHCTIOPTY SK JJOKOMOTHBHE TOCIIOAAPCTBO, BATOHHE
JeT0 TOIIO THWTAaHHS EHepro30epekeHHsT BHUPINIYIOTH 3a JBOMAa OCHOBHHMHU
HanpsiMKamu [2]:

1) 3HM>KEHHS BUTPAT TajuBa Ta €JICKTPUYHOI EHEPTii Ha TATY MOi3/iB,;

2) eKOHOMisI MaJUBHO-CHEPreTUYHUX pecypciB npu TEXHIYHOMY
00CITyroByBaHHI 1 PEMOHTI PyXOMOTO CKJIaYy.

Pecypcosbepexents Ha CydacHOMY €Tari OKpiM OIIaJIMBOI BUTPATU PECYPCIB
nepeadavyae TaKOX BIPOBAKEHHS HOBUX TEXHIYHMX 3acO0IB 1 TEXHOJIOTIH,
BUKOPUCTaHHSI allbTEPHATUBHUX JDKEpES €HEeprii, 3aMIIEHHS €HEProHOCIiB TOUIO.
Cepenl OCHOBHHMX 3aX0/11B IIOA0 €HEPro30epe:KeHHs Ha MIANPUEMCTBAX 3aT13HUYHOTO
TPaHCIOPTY MOXKHA TaKOK BUALTUTH Taki [1, 4]:

- MJIBUIIEHHS €(QEKTUBHOCTI BUKOPWUCTAHHA EHEPIeTHMYHUX PECypCiB I
PyXOMOTO CKJaay Ta 00’ €KTiB iHPPACTPYKTYpH;
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- po3po0OKa eHeProoNTUMAIbHUX PEKMUMIB BEJICHHS TOi3/1B,;

- YIPOBA/IPKEHHS CYYaCHUX CHUCTEM YIPaBJIIHHS TEMIEPATyYPHUMH PEXUMaMU 1
PO3MO/ILIOM Ta BUKOPUCTAHHSIM €HEPrOHOCIIB;

- KOHTPOJIb HaJ BUTPATaMU €JIEKTPUYHOI €HEPrii Ha OCBITIIEHHS, BIPOBAI>KEHHS
€KOHOMIYHHX OCBIT/IIOBAJIbHUX CUCTEM,

- 3HIDKCHHS BTpAT IMajiiBa Ta TEIUIOBOI €HEpTrii 3a paxyHOK IOKpaIleHHS
repMeTH3allii TepMIYHOTO 00JIaTHAHHS;

- MIBUIIICHHS €(PEKTUBHOCTI yTHIII3AIlli eHeprii Ta iH. ;

BnpoBamkeHHsST HOBHX TEXHOJOTIA JO3BOJIUTH TaKOX JUJISl MAaCaKUPChKUX
NEepPeBE3eHb 3MEHIIUTH BUTPATH MMAJUBO-CHEPreTUYHUX PECYpPCIB HA OMATIOBAHHA 1
BEHTUJISILIII0 BAarOHIB Ta CEPBICHE OOCIYrOBYBaHHS MACAKUPIB. Y MacaXKUPChKUX
BaroHax, a Tako OyHIBIIAX 1 CIOpyJAax 3alli3HUYHOI 1HPACTPYKTYPH AOLIIHHUM €
3aCTOCYBaHHA  CYYaCHUX  €HEPrOCKOHOMIYHMX  KJIIMAaTUYHUX  MPUCTPOIB 1
TEIUI0130JIALIITHIX MaTepiaiaiB HOBOrO Kjacy.

Oprani3aniiHO-eKOHOMIYHMM MiAX1J nependadae BIOPOBAIKEHHA CHCTEMH
EHEPreTUYHOT0  MEHE/DKMEHTY,  OOJIIKy Ta  MOHITOPUHTY  CIIOKHUBaHHS
eHepropecypci. 3 Ii€l0 METOIO Ha MiANPUEMCTBAX 3aTI3HUYHOI Taly3l CTBOPIOIOTH
HOBl BIIUIM 1 CIyXOH, $KI 3A1MCHIOIOTH BUMIPIOBaHHS, OOJIK Ta aHami3
eHeprocnokupaHHsi. Ha OCHOBI NMpoOBEAEHOro aHaii3y po3pOOJIAIOTh MPOEKTU IS
3a0e3MeUYeHHS PAIliOHAIBHOTO BUKOPHUCTAHHS IMAaJUBHO-CHEPTeTUYHUX PECYpCiB.
JIOIITbHUM TaKOX € CTBOPEHHS CHEIlajibHOI 0a3u JaHWUX II0JI0 MPOEKTIB, SIKI €
MEePCHEKTUBHUX ISl 3JII3HUYHOL rainy3i 3 TOYKU 30py MUTaHb pPecypco30epeKeHHs .
[li mpoekTn MaroTh OyTH CHPSMOBaHI Ha TMOKPAIIEHHS TEXHIKO-TEXHOJIOTIYHOTO
CTaHy TSATOBOTO PyXOMOTO CKJIaAy Ta IHIIUX 00 €KTIB 1HOPACTPYKTYPH 3a PaXyHOK iX
OHOBJICHHA 1 MojepHizalii. Jlo yka3zaHoi 6a3u JaHMX MalTh OyTH 3aHECEH! TaKOX
IIPOEKTH 3 YIOCKOHAJICHHS TEXHOJIOT1H PEMOHTY 1 00CITyrOBYBaHHS PyXOMOTO CKIIaIy
3aJT13HULIb.

HoBruMu HanpsiMkaMu B OpraHizaliiiHO-eKOHOMIYHOMY IMIIXO/1 € 3aCTOCYBaHHS
cucteM O0JIIKYy Ta KOHTPOJIIO €HEePropecypciB Ha OCHOB1 OJIOKYEWH TEXHOJOTIN, SK1
JAI0Th MOKJIMBICTh B TPAHCIIOPTHIM JIOTICTHUIII KEPYBAaTH BAHTAKONEPEBE3CHHIMU 3
METOIO0 IIIJIBUIIICHHS 1XHBOI €(hEeKTUBHOCTI. BukopucTraHHsS €IuHOi 0a3W JaHUX 1
texnosoriii  «Blockchain» mo3Bosse 37ifiCHIOBATH BAaHTAXKOIEPEBE3CHHS B pasu
IIBU/IIIIE, IO € BAKIIUBUM ACTIEKTOM JIJISl pECYPCO30epeKeHHH.

BucnoBku. EneproeekTUBHICT Ta  €HEPro30EpekeHHS €  KIIOUYOBUMH
CTpaTerisiMH, SIKIi CHOPUSIOTH 3HWKCHHIO C€HEProEMHOCTI Ta  ONTHUMI3aIli
BUKOPUCTAHHS TAJIMBHO-CHEPTETUYHUX PECYPCiB y 3alli3HUYHOMY cekTopi. Jlms
HiAOPUEMCTB 3aJI3HUYHOI Tally3l BOPOBAJKEHHS HOBUX YMOB €HEpPro30epexeHHs
JO3BOJIUTh  3MEHIIMTH COOIBapTICTh NEPEBE3€Hb 3a PaXyHOK EKOHOMHOIO
BUKOPHUCTAHHS BCiX BUIB €HEProHociiB.. KoMIiekcHa peanizallist 3alponoHOBaHUX Y
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mii  poOOTI  3axOMIB  COPUATUME MIABUIICHHIO KOHKYPEHTOCHPOMOXKHOCTI
HiANPUEMCTB 3aJII3HUYHOTO TPAHCTIOPTY B YMOBaX €HEPreTUYHUX BUKJIMKIB.
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Abstract. This work is dedicated to determining the interdependence of voltage asymmetry
in the 0.4 kV distribution network, the magnitude of the current generated by a renewable
energy source (RES) connected to one of its phases, and its location. The paper considers
the use of three types of winding connection schemes for these transformers: star/star with
neutral (Y/y0), delta/star with neutral (4/)0), and delta/zigzag with neutral (4/z0). The
obtained dependencies allow for determining the permissibility of connection combinations
of the RES location in the distribution network according to current standards and their
usage limits.

Keywords: Renewable energy sources, distribution networks and transformers, transformer
winding connection schemes, voltage asymmetry

VY po3noainpHIA Mepexi MOHOBIIOBaHI OgHO(A3HI JKEpela eIeKTPOCHepril
CTBOPIOIOTH HecUMeTpito Hanpyru. CTaBUTHCS 3aBJaHHS BU3HAYCHHS MIPU IIi€i
HECUMETPIT JIJIsl BKa3aHUX CXEM 3'€THAHHS PO3NOAUTHFHUX TpaHCcHOpMaTOPiB B MipH
BIJIJAJICHOCTI JIKEpeJia MOHOBJIIOBAHOI €Heprii BiJ TpaHcpopMaTopa i, IpUPOAHO, Bij
BEIMYMHM Horo reHepamii. O4YeBMAHO, IO HECUMETpPIS HANpPYrd B MeEpexi
BUKIIMKAETHCS CKJIAIOBUMH 3BOPOTHOI 1 HYJHOBOI MOCIIZOBHOCTI T€HEPOBAHOTO
CTpyMy, 1 1[0 HaWOUIbIIa HECUMETpPis BUHHUKAE O€3MOCEpPeaHhO B MiICIHl iX
MIIKITIOYCeHHS 70 Mepexi. CKiIamoBi mpsMOI MOCTIIOBHOCTI ITUX CTPYMIB 1 CTPYMIB
1HITIOTO HABAaHTAXKEHHSI, IK€ BBAKAETHLCS CUMETPUYHUM, HE CTBOPIOIOTH HECUMETPIT 1
TOMY HE BpPaxoOBYIOThCA. JIJisi BU3HAUEHHS KOE(]IIIEHTIB HECUMETpIi HANpyrd B
PO3MOAUIBbHIN MeEpeki HEOOX1AHO 3HATH MapaMEeTpH YCiX ii €JIeMEHTIB JJIsl PEKUMIB
10 3BOPOTHIM 1 HYJIbOBIM MOCIIAOBHOCTI.
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Jlis BU3HAUEHHS KOE(IIIEHTIB HECHUMETpPIl HAMpyrd B PO3MOAUIBHINA Mepexi
HEOOX1IHO 3aJaTH MapaMeTpu yciX ii €JeMEHTIB IJisd PEeXUMIB 1O 3BOPOTHIN 1
HYJIBOBIH mocmioBHOCTI. [lokakeMo B HIDKUCHABEACHIM TaONMIN IMapaMeTpu
TUIIOBUX TPaHCPOPMATOPIB TOCTIKYBAHUX CXEM.

Tabnuys 1— llapamempu mpancgopmamopis 00CnioHCy8anux cxem

CxeMa 3'eqHaHHST OOMOTOK .
HaiimeHnyBaHHs mapameTpa Bennunna
TpaHchopmaTopa
st ycix cxem HowmiHanbHa MoTyXHICTh, KBA 100
HowminansHa [lepBunHa cTOpOHA 10,5
Hanpyra, KB BropunHa cropoHa 0,4
Jlst mocti qoBHOCTI
Y/y0 [MTomoBxHiii omip, 3B0porHOI0 Hy(J)I Z%];HH
omiie | oo | oastpsey
A ly0 o b0 oo (0,0315+j0,065) 0,0722
p o}?w pa, (0,0315+j0,065)
Y /20 0,0751 0,0189
(0,0363+j0,0657) | (0,0156+j0,0106)
Ipumimxu:

1) Inst 2-01 i 3-01 cxeMm 3'elHaHHS OOMOTOK TpaHC(HOPMATOPIB NPHHHATI
OJIHAKOB1 BEJIMYUHU OMIOPIB CTPYMY 3BOPOTHOI (MPsIMiif) TTOCII1IOBHOCTI.

2) dns 2-oi cxeMu 3'€eqHaHHA OOMOTOK TpaHC(POPMATOPIB MPUUHATI OJHAKOBI
OMOpH CTpyMaM 000X MOCIIJOBHOCTEM.

3) IcToTHE MiABUIIEHHS OMOPY CTPYMY HYJIBOBOI IMOCIIAOBHOCTI JIJIs 1-01 cxemu
CXeM 3'elHaHHs 0OMOTOK TpaHc(hopMaTopa MoB'sA3aHe 3 THUM, 1110 L€ CTPyM HE MOXKe
MPOTIKATH MO HOTO IEPBUHHUX OOMOTKAM.

4) BenuuuHu onopiB TpaHcopmaTopa Al CTPYMY, T€HEPOBAHOTO JKEPEIOM
MTOHOBJIIOBAHOT €JIEKTpOEHEePTii, BuOupamucs 3rigHo [1].

[Tutomi mapamerpu Tpu(a3HOI YOTUPHKWIBHOI KaOENbHOI JIiHIT MPUBEIEHI B
HACTynHiM Tabnuui 2. BpaxoByBanucs TIIbKH il aKTUBHI ONIOPH 3 OTJIAlY Ha Te, 10 iX
BEJIMYMHU Ha TIOPSIOK MEPEBEPIUIYIOThH iX peaKTHUBHI KOMIIOHEHTH.

Tabauys 2— [umomi napamempu mpughazHoi LomupudxscuibHoi KabenvHoi ninii

Ne HaitmenyBanus mapamerpa [TocnigoBHOCTI
3/m 3BOPOTHOIO HynboBuit
(psimiin)
1 I[Tepepi3 w1, MM2 35/16
2 ITutomwuii akTHBHHK omip kKabenro, OM/KM 0,8 ’ 6,05

Ipumimka: Tlpu po3paxyHKy pexKUMY HYJIBOBOI MOCIIIOBHOCTI B PO3MOIIbHIMN
Mepexi Oylao TPUNHATO, IO CTPYM HYJIbOBOI MOCHIIJOBHOCTI TOBEPTAETHCS [0
JoKEpesia BO30OHOBIISIMOM €JIEKTPOSHEPT1l BUKIIFOYHO MO HYJIBOBIM kil kademto. Le

154



MIPaBOMIPHO 3 OIJISITy Ha TE, 10 HABIiTh MPU WOTO 3a3eMJICHIN HEUTpalli BXKE TUTHKH
AKTUBHUM OINIp 3a3eMJICHHS HEWUTpalll KUBIAYOro TpaHcopMaropa, Mo HOpPMI,
piBHUI 4 oM, OLiblIe HIXK Ha MOPSAJOK NMEPEBUIIYE aKTUBHUN OIMIp HYJIHOBOI >KUIIU
BUKOPHUCTOBYBaHIM KaOeNbHIH JiHIT pO3yMHOT JOBXHHU. A 111e HEOOX1THO J0/IaTKOBO
BpaxoBYBaTH 1 OMIp 3a3€MJICHHS HEHUTpaJi [bOro HKEpea.

BusnauenHns wipu HecHMMeETpii Npu pI3HUX cXeMaxX 3'€JHaHHS OOMOTOK
TpaHchoOpMaTOpiB B MICIII MIIKIIOUECHHS JH)Kepesia IOHOBIIOBAHOI €JICKTPOCHEPTIl Ha
oJHYy 3 (ha3HUX XKUJI YOTUPWKUIBHOTO MOBITPSHOTO KaOenro mpH Bapiarii BiIcTaH1
IILOT'O MICIIS BiJI MEpEKEeBOTO TpaHchopmaropa.

VY 3araibHOMy BUMNAAKy Mipa HECUMETPIii B PO3MOILIBHIA MEpEXi BU3HAYAETHCS
OKpeMO JJIsi 3BOPOTHOI 1 HYJIHOBOI MOCHIOBHOCTI. BoHa 3aneXuTh BiJl BEIMYUHU
cTpymy kepena BUD 1 Big cymapHOro omnopy AUISTHKH MEPEeXi BiJl PO3MOALIBHOTO
TpaHchopmaropa a0 micusg BHUD 1 camoro tpanchopmaTopa. ¥V 3araibHOMy BHIAJIKY
Mipa HECHUMETPIl B PO3MNOAUIBHIA MEpEKl BHU3HAYAETHCS OKPEMO ISl 3BOPOTHOI 1
HYJIbOBOI MOCIIJOBHOCTI. BOHA 3aeXuTh BiJ BEJIMUMHU cTpyMmy Jkepena BUD 1 Bin
CYMapHOTO ONOpY JAUISHKH MEPEXI B PO3MOAUILHOTO TpaHchopmaropa 10 Micls
BUD 1 camoro Tpancdopmaropa.

Le#t koedimieHT MOKe OYTH BU3HAYEHUH 3 HACTYITHOT'O BUPAYKEHHS.

kns:%'kgen'%ﬁ'|zt+zl'l| (1)

ne Zi — ONnopH JaHuX TpaHcHOpMAaTOPiB 3BOPOTHIN (mpsmiil) abo HYIJIbOBIi
ITOCITIJOBHOCTI, OM,

Z) - TUTOMI1 OTIOpU KaOEIBHOT JIiHIT U1 THX K€ MOCIiIoBHOCTEH, OM/M

| - moBxkuHA MiIAHKM KaOeIbHOI JHIT BiJ PO3MOIIBHOIO TpaHchopmaTopa a0
micig BUD, m.

“I'' - cuMBOJM, IO BU3HAYAIOTh HEOOXIAHICTH OOJIKY IOBHOTO OIOPY, IO
BHOCHUTBCSI, B LIEH JIAHIIOT TIO MOAYJIIO,

Kgen - KO3 duIEHT reHepanii mo CTpyMy HOHOBIIIOBAHOTO JDKEpela B IO
BIJTHOIICHHIO JI0 HOMIHAJIBHOTO CTPYMY BTOPUHHOT OOMOTKHU TpaHchopMaropa,

Sh - HOMIHaJBHA TIOTYXHICTh TpaHcpopMmaTopa, BA,

U, - HomiHaimbHa  Hampyra BTOPUHHOI  OOMOTKHM  PO3MOIiIHHOTO
TpaHncpopmaropa, B,

[Hudpa 9 - BpaxoBye, sik ogHO(a3HUU XapaKTep TeHepalii CTpymy, Tak i
PIBHICTH MK COOOI0 YCIX HOTO CKJIaJ0BHX.

st po3noaunbHOI Mepexi 3 TpanchopmaropoMm Y/y0 rpadiku KoedilieHTiB
HecuMeTpli He OyayBaiMcs 3BakKaloud Ha MOro ykpail MoraHi napameTpu IO
HYJIbOBIM TocimoBHOCTI. To0TO, TpaHChOpMATOp 3 TAKOK CXEMOK MPAKTUIHO
HETIPUAATHUN JI1 BUKOPUCTAHHS 3 oAHO(a3HOoIO0 imkekiiero BUD npu nmotpumanHi
JII0YMX HOPM 10 TOMYCTUMUX 3HAYEHHAX KOe(ilieHTIB HECUMETPIi [2].
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I'padixu mo HEecumeTpii mis Po3MOMAIIBLHOT Mepexi 3 Tpanchopmatopom A/y0
1u1s1 000X TOCIIIIOBHOCTEH NpUBE/IEHI HIKUe Ha MalL. 1, 2.

- [ 1T T T T 1
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3a0anuM Koepiyicnmam Hecumempii no
360pOMHIL NOCNIO0BHOCMI

Jlist po3noaiibHOI Mepexi 3 TpaHchopmaropoM YZ0 BiANOBIAHI rpadiku
IPUBEJICHI HIDKYE Ha Mall. 3,4,
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PO3n00inbHO20 mparcpopmamopa Y/z(0)
3a0anum KoepiyicHmam Hecumempii no
360pOMHIL NOCAIO0BHOCHIT

Buano, mo rpadiku HecuMeTpii MO 3BOPOTHIN IOCIIIOBHOCTI IS OCTaHHBOI
JaHOT MEpPEeXl MPAKTUYHO CHIBMAJAIOTh 3 aHAJIOTTYHUMH rpadikamMu IS MEpexi 3
TpaHchopmaropom A/y0.

BucHoBku.

1. TlpeBaxxHUM CHIOCOOOM MiAKIIOUEHHS 0JHO(a3HOI TeHepailii Ha cTtopoHi 0,4
kB Tpanchopmaropa SBISE€TbCS MIAKIIOYEHHS OAHO(A3HOrO JHKEpesia 10 IIUH
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KUBJISIYOTO TpaHcpopmaTopa dYepe3 oOnHOGA3HUN JBOXKHIBHUN Kabemb, abo
BUKOpPHUCTaHHS TpU(da3zHOi reHeparlii 13 3acCTOCyBaHHAM Tprda3zHOTO 1HBEPTOPA.

2. [cTOTHUM HEONIKOM BHUKOPUCTAHHS XKUBJSYOTO TpaHchopmaTopa 3 rpyroro
3'enHaHHS HOro 0OMOTOK Y/y0 sIBJsSI€ThCS 3HAUHE 3pOCTaHHS KOoe(ilieHTa HECUMETPIl
Harpyrd (M0 HYJBOBIA TOCTIJOBHOCTI) HAa WOro IIMHAX MPH CKUTHBKHA-HEOYIb
MOMITHIN omHO(Ma3HIN TeHepallii, THM CaMUM CHUJIBHO OOMEXYEThCS MOMJIHUBICTH ii
BUKOPHUCTAHHA B MIIKIIOYEHIH 10 Hboro Mepexi 0,4 kB.

3. Cxemmu 3'emqHaHHS OOMOTOK >KUBIISTUOTO Tpanchopmaropa A/y0 i1 A/z0
pIBHO3HAYHI MpH BIJIHOCHO Maik BijacTaHl Miclsd miakiaoueHHss BUD  Bix
TpaHchopMaropa, OCKUIBKM TMpU I[IbOMY BH3HAYaJIbHOIO OyJe HECUMETpis TI0
3BOPOTHIM MOCHIIOBHOCTI. B 1IbOMY BHITaJKy IOJIOBXKHI OMOPH TpaHcpopmaTopiB
000X cxeM Juisi 3BOPOTHOI MOCHIAOBHOCTI NpuOIM3HO piBHI. [lpu mMopiBHIHO
OlIBIIOMY BHUJAJEHHI LBOrO Micls Bl TpaHcopMaropa BHU3HayadbHOI Oyje
HECHUMETpIsl MO HYJIbOBIM MOCIIAOBHOCTI, @ HOro omip Mo Wid MOCIIAOBHOCTI JJIs
cxemu A/z(Q iCTOTHO MeHIIIe, HixK Ji71s1 cxeMu A/yO0.

4. YV pasi miaKIro4YeHHs pKepena oaHodaszHoi renepaiii He go muH 0,4 kB
KUBJISTYOTO TpaHcpopMmaTopa (uepe3 oaHo(Da3HUN TBOKIIbHUN KaOeib), a Ha TIEeBHIN
BiJICTaH1 BiJ TpaHchopmaTopa uepe3 TpudaszHuii 4-X KUIbHUNA KaOesb, JOMyCTUMA
BEJIMUMHA IIi€1 TeHepallii Oyjae oOMexeHa MUTOMUMHU E€IEKTPUYHUMM MapameTpaMu
Ka0eto 1 HOro JOBXKHHOIO.

5. T'onoBHuM oOMeXyBaueM BEIMYMHH OAHO(A3HOI TeHepalli KeperaMu
MIOHOBJIFOBAHOT ~ €JIEKTPOEHEprii, MNpuh IX MOIAKIOYEHHI [0  PO3MOAUIBHOIO
TpaHchopmaropa uepe3 YOTUPUKWIbHHN TpudasHuil Kabenb, SABISETbCS HOTO
ICTOTHO OLIIBIIMI OMip MO HYJbOBIM B MOPIBHSIHHI 3 MPAMOIO MOCIIIOBHICTIO TI€l XK
JTOBKHHH.
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Abstract. This article explores the key aspects of cooperation between solar power plants
(SPPs) and energy storage systems (ESSs). As renewable energy sources gain prominence,
the integration of energy storage has become essential to address the intermittent nature of
solar power generation. This cooperation enhances grid stability, optimizes energy
utilization, and mitigates power fluctuations. By combining SPPs and ESSs, energy can be
stored during periods of high generation and released when demand exceeds supply,
improving overall efficiency. This study investigates technological and operational
strategies that optimize the performance of these systems.

Keywords: Solar power plants, energy storage systems, renewable energy integration, grid
stability, power fluctuations, energy efficiency.

AKTYaJIbHICTh IOCJTiKEHHSI 3yMOBJICHA BCE OUIBIIUM BIPOBAIHKCHHIM
BiHOBIIOBaHMX Jkepen eneprii (BJIE), 30kpemMa constaHoi eHeprii, 10 HaIllOHAIBHOT
EJEKTPUYHOI Mepexi Kpainu. Yepe3 pakeTHi artaku 3 OOKy pocii BTpatu
€HEepPreTMYHUX TOTYKHOCTEM Majau Cepilo3Hl HacHiIKK JUisl  CTaOLIBHOIO
CHEepPronocTavyaHHs Ta B LUIOMY Ui ekoHoMikk Ykpainu [1]. Tomy po3BuTOK
cucteM 30epiraHHsl €Heprii J1lae MOXKJIMBICTb 3pOOUTH COHSYHY EHEPIreTHKY e
e(eKTUBHIIIOIO.

MeTo10 pod0TH € JOCIIKCHHS B3a€MOJIIT MK COHIYHUMH €JICKTPOCTAHIIISIMH
Ta cuctemamu 30epiranHs eHeprii. lle 703BOIMTH BUSBUTH OCHOBHI IE€peBaru Ta
HEJONIKM, a TaKoX MOXIMBOCTI JJIsi TOKpAIEHHS EHEeproeeKTUBHOCTI Ta
CTaOUIBHOCTI €JIEKTPUYHUX MEPEXK.

Ha chorognimHiii IeHb COHS'YHA €HEPris € OJHUM 3 HaWOLIbII MOIIUPEHUX 1
NEPCHEKTUBHUM JIKEPEIOM Y BiJHOBIIIOBaIbHIN eHepretuill. Lle mosicHIOeThCS Bce
OUTPLIMMH 1HBECTULISIMU Yy Iiil ramy3i. Tak, 3rigHo 3 mporHo3om, a0 2030 poky
YyacTKa COHSYHOI €HEePreTHKU B 3arajbHOMY €HeprodayiaHci YKpaiHH MOXKe CSITHYTH
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10-15%, ne3Baxarouum Ha Te, IIO 3apa3 EHEPreTUYHa raixy3b KpaiHH IepeKuBae
ckiaaHi yacu [1].

VY 2023 pomi ypsng Ykpainu yxBanuB 3akoH "IIpo BHECEHHS 3MiH JI0 JESIKUX
3aKOHIB YKpaiHM MO0 PO3BUTKY YCTAaHOBOK 30epiranHs eHeprii" [2] B skoMy
PO3TISIHYIM HOBUM BHJ JAISUTBHOCTI MMIOAO 30epiraHHs eJekTpuyHoi eHeprii. B
oMy, 3aKOH CIPSIMOBAHMI Ha BCE OublIe 3aMPOBAKEHHS Ta PO3BUTOK CHCTEM
30epiranHs €Heprii 3 ypaxyBaHHSM ICHYIOUMX BUKIIUKIB.

Cucremu 30epiraHHs €JIEKTPOCHEPTii — 1€ MPUCTPOI UM KOMIUIEKCH
oOnagHaHHS, TMpU3HAYEHI [JIsi HAKONMUYEHHs, 30epiraHHs Ta MOJAIbIIOrO
BUKOPHUCTAHHS €JIeKTpU4YHOi eHeprii. LI cucteMu HakomudeHHs e€HEprii BIAIrParoOTh
KJIFOYOBY POJIb Y CYYacHIN €HEepreTHIll, 3a0e3neuytour CTabUIbHICTh Ta HAAIHHICTh
eJIeKTponiocTayanus [3, 4].

PoGota consiunoi enexkrpoctaniii (CEC) HemoxinBa 6€3 cucteMu 30epiraHHs
CJIIeKTpUYHOI eHeprii [5, 6]. IcHye Oararo cmoco0iB, IOJJ0 HAKOMHMYEHHS CHEPTii,
onnak jisi CEC nHaityacTiiie oOupaeTbcsi XIMIYHUN METOJA 30epiraHHs, mif SIKUM
MOKHA PO3YMITH aKyMYJIIOBaHHSI €HEprii B akyMyisTopHuUx Oartapesix. KoxkeH Bun
aKyMyJIATOpa Ma€ CBOi mepeBard 1 Hemomiku, ajge LiIFEPO4 akymynstop cepen HuX
BIJIPI3HSIETHCSI TapHOI E€HEProePEeKTUBHICTIO, IIBUIKUM 3apsKaHHSIM, TPUBAIUM
TepMiHOM ciTy>k0u Ta HaiiBumum KKJ]I [4].

B cBoili cTpyKTypi cuctemMa 30epiraHHsi €Heprii MICTUTh IHBEPTOP, 110 CIY>KHUTh
sl €(EeKTUBHOIO BUKOPUCTaHHS €JIEKTpU4YHOI eHeprii BupoOsenoi 3 BJIE. 3a
JOTIOMOT'OK0 1HBEPTOpPA BIAOYBAETHCS 3apsii aKyMyJIATOPHUX MOMAYNIIB MOCTIMHUM
ctpymoM. TakuMm unHoM, kosiu CEC Mae rapHy resepaiiito, HaJUIMIIKOM €JIEKTPUYHOT
eHeprii BiIOYBA€ThCS 3apsKaHHS aKyMyJIsSTOpHUX Oartapeil. BiamosigHo, koiu
redepaiiss 3 BJIE mMae HeBenuki MOKa3HWKM, HAMPUKIAL, 4Yepe3 MOTOAHI yMOBH,
HAKOIMYEHAa €HEPrisl 3 aKyMYJSITOPIB MEPETBOPIOETHCS 3a JIOMOMOTOI0 1HBEpPTOpa Y
3MIHHUH CTPYyM 1 MOKe OyTH BUKOPHUCTaHa CIOKUBAYAMHU.

Otxe, cucteMu 30€epiraHHs €Heprii JOMOMAaralTh HAKOMUYYBATH HAJJIUIIOK
eHeprii, KoJiu 11 BUPOOISEThCS OUIbINE, HIXK MOTPIOHO, IO JOMOMAarae 3amnooiraTtu
NEepPEeBaHTAKEHHIO MEpeXi Ta 3IJIaJHKyBaTH KOJIMBaHHS TOTYKHOCTi. BoHu Takox
3/IaTHI MiATPUMYIOTh CTAOUTHHICTh MEpPEXKi, 3a0€3Meuytoun PEeryIrOBaHHs HaNpyTH.
Taki cuctemMu A0MOMararoTh 3riaPKyBaTi KOPOTKOCTPOKOBI KOJIMBAHHS, BUKIIUKAHI
3MIHOIO TOTOJHUX YMOB, 1 HaJJaBaTH Pe3ePBHE JKUBJICHHS, KOJIU 11e HeoOXiaHOo [3].

[Tonpu 3HauH1 nepeBary, iHTerpaiis cucreM HakonuueHHs eHeprii 3 CEC mae i
NIEBHI HEJOJIKU, TaKi K BUCOKA BaPTICTh aKyMYJISITOPIB Ta iXHIl 0OMEXEHUI TepMiH
CITYKOHU.

BucnoBok. Po3BuTOoK cuctem 30epiraHHs €HEprii € BaXJIMBOK YMOBOIO IS
migBUIEeHHs eeKTUBHOCTI Ta ctabinpHOCTI podotn CEC B eHeprocuctemi YKpainu,
30KpeMa B YMOBax 301JIbIIICHNX BUKJIHMKIB JIJII €HEPreTUYHOI ranysi. BripoBamkeHHs
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Cy4yaCHHX aKyMyJIATOPHHMX TexHonorii, Takux sk LiFePO4, namae MoXIuBicTh
ONTUMI3yBaTH BUKOPUCTAHHSI €JICKTPUYHOI €HEPTii, HAKOMUYYIOUHN i1 HAJIUILIKHU IS
MOJANBIIOT0 BUKOPUCTAHHS TiJ] 4Yac HENOCTaTHhoi reHepamii. KpiMm TOro, Taki
CUCTEeMHU 30epiraHHs JO3BOJSIOTH 3IVIAJKyBaTH KOJMBAaHHA MOTY>XHOCTI Ta
3HIDKYBaTH HaBAaHTAXCHHS HAa MEPEXY, L0 MO3WTHUBHO BIUIMBA€ Ha CTAaOUIbHICTDH
eHepromnocTtauyanHs. BogHouac iHTerpamis CHCTEM HaKONMHMYEHHS Ma€ ¥ TeBHI
0OMEXEHHS, 30KpeMa 4Yepe3 BHUCOKY BapTICTh OOJaJHAHHSI Ta OOMEXEHUN TEepMiH
CIIy>kOU aKyMyJSITOPIB.
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Abstract. The article analyses the use of a modern energy storage system, such as a battery
energy storage system (BESS), in the structure of a local electrical system, which has the
ability to use different types of batteries in its architecture, since the battery management
system technology can be used to monitor the state of battery modules, which significantly
increases the safety of operation. In turn, the combination of the other two technologies, the
power conversion system and the energy management system, makes this system complete
for the safe use of stored energy from renewable sources. Today, the Ukrainian power
system needs more decentralised power generation, so a localised electrical system
combined with a reliable battery storage system can help with this.

Keywords: local electrical grids, microgrid, renewable energy sources, batteries, battery
energy storage system, battery management system, power conversion system, energy
management system

AKTYaJIbHICTB I0CJIiI>KEHHSI 3yMOBJICHA CKJIQIHOIO CUTYaII€}0 B EHEPreTUUHIM
cucteMl Ykpainu. Tak, BHAcHIJOK OKyMaiii Ta pPaKeTHUX aTak pocii MpPOTArOM
nmoBHOMacITaOHOro BTOprHeHHs 3 24.02.2022 6yno nomkopxeHo 0ist 55% 00'exTiB
reHepailii, BKJIIOYAIOUYM COHSYHI, BITPOBI, TEIUJIOBI Ta TiJPOEIEKTPOCTAHIII],
MaricTpainbHi JiHIi mepemadi tomio [1]. Tomy cucremu 30epiranHs eHeprii B
JIOKQJIbHUX €JIEKTPUYHUX CHCTEMax € OJHUM 13 KJIIOUOBUX PIIICHb JUIsl MiJBUIICHHS
CTIMKOCTI €HEeprornocTavyaHHs, THYYKOCTI Ta aereHTpati3aiii. OCHOBHUM 3aBAaHHSIM
YCTAaHOBOK 30€piraHHs €Heprii € ONTUMI3allisl BHUPOOHUITBO EJIEKTPOCHEPrii Ta
3a0e3ne4eHHs] JOJIaTKOBOi MOTY)KHOCTI JJii  OajJaHCyBaHHS E€HEPrOCHCTEMH,
rapaHTyIOuH ii THYYKICTh - BUPIBHIOBATH I'padik HABAHTAKEHHS HA F€HEPALIIIO 1 IHITY
EJIEKTPOCHEPTreTHUHY 1HHPACTPYKTYPY [2].

MeTo10 po6OTH € TOCHIDKEHHS CTPYKTYPH CUCTEMH HAKOIWYEHHS €Heprii Ta
aHaii3 (QYHKIIOHATHHUX KOMIIOHEHTIB, Kl CKJIanalTh naHi cuctemu. OcobimuBa
yBara NpuJIUISETHCS BUBYEHHIO POJII OCHOBHUX KOMIOHEHTIB BESS y 3a6e3neuenni
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epexkTUuBHOTO 30epiraHHd 1 BHUKOPUCTAHHS EJIEKTPOCHEPrii B  JIOKAJIbHHUX
€HEePreTUYHUX CUCcTeMax.

[cHYIOTB Pi3HI CITOCOOM HAKOMWYEHHS €JIEKTPUYHOI €HEPTii 3 BIIHOBIIOBAIbHUX
mxepen eHeprii (BJIE), ski moaiiastoTbCs Ha TpW OCHOBHI THUIH: XIMIYHI, MEXaHIYHI
Ta enextpuuHi [3]. 3a3Buuai, Ui CUCTEM, 10 HAKOMUYYIOTh €NEKTPHUYHY €HEPTiio
BupoOsieny 3 BJIE, wacrtimie BUKOpHCTOBYeThCs XiMIUHHMU MeTon 30epiranus. Lle
MOSICHIOETHCSI OUTBII MIMPOKUM BIPOBAKEHHSIM aKyMYJIATOPHHUX CHUCTEM, TaKUX 5K
BESS, B motyxHocTti renepariii BJIE [4].

XiMIYHUN CHOCIO MMOJsArae B aKyMYJIOBaHHI €HEprii B XIMIYHHX CIIOJyKax.
TobT1o, miag UM MOXHA PO3YMITH 3BHYaiHI akymyiatopHi Oarapei (Ab). B cBoro
yepry, cydacHi Ab BenMKOoi €MHOCTI MOXYTh 3a0€3MEeYUTH HAKOTHYECHHS
HAJJIMIIKOBOI €Heprii 1 BUKOPUCTOBYBATH ii B MEPIOU MIKOBOI'O HABAaHTAXKEHHS, a0o
KOJIM TEeHepalis €Heprii Hu3bKa. TakuM YWMHOM, L€ 3HAYHOIO MIpOIO ITIJBUIIYE
CTaOUIBHICTh ¥ HAIIMHICTh €JIEKTPONOCTAYAHHS.

Cyuacaa BESS moxe mpamroBaté 3 pi3HEMH BUAaMH akymyssTopiB. Cepen
HAWUTIOMIUPEHIIUX TEXHOJIOTIM ChOTOJIHI BUKOPUCTOBYIOTHCA JIITIM-I0HHI Ta IX
MiJATANN, HATpPil-CipyaHi, MPOTOYHI Ta CBHHIIEBO-KHCIOTHI akymyssrtopu [4].
BignoBigno, koxkeH Tunm Ab Mae cBoi mepeBarn i HEIOJIKHM 1 OOHMpAeThCS B
3aJIEKHOCTI BIJI 3araJIbHOI MOTY>KHOCTI, BAPTOCTI, TEPMIHY CIIyKOH, MPOAYKTUBHOCTI,
PIBHIO O€3MEKH TOLIO.

Buxopucranus Ab HeMoxinBe 0€3 JOMOMIDKHUX CHUCTEM, SIKI € B CTPYKTYpi
BESS. /o 6ymosu BESS Bxonute battery management system (BMS), imBepropu
abo power conversion system (PCS) Ta energy management system (EMS) [5].

BMS BianoBigae 3a KoHTposib TapameTpiB OesneuHoi pobotu Ab. Jlo numx
nmapaMeTpiB  BIIHOCUThCA poOOYl 3HAUEGHHS HAONpyrd Ta CTPyMy I 4ac
sapsiay/pospsiny Ab Ta, BianosimHO, Temreparypu. ToOTo, Iisi CHCTeMa BiMOBiIa€e
0e3nocepelHbO 3a 3aXUCT Ta Oe3nedyHy poOOTy aKyMyJIATOPHUX MOJIYJIIB,
3a0€3Meuyoun 3aXUCT BiJI iepe3apskaHHs a00 HaAMIpHOTO po3psxkanHsa Ab [5].

PCS — me cucrema, IO MICTUTh B CBOEMY CKJIaJi OJHOYACHO 1HBEPTOPH,
TpaHCchHOPMATOPH Ta CXEMH KEpyBaHHs. 3aBISKH caMme I[id CHUCTEMi BiJOYBAa€THCS
NEPETBOPEHHS MOCTIMHOTO CTPyMy, HaKOMU4eHOTO B AbB, B 3MIHHUI 3 MOAAJIBIIUM
HOro BUKOPUCTAHHSM JIJIS )KUBJICHHS PI3HOMaHITHUX MPUCTPOIB Ta cucteM [5, 6].

3a 3abe3neuenns poOotu Bciei BESS Bigmomizmae iHTerpoBaHa mporpamHa
cuctema ynpasiiHHs EMS. 1ls cucrema € 610koM KepyBaHHs, SIKMil 30upae AaHi B
pexumi peanbHoro uacy Big cucteM BMS Tta PCS, 1 Ha ocHOBI oTpuMaHOi
iH(dopMalii OJIOK KepyBaHHS aBTOMATHYHO MPHUIMAaE PIllIeHH 1I0J0 HAKOIMUYEHHS
ereprii Ab i npopaxoBye cTpaTerii s iX 3apsiay Ta po3psaay [5, 7].

Cxema 3B’513Ky OCHOBHUX KoMNIOHeHTIB BESS HaBenena na pucysky 1.
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. # EMS +=, [Enexrpomepexa

i

AB |=/BMS|=| PCS

Pucynok 1 — Cxema komnonenmie BESS

Ils cxema uHOCTpY€E poOOTY OCHOBHUX KOMIIOHEHTIB Bci€i cuctemu BESS, mio
BUKOPUCTOBYETHCS ISl €(EKTUBHOTO 30€piraHHs Ta BUKOPUCTAHHS HAKOMUYEHOI
eneprii. [llogo apxiTekTypu cUCTEMH, BOHa MOXe OyTH ajantoBaHa J0 OYyJb-SIKUX
crenu(iyHuX noTped, MPOMHUCIOBUX 3aCTOCYBaHb TOLLIO.

BucnoBok. B pe3ynpTaTi mpoBeneHOro OCHIHKEHHA Oyja BH3HAYeHa
CTPYKTypa Cy4YacHOi CHCTeMH HakommueHHs eHeprii BESS Ta 3B's30k oCHOBHHX
KOMITOHEHTIB. Taki cucremu 3a0e3neuytoTh epeKTUBHE 30€piraHHs Ta BUKOPUCTAHHSA
eneprii 3 BJIE. Meron 30epiraHHsi €Heprii BUKOPHCTOBYEThCS XIMIYHUHM, uepes
aKyMyJIATOpU pi3HMX TumiB. BaxnuBumu kommnonentamu BESS € cucremun BMS,
PCS ta EMS, saxi BignoBigaroTh 3a Oe3leKy, 1HBEPTYBaHHS €HEPrii Ta YIpaBIiHHS
pouecamu 3apsy 1 po3psy.
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Abstract. The paper analyzes the use of typical stationary test stations used in conducting
rheostat tests of diesel locomotives in locomotive depots of regional branches "South-
Western Railway" "Ukrainian Railway". The technical condition rheostat stations, which
are currently used in conducting rheostat tests, was examined. With the aim of rational use
of fuel and energy resources, it is proposed to modernize rheostat stations due to the
introduction of electric machine installations for recuperation of electricity.

Keywords: rheostat tests, diesel locomotives, fuel, electricity recovery.

AKTYaQJIbHICTh  JOCJiUKeHHsI 3YMOBJICHAa  HEOOXIJHICTIO  MiJBUILECHHS
TEXHIYHOIO PIBHS CTaHIIM pPEOCTaTHUX BUIPOOYBaHb, SKI BHUKOPUCTOBYIOTHCS B
nokoMoTuBHUX neno AT «Ykp3amizHuULS» TOpU  NPOBEACHHI  PEOCTaTHUX
BUNMPOOYBAaHHIX  TEIUIOBO3IB, 3 MOXJIMBICTIO peKyIepalii eJIeKTpOSHEeprii.
Opranizaifiss mpoiecy pekynepaiii HaIgacTh MOXKIUBICTh, Yy pa3l HEO0OXITHOCTI,
3a0€3Me4YUTH PE3EPBHUM KUBJIIEHHSM €JEKTPOCHEPrii BEIMKOI MOTYXHOCTI BJIACHI
noTpedu abo nepeaaBaTy NEPEeBUPOOIICHY EIEKTPOCHEPTii0 B EHEPrOCUCTEMY MICTa.

MeTtor0 po0d0TH € TPOBEACHHS aHAI3y TEXHIYHOTO CTaHy CTAHII peoCTaTHUX
BUINIPOOYBaHb TEIUIOBO31B HAsBHUX B JIOKOMOTHUBHHMX Jaeno AT «YKp3ali3HULN».
OOrpyHTyBaHHSI JIOIUIBHOCTI MOJIEPHI3alllii pPEeOoCTaTHUX CTaHIM 3a paxyHOK
BIIPOBAKEHHSI €JICKTPOMAIIMHHUX YCTAHOBOK JUIsl peKyTepallli eJeKTpoeHeprii npu
peocTaTHUX BUMPOOYBAHHSX TEIJIOBO3iB. PekomeHmaiii moao BOPOBAIHKCHHS
3aXO/IB PpAlllOHAJBLHOTO BUKOPUCTaHHS MNaJMBHO-€HEpreTHUHUX pecypciB AT
«YKp3aTi3HULIS.

PeoctaTHi BUNpOOyBaHHS MOKJIMKAaHI 3a0€3MEYUTH KOMIUIEKCHY MEpEeBIpKY
MEePEBAXKHOI KUIHKOCTI 00JIalHAHHS TEIUIOBO3a Ha BIAMOBIIHICTh BCIX MOKA3HUKIB 1
rmapaMeTpiB, MPOBECTH IPHUIIPALIOBAHHS JeTaJed I 3MEHIICHHS 1HTEHCHBHOCTI
3HOIITYBaHHS CMAPEHUX JIeTajeil, BUKOHATH HAJIAro/KCHHSI CUCTEM JIJISl iX CHUTBHOI
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poOOTH 3 METOI0 MakcuMizallii Koe]illieHTa KOPUCHOI il TEIrioBO3a B LIJIOMY.
Peocratni BumpoOyBaHHS € OJHUM 13 HaWHOLIBII BIAMOBIAAIBHUX €TaliB B
PEMOHTHOMY ITMKJII 1 MOTPEOYIOTh 3HAYHUX 3aTpaT dYacy, IajuBa, MaTepialis,
BHUCOKOT KBamiikaliii nepcoHaiy.

BumnpoOyBaHHS TEII0BO3a € 3aBepIIAIbHUM €TallOM TEXHOJIOTIYHOTO IMPOLECy
PEMOHTY. YCTaTKyBaHHs, 110 3HAXOAUTHCA B Ky30Bl TEIJIOBO3a, BUMPOOOBYIOTH Ha
CreliaibHIA BUMTPOOYBabHIN CTaHIII] B CTalllOHAPHUX YMOBAX.

Ha BunpoOyBajdbHHX CTaHLISAX JOKOMOTHUBHUX JEMO perioHaigbHoi ¢imii
«IliBnenno-3axigna 3am3Huls» AT «YKp3ami3HUID» 11 CTBOPEHHSI HAaBaHTAXKEHHS
Ha TSATOBHM reHepaTop BUKOPUCTOBYETHCA PIAMHHUN (BOJSIHHI) peocTar.

3acTocyBaHHS BOJSIHUX PEOCTATIB ISl CTAI[IOHAPHUX BUIIPOOYBaHb TEIJIOBO31B
BUKIIMKAHO HEOOXITHICTIO PpEryjiioBaHHS 1 HACTPOIOBAHHSA EJIEKTPUYHOI CXEMHU
TEIJIOBO3a NpPHW TUIABHIM 3MiHI HaBaHTaXEHHs Ju3eib-reHepaTopa. OCHOBHOIO
poO0OUOI0 PIIMHOIO BOJSIHUX PEOCTATIB € BOJAA 1 PEryJIOBAIbHI €IEMEHTH OMIYHOIO
OTIOpY — PYXOMI CTaJibHI MacTuu. [Ipyu mocTynoBomy MiJIHIMaHHI IJIACTUH 13 BOJIU
Ta OINYCKaHHSAX iX y BOJAY IUIABHO 3MIHIOETbCS CHJIA CTPyMY, IO BHPOOJISETHCS
IN3e1b-TEHEPATOPHOIO YCTAaHOBKOIO. BOMISIHI peocTaTu € MpOCTUMHU MO KOHCTPYKIIIi,
iX BUTOTOBJICHHS HE BUKJIMKA€ YCKJIAJHEHb 1 PEMOHT iX y MpOIEeCi eKCIulyaTalii He
BUKJIMKA€e TpyaHOIIIB. [IpoTre BuUKOpUCTaHHS PIAMHHOrO (BOASIHOTO) pEOCTaTy Mae
pan HenmonikiB. lle Hacammepen IMIBUIKE 3HOIICHHS IUIACTUH, HAJMIpHA BUTpaTa
BOJ/IM, YCKJIaJHEHA EKCIUTyaTallisl B 3MMOBHX yMOBaX.

Jlist  3a0e3nedyeHHs] palioHAJIbHOTO BUKOPHCTAHHS IMAJMBHO-€HEPTE€TUYHUX
pPECYpCIB MPOMOHYETHCS MOJIEPHI3ZYBAaTH PEOCTATHI CTAHIlT BUIPOOYBaHb TEIJIOBO3IB
IUISXOM  BIPOBAKEHHS  €JNEKTPOMAlIMHHUX  YCTAaHOBOK  JJISl  peKyneparii
€JIEKTPOCHEPT .

OcHoBHE O00JIafHAHHS PEKYIEpPaTUBHOI YCTAHOBKHU: CHJIOBUN 4-MalllMHHUN
MEPETBOPIOIOYMI arperar, sSIKUi CKJIaJa€ThCsl 3 JBOX HABAHTAKYBAJIBHUX JBUTYHIB,
CHHXPOHHOTO TeHepaTopa Ta iioro 30ymKyBaya.

[lin yac BunpoOyBaHb Ha BHUNPOOYBAJIbHIM CTaHIIl JUIsI CTBOPEHHS
HaBaHTA)XEHHS  HA  TIATOBUH  TEHEpATop  TEIUIOBO3Y  BUKOPHUCTOBYETHCS
€JIEKTPOMAILIMHHUM arperar, 110 BXOAWTb B KOMIUJIEKT YCTAHOBKHU 3 PEKYIEpaliero
enekTpoeneprii. [licns BCTaHOBJICHHS MO3HUIIT KOHTPOJIEpa MAITMHICTOM TEIUIOBO3Y 1
perymoun  30yJUKEHHS HABaHTaXXyBaJbHOTO JBUTYHA, BMHUKA€THCA CHIIOBHI
aBTomar. [Ipu oMy HaBaHTaXyBaJIbHHI IBUTYH MPUIIMAE HABAaHTAXKEHHS, IOCTAaTHE
Uit TOro, mo0 CHUHXPOHHUM TeHepaTop NEpeMIiloB 3 pexuMy JBUTYHA B
TreHEPATOPHUI pEeKUM Ta MOYaB BiJJlady BUPOOIJICHOI €JEKTPOCHEPTil B MEPEXKY.

Takum ynHOM, YCTaHOBKA JJIsI PEKyIEpaIlii eJIeKTPOSHEPTIi CTAIlIOHAPHOTO THITY
MIEPETBOPIOE EIIEKTPUYHY E€HEPTil0 MOCTIMHOTO CTPYMY, II0O BUPOOISIETHCS JU3EIb-
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reHepaTopaMu TEIUIOBO31B, B EJIEKTPOCHEPTil0 3MIHHOTO TPHU(PA3HOTO CTPyMy
Harpyrorw 6 kB, yactororo 50 /'y 3 BiJj1a4o10 1i B eHEProCUCTEMY MiCTa.

BucnoBok. 3anpornoHoBaHa MOJEpHi3allil CTaHIli BUIPOOYBaHb TEMJIOBO3IB
[UIIXOM BIIPOBA/PKEHHSI YCTAHOBKHM JJIsi pEKymeparlii eJIeKTpOeHeprii J03BOJIUTH
3a0e3MeYnTH TOBHUN TEXHOJIOTIYHUI TMpolec BUNPOOYyBaHb TEIMJIOBO3IB MIiCIs
MPOBEJCHHS PEMOHTY Ta BHUPOOJISATH €JIEKTPUUHY €HEPrilo, SIKYy JIOKOMOTHUBHE JIETIO
3MOX€E aKyMYJIIOBaTH Ta BUKOPUCTOBYBATH JIJIsl BIACHUX MOTPEO
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STUDY OF THE POSSIBILITY OF DIAGNOSTIC HIGH VOLTAGE
EQUIPMENT WITH THE HELP OF ULTRAVIOLET AND THERMAL
VISION CONTROL

Filimonenko K. — Cand. Sc. (Eng.), Assoc. Prof., eltech.filimonenko@gmail.com
Filimonenko N. — Cand. Sc. (Eng.), Assoc. Prof., kostiantyn.kun@gmail.com
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Abstract. The paper analyzes the possibilities of using thermal imaging and UV control
methods for diagnosing high-voltage equipment. Joint ultraviolet and thermal inspection
using multispectral cameras with an extended range of 180-1100 nm allows combining
images of IR, UV and visible spectra, which will significantly increase the probability of
detecting defects of almost any equipment during operation. Voltage and under load.
Mobile systems for technical diagnostics of the electrical condition of the system are of
decisive importance here.

Keywords: High-Voltage Equipment, Thermal Imaging Control, UV Control, Multispectral
Camera

AKTYAJIbHICTDh JOCJTIIKEHHS MOJSra€e B TOMY, BCE TOCTpIllle NOCTa€ MUTaAHHS
npo moOya0By MaKCHMajdbHO €(PEKTHUBHOI CHCTEMHU IIarHOCTYBAHHSA Ta MPUHHSTTS
plllieHb MIOJ0 JOUUIBHOCTI TOMAJbIIOI eKCIUTyaTalli eJeKTpooOsalHaHHS Ta
peamizanii crpaTerii TEXHIYHOTO OOCIYTOBYBaHHS Ta PEMOHTY, HE IUBISYUCH Ha
3HAYHUH TEPMIiH EKCIUTyaTallii mepeBa)KHOi OUIBIIOCTI (32 JCIKUMH JTaHUMH OljIbIIe
90 %) cuioBOrO eNeKTpooOIaTHAHHS eNeKTpUUHuX cTaHiid Ta miactanmid (I1C)
VYkpainu [1]. BusHavayibHe 3HAYEHHS TYT MalOTh MOOUIBHI CHCTEMH TEXHIYHOTO
J1arHOCTYBaHHS €JIEKTPUYHOTO CTAHY CUCTEMHU.

MeTto10 podoTu € JOCITIIKEHHS MOJKJIMBOCTEN J1arHOCTYBaHHSI
BHUCOKOBOJIbTHOTO OOJIaHAHHS 31 CIUILHUM IPOBEACHHAM yibTpadioneToBoro (YD)
Ta TEIJIOBI31HHOTO KOHTPOJIIO.

CyKynHICTb HarpiTUX CTPYMOINPOBIAHMX YACTHH, KOHTAKTHUX 3'€HaHb,
130JIIIHHNUX, (EpOMATHITHUX  MaTepiaiiB  Ta KOHCTPYKTUBHUX  E€JIEMEHTIB
CJIEKTPOYCTAHOBKH 4H 11 YaCTUHU OpMye TemmepaTypHe mode [2].

Enepris 1nporo mosii 4acTKOBO BIJBOJUTHCS B HABKOJMIIHE CEPEHOBUILE Y
BUIJISIII ONTUYHOTO CHEKTpy. Lle cnekTpu eneKTpOMAarHiTHOrO BUIIPOMIHIOBaHHS B
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Y4, Bugumomy 1 YO mianmazoHax MIKaIW €JIEKTPOMArHiTHUX XBWIb. [H(ppauepBoHE
BUMPOMIHIOBaHHS Mae€ JOBXUHY XBwib A=1,03 + 0,74 MKM, BUIUME
BunpoMiHioBanHs A= 0,74+0,40 MM, yiabTpadioneTOBE BHUIPOMIHIOBAHHS A=
0,40+0,01 MxMm.

Haii6inpm nommpeHuii € TEIIoBHiA (TEIUIOBI31HUI) METOT IIarHOCTHKH, CYTh
AKOTO TIOJIATAa€E B JUCTAHIMHIN peecTpamii TemmepaTypHOro IMOJiA Ha TOBEpXHI
KOHTPOJIbOBAHOTO OOJIaTHAHHS BHMIPIOBAJILHOI amaparyporo, Mo0yJoBOIO Ta
aHaJli30M TepMOrpaM [Isl BUSBICHHS Ta Kiacudikaiii AeexTiB Ta NPUHHATTA
pIIIEHHS 11010 TOIAJIBIIOT eKCIUTyaTallii 00J1aTHaHHS.

B skocTi KpuTepiiB OIIIHKM TEXHIYHOTO CTaHy CTPYMOIIPOBIJIHMX 3'€JTHAHb
nependavyaroThes:

- TIEPEBUILEHHS TEMIepaTypu — PI3HUI MDK BHMIPSHOIO TEMIIEPATypOIO
HarpiBy Ta TEMIIEPaTypPOI0 HABKOJUIIHBOTO MOBITPS;

- HaJUIMIIKOBA TEeMIeparypa — TMEPEBUIECHHS BHMIPSHOI TeMIlepaTypu
KOHTPOJILOBAHOTO BY3JIa HAJl TEMIIEPATypOI0 aHAIOTIYHHUX BY3JIiB, 11O Y OJTHAKOBHUX
yMOBaXx;

- koedimient medexrHocTi (K,) — BIIHOIICHHS BUMIPSHOTO TCPEBUIICHHS
TEeMIIepaTypyu KOHTAKTHOTO 3'€IHAHHS JI0 TIEPEBUIICHHS TEMIIEpaTypu, BUMIPSIHOMY
Ha JUISTHI [MHUHA (TPOBOAY), IO BIAJAISETHCS Bl IAHOTO KOHTAKTHOTO 3'€IHAHHS
Ha BIJICTaHl He MeHIIe 1 M.

HeoaminHOIO yMOBOIO pO3paxyHKy IIMX KPUTEPIiB € 3HAHHA CTPYMOBOTO
HABAHTaXEHHA |5 KOHTPOJBLOBAHOrO OONAIHAHHA Ta 3HAYCHHA HOMIHAIBHOTO
cTpyMy |y HaBenmeni B HOpMaTUBHIN TOKyMEHTAIlli JOMYCTUMI 3HAYEHHS
NEPEBUIIICHHS TEMIIEPaTypH pO3paxoBaHl IJii HOMIHAIBHOTO CTPYMY lyoy, TOMY
BUMIpSIHE 3HAYCHHS TMIEPEBUIIEHHS Temrnepatypu Ty, CIiI TPU3BECTH O
HOMIHAJIBHOTO CTPYMY Yepe3 CITiBBIAHOIICHHS:

2
THOM = TBI/IM(IHOM/IpO6) .

[le cmiBBiIHOIIEHHS MOXHA BHKOPUCTOBYBATH TPHU BUMIpPI TEPEBUIICHHS
TemriepaTypu Tpu cTpymax HaBaHTaxeHHs (0,6+1,0) IL,,. IIpum cTpymax
HaBaHTaxeHHd (0,3+0,6) I, $SK HOpPMAaTUB CIiJ BHUKOPUCTOBYBAaTH 3HAYCHHS
temneparypu Tos, mepepaxoBane 10 0,5 Ly

2
T0,5 = TBI/IM(OISIHOM/Ipoﬁ) :

TermoBi3iliHI OOCTEXKEHHSI €NEeKTPOOOTaHAHHS TPH CTPyMax HaBaHTAKCHHS
menme 0,3 I,y HE PEKOMEHAYETHCA MPOBOJUTH, OCKUIBKM TaKe HABAHTAXKCHHS HE
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VY Bumaaky, KOJIM HaaMipHA TeMIeparypa 3HaxoauThes B Mexax 5°C-10°C, ue
OITIHIOETHCS SIK MOYATKOBA CTajisl HECIPABHOCTI Ta CJijl BXKUBATH 3aXOJIB IIOJO il
YCYHEHHSI i1 Yac 3allJJAaHOBAHOTO PEMOHTY.

Hanmipua temneparypa B 10°C-30°C oniHIo€ThCs SIK 1e(DEKT, 1110 pO3BUHYBCH,
AKHUH Il yCyBaTH MPH HAWOMMKIOMY BUBEACHHI €JIEKTPOYCTaTKYBaHHS 3 pOOOTH.

SIxkmo HaamipHa TemmepaTypa nepesuirye 30°C, e OLIHIOETbCA K aBapiiiHa
CUTYaIlis, 110 BUMarae HeraHoTo yCyHeHHs nedexty[3].

Buxopuctanast Y® KOHTpoJrO 17 omiHku cTany oOmagHanHs [IC mommpene
MEHIIIOI0 MIpOI0, OCKUIbKM (haxiBIll 4acTO HE 3HAIOTh, HA SKI €JIEMEHTH 3BEPHYTH
yBary 1 ik IHTEpIpeTyBaTH OTPUMAHUN pPe3yJIbTar.

Bzarami 3aBmanHs iH@padepBonoro (IY) ta Y® KOHTpONIO B EHEPreTHIN
OJTHAKOBE: BHSBUTH aHOMaii, sIKI MOXYTh OYTH O3HaKaMu HECHPABHOCTI
yCcTaTKyBaHHs. TeruoBizopu, BoHM Xk [Y-kamepu BeayTh 3MOMKY B HEBUAMMIN
YEpBOHIIM YaCTUHI CIIEKTPY, a Y D-kamepu — y MPOTHIICKHINA YaCTHHI CHEKTPY.

Haii0inpiry momupeHicTh yabTpadioieTOBH KOHTPOJIb OTpUMaB y cdepi
excrutyatarii noBiTpsaux JdiHiA (ILJ1). Metogu Y@ koHTposr0 MOKa3ylOTh XOpOIIi
pe3ybTaTH MPU BUSBICHHI KOPOHHUX PO3PSAIB, MPU BUSABJICHHI JIe(PEKTIB IPOTY Ta
130J1TOpIB. Y BIAKPUTOMY PO3MOAUIBHOMY MPUCTPOI MOXKYTh OyTH MEpPEBIPEHUMU
HACTyNHI NpWJIagy Ta OOJaJHAHHS: OMOPHI MOPUEISHOBI Ta MOJIMEPHI 130JIATOPH,
po3'eAHyBaul 1 BHMHKayi, OOMeXyBaul IMEpeHanpyr, po3psaHukKd, ¢dapdoposa
30BHIIIHS 130JI5iLIs BHUMMKAYiB, TpaHcHOpMaTOpu HANpyrd, TpaHCPOPMATOPH
CTPyMY, KOHJIEHCATOPH 3B'AI3KYy, IMIJIBICHI 130JIATOPH, MICLs 3'€IHAHHS THYYKOI Ta
’KOPCTKOI IMUHU, KiHIEBl My(}TH kabenbHUX nepeMudok 6-35 kB.

Ane na BimMiHy Bix [Y-kamep, ynbTpadioneToBi KaMepu BHCOKOI PO3IIBHOI
3aTHOCTI HE 6aYaTh 3BHYAHUX MpeaMeTiB (puc.l).

IcToTHOIO TIepeBaroro 3acTocyBaHHs Y ® KOHTPOIIO € Te, M0 MPU OOCTEKEHH1
HE MOTPIOHO HAasIBHICTh CTPYMOBOT'O HABAaHTAXEHHS CTPYMONPOBIIHUX YAaCTHH, 1100
BUSBUTH JedekT. [ mnpoBeneHHS KOHTPOJIO JOCTaTHHO, 1100 O0O0JagHaHHS
3HAXOJIUJIOCS TT1JT pOOOYOI0 HAMPYTOIO.

Tinbku Y@ 3BHYaliHA KaMepa Y®-+3BuuaiiHa I4 - kamepa
»~,

-~

s S 4

Pucynok | — Yaempaghionemosa kamepa y nopieHAHHI 31 36UHAUHOI0 MA IHHPAYEPEOHOIO

Came Tomy ynbTpadiosieTOBUN MOHITOPUHT — 11€ JOMOBHEHHS [Y-MOHITOpUHTY,
a He Horo 3amiHa [4]. Yd-kamepa moKa3zye MOXIIMBE MICIE TMOIIKOHKCHHS Ta
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Oe3reyHa y BUKOPHICTaHHI 3aBISKH BENUKIM JaNIbHOCTI 3WOMKH. B manmii 4ac e
HaWJemeBIM  Croci0  MIBUAKOTO  OOCTEKEHHsS  BIAKPUTO  PO3MIIIEHOTO
BHCOKOBOJIBTHOTO 00JIalHaHHA. AJIbTEPHATUBOIO € 3HATTS OOJIaHAHHS A
TEeCTyBaHHS a00 CTBOPEHHsS PO3YMHOI €JIEKTPOMEpEki 3 Oe3/Y4i0 JaTuyuKiB. AJe
Y ®-3itomMka HE MOKe BUSIBUTH BCl HECIIPAaBHOCTI, HAIIPUKJIAJ], HATpiBaHHs, MOB'I3aHe
3 TIOTaHUM KOHTAKTOM 1 BHTOKOM CTpyMy. TOMY HEpCIEKTUBHUM YSIBISIE€THCS
BUKOPHUCTAHHSA MYJIBTHCIIEKTPATBHUX KaMmep po3mupeHoro gianazony 180-1100 v,
HANPUKIIA] TPhOXCIIEKTpanbHa yapTpadionerona kamepa UFIR-104,

Jlana xamepa € 6araroyHKI1IOHaJbHUM IPUCTPOEM, IO JO3BOJISIE OTPUMYBATH
300pakeHHsI BiJipa3zy B 1HPpauepBOHOMY Ta yJIbTpadioJeTOBOMY Jiarma3oHi. 3aBIsSKU
MO>KJIMBOCTI MO€eAHAHHS 300paxkeHb [Y, Y® Ta BUAMMOro CHekTpy, 1e o0saHaHHS
MOXe OyTH BHUKOPHCTaHE MPH OOCTEKEHHI BHCOKOCHEPTITHYHHUX O0'€KTIB, TAKUX SIK
enekTpocranuii ado JIEII, a Takok mpoOMHCIIOBI Ta HAYKOBI YCTaHOBKH, IMOB'I3aHi 3
MIPOSIBOM €HEPTrii BEJIMKOI NOTYXHOCTI, Ha MPEIMET BHUSBIEHHS B HHUX pI3HUX
ne(eKTIB Ta NPUXOBAHUX YIIKOIKEHb (pUC. 2).

Tintbku Y@ Tinexku I Yo+

AANAL B8 s 20

Pucynox 2 — Ilpuxnao siooopascenns 06'ekma konmponto 8 Y@, I'4 ma YD+IK cnekmpax.

CrisibHe TIPOBENEHHS yIbTPadioIeTOBOrO Ta TEIUIOBI3ITHOTO KOHTPOJIIO
JO3BOJIUTH CYTTEBO IIIJBHIIUTH WMOBIPHICTh BUSBICHHS AC(HEKTIB MPAKTUIHO OYIb-
AKOTO OOJaJHAHHS Ha poOOUid Harpy3i Ta MiJ HaBaHTaxeHHsSM. KpiMm TpaguiitHux
cdep 3actocyBanus (koHTposb [1J1, T1IC), yapTpadioneroBuii KOHTPOJIb MOXE OyTH
BUKOPHUCTAHUN IS TIaTHOCTUKHU Ta B IHITUX Taly35IX €IEKTPOSHEPTETUKH.

BucHoBok. B  pe3ynapTaTi BHKOHAHOIO  aHANI3y  BCTAHOBJIEHO, IO
MEPCIICKTUBHUM HANPSIMKOM € BUKOPHUCTaHHS OJHOYACHOTO  TEIIOBI3IMHOTO Ta
yIbTpadioseTOBOr0  KOHTPOJI  BHUCOKOBOJBTHOTO  OOJIAJIHAHHS  3aBISKH
3aCTOCYBaHHIO MYJIbTUCIIEKTPATILHUX KaMep po3mupeHoro faiamna3ony 180-1100 um.
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Abstract. The Republic of Moldova is tempted to introduce differentiated tariffs, lacking
now in the power sector, leading to smoothing daily load curve. In this respect, the question
arises whether the smoothing of load curve would produce important change of power
demand coverage Degree by wind (WF) and photovoltaic (PV) sources tandem, which
cannot exceed the level of about 70% under the conditions the electricity produced by this
tandem is equal to the annual power demand. The study revealed that even 50% of the
electricity consumed during peak hours are transferred to off-peak hours, the Degree of
demand coverage remains insignificantly modified, and for the smoothing level of 0-50%,
the Degree of demand coverage by WF+PV varies in the range of 70-73% depending on the
year examined.

Keywords: wind source, photovoltaic source, power demand, load curve smoothing,
100%RES

Relevance of the work consists in identifying how the shape of the load curve
may impact the absorption of the energy produced by wind and photovoltaic sources
in the scenario of full coverage of the power demand from these sources, an approach
not found in the specialized literature.

Research Purpose is to determine how the smoothing of the load curve may
influence the Degree of wind and photovoltaic sources penetration in the national
electricity system in the absence of Energy Storage Systems (ESS).

In other words, the task may be formulated as follows. For the 100%RES
concept, both the hourly value of electricity produced by wind (WF) and photovoltaic
(PV) sources for the years 2014-2018 and the hourly electricity consumption curve at
national level throughout the year are known, the latter being created in the absence
of differentiated (zonal) tariffs. It is needed to find to what extent the introduction of
differentiated tariffs will affect the Degree of electricity demand coverage by the
tandem of wind and photovoltaic sources. It is assumed that the introduction of
differentiated (zonal) tariffs will lead to the smoothing of the daily electricity
consumption curve with respective impact on absorption capacity of the electricity
coming from the WF+PV tandem. In the sense of the formulated task, the following
notions are introduced:

n - the level of smoothing the load curve determined as the percentage of
electricity transferred from peak hours to off-peak hours, %;
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z - share of photovoltaic electricity in the amount of electricity produced by the
WF+PV tandem, %;

G - Degree of electricity demand coverage by the WF+PV tandem in the
100%RES scenario, %;

G = f(n, z) stays to be determined. Once the last is identified, one will find the
maximum value of G for the related data series n and z for each of all five
consecutive years under consideration.

It should be mentioned that in the concept annual electricity demand is equal to
annual electricity produced by WF+PV, the coverage of the annual load curve by
these RES cannot exceed approx. 70% [1], the remaining 30% followed by traditional
sources, such as gas turbines or generators based on internal combustion engines, or
by the storage systems which would accumulate RES electricity and then delivery it
in the system in the adequate hours.

To achieve the objective formulated, the following input data is used:

a) The hourly power demand recorded in the Republic of Moldova in 2014. To
avoid the influence of other factors on the study, then ones that may determine the
conditions to produce wind and photovoltaic electricity, the load curve of 2014 is
kept intact for the years 2015-2018 as well.

b) The hourly electricity production curves of WF and, separately, PV sources
recorded in the years 2014-2018 in the Romania power system [2], as in the Republic
of Moldova there is no representative data set is available. At the same time, the
weather conditions in the Republic of Moldova are roughly equivalent to those in
Romania. Thus, the Capacity Factor used by National Energy Regulatory Agency [3]
when calculating fixed tariffs and ceiling prices are equal to 15% for photovoltaic
sources and 30% for wind sources, while in Romania the average values of these
parameters for the five years considered above recorded 17% and 30%, respectively,
and in 2014 — 15% for photovoltaic sources and 30% for wind sources in 2017.

The hourly electricity generation by WF and PV from Romania were returned to
the conditions of the Republic of Moldova, using the equality between wind
electricity and, separately, photovoltaic electricity, the national electricity demand.
This equality also figures out the maximum power of WF and PV.

c¢) Hourly tariff zones set up in Ukraine.

The smoothing of load curve for each day of the year is carried out by
transferring the electricity from the peak hours to the off-peak hours, evenly
distributed, while the one from the semi-peak hours remains unchanged. It should be
noted that the smoothing is performed separately for each day of the year, and the
hourly electricity produced by WF and PV is examined from the position of its
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possible absorption by the modified electricity demand in that hour. The simulation
of the dependence G = f(n, z) is performed in Excel format.
The results obtained: For the years 2014-2018, the values of G = f(n, z) function

on concrete n and z input is illustrated in Figure 1, average of five years considered.
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Figure 1 — The dependence of electricity demand coverage degree (G) on both
the share of photovoltaic electricity (z) in the amount of power produced
by WF+PV tandem and the level of load curve smoothing parameter (n).

As we can see from Figure 1, under the conditions the annual electricity demand
Is equal to the electricity produced by the WF+PV tandem, the maximum demand
coverage degree G, in all the five years examined, is approximately 70-73% and is
reached for the z value equal to about 30%, regardless of load curve smoothing level,
varied within the limits of 0-50%. This can be explained by the fact that at the annual
level, the production of wind and photovoltaic energy is predetermined by the
weather conditions of each country.

The calculation showed, the same result is obtained for the case when the daily
load curve per each day of the year is flat, i.e. the load is constant and ensures the
electricity consumption on that day equal to that normally consumed.

As further analysis showed, the case can be elucidated by examining the
comparison of annual hourly electricity demand against annual hourly electricity
production by WF and PV separately and combined. According to Figure 2, where
the appropriate characteristics are presented for the specific year 2014, the transfer of
electricity from the peak hours (8-10 and 17-22, varied according to the season) to the
night hours (1-6 and 23-24, varied according to season) while maintaining intact
(dotted curves) demand coverage in the 10-17 interval, leads to the increase of the
capacity to cover the demand during the peak hours, but also to the decrease of the
capacity to cover the demand during the off-peak hours (compare the discrepancy
between demand and generation during these hours). Practically the same
phenomenon occurs in the case when electricity demand is flat throughout the day.
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Figure 2 — Annual hourly electricity demand and power production by WF+PV in 2014.

In other words, the increase in WF+PV capacity to cover demand during peak
hours is compensated by the decrease in WF+PV capacity to cover demand during
off-peak hours when applying the smoothing of the load curve by transferring
electricity from peak hours to off-peak hours.

Conclusions. The Republic of Moldova is tempted to ensure its electricity
security by achieving the 100%RES scenario, mainly by promoting wind and
photovoltaic sources. This scenario, however, can ensure the coverage of the
electricity demand at the level of only about 70%, in the conditions the annual
electricity demand is equal to annual WF+PV electricity generation and electricity
storage systems are absents in the system. At the same time, the country is on the way
to introducing differentiated tariffs for electricity, which is missing now. They could
influence the coverage of electricity demand from WF and PV. In this sense, the
present study reveals the following:

1. The smoothing of the load curve by reducing the electricity consumed in peak
hours with its subsequent consumption in off-peak hours leads to an insignificant
change in the Degree of demand coverage by WF+PV, considered in the amount of
about 70%. Even if 50% of the electricity consumed during peak hours were
transferred to off-peak hours, the degree of demand coverage remains insignificantly
modified, and for the smoothing level of n=0-50%, the degree of demand coverage
varies in the range of 70-73% depending on the year examined, 2014-2018. Two
reasons explain this phenomenon. On the one hand, the weather conditions for the
semi-peak hours remain unchanged for all five years examined, on the other hand -
once the electricity demand in the peak hours decreases, the capacity of wind and
photovoltaic sources to cover the remaining demand increases and vice versa, during
off-peak hours this capacity decreases, thus roughly compensating peak gain.
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2. Changing the load curve smoothing level n does not influence the share of
photovoltaic electricity z in the value of the electricity produced by the WF+PV
tandem which ensures the maximum of the electricity demand coverage degree G by
this tandem. This value of z is equal to about 30%. This can be explained by the fact
that at the annual level the production of wind and photovoltaic energy is
predetermined by the weather conditions of each country.
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Sit M.L. — PhD, mihail.sit@gmail.com
Juravliov A.A. — PhD, a_jur.ie.utm.md
Timchenko D.V. — engineer, dmitri.timcenco@ie.utm.md
Lupu M.L. — scientific researcher, mihu.lupu@gmail.com
Uzun G. — engineer, galic2@yandex.ru
Institute of Power Engineering of the Technical University of Moldova
Republic of Moldova, Chisinau

Abstract. The gas engine driven carbon dioxide heat pump designed for providing the heat,
cold and electricity for industrial poultry house is proposed. The scheme differs from the
known by using recuperative heat exchanger installed between the exhaust air duct of
poultry house and heat pump evaporator and the heat curtain installed on the air duct after
the evaporator. The air coming into the poultry house after the regenerative heat exchanger
Is supplied to the heat pump gas cooler. The heat pump produces heat of the required
parameters of the input air and water for watering of poultry, space heating, etc. Heat pump
compressor is driven by gas engine (GPA), by natural gas or biogas. The part of the gas-
piston engine gas heat is used for adjusting the optimal heat pump mode and for
regeneration of the absorbent in an evaporative cooler. The proposed technical solution of
the above scheme provides a higher COP of the heat pump. Installing of heat curtain does
not require the use of non-freezing solution to prevent icing of the air outlet of heat pump
evaporator. The latter allows producing, besides electric power and heat, still cold (with the
use off the adsorption-refrigerating machine) and provide drying air inlet evaporative
cooler (if necessary).

Keywords: heat pump, evaporative cooler, poultry house, gas drive, energy efficiency

Relevance of the work is conditioned by necessity of growth of energy
efficiency in agriculture.

Research Purpose. Energy transition represents a global process of shifting
from the use of fossil fuels and other polluting and unsustainable energy sources to
utilizing renewable and cleaner energy sources such as solar energy, wind energy,
hydroelectric power, geothermal energy, or non-polluting nuclear energy. Republic of
Moldova aims to establish a competitive and sustainable energy sector, including
from an environmental perspective, integrated into European energy infrastructure
and markets, ensuring an adequate level of energy security, so that consumers can
have continuous access to affordable energy. To achieve these objectives, the
Republic of Moldova has committed to align its policies with the overall objectives of
EU energy and environmental policies. The paper examines schemes for generating
thermal energy in the agro-industrial complex using heat pumps. We consider two
examples: poultry farming (a structure with high thermal inertia), protected soil
technologies (structures with low thermal inertia).

The aim of this part of the work is to develop the energy efficient schemes for
energy supply of the industrial greenhouse designed for year-round production of
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plants that requires year round maintenance of strongly prescribed temperature and
humidity inside. We have been elaborated the complex "gas driven heat pump
“water-air” — electric generator" (for use during the heating season) as well as the
"gas driven heat pump “water-air” — electric generator — desiccant — evaporative
chiller" (for use during the off-season). Proposed structures have a high energetic and
economic efficiency as compared with conventional schemes (boiler - chiller).

system

A/

ESN
(6]
()
1N
1w
_ N
I

10 11
§ >

Figure 1 — Heat pump with two single-stage compressors and gas engine waste heat
utilization system. 1,2 - compressor; 3- gas cooler; 4- regulating valve; 5 - heat
recuperator; 6- the pressure regulation valve of the second stage of the compressor; 7 -
gas cooling exchanger at the output of the first stage of the compressor; 8 - heat
exchanger - recuperator; 9, 9a - valves for regulating the flow of refrigerant passing
through the evaporators; 10, 10a - regulators for overheating the refrigerant steam
coming out of the evaporators; 11, 11a — evaporators; 12 — ejector; 13 - the heat
exchanger for heating the air leaving the evaporator; 14 - tank - liquid separator. Pipes
through which the heat of the gas engine is evacuated are marked in red, outside air in
green, heating system in blue. The numbers in red color — the name of the devices, the
underlined numbers — the characteristic points of the thermodynamic cycle used.

The proposed complex ensures year-round maximum COP of heat pump and
maximum performance of gas engine.
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The paper presents the electricity, heat and cold supply system of the industrial
greenhouse. The system includes the piston gas engine, which is coupled to the
compressor of the air-to-water heat pump. The pump has carbon dioxide as its
working body. Heat pumps in which the gas engine drives the compressor and the
electric generator are described in [1-6]. Heat pumps using a piston gas engine to
drive the compressor according to the set of indicators "primary energy use" and
"CO2 emission" are comparable to those with electric drives used in the climatic
conditions characteristic of Central Europe.

Notations, see figure 1 and additionally in figure 2 the following elements are
presented: 14 — rotary air dryer, IEC — indirect evaporative cooler, DEC — direct
evaporative cooler. Green lines show the circulation trajectory of the airflow, blue -
of water. The air, which passes through the gas cooler section 3, is the mixture of two
flows, which presents the flow formed by the air from outside and the air evacuated
from the greenhouse. According to [15,16] the COP of the thermodynamic cycle of
the installation shown in figure 1 for the outside temperature minus 160C is 2.8, and
for the value of the outside air temperature equal to 10C it is 4.0.

In this part, the gas engine driven carbon dioxide heat pump designed for
providing the heat, cold and electricity for industrial poultry house is proposed. The
scheme differs from the known Dby using recuperative heat exchanger installed
between the exhaust air duct of poultry house and heat pump evaporator and the heat
curtain installed on the air duct after the evaporator. The air coming into the poultry
house after the regenerative heat exchanger is supplied to the heat pump gas cooler.
The heat pump produces heat of the required parameters of the input air and water for
watering of poultry, space heating, etc. Heat pump compressor is driven by gas
engine (GPA), by natural gas or biogas. The part of the gas-piston engine gas heat is
used for adjusting the optimal heat pump mode and for regeneration of the absorbent
in an evaporative cooler. The proposed technical solution of the above scheme
provides a higher COP of the heat pump. Installing of heat curtain does not require
the use of non-freezing solution to prevent icing of the air outlet of heat pump
evaporator. The latter allows producing, besides electric power and heat, still cold
(with the use off the adsorption-refrigerating machine) and provide drying air inlet
evaporative cooler (if necessary).

The use of regenerative and recuperative heat exchangers, contact heat
exchangers with intermediate coolant, heat exchangers on heat pipes, heat pumps
complete with non-freezing heat utilisers is known for power supply of poultry
enterprises [1,2].

The peculiarity of the technical solution described in [1] is the presence of a
complex scheme of connection between the heat pump and recuperative heat
exchangers, as well as low SOR of the heat pump, due to the use of intermediate
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coolant with low temperature for heat transfer from the air to the evaporator of the
heat pump. In [2] a recuperative heat exchanger for use in poultry houses is proposed,
which is designed for application in territories with warm climate.

The purpose of the article is to develop a scheme of energy supply of a poultry
house with increased energy efficiency indicators [4-6].

The set goal is achieved by: use of heat pump on natural heat carrier, carbon
dioxide, application of heat curtain on the exhaust pipe instead of heat exchanger
with non-freezing heat carrier, and also evaporative coolers included in the scheme of
heat pump for use in transition and summer period, and, besides, use of gas-piston
engine (GPA) as a means for increase of SOR of heat pump.

— —Heatfrom™ 1
I Gas piston _ |
| 11 I“ e T T T T T T |
engine
| A |
From™ — |~ T~ 10 L
evaporator i’

B —
Input air
(Cold)

Output air (heated)
To gas cooler

Outlet air

(cooled)
i

2 Heat to the
4 Evaporative
cooler |

Input air
(heated)

To
evaporator 3
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compressor |

e — - — . — = R

Heat for evaporation plant, . A

evaporators, etc. i
Y

—]

- 9
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\‘ (dry)
— 8
6
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—{ 7]

Figure 2 — Scheme of heat pump use in a poultry house:

1- Poultry housing, 2 — Evaporative coolers for indoor operation, 3 — Heat pump
4 — Evaporative cooler for air cooling (applied due to the fact that the heat
capacity of the heat pump evaporator is insufficient to cool the room, 5 —
recuperative heat exchanger, 6 — irrigation chamber for moisture removal from
the output air, 7 — tank - accumulator for polyethylene glycol, 8 — pump, 9 —
evaporation chamber for removing moisture from the intermediate solution
(PEG), 10 — gas piston plant, 11— heat curtain, A — variant of the solution of the
problem of prevention from freezing of the exhaust pipe of the recuperator with
the use of non-freezing intermediate heat carrier (for the purpose of air drying)

180



Features of poultry farming enterprises are as follows: dependence of energy
consumption on type and age of poultry, climatic conditions, thermal characteristics
of enclosing structures of premises, which requires the heat pump to work with
variable heat and cooling load, for coordination of which evaporative coolers are
needed, as well as participation in the process of regulating the mode of gas-piston
engine used as a compressor drive.

Conclusions.

1. The proposed scheme of the installation with the two-stage heat pump with
actuation from the gas engine of the compressor allows ensuring the regime of
maintaining the climate at the prescribed parameters in the greenhouse throughout the
year.

2. For the first time, the cogeneration type scheme of heat pump installations
and refrigerating installations where the operation is done only as a result of gaseous
fuel combustion processes was elaborated and analyzed.

3. To maintain the microclimate in the warm season, it is beneficial to use the
combined heat pump. The most effective is the use of the heat pump in the
refrigerating machine mode in combination with indirect evaporative cooling and
with elements of the adsorption refrigerating machine. In this case, the exhaust heat
from the gas engine and condenser of the refrigerating machine can be used to power
the sorption refrigerating machine. This complex can be used to store agricultural
products.
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Abstract. Three main methods of controlling the angular velocity of a propeller motor of a
DC electric propulsion system are noted, namely: by changing the voltage supplied to the
propeller motor; by changing the magnetic flux of the poles, i.e., by changing the excitation
current; by changing the resistance in the armature circuit, i.e., by introducing additional
resistance into the armature circuit. It is noted that the first of these methods is the most
common in DC electric propulsion systems; the second is used less often; the third is
practically not used. An example of a circuit for controlling the speed of a DC electric
propulsion motor in a generator-motor system is shown, in which the excitation windings of
the generator and the propulsion motor are connected to separate potentiometric rheostats.

Keywords: regulation, speed, generator-motor system, rowing electric motor, direct current
rowing electric installation

AKTYQJbHICTh JOCJTi2KeHHsI TIOB’s3aHa 3 EKCIUTyaTalliel0 Ha MOPChKOMY Ta
BHYTPIIIHBOMY  BOJHOMY TPAHCIOPTI CyJI€H 3 TpeOHUMH EIeKTPUYHUMHU
ycranoBkamu  (I'EY)  mocriitHoro  ctpymy. [T'EY  mocriitHoro  ctpymy
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XapaKTePU3yIOThCSI MOJKJIMBICTIO IIMPOKOTO Ta IJIABHOTO PEryJIIOBaHHS KyTOBOI
IIBUJIKOCTI TPEOHOTO €JIEKTPOABUTYHA, TOOTO KYTOBOI IMIBUAKOCTI TpeOHOI0 I'BUHTA.
Yepes e I'EY mnoctiiiHOTO CTpyMy HIMPOKO BHKOPUCTOBYIOTHCS Ha CyJHAX, IO
MarOTh BHCOKI MaHEBPOB1 AKOCTi. TakKuMU CyJHAMH € IOPOMH, PEHI0BI OyKCUPH,
KpUTOJIaMH, TIOXKEXHI 1 pATYyBaJbHI CyqHA. B SKOCTI rpeOHUX €NeKTPOJIBHUTYHIB 1
reaepatopiB ['EY mocTiiHOrO cTpyMy 3acTOCOBYIOTHCS €IEKTPUYHI MAIIUHU
MOCTIMHOTO CTPYMY HE3aJIC)KHOTO 30y/DKeHHS [1, 2], a B IKOCTI IPUBOIHUX JBUTYHIB
— B OCHOBHOMY JIH3€i.

Metow pobdoTH € aHaji3 peryJjJloBaHHS YacTOTH OOepTaHHS TpedHOro
enektpoasuryna ['EY mocriitHOro ctpyMmy croco6oM 3MiHM BETUYMHHU HAMPYTH, IO
M1JBOJAUTHCS /10 €IEKTPOJBUTYHA.

YcTaHoBKa, B SIKIA PyIIii MPUBOAUTHCA B PYX €JIEKTPOJIBUTYHOM, Ha3UBAETHCS
rpebHor0 enektpuuHoio ycranoBkoro (I'EY) [3-5]. IlpuBoani apurynu PM1, PM2
(puc. 1) 1 reHeparopu BCTAaHOBJEHI B MalIMHHOMY BijjauleHHi. Hanpyra, ska
BUpPOOJIIETbCA ~ TE€HEepaTopaMM, 4epe3  Kabenl  MoJaeTrbeca A0  pebHOro
€JIEKTpOABUIYHa M, 1110 BCTAHOBJIEHHWH y KOPMOBIM YacTHHI CyJqHa. EnexTpuuni
reHepaTopu MOXKYTh OYTH 3'€qHaHI K THapaneiabHo (puc.l,a), Tak i MOCIiAOBHO
(puc. 1, 6). YacTo BUKOPUCTOBYIOTH JABOSIKIpHI el1eKTpoaABUryHu M1 1 M2, xonu nBa
€JIEKTPOJABUTYHH (pHUC. 1, 8) BCTAHOBJIEHI HA CIIJIBHOMY Bally.

k1o KoxeH 13 reHepaTopiB BupoOiise Hampyry 600 B, To 10 IBOSKIpHOTO
€JIeKTPOJBUTYHA MijiBeneHo Hamnpyry 2400 B 1, BIANOBIAHO, HA KOKEH 13 JIBUTYHIB
M1 1 M2 nagxonuts Hanpyra 1200 B.

PM1 PM2

PM1 PM2

a o
Puc. 1 — I'EY nocmitinoeo cmpymy 3 napaneivHum ma nociio08HUM 3 €OHAHHAM
eenepamopis G1 i G2 (a), 3 0soaxipuumu erekmpoosucynu M1 i M2 (6):
M, M1, M2 — epebni enekmpuuni dsucynu,; G, G1, G2 — cenepamopu;
PM, PM1, PM2 — nepeunni osueynu
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Crocobu perymtoBaHHs KyTOBOI MBHUAKOCTI TpedHOro TBUHTA ['EY mocrtiitHOTO
CTpyMy OOYMOBJIEHI PEryJIOBAIbHUMH BIACTUBOCTSIMU JABUTYHA MOCTIHHOTO CTPyMYy.
Hampyra, mo mnpukiagaeTbcsi A0 SKOPs €JIEKTPOJBHUIYHA, BPIBHOBAXKYETHCS
fioro npotu-EPC 1 najgiHHsAM HaNpyru B AKOPI:
U=E+I,R,, 1)
ne |, — CTpyM SIKOps €JIEeKTPOJBUTYHA;
R, — OIIp KoJja AKOpPsI €JeKTPOIBUTYHA.
3 iHmoro 6oky, npotu-EPC nBuryna npormnopiiiiiHa Horo KyToBiil IIBUIKOCTI Ta
MarHiTHOMY ITOTOKY ITOJIFOCIB:
E=c,o?, (2)
1€ ¢, — Koe(ILIE€HT MPONOPLIIHOCTI;
® — KyTOBa MIBUJKICTb SIKOPS ABUTYHA, Paji/c;
< — MarHiTHUH NOTIK IOJIOCiB MamuHu, BO.
Bennunna koedilieHTa €, BHU3HA4Ya€TbCS KOHCTPYKTUBHUMH IapamMeTpamu

ABHUI'YHA!

ne P — gmcno map mosrocis ABUryHa;

N — uncio akTHBHEX HPOBIAHHKIB OGMOTKH SKOPSE;

a — YUCJIO MapaiebHUX BITOK OOMOTKH SIKOPSI.

BennunHa MarHiTHOro NOTOKY BU3HAYAETHCA CTPYMOM 30YKEHHS] MAIIMHH.

CnineHe pimeHHs: piBHSHB (1) 1 (2) gae MOXIMBICTH OTpUMAaTH BUpA3 s
KyTOBOI IMIBUIKOCTI €IEKTPOJABUTYHA MOCTITHOTO CTPyMY:

¢, = U-I1R, | 3)
c.D

Lle#t BUpa3 nokasye, 1110 3MIHIOBaTH KyTOBY IIBUAKICTh €JIEKTPOABUTYHA MOKHA
HACTYITHUMH TPhOMa CIIOCO0aMHU:

- 3MIHOIO BEJTMYMHU HAPYTH, IO MiABOJUTHCS O €JIEKTPOABUTYHA;

- 3MIHOIO MarHiTHOr0 MOTOKY MOJIIOCIB, TOOTO 3MIHOIO CTPYMY 30Y/I’KEHHS;

- 3MIHOIO BEJIMYMHU OMOPY B KOJI SKOPsS, TOOTO BBEACHHSIM B KOJO SIKOPS
J0JIaTKOBOTO OMOPY.
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PM
EWG EWM

. PRG

1 Aic;

Puc. 2 — Cxema pecynosanns wacmomu obepmanus epedonozo enekmpoogueyna I'EY
nocmitinozo cmpymy: PM — nepsunnuii osueyn; G — eenepamop, EWG — oomomka
30y0oicenns eenepamopa, EPM — epebnuii enexkmpuunuii osueyn; EWG — oomomra

30y0acenns osueyna;, PRG — nomenyiomempuunuii peocmam eenepamopa;
PRM — nomenyiomempuunuti peocmam 0sucyna

Y TEY mnocriiHOTO CTpyMy HaWOLIBIIOr0 TMOIIMPEHHS HAOyB mepiui 3
MEPENIUYEeHUX CIOCO0IB; APYTHil BUKOPUCTOBYETHCS PIJIIE; TPETIA — MPAKTUYHO HE
3aCTOCOBYETHCSI.

[IIupoke BUKOPUCTAHHS PETYJIOBAHHS KYTOBOI IIBHAKOCTI T'peOHOTO
€JICKTPOJIBUTYHA HANPYTO0, IO MiJABOJUTHCA, MOSCHIOETHCS 3PYUHICTIO peai3allii
poro metony B ['EY moctiitHoro crpymy. [ivicHo, I'EY B mepeBakHiil OiiabIIOCTI
BUIMAJKIB €, IO CyTi, aBTOHOMHOK CJIICKTPOCTAHIIIE€I0, IO BCTAHOBIIOETHCS IS
KUBJICHHSI TUIBKU TPeOHOTO eNeKTpoaBUryHa. OTke, HaAmpyry, Mo MiABOJAUTHCS 0
€JICKTPOJIBUTYHA, MOYKHA 3MIHIOBAaTH, BIUTMBAIOYM OE€3MOCEpEeTHHO Ha T'eHEepaTOpHi
arperatu. Y T'EY mnocriifHOro crpymy 3MiHa Hampyrd TeHepaTopa 3A1MCHIOETHCS
3MIHOIO CTpyMY 30y/KeHHs (puc. 2). 3 1€ METOK 00MOTKa 30y/IKEHHSI TeHepaTopa
EWG minkmrodaeTbest 10 MOTeHITioMeTpruaHOTO peoctary PRG, 3a nomomMororo sikoro
MOJKHa B IIMPOKHMX MEXaX IUIABHO 3MIHIOBATH CTPYM 30Y/DKEHHS reHepaTopa Igg,
TOOTO MarHiTHUIA MOTIK Horo motociB @,.. BHacmimok 11b0ro npu NMOCTIMHIN KyTOBIM
IIBUKOCTI IPUBOJIHOTO JBUTYHA 1 reHepaTopa o, 3MiHtoeThess EPC reneparopa

E, =Co0,. D, (4)
1 Harpyra, o pO3BUBA€TLCA I'CHEPATOPOM
Ur = Er - Ia.rRﬂ.r' (5)

Hanpyra U_, sika BU3Ha4aeTbesl BUpa3oM (5), BIAPI3HAETHCA Bl HAIIPYTH U, o

NPUKJIAAAE€TbCS A0 JIBUTYHAa 1 BHU3HA4YaeThcsi BUpa3oM (1), TIIbKM HE3HAYHUM
NaJiHHSAM HaIllpyry B KaOemsx, siKl 3’€JHYIOTh T€HEpaTop 1 IBUTYH.
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Sk Oynmo 3a3Hau€HO BUIIE, MOTYXKHICTh JaHIfOra 30y/KeHHS Oyxe Mana 1
CTaHOBUTh  Onm3bko 1 %  mOTyXHOCTI  reHeparopa. BHacmigok  1bOTo
NOTEHIIIOMETPUYHUN peocTaT 1 B3araji BCs amaparypa KepyBaHHS JIaHI[IOTOM
30y/KEHHSI MaroTh MaJjli rabapuTd Ta Macy. Brpatu eHeprii B JIaHI031 30y I>KCHHS
ayxe mani. ToMy MOTEHIIOMETPUYHUN peocTaT MOKe OyTH BCTaHOBJIECHUH y Oyib-
AKOMY MICIII CyJHa, 3BIAKM TOTPIOHO 3AIMCHIOBATH MAHCTaHLIWHE KepyBaHHS
rpedHOI0 yCTaHOBKOIO. [loTeHIIOMeTpUYHUI peocTaT BUKOHYETHCS y BHUIJISL MTOCTA
KEpyBaHHsS Ta BCTAHOBIIIOETHCS HAa XOJOBOMY MICTKY CyAHA. JIerkicTh Ta MpocToTa
JTUCTAHIIMHOTO KepyBaHHs € TO3UTUBHOIO ocoOnuBicTiO ['EY mocriitHoro crpymy.

PosrasinyTrii crnoci® peryntoBaHHS KYTOBOI HIBUAKOCTI JBUTYHA MOCTIMHOTO
CTPyMYy 3MIHOIO HANpyr, MO 3AIMCHIOETHCA HUISXOM 3MIHM CTPyMY 30YJIKEHHS
reHepaTopa, HAa3MBAETbCA PETYNIOBAaHHSIM IIBUIKOCTI MO CHCTEMI T€HepaTop —
JIBUTYH, a00, ckopoyeHo, mo cuctemi I'-/]. Ileil cmoci®d MIMPOKO 3aCTOCOBYETHCS B
CY[IHOBI €JIEKTPOTEXHIIl HE TUIBKM [JIsl PEryjIlOBaHHS IIBUIKOCTI T'PEOHMX
JIBUTYHIB, aje 1 [ PEryjJloBaHHS IIBUAKOCTI I1HIIUX EJIEKTPOIPUBOAIB 3
€JIEKTPOJIBUTYHAMH MOCTIMHOTO CTPYMY IIPU OTPUMAaHH1 €HEPTii BiJ] CyTHOBOT MEPEXKi
3MIHHOTO CTPyMY.

BigMiHHICTE MaHOI CHCTEMH Bijl PO3IJISHYTOI BHIIE IOJSATA€ B TOMY, IO SIK
NEPBUHHUI (MPUBOJHMIA) TBUTYH CHCTEeMH -] BHKOPHCTOBYEThCS HE TEIUIOBHIA
JIBUTYH, a €JCKTPUYHUN JABUTYH 3MIHHOTO CTPyMy, IO BKIIIOUAETHCS B CYJHOBY
CJIIEKTPUIHY MEPEKY.

PerymoBaHHsI KyTOBOI IIBUAKOCTI TPEOHOT0 €JIEKTPOABUTYHA 3a cucteMoro 1'-/]
XapaKTEePU3Yy€EThCS BEIMKOIO IJIABHICTIO B J1aMa30H1 BIJl Myuoy A0 0,1®yu0y, I€ Opon —
HOMIHAJIbHA KyTOBa IIBUJIKICTH €JIEKTPOJABUTYHA. lle 1a€ MOXIMBICTH OTpUMATH
MPAKTUYHO OY/b-SKYy CTIWKY KyTOBY IIBUIKICTh IPEOHOTO TBUHTA B MEXKaxX BiJ| MOTO
HOMIHAIBHOI KyTOBOi mBUAKOCTI 10 10 % HOMIHanmpHOI, TOOTO [lana3oH
perymtoBaHHs ctaHOBUTH 10:1. Takuil Aiana3oH peryirOBaHHS KyTOBOI IIBHJKOCTI
rpeOHOro TBUHTA TEIJIOBHA JBUTYH 3a0€3MEYNTH HE MOXKE.

OTpumaHHs CTIMKOI KyTOBOI MIBUAKOCTI HIKYE HIK 0,l 040, MPU pEryIIOBAHHI
Hamnpyru TeHepaTopa 3a CXEMOIO, HaBEACHOI0 Ha pUC. 2, HEMOXJIMBE, OCKUIbKU
HasIBHICTh 3aJIMIIKOBOIO HaMarHiuyyBaHHsS Yy T€HEpaTopa CTBOPIOE HEPEryJIbOBaHY
30HY.

OpnHak, BUKOPUCTOBYIOUM crerianbHi cxemu [-]] 31 3BOpOTHUMU 3B'sI3KaMH 32
CTPyMOM, HAalpyrow Ta IIBUAKICTIO, MOXHA 3HAYHO PO3MIMPUTH Miarma3oH
pETYNIOBaHHS KYTOBOI IBHIKOCTI EJIEKTPOJBHUTYHA, 3POOWBIIN HOTO MPAKTHYHO
HEOOMEKEHHUM.

BucnoBok. B po0oTi mpoananizoBaHo crocid peryatoBaHHS YaCTOTH OOEpTaHHS
rpebHoro enexktpoasuryHa ['EY moctifiHOro crpymy UHUIIXOM 3MIHHM BEJIWYMHU
Hafpyry, M0 MiABOAUTHCS 10 EIEeKTpOABUTYHA. HaBeneHO OCHOBHI aHaIITHYHI
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dopMyinu, sKI MaTeMaTUYHO OMMCYIOTh JAHUW CHOCIO peryiroBaHHA. Po3risiHyTo
NPUKIIA] CXEMHU JUIS PEryIIOBaHHS YacTOTH OOepTaHHS T'peOHOTO eNEKTPOJBUTYHA
I'EY noctiitnoro ctpymy no cuctemi ['-]1, B sikiit 00MOTKHY 30y IKEHHS TeHepaTopa Ta
IrpeOHOro €JIEKTPOJIBUTYHA IIJIKIFOYEHI O OKPEMUX MOTEHI[IOMETPUYHUX PEOCTATIB,
AKI MOXYThb OYTH BCTaHOBIEHI Yy OyAb-IKOMY MICII CyAHa, 3BIAKHM MOTPiOHO
3MIACHIOBATH JUCTaHIiliHe kepyBaHHsI [EY.
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Abstract. This paper analyzes the current trends in the development of computational and
information technology, focusing on the creation of high-efficiency solutions tailored to
meet the demands of various industries. The study emphasizes the significance of innovative
technologies as the foundation for designing devices and platforms optimized for specific
tasks, which enhances productivity and data processing accuracy. Key elements of this
evolution include the advancement of new architectures that facilitate improved speed and
energy efficiency, as well as the integration of artificial intelligence algorithms for
automating data analysis and processing. Adaptive systems leveraging machine learning
capabilities enable rapid responses to the changing volumes and types of information,
ensuring high precision and processing speed.

Keywords: computational technology, information processing, innovative solutions, data
processing, artificial intelligence, machine learning, optoelectronics, Internet of Things.

AKTYaJIbHICTh JOCTIIZKEHHSl TIOJISira€ B TOMY, 11O CydacHi iH(opMaIliiHi Ta
0OYHUCITIOBANIbHI TEXHOJIOTIT € (yHAAMEHTOM JIJisi PO3BUTKY 1HHOBAIIMHUX PIllIEHb Y
0araTeOX Taly3sX, BKJIIOYAIOYM TPAHCIOPT, MPOMUCIOBICTh, OXOPOHY 3J0POB’S Ta
¢dina"cu. 3pocTaHHs 00CSTIB JaHUX 1 CKIAAHOCTI OOUMCIIIOBAJIbHUX 3aB/IaHh BUMAarae
pPO3pOOKH CIeliaNi3oBaHUX 3aco0iB, SKI 3a0€3Me4yl0Th BHCOKY MPOIYKTUBHICTH,
HaJIAHICTh 1 Oe3neky. BrpoBamkeHHS TaKuX TEXHOJOTIM CHpHsIE TPUCKOPEHHIO
00poOku 1H(MOpMaIlii, TIABUIICHHIO €HEeProe(EeKTUBHOCTI Ta TOJIMIIEHHIO 3aXHUCTY
JaHUX, 10 Ma€ BaXJIMBE 3HAYCHHS B yMoBax rioOamizamii Ta I1UppoBOi
TpaHchopMaIlii eKOHOMIKH.

Po3BuTOK cremianizoBaHUX OOYHMCIIOBAJBLHUX 3ac00iB, 30KpeMa I1HTEerparis
TEXHOJIOT1 IITYYHOTO 1HTENEKTYy, KBAaHTOBHUX OOYMCIIEHb 1 €Hepro30epiraroyux
apXiTEKTYp, A03BOJISIE JOCATATH BUIIMX MOKA3HUKIB MPOTYKTUBHOCTI M aJaliTUBHOCTI
1H(GOpMaLIHHUX CUCTEM, 1110 € aKTYaJIbHUM JUIsSI Cy4acHOTO cycriiabcTBa. i inHOBaIii

188


mailto:bilezyka_av@gsuite.duit.edu.ua
mailto:kokryatska_ni@gsuite.duit.edu.ua
mailto:bilezyka_av@gsuite.duit.edu.ua
mailto:kokryatska_ni@gsuite.duit.edu.ua

al0Th 3MOTy e(EKTHBHINIE pO3B’SI3yBaTH 3aJavl aHaJi3y BEIHKWX JIaHUX,
3a0e3nevyBaTi IIBHUJIKE pearyBaHHsS Ha 3MIHM W ONTUMI3yBaTH BUKOPUCTAHHS
pecypciB. Tomy BHUBUEHHS TEHJICHIII PO3BUTKY CIIEIliadi3oBaHUX 3aco0iB
iHpopMariiiHoi Ta OOYMCIIOBAIBLHOI TEXHIKM € BaXJIMBUM JUIS IOOYIOBU
1HGPaCTPYKTYpH, 3aTHOI 3aJOBOJLHUTH MOTPeOH HU(POBOI €MOXH Ta MIATPUMATH
MOTAJTBIITUN TEXHOJIOTIYHUHN TIpOrpec.

Metoro po0oTH € aHali3 Cy4acHHX TEHJEHI[I PO3BUTKY CHEIiali30BaHUX
3ac001B 1H(GOPMAIIIITHOT Ta 0OUHCITIOBATBHOT TEXHIKH JJI BUSBICHHS MMEPCIEKTUBHUX
HaIPSMKIB 1X 3aCTOCYBaHHS B PI3HUX rajy3sx, 30Kpema B TpaHCHOpTHiH cdepi. s
JOCSTHEHHS 111€] METH, HEOOXIAHO IOCITIMTH Cy4dacH1 I1HHOBAIlIMHI pIIICHHS, iX
BIUIUB Ha €(eKTUBHICTh 0OpOOKHU 1H(OpMAaIlii, ONTUMIZAIII0 PECYPCIB 1 MiABUIICHHS
MPOAYKTUBHOCTI CUCTEM.

P03BUTOK 00UMCITIOBAIBHOI TEXHIKU € KIIOYOBUM (DAKTOPOM MPOTPECy B PI3HUX
rajgy3six, OCKUIbKM BIiH BIJIKPUBA€ HOBI MOXJIMBOCTI ISl  MiJBUILECHHS
MPOJIYKTUBHOCTI Ta €()EKTUBHOCTI, a TAKOXK JJIsI CTBOPEHHS IHHOBALIMHUX PIlICHb.

OckUIbKM Takl 1HHOBAI[IMfHI TEXHOJIOTI] 3HAXOJSATh IIUPOKE 3aCTOCYBAHHS B
0aratboxX Traly3sX, iXHIM TOCTIMHUN PO3BUTOK Ta BJOCKOHAJCHHS € KPUTUYHO
BOXIMBUMU. JIMHAMIYHUN PUHOK TOTpeOye BUCOKOMPOIYKTUBHUX PIIICHb, SKi
MOXKYTb IIBUIKO aallTyBaTUCS 0 3MIHHMX YMOB Ta BHUKIIUKIB Cy4acHOTO CBITY, SK-
OT 30UIbLIEHHSI OOCATIB JaHUX, 3pOCTaHHS MOTPeOd B aBTOMATH3allli MPOLECIB 1
MIJBUIICHHS BUMOI JO TOYHOCTI Ta WIBUJKOCTI 0OuYMclieHb. Tomy B Hall 4ac
PO3BUTOK CHELIaTI30BAHUX 3ac00iB OOYMCIIOBAJIbHOI TEXHIKM CIPSMOBAaHUN Ha
CTBOPEHHSI MPUCTPOIB 1 TIATPOPM, SIKI ONTUMI30BaHI ISl BUKOHAHHS KOHKPETHHX
3aBJaHb 13 BUCOKOIO MPOAYKTHUBHICTIO, €HEProe(eKTUBHICTIO Ta TouyHIcTI0. Ha 1ei
MOMEHT €JIEKTPOHHI TPHUCTPOI BIPUTYN HAOIU3WIMCA 1O CBO€i (hI3MYHOI MExi
MIBUAKOMAII, PO3B’SI3yBaHHA 3a7a4 TNapajenbHoi oOpoOku iHdopmarlli, 30Kpema,
00poOKU 300paXkeHb y pealbHOMY Yaci.

Ha mpoMy Tm, [ BIOCKOHAJICHHS IXHIX MOJJIMBOCTEH, PO3BHUTOK
OOYUCITIOBAJIbHOT ~ TEXHIKM  MOCTYNOBO  MEPEXOAUTh  BIA  TpaJULIMHHX
oOuucoBaibHUX CTPYKTYp PoH-Heitmana mo "ekcnepTHHX cucteM" 1 pO3yMHHX
HEHPOTEXHIYHUX, K1 IMITYIOTh MIPOIIECH MO3KOBOI AisuibHOCTI JMoauuu. Lle dopmye
OCHOBY [IJI1 CTBOPEHHS IHTENEKTyaIbHUX OOYHCIIOBAIBHUX 3aC00IB IIOCTOTO
MOKOIHHS, 3JaTHUX PO3B’SI3yBaTH KOMIUIEKCHI 3aja4l 3aBASKA aJalTUBHOMY
aHaJ13y JJaHUX 1 MAIIMHHOMY HaBYaHHIO.

Kpim TOro, 31 3MIHOIO apXiTEKTypH 3 SBISE€THCS MOXIUBICTh €()EKTUBHO
BUKOHYBAaTH OOpOOKY JIaHWX MapajieiabHO. BHKOpHUCTaHHS €EeKTPUIHO HEeUTpaTbHUX
HocliB 1HopmMallli (HOTOHIB T03BOJISIE HAOMM3UTHCS MPU OOUYMCICHHSX JIO PIBHSA
(OTOHHUX KOPMYCKYJSIPHO-XBHJIACTUX TPOIECIB 1 HA KOXHOMY erari (i3uko-
TEXHOJIOTIYHUX JOCATHEHb €JIEMEHTHOI 0a3u B CIOIY4YEHHI 3 aJITOPUTMIKOIO
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HEHUPOMoMIOHOTO  THUIly, sIKA TOCTIMHO YyJOCKOHANIOETHCS, BUTATYBAaTH 32
PO3pOOJICHUMHU KPUTEPIAMH (PYHKIIOHAJIBHOI 1 TEXHIYHOI TMOBHOTH Yyc€ OuIblie
"intenekTyanpHux"  skoctedw  [1]. Ile  mo3Bomsie  Hamam  CTBOPIOBATH
KOHKYPEHTOCTIPOMOXH1 1H(GOpMaIlIiHI TEXHOJIOT1i, OpIEHTOBaHI Ha OMTOCJIICKTPOHHY
peaizalliro B 3a7a4ax po3mi3HaBaHHS 00pa3iB.

B nmanmii yac onTW4HI TIEpeMHKadi, BUTOTOBJCHI Ha OCHOBI TPaaUINIAHOI
KPEMHI€BOI TEXHOJIOTIi, MOTPeOyIOTh 3HAYHUX EHEProBUTpAT 1 HabaraTo OumbII 3a
rabapuTamMy, HDK HaMiBOPOBITHUKOBI €JNEKTPOHHI TpuUCTpoi. Jias ycyHeHHs
3a3HAYEHUX  HEJOJIIKIB  3aCTOCOBYIOTBCS ~ HAJrpaTku 3 IPOCTOPOBUM
KBaHTyBaHHsAM[2].

O4eBUHO, MOKH IO 3aCTOCYBaHHS OMNTOEJEKTPOHIKA B OOYMCIIOBAIBHUX
CHUCTEeMaX HE MOXKE CKJIACTH CEpHO3HOI KOHKYpEHIlli MIKpOIPOLIECOPHIA TEeXHIIl
4yepe3 XpOHIYHE BiJICTaBaHHS TEXHOJIOTI PI3HOKOMIIOHEHTHOI ONTOEIEKTPOHHOI
CXEMOTEXHIKH y TIOPIBHSHHI 3 OJHOPIJHOI KPEMHIEBOIO MIKpOCTPYKTyporo. [Ipore
TAKOX OYEBUIHO IHIIE — TPAJULIAHI AITOPUTMH 1 apXITEKTypH KIACUYHUX
OOYHUCITIOBAILHUX CTPYKTYP, SIKI peali3yloTh MOCIIIOBHY, TOYKOBY OOpOOKY JAaHUX,
BXKE HE MOXKYTh 33JJ0BOJIBHUTH MTOTPEOY B LIBUAKOMY Ta KOMIIAKTHOMY I€PETBOPEHHI1
BEIIMKUX 00CsTIB 1H(pOpMaIli, SK-0T i1 yac 00poOKH 300paxeHb. Y IbOMY 3B'SI3KY
MEPCIEKTUBHUMHU B JaHId 00JacTl SBJISIOTBCS PE3yJbTaTH TEOPETUYHUX 1
MIPUKJIATHAX JOCIIIKEHb napajieJIbHO-1EpapXiqHUX OOYHUCITIOBATIEHUX
HeriponogioHux cTpykryp (IIIOHC), axi y cnomydyeHH1 3 0arato(yHKI[IOHAJIBHOIO
ONTOCJICKTPOHIKOIO PO3KPUBAIOTh HOBI MOXJIMBOCTI pO3BUTKY He HeitMaHiBChKO1
o0uHCTIOBANIBHOT TeXHIKH [3].

O0'enHaHHS ONTOEIEKTPOHIKH 1 CydacHOT 0OpOOKHU CUTHAIIIB CIIPUSE CTBOPEHHIO
HOBUX TJIXOMIB, SKI Ie Oulblie IHTerpyroTh 11 cdepu 3HaHb. (OCHOBHI
0OYHMCITIOBANIbHI TIPOILIEAYPH MPU BUPIIIEHHI OUIBIIOCTI 3a7a4 OOpPOOKHU CHUTHATIB Y
peanbHOMY MacmTabl yacy 3BOJASTBCS [0 BUKOHAaHHS HaOopy ormnepauid Haja
MatpuisiMd. BiH BMillye MOCTaTHBbO CKJIaJHI M amapaTypOE€MHICHI OOYMCIIIOBAJIbHI
MPOLIEypH: MHOXEHHSI MaTpUIll Ha BEKTOP, MHOXKEHHS MaTpHUIll Ha MaTpULIO 1
J0/1aBaHHs, 00€pTaHHS MaTpHUllb, PIMICHHS JIHIMHUX CUCTEM pPIBHSIHb, HAOIMKEHE
pIIIEHHS JIHIHHUX CHCTEM METOJOM HaWMMEHIWX KBaJpaTiB, OOUYMCIICHHS BJIACHUX
3HauYeHb, IepeOyBaHHS CHHTYJISPHOTO PO3KJIaJaHHsA MaTpullb. 3Ba)KAlOUU Ha
3pocTaHHsl OOCSTIB Ta CKJIQJAHOCTI OOpOOJIOBAaHWX JAaHWX, B OOYHCITIOBAIHLHUX
CHUCTEMaX aKTUBHO BIIPOBA/KYIOThCS KBAHTOBI OOYMCIICHHS, 3/IaTHI MpalOBaTH 3
MacuBaMH 1HQoOpMalli Ha pIiBHI, HEJOCTYNHOMY JUIsl TPAAMIINHUX E€JIEKTPOHHHX
nporecopiB [3]. KBaHTOBI KOMIT FOTEpH, 3aCTOCOBYIOUM MPHHIIUIIKN CYHEPIO3MIIT Ta
3aIuTyTaHOCT1, JO3BOJISIIOTH 3IMCHIOBATH MapajenbHy oOpoOky maHux. KBaHTOBI
OOYHMCIICHHSI CTBOPIOIOTH HOBI MOKJIMBOCTI JIJII BUPIIICHHS MPOOJIeM, sIKI paHilie
OynM HaATO CKJIaAHUMU abo mMOoTpeOyBalid HAAMIPHOrO 4acy Juisi oOpoOku. VY
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MOETHAHHI 3 OMNTOCJCKTPOHHUMH TEXHOJIOTISIMU II€ BIJKPUBAE TEPCTICKTUBH IS
MIIBUIICHHS €HEeProe(PeKTUBHOCTI Ta IMIBUAKOIII OOYMCIIOBAJILHUX CHCTEM, IO
0COOJIMBO aKTyaJbHO B YMOBax 3pOCTaHHS OOCSTIB JaHUX Yy HAyKOBHX 1
IPOMHUCIIOBUX cepax.

Huni po3nounHaeThcst HOBa €pa B PO3BUTKY TEXHIKK HU(PPoBOi 00pOOKH TaHUX
1 BiOYBa€ThCs TMOBEPHEHHS 0 KOHIEMINI CHEIiali30BaHOTO OOYUCITIOBATIBHOIO
npuctporo[4]. Y MaiOyTHOMY 3'SBUTBCS DS CIICHiaTi30BaHUX OOYHCIIOBAIBHUX
MPUCTPOIB OararopyHKIIOHATFHOTO MPU3HAUYEHHS 7Sl BIICHKOBOTO 1 MPOMHCIOBOTO
3actocyBaHHs. [IpoTe 3apa3 OUIBIIICTH CIEMIANICTIB Y BY3bKHUX 00JIACTAX OOpOOKHU
CUTHAJIIB, HANpUKIAJ, aHali3y 300pa)keHb, BIIJAIOTh IE€peBary BUKOPUCTAHHIO
YHIBEpCAJIBHUX OOYMCIIIOBAILHUX 3aCO0IB Il PO3POOKHU BIACHOTO IPOTPAMHOIO
3a0e3neyeHHs. JIeTKicTh y CTBOPEHHI MporpaMm aHamizy 300pakeHb MPU3BOIUTH, SIK
MpaBuiio, a0 30uIbiieHHs yacy J1iuou Ha [1K. Tak 30BciM mpoCTi nepeTBOPEHHS, 110
NOTPeOYyIOTh MiHIMAIbHUX OOYHCIIEHb, 3aMaIOTh BIJ JECATKIB XBUJIUH J0 JEKUIBKOX
roJiuH npouecopHoro yacy Ha kpammx [1K. Tomy nmotpiOH1 HOBI MeTONHU 1 3aCO0M 3
HOBOIO QJITOPUTMIKOIO 1 apXITEKTypOIO MOOY/I0BHU CIIElialli30BaHUX 00YMCIIIOBATILHUX
3ac00iB, K1 TOTPEOYIOTh MIHIMAJILHUX OOYHMCIICHD 1 allapaTypHUX 3aTpar.

B ocraHHl poku BHU3HAUMJIACh TEHJEHINS 1O POCTYy OO0'€MIB MEpPETBOPEHHS,
o0poOKkH, Tmepemadi 1 30epekeHHs BigeoiHdopmarii[3]. 3BiAcHM aKTyalbHOIO
BUSIBUJIACh pPO3pOOKa €(PEeKTUBHMX METOJIB 1 CHOCO0IB IHTErpamii MpUCTPOIB
Bi3yasmizanii 1 BigoOpaxeHHs iH(dopmamii 3 MIJCUCTEMOIO ii MOoNepeHboi 00pOOKH,
MPOLIECOPIB JUIsl BBOAY 1 MEPETBOPEHHS BijeoiH(popmarlii, iHHOpMaIiiiHO-TOLITYKOBUX
CUCTEM, SIKI TPAIIOI0Th y KapTUHHUX 1 00pa3HUX KaTeropisx. 30KpemMa, IITy4IHHM
inrenekt (LLI) Bimirpae kiIrO4YOBY poib y Il 1HTerparii, 3a0e3rneuyrodd HOBI
MOXKJIMBOCTI JIJISI aBTOMAaTH3aIlii TIpolieciB 0OpoOKH Ta aHai3y BiJICOJaHUX. 3aBASKH
JIrOpuTMaM MaUIMHHOIO HAaBYaHHS Ta MIMOOKMM HEWPOHHHUM Mepexkam, CUCTEMHU
IITYYHOTO 1HTEJIEKTY MOXYTh aHaji3yBaTH BIJEONOTOKU B PEXUMI PEATbHOTO 4acy,
ABTOMATHYHO 1ICHTU(IKYIOUH 00'€KTH, pO3Mi3HAIOUH J1i Ta KOHTEKCTH.

OkpiM pO3BUTKY apXITEKTypHUX pilleHb AJI1 MiABUIICHHS MIBUIKOIII Ta
onTtuMmizaiii 00poOKM BeMMKUX 0O0CATIB 1HGOpMAIli, BAKIUBUM HAMPSIMKOM
3QJIMIIAETHCS 1HTErpallisi 00YUCIIOBAILHUX CUCTEM 3 Mepexero [Hrepuer. B ymoBax
CTPIMKOTO 3pOCTaHHS 1H(OpPMAIIHHUX TOTOKIB II€ JO3BOJIIE 3HAYHO CKOPOTUTHU
3aTPpUMKHA OOpOOKM JaHHUX Ta 3a0€3MEeYUTH JOCTYH 10 pe3yJbTaTiB OOYHCIEHb Y
pEeXUMI peanbHOro 4yacy. 3aCTOCYBaHHsI TaKO1 1IHTErpallii, 30KpeMa y MpOMHICIOBOCTI,
TPaHCHOPTI Ta Haylll, € eQEeKTUBHUM pIIIEHHSAM I BHUpPIIMIEHHS 3ajad, WI0
BUMAaraloTh MAacIITA0HUX OOYMCIIOBAIILHUX PECYpPCiB 1 IIBUAKOTO OOMIHY
pesynbTatamu. Lle cTBOproe OCHOBY /IS peanizallii XMapHUX 00UYUCIIeHB 1 KOHIISMIIIi
inTepHety peueii (IoT), ne indopmarris, 3i0paHa 3 YMCIEHHUX TPUCTPOIB, MIBUIKO
00pOOIISIEThCS T BUKOPUCTOBYETHCS JIJIsl IPUNHSTTS pillieHs [5].

191



BucHoBok. Y mpoiieci po3BUTKY OOUHCIIOBAIbHOI TEXHIKMA Ta 1H()OpMaLiifHUX
CHUCTEM CIIOCTEPITa€eThCs UiTKA TEHJICHIIIS 10 CTBOPEHHSI BUCOKOS(EKTUBHUX PIIIICHb,
SKI BIJMOBIJAIOTh Cy4aCHUM BHMOTaM pI3HUX Taily3ei. |HHOBaIliiHI TEXHOJIOT1l
CTalOTh OCHOBOIO JJII PO3POOKH NPHUCTPOIB 1 IIaTGOpM, ONTUMIZOBAHUX JJIS
BUKOHAHHS CHenu(ivHUX 3aBlaHb, 10 3a0e3medye MiaBUIIEHHS MPOIYKTUBHOCTI Ta
TOYHOCTI 00poOKku manux. [limcymoBytouu, 3pocTanss oOcATiB iH(DOpMaIlii, 30KpemMa
B cdepi BIACOMAHUX, MIAKPECTIOE HEOOXIAHICTh IHTErpaIlii HOBITHIX TEXHOJOTIH B
oOumncIoBalIbHI cUCTeMU. KITFOYOBMMH elIeMEHTaMU I[hOTO MPOIECY € POo3poOKa
HOBOI  apXiTEKTypH, 10 JO3BOJUTh JOcCsAraTH  OUIBIIOI  IIBUJAKOMII  Ta
eHeproe()eKTUBHOCTI, a TaKOK BUKOPHUCTAHHS AJITOPUTMIB IITYYHOT'O 1HTEJICKTY JJIS
aBTOMaTH3allli aHamizy Ta oOOpoOKM JaHWX. AJanTUBHI  CHUCTEMH, IO
BUKOPHCTOBYIOTh MAIllMHHE HaBYaHHS, 3JaTHI IMIBHJIKO pearyBaTd Ha 3MIHH B
oOcarax 1 tumax 1H(opmanli, 3a0e3nedyroud BHUCOKY TOYHICTh Ta IIBUIKICTb
00pOOKH.
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Abstract. The research analyzes the optimization and security aspects of containerization
technologies LXC and compares them with KVM in the context of cloud infrastructures. The
study focuses on the performance, resource utilization, and security mechanisms of LXC,
which is a lightweight alternative to full virtualization, and KVM, a well-established
hypervisor-based solution. Special attention is paid to their application in cloud
environments, where scalability and security are crucial. The paper provides a comparative
analysis of resource isolation, networking, and vulnerability management in both
technologies.
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AKTYQJIBHICTh [JOCJHI’KEHHS] 3YMOBJICHA THM, WII0 B CY4YaCHUX XMapHUX
1H(ppacTpyKTypax ONTHUMI3allisd pecypciB Ta 3a0e3nedeHHs Oe3NeKd € KPUTUYHUMU
dakropamu s epextuBHOro ympasiinHs [T-cepsicamu. KoHTteiHepHi TeXHOMOTI,
taki sk LXC (Linux Containers) [1, 2], HaOuparoTh MOMyJISPHOCTI 3aBASKH JETKOCTI
B yNpaBliHHI Ta €(EKTUBHOMY BHKOPHUCTAHHIO pECypCiB y TIOPIBHSHHI 3
TpaJuIiiHUME TinepBizopamu, Takumu sk KVM (Kernel-based Virtual Machine) [2].
Opnak mnuTaHHS O€3MeKu Ta 1301l MPOIECIB Y KOHTEHHEpax BHUKIIUKAE
3aHETIOKOEHHS, MO0 TOTpeOye AeTadbHOrO0 BHBYCHHS Ta TOPIBHSHHS 3 TIOBHOIO
BIpTYyaJli3all€lo.

MeTow pobdoTH € TPOBEACHHS TOPIBHSUIBHOTO aHalli3y KOHTEHHEPHOI
texHonorii LXC ta Bipryam3zamii Ha ocHoBi KVM y KOHTEKCTI XMapHHX
iHOpacTpyKTyp. AHaI3 BKJIIOYAE OINTHUMI3AII0 PECYpCIB, O€3MeKy, 13010
MpoLeciB Ta MepexeBl acnekTu. JlocmimkeHHs: POKyCyeTbCs Ha 3aCTOCYBaHHI JIBOX
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TEXHOJIOT1A Y XMapHUX CEPENOBUINAX IS BU3HAYCHHSI TIEpeBar Ta HEJO0JIKIB KOXKHOT
3 HUX.

LXC (Linux Containers) 1 KVM (Kernel-based Virtual Machine) € asoma
OCHOBHMMM TEXHOJIOT1SIMU BIpTYyaiizailii, 0 MIMPOKO 3aCTOCOBYIOTHCS B CY4aCHHX
xMapHuX 1HGpacTpykTrypax. OOHIBI TEXHOJOTIi MarTh CBOi CHJIBHI Ta ClaOKi
CTOPOHHU, $IKI CTalOTh OCOOJMBO TIOMITHHMH Yy KOHTEKCTI IX 3aCTOCyBaHHS B
CUCTEMax, Je BaXJIMBO 3a0e3meunTd OajaHC MDK OINTHMI3AIIE€l0 PEecypciB Ta
0e3meKoro.

Konrelinepuzamis, sxky mnpexacrasise LXC, BiIpi3HSI€TbCS THUM, IO BOHA
J03BOJISIE TIPAIIOBATA 3 130JIbOBAHMMH TMIPOIIECAMH Ha pIBHI sapa oOmepauiiHoi
CUCTEMH, HE CTBOPIOIOYM TIOBHOILIIHHMX BIpTyalibHUX MamuH. [le 3abe3neuye
Habarato MIBUIIIHMKA 3allyCK KOHTCWHEPIB 1 MEHII HaKJIaJgHI BUTpPATH Ha PECypCH,
OCKIJTbKH KOHTEHHEPH MOIUIIIOTH Sapo XocT-cuctemu [1, 3]. 3apmsku npomy, LXC
JEMOHCTPYE BHUCOKY €(eKTHUBHICTh y poOoTi 3 pecypcamu CPU, omnepaTuBHOIO
namMm’sITTI0O  Ta  JWCKOBHM IPOCTOPOM, IO OCOOMMBO BaXJIMBO B XMapHHUX
CepeIoBUIIax 3 0OMEeKEHUMH pecypcami [3].

VY mopiBasiuHl 3 LXC, KVM peanizye mnoBHy BipTyaiizaiito, A€ KOXHA
BIpTyaJibHa MalllMHA TPAIIOE HE3AJIEKHO BIJl XOCTOBOI CUCTEMHM, MAIOYH BJIACHE SJIPO
Ta omnepamiiiny cuctemy [3]. Lle 3abe3medye OimbIIy 130JIA1iI0, aje CTBOPIOE
JOJIaTKOB1 HAKJIaJHI BUTpPaTH Ha YIpPaBIIHHSA pecypcamu. Xouda NpOLyKTHUBHICTH
KVM Ttakox nocuTh BHcOKa, BoHa moctymnaerbess LXC y Bunaakax, e HEOOX1THO
OJIHOYACHO 3aIyCKaTH BEJIUKY KUIbKICTh 130Jb0BaHUX cepenosuil. Kpim Toro, KVM
4acTO BUKOPHUCTOBYE OLUIbIIIE PEeCcypciB, OCKUIbKM BIpTyalbHI MAlllMHU BUMAararoTh
BJIACHUX Komii omepariitHoi cucremu. [Ipore, BapTOo BiA3ZHAYUTH, IO
npoaykTuBHICTH LXC Moke OyTH ONTUMATBHOIO TIJIBKU B CIIEHAPISX, 1€ HE MOTPiOHA
noBHa BipTyamizaiis [1, 4]. Hanpukian, npu BUKOHaHHI JIETKUX 3aBJaHb a00 00poOi1Ii
3aBJlaHb, SIKI HE MOTPEOYIOTh BHCOKOTO PIBHS 130JIsMii. Y BUMNAJKaX, /e MOTPIOHO
3a0e3MeunT  po3IMpeHy 1300 Ta Oesneky, KVM 3abesneuye kpaiy
MPOAYKTHBHICTh 3aBASKH TOBHIH 130JIA11iT BIpTYaIbHUX MaluH [4].

Onnum 3 kmouoBux (paktopiB npu BuOopi Mixk LXC ta KVM € piBenb Oe3neku
ta Bomamii. Y LXC koHTeilHEpU BUKOPHUCTOBYIOTH CHIJIbHE SIPO 3 XOCTOBOIO
CUCTEMOIO, III0 O3Hauae, 10 Oyab-sSKa BPaA3JIMBICTh Yy SApPlI OMEpaIiiiHOI cucTeMu
MO3Ke TIOTEHIIIMHO BIUTMHYTH Ha BCl KOHTeWHepH [4, 5]. Jlns 3abe3nedenHs 6e3neku B
LXC 3acTocoByIOThCA Takl MEXaHI3MHU, SIK Cgroups (KOHTPOJIb HAJ[ BUKOPUCTAHHSIM
pecypciB) 1 namespaces (130JisIIlis TIPOIIECIB), K1 HAJAIOTh 0a30BY 130JIAIII0 MIXK
KoHTeHepamu. OpHak, ypasznuBocTi B camiil cuctemi LXC abo HempaBWIbHI
HaJAIITYBaHHS MOXYTh MPU3BECTH JIO0 BUTOKIB JaHUX a00 70 MOKJIMBOCTI aTakv Ha
1HIIT KOHTEHHEPH a00 XOCT-CUCTEMY.
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3 iHmoro 6okxy, KVM 3abe3nedye MOBHYy 130JAL1I0 KOXHOI BipTyalbHOI
MallMHU, 1[0 TpAILIOE SK OKpeMa CHCTeMa 3 BJIACHUM SIIPOM 1 OIEpaliiHOIo
cuctemoro [4]. Lle 3HAYHO 3HWKYE PUBHMK TOTO, IIO araka Ha OJIHY BIPTyaJIbHY
MalIMHy BIUIMHE Ha IHIII BIpTyaibHI MamMHU abo xocT-cuctemy. Kpim toro, KVM
BUKOPHUCTOBYE 1HIII MEXaHI3MU 3aXUCTy, Taki SK amapaTHEe pO3MIMPEHHS MIJis
Bipryam3ariii (Intel VT-X, AMD-V), 1mo 103BOJIIIOTh Kpallle KOHTPOJIIOBATH JTOCTYII
710 PECYPCIB 1 MABUIIYIOTH OE3IEKY.

Mepexesi ¢ynkmii y LXC ta KVM Takox Bigpizustotecsa. Y KVM koxHa
BipTyaJbHa MalllMHA 3a3BUYaii Mae CBIM BJIACHUN BIPTyaJbHUM MEPEKEBUM
iHTepdeiic, Mo M03BOJISIE CTBOPIOBATH 130JIbOBAaHI MEPEXKi BCEPEIUHI XMapHOI
iHpacTpykTypu [3]. Lle 103BOIISIE IETKO YIPABIATH MEPEKEIO HA PIBHI BIpTyaJbHUX
MamuH 1 3abe3meuyBaTH JOJATKOBY 130JISIIII0  MEPEXeBOro Tpadiky Mix
BipryanbHuMu MammHamu. LXC, y cBOO uepry, BUKOPHUCTOBYE hamespaces IJis
130JI41111 MEPEKEBUX PECYPCiB, IO J03BOJIIE KOXHOMY KOHTEHHEpPY MaTu CBIH
BJIACHUN MEpEeXEeBUW CTEK. Xoua LEed MiAXiJ € OUIbII THYYKUM 1 JI03BOJIAE JIETKO
CTBOPIOBATH 130JIbOBaHI CEpPEJOBUINA, BIH BUMAarae OUIbII JETanbHOI KOH(Iryparrii
1T 3a0€e3MeueHHs Halle)KHOI Oe3mneku [4, 5].

Opniero 3 ronoBHux nepeBar LXC € #oro Bucoka MaciuTabOBaHICTb.
KonTteitHepu MaroTh MEHIIHMM PO3MiIp 1 BUMararoTh MEHIIE PECYpPCiB MJi 3aIyCcKy
MOPIBHSAHO 3 BIpTyaJlbHUMH MammMHamMu Ha ocHOBI KVM. Ile no3Bonsie 3amyckaru
COTHI 200 HaBITh THCS4Yl KOHTEHHEPIB HAa OJHINA (PI3MYHIA MAIllMHI, 10 € 0COOJIMBO
KOPHCHHUM Y CIIEHapisX, Je¢ HeoOXiTHO 00poOJiATH OaraTo mapajelibHUX 3anuTiB [4].
KVM, HatomicTh, X094 1 MOXe 3a0€3MeUYnTH MacIITabOBaHICTh, aje Iel MpoIec €
Ooutbm pecypcoMicTkuM. KoskHa BipTyanbHa MallliHAa BUMAarae OUIbIE Yacy s
3amycKy 1 moTpeOye OIbINoi KiTBKOCTI PECYpCiB JUIisl MATPUMKH 130JIbOBAHOTO
cepenoswuina [5].

Bub6ip mix LXC ta KVM 3aiexuTh Biji BUMOT JI0 KOHKPETHOT'O CEpEeOBUIIIA.
LXC wmoxe OyTH TMepeBaXHUM Yy CIEHapisX, Ji€ HeoOXiJlHa MaKCHMallbHa
MPOJYKTUBHICTh 1 MiHIMallbHE BUKOpHUCTaHHS pecypciB. KVM, 31 cBoro 0oky,
1IXOIUTH JJIs OLIBII 3aXMIMCHUX CEPEIOBHIIL, 1€ 130111151 CUCTEM € TIPIOPUTETHOIO.

BucnoBok. B pe3ynbrari nmpoBeIeHOro aHamizy, MOCHTIKEHb Ta MOPIBHSIHHS
koHTelHepHux TexHosorii LXC 1 Bipryamizamii Ha ocHoBi KVM y xmaphmx
iH(ppacTpykTypax BcTaHoBieHo, o LXC 3abe3neduye BHUCOKY e()EKTHBHICTH
BUKOPUCTAaHHSI pECypCiB Ta MAaclITa0OBaHICTh 3aBISKM HU3bKUM HAaKIJIaIHUM
BUTpaTaM 1 MOXJIMBOCTI IIBHUJKOIO 3amyckKy KoHTeiHepiB. OaHAK, y NHUTaHHSX
Oe3meku Ta 130JIII0li KOHTEWHEpHI TexHousorli moctymaroTbess KVM, ockinbku
KOHTEITHEpU BUKOPUCTOBYIOTH CHUIBHE SAPO 3 XOCTOBOIO CHUCTEMOIO, IO 30UIbLIyE
pusuk BpaznmuBocteil. KVM, 31 CBO€HO TMOBHOI BIpTyali3alli€lo Ta OUIBIIO0
130J1s1111€10, 3a0e3Mevyye BUINMUKA piBEHb OE3IMeKH, aje 3 OUIbIIMMH BUTpaTaMu Ha
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pecypcu Ta ympaBiiHHS. Takum umaOM, BHOIp Mixk LXC ta KVM 3amexuts Bif
KOHKPETHHX BUMOT JI0 MPOJYKTUBHOCTI, O€3MEKM Ta MAacIITabOBAaHOCTI B XMapHHUX

iH(pacTpyKTypax.

JlitTepartypa

1. KVM vs LXC: Choosing the right virtualization for efficiency and performance
[Enexrponnuii pecypc]/ Pexxum moctymy: https://1gbits.com/blog/kvm-vs-Ixc-choosing-the-
right-virtualization-for-efficiency-and-performance/ (nara 3Bepuenns 21.10.2024).

2. Verma S. B., Pandey B., Gupta B. K. Containerization and its Architectures: A
Study (2022) /Adcaij advances in distributed computing and artificial intelligence journal
11(4), 395-409. DOI:10.14201/adcaij.28351.

3. Soltesz, S., Potzl, H., Fiuczynski, M. E., Bavier, A., & Peterson, L. (2007).
Container-based operating system virtualization: A scalable, high-performance alternative
to hypervisors. ACM SIGOPS Operating Systems Review, 41(3), 275-287.

4. Qumsiyeh, Y. (2020). Performance comparison of full virtualization and
containerization: LXC and K\VVM. Journal of Cloud Computing, 9(1), 1-13.

5. Turner, C., & Desmet, S. (2022). Network virtualization with KVM and Open
vSwitch. Journal of Network and Systems Management, 30(3), 1-20.

196


https://1gbits.com/blog/kvm-vs-lxc-choosing-the-right-virtualization-for-efficiency-and-performance/
https://1gbits.com/blog/kvm-vs-lxc-choosing-the-right-virtualization-for-efficiency-and-performance/

HEYITKA MOJEJb AHAJITUYHOI IEPAPXII IJISI IPUAHATTS PIIIEHG ITPO
3AKYHIBJI B 3AJIIBHAYHINA FAJTY3I

Binouvkuit B.B. — acmipanr, bilotskyi vw@gsuite.duit.edu.ua
I'opo6ouenko O.M. — n.1.1., mpod., gorobchenko_om@aqsuite.duit.edu.ua
Kuiscokuu incmumym 3anisHuuH020 mparcnopmy
epoicasrnozo ynisepcumemy iHhpacmpykmypu ma mexroi02ii
VYkpaina, m. Kuis

FUZZY ANALYTICAL HIERARCHY PROCESS MODEL FOR PROCUREMENT
DECISION MAKING IN RAILWAY INDUSTRY
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Abstract. The paper analyzes the use of fuzzy models to aid in decision making for the
process of procurement of parts for locomotives, rolling stock and railway related
objectives. In modern times procurement becomes a strategic task so effectiveness of
supplier selections poses huge interest for growth and operation of the railway system. In
the work fuzzy-AHP method is analyzed and proposed for implementation for measuring
and supporting effective purchasing decisions. Listed purported benefits and drawbacks of
its usage that can affect the outcome of calculations and possible optimizations.

Keywords: procurement, fuzzy logic, fuzzy-AHP, multi-criteria decision making

AKTYaJIbHICTh JOCTIIMKEHHSI TOJSAra€ B TOMY, LIO 3aKYMIBIl € KJIOYOBUM
MPOLIECOM B MIATPUMII ONEpPYBaHHA Ta PO3BUTKY 3aJi3HUYHOI I1HIYCTpii, JOBOJI
9acTO Ha YKpPaiHCBKOMY PHHKY IIi 3aKyMiBJi MPOBOJSATHCSA 32 PaAXyHOK KPEAUTHUX
KOIITIB €BPOMEUCHKUX MPOrpaM MIATPUMKH PEKOHCTPYKIIT Ta PO3BUTKY IMPHU IIOMY
e(eKTUBHICTh IHMX 3aKyMiBEJIb Ta MPO30PICTh MOKE BUKIMKATH TMUTaHHA. Tomy,
3aJly4eHHsI HEUITKUX MojieNiel 103Bojisie (opMyBaTH OUIBIT OOTPYHTOBAHI PillIEHHS
Ta MATBEPKYBATH aKTyaIbHICTh BUOODY.

MeTo10 po60TH € BHBUYCHHS Ta pO3pOoOKa MOJEI1 HEUITKOI JOTIKH 3 MPOIIECOM
AHAJITUYHOI 1€papXii, siIka J03BOJUTh CUCTEMATUYHO MIAXOAMTH 10 (PopMyBaHHS
BUMOT Ta aHaji3y BUOOpPU HAWKpAIIOro MOCTavyadbHUKA IS 3aKYIiBEIb HEOOX1THUX
netaneir. O0'ekTOM AOCTIHKEHHS € MPOIeC BU3HAYEHHS HAHONTUMAJIBHIIIIOTO BUOOPY
MOCTa4YaJIbHUKAa B KOHTEKCTI TEHIEPHUX 3aKYIiBEJIb Ha OCHOBI MOENI HEUITKUX
MHOXHWH 3 ypaxyBaHHSM EKCIIEPTHUX MOKA3HHUKIB €KOHOMIYHOTO, TEXHIYHOTO Ta
OpraHi3aiiifHoOro xapakrepy

[Mpornec HewiTkol aHanmiTH4HOI iepapxii (Fuzzy-AHP) — e MeTon mpuiHATTS
pillIeHb, SKUH BKJIIOYAE HEUITKY JIOTIKY B TPaJIULIMHUI pOliec aHAIITHYHOI 1€epapXii
(AHP). Ile oco0nmBO KOpHUCHO, KOJIM CcHOpaBa W€ 31 CKIAAHUMHU PIIIEHHSMH,
NOB’SI3aHUMH 3 SKICHUMU KPHUTEpIIMH Ta HEBU3HAYEHICTIO, TAKUMH SIK TEHJIIEPHI
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3aKymiBii. Y (opMyBaHHI BUOOpY 1 HAHONTUMANBHIMIUX PIIIEHb YacTO JOBOIUTHCS
oOMpaTy B HECTIMKHUX YyMOBaxX, KOJHM KpuTepii BHOOPY MOXYTh MaTH HE JIMIIE
TEXHIUHY CKJIa/I0BY, aje 10 npukiany. IlepuioueproBumM Kpokom Juist IMIIEMEHTALI]
MO/JIEN1 € BU3HAYEHHS] METH Ta KPUTEPIiB.

Lle#i mMeTOn CHUIIBHO TMOKJIANAETHCS HA EKCIEPTHI OIIHKHU, B I[bOMY MOJXKHA
pO3TIAATH K KOPUCTh TaK 1 HEJOJIKH, Pe3ydbTaTH MOXYTh OyTH HEe OOHAaIININBI,
a/ke TOYHICTh METOJy CHJIBHO 3aJIe)KUTh BiJ JIOCBiAY Ta O0'€KTUBHOCTI THX, XTO
npuiiMae pimeHHs. J[yMKu eKcriepTiB 3HaYHOIO MIpOIO MOKJIAAA€ThCs Ha Cy0 €KTHUBHI
CY/UKEHHsI 1 1oOylOBM MAaTpUllb IIONApPHOTO IOPIBHAHHA Ta IPU3HAUYEHHS
HeulTKuX uncell. HemocninoBHi a00 yriepeKeHi CyKEHHI MOXKYTh MPU3BECTH J0 HE
JIOCTOBIpHUX pe3ysbTatiB[1]. 3amydeHi eKcnepTd HaJlaloTh MOPIBHSUIbHI OLIHKU Tap
KpUTEPIiB 1 ambTEpPHATUB y BUIVISAI TPUKYTHUX HEUITKUX uyucen. JIis KOXHOTO
KPUTEpII0 Ta Mapu albTEPHATUB BUKOPHUCTOBYETHCS MATPHIS MApHUX TOPIBHAHB
A= [4;;]. TlapHi mOpiBHAHH MOXyTh OyTM MOjaHi y pi3HOMy BHIi i He Oyxe
BIUIMBATH Ha KIHIEBUN PE3yNbTaTH MIAPAXYHKIB, A0 MOXJIMBUX (OpMaTiB Moaayl
MO>KHA BIJIHECTU HACTYITHI HEYITKI YMCJIa TPUKYTHI, TPAMe30i/1Hi, TayCiBChKI Ta 1HIII,
BCl BOHHU JI03BOJISIIOTH MEPEAABaTH B MOJENb PI3HUN pIBEHb BIAHOLIEHb KOKHOTO
KOMIIOHEHTY [2, 3]. B mpencraBneHiii Mozeni BUOIp BHaB HA TPUKYTHE HEYITKE
YUCIIO0 Yepe3 OUIbILY MPOCTOTY OOYUCIIECHD, TIO3HAYCHO, IK  d;; - TPUKYTHE HEUITKE

YHCJIO, 110 BU3HAYAE BiTHOCHY BaXXIIUBICTh CJIEMEHTY | BiJl CIIEMEHTY |.
aij = (Ljymyj, wij), (1)

ne l;j, m;j, u;j — HWKHs, CEPEHA Ta BEPXHSA TPAHUILI 3HAYEHb IIPU MOPIBHAHHI
KpUTEpito | Ta . SIKII0 ekcrepT BBaXKae, M0 OJAWH KPUTEPild CHIIBHO BaXKJIMBIIIUKN 32
IHIIMHA, OLiHKa MOKe OyTH npezcTaBiena sk d;; = (3,5,7). aui nporec mapaxyHky
NEPEeXOIUTh 0 KaJbKYJALIl CyMH KOJOHOK 3a KOXXHUM KpUTEpiEM HaJaHUM Jis
MOPIBHSHHS.

S; = Xie1(lijmij, ug5) (2)

TakuM 4YWHOM, [JIi KOXKHOTO TPaHUYHOTO  3HAUCHHS 3a KaTeropiero,
PO3paxoOBYETHCS 32 HACTYHOIO (POPMYIIOI0, JIJIs1 KOKHOTO TPAHUYHOTO MOKAa3HUKA.

SjL = ?=1lij1 SjM = Y=t mij, SjU =Xt Uij (3)

ITicnst oTpuMaHHS HOBOI MaTpWIll BCl 3HAYEHHS MAalOTh 3BOJUTUCH JI0
HOpMaJTI30BaHMX, 00 rapaHTyBaTH, IO CyMa BCIX Bar KPUTEPIiB IOPIBHIOE OJAMHMUIILI,
CTBOPIOIOYH TIPOTIOPIIIHUI PO3TOI1T BAXKIUBOCTI MK KPUTEPISIMH.
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A = (;}%Z—lé;—%) (4)
Jani BinOyBaeThCs MIAPAXYHOK HEUITKUX Bar BIAMOBITHO JUISI KOKHOTO THITY
IPaHUYHOTO 3HAYECHHS BIAMOBIAHO O KPUTEPIIO 1 iX MOJaibliia HOpMalizalis IO
KO)KHOMY KpuTepito. PesynpraroM € (iHadbHI OIIIHKM BaXKJIUBOCTI KOXKHOTO
3aJIy4€HOr0 KpPUTEPIIO.
W'[‘paH.SH 7qu=1A'f

i = l (5)

n

HOpM Wi
WP = SRETTTE (6)
- l.=1 t . o o .

VY Bumie HaBeneHux Gopmynax (5, 6) I BiAmoBiae 3a nmeBHUM kputepii. ami
excriepraMu (POPMYITIOETHCSI MATPHUIIS 32 KPUTEPIEM Ta MOCTAYATLHUKOM, B KOJIOHKAX
TaOJINII TOJAI0THCS MOCTAYAIBHUKY 1y PSAJIKY HOTO OIlIHKA 332 KOXKHUM KpUTEpieM. 3
OTPUMAHOI MaTPHII BIIOYBAETHCS PO3PAXYHOK 3BAKEHOT OLIIHKH 32 KOKHUM

KpHUTEPIEM KOKHOT'O 3 OTPUMAHUX I10CTAYaIbHUKIB.
3BaxkeHa olliHka;; = (W;"P" # vl WP s rM W HOPM U (7)

Ko>kHa 3BajkeHa OIl1HKa 332 KPUTEPIEM CYMYEThCS ISl OTpUMaHHs (DiHAIBHOT
OITIHKHM KOXKHOTO IOCTayaIbHUKA 32 BIAMOBIIHOO hopmyroro. Y dopmyi (7)
3HAYCHHS OILlIHKAMU I € HeUiTKOI TPUKYTHOO OI[IHKOKO KOXXHOT'O KPHUTEPIiro | Ta
BIIMOBIJa€ OTIEpEeIHHO BUKOpUCcTaHOMY (hopMaty(1l). 3roioM BUpaxoBYEThCA
(p1HaNIBHA OLIIHKA 32 KO)KHUM IPAHUYHUM 3HAYCHHSIM.

. . _on .
dinanbHa OLIHKA; = 2,;—q 3BakeHa OLIHKQ,; (8)

@diHanbHa 1iHA MNOPOXOAUTh uepe3 Aedazudikaiito, HAUOUIBIIMI cepen
OTpPMMaHUX OaiiB BKa3zy€e Ha HaWONTUMAJIbHIIINI BUOIP 3 TOUKU 30py MOCTABJICHHUX
KpUTEPIiB.

(D.ouiHKajL+(I>.0uiHKajM+<D.0ui1-n<ajU

©)

Ouinka HOCTa‘{aJIbHI/IKajAeras = —

BuchnoBok. IlpencraBneHa Mojenb I OIIHKKM Ta ONTHMI3alii TEHISPHUX
3aKyIiBeNIb Ha 0a3i MO€IHAHHS METOJIB HEUITKUX MHOKHH Ta METOAY aHaTITHIHOT
iepapxii, 0yJI0 IPOJIEMOHCTPOBAHO NEPEBAry Ta HEAOJIKHM 3alIPOTIOHOBAHOT MOJIEN Yy
npeAMeTHIM oOnacti. JlaHuit MeToa 103BOJISIE BPaxOBYBaTH Oe€3/114 KOMILJIEKCHUX
(dakTopiB 1 3amyyaTd ICTOPUYHI AaHl 10 (OPMYBaHHS MOPIBHSIBHUX MATpHllb, 110
MOXYTh BIUTUBAaTH Ha (iHAIBHHUM pe3ynbTar poOoTH Mozem. Jlo momaibIioro
PO3IIISTY TAKOXK BapTO 3BEPHYTH yBary Ha BUKOPHUCTAHHS 1HIMUX (HOPMATIB 3HAYCHD
K1 BIUTUBAIOTh HA SIKICHY Nepe/lauy B3a€MO3B’SI3KIB MK KPUTEPISIMU 1 MOXKYTh OyTH
KpaIuMu TP OUTBIIT I€TATbHOMY PO3IJISIII MPEAMETY 3aKyIiBEIb.

199



Jliteparypa

1. Munier, N., & Hontoria, E. (2021). Uses and Limitations of the AHP Method. In
Management for professionals. https://doi.org/10.1007/978-3-030-60392-2

2. Liu, Y., Eckert, C. M., & Earl, C. (2020). A review of fuzzy AHP methods for
decision-making with subjective judgements. Expert Systems With Applications, 161,
113738. https://doi.org/10.1016/j.eswa.2020.113738

3. Tanak Coskun, G., & Yilmaz Yalginer, A. (2021). Determining the best price with
linear performance pricing and checking with fuzzy logic. Computers &amp; Industrial
Engineering, 154, 107150. https://doi.org/10.1016/j.cie.2021.107150

200


https://doi.org/10.1007/978-3-030-60392-2
https://doi.org/10.1016/j.eswa.2020.113738
https://doi.org/10.1016/j.cie.2021.107150

PO3BUTOK IHTEJIEKTYAJIbHUX ®YHKIIF MEPEXI YEPE3
CTATUCTHYHO OPICHTOBAHY MAPHIPYTU3AIIIO

Bpaikoscokun M. €. — crapmnii Bukiagad, m.braykovsky@gmail.com
Tumuenxo JI.1. — n.7.4., npod., tumchenko_li@gsute.duit.edu.ua
Kuiscoxuil incmumym 3aniznuyno2o mpancnopmy
Heporcasrnoeo ynieepcumemy ingppacmpykmypu ma mexmonoziil
VYkpaina, M. KuiB

DEVELOPMENT OF INTELLIGENT NETWORK FUNCTIONS
THROUGH STATISTICALLY ORIENTED ROUTING

Braykovsky M.Ye. — Senior Lecturer, m.braykovsky@gmail.com
Tumchenko L.I. — Doctor of Technical Sciences, Professor.
tumchenko_li@gsute.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technology
Ukraine, Kyiv

Abstract. The article considers the issues of modern use and development of network
functions through statically oriented routing, which is considered an alternative approach
to data transmission, the transmission of such information in large volumes creates
significant loads, but this problem is solved with the help of statistical data that are
periodically updated. As a result of the analysis of modern methods of data transmission
using statistical routers, their main advantages have been identified: reducing the load on
communication channels, avoiding delays due to the optimal priorities from the list of
priorities, fully automated operation of nodes without human intervention, etc.
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AKTYaJIbHICTh  JIOCJI’KEHHS 3yMOBJIEHa HEOOXIJHICTIO BHKOPHUCTAHHS
CTaTUCTUYHHUX MapILIPYTU3aTOPIB B CyYaCHUX YMOBaxX 3B’S3KY.

MeTow podoTH € po3IJiss] NMUTAHHA OpraHizalli mepenadl JaHUX y Mepexi
IUIAXOM BHOOpPY ONTHMAJIbHOTO MapUIpyTy dYepe3 KaHaliu 3B'A3KYy 3 JONOMOTOIO
CTaTUCTUYHHUX MapILIPyTH3ATOPIB.

PosrnspatoTcs mUTaHHA Cy4acHOTO BHKOPUCTAHHS Ta PO3BUTKY (DYHKIIIH
MepexXl 4epe3 CTaTUYHO OpPIEHTOBAHY MaplIpyTH3alil0. Y 3araJbHOMY pPO3YMIHHI,
MapuipyTH3alis — L€ Mpolec nepemileHHs 1H(opmanii BiJ BiANpaBHUKA 0
oJiepKyBada uepe3 00'eTHaHy MEpEXKy, 4aCTO 3 BUKOPUCTAHHSAM OJTHOTO a00 KITHKOX
MPOMDKHHX BY3J11B. MapmipyTu3aiiito 3a3Buuaid MOPiBHIOIOTH 13 00'€JHAHHSIM MEPExX
3a JOTIOMOTOI0 MOCTIB, SIKI BBOKAIOTHCS albTEPHATHBHUM ITiIXOJ0M J0 TIepeaaBaHHS
naHux. ['070BHA BIIMIHHICTP MDK HUMH TOJSTa€ y PIBHI 3aCTOCYBaHHSA: MOCTH
IpaloTh Ha PiBHI 2 eTajgoHHoi Moaeni [SO, Toxl sik MapuipyTu3anis BUKOHYEThCS
Ha piBHI 3. lle moscHIOE, YoMy 11l ABa MIJIXO0IU BUKOPUCTOBYIOTH Pi3HY 1H(OpMAITit0
JUTSl IEpeJaBaHHS IaHUX.
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VY migcymky, MapmipyTu3zaiisi Ta 00'€THaHHS Yepe3 MOCTH BUKOHYIOTH CXOXIi
3aBJaHHsI, ajle PI3HUMH crnoco0aMu. ICHye JekinbKka THIMIB MaplIpyTH3alii Ta
MOCTOBHX 00'€/THaHb, KOXKEH 13 IKUX MA€ CBOi 0COOJIMBOCTI 3aCTOCYBaHHSI.

[HTEeNneKTyanbHi Mepei MOCTYHNOBO BIOCKOHAIIOIOTHCA ILISXOM JOJABaHHS
HOBUX (YHKIIM, ajle cucTeMH, MI0 3/4aTHI aJanTyBaTHCS A0 3MIHHHX YMOB,
BUKOPUCTOBYIOThCS pinko. HaBiTh 11 aganTHBHI CHCTEMH CTHKAlOTbCA 3
TPYJIHOILAMH, 30KpeMa 4epe3 3HauHI 3aTPUMKHU IIiJ Yac opraHizailii MapumpyTy Ta
BIJICYTHICTb JAaHUX MPO 3aBaHTAXCHICTh KAHAJIB Y HACTYITHUX CETMEHTaX.

[I{o6 mapmpyTHU3aTOpy MOTJIM HaBYaTHUCS, iM MOTpiOHA 1H(OpMAaIlis PO CTaH
Mepexi. OgHak mepenada Takoi iH(GoOpMallii y BEJIHUKUX 00cCsIrax CTBOPIOE 3HAYHI
HaBaHTaXeHHA. [[io mpoOieMy MoOKHA BUPIIMIMTH, BUKOPUCTOBYIOUM CTATHCTHYHI
JaHi, K1 IeploANYHO OHOBIIOIOTHCS. 3aMIiCTh 30€pexKEHHs IOBHOTO MapUIpyTy Taki
JaHl MICTATh CEPEAHbOCTATUCTHYHUI Yac MPOXOHKCHHS MakKeTa JI0 MEeBHOTO BYy3Ja
yepe3 cyciaHi By3nu. e 103Bosisie CKOPOTUTH KIIBKICTh MapIIpyTiB 1 3a0€3MEUUTH
ABTOHOMHE MPUHHSATTS PillIEHb KOKHUM BY3JIOM Ha OCHOBI CBO€1 CTATUCTHUKH.

30ip naHuX BIIOYBAETHCS 3a JIOMOMOTOIO MOBIJIOMJIEHB, IO HAJACHUIIAIOTHCS Y
3BOPOTHOMY HamlpsSMKY HICHsI JOCATHEHHs KIHIEBOro By3ia. [10BIJOMIICHHS MICTUTh
yac JOCTaBKM IaKkeTa M OHOBIIOE 0a3y JaHUX MaplIpyTH3aTOpiB Ha MUIAXY
npoxo/keHHd. Koim MapumpyTuzatop OTpUMye Taki JaHi, BIH TOPIBHIOE Yac
BIJINIPABJICHHS MTAKETa 3 4aCOM HOT0 OTPUMaHHS Ta BHOCUTH BIJIITOBIIHI KOPUTYBAaHHS.

[IpioputeTHi MapuipyTH OOMpaAIOTHCS 3a KPUTEPIEM MIHIMAIBHOTO CEPEAHBOTO
Jacy MPOXOKEHHsI TTaKeTa, PO3pax0OBaHOTO Ha OCHOBI MomnepeaHix Aanux. [lepenada
MAKETIB OPIEHTYETHCS HA 3aBAHTAXKEHICTh KaHAMIB, SKa MEPEBIPSIETHCS BIAMOBIIHO 70
YeproBOCTi B TAOJIHUIII MapIIpyTHU3aTOPA.

AnroputM poOOTH MapUIPYTU3aTOPiB JOBOJI MPOCTHH Juisl peamizaiii i
J03BOJISIE M HE TUIBKM CaMOCTIHHO (pOopMyBaTH MapuIpyTH, ajge W OHOBJIIOBATU
iH(popMalio npo By3nu 3B'sa3Ky. [Ipu miKIIFOUeHHI HOBOTO BY3Jia 3aBAHTAKYIOTHCS
0a30Bi AaHl 3 agpecaMu CYCIJAHIX BY3JiB, SIKi BUKOPUCTOBYIOTHCS JJIsl MOYATKOBOL
pooOOTH.

Hactynmaum erarnom MapiipyTH3aTop TMOCIHITOBHO OIMTYE BCi CYCIJIHI BY3JIH.
Otrpumana iHopMallisi MICTUTh TIOBHHUH  CHHCOK  BY3JIIB  MEpexi Ta
CEepEeIHbOCTATUCTUYHUN Yac JOCTAaBKM JAHUX 10 KOKHOro 3 HMX. Ha ocHOBI mux
JaHUX MapIIPYTU3aTOp KOPUTYE TaOJHII0 3 YpaxyBaHHSIM IIBHJIKOCTI BJIACHHUX
KaHaJIIB 1 CTBOPIOE TMOMEPEAHIN CIHUCOK MPIOPUTETHUX MAapIIPYTiB, SKUH Oyne
OHOBJIIOBATUCS MiJ 4yac poOoTu. Ilpu omMTyBaHHI CyCiHIX BY3JIIB aBTOMaTHYHO
OHOBIIIOIOTHCA 1XH1 0a3u JTaHUX, L0 J03BOJIAE MOLIMPIOBATH 1H(OPMAIIII0 PO HOBI
By37U Mepexkero. [licns BUKOHaHHS WX KPOKIB MapIIpyTU3aTOP TOTOBUM 10 pPOOOTH,
a OJIOK CKJIaJJaHHS MTPIOPUTETHUX MAPIIPYTIB MEPEXOIUTh Y PEKUM OUIKyBAHHS.
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[Ipu oTpumaHHI cTaTHCTUYHOI 1H(GOpPMAIT MapHIPYyTU3aTOP OHOBIIOE CIUCOK
MapLIpyTiB BIANOBIAHO 10 AaHuX. CTaTHCTHKa BKIIIOYA€: 4ac OTPUMAHHS IAKeTa
KIHLIEBUM BY3JIOM, Yac HOro BIJIPABIICHHS Ta aJIpecy CYCIIHBOTO BY3J]a, Yepe3 SIKUN
nepegaBaBcs nakeT. JlaHi 30epiraloThCs y JBOMIPHOMY MAacHBI, J€ OJHa BICh
BIJIMOBIZA€ CYCIAHIM By3JaMm, a IHIIA — YCIM By3naMm y Mepexi. Ha mepertuni
30epira€ThCs CEPEeIHBOCTATUCTUYHMA 4Yac JJOoCTaBKu. Ha ocHOBI 11i€i  Tabmuii
CTBOPIOETHCS CIICOK MPIOPUTETIB, IKUM MICTUTD JIMILIE aAPECH CYCIAHIX BY3iB.

[lepenani makeTH, OKpIM KOPHUCHHX [aHUX, BKJIIOYAIOTh TUIBKH ajpecy
OTpUMYBaua, 1110 3MEHIIye IXHiil po3Mip. Ha koxkHOMY By3:11 MapuipyTu3aTop odupae
MapHipyT JIMIIe JJI8 HACTYMHOI AUITHKM HUISXy. BuOip BinOyBaeTbcsi Ha OCHOBI
IpPIOPUTETIB, 3 YpaxyBaHHSIM CEPEAHbOCTATUCTUYHOTO Yacy IMepeaadl uepe3 KOKeH
KaHal.

[Ipn nOCSATHEHHI KIHIIEBOTO BYy3Jla Ha3ajJ BIANPAaBISETHCS IOBIIOMIIEHHS 3
JacoM OTpuMaHHs makeTta. e moBimomeHHs, TPOXOASYM Yepe3 BCl BY3JIH, OHOBIIIOE
iXHI CITUCKH MPIOPUTETIB.

BucHoBok. B pe3ynbrari NpOBEAEHHOTO aHali3y BUKOPHUCTAHHS CY4YaCHUX
nepeadl JaHUX 3 BUKOPHUCTAHHSM CTATUCTUYHHUX MapIIPyTHU3aTOPIB BCTAHOBJIEHU
OCHOBHI IIEpEBAru CTATUCTUYHUX MapUIPyTH3ATOPIB:

® 3HIDKEHHS HABAaHTAXCHHS Ha KaHaIM 3aBASKA CKOPOUYEHHIO 00csry
1H(pOopMaii Mpo MapUIpyTH;

® BIJICYTHICTb (DIKCOBaHUX MapIIPYTIB I03BOJISIE YHUKATH 3aTPUMOK, OOMparoun
ONTUMAJIbHUM KaHa 31 CIUCKY TIPIOPUTETIB;

® ABTOMATHUYHE OHOBJICHHS MAPUIPYTIiB MPHU 3MiHI CTPYKTYPU MEPEXKI;

® BIJICYTHICTb MOTPEOH y LIEHTPATI30BaHOMY KEPYBAHHI MEPEKEIO;

® [IOBHICTIO aBTOMAaTH30BaHa pPoOOTa By3JiB 0€3 BTpYUYaHHS JIOUHHU.
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Abstract. The rapid growth of data volumes and the need for their efficient processing pose
new challenges to automated management systems. The use of big data analysis methods
allows to increase the accuracy of forecasting, to ensure the optimization of production
processes and to increase the productivity of systems. The paper analyzes the advantages of
using machine learning algorithms for processing large data sets, as well as their impact on
management decision-making in real time. The study demonstrates that the implementation
of Big Data in automated control systems contributes to increasing their adaptability,
reliability and efficiency in various fields such as industry, logistics and energy.

Keywords: prognostication, automated control systems, Big Data, optimization, modeling,
analytics in real time, machine learning algorithms, making decisions

AKTYaJIbHICTh  JIOCJiKEHHSI 3yYMOBJICHA HAWBAXJIMBIIIMM  HANPSIMKOM
PO3BUTKY Cy4YacHHMX 1H(GOpPMAIIHHUX TEXHOJIOTIM. 3aBASKH CTPIMKOMY 3POCTaHHIO
o0cAary gaHux y pizHux cdepax, TaKux K MPOMHCIIOBICTb, JIOTICTHKA, CHEPreTHKA Ta
¢diHaHCH, CHUCTEMHU YHOpPABIIHHS TOTPeOyIOTh HOBUX MIAXOAIB J0 iX aHamizy Ta
ontumizamii. 3actocyBanHsa Big Data no3Bosisie aBTOMaTH30BaHUM CHCTEMaM
MIPOTHO3YBaTH 3MIiHM Ha OCHOBI MHHYJIMX J@HUX, W10 MIABUIIYE €(EKTUBHICTD,
HaJIIMHICTh Ta aJanTUBHICTH mporieciB. [I[porHo3yBaHHs Ha OCHOBI BEJIMKUX JaHUX
BIIKPUBAE€ MOJKJIMBOCTI JJIsl PO3B'SI3aHHS TaKuUX 3aBAaHb, SK MependadyeHHs
TEXHIYHUX 300iB, ONTHMI3allisl PECYpCiB, MOKPAIIECHHS JIOTICTUYHHUX TMPOIECIB 1
yOpaBimiHHS pusukamu. lle 1a€ MOXIMBICTH 3HMKYBAaTU BHUTPATH, IMiABUIIYBATH
MPOAYKTUBHICTb Ta 3a0e3nevyBaTu Oe3nepebiitHe (YHKIIIOHYBaHHS
aBTomMaTu3oBaHux cucteM. Kpim Toro, Bukopucrtanus Big Data crpusie npuiiHATTIO
OOTpYHTOBAHMX PIIIEHbh Yy peaJbHOMY 4Yaci, IO € KPUTUYHO BAKIUBUM IS
KOHKYPEHTOCIIPOMOKHOCTI B Cy4aCHUX yMOBaXx.
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MeTo10 po00TH € BUBUYCHHSI MOXKJIMBOCTEHN 3aCTOCYBaHHS BeMMKUX naHux (Big
Data) nmns  migBuiieHHs ~— €(DEKTUBHOCTI  NPOTHO3YBaHHS B CHCTEMax
aBTOMATU30BAHOTO YIIPABIIHHS.

CyyacHMIl CBIT TeHepye BEIMYE3HI OOCATM JaHMX, SKI CTalld HOBUM
CTpaTeriyHuM pecypcoM. Benuki gaHi J03BOJISIIOTH BUSBISITH HOBI 3aKOHOMIPHOCTI,
TPEHAM Ta MOXJIMBOCTI, IO paHilie OyIu HETOCTYIIHI.

3 mouatky 2010-x pokiB Tepmid "Bemuki Jlani" cTaB 3araqbHOBKHBAaHHM,
0COOJIMBO MiCIIsl TOTO, SIK CTAJI0 OYEBHIHUM EKCIIOHEHIlaJIbHE 3POCTaHHS JaHUX,
30KpeMa 3aBJISKH collladbHuM Mepexkam. OnHak, cyTHicTh Benukux [lanux mossirae
HEe JuIle B iXHbOMYy 00cs3i. ['oloBHE — 1ie iXHS PI3HOMAHITHICTh Ta TJIMOWHA, IO
JI03BOJISIE BUSIBJISITA HOBI 3B S13KM MDK JAaHUMU. J[. XapaiHr crpaBeUIMBO 3ayBaKUB,
10 BEJIMKI JIaHi — 1€ He MpocTo Oinbiie iH(popMallii, a MOTYKHUN THCTPYMEHT AJIs
OTPUMAaHHS HOBUX 3HaHb Ta MPUUHATTS OOIPYHTOBaHMUX pimieHsb. Lli JaH1 gocArarTh
CBO€i TIMOMHU 3aBISKU OO0 €THAHHIO JaHMX 3 PI3HUX JDKEpes, IO JI03BOJISE
BCTAHOBJIIOBATH HOBI 3B’SI3KU M1XK JIFOAbMU [ 1].

[lepeBaraMu BUKOpPUCTAHHSI aHATITUKA BEIUKHX JaHUX € MIBUIKAa 00poOKa
BEJIMKUX OOCATIB PI3HOMaHITHOI 1H(OpMaIlii, MiABUIICHA TOYHICTh NPUAHSATTS
pillieHb, ONTHUMI3aIlisl BUTpAT, TIJIHUOOKE PO3YMIHHS KIIIEHTIB Ta IOKpaIeHe
YIOPABIIHHS PU3UKAMH.

dyHAaMEHTaNIbHI TMPUHIUIN KOHIEMIT BEIUMKUX JaHUX, BLAOMI SIK «SV»,
BU3HAYAIOTh ii CYTHICTh Ta MOJIUBOCTI. OOCAT TaHUX MIJKPECTIOE iXHI MaciuTaoH,
IBUJKICTh — JUHAMIKY T'eHepallii Ta 00poOKH, pI3HOMAHITHICTh — T'€TEPOT€HHICTb
TUIMB Ta JUKEPEN, JIOCTOBIPHICTh — BaXKIMBICTh 3a0€3MEUYCHHS TOYHOCTI Ta
HaJIiHOCTI 1HGOpMaIlii, a IIHHICTh — MOTEHINad ISl CTBOPEHHS EKOHOMIYHOT
BaprocTi [2].

3aBasSKU BEIUKUM JaHUM MIAMPUEMCTBA 37aTHI 3J1MCHIOBATH TOYHI MPOTHO3U
MaiOyTHIX MOAIN Ta po3po0JIATH €(PEKTUBHI CTpaATErii pO3BUTKY. AHANI3YIOUM BEIUKI
0o0CSITH ICTOPUYHMX JAaHUX 3a JOMOMOIOK aJrOPUTMIB MAIIMHHOTO HaBYaHHS,
KOMITaH1i MOKYTh niepe10ayaTi 3MIHUM PUHKOBUX TEHJICHLIIM, PIBEHb MOMUTY Ha CBOIO
MPOIYKIIIIO Ta IHIIN KITF0Y0BI Oi3Hec-MeTpukH [3].

KirouoBumu acriektamu 3actocyBanHs Big Data B mpornosyBasHi €:

1. Ananiz Benukux 00csriB  iHdopmarii, 0 O3Ha4Ya€, M0 CHUCTEMHU
aBTOMATU30BAHOTO YIPABIIHHSA MOXKYTh 00pOOJIATH JaHi 3 Pi3HUX JDKEepen (CeHCopH,
npuctpoi [oT, naHuroru mocravyaHHs) AJii TOYHOTO MPOTHO3YBAaHHS PE3YyJIbTATIB 1
M1JBUIIICHHS TPOTYKTUBHOCTI.

2. [IporHo3yBaHHs PU3MKIB Ta TEXHIYHUX 300iB, a/pkKe 3a JOMOMOIOI0 aHAJI3y
BEJIMKUX JAaHUX MO’KHA Mepea0aunTy MOTEHIIHI 3001 B cucTeMax ad0 yCTaTKyBaHHI,
10 TOTIOMAra€e 3MEHIIUTH PU3UKH 1 3aTI00ITTH JOPOTUM MTPOCTOSIM.
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3. OnTuMizaiiist IpoIieciB y peanpsHOoMY 4aci. Bukopucranns Big Data qo3Bosie
KOPUTYBAaTU TMPOIECH YNPABIIHHS Yy peaJbHOMY Yaci, IPYHTYIOUHMCh Ha aHami3l
omnepaTuBHOI 1H(opMarlii. Ile migBuiye eDeKTUBHICTH YIPaBIIHCHKUX CHCTEM Ta
CIIpUsI€ MBUKIN afamnTallii 10 3MIHHUX YMOB.

4. MamuHHe HaBYaHHS Ta INTyYHHH IHTENEKT. IHTerpamiss aaropuTMmiB
MaIIMHHOTO HABYaHHS JIO3BOJIIE CTBOPIOBAaTH IMPOTHO3YIOYl  MOJEMi, SIKi
BJIOCKOHAJIIOIOTECA 3 4YacoM, 3OUIBIIYIOYM TOYHICTh NPOTHO3IB 1 HAJAI0YU
MO>KJIUBICTh CAMOHABYAHHS CHCTEMaM YITPaBIIiHHS.

[Ilo10 ocHOBHUX TepeBaru BrpoBakeHHs Big Data B aBToMaTH30BaHi CUCTEMHU
YOPAaBIIHHS, TO CHiJ 3ayBaXUTH NPO 3HIKCHHS BUTpaT Ha YIPaBIiHHA Ta
eKCILTyaTallito 3aBIAKH onTuMmizari IIPOIIECIB, [T IBUILIEHHS
KOHKYPEHTOCTIPOMOKHOCTI O13Hecy depe3 e(pEeKTUBHIIIE BUKOPUCTAHHS PECYpCiB Ta
NPUIHATTS pIIIEHh HAa OCHOBI JAHUX Yy pealbHOMY Yaci, o 3a0e3nedye OUIbII
OTIEpaTUBHY PEakKIlilo Ha 3MIHH.

TakumM YWHOM, BHUKOPHCTaHHS BEJIMKWX JIAHWUX Yy TMPOTHO3YBaHHI Ta
aBTOMATU30BAHMX CHCTEMaX YMPAaBIIIHHS JI03BOJISIE€ 3HAUHO MIJBUITUTH €(hEKTUBHICTD
orepalliii 1 3a0€3Me4YUTH CTiKe 3pOCTaHHs 013HECY B YMOBaX Cy4YaCHHUX BUKIIMKIB.

CucreMu aBTOMaTU30BAaHOTO YNPABIIIHHS 3aCTOCOBYIOTHCSI B PI3HUX raily3six. Y
MIPOMMCIIOBOCTI 1[I CHUCTEMU BHKOPUCTOBYIOTH JUIsl TIPOTHO3YyBaHHA 300iB
oOnagHaHHs, ONTUMI3allisi BUPOOHUYUX MPOLECIB 1 YIPaBIiHHA 3amacamu. Y ramysi
E€HEepPreTUKa 3aCTOCOBYIOTH JJISI MPOTHO3YBAHHS CIIOXKWMBAHHS €HEPTii, ONTUMI3allis
poboTH eHeprocucTeM Ta ynpapiiHHsA nonutoM. [l{ogo HallakTyanbHINIO! Tamy3l B
JaHUM 4Yac, a caMe TPAHCIOPT, 11e MPOrHO3yBaHHs TpadiKy, ONTHUMI3aIls MapUIPYTIB
Ta yMPaBIIIHHS aBTOMAPKOM. 3a JOMOMOTOI0 CHCTEM aBTOMATH30BAHOTO YIPABIIIHHS
B Tally3l MEIUIIMHA MPOTHO3YIOTh 3aXBOPIOBAHHS, TMEPCOHATII30BaHA MEIUIIMHA Ta
onTUMI3aIli JIKyBaHHS.

BucHoBok. B pe3ynprari mpoBeIeHOTO aHami3ly, MPOTHO3YBAaHHS B CHCTEMax
aBTOMATH30BAHOT'O YIPaBJIIHHS Ha OCHOBI Belukux nanux (Big Data) € BaxianBum
IHCTPYMEHTOM ISl MMiJIBUILEHHS €(PEKTUBHOCTI OI13HEC-NPOLECIB Yy PI3HUX Tranys3sx,
TaKUX SK TPOMUCIOBICTh, C€HEpreTuka Ta Jorictuka. Bukopucranns Big Data
JI03BOJISIE  KOMITaHISIM HE TUIBKM aHalli3yBaTH BeJMYE3HI 00csaru iH(opMalii B
pealbHOMY daci, ajie ¥ pOOMTH TOYHI NPOTHO3W MJIsS ONTHMI3aIii BUPOOHUYMX
MpOIIECiB, 3HUKEHHS BUTpPAT 1 YNOPaBIIHHS pPU3MKAMU. 3aBISKH I1HTErpartii
QJITOPUTMIB MAIIMHHOTO HABYaHHS Ta IITy4yHOro iHtenekty [4], cucremu
aBTOMATHU30BAHOTO YIPABIIHHS CTAlOTh OLIBII aJaNTHBHUMH Ta 3JaTHUMHU JO
camoHaBuanHs. lle cnpuse omepaTHBHOMY TNPUHHATTIO pIllleHb, MOKPAIIEHHIO
e(EeKTUBHOCTI YIIPaBJIIHHS Ta MiABUIIIEHHIO KOHKYPEHTOCTIPOMOXKHOCTI O13HECY.
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3acTocyBaHHS BEJIMKHUX JAHUX Yy MPOTHO3YBAHHI BIAKPUBAE HOBI MOXKJIMBOCTI
JUIs 1HHOBAIlll y pi3HUX cdepax, poOisyd aBTOMATU30BaHI CHUCTEMHU YIpPaBJIIHHS
HEB1I'€MHOIO YACTHHOIO CYYaCHHUX O13HEC-MOJIEeH.
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Abstract. The paper considers criteria for assessing the effectiveness of functioning in
complex automated systems. The general requirements for criteria for assessing the
effectiveness, quality and optimization of complex information systems are studied. A
generalized functional-statistical criterion for assessing effectiveness, quality and
optimization is obtained. This criterion is based on the management process as a source of
information, as well as on the algorithm of the automated control system. It is proposed to
use it in a complex automated control system. This algorithm is based on the relevant
provisions of the theory of algebra of logic, correlation theory, general theory of random
functions, theory of statistical decisions and probability theory.

Keywords: efficiency criterion, complex systems, optimization, evaluation algorithm

AKTyasIbHICTh TeMH. [TOHATTS €)EeKTUBHOCTI SKOCTI 1 ONTHUMAJIBHOCTI 3aiiMae
BOXJIMBE MICLIE B TEOPISIX CTOCOBHO I1H(GOPMAIIMHUX CHUCTEM, a TaKOX JUIs
OLIIHIOBaHHS METOAIB 00poOKH 1H(pOpMaIlii, IKI BAKOPUCTOBYIOTHCS B IIUX CUCTEMAX.
JIist o1iHKM €(eKTUBHOCTI BUKOPUCTOBYIOThCA Kputepii. Kputepiii — 11e mokazHUK
a060 mepa e(EeKTUBHOCTI SIKOCTI 1 ONTUMANIBHOCTI cucTteMu. Kputepii MOXyTh OyTH
IPUBATHI 1 3arajgbHi. 3 OOIPYHTYBaHHSM 1 BAOOPOM KPHUTEPIiB OIIHKK €(DEKTUBHOCTI 1
ornTuMizaili JOBOJUTHCS CTHKATHCI Ha BCIX €Tamax MOJEIIOBAHHS CHCTEM.
CkrnagHicTh 1II€1 3a/layul MoOJISITa€ B TOMY, IO JJIsI CKJIQJHUX CHUCTEM HE BIAETHCS
o0patu eIMHUN KpUTEPI1N OLIHKY €(hEKTUBHOCTI 1 ONTUMATBHOCTI. TOMY JTOBOIUTHCS
BUPIIITYBaTH 3aJja4y 0araTOKpUTEPIaIbHOTO PaHKyBaHHS a00 ONTHUMI3allli, FTOJIOBHUM
B L[bOMY € BHUOIp 1 OOIpYHTYBaHHS HMPUHLHUITY KOMIPOMICY, TOOTO y3arajibHEHOIO
CKQJISIPHOTO KPUTEPIIO.

MeTo10 pod0TH SBISETHCS MIABUIIEHHS €(DEKTUBHOCTI KOHTPOJIIO, YIIPABIIIHHS 1
omTUMi3allii MpU Po3poOIll Ta eKCIUTyaTaiii KOMIT IoTepu3oBaHux cucteM. CUHTE3
OyIlb-SIKOT CHCTEMH, 30KpeMa CKJIaJHOi 1H(OPMAIIMHOI CUCTEMHU, CIiJ MOYMHATH 3
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BUOOpY Ta OOIPYHTYBaHHSI KpUTEPIiB OLIHKU €(EKTUBHOCTI, SIKOCTI Ta ONTUMI3aLii.
IIpy 11boMy HEOOXiTHO BHOpATH TAKWUW KPUTEPIM, SIKUA TO3BOJUB OM CHHTE3YBaTH
ONTUMAJIBHUM TIPOLIEC 1 CKIIAJHY CUCTEMY 32 HAMBaXIMBIIIMMU MMOKa3HUKAMH SKOCTI
e(hEeKTUBHOCTI.

[Tig xpuTepieM pO3yMIETHCS Mipa, IO J03BOJISE MPOBOAUTH KIJIBKICHI Ta SKICHI
OIiHKK NI Kiacudikaiii cuctemMu abo BHOOpY Kpamoro BapiaHTy cepell 3aJaHoi
MHO’KHMHU BapiaHTIB.

KpuTepiii BUBOIUTHCS METOJOM 1HIYKIIli, TOOTO BiJ 4aCTKOBOTO /IO 3araJibHOTO.
[Ipu 1pOMy OKpemi KpHUTEpii MOXYTh PO3TIAIATHCS SK KPUTEPilli OLIHKU SKOCTI
pobotu ckiaagHux iHPopMariitaux cucreM. KoMiiekcHa iHpopMaTH3alliiina cucrema
Ipe/CTaBlieHa aBTOMATHU30BAHOIO CHUCTEMOIO VYIPABIIHHS 00'€KTOM KOMILIEKCHOI
1H(bOopMaTH3aLii.

KpurepisiMu sikocTi poOOTH aBTOMATHU30BAHOI CUCTEMH € TOYHICTh, UIMOBIPHICTb
BUKOHAHHSI 3aBJIaHHsI, IIBUJIKICTh, BAPTICTh, Maca Ta 00'eM, iHpoOpMaIliIiiHA €MHICTh
Ta 3arajibHi BUTPATH Ha BUPOOHUIITBO Ta EKCILTyaTal[ll0 CUCTEMH.

AnropuT™M poOOTH aBTOMATHU30BaHOT CUCTEMU - 11€ HaOIp MpaBuiI Ta IHCTPYKIIH,
K1 BA3HAYAIOTh MOBEAIHKY CHCTEMH B IMPOIECI YNpaBiiHHA 00'€eKTOM. 3a3BUYail B
mpoleci yMpapliHHA OO0'€KTOM YITKO BH3HAY€HI MpaBWia Ta IHCTPYKIIi, TOOTO
MIPOIIEC 3/IIMCHIOETHCS 3a IETEPMIHOBAHUM aJITOPUTMOM.

[Ipn onTumizalii aBTOMAaTHW30BaHOi cucTeMU MeTtogoM MonTe-Kapno abo
IHIIMM 1MOBIPHICHUM METOJOM IpaBWJIa Ta IHCTPYKUIi 3aJal0ThCsl CTaTUCTUYHO,
TOOTO YNpaBIIHHA 3A1MCHIOETHCS 32 HEIETEPMIHOBAHUM aJTOPUTMOM.

CkiaziHa aBTOMAaTHU30BaHOI CUCTEMHU, SIK MPABHUIIO, BKJIIOYAE HACTYMHI OCHOBHI
(GyHKIIIOHATBLHO TOB's3aHi mpucTpoi [1,2]:

- mpuctpoi nnsi oTpuMmaHHs 1Hopmalli Oe3mocepenHbO Bia o0'ekTa 1
MEPETBOPEHH 11 Yy (popMy, 3pydyHy I NOAANBUIOTO BUKOPUCTaHHS, HAa3UBAOTHCA
MPUCTPOSIMU MTEPBUHHOT 00pOOKH 1H(hOpMALIiT;

- TMPHUCTPOi, IO PETyIIOITh BECh IMPOIEC MPUTOTYBAHHS, SIKI € MPHUCTPOSIMH
BTOPUHHOI 00p0OKH 1H(DOpMAIIiT;

- TPUCTPOi, 110 BUKOPHUCTOBYIOTH 1H(OpMAIlI0 Ui 3MIHM CTaHy 00'ekTa 1
aBTOMATU30BAHOI CUCTEMH B MPOIIEC] YIPABIIHHS, @ TAKOXK MPUCTPOI IS IHIAUKAIIIT 1
3anucy 1H(opMallli, Ha3UBAIOThCS MPUCTPOSIMHU KIHIIEBOi 00p0oOKH 1H(hOopMaIIii.

KoxHa rpyma mux mpucTpoiB MpaIioe 3a BIACHUMH aJITOPUTMAMH, CHHTE3 STKUX
Ma€ 31MCHIOBATUCS 3 ypaxyBaHHSAM CTaHy 00'€KTa, IO OMUCYETHCS MaTeMaTHIHOIO
MOJICJUTIO, IIJIeH OKpEeMHUX eTalliB yIpaBJIiHHS, JOCSITHEHHS SIKUX OIIHIOETHCS 3a
BIJIMOBITHUMU KPUTEPISIMU KIJTBKICHUX XapaKTePUCTUK e(EeKTIB eKCcTepHaiid Ta
IHTEepHAITIH, a TAKOXK TEXHIYHOT pealli30BaHOCTI aJITOPUTMIB.

AJTOPUTM - 1I€ ONMKC CYBOPOi TMOCIIJOBHOCTI BUKOHAHHS OMeEpailii B 4Yaci Ta
IPOCTOPI.
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Ha piBHi anre6pu J0TiKM MOKHAa BHKOPHUCTOBYBATH JIOTICTMYHUI omepatop F
(z), mo mnpwuiimMae 3HaueHHs 1 abo 0. OguHWIS B LLOMY BHIAJIKy BIANOBIIAE
BUKOHAHHIO CUCTEMOIO 3aBJIaHHS 3 OTPUMAaHHS 3a7aHoro edekry, 0 - HEeBUKOHAHHIO
CUCTEMOIO 3aBJIaHHS 3 OTPUMAaHHS 33/1aHOTO €(PEeKTy.

Teopis kopendiii Mo)X€ BHKOPHUCTOBYBAaTM MaTE€MaTH4HE CIOAIBaHHSI My
CepeIHbOKBAAPATUYHE BIAXUIICHHSA Oy, KOCQIIEHT KOPEJAMil 7y Ta HOpMaJIbHHUN
3aKOH PO3MOALTY HMOBipHOCTEH Fyy (2, 7).

VY 3aranpHiil Teopil BUNAAKOBUX (PYHKIIH Ha MOMATOK JO paHiIIe 3a3HAYCHUX
XapaKTePUCTUK MOXXYTh BHKOPHCTOBYBATHUCS KOCQIIIEHT €KCIeCy Yy , KoedilieHT
acHUMeETpIi Vyx 13aKOH po3moaiTy WMoBipHocTel F (t, 1).

Teopis CTaTUCTUYHUX  PIIIEHb MOXE BUKOPUCTOBYBATH  BIJHOIIECHHS
npaBaonoaioHocTi F (1, 7).

Teopisa HMOBIpHOCTEN MOKE€ BUKOPUCTOBYBAaTH MWMOBIPHICTh PO3B'A3KY 3aaadl P
(t, 7).

Teopis irop Moske BUKOpUCTOBYBaTH pu3uk L (P).

Teopis iHboOpMarlii MOXKe BUKOPUCTOBYBAaTU €HTpoOMit0 H, KUIbKICTh 1HGOpMAaIIii
/ mporyckHy 34aTHICTD | /T.max

3aranpHa Teopiss €(GEeKTHUBHOCTI MOXKE BHKOPUCTOBYBATH Yy3araJlbHCHH
(YHKI10HATBHO-CTATUCTUYHUN  KpUTEPId  OIIHKM  €(QEeKTHBHOCTI, SKOCTI Ta
ontuMizauii Eic (t, 7).

Takum 4YHMHOM, anrOpUTM POOOTH ABTOMATHU30BAHOI CHCTEMH CKJIATAEThCS 3
CHUCTEM QJITOPUTMIB, CBOEUACHE Ta HaJiiHE BUKOHAHHS SKUX MOBUHHA 31HCHIOBATU
puUTMaM.

[neanpHIiCTh aJTOpUTMy € JIMIIE HEOOXIHOK YMOBOK JJisi  Iepesadi
MaKCHUMaJIbHOI KIJTBKOCTI 1HGoOpMalii mpo mporec B ob6ciar iHdopmarlii, 110
OTPUMYETHCS aBTOMATHU30BAHOIO CUCTEMOIO. JlOCTaTHBOIO YMOBOIO € 1JI€albHICTb
MIPUCTPOIB YIPABIIHHS Ta KOHTPOJIIO.

IneanbHa cucTeMa aNrOPUTMIB VYIOPABIIHHS [A€ MAaKCUMaJbHY KUIBKICTb
1H(hopMaii, 1o JOPIBHIOE M OiTaM.

OO6csr iHdpopMmariii, HaJaHOT aBBTOMAaTH30BAHOK CUCTEMOIO:

Inn (t, ©)= Ho (t, 7) max - 4 Haig (&, 2), (1)
ne 4 Hyyg (1, T) - eHTpOIis Yepe3 HeJOCKOHATICTb aJlrOPUTMY.

3 piBHOCTI (1) BUIUIMBAE, MO KUIBKICTh OTPUMAaHOI iH(poOpMaIlii MakCUMasbHa,
akmo 4 Hag (I, ) = 0, mo cnpaBeanuBo Ui iA€aTbHOIO aIroOpuT™My. Tomy,
BPaxoOBYIOUM MAaKCUMaJIbHy HEBU3HAUYEHICTh CTaHy 00'€KTa, M0 OLIHIOETHCS
PIBHICTIO, MOKHA 3allMCaTH

| max max (t, 7)= Homax (t, )= m (2)

Ha mpakTtuiii BUKOPUCTOBYIOTHCS HAOJMKEHI peasibHI aITOPUTMH, OCKUIBKU

BaXKKO, a 1HOJII HEMOXJIMBO PO3POOUTH Ta peali3yBaTH i/1eabHl arOPUTMHU.
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Mu Ha3MBaEMO CHUCTEMY QJITOPUTMIB pealbHOI, SKII0O BOHAa BHOpaHa 3
ypaxyBaHHSIM pPEAJIbHUX MOMKJIUBOCTEH CTBOPEHHSA CTPYKTYPH aJITOPUTMIB 1
peaTbHUX MOXJIMBOCTEN peanizallii IuX aropUTMIB.

PeanpHa cuctemMa airopuTMmiB JI03BOJISIE OTPUMATH CEPENIHIO KIIBKICTh
1HpopMarIii

lp (8, )= Imax (1, I)<IMaX max (t, 7) 3)

Ockinbku Ha nmpakTuni HepiBHICTE P (I, 7) = 72 3aBxau BUKOHYeThbes, TO Hop (1,
7) <H, (1, 7) max , TOMY cepemHs KiTbKICTh iH(OpMAIIii MOXKe TOCATTH PiBHS |max (t, 7),
TOOTO

I, (8, 7)= lnax (1, 7) 4)
Bubip peasbHOi CcHUCTEMH alIrOpUTMIB TPU3BOAUTH JI0 JESIKOI BTpaTH
iHbOopMaIlii, ika i 11eaTbHUX KOMaHIHO-KOHTPOJIBHUX MPUCTPOIB JOPIBHIOE
A Valg (t’ T) - VO (t1 T) - VACCS ap (t’ T)! (5)
ne Vaccs o (I, 7) - KiibKicTh iHoOpMalLii, OTpUMaHOI aBTOMATH30BaHOIO
CHUCTEMOIO 3 PEAIbHUMH aITOPUTMAMHU Ta iI€aTbHUMHU TPUCTPOSIMH.

[TpuponHo, mo 4uMm MeHe 3Ha4eHHSA A Vyg (¢, T), TAM JOCKOHATILIOK €
CUCTEMa aJITOPUTMIB.

BucnoBok. I[lporec anroputmizamii Ayxke CKIQIHUNA 1 BUMara€ BHUCOKOI
kBamiQikaii ¢(axiBUiB 3 BEIMKUM MPAKTHYHUM JOCBIIOM, OCKUIBKH IMPHU Ppo3poOi
peanbHOi CHUCTEMHU aIrOpUTMIB (axiBelb, KEPYIOUHCh 3HAHHSAMH, [OBHHEH
3HEXTYBAaTU [EAKHUMH 17€albHUMHU aJTOpPUTMaMH, BHKJIIOUMBIIU iX 3 TIPOIECY
VOPABIIHHSA, CHPOCTUTH JE€AKl 3 HHUX, a JeAKl BHKJIOYUTH 3 MPOLECY MiCHs
MOTEPETHHOTO aHATI3Y.

Buxonsuu 3 1150ro, oOOIpyHTOBaHUM € BBEJCHHS MOHATTS TOYHOCTI aJITOPUTMY.
[lim TOYHICTIO aNTOPUTMY MH PO3YMIEMO TOYHICTH, 3 SKOIO MOXHA pPO3pOOUTU
peabHUI AJITOPUTM B1IHOCHO 1/1€aJTbHOTO.
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Abstract. The study examines the implementation of artificial intelligence to optimize
control and management processes in computerized systems. Particular attention is paid to
the use of machine learning methods, neural networks and decision-making algorithms to
improve the efficiency of control over complex systems. Key challenges associated with the
implementation of artificial intelligence are analyzed, in particular, integration with
existing systems, ensuring the accuracy of algorithms and their security. The paper provides
examples of successful application of artificial intelligence in anomaly detection, failure
prediction and automation of management processes. The results of the study demonstrate
that the implementation of artificial intelligence not only improves the productivity and
accuracy of control in computerized systems, but also contributes to reducing costs and
increasing the adaptability of systems to changing conditions. The conclusions obtained
may be useful for developers and implementers of modern information technologies.
Keywords: artificial intelligence, computerized systems, control efficiency, machine
learning, fault prediction

AKTYyaJIbHICTH  JOCJIIJKEHHSI  3yMOBJ€Ha THM, 10 y  CYy4acHi
KOMIT'FOTEPU30BaH1 CUCTEMHU € OCHOBOIO (DYHKIIOHYBaHHS 0araThoX cep AisIbHOCTI,
BKJIFOYAIOYM TPOMHUCIOBICTh, MEIWLIMHY, TPAaHCHOPT, €HEpPreTuky Ta (¢iHaHcH. 3i
3pOCTaHHSM CKJIJHOCTI Ta MacIUTa0lB LUX CUCTEM BUHUKAIOTh HOBI BUKIIUKH Y
3a0e3nedyeHHl e()EeKTUBHOTO KOHTPOJIO Ta yhpaBiiHHSA. PydHe ympaBmiHHS Ta
TPaAMINIHI METOAM aHaji3y JaHUX CTAIOTh MEHII JIIEBUMH Yepe3 BEIUKUN 00CsT
iH(dopmarlii Ta HEOOXIMHICTH pearyBaTH Ha TOIi B pEaJbHOMY dYaci. Y I[bOMY
KOHTEKCT1 BIPOBA/KEHHS MITYYHOTO IHTEIEKTY CTAa€ HAJ3BUYANHO aKTyalbHUM,
a/pke BIH JIO3BOJIIE aBTOMATH3yBaTH MPOLECH MPUNHATTS pIIIEHb, I1IBUIILYBATU
TOYHICTh aHAJI3y Ta 3a0e3MeuyBaTy THYYKICTh Y pearyBaHHI Ha JUHAMIYHI 3MiHH.
AJTOPUTMH IITYYHOTO 1HTENEKTY 3JaTHI HE JIMIIE€ BHUSBISATH IPUXOBAHI
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3aKOHOMIPHOCTI y BEJMKHMX MacuBaxX [aHUX, aje W MPOTrHO3YyBaTH MOXKIIUBI
poOJieMH, 110 MIHIMI3Yy€ PU3UKHU 300iB Y pOOOTI CUCTEM.

MeTo10 po60oTH € aHaNI3 Ta pO3pOoOKa MIIXOMIB 0 BIPOBAKEHHS IMITYYHOTO
IHTEJIeKTYy  JUIsI  ONTUMI3allli  MpOIECIB  KOHTPOJK Ta  yOPaBIIHHA Y
KOMIT IOTEpU30BaHUX cucTeMax. Lle Bkitouae miiBUILIEHHS TOYHOCTI Ta €PEeKTUBHOCTI
OPUMHATTA pIllIEHb, AaBTOMATH3allll0 MOHITOPHHTY, BHUSBICHHS aHOMamii 1
MPOTHO3YBaHHSA MOTEHLIWHUX 3001B, a TAKOX IHTErpalil0 INTYYHOTO IHTEIEKTY 3
ICHYIOUMMH KOMIIOHEHTaMHU CHUCTEM.

I Ty4dHM IHTENEKT € MOTY>KHUM 1HCTPYMEHTOM, SIKUW JI03BOJISIE€ BJOCKOHAIUTH
IpOLIECH KOHTPOJIIO B KOMIT IOTEPU30BAHUX CHUCTEMAax 3a PaxyHOK aBTOMAaTH3allli
PYTUHHUX 3a7a4, MiABUIICHHS TOYHOCTI aHai3y MaHUX 1 MIBUJAKOCTI NPUUHSITTS
pimieHb. Po3risiHeMO OCHOBHI CIOCOOM 3aCTOCYBaHHSI IITYYHOTO IHTENEKTY IS
onTUMI3allli Takux pimeHb. OJHUMH 3 TaKUX CIOCOOIB € aBToOMaru3allis 300py Ta
OoOpoOKM JaHWX, BHSBJICHHS aHOMAaJlll Ta HECHPABHOCTEHW, MPOrHO3yBaHHS
HECIIPABHOCTEH, ONTUMI3allisl YHOPaBIIHCBKUX pIIIEHb, MIATPUMKA MNPUAHSATTA
pillieHb, aHANI3 BEJIMKUX JaHUX Ta peaiisallis Bidyamizaiii ta intepdeiicis [1].

ABTOoMatuzarliss 300py Ta OOpoOKM JaHUX Tiependayae BUKOPUCTAHHS
QITOPUTMIB MAIIMHHOTO HABYaHHS, SIKI MOXYTh IIBHJIKO 1 TOYHO OIpalbOBYBaTH
BeNMKI o0csAru 1H(popmallii, OTpPUMAaHOI 3 PI3HUX JKEpEJ, TaKux SIK ceHcopH, loT-
npucTpoi U 6a3u JaHuX. 3aBISKU IbOMY BIAETHCS 3MEHIIUTH Yac, HEOOXITHUMN 1is
aHaii3y, 1 MOKPAIIUTH SKICTb OTPUMAHHUX PE3YyJbTaTIB, U0 € KPUTUYHO BaXKIUBUM
IUIS CUCTEM PEabHOTO Yacy.

BusiBnennss aHomaniii Ta HeECHpaBHOCTEW Oa3yeThbcsi Ha aHali3l MaTepHIB
MOBEAIHKA CUCTEMH. 3a JIONIOMOTOI0 HEHPOHHUX MEpeX abo I1HIIMUX IHCTPYMEHTIB
MITYYHOTO 1HTEJIEKTY CHCTEMa MOXKE€ aBTOMAaTUYHO BH3HAYaTH BIIXWJIEHHS BiJl
HOPMH, 1[0 CUTHAJI3YIOTh PO MOKJIUBI pobnemu. Hanmpukiaza, anoMmansHa BiOparris
ab0 3MiHa TeMmIepaTypu B OOJaJHaHHI MOXYTb OYTH 17eHTU(IKOBaHI SK
MONEPEKEHHS PO MOTEHUIHY HECTPABHICTb.

[IporHo3yBaHHsS HECHPABHOCTEW € OAHIEI0 3 KIIOYOBUX IEpeBar MITYYHOTO
1HTEeJIeKTy. BUKOpPUCTOBYIOUM 1CTOpUYHI JaH1 Ta aJTOPUTMHU aHATI3y YaCOBUX PSIIB,
CUCTEMHU IITYYHOTO 1HTEIEKTY 3/IaTHI TiependadyaTd MOMEHTH, KOJIi 00aiHaHHs a0o
KOMIIOHEHT MOXX€ BUUITH 3 naay. Lle 1o3Bosise muaHyBaTu TEXHIYHE OOCIyTrOBYBaHHS
3a3/1aJ1eriib, MiHIMI3yIOUU PU3HK ITPOCTOIB 1 (hiHaHCOBUX BTpaT [2].

OnTuMizanisi ynpapliHCHKUX PIIIEHb 32 JOMOMOTOI0 IITYYHOTO I1HTEIEKTY
BKJIFOYAE PO3MOAII PECYpPCIB Yy pealbHOMY 4Yaci, aBTOMAaTH3allll0 TMPOIECIB 1
ajanTaiio g0 3MIHHUX yMoB. Hampuknaa, y JOTICTUYHUX CHCTEMaxX II€ MOXeE
O3HauaTW ONTHUMI3aIlI0 MapUIpyTiB [JOCTaBKH, BPaxOBYIOUM IMOTOYHI YMOBHU Ha
JI0pOTax 1 TEpMiHM BUKOHAHHS 3aMOBJICHbD.
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[linTpuMKa TOPUUHATTA pillleHb 3a0€3MeYy€eThCSl €KCHEPTHUMHU CHCTEMaMU Ta
TEXHOJIOT1SIMU TJIMOOKOTO HABYAHHS, K1 MPOMOHYIOTh PEKOMEHALIIT JIJIsl orepaTopa
9yl MeHemkepa. Hampukiman, y pa3l BHUSBICHHS HECIPABHOCTI CHCTEMa MOXKE
3aMpOINOHYBATH KiJIbKa BapiaHTIB ii BUPIIIEHHS 3 IPOTHO30M iX edekTuBHOCTI [3].

AHami3  BEeTMKHX  J@aHUX  JO3BOJSIE  KOMITIOTEPU30BAaHUM  CHCTEMaM
OMpalbOBYBAaTH BENWYE3HI O00CiIru 1HQopMaIli [UIsi BUSABIEHHS  CKIAIHHUX
3akoHOMipHOCTeH. Ile ocobmuBO KOpucHO y cdepax, € € BelnKa KUIbKICTh
B3a€MOIOB'SI3aHUX 3MIHHUX.

Peanizamis Bi3yamizaiii Ta iHTepdeiciB BKIIOYAE I1HTETpaIlil0 1HCTPYMEHTIB
KOMIT IOTEPHOTO 30py Ta TEXHOJIOT1 JOMOBHEHOI PEATbHOCTI Jisi OUIBII 3pYyYHOTO
MOHITOPHUHTY Ta yIIpaBJiHHS IpoliecaMu. Hanpukian, BUKoprucTaHHs iHTepdeiciB Ha
0a31 MTYYHOTO 1HTENEKTY JO3BOJISIE€ OTlepaTopaM OTPUMYBATH HAOUHI JIaH1 Y BUTJISII
rpadikiB, 3D-Mojeneit a00 IHTEpaKTUBHUX Bi3yalli3alliid y pealbHOMY Yaci.

TakuM YWHOM, IITYYHUW IHTEJIEKT HE JIUIIE ONTUMI3y€E ICHYIOYl MpOIEecH
KOHTPOJIIO, ajie i BIIKPUBAE MOMKIIMBOCTI JJIsl CTBOPEHHSI OUIBIN aallTUBHUX, TOUYHUX
Ta iHHOBALIMHMX CHCTEM, $Ki BiANOBINAIOTH CYY4acCHHM BHKIHKaM. Moro
BIIPOBA/DKCHHSI ~ CIIPUSi€  HE  TUIBKM  TMOKpAIIeHHIO  €(PEeKTUBHOCTI  poOOTH
KOMIT IOTEPU30BAHUX CHUCTEM, ajie ¥ 3a0e3MEeUeHHI0 iXHBOI HAIIWHOCTI, IO €
KPUTUYHO BaXXJIUBUM Y Pi3HUX cepax TisIbHOCTI.

BuchoBok. B pe3ynbTaTi NMpoOBENCHOTO IOCHIKEHHS OyJlI0 BHUSIBIEHO, IO
IITYYHUIN THTEJNEKT € KIFOYOBOIO TEXHOJOTIEO, sIKa BIIKPUBAE HOBI MOKJIMBOCTI JJIS
BJIOCKOHAJICHHS IIPOILIECIB KOHTPOTIO B KOMIT'IOTEPH30BaHMX CHCTEMax. loro
BUKOPUCTaHHS 3a0e3leuye aBTOMATH3AII0 PYTHHHUX 3a7ad, MiJBUILYE TOYHICTh
aHai3y JaHUX, TMPUIIBUIIIYE TPUUHATTSA PIIIEHh Ta ONTUMI3YE YIPABIIHCHKI
nporecu. 3aBASKA BIPOBAHKEHHIO IITYYHOTO I1HTEJIEKTY BUSIBICHHS aHOMAJIi,
IPOTHO3YBAHHS HECIIPABHOCTEH Ta MIATPUMKA MIPUIHATTS PIIIEHb TOCATAIOTH HOBOTO
piBHS €(EKTUBHOCTI, IO CIpPHUs€ MIHIMI3alli PU3HMKIB 1 MIABUIIEHHIO HAIIHHOCTI
CUCTEM.

Jliteparypa

1. KoBanenko O.M. BukopucranHsi TEXHOJIOT1H MITYYHOTO 1HTENEKTY ISl yIIPABIiHHS
BUPOOHWYMMHU  TporiecamMu. BicHuk  XapKiBCHKOTO  HAIIOHAJIBHOTO  YHIBEPCUTETY
pamioenexTponiku, 2019, Ne 5, C. 34-40.

2. Mimkin J[.A., TletpoB B.II. IIporHo3yBaHHS HECHpPaBHOCTEH y MPOMUCIOBUX
crucTeMax Ha OCHOBI MallIMHHOTO HaBuaHHs. 30ipHuK HaykoBux npaub HTYY «KIIl», 2020,
Ne 12, C. 65-72.

3. beiixo B.M., Ille6anin B.A. OcHoBu aBTOMaTH3allii Ta KOMII FOTEPHOTO
ynpasiinas. KuiB: HaykoBa nqymka, 2018.

214



AHAJII3 METO/IIB OIITUMI3AII PO3BSI3AHHS
TPAHCIIOPTHOI 3AJAUI

Tonyo I''M. — x.1.1, nouent, golub_gm@gsuite.duit.edu.ua
Pyoenxo IO.C. — acnipanT, rudenko_yus@gsuite.duit.edu.ua
Kuiscokuii incmumym 3aniznuuno2o mpancnopmy
Heporcasnozo yHieepcumemy inghpacmpykmypu ma mexHono2itl
VYkpaina, M. KuiB

METHODS FOR OPTIMIZING SOLUTIONS
TO THE TRANSPORTATION PROBLEM

Holub H. M. — PhD, Associate Professor, golub_gm@gsuite.duit.edu.ua
Rudenko Y.S. — PhD student, rudenko_yus@gsuite.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. The transportation problem is a fundamental issue in operations research and
linear programming, aiming to minimize the cost of distributing resources from suppliers to
consumers. This topic explores methods for optimizing classical approaches to solving the
transportation problem, focusing on enhancing efficiency and accuracy. The research
includes a comparative analysis of traditional algorithms, such as the Northwest Corner,
Least Cost, and Potential methods, alongside modern adaptations that leverage
computational tools and advanced algorithmic strategies. Practical applications of
optimized methods are highlighted in fields like logistics, supply chain management, and
production planning. Future research may address the development of multi-objective
solutions and adaptation for large-scale datasets.

Keywords: Transportation problem, optimization, algorithm

AKTYaJbHICTh  JOCJTiUKeHHsI 3YMOBJIGHa 3pOCTalOuol0  IOTPeOOr Yy
BUCOKOE(EKTUBHUX PIIICHHSIX JIJI ONTUMI3AIlI] JOTICTUYHUX Ta PECYPCHUX MPOIIECIB
y CY4acHOMY CBITI, JI€ HIBUIKICTh 1 TOYHICTh PO3MOJITY PECYpCiB MalOTh 3HAUYHUN
BIJIUB Ha 3arajbHy €(QEeKTUBHICTh MIANPHUEMCTB 1 ramy3ed. TpaHcmopTHa 3ajada €
OCHOBHOIO MOJIEJUTIO, SIKa JTO3BOJISIE BUPIITYBATH 3aBJAAHHS ONTUMAIBHOTO PO3MOILTY
pecypciB, ajie KJIIaCHYH1 METOAM YacTo He 3a0€e3MeUy0Th JOCTaTHbOI MPOTYKTUBHOCTI
Ta THYYKOCTI MpU pOOOTI 3 BEIMKUMHU OOCATaMH JaHUX a00 B yMOBaX, IO IIBHJKO
3MiHIOIOTBCA [1].

MeTow pod0OTM € TPOBEICHHS aHai3y METOIB PO3B’S3aHHS TPAHCHOPTHOI
3amaul (metonu [liBHIYHO-3aXiHOTO KyTa, MIHIMaabHUX BUTpPAT, MOTEHIATIB), a
TaKOX PO3pOOKa Ta BJOCKOHAJIEHHS METOJIIB PO3B’SA3aHHS TPAHCIOPTHOI 3ajadi, sKi
JO3BOJISIIOTH  JIOCSATTH  ONTUMAJBHOTO PO3MOJLITY PpecypciB MpU  MiHIMaIbHUX
BUTpaTax 4Yacy Ta OOYMCIIOBaJIbHUX pecypciB. [ns 1pboro mnoTpiOHO BUSBUTHU
HEJIOJIIKW METO/IIB, IO ICHYIOTh, PO3pOOUTH MOIU(]IKOBAaHI MIIXOAU, 10 JO3BOJATH
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ONTHMI3YBaTH MPOLEC PO3B’S3aHHS TPAHCIOPTHOI 3ajadi, IHTErpyBaTH pO3pOOJIeH]
METOIM 3 CYYaCHUMHU KOMIT'IOTEPHUMHU TEXHOJIOTISIMA I TOKpPAIEHHS
POJYKTUBHOCTI, @ TaKOX IMPOBECTH TECTYBAHHS Ta MOPIBHAHHS 3alpPONOHOBAHMUX
METO/IIB Ha MPAKTHUYHUX MPUKIAJAX Ta CUMYJSALINHUX MOJENSAX JUIsl OLIHKUA IXHbOI
€(EeKTHUBHOCTI.

BaxxnuBuM 3aBIaHHSAM € JeTalbHE BUSBIICHHS HEIOMIKIB ICHYIOUMX METO/IB, SKi
MOXYTh BKJIIOYATH HAJAMIpHY OOYHMCITIOBAJIbHY CKJIQIHICTh, HEIOCTATHIO TOYHICTH
MPOTHO31B a00 HE3NaTHICTh BPaxoOBYyBaTH 3MiHHI yMOBU. Ha OCHOBI 11bOr0 aHamizy
HEOOX1IHO PO3pOOMTH HOBI MIAXOJW, IO JIO3BOJIITH ONTHUMI3yBaTH MPOLIEC
PO3B’sI3aHHS  TPAHCIOPTHOI 3adadvi, 3a0e3meuyroyd OUIbII IMIBUAKI Ta TOYHI
pe3yibTaTH.

3 pPO3BUTKOM KOMM'IOTEPHUX TEXHOJOTIH 1 TIOSBOI0 HOBUX TIIXOIIB Y
MporpamMyBaHHI BUHUKJIA MOKJIWBICTh 3HAYHO BJOCKOHAJUTH KJIACHYHI aJITOPUTMH.
OnTuMizanis METO/I1B BUPILIEHHS TPAHCIIOPTHOI 3a/1a4l CIIPUSi€ 3HUKEHHIO BUTPAT Ha
JIOTICTUYHI TPOLECH, CKOPOYEHHIO 4Yacy pO3paxyHKIB 1 MiJBUILIEHHIO TOYHOCTI
pe3yNbTaTIB, M0 OCOOJIMBO AKTYalbHO JUISI BEJIUKUX MIIMPUEMCTB 1 KOMIUIEKCHUX
JIOTICTUYHHX cucTeM [2, 3].

JIist  mepeBipkM METOAIB ONTHUMI3AIll  Ba)XXJIMBO TPOBECTU TECTYBaHHS
PO3pO0ICHNX METOIB Ha MPAKTUYHUX TMPHUKIATaX Ta CUMYJAMIMHMX Moaensx. lle
JIOTIOMOKE OLIHUTU iXHIO €(EKTUBHICTh B pEaJbHUX YMOBAX, BU3HAYUTU MOKJIUBI
PU3BMKM Ta MLUISIXM IXHBOTO MIHIMI3alli, a TakKoX TOPIBHATH HOBI METOAU 3
ICHYIOUMMU JJI4 M1ITBEPHKEHHS IXHBOI IIepEeBary.

Kpim TOr0, BAXXITUBUM € PO3BUTOK aBTOMATU30BaHUX 1H(GOPMAIIHTHUX CHCTEM Ta
MITYYHOTO 1HTENEKTY, SKI JIO3BOJISIIOTH 3MA1MCHIOBATH OUIBII TOYHI MPOTHO3U 1
npUiiMaTH ONTHUMAaJbHI PIIIICHHS HA OCHOBI BETUKHUX OO0CATIB naHux. ONTUMi30BaH1
QITOPUTMH JIJISl PO3B’sI3aHHSI TPAHCIIOPTHOI 3a/1aul MOXKYTh OyTH IHTETPOBaHI B Taki
CUCTEMHU [JIsl MIJBUILEHHS IXHbOI €PEeKTUBHOCTI ¥ aBTOHOMHOCTI. Lle BiakpuBae
MEePCIIEKTUBYM IS 3aCTOCYBaHHS JaHUX METOMIB y HOBUX cdepaxX, TaKuxX sK
€JIEKTPOHHA KOMEPIIisl, YIPABIIHHSI MICHKOIO 1HPPACTPYKTYpOIO, (PIHAHCOBUI CEKTOP
Ta arpapHUd CEKTOp, JI€ BUKOPUCTOBYIOTHCS MOJU(]DIKOBaHI BapiaHTH TPAHCIOPTHOL
3a;adl.

BrnpoBamkeHHsT IHHOBAIIIMHUX METOJIIB ONTUMI3AIlli Ma€ Ba)KJIMBE 3HAYCHHS HE
TITBKA 11 €KOHOMIYHOTO acCIeKTy, ajie W JJIs COIlaIhbHOTO Ta E€KOJOTIYHOTO.
[TinBumeHHs €EeKTUBHOCTI TPAHCIIOPTHUX CHUCTEM CIPHUSE 3MCHIICHHIO BILIUBY Ha
TOBKIUIS, 30KpeMa, 3MEHIICHHI0 BUKHUJIB TMApHUKOBUX Ta3iB Ta CIOXUBAaHHS
eHepropecypciB. Lle Takox cmpusie pO3BHUTKY CTaJOTO TPaHCHOPTY, IO BiJMOBiAae
[JI00QJIBHUM €KOJIOTTYHHUM IIUISM.

Kpim Toro, mosimiiieHHs METOJIB BHUPIIMIEHHS TPAHCIIOPTHOI 3ajavi J03BOJISIE
MIBUIIATH KOHKYPEHTOCTIPOMOXXHICTh TMIAMPUEMCTB, 3MEHIIYIOUM BHUTPATH Ha
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JIOTICTUKY Ta 3a0€3Meuyroud IBHUILTY JOCTaBKY TOBapiB Ta mociyr. Lle € kmoyoBum
dbakTOpOoM y CydacHIM EKOHOMIIll, J€ IMIBHAKICTh Ta €(PEKTUBHICTH JIOTICTUYHHUX
IIPOIIECIB BU3HAYAIOTh YCIIX KOMITaHIN HA PUHKY.

TakuMm 4MHOM, TOCHIIKEHHS METOJIB ONTHMI3allli BKpail aKTyaJIbHUM 1 MOXeE
MaTHd BaroMHii BIUIMB Ha MiJBUIICHHS €(EKTUBHOCTI PECYpPCHOrO YIIPABIIHHSA Y
PI3HUX ramy3sx.

BucnoBok. B pesynapTaTi MmpoBEACHOTO AOCHIHKCHHS OYyJI0 BHSIBJICHO, IO
KJIACHYHI METOJM PO3B’s3aHHS TPAHCIOPTHOI 3ajadvi, Taki sk meTton I[liBHIYHO-
3axiIHOTO KyTa, METOJ MIiHIMAJIbHUX BHUTpAT Ta METOJ IOTEHIIaJliB, MaloTh
OoOMEXEHHS TPH 3aCTOCYBaHHI JI0 3aJay BEJIIMKUX PO3MIPHOCTEH 1 B yMOBax, IO
MOCTIHO 3MIHIOIOTBhCS. 30KpeMa, BOHU BHSBUIUCA MalO€()EKTUBHUMHU IIOJ0
IIBUAKOCTI OOYHCIEHh 1 ONTHUMAJIbHOTO BHUKOPUCTAHHS PECYpCiB y CydyacHUX
1H(pOpMaIifHO-YIIPaBISIFOYUX CTPYKTypax [2, 4].

BnpoBamxenHss Moan(ikOBaHHMX aJIrOPUTMIB 1 ajanTamis iX [0 Cy4acHHUX
OOYUCITIOBAIbHUX  CHUCTEM  MOXKE  MIABUIIMTH  €(EKTHBHICTh  pPO3B’A3aHHS
TPAHCHOPTHOT 3aja4i.
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Abstract. This study addresses the essential topic of improving energy efficiency in
industrial production by leveraging advanced technologies to decrease energy usage and
lessen environmental impact. It examines the application of cutting-edge manufacturing
techniques, smart energy management systems, and the integration of renewable energy
sources and novel materials to boost energy performance. The research also considers the
role of artificial intelligence in optimizing energy use and the advantages of shifting
towards renewables. Furthermore, this discussion delves deeper into the ways in which
innovative materials, advanced technologies, and cutting-edge nanotechnologies play a
significant role in the development and production of energy-efficient products and
solutions. Additionally, comprehensive and holistic approaches, such as the implementation
of intelligent supply chain management systems and fostering cross-industry collaboration,
are thoroughly examined for their considerable impact on improving and optimizing energy
efficiency across various sectors.

Keywords: energy optimization, industrial manufacturing, advanced technologies, Al
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AKTyalbHiCTh JochaimxenHsi. [ls poOora akieHTye yBary Ha NHUTaHHI
eHeproe(eKTUBHOCTI B TPOMUCIIOBOCTI Ta i1 3HaYEHH1 JUIsl CY4aCHOTO CYCIJIbCTBA 1
noBKULISA. ChOroJHI  IPOMHUCIOBI  Trady3l  XapakTEpPHU3YIOThCA  3POCTAIOUYHUM
CHOKMBAHHSIM €HEprii, 10 CTBOPIOE EKOJIOTIYHI PU3UKU Ta CIPUSE HECTAIOMY
BUKOPUCTAHHIO €HEPTeTUYHUX PECYPCIB.

OcHOBHAa MeTa — 3MEHILEHHSI €HEPreTUYHUX BUTPAT 1 3HU)KEHHSI HETaTUBHOIO
BIUTMBY Ha JOBKULIS Yy IPOMHUCIIOBUX MpOIEcax, 110 MOXHa JOCITTH 4epe3 HU3KY
BU3HAUCHUX 3aBaaHb [1]. Uepes3 miIBUILNCHHS EHEPrOCIOXXUBAHHS Ta MOCHIICHHS
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€KOJIOTTYHOTO HABaHTA)XCHHSI NMHUTAaHHsS eHeproe(ekTHBHOCTI HaOyBae Bce OLIBIIOT
Baru B Cy4aCHOMY BUPOOHUITBI. MeTOI0 1IbOr0 AOCTIIKEHHS € aHalli3 MOKIUBOCTEH
3aCTOCYBaHHS HOBITHIX TEXHOJIOTIH JJIs1 €(PEKTUBHOTO 3HUKEHHS CHEPrOBHUTpAT 1
MiHIMI3aIlil eKOJOTIYHMX HACIIIIKIB Y IPOMHCIIOBOCTI [2].

OrJsig cy4acHUX TEXHOJIOTIi ISl 3HUKEHHSI eHepreTUHYHUX BUTPaAT

JlocmimKkeHHsT  1HHOBAIlIMHUX  TEXHOJIOTIH, SIKI  CHOPHUSIOTH  ONTHMI3aIii
€HEprocroXMBaHHs B  BHPOOHMYMX IIpollecax, 3 NPHUKIAJaMU  yCIHIIIHUX
BrpoBakeHb  [3].  EHeproedexkTwBHI  BHPOOHWYI  TEXHOJIOTii  OXOIUTIOIOTH
aBTOMATU30BaHI CHUCTEMH, IMO JO3BOJISIIOTh 3HAYHO TIOKPAIIMTH YIPaBIIHHSA
€HEProcroKUBaHHSAM. |HTeNeKTyaldbHl E€HEpPreTUYHli CUCTEMHU 3a0e3NeuyloTh
MOHITOPUHT 1 PETyJIOBaHHS CIIOKMBAaHHS €HEprii B peaJbHOMY Yaci Ha
HiAIPUEMCTBAX.

InTerpoBaHi eHepreTu4Hi CHCTEMH

Ponb mITy4HOrO 1HTENEKTY Ta aHATITUYHHUX IIATPOpPM y po3poOLl eheKTUBHUX
CTpaTerii eHepreTUYHOro YIpPaBIiHHSA, a TAaKOXX IMEpeBarn aBTOMAaTH30BAHOTO
MOHITOPUHTY €HEpPIrOCIOKUBAaHHA. ABTOMATHU30BaHI CHUCTEMH, I1HTEJICKTyaJIbHE
NPOrHO3yBaHHS, €(QEKTHUBHE  YIPaBIiHHA  BUPOOHUYMMH  TIpolleCaMH  Ta
1HOPaCTPYKTYpOIO, a TaKOoX MOHITOPUHT Ta 3BITHICTh JUIsl MIANPUEMCTB €
KITIOYOBHUMHU €JIEMEHTAMU CY4aCHOTO EHEPTeTUYHOTO MEHEKMEHTY [4].

BigHoB/110BasIbHI JKepeJia eHepril

AHamni3 MOXJIMBOCTEH BIPOBA/DKEHHS COHSYHOI Ta BITPOBOI €HEprii B
MPOMUCIIOBOCTI, @ TaKOXX €KOHOMIYHI Ta €KOJOTIYHI BHUTOJIU TMEPEeXOoAy Ha
BiZiHOBJIOBaHI pecypcu [1]. BukopucTaHHs Takux JpKepesa eHeprii, SK COHSYHA Ta
BITPOBA, B MPOMHUCIOBOMY BUPOOHUIITBI CBIYUTH PO MOTEHITIAT JOCSITHEHHS OLIbIII
CTaJIOTO0 Ta EKOJIOTIYHO Oe3MeYyHOoro BUpOOHUITBA. I[HHOBAIlIHI MaTepiaiud Ta
HAHOTEXHOJIOT1T TakOoX MOXYTh BIAIrpaBaTd BaXJIUBY pOJIb Y CTBOPEHHI
eHeproe()eKTUBHUX 1 €KOJIOTTYHO YHUCTHX MPOIYKTIB.

InHoBaniiiHi MaTepiaan

AHaJli3 HOBITHIX MarepiajliB 1 HaHOTEXHOJOTIM, sIKi BUKOPUCTOBYIOTHCS JJISI
pO3pO0KH eHeproePeKTUBHUX MPOYKTIB, & TAKOX IX BIUIMB HA 3MEHIIICHHS Baru Ta
CHEProCIOXMBAaHHS i yac BUPOOHHUITBA [2]. JIOCTIHKYIOTHCS HAHOTEXHOJIOTII Ta
iXHIA BHECOK Yy TIJBUIIECHHS EHEProeeKTUBHOCTI, a TAKOXX HOBITHI COHSYHI
Marepiaiav, IO 3aCTOCOBYIOTHhCS I BUPOOHUIITBA e€JIeKTpoeHeprii. BuBueHHS
OlomarepialiB Ta iXHbOI pOJl B €KOJOTIYHIN CTIHKOCTI, @ TAaKOXK €HEeproeeKTUBHUX
noyiMepiB 1 KOoMo3utTiB. OOroBoproeThcs €(EKTUBHE BUKOPUCTAHHS PECYpPCIB Ta
MPOIIECU PEIUKIIIHTY.

YnupapJjiiHHS JIAHIIOTAMH NOCTAYAHHS B iHTEIPOBAHMX CHCTEMAX

Posrnsim  crpateriit  ympaBiiHHS  JIAHITIOTOM  TOCTa4aHHS, M0 CHPHUSIOTH
eHeproe()eKTUBHOCTI, @ TAKOX BAKJIMBICTH CIIBIpAIll MK MIAMPUEMCTBAMH 1 TXHIN
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BIUIMB HA 3arajbHUi exkosoriyamid ciin [3]. [HTerpoBani cuctemu ympaBIiHHS
JAHIIOTOM  [OCTa4aHHS BIAKPUBAIOTH HOBI  MOKJIMBOCTI  JUJISl  ITiIBUIICHHS
eHepreTUYHOi ePeKTUBHOCTI. AHami3 (iHAHCOBMX IIepeBar Ta OIlIHKAa EKOHOMIi
JEMOHCTPYIOTh €KOHOMIYHI BHUTOJIM BiJ BOPOBAKEHHS 3aXOJIB II0JIO MiABUILICHHS
eHepProeeKTUBHOCTI.

BucnoBok. JlocmipkeHHS ~ 30CEpePKEHO HAa  €HEpProeeKTUBHOCTI B
MPOMHUCIIOBOMY BHUPOOHHUIITBI 4Yepe3 BUKOPHUCTAHHS CYYaCHHX TEXHOJIOTIA MJis
3MEHIIEHHS €HePTeTUYHUX BUTPAT Ta MIHIMI3allll €KOJOTIYHOTO BIUIMBY. Y POOOTI
OyJ10 TpoaHaII30BaHO MEPEI0B1 TEXHOJIOT11, IHTEIEKTYaJIbHI CUCTEMH €HEPTEeTHYHOTO
yOpaBIiHHS, BIJIHOBIIOBaHI JpKEpena eHeprii Ta 1HHOBAIliiHI — MaTepiaju.
BcranosinieHo, 110 3anpoBaKeHHsI €Heproe(peKTUBHUX TEXHOJIOTIM 1 1HTEerpoBaHUX
YIOPaBIiHCHKUX CTPATET1i MOXKE 3HAYHO 3MEHILIUTH €HEPreTUYH] BUTPATH.

Pe3ynbTaT MiIKPECHIOIOTh BAXKJIUBICTh CHIBIpAll MK MPOMHUCIOBUMU
MIIIPUEMCTBAMU 1 3aCTOCYBAHHS IITYYHOTO 1HTENEKTY JJI1 ONTUMI3alli MPOILECIB.
[IpomoHyt0ThCA peKOMEeHAAIIT 1 MPAaKTUIHOTO BIPOBA/HKEHHS OTPUMAHHUX 3HAHD Y
cdepi eHeproedexTuBHOCTI. Lle MOCHIIKEHHS MOXE CYTTEBO CHPUATU PO3BUTKY
CTaJIOTO 1 €(PEKTUBHOTO BUPOOHUIITBA.
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Abstract. The article describes that adherence to the modern concept of threshold diagnosis
reduces the effectiveness of monitoring systems and that the "human factor" has a decisive
influence on the results of diagnosis and forecasting. The development of continuous
monitoring should be based on the intellectualization of diagnostic information processing
and the integration of systems of continuous monitoring of infrastructure facilities
maintained in various divisions of the railway. First, changes should be made at the concept
stage of the continuous monitoring system. On the basis of intelligent data processing, the
requirements and criteria for registration of failure events and pre-failure states of
diagnostic objects should be formulated. The article formulates the basic terminology that
regulates the functioning of monitoring systems, and specifies the commonly known concept
of the pre-failure state. It is emphasized that the existing guidelines for technical
maintenance and the standards of monitoring systems developed on their basis are closely
related to the new principles of data processing. Taking into account these features at the
stage of development and design of the monitoring system, it is possible to increase its
effectiveness compared to the existing monitoring systems on railways.

Keywords: analysis methods, diagnostic events, maintenance, digitization, threshold data
processing

AKTYQJIBHICTh JOCJIIKEHHSI 3yMOBJIEHAa THM, WO JOTPUMAaHHS Cy4acHOI
KOHIIETIIIIi TTOPOTOBOi JIarHOCTUKH 3HIKYE €(PEKTUBHICTH CUCTEM MOHITOPHHTY 1 IO
WTIOJICHKUN  (DakTOp» Ma€e BUPIMMAIBHUA BIUIMB HA PE3YJbTAaTH JIaTHOCTUKHA Ta
MporHO3yBaHHA. PO3BUTOK Oe3mepepBHOTO MOHITOPUHTY TOBHUHEH Oa3zyBaThCi Ha
1HTeNeKTyam3alii o0poOku giarHOCTHYHOI 1H(GOpMalii Ta 1HTErpaiii CUCTeM
0e3repepBHOr0 MOHITOPUHTY O0O0'€KTIB 1H(PACTPYKTYpH, IIO OOCITYyrOBYIOTHCA B
pi3HMX Tiapo3auiax 3adizHuii. [lo-nepiue, 3MiHM MOBHHHI OyTH BHECEHI BXKE Ha
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cTaii KOHILEMNLIi cucTeMu Oe3repepBHOTO MOHITOPUHTY. Ha OCHOBI 1HTENIEKTyaIbHOT
00pOoOKM JTaHMX TMOBHHHI OyTH Cc(hOpPMYyJIbOBaHI BUMOTM Ta KpUTepli peecTparii
BIJIMOBHUX TMOJIM Ta IMEpeIBIAMOBHUX CTaHIB OO0'€KTIB JIarHOCTUKH. Y CTarTi
c(hopMyJILOBAaHO OCHOBHY TE€PMIHOJIOTIIO, 110 perjiaMeHTye (yHKI[IOHYBaHHS CHCTEM
MOHITOPHHTY, Ta YTOYHEHO 3arajbHOBIIOME MOHSTTA MEPE/IBIIMOBHOTO CTaHYy.
[TinkpecnioeTbes, IO ICHYIOUYl KEpIBHUITBA 3 TEXHIYHOIO OOCITYroBYBaHHA 1
po3po0IeH] Ha 1X OCHOBI CTaHIAPTH CHCTEM MOHITOPUHTY TiCHO TOB'SI3aHI 3 HOBUMU
MpUHLIUIIAMUA 00poOKHM JaHuX. BpaxoByrouu 1i 0COOJMBOCTI Ha eTari po3poOKU Ta
NPOEKTYBaHHS CHUCTEMU MOHITOPUHTY, MOKHA MIABUIIUTH 11 e(EeKTUBHICTb
MOPIBHSHO 3 ICHYIOUMMH CUCTEMaMH MOHITOPUHTY Ha 3aJII3HUIISX.

Metow po00oTHM € TPOBEICHHS OIVISIIOBOIO aHaji3zy MpoOjeM JII0UuX
THCTPYKIIIN Ta CTaHJAPTIB, 10 PO3POOISTIOTHCS.

BukopucranHs MamMHHUX METOMAIB aHaji3y J03BOJISE€ BUPIIIUTH MPOOJIEMY
MIJBUILIEHHS €(QEKTUBHOCTI aBTOMAaTH3alli OOpOOKM [1arHOCTHYHOI 1H(popMauii y
TEXHIYHOMY IU1aHi. OJIHAK 1HIIOK MPOOJIEMOIO, SIKa MOCTA€ Ha NUIAXY PO3pOOHUKA
CHUCTEMH Oe3MepepBHOTO MOHITOPUHTY, HEOJMIHHO CTa€ HEOOX1AHICTh BIJIMOBIAHOCTI
JUIOYUM 1HCTPYKIISIM 3 OOCIYroBYBaHHSI Ta rajy3eBUM CTaHAapTaM (sKi, 10 pedl,
HalyacTillle CHUPAIOThCS caMe€ Ha I1HCTPYKINi 3 00cimyroByBaHHs). Po3poOHUK
CTaBUTH Tiepes co00K0 XUOHY METY, BIAMOBIAAIOUM HA MUTAHHSA, SIK aBTOMaTU3yBaTH
Ty UM IHIIY poOOTY B IHCTPYKIUIi 3 TEXHIYHOTO OOCIyrOBYBaHHS, TOAl SIK MA€ JIATH
30BCIM 1HAKIE 1 IIyKAaTH BIANOBIIb HA 3alUTAHHS: SKUMU J1arHOCTUYHUMHU
rnapamMeTpaMy HEOOXIJIHO OIepyBaTH [JIsi OTPUMAaHHS JOCTOBIPHOIO J1arHO3y Ta
MPOTHO3Y?

Bynp-sika misIbHICTH 3 PO3POOKH CHCTEM MOHITOPUHTY TOB'S3aHAa 3 aHAII30M
BHECEHUX JI0 CIEIIaJIbHUX IHCTPYKIIA poOIT 3 00CITYyroByBaHHSI MPUCTPOIB CHUTIAMU
TEXHIYHOTO TMEPCOHAY BIAMOBIAHMX TMIAPO3AUIB Ta MOXIMBOI iX TOBHOI abo
4acTKOBOI aBToMaru3amii [1]. SKmo s npucTpoiB 3ali3HUYHOI aBTOMATHUKH
MpolLelypa aBTOMAaTU3allil poOIT 3 TEXHIYHOrO 0OCITYyroByBaHHSA, XOY 1 YacTKOBA, €
MOXJIUBOIO (OCKUIBKM pOOOTH, OMMCaHl B AiIOYIN 1HCTPYKIIl 3 00CIyroByBaHHS, B
OCHOBHOMY CIIPSIMOBaH1 Ha BUMIPIOBAHHS €JICKTPUYHUX TTAPaMETPIB), TO JJis 00'€KTIB
IHIIMX TOCMOJAPCTB MpsiMa aBTOMAaTH3alliss poOIT 0e3 3MIHU [II0YUX I1HCTPYKIIIN
MPAKTUYHO HEpeabHa (YUTa4 MOXKE BIAKPUTH OYAb-SKY THCTPYKIIIO 3 TEXHIYHOTO
00CIIyrOBYBaHHS Ta PEMOHTY, 11100 MEPEKOHATHUCS B IILOMY).

AJte HaBilIO 1 sIK pO3p00JICHO 111 IHCTPYKIIii?

Byap-siki 1HCTPYKIIl 3 TEXHIYHOrO OOCIYrOBYBAaHHS Ha 3aji3HMUISIX YKpaiHU
NpU3HAYEH] caMe I MEePIOJUYHOrO CIIOCTEPEKEHHS 3 TEXHIYHUM CTaHOM 00'€KTIB,
10 00CTYTOBYIOTHCS, 110 CaMme TMOB'SI3aHO 3 MIATPUMKOIO iX BIIMOBOCTIMKOCTI. BoHn
po3pobssiucs me XX B., SKUX eBoitolis B XXI B. Mae NpakTUUHO HYJIBOBY
IIBUIKICTh: IHCTPYKIIIT Bl OJIHIET 710 1HINOT peAakilii Maike He 3MIHIOIOThCA. BapTo
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MOPIBHATU 1HCTPYKIIi ocTaHHIX 20—25 poKiB 1010 0OCIYyroBYBAaHHS, HANPUKIAJ,
IPUCTPOIB 3AJII3HUYHOI aBTOMAaTUKK a00 €HeprornocTayaHHs, 1mo0 3po3yMiTd 1e. 3
PO3BUTKOM 3ac00IB aBTOMAaTUYHOTO BHM3HAYEHHS TEXHIYHOIO CTaHy O0'€KTIB
ABTOMATUKU 3'SABISIIOTHCSA JIESIKI MYHKTH, MPUCBAYEHI JaHUM 3acobam (30Kpema
OYHKTH Tpo iX 00cCIyroByBaHHs). BHIpoBamXylOTbCs TEXHOJOTIT aBTOMAaTH3aLlii
00CITyrOoByBaHHSI Ha OCHOBI IITPUXKOAYBAaHHS Ta CTBOPEHHS TPOMI3JIKHX 0a3 JaHUX,
iHdopmariito B sKi 3aHOCHUTH JOJWHA (2 HE cucTemMa aBTomMaTudHo) [2]. 1 me
BUKOPWCTAHHS TPUBA€E TMPOTITOM MaiKe IBAIIITH POKIB, HE MPHU3BOIIYU O
OYIKYBaHOTO pe3ynbTaTy. [IpuiiMaroThest «MeTyIIHI» Ta Hee)eKTUBHI PIIICHHS 111010
aBTOMAaTH3allli TEXHIYHOTO OOCIYyroBYBaHHS, 1 BCE 4YacCTIIIE 3/1a€ThCS, IO IOCH
3po0JIeHO HE TaK, K CIij.

[Ipobnema € oueBHIHOIO, ajie TOTISAN PO3POOHUKA Ta 3aMOBHHKA 30CEPEIKEHI
30BCIM Ha IHIIOMY — SIK Yy paMKax AIF0YMX IHCTPYKLIM Ta CTaHAAPTIB BUPILIUTH
MOCTaBJICHE 3aBAaHHsA. BUX0AUTH, 1110 pO3pOOHUK 3aC001B aBTOMATH3AIlli TEXHIYHOTO
0oOCITyroByBaHHS B Tally3l 3ai3HUYHOTO TPAHCIIOPTY 3HAXOIUTHCS CHOTOJHI B
paMKax pi3HOMaHITHUX IHCTPYKIIINA Ta rajgy3eBUX CTaHAPTIB (4acTO CIHUPAIOTHCS HA
HUX), @ HOTO TEXHIYHI PIIICHHS BUSBIIAIOTHCS HE TAKUMHU B)KE€ KOPUCHUMU.

[Ipuknagamu OTO € PO3pOOIICHI HAMPUKIHIN XX CT. 1 CUCTeMH 0e31epEepBHOTO
MOHITOPUHTY TIPHUCTPOIB 3aTI3HUYHOI aBTOMATHKH, MO0 BIPOBAKYIOTHCS JIOCI:
yacTKa KOpHUCHOI iH(opMailii Bil 3aco0iB MOHITOPUHTY, 3a TMOBIJOMJICHHSIMHU
daxiBiiB, He mnepeBuirye 5 %, € BelUMKa KUIbKICTh IOMUJIKOBO BUSBJICHHX
JIarHOCTUYHUX — ToAlk, 1HdopMmamiiHuii (QOH mNepeBaHTaAKEHHWM, a pPIBEHb
aBTomaTu3aili o0poOku iHdopmarlli — maibke HynboBHui. CucTeMH, peani3oBaHl 3a
3aCTapiIuMU TIPUHIIUIIAMU, TPOJOBXKYIOTh THPAKYBATHUCA Ha MEpexi 3alli3HUIIb,
IIPUHIIAIIOBO HE 3MIHIOIOYHMCH 13 YacoM. AJle Jac ijie BIepel, 3SMIHIOIOThCS €JIEMEHTH
Ta 3acCO0M aBTOMATHKH, 3'SBJISIOTHCS HOBI TEXHOJOTII OOpOOKM MaHMX, TOYAThCS
PO3MOBH TIPO LG POBI3AIliIO 3aT13HUIG . 3BICHO, MalOTh 3MIHIOBATUCH 1 MIJIXOAH J10
peanizalii CHCTEeM MOHITOPUHTY Ta aBTOMAaTH3allli TEXHIYHOTO OOCIyroBYBaHHS Ha
3aJII3HUYHOMY TpaHcnopTi [3].

[IpakTuka mOKa3ye, 110 CHOTOAHI BIPOBAKYETHCS BEITUKA  KIJIBKICTh
BUMIPIOBAJIBHUX 3aC001B, YCKIAIHIOETHCA pOOOTa BCHOTO KOMIUIEKCY, ajie SIKICHOTO
ctpuOKa Yy TEXHIYHIA [diarHOCTHIN He BimOyBaeThcs. [liacymok: cucreMu
MOHITOPUHTY 30MpalOTh BEIMKY KUIBKICTh TCEBIO(MITLTPOBAHUX HIarHOCTUIHUX
JaHUX 1 BIAJAIOTh iX JIIOJIMHI-KOPUCTYBady, sKa Jajl NpUMae pIMIEHHS Mpo IX
00poOKy, BUKOPHCTaHHS TOlII0. Bce 3BOAUTHCS 10 EKCHEPTHOI OIIHKH JaHUX
MOHITOPUHTY, 10 PYYHOTO aHali3y rpadikiB, BUMIPSHUX BEIUYMH , O BU3HAYEHHS
MOMEHTY JTOCSTHEHHS TIOpoTra 3amo0iraHHs Ta BiAMOBU. ABTOMATHU3aIlls Mepeadavae
30BCIM IHIIIE: JIIaTHOCTHYHI JaHl TOBWHHI BUKOPUCTOBYBATHCS B YIMPAaBIIHHI 3
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MIHIMI3AIl€0 JIOACHKOI POl Ta, y KpaloMy pasi, 31 3BeIeHHSIM L€l poii A0 poi
crocTepiraya 3a TeXHOJIOTTYHUM MPOLECOM.

«TexniuHe 00CIIyroByBaHHsS — KOMIUIEKC OIepalliii abo omeparlis 3 mATPUMKU
mparne31aTHoCcTi abo CIPaBHOCTI BHPOOY IPH BUKOPHUCTAHHI 3a MPU3HAYCHHSM,
OUlKyBaHHsIM,  30epiraHHsM Ta  TpPAaHCHOPTYBaHHAM». Jnsd  mATpUMKHU
«Tpare3aaTHOCTI YU CIPABHOCTI» CHOTOAHI SK OCHOBHHM METOJI BUKOPHCTOBYETHCS
pernmaMeHTHH MeToJ abo MeploAWYHUN MOHITOPUHI TEXHIYHOTO CTaHy 0O0'eKTa
J1arHOCTYBaHHS 3TIHO 3 PO3POOJEHUMH 1HCTPYKIisiMU. PoboTH, pe3ynbratu sSKHX
HapyacTilie rnepeadadyBaHi, TEXHIYHUM TEPCOHAIIOM MIAPO3AUINB  JUPEKIIIM
1HPPACTPYKTYPH 3aTI3HUIL MOXKYTh TPOBOJIUTUCH HEJIOOPOSKICHO, a B PsI/Ii BUITA/IKIB
HE TTPOBOJIUTHUCH 30BCIM [4].

Kpim Toro, € mpobiema mpoBeACHHS TEXHIYHOTO 0OCIyTOBYBaHHS Y MOTEHIIIHHO
HeOe3MeyHnX paloHax, y 0e3rnocepeiHiid OJIM3bKOCTI A0 3aJ13HUYHOIO MOJIOTHA Ta Y
30HI [1i BIJMOBIJAIBHOTO TEXHOJOTIYHOIO MpOLeCcy IepeBe3eHb . BrnpoBanuBiin
cucteMy O€3MepepBHOTO MOHITOPUHTY TOTO 4YH IHIIONO OO'€KTa 3ai3HUYHOL
1H(PaCTPYKTYpH Ta HAJUIMBIIM 11 BIACTUBICTIO aBTOMATH3allli psly BUMIPIOBaHb, MU
yKIaJaeEMO 11 y KOpCTKi pamMku. KOpPHCHICTh I1arHOCTUYHUX JaHUX BXKE Ha
MO3HAUYEHOMY €Talll BUAAETHCS CYMHIBHOIO, AK€ 1€ JIMILIE PEe3yJIbTaT aBTOMaTH3aLil
pOOOTH TEXHIYHOTO NIEPCOHATY.

Hampuxman, aBromMaTu3ailisi BUMIPIOBAHHS HANpyr y KOHTPOJBHUX TOUYKAX
CXEMHHUX PpIIIEHb TOHAJIBHUX PEUWKOBUX JIAHIIOTIB Yy TOCIOAAPCTBI 3aJI3HUYHOI
aBTOMATHKH Ta TEJIEMEXaHIKH TOB'sI3aHa JIUIIE 3 OTPUMAHHSIM YHCEIIbHUX JaHUX, alle
HE 3 aBTOMAaTUYHOIO BHJAYEI0 [IarHO3y Ta MPOTHO3Y; aHajl3 3aJMLIaeThes 3a
moauHoto [5]. [HmmMu crmoBamMu, cucTeMa MOHITOPUHTY THX CaMHUX 3aco0iB
3QJII3HUYHOI aBTOMATHKU 3aJIMINAETHCS Ha €Tarll CTapoi KOHIEMIi PiBHS CHCTEMH
JIUCIIETYEPCHKOTO0 KOHTPOIIO cepeAHu XX cT. Onuis BUKOPUCTAHHS Cy4YacHHUX
3ac001B aBTOMAaTH3aIlll 3aJIMIIACTHECSI «HEMIIAKIIOYEHOK» HaBITh 3a HaSIBHOCTI
THMYaCcOBHX 3aC001B 00pOOKH aHAJIOTOBUX Ta IU(PPOBUX CUTHAIIIB.

[IpoOnema BHpINIYETbCS LUISIXOM pPO3POOKH NPHUHIIMIIOBO HOBHX CHCTEM
MOHITOPUHTY, 3aCHOBAHHWX Ha BUKOPHUCTaHHI Cy4acCHMX TEXHOJIOTiH OTpUMaHHS Ta
00poOKHM MIarHOCTHYHOI 1H(OpMaIlii, MO J03BOJSIOTh HE aBTOMATH3yBaTH HasBHI
poOOTH 3 TEXHIYHOTO OOCIYrOBYBaHHS, MPOMHCAH] B THCTPYKIIISX, a JaTH BIAMOBIIb
Ha 3alUTaHHA: CKUIBKM 4Yacy MpHUCTpii Oyne Oe3BIAMOBINAIBHUM. - CKapOHUINO 1
KOJM TapaHTOBAaHO HEOOXITHO MPOBECTH MOro PEMOHT YW 3aMiHy, (PAKTHUYHO —
BKa3aTH 3aJMIIKOBUI pecypc TeXHIYHOTo 00'ekta un cucreMu [6]. Taki TexHOMOTUHI
pilieHHs 100 Oe3MepepBHOIO0 MOHITOPUMHTY MOKHA peali3yBaTH JIMIIE 3a 3MIHU
caMUX I1HCTPYKI[I Ta CTBOPEHHS MPHUHITMIIOBO HOBOTO, BUCOKOSKICHOTO 3aco0y
MIITPUMKH BIIMOBOCTIMKOCTI 00'€KTIB 1HPPACTPYKTYpHU 3aT13HUIIb, 3ACHOBAHOTO HE
Ha TIOPOTOBIM 00poOIl naHux 3 ¢iKcalieo Moaii, a Ha 1HTEeIEeKTyaJbHOMY aHaji3i
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TIarHOCTUYHUX. B maHuii 4yac mporec BIPOBAKCHHS JaHUX CHCTEM ijae "Bin
3BOPOTHOTO": CIOYATKY CTBOPIOETHCS (200 CTBOPEHO) HOPMATHMBHHMM JOKYMEHT IiJl
CTapuil KOHIIENT, a MOTIM MPOBAJAUTHCS «HEBEJIMKAY» MOJEPHI3allisl 1F040i CUCTEMH.
[IpuHIMTIOBO HOBUX TEXHIYHUX PILICHb HEMAE, a € YCKIATHEHHS Ta MOAOPOKYAHHS
TII0YMX cUcTeM [7].

BucnoBok. HoBmii eran migBUIICHHS BiIMOBOCTIHKOCTI O0'€KTIB 3ai3HUYHOI
1HGPACTPpYKTYpH TOB'S3aHUM 13  yJOCKOHAJEHHSM CHCTeM  Oe3lepepBHOTO
MOHITOPHHTY TE€XHIYHOTO CTaHy, 3a0€3MEeYeHHSIM BUCOKOI JOCTOBIPHOCTI /11arHO3y Ta
IIPOTHO3Y Ta BUKOPHUCTAHHAM IX O€3MOCEepeIHhO IPH peajizallii BiAMOBIIAIBHUX
TEXHOJIOTIYHHUX IMPOIIECIB 3 MiHIMI3alll€0 YaCTKH y4yacTi JTroauHu. Bee 11e BuMarae He
IPOCTO CTBOPEHHS HOBOTO 3aco0y MOHITOPUHTY 3 HOBOIO KOHIEIIIE Ta
MPUHIIMIIAMU peani3allii, a i meperisiay IHCTPYKIN 3 TEXHIYHOTO OOCITYrOBYBaHHS
Ta PEMOHTY 00'€KTIB 3aJII3HUYHOI 1HYPACTPYKTYpH, 1110 BUKOPUCTOBYIOTHCS B JTaHUU
yac (a TakoX Trajly3eBUX CTaHJAPTIB, IO COUPAOThCA Ha HUX). Ha3piB mepexin Bixg
JNEUEHTPAI30BAaHOTO PO3BUTKY OKPEMHUX HamlpsMiB y Tally3l aBTOMaTH3alli
0o0CITyroByBaHHS JIO CHUCTEMHOIO TIJIXOJMy Y PIIIEHHSX Ta BIOCKOHAJICHHS
1HOPACTPYKTYPHOTO KOMIUIEKCY 3 ypaxyBaHHSIM Cy4aCHOTO PO3BUTKY TEXHIKH Ta
TEXHOJIOT1H.

[lepexin BiA BUKOPUCTAHHS CHUCTEMAMU MOHITOPUHTY IMOPOTrOBOI KOHIEMIIil
00poOKa TOYKOBHX TIapaMETpIB JI0 KOMIUIEKCHOI I1HTEJIEKTyaJlbHOI OOpOOKH Ha
OCHOBI MAalIMHHUX METOJIIB aHali3y 13 3aCTOCYBaHHSM pO3BHHEHHX METO/IB
MPOTHO3YBAHHSI JIO3BOJIE€ MIJBUIIUTH €(EKTUBHICTh MPOLIEAYPH MOHITOPHUHTY, a
OT)Ke, BEle y HaNpsSIMKy peaizaiii TEeXHOJOTii «pPO3yMHOT0» 3aJli3HUYHOTO
TpaHcnopTy (smart railway transport).
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Abstract. This article explores the application of artificial intelligence in automated control
systems, focusing on modeling, optimization, and forecasting. By leveraging deep learning
and machine learning methods, these systems can adapt to variable conditions, enhancing
forecasting accuracy and optimizing essential processes. The study presents examples of Al
integration across various automated systems, such as energy management, HVAC
optimization, quality control in the food industry, and production management.
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Y cywacHomy cBiTi TexHosorii mry4dHoro iHtenekty (III) axTuBHO
BIIPOBA/KYIOTbCSI B pi3HI cdepu, 30KpemMa B CHCTEMH aBTOMATHU30BAHOIO
ynpasininas. Il Hagae MOXIMBICTH MOJIETIOBATH, ONTUMI3yBaTH Ta MPOTHO3YBaTH
MPOIIECH, 0 BEE A0 3HAYHOTO MBUIICHHS iX €(DeKTUBHOCTI Ta aIallTUBHOCTI.

MeTta pocizKeHHsl TIOJIsrae y BUBYEHHI Cy4aCHUX MIJIXOJIIB J0 3aCTOCYBaHHS
ITYYHOTO IHTENEKTY B aBTOMATH30BAaHUX CHUCTEMax YIPABIIHHS 3 aKIIEHTOM Ha
MOJICITFOBAaHH1, ONTUMI3aIlil Ta MPOTHO3yBaHHI MporieciB. J[ocmiKeHHs Mae Ha METi
nokazatu, sk BukopuctanHs IIII, 30kpemMa MeTOMIB TIMOOKOTO Ta MAIIMHHOTO
HABYaHHS, JI03BOJISIE AJIalITYBaTH CUCTEMU JI0 3MIHHUX YMOB, IMiJABUIIYIOYH TOYHICTh
POrHO31B, ONTUMI3YIOUM BUTPATH PECYPCIB 1 MiABUILYIOUN 3araibHy €()EeKTUBHICTD.
OxkpiM TOro, y poOOTI po3risgaroThes mnpukianud BrnpoBapkeHHs I y pizHux
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rajry3sx, TaKuX SIK €HEepPreTHKa, MPOMHUCIOBE BUPOOHHMIITBO Ta 00OpoHHa cdepa, 3
METOIO MOKpPAIlIEHHsI aBTOMAaTU30BAHUX CHCTEM YIPABIIHHS Ta 3a0€3MeUeHHs IXHbOI
HAJIAHOCTI 1 CTIHKOCTI.

OpnHa 3 OCHOBHUX c(pep 3aCTOCYBAHHS IITYYHOTO 1HTEJIEKTY B aBTOMATU30BAHUX
CHCTEMax II€ ONTUMIi3allig B eHepreTuyHoMy cektopi. Meroau L1 BukopucToByeThCs
JUIA ONTHUMI3allii €HEeprocnoXUBaHHs OyAiBeslb 32 JOTOMOTOI0 CHUCTEM YIPaBIIiHHSA
HVAC (omanenHs, BEeHTHIALII Ta KOHAWIIIOHYBaHHS MOBITPs). CHCTEMH BPaXxOBYIOTh
3MIHM TIOTOJIM Ta YMOBHM HaBKOJIMIIHBOTO CEPENOBHUINA Jii KOPUTYBaHHS POOOTU
o0jaZHaHHA y peaJlbHOMY 4aci, W0 JO3BOJIS€ 3MEHIIUTH CIHOKHMBaHHS
€JIEKTPOEHEPrii Ta BOJHOYAC JOTPUMYBATUCS EKOJIOTIUHUX CTaHAapTiB. Mertoau
HaB4YaHHA 3 MigkpiuieHHAM (DRL) MokHa BUKOpHUCTOBYBATH JJisi BCTAHOBJIEHHS
ONTHUMAJBHUX IapamMeTpiB CHUCTEMH Ha OCHOBI JaHUX MPO 30BHIIIHI YMOBH, IO
MPU3BOJUTH J0 3HWKCHHS CHEPTOCIIOKUBaHHS [ 1-4].

Po3BUTOK CydyacHMX aJrOpUTMIB MAIIMHHOTO HABYaHHS JIaB MOKIIUBICTh
BIIPOBA/IUTH MOJICTIOBAHHS CHCTEM aBTOMATUYHOTO KepyBaHHsS. 30KpeMa, HEMpOHHI
MEpPEXKi, U0 BUKOPUCTOBYIOTHCS I aHAJII3y BEJIMKHUX OOCSTIB JAHUX, AO3BOJSIOTH
CTBOPIOBATH aJalTUBHI MOJENi, 3[aTHI pearyBaTH Ha 3MIHM B HaBKOJIMUIIHBOMY
cepeloBuIll. Y MPOMUCIOBOMY CEKTOpl, HANpUKIaJ, IUTYYHUH 1HTEJIEKT
BUKOPUCTOBYETHCSI  JJIA  MOJICTIOBAHHS  TOBEAIHKM BHPOOHMYMX  IPOLECIB,
JOTIOMArar4y 3HU3UTH BUTPATH 1 IMiIBUIIIATH MPOTYKTHBHICTS [ 1, 4].

Hactynna o0macTs 3acTOCYBaHHS Yy BUPOOHUIITBI IPOAYKTIB XapuyBaHHs [1-3].
IITy4HHil 1HTENEKT J0oNoMarae KOHTPOJIOBAaTH SIKICTb MPOAYKIII B PEXKUMI
peanbHOrO 4Yacy. IloemHyrounm TpaaMIliiiHI TEXHOJIOTIYHI BXiTHI JaHI 3 aHaII30M
BII€0300paK€Hb, CHCTEMa aBTOMATHUYHO BHUSBJISE MOXJIMBI  BIAXWJICHHS Yy
BUPOOHUYOMY TPOIECI 1 BYACHO BTPYYAEThCS, 100 MIHIMI3yBaTH BIIXWJICHHS Bij
cranaapry. lle 3MeHnIye KuUIbKiCTh Opaky, MiJBHUIIYE SKICTb BUTOTOBJIEHOT TPOTYKITIT
Ta 3MEHIIIY€ BUTPATy Yacy Ha BUTOTOBIICHHS TPOAYKIIIi.

I Takox BiAIrpae KIOYOBY pOJIb Yy MPOTHO3YBaHHI B aBTOMATH30BaHUX
cucremMax [1-4]. AHani3yrouu IiCTOpHYHI JaHi, CHCTEMH MOXYTh Nepea0adnTh
NMOBIPHICTh BUXOy 00JIaTHAHHS 3 JIay ,II0 Ja€ 3MOTY MPOBOJIUTH MPODIIaKTHIHE
0o0cIIyroByBaHHsS Ta 3amo0Oiratu mpocrtosiM. lle He TIIbKM MigBUINYyE HAAIHHICTH
CUCTEMH, ajie i 3HUKY€ BUTPATU HA OOCITyTOBYBaHHS.

CydacHi BUpOOHHYI CUCTEMH BCE YACTIIIEC IHTETPYIOTh IITYYHHUH 1HTENEKT ISt
aBTOMaTH3allii mnporeciB ynpaeniHHs [2]. lle cTocyeThcsi aBTOMATH30BaHOTO
KOHTPOJIIO SIKOCTI, YIPABIIIHHS 3allacaMy Ta aJalTUBHOTO YIPaBIIIHHS BUPOOHUYUMU
nporecamu [1, 2].

B o6oponniit mpomucnoBocti mryunuit iHTenekT (ILII) 1 aBTrOMarm3oBaHi
CUCTEMM YINPABIIHHSA BHUKOHYIOTb HHU3KY 3aBJaHb 1 CIPUSIOTH II1IBUILEHHIO
obopono3maruocti [5]. HaiiOinpm mOMITHHM JOCSATHEHHSM € O€3MIOTHI JIiTallbHi
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anmapatd (ApOHM), SKI MOXYTb OOMpaTd Uil JJiS PO3BIAKM, BHSBICHHS Ta
BIICTe)KCHHSI BOpOXKUX Iiie. Kpim Toro, aBTOMaTH30BaHI CHCTEMHU OOOPOHH
MOXXYTh CaMOCTIHHO 3aXWIIATH KPUTUYHO BAXKIMBY IHQPACTPYKTYPY BiJI TaKUX
3arpo3, SIK BOPOXKI pakeTH 1 OpPOHETEXHIKa, YHHKAaI4YM HEOOXITHOCTI BTPYYaHHS
JIOJTMHY Ha €Tall MBUAKOTO pearyBaHHI.

3aznauy, mo Bukopuctans LI 1 aBTomMaTn3anii mOMMPIOETHCS 1 HA YIIPaBIIHHS
6e3ninoTHUKIB. JIpoHH MOXXYTh OOMiHIOBaTHUCA 1H(OPMAILIIE€I0 1 KOOPIAUHYBATH CBOIO
MOBEAIHKY, TUM CaMUM IMiJBUIIYIOUN €(PEeKTHUBHICTH OOHOBUX MICIi y CKIIaTHUX
cutyanisx. Lle poOuTh KOPUCHUMHM JJIS PO3BIJKH 1 Hammaay B 0COOJIMBO CKIATHUX a00
BaXKOJIOCTYITHUX YMoBax [5]. locmimkeHHs mokas3yroTh, 1o Kurait 1 CIIIA akTUBHO
TECTYIOTh 1 PO3BUBAIOTh POMORBI TEXHOJIOTIT JIJIs MiABUIIICHHS €(eKTUBHOCTI OIepariii
3 IEKUTbKOMA IUIAMH, SIK1 € Ty’Ke MOOUTbHUMU 1 CKJIQIHUMU JJIs1 IEPEXOTLICHHS.

T Takok BUKOPUCTOBYETHCS B MPOEKTAX MPOTHO3YBAaHHA OO0 1 CTPATErTYHOIO
MOJCIIIOBAHHS, 10 J03BOJISIE BINCHKOBHM IIBHJIIIE 1 TOYHIIIE OIIHIOBATH MOKJIHBI
cueHapii 1 omrtumidyBatu ornepauii [6]. BnpoBamxennss IIII B aBTOoMatu3oBaHi
CUCTEMHU YMPABIIHHSI 3MEHIINYE KUIbKICTh JIIOJICBKUX PECypcCiB, HEOOXITHUX st
BUKOHAHHS TTOBTOPIOBAHUX 3aB/IaHb, 1 3HAUHO CKOPOUYE BUTPATH Ha OILIATy Mpalli,
ane 301IbIrye moTpeOy B KBalmi()iKOBaHUX TEXHIYHMX (axiBISX I YIpaBIiHHS
IIAMHA CUCTEMaMH.

BucnoBku. J[locmipkeHHS JE€MOHCTPYE 3HAYHUWA MOTEHUIad IITYYHOrO
IHTEJICKTY Yy BJOCKOHAJICHHI aBTOMATH30BAaHHMX CHCTEM YIIPaBIIHHS 3aBISIKH HOTO
31aTHOCTI 0 MOJICJIFOBaHHS, ONTHMI3allli Ta IPOrHO3yBaHHs. BukopucTaHHs METOIIB
rMOOKOTO HaBYaHHS 1 MAIIMHHOTO HaBYaHHS JO3BOJIIE IIMM CHUCTEMaM
aanTyBaTUCS JIO0 3MIHHHX YMOB, IJABUIIYIOYH iX €QEeKTUBHICTb, TOYHICTH 1
HaaiiHICTh. OJHAK, HE3BaXKalOuW Ha JOCATHYTHM mporpec, BrnpoBamkeHHs I B
aBTOMATU30BaHI CHCTEMH YIIPABIIHHSA TIOB’s3aHE 3 IEBHUMH BUKIUKamMu. Jliis
3a0€3MEeUeHHs] TOYHOCTI MPOTHO3IB Ta ONTHUMI3AIlli HEOOXIAHO MpaIfoBaTH HaJ
MOKPAIICHHAM SKOCTI JaHUX, [0 BUKOPUCTOBYIOTHCS JIJIsi HaBYaHHS Mojaeneh. Kpim
TOTO, aKTyaJIbHUM 3aJTUIIAETHCS MUTAHHS CYMICHOCTI OOJaHAHHS 1 TEXHOJIOTIH BiJ
pI3HUX BUPOOHUKIB, M0 yckiaanaioe iHTerpaiito I B icHyroui indpactpykrypu. Ille
OJTHUM BKJIUBUM aCIIEKTOM € HEOOX1HICTh ONTHMI3aIlii eHEProCIOXMBaHHS CUCTEM
I, ocobmuBOo B yMOBaxX BEIUKHX OOYHMCIIOBAIBPHUX HaBaHTaKEHb. I[lomanpimi
JOCIIKEHHSI MAalOTh OyTH CIIPsIMOBaHI Ha PO3pOOKY METOJIB €HEProe(eKTUBHOCTI,
YIOCKOHAJICHHSI amapaTHOi CYMICHOCTI Ta MOKPAIEHHS TOYHOCTI aJIFOPUTMIB, IO
J03BOJIUTH MOBHOIO MIpPOIO PO3KPUTH MOTEHIIa]d IITY4HOTO 1HTEJIEKTY B
aBTOMATU30BAHUX CUCTEMAaXx YIPaBIIiHHI.
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ANALYSIS OF IMPROVING THE EFFICIENCY OF TRAFFIC
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Abstract. In the context of locomotive braking systems, improved control requires the
integration of real-time data processing, predictive analytics, and adaptive control
mechanisms. Modern systems are subject to the dynamics of long stopping distances and the
critical need for gradual deceleration [1]. The application of deep learning, in particular
convolutional neural networks (CNN), in its essence is a constant analysis of track
condition, train weight and braking requirements.

Keywords: adaptive braking dynamics, integration of environmental data, load-dependent
deceleration control, sequential processing of sensor data, adaptive controller tuning

AKTYAJIBbHICTh  JOCTIIKEeHHsI. AKTyaJlbHICTh JOCHIIPKEHHS  BUKIHMKaHA
poOJIeMOI0 TAMOPSIIKYBAHHS Cy4acHUX CHCTEM JIOBTMX 3YIMMHKOBHX MIISAXIB 1
KPUTUYHIN OTpeO1 B TOCTYIIOBOMY YIOBIJIbHEHHI.

Meta po6oTtu. Meta poOOTH AOCIHIKEHHS TOJISITaE Yy PO3pOOI apXiTEKTypH
KepyBaHHA TaJIbMIBHUMU CHUCTEMaMH JIOKOMOTHBIB y  peaJlbHOMY  dHaci,
BUKOPHCTOBYIOUM aHANI3 JaHUX HABKOJMIIHBOTO CEPENOBHUINA, PEUKOBOI CHCTEMHU
MOTATa 1 MOHITOPUHTY KIIFOUOBHX ITOKa3HUKIB 3 MHUTTEBOIO AJAINTALIE€0 MPOLECY
raJbMyBaHHS.

ApxiTekTypa IIi€l MOTEHIIATbHOT TaJbMIBHOI CHUCTEMHU CIIOYATKY TMOJSATAE Y
300pi JaHUX BIJ PI3HUX JaTYMKIB, PO3TAUIOBAHMUX Y3IOBXK HULIXYy moTsra. Lli
TaTIUKU (PIKCYIOTH 1H(POPMAIIIIO TTPO HABKOJIMIITHE CEPEIOBUIIE B PEXKUMI PEATTHBHOTO
gacy. 3amis BUKOPUCTaHHS IMX TOTOKIB manux, piBHI CNN 00pobnsoTh i
aHaANI3yIOTh CEHCOPHI JaHl JJid BUSIBJIIEHHS HETalHUX NOTped y rajibMyBaHHI Ha
OCHOBI IIBUJIKOCT1, KPUBU3HHU KOJii Ta MallOyTHIX nepemkos [2].
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VYrpaBniHHS TaJbMIBHOIO CHCTEMOIO 3IHCHIOEThCA 3a JOMOMOroro kackaay PID
(Proportional-Integral-Derivative — HPONOPLIHHO-1HTETPaIbHO-ICPUBATHBHIX )
KOHTPOJIEPIB, HAIAINTOBAHMX JUII OOpOOKHM JUHAMIYHOTO Jiama3oHy IoTped
raJbMyBaHHS TIOTSTA.

Ocnosue piBusiHHS PID y 6e3nepepBHiit hopMi Mae Takuil BUTIISIA:

u(t) = Kpe(t) + K; [ e(t)dt + Ky =2 (1)

Jlane piBHSHHS SBIIsS€E COOOI0 Kepyrouuil curHaji, e e(t) € MOXHUOKOH Mix
OakaHoro Ta (HaKTUYHOI IIBUAKICTIO YHOBUIbHEHHS. llg moxumOka JMHAMIYHO
OOUYHCIIIOETBCS Ha OCHOBI BIAXWJIEHh CEHCOPHUX JaHUX y peajbHOMY dacl Bij
TONEPENHBO BU3HAYEHUX ToporiB Oesmeku. Ilpomopuiiinuii unen Kpe(t) perymoe
rajbMIBHY CHJIY BIANOBIJHO O MHUTTEBOI MOXWUOKH, TOMl SIK IHTErpaJIbHUI YJICH
K; [ e(t)dt xommeHcye 3a HakonMuyeHi NOXMOKM MOHAH dYac, 3abe3redyloun
MOCJIIIOBHE BUIIPABJICHHS, BKJIIOYAIOYM HEBEJIMKI po30ixkHOCcT. HapemTi, moxiaHui

. de(t . . .
TtepMmiH K —() carye Ha pariToBl 3M1HHU HOXH6KH JO3BOJIAKOYHN CUCTEM1 IIBHUIKO
d dt 9

IPUCTOCOBYBATHUCS JIO PI3KUX MEPENIKko] abo BIICTEKYBATH 3MIHU.

3miHIo0uUM KOHCTaHTH PID 111 KOKHOTO ClLieHapii0 rajbMyBaHHS, rajibMiBHA
CHUCTEMa MOKE€ TUHAMIYHO OMNTHUMI3YBaTH IMIBUAKICTH YIMOBUIBHEHHS. Y BHIaJKax
OLTBLIOrO HABaHTAKEHHS ab0 KPYTHX CXWIIB MpPONOpIiiHE mocuienHs K,
MOCTYIIOBO 301IbIIYETHCS, II00 3aCTOCYBAaTH CHIIBHINIY MOYATKOBY TajdbMIBHY CHUITY.
[HTerpanbpHe 1 MOXiJHE MIJCUIICHHS PEryJIOIThCS, 00 3amo0IirTd HaAMipHINA abo
HEJ0CTaTHIM KOMIICHCAIIIT i1 4aC MOCTYMOBUX MEPEX0/1iB raJbMyBaHHS.

[Iporno3na cuctema KopuryBaHHs ynpasiiHHS 3a nocepenuuirBoM CNN, sika
BU3HAYa€ [AOJOHM y BHMOTrax J0 TaJlbMyBaHHS Ha OCHOBI ICTOPHUYHHUX AaHUX 1
JTaHUX Y peaIbHOMY Yaci, MPEACTABISIETHCS MIJITXOM OHOBJICHHS PIBHSHHS KEPYBaHHS
JOATKOBUMH 3MIHHUMHU, SIK1 KIJIbKICHO BU3HAYaIOTh TAJIbMIBHUM TUCK Pj,, Haxui 6 1
IIBUJIKICTh V' Yy CKJIaJIeH1 (hopmyIi:

de(t)
dt

u(t) = K,(e(t) + aPp) + K; [ e(t)dt + K, + y0 + 6v (2)
ne a, y 16 € xoedimienramu, HaamroBaHuMu CNN 1151 BpaxyBaHHs HaXWITy Ta
IITBUIKOCTI.

CNN naBuaeThcs Ha HabOpax JaHUX, SKI IMITYIOTh PI3HOMAHITHI CII€HApIi
raJIbMyBaHHS, (DIKCYIOYM BUITAJIKHM, KOJHM CTaHAAPTHI METOJU TaJIbMyBaHHS MOXYTh
oytu HeedextuBHUMHU. lle momepemxyBanbHe HaBuaHHs g03Bosise CNN cropusitu
e(eKTUBHOCTI TaJlbMyBaHHS IUIIXOM MPOTHO3YBAaHHS TaJbMIBHOI CHIIM TSI KOXKHOI
YMOBH Ta 3a0e3MeyeHHs1 CTaOlIbHOCTI MiJ Yac YHOBUIBHEHHS. APXITEKTypa MEpexi
HaJalllTOBaHa 3a JEKIJIbKOMa IIapamMu Mg BUAUICHHS (QYHKUIA, MOYMHAKOYM 31
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3TOPTKOBUX IMIApiB, SIKI aHANI3yIOTh MPOCTOPOBI MOJENl B JaHMX JNATYUKIB MAJIs
BUSIBJICHHS IIBMJKMX 3MIH HAaBKOJMIIHBOIO CEPEIOBUINA, a IOTIM IOBHICTIO
MOB’S3aHUX IIApiB, SKI CHIBBIAHOCATH Il MOAEN 3 MoTpedaMH TalbMyBaHHS.
[IporHo3oBaHuii BHUX1J MEpeXi, SKUA BUKOPUCTOBYETHCS I 3MIHU BX1JHOTO
curnany PID-koHTpoITi0, IiABHUIYE 3arajJbHy TOUHICTh TaIbMyBaHHS.

OOuuncieHHs TalbMyBaHHS B PEXKHUMI peEalbHOTO Yacy BOYIOBYEThCS B
TOJIOBHMI KOHTPOJIEP CHUCTEMH, KM PO3pOOJCHHM Uia MiHIMI3alii 3aTpUMKH Ta
MaKCUMaIbHOI MBUAKOCTI 00poOku. I[Ipornosuuii pesynaprtar CNN y moegHanHi 3
Oe3nepepBHUM KopuryBaHHAM Bin PID-perynsitopa m03BOJsie MUTTEBO aJlaliTyBaTH
rajibMyBaHHS, JOCSTalOud KOHTPOJIbOBAHOIO YIOBUIBHEHHS 3 MIHIMAJIbHOIO
OXUOKOIO.

BucnoBok. [lincymoByroun, iHTerpailisi mporuo3Horo asainizy Ha 6a3i CNN 3
kackagaumu  PID-perymsatopamu  103BOJS€  MOKPAIIWTH  METOJA  KEPYyBaHHS
raJIbMIBHUMH CHCTeMamMu MOTATIB. Lleld MeTol BHKOPHCTOBYE CEHCOpPHI JaHl B
peaJlbHOMY 4Yaci, TapaMeTpH aJalTUBHOTO KEPYBAaHHS Ta IOTIMOJIEHE HaBYaHHS,
3a0e3meuylourd TOYHY peakIlilo TaJlbMyBaHHsS, iI aJamnTaiil0 Ta BiJAMOBIJIHICTb
BUMOTaM JUHAMIYHOTO TallbMyBaHHS noTAra. Takuil NiAXiJ HE TUIBKM MOXKeE
HOKpALIUTH O€3NeKy rajJibMyBaHHS, ajieé i MOCHPHUATH €PEKTUBHOMY MOBOKEHHIO 3
PI3HHMH KOJIISIMU Ta YMOBaMU HABAHTAKECHHS.
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Abstract. The paper analyzes the recommendations for the creation of drones. The main
advantages of FPV drones are identified, such as high maneuverability, realistic control,
and flexibility of settings. With the increasing availability of modern microcontrollers,
sensors and software platforms, new opportunities for programming autonomous drones
are opening up. Disadvantages are shown to be short flight duration, complexity in setup,
and legislative barriers that may limit the use of these drones. The prospective use of FPV
drones in such areas as environmental monitoring, search and rescue operations, sports
races and cinematography is substantiated.

Keywords: FPV drones, microcontrollers, artificial intelligence, autonomous operation,
radio control

AKTyanbHicTh gociimxenns. FPV-aponu (First Person View) e BaxauBum
IHCTPYMEHTOM y PI3HUX Taly3sX, TaKUX SK aepooTo3iioMKa, CIOPTUBHI MEPETOHH,
IHCIIEKIiSl 1HQPACTPYKTYpPH, EKOJOTIYHUI MOHITOPUHI Ta MOIIYKOBO-PSITYBaJIbHI
oriepailii, BAKOHaHHS BIHCHKOBHX 3aBIaHb (PO3BiJKa, BOTHEBE YPaKCHHS).

3 PO3BUTKOM TEXHOJIOTIH 3pOCTa€ JNOCTYMHICTh CY4acCHUX MIKPOKOHTPOJEPIB,
JaTYMKIB 1 TporpaMHUX TIaTGopM, IO BIAKPUBAE HOBI MOMJIMBOCTI JUIS
IporpaMyBaHHsI aBTOHOMHHX JPOHIB.

FPV-aponu 103BOJISIIOTH BUKOPUCTOBYBAaTH TEPEOBI QJITOPUTMM HaBirariii,
onTHUMi3alli MapuIpyTiB Ta KOMIIIOTEPHOTO 30pYy, IO € OCOOJMBO aKTyaJbHUM Yy
JTOCJTITHUIBKUX MPOEKTaX 1 HAaBYaHHI.

Metow pobdorm € aHam3 Ta JAOCHIDKEHHS TPOLECY CTBOPEHHS i
nporpamyBanHsi FPV-napona st 3a6e3nedenns iioro ehekTHBHOT POOOTH B yMOBax
peanpHOTO Yacy. lle Bkirovae anamiz nepeBar 1 HenonikiB FPV-nponiB y mopiBHsHHI
3 1HITUMU TUITAMH OE€3MUTOTHHUKIB; OIIHKY NEPCTIEKTUB BUKopuctanus FPV-npoHiB y
pi3HHX chepax.

FPV-aponu 3HaxoasTh 3aCTOCYBAHHS Y CYYaCHHUX Tally34X, TAKUX SIK:

- CUTbChKE TOCMOIAPCTBO (MOHITOPUHT CTaHy MOCIBIB);
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- 1H(QPACTPYKTypHUN MOHITOPUHT (IHCHEKLIS MOCTIB, [axXiB, EJIEKTPUUYHUX
JIHIN);

- EKOJIOTIYHMM MOHITOPUHT (KOHTPOJb 3a0pYyJHEHHS, CIOCTEPEKECHHS 3a
JTUKUMH TBApUHAMH).

- BUKOHaHHs1 O0MOBUX 3aB/IaHb HA TAKTUYHOMY PiBHI (paaiyc aii 5-20 km).

PuHOK npoHIB CTPIMKO po3muproeThes, 1 FPV-nponu 3aiimMaioTe y HbOMY
3HayHy HINly 3aBASKA CBOIM MOXJIHMBOCTAM Ta yHIBEpcaldbHOCTI. Bonu
BUKOPHUCTOBYIOTBCSl SIK Y PO3BOXAIbHUX IUIAX (TIEperoHu, 3WOMKH), TaKk 1 B
cepiio3Hux TmpodeciiHuX 3aaadax (BIHCHKOBI omeparllii, OyaiBHUITBO, KapTorpadis,
HOIIYKOBO-PATYBajbHI omneparrii) [1].

3aBIsSKU BIOKPUTUM IporpamMHuM matdopmam, TakuMm sk Betaflight, PX4 Ta
ArduPilot, FPV-aporn cranm AOCTYMHMMH HaBiTh JUisi TodvatkiBiiB. Lle cmpwusie
po3Butky STEM-ocBiTH, 3amy4aroud MOJIOAb JO BHBYEHHS NPOrpAMYBAHHS,
€JIEKTPOHIKH Ta 1HXKEHEpIi.

[loeqnanuss FPV-apoHiB 3 ajiropuTMaMud MAalIMHHOTO HaBYaHHS J103BOJISIE
CTBOPIOBATH AaBTOHOMHI pIlIeHHS 1 OOpoOKM BiJie0O B peajdbHOMY Haci,
po3mi3HaBaHHs OO0 ’€KTIB 1 MNPUUHATTA pimieHb. lle poOuTh iX HE3aMIHHUMH B
Cy4acHii 1HIyCTpii pOOOTOTEXHIKH.

FPV-aponu naroTh 3MOry aBTOMaTH3yBaTW OaraTo MNpPOLECIB, IMMiABUILYIOUU
€(EeKTUBHICTh 1 CKOpPOYYIOUM BHUTpaTu. Hampukiaa, BOHM BUKOPHCTOBYIOTHCS B
JOCTABIIl TOBApPIB, 1110 MOKE CTATH PEBOJIIOLIEI0 Y c(hepl JOTICTUKH.

[TepeBaru FPV-aposnis [2]:

1. TayukicTh 1 MOAYNBHICTD: FPV-1poHM Nlerko aganTyroThCs 0 pi3HUX MOTPeo
3aBASKA MOMJIMBOCTI 3MIHIOBATH KOMIOHEHTH (KaMepH, JBUTYHH, KOHTPOJIEPH) Ta
porpamHe 3a0e3MeUeHHs.

2. PeanicTiuuHMii KOHTPOJIB: 3aBASIKU TIpsiMiid TpaHcinii Bineo (FPV), oneparop
Ma€ BIIYYTTS MOJBOTY "3 mepiroi ocoOu", 110 3HAYHO MOJIETIIYE YMPAaBIIHHS Y
CKJIQJIHUX YMOBaXx.

3. OcsitHa uiHHICTB: IIpoexktn 31 cTBOpeHHs FPV-gpoHiB agomomararoTh
PO3BUBATH MPAKTHYHI HABUYKH Yy MpPOrpaMyBaHHI, poOoToTexHill Ta ¢i3uii. BoHu
4acTO BUKOPUCTOBYIOTHCSI B HABUAJIBHUX IPOrpaMax, XakaTOHaxX 1 KOHKypcax.

4. ExonomiuHa edekTtuBHICTh: FPV-aponHu wacto pgemieBmi y po3poOii Ta
eKcIUTyaTarfii TOpiBHSHO 3 mnpodeciiHuMu Oe3MUIOTHUKAMH, IO pOOUTh iX
JOCTYITHUMHU JIJIs1 MaJIOTO Oi3HECY Ta aMaTOoPiB.

5. Iupoki wmoxmuBocTi aBroMaruzanii. CywacHi FPV-gpoHu MoOxyTh
BUKOHYBAaTH 3aBJaHHSI 3 aBTOHOMHHM IMIOJIbOTOM 3aBISKA MPOTPaMyBaHHIO
MapHipyTy 1 BuKopuctantio garuukiB (GPS, ripockoru, 6apoMeTpn).

6. TexHomnoriuaa AOCTYynHICTh: 3aBasku BigkputuM miatopmam (Betaflight,
ArduPilot, PX4) po3po6ka FPV-npoHniB cTae 10CTyImHOIO HABITh JJIT HOBAUYKiB.
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7. Wupoxi moxnuBocTi kactoMizamii. FPV-aponn Moxyth OyTu amanToBaHi
JUISl BAKOHAHHS PI3HUX 3aBJaHb 3aBJASKM 3MIHHOMY OOJaJHAHHIO Ta MPOTPAMHOMY
3a0€3MEeUEHHIO.

8. Po3BUTOK mpakTUYHUX HAaBUYOK. [Ipouiec cTBopeHHs Ta nporpamyBaHHsa FPV-
JPOHIB PO3BHUBAE 1HKEHEPHI, IPOrpaMHi Ta TU3alHEPChKI HABUYKHU.

9. InHoBawilHI pimieHHs: BUKOpPHUCTaHHS MITYYHOTO 1HTENEKTY Ta ajirOpUTMIB
MaIIMHHOTO HAaBUYaHHS IJs mporpamyBaHHs FPV-1poHiB no3Boiisie BHpIlIyBaTH
CKJIaJTHI 3aB/IaHHS, HAIIPHUKIIA/I, aBTOHOMHE OPIEHTYBaHHS B TIpocTopi [3].

Henoniku FPV-npoHis:

1. OOMexeHuid yac moJbOTy. Yepe3 HEBENHMKY €MHICTh aKyMYJSTOPIB dac
nonboty FPV-apoHiB 3a3Buuaii He mepeBuinye 10-15 XBwimH, 1m0 oOMEXye ix
BUKOPHUCTAHHA y TPUBAIMX OIEpallisx.

2. Jlns movaTKiBIIB HAJAIITYBaHHS anapaTHOI YaCTUHU, KaJlliOpyBaHHs CEHCOPIB
Ta IPOrpaMyBaHHs MOe OyTH ckiagHuM. Lle moTpeOye HaBUYaHHS Ta TOCBIAY.

3. TexHiuyHi OOMEXEHHS: HECTaOUIBHICTh 3B’SI3Ky Ha BEJMKIA BIJICTaHI;
BPa3NUBICTh JO TOTOJAHMX YMOB (JIOII, CWJIBHHI BITE€p); MOKJIMBI TOMHIKH B
IpOrpaMHOMY 3a0€3MeUeHHI, K1 BIUTMBAIOTh HAa OE3IEKYy.

4. PerynsatopHi oOMexeHHs. Y OaraTbOX KpaiHax 3aKOHOJABCTBO I0JI0
BUKOPUCTAHHA JpPOHIB € CYBOpUM. /[l MOnbOTIB MHOTPIOHI peecTpalliss ApoHa,
crietiayibH1 103B0JIM 200 HaBITh cepTUikallis onepaTopa.

5. Bapricte oOnanHanHs. Xoya 6a3oBi FPV-n1poHu BiZHOCHO JelieBi, MOjei
U1 PpO(eCIHHOTO BUKOPUCTAHHA MOXKYTh KOIITYBAaTH 3HAYHO JI0POXKYE.

6. CkiagHicTh y HajmamTyBaHHi. [104aTKiBISIM Ba)KKO OCBOITH CKJIa/IHI TIPOIIECH
HaJAIITyBaHHS arapaTHOI YaCTUHU Ta IPOrPAMHOTO 3a0€3MeYeHHS.

BucHoBok. VY pesynapTari ImpoBEeAeHOT pOOOTH IPOBEJASCHO aHali3 OCHOBHHX
nepeBar FPV-gpoHiB, Takl K BHCOKAa MaHEBPEHICTh, PEATICTUYHUNA KOHTPOJIb, a
TAKOX THYYKICTh HaJalllTyBaHb. BU3HAUYE€HO HEIOJIIKH, SIKI MOXYTh OOMEXYBaTH
BuKkopuctanHsi FPV-apoHiB, 30kpemMa, HEBENMKA TPUBAIICTh MOJbOTY, CKIAIHICTh Y
HaJallTyBaHHI Ta 3akoHojaBul Oap’epu. OOIPYHTOBAaHO NEPCHEKTHUBHICTb
BukopuctanHs FPV-nponiB y Takux cdepax, SK EKOJOTIYHHN MOHITOPHUHT,
MOIIIYKOBO-PSITYBAJIbHI OMeparlii, CHOPTUBHI MEPEroHy Ta KiHemaTtorpadis.

PoGota no3Bosisie HE TIIBKMU MOTJIMOUTH PO3YMIHHS MPOIECiB po3podku FPV-
JIPOHIB, ajie¢ i CTUMYJIIOE TOCIIIKCHHS Ta PO3BUTOK 1HHOBAIlIN Y cdepl 0e3mIIOTHUX
TEXHOJIOT1{, BIIKPUBAIOYU HOBI MOKJIMBOCTI JIJI1 IXHBOT'O 3aCTOCYBAHHS B CY4YaCHOMY
CYCHIJIBCTBI.
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Abstract.The article presents a retrospective analysis of the evolution of information system
(IS) design methods. It characterizes the main stages in the development of design
approaches: from traditional structural methods to modern agile (Agile) and modular
approaches. The impact of changes in the technological environment, user needs, and the
increasing volume of data on the evolution of IS design concepts is analyzed. Special
attention is given to the integration of automated tools, DevOps methodologies, and the
application of artificial intelligence in the processes of IS development. The advantages and
challenges of each approach are summarized, and the prospects for further improvement of
design methods are outlined in the context of rapid changes in information technology.
Keywords: information systems, design methods, retrospective analysis, Agile, DevOps,
artificial intelligence

AKTYaJIbHICTh 10CJTi/I>KEHHS 3yMOBJICHA CTPIMKUM PO3BUTKOM 1H(OpMAIIHHUX
TEXHOJIOT1H Ta HEOOX1THICTIO ajamnTallii MPOeKTHUX ITIIXOMiB O HOBHX BHKJIHUKIB. Y
CyYaCHUX yMOBaX IIBHJIKHX 3MIH TEXHOJOTIYHOTO CEPEAOBUINA, 301JIBIIICHHS OOCSATIB
JAHUX, a TaKOX IIJBUIICHHS BUMOI JO THYYKOCTI Ta €(PEKTHUBHOCTI MPOIECIB
PO3pOOKH MPOTrpaMHOro 3a0e3MeUeHHs], TPAAULIiHI METOIU MPOEKTYBAHHS BXKE HE
3/1aTHI 3aJJ0BOJIbHUTH BUMOTH PUHKY. [le cCTaBUTH HA MOPSAOK NEHHUN HEOOX1THICTh
PETPOCHEKTUBHOIO aHaI3y €BOJIOIIT MPOSKTHUX MIAXOJIB, 110 JO3BOJISE BUSBUTH
OCHOBHI TEHICHIII1, MepeBaru 1 0OMEKCHHS KOKHOT'O METO/Yy, a TAKOXK OIIHUTH iXHIO
BIJIMOBIHICTh CydacHUM yMoBaM. OKpiM TOTO, 3pOCTAOUHMI MOMUT Ha 1HTETPAIliio
aBTOMATHU30BAHUX 1HCTPYMEHTIB, 3aCTOCYBaHHSA Metoaoioriii DevOps 1 mTy4HOro
IHTEJeKTy Yy Tpolecax NPOeKTyBaHHS 1HGOPMALIMHUX CHUCTEM BHMarae
KOMIUIEKCHOTO MIJIXOAY JO aHalli3y Ta yJOCKOHAJEHHS ICHYIOUMX METOMIIB. ToMy
JOCIIJKEHHS 1CTOPil Ta MEePCHEKTUB PO3BUTKY METO/IB MPOEKTYBAHHS € BAXKJIUBUM
JUISL TIOJIJIBIIOT0 BJOCKOHAJIEHHS MPAKTUKU PO3POOKM 1HPOpPMAILIMHUX CUCTEM B
YMOBaX MIBHJIKO 3MIHIOBAHOTO TE€XHOJIOTTYHOTO JIAaHIIIA(TYy.
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MeTo10 pod0TH € TIPOBEACHHS PETPOCIIEKTUBHOTO aHAI3y €BOJIIOIII METOMIB
NPOEKTYBaHHS 1H(OPMAIIHHUX CUCTEM 3 aKIIEHTOM Ha OCHOBHI €TaIly iX PO3BUTKY Ta
ajlanTalio 10 3MIHIOBAaHMX TEXHOJOTIYHMX yMOB. PoOoTa mMae Ha MeTI BH3HAYUTH
KJIFOUOBI TEHJEHIIT y npoekTyBaHH1 [C, mounHarouu BiJ TPAAUIIHHUX CTPYKTYPHHUX
METOJIIB A0 Ccy4acHMX THydykux (Agile) 1 MoaynpHUX miaxoniB. Takox, METOI0 €
OLlIHKa BIUTUBY HOBITHIX TEXHOJIOTiH, 30KpemMa MeTonoorii DevOps Ta mTy4HOro
IHTEJICKTY, Ha EBOJIIOIIO IMIIXOMIB JO MPOEKTyBaHHSA. Ha OCHOBI TpOBEIEHOTO
aHaii3zy Oyne copMyIhbOBaHO BUCHOBKH IIIOJI0 TIEPEBAr 1 HEJOJIKIB PI3HUX TiXOIB
Ta BHU3HAYEHO MEPCHEKTUBH TMOJAJBIIOT0 YJOCKOHAJICHHS METOJIIB MPOEKTYBaHHS
iHpopMaIitHUX CHCTEM B yMOBaX IIBHUAKHX 3MiH Yy cdepl iHGOpMaIIHHUX
TEXHOJIOT1H.

[adopmartiitai cucremu (IC) po3BUBAIOTHCS CTPIMKO y BiAMOBIAL HA TEXHIYHHIMA
nporpec. Crovyatky METOAM MPOEKTYBAHHS 30CEPEKYyBAIHCS Ha CTPYKTYpOBaHHX
MIIX0JaX, Kl IPYHTYBAJIMCS HAa YITKUMX Ta MOCHIOBHHX Kpokax. OJHAaK 3 pocToM
BUMOT JI0 THYYKOCTI ¥ aJanTUBHOCTI, 3'SBUJIMCA HOBI JUHAMI4HI METOIH, TakKl K
Agile 1 monynbHe npoekTyBaHHA. LI MeTOIM HO3BOJIAIOTH CUCTEMaM 3MIHIOBATHUCS
BIJIMOBIHO JI0 BUMOT KOPHUCTYBAYiB 1 3MiH TEXHOJIOTTYHOTO CEPEIOBHIIIA.

[IpoextyBanus iHpopmaitiitHux cuctem (IC) € BaxkIJIMBOIO CKIIAJIOBOIO PO3BUTKY
TEXHOJIOTIYHUX TIPOILIECIB y pi3HUX cdepax. 3a OCTaHHI KiJIbKa JECSITHIITh METOAN
npoekTyBaHHs IC 3a3HanM 3HAYHUX 3MIH M1 BIUIMBOM HOBHUX TEXHOJOTrIH, Ol3HEC-
BUMOI Ta 3MIH y METOJAOJOTIAX pO3pOOKH MPOrpaMHOro 3abe3nedyeHHs. Y IbOMY
KOHTEKCTI Ba)KJIMBO BHMBYMTH OCHOBHI €Taly €BOJIOLII METOMIB MPOEKTYBaHHS 1
BU3HAYMUTH TEHJEHIIII, K1 BU3BHAYATUMYTh TToaanbiuii po3BuTok IC.

Tpanuuiiiai cTpykTypHi MeToau npoektyBanHs (1970-1990-T1 pokn):

[lepmi meTomm mpoeKkTyBaHHS 1HMOPMAIIHHUX CHUCTEM IPYHTYBINCH Ha
CTPYKTYPHHUX MIJXO/JaX, TAKUX SK METOJ CTPYKTYPHOTO aHaji3y Ta MPOCKTyBaHHS
(SA/SD). IIi Meromu chnpsMoBaHI Ha JeTajbHE BHU3HAYEHHS YyCIX ETalliB
npoektyBanHs IC, Big 300py BHUMOI 10 PO3pOOKH apXiTEKTypu Ta TECTYBaHHS.
OCHOBHOIO XapaKTEPUCTUKOIO IIUX METOMAIB OyJI0 CYBOPICTh MPOILIECY Ta BUCOKHMA
piBeHb opmaizallii. Bonu naBanu 3Mory 4iTKO BM3HAYaTHU BCl aClEKTH PO3POOKH,
npote Oy ManoepeKTUBHUMHU B YMOBAX IMIBUJKHUX 3MiH, OCKUIBKHA HE BPaXxOBYBaJIU
HEOOX1THICTh THYUYKOCTI 1 ITBUIKOI aJIarTarrii.

O06'exTHO-OpieHTOBaHE TIpoekTyBaHHA (1990-Ti poku). Ha 3MiHy CTpyKTypHUM
metonam B 1990-T1 poku npuiiiuio 06'ekTHo-opieHTOBaHE poekTyBaHHs (OOII), sike
OyJl0 OpiEHTOBaHE Ha CTBOPEHHS MOJejeH, o OuIbllie BIAMNOBIIAIN pPeaJTbHUM
npouecam. OOIIl 103BOJAMIO 3MEHIIUTH CKIAIHICTh MPOrPAMHOrO 3a0e3MeYeHHs,
30KpeMa 4yepe3 BUKOPUCTAHHS TaKUX KOHIICTILIN, sIK 1HKATCYJISIis, yCTaJKyBaHHs Ta
nommMopdizm. Ile mamo MOXIMBICT CTBOpPIOBATH OUIBII THYYKI W MaciiTaboBaHi
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CHUCTEMH, 3MEHIIIYIOUH CKJIAHICTh MPOEKTIB, aje He BUPILIYBAJIO MpoOIeMy MIBUIKOT
3MIHU BUMOT.

[M'ayuki meroau mpoektyBaHHs (Agile) (2000-T1 poku). 3 moyatky 2000-X pokiB
BEJIMKOTO TIOMIMPEHHS Halylla THy4YKa MeTtojosiorias Agile, ska Majma Ha MeTi
MIIBUIIECHHS aJalTHBHOCTI TPOEKTIB 10 3MIHIOBAaHMX BHUMOT 3aMOBHHKA. Agile
MIIXOW CIIPHUSUTH OUTBI TICHIN CITIBIpAIll MK 3aMOBHUKOM 1 pO3pPOOHUKOM, a TAKOXK
3a0e3nevyBaiy IMIBUAIIC HAJAHHSI YACTKOBHUX PE3YJIbTaTiB, IO TO3BOJISIIO IIBUIIIC
OTPUMYBATH 3BOPOTHIH 3B'A30K 1 KOPUTYBaTH HaNpAMOK poboTu. Merononorii Agile,
Taki sk Scrum 1 Extreme Programming (XP), no3Bonunu eheKTUBHO BUPINIYBAaTH
npoOJjieMy 3MiH Yy BHUMOTax 1 CKOPOYEHHSI TEPMIiHIB PO3pPOOKH, ajie pa3oM 13 TUM
BUMarajid BUCOKOI KBaji(ikailii KOMaHIM1 Ta TICHOI B3aEMO/II1 3 3aMOBHHUKOM.

[arerpauis DevOps B mpouec npoektyBanHs IC (2010-t1 poku). B ocranni
necaTuiTTss B cdepl npoekryBaHHs [C cTano MOMITHHUM LIMPOKE 3aCTOCYBaHHS
Metoaosorii DevOps, 110 moeaHye po3poOKy MPOrpamMHOro 3a0e3MeyeHHs Ta MOro
ekcrutyaraiito. DevOps 103Bojisie aBTOMaTU3yBaTU OUIBIIICTh €TamiB CTBOPEHHS 1
BripoBapkeHHs [C, BKIIIOYArOYM 1HTErpallito, TECTYBaHHS, JOCTaBKY Ta MOHITOPHHT.
[ls MeTomomoris cTajga OCHOBOIO ISl CTBOPEHHS Oe3MepepBHUX IUKIIIB JIOCTABKH Ta
3a0e3MeveHHs] HaAIMHOCTI CHCTEM B yMOBaxX JIWHaMIYHUX 3MiH. BoHa mo3Boiise
3HAYHO 3MCHIIMTH Yac Ha BIPOBAKEHHS 3MiH 1 BUTIPABJICHHS TIOMIJIOK.

[tyuynnit 1HTEenexkt y npoekTyBaHHl IC (2020-11 poku). OcTaHHIM eTanom
eBoJItoLIi1 MeToAiB poekTyBaHHs IC € 3acTocyBanHs mTydHoro iHTenekty (D) mms
aBTOMATHU3allll YaCTUHU MPOLIECIB IPOEKTYBAHHS, TECTyBaHHs Ta ontuMizanii [C.

Interpanis mry4noro intenexry (II): OmgHa 3 HAWUOUIBIN TOMITHUX TEHICHIIIMN
octanHiX pokiB — 1 iHTerpaisa Il B npornecu npoekryBanns IC. 1L nonomarae
CTBOPIOBATHU IHTENEKTYyaIbHI CUCTEMHU, SIK1 37]aTHI JO MPUNUHATTA PIIICHb Ta HABYAHHS
3 JIaHUX, 10 CYTTE€BO MiJBUINYE €PEeKTHBHICTh 1 (PyHKIIOHATBHICTh cucTeMm. I
MOX€ OyTH BHUKOPUCTAaHO ISl CTBOPEHHS QJaNTUBHUX CHUCTEM, SKI 3/1aTHI
«HABYATHUCS» HA OCHOBI JJaHMX 1 MOKpanryBaTu cBoi (yHKIIi 3 yacom. Lle no3Bosisie
CTBOPIOBATU OUIBII IHTENEKTyalnbH1 ¥ edektuBH1 IC, ki 37aTHI MIBUAIIE pearyBaTu
Ha 3MIHU Ta 3HWKYBATH HEOOX1AHICTB JIFOJICBKOTO BTPYYaHHS Y IIPOIIEC.

Buknuku Ta mepeBaru cydacHux metojiB mpoektyBaHHs IC. CydacHi meToau
IIPOEKTYBaHHS MAarOTh CBOI IEpeBaru, Taki K THYYKICTh, aJlallTUBHICTh 0 3MIiH Ta
IIBUJKICTh JIOCTaBKH pe3yibTaTiB. OgHAK BOHU TaKOX CTHUKAIOTHCS 3 TEBHUMHU
Bukiukamu:- Ilotpeba B BUCOKOKBanmi()iKOBaHMX KaApax, 3JaTHUX IMpaIfOBaTH 3
HOBITHIMHU MeETOJIaMH.- [HTerpaiisi cTapux 1 HOBUX CHCTEM, IO € CKJIQIHUM
3aBAAHHAM I KOMIAHINA 3 ICHYIOYOK 1H(PPacTpyKTyporo.- 3abe3neueHHs Oe3neKku
Ta KOH(DIICHIIMHOCTI, 0COOJMBO B yMOBaX BHCOKMX BHMOT JO 3aXHCTy JaHUX 1
MepPCOHANbHOT 1HGOpMaIlii. ABTOMATH30BaHI I1HCTPYMEHTH Jisi TIPOEKTYBaHHSI,
TECTYyBaHHS Ta PO3TOPTAHHS CTalnM cTaHmaptoM. Lli iHCTpyMeHTH HMiATPUMYIOTH BCI
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eTan — BIJ NOPOTOTUIIYBAaHHS IO BEJIMKHX IIPOEKTIB PO3TOPTAaHHS CHCTEM,
3HID)KYIOUM KUIBKICTB JIFOACHKUX MOMMJIOK 1 MPUIIBUIIYIOUN Yac pO3POOKHU

[lepcnexkTBu po3BUTKY MeTOAIB mpoekTyBaHHs [C. IlepcniekTuBH pPO3BUTKY
BKJIIOYAIOTh MOJAJbIIY 1HTErPAllil0 TAKUX HOBITHIX TEXHOJOTIH, SIK MalllUHHE
HaBuaHHs, [aTepHeT peueir (IoT), OmokdYeiH Ta iHTerparmiss XMapHUX TEXHOJIOTIH.
Opnak 17 1BOrO HEOOXIAHO CTBOPIOBATHM OUIBII IHTYITUBHO 3pOo3ymimi U
aBTOMATHU30BaHI METOAM TMPOEKTYBaHHS, 3/4aTHI 3a0e3neunTd e(PEeKTHBHICTH 1
a/IaNTUBHICTh B YMOBAaX IIBHUJIKO 3MIHIOBAaHMX TEXHOJIOT1H.

BucHoBok. PeTpocniekTuBHUN aHalli3 METOIIB MPOEKTYBaHHS 1H(OpPMaIIHHUX
CUCTEM JIO3BOJIIE 3pPO3YMITH, SIK 3MIHM B TEXHOJIOTISIX Ta BUMOTaX 3aMOBHHKIB
BU3HAYAJIM €Tanmu PO3BUTKY MHMX MeToliB. CydacHI METOAM MPOEKTyBaHHS
3a0e3MeuyyloTh THYYKICTh 1 MIBHAKY aJanTalliio, M0 € KPUTUYHUM IS YCHIIIHOI
po3po0Oku IC B yMOBax TEXHOJOTTYHOI PEBOJIIOILI.
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Abstract. This work explores the possibilities of using blockchain technology to automate
business processes in distributed systems. The paper examines the main principles of
blockchain functioning, its advantages and disadvantages in the context of business process
automation. Existing solutions and blockchain use cases in various spheres of activity are
analyzed. On the basis of the conducted research, conclusions are formulated regarding the
prospects for the development of blockchain technology and directions for further research.
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AKTYaJIbHICTh JI0CJIi/I>KEeHHS 3yMOBJIEHA THM, L0 BIIPOBAHKCHHS OJIOKYEHH-
TEXHOJIOT1i CTa€ BAXJIMBUM KpPOKOM y TpaHchopmanii Oi3HEC-poLEeciB Y
PO3MOUIEHUX cucTeMax. biokueitn sik po3nojijieHa 6a3a 1aHuX 13 BUCOKUM PiBHEM
3aXHCTY Ta JCICHTpaTi3allii HaJae yHIKaIbHI MOXKIMBOCTI JIJIsi aBTOMaTH3aIlli Oi13HeC-
IpOLIECiB, TaKWX SK YNPaBIIHHA TpPaH3aKUIsIMH, 3a0€3MEeUeHHS TMPO30POCTi,
CKOPOYEHHS BUTPAT 1 MIABUIIEHHS €()EKTUBHOCTI.

Metow podoTH € TOriaudJeHe PO3YMIHHS MOTEHLIaNy OJOKYEHH-TEXHOJIOTIT
JUIsL ONTUMI3alll Ta aBTOMAaTH3alli O13HEC-TPOLECIB Yy CY4YaCHUX PO3MOIITICHUX
CHUCTEMaXx, a TAK0X BU3HAUCHHS MEPIIOUYEPTOBUX 3a/1a4.

Baokueiin — 1e nenentpanizoBaHa 0aza JaHuX, ska 30epirae iHpopmarliio B
0J10Kax, MOCIIAOBHO 3'€JHAHMX MK c000r0 B JaHIiokOK (puc.) [1, 2]. Koxken 6ok
MICTUTh HAOIp TpaH3aKIlii, 1 KOJIU JOMAEThCI HOBUU OJIOK, BCA TOMEPETHS 1CTOPIS
OHOBIIOETHCS. L1 TexHomOTIs 3a0e3meuye BUCOKUN PIBEHb OE3MEKU Ta MPO30POCTi,
10 POOUTH ii LIKABOIO ISl pI3HUX cep AISITBHOCTI.

[ToTeHmian BUKOpUCTaHHS OJOKYEHHY € HaJ3BUYANHO IIMPOKUM. 3aBASKU CBOIil
IPO30POCTI Ta HE3MIHHOCTI JaHUX, OJIOKYEHH CHpus€e MIABUIICHHIO TOBIPH MIXK
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ydqacHUKaMu Oi3Hec-miporieciB. CMapT-KOHTPAKTH, WO TMPAMIOIOTh HAa OCHOBI
0JIOKueliHy, JO3BOJISIIOTH AaBTOMATH3yBaTH BHUKOHAHHS KOHTPAKTHUX 3aB/aHb,
MIHIMI3YIOUH Yy4acTh JIIOJWHU 1 CKOPOYYIOUH PHU3MKH HOMUIOK [2]. B noricrmii
OJIOKYeiH 3abe3reuye MOMIIMBICTh Oe3MepeOIiHOro BIJICTEKEHHS PYyXy TOBapiB 1
MaTepialiB, 3HIKYIOUM BHUTpaTH Ha aaMIHICTPYBaHHS Ta CHPUSAIOUM IHTETparii
MOCTavYaJIbHAIIBKUX JTaHIIoTIB [3]. 3axuineHa cTpykrypa 30epiraHHs JaHUX TapaHTye
iX aBTEHTHUYHICTh Ta 3aXHCT BiJl MaxpaicTBa a00 HECAHKIIIOHOBAHOTO JocTymy [3].
Posmogineni cucremu ymopaBmiHHS, MMOOYIOBaHI Ha OJOKYEHHI, 03BOJSIOTH
YHUKHYTH LIEHTpaJTi3allii MpoIeciB, 1Mo CHpusie OUTBIIIN cTiiKocTi 0i3Hecy 0 300iB.
OxkpiM JOTICTUKH, OJIOKYEHH 3HAXOJUTh 3aCTOCYBaHHS y (iHaHcax, Je BIH
BUKOPUCTOBYETHCS /I CTBOPEHHS JICLIEHTPaTI30BaHUX ()IHAHCOBUX CHUCTEM, & TaKOXK
B TakUX cdepax K OXOpPOHA 370POB'S, YNPABIIHHS 1ICHTUYHICTIO, TOJOCYBAaHHS Ta
Iarepuer peuerd [3]. HesBakaroum Ha 3HAYHWUH MOTEHINAN, IS IIHPOKOTO
BIIPOBA/DKEHHSI OJIOKYEHHY HEOOXIAHO BHPIIIUTH PsiA  MpoOJieM, TaKuX SK
MacIITabOBaHICTh, PETYIIOBAHHS 1 CKJIAIHICTh po3poOku. [loganbiii mociiakeHHs
CIpsIMOBaH1 Ha PO3pPOOKY HOBUX AJITOPUTMIB KOHCEHCYCY, IHTETpaIliio OJOKYEHHY 3
IHITUMU TEXHOJIOTISIMH, CTBOPEHHSI CTaHAApPTIB 1 MPOTOKOJIB, a TAaKOX PO3POOKY
PEryJsTOpHOI O6a3u.

3. bnok po3cunaeTbcA
BCiM KOpWCTyBa4aM
cucTemMu BNoKYeiH

ans nepesipku

1. KopucTyBad Haacunae 2. 3anuc iHchopmauii
3anuT Ha NpoBefeHHs npo TpaH3akLuito
TpaH3akLii hopmyeTbea B 610K

4. AKWo HemMae NnoMUnokK
KOpUCTYBaui CUCTEMM
niaTBEPMKYIOTL TpaH3aKLilo

5. HoBa TpaH3akKLjis AoAaeTbCA
[0 3aransHOro naHura 61okie

Pucynox — Tunosa cxema pobomu mexnonocii 610Kyetin

[lepeBaru 6y0KueiHY:

o besneka. 3aBasku KpUNTOrpapiyHUM alropuT™Mam 1 JeUeHTpai3alli, JaHl B
OJIOKUYElHI TPAaKTUYHO HEMOXKJIMBO MAPOOUTH a0 31aMaTH.

o IIpozopicts. VYci TpaH3akIlli 3amuMCYIOThCS B BIIKPUTHNA PEECTP, SKHIMA
JOCTYITHUH TSI TIEPEBIPKH BCIM yUYaCHUKAM MEPEXKi.

o Hesmianicts manmx. Ilicas Toro, sk pgaHl 3ammcaHli B OJIOKYEHH, iX
HEMOJKJIMBO 3MIHUTH 0€3 3roJii OLIBIIOCT] YYACHUKIB MEPEXKI.
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o Apromatu3ais. CMapT-KOHTPAKTH JO3BOJISIOTH aBTOMATU3yBATH BUKOHAHHS
YMOB JIOTOBOPIB, 110 3HMKY€E PU3UK MOMUJIOK 1 IPUCKOPIOE MPOLIECH.

o Jlenentpamizamis. BilcyTHICTh HIEHTPAJIBHOTO OpraHa YMpaBIiHHA POOUTH
cUCTeMY OLIBII CTIHKOIO 710 3001B 1 aTak.

Buxopuctanns Onokueiiny s aBromarusaiii. OIHIEIO 3 KIIOUOBUX IepeBar
OJIOKYEIHY € MOXJIMBICTh aBTOMAaTH3aIlli O13HEC-TIPOIECIB Yepe3 CMapT-KOHTPAKTH.
CMapT-KOHTpaKTH JO3BOJIAIOTh BUKOHYBATH YIOJM MK CTOPOHAMH aBTOMAaTHYHO,
0e3 HeOoOXITHOCTI BTPYYaHHS TMOCepeqHUKiB. Lle 3MeHIIye pU3HKH TOMUIIOK,
NPUIIBUILIYE BUKOHAHHS TPaH3aKIliil Ta 3a0e3medye BHCOKY TOYHICTh BHUKOHAHHS
yrox [1-3].

Sk 3a3HaueHO y poOoTi [4] G10KUYEiH IHTErpYETHCS B IIMPOKUI CIICKTp raiay3e,
TaKMUX SIK JIOTiCTHKa, iHaHCH Ta BUpOoOHMLITBO. Hampukiaz, y morictuill OoK4eiH
J03BOJISIE BIJCTEXKYBATH IMOXOJKEHHS TOBAPIB y PEAIbHOMY 4Yaci, 3HUKYIOUH PU3UK
[raxpaicTBa Ta miABUIILYIOYH JOBIPY A0 JAHIIOKKA MOCTauyaHHSI.

Y nocmimkeHHi [5] po3misiHYyTO METOAM ONTHMI3allii BHKOHAHHS Oi3Hec-
IPOLECIB HA OCHOBI OJIOKYEIHY. ABTOPH 3alpONOHYBaIM MOJENI, L0 J03BOJSIOThH
3HU3UTH BUTPATH Ha OOpOOKYy TpaH3akIid 1 MiJABUIIUTA MPOIYKTUBHICTD
PO3MOJUIEHUX CHUCTEM. 3aCTOCYBaHHS TaKUX MOJENICd € Ba)XJIMBUM IS BEJIMKHUX
MIAIPUEMCTB, 1110 IPALIOIOTh Y CEPEIOBHUII 3 BEJIMKOIO KIJTBKICTIO TPAH3AKIII.

[Tompu  yucieHHI — mepeBard,  BOPOBAKEHHA  OJIOKUYECHH-TEXHOJIOTIH
CYHPOBOJIKYEThCA BUKIIMKaMU. Cepesl OCHOBHUX MPOOJIEM - BUCOKA EHEPIOMICTKICTD,
oOMexkeHa MacITabOBaHICTh Ta HEOOXIIHICTh afanTallii ICHyIOUHX O13HEC-IIPOILIECIB.
Takox 3HaUHAa YacTMHA OpTaHi3allli CTUKAETHCS 3 HEOOXITHICTIO 1HBECTYBAaTH Y
HABYaHHS CIIBPOOITHUKIB Ta MojiepHizaito [T-iHppacTpykTypHu.

brokuelin 3HaXOAUTh MIMPOKE 3aCTOCYBaHHS B PI3HUX cdepax pO3MOAUICHUX
CUCTEM 3aBISKM CBOIM YHIKaJbHUM MOXJIMBOCTSIM 3a0e3leueHHs Oe3MneKu,
neneHTpanizaiii Ta npo3zopocti. Y cdepi Inrepuery peueii (IoT) Gimokueiin 103Bossi€
CTBOpIOBAaTH O€3MeYHy I1JeHTU(]IKALII0 TPUCTPOIB Yepe3 YHIKaIbHI LU(POBI
11eHTUIKATOPpH, K1 30epiratoThcss B OJIOKYEHHI, 1€ 3HMXKYE PHU3HK MHIAPOOOK 1
3a0e3meuye BiJCTEKEHHS KUTTEBOTO UKy mpuctpoiB [3, 6]. Kpim Toro, maHi Bixa
loOT-ipucTpoiB  MOXYTh  OOpOOJISATHCS  JIEUEHTPATi30BaHO, M0  MIJABHUIILYE
e(DEeKTHUBHICTb Ta 3aXMIICHICTb.

B oOuncnroBanbHUX Mepekax OJOKUYEeHH BUKOPHCTOBYETHCS TSI KOOPAMHAIIL
PO3MOIIICHUX O0YHCIICHb, HATIPUKJIIAA, Y HABYaHHI MOJENe MAITMHHOTO HAaBYaHHS.
Takox BiIH cHpusie IEUEHTPAII30BaHOMY 30€piraHHI0O JaHUX, PO3MOAIEHUX IO
By3J1aX MEpEkKi, Mo 3abe3rnedye BHUCOKY JOCTYIHICTh 1 CTIMKICTH 10 3001B [6]. ¥V
COIIAIbHUX MEpPEeXkax TEXHOJOTiA Jla€ 3MOTy CTBOPIOBATH JICLICHTPaATi30BaH1
miaThopMu, 1€ KOPUCTYyBadl MAarOTh OLUIbIIIE KOHTPOJIO HAJ CBOIMH JIaHWMH,
3MEHIIYIOUU PU3UK LHEH3YPH.
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VY codepi irop O10KUEHH BIAKPUBAE MOMKIMBOCTI Ui CTBOPEHHS BIPTyaJIbHUX
CBITIB 13 VYHIKaQJIbHUMH ITUHPOBUMH aKTUBAMH, SKI HEMOXJIUBO IMIJAPOOUTH,
MIIBUINYIOYHM JOBIpYy Ta Mpo3opicTh. 1[0 cTocyeThes ynpaBimiHHSA 1ACHTUYHICTIO,
OJIOKYEHH BHUKOPUCTOBYETHCA IS PO3POOKHM LHUQPPOBI 1ACHTU(DIKATOPH, K1
3a0e3MevyyloTh BUCOKHI pIBEHb O€3MEKH Ta HAIIMHOCTI MPH MEPeBipli OCOOMCTHX
gaHuX. TakuM YUHOM, OJIOKYEHH I1HTETPYEThCS B PI3HI ACMEKTH PO3MOIIICHUX
CUCTEM, CIIPUSIIOUH iX PO3BUTKY Ta IMiIBUIICHHIO €()EKTUBHOCTI.

BucHoBoK. biiokueiiH-TeXHOOT1 JEMOHCTPYE 3HAYHUI MOTEHIaN Y KOHTEKCTI
aBTOMAaTH3allii Oi3HEC-TIPOIECiB Yy PO3MOMAINEHHX CHCTEMAX. 1i BHUKOPHUCTAHHS
JI03BOJISIE TIJBUIIUTH TPO30PICTh, 3HU3UTH BUTPATU Ta 3a0e3MeUUTH Oe3neyHui
oOMiH nanumu. OCHOBHUMH HampsiMaMd ii BIPOBAKEHHS € CMapT-KOHTPAKTH,
joricTuka, G1HAHCOBI Omeparlii Ta ynpaBiiHHA JaHUMH. BogHoUYac iCHYIOTh BUKJIMKH,
AK1 TOTPeOYIOTh BUPIIIEHHS, CEPE IKUX MacCIITa0OBAHICTh, IHTErpalis 3 ICHYIOUMMHU
CHUCTEeMaMU Ta peryisTopHi 0ap'epu. [loganbini qociikeHHs y il cdepi 103BOJATH
PO3KpUTH HOBI MOJKJIMBOCTI OJIOKYEHHY JUIsl ONTHUMI3alli Oi3Hec-MpoleciB Ta
CTBOPEHHSI IHHOBAI[IWHUX PIIIEHB ISl PO3IMOAIEHUX CUCTEM.
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Abstract. SCADA (Supervisory Control and Data Acquisition) and ICS (Industrial Control
Systems) are critical components of modern power systems. They provide monitoring,
control, and automation of energy processes. However, with the growth of cyber threats and
the spread of digitalization, these systems are becoming vulnerable to various risks,
including cyber attacks, physical failures, and human errors. The paper examines the main
risks and vulnerabilities of SCADA and ICS in power systems, and also proposes
approaches to increase their security and resilience.
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AKTYaJIbHICTh JOCJII’KEHHs1 3yMOBJICHA THUM, LIO0 CTAaOLIBHICTH Ta Oe3reka
EHEePreTUYHOI 1HQPACTPYKTYPH € KIFOUOBUMHU JJIsl HAI[IOHATBLHOT 0€3MeKH, EKOHOMIKH
Ta 100po0yTy cycninbeTBa. Bpaszmusicts cuctem SCADA Ta ICS Moke CipuauHUTH
3HAYHI HETAaTUBHI HACTIJKU, BKIIOYAIOUM Mepeboi y TMOCTauyaHHI €JIeKTPOEHEepTii,
BTpaTy KOH(DIJCHIIMHUX JaHWX 1 HaBITh PYWHIBHI aBapii. AKTyaJlbHICTb TEMHU
3yMOBJIEHA IIBUJKHM BIPOBAKEHHSAM |0T-TexHoNOri Ta 3pOCTaHHSAM pPIBHS
uudposizailii, M0 3HAYHO 30UIbIIYyE TUIONIY MOTEHIIMHMX aTak Ha EHEPreTHYHI
cUCTeMH. Y CBITJII CYYaCHHMX TEOMOJITUYHUX BHUKJIMKIB JOCIHIPKEHHS PHU3UKIB Ta
BPa3JIMBOCTEHN IIUX CUCTEM HaOyBa€ 0COOIMBOIO 3HAYEHHS.

MeTtorw pob6oTu € anani3 pusukiB Ta Bpasnuocteir SCADA Ta ICS y cucremax
€JICKTPOIIOCTAaYaHHs, BU3HAYCHHSI OCHOBHHUX Ki0ep3arpo3 1 TEXHIYHUX ypPa3IUBOCTEH,
a TakoX po3po0Ka PEeKOMEHAAMiN JJIg MIABUINEHHS iXHBOI KiOEPCTIMKOCTI.
JlocnmipkeHHsT COpsIMOBAaHE Ha BUSABJICHHS MPIOPUTETHUX 3aXOAIB ISl 3aXHUCTY
KPUTUYHUX EHEPreTUYHUX OO0 €KTIB BiJ TMOTEHUIMHUX aTak 1 3a0e3neyeHHs
CTaOUIBHOCTI €JIEKTPONOCTaYaHHsl B yMOBaX 3pOCTaHHs Kibep3arpos.

Cucremun SCADA (cynepsi3iiHOro KoHTposio Ta 300py pnanux) 1 ICS
(IpOMUCTIOB] CHCTEMH VYIOPABIIHHSA) € KPUTHYHHUMH KOMITOHEHTAMH CYYacHOI
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eHepreTuyHoi iHppacTpykTypu. BoHu 3a0e3nedyoTh aBTOMATH3AI[i10, MOHITOPHHT 1
KOHTPOJIb TEXHOJIOTIYHUX MPOLECIB, TaKUX SK TeHepallis, nepeiadya Ta po3MOALl
enexkTpoeHeprii. OpHak, I CHUCTEMH TaKOX IMUIAIOTHCS HUBII PHU3UKIB Ta
BpPa3JIMBOCTEH, sKI MOXYTh 3arpokyBaTH iXHIH poOOTi Ta cTabUIBHOCTI
€JIEKTPOTIOCTAYaHHS.

OpnuM 13 HaMMOMIMpEHINX PHU3UKIB € Kibepataku. BoHu BkiIIOYaloTh Taki
BUIM, SK (IIIMHTOBI aTakW, LIKIJJIMBE MPOTpaMHE 3a0e3MeyYeHHs Ta PO3MOILICHI
aTakd Ha BIAMOBY B oOciyroByBanHi (DDoS). 3710BMHUCHUKH MOXYTh OTPHMATH
JOCTYII 10 CHUCTEM KEepyBaHHs, BUKpAacTH KOH(]iAeHIINHHY 1HpopmMalio ado HaBITh
CIIPUYMHUTH 3001 B po0OOTI eHepreTMuHuX o0’ekTiB. Hampukmnaa, ataku Tumy
ransomware MOXYTh 3a0JIOKyBaTH JOCTYH 10 CHUCTE€M, BHUMAaraloyd BHUKYI, a
HIKI/UIABI TPOTpaMu MOXXYTh MOAM(IKYyBaTH ab0 BHIAIUTH BaXKIUBI OMNEpaliiHi
JTaHl.

@D13U4H1 PU3KMKHU OB’ sI3aH1 3 MOIIKOKEHHSIM a00 BUXOJOM 13 JIaay 00JaHaHHS
yepe3 MPUPOJIHI sBUIA (HAOpUKIaL, Oypi, 3eMJIETPYCH), HEIOCTATHE TEXHIYHE
oOcnyroByBaHHsa a00 (i3M4YHI aTaku Ha O0'€KTH KPUTHYHOI iH(MpacTpykTypu. Taki
3001 MOXKYTh CHPUUYMHUTU TIepeOoi B poOOTI CUCTEMHM, BIUIMBAIOYM HA MOCTaYaHHS
€JIEKTPOEHEPTii 0 CIIOKUBAYIB.

[TomMuniky, CIPUYMHEHI AISIMH TEPCOHANy, 3aJHMIIAIOTHCA OJHIEI0 3 TOJIOBHUX
npuunH 300iB 'y podori SCADA Ta ICS. HepocratHiii piBeHb MIATOTOBKH,
MOPYILICHHS TPOTOKOJIB Oe3neku a00 HEHAaBMHUCHI i TMpaliBHUKIB MOXKYTh
CTBOPIOBATH TEPEAYMOBH [JI1 KPUTHYHHMX IHIOWUIEHTIB. Hampukian, Bumagkose
HEMpaBUJIbHE HAJAITYBAHHS CUCTEMHU a00 BIAKPUTTS IOCTYIY 10 KOH(D1ICHIIMHOT
iH(opMallii 3HaYHO TiABHIIYE pU3nK aTtak [1, 2, 4].

Bukopucranns 3actapiioro abo HENMpPaBWIBHO HAJAIITOBAHOTO MPOTPAMHOTO
3a0€3MeUYeHHs] € 1€ OJHUM CEpHO3HUM PHU3UKOM. Taki CHCTEeMH YacTo He
BIJIMOBIAAIOTh CyYaCHUM BHMOTaMm O€3IeKH, 0 poOUTh iX ypas3JIMBUMHU JJIsl aTak.
HeBukopucTanHs peryaspHUX OHOBJIEHb a0O0 BiJACYTHICTh BHUIIPABJICHb IMOMHIIOK
CTBOPIOE «BXIJHI BOpOTa» ISl Kibep3arpo3, J03BOJISIOYM 3JIOBMUCHUKAM OTPUMATH
JIOCTYT 10 KPUTUYHUX CUCTEM.

Brmuue onmcanux pusukiB Ha podoty SCADA Tta ICS moxe BapitoBaTHCS Bij
JIOKaJIbHUX TIEpe00iB y eNeKTPONOCTauYaHHI 10 MAacIITAOHUX aBapil, Kl 3aTPOKYIOTh
€KOHOMIIII Ta HalioHaIbHIN Oe3merl. OKpiM TOro, MOPYIICHHS Y POOOTI IUX CUCTEM
MOXYTbh CIIPUYMHUTH HEJOBIPY A0 €HEPreTUUYHUX MOCTA4YaIbHUKIB 1 CTBOPUTH 3HAYHI
(1HaHCOBI 30UTKH.

Jnist 3a0e3neuenHs ctabinbHoi Ta 6e3neyHoi podotu SCADA Ta ICS HeoOxiaHO
BIIPOBAJ)KYBaTH OaraTtopiBHEBY CHUCTEMY 3aXHUCTY, OPIEHTOBAHY Ha MPOTUAII0 SIK
BHYTPIIIIHIM, TaK 1 30BHIIIHIM 3arpo3am [3].
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3abe3neuenns Oesmeku cucteM SCADA (cymepBi3ifHOTO KOHTPOJIO Ta 300py
nanux) Tta |ICS (MpoMUCTIOBUX CUCTEM YMPABIIHHS) BUMArae KOMIUIEKCHOTO MiIX01y,
CIIPSIMOBAHOTO Ha 3aXHUCT BiJ KiOepaTak, ¢i3udHUX 300iB, JIOJCHKUX MOMUJIOK Ta
THIIUX PU3UKIB.

BucnoBok. B pesynapTaTi MmpoBEACHOTO AOCTIHKCHHS OYyJI0 BHSIBJICHO, IO
cuctemu SCADA Ta ICS € OCHOBOIO €HEpreTM4HOi 1HPPACTPYKTypHu, aje iXHs
Bpa3NMBICTh JO PH3UKIB 1 KibepaTak CTaBUTh MiJ 3arpo3y CTaOUIBHICTH
eHepromnocTtauanHs. Jyia 3abe3nedeHHss KiOEpCTIMKOCTI HEOOX1IHO BIIPOBAKYBATH
KOMIUICKCHI 3axoiu Oe3NeKH, HaB4YaTH IIepCOHAJ 1 3acCTOCOBYBaTH CYYacHi
TEXHOJIOT1YH1 PIIIIEHHS.
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Abstract. The paper examines the main methods of ensuring data security in multi-layered
systems, including access control, cryptographic protection, identification and
authentication, monitoring and auditing, network protection, and security incident
management. It highlights modern challenges associated with cyber threats and their
impact on multi-layered information systems. The application of these methods contributes
to increasing the level of confidentiality, integrity, and availability of data. The paper
emphasizes the need for a comprehensive approach to protection, built on the principles of
multi-layered protection and risk minimization. The results of the study can be used to
improve cyber security in corporate and government information systems.

Keywords: protection methods, monitoring, computer network, computer system,
architecture

AKTYaJIbHICTh IOCJiJZKEHHSI 3yMOBJIEHAa THM, L0 Yy CY4YacHOMY CBITI
OaratopiBHEBI KOMIT'FOTEpPHI CHUCTEMH OINpALIOBAaHHA JAaHUX € OCHOBOIO
1H(hopManiiiHOT IHPPACTPYKTYypU B OaraThoX raiyssix, TAKHX sIK (piHAHCH, MEIUIIMHA,
Jiep>KaBHE YIMPaBIIIHHS Ta MPOMUCIIOBICTh. B yMOBax CTpiMKOTo 3pOcTaHHs OOCSATIB
naHuX, Tiobamizallii 1HGOPMAIIMHIUX TOTOKIB 1 PO3BUTKY TEXHOJIOTIH, TaKHX SK
XMapHi o0unciieHHs, [HTepHeT pedeil Ta MITyYHHUI 1HTENEKT, 3a0e3nedeHHs] Oe3MeKu
JaHUX CTa€ OJHHUM 13 HaWBAXKJIMBINIUX BUKIMKIB. OCHOBHHMHM 3arpo3aMu IS
Oe3neku JaHux y OaraTOpiBHEBUX CHCTEMax € KiOepaTaku, BHYTPILIHI 3arposH,
HEJOJIKHU B apXITEKTypl CUCTEM.

MeTo10 po0OTH € JOCTIKEHHS Ta aHall3 METOJIB 3a0e3leueHHs Oe3MeKu
JaHUX Yy OaraTOpIBHEBUX CHCTeMaxX, po3poOKa PEKOMEHMAAIiil IMI0J0 IXHBOTO
BIIPOBA/PKCHHS, @ TaKOX OIlIHKAa €()EeKTUBHOCTI TaKUX MIAXOMIB I 3aXHUCTY
KoH(DimeHiitHOT 1HdOopMaIlii, HUTICHOCTI JaHuX Ta 0e3nepeOiiHOro QyHKITIOHYBAHHS
1H(MOpMAITIHHUX CHCTEM.
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CyvacHi iH(opMaIliiHI CHUCTEMHU CKJIAIalOThCs 3 0Oaratbox piBHIB, SIKi
BKJIIOYAIOTh  amapaTHe  3a0e3MedYeHHs,  OonepaliiiHi  CHCTeMH, MpOrpaMHe
3a0€3IeUeHHs, MEepEeXKeBY 1IHPPACTPYKTYpy Ta KOpUCTyBallbkuii iHTepdeiic. besneka
JAHUX Y TAKUX CUCTEMax € KPUTHYHO Ba)UIMBUM aCIEKTOM, OCKUIBKHM KiOep3arpo3u
CTArOTh JIeJlaTi CKIIQAHIIMMU Ta OararorpanHimmmu [1,2].

baraTopiBHeBI cHCTeMHU CKIAHalOThCS 3 KIIBKOX B3A€EMOIIOB’SI3aHUX IIAPIB,
KOXEH 13 KX BUKOHYE MEBHY (QYHKIII0, 3a0e3meuyroun eeKTUBHY 00pOOKyY TaHuX,
nepeaady iHdopmariii Ta iHTeTparfito KOpUCTyBalbKuX 3amuTiB. OCHOBHUMU PiBHIMHU
TaKUX CHUCTEM € PIBEHb amapaTHOro 3a0e3NedeHHs, KU BUKOHYE OOUYMCIIOBANIbHI
omeparlii, 3a0e3neuye ¢izuyHe 30epiraHHs JIaHUX; PIBEHb ONEpaIliiHOI CHUCTEMH,
SKUW 3a0e3nedye yOpaBIiHHA almapaTHUMH pecypcamu, opraHizaiiio ¢anaoBux
CHUCTeM, BHUKOHAHHS TMporpaM; piBeHb O0a3W [JaHUX Ha SIKOMY BIIOYBa€ThCs
oprasizaiisi, 30epiranHs, 3amnurt 1 00poOKa CTPYKTYpOBaHUX JaHUX. A TaKOXK PIBEHb
3aCTOCYHKIB T4 MEPEXKEBUN PIBEHB, AKUI 3a0€3MEUYUTh Nepeaadl JaHUX MIXK PI3HUMU
PIBHSIMM Ta KIHUEBUMH KOPUCTYyBayaMHu.

Meronamu, siki MOXKYTbh OyTH BUKOPUCTaH1 JIJIsl 3a0e3MeueHHs 0€3MeKU TaHHUX €
KOHTPOJIb JOCTYMy, KpunrorpadiyHUN 3axucT, 1IeHTU(]iKalis Ta aBTeHTU(DIKaI,
MOHITOPHUHT Ta ayJuT, 3aXUCT MEPEXI1, YIIPABIIHHSA IHIIUIeHTaMu Oe3nexu [3].

Metoa KOHTPOJIIO JOCTYMY J03BOJISIE BU3HAYATH, Kl KOPUCTYBadl Yd MPOLIECH
MOXXYTh OTPUMAaTH JOCTYIl JO TIEBHHX pecypciB. BHUKOPHCTOBYIOThCS MOeNi
MaHJJaTHOTO, TUCKPELIITHOrO Ta pOJIbOBOrO JIOCTYITY, a TAKOX MPUHLIAI MiHIMaTbHUX
npuBLieiB. KoHTposb nocTymny € mepmuMm Oap’e€poM Il HECAHKIIIOHOBAHHUX AN Y
cucteMi. Meron kpuntorpadiqyHOro 3aXHCTy BHUKOPHCTAHHS METOJIB MU(pyBaHHS
JUTSL 3aXUCTY JAaHUX SIK Y CTaHl 30epiraHHs, Tak 1 mija dac nepeaadi. CUMETpUYHI Ta
ACUMETPUYHI aJITOPUTMH, a TaKOX XelIyBaHHS JO3BOJISIOTH 3a0e3MeunTd
KOH(D1ICHIIIIHICTh, HUTICHICTh 1 aBTeHTU(]IKalio JannX. Hanpukinan, BUKOpUCTAHHS
nporokodiB  SSL/TLS 3axumiae kaHanu 3B’A3Ky. Meroa iaeHTH]ikamii Ta
aBTeHTU(iKalIsg 3a0e3nedye MEepeBipKy 0coOM KOpUCTyBauya abo0 CHUCTEMH Nepen
HaJgaHHsIM Joctyny. Cepell OCHOBHMX MiIXOJMIB — TMapoJi, OJHOPA30Bl KIIHOUI,
OloMeTpuyH1 JaHl, a TakoX OaratodakTopHa aBTeHTH}IKAIIs, SKa KOMOIHY€E KiJTbKa
PIBHIB TIEepeBipKU. MeTon MOHITOPUHTY Ta ayJauTy IOCTIHHE BIJICTEKCHHS NI y
cucTeMi, 301p Ta aHali3 KypHaJiB MO/Ii JO3BOJISIIOTH CBOEUYACHO BUSBISTH aHOMAJIi
ta pearyBaTu Ha HuX. Cucremu IDS/IPS n03BONSIOTH aBTOMAaTUYHO BUSBIATH Ta
0JIOKYBaTH Mi03pLIy aKTUBHICTh, @ ayJUT NI KOPUCTYBAYiB MiJABUIILYE MPO30PICThH
Ta BIAMOBIAAJBHICTE. MeTOI  3axUCTy MEpPEeXi J03BOJISIE  BUKOPUCTAHHS
OpanamayepiB, VPN, aHTHUBIpYyCHOro MporpaMHOro 3a0e3NedYeHHs Ta CerMeHTallii
MEpeX JornomMarae OOMEXKHUTH JOCTYIl JO KPUTHUYHMX KOMIIOHEHTIB CHCTeMHU. Taki
3aX0[M 3axMIarTh Big artak Ttuny DDoS [4], mnepexorenHs Ttpadiky Ta
BIIPOBA/DKCHHSI IIKIJUTMBOTO TIPOTPaMHOrO 3a0e3neueHHs. MeTojy ymnpaBIiiHHS
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iHIUAeHTaMu Oe3neku mependadae po3poOKy IUIaHy pearyBaHHS Ha 1HUUACHTH,
aBTOMATH3aIl0 CIIOBIIIECHb 1 BIHOBJIEHHS POOOTH CUCTEMHU. YTIPaBJiHHS BKIIIOYAE
AK TIPEBEHTUBHI 3aXO/JM, TaK 1 pearyBaHHS IICIs I1HUMJEHTY, WIO JO3BOJISIE
MIHIMI3yBaTH 30UTKH Ta 4ac IMPOCTO CUCTEMH.

3acTocyBaHHSA ITMX METOIB Y KOMIUIEKCI TapaHTye OaraTopiBHEBHM 3aXHUCT
JaHUX 1 JOMOMAarae MpOTUCTOATH CYYacHHMM 3arpo3aM y kibepmpoctopi. Peamizaris
3a3HauYCHUX 3aXO/iB Mae Oa3zyBaTHCS Ha crenupiyHUX MOTpedax oprasizailii, THII
JaHMX 1 pU3HKaX, K1 MOXKYTh BUHUKATH B TIpo1ieci iX 00poOku abo 30epiranusi.

BucnoBok. B pe3ynbTaTi npoBeAEHOr0 AOCHIHKEHHS OYyJO0 BHUSBICHO, IO
3a0e3nedeHHs] O€3MeKu JaHuX y O0araropiBHEBUX CHCTEMAaxX € CKJIQJHHUM, aje
BOXXJIMBUM 3aBJIaHHSIM, OCOOJIMBO B YMOBax CyyacHUX KiOep3arpos. Bukopucranus
KOMILUIEKCHOTO TIAXOAYy N0 3aXHCTy, IO OXOIUTIOE TaKi METOMU, SK KOHTPOJIb
JOCTyIy, KpunTorpadiuHuil 3aXucT, 1IeHTU(IKAaIlis Ta aBTEHTUDIKaIlisl, MOHITOPHHT 1
ayJIUT, 3aXUCT MEPEeXl Ta YNpaBJiHHS IHIMACHTaAMH, JI03BOJISIE CTBOPUTHU CTIHKE
cepenoBuile 1151 00poOKHU Ta 30epiraHHs JaHUX.

EdexTtuBHa peamizaiis UX METOMIB CHPHUS€E JOCITHCHHIO TaKuX IIUICH, SK
KOH(1AEHIIIHHICTD, IUTICHICTD 1 JOCTYIMHICTh 1H(OpMaIIii, a TaKOX IiJIBUIIYE AOBIPY
KOPHUCTYBauiB JI0 CUCTeMHU. BaxkiuBo, 1100 3aXUCHI MEXaHI3MU BIPOBAIKYBAJIUCS Ha
KOKHOMY PpIBHI CHCTEMHM 3 YypaxyBaHHSAM MpUHUUIY '"3axucT 1InOoKo" Ta
BIIMOBIAIN peaJIbHUM MTOTpedam opraHizaiiii.

Takum unHOM, MOOYZ0Ba 0araTOpPiBHEBOTO 3aXHUCTy JAaHUX € OCHOBOKO CTIMKOI
iH(opMaIIiHOT CHUCTEMH, 3aTHOI NPOTUCTOSTH HE JIMILE Cy4YacHUM, aje U
MalOyTHIM 3arpo3am. Perymspuuii ayauT Oe3leku, HaBYaHHS TMEPCOHATY Ta
ajamnTaiis 0 HOBHX PH3UKIB 3abe3redarh e(EKTUBHICT 1 HAAIHHICTD
(GYHKIIOHYBaHHS CUCTEMHU B IOBTOCTPOKOBIN NIEPCTICKTHUBI.
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DEVELOPMENT OF THE CONTROL PROGRAM OF A FOUR-
COORDINATE DESKTOP MACHINE

Abstract. On the example of manufacturing a complex part, the procedure for developing a
control program for a four-coordinate desktop machine of portal layout is shown.
Keywords: Desktop milling machine, coordinate movement drives, control program, module

AKTyanbHicTb. BepcraroOyayBaHHs, SIK KIOYOBA ralxy3b MalIMHOOYAYBaHHS,
rpa€e BaXJIUBY pOJIb y PO3BUTKY MPOMMCIOBOCTI Ta HAIIOHAIBHUX EKOHOMIK.
Po3BuTOoK mpOMMCIOBOCTI Ta i ramgy3eBa CTPYKTypa BH3HA4yalOThb CTaH
1HyCTpIaJbHOTO Ta TEXHOJOTIYHOTO PIBHS EKOHOMIKM KpaiHW, €PEeKTHBHICTH ii
BUPOOHHUIITBA, CTAOUIHHICTH, CTAJICTh PO3BUTKY Ta EKOHOMIYHY HE3aJIeKHICTD
nepxkasu [1]. CyyacHuil mporpec TeXHOJIOT1 BUPOOHUIITBA HEBIIMHHO PO3BUBAETHCH,
BUMAaral4u BIiJ IHXKEHEpPIB 1 BYEHUX I[IOCTIHHOTO IMOIIYKY HOBHX pIIIEHb Ta
TEXHOJIOT1! JJIsl IABUIIICHHS €(PEKTUBHOCTI Ta aBTOMATH3al1li1 BUPOOHUYMX MPOIIECIB.
JUist 1poro moTpiOHE CTBOPEHHS B HaBYAJIBHOMY IPOILECI Cy4acHOi JIabOpaTOpHOi
nocnigHuibkoi 6a3u [2,3]. B ymoBax oOMexeHOro (piHAHCYBaHHS BUIIOiI OCBITH
JIOIUIBHOTO BUTOTOBJISITU MaslorabapuTHI HACTUIbHI BEPCTAaTH 3 KOMIT IOTEPHUM
KEepyBaHHSM, K1 MOKYTh BUKOPHUCTOBYBATHUCS SIK JIJISl HABYAIBHOTO MPOIIECY, TaK 1 HA
MIMPUEMCTBAX JIJISI BATOTOBJICHHS JIETaJIE HEBEITMKUX PO3MIPIB.

Metow po0oTH € aHami3 BIJOMHX MajorabapuTHHX BepCTaTiB 1 po3poOka
KEPYIOUOi IpOrpamMu,

Ha cydacHOoMy puHKY IHCTPYMEHTIB 1 0OJIalHAHHS JIJIE MaJoOro Ta CEPeHbOTO
BUPOOHUIITBA ICHy€ 0araTo BHPOOHMKIB, IO CIEIIATI3YIOThCSI HA MajorabapuTHHUX
Bepcrarax. lle oOaHaHHS B1A3HAYAETHCS BUCOKOI MOOUTHHICTIO, KOMITAKTHICTIO Ta
3pY4YHICTIO B €KCILTyaTaIlii.

[Ticist peTenbHOTO aHai3y 3HAYHOTO OOCATY JaHUX, MATEHTHOTO JTOCIIKESHHS
MOJIOHMX BEpCTaTiB Ta JACTAIBHOTO BUBYCHHS 1X KOHCTpykii [4,6,8], aBTOpamm
CKOHCTPYMOBAaHUI B PI3HUX BapiaHTaX BUKOHAHHS HACTUIBHHUI BepCTaT MOPTAILHOTO
KOMITOHYBaHHs (puc.l).
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Pucynok 1 — Bapianmu cmeopenoeo sepcmam: a) - ¢hpezepHuil eepcmam,
0) - 1azepHuti gepcmam, 8) - ppeseprutl 4-x KOOPOUHAMHUL 8epCmMam

Po3pooka kepyruoi npocpamu.

JIJist CTBOpPEHHSI KEepyro4oi MporpaMyd BHUKOPHCTAHO TPOTPaMHE 3a0e3MeUCHHS
Bix kommanii Autodesk, a came Inventor 2024 ta PowerMill 2024. Crouatky 3a
normomororo Inventor 2024 crBoproeTbes 3A-MOJEb AETaNl, Ky HEOOXITHO MOTIM
3aBanTaxutu y PowerMill 2024 nyst ctBopenns kepyrodoi nmporpamu. J{is npukiamy
BUKOHaHa 00poOKa 11axoBoi ¢irypu — koposs (puc.2).
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Pucynox 2— Jlemanv 011 06pobxu Ha po3pobaenomy eepcmami

[Mporpama PowerMill migrpumye pi3ui  dopmatu ¢aiimie 3 J[-mozaenei.
Haii6inem mommpennm € ¢opmar STEP. Monens netanmi 3aBaHTaXYeEThCS B
porpamMy ISl MOJANBIIOTO CTBOPEHHS KEPYIOUO0i IPOrpaMu.

OOpobOka Ha BepcTari 3 4-Ma ocsmu Oyzae BimOyBaTHCh B JICKiJbKa €TaITiB.
CroyaTKky BHKOHY€ETHCS YOpHOBAa OOpOOKa OJHIET MOJOBUHHU JeTani (po3auUIeHHS
B1I0YBA€THCS B3JIOBXK YETBEPTOI MOBOPOTHOI OC1), IOTIM 3ar0OTOBKA MEPEBEPTAETHCS
Ha 180° 1 oOpoOmroeThcs iHIIA mMojoBHHA. YmcToBa 00poOKa BimOyBaeThcs 0Oe3
po3ainieHHst naetaii. PosrisiHeMO aeTanbHINIE KPOKH M7 CTBOPEHHS KEpyHYOi
nporpamu. Ilicisa 3aBantakenHs ¢ainy moneni B PowerMill HeoOxigHO cTBOpUTH
3aroTOBKY 1 JIOKQJIbHY CUCTEMY KOOPAHMHAT, B sIKiil Bich X 30ira€ThCs 3 MOBOPOTHOIO
BicClO A BepcTary, a Bich Z — 3 Biccto Z BepcraTa (puc.3).

Pucynox 3 — Jlokanvna cucmema koopounam

HactynHum KpokKoM € CTBOpPEHHsI TpaekTopii oOpoOku. JIjist 4opHOBOI 00pOOKH
3actocoBaHa ctparerisi «Bubipka 3D -momeni». 3a mporo cmnocol0y o00poOku
BiI0OyBaeThCsl  (pe3epyBaHHS OCHOBHOTO Marepialy 1 3aroToBka HalyBae
HaAOJIMXKEHOTO BUTIISAAY 10 HeoOXimHoro (puc.4).

Hactynaum etanom € HanamTyBaHHS 00paHOi CTparterii ppe3epyBaHHs.
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[Ticms BciX HanmamTyBaHb CHCTEMa TEHEpPYE TPAEKTOPilo, MO sKid Oyxae
nepeMillyBaTiuch poOounii opraH B mporeci o0poOku neram. PowerMill nae
MO>KJIBICTh BUKOHATH CUMYJIALIII0 BUKOHAHHS KEPYIOYO0i IPOrpaMHu.

Pucynox 4 — Pe3ynomam 8UKOHAHHA nepuioi 4acmuHu 4opHO80i 00poOKu

Ilpyra mnojoBuWHA JeTalli OOpOOJIOEThCS AHAIOTIYHUM 4YHUHOM. [l 1boro
CTBOPIOETHCSI KOMIsl paHIII€ YCTAHOBJICHOI JIOKaJbHOI CHUCTEMU KOOPJUHAT, 1
cTpareria 00poOku. Cucremy kKoopauHaT mnoBepTaroTh Ha 180° HaBkoso oci X
(puc.5), BCi 1HII HATAIITYBAHHS 3aJIUIIAI0 0€3 3MiH.

Pucynok 5 — Cucmema xoopounam 07151 vopH08020 (hpe3epysants Opy20i noiosuHU demaii

CtBOpeH1 Kepyroul IporpaMH Jjisi YOPHOBOi 1 YMCTOBOI OOpOOKHM HEOOX1THO
30epertu y NC-aiin, B sskomy Oyne posmimienuit G-koxa. YncroBa oO6poOka Oyne
BHUKOHYBATUCh 3a CTpaTeriero «4 OChOoBa», MPH SIKIA BICh A TOCTIMHO 00epTaeThCs, a
poOoumii opraH pyXxaeThcs B IJIOMKHI Y Z.

Jami Bci J1i BUKOHYIOTHCS aQHAJOTIYHO JIO BUIIEHABEACHOTO MPUKJIIATY
CTBOPCHHS KEPYIOUOi MporpaMu JII YOPHOBOI 00poOku. B pesynbTaTi Maemo
MOBHICTIO TOTOBY Kepyrouy Iporpamy mjis oOpoOku aetani. Pesynbrar cumymsiii
MporpamMu HaBeJEeHO Ha pHuC.0.
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Pucynox 6 — [lemanw nicia uucmosoco gppeszepysanus

BucHoBkM.

Po3pobnennii yHiBepcalbHUN HACTIIBHUM 4-X KOOpIWHATHUM BepcTar 3
PO3MMPEHUMH (DYHKITIOHATTLHUMA MOKJIUBOCTSIMUA Ma€ 3HAYHUN HAYKOBO-TEXHIUYHUI
MOTEHI[ia i NpaKkTH4Hy MiHHICT JUIS CyYacHOr0 MAIIMHOOYAyBaHHA. MOro
e(eKTUBHO BUKOPUCTOBYBAaTH B HaBYAJLHOMY TIpolleCi 1 Y BHUPOOHUITBI MpHU
BUTOTOBJICHHI CKJIAJTHUX JIeTaJell HEBEJIUKUX PO3MIPIB.

JitepaTrypa

1. Ky3uenoB HO.M., Ilpupanpauit b.I., I'ao Ciamiabs_TexHosoriuHe OCHAICHHS
(bpe3epHUX BepCTaTiB: MPOCKTYBAHHS, Teopis, npakTtuka: Monorpadis-JIynsk: Bexa-Ipyk,
2023. 292 c. ISBN 978-966-940449-7

2. Ky3nenos lO.H., laiimaeako 10.B., KpuBuyk 1O0.T. MoaenupoBanue BapuaHTOB
MajorabapuTHOTO (pe3epHOro CTaHKa MOPTaIbHOW KOMIIOHOBKH (aHIIL.) //MexayHapoiHas
HayuHo-TexHudeckass koHgepennus UNITECH’19, r.I'abpoBo (bomrapus), 2019, t1.2.
c.255-258.

3. Kysuenos FO.M., Crenanenko O.O. Hactinbni ¢pesepHi BepcTtatu, KepoBaHi
KoM toTepoM. TexHomnoriuni komriekcw, JIynpk. 2010. Ne 1. C. 72-77.

255



PO3POBKA KEPYIOUOI IPOI'PAMMU J1JISI 3BAPIOBAHHSI
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DEVELOPMENT OF CONTROL PROGRAM FOR WELDING
PIPES WITH ADDITIONAL ELEMENTS

Abstract. The project involves the analysis of existing welding installations, the study of
their effective use and the identification of directions for further improvement. The use of
automated equipment and modern CAD systems will contribute to the development of an
optimal installation design. As part of the project, technological calculations will be carried
out and installation instructions will be developed. The conducted organizational and
economic analysis will confirm the effectiveness of the project from the point of view of
economic indicators and increase the productivity of the Ukrainian sector of the production
of special equipment.
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AKTyaJIbHICTb.  AKTyaJIbHICTh  JIOCIIDKEHHS  3yMOBJIEHA  TOTPeOOrO
YKpPaTHChKUX TMIANPUEMCTB, IO 3alMalOThCS BUTOTOBJICHHSM CIEUTEXHIKH, Y
AKICHOMY Ta yHIBepCaJlbHOMY OOJIaJHAHHI 3a JOCTYIIHY I[iHy I BJIAcCHOTO
BUPOOHMIITBA B OCHOBHOMY T1IPOIMIIIH/IPIB B3aMIH JOPOTOBAPTICHUM IMIIOPTHUM.

Ha nanuii MOMEHT € YCITIXY Yy BUTOTOBJIEHH1 OYKC, IITOKIB Ta 1HIIUX €JIEMEHTIB
TAPOLMIIHAPIB, TPOTE 3ANMILAETHCA podieMa AKICHOT 3BapKH, OCKUIBKH JIJISl LIbOTO
MOTPIOHO YCTAHOBKY, fIKa JO3BOJUTh OTPUMATH HE TIUIbKM KPacHUBHM IIOB, a U
3a0e3neyyBaTuMe pPIBHOMIPDHUW Ta TIOBHUW TpoBap 1, BIANOBIHO, IOBHY
TePMETHYHICTD TiipoiriiiHapa. CTBOPEHHS SIKICHOTO MPOAYKTY JO3BOJUThH HE TUTBKH
YCHIITHO BCTAHOBJIIOBATH HOTO Ta €KCILTyaTyBaTH Ha BJIACHIM TEXHII, a i JIO3BOJIUTH
BUWUTHU BITUM3HSIHOMY MPOJYKTY Ha 1HO3EMHUN PUHOK.

MeTtor pod0oTH € JOCHIKEHHS Ta OTJISA] ICHYIOUMX POTAlIMHUX 3BAPIOBAILHUX
YCTaHOBOK, BUBYEHHS YMOB iX €(DEKTUBHOTO BUKOPWUCTAHHS 1 BUSBJICHHS HAMPSIMKIB
MOJABIINX JOCIIKEHb IS TOKPAILEHHS] METO/IIB TIJIaHyBaHHS M opraHizaii pooiT.
OCHOBHOIO METOIO € CTBOPEHHSI BJIACHOI YHIBEPCAJIbHOI YCTAHOBKH, SIKa TO3BOJIITUME
BUpOOJATH (GYHKIIOHATBHI Ta SKICHI TIAPOIMIIHAPYA 3a JOCTYNHY IIHY IS
VKpPaiHCbKUX TIANPUEMCTB, IO 3aWMalOThCsl BHUTOTOBJICHHSM crienTexHiku. lle
J03BOJIUTh BIIMOBUTHCH BiJ] TOKYIKH TOTOBUX JOPOTOBAPTICHUX IMIIOPTHUX
rigponmiiHapiB. Taka ycTaHOBKa Mae€ MEPCIEKTHUBY ILIMPOKOTO BIPOBAKEHHS B
YKpaiHChKI MamuHOOYAIBHIA MPOMHUCIOBOCTI, IO CHOPUSITUME PO3BUTKY Ta
KOHKYPEHTOCTIPOMOKHOCTI HalllOHAJIBHOTO CEKTOPa BUPOOHUIITBA CIEIITEXHIKH.
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s gocsarHeHHsT 0aXKaHOTO pe3yNlbTaTy, HEOOXIAHO PO3IVISHYTH HAIpsIMKU Ta
TEHJICHI[Ii CTBOPEHHSI aBTOMATH30BAHOTO 3BAPIOBAIBHOIO OOJIAHAHHA a TaKOX
3MIMCHUTH TATEHTHO-1H(pOpMAIliiHI JOCIIDKCHHS JJIi TOro, MO0 PO3YyMITH SKi
METOM Ta CIOCOOM BXKE€ ICHYIOTh, MPOAHAII3yBaTH iX HENOJNIKM Ta TNepeBaru i,
OMUPAIOYHCh Ha 1€, 00paTH CBIi BEKTOP PYXY B MPOEKTYBaHHI JaHOI YCTaHOBKH.

[Ticms 1pOTO B KOMIUIEKCI MOTPIOHO 3AIWCHUTA TIEBHI PO3PAXyHKH Ta
CKOHCTPYIOBaTH JaHe 0OJaJHaHHs 3 BUKOpUCTaHHIM cydyacHux CAD-cuctem. Takox
JUIA JTOCSITHEHHS TIOCTaBJICHOI METH MOTPIOHO MPOBECTH aHali3 TEXHOJOTTYHHX
HIOQHCIB, JUIS CTBOPEHHSI I1HCTPYKIii poOOTH 3 yCTaHOBKOIO. Takoxk, s
OoOTpyHTYBaHHS BaKJIMBOCTI BCI€T 111€1 poOOTH, HEOOX1THO MPOBECTU OpraHi3aliiitHO-
€KOHOMIYHMH aHali3, 10 MOKaXe KU Moxe OyTH e(peKT Ha €eKOHOMIYHI MOKa3HUKH
Ta MOKAa3HUKHU MPUPOCTY MPOAYKTUBHOCTI BUPOOHUIITBA.

Po3pobka kepyrouoi npoepamu

OcCKUIBKM B BUIBHOMY JOCTYIIl CHEUIAJbHUX MPOTrpaM sl po3po0OK KEePYHOUHX
nmporpaM HeMae, 3alpoONOHYBaHWWM BIACHUM CHOCIO, SKUU JO3BOJIUTH OTPUMATH
Kepylouy TMporpamMy I PI3HHMX BHUJIB 3BapHUX IBIB. BiH 0a3yeThcs Ha
BUKOpHCTaHHI Oyab-sa1k0i CAD-cucTemu Ta 0ynb-sikoro ciaiicepa s 3D-apyKy.

Cytp MeTony mossirae B ToMy, 1o cnodarky B CAD-mporpami MonaentoTh
TBEPAOTUIbHY MOJEIb, B SIKY IOMICTUTBCS OJIHA JIIHISA IIMPUHOIO PIBHOKO IIMPHUHI
coruta, s npukiaay 0,4 MM, TEOMETPitO IIbOTO IIBa MOXKHA 3pOOUTH OYb-SKOIO 1,
[0 HaWMpUEMHIIIE, 11 MOKHA MapaMeTPU3yBaTH, IO JO3BOJIMTH MOTIM 3MIHIOBaTH
MEBHI PO3MIpPU [Ji1 TOTO, 100 3pOOUTH 1HINY Mporpamy Jyisi poOOTH 3 IHIIOIO
3aroTOBKOIO.

[Ticns 3amycky reHepaiii koay oTpuMaemMo mporpamy mis 3D-apyky, Ham
noTpiOHA cepenrHa i€l TporpaMH, B sIKiii MicTUTBCS G-KOJT TpaeKTopii pyxy.

Tak 3BanHi moyaTKOBUM Ta 3aBepiiaibHui G-KOJIU MOYKHA HAMKMCATH BPYYHY, 1€
BCHOI'0 KUIbKA PSI/IKIB, SIK1 3aJ€KaTUMYTh BiJl TOTO SIK1 Jii 3aIUIaHy€ IPOrPAMICT, SIKUN
CTBOPIOBATHME MTPOTPaMy.

BucHoBkm.

byB mpoBeneHuii aHasi3 TEXHOJOTIYHUX HIOAHCIB JIJIi CTBOPEHHS 1HCTPYKIIIH
pobotu 3 ycTtaHoBKOlO. OpranizaliiHO-€KOHOMIYHHMM  aHalli3 J1aB  3MOTY
OOTpYHTYBAaTU BaXXJIUBICTh POOOTH, BUSBUTHU TMOTEHIIMHUA €(PEKT Ha E€KOHOMIYHI
MOKa3HUKU Ta TOKA3HUKU MIPUPOCTY MPOTYKTUBHOCTI BUPOOHUIITBA.

3aranom, pobOTa CIpsMOBaHA Ha CTBOPEHHSI YHIBEPCAJIbHOI YCTAHOBKH IS
BUTOTOBJICHHS T1IPOLMIIHAPIB, 110 MA€ MOTEHITIAM JJIsl BIPOBAKEHHS B YKPATHCHKIM
MaIMHOOYA1BHIM TPOMUCIOBOCTI. J[aH1 AOCHIPKEHHS BKa3yHOTh Ha HEOOXITHICTH
MOTAJIBIIIOTO BIOCKOHAJIGHHS METOIB TUTAHYBAaHHS i OpraHizallii poOiT y I ramysi
JUISL  JTOCSITHEHHSI MaKCHUMaJIbHOTO €()EKTUBHOTO BUKOPHUCTAHHS  POTAIIHUX
3BaprOBAJILHUX YCTAHOBOK.
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Abstract. This research focuses on the role of CRM systems in improving customer service
quality and optimizing business processes. Key aspects are explored, including centralized
data storage, automation of routine tasks, personalized customer service, and ensuring
seamless communication with clients. The research examines the impact of integrating
satisfaction metrics, system adaptability, customer personal ratings, maintenance
performance, and company reputation on the overall effectiveness of CRM platforms.
Special attention is given to analyzing the dynamics of customer interactions, identifying
trends, and implementing corrective measures that contribute to increased customer
satisfaction, enhanced loyalty, and improved competitiveness for businesses.

Keywords: CRM systems, customer service, business optimization, task automation,
customer satisfaction, personalized service, customer loyalty.

AKTYaJbHICTh  JOCJHiIKeHHs1 O0OyMOBJICHAa HCOOXITHICTIO  MiABUIICHHS
e(eKTUBHOCTI OOCIyrOBYBaHHS KIIEHTIB Ta ONTHMI3allli BHYTpIIIHIX Oi3HEC-
nporeciB. CydacHi KOMMaHIi CTUKAIOTHCS 3 BUCOKUMH OYIKYBaHHSIMHU KIIIEHTIB 1100
IIBUJIKOCT1 i TOYHOCT1 0OpOOKH iXHIX 3anmuTiB. ABTOMaTHu3ais yepe3 CRM-cucremu
JI03BOJISIE BUPILIMTH 111 3aBJIaHHS, HaJIal0UX IHCTPYMEHTH AJI PUCKOPEHHS poOOTH 3
KJIIEHTaMH Ta 3HWKCHHS BIUIUBY JIFOJCHKOTO (DAKTOPY Ha TOMHJIKH Ta 3aTPUMKH.

MeTto10 pobdoTH € po3poOKa ePeKTUBHUX MIAX0IB 10 aBTomaTu3alli B CRM-
CHUCTeMax, IO CHPHUIATHME IMIABUIICHHIO $KOCTI OOCIYroByBaHHSI KJII€HTIB Ta
omTuMi3aiii BHYTpImHIX mporeciB. lle mocmimkeHHs CcHpsMOBaHE Ha CTBOPEHHS
HAyKOBO OOTPYHTOBaHOi 0a3u, sika 3a0e3neynTh e(PeKTUBHICTh Ta SKICTh MOAAIBIION
po3poOku 1 BropoBakeHHs CRM-cucteM, opieHTOBaHMX Ha aBTOMATH3AIIiIO
PYTHHHHX OIlepalliid, 3HUKCHHS PU3MKY MOMHJIOK Ta IMOKpAIIEHHS TepCcoHaTi3amii
00CITyrOByBaHHS.
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CRM-cuctemMn 3Ha4yHO TMOKPAIIyIOTh SIKICTh OOCIYyrOBYBaHHSI ~KJIIEHTIB,
HAJAl04YM KOMIIAHISIM 1HCTPYMEHTH Il €(PEeKTHBHOI OpraHizaimii Ta KOHTPOJIIO
IPOIIECIB B3aeMOJIIi 3 KIIEHTaMU. 3aBISKH IIEHTpalTi30BaHOMY 30€piraHHio BCi€l
iHopMarlii mpo KIEHTIB, I CUCTEMHU JIO3BOJISIIOTH IIBHUIKO M JIETKO OTPUMYBATH
JOCTYI 110 ICTOpii B3a€EMOii, 3aMOBJEHb 1 3amWTIB, IO 3a0e3meuye
MEePCOHANI30BAaHMN MiJIX1/ 1 ONEpaTUBHY peakililo Ha MOTpeOu KiieHTiB. TexHonorii
JUTSI YIIPABIIIHHS KJTIEHTCHKOIO 0a3010 HATAI0Th MOKJIMBOCTI JIJISl aHAJI3y MOBEIIHKH
KIII€HTIB, BWSBJICHHS TCHJACHIIM Ta BH3HAYCHHS CJIIA0OKMX MICIh Yy TMpoIecax
0OCITyTOBYBaHHs, IO JO3BOJIIE BIPOBA)KYBAaTH KOPUTYIOUi 3aXOIM Ha OCHOBI
(GaKTUIHHUX JTaHUX.

Toxasmmk Inmexe . Ocot N KnieHT
SATOBOTCHOCT] OIATIHBOCTI cobueTHi pelfTiHr

\Tlac BHKOPHCTAHHA KOT LEHTPY
JlHHaMIKa 330BOISHOCT]
Pisens noatpHOCTI NPS .
HapaHTaxcHHEA HA IPHIMATEHY
\PiBeH:b samosoteHocTi CSAT

Ouixga sycums CES

CrpHifHATTA peRoMeH a1 \3ara:u>1-m LIHHICT KIiEHTA 14 Oi3HeCy

BEiuw1HBICTE

Uac 0dPOOKH 3BEPHEHHA . _
3Mi1HA 00CATY BHTPAT

To4HICTE BHKOHAHHA

CRM

. 30HA OXOIUTSHHA
TATTOHHHH 9ac BHKOHAHHA

IO/ OHKX 3aBIAHB

HasiBHiCTh NONEpeIHiX BUITYKIB

/Hponcm 3aMIHH KOMIIOHSHTIB .
TIPOLISHT BIAIHX PEMOHTIE
L . / KinbkicTs 3BepHeHB
KoediuieHT cr1agHocTi

/]IOKa:IiBRHi?I KIiEHTA

OriHKa pe3ynsTaTHRHOCTI Brume Ha pernyTaitiro Cepsic
BHKOHAHHS 3BEPHEHHS

Pucynox 1— Kniouogi enemenmu 015 inmezpayii 6 asmomamu308any CUCMeMy

Cxema (puCyHOK 1) 1€eMOHCTPY€E OCHOBHI €JIEMEHTH, 110 MalOTh OyTH BpaxOBaHi
U1 3a0e3MedYeHHsT HalleKHOro (DYHKIIOHYBaHHS aBTOMaTu3oBaHOi cuctemu. Lli
KOMIIOHEHTH OXOIUTIOIOTh  KJIIOUOB1  (pakTOpW, 110 BIUIMBAIOTh HA  SIKICTh
00CITyroByBaHHS KJIIEHTIB 1 ONITUMI3aIlII0 PECypCiB.

[Toxa3Huk 3a70BOJICHOCTI — BKJIIOYAE TaKl MapameTpu, SK PiBEHb JIOSIHLHOCTI
(NPS), piBenb 3amoBoseHocti oociayroByBaHHsIM (CSAT), oliHKa 3yCHJIb KIIIEHTIB
(CES), uwac o00poOkM 3BepHEHb 1 TOYHICTh BUKOHaHHA. Ili TOKa3HUKHM Cif
IHTErpyBaTl B CHUCTEMY [UJIsi 3a0€3MEeUeHHs] BHCOKOTO pIBHS 3aJ0BOJIEHOCTI Ta
JIOSUTLHOCTI KJTIEHTIB.

260



[H1eKC TOAATIMBOCTI — OXOIUTIOE TUHAMIKY 33JJOBOJICHOCTI KJII€HTIB, MPUWHSTTS
pekoMeHamii 1 3MiHy oOcsary Butpar. Lleil KOMIOHEHT J03BOJIsiE BpaxOBYBaTH
THYYKICTh 1 QJJaliTUBHICTh CHUCTEMH, HEOOX1AHY /IS pearyBaHHS Ha 3MIHHI IOTpeOH
KJIIEHTIB.

OcoOucTHil pedTUHT — BKIIIOYAE TaKi MOKAa3HUKH, SIK 4aC BUKOPUCTAHHS KOJI-
LIEHTPY, HaBaHTAKEHHS Ha MpUHMAaNbHIO, 3arajbHa I[IHHICTh KII€HTa AJs Ol13Hecy,
BBIWIMBICTH 1 piBEHb MOBEpHEHB. [HTErpallis uX (HaKTOpiB AOMOMOXKE ONTUMI3YBATH
pecypcH, 3MEHILIMTH HABAHTAKEHHS Ha CUCTEMY 1 TOKPAIIUTH JIOCB1 KOPUCTYBaYiB.

OriHka pe3yabTaTUBHOCTI BUKOHAHHS 3BEPHEHHS! — BKJIIOYA€ €TAJTOHHUM Yac
BUKOHAHHS 3aBJlaHb, MPOIICHT 3aMIHM KOMIIOHEHTIB 1 KoedilieHT ckiaaHocTi. Llei
KOMITOHEHT JI03BOJII€E OIIHUTU €()EKTUBHICTh TEXHIYHOTO OOCIYroBYBaHHS, IO €
BYKJIMBHUM JIJIs1 ONITUMI3allii TPOLIECiB 1 MABUIIECHHS HAIIIHOCTI.

BB Ha penyraiito — BpaxOBY€ 30HY OXOIUICHHS, HasBHICTh MONEPEIHIX
BI/ITYKIB, IPOLEHT YCHIIIHUX PEMOHTIB, KUIbKICTh 3BEPHEHbD 1 JIOKAII3allii0 KIIEHTIB.
{1 ¢akTopu BIUIMBAIOTh HA PEMyTaLlI0 KOMIIAHII 1 J03BOJSIIOTH CHUCTEMI Kpare
OpIEHTYBATHUCA Ha MIATPUMKY KJIIEHTIB y PI3HUX PET1OHAX.

BucHoBok. Pe3ynbratu JOCHIDKEHHS TOKa3ylOThb, 110 BIPOBAJKEHHS
aBToMaTtn30BaHuX TiaxomiB y CRM-cucremax € BaXJIMBUM IHCTPYMEHTOM IS
MIJBUILEHHS SKOCTI 00CIyTOBYBaHHSI KIIIEHTIB Ta ONTUMI3allil BHYTPILIHIX MPOLECIB
KomnaHid. CxeMaTUYHUN aHai3 BiAoOpaxae CTPYKTYpPY KIIOUOBHUX €JIEMEHTIB IS
igTerpamii B aBTomaru3oBany CRM-cuctemy, migKpecimo0un HEOOXIIHICTh
YHI(DIKOBAHOTO MIAXOAY A0 YIPaBIIHHS B3aEMOJIEI0 3 KIIEHTaMH. 3alpONOHOBAHI
METO/M HANaITh HAYKOBO OOTPYHTOBaHY 0a3y Jisi PO3pOOKHM Ta BIPOBAKEHHS
BucokoedektuBHUX CRM-cucTeM, ski MiABUIIYIOTH 3aJ0BOJICHICTh KIIIEHTIB,
JIOSUTBHICTH Ta KOHKYPEHTOCIIPOMOXKHICTh KOMITaHIi.
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Abstract. The work proposes a universal formulation of the base entities of the expert
systems. This can simplify and standardize knowledge management in the ES, increase their
compatibility and solve the problem of the inaccessibility of knowledge for a wide range of
users. At the moment, the disadvantage of the ES is that their resource is difficult to make
for a wide range of knowledge users. Existing ES, as well as Al systems, can work in the
“black box” mode, hiding the logic of the knowledge base core (output subsystems and
subsystems of explanations), that is, the internal logic of the operation of these systems can
only be known developers and customers of these systems. The high level of specialization
of the ES, the presence of a specific and hidden for users logic of the systems work creates
the difficulties of the exchange of knowledge between the systems, experts and users of these
systems.

Keywords: universal knowledge structure, entities of knowledge, knowledge control

AKTya/bHiCTh TeMH. Benuki 1HBeCTHIT B peami3allil0 1HTEICKTYaTbHUX
cucteM (IC) mpusBenu 70 MOSBU PO3BUHEHUX cUCcTeM miTydHoro intenekty (II) na
ro0anbHOMy pUHKY. OJHAK Y OUIBIIOCTI IIUX CUCTEM MPUCYTHI HACTYITHI HEJIOIIKH
IUIsl KOPUCTYBaYiB.

 Jlorika BUBEJEHHS 3aKpHUTa BlJ KOPUCTyBaya 3HaHb.

e 3HaHHS Ta JIOTIKa BHBEIEHHA B OUIBIIOCTI BHMIAIKIB 3aJIMIIAIOTHCS
BJIACHICTIO HE €KCIEPTIB, a BIIACHUKIB IHTEJIEKTYaJIbHOI CUCTEMH.

e OO'ekT abo0 cy0'ekT, BIAMOBIMAJIBHUN 3a PINICHHS, TPHHHATE CUCTEMOIO,
HaW4acTIIe He BU3HAYAETHCS 200 HE BiTOOPAXKAETHCS KOPUCTYBauaM CUCTEMOIO.

Excnepthi cuctemu (EC), siki moOyaoBaH1 Ha BIIKPUTOMY MPUHIUII, MOXYTb
JIOTIOMOTTH BUPIIIUTH 111 TPoOJIeMH, ajie Ha TaHU MOMEHT iX HEJOJIIKOM € Te, IO iX
pecypc HEOCTaTHBO JOCTYITHUHN JJISI IMTUPOKOTO KOJIYy KOPUCTYBadiB 3HAHb.

MeTor0 po00TH € BUPIIIEHHS TPOOIEMH JOCTYTHOCTI 3HaHb pisHOMaHITHUX EC
JUIST  BCIX  KaTeropii  KOPHUCTYBaudiB NUISIXOM  yHIBepcamizaiii  mpoIleciB
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dbopMmynrOBaHHS, BBEICHHS, BWIYYCHHS Ta BiZOOpakeHHS 3HaHb. J[ms 1bOrO
He0oOX1IHO cdopmyiroBaTH 0a30BHM HaOIp TUMIB CYTHOCTEM 0a3u 3HaHb, 0A30BHl
Hallp omeparlliif 13 CyTHOCTSMHU y 0a3l 3HaHb Ta 0a30BUi HaOIp omeparlii JOriYHOTO
BuBeieHHA. [lin TepMiHOM 0a30BUII Ma€eThbCs Ha yBa3l MIHIMAJbHHUM TEPENIK THUIIIB
CYTHOCTEM, omeparliii, HeoOOX1AHUI Ta JOCTATHIM Ui BUKOHAHHS 3a7a4l yIpaBIiHHSI
3HAHHSIMU.

Icayroui EC, six 1 cuctemu LI, yacTime mOoCTymHI KOPUCTyBaudy SIK 3aKpHUTI
CUCTEMH, SIKI MIPUXOBYIOTH JIOTIKY pOOOTH sjipa 6a3u 3HaHb (IMiJCUCTEMH BUBEICHHS
Ta MIJCUCTEMH MOSICHEHb BUBENICHHS). TOOTO BHYTPIIIHS JIOTiKa pOOOTH MOXKe OyTH
MOBHICTIO BIJJOMO] JIMIIIE PO3POOHUKAM Ta BJIACHUKAM ITi€i cucTeMU. Bucokuii piBeHb
cnemianizamii EC, HasgBHICT crienudivyHOT 3aKPUTOI Bl KOPUCTYBAYIB JIOTIKH POOOTH
OPU3BOAUTH JO TPYAHOIIIB OOMIHY 3HAaHHSMU MDK CHCTEMamH, €KCIepTamMHu Ta
KopuctyBauamu 1ux cuctem. Kpim toro, EC Moxe OyTH mpUCyTHS BUCOKa BapTICTh
3HaHb Yepe3 HEOOXIAHICTh 3aTyUYEHHS B )KUTTEBOMY IUKJI TaAKUX JOPOruX (haxiBLiB,
AK PO3pPOOHHUKHU CUCTEMU Ta 1HKEHEPH 3HAHb.

Takox BiI0OMO, IO OJIHIEIO 3 KIIOYOBUX MPOOIEM B3a€MOIIi MIXK MPOTPAMHUMU
Ta anapaTHUMHM CUCTEMaMH SK MDK COOOI0 Tak 1 3 KOpPHCTyBayaMH € PI3HMLS B
TEepMiHaX, JIOTill (OpMyBaHHA MOJENEH Ta BHUBEACHHS PIIICHb IJISl PI3HUX TPy
KOPHCTYBaYiB €KCIEPTHUX cucTeM [1].

[nsx BUpilIEHHS OpOOJEMH B JOCIIIKEHHI (POPMYIIOETHCS SIK CTBOPEHHS
€IMHOTO MiIXO0y, IO peaizyerbes B mifcucremax EC Ta 3acHOBaHO Ha HACTYITHHUX
MIPUHITUTIAX ;

* €nunwuii 6a30Buil HAOIp CyTHOCTEW Oa3u 3HAHb.

* €nunHa 0a30Ba HIDKHBOPIBHEBA TEPMIHOJIOT 4.

e €IMHMI yHIBEpCai30BaHUM MIAX1A J0 JIOTIKM MOOYIyBaHHS CTPYKTYypU Ta
IPOIIECIB CUCTEMH.

e CIOWMHUM MIOX1A IO JIOTIKA BHUBEACHHS Ta IOSICHEHHS BUBEICHH.

Jlist yHIBepcalnbHOCTI 0a30BU €€MEHT MOBUMHEH BIANOBIIATU (H1IIOCOPCHKOMY
MOHSTTIO, TOOTO MaTH BUCOKUHU PiBEHb a0CTPAKIIIi.

B nmocnimkenHi mokazaHo, 1mo HaOlp 0a30BHX THUIIIB CYTHOCTEH MoOXe OyTH
HACTYITHHUM:

* 00'exT (BignmoBigae Marepii)

* nis (BigmoBigae Pyxy)

* 3B's30K (BignoBigae Eneprii)

* arpuOyT (03HAKA, XapaKTEPUCTUKA OY/Ib-KOi CyTHOCTI)

* 3HaueHHs aTpuOyTy (BIAMOBIAAE pe3yJabTaTy BUMIpY ab0 BIAHOLIECHHS
KOHKPETHOTO aTpuOyTa A0 €TaJOHHOTO aTpuoOyTa)

* By30J1 (BIMOBIa€ a0CTPAKTHOMY TOHSTTIO)
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Bci Bka3ani Tunu cyTHOCTEH, OKpIM By37a, OyAyTh KOHKPETH30BAaHUMH, & BY30J]
— y3arajJlbHeHUM TUIIOM CYTHOCTI.

Kpim Toro, ockibku By30J1 € y3arajabHeHa 1 adctpakTHa CyTHICTb, TO BIH MOXKE
OyTH THII30BaHUM BIATMOBIHO JI0 THIIB KOHKPETU30BAHUX CYTHOCTEH:

* BY30J1-00'eKT (y3araabHEHUH 00'€KT)

* BY30J-1is (y3arajabHeHa JIis)

* BY30JI-3B'SI30K (y3arajJlbHEHUM 3B'A30K)

* By305-aTpuOyT (y3araabHeHU aTpuOyT)

BxazaHi cyTHOCTI € TOX1IHUMH BiJ1 By3J1a.

CyTHICTh 3B'SI30K JI03BOJISE 3'€JHYBAaTU OyAb-SKI CYTHOCTI B JIAHITIOKOK
CYTHOCTEM.

CyTHICTb NAHITIOKOK € KOMIUIEKCHOIO CYTHICTIO Ta € ()yH/IaMEHTOM 3HaHb B 0a3i
3HaHb. [Ipyu CTBOPIOBAaHHI JIAHIIO’KKA CYTHOCTEH JOCTAaTHBO peaizyBaTh TIIbKH JIBA
0a30BUX THUIA 3B'SI3KYy: l€papXis Ta MOCIIIOBHICTh. JIAHIFOXKKH 3 THUIIOM 3B'SI3KY
lepapxisi MOXYTb BHKOPHUCTOBYBAaTUCA i1 ONHCY KIACHU(PIKATOPIB (LUISAXOM
CTBOPEHHS 3B'A3KYy Ul BY3JiB), CTPYKTYpU CUCTEMHM W T.N. JIaHLIOKKH 3 THUIIOM
3B'SI3KY MOCIHIJIOBHICTh MOXYTh 3a0€3ME€UUTH a0CTPAKTHUN ONUC Ta KOHKPETHY
peastizallio J0CTaTHbO CKJIAJHUX MPOILIECIB Ta CTPYKTYP.

CyTHICTb 3B'I30K Ma€ HaCTyIIH1 OCOOJIMBOCTI.

* 3B'A30K Ma€ BIACTUBOCTI BEKTOPA: TOOTO € HAYaJIO, KIHELb Ta HAIIPABJICHHS.

» Hamnpasnenns 3B's13Ky MOKe BU3HAYaTH HAIIPABJICHHS .

* Ponp 3B'A3Ky MOXE€ BUKOHYBaTHM MaTepiajibHa CYTHICTb — OO'€KT, AKIH €
IIPOBITHUKOM €HEPrii U Yepe3 sIKiid B3a€MOJIIFOTh 3B's13aH1 CYyTHOCTI.

* 3B'A30K MOXE MPOSBIIATUCS Yepe3 il 00'eKTa-3B'sI3KYy.

* B 3araipHOMYy BUIaAKy 3B'SI30K Ma€ HampaBlieHHS Bil 00'ekTa 3 OUIBII
BHCOKHUM PIBHEM €HEpPrii K 00'€KTy 3 MEHIIIMM PIBHEM €HEPTIi.

* 3B'I3KM B LIMPOKOMY CEHCI MOXYTb OyTH CTBOPEHI MK OO'€KTaMH, IISIMH,
3B'A3KaAMU.

OcHOBH1 0COOJIMBOCTI CYTHOCTI JIisl CKJIJAat0ThCS 3 HACTYITHOTO.

* Jlis, SIK MpaBUIIO, MUJIECIIPSIMOBAHA.

* Jlist Ma€e OYATOK Ta KIHEIIb.

* Jlis BUKOHY€EThCA 00'€KTOM a00 JIAaHIIFOKKOM O0'€KTIB.

 Jlnst BUKOHAHHS /i1 Ta JOCATHEHHS IIUII B 3arajlbHOMY BUTIAJKy TTOBUHHI OyTH
chopmoBaHi 3B'A3KH 3 BXITHUMHU CYTHOCTSIMH, SIKI 3a0€3MEUylOTh BUKOHAHHSA [li, a
TaKOX 3B'A3KH 3 BUXIJHUMHU CYTHOCTSIMH, BIUIMB Ha SIKi 3a0e3Medye TOCATHEHHS LIl
mii.

JUis TOBHOTO ONKUCY BKa3aHUX BIIACTUBOCTEH CYTHOCTI [isl JIOCTaTHBO
BUKOPHCTOBYBATU ii CyMICHO 3 CYTHICTIO 3B'SI30K [2].
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CyTHICTP BY30J MOXE BHKOPHUCTOBYBATHUCSA [JIsl OMHUCY THUIIOBUX CTaHIB,
NepexoAiB MK HUMH IIJISIXOM BUKOHAHHS TUIOBHX 1 3 BUKOPUCTAHHSM THUIIOBHX
3B's3KiB. By3os1 Ta #oro moxiaHi JO3BOJISIIOTH 3a0e3MeYuTH (POpMyBaHHS TUIOBHUX
JAHIIOKKIB (aOCTpakTHUX 3HaHb) Ta KOHKpeTHUX ((akTu 1 Tporecu, 1o
peaiizyloTbes). B KOHKpEeTHUX JaHII0KKAaX KOHKPETHI 00'€KTi BUKOHYIOTh KOHKPETHI
aii 1 npuadaoTh KOHKPETHI 3B'SI3KM, aTpuOyTH, 3Ha4YeHHs aTpuOyTiB. HamoBHeHHs
3HAHHSAMHU 3BOJUTHCS K (DOPMYBAHHIO JIAHITIOKKIB B 0a3l 3HaHb, & BUKOHAHHS JIN
o0'ekTamMu 4yepe3 3B'SI3KH — peaji3alliio MpOoIeCiB Ha OCHOBI 3HAaHb. 3HAHHS OyIyTh
SBJISITH COOOIO JIAHIIIOKKU B3a€EMO3B'A3aHUX JIAHIIOKKIB B 0a31 3HaHb.

[ToGynoBa knacudikaropa abo omuc i€papxivyHOi CTPYKTYPU CUCTEMHU MOKIIMBO
IIUISIXOM YTBOPEHHS CYTHOCTEH BY30JI-3B'sI30K (C THUIIOM 1€papXisi) MK THUIT130BaHUMHU
CYTHOCTSIMH BY3TiB (BY301-00'€KT, BY30J-is, BY30J-aTpUOYT 1 BY30JI-3B'S30K).
HaponryBanHs 3HaHb MNpPO CYTHICTh LUISXOM OJHOYACHOTO BHM3HAYCHHS 1ii B
PI3HOMaHITHI KJIACH(IKaTOPH MOXKE BUKOHYBAaTUCS Yepe3 OpraHizamilo Kpoc-
MOCWJIaHb (3B'I3KIB) MIXK By3JaMH Kiacu(IKaTOpIB Ta OpraHi3allii JAHLIOXKKIB (TUITY
MOCJTIIOBHICTD) TIEPEXOAY MI>K HUMHU.

Onuc TUIMOBOTO MPOLIECY MOXJIMBO CTBOPUTH HUISIXOM (POPMYBaHHS JAHITFOKKA
C BY3JIaMU-3B'I3KaMU THITY TOCIIJIOBHICTh. Byab-sSKUI JIaHIIO)KOK MOCIIIOBHICTD
IICJISI CTBOPEHHSI Ma€ TATOTIHHS 10 BUKOHAHHS, TOOTO 10 BUKOHAHHS 00'€KTaMu JIiif
JUIS JOCSITHEHHSI KIHIEBUX CYTHOCTEW JIAHIFOXKKA, SIKI B OUIBIIOCTI BUMNAJKIB €
cTaHaMmu (By30J1 a0 HOro moxigHi).

[IpucBo€HHS 3HaUEHHS aTpUOyTa KOHKPETHU30BAHI CYTHOCTI MOXIIUBO ILISIXOM
CTBOPEHHsI 3B'SI3KYy III€] CYTHOCTI 3 aTpuOyTOM, a BiJi OCTaHHbOI — JI0 CYTHOCTI
3HAUYCHHS aTpuOyTy. BiAMmoBiiHO, I MPUCBOEHHS 3HAUYCHHS aTpUOYTY y3araJibHEHOI
CYTHOCTI CTBOPIOIOTBCSI JIBa BY3JIa-3B'SI3KYy: Meplia MK MOTPIOHIM THITI30BaHUM
BY3JIOM M BY3JIOM-aTpUOYTOM 1 Jpyra MK BY3JIOM-aTpuOyTOM Ta 3HAYCHHSIM
aTpuOyTy.

JIisi BUKOHaHHS omepauiid HaJ CYTHOCTSMU B 0a3l 3HaHb JIOCTaTHBO TPbOX
THITIB:

* CTBOPEHHS CYyTHOCTI,

* BHJAJIEHHS CyTHOCTI,

* TOPIBHSHHA CYTHOCTEH MO CYTHOCTI.

Ilpumimka. 3MiHy CYTHOCTI MOKHa pO3IVISIIATH SIK TIOCHIJIOBHI omepartii
BUJIQJICHHSI CTapoi Ta CTBOPEHHS HOBOI CYTHOCTI NpH 30€peKEeHHI 3HA4YeHHS Ti
i1eHTrdikaTopa.

Crnig BIIMITUTH, IO MOPIBHSHHS CyTHOCTEW MOTpeOye, 11100 BOHU Oy OJHI€]
po3MipHOCTi. ToMy MOPIBHSIHHSI CYTHOCTEH (DOPMYITIOETHCS K Omeparlisi MOPI1BHIHHS
cytHocTe#t mo cyTHocTi [3]. SIKIIo cyTHOCTI MarOTh Pi3HY PO3MIPHICTH (HAITPHUKIIA/I,
HE HaJleXaTh JI0 OJIHOTO By3jia KiacudikaTtopa), TO MOXIMBICTh iX MOPIBHSIHHS
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3'SIBISIETHCS, AKIMIO B 0a3l 3HAHb JJIs KOXKHOI 13 CYTHOCTI, IO TOPIBHIOETHCS, €
JIAHIIO’KKU THUITY MOCTIIOBHICTh, B SIKUX MOYAaTKOBUM THIIOM CYTHOCTI € MOTOYHHMA
cTaH (THUII30BaHUM BY30J1) KOXKHIN 13 CYTHOCTEM, a KIHIIEBUM — CYTHICTh, IO SIKO1
BOHU TIOPIBHIOIOTHCH.

HasiBHicTh 0a30B0i omepariii MOPIBHSAHHS CyTHOCTEH 3abe3meuye MOKIHUBICTh
BUKOPUCTAHHA CYJDKEHHS «SIKIIO-TO» B SKOCTI 0a30BOi omepamii MiCHCTeMHU
BUBEJICHHS 1 TMIJICHCTEMH TMOSICHEHHS BHBOJY MpH (POPMYBaHHI JIAHIIOXKKIB 31
3B’A3KaMU THITY MOCTIIOBHICTh. [103UTUBHUI pe3ynbTaT MOPIBHSAHHSA CYTHOCTEH €
nojiero, a (pakT reHeparlii cTaHy TOBOPUTH MPO Te, IO CYTHICTh NpHiHSATIA abo
3aryousnia ctad. CtaH B 3arajbHOMY BUNAJKY BIANOBIAAa€ By3lly a00 HOro moXiJHO.

B pamkax BkazaHoi koHIemnilii 0a30BUX CYTHOCTEH peai3alliio CyJKCHHS
«IKIIO-TO» MOXHa CPOPMYITIOBATH HACTYITHUM YHHOM.

* SIkmo pe3ynabTaT NOPIBHSIHHS CYTHOCTEH MO3UTUBHUI, TO CTBOPUTHU CYTHICTb.

 SIxmro pe3ynbpTaT MOPIBHSIHHS CYTHOCTEH O3UTUBHUM, TO BUTAIUTH CYTHICTb.

TakuM 4YMHOM, €JIEMEHTapHUN IMKJI yHOpaBiaiHHA y ©0a3i 3HaHb Oyje
dbopmyBaTHCS Ta BAKOHYBATHUCS B MOCIIIOBHOCTI:

* JIisl IOPIBHSHHS,

* [IpU NO3UTUBHOMY pe3yJIbTaTi MOPIBHSIHHS — (POPMYITIOBAHHSI CTaHY,

* MpU MO3UTHUBHOMY pPE€3yJbTaTl MOPIBHSIHHSA — BUKOHAHHS [I1i CTBOPEHHS a0o
BUJIAJICHHS CYyTHOCTI.

BucnoBok. B pe3ynbpTaTi mpoBeNEHUX AOCHIKEHb OYIKYETHCS, IO OYIyTh
OTPUMaH1 MOXJIMBOCTI Ji71s1 BripoBakeHHs EC, ski 3a0€311euytoTh JOCTYIHICTh 3HAHb
JUTSI IIIAPOKOTO CHEKTPY KOPUCTYBAUiB Ta €KCIIEPTIB Ta MAIOTh HACTYITHI XapaKTEepHI
0COOJIMBOCTI.

* Bucoka ctymniab BiiKpuTOoCTi Ta mipo3opocti joriku EC.

* MoxuuBicTh po3poOku  Ta BrpoBamkeHHs EC Ha OCHOBI IIMPOKO
PO3MOBCIO/IKEHUX MOB IIPOTpaMyBaHHs BUCOKOTO PiBHSI.

* IlpocTtoTa BnpoBaIKeHHS MpoLECiB (HOPMYIIOBaHHS, BBEACHHS, BUIYUYEHHS
Ta 0OMIHY 3HAaHHSIMHU 32 JOTIOMOTOIO 1X CTaHIapTH3aIlli.

* Husbka 3arasbHa BapTiCTh BUKOPHUCTAHHS 3HAHb JUIsl KOPUCTYyBaya, B TOMY
YHUCII, 3aBASKHA MIHIMI3AIll poJii IPOrPaMICTIB Ta 1HXKEHEPIB 3HAHb Y >KUTTEBOMY
ki EC.
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Nesterenko O.B. — Postgraduate student, nesterenko _ob@gqsuite.duit.edu.ua
Kulbovskyi I.1. — Candidate of Technical Sciences, associate Professor,
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Abstract. The rapid technological advancements driving global industrial automation
underscore the critical need for innovative approaches in production processes. While
countries like South Korea, and Germany lead in robot density, Ukraine significantly lags,
with minimal implementation of automated systems. This disparity hinders competitiveness
and productivity. The development of an intelligent Decision Support System (DSS) tailored
for managing procurement projects in small and medium-sized businesses (SMBs) offers a
strategic solution. Such a DSS can optimize processes before automation, evaluate
technological solutions, and support comprehensive market analysis. By addressing the
challenges of low automation and inadequate strategic planning, this system could empower
Ukrainian enterprises to align with global trends and maximize investment efficiency.
Keywords: Project Management, Decision Support Systems (DSS), Industrial Automation,
Artificial Intelligence, Process Optimization, Procurement Strategies

AKTYaJIbHICTh T€MM 3yMOBJIEHA CTPIMKUMHU TEXHOJIOTIYHUMH 3MIHAMH, SKi
OXOIUTIOIOTH yCi cepr BUPOOHMIITBA Ta AUKTYIOTh HOBI MIAXOAM 1O OpraHizarii
mporeciB. Y CBITI 3pocTae piBeHb aBTOMATH3AIlli, IO CTA€ KIOUYOBUM (HaKTOPOM
MiIBUIIEHHS  MPOAYKTHBHOCTI,  3HWKEHHS  BHUTpaT  Ta  3a0e3leueHHs
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KOHKYPEHTOCIIPOMOXKHOCTI mignpueMcTtB. Ilpomucnosi poGotu, cranku 3 UYIIK
(4MCIOBUM  TIPOTPAMHUM  KEpYBaHHSIM) Ta 1HII €JEeMEHTH pPOOOTHU30BAHUX
CepeZOBUII Jie/1alll OlIbIle 1HTErPYIOThCA Y BUPOOHWYI MPOIIECH MPOBIIHUX KpaiH,
3okpema y IliBnenniii Kopei, SAnonii, Himeuuuni ta CILIA. 3rigHo 3 gaHumu 3BITY
World Robotics 2024, rmobanpHuI cepeaHii MOKA3HUK IIUIBHOCTI POOOTIB JOCST
pexopaHoro piBHA y 162 ogunaumi #Ha 10,000 nmpauiBaukiB y 2023 porri, 1mo Oinblie
HIXK yJIBiUi MEPEBHUIIYE MOKA3HUK ceMUpiuHOl naBHUHU (74 ommuwuii). Lle cBiMuuThH
PO MIBUAKE 3pOCTaHHS TEMIIB poOoTu3aiii B riaobanbHOMYy MacmiTadi. IliBaeHHa
Kopest mae wHaiiBumy miijapHICTh poOOTIB y cBiTl. 3 932 oaunuinsamu Ha 10 000
MpaliBHUKIB KpaiHa TIePEeBUINMIIA CEpeHIM CBITOBUHA IIOKAa3HUK Yy CIM pasiB.
Bonnouac B VYkpaini piBeHb poOOTH3aIlll 3ajuIlaBcs MNpUHAWHMI 10 BIHHU
HAJ3BUYAHO HU3BKUM: OyJIO0 BCTAaHOBJICHO HE OiIbIe OJHIET aBTOMAaTH30BAHOI
cuctemu Ha 10,000 mpamiBHukiB [1]. 3a3HaueHuil aucOalaHC HE JIMIIE CTPUMYE
MPOIYKTUBHICTh YKPAiHCHKOI TIPOMHCIOBOCTI, a W CTBOPIOE PHU3WKH BTpaTH
KOHKYPEHTOCIPOMOKHOCTI Ha CBITOBOMY PUHKY.

VYkpaiHa cyTTeBO BifICTa€e 3a piBHEM poOOTH3allli HE JIMIIE Yepe3 eKOHOMIYHi
dakTopu, aje i 3a OpakoM CTpaTeriYHUX 1HHOBAIIMHUX IMJIXOAIB O BIPOBAHKCHHS
HOBITHIX TEXHOJIOT1M. bararo kepiBHUKIB MIANPUEMCTB HE YCBIAOMIIIOIOTH, SIKI
MPOIECH MOXKHAa aBTOMAaTU3YyBaTH, SIKI € HEBUMPABIAHUMU JJiI BUKOHAHHS, 1 SIKI
MOTPEOYIOTh y4acTi JIFOJUHHU.

CTBOpEHHS 1HTENEKTYaJIbHOI CUCTEMU MIATPUMKH NpUiHATTA pimieHb (CIITIP)
JUISL YOPaBJIIHHS MPOEKTAMM 3aKYIIBJII BHUCOKOTEXHOJIOIITYHOTO OOJIaJHAHHS MOXKE
CTaTH BUpIMICHHSAM 1uX Tmpobnem. Taka cuctema AO3BOJIUTH MiANPUEMCTBAM
KOMIIJIEKCHO OIIHIOBATH MOTPEOH, aHAMI3yBaTH CydacH1 TEXHOJIOT14HI MPOIO3HUIIIT Ta
3a0e3neuyBaTy MaKCHUMaJbHy €(QEKTHUBHICTh IHBECTHIIIl y poOOTHU30BaHE
CepeIOBHILIE.

Metow fociigsKeHHs: € OOIPYHTYBaTH  BaXKJIMBOCTI  CTBOPEHHS  Ta
3aTBEPKEHHSI 0A30BUX €JIEMEHTIB IHTEJIEKTYyaIbHOI CUCTEMHU MIATPUMKHU MPUUHATTS
pimiens (CIIIP) anga epexkTUBHOro yNpaBiiHHA 3aKYIMIBISAMH POOOTH30BAaHUX
TEXHOJIOT1H y MPAKTUYHIN JTISITBHOCTI MIAMPUEMCTB MaJIOTO Ta CEPEIHBOrO Oi3HECY
(MCB).

Busznauumo 6a3osi enementu cucremu CIITIP:

OnTumi3zanis npouecciB nepen ix aBromarusamier. Haifkpaiioro CBITOBOIO
NPAKTUKOIO € CTaHAApTU3allisl CTAaOUIbHMX Ta 3pO3YMUIMX NPOLECIB Nepen ix
aBromaTu3amiero. Hampukian komrmanis Toyota yHHWKae aBTOMaTH3allii XaOTHIHUX
a00 HEJIOCKOHAJIMX IMPOIECiB. 3aMICTh ILOTO KOMIIAHIS CIOYATKy BJIOCKOHAJIOE
MPOIIECH, BHUKOPUCTOBYIOUM METOAM OEpeKJIMBOTO BUPOOHUITBA, Taki sk ['eHdul
I'enOy1y (miTH ¥ MOAMBUTHUCS): TIEpEBIpKa MPOIECiB O€3MocepeIHbO Ha BUPOOHUIITBI
JUIS BUSIBIICHHS TpoOsieM; BukopucTaHHS Kala3eH: MOCTIHE BIOCKOHAJICHHS Ha
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OCHOBI 300py AaHuX 1 aHanizy Ta CTaHmapTU3allis - CTBOPEHHS €IMHUX CTaHIapTIB
pO0OOTH, K1 JO3BOJSIOTH YHUKHYTH BIIXWICHB Y SIKOCTI.

Toyota BmpoBaKye aBTOMATHU3AIllI0 JIMINE TOMI, KOJIM IPOIECH CTaOLIbHI,
CTaHJapTU30BaHl Ta onTuMizoBaHl. lle 3MeHIIye pU3MK TepeHeCEeHHs Ne(PEKTIB Y
MacmTaboBaHy aBTOMAaTH30BaHy cHUcCTeMy. ABToMaru3aiis "Xaocy" NpU3BOAUTH 0O
OUIBIIOTO XaoCy, TOMY JIUIIIE MICJIA BUPIIICHHS OCHOBHUX MPOOJIEM MPOIIECIB MOKHA
po3rsmatd  iHBecTHiii B poOotm3oBaHi cuctemu um  UIIK-oOmamHaHHS.
[arenextyanpHa cucreMa miaTpumkud npuiiHATTa pimens (CIIIIP) moxe cratu
KJIFOUOBUM 1HCTPYMEHTOM JIJIsl aHaIIi3y, ONTHMI3allii Ta aBTOMaTH3aIlli BUPOOHHUIHMX
npoueciB. CucremMa MOXXe CTBOPIOBATH IU(GPOBI MOJENI ICHYIOUHX IPOIIECIB 1
TECTyBaTH ClieHapii BAockoHajeHHs. lle  mo3BoJsise  IMITYBaTH  HACIIJIKH
BIIPOBA/DKEHHS 3MIH 0 aBTOMAaTH3allil, 30KkpeMa 3a gonomMoror pobdotiB un YUIIK-
cTaHkiB. Hampukman, MoOAeNIOBaHHS O3BOJIUTH BH3HAYWTH, 4YH BHUIIPABAAE
aBTOMATH3aIlisl TIEBHOTO TIPOIECY BHUTPATH HA BIPOBAKEHHS POOOTH30BAHOI
cucremu. CIIIIP moxe BHUKOpHCTOBYBAaTHM aJrOpUTMHM MAIIMHHOIO HABYAHHS JJIS
aHaI3y BEJIMKUX OOCATIB JIAHWX 1 MPOMOHYBATH KOHKPETH1 3aXOJM 3 ONTHUMI3allli.
Pexomenpaiii MOXyTh BKIIIOYAaTH YCYHEHHS "BY3bKMX MiCIb" y BUPOOHHUIITBI,
CKOPOYEHHS HEMPOIYKTUBHOTO Yyacy a00 BU3HAUYCHHS HAOUIbIII BUT1THUX HAMPSIMKIB
JUT aBTOMaTH3aIli [2].

Ouinka cyyacHux TtexHousoriii. CIIIIP noBuHHa BpaxoByBaTH Cy4acHi
TEXHOJIOTIYHI MOKJIMBOCTI, 30KpeMa OOJaJHAHHS 3 YHUCJIOBUM MPOrPaMHUM
kepyBanHaM (YIIK), mpomucioBl poOOTH, CKIaJH1 aHAMITHUYHI cUcTeMH Too. Lle
JO3BOJIUTH MIANPUEMCTBAM OOMpATH 00N HAHHS, SKE HaMKpalle BiAMOBiAaE iXHIM
notpebam. BaxxnuBo 3ayBaxkuTH, 1o npencraBauku MCb B YkpaiHi 1ocuTh 4acto
He 3/1aTHI chopMyITIIOBaTH SIKICHE TEXHIUHE 3aBJaHHsS 4yepe3 Opak 3HaHb MPO HasBHI
TexHoJorii B cBiTi. CamMe TOMY KJIACUYHI CUCTEMH HAa OCHOBI HITYYHOTO 1HTEJEKTY
Taki ik SAP Ariba, Silex, Synertrade He MOXyTh €()EKTUBHO MPALIOBATH, OCKIIbKU
BOHU BUMAararoTh 4iTKOTO PO3yMIHHS OTpeO KOpUCTyBaya.

Jnst Bupimennsa uiei npo6nemu CIIIIP Moxe BUKOPHCTOBYBATH IHTErPOBaHI
4aT-00TH 3 €JeMEHTaMU INTYYHOTO I1HTeNeKTy. Taki 4Jar-00oTu 31aTHI 30upaTH
iHdopMaIlil0 TpOo TMOCTAaYaNbHUKIB, HaJaBaTH PEKOMEHJAIlli Ta MiATPUMYBATU
KOMyHikamiro. Yar-00TH € 1HTENeKTyalbHUMH BIPTyaJIbHHUMH areHTaMu, siKi
aHaI3yIOTh MOTPEOM KOPHUCTYBadiB 1 IMOCTAYaJIbHHUKIB, HAJAIOTh PpPEJIEBAaHTHY
iHdopMaIil0 Ta BUKOHYIOTH (DYHKIIIT aBTOMATH30BAaHOIO IEperoBopHUKa. BoHu
MOXXYTh KOHTaKTyBaTH 3 OOpaHMMHU MOCTa4aJIbHUKAMH, MPEICTaBISATH KOMIIAHIIO,
30upatn 0a3oBy iH(OpPMAaIlilO0, OIIHIOBATH IMOTEHINA] CIIBIpalll Ta MIATPUMYBATH
MO3UTUBHI BIAHOCHMHHU. Yar-00THM TaKOX MOXKYTh B3SITH Ha cebe eTam 3amuTy
inpopmarnii - Request for Information (RFI), mo mo3Boasie OXOMUTH OibIie
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MOCTaYaJIbHUKIB, 3a0€3MEUYUTH BIJIMOBIAHICT BUMOTaM 1 MIATPUMYBATH BiTHOCHHU
HaBITh 13 THMH, XTO He OyB oOpanwmii 1 criBmpari [3].

AHaJi3 PUHKY Ta OWiHKA MOCTAaYaJbHUKIB. Po3poOka cucTteMu MIATPUMKH
npuiHATTs pimeHs (CIIIP) s omiHky mocTadaibHUKIB € KPUTHYHO BaXKIIUBOIO IS
ONTHMI3aIli] 3aKyIiBEIbHUX MPOLIECIB MiAMPHUEMCTB, OCOOIMBO B YMOBaX, KOJIH BUOIp
MOCTAYaJIbHUKIB € CKIAIHUM 1 OGaratokpurepianbuuM 3aBaaHHsM. Cydachi CIIITP
MOBUHHI 3a0e3MevuyBaTy BCEOIUHY OIIHKY MPOTO3HIIA 3a TAKUMHU MapamMeTpamu, siK
BapTICTh, TEXHIYHI XapaKTEPUCTHKHU, TEPMIHH MOCTABKH, CEpBICHE OOCITYrOBYBaHHS
Ta HasIBHICThH CIICI1aJ1I30BAHUX KOMITOHEHTIB.

B ykpaiHCchkuX peanmisixX MIAIPUEMCTBA CTUKAIOThCS 3 HHU3BKUM PIBHEM
JoKasi3aIli BUpOOHUIITBA BEPCTATIB 13 YKMCIOBUM IporpaMHuM kepyBaHHsaM (UIIK)
Ta IHIIKX €JEMEHTIB pPOOOTU30BAHUX BHPOOHHMYMX cHcTeM. [IpoBimHI CBITOBI
BupoOHukH, Taki sk HAAS, Toshiba, Samsung, DOOSAN, EMCO, OKUMA, e
MalTh BUPOOHMYMX MOTYKHOCTEH B YKpaiHl, IO 3MYIIyE KOMMaHIi MpaloBaTH 3
MpeACTaBHUKaMH ab0 JucTpub’roTopamMu. Yacto 11 NpPEeICTaBHUKU HAJIAIOTh
HEJ0CTaTHBO 1H(pOpMAIlil, 0OOMEXKYIOUNCh CTAHAAPTHUMHU PIIICHHIMHU, K1 HE 3aBXKIU
BiIMOBiAat0Th moTpedam kimieHTiB. Biamosigxo, CIIIIP moBuHHA MaTH TBOEIUHUHIA
X1 A0 HaJaHHS PEKOMEHJalllil Ha 3aKyIiBJII0 BPAXOBYIOUH SIK MpsIME 3aBJaHHS
OpI€EHTOBAaHE Ha BH3HAYEHHs MOTPeO 3aMOBHUKA, 30KpPEMa 3aBISKH IHTEPAKTUBHUM
IHCTpYMEHTaM 300py JaHuX, Tak 1 3BOpoTHe 3aBnaHHsA, koiu CIIIP 3amicte
MoCTayaIbHUKA TOTIOMArae MmoKymnifro copMyTioBaTH ONTUMAIIbHY KOMIUIEKTAIIIIO Ta
chopMyITIOBaTH JIeTAIbHUAN 3aIuT Ha 3aKymiBimo — Request for Quotation (RFQ).

BucnoBku. CrtBopennss CIIIIP € KpUTUYHO BaXXJIUMBUM KPOKOM IS
YKpaTHChKUX MIAMPUEMCTB, SIKI MPArHyTh IHTETPYBATHCS B TJIOOAIbHY E€KOHOMIKY.
Bona nomomoke wmaiioMmy Ta cepeaHbOMY Oi3HECY ONTHMI3yBaTH BUPOOHUYI
npolecu, MIABUIIMTH €()EKTUBHICTh 1HBECTHIIM Ta aJanTyBaTUCS 1O BUKIHKIB
TEXHOJIOTIYHOT PEBOJIONII. Y Pe3ysbTari 1€ COPUATHME BIIHOBJIEHHIO Ta PO3BUTKY
MPOMHUCIIOBOTO CEKTOPY YKpaiHM B yMOBaX CYYacCHHMX TJIO0QJIbHUX TEHICHIIIH.
[IpucyTHi Ha pUHKY MPOTPaMHI NPOAYKTH HE B MOBHIA MIpi BIJMOBIJAI0Th PEAIbHUM
norpebam MCB Vkpaini. Matote Oyt po3poOseHi Mojneni, METOIM Ta TEXHIuHI
pIIICHHS, 10 TPYHTYIOTHCA Ha HEYITKUX 3MIHHUX, YIPABIIHHI MPOEKTOM, JEpeBi
IiJel Ta nepesi pimieHb, g 3ade3nedeHHs ctBopeHHs CIIIIP sk mpumatHoro mo
eKCIUTyaTarlii mporpaMHO-TEXHIYHOTO KOMITFOTEPHOTO 3aCTOCYHKY.
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Abstract. Modern transport requires high-tech solutions to ensure the accuracy, reliability
and safety of the operation of transport infrastructure. Computer-based technologies in
measurement processes are the basis for intellectualization, automation and optimization of
monitoring the state of transport systems. The paper explores the prospects for the
implementation of the latest technologies, such as the Internet of Things (loT), artificial
intelligence, big data analysis, cloud computing, as well as computer vision in transport
measurements. Particular attention is paid to the prediction of malfunctions, optimization of
measurement processes and ensuring cybersecurity. The main challenges facing the
industry are presented and promising areas of development are outlined that will contribute
to the efficiency of transport systems.

Keywords: transport measurements, computer-based technologies, intellectualization,
measurement methods, artificial intelligence, Big Data

AKTYaJIbHICTh [JOCJTIIKEeHHsI 3yMOBJEHa THM, II0O B yMoBax Iu(poBizaiii
Cy4aCHOTO CBITY KOMITIOTEPHO-OPIEHTOBAHI TEXHOJIOTII CTalOTh OCHOBOIO JIJIS
IHTEeJIeKTyalli3allli MpoIeciB BUMIPIOBaHb. [HTerpailiss HOBITHIX PIIIEHb, TaKUX SK
Iatepuer peueit (IoT), mTy4HMil iHTENEKT, aHaANI3 BEIMKUX JAaHUX Ta XMapHI
00YUCIEeHHS, JO3BOJISIE CYTTEBO BJAOCKOHAJIUTU KOHTPOJIb 32 CTAHOM TPAHCIIOPTHHUX
00'exTiB 1 mporeciB. lle € Haa3BUYAlHO BaKJIMBUM [IJII CBOE€YACHOI'O BUSIBJICHHS
HECIIPaBHOCTEH, ONTUMI3allil MPOIIECIB MOHITOPUHTY Ta 3a0e3nedeHHs KibepOe3neku
JaHUX.

MeTorw po6oTH € aHali3 MEPCHEKTUB PO3BUTKY KOMIT IOTEPHO-OPIEHTOBAHUX
TEXHOJIOT1 Y TPAHCMOPTHUX BUMIPIOBAHHAX Ta OOTPYHTYBaHHS iXHBOTO BIUIMBY Ha
MIBUIIIEHHS TOYHOCTI, €EKTUBHOCTI Ta O€3MEKU TPAHCTIOPTHUX CUCTEM.

P03BUTOK TpaHCIOPTHOI IHPPACTPYKTYPH € KIFOUOBUM (PaKTOpOoM 3a0e3neueHHs
€KOHOMIYHOi CTaOUTbHOCTI Ta I1HTEerpamii YKpaiHM 10 TriI00aJbHUX JOTICTUYHHUX
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Mepex. TeXHOJNOTIuHI BUMIPIOBAaHHS 3aliMarOTh LEHTpajbHE MICIE B YIpPaBIiHHI
TPAHCIIOPTHUMHU TPOIECAMH, OCKUIBKH BiJl TOYHOCTI Ta HAIIMHOCTI JAHUX 3JICKUTh
Oe3neka, ePeKTUBHICTD 1 CBOEUACHICTh POOOTH TPAHCIIOPTHUX CHCTEM.

CydJacHi TpaHCIIOPTHI CUCTEMHU CTHKAIOTHCS 3 HU3KOIO BUKIIMKIB, CEpel SIKUX —
3HOMICHICTh 1H(PPACTPYKTYPHU, HEAOCTATHS aBTOMATH3allisl IMPOILECIB KOHTPOIIIO,
BHCOKI BUMOTH 710 0€3MeKH Ta 0OMEXEHICTh pecypciB. BukoprucTaHHS KOMIT'FOTEpHO-
OpPIEHTOBAHUX TEXHOJIOTIM y BHUMIPIOBAJIBHUX TNIPOIIECaX TO3BOJSE TMOAOJATH IIi
BUKJIMKM Ta CTBOPUTH I1HHOBAIlIHI pIIIEHHS 7S MOHITOPUHTY ¥ YIpaBIiHHS
TPaHCHIOPTHUMU 00’ €KTaAMH.

OcCHOBHI HampsMH BIPOBAHKEHHS KOMIT IOTEPHO-OPIEHTOBAHUX TEXHOJIOTIN Yy
TPAHCIIOPTHUX BUMIPIOBAHHSX BKJIIOYAIOThH TaKl PillICHHs SIK BUKOpUCTaHHS [HTepHET
peueit (IoT), moO 103BOJSIE BUKOPUCTAHHS CEHCOPHHUX MEpex Uil 300py JaHUX y
peanbHOMY 4aci Ta iHTerpauito npuctpoiB loT 13 cuctemamu MOHITOPHUHTY IS
MIJBUILIEHHS ONEPaTUBHOCTI BUMIPIOBaHb. BUKOpHCTaHHA 1HCTPYMEHTIB LITYYHOTO
IHTENIEKTY JO03BOJISIE 3aCTOCYBaHHS AalTOPUTMIB MAIIMHHOTO HABYaHHS IS
IPOrHO3YBAaHHSI HECHPABHOCTEH, onTUMi3alisi poOOTH TPAHCHOPTHUX CHUCTEM Ha
OCHOBI aHaJIi3y MOBEIIHKU 00'€KTIB. AHaJI3 BEJMKUX JIAaHUX Ta XMapHI OOYMCIICHHSA
JI03BOJISIIOTh aHAJ3 BEIUKHUX OOCSTIB JIAaHUX JUIsl BUSIBJICHHS 3aKOHOMIPHOCTEH 1
aHoMalliii y poOOTI TPAHCHOPTHOI IHPPACTPYKTYypU. XMapHi MmiIatrGopmMu s
30epiraHHs 1 0OpoOKH BUMIPIOBIBHHUX JaHUX, JOCTYI JO SKUX MOXKJIUBUU 3 Oy/b-
sikoro Mmics [1-3].

BukopucTaHHs KOMIT I0TEPHO-OPIEHTOBAHUX TEXHOJIOTIH JO3BOJIUTH CTBOPUTH
HOBE TOKOJIHHS 1HTEJICKTyaJIbHUX TPAHCIOPTHUX CHUCTEM, 3AaTHUX 3a0e3MeUnuTu
TOYHUM 1 MIBUAKUANA KOHTPOJIb 32 CTAHOM I1H(PPACTPYKTYpPH, TPAHCIIOPTHUX 3aCO0IB 1
jorictuyHuX mporneciB. lle chnpustuMe miABUIIEHHIO O€3MEKU TPaHCIOPTY,
CKOPOYEHHIO BUTPAT Ha 0OCIIyrOBYBaHHS Ta 3HWKEHHIO BILTUBY JIFOJICHKOTO (hakTopa
Ha MPOIECH MOHITOPUHTY. Po3po0Oka i iHTerpallisi IHHOBAIITHUX TEXHOJIOT1N TaKOXK
BIJIKpUBA€E HIMPOKI MOMJIMBOCTI JUIsl aJanTalli TPAaHCHOPTHUX CHUCTEM JO BUKIIMKIB
MaiOyTHBOTO,  30KpeMa  BIIPOBA/DKCHHS  aBTOMATH30BAHOTO  YIPABIIIHHSA
TPAHCIIOPTOM.

BucnoBok. B pe3ynbTaTi mpoBEACHOTO AOCHIHKEHHS OyJ0 BUSIBICHO, IO
KOMIT'FOTEPHO-OPIEHTOBAHI TEXHOJIOTII € KIII0UYeM JO MOJIEpHI3allii TPaHCHOPTHUX
BUMIpIOBaHb i PO3BUTKY TPaHCIOPTHOI iH(PPAacTpyKTypu B YKpaiHi Ta CBiTi. IxHe
BIIPOBAXKEHHSI 3a0€311€YUTh HOBUM PIBEHb aBTOMATH3allii, TOUHOCTI Ta O€3MeKH, 110
CIIPUSATUME CTBOPEHHIO KOHKYPEHTOCIIPOMOXKHOI TPAHCHOPTHOI CUCTEMHM, 34aTHOI
BIJIMOBIAAaTH BUMOTaM Cy4acCHOCTI Ta MallOyTHBOTO.
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Abstract. The paper discusses: the relevance of research into the operation of the SCADA
system, new principles of information technology, high level of application of the SCADA
system on the railway, capabilities of the SCADA system, intended data of the system on the
railway, functions of the SCADA dispatching system, dependence of the system on the
human factor, multi-level human-machine control system. , creation of automated control
systems, extended functional capabilities of the system, use of the automated control system,
close connection between SCADA systems and design processes, importance of system data
for the railway, the system is an important element for maintaining high standards.
Keywords: SCADA system, automated control system, information technology, railway
transport, dispatching systems

AKTYaJIbHICTB JOCJTiI?KeHHS 3yMOBJICHA BIIPOBA/X)KEHHSIM B €KCILTyaTallilo0 BCE
OUIBILIOI0 KUIBKICTIO CUCTEM KEpYBaHHS pyXOM MOI3/IB HAa HOBIM eJIeMEHTHIN 0a3l,
sKa BIIKPUBAE HOBI MOXJIMBOCTI PO3BUTKY 1H(QOpMaliiHOTO 3a0e3neueHHs, 300py Ta
00po0Oku 1Hpopmartii 1 Bigganenoi poooru SCADA cuctemu.

Metoro podoTH € aHai3 CydyaCHHX aBTOMATH30BaHUX CHUCTEM YIIPaBIIHHS
TEXHOJIOTIYHUMHU TIPOILleCaMH Ha 3alli3HUYHOMY TpaHcropti, 30kpema SCADA
CUCTEM, SIKI BUKOPHUCTOBYIOTHCS JJIi aBTOMATH30BaHOTO 300py, 0OpoOKu Ta
30epiraHHsl TaHMUX, a TAKOX JJIA MiABUIIEHHS €()EeKTUBHOCTI Ta SKOCTI yNpPAaBIIIHHS
3aJII3HUYHOI0 1HHPACTPYKTYPOIO.
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CydacHa aBTOMaTH30BaHa CHCTEMa VIPABIIHHSA TEXHOJOTIYHUM MPOLIECOM
aBJsie co00I0 OaraTopiBHEBY JIOJUHO-MAIIMHHY CHUCTEMY YyIpaBiiHHSA. CTBOpEHHs
ACY 3I1ACHIOETHCS 3 BUKOPUCTAHHSIM aBTOMATHUYHUX 1H(QOPMAIHHUX CUCTEM 300Dy
JaHUX 1 OOYMCITIOBAIPHUX KOMIUIEKCIB 3aJlI3HUII, SKI MOCTIMHO YIOCKOHAIIOIOTHCS
10 Mipi €BOJIIOMIT TEXHIYHUX 3ac00iB 1 mporpaMHoro 3ade3neueHns [1].

OCHOBHI IPUHIIMITY HOBUX 1H(QOPMAIITHUX TEXHOIOTIH [2]:

- CTBOPEHHS METOJIIB Ta 3aco0iB, IO JO3BOJISIIOTH TIABUIIUTH SIKICThH
yHOpaBIiHHSA 1HQPACTPYKTYPOIO 3a/II3HUYHOTO TPAHCIIOPTY Y KpaiHu;

- ctBopeHHst SCADA cuctem, 110 3aCTOCOBYIOTHCS BIAHOCHO JI0 OCOOJIMBOCTEH
(GyHKIIIOHYBaHHS 3aI3HUYHOTO TPAHCIOPTY, Ta MPU3HAYCHI I MPUUHATTS PillleHb
B €KCTPEHUX CUTYaIlIsIX;

- BrpoBakeHHT SCADA cuctem nae MOXIHMBICTH ONpPAllbOBYBaTH BEJHKI
o0caru 1H@opMalii, 3BUIBHUTU MEPCOHAN BiJ MPaLEBMICTHUX oOlepaniidi o0poOKu
JAHUX, BJIOCKOHAIIOBATA CTPYKTYPY Ta MIABUIIUTH AKICTh TEXHOJOTIN YNpaBIIHHSA
3QJII3HUYHUM TPAHCIIOPTOM.

KepyBaHHs 3ai3HUYHUM TPAHCIIOPTOM HEMOXKJIMBO YSIBUTH 0€3 3aCTOCYBaHHS
cydacHUX 1H(OpMaIIHHO-KEPYIOUMX CHCTeM pi3HOro piBHA. Ha chorogui Ha
3aBHUIX YKpaiHu akTHUBHO BIpOBakylOThcsi SCADA cuctemMu aucnerdepchbKkoi
ueHTpamsanii. I{i cuctemMu MaroTh po3MIMpPEH] (PYHKIIOHATIBbHI MOXJIMBOCTI, OLIbII
HaJ1iHI i MPOCTI B €KCIUTyaTallli, JErko MOJAEPHI3YIOThCA i CIOTYYatOThCs 3 IHILIUMU
1H(pOpMaIifHO-KePYIOUUMH cUcTeMaMu [2].

Bucoxuii pisens 3actocyBanas SCADA cuctem aist ynpaBiiHHS 3a/1I3HAYHUMHA
CTaHIISIMA XapaKTEPHU3YEThCSI MPAKTUYHO TOBHUM OXOIUICHHAM (DYHKITINA aHami3y,
3B 513Ky Ta ynpasiinas [3]. Jlani cuctreMu mpu3HayeHi A1 aBTOMAaTH30BaHOTO 300py
TEXHOJIOTITYHUX JaHUX 3 JIOKaJbHUX CHCTEM aBTOMAaTHKH, MOJAJbIIOI JIOTTYHOI
o0poOku 1 30epiraHHs 310paHMX JaHUX 3 METOI0 HAJlaHHS KOPHCTyBayaM Ta
CTOPOHHIM CHUCTeMaM orepaTtuBHOI iHdopMmartii [4].

Hesixki SCADA cuctemMu Ha 3alli3HHII JO3BOJISIOTH BiICTEXKYBATH CTaH CKIIATY i
OKpEeMHUX JOKOMOTHBIB Ha €KpaHi JUCIUIeS B TOYIll 3 KOOpAMHATAMMH, BH3HAYCHUMU
MoOuTbHUMHE  GPS-mipuitmauamu  depe3 TIO0anbHY CYMYTHUKOBY HaBITaIlliHY
cucremy [3]. 3a gpmomomororo SCADA-cucremMu Jucrerdepusaniii  MoxKHa
3MIMCHIOBATH Bi3yai3allilo poOOTH arperariB 00’€KTa YMpaBIiHHSI, apXiBYBaHHS
OyIbp-sSKMX MMapaMeTpiB, apXiByBaHHS IOiM, CHTHAJI3AII0 aBapiid, MOMEPEIKEHb 1
YIOPABIIHHS TEXHOJIOTTYHUM MPOLECOM.

SCADA cucrema He 3/JaTHa CaMOCTIMHO MpUAMATH PIIICHHS Ha BCIX eTamnax
ynpaBiiHHA. SIK TIOKa3ye TMpakTWKa, BHKOPUCTAHHS CHCTEM aBTOMAaTH30BAaHOTO
VOpaBJIIHHS HE MOXeE O0IATHCA 0e3 «Moachkoro dakropa». JlaHa cuctema 3aiimae
JIMILE MiICLIE TPaMOTHOTO MOMIYHHUKA, L0 Ma€ YHIKAJbHUN IHCTPYMEHT HIBHAKOTO
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PO3paxyHKy JIOKaJIbHUX 3aJa4, BIJJIAJICHE YIPaBIIHHS 1 HE MEHII IIBUIKE HAJIaHHS
OyIib-siK01 1H(OpMAIlii B TOBIIKOBOMY PEKUMI.

BucnoBok. Y poGoti npoBeaenuii anami3z Bukopuctanus SCADA cuctem Ha
3QII3HUYHOMY TPAHCHIOPTI, IO 3HAYHO TiJABHINY€E €(GEeKTUBHICTh YIIPaBIIIHHS,
J03BOJISIIOYM  aBTOMAaTH3yBaTu 30ip 1 OOpOOKy /[JaHMX, a TaKOoX MOKpaIIUTU
OTEPATUBHICTh 1 TOYHICTh yNpaBIiHCHKUX pimeHb. Jocaimkeno, mo SCADA
CUCTEMH € MOTYKHUMH IHCTPYMEHTaMH, IIPOTE€ BOHU HE MOXYTh MOBHICTIO 3aMiHUTH
«WTIOJCHKUN (PaKTOp» 1 MOTPeOYIOTh y4acTi OMEPaTOpiB JJISl MPUUHATTS BaKIMBUX
pilIeHb, 1110 3a0e3neuye 0aJaHc MiXK aBTOMATH3aLIEI0 Ta JTIOJICHKIM KOHTPOJIEM.

Bcranosneno, mo SCADA-cuctemMu Ha YKpaiHCBKMX 3JII3HULISIX € BaXKIMBUM
IHCTPYMEHTOM Il TIATPUMKH BHCOKHX CTaHIApTIB poOOTH 1HGPACTPYKTYPH,
3a0e3neuyroud ii 6e3neKy, HaJiiHICTh Ta €(DEKTUBHICTb.
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Abstract. The paper discusses: systems analysis is of particular importance as a universal
method of understanding complex systems, studying the relationship between systems
analysis and optimization models, possibilities of optimization models, improving the
quality of decision-making and promoting the implementation of new methods, determining
their role in solving complex management problems, the functions of systems analysis, the
optimization system, model is an element of systems analysis, systems analysis of the results
of a comprehensive study of an object or process, the optimization model is focused on
determining the best solution to the problem.

Keywords: system analysis, optimization models, integration, efficiency, adaptation.

AKTYaJIbHICTh IOCJIKEHHSI 3YMOBJICHA CTPIMKHUM PO3BUTKOM TEXHOJIOTIN Yy
Cy4yaCHHUX yMOBaX, 3pOCTaHHSIM OOCSTIB JaHMX Ta YCKJIQJHEHHSM YINPaBIIHCHKUX
IPOLIECIB CUCTEMHUN aHali3 HaOyBae OCOOMMBOrO 3HAYECHHS SK YHIBEpCAJTbHUN
METOJI TMi3HAHHS CKIAJHUX CHUCTeM. BiH 103BOJis€ BUPINIYBATH HIMPOKHUHA CIIEKTP
3aBAaHb y MaKpPOEKOHOMIIll, TEXHIIl, €KOJIoTii Ta IHmuX cdepax, 3ade3nedyroun
a/IanTallio 10 yMOB HEBU3HAUYECHOCTI.

JlocmiIKeHHST B3a€MO3B 3Ky CUCTEMHOI'0 aHaJli3y Ta ONMTUMIZAIIMHUX MOJIEIeH
J03BOJISIE TABULIUTH SKICTh MPUMUHATTA PILIEHb Ta COPUSIE BIPOBAKEHHIO HOBITHIX
METO/IIB Y PI3HUX Tay3sX AISUIBHOCTI, III0 BU3HAYAE AKTYaAJbHICTD I11€1 TEMATHUKH.

MeTow podoTH € aHalli3 B3a€EMO3B’SI3KYy MIDK CHCTEMHHM aHaI30M Ta
ONTHUMI3alIMHIMH MOJCIISIMH, a TaKOX BHU3HAYEHHA 1IX POJl Yy BUPIIMICHHI
KOMIUIEKCHUX 3aBJIaHb YIPaBIIIHHS, MPOTHO3YBAaHHA Ta (PYHKI[IOHYBaHHS CHCTEM
pi3HOI mpupoau. JloCHIKEHHS 30CEpe’KeHEe Ha BHUBYEHHI CHOCOOIB 1HTErpaiii
ONTUMIZAIIMHUX MOJIeJIE Yy MPOIEC CUCTEMHOTO aHalli3y, IXHIX MOXJIMBOCTEH Yy
dbopmaizailii peaTbHUX MPOLECIB 1 3a0e3MeueHH] €()eKTUBHOCTI MPUUHSATTS PIllICHb.

CucteMHMi aHami3 - HAYKOBUM METOJA TI3HAHHS, IO SBJsSE COOO0I0
MOCIIJIOBHICTh i 3 YCTAHOBJICHHSI CTPYKTYpHUX 3B’SI3KIB MIDK 3MIHHUMH a00
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eIeMeHTaMu JOCIIKyBaHOi cucTeMu. CIMpaeThCs Ha KOMIUICKC 3arajlbHOHAYKOBUX,
€KCIIEpUMEHTAIIbHUX, TPUPOAHUYUX, CTATUCTUYHUX, MATEMAaTUYHUX METO/iB. BiH €
TUM METOJIOM, TIEI0 TEXHOJIOTIEI0, KA JO3BOJISIE IIBUAKO BHUPIIIYBAaTH CKIAJHI, a
4acoM 1 HaJICKJIaJIHI HECTPYKTYPOBaH1 3aB/IaHHs B YMOBAaX HEBU3HAUYEHOCTI.

CucreMHuil aHami3 BKIIOYA€ 3JATHICTh JO aHaji3y, HPOTHO3yBaHHS,
MPOEKTYBAaHHS MPUNUHATTS PIllIEHb B CKIAJHUX CHCTEMaxX Pi3HOI MPUPOIN Ha OCHOBI
CHUCTEMHOiI METO/I0JIOTI].

Cucremuuil anami3 nepenbavae BceOIUyHE MOCTIKEHHS 00’€KTa YW TPOILIECY,
dbopmynroBaHHs MPOOJIEMHU, BU3HAYEHHS 11 CTPYKTYpHU Ta MOUIYK PIlIEHb. Y IBOMY
KOHTEKCTI OITHUMI3AIliiiHI MOJIeJll BUKOHYIOTh POJIb 1HCTPYMEHTY JJISI BUPILICHHS
YaCTKOBUX 3ajJay, II0 BHHHUKAIOTh Ha PI3HHUX €Talax CHUCTEMHOro aHamizy. Y
CUCTEMHOMY aHaji3l ONTHMI3aIliiiHi MOJeNi IHTErPYIOThCS Yy 3arajbHHUN MPOLEC
NPUAHATTS pimieHs [1].

@axiBUl 3 CHCTEMHOIO aHaji3y HIPOEKTYIOTh, CTBOPIOIOTh M EKCILTyaTyOTh
KOMIT FOTEpHI CHUCTEMHU aHaji3y, MNPOTHO3YBAHHS, YIpPaBIIHHSA Ta HPOEKTYBAaHHS
JUHAMIYHUX TIPOIIECIB B MAaKPOCKOHOMIYHUX, TEXHIYHUX, TEXHOJOTIYHUX,
€KOJIOTTYHMX 1 (PIHAHCOBUX 00’ €KTaX, 3AIMCHIOIOTh aHaI3 O13HEC-TIPOIIECIB 3 MOTJISTY
iXHBOI MOIAJIBIIIOT aBTOMATHU3AITT, PO3POOJISTIOTh TEXHIYHI 3aBJAaHHS Ta crienudikarii,
TECTYIOTh ITPOrpaMHe 3a0e3neucHHs, GOpPMyIOTh aHATITHYHI 3BiTH [4].

OnrtumizaifiiHa MOJENb € BaXJIMBUM €JIEMEHTOM CHCTEMHOIO aHalli3y, SKUM
3aCTOCOBYETHCS ISl BUPIMICHHS CKJIAIHWAX 3a7ad YyIpaBIiHHS, MPOCKTYBaHHS Ta
byHKITIOHYBaHHS cHCTeM. Lleit B3a€EMO3B'SA30K MPOSIBISETHCS y KUTBKOX KITFOYOBHX
acmekrax [1].

OnTtuMizariiiHa Mofenb - 1€ aOCTpakilis peaabHOl MJIMCHOCTI, B SIKIH
BIIHOIIICHHSI MK PEAIbHUMH €JIEMEHTaMM, a caMe Ti, IO IIKaBIATH JOCTITHUKA,
3aMIHCHI BIJHOIICHHSAMH MK MaTeMaTUYHMMH KaTteropismu. Ili BigHOIICHHS
3a3BM4Yail mojaroThcss y (opMi  piBHAHL a00 HEPIBHOCTEH, BIAHOIICHHSIMU
(opMasbHOT JIOTIKM MIX MOKa3HUKAMH, SIKI XapaKTepU3yIoTh (PYHKLIOHYBaHHS
pEAIbHOT CUCTEMHU, 1110 MOJEITIOETHC [2].

Jlo 3aBnaHb ONTUMIZAIIMHOTO TUIY BITHOCSTHCS 3aBAaHHS, B SIKUX MOTPIOHO
3HaWTH Halikpaile abo OnTUMAaNIbHE PIIICHHS NPHU 3aJaHuX YMOBax BUpOOHUIITBa [3].

CucteMHMi aHaii3 nependavae BceOlUHE MOCIIIKEHHS 00’€KTa YM IIPOIIECy,
dbopmynroBaHHs MPOOJIEMHU, BU3HAYEHHS 11 CTPYKTYpU Ta TMONIYK PIICHb. Y IIHOMY
KOHTEKCT1 ONTHUMI3aliiiHI MOJENl BUKOHYIOTH POJIb 1HCTPYMEHTY IJisi BHUPILIECHHS
YaCTKOBUX 3ajJa4, 1[0 BHHHKAIOTh Ha PI3HMX €TamaXx CHCTEMHOIOo aHamuizy. Y
CUCTEeMHOMY aHai31 ONTHUMI3aIliiHI MOJIeNll IHTETPYIOThCS Y 3arajbHUM TPOIIEeC
MIPUIHSATTS PIlICHb.

OnTuMizaliiiHa MOJenbh 30CEpEeKeHa Ha BH3HAYEHHI HAWKpAIIOro BapiaHTa
pO3B'si3aHHS 3a7a4l B MEXKax 3aJaHuX KPHUTEPIiB e(PEeKTUBHOCTI (HANPUKIA],
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MiHIMI3aIlil BUTpAT, MaKCUMI3allli MPOTYKTUBHOCTI, MOKPAIIEHHS sIKOCTi). [{ist 1iboro
BOHA BUKOPUCTOBYE MaTEMAaTHYHI METOAH, SIK1 JIO3BOJISIIOTH (hOpMaTizyBaTH pealibHi
IPOIECH Yepe3 MIIbOBY (PYHKIIIIO, 3MIHHI Ta 0OMexeHHs [1].

BucHoBok. TakuM 4uHOM, ONTHMIi3aIliiHa MOJIEIb € YaCTHHOK CHUCTEMHOTO
aHamisy, 10 3a0e3lmedye JOKalbHE BUpILIEHHS 3ajadi. i  pe3ysbTaTH
BUKOPHUCTOBYIOThCSL 171  (OPMYBaHHS TJIOOANBHUX PpIllIEHb, CIPSIMOBAaHUX Ha
ebexkTBHE (PYHKIIIOHYBaHHS BCi€i cucTeMH. B3aeMO3B'SI30k ITMX KOMITOHEHTIB
pOOUTH CHCTEeMHHMI aHalli3 MOTY)XKHUM 1HCTPYMEHTOM Yy BHPIIICHHI KOMIUIEKCHUX
npooieM.
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Abstract. The paper proposes an algorithm for applying the method of branches and
boundaries for the optimization of road transportation routes. Based on the proposed
approach, the construction of the optimal route for the delivery of finished products from
the transport and logistics center located in the city of Dnipro to five district sales bases in
the region was carried out.

Keywords: road transportation routes, optimization algorithm, branch and boundary
method

AKTYyaJIBHICTh JOCJi?KeHHS. Jlost M1 IBUIIIEHHSA e(heKTUBHOCTI
(YHKIIOHYBaHHSI YKPAiHChKOI TPAHCIOPTHOI CUCTEMH BAXJIMBE 3HAYECHHS Mae
MOJEpHI3alisl ii JIOTICTUYHOI 1HQPACTPYKTypH Ta ONTHUMI3allisl MaplIpyTiB
aBTOMOOUIBHUX TepeBe3eHb, Mo 3abe3neuyroTh O 30% Bij 3aragbHOTO OOCATY
nepeBe3eHb. ToMy /I MiABUIIEHHS €()eKTUBHOCTI JOTICTUYHUX CUCTEM YIIPaBIIHHS
aBTOMOOUTbHUMH TEPEBE3ECHHSIMU BAaHTAXIB MPOOJIEMa MOJAIBIIOTO YI0CKOHAICHHS
METO/IB Ta aJrOPUTMIB ONTHUMI3alli BIAMNOBIJHUX MAapUIPYTIB Ma€ akKTyalbHE
3HAYEHHS.

Metow podoTu € po3poOka aJroputMy NOOYAOBH PO3B’A3KY TPAHCHOPTHOI
3a/1a4yl ONTUMI3allil MapIIPyTiB NEPEBE3CHHS BaHTaX1B AaBTOMOOIJIbHUM TPAHCHIOPTOM
13 3aCTOCYBaHHSIM METOJTy T1JIOK 1 TPaHUIIb.

[Ipy mpoekTyBaHHI MapUIpyTy HEOOXITHO 3a0€3MEYUTH HANMEHIYy MOXKIIUBY
BIJICTaHb TIEPEBE3CHHS 13 BIAMOBIAHOTO TPAHCIOPTHO-JIOTICTUYHOTO IIEHTPY JO
BU3HAYCHUX TYHKTIB JIOCTAaBKM Ta OJIHOPA30BICTh MPOXO/DKEHHS IYHKTIB 1X
posTtairyBaHHs. Bijncrani MiX BIANOBIIHUMM ITYHKTaMU TE€PEBE3€Hb € BIIOMUMH 1
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3amaHi marpunero Biactaneir C=||cil| (=1, 2, ... n; j=1, 2, ... n). a1 N myHKTIB
nocTaBku icHye N-(N-1) anbTepHATHBHUX MApHIPYTiB JOCTaBKH, i3 SIKHX OJUH abo
JCKIJIbKAa MalOTh HAWMEHINY MPOTSDKHICTH, TOOTO € omTuMaabHumu [1].
MareMaTiuHa MOJIeNb TaKOi 3a/adi B 3arayibHiii MOCTAHOBLI (OPMYITIOETHCS TaK:
11I60Ba (DYHKIIIS TPAHCIOPTHO 3a/1ayi, [0 BU3HAYAE 3arajibHy JTOBXHHY MapIIPyTy
KU ONTUMIZYETHCS, 3aMUIIETHCS B TAKOMY BUTJISIIIL:

F = Z 1271 1 CijXij —min . (1)

VY dopmyi (1) Xjj — KoedilieHT nepexoqy 13 IMyHKTY 3 HOMEPOM i B IIyHKT 13
HOMEpOM J; Xjj =1 IJIs BUIIaJIKy BKIIFOYEHHS TAaKOTO IEPeXoy B MapupyT; Xij =0 s
BUTIAJKY BiJICYTHOCTI TAKOTO MEPEXOAy B MapIIPYTi.

Toni ymoBu miHiMiZali GyHKiioHany (1) MOYKHA IPEICTaBUTH TaK:

X;=XYi1x;=1, =12, ..,n (2)
X, = Z] 1Xij = i=1,2,..,n. (3)

B namiii poGoti mis moOymoBH po3B’s3Ky onTumizariinoi 3amadi (1)-(3)
3alpONOHOBAHO 3aCTOCYBATH aJTOPUTM MOOYIOBaHUN HAa MOAM(IKALIT METOAY TUJIOK
Ta rpaHullb. Y BIJIMOBIAHOCTI 13 3aIPONOHOBAHUM T1JX0/10M MHOXHHA M MiHimi3aIi
Tb0BO1 PyHKIIT F (MHOXMHA MOKIIMBUX BapiaHTIB MapUIPyTiB) pO30MBA€THCSA Ha
PSAl MHOXKHH, 110 HE TTIEPETUHAIOTHCS, 13 SKUX BH3HAYAETHCS MiAMHOXKHWHA M | Ha K1
bynkmis F gocsrae cBoro HaiimeHmoro 3HadueHHs. IloTiM miamHoxuHAa M ; 3HOBY
pPO30MBAETHCSA HA Al MHOXHUH M 1y, 110 HE MEPETUHAIOTHCS, 13 SKUX BU3HAYAETHCS
migMHOXMHA M » Ha ki QyHKkIis F gocsrae cBOro HalilMEHILIOTO 3HAYEHHA. Takuii
MIPOIIEC PO3TATY>KCHHSI MTPOJIOBKYETHCSI O OTPUMAHHS OJHO C€JIEMEHTHOI MHOKWHU
M, siKa B TEOpIii METOY T'JIOK 1 TPAHULb HA3UBAETHCS PEKOPOOM.

Ha ocHOBI 3ampornoHOBaHOTO aITOPUTMY MPOBEIEHO MOOYI0BY ONTHMATIBHOTO
MapuIpyTy JOCTaBKA TOTOBOI MPOIYKIIi 13 TPAHCHOPTHO-JIOTICTHYHOTO IEHTPY
po3ramioBaHoro B MicTi JIHIIpo 70 m’sATH palloHHMX 0a3 30yTy po3TalioBaHUX Ha
TEepUTOPIi 00JIaCTI, MATPUIIS BIJCTaHEH SKUX BiJ LEHTPY Ta MDK HUMH BHU3HA4YCHA
JTaHUMHU HaBEJICHUMH B Ta0. 1.

Crnepury BU3HAYa€ThCS HWKHS OLIHKA (PYHKIIi SIKOCTI IIBOBOI (PYHKIIi Ha
OCHOBI MaTpUIlb MiHIMQJIBHUX BIJICTAHEH 3a PSAAKAMH Ta 32 CTOBIIISIMU:

Qo=max(Q’, Q") = max(F cX’, F CX'")= max(358, 358)=358 (km); (4)
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( F(CX')= F(CX'")=26+136+26+72+45+53=358 (km)).
[TotiM oOMpaeThcs MOYATKOBUI BapiaHT goctaBku ToBapy: lo=(1, 2, 3,4, 5, 6) i
BU3HAYAETHCS BIAMOBIHA MPOTSHKHICTH TAHOTO MapIIpyTYy:

Lo= F(lg)=158+136+97+142+101+90=724 (km). (5)

OdeBuaHO, 1O BHUXiJHA OO0JacTh MJaHIB M [OMycKae pO3TadyXeHHS Ha
HeTepeciuHl MAMHOXMHM: My, , Mz , My , Mis , My Jlna 1nux MHOXHUH
IIPOBOJIMTHLCS CUCTEMHUN aHai3 3Ha4eHb (PYHKIII SKOCTI Ta BIAMOBIAHUX JIOBXHUH
MapIIpyTiB PO3paxOBaHUX 3a HABEJICHUM BHIIE aITOPHTMOM:

My, (L12=7241 Q1,=424), M3 (L13=760/ Q13=443), M14 (L14=713/ Q1,=404),

Mis (Lis=713/ Q15=428), M1 (L15=772/ Q15=439). (6)
Tabnuys 1 — Mampuys eiocmanetl nepesezetv npooyKyii
Ne 3/m [TyHKT Bincrani (km)
MPU3HAYCHHS 1 2 3 4 5 6
1 Juirpo 0 158 26 72 71 90
2 T1112 158 0 136 231 181 236
3 [1I13 26 136 0 97 45 53
4 [1114 72 231 97 0 142 150
5 115 71 181 45 142 0 101
6 [116 90 236 53 150 101 0

TakuMm 4MHOM, IIJIS1 TIOJANIBIIOTO PO3TANy>KEHHSI 00MPAEThCs MHOKHUHA M4 siKa
Bkimouae Record=(L;4=713/ Q4,=404), a BIAMOBIIHO 1 ONTUMAIBHHUNA PO3B’SI30K
3a1avi, M0 € YMOBOIO BHKIIOUEHHS HEC(PEKTUBHUX TUIOK [UIsI TOJANIBIIOTO
pO3TaIy’)KeHHSI, SIK TaKUX, 110 HE 3aJOBOJILHAIOTH 3aJlaHMM YMOBaM OINTHUMI3AIlii.
MPOTSHKHOCTI MapuIpyTy AOCTaBKY MPOYKINIi B IMyHKTH MPU3HAYCHHS.

[IpoBenenuii cucTeMHMIA aHai3 PE3yJIbTATIB MOJAIBIINX €TaliB PO3Trady>KEHHS
J03BOJIMB OTPHMATH HaWKpally BEPXHIO OIIHKY (YHKIII SKOCTI, IO BIAMOBIIaE
ONTUMAIILHOMY PO3B’sI3Ky pO3TJIsiHYTOi TpaHcmopTHOi 3amadi Record = Misess; -
BianoBinHa cxemMa ONTUMAJIBHOTO MAapUIPYTy AOCTaBKUA MPOIAYKIII 1O MYHKTIB
NpU3HAYCHHS, 110 BU3HAYAETHCS YMOBAMU 33]1adi, BU3HAYAETHCS TaK:

Mninpo—>IIT4—IIT6—> I3 IIIS>II2— Ininpo.

Takum YWHOM, B SKOCTI YMOBU BHKJIIOYEHHS HEEe()DEKTUBHUX BapiaHTIB 1
MPUTTUHEHHST PO3TATYKEHHS € BHU3HAYCHHS MEPCIIEKTUBHOT MHOXWHU 3 MIHIMaJIbHO
MOJIUBOIO TIPOTSDKHICTIO MapHIpyTy JOCTAaBKM B MYHKTH Tpu3HadeHHs. [Iporiec
MOJAJIBIIIOTO  PO3TATY)KEHHSI TEPCIICKTUBHOI MHOXHWHHU  TMPOJIOBXKYETHCS 0
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OTPUMAaHHs OJTHO €JIEMEHTHOI MHOXXMHHU, L0 € YMOBOIO BU3HAYEHHS ONTUMAJIbLHOTO
PO3B’SI3KYy 3a KpUTEpiEM MIHIMI3AIi JOBKUHUA MapHIPYTy TMEPEBE3EHHS 3
OJTHOPA30BUM 33aX0JIOM B ITYHKT IIPH3HAYCHHS.

BucHoBok. Pe3ynmbTaTH  TpOBEACHHMX  JOCTI/DKEHb  TMOKAa3ylOTh, IO
3aMpOoNOHOBAHHUI HA OCHOBI METOJY TJIOK 1 TPaHHIlh aJrOPUTM JI03BOJISIE BUSHAYUTH
ONTHUMAJBHUI PO3B’S30K 3aj]aui 31 3HAYHUM CKOPOUYCHHSIM aHalli3y MOKIMBUX
BapiaHTIB MIHIMQJIbHUX MapIIPYTiB JOCTaBKM 3a pPaxXyHOK HE TMPOBEACHHSA
pPO3TATY’)KCHHSI HEMEPCTIEKTUBHUX TUIOK (MHOXXHH). 3a3HA4UMO, IO TAKWH ITiAX1]
JIONTyCKA€e y3arajdbHEHHs s TOOyJOBH ONTHMAIbHUX MAapIIPYTiB JOCTaBKH
NPOAYKINT O MYHKTIB NPU3HAYCHHS 3 MIHIMI3AIE BiAMOBIIHOI TPAHCIOPTHOT
po0OOTH Ta 3 MIHIMAJILHO MOJKJIMBOIO iX TMIPOTSHKHICTIO.
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Abstract. The paper analyzes methods and tools for determining the metodssdn means
ofmonitoring the state of functioning of computes systems based on automated systems the
expansion of the set of technical states of computer systems makes it possible to develop
such state trajectories that record the transition from a working state to a faulty one, this in
turn makes it possible to identity malfunctions of computer systems. This study examines
modern apporoaches and software and hardware for monitoring competer network
parameters, standards for managing network resousers.

Keywords: monitoring computer systems operating systems

AKTYAJIbHICTh JOCTiI’KeHHS] 3yMOBJIEHA JOCTaTHHBIO BEIUKOK KUIKICTIO,
METOJIIB TPOTPaMHO-TEXHIYHUX 3ac001B, MIAXOMIB JJis 3IHCHEHHS 1arHOCTHKU
CTaHy aBTOMATHU30BAHUX CHCTEM, Ta iX aHaJ3y 3 METOIO MOJAJIbLIOTO 3aCTOCYBaHHS €
aKTyaJIbHUM JJIS IK HAyKOBO MOIIYKY Ta IPAKTUYHOTO 3aCTOCYBaHHS.

MeTo10 po0d0TH € 3acO0U 1IarHOCTUKU MOXJIMBUX BPa3JIMBOCTEN JIJIsl TOTO, 1100
3MEHIIUTH 3arajlbHUid PU3MK JJI1 OpraHizamii, MiJIpHEMCTBA YCYHYBIIM SIKOMOTa
Oinble BpaznuBocTel. Lle Moxke OyTH CKIaAHO BPaxOBYHOUHM KUIbKICTh MOTEHLIIMHUX
ypa3IUBOCTEH 1 OOMEXKEHICTh pecypciB, MOCTYIMHMX Jisg BumpabiieHHA.KepyBaHHs
ypa3IUBOCTSIMH Ma€ OyTH Oe3mepepBHUM MPOIECOM BiJCTEKEHHS HOBUX 3arpo3 i
3MIH CEepeIOBHIIIA.

BaxiuBuM eneMeHTOM TakoXX BapTO HAa3BaTH «BIJACTEXKEHHS MOMMUIIOK
KOH(DIrypyBaHHSI KOMIT F0 T€PHOI CHUCTEMW», OCKIIBKM CaMe€ BiJ LIbOIO €JIEeMEHTa
3ICKUTh €(DEKTUBHICTh KOMIT IOTEPHOI CHCTEMHU. 3a JOMOMOTOI BiJICTCKCHHS
NOMMWJIOK KOH(DIrypyBaHHSI MOKHA BUSHAYUTH TTOMUIIKH, SIK1 € IPUCYTHI y CUCTEMI, a
TaK0>X METOJIM 1 CLIOCOOHU iX YCYHEHHS.

Peanizariero KOHTPOJIIO HASBHOCTI Ypa3JIMBOCTEM Ta MOMUIOK KOH(DIrypyBaHHS
CUCTEMH MOXHA 3JIMCHUTH 3a JIOMOMOTOI0 TPUKIAJHOTO KOH(ITYpyBaHHS

284



MPOrpaMHOT0 3a0€3MEUeHHs, 110 CHELiali3yeThCsl HAa JIarHOCTHII KOMIT FOTEPHHUX
CUCTEM.

OmuuM 13 3aco0IB  JOCHI/DKEHHS KOMIT'IOTEPHMX CHCTEM € aHajli3aTop
npoTokoiiB. «[Ipouec aHami3y IPOTOKOJIB BKIIIOYAE 3aXOIUIEHHS LUPKYJIIOIOUUX Y
cuctemi makeTiB. CHupamuuch Ha pe3yjbTaTax aHalizy, MOXKHA 31HCHIOBATU
OOTPYHTOBaHY 1 3BaXEHY 3MiHY OYyJIb-IKOTO KOMIIOHEHTAa CHCTEMH, ONTHUMI3aIlio ii
MPOAYKTUBHOCTI, TIOIIYK 1 YCYHEHHS HemodaaoK. O4eBHAHO, IO Ui TOTO , 100
MOXKHa Oyn0 3pOOHTH SIKICh BHCHOBKM IpPO BIUIUB JESKOI 3MIHM Ha CHUCTEMY,
HEO0OX1THO BUKOHATH aHaJIi3 IPOTOKOJIIB 1 10, 1 MICJISI BHECEHHS 3MiH»

BucnoBok. CyvacHuii CTaH pPO3BUTKY Ta [IMPOKE 3alpOBaKEHHS
KOMII'FOTEPHUX MEPEX B YCl Tajdy3l €KOHOMIKHA 3yMOBIIIOIOTh BAXKIMBICTh NMUTAHHSA
PO MiJBUIICHHS BUMOT OO MIATPUMKH iX Mpale3faTHOCTI, O SIKOCTi 1 Oe3meku
po0OTH B Mepexki Ta HEOOXIHOCTI MOHITOPUHIY CTaHy iX (yHKUiIOHyBaHHsA. Came
MOHITOPUHT KOMIT'IOTEPHOI Mepexi 3a0e3nedye MOMKIMBICTh KOHTPOJIIOBAaTH Ta
y0e3meunuTH poOounii mpoLec, AKUi MOB'I3aHUI 3 IHTEPHETOM 1 KOMIT FOTEPaMHU.

[Tommyk epeKTUBHUX METOIIB Ta MIPOTPAMHO-TEXHIYHHUX 3aC001B JJIs1 3A1CHEHHS
HNOCTIHHOTO MOHITOPUHTY Ta JIarHOCTUKH pPOOOTH MEPEKHOI0 YCTaTKyBaHHS,
NPUKJIAJAHUX TMPOrpaM 1 MEpPEKHHUX CEpBICIB, € BU3HAUAJIBLHUM JIJISl OpTraHi3alii
3a0€e3Ne4eHHs KIHIIEBUX KOPUCTYBAUiB SKICHUM JOCTYIIOM JI0 MEPEXKEBUX PECYPIB, TA
CBIJTYUTH NP0 aKTyalbHICTh OOpPaHOI JIJIsl JOCTII)KEHHS TEMH.
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Abstract. The relevance of this research is underscored by the new risks emerging for
critical infrastructure during wartime. Power supply systems suffer significant damage,
necessitating urgent solutions to maintain the reliability, flexibility, and resilience of the
grid under continuous threat. The development of mathematical models for analyzing and
managing power grid states in wartime conditions faces unique challenges driven by factors
such as the rapid changes in network topology, high data uncertainty, limited resources for
information gathering, and the need for swift decision-making.
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AKTYAJIBHICTD JTOCJHII?KeHHS € HAJ3BUYAHOIO y 3B 3Ky 3 HOBUMH PU3UKAMU,
0 BHUHHUKAIOTH [JI1 KPUTHUYHOI 1H(pacTpykTypu mig dac BidHH. Cucremu
€JIEKTPONIOCTAYaHHA  3a3HAIOTh  CEPHO3HMX  MOMIKOKEHb, IO  MOTpedye
HEBIJIKJIATHUX PIMICHb I MATPUMAHHS HAAIMHOCTI, THYYKOCT1 Ta CTIMKOCTI MEPExKi
B YMOBaxX NOCTIMHOI 3arpo3u. Po3poOka maTeMaTHYHUX MOAENEH I aHami3y Ta
VOPABIIHHS CTaHAMHM €JIEKTPOMEPEXI B yMOBaxX BIMCHKOBUX [I CTUKAETHCS 3
VHIKQJIbBHUMH ~BUKJIMKaMH, W10 OOYMOBIIOIOThCS (pakTopamMu IIBUAKOI 3MIHU
TOTIONOTII MEpPEeKi, BUCOKOI HEBH3HAYCHOCTI B JAaHUX, OOMEKEHUX PECYpCIB s
300py iH(popmarrii Ta He0OX1THOCTI MBUIKOTO MPUWHATTS PIIIICHb.

MeTor0 po00TH € BU3HAYCHHS BUKJIMKIB Ta 3HAXOJKCHHSI PIIICHb JUISI CUHTE3Y
MOJIeTIel TMiJT 4Yac aKTUBHOTO BiiickkoBoro KoH(pikty. Po3poOka maremaruuHux
MOJIEJIeH ISl aHaJlI3y Ta YIPABIIHHS CTaHAMM €JIEKTPOMEPEki B yMOBaX BIMCHKOBHUX
T CTUKAEThCS 3 YHIKAJIbHUMHM BHUKJIHMKAMH, 10 OOYMOBIIOIOTHCS (DakTopamMu
IIBUJIKOT 3MIHM TOIIOJIOTIi MEpeXi, BUCOKOT HEBHU3HAYEHOCTI B JTAHUX, OOMEXKEHHX

286



pecypciB miis 300py iH(opMallii Ta HEOOXITHOCTI MIBUIAKOTO MPUNHSATTS PIIICHb.
Hanpuknan, mig gac koH(IIKTY MOXYyTh OyTH 3pyWHOBAHI TOJIOBHI BY3JH, IO
CIIPUYMHUTHL MacHTaOH1 repeboi y IocTadaHHI eJIeKTpoeHeprii. s MIBUIKOTO
BITHOBJICHHS B&XXJIMBO MaTh MOJIENI, SIKI TOYHO OI[IHIOIOTh CTaH MEpexi Ta
MPOIMOHYIOTH ONITUMAJIbHI IIJIIXH PEMOHTY Ta MEPETiIKIIOUeHHS CII0KUBAY1B.

KibGeparaku € 1me oJHUM CyTT€BUM BHUKJIUKOM. B ymMOBax cydacHuUX KOH(QIIIKTIB
KiOEpHETUYHI aTakd YacTo CYNPOBOKYIOTh TPaaMIIiiHI BikichbkoBi nii. Hampukmnan,
aTaKyrouya CTOPOHAa MOXKE TOPYIIUTH KOHTPOJBHI CHCTEMH EIIEKTPOMEPEKI,
BUKJIMKABIIM XaocC 1 3001. B Takux cutyalisx HeoOXiJHO MaTH HaJiiHI MOAENi, 10
MOXXYTh BUSIBUTH Ta IPOTUJIISITH TAKUM aTakaMm, MIHIMI3YIOUH iX BILJIUB.

Takoxx BaxIMBUM (DaKTOPOM € BIJICYTHICTb 200 OOMEXKEHICTh JaHUX IPO CTaH
eJIeKTpoMepexi mia yac KOHQIIKTIB. [TomKomKeHHs] KOMyHIKAI[ITHIX 3ac001B MOXe
YCKJIAIHUTH 301p HEOOXITHUX JTaHUX, 110 pOOUTH aHaJi3 CTaHy MEPEX1 CKIaIHIIIUM.
B Takux ymoBax Mozenal NOBUHHI BMITHM MpPALIOBaTH 3 HEMNOBHUMHU JaHUMH Ta
3a0e31neuyBaT MAKCUMaIbHO TOYHI TPOTHO3M ISl YXBAJICHHS PILLIEHb.

BilicbkoBuil KOH(MIIKT CTBOPIOE YMOBH, KOJHM PIIMIEHHS MAlOTh HpUIMaTHCS
HEraifHO, 4acTo 3a YMOB OOMEXEHUX PecypciB JJisi OOpOOKH JaHUX Ta OOYUCICHB. Y
TaKOMY BHMAJKy MOJENI MMOBUHHI OyTH HE JIMIIE TOYHUMHU, aje€ W IMIBHIKUMHU B
OOYMCIIEHHI, 00 3a0e3MeYUTH CBOEYACHE pearyBaHHS HAa KPUTHUYHI CHUTYyallli.
MeTtonu, 1m0 BUMararoTh 3HAYHUX OOYHUCIIOBAILHUX TMOTY)KHOCTEH, MOXYTh OyTH
HEMPUAATHUMH Yepe3 OOMEXEHICTh pecypciB 1 HEAOCTATHICTh 4Yacy Ha aHami3. Y
TaKMX YMOBaX €()PEKTUBHUMH MOXYTb OyTH CIPOILEHI €BPUCTUYHI aITOPUTMH, L0
3a0€e3MeuyIoTh JTIOCTAaTHIO TOYHICTh 3a MIHIMAJIBHUX OOYHUCITIOBAJILHUX BUTpAT, a00
aJTOPUTMH, IO MPAIIOIOTh Ha OCHOBI IPaBUJI 1 JO3BOJISIOTH MHUTTEBO 3MIHIOBATH
HaJaIITyBaHHS MEpeXi B pa3l BUABICHHS aBapiiiHOi cuTyanii.. Hampuknan, xomm
Mepeka 3a3Ha€ arak, HEeOOX1JHO MHUTTEBO pearyBaTd 1 MPUWMATH PIlIEHHS PO
BIJIHOBJICHHS a00 3axucT. [[ns 1poro Momeni MOBUHHI OyTH 37aTHI IIBUIKO
00poO0IsATH BeNKKI 00CATY JaHUX Ta 3a0e3MeuyBaTH OlepaTUBHI PIlLICHHS.

3MiHU y TONOJIOT1 MEPEXKI yepe3 pylHyBaHHA a00 TUMYACOB1 BITHOBJICHHS € I1I€
OJTHUM BUKJIMKOM. Hampukian, y pasi 3HUIIEHHS YaCTUHH MEPEekK1 HeOOX1THO IIBUIKO
IIePEOPIEHTYBATH TTOTOKH €HEprii, mo0 3a0e3neunTr cTabiibHe mocTadands. Mopeni
MOBUHHI BpPAaxXOBYBaTH Il 3MIHM 1 aJanTyBaTUCS [0 HOBUX yMOB, 3a0€3Meuyrouu
CTaOUTBHICTh MEPEKI.

Ilim dvac BIMCBKOBUX I  €JIEKTPONOCTAYaHHS € KPUTUYHUM  JIsI
(YHKIIOHYBaHHS $K LHUBUIBHUX O0'€KTIB (JIIKapHI, BOAOINOCTAaYaHHS, >KUTTEBO
BaXKJIMBI YCTAHOBH), TaK 1 BICbKOBUX 1H(pacTpykTyp. HeBnaua y MmoaentoBanHi abo
HETMpaBUJIbHE TIPOTHO3YBAHHS CTaHy MEpEeXl MOXE TPU3BECTH JO0 CEPHO3HUX
HACJIKIB, 1110 BUMarae BUCOKOI TOYHOCTI Ta HaAiiHOCTI Mojeneit. Tomy Mozens mae
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3a0e3neyyBaTy MPOTHO3YBaHHS HAWTIPIIMX CLIEHAPIiB Ta BPaXOBYBAaTH KPUTHUUHICTDH
00’€KTIB, 10 3aJIeKATUMYTh Bij] CTAO1ILHOTO €HEPronoCTayaHHs.

BukopucranHs cucteM paHHBOTO BUSBJICHHS PU3HUKIB 1 METOIB ONTUMI3AIIIT IS
HiATPUMaHHS €JEeKTPONOCTaYaHHsl Ha PiBHI, JOCTaTHbOMY JUISI MIATPUMKU >KUTTEBO
BOXJIMBUX O0'€KTIB, € OOOB'A3KOBOIO YMOBOIO sl ycmixy. BilicbkoBi 1ii MOXYTb
BIUTMBATH HE TUIBKM Ha EJIEKTPUYHY MEpexy, ajle i Ha I1HII KPUTHYHI
1HGPACTPYKTYPH, TaKi SIK TPAHCIIOPT, BOJOMOCTauYaHHSI, 3B’ I30K.

Moneni enekTpomepex MaioTh OyTH aJanToBaHi JO BpaxyBaHHS B3a€MOIIi 3
IHIIMUMHA 1HQPACTPYKTypaMHu, OCKUIBKM BIIMOBAa OJIHIET 3 HHUX MOJXKE CHPUYUHUTH
KAacKaJHI HACHIIKH JJIs 1HIIUX. Y MOJCIIOBaHHI TaKoi B3aEMOAIl MOXYTb OYyTH
KOPHCHUMH OaraTorapoBi Mepeki, IO JI03BOJISIIOTH BiJoOpa)kaTH 3B’SI3KH Ta
3aNEKHOCTI MDK PI3HUMH  1HQPACTpyKTypaMHu, a TaKOoX BHKOPHUCTOBYBATU
1H(pOopMaIo 3 IHIIMX CUCTEM JUIsl MOKpAIlEHHs MPOTrHO3yBaHHA Ta pearyBaHHs. Ha
BIIMIHY B1JIl MUPHUX YMOB, y BICHKOBHX KOH(JIIKTaxX BiJIHOBJIEHHS MEpEXKl MOKE
OyTH yckyiaJHeHe a0o 3aTpUMaHe, a TaKOXK 1CHY€ WUMOBIPHICTh HOBHUX MOIIKO/IKEHb.

Mopeni TMOBHHHI BpaxOBYBaTH HE JIMIIE TOTOYHUN CTaH MeEpexi, ane W
MOTEHIIITHI HACTIIKU MalOYyTHIX aTak, 3 ypaxyBaHHSIM MMOTOYHUX YMOB Ta PE3EPBHUX
pecypciB. BpaxyBaHHS HWMOBIPHICHUX CIICHApiiB IOIIKOMXEHb 1 BiJIHOBJICHHS
JI03BOJISI€ MIABUIIUATUA CTIMKICTh CUCTEMM Ta MIHIMI3yBaTU PU3UKHU BIIKIIOYEHbB, IO
0COO0JIMBO BaXXJIMBO B YMOBaX YacTUX yAapiB MO 1HPPACTPYKTYPi.

BucHoBok. TakuMmM 4YMHOM, CHHTE3 MOJEJIEH MJig aHalli3y EJIEKTPOMEPEXK B
YMOBaxX BIHCHKOBOTO KOH(IIKTY MNOTpeOy€e YHIKAJIBbHOTO MIAXOYy, L0 BPAXOBYE
HECTAOUTBHICTh MEPEKi, BUCOKUH DPIBEHb HEBU3HAYEHOCTI, OOMEXEHI pecypcu Ta
KPUTHYHICTh HACHIAKIB. BUKIHMKH, 3 SKUMH CTHKAIOTHCS TOCITITHUKH, BUMararTh
BUKOPUCTAaHHS THYYKHMX, QJalNTUBHUX Ta HAIIWHUX MIAXOMAIB, IO 3a0e3MeuyroTh
CTIMKICTh €JIEKTpOMEpeki Ta 1i 3JaTHICTh (YHKIIIOHYBAaTH Yy HaJ3BUYAIHO
HECHpUATINBUX yMoBax. lle moTpeOye pO3BUTKY HOBHX IHHOBALIITHMX METOIB
MOJICJIFOBaHHS, 3AaTHUX 3a0€3MeUnuTH €(PEeKTUBHE YIPABIIHHS €JIEKTPONOCTAYaHHAM
HaBITh 32 YMOB MOCTIHOTO BIUIMBY 30BHIIIHIX 3arpo3.

Jliteparypa

1. Cractok O.I., T'onuapona JI.JI., Makcumuyk B.®D. Meronu cuHTe3y po3noaiyieHUuX
KOMIT FOTEPHO-IHTETPOBAHUX MEpPEeX 1 TEXHOJOrIH I1HTeNeKTyali3alii, MOHITOPUHTY Ta
onTUMI3allli peXUMIB €JIEKTPOIOCTAauaHHs 1 eHepro30epekeHHs 3ami3HuIb. [HpopmariitHo-
KepY0Yi CUCTEeMH Ha 3aJIi3HUYHOMY TpaHcnopTi, Ne 1, 2015.
https://doi.org/10.18664/ikszt.v0i1.51497

2. Kymnapenko, A. M. MozaentoBanns eneprocucreM. Kuis: HTYY "KIII", 2019.

3. Anderson, P. M. Analysis of Faulted Power Systems. IEEE Press, 1995., ISBN
0780311450, 536 c.

288


https://doi.org/10.18664/ikszt.v0i1.51497

CYUYACHI HIIXOAM JO MOJEJIOBAHHS TA OITUMI3BALIIL
ITPOLIECIB B CUCTEMAX ABTOMATHU30BAHOI'O YIIPABJIIHHSA

Ilycmoeun B.A. — 6axanaBp, pustovyi_va@gsuite.duit.edu.ua
Byxep /I. M. — marictp, buher_dm@gsuite.duit.edu.ua
Kuiscokuii incmumym 3aniznuuno2o mpancnopmy
Heporcasnozo yHieepcumemy inghpacmpykmypu ma mexHono2itl
VYkpaina, M. KuiB

MODERN APPROACHES TO MODELING AND OPTIMIZATION OF
PROCESSES IN AUTOMATED MANAGEMENT SYSTEMS

Pustovyi V.A. — bachelor, pustovyi_va@gsuite.duit.edu.ua
Bucher D. M. — master's degree, buher_dm@gsuite.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. The paper provides a comprehensive analysis of modern methods for modeling,
optimization, and forecasting in the context of automated control systems. Various existing
methods of mathematical modeling are reviewed, with a focus on their application for the
effective resolution of optimization tasks in technological processes. The analysis highlights
the importance of integrating classical methods with modern tools. A new approach is
proposed that is based on the utilization of hybrid neural network models for forecasting
system states. This approach allows for a reduction in forecasting errors and an increase in
the accuracy of management decisions. The developed models can be adapted to various
industries, enhancing their universality. A significant potential for combining traditional
and contemporary approaches in automated control is identified. The research contributes
to the development of theory and practice for effective management in dynamic change
conditions.

Keywords: Automated control, Mathematical modeling, Optimization, Hybrid neural
networks, Forecasting, Machine learning, Genetic algorithms, Adaptive systems

CydacHi CHCTEMH aBTOMAaTH30BAaHOTO YITPABIIHHS XapaKTEPU3YIOTHCS BUCOKOIO
CKJIQJHICTIO Ta 0araTOMIPHICTIO MPOIIECIB, IO B HHUX MpPOTiKaioTh. Lle 3ymoBioe
HEOOX1THICTh PO3POOKHM Ta BIPOBAKCHHS €(PEKTUBHUX METOJIB MOJCITIOBAHHS,
onTUMi3allii Ta TPOTHO3YBaHHS HJisi 3a0€3MEYeHHS SKICHOTO YMPABIIHHSI TaKUMHU
cucteMaMu. OcoOJMBOI aKTyaJdbHOCTI HAaOyBa€ MUTAaHHS CTBOPEHHS aJalTHBHHUX
CUCTEM YIpaBJIiHHSA, 31aTHUX (PYHKI[IOHYBaTH B yMOBaX HEBU3HAUEHOCTI Ta 3MIHHHUX
30BHIIIHIX BIUIUBIB.

[IpoBeneHO mOCHiPKEHHS PI3HUX MIAXOJIB A0 MaTeMaTHYHOTO MOJIETIOBAHHS
cHCTeM aBToMaTu3oBaHoro ympasiiHHS [1]. OCHOBHy yBary NpHUIIIEHO TPHOM
METOJIaM:  aHAJITUYHOMY MOJETIOBAHHIO, IMITallIiHOMY MOJEJIOBAHHIO Ta
riOpUIHUM METOJIaM, IO TPYHTYIOThCS Ha HEUPOHHUX Mepekax. OcoOIMBHUI aKIICHT
3po0JI€eHO Ha 3acCTOCYBaHHI METOJIB MAIIMHHOTO HaBYaHHS Uil CTBOPEHHS

289


mailto:pustovyi_va@gsuite.duit.edu.ua

aJanTUBHUX MOJENeH, 3JaTHUX €(QEKTUBHO MPUCTOCOBYBATUCS IO 3MiH ¥
cepenosuii [1-3].

3anponoHoBaHa apxiTeKTypa TiOpUIHOI HEHPOHHOI Mepexi, sika 00'€qHye
nepeBaru pekypeHTHuX HelpoHHUX Mepek (RNN) Ta 3ropTkoBuX HEHPOHHUX MEpex
(CNN) [2]. Us xomOiHamiss J03BOJISIE TTOKPAIIUTH Pe3yJbTaTH MOJICIIOBAHHS,
noenHyoun 3aaTHICTE RNN 10 poOoTH 13 TOCHIIOBHUMU JaHUMH 3 TIOTYKHICTIO
CNN vy BuUSBICHHI CKJIAQJHUX MATE€PHIB y BI3yaJbHUX JaHUX. [aKUM YUHOM,
JOCATHYTO O17bII0T €EKTUBHOCTI B aBTOMAaTU30BaHOMY YIIPaBIIiHHI.

PosrnsHyTo cydacHi MeToaM OINTHUMI3aIii TporieciB ynpapmiHHA. Cepen HHUX
BUJIUIAIOTBCS TPAJIEHTHI METOJAM OITHMI3allli, TEHETUYHl aJrOPUTMH, METOJIU
pallOHHOTO 1HTENIEKTy Ta OaraToKpuTepiajibHa onTuMizaiis. OJIHUM 13 KIIOYOBUX
JOCATHEHb € PO3poOKa MOAM(PIKOBAHOTO T€HETHYHOTO aITOPUTMY, MPU3HAUEHOTO
JUTSL ONITMMI3Alli TapaMeTpiB CUCTEM YIpaBiiHHA. Llel anropuTm 1eMOHCTpYe 3HAUHE
MIJIBUIICHHS IMIBUAKOCTI 301)KHOCTI B MOPIBHSHHI 3 TPAJULIMHUMU METOJAaMHU, IO
poOUTh oro eheKTUBHUM IHCTPYMEHTOM JUIsl BUPIIIEHHS CKJIAJHHUX 3a1ad y cdepi
ynpasiiaas [1-3].

Takox akIleHTOBaHO YBary Ha Ba)JIMBOCTI IPOTHO3YBAHHS CTaHy CHCTEM, IO €
HEBIJ'€MHOIO  CKJIaJ0BOI0  edekTuBHOrO  ympaBiiHHsA.  CydacHi  METOIHU
MPOTHO3YBAHHS JOMIOMAraloTh Mepe0aynuTH MOKJIWBI 3MIHM y CHCTEMax, IO
J03BOJISIE CBOEYACHO KOPUTYBATH YNPABIIHCHKI PIIIEHHS Ta MOKPAILIyBaTH 3arajibHi
MMOKa3HUKHU iXHBOT pOOOTH.

3a 10noMOror0 po3po0IEHOr0 KOMIUIEKCHOTO MIAXOAY /10 IPOrHO3yBaHHS CTaHy
CHUCTEM aBTOMATHM30BAHOTO YIPABIIHHSA, SKUH TOEIHYE TPU OCHOBHI EJIEMEHTH:
aHaJ13 YaCOBUX Ps/IiB, BUKOPUCTAHHS TTTMOOKUX HEMPOHHUX MEPEX Ta 3aCTOCYBaHHS
METOAIB HeuiTkoi Joriku. Ile iHTerpoBaHMil miaAXia J03BOJsAE€ €(HEKTUBHO
aHaji3yBaTW CKJIaAHI JaHl Ta 3abe3nmedyye BUCOKY TOYHICTh MPOTHO3YBaHHS.
Pe3ynbTaT eKkcrnepMMEHTadbHUX JOCHIKEHb MIATBEPAWIA HOro e(eKTUBHICTD,
JEMOHCTPYIOUM TOYHICTh IPOTHO3YBaHHS HA piBHI 95% 1Sl JOCIIIKYBAaHUX CUCTEM.
Lle cBiAYMTH MpPO MOTEHI[IAN JAHOTO METOY B MOKPAIIEHH] yIPaBIIHCHKUX PIIIEHb Yy
IUHAMIYHUX CUCTEMAaX.

JlocnmipKeHHsT Ha pealIbHUX MPOMHUCIOBUX 00'€KTaxX MPOJEMOHCTPYBAIU BUCOKY
e(heKTUBHICTh BIIPOBAKEHUX METOJIB Ta IMiIXO/IIB O MPOTHO3YBAHHS CTaHY CUCTEM
ABTOMATH30BAHOTO yHpaBiaiHHA [2]. 3aBAsSKHM 3aCTOCYBaHHIO HOBHX QJITOPHTMIB 1
TEXHOJIOTIA y mMpolieci aBTOMaTH3allli, BAAIOCS JOCITTH 3HAYHUX TMOKpaIleHb Yy
KITFOUOBUX TIOKa3HUKaX.

[To-miepiie, TOUHICTH MOJIETIOBAaHHS MiABUIIMIACh Ha 15-20%, 1110 CBIAYHUTH PO
OUTBIII TOYHE BIATBOPEHHS peaJbHUX yMOB pobotu cuctemu. lle, B cBOIO dyepry,
JI03BOJISIE PUAMATH O1TBIIT OOTPYHTOBAH1 PIIICHHS] HA OCHOBI OTPUMAHUX JTAHUX.
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[To-npyre, wac onTumizarlii mporeciB CKopoTuBcst B 2,5 pasu. lle 3mMeHmeHHs
4yacy Ha MPOBEACHHA ONTUMI3aLIl HE JIMILIE MIJBULIYE 3arajbHy IPOAYKTUBHICTb, a I
JI03BOJISI€ IIBH/IIIE pearyBaTH HAa 3MIHU B YMOBaX €KCILTyaTallli.

[To-TpeTe, siKicTh MPOrHO3YBaHHA 3pociia Ha 25%. Lle 3HauHe MOJINIIeHHs Ja€
MO>KJTUBICTB OUIBII TOYHO MPOTHO3YBATH MOTEHIIHHI MpobyieMu Ta 3a0e3meuyBaTH iX
CBO€YACHE BUPIIIECHHS, [0 KPUTUYHO BAKIIMBO AJIS MIATPUMAaHHS CTaOLIbHOI poOoTH
MIPOMUCIIOBUX O0'€KTIB.

Pa3oM i moka3HUKM CBiAYaTh MPO BHUCOKHUI MOTEHIIal PO3pOOJIECHUX PIIICHb,
SKI MOXYTh CYTTEBO TMOJINIIUTH €(PEKTUBHICTh aBTOMATH30BAHOIO YIIPABIIHHS B
IPOMUCIIOBOCTI Ta 3HHU3UTH BHUTpATH, IOB'A3aHI 3 HEBIPHUMU IIPOTHO3aMH 1
pILIEHHSIMHU.

BucHoBku. Y pe3ynpTaTi NPOBEACHOTO AOCTIIKEHHS OyJI0 MIATBEPHKEHO, 1110
Cy4JacHI METOAM MOJEIIOBAHHS, OMTHMI3allil Ta MPOTHO3YBAHHS B aBTOMAaTH30BaHUX
CUCTeMaxX yIOpaBJIHHS 3[aTHI 3HAYHO  MIABUIIUTUA  iXHIO  €(QEKTUBHICTb.
BnpoBamxeHHsT HOBHX MIAXOMAIB, 30KpeMa TiOpUIHUX HEHPOHHHX MEpex Ta
MOJIM(IKOBAHUX T€HETUYHUX AJITOPUTMIB, 103BOJIMIIO JTOCSIITH ICTOTHUX IOJNIMILIEHb
y TOYHOCTI MOJIENIIOBaHHS, CKOPOYEHHI Yacy OINTHMI3allli Ta MOKpaIleHH1 SKOCTI
nporHo3yBaHHs. OTpuMaHi pe3yibTaTH EKCIEPUMEHTAIBHUX JOCHIKEHb Ha
peatbHUX MPOMUCIOBHUX 00'€KTaX MiATBEPKYIOTh 3HAYHUN MOTEHIIa] [IUX PIIIEHb Yy
MIJBUILEHHI TPOJYKTUBHOCTI Ta CTIMKOCTI MPOMHUCIOBUX HPOLECIB B yMOBax
OUHAMIYHUX 3MiH. TakMM YWMHOM, HOBI METOJM HE TUIBKH CHPUSAIOTH KpPAIIOMY
VOPABIIHHIO, ajlé ¥ JO0NOMararoTh 3HU3UTH BHUTpATH, IMOB'SI3aHI 3 HEBIPHUMH
OI[IHKaMHU Ta PIIICHHIMHU.

Jliteparypa
1. MarematnuHe MOJEIIOBaHHS TEXHIYHMX 1 TEeXHOJOTT4HHMX TmporeciB Ha [TEOM.
Koncnext nekmiii /O.B. Ille6anina 1 1H.. Mukonais, 2020, 130 c.
2. Xapuenko B.O. (2024) MopnentoBaHHsT HEWPOHHHX Mepex: HaBd. moci6. Cymu:
CyMchKHii Iep>KkaBHAM YHIBEpCUTET, 263 c.
3. Hecrepenxo O.B., Casenko O.l., ®anocekuit O.0. (2016) InrenexryanbHi
CUCTEMH MIATPUMKHU NPUHHATTS pilieHb: HaBY. nocioHuk. Kuis: HAY, 188 c.
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AUTOMATED AGRICULTURAL MANAGEMENT: YIELD
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Abstract. Automated management systems in agriculture play a crucial role in enhancing
productivity and resource efficiency. By leveraging advanced data collection tools such as
drones, 10T sensors, and Al-driven analytics, farmers can accurately predict crop yields
and optimize resource usage, including water, fertilizers, and energy. This study explores
key technologies and methods for yield forecasting and resource optimization, focusing on
the benefits of automation for sustainable agricultural development and improved
competitiveness. The integration of these technologies in Ukrainian agriculture promises to
boost efficiency and environmental sustainability.

Keywords: 10T, automated management, agriculture, resource optimization, sustainable
development

AKTyaJIbHICTb TeMH. 3 OISy Ha 3pOCTaHHSA HACEJIeHHS Ta 3MIHY
KJIIIMATUYHUX YMOB, CUIbCbKE TOCHOJAPCTBO CTHKAETHCA 3  HEOOXIJIHICTIO
MiJBUIIEHHS €(QEKTUBHOCTI BUKOPUCTAHHS PECYpCiB Ta 3MEHIICHHS BUTpaT.
ABTOMAaTH30BaH1 CUCTEMHU YMPABIIHHS € 1HHOBAI[IWHUM PIMICHHSIM, IO J03BOJISIE
ONTHUMI3yBaTH BUTPATH Ha BOAY, N0OpHMBA Ta EHEPrito, a TaKOX IiJIBUIIUTH
BPOKalHICTh 332 PaXyHOK TOYHOI'O MPOTHO3YBaHHS Ta MOHITOpHHry. Lle oco6nmBo
BXJIMBO B YMOBaX KIIMAaTUYHHUX PHU3HKIB 1 HEOOXITHOCTI CTajoro pPO3BUTKY
arpapHoOro ceKTopa. YKpaiHChKe CUThChKE TOCTIOAPCTBO TAKOXK MepedyBae Ha IIISIXY
0  aKTHBHOTO  BIPOBA/DKEHHS  aBTOMAaTW3amii, [0  MIABUINYE  HOTO
KOHKYPEHTOCTIPOMOKHICTh Ha CBITOBOMY PHHKY.

Metoro qocaif:KeHHs1 € aHaji3 pojl aBTOMAaTH30BaHMX CHCTEM YIIPaBIIHHS y
MIPOTHO3YBaHHI BPOXKANHOCTI Ta ONMTHUMI3allli BUKOPUCTAHHS PECYPCIB Y CUTHCHKOMY
roCrofapcTBi. 3aBJaHHSAM TAaKOX € BUSBJICHHS OCHOBHUX ITIJIXOJIIB T4 IHCTPYMEHTIB,
M0 CHPUSAIOTh €(EKTUBHOMY BIPOBAKEHHIO IIMX CHCTEM Y peajbHl arpapHi
IPOIIECH.
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CydacHe CUTbChKE TOCIOAAPCTBO CTHKAETHCS 3 PAJOM BHUKIIHKIB, CEpel SIKUX
0coOJIMBe MicIle 3aliMar0Th HEOOXIAHICTh PaIliOHATLHOTO BUKOPUCTAHHS PECYPCIB Ta
MakcuMi3allii Bpo)kaiiHOCTI. PO3BUTOK TexHOJIOTIM aBTOMaTH3allli Ta 1HHOBAIlIMHI
OiAXOAW 1O YNPABIIHHS arpapHUMHU IpOLEcaMH J103BOJISIIOTh 3HAYHO IIABHUILUTH
e(peKTUBHICTb BUPOOHHITBA. BaxnmuBy poib y I[IbOMY BIAITParOTh METOAU
MIPOTHO3YBaHHSA BPOXKAMHOCTI Ta ONTHUMI3allii BUKOPHUCTAHHS PECypCiB Ha OCHOBI
aBTOMATHU30BAaHUX CHCTEM ympaiiHHs. Lli cucreMu 103BOJNSAIOTH MiHIMI3yBaTH BILTUB
JIOACHKOTO (haKTOPy, CBOEYACHO pearyBaTH Ha 3MIHM Ta MpUIMaTH OOIPYHTOBaHI
PIIIEHHS, 110 CIPUSAIOTH CTAIOMY PO3BUTKY arpapHOro ceKTopa.

ABTOMaTH30BaHE YIPABIIHHS B arpoCEKTOpPl € KOMIUIEKCHUM IPOLECOM, SKUN
BKJIIOYA€ B ce0€ MOHITOPUHI CTaHy POCIMH, aHAJI3 IPYHTY, YNPABIIHHS BOJHUMU
pecypcamMu, BHECEHHS JOOpWB Ta KOHTPOJb 3a KIIMATHYHUMH yMOBaMH.
ABTOMAaTH30BaHl CHCTEMH BHKOPHUCTOBYIOTH PI3HOMAHITHI TEXHOJOIIi, Takl sK
iHTepHeT peuerd (IoT), wryunuii iHTenexkt (Al), cynmyTHHKOBI 3HIMKM Ta CHCTEMH
GPS. Bci 1l TexHOJOTI 1HTErpyroThes Uil 300py Ta aHali3y AaHUX Y PEKUMI
peaJIbHOTO Yacy, 10 JI03BOJIsI€ pepMepaM MaTH JOCTYI 10 TOYHOI 1H(popMalii npo
CTaH TOJiB Ta pocauH. CHUCTEMH aBTOMATHU30BAHOTO YIPABIIHHSA CIPUSIOTH
BUPIIIEHHIO KIJIbKOX BaXXJIMBUX 3aBJlaHb, 30KpEMa: MOHITOPUHI CTaHy POCIHUH 1
IPYHTY, TPOTHO3YBaHHS BPOXKAWHOCTI HA OCHOBI aHaII3y ICTOPUYHHUX JaHUX 1
MMOTOYHUX MMOKA3HUKIB, €PEKTUBHE YIIPABIIHHSA BOAHUMH pecypcamu Ta JOOpUBaAMH,
MIJBUILEHHS €KOJIOTTYHOT O€3MEKH 33 PaXyHOK 3HUKEHHS BUKOPUCTaHHS XIMIKATIB Ta
BOJIH.

[IporHo3yBaHHs ~ BpOXKaMHOCTI €  OJHMM 13  KIIOYOBUX  3aBJIaHb
aBTOMATH30BAHOTO YIPaBIIHHA B arpapHoMmy cekrtopi. Lle 3aBmaHHs J03BOJSE HE
JUIIEe TUJIaHyBaTH oOOCATH 300py MPOAYKINi, aje ¥ po3paxoByBaTh NOTpedy B
pecypcax, Takux sK M0OpuBa, Boja Ta poOoda cuia. TexXHOJOTii MPOTHO3YBaHHS
BPOKaHOCT1 0a3yIOThCSA Ha aHalli31 JAHMUX 3 PI3HUX JKEPEJl, BKIIOUAOUH 1CTOPUYHI
JaHl MpO BPOXKAMHICTH TMOJIB, METEOPOJIOTIYHI JaHI Ta KIIMaTU4HI yMOBH,
1H(pOopMaIio PO CTaH IPYHTY Ta POCIHH, JaH1 3 JPOHIB Ta CYyTHHKIB.

3acToCyBaHHS IITYYHOTO IHTEJIEKTY J103BOJISIE CTBOPIOBATU aJITOPUTMHU, 3JaTHI
nependayaT BPOXKAWHICTh Ha OCHOBI BEJIMKHUX MAacCUBIB JaHUX. Takl MPOTHO3U
MaloTh BUCOKY TOYHICTH 1 JIO3BOJISIIOTH (pepMepaM ONTUMAIBHO TIaHYBaTH 0OPOOKY
0JIIB, BPaXOBYIOUM Mai0yTHI 3MIHM MOTOAHUX YMOB Ta CTaHy IpyHTY. Hampukian,
HEHPOHHI MEPEXi MOXKYTh BHUKOPHCTOBYBATHCS JUIsl aHATI3y JAHUX 1 CTBOPEHHS
MOJIeJIeH, 1110 BPaXOBYIOTh Pi3HI (haKTOpH, BKIIOYAIOUM CTaH MOCIBIB, pIBEHb BOJIOTU
B I'PYHTI Ta Temnepartypy [1].

OnTtuMizaliisi pecypciB y CUTbCBKOMY TOCHOJApPCTBI Tiependadae 3MEHIICHHS
BUTpaT Ha BOJY, NOOpWBA, HACIHHA Ta 1HII MaTepianmu. BoHa mocsraeTscs muistxom
TOYHOTO BH3HAYCHHS TIOTPEO POCIMH 1 IUIBOBOTO BUKOPUCTAHHSA PECYPCIB.
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Hanpuxknan, mo crocyeTrbest 3pOUICHHS, CUCTEMU aBTOMATHYHOTO TOJUBY MOXYTb
peryioBaTi o0CsT 1oaa4ul BOAU 3aJI€KHO BiJl MOTPEOH POCIUH 1 TOTOJHUX YMOB, 1110
3MEHIIy€ BHUTpPAaTH Ha BOAY Ta MiABUIIYE €(PEKTUBHICTh MOJIMBY; IIOAO I0OpUB,
TEXHOJIOT1i TOYHOTO 3eMJIepOOCTBA JTO3BOJIAIOTh PO3MOJIUIATA JOOpUBA B MOTPIOHUX
MICIIIX HA OCHOBI aHami3y IPyHTY, Ll 3MEHIIy€e BUTpaTH Ha J0OpuBa Ta 3amoOirae
3a0pyJHEHHIO HABKOJIMIIHBOTO  CEPEOBHUINA; IO CTOCYETbCS  YIPABIIHHSA
BPO’KalHICTIO, aBTOMATH30BaH1 CUCTEMH J03BOJISIIOTh KOHTPOJIOBATU CTaH POCIUH Y
peXHUMI peasbHOrO0 dYacy, L0 JOMOMarae BYAaCHO BHSBUTH 3aXBOPIOBaHHS a0o
HECTauy €JIeMEHTIB dKUBJICHHS Ta CBOEYACHO 3aCTOCYBaTH HEOOX1aH1 3ax0au [2].

Takox BaXJIUBY pOJb BIAITPAalOTh JAPOHM Ta CYINYTHUKOBI 3HIMKH, SKi
J03BOJISIIOTH IIBUIKO OTPUMYBATH 1H(OpMAIIIIO PO CTaH BEJIUKUX TepuTopiid. Lle nae
MOJKJIUBICTh OIIEPAaTHBHO pearyBaTh Ha 3arpo3d, Takl SK IMIKIIHUKA abo0 3MiHU
KJIIMATUYHUX YMOB.

VY CcBITI BXe € 0araro NMpUKIAIIB YCHIIIHOIO BUKOPUCTAHHS aBTOMATHU30BaHUX
CUCTEM Yy cClIbCbKOMY rocnoaapctsi. Hampuknan, y CIIA Tta 3axigniid €Bpori
HOMYJIAPHICTIO KOPUCTYIOTbCS CUCTEMH TOYHOTO 3eMJIEpOOCTBa, SIKI J03BOJISIOTH
(depmepam ONTUMI3YBaTH BUKOPHCTAHHA pPECYpCiB, 3MEHIIYBaTH BUTpaTH Ta
OiABUINYBAaTH BpOXaMHICTb. Y JESKUX KpaiHaX 3acCTOCOBYIOTHCS IOBHICTIO
aBTOMATU30BaHI TEIUTUL, € CUCTEMA KOHTPOJIOE BC1 (PaKTOPH POCTY POCIHH — Bij
TEeMIIepaTypH J0 PIBHSA OCBITIEHHS.

VYkpainceki depMepy TaKOK MOYMHAIOTH AKTUBHO BUKOPUCTOBYBATH Cy4dacHI1
TEXHOJIOT1i. 30KpeMa, psij arpapHUX MIANPUEMCTB 3aCTOCOBYE CUCTEMH MOHITOPUHTY
TIOJIIB, SIKI JIO3BOJIAIOTH MPOTHO3YBAaTH BPOXKANHICTh Ta ONTHUMI3yBaTH BUTPATH Ha
no0puBa Ta BOAY. 3 PO3BUTKOM TEXHOJIOTIH IITYYHOI'O 1HTEICKTY Ta aBTOMAaTH3allii,
MO>KJIMBOCTI YKPATHCHKHUX arpapiiB y IbOMY HaNpsMi 3HAYHO 3pOCTATUMYTh.

BucHoBok. ABTOMaTHM30BaHE YIpaBIIHHA B CUIBCBKOMY TOCIOJApPCTBI
BIJIKDUBAE HOBI MOJKJIMBOCTI [UJIl MIABUIICHHS €()EKTUBHOCTI BUPOOHULTBA,
3a0e3nedeHHs] CTa0LIbHOT BPOXKAWHOCTI Ta €KOHOMIi pecypciB. Bukopuctanss
Cy4YaCHHUX TEXHOJIOT1M MpPOTHO3yBaHHS Ta ONTUMI3alli pecypciB [3] momomarae He
JIMILIE 3MEHIIUTH BUTPATH, ajie i 3a0€3MeYnTH CTaJINi pO3BUTOK arpapHOro CeKTopa.

3aBAsSKA BOPOBA/DKEHHIO I1HHOBAIIWHUX PIMIEHh Yy Taly3l aBTOMaTH3aIlii,
CUIbChKE TOCIOAAPCTBO CTA€ MEHII 3aJICKHUM BIJ] MPUPOJHUX YMOB, IO JIO3BOJISIE
arpapisiM e(QeKTHUBHIIIE TUTAHYBAaTU CBOIO [ISUIBHICTH Ta 3a0e3MeuyBaTH BHUCOKY
AKICTh mpoAyKiii. [loganpimuii po3BUTOK aBTOMATU30BAHUX CHUCTEM Yy CLILCHBKOMY
rocrnofapcTBi OyJe CHPUSTH PO3BUTKY EKOHOMIKM YKpaiHM Ta MiJABUIICHHIO il
KOHKYPEHTOCTIPOMO>KHOCTI Ha MI>KHApOJHOMY PiBHI.

Jliteparypa
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Abstract. Effective communications management is a key factor in the successful
implementation of projects in the field of railway transport. In world practice, significant
experience has been accumulated in the application of modern information technologies
and methods of organizing communications, which contribute to increasing productivity,
reducing risks and optimizing costs. Analysis of cases of the implementation of such
solutions allows us to identify best practices that can be adapted to local conditions. The
paper considers examples of the implementation of large-scale railway projects, such as the
construction of high-speed highways, digitalization of existing infrastructure, as well as the
implementation of innovative platforms for coordinating project participants.

Keywords: communications management, models, methods, information technologies,
automated systems

AKTYaJBHICTh JOCTiIKEHHsI 3yMOBIIEHA TUM, 110 YIPABIiHHA KOMYHIKAI[isSIMU
€ OJHUM 13 HaWCKJIAIHIIIMX ACMEKTIB peayi3alli 3aJi3HUYHHX IPOEKTIB depe3 ix
MacIITaOHICTh, 0AraTOCTOPOHHIO KOOPJMHALIKD Ta HEOOXIAHICTh 1HTErpalii pi3HUX
TEXHOJIOT1H. 3alli3HUYHUN TPAHCIIOPT MPOJIOBXKYE BiJIrpaBaTd MPOBIAHY PO Y
PO3BUTKY 1HPPACTPYKTYpHU Ta €KOHOMIKM OaraThbOoX KpaiH, 1 came KOMYHIKalliiHi
IpolLIECH YacTO BHW3HA4YalOTh Yycmix abo mpoBan mpoekTiB. CBiTOBa MpaKTHKa
JIEMOHCTPY€E, IO 3aCTOCYBaHHS 1H(POPMAIIMHUX TEXHOJOTINA, TaKUX SK CHUCTEMHU
ynpasiiHHs npoektamu (PMS), intepuer peueit (IoT), uudposi nBiitHMKKA Ta 1HII
IHHOBAIlIMHI PIIIEHHS, CYTTEBO MOKPAILYE pe3yIbTaTH MPOEKTIB. AHami3 UX KEHCIB
J03BOJISIE BUSBUTH €(EKTUBHI MIIXOIW O BUPIIICHHS TUIMOBUX NMPOOJEM, TaKuX SIK
3aTPUMKH, IEPEBUIIICHHS OI0JKETY UM KOMYHIKalliH1 6ap’epu.
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Metoro poGoTM € aHami3 CBITOBOTO JOCBiAY €(GEKTUBHOTO YIpaBIiHHSI
KOMYHIKaIIsIMU Y TTPOEKTaX 3aI3HUYHOTO TPAHCTIOPTY JJIsl BUSIBJICHHS 1HHOBALIIMHUX
MIIX0/1IB, METOJIIB Ta TEXHOJIOTIH, fKI CHPHUSAIOTH IOKPAIICHHIO B3a€EMOJII MIX
y4acHUKaMH MPOEKTY, 3HIKCHHIO PU3HKIB Ta MiABUIICHHIO €()eKTUBHOCTI peanizarii
3aMi3HUYHUX TpoekTiB. Po0OoTa Takok cCHpsMOBaHAa Ha OIIHKY MOXIIHUBOCTEN
ajanTaiii nepeoBIX MPAaKTHK 10 HALIOHAIBHUX YMOB JJISl ONTUMI3allli yIpaBIiHHS
MpOeKTaMu B YKpaiHi.

VYnpaBiiHHS KOMYHIKaLiIMH € KIIOUOBUM €JIEMEHTOM Yy 3a0€3MeUeHH1 YCIIITHOT
peanizaiiii IPOEKTIB, OCOOJMBO y TaKWUX CKJIAAHUX 1 MacimTaOHuX cdepax, sK
3aII3HUYHUNA TpaHcnopT. Lleit nporiec oxormioe KoopanHalio ooMiHy 1HGOpMaIlI€lo
MDK yciMa 3aIlikaBJICHUMHU CTOPOHAMH TMPOEKTYy, 3a0€3MEeUeHHs] CBOEYACHOCTI
nepenavl JaHuX, TOYHOCTI Ta JOCTYMHOCTI iHQOpMAIli AN NpUNHHATTS pillieHb. Y
Cy4YacHIM MpakTUIll JJIsl YOpaBIIHHA KOMYHIKAIlIsIMA 3aCTOCOBYIOTHCSI PI3HOMAHITHI
METOAM 1 MoAenl, sKI 0a3ylThCS Ha BHUKOPHCTaHHI UU(POBUX TEXHOJOTIN 1
aBTOMATHU30BaHUX CHCTEM.

Meronu  ymopaBiiHHS ~ KOMYHIKAIlIIMM ~ BKJIIOYAIOTh Taki MIAXOAU  SIK
CTPYKTypoBaH1 1H(OpMaIliiHI MOTOKH, U0 TNepeadaydaroTh QGopmMaiizallio Ta
CTaHAapTU3AIliI0 Tpolecy nepeaadi iHdopmarlii, o A03BOJISIE YHUKHYTH TUTyTaHUHU
Ta Hey3ropkeHocted. Hanpuknan, BHUKOPUCTaHHS NPOTOKONIB 3BITHOCTI YU
ma0JIOHIB JIsl JOKYMEHTIB Y MPOEKTax. BUKOpUCTaHHSA XMapHUX TEXHOJIOT1H, TaKl K
Google Workspace, Microsoft Teams, abo crerianizoBaHi CUCTEMU JJI TPOEKTHOTO
MeHexMeHTy (BIM, Primavera), 103BOJISIOTh CTBOPIOBATH €AMHUI 1HPOpMaLIHHIMA
npoctip. lle 3a0e3nedye MHUTTEBUE IOCTYN A0 JaHUX 1 CHHXPOHI3AIII POOOTH
KOMaHJT y PEeKHMI pealbHOro dYacy. ABTOMATH3allil TMPOIECIB KOMYHIKaIlii
BUKOPHCTOBYIOTh aBTomaTu3oBaHl cuctremu (CRM a6o ERP) s wancunanHs
HaraJyBaHb, MOBIJIOMJICHb a00 CTBOPEHHS 3BITIB 3HAYHO CKOPOYYE Yac HA PYTHUHHI
3aBJaHHS Ta TiABUINYE €(QEKTUBHICTh KOMaHIU. AJITOPUTMH  ONTUMI3ALIT
KOMYHIKAI[lil J0MoMararoTh pO3MOAUIATA 1H(POpMaLliHI MOTOKA [JIsl YHUKHEHHS
MEPEBAHTAXKEHHSI KaHalllB 3B’sI3Ky a00 AyOnroBaHHS 1HQopMalii. 3acTOCyBaHHS
Agile-meTonosoriii  3a0e3Meuyr0Th THYYKICTh y KOMYHIKAIUAX 1 MiABHIIYIOThH
aJanTUBHICTB 10 3MiH Yy npoekTi. L{i meTogonorii nepeadayaroTh peryispHi 3ycTpidi
komany (daily stand-ups), cTBOpeHHS Bi3yaJdbHUX [OIIOK 3aBJaHb 1 IIBUIKE
pearyBaHHs Ha MPOOJIEMHU.

Mogeni ynpaBiiiHHS KOMYHIKAI[iISIMA BU3HAYalOTh CIIOCOOU MOOYA0BU B3a€EMO/IIT
MK y4JaCHHUKaMHU TPOEKTy. J[0 OCHOBHMX TakuMX MOAENeH HalekaTh MEpPEKeBi
MOJIeNTi, IIeHTpaIi3oBaHa MOJENb, ACIEHTpaTi30BaHa MOJEib, T1IOpUIHI MOJENIl Ta
MOJIeJi Ha OCHOBI TEXHOJIOTIH mTy4HOrO iHTeNnekty [1, 3].

MepexeBi MOjielNi TPYHTYIOThCSI HA BUKOPUCTAHHI 1H(QOPMAIIHHUX CUCTEM, SIKi
CTBOPIOIOTH MEPEKEBY CTPYKTypy oOMiHy nanumu. Hampuknan, cucrema BIM
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IHTErpy€e BCl €JIE€MEHTH MPOEKTy B €auHy IuGpoBy miaTthopMy, 3a0e3neuyrouu
PO30PICTh 1 JOCTYII 10 aKTyaJabHOI 1H(pOpMAIIii.

VY ueHTtpanizoBaHiii Mozen Bci 1H(OpMAaIiHI MOTOKM KOHIEHTPYIOThCS B
OJIHOMY IIEHTpi, Hampukiana, B odici ympaBiiHHa npoektom (PMO). Lls mopens
JI03BOJISIE  YHUKHYTH XaOTHYHOTO OOMiHY iHQOpMaIli€ro, ane Moxke OyTH MEHII
e(peKTUBHOI0O B YMOBAaX BEJIMKHX TMPOEKTIB 3 TeorpadiyHo pO3MOAIIEHUMHU
KoMaHJaMu. JlemeHTpaaizoBaHa MoJielb mepeadadac po3moaiil BiAMOBIIaTLHOCTI 3a
KOMYHIKaIlii MK y4acHUKaMH MpoekTy. Lle 103Bosise€ 3MEHIINTH HAaBaHTa)XCHHS Ha
IEHTpaJbHUM odic, are moTpedye BUCOKOTO PIBHS JTUCIMIUTIHU Ta Y3TOIKEHOCTI MIXK
KoMaHaamu. [10puaHi Mozem TMOEIHYIOTh €JIEMEHTH IIEHTPali30BaHOi Ta
JEIEHTpai30BaHoi cTpyKkTyp. Hanpukian, y BeIMKUX MPOEKTax HEHTpaIbHUM odic
BIJIMOBIZA€ 3a CTpaTeriuHe YIpPaBIIHHSA KOMYHIKAIliIMH, TOAl SK ONEpaTHBHA
B3a€EMOJIi JEJETYEThCSI Ha MiCIEBUM piBeHb. Mojelli Ha OCHOBI TEXHOJIOTiH
IITY4YHOT'O IHTEJIEKTY
BUKOPHUCTOBYIOTHCS TUISL IIPOTHO3YBaHHS PHU3HKIB y KOMYHIKaIlisx,
aBTOMATU30BAHOTO aHaNi3y BEJIUKUX OOCATIB JaHUX, BHUSBICHHA MOXIIUBHUX
3aTpUMOK a00 MpoOJIeM y B3aEMOJIIT MK yYaCHUKaMHU.

VYrpaBiaiHHS KOMYHIKAIlIIMH B TMPOEKTaX 3aJi3HUYHOTO TPAHCHOPTY €
CKJIAJIHUM, aJie HaJ3BHYaWHO BAXJIMBUM AaCIEKTOM YCIIIIHOI  peai3allii
iH(ppacTpykTypHuX 1HimiaTuB. CydacHi 1H(OpMamiiiHI TEXHOJOrIi, TakKl SIK XMapHI
mnatdopmu, 0T, cuctemMu 1udppoBOro MojeIOBaHHS Ta aBTOMATHU30BaHI1 PIlICHHS,
3a0e3neuyloTh €(QEKTUBHY B3a€EMOJII0 MK YYaCHUKAMHM MPOEKTY, IiJABUILYIOTh
IPO30PICTh 1 TOUHICTh IHPOPMALIIHHUX TTOTOKIB [2, 4].

AHaJti3 CBITOBOTO JOCBIY IMOKa3ye, IO BUKOPUCTAHHS 1HHOBAIIMHUX ITIIXOIiB
y KOMYHIKaIIIX JO03BOJISIE HE JIMIIEC YHUKATH 3aTPUMOK 1 MEPEBUILNEHHS OIOJKETY,
aje ¥ copusie OUIBII SIKICHOMY YIPaBIiHHIO pecypcaMu Ta MPUHHATTIO PIllICHb.
Boanouac BrpoBa/KeHHSI TaKUX MiAXOAIB BUMAarae ajanTaiii A0 JIOKaIbHUX YMOB,
3a0e3nedyeHHss KiOepOe3neku Ta TMIABUIIEHHS pIBHS LU(QPOBOI T'PaMOTHOCTI
MepCcoHay.

Pesynbratu AOCHIIKEHHS MOXYTh CIYI'yBaTh OCHOBOIO JUISI PO3POOKHU
pEeKOMEHJAId  IMIOA0  BIPOBA/PKCHHS  MEPEJIOBHX  METOJIB  YNPaBIIHHS
KOMYHIKAIlIsIMU B YKPAiHCbKUX 3aJi3HMYHUX TpoekTax. lle crmpustume po3BUTKY
HaIllOHAJIBHOI TPAaHCTIOPTHOI 1HGPACTPYKTypH, 1i 1HTErpamii B €BPOIMEUCHKI
TPAHCHOPTHI MeEpeXl Ta MIJBUILIEHHIO KOHKYPEHTOCIPOMOXKHOCTI 3aJlI3HUYHOTO
TPAHCHOPTY Y KpaiHu.

BucHoBok. B pesynbrari mpoBeneHOro IOCTiIKEHHS Oylo BHUSBICHO, IIO
Cy4acHI METOIY 1 MOJENI YNpaBIiHHSA KOMYHIKAI[SIMU JO3BOJISIIOTH 3a0€3MeUnTH
Oe3rnepebiitHy B3aEMOJIII0 B paMKaX BEJIMKUX 3aJII3HUYHUX MPOEKTIB. Bukopucranus
U(POBUX TEXHOJOTIH, XMapHUX TUIATGOPM 1 aBTOMATHU30BAHUX CHUCTEM HE JIMIIE

298



ontuMizye iHGOpMaIliiiHI TOTOKHU, aje W CIpHs€ 3MEHIIEHHIO BUTPAT, MOKPAILEHHIO
SIKOCT1 TIPUMHSATTS PIlIeHb 1 MIJBUILECHHIO MPO30pOCTi mporeciB. Takui miaxin €
0COOJIMBO aKTyaJIbHUM [IJISi MAacCIITa0HUX IMPOEKTIB, IO PEali3yloThcsi B yMOBax
CKJIQIHOTO 06araTOCTOPOHHBOTO CEPEOBHIIIA.
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Abstract. The paper explores microprocessor centralization (MPC) as an advanced
alternative to relay-based centralization systems. MPC integrates new functionalities such
as data logging, archiving, and real-time monitoring while maintaining high safety and
reliability standards. The system leverages microcontrollers and powerful computing units,
reducing operational costs, enhancing diagnostics, and enabling integration with upper-
level automated systems. Key advantages include increased reliability through redundancy,
streamlined management of multiple stations, and reduced equipment footprint, making
MPC a cost-effective and scalable solution for railway infrastructure modernization.
Keywords: microprocessor centralization, railway automation, reliability, safety,
diagnostics

AKTYyaJILHICTH JOCIIKeHHSA 3yMOBJIEHA Cy4acCHUM MIX0I0M
MIKpOTIPOIICCOPHOI IIeHTpami3aii crpitok 1 curHamiB (MIIL]) o ympaBaiHHS
00’€KTaMM 3aJI3HUYHOI aBTOMATHKH, IO JO03BOJISE€ 3HAYHO MIABUIIUTU PIBEHb
HaJIHHOCTI, O0e3neku Ta e(heKTUBHOCTI (DYHKIIIOHYBAaHHS 3aJI3HUYHOTO TPAHCIIOPTY.
[lepexin Bif 3acTapuiuX peIeHHUX CHCTEM JO MIKPOIPOIIECOPHUX OOYMOBIICHHI
HEOOXIJTHICTIO CKOPOYEHHSI eKCIUTyaTallliHMX BHUTpAT, 3MEHIICHHA TrabapuTiB
oOnmagHaHHS Ta IHTErpallii 3ali3HUYHUX OO’€KTIB y 3arayibHy iHdOpmaIiiiHo-
Kepyrouy IHPpacTpyKTypy.

MeTtorw podoTH € aHani3 nepeBar (PyHKIIOHAIBHUX MOJIMBOCTEN 1 TEXHIYHUX
0COOJIMBOCTEM MIKPOMPOIIECOPHUX CUCTEM LIEHTpasi3alli CTPUIOK 1 CHUTHAJIB, a
TAaKOXX OIlIHKAa 1X BIUIMBY Ha TIJABUINCHHS Oe3neku Ta e(OEKTUBHOCTI poOOTH
3aJII3HUYHOTO TPAHCIIOPTY.

MikpormpoliecopHa IEHTpami3allis CTPUIOK 1 CHUTHATIB — (YHKIIOHATHHUN
aHaJor peseinoi enekrpuunol rentpanizaii (EIL), npusHadeHuii 1 MPOEeKTyBaHHS
HOBUX 1 peKoHCTpYKITii mirounx Ell.

B naniit cuctemi 101aTKOBO 3’sIBJsIIOThCS HOBI (hyHKINT EL B sSIKOCTI HUYKHBOTO
PIBHSI aBTOMAaTU30BaHOI CUCTEMH YIIPABJIIHHS TEXHOJOTTYHUM MPOLIECOM:
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- IPOTOKOJIIOBAHHSI, apXiByBaHHs, GopMyBaHHs 0a3 JaHUX;

- MOKJIMBICTh BUBOJIY Ha JIUCIUICH T0AATKOBOI 1HGOpMAIi,

- yB’s13ka El 3 aBTOMaTH30BaHOI0 CUCTEMOIO YIIPABIIIHHS BEPXHBOTO PiBHSI.

Cucrema MIIL] Hagae mogaTkoBy 1H(OpPMAIlIIO YEPTOBOMY IO CTaHIIIi, a TAKOX
IHIIMM KOPHUCTYBayaM 3ali3HUYHOTO TPAHCIOPTY MPO MOI3HY CUTyalll 1 MOsBY
B1JIMOB €JIEMEHTIB CHCTCMH.

MikpokoHTpoJiepd B TO€JHAHHI 3 KOMII'IOTepaMH, $SK OCHOBHA YacTHHA,
pOOJATH CUCTEMY HAJINHHOIO, 3pYYHOIO 1 POCTOIO B OOCIYyroBYBaHHI, MPH 3HAYHO
MEHIIIH cO01BapTOCTI B MOPIBHSHHI 3 PEIICHHUMH CUCTEMaMH.

3acTocyBaHHS MIKPOIPOLIECOPHOI CHUCTEMHU CHpOILye OOMIH 1H(OpMmaliew 3
IHIIMMHA O0YHUCITIOBAIBHO-1H(GOPMAIIIHHUME 1 KEpYyIOYUMH crucTeMamu [1].

Crpykrypa MIILI, mo BkItOYae mporpamMHi Ta amapaTHi 3aco0u, moOynoBaHa 3a
0aratopiBHEBOIO CXEMOIO 1 BKJIIOYAE B cede:

- OCHOBHE 1 PE3epBHE ABTOMATHU30BaHE pOOOYE MICIE YEProBOro MO CTAHIi
(APM JICII) nnig 3aBoaHHsl KEPpYOUMX KOMAaHJ 1 Bi3yauli3alli MOi3HOI CUTYallii;

- aBTOMaTHW30BaHe poOoue Micie enekTpomexanika (APM IHIH) ans
3a0€e3Me4YeHHs] MOKIIMBOCTI BIJJAJICHOIO MOHITOPUHTY cTaHy 00’ exTiB MIILL;

- mporpamoBanuil Jsoriunuii koHTposyep (IIJIK) 3 mporpamoro noriku
LEHTPAIbHUX 3AJIEKHOCTEN 17151 3/1ICHEHHS MepeCcyBaHb M0 CTaHIIIT;

- anapatypy KOHTPOJIIO BUIBHOCTI / 3aWHATOCTI JUISHOK KOJIii, CXeMHu
KOMYyTalli CTPIIOK, CBITIO(OpPIB, CXEMH YB’A3yBaHHS 3 IHIIUMHU MPUCTPOSIMHU
(ITAB, AIIC i in.).

Cucrema MIIL] moOymoBana 13 3aCTOCYBaHHSIM 3aXHUIIEHOI apXITEKTypH 1
3axXMIIeHoro iHTepdercy 3 BUKOHABUMMH 00’ektamu. Ctpykrypa MIIL] mo3Bomnse
3MIMCHIOBATU YB’SI3KW 3 icHyrounmu npuctposimu [TIAB, AB, a takox iHTerpyBaTu
Cy4JacHI CHCTEMH 1HTEPBAJIBHOTO PETYJIIOBaHHA. BCl EHTpanbHI 3aJIeKHOCTI JIOTIKA
nentpamizamii peamizye pasa IIJIK, mnapanenbHo BukoHYIOTh mporpamu. I[IJIK
OCHaIIeH1 3ac00aMM BHYTPIIIHBOI JIaTHOCTUKH, 110 JI03BOJISIE BUSBUTHU BUXI1] 3 JIaly
€JIEMEHTIB cucTeMu abo 301i1 B mporpami 1 MPUBECTU JUCKPETHI BUXOAU W KEpOBaHI
HUMU HaIoJIbHI MPUCTPOi B O€3MeUHUd CTaH. YTIPaBIIHHSI 00’ €KTaMU BUPOOIISETHCA
3a JOTIOMOTO0 MPUCTPOIB CHOJIYyUYEHHS 3 00’ €KTaMHU.

Y MIIIL] BUKOPUCTOBYETHCS YCTAaHOBKA 3 TIOTYKHUM JDKEpesioM Oe3repediitHoro
KUBJICHHS 3 aKyMYJISITODHOIO Oarapeero, BiJ SKOi JKUBIATHCS SK EJIEKTPOHHI
IOPUCTPOi, TaK 1 PEHKOBI KOJA, EIEKTPONPUBOIM, CBITIOPOPH, pere, 0 T03BOJISIE
BUKJIFOYMTH BiMOBH TIPH T'PO30BHUX PO3psAaax, KOPOTKUX 3aMUKAHHIX B KOHTAKTHIN
MEpPEXI1 Ta IHIIUX MEPEIKOIaX.

[TepeBaru MIIL] B mopiBHSHHI 3 peJICHHUMHU CUCTEMAMU IIEHTpaTi3aIlii:

- OLIBIII BUCOKHUI piBEHb HAJIMHOCTI 32 paXyHOK TyOJrOBaHHS 0araThOX BY3JIIB,
BKJIFOYAIOYM TEHTpaibHuM mporecop — sapo MIILl, i1 GesmepepBHOrO 0OMIHY
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iHpOpMaIlI€l0 MK UM TMPOLECOPOM 1 00’€KTaMU YIPaBIIHHS Ta KOHTPOJIO (IO
TaKOX CIPHUSIE MIABUIIIEHHIO PiBHSI O€3IEKH);

- MOXKJIMBICTh yNPaBIiHHA 00’€KTaMM 0araThOX CTAHIIIN 1 MEPEroHIB 3 OJHOIO
po6OUYOTO MiCIIS;

- MOXKJIMBICTh 1HTEerpamii ympaBiiHHS mneperinHuMu npuctposimu CLB 1
npuwiagaMu KOHTPOJNIO CTaHy pPYXOMOTO CKJIaay B OJHOMY CTaHLIHHOMY
MPOLIECOPHOMY IIPUCTPOT;

- HaJaHHS eKCIUTyaTalliliHOMY Ta TEXHIYHOMY NE€PCOHAIY PO3IIUPEHOI
iHdopmanii npo ctan npuctpoiB CLIb Ha cTaHilii 3 MOXIUBICTIO mepenadl Ii€i Ta
1HI101 1H(OpMaIIiil B IIEHTP yIpaBJIiHHS EPEBE3CHHIMU;

- MOKJIUBICTh ~ IIEHTPAJI30BAaHOTO Ta  JICLICHTPAJI30BAaHOIO  PO3MIIICHHS
00’ €eKTHUX KOHTPOJIEPIB AJIs yNPABIIHHS CTAHLIMHUMU Ta MEPETIHHUMHU 00’ €KTaMU;

- MOXKJIMBICTh ~ O€3MEPEPBHOIO  MPOTOKONIOBAHHS  JIM  E€KCIUTyaTalliHOIro
MepcoHany 3 yOpaBliHHS OO0 €KTaMU 1 BCI€i MOi3HOI CHUTyallli Ha CTaHIAX 1
MepEeToHaXx;

- HasIBHICTh BOYJIOBAHOTO JI1arHOCTUYHOTO KOHTPOJIIO CTaHy amapaTHUX 3aco0iB
HeHTpati3ali 1 00’ €KTiB YIPaBIiHHSA 1 KOHTPOJIIO;

- MOXKJIMBICTh PEECTpalllii HOMEpIB IMOi3/iB, IO NPSIMYIOTh IO CTaHIISAX 1
MEPEroHax, a TAKOXK BCIX BIIMOB 00’ €KTIB YIIPaBIIHHS;

-3HaYHO MeHII rabaputu oONaJAHaHHA 1, K HACHIIIOK, B 3-4 pa3d MEHIIUM
o0csar TpUMILIEHb JJIsI HOTO PO3MIIIEHHS, IO J03BOJISIE€ 3aMIHIOBaTH 3acTapiii
CUCTEMH LEHTpasIi3alii 0e3 Oy IBHUIITBA HOBUX IMOCTIB;

- 3HQYHO MEHIIUH 00cAT Oy/11BeTbHO-MOHTAXKHUX POOIT;

- BAKOPHCTaHHS K CEpeJoBUIA Tepeaadl iHdopmallii MK TPUCTPOSMU
YIPAaBIIIHHS 1 KEPOBAHUMH 00’ €KTaMU HE TUTbKH KaOENiB 3 MIJHUMU >KHIIAMHU, aje U
BOJIOKOHHO-ONTUYHHUX KaOeJIiB;

- MOXJIMBICTh OTPMMAaHHS 3 apXiBy MapaMeTpiB poOOTH HAIJIBHUX MPUCTPOIB
CILb nns momanpmioro NpOrHO3YBaHHS iX CTaHy a0o0 IUIaHYBaHHS MPOBEICHHS
PEMOHTY 1 pETYJIIOBaHHS, HE JIOMYCKAIOYHU MOBHUX BiJIMOB IIUX MPUCTPOIB;

- 3BHUKCHHS eKCIUTyaTallliHUX BUTPAT 3a PaXyHOK 3MEHIICHHS €HEPrOEMHOCTI
CUCTEMH, CKOPOUCHHS MPUOIM3HO HA TOPSAIOK KUTHBKOCTI €JIEKTPOMATHITHUX pelie U
JOBXHHM  BHYTPINIHBOMOCTOBUX  KabOeliB, 3aCTOCYBaHHS CY4YaCHUX JDKepeln
KUBJICHHS, BUKIIOYEHHS 3 eKCIUlyaTalli TpOMI3AKHX TYJbTIB YIpaBIIHHS 1
MAaHIIyJIATOPIB 3 BEJIMKKM YHCIIOM PYKOSITOK 1 KHOIIOK MexaHiuHoi ii [2].

BucnoBok. MikpormpoiiecopHa cucteMa LEHTpami3alli CTPIIOK 1 CUTHANIB €
e(EeKTUBHUM 1HCTPYMEHTOM MOJEpHI3alli 3ali3HUYHOTrO TPAHCIOPTY, SKUU
3a0e3mneduye MmiABUIICHHS O€3MeKu, 3HIKSHHS BUTpAT Ta iHTerpamrito 00’extiB CIIb y
3araJbHy CHCTEMY aBTOMAaTHu3alii. 3aBAsIKA  MUPOKUM  (PYHKI[IOHAIBHUM
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MoxxnuBocTsaM, MIIL[ crtae crangaprom y Tramy3l yHOpaBiIiHHSA —3aJi3HUYHOIO
1H(]ppacTpyKTypOIO.
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Abstract. The article examines the scientific foundations for optimizing the reliability of
information and control systems (ICS) in transportation. The focus is on identifying key
aspects affecting the reliability of ICS and methods for improving it through system
structure optimization. A mathematical model for reliability assessment has been developed,
and recommendations are provided for enhancing system elements to increase reliability
based on statistical methods. The results obtained can be applied to improve information
and control systems in the transportation sector.

Keywords: reliability, information and control systems, transportation, optimization,
mathematical modeling, systems analysis

AKTYaJIbHICTh JOCJioKeHHS 3YMOBJIEHA 3HAYHMMH 3MIHAMH, K1 3a3HAIOTh
Cy4acHi1 TPAHCHOPTHI CUCTEMU 3aBJSIKU BIPOBA/KCHHIO 1HHOBAIITHUX TEXHOJIOTIH,
takux K [HTepHer pedeit (IoT), mwryunwmii intenekr (Al), Benuki nani (Big Data) ta
onokueiiH. Indopmariiino-kepyroui cuctemu (IKC) BimirparoTe KIHOYOBY poOJib Y
3a0e3nedyeHHl  Oe3mekd, HaaliHOCTI Ta  €peKTHBHOCTI  (DYHKI[IOHYBaHHS
TpancnopTHUX Mepex. IKC oXoruoTs ynpaBiaiHHS JOPOKHIM PyXOM, MOHITOPUHT
TPAHCTIOPTHUX 3acO0iB, YIPaBIiHHA BaHTaXXaMU Ta KOMYHIKallii MDK y4aCHUKAMH
TpaHCHOPTHUX TpoueciB. OgHAaK 13 BOPOBAKEHHSIM HOBHX TEXHOJIOT1 BHUHHUKAIOThH
HOB1 BUKJIMKH 11010 HAJAIMHOCTI Ta CTIMKOCTI TAKUX CHUCTEM.

Metow podoru € aHamiz cydyacHux iHHoBauii B IKC Ta 3ampomnonyBaHHS
MaTEeMaTUYHUX MOJEJIEM 1 METOMIB ONTHMI3alli HAaAIMHOCTI CUCTEM. MH TaKOX
PO3MIITHEMO TIpo0JIeMu KibepOe3nekn Ta B3aeMOJIii MI>K KOMIIOHEHTAMH CHUCTEM, IIIO
BHU3HAYAIOTh HOBI BUMOTH JI0 IXHBOI apXITEKTYypH.

1. InnoBanii B indopManiiiHO-KepyrOUHNX cHCTEMAaX

1.1 InTepuer peueit (IoT)

[HTepHET peyeil € KIOYOBOIO TEXHOJIOTIEIO JUIsi MOHITOPUHTY Ta YIpPaBIiHHSA
TPAaHCIIOPTHUMHU CHCTEMaMH B peainbHOMY u4aci. Bukopucranus loT mgo3Bosse
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BIJICJTIIKOBYBATH MEPEMIILIEHHS TPAHCIIOPTHUX 3aCO01B, KOHTPOJIb TEXHIYHOTO CTaHy,
OIIIHIOBATU CTaH JO0poxHbOi 1HPpacTpykTypu. IKC, mo BuxopuctoByioTh [0T,
OTPUMYIOTh BEJIMYE3HI OOCSATM JaHUX 3 JAT4YMKIB, IO JIONIOMarae MpPOTHO3YBaTH
noTpeOu B 00CIyroByBaHHI Ta MorepepKyBatu apapii[1].

OpHak BUKJIMKY HAIHHOCTI TAKMX CUCTEM BKJIIOYAIOTh:

a) Mepe:keBi 3001 — yepe3 BEIMKY KUIBKICTh MiJIKJIIOUYEHUX MPHUCTPOIB 3pOCTAE
WMOBIpHICTb 300iB y wMmepexi. Ilepe6oi MOXyTh HETraTUBHO BIUIMHYTH Ha
(YHKITIOHYBaHHSI CUCTEMU B KPUTHYHUX CUTYAIIisIX.

0) KidepoOe3neka — |0T-mipucTpoi € Bpa3IMBUMHM JI0 aTak, [0 MOXKE MPU3BECTH
710 TIOPYLIEHHSI POOOTH BCIET CUCTEMHU.

B) EHeprocnoxxuBaHHsi Ta )KUBJIEHHSI — JUIA MIATPUMAHHS CTaO1LIBHOT pOOOTH
MPUCTPOIB MOTPiOHI HOBI PILICHHS 1OJI0 €HEPTro3a0e3NeYeHHS.

1.2 llITy4ynwnii inTesiexr (Al)

ITy4HHil 1HTENEKT BHUKOPUCTOBYETHCS I OOpPOOKH BEJIMKUX OOCSTIB
iHdopMmalii 3 METO NPUUHATTS pilleHb y peanbHoMy uyaci. Al no3Boiisie
aBTOMATHU3YyBaTU NPOLECH YNPABIiHHSA TPAHCHOPTOM, MPOTHO3YBaTH CUTyalli Ha
J0porax, ONTUMI3yBaTH MApLIPYTH Ta MOKpallyBaTH Oe3neKy. 3aBIsSKd MalIMHHOMY
HaB4YaHHIO, Al-cucTeMu MOXyTh aJalTyBaTUCS 10 3MIH Y TPAHCIIOPTHOMY MOTOL Ta
nepeadayaTd MOXKJIMBI PUZHKHU.

Sk 3a3HaYE€HO B JIPKEpENIax OCHOBHI MepeBaru 3acTocyBaHHs Al:

a) AHaJi3 Ta NporHo3yBaHHsi — Al 371aTHUIl aHamM3yBaTH ICTOPUYHI JaH1 U
MIPOTHO3yBaTU MalOyTHI MOJi, 110 AOIIOMArae rmornepeakaTi MOKINB1 3001.

0) ABTOMAaTH3allis NpoleciB — 3HWKEHHS BIUIUBY JIIOJICHKOTO (hakTopa Ha
yXBaJICHHS pILICHb JI03BOJISIE YHUKATH TIOMUJIOK.

OpmHak HEOJIKU BKIIIOYAIOTh:

a) HagmipHa 3ajekHicTh Big JaHMX — HETOYHI a00 HEMOBHI JaHI MOXYThb
MIPU3BECTH 10 HETIPABUIIHHUX PIlICHb.

0) Kidep3arpo3u — Al-cuctemu MOXyTh CTaTH LIJUTIO JJIsI aTak, IO MOPYIIUTh
iXHIO KOPEKTHY pOOOTY.

1.3 biok4eiin

brokueiin 3abe3neuye HajiliHe 30€piraHHs Ta nepeaady JTaHux y TPAHCTIOPTHUX
IKC, o mo3Bossie 3a06e3meYnTH MPpo30picTh omeparliil 1 3axuct Bia dambcudikarrii
JaHuX. Y TPaHCIOPTHUX Mepexax OJOKYeHH MO)Ke BUKOPUCTOBYBATHUCA IS
BIJICTEKEHHSI BaHTAXIB, YIPaBIIHHS KOHTPAKTaMH, a TAKOXX MOHITOPUHTY CTaHY
THPPACTPYKTYpH Ta pyXOMHX 00'€KTiB[2].

Henonikamu 610K4eiiny €:

a) [oBisibHA MBUAKICTH TPAaH3aKIiNA — y TTOPIBHSAHHI 3 TPAAUIIIMHUME Oa3zaMu
JTaHuX OJIOKYEWH TMpaIfloe TOBUIBHINIE, IO MOXE CTBOPIOBATH MPOOJEMU TpHU
00poOi11i BeMKUX 00CsTiB 1H(GOpMAIIil B peaIbHOMY Yaci.
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0) EneprosarpatHicTb — BHCOKI BHMOTH JO €HEPrOCHOXKHWBAHHS JIS
MIATPUMKH CTa01IbHOT pOOOTH OJIOKUYCHH-MEPEK.

1.4 Bequki nani (Big Data)

Benuki 1aHi BUKOPUCTOBYIOTHCS JIJIsL aHAJI3y BEIMYE3HMX 00cCsATiB iH(OpMaIii,
mo Haaxoaath Bix loT-mpucTpoiB, TpaHCIOPTHUX 3aco0iB 1 1H(PACTPYKTYpHUX
o0’extiB[3]. Lle no3Bossge oTpuMaTH TNIHUOMIMKA aHaAMI3 TPAHCHOPTHUX TMOTOKIB,
MTOTIUTY Ha MEPEBE3CHHS, a TAKOK BUSIBUTH TOTCHITIIHI HEOE3MEKH.

[lepeBaru Bukopucranus Big Data:

a) IIporHo3yBaHHsI — Ha OCHOBI aHaJli3y BEIMKHX OOCATIB JaHMX MOXKHA
IPOTrHO3yBaTH MOKJIMBI aBapii Ta 3aTOPH.

0) OnTuMmizania pecypciB — aHaii3 JIaHUX J103BOJISIE €(PEKTUBHO PO3MOAUISITH
TPAHCTIOPTHI MOTOKH.

Henomniku:

a) 30epiranHsi Ta o0po0Ka — BeIUKAa KUIBKICTh JaHUX MOTPEOy€e BHCOKHUX
00YHMCITIOBAIBHUX PECypCiB 1 €(heKTUBHOI OpraHizalii 30epiraHHsi.

0) 3axuceT gaHMX — 30epiraHHs BEIUKUX OOCATIB JaHUX BUMAarae J0JaTKOBHX
3ax0/1B O€3IeKH JIJIsl 3aXUCTY Bij KiOepaTak.

2. IIpodsemn nagiitnocti IKC na Tpancnopri

2.1 KioepOe3nexa

OpHiero 3 TOI0BHUX Ipo0ieM, 1moB’s3aHux 3 HagidHicTio IKC Ha TpancnopTi, €
nutaHHa kioepOesneku. Buxopucranns loT, Al Tta OmokuyeitH poOUTH cucTteMu
Bpa3JIMBUMHU JO aTaK XakKepiB, IO MOXE NPHU3BECTH 10 300iB y poOOTI CHCTEM
yIPaBIIiHHS PyXOM, aBapiii, Ta HaBITh CA00TaXy 1HGPACTPYKTYPH.

2.2 B3aemoisi KOMIIOHEHTIB

Hamifinicte IKC  3anexxuth Binm edeKTHBHOI B3aeMOAIl MK PI3HUMH
KOMITOHEHTaMH, TaKUMH SIK JaTYUKH, TPAHCIOPTHI 3aCO0M, MEPEXKEBI CHUCTEMHU Ta
o0uHCIIOBaNIbHI pecypcu. byab-skuii 301 B OJHOMY 3 IIMX KOMIIOHEHTIB MOXE
MpPU3BECTH O JIAHIIOTOBUX 300iB Yy BCil cucremi. 3amaul  OajaHCyBaHHS
HaBaHTAXXEHHSI MDK KOMIIOHEHTaMHM Ta CTIHKICTh 10 BIJIMOB € KPUTUYHUMHU JJIs
3abe3neuenns HaaiHocTi IKC.

2.3 HaniliHicTh MepeskeBoi iH(ppaCTPYKTYpH

Ockinbku Ounpbinicte TpancnopTHUX IKC BUKOPUCTOBYIOTH XMapHI TE€XHOJOTI]
Ta 00YUCITIOBANIbHI MEPEXKIi, BiIMOBA 200 HECTAOUTHHICTh MEPEKEBOT IHPPACTPYKTYpHU
MOXE MPU3BECTH J10 300iB y BCiii cuctemi. HaniiiHicTh MepexeBHX 3'€IHaHb €
KPUTUYHO BAXKIIMBOIO JIs 3a0e3neueHHs crabiibHoi podotu IKC.

3. MaremaTnuHe moaeaioBanusa HagiliHocti IKC

3.1 Hagiitnicts loT-komMnoHeHTiB

MopnentoBannsi  HafiiiHocTi  loT-koMmoneHnTiB  0a3yeTbCsi Ha BpaxyBaHHI
MepeKeBUX 300iB, EHEPTOCIMOKUBAHHS Ta MOXJIHMBUX Kibeparak [4]. MarematudHo
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HMOBIpHICTh 0€3BiIMOBHOI pobotu loT-mpucTpoiB y mMeBHUII MOMEHT 4Yacy MO>KHA
OMKCATH 32 JI0MIOMOT0I0 €KCIIOHEHIIAIbHOTO PO3MOILITY:
Rior(ty=e ", (1)
ne Rior(t) — dyHKIS HagIMHOCTI IJ11 CUCTeMH [HTEpHETYy pedelt B MOMEHT 4acy
ttt. Bona nokasye WMOBIpHICTh TOTO, IO CUCTEMa a00 KOMIIOHEHT II[¢ HE BUMUIIOB 3
JIaxy B MOMEHT 4acy ttt;

e — MaTeMaThyHa cTaja (0a30Be 3HaYCHHs HaTypajbHOTo Jorapudma);

AloTt — mapaMeTp IHTEHCHUBHOCTI BiIMOB a00 MOKa3HUK MIBHAKOCTI BiJIMOB JIJIs
cucteMu. lle 3HaueHHs BU3HAUa€e MMOBIPHICTH TOTO, IO CUCTEMA 3a3HAE BIJIMOBY 3a
onuHUI0 4Yacy. Uum Outbiie AloTt, TUM MIBHAIIEC 3HWKYBATUMETHCS HAIINHHICTD
CUCTEMHU.

t — yac, 10 MPOXOAUTH BiJ MOYATKY €KCILTyaTallii CHCTEMH.

Takum yuHOM, popmyna (1) ommcye eKCOHEHIIHHY MOJENb HAAIMHOCTI abo
(YHKLIIO BIJIMOBH JJIsi CUCTEMH, IIO MIAJATA€ 3HUKEHHIO HAIMHOCTI 3 4acoM, sKa
3a3BUYail BUKOPUCTOBYETHCS [IJIi MOJCIIOBAHHS HAJIMHOCTI KOMIIOHEHTIB a0o
cucteM, Takux sk [arepuer peueit (1oT).

3.2 Hagiiinicte AI-koMnoHeHTIB

Al-cuctemu miaaarThCs BIUTMBY SKOCTI JaHUX 1 TOUHOCTI adropuT™MiB. Mojeinb
HafgiitHOCTI Al-KOMIOHEHTIB MOXe OyTH 3aCHOBaHAa HAa MMOBIPHOCTI MPaBHIBLHOTO
MPUAHATTS PILLICHHS:

Rai=1—Perror, (2)
ne Ra — HamiiiHicTs cuctemu (Al), ToOTO WMOBIpHICTH TOr0, IO CHCTEMA
BUKOHA€E 3aBJaHHS MPaBWIHLHO a00 0€3 MOMMIIOK;

Perror — IMOBIPHICTh MTOMUJIKH, TOB'SI3aHO1 3 HEMPABWJIBHOIO OOPOOKOIO JTaHHX
a00 HEBI/IMOBITHICTIO AJITOPUTMIB.

dopmyna (2) omucye HamiiiHicTh cHcTeMu abo WMOBIpHiCTH ycmixy B
KOHTEKCT1 IITY4YHOro iHTeaeKTy (Al) abo 1HIUX TEXHOJOTITYHUX CHUCTEM, JI€ MOXKE
OyTH BH3Haue€HA WMOBIPHICTh MOMWIKUA. OTXe, O3Hayae, M0 HAAINMHICTh CHUCTEMH
OpiBHIOE 1 MiHyC MMOBIpHICTh MOMWIKHU. [le cTaHmapTHE BUpa)XE€HHS JJIsi OL[IHKU
€(EeKTUBHOCTI Ta TOYHOCTI CHUCTEMH — UMM MEHIIE Peror, TUM BUIA HAIIAHICTH
CUCTEMH.

3.3 HagiiiHicTh 0J10K4YeHH-CHCTEM

Mopenb HaaIHHOCTI OJIOKUYEHH-CUCTEM TPYHTYETHCSI HAa BpaxyBaHHI HaAIHHOCTI
KOXKHOTO 3 BY3JTiB Mepexi. HamiiHICTh BCi€l CHCTEMU BHU3HAYAETHCA K JTOOYTOK
HaJ1HOCTEH yCiX BY3IiB:

Rytockchain = Ili=1 Rnode; 3)
1€ Ry oqe; HALIMHICTH KOKHOTO BY3JIA.

4. MeToau onTuMizanii HagiiiHOCTI

4.1 MeraeBpUCTUYHI MeTOIU
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30kpema, TEHETHYHI aJrOPUTMH Ta METOAU PO YACTUHOK JI03BOJIAIOTH
3HaXOJUTHU TIJI00aNbHI onTtuManbHl pimeHHs g ckiaagaux IKC. 11 meromam
BPaxOBYIOTh BEJIMKY KUIBKICTh 3MIHHUX 1 ()aKTOPiB, 110 BIUIMBAIOTh HA HAJIIMHICTh, Ta
JO3BOJIIIOTH  PO3POOJISATH CTIMKI aJTOpUTMH IS 3a0e3MedeHHsT Oe3MepepBHOCTI
pOOOTH CUCTEM.

4.2 BUKOpHCTAHHS pe3epBYBaHHA

Pe3epByBaHHS KPUTHYHUX KOMIIOHEHTIB CUCTEMH € OJTHUM 3 Halie()eKTUBHIMIUX
croco6iB  3abe3nedeHHs HafdiiiHOCTi. CTparterii  pe3epByBaHHS JO3BOJISIOTH
[MIBUIINATH CTIUKICTh CUCTEM 0 BIIMOB KIIFOUOBHUX E€JIEMEHTIB.

BucnoBok. B pe3ynbpTaTi MpOBEACHOr0 aHami3dy, AOCTIIKEHb Ta PO3TIISALY
CyYaCHHUX TEXHOJIOT1 BCTAHOBJICHO, IO BIPOBA/KEHHSA 1HHOBAI[IWHUX PIIIEHb Y
TpaHCTOpTHI 1HpopMmaliiiHo-kepytoui cuctemu (IKC) Bumarae HOBUX MiIXOMIB 10
3a0e3nedeHHs iXHbO1 HaaIMHOCTI. ISl UbOTO OLIIBHO BUKOPUCTOBYBAaTH HOBITHI
METOAM OINTHMI3alli, pPe3epBYBaHHS Ta MaTEeMaTU4HI MOJENI, $KI BpPaxOBYIOTb
cnenu@iky KOXKHOI TexHOJorili. OCHOBHMMH HampsiMaMu NOJAJIbUINX JIOCHIIKEHb
BU3HAYEHO PO3poOKy Mojenei amantuBHOi cTiiikocTi IKC 0 kiGep3arpos, a Takox
BJIOCKOHAJICHHSI METO/IB OOpOOKM BENMKHX JaHUX JUIsl MIJBUINEHHS TOYHOCTI
IIPOTHO3YBaHHS Ta ONTHUMI3allli PYHKI[IOHYBaHHS TPAHCTIOPTHUX MEPEXK.
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Abstract. The advancement of artificial intelligence (Al) has paved the way for
groundbreaking innovations in the transport sector, redefining the operation and
management of infrastructure. This research explores the transformative role of Al in
transport systems, focusing on intelligent traffic management, predictive maintenance, and
the integration of autonomous vehicles. By employing machine learning, real-time
analytics, and big data technologies, the study identifies opportunities for enhancing
efficiency, safety, and sustainability. Furthermore, it addresses the ethical, societal, and
regulatory challenges posed by the adoption of Al in transport. These findings provide a
roadmap for leveraging Al to build smarter, more adaptive, and resilient transport
networks, contributing to the development of sustainable urban ecosystems.

Keywords: artificial intelligence, technologies, transport infrastructure, vehicle,
innovations

AKTyaJIBHICTh JOCJIIZKEHHS 3yMOBJIEHA noTpeboro 1 IBUIIIEHHS
e(eKTUBHOCTI, 0€3MeKN Ta €KOJOTIYHOI CTaJOCTI TPAHCIOPTHOI 1HPPACTPYKTypH B
yMOBaX CTPIMKOTO 3pOCTaHHs ypOaHizailii, 30UIbIIEHHS TPAHCIOPTHUX IOTOKIB 1
BUMOT JI0 cCTajioro po3BuUTKy. CydacHi TpaHCHOPTHI CHUCTEMHU CTHKAIOThCS 3
YUCJICHHUMH BUKJIUKAMH, TAaKUMH SIK TIEPEBAHTAKCHICTh JTOPOXKHIX MEPEK, BUCOKA
aBapiHICTb, 3HOLIEHHA 1HQPACTPYKTypH Ta 3HAYHUNA HETaTUBHUNA BIUIMB Ha
JOBK1JLIISL.

MeTtorw podOTH € aHaji3 3aCTOCYBAaHHSI TE€XHOJIOTIM IITYYHOTO IHTENIEKTY Yy
TPAHCHOPTHINA 1HPPACTPYKTYpl Ta BUSBICHHS KIIOYOBHX 1HHOBAIIMHUX PIIIEHb, IO
COPUSATUMYTh CTajJOMy PpO3BUTKY, MIJABUIICHHIO €(QEKTUBHOCTI Ta Oe3meku
TPAHCTIOPTHUX CUCTEM.

[IIBuake 3pocTaHHs MICT 1 OOCSTIB MEpEeBE3EHb CTABUTh 3HAUHI BUKJIMKHU TEPE]T
TPAHCIIOPTHOIO 1HGPACTPYKTYPOIO, 30KpeMa depes3 3aTOpH, 3a0pyTHEHHS TOBKIIIS Ta
3HONIIyBaHHs Mepex. OJHOYacHO, PO3BUTOK IM(PPOBUX TEXHOJOTIH, 30KpeMa
mrygHoro iHtenekty (II), BigkpuBae HOBI MOXJIMBOCTI JJIsi PO3B'SI3aHHS ILMX
npobiem. Bukopucranus texnosnoriit LI mo3Bossie He nuiie BUPINIyBaTH HaraJibHi
npoOjemMu, ajae ¥ CTBOPIOE TMEPEeIyMOBH [JIsi JTIOBTOCTPOKOBOTO IUIAHYBAaHHS
TPAHCIIOPTHUX CHCTEM, IIJBUINEHHS SKOCTI JKUTTS TpPOMaIsiH Ta I1HTErparii
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1HHOBAIIIH y rI100abHI TPAHCTIOPTHI MEPEXKI.

Bnposamxenns LI moxe 3Ha4HO 3MEHIIUTH HETAaTUBHUM BIUIMB TPAHCIIOPTY HA
JTOBKUUIS, TIABHUIIUTH TPOMYCKHY 37aTHICTh JOPOXKHIX MEpeX Ta 3pOoOUTH
nepeBe3eHHs 0e3neyHimuMe i epekTuBHIIUMU. OCOOJIMBO aKTYyaJbHUM 1€ CTA€ NSt
METarnoJIiciB, e IH(QpacTPyKTypa 3HAXOAUTHCS ITiT MOCTIHHUM HAaBAHTAKCHHSM.

HTyyHuit IHTENEKT y TPAHCHOPTHIN 1HPPACTPYKTYpP1 HAZA€E CYCHIbCTBY Oararo
HOBUX MOXIJIUBOCTEH, OJIHIEI0 3 SIKHX € IHTEJCKTyaJbHI CHUCTEMH YIpPaBIIiHHSA
TOPOKHIM PYXOM.

CydJacHl TpaHCHIOPTHI CUCTEMHU 3HAYHOIO MIPOIO 3ajiekKaTh BiJ ONTHUMAJIbHOTO
yIOPaBIIiHHS MOTOKaMU Tpadiky. BukopucranHs airoputmiB MalIMHHOTO HaBYaHHS
J03BOJISIE:  AMHAMIYHO  KEpyBaTH  CBITJIOQOpaMU  3aJ€KHO Bl MOTOYHOIO
HABAaHTA)XCHHS, IO 3HWXKYE€ Yac MPOCTOIB Ta 3MEHIIYE CIOKUBAHHSA MaJbHOTO;
MPOTHO3YBAaTH 3aTOpU Ta JOPOXKHI MPUTOJM, BUKOPHCTOBYIOUM BEIMKY KUIBKICTh
naTuukiB, kamep 1 GPS-ganux; aHamizyBaTh JOPOKHIO OOCTAHOBKY B pEaJIbHOMY
yaci, 1110 J03BOJISI€ ONEPATUBHO PearyBaTy Ha IHUUECHTU Ta 3MIHIOBATH MapIIPYTH.

Hampuknan, y Cinramypi cucrtema "Green Link Determining" (GLIDE)
KOHTPOJIIOE BC1 CUTHAJIM CBITI0(Opa, PETYIIOI0UN 3€JCHUI Yac BiJIMOBITHO J0 3MIHU
tpancnoptHoro nmotoky. GLIDE Ttakox 3B’si3ye cycigHi cUrHainu cBiTiaodopa, 1mob
JIO3BOJIUTA TPAHCIOPTHUM 3aco0aM MpoiXaTH BiJ OJHOTO MEPEXPEecTs IO IHIIOTrO 3
MiHIMaJILHUMH 3ynuHKaMu. [{g cuctema mokasaia 3HUKEHHS yacy B 3aTopax Ha 15-
20%.

GLIDE BHKOpPHUCTOBY€ TMTETJIEBI JETEKTOPU I BHUSABJICHHS MPUCYTHOCTI
TPAHCTIOPTHUX 3aCO01B 1 MIIIOXO/IIB 1 KOPUTYE CUTHAIH CBITIO(Opa, 11100:

- BUAUIUTH "3eJeHri" Jac 111 aBTOMOOUTICTIB 1 MIIIOX0/11B HA OCHOBI TTOIHUTY;

- 3a0€3MeYUTH CIOMYyUYeHHs "3eJeHO0i XBU1" MK CyCIAHIMU MEPEXPECTIMU IS
MiHIMI3aIlli KUTBKOCTI 3yMTMHOK TPAHCTIOPTHHUX 3aCO0i1B;

- TO3BOJIMTH IIBHJIKO YCYHYTH HECITPABHOCTI CBITIO(OPIB.

Cucrema GLIDE BH3Haya€e NpUCYTHICTh TPAHCIIOPTHUX 3aCO0IB 1 MIIIOXO/IB Ha
CBITJIO()OPHHUX MEPEXPECTAX 1 BUKOPUCTOBYE JIOTIKY M aIrOpUTMU ISl aHANI3y JaHUX
PO JOPOXKHIHN pyX y peaibHOMY 4aci.

JpoTOBI AaTUMKH, MPOKJIAACHI MiJ JOPOKHIM TOKPUTTSIM Ha TMEPEXpecTsX,
BU3HAYAIOTh MPUCYTHICTh TPAHCHOPTHUX 3aco0iB. lle akTuBye nOKambHUN
KOHTpOJIEp, SKUU peryitoe dYac cBiTiodopa Tak, moO OiIbIIe 3eJIeHOr0 dYacy
OPUAUTAIOCS HANPSMKY 3 OUIBIIOI0 IHTEHCUBHICTIO PYXY.

Cucrema GLIDE mnoB’s3ye curHaiau cBITIOPOpa Ha CYMIXKHUX MEPEXPecTsiX
y3JI0B)K OCHOBHHMX KOPHUIOPIB, KOOPAMHYIOYHM IOYaTOK iX 3ejeHoro uacy. lLle
JI03BOJISIE  aBTOMOOWTICTaM JIOBUTU '"3€JIEHy XBWJIIO' 1 MPOIKIKATH BIJ OIHOTO
MepeXpecTs J0 1HIIOTO, HE 3yMUHSII0YNCh HA YepBOHE CBITJIO [1].

Takox € 1 iami cucremu, Hanpukiaan INRIX Al Traffic mactineku TodHa, 1110
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MOXK€ BHU3HA4YaTH MIBUJAKICTh PyXy Ha PI3HUX CMyrax, JONOMAaralo4yu MpuiMaru
Kpallll pillleHHs] Ha J0po3i. JleTam MmBUAKOCTI pyXy MO CMyrax pyxy 3a0e3nedyyroTh
IBU/IIT Ta OE3IMEYHIN IMOi3AKH, 1HQOpMYIOUH BOJIIB, KOJIM MOTPiOHO 3’iXatu 3i
CMYTH JIJIs TOBOPOTY UM Ha CMYTY JJISI IBUAKICHUX TO13/11B/aBTOMOOLIIB, 1100 BOHU
He 3acTpariu mig yac ynoBiabHeHHs. INRIX Al Traffic MuTTEBO OHOBIIOE TOPOKHI
YMOBH — BIJ] JOPOKHIX poOIT 10 aBapiii 1 MOBCAKIEHHUX 3aTOPIB — TPUMAIOUYH
BOJI1iB Ha KpOK monepeny [2].

[IporHo3yBaHHs CTaHy I1HQPACTPYKTypH — L€ TaKOX OJHA 3 MOKJIMBOCTEH
IITYYHOT'O 1HTEIEKTY y TpaHCHopTHi# iHdpacTpykTypi. LI no3Bossie mporuo3ysaru
3HOIIIYBaHHS JIOPIT, MOCTIB Ta IHIIUX €JIEMEHTIB TPAaHCIOPTHOI Mepexi.
BuxopuctanHs IpoHIB 13 TEXHOJIOTISIMU KOMIT I0TEPHOTO 30pYy Ja€ 3MOTY:

- 1IeHTU(IKYBaTH TPIIIMHUA, KOPO3it0 a00 3CYyBU B peallbHOMY Yaci;

- ctBOproBaTH 3D-Mozeni 00’ €KTiB AJid JIaHyBaHHS PEMOHTHHUX POOIT;

- ONTHUMI3yBaTH BUTPATH HA OOCIyTOBYBaHHS 3a PaXyHOK PaHHBOTO BHSIBICHHS
ne(EeKTIB.

ABTOHOMHI aBTOMOOLTI, aBTOOyCH Ta HaBITh BaHTAXIBKH IIBUIKO CTaIOTh
peanbHicTio. IIII 3a0e3nedye: posmizHaBaHHA 00 €KTIB (MIIIOXOJIB, TPAHCHIOPTHUX
3ac001B, IOPOXKHIX 3HAKIB), MPUUHATTS PIIIEHb y CKIATHUX JOPOXKHIX CHUTyaIlisix,
IJIaHYBaHHS MaplIPyTiB 3 ypaxyBaHHSAM IOTOJTHUX YMOB 1 3aTOPIB.

HaiiOe3neuHnimumii BoAl Ha CBITI HA CHOTOAHI — 1€ CAMOKEpOBaHa aBTIBKA, SIKa
HE TUIbKM 0a4uTh Aajl ¥ MATPUMYE 3B'I30K 3 IHILIMMU aBTOMOOUIAMH, a i MPUALIAE
HEMOAUIbHY yBary J0po31, HE PU3UKYIOUM 3aCHYTH, BiJipBaTHCs Ha Tejie(OHHUN
J3BIHOK 200 MPOITYCTUTH TOBOPOT [3].

Tesla, Waymo Tta iH111i KoMmnasii JeMOHCTPYIOTh MOKJIMBOCTI IIi€] TEXHOJIOTI.
Hanpuknan, Waymo Driver — 11e BTUICHHS TTOBHICTIO aBTOHOMHOI TE€XHOJIOTI, sKa
3aBK/IM IT1J1 KOHTPOJIEM BiJ] TIOCAJIKH 10 MMyHKTY Npu3HadeHHs. [lacaxxupam HaBITh HE
MOTPiIOHO BMITU BOJUTH. BOHM MOXYTh CUAITHM Ha 33aqHBOMY CHJIIHHI 3 Waymo
Driver, skuii caMOCTIHHO JOCTaBUTH 1X JO MICISI MPU3HAYEHHS. 3aMiCTh TOTO, 1100
MOKJIaJaTHCsl BUKIIOYHO Ha 30BHIIIHI AaHl, Takli Kk GPS, ski MOXyTh BTpadaru
curHas, Waymo Driver BUKOPUCTOBYE JyKe JeTali30BaHl CHeEIllajdbHl KapTH,
3iCTaBJI€HI 3 JAaHUMHU JATYUKIB y PEAJbHOMY dYacl Ta MITYYHHM IHTEJIEKTOM, 100
3aBXKIM BHU3HAYaTH CBOE€ TOYHE MICIIE3HAXO/KCHHS Ha Jopo3i. CuTyarlii BOJIHHS
MOXXYTh BKJIFOUAaTH COTHI 00’€KTIB, KOKEH 31 CBOE€IO YHIKAJbHOIO IMOBEIAIHKOIO Ta
Hamipamu. Waymo Driver BUKOPUCTOBY€E i1H(pOpMAIIitO, Ky BiH 30Mpae B peKUMI
peaJbHOro Yacy, a TaKoX JOCBiJ, Hakonmu4yeHu# 3a 20+ MUIBHOHIB MIIb PEATBHOTO
BOAIHHS Ta 20+ MUIbSPAIB MUJIb Y CUMYJISLII, 1 BUKOPUCTOBYE IITYYHUIN IHTENEKT,
o0 nependadynuTd, IO MOXYTh 3pOOUTH 1HIII YYAaCHUKH JTOPOKHBOTO pyxy. BiH
pO3yMi€, YOMY aBTOMOOIIb PYXA€ThCS MO-IHIIOMY, HIXK BEJIOCHIECANUCT, MIIIOX1] YH
1HIIMH 00’€KT, a TOTIM MUTTEBO Mependavyac YUCICHHI MOMKIIMBI MIISXH, SIKUMU
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MOXKYTh PyXaTHUCS 1HII YYaCHUKH JOPOKHBOTO pyXy [4].

Exonomiunumu  mepeBaramu  BukopuctanHs Il y  TpaHcmoprtHiii
1HPpacTpyKTypl € ePEeKTUBHICTh Ta €KOHOMISI peCypCiB. ABTOMATH30BaHI CHCTEMH
YIOPaBIIHHS JO3BOJISIIOTH 3MEHIIUTH BUTpaTH mnaidbHoro Ha 10-30% 3aBasku
ONTUMI3AI] PyXy, 3HU3UTH KUIBKICTh aBapiil, 110 €KOHOMUTh MUIBAPAM J10JIapiB Ha
BIJTHOBJICHHSI 1H(QPACTPYKTYpPH Ta ONTHUMI3YBaTH JIOTICTUYHI MPOLIECH, CKOPOUYIOUU
Yac JOCTaBKH TOBapiB.

Exonoriunumu tumocamu Bukopuctanas Il y TpaHcmopTi € 3MeHIICHHS
HEraTMBHOTO BIUIMBY Ha €KOJIOTiI0. TpaHCHOPTHI PIIIEHHS HAa OCHOBI IITYYHOT'O
1HTEJIEKTY 3MEHINYIOTh BUKHJIM 3a PaXyHOK ONTHUMI3aIlii MapHIpyTiB 1 MiABUIICHHS
edexTuBHOCTI maynBa. MixHapojHe eHepretuuyHe areHTCTBO (MEA) moBimomise,
1o 11 Ha TpaHCITOPTI MOYKE CKOPOTUTH BUKUAM ByTIIeio Ha 20—25% [5].

Ane pa3om 3 TiepeBaraMM TaKOXX BHUHHMKAIOTh 1 BUKJIMKA Ta PHU3UKU
BrpoBakeHHs L.

Hanpuxknaa, TeXHIYHUMU BUKJIUKAMU € HEOOX1/THICTh BUCOKOSIKICHUX JaHUX JJIsI
HaBuaHHs Mmojened I, HeBU3HAUEHICTh y TMOBEJIHII AJTOPUTMIB y HE3HAHOMHX
CUTYaITISX.

[Ipob6nema koutpomo I monsrae B ToMy, 00K CTBOPUTH HAAPO3YM, SKHIA
JOTIOMaraTuMe JIIOASM, 1 YHUKHYTH HMOBIpHOCTI Toro, mo IIII HaBMUCHO uwM
BUIAKOBO 3aM0/Ii€ KOy JIFOUHI [3].

ColiaibHO-€KOHOMIYHUMH ~ aClleKTaMU € BIUIMB Ha 3alHATICTh uepes
ABTOMATHU3AII0 TPAHCIOPTHUX Mpodecidi Ta HE 3aBXKIU IO3UTHUBHE TNPUNHATTA
ABTOHOMHHX TPAHCIIOPTHUX 3aC001B HACETICHHSIM.

ETnynumMu Ta mpaBoBHMMHM BUKIMKAMH € 3a0€3MEYeHHS MPUBATHOCTI JTAHUX
KOPHUCTYBaudiB Ta CTBOPEHHS HOPMATHUBHOI 0a3W i PETyJIOBaHHS aBTOHOMHOTO
TPAHCIIOPTY.

BucHoBok. VY pe3ynbrari aHaiizy, MOXHa BIIEBHEHO CTBEPIXKYBaTH, IO
IITYYHUH 1HTEJIEKT CTa€ HEBIJ €MHOIO CKJIQJOBOK Cy4YacHOi TpPaHCIOPTHOI
indpacTpykTypu. Horo BIpoBakeHHs CIpHSE MiJIBUMIECHHIO Oe3MeKH, eeKTHBHOCTI
Ta CTAJOCTI TpaHCHOPTHUX cucTteM. l[IpoTe ns MOBHOI peamizaiii MOTEHIIATY
HEOOX1THO BUPIIIUTA HU3KY TEXHIYHUX, COIIaJIbHUX Ta MPAaBOBUX MUTaHb. MailOyTH1
JOCIIKEHHSI MalOTh OyTHU CHPSIMOBaHI Ha BJOCKOHAJICHHS aJITOPUTMIB, 1HTETPAIlitO
I B yci chepu TpaHcmopTHOI 1HGPACTPYKTYpH Ta PO3POOKY CTaHAAPTIB IS
rJ100aIbHOT afanTarii TEXHOJIOTIH.
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Abstract. The article analyzes the use of automated control (AC) of linear stepping devices
(LSD) with optimization of speed and energy consumption during step-by-step movement of
the LSD moving link. During the LSD operation, control is exercised over the change in
electromagnetic parameters during movement of the LSD moving link by the step value.
Information about the movement, embedded in the change in the electromagnetic
characteristics of the LSD, is used to build the AC without using additional position,
movement and speed sensors of the LSD moving link, allows to optimize the weight and size
indicators of the LSD and the control system, to make it compact and energy efficient .
Keywords: optimization \of control , electromagnetic parameters , linear stepper device .

AKTYaJIbHICTh JOCJIIsKEeHHs] 3yMOBJIEHA BIPOBAXKCHHSIM MPU ONTHUMI3allii B
CHUCTEMaxX aBTOMATHM30BAHOIO YIPABIIHHA BUPOOHWYMMHU MPOIECAMHU JIIHIMHOTO
€JIEKTPOMArHITHOTO TPHUBOJA 3 BUKOPHUCTAHHSIM B SKOCTI BUKOHYIOYOTO OpraHy
JTHIAHOTO KPOKOBI MPUCTPOIO 3 BIACHOIO CHCTEMOIO KEPYBaHHS.

MeTo0 po0OTH € TIPOBEJCHHS OIJISAOBOTO aHaIizy Ta JOCHIKECHS
€JIEKTPOMATHITHUX MPOLIECIB Ta EHEPreTUYHUX XAPAKTEPUCTUK JIHIHHOTO KPOKOBOIO
npuctporo (JIKIT) mpum onTuMizarisi BarorabapuTHUX MOKA3HUKIB, IIBHIKOIII Ta
€HeProCIoKUBaHHS, Ha KPOLIl nepecyBaHHs pyxomoi Janku JIKTI.

OnTuMizyBaTH KEpyBaHHs 3 KOHTPOJIEM TMEPEMIIIEHHS Ta IMBUIKOCTI PYyXOMOi
nanku JIKII MOX1IMBO B CHCTEMH JOKAJIbHO - 3aMKHYTOTO €JIEKTPOMAarHiTHOTO
MPUBOAY, BHUKOPHUCTOBYIOUM CHUTHAdW  BIJIMOBIIHUX JATYHKIB  TIOJIOKCHHS,
nepecyBanHs abo mBuAKOCTI [1] mas komyrtamii oomotok JIKII. BukopucranHs
JATYUKIB MPU3BOIUTH 10 yCKaaHeHHs: KoHCTpykii JIKII, 36inb1enHt0 mpueaHaHol
Macu pyXOMOi YacTHHH, IIO MOTIpIIye BarorabapuTHi, AUHAMIYHI Ta €HEPreTHYHI
MOKa3HUKHU €JIEKTPOMArHITHOTO MTPUBO/IA B IIJIOMY.
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OnTumizyBatu BarorabaputHi mnokazHuku JIKII MokHa npu BHKOpUCTaHHI
iHopMarlii mpo 3MiHy mapaMeTpiB €JIeKTPOMArHITHUX MPOIIECiB, 110 BiAOYBAIOThCS
B JIKII npu nepecyBanH1 pyxomoi ytanku. AHami3 podotu JIKII 3 pyxomoro JaHKOIO
13 (hepOMArHiTHOro Martepiaiy sK MpH JiHIHHOMY mepecyBaHHi [2] Tak 1 00epTOBOMY
pyci [3, 4], cBiquuTh, 110 TiJ Ti€I0 EIEKTPOMATHITHUX CHJI Ha KpOIl MepecyBaHHS,
BiI0yBaeThCs 3MiHa popmu ctpymy B oomoTkax JIKII. JlocnimkeHHs 3MiHU CTpyMY B
oomotkax JIKII [2], Bu3Hauwio, mo Ha iHTepBam Bix 0 —t; (muB. puc. 1, [2]),
B1IOYBAa€ThCS 3POCTAE CTPYM Yy BKIIOYEHIM OOMOTIII ajie JIaHKa HE PYyXaeThbes,
MOTYXHICTh JDKEpeNa )KUBJICHHS W€ HA HAKOTIMYEHHS eJIeKTPOMArHiTHOI eHepril AJis
nmovarky ii mepecyBanns. Ha inTtepBami Bim t; 10 t,, BIZOYBAa€ThCS TEPECYBaHHS
pYXOMOi JIaHKW, HAaKOMHWYEHA EJNEeKTPOMAarHiTHa €HEprig TMepeTBOPIOETHCS B
MexaHiuHy eHeprito. [licnsa dacy crpaitoBanHs t, , 10 JOPIBHIOE Yacy 3pyLIEHHS tq
Ta 4acy NEpPeCyBaHHA t,, PyXOMa JIaHKa JOCATAE MOJIOYKEHHS MarHiTHOI PIBHOBArH,
CTpyM B OOMOTILII NOYMHAE 3pOCTAaTH 1 J0 4Yacy tz gocsArae crajoro 3HaueHHs. Ha
[bOMY IHTEpBaIl Bl t, 10 t3, € MEpeCyBaHHS PYyXOMOI JIAHKH BXKE 3aKIHUMIIOCH,
CHOKHUTA MOTYXHICTh BUTPAYA€EThCs TUIbKK HA HarpiB cTpykTypH JIKII Ta moBHicTIO
MIEPETBOPIOETHCS B MOTYXKHICThH BTPAT.

AHani31 eHepreTHYHUX XapaKTEPUCTUK Yepe3 BEITUUMHHU CIIOXKUTOI MOTYKHOCTI,
AKa XapakTepusye nepecyBaHHs pyxoMoi ysaHku JIKII, Ta BUKOpUCTOBY€EThCS, K Ha
CTBOpPEHHS TATOBOIO 3yCWJUIS, Tak 1 Ha ranpmyBaHHs 1 HarpiB JIKII 3a nomomororo
METO/Ia IHTErpyBaHHS MUTTEBUX MOTYKHOCTEH, MOKHA MTPEICTABUTH Y BUTIISI

2
P = fotl Uniyldt + f:lz Uniyzdt + ftt23 Uniy3dt + J‘tZBnKn.Z_:dt ,

yirly2,lys —
CTpyMy Ha OKpeMHX iHTepBasax y BkirodeHiit oomorui JIKII, R, — akTuBHHII omip

ne U, — mocTiiiHa Hampyra JKepea KUBJICHHS, [ CTaJie 3HAYCHHS

OOMOTKH.

Benuuuna mepmioro A0JaHKYy XapakKTepusye TMOTYXKHICTh, HEOOXiTHY JUIs
MOJIOJIAHHS CHJI TEPTS 1 MPOTUAIFOYUX CHUJI IHEPIlii PyXOMOT JIAaHKH 1 TPUETHAHOT Macu
JIKTI. TTounHaroun 3 meBHOTO 3amacy (B TOYI t;), MOTYXHICTh, IO HAJAXOIUTh B
enektpomarHiTHy cuctemy JIKII, BUKOpUCTOBYETHCS JUIsi TIEPECYBaHHS PYXOMOIi
JIAHKH 1 TPUETHAHOI 0 Hel Macu, IO BIAMOBiNA€ APYroMy JOJAHKY Ha 1HTepBasi
t,—t,.

JIBa OCTaHHI JOJATKM HABEAEHOTO BHpa3y BIIOOPaXKalOTh MOTYXKHICTh, fAKa
MPOJOBXKYE HAAXOAUTU B ejekTpomarHitHy cucremy JIKII micns mepecyBaHHS
PYXOMOT JJaHKW Ha JIOBXKMHY KPOKY 1 IOCATHEHHS MOJI0KEHHS MarHiTHOI pIBHOBAaru B
CeKkilii BBIMKHYTOi OOMOTKHM, Ta BHUTpaudaeThcs Ha HarpiB cTtpykrypu JIKIL.
3a3HauMMO, 10 MOTY>KHICTh Ha 1HTEpBal t,— t; OLIBIIOI MIpOI0 BUTPAYAETHCA HA
CTBOPEHHSI TaJIbMIBHUX 3yCHJIb, Ta CIPSIMOBAHA HAa 3MEHIICHHS KIHETHYHOI €HEprii
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PyXOMOi JIaHKH, a TOTYXXHICTh, IO JOPIBHIOE OCTAHHBOMY IOMAHKY t3— tpupn
MPAKTUYHO BCSl BUTpavyaeThcs Ha HarpiB ctpykTypu JIKII.

TakuMm 4MHOM ONMTHUMI3aIlisl aBTOMAaTU30BAHOTO YIIPABIIHHS €IEeKTPOMAarHITHUM
MPUBO/JI, MIPH MiABUIICHHI IIBUIKOIII Ta 3MEHIICHHI €HEPrOCMOKUBAHHSA, MMOTPEOye
BUJAJICHHST a00 3HAYHOTO CKOPOYEHHS 4YacoBOro I1HTEpBal t,— t3, Ta MOBHOIO
BUKJTIOUCHHSI 1HTEPBANY t3— tp,y,. ONTUMIZAIS OCATAETHCS KOJW JTOBXKWHA
IMITYJIbCIB KEpYBaHHS ()OPMYETHCS BIATMIOBIIHO 10 3MiHU (JOPMH CTPyMy B OOMOTKaX
JIKTI 1 BigkiroueHHs BiOyBa€eTbesi abo B 4aci t,, abo micis dacy t, 3 HEBEJIHUKOIO
3aTpuMKor0 Juisi HafgiiHoro cmpaioBanHs JIKII. 3a paxyHOK BHKOpUCTaHHS
iHpopMarii mpo 3MIHY €JeKTPOMArHiTHUX IIPOIECIB INPHU IepecyBaHHI PyXOMOi
nanku JIKII, He mnoTpiOHI JOMATKOBI KOHTPOJIIOKYI JATUYWMKH, IO OINTUMI3YE
BarorabaputHi nokasHuku JIKII Ta enekTpoMarHiTHOro mpuBoOja B LILJIOMY.

BucHoBok. B pe3ynbTaTi NpoBEIEHOT0 aHalli3y BCTAHOBJICHO IO OMTHUMI3ALlIS
ABTOMATU30BAHOI'O YIPABIIHHA €JIEKTPOMArHITHUM THPHUBOJOM JIOCATAEThCS 0e€3
BUKOPHCTAHHA TPHEIHAHUX OJATKOBUX JATUYMKIB KOHTPOIIO 3a TEPEeCyBaHHSIM
pyxomoi nanku JIKII 3a paxyHOK KOHTpPOJIO €JIEKTPOMArHiTHUX TMapameTpiB, MpU
3MiHI ¢opMu cTpyMy Yy BBIMKHYTHX 0oOMoTkax JIKII, 1m0 BUKOpPHCTOBYETHCS IS
onTUMI3aIlli BarorabapuTHUX TOKa3HUKIB, IIBUIKOJII Ta E€HEProCHOXMBaHHS, Ha
Kpolii nepecyBaHHs pyxomoi Janku JIKII.
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Abstract. The paper considers the use of a modular approach to the organization of
computer systems of railway automation as an innovative method that allows to increase the
efficiency, reliability and safety of railway infrastructure management. The proposed
approach is based on the structural decomposition of the system into independent functional
modules, each of which performs a specific task. This ensures the flexibility of the system,
the possibility of integrating modern technologies (internet of things, artificial intelligence,
big data), facilitates maintenance and reduces the cost of operation.

The study contains an analysis of the advantages of the modular approach, a description of
the principles of its implementation, examples of practical application for the automation of
switch and signal control and monitoring of the infrastructure condition. The results of the
work will contribute to increasing the level of safety, reliability and efficiency of railway
automation in Ukraine.

Keywords: modular approach, railway automation, computer systems, innovative
technologies, monitoring, automation

AKTYaJIbHICTh [JOCJII’KEHHSI 3YMOBJIEHA THM, IO Cy4YacHa 3aji3HUYHA
1HPpacTpyKTypa € KPUTHYHO BAXJIMBOI CKJIAJOBOK TPAHCIOPTHOI CHUCTEMH
Vkpainu, 1mo 3a0e3neuye NEpPEeBE3CHHsS MAcCaXUpiB 1 BAHTAXIB, NIATPUMYIOUU
€KOHOMIYHMI PO3BUTOK KpaiHu. B ymoBax MiCISBOEHHOTO BIJTHOBJIEHHS YKpaiHH,
KOJIM 3HaYyHa YacCTHHA 3aJlI3HUYHOI MEpPeX1 3a3Haja MOIIKOKEHb, 3pOCTae moTpeda y
BIIPOBAPKCHHI HOBITHIX TEXHOJIOT1H, 3JaTHUX TIJBUIITUTH €(PEKTUBHICTH, OE3MEKy Ta
HaJIHHICTh POOOTH 3aNI3HUYHOI aBTOMATUKU. MOIYNBHHM MiAXiA 10 opraHizaiii
KOMIT FOTEPHUX CHCTEM € OJHUM 13 HAMMEPCHEKTUBHIIIUX METOMAIB, SIKHM JT03BOJISIE
CTBOPIOBATH THYUKI Ta MacIITabOBaH1 PillICHHS.

MeTo10 po6oTH € po3poOka Ta OOIPYHTYBAHHSI 3aCTOCYBaHHS MOIYJBHOTO
MiIX0My 10 OpraHi3aiii KOMII'IOTEPHHUX CHUCTEM 3ali3HUYHOI aBTOMATHUKH, IO
CHOpUSATUME MIABUIICHHIO €(QEKTHUBHOCTI, OE3MEeKH Ta HaIIHHOCTI YIPaBIiHHSA
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3QII3HUYHOIO  1HGPACTPYKTYpPOIO B yMOBAaxX MICISIBOEHHOTO BIJHOBIIGHHS Ta
iHTerpaili YKpainu B Cy4acHy €BpOTNIEHCHbKY TPAHCIIOPTHY CUCTEMY..

MopaepHizaiiss 3ali3HUYHOI aBTOMAaTHKA € BAXXJIMBUM  3aBJIaHHSM IS
3a0e3reueHHs ePEeKTUBHOCTI, 0€3MEKH Ta HAAIMHOCTI TPAHCIIOPTHO1 1HGPACTPYKTYpH
VYkpainu. Y KOHTEKCTI MICIIBOEHHOTO BIJHOBIECHHS KpaiHW 0COOIMBO aKTyaJlbHUM €
BIIPOBA/KEHHS CYYaCHUX TEXHOJOTIH, 110 JO03BOJSIOTH ONEPATUBHO BiAHOBIIOBATU
Ta MacmTaOyBaTH 3ali3HUYHY 1HPpPACTPYKTypy. MoaynpHUN MiIXiA A0 opraHizarii
KOMIT FOTEPHUX CHCTEM 3aJI3HUYHOI aBTOMATUKH € €()EKTUBHUM DIICHHSAM IS X
3aBJaHb, aJDKE 3a0e3rnedye THYYKICTh, CYMICHICTh, HAQIIWHICTH Ta MOXJIMBICTH
1HTerparli 3 HOBITHIMH T€XHOJIOT1SIMH.

3ai3HUYHA aBTOMATHKa TPAJAMIIIHHO 0a3yeThCs HA MOHOJITHHUX CHCTEMax, SKl
MaloTh PAJl HEJOJIKIB: CKJIAIHICTh MOJEpHI3alii depe3 1HTErpOBaHICTh amapaTHoi 1
MPOrpamMHOi YaCTHH; BUCOKUH PIBEHb 3aJIEKHOCTI CUCTEMH BIJl LIEHTPAJIBHOTO BY3JIa,
1[0 3HWXKYE 11 CTIMKICTh 0 3001B; BUCOKI BUTPATH YacCy Ta PECypCiB Ha aJanTallio
CHUCTEM JI0 HOBUX TE€XHOJIOT1YHUX yMOB [1].

3actapiyii TEXHOJIOT1l YCKJIQJHIOIOTh 1HTErpallil0 Cy4acHHX pIlIe€Hb, TaKUX SK
[HTepHET pedeil, MITyYHUM THTENEKT Ta aHalI3 BEJIUKUX JIaHUX, K1 MOXKYTh 3HAYHO
M1IBUIIUTH €()EeKTUBHICTD 3aJII3HUYHUX TIEPEBE3CHb.

3acTocyBaHHA MOJYJBHOTO MIAXOAY Iependadae CTBOPEHHS KOMII FOTEPHOI
CUCTEMH 13 HE3QJICKHUX KOMIIOHEHTIB (MOJYINIB), KOKEH 3 SKUX BUKOHYE IEBHY
¢yskuiro. OCHOBHI MepeBaru Takoro MiAXOAY L€ JAOJAaBaHHS HOBUX (QyHKLIA abo
OHOBJICHHSI KOMIIOHEHTIB 0€3 3HauHUX 3MiH y 3arayibHid apxitektypi [2-3]. Takox
OJIHUM 3 OCHOBHUX IMIJIXOJIIB II€ € JIOKAJIi3aIlisl HECIIPAaBHOCTEH B OKPEMUX MOJIYJISIX,
10 3MEHIIY€ PU3UK BIIMOBH BCI€l CHCTEMH; IIBUIKA adanTalliss CUCTEMH JO HOBHUX
TEXHOJIOT1i a00 3MiH B 1H(YPACTPYKTYpl, MOKIMBICTH BUKOPUCTOBYBATH CTaHIAPTHI
KOMITOHEHTH, 1110 3HUXKY€E BAPTICTh PO3POOKH 1 TEXHIYHOTO OOCITyrOBYBaHHSI.

JUist 3aCTOCYBAaHHSIT MOJYJIBHOTO TMIJXOJIy HEOOXIAHO CHUCTEMY 3ali3HUYHOI
ABTOMATUKHU PO3MNOJUIUTH Ha MOJYJIl: YIPaBIIHHS CUTHAJaMH, MOHITOPUHTY CTaHy
1H(PaCTPYKTYpH, 3B’ A3KY, OOPOOKH JTaHUX.

[Iporpamue 3abes3neyeHHsT MOIyNiB 0a3yeTbCs Ha  CTaHAAPTU30BAHUX
iHTepdeiicax s B3aeMo/I1i MK KOMITIOHeHTaMu. Lle 103BoJIsi€ 1HTErpyBaTH CUCTEMY
3 IHIIUMH TexHoyorisMu, Takumu sk SCADA-cucTteMu, XMapHi cepBicM abo
MOOITbHI JOJAATKH [T MOHITOPUHTY [4].

BnpoBamxeHHss MOAYJIBHOTO MIAXOAy B MOAYJl aBTOMAaTH3allli yIpaBIiHHS
CTpUJIKAMU Ta CUTHAJaMU JO03BOJIUTH 3a0€3MEUUTH aBTOHOMHY POOOTY JOKaJIbHHUX
JUISTHOK 3aJ1I3HUYHOTO TMOJIOTHA, SIK1 3aJIMIIAIOThCA (PYHKI[IOHAIbBHUMH HAaBITh Y pasi
BUXOJy 3 JIaJly LEHTpPaIbHOTO By3Ja. MOmyidh MOHITOPHHTY CTaHy 3aJli3HUYHUX
KOJiH, skuii Oyae oOJagHaHWM JaTYMKaMU, SKI MIAKIIOYEH] 0 MOJYJiB, OyayTh
nepeaaBaTu iH(oOpMaIlio mMpo CTaH PEHoK A0 MEHTPaIbHOI CUCTEMHU B pEaJIbHOMY
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yaci. lle 103BONMMTH CBO€YACHO BUSABIATH JCPEKTH Ta YHUKATH aBapid. A
BUKOPHUCTAHHS aJTOPUTMIB OOpPOOKHM BEIUMKHX JIaHMX Y MOAYJl OOpOOKH JaHUX
ciupusie epeKTUBHOMY IUIAHYBAHHIO PYXY, 3MEHIIECHHIO 3aTPUMOK Ta I1JBUIIECHHIO
MPOMYCKHOI 3/aTHOCTI 3aJli3HHUIIb, IO BIJMOBIJAE€ 3a ONTHUMI3aAII0 TpadiKiB Pyxy
MOT3/IiB.

BucnoBok. B pe3ynbTaTi MpOBEAEHOTO MOCHIIKEHHS OyJlIO BHSABICHO, IO
MOJAYJIBbHUNA MIAXIJl € TEPCHeKTUBHUM PIMICHHSIM s MOJEpHi3alii 3a1i3HUYHOI
aBTOMATHUKH, OCOOJMBO B yMOBax MICISIBOEHHOTO BiJHOBJIECHHS 1H(PACTPYyKTypHu
VYkpainu. 3acTocyBaHHS TaKOro MiJIXOMy O3BOJUTh MIABUIIUTH €(QEKTUBHICTD,
0e3MneKy Ta HaJIiHICTh 3aJII3HUYHOTO TPAHCIIOPTY.

Jlns  ycHmilmmHOTO BMOPOBAKCHHS HEOOX1THO PO3pOOMTH  CTaHAAPTH IS
MOJYJIBbHUX CHUCTEM, MPOBOAMTH HaBUaHHS TIEPCOHANy Ta CHPUATH IHTErparii
CydyacHHUX TexHojorid. Iloganbui JOCHIKEHHS MaloTh OyTH CIpSMOBaHI Ha
CTBOpEHHS IM(PPOBUX [BIMHUKIB MOIYJBPHUX CHCTEM /Jis iX TECTyBaHHS Ta
MIPOTHO3YBaHHA €(DEKTUBHOCTI B PEAIbBHUX yMOBaXx.
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THE ROLE OF MATHEMATICAL MODELS IN THE ORGANIZATION
OF INTELLECTUAL NETWORKS OF THE RAILWAY TRANSPORT
POWER SUPPLY SYSTEM

Troyanovskii V.I. — graduate student, troyanovskii_vi@gsuite.duit.edu.ua
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Abstract. The article considers the role of mathematical models in the organization of
intelligent networks of railway power supply systems. The main modeling methods, such as
linear programming, dynamic modeling and machine learning algorithms, used to optimize
energy consumption, reduce energy losses and increase system reliability are described.
Particular attention is paid to the integration of renewable energy sources, the use of
energy storage and load forecasting. The results of the study demonstrate the potential of
mathematical models to increase the efficiency of railway power networks and reduce their
impact on the environment.

Keywords: mathematical models, intelligent energy networks, energy consumption
optimization, load forecasting, energy conservation, system reliability

AKTYaJIbHICTH JOCJiZKEHHSI 3yMOBJIEHA THM, IO 3aJi3HUYHUNA TPAHCHOPT €
BaYKJIMBOIO YAaCTUHOIO 1HQPACTPYKTYPH CYy4aCHOI €KOHOMIKH, SIKa 3HAYHO 3aJIEKUTh
BiJl CTaOUIBHOCTI Ta €HEProePEKTUBHOCTI CUCTEM €JIEKTPONoCcCTayaHHsA. ¥ KOHTEKCTI
rJ100aNbHUX 3MIH, TAKUX SIK 3POCTAHHS ILIH HAa €HEProHocii, 30UIbLIEHHSI OOCATIB
NEpPEeBE3eHb 1 BMPOBAHKCHHS BIJHOBIIOBAHOI EHEPreTUKH, 3pOocTae IMmoTpeda y
CTBOPEHHI 1HTEJIEKTYaAIbHUX MEPEK. MaremMaTudHi MOJeN BiAITpalOTh BUPIMIAIBHY
poJb Yy pPO3poOIl ONTUMAJBLHUX PIllIeHb, SKI JIO3BOJISIOTH 3HU3UTH BUTPATH,
3a0€3MEeUNUTH CTIMKICTh CUCTEMH Ta aIanTyBaTH ii 10 HOBUX BUKJIMKIB.

Metowo poGoTu € po3poOka Ta aHagi3 MaTeMaTUYHUX MOJEJeH, 110
BUKOPUCTOBYIOTHCS JUIsl OpTaHi3alli 1HTEIEKTyalbHUX MEPEeX eJNEeKTPONOCTayaHHs
3QJII3HUYHOTO TPAHCHOPTY. 3aBAaHHSMHU JAOCTIIKEHHS € BU3HAUYEHHS OCHOBHHUX
MIIXO/IB 10 MOJENIOBAaHHS, OIlIHKA €(PEKTUBHOCTI 3alpONOHOBAHUX MOJENEH Y
peaTbHUX YMOBAX Ta PO3poOKa peKOMEH Al JIJIs iX BIPOBAHKCHHS B MPAKTHUKY. Lle
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J03BOJIUTh TMIJABUILUTH €HEProe(eKTUBHICTb, 3MEHIIUTH OMEpalliifHi BUTPAaTH Ta
3a0€3MeUnTH CTabUIBHICTh EHEPreTUYHOT 1HOPACTPYKTYPH 3aJ113HULIb.

3aMi3HUYHUN TPAaHCIOPT € OJHIE€I0 3 HAWOUIbII E€HEProeEMHHMX Traiy3eu, e
CTallIBHICTh Ta €(PEKTUBHICTh EJIEKTPOIIOCTaYaHHs BIIIIPaOTh KIIOYOBY POJIb Y
3a0e3nedeHHl Oe3MmepepBHOCTI TMepeBe3eHb. [HTeNeKTyabHl Mepexi (smart grids)
CUCTEM EJICKTPOIOCTaYaHHs J03BOJISIIOTh HE JIUIIE 33I0BOJBHATH MOTOYHI OTPEOH,
a W aJanTyBaTUCs A0 HOBUX BUKIIWKIB, TAKMX SK 1HTETpAIlis BITHOBIIOBAHUX JKEPEIT
eHeprii, TMiJBUIICHHSI €HEeProe(eKTUBHOCTI Ta 3a0e3Me4YeHHs CTIUKOCTI 10
HAaBaHTaXEHb. Y 1bOMY KOHTEKCTI MaTeMaTH4HI MOJENl CTal0Th HEBIJ'€MHUM
IHCTpyMEHTOM, 1110  JO3BOJISIE  ONTHMI3yBaTH  (YHKIIIOHYBaHHS  CHCTEM
€JIEKTPOIOCTAYaHHS 3aJT13HUIIb.

MatemaTuHi MOJENi JIO3BOJISIOTH BHUPIINIYBAaTH KOMIUIEKCHI 3aBJIaHHS,
MOJICJIFOBAHHSIM E€HEPrOCHOKUBAHHS PI3HUMH JIISHKAMHU 3aJII3HUYHOI MEpExi IS
3HMDKEHHSI BTpaT €HEeprii Ta IMIJBUIIEHHA €QEKTUBHOCTI pOOOTH MiJACTAHIIIN.
Buxopuctanas wmopjenei sl aHamizy ICTOPUYHHMX JaHUX Ta MPOTHO3YBaHHS
MalOyTHIX MOTPEO y eNEKTPOEHEPTIi 3 ypaXyBaHHIM CE30HHHX 1 JOOOBUX KOJIUBAHb.
Po3pobka mozenelt 11 IIaHyBaHHSI BUKOPUCTaHHS COHSIYHOI 200 BITPOBOi €HEprii B
NOEHAHHI 3 TPATUIIMHUMU JDKEpellaMu  JKHBJeHHS. Omnrumizaliis IpoIieciB
3aps/pKaHHA Ta PO3pAKaHHS OaTapeHMX CHCTeM Il 3MEHIICHHS TIKOBHUX
HaBaHTaXXEHb 1 3a0€3IMEUEHHSI PE3EPBHOTO >KUBJICHHsS. MoOJentoBaHHS ClIeHapiiB
aBapiiHUX cHUTyalld Juisi po3poOKM MEXaHI3MIB IIBUJIKOIO pearyBaHHs Ta
3a0e3MeueHHs Oe3MepepBHOro eHepromnocrayanus [1,2] .

Po3pobka MareMaTnuHUX MOjeNed JIsl IHTEJIEKTyaIbHIUX MEPEK 0a3yeThCs Ha
JTHIAHOMY TIpOrpaMyBaHH1, MOJIEIISIX MAIIMHHOTO HaBYaHHS, CUCTEMAaX JUHAMIYHOTO
MOJICTIIOBaHHS, AITOPUTMAX TIOIIYKY MIHIMyMY .

Ha ocHOBI po3po0sieHnXx Mojened MOXHa JOCSAITH 3HIKEHHS BTpaT
enektpoeHneprii Ha 10-15% 3aBndku onTuMmizalii po3NOAUTY HAaBAHTAXKEHHS,
MIJBUILEHHA HAIIMHOCTI CHCTEMHM 3a paxyHOK BHUKOPUCTaHHS MPOTrHO3YBaHHS
MOXJIUBUX 300iB [3], edeKTHBHOI 1HTEerpauii aJbTepHATUBHUX JDKEpEN E€HEeprii y
3QII3HUYHY €HEPIOMEPEIKY.

BucnoBok. B pe3ynbTaTi mpoBEACHOTO AOCHIHKEHHS OyJ0 BUSIBICHO, IO
MaTEeMaTU4YHI MOJIENl € KIFOUOBUM 1HCTPYMEHTOM JIJIsi OpraHi3ailii 1HTeIeKTyaIbHUX
Mepex eIeKTPONOCTauaHHs 3ali3HUYHOTO TPAHCIIOPTY. IX BMKOPHMCTAaHHS J03BOJISE
MiBULIUTH E€HEProepeKTUBHICTh, 3a0€3MeUUTH CTAOUIbHICTh Ta aJalTHUBHICTb
CUCTEMH JI0 HOBUX BHUKJIHKIB. Po3po0Ka i BIpoBaKEHHS TAaKUX MOJIETICH CIIpUATHME
BIOCKOHAJICHHIO ~ €HEpreTHYHOi  1HQPACTPYKTypH, 3MEHIICHHIO BHUTpAaT Ha
eKCIUTyaTallio Ta 3a0€3MEUYEeHHIO €KOJIOTIYHO1 CTIMKOCTI.
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JIisi mojanbIux JAOCHIIKEHh PEKOMEHIYEThCS 30CEPENUTHUCh Ha 1HTErpaiii
MITY9HOTO 1HTENEKTY y MOJeNl YIpaBIiHHSI EHeproMepekaMu, M0 J03BOJIUTH
M1JBHUIIMTH TOYHICTH IIPOTHO31B 1 OTIEPATUBHICTh pearyBaHHs Ha 3MiHY YMOB.
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Abstract. The work has analysed the unified system of remote automated control of diesel
generators, providing power to the consumers of the vessel under normal operating
conditions. The unification of the remote automated control system under consideration
takes into account the specific features of its climatic design. Remote automated control
systems for these diesel generators provide for automation of the following operations:
keeping the diesel engine warm, start-up, control during operation as intended,
decommissioning, monitoring and protection. Commissioning, synchronization, loading and
shutdown of the diesel generator are performed by means of a special automatic control
device (automatic control) or by a remote operator (remote control).

Keywords: system, remote automated control, unification, climatic performance of the
system, diesel generator

AKTYQJBHICTh JOCJI’KEHHSI TIOB’s3aHa 3 HEOOXIIHICTIO YHidiKaIlli cCUCTEM
aBTOMATU30BAHOTO AUCTaHIiiHOro kepyBanHs (JAK) sk koMIiekcy npucTpoiB, siKi
3a0e3meuytoTh poOOTy BCIX MEXaHi3MiB, III0 OOCIYTOBYIOTh TOJIOBHHM JIBUTYH, ITyCK
JBUTYHA, WOT0O TMpPOTPiB, BHUBEICHHS Ha EKCIUTyaTailiifHe HaBaHTaKCHHS,
peBepCyBaHHs, 3yMUHKY, 3MIHY OOEpTIB 1 MOTOYHUN KOHTPOJIH 32 POOOIO IU3EIs
[1, 2].

Metow podoru € anami3z yHidikoBanoi cucremu "CHI'-T" aucraniiiinoro
ABTOMATU30BAHOI'O KEPYBAHHS CYJHOBUM JU3EIb-T€HEPATOPOM.

Cucrema JIAK Ttpomiunoro BukoHaHHss "CHI-T" mnpusnauena s
JTUCTAHI[IHHOTO aBTOMAaTU30BAaHOTO KepyBaHHS Au3enb-reneparopamu (JI7) 3miHHOTO
Ta noctidHoro crtpymy notyxHicTio 100-1000 xBt. Bona BuKOHye HacTymHI
¢ynkuii: marpumka I y mporpitomy cTaHi; TACTaHIIMHUA a00 3a CUTHAJIOM Bij
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cuctemu kepyBanHs EEY nmyck II' 3 xomonHoro abo mporpiToro craHy Ta BUBEICHHS
Oro Ha HOMIHAJBbHY YacTOTY OOepTaHHs 3 BUJAYEI0 CUTHAILY B CUCTEMY KEpYyBaHHSI
PO FOTOBHICTH /10 MPUIOMY HaBaHTa)KeHHS; 3axucT /I npu aBapiiHOMY BIJXHJICHHI
napameTpiB (TUCKY MacTWia Ta BOJU, TEMIIEpaTypyd MacTWia Ta BOJHU, YaCTOTH
o0epTaHHsA) 3 BHUJAYCI0 CHUTHAIY pO3MHU(PYBaHHS NPUYUHHU aBapii; BHUAAUY
MOMepeKYBANbHUX CHUTHAMIB Mpo cTaH mapametpiB [I'; aucranuiiiny abo 3a
CUTHAJIOM 330BHI 3ynmuHKY J[[" 3a cremianpHOIO MporpamMoro; eKCTpeHy (aBapiifHy), a
TaKOX PYYHY 3YyIUHKY ABUTYHA [3, 4].

Cucrema JIAK "CAI'-T" nependauae MOXKIUBICTH 3a0€3MEUEHHS BCIX BaplaHTIB
TEXHOJIOTIYHO1 TOCJIIOBHOCTI OMeparlii  0O0CIyroByBaHHsS, XapaKTEPHUX IS
cepiiHuX cyaHoBuX ausenb-reneparopis (JI'P 300/1000, 6150A, AI'P 300/500-2 Ta
iH.).

~127B(380B) 501y |
Ha suxonasui =24 B bEK o1y BIIY
opeanu [
Bio | Y
damyukie * ‘ v
BITY 1 [ a 1
o —— 8
L A = I 1
'; 5 |
BITY nrE=\20C 10 - 12
L | -] 6 |
BY 3 |-
BITY omny 5K - -1 9
L !
a 4]

Puc. 1 — @ynxyionanvua (a) ma cmpykmypua (6) cxemu cucmemu JJAK "C/I-T"

Cucrema JIAK "CAI'-T" KOHCTPYKTHMBHO CKJIAaJa€TbCsl 3 HACTYNMHHUX OJIOKIB
(puc. 1, a, 6): 6noky kepyBanHsi BL[ ympasmstouoro mnpuctporo YII, ocHOBHOro
nynsTa kepyBanHs OIIY, BunocHoro nmyneta kepyBanHst BITY 6rioky sxusnenss bX.
VYci 610ku, kpim BITY, BCTaHOBIIOIOTH Yy MalllMHHOMY BIJJIUICHH] OUISI KEPOBAHOTO
nusenb-reHeparopa. Ha OIlY posramioBaHi opraHud KepyBaHHS CHCTEMOIO Ta TabIo
CBITJIOBOI curHamizanii (puc. 2). Bunocuwuit mynst BITY (puc. 3) ny0matoe OCHOBHHH 1
MICTUTh MEHINY KUIbKICTh OpraHiB KEpyBaHHS Ta CBITJIIOBUX Tabno, Hix OIIY.
[lepeMukaHHsl TOCTIB KepyBaHHS 3IHCHIOETbCS TyMOJEpPOM, PpO3TAIIOBAaHUM Ha
OITY. bnok xuBJjieHHs 3a0e3nedye 3HUKeHHs kuBjieHHs 3 380 abo 127 no 28 B. ¥V
MpUCTpii KepyBaHHS (AuB. puc. 1, 6) BXOAATh JOTriyHI (YHKIIOHAIBHI OJIOKH,
BUXIHI TpUcTpoi 10, KoMyTalliliHi €IeMEeHTHU JIJIsl TPUoMY CUTHATIB 3 myibTiB OITY
1 BITY, Bugaui curaajiiB Ha BUKOHABY1 OpPTaHH, HA €JIEKTPOCTAHINIIO 1 B IIEHTPATbHUMA
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MyJIbT KepyBaHHs. JloriyHa dYacTWMHA TPUCTPOIO KEPYBAHHS BKIIOYAE HACTYIIHI
JeB'ATh (YHKI[IOHAJLHUX 3HIMHHX OJIOKIB (auB. puc. 1, 6): 1, 3 — crabimizoBaHOro
JKUBJICHHS; 2 — KOHTPOJIIO 4acy; 4 — MycKy; 5 — 3yNnuHKHA;, 6 — €JEMEeHTIB, 110 He
BIJIKJTIOUAIOTHCS; 7 — aBapiiHOIO 3aXUCTy; 8, 9 — MiACKIIIOBaYiB.

broku cTabii30BaHOTO KUBJICHHS 3a0€3MeUyI0Th CTa0lIbHY BUXITHY HANpYTy
(12-13 B) npu konmBaHHSX MEPBUHHOT Hanpyru B Mexkax 18-30 B. Cxema KUBJIEHHS
JTIO3BOJISIE BIAKIIOYUTH KUBJICHHS OUIBIIOI YaCTUHU JOTIYHUX €JIEMEHTIB 1 BUXITHUX
pene npu HopManbHINA poooTi JT.

JKusnenns , Ilyck ne
: Cnpasho Asapis i
24 B P P 6i00y6CsA
Temnepamypa Temnepamypa Tuck Pisennv Pigens
600U macmuna macmuna mMacmuaa nanuea
Tennepamypa Temnepamypa Tuck Hoodaeannsn Paznoc
600U macmuna Macmuna 600U
Heueyn F()mofjuu do Hasanameoicenns ,
nyL'R‘ I . npuiomy . jVﬂIfHK(I
npozpinuil - VEIMKHEHO ’
HABAHIMANCEHHS

Asapiiinuit 0
saxucm
Br. Hiodizpie Hidiepie * @
Bxa. Brn.

© = = - .
Aem. Hucm.

Buica. Buka.
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3uamms
KOHmpo.% 11 i’p@fff[)h'ﬂ 368YKOBOCO E Kempena
cucmemu IIycx cueHanizayii cusHany obemanosxa Cmon

Buwa.

Puc. 2 — Tabno ceimnosoi cuenanizayii Ha ocnognomy nyremi OITY

brox koHTpomto wyacy 3abe3reuye TUMYacoBl 3aTPUMKH, fKI y CHCTEMI
KOHTPOJIIO TPUBAJIOCTI PI3HUX omeparlii i3 mycky uu 3ynuHii I

brok mycky 31iiiCHIOE TIEpEeITyCKOBE MPOBEPTAHHS JU3ETIs, TPOKAYyBaHHS OTO
MacTUJIOM, TIyCK, TPOTPiB, BHUBEJACHHS [BUTyHAa Ha MIJICUHXPOHHY 4YacTOTY
oOepTaHHs, IPUIOM HAaBaHTAKCHHS, a TaKOXK 3a0e3redye CUTHATI3aIlii0 Mpo IYCK,
TOTOBHICTH JI0 MPUHOMY HaBaHTaXCHHS, MPUHOM HAaBaHTAYKEHHS.

brox 3ynmuHKK 3AiMCHIOE BIAKIIOYCHHS HABAHTAKCHHS, 3HWKEHHS YaCTOTH
oOepTaHHs, OXOJIO)KCHHSI TPH XOJOCTOMY XOJi, BiJKJIFOYCHHS OXOJIOJKCHHS,
3YMUHKY JU3€JIs Ta BUa4y HeOOXiTHOT CUTHAITI3AIll].
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biox HEBIAKIIOYEHHNX €JIEMEHTIB MICTUTH €JIEMEHTH JIOTIYHOI CXEMH CHCTEMH
JAK "CHAI'-T", 3 axux He 3HIMAEThCS KUBJICHHsSI HOpMaibHOT pobotu auszens. Llei
OJIOK MpU MUMOBUIBHIM 3YNMUHIN Au3es 30Mpae Ha CBOIX BXOJax CHUTHAJIM Bij
JTATYMKIB TUCKY MACTHJIAa TIPH IIPOKAYyBaHHI Mepe IMMyCKOM, 3 OJIOKY 3yIUHKH — PO
MUMOBUTIbHY 3yNHHKY, BUJIa€ CUTHAIN HAa BKJIFOYCHHS JKUBIICHHS 10 OJIOKIB CHCTEMH
Ta Ha BXiJ aM'aATi €KCTPEHOI 3YMUHKH, 3a0e3Meuyoun poOOoTy CXeMH 3a IPOrPaMor0
EKCTPEHOT 3yIMUHKH JTU3EII.

brox aBapiiiHOoro 3axucTy 3abe3meudye 3yNMUHKY [W3€Ns MpH IMiABHILEHH]
TEMIIEpaTypyd TMPICHOI BOJM B CHCTEMi OXOJO/DKCHHS BHIIE 3a JIOIMYCTHMY,
IiIBUIICHHS TEMIIEpaTypd MacTHja B CHCTEMi MacTHJIa BHINE 3a JOIMYCTUMY,
NaJiHHS TUCKY MAacTHWJja, MaJiHHSA THUCKY a0o0 PiBHSA BOJM B CHCTEMI OXOJIOJKEHHS,
aBapiiiHy 4acTOTy 0OepTaHHS JIBUTYHA.

Asapis
Kuenenns 24 B Iyck Pisenv Pisens
Vnpaeninus 3 BIIY He 6i00y6cs nanuea Mmacmuna
Hesueyn Temnepamypa Temnepamypa Tucxk
npozpimui 600U macmuna macmuna
T'omoeuii 0o
vex . Hasanamesicenns Svmunka
i nputioM) VEIMKHEHO S
HABAHMADICEHHS ’

3uamms
Ilepesipka 36YK06020 Exempena
Hyck Posbnokysanns  cuznanisayii cuenany obcmanoska Cmon

© © O © O O

Puc. 3 — Tabno céimnosoi cuenanizayii na eunocnomy nyromi BI1Y

broku mimcumoBaviB MpU3HAYEH1 ISl y3TOJDKEHHS XapaKTEPUCTHK JOTTYHOI
yactuHu cuctemu JAK "CAI'-T" 13 BukonaBunmu opranamu I'. Yci pyHkioHanbHi
0JIoku, KpiM OJIOKY CTaOLII30BaHOTO >KMUBJICHHS, BUKOHAHI Ha OE3KOHTAKTHUX
JIOT1YHHUX €JIEMEHTAaX.

Hatuuku 11 (auB. puc. 1, 6), BcTaHOBIEHI Ha Au3eal Ta HOro CUCTEMAX,
KOHTPOJIIOIOTh OCHOBHI TMMapaMeTpu (THCK 1 TeMIeparypy MacTuia B CHCTEMI
MacTuja, TUCK, PIBEHb BOJAU 1 ii TeMmepaTypy B CHCTEMi OXOJIOJKEHHS, YacTOTY
oOepTaHHsl Baly Ju3elisd) 1 BUJAIOTh CUTHAIM Y CXEMY CHUCTEMH BiJIIOBITHO 10
OPUIHATOrO AITOPUTMY Ta HEOOX1THUX 3HAYEHb LIUX MapaMeTpIB.
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Buxonasui opranum 12 (muB. puc. 1, 6) 6e3mocepeHhO BILUTMBAIOTH Ha OPTaHU
KEepyBaHHS JU3€JIeM — €JIEKTPOMAarHiTHI KJIallaHu, HACOCH ).

VY pexumax pobotu (y pekumi MonepeHboro mairpisy abo npu podoti Al mixa
HaBaHTaxxeHHAM) cucrema JIAK "CHUI'-T" nomyckae KOpOTKOYAacHy MeEpeEpBY
’KUBJICHHS; TlependadyeHa cxeMa aBTOMAaTUIHOTO TIEPEMUKAHHS Ha PE3EPBHY MEPEXKY
MOCTIHHOTO CTpyMy Hampyroiro 24 B mpu 3HUKHEHHI Halpyrd B OCHOBHIA Mepexi
127/380 B, wactrororo 50 I'ty (quB. puc. 1, 6).

CnpaBricte pobGotu "CJHI'-T" mepeBipsitoTh 3a JOMOMOTOI0  CHEIiadbHOI
CUCTEMH, sIKa BUKOHYE aJTOPUTM IMYCKY Ta 3yNUHKUA AU3ENS; Y CBOIM BHUKOHABUI
OpraHu JAU3es IMIYHTYIOThCS KOHTaKTaMH pesie €T CUCTEMHU.

binoku cucremun JAK "CHAI'-T", noOymoBaHi Ha JIOTIYHUX €JIEMEHTaX,
BKJIIOYAIOTh PsI/I CXEeM, KOKHA 3 SKHUX BUKOHYE TMEBHY JoriyHy (yHKIi0. Peanizarris
(GyHKUIA BiIOYBAa€ETHCA OJHOYACHO (HapajiebHO), ToMy Osioku Ta cuctemy ' CHAI-T"
3arajoM MOYKHA BIJTHECTH 0 JIOTITYHUX MEPEK KEPyBaHHS.

Jlnst kepyBanHs aBToMatuzoBaHumu " Ha muti kepyBanusa CEEY B LY nns
KO>KHOT'O JIU3€eJb-TeHepaTopa nepeadaueHi Kirod BUOOpy pexumy podbotu «Peseps —
pobotay, kHomku «Ilyck», «Crtom», «ExcTpenuil crom», «Po30moxyBaHHS» MiCs
MyCKy, IO HE BiOYBCS, KJIIOY KEpyBaHHS 4acTOTOI0 oOepTaHHs «binbiiie-MeHie,
CUTHAJIbHE Ta0JI0 aBap1iHO-TIONEPEHKYBAIbHOI Ta BUKOHABYOI CUTHAI3ALIl].

Jns aBapiiinoi cur”amizamii B L{ITY BuHeceni tabino "ABapiiiHa 3ymnuHKa",
"ABapiliHuii TUCK MacTwia", "3amyck, 10 He BiAOyBcs'", ISl MOMEpPEKyBaIbHOI —
"Tuck mactuna", "PiBenp mactuna", "Temneparypa mactuna”, "Temneparypa Boau'
muist BukoHaB4uoi — "JKusnenns 24 B", "JIsuryn nporpituii”, "T'oToBHi1 10 npuiiomy
HaBaHTaxeHHd", "[Tyck", "3ynunka".

[Tepenbaueni Ha mmti kepyBands B LIITY opranm xepyBaHHS Ta curHamizaiii
JI03BOJISIIOTh BUKOHATH BC1 Omepallli aBTOMaTUYHOTO Ta JUCTAHIIMHOTO KEepyBaHHS
nu3erb-reHepaTopom [5].

BucnoBok. B po0oTi npoananizoBaHo (yHKIIOHAJIBHY Ta CTPYKTYpHY CXEMHU
CUCTeMHM  JIMCTAHI[IHHOrO  aBTOMaTu3oBaHoro kepyBanHs ([JJAK)  nuzens-
remeparopaMu. Ii yHi(ikoBaHa CTPyKTypa BpaxoBY€ OCOOIMBOCTI TPOIMIUHOIO
BukoHanHs "C/I-T". Po3risiHyTo Tabi0 CBITJIOBOI CHTHAmi3aIii SK JUIsI OCHOBHOTO
(OITY), tak 1 nns BuHocHoro (BITY) mynwsra kepyBanusa. Cucremamu JJAK 1ux
JU3eNb-TeHEPATOPIB  MepeadavyacTbcsl  aBTOMATHU3allisl  HACTYNMHHX  OMeparliil:
OIATPUMKA JU3€Nsl y MPOrpiTOMYy CTaHi, BBEIEHHS B [0, KEpyBaHHA Y IMpolieci
poOOTH 3a MpU3HAYCHHSIM, BUBEJEHHS 3 Jii, KOHTPOJIb Ta 3aXHUCT. BBeneHHS B [0,
CUHXPOHI3aIlisl, TEepPeBEJCHHS HABAaHTAXCHHA Ta 3yMHWHKA JU3eIb-TeHepaTopa
3MIIACHIOIOTHCS 3a JIOMIOMOTOIO CHEI1aIbHOIO aBTOMATUYHOIO KEPYHOUOro MPUCTPOIO
(aBTOMaTHYHE KEpYyBaHHS ) a00 TUCTAHIIIMHO-0MEPaTOpOM (AUCTAHIIIITHE KepyBaHHS).
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APPLICATION OF ECONOMIC AND MATHEMATICAL MODELS
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Abstract. In today's conditions of economic uncertainty, enterprises are faced with the need
to constantly optimize costs to ensure their competitiveness and stability in the market.
Economic-mathematical models are a powerful tool for analysis, planning and optimization
of enterprise resources, which allows to increase the efficiency of activities in unstable
market conditions. The work examines in detail the main types of economic and
mathematical models that allow taking into account uncertainty factors and risks. On the
basis of practical examples, the effectiveness of using mathematical models to reduce costs
and improve the economic results of activities is shown.

Keywords: costs, optimization of costs, linear programming, competitiveness of enterprises,
economic and mathematical models, cost management

AKTYQJBHICTh JOCTIIKEHHsI 3YMOBJICHAa HECTaOlIBHICTIO PHUHKY, 110 Oyia
BUKJIMKAHA 3MIHaMH B TJIOOQJbHIA €KOHOMIII, MOJITUYHUMHU KPU3aMU, MaHIEMISIMU
Ta 1HmMMMH (akTtopamu. lle crnpuuuHsie 30UIbIICHHS PIBHA HEBU3HAYCHOCTI IS
HIAOPUEMCTB. Y TaKUX yMOBax BUTPATH MIANPUEMCTBA MOBUHHI OyTH PETEIBHO
CIJIJAaHOBaHI ¥ ONTHMI30BaHi JJII TOTO, 100 HE JIMIIE MIHIMI3yBaTH PHU3MKH, ajie M
30epertu NpUOYTKOBICTb Ta KOHKYPEHTOCIPOMOXKHICTb. BHCOKa KOHKYpEHIlis,
3pOCTaHHS LIH Ha PECYPCU Ta HECTAOUTbHI PUHKOBI YMOBH 3MYILIYIOTh IMiANPUEMCTBA
IIyKaTH €(PEeKTUBHI METOJIU YINPaBIiHHA BUTpaTaMH, IO 3a0€3Me€UYyI0Th THYUYKICTb 1
CTIWKICTh O13HeCcy. EKOHOMIKO-MaTeMaTH4HI MOJel JO3BOJISIIOTH HE  JIMIIE
aHaJli3yBaTH ICHYIOUl BUTpPATH, ajieé i MPOTHO3YBATHU iX HA OCHOBI MOXJIMBHX 3MIH
PHUHKY, III0 € 0COOJIMBO BaXKJIUBUM Y KPU30BUX CUTYAIlisIX.

MeTo0 poOOTH € JOCIIDKEHHS EKOHOMIKO-MAaTeMaTHYHUX MOJCICH IS
onTUMI3aIlli BUTpAT MIANPUEMCTBA Ta pPO3pOOKAa pEeKOMEHJAIlld MIoA0  iX
3aCTOCYBaHHS B YMOBax HECTaO1JIbHOTO PUHKY.
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ExoHOMIKO-MaTeMaTH4HI MOJEN — Iie Ha0ip MaTeMaTUYHUX 1HCTPYMEHTIB, Kl
JIO3BOJIAIOTh IMANPUEMCTBAM aHaJI3yBaTH W ONTHMI3yBaTH PI3HI aCMEKTU CBOET
TIAJIBHOCTI. Y KOHTEKCTI YOpaBIiHHS BHUTpaTaMH 11l MOJEIl JIONIOMararTh
MIHIMI3yBaTH BUTPATU Ha BUPOOHMIITBO, JIOTICTUKY, (piHAHCOBI omepairii Tomo [1].

HecrtalinpHuit pUHOK XapaKTEPHU3yEThCS] BUCOKUM CTYIICHEM HEBHU3HAYCHOCTI.
OCHOBHVUMH BHKJIMKAMH JIJIS TTAMPUEMCTBA €:

- KOJIMBaHHS TIOTHUTY, KOJHU CIOKMBAIlbKa TOBEIIHKA MOXE 3MIHIOBATHUCH TIij
BIUTUBOM EKOHOMIYHUX KpHU3, TMOJITHYHOI HECTAOUIBHOCTI abo 3MiH y CMakax 1
BIIOJO0OAHHSAX

- KOJIMBAHHS I[1H HA PECYPCH, KOJIM HECTAOUTbHICTh HA PUHKY MOKE CIPUUYUHSATU
3HaYH1 KOJMBAHHA Yy I[IHAX HA CHPOBUHY, EHEPTrOHOCI1, JJOTICTHYHI MOCIIYTH;

- 1HQUALIAHI TpOLIeCH Ta BaJIOTHI KOJMBAaHHS, KOJM (DIHAHCOBI MOKA3HUKH
MIAIPUEMCTBA MOXYTh OyTH 3HAYHO 3MIHEHI 4epe3 JeBajbBallll0 HallOHAJIbHOI
BAJIIOTH YU 1HOIAUINAHI IPOLIECH;

- KOHKYpEHIIIsl Ta pUHKOBI Oap'epu.

Cepen HaWMOMIMPEHINIUX METOJIB €KOHOMIKO-MAaT€MAaTHYHOTO MOJICIIOBAHHS
JUTSL ONITHUMI3allli BUTPAT MiJNPUEMCTBA MOKHA BUIUIMTH JIiHIMHE MpOrpaMyBaHHS,
MOJIeNll Teopii irop, mojeni Burpar-odcary-npudytky (CVP-anamiz) ta meroau
onTuMizaIllli 3amacis [2].

JliniliHe mnporpaMyBaHHA € OJHUM 13 OCHOBHUX METOJIIB MaTEMaTUYHOIO
MOJICTIOBaHHSA, 110 BHUKOPUCTOBYEThCA [ ONTUMizaiii Butpar. JliHiitHe
MporpamMyBaHHSI 3aCTOCOBYETHCS Y BWIMAAKaX, KOJW IIANPHEMCTBO Ma€ KijabKa
BapiaHTIB BUKOPWUCTAHHA PECYpPCiB 1 MOBHHHO 3HAWTH HaWKpamuil crocio ix
pO3MOIITYy 3 ypaxyBaHHSAM oOMexeHb. DOopMystOBaHHS 3ajadl  JIHIHHOIO
IporpaMyBaHHs BKJtouYae (YHKINIO, SIKy HEOOXITHO MIHIMI3yBaTu (HANpHKIa,
3arajgbHl BUTpATH), 1 HaOlp oOMexeHb (HANpUKIAJ, HasBHI PECypcH, BUPOOHMUI
noTy>kHOCT1). Lle n03BoJie MiANPUEMCTBY BHU3HAUYMTH ONTUMAJIbHY CTPATETrii0 AJis
MiHIMI3aIlli BUTpAT.

[Ipunyctumo, 100 MIANPUEMCTBO BUPOOJS€ JBa BUAM MPOAYKINi, SKi
noTpeOyIOTh PI3HUX pecypciB (CHUPOBWHH, Mpaili TOIIo). JIiHiiiHEe mporpamyBaHHS
J03BOJISI€ BU3HAYUTH, SIKY KUJIbKICTh KOKHOT'O BHIY IPOIYKIIil CJIiJT BUPOOIISTH, 1100
3arajgbHl BUTpAaTH Oynu MIHIMATbHUMU TpU 30€pEKEHHI TMEBHUX OOCSTIB
BUpOOHUIITBA [3].

VY Bumangkax, koiau (QyHKIIi BUTpaT ab0 OOMEXKEHHS MarOTh HETIHIAHMMI
XapakTep, BUKOPUCTOBYIOTHCS METOJM HEINiHIMHOro mporpamyBanHs. Lli moxeni €
PO3ILIMPEHHSIM JIIHIHHOTO MporpaMyBaHHs JJIsl OUTBII CKIAIHUX MOACNEH, 1e GyHKIIiT
BUTpaT ab0 OOMEXEeHHS MaloTh HENHIMHUN Xapaktep. MeToau HETiHIHHOTO
MporpamMyBaHHSI BUKOPUCTOBYETHCS B THUX BHUIIQJKaX, KOJM BUTPATH MiAMPUEMCTBA
3alexkaTh BiJ 0OCSTiB BUPOOHMIITBA HEIIHIWHO, HAMPHUKIAA, dYepe3 MaciiTabu
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BUPOOHUIITBA a00 EKOHOMII0 Ha pecypcax. Xodya HENiHIMHE NpPOTrpamMyBaHHS €
CKJIQJHIIINM JJIs pealtizallii, aje Moro 3aCTOCyBaHHs 103BOJIsI€ TOUHIIIE BPaXOBYBaTU
JUHAMIYH1 3MIHU B PUHKOBUX YMOBaX 1 CTPYKTYpi BUTpaT [2].

AHami3 4YyTIMBOCTI €  JOJATKOBUM  1HCTPYMEHTOM, SIKMH  JJO3BOJISIE
TOCTIKYBaTH, SK 3MiHA BXIJHMX JaHUX BIUIMHE HA ONTHMAJIbHE pPIlICHHS. Y
HecTaOUTbHUX PUHKOBUX YMOBAX, KOJIM LIHU HA CUPOBUHY a00 1HIIII BUTPATH MOXKYTh
CYTTEBO 3MIHIOBATHUCS, aHAJI3 YYTIMBOCTI JO3BOJISE OLIIHUTH, HACKUIBKH THYYKOIO €
oOpana crpareris [1].

Mopeni  Butpar-o0cary-npubytky (CVP)  [03BOJISIOT  TiAIPUEMCTBAM
OITIHIOBATHU B3a€EMO3B'SI30K MK 0OCsSraMyd BUPOOHHIITBA, BUTpATaMH Ta MPUOYTKOM.
BoHU BHKOPHUCTOBYIOTHCSI JIJIi BU3HAYEHHS TOYKM 0€330MTKOBOCTI, TOOTO TaKOIo
o0csATy BHpPOOHHUIITBA, MpPH SKOMY JOXOAM TIANPUEMCTBA JOPIBHIOIOTH HOTO
ButrpataM. CVP-aHani3 € ocoOiIMBO KOPUCHUM I MIAIPHEMCTB, SIKI MPAIlOIOTh B
YMOBaX BHCOKOi KOHKYpPEHIlli a00 HeCcTaOUIbHMX I[IH Ha PHUHKY, OCKIJIbKH BiH
JI0TIOMArae OIepaTUBHO pearyBaTH Ha 3MIHM y BUTpaTax Ta HIHOBIK momTuii [3].

Metoau onTuMizallii 3amaciB € KpUTUYHO Ba}JIMBUMHM JUISL HIATNPUEMCTB, IO
MPAIOI0Th y CKIATHUX PUHKOBUX YMOBAaX, OCKIJIBKM HaJMipHE 30epiraHHs 3amaciB
MO’K€ MIPU3BECTH J0 3HAYHUX BUTPAT, TOJI K HEJOCTATHI 3al1aCh MOXKYTh HETaTUBHO
BIUIMHYTH Ha BUPOOHUYI npoliecu. EKOHOMIKO-MaTeMaTU4HI MO, TaKl SIK MOJENb
EOQ (exoHOMIYHO ONTUMaJIbHUN pPO3MIP 3aMOBJIEHHS) Ta MOJEl YHPABIIHHSI
3amacaMu 3 TIepepUBaHHIM, JO3BOJIAIOTH MIJIPUEMCTBAM ONTHUMI3YBaTH CBOi 3amacu
Ta 3a0e3neuntu Oe3nepediiiny podoTy BUpoOHUITBA [2].

CyuvacHi nudposi texHosorii, Taki sk mrydauii iHTenaekt (L) ta mamunze
HABYaHHS, JIO3BOJISIIOTH IMIANPUEMCTBAM OyayBaTH NPOTHO3HI MOJETIl BUTpPAT 3
ypaxyBaHHSIM 0aratbOX YMHHHKIB. BHKOpHUCTaHHS BEJIMKUX MACHUBIB JaHUX 1
Cy4yaCHUX aJTOPUTMIB MAIIMHHOTO HAaBYaHHS Ja€ MOXJIMBICTh MiAMPUEMCTBAM
OTPUMYBATH TOYHI MPOTHO3M IIOJI0 3MIHH BUTPAT, & TAKOXK OTMEPATUBHO aJaNTyBaTH
CTparerii onTuMizalii 10 HOBUX pUHKOBHX yMOB. IIII MOXHa BUKOPUCTOBYBATH MJIst
aHadi3y ICTOPUYHMX JAHMX IIOJO BHUTPAT HAa BHPOOHMIITBO Ta MPOTHO3YBAHHS iX
3MIHM 3aJie)KHO BiJ KOJMBaHb I[IH Ha pUHKY cupoBuHHU. lle momomoxke
MIPUEMCTBAM PO3POOJISATH THYYKI CTpaTerii 3aKymiBelb Ta BUPOOHHUIITBA, IO
3a0e3Meuyr0Th MIHIMI3aIlil0 BUTPAT Y MIHJIMBUX YMOBax pHHKY [3].

BucnoBok. IligBogsun miACYyMKH, MOKHa CKas3aTH, 1[0 3aCTOCYBaHHS
€KOHOMIKO-MaTeMaTUYHUX MOJIeJel Jid ONTUMI3allii BHUTpAaT € e(pEeKTUBHUM
THCTPYMEHTOM JJIsl TTIAMPUEMCTB, IO MPAIIOITh B YMOBaX HeCTa0LIbHOTO PUHKY [4].
JliniiiHe TporpaMyBaHHS, HEJIHIMHI MOJENi, aHaj i3 YyTJIMBOCTI Ta CyYacHi
TEXHOJIOT1] IITYYHOTO 1HTEJIEKTY J03BOJISIIOTH HE JIMIIE MIHIMI3yBaTU BUTpaTH, ale i
aganTyBatu 0i3HEC 0 3MIHHUX PUHKOBUX yMOB. OnTUMI3AIlisl BUTPAT 32 JOIIOMOTOIO
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TaKUX MOJENeH MiJBUINYE KOHKYPEHTOCIPOMOXKHICTh MIAMPUEMCTBA, 3MEHIIYE
PU3HUKHU Ta CIPUSIE TOCATHEHHIO JJOBMOCTPOKOBOI (h1IHAHCOBOI CTIMKOCTI.
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MICROPROCESSOR SYSTEM FOR MONITORING AND CONTROL
OF RAIL WHEEL PARAMETERS
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Abstract. The paper analyzes the systems for monitoring the parameters of rail circuits.
Existing rail control systems for safe and efficient train movement are considered by
monitoring the condition of the track and the parameters of the rail circuits. One of the most
common approaches is the use of rail circuits that operate as closed electrical circuits.
Based on changes in circuit parameters, such as resistance and current, the system can
identify the occupancy of the section and possible faults. Track control systems also include
ultrasonic and vibration methods, which are used to detect mechanical defects in the rail
structure.

Keywords: rail circuits, automated control system, circuit parameters, fault detection

AKTYaJIbHICTh [IOCJIZKEHHs1 3yMOBJIEHa MOTPeOOr0 3a0e3neueHHs Oe3NneKu
3QJII3HUYHOTO  TPAHCIOPTY IUISIXOM  MIJBHUIIEHHA €(QEKTUBHOCTI  KOHTPOIIIO
rapaMeTpiB PEeUKOBUX KiJI, Kl € BaXKJIMBUMHU €JIEMEHTAMH CHUCTEM CUTHaJ13allli,
HeHTpaiizamii Ta OJOKyBaHHA. 3O0UIbIICHHS OOCSTIB TEPEBE3CHb, 1HTErpallis
Cy4yaCHHUX TEXHOJIOTIM y TpaHCIOPTHY 1HGPACTPYKTYpYy, a TaKOXK HEOOXIJIHICThH
MiHIMI3aIlli aBapifHUX CHTYyaIlli BHMAararTh BIPOBAPKCHHS HAAIMHUX 1 TOYHHUX
CUCTEM MOHITOPUHTY PEUKOBUX K1J. Y TOCKOHAJIEHHS METOIB JIIarHOCTUKHU JO3BOJISIE
CBOEYACHO BUSBIIATA HECHPABHOCTI, ONTHMI3YBaTW TEXHIYHE OOCIYyroBYBaHHS Ta
MPOJIOBKYBATH TEPMIH €KCIUTyaTalli 3a113HUYHOI iIHPPaCTPYKTYpH.

MeTtorw podoTH € JOCTIHPKEHHS MIKPOIPOLECOPHOI CUCTEMU AJII MOHITOPUHTY
Ta KOHTPOJIIO TapaMeTpiB PEHKOBHX Kijl, sSika 3a0e3mnedye MiIBUIIECHHS TOYHOCTI
BUMIPIOBAaHHS, 3HI)KEHHS 4Yacy peakiii Ha BHSBJICHHS HECHPABHOCTEH, a TaKOX
IHTErpalif0 aBTOMaTU30BaHUX 3ac00iB aHami3y 1 perymtoBaHHs. JlocarHeHHs Imiel
METH Tiependavyae CTBOPEHHS MAaTEMaTUYHOI MOJENl PEeHKOBOro KoJjia, po3poOKy
(YHKIIOHATBHOI Ta CTPYKTYPHOI CXEM CUCTEMH, a TAKOXK JOCIIKEHHS aJrOpPUTMIB ii
po0oTH A peanizallii 3a1aHuX (PYHKIIIOHATIbLHUX XapaKTePUCTUK
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[cHyroTh cydacHi THMGPOBI CHUCTEMH KOHTPOJIO PEUKOBUX KOJiH, SKi
BUKOPHUCTOBYIOTh MIKPOIPOIIECOPHI Ta KOMITHOTEPHI TEXHOJIOTl ISl  aHami3zy
napaMmeTpiB Ta JIarHOCTUKHM CTaHy perok. Taki cuCTeMH BKIIIOYAIOTh JATYUKH, SIKI
MOCTIHHO BHUMIPIOIOTh OMIp, 1HAYKTHUBHICTH Ta IHIINI MapaMeTpH KOJii, a TaKoXK
nepenalTh JaHl Ha HEHTpPajdbHI KOMITIOTEpU AJIs MOoJajibiioi o0poOku. JlaTunku
YacTO PO3MIIIYIOThCS Ha caMuX peiikax a0o moOnm3y BiA HHX, IIO J03BOJISE
OTpHMYBAaTH TOYHY iH(OpMAIIiIO0 PO CTaH Kojii B peampHOMY Yaci [1]. Cucremu Ha
0a3i MiKpoTpoIIecOpiB 3a0€3MeUyI0Th MOXKIIUBICTh IMIBUIKOTO pearyBaHHS Ha 3MIHY
napaMmeTpiB KoOJii Ta JO3BOJISIIOTH OINEpaTopaM 3alli3HUIb MPUWMATH CBOEYACHI
3aXOJIM JUIs 3aI00IraHHs aBapiiHUM CUTYAIlisM .

Po3poOka ¢yHKIIIOHATBHOT CXEMH BHUMIPIOBAHHS TapaMeTpiB PEUKOBHX KiJ
IPYHTY€EThCSI HA BH3HAYCHHI OCHOBHHMX €TaliB BUMIPIOBaHHs, Mepeaadi, 0OpoOku 1
KOHTPOJIIO JaHUX, IO 3a0€3MeuyloThb TOYHY Ta €(EeKTUBHY poOOOTYy CHCTEMH
KOHTPOJIIO pelkoBux Kojiid. Ha mepmiomy etami Oyno IOCHIHKEHO BHUMOTH J0
BUMIPIOBAJIbHUX MMapaMETPiB, TAKUX SK HANpyra, CTpyM, 4acToTa, IMIIEJAHC Ta OMIp,
3Bakarouu Ha crerudiky poOoTH peikoBux Kijd. Ha ocHOBI X BUMOT po3po0JIeHO
(GyHKIIOHATBHY CXEMY, fKa CKJIAJIA€ThCs 3 JEKUIBKOX B3a€MO3aJICKHUX OJIOKIB, 1110
BIJIMTOBIJIAI0TH 32 KOHKPETH1 (YHKIIIT BUMIPIOBAHHS Ta 0OpOOKU CUTHAIIB.

[leHTpanbHUM KOMIIOHEHTOM (PYHKIIIOHAJIbHOI CXE€MU € MIKpOIPOLECOPHUIA
0JIOK, 1110 3M1MCHIOE MOJabiry OOpoOKYy 1 aHali3 JAaHUX, OTPUMAHHUX BiJ] CUCTEMH
JaT4MKiB. MIKpOIpoLiecop BIANOBIIAE 3a IHTEPIPETALIIO CUTHANIB, IPOBEICHHS
MaTeMaTUYHOTO aHaji3y Ta Mepenady pe3yJbTaTiB Ha OJOK KOMYyHIKamii abo
iHTepdeiic kopuctyBaua. Bin 3a0esneuye peanmizaililo aarOpUTMIB  KOHTPOJIIO
PEHKOBHUX KIJT Ta PO3PaxXyHKIB HEOOXITHUX TMapamMeTpiB, TaKUX SK 1HIYKTUBHICTb,
EMHICTB 1 OTIp y peKUMax HOPMAJILHOI Ta aBapiiHOT poOOTH. MIKpOMpPOIIECOp TaKOXK
KOHTPOJIIOE CaMOJIarHOCTUKY CHUCTEMU Ta (opMye 3BITH MPO TMOTOYHHMA CTaH
PENKOBHX KIJI.

Jlns peasnizaliiii CUCTEMU KOHTPOJIO TMapaMETpPiB PEMKOBHX Kin Oyjio oOpaHo
Mikporpouecop STM32, mo 3acHoBanmii Ha apxitektypt ARM Cortex-M, Ta
wiatgopmy po3pobku STM32CubelDE.

Opnieto 3 mnpuuun BuOopy STM32 € miaTpuMKa BEIMKOT KIJIBKOCTI
koMyHikamiiiHuX iHTepdeiiciB, Takux sk CAN, Ethernet, UART, mo 3ab6esneuye
JIETKY 1HTETpAIliio 3 IHITUMHU €JIEMEHTAaMHU 3aT13HUYHOT IHPpaCTPYKTypH Ta mepenady
JaHUX y LeHTpaibHi cuctemu o0poOku [3]. Ile mo3Bosise OyayBaTh MOMAYJbHI
CHUCTEMH 3 MOJXKJIMBICTIO OHOBJICHHSI Ta MmaciTaOyBaHHs. [linTpumka iHTepdeiicy
Ethernet, 30xpema, 3a0e3nedye MOXKIUBICTh NEPEAABaTH JaHl y peaibHOMY 4aci Ha
3HaYHI BijcTaHi 0Oe3 3HAYHMX BTpAT, IO € BAXKIWBUM IS IICHTPATI30BAHOTO
MOHITOPHUHTY CTaHy KOJIiH.
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Buxopucrtannast STM32 ta STM32CubelDE miist po3poOku cucTeMu KOHTPOJIIO
PENKOBUX KUI JI03BOJISIE CTBOPUTH €(EKTHUBHY Ta HAAINHY CHCTEMY, 10 3a0e3rneuye
00poOKy JaHUX B pealbHOMY 4aci, MATPUMYE POOOTY 3 PI3HUMH AaTYMKAMH Ta
MOIYJAMH, a TaKoX JO3BOJIs€ 3AIMCHIOBAaTM OOMIH JaHUMH MDK PI3HUMH
eJIeMEHTaMHU CUCTEMHU MOHITOPUHTY Ta IIEHTPAILHUM ITyHKTOM KOHTPOJTIO.

AJTOpUTM KOHTPOJIIO 1 PETYJIIOBAHHS CHUCTEMH MOHITOPUHTY IapaMeTpiB
PEHKOBHX KUJT BKIIIOUA€E KUJTbKA €TaIliB, K1 3a0€3Meuy0Th TOYHE BU3HAYCHHS CTaHY
KOJIH Ta CBO€YACHE PETYIJIOBAaHHS iX mapaMmerpiB [2]. Amroputm 0a3yeThcs Ha
MOCTIAOBHIA 00poOIll JaHWX, OTPUMAHMX 3 JATYMKIB, 1X aHali3l Ta MPUHHATTI
BIAMOBIAHUX pimieHb. [lepmuM eTamomM € 30upaHHS JIaHHX 3a JIONOMOTOIO
BCTAHOBJICHUX Ha KOJII JAT4YWKIB, sIKIi BUMIPIOIOTh IMapaMeTpH, Taki SK OIip,
Harpyra, 4actoTa i cTpyM. JlaHi 3 JaT4MKiB TEpemaroThCs y OJIOK TOMmepeaHbOl
00poOKH, A€ BIAOYBaeThCH iX (PUIbTpaLlid A1 YCYHEHHS MEPENIKo] Ta UIyMiB, IO
MOTJIM O BIUIMHYTH Ha TOYHICTh BUMIPIOBaHb.

[licns monepenHboi OOpOOKM  AaHl  HAAXOASITh JO  LEHTPAIBHOTO
O0OYHUCITIOBAILHOTO OJIOKY, /¢ BOHU aHAJI3YIOThCS 3 BUKOPHUCTAHHSIM aJITOPUTMIB,
K1 BpaxOBYIOTh JOITYCTHUMI J11alla30HM 3HA4Y€Hb JJIsl KOXKHOTO TMapameTpa. Ko
OTpMMaHI 3HA4YEHHS HE BIANOBIJAIOTh HOPMATUBHHUM, cHUcCTeMa (ikcye Taki
BIIXWJICHHSI Ta TIepeAae BIAMOBIIHI CUTHAJIM 10 MOAYJIIB peryitoBanHa. Ha ocHOBI
[IUX CUTHAJIIB Yy CHUCTEMI BIJOYBAEThCSA OLIHKA CTYIEHS Ta MPUPOJIU BIIXWICHBb
napameTpiB, 10 JO3BOJISIE TOYHO 1IEHTU(IKYBATH MICIsl TOTEHLIMHUX MpobieM ado
HECIIPAaBHOCTEHN Y PEIKOBUX KOJMISIX.

[Tomanpmmii etan mnependavyae aKTHBAIIID aNTOPUTMIB PETYJIIOBaHHS, IO
KOPUTYIOThH IMapaMeTpH 3a JOTIOMOTOI0 HaJIAITyBaHHS 00JIafHAHHS, SIKE BCTAHOBJICHE
Ha KOJisiX, a00 3MIHIOIOYM TapamMeTpu BXIJHUX CHUTHAIIB. Y BHUMNAJAKY, SKIIO
BIIXWJICHHS MOXYTh OyTH YCYHYTI aBTOMAaTW4YHO, CHCT€Ma BHOCHUTH BIJIOBIJIHI
KOPEKTUBH B poOOTy KoJii. SIKIMIO X aBTOMaTWUYHE KOPWTYBaHHS HEMOXXIIMBE,
cucTeMa Hamparise 1HGOPMAII0 MPO HECHPaBHICTh HAa BIAJAJICHUM cepBep s
MOJAJIBIIOTO aHami3y (axiBUsAMH, K1 3MOXKYTh BUPILIIMTU TPOOIEMY BPYUHY.

BucHoBok. B pe3ynbTari mpoBeAeHOro aHaiily, 0yjao po3po0eHO KOHIICHIIIO
MIKpPOIIPOILIECOPHOI CUCTEMHU MOHITOPUHTY Ta KOHTPOJIIO PEHKOBHX KiJI, IKa BKJIIOYAE
MaTEMaTUYHUN OINHUC TPOILECiB, (PYHKI[IOHAIIBHY CXEMY BHUMIPIOBaHHS, aJITOPUTMU
KOHTPOJIIO Ta PEryJIOBaHHS, a TaKOX CTPYKTYpHY peaiiaiiio JOKaIbHUX 1
HEeHTpaJIbHUX TigcucteM. OTpuMaHi pe3ynbTaTH MiATBEPKYIOTh IOLLIBHICT
BUKOPUCTAHHS 3alpONOHOBAHOI CHUCTEMHU il 3a0e3MedyeHHs] CTabUIbHOCTI poOOTH
pEeHMKOBUX KUI, TMIABUIIEHHS O€3MeKH pyxy Ta ONTUMI3alli TEXHIYHOTrO
00CITyrOByBaHHSI.
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Abstract. The paper includes the development of a finite-element model of the bogie frame
and the construction of a 3D model in the SolidWorks software complex. During the
construction of the 3D model of the bogie frame, the design elements were taken into
account. This will make it possible to study the forces acting on the load-bearing structures
of diesel locomotive bogies to study the possibility of operating traction rolling stock
outside the designated period. This will contribute to ensuring transportation and obtaining
an economic effect, since the functioning of the transport industry, in which railway
transport occupies a significant share of transportation, largely determines the development
of the state's economy.

Keywords: finite-element mode, bogie frame, 3D model, diesel locomotive, 2TE116.

AKTYyaJIbHICTh  JOCJIUKEHHS 3yMOBJIEHa THM, 10 (YHKI[IOHYBaHHS
TPAHCHOPTHOI Taly3l, B AKIA 3alI3HUYHUM TpPaHCIOPT 3aliMae 3HAYHY YaCTKy
MEPEBE3€Hb 3HAYHOK MIPOK 3YMOBJIIOE PO3BUTOK E€KOHOMIKM JepxaBu. s
3a0€3MeUeHHS] TEPEBE3CHHS Ta OJEpPKaHHA EKOHOMIYHOrO €(QEeKTy MOMKIUBO
eKCIUTyaTyBaTH TSATOBHM pPYXOMMI CKJIaJ 1032 NpHU3HAYEHUM TepMiHOM. Taka
MOXJIMBICTh 30KpEMa 3aJIeKUTh Bi SKOCTI OCHOBHMX HECYYMX KOHCTPYKIIIH
JIOKOMOTHBIB.

MeTo10 pob6oTH € pO3pOoOJICHHS KIHIIEBO-€JIEMEHTHOI MOJENl paMM Bi3Ka Ta
nooynoBa 3D-moxeni y mporpamHomy komimiekci SolidWorks nms mopamsiioro
JOCIIJKEHHSI Ta TPOBEJICHHA PO3PaxyHKy Ha MIIHICTb, OL[IHKA CHJI, SIKI JIIIOTh Ha
MeTajeBl HeCydl KOHCTPYKIIi Bi3KiB TemnoBo3y cepii 2TE116, mo mg03BONHTH
POBOJMTH XOJIOBI MIIHICHI BUIPOOYBaHHS Ta JAaCTh MOKJIUBICTh YJAOCKOHAIUTH
eKCIUTyaTalliiiHi TOKA3HUKHU Ta TPOJOBXHUTH CTPOK CITYKOM €KCIUTyaTallii TeTIoBO3Y .

Jlist moOyioBU KIiHIIEBO-EJIEMEHTHOI MOJIENIl paMu Bi3Ka Ta KOHCTPYKIIHHUX
enemeHTiB  TemwioBo3a 2TEI16 3a KOHCTPYKTOPCHKOIO — JOKYMEHTAIIEO 3
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ypaxyBaHHSIM IIOJIOKEHb ICHYIOUMX HOPMATHBHHX JOKyMeHTiB [1] po3poOieno
BignoBigHy 3D-monens y mporpamHomy komiuiekci SolidWorks o mokasano Ha
pucyuky 1. SolidWorks, € cucremMor0 KOMIT'IOTEPHO - aBTOMATH30BaHOTO
IIPOCKTYBAaHHS, 1HKEHEPHOT'O aHaJIi3y Ta MiArOTOBKH BUPOOHUIITBA Pi3HOI CKJIAJHOCTI
Ta IpHU3HaYeHHS [2].

[Tpu mo6ynoBi 3D-Moneni pamu Bizka OyJM BpaxoBaHI €IEMEHTH KOHCTPYKIII,
AK1 TpU3HAYEH! A Tepefadyi Ta PO3MOJUICHHS BEPTHUKAIBHOIO HABAHTAKECHHS,
crpuiiMaHHs Ta Tepefadl Ha paMmy Ky30Ba TITOBOTO 3yCHJUIS, TaJbMIBHOI CHIIH, a
TaKOX CIPUNUMaHHA OOKOBUX TOPU3OHTAILHUX W BEPTUKAIBHUX CHII, IO AIIOTH BiJ
KOJIICHUX TIap.

3a CBO€IO0 TEXHIYHOIO KOHCTPYKIIIEIO TPUBICHI BI3KHU TEIUIOBO3a € OJTHAKOBI 3a
KOHCTPYKILII€I0, 3 1HAUBIAyadbHUM MPHUBOJAOM KomicHux mnap. KoskHa pama Bi3ka
CKJIaJIa€ThCSl 3 JIBOX IOB3JIOBXKHIX OOKOBHWH, MOEJHAHUX Mk COOOI0 TEpPEaHIM Ta
3aJIHIM KIHIEBUMHU OajikaMu 1 IIBOPHEBOIO Oanikoro. BOKOBUMHM ¥ KIHIIEBI OalKu
KOpOoOYacToro TUNYy BUKOHAHI 3BAPIOBAHHSM 13 YOTHPHOX JIMCTIB MPOKATHOI CTal
Cr3 [3,4].

[Ticns Toro, sk Oyno MOOYIOBaHO TBEPAOTUIY MOJEIb, JUIS IPOBEIACHHS
pO3paxyHKiB Ha MilHICTh po3poounu KE-monens pamu Bizka. g 11boro Oyayerbes
CITKa BY3JIB Ta €JIEMEHTIB. ['€Hepalis CITKM €JEMEHTIB 1 BY3JIB CKJIAJA€ThCS 3
OCHOBHMX €TamiB: a) 3aJaHHsA aTpuOyTiB 1 BUIY €JIEMEHTIB Ta KOOpPIWHATHOI
cucteMu; O) onTuMi3alis CITKM — BCTAaHOBJICHHS PEXHMY KOHTPOJIO Haj ii
o0OyJ0BOIO.

Kinnesa 6anka ITonepeuna 6anka

IIIBopHeB Ganka

IToB310BKHS OOKOBHHA

Kposmreiin

niasicy TEJ]

MicIe 3aKpirnieHHs

PeCOPHOTO MiBINIyBAHHA

Pucynox 1 — 3D-mooenv pamu gizka mennosoza 2TEI116

[Tapamerpu KE-mopemi: ciTka Ha OCHOBI KPUBU3HH, MaKCHUMAJIbHHA PO3MIp
enemenTa — 20 MM, MiHIMaTBEHUN PO3MIp €lIeMEeHTa — 4 MM, SKICTh CITKH — BHCOKA,
KUIBKICTh BY37iB — 1982892, kinbkicTh enemeHTiB —1160625. Takuii BuOip po3mipis
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€JIEMEHTIB BUKOHYBABCS 3 PO3PAXyHKY T€OMETPHUUYHUX OCOOIMBOCTEH KOHCTPYKIIII.
KE mozens HaBeleHO Ha PUCYHKY 2.

Pucynox 2 — KE-mo0env pamu 8izka (maxcumanvruutl posmip enremenma — 20 mm)

VYropaBiaiHHS =~ OOYMCIIOBAJIbHUMHU  ONEpaliiMA ~ BUKOHYETHCS  3TIJTHO
PO3paxyHKOBOI CITKM AociiikyBaHoi mojneni B SolidWorks. Bona cTBoproeThest
aBTOMATHYHO B 00JIACTI TBEpJOro Tija. Pe3ynbpTaTu MOCHIIKEHBb B1IOOpaXKatoThCs y
BikH1 SolidWorks, BkiTtouaroun BeKTOpH, 13011HIT Ta KOJIBOPOBI €MIOPH.

BucnoBok. Jljis MOXIMBOCTI JOCHIKEHHS Ta TPOBEACHHS PO3pPaxXyHKy Ha
MIIIHICTh, OILIIHKK BIUIMBY CWJI, IO JIIOTh HAa METaJIeBl HECydl KOHCTPYKIIii Bi3KiB
TEIJIOBO3Y 3a KOHCTPYKTOPCHKOKO JIOKYMEHTAIIE€0 PO3p00JIEHO KIHIIEBO-CIEMEHTHY
Mozelb pamu Bi3ka teroBo3a 2TE116 B cuctemi aBTOMaTH30BaHOTO MPOEKTYBAHHS 1
po3paxynky — SolidWorks. Oneprkani 4ucenbHI pe3yIbTaTH JA03BOJSATH MPOBOIUTH
XOJIOB1 MIIHICHI BHUIPOOYBaHHS, IO AACTh MOMJIMBICTh YJOCKOHAJIUTH HECyl
€JIEMEHTH paMHU Bi3KiB Ta MPOJOBKHUTH CTPOK CITYKOM €KCILTyaTallii TeTI0OBO3Y.
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Abstract. The paper analyzes rowing electric installations with controlled rectifiers. Rowing
electric units with controlled rectifiers differ in that the rowing electric motor of such units
Is connected to the output of a three-phase bridge converter assembled on a semiconductor
element base. In rowing electric units with controlled rectifiers, the rowing electric motor
can be powered both from an autonomous synchronous generator and from busbars of
power plants. An example of a circuit of a rowing electric installation with controlled
rectifiers of a single ship power plant powered by conductive busbars is considered. The
basic controlled rectifier circuit in such systems is a bridge circuit.

Keywords: rowing electric installations, the double genus of the current, controlled
rectifiers, synchronous generator, speed control, rowing electric motor

AKTYaJIbHICTh JOCJI>KEHHS OB s3aHa 3 IIMPOKUM 3aCTOCYBAaHHS B I'pPEOHUX
enexkTpuuHux yctaHoBkax (I'EY) mpuctpoiB HamiBOpoBIIHUKOBOI NEPETBOPIOBAIBHOI
TexHIKd. [lepeTBOpeHHs  eNEeKTPUYHOI €Heprii MoOKe 3AlMCHIOBaTHCS  SIK
€JIEKTPOMEXaHIYHUMU (AMHAMIYHUMH), HANPUKIIA, €JIEKTPOMAIIMHHUMH
MEePETBOPIOBAYaMHU, TaK 1 €JICKTPOHHUMHU (CTaTUYHMMH) mepeTBoproBadamu [1].
HamiBnpoBiIHUKOBI TpuiIaaud Ta €JIEMEHTH MIKPOEJIEKTPOHIKM MAalTh 3HA4HI
nepeBary, /10 SKUX BIIHOCATH Malli rabapuTH, MIBUIKOI0, YyTIUBICTh, HAIIHHICTH,
€KOHOMIYHICTh  Ta  IIUPOKI MOJIMBOCTI MEPETBOPEHHS iH(popMmarii.
HamiBnpoBiIHUKOBI ~ MEPETBOPIOBAaYl  €JIEKTPUYHOI  €Heprii Mpu3HaveHi AJis
NEPETBOPEHHS TaKMX MapaMeTpiB €IEKTPUYHOI €HEeprii, K Hampyra, 4acToTa, YUCJO
¢da3, ¢popma Harmpyru Ta crpymy. CydacHa MepeTBOpPIOBalIbHA TEXHIKA IPYHTYETHCS
Ha 3aCTOCYBaHHI HAIIBIPOBITHUKOBUX MPHUIIAIB.

341



Metoro podoTH € aHaii3 TPEOHOI €NEKTPUUYHOI YCTAHOBKU MOJBIHHOTO CTPYMY
3  KEpPOBaHUM  BHIIPSMIISYEM U  PETYJIIOBaHHSA  IIBUAKOCTI  TpeOHOro
€JIEKTPOJIBUTYHA.

I'EY 3 kepoBanuMu BuIpsmiissdamu (pHc. 1) BiIpi3HAIOTHCS THM, IO TPEOHMI
€JICKTPOJIBUTYH TaKUX YCTAaHOBOK IIIKIIIOUAETHCS Ha BUX1A TPU(DA3HOTO MOCTOBOTO
nepeTBoproBaya 3i0panoro Ha tupuctopax. B I'EY 3 kepoBanumu BuUnpsMiIsdamMu
KUBJICHHS TPEOHOrO EJEKTPOABUTYHA MOXKE 3JIHCHIOBATHCA SIK BiJl aBTOHOMHOTO
CHHXPOHHOTO T€HEepaTopa, Tak 1 BiJ 301pHUX IIUH €JIEKTPOCTAHIIIH.

1 YR 2 R

‘:ﬁ 1

L _
ép NN
ke

Y
Cynnosi
CIOKHBaYi

Puc. 1 — 'EY noositinoco pody cmpymy 3 KepoBanumu GUNPAMAAUAMU.

171, 1]]2 — nepeunni npueooni osueynu,; CI'l, CI'2 — cunxpouni cenepamopu,
BI'l, BI'2 — sunpamasaui conognozo cmpymy; P — anoonuii peakmop, T — mpughasnutl
MOCmMO8ULL nepemeopiosay 3 mupucmopamu, /13 — 32naocysanvHuil Opoceis,;
B[ — O3] — obmomxa 30y0acenns osucyna; M — epebHutl enekmpudnuil 08UyH

Ha HeBenmukux cynHax, 1€ MOTYXKHICTh TpEOHOI YCTaHOBKU IMOPIBHSHA 3
MOTYXKHICTIO TEXHOJOTIYHOrO OOJIafHAHHS Ta TMepioJd BHKOPUCTAHHS MOBHOL
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MOTY)XKHOCTI CYJHOBOI €JEKTPOCTaHLIi Ta TOJOBHUX JABUTYHIB HeE 30irarorbcs,
CyJIHOBa e€JIEKTpocTaHllisi Moxe Oytu eauHoro ans ['EY Ta 3arambHO-CyIHOBHX
cnoxkuadiB. B 'EY 3minnoro ctpymy [2], six i B TEY mocriiitHOro cTpyMy nepBHHHI
JBUTYHU 00€PTAIOThCS 3 MOCTIHHOIO MIBUAKICTIO. PeryatoBaHHs MIBUAKOCTI TPeOHOTO
JBUTYHA 3/11MCHIOETHCA 32 PaXyHOK 3MIHU HaIlpyTH, IO MiABOAUTHCS HUIIXOM 3MIHU
KyTa BIIKpUTTS THUPHUCTOPIB BHUIPSAMISYA TOJOBHOTO CTPYMY. CuHXpOHHI
reHepaToOpH MPH IIbOMY MOXKYTh MPAIIOBATH 3 HE3MIHHOIO HAIMIPYTOI0, 110 3abe3mneuye
MO>KJTUBICTB BiIOOPY MOTY>KHOCTI 10 CYZAHOBOT MEPEXKI.

PeBepcyBaHHsI TpeOHOTrO €NEKTPOJBUIYHA, SK 1 Y 3BHYAMHUX TUPUCTOPHUX
€JIEKTPOIPUBOAAX MOCTIMHOTO CTPYMY, MOXKE 3/IICHIOBATUCS 3MIHOIO MOJISPHOCTI Ha
3aTHCKayax SIKOpsl 3a JOMOMOTOI0 JIBOX TPyH THUPUCTOPHUX BUIpsAMiIsAdiB. [lpu
npoextyBanHi ['EY mongiiiHOro poay cTpymMy HEOOXiHO BpaxoBYyBaTH, IO
BUNPSAMJIAYl B JIAHIIOTY TOJIOBHOTO CTPyMy 1 CTpyMy 30YyJUKEHHS 3HA4yHO
CHOTBOPIOIOTh CHHYCOIAQJIbHHI XapakTep Hampyru cyaHoBoi Mepexi. Ckiaaosi
HECHUHYCOINAJIbHUX CTPYMIB CTPYMH BHIIMX TapMOHIK HE BHUPOOJISIOTH KOPUCHOT
poOoTH, a 30UIBIIYIOTh CKJIAJIOBY CIIOKHBAHOI MOTY)KHOCTI, BUKJIMKAIOTh J10J1aTKOBI
BTpPaTU €HEprii y BChOMY JIAHLIOTY 1 BHMAararmTh HIJABHUILEHHS BCTaHOBJIEHOI
HOTY>KHOCTI TeHepaTopiB. HaBkomo ka0emto, 1O JKWJax SKOrO MPOTIKAIOTh
HECUHYCOiJlaJIbHI CTPYMH, YTBOPIOIOTHCS BHUCOKOYACTOTHI MArHITHI TOJS,  SIK1
CTBOPIOIOTh MEPEIIKOAN Jisi pOOOTH CHUCTEMH aBTOMATHKH, pPaJiOHABITAIlIMHOTO
oOnagHaHHS Ta 1H. 3 METOK 3MEHIIEHHS IyJibcalii 3acTOCOBYIOTh IIECTH- 1
NBaHaAIATU(]A3HI CXeMU BUIPSAMIICHHS, @ TAKOXK aHOJIHI PEaKTOPHU 1 3rIa/KyBajibH1
Jpoceni, a s YHUKHEHHS KOPOTKUX 3aMHUKaHb 4epe3 MOCIIJOBHO 3'€IHaHI BEHTHII
BUINPSIMHI MOCTH BKJIIOUAIOTh Ha PI3HI reHepartopu abo uepe3 TpaHchopMmaTopH 3
JBOMa BTOPUHHUMHU OOMOTKaMH.

Cxema I'EY 3 xepoBaHMMU BUIIPSAMIISTYAMH, 110 KUBUTHCS B €IMHOI CyTHOBOT
enexktpoctanuii (€CE) nHaBenmena Ha puc.l. OCHOBHOIO CXEMOK KEpOBAHOIO
BUNIpsMIIsiYa € MoctoBa cxema [3-5]. TloTyxkHi CyqHOBI KepoBaHI BHIIPSIMIISYI
pO3paxoBaHl Ha 3HAYHI CTPYMHU Ta HANPYTH, SKI MOXYTh MEPEBUILUTH HOMIHAJIbHI
3HauYeHHs TUpucropa. Jljis 3MEHIIeHHsS 3BOPOTHOI HANPYTd Ha KOXHOMY THPUCTOPI
3aCTOCOBYIOTb iX MOCIIJIOBHE 3'€/IHaHHS, a JJIsl 3MEHUICHHS CTPYMY uepe3 TUPUCTOp —
napanensHe. s piBHOMIPHOTO pO3MOJITY 3BOPOTHOI HAMPYrd MapajeibHO
KOXKHOMY 3 TIOCIIIJTOBHO CTHOJYYEHUX TUPHUCTOPIB BKIIOYAIOTH PE3UCTOP, OMIP SKOTO
OJIHOTO MOPSAKY 31 3BOPOTHUM OMOPOM THUpHUCTOpa. J1Jisi BUPIBHIOBAHHS CTPYMIB MiX
napajiebHO BKJIIOYEHUMHU PE3UCTOpaMHu MiAOUParOTh BUIPSAMISYL 3 OAHAKOBUMU
OpSIMAMH ~ JUISHKAMH ~ BOJIBT-aMIIEPHUX  XapaKTEPUCTUK ab0 BHUKOPUCTOBYIOTH
PE3UCTOPH Ta IHAYKTUBHI AUTBHUKHU JJI IPUMYCOBOTO BUPIBHIOBAHHS CTPYMY.

BucnoBok. B poOoti mpoaHanmizoBaHO TpeOHI ENEeKTPUYHI YCTAHOBKH
MOJIBIMHOTO CTPyMy 3 KEPOBAaHMMHU BUIPAMIISYAMH Ui PETYJIIOBAHHS HIBUAKOCTI
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rpedHoro enekrpoaBuryHa. OCHOBHOIO CXEMOIO KEpOBAaHOTO BHIIPSMIISiYA Ha
HaITIBIIPOBITHUKOBIN €JIEMEHTHIN 0a3l € MOCToBa cxema. PeryiroBaHHS IIBUIKOCTI
rpeOHOTO  ENEeKTPOABUTYHA 3MIMCHIOEThCS 32 PAaXyHOK 3MIHM Hampyrd, M0
MiBOAUTHCS NUIIXOM 3MiHU KyTa BIIKPUTTS THPUCTOPIB BUIIPSIMIISYA TOJOBHOTO
ctpymy. B mopiBusaHi 3 ['EY mocTiiHOTO CTpyMy CHCTEMH €JIEKTPOpyXy
MOJBIHHOTO (3MIIIAHOTO) CTPYMY BIiPi3HSAIOTHCS KpallMMHA MacorabapUTHUMU
MOKa3HWKaMH FeHEpaTOPHUX
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METHODOLOGICAL APPROACHES TO FORECASTING FUEL
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Abstract. The paper describes the methodological approaches used to forecast diesel fuel
consumption in rail transport in Moldova and GHG emissions assessment. Multiple
regression is considered in 4 types with influencing variables: population, GDP, passenger
turnover and freight turnover. The three-factor regression model showed the best results.
Keywords: fuel, emissions, forecast, rail transport.

Relevance of the work. Forecasting of fuel consumption is carried out for the
purpose of further assessment of GHG emissions taking into account the
implementation of measures developed in government documents in the field of
railway transport, as well as in general economic and environmental documents.

Research purpose. The purpose of the work is to describe the methodological
approaches used to forecast diesel fuel consumption in rail transport in Moldova and
GHG emissions assessment.

Documents with goals and measures to reduce fuel consumption and emissions

General economic

“Moldova Europeana-2030”, HG 315/17.11.2022 specifies targets for reducing
emissions in transport (all types of transport) at the level of 100% (2016-2020), 64%
(2025), 70% (2030),[1].

Environmental

1. National Determined Contribution (2022) specifies areas for reducing fuel
consumption and emissions: a) improving road infrastructure and b) improving
regulatory documents (without specific figures),[2].

2. The Law Emission Strategy by 2030 and Action Plan (HG 1470 of
30.12.2016) has the paragraph "Objective specific 2" with goal for the overall
reduction of CO, in the transport sector: by 30% as an unconditional goal and by 40%
as a conditional goal,[3].

Transport

The Land Transport Infrastructure Strategy HG 85 of 01.02.2009 was updated in
HG 827 of 28.10.2013 and provides for a general measure - the restoration of the
road and rail infrastructure,[4].

National cross-sectoral documents

The National Energy and Climate Plan (NECP) was developed during 2022-
2023, is undergoing approval stages in 2024, and includes the rail transport sector.
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The scenarios that were developed for it assume an increase in passenger and
freight traffic in the future,[5]. They were used in forecasts and are described below.

Analysis of diesel fuel consumption in rail transport in 2022

Document HG 1470 of 30.12.2016 specifies an unconditional goal - to reduce
fuel consumption in rail transport by 315 TJ by 2030 from the 1990 level.

The actual values of diesel fuel consumption according to fuel and energy
balances (1990, 2022) with those planned in the above documents are compared in
the table 1.

Table 1- Diesel fuel consumption by railways (actual 1990 and 2022, target by 2030)

TJ 1990, fact 2030, forecast 2022, fact
Right Bank 4349 4097 217
Left Bank 1096 1033 38
Moldova 5445 5130 255

Fuel consumption on rail transport in 2022 amounted to 217 (Right Bank
region), 38 (Left Bank region), and a total of 255 TJ (Moldova), that is, in reality it
became much less than reduction target.

The requirement of document HG 1470 dated 30.12.2016 was satisfied without
taking any measures, due to the decrease in economic activity in rail transport.

Forecasts of fuel consumption are built depending on 4 drivers further,

Building forecasts of fuel consumption for rail transport

Forecast horizon: 2023-2040.

Initial data series

Data series consist of values fuel consumption from energy balances for the
Right Bank region and restored values for the Left Bank (2000-2022), which were
calculated as part of the inventory for 1990-2022.

Methodological approaches to forecasting

Multiple regression was used to build forecasts. Fuel consumption was
considered as the resulting variable y, and 4 variables were considered as influencing
variables:

X1 - population, thousands of people;

X, - passenger turnover, million people-km;
X3 - freight turnover, million ton-km;

X4 - GDP, million $.

Changes for variables X; + X, were made based on forecasts of macroeconomic
indicators, passenger turnover and freight turnover. Each of the drivers is described in
more detail below.

1. Population
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The first "driver" is the indicator of change in population X; in the forecast
period. Population dynamics for 1990-2022 by region is given in the table 2.

Table 2 — Population size in the regions of the Republic of Moldova in 1990-2022, thousand
persons

Left bank Right bank Moldova
1990 731 3630.6 4361.6
2000 660 3643.5 4303.5
2010 522.5 3164.2 3686.7
2020 465.8 2643.7 3109.5
2021 463.6 2626.6 3090.2
2022 459.8 2603.8 3063.6

*) Sources: Annual Yearbooks,[6].
The average values of population decline over the past 5 years: (-35.4) for the Right

Bank and (-1.8) thousand persons for the Left Bank. It is assumed that this trend will
continue for 2025-2040.

2. Passenger turnover

The second "driver" for building forecasts using multiple regression is the X,
indicator of passenger turnover in rail transport. Its values of the retrospective and
prospective periods were analyzed below.

1) Data on passenger transportation in rail transport for 2000-2022 were used
according to the Statistical Yearbooks for 2023, 2012 and 2007, figure 1.

2) Forecasts built in NECP-2023 for the period 2025-2040 according to the
WEM and WPM scenarios show the same values of passenger traffic with growth in
the future (up to 122 million passenger-km) compared to the current situation - 32
million passenger-km (2022), figure 2.
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Figure 1- Passenger turnover of railways  Figure 2— Forecast Passenger turnover of
of the in Right Bank, million passenger - km railways in Right Bank (WEM, WPM
according to NECP), million passenger-km

3. Freight turnover

The third "driver" for constructing forecasts using multiple regression is the X3
indicator of freight turnover in rail transport.

1) Data on freight turnover for 2000-2022 for the Right-Bank were used
according to the Statistical Yearbooks for 2023, 2012 and 2007, figure 3.
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2) WEM and WPM scenarios from NECP-2023 during 2025-2040 have trends

in freight turnover values with a difference of approximately 3 times, figure 4.
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Figure 4 — Forecast of railway freight in
Right Bank (WEM, WPM according to
NECP), million ton-km

The fourth "driver" for building forecasts using multiple regression is X, - the
country's GDP. NECP is the source of information on the forecast of GDP, table 3.

Table 3-GDP forecasts

2016

2020

2025

2030

2035

2040

GDP, forecast NECP

milliard USD

9

10

13

16

20

24

Multiple regression for forecasting fuel consumption in rail transport

Multiple regression with 4 variables was used to build forecasts of diesel fuel
consumption. The variables considered as drivers were: population (X;), passenger
turnover (x,), freight turnover (xs), GDP (X,).

The quality of the obtained models is assessed by the coefficient of
determination, table 5.

Table 5 — Coefficients of determination of regression models

Single-factor models

Two-factor models

Three-factor models

Four-factor models

y=f (xi) R° |yfxwxm)| R |y=fF&iXmXp)| R | y=f (X1, X2, X3, Xs) | R®
Ff (Xl) 0,37 Ff (Xl, X2) 0,53 Ff (Xl, Xo, X3) 0,72 y:f (Xl, X2, X3, X4) 0,66
y=f (x2) 0,5 y=f (X1, X3) 0,63 y=f (X1, X2, X4) | 0,53

y=f (x3) 0,63 y=f (X1, X4) 0,37 y=f (X1, X3, X4) | 0,64

y=f (x4) 0,36

y=f(x2,x3) | 07

y=f (X2, X4) 0,51

y=f (X3, X4) 0,64

The best coefficient of determination was obtained for a 3-factor regression

model of the type y = f (X1, X,, X5) with R* = 0.72.
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Fuel consumption according to the constructed forecast by 2040 will increase to
700 TJ for the country as a whole and to 750 TJ for individual forecasts by region,
and the discrepancy is about 4%.

Assessment of greenhouse gas emissions

The final stage is the assessment of greenhouse gas emissions that may occur
with the predicted fuel consumption. Emission factors for rail transport for CO,, CHy,
N,O are used according to the methodology of the IPCC-2006 guidelines. To
recalculate the amount of each gas into CO, equivalent, global warming factors were
used equal to: for CO, - 1, for CH, - 28, for N,O - 265.

The emissions trend is analogous to the fuel consumption line, and is expected
from 20 to 60 kt CO,-e, figure 5.
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Figure 5 — Emissions Forecast, Railways of RM, kt CO,-e

Conclusion. This paper describes methodological approaches to forecasting fuel
consumption for rail transport. The resulting variable was the fuel consumption
indicator, and influencing variables were used indicators: population, GDP, passenger
turnover and freight turnover. Primary data for the regions were based on available
statistical information. The three-factor regression model showed the best
determination coefficient for 3 influencing variables: population, passenger turnover
and freight turnover.

Fuel consumption in rail transport according to the constructed forecast for the
country will increase to 700-750 TJ. Greenhouse gas emission forecasts for this
category show a slight upward trend from 20 to 60 kt CO,-e.
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Abstract. A new approach to the diagnostics of the conditions of complex technical items
with the use of four-valued logic is presented in this work. The subsets of technical item
conditions were characterized, the ranges of the value changes of the features of diagnostic
signals and the resulting condition changes were defined. The inference rules developed
and defined that form the basis in the recognition process of the individual classes of
condition subsets are an important part of this paper. A comparison was presented of the
diagnostic process in two-valued and three-valued logic with four-valued logic in the
context of obtaining diagnostic and maintenance information of a given technical item
which defines the average time of the failure-free operation of the item.

Keywords: technical diagnostics, reliability of a technical object, neural networks, servicing
process, expert system, knowledge base, diagnostic information

Technical elements used in the operation process. Technical items that are
used in the process of operation lose their properties of functional characteristics as a
result of an impact of various internal and external factors. In the majority of cases,
these impacts are of an unfavourable nature, and after a certain time they lead to a
loss of the functional properties of an item. For this reason, in the operation process,
the user should undertake activities aimed at minimizing the effects of these impacts
by submitting the item to a regeneration process [1, 2].

The technical diagnostics of the conditions of the item operated constitutes one
of the initial realization stages of the regeneration process. This stage defines the
activities connected with an identification of technical conditions in the item used for
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the existing set of events or working situations. It is described with an unambiguous
condition. A reliable behaviour of the item at a given moment is defined as a
classification (diagnosis) of conditions [3-4].

In technical diagnostics, in the classification process of conditions, two-valued
logic is used, where “1” defines an operable condition and “0” defines an inoperable
condition. This kind of diagnostic classification is suitable for technical and
technological processes and for a certain class of technical reparable and irreparable
items. The purpose of this type of diagnostics is to recognize the operable condition
and the inoperable condition (damages — failures) and to locate the element that
generates this condition [5-6]. In the case of an organization of maintenance
activities, a recognition in the item of those conditions which directly precede the
occurrence of an inoperable condition, which is an incomplete operable condition, is
of a great importance. Hence, the use of two-valued logic for the needs of the
organization of the maintenance process is insufficient [7-8] has systematically been
perfecting the theory and the diagnosing method of technical items in three-valued
logic. The diagnostic inference used in it distinguishes the condition of a partial
operable condition (incomplete operable condition) “1” apart from operable condition
“2” and inoperable condition “0” [9-13].

At the present moment, the author’s scientific work is focused on the
development of the rules (algorithms) of inference in diagnostic systems with the use
of four-valued logic. The author perceives here new and important possibilities in the
development of new intelligent maintenance systems that are based on (use)
diagnoses with recognized states of the object in logic k > 3, at the beginning in four-
valued logic. One may expect at this moment that an increase of the valence of logic
in the process of inference to k = 4 can be still more significant to the whole
maintenance process of technical objects. For the needs of the new research direction
that is developed by the author, the development of a mathematical model of the
restoration process of complex technical objects has become a weighty issue. The
mathematical model will allow one to obtain new data in future research, e.g. for a
comparative analysis of the logics of diagnostic inference used in connection with the
qualitative effects of the process organized of the reconstruction of the operational
qualities of technical objects.

Using the four-valued logic of conditions in the process diagnosis of a radar
system. The method presented in the present paper concerning the control of the
exploitation of a technical object on the basis of its state was verified on the example
of a reparable technical object, which is a radar system. A functional and diagnostic
analysis of the object was carried out for this purpose. A functional model was
prepared and described of the object: a missile homing station of an antiaircraft
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missile set, which was presented in Fig. 1. For further determination of the diagnostic
control (operational) information, receiver unit Es.

€55
l A 4 A 4
D) , , , , ,
'j v el,l el,z v e3,1 d e2,1 ez,z ez,4 ez,s ez,e
g E & E & K
— |
* A4 A4
€42 €44 €61 €4 i| Cs1 €5,
B 3 &
€41 €3 €2 ™ €5 [ €75
E, +_| |_+
€1
E7

Fig. 1. Radar set decomposition process, where: e;; - antenna (work type
switch), e;, - high-frequency power amplifier, e,; - signal generator, e,, -
voltage supplier, e, 3 — audio frequency power amplifier, e, 4 - phase detector I,
e,s - phase detector Il, e, - video amplifier I, e3; - signal mixer, e4; -
potentiometer e,, - system tuning, e43 - power oscillator, e,4 - generator -
heterodyne, es; - system manual gain control, es; - observation rate I, eg, -
observation rate Il, e;, - control of the damping constant echoes, e;, - damping
constant echoes I, e;3 - damping constant echoes Il, e; 4 - signal amplifier, e;s -
coupling systems

In order to present the programme of the determination of the operating structure
in a radar detection station, the receiver unit (E3) was chosen as an example (Fig. 1).

The receiver of the radar station consists of two parts: the first one is high
frequency devices which work in the [GHz] range, and the second one consists of low
frequency devices which work in the [kHz] range. The receiver of the station enables
the reception of radar signals, their initial amplification, conversion into low
frequency impulses, amplification in the low frequency range, detection and
determination of the video signal.

On the basis of the method presented in the article of a functional and diagnostic
analysis of the object, a functional and diagnostic model was developed. The internal
structure of unit E; was divided, as a result of which a set of functional elements was
determined, presented in Table 1.
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Table 1. Internal structure of the unit E;

E. €11 €12 - - - -
E> €1 €2 [€23 |€24 |€25 €26
Es €31 - - - - -
E4 €41 | €42 €43 €44 - -
Es €5,1 - - - - -
Es €61 | €62 - - - -
E; €71 | €72 |€73 | €74 €75 -

The use of DIAG software requires preparation of input diagnostic information
on the basis of a functional and diagnostic analysis of a given object. A functional
and diagnostic model of an object needs to be made. On the basis of this, the
following was determined: a set of basic elements, a set of diagnostic signals {X(ei;)}
and a set of their model (standard) signals {Xw(ei;)}. The results of measurements
for chosen elements of object are presented Fig. 2.

[ a Diag i [E=EER

Iy

Options Read data Generate new data(all) Language

Model Data IMetrics] Deviation] Variances] N-metrics | Distribution | Probabilities | ZG Probabilities | WG Weight] Classifiactionl
12,02 497

0004087 8% 130 1506 4%

120,01

220,05 121.04 23,36 1217 "
198 ' '

15,04 12,07

220,04 8388 40,96 24,05 11.92

Fig. 2. Matrix of measures of diagnostic signals from the object

The set of elements from this set were grouped into subsets of classes using the
classification method proposed in the paper. The state of the object was determined
on the basis of the measurements of the diagnostic signal features processed. They
were processed and analysed by an artificial neural network. The final results
obtained of DIAG programme were presented in the form of a table of states (Table 2
and Fig. 3).
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Table 2. Matrix of measures of diagnostic signals from the object

E; €1 €s €3 €4 €5 €s
E: 12,02 4,97 %) % % %
E, 220,00 | 40,97 | 23,96 | 13,01 | 15,06 | 4,96
Es 120,05 %, %) % %) %)
Es 220,05 | 121,04 | 23,96 | 12,17 %) %)
Es 9% | o | o | 2 | @ | @
Ee¢ 15,04 | 12,07 %) %) %) %)
= 220,04 | 83,88 | 40,96 | 2405|1192 | O
[ a Disg b () et Sl
Qm:ons Read &u Qenem:ne; 6ata(a|l) Language e
Model | Data | Metrics | Deviation | Vanances | N-metrics | Distrbution | Probabities | 26 Probabities | WG Wesght  Classifiaction |
| | —
2 2 2 3 3 2
2
2 2 3 0
3
2 2

Fig. 3. The final results obtained of DIAG programme, where: {3, 2, 1, 0} — the
set of the states of units of object, which are presented in four-valued logic,
where: {3} — the states of operable condition, {2} — the states of incomplete
operable condition {1} — the states of critical operable condition {0} — the states
of inoperable condition @ — lack of basic element: symbol which completes the
size of the Table

Result and discussion. The issue of diagnosing technical objects in multivalent
logic for (k > 3) is constantly developed. In recent years three-valued logic has been
intensively developed in a technical diagnosis, particularly in the field of applying it
in the intelligent operation systems. The works by are significant for the development
of three-valued logic (k = 3), where states constitute a set of states {2, 1, 0}. Three-
valued logic brought important informative effects in the field of diagnosing technical
objects and industrial and manufacturing processes. Determining (specifying) an
incomplete ability state - the state “1” was a significant achievement of the three-
valued logic. A possibility to recognize an incomplete ability state became the basis
of intensive development of modern intelligent systems supporting organization of
the technical objects’ operation system. It may be assumed that multivalent logic will
bring completely new experience while operating technical objects. Presently, no
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studies regarding multivalent logics for (k > 3) in technical diagnosis can be found in
literature. If an incomplete ability state — the state “1” is significant in three-valued
logic (k = 3), then a critical ability state — the state “1” is significant in four-valued
logic (k = 4), where: states constitute a set of states {3, 2, 1, 0}. Considering four-
valued logic, those j™ structural elements of an object, whose reliability at that time is
too low, can be in a critical ability state. Internal elements (structural-constituent)
with a critical ability state operate, that is to say, are operated shortly before their
abrupt damage (critical). Thus, the issue of determining a critical ability state "1" in
logic (k = 4) seems to be of great significance in the technical diagnosis due to the
fact of determining object’s structural elements, which are in that state, and therefore
they considerably reduce object’s operational performance. Knowing reliability
process of that class of elements, it may, with high probability, be assumed that those
elements will be damaged in a very short period of time; they will be in a
nonoperational state, the state "0" (nonoperational state - failure).

Conclusions. The fast pace of the development of technology and the
complexity of items results in an increased need to provide an accurate assessment of
conditions with the aid of specialized diagnostic devices in the process of operation.
The accuracy of the assessment of conditions is strictly connected with the quantity
of the information obtained and the average time of the failure-free operation of the
item. In the case of the organization of maintenance activities and the recognition in
the item examined of those conditions that precede the direct occurrence of a fault
condition, two-valued classification does not meet the foreseen requirements. An
expansion of the classification to three-valued logic and an introduction of a
significant change range with an additional partial operable condition has
considerably increased the effectiveness of the technical item operation. For the
purpose of a further increase of the reliability of diagnostic assessments, we proposed
in the study a four-valued model with an additional critical operable condition. It
defines the condition of the item which is able to perform some but not all of its
functions, while assuming that the input signals are within admissible ranges.

Furthermore, the study defines the change ranges of the conditions of the item in
four-valued logic; inference rules were defined for the recognition of individual
conditions; a diagram was included of classes and possible directions were presented
for the changes of the conditions of the technical item examined.
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Abstract. The article discusses the use of MATLAB and its extension Simulink to simulate
processes in automated control systems. An analysis of tools for modeling dynamic systems
has been carried out, advantages and disadvantages of various approaches to building
models have been identified, including systems with nonlinear dynamics. Example of
MATLAB application for development of control algorithms. their testing and verification
are described. Particular attention is paid to methods of optimizing control parameters to
improve the accuracy and reliability of systems.

Keywords: MATLAB, Simulink, automated control systems, modeling, optimization, control
algorithms

Relevance. Modern requirements for ACS include ensuring effective
management in conditions of uncertainty, rapid adaptation to changes and
minimizing the influence of the human factor. MATLAB and Simulink provide tools
for solving these problems, allowing you to simulate both linear and non-linear
processes, analyze the stability of the system, optimize the parameters of regulators
and conduct testing without risk to real equipment [1-4]. This is especially true in the
face of the need to reduce costs at the stages of development.

In addition, MATLAB's integration with modern technologies such as artificial
intelligence and machine learning allows us to create innovative solutions for
predicting, adapting and self-learning automated systems. This opens up new
opportunities for managing production processes, optimizing energy consumption,
improving control accuracy and ensuring sustainable development.

The method of research in this work is the development of modern approaches
to modeling processes in automated control systems (ACS) using the powerful tool
environment MATLAB and its extension Simulink. The main goal is to increase the
efficiency of design and verification of control algorithms by creating highly
accurate models that can reflect the real behavior of systems and their interaction
with external factors. MATLAB and Simulink are recognized by the engineering
community for their high performance, wide range of tools and flexibility, which
allows them to be used to solve complex modeling and management problems [1, 2].
One of the key advantages of using Simulink is the ability to model both linear and
nonlinear systems in an understandable graphical interface. This possibility is
extremely important, since real systems often have complex dynamics that are
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difficult to describe exclusively by linear methods. Thanks to Simulink's user-
friendly flowchart interface, engineers can easily develop process models, adjust
their parameters and integrate various subsystems. This simplifies the simulation
process and allows for numerous experiments in a safe environment, which reduces
the need for physical equipment and significantly reduces the cost of developing and
testing the system [1-3].

Simulink also provides effective tools for analyzing the behavior of complex
systems, allowing detailed verification of models and developing control strategies
with high accuracy. This is especially important for systems where stability and
optimization are critical, such as industrial processes, transport systems, robotics and
others. Support for integration with other MATLAB tools, such as Optimization
Toolbox and Control Systems Toolbox, allows you to optimize model parameters [1-
3]. In particular, the use of nonlinear optimization methods helps to adjust the
parameters of PID regulators and other control algorithms to minimize transients and
reduce system stabilization time [4].

In addition, MATLAB provides data visualization and flexible analysis of
simulation results, which simplifies the decision-making process and corrects the
management strategy in real time. This integrated approach to modeling allows you
to increase the productivity of engineering activities, reduce risks in the
implementation of new systems and increase the reliability of the functioning of
control systems in industry and research.

The use of MATLAB and Simulink in modeling processes in ACS becomes an
integral part of modern approaches to the development of automated systems, which
can significantly increase their efficiency, accuracy and flexibility in various fields of
application [1-3].

Conclusion. One of the key advantages of MATLAB is the ability to integrate
with artificial intelligence (Al) tools, which opens up new horizons for the
development of intelligent automated systems. This integration allows machine
learning to predict results, evaluate the performance of systems in real time, and
adaptively adjust parameters to minimize risks and reduce the likelihood of errors.
This significantly increases the efficiency of managing complex production
processes and helps to make informed decisions faster.

Through the use of MATLAB, enterprises can optimize their production lines,
Improve resource management and ensure high adaptability to changes in market
conditions and requirements. MATLAB tools allow you to create systems with
predictable behavior, which increases the stability and reliability of equipment and
processes. This ensures the continuity of production, reduces downtime, increases the
overall efficiency and efficiency of production.
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The use of MATLAB in automated control systems contributes to the
introduction of advanced technologies, which makes it indispensable in the field of
engineering and industrial production. Thanks to this tool, companies can create
more adaptive and efficient production systems that are able to quickly respond to
the challenges of the modern market and technological progress
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Abstract. The article presents the application of active and passive methods
of preventing unintentional interference effects in electronic security systems. Lines,
surveillance loops and transmission buses of security systems, including detectors and
control panels are equipped with electronic elements, devices and modules, whose task is to
adequately protect the entire technical facility against interference from the entire
frequency range. This is known as anti-destructive interaction in security systems.
In electronic security systems, various technical or and organizational solutions are used to
enable the activation of either passive or active shielding factors in a very short time.
Keywords: interference, electronic security system, surveillance lines and loops

Passive and active methods to protect ESS used in transportation areas from
destructive impacts.

Different passive methods are used to protect ESSs from destructive impacts.
These shielding factors used in the passive method against the impact of destructive -
disruptive factors on electronic security systems can include the following methods:

e is the implementation of the relevant organizational activities, even before the
actual design of the ESS begins in a given building facility. It is the realization of
such organizational undertakings - e.g., the arrangement of building partitions,
windows, cable tunnels, internal power lines, etc., which are carried out even before
the deployment of components, equipment, [1,2,3];

¢ all components, modules or devices of the ESS, which are designed to reduce
the effects of destructive impacts (made at the design stage);

e appropriately trained service personnel, can also protect the ESS from danger
without cost - this is, for example, the disconnection of external or internal
supervision lines or loops from the control panel (CP) during intense thunderstorms
with lightning obtained from the Polish access network called Perun informing about
such phenomena in the country [2,3,4,5];

e maximum distance from occurring sources of interference to ESS equipment
or modules;
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e proper implementation of ESS power and information supply. Avoid routing
wires, supervision loops and transmission buses together with internal power supply
lines (IPSs) in which a large load current flows [6,7,8];

e proper storage of ESS components, equipment and modules in permanent,
mobile or temporary storage facilities.

The methods of active shielding factors that are used to counteract the impact
of the destructive process in the ESS can include the use of the following
undertakings, which always occur together (synergy - increasing the degree of
protection):

e passive and active filter elements should occur (be included) in the processing
and useful signal paths and loops of the ESS [9,10];

o after the occurrence of a destructive process in the ESS or protected building
In a vast area, the filters should always be adequately protected, for example, by an
electronic element of the varistor type;

e use of overvoltage fuses in the low-voltage installation, zone protection for
the most sensitive (susceptible) ESS components and equipment;

e power distribution boards feeding individual ESS components should have
modules, interference filters with a specific bandwidth, and have additional
protection in the form of a varistor - an element that responds to impulse interference;

o for the propagation of strong destructive interference in the environment,
alarm and fault signal transmission devices should always be equipped with a power
splitter or directional coupler [5,8,9];

e in the case of the propagation of strong destructive interference or the
deliberate use of electromagnetic weapons, always strive to automatically disable the
ESS, if possible;

e CPs should be especially protected, as they are particularly sensitive and
susceptible to the effects of conducted or radiated interference;

e automatic disconnection of antennas and ESS modules used to transmit alarm
and fault signals for the duration of interference;

e reducing the average load, such as current for ESS components by using
various available technical solutions[3,8,9];

e all redundant elements built in the ESS should be in the off state (reserve
unloaded or cold) [5,9].

Figure 1 illustrates the mechanism of using passive and active methods to
protect against the anti-destructive impact used in ESS.

Figure 2 shows a simplified graph of the ESS operation process for the case
of interaction of destructive - undesired signals. In the case of destructive signals
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interacting with the ESS with different values of interference amplitude, it is possible
that 1V technical states will occur for this technical object:

1) no presence of destructive signals in the protected extensive transport area
and building, ESSs function properly, anti-destructive redundant elements on, not
used in a given time interval,

2) the amplitude of destructive signals affecting the ESS too small, and equal
to approximately A = 0. In the ESS, there is no possibility of initiating so-called
damage processes [2,5,6];

3) the amplitude of destructive signals affecting the ESS has a certain value and
is A > 0. However, the anti-destructive elements, circuits and modules present
in the ESS are sufficient to protect the entire technical facility from disruption;

4) The amplitude of destructive signals affecting the ESS is much greater than
zero and is A >> 0. Such interference impact is called catastrophic action. IV cases of
interference impact were considered for the graph as in Figure 2 [3,8,9].

/ Information system - supervising the destructive impact of the ESS \
[ T

Automatic detection of Sensor (E systems) for D process detection |
destructive signals in ESS,
determination of parameters of ESS active shields [t] [ir.] lj
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Figure 1 — Structure of anti-destructive surveillance and treatment systems for
active shielding method with sensor detecting destructive processes in ESS used
for protection of building structures, where: D - damage, E - element, ED -
electronic device, M - module, DS - destructive signals, ESS - electronic security
system, ES - electronic systems, US - unfit state.
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ESS exploitation process graph for the case of impact of destructive signals.
I. case - no destructive signals affecting the ESS, the damage intensity A of the
system devices and their renewal intensities p are due to the “normal” wear - aging
process, Ay, Aip- damage intensity, i, wip — repair intensity;
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I1. case - the impact of destructive signals on the ESS with a small amplitude
A = 0. The intensity of damage A elements of the ESS is a function of the level
of the destructive signal. There are devices in the ESS that self-eliminate undesired
signals (e.g., filters, voltage stabilizers, varistors, short-circuit isolators, etc...,);

I1l. case - the impact of destructive signals on the ESS with the amplitude
of undesired signals to be taken into account in the process of use A > 0. The
intensity of damage A and the intensity of renewal u depend on the value of the
disruptive signal;

V. case - the impact of destructive signals on the ESS with a very large
amplitude of undesired signals A >> 0. The intensity of damage A and the intensity of
renewal p depend strongly on the level of the interfering signal. There are devices
and elements in the ESS that self-eliminate undesired signals. However, for A >> 0
the destructive signal(s) are unable to interrupt this process of influence [2,5,8,9].

y -
' My,
oWeoh i
Ill. Influence SDna ESS A > ()

0

I. Influence SD na ESS A

Figure 2 — Graph of the ESS operation process affected by destructive signals for
four use cases, where: SD - destructive signals, A - amplitude of signals, 1,2,3 -
circles of safety states of the ESS operation process, 3 - full operability, 2 - safety
hazards, 1 - safety unreliability, the interpretation of the A, u transitions
appearing in the figure is discussed in the text for the 1V cases

Conclusions. Increasing the levels of strength, vulnerability and resilience of the
ESSs under consideration, forming a specific structure, can also be realized through
the proper conduct of the very process of use, supply and operation. Solutions related
to the implementation of such an issue include the coordination of undertakings
related to the provision of appropriate solutions:

364



- technical provided already at the design stage of a given security system,

- organizational related to servicing and maintenance - ongoing supervision of
the ESS operation process,

- tactical ones related to the organization of spare parts stores and the anticipated
direction of development and modernization of the technical structure of the ESS.
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Abstract. The article presents an overview of general information on the mixing process,
focusing on mechanical mixers and analyzing the impact of key parameters such as mixer
geometry, mixing speed, mixing time, and the physical properties of materials. These issues
are discussed in the context of their influence on mixing power, process efficiency, and the
quality of the products obtained. The gathered information forms the basis for further
experimental and numerical research, which is currently in the design phase. These studies
aim to optimize mixing processes, increase energy efficiency, and develop new mixing
technologies.

Relevance of the work. Mixing is one of the most important engineering
processes used in various industries, such as the chemical, food, cosmetic,
pharmaceutical, energy industries, as well as in water treatment processes. The
efficiency of mixing directly affects the quality of the final product, the rate of
chemical reactions, and other physical properties of substances, such as viscosity and
density [1,7]. Understanding the mechanisms of mixing and the effective design of
mixers is crucial for optimizing these processes.

Research Purpose. The aim of this work is to prepare for the subsequent stages
of research, including the design of a laboratory setup that will allow experiments to
be conducted under controlled conditions, as well as the development of simulation
models of the mixing process using the Finite Volume Method (FVM).

Introduction. The goal of the mixing process is to achieve homogeneous
solutions, emulsions, and suspensions, or to intensify heat transfer or mass transfer
processes. Over the years, many design solutions have been developed for devices
intended to achieve these objectives. The main methods of conducting the mixing
process include: mechanical mixing, where the movement of the mixture is induced
by agitators of various designs, pneumatic mixing, where the movement of the
mixture occurs due to the flow of gas bubbles through it., flow mixing, where pumps
and nozzles or mixing blades create interacting fluid streams.

A mixture is generally understood as a system of two or more components
forming a liquid substance (e.g., paints, varnishes), semi-liquid substance (e.g.,
pastes, mortars), or granular substance (e.g., ceramic batches, feedstuffs). Liquid
substances are mixed in mixers, semi-liquid substances in kneaders, and granular
substances in blenders [3].
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Mixtures can be classified as either homogeneous or heterogeneous. In
engineering practice, it is often assumed that the substances being mixed form a
homogeneous mixture, which simplifies calculations by allowing the use of single
physical parameters representative of the mixture.

Mechanical mixers. Mechanical mixers are typically cylindrical tanks with
either flat or conical bottoms, equipped with rotary or vibratory agitators. Agitators
are usually placed either vertically, centrally, or off-center relative to the tank axis, or
at an angle to this axis. In mixers with rotary agitators, depending on the direction of
the flow, agitators can be classified as:

1. axial-flow agitators (e.g., blade agitators with blades angled relative to the
rotation direction, propeller, screw, or ribbon agitators),

2. radial-flow agitators (e.g., blade agitators with blades perpendicular to the
rotation direction, turbine, rotor, disc, or paddle agitators),

3. circular-flow agitators (e.g., anchor, frame, or grid agitators).

Radial-flow agitators are primarily used for mixing systems where gas is
dispersed in a liquid, dissolving solids in liquids, and creating suspensions. Axial-
flow agitators are most commonly employed for mixing systems with solid particles,
as the flow they generate enhances the lifting of particles from the bottom of the tank.
However, they are not used for dispersing liquids and gases.

Agitators are also categorized as high-speed or low-speed. The high-speed group
includes agitators with relatively small surface areas perpendicular to the direction of
movement, such as propeller, turbine, disc, or paddle agitators. Low-speed agitators,
such as anchor, grid, or frame agitators, have larger surface areas and smaller
clearances (the distance between the tank wall and the edge of the agitator). High-
speed agitators are typically used for producing solutions and suspensions, while low-
speed agitators are employed in systems where the goal is to sustain movement.
High-speed agitators are suited for mixing low-viscosity substances, whereas low-
speed agitators are more appropriate for high-viscosity substances. When using high-
speed agitators, it is important to avoid creating a vortex on the liquid's free surface,
as this can lead to excessive aeration of the mixture, which is often undesirable, and
reduce mixing efficiency without decreasing the energy consumption of the
operation.

Mixers are generally designed to generate a highly complex system of
circulating fluid streams within the tank. This is achieved by offsetting the tank axis
and agitator shaft, adding baffles to the tank walls (commonly known as vortex
breakers), using multiple agitators on a shared shaft, or placing several agitators
within a single tank. The last two solutions are more commonly applied in large-
capacity tanks [2].
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Mixing power. When designing mechanical mixers, calculating the mixing
power plays a crucial role. It depends on three groups of factors: the geometric
parameters of the agitator and the tank, the physical properties of the mixture, and the
kinetic and dynamic parameters of the system. Agitators that generate radial
circulation typically have higher mixing power than those with axial or mixed (radial-
axial) action.

Mixing power calculations use the so-called power number, derived from the
theory of hydrodynamic pressure exerted by a non-viscous fluid stream on a flat
surface [5]. Simplifications in this theory mean that, for real (viscous) fluids and
other wall geometries, various correction factors with complex characteristics must
be introduced. The power number indicates that mixing power depends on the density
of the mixture, the rotational speed of the agitator, the size of the agitator, the drag
coefficient, and a constant that is a function of various geometric parameters of the
mixer. If the densities of the individual components of the mixture are similar, the
effect of gravity on the mixing process is relatively minor. However, if they differ
significantly, the influence of gravity increases. Additionally, larger particles or
bubbles amplify this effect. On the other hand, this influence is strongly conditioned
by viscosity: the higher the viscosity, the slower the motion of particles or bubbles,
and therefore, the weaker the gravitational effect. Two additional factors determining
mixing power are the rotational speed and the diameter of the agitator. Both
parameters influence the tangential velocity of the fluid at the agitator's outer edges,
which, together with the density and viscosity of the mixture, affects the value of the
Reynolds number. The Reynolds number is used to indicate whether the flow in a
given system is laminar (dominated by friction), transitional, or turbulent (dominated
by dynamic forces). Laminar flow typically occurs in mixers with low-speed agitators
and high-viscosity fluids. In this case, drag forces, and thus mixing power, are high
and increase as the Reynolds number decreases.

Transitional or turbulent flow occurs in mixers with high-speed agitators and
low-viscosity fluids. Here, mixing power is lower and stabilizes at a constant level
beyond a certain Reynolds number, which also depends on whether the mixer has
baffles. Regarding drag forces, the viscosity of the fluid plays a crucial role.
Viscosity is highly sensitive to temperature changes, which, in energy terms, means
that mixing high-viscosity substances is more efficient at higher temperatures,
provided this does not negatively affect the properties of the mixture or subsequent
processes it will undergo [6, 7]. Since both the drag coefficient and the power number
constant are difficult to calculate, practical approaches often rely on experimentally
determined characteristics. Unfortunately, these are often imprecise and available
only for basic agitator types. Modern agitator designs frequently differ significantly
from classical solutions, resulting in unsatisfactory accuracy in estimating mixing
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power. An alternative methodology involves the use of computational fluid dynamics
(CFD) tools to perform numerical simulations and directly calculate the forces and
moments acting on the agitator during the mixing process [4].

Mixing process parameters. Geometrical and process parameters can be
adjusted over a fairly wide range. On the other hand, changes in the material
properties of substances are significantly more limited. In the literature, there are no
specific classifications for the density of liquids, and the only classification is related
to the states of matter. Density changes depending on temperature, but the differences
are very small and usually have no significant impact on mixing processes of
homogeneous substances. Density is particularly important in the context of
calculating mixing power in turbulent flow, where dynamic factors dominate, and
these in turn depend on the mass of the substance. Another key material parameter of
liquids and their mixtures is dynamic viscosity. The range of values for viscosity is
much wider, and the effect of temperature is more significant. One of the liquids with
the lowest internal friction is acetone, whose dynamic viscosity is approximately
0.304x1073 Pa-s. The upper limit of dynamic viscosity practically does not exist, for
example, the dynamic viscosity of tar, considered one of the most viscous substances,
is about 1x10'" Pa-s. High viscosity causes mixing of such substances to occur in
laminar flow. The higher the viscosity of a substance, the greater the friction, the
more heat is generated, and the greater the mixing power required.

Another important factor is the so-called fluid model: Newtonian, where shear
stress is a linear function of shear rate, or non-Newtonian, where this is not the case.
Shear rate refers to the local difference in speed between adjacent fluid elements or
layers. This means that even if a substance has very high viscosity but does not move,
there is no friction within it. Additionally, non-Newtonian fluids may have constant
or variable viscosity over time. In the context of mixing power, an important
distinction is made between shear-thinning fluids (e.g., some paints, most emulsions,
sewage, lubricants), where viscosity decreases with increasing shear rate, and shear-
thickening fluids (e.g., mixtures of liquids and solid particles), where viscosity
increases with shear rate. In the first case, it is more advantageous to conduct the
mixing process at higher impeller speeds, while in the second case, lower speeds are
preferred. Another design or process limitation may be the occurrence of phenomena
such as the Bingham effect (fluid swelling after exiting a nozzle or slit) or the
Weissenberg effect (the opposite of funnel formation). Issues related to plastic
deformation and the flow of materials are so extensive that they form a separate area
of science known as rheology.

The key to correctly designing a mixer for substances with high viscosities is to
accurately measure their material parameters, understand their specific characteristics

369



and properties, and determine all process and technological limitations that occur in
the mixing process.

Conclusions. The mixing process is highly complex and depends on numerous
factors, not only geometric or material but also situational. Research has shown that it
would be challenging to account for all these elements in an analytical model and to
develop a universal and reliable method for calculating mixing power in every
possible situation. The main conclusion is that a far better approach would be to use
simulation methods and to develop a general methodology for modeling mechanical
mixers and determining mixing power based on validated fluid conservation models.
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Abstract. Precise position measurement is crucial in many modern automatic control
systems, where accuracy affects the performance and reliability of entire systems. The main
purpose of this study is to compare the accuracy of measurements obtained from a precision
potentiometer and a magnetic encoder to determine which of these sensors is better suited
for applications in automatic control systems requiring precise position measurements. The
article's introduction presents the principle of operation of the various sensors. It then
presents the construction of the test stand and describes how the measurements were made.
The results obtained were tabulated and plotted against each other and compared,
indicating the differences in the accuracy of the measurements of the two sensors. Based on
the analysis of the results, conclusions were drawn about the potential applications of the
two devices in different types of automatic control systems, such as positioning systems in
industrial robotics or precision control devices in home automation.

Keywords: accuracy, modelling, magnetic encoder, potentiometer, optimization

Relevance of the work is determined by the increasing requirements for
precision and reliability in automatic control systems, which play a key role in
modern industry. A comparison of the accuracy of a magnetic encoder and a
precision potentiometer makes it possible to assess which of these devices better
meets the needs of modelling, optimization and prediction in such systems. The
results of this analysis can provide a basis for designing more efficient and cost-
effective control systems that meet specific application requirements.

Research Purpose is to compare the accuracy of magnetic encoders and
precision potentiometers to determine their application in automated control systems.

Magnetic encoders and precision potentiometers are sensors commonly used in
automatic control systems to measure angular, linear or velocity position. Magnetic
encoders use magnetic field changes to accurately read motion, featuring high
resolution and resistance to harsh environmental conditions. Precision
potentiometers, based on the principle of resistance change, offer simplicity of design
and cost-effectiveness, making them attractive for applications requiring moderate
accuracy.

The two components operate based on fundamentally distinct mechanisms and
parameters. A precision multi-turn potentiometer functions as an analog device,
detecting changes in resistance relative to the angle of rotation, enabling accurate
position measurement. Its benefits include a straightforward operating principle, ease
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of integration, and affordability, which make it appealing for various applications,
including those in the medical field. Nevertheless, its accuracy may be compromised
by factors like mechanical wear, potentially impacting the long-term stability of
measurements, particularly under dynamic working conditions [1].

A magnetic encoder, in contrast, operates by sensing the magnetic field
produced by the movement of a rotating element relative to its sensor. This digital
device provides enhanced resistance to mechanical wear and delivers high precision
In measurements, even in challenging environments with significant vibration or
contamination. Additionally, magnetic encoders exhibit lower sensitivity to
temperature variations, contributing to their reliability and stability over extended
periods. According to the literature, these encoders find broad application in fields
demanding exceptional accuracy, such as robotics, industrial automation, and medical
devices, including systems for motor rehabilitation [2, 3].

Figure 1 — A model of the created test bed

A test was carried out in which linear motion was converted to rotary motion,
allowing simultaneous reading of data from a magnetic encoder and a precision
potentiometer. For this purpose, a test bed was set up (shown in Figure 1), in which a
cable was wound onto the shaft, ensuring that linear motion was precisely transferred
to rotary motion. The aforementioned sensors were installed at both ends of the shaft,
allowing data to be recorded simultaneously. The data obtained was converted into
the angle of rotation of the shaft, and then the accuracy of the two devices was
compared, making it possible to assess which one better meets the precision
requirements for automatic control systems.

The tests described below were conducted to evaluate the accuracy and linearity
of the chosen measurement systems. Two systems were tested: the 3590s-2-103L
multi-turn precision potentiometer and the AS5600 magnetic encoder. Measurements
were taken at intervals ranging from 0 to 10 centimeters, with increments of 0.5
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centimeters, yielding a total of 20 measurement points. For each interval, the
theoretical shaft rotation angle was calculated, amounting to 90.25 degrees for every
0.5-centimeter displacement of the cable. These theoretical values were then
compared with the readings obtained from both sensors. A total cable displacement of
10 centimeters corresponded to a shaft rotation of 1805 degrees. The results are
summarized in Table 1 and illustrated in Figure 2.

Table 1- Summary of measurements from potentiometer and encoder

Thread Rotation Potentiometer Encoder
distance angle angle angle
[cm] [°] [°] °]
0 0 0 0
0.5 90.25 91 83.3
1 180.5 183 179.8
1.5 270.75 271 261.7
2 361 362 352.3
2.5 451.25 449 438.7
3 541.5 543 516.4
35 631.75 633 613.9
4 722 719 696.2
45 812.25 816 795.6
5 902.5 905 879.8
5.5 992.75 993 970.9
6 1083 1085 1057.1
6.5 1173.25 1177 1144.6
7 1263.5 1266 1239
7.5 1353.75 1358 1323.3
8 1444 1450 1416.1
8.5 1534.25 1535 1521.1
9 1624.5 1630 1602.1
9.5 1714.75 1730 1692.4
10 1805 1803 1776.4
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Figure 2 — Graph of the obtained angles from both sensors referring
to the actual rotation

Conclusions. Analysis of the data indicates that the precision potentiometer
achieves higher agreement with theoretical rotation angle values, especially in the
lower range of linear displacement. The deviations in its readings are small, making it
a suitable choice for applications where measurement precision is crucial. It is worth
noting, however, that as the angle of rotation increases, the deviations begin to
accumulate, although they are still within acceptable limits of +5°. The magnetic
encoder, on the other hand, while initially showing smaller differences compared to
the theoretical values, begins to deviate more from the expected results over time,
especially at larger linear displacements. At the last measurement points, the
difference between encoder readings and theoretical values is already about 28.6°,
indicating possible phenomena related to cumulative errors in the encoder reading
system.

The magnetic encoder, despite its larger deviations, shows greater measurement
stability under dynamic conditions, making it more resistant to potential
environmental variables. The final analysis shows that the potentiometer performs
better in tasks where precise control of rotation angle is crucial, while the encoder
may perform Dbetter in applications requiring durability and resistance to harsh
environments.

The precision potentiometer, thanks to its simplicity of design and high
accuracy, is used in applications where precise position control is crucial and the
operating conditions are not too demanding in terms of dynamic loads. It can be used
in home automation systems, such as precise position control in blinds or shutters,
and in industrial robots for accurate positioning of handling components. Its low price
and ease of implementation also make it attractive for R&D projects where cost is a
significant constraint.
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The magnetic encoder, on the other hand, is ideal for harsh industrial
environments and dynamic control systems due to its resistance to mechanical wear,
vibration and contamination. It can be used in mobile robotics, where measurement
reliability is crucial for navigation, or in precision positioning systems in CNC
machines, where repeatability of measurements under varying environmental
conditions is important. In addition, its digital nature allows for easy integration into
modern control systems.

It is worth noting that the choice between the two sensors depends on the
specific application. In situations where both accuracy and ruggedness are important,
a hybrid application that combines the advantages of both sensors may be a possible
solution. For example, an encoder can serve as the main measurement element, while
a potentiometer can act as a redundant system for greater reliability. This type of
approach could find application in advanced control systems in robotics or
autonomous vehicles, where accuracy and safety are equally important.
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