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3MIH C.O., noneHT kadeapH aBTOMATHKH Ta KOMITIOTEPHOIO TeleKepyBaHHs
PYXOM MOi3/1B, KaHIWJAT TEXHIYHUX HAYK, YKpPaiHCHKHI AEp:KaBHUU YHIBEPCUTET
3QJII3HUYHOTO TPAHCTIOPTY.

[MPUJIUIIKO A.A., noueHT kadeapu aBTOMATHKA Ta KOMII FOTEPHOTO
TeJIEKEPYBaHHS PyXOM MO13/11B, KAHAUAAT TEXHIYHUX HAYK, YKPAiHCHKUM Jep:KaBHUN
YHIBEPCUTET 3aJI1I3HUYHOTO TPAHCIIOPTY.

COCYHOB 0.0., nouenTt xadeapu aBTOMAaTHKH Ta KOMIT FOTEPHOIO
TeJIEKEPYBaHHS PyXOM MO13/11B, KAHAUAAT TEXHIYHUX HAYK, YKPAiHCHKUM Jep:KaBHUN
YHIBEPCUTET 3aJI1I3HUYHOTO TPAHCIIOPTY.

[IEBJIMKIHA O.B., noueHt kadeapu aBTOMATUKH Ta KOMII FOTEPHOTO
TeleKepyBaHHs pyxoMm mnoi3aiB, PhD, VYkpaiHcekuil gep:kaBHUN YHIBEPCUTET
3QJ1I3HUYHOTO TPAHCTIOPTY.

I[iaI‘HOCTI/IKa ACMHXPOHHOI'0 ABUT'YHA 3 BUKOPUCTAHHAM 3HATTH 3y6uean
XapaKTEePUCTHUK Ta OﬁpOﬁKl/l JAAaHUX 3 BUKOPUCTAHHAM IITYYHOI'O iHTe.JIeKTy

Anomayin. Y cmammi po3zensioaemuvcs iHHOBAYIHUL NIOXi0 00 0iA2HOCMUKU ACUHXPOHHUX OBUSYHIB, 5KI €
KAH0YOBUMU KOMHOHEHMAMU 8 NPOMUCTIO80CMI MA HA 3ANI3HUYHOMY MPAHCNOPMI, 30KpemMa 6 CUcmemax asmomMamuxu
ma meneKkepy8anHs PyXom noi3oie. 3anponoHo8anuil Memoo 6a3yemvcs HA 2MUOOKOMY AHANIZL 3Y0Ye8UX 2APMOHIK Y
cnexmpi cmpymy cmamopa (Motor Current Signature Analysis, MCSA), wo 00360/11€ npogooumu MOHIMOPUHe CMAHY
08USYHA 8 PeaNibHOMY Yaci Oe3 HeOOXIOHOCMI 1020 3YNUHKU.

B pobomi oemanvno onucano memooonozito, w0 nouuHacmvca 3i 300py OAHUX CMpyMy Ccmamopa 3a
00NOMO20H BUCOKOYACMOMHOI OUCKpemu3ayii, npoo08ICYEMbCsL UOLIEHHAM MA HOPMYBAHHAM 3)0YeUX 2apMOHIK,
yacmomu SKUX 3a1edcams 6i0 napamempis 0sucyHa (KilbKocmi nasié cmamopa ma pomopd, Yucia nap noocié ma
yacmomu mepeoxci). Ocobrusa ysaza npudinsaemvces IOeHMupiKayii XapakmepHux 4acmom, NOGSA3AHUX 3 DIZHUMU
8UOAMU HECNPAGHOCHEU, MAKUX AK eKCYEHMPUCUmem NosimpsHO20 3a30py (CmamuyHuti ma OUHAMINHULL), a MAKOHC
HOWKOOICEHHSI 0OMOMOK abo MexaHiuni oeghexmu.

Llenmpanonum enemeHmom 3anponoOHOBAHOI cUCMEMU € IHmMe2payis WmyYHo20 I[HmMenNeKmy, a came
bacamowapogoi’ HetlpoHHOI Mmepedci npsimoeo nouwtupennss (MLP), ona asmomamuzoearnoi 0b6pobku ma xnacughikayii
OMPUMAHUX CREKMPATbHUX OAHUX. BXiOHuil wiap mepesici npuliMae 6eKmop 03HaK, Wo 6KII0HAE HOPMOBAH] AMIIIMYOU
3y6yesux ma OIUHUX 2APMOHIK. J]Isl HABUAHHS MEPENHCT GUKOPUCTOBYEMbCI MEMOO 360POMHO20 NOUUPEHHS NOMUIKU 3
@yuryicro smpam kpoc-enmponii ma ¢ynxyicto akmusayii ReLU y npuxosanux wiapax, a 6UxioHul wap eUKOPUCmosye
Softmax ons kaacughikayii 4OMUpLOX OCHOBHUX CMAHIB: HOPMANbHA POOOMA, CMAMUYHUL eKCYeHmpucumen,
OUHAMIYHULL eKCYEeHMPUCUmen, ma NOWKoONCeHHs. 0OMOMOK.

Hageoeni  pesyromamu mooenioganns, npogedeni HA ACUHXPOHHOMY O8UcYHi nomyoicHicmio 5,5 kBm,
niomeepodicyioms egpexmugnicms nioxody. Excnepumenmu KmO4AIU CUMYIAYIIO HOPMATLHO20 CMAHY, CHMAMUYHO20
ma OUHAMIYHO20 eKCYEeHmpucumemy, OeMOHCMPYIOYU 3HAYHE 3POCMAHHA AMNIIMYO XAPAKMEPHUX 2apMOHIK npu
Hassnocmi Oegpexmis. Hetipomepeoica, Hasuerna na 1000 cnexmpax, docsena mounocmi knacugpikayii 94% na mecmogiii
8UDIpYi.
3anpononosanuii Memoo 0038015€ He Julle 3HAYHO RIOSUWUMU MOYHICMb OIAeHOCMUKU, ane U 3abe3newumu ii
ONepamusHicms, Wo € KPUMUYHO GANCIUSUM 051 3aN0DINCHO20 00CIY208Y6AHHS, 3MEHUIEHHS. eKCHLyamayitiHux
sumpam ma 30L1bUeHHs MEPMIHY CYICOU 0ONAOHAHHS 8 YMOBAX be3nepeperoi pobomu mpancnOPpmHUX CUCHEM.

© 3MI C. O., MPUJIUIKO A.A., COCYHOB 0.0., IIIEBJUKIHA O. B., 2025
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Xoua memoo uymauguti 00 MoOYHO20 GUIHAUEHHS]
napamempie O0eucyna ma WyMmig, U020 NoOANbLUUL
po36umoK  nepedbauac  iHmezpayiry - 000AMKOBUX
OIAZHOCMUYHUX —~ O3HAK, MAaKux AK eiopayis  ma
memnepamypa, 01 HoO0AIbWO20 NIOBUWEeHHS HAOTUHOCMIE
cucmemu.

Knrouosi  cnosa:  Acumxpomnuii  08uyH,
diacHocmuka, 3y0yeei apMOHIKU, CNeKMPAbHULL AHATI3,
Motor Current Signature Analysis (MCSA), wmyunuii

iHmenekm,  HeUpoOHHA — Mepedca,  eKCYeHmpUcumem
noGIMpAHO20  3a30pYy,  NOWIKOOJICEHHA — OOMOMOK,
npozcHocmuuHe 00C1Y208)6aAHHS

Beryn

AcHHXpOHHI JIBUTYHH (AL €
(dyHIaMEHTATLHOIO CKJIaJI0BOIO Cy4acHOI
MIPOMHUCIIOBOCTI, @ IXHI pOJIb Ha 3aJi3HUYHOMY
TpaHCIIOPTI HaOyBae 0coOIMBOro 3Ha4YeHHS. BoHHM

IIMPOKO BUKOPHCTOBYIOTHCSI B PI3HOMAHITHUX CHCTEMax,
BKJIFOUAIOUHN TIPUBOJH CTPLIIOYHUX TIEPEBO/IIB,
BEHTWIALIIO TYHENIB, CHCTEMH EHEProloCTayaHHS Ta
JIOTIOMDKHI ~ MEXaHi3MH pPyXOMOTO CKJamgy. 30Kpema,
HajilHicTh pobotm AJ] y mnpuBomax
NepeBOAIB €  KPUTHYHOIO  JUIsS

CTPLIOYHUX
3a0e3revyeHHs
OesrepebiifHOrOo  Ta  O€3MeYHOro  pyxy
HesBakaroun Ha mpurtamMaHHy M MIIHICTH Ta HPOCTOTY
KoHCTpykmii, AJ] migmaloThcsi 3HOIICHHIO, 3a3HAIOTh
MEXaHIYHUX Ae(EeKTIB Ta MOXYTb BUXOTUTH 3 Jany
BHACJIIOK  eKCIUTyaTamifHuX Bynb-sixa
HECIIPaBHICTh TaKOTO JBUTYHA Y CHCTEMi KepyBaHHS
CTPUIKOIO MOXX€ TMpPU3BECTH [0 3aTPUMOK  PYyXY,
nopyieHHs1 rpadiky nepeBe3eHb Ta, HaHBaXIMBIIIE, O
CTBOPEHHS aBapidHMX cHUTyamid, mo Oe3rnocepeaHbo
3arpoXKyIOTh Oe3Melli MacaKUPiB Ta BAHTAXKIB.

IOT3I1B.

BIUIUBIB.

TpagumiiHi METOAM JIaTHOCTUKH, Taki K
Bi3yaJIbHHH OIS ab0 BHUMIPIOBAHHS ONOpPY OOMOTOK,
4acT0 € 1HBa3WBHMMH Ta BUMAraloTh 3YIHHKH
oOnamHaHHA. Y KOHTEKCTI 3aII3HHYHOTO TPAHCIIOPTY, JC
OC3MepepBHICTh  pyXy € IJIaHOBE
BHUBEJICHHS 3 CKCIUTyaTallii CTPIIOYHOTO IMEPEBOAY IS
IarHOCTUKKA € BKpail HeOakaHUM 1 TPU3BOAUTH MO
CYTTEBHX oOIepamiiHux BTpar. Lle cTBOproe HaraibHY
motpedy y po3poOIi Ta BIPOBaKCHHI HEiHBa3WMBHUX

JAO3BOJIAKOTH  IPOBOJAUTHU

TIPIOPUTETOM,

METO/iB MOHITOPUHTY, SIKi
nmiarHocTuky crany AJl y peanbHOoMy 4waci, 0e3
nepepuBaHHs iXHbOT poOoTH.

Amnani3 3yOueBHMX TapMOHIK Y CIIEKTpi CTpyMmy
craropa (Motor Current Signature Analysis, MCSA) €
OIHUM 3 HAWUOINBII TEPCICKTUBHUX HAMPSIMKIB U
BupinreHHs wmiei npobiemu. Lleit MeTox IpyHTYEThCS Ha
MIPUHIONMI, MO Oyab-sKi BIIXWICHHS y (i3UUHOMY CTaHi
JIBUTYHA — TaKi SIK €KCLEHTPHUCHUTET IMOBITPSHOTO 3a30py,
HOIIKO/PKEHHs. ~ 0OMOTOK  abo

1HII1 MeXaHIuHI

HECIIPaBHOCTI — BHUKIMKAIOTh TMOsABY abo 3MiHY
XapaKTEepPHUX TApPMOHIK y CHEKTpPi CHOXXHWBAHOTO CTPyMY.
Businenns nux "curHatyp'" Ha paHHIX CTaisfX JO3BOJISIE
CBOEYACHO BXHUTH 3alOO0DKHHX 3aXO0JiB, 3aro0irarouu
CepHO3HUM MOJIOMKaM Ta IXHIM HETaTHBHUM HACIiJIKaM.
CyuacHi JOCSTHEHHS y cdepi IITYYHOTO
igrenexry (ILI), 30kpemMa pO3BUTOK HEHPOHHHX MEPEK,
BiIKPHBAIOTh HOBI MOMJIMBOCTI JUII aBTOMATH3allii Ta
3HAYHOTO Mi/IBUIIEHHS TOYHOCTI aHaJi3y JIarHOCTUYHHUX
naHuX. [HTErpamis ajropuTMIiB MAIIMHHOTO HABYaHHS
JIO3BOJISIE CTBOPUTH IHTENEKTyaJlbHI CHCTEMH, 3/aTHi
CaMOCTIHHO  pO3Mi3HAaBaTH  CKJIaJHI  TNATepHH B
CHEKTPAJIbHUX JAHWX, 110 POOWTH Tpollec NiarHOCTHKU
Oinpmr 00'€eKTMBHMM Ta MIBHAKUM. 3actocyBaHHs [III
MiHIMI3y€ BIUIMB JIOJCHKOTO (akTopa Ta JO3BOJISIE
OTIEPaTHBHO BUSBIITH HECIPABHOCTI, IO € KIOYOBUM

st 3a0e3ledeHHs BHCOKOTO piBHA  Oe3lmekd Ta
e(eKTUBHOCTI IIEPEBI3HOTO TIPOLIECY.

Meroto  miei pobotm €  po3podka Ta
OOIPYHTYBaHHSI METOJMy JIarHOCTUKH AaCHHXPOHHHUX

JIBUTYHIB ISl 3JII3HUYHOTO TPAHCIOPTY, IKAH 06a3yeThCs
Ha KOMIUIEKCHOMY BHKOPHCTaHHI aHaji3y 3yOLeBHX
XapaKTEepPUCTUK CTPyMy CTaropa Ta HEHpoMepeKeBoi
00poOKH JTaHKX 13 3aCTOCYBaHHSM IITYYHOTO 1HTEIIEKTY.
JliarHocTMKA  aCHHXPOHHOrO0 JBHMIYHa 3
BHKOPHCTAHHSIM 3HSATTS 3y0l[eBUX XapaKTepPHCTHK Ta
00po0KM NaHHMX HeilipoMepekeld 3 BHKOPUCTAHHIM
IITYYHOI0 iHTeJIeKTY
Amnani3 cur"arypu crpymy asuryna (MCSA) e
MOTYXXHOI0, HEIHBa3MBHOIO TEXHIKOI0 MOHITOPHHIY
CTaHy, sKa aHaJi3ye CIEKTp CTPyMy cTatopa Juis
imeHTUdIKamil crenudiyHIX TapMOHIYHUX KOMIIOHCHTIB,
MOB'SI3aHUX 3 HecnpaBHOCTsIMHU. Lleit miaxin mo3Bose
MIPOBOAWTH  JIaTHOCTMKY B peajlbHOMYy daci 0e3
mepepuBaHHs pobotn mgBuryHa. MCSA € o0cobmmBo
e(EeKTUBHUM JUISl JIarHOCTUKM HECHpPaBHOCTEH, MI0
BUKJIMKAIOTh  KOJIMBaHHS KPYTHOTO MOMEHTY  abo
IIBUJKOCTi, 10 POOWTH HOTO iIeaNlbHUM [UIS aHaJi3y
PI3HOMaHITHHX HECIIPaBHOCTEH IBUTYHIB. [1]
CyuacHI JOCATHEHHS B Taly3l IITYYHOTO
IHTEJEKTY, 30KpeMa B HEHPOHHHUX MEpeXkax, BIAKPHUBAIOTh
HOBI MOXJIMBOCTI JJIsI aBTOMAaru3amii Ta 3HAYHOTO
MiIBUINECHAS TOYHOCTI JIIarHOCTHYHHX IMPOIECiB  Ha
ocHOoBi MCSA. T'nmbOoki Moneni HaBYaHHS, Taki SK
GararomrapoBuil nepuentpon (MLP), Bukopucranmii y
uiif Meromonorii, MOXyTh e(heKTHBHO KiacupikyBaTu
CKJIafHI MIHIMI3YIOUM  BTpY4aHHS
JIOIIMHY Ta T ABHUIYIOYH TOYHICTh JIarHOCTHKH. [2]
Ioeqnanns MCSA Ta Il cTBOproe moTyHUM
CHUHEPreTUIHUH edexT JUIs MPOTHOCTUYHOTO
obcimyroByBanHs. MCSA wHamae Oarari, aie dYacrto

CTaHu JIBUI'YHA,
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CKJIaJHI Ta TOHKI JaHI IPO CUTHATypH HECHPaBHOCTEH.
LI, ocobmmBo TNMOOKE HABUAHHS, YYJOBO PO3Ii3HAE
3aKOHOMIPHOCTI y 0araTOBUMIpHHX, 3aIIyMJICHHX JaHHX.
TakuMm 9wHOM, I KOMOIHAIli BHXOIWTH 32 PaMKH
TpamUIiHOT iHTepIpeTamii MCSA JIFOJICBKUMU
eKCTIepTaMHt, JI03BOJISIIOUM CTBOPUTH OULTBII HaIiHHY,
aBTOHOMHY Ta IOTCHLIHHO OUIBII YYyTIMBY CHUCTEMY
BUSIBJICHHS HecnpaBHocTell. lle o3Hauae mepexin Bix
pEakTUBHOTO ab0 IUIAHOBOTO  OOCIIyTrOBYBaHHS  JIO
CIPaBXHBOTO TPOTHOCTMYHOTO OOCIyrOBYBaHHS, J€
TOHKI 3MiHM MOXYTb OyTH BUSIBJICHI Ha PaHHIX CTafisx,
3ano0iraroun KaracTpoiuHiM 300M Ta ONTHUMI3YIOUH
rpadiky TEXHIYHOTO 00CITyroByBaHHS. [3]

3yOueBi TapMOHIKM BHHHKAIOTh YHACIiJOK
MIPUPOTHOI B3a€MO/Ii MarHiTHUX IIOJIIB CTaTopa 1 poTopa,
SIK1 3aJeXXaTh BiJi TEOMETPUYHHUX OCOONMBOCTEH JIBUTYHA.
XapakTeprCTUKK 3aleXaTh BiJ| KUJIBKOCTI Ma3iB craropa
(Ns) Ta potopa (Nr). HacToT 1IMX TapMOHIK (fzr) MOXYTh
OyTH po3paxoBaHi 3a (HOpMyJIIOI0

fon =1 (k-2 1),

(D
Iie f1 — 9acToTa )KUBWIBHOT MEPEXKi;
k — nopsiaxkoBuii Homep rapmoniku (k=0,1,2,...);
p — YUCIIO TIap MOJIOCIB;
N, —4ncIo nasiB poTopa.

[lpu eKCUEHTPUCHUTETI TOBITPSHOTO 3a30pY
(cratnuHOMy ab0 JAMHAMIYHOMY) aMILTITYyJa TapMOHIK
3pOCTaE. Hast JMHAMIYHOTO EKCIIEHTPHCUTETY
3'ABISIIOTBCSL  JIOJATKOBI  OiuHi  wactotn  (fae), sIKi
PO3paxoBYIOTHCS SIK

fufremf;
2

ne f=n/60 — gyacrora obepTanHs poTtopa (B I'1);
n — MBHAKICTH 00epTaHHs (00/XB);
m — IiJIe YucIo.
3aranpHU cUrHAI CTpyMy cTaropa I(f) Moxe
OyTH TpeACTaBIeHUWH K CyMmMa WOro TrapMOHIMHUX
CKJIaJIOBUX

1() = Lsin2nfit) + SiLop s SIN2T fopse €+ i)

nie /1 — aMInTiTyJa OCHOBHOI TapMOHIKH;
Lk — aMIuTiTY 12 3y0O11eBOT rapMOHIKH TOPAAKY k;
& — azoBuii 3cyB.
YMOBH HECTpaBHOCTI, Taki sSIK CTaTUYHUHA abo

MUHAMIYHUA ~ EKCIEHTPUCHTET TOBITPSHOTO  3a30py,

11eHTH(IKYIOTECSL 32 MOMITHUM 3pOCTaHHSM aMIUITYIN
cnenu@iuHUX TapMOHIK Yy CIIEKTpI CTpyMy CTaropa.
Hampuknan, B eKCHEpUMEHTAIBHOMY  JIOCHIIPKCHHI
30UTBIIICHAS  aMIDTITY/T
=650 T'1.
ExcriepuMeHTabHa yCTAaHOBKA BKIIOYAE ACHHXPOHHHN

eKCIIEHTPUCUTET TPHU3BIB 10
rapMoOHIK Ha dactoTax fx=350Tm Ta

JIBUTYH TIOTYHicTi0 5,5 kBT 3 p=2 mapamu momiocis,
N,=28 mazamMu poTOpa Ta YacTOTOIO XMBMIIBHOI MEpexi
S1=50 I'm.

He#t miagxin MiAKPECITIOE BaXIIHBICTH MPOCTOPY
03HAK, 3aCHOBAaHOTO Ha (i3MyHMX NMpuHIHNax. Bupasn (1)
Ta (2) HE € NOBUIBHUMH 4YacTOTaMH, a 0Oe3rocepeaHbo
BUBOJATECS 3 (ismuHMX mapamerpiB JBuryHa. lle
O3Ha4ae, MO0 MpPOLEC BWIYYECHHS O3HAK IIOJISITae He
IPOCTO Yy  3aCTOCYBaHHI  3arajbHOTO  IIBHJIKOTO
neperBopennst @yp'e (FFT), a y BusBnenHi cneyugiunux,
@izuyno 3nauywux 49actoT. Takuil WmXix o0 iHXeHepil
O3HaK, 3acHOBaHMH Ha (i3umi, € BUpiwaIEHUM. BiH
3MEHIIyE PO3MIPHICTH 3a7adi, POOUTH O3HAKH OLIBII
IHTEpIIPETOBAaHUMH Ta, WMOBIPHO, TOKpAIIly€e 37aTHICTh
HEHpPOHHOI Mepeki N0 y3arajJbHEHHs, OCKUIBKM BOHA
HaBYAETHCSI HA CUTHAJIaX, OE3MonocepeHbO MOB'A3aHNUX 3
OCHOBHMUMH MEXaHi3MaMH HECIpaBHOCTEH, a HEe Ha
JIOBIIBHUX CHEKTpaJIbHUX KOMITOHeHTaX. lle xiodoBa
BIIMIHHICTH BiJ] YHCTO KEPOBaHUX IaHUMHU MOJCIeH
"4OpHOT CKpUHBKH'".

Takok BaXJIMBO BpaxoBYBAaTH UYyTJIMBICTH
MCSA 1o mapameTpiB JBUTyHa Ta YMOB EKCILTyaTallii.
To4HICT MIaTHOCTHYHOI CHCTEMH CHIIBHO 3aJISKHUThH BiJl
TOYHOTO 3HAHHS KOHCTPYKTMBHHUX IapaMeTpiB ABHUTYHA
Ta ¥oro po0Oodoi MmBUAKOCTI. SIKm0 mi mapameTpu
HEeBiZoMi a00 3HAYHO 3MIHIOIOTHCSA IIiJ Yac pPOOOTH
(Hanpukiax, JUIs JABUTYHIB 31 3MIHHOIO IIBHJKICTIO),
niana3oHu

¢ikcoBaHi  4acTOTHI

HeCHpaBHOCTCﬁ 6yﬂyTI> HCTOYHHMH.

JUIl  BUSIBIICHHS
Ile Bka3sye Ha
HeoOXinHICTh a00 HaIHOTO MOJYJIS OLIHKH ITapaMeTpiB,
abo aJanTHUBHOIO BiJCTEKEHHS YaCTOTHHX Jlialla30HIiB
JUIs peaJbHOTO PO3TOPTaHHS, IO € 3HAYHMM BHKIIMKOM,
SIKMH BUXOAWTH 33 PAMKH IIi€i KOHKpPETHOI poboTH, aie €
BUPILIAJIBHUM IS TPAKTUYHOTO 3aCTOCYBaHHS. [4]
[TowyaTkoBHii KPOK y IiarHOCTHYHINA METOMOJIOT{
nepen0ayae BUMIPIOBAaHHSI CHUTHANy CTpyMy cTaropa 3a
JIOTIOMOTOI0  BiJIIOBIIHMX JaT4MKIB CTpyMy. Baximso,
0 4YacToTa JucKperusanii (fs) cucremu 300py HaHUX
MIOBUHHA BiJNoBifaTH Kputepito Haiikgicra, To6T0 OyTH
BIBiUl  OUIBIIOIO 32 MaKCHMAJIbHY

(ﬁ>2fzh,max).

Skmo HaifBMIIAa OYiKyBaHa YacTOTa HECIPABHOCTI He

HIOHalMeHIIe
OUiKyBaHy 4YacTOTy 3yOIEeBHX TapMOHIK
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Oyzne aJeKkBaTHO 3aXOIUICHA, BUHHMKHE aJIIaCHHT, MI0
MIPU3BEJIE 10 HEeTIPaBMIIbHOI AiarHocTHKH. Lle o3Hauae, mo
MIPOEKTYBaHHs cHcTeMu 300py naHuX (BHOIp NaT4MKiB,
AIIl ta 4YacToTH AWCKpeTH3amii) Mae OyTH PETEIHHO
Y3roJKEHE 3 TEOPETUYHHMH YacTOTAMH HECIPAaBHOCTEH.
I'mubmmii HacIioK mojsirae B TOMY, IO JUIS IBUTYHIB 3
OLIBIIOI0 KUIBKICTIO IOJIFOCIB 400 BHIIMMH IIBUIKOCTSIMH
Sfehmax Oyne BHUIIOIO, IO BHMara€ BHIIUX YacTOT
JIMCKpETH3allii, 10, CBOEI0 Yeproro, BILIMBAE HA BHUMOTH
mo 30epiraHHs Ta o00poOkm mamux. Lle cTBOpIOE
MIPaKTHYHE 0OMEXEHHS Ha MPOEKTYBaHHS CHCTEMH.

OCHOBHI eTan JiarH0CTyBaHHS.

Eran BuaineHHs 3yOmeBMX XapaKTEPHUCTHK
JIIarHOCTUYHOI MOJIeNi 30CepeDKEHNH Ha IepeTBOPEHHI
"cuporo" curHaily CTpyMy craropa B Halip KUIBKICHHX
O3HaK, AKi € YyTIMBUMH JI0 TIEBHHX HECIPaBHOCTEH
acMHXpoHHOro auryHa. CyTb Tpolecy IIOJsIrae y
BUSBIICHHI Ta KUTbKICHIN OIHIII CITEIU(IYHUX YACTOTHUX
CKJIAZIOBUX, SIKI BHUHMKAIOTh Y CTpyMi JABHUTYHa IIpU
HASBHOCTI Te()EKTiB.

[TepeTBopeHHs1 CHTHaly B YacTOTHY 0O0JacTb
OJISITa€ y BUKOPHUCTAHHI CHEKTPaJIbHOTrO aHamizy. Curnan
CTpyMy craropa, SKHH € 4dacoBooo (QyHKmieo [(2),
MIEPETBOPIOETECSL 3 4YacoBoi obOyacti B YacToTHy. lle
JIO3BOJISIE PO3KIIACTH CKJIAJHUN CUTHAJI HAa HOTO CKJIAJIOBI
TapMOHIKH, BUSIBUBIIM OCHOBHI Ta JOAATKOBI YacTOTH, a
TakoX IxHI ammniTyaud. s 1bOro 3acTOCOBYETHCS
mBuake nepersopenHst Pyp'e (FFT). Pesynsratom €
CHEKTp, SIKMH BiOOpa)ka€ aMILTITYJy KO>KHOi YacTOTHOI
ckianoBoi. [10]

ITepen BUKOHAHHSM CHEKTPAJIBHOTO aHANIZY JIO
CUTHAJLy 3aCTOCOBYETHCSl BiKOHHAa (yHKIis (HampuKiIam,
BikHO Xewmminra). ILle poOuTBCS IS TOKpAICHHS
"po3mibHOI  37aTHOCTI"  OTPUMAHOTO  CIIEKTpa Ta
3MeHIIeHHS edeKTy "BUTOKy criekTpa" (spectral leakage).
BuTik crekTpa MOXXe HPHU3BECTH 10 PO3MHUTTS MIKIB Ta
YTPYAHEHHS TOYHOTO BHM3HAYEHHS aMIUITYX T'apMOHIK,
0cOONMMBO THX, IO MalTh HHM3bKY aMIUITYAy abo
3HAXOJATHCS OJM3BKO JIO IHIINX, CHIIBHIMINX CKJIAJOBHX.
Bikonna ¢Qynkmis  "srmamkye" kpai  THMYacoBOTO
CeTMEHTY, SKHH aHalli3yeThcs, 3MEHIIYIOUHM INTY4YHI
apredakTty B ciekTpi. [11]

InenTHdikariss Ta KUTPKICHA OI[iIHKA TapMOHIK
HecripaBHOcTeH. [Ipn HasBHOCTI IeQeKTiB, TakuxX SK
EKCIIEHTPHCUTET TOBITPSHOTO 3a30py, AaMIUIITYAM LUX
rapMOHIK 3pOCTalOTh. IXHi YaCTOTH MOKHA PO3PaxyBaTH
3a (1).

OxpiM 3yOIEeBHX TapMOHIK, IpH AESKUX THUIAX
HECIIPaBHOCTEH, 30KpemMa npu JUHAMIYHOMY
eKCIIEHTPHUCHUTETI MOBITPSHOTO 3a30py, Y CIEKTPi CTPyMy
3'ABISIIOTHCSI ZIOAATKOBI OOKOBI yacToty (fae). Lli wacrotn

TIOB's13aH1 3 YacTOTOI0 00epTaHHs poropa (fr). 3pocTaHHs
aMIUNTyl [HUX CKJIQJAOBHX € TMPSIMHM IHIMKaTOpOM
JIMHAMIYHOTO €KCIIEHTPUCHTETY.

Jnst orprMaHHs yHI(DIKOBaHMX O3HAK, SIKI MEHII
YyTJIUBI 10 3MiH HaBaHT)KEHHS a00 HANpPYyTH KUBJICHHS,
aMIUITyld BHSBICHHX 3yOLEBHX Ta OIYHMX TapMOHIK
HOpMyIOTBCS. Lle 3a3BH4all  BHKOHYETHCS LUISIXOM
JIUIEHHS ~ aMIUNTyId TapMOHIKM HECHpaBHOCTI Ha
aMIUIITyly OCHOBHOI TapMOHIKH cTpyMmy (/1)

P LS
zhk — I—'
1

e X ( fzh. k) — aMIunityJa 3yOIeBoi T'apMOHIKH

MOPSAKY k.

Ha 3aBepmienns eramy ¢opMmyBaHHS BeKTOpa
O3HaK BCi BHAUIGHI Ta HOPMOBaHI  aMIUTITYAd
XapaKTepHUX TapMOHIK, a TAaKOX BIJMOBIIHI YacTOTH
OOKOBHX CKJIQJIOBHX, OO'€HYIOTBCS B €IMHHMH BEKTOP
o3HaK. Lleil BEKTOp € KUTbKICHUM NPEACTAaBICHHIM CTaHy
JIBUTYHA 1 CIy)KHTh BXIIHUMH JQHUMH JUIS HACTYITHOTO
eranmy — HelipomepexeBoi 00poOku. Takum YHMHOM,
CKJIaJHUH  YacoBMH CHUTHal  TpPaHCHOPMYETbCS B
KOMITAaKTHAH 4YHCIOBHH (opMaT, SKU Moxe Oytn
epeKTUBHO  OOpOOJEHUI  aJropuTMamMHM  IITYYHOT'O
THTETICKTY.

Eran HeHpoMepexeBoi 00poOKH €
IHTEJIEKTYalbHIM SIJpOM  PO3pOOJIEHOT  AiarHOCTHYHOT
Mojeni, 1o 3a0e3nedye aBTOMAaTH4HY KiacH]ikamiio
CTaHy aCHMHXPOHHHMX JBUTYHIB Ha OCHOBI BHAIJICHUX
CHEKTPAJbHUX O3HaK. BiH IPyHTyeTbCcS Ha TNPHHIMIIAX
LITYYHOTO 30KpeMa Ha BHMKOPHCTaHHI
HEIPOHHUX MEPEXK.

Jns peanmizamii  kimacudikanii HecnpaBHOCTEH
BUKOPHCTOBY€EThCS OaraTolmapoBa HEWpOHHA Mepexa
npsmoro  nommpenas  (MLP).  ILlew Mepex
CKJIAJaeThcsi 3 TMOCHIZOBHO PO3TAallOBAaHWX  INApiB
HEeHWpoHiB, ne iHdopMmalis PyXaeTbCsl JIMIIE B OJHOMY
HaIpsIMKY — BiJ{ BXiIHOTO mapy 10 BuxigHoro. [12]

Ha BxigHuii map Mepexi MojaeTbcs BEKTOP O3HAK
(F). Le#t BexTOp MICTHTH KINBbKICHI IaHi, OTpUMaHi Ha
HONepeIHbOMY erarmi BUIJICHHS 3yOLeBux
HOPMOBaHI  aMIUNTYyau  3yOLEBUX
TapMOHIK (Az4k) T YACTOTH TOJATKOBUX OIYHUX TapMOHIK
(fae). KinpKicTh €J1€MEHTIB y I[bOMY BEKTOpI BiAIOBigae
KIJIbKOCTI IPOaHaJIi30BaHUX TAPMOHIK Ta OIYHHMX YacToT.

IHTEJIEKTY,

THII

XapaKTCPUCTUK:

Mix BXiZHMM Ta BUXIJHUM IIapaMH pPO3TamIOBaHi
MIPUXOBAaHI MIapH.

Buxiganii  map — Mepexi
KJacugikamii craHy JIBUTyHA.

HpI/IBHa‘leHI/Iﬁ JUJIA
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HaBuaHHS Mepexi € KIFOUOBHM €TaIoM, TIiJ J9ac
SIKOTO BOHA BUYHTHCS PO3II3HABATH IATCPHU, IO
BiJINIOBiTAIOTh PI3HIUM HECIIPABHOCTSIM.

Po3pobiiennss Mopmeni Ta  I0C/iIKeHHS
pe3yabTariB 3 Bukopucranuam MATLAB
3amnporoHoBaHa HeWpoHHa Mepexa €

MIPOTPaMHOI0 MOJIEJUTIO, PEATi30BAaHOI0 B CEpeJIOBHIII
MATLAB 3a gonomororo ¢ynkuii Deep Learning
Toolbox. Bona ckiamaerscst 3 IOCIIIOBHOCTI MIApIB,
KOXKEH 3 SIKMX BUKOHY€ ITIEBHI MaTeMaTH4Hi oreparii Ha
BXIIHUMHU JaHUMH, 1000 HABYUTHCA PO3Ii3HABATH
TIaTepHH, TOB's3aHI 3 pI3HMMHU CTaHaMH JBUTyHA. [13]
Bubip apxirekrypu MLP Ta ¢yskniii axrusamii
BiZjoOpaXkae OajaHC MK MPOCTOTOI0 Ta CKIAIHICTIO
3amadi. Lls apxiTekTypa, Xoua i eeKTUBHA, CBIIUUTH TIPO
Te, IO BWIy4YeHI O3HaKW (BeKTop F) € JOCTaTHBO
JUCKpUMIHAIHHUMY, 1 CKJIaJHa apXiTeKTypa IIHMOOKOTro
HaB4aHHA (sk-0T CNN a6o LSTM, sramani B [13] mis
IHIIMX 3aCTOCyBaHb) HE € aOCOMOTHO HeoOximHoro. Lle
o3Hagae, mo eranm MCSA Ta imKeHepii O3HaK
BUKOHYIOTh 3HAauyHy 4YacTHHy "Baxkoi pobortn" 3
MIEPETBOPEHHS] CUPUX CUTHAJIIB Y JIIHIHHO pO3JIUTIOBAaHUN
mpocTip o3HaK. kO o3Haku Oynu cKiIagHIMMH abo

MaJli  TNpUTaMaHHI  [IPOCTOPOBI/4acOBi  3aJIEKHOCTI,
3Hamo0macs O iHmIa, ORI creniali3oBaHa apXiTeKTypa
Mepexi. Lle migkpecnroe, mo "Momens" — Ie HE JHIIC

HEMpOHHA Mepeska, a Becb KOHBEED, JIe 1HXKEHepish 03HaK
BiZlirpa€ BHpIMIANBHY pOJb Yy CHPOLICHHI 3aBJIaHHSA
knacudikamnii ast MLP.

Y po3pobieHiii Moxeni BHKOPHUCTOBYETHCS TPHU
MIPUXOBAHUX IIAPH, KOKEH 3 SIKUX MICTUTH 64 HEHpOHH.
Heiiponu B nux mapax 3aCTOCOBYIOTH (DYHKIIIIO aKTHBAILlii
ReLU (f(x)=max(0, x)). ReLU ob0pano 3a oro
00YnCITIOBANIBHY €)EKTUBHICTh Ta 3aTHICTh 3MEHITYBaTH
npobneMy  3HMKaroumx —rpamiedtiB.  Lsg  dyskmisn
JlorioMara€  Mepeki  BHBYATH  CKJIAAHI  HENiHiMHI
3aJIEXKHOCT] y BXIIHUX JaHUX, 10 € KPUTUIHO BAXKIIMBUM
JUIs  TOYHOTO pO3Mi3HABaHHS pPI3HOMAHITHUX CTaHIB
JIBUTYHA.

Buximauii  map  BUKOPUCTOBYe  (DyHKIIiFO
aktuBalii Softmax, sfka € cTaHZapTHOIO JUIA 3aj1ad
OararokiacoBoi kiacugikalii, IEepeTBOPIOIOYN  CHUpi

BHXIiJIHI JJaHI B IMOBIPHOCTI JUT KOJKHOTO KJlacy. Mepexka
Kinacugikye CTaHM [BUTYHa Ha: HOPMaJIbHY poOoTy,
CTaTUYHUN
€KCIIEHTPHCHUTET Ta MOIIKOPKCHHSI OOMOTOK.

Deep Learning Toolbox MATLAB Hanmae
KOMIIIEKCHE cepeIoBHUINe ULt
BIIPOBA/DKEHHS Ta CHMYJIHii TIMOOKMX HEHPOHHUX
Mepex. Bin npononye pi3Hi GyHKIIT Ta IHCTpYMEHTH JUIst

€KCLIEHTPHUCHTET, JUHAMITHIHA

MIPOCKTYBaHHS,

BU3HAUCHHS MIApiB MEPEXi, BKIIOYAIOYM IHTEPAaKTHUBHE
MIPOEKTYBaHHs 3a joroMoroto mporpamu Deep Network
Designer. IuctpymeHTapii TakoXX CIpHsS€e B3a€MOJIII,
JTO3BOJISIOYM  IMITOPT/EKCIIOPT  MOJENel  3/mo
¢dpetimBopkiB, Takux sk PyTorch, TensorFlow Ta ONNX.
[13]

IHIIHX

HeiipoHHa Mepexa HaBUYa€ThCS 3a JOIIOMOTOIO
NTOPUTMY 3BOPOTHOTO MOIIAPEHHS
(backpropagation), cTaHZapTHOTO METOy OHOBIICHHS Bar
Mepexi aus  MiHiMizamii
Meroro HaBYaHHA € MiHIMI3alis (YHKIII BTpaTr Kpoc-

ITOMHUJIKH
NOMWJIOK  MPOTHO3YBAaHHS.

SHTPOITii, sIKa 3a3BUYall BUKOPUCTOBYETHCS JUIS 3aBIAaHb
knmacudikamii

JIe yi — CIIPaBKHsI MiTKa KJ1acy;
¥i — nependayeHa HMOBIPHICTb.

Y mpoBeneHOMYy JOCIHiIKEHHI
HaByanacgd Ha 1000 cnekTpax CTpyMy, IO OXOIUTIOBAIH
pi3Hi cranm nBuryHa. KokeH mnpukiaz y HaBUIBHIN
BUOIpII CKJIANA€ThCsI 3 BEKTOpa O3HaK (BXig) Ta
BiJIIIOBiTHOI "TIPaBIIIBFHOI" MITKH Kacy (Oa’kaHWid BUXI]).
[Tapamerpu Heiipomepeski 3BeneHi A0 Tadmmmi 1.

HellpoMepexka

Tabmuns 1. ApxiTekTypa 6aratonrapoBoro rnepLenTpoHa Ta mapaMmeTpy HaBdaHHs

IMapamertp / Onuc 3nauenss / Kondirypartis Oyuxuis /
Komnonent [HcTpymenTapiit
MATLAB
Tum mepexi Bararomaposuii - Deep Learning
MePUENTPOH Toolbox

Bxinawnii map IIpuiimMae BeKTOp O3HAK F

F:[Azh,l,...,Azh,m,f;ie,l,...] -
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[TpuxoBani mapu Kinpkicte Ta HelipoHu Ha 3 miapy, o 64 HelipOHU KOXKEH -
map
Oyukiis  aktuBanii| HeminiliHa QyHKITIA ReLU (f(x)=max(0, x)) -

MIPUXOBAHUX IapiB

Buxinauit map OyHKIiA ~aKTUBAIil It Softmax -
kiacudikamii

Kiacu Buxigaux | Knacugikamis CTaHIB Hopwmanbha pobota, craTnaHuiA -

JTaHUX JIBUTYHA eKCIIEHTPHCUTET, TMHAMIYHUN

CKCUCHTPUCUTCT, NOIIKOIKCHHSL 00MOTOK

Meton HaBYaHHS AnropuT™ ontuMizarii Bar 3BOPOTHE MOLIUPEHHS TOMUIIKU Trainnet [14]
(Backpropagation)

@OyHKIis BTpar Merpuka s MiHiMi3amii Kpoc-entpormis trainnet,
MOMHUIIOK trainingOptions [14]

Onrumizarop ANTOpUTM OHOBJIEHHS Bar Hanpuknan, Adam (tunoso B trainingOptions [14]

trainingOptions)
Po3mip HaBuanmsHOro| KinbKicTh  cHEKTpIB  iIs 1000 criekTpiB -
Habopy HaHuX HaBYaHHS

JlocnmipKeHHsT TIPOBOJMIIOCS HAa ACHHXPOHHOMY — JIarHOCTMYHUEM IIPOLEC, BiA CHPOrO CUTHALY JIO
JIBUTYHI 3 TapaMeTpaMHu: MOTYKHICTh 5,5 KBT, unciio map  BHSBJIECHHS IPUXOBAHUX HECIIPABHOCTEH.

MoJrociB p=2, ymeno masiB poropa N,=28, a uacrora I'paciku ctpymy crartopa (pucyHok 1) B gacoBii

xuBmIbHOI Mepexi fi=50 I'm. Bynm 3momenvoBani Tpu  oOmacti (Current Waveforms in  Time Domain)

OCHOBHI CTaHH: BiZIOOpaXkaroTh MHUTTEBE 3HAYECHHS CTPyMy CTaropa y

— HOpPMalbHa pobOTa — €TAIOHHMH cTaH ©6e3  OQYHKUIi Yacy s KOXHOIO 3MOJIENIbOBAHOTO CTaHy
nedeKTiB. ACMHXPOHHOTO JIBUTYHA.

—  CTaTWYHUHA EKCIIEHTPUCUTET iMiTyBaBCs BisyanbHO  OLIHMTH  HAfBHICTH Ta  THI

smiteHHsaM 0,3 M.
—  JIAHAMIYHHUI €KCLIEHTPUCHUTET iMiTyBaBCS
BUTMHOM BaJia Ha 0,2 MMm.
30ip maHWX CTPyMy CTaropa BUKOHYBaBCS 3
yacToTolo Auckperu3anii ~10 xI'1y, a TpUBaNICTH 3amucy
cranoBwiIa 10 ceKyHII IS KOXKHOTO CTaHy.

HECIIpaBHOCTI Iyxe ckiazHo. Lle 3ymoBieHo THM, IO
OCHOBHAa TrapMOHIKa CTpyMy, MIO BIJINOBIZAa€ YaCTOTI
xuBmIbHOI Mepexi (50 I'm ), Mae 3HayHO OinbIIY
aMIUITyly TOPIBHSHO 3 TapMOHIKaMH, IO BHHHUKAIOTh
Yyepe3 HeclpaBHOCTI. 3yOLeBi rapMOHIKH Ta OiYHI CMYTH,

. Akl € iHguKaTtopamMu  nedekTiB, 3a3BUYail  MaloTh
ITIpoBenena MATLAB-cumynsnis reHepye IBa A P aeh ’

OCHOBHI THITM Bi3yaulizaliii: rpadiku cTpyMy cTaropa B
YyacoBiif 00xacTi Ta HOro CHeKTpyM B YacTOTHIN 0O0acTi.
Ili Bizyamizamii 1O3BOJISIIOTH IOKPOKOBO aHANi3yBaTh

aMIUITy M, IO CTaHOBJATH JIMIIE HEBEIUKHH BiJICOTOK
(3a3Buuaii meHme 1%) Bix aMIUliTYyAM OCHOBHOI
rapMmoHikd. Lli maii crioTBOpeHHsI Maike HEMOMITHI Ha
3arajJbHOMY CHHYycoOinalbHOMYy curHam. Kpim Toro,
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JIIOJICBKE OKO HE 3/1aTHE PO3PI3HSTH Taki HE3HAYHI 3MiHH
¢opMu curHaiy, OCOOJIMBO y TPHCYTHOCTI HE3HAYHHUX
1rymiB abo oreparifHux QiyKTyarii.

I'pacdix HOpMaBHOT POOOTH TOKA3Y€E MPAKTUIHO
1IcalbHUN, YHUCTHH CUTHAJI, IO
BiZIIOBiae cTabLIBHIN Ta Oe3edekTHii poOOoTi ABUTYHA.

[Ipu

CHUHYCOiJalbHUI

CTaTUYHOMY CKCLIEHTPHCHUTETI CHTHAl
3aJIMIIATHMETHCS TIEPEBAKHO CHHYCOiTaIbHUM. MOXYTh
OyTH TIPUCYTHI ITy’KE JIETKi Ta JeIb MOMITHI MOIYJISIIii
aMIUTITY 1, SIKI BUKJIMKaHI HEpiBHOMIPHICTIO TTOBITPSIHOTO
3a30py, aje BOHH 3a3BMYail HE NMOMITHI 0e3 peTeIbHOro

aHaIi3y.

Ctpym ctatopa: HopmanbHa po6ota

JluHaMiYHUNA EKCIICHTPUCUTET MOXKE 3'IBUTHCS
JTy’Ke TOHKA aMILUTITYTHa MOJYJISIisl OCHOBHOTO CHTHANY,
[0 TIOBTOPIOETHCSA 3 YACTOTOIO oOepTaHHS poTopa. Lls
MOJIyJIAIisA, X094 1 iCHye, aie, sSK TPaBWIO, HACTLIBKH
MaJia, o i1 Bi3yasbHa iJeHTH]IKalis B 4acoBiil oOnacTi €
HEHaJIIHO}IO.
3aneKHO Biff CTYNCHS Ta THITY ITOIIKOKCHHS,
criocrepirarucs

MOXKYTb HE3HAYHI

CIIOTBOPEHHS
CHHYyCOINaIbHOT (OpPMH, Taki SIK JIerka acuMeTpis abo
nosiBa "nrymy" Ha BepmmMHax/3anaguHax. OHaK, 3HOBY X
TaKd, U1 OUTBIIOCTI pealbHUX BUITAJIKIB IIi CIIOTBOPEHHS

€ Bi3yaJ'II>H0 HC3HAYHHUMMU.

95 |

Cpym (A)
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Yac (c)
Ctpym cTaTtopa: CTaTU4HUIA eKCLeHTpUcuTeT
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Pucynok 1. I'padixu cTpymy cratopa

Takum uymHOM rpadik B dYacoBid obsacTi
HAO0YHO JIEMOHCTPYIOTH KIIIOUOBY IPUYMHY 3aCTOCYBAHHS
CHEKTPAJIBHOTO aHali3y — HEMOMJIMBICTh TOYHOI Ta
HaJiAHOI JIarHOCTHKH HECIPaBHOCTEH aCHHXPOHHHUX
JIBUTYHIB JIMIIE Ha OCHOBI Bi3yaJIbHOTO CIIOCTEPEKCHHS

3a (OpMOIO CTPyMY.

Crektpu ctpymy cratopa (Current Spectra in
Frequency Domain) €  pe3ynsTatom
neperBoperHss ®Pyp'e curHamy cTpymy cratopa i
BiZloOpaXkae aMIUTITYZW pI3HUX YaCTOTHUX CKJIAJIOBHX.
Bice X mpencraBnsie wactoty (B I'epmax), a Bick Y —
ammnityny (B Ammepax), 4yacto B JorapupmMigHoMy

IMBHUIKOI'O
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Macmrabi  (semilogy) — mus

HU3BKOAMILTITY THUX TaPMOHIK.

Kpaloro

BUIIJIEHHS

CnekTp cTpymy ctaTtopa: HopmanbHa po6ota
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Pucynok 2. Ciektpu cTpyMy cTaropa

ChekTpalibHuil aHami3 € (pyHIaAMEHTATBHEM LIS
BUSIBJICHHS TMPUXOBaHHX HECIPAaBHOCTEH, OCKUIBKH BiH
JI03BOJISIE BUJUIMTH XapaKTepHi 4acToTd. HecnpaBHOCTI
TeHEepYIOTh crenn@ivyHi 4acTOTHI CKIafoBi (rapMOHIKN),
SKi PO3PaxOBYIOTHCS Ha OCHOBI MapaMeTpiB IBUTYHA,
3pOCTaHHS aMILIITYA IHMX XapaKTepHUX TapMOHIK €
TPSMAM THIUKATOPOM PO3BUTKY HE(DEKTY.

Ha cnektpi mpu  HOpmanbHIH poOoTi Oyne
JOMIHYBaTH OIMH SCKPaBO BHPaXCHUI MK Ha YacTOTi
XKUBWIBbHOI Mepexi (7 = 50 T'm ). Amrutityqu 3yOueBux
TapMOHIK (fzx) OyZyTh NPHCYTHI, ajieé HA MiHIMAJIbHOMY,
"(ponosomy" BiZIoOpaXkarou  HOPMAJIbHY
CJICKTPOMArHiTHy B3a€MOJiI0 poropa i craropa. biuni
4acToTH (fze) OyInyTh BifCyTHI abo MaTUMyTh BKpal
HU3bKi aMILTITYTH.

piBHi,

KirouoBoro 03HAKOIO CTaTHYHOTO
eKCIeHTpHucuTeTa OyJae 3HaYHe 3pOCTAaHHS aMILITY.
MEBHUX  3yOIEeBHX Y pesynbraTtax
MOJICTIIOBAHHS 1I€ TPOSBISIETHCS 3POCTAHHIM aMILIITY T
TapMOHIK Ha yactoTax, Hanpukiam, 350 I'n ra 650 T'm. i
30UIBIICHHS aMIUTITYA CBi4aTh IPO HEPIBHOMIPHICTB
MIOBITPSTHOTO 330Dy, CIIPHYMHEHY CTAaTHYHUM 3MIIICHHAM
poTopa.

JluHaMiyHMH EeKCIEHTPHUCUTET Ha JOJATOK JI0
3pOCTaHHS aMIUNTYyX 3yOIEeBHX TapMOHIK, HaWOUIbII
XapaKTEpHOIO O3HAKOIO € TOosiBa a00 3HaYHE 301TBIICHHS
aMILTITY]T TOMATKOBUX OOkoBWX wactoT. Lli OiuHi cMyrum

TapMOHIK.

PO3TAIIOBYIOTBLCSA HABKOJIO OCHOBHO1 FapMOHiKI/I Ta/ado

3yOlEeBHX TapMOHIK 1 € TpSIMHM  IHIMKaToOpoM
JTUHAMIYHUX Je(eKTiB poTopa, TAKUX SIK BUTHH Baja abo
fioro nucOanaxc.

CrexTp IIpyM TIOIIKO/PKEHHI OOMOTOK MOXe
MOKa3aTH 3pOCTAHHS aMIUIITYZ Ha iHIIMX XapaKTepHUX
YacTOTax, sIKi HE 3aBKAN € 3yOIeBUMHU TapMOHIKaMH, aje
MoB'sI3aHi 3 acWMETpier0  0OMOTOK abo  iHIUMH

eneKTpuuHUME  Aedextamu.  Hampukian, — MOXyTh
3'aBuTHCS 200 3HAYHO 30UIBIINTHCS aMILTITYM TAPMOHIK,
KpaTHUX OCHOBHIH 4yactoti (2f1, 3fi, Tomo), abo iHIHMX
XapaKTEePHUX YacTOT, [0 BUHHUKAIOTh NMPU MIKBUTKOBHX
3aMHUKaHHAX abo oOpuBax das.

Jani, oTpumani Ha eTami HeWpoMepexeBol
00po0KH, BiTOOpakarOTh CQPEKTHBHICTH Ta TOYHICTH
HaBueHoi mogmemi III. Ili maHi KPUTHYHO Ba)KITUBI IS
OIIIHKM HAMIHHOCTI Ta NPUAATHOCTI MOIENI IS
BUKOPHCTaHHS B pEAIbHUX CHCTEMax aBTOMaTuku. Jlis
pouecy

rpadigHuit

Bi3yauizarii

BHUKOPHCTAHO

MATLAB.
EdexruBnicTh

HaB4YaHHS Ta pe3an>TaTiB

IHCTpyMeHT  nntraintool
po3pobieHoi  MiarHOCTHYHOI
Mojeni Oyma migTBep/UKEHa HUIIXOM ii TeCTyBaHHS Ha
JaHWX, OTPHMAaHMX y mpoueci cumyssinii. OCHOBHOIO
MeTOoI0 OyJIo TepeKOHaTHCs, [0 HEHpOHHa Mepexa
3MaTHa KOPEKTHO KiIacu(iKyBaTH CTaHW aCHHXPOHHOTO
JIBUTYHA, BUKOPHUCTOBYIOUH JIMILE CHEKTPajbHI O3HAKH,
BUAITICHI 31 CTpyMy cratopa. [yisi HaBYaHHS HEHpPOHHOI
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Mepexi Oyno chopmMoBaHO HaBUaJbHMH HaOip, IO
BkirouaB 1000 crekrTpiB, 3reHEpOBaHMX ISl PI3HUX
craniB. KoxeH crekTp OyB IepeTBOpeHHH y BEKTOD
O3HAK, 1110 MICTUB HOPMOBaHI aMILTITYI{ JiarHOCTUYHUX
TapMOHIK, SIKi TIOJaBaJIiCs Ha BXiJ HEHpOMEepexKi.

KirouoBuM pe3ybpTaToM € omiHKa eeKTUBHOCTI
HaBUCHOI MEpeXXi Ha TECTOBiH BUOIpI, fKa CKiIananacs 3
JIaHMX, 1[0 HE BHUKOPHCTOBYBAJMCS IIiJ] Yac HaBYaHHS.
Tounicte kmacudikamii, DOCSITHYTa MOAEIIIIO, CKJana
94%. lle#t MOKa3HUK CBIAYMTH PO BUCOKY 3aTHICTH
HEHpPOHHOT Mepexi 10 y3arajJbHEHHS Ta NPaBHIBHOTO
pO3Ii3HaBaHHS HECHpPAaBHOCTEH Ha OCHOBI aHaJi3y
CHEKTPAJIbHUX O3HAaK.

BucHoBok

3anpornoHoBaHuil y poOOTi METOJ AiarHOCTHKH
ACHMHXPOHHHX JIBUTYHIB, 10 0a3y€Thcsl HA KOMIUIEKCHOMY
aHaJI31 CIIEKTPAILHUX XapaKTEPUCTHK CTPyMy cTaTropa Ta
3aCTOCYBaHHI  HEHpoMepeXk, JEMOHCTPYE  BHCOKY
e(EKTUBHICTh 1 € MEPCIEKTUBHUM IJISl BIIPOBADKCHHS Y
KPUTHUYHO 30KpemMa
3aJI3HHYHOMY TPAHCIOPTI.

AmHai3 curHaTypy CTpyMY JABUTYHA € ITOTYXXHOIO
HEIHBa3UBHOIO JI03BOJIIE
HecripaBHOCTI AJ] Ha paHHIX cramisx O0e3 3yNUHKH
oOmagHanHs. BiH rpyHTyeThCs Ha (DI3MYHMX NPUHIUIAX,
IO TOB'A3YIOTH TEOMETPHYHI Ta EJIEKTPUYHI MapameTpu

BaXXJIMBUX CUCTEMaAX, Ha

TCXHiKOIO, sKa BUABJIATH

JIBUTYHA 3 XapaKTePHHMH TapMOHIKAMH Y CHEKTpi
CTPYMY, TaKHMH SIK 3yOLleBi TapMOHIKH Ta OIYHI YaCTOTH.
Iarerpamiss  GararomapoBoi HEWpoHHOI Mepexi Ui
knmacudikamii cTaHiB JBATYHa JIO3BOJHIIA  JIOCSITTH
BUCOKOI TowyHOCTI. B xomi cumymsawmiii, Helpomepexa,
HaBYEHA 1000 MmoKasaja TOYHICTb
knacudikamii 94% Ha TecTosiii Bubipti. Lle miaTBepmKye,
o0 MOJENb 37aTHAa CS(QEKTHBHO pO3IMi3HABATH CKIAIHI
MaTepHH HECIPABHOCTEH Ha OCHOBI BEKTOPIB O3HAK,
c(hopMOBaHHUX 3 CHICKTPATEHUX JaHUX.

Ha CIEKTpax,

Po3pobnenmii  MeTon H03BONISIE TICpEHTH BiX
IIJIAHOBOT'O PEaKTHBHOTO  OOCIyTOBYBaHHS IO
CIIPaBXHBOTO MIPOTHOCTUIHOTO 00CITyroByBaHHSI.
OnepaTHBHE Ta TOYHE BUSBICHHSA JC(EKTIB, TAKUX SK
EKCIICHTPHUCUTET TOBITPSHOTO 3a30py UM IOIIKOKCHHS
00MOTOK, € KpUTHYHO BKITUBUM IS MiHIMI3aIlil pU3HKiB
aBapiif, CKOpPOYEHHS dYacy NPOCTOIB  CTPLIOYHHUX
MEPEBO/IIB, 3MCHIICHHS CKCIUTyaTallifHuX BUTpPaT Ta
ITiIBUIIEHHS 3arallbHOTO PiBHS OC3IEKH PyXY.

BusHadeHo, 10 TOYHICTh JIarHOCTUKH 3aJIC)KUTh

qu

Bil. TOYHOTO 3HAHHS KOHCTPYKTHBHUX IIapaMeTpiB
IBUTYHA. Y TIOAANBIIOMY PO3BUTKY MOJENTI IDIAHYETHCS
IHTeTpaIlis TOJAaTKOBHUX MiarHOCTHYHUX O3HAK, TAKUX 5K

JlaHi BiOpamii Ta TemMIiepaTypH, o0 T03BOJIUTH ITiABHIINTH
HAJIHHICT CUCTEMH Ta 3pOOHTH i OLIBII CTIHKOIO 10
3MiH YMOB €KCIUTyaTaii Ta IryMiB.

Po3poOiiennii METOA € TMOAANBIINM PO3BUTKOM
ICHYIOUMX  JIarHOCTHYHUX  mimxomiB  [15, 16].
3arpornoHoBaHUH MiXiJ € 3HAYHUM KPOKOM Y HANpPSIMKY
CTBOPEHHS AaBTOHOMHHMX Ta IHTEJICKTYaJbHUX CHCTEM
€ 3alopyKol0 eQEeKTUBHOTO Ta
6e3reqHoro (pyHKIIOHYBaHHS 3aTi3HHYHOTO TPAHCIIOPTY.
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artificial intelligence

Abstract. This article presents an innovative
approach to the diagnostics of asynchronous motors
(AMs), which are pivotal components in industrial
applications and railway transport systems, particularly
in automation and train remote control systems. The
proposed method is grounded in a comprehensive
analysis of tooth ripple harmonics within the stator
current spectrum, utilizing Motor Current Signature
Analysis (MCSA). This technique facilitates real-time
condition monitoring of the motor without requiring its
operational shutdown, thereby ensuring continuous
system functionality.

The paper meticulously details the methodology,
commencing with the acquisition of stator current signals
at a high sampling frequency, which must exceed twice
the maximum tooth ripple harmonic frequency. This is
followed by the extraction and normalization of tooth
ripple harmonics, whose frequencies are inherently
dependent on specific motor parameters, including the
number of stator and rotor slots, the number of pole pairs,
and the supply frequency. A significant emphasis is
placed on the precise identification of characteristic
frequencies associated with various fault types, such as
static and dynamic air-gap eccentricity, winding faults,
and general mechanical defects.

A central tenet of the proposed diagnostic system
is the integration of Artificial Intelligence (Al),
specifically a multi-layer perceptron (MLP) feedforward
neural network, for the automated processing and
classification of the derived spectral data. The input layer
of this neural network is designed to receive a
comprehensive feature vector, comprising the normalized
amplitudes of relevant tooth ripple harmonics and
sideband frequencies. The network undergoes training
using the backpropagation algorithm, coupled with a
cross-entropy loss function to optimize its performance.
Hidden layers employ the ReLU activation function,
ensuring efficient learning and non-linearity, while the

output layer utilizes a Softmax function to classify the
motor's operational state into four primary categories:
normal  operation,  static  eccentricity,  dynamic
eccentricity, and winding faults.

The presented simulation results, conducted on a
5,5 kW asynchronous motor with specific parameters
(p=2, Nr=28, fi=50 Hz), decisively corroborate the
efficacy of the proposed methodology. Experiments
encompassed the simulation of normal operating
conditions, static eccentricity (simulated as a 0.3 mm
displacement), and dynamic eccentricity (simulated as a
0.2 mm shaft bend). These simulations robustly
demonstrated a significant increase in the amplitudes of
characteristic harmonics at specific frequencies (e.g., 350
Hz and 650 Hz) when faults were introduced, thereby
providing clear diagnostic indicators. The neural
network, rigorously trained on a dataset of 1000 spectral
samples, achieved a commendable classification accuracy
of 94% on the unseen test set, validating its robust
diagnostic capabilities.

The advocated diagnostic method not only
substantially enhances diagnostic precision but also
ensures operational efficiency, which is paramount for
predictive maintenance, reducing operational costs, and
extending the service life of critical equipment within the
demanding environment of continuous railway transport
system operations. While acknowledging the method's
sensitivity to precise motor parameter definition and
signal noise, future work is planned to integrate
additional diagnostic features, such as vibration and
temperature data, to further augment the system's
accuracy and reliability, ensuring a more comprehensive
diagnostic solution.

Keywords: Asynchronous motor, diagnostics,
tooth ripple harmonics, spectral analysis, Motor Current
Signature Analysis (MCSA), artificial intelligence, neural
network, air-gap eccentricity, winding faults, predictive
maintenance.
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V]IK 629.4 DOI: https://doi.org/10.18664/ikszt.v30i3.351366

[IY3UP B. TI'., a.r.H., npodecop (YKpalHCbKUN Jep>KaBHUU YHIBEPCUTET
3aJ1I3HUYHOTO TPAHCTIOPTY),

OBO3HUII O. M., k.T.H., noueHT (YKpaiHCHKHil JepKaBHHIl YHiBEpCHTET
3aJ1I3HUYHOTO TPAHCTIOPTY),

3AJIATA A. C., acnoipaut (YKpaiHCBKUI JEp>KaBHUU  YHIBEPCUTET
3J1I3HUYHOTO TPAHCIIOPTY)

IHaTe/IeKTYa/IbHA CHCTEMA KePyYBaHHS AHU3€/b-T€HEPATOPHOI YCTAHOBKOKO
ABTOHOMHOI'0 PYXOMOI0 CKJIaAy HAa OCHOBi HEHPOHHO-HEYITKMX MOJeJeH Ta
e€BOJIIOIIHOI onTHUMI3alil

Anomayin. Y cmammi posensHymo npobiemy nioguiyeHHs eekxmusHoCcmi ma adanmueHoCmi KepyeaHHs.
ousenv-cenepamopHumu  ycmauoskamu ([I'Y) asmonomnozo pyxomoeo ckaady. 3anponoHo8amo iHMeneKmyaibHy
cucmemy Kepy8aHHs HA OCHOBI HEUPOHHO-HEeUimKux Mmoolenell i3 NiOMpPUMKOW OHAAUH-a0anmayii ma egomoyiiuHol
onmumisayii. Pospobnena cucmema mac MOOYIbHY CMPYKMYpPY, 6KIIOYAIOYU HPOSHOCMUYHULL ONOK, JIOKALbHI
pezynsmopu ma yenmpanizo8anuil KOopouHamop. Bona demoncmpye sucoxy cmitikicms 00 3MiH ymMos excniyamayii,
30amHa 00 CAMOHABUAHHA Ma MIHIMI3ayii eumpam. 3anponoHosano nepcneKkmusu po3GUMKY HA OCHOBI 2IUOWUX
Helpomepedicesux apximexmyp.

Knrouoei cnosa: ousenv-cenepamopna ycmano6Kka, iHmeieKmyaibHe KepyeaHHs, HeUpOHHO-HeUimKi cucmemu,
eB0IIOYIIHA ONMUMI3AYIs, OHNIAUH-A0ANMAYIA, AGMOHOMHUL PYXOMUL CKAAO.

B ymoBax miiBHIIICHUX BEMOT IIIOJI0 €KOJIOTIYHOT

IHocmanoexa npoﬁﬂemu, Oe3mexu TPaHCIIOPTY  AKTyaJIbHUM CcTae 3aBJIaHHs

Y CydacHHX yMOBaxX MiIBUILEHHX BUMOI L[OJ0 PO3pOOJICHHsSI  IHTENEKTYaJbHOI CHCTEMH KepyBaHHS,
e(beKTUBHOCTI Ta €KOJIOTIYHOCTI €HepreTnyHux cucrem SAATHOL aIANTUBHO pearyBaTh Ha 3MIHY yMOB poboru,

OCOBIHBOrO SHAYCHHS HaGyBae npoGrema  30€3MCUYBATH CHEPreTHYHY C(CKTHBHICTD i 3HIKYBATH
BJJOCKOHAJICHHS cHucTeM KepyBaHHS qu3enn- ~ BUKAIH MIKIIIMBHX PEIOBHH.
reHepaTopHiUMHU ycranoBkamu (JAI'Y), mo 3a0e3neuyroTs Ananiz  ocmannix  0ocrioxcenv.  YPOIOBK

CHEProOMOCTAYaHHsT ABTOHOMHOTO PyXOMOTO CKiagy Ha  OCTAHHBOIO ACCATUJIITTS CHOCTEePiralTh iIHTEHCHBHUI
sanmisHuuHoMy TpaHcnopri. 'Y BukoHylTh Kpurhyni — PO3BHTOK IHTE/IeKTYaIbHUX ~ METONiB  KepyBaHHs
dyHKwuii 3 reHeparii enexTpoeHeprii B ymoBax oomexxenoi — CKIAAHHMHU TeXHIYHUMH 96’€'ST3M“'_ B“KOPHCT“HH”
a60 BiICyTHBOI iH(PACTPYKTYpH ecrekTporoctayanss, HEHPOHHMX Mepex, HediTKoi Joriku, ribpuaHux

IpU EOMY BOHH MAKOTh TapPaHTyBaTH BUCOKY HajiliHicty, ~HEMPOHHO-HEUITKUX  CHCTEM (ANFIS_)_’ a  TaKok
MiHiMaNbHi  BMTpaTH manMBa  Ta  Bimmosimicrs  €BOMIOMIHHMX anroputmis omTmmisauii remoHcTpye
€KOJOTITHIM HOPMaM. BHCOKi Pe3yJIbTATH B 32124aX HEJiHIHHOr0 KepyBaHHs

OcoGuuBicTio exciutyarauii JAT'Y aproHomuoro T2 al1aNTauii cucTeM 10 3MiHHUX yMOB [1-3].

pyXOMOTo CKJagy € HeOoOXigHicTh  3a0e3rmedeHHs Yy Taly3l CHEPreTMMHMX  yCTAHOBOK  3HAYHY
cTabiIbHOI POOOTH CHCTEMH B yMOBax pi3ko 3MiHHux  YBary IPHUILLIIOTH 3aCTOCYBAHHIO HEMPOHHUX MEPCK A
30BHINIHIX (haKTOPIB, NIUPOKOro [iara3oHy HaBaHTaxeHp  AIPOKCHMAIlll CKJIaHUX 3aJICKHOCTCH MDK

i crapinns arperatiB. CTpyKTypHa 0co0MBiCTh ciucTeMy, — [CXHOJOITIHHMHA  ITapaAMETPaMH. Hocmimxenns  [4]
HasBHICTb  HENIHIMHMX  JUHAMIYHMX 3B s3kiB 1 [TOKasyloTb ebeKTUBHICTD BHKOPHUCTaHHs .FHH60KHX
HeBM3HAYeHOCTI y  isMuHMX mpouecax sHayno  HCHPOHHHX MEPEX JUIs ONTHMisalii pexiMiB poboTu

YCKIIHIOKTh 3aBJIaHHs M00ya0BH edeKTuBHOI cucTemy — TCTUIOBHX  MAIIHH. VY Toif ke wac poGotu [5, §]
aBTOMATHYHOIO  KepyBaHHA. Tpamuuidni — nmigxomu, ACMOHCTPYIOTBH, MIO ITO€JHAHHI HCHPOHHHMX MEPEK 13

30KkpeMa perynstopu 3 (ikcoBanumu koedirientamy, —HETITKOO Jorikoro - JHae 3mMory TABHIIATH
BUSBJAIOTECS  HEJOCTATHIMH [l 3abesmedenss — \HTCPTIPETOBAHICTB i CTIMKICTh KEPYIOUHX ANOPHTMIB.

ontuManbHoi pobotn AI'Y B ychboMy CHEKTpI PEKHMIB y KOHTEKCT1 JIU3€/Ib-TEHEPATOPHUX  yCTAHOBOK
eKCIUTyaTaIlil. 3aCTOCYBaHHSI  IHTCJEKTYalIbHUX CHCTEM KepyBaHHS

posrisiHyTO 'y npausx [7, 8]. Ilpore 6inbmIicTs iCHYIOUNX
pilleHb  30Cepe/KeHO0 Ha CTaTMYHMX abo  ciabo
aJlaNTHBHUX CHUCTEMax, IO OOMEXye IXHIO e(eKTHBHICTh

©MY3UP B. I.,0603HUI O. M.,.3AJIATA A.C.,2025 B YyMOBax JUHAMIYHOI eKCIUTyaTallil pyXoMOTo CKJIay.
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IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

HenmoctaTHhO ~ JOCHIIKEHOIO  3AJIMINAETHCS
npobiema oOHialiH-amanTamii mMapaMeTpiB  HEHMPOHHO-
HEUITKMX MOZEJIeH y peaJbHOMYy daci 3 ypaxyBaHHSAM
3MiH y TEXHIYHOMY CTaHi arperatiB i 30BHIIIHIX yMOB [9,
10]. Kpim TOr0, Mano JOCHTIKCHAM € MATaHHS 1HTeTpamii
MO/IyJIiB IPOTHO3YBAaHHS TEXHIYHOTO CTaHy JI0 3arajbHOi
apxiTeKTypH cucTeMu kepyBanHs Y.

Buodinennuss  meeupiwenux  numans.  Iompm
3HAYHUH Nporpec y PO3BHUTKY iHTEJEKTyaaIbHUX
CHCTeM KepYBaHHS, 3aJMIIAETHCS HU3KA BaKIMBHX
HAYKOBUX 3aBAaHb, BUPIlIeHHS] IKUX € KPUTHYHHM
sl nigBuieHHs1 edexTuBHOCTI Ta HagiHocti AT'Y
ABTOHOMHOI'O PYXOMOT0 CKJIATY.

[Mo-meprme, icHyrO4i IMIXOAHW IIOIO TOOYIOBH
HEHPOHHO-HEUITKMX CHCTEM IEPEBAXHO IepeadadaroTh
CTallioHapHE HABYaHHS, 1[0 HE Jla€ 3MOT'Y BPaxOBYBaTH
3MiHYy XapaKTepHCTHK arperariB y IpoIeci eKcIuTyaTartii.
B ymoBax crapiHHA KOMIIOHEHTIB 1 HemependadyBaHUX
3MiH HABaHT@KEHHS HEOOXITHUM €  pO3pOOJICHHS
MEXaHi3MiB OHJIalH-afanTalii MoeseH.

[To-npyre, akTyanbHUM € 3aBIAaHHS PO3POOICHHS
apXiTEeKTYpH IHTENEKTYaJbHOI CHCTEMH 3 MOJIYJIBHOIO
CTPYKTYpOIO, III0 JTaCTh 3MOTY 3a0€3IE€UNTH Y3TOJUKEHY
B3a€EMOJIII0 JIOKAJILBHUX PETYNSATOPIB 1 HEHTPAIi30BaHOTO
KoopauHyrouoro  Omoka.  [loTpiOHO  3abe3mednTH
MiHIMaJbHI YacoBi 3aTPUMKH 1 CTiMKICTh CHCTEMH HaBiTh
3a panTOBHX 3MiH YMOB €KCIUTyaTarlii.

ITo-Tpere, HE/I0CTaTHBO OTIPaIlbOBAaHUMH
3QIMIIAIOTECS ~ NUTAHHS ~ aKTUBHOTO  MOHITOPHHTY
TexHiYHOTO cTaHy arperariB [I['Y i3 BUKOpHCTaHHIM
PEKYpPEHTHHX HEHPOHHMX Mepex 1 iXx iHTerpamii 10
MIPOLIECY YXBAJCHHS KEPYIOUMX pIlleHb Yy pPEabHOMY
Jaci.

BupimenHss 3a3HaueHMX 3aBAaHb CTaHOBHUTH
aKTyaJlbHy = HayKoBYy  IpoOjeMy, IO  BH3Ha4ae
HEOOXiTHICTh TPOBEAEHHSI KOMIIEKCHOTO JOCIIUKEHHS,
TIPUCBSIYCHOTO CTBOPEHHIO HOBO{ apXiTEeKTypH
iHTeNeKTyanpHOi  cucreMu  kepyBamHs  JI'Y 3
TIiIBUIIEHUMH aJalITHBHUMH BJIACTUBOCTSIMH.

Iocmanoska 3adaui  docniodcenns. Meroro
JAOCJHIIKEHHSI €  PO3po0JIeHHsl  IHTeJIeKTyaJIbHOI
cucreMu KepyBaHHS An3eIb-TeHepaTOPHOI0
YCTAHOBKOI0 ABTOHOMHOIO PYXOMOI0 CKJIaay Ha
OCHOBi HellpOHHO-HEYiTKMX MojeJieil i3 MOKJIUBICTIO
OHJIAlH-aanTalii Ta BUKOPMCTAHHSIM €BOJIIOLIHMX
aJIropuTMiB onTUMi3auii.

JIist mocsTHEeHHS 11i€l METH HEOOXITHO BUPIIIUTH
HU3KY HAayKOBO-TEXHIYHHMX 3aBAaHb: C(HOPMYIIOBaTH
MaTeMaTH4HI MOJEN OCHOBHMX mincuctem JI'Y,
3a0e3MeYnTH MOXJIMBICTh aAalTHBHOTO IIPOrHO3YBaHHS
ONTHUMAIBHUX PEXHMIB POOOTH Ha OCHOBI IOTOYHHUX

TEXHOJOTIYHUX TApaMeTpiB, pO3POOUTH  MeXaHi3MH
OHJIaWH-HaBYaHHS  HEHPOHHO-HEUITKHUX  PETYJSATOPIB,
3a0e3reunTy  IHTETpaIlil0  MOJIYJiB  MOHITOPHHTY

TEXHIYHOTO CTaHy arperariB y 3arajibHy apXiTeKTypy
CHUCTEMH KEpyBaHHS, a TaKOX peali3yBaTd MOMYJb
rnobanbHOi  onTMMi3amii  mapaMeTpiB  CHCTEMH 32
0araToKpuTepiaJIbHOIO MITHOBOIO (PYHKIII€IO.

Buxnaod ocnosenozo mamepiany 0ocnioicenns.

VY mpormeci aHamizy MiAXOMIB IIOMO MOOYIOBH
iHTeNeKTyanpHUX cucreM kepyBanHs JI'Y  Oyio
BCTAaHOBJICHO, III0 BUKOPHCTAHHS KIIACHYHHUX PEryJIsTOPIB
i3 ¢dikcoBanmMn  mapamerpamm  He  3abesmeuye
HEOOXiTHOTO pIiBHSA aJaNTUBHOCTI B YMOBaX 3MiHHHX
PEKUMIB eKCILTyaTartii. Hasgitp 3aCTOCYBaHHS
aJanTHBHUX PETYIATOPIB i3 3a3Jayieriip BU3HAYEHUMH
3aKOHaMH KOpEKIii  BHUSBIISETHCS HEJI0CTaTHBO
e(eKTUBHUM Yy BUITQJKYy CTPYKTYpHOI 3MiHH 00’€kTa abo
IOSIBU HOBHX EKCIUTyaTallifHNX (haKTOpiB.

Meroau  IITYYHOTO  IHTENIEKTY,  30Kpema
HEHpOHHI Mepexi, IeMOHCTPYIOTh BHCOKY 3[aTHICTh IO
ampOKCUMAaIlii CKIAJHUX HENIHIHHUX 3aJIeKHOCTCH Mik
BXIHUIMH Ta BUXIJHAMH HapaMeTpaMHl CHUCTEMH.
BinmoBimHO 1O TeopeMH YHIBEpCabHOI ampOKCHMAIT,
OararonrapoBa HEHpOHHA MepeXa 37aTHA alIPOKCUMYBaTH
JIOBIJIbHY HeTepepBHY (PyHKIII0 B KOMIIAKTHIH 0OJacTi.
dopmanbHO Taka ampoKcHUMaliss Moke OyTH MojaHa y
BUTJIISAIL

n

9
f(xl,xz,...,xn)zz,gi Za’ng ,
i=1

i Jj=1

(1)
Jie gi — HeMNiHiiHI QyHKuii akTrBarii;
@ij — BaroBi KOeQiIlieHTH;
Xj — BX1JIHI CHTHAJIH.
[Ipore HelpoHHI Mepexi MaroTh CYyTTEBI
OOMEXKEHHS, IIOB’s3aHi 3 HEOOXIAHICTIO HASBHOCTI

BENMKOI KUIBKOCTI HAaBYAIBHUX JAHUX 1 HEIOCTaTHBHOIO
IHTEpIIPETOBAHICTIO MOJIETI.

3 iHmoro OOKy, HediTKa JIOTiKa Ja€ 3MOry
e(CKTUBHO TMpALIOBaTH 3 HETOYHHMU Ta HENOBHUMH
JTaHUMH, (OPMYJIIOIOYM TIPaBWJIa KEPyBaHHS Yy BHIVISAIL
JIHTBICTUYHUX  KOHCTPYKLiH. PopMasbHO  HediTke
MIPaBUJIO MOXKHA TTOJIATH SIK

R :Axwo x, €4 i x,€A4,, modi ueB',

2
ne All R ;,Bl — HEUiTKI MHOKHHH.

3 ypaxyBaHHSIM 3a3Ha4eHUX 0COOIMBOCTEH OyI0
YXBJICHO PILlICHHS peasli3yBaTH KOMOIHOBaHY HEHPOHHO-
HEYIiTKYy CHCTEMY KEpYBaHHS. ApPXITEKTypa TakOro THITY
JTa€ 3MOTy 00’ €THATH TepeBaru 000X MiAXOIB: 3aTHICTh
HEHpPOHHOT Mepexi 10 HaBYaHHS Ta arnpoKCHMarii 3
IHTEPIIPETOBAHICTIO HEUITKUX MPABHIL.

lNbopumHa cucTema, ToOMaHa sK aJalTHBHA
HelpoHHO-HewiTKa cucTteMa BuBeneHHS (ANFIS), mae
I’ ITUPIBHEBY CTPYKTYpy 0OpoOkM maHux. MaremaTudHO
MOJIEIb ANFIS MOKHA nojaTu SIK
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IHOPOPMAILIMHO-KEPYIOUI

CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

©)

Jie @i — BaroBi koediwieHTy;
Zi — BX1IHI CUTHAJIH.

[Tpouec HaBuaHHS Takoi cUCTEMM Tependadae
BUKOPHUCTaHHA MECTOMIB  CBOJIOLIAHOI  OmTHMI3alli,
30KpeMa TeHETHYHHX aJlOPUTMIB, IO 3a0e3MevyroTh
rII00ANBHUH TOMIYK ONTHMAIEHUX ITapaMeTPiB HEWiTKAX
MHOXXHH 1 HEHPOHHOI apXiTeKTypH.

Po3pobiiena iHTenekTyalibHa crcTeMa KepyBaHHS
JAC'Y mobynoBana 3a MOAYJIBHUM TPHHIUIIOM, IO Ja€
3MOTY 3a0€3MEUNTH BUCOKY THYUKICTh, MaCIITa0OBaHICTh
1 crilikict. 3arajpHa CTPYKTypa CHCTEMH BKIIOYA€E
YOTHPH OCHOBHI MOJYJIi: OJIOK IIPOrHO3YBaHHS PEKHMIB
pobOTH  AM3ENBHOTO JIBUTYHA, OJIOK PEryJIOBaHHA
reHeparopa, OJIOK KepyBaHHS CHCTEMOIO HaJJlyBy Ta
LEHTPATi30BaHNI KOOPIUHYIOUHA OJIOK.

Ha HwxupOMy piBHI cucTeMH (QYHKIIOHYIOTH
CEHCOpH Ta BUKOHABYI MEXaHI3MH, IO 30MParOTh AaHi i
pearnizyioTh Kepyrodi BrumBu. CepeiHild piBeHb MOIaHUN
SIK HEHPOHHO-HEYITKI MOJYJ JIOKAIFHOTO pPETyJIOBaHHS.

Bepxnili piBeHb — KOOpAMHYIOUMH OJNOK, SIKHH
OIITHMI3YE Ta CHHXPOHI3y€ pOOOTY BCI€T CHCTEMH.
@dopMabHO ~ B3a€EMOJIS  MOIYJIB  CHCTEMH
oTMcaHa PiBHAHHIMHA
U, (t)=F,(X(1).0,(1)),
“4)
Ug (1) =F, (X (2).04(1)),
)
U, (1)=F (X (),0,(1)),
(6)
Y(t)=H(U,().Ug (1)U (1)),
(M
nie X(t) — BEKTOp BXIIHHUX MapaMeTpiB;
Op(1), OG(t), Or(t) — napameTpu aanTaiii;
H — ¢yHKIis cucTeMHO] BiIIOBI .

Koopnuuyrounit 070K 3aiHCHIOE TIOOATBHY
ONTHMI3allil0 TapaMeTpiB 3a 0araTOKpUTEPiabHOIO
(YHKIEI0  BTpaT, IO BPaxOBYE EKOHOMIYHICTH,
CTaOUIBHICTB 1 €KOJIOTIYHICTh POOOTH CHCTEMH.

Koxxen i3  HEHpOHHO-HEWITKMX  MOJIYIIB

JIOKAITFHOTO PETyJIOBaHHSA y CKJIANl IHTCIEKTYalTbHOT
CUCTEMH  Ma€  iepapXiyHy  CTIPYKTypy  OOpoOKu
iHpopMarii, 0 BKIOYAE BXiTHWHA PIBCHh HOpMaTi3arlii
JIaHWX, piBeHb (Qy3udikamii, piBeHb aKTUBALii MPaBUI

HeuiTKoi 0a3u 3HaHb, piBeHb nedysudikamii Ta piBeHb
(hopMyBaHHs BUXiJJTHOTO KEPYIOUOTO BIUIHBY.

Ha piBui ¢y3udikamii koxxHa BXigHA 3MiHHA X;
MIEPETBOPIOETHCS Y CTYIIHb HAICKHOCTI IO BIATIOBITHUX
HEUITKMX MHOXXHH 32 JOIIOMOTOI0 (PYHKIIH HaJICKHOCTI.
BukopucToBy0Th, 30KpeMa, TaycoBi (GyHKIIIT

(x, _C)z
Hy (xi) =cCXp _T >

®)

JIe ¢ — IIEHTP HEJiTKOI MHOKUHH;
o — 1i mMpuHa.
Ha piBHi akTuBanii 009MCIIOIOTH Bary KOXHOTO
TIpaBuiIa;

2 :1:!/{4,, (xj)’
©))

ne M, (xj) — CTYIiHb HAJIGKHOCTI X; IO BiATOBITHOT
J

HEUiTKOI MHO>KHHH Y TIPABUIII i.

Buxigna nis cucteMu (QOPMYETBCS IUIIXOM
HOPMaJTi30BaHOTO 3Ba)KEHOTO CEPEIHBOrO BCIX aKTHBHHUX
TIpaBHIL.

L11 apxiTekTypa 3a0e3nedye BUCOKY TOYHICTbH i
CTIMKICTh pETyJIIOBaHHS HAaBiTh y BHIIQJKaX HAasBHOCTI
IIyMiB 200 HETOUYHHUX BUMIpPIOBaHb.

Jns 3a0e3neyeHHs] CTIHKOCTI I1HTENEKTYyalbHOT
CHCTEMH KEepyBaHHS B yMOBaxX HEHITaTHUX CUTyaliil Oyio
po3pobiieHo MeXaHi3M MepeMUKaHHS MIXK
IHTEJIEKTYaIbHUM 1 PE3epBHUM pPEXHMMaMi KEepYyBaHHS.
dopmabHO JIOTiKa IEPEMUKaHHS 3a/1aHa SIK

IntelligentControl, ifVi,x, (t) € [x;m“,x;mx

Mode(t) = .
. . min max

BackupControl,  if3i,x, (t) ¢ [xl. \X;

(10)
JIy1s1 akTHBHOTO MOHITOPHHTY TEXHIYHOTO CTaHy
arperaTiB CUCTEMU 6yﬂ0 BIIPOBAI?KCHO MOYJIb
MIPOTHO3YBAaHHS Ha OCHOBI PEKypEeHTHOi HEHpOHHOI

Mepexi 3 JIOBrolo KopoTkodacHoro mam’sitrio (LSTM).
MaremaTtiyHa MOJIENIb TaKOro OJIOKa ONHMCaHa TaKUMH
PIBHSHHSIMH:

o =[1n,(x)

(11)
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IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

fo=0(W; - |h_

15 2] + by),

i, =o(W,- h_y, 2] +b,),

C, = tanh(We - [he_y, 2, + be),

(:‘: - j“ * (.-"1_1 + i{ * (T‘_‘.

o, = a(W, -

3acrocyBanHd LSTM nae 3Mory BUSIBISATH Ha
paHHIX CTajisX Aerpajamilo arperariB i IpPOTHO3YBaTH
iXHI TEXHIYHUN CTaH Ha TOPU3OHTI KUTPKOX IIHUKIIB
eKCIITyaTarlii.

OcHOBHUM €JIEMEHTOM IHTEJIEKTYyaIbHOI
CHUCTEMH € MOJyJb OaraToKpHTepiaJbHOI ONTHUMIi3amii
rapameTpiB KepyBaHHs B peaJbHOMY vaci. [l peamizamii
IIBOTO MOJIYJSL OYJIO 3aCTOCOBAaHO METOJ POI0 YaCTHHOK
(PSO), amantoBanuii uisi poOOTH B yMOBaX OOMEXEHHUX
00YHCITIOBAIEHUX PECYPCIB.

OHOBJIEHHS IIBHIKOCTI
YaCTHHKH B  ONTHMi3alifHOMY
CHCTEMOIO PiBHSHB

KOXHOT
OIIKUCaHO

Ta MO3MIIT
pocTopi

vi(t-l-l):a)vi(t)-l-clri (pi —X (t))'l'cz"z (g—x,. (t))’
(12)

J(x)=,-SFC(x)+w,-NO,(x)+w,- PM (x)+a, AU (x),

e w1, @2, ®3, W4 — BaroBi KoeQillieHTH, BU3HAYCHI 3
ypaxyBaHHsIM eKCILTyaTallifHUX IPIOPUTETIB.

(hy_ys 2] + b,),

Bucnoexu.

VY pesynbTari IpOBEAEHOTO JOCIHIIKEHHS 0YyJI0
PO3pOOIIEHO HOBY apXiTEKTYpy IHTEIEKTYyalbHOI CHCTEMH
KepyBaHHS JIN3eIb-TeHEPATOPHOIO YCTaHOBKOIO
aBTOHOMHOI'O pyXxoMmoro ckmagy. Cucrema TIO€aHye
HEHPOHHO-HEUITKI MOJIYJl JIOKAIFHOTO PETYIIOBAHHS,
MOJyJIb TIPOTHO3YBAaHHS TEXHIYHOTO CTaHy arperariB i
KOOPJIMHYIOUHMH 070K OaraToKpuTepiabHOI ONTHMI3aLIii.

Bukopucrannst ribpugHoi HEHpPOHHO-HEWITKOL
apXiTeKTypH 3a0e3Meumiio  BUCOKY aJalTHBHICTH 1
CTIHKICTBh CHUCTEMU B HIUPOKOMY Jiana3oHi
eKCIITyaTalifHuX yMmoB. Peaiizariist MexaHi3MiB OHJIAIH-
ajanTamii jJama 3MOTY BPaxOBYBaTH CTPYKTYpHI 3MiHH
o0’exkta 1 3abe3neunTn Oe3mepepBHE CaMOHABYAHHS
CHCTEMH Yy TIporieci i eKkcIuryararii.

[lepciekTHBHUMH ~ HampsMaMHM  TOJANBIINX
JIOCHI/PKEHb € PO3MMPEHHS (QYHKIIOHATY CHCTEMH 3a
paxyHOK iHTerparii JoJaTKOBUX KaHAIB iH(pOopMallii po

30BHIINIHE  CEPEOOBUINE,  YIOCKOHAICHHS  METO/IB
IHKPEMEHTAJIbHOTO HABYaHHA HEHPOHHHX Mepex, a
TaKOX I ABUILIEHHS e(eKTUBHOCTI MOJTyJIiB
MIPOTHO3YBAHHS TEXHIYHOTO CTaHy [ISIXOM
BHKOPUCTAHHS OinbII TIINOOKHUX PEKypEeHTHUX
apXiTEKTyP.

CnucoK BUKOPHCTAHHX JIZKepeJ

h, = o, * tanh(C,).
xi(t+1):xi (t)+vi (t+1),
13)

€ Vi(t) — IUBUIKICTD i-1 YACTMHKY HA iTepaii #;

Xi(?) — IO3WIisl YaCTHHKY Ha iTepartii #;

pi — HalKpaIa iHIUBiAyaIbHa TO3UIIis;

g — T100aJIbHO HalKpala IMo3MILis poIo;

@ — Koe(ilieHT THEePIIiT;

1, 2 — KoeilieHTH HaBYaHHS;

I1, 2 — BUIJKOBI YHCIIA.

Lleii MoIysb aIaNTHBHO HAJAIITOBYE MapaMeTpu

HEHPOHHO-HEUITKUX PETYIATOPIB y pealbHOMY Yaci Juis
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Intelligent Control System for Diesel
Generator Unit of Autonomous Rolling Stock Based
on Neuro-Fuzzy Models and  Evolutionary
Optimization

This article addresses the critical challenge of
improving the efficiency and adaptability of control
systems for diesel generator units (DGUs) used in

autonomous rail transport. The study introduces an
intelligent control architecture based on hybrid neuro-
fuzzy models capable of real-time adaptation and
evolutionary optimization. The system is designed with a
modular structure, incorporating four main components:
a diesel engine operation forecasting module, a generator
regulation block, a turbocharging control unit, and a
centralized coordination module.

The developed neuro-fuzzy system employs an
Adaptive  Neuro-Fuzzy Inference System (ANFIS)
structure, combining the learning ability of neural
networks with the interpretability of fuzzy logic.
Evolutionary algorithms, specifically genetic algorithms
and particle swarm optimization (PSO), are used for
global parameter tuning to minimize a multi-objective
loss function that considers fuel efficiency, stability, and
environmental compliance.

A key feature of the system is its online self-
learning mechanism, allowing dynamic adaptation to
component aging, operational uncertainty, and shifting
load conditions. Furthermore, a Long Short-Term
Memory (LSTM)-based module is integrated for technical
state forecasting, enabling early detection of degradation
and proactive maintenance planning.

Simulation results demonstrate the robustness
and responsiveness of the proposed control system across
various operational scenarios. The architecture ensures
sustained energy efficiency, reduced emissions, and
resilience under sudden environmental or mechanical
shifts.

Future work includes enhancing the prediction
accuracy of the LSTM module, integrating external
environmental data, and expanding the system’s
capabilities through incremental neural network learning
methods. The presented research contributes to the
development of smart energy systems in autonomous
transport and provides a foundation for scalable,
adaptive control technologies.

Keywords: diesel generator unit, intelligent
control, neuro-fuzzy systems, evolutionary optimization,
online adaptation, autonomous rolling stock.
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YK 656.223:629.35

Ipod. IOMOTBKO /1. B.,

acrt. ABOJIOHIH A. 1., KO®@AHOB O.B.,

DOI: https://doi.org/10.18664/ikszt.v3013.351385

marictpantu KAJIMHUY M. B., [IPOKO® €B A. L.
(YkpaiHnchkuil nep>KaBHUN YHIBEPCUTET 3a13HUYHOTO TPAHCIIOPTY)

PO MOJIEJTIOBAHHSA B3AEMO/III 3AJIIBHUYHOI'O TA
ABTOMOBUIBHOI'O TPAHCITIOPTY Y MYJIBbTUMOJAJBHUX

JIOTICTUYHHUX JAHIIIOT'AX

AHoOTanis. Y CTaTTi 3 METOI0 BU3HAYEHHS €()EKTHBHOCTI HA/IaHHS JIOTICTUYHHX MOCIYT Y MYJIbTUMOAAIBHUX
JIOTICTUYHMX JIAHLIOTaX PO3IJITHYTO MUATAHHS MOJEIOBAHHS B3a€EMOJIIT 3aIi3HUYHOTO Ta aBTOMOOIJIBHOTO TPAHCIIOPTY.
3ampornoHoBaHa MOZENIbh B3a€MOil aBTOMOOUIFHOTO Ta 3ali3HUYHOTO TPAHCIIOPTY 3acHOBaHAa Ha pPUHKOBO-
OpiEHTOBAaHOMY KpHTepii onTumizamii nporecy (yHKIIOHYBaHHS BaHTa)KHOTO TEPMiHAy, SIK YaCTHHH JIOTICTUYHOTO
JIAHIIOTa. 3a pe3ysibTaTaMi MOJICJIIOBAHHS B3a€MOJIi1 BU3HAUCHO BEPXHIO MEXY KiJIBKOCTI BaroHiB (KOHTEHHEPIB), sIKi
MOXE OIPAIIOBATH TEPMiHAJI, a TAKOX ONTHMAIBHY KUIBKICTh aBTOTPAHCIIOPTHHX 3aC00iB, 3aJIy4EHUX Y JIOTICTUYHHUN
nmaHmor. Ha migcraBi mux AaHuX cQOpPMYJIbOBAHO BHCHOBOK IIO/O JIOMYCTHMMOCTI KOHKPETHOTO TEXHOJOTIYHOTO
BapiaHTy B3a€MOIi1 3aIi3HNYHOTO Ta aBTOMOOLIBHOTO TPAHCIIOPTY Ha TEpPMiHaJI, 3 ypaxyBaHHSIM HOrO BUTIJHOCTI JUIS

MYJIbTUMOJAAJIBHOTO OII€paTopa.

KnarouoBi cioBa: 3ami3HUYHMI TpaHCHOPT, aBTOTPAHCIIOPT, KOHTEHHEPHI INEepeBE3CHHS, MYJIbTUMONAIBHI
TiepeBe3eHHs, ePEKTUBHICTh NIEPEBE3CHbB, JOTICTHIHU JAHIIOT.

Beryn.

CyuacHi TpeHOM  PO3BUTKY  3ali3HWYHHUX
NIepeBe3eHb OB SI3aHO 13 BBEICHHSAM BilICBKOBOTO CTaHy
B KpaiHi, a TaKo)X 3MiHaMH OOCSTIB 1 HampsIMKiB
TPaHCIIOPTYBaHHS BaHTaXiB. OfHUM i3 HaHBa)KIMBIIINX
HampsiIMiB ~ MABUIIEHHS  KOHKYpPEHTOCHPOMO>KHOCTI
3aJTI3HMIb € KOMIUIEKCHE TPAHCIIOPTHE OOCIyrOBYBaHHS
KIIIEHTYpH, TOOTO  CTBOPEHHS  MYJBTHMOJIAJIBHOTO
JIOTICTHYHOTO JIAHIIIOTA i3 HA/IaHHAM CEpPBICHHUX IOCIYT y
«€IMHE BIKHO» Ta 3 JIOCTaBKOIO BaHTAXIB “BiX JBepei 110
neeperr”. @DopMyBaHHS JIOTICTUYHOTO JIAHITIOTA, SKUAN
3a0e3rnevyBaTUMe Ii BUMOTH, Iependavyae KOMIUICKCHE
JIOTiCTHYHE 00CITyrOByBaHHS KIIIEHTYpH i3
BUKOPHCTaHHSIM  3alli3HUII  Ta  BJIacHOro  abo
OpPEHJIOBAHOTO aBTOTPAHCIIOPTY.

@dopMyBaHHS CKJIQJIHUX JIOTICTHYHUX JIAHIIOTIB
3 BUKOPHCTAHHSM JICKUIBKOX BHMIB TPAHCIOPTY JeAaui
aKTHBHIIIE 3/100yBalOTh IO3UMLIi Ha PUHKY IIEPEBE3CHb,
IO CBIAYMTH NMPO MIOOANBHUN TpeHX SIK B KpaiHax €C,
Tak W B YkpaiHi, 0cOOJMBO TIpH II€pPEBE3CHHI
KOHTCHHEPHUX, HeOE3MEUHNX Ta T'YMaHITAPHUX BAaHTAXKIB.
binpme Toro, B ymoBax MOBHOMAacIITaOHOI 30pOHHOI
arpecii HpOTHM KpaiHW, NpPU YacCTKOBOMY OJIOKYBaHHI
MOPCBKMX NUISXiB Ta IHIIMX JIOTICTUYHUX BHKJIMKIB,
MYJIBTUMO/IANBH] 3aJ1I3HUYHO-aBTOMOOIUTBHI TTepPEeBE3CHHS
BUCTYMAIOTh BAXJIUBUM 3aCO00M ITPHUMKH EKCIIOPTHO-
IMITOPTHHX ~omepaliii Ta 3a0e3ledeHHs] EKOHOMiYHOI
cTiikocti  Hamoi  gepkaBu. — BpaxoByroum 1€,
IOCHIKEHHS METOLIB Ta MiAXOMIB [0 OITHMI3alil
e(eKTUBHOCTI IIUIIXOM MOJIEITIOBaHHS B3a€MOJII1

3aJi3HUYHOTO Ta aBTOMOOUIFHOTO  TpPaHCIOPTY Yy
MYJBTUMOJANBHUX JIOTICTUYHHUX JIAHHOIOrax HaOyBae
Ha/3BUYAHOT aKTyaJIbHOCTI SIK 3 HAayKOBOi, Tak 1 3
MIPAaKTHYHOT TOYKH 30DY.

AHaJ1i3 0CTaHHIX A0CTiZKeHDb i myOaikamii.

BupinieHHsT TMTaHHS ~YAZOCKOHAJICHHS
CHUCTEMM  JIOCTaBKM 33  y4acTio  3ajli3HHMII  Ta
aBTOTpaHCHOPTY Mae Oa3yBaTucsi Ha (opMmyBaHHI
JIOTICTUYHMX KaHAaJIiB, IO 3aKPIIJICHO HA HOPMAaTHBHOMY
piBHi [1]. OqHMM i3 KITFOYOBUX acIeKTiB iX e(eKTHBHOTO
(YHKIIOHYBaHHS € BUKOPHCTaHHS MYJIbTUMOAAIBHUX
mepeBe3eHb [2] Ta aBToMaTrm3ailis 1i€i misutbHOCTI [3].
TeopernuHi [OCTIPKEHHS Ta HANPSIMKH TIPAKTUYHUX
HalpamioBaHb CTOCOBHO II€PEBE3€Hb BaHTaXiB ¥
MYJIBTUMOJANBHUX JIOTICTUYHUX JIAHIIOTAaX CIUPAIOTHCS
HA MOJCTIOBAaHHI Ta TMOOYMOBI [i€BUX KIACHIHUX
JIOTICTHYHHUX KaHAIliB BiJl BiIIpaBHUKA J0 OTPHMYyBada,
mo BuMarae (opmaiizamii ycix JOTiCTHYHHX MPOLEciB [4,

5].  [Jeski aBTOpM  TPOIOHYIOTH  IPOEKTYBaHHS
TPAHCIIOPTHO-JIOTICTUYHOI ~ CUCTEMH 3  ypaxXyBaHHIM
pU3MKIB, 1[I0  BHHUKAIOTb  IpH  MDKHApOIHUX

MYJIBTUMO/IAIBHIX NTEpEeBE3eHHsX [6, 7].

Texnosmorist igyctpii 4.0 s JOricCTHYHUX
mporeci 3m00yna Ha3By Logistics 4.0. Jocmimkenns [§]
COpsIMOBaHI ~ HAa  CTBOPEHHS  KOHLENTYy  MOJeNi
JIOTICTUYHOTO JIaHIIoTa Ha OCHOBI apxiTtekTypu ii
noOyzoBu Ha enemMeHTax KoHuenmnii Logistics 4.0, mae
3abe3rneuyBaTd iX MOOUIBHICTE Ta (YHKIIOHAIBHICTH
LIJISIXOM B3a€MOJIIT 3 TepMiHaIaMu 300py TaHUX Y PEKHMI
peanpHOTO Yacy Ha 0a3i cydacHuX iHTepdeiiciB nepenaui

©JIOMOTBKO /. B., ABOJIOHIH A. I., KO®PAHOB O.B.,KAJIMHUY M. B., TIPOKO® €B A. 1.,2025

IKC3T, 2025 Ne3




IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

nmaanx (Wi-Fi, Bluetooth, RFID, Ethernet, GSM Tommo) i3
MOXIIMBICTIO ~ 3aCTOCYBAaHHS ~ €JIEMEHTIB  IITYYHOTO
iHTeNeKTY [9].

Bu3HaueHHs1 MeTH Ta 3aBJaHHSA JOCTiIKEeHHS.

cebe opramizamiro Ta KOOPIWHAIIIO BCHOTO IMIPOIIECY
JIOCTaBKHM BaHTaXy. BOHM BHUKOHYIOTH IIMPOKHH CIIEKTD
(GyHKIIH, BKIIOYa0YM BUOIP ONTHMAIBHOTO MAapIIpyTy
Ta BUAIB TPaHCIOPTY, YKIAIaHHS JIOTOBOpIB 3
NIepeBI3HUKAMH, odopmiienns TPaHCIIOPTHOL

3 MeTor BU3HAYCHHS C(EKTUBHOCTI HaTaHHSI
JIOTICTHYHHX TOCIYT y MYJIBTUMOJAIBHUX JIOTiCTHYHIX
JAHIIOTaX  PO3MNIAHYTO  JEAKi ~ NUTaHHA MO0
MOJICTFOBAHHS B3aeMOZI1 3QII3HUYHOTO Ta
aBTOMOOIITPHOTO TPAHCIIOPTY.

JIOKyMEHTallil, CTpaxyBaHHS BaHTaXy, IH(QOPMYyBaHHI
BaHT@XOBJIACHUKA TIPO XiJI TEPEBE3CHHS, a TaKOX
VOpaBIiHHA pU3MKAaMH Ta 3a0e3redeHHs  Oe3neku.
IcHyroTe pi3Hi Mozeni opranizamii MyJIbTUMOAATBHUX

OCHOBHA YaCTHHA )IOCJ'Ii)I)KeHHﬂ. NEPEeBC3CHb, 3a SKHUX MYJIbTHUMOJAAJIbH1 TPAHCIIOPTHI

orepaTopd MOXYTh BHCTYHAaTH B POJIi EKCIEIUTOPIB,
JIOTICTUYHMX TpoBalzepiB abo omeparopiB TepMiHANIB,
KOXKHA 3 SIKMX Ma€ CBOI IepeBard Ta HeJOoJiKH. BaxmuBy
POIIb y poOOTI MyJIBTUMOAAIBHUX ONEPATOPIB BiMIrparoTh
iHpopMamiliHi TEXHONIOTIi, MmO 3a0e3MedyloTh OOMiH
JTAHAMH MK yCiMa y4acHHKaMH TPaHCIIOPTHOTO TIPOIecy,
BIJICTe)KCHHSI BaHTaXy B pEXHMI peaJbHOrO0 dHacy Ta
eeKTMBHE  YNPaBIiHHS  JIAHIIOTAMH  TTOCTaBOK.
JisTbHICTS MYJIBTUMOJIAIBHUX OIIEPATOPIB PETYIIOETHCS
Sk 3akoHOM Ykpainum [10], Tak W MiDKHapOIHUM

I[Ipn HEoOXigHOCTI MOCTABKM BaHTAXy «BiJl
IBepi O JBEpi» 3HA4YHA yBara MPHIUIETHCS BHOOPY
TpaHCIIOPTHOTO  3aco0y  (abo  JNEeKUIbKOX  BHUJIB
TPaHCIIOPTY) 3 paliOHAIGHUM PO3MOIUIOM 32 HUMH
BIAITOBIAHUX IIISHOK JIOTICTUYHOIO JIAHIIOra JOCTaBKH.
IIpn npoMy, 3a €KCHEPTHOIO OLIHKOIO OepyTh 110 yBaru
HacTymHi (aKTopH, MO MpPUTaMaHHI KOXXHOMY BHIY
TPAHCIIOPTY, 30KpEMa: BapTICTh MEpEBE3CHHS; HAIIHHICTh
JIOTpUMaHHs Tpadika OCTaBKH; TPHUBANICTh JIOCTaBKH,
3MIATHICTD JIOCTaBKH BAaHTaXy B OyIb-fKy TOYKY TOIIO.

o - . . 3aKOHOJaBCTBOM, CIIpAMOBaHUM Ha 3a0e3MeueHHs

OCTaHHLOMy Q)aKTopy HaWOLIbIIE ITOBHO B1IAIIOB1AA€ . .

. o . o o Oe3nexu NEPCBC3CHb Ta 3aXHCT IHTCPCCIB
aBTOMOOIILHUM TPaHCIIOPT. Komnicamit TPpaHCIIOPTHUU . . o

BaHTa’>XOBJIACHUKIB. Amnaniz JCAKHUX HaKO1IBIINX

3acid MOXKe TIOCTYNaTuCsl 3ali3HUII B OJHOPa30BHX
oOcsirax TepeBe3eHOT0 BaHTaXy, BapTOCTI NEpEeBE3CHHS,
OJHAK 3a MAaHEBPEHICTI0O caMe aBTOMOOUIL HE Mae
KOHKYPEHTIB cepe]] iHIINX BU/IIB TPAHCIIOPTY.
MynbTUMOJINIBHI  TPAHCHOPTHI  ONEpaTopu €
KJIIOUOBHMMHM TPaBLSIMH Ha PHHKY IlepeBe3eHb, Oepydn Ha
Tabmunst | — Haii6inbimi sioricTiyHi KoMmratii YKpaiHy 1110 HaJIafoTh MOCIYXH MYJIFTHMOJAJIbHAX IIepeBe3eHb

JIOTICTUYHMX KOMIaHId KOTpi BHCTYHAalOTh B PO
MYJIBTUMO/ANBHIX TPAHCIIOPTHUX OIEpaTopiB B YKpaiHi
(tabmuust 1), mae 3po3yMitTH o OimbIla YacTHHA
KOMMaHid € JOYipHIMH TIAMPHEMCTBAMH  BEIIUKHUX
MDXXHAPOJHUX KOMITaHiH .

Ne | HazBa XapakrepucTuka
1. ZAMMLER Kommanii rpynmu ZAMMLER nazgaioTs nociayru y cdepi aBTOMOOUIEHIX, MOPCBKHUX,
GROUP aBiarepeBe3eHb, MHUTHO-OPOKEPCHKOro O(GOPMIICHHS, a Tako)XX — IIOBHHUH CIIEKTP

cxinagcbkux nocayr. o rpynu ZAMMLER BxonuTh 5 KoMITaHiH, siKi IpeAcTaBieHi
17 odicamu. Kommanii posramosani B €Bpomi Ta A3ii. Kommnanis crismparioe 3
JIOTICTUYHMMHM TIapTHEpaMu 1o BcboMy cBity. ZAMMLER Hanmae Bci Buaum
JIOTICTUYHHMX TOCIYT, 3aCTOCOBYIOUM €IMHUI CTaHAApPT SIKOCTI Ta TEXHOJIOTIH
00CITyroByBaHHSI KIII€HTIB.

2. Raben Ukraine MixHapoaHa JIOTICTUYHA KOMIIaHisl 3 MpeICTaBHULTBOM B YkpaiHi. Jloricruunuii
orepaTop, SIKUA  MPOMOHYE KOMIUIEKCHI MOCIYTH: KOHTPAKTHOI JIOTICTHKH,
aBTOMOOIJIbHUX NepeBe3CHb (MIXKHAPOIHI Ta BHYTPIIIHI), (pelr JIOTICTHKH, MUTHOTO

tepminany, FTL Ta iHTepM0oIaIbHOTO TpaHCHOPTY, MOPCHKHX Ta aBiariepeBe3eHb.

3. DB  Schenker B
VYxpaini

OpHa 3 IPOBIHNX CBITOBHX JIOTICTUYHUX KOMITAHIH, SIKa TAaKOXK aKTHBHO IPAIIOE B
Vkpaini. Mixnaponna jorictuka DB Schenker moeagnye y cobi KOMIUIEKCHI
pIIICHHS TPaHCIIOPTYBaHHS Ta OOpPOOKHM BaHTaXiB (MDKHApPOAHE BiAIIPaBICHHS
BaHTaXiB aBToMoOUTEHMM TpaHcrioprom FTL/LTL, BaHTakomepeBe3eHHS 3
temrepatypaum pexxumom 1a ADR, DB SCHENKER|System-niepeBe3ensst 30ipHuX
BaHTaXiB YKpaiHa-€Bpona-YkpaiHa, aBianepeBe3eHHS BaHTAXIB, MIKHApPOIHI
Mopcbki mepeBesennss BaHTaxie FCL, DB SCHENKER |LCL - xoHreiiHepHi
nepeBe3eHHs 30ipHux BaHtaxiB LCL, mnepeBe3eHHs 1o VYKpaiHi, CKJIaJcbKa
JIOTiCTHKA)

4. Kuehne+Nagel B
VYxpaini

MixHapogHa TPAaHCIOPTHO-JIOTICTHYHA KOMIaHis 31 INTa0-KBapTUPOIO B MiCTI
Hennenera (IlIBefinapis), TakoX Hajae MOCIYTH TepeBe3eHb B YKpiHi. Kommanis
HaJla€ MOCIYTH 3 MOPCHKHUX, IOBITPSIHUX Ta aBTO BaHTa)XKOIIEPEBE3€Hb, CKIIA/ICHKOI,
KOHTPAKTHOI Ta MPOEKTHOI JIOTICTUKH 3 aKIEeHTOM Ha HajaHHA [T-pimeHs, MuTHO-
OpOKEPCHKHUH CYNPOBIL.

5. Cargo Support VYkpaincbka koMnaHist 3acHoBaHa y 2017 pori, o crenianizyeTbes Ha MXKHapOIHUX

BAaHTAXKHUX NCPCBC3CHHAX, BKIIIOUA0OYN MyJ'II)TI/IMOﬂaJ'H)Hi CXCMH.
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YkpymHeHy cxXeMy s TOOYIOBH — MOJENi

IIPY TIepEeBE3E€HHI BaHTAXIB Y KOHTEHHepax HaBeICHO Ha

B3a€MOJIii 3aJII3HUYHOTO Ta aBTOMOOUTBPHOTO TPAaHCHOPTY  puc. 1.

aonomoroto HPM

BnBe3seHHA BaHTaXy
(KoHTelHepa)
aBTOTPaHCNOPTOM

BBe3eHHA BaHTaXy
(KoHTelHepa)
aBTOTPaHCMOPTOM A0

[JocTaBKa BaHTa)y
(KoHTelHepa)
aBTOTPaHCNOPTOM
oTpUMyBauy
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TeEpMiHany

BianpasneHHA BaroHis 3 TepmiHany

Puc. 1 — CTpykTypHO-TIOTiYHA CXeMa MOJENI B3a€EMOJil aBTOMOOUIBFHOIO Ta 3ANI3HHMYHOTO TPAHCIIOPTY Ha

JIOTICTUYHOMY TE€pMIiHaJI ITPH JI0CTaBIIi BAaHTAXIB

3aBIaHHIM MOJICITIOBaHHS B3a€EMOJIIT
aBTOMOOIIBHOTO Ta  3aJi3HUYHOTO TPAHCIIOPTY Ha
TEepPMiHaMi, K YUCTHHI MYJIETUMOIAIBFHOTO JIOTICTHIHOTO
JIaHIIFora MaKCHMI3aLis pi3HUI BUTpAT
BAaHTAXOBJIACHWKA B TNpH BHKOHAHHI JOCTaBKU 3a
K = {‘4"'9“.1 ax [BE (.BE&T BBE'.' BKCI".'.' B:"{ B)' )

’— OE (:033.‘! 035".' OK:I-.'.' 0:'-[ oEP“I )]

YHIMOJIAJIFHOIO CXEMOIO CBOIMM CHJIaMH Ta OIeparopa
MYJIBTUMO/ANEHOTO TiepeBeseHHs Op y mporieci HaJlaHHS
iM mociyru i3 AOCTaBKM BaHTaxiB. Ilpum mpomy Juis
orepatopa Mae 3abesnedyBaTHch HpUOYTOK Onp IS
Pi3HHX MOYATKOBHUX YMOB, TOOTO Os< Bs:. Lle ykpymHEHO
TIPEICTABIICHO SIK

0 M
mp -
C; — 3zam3HuuHui Tapud Ha mepeBe3cHHI
b 3 .
e By, 0.; - BUTpPaTH, 1O TOB’A3aHO 13 papraxy {-r0 BaHTAXKOBIACHHMKA, IpH./Bar. Moxe OyTH
JIOCTaBKOIO ~ BaHTaXy  (KOHTEeWHepy)  3aJi3HWYHOIO  JU(EepeHIiHOBaHUM B 3aJIeKHOCTI BiJl 00CATY IepeBe3eHb

YaCTUHOIO JIOTICTUYHOTO JIAHIIOTa y BAHTAXOBJIACHUKA Ta
Yy MyJIbTUMOAAJIBHOI'O OIlepaTopa, TPH./PiK;

B.y. . 0., - BUTpaTH, HEOOXiIHI Ha NpUAOaHHS
a0o0  opeHay  aBTOTPAaHCHOPTY  IpH
MYJIBTUMOAIBHOMY TIEpEBE3EHHI, TPH./PIK;
BUTPAaTH BaHTa)KOBJIACHUKA abo

yHI- Ta

BKCE: o OKS!-.‘:
orepatopa Ha OOpOOKY KOHTEHEpiB (SKIIO BaHTaX
MIEpEBO3UTHCS Y KOHTEHHEpax), IPpH./piK;

B,,.0,; - €KOHOMiYHI BTpaTW, IIOB'A3aHI 3
OUiKyBaHHSM aBTOMOOLTIB HABaHTAXXCHHSI, BUBAHTA>KCHHS
Ta IHIIMX OTepaliif Ha TepMiHalli y BAHTa)KOBJIACHUKA abo
orepaTopa, rpH./pik;

BI-.'p.‘[ : ox-:p:r
oreparopa, TMOB'S3aHi 3 BHUKOHAHHSIM HaBaHTAXO-
PO3BaHTAXYBaJIBLHUX POOIT HA TepMIHANI, TPH./pIK.

ITpu npomy

Ny

BUTpATHU BAHTAYKOBJIACHUKA abo

Bza:t Ozax = 365 Z ”x’csi T leariCer
i=1

y KUTBKICTh ~ BaroHiB, 3aIiTHO Y

e 1 o
MEPEBE3CHHI BAHTAXKY 1-I'0 BAHTAXKOBJIACHUKA,;

Ta HAsBHOCTI y HepeBi?)HI/IKa CKHUJOK THITY «CKOHTO» SK
JUIA BAHTAXXOBJIaCHHUKA, TaK 174 IUIA orieparopa, l"pH/ Bar,

teari - TPUBANLICTh 3HAXO/PKEHHS BaroHy Ha

TEpMiHaJ 3 ypaxyBaHHSIM OUiKyBaHHS, TOJl
Cer- CTaBKa BarOHOTOTUHH MIPOCTOIO, TPH.;
N; — KinbKiCTh BaHTaXXOBJIACHHKIB, L0 HaIalH

JUIS TIepPEeBE3CHHS BaHTaX MYJETHMOIATBHOMY
oreparopy.
Boy Opy = 360Mggr(Caer + Cing Mou
Bipr Opr = 365Mgp Cagrtanr,
ne Masr- KUIBKICTH aBTOMOOLIIB, SIKi 3HIHCHIOIOTH

TIepeBe3CHHS BaHTAaXYy (KOHTEHHEPIB);

Casr - BapTICTh TOAMHU POOOTH aBTOMOOILNI,
TpH./TOII.;

tasr pO3paxyHKOBa TPHUBAIICTh 3aiNATICTI
aBTOMOOIIST TpoTSroM 106w, Tox. Y pasi BIIACHOTO
aBTOTPAHCHOPTY  tasr 24 rTom; TIpU OPEHIIOBAHOMY
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ABTOTPAHCHOPTI tasr BU3HAYAETHCS TPUBAIICTIO JJOCTABKU

a0 KiHHeBOFO CIIO)KHBa4da aBTOTpaHCHOpTOM).
Ny

Bx:l-.': ox:x-.': =365 » Cxx-::r Z N3 il

i=1

ne Crar- CTaBKa KOHTEIHEPOTOJIMHYU IPOCTOLO, IPH.;
3y, § — KUIBKICTh KOHTEHHEPIB y BaroHi 41 1 -ro

BaHTa)KOBJIACHUKA,
N, \

Bipy, Oupye =365 | 23 Mgy Gy +2» Z N Cipg |»

\ i=1

ne Cusa - cTaBKa 300py 3a HaBaHTaXeHHS abo
PO3BaHTAXEHHs aBTOMOOLIIIO, TPH.;

Cuss - cTaBka 300py 3a HaBaHTaXeHHS abo
PO3BaHTAXEHHS BaroHy, IPH.

3 ypaxyBaHHSIM CXEMH, HaBeleHOi Ha pHc. 1,
pO3MIITHEMO B KOMIUIEKCI ~ MOJETb  B3aeMOIl
3TI3HAYHOTO Ta AaBTOMOOUIBHOTO  TPAHCHOPTY Y
MYJIBTUMOJANBHUX JIOTICTUYHHUX JIAHIIOTaX B3a€EMOJIi
3aJTI3HMYHOTO TA aBTOMOOUIHLHOTO BHIIB TPAHCIIOPTY NpPU
3aBE3CHHI-BHBE3CHHI BaHTaXiB 3 ypaxyBaHHAM (2)-(6).
[Tpn upoMy npuiiMaeMo HU3KY NPUITYIICHb:

— 3 KOXHHM BaroHoM, IO TIOJaHUHA Ha
TEpMiHaJ, BAKOHYETHCS JIBI BAHTAXKHI OIepartii;

— 3 KOXXHHUM aBTOMOOuIeM, IIo mnpuOyB Ha
TEpMiHaJI, BAKOHYETHCS JIBI BAHTAXKHI OIepartii;

— Bci  aBTOMOOUN, BaroHM (KOHTEHHEpH)
BBa)XAIOThCS TMPHUIATHUM [UISl NEPEBE3CHHS BAHTAXY Y

TEXHIYHOMY Ta KOMEPIiI{HOMY BiJJHOIIICHHI;

40

30

KidnbkicTb BaroHis

20

10

10 Bar

20 Bar

tyeri - TPUBAIICTD 3HAXOKCHHS KOHTEHHEpa Ha
TepMiHai, TO1I.
ze tou- TPHBAIICTh OWIKYBaHHS aBTOMOOI{AiMu
BaHTQ)XHUX OIEpalliii Ha TepMiHalll B Mepiox 3aWHATOCTI
(pOHTY HaBaHTa)KCHHSA-BUBAHTAXXECHHSI, TEXHOJIOTIYHUX
TiepepB, HErOTOBHOCTI BaroHiB (KOHTEHHEPIB) TOIIO, TOL.;

Cingp CTaBKa TIIOTOJWHHOI  OIUIaTH  3a
KOpHUCTYBaHHSI IHPPaCTPYKTYpOIO (TepMiHAJIOM), TPH.

(6)

— iHdopmamiss W JOKYMEHTM Ha BaHTaX
00pOOIIAIOTBCS 32 JIOIIOMOT'OK0  aBTOMATH30BaHOT
CHCTEMOIO 1 HE € 00MEXYI0UnM (HaKTOPOM dacy

SIK TONIrOH MOCIIKEHb MOAENl B3aeMomil
3aI3HUYHOTO Ta AaBTOMOOINFHOTO TpaHCIOPTYy OyB
0oOpaHHil YMOBHUI JIOTiCTHYHHUHM JIAHITIOT 13 JEKITBKOX
ATIPUEMCTB XapKiBCHKOTO 3ali3HUYHOTO By3na. OIiHKY

cepenHbon000BOT  KIIBKOCTI BaroHiB, MO OYIKyIOTh
BUKOHAHHS BAaHTAXHMX ONepanii Ha TepMiHAI IpH
pi3HMX  BapiaHTax  OOCIYrOBYBaHHS  JOCJIIHOTO
JOTICTUYHOTO  JIaHIIora  HAaBeIeHO Ha  pHc. 2.

BcranoBneHO, MO KUTBKICTh BaroHiB, SIKi OYIKYHOTH Ha
TEepMiHATI BaHTQKHUX OIEpaIliif, He TEPEBUIIY€E CEPEITHE
00OBE HAIXOIKCHHS BaroHiB, TOOTO HE MEPEXOANTH Ha
HacTynHy 100y HaBWUTHb NpH 3aiisHi 3, 2 Ta 1 aBTiBKH
MyJBTUMOJATBHOTO OIepaTopa y aBTOMOOLTEHOT YacTHHI
JIOTICTHYHOTO JIAHIIFOTY .

aBT
30ear

O6carpobosoi nepepobku

00-10 O010-20 O20-30 [—30-40

Puc. 2. Ominka cepeaHb0000BOI KiIBKOCTI BaroHiB, IO OYIKYIOTb BUKOHAHHS BaHT)XHUX OIEpallii Ha
TEpMiHaJI IIPU Pi3HUX BapiaHTax 00CIYrOBYBaHHS JAOCIIIHOTO JIOTiCTHYHOTO JIAHITIOTa

Orminka cepenHboJ000BOT TPUBAIOCTI 0OpOOKH
BaroHiB (3 ypaxyBaHHAM OYIKyBaHHS BaHTaXHUX
omepariif) y Tpomeci B3aEMOJii 3ali3HUYHOTO Ta

aBTOMOOIJIBHOTO TPAHCIIOPTY HA TEpMiHANI NPH Pi3HUX
Bapiantax  ob6ciyroByBanHs  (1,2,3  aBTOMOOUISIMHK
MYJIBTUMOJAIBEHOTO OIlepaTopa) HaBEIEHO Ha pHc. 3.
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Bcranosneno, mo TpuBaicts 00poOKM BaroHiB CKiajae
Bim 153 ma 1621 xB/moOy. OcTaHHIN TEXHOJIOTIYHUI
BapiaHT i3 BHKOpPHCTaHHSAM | aBTIBKM HE MoOXe OyTn

peaizoBaHUM

nporsirom  jgobu, ToMy Horo i3

3aCTOCYBAaHHA PCKOMCHI0BAHO BUKIIFOUNUTHU.

g 1800 1440x8=1pnoba —
S 1600 / /
(:Jr
3 1400
| =
S 1200
G
rEo 1000
S 800
=

600

400

200

0
10Bar 20 Bar 30 Bar
O6car go6oeoi nepepobku
MlasT M2asT M3asT

Puc. 3. Ouinka cepequp01000B0i TpUBaJOCTI 0OPOOKHM BaroHiB y Ipoleci B3aeMoOJil 3alli3HMYHOTO Ta
aBTOMOOIJIBHOTO TPAHCHOPTY Ha TEPMiHAI IIPH Pi3HUX BapiaHTaX 00CIyroBYBaHHS

BHCHOBKH. VYxpaian Nel550 Bim 27 rtpymas 2024 p.URL:

TakuM  UMHOM,  3alpONOHOBAHA  MOJEND https://zakon.rada.gov.ua/laws/show/1550-2024-
B3a€MO/Iii aBTOMOOIJIBHOTO Ta 3aJ1i3HUYHOTO TPAHCIIOPTY %D0%BF#n22.
3aCHOBAaHA HA  PHMHKOBO-OpicHTOBaHOMY  Kpurepii 2. Kmpma ~ T.H.  Oprammsamus — KOHTPEHJICPHEIX
ontuMizanii mpouecy (YHKIIOHYBAaHHS BaHTaXHOTO HEepeBO30K B YkpauHe. JIHIIPONETPOBCHK: ApT-
TEPMiHAJY, SIK YACTUHH JIOTICTUYHOTO JIAHIIOTA. Ipecc, 1998. - 132 c.

B pesymbrati  MonmemoBaHHsS  B3aemoxii 3. Apcenenko /1. B., Jlomoreko JI. B., Kosansosa O. B.
BCTAHOBJICHO ~ MaKCHMaJbHY  KUIBKICTH  BAaroHiB Po3po0iieHHsT onTUMaNbHOI TEXHOJIOTIi IepeBe3eHHs
(xoHTeliHepiB), MmO ~ MOXyTh  Oyrm  00pobneHO 3€PHOBUX BAaHT@XKIB 3 ypaxyBaHHSAM CyYaCHHX
TepMiHaJIoM, Ta pamnioHaTbHy KIJIBKICTB TEHJCHLIH ramy3i. 30ipHMK HAayKOBHUX IIpanb
aBTOTPAHCIIOPTHUX 3aC00iB, 10 33/iSTHO Y JIOTiCTHIHOMY YxpAY3T, 2024, Bun. 208. C.215-222 DOL:
nmaHmro3i. Ha migcTaBi mporo 3po0JieHO BHCHOBOK PO https://doi.org/10.18664/1994-

JIOIYCTAMICTh TOTO YH 1HIOTO TEXHOJIOTIYHOTO BapiaHTY 7852.208.2024.308751.

B3a€MOJIIi 3a/II3HHYHOrO Ta aBTOMOOLIBHOIO TPAHCIOPTY 4, Kwateng, K.O., Tetteh, F.K., Asare, N. and Manu, D.
Ha TepMiHaji 3 ypaxyBaHHAM BUTiJHOCTI BapiaHTIiB s (2022), "Can intercluster coordination mediate the
MYJIbTUMOAAIBHOIO OIIEpATOpa. relationship between supply chain flexibility and
e nossomsiec  3pobuTH  BHCHOBOK TIpo  (inancoBy humanitarian supply chain performance?", Journal of
HpI/I.Ba6J:II/IBiCTI> BaHTA)KOBJIACHUKA  TEXHOJOTIYHUX Humanitarian ~ Logistics and  Supply  Chain
BApI1aHTIB opmyBaHHs MYJIETUMOAAIEHOTO Management, Vol. ahead-of-print No. ahead-of-print.
JIOTICTIIHOTO JIaHLora. ) ) ) https://doi.org/10.1108/JHLSCM-09-2021-0086

Y nep CHCKTHBL ~ IMHAMIKY = SMIH TIPHBAIOCTL 5 = pospyrox  im(pacTpykTyps — MyIbTHMOJAIBHEX
3HAXOJKEHHS aBTOM061J'.I$I, BaroHa (KOHTEHHepa) Ta ix mepeBesens B VKpaiHi Yy  KOHTEKCTI  3MiHM
0uiKyBAHHs MOKHA JOCIIMTH Ta TIPEACTABATH Y BUIIIS TPAHCTIOPTHO-TOTICTHYHAX MApIIDYTiE B  yMOBAX
BIANOBIAHUX  hyHKUil PO3LOALLY, IO CPCTBOPHTL BillHM: HaykoBa pomoBine. — JIsBiB: IPJI HAH
MOJIe/Ib HA CTOXACTHYHY i Mi/IBUIIUTH SKICTH OTPUMAHHX Vipairn, 2023. — 72 c. ISBN 978-617-14-0079-5.
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crparerii Ykpainm Ha mnepiox mo 2030 poky Ta
3aTBEp/DKCHHS OIEpallifHOTO IUIAHy 3aXOAiB 3 il
peamizamii 'y 2025-2027 pokax. IloctanoBa KMY

TIepeBE3CHb 3 YpaxyBaHHAM PU3HKIB. TexXHIUHI HAyKH
Ta TexHomorii. — 2025. — Ne 1(1). — C. 41-47. — DOI:
https://doi.org/10.32782/2663-5941/2025.1.1/41

23

IKC3T, 2025 Ne3



https://doi.org/10.18664/1994-7852.208.2024.308751
https://doi.org/10.18664/1994-7852.208.2024.308751
https://doi.org/10.1108/JHLSCM-09-2021-0086

IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

7. Jlomoteko JI.B., Impunmmn B.M., Adanacosa O.®D.,
Hecteperko O.0. VYaoCKOHaNeHHS  TEXHOIOTIi
(YHKI[IOHYBaHHSI 3€pHOBUX JIOTICTHYHHUX JIAHIIOTIB
32 y4acTIO 3JIi3HWYHOTO TPAHCHOPTY. 3asli3HUYHHUN
TpancnopT Ykpainu. — 2025. - Ne 2 . — C. 4-11. DOI:
10.34029/2311-4061-2025-155-2-04-11

8. Woschank, M. and Dallasega, P. (2021), “The impact
of logistics 4.0 on performance in manufacturing
companies: a pilot study”, Procedia Manufacturing,
Vol. 55, pp. 487-491, doi: 10.1016/j.promfg.
2021.10.066.

9. Lomotko, D., Ohar, O., Kozodoi, D., Barbashyn, V.,
Lomotko, M. (2023). Efficiency of “Green” Logistics
Technologies in Multimodal Transportation of
Dangerous Goods. In: Arsenyeva, O. And etc. Smart
Technologies in Urban Engineering. STUE 2022.
Lecture Notes in Networks and Systems, vol 536.
Springer, Cham. DOI: 10.1007/978-3-031-20141-
7 74

10. Tpo MynbTEMOANBHI TIepeBe3eHHs. 3aKOH YKpaiHu
Ne 1887-IX Bil 17.11.2021p. URL:
https://zakon.rada.gov.ua/laws/show/1887-20#Text

Prof. Lomotko D. V., postgraduate student
Abolonin A. 1., Kofanov O.V.,graduate students Kalynych
M. V., Prokofiev A. I.

MODELING THE INTERACTION OF RAIL AND
ROAD TRANSPORT IN MULTIMODAL
LOGISTICS CHAINS

Abstract. In order to determine the effectiveness
of providing logistics services in multimodal logistics
chains, the article considers the issue of modeling the
interaction of rail and road transport. The proposed model
of interaction of road and rail transport is based on a
market-oriented criterion for optimizing the process of
functioning of a cargo terminal as part of a logistics chain.
According to the results of interaction modeling, the
upper limit of the number of wagons (containers) that the
terminal can process, as well as the optimal number of
vehicles involved in the logistics chain, was determined.
Based on these data, a conclusion was formulated
regarding the admissibility of a specific technological
option for the interaction of rail and road transport at the
terminal, taking into account its profitability for the
multimodal operator. Thus, it is possible to assess the
financial attractiveness of the options for forming a
multimodal logistics chain from the point of view of the
cargo owner.

Keywods: rail transport, road transport,

container transport, multimodal transport, transport

efficiency, logistics chain
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KPUTEPIAJIbHUNA NIAXIJ AJISI OLIHIOBAHHS 3MIHU
BJIACTUBOCTE MOTOPHHUX OJIMB Y IMPOLECI EKCIITYATALII TA

BU3HAUYEHHS CTPOKIB iX 3AMIHU

Anomayin. Y cmammi no0ano Ho8Ull aHanimuyHUull niOXio 01 OYIHIOBAHHS 3MIHU CTIYHCOOBUX 81ACMUBOCTIEN
MOMOPHUX 01U Ni0 Hac eKcniyamayii 08U2yHi8 HYMPIUHb020 320PSAHHA. 3anponoHO8aHo 08a be3po3MIpHI Kpumepii —
T MA T, K 0AI0Mb 3M02Y KOMNJIEKCHO 8PAX08Y68aAMU 3MIHY 61ACMUBOCTEl MOMOPHOI OIUSU MA 6NAUE OCHOBHUX

excnayamayitinux gaxmopis. Pospobaeno 3anesxcuicmo mwu

= f(m) Ons BUSHAUEHHS ONMUMATLHUX CHWPOKIE 3AMIHU

MOMOPHOI 0UBU 3 YPAXYBAHHAM AK AKOCMI NANLHO20, MAK [ NOYAMKOBUX Xapakmepucmuk oausu. Ilooanui
KpumepianvHuil nioxio 3abesneyye Oilbil MOYHe NPOSHO3VBAHHS MOMEHMY, KOIU OIUBA 8MPAYAE C8OI eKCIyamayititi
enracmueocmi ma nionseac 3amini. Hapasi npoeoosme excnepumenmanvhi 00ciodtcenuss O ymoyHeHHs po3pooieHoi
3AN1eACHOCMI HA OCHO8I OQHUX 13 PI3HUX MUNié 08ucyHie. 30Ip eKCnepuMenmanbHuX OAHUX I3 PI3HUX MUNIE MAUUUH
3a6e3neuums no6y008y y3a2aibHeHOl MOOel, AKaA 8PAX08YE 6Ci CYMMEBL hakmopu 3HOCYy MOMOPHOL O1UBU.

Knrouosi cnosa: momopna onuea, xpumepiii nodiOHocmi, KpumepianibHuil nioxio, O8USYH GHYMPIUWHbLO2O
320PAHHA, eKCNIYAmayis, CMpOoKU 3aMIHU, GIACMUBOCHI OIUGH.

Beryn.

3ai3HUYHE TOCTIONApCTBO YKPaiHU € OCHOBHUM
1 HalOipIMM criokuBadeM HadTonponykriB. [locriitHe
30UIBIICHAS 3ali3HUYHUX TICPEBE3CHb, a OTXKe, |1
30UTbIIEHHS  OOCATIB  CIIOKMBAaHHS — Ha(TONPOIYKTIB
CTaBUTH MEPE NOCTITHUKAMH Psi/i 3aBJaHb: 301IbIICHHS
JIOBIOBIYHOCTI JIBUTYHIB, EKOHOMIYHOCTI 1X eKCILTyararlii,
BUSIBJICHHS Ta BHKOPHUCTaHHS pe3epBiB ekoHoMii [IMM,
CYTT€EBE 1X 3HIKEHHS.

VY 3B'I3Ky 3 IHUM ICTOTHY pOJb BiJirparoTh
MUTAaHHA PpaliOHATBHOrO MiA0Opy Ta 3acTOCYBAaHHS
MOTOPHHX OJIMB Y TIpolLeci eKcIulyaramii, OCKUIBKH
BJIACTHBOCTI 3MAIlyBaJIBHOIO MaTepialy € OIHUM i3
HaliBaXXJMBIMMX  (aKToOpiB, IO  BIUIMBAIOTh  HA
HATIHHICTh, JOBIOBIYHICTH 1 CKOHOMIYHICTH pPOOOTH
JIBUTYHAa  BHYTpIIIHBOTO  3ropstHHS.  [IpaBmibHO
migOuparoun MOTOpHY omBY 10 [IB3, pecypc nu3enbHUX
JIBUTYHIB MO>KHA 301bIUTH B 1,5 paza i Oinpme [1].

HapmiiiHiCTh 1 JOBrOBIYHICTH POOOTH IBUTYHIB
BHYTPIIIHBOTO 3TOPSHHS 3HAYHOIO MIPOIO 3aJIeXaTh BiX
SIKOCTI MaCTHJIBHUX MaTepialliB i CBO€YacHO] iX 3aMiHH.

TpagumidHi mWIXOAW A OIIHIOBaHHS CTPOKIB
3aMiHM MOTOpPHHMX OJIMB ©0a3oBaHi 3a3BMuYaii Ha
¢ikcoBanomy mpobiry abo romuHax pobOoTH, IO HE
BPaxOBY€ peallbHUX YMOB €KCIUTyaTanii, KOHCTPYKTHBHUX
ocoOnuBOCTE  JIBUTYHA,  SIKOCTI  HajJbHOTO  Ta
IHTEHCHBHOCTI ~HaBaHTAXEHb. TakWi MiAXIK MOXe
MIPU3BOJUTH SIK /O TIEpeAYacHOi 3aMiHM OJIMBH, IIO
30UIBIIy€e eKcIuTyaTamidHi BUTpaTh, Tak 1 HaAMipHOTO
MIOJIOBXKEHHA 11 BHUKOPHCTaHHS, L0 IiJIBHUILYE PHU3UK
3HOCY Ta BIJIMOBH JIBUTYHA.

B onmBi, ska mpompamioBana JESKMH Yac y
CHCTEMi 3MallleHHS [JIBUTYHA, BiAOYBA€ThCS DA 3MiH
(HaKONIMYYIOTHCSI IPOAYKTH OKMCHEHHS OJINBH, KOPO3ii Ta
3HOCY JBWTYHA, NI i BOJIOTA, 3MIHIOETHCS B'SI3KICTH,
CHPalbOBYIOTHCS TIPUCANKH), 1110 MAIOTh ICTOTHUH BIUINB
Ha Horo  (i3WKo-MexaHiuyHI Ta  eKCIUIyaTamiiHi
BJIACTHBOCTI, a OTXKeE, 1 CTaH TPUOOCIIOIy4eHb, arperaris i
JIBUTYHA B I[LIIOMY.

[pyHTYHOUKMCH Ha MPUITYLIEHH] PO Ge3MepepBHE
TMIOTIPIIEHHS SIKOCTI MOTOPHOI OJIMBH B IpoLeEcCi poboTH
JIBUTyHa, OaraTo  BITYM3HSAHUX 1  3aKOPJOHHHX
JIOCHIJTHUKIB 10 HEJJABHBOTO Yacy BBAKAIN HENOLLIEHUM
TpuBase 3acTocyBaHHS onuB. OnIHAaK 3a OCTaHHI POKH
BCTAaHOBJICHO, 110 31 30LIBIIEHHSM CTPOKY CITy>OW OJIMBH
Jesiki 1 eKCIUTyaTaliifiHi BIacTHBOCTI HE TUIBKH He
TIOTiPIITYIOTHCSI, & HABITh ITOJIINIIYIOTHCS.

[MTosicHuTH MOXIHUBICTh 30LTBIIEHHS CTPOKIB
3aMiHM OJIMBH TUIBKM TMOJINIIEHHSM IXHBOI SIKOCTI 1
BJJOCKOHAJICHHSIM OYMILEHHS Bl MEXaHIYHUX JOMILIOK Y
JIBUTYHaX HE MOXKHA, OCKIJIBKM OJHOYAacHO 3piC CTYIIHb
(dopcyBaHHS [BUTYHIB, IO MpPU3BEJIO IO MOCHJICHHS
pobotu moTopHOi onmBH B JIB3 [2-8].

Tomy st BceOiYHOrO pPO3B’sI3aHHS MPOOIIEMH
MIOJIOBXKEHHSI CTPOKIB CIy’)kOM OJMB HeoOXigHOo Oararo
TEOPETUYHUX 1 EKCIIePUMEHTAIbHUX JOCHIDKCHb 13
METOI0 BCTAQHOBJICHHS 3arajlbHUX 3aKOHOMIpHOCTEH
MIPOLECIiB, MO IMPOTIKAIOTH Yy MOTOPHHMX OJMBaX 3a ix
ekcriyaranii B JIB3.

Bemnky  iHdopMaTHBHICTH NPO  HpOLECH
CTapiHHS MOTOPHHMX ONMB 3a IX ekciuryaramii B JIB3
MaroTh METOJM BU3HAYCHHS CTYIECHS CIIPALbOBYBAHHS
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MpUCaZoK: 3a JIyxkHICTIO [2-5, 7], B's3kicTIO 1
TEPMOOKHCHIOBAIFHOIO CTAOUTBHICTIO ONTUB [2-4].

OCHOBHOIO ~ BJIACTHBICTIO pPOOOTH  MOTOPHOL
onmuBH B JIB3 € 3amobiranHs 3HOCY 1 3a1upy map TepTs,
IO TPamioloTh Y PEXHMI T'PAaHWYHOTO 3MAalllyBaHHS.
3MamryBajgbHy [il0 OJMBH B YHHHHX CTaHAapTax
HalfyacTime XapakTepusyloTh 3a B'a3kicTio. OpHak
3HAUEHHS B'SI3KOCTI HE BiZOOpa)x<ye 30aTHOCTI OJMBU
BUKOHYBaTH cBOoi (yHKUiIi B yMOBaX TI'PaHUYHOIO
3MAaIlleHHs], a TaKOXX He Jae iHdopmanii Ipo HasBHICTH B
ONMBI TPOTH3HOCHUX 1 TPOTH3aAUPHUX IPHUCAJIOK.
Indopmanito mpo pobOTY ONMBH 332 PEKHMIB
MIOIIKO/KYBAHOCTI TTOBEPXOHb (HANpHKIAX 3aaup), a
TAaKOXX HAasBHICTb B OJIMBI IaKeTa IIPUCAJOK JAl0Th
BUIIPOOYBaHHSA Ha YOTHPHKYJNbKOBiH mammHi 3a [OCT
9490.

Ha cporomni enuHMM HajiiHUM € MeETOA
OLIIHIOBaHHS BCTAHOBJICHHS TUX UM IHIIHMX CTPOKIB 3aMiHU
OJIMBH LIISIXOM BHUIIPOOYBaHHS JBUTYHIB, IO ITPAIIOIOTH
i3 pI3HUMH CTpPOKaMH 3aMiHH OJIMBH, 1 IOJAJIbIIOTO
o0OMipy aerasneii map TepTs i OLiHIOBaHHS KUIBKOCTI JIaKiB,
HarapiB i ocaiB.

OpgHak Takuid METOA € JOpOruM
iH(pOpMaio TUIBKH 11 KOHKPETHOTO JIBUTYHA.

VY 3B’A3Ky 3 IMM aKTyalbHHUM € PO3POOJICHHS
KPHUTEPIIFHOTO MiJXO0MY, SKMH JacThb 3MOTY 00 €KTHBHO
OLIHIOBAaTH 3MiHY CIY)KOOBHX BJIAaCTHBOCTEH MOTOPHOI
OJIMBH y TIpOIIeCi eKCIUTyaTalii Ta BU3HAYaTH ONTUMAaJIbHI
CTPOKM il 3aMiHM 3 ypaxyBaHHAM (AKTUYHUX YMOB
pobotn nBuryHa. Y cTarTi 3ampoNOHOBAHO CHCTEMY
0e3po3MIpHUX KpUTEPIiB, KA OXOILTIOE OCHOBHI (i3UKO-
XIMIYHI Ta eKCITyaTaliiHi ITapaMeTpH, 0 BIUTUBAIOTH Ha
Ipare3/laTHICTh MaCTHIILHOTO MaTepialy.

1 gJae

Bu3HauyeHHsI MeTH Ta 3aBJAaHHSI IlOCJIi)l?KeHHﬂ.

Kpurepianpauii miaxing mae BupINIyBaTé TpH
OCHOBHI 3aBJIaHHSI:

1. OuiHUTH  <OKOPCTKICTB»  yMOB  poOOTH
MoTopHOi omuBH B JIB3 3 ypaxyBaHHSIM CTyHEHs
(opcyBaHHs, XapakTepy BHUKOHYBAaHOi pOOOTH, CTYHCHS
3HOLICHOCTI Ta KOHCTPYKTHBHHX ocobimBocteil. Ha
OCHOBI IJbOTO BUOpATH IpyIly eKcIuTyaTawii onusu 3a API:
SE, SF, SG, SH, SJ, SL, SM, SN (ms 6en3unoBux [1B3);
CC, CD, CE, CF-4, CG-4, CH-4, CI4, CJ-4, CK-4 (s
nmusenpHuX [1B3).

2. OuiHuT  XapakTep  3MiH  CIyXOOBHX
BJIACTHBOCTEH MOTOpPHOI OJIUBH (TIOTIPIIEHHS TpyNy
eKCITyarallii) y mnpoueci ii HampamoBanHs y JIB3.
3HaHHA [ILOTO XapakKTepy IacTh 3MOTY 3a PO3paxyHKaMu
BU3HAUUTH Yac eKCIuTyaTanii abo mpoOir, JOCSATHYBIIN
SIKMX CIY’KOOBI BJIaCTMBOCTI OJHMBH MAalOTh T'PaHUYHO
JIOITYCTHMI 3HaYEHHSI, 32 SIKMX MOTPiOHO ii 3aMiHUTH.

3. OuiHUTH BIUIMB eKCILUTyaTaliiHUX (DaKkTopiB
Ha 3MiHY CIy’)XOOBMX BIIACTUBOCTEH MOTOPHOI OJIUBH,
TaKUX SIK SIKICTh NMAJIBHOTO, 00’€M CHCTEMH MalleHHS,
00’eM gommBaHHSA CcBiKOI omuBH (i3 11 3ropsHHAM),
CTYIiHb (OpCYBaHHS JBUTYHA 1 TPUBAJICTh €KCIUTyaTalii
(T1po6ir).

Bucoki o0eprtu KosliHYacToro Bajla Ta Mallli
00’eM cHcTeMH 3MalllyBaHHsS CIPHUAIOTH IHTCHCHBHOMY

MIPOKaYyBaHHIO OJWHUIIL 00’€My OJMBH Yepe3 BY3JIH
TEPTS, a OTXKE, IHTEHCHBHOMY HAKOIIMYEHHIO IMPOIYKTIB
OKHMCHEHHS Ta IIBHU/IIOMY 3HOLIEHHIO MIPUCAJIOK.

3a0pyqHEeHHS OJMBH B MPAIIOI0YOMY JIBUTYHI
BinOyBaeThcs OesnepepBHO. Ha mBuakicTs 3a0pyaHeHHS
ONIMBM BIUIMBaE Oe3miu (akTopiB, Hacammepen BHI 1
BIIACTUBOCTI manwBa [1, 9], THI, KOHCTPYKIis, TEXHITHUH
CTaH, PeXUM pOOOTH 1 YMOBH eKcIutyaTauii. Bymp-ski
(axkTopym, IO 3HWXKYIOTH IOBHOTY 3TOpSHHS ManuBa i
30UIBIIYIOTE TPOPMB  Ta3iB Yy KapTep, CHPUSIOTH
IHTEHCHBHOMY 3a0pyIHEHHIO OJIMBH, TIIepII 3a BCE
OpTraHIYHUMH JOMiITKamu [2, 4].

ABropu ©Oaratpox pobitr [1, 3-5,
BHUCIIOBIIIOIOTH JTyMKY NpO 3aMiHy MOTOPHHX
(aKTHYHUM  CTaHOM. 3a TakKol CHUCTEMH
BHUKITIOYCHI IIBUIICHUA 3HOC JBHTYHa 1
JIOJIATKOB1 BHUTpATH, TOB'sI3aHI 3 INeperdacHOI0
MOTOPHHUX OJIMB.

Po3pobinieHnst crieniaibHAX METOAMK, 32 SKUMH
OyIyTh BU3HAYEHI CIIy0OBI BITaCTHBOCTI MOTOPHHX OJINB
y Tporeci eKclulyaramii MamiMH 3 ypaxyBaHHIM
JIOJMBaHHA ONMBH  (OCBDKEHHS OJMB), a TaKOX
OLIHIOBaHHS OpaKyBaJIbHUX TTOKa3HWKIB JUIS yXBaJICHHS
pilleHHs Ha 3HATTA OJNMBHM 3 eKcIurlyatamii abo ii
eKCITyaTalifo B O€33MiHHOMY PEXHMiI € aKTyaJbHUM
3aBIaHHsM, sIKe Oy/ie BUPILIEHO B IIii poOOTi.

OcHOBHA 4YacTHHA AOCHiIKeHHs1. Bupimyoun
nepire 3aBJaHHs, HaMu OYyJIO BHBEIEHO KPHUTEPIH TiB3
[11], o mae 3MOTy OLIHUTH <«GKOPCTKICTE» YMOB poOOTH
MoTtopHoi onuBu B JIB3 3 ypaxyBaHHAM (hopcoBaHOCTI
JIBUTYHA, XapakTepy BUKOHYBAaHOI pOOOTH, CTYICHA
3HOLICHOCTI Ta KOHCTPYKTHBHMX ocobimBocteil. Ha
IiICTaBl OLIHIOBAHHS BU3HAYCHO TPYIy EKCIUTyaTamii
omuBu 3a APIL Tlpore mell kpuTepiii He Iae 3MOTy
BPaxOBYBaTH 3MiHYy CIIy’KOOBHX BJIaCTHBOCTEHl MOTOpPHOI
OJIMBH y TIporieci exciuyararii B JIB3.

Tomy s BHpINIEHHS APYroro 3aBAaHHI —
OLIIHIOBaHHS XapakTepy 3MiHM CIy>XKOOBHX BJIACTUBOCTEH
MOTOpPHOI OJMBH B mpoueci i HampaioBanus y JIB3 —
OTPUMAHO JIOJIATKOBHH KPUTEPIH T, SIKMH BHBEICHO 3a
METOJIMKOI0, BUKJIAJCHOI0 ¥ cTaTTsx [10, 117,

8, 10]
OlUB 3a
OynyTh
3HIDKEH]
3aMIiHOIO

(M
ne E SHEePreTHYHUI  IHTerpalbHUM  KpUTEpid
TpHUOOJIOTIYHOI XapaKTEPUCTUKU OJNMBH, Kr/m-c* lLlen
KpHUTEpiii BU3HAUCHO HAa YOTHPUKYJIHKOBIM MaIIMHI TEpTS
1 BpaxoBye HasBHICT B OJMBI TNPOTH3HOCHHUX 1
MIPOTU33IUPHUX TIPUCANOK, a TaKOX MIBHIAKICTh IX
cnpanpoByBanHs [11];

Il — mnyxse ymcno, mr KOH/r omuBm, mo
XapakTepu3ye 3[aTHICTh MOTOpPHOL OJIBH
HEWTpami3yBaTu cipyaHi CIIOJIYKH, sSIKi YTBOPIOIOTHCS B
IPOLIEC] 3TOPSIHHS MAJINBA, 1110 MICTUTB CIpKY;

N — KiHEeMaTW4yHa B’S3KICTh OJHBH, MM?/C, IO
XapaKTepu3ye Hecydy 3JaTHICTh MAacisSHOTO Imapy i
BTPaTH Ha TEPTS;
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C — CXWIBHICTh OJIMBU JI0 OKHUCHCHHS, KI/M>,
XapaKTepU3y€e 3IaTHICTh OJIMBH YTBOPIOBATH JIAKH, CMOJIH
Ta 1HIII BUCOKOTEMITEPATypPHI BiIKIIaAeHHS.

[Tpoananizyemo oTpuMaHMi KpuTepid mn. Bin
mparie 10  MaKCHMAJIBHOTO KOJIH
CHEepPreTUYHUM IHTETpAIbHUN KPUTEpid 1 Jy)KHE YHUCIIO
OJIMBU MArOTh MaKCUMAallbHE 3HAYCHHS, TOOTO OJHMBAa Ma€
XOpOIli TPOTHU3HOCHI Ta TPOTU3AJUPHI BIIACTHUBOCTI, a
TaKOXK 3aro0irae BiAKIAACHHIO CMOJHUCTO-ac(haTbTOBIX
peYoBHH, KapOeHiB i kapOoiniB Ha meTansx muryHa [12],
IIpH I[bOMY 3[IaTHA HEUTpPAJi3yBaTH CipKy, SKa MiCTUTBHCS
B IWM3CIFHOMY TMAJIBHOMY, IO 3MEHIIYE KOpO3iitHO-
MEXaHIYHAH 3HOC BEPXHBOI YACTHHHU T1I3M IWIIHAPIB 1

3HA4YCHHA,

MOPHIHCBUX KiﬂeHL.

301IbIICHHS K 3HAUYEHb KIHEMAaTHYHOI B'SI3KOCTI 1
CXWJIBHOCTI JI0 OKHCHEHHSI, HAaBIAKH, NPU3BOJUTH [0
3MEHIIECHHS 3HA4YEHHS KpuTepito mw. Lle BinOyBaeTbes
yepe3 MO 3 TMiJBUMICHHSAM B'S3KOCTI OJIMBH
30UIBIIy€EThCS  OIIp 3CyBY B MAaciiHOMY Imapi, IIo
MIPU3BOJUTE 0 30UIBIIEHHS BTpAT Ha TEPTs, 0COOJIMBO 3

Te,

IyCKOM 1 pOOOTOI0 JBHMI'YHa 3a HHM3BKHX TEMIIEpaTyp.
CXWIBHICTH O OKHCHEHHS OJIMBH XapaKTEepPHU3YIOTh
KIJIBKICTIO TOHKOTO IIapy OJIUBH, SIKMH ITEPETBOPIOETHCS
Ha JIAKOBY IUTIBKY 3a JI€I0 TeMmeparypu. Tomy, 4uM
BUIle 3HayeHHS IokasHuka C, TuM Oulblie oJmBa
CXWIIbHA /0 JIakoyTBOpeHHs [12], a oTXke, MOTipIICHHS
TEMIIEPaTypHOTO CTaHy JIBUTYHAa 1 3aKOKCOBYBaHHS
MIOPIIHEBUX KiJEIb.

Juist Toro mo6 BU3HAYHUTH CTPOKH 3aMiHH OJIMBH
B /B3, HEoOXiHO 3HATH 3aJEKHICTh 3MIHH KPUTEPIIO Ty
BiJl Horo HampalfoBaHHs Yy JBHUTYHi, TOOTO 3HAaTH, SIK
OyZyTh 3MIHIOBATUCS CIy’XOOBI BJIACTMBOCTI MOTOPHOI
omuBu B mporeci ekcruryatarnii JIB3. Taki mani moxkHa
OTpHMAaTH TUIBKH Yepe3 eKCILTyaTaliiiHi BUIpOOyBaHHS
pi3HMX THIIB JBUTYHIB. PesynpraTamMu BHUIpPOOYBaHb
OyZyTh YHCIIOBI 3HAUCHHS KPHUTEPIIO Ty, SIKi OyIyTh

3MEHIIYBaTHCS B TMpOIEci eKCIUTyaTalii JBHUTYHa,
OCKIJIbKM ~ OyIyTh 3MEHIIYBaTHCS NPOTU3HOCHI Ta
npotu3aaupHi BiaactTuBocti onuBH (E), a Takox JTyXHICTH

(II) 3 omHOYacHMM 3OUTBIICHHSM B'S3KOCTI i

m)

CXUJIBHICTIO J0 OKHMCHCHHA.

B ekcmuryaramii BaXITMBO 3HATH TpaHUYHE
3HAYCHHS KPHUTEPII0 T, TOOTO YHMCIIOBE 3HAUYCHHS, 13
JMIOCATHCHHSM  SIKOTO  MOTOPHY  OJHBY  HEOOXIITHO
3aMiHHTH. Taxki JaHi TaKOXK OTPUMYIOTh
EKCIICPUMCHTATEHAM ~ IIUISXOM, Ha OCHOBI  BEIHKOL
Bubipku J1B3.

Busnavyaroun wac poOOTH MOTOPHOI OJHMBH Y
JIBUTYHI, 13 JOCSATHEHHSM SIKOTO KpUTEpil mw OyIe MaTH
TpaHnYHi HEOOXiTHO BpaxoBYBaTH HE
peansHU 9ac poOoTH, To1, a00 MPOOIr, KM, a OIMiHIOBATH
et dakrop Oe3po3mipHUM KpuTepieM momiOHOCTI. 3a
TakKUM TAXOM0M OyJe BHUPIIICHO TPETE€ 3aBIaHHA 3
OIIIHFOBAaHHS BIUIMBY HA 3MIiHY CITy’KOOBUX BIaCTUBOCTEH

3HA4YCHHA,

MOTOPHOI OJIMBH TAaKHX EKCIUTyaTalliiHux (aKTopiB, SK
SIKICTB o0'eM cucremMu 00'em
JIOJIMBAHHS CBI3KO1 MOTOPHOI OJIMBU HA BUTOPSIHHSL.

I1aJiInBa, 3MalICHHA,

SIKI10 BUTOPSTHHSL MOTOPHOI OJIMBU Ma€ MiCIE, TO
32 PaxyHOK JOJIMBaHHS CBDKOI ONMBH (IO Ma€ BHCOKY
KOHLICHTPALII0 TPHUCAJKK) BMICT INPHCAAKA B IIJIOMY
Oyzie 3HaXOANUTHCS Ha TPAaHUYHOMY (JOIyCTUMOMY) PiBHI,
110 3a0e3neuye HailfiHy eKCIUTyaTalliio JBUTYHa.

[TpoananizyBaBIIM MEXaHi3M CIIPaI[bOBYBaHHS
MIPUCaJOK Y MOTOPHIH OnuBi 1 (hakTOpH, SIKi BIUIMBAIOTH
Ha [efl MexaHi3M, 3a METOAWKOIO, BUKIJIAJCHOIO BHIIE,
OTpUMaHO O0e3pOo3MipHHI KpHUTEpil Yacy, IO OIIHIOE B
KOMIUIEKCI TpOLEC BTPAaTH CIIy>KOOBHX BJIACTUBOCTEH
MOTOpPHOIO 0JMBOIO 3a ii podoru B JIB3. Kpurepiii mae
TaKUH BHUTIISI:

IT, = S_-".,\r_-f_[_‘-‘
' adene

@)
e S — HasjBHICTb CIpKM B TalMBi, M?, XapaKTepH3ye
HIBHKICTB CIIPAI[bOBYBaHHS JIy>KHOI IPHCA/IKU B OJIUBI;
Nu1 — niTpoBa MOTYXHICTH IBUTYHA, BT/ M?;

L — gac poboTn nBUTryHa, rof1, XapakTepusye mpooir
aBTOMOOIIS,;

Gwm — 00'eM cHCTEMH 3MAlllEHHS IBUTYHA, M>;
& b

G 00'eM [OIMBaHHS CBLXKOI
XapaKTepu3y€e CTYIiHb «OCBDKCHHS» OJMBH B KapTepi

OJIUBH, M3,

JBUT'YHA 3a paXyHOK BBCJACHHS IMPUCAIOK.

SIk BUIUIMBAE 3 aHATI3y KPUTEPiro MOAIOHOCTI Tt

(2): BenmmkWii BiCOTOK CIpKH B TalUBi, BHCOKa
MIOTYXHICTh JBUT'YHa a00 BUCOKHMI CTYHiHB (OpCyBaHHS,
a TakoX dYac poOOTH OJIMBH y JABUTYHI CIPHUATHMYTh
301IBIICHHIO o0'eM cucremu
3MAIlEHHS 1 BIICYTHICT JONMBAHHS TaKOX CIIPHATUMYTb

30UTBIICHHAIO KPUTEPIFO.

Kputepito. Mannit
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Amnamni3 TOKa3HMKIB  CTYNEHIB 3MIHHUX ¥y
¢dopmyni (2) mae 3MOTy CyIOMTH TpPO CTYIIHb BIUIMBY
(axTopiB, 0 BXOAATH 10 KpUTepito . binbmioio mipoio
BIUIMBAE 4ac poOOTH onuBH y IBUryHi L (abo mpoOir),
MEHIIOI0 Mipoi0 00'€M JONMBAHHSI MOTOPHOI OJIMBH Ha
BUTOPSIHHSA Gi.

JIi  mpakTHUYHOTO 3aCTOCYBaHHS OTPHUMAaHHMX
KPHUTEPIiB M 1 Tt HEOOXITHO OTPUMATH 3aJIEKHICTD

T

= f (). (3)

HaBenennii Buiie aHaji3 OTpUMaHUX KpUTEpiiB
MOKa3zye, IO B3aleXHICTh (3) MaTuMe BHIUINA, SK
MIOKa3aHO HA PUCYHKY.

[TogaTKOBe Ha4eHHA KPHTEPIIO Ty ¢, IO BIANOBIAAE CBUKIH OIHBI

.

I PAHITYHO-AOITYCTHME 3HAYCHHA Ty, 110 BIINIOBIIA€ 3HATTIO OJIIBI 3 L'}\'Cll‘[_\'}ll'ﬂlli-l-

Puc. Bzaemo3anexxHicTs KpUTEpiiB HOAIOHOCTI

Ha mincrasi incTpykuii [13] MokHa po3paxyBaTu
IPaHUYHE 3HAYEHHS KPUTEPIIO Ty npen (1), HOCATIIN SIKOTO,
OJIMBY HEOOX1HO 3HATH 3 eKCILTyaTalii.

Mertonuka BU3HAYCHHS E€KCIUTyaTalii MOTOPHHX
ONMMB 3a iXHIM TEXHIYHMM CTaHOM 3BeAEHa [0
OLIHIOBaHHS 4Yacy eKCIUIyaTalii MOTOPHHX OJHB Y
MOTOTOMHAX 3a (POPMYJIIOI0

% E %
lnEO'Hlo —In npcd.lllnped
3 3 5 % 5 %
. 1 ] GMA‘GdA. /& 7711]760.C17p€ﬁ ))%
3600 n.g
; ,

“)
nme Eo, 1Mo, Mo, Co—moYaTkoBi TMMOKAa3HUKK TOBAPHHX
MOTOPHUX OIIMB, SKi BHU3HAYAIOTH JIA0OPATOPHUM
[IJISIXOM;

Enpen, Wlnper, Mmper, Crpex — TPaHUYHI  3HAYCHHS
MMOKa3HUKIB  MOTOPHHX ONUB. P03paxoByHOTh Ha

3HWKEHHS (301IbIIICHHS) BiJl TOYaTKOBUX MOKa3HUKIB, SIKi
BU3HAYAIOTh JIA0OPAaTOpPHUM MLUIIXOM 32 IHCTPYKIII€IO
[13].

®opmyiry (4) MOXHA TIEpPENHCATH B TaKOMY
BUTJISIL:

7 30
M 8
mnpeo
= . 3 ( P ))A
3600 A a

>

©)

JIe Tu0 Ta Tunpen- 3HAYCHHS KpPUTEPIiB OI[IHIOBAaHHA
CITy>)KOOBHX BIIACTUBOCTEH MOTOPHMX OJIUB JUIS TOBapHOI
MOTOPHOI OJIUBHM Ta OJIUBH, SIKa JOCATIIAa OpaKyBaJIbHUX
IMOKA3HHUKIB, BiJIIIOBIIHO;

a — 3HAUCHHS TTOKA3HUKA CTYIICHS, Ul OJIUB TPYIH
API CC popisaroe 1,58-10°'3,

Po3paxyemo wac ekciuryaramii  MOTOpHOI

onmuBu M-141"2 y nBurysi 57149 reruooza 2TE116:
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1. ITouaTKOBe 3HAYCHHS! KPHUTEPIIO Tmo, SKUH
OLIHIOE eKCIUTyaTaliiiHi BIaCTHMBOCTI TOBApHOI MOTOPHOI
omuBu M-14T"2 (API CC), nopismroe 9,97-10"2!,

2.Ha mincraBi iHcTpykmii [13] po3paxyemo
IPaHUYHI 3HAYEHHS KPUTEPIIO Tm npex, 11 MOTOPHUX OJIUB
rpynu API CC, Tlv npen. CC = 1,12 10+21.

3.Tloka3sHMK CTyHneHs a Uil OJHMB TPYIH
excmyaranii API CC, skoro 3anpasienuit asuryH 5149
temnoso3a 2TE116, nopismioe 1,58-10°!%.

[MinctaBuMO OoTpuMaHi 3Ha4YeHHA y (QOPMYITY
(5), momaBim npu LOMY HasBHICTH cipku B naimsi 0,5 %
(mo mopiaroe 0,005 M), 06'eM MONMBaHHA ONMBH Ha
BUropsiHHA Juist neuryna 5J049 remnososza 2TE116 ckias

n = JI/TOAUH oTpuUMaEMO gac CKCILI aTaL[ﬁ
Ga=220/ Y, p y
MOTOpHO.f OJINBU B MOTOT'OAUHAX:
. CAIE 1072,
1 1 ‘4, 53;‘4 . a. +21/4
t= - ‘ “f 1.12-10 1% =2668Mm- .
3600 “101902217%%.0,005 © 1,58-107%

3 ypaxyBaHHIM CEPEIHBOI MIBHUAKOCTI PYyXY
temoBo3a 2TE116 V = 40 km/rox

L =2668-40 =106 732 xm.

OO6roBopenHst  pe3ynbTariB.  3anexHIcTh  (3)
HeoOximHO OynmyBatn 3a BuOipkoo He Menme 100
JIBUTYHIB, SIKI BIIPI3HSAIOTbCS 33  KOHCTPYKLIEIO,

MIOTYXHICTIO, BHJOM BHUKOHYBaHOi pobotu. Ilpu mpomy
JUISL KO)KHOTO JIBUTYHA 3 BEIMYNHOIO KPUTEPIIO Tyss ICHYE
CBO€ 3HAUEHHS Ty TpaHUYHE, 13 JOCATHEHHSM SKOTO

MOTOpPHY OJMBY HEOOXiJHO 3aMIHUTH. 3HAIOUA  Tlu
rpannyHe 1 Bupa3  3anexHocti  (3), MOXxHa
PO3pPaxyHKOBUM IIUIIXOM BU3HAYUTH CTPOKH 3MIiHH

omuBH. [Ipn npoMy OynyTs ypaxoBaHi Bci (hakTopH, sIKi
BX0zATh 110 popmyi (1) i (2), ToOTO HE TIBKK MPOOIr abo
yac poOOTH IBWIYHa, a 1 SIKICTh TajWBa, JOJHMBAHHS
OJIMBH, CTYHiHb (hOPCYBaHHS ABHTI'YHA 1 IIOYATKOBA SIKICThH
MOTOPHOI OJIUBH.

BucHoBkn.

3anexHicts (3) pO3paxyHKOBHUM IUIIXOM Ja€
3MOTY BH3HAuyaTH 30UIBIIEHHS CTPOKIB 3aMiHM MOTOPHOI
oJnBH, KO B JIB3 3acTOCOBYIOTH OJIMBY OiJIBII BUCOKOI
TpyIH  CKCIUTyaTallii, HDK HEOOXiTHO, a TaKOoX
CKOPOYEHHSI CTPOKIB 3aMiHH, SIKIIO 3aCTOCOBYIOTH OJIUBY
Oi7IbII HU3BKOI TPYIH EKCIITyaTallii.

Buxonsun 3 OTpUMaHOTO pe3yiapTaTy, MOXKHA
3pOOUTH BHCHOBOK, IO TEOPSTHYHHHA PO3PaXyHOK
moka3aB 3HadeHHs 106 732 kM, a macmopTHi gaHi
100 000 kM, 1o ckiamae moxuoky 6,31 %.

OTKe, MO’KHa 3pOOUTH BHCHOBOK, IIO OTpPHMaHa
MaTeMaTudHa 3aJIeXKHICTh ISl MiIOMpaHHS MOTOPHHUX
omuB (1), a TakoX 3aJEKHICTH Al BU3HAYCHHS dacy
eKcriyaranii (4) i ocratouHa QopMmyna Uit po3paxyHKy
yacy eKcIuryaratii (5) € 10CTOBIpHUMH.

3apa3 aBTOpH CTarTi 30MparoTh
eKCIIEpUMEHTAIbHUI ~ Marepiall Al YTOYHCHHS
3aiexsocti (3). 3anexnicts (3) Oyne moOymoBaHa 3a
pe3yibTataMi TOJILOBHX BHUIPOOYBaHb pIi3HUX THIIIB
MallMH, M0 JacTh 3MOTYy OTPUMATH Yy3araJbHEHHH
Marepial, sIK IbOT0 BUMarae KpuTepiaJlbHAN MiIXij.
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(Tech.) H. Afanasov, postgraduate student Y. Orliuk,
postgraduate student T. Tryfonov

CRITERIA-BASED APPROACH FOR
EVALUATING CHANGES IN THE PROPERTIES
OF MOTOR OILS DURING OPERATION AND
DETERMINING THEIR REPLACEMENT
INTERVALS

Abstract. This article presents a novel analytical
method for assessing the degradation of motor oil
performance during the operation of internal combustion
engines (ICEs), based on a criterial approach. The
research introduces two dimensionless criteria — mwy and
7 — that comprehensively reflect both the change in the
0il’s functional properties and the impact of key operating
factors such as engine load, fuel quality, lubrication
system volume, oil consumption, and additive depletion
over time.

The m. criterion integrates tribological,
chemical, and rheological indicators of oil performance,
including anti-wear and anti-seizure characteristics,
alkalinity  (neutralization capacity), viscosity, and
oxidative stability. It reflects the capacity of the oil to
maintain protective and lubricating properties under
thermal and mechanical stress conditions. The m
criterion, in turn, incorporates sulfur content in fuel,
engine power density, oil change intervals, and the
volume of oil replenishment during operation, which
directly affect the rate of additive depletion and oil aging
processes. These criteria allow not only for real-time
assessment of oil degradation but also for forecasting the
optimal oil replacement period depending on the
operational conditions and oil group classification
(according to API standards or national regulations).
This provides a unified and scientifically grounded tool
for evaluating oil condition across a broad range of ICE
types, designs, and operating modes.

A key outcome of the study is the derived
functional dependence wn = f(m), which enables the
calculation of oil change intervals based on operating

similarity rather than just mileage or engine hours. This
approach enhances decision-making in maintenance
planning by considering real service conditions. The
proposed approach takes into account both the initial oil
quality and the dynamic changes occurring during engine
operation, which improves reliability, durability, and
economic efficiency in vehicle and machinery
maintenance systems.

Currently, experimental data is being collected
from field tests of various engine types to refine the
proposed dependency and to develop a generalized
empirical model that can be applied across different
service conditions and engine configurations. The
criterial methodology developed in this study addresses
the need for more objective and comprehensive
assessment of motor oil service life, moving beyond
traditional mileage-based approaches.

Keywords: engine oil, similarity criterion,
criterion  approach, internal combustion engine,
operation, replacement intervals, oil properties.
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JIOPOXKH1 YHIBEPCUTET,

ABPAMOB /1. B., goktop TexHIYHUX HayK, mnpodecop Kapeapu TEXHOJOTIH
MalmMHOOYAyBaHHS 1 PEMOHTY MalluH, XapKIBCbKUI HAal[lOHAJIBHUI aBTOMOOUIBHO-
JOpPOXKHIH YHIBEPCHUTET,
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Mudposa Tpancopmauiss MizKHAPOAHUX ABTOMOOIILHUX BAHTAKHUX
nepeBe3eHb, Cy4acHi BUKJIMKHU, 0ap’€pHU TA MEePCHEKTUBU PO3BUTKY

Anomayin. Y cmammi 00CniodceHo CyyacHuil cmam i nepcnekmusu yu@dpoeoi mpanc@opmayii MidCHApoOOHUX
ABMOMODITbHUX ~ BAHMAJICHUX Nepese3eHb. Posensanymo ocnosni  mexuonocii, maxi sK cucmemu YNpaguiHHs
mparcnopmom (TMS), Inmepnem peueti (IoT), bnokuetin, enekmponna mogapro-mpancnopmua Haxnaona (e-CMR) i
yughposi eanmasicui naameopmu. Iloxkazano ixuiil 6niue Ha NiOBUWEHHS NPO30OPOCMI, eheKMUBHOCMI ma CMIUKOCMI
JIGHYIO2I8 NOCMAYAHHA, 4 MAKOJIC BUCEIMIEHO bap’epu 6nposaddicenHs | wasxu ix nodonauus. Ocobaugy yeaey
npudineHo npobaemam Gpacmenmayii yu@dpoeux piwieHv [ GIOCYMHOCMI IHMe2POBAHUX eKocucmem. 3pobreHo
BUCHOBOK, WO CMPAmMe2iuHull PO36UMOK 2aY3i MOJMCIUBUL IULe Yepe3 KOMNIEeKCHY IHme2payito yupposux mexHono2ii
i popmysanus €Ouno2o yupPosoeo nNPocmopy 8 ro2icmuyi.

Knrouosi cnoea: midicnapooni asmomoOinbHi nepeseseHHs, Oudicumanizayis, yugposa mparcgopmayis,
8aHMAdIC, ABMOMODIb, TAHYIOS NOCMAYAHHS.

ITocranoBa npodiemMHu. MIPONOHYIOTh MOTYKHUH IHCTpyMeHTapii ULt

aBTOMAaTH3aLil PYTHHHUX 3aBJaHb, orrrumizarii
JIOTICTHYHHX TPOIECIB 1 KapAWHAIBHOTO IIiBUIICHHS
MIPO30POCTi BCHOTO JIAHITIOTA TIOCTAYaHHS.

OjiHaK, HE3BAXKAIOYM HA OYCBMIHMUM IMOTCHIIAN,
mporiec  1mmdpoBoi  TpaHchopmamii B CEKTOpi

lamy3p  MDKHapoOJHHX  aBTONEPEBE3CHb €
OCHOBOIO TJIOOAJIBHOI TOPriBi, aje ChOrOJHI BOHA
NepexuBae mepios TpaHcopmalii uepe3 MHOXHHHI
BukiMKH. [locTiliHa HecTaOlIPHICTh MOMUTY 1 MPOTO3MLIi|

Ha PUHKY NPU3BOJWTH 10 KOJHMBAaHb I[IH Ha TOCIYTH.
Kpim Toro, kommaHii CTUKAIOTbCS 31 3pOCTAHHSM BUTPAT
Ha TaJMBO Ta po0OYy CHILy, HOCHJICHHSM EKOJIOTIYHHX
HOpPM. Y TakMX yMOBax KJII€HTH BHMAaraioTh HE TiIBKH
IIBHKOTO Ta HAJIHHOTO JOCTABICHHSA, a i MOXIIMBOCTI
BIZICTE)KYBAaTH CBiif BAHTa)XX Ha BCiX eTanax MapIipyTy.

Tpaaumiiiai METOM OpraHi3allii mepeBe3eHb, 0
MIEPeBaYKHO TIOKNIAACHI Ha MarepoBHH JOKYMEHTOOOIT,
Teste)OHHI A3BIHKM Ta PO3pi3HEHI TaOJHIl, BUSBISIOTHCS
Hee(peKTUBHUMHM 32 TaKMX BHUKJIMKIB. BOHM TOpOIKYIOTH
¢parmenranio iHGopManiiHUX TOTOKIB, BiACYTHICTH
MIPO30POCTI JIAaHIIOTa [MOCTayaHHS B pEaJlbHOMY daci Ta
BHCOKY HMOBIPHICTB JIFOJICEKAX TTOMHJIOK.

Y 1mpoMy KOHTEKCTI  IWDKHUTATI3aIis —
BIIPOBADKEHHS IM(POBUX TEXHOJIOTIH — mepecrae OyTn
ONMII€I0 1 CTae CTpaTeriyHUM  IMIEpaTUBOM  JUIS
BI)KMBAHHSA Ta PO3BUTKY ramysi. TexHosorii, Taki 5K
CHUCTEMH YNpaBIiHHA TpPaHCIOPTOM, I[HTepHeT peueil,
6mok4eliH 1 udpoBi JoricTiyHi aTdopmu,

MDKHapOJHHX aBTOMOOUIBHMX TepeBe3eHb € BKpal
HEpIBHOMIPHUM 1 CTHKAa€ThCS 31 3HAUYHUMHU Oap'epamm.
CriocTepiraloTb CyTTEBMH HAyKOBHH 1 IpakTHYHHN
PO3pPHB MK MOXIIMBOCTSIMH, SIKi IPOIOHYIOTH OKpeMi
TEXHOJIOTIYHI pIMIEHHS, 1 CTBOPEHHSM IHTEIPOBaHMUX,
CHHEPreTHYHNX  IU(POBUX  EKOCHUCTEM,  3JIaTHUX
3abe3neunTr Oe3nepediifHui 0OMiH AaHMMH MDK yciMa
yY4acHMKaMM TepeBi3Horo mpouecy. KoHKypeHILis B
rajgy3i  IOCTYIIOBO  3MIIIye€TbCS  Bil ~ MPOCTOTO
LIHOYTBOPEHHS 10 HAJaHHA KOMIUICKCHUX, LIHHICHO
OpiEHTOBaHMX MOCIYyr. Xoda e(EeKTHBHICTh BHUTPAT
3QIMIIAETECS  KPUTUYHO  BaXKJIMBOIO,  OCHOBHHMH
JudepeHiiaropaMu Ta JpaiiBepaMu nudpooi
TpaHcdopMmanii CTAalOTh MOCIYTH 3 JOJAHOI0 BapPTICTIO:
HaJ@HHA  MOXJIMBOCTI  BIJICTE)KEHHS  BaHTaXy B
peaJbHOMY dYaci, NPOTHO3YBAaHHS 3aTPUMOK 1 3BITHICTB
Ipo BUKHIM Byrewio. Lle cBiqunTh npo GpyHramMeHTa bHi
3MiHM y cdepi JIOTiCTHKH, JIOTICTHYHI NpoBaiiiepu
6inblle He KOHKYPYIOTh BUKJIFOUHO 3a LIHOIO 32
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KUJTOMETp, a 3MararoThCsl y CBOIM 3MaTHOCTI HaJaBaTH
KII€HTaM aHANITHKy Ha OCHOBI JaHWX, IIiJABHUIYIOUN
CTIMKICTh IXHIX JIAHITFOTIB IMOCTaYaHHS Ta JOIIOMArarTh y
JIOCATHCHHI KOPIIOPATHUBHHUX IUIEH CTalorO PO3BUTKY.
Tox  mumKuTamizamis e He MpocTo
IHCTpYMEHT  JUI1  TIiOBUINCHHS  e(eKTWBHOCTI, a
CTpaTeTiYHUN BaXilb IS TEPEeXOAy Bix HamaHHS
CTaHJIAPTU30BAHOI TPAHCIIOPTHOI MOCITYTH (TICpEeMIIICHHS
BaHTaXy) JO CTBOPCHHA KOMIUICKCHOI TMOCIYTH 3
BHCOKOIO JIOJIAaHOIO BapTicTIO (YIIPaBIiHHS IPO30pUM,
MIPOTHO30BAHUM 1 CTIIKUM JIAHI[FOTOM TIOCTaYaHHS).
OTxe, IOCTaE HAYKOBA POOIIeMa, 10 TOJISTaE B
HEIOCTATHIN cHcTeMaTu3allil 3HaHb PO KOMIUICKCHUMN
BIUIMB AWDKHATANI3AMii HAa MIKHAPOIHI aBTOMOOLUTHHI
MIEPEeBE3CHHS, a TAaKOX Yy BIJCYTHOCTI IIUIICHOTO
po3yMmiHHS Oap'epiB 1 (axkTOpiB ycmixy Ha HUIIXY [0
CTBOPCHHS €IMHOTO IIH(PPOBOTO MPOCTOPY B JIOTICTHIII.

AHaJni3 ocTaHHIX AoCTiTKeHb i myOJikairiii.

CydacHuil HayKOBHH JHCKypC OJHO3HA4HO
BU3HAYa€ IWDKUTANI3ALII0 SIK TOJOBHUH  (axTop
TpaHcdopmanii Tamy3i MDKHApOJHHX aBTOMOOIIBHUX
BaHTQ)XHUX  NepeBe3eHb.  JOCHITHWKH  JOXOISTH
BHUCHOBKY, 1IN0 IHTErpamis UU(QpPOBUX TEXHOJOTIH,
oun¢poBaHuX iHPOpPMAUiIHHMX TOTOKIB 1 CHCTEM Ha
OCHOBI IITYYHOTO IHTEJEKTY CTBOPIOE (PyHIaMEHTAIbHI
TepelyMOBH ULt 11 ABUIICHHSA orepariinoi
e(eKTUBHOCTI, ONTUMi3alil YNPaBIiHCHKUX pilIeHb 1
ckopoueHHst BUTpar. Pasom i3 Tmm y poGorax [l, 2]
3a3HaueHo, w0io mporec IMGpoBoOi TpaHchopMmalii €
TeTepOreHHUM, TEMITH BIPOBAPKEHHS IHHOBalil 3HAYHO
BIJIPI3HSIOTBECS  3aJIEKHO Bl  pO3Mipy  KOMIIaHii,
perioHambHUX OcoONMHMBOCTEH 1 crHenu(iku JaHIIOTIB
noctaBok. He3Bakaroun Ha 1ie, MOTeHNiHHA moTpeba B
IU(POBUX TEXHOJIOTISX 3AIHIIAETHCS BUCOKOIO, OCKUIBKU
iX BIPOBaUKEHHS € NPSMOI0 TEPEAYMOBOIO  JUIA
ITiABUIICHHS €KOHOMI4HOT CTIHKOCTI Ta
KOHKYPEHTOCIIPOMOKHOCTI TPAHCIIOPTHHX ITiIIPHEMCTB.

Y pobGorax [3, 4] akueHTOBaHO Ha BIUIUB
Iarepuery peuedd 1 OnOKdYeiiHY BiJHOCHO IPO30POCTI
JAHIIOTIB TIOCTa4aHHs, aBTOPH JOBOAATH 1m0 loT-
CeHCOPM  JaloTh  3MOry  30Wpatd  JaHi  1Ipo
MICIIE3HaXO/DKEHHS, TEMIIEpaTypy, BOJOTICTh Ta IHIII
rapamMeTpy BaHTaXy B pPEaJbHOMY 4Yaci, a TEXHOJIOTis
OmokdeiiH 3a0e3revye HE3MIHHICTh 1 3aXUINEHICTh IUX
JIaHNX, CTBOPIOIOYH €IMHE JKEPEIIO IS BCIX YYaCHHKIB.

Texuomorist Intepuery peueit (IoT) BigkpuBae
MOXJIMBOCTI JUIs 300py TpaHyJSIpHUX JaHUX Y PEXHUMI
peasbHOro Yacy, o KapAUHAIBHO IMiABHIILYE MPO30PICTh
i KepOBaHICTh JIAHIFOTa ITOCTaBOK. JlocmimkeHHS [5-7]
JIOBOJISITh, IO OCHANICHHS TPAHCIIOPTHHUX 3aco0iB 1
KOHTEHHEpIB IaTYnKaMH Ja€ 3MOTY BIJICTEXKyBaTh He
JIMIIE TEOJIOKAIilo, a ¥ KPUTHUYHI MapamMeTpyd BaHTaXy
(TeMmepaTypa, BOJOTICTh, BiOpamis) i CTaH aBTOMOOLIA
(BUTpaTH ManbHOTrO), THCK y mmHax). Ll indopmaris e

OCHOBOIO ISl CHCTEM MpPEANKTHBHOTO OOCIyrOBYBaHHS
Ta MPOAKTHBHOTO pearyBaHHs Ha iHIWAEHTH. 3TeHEpOBaHi
3a ponomororo loT macuBu nanmx (Big Data) crarots
OCHOBOIO ISl 3acTocyBaHHA mTy4dHOro iHrenekry (LHI) i
MammaHOTrO HaBuaHHsa (MH). ¥V po6ori [8] nokazano, mo
anmroputmu Il nmarote 3Mory mepedTd Bix IMpocToro
MOHITOPUHTY JI0 iHTEJIEKTyaJIbHOTO yrpasiiHai. OcHOBHI
HampsiMa  3actocyBaHHs LIl B MDKHapoaHHX
MIEPEBE3CHHAX BKJIIOYAIOTh JAWHAMIYHY ONTHMI3aliio
MapHIpyTiB 3 ypaxyBaHHAM TpadiKy Ta MOTOJHUX yMOB,
MIPOTHO3YBAaHHS  IIONUTY, aBTOMAaTu3alilo  0OpoOKu
CYIIPOBITHUX JJOKYMEHTIB 1 BUSIBJICHHS [IIaXpaicTBa.

HaykoBi ocitipkeHHS, TPUCBSYCHI TPAKTHIHUM
aclieKTaM  BIIPOBRJUKEHHS ~ €JIEKTPOHHOI  TOBAapHO-
TpaHcnopTHoOi HaknanHoi (e-CMR), ananizyroTs nepeBaru
Iepexoly Ha EJIEKTPOHHMH JOKyMEHTOOOIr, 30KpeMa
CKOpPOYEHHSI aJMIHICTPAaTHBHUX BHTpAT, NPHCKOPCHHS
MHUTHHUX IIPOLEAYpP 1 3MEHIICHHS PHU3UKY IIaxpaicTsa.
BonmHowac HaromomeHo Tpo  HpoOJNieMHM  TOBUIBHOI
patudikamii BiIMOBiMHOTO MPOTOKONy 1m0 KoHBeHMT
KAIIB  kpaiHamMp-y4acHMISIMM ~ Ta  HEOOXiIHICTBH
rapMoOHi3allii 3aKOHo1aBCcTBa [9].

LleHTpaNbHUM €JIEMEHTOM cydyacHOi IU(pOBOi
eKOCHUCTEMH B JIOTICTHIII € CHCTEMH YIIPaBJiHHS
tpancioptoM (Transportation Management Systems,
TMS). ¥V nocmimxenni [10] TMS posmisHyTO, SIK
«undpoBe sA1po» abo «HEpBOBAa CHCTEMa» JIOTICTHYHOI
KOMIIaHii J1a€ 3MOry IHTErpyBaTH 1 YNpPaBIsITH BCiMa
eranaMu nepesizHoro npouecy. Cydacui TMS 3nartHi He
JIMIIE TUIaHyBaTH ONTHUMAaIbHI MapHIPYTH 3 ypaxyBaHHIM
Tpadiky, oOMEXeHb Ha pyX 1 BapTOCTI MaJbHOTO, aje |
MIPOTHO3YBATH TOMHT, KEPyBaTH IAPKOM TPAaHCIOPTHUX
3ac00iB 1 OyTH IHTETPOBaHMMHM i3 CHCTEMaMH KII€HTIB
(ERP, WMS) [11].

[Tudposi BaHTakHI TUIATPOPMH aHANIZYIOTH SIK
TpaHcdopManiifHy TEXHOJIOTiI0, 10 JAOKOPIHHO 3MiHIOE
TpagMLUiiiHy Mojenb ekcreaupyBaHHs. L[i miatdopmuy,
($yHKIIOHYI0UH K MapKeTIIeHCH, 3'€IHYIOTh
BaHTAKOBIANPAaBHUKIB 1  TEPEBI3HUKIB,  yCyBalO4u
MIOCEPETHUKIB 1 MiBUIYIOYH e(eKTHBHICTD pHHKY [12].
3aBmsiku BHKopHcTaHHIO anroputMiB LI s BuOopy

ONTHMAJIBHOTO NepeBi3HMKA, JMHAMIYHOMY
LIHOYTBOPEHHIO Ta MHUTTEBOMY OpoHioBanHio DFP
3HQYHO CKOpOUYYIOTH BHTpaTH 1 dYac Ha MOUIYK

TPAHCIIOPTY, IXHi} BIUIMB BUXOAMTH 32 MEXI ONepariifHoi
e(eKTUBHOCTI, CTHMYJIOIOYM TpaHcopMalio OizHec-
MoJiesiel 1 CHpHSIOYM TOSBI HOBHX TPaBLiB HA PHHKY,
TaKUX SIK TUPPOBI EKCIIEAUTOPH.

ITudpoBa Tpanchopmaris, mo Oa3oBaHa Ha
iHTerpanii  kibep¢iznyHUX cucTEeM, aBTOMaTH3alii Ta
3aCTOCYBaHHI IITYYHOTO IHTENEKTy, € KaTajli3aTopoM
(dyHIaMEHTANIBHAX 3MIH Y CEKTOpI MDKHApOAHUX
aBTOMOOIJIbHUX BaHT@XXHUX IepeBe3eHb. BoHa cTBOproe
MepelyMOBH HE MPOCTO JUI IOETAlHOI ONTHMi3alii, a
(dyHmamMeHTaIbHOI NepedyIoBH onepaniifHol TisUIbHOCTI,
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BIJIKPMBAIOYM MOMJIMBOCTI JUISi 3HAYHOTO IiBUINCHHS
e(eKTUBHOCTI, ONTHMi3alii BHKOPHCTaHHS AaKTHUBIB 1
ckopodeHHst BuTpat. OCHOBHI IlepeBart:

- IpO30picTh i KEpOBaHICTh,
3a0e3reveHHs] HaCKPi3HOI BUAMMOCTI JIAHIIOTa MOCTaBOK
Y peaJbHOMY Yaci;

MIPOTHO3HA  AHANITHKA, MOXIHUBICTh
MIPOTHO3YBATH Yac MpHUOYTTs, BUSBITH HMOTEHIIHHI 3001
Ta MPEBEHTHBHO 00CIYTrOBYBaTH TPAHCIIOPTHI 3aCO0H;

- MHIiABUILIEHHS CTIMKOCTI, 31aTHICTH
LIBHIIE pearyBaTh Ha HemepenbadyBaHi moaii (3MiHK
MOTOAM, 3aTOpH, MHUTHI 3aTPUMKH) 1 TepepoOsITH

MapIIpyTH AUHAMIYHO.

BopHouac 3Ha4HA YacTHHA IMyONiKaIii MigKPECITIoE, 0,
IOTIPY  OYCBHIHI IEPEeBary, MpoIeC IUDKUTATI3AIii B
rajgy3i  aBTOMOOUIBHHX  IIepeBe3€Hb  BIOyBaeThCs
MOBIJIBHO Ta HepiBHOMipHO. [IprunHaMu 1bOTO € BHUCOKI
ITOYaTKOBI 1HBECTHINI, HecTaya KBami(piKOBaHUX KaJpiB,
po0IeMH CyMICHOCTI Pi3HUX CHCTEM i KOHCEPBAaTHBHICTh
0araTbOX IpaBIiB PUHKY.

BupinenHsi HeBUpilIeHHX paHille YacTHH
3arajabHoi mpodsemu. Hespaxkaroun Ha 3Ha4HWI 0oOcCsT
JIOCII/PKEHb,  TNPHUCBSIYEHHX  OKPEMHUM  acleKTaM
NUDKUATATI3AMil B JIOTICTHUIN, 3aJHMIIAETBCS  HU3KA
HEeBHpIMIEHNX TpobieM, $AKi TOTpeOyloTh TIHOIIOro
HaykoBoro anamizy. Lli mpobiremMum € cucTeMHUMH 1
CTPUMYIOTH IIOBHOLIHHY IM(poBy TpaHchopmarito
rajgy3i MKHapOJHUX aBTOMOOUIFHHX MEepeBE3EHb.

[To-mepme, mnpoGiema  ¢parmeHTamii  Ta
iHTEeponepabenbHOCTI. BUTBIIICTh MOCTIDKEHb YCHINIHO
JIEMOHCTPYIOTh TI€peBard OKPEMUX TEXHOJIOTIH, TaKUX SK
TMS abo uudposi mmardpopmu, aje MNPUAIISIIOTH
HEeIOCTaTHBO YyBark BHUKIMKaM, 010 BHUHHUKAIOTH 31
cnpoboro ix iHTerpyBatu. CydacHHH PHHOK IH(POBUX
pimeHs € Bkpai (parmeHToBaHUM. KOXEH yd4acHHK
JIaHIIoTa MOCTaYaHHs BaHTa)XOBIINIPAaBHUK,
MIEPEBI3HMK, EKCIIEUTOP, CKJIaJ, MUTHHI OpOKep — 4acTo
BUKOPHCTOBY€E BJIAaCHI, HECYMICHI MK COOOIO0 CHCTEMH.
Ile crBOproe Tak 3BaHi «IU(POBI OCTPOBM», MIXK SIKUMHU
YCKIagHCHUH a00 HEMOXIIUBHM aBTOMATHYHHNA OOMIH
JTAaHUMH.

[o-npyre, HEIOCTaTHIN piBeHB JIOCIIIDKEHHS
CHHEPreTHYHOro e(ekTy BiJ KOMIUIEKCHOI iHTerpamii
TexHojiorid. HaykoBi mpani wacto posrmmagaiots TMS,
IoT 1 Guokueiin sk okpemi, i30iab0BaHi pimeHHs. [Ipore
3aJIMIIAETHCS HEBHPINICHUM NHMTaHHS KUIBKICHOTO Ta
SIKICHOTO ~OIIHIOBaHHS CHHEPreTUYHOro e(eKTy, IIo
BUHHKAE 3 ITOETHAHHSAM iX y €INHY €KOCHCTEMY.

BusHauyeHHsI MeTH Ta 3aBJAAHHSI uocnimxem—m.

Mera pobGorn Tmonsrac B KOMIIEKCHOMY
JIOCHI/PKEHHI BIUIMBY IMJDKUTANI3alii Ha opraHizamiiHi,
omepamiifHi 1 crpaTeriuHi acmeKTH MIKHAPOJHUX
aBTOMOOIUTBHUX BaHTQXHUX II€PEBE3CHb, BUSBICHHI

OCHOBHHUX (DAaKTOpIB yCIliXy Ta CHCTEMHHX Oap'epiB Ha
nULsIXy udpoBoi TpaHchopMmariii raysi.

Buknag  ocHOBHOrO MaTepiajxy  JA0CTiIKeHHS.
Jwumxuranizaris Mae TIHOOKUIA i OaraTorpaHHMA
BIUIMB HAa Taly3b MDKHAPOAHMUX  aBTOMOOLIBHHUX
BaHTQXHUX II€peBE3eHb, TpaHChOpMyroun ii  BiX
orepaniifHoi eeKTUBHOCTI 0 PyHIaMEHTAIbHUX Oi3HEC-
Mozeneid. el BIUTMB MOKHA MpOaHaIi3yBaTH 3a TPbOMa
OCHOBHHUMHM HampsIMaMH: IIJBUINEHHS IPO30POCTi Ta
KEpOBAaHOCTI, aBTOMATH3allisl Ta OINTHMI3allis TPOIECIB,
TpaHcdopmaris OizHEC-MozaeneH.

IHiosuwenns nposopocmi ma keposanocmi. udposi

TEXHOJOTIi  JIKBiAyIOTH iHpOpMAWiiHYy acuMeTpito,
CTBOPIOIOYH €UHUN iHpOpMaiHHIH IpOocCTip,
JIOCTYIHUH ycim aBTOPU30BAHUM yJacHUKaM

JIOTICTHYHOTO TIporiecy. TeXHOJIOTIYHOI OCHOBOIO IIHOTO
€ inTerpamis TtenematnuHux cucreM (GPS-tpekinr) i3
LEHTPaTi30BaHUMH UQGpOBUMH TuTaTopMamy.
[MocrifiHMiA MOTIK JaHUX TPO  MICIE3HAXO/KCHHS,
HIBHAKICTh 1 CTaH BaHTaXy Mda€ 3MOTY 3acCTOCOBYBAaTH
QNTOPUTMH  MAlIMHHOTO HAaBYaHHS JUIl  BHUPIIICHHS
3aBIaHb IPOTHO3YBAHHS, 30KpEMa TOYHOTO PO3PAXyHKY
o4iKyBaHOTO yacy npuoyTts. Lle 3abe3meuye mepexim Bifg
PEaKTUBHOTO J0 IMPOAKTUBHOI'O YNPABJIiHHS, ONEPATHBHO
imeHTH(IKyIOUN BIAXWICHHS BiJ rpadika i MiHIMi3yloun

ixHi HaCJIi KN, yCyBaro4u HEOoOXiHICTh y
HEaBTOMAaTH30BAaHOMY KOHTPOJI.

Asemomamusayis ma onmumizayis npoyecis.
Jwmxuranizamiss  crnpusie  aBTOMaTH3aIlii  PyTHHHHUX
oreparliif, o MiHIMI3y€e BIUIMB JIIOACHKOTO (hakTopa Ta
T ABUIITy € MIPOYKTUBHICTb. CyuacHi CUCTEMU
ynpasninas  TpaHcrioprom  (TMS)  BHKOpHCTOBYIOTH

NTOPUTMU  LITyYHOTO IHTEJNEKTY [UIi KOMILIEKCHOI
ONITUMI3allil MapIIpyTiB, ypaxOBYIOUH HE JIMIIE CTaTHYHI,
a 1 muHamivHi 3MiHHI: Tpadik, MOTOIHI YMOBH, BapTiCTh
pecypciB 1 perynsaTopHi OOMEKeHHS (BKJIIOYHO 3
eKOJIOTIYHUMH  HOpPMamH). ABTOMAaTU3yIOTh  TaKOX
MIPOLIECH YTPABIIHHS 3aMOBJICHHSAMH dYepe3 LUQpoBi
TpaHCIopTHI Oipki. OCHOBHUM €IIEMEHTOM € TIepeXill 10
EJIEKTPOHHOTO JIOKYMEHTOO0Iry, 30KpeMa BIPOBAPKCHHS
e-CMR, mo KapJuHIFHO NPHUCKOPIOE OmepamiiiHi Ta

(iHAHCOBI IHMKIW 3aBISIKH MHTTEBOMY OTPUMAHHIO
migTBepmkeHHs  goctaBieHHS (POD) Tta  imimiamii
PO3paxyHKiB.

Tpancgopmayis 6iznec-moodeneil. BB AAHKATATIZAIIT
BUXOIWTh 33 MEXI oIepamifHoi  e(eKTHBHOCTI,
CTUMYJIIOIOUM  TapaJguTMaTHYHE  BIIXWJICHHA  Bif
TPaIUIifHOT MOJE HagaHHSA TPAHCIIOPTHHUX IOCIYT JIO
koHnenmii «JlorictTuka sk mocimyray. Y Mexax Iiiel
MOJIeNTi KOHKYPEHTHOIO TIEpeBarol0 crae He (izmuHe
MepeMilliecHHs] BaHTaXy, a HajaHHA iH(opMaliiiHo-
AQHAJITHYHUX CEPBICIB, MPOTHO30BAHOCTI Ta KOHTPOIIIO
HAJ JAHIOIOTOM TmocravaHHs. Jlorictwyri mpoBaiinepu
TpaHC(OPMYIOTbCS B TEXHOJIOTiUHI KommaHii. SckpaBum
MIPHUKIIAIOM € TIOSIBa ITU(PPOBHX CKCIICTUTOPIB (HATIPHKIIA
Flexport), ums Oi3HEc-MoneNb i3 CaMoOro IOYaTKy

34

IKC3T, 2025 Ne3




IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

6a3oBaHa Ha IHTEIPOBAHMX TEXHOJOTIYHMX IIaThOpMax,
o 3a0e3neyyIoTh BUIIMH PiBEHb CEPBICY Ta MPO30POCTi
MTOPIBHSHO 3 TPAAHIIHHIMH aHAJIOTOBUMH ITiTXOaMH.

binbm  Toro, po3rasHyTI 1MGpPOBI  TexXHONOTI €
TEXHOJIOTIYHUM ¢dhynnamenTom JUIs PO3BUTKY
JIOTICTUYHOTO TIpOBaiauHry BUIMX piBHIB — 4PL i SPL.
[posatinepu piBHs 4PL BuCcTynaroTh iHTETpaTOpamH, II0
YIOpaBISAIOTH YCIM JIAaHIIOTOM TIOCTayaHHS KIIEHTa,
BKJIIOYAIOYM  aKTUBM 1  TEXHOJOril  CTOPOHHIX
nepeBizuukiB. Came TMS, mmdposi miathopmu Ta
aHajmiTnka Ha ocHoBi Big Data patore 3mory im
e(eKTUBHO KOOPJIWHYBATH CKJIAJHI JIOTICTUYHI MeEpexi.
Konneniss S5PL  #ime me pami, ¢okycyrouuch Ha
YIOpaBIiHHI MEpeXaMH IOCTa4daHHS 3a JIOIOMOTOIO
IITyYHOTO IHTENEKTy Ta IHIIMX MEPEJOBUX TEXHOJIOTIH.
Omxe, nudposizamis HE MPOCTO MOJEPHI3ye HasBHI
Oi3HEeCc-MOJIeNi, a 1 CTBOPIOE YMOBH IS TMEPEXOAY IO
CTpaTeriyHoro ayTCOPCHHIY JIOTICTHKH, A€ TNpoBaiinep

MIPOTIOHYE HE TepeBe3CHHS, a KOMIIJIEKCHE
IIKAHIPUHTOBE  pIlIGHHS  UIS  BCHOTO  JIAHITIOTA
IocTavyaHHs.

Jit rimbokoro po3yMiHHS 1m¢poBoi TpaHchoOpMaii

TEXHOJIOTIi, IO JieKaThb B 1ii OCHOBI, a TaKOX
00TpyHTYBaATH HEOOXiMHICTP  iX  KOMIDICKCHOTO,
CHHEPTeTUYHOTO 3aCTOCYBaHHS. AHANm3 IepeBar i

Oap'epiB OKpEeMHX TEXHOJIOTI UITKO IIOKa3ye, MIO0
MaKCHUMAaIIFHOI I[IHHOCTI Ta €(EKTHBHOCTI JOCSTAIOTh HE
BiJl 130TbOBAHOTO BHWKOPHCTaHHA iX, a BiJ TJIMOOKOT
iHTerpanii Ta cuHeprii (tabmums). Oxpemi TexHONOTIT
BHPIIIYIOTH JIWIIC YaCTUHY 3arajbHOI MPOOIEMU, TOMI SIK
KOMIUTEKCHUM ~ TIOXiX Ja€e 3MOTYy CTBOPUTH TIO-
CIIPaBXHBOMY TPAaHCPOPMYIOTY IHYPOBY EKOCUCTEMY.

HEoOXiTHO JIETAIbHO MIpOaHalli3yBaTH OCHOBHI
Marpuiis iepesar i 6ap'epiB BIpOBaPKeHHSI OCHOBHUX IIM(PPOBUX TEXHOJIOTiH
Texnomnoris OCHOBHI IIepeBaru OcHoBHi 0ap'epu
TMS Onepauiitgi: OTITHMI3aIlist MapHIpyTiB, Texuosoriuni: cryaAHICTh iHTerpamii 3
aBTOMATH3allisl IUIAHYBaHHS, MiJBUIICHHS piBHA ERP/WMS. Opranizaniiiai: omip 3MiHaM,
cepBicy. @iHAaHCOBI: 3HW)KEHHS BHTpPaT Ha | HecTada kBaipikoBaHMX KaJpiB.
najibHe, 3MCHIICHHS aJMiHICTPaTHBHUX BUTpAT. diHaHCOBI: BUCOKA BapTiCTh BIPOBAKECHHS
CrpateriuHi: IPUCKOPEHHS YXBaJECHH pillleHb Ha | Ta JineH3iid. PerynsaropHi: BincyTHi
OCHOBI JJaHUX
IoT OmnepauiiiHi: MOHITOPHHI CTaHy BaHTaXy B Texnosoriuni: CTaHAAPTHU3ALlIA,
peaJbHOMY  dYaci,  IJIBHIICHHS  Oe€3IeKH, iHTEepOonEepabeTbHICTD, Kibepbesrexa.
NIpeBeHTUBHE  0OciyroByBaHHs.  (DiHAHCOBI: OpranizamiiiHi:  ynpaBliHHS  BEJIMKUMH
3MEHIIEHHS BTpaT Bl ICYBaHHS/KPaIlKKH. oOcsiramn  panux. DiHAaHCOBI: BapTicTh
Crpateriuni: HOBI cepBicH Ha OCHOBI JaHMX | ceHcopiB Ta iHdpacTpykTypH. PerymstopHi:
(HanpHUKIIa «XOJIOIOBHH JIAHIIIOT») MTUTaHHS IPUBATHOCTI JaHUX
broxueitn OnepauiiiHi: MiABUINEHHS MAOBipH, 3MeHHIeHHS | TexHoiorivHi: MacuITaboBaHICTh,
CYyIIepedoK, aBTOMAaTH3aLlisl PO3paxyHKIB (cMaprt- €HEproCIOXUBaHHS, HE3PLIICTh TEXHOJOTII.
KOHTPAKTH). ®dinaHCOBI: npuckopenHst | OprasizaniiiHi: CKJIQAHICTD UIS PO3YMIHHS
¢inancoBux Tpansakuiid. CTpareriyti: CTBOpeHHS | Ta BIpoBaJpkeHHA. (DiHaHCOBI: BHCOKI
IIPO30POT0 Ta HE3MIHHOTO JIAHITIOTA ITOCTauyaHHs BUTpaTh Ha  po3podOky. PerymsropHi:
HEBU3HAYEHU IPABOBUII cTaTyC
e-CMR OmnepauiiiHi: HPUCKOPEHHS  JOKYMEHTOO0OIry, Texunosoriuni: HEOOXIAHICTH  CYMICHHX
3MEHIIEHHS NOMIIOK. (iHaHCOBI:  3HaAuYHE aTGopmM. OpranizaminHi: HU3bKA
CKOPOUYEHHS a/IMiHICTPAaTHBHUX BHTAT, mudpoBa TPaMOTHICTb, OIIp  3MiHaM.
npuckopeHHst omaryd. CTpareriyfi: MmiBHIIECHHS diHaHCOBI:  BapTiCTh  MIANUCKK  Ha
IIPO30POCTI, EKOJIOTIYHICTh (BiAMOBA Bij marepy) wiathopmu.  PerynsaropHi:  BinCyTHiCTH
TapMOHI30BaHOTO  3aKOHOAABCTBA  MIX
KpaiHaMu
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Hampuknan, TMS cama cofo0 €  TMOTYKHUM
IHCTpYMEHTOM IUTaHYBaHHS, ajie ii e()eKTUBHICTH 3HAYHO
3pOCTa€, KOJM BOHA IpalIOE HE 31 CTAaTHYHUMH YU
3aCTapiliMy  JaHUMH, a oTpuMmye iHdopmamio B
peamsHOMY dYaci Bifg loT-ceHcoOpiB, BCTaHOBJICHHWX Ha
TPAHCIIOPTHOMY 3aco0i Ta BaHTaxi. [[iHHICTh WX MaHWX
6araTopazoBO MiJBHIIYETHCS, SKIIO iXHS JTOCTOBIPHICTH 1
HE3MIHHICTh TapaHTOBaHI 3alMCOM Yy OJIOKYEHH-peecTpi.
A Bech mell nudpoBHH Mpolec CTae IOPUAWYHO
3HAQUYNIMM Ta OHNEpamifHO  3aBEpIICHHM  3aBISKH
BUKOPHCTaHHIO  CTaHJApTH30BAaHOTO  €JIEKTPOHHOIO
JIOKyMeHTa, Takoro sik e-CMR.

MaiibyTHE MDKHApPOJHOI JIOTICTHKH JIGKUTH Yy
IUTOIMHI CTBOPEHHS TAaKWX IHTEIPOBAaHHUX IH(PPOBUX
eKoCHCTeM, J¢ [HaHi Oe3lepelKkoaHo Ta Oe3neyHo
pyXaroTbcs MK ycima Y4aCHUKaMHU -
BaHTA)XOBIAMPABHUKOM, MEPEBI3HUKOM, EKCIIEAUTOPOM,
CKJIaZiOM, MUTHHUICI0O Ta KIHIEBHM oOTpuMyBaueMm. lle
CTBOPIOE  TepeyMOBH Ui  (OPMYBaHHS  €IHMHOTO
IU(GPOBOTO CEPEOBUINA, HIBETIOBAHHSA IH(MOpPMAIiHHOT
acuMeTpii Ta Tmepexoqy [0 NPOTHOCTHYHOI MOzl
YIpaBIiHHSA JIOTICTUYHUMH IIPOLIECaMH, 3aCHOBAHOI Ha
MIPUHIMIAX TPEBEHTUBHOCTI Ta BUIIEPEIPKCHHSI.

BucHoBkn.

VY crarri oOrpyHTOBaHO, MO IHMQpOBI3alLis €
BU3HAYAILHAM (axTopom TTiABUIICHHS
KOHKYPEHTOCIIPOMOXKHOCTI MI>XKHAPOJTHUX aBTOMOOLTHBHIX
BaHTQ)XHUX IIepeBe3cHb. BUKOpHCTaHHS  CydYacHHX
TexHouorii, 30kpema TMS, IoT, Gmokueiiny, e-CMR i
UG POBUX BaHTaXKHUX iaTdopm, 3abe3neuye
IIPO30PICTh MPOIIECIB, 3MEHIIIYE HMOBIPHICTD ITOMHUIIOK Y
JIOKyMEHTaIlil, CKOPOUy€e BUTpATH 1 IiBHILYE HaIiHHICTD
TPaHCIIOPTYBaHHSI.

MoskHa 3poOHTH BHCHOBOK, IO IM(POBI pilllEHHS Jaf0Th
3MOTY HE JIMIE ONTHMI3yBaTH OIEpaliiiHy AisIbHICTD
NIepeBi3HMKIB, a 1 (GOPMYIOTH YMOBH ISl TOSIBU HOBHX
Oi3Hec-MojieNiel, TakuX sK IUQPOBI EKCIEIUTOPH Ta
aTopmu ULt ABTOMAaTH30BaHOTO BUOOPY
nepeBi3HMKIB. Lle cripusie 3HIKEHHIO BUTPAT 1 PO3LINPIOE
JIOCTYI MaJIMX 1 CEpeHiX MiINPUEMCTB J0 MIKHAPOIHUX
PHHKIB nlepeBe3eHb. SIKicHe OLiHIOBaHHS CHHEPTETHYHOTO
eeKTy IoJsITae B MEPEXOi BiJ MPOCTOi ONTHMI3aIii 10
CTBOPEHHS IHTEIEKTYaIbHOI JOTICTHYHOI CHUCTEMH, 100
OTpUMYBaTH JAaHi B peasibHOMY uaci Bix loT-cencopis i
BukopucroByBaru Il mnst nuHamMiuHOTO KOpEryBaHHS
MapIIpyTiB, IEPETBOPIOETHCS 3 IHCTPYMEHTA TUIAHYBaHHS
Ha MTPOaKTUBHHUN MEXaHI3M yIpaBJIiHHS.

Pa3om i3 TMM BusBIICHO HU3KY Oap’€piB: BUCOKa BapTiCTh
BIIPOBAPKEHHS, CKJIaJHICTh 1HTerpalii pi3sHuX IU(POBUX
CHUCTEM, BIJCYTHICTh  YHI(IKOBaHMX  MIDKHAPOJHHUX
CTaHAApTIiB OOMiHYy NaHWMH Ta NHTaHHS KiGepOesneKw.
JlonaTkoBUM BHKJIMKOM € HEpIBHOMIpPHICTh IH(POBOL
TparchopMariii, IBUAIIA aJanTaIlis iHHOBaIlill BEIIMKAMU

KOMIIAHISIMM, TOMI SIK Maji KOMIAHii 4YacToO BiJCTAarOTh
gepe3 00MEKeH1 pecypeu.

OTXe,  TEpCHeKTHBHUH  PO3BHTOK  MIKHAPOIHHUX
aBTOMOOIJIBHUX TEPEBE3CHb 3aIEKUTh Bl KOMILIEKCHOI
iHTerpanii MMGPOBUX TEXHOJOTIH Yy €IWHI JIOTICTUYHI
eKocucTeMH sl 3a0e3nedeHHs HacKpizHOI nmgpoBoi
B3a€EMOJli MK yciMa y4YacHHKaMH pHHKY. [lomambii
JIOCHI/PKEHHSI MAlOTh OYTH CIIPSMOBaHI Ha OI[IHIOBaHHS
EeKOHOMIYHUX Ta eKoJoriuHuX edekTiB 1mpoizamii,
pPO3pOOTEHHS  MDKHapOIHHX CTaHJapTiB  LOU(PPOBUX
CEepBICIB 1 CTBOpEHHsSI MoOJeNel Jep)KaBHO-IIPUBATHOTO
MapTHEPCTBa JUIA MIATPUMKH BIPOBAKEHHS IHU(DPOBUX
pillICHb y MaJloMy Ta CepeJHbOMY Oi3Heci.
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Digital transformation of international road freight
transport, modern

challenges, barriers and development prospects

Abstract. The article provides a comprehensive analysis
of the current state and prospects of the digital
transformation in international road freight transport,
which is now a key condition for ensuring the efficiency of
global supply chains. It is substantiated that the intensive
development of digital technologies drives the transition

from traditional models of transport operations
management to integrated, intelligent systems that
combine the capabilities of predictive analytics,

automation, and end-to-end transparency.

The role of TMS as the «digital core» of logistics
companies is examined, which allows for the integration
of route planning, vehicle monitoring, cargo
management, and document flow processes into a single
information environment. It is shown that the IoT
technology significantly expands the possibilities for real-
time data collection — from tracking geolocation to
monitoring critical cargo parameters and the technical
condition of vehicles. The resulting large datasets form
the basis for using artificial intelligence and machine
learning algorithms, which provide dynamic route
optimization, demand  forecasting, automation of
document processing, and fraud detection.

Particular attention is paid to Digital Freight Platforms,
which act as a disruptive technology, transforming the
traditional freight forwarding model. Their operation as
marketplaces that directly connect shippers and carriers
contributes to reducing transaction costs, shortening the
time needed to find transport, and creating new business
models, including the emergence of digital forwarders. At
the same time, barriers to digitalization have been
identified: the high cost of implementation, the complexity
of integrating heterogeneous IT systems, the lack of
international data exchange standards, and the uneven
pace of innovation adoption depending on the size of
companies and regional specifics.

It is concluded that the development prospects of
international road freight transport are directly linked to
the formation of end-to-end digital ecosystems that will
ensure the comprehensive integration of technologies and
contribute to increasing the transparency, economic
stability, and environmental safety of the industry.

Keywords: international road transport, digitalization,
digital transformation, cargo, car, supply chain.
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Software Application for Assisting Visually Impaired Persons at Public
Transport Stops

Abstract. The paper addresses the urgent problem of social adaptation of visually impaired individuals in
Ukraine, where the number of people with visual disabilities has significantly increased due to the consequences
of military actions. The research presents the development of an intelligent software application designed to
assist visually impaired persons in independent orientation at public transport stops. The system integrates deep
learning, computer vision, and text-to-speech synthesis to automatically detect public transport vehicles (bus,
trolleybus, tram) and recognize their route numbers in real time. The YOLOvS model was employed for object
detection, Tesseract OCR for route number recognition, and pyttsx3 for offline speech synthesis. Data
preprocessing included dataset annotation, augmentation with simulated weather conditions, and the use of
OpenCV-based filters to enhance OCR accuracy. Testing under both real and simulated conditions (fog, rain,
snow, blur, low lighting) demonstrated consistently high detection accuracy (100%) and acceptable
classification performance, though recognition robustness decreased under low-visibility scenarios. The results
confirm the practical value of the proposed approach, while further improvements will focus on expanding real-
world datasets, enhancing preprocessing methods, and integrating stronger deep learning models. The system
holds promise as a foundation for wearable assistive technologies aimed at improving inclusivity and mobility
Jfor visually impaired users in urban environments.

Keywords: vision impairment, computer vision, YOLOVS; OCR; Tesseract; synthesis; object detection;
assistive technologies, deep learning

Introduction In 2021, this number was 17,000, which

The relevance of the problem of rehabilitation indicates an increase in the number of people with visual

and social adaptation of people with visual impairments in ~ Impairments [3, 4].

Ukraine has significantly increased due to the Large cities usually have an extensive and
consequences of military actions, which lead to damage to  oxtensive system of urban roads for motor vehicles
the organs of vision in both the military and the civilian (intersections, bridges, tunnels, highways). There are
population, requiring constant attention to technologies  yarious solutions for crossing all these road elements,
that help people adapt and integrate into society [1, 2].  gych as traffic lights, underground/overground crossings,
According to the results of studies conducted in recent  4nq pedestrian crossings. It should be noted that most of
years in Ukraine, there were 19,000 citizens with visual  these measures are focused on visual identification of the
impairments in 2023. road crossing location.
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One of the busiest streets in Kharkiv, Prospekt
Nauki, has six intersections per kilometre, only three of
which are regulated but do not have audible crossing
signals (figure 1).
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Fig. 1. Number of intersections per 1 km on Nauky
Avenue

This shows that the conditions of the modern
urban environment remain insufficiently inclusive, as
state resources are mainly directed towards the needs of
the defence sector. The issue of orientation at public
transport stops, which is a key element of infrastructure
for visually impaired people who are unable to use private
transport, is particularly complex.

Traditional means of assistance, such as guide
dogs [5], do not provide complete autonomy, as they are
unable to provide a person with information about the
type of vehicle and route number. One promising
approach to solving this problem is the use of computer
vision technologies in combination with deep learning
algorithms and speech synthesis systems. Such
approaches allow for automatic recognition of vehicles
and route numbers in real time and broadcast the results in
the form of voice prompts. Some technological tools have
already been created to help the visually impaired, but
they have their drawbacks, which are described in the
next section of this paper.

Therefore, the development of a proprietary
software application using these technologies can
significantly increase the level of inclusion in urban
spaces, promote the principle of accessibility, and provide

visually impaired people with more comfortable and safer
conditions for travelling by public transport.

Analysis of recent studies and publications

Modern approaches to solving the problem of object
detection in urban environments show a tendency to move
from multi-step cascading architectures to single-step
fully convolutional models. Traditional architectures,
such as R-CNN, Fast R-CNN, and Faster R-CNN, have
achieved a significant breakthrough in accuracy by
integrating feature extraction and region generation
mechanisms through regional proposals (RPN) [6].
However, their use in real-time systems, especially on
resource-constrained  embedded  devices, remains
problematic due to their significant computational
complexity.

In the context of mobile or wearable devices, single-
stage detectors such as SSD and YOLO family models are
preferred. In particular, YOLOv8 provides high
throughput and real-time performance by directly
predicting classes and window coordinates in parallel [7].
This property makes it suitable for use in wearable or
autonomous systems to support people with visual
impairments.

In the sub-task of recognising public transport route
numbers, two paradigms remain relevant: classical optical
character recognition (OCR) methods, such as Tesseract,
and deep neural networks focused on scene text
recognition [8-9]. The Tesseract system, described by
Smith at the ICDAR conference (2007), involves step-by-
step segmentation, binarisation, character classification
and labelling language. This makes it effective for
processing clearly structured signs and labels with a fixed
font.

In contrast, modern approaches based on CRNN
(Convolutional ~ Recurrent  Neural Network) in
combination with the CTC (Connectionist Temporal
Classification) mechanism allow direct sequential text
recognition without prior character segmentation. This
significantly improves accuracy in conditions of
perspective distortion, motion, or low video stream
quality. The CRNN architecture combines convolutional
layers for feature extraction, recurrent layers (usually
BiLSTM) for sequence modelling, and a transcription
layer, allowing for flexible processing of variable text
structures in a frame.

The choice between Tesseract and neural network
OCR models in systems with limited computing budgets
is often driven by a trade-off between accuracy and
resource consumption. In stable conditions, Tesseract
demonstrates low latency and ease of integration, while
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CRNN provides higher resistance to noise and distortions
but requires a more powerful computing platform.

Stable video stream transmission remains a key
factor in system reliability. To achieve this, video data is
pre-processed and buffered using the OpenCV library,
which allows you to adjust the frame rate, perform size
alignment, focus, and apply filters necessary to improve
the quality of input images. In practice, this is
implemented  through  the  VideoCapture = API
(Python/C++), which is currently the standard for video
integration in real-time computer vision systems.

The final stage is the vocalisation of the results. In
accordance with the requirements for the autonomy of
systems for visually impaired people, it is recommended
to use offline speech synthesis engines, in particular
pyttsx3, which supports work with system TTS engines.
This approach minimises the delay in starting synthesis
and does not require a stable internet connection, which is
critical for outdoor use. Cloud-based TTS services, such
as gTTS, although they provide higher voice quality, are
inferior to offline options in terms of speed and reliability
in field conditions [10-11].

The above shows that a number of technological
tools have been developed to support people with visual
impairments. For  example, GPS-based mobile
applications (Seeing Eye GPS, LazarilloApp) provide
navigation in open spaces, but they have limited accuracy
indoors and in the absence of a stable satellite signal.
Other solutions are based on ultrasonic sensor technology
that signals obstacles (e.g., SmartCane), but such devices
often do not take context into account (e.g., moving
objects) and require additional user training. Computer
systems using computer vision (e.g., Microsoft Seeing
Al) are also becoming more widespread, providing object
and text recognition, but they require significant
computing resources and a constant internet connection,
which reduces their practicality.

Work [12] is a systematic review of modern
technologies designed to support individuals with visual
impairments when navigating both indoor and outdoor
environments. The authors reviewed 191 publications
from 2011 to 2020, classifying approaches, hardware, and
software solutions. Particular attention is paid to
electronic canes, robotic assistants, systems based on
GPS, RFID, Kinect, ultrasonic and infrared sensors. The
analysis showed that the development of traditional
electronic aids is gradually shifting towards the use of IoT
solutions, computer vision algorithms and multimodal
technologies.

However, the results have several limitations. The
study covers only six major scientific libraries, which
may lead to the omission of important works. Only the
decade 2011-2020 was considered, so earlier or more
recent developments were not taken into account. Most of
the systems analyzed were tested under controlled

conditions, often with a small number of users, and
without a sufficient assessment of energy consumption,
operating time, or user acceptance. Insufficient attention
has also been paid to algorithms for selecting the shortest
route and integration into urban infrastructure.

Work [13] presents a system of "smart glasses" for

people with visual impairments, combining image
enhancement in low light, DETR-based object
recognition, tactile feedback, and text-to-speech.

Experiments on the Low-Light and ExDark datasets
showed competitive results in low-light conditions.
However, the system has limitations, including reduced
accuracy for small objects, dependence on a client-server
architecture, and incomplete testing in real-world
conditions.

Article [14] presents the ARTANNA+ system, which
is based on augmented reality and computer vision
technologies and is designed to support the mobility of
people with visual impairments. The system allows you to
build virtual routes without the need for physical
landmarks, and also provides interaction with the
environment through object recognition and access to
digital content. Experiments have demonstrated the
feasibility of reliable navigation in both indoor and
outdoor environments using smartphones, achieving up to
90% accuracy in identifying cultural heritage sites.

Among the limitations of the application, it is worth
noting its dependence on the accuracy of ARKit
algorithms and the performance of the smartphone's
camera, which complicates its use in conditions of sudden
lighting changes or rapid movements. Navigation
accuracy decreases when the device is positioned
incorrectly, and the object recognition process relies on a
limited amount of data collected in a specific cultural
context, which raises concerns about the scalability of the
solution. In addition, the tests were conducted under
controlled conditions, and there is a lack of extensive
testing involving users with visual impairments, which
limits the practical assessment of effectiveness.

Thesis [15] describes a "smart cane" system that
integrates Raspberry Pi 4B, a camera, an ultrasonic
sensor, and Arduino. The system combines visual
recognition (Viola—Jones, TensorFlow Object Detection)
with distance measurement to obstacles and audible
warning via a buzzer. The results showed an accuracy of
approximately 91%, positioning the device as a compact
and inexpensive solution for everyday use by people with
visual impairments.

The following limitations are inherent in the
development. First, the algorithms (in particular, Viola—
Jones) remain sensitive to noise and camera vibrations,
which reduces accuracy for small objects and in low-
quality images. Second, the system relies primarily on
simple computer vision methods, which are inferior to
modern neural models in terms of stability and scalability.
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Third, the tests were conducted mostly in controlled
scenarios, which calls into question the effectiveness of
the device in real urban environments with dynamic
obstacles.

Paper [16] presents a mobile assistance system for
visually impaired people that combines an OAK-D sensor
with stereo vision, edge Al accelerators (NCS2) and
optimised models (OpenVINO, TensorFlow Lite) for
object detection, recognition of road signs, traffic lights,
crosswalks, and changes in surface elevation. The system
is compact, has relatively low power consumption, and a
convenient voice interface, and its testing has shown
promise in real urban environments.

However, the work has certain limitations. The use
of lightweight models, such as SSD-MobileNet, results in
a trade-off between speed and accuracy, with an increased
likelihood of false positives and false negatives.
Segmentation models operate with significant delays
(0.4-2 fps), which complicates their use in real-time and
may confuse the distinction between the road and the
pavement. An additional challenge is the inability to
reliably determine height changes based solely on OAK-
D due to its low depth resolution. Therefore, the authors
resort to machine learning on RGB and depth images,
acknowledging that traditional point cloud processing
methods could yield more robust results.

Thus, the review results confirm the feasibility of the
selected software configuration for vehicle detection,
route number recognition, and real-time voice prompt
generation tasks. The use of YOLOv8 as the base
detection model, flexible selection of OCR kernels
depending on the context, an OpenCV-based video
pipeline, and offline TTS provide the necessary balance
between performance, accuracy, and affordability for
implementation in systems that assist visually impaired
users.

Purpose and objectives of the work

The goal of the work is to develop a software
application to help visually impaired people
independently navigate public transport stops, which
provides automatic recognition of the type of transport
and route number, as well as the generation of voice
prompts for the user.

The following types of input data are required to
implement the system:

- images of vehicles taken from a personal
device (frames in RGB format);

- labelled datasets containing the coordinates
of objects (bounding boxes) for transport types (bus,
trolleybus, tram) and route numbers;

- augmented data with simulated weather
effects: fog, rain, night, twilight, etc.;

- audio signals broadcast through a speaker in
response to recognition.

Therefore, to achieve the set goal, a number of
tasks must be performed:

- collection and labelling of data for deep
learning of the YOLO model for recognising different
types of vehicles and their route numbers;

- augmenting the dataset by simulating low
visibility conditions, creating artificial weather conditions
(fog, rain, night, etc.) at different times of the day
(daylight, dusk, darkness);

- research and implementation of machine
learning methods for the task of automated vehicle
recognition in real time;

- testing and adaptation of the system in virtual
conditions.

Further development of the project involves
expanding functionality to work with smart stops (IoT
infrastructure), integrating with a mobile application to
personalize settings, and utilizing artificial intelligence
technologies to adapt the system to different users.

Scientific results obtained. Discussion of results

The study describes the software component of a
software-hardware complex designed to support the
mobility of people with visual impairments. The hardware
part is implemented on the basis of a single-board
computer Raspberry Pi 5, to which a Logitech Carl Zeiss
Tessar 2.0/3.7 (2 MP) webcam and an external Logitech
G Pro X audio card with headphones are connected,
providing real-time message playback. Power is supplied
by a 10,000 mAh portable battery, which guarantees
several hours of autonomous operation. At the same time,
it is the software algorithms — image pre-processing,
vehicle detection, and route number recognition — that
determine the effectiveness of the complex. The
efficiency of the system at various stages of its operation
is ensured by the YOLOVS framework, Tesseract, and the
pyttsx3 library.

At the first stage of the system's operation, the
incoming video stream from the camera is received, as
well as accompanying information about the external
environment, in particular, the level of illumination and
weather conditions. This data is transmitted to the
environment analysis module, which, based on the
detected conditions, initiates the application of
appropriate image pre-processing filters (e.g., contrast
correction, noise reduction, visibility improvement in rain
or at night).
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Fig. 2. Block diagram of the transport detection module

The environment analysis module performs a
preliminary assessment of the shooting conditions based
on the incoming video stream. To do this, it analyses the
brightness characteristics of the frame (determining low
light or high contrast), assesses the image noise level, and
detects artefacts characteristic of rain or fog. Based on
these characteristics, the system selects the appropriate
pre-processing methods: brightness enhancement (gamma
correction, CLAHE) in the dark, noise filtering (bilateral
filtering) in the presence of interference. The use of
defogging and deraining methods in case of deteriorating
weather conditions are further steps necessary for
implementation. Thus, the module ensures the operation
of the entire system, improving the quality of input data
before the object detection stage.

After that, the prepared image is sent to the
computer vision module, implemented on the basis of the
YOLOVS architecture, where transport objects are
detected. If the vehicle is successfully detected, the
system proceeds to localise the area where the route
number is located. The selected area is transferred to the
optical character recognition (OCR) module, built on the
Tesseract library.

If the route number is successfully read, a text
message is generated, which is then sent to the speech

synthesis module (pyttsx3) to voice the information
received. If the OCR does not recognise the characters
correctly, the system generates a voice message indicating
only the type of vehicle (e.g. "bus", "trolleybus", etc.).

The general principle of the system is illustrated
in detail in the block diagram (figure 2), which shows the
sequence of video stream processing steps and the
adaptability of the algorithm to changes in the external
environment.

Analysis of the visual characteristics of route
numbers has shown that they usually have a clearly
defined rectangular shape and are placed on a contrasting
background black or white, sometimes with
backlighting. This greatly facilitates their visual
identification by humans and, at the same time, indicates
the potential effectiveness of their automatic detection
using neural network models of object detection.

Taking these features into account, it was
decided to retrain the YOLOvV8 model not only for the
task of classifying vehicle types, but also for the task of
localising the route number area on the vehicle body. This
approach allows the area that is most likely to contain
relevant text information to be selected directly from the
frame.

The area selected using YOLOVS is transferred
to the optical character recognition (OCR) module,
implemented on the basis of the Tesseract library. Given
the peculiarities of its algorithms, which work more stably
with black-and-white or grayscale images, contrast
enhancement and color noise reduction methods are first
applied to the localised area.

These operations are performed using the
OpenCV library, which allows for the implementation of
a number of filters: conversion to grayscale, adaptive
binarisation, histogram equalisation, or contour
enhancement. The result is an image optimised for further
text recognition.

The general processing sequence and an example
of image transformation before recognition are shown in
figure 3.

The type of transport and its number are
announced until the transport leaves the device's field of
view, so that the user can understand that the transport is
still in front of them.

To ensure that the system operates in real time,
the voice announcement module is implemented using an
asynchronous approach. The voice message is generated
in the background, which does not interrupt the video
frame processing cycle and minimises delays. This
approach allows for continuous operation regardless of
the duration of the voice announcement.
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Fig. 3. Block diagram of the route number detection
module

The message generation process is a key stage in
the system's interaction with the user. A generalised
description of the algorithm for voicing the detection
results includes a sequence of actions from receiving the
classified result to initiating speech synthesis, and also
provides for the processing of exceptional situations, in
particular cases where no route number is recognised.

In order to ensure the feasibility of the proposed
approaches, a specialised dataset was prepared and
labelled, including the following classes of objects:

- Dbus;
- trolleybus;
- tram;

D
130¢

(i
A

d B
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- route number.

The annotation was performed in YOLO format,
where the coordinates of the bounding box and the
corresponding class label are specified for each image.

The initial sample consisted of 756 images, which
were supplemented with augmentation to increase the
model's resistance to changing external conditions. The
following methods were used:

- change of lighting (brightness, contrast);

- adding noise (Gaussian, Salt & Pepper);

- simulation of rain;

- simulation of fog;

- simulation of night conditions (reduction of
global brightness + local glare).

A specialised dataset was created for training the
system, consisting of 756 source images of vehicles (buses,
trolleybuses, trams) and route numbers. The clas-ses are
distributed approximately evenly: 260 examples of buses,
248 trolleybuses and 248 trams. To improve the
generalisation ability of the model, augmentation was
applied, resulting in an almost twofold increase in the size
of the dataset. The proportion of real data in the final set
was about 60%, and the proportion of syn-thetically
generated images (simulation of fog, rain, night conditions,
etc.) was 40%.

A classic distribution scheme was used to form the
samples: 70% of the data was used for training, 15% for
validation, and 15% for testing. This division ensured the
representativeness of the test sample even with a relatively
small number of examples and prevented the "spillover" of
augmented data from the training into the test subset.

This expansion of the training dataset is necessary
to increase its representa-tiveness and ensure reliable model
performance in a real-world environment.

It should be noted that route number markings
require special attention — these areas are usually located
on a contrasting rectangular background with back-lighting,
and they have a characteristic shape that allows them to be
effectively iden-tified using the YOLOVS model, provided
that they are correctly annotated during training (figure 4).
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a)

b) 9]

Fig. 4. Example of frame marking for different vehicles: a) for a bus, b) for a trolleybus, c) for a tram

At the current stage, the system is focused on the
route number formats represented in the dataset.
Contextual  constraints  (number location  zone,
characteristic string length) are used to reduce the number
of false positives. To avoid errors, a simple contextual
filter is used: the location of the digits in the frame (for
example, a characteristic area on the windscreen or on the
transport display) and the format (1-3 digits, sometimes
with a letter) are checked. Thus, the system does not
announce numbers that fall outside these parameters (e.g.,
4-digit on-board codes). In case of changes in the formats
of route displays, the dataset is expanded and the model is
retrained. Vehicles are classified based on visual
characteristics specific to each class: the presence of poles
and contact wires (trolleybuses), rail chassis (trams), and
the absence of these elements (buses).

The Roboflow platform was used to label the
images, which provides a complete set of functionality for

annotation, dataset version management, and export in the
required formats, in particular for YOLO models.

During the formation of the dataset, situations
that often occur in real conditions were taken into
account, such as the presence of several vehicles in one
frame, particularly at public transport stops. Such scenes
are often accompanied by partial overlap of vehicles,
which complicates the detection task.

In such cases, it is worth performing an
approximate annotation of their boundaries, taking into
account the shape of the object and the context of the
scene (figure 5).

This approach improves the generalisation of the
model and ensures its stable operation in complex
situations, particularly in urban environments.

Fig. 5. Example of marking with several objects overlapping each other

To improve the model's generalisation ability,
synthetic image augmentation was implemented. This
allows the model to learn to recognise public transport

objects in different weather conditions and in low light
(figure 6).
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©)

d)

Fig. 6. Conditions for dataset augmentation: a) rain; b) snow; c) darkness; d) blurring

To assess the functional suitability of the
developed software and hardware complex, testing was
carried out in conditions as close as possible to the real
operating environment. The main goal of the experiment
was to determine the accuracy of vehicle detection and
route number recognition.

To simulate changing environmental conditions
(fog, rain, night shooting), the OBS (Open Broadcaster
Software) programme with the OBS Virtual Camera
function was used, which allowed a video stream with
simulated scenes, including buses, trolleybuses and trams,
to be fed into the system.

Table 1. — Table of test results in real and simulated conditions

The model was trained using the Adam
optimiser, with a batch size of 16, 200 epochs, and an
early stopping mechanism applied if no improvement was
observed on the validation sample for 5 epochs. On the
training part of the dataset, the average accuracy was
97%, which is consistent with the test results.

The use of virtual video streaming made it
possible to test the system in scenarios that were difficult
to implement physically during the summer. This
approach allowed us to evaluate the adaptability of
algorithms to complex visual conditions without losing
accuracy.

Experimental conditions Number of | Object recall | Precision of | Accuracy of route number
P frames, pcs. (TPR), % transport type, % recognition, %
Simulation, daylight (100-
10,000 Ix) 30 10 95 89
Simulation, fog 30 98 95 84
Imitation, rain 30 100 100 85
Simulation, snow 30 100 100 90
Simulation, blurring
(reduced sharpness) 30 06 95 80
accuracy in detecting vehicles (mainly 100%), which
Based on the results obtained, it can be indicates the reliability of the YOLOVS algorithm in the

concluded that the system demonstrates consistently high

task of object detection. Only in foggy conditions (98%)
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and blurred images (96%) did the indicators decrease
slightly, which is associated with a decrease in the

Assessment of system efficiency under

Daylight

Rain

Blur

Snow

Experimental conditions

Fog

contrast and sharpness of the input data (figure 7).

100.0
97.5
95.0
92.5
=~ 90.0
- 87.5
- 85.0
-82.5

-80.0

Metric

Fig. 7. Heat map of the results of experimental testing of the developed system

The accuracy of vehicle type classification ranged
from 95 to 100%, with the best results observed in rainy
and snowy conditions, where the contours of objects
remained sufficiently clear. At the same time, in cases of
fog and glare, the accuracy decreased to 95%, indicating
the sensitivity of the model to blurred contours and loss of
local features.

The higher accuracy in adverse conditions (100% in
rain/snow) compared to daylight (95%) is explained by
the uneven distribution of test examples: the number of
examples in "difficult" conditions was smaller, which
could artificially increase accuracy. In future work, we
plan to balance the dataset and conduct a series of new
experiments. It is also worth noting that some of the
"adverse conditions" (rain, snow, fog) were generated
using augmentation methods and reflect simulation
scenarios. This could have affected the results and given
higher accuracy compared to daylight conditions. The
actual performance of the system in similar weather
conditions may vary, which also requires further field
experiments using real data.

The most problematic stage was the recognition
of route numbers, where the accuracy ranged from 80%
(blurred image) to 90% (snow, daylight). This is because
the OCR system is highly dependent on the clarity of the
characters and the quality of the frame pre-processing.
Thus, further development of the system should be aimed

at improving image pre-processing algorithms to increase
the reliability of OCR in difficult visibility conditions.
Conclusions

During development, the software part of the
intelligent module was created, combining deep learning,
computer vision, and speech synthesis methods. To detect
public transport, the YOLOv8n model was used, which
demonstrated high accuracy in daytime conditions and
acceptable speed on a single-board computer. Route
number recognition was implemented using the Tesseract
OCR module, which allowed the necessary text
information to be obtained from video frames. The
pyttsx3 library was used for rapid voice output of results,
which ensures offline operation without an Internet
connection and minimal delays.

Testing of the software component confirmed the
effectiveness of the chosen solutions: the system
consistently recognises vehicles and their numbers and
correctly announces the results. At the same time, analysis
showed that in low visibility conditions (twilight,
darkness, blurred images), the accuracy of OCR and
transport type classification decreases. This determines
the directions for further work: improving image pre-
processing algorithms, expanding the dataset with real
examples from different weather conditions, and using
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more powerful deep learning models. As a result, the
software component has proven its practical value and can
be the basis for full integration into wearable systems to
assist the visually impaired.

The tests showed that the software solutions
provide acceptable performance in daylight conditions,
but in twilight and with reduced lighting quality, the
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IIporpamumii MoAyJb PpO3MI3HABAHHS MAPIIPYTHUX
HOMeEpiB y peajibHOMY 4aci JJsi BOyIOBAHMX CHCTEM
JA0IOMOrH c1ado30pum

Abstract.. YV pobomi posensoacmvca axkmyanvHa
npobnema  coyianvHoi  adanmayii  oci6 i3
nopyulenHam 3o0py 6 Ykpaiwi, KinbKicmb AKUX
cymmeso  3pocia  6HACHIOOK — BillCbKOGUX  Oill.
Ilpedocmaeneno  pospobky — iHMeNeKmyaibHO20
npocpamMHo20  000AMKy,  NPUSHAYEHO20  OJis
donomoau ciabozopum o0cobam 6 CaMOCHMIUHIU
opienmayii Ha 3VNUHKAX 2POMAadCbK020
Mpaucnopmy. Cucmema  noeowye  memoou
2NUOUHHO20 HABYAHMSA, KOMN TOMEPHO2O0 30py Md
CUHMe3Y MOGIEHHA Ol ABMOMAMUYHO20 BUABIEHHS
mpaHcnopmuux — 3acobie  (asmobyc, mponetbyc,
mpameatl) ma  pO3Ni3HAGAHHS  IXHIX  HOMepig
Mapuipymie 'y peaibHOMY Haci.
00’exmie  3acmocosano modens YOLOVS, ona
po3nizHasanus Homepie mapuwipymie — Tesseract
OCR, a 0ns o038yuenHs pe3yiomamie — o¢aaiiH
cuumesamop pyttsx3. Ilonepeons 0bpobra Oanux
BKIIOYANA AHOMAYII0 Oamacemy, ayeMeHmayir i3
MOOETIOBAHHAM NO2OOHUX YMO8 MA BUKOPUCHAHHS
@inompie na ocnosi OpenCV ons niosuwenns

mounocmi  OCR. Tecmyeannss 'y peanvHux i
3MO0ENbOBAHUX — YMOBAX  (mymaH, 00w,  CHie,
pO3MUmMMS,  HU3bKE  OCBIMIEHHs)  NOKA3AL0

cmaobinbHo 8UcoKy mounicme susenenns (100%) ma
NPULHAMHY KAACUDIKAYITIHY NPOOYKMUBHICMb, X0Yd
CMIlIKiCmb  PO3NI3HABAHHA 3HUIICYBANACS 34 YMOB
obmedicenoi  suoumocmi. Ompumani pesyrbmamu

niomeepoiCyoms NpaKmuiHy YinHicmo
3aNPONOHOBAHO20 nioxooy, a nooanbuli
B00CKOHANEHHSL 30CePeOACY BAMUMYMbCA Ha

PO3UIUPEHHT PeabHUX 0amacemis, YOOCKOHAeHHI
Memooie nonepedHvoi 00pOOKU ma
OinbUL NOMYJICHUX MoOenell 2TUOUHHO20 HABUAHHSL.
3anpononosana cucmema modice cmamu OCHOBOIO

ona CMBOpenHs NnepeHOoCHUX ACUCMUBHUX
MEXHON02IU,  CHPAMOBAHUX — HA — NIOBUWEHHS
IHKIO3U6HOCME  ma  MOOLIbHOCMI  C1aO030pux

KOpucmysauie 8 ypoaHizo8aHomy cepe0osuuyl.

Knrouosi cnosa: nopyuwenns 3opy;, Komn tlomepHuii
3ip;  YOLOvS; OCR; Tesseract; cunmes; OemeKyis
00°exmie; acucCmueHi mexHon02ii; enuOUHHe HABYAHHS
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AcnipanTtu C. B. Bipwokos, K. B. Luienko, C. 1. I'opéau, B. B. I'oBopyH,
B. M. KiimmeHKO

AHAJII3 KOHCTPYKIIA TATOBUX MY®T, 1110 EKCILTYATOBAHI HA
EJEKTPOIIOI3JAX BITYN3HAHUX 3AJII3BHULID I METPOIIOJIITEHIB

Anomayin. Y cmammi npoananizoeano cxemu KOHCMPYKYIU MA208UX nepeodad, sAKi 3acmoco8y8ami Ha
PDEUKOBOMY PYXOMOMY CKAAOL, eKCHAYAmOBAHOMY HA 3ANiZHUYSAX | mempononimenax. Brxazano na eiominnocmi ma
0Cco0IUBOCIT KOHCMPYKYINL MA208UX NPUBOOIE DIZHUX KIACI8, 30KpeMd OOYLIbHICIb GUKOPUCMIAHHS MA208UX Mydm K
enemMenma, sAKull 0ae 3mMoey nepeoasamu 00epmanbHull MOMeHM IO MA208020 O8USYHA HA PeOYKMOp KOAICHOI napu 3
HeCcnienadinHaM ocell iXHiX 8anis.

Poszensnymo xkoncmpykyii mseogux mygm, sKi 3acmoco8y8ani HA 8A2OHAX eNIeKMPONOoi30i8 MemponoimeHy
cmapux i MOOEpPHI308aHUX KOHCMPYKYILL Ma eieKmponoi3oie npumicbKoeo CRoiyueHHs Ha 3anizHuyi. Brxaszano wua
OCHOBHI CKIA008i KOHCMPYKYIT My@m enekmponoi30ie i MOJNCIUGI HECHPABHOCHT MAK020 8Y3/d, K MOJICYMb SUHUKAMU
3 ekcnayamayicto. Y cmammi 30cepediiceHO yeacy HA KOHCMPYKYIl KapOaHHOi My@mu 6acoHa eneKkmponoizod
mempononimeny ma 3youacmoi my¢mu ZK 306, wo ecmanosiena Ha 6a20HAX, AKI NPOUWLIU KANIMALbHO-
BIOHOBNI0ANHULL peMOHm. Po3zenanymo 2ymoxkopony npysicny my@my, sKa 6CMAHOBNEHA HA PYXOMOMY CKAAOi

B3ANIBHUYHUX e/IeKMPONOoi30i8 NPUMICbKO20 CHOJIYYEHHS.

THopienano éenuuunu HeCniegiCHOCMI 8ai8, WO KOMNEHCYIOMb PO32ISAHYMI MA208i My@mu, 3p00JeHO 8UCHOBKU

U000 NPOBEOEHO20 AHANI3Y.

Knrouosi cnosa: peiikosuil pyxomuil ckiao, mseoea nepeoaud, 8i30K 6a20HA, MA208Ull NPUBoo, KApOaHHA

Mygma, eymoxopona mygpma.

Beryn.

3aJi3HUYHUI TPaHCIIOPT y Cy4YacHOMY CBITI
BiJliTpa€ BaXJIMBY pONIb y 3a0e3lMedeHHi MOOUTHHOCTI
HaceJIeHHs Ta IepeBe3CHHI BaHTaxiB. BiH nae 3Mmory
CIIONMyYaTd MiXK COOOI0 KpaiHH Ta MicTa, THUM CaMUM

CHpUSIIOYM  iHTerpamii ~ €KOHOMIKM 1 PO3BUTKY
iHppacTtpykrypu. Came  3ali3HUYHMH  TPaHCHOPT
HaWJOIIBHINIE BHKOPUCTOBYBaTW MUl  II€PEBE3CHHS

BEJIMKOTO 00CATY BaHTaKiB Ha CEpPE/IHI Ta BEJMKI BijCTaHi
cyxozmonoM. Te came cripaBeiIMBO 1 ISl MACAKUPCHKUX
IepeBe3eHb, SIKIIO 3BICHO € PO3BHHEHA 3aJi3HWYHA
iH]pacTpyKTypa.

[Iono mepeMimieHHss Ha MOPIBHAHO  Mai
BIJICTaHi, TO TYT JIAMPYE aBTOMOOIIbHUI TpaHcropT [1],
ajie TaKkoX 3HAuYHy HIiNly 3aiiMae i peKoBHWH: TpamBai,
3aTI3HUYHUA PyXOMHH CKJIaJl MICBKOTO CIOJYYEHHS Ta
EJICKTPOIIOI3 I METPOTIOJIITEHY .

Y CBOIO Yepry pyXxoMHuil CKIaJ METPOIOJITEHY,
SK OJWH 13 BUJAIB T'POMAaACHKOTO TPAHCIIOPTY, POOUTH
BarOMHH BHECOK Yy PO3BHTOK MICBHKOI TpaHCHOPTHOI
IHQpacTPyKTypH, aJDKE BiH € JIyXKe 3pyYHHM 1 TIOPiBHSIHO
mBHAKKMM.  OmHaK  METPONONITEH €  CKJIAJHOIO
CTPYKTYPOIO 13 crenn(igHOI0 pPO3Taly’KEHOI0 CHCTEMOIO,
sIKa pO3TallIoBaHa I/l 3eMJIel0, a caMe TYHeJ Ta CTaHIi,
SIKi TIOTPEOYIOTH MOCTIHHOTO AOTISAY i PeMOHTY. Yce Iie
MIPU3BOJUTE JI0 3HAYHUX BUTPAT HA EKCIUIyaTaliio, TOMY
TaKy TPaHCIOPTHY CTPYKTYpPY MOTPiOHO BIIPOBAKyBaTH

y BEJMKUX MICTax, HACEJICHHS SKHX CKJIaJae Oijblie
MUITbHOHA KUTENiB [2], 11100 TOKPHUTH KariTajlbHi BUTPaTH
Ha  OyJOIBHMITBO Ta  HOAAIBLIY  EKCIUIyaTalio.
BinmoBinHO 1 pyXOMHH CKJIaJi METpPOIIOJITEHY Mae OyTH
HaJiHNM, 00 3a0e3nmeuyBaTH MEPEBE3CHHS MACAKUPIB
13 HaJIGKHOIO Oe3mexoro [3].

AHaJIi3 0CTaHHIX JOC/HiKeHb Ta myOJaiKanii.

YkpaiHChKHH JIepKaBHUN YHIBEPCUTET
3aizanyHoro Tpancnopry (YxpAVY3T) i Hauionaneuuit
TEXHIYHUH YHIBepcuTeT «XapKiBCbKUH MONITEXHIYHUN
IHCTUTYT» € OIHMMH 3 OCHOBHHX BITUHM3HSHHX IICHTPIB,
Jile TPOBOAATH AOCHDKEHHS 1 MyONiKyloTb poOOTH
CTOCOBHO TSTOBOTO IIPHBOJA Ta IHIIMX CKJIAJOBUX
XO/MOBOI YacTHMHM peHkoBoro Tpancnopry [4, 5].
JlocnmimKeHHsT MEXaHIYHOT YacTHMHH PYXOMOTO CKJIany
31e0UIbIIoro  cTocyroThest  ii  moxepHizamii  [6] i
30UIBIIEHHST pecypcy pOOOTH, OCKUIBKHM 3HAYHY YaCTUHY
JIOKOMOTHBIB 1 MMOT3]1iB €KCILTyaTyIOTh 13 MPOOIroM, SIKUH
NePeBUIINB HOPMAaTUBHMK [7], a HOBHX pPyXOMHX
OJMHMIL HAa YKp3aJIi3HHUII Ta METPONONITEHaX HE TaK
Gararo.

3a KOpAOHOM IOCTIPKCHHIO XOJIOBOi YACTHHHU
CJIIEKTPOMOI3NiB 1 BHPINICHHIO MNUTaHh IMIOAO il
onTuMizalii Ta BJOCKOHAICHHI NPUAUIIOTH 0Oararo
yBaru. Hampukian, OCHIIKYIOTh IOUHAMIKY TSTOBOL
mepenadi Ta aHANI3YyIOTh i BiAMOBH, 30KpeMa Ha
BHCOKOIIBH/IKICHOMY peHKOBOMY TpaHcHopTi [8, 9], amxe
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BiIl HaIMHOCTI MEXaHIYHOrO OOJIaZHAHHS 3aJIEKUTh
Oe3rmeka pyxy.

Takox MOJETIOIOTh XOJIOBY YaCTHHY PEHKOBOTO
TPaHCIIOPTY, MO0 OWIHUTH i CTaH y CKJIAQJZHUX YMOBax

ekcruryarartii [10].

BusHaueHHsI MeTH Ta 3a4a4i JOCTiIKEeHHS.

Meroro  crarti € aHami3  ocobiuBOCTEH
KOHCTpPYKIIi ICHYIOUMX MoOJeNed TArOBHX My(QT, SKi
eKCITyaTOBaHI Ha EJIEKTPONOi3AaX METPOIOJiTeHy 1
moi3gax 3aJi3HUYHOTO TPHMICBKOTO  CIIONYYEHHS, a
TAKOXX MOPIBHSHHS IapaMeTpiB HECIHIBBICHOCTI BaJIiB, SIKi
KOMITEHCYIOTh MY(TH.

OCHOBHA YaCTHHA AOCJiIKEHHS.

OnmHUM 13 OCHOBHHX KOMIIOHEHTIB PEUKOBOTO
TPaHCIIOPTY, SIKMHA Oe3MocepeaHbO BIUIMBAE HA OE3IEKy
pyXy, € WOro XomoBa 4YacTWHA, a caMe€ BI3KH, SIKi
CHPUIMAIOTh Bary BaroHa 3 MAacaKUpaMH Ta PiBHOMIpHO
PO3IOAUISIOTh ii HA KOJICHI Mapu, a TakoX MepenaroTh
TATOBI Ta TaJIbMIBHI 3yCHIUIS, BUKOHYIOTh HallpSIMIICHHS
pyxXy BaroHa mo kouii. s mepenaBaHHS 00epTaIbHOTO
MOMEHTY BiJl IBUTYHA 10 KOJIICHOI IIapH CIIYXHTh TSArOBa
nepemadya [11].  Ockinbkn B KOHCTPYyKHii  BI3KiB
BITYM3HSIHOTO PEHKOBOTO TPAHCIIOPTY T€OMETPHYHI OCi

TATOBHH
SIeKTPOABHIVH

KOJIICHA ITapa

Bajla JIBUTYHa Ta KOJICHOI NMapW HE CIiBHAagaroTh, TO
HEOOXiTHO 3aCTOCOBYBAaTH PEIYKTOP.

Tsrosi nepenaui pyxoMoro ckjiany 3aJISKHO Bij
cnoco0y MiJBIIIyBaHHS JBUTYHa Ta PEIyKTOpa YMOBHO
MTOTUISIFOTE Ha TpH Kiacw [12]:

NPUBOJ, TIEPLIOTO  KIacy:
IiBINTYBaHHS IBUTYHA Ta PEAYKTOPA;
NPUBOJ| JIPYrOro Kiacy: OINOpHO-paMHe
ITiABILTYBaHHS IBUTYHA Ta OIIOPHO-OCHOBE PEAYKTOPA;
NIPUBOJ] TPETHOTO KJIACy: OINOPHO-paMHe
IiBINTYBaHHS ABUTYHA Ta PEIYKTOPA.

[TpuBon mepmioro kiacy, KiHEeMaTHYHa cXeMma
SIKOTO 300paXkeHa Ha pHc. 1, 31e0UIBIIOro 3aCTOCOBaHO Ha
JIOKOMOTHBAX, 3a/liTHUX Y BaHTKHUX IIEPEBE3CHHSX, 1 Ha
eJIEKTpOIIoi3ax crapux cepiil. Takox OMoOpHO-OCHOBHH
npuBoj OyB IyXe NOIIMpeHni Ha TpamBasx. OnopHo-
OCBOBE I/IBINIYBaHHS Ma€ 3HAYHy HEIJAPECOpPEHy Bary
MIPUBOJA, OCKUIBKH TSATOBHUH EJIEKTPOJBUTYH CHHPAETHCS
Ha BiCh KOJIICHOI Mapu, 10 BUKJIMKAE 3HAYH] HAIIPY>KSHHS
B e€JeMEHTax TATOBOi Iepefadi 3 pyxoM KOJiC IO
HEPIBHOCTAX peikoBoi kouii. Taka mepemada mMae OLTBIT
MPOCTY KOHCTPYKINIO TIOPIBHSIHO 3 IHITUME KIIaCaMH Ta
OyBa€ OJHOCTOPOHHBOIO 200 JBOCTOPOHHBOIO 3aJIEKHO
BiJl KOHCTPYKTHBHOT'O BUKOHAHHSI.

- OIIOPHO-OCHOBC

peIvKIOp

) |

OMOpPHO-0CHOB]
MiJITHITHHEKH

Puc. 1. Cxema onopHO-0CHOBOTO IIiIBIIIyBaHHS EJICKTPOABHUTYHIB:

a — OAHOCTOPOHHS Ne€peaava, 0- JABOCTOPOHHS Iepcaayda

[TpuBon apyroro kilacy 3acTOCOBYBAaHO Ha
MacaXHPChKMX JIOKOMOTHBAaxX 1 TII0i37aX, a TaKoX
eJIeKTponoizgax Merponomiteny (puc. 2). [lns HboOro

XapaKTepHe 3HIKECHHS HEMIPEecOpeHoi BarW MOPIBHSHO
i3 TPUBOAOM TEPUIOTO KJacy, OCKIJIbKH JBHUTYH
BCTaHOBJICHO HA IiJIPECOpEeHy YacTHHY Bi3Ka, a came —

pamy.

50

IKC3T, 2025 Ne3




IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

pama BizKa

V

&

TAaroBa MydTa

IOEHTVH

PEaYKTOp

KOJIiCHA Iapa

Y

Puc. 2. Kinemarnuna cxema Tsirooro npusoja Il kiacy

IIpuBoa TpeTbOro Kiacy 3acTOCOBAHO, 30KpeMa,
Ha BHCOKOIIBHIKICHOMY pyXOMOMY CKJIaJi, HESKHX
Cy4acHMX  BaHT@XHHX  €JIEKTPOBO3ax 1  BaroHax
METPONONITEeHy. YCi OCHOBHI KOMIOHEHTH NPHBOAA

pama BizKa

ITiIPEcOpeHi, 110 TTOKa3aHo Ha pHC. 3, 1ie 3MEHIIIY€E BIUINB
JUHAMIYHUX HaBaHTAXXCHb Ha HHUX. AJIE€ Takuil IPUBOA
Ma€ JIOCUTH CKJIQJIHY KOHCTPYKIIiIO, II0 BIUIMBA€E HA HOTO
BapTICTh 1 00CITyrOByBaHHS.

PEOVETIOD

KOJIiCHA Iapa

—

[ ]

OYCTOTLIHH Bal

5

Puc. 3. Kinemarnuna cxema Tsrooro npusoaa 11 kiacy

TsroBuil ABUTYH TiJ 9ac pyXy BaroHa MOXe
MepEeMINIyBaTHCA BiTHOCHO KOJICHOI TapH, SKIIO BiH
pO3TalIOBaHWK Ha IMIAPECOPEHHMX YacTHHAX Bi3Ka. Y
TAaKUX YMOBax €KCIuTyaramii 3acTOCOBYIOTh My(TH, SIKi
3’€IHYIOTh BaJ JIBUTYHA Ta LIECTIPHIO peryKTopa, miod
nepeaBaT o0epTaIbHAN MOMEHT Ha KOJIICHY mapy. Aue
Yy BHUIAJIKy OIOPHO-OCHOBOTO IiABILIYBaHHS JBHUTYHA,
TOOTO 13 3acrocyBaHHSIM TsroBoi mepemaui | kiacy,
HEOOXIiTHOCTI B TaKUX My(Tax HEMAE.

3actocoByroun npuBox 11 kimacy, Mix IBHTYHOM i
PEIyKTOPOM BHKOPHUCTOBYIOTH TAToBY My(Ty. Lleit daxr
HaKJIQJIa€ TIeBHI OOMEXeHHS Ha TabapuTHI po3Mipu

JIBUTYHA, aJpKEe HEOOXiTHO BMICTHUTH Pa3oM i3 BEIUKUAM
PEAYKTOPOM IIe i MyTy.

[Momo TsroBoro mpuBoxa III kmacy, To, kKomm i
JIBUTYH 1 pelyKTOp BCTAHOBJICHI Ha IiAPECOPEHiN YacTHHI
Bi3Ka, BaJ 3y04YacTOro Kojeca peayKTopa 3’ €IHYEThCS 3
KOJIICHOIO TIapoIo 32 JI0TIOMOT0I0 TSATOBOI My(TH, SIKa Mae
crpuiiMaTH BeNHMKi oOepTajbHi MOMEHTH, Ha BiAMIHY BiX
MydT, mo 3acrocoBani y mpuBomax Il xmacy. Takox
MIPECOPIOBAHHS  pEeIyKTOpa  CTBOPIOE  JOAATKOBI
oOMekeHHs 3a rabapuTamu — depe3 30UIbLIEHHST BUCOTH
MIOJIOKEHHSI HWDKHBOI TOYKM PEOYKTOpa HaJ TOJOBKaMH
XO/IOBHX pEHOK € HeoOXiHICTh 3MEHIIECHHS I'PaHUYHOTO
JiameTpa 3y04yacToro Koseca MOPIBHSHO 3 aHAJIOTiYHUM
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niamerpoM y npuBoaax I i II kiaciB, mo npu3BOAMTH 110

3MECHIIICHHS MaKCHMAaIILHOTO nepeaBaIbHOTO
BITHOIIICHHS pEIyKTOpa, SKE¢ peali3oBaHO Ha OJIHIM
meperadi. lle He Mae BENIMKOTO 3HAYCHHS  JUIS

MaCaXUPCHKOT0 PEHKOBOrO TPAHCHOPTY, aje € JyXke
CYTTEBUM JUISl BAHTAXKHOTO.

3a KOHCTPYKILI€IO TATOBI My(QTH HOAUISIOTH Ha
My(TH M0310BXKHBOI KOMITCHCAIii Ta My(TH IOINIepedHOi
KOMITEHCAITi.

Ha BiTuM3HsIHOMY pyXOMOMY CKJaji, 30KpeMa
€IEeKTPOIOoi3Aax XapKiBChKOTO METPOIOJITEHY,
eKCIUTYaTyIOTh BI3KH, Ha SKHX TATOBHH EJIEKTPOJIBUTYH
Ma€ paMHE IiJBIIIyBaHHS, a PEIyKTOp — OIIOPHO-OCHOBE,
BIJIMIOBI/THO 3aCTOCOBAHO TATOBHH MPUBOJ APYTOTO KIIacy
[13].

Ilin 4ac pyxy pyxoMoro ckiamy MO KOl
BUHMKA€E HECIIBBICHICTh Bajla TATOBOTO JBUTYHA 3 BaJIOM
mecTipHi  pexykropa. [lepemimieHHss  BamiB, IO
BUHHKAIOTH 13 PyXOM, MOXYTb BiIOyBaTuCsl OJJHOYACHO B
TOPH30HTAIBHIN 1 BEPTUKATBHIN IUIOIIMHAX
TOpPU30HTAlIbHA  IUIOIIMHA y pesynbTari po3oiry
KOJIICHOT Mapu, TOOTO MOXKIIMBOCTI i1 pyXy BiTHOCHO paMu
Bi3Ka SIK Y TIO3ZIOB)KHBOMY, TaK 1 IIOTIEPEYHOMY HalpsMax;
BEepTHKAJIbHA IUIONIMHA — 13 HAaBAaHTAXKEHHAM NPYXHUH
OyKkCcOBOro MiJBINIyBaHHA BiX HEpiBHOCTEH Komii Ta
HABAHTAXXCHHS BiJ Barum macaxupiB. Jns kommeHcarii
miel HECHiBBICHOCTI BajliB 3acTOCOBYIOTH IIapHIpHE
3’eHaHHA, a came KapaaHHy mydry [14] (puc. 4), sika
3’€Hy€ BaJ TATOBOIO JABHIYHAa 3 BaJOM IIECTipHI
peayKTOpa Ta TepeAae TATOBI W TalbMiBHI 3YCHIUIA Bif
IBUTYHA Ha KoiicHy mapy. Llg wmydra mgomyckae
TrapaJieJibHe 3MiLIeHHs! BaJliB OZMH BITHOCHO OJTHOTO /10 8
MM, KyTOBE 3MilIeHHS 10 2,5°, B3aeMHE IO3JIOBXKHE
3MiIIeHHS BaJIiB 10 11 Mm.

TaroeHH
€IeKTPOJBHIYE

Kapnanra mydrta

Puc. 4. Po3rantyBanns KapaHHOT My(hTH ITi/1 BarOHOM

CkiamaeTbcsi  KapgaHHa wMydTa 3 JIBOX
OJHAKOBUX  HamiBMy(QT, sKi 3’€AHaHI  YOTHpMa
MIPU30HHUMH OOJITAMH ITiCJISI BCTAHOBJICHHS HA BIIOBIIHI
Bamu. Jlo eleMeHTiB KOXHOI HamiBMyptu (puc. 5)
BXOJISITh KYJa4OK i3 JBOMA TOJKOBHAMHU IIiIIIAITHUKAMHE 1
JIBOMa KOBIIAYKaMH, KPIMTIIIbHA Taifka 3 maiboro, KopIryc-
BIJIKA, CTaKaH, YIIUIGHIOIOYWA AT 1 YOTUPU OONTH 3

KoHTpraikamu. [lyis 3’€qHaHHS HamiBMy(pT Mik COOOIO
BCTAaHOBJICHA  3arajlbHa  IICHTpPylO4Ya  Mmaiiba Ta
YIIUTHIOIOYA TIpoKIIazKa [ 15].

KVIZ90K 13 TOIKOBHM
MJIIHITHEKOM

'

.

.:‘

b
B

a7 mecTepH]
peavKTopa

o

LEHTpYRHa
maioa

Puc. 5. Koncrpykuis kapaanHoi MyQTu

Poboty xappaHHOT My(dTH MOKHA OTHCAaTH TaK:
KyJIauOK, SIKMH Haca/KEHO Ha BaJl IBUTYHA, 00EpPTAETHCS
pas3oM i3 HuM 1 nepenae 00epTaIbHUI MOMEHT /10 BHJIKH
HamiBMy(TH 4Yepe3 TOJIKOBI IMiJIIUITHUKK Ta Harndu, Ha
SKMX BOHM 3aKpiluieHi. Bunka mnepmoi HamiBMy¢dTH
JKOPCTKO  3’€fHaHa  (uiaHmeM i3 BHJIKOIO  JIpyroi
HamiBMy(TH 1 mepermae oOepraHHS dYepe3 BHIKY Ha
KyJIauoK, 10 HAaca/DKEHWH Ha BaJl LIECTIpHI, SKa y CBOIO
Yepry NpUBOAWTH 10 oOepTaHHS 3yOuyacTte KoJeco
PEAYKTOpa pa3oM i3 KOIICHOIO Haporo.

Buxoasun 3 Takoi KOHCTpPyKMii, 32 NPUHIUIIOM
nii  KapganHy My(QTy BiZHOCATH J0 YHIBepCaJbHUX
mapHipiB. Kynaduku € HepyXoMHMHU eJeMEeHTaMH B HiH, a
BWIKK 13 CTaKkaHaMd Ta [CHTPYIOUOK MIaifbor0 —
pyxomumu. Kopmyc mydrn 3 ii pobororo He Mae
BU3HAUCHOT'O MOJIOKEHHS Ta MOXKe OyTH pO3TaloBaHHWH
M HaXWwioM 1 TNepeMillyBaTHUCS B3JIOBX BajiB. I3
pobororo  MydTH  BigOyBaeThCA  TOCTIHE  TEpPTA
METaTIYHUX YaCTHH, TOMY 3aCTOCOBYIOTH 3MAIllCHHSI.

Kapmanrma  mydra  Bi3ka  enekTporoizna
METPONOJNITEHY € IyXK€ BiINOBIAAIBHUM BY3JIOM, TOMY
oTpedye peTeNnbHOro OISy Ta OOCITyrOBYBaHHS.
XapakTepHUMH HECIIPAaBHOCTAMH MY(TH € HElpaBUIIbHE
PETYIIIOBaHHS, TEPETPiB, BiICYTHICTh a00 BUKU] 3Ma3KH,
CIpecyBaHHS  KyJlauka, a TaKoX  CIIPALIOBaHHS
COPMalTOBHMX HAIUIaBJICHb Ha B, SKa 300pa’keHa Ha
puc. 6, MO0 MOXE NMPHU3BOAWTH 10 BUHUKHEHHS JTIO(TY
MIiK BHJIKOIO Ta TOJKOBHMM IIAIIMITHUKOM 1, SIK HACIIIJIOK,
3nmaMy naru Kyinadka 3 IyCKOM TSATOBOTO JBUTYHA.
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Puc. 6. Bunka kapnannoi My TH Barona MeTpo

Byson kapmanHoi MyQTH mpakTHYHO He
MOJICpHI30BaHMH 32  Bech  MEpioJl  eKCIuTyaTamii
BITYM3HSIHMX BaroHiB i3 paMHUM MiJBIIIyBaHHSM TATOBUX
JIBUTYHIB, 32 BHHSTKOM HE3HAaYHHMX 3MiH y KOHCTPYKIIii
KyJlauka Ta BHJIKH. Ajie Ha XapKiBCBKOMY METPOTOJIITeHI
eKCIUTYaTyIOTh AEKiIbKa MOi3AiB (puc. 7), sKi MpoHILIN
KalliTalbHO-BIIHOBIIOBAJIbHNI peMoHT. Came Ha HHX
BCTaHOBJICHO OULTBII CydyacHi TATOBI My(QTH, SIKi MaroTh
IHIIy KOHCTpyKUito. Imerses mpo 3ybuacty mydry ZK
306 BupoOHmITBa  HiMenpkoi  kommanii  KWD
Automotive.

a

Puc. 7. Enexrpomnoizn cepii EXX 3 micns kamitansHO-
BiJJTHOBJIIOBAILHOTO PEMOHTY

s mydra mepemae KpyTHHH MOMEHT IIUIIXOM
KIHEMAaTHYHOTO  3aMUKaHHS  4Yepe3  3OBHILIHE  Ta
BHYTpIIIHE 3y0uacTe 3aueIUieHHS, L0 3adilUIIOIOTHCS
OJHE 3a OJHOTO, 3 CEBOJILBEHTHHM IpodineM 3yda
MaTOYMHH Ta r'ine3u. Mydra (puc. 8) ckiamaeTscst 3 ABOX
OJTHAKOBUX HAaImiBMy(T i3 HEOOXiJHUM KpIlTMIEHAM
Marepiaiom. Ha Banm nBuryHa Ta Bajg Maioi IIecTipHi
HaIlPECOBYIOTh MaTOYMHY, BUKOHAHY pa3oM i3 3y04acTum
BiHIleM. BiHeIb BXOAWTH y 3aueruiecHHs i3 3y09yacTum
CEKTOPOM, HAHECEHUM Ha BHYTPIIIHIH NOBEpXHi Tib3n. Y
TTB31  BCTAaHOBJICHO pO3'€MHE VIOpPHE Kijlblle, IO
oOMeXXye OChOBE MepeMilleHHS My(Tu, i roppoBaHHH
MetaneBuil cuibdoH, skuil yrpumye mactuio. Koxna
rinp3a 3 OOKy (uaHIs 3aKpHTa KPUILKOIO 3 OTBOPOM 1
3'eqHaHA 3 JAPYrO0 HAmiBMy(QTOH 3a JOIOMOTORO
MIPU30HHUX OOJTIB.

(@]

Puc. 8. 3ybuacra mydra: a — 30BHIIHII BUTIISI; O — monepevHuit nepepiz Mmypru

Mydra ZK 306 nomyckae mapaieinbHe 3MilllCHHS
BaJIiB OJWH BiTHOCHO OIHOTO JI0 8 MM, KyTOBE 3MIIICHHS
110 2°, B3aEMHE IO3J0BXKHE 3MIILEHHS BB 70 9 MM.

XapakTepHUMH  HECHPAaBHOCTAMH  3yOdacTol
My()TH € TpOBOPOT MATOYMHH, 3HOLICHHS 3YOIliB,
TPIIIMHOYTBOPEHHSI B TUIb3l My(]TH, 37aM TNPHU30HHUX
OonrTiB, BHKWA 3MAallyBaHHS Ta HarpiB  BHIIE
BCTaHOBJICHOI HOPMH.
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Tum He w™enm came Mydra 3yOuacroi
KOHCTPYKIIii 3apeKOMEHIyBaita ceOe siKk OUThIIT HAiiHA Ta
HeBHOarimMBa TiX 4Yac eKcIulyaramii ITOpiBHSHO 3
KapJIaHHOIO My(TOI0 HEMOAEPHI30BaHUX BaroHiB.

Takox 1iKkaBy KOHCTPYKIIiIO Ma€ Ipy>kHa My(dra,
110 300pakeHa Ha puc. 9, 3aCTOCOBYBaHA Ha 3aTI3HUYHUX
EJICKTPOIIOi3JaxX MPUMICBKOTO CIIONTy4eHHs, 30kpema EP2,
EP9M, EJ9T, EPIII Ta iHmmx.

BiCE Bala
IIeCTEPH1

BiCE Bala

JEHTYHA

Puc. 9. I'ymokopana npyskHa My¢Ta enexrponoizga EP2

Mo MydTy BHKOPHUCTOBYIOTH HE TUIBKH SK
3’€HYBaJIbHY JIaHKY, $SKa KOMIIEHCYE HECIIBBICHICTbh
BaJiB JIBUTYHA Ta IIECTIpHI penyKTopa, a me i SK
NIPY’KHY, OCKUIBKM 3HIDKY€ AWHAMIYHI HABaHTa)KCHHS B
MIPUBO/II 32 PaXyHOK THYYKOCTI NPY>KHOi 000JIOHKHU. Y HIil
BIJICYyTHI TOBEpXHi, IO TPyTbCs abO 3MaIIyrOTHCS, a
TakoXK Jns ii BUTOTOBICHHS HE MOTPiOHI Iopori
Marepiaim.

Mydra ckiagaeThcsi 3 ABOX CTaJeBHX (DIaHIIIB,
SIKi B Taps9OMY CTaHI HACaJDKCHI Ha KiHIII BaJliB IBUTYHA
Ta MIECTipHI pelyKTopa, TyMOKOPIHOI MPY>KHOi 000JIOHKH
Ta €JIEMEHTIB KPITUICHHSI 000JIOHKH 110 (JIaHIIB.

I'ymokopmHa  Mydra  momyckae — B3aeMHE
napaJieJibHe 3MIIIeHHS BaJliB 10 15 MM, MO3JOBXKHE — 110
20 MM, KyTOBE — 110 4°.

PosrisiHyTi BuIE TATOBI My(dTH MaroTh pi3HY
KOHCTPYKIIII0O Ta 3aCTOCOBYBaHI Ha PyXOMOMY CKJIai,
SIKUM Ma€ TAroBy Hepenady, o Hanexuts go I kmacy.
Bennuuay HecmiBBiCHOCTEH BajiB, IO KOMIICHCOBaHI
TATOBUMH My(TaMH, HaBEICHO B TAOJWIN 3aJICXKHO Bif
TUIy 3MIIIEHHS OCed SKOpsl [BUTYyHAa Ta IIECTIpHI
pelyKTopa, sIKi BAHHKAIOTh 13 PyXOM Bi3Ka 0 peiKax.

Bennunau HecIliBBICHOCTEH, 1110 KOMIICHCYIOTh My(QTH

Tur HecmiBBICHOCTI BalB, 1110
.. KOMITEHCOBaHa

Twun Tarosoi

myra IMapanensne | Ilo3noBixkHE KyTtose

3MIIICHHS 3MIIIECHHS 3MICHHS
Kapnanna 70 8 MM mo 11 mm 1o 2,5°
Mydra
3ybuacra 710 8 MM 110 9 MM no 2°
Mydra
I'ymoxopaHa Jo0 15 MM J0 20 MM Jo 4°
Mydra
BucHoBkmu.

OpHUM 3 OCHOBHHUX €JIEMEHTIB XOJJ0BOI YaCTHHH
MOTOPHOTO PEMKOBOIO PyXOMOIro CKJIaAy € HOro TATOBUN
TIPUBOJI, KWK 3aJIeKHO BiJ KJIacy TATOBOI mepenadi Mae
pi3Hy KOHCTPYKIIiO I IBILITy BaHHS TArOBOrO
CJICKTPOJIBUTYHA Ta peaykropa. TsArosi mepemadi 3
PaMHHM IIiIBIITYBaHHIM JBHUTYHA Hanexats a0 11 ado 111
KJIacy Ta MalOTh y CBOIH KOHCTPYKIII TSAToBy My(Ty, siKa
3’€JIHY€ BaJl EJICKTPOBHUTIYHA 3 IIECTIPHEIO PEIYKTOpa.

Came TAroBi My(TH KOMIICHCYIOTh 3HAa4HI
B3a€MHI  TIEpEMIllICHHS, [0  BHHHUKAIOTH  MIX
MPECOPEHUMH  Ta  HEMIIPECOPEeHHMMH  YacCTHHAMHU
TATOBOTO NMpHBOJa. be3 HUX mepeaada KPyTHOTO MOMEHTY
Oynma 0 HEMOXIMBOIO abo TpH3Beia A0 LIBHIKOTO
pYHHYBaHHSI MEXaHIYHHX BY3JIiB.

Bin HagiifHOCTI 3’€HAHHS BaJNiB JBUTYHA Ta
IIECTIpHI peAayKTopa Oe3mOCepeHbO 3aJICKUTh Oe3meKa
PYXy, BIAIOBIAHO JOCNTI[UKEHHS Ta BIOCKOHAJICHHS
KOHCTpYKWii  TAroBoi My(pTH €  TEpCHEKTUBHUM
HanpsIMOM, Ha SKWH CIifg 3BepTaTtu yBary (axiBosaMm i3
NIPOEKTYBaHHAM HOBHX 1 MOJEpHI3aIli€l0  CcTapux
KOHCTPYKIIH TATOBHX ITepeiay.

Kapnanna mydra € 1ocuTh npoOIEeMHIM BY3JIOM
y KOHCTPYKLII TSATroBOI mepeadi Ta nmorpedye nocriitHoro
JIOTJISY 1 PEMOHTY, Ha BiIMiHY Bij] 3y04acToi MydTH, sKa
Ma€ 3HA4YHO OLIBIIMK TapaHTIMHUK NpoOIr 1 Maibke He
norpedye obciyroByBaHHS. ['yMokopaHa Mydra moxe
MPAIIOBAaTH 32 OLIBIINX HECHIBBICHOCTEH BaJliB IBUTYHA
Ta INECTIpHI pEmyKTopa, ane Mae Ounbmi rabapuTHi
po3Mipn TOpiBHAHO 3 KaphaHHOo Mydroro. OTxe,
HaMOUIBII TEepeBaXHUM BapiaHTOM TATOBOI My(TH Ha

BaroHax MeTpomoJiTeHy € 3yOuacra Mydra, sKy
MIEPCIIEKTUBHO ~ 3aCTOCOBYBAaTH  JJIsl  MOJEpHi3amil
PYXOMOrO CKJIay.
T
KonexkTnB  aBTQPIB  BHCIIOBIIOE  TOJSKY

cniBpoOiTHUKaM enekTpogienio «CanTiBcbke», a came
Amnppiro @angeeBy, Bonogumupy Copokiny, Onekcanapy
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OCTpsIKOBY 3a HaJaHI KOHCYJNBTAIii MO0 THTaHb, SKi
BHUCBITJICHI Y CTaTTi.
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ANALYSIS OF TRACTION COUPLINGS USED ON
ELECTRIC TRAINS OF DOMESTIC RAILWAYS
AND SUBWAYS

Abstract. In this article, a comprehensive
analysis of the design schemes of traction drives is
performed. These drives are key components of bogie
design for railway rolling stock used on both mainline
railways and metro systems. The study meticulously
examines and identifies the differences and specific
features of various classes of traction drive designs, with
a particular focus on the rationale for using traction
couplings. These couplings are critical elements that
ensure the transmission of torque from the traction motor
to the wheelset gearbox, even when the axes of their
shafts are misaligned.

Furthermore, the paper provides a detailed
review of the designs of traction couplings used on metro
electric multiple wunits (EMUs) of both older and
modernized models, as well as on suburban rail EMUs. It
describes the main components of the couplings and
analyzes the most common failures that can occur during
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their operation. This analysis helps to better understand
the root causes of potential failures and to develop more
effective preventative measures, which will undoubtedly
have a positive impact on traffic safety.

Particular attention is given to two specific types
of couplings used on metro rolling stock. The first is the
design of the cardan coupling for metro EMU cars, which
can compensate for angular and axial displacements that
arise from the misalignment of the motor and gearbox
shafts during motion. The second is the ZK 306 gear
coupling, which is installed on cars that have undergone
major overhaul and is known for its reliability. The study
also examines and analyzes the rubber-cord resilient
coupling, which is widely used on suburban rail EMUs
due to its ability to effectively absorb shocks and
vibrations, thereby reducing dynamic loads on the
traction drive components.

A comparison of the levels of shaft misalignment
that each of the reviewed traction couplings can
effectively  compensate for was conducted.  This
comparison allowed for objective conclusions regarding
the optimal choice of couplings for different operating
conditions.

The analysis establishes that the choice of a
specific coupling type depends directly on the operating
characteristics of the rolling stock, the magnitude of
dynamic loads, and the reliability requirements. The
research also underscores the necessity of continuous
monitoring and timely maintenance of traction drives to
ensure the safety and efficiency of train operations.

Keywords:  rail  rolling  stock, traction
transmission, carriage bogie, traction drive, universal
Jjoint, rubber cord clutch.
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JOCJIIKEHHS MPOMO3UIIN I JOTNCTUYHUX PIIIEHDb Y COEPI
MIKHAPOJHUX I BHYTPIIIHIX KOHTEUMHEPHUX IIEPEBE3EHD

B YKPAIHI

Anomayin. Y cmammi npoananizosano i UOPAHO HAUOLIbUL AKMYATbHI HAYKOSI NPONO3UYIl YKPATHCOKUX §
3apyOidiCHUX YUeHUX Olsl pO3GUMKY KOHmelHepHnux nepesesenb. OCHOGHOW NPUYUHOIO nepe2isidy HAYKOGUX idel €
CMPIMKA 3MIHA NOJIMUYHUX MA eKOHOMIYHUX VMO8, Yepe3 W0 SUCYHYMO NPONO3UYIL, WO Malu YUMAry KOPUcms OJis
npucmocysanHs 00 Hosux obcmasud. Busnaueno moowcnusicme inmeepayii mpancnopmuoi cucmemu Ykpainu 00
€sponelicbKoi i3 3acmMocy8antam po3nooiny mepminanis. Taka nponosuyis icHye, aie 60HA pO3PAXOBAHA HA MPAHIUMHI
nepesesen s, Wo MOJCHA 6PAX08YBAMU Auule 8 OANeKill NepcneKmuegi. 3anponoHo8ana Kiacmepusayis mepminanie
0acmo 3MO2y 3MEHWUMU PUSUKU, NOB A3AHI 3 HECAHKYIOHOBAHUM JIOOCLKUM GMPYUanHAM i Kopynyicio. Lbomy maxooic
MOdice NOCHpusmu  Yu@posizayis HymMpIWHIX onepayill KOHMEUHEePHUX mepMmiHanie. 3apyOiocHi 6ueHi wacmo
PO36UBAIOMb [0€H0 CYXUX NOPMIB, 3A680AKU AKUM MOJICHA HANA200UMU HAUOLIbW epheKmueHy 63aemMooil0 MOPCbKUX
nopmie i GAHMANCOBNACHUKIB, WO 3HAXO0SAMbCS Y BIOOANEHUX MICYSX BIO MOPCLKO20 Y30EPeAHCIHCS.

Knrouosi cnosa: inmepmooanvruil mepminan, Kiacmep, KOHMEUHePHI Nepege3eHHs, PO3N00LI BAHMAIICIS,

cyxuti nopm, yugposizayis.

Beryn.

Heo0xinHicTs PO3BHUTKY KOHTEHHEPHUX
nepeBe3eHb B YKpaiHi Oynia 3p03yMuIOI0 BXKE Ha IOYaTKy
XXI cromitrs. Tomy came BiaTOAI TOYaNW 3’SBISATHUCS
pi3HI HaykoBi Tpami, TNPHCBSYEHI WiH TEMaTHI.
BonmHowac cuTyamis Ha 3arajJbHOMY PHHKY BaHTa)KHHX
NepeBe3eHb cTaBaja OLIbII AMHAMIYHOIO, a OCOOJIMBHX
3MiH TpPaHCIIOPTHA CHCTeMa YKpaiHM 3a3Haya IIiCIs
MOYaTKy MOBHOMAcIITaOHOI BIfHM, KOJH 4epe3 CTPIMKY
MIepEOpieEHTAIlII0 TOTOKIB IIEpPEBI3HUKAM JOBEJOCS B
KOPOTKI CTPOKM 3HAaXxOAWTH ONTHMAJIbHI  PIlIEHHS.
Buxonsun 3 1poro, 3’sIBISIEThCS BHCOKa IOTpeda B
0OI'pyHTOBAaHMX HAYKOBHX IPOMNO3HUIIISX, ajle IS bOTO
MOTPIOHO CTBOPUTH MIIIHY OCHOBY 3 POOIT BH3HAUYHHUX
YYEHHX y TPAaHCIIOPTHIH raiysi.

KapaunanpeHi 3MiHK y 3/11HCHEHHI TPaHCTIOPTHUX
TEXHOJIOTIH € CYTTEBMMH BUKIMKAMH SIK JUISI CyYacHHX
HAYKOBIIIB, TaK 1 Oe3mocepeiHiX BUKOHABIIB BiAIOBITHUX
pobirt. IlepeBi3HUKM 3aBXAW 3BEPTAIOTH 1 HPUIMAIOTH
Bl HAyKOBI MpOMO3MLii, 00 JOCATTH OUIBIIO]
e(eKTUBHOCTI Ta MEHIIMX BHUTpAT. AJle 3 4YacoM Taki
piteHHs TOTPEeOYIOTH OHOBJICHHS, OCKUTBKH IEBHI
CIIEMEHTH  pe3yJbTaTiB  JOCHIKEHb  BTPadaroTh
aKTyaJbHICTh. BomHOYac Jeski TpOIO3UIlil, HAaBIaKH,
MOXYTb CTaTH aKTyaJbHHMH. AJI€é OCKIJIBKH BOHH
BUIEpEIMIN CBIH 4Yac, TO Taki pIOIEHHS MOIJIHN
3aryouTtncss cepenq OLIBII  CydacHHMX IIpamb, TOMY
JIOLUUTFHO HarajaTH i TPHCTOCYBAaTH iX /0 CyYacHHX
YMOB.

OINPUMAYEHKOT. O., TAIEHKOTI. C.,2025

Crnig 3a3HauuTH, MO HE HA BCI MPOMO3HUILT
3BaXaJIM TEpeBi3HUKH. Jleski 3 HHMX Majd JIOCUTb
aKTyaJIbHY 1/1€10, IKa He OTPUMYBaJIa TIOBHOTO PO3KPHTTSL.
VY Takux BHNagKax CIig JOAATKOBO IIpOAHANi3yBaTh
MOXIJIMBOCTI peajti3amii Mpono3uilii B Cy4acHUX yMOBax.
Takox y OiTBIIOCTI TMpalb HEAOCTATHHRO BpaxoBaHi
(dakTopu pu3MKiB 1 Oe3MeKd, OCKIIbKH BOHH OyiH
oryOiKoBaHi B MHPHI 9acH, 1€ CTOCY€EThCS i HaNpsSMKiB
BaHTa)XXOIlepeBe3eHb. TOMy [OIIBHO MJOTOBHHUTH Ta
IIepepoOUTH HAYKOBI BUCHOBKH JJISl CyJacHUX YMOB.

AHaJi3 0CTaHHIX J0CTiIKeHb i myOJikamii.

HaykoBi  pimeHHs  aas  KOHTEHHEPHHX
MIepeBe3CHb 1 JIOTICTUYHUX JIAHIIOTIB MPOIIOHYBAIH BXKE
BiJl TOYaTKy KOPHCTYBaHHS Taporo. Aje B YKpaiHi
myOmikamii 3 1mi€i TeMHu 3’SBISUTACS TPOIOPIIIOHATEHO
TIOIYJISIPHOCTI  3aCTOCYBaHHS KOHTeiHepiB. OcoOimBo
MIPOJIYKTUBHUM CTaB IPOMDKOK 4acy 3 mouarky 2010-x
POKiB, KOJM pO3IJSIIaNM IpUENHAHHS YKpaiHu [0
koHuenuii HoBoro IlloBkoBoro muisixy. ¥ Ti gacu yBary
NPpUAULIIA ~ HE  JIMIe  3araibHiii  eeKTUBHOCTI
BUKOpHCTaHHS KOHTeWHepiB [l, 2], a 1 pO3BHUTKY
TPAHCIIOPTHO-JIOTICTUYHUX ~ IEHTPIB 1  JIOTICTHYHHX
JIQHIIFOTIB 13 3aCTOCYBAHHSIM BiIIMOBITHUX MiAXOMIB [3, 4].
Jlo TOro K pO3BHTOK  MYJBTHMOJAIBHAX  Ta
IHTEpMOJAIbHAX ~ IIepEeBE3€Hb  AKTHBI3yBaBCS  JIMIIE
o6mmpkue no mouatky 2020-x pokiB, a 3akoH YkpaiHu
«[Ipo MynbTHMOZANBHI TIEPEBE3CHHS» IS JAEPKABHOTO
pETyJIIOBaHHS IBOTO BHAY IepeBe3eHb OyJIO YXBAJICHO Y
2021 pori [5].
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Bimpmricte  3aKOpAOHHMX TYOJIKaIiii MiCTATh
JIOCITIJPKEHHS TIPO MOPCHKI KOHTEHHEPHI IlepeBe3eHHs [6],
BHYTPIIIHI KOHTEHHEPHI nepeBe3eHHs [7] i cyxi moptu [8,
9]. Cnmim 3a3HauMTH, MmO B OUIBIOIOCTI KpaiH i3
PO3BHHYTHMH  MYJbTUMOAAIBHUMHU  II€PEBE3CHHSIMH
OCHOBHUMH TPAHCHOPTHUMH 3aco0aMu ISt iX 31iiiCHeHHS
€ MOpChKi KOHTEHHEpOBO3HM, TOMY came€ Npo I
TPAHCIIOPTHI 3ac00U HaeThCs B HOCHiDKeHHSX. B Ykpaini
reorpagivne MOJIOKEHHS CIPUYHHSIE notpedy
KOMOIHyBaTH CyXOITyTHI Ta MOPCBKI TPaHCIIOPTHI 3ac00H,
a Tmx dYac BIMHM MOpPCHKI TOPTH OIMHIIIUCS IIif
0co0mMBoOIO0 3arpo3ofo. Pamimie TakoXX BIpPOBAIKyBaln
TPaH3UTHUM KOHTEHHEPONOTIK 32 HANpSIMKOM «IiBHIY-
MiBACHB», TOMY Oylla aKTyaJbHOIO TEMaTHKa PO3BUTKY
KoHTelHepHUX moi3aiB [10]. JocmipkeHHS OCTaHHIX
POKIB TIPHCBSYEHI YIOCKOHAICHHIO IHTEPMOJAJIbHUX
mepeBe3eHb [11] 1 CTBOPEHHIO JOTICTUYHUX HEHTPIB [12,
13].

B iHmWX 3aKOpIOHHWX JOCIHIDKEHHSIX, OKpIM
BIIPOBA/PKEHHS IHTEPMOJJAIIbHUX IIEPEBE3€Hb, PO3IIITHYTO
Ba)XXJIMBICTh CHHXpOHi3awii rpadikiB 0OCIyroByBaHHS 1
orepamiii MK pI3HUMH BHIAMH TpPAHCIIOPTY, 3aBJSKH
YOMY 3HIXKYIOTBCS 3arajibHi TpaHCHOpPTHI BuTparu [14].
CrioctepiraloTb TEHJICHLIIO A0 palioHamizanii y cdepi
KOHTEHHEpHUX TepeBe3eHb. Pearnizaliss CHHXPOHHO-
MOJAJbHUX TIOCAYI TPOIIOHOBaHA Yy TPHOX PIBHAX:
MIOCTaBOK, MOCIYT 1 TPaHCHOPTY. Y paMKax «3eJEHOTO
Kypcy» 3pOCTa€ KiJIbKICTh ITyOmiKamiii 31 3HWKCHHS
IIKiJTMBUX BUKHUJIB BiJl IHTEPMOJAILHUX IICPCBC3CHD
[15]. Kpim TOTO, 3a3HAYEHO, IO MEPEBE3CHHS BAHTAXIB Y
JIAHII031 «MOpE — 3ATI3HULL» € CHEProeeKTUBHHUM 1 Ma€e
BUCOKY TIPOIYCKHY CIIPOMOXKHICTb. [l minBUIIEHHS
e(EKTUBHOCTI 3aIPONIOHOBAHO IEPETBOPIOBATH DIYKOBI
MOPTH B PErioHaJbHI JIOTICTHYHI XabW 3 IHTerpariero
BHYTPIIIHBOTO BOAHOTO TPAHCIIOPTY B E€BPONEHCHKY
iHTepMOaNbHy Mepexy [16]. 3a momomororo cydacHUX
TEXHOJOTiH, 30Kpema IHTepHETy peuei, MOXKHA
MIPOTHO3YBAaTH TOYHY JaTy NMpHOYTTs KOHTeWHepiB [17].
Takok akmeHT 3poOJIEHO Ha aBTOMATH3ALiI0 BEJCHHS
iHpOpMamiHHUX MPOLECIB KOHTEHHEPHUX TEepMiHANIB i
3a3HAUYEHO NP0 KOPUCTh BiA 11 BIPOBALKEHHS, a
npobiemu, TOB’s3aHI 3 Hecrauero  KBaidixamii
HaBUCHOTO IIEPCOHATY, BHUPIIIyBaTUMYThb IIJ dYac
¢daxTryHOi poboTH 3 BiamoBigHMMH cucteMamu [18].
[I{ono nanekoro BaHTa)KHOTO CYXOITyTHOTO CITOJYYEHHS,
10 sickpaBuM npukiazoM € Mapmpyt CER (China-Europe

Railway) Express, 3aBasgku SKOMy  ITiJBHIIMIIACS
e(CKTUBHICTh BUKOPUCTAHHS Yacy Ta CKOPOTHBCS
JIAHITIOT TIOCTaBOK [19].

OTXe, TEMAaTUKOI JOCTIMKCHHS OCTaHHIM
4acoM 3aiManucs TaKi BUEHI:

€. C. Ampommucekuii, M. M. Amnppieako, K. IO.
lnesceka, M. T'ymiu, I'. 3emackeBuy, A. B. Kupivok, A.
0. KosanroB, O. M. Kocrennikos, K. Kymrinan, J[. B.
Jlomoteko, JI. Marmig, K. O. Maliganuk, O. B. MenbHUK,
O. M. Orap, JI. O. IIapxomenko, B. B. Ilerpymos, H. M.
Higmyona, I'. C. Ipoxynin, B. Poco, O. M. Tumomyx,
M. Y. Lizroan, O. A. Uymaiinenko Ta in. JlisuIbHicTH i3
PO3BUTKY KOHTCHHEPHHX TICPEBE3CHb 1 JIOTICTHYHHX

JIAHIIOTIB TIPOAOBXYETbCS ¥ HHHI, TOMY KUIBKICTb
nyOJtikalii 3 miei Temu OyJie 3poCTaTH i Jai.

Bu3HaueHHSI MeTH Ta 3aBJIaHHA JOCTiIKEeHHS.

SAx Oymo 3a3HauCHO BWINE, 3HAYHA KIJIBKICTh
HayKOBHX NPOIIO3MLII 3 iHTEpPMOJAJbHUX II€pPEBE3CHb,
mo OyiM BUCYHYTI paHillle, MaroTh BEJIMKHN ITOTEHINANT i
B Halmn [HI, aji¢ TEBHI EJICMEHTH MOTPEOYIOTh
ylockoHaIeHHs. MibKHapoaHI KOHTEHHEpHI IepeBe3eHHS
PO3BHBAIMCS B yMOBaXx MHPHOTO 4acy, MOBHOI[IHHOTO
(YHKIIIOHYBaHHS MOPCBHKOTO TPAHCIIOPTY 1 HIMPOKUX
TPaH3UTHUX  MoOXiuBocTed. [Ipore  reomositThyHa
o0CTaHOBKa 3a JIOCHUTHh KOPOTKMI 4ac 3a3Haia 3MiH i3
3HAYHUMHM HAaCIiJKaMH{, 30KpeMa y cdepi MDKHApOJHUX
BaHTAXHUX TIepEBE3CHb. Meroro CTaTTi €
MIEPEOCMUCIICHHS Ta JOJATKOBMHM aHaji3 HayKOBHX
pilICHb 711 KOHTEHHEPHUX MIEPEBE3CHb 13 3aCTOCYBAHHIM
JIOTICTUYHMX MiAXOAIB JUIA IX aKTyati3alii CTOCOBHO
Ccy4JacHHX yMOB. TakoX JOUUIBHO c(hOPMYITIOBATH BIIACHI
TIPOTIO3MIi 3 YIOCKOHAJICHHS MDKHapOJIHUX
KOHTEHHEPHHUX NepeBE3eHb, VIS SKUX TYMKH BH3HAYHUX
y4eHUX OyIyTh MIITHOIO OCHOBOK. Y po0OoTax aBTOpH
BUKOPHCTOBYBAJIM €EKTUBHI MiAX0OAH, AKi MOXYTb OyTH
KOPUCHUMH 1 cborofsi. Po3risHyTo He numiie pobotn
BITYM3HSIHAX VYCHHUX, a 1 3aKOPIOHHI MyOINiKaIlii s
nepeiMaHHsl JOCBiy KOHTEHHEPHHMX IIE€pEeBE3CHb 1
JIOTICTHYHMX MIAXOIB GBI PO3BHUHYTHX KpaiH 1 aHAII3y
MOXIIMBOCTI ~ NIPUCTOCYBaHHS Takoro JAOCBILy  JUIst
TpaHCTIOPTHOI cucteMn YKpaiHu. ToMy mo minei crarti
TAaKOXX MOXJIMBO BiIHECTH (pOpMyBaHHS BHCHOBKIB IIPO
MIpUAATHICTH a00 HENpHUAATHICTh MPOIOHOBAHUX PIllICHb
JUIs  IHTEPMOJAIBHUX TIEPEBE3€Hb 3  ypaxyBaHHIM
IIOTOYHOL TPaHCIIOPTHOI, iHppacTpyKTypHOI Ta
TCOTOTITHYHOI ~CHUTYaIliif JIOTICTUYHUMH  JIAHITFOTAMH
BcepenHi YKpaiHu Ta 332 KOPJOH.

MeToau J0CTiIKEHHS.

OCHOBHUM  IHCTPYMEHTOM  JOCIHI/DKCHHS €
JIOTICTHYHI TIiIXOAM, OCKUIBKM BOHH MalOTh BHCOKY
e(eKTUBHICT, HE TUIBKM B MHPHHX, a 1 B YyMOBax
BOEHHOTO cTaHy. Jlns aHaji3y MOTOYHOTO CTaHy
KOHTEHHEpPHUX IepeBe3eHb B  YKpaiHi Ta  CBITi
3aCTOCOBaHi aHamiTHYHWI 1 rpadiunmii meromu. 3a ix
JIOTIOMOTOI0 MOXXHa HAHOUIBII JIETaNbHO PO3IIISTHYTH
Cy4acHy JIOTICTUYHY CHUTyalil0o B YKpaiHi Ta Hao4HO
BU3HAYUTH  TEHJCHLII  PO3BUTKY  IHTEPMOAAIBHUX
mepeBe3eHb. L{impoBa QyHKINS METOTy TICpEBE3CHHS «Bij
IBepeil o nBepei» Oyae BH3HAUEHa 3a JIOTIOMOTOIO
METOMy MaTeMaTW4yHOro MozeroBaHHs. JlocmimkeHo
MOXJIUBICTh BIPOBA/DKCHHS KIJIACTEPHOTO METOIY, IO
nepenbavyae (GopMyBaHHs JIOTiCTHYHMX KiactepiB. Llei
iHCTpyMeHT Bxke moHajg 30 pOKiB BHKOPHCTOBYIOTH Y
PO3BHHEHMX KpaiHax. 3a HeH Yac 3aCTOCYBaHHS METOIY
CHPUSUIO PO3BUTKY CYYacCHHX TEXHOJIOTIH, 3aBISIKH YOMY
I ABALIAIIACS e(eKTUBHICTH THTepMOJATEHIX
nepeBe3eHb.  Cucremaru3amiss — Ta — aBTOMAaTH3aLlis
CHPUATUMYTH OibIIOI (piHAHCOBOI MPO30POCTI TPOIIECiB
IIepeBE3EHb, 10 € 0COOIMBO AKTyalbHUM (DAKTOPOM JUIS
TIOTIepeKEHHSI PU3HUKIB HEZOOPOCOBICHOT KOHKYpEHIIii Ta
KOPYIILIi.
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OCHOBHA YaCTHHA AOCJiIKEHHS.

Cranom  nHa 2025 pik  Tiobamizaris
TPAaHCIIOPTHUX TIIOTOKIB € BaXJIMBUM (DAaKTOPOM Y
MbkHapoaHii TopriBii. CydacHe CycIiIbCTBO HOTpeOye
He Jiie eeKTHBHOTO, alle i SKOMOTa IIBUAKOTO 0OMIHY
BaXJIMBUMHM TOBapamu. CBITOBI KOH(IIKTH MOXYTh
OJHOYACHO i MIePEIIKO/KATH, i, HaBIAaKH,
MPUIIBUALIYBATH  TPOLECH  PO3BUTKY  JIOTICTUYHHUX
cucrem. Ciij HarajaTH, 110 caMme uepes BiiHy 1 3’ sBuiacs
cama Hayka «JloricTukay.

[aTerparniss TpaHcopTHOI cHCTeMH YKpaiHu 10
€BpOIEHCbKOI Ta CBITOBOI Mepexk Oyia NpiopUTETHUM
3aBIaHHsIM yxe Ha rodatky 2010-x pokiB [20]. Hamra

JiepKaBa 3 HaOyTTSAM CBO€T HE3aJICXKHOCTI Maja BCi YMOBU
JUIst LIMPOKOTO BITPOBAPKCHHS KOHTEHHEPHUX
NIepeBe3eHb 1 BXOJPKEHHS JIO CBITOBOi KOHTEHHEpPHOI
Mepexi. AjJe 3 EKOHOMIYHHX Ta ICTOPUYHHMX TPHYMH
TPaHCIIOPTHA  Mepeka  YKpaiHM Majga  HaiOuIbIn
Hajlaro/pkeHi 3B’s3ku 3 kpainamu CHJI, 13 sixkuMu
3aM3HMLI YKpaiHM MaloTh OJHAKOBY IIMPUHY KOJIii.
Tomy Ui mepeBe3eHHS  BaHTAXIB  MEPEBAXHO
BUKOPHCTOBYBAJIM  YHIBEpPCAIbHI BaHTaXHI  BaroHH.
VYkpaiHa Mae JOCHTh BUTiJHE reorpadidHe IMOI0XKEHHS,
mpote dYepe3 Opak KOHTeHHepW3allii TpPaH3UTHUH
MOTeHIIAJI HAIIOi KpaiHW HE BHKOPHCTaHWH MOBHICTIO

O6cAaru nepeBe3eHHA KOHTEMHEPIB 3aNi3HULAMMU
YKpaiuun, tuc TEU
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Puc. 1. Jliarpama 3mMiH 00csriB nepeBe3eHHsT KOHTelHHepiB Ha AT «YKp3amizHULD)
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Ha mouarky 2010-x pokiB BimOymocs ROCHTH
pi3Ke 3pOCTaHHS 3ali3HUYHUX KOHTEHHEPHUX IIePEBE3CHb
Vkpainn. Yepe3 moniTHUHY Kpu3y iXHI  00cATH
3MEHIIIIHCS, aje Bxke y 2016 porii BiJHOBHIIOCS MIOpiYHE
3poctanus, mo ckitano 10-11 %. CBoi kopekTUBH BHeECHA
nmoBHOMacmTabHa BifiHAa, NpPOTE TOAANbIIA CHUTYyallis
CTHMYIJIIOBaJIa IIBHLIC 3POCTAHHS PIBHS KOHTCHHEPHUX
nepeBe3eHp Bxe Ha 25-30 %. 3a crparerieto AT
«YKp3aJli3HHL»,  3alUIAHOBAHO  JIOBECTH  00CsTH
NepeBe3eHb 3aBaHTAXEHNX KoHTeitHepiB 1o | muma TEU
Ha pik mo 2031 poxy [21]. Ilpm npomy uacTka
IHTEPMOJIAJILHUX TepeBe3eHb y 3aranbHux obcsrax AT
«Ykp3amizaums» craHoBmwia 3,4 %. 3okpeMa, Ha
BHYTpIIIHE criomydeHHs npumano 43 %, a Ha eKcropT Ta
IMIOPT NPUOIM3HO OAHAKOBO — BixmoBigHO 29 % Ta 28
%.

ITigBumuTH piBeHh KOHTCWHEPHUX IIEPECBEC3CHD
PEKOMEHIYIOTh pI3HI CBiTOBI oOprasizamii, 30Kpema
CgitoBuii 6ank. Y Horo 3BiTi «TpaHCIOpTHO-JIOTICTHYHA
cucremMa YKpaiHH: ITOTOYHI Ta TEPCIEKTHBHI MOXKIMBOCTI
Ta BUKJIMKH»  3a3HAYEHO, M0 B  MalOyTHBOMY
nepeoadeHo 301IbIIeHHS 00CSTIB IepeBe3eHb TOBAPIB 13
JIOJIAHOI0  BapTICTIO,  Mepexii Ha  KOHTEHHEpHi

TIEPEBE3CHHS € CKJIQJI0BOIO TpaHCIOpPTHOI crpaterii €C,
BiAmoBinHO 10 sikoi He MeHme 30 % BaHTaxiB Mae OyTn
MIEPEeBE3CHO 3aJli3HUYHUM a00 BOJHHUM TpPaHCIIOPTOM,
30KpeMa B KoHTeWHepax. Ha Bimminy Bix kpain €C, B
YkpaiHi cerMeHT 3ali3HNYHUX KOHTEHHEPHUX TIepeBE3CHb
me ¢opMmyeTbecs 1 moTpeOye IHBECTHLINH 1 Jep)KaBHOI
miarpumkn  [22]. Tomy Juis  HalOIIBII  yCIIIIHOL
iHTerpamii ~ TpaHCIOpTHOI ~ Mepexi  YKpaiHH 3
€BPOICHCHEKUMHY JepKaBaMU KOHTEHHEpPHI IepeBe3eHHS €
Ba)IUBOIO YMOBOIO.

Homenxiatypa BaHTaxXiB, IIO MEPEBO3ATH Yy
KOHTEHHEpaxX, € JOCHTh HETHIIOBOIO IJIsi TaKOTO THUILY
tapu (puc. 2). BTiM cywyacHi BUKINKM 3MYIIyIOTh
MIePEeBI3HMKIB IIYKaTH HOBI pimieHHs. Hanpuxiaz, 3eprHa
MIEpeBO3MIIM  paHillle B XOlepax-3epHOBO3aX, aje ix
3aCTOCYBaHHs CYTT€BO YCKIIAJHIOE IIPOLIEC IIEPEBE3CHHS B
oUIoOMy depe3 pi3Hy IIMPUHY KOJii B CYMDKHHX
nepxaBax. Jlo 2022 poky NpiOpUTETHUMH BaHTaKaMu B
KOHTEHHepax Oynm MeTamypriiiHi BHUpOOM Ta BaXKKi
BaHTaXi, ajleé CTAHOM HAa ChOTOJIHI OCHOBHI BHUPOOHHMKH
miei nmponykuii He (yHKIIOHYIOTB, a IIPOIOBOJIBYA
norpeda MepeBuInuIa IPOMHUCIIOBY.

HomeHKnaTypa BaHTaxiB

9%

= 3epHO = YopHi meTanu

= MakKyxa

Onia = [Hwe

Puc. 2. HomeHknaTypa BaHTaXiB, IepeBE3CHUX Y KOHTeHHepax B Ykpaini y 2024 poui
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Onnum i3 HaOUIBIINX orepaTopiB
KOHTCHHEPHUX IIepeBe3eHb B YKpaiHi € CTPYKTypHHH
migposnin AT «Ykp3anisauis» — LleHTp TpaHcropTHOTO
cepBicy «Jlickm». Mera Llentpy PO3BUTOK
KOHTEHHEpHOI cucTeMH B YKpaiHi, po3mmpeHHs chepu
IUSUTBHOCTI  3aJi3HWYHOTO TPAHCIOPTY YKpaiHM Ha
BHYTPIIHEOMY 1 30BHIIIHBOMY pHHKaX, HaJaHHA
TPAHCIIOPTHUX, EKCIIEAUTOPCHKUX Ta IHIIMX IOCIYT,
peryjioBaHHS THapKy KOHTEHHepiB 1  (ITHHroBHX
1aTdopmM, a TAKOK YTPUMaHHS iX Yy TEXHIYHO CIIPAaBHOMY
crani. Ha cporomni migpo3fin Mae OIiCTh TEpMiHAIIB!
KuiBcekuit, Opeckkuii, JIHIMIPOBCHKUH, XapKiBCHKUH,
CxHuniBesKui (mo6mm3y JIbBoBa) 1 HonChKHH.

Yy 2023 porti 3 METOI0  HaJaHHS
eKCTICAUTOPCHKHUX, HaBaHTaKyBaJIbHO-
PO3BaHTAXYBAJIBHUX 1 CKIAQJACBKMX MOCIyr Oyia
3acHoBaHa inmist  «TepminampHuit  omeparop» AT
«Ykp3amizauns». Bona mae 21 BiImieHHS B Pi3HHUX
gacTHHAX  YKpaiHW, sKi oOJamHaHi  BaHTAXKHUMH
MalJaHIMKaMH, KO3JIOBUMH KpaHamH, (ppOHTaIbHIMH Ta
MaJlorabapUTHUMH ~ HaBaHTA)XyBadaMH, BaHTAKHUMHU
aBTOMOOITISIMH, aBTOKpAaHAMM, CKJIaJlaMU 1 IiIBUIIICHUMHI
KOJTiSIMH.

Ane nmepmmMm  Bunagkom — Buxomy AT
«YKp3aJIi3HUL» HA €BPOINCHCHKUIT PUHOK CTaB IOYaTOK
¢ynkuionyBanns kommanii «Ukrainian Railways Cargo
Poland», mo 3’emHye cBO€O pPOOOTOIO TIEPEBE3CHHS
VYkpaiHolo Ta eBporneiicbkuMu KpaiHamu. JlisuTbHICTB
KOMITaHii CrnpsiMOBaHa TaKOX Ha IHTETPAIii0 CHCTEMH
BAaHTAXXHUX II€pEBE3€Hb YKpaiHM B  €BPONEHUCHKUI
MIPOCTIp 1 BCTAHOBJICHHSI IIPO30POCTi Ta KOHKYPEHIT ISt
rigaoro BucyBaHHA AT «YKp3ami3HUI Ha MiDKHAPOTHIHN
apeHi. Y IulaHax KOMHaHii HaJaHHA KOMILIEKCHOI
MIOCITYTH BaHTAXOIIEPEBE3eHb, KOOpAWHALIS pOOOTH 3
BaHT)XOBJIACHUKAMH,  €BPOICHCHKHMHU  OIIEpaTOpaMH,
MIPUKOPIOHHUMH NIEpeX0AaMH, KOHTPOJIb Ta ONEPYBaHHS
pyxomuM ckiaoM kouii 1435 Ta 1520 mm.

Cepen mHpUBaTHUX OMEpaToOpiB KOHTEHHEPHUX
NepeBe3eHh MOXHA BUAUIMTH TPHOX  JIAWPYIOUHX
kommaHii:  «JleBama-Kapro»  (Ykpaina), «Laude»
(TTospmia) 1 «N'UNIT» (Ykpaina). Konreitnepoobir mux
KOMIIaHIi MaB NPUOIN3HO OJHAKOBY JMHAMIKY: 13
MOYaTKOM BiHHM BiIOyJIOCS JOCHTH Di3Ke TNaAiHHSI, aie
Bke y 2023 pomi 3aikcoBaHO BiIHOBICHHS Ta HaBIiTh
HaONMMKEHHS 10 IOBOEHHMX TOKa3HWKIB. Hampuknan, 3a
nmaanmu «Laude», y 2021 pormi oOcsirm KOHTEHHEPOOoOiry
cknamu 104,3 tuc. TEU, y 2022 poui — 61,2 tuc. TEU,
2023 pomi — 89,3 tuc. TEU. Kommanis «N'UNIT» Takox
3BiTyBaa npo 3poctaHHs y 2023 poni npubausHO y 1Ba
pa3u MOPIiBHSHO 3 MUHYJIUM POKOM.

OTxe, MOXHa 3a3HAUYUTH, MO CHOTOJHI
MIOBIJIBHO, ajie BIIEBHEHO BiJOyBA€ThCS MpOLEC iHTErpamii
TpaHCTIOPTHOI Mepexi YKpaiHu 10 €eBpOnenchKoi. AJie He
MEHII BaXJIMBUM TIUTAHHSIM € LUISIXH TI€PeCyBaHHS
BaHTaxiB. OCHOBHUI BaHTaXXOOOMIH MiX €BpOmNoOK Ta
[MiBperno-Cxignoro A3ziero 0yB depe3 Cyelpkuil KaHalm,
MIPOIyCKHA CIPOMOXHICTh SIKOTO BXe Toxi Oyna
Buueprana. Asapist KoHrteiiHepoBoza «Ever Given» y

Oepesni 2021 poky, MmO BHUKIUKANIAa KOJAIC CBITOBUX
BaHTaXXOIIEPEBE3€Hb, € 3aHBUM IiATBEPKCHHSIM HOMIYKY
anbTepHATUBHUX  LUIAXiB. Y  3B’S3Ky 3  IUM
3aIPOIIOHOBAHO CTBOPEHHS IHTEPMOJAJIBHUX TEPMiHAIIIB
B YkpaiHi. Jlo BilfHE OCHOBHHM BHIOM MiKHAPOIHHUX
BaHTAXHUX IIepEBE3CHb, 110 3niiicHIOBaNIa
AT «Ykp3anmizHuns», OyiaM caMe TpaH3WTHI BaHTaXi.
ToMy OCHOBHMM HampsMOoM pPOOOTH i1HTEPMOAAIBHUX
TepMiHaiiB Masa OyTH 0OpoOKa KOHTEHHEPOIOTOKIB, 10
NepeTHHaM KOpIOH YKpaiHu. 3asHavanu, mo pobdorta
TaKUX TEPMiHAIIB Aaia O 3MOTy NPUCKOPUTH IPOCYBAHHS
MDKHapOJHUX BaHTa)XOIIOTOKIB, ONTUMI3yBaTH
B33a€EMOJIII0 PI3HUX BHIIB TPAHCIIOPTY 1 3aCTOCOBYBAaTH
KOMOiHOBaHi Tapu(u pa3oM i3 NOMINIIEHHIM cepBicy. [[o
HEJIONIKIB HAJIC)KUTh 3HAYHA BapTICTh OYAIBHHIITBA Ta
eKCIUTyaTalii  TepMiHaJiB, YyCKJIaJHEHHS  IPOIECiB
JIOCTAaBJICHHS BaHTaXiB Ta MMOBIPHICTH HEIIOBHOT'O
3aBaHTa)XEHHS KOMIUIEKCIB.

3a JIOBOEHHOIO TCOMONITHYHOI CHTYAIlIEI0
repeoavyaIn 3aCTOCOBYBATH PO3IIOLT TEPMIHANIB Ha TPU
kiacu [23]. Tepminanu kmacy A Maiy po3TanioByBaTHCS
Yy TPaHCHOPTHHX BY3JaxX i MICISX 13 BEIMKOIO KUIBKICTIO

MANPUEMCTB, 1[I0 TEHEpyBaIM O  BaHTAXKOIOTIK.
Komrutekc MOBHMHHI MaTH 3HauHy IUIOILYy Ta BEJIHKY
MIPOITyCKHY ~ CHPOMOXHICTh. TepMiHamm kiacy B

CTBOpIOBAIHCA O Ha BXIJHHX 1 BHXIIHUX TOYKaxX
TpaHCTIOPTHOI cucTeMn (TOOTO TOOIM3Y KOPIOHIB 1
MOPCBKHX TIOPTiB), @ TaKOX y MICIX 13 BEJIHMKHM
BaHTAKOMOTOKOM. IM He MOTPiGHO MaTH BEJHUKY ILIOLLY,
ajie TPOITyCKHAa CHPOMOXKHICTh Mae OyTH HiATpUMYyBaHa
Ha BHUCOKOMY piBHI. HaiimeHmri 3a obcsramu TepmiHanm
kinacy C po3paxoBaHi Ha MEHIIMHA BaHTaXOINOTIK Yy
MICIIX 13 HE3HAYHHMM BaHTa)KOIIOTOKOM. BimmoBimHO,
XHS TUIOIIA Ta MPOIYCKHA CIIPOMOXKHICTH MOXKEe OyTH Ha
HIKYOMY piBHI. OkpiM 1mX ¢(akTopiB, IS KOXKHOTO

TepMiHaia CTBOPIOBAIIN JIOTiCTHYHHAN JaHIIoT
MIEPEMIIIICHHS BAHTAXIB.
3a3HaueHi TepMiHaIN nepenoavaIn

BIIPOBA/DKECHHS CXEMH JIOCTABJICHHS BAaHTAXIB «BIX
nBepei o nBepeit». LlinpoBy (QyHKHiIO IBOTO BBEACHHA
MOJKHA BHpa3uTH Tak [20]:

CI:':‘F‘ = C—_p — Cpr — CEK: — CMB - min,
1)

Ae C,p — TPaHCIIOPTHI BUTPATH HA IIEPEBE3CHHS PISHUMH
BUaMH TPAHCIIOPTY, TPH;

Cipp BapTiCTb
PO3BaHTAXYBAJIBLHHUX POOIT, I'PH;

Cie — BHUTpaTH Ha TPAHCIIOPTHO-EKCIIEAMTOPCHKE
00CITyroByBaHHS, TPH;

Chpg — IIAB (20 %) Bim 3arampHOI BapTOCTI

HaBaHTaKyBaJIbHO-

IepeBe3eHHS, TPH.
inpoBy (GYHKIIFO B PO3TOPHYTOMY BHIJISII
BH3HAYAIOTh SIK
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= L+ Uy + 050 + L, Tposi® Qaan +

+ Cza:z + Cfrtc'r ' f-‘fx:r. + C]’LIS = min

(2)

nie k — KiJIbKiCTh KOHTEHHEPIB;

T; — Tapud Ha mepeBe3eHHS pI3HUMH BHIAMHU
TPAHCIIOPTY MTOPOXKHBOTO Ta HABAHTAXXEHOTO KOHTEHHEpa
BiJIMIOBiTHO, TPH/KM;

L; JANIBHICTh ~ TIEPEBE3CHHSI  ITOPOXKHHOTO
KOHTEHHepa IIiJ] HABaHTAKEHHS Ta JOCTABJIECHHS HOro Ha
3aJTI3HAYHY CTaHLIIO Ta 3 JOCTaBJICHHS HaBaHTAXXCHOTO
KOHTEWHepa 13 3alli3HWYHOI  CTaHIii MO0  MICIA
PO3BaHTaXCHHS BIATIOBITHO, KM;

II,; — liHa OZIMHULII BAaHTAXY, I'PH;

0= — Tapu( Ha CTpaxyBaHHs OJMHHLI BaHTaXy (s
rapaHTyBaHHS  BiANIKOAyBaHHS  30WMTKIB y  pasi
HeriepeabdadyBaHOi CUTYallii), 'pH;

Tposi — Tapud i-ro mpauiBHHKa, sIKi 3MIHCHIONOTH
HaBaHTaXyBAILHO-PO3BAHTAXYBaJIbHI poOOTH, TPH/T;

Q2 — 00csr BaHTaxXy OpYyTTO, T;

tposi — 4aC pOOOTH NPALIBHUKIB, TOL;

CEe:” — BapTicTh 0aHOT TOAMHK POGOTH MpALliBHAKA,
TpH/TOT;

C.;; — BapTICTh 3aMOBJICHHS MOCIYTH SKCIEIUTOPA,
I'pH;

CEi: — BapricTh roaumHM pOOOTH EKCIIEAMTOPa,
TpH/TOX

ths. — uac po6OTH EKCTIEMTOPA, TOJI.

Pe3ynbpTaToM BUKOHAHHS YMOB IIUIBOBOT (YHKIIIT

Mae OyTu MiHIMI3alis BUTpaT Ha IEPEBE3CHHS

KoHTelHepiB. Jlo Horo BapTocTi BXOAATH BUTpATH Ha
NepeMilieHHs] KOHTEHHEpiB Ha KOHKPETHY BiJCTaHb,
BUTpaTH Ha TpaliBHUKIB, WO OepyTh yd4acTb Yy
HaBaHTAXYBAILHO-PO3BAHTAXYBAIBHUX  pobOoTax, Ta
eKCIIEANTOpa 3 ypaxyBaHHSAM dHacy ixHbpoi pobotn. B
yMOBax BIHHHM Ta CKJIQJHMX CEKOHOMIYHMX OOCTaBHH
Ba)KJIMBO HaJaTu TIepeBi3HUKAM MaKCHMaJIbHY
MOKJIMBICTD 3/{IHCHIOBATH BYACHI ITOCTABKH, OCOOIUBO 1€
CTOCYETHCSI TyMaHITapHHUX 1 BIMCHKOBHMX BaHTaxiB. [[o
TOTO X TBUILECHHS Tapu(iB Ha TIEPEBE3CHHS, 3pPOCTAHHS
L[iH Ha OIIaTy Mpali Ta eHeProHOCii MOXyYTh HMOTIPIIUTH
BaHT@)XOOOMIH 3 IHIOMMH KpaiHaMH, IO HETaTHBHO

MO3HAYUTHCS HAa EKOHOMIYHOMY Ta  BifiCbKOBOMY
CTaHOBHIIII IEPKABH.

OTxe, Taka TPOMO3MILIsS HE  BTpaTHia
aKTyaJIbHOCTi, OCKUIBKM 3 dacy 11  myOmikamii

IHTepMOJIalibHI  TIEPEBE3CHHS TEPUTOpi€l0 YKpaiHu He
HaOyJIM HAJIKHOTO PO3BHUTKY. AJle B pealisix BiliHH, IO
royasacsi icisi BUCYBAaHHS BHINE3a3HAYCHOTO DIilICHHS,
HEIOLIBHO CTBOPIOBATH  3allPOIIOHOBAaHI  TEpMiHAIN
Oesrocepennb0  Ha  TepuTopii  Ykpainum. Moximse
(YHKIIOHYBaHHS TOMIOHOI CHCTEMH KOMIUIEKCIB Ha
TEpUTOPIi AeprkaB, 10 MEXYIOTh 3 YKpaiHOIO, Y paMKax
MDKHapoJgHOT — KOHIecii, 3a  SIKOI0  KEpiBHHIITBO

BinOyBaTHMeThCs  YKpaiHChKMM omeparopoM. Ilomo
Teputopii YKpaiHu, TO JOIUIEHO MiATOTOBUTH MPOTIO3HUIIiT
Ta TIPOEKTH, SKI MOXHA Oyne BHPOBAAUTH IIICIHSA
3aBepuieHHs BiifHM. IloumHaty peanmizamiro cucTeMH
MOJKHA 13 3aXiTHUX pPETioHIB YKpaiHu, AKi 3HAXOAATHCS B
HaliMeHIIiH rpymi pu3uKy. BiliHa BIuMHYa 1 Ha BapTiCTh
IIEPEBE3CHHS, TOMY IOMUIFHO 3MIHUTH IUTHOBY (DYHKIIIFO
LIISIXOM JIOJIaBaHHSI BHUTpAT, IO IIOB’S3aHI 3 BOEHHHM
CTaHOM:

Cr:-:-p = C:p + CHPF + cex: + CI'L'IE + Cs: -=n
3)

ne Cy. — BifiCbKOBI BUTpaTH.

BilicbkoBi  BTpaTd BKIIOYAIOTh  JOJATKOBE
CTpaxyBaHHS HA BUIIAJOK IOIIKOMKEHb, MMOB’S3aHUX i3
00HOBUMH JTiSIMH:

4

ne " MoB’si3aHe 3
IOIIKO/KEHHSIMHI BHACIIIIOK 00ioBuUX i, %.
Bumiezasnadeni Tepminamm Mornm O cTath He
JIUIIIE TyHKTaMH 00pOOKH MacOBHX BaHTaXKOIIOTOKIB, a H
OUITAMHA ~ TPAHCIIOPTHO-JIOTICTHYHUMH ~ IICHTPAMH, 10
3aBlIaHb SKOTO BXOJAUTUMYThH TAKOXK OpTaHi3allis BeICHHS
€JIEKTPOHHOTO JIOKYMEHTOO00ITy Ta HaJaHHs
BaHTa)KOBJIACHUKAM MOXKJIUBOCTI BU3HAYCHHS
MICIIC3HaXO/KCHHSI BaHTaXy B PEKHAMI PEabHOTO Yacy.
[le w™moxHa peami3yBaTH 3a JOIIOMOTOK  CHCTEM
aBTOMaTHYHOI imeHTH(]iKamii, Takux sk 3srmyHa RFID abo
6inmpm cywyacra GPS. CrBopenHss mnomiOHMX LIEHTpIB
JIOLITPHO TOJMUIMTH Ha TpHW eTamu [3]: CTaHOBJICHHS,
TOOTO BHW3HAYCHHS ONTHMAJILHOTO MIiCIE3HAXOHKCHHS

JO0JATKOBC CTpaxyBaHHH,

BIIITOBIAHO bi o) pO3TallyBaHHs MOTEHIIIHHUX
BaHTAXKOBI/IMTPABHUKIB 1 BaHTA’KOBJIACHHKIB;
BIIPOBAKCHHS TEXHOJIOTIH €JIIEKTPOHHOTO

JIOKyMEHTOO00Iry; MOIJIMBICTh OOCITyrOByBaHHS KII€HTIB
3a BciMa HampsMamMu pobotum wneHtpy. o Toro x
TOJIOBHUM MIPUHIATIOM pobotn TPaHCIIOPTHO-
JIOTICTUYHMX LEHTPIB Mae OyTH enuHe iH(opMamiliHe
3a0e3reuyeHHs HE JIMIIE  YYacHHKIB  JIOTICTUYHHUX
MIPOLIECIB, a 1 AEPKABHUX OPraHiB iHCHEKii I OiIpIIo]
MPO30POCTI  TPOIECiB 1 3a0e3MMEeYeHHST MOKIJIMBOCTI
IIBHAKMX TEPEBIPOK, IO IPHCKOPUTH  BUSBICHHS
TIHBOBUX CXEM 1, OTXKe, MiHIMI3y€ PH3MKH KOPYIIi Ta
HE3aKOHHHMX [ y paMKax IepeBe3eHb. Takox MepeBaroko
CJICKTPOHHUX CHUCTEM JIOKyMEHTOOOIry € MOJXIIMBICTh
IIBHKOTO JIOCTyIy a0 iHpopmarii 3 ii 30epiraHHsM 3a
KopaoHoM. lle akTyasbHO, OCKUIBKM dYepe3 3arposy
y/apiB 10 TaKMX LEHTPaxX IManepoBi JOKYMEHTH MOXYTb
OyTH BTpaucHi, a 3a HAIBHOCTI €JICKTPOHHUX KOMiH IX
MOXHa LIBHJIKO BiJJTHOBHTH.
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Haii6inbm e(eKTuBHE (yHKIIOHYBaHHS
TPaHCIIOPTHO-JIOTICTHYHUX LEHTPIB MOXKe OyTH Ha 0asi
TpaHcriopTHOro Bysna [3]. Lle mpusBene 10 IIBHIKOTO
iHpopManiiHOro 0OMiHYy MIX yYaCHHMKaMH JIOTICTUYHHX
JAHIIOTIB, 3HWKEHHA HEBUPOOHWYMX BUTpAT JUIA
BaHTA)KOBJIACHUKIB, Mi/IBUIIEHHS TapaHTil JOCTaBIICHHS
MDKHapOJHHAX BaHTaXIB y KOHTeHHepax 1 30iTbIICHHS
JIOXO/IB 70 MicLeBHX 1 JepxaBHOro OrospkeriB. Ha
ChOTO/IHI MOJKHAa KOHCTaTyBaTH, UI0 BigOyBaeThCs
PO3BHTOK IHTEPMOJAIBLHUX TepMiHaiiB. [Ipore BoHM B
OINIBIIIOCTI BUIIA/IKAX HAJISKATh PI3HUM KOMIIaHisAM, depe3
10 MOXKYTh BHHUKATH HEY3TrOJUKEHICTh, HEZOOpOCOBiCHA
KOHKYpEHIIisI 1 MapHi Ipomosi Ta 4acoBi BUTpatH. Lle €
HEJIOITyCTHMUM TIiJT 4ac BiHH, KOJIM /ISl )KUTTE3/1aTHOCTI
Jiep)KaBU BaXIIMBHH KOXEH €JIEMEHT OIO/DKEeTy, a OyJib-
SIKMH 4ac 3BOJIKaHHS MOXXE€ HEraTHMBHO IO3HAYUTHUCS Ha
XKHTTI Ta 310pOB’1 JTIOeH.

3 MeTol0 YCYHEHHS TaKhX HEIOJIIKIB MOMKHA

IIPOBECTH KJIacTepH3alio KOHTEHHEPHHUX
IHTEpMOJANIbBHAX ~ TEpPMIHANIB,  BHACHIIOK  SIKOTO
YTBOPATHCS JIOTICTUYHI Kiactepu. BoHu sBiIsIIOTH 00010
CYKYIHICTb perioHaIbHUX ABTOTPAHCHOPTHHUX

i IPUEMCTB, TIPEICTaBHUKIB-TIIMIPUEMCTB 1HIIUX BHUJIIB
TPAHCIIOPTY, JIOTICTUYHUX (ipM, JINEH3IMHUX CKIafiB,
OpraHiB  MiCIeBOI BIag Ta  HAYKOBO-IOCIITHHUX
IHCTUTYTIB y QopMi acomiaTUBHOIO YTBOPEHHS 3
ajekBaTHUM  (piHaHCYBaHHSIM BHECKAMHM  YYaCHHKIB,
HasIBHOIO iH(pacTpyKTypoOIO, Cy4acHUMH
KOMYHIKaLlifHUMH 3B’ SI3KaMH, SIKi TOCHITIOIOTH B3a€MOJIII0
Ta MepeBary MopiBHIHO 3 IHIIMMHU KOHKYPEHTaMH, 110 Jlae
3MOTY TIJBWIIWTH I1HBECTHIIIHHY NpPUBAOIUBICTh i
CTIMKMH  PO3BHUTOK  perioHaNbHOI  TepuTopii  [24].
CTBOpIOIOYH MOMIOHI CYKYITHOCTI, TOTPiOHO BpaXxoByBaTH
JIOCBi PO3BMHEHUX KpaiH, IO BHOpaIM KJIACTEPHY
crparerito. 3a ocranHi 30 pOKiB MOXHA 3a3HauYUTH
0COONMBY €(EKTHBHICTh MOJIOHUX METO/MIB, OCKLIBKH
IHTEerpanis crpusia po3BUTKY Cy9aCHHUX Ta IHHOBAIIHHUX
TEXHOJIOTIH.

Opranizamis ~ Kjactepa MOXJIMBa SK 34
iHimiaTHBOIO 3 OOKYy Oe3rocepeIHbO OpraHisamii, Tak i 3a
MATPUMKH JIEp>KaBHUX Iporpam. BomHodac momyckarotsb
JIOTIOMOT'Y IHO3EMHHX oprasizamniii-1oHOpiB.
VYpaxoByroun, II0 B Halll YacH EKOHOMiKa YKpaiHu
3HAXOJMUTHCS B  HE33aJOBUIBHOMY  CTaHi, BapiaHT
IHO3EMHOTO JIOHOPCTBA Ma€ 0COONMBY aKTyalbHICTb. AJe
Uit OyIb-KOTO KJlacTepa HEOOXiTHO CTBOPIOBATH
nepexyMoBH. PosrisHyBmM  crienudiky  €KOHOMIYHOI
reorpadii YkpaiHu, Ciifi 3a3HAYNATH, 1[0 OCHOBHA Maca
miAnpreMCTB OyIia po3TaioBaHa Ha cxoni Ykpainu. Tomy
ix MoxHa Oyno o0’eqHaTH B €IWHWE Kiactep, MI00
MiABAIINTH piBeHb €(EeKTHBHOCTI BHPOOHHWNTBA Ta
MOKpAIUTH  TpaHCHOpTHE oOciyroByBaHHs. [IpoTte
ChOTO/IHI Ie 3HAYymMH pErioH ONMHUBCS B 30HI
aKTUBHUX OOWOBUX Jiif, a OUIBIIICTH IiIIPUEMCTB OYIIO
3pyiiHOBaHO. TOMy pO3BUTOK IIbOTO PETIOHY MOXHA
mepeadavyaTy JUINE IMics 3aKiHYeHHs BilfHH. 3axigHa kK
YacTHHA KpaiHU € OCHOBHUMH TPaHCIOPTHHUMHU BOPOTaMHU
VYkpaiHu Ha CBOTOJHI, TOMY JAOMycTUMO (hopMyBaHHS
KJjlactepa KOHTEHHEPHHX IHTEPMOJAIBHUX TEpMiHAINIB

came B mid yactmHi. OcCOOAMBO 1€ CTOCYETHCS
MIPUKOPIOHHUX TEPMIiHAJIB, B3aEMOMIL MK SKUMH
MiHIMi3y€ BUHUKHEHHS POCTOIB BaHTAXIB 1 JaCTh 3MOTY
MIepeHANpPaBUTH BaHTAKOIIOTOKH B Pa3i MepeBaHTKEHHS

OIHOTO 3 TaKWX TepMiHaNiB. YcepenwHi KpaiHu
eJIEMEHTaMH KJlacTepa MOXYTb OyTH TPaHCIIOPTHI BY3JIH,
Tak BOHM MaTHMyThb IIpsAMi 3B’S3kH Ta Oyze

MIPUIIBUALIEHO IPOCYBAHHS BAHTAXKOIIOTOKIB TEPUTOPIEIO
Vxpainu. Ilicnsa 3akiHUeHHS BIMHU Takuil Kiactep Oyxe
SIKICHOIO TIEPEAYMOBOIO [UISi BKJIFOUEHHS TPAaHCIIOPTHOL
cUCTEeMH YKpaiHH JI0 3aralbHOEBPOIICHCHKOT.

Mepexxy KOHTCHHEPHUX TIepeBe3eHb B YKpaiHi
JIOLUTBHO PO3IIIAJATH SIK 3arajibHy cuctemy. Ilpu npomy
BOHA € CYKYIHICTIO MiJICHCTEM, OCHOBHUM 3aBJaHHIM
SKMX € 3a0e3ledeHHs] JOCTaBICHHS BaHTAXIB Bij
BimpaBHMKa g0  oxepxysada [12].  CytHicts
JIOTICTUYHOTO Mi/IX0/y MOJsrae B JOTPUMAaHHI JAEKIJIBKOX
¢axTopiB. CucremMa JOCTaBJICHHS BiJg BHUPOOHHMKA 0
croknBada Mae OyTH mijolo Ta enuHoro. [lmanyioun
NIepeBE3CHHs], BHMKOHABEIb IOTPiIOEH  ypaxoByBaTH
BUMOTH CIIOKMBa4ya 3a 4YacoM, MICIEM JOCTaBJICHHS,
KUTBKOCTI Ta SKOCTi. 3aCTOCOBYIOTH CXEMY ICpPEBE3CHHS
«BiI JfBeped 1o aBepel», a 3arajdbHI BUTpPAaTH Ha
BUKOHAHHS BCIX JIOTICTHYHMX OIepamiid MiHIMI3YIOTb.
Otxe, 0OOB’S3KOBO BHKOHYIOTH Taki JIOTICTHYHI
MIPUHITUTIH: HEOOXiTHII BaHTaX JOCTABISIOTH Y TIOTPiOHE
MicIle, 3a MOTPIOHMH Yac y HeOOXiMHUX IS CHOXHMBada
KIJIBKOCTI Ta SKOCTI 3 MiHIManbHHUMHU BHUTparamu. Jlis
BUKOHAHHS 3a3HaYEHUX BUMOT HaWOUIBII ONTUMAaTbHUMHA
MOXYTb OyTH caMe KOHTEHHEpHI IIepeBe3eHHSI.

Y paMkax TpaHCIOPTHOI Mepexi pa3oM i3
BEIMKUMH Xa0aMM MOJKHA TepeAdaduTd 3acTOCYBaHHS
pO3IOAUIPYNX IIEHTPIB, SKi OTPUMYyBaIM O TOBapH
BEJIMKUMHM HapTisIMU Ta PO3MOJUILIIN iX Ha OLIbII ApiOHI
JUI JIOCTaBJICHHS 3aMOBHHKaM. Taki IEHTpH MOYajH
3’SIBJIATHCS 1€ JI0 TTOYaTKy BiliHM, ayie Oynm 3aB’si3aHi Ha
MOPCHKHH TpaHCHOPT. IX CTBOpIOBANM ISl IIiATPUMKH
(YHKIIIOHYBaHHS CHCTEMH pO3IOALTY BaHTaXiB, IO €
JIOCUTH CKJIaJHUM 3aBJaHHSAM. 3arajloM 3aBIaHHIM
pO3IOAUIPYNX IIEHTPIB OyJO BUKOHAHHS omepamiil i3
TpYIlyBaHHS BAaHT&KOIOTOKIB 3a IXHIM NpPU3HAYCHHSM.
leorpadiune  po3TamryBaHHS ~ TakMX  KOMILICKCIB
BU3HAYaJM 3a JIONIOMOIOI0 BHU3HAYECHHS LIEHTpPAa Baru
CHCTEMHOTO  pO3MOAUTYy, IOBHOTO Tiepebopy  abo
€BPUCTUYHOTO  MeTony. Posmonmimsiim  BaHTax i3
BUKOPHCTaHHSIM  EKOHOMIKO-MaTeMaTHYHUX  Mojesen
TpaHCHIOPTHOI 3a7adi. Y TOH e dYac Taki METOAH
MIPU3BOIMIN 10 JONMYCTHMHX, ¢ HE ONTHUMAaIbHUX
pitrens [12]
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Puc. 3. 3aranbni (yHKIIT pO3MOAITBUMX EHTPIB

Jns edekTHBHOI  3B’S3HOCTI  PO3MOALTBYMX
TepMiHATIB 13 BXiJHUMH Ta BHUXIJHAMH TOYKAMHU
KOHTEHHEPOIIOTOKIB JOLIBHO PO3IISIHYTH MOXKIIMBOCTI
¢bopMyBaHHS OKpeMHX KOHTeHHepHHX moi3miB. AT
«YKp3aIi3HUID BXKE Mae IEBHUH JOCBi poboTH 3
moi3gaMu Takoro Tumy. Jlo moYaTtKy BiHH TOi31IH, IO
CKJIaZajucsl BHUKIIOYHO 3 KOHTEHHEPIB, peryJsipHO
KypcyBalli sIK ycepenuHi YKpaiHu, Tak i 3a ii Mexi. Boru
OB SI3yBaJll MOPCHKI TMOPTH YKpaiHW 1 BeJMKi Micrta i
NIPOMHUCIIOBI  paiioHn. Ha cporogni 3HauyHa dYacTka
BaHTaXXIB ITPOXOJIUTH Yepe3 CyXOIMyTHI 3axiIHI KOpJOHH,
TOMY MapHIpyTH MHTI MOXXE€ ONHHUTHCS TiJ YAApoM i
OyTH TIOIIKO/PKEHMM a00 3HUIICHUM, 3aJMIIA€THCS
BUCOKHMI PU3WK BUHUKHEHHS Ha3BUYaiHMX cutyariii. Ha
JKallb, 3apa3 MOXHA CIOCTEpiraTd 30UIBIICHHS YaCTOTH
MOBITPSHUX yNapiB MO YKPaiHCBKUX MICTaX, MPH IOMY
30UIBIIY€EThCS  KUIBKICTh pyHHYBaHb. AJle HalOUIbII
CepHO3HUMH € YHCIICHHI JIIOACHKI BTPATH, TaKOXK MOXKE
OyTH 3aBHaHa HIKOAA EKOHOMIUHIM CKIanoBiil JeprkaBu,
MIPUKIIAZOM € YAapH IO CHepreTHUHiH iH(pPacTpyKTypi.
ToMy MOXYTh BUHHKATH CHUTYAIlil, KOJTH JEIKUH BaHTax
3-32 KOPIOHY HEOOXiTHO TOCTABUTH IIBHIKO, SKICHO Ta
HaxiiHO. Ile 0cOOMMBO aKTyallbHO, OCKUTBKH CTOCYETHCS
Oe3mekn Ta JKUTTA Jnoped. He MeHm BIIMBOBHMH €
BIfiCLKOBI BaHTaXIi, BiJ{ IIBHIAKOCTI JIOCTABIICHHS SIKHUX
MOJKE 3aJICKATH CUTYAIlisl B 30HAX aKTHBHHUX OOMOBUX Iiit
Ta OOOpOHO3MATHICTh KpaiHu. J[ms Takux BaHTaxXIiB
JIOLUTBHO TIepe10aYnTH AONATKOBI peHCH KOHTEHHEPHUX
noizaiB. [Ipy oMy 3amIaHoBaHi BiIpPaBICHHS MOXYTh
Oytn 3mimeni. Taki mo3aueproBi KOHTEHHEpHI peiicn
MOXYTh BIUIMHYTH HE JIMIIE Ha KOHTEHHEpHi
BIJIIPaBJICHHS] KOHKPETHOTO HANPSIMKY, a i Ha pyX IHIINX
BAaHTAXHUX 1 HABITh MACAKUPCHKUX TMOI3MIB, SKi
PYXaTHUMYThCS 13

3atpuMkamMu. [Ipote 3a yMoBH 06€3CyMHIBHOT Ba)XKJIMBOCTI
TaKUX PEHCIB IS XKUTTA JIoJiel 1 000pOHO31aTHOCTI
KpaiHu X OIBHJKE MPOCYBAaHHS [0 ITyHKTIB IPU3HAYCHHS
€ HeOOX1THOFO MIpOIo.
OTxe, cImig JIOITyCTUTH MOXJIMBICTh
1103a4eproBuX BiANPaBIeHb KOHTEHHEPHUX IIOI3AIB 1
BpaxyBaTH iX y 3arajJbHOMY iHTepBaJli BiIIPaBICHHS:

I = Miyen =& My
= Uy 6)
e My; — HOpPMA KIJIbKOCTI BaroHiB y CKJIAAi

KOHTeliHepHOTO Toi3na (omHa ¢ituHTOBa IUIaTdhOopMa
Moxe mepeBo3utr onuH 40-pyToBuit abo mBa 20-pyTosi
KOHTEHHEpH; Opi€HTOBHA JIOBXXMHA MOi31a — Onn3bko 40-
50 Barosnis-margopm), Bar;

Mg — KUIBKICTh BAaroHiB 3 €KCTPEHHM BaHTaXKEM,

Bar;
& — Koe(dillieHT, IO BpaxoOBye HAasBHICTb
KOHTEHHEpIB 3 eKCTpeHNM BaHTaxkeM, 0 abo 1;
Ugos pO3paxyHKOBHH  po3Mip  1000OBOTO
BaroHOMOTOKY, Bar.
BaMBOIWO ~ 4YacCTKOKW ~ 3arajbHOr0  4acy
IIepeBE3CHHST KOHTCHHEPIB uepe3 MEepexKy € ix 00poOka B
KOHTCHHEpPHHX TepMiHalaX. ICHye HOCHTh BelHKa

KUTBKICTh 3aCO0IB MPUCKOpPEHHS IhOTo Tporecy. [Ipote
JIesTKi 3 HUX MOXKYTh MAaTH HEBEJIHUKY BapTIiCTh, ajie Maiy
e(heKTUBHICTB, IHIIi,  HAaBIIaKH, MaTd  BHUCOKY
e(eKTHBHICTh, aie NOTpeOyBaTH 3HAYHUX BKJIA/ICHD.
Cepen ycix BapiaHTiB TOTpiOHO BUOpaTH HAWOLIBIT
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ontuManbHUA. [lpy 1bOMYy HEOOXiZHO BpaxoBYBaTH
OCTaHHI TEXHOJIOTIYHI 3MIiHM Ta HasBHI MOJJIMBOCTI.
Haii6inpmr cyuacHi TepMiHamM y KpaiHax 3axizHoi
€Bpony MaroTh aBTOMAaTHYHI HaBaHTaXKyBadi, sIKi MOXXYTh
mparoBaty 0e3 BTpydYaHHs orepaTopiB. ICHyIOTh i iHII
Cy4acHI TEXHOJIOTII, sIKi TOTPeOyIOTh 3HAUHUX T'POIIOBUX
BKJIaJICHb. BNpOBa/DKCHHS TaKWX TEXHOJIOTIM  JuIst
3aCTOCYBaHHSI Ha TEPHUTOPIi, sIKa IMOCTIHHO ONWHSETHCS
IiJ] TIOBITPSIHUMH yIapaMu, MOXe OyTH HEIOIUTEHUM.
BonmHowac icHye morpeba B yCyHEHHI HEraTHBHOTO
BIUIUBY JIFOJICBKOTO (aKkTopa, 3MEHIICHHI BHUTpaT Ha
OIIIaTy Ipari Ta JOCSATHEHHI MaKCHUMAJIbHOI Oe3reKn Juis
NpOBEJeHHST BUpOoOHMYMX TmpoueciB. OkpiM  TOTO,
HEOOXiTHO 3a0e3MeYnTH HAHOUTBII TPO30PY B3AEMOJIFO
MDK pI3HHUMH OIepaTopamu, 0I0 OepyTb Y4acTb Yy

TIepeBE3CHHI.
OpnuM i3 Takux crnocoOiB  Moxke OyTH
aBTOMaTH3alis TpoleciB  0OpoOKM KOHTEHHepiB 1

B3a€EMOJii MDK TepMiHaJlaMH Ta NepeBi3HMKamH. Bona
Moxe OyTH BMKOHAaHAa y BHIJISII CTBOPEHHS OCHOBH JUIS
cucreMu miaTpuMkn yxsanieHHst pimens (CIIIIP). Taka
MOJIeNTb PO3pO0JIeHa HAa OCHOBI IMOBIPHICHOTO ITiJXOIy
JuIs B3aeMogii 3 MopchkuM TpaHcriopToMm [11]. Bogrouac
BOHa € e(EeKTUBHOIO caMe JUIsi B3a€MOJIl 3 MOPCHKHM
TPaHCTIOPTOM. Y HACTYIHUX JOCHIPKCHHSX JIOLLIBHO
PO3TIITHYTH MOXJIMBICTH 11 amanTamii A CyXOIyTHHX
KOHTEHHEPHUX IepeBe3eHb Yepe3 KOpIoH YKpaiHu.

CTOCOBHO KOHTEHHEPHHX TEpPMiHAJIIB HaAHOLIBII
MIEPCIIEKTUBHOIO € NU(POBi3allis BHYTPIIIHIX OINEparii.
Bona nae 3Mory mocsirtTv 3poCTaHHs POAYKTHBHOCTI Ta
CTIMKOCTI, 3MEHIICHHS BHTpaT 1 Yacy Ha oreparii,
YIOCKOHAJIEHHS 1HQOpMamiiHUX IIOTOKIB 1 TIpoIecy
YXBaJICHHS pilens, CKOPOYEHHS arepoBoro
JIOKyMEHTOO00Iry, IpocyBaHHsS iHHOBalii i PO3BHUTKY, a
TAKOXX TIOJICTIINTH TPUCTOCYBAaHHS TepMiHalIa 10
PHHKOBHX 1 MOJIITHYHO-CKOHOMIYHUX BHMOT, IO IIBHJIKO
3MIHIOIOTBECS B CYY9acHOMY CBIiTi. 3a OCTaHHI JEKiTbKa
POKIB JIOBOJII 3HAaYHOTO PO3BUTKY 3a3HAJa HEHpOHHA
Meperka, sIka BUCOKO 3apeKOMEH/IyBalla ce0e y BUpIIIeHH]
CKJIaHUX 3aBAaHb. Jlo TOro >k BOHA Mae MOJMJIMBICTh
BHCYBAaTH TOYHI TPOTHO3W 3aBISIKU 11 3IATHOCTI JIO
y3araJIbHeHHSI Ta BHIUICHHS NPHXOBAaHMUX 3aJEKHOCTEH
MDK BXIJHAMH Ta BUXITHAMH JaHUMH. [HIIOIO 34aTHICTIO
HEHpOHHOI  MepeXi €  BEAGHHA  EJICKTPOHHOI
JIOKyMEHTallil, 3aBIIKH YOMY MIiHIMI30BaHO BIUIHB
JIO/ICBKOTO (pakTOpa Ta MiJBHIIEHO TOYHICTH NaHHX 13
IIepEeBE3CHb.

[TepeBe3eHHs BaHTaXiB uepe3 KOPAOH MOTpedye
MHUTHOTO  KOHTPOJIO Ta  BIiANOBIAHUX  IEpPEBIpOK.
VYpaxoByrouu, 1o 00CATH IEepPEeBE3eHb Yepe3 CyXOIyTHUH
KOPIIOH CYTTE€BO 30OLIBIIMINCS, 3’SBHIIACS HEOOXIiIHICTH
3aCTOCOBYBATH OiJIbII JJOCKOHAJ 3aCO0M KOHTPOIIO JUIs
3a0e3reveHHs] IIJIBUIICHHS IIBHJIKOCTI IPOBEICHHS
MHUTHUX TpOLEAyp 1 pe3yJlbTaTUBHOCTI BHSBICHHS
MOXIJIUBHX ITOPYIIEHb. 32 CJIOBaMH OYiJIbHUKA J{eprkaBHOT
MUTHOI ciryxOu Ykpainu, mo kinng 2025 poky mnepmi
3aTI3HMYHI CKaHepH JJIsI MOHITOPMHTY BaroHiB i
KOHTCHHEPIB MAalOTh 3 SBUTHCA TOONM3Y  CTaHIIH
Moctuceka-2 i SroguH, oo po3ramoBaHi Ha KOPAOHI 3

Monpmero [25]. Bonm OynyTs mnpu3HaueHi uist
HEIHTPY3UBHOIO KOHTPOJIO, IO O3HaYaTUME IIEPEBIpKY
BIJIMOBITHOCTI BMICTY KOHTEHHEpIB 3aJeKJIapOBAaHUM
JTAaHAM y JTOKyMEHTax 0e3 J0JaTKOBHX BTpydaHb. Jlis
3ano0iranHs  (Qikcamii  MacaXMpPCHbKUX  BaroHiB 1
JIOKOMOTHBIB ~ CKaHEpH  OCHAIEHI  CIEeLiaJbHUMH
KOMITOHEHTaMH Ta IPorpaMHuM 3abe3nedeHHsM. [Iporec
CKaHyBaHHS Oyle TIOBHICTIO aBTOMAaTH30BaHUM, a
o0aHaHHS 3MOXKE IMTPAIIOBATH LI0I000BO ISl O3B,
0 pyXaTUMyTbhcs K B YKpaiHy, Tak 1 3a KOpHOH.
[Ti3Hime Taki CHCTEMH IJIaHYIOTh BCTAHOBUTH Ha KOPJIOHI
31 CioBayunnoro Tta Pymynietro. OTxe, aBTOMaTH3awis
MOCTYIIOBO  PO3IIMPIOE  MOJIMBOCTI  KOHTEHHEPHHUX
IepeBe3eHb B YKpaiHi.

Crtiz 3a3HaYUTH, IO OLIBIIICTh BHUINE3a3HAYCHUX
HaYKOBHX IPOIIO3HIIiI1 pO3po0IIsui Ta BUCYBAIM B MUPHI
YacH, KOJM BAHTKOMOTOKM MaJIM 30BCIM  IHIIHMH
OCHOBHHM HampsMOK, a YKpaiHy po3msigand —sK
CTpaTEriyHoOro y4acHHKa TPAHCIIOPTHOTO KOPUAOpY 3axin
Cxin. CraHoM Ha CbpOrofHI TOAIOHI KOPUAOPH
TEPUTOpi€r0  YKpaiHW  MamTh  JIOBOJI  HEBEJHKI
nepcrekTiBd. OCOOMMBO 1€ CTOCYETHCS TPAaH3UTHHUX
BaHTaXiB. Sk BaHTAKOBIIITPABHUKH, Tak 1
BaHTAXXOOAEPKyBaui MalOTh Ha MeETi IepeMilleHHs
BaHTaXIiB 13 HalMEHIIMMH pHU3UKaMH, TOMY HaBiThb 3a
OinpmIoi BaprocTi BOHM OyXyTh HaJaBaTH IIepeBary
oOXigHMM MapuipyTaM. Buxogsum 3 1pOro, Ciix
PO3paxoByBaTH, IO ISl TIEPEBAXKHOI OUTBIIOCTI BAaHTAXIB
IyHKTOM BiANIpaBIeHHA a0o TNpH3HA4YeHHS Oyae came
Vkpaina. BogHouac uis Hamoi AepkaBM I BaHTaxi
MOXYTb MaTH YHMAJIMH TO3UTUBHUH BIUIMB, TOMY
BTUICHHA TOAIOHMX iHIIIaTHB Ha IOMY  eTami
TCOIOJIITHYHOTO CTaHOBMIA MOKE BiOyBaTHCS caMme B
iHTEepecax YKpaiHu.

Kpim BilicbkoBOTO (pakTopa, YNMaINii BIUIMB Ma€e
¢dakTop iHdpacTpykTypu. Ha 3aximHMX KoOpIoHax
po3TamoBaHa MeBHA KUIBKICTh NMPUKOPAOHHUX IIEPEXO/IiB
i3 PpI3HOI TMPOITYCKHOI CIPOMOXHICTIO. BogHOwac
Ba)XJIMBO  BpaxyBaTH  TIPONMYCKHY  CIIPOMOXXHICThH
3aTI3HUYHUX JIHIH, 10 3’ €HYI0Th KOPJIOHU 3 OCHOBHOIO
YacTHHOIO YKpaiHu. JlepkaBa Ma€ JOCHTb DPO3BHHEHY
3aTI3HAYHY MEpEeXy, OCHOBHHMH €JIeMEHTaMH SKOi €
JIBOKOJIIMHI enexkTpudikoBani minii. Came BOHH MaloTh
HaiOinpIi oOcarm pyxy. Ha 3axomi VYkpainm MmoxHa
BUAIJIMTH JIBa OCHOBHHMX HPHUKOPJIOHHHUX TMEpeXoqu —
Mocrucbka Ta Yomn. BoHu MaroTh 3ali3HMYHI IIIXOJIH,
ase 3 MPOXO/UKEHHSM LUX MYHKTIB HepeBaKHA OUIBIIICTH
BaHTaXiB nepeTnHaTuMe JIbBIBCHKUH 3a1i3HUYHUI BY30I1.
VHacmiIoOK IbOr0 MOXJIMBE BHHUKHEHHS PU3HKIB
NEPEeBaHTAKEHHSI  IIbOTO  By3Ja.  AJBTEpHATHUBOIO
MapuipyTiB uepe3 JIbBIB MOXYTh OyTH BaHTa>KONOTOKH
gepe3 Kosenp 1 SArogmH SK HAWKOPOTIIMH MUISX [0
BapmiaBn Ta HONBCBKMX MOPCHKHX IIOPTIB, ajie dYepes
He3a/10BIIbHUI CTaH 3aJI3HUYHOTO KOJIifiHOTO
TOCIIOJIAPCTBA Ta BIJCYTHICTh €NEKTPUQIKAIll [ TiITHKA
HE MOXE TIIPOIYCKaTH BEIHMKY KIJIbKICTh BaHTaXIiB.
BonHouac 1ieli HanpsiIMOK € BakIMBHM. BiH Moxe cratn
YAaCTHHOIO MDXHApOJIHOTO iHTEPMOJAJIBHOTO MAapIIPYTy
Knaiinena — KuiB uepes tepuropito Ilosbmii, mo € oqaum
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i3 myHKTIB MeMmopaHaymy MK AT «Ykp3amizHHDD i
LTG Group, minnucanoro y TtpaBHi 2024 poky [26].
OTXe, PO3BUTOK LBOTO HAMPSIMKY MOXE IIiIBUIIUTH
IpUBaOINBICT MDKHapOJHAX KOHTEHHEPHUX
IIepEeBE3CHb.

YHacmi 0K BOEHHOTO CTaHy Ta MPSMOI 3arpo3u
MOBITPSHUX yAapiB 1O OyIb-KMX 00 €KTax, IIo
po3TamioBaHi Ha TepuTOpii YKpaiHW, aKTyaJbHUM €
IUTaHHS  CTBOPEHHS  BAaHTAXHUX XabiB  mOOIHM3Y
CYMDKHHX 13 HallOIO JEp>KaBoOl0 NPUKOPJOHHHX ITyHKTIB
a0 Ha NIUIIXYy OCHOBHMX BaHTaXONOTOKIB. HaiOimbim
3aIiKaBJICHOI0 CTOPOHOIO € Hallla Jiep)kaBa, TOMY BOHA
Mae OpaTw HalOLIBIIYy y4acTb Yy BIIIOBIIHHX IpOLECaX.
AT «Ykp3ami3HHIDY yKE€ Mae JOoCBiL poboth Ha
€BPOIEHCEKOMY PUHKY 4epe3 €BPONEHCHKOTrO OrepaTopa
«Ukrainian Railways Cargo Poland», mo 3’ennye cBoeto
poboTOI0 TIepeBe3eHHsT YKpaiHOIO Ta €BPOIEHCHKUMHU
kpainamu [27]. TakoxX TPHUKIAAOM € TIOJBCHKHN
npuBatHUM  mepeBisHUK  «Laude», o  3ailicHIOE
NIepeBaJIKy BaHTAXiB 3 YKpaiHH Ha BIACHOMY TepMiHaIi B
MTOJIECHKOMY 3aMOCTi TOOIH3Y KOPAOHY 3 YKpPaiHOK0.

ITocTynoBO BIOCKOHAJIIOIOTH 3aKOHOJaBUy 0azy,
IOB’A3aHYy 3 KOHTCHHEPHMMHU IE€PEBE3CHHAMHU. 3aKOH
Vkpainm  «[Ipo  MynpTHMOJANBHI  NIEPEBE3CHHS
pO3LIMPHUB HAsBHY 3aKOHOJaBuy Oa3y Ta 3alpoBaauB
MIPaBOBI MEXaHi3MH Ui LIMPIIOrO BHKOPUCTAHHS
MYJIBTUMOAAIBHUX/KOHTEHHEPHUX BaHTAXHUX
IepeBe3eHh y  TPAHCIOPTHIM  cucTemi  YKpaiHu.
KonreiinepHi  mepeBe3eHHS B MeXax  YKpaiHu
3miiicHioloTh 3a IlpaBuiamMu TiepeBe3eHHS BaHTaXIB B
yHiBepcanbHUX KOHTelHepax i [IpaBnimamu mepeBe3eHHs
BaHTaXIB y CIIEIiaJbHUX 1 CHeNialli30BaHUX KOHTEHHEepax
BIJINIPaBHUKIB Ta Oep>KyBaviB. MXKHAPOIHI KOHTEHHEPHI
MIEPEBE3CHHS  PETYJIOI0Th TyHKTOM 15 posnmimy 111
[IpaBun nepeBeszenp BaHTaxiB (momarok 1 mo CMIC) i
KonBeHIi€l0 PO MIKHApOAHI 3alli3HUYHI ITTEPEBE3CHHS
(KOTI®). Bigkputtss 1 (¢yHKIIOHYBaHHS OYAb-sIKOTO
nmpeacTaBHUNTBA abo ¢imii B iHmWINA KpaiHi Mae
BiOyBaTHCS 3a 3aKOHOJABCTBOM TIi€i kpaimm. OTxe,
norpebn  YKpalHM y  BaHTAXHUX  IEPEBE3CHHIX
rapMOHI3yBaTUMYThCS 13 3aKOHAMH KpaiH €BpomnH.

HocmimkerHs Oyno O HENOBHUM, SKIIO HE
PO3TIISTHYTH pILlIEHHs, M0 OYyJIM BUCYHYTI 3apyOiKHUMH
HaykoBIsiMH. CIiJl 3a3HaYUTH, IO TEMa KOHTCHHEPHHX
IepeBe3eHb 3a KOPIOHOM Ma€ BHCOKMH IOMUT Yy
PO3BMHEHMX KpaiHaX 1 THX, IIO PO3BHBAIOTHCS. ToMy
JIOCUTH BeJIMKa KUIbKICTh HAyKOBHX Hpalb CKJIajJeHa
BYCHUMH 3 KpaiH 3axigHoi €Bponw, [liBHiuHOI AMepukn
ta [liBmeHHO-CxXigHOi A3ii. HaitGinpnr npuBaOIuBOO s
VYkpainun Morna 6 OyTu izmest cyXux TOpTIB, sKi 3apas
3HAXOJATHCS Y CTaHi PO3BUTKY.

Cyxi IOpTH € KOHTEHHEPHUMH T€pMiHaIaMH, 110
BUKOHYIOTh NepBHHHI noproBi ¢ynkuii [9]. [TpnunHoio
iXHBOTO PO3BUTKY y KpaiHaXx €BponH cTajo 301IbIICHHS
BaHTa)XXOIIOTOKIB, L0 MPOXOJATH Yepe3 MOPTH, Yepe3 0
HasIBHUX MOPTOBHX IUIOI] CTAJI0 HelocTaTHhO. KoHmenmis
CYXOro HOpTy B a3iaTCbKUX Ta a(puKaHCHKHX KpaiHax
nepenbavyae 3IIMCHEHHS IIepeBe3eHb KOHTEHHepiB i3
IyHKTY BIJNpaBJICHHS [0 IyHKTY TpH3HA4YECHHS 0e3

MPOMDKHOTO ~ MHUTHOTO  OIJISILy. 3aBASKH  I[bOMY
MEPEeBI3HUKH  MalOTh ~ MOXIIMBICT  3JiHCHIOBaTH
Oe3mepeOiiiHi iHTepMOIabHI ePEBE3CHHS, O € IOCHUTH
Ba)XJIMBAM JUIsl KpaiH, SKi HE MalOTh BHUXIJ 1O MOPS.
Bincranp 10 Mopchkux moptiB Moxe Oyta mo 1000 kM,
TOOTO Taka KOHLEMNIs NMpHHHATHA M1 1mopTiB Ilombrmi
abo Pymymnii BimHocHo VYkpainu. Cyxi HOPTH MOXYTh
3HAXOJUTHUC SIK y Aep>KaBHIil, Tak 1 MPUBaTHII BIaCHOCTI.
€IIMHOIO CITITFHOIO PHUCOI0 TAKUX TEPMIHAIIB € IIOJICHHE
3aJI3HAYHE CIIONYYEeHHS 3 MOpChKUMH mnoptamu. OTxe,
peani3yBaTH L€ MOXKHA 3aBASKHA NPUKOPIOHHUM CyXHM
mnmopram, A0 SKAX OyAyTh MiJBENeHI 3aJIi3HUYHI KOJIii
mmpuHoro 1435 M. Hepomikamu iX BHOpOBamKEeHHS
MOXYTb OYTH EKOJIOTIYHI HACIHIIKH, 3aWHATTS 3HAYHHUX
3eMENIbHAX AUISTHOK 1 HEOOXiqHICTh BKJIAJaHHS 3HAYHUX
¢dinaHcoBUX pecypciB. Y TOH jke Hac Cyxi IOpTH
CTHMYJIIOIOTH PO3BUTOK IIPOMHCIOBOCTI, HaJIar0Th HOBI
po06odi MICIsI Ta TOKPAILYIOTh 0OCIYTOBYBaHHS KIIIEHTIB.
Ie 3a0e3nevyBaTUMEThCS 3aBIISIKH HIDKYHM
TPaHCIIOPTHUM BUTpaTaMm, IIBHU/IIOMY TPAHCIIOPTYBAHHIO
KOHTCHHEpIB  J0/3 MOPCBKHX IIOPTIB, MIBUALIOMY
MHUTHOMY O(OPMIJICHHIO Ta HIKYMM Tapudam Ha
30epiraHHs.

HesBakaroun Ha Te, 10 CyXHil HOPT MOXe OyTH
y TpUBaTHIM BIACHOCTI, ypsii Ma€ BiAirpaBaTH IEBHY
poms y QopMmymroBaHHI BIAMOBIAHOT TOJITHKH Ta
PETYJISATOPHOTO KOHTPOJIIO, MHI00 CHPHUATH PO3BHUTKY
CYXMX TOPTIB 1 JOTPUMYBATHUCS €KOJIOTIYHUX BUMOT [24].
OOrpyHTYBaTH  PO3BUTOK CyXOro IIOPTYy  MOXHA
¢inancoBuMH ab60 eKOHOMIYHMMH (akTopamu. [lo Toro x
32 OCTaHHE JECSTWIITTS BEIUKOrO BIUIMBY HaOyB
eKoJIOTiYHU (pakTOop, SIKUI HAHOLIBII peasli3oBaHuii came
32 JIONOMOTOI0 KOHIeNmii cyxux mopriB. Tomy,
3BaXAIOYM HA TPHUKIAAM KpaiH, IO pPO3BUBAIOTHCS,
JIOLUUTBHO ~ PO3IIISIaTH  BIIPOBA/DKEHHS  KOHIEMIUI 3
nopramu ot ado PymyHii.

BucHoBkn.

3a pe3yspTaTaMy OTJISAYy HAayKOBHX ITyOmikamiit
OyJl0 BUSIBIICHO Ta BiATBOPEHO CHPOOY NPHCTOCYBATH 0
Cy4acHHX YMOB HaiOLIbpII KOpHWCHI pimeHHs. OmHuM i3
HUX € PO3IOJLT KOHTEHHEPHUX TEpMiHATIB HA TP KIIACH,
a TaKoXX BIPOBA/DKEHHS CXEMH JIOCTaBIICHHS «BiJ ABEpel
o nBepei». B ymoBax BiliHE HaWOiIbII JOIUIEHUM €
(YHKIIOHYBaHHS CHCTEMH KOMIUICKCIB Ha TEPHUTOPIi
JiepkaB, M0 MEXyITh 3 YKpaiHOlO, y paMkax
MDKHapoOJHOT KOHIECii i KEepiBHULTBOM YKpaiHH.
CTBOpeHHS TakuX JIOTICTUYHUX IICHTPIiB JOIUIEHO
MOJUTMTA HAa TPU €TalM: CTAHOBJEHHS, BIPOBAIPKCHHS
CJICKTPOHHOTO  JIOKYMEHTOOOIry Ta 0O0CIyroByBaHHS
KJIIEHTIB 32 BCiMa HalpsIMKaMu poOOTH LICHTPY.

KopucHum pimreHHIM € ifes Kiactepu3amii
KOHTEHHEPHUX TEPMiHAJIIB, BHACIIZOK YOTO YTBOPSTHCS
JoTicTHYHI Kiactepu. BoHM sSBISIOTH cO00I0 CYKYIHICTD
perioHalbHAX ~ TEPEBI3HUKIB,  JIOTICTHYHUX  QipMm,
MIIPUEMCTB Ta 1HIMUX 3aliKaBICHUX CTOPiH. HaiOuIbm
MIOKA30BHM € TIPHKJIa] PO3BMHEHMX KpaiH, /I 3a OCTaHHI
TPUAUATH POKIB Taka IHTETpallisl CHpHsAIa PO3BUTKY
CyYaCHHX Ta IHHOBAI[iIMHUX TEXHOJOTIH. VY BUIAIKy
VYkpainu JIOLIUTEHO BITPOBAKYBATH KJ1acTepu
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MIPUKOPAOHHUX TEPMIiHATIB, OCKUIBKM B3a€EMOJIS MiX
HUMH{ MiHIMi3y€ BUHUKHEHHS NPOCTOI{B BaHTaXiB i J1acTb
MOXJIUBICTh TIEPEHANPAaBUTH BAHTAXKOIOTOKH B pasi
TIepeBaHTaKEHHS O/THOTO 3 TAKMX TEPMiHAIB.

SIKmo  po3rsimath  Mepexy — KOHTEHHEpHHX
nepeBe3eHb B YKpaiHi SIK 3arajbHy CHCTEMY, TO MOXHA
nepe0aYnTi 3aCTOCYBaHHS PO3NOAUIHUMX LEeHTpiB. [lo
ixHix (yHKUIH HaieXaTh YIPaBIiHHS TPAaHCIIOPTHUMHU
MIOTOKAaMH Ta iX PO3MOAITIOM, CKJIAJAyBaHHS 1 TPYILyBaHHS
toBapiB. s edexTuBHOI 3B’S3HOCTI TaKkmMX IEHTPIB
JIOUUTBHO ~ PO3MJISIHYTH  MOXJIMBOCTI  ()OpMYBaHHSA
KOHTCWHEpHUX TMoi3MiB, i3 skuMu AT «YKp3ami3HHID)
y)Xe Mae meBHUH J0cBin poOoTH. TakoX MiABUIIECHHIO

e(CKTUBHOCTI CIIPHAATUME BITPOBA/KCHHS
aBTOMaTH30BaHuX TexHonorii 1 CITIIP.
Temy KOHTCHHEpPHHX TICpEBE3CHb  IIHPOKO

BUBYAIOTH 32 KOpZOHOM. OfHUM 13 HaWOUIBII KOPHUCHUX
pillIeHb € BIPOBAPKEHHS KOHLEMIIi CyXOro IOpTY SIK
JIOTIOMDKHOTO ~ TepMiHajla sl MOPCBKHX  IIOPTIB.
OOTpyHTYBaTH WOTO PO3BHTOK MOXKHA SIK (DiHAHCOBHUMH,
Tak 1 eKOHOMIUHMMH (aKTopamMud, a OCHOBHUMH
MOPCBKHAMH TTOPTaMH Ul HUX MOXYTh CTaTH TepMiHAIN
[onpmii Ta PymyHii.
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H. Prymachenko, G. S. Pashchenko
RESEARCH OF PROPOSALS AND LOGISTICS
SOLUTIONS IN THE FIELD OF INTERNATIONAL
AND INTERNAL CONTAINER
TRANSPORTATION IN UKRAINE

Abstract. The paper analyzes and selects the
most relevant scientific proposals for the development of
container transportation by Ukrainian and foreign
scientists. The main reason for the revision of scientific
ideas is the rapid change in political and economic
conditions, which is why the proposals put forward, which
were of considerable benefit, require adaptation to new
circumstances. The globalization of traffic flows is an
important factor in international trade, so modern society
needs not only efficient but also the fastest possible
exchange of important goods. Global conflicts can both
impede and accelerate the development of logistics
systems. The possibility of integrating Ukraine's transport
system into the European one using terminal distribution
is determined. Such a proposal exists, but it is designed
for transit transportation, which can only be considered
in the long term. The most efficient functioning of
transport and logistics centers can be based on a
transport hub. The proposed clustering of terminals,
which will result in the formation of a set of different
enterprises in the form of an association, will reduce the
risks associated with unauthorized human intervention
and corruption. This could also be facilitated by the
digitalization of internal operations at container
terminals. Intermodal terminals could become not only
points of handling massive cargo flows, but also entire
transport and logistics centers, whose tasks would also
include organizing electronic document management and
providing cargo owners with the ability to determine the
location of cargo in real time. This can be realized with
the help of automatic identification systems, such as the
usual RFID or the more modern GPS. Foreign scientists
often develop the idea of dry ports, which can help to
establish the most effective interaction between seaports
and cargo owners located in remote places from the sea
coast. In addition, they help to solve the problem of lack
of available port space. Dry ports can be both state-
owned and privately owned. The most significant
examples of dry ports for Ukraine are those in Romania
and Poland.
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terminal.
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