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dopMmanizanis npouexypd HAJAAHHS AJbTEPHATHBHOIO MAapPUIPYTY
IIBUAKICHIM NMaCaKMPCHKHUM I0i31aM HA OCHOBI PU3HK-MEHEIKMEHTY

Heseanicaiouu na 3naunuil nius 308HIUHIX PaKmopie Ha OBLIbHICMb 3AIZHUYHO20 MPAHCNOPMY RO YAC 8OEHHO20
cmany 6 YKpaini, 6in npo0osacye 0ocmamuvo HalditiHo Gynxyionysamu. Ocobausoeo 3Ha4eHHs HAOYIU NACANCUPCHKE
nepesesents, aodice 8 ymosax 6otosux Oitl, ujo npuzeo0sims 00 PYUHYSAHHS MPAHCHOPMHOL IHOPACMPYKIMYpPU, 3a1I3HUYSL
NpuiiHAa Ha cebe 3HAYHEe HABAHMANCEHHS Npu opeanizayii eeakyayiunux mapwpymis. 3eiocu i 3HAYHA
8IONOBIOAILHICMb YCIX YHACHUKIE nepesiznozo npoyecy. Tomy 0ns niosuwenns HAOiHOCmI (yHKYIOHY8aAHHS cucmemu
WBUOKICHUX 3ANI3HUYHUX NACANCUPCOKUX NEPEBE3eHb 6 YMOBAX B0CHHO20 CMAHy 8 YKpaini 3anpononosano npoyeoypy
HAOAHHS ANbMEPHAMUBHO20 MAPWIPYIY HA HANPIMKY nepee3eHb WeuoKichum noizoam. Dopmanizayiio ybo2o npoyecy
NPOBEOEHO 3 BUKOPUCMAHHIM MEXHONO02IT PUBUK-MEHEONCMEHNMY ULIAXOM (POPMYBAHHS ONMUMIZ3AYIUHOI MamemMamuyHol
MoOeni 3a KpumepiemM MIHIMATbHO20 NepesUuerHs eKCHIyamayitivux eumpam npu nepese3enti aibmepHaAmueHUM
Mapuwipymom nopieuano 3i wmamuum 2cpagixosum nepegezennsim. Cucmema obmedcenv y Mmooleni 6i0odpasicye
00MedHCeHHSI HA MEeXHIYHI Ma MeXHONO2IMHI napamempu WeUOKIiCHUX noi30is I 3anisHuuHol iHgpacmpyxmypu. s
Gopmysantss MHOJMCUHU ATIbMEPHAMUSHUX MAPUWPYMI6 HA HANPIMKY Nepede3eHb SUKOPUCHIAHO HNOJONCEHHST Meopii
epaghis. Tononocito HanpPsIMKy ROOAHO K 36adCceHUll 2pag, Oe sepuuHam € 3a1i3HUYHI Cmanyii, a pebpamu — 3a1I3HUYHI
OinbHUYi 3 68a2010 Y U2IA0I KOpmedicy (0082CUHA OLNbHUYI, HASAEGHICMb eleKmpu@iKayii, nponycKHa CHPOMOIICHICID).
Muoocuna  anbmepHamueHux Mapuipymie  (GOpMyEMbCsi HA  OCHOBL  36adCeHOi mampuyi cymidcHocmi  epaga.
Chopmosany npoyedypy 3HAXOO0INCEHHS ONMUMATLHOLO ATbMEPHAMUBHO2O0 MAPWPYMY WGUOKICHUX NACAICUPCHKUX
noi30ie y euensidi NPoepaAMHO20 NPOOYKNY 3anpononoeano inmeepysamu 0o cucmemu ACK 1 Y3 na asmomamuzosani
poboui micys (APM) onepamugnozo nepconany y euensoi cucmemu niompumru nputinsmmst piwens (CHIIP).

Knwowuosi cnoea: weuoxicnuil pyx, nacajx)Cupcoki nNepee3eHHsl, GOCHHUL CMAH, PUBUK-MEHEONCMENN, AlbMePHAMUGHI
Mmapupymu.

Beryn

[Ipouec opranizamii MACAKUPCHKOTO 3aTI3HUYHOTO
CIIONIy4eHHs, 30KpeMa IIBUAKICHOTO, € HaA3BHUYaiHO
BOXJIMBUM HE JIMIIE IS JOCSATHEHHS MaKCHMaJIbHOI
e()eKTUBHOCTI Ta EKOHOMIYHOTO pe3yJbTaTy, ajie i 0e3neku
SK TAacaXHpiB, TaK 1 TMPAIBHUKIB  3aJI3HUYHOTO
TpaHCIOPTY. 32  POKH  HE3aIeKHOCTI  YKpaiHH
AT «VYKp3ami3HUIS» HEOTHOPA30BO 3iMITOBXyBajacs 3
MOBHOMACIITAaOHUMH HAa/J3BUYaHHUMHU CUTYALlisIMH, IO
BHMarajifl THYYKOTO pearyBaHHS Ha PO3BUTOK MOMIH i
MATBEPAWIN, IO 3aJli3HUI 3aJHIIAE€THCS CTPATErivyHO
BKIMBUM BHIOM TPAHCIIOPTY i 3000B’s3y€ ypaxOBYBaTH
MOJKJIMBI PU3HKH B MIPOIIECi IEPEBE3CHHS Ta IXHI HACIIIKH.

IlocTanoBka mpo0aeMu

P0O3BUTOK 1 YIOCKOHAJICHHSI aBTOMATU30BaHUX CHCTEM
VOpaBIiHHA Ha 3aT3HAYHOMY TPAHCIOPTi, 30KpeMa
MIBUJKICHUMH — TMACAXUPCHKUMHU  TOI3AaMH,  JJO3BOJISIE

HMIBUAKO PO3B’SI3YBAaTH CKJIAJHI PO3PaxyHKOBI 3aiadi Ta
NpUiMaTH  pallioHANbHI pIlIEHHS Ha BCIX pIBHAX
VIPaBIiHHS, OCOOJMBO B TMEpiofl BOEHHOTO CTaHYy.
BpaxoByroun, 110 IUIaHyBaHHS OOCSTIB MAaCaXKHPChKUX
nepeBe3eHb 3a3/aNerib € CKIaJHUM IPOLeCOM , a cami
TepeBe3eHHs HEPIBHOMIPHUMU B

yaci, ICHye HEOOXIIHICTb CTBOPEHHS TEXHOJOTIH
OIIEPAaTHBHOTO YIPABJIiHHS MBHAKICHUMH IaCaXKHPCHKUMH
MEpEeBE3EHHSIMH 3 YPaxXyBaHHAM HOTEHIIIHHUX PU3UKIB.

AHaJi3 gocaixkeHs i myoaikammii

Opranizarii [IBUAIKICHOTO MACaXUPCHKOTO
3II3HUYHOTO CIIONydeHHS B YKpaiHi IPUCBIYEHO OaraTo
JOCIiDKEHb, TPOTE B HHUX HE NPUAUIEHO yBary
OIIePaTHBHOMY YIIPABIIHHIO PYXOM IIBHIKICHHUX ITOI37iB B
YMOBaX HEBU3HAYCHOCT] Ta MOCTIHHUX PU3UKiB. AJie ITEBHI
KPOKH B I[bOMY HAIPAMKY 3pOOJICHI B CEKTOPi BAaHTAXKHUX

©T. B. ByTtbKo, JI. O. I[lapxomenxko, K. O. Tapacos, 1. A. I'aiinyk, 2023
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nepeBe3eHb. Tak, y crarti [1] mis miaHyBaHHS poOOTH
BaroHOMOTOKIB 3 HeOe3eYHIMHA BaHTaXaMH
3aIpoIIOHOBAHO ONTHMIi3alliifHy MaTeMaTH4Hy MOJENb 3a
KpuTepieM ekcro3uiii pusuky. LlinboBoro (¢yHKIi€0
BCTaHOBJIEHO CHCTEMY OOMEXeHb y KUIBKOCTI MOI3AIB i
BaroHIiB y CKJIaJi M0i3/1a 3 HeOC3MEYHUMHU BaHTa)KaMHU, SKi
MOXXYTh OJHOYACHO MpHOYBaTH Ha cTaHIlito. Pobora [2]
MIPUCBSYEHA JIOCTII/DKEHHIO e()eKTUBHOCTI
MYJIBTUMOJAIBHUX BAaHTKHHUX TIEPEBE3CHb 32 PaxyHOK
(opMyBaHHS CHUCTEMHM WIATPUMKH MPUHHATTA pillIeHb

(CIIIIP) nns  BU3HAYCHHS PHU3WKIB I HA  €Tarmi
IUIAaHYBaHHSA  MYJABTHMOJAIBHOIO  MapmpyTy, IO
nepenbavae BUOIp ONTHMAJIBHOIO Ta  C(QEKTUBHOIO

BapiaHTa 3a OaraTbMa KpUTEpisMHU (SIK Yac, MPOTSHKHICTS,
LIBHJKICTh, KJIIMaTH4HI Ta €KOJOTiYHI YMOBH TOIO) IPU
icHyrounx oOMexeHHsX. Cepel OCTaHHIX JOCIHIIKEHb Y
MAaCaXXUPChKOMY CEKTOpi TIepeBe3eHbh y pobotri [3]
chopMoBaHO OJTHOKPUTEPIaJIbHY onTHMIi3aliiHy
MaTeMaTUYHY MOJIe]Ib BU3HAUCHHS ONTUMAaJIbHOI KIJIBKOCTI
HaCaKUPChKUX MOI3MIB 1 IXHBOrO CKJIagy 3 ypaxyBaHHIM
MOXKJIMBHX PHU3MKIB IiJ Yac NEPEBE3CHb, a I IMOIIYKY
OINTHUMAJBHOTO PIlIEHHS 3alpoOlOHOBAHO BHUKOPHCTaHHS
amapatry TEeHEeTHYHHMX ajropuTMiB. [IMTaHHSM pPO3BUTKY
TEXHOJIOTIM YNpaBIiHHA pU3UKAMU Ha 3aJi3HUYHOMY
TPAHCNOPTi CTYpOOBaHi 1 TONBCHKI JOCHIAHUKH, SIKI Yy
cBoiil pobori [4] momanu 3actrocyBanHsi xmapuoi CIIIIP
(Cloud DSS), meroro sikoi € 30ip iH(popmarii mpo momii 3
MOAAJbIIMM aHANI30M, HA OCHOBI SIKOI (OPMYETHCS
CTaTUCTHKA, [0 Oyae BHKOPUCTAaHA JUIS OLIIHIOBaHHS

3arpo3d, IMOBIPHOCTI Ta  MNOTEHIIWHMX  HACIIJKIB.
Henmonikom € Te, 110 3alpoOlOHOBAaHE  PILICHHS
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COpPTYBaJIbHOI cTaHMmii B YMOBax  IepepoOKn
OpIEHTOBAaHO OlNIbIlIE HA HEBEIMYKI TPAHCIIOPTHI KOMMAaHIii
1 Ha eTami BIPOBAJKCHHSI HEOOXIMTHO MaTH TEBHY 0a3y
JIAHUX TIPO TOii.

Ha ocHOBI mpoBeneHoro anamizy MOXKHa 3pOOHTH
BHCHOBOK po HEOoOXiTHICTh (dbopmyBaHHS
ABTOMATH30BaHOI TEXHOJIOTI] YIIPaBIiHHS MIBHIKICHUM
MACAKUPCHKUM  PYXOM JUIsL  MIiABHINICHHA HaIiHHOCTI
MIBUAKICHUX TTACA)KUPCHKHX TTEPEBE3EHb 3 BUKOPUCTAHHIM
PYBHK-MEHEKMEHTY.

MeTa JocCaiIKeHHs

®dopMyBaHHS aBTOMATH30BAHOI TEXHOJOTIi HaJaHHI
AJIbTCPHATUBHOI'O MapupyTy I_HBI/I}IKiCHI/IM NnacaXxupCbKUM
TMOi3/1aM JIJIs1 IePEeBE3€Hb, MO0 BiOYBAIOTHCS.

BuKJj1a/1eHHSI 0CHOBHOI'0 MATEPiaJIy JIOCTiKEHHSI

Y mnepiog BOEHHOro craHy B YKpaiHi OCHOBHHM
CTpaTeriyHUM TEPEeBI3HUKOM MAaCa)XKHPiB, BKIIOYHO 3
eBaKyalliiHUMH T0i3/1aMH, CTa€ 3aJi3HUYHUHA TPaHCHOPT.
Taki TenaeHwii CTOCYIOTbCA ¥ AISIIBHOCTI «YKpaiHCHKOT
3anmizHnyHol mBHzAKicHoi komnaHiD» (Y3UIK). Ha ocHoBi
NOMNepeHbO  IMpoBefeHoro anamizy (puc. 1) Oyno
JIOBEZICHO, III0 Ha KUIBKICTh IEPEBE3CHUX MACaKUPIB
MBUAKICHUMH TIOI3JaMM, SK 1 3BHYAWHUMH, BIUIMBAE
ce3oHHUi Qakrop. [Ipu 1pomy HaiOinbIIa HAaceleHICTh
MOI3/IB CIIOCTEPIracThCs B IMEpiof JITHIX MEpEeBE3CHb, IO
MIATBEP/IKYETHCST BIAMOBIIHUME TapaMeTpaMu: CEepPeHE

3HauyeHns N, p1 CEPEIHBOKBAJPATUYHE BiIXUICHHS O,
koe(ilieHT HepiBHOMIpHOCTI K, 1110 HaBeieHo Ha puc. 1.
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N.ep = 224938 nac; o = 17625,81; K, = 1,628

[pumitka. 3a 2022 p. BpaXxoBaHO JUIIE ITOT3/1M, HA SKi OYI0 BiIKPUTO MPOJaK KBUTKIB, y T.4. €BaKyaIliiiHi.

Cratucruka 3a maanMu AT «YKp3ami3HALSD).

Puc. 1. luramika po3moiry KiTbKOCTI TIEPEBE3CHUX IMacakKUpPiB BiTHOCHO
3araibHOI KiJIBKOCTI 3aIIpOITIOHOBAaHMUX MicIlb y moi3nax ¢popmysaras Y 3K
3a Micsrpamu B miepion 3 01.01.2021 mo 31.08.2022 p.
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Oxkpemo 6yio onineno napamerpu 3a 2021 p. (N, =
254378,4 nac, 0 = 18764,06, K, = 1,439) i Bicim
Mmicsmis 2022 p. (Nep = 180777,4 nac, o = 33904,
K, = 1610). Omke, UBHAKICHI MEPEBE3CHHS
KOPHCTYIOTHCSI BHCOKAM TMONHWTOM HaBiTh i dYac
TIPaBOBOT'O PEKUMY BOEHHOT'O CTaHYy.

Boennnii cran y  KpaiHi  CYNPOBOIKYETHCS
MiIBUIIEHHSAM  IMOBIPHOCTI pYHHYBaHHS — 3aJIi3HUYHOL
iHQpacTPYKTypH, a caMme pyHHYBaHHS CTaHIlH, KOIiH,
KOHTaKTHOI MepeXi Ta TATOBHX TpaHC(OpMaTOpHUX
migcranuiin. ToOTo, KO NepeBe3eHHs BKe Bi0yBaeThCs,
HEeoOXiTHO nepenoaYnTH MOXITUBICTh HaJlaHHS
QIBTEPHATHBHOTO MAapUIpYTy NacaXUPChKUM TOI31aM,
30KpeMa UIBHAKICHUM, TMPakTHYHO B OINEPATUBHOMY
peKUMI.

Bu0ip anprepHaTMUBHOrO MapuIpyTy AJIsl IIBUIKICHUX
moizaie tumy Hyundai Rotem, Skoda, Tapnan 3anexutsb
Bij Oarathox (akTopiB. OJHUM i3 OCHOBHHX € iCHYyIOYa
TOIIOJIOTIS 3ai3HMYHOI CHCTEMHM Ta 11 MiACHUCTEM Ha
HanpssMKy — THepeBe3€Hb. [HIIMMH ~ BUpIMIATBHUMHA
(dakTopaMH € HAasBHICTH eNeKTPH(]IKOBAHMX IUIBHHIb 1
1XHS IPOITYyCKHA CIIPOMOXKHICTb.

Sk KpuTepii ornTuMizarii npu BUOOPI
QIBTEPHATHBHOTO MapIIPyTy HAa MHOXHHI MOXIJIHMBHX

3ponbymis
ARGV 15 S270

S=119

XMenbHULbKKI

—NEKTPAGIKOBAHE QALHHLA (2MiHHWH CTRYM)
= eneKTOMBIKOBaHa AAEHMUA (NOCTisHMA CTpyM)
== HEGNEKTPHOIKOBAHA ANLHHLA

Hosorpaa-
BONMHCbKMIA

Weneriexka

CTapOKOCTAHTUHIB

JOIUTBHO ~ oOpat  ab0  MiHIMaJbHE  ITiIBUIIICHHS
eKCIUTyaTallifHUX  BHUTPAT TOPIBHAHO 31  INTaTHUM
rpadikoBuM  MapmipyroM, abo  MiHIMaJBbHHH  Yac

TiepeBe3eHHS acaXXUpiB.

Juisi BUpIlIEHHS Takoro 3aBIaHHsS 3aIlpOIIOHOBAHO
BUKOPHUCTAHHS YIPaBIiHHS TII€PEeBE3CHHSIM Ha OCHOBI
TEXHOJIOTIl PHU3MK-MEHE/DKMEHTY, a SK MaTeMaTHYHHN
anapar 1mozo (opmaizamii npoueaypu NpUAHATTS PillIeHb
NpU YIpaBIiHHI PyXOM IIBUJAKICHHX MOI3IB — amapar
Teopii rpadis.

Buxopsum 3 BUILlEHABEIEHOTO, TOIMOJIOTII0 HAINPSIMKY
nepeBe3eHb TomaeMo sk 3Baxkenundt rpad G(1,]), ne
I = I(i) — MHOXXMHA BepuIvH rpada (3aJi3HUYHI CTaHIIT),
J(§) — muOox)uHa peGep rpada (3ami3HUYHI TUIBHHIG) 3
Barow y BUrisii Koprexy: j(i, iw) = (Sj by, 1), ne Sj —
JIOBXKMHA JiNpHUILI; A; — OyneBa 3MiHHA, Aj =
{1 — OinbHUYA j enexmpughikosana, .y — mpomyckna

0 — Oinvruys j Heenxkmpughikosana™ )

CIIPOMOXHICTh j-i minbHuL; k € (i) — HOMep BEepIIMHU
(cranmii). Slk mpukiaam Ha puc. 2, 3 HaBEACHO 3BaXKCHI
rpadu Ha HampsMKax nepeBe3eHb Kwuis-JIbBiB, Kwuis-
Opneca.

Kopocrens

Huromup
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ol Kosatuu .
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S

BiHHUMYA

HmepuHka ‘

Puc. 2. 3Baxkenuii rpad 3a1i3HAYHOT MCHCTEMH 32 HANIPSMKOM NiepeBe3eHb KuiB-JIbBiB
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5,
N 3MaM A
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Konociexa

s,

Mukonais

Opeca
Puc. 3. 3Bakenuii rpad 3ami3HUYHOI MiJICUCTEMH 32 HANPsMKOM repeBe3eHb Kuis-Oneca

BiamoBinHo 10 monoxkeHb Teopii TpadiB Mapmpyt I'pad, HaBemenwit Ha puc. 3, € HBO3B’SI3HUM, IIPH
BU3HAYAETHCS SIK TIOCHTIZIOBHICTh I pebep, HEOOOB’A3KOBO ILbOMY  KUIBKICTh ~ MOMJIMBHX  €leKTpH(iKOBaHHMX
PI3HHX, ajie TaKUX, 10 KOXHI BEPUIMHM JBOX CYCITHIX MapiipyTiB, 0 MOB’s13yi0Th BepunHy 1 (KuiB) i Bepunny
pebep criBnaiaroTh. 26 (Ogeca) cranoBuTh 8. BimnosimHo mo rpada (puc. 3)

Sk mpukiany  po3rVIIHEMO — HAOPSAMOK — pyXy HOOYIOBaHO 3Ba)KEHY MATPHUIIO CyMiXHOCTI (puc. 4), 1o
MacaXMPCHKUX INBUAKICHUX MOI3/iB 32 HanpsMKoM KuiB- IOBHICTIO 1 OJHO3HAYHO BIATBOpIOE el rpad. Bary j-ro
Opeca (puc. 3), Ha SIKOMY YepPBOHHM KOJILOPOM IMO3HAYEHO pedpa BinoOpakye DOBXKHMHA BiANIOBIAHOI AiIbHULI Sj.
enekTpu(iKoBaHi JUIBHULI 3MIHHHM CTPYMOM, & YOPHUM —

HeenekTprdikoBaHi.

01 [02]03)04|05/06|07 (08|09 | 1011|1213 (14|15(16| 17|18 | 19|20 |21 (22|23 |24(25]|26

02|63 X |9 100
03 95| X | 40 20
04 40 X |22
05 21X |47
06 47| X | 82
07 82| X |37
08 37| X | 54
09 54| X |26 26
10 26| X | 116 22
11 116| X 72
12 | 156 X |88
13 88 | X | 63
14 63 | X [121

16 | 108 | 100 X |76
17 76| X |32
18 32X 92

24 84 185| X | 61
25 61 | X | 124
26 72 124 X

Puc. 4. 3paxxena Matpurlst cyMixkHOCTI rpada 3a HanpsiMkoM Kui-Opneca
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3 METO0 BU3HAYCHHS ONTHMAJIBHOTO
ANTBTEPHATHBHOTO MAapIIPYyTy c(hOPMOBAHO ONTHUMI3AMIHHY
MaTEeMaTUYHY MOJCIb 32 KPUTCPIEM MiHIMAIBHOTO
MBUIIEHHSl eKCIUTyaTallifHUX BHUTpPAaT TMOPIBHIHO 3

eKCIUTyaTal[ifHUMA BUTpaTaMH Ha
nepeseseHHs  AE(Suum,) pasoM i3

CHCTEMOIO 0OMEXKEHD

mraTHe rpadikoBe
i BiJITIOB1THOFO

AE (Stwbmm) = Sep : Cnoi"s()omz +H [(Saﬂbmm - S?p ) : Cnoié()mcw + +Cei0no&1.in¢p] => min,

Sanomm¥{Sanomm}

R =08
WwW<9
U NNy

Vion < 160 kM/To0g,

ne AE(Sanmm) -
S(L’lbmmv{saflbmm}

eKCIUTyaTallifHUX BUTPAT HOPiBHSAHO 3 €KCIUTyaTalliHHUMU
BUTPATaMU Ha INTaTHE rpadikoBe NepeBE3EHHS;

C rois00cn — BAPTICTh 1 TOI31-KM, TPH;

H — iMOBIpHiCTh BUHUKHEHHS CUTYallil (BU3HAYAETHCSA
EKCIIEPTHUM HUIAXOM);

m — iHIEKC, HOMep albTePHATUBHOTO MapIIPYTY;

M-ro

BCIIMYMHA HiJIBI/IHIeHHH

S. ATkTy, TPOTSKHICTh aJIbTEPHATUBHOTO

MapIipyTy, KMm;

R — HaceneHicTh mmoi3fa;

W — KiJIbKiCTh BaroHiB y moi3i;

N — nporrycKHa CIIPOMOXKHICTB JIiHii;

V xox — XO/10BA LIBUIKICTD, KM/TOJI.

Jdnst  ¢dopMyBaHHA  MHOXKMHM  QJIbTEPHATHBHHUX
MapIIpyTiB {Su,m,, } BUKOPUCTOBYEThCA 3BaXKE€HAa MATPULIA
CYMDKHOCTI 32 TakMM aJrOPUTMOM: SIKIIO BiIOYJIOCH
pyHHYBaHHS 3alli3HUYHOI 1H(QPACTPYKTYpH, TO pedpo
j = j(i, i+1) Bunydaerbcs 3 rpada IUIAXOM
MEPETBOPEHHsI eneMeHTa Matpuil (i, i.+1) Ha MyCTy
KIITHHKY. Y CKOperoBaHid MaTpulli pO3TISAarOThCs
KIIITHHKY 3 HEHYJIbOBUMH €JIEMEHTaMH, SKi OB’ A3YIOTh
CTaHII0 i, 3 IHIIMMH CYMDKHUMH CTaHI[ISIMH, IO
HaJIEKaTh allbTEPHATUBHUM MapupyTraM. st KOxHOL
TaKoi  CTaHIIl Hpolleaypa MOBTOPIOETHCS 0 . KiHIEBOI
crannii. [IpoTsoxHicTs AUTBHHULI Sj TOJAETHCS MiXK COOOI0

UIT KOXKHOTO MapHipyty S Otxe, QopmyeTbes

albTm *
MHOXHUHA aJIbTEPHATUBHUX MApUIPYTiB {Sgum, }, CEpen
SIKUX 3HAXOJWThCS ONTHMAJbHUMA, 10 € PIMICHHIM
c(hopMOBaHOi BHIIIC MATEMAaTHIHOI MOJIEITI.

Y BuUMNaaky, KOJIH A0 aJbTEPHATUBHOTO MAapIIPYTY
JIOIJIBHO BKJIIOYATH HeeleKTpu(ikoBaHi TiMbHUILI (peOpo
rpada), TOOTO mependavaeThCs, MO HA i UTBHUII
MBUAKICHUA TOTAT OyIde TATHYTH  TEIUIOBO3 IO
eNeKkTpr(hiKOBAHOI MITBHMUIN, TO PO3MIp 3BAXKEHOI MATPHIIi
CYMDKHOCTI HEOOXimHO 30UIBIIUTH 1 JOJATH CTaHIli Ha
HeenekTpudikoBaHiil ainpHUMi. [lpn mpoMy 10 KpUTEpito

@

HeeNeKTPU(IKOBAHO! JIMBHULI HAa MapWIPYTi  Suum,,
* o — BAPTICTB 1 MOi3/1-KM NPH TETIOBO3HIH T3i.

Po3pobiena ontumizaniiina MaTemMatuaHa Mozenb (1)
3aBXKIM Ma€ PO3B’SA30K, SKIIO BHACHINOK PYHHYBaHHS
3a;mi3HU4YHOl  iHpacTpykTypu rpad, 10 BiATBOPIOE
TOIOJIOTIO miicucTeMu HaTpsAMKY nepeBe3eHb,
3JIMIIAETHCS 3B’ I3HUM.

CdhopmoBana Monenb Moxke OyTH IHTErpoBaHa B
CTpyKTYypy iH(popmauiiiHo-kepytouoi cucremun ACK I1I1
V3 sk nogatkosa 3amava aius APM JIHL[, APM JIC, APM
JCII y Burisal cucreMu MiATPUMKH MPUNAHATTS pillieHb

(CIIIIP).

BucHOBKH
3 Meroro 30UIBIIEHHA HAMIMHOCTI IIBHUIKICHUX
MacaXUPChKUX  TepeBe3eHb 1  MIABUINEHHS  IXHBOI

KOHKYPCHTOCIIPOMO)XHOCTI Ha TPAaHCIOPTHOMY DHHKY,
0CcOONMBO B TMEpioJi BOEHHOrO CTaHy B YKpaiHi i
MOXIIUBOTO PYHHYBaHHs 3aJi3HUYHOI 1H(PACTPYKTYpH.
3amporoOHOBaHO  BHKOPUCTAHHSI  TEXHONOTIH  PU3HK-
MEHE/KMEHTY TMpH YIPABIiHHI PYXOM HIBUAKICHHX
noizaie kommanii Y3UIK. Jlns 1poro ¢opmarnizoBaHo

Opouenypy  HaJaHHS  aJbTEPHATHBHOTO  MapIIPYTy
OpsIMyBaHHS ~ MIBHAKICHAM — [O[3I0M Yy  BHIAAKY
pyiHyBaHHsI IHPPACTPYKTYpHHX 00’€KTIB AT

«Ykp3anizuuipy. Dopmanizallifo MPOBEJEHO HA OCHOBI
(hopMyBaHHs ONTUMI3aIiITHOT MaTeMaTHYHOT MOJEII, Jie SIK
KPHUTEpii 3alpONOHOBAHO MiHIMI3aIlil0 eKCIDTyaTaIliifHuX
BUTpAaT TMPH TEPeCyBaHHI IIBUAKICHOIO TIIOTSTa 3a
aNPTEPHATHBHUM MAapIIPYTOM TIOPIBHAHO 31 INTaTHUM
rpadikoBuM MapmpyroM. CrcremMa OOMEXEHb ypaxOBYe
TEXHIYHI 1 TEXHONOTIYHI XapaKTePUCTHUKH IIBHUIKICHUX
MAacaXUPChKUX TMOI3IB 1 3aMi3HUYHOI 1H(OPACTPYKTYpH.
Jns  3HAXOMKEHHS ONTHUMAJBHOTO  AlbTePHATUBHOIO
MapUIpyTy BHUKOPHCTAHO MOJOKEHHS Teopil rpadis, mio
MAIOTh ~MOXJIMBICTH IMOJATH  TOIOJIOTIIO  HATIPSAMKY
mepeBe3eHh y BHIIIAL 3BaKeHOro rpada (3a Bary
NPUAHATO MTOBKWHY MiBHMIN) 1 BIAMOBITHOI MAaTpHII

ontumizauii AE(Suum,,) nonaerbes Bemuunna AEY(S).  cymikHOCTI. MHOXHMHA —MOMIMBUX — albTePHATHBHHX
Honanok AE;(Sj) sBasie COO0K0 eKCIUTyaTalliiHi BUTPATH Y  MapIupyTiB (OPMYETbCS Ha OCHOBi 3BaKEHOI MaTpHIi
Burmsiti - AE = Si- Goippen A€ S —  JOBKHMHA CyMDKHOCTi.  3ampomoHOBaHy  TNPOLEAYpPy  HaJaHHA
AIBTEPHATHBHOTO MapLIPYTy MOYMHAIOYM 3 OyHb-SIKOI

35 IKC3T, 2023 Nel




IHOPOPMAILINHO-KEPYIOUYI CUCTEMU HA 3AJIIBHUUYHOMY TPAHCIIOPTI

CTaHWii HAa NULIXY NPSAMYBAaHHS MIBHIKICHOTO IOi3Ny Y
BUTJLSIII  TPOrPaMHOTO  HPOAYKTY  PEKOMEHJOBAaHO
inrerpyBatu 1o ACK IIIT Y3 ta APMu oneparuBHOro
HepCcoHaly Y BUIVIAAL JOAATKOBOI 3ajayi, IO JO3BOJIE
ABTOMATH3yBaTH Liell mpolec Uil NMEepPEeBE3eHHs, SKe BXKe
BiZIOyBa€eThCA.
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Abstract. Despite the significant impact of external factors
on the activities of railway transport during martial law in
Ukraine, it continues to function quite reliably. Passenger
transportation is of particular importance, because in the
context of hostilities that lead to the destruction of
transport infrastructure, the railways have taken on a
significant burden in organizing evacuation routes. Hence
the significant responsibility of all participants in the
transportation process. Therefore, to improve the reliability
of the high-speed rail passenger transportation system
under martial law in Ukraine, the author proposes a
procedure for providing an alternative route for high-speed
trains. This process was formalized using risk management
technology by forming an optimization mathematical
model based on the criterion of minimal excess of
operating costs during transportation by an alternative
route compared to regular scheduled transportation. The
system of constraints in the model reflects restrictions on

the technical and technological parameters of high-speed
trains and railway infrastructure. To form a set of
alternative routes in a transportation direction, the
provisions of graph theory are used. The topology of the
direction is represented as a weighted graph, where the
vertices are railway stations and the edges are railway
sections with a weight in the form of a tuple (section
length, electrification, capacity). The set of alternative
routes is formed on the basis of the weighted adjacency
matrix of the graph. The procedure for finding the optimal
alternative route for high-speed passenger trains in the
form of a software product is formed and proposed to be
integrated into the ACS system of passenger transportation
of Ukrzaliznytsia on the automated workplaces of
operational staff in the form of a decision support system.
Keywords: high-speed traffic, passenger transportation,
martial law, risk management, alternative routes.
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