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dopmadtizanis npoueaypu HAJAHHA AJTbTEPHATUBHOIO MAPLIPYTY
IIBUIKICHUM MACAKUPCHKUM I0131aM HA OCHOBI PU3UK-MEHE/IKMEHTY

Hesgaoicarouu na 3naynuil 6niue 3068HIUHIX PaKxmopié Ha OIAIbHICIb 3ANI3HUYHO20 MPAHCHOPMY Ni0 4aAC B0EHHO20
cmany 6 YKpaini, 6iH npooosicye docmamubo HAOIUHO @yHKyionyeamu. OcoOiu6020 3HAYEHHs HAOYIU NACAHNCUPCHKI
nepesesents, adiice 8 ymosax 60uoux Oiil, Wo Npu3800ms 00 PYUHYEAHH MPAHCNOPMHOL IHpaAcmMpyKmypu, 3a1i3HUYs
NpuiiHAna Ha cebe 3HAYHEe HABAHMANCEHH NpU Op2aHizayii esaxkyayituHux mapwipymis. 36i0cu i 3HAYHA
8I0N0GIOAILHICMb YCIX YHACHUKIG nepesizHo2o npoyecy. Tomy 0na niosuwjenHs HAOIIHOCMI (DYHKYIOHYBAHHS CUCTEMU
WBUOKICHUX 3AMIZHUYHUX NACAICUPCLKUX NEePese3eHb 8 YMOBAX BOEHHO20 CMaHy 6 YKpaiHi 3anponoHoeano npoyeoypy
HAOAHHA aNbIMEPHAMUBHO20 MAPUPYIY HA HANPAMKY nepese3ens WeUoKicHum noizoam. Qopmanizayiio ybo2o npoyecy
NnpoBedeHO 3 UKOPUCHAHHAM MEXHONI02I] PUBUK-MEHEONCMEHMY WAAXOM POPMYBAHH ONMUMI3AYITIHOT MAMeMAMUYHOL
Moo0eni 3a Kpumepiem MIHIMANbHO20 NePeBUWEHHS eKCNIYAMAYiUHUX eumpam npu NepeGe3eHHi albMmepHAMUGHUM
Mapwpymom nopieHano 3i wmamnum epagikoeum nepesesenmam. Cucmema obOmedicenb y Mmooeni 6idodpaicye
0bOMediCentsi Ha MeXHIiYHI ma MexHONIO2IUHI napamempu WEUOKICHUX noi30ie i 3aniznuunoi ingpacmpyxkmypu. s
opmysants MHONCUHU ANbMEPHATMUGHUX MAPUIPYmMie HA HANPAMKY Hepeee3eHb GUKOPUCHIAHO HOJOJCEHHST meopii
epagpis. Tonono2iro HaNPAMKY NOOAHO 5K 36AJICeHUll 2pagd, Oe eepuluHaMU € 3ATI3HUYHI CMAHYIl, a pedpamu — 3aNI3HUYHI
OinbHUYI 3 8a2010 Y 6uUeNA0l Kopmedicy (006CUHA OLIbHUYI, HAABHICMb eleKmpugikayii, nponycKHa CRPOMOAICHICIIY).
MHuooicuna  anbmepHamueHux —Mapuipymie @GopmMyemvcsi HA OCHOBL  36adiceHoi mampuyi cymidxcHocmi epaga.
Coopmosany npoyedypy 3HAXOO0NUCEHHS ONMUMATLHOZ0 ANLMEPHAMUBHO20 MAPUPYIY WBUOKICHUX NACAICUPCHKUX
noiz30is y uensadi npoSPamMHo20 nPOOYKMy 3anponornosaro inmezpysamu 0o cucmemu ACK Il Y3 na asmomamuszosani
poboui micys (APM) onepamuenoeo nepconany y euenaoi cucmemu niompumxu nputinamms piwens (CIITIP).

Knrwouosi cnosa: weuoxicnuil pyx, nacadxiCupcovKi nepesesents, 60EHHUU CMaH, PUSUK-MEHeONCMEHM, AlbMepPHAMUGH]
mapwipymu.

Beryn

[pomec oprawizamii MacaXUPCHKOrO  3aJTi3HAYHOTO
CHOJIY4eHHS, 30KpeMa MIBHAKICHOTO, € Ha/J3BHYaiHO
BAXJIMBMM HE JIMIIE ISl JOCATHEHHS MAaKCHMaJIbHOI
e(eKTUBHOCTI Ta EKOHOMIYHOT'O PEe3yJIbTaTy, ajie 1 Oe3neKu
SK TacaXwpiB, TaK 1 TPamiBHUKIB 3aJi3HUYHOTO
TpaHCTIOPTY. 32  POKM  HE3AISKHOCTI  YKpaiHu
AT «YKp3aJi3HULSD HEOAHOPA30BO 3IIITOBXYyBamacs 3
MIOBHOMACIITAOHUMH HAJ3BHYAHHUMH CHUTYALsIMH, IO
BUMaraji THYYKOrO pearyBaHHS Ha PO3BHTOK HOMINA 1
MATBEpAWIN, IO 3aJ3HULS 3AIUIIAETHCS CTPATEridyHO
BaXXJTUBMM BHJIOM TPAHCIIOPTY 1 3000B’513y€ ypaxoBYBaTH
MOXJIUBI PU3HMKH B TIPOLIEC] TIEpEeBE3eHHS Ta IXHI HACIIAKH.

IHocTanoBka npodaemu

Po3BUTOK 1 yOCKOHAJICHHSI aBTOMAaTH30BAHUX CHUCTEM
VIOpaBIiHHA Ha 3ai3HUYHOMY TpPAHCIIOPTi, 30KpeMa
IIBHAKICHUMH — TTACaXUPCHKUMH  II0I37aMH,  JI03BOJISIE

IIBHKO PO3B’A3YBAaTH CKJIaJHI pO3paxyHKOBI 3ajgaul Ta
NpuiiMaTH  pamioOHaNIBHI pIlIEHHS Ha BCIX  PIBHAX
YIpaBiiHHSA, OCOONMBO B TMeEpiof BOEHHOTO CTaHYy.
BpaxoByioun, 0o IuraHyBaHHS OOCSTIB IACa>KUPCHKUX
TiepeBe3eHb 3a3/aJIeTilb € CKIAHUM IPOIECOM , a cami
riepeBe3eHHsT HEPIBHOMIPHUMHU B

yaci, ICHye HEOOXIZHICTb CTBOPEHHS TEXHOJOTIH
OIEPaTHBHOIO YIPaBJIiHHS IBUAKICHIMH MTACAKHUPCHKUMH
TIepeBE3CHHSIMU 3 YpaxXyBaHHSIM NOTEHIIHHIX PU3HKIB.

AHaJi3 gocjigzkeHsp i myoaikanii

Opramnizarii MIBUAKICHOTO MaCaXXUPCHKOI0
3aJII3HUYHOTO CITONyYEeHHS B YKpaiHi NMPUCBSUEHO OaraTto
JIOCHI/PKEHb, IIPOT€ B HHUX HE NPHUAUICHO yBary
OIIEpaTHBHOMY YIPABIIiHHIO PyXOM IIBHJIKICHHX IOI3/iB B
YMOBaxX HEBU3HAYEHOCTI Ta MOCTIHHUX PU3HKIB. AJe IIEBHI
KPOKH B IbOMY HAaIpsIMKY 3pOOJIEH] B CEKTOPI BaHTa)KHUX
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIOPTI

nepeBeseHb. Tak, y crarrti [1] ans muaHyBaHHS poOOTH
BaroHOMOTOKIB 3 HeOe3MeYHNMHU BaHTaXaMHU
3aIpoIIOHOBAHO ONTHMI3aIliiiHy MaTeMaTn4Hy MOJENb 3a
KputepieM excnosumii pu3uky. LlimpoBoio (yHKIiERO
BCTaHOBJICHO CHCTEMY OOMEXEHb Yy KUIBKOCTI IMOi3AiB i
BaroHiB y CKJaJi Moi3za 3 HeOe3[eUHUMH BaHTaKaMH, SIKi
MOXYTh OJHOYACHO TpHUOyBaTH Ha craHIiio. Pobora [2]
[IPUCBSIYEHA JIOCIIIDKEHHIO e(heKTUBHOCTI
MYJIBTUMOJAIBHUX BaHTAXHMAX IIEPEBE3EHb 33 PaXyHOK
(opMyBaHHS CHCTEMHU IIATPUMKH UPUHHATTA pillIeHb

(CIITIP) nmnst BW3HA4YeHHS pPH3WKIB INE€ HA  eTam
IUIAHYBaHHS  MYJBTUMOAQIBHOIO  Mapuipyry, IO
mepenbadae BUOIp ONTHMAIBHOTO Ta  e(EKTUBHOIO

BapiaHTa 3a OaraTbMa KpUTEpisiMH (SIK Yac, MPOTSDKHICTS,
IIBHAKICTh, KIIMaTH4HI Ta EKOJOTi4YHI YMOBH TOLIO) NPH
icHyrounx oOmexxeHHsX. Cepel OCTaHHIX JOCTIDKEHb Y
MacaXMPChKOMY CEKTOpi TIiepeBe3eHb y poboti [3]
chopMOBaHO OJHOKpPHUTEPiaTIbHY oINTHMi3aniiHy
MaTeMaTH4Hy MOJENIb BU3HAYCHHS ONTUMAJIBHOI KIJIBKOCTI
MaCaXMPCHKUX IOI3/1iB 1 IXHBOTO CKJIAAY 3 ypaxyBaHHSIM
MOXIIMBHX PHU3HUKIB I 4ac NepeBe3eHb, a Ui IOIIYKY
OINITUMAJBHOTO PIIICHHS 3aIpPOIIOHOBAHO BUKOPHUCTAHHS
amapaTry TEHETHYHHX airopuTMiB. ITUTaHHAM pPO3BUTKY
TEXHOJIOTIM yIpPaBIiHHA pPH3UKAaMH Ha 3aJII3HUYHOMY
TpaHCIOPTi CTypOOBaHI 1 IOJBCHKI JOCIIAHUKH, SIKi Y
cBoiil poborti [4] monmanm 3acrocyBanHs xmapHoi CIIIIP
(Cloud DSS), meroro sikoi € 30ip iHpOpMarii mpo momii 3

COpTYBaJbHOI  CTaHLii B  yMOBax  IEpepoOKH
OpieHTOBaHO OiJIbIlIe HA HEBEIWYKI TPAHCIIOPTHI KOMIIAHI1
1 Ha eTari BIPOBa/DKEHHS HEOOXiAHO MaTH NeBHY Oa3y
JTAaHUX TIPO TOZii.

Ha ocHOBi mpoBeneHoro anaiizy MOXXHA 3pOOHTH
BHCHOBOK po HEeoOXiTHICTh (dbopMyBaHHS
aBTOMATHU30BAHOI TEXHOJIOTI] YNPaBIiHHSA IIBHIKICHUM
MAaCaXMPCHKUM  PYXOM Ul IABHINEHHA HAIiHHOCTI
IIBHAKICHUX MAaCAKUPCHKHX IEPEBE3CHb 3 BUKOPHCTAHHSIM
PHU3HK-MEHEKMEHTY.

Merta J0CIizKeHHS

®dopMmyBaHHS aBTOMATH30BAaHOI TEXHOJOTii HaJaHHSI
aJhTEPHATUBHOIO MapIIPYTy IIBUAKICHAM MMACAXKUPCHKAM
T0i3/1aM JIJIs TIEPEBE3CHB, 1110 BiIOYBAIOTHCS.

BukiiaeHHs OCHOBHOT0 MaTepiajy I10C/iTKeHHs

VY mepion BOEHHOro CTaHy B YKpaiHi OCHOBHUM
CTpaTeriyHUM TIEPEBI3HUKOM ITAaCaXHpPiB, BKIIOYHO 3
€BaKyallifHIMH TI013aMH, CTa€ 3aJTi3HWYHUH TPAHCIOPT.
Taki TeHAEHINT CTOCYIOTBCA W MISTTBHOCTI «YKpPaiHCBHKOI
3ami3HU4HOI mBHAKicHOi kommaHii» (Y3ILK). Ha ocHosi
MoTIepeIHhO  TpoBeeHOro amamizy (puc. 1) Oymo
JIOBEIEHO, MI0O Ha KUIBKICTh IIEPEBE3CHHX IAaCaKUpiB
IIBHAKICHUMH T0i37aMH, SIK 1 3BUYaliHUMH, BIUIUBA€E
cesonHnii akrop. IIpn mpomy Haiibinblna HaceleHiCTh
TIOI3/IIB CIIOCTEpIraeThCs B MEpiof JITHIX IepeBe3eHb, M0

NOJANBIINM  aHAJIi30M, Ha OCHOBI sIKOi (OPMYETBCS  mifTBEpIKYEThCA BiIOBITHMMH MapaMeTpaMH: CEpeITHE
CTaTUCTUKA, M0 6}’/1? BUKOpHCTAHA UL OUIHIOBAHHA  syauennst N, CepeIHbOKBA/IPATHYHE BiJIXWIEHHS O,
3arposu,  IMOBIPHOCTI ~ Ta  HOTCHUIMHMX — HACHIAKIB.  yoedinient nepiBHOMipHOCTI K, 110 HABEJEHO Ha pHC. 1.
Henmomikom € Te, 1m0 3anpoNOHOBaHE  pilIEHHS
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2021

[J3aranbHa KinbKicTb micub B HaceneHictb, %

2022

Neep = 224938 n1ac; 0 = 17625,81; K, = 1,628

[Mpumitka. 3a 2022 p. BpaxoBaHO JIMIIE 1T0i3/11, Ha AKi OyJI0 BIIKPUTO NPOJAXK KBUTKIB, Y T.4. €BaKyaIliiHi.

Crarucruka 3a ganumMu AT «YKp3ai3HATY.

Puc. 1. Jlunamika po3noaiiay KiIKOCTI EpEBE3EHHUX ITACaKUPiB BiIHOCHO
3araJbHOI KiJIbKOCTI 3aIPONIOHOBAHMX MicIpb y moizaax ¢opmysanus Y 31K
3a micsarvu B niepion 3 01.01.2021 mo 31.08.2022 p.
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Oxpemo Oyno ouineHo napamerpu 3a 2021 p. (Ncep =

254378,4 nac, o =18764,06, K, =1,439) i BiciM
Mmicsmis 2022 p. (Ncep = 180777,4 nac, o = 33904,
K, =1,610). OTxe, LIBHIKICHI MIEPEBE3CHHS
KOPHCTYIOTHCS BHCOKHM TIOMMTOM HaBiTh TiJ 4ac
MIPaBOBOT'O PEKUMY BOEHHOTO CTaHy.

Boennnii cran y  KpaiHi = CyHpPOBOMXKYETHCS
MiIBUIIEHHSAM  IMOBIpDHOCTI pyHHYBaHHS 3aJli3HUYHOI

iHppacTpyKTypH, a came pyHHYBaHHsS CTaHIil, KOIiH,
KOHTakTHOI MeEpexXi Ta TATOBHX TPaHC()OPMATOPHUX
migcraHmiin. ToOTo, KO MepeBe3eHHS BXKE BiIOYBaEThCA,
HEeoOXiTHO repeoaunTH MOXJIUBICTh Ha/laHHS
aJbTEPHATUBHOIO MAapUIpyTy NacaXUPChKUM TOI3/aM,
30KpeMa IIBUAKICHUM, IPAaKTUYHO B ONEPATUBHOMY
PEKHUMI.

Bubip anpTepHaTHBHOrO MapHIpyTy AJIsl IIBUIKICHHUX
noizaiB Ty Hyundai Rotem, Skoda, Tapman 3anexuts
Bixg Oarathox QaxropiB. OJHMM 13 OCHOBHHX € iCHYyro4Ya
TOIIOJIOTISA 3ajli3HAYHOI CHCTEMH Ta 1I MIJACUCTEM Ha
HalpsIMKy  IepeBe3eHb.  |HIMMHM  BHpIIAIEHUMHU
(akTOopamMH € HasBHICTH €IEKTPU(DIKOBAHMX MUIBHUID 1
XHSI IPOITYCKHA CIIPOMOXHICTb.

Ak KpuTepii ornTuMizarii npu BHOOpi
aJIbTEPHATUBHOIO MapIIpyTy Ha MHOXHHI MOXIIUBHX

3nonbyHis

AmenbHULbKKWIA

- enesTpubikaBaHE AiAsHMLA (3MikHIE CTRyM)
o eneKTRMGIKCBaHE AiNsHMUA (NOCTiAHWA CroyM)
= HeenenTEMBINEEaHa AinEHHUA

Hosarpag-
BonuHcbKui

% 13
. &
14

WeneTiaka

JIOLITBHO  oOpaT  abo  MiHIMAJbHE  ITi[BUIICHHS
eKCIUTyaTallifHUX  BUTpaT TMOPIBHSHO 31  IITaTHUM
rpagikoBUM  MapmpyroM, abo  MiHIMQJIbHHUM  4Yac

TIepeBe3CHHS MTaCaXHPiB.

Jis BUpIIEHHS TakKOro 3aBJaHHS 3aIPONOHOBAHO
BUKOPHCTAaHHS YIIPABIiHHSA IIEpEeBE3CHHSIM Ha OCHOBI
TEXHOJIOTI] PU3NK-MEHEDKMEHTY, a SK MaTeMaTHIHHUI
amapar oo (opmaizanii npouenypu IpUHHATTS pilllcHb
IIPY YIpPaBJiHHI PyXOM INBWAKICHHX IMOi3JiB — amapar
Teopii rpadis.

Buxonsun 3 BUILEHABEIEHOTO, TOIMOJIOTII0 HAIPAMKY
MepeBe3eHb NogaeMo sk 3Baxenuid rpad G(I,]), ne
I = (i) — MHOXXHMHA BepluWH rpada (3aTi3HUYHI CTAHLIT),
J(j) — muoxuHa peGep rpada (3amisHudHi AiTBHMIN) 3
Barow y Burisii Koprexky: j(iy, i) = (S]-,hj,rj), ne S; —

JIOBXKMHA  JIJIBHUII, h]- OynmeBa 3MiHHA, h]- =
1 — dinbHuys j enexmpugbikosana,

. . . ; 7 — TpONycKHa
0 — OinbHuys j Heerkmpugixosana

CIIPOMOXKHICTh j-1 HinbHULI; K € [(i) — HOMEp BepIUMHH
(cranuii). Sk mpukmang Ha puc. 2, 3 HaBEAEHO 3BaKEHI
rpadu Ha HampsMKax nepeBe3eHb KwuiB-JIpBiB, Kwuis-
Opeca.

- KopocTens
12 3

Huromup

=100

Dacris
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&
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N
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HmepuHKa

Puc. 2. 3Baxkennii rpad 3ami3HUYHOI TiACKCTEMH 32 HAPSIMKOM TiepeBe3eHb KuiB-JIbBiB
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Kopocrers
Vi

>

Hosorpaa-
Bommcuiit

S
\,.@..-.m

p i

Bonumcska

Mukonais

Opeca

Puc. 3. 3Baxkennii rpa¢ 3ami3HIYHOI ITiACKCTEMH 32 HAIIPSIMKOM ItepeBe3eHb Kui-Oneca

BigmosinHo 10 monokeHb Teopii rpadiB MapmpyT
BH3HAYAETHCS SIK IMOCHTIIOBHICTh 1" pedep, HeoOOB I3KOBO
pI3HHX, alieé TaKWX, IO KOXHiI BEPIIUHH JBOX CYCITHIX
pebep criBmaaoTh.

Sk mpukimax  poO3IISHEMO — HANPAMOK  PYyXY
MacaXMPChKUX IIBUIKICHUX TOI3/iB 3a HampsIMKoM KwuiB-
Opneca (puc. 3), Ha SIKOMY Y€PBOHHUM KOJIHOPOM IT03HAYCHO
esteKTprQiKoBaHi JUIBHUILI 3MIHHUM CTPYMOM, 8 YOPHHUM —
HeelneKTpr(iKoBaHi.

I'pad, naBemenmit Ha puc. 3, € OBO3B’S3HUM, IIpH
BOMY  KUIBKICTB ~ MOXJIMBHX  EJIEKTPU(IKOBaAHHX
MapuipyTiB, 110 10B’s13yfoTh BepinHy 1 (KuiB) i Bepmmny
26 (Opeca) cranoButh 8. Bimnosigno no rpada (puc. 3)
1o0yIOBaHO 3Ba)KEHY MAaTPHIIO CyMibKHOCTI (puc. 4), mo
MTOBHICTIO 1 OJTHO3HAYHO BiNTBOpIOE Iieii rpad. Bary j-ro
pedpa BimoOpaxcye TOBKUHA BiAIMOBITHOI AUTHHUIII S]

02(03|04|05(06|07)08](09 1) 12|13

15| 16 | 17 | 18 20 (212223 (24(25]26

w

63 156

108

o

b4

95

100

95 40

20

40 22

22 47

47 82

82

37

26

26

26 116

22

116

88

88

63

63

121

20

121

76

76 32

32 92

92 83

179 5| 84

26 | 22

185

61

61 124

72

124

Puc. 4. 3Barkena matpuit cymMibKHOCTI rpada 3a HanpsimkoM Kuis-Oneca
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3 METOI0 BH3HAYCHHS OIITUMAJIBHOTO
aJbTEPHATUBHOIO MapIIPYyTy c(hOPMOBAHO ONTHUMI3aLiHHy
MaTeMaTH4yHy MOJENIb 3a KpPHUTEpieEM MiHIMaIbHOTO
MIBUIIEHHS eKCIUTyaTalliiHUX BUTpAaT TOPIBHSIHO 3

eKCIUTyaTalliiHUMH BHUTpaTaMHM Ha InTaTtHe Tpadikose
nepeBeseHHsT  AE (Saﬂbmm) pasoM i3  BiJIOBIJHOIO
CHCTEMOI0 OOMEKEHb

AE (Sa.vbmm) = Szp ' Cnoi"}()oKM + H[(Sa.vbmm - Szp ) ' Cnoi"}()mw + +C8[0H08.7.[H(j)p] => min'

Sanemm V{Smbmm }

R=08
W<9
N S NHaﬂBHa

Vion < 160 xM/rog,

e AE (Saﬂbmm) - BEJIMYMHA T IBUIIICHHS

Sa.vbmmv{sa.vbmm}
eKCILTyaTal[ifHIX BUTPAT IOPIBHIHO 3 €KCIUTyaTalliiHUMU
BUTpaTaMH Ha IITATHE rpaikoBe NEepPEBE3CHHS;

C 000k — BAPTICTH 1 OI31-KM, T'PH;

H — iMOBipHICTh BUHHKHEHHS CUTYallil (BU3HAYAETHCS
EKCTIEPTHHUM IIIIXOM);

m — iH/IeKC, HOMEp aJIbTEPHATHBHOTO MapUIPYTY;
m-ro

Samer, — TPOTSDKHICTH

MapmpyTy, KM;

R — HaceIeHicTh 110i3/1a;

W — xinpKiCTh BaroHiB y Moi3i;

N — mporrycKHa CIpOMOXKHICTb JIiHiT;

Vion — XOJI0BA IIBUKICTh, KM/TO.

Jus  ¢dopMyBaHHA ~ MHOXKHHM  aJbTEPHAaTHBHHUX
MapupyTiB {S,;,,, } BAKOPUCTOBYETLCS 3BAKEHA MATPUILLS
CYMDKHOCTI 32 TakuM alrOpUTMOM: SIKIIO BifOyJiIo0Ch
pyHHYBaHHS 3aNi3HWYHOI 1H(QPACTPYKTYpH, TO pedpo
j=j(i i)  BUIydaeTbcss 3 rpadga  IUIIXOM
nepeTBOpeHHs1 eneMeHta Matpumi (i, i.;) Ha IyCcTy
KITHHKY. Y CKOpPEroBaHili MaTpHIli pO3TISIar0ThCS
KIITHHKA 3 HEHYJIBOBUMH €JIEMEHTaMH, SIKi MOB’SI3yIOTh
CTaHLiI0 [, 3 IHIIMMH CYMDKHUMH CTaHIISIMH, IO
HaJIeKaTh aJbTEPHATHBHUM MapuipyraM. Jlist KOXHOL
Takoi CTaHIl TpOoIeAypa IOBTOPIOETHCS JO KiHIICBOI
cranmii. [TpoTsHKHICTE MiMBHUII S] JIOJAETBCS MDK COOOIO0
I KOKHOrO  Mapupyry Sy, . Omke, dopmyerses
MHOKMHA QJIbTEPHATUBHUX MAapUIPYTiB {S, ;. }, CEPEN
SKAX 3HAXOAWTHCS ONTHUMAJIBbHUM, IO € pilIeHHAM
c(hOpMOBaHOI BUILE MATEMaTHIHOI MOJEII.

VY BumnaaKy, KONMM A0 albTEpPHATUBHOTO MapUIpyTy
JIOLIJIFHO BKJIIOYATH HeeleKTpHu(ikoBaHi AIBHULI (pedpo
rpada), TOOTO mependavaeTbes, MO Ha Wil AUTBHMLI
WIBHAKICHUA moTsAr Oyae TATHYTH — TEIUIOBO3  J0
eNeKTpU(iKOBaHOI ALIBHUII, TO PO3MIp 3BAKEHOI MaTPHII
CYMDKHOCTI HEOOXiTHO 30UTBIIMTH 1 MOJAaTH CTaHII Ha
HeenekTpudikoBaniil ginbHULI. [Ipy mpoMy 10 KpuTEpiro
onrumizauii AE(S,,y,) nonaetbcs Benmuunna AE[(S)).
Honanok AE; (S;) siBiste CO00K0 eKCILTyaTaliiiHi BUTPaTH y

Burmsani  AE; = S; - Cropoors A€ S;  —  JIOBXKHHA

AJIbTCPHATUBHOI'O

(1)

HEENEKTPU(DIKOBAHOT  UIBHULI  HA  MAPUIPYTL Sy,

C, iso0xm — BAPTICTB 1 MOI3J-KM MPH TETUIOBO3HIH TA31.

Po3pobnena onrumizaniiina Matemarnyna mMoaenb (1)
3aBXIM Ma€ PO3B’SA30K, SIKIIO BHACIIJOK pPYHHYBaHHS
3ai3HUYHOI  1H(pacTpykTypu Tpad, IO BiATBOPIOE
TOIIOJIOTIIO TiicucreMu HaNpsIMKy  IIEpEBE3CHb,
3aJIMIIAETHCS 3B’ I3HUM.

CdopmoBana monens Moxe OyTH iHTErpoBaHa B
CTpYKTYpY iHGopMmariiHo-kepyrodoi cucremu ACK TIIT
V3 sk nomarkosa 3anaua 111 APM JTHL, APM JIC, APM
JCII y Burmsini cucteMu MiATPUMKH TPUHHATTSA pillleHb
(CIIITP).

BucHoBku
3 Meror0 30iIbIIEHHS HAAIMHOCTI IIBUIAKICHHUX
MACAKUPCHKAX  TEPEBE3CHb 1  IIBUIICHHS  IXHBOI

KOHKYPEHTOCIIPOMOKHOCTI Ha TPAaHCIOPTHOMY PpHHKY,
0COONIMBO B TIIEpioJ BOEHHOTO CcTaHy B YKpaiHi i
MOXIIMBOTO PYWHYBAaHHS 3aJIi3HUYHOI 1H(QPACTPYKTYpH.
3anpornoHOBaHO  BUKOPHCTAHHS  TEXHOJOTIH  PHU3HK-
MEHE/DKMEHTY TIPH  YIPaBJiHHI PYXOM IIBHIKICHHX
noizaiB kommanii Y3IIK. Jlns mporo ¢opmarnizoBaHO

NpoLeAypy  HaJaHHS  ajJbTEPHATHBHOTO  MapUIpyTy
NpSMYBaHHS  HIBHJKICHUM  TOI3OM Yy  BHIIQJKY
pyHHYBaHHS IHppaCTPYKTYpHHUX 00’€KTIB AT

«Ykp3anizaumsy. dopmarizaniio MpoBeIeHO Ha OCHOBI
(hopMyBaHHS ONTHMI3AIIIHOT MATEMATHIHOI MOJIEITI, ¢ 5K
KpHTepiil 3alporOHOBAaHO MiHIMI3aIlil0 eKCIUTyaTamiiHuX
BUTpaT IIpM IIEpecyBaHHI LIBHIKICHOIO TIIOTSra 3a
aJbTEpPHATUBHUM MAapHIPYTOM IIOpPiBHSHO 31 IITaTHUM
rpagikoBuM MapmpyroM. Crcrema OOMEXEHb YpaxoBYe
TEXHIYHI 1 TEXHOJIOTIYHI XapaKTEPUCTUKH IIBUIKICHHX
MMACAKUPCHKUX TOI3MIB 1 3aTi3HUYHOI 1H(QPACTPYKTYpPH.
JUis  3HaXODKEHHS  ONTHMAIBHOIO  albTEPHATHBHOTO
MapuipyTy BHKOPHCTaHO IOJIOXKEHHS Teopii rpadis, mo
JAIOTh  MOMJIMBICTD  TIOJATH  TOIOJIOTIIO  HANpPSIMKY
mepeBe3eHb y BUINNIAAAL 3BakeHoro Tpada (3a Bary
MPUHAHATO JOBXWHY MAUTGHUIN) 1 BiAMOBITHOI MAaTpHIIi

CyMDKHOCTI. MHOXHHA MOXJIMBUX  aJbTEpPHATUBHUX
MapuipyTiB (OpPMYETBCS HAa OCHOBI 3Ba)KEHOI MaTpHII
CyMDKHOCTI.  3ampoIlOHOBaHy  IPOLEAYPY  HaJdaHHS

aJbTEPHATUBHOIO MAapUIPYTy IOYMHAIOUM 3 OyIab-sKOi
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CTaHIil HA NUIAXY NPSAMYBaHHS IIBUJIKICHOTO MOi3Ay Y
BUTJISIII  NIPOTPAaMHOTO  TPOAYKTY  PEKOMEHIOBaHO
inrerpyBatn 1o ACK IIIT Y3 ta APMu oneparuBHOro
MIEpCOHATY Yy BHIJISIL JOJATKOBOI 3ajadi, IO JIO3BOJISE
aBTOMATU3yBaTU LieH IpoLEC Al MEPEBE3CHHS, SIKE BXKE
BiIOyBAETHCSL.
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K.O. Formalization of the procedure for providing an
alternative route for high-speed passenger trains based
on risk management.

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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