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AHOTAILA

I'ypin /].O. Y7JOOCKOHAJIGHHSI METONY BH3HAYEHHS PE3EpBIB 4acy y HHUTKax
rpadiKy Ha OCHOBI MOJICJIIOBAHHS PO3IMOBCIO/DKEHHS 3aTPUMOK TOI3MIB. —
KBasiikarmiiina HaykoBa mpatisi Ha IpaBax PyKOITUCY.

Huceprariss Ha 3400yTTS HAYKOBOTO CTYyNEHS KaHIWJaTa TEXHIYHUX HayK
(moxTopa dimocoddii) 3a crnemianpHicTIO 05.22.01 — «TpancnoptHi cucremu» (275 —
TpancnopTHi TeXHOJOTrI1). — YKpaiHCbKUHN JIepKaBHUN YHIBEPCUTET 3aJII3HUYHOTO
tpancnopty, MOH VYxkpainu, Xapkis, 2021.

JlucepTariito MpUCBAYEHO MUTAHHIO MIABUINEHHS HATIHHOCTI Ta €(PEeKTUBHOCTI
NEPEeBE3CHh HA 3aNI3HUYHOMY TPAHCIOPTI YKpaiHW Ha OCHOBI YJIOCKOHAJICHHS
METO/ly BHU3HAUEHHS PE3epBIB uacy Yy HUTKaX Trpadiky 3 BUKOPUCTAHHIM
MO/JICTIOBAHHS PO3MOBCIOIKEHHS 3aTPUMOK TMOT3/IiB.

HaykxoBa HOBW3Ha nucepTainiiHOi poOOTH MOJSITrae y BHUPINIEHHI HAayKOBOTO
3aB/laHHA 111010 Y/AOCKOHAJEHHS METOJy BHU3HAUEHHS pE3EepBIB 4acy Yy HHUTKax
rpadiky Ui 3ali3HUYHUX CUCTeM O€3 JOTpUMaHHsA pO3KIaay BIAMpPaBICHHS
BaHTQKHUX TOI3/[IB HA OCHOBI MOJICIIOBAHHS PO3MOBCIOJKEHHS 3aTPUMOK TMOI3/IiB
PI3HUX KaTeropii.

Brepue:

— ans  dopmamizaiii  TpoIEecy PO3MOBCIOJKEHHSI 3aTPUMOK TOI3/IB  Ha
3aI3HUYHIN JIIBHUII pO3pO0JIEHO MOAM(IKOBaHY MaT€MaTUYHY eMiJeMIONOTIuHy
SIR-monenb, sika J03BOJISE YHCEIBHO OIIHUTH BIUIMB TMOi3/[IB PI3HUX KaTEropin i
BEJTMYMHM IXHIX Pe3epBIB KOMIEHcAIlli Yacy MpHU pycl HA HAJINHICTh HOPMATUBHOTO
rpadika pyxy mnoi3miB. Ilel makpopiBHEBMH miAXia 0  MOJEIIOBaHHS
PO3MOBCIO/IKEHHS 3aTPUMOK IMOI3/[iB Nepe0avae 3aCTOCyBaHHS METOAY MAallMHHOTO
HABYaHHS JIJI1 OTPUMAaHHS 3HaHb 3 JAaHUX PEabHUX 3aTPUMOK MOi3/1B HA JUIbHHUII
IIpU TIOIIYKY IapaMeTpiB audepeHIialbHuX piBHAHL SIR-Mozem Ta mpoBeneHHS
MOJICTIIOBAHHS PO3MOBCIOJIKEHHS 3aTPUMKH 3 PI3HUMH IIBUIKOCTSIMH BlTHOBICHHS
PyXYy;

— JUIsl TIONIYKY PpAaIllOHAJIbHUX PE3epBIB Yacy Ha BIJHOBIEHHS PyXy MOI3[iB
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PI3HMX KaTeropiil 3ajexXHO BiJ KUIBKOCTI 3aTPUMaHUX MOI3AIB y Tpadiky pyxy
pO3pO0OJIECHO METOJ MOJCIIOBAHHS PO3MOBCIOUKCHHSI 3aTPUMOK IIOI3/1B  Ha
pO3TalTy’)KeHUX 3aTI3HUYHUX MOJiroHax. Lleit meTon 103BosIsIE BpaxyBaTH MOIMIUPEHHS
MIEPBUHHOI 3aTPUMKH y MPOCTOP1 1 Yaci 3a paXyHOK MOJIaHHS TOTMOJIOTI] 3aJI3HUYHOT
MEpeXKi y BWIJIAAI HEOPIEHTOBAaHOTO Tpada 3 TPUB’SA3KOK 10 pedpa rpada
MareMaTuyHoi cucteMu audepeniianbHux piBHIHL SIR-moxpem. Ile no3Bouisie
IPUIIBUAIIATA TOYHICTh CKJIQJHHUX 1 TPUBAIMX PO3PAXYHKIB MOLIUPEHHS 3aTPUMOK
MO13/11B 3 ypaxXyBaHHSM BIUTUBY «MEPEIKEBOTO €PEKTY».

Y 10CKOHAJIEHO:

— kommuieke ¢yHkiionaneHux 3anay cucteMu ACK BII V3-€ nHa ocHOBI
(hopMyBaHHS BUMOT JIO aBTOMATHU30BaHOI MIJCUCTEMH BU3HAYEHHS PalliOHATBHUX
pe3epBiB yacy B HUTKaX rpadika, sika 3a0e3reuye miABUILIEHHS IBUIKOCTI Ta SKOCTI
CKJIaJIJaHHSI HOPMATUBHOTO rpadika pyxy MOi3/IiB HA 3ai3HUIN YKpainu, mo HaOyBae
BXXJIMBOTO 3HAYEHHS B yMOBaxX peam3alii NepeBe3eHb 3a PO3KIATOM pPyXy
MapuipyTHuX 1oizaiB (PPMII) ta gocTyny mpuBaTHUX JTOKOMOTHBIB JI0 3a7113HUYHOT
1H(pPaCTPYKTYpH 3arajJbHOTO KOPUCTYBAHHS.

[IpakTuuHi pe3ynbTatd POOOTH TMOJSITAIOTh Y TOMY, IO BUPINICHO MPHUKIAJIHE
3aBJIaHHS aBTOMAaTHW3allii CKJIQJHOTO MPOIIeCy BHU3HAUEHHS paIliOHAIbHUX pPE3epBiB
KOMITEHCAIIMHOTO Yacy B HHUTKaxX rpadiky Ha OCHOBI MOJCIIOBAHHS TMONIUPEHHS
3aTPUMOK TIOI3/iB. 3aBISKH 3aCTOCYBAHHIO METOJy MAIIMHHOTO HaBYaHHS IS
3M00yTTA 3HaHb 3 JaHUX peaTbHUX 3aTPUMOK MOi3AIB Ha AUIBHUIN TPU TOIIYKY
napamMeTpiB (koedirrieHTIB IIBUJIKOCTI PO3MOBCIOJIKEHHS 3aTPUMKH)
nudepeniiaTbHux piBHAHL SIR-Mozeni Bramocss Ha MaKpOpPiBHI YHMCENIBHO OI[IHUTU
B3a€MOBILIUB TOI3/[iB Pi3HOT MPIOPUTETHOCTI y rpadiky pyxy moizais. Lle go3Bomsie B
MO/IANILIIIOMY OIIIHUTH BIUIUB TOT3/[IB PI3HUX KaTEropid Ha AUTHHUIN a00 Mepexi B
IJIOMY 3 BpaxyBaHHSM BIUIMBY ‘“‘MepexeBoro edexkty” mig GopMyIIOBaHHS
OOTPYHTOBAHUX MpPaBWJI MPIOPUTETHOCTI MPOMYCKY MOi3AIB B yMOBaX BIAKPUTOTO
JTOCTYITy A0 3aJi3HUYHOI iIHPpacTpyKTypH. 3ampolOHOBAaHUN MAXia 3 dopmMaizalii
reTepOoreHHoi JWHAMIKM TOUIMPEHHS 3aTPUMOK BIJl MOTOKIB MOI3AIB  Pi3HOI

HpiOpI/ITeTHOCTi J03BOJIUB Hi)IBI/IHII/ITI/I TOYHICTD MOACIOBAHHA  TTOIIHUPCHHA
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3aTPUMOK TMOI3/IB — MOXHOKa MK EMIIPHYHUMHU Ta MOJCIBHUMHU PE3yIbTaTaMu
ckiazae 10 10 % B ymoBax MIBUIKUX PO3PAXYHKIB.

Pe3ynpTatn auceptauifiHOTO AOCHTIKEHHS BUKOPUCTOBYIOTHCSI B HABYAJIBHOMY
npouect  YKpaiHCbKOro JEp’KaBHOIO YHIBEPCUTETY 3ali3HUYHOTO TPAHCIOPTY
(YxpAY3T) npu migrorosui (axiBuiB 3 oprasizaiii nepeBe3cHb Ha 3aII3HUYHOMY
TpaHCHOpTi.  Pe3yiabTaTw  JOCHI/DKEHHS  BUKOPHUCTaHI MpU  yJIOCKOHAJEHHI
eKCIUTyaTalliiHol poOOTH  3aJI3HMYHUX TOJITOHIB CTPYKTYPHOTO  MiAPO3ALTY
“PerioHaJIbHHI LIEHTP yNpaBliHHS pyXxoM™ perioHanbHoi ¢uii "IliBnenHa 3ami3Huns"”
AT “VYxp3amizHuns”’, MO HIATBEPKYETHCS BIANOBIAHUMH aKTaMH BIIPOBAHKCHHS,
SIK1 HaBEJICHI B JTOJAaTKaX JI0 TUCEPTAIliiHOT POOOTH.

3a Temoro qucepralii omy0aikoBaHo 11 HaykoBHX mpalp, 3 AKUX 4 CTarTi, 1110
ony0iiKoBaHl y (paxOBUX HAYKOBUX BUIAHHSX, 3aTBep/ukeHux MOH VYkpainu (Tpu
CTaTTI BKJIFOYEHI JI0 MDKHAPOJHUX HAYKOMETPUYHHMX 0a3, /Bl 3 HUX BKIIOUCHI JI0
0a3u Scopus) Ta 2 CTaTTi y HAyKOBOMY BHUJAHHI 1HIIOI Jep)KaBH, IO BXOJUTH JI0
OECP (Bxmtouene 70 6a3u Scopus), IIICTh Mpais anpoOaIiiftHoro XxapakTepy.

VY Bcryni oOrpyHTOBAHO aKTYyaJbHICTh T€MHU, C(HOPMYIHOBAHO METY Ta 3ajayi
JOCIIJIKEHHS, BiIOOPaKEHO HAyKOBY HOBHU3HY Ta NPAKTUYHY IIHHICTH, TOJIAHO
3arajgbHy XapaKTePUCTUKY POOOTH.

[lepmuii po3minm MPUCBIYEHO aHami3y OMNepariiiHol Mojenl 3ajli3HUYHOTO
TpaHCHOPTY YKpaiHu NpH JIIFOYIi CUCTEMI 3aKJIaJIEHHS PE3€pBIB yacy y rpadiky pyxy
HO13/11B.

[IpoBeaeHo nocCHiKEHHST YMOB (DYHKI[IOHYBAHHS 3aJ113HUYHOTO TPAHCIOPTY
3arajJbHOTO KOPUCTYBaHHA YKpaiHu. [lconijipkeHo 3arajibHl TEHJICHIli PO3BUTKY
BaHTAXHUX TEPEBE3€Hb Ha 3aTI3HUYHOMY TPAHCIOPTI Ta CTPYKTypy pHUHKY. [lpu
CTaOUTPHOMY TPEH/I1 MaJiHHS BaHTAXXHOI 0a3u 3pocTac 4ac 3HAXOJHKEHHS BaroHa B
pycl, L0 € Ba)XJIMBUM E€JIEMEHTOM CEPEIHBOr0 000POTY BaHTaKHOTO BaroHa. ¥ 2019
polLll TPUBANICTh 3HAXOJKEHHS BaroHa Ha NMPOMDKHUX CTAHLIAX Ta B MOi3Jax MpU
pyci Ha 3ami3HMII YKpaiHu 30impimmiack BiamoBigHo Ha 45,2 % Tta 33 % Bin
noka3HukiB 2007 poky. ¥V 2018 - 2019 pokax KpUTHUYHO 30UIbIIMIACH BEIMYMHA

KUIBKOCT1 Ta TPUBAJIOCTI 3aTPUMOK Y cBiTI0(opiB. KinbkicTh 3arpumox y 2019 poi
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30uIbIIMIIack B 4,6 pasu y nopiBHsiHHI 3 2015 pokom. BusiBieHo, 1o 3aTpuMKH B
Mepexi 3ryOHO BIUIMBAIOTh HA CTPOKHU JOCTABKU BaHTaXI1B, 30kpema y rpyaHi 2019
POKY TOKAa3HHWK TMOPYIICHHS TEPMiHIB JOCTABKHM BAHTAXKHUX BIIMPABOK HA MEPEXKI
AT “Ykpzamizuuus” ckiagaB 15792 mnopymieHb, TOOTO B CEpeIHbOMY 3a 100y
MopyIIyBaJiach MocTaBka y 43,3 BiampaBku. lle cBiquuTh mpo 3HA4YHI TPOOIEMH B
CUCTEM1 IUIAaHYBaHHS PYXy IOI3J0NOTOKIB Ta BIJCYTHOCTI JIOCTaTHHOTO PIBHS
masiigocti [ PII.

BukoHaHO TOpIBHANBHUN aHaNi3 3aKJIAJCHUX BEIUYMH pE3EpBIB Uacy Ha
BIHOBJICHHA y HUTKax Tpadiky BcraHoBieHuid cranmaprom UIC 451-1 OR
MiXHapOJHOTO COI03Y 3aTi3HMILL Ta JIFOYOT0 METOJY 3aKJIaJeHHS PE3EepBIB 4acy 3
peaNbHUMU JTAaHUMH 4acy PE3epBIiB Yy HUTKAX HOPMATHUBHOTO rpadika pyxy MOi3diB
JIOBIB 3aHIKEHHS JJaHUX BeJWuuH. 1le 3acBiuye, 110 HE3BAXKaOUM Ha KIIFOUOBY POJib,
Ky BIJITpAac€ Pe3epBHUN Yac y PO3pOOSCHHI HAAIWHUX PO3KIAIB, HaW4yaCTIIE Ha
MPAKTHUIl BUKOPUCTOBYETHCS €KCHEPTHUHM MiJXiA, MO HE JO03BOJSE OOTPYHTOBAHO
BUOpaTH pallioHaJIbHI MapaMeTpu BEIWYMHU PE3EpBY 4acCy Ha BIIHOBIEHHS PYyXy
Moi3/11 Pi3HUX Kareropiil. 3 OrJisjly Ha BUILE 3a3HA4YeHE, 3pO0JEHO BHCHOBOK, IO
yIOCKOHAJIEHHS METOJy BU3HAUEHHS PE3epBIB 4acy y HUTKaX Tpadiky Ha OCHOBI
aBTOMATHU3allll PO3PAaxXyHKIB MOJICIIOBAHHS PO3MOBCIO/DKEHHSI 3aTPUMOK IOi3]1iB
Ha/JacTh MOXJIMBICTh MIABUIIUTU HAJIMHICTh PyXy MOi3J0NOTOKIB 1, SIK HACIHIiJOK,
3MIHUTH HETATUBHY JUHAMIKY SIKOCTI1 ONepaiiiiiHoi poOOTH 3aJli3HUIIL.

[IpoBeaeHo aHai3 HayKOBUX JOCHIKEHb, 10 MPUCBAYEHI BUBYEHHIO 3aB/IaHb
NiJBUIIEHHS HaAlMHOCTI TpadikiB pyxy MOi37iB. AHali3 pI3HUX MIIXOIIB 10
POTHO3YBAaHHS PO3MOBCIO/DKEHHS 3aTPUMOK TIOI3/IIB B 3alli3HUYHIN  Mepexi
JI03BOJIMB BUOKPEMUTU HACTYITHI: JIETEPMIHOBAHWA, CTOXACTHYHHUMA, CTAaTUCTHUYIHHMA.
Ha ocHoBI aHanizy TEOPETUYHHUX 1 MPAKTUYHUX JOCTIKEHb PI3HUX MIIXO/IB 00
MIJBUIICHHSA HAIIMHOCTI rpadiky pyxXy IMOi3JiB B 3aJI3HUYHUX CHCTEMax CBITY,
3p0o0JICHO BUCHOBOK, IO JJISl 3a7Ti3HUYHOI CHUCTEMH 3 YaCTKOBUM JOTPUMAaHHS
pPO3KIIaTy pyXy IIOI3MIB OUIBII TNPUUHATHEM 1 CQEKTHBHUM € 3aCTOCYyBaHHS
MaKpOpIBHEBOI'O MiAXOAY [0 BCTAaHOBJCHHS pE3EpBIB y HUTKAX Ha OCHOBI

MO/IEJIFOBaHHS MOIIMPEHHS 3aTPUMOK IOi3/11B.
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Jpyruii po3aul NPUCBIYEHO JOCIIKEHHIO TEXHOJIOTTYHUX OCOOJIMBOCTEH
3aBJaHHS MOIIYKY pallOHAJIbHUX BEJIMYMH KOMIIEHCAI[IHHOTO Yacy B HUTKaX rpadiky
O3B PI3HUX Kareropii. JloBemeHo, 1m0 HAWOUIBII HEBUBYCHHUM € dYac s
BIJIHOBJICHHSI Y HUTIII, IO PO3IOIIJICHUN 3a CIIOCOOOM KOMIICHCAIlIl TI1JT Yac pyXy
(anr., running time supplements). Kommencaris mpu pyci moJyisira€ B BAKOPUCTaHHI
pPI3HULII MK MIHIMQJIBHUM 4YacoM IMpPsSIMyBaHHSI I0i3[a MO JUIBHMIN 1 THUM, WIO
3aIJIaHOBAHMUM PO3KJIAJIOM 1 MICTHTh CKJIQJOBY - 4ac PEryssipHOi 100aBKH (pe3eps),
0 JOAAETHCA JI0 4Yacy MpsSIMyBaHHS I10i3/]a MO KOXHIM AUIBHUIN BIAMOBIIHO 10
BCTAHOBJICHUX MPABUJI a00 €KCIEPTHOTO IM1IXOTY.

JInst BUpilIeHHs 3a/1a4l NOIIYKY pal[loHAIbHUX BEJIMYMH KOMIIEHCAILIITHOTO Yacy
B HUTKax rpadiky TOI3IB PI3HUX KaTEropid 3alpoOrOHOBAHO 3aCTOCYBATH
moaudikoBany SIR-monens (“Susceptible—Infected—Removed model”). Anantyrouu
JaHy MOJENb JIO0 3a/1adl BIUTUBY BEJMYMHU 3aTpuMOK moi3aiB Ha ['PII 3amizamuaHOl
MEpexki, MOKHA TPEJCTABUTH MPOIIEC PO3MOBCIOKEHHS 1HPEKIIHHUX XBOPOO fK
IPOLEC PO3MOBCIO/IKEHHS 3aTPUMKH MOI3/[1B Ta MOB’43aHOTO BIUIMBY Ha pyX IMOI3/lIB
Ha 3aI3HUYHIN Mepexi. B Mexax npuilHsITOI NOCTAHOBKY 3a/1a4l 3arajibHy KiJIbKICTh
HUTOK moi3miB y I'PIl cmig po3minsiTé yMOBHO Ha TpYyNH: YYTIWBI JO 3aTPUMKH
Noi3/U, SIKI B MOMEHT 4acy CIHIJyIOTh 3a rpadikoM ajie MOTEHIIHHO MOXYTh OyTH
3aTpMMaHi MpU pycl Ha AUIbHUIN (aHTI., Susceptible); moi3aM, MO CHIAYIOTH 13
3aTPUMKOIO Ta BIUTMBAIOTH HA CIIJyBaHHS IHIIMX MOI3/iB, MEPEIAI0UN iM 3aTPUMKY
(anrm., Infected); moizam, 1Mo 3a Yac CHigyBaHHSA 4Yepe3 3aTI3HUYHY IUIHHUITO 3
3aTPUMKOIO, TOTJAMHYJIM 11 (BUKOHANM HariH), CHAYIOTh 3a rpadikoMm, Ta He
BILJIMBAIOTh HA BUHUKHEHHS 3aTPUMOK B MOAANbIIOMY pyci (aHri., Recovered).

Po3pobieno momudikoBany MareMmatnuHy ermijgemionoriuny SIR-monpens, sika
JI03BOJISIE  YMCENHHO OIIHUTH IIBUIKICTh BIUIMBY TMOI3/IB PI3HUX KaTeropin i
BEJIMUMHU iX pEe3epBIB KOMIIGHCAIlll Yacy IpH pycl Ha HaAIHHICTP HOPMATHBHOTO
rpadiky pyxy moi3miB. JlaHwii MakpopiBHEBMH IMAXIJ JIO MOJIEIIOBAaHHS
PO3MOBCIOIPKEHHA 3aTPUMOK I0i3/11B Mepeadavyae 3aCTOCYBaHHS METOY MAIIMHHOIO
HABYaHHS JJIs 3100yTTs 3HaHb 3 TaHUX pealbHUX 3aTPUMOK MOi3/1B Ha AUIBHULI MIPH

nolyky mnapamerpiB audepenuianbHux piBHAHb SIR-Mozem. B mexax wmerony
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HaBYaHHS 3aCTOCOBAHO METOJI EBOJIOLIMHUX OOYMCIIEHb, 30KpEMa T'€HETHYHHIA
QJIITOPUTM.

Tperiii po3ai MPUCBIYEHO PO3POOI METOY MOJETIOBAHHS PO3IOBCIOKEHHS
3aTPUMOK MOI3/11B Ha PO3TAIYKEHUX 3aJ13HUYHUX TOJITOHAX HA OCHOBI pO3pO0JICHOT
y apyromy posaimi SIR-momeni s mOmIyKy paiioHadbHUX PE3EpBIB Yacy Ha
BIJIHOBJICHHSI PyXy IIOI3[IB pI3HUX KaTeropii B 3al€KHOCTI BlJ KUIBKOCTI
3aTpUMaHMX MOI3/IB y Tpadiky pyxy. Jlanuii MeTos 103BOJIsi€ BpaxXyBaTH MOIIUPEHHS
NEPBUHHOI 3aTPUMKH y TIPOCTOPl 1 Yaci 3a PaxyHOK IPEACTABIICHHS TOMOJIOTIT
3QIII3HUYHOI MEpEeXl1 y BHIJISAI HEOPIEHTOBAHOTO Tpady 3 IPHUB’SI3KOI0 0 pebdpa
rpady MareMaTuyHol cuctemMu nudepeHuiitHux piBHaHb SIR-Moxeni. Lle no3Boamio
yHi(ikyBaTH nporiec modynou SIR-moneneit qs kosxkHoro pedpa (nipHuUIll) rpady
Mepexi Ta 3MEHIIUTH PO3MIpHICTh 3ajaul. [l oOJiKy BIUIUBY ‘‘MEpEXEBOrO
ehekTy” 3alponOHOBAHO BU3HAYATH TPAH3UTHHUM KOE(DIIIEHT 32 KOXKHOKO CTaHIIIEIO
ninpHUI. JlaHnii KoedimieHT M03BOJsSE€ BUPAXyBaTH KUIBKICTh 3aTPUMaHUX MOI3/IIB
HAa CcyMikHI guteHMIN. [lns  HactporoBanHs SIR-mozeneli  3ampomoHOBaHO
BUKOPUCTATU EMIIPUYHI JaHI [I0JI0 PO3MOBCIOJKEHHS CEPEAHbOI 3aTPUMKHU B
HOpMaTUBHOMY TrpadiKy pyXy Ha BIANOBIIHIA AUTbHUIN. Po3poOneHuit mMeron
MOJICTTFOBAHHSI PO3IMOBCIO/PKEHHS 3aTPUMOK TOi3/iB Ha PO3TaTy’KEHUX 3aJli3HHYHUX
MOJIITOHAX JO03BOJISIE MPUIIBUAIIUTA TOYHICTh CKJIAHUX 1 TPUBAJIMX PO3PAXYHKIB
NOIIMPEHHS 3aTPUMOK I0i3/11B 3 ypaxyBaHHSAM BIUIUBY “MepexKEBOTO e(heKTy .

B Mexax exkcrnepuMeHTalbHUX JOCIHIKEHb B JUCEPTaIliiiHii poOOTI oTpuMaHi
pE3yNbTaTH MOIMIUPEHHS 3aTPUMOK Ha PeabHUX JUIBHUIAX OJTHOTO 13 3aTi3HUYHHUX
nonirodiB AT “Ykpzanizauis”. 3a pe3ynbraTaMu MOJIEITIOBAHHS BIIEPIIE YHCEIHHO
BU3HAYEHUI BIUIUB ‘“MEPEKEBOro e(PeKkTy”’ Ha HaJIWHICTh PyXy MOi370MOTOKIB Ha
PO3raTy’)KEHOMY 3aJII3HUYHOMY TOJNIrOHl. Pe3ynpTaT MOJAENOBaHHS MiATBEPAUIN
aJIcKBaTHICTh OTPHUMAHUX PpO3B’A3KIB, IO IIEpeBIpeHO 3a KpuTepieM dimiepa.
[Toxubka MK eMOIpUYHUMH Ta MOJCIBHUMHU pesyibTaTamu ckianae no 10 %, B
yMOBax IIBHIKHX pO3paxyHKiB. JlJig BHU3HAYEHHS palliOHAIBHUX PE3epBiB Hacy y
HUTKax rpadika 3amporoHOBAaHO BUKOHYBAaTHM BHOIp aJbTEpPHATUBHUX CTpaTErii

3aKJIa/ICHUX PEe3EepBIB CNHMparuMch Ha OIIHKY HaaiiHocTi ['PIT 3a po3paxyHkom
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KoeQilieHTa TOTOBHOCTI [UIsi KOXKHOI JUIBHHIN TOJIroHy. Bubip HaiOIbII
OPUMHATHOI CTpaTerii 3akjaJeHHs PE3epBIB Peali30BaHO y BUIJISAL CTaTUCTUYHOI
TpH 3a IeKITbKOMa KpUTEPisIMU BHOODY.

YerBepTuii po3ain MPHUCBIYCHO (OPMYBAHHIO BHMOT 10 aBTOMAaTH30BaHOI
MiJCUCTEMH BU3HAYEHHS pPAIllOHAIBHUX PE3EpBIB uYacy y HUTKAX rpadiky s
I1JBULIEHHS [IBUJKOCTI Ta SIKOCTI CKJIaJaHHs HOPMATHUBHOIO rpadiky pyxy IOi3/iB
Ha 3ami3Huil Ykpainu. [IpoBemeHo aHaimi3 [iF0YMX TPOTPAMHHUX MPOJIYKTIB JIJIs
ckiiagiands rpadikiB pyxy noizaiB B AT “Ykp3ani3Huisg” Ta BUSBICHO iX HEIIOIIKH.
3anpornoHOBaHO 1HTETPYBAaTH JaHI HPOTpaMH B MEXKax €IWHOro 1H(QOpMAIITHOrO
CEpeIOBHINA 3 YpaxyBaHHIM YJOCKOHAJIEHOI MPOIeypH BU3HAYEHHS PE3EpBIB Hacy
y HUTKaX rpadiky Ha OCHOBI PO3pPOOJEHOTO KOMIUIEKCY MaTEMaTUYHUX MOJIEIEH.
Po3pobneni pexkoMmeHpaallii 3acTOCYBaHHS YAOCKOHAJIEHOTO METOJy BHU3HAYEHHS
pe3epBiB Yacy y HHUTKax rpadiky Ha OCHOBI MOJCIIOBAHHS PO3MOBCIOKEHHS
3aTpuMOK Moi3aiB npu ckiaganHi ['PI1 B Mexax peanizaiii miuaHyBaHHS TEepEBE3EHb
3a PO3KIAZOM pyxy MapiipyTHux noizaiB (PPMII) ta BnpoBamkeHHs] eKCIEPUMEHTY
3 JIOCTYIy MNPUBATHUX JIOKOMOTHBIB J0 3aJI3HUYHOI 1HQPACTPYKTYypU 3arajbHOro
KOPHUCTYBaHHS. 3ampONOHOBAHO YIAOCKOHAJIUTH KOMIUIEKC (YHKI[IOHAJBHUX 3a]a4
cuctemu ACKBIIVY3-€ na ocHOBI iHTerpaiii iHdOpMaIifHUX TIOTOKIB 3
po3po0seHO0 cucTeMoto MiATpuMKU npuiHATTA pitneHs (CIIITP) na APM inxenepa-
TexHoJiora 3 po3poOku I'PII st BU3HAUEHHS BEIMYMH PE3EpPBIB 4Yacy y HUTKax
rpadiky HopmatuHoro ['PII o BBeneHHs ix y fito.

3 METOI0 E€KOHOMIYHOrO OOTpYHTYBaHHS BiJ] BIPOBAJKEHHS PO3POOJIEHOI B
JAHOMY JIMCEPTallIMHOMY JOCIII)KEHHI aBTOMAaTU30BaHOI MIACUCTEMU BHU3HAUEHHS
pallioHaTFHUX PE3EPBiB UaCy y HUTKAxX rpadiky mMpoBeaeHi po3paxyHKu. OUikyeTbes,
110 3arajibHa CyMa €KOHOMIYHOTO €(EeKTy 3 HApOCTAIOUUM IiICYMKOM 3a I1’SITh POKIB
B yMOBax IMJABUIIEHHS HaaIMHOCTI rpadika pyxy IMOi3[iB 1 3MCHIICHHS BIUIUBY
3aTPUMOK Ha TPHUBAJIICTh PYXy BaroHiB B MOi3JaX Ha OCHOBI BCTaHOBJICHHS
parioHATBHUX PE3epPBIB Yacy Ha 3aTi3HHUIN YKpaiHU CTAHOBUTUME OJIHM3bKO 566 MIIH.
TpH., CepeaHiii 000pOT BAaHTAXKHOTO BaroHa 3MEHIIUThCA Ha 3,23% y MOpiBHSAHHI 3

JIOYOK0 TEXHOJOTIE.
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ABSTRACT

D. Gurin Improving the method of determining time reserves in the schedule
threads based on modeling the propagation of train delays. - Qualifying scientific
work — manuscript copyright.

Dissertation for the degree of candidate of technical sciences (PhD in technical
sciences) in specialty 05.22.01 — “Transport systems™ (275 - Transport technologies).
- Ukrainian State University of Railway Transport, Ministry of Education and
Science of Ukraine, Kharkiv, 2021.

The dissertation is devoted to the question of increase of reliability and
efficiency of transportations on the railway transport of Ukraine on the basis of
perfection of a method of definition of time reserves in threads of the schedule with
use of modeling of distribution of delays of trains.

The scientific novelty of the dissertation is to solve the scientific problem of
improving the method of determining time reserves in the schedule for railway
systems without following the schedule of freight trains based on modeling the
propagation of train delays of different categories.

For the first time:

— to formalize the process of spreading train delays at the railway station, a
modified mathematical epidemiological SIR-model was developed, which, unlike the
existing ones, allows to numerically assess the impact of trains of different categories
and the size of their time compensation reserves on the reliability of train schedules.
This macro-level approach to modeling the propagation of train delays involves the
use of machine learning to gain knowledge of real train delays at the site when
searching for parameters of differential equations of the SIR-model and modeling the

propagation of delay propagation at different speeds;
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— to find rational reserves of time to restore the movement of trains of
different categories depending on the number of detained trains in the schedule
developed a method based on modeling the distribution of train delays on branched
railway tracks. This method, in contrast to the existing ones, allows to take into
account the propagation of the primary delay in space and time by presenting the
topology of the railway network in the form of an undirected graph with reference to
the graph edge of the mathematical system of differential equations SIR-model. This
speeds up the accuracy of complex and lengthy train delay calculations, taking into
account the impact of the "network effect".

Improved:

— complex of functional tasks of ASK VP UZ-E system on the basis of
formation of requirements to the automated subsystem of definition of rational
reserves of time in schedule threads for increase of speed and quality of drawing up
of the standard schedule of trains on the railway of Ukraine that acquires importance
in the conditions (RRMP) and implementation of an experiment on access of private
locomotives to public railway infrastructure.

The practical results of the work are that the applied problem of automation of
the complex process of determining the rational reserves of compensation time in the
threads of the schedule based on modeling the distribution of train delays is solved.
Thanks to the application of the machine learning method to obtain knowledge from
the data of real train delays at the section when searching for parameters (coefficients
of delay propagation coefficients) of differential equations of SIR-model, it was
possible to numerically evaluate the interaction of trains of different priorities. This
allows further assessment of the impact of trains of different categories on the section
or the network as a whole, taking into account the impact of the "network effect" to
formulate reasonable rules for the priority of trains in open access to railway
infrastructure. The proposed approach to formalize the heterogeneous dynamics of
delays from train flows of different priorities has increased the accuracy of modeling
the propagation of train delays - the error between empirical and model results is up

to 10% in terms of fast calculations.
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The results of the dissertation research are used in the educational process of
the Ukrainian State University of Railway Transport (USURT) in the training of
specialists in the organization of transportation by rail. The results of the study were
used to improve the operational work of railway landfills of the structural unit
"Regional Traffic Control Center" of the regional branch "Southern Railway" JSC
"Ukrzaliznytsia", which is confirmed by the relevant acts of implementation, which
are given in the dissertation.

On the topic of the dissertation published 11 scientific papers, of which 4
articles published in professional scientific journals approved by the Ministry of
Education and Science of Ukraine (three articles included in international
scientometric databases, two of them included in the Scopus database) and 2 articles
in a scientific publication of another country. is part of the OECD (included in the
Scopus database), six works of approbation nature.

The introduction substantiates the relevance of the topic, formulates the
purpose and objectives of the study, reflects the scientific novelty and practical value,
provides a general description of the work.

The first section is devoted to the analysis of the operational model of railway
transport of Ukraine under the current system of sealing time reserves in the train
schedule.

A study of the conditions of functioning of public railway transport in Ukraine.
The general tendencies of development of freight transportations on railway transport
and market structure are investigated. With a stable trend of falling freight base
increases the time the car is in motion, which is an important element of the average
turnover of the freight car. In 2019, the duration of the car at intermediate stations
and in trains when moving on the railways of Ukraine increased by 45.2% and 33%,
respectively, from 2007. In 2018-2019, the number and duration of delays at traffic
lights have critically increased. The number of delays in 2019 increased 4.6 times
compared to 2015. It was found that delays in the network have a detrimental effect
on the delivery time of goods, in particular in December 2019 the rate of violation of

delivery times on the network of JSC "Ukrzaliznytsia" was 15,792 violations, ie an
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average of 43.3 shipments per day. This indicates significant problems in the
system of planning the flow of trains and the lack of a sufficient level of reliability of
fracturing.

A comparative analysis of the set values of time reserves for restoration in the
schedule schedule established by the UIC 451-1 OR standard of the International
Union of Railways and the current method of setting time reserves with real data of
reserve time in the threads of the normative train schedule proved to underestimate
these values. This shows that despite the key role played by reserve time in the
development of reliable schedules, often in practice an expert approach is used,
which does not allow to reasonably choose rational parameters of the amount of
reserve time to restore train trains of different categories. Given the above, it is
concluded that improving the method of determining time reserves in the schedule
based on the automation of calculations of train delay propagation simulations will
increase the reliability of train flows and, consequently, change the negative
dynamics of railway operation.

The analysis of the scientific researches devoted to studying of problems of
increase of reliability of schedules of train movement is carried out. The analysis of
different approaches to forecasting the spread of train delays in the railway network
allowed to distinguish the following: deterministic, stochastic, statistical. Based on
the analysis of theoretical and practical studies of different approaches to improving
the reliability of train schedules in railway systems of the world, it is concluded that
for a railway system with partial compliance with train schedules more acceptable
and effective is the use of macro-level approach to train delays.

The second section is devoted to the study of technological features of the
problem of finding rational values of compensation time in the threads of the
schedule of trains of different categories. It is proved that the most unexplored is the
time for recovery in the thread, which is distributed according to the method of
compensation during movement (English, running time supplements). Compensation
for movement is to use the difference between the minimum travel time of the train

on the section and that planned schedule and contains a component - the time of
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regular supplement (reserve), which is added to the train travel time on each
section according to established rules or expert approach.

To solve the problem of finding rational values of compensation time in the
schedule threads of trains of different categories, it is proposed to use a modified
SIR-model (“Susceptible — Infected — Removed model”). Adapting this model to the
problem of the influence of train delays on the fracturing of the railway network, we
can present the process of spreading infectious diseases as a process of spreading
train delays and the associated impact on train movement on the railway network.
Within the framework of the accepted problem statement, the total number of train
strings in fracturing should be divided into groups: train-sensitive trains that follow
the schedule at the time but can potentially be delayed when moving on the section
(Susceptible); trains that are delayed and affect the trains of other trains, transmitting
a delay (Infected); trains that have absorbed a delay during the journey through the
railway section (performed the overtaking), follow the schedule, and do not affect the
occurrence of delays in further movement (Recovered).

A modified mathematical epidemiological SIR-model has been developed,
which allows to numerically estimate the speed of impact of trains of different
categories and the magnitude of their reserves of time compensation during
movement on the reliability of the normative train schedule. This macro-level
approach to modeling the propagation of train delays involves the application of the
machine learning method to obtain knowledge from the data of real train delays at the
site when searching for parameters of differential equations of the SIR-model. Within
the method of teaching, the method of evolutionary calculations, in particular, the
genetic algorithm, was applied.

The third section is devoted to the development of a method for modeling the
propagation of train delays on branched railway tracks on the basis of the SIR model
developed in the second section to find rational time reserves for resumption of trains
of different categories depending on the number of delayed trains in the schedule.
This method allows to take into account the propagation of the primary delay in space

and time by representing the topology of the railway network in the form of an
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undirected graph with reference to the edge of the graph of the mathematical

system of differential equations of the SIR model. This allowed to unify the process
of building SIR-models for each edge (section) of the network graph and reduce the
dimension of the problem. To account for the impact of the “network effect”, it is
proposed to determine the transit coefficient for each station of the station. This
factor allows you to calculate the number of detained trains to adjacent sections. To
adjust the SIR-models, it 1s proposed to use empirical data on the distribution of the
average delay in the normative schedule of traffic in the relevant section. The
developed method of modeling the propagation of train delays on branched railway
tracks allows to accelerate the accuracy of complex and lengthy calculations of the
spread of train delays taking into account the impact of the "network effect".

Within the framework of experimental researches in the dissertation work the
results of propagation of delays on real sections of one of the railway ranges of JSC
“Ukrzaliznytsia™ are obtained. According to the simulation results, for the first time
the influence of the “network effect” on the reliability of train flows at the branched
railway test site was numerically determined. The simulation results confirmed the
adequacy of the obtained solutions, which was verified by Fisher's test. The error
between empirical and model results is up to 10%, in terms of fast calculations. To
determine the rational time reserves in the schedule, it is proposed to select
alternative strategies for the reserves based on the assessment of the reliability of
fracturing by calculating the readiness factor for each section of the landfill.
Choosing the most acceptable mortgage strategy. The choice of the most acceptable
strategy of establishing reserves is realized in the form of a statistical game according
to several selection criteria.

The fourth section is devoted to the formation of requirements for the
automated subsystem for determining rational time reserves in the schedule to
improve the speed and quality of the regulatory schedule of trains on the railways of
Ukraine. An analysis of existing software products for scheduling trains in JSC
"Ukrzaliznytsia" and identified their shortcomings. It is offered to integrate the data

of the program within the uniform information environment taking into account the
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improved procedure of definition of time reserves in threads of the schedule on the
basis of the developed complex of mathematical models. Recommendations for the
application of an improved method for determining time reserves in the threads of the
schedule based on modeling the distribution of train delays in the formation of
fracturing within the implementation of scheduled scheduling (RRMP) and the
introduction of an experiment on private locomotive access to public railway
infrastructure. It is proposed to improve the set of functional tasks of ASK VP UZ-E
system on the basis of integration of information flows with the developed decision
support system (DSS) on the workstation of engineer-technologist for fracturing to
determine the values of time reserves in the schedule of normative fracturing before
their implementation.

For the purpose of economic substantiation from introduction of the automated
subsystem of definition of rational reserves of time developed in the given
dissertation research in threads of the schedule calculations are carried out. It is
expected that the total amount of economic effect with a cumulative total for five
years in terms of increasing the reliability of the train schedule and reducing the
impact of delays on the duration of trains in trains based on the establishment of
rational time reserves on Ukrainian railways will be about 566 million UAH. freight
car turnover will decrease by 3.23% compared to current technology.

Keywords: railway, network, train schedule, delay propagation,

epidemiological model, SIR.
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BCTVYII

AKTyaJIbHICTL TeMH. JIJ1s 3alMi3HUYHOI CHCTEeMH YKpaiHW, 10 HAIEXKUTh JI0
MEPSKHUX Taly3ed 3 BHUCOKMMH TOCTIHHUMHU BUTpaTamMH, OJHUM 13 HaIpsiMiB
3MEHIIICHHS] BUTpAT Ha MEPEBE3CHHS BAHTAXIB 1 MACAXUPIB € MIABUIIECHHS TOYHOCTI
pyXy IMOi3I0MOTOKIB JJI OTPUMAaHHS Kpalloro piBHSA Ieper0adyyBaHOCTI PYXy B
cucteMi. [[pOoro MOXHaA IOCSTTH 3a PaxyHOK 3a0€3MEUEHHSI BHUCOKOI'O PIBHS
CHUCTEMHHUX BIJIACTUBOCTEH HAIIAHOCTI Ta CTIMKOCTI HOPMATUBHOTO Tpadika pyxy
noizai (I'PIT).

Oco011BO1 aKTyaJbHOCTI BOPOBAXKEHHSI ONEpaI[iiHOi MOAEN] 3 IiJIBUIICHHS
TOYHOCTI PYXYy IMOi3/I0MOTOKIB HA0yBa€ B yMOBax peajizailii mojoxxeHb HarioHanbHOT
TpaHcHopTHOI cTpaterii Ykpainu Ha mepion mo 2030 poky, Ilocranosu Kabinery
MinictpiB Ykpainu «lIpo peanizaliito NiIOTHOrO NPOEKTY MO0 JAOMYCKY MPUBATHUX
JTOKOMOTHBIB 10 POOOTH OKPEMHUMH MapIIpyTaMu Ha 3aTI3HUYHUX KOJIAX 3arajlbHOTO
KOPUCTYBaHHS» 1 BUKOHAaHHS 3000B’si3aHb YKpaiHu 100  Jibepanmizarii
3QJII3HUYHOTO0 PUHKY 3TIJIHO 3 YTOJ0I0 MPO acolliaiito MK YKpaiHOw, 3 OJHI€i
cToponu, 1 €BponerickkuMm Corozom, €BporneiickkuM CHiBTOBAPUCTBOM 3 aTOMHOI
eHeprii 1 iXHIMH Jep)KaBaMH-YJ€HAMH, 3 1HIIOI CTOPOHU. Y MEXax CTparerii
BIIPOBA/DKCHHS B YKpaiHI TMOKpaIIeHHS IBUJKOCTI Ta MepeadadyyBaHOCTI PyXy
NOi3/1IB BAKJIMBUM € pO3pOOJIEHHS METO/AIB MIABUIIEHHS HaAIMHOCTI rpadika pyxy
noi3ais. I'padik pyxy noizais (I'PI1) € oqHuM 3 BaKJIMBUX HOPMATUBHUX IJIaHIB, 110
BM3HAYA€ TMYHKTYallbHICTh, HAMIMHICT 1 XapakTepuszye e(QeKTUBHICTh pPOOOTH
3QII3HUYHOI CHUCTEeMHU. 3alli3HUYHA cHCTeMa YKpaiHu mpaioe 0e3 BCTaHOBIEHOTO
rpadika pyxy BaHTQXHHUX MOi3/1B 1 Ma€ JOCUTh HEHAJIMHUI pIBEHb HAJAHHS MOCIYT
3 TiepeBe3eHHs. 3a TaKMX YMOB aKTyaJlbHUM € 3aKJIaJaHHs PalioHaIbHOTO Pe3epBY
gacy B rpadik pyxy IOI3IiB JJIi AOTPUMaHHS TOYHOCTI Ta MyHKTYaJIbHOCTI HOTO
BUKOHAHHS.

Jlitoui mpornenypu cKiamaHHs rpadika pyxXy IMOI3IIB I 3aJi3HUYHOI MEpexi
VYkpainu He nepeadavaroTh HOTO TOCTIKEHHS Ha CTIMKICTh 1 HAAIMHICTh IIPU PI3HUX

BapiaHTax 3aTpUMOK Moi3aiB. Lle mpu3BoauTh 10 300iB B eKCIUTyaTarlii, SMEHIIICHHS
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JUJTBHUYHOI IIBUAKOCTI MOi3A1B 1 HEMOXJIMBOCTI 3MEHIICHHS BIUIMBY TakuxX 300iB
Ha 3arajibHy cUCTEMY pyXy. JIJisi MOXKIIMBOCTI YHUKHEHHS KaCKa/liB 3aTPUMOK I10i3/1B
BXXJIMBO 3aKJIafaTH y Trpadik pyxy MOI3IIB pe3epBH 4acy, IO € KOMIICHCALIHHUM
4acoM y HHTII Ipadika A MOXJIMBOCTI IPUCKOPEHHS PyXy Moi3[a Ta 3/A1MCHEHHS
omepamii — HariH IS BBEACHHS II0i37a, IIO 3alli3HIOBAaBCA, y rpadik pyxy Ta
3MCHIICHHS BIUTMBY 3aTPUMKH Ha 1HII TO13au. J[J1 BUKITFOUCHHS 3a3HAYCHHUX BHIIE
HEJOJIIKIB HEOOXIAHUM € YIOCKOHAJCHHS METOJ[IB BH3HAUYCHHS PE3EpPBIB 4Yacy B
HUTKaX TIpadika Ha OCHOBI MPOBEACHHS ABTOMATHU30BaHUX PO3PAXyHKIB WIOJIO
MPOTHO3YBAaHHS 3aTPUMOK TIOi3/IB Y MEPEXi 3 ypaxyBaHHSIM 3aKJIaJCHUX PE3epBIB
yacy Ta Ha OCHOBI OTpUMaHUX pe3yibTaTiB kKopuryBatu HopMmatuBHuil ['PI1 o ioro
BBEJICHHSI B JII1O0.

3Ba)kar0uM Ha BUKJIAJIEHE BHUIIE, TEMa JUCEPTAIIHHOI poOOTH € aKTyaJlbHOIO 1
30pI€EHTOBAHOK0 HA BUPINICHHS BaXXJIMBOTO 3aBIaHHS YIOCKOHAJICHHS METOIY
BU3HAUEHHS pE3epBIB Yacy B HUTKAaX rpadika A 3ali3HUYHHX Mepex 0e3
JIOTPUMaHHS PO3KJIaly pyXY, 10 IKMX HaJEKUTh 3aJi3HUYHA Mepexa Y KpaiHu.

38’5130k  po0OTM 3 HAYKOBMMH NpPOIrpaMaMHu, IUIAHAMH, TEeMaMH.
Jucepramiitna po6oTa BUKOHYBajach BiAMOBiAHO A0 HarmioHanmsHOT TpaHCTIOPTHOI
ctparerii Ykpainu Ha nepioq a0 2030 poky (posnopsipkeHHs KaGinety MiHicTpiB
VYkpainu (KMYVY) Big 30 tpaBus 2018 p. Ne 430-p), [loctanoBu KaGinery MinicTpiB
VYxpainu «[Ipo 3aTBep/KEHHS OCHOBHHMX 3acaj 3/IHCHEHHS Jep>KaBHOI BIIACHOCTI
II0JI0 aKI[IOHEPHOTO TOBAPUCTBA « YKpaiHChKa 3amizHuils» (Big 12 yepBas 2019 p. Ne
628), IloctanoBu KabGinery MinictpiB Ykpainu «I[Ipo BukoHaHHS YTOau mpo
acoriaiiro MDK YKpaiHOO, 3 OjAHIEl cTopoHH, Ta €BpomeickkuM Cor30M,
€BpONENCHKUM CITIBTOBAPUCTBOM 3 aTOMHOI €HEPTii 1 IXHIMU JIep>KaBaMU-YJIeHaMHu, 3
1101 cTopoHn» Bix 25 xoBTHS 2017 p. Nel106 13 BHECEHUMU OCTaHHIMU 3MIHAMH,
BKJIIOYarouM iMruiementaniro  Jupexktus 91/440/€C, 95/18/€C, 2001/14/€C,
2004/49/€C, 2007/59/€C 1 BiamoBigHUX iXHIM IUIaHAM 3aXOJIIB, a TaKOX HAyKOBO-
JOCTHIAHUX POOIT 3a TeMaMH, Yy SKHUX aBTOp OpaB Oe€3MOCEepeNHI0 YYacTh SIK

BUKOHaBelb: «Po3poOka TexHIUHMX yMOB Ha «Barum BaroHHi TEH30METPHUYHID»
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(P Ne0121U109934); «Po3pobka MeTOQy BH3HAYEHHS PALIOHAIBHUX PE3EPBIB

4yacy Ha BIJIHOBJICHHA PyXy HOi341B pi3Hux Kareropii» (JIP Ne0120U105346).

Meta i 3agaudi gociaigxenns. MeToro aucepramiitHoi poOOTH € TiABUIIEHHS
HAJIAHOCTI Ta €()eKTUBHOCTI MIEPEBE3EHb HA 3aJI3HUYHOMY TPAHCHOPTI YKpaiHU Ha
OCHOB1 YJIOCKOHAJICHHSI METOJY BHW3HAUCHHS PE3CpPBIB 4yacy y HHTKax Trpadika 3
BUKOPHCTAHHSAM MOJCIIOBAaHHS PO3IOBCIOKCHHS 3aTPUMOK 110i31iB. Lle 103B0MTH
MIBULIUTH MIBUAKICTH 1 SKICTh CKJIAJaHHS HOPMATHUBHOTO rpadika pyxy MOi3AiB Ha
3aJII3HULI  YKpaiHM 3a pPaxyHOK aBTOMAaTH3allli CKJIAJHOIO IMPOIECY IOLIYKY
palioHaTbHUX BEITMYMH KOMIEHCAIIIHOTO Yacy B HUTKaX MOI3IB PI3HUX KaTeropii
Ha MOJIIFOHAX 3aJi3HUYHOI MEPEXl 1, SIK HACNIiIOK, MIJBUUIIUTH IYHKTYaJIbHICTbH 1
HAJIMHICTh HOPMATHUBHUX TpadiKiB PyXy MOi3/IiB.

Peamizamis 1i€i mMetn mnoTpedye MOCTAaHOBKM Ta BHPIIMICHHS TaKuX 3aja4
JIOCITIKEHHS ;

—  TPOBECTU aHali3 OmepariifHol MOeINi 3ali3HUYHOTO TPAHCIOPTY YKpaiHu
IIpY JIIF0Yil CUCTeMI 3aKIIaJIeHHs Pe3epBiB yacy y rpadiky pyxy Moi3fiB;

—  JIOCHIIUTH TPOLEAYpPY CKIIaJlaHHS HOPMATUBHUX TpadikiB pyxy MOI3JIB 3
ypaxyBaHHSM BCTAHOBJIEHHS pe3epBiB uyacy 3riiHo 3 HopMmatuBamu AT
«YKp3aJi3HULIS;

—  TPOBECTM aHAI3 TEOPETUYHUX 1 MPAKTUUYHUX JOCIIKEeHb 100
MIJBUIICHHS HAJIIMHOCTI Tpadika pyxy MOi3/IB 32 paxyHOK BHOOPY pe3epBIB 4Yacy B
3ali3HUYHUX CUCTEMAX CBITY;

—  po3poOWTH MaTeMaTHYHY MOJIeTh TPOIECY PO3MOBCIOKEHHS 3aTPUMOK
NOi3/1B Ha 3aJI3HUYHIN JIIBHUII 3 YpaxXyBaHHSIM 3aKjaJeHOTO KOMIIEHCAIIHHOTO
yacy B HUTKax rpadgika noi3ziB pi3HUX KaTeropiu;

—  po3poOuUTH METOJ TOIIYKY pPEe3E€pBiB 4acy B HHTKax rpadika Ha OCHOBI
MOJICJIIOBaHHSI PO3MOBCIO/KEHHSI 3aTPUMOK MOI31B HAa PO3TANYKEHIM 3all13HUYHIN
MEpexKi;

—  chopMyBaTH BUMOTH JI0 aBTOMATHU30BAHOI MIACUCTEMH BU3HAUYCHHS

pallioHaJIbHUX PE3EPBIB Yacy B HUTKaX rpadika;
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—  TIPOBECTU EKOHOMIYHE OOIPYHTYBaHHS BIJ IIJBUIICHHS HAAIIHOCTI
rpadika pyxy IMOi3[iB 1 3MEHIUEHHS BIUIMBY 3aTPUMOK IIOI3/IB B YMOBax
BCTAHOBJICHHSI PAIllOHAIBHUX PE3E€pPBIB Yacy B HHUTKaxX rpadika Ha 3alI3HUYHIN
Mepexi YKpaiHu.

06’ckm OocnioxcenHs — TPOLEC CKIAAaHHI HOPMATHBHOTO Tpadika pyxy
NO13/1B Ha 3JII3HUYHOMY TPAHCIOPTI Y KpaiHU.

Ilpeomem Oocniosxcenns — npoleaypa BUSHAYCHHSI BEIMYMHU PE3EPBIB Yacy B
HUTKaX rpadika Ha OCHOB1 MOJICJIFOBaHHS PO3MOBCIOKEHHS 3aTPUMOK IOi3/I1B.

Metoau  pociaizkeHHsi.  Bukonani  gociikeHHS — (PYHKIIOHYBaHHS
3QJII3HUYHOTO TPAHCIIOPTY Y KpaiHU MPU A1I0YINA CUCTEMI 3aKJIaJCHHS PE3EPBIB HacCy y
rpadiky pyxy moi3/iiB 0a3yroThCsl HA METOJaX MaTEMaTHUYHOI CTATUCTUKHU Ta aHAJI3y
nanux. Jlna dopmamizaiii CkJIQJHUX TMPOIECIB MOMIMPEHHS 3aTPUMOK IMOi3/IIB
BUKOPHCTAHO TEOpit0 nudepeHiiaibHuX piBHSAHB. J[7s po3B’s3aHHS po3poOsIeHOT
cuctemu audepeHianbHuX piBHIHb SIR-Mozeni Bukopuctano meton Pynre-Kyrra
4-ro mopsaaxy. Jas mouryky mapameTpiB HIBHUAKOCTI PO3MOBCIOKEHHS 3aTPUMKHU B
cucteMi JudepeHIiaJbHUX PIBHSAHb Y POOOTI 3alpONOHOBAHO BUKOPHUCTATH METO]
MaIIMHHOTO HAaBYaHHS /i1 OTPUMAHHA 3HaHb 3 JIaHUX Ha OCHOBI EBOJIOLINHUX
oOuucieHb, 30KkpeMa OiHApHUN TeHETUYHUN anropuTM. Bukopucrano Teopito rpadis,
METO/IM IMITAI[IHHOTO MOJICIIOBAHHS, MATPUYHUX OOUYMCIICHb, BI3yasi3allil JaHUX IS
MOJICTTIOBAHHSI ~ PO3MOBCIO/DKEHHS ~ 3aTPUMOK  TIOI3[IB  Ha  PO3Tay’KEHOMY
3anmizHuYHOMY TmioniroHi. [lpu QopmyBanHi BuMoOr 1m0 iH(MOPMAIIHHO-KEPYIOUOi
cuctemu 3 peamzaiiero CIIIIP ans Bu3HAueHHS palliOHATLHUX PE3EPBIB Yacy B
HUTKaX rpadika BUKOPUCTAHO METOJT JOCIIKEHHS 1H(HOpMAIIHHUX MOTOKIB.

HaykoBa HOBHM3HA oJep:kaHMX pPe3yJbTaTiB. Y JucepTaliiiHiii poOoTi s
3aNI3HUYHUX CUCTEM 0Oe3 JOTpPUMaHHS PO3KJIaay BIIMPaBICHHS BaHTAXHUX MOI3/IIB
TEOPETUYHO OOTPYHTOBAHO MPOILIEyPY BU3HAUCHHS PE3€pBIB Yacy B HUTKax rpadika
Ha OCHOB1 MOJICITIOBAHHS PO3MOBCIOPKEHHS 3aTPUMOK MOI3/1B PI3HUX KATETOPIii.

Brepiue:

— s ¢opMaiizalii Mpoluecy pO3MOBCIOMKEHHS 3aTpUMOK TMOi37iB  Ha

3QII3HUYHIN JTUTBHUIIL PO3p00JIeHO MOJU(DIKOBaHY MaTeMaTU4YHY EIiIeMiOJIOTTYHY
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SIR-Moz€eib, IKa JO3BOJISIE YUCEIBHO OLIIHUTH BIUIUB II0i3/1B PI3HUX KaTEropii 1
BEJIMYMHM IXHIX PE3epBIB KOMIIEHCALll Yacy IpU pycl Ha HAAIMHICTh HOPMATHBHOIO
rpadika pyxy moi3miB. lleii wmakpopiBHEBMI MiAXi[g 0  MOJETIOBaHHS
PO3IMOBCIO/IPKEHHS 3aTPUMOK I0i3/11B epeidayae 3aCTOCYBaHHS METOy MAIIMHHOIO
HABYaHHS JJI OTPUMAaHHA 3HAHb 3 JIaHUX PEaTbHUX 3aTPUMOK MOI3/iB HA JIIHHUIII
Opy MOLIYKY napaMmeTpiB audepeHuiabHuX piBHAHL SIR-mMomeni ta npoBeneHHs
MO/JICIIOBAHHSI PO3MOBCIOJKEHHS 3aTPUMKH 3 PI3HUMH IIBUIKOCTSIMH B1JHOBJICHHS
PYXY,

— JUIA TIOIIYKY paliOHAJIBHUX PE3EpBIB Hacy Ha BIIHOBJICHHS PyXy MOi3IiB
PI3HMX KaTeropil 3ajie’)KHO BiJ KUIBKOCTI 3aTpUMaHUX MOi3AiB Yy Tpadiky pyxy
pO3pO0JIEHO METOJT MOJIENIOBAHHS PO3MOBCIOJUKEHHsSI 3aTPUMOK TOi3/1B  Ha
po3rany)KeHUX 3alli3HUUHUX MoiroHax. Llei metoa 103Bosisi€ BpaxyBaTH MOMTUPEHHS
NEPBUHHOI 3aTPUMKH Y MPOCTOP1 1 Yaci 3a paxyHOK MOJIaHHS TOIOJIOTIi 3alli3HUYHOT
MepexXi y BWIJIAAI HEOPIEHTOBAHOTO Tpada 3 TPUB’SA3KO 10 pedpa rpada
MaTeMaTuyHoi cuctemu audepeHiianbHux piBHsIHL SIR-mMozemi. Ile mo3Boinse
NPUIIBUIIATA TOYHICTh CKJIAJHUX 1 TPUBAIUX PO3PaXyYHKIB MOUIIMPEHHS 3aTPUMOK
MOT3/TiB 3 YpaxXyBaHHIM BIUTUBY «MEPEKEBOTO €(HEKTY».

Y nockoHajeHo:

— xomiuieke ¢yHkuioHansHuX 3amau cuctemu ACK BII V3-€ Ha ocHOBI
¢bopMyBaHHST BUMOT JIO aBTOMATH30BAHOI MiJICHCTEMH BU3HAYCHHS paIllOHATBHUX
pe3epBiB yacy B HUTKaX rpadika, sika 3ade3nevye miABUIIEHHS MIBUIKOCTI Ta SKOCTI
CKJIaJIJaHHS HOPMATUBHOTO rpadika pyxy Moi3/iB Ha 3ali3HUIl YKpaiHu, 1o HaOyBae
BQXJIMBOIO 3HAUEHHS B YyMOBaX peali3zallli MepeBe3eHb 3a PO3KIAIOM pPYXY
MapiipyTHux noi3ais (PPMII) ta noctynmy npuBaTHHUX JTOKOMOTHBIB J0 3a713HUYHOI
1H(DpaCTPYKTYpH 3araJbHOTO KOPUCTYBAHHS.

IIpakTyHe 3HAYeHHS OJep:KAHMX pe3yabTaTiB. [IpakTHuHi pe3ynabTaTH
poOOTH MOJATAIOTh Y TOMY, IO BUPIIIEHO MNPUKIAJHE 3aBIaHHS aBTOMaTH3aLll
CKJIaTHOTO MPOLIECy BU3HAYCHHS PAIllOHATbHUX PE3epBIiB KOMIICHCAIIIHOIO 4yacy B
HUTKax rpadika Ha OCHOBI MOJICIIOBAHHS MOLUIMPEHHS 3aTPUMOK MOi31iB. 3aBISKU

3aCTOCYBAHHIO MCTOAY MAINIWMHHOTO HABYAHHA M1 OTpUMAHHA 3HAHb 3 JAHUX
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peaNbHUX 3aTPUMOK IOi311B Ha IUJIBHULI IIPU IOIIYKY HapameTpiB (KoediieHTiB
IIBUAKOCT] PO3MOBCIO/KEHHSI 3aTPUMKH) JudepeHuiaibHuX piBHAHb SIR-Mozeint
BJIAJIOCSI HAa MAaKpOPIBHI YHCEIbHO OIHUTH B3a€EMOBIUIMB TOI3JIB  PI3HOI
npiopuTeTHOCTI y Tpadiky pyxy noi3ais. Lle mo3Boiisie B moaasblIOMy OLIHHUTH
BILJIUB TO{3/11B PI3HUX KaTEropiil Ha JUIBHHII a00 MEpEeXi B LIJIOMY 3 YpaxyBaHHSM
BIUIUBY «MeEpexkeBoro edekty» uist (OpMYyITIOBaHHS OOIPYHTOBAHUX MPABUII
IPIOPUTETHOCTI MPOITYCKAHHSI O3B B YMOBAaX BiJIKPUTOTO JTOCTYITY J0 3aI13HUYHOI
1H(MpacTpyKTypu. 3anponoHOBaHUM Miaxig 3 ¢opMalizamii TeTepOreHHOI JUHAMIKU
MOIIMPEHHS. 3aTPUMOK BIJ] TOTOKIB TOi3[IB PI3HOI MPIOPUTETHOCTI JI03BOJIMB
iIBUNITUTH TOYHICTh MOJICITIOBAHHS TOMIMPEHHS 3aTPUMOK TOi3/iB — MOXHUOKAa MiXK
EMIIIPUYHUMHU Ta MOJICIbBHUMH pe3yibTaTaMu ckianae 10 10 % B ymMoBax MIBUIKHX
pPO3paxyHKIB.

Po3po0neHo BUMOTH 710 CTBOPEHHSI aBTOMATH30BaHOI MiJICHCTEMU BU3HAYECHHS
parioHaTPHUX pEe3epBiB Yacy B HHUTKax rpadika Ha OCHOBI 3ampONOHOBAHOTO
KOMITJIEKCY MAaTeMaTHMYHUX MOJENe s MOMIJIMBOCTI MPOMHUCIOBOI peanizarlii
IPOrpaMHUX THCTPYMEHTIB JIJIsl BU3HAYCHHS BEJIMYMH PE3EPBIB 4acy B HOPMaTUBHUX
rpadikax pyxy MOi37iB /10 BBeIeHHsS iX y fit0. OUIKyeThbCs, 1O 3arajbHa Ccyma
€KOHOMIYHOTO €(eKTy 3 HapOCTaloUMM MIiJCYMKOM 3a II'SITh POKIB B yMOBax
MIJIBUIIEHHST HAJIWHOCTI rpadika pyxy MOi3AiB 1 3MEHINEHHs BIUTUBY 3aTPUMOK Ha
TPUBAIICTh PYXY BaroHiB B MO13/1aX HA OCHOBI BCTAHOBJIEHHS PalllOHAIbBHUX PE3EPBIB
4yacy Ha 3aJi3HUIN YKpaiHU CTAaHOBUTHME OJNIM3bKO 566 MITH. TpH., CEpeHii 000pOT
BaHTA)XHOTO BaroHa 3MeHIUTHCS Ha 3,23% y MOpiBHSIHHI 3 JIIFOYO0 TEXHOJIOTIE0.

Pe3ynbratu aucepTaliiHOro AOCTIPKEHHS BUKOPUCTOBYIOTHCS B HABYAIBHOMY
nporeci  YKpaiHChKOTO JEpKABHOTO YHIBEPCUTETY 3alli3HMYHOTO TPAHCIOPTY
(YxplY3T) npu miarorosii (axiBI(iB 3 opraHizailii NepeBe3eHb Ha 3aT13HUYHOMY
TpaHcnopTi. Pe3ynbrat  NOCHIIKEHHS  BUKOPUCTAHO TPU  yJIOCKOHAJICHHI
CKCIUTyaTalliiiHol poOOTH 3alli3HUYHUX TIOJIITOHIB  CTPYKTYPHOI'O  IMiAPO3ALTY
«PerioHanbHUN TICHTP YNpaBIiHHA pyxom» perioHampHOI ¢imii «IliBomenna
3amizHALSY AT «YKp3ami3HULSD), MO MIATBEPIKYEThCSA BIAMOBIIHUMH aKTaMU

BIIPOBAPKCHHS, HABEJICHUMU B JloAaTKy Jl maHoi auceprariiinoi poboTwu.
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OcoOucruii BHecok 3100yBauva. Y HAyKOBUX IMpalsix, OIyOJIKOBaHUX 31
CIIBaBTOpPaMHU, OCOOMCTHH BHECOK TOJIATAaE y TakoMmy: y poboti [1] mpoBeneHo
MOJICJIIOBaHHSl BIUIMBY KUIBKOCTI 3aTPUMaHUX IIOi3/1B PI3HUX KaTeropid Bij
3aKJIQICHUX PE3EPBIB Yacy B HHUTKAX IMOi3diB; y poOoTi [2] mpoBemeHO aHai3
€JIEMEHTa CepPeIHHOTO 000POTY BAaHTAKHOTO BaroHa - 3HAXO/KEHHS BaroHa B pyci Ta
3aTpuMoK moi3AiB 'y Mepexi AT «Ykp3amzuuisg»; y poborti [3] po3pobiieHo
Moau(piKOBaHY MaTeMaTUUHy emigemionoriuny SIR-Mozens; y po6oti [S] npoBeaeHo
aHaJli3 TPUBAJIOCTI 3HAXOPKEHHSI BATOHHHX BIJIIIPABOK HA TEXHIYHIN CTaHIIII Ta PiBHS
BukoHaHHs ['PII Ha OCHOBI METOJIIB MallMHHOTO HaBYaHHS; y poborax [6, 12]
PO3p00JIEHO METOJT Ha OCHOBI MOJIEJTIOBAHHS PO3IIOBCIOKEHHSI 3aTPUMOK MOi3/1B Ha
pO3rally’)K€HUX 3aJII3HUYHUX MOJIroHax; y ppoooti [4,11] mpoBeneHO po3paxyHOK
3MIHU JIJIBHUYHOT MIBUKOCTI PyXY MOI3/1iB HA AIbHUII. J{OCTiIKEHHS, BUCBITJICHI B
yCiX HayKOBUX Mpalisix, npooaunucs B YrplY3T.

AnpobGaunis pe3dyabrarTiB aucepramii. OCHOBHI MOJIOKEHHSI JucCepTallii
JIOTIOB1TANIMCS, OOTrOBOPIOBANIMCS Ta YXBaJe€HI Ha TakuX KOH(epeHiisx: 75-ta
CTYJICHTChKa HAyKOBO-TeXHIuHA KoH(pepeHItis (M. XapkiB, 13-15 muctomanga 2013 p.);
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YIOPaBIiHHS TPAHCHIOPTHUMU mpoiecamu» (M. Xapkis, 17-18 mucromana 2020 p.);
MixHaposiHa  HAayKOBO-TeXHIYHa  KoH(pepeHuis  «EneproegexTtuBHiCTh  Ha
Ttpancnopti» (M. XapkiB, 18-20 mucromama 2020 p.); IX HaykoBa KoH(epeHIis
«Hayxoi miacymku 2020 poky» (M. XapkiB, 29 rpyans 2020 p.).

VY mnoBHOMy 00cs31 aucepralliiiHa poOoTa JomoBijanacs Ha PO3UIMPEHOMY
3acimanHi Kadeapu yIpaBliHHS eKcIuTyaTaliiaow podotoro YrpAV3T.

Myo6aikamii. Bignosinno no Temu aucepraunii omyOnikoBaHo 12 HayKoOBHX

npaib, 3 SIKHX YOTUPU CTaTTi, OMyOJiKoBaHl y (axOoBUX HAYKOBUX BHUJAHHSX,
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3arBepokeHux MOH  VYkpainun (Tpu cTarTi BKIOYEHO JO0 MIXHAPOJIHUX
HAyKOMETpUYHUX 0a3, NIB1 3 HHMX BKIKYEHO 10 0a3u Scopus) Ta OBl CTaTTl y
HAYKOBUX BHUAAHHSAX IHIIUX JepkaB, mo BxoAsaTh 10 OECP (BkmroueHo no 6azu
Scopus), MICTh Opalls apoOAIIHHOTO XapaKTepy.

Crpykrypa Ta o0car aucepramii. Jluceprailiss CKIagaeTbCs 3 aHOTAIliH,
BCTYITY, YOTUPHOX PO3ALIIB, BACHOBKIB, CIIUCKY BUKOPUCTAHUX JIPKEpPETI Ta JOJIaTKIB.

[ToBHuii 00csr mauceprarii ckiajgae 188 CTOpPIHOK, 3 SIKUX OOCST OCHOBHOI'O
TekcTy — 125 crtopiHok, 41 pucyHok 1 27 Tabiuilps 3a TeKCTOM, Ta 1 Tabiuill Ha

OKpeMIl CTOpIHLIL, CIIUCOK BUKOPHUCTAHUX JpKkepen 13 140 HaliMeHyBaHb, 1 5 10AAaTKIB.
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