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AHOTALIIS

Jana kBamidikaiiitna pobora Bkirodae B cede 14 cnaiais mpeseHrarii, 97 apkymris
NOSCHIOBAJIBHOI 3amucku (opmary A4, mo Brmouyae 21 pucyHki, 8rabmwmii, 22
JITepaTypHHUX JDKepe.

KarouoBi ciioBa: cHHXpOHI30BaHUH rpadik pyXy MOI3/iB; MacaKUPChKI MOI3/IH;
MDKHApOJIHE CIOJIYYSHHS; CTIHKICTh KypCyBaHHS; JHHAMIYHE PEry/IlOBaHHS.

Y poboTi IpoBejIeHO KOMIUIEKCHE JIOCIIKEHHS MTpodJiem 3a0e3nedeHHs CTIMKOro
BUKOHaHHS Tpadika pyXy MnacakMpPChbKHX TMOI3/1IB Ha TINBHULAX 3aJI3HUYHHUX JIHIH, ¥
TOMY YHCJII Ha MapuipyTaX MiKHApPOJHOTO CIIOTYyYeHHS, [I¢ BIUIUB TEXHOJOTIYHHUX,
TEXHIYHUX Ta OpraHizaliiHux (akTopiB € OCOOIMBO 3HAUYIIIUM.

Oco0OimBYy yBary B JIOCHIKEHHI NPUJIUIEHO [MACAKUPCHKUM  T013/1aM
M1>KHApOJIHOTO CITOJIYUEHHS, JUIS SIKAUX HEOOX1/[Ha CHHXPOHI3AI[IS Py T€XHOIOTTIHUX
orepartii: B3aeMO/IT MPaIIBHUKIB 3aJ13HHUII, MPUKOPJOHHOTO Ta MHTHOTO KOHTPOIIO,
CCPBICHHX CIYKO Ta IHIIMX OpraHiB YIpaBliHHA. BCTaHOBICHO, IO BiJICYTHICTb
MEXaHI3MYy KOMILIEKCHOIO BpaXyBaHHs TakuxX ¢akropis mig yac dhopmyBanHs rpadika
CTBOPIOE MIJIBUIIIEH] PU3UKHA HOr0 MOPYLISHHS, 30KpeEMa I11/1 4ac rnepexoay MnoisjliB uepes
JepxaBHi kopioHu. lle miaTBeppKye HEOOXIJIHICTH PO3POOJIEHHS HOBUX METO/IB,
3/IaTHUX IHTETPYBATH pI3HI THIH BIUIMBIB Y €IWHY CHCTEMY TUIaHYBaHHS Ta
OMEepPaTHBHOTO PETYJIFOBaHHSI.

Y po0oTi 3anponoHOBAaHO MOYKJIMBHH HUISX PO3B'S3aHHS L€l MpoOieMH, SKUN
NoJIAira€ y CTBOPEHHI MPOLEYp ABTOMATH30BAHOIO BHUSBJCHHS 3aKOHOMIpHOCTEH
nopyinenas rpadika. 3jiiicHeHo TX 1HTerpaiiio B MaTeMaTHYHy MOJiejib (DOpMYyBaHHS
HOpM piBHS JoTpuManHs ['P macaxkupcebkux moizaie. Takuii mijixifg 103B0Is€ BU3HAYATH
XapaKTepHI THUIH TMOPYIICHb, IX MOBTOPIOBAHICTh, AMIUIITYAy Ta 3aJCKHICTh Bil
30BHILIHIX 1 BHYTPILIHIX (akTopiB. Ha 0CHOBI HBOr0 3a0pONOHOBAHO MEXaH13M KOPEKLIil
BIUTMBY 3aKOHOMIPHOCTEH MOpYIICHb, MOOYJOBaHMI Ha MPUHIHMINAX PallioHATIBHOTO

peryJiioBaHHS Pe3epBiB Hacy Ha JAUILHHUIX NACAHKUPCHLKOrO PyXy.



ABSTRACT

This qualification work includes 14 presentation slides, 97 pages of explanatory
notes in A4 format, including 21 figures, 8 tables, and 22 references.

Keywords: synchronised train schedule; passenger trains; international
connections; service stability; dynamic regulation.

The work conducts a comprehensive study of the problems of ensuring stable
execution of passenger train schedules on railway line sections, including international
routes, where the influence of technological, technical, and organisational factors is
particularly significant.

Particular attention is paid to international passenger trains, which require the
synchronisation of a number of technological operations: interaction between railway
employees, border and customs control, service departments and other management
bodies. It has been established that the lack of a mechanism for comprehensively taking
such factors into account when drawing up timetables creates an increased risk of
disruption, particularly when trains cross national borders. This confirms the need to
develop new methods capable of integrating different types of influences into a single
system of planning and operational control.

The paper proposes a possible solution to this problem, which consists in creating
procedures for automated detection of schedule violation patterns. These procedures have
been integrated into a mathematical model for forming standards for passenger train
schedule compliance. This approach allows determining the characteristic types of
violations, their frequency, amplitude, and dependence on external and internal factors.
Based on this, a mechanism for correcting the impact of violation patterns has been
proposed, based on the principles of rational regulation of time reserves on passenger

traffic sections.
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Betyn

3 TOCTIMHUM PO3UTHPESHHIM HOBHX 3JII3HHIHUX JIiHIH Ta 0e3mepepBHOI0 poOOTO0
CTaHIil, 3a0e3MCUYCHHS OC3MEYHOTO, KOMGMOPTHOIO Ta BHCOKOSKICHOTO piBHS
00CJIlyroByBaHHS aCaKUPCHKUX MO13/11B IpUBepTae Bce OUlbLIy yBary. Jlis nacaxupis,
AKi TMOJOPOXKYIOTh 3aJIi3HUICK) HAa BENHKI BIICTaHi, HIYHI MOI3IKH € HEe3aMIHHUMH.
[Togopoxi macaskupiB y BaroHi moizjla MaiOTh [Ba OCHOBHUX CTaHU: AKTUBHHUU, IO
XapaKkTepu3yeThes (PI3MIHUMM HABAHTAKEHHSMH MiJ] 9aC BXOAY Ha CTAHI[II0, BUXOJIY 3
Hel Ta o0poOku Oaraxy, Ta MacHBHHUH, IO nepeadadae BIAMOYMHOK HAa CHAIHHAX abo
CHaJIbHUX MICIIIX Y MO13/11. 3a3BHYail MacaKUPHU BIIIAKOTH IIepeBary nocaiui abo BUcai
I1/1 Yac «aKTUBHHUX MepioliB», TakuxX sk 9:00-11:00 ta 13:00-17:00, a Takox 00MPaOThH
BIJIMOYMHOK 200 YHUKAIOTh MO/I0POKEi MiJ1 9ac «1epiojiB cHy nacaxupiny 3 23:00 g0
7:00, 1o noTpiGHO BpaxoByBaTH MPH CKJIAJaHHI PO3KIA/IB PYXY NACAKUPCHKHUX MOT3/IIB.

SIk ocHOBa opraHi3aiii 3aJ1I3HIIHHX NTEPEBE3CHB, PO3KIIa/l PyXy T0i3/1iB BU3HAYAE
BCi MpUOYTTS, BIANpPaBICHHA Ta Yac MPOXOMKCHHS NOi3AiB Ha craHmisax. oOpe
pO3pO0JIeHHI PO3KIIA/] PyXy MOI3/iB COPSIMOBAHUHI HA T€, 00 YHUKHYTH OpUOYTTS abo
BIJIPABJICHHS MOI3/IB 1]l 4Yac «IepiofiB CHY NAacCaXUpiB», €(EeKTHUBHO IIiJBUIILYE
3aJI0BOJIEHICTh MACAXKUPIB M1J] Yac Mo 0poxi, e OlIblile 320X0Uy€ MacaxupiB ooupaTn
3aJII3HAYHI TIEPEBE3CHHSI Ta PO3LIMPIOE YACTKY PHHKY 3aTI3HUYHHUX TMACakKHPChKHUX
nepeBe3cHb. JlaHe OCHiKeHHS Mae Ha MeTi po3poOJIEHHs PO3KJIAJAH PyXY ICHYROUHX
Naca)XUPChKUX MOI3/1IB JAJICKOro MPSMYBaHHS, 30KpeMa Yy MIKHaPOHOMY CIIONYYCHHI,
JUIsl MAKCUMAJIbHOTO 33/I0BOJIGHHS ITACAKHUPIB YACOM MOJ0POKi.

[Tpu opranizaiii nacakxUpCbKUX NepeBe3eHb BUHUKAIOTh CUTYallll, B SIKUX MOMUT
MoOXe OyTH HEBH3HAYEHUM, TOMY JUISI OTPUMaHHS HaJIHHHX pILICHb NMPH TUIAHYyBaHHI
[IPOMOHYIOTHCS MOJIEN1 3MIMIAHOTO [IJIOUHCENIBHOrO JIiHIHHOr 0 nporpamyBanHs (MILP).
Ili Moaeni 0a3ylOTbCs HA TEXHIMI JIErkoi HAAIMHOCTI, B SKId HEBU3HAYEHICTb
00pOoOIA€TECSA NIIAXOM BBCICHHS 0akaHOrO PiBHA 3aXHCTY, a ¢CKTHBHICTH PIIICHHS
FapaHTye€TbCd OOMEKEHHSM IMOTIPIICHHS HOMIHAJILHOIO ILILOBOrO 3HA4YeHHS (TOOTO

[UILOBOTO 3HAYEHHS MPOOJIEMH, B $SIKIH HEBU3HAUEHICTh HE BpaxoByeThest). [lpw



MDKHAPOJIHUX MMOT3/IKaX BHHHKAE JOJATKOBE OOTSIKCHHS 32 PAXyHOK 4Yacy IMPOCTOIO
MOi3/1iB Ha MIPUKOP/IOHHKX TTePe/IaBaJIbHUX CTAHITIsIX.

Memoio docaioacenns € yI0CKOHAICHHS TpadikiB pyXy MacakHpPChKUX MOI3/IB Y
MDKHApPOJHOMY CIIOJIYYCHHI 3 BHKOPHCTAHHAM JIOTIYHUX 3aKOHIB (OpMyBaHHS Ta
MO/IeI0BAaHHS AaCAKUPOIIOTOKIB.

J1Jis NOCSITHEHHS! METH JOCIII>KeHb HCOOXiTHO BUPIIINTH HACTYIIHI 3aB/IaHHA:

— PO3MJISHYTH  TEXHOJIOT1I0  B3a€MOJIIT  MACaXHPCbKOT  MPHUKOPIOHHOT
nepe/aBaibHOl CTaHIlll 3 MUTHUMH, TPUKOPJIOHHUMH Ta 1HITUMH TAPO3/IUTaAMH;

— IpOaHaIi3yBaTH MACAXKUPOIOTOKH, L0 BIUIMBAIOTH HA POOOTY 3aJli3HHULII;

— YIOCKOHAJTHTH MiKHAPOJHI MAacaKUPChKi MEPeBE3CHHs IIIAXOM ONTHUMI3allil
rpadikiB pyxy MacaX}UPCbKUX MOI3IB PI3HUX KATeropiid, 3 BUKOPUCTAHHSAM JIOTTUHHX
3aKOHIB (DOpMYBaHHS Ta MO/ICIIOBAHHS TACAXXUPCHKOI'O PYXY;

— BH3HAYMTH MapaMeTpH, [0 XapaKTepu3yrTh MacaXHPOINOTOKH, Ta JUKepena iX
YTBOPCHHS;

— OITHMI3YBATH PO3KJIaJl PYXY MOI3/(IB PI3HUX KATErOpiii NpH MEPETHHI KOPJIOHY;

— OLIHUTHU ePEeKTUBHICTH pO3pobacHOro rpadika.

Ob6'exkmom Oocnioxcenns € Ppo3poOJEHHS CHHXPOHI30BaHHX TpadikiB pyxy
NACAKUPCHKUX MOI3/1B, IO NPSIMYIOTh Y MIKHAPOJIHOMY CIOJYUYEHHI.

Ilpeomemom Oocnioncenns — cucreMa 3abesnedeHHs: CTAOUIBHOIO JOTPUMAHHS
PO3KIIALY PYXY MacakKUPChKUX MOT3/11B.

Eremenmamu Haykoeoi HOGU3HU €.

—  3aIpoIOHOBaHA MOJE/b ONTHUMI3ALIl PO3KIAAIB PYXY NACAKUPCHLKUX IMOI3/IB
M1>KHAPO/IHOTO CTIOJIYUEHHSI, [1[0 BPaXOBYE BUMOIH MACAKUPIB L1010 YaCy BiNPaBICHHSI
TMOi3/11B Ta 9acy 3HaXO0/DKCHHS Y JIOPO3i;

— 3aMpOIIOHOBAHI KpUTEPli Ta MOKA3HUKH OLIHKHA SAKOCT1 OOCIyrOBYBaHHS Ta
NOCJYT'H, L0 HAJJAIOThCS aCaKUPaM.

llpaxmuune 3nauennss JIOCHIPKEHb TMONSTAE Y MOXKIMBOCTI BHKOPHCTAHHSI
3alpOMOHOBAHUX HAYKOBHX IMJIXOIB Ta METOIIB, PE3ylbTariB OOpOOKH JaHUX,
OTPUMAHMX MiJ Yac JOCIIHKCHHA B MPOrpaMax Ta MPOCKTaX PO3BUTKY TPAHCIOPTHOL

iHppacTpykTypu. s nokpauieHHs — poOOTH  MACAKHUPCHKOI  MPUKOPIAOHHOT



nepejlaBalibHOI CTaHLIT BIPOBAHKEHHS Pe3yJIbTATIB JOCIPKEHHS CTaHe OCHOBOIO /IS
pO3pOOKH CUHXPOHI30BaHHX PO3KIAAIB NpUOYTTS 1 BUINPABICHHS [MACAKUPChKUX
TOi3/1iB.

[TyGnikamii. 3a TeMor0 poOOTH OMyOJiKOBAHO TE3MCH Ha 85-1 CTYIACHTCHKIMH

HAYKOBO — Te€XHIUHii koH(pepenmii [1].



BucHoBkH

Ha ocHOBi mpoBeICHOTO JOCTIIKEHHS 3pO0JICHO TaKi OCHOBHI BUCHOBKH

1 Oaniero 3 npobiieM ¢Taa0ro BAKOHAHHS rpadiky pyXy NacakUPChKHUX MOI3/1iB Ha
TUTHbHHIIAX JiHIH € BIICYTHICTD CIICIiaIbHOTO anapary (popMyBaHHS Ta IOCATHEHHS HOPM
piBHS goTpumanus ['P macaskupcbkux M0i3/iB, L0 BpaxOBY€ BIUIMB 3aKOHOMIPHOCTEH
3MIHU nopyileHb rpadika. OcoGauBy yBary noTpioOHO NpUALBITH rpadiky pyxy Moi3jiiB
MDKHApPO/IHOTO CIIOTYYCHHSI, B SIKHX MOTPIOHA CHHXPOHI3allisi BHKOHAHHS TEXHOJIOT IHHX
orepailii npariBHHUKIB 3aJ1i3HUL[, MUTHOTO KOHTPOIII, PUKOPIOHHOI CIY)KOH TOIIO.

2 MoxiIuBHM PpO3B'A3aHHAM MPOOJIEMH € pO3po0NeHHs NPOUELyp BUSBICHHS
3aKOHOMIPHOCTE#H mopyiiieHHsi rpadika, 1HTErpoBaHHUX y MoJieib (POpMyBaHHS HOPM
piBHsi JjorpuMmaHHs [P macakupCchbKMX TOI3J1B, 1 TIPOILEAYP KOPEKI[i BIUIMBY
3aKOHOMIPHOCTEH MOpYLIEHb, MO TPYHTYIOThCS Ha peryiroBaHHI pesepBiB [P Ha
TUTBHHUIIAX JIiHIA MacaXKHPCHKOTO PyXY.

3 3anponoHoBaHui cr1oci0 onucy piBHA JOTpUMaHHS rpadika pyxy HacamupCbKux
Noi3/IiB Jac 3MOI'y BHBYaTH OCOOJUBOCTI JOTpUMaHHA rpadika 3a pi3HUX YMOB
oprasizaiii pyxy.

4 3anporoHoBaHa MareMaTHYHA MOjIeNb (POPMYBaHHS HOPM PIBHS JOTPUMAaHHS
rpadika pyxy macaxupChKHX TOI3/11B Ja€ 3MOTY CKJIaJaTh OararoBapiaHTHI pO3paxyHKH
3 BUKOPHCTAaHHAM Pi3HUX XapakTEPHCTHK MOPYLICHb Tpadika, BUBUATH TXHIH BIUIMB Ha
CTIHKICTh YAaCTOTH KYPCYBaHHS Ta MPUOYTTS/BiANpaBieHHS NMACAKUPCHKUX MOI3/iB, a
0OMeXeHHS /10 HUILOBOT (PYHKIIIT BpaXxOBYIOTh 4aC CHHXPOHI3allii rpadiky npubyTTs Ta
«BIKHa» JUTSI TIPOBE/ICHHS MUTHHUX MTPOLETYD.

5 3anponoHOBaHUH CMOCIO JIMHAMIYHOTO PErYJIFOBaHHS PE3epBiB rpadika pyxy
OUIbLI TOYHO BpaXoBY€ OCOOMUBOCTI MPOLECIB IUIAHYBAHHS MPOIYCKY MaCaXKUPChbKHUX
NOi3/iB MO JUIBHUIX JIIHIH 1 PeKOMCHIYEThCS Ul BUKOPHCTAHHS 3a HEOOXITHOCTI
3ano0iraHHs 3aTPUMKAM Ha JLUIbHULISIX.

6 PozpaxoBaHuii eKOHOMIUHMH e]ekT Bl YJAOCKOHAJIEHHS POOOTH MOTZHUX

JIMCTICTICPIB TIPH BHPIIMIECHHI KOH(IIKTHHX CHUTYallll 13 MPONMyCKaHHS TOI3/iB 10



JIUIbHULIAX 31 3MILIAHUM PYXOM MOpH BHJILIEHHI KOH(Irypamii nacakxupchbKux MOI3/1iB
npoTsarom J1oboBoro micis BrpoBamkenns janoi 3ajgaui 8 ACK I1IT Y3, PozpaxyHok
MOKa3aB HasBHICTH CKOHOMIYHOTO e(eKTy Ha T’ SITHH PiK eKCTuTyaTallli y po3Mipl MmoHa

10756 THuC. TPH., IO JOBOJAUTH JOLLIbHICTh IHBECTYBAHHS TAKOTO IPOCKTY.
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