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AHOTAIITA

JaHa kpamdikanidHa poGora BKmodae B cede 12 crmaHmiB Mpe3eHTani,
82 apKkymii IMOACHIOBANBHOI 3alHCKH (popmary A4, mo MicTHTE 17 pHCYHKIB, 4 TaOmHI
Ta 21 niTeparypHe IKEpeno.

KmouoBi  cioBa: MIBUAKICHI ITACAKIMPCBKI  ITEPEBE3EHHS,
VIIPABIITHHSI MAPIIPVTHU3AILIIEID IIACAKMPCBKMX IIOI3OIB, ILIIAH
®OPMVYBAHHSA [MTACAKMPCBKHUX ITOI3/IB.

OG’eKTOM IOCIUDKEHHA € I[Ipollec OpraHizalii INBHOKICHHX MacaKHPCBKHX
nepeBe3eHb..

MeTow JOCHIIAEHHA € YIO0CKOHAJIEHHA TEXHOJIOI MBHIKICHHX NAcaKHPCHKHX
IepeBe3eHb "epe3 BIPOBAKEHHA aBTOMATH30BaHO! CHCTEMH KOpPEIyBaHHA I[IJIaHIB
(dhopMyBaHHA MOI311B BIAMOBIIHO 10 THHAMIKH MOITHTY.

B pamkax poOorH Oylo MpOBeleHO aHAMI3 ICHYHOYIX CHCTeM IIIaHyBaHHA Ta
VIPaBIiHHA PYXOM IMIBHIKICHHX MOi31iB Ta BHABIEHO PEe3€PBH 1A 1X ajamramnil 1o
MIHIHBOTO IIACaKHPOMOTOKY. Takok OylI0o JOCTIIPKEHO MHTAHHA OITHMIi3alil
MapIIpyTHOI Mepexki MBHIKICHHX MOI3IiB 3 METOK MiIBHINEHHS HACEISHOCTI MOI3IB 1
OIHOYACHOIO 3a70BOJIEHHA IIONHTY Ha IIBHIKICHI NacaXkHpPCBKi NepeBe3eHHA 1 AKOCTI
TPAHCIIOPTHOIO cepricy. Takox po3po0iIeHO BiNMOBINHY ONTHMIi3alliHHY MaTeMaTHYHY
MOIeNh IUIaHyBaHHA MAapIIpyTiB BiANOBITHO 10 MPOTHO3HHX IIaca/KHPOIOTOKIB Ha
MepekKi, AKka (pakTHIHO € emeMeHTOM KoHienmii Transit Network Design.

OcoOnHBY yBary MpHILIEHO po3podii MoZeri MPOTHO3YBaHHA IacaKHPOIOTOKIB,
fKa BpPaxOBye MapaMeTpH IlepeBe3eHb Ta B3a€MHHH BIITHB KOPECIOHJEeHIIH MacaxHpiB
MK CTAHIIIAMH Mepexi. OKpeclleHO NepeIyMOBH 14 GopMyBaHHA BinnosinaHoi CIIIP
Y CKIalli aBTOMATH30BAHOI CHCTEMH KepYBaHHA NacaKHPCBKHMH IIepeBe3eHHAMH.
IIpoBeneHO OLIHKY €KOHOMITHOI e()eKTHBHOCTI 3allPONOHOBAHHX 3aXO0iB.

PesyneratH po0OTH cHpAMOBaHI Ha I[IJIBHINEHHA I'HYYKOCTI Ta HamiHHOCTI
CHCTEMH IIBHIKICHHX IlepeBe3eHb, MAKCHMAIbHE 3aJ10BOJIEHHA NTacaKHPCHKOTO MOMHTY

Ta 3HHKESHHA eKCIUTyaTalliiHAX BHTpAT NepeBi3HHKA.



ABSTRACT

This qualification work includes 12 presentation slides, 82 pages of an A4
explanatory note containing 17 figures, 4 tables, and 21 literary sources.

Keywords: HIGH-SPEED PASSENGER TRANSPORTATION, PASSENGER
TRAIN ROUTING MANAGEMENT, PASSENGER TRAIN FORMATION PLAN.

The object of the study is the process of organizing high-speed passenger
transportation.

The goal of the research is to improve the technology of high-speed passenger
transportation through the implementation of an automated system for adjusting train
formation plans according to demand dynamics.

Within the work, an analysis of existing systems for planning and managing the
movement of high-speed trains was conducted, and reserves for their adaptation to
variable passenger flow were identified. The issue of optimizing the high-speed train
route network was also investigated to increase train load factor while simultaneously
meeting the demand for high-speed passenger transportation and the quality of transport
service. A corresponding optimization mathematical model for route planning based on
forecasted passenger flows on the network was developed, which is essentially an
element of the Transit Network Design concept.

Particular attention is paid to the development of a passenger flow forecasting
model that takes into account transportation parameters and the mutual influence of
passenger correspondences between network stations. The prerequisites for forming a
corresponding Decision Support System (DSS) within an automated passenger
transportation management system are outlined. An assessment of the economic
efficiency of the proposed measures was conducted.

The results of the work are aimed at increasing the flexibility and reliability of the
high-speed transportation system, maximizing the satisfaction of passenger demand, and

reducing the carrier's operational costs.
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Beryn

3adi3HHYHHH TPaHCHOOPT 3alHINAETRCH ONHIEK 3 HAHBAXKIHBIMHX OCHOB
CY4acHOTO CYCIILUILCTBA, 3a0e3medyrdH MOOIUIBHICTE HaceleHHA Ta IepeMillleHHA
BAHTAKiB HA 3HAYHI BimcTaHi. [oro pols AK eKOIOTiYHO YHCTOTO, eHeproe()eKTHBHOTO
Ta 0e3nedYHOro BHAY TPAHCIOPTY JHINE 3pOCTae B YMOBAaX CBITOBHX TeHIeHIH 10
CTAJIOr0 PO3BHTKY. II[opidHO 3aIi3HHYHI CHCTEMH YV BCHOMY CBiTi IIePeRO3ATh MUIBAPIH
MACAKHPIB Ta MIMTBAPIH TOHH BAHTAXKIB, JIEMOHCTPYIOYH CBOK He3aMIHHICTE AK IS
JTOKANBEHHX, TaK 1 1A IMo0albHHX €KOHOMIYHHX IpolleciB. PO3BHTOK e(eKTHBHHX
3aMI3HHYHHX CHCTEM HE IIHIIE CIpPHAE S€KOHOMIYHOMY 3pPOCTaHHK), ale H BHPIIIYE
KPHTHYHI CYCILUIBHI Mpo0ieMH: 3MeHITye 3aTOPH Ha aBTOMOOLIBHHX JOporax, 3HHKYE
BHKHIIH IIKi[UTHBHX PEYOBHH Ta [I1IBHINY€ PiBeHb TPAHCIIOPTHOI Ge3IeKH.

CydacHI pO3BHHEHI KpalHH CTHKAKOThCA 3 HEeOoOXIJHICTIO pPO3BHBAaTH
IHTeIeKTyallbHi TpPAHCIOPTHI CHCTEMH, 3[aTHi BINIIOBINATH BHKJIHKAM 3pOCTar0dol
M0OiTBHOCTI HaceneHHA. Oco0/IHBe 3HA4YeHHA B IEOMY KOHTEKCTi Ha0yBalOTh IMBHIKICHI
Ta BHCOKOINBHIKICHI 3ali3HHII, #AKi 3a0e3Meqyl0Ts He [IHINE BHCOKY INBHIKICTH
nepeMillleHH, aie H HOBHH piBeHs KOM(OPTY Ta HaIiHHOCTI IlepeBe3eHb. B VkpaiHi, e
MBHIKICHHH pyX Oyl0 3alpoBaKEHO BITHOCHO HeNaBHO, IeH HalpsAMOK €
NPIOPHIETHHM 715 PO3BHIKY TPAaHCIOPTHOI ramy3i. ITocTae KOMILIEKCHe 3aBIAHHA
3a0e3nedeHHs e()eKTHBHOTO QYHKIIOHYBAHHA INBHIKICHHX IepeBe3eHb, AKe MOEIHYE B
co0i TeXHiYHi, eKOHOMIYHi Ta OpraHi3amifHi acleKkTH.

AxmyaneHicme HaHOI MaricTepcbkol poOOTH 3yYMOBIeHAa IOTPeboK po3poOKH
CYJacHHX IIIOXOMNiB IO VIPABIiHHA IMBHIKICHHMH 3ali3HHYHHMH IIepEeBE3¢HHAMH,
30KpeMa B YACTHHI IUTAHYBAaHHSA Ta KOperyBaHHA pyxXy mnoi3niB. EQeKTHBHICTE
Haca/KHPCBKHX 3alli3HHYHHX CHCTEM 3HAaYHOK MIPOK 3aleKHTB Bi AKOCTI
VIIPaBTiHCBKHX PINICHB, IPHHHATHX Ha €TamaxX AK MPOeKTyBaHHA, TaK 1 eKCILTyaTallil.
OcoOmHBol BakIHBOCTI HaOyBae 3aBIaHHA [IHHAMIYHOIO aJallTyBaHHA CXeM

KypcyBaHHA 1O MIHJIHBOIO IIONHTY, INO [03BOIAE ONTHMIi3yBaTH BHKOPHCTAHHA



PYXOMOTO CKIany Ta iHQpacTpyKIypH, HiIBHIDHTH pPiBeHb 3aJ0BOJIEHOCTI IIACAXKHPIB i
3a0e3Ne"YHTH eKOHOMIYHY e()eKTHBHICTE IIepeRe3eHb.

JlocliskeHHS BHKOHY€TBCH BiNOBIHO 10 KIFYOBHX IPOIPaMHHX IOKYMEHTIB,
cepel AKHX KoOHIleNmis po3BHTIKY TPAHCIOPTHO-IOPOXKHBOIO KOMIUIEKCY YKpalHH 0
2030 poky, KoHuemuis pecTpyKTypH3allil 3ali3HHYHOIO TPAHCIOPTY, a TakKoK
€BPONEHCBKI IHPEKTHBHI JOKYMEHTH, INO pEryllTh PO3BHIOK 3alli3HHYHOI
iH(pacTPyKTYpH Ta YIPaBIiHHA IIPOMYCKHOI 34aTHICTIO. Ile 3a0e3medye BIONOBIIHICTE
poOOTH CydacHHM CTaHIApTaM T4 BHMOI'aM 10 OpraHizalii 3ali3HHYHHX [epeBe3eHb.

Memow oOaxozo HOCHIKEHHA € VYIOCKOHANICHHA TEXHOIOr MBHIKICHHX
NacaXHPCEKHX TIEPEBe3eHR 9Uepe3 BIPOBAUKEHHA  ABTOMATH30BAHOI CHCTIEMH
KOperyBaHHA IITaHIB (opMyBaHHA IOI3[IB BIAMOBIZHO [0 JHHAMIKH HOMNHTY. ILIs
CHCTeMa Ma€ IPYHTYBaTHCA Ha CydJacHHX MaTeMarHYHHX MeToIax IIPOTrHO3YBAHHA
[acakKHPOIIOTOKIB Ta ONTHMI3allll MapIIpyTIiB, 30KpeMa Ha BEKTOPHHX aBTOperpeciHHHX
MOIENAX, 3NaTHHX OJHOYacHO BpAaxXOBYBaTH B3ac€MO3allekHICTh NOTOKIB Ha BCIX
mingHKaxX Mepexki. Taki MIIXOIH N03BONATH 3a0e3NevHTH pallioHAlIbHe BHKODHCTAHHA
pecypciB, MIIBHINHTH AKICTh MJIAHYBAHHA Ta NPHHHATIA YIPAaBIIHCBKHX pilleHb Ha
OllepaTHBHOMY, TAKTHYHOMY Ta CTPaTeridHOMY PiBHAX.

O0’exm  0OCNIONCEHHA = TpOLEeC OpraHizalil IMBHIKICHHX MAacaKHPCBKHX
nepeBe3eHb.

Ilpeomvem OocCTiOMCeHHA — TeXHOIOTiA IUIaHYBaHHA MapIOIpyTiB MBHIKICHHX
HacaKHPCHKHX IMOI3iB.

Peanizanid mocTaBleHOol MeTH NOTpe0ye NOCTAHOBKH TAa BHpIMMeHHA TaKHX
OCHOBHHX 3aJ1ad:

- 3MIHCHeHHA AHAMTI3Y ICHYIOYOL CXEeMH pPO3MNOALTY IIBHIKICHHX MAacaKHPCBKHX
MOi3IiB

- DOCIUIKEHHA MapaMeTPiB 1 PO3MOALTY NacaKHPOIOTOKIB;

- YOOCKOHAJIeHHA METOHIB IIPOTHO3YBAHHA IIaCaKHPOIOTOKIB B yMOBax IX
KOTHBAHB;

- (hopMmyBaHHA MO MOOYIOBH IIAHY (POpPMyBaHHA MBHIKICHHX MacaKHPCEKHX

013 iB;



- po3po6KH MeTOOy aBTOMAaTH30BaHOI Mo0OyHOBH MmIaHy (oOpMyBaHHS
nacakHpPCHEKHX I0131IiB;

- yoockoHaneHHA cHcTeMH ACK IIIT ¥3 € mumgxoMm iHTerpamili Jo i1 cKiIamy
ABTOMATH30BaHOI  CHCTEMH  pO3paxyHKy IUIaHY (OpMyBaHHA  IMBHIKICHHX
HacakKHPCHEKHX IMOI31iB.

Hayxoea Ho8U3HA OMPUMAHLX Pe3VTemanmis.

VIocKoHAIEHO:

- TeXHOJOTi0 NPOTHO3YBaHHA MacakKHPOMOTOKIB 3a pPaxXyHOK BIIPOBAKeHHS
MoOIelli IIPOCTOPOROI BeKTOPHOI aBTOpeTpecii;

- mpolenypy odyaoBH IIaHy GOpMyBaHHA IMBHAKICHHX NACaKHPCHKHX MOI3IB;

- CHCTeMy MHIATPHMKH NpPHHHATIA pillleHb ONEPATHBHOIO IEPCOHANY 3 IHTAHb
IUTAaHYBaHHA MapIMIpPYTiB MacaKHPCHKHX IO131B.

B =xXoml mniAroTOBKH Ta BHKOHaHHA poOOTH aBropoM Oyla BHKOpDHCTaHa
iHpopManiA, y TOMYy YHCII BHXIJHI [JaHi, TeKCT, METOOHKH MpPOBEIeHHA aHami3y
JOCTiIkeHb, BH3HAUEHHA NIeBHHX XapaKTepPHCTHK, ITapaMeTpiB, pPo3paxyHKiB TOIIo, AKi
MICTHTbCA y Ikepenax [1— 21], HaBeZeHHX y CIHCKY BHKOPHCTAHHX IKEPET

Ivonixayii. BIINoBiIHO 10 TEMH MaricTepcbkol poGOTH omy0aikoBaHO 1 cTaTTiO

v (haxoBoMy HayKOBOMY ypHami [1].
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BHCHOBKH

TIpoBeneHHH aHami? OHHAMIKH Ta pPO3MOLINY MNACAKHPONOTOKIB 3acBiIYye
HaABHICTE CTIHKOIO CTPYKIYPOBAaHOTO IOMHTY HA AKICHI NTaCAXKHPCHKI epeBe3eHH, 110
MiATBepIKYETECS BHCOKOIO 3alOBHIOBAHICTIO Moi3miB KinaciB IHTepCiti Ta IHTepCiTi+
(6mu3pko 70% 1 80% BinmoeimHo). L1 maHi cBiAYaTe PO CTpaTeridyHy HeoOXiOHICTE
CHCTEMHOIO BIIPOBAKeHHS IMBHIKICHOIO PYXY SIK KJIHYOBOIO (akropa 3abe3nedeHHA
€BPOINEHCHKOIO PIBHA CEPBICY Ta MiIBHMIEHHA KOHKYPEHTOCIIPOMOKHOCT] 3a113HHYHOTO
TpaHcnopty. I'eorpadidai yMOBH YKpaiHH, J& BiICTaHb MiK KIHYOBHMH €KOHOMITHHMH
nerpamMd crtaHoBHTE 200-650 kM, igealsHO BIANOBiNAKOTH JIOTILI JIEHHOIO
IPHCKOPEHOIO CIIONYYeHHA, IO O03BOMAE IOJ0NATH 1X 3a 4-5 ToHH, NPONOHYHIH
allbTePHAaTHBY, KOHKYPeHTHY 3a KoM(OpPTOM Ta €KOHOMIYHOKO IOIIBHICTIO aBTO- Ta
aBlalepeBe3eHHAM.

OTpHMAaHI pe3yIbTaTH MiIKpPecIOTs HeoOXiTHICTh NepeXoqy Bill peaKTHBHOIO
10 IPOAKTHBHOTO, KEPOBAHOTO JaHHMH IUTAHYBaHHA. {111 IOTO B paMKax J0CTiKEHHA
Oyna po3poOneHa Ta anpoOoBaHAa iHTeIPOBaHA MeTOIHKA, AKA MOEIHYE OBAa KIHYOBI
Mmonymi. ITepmuH Monyns 0a3zyeTbcsd Ha BeKTOpHIH aBToperpeciHHid Mozemi (VAR),
CHEliaNbHO AaNanTOBaHiH I8 MPOTHO3YBAHHA MEPEKEBHX MACAKHPOIOTOKIB. 11
IIEPEBArol0 € 3MaTHICTh 3aXOIIIIOBATH CKIIAIHI IIPOCTOPOBO-9ACOB] 3aJI€KHOCTI Ta Kpoc-
KOpelmil MUK Pi3HHMH HanpsAMKaMH pyXy, INO [J03BOIAE TeHEepYBAaTH KOPOTKO- Ta
CepeIHBOCTPOKOBI MPOTHO3H 32 YpaxXyBaHHAM €HJOIeHHOI JHHAMIKH CHCTEMH,
CE30HHOCTI Ta IHIMHX NAaTTepHIiB. JpYyTrHH MOIYIE pealizye ONTHMizalliHHY 3amady
mwia"Hy QopMmyBaHHA moi3niB (Transit Network Design) 3a IomoMoroxw reHeTHYHOIO
anropHT™My. Iled miaxin Oo3BoiaAe e(QeKTHBHO IOCTIDKYBATH BelIHYe3HHH IIPOCTIp
KOMOIHATOPHHX pIilleHb, 3HAaXOAA9H pAalllOHAIBHI KOMIIPOMICH MDK KpHTEepiAMH
OCBOEHHA [IOIIHTY, MIiHIMi3allll 9acy DOIOpoXkl Ta e(eKTHBHOCTI BHKODHCTAHHA
pecypciB.

CHCTEMHHM pe3ylIbTaToM [OCHKEeHHA € I[POIO3HIIA MION0 BIPOBAKESHHA

ABTOMATH30BAaHOI CHCTEMH [IIAHYBAHHA HEK CIIEIliaTi30BaHOl MiACHCTEMH B KOHTYPD
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icHytodoi ACK III V3. Ila cHcTeMa OINTPHMKH [PHHHATIA pilleHb MaTHMeE
apxiTeKkTypy, INo IHTEIpye 3ragaHi MOXYIlI @porHo3yeaHHs (Ha ©Oa3i VAR) Ta
onTHMizamii (Ha Oa3i TeHETHYHOrO AaNrOPHTIMY). i pofoTa IO3BOIHTH MEPEBECTH
TeXHi4He IIIAaHYBAHHA HA HOBHH piBeHb: 3aMiCTh KOPHIYBAHHA ICTOPHYHO CKIIATHOL
CHCTEMH Ha OCHOBi y3araJlbHEeHHX MOKA3HHKIB, TEXHOJIOI OTPHMAE IHCTPYMEHT IUIf
dbopMyBaHHA Ta OLIHKH Pi3HHX CIEHApilE PO3BHTIKY Mepexi HAa OCHOBiI JETAIBHHX
IIPOTHO31B PO3MNOLLNTY ITOTOKIB.

ExoHoMi4He OOIDYHTYBaHHA BIIPOBA[UKEHHA IIOKPIIUIEHO pe3yIsraTaMH
MONENTIOBAHHA, fAKI I[OKa3yloTh, OO BHKOPHCTAHHA TAKOIO IHCTPYMEHTY MOKe
3a0e3lleYHTH MiIBHINEHHA 3alIOBHIOBAHOCTI INBHOKICHHX NOi3AiB Ha 3%, mo B
IOBrocTpokoBiH nepcrekTHBl (10 pokiB) Moike reHepyBaTH I0JaTKOBHH €KOHOMITHHH
edekT v po3Mipi npabaH3HO 240 MIH rpH. TakHM 9HHOM, 3allPONOHOBAHHH MIIX1J, IO
HO€EIHYE MepeqoBl METOIH €KOHOMeTPHYIHOIo nmporHo3yBaHHa (VAR) Ta xomGiHaTopHO1
ONTHMi3allil (TeHeTHYH] aJrOpPHIMH) B €IHHIH iHQopMaIliHHIH cHCTeMI, ABIILEe co00k0
HAayKOBO OOIPDYHTOBAaHY OCHOBY [/ MEPEXOQy IO JIOTICTHYHOI MOIEIi YNPaBIiHHA
HacaXHPCHKHMH MepeBe3eHHAMH, CIPAMOBAHOI Ha MaKCHMAJIbHE 3aJ0BOJIEHHS MOIHTY

Ta [M1IBHIIeHHA e)eKTHBHOCTI POOOTH 3a1i3HHYHOIO TPAHCIIOPTY.
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