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AHOTALIS

bocomazoea [I'.€. ®opMmyBaHHS aBTOMATHU30BAHOI TEXHOJIOTIi YIpaBIiHHS
BaroHOMOTOKAaMHU Ha 3aJI3HUYHHUX HanpsMmkax. — KpamidikaliiiiHa HaykoBa Tpals Ha
npaBax pyKOIHCY.

HucepTtariisi Ha 3A00yTTS HAYKOBOTO CTYINEHS KaHAWJaTa TEXHIYHUX HAyK
(moktopa (dinocodii) 3a crnemianpHicTIO 05.22.01 — “TpancnoptHi cuctemu” (275 —
TpancnopTHi TexHOJIOT1T). — YKpaiHChKUI Jep)KaBHUN YHIBEPCUTET 3alli3HUYHOIO
tpancnopty, MOH VYkpainu, Xapkis, 2019.

JucepTartiro MIPHUCBSIYCHO MUTaHHIO dbopMyBaHHS e(EKTUBHOT
aBTOMAaTH30BaHO1 TEXHOJIOTii YIpaBIIiHHS BaroHOIMOTOKAMH, SIKa JacTh MOKJIHUBICTh
IUCTIETYEPCHKOMY amaparty B OINEPAaTUBHOMY pEXHMI TpuUiMaTd OOTpyHTOBaHI
pillIEeHHs MO0 PAIiOHATBHOTO BHKOPUCTAHHS 00’€KTiB TPAHCIOPTY HAa OCHOBHHX
3aI3BHUYHUX HaANpsIMKax, IO CHPUATHUME YCYHEHHIO 3aTPUMOK Yy TEpPEeBI3HOMY
Ipolieci, 30KpeMa Ha “TiepIiii Ta ocTaHHIA MuTL”.

HaykoBa HOBHM3Ha aucepTainiifHOi poOOTH MOJSATaEe y BUPINIEHHI HAYKOBOTO
3aBJaHHS YJOCKOHAJICHHS TEXHOJIOT1l YNPaBIiHHS BarOHOMOTOKAMHU Ha 3aJII3HUYHHUX
HaIpsIMKax [UISIXOM BIIPOBAKCHHS aBTOMAaTHU30BAHOTO pPO3paxyHKy
EKCIUTyaTalllfHUX BUTpPAT 3ali3HUIIl HA BCbOMY IUISAXY MPOCYBaHHS BaHTAKHUX
BaroHiB 3 YypaxyBaHHAM eQeKTy “mepiioi Ta OCTaHHROI MW" W BEJIUYHUHH
(b1HAHCOBOTO PU3HKY, IO MOB’A3aHUI 3 IMOBIPHICTIO TOAATKOBUX BTPAT 3aJI3HHUIIN Y
pasi Bumiatu mrpady.

Bnepuwe:

— ¢opMaIi3oBaHO TEXHOJIOTII0 TMPOIECY TPOCYBaHHS BaroHOMOTOKIB Ha
HampsIMKax y BHIJISIAI ONTHMI3AIIMHOT MaTEMaTHYHOI MOJENl CTOXaCTUYHOTO
NpOrpaMyBaHHS, IUTbOBAa (YHKIlIS SKOi TpPENCTaBIsi€ CYKYITHI €KCIUTyaTariifHi
BUTpPATH, Ta 3aCHOBaHA Ha BUKOpUCTaHHI iHTerpana Jlebera-CrinTheca, Mo BPaxoBye
edexT “nepuioi Ta ocTaHHBOI MUJII”. MOJeIh TaK0X BPaxOBY€E MOKJIMBI PU3UKH, IO

BUHUKAIOTh y MPOILEC] eKCILTyaTallii BaroHiB;



— BCTAHOBJICHO, 1110 HASIBHICTh KOPEJAIINHOT 3aJI€KHOCTI, 5IKa CIIOCTEPIra€ThCs
MDK 4acoM CJIyBaHHS BaroHiB BiJl MOYATKOBOI CTaHIlI MapuipyTy 10 CTaHIli
MpU3HAYEHHS 1 YacoM nepeOyBaHHS MICLIEBUX BaroHiB Ha “Iepilid Ta OCTaHHIN
MWII”®, MOXHa pO3IIIAaTh B MeXax €JMHOTO IMOBIPHICHOTO TMOJS Ha OCHOBI
noOy/0BH JIIHIMHOI perpeciiHoi Mozeni y BHUIJISAl OiBaplaTUBHOTO HOPMAalbHOTO
3aKOHY pO3MOAUTYy 3 OOYHUCIEHHSIM 00’eMy (irypu, OCHOBa AKOI € YaCTHHOKO II€i
¢Girypu 1 BiACIYEHA IUJIOIIMHOIO IMiJl NMEBHUM KYTOM, IO Ja€ 3MOTYy BH3HAYUTHU
BEJIMYMHY (DIHAHCOBOTO PHU3HWKY Yy BHUIAJKYy HEAOTPUMAHHS TEPMIHY JOCTaBKHU
BaHTaXIB.

Yoockonaneno:

— TMpoIeTypy BU3HAYCHHSI 3aBaHTAXCHOCTI 3aJII3HUYHOI HQPACTPYKTYpH 3a
paxyHOK MPOTHO3YBaHHS OOCATIB MEPEeBE3CHHS BAaHTaXIiB HA OCHOBI BUKOPHCTaHHS
HEHPOHHOT MEPEeXi;

— CTPYKTYpY Ta KOMIUIEKC (DYHKI[IOHANBbHUX 3a1ad €IMHOT aBTOMATH30BaHOT
CUCTEMHU KepyBaHHS BaHTAXHUMU [E€PEBE3CHHSIMU  YKPAiTHCHKOI  3ali3HUI
(ACK BI1 ¥3-€) y Burnsai cucteMd MATpUMKUA TpuiHATTS pimens (CIIIP)
JTUCIIETYEPCHKOT0 TEepCOHATy HJisi IEHTPATi30BaHOTO KEPYBaHHS pPYyXOoM Ha
3QIIBHUYHUX HaMpsMKax, M0 0a3yeThbcsl HA aBTOMATHU30BaHIA TEXHOJIOT11 yIpaBIiHHS
BaroHONMOTOKaMH, B YMOBaX HEIMCKPUMIHAIIIMHOTO JIOCTYNy JO 3aJi3HHYHOL
1H(PACTPYKTYPH BCiX YUYACHUKIB ITEPEBE3CHHS.

[IpaktuuyHi pe3ynbTaTH pPOOOTH TOJATAIOTH y TOMY, IO pPO3poOIEHO
TEXHOJIOTII0 aBTOMATHU30BAaHOTO YIPABIIHHS BaroHONMOTOKAMHW HA OCHOBHHX
HampsIMKax TMEpPEeBE3CHHS, fKa Ja€ 3MOTYy MPUAMATH OOTIPYHTOBAHI PIIICHHS IOI0
paIliOHAIBHOTO BUKOPHUCTAHHS 00’ €KTIB 3alI3HUYHOTO TPAHCIOPTY 3 MIHIMAJIbHUMU
EKCIUTyaTallIfHIMU BUTPATaMH Ta YCYHCHHSIM 3aTPUMOK Yy TEpPEBI3HOMY MpPOIIECi.
CdopmoBana mporenypa ONTUMAIBLHOTO YMPABIIHHS MapaMeTpaMy TepeBE3CHHS
BpaxoBye e(eKT “Nepmioi Ta OCTaHHbOI MHJII”, a TaKOXX IMOBIPHICTh BUHUKHEHHS
(G1HaHCOBUX PHU3HMKIB TMPU NPOCYBAHHI BArOHOMOTOKY Yy BHMAAKYy HEAOTPUMAaHHS
TEPMIHY JIOCTABKM BaHTaXIB. 3aBIISIKM €()EKTUBHIM opraHizalii MpoIeciB NePeBE3CHb

y BIANOBIJHUX JIaHKaX MPOCYBAHHS BaroHOMOTOKIB CKOPOYYIOTHCA BHUTPATH



3aJII3HUII Ha TIEPEBE3EHHS BaHTaX1B MpuOaM3HO Ha 10 % y MOpiBHAHHI 3 ICHYIOUOIO
METOIMKOI0 BU3HAUYEHHS (PaKTUYHOI COO1BApTOCTI EPEBE3EHb BAHTAXKIB.

3a martepiajgamMu AUcepTaLiiHOI poOOTH OmyOIiKOBaHO 26 HayKOBHX Ipalb, 3
akuX: 12 HayKoBHUX cTaTell y (paxoBUX BUAAHHX, 3aTBepkeHnx MOH VYkpainu, Ta 1
CTaTTS Yy BHJAHHSAX IHIIUX JepkaB (IeB’SATh CTaTed BKJIIOYEHI 0 MDKHAPOJIHUX
HAyKOMETPUUYHUX ©0a3, Tpu 3 HUX BKIWOYEHI a0 ©O0a3u Scopus); 12 mnpaub
anpoOaIiifHOTO XapakTepy; OJHa JOAATKOBA Mparlsl.

VY BcTymi OOTpYHTOBaHO aKTYaldbHICTH OOpaHOi TeMH, CHOPMYIHLOBAHO METY,
3a/ayi, 00’ €KT Ta MPeAMET AOCTIIKEHHS, BIIOOPaKeHO 3B’ 30K pOoOOTH 3 HAYKOBUMU
TEMaMH Ta TMporpaMaMH, PO3KPHTO HAyKOBY HOBH3HY Ta NPAKTUYHY I[IHHICTh
JTUcepTaIiiHoi poOboTH, MOJAHO 11 3arajJbHy XapaKTePUCTHKY.

[epimmii po3aii NPUCBAYCHO aHAJI3Y CTATUCTUYHUX JIAHUX 1010 TICPEBE3CHHS
BaHTaX1B 3adi3HulEl0. 3a octaHHl 10 pokiB o00CSATM TEpeBe3eHHS BaHTAXIB
3HM3WIKNCH Ha 35 %, Ipu IbOMY MPOSIBIISIETHCA CIaJl BAHTAXOMEPEBE3EHDb 3 KOKHUM
pokoMm y cepeanboMmy Ha 4,5 %. Ha ¢oHl Takux NOKa3HHKIB CIIOCTEPIraeThCs
3aBaHTaXEHICTh 1HPPACTPYKTYpPH Ha MEBHUX HAMPSIMKaX, OCOOIMBO MPH MPSIMyBaHHI
BaroHOMOTOKIB 70 TOPTIB Ta 3axigHUX KOPAOHIB YKpaiHu, IO MPU3BOAHUTH JIO
IPOCTPOYCHHS TEPMiHIB JJOCTAaBKU BaHTAXKIB.

OCHOBHI TpPyIHOIII, IO BWHUKAIOTH IIiJI Yac oOpraHizamii IepeBe3eHHs
BaHTAXIB, CIPUYMHEHI HECTA4YCI0 TEXHIYHO CIPABHOTO SIK BaHTAXHOTO, TaK 1
TSATOBOT'O PYXOMOT'O CKJIa/ly Y BCTAHOBJICHI TEPMIHHU, Y 3B’ 513Ky 3 UNM BHHUKAE €PEKT
“mepmioi Muii”. AHaJi3 €JIeMEHTIB 00iry BaroHa IoOKas3aB, IO HAWOUIBIINNA Yac
BUTPAYAETbCA TpU TMepeOyBaHHI PYXOMOIO CKJIaay Ha CTaHIli BHBaHTaXCHHS.
ExcnepuMeHTanbHl  JOCIKEHHA JOBedM, 1m0 Maibke y 70 % BuUmaakis
CIIOCTEPITaEThCS TIEPEBUIIICHHS HOPMATHBHOTO 4Yacy mepeOyBaHHS Ha CTaHIIil
NpU3HAYCHHS], TOOTO BUHHUKAE €EeKT “OCTaHHBOT MITI”.

AHaniz HayKOBUX pOOIT Ta JOCTIKCHHS MJIAHOBUX 1 ()aKTHYHUX MOKA3HUKIB
poOOTH 3aT13HUYHOTO TPAHCIOPTY JIOBENH, 1110 ICHYE 3HaYHA PO30IKHICTh MK LIUMHU
nokasHukamu. lle cBimUMTH MPO HEOOXIAHICTH OUIBII JOCTOBIPHOTO MIAXOAY 0

MIPOTHO3YBaHHS.



VY npyromy po3auii chopMOBaHO MO/JIEb MPOTHO3YBaHHS 00CSTIB MEPEBE3CHHS
BaHTaXX1B HA OCHOBI IITYYHUX HEUpPOHHUX Mepex. [IporHo3yBaHHs peasi3oBaHE 3a
JI0TIOMOT'00 TIOBHO3B SI3HOTO OaraToImapoBoro nepcentpona Pymensxapra 3 npsimMum
nomupeHHsIM. B SKOCTI BXITHUX 3HaYeHb OyJM BUKOPHUCTAHI CTATUCTHYHI JIaH1 PO
oOcsru mepeBe3eHb BaHTaxiB. [[ns HaBuanpHOi BUOIpkM Oyno BiaBeaeHo 90 %
3HaueHb, a s KOHTposibHOI — 10 %. Ha Buxoai HeilpoHa OTpUMaHO MPOTHO3HI
3HA4YCHHS 00CSTIB IEPEBE3EHHS BAaHTAXKIB.

[lepeBipky Ha aJeKBaTHICTh 3alpPOINOHOBAHOI HEHUPOHHOI Mepexi s
NPOTHO3YBaHHS 00CATIB MEPEBE3CHHS 3€pHA Ta MPOAYKTIB MEPEMOITy MPOBEICHO 3a
JIOTIOMOTOI0  BHKOPUCTaHHS  KoedillleHTy  pPO30DKHOCTI  MPOTHO3Y, IO
3anponionoBanuii ['.Teilmom. SIKicTh Ta HaAIAHICTH MPOTHO3HOI HEMpoMepekeBoi
MOJIeJII BU3HAYCHO uUepe3 3HaueHHS MAPE , mo ckinano 5,56 %. Lle cBiguuth mpo
BHUCOKY TOYHICTh TPOTHO3YBaHHS.

3aBAsIKM  BUKOPHCTAHHIO  3alPOMIOHOBAHOTO  METOAY  IMPOTHO3YBaHHS,
pO3paxoBaHO HEOOXIMHY KUIbKICTh BaroHiB KOHKPETHOTO THWITYy BIiJIMOBIAHO 10
IPOTHO3HUX OOCSTIB MEPEBE3CHHS NMEBHUX BAHTAXIB Ta YIOCKOHAJIEHO MPOLENYpPY
BU3HAUYCHHS  3aBaHTAKCHOCTI  3alli3HMYHOI  iHQpacTpykrypu.  Pesynpratn
MOJICITFOBaHHS MOXXYTh OYTH BpaxoBaHi MPH po3poOIll ONTUMI3aIIfHOT MAaTEMaTUYHOT
MOJIEII YIIPaBIIiHHSA BarOHOMIOTOKAMH.

3 II€I0 METOI0 y TPEThOMY pPO3AUT (HhOpPMaTi30BaHO TEXHOJOTIYHUHN MPOIIEC
NPOCYBaHHSI BaroHOIMOTOKIB HAa HAmNpsAMKax 3 ypaxyBaHHSIM edekTy “meprioi Ta
OCTaHHBOI MUJI1”, JIe PI3KO 3MIHIOETHCS BApPTICTh MEPEBE3CHHS, TOOTO, HApaXyBaHHS
mrpadiB Ha 3aTI3HUIIO Y 3B SI3KY 13 MPOCTPOUYCHHIM TEPMIHY JOCTABKH BAaHTAXKY, y
BUTJISIAI ONTHUMI3ZAIIMHOT MaTeMaTH4YHOI MOJEIl 3 MOJYKIMWBICTIO BHU3HAYEHHS
BeMUMHN (iHAaHCOBUX pHU3MKiB. [[imhoBa (GyHKINS MOMAENi MpEeACTaBise CYKyIHI
eKCIUTyaTalliifHi BUTpaTH Ta 3acCHOBaHAa Ha BUKOpPHUCTaHHI iHTerpana JlebGera-
CrinTheca 31 3MIHHOIO BEPXHBOIO TPAHUIICIO Yacy NepeOyBaHHs BaroHiB Ha ‘‘meprrii
Ta OCTaHHIA MWIII”, 10 BIATBOPIOE MPUPOAY HEBU3HAYEHOCTI Ha I[UX eTamax
MepeBI3HOTO Mpoliecy. ToOTO yac € 3MIHHOIO BEJIWYMHOIO, KO MOKHA YIPAaBIISITH.

Takum YWMHOM, OTPHUMAHO MOACJIb CTOXAaCTHYHOI'O ITPOrpaMyBaHHA.



3a pe3ylbTaTaMM CTATUCTUYHUX JAHUX BHU3HAYEHO BEJIMYUHY KoedilieHTa
AiHIAHOT Kopensnii p=+0,2429 MK dYacoM 3HAXO/KEHHs BaroHIB Ha MHUIAXY
MpsIMyBaHHS Ta iX nepeOyBaHHAM Ha “IepuIiil Ta OCTaHHINA MWL, IO aj0 MiACTaBU
PO3MIISTHYTH 1X B MEXaxX €JJMHOIO IMOBIPHICHOTO MOJiA. 3 MI€I0 METOK MOOYAOBaHO
JTIHIAHY perpeciiny MOJenb y BHIJAAl O1BapiaTUBHOTO HOPMAJIBHOIO 3aKOHY
po3MOALTy, sSKa Ja€ MOMJIMBICT OUIBII TOYHO BHU3HAYUTH  IMOBIPHICTH
HECBOE€YACHOTO MPUOYTTS BaroHiB JI0 MYHKTY MPU3HAYECHHS 1, BIATOBIHO, BEIUUUHY
(1HAHCOBOTO PHU3UKY, IO MOB’SA3aHUM 13 MOMIIMBICTIO TPOLIOBUX BTPAT 3aJMI3HULI Y
pasi Bumuiatu wrpady. Jas BU3HAYEHHS IMOBIPHOCTI po3paxoBaHO 00’eM (irypu,
AKa € YaCTHMHOI KYIOJOMOAIOHOI TaycCIBChKOi MOBEpPXHI, SKOK IpeIcTaBlieHa
GyHKIIIS MIUIBHOCTI JTaHOTO O1BapiaTUBHOTO HOPMAJILHOTO 3aKOHY pO3MOALTYy. Y
TaKOMy pa3l HeoOXimHO obuucioBath 00°eéM (QIrypu, OCHOBa SKOi HE €
NPSIMOKYTHHUKOM 31 CTOpOHaMH, IO MapajeibHi 10 KOOPAWHATHUX OCeH, a €
YaCTUHOIO 1€l Pirypu, 110 BiJiciueHa IUIONIWHOKO ITi/I IEBHUM KYTOM.

HasBHicTh MiHIMYMY 1UIbOBOI  (PYHKIII CBITYUTH TIPO  MOXKIIUBICTH
dbopMyBaHHS MPOLEIYpPU ONTHUMAIBHOIO YIPABIIHHS IMapaMeTpamMu IepeBe3eHHS.
Takum unHOM, chopmMoBaHa MOJENIb HOCUTh YHIBEpCAaIbHUN XapakTep Ta B yMOBax
HAsSIBHOCTI 3BOPOTHOTO 3B’SI3Ky JIO3BOJISIE YIPABISATH MEPEBI3HUM MPOILIECOM 3
HaMEHIIMMHU eKCIUTyaTalliiHuMU BUTpaTamMu 3ami3aumi. Kpim Toro, mojaenb
ypaxoBy€ BHUTpATH, IO TOB’SI3aH1 3 pU3MKAMH MEPEBE3CHHS BAaHTAXYy, AKI MOXYTb
CKJIaJIaTH KUTbKA JICCATKIB BIICOTKIB BiJl TOBHOT BEJTMYMHU BapTOCTI.

Busnayenuii migxig 100 TMONIYKY ONTUMAJIbHOTO pIilllEeHHs OpraHi3aiii
poOOTH BaHTa)XHUX BAaroHiB € OCHOBOIO (pOPMYBaHHS aBTOMATH30BAHOI TEXHOJOTii
yIPaBIIiHHS BarOHOTIOTOKAMH.

VY gerBepTOMY P03/ CHOPMOBAHO ABTOMATH30BAHY TEXHOJIOTIIO YIIPABITIHHS
BaroHOMOTOKAMH, SKY 3alpOIMOHOBAHO Peali3yBaTH Yy BUTIISAMI CUCTEMHU MiATPUMKHU
OPUUHITTS ~ pimieHb  aucneTdepchbkoro amapaty. CIIIIP  iHTerpyerscs 10
aBTOMATHU30BAaHOTO pOOOYOr0  MICI €IWHOTO JHCIeTYepa Ha  HANPSIMKY

(APM JIHII - €), wo niakmoueno 1o ACK BIT V3-€.



3anporoHOBaHa TEXHOJOTIS TiepeAdavae, 10 €IUHUN Jucnerdep Oyne
BIJIMOBIIATH 3a BaroHOMOTIK Ha TIEBHOMY HAaNpsAMKY B YyB’S3Il 31 CTaHUISIMU
HAaBAaHTAKEHHS Ta BUBaHTaXeHHA. [lepexiy 0 HOBOI CHUCTEMH IEHTPasli30BaHOTO
yIpaBIiHHS NEPEBI3HUM MPOIIECOM Ha HAPSIMKY 3MEHIIYE KUIbKICTh epeiay noizaa
BIJ AMCHETYEpa 10 AUCIETYEpa.

BripoBa/keHHSI TEXHOJNOTil ONTHMANbHOTO YIPABIiHHSA TEpPEBE3CHHIMHU
JI03BOJISIE 3MEHILIUTH €KCIUTyaTaliiHi BuTpatu npubiau3zno Ha 10 % y mopiBHAHHI 3
BUTpPATaMH, 110 PO3PaXOBYIOTHCS 3a iICHYIOYOI0 METOJMKOI0 BH3HAYCHHS (PAKTHUUHOT
co01BapTOCTI EPEBE3EHb BaHTAXKIB 32 Oa30BUI MEPIO/I.

Jns  mpo3opocTi  AISUIBHOCTI  3alli3HUYHOI  Trajmy3i B yMOBax
HEAUCKPUMIHAIIMHOTO JIOCTYIy BCIX YYaCHUKIB TIEPEBE3CHHS YJOCKOHAJIECHO
CTPYKTYypy Ta kKomruiekc aonmarkoBux 3amad ACK BII V3-€, mo nepenbauarors:
B3a€MOJIII0 3aTI3HMIII 13 BIACHHMKAMU BaHTAXKHUX BaroHiB 3a YMOBU J10OPOBUIBHOT
y4acTi, pIBHUX YMOB €KCILTyaTallii BAaHTaXXHUX BaroHiB, IOPUINYHOI Ta €KOHOMIYHOT
PIBHOCTI; JOMYCK 10 3aJII3HUYHOI 1HGPACTPYKTypH IPUBATHOI TITH; CTBOPEHHS
JOTICTUYHOTO OTIEpaTopa Jlsl HaJlaHHA SKICHUX ¥ €KOHOMIYHO MPUBAOIUBUX MOCTYT
BaHT)KOBIIMPaBHUKAM Ta MIJBHUINCHHS KOHKYPEHTOCTIPOMOXKHOCTI 3aJII3HHUIII.

BuzHaueHHS €KOHOMIYHOTO €(EeKTy 3 HApOCTAIOYUM ITIJICYMKOM Ha TIEBHOMY
HaIlpsIMKy HaJajdo MOXIMBICTH oTpuMatu 54,16 MIH TpH Ha ITATHH PIK
3aCTOCYBaHHS  3aIPOTIOHOBAHOI  aBTOMATHU30BAaHOI  TEXHOJIOTIi  yIpaBJIiHHS
BaroHOMOTOKAMH.

Knrouosi crnosa: ynpaBiiHHS BaroHONOTOKaMU, 3aJI3HUYHI HAIMPSIMKH, TEpIa
Ta octaHHs Muii, iHTerpan Jlebera-CTinTheca, eKCIUTyaTaIliifHI BUTpATH, (DYHKITIS

PU3HKY.
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ABSTRACT

Bogomazova G.Ye. Formation of Automated Wagon Traffic Control
Technology on Railway Directions. — Qualification scientific work — manuscript
copyright.

Thesis for a Candidate Degree in Technical Sciences (Ph.D. — Doctor of
Philosophy) in Specialty 05.22.01 - Transport Systems (275 - Transport
Technologies). — Ukrainian State University of Railway Transport, Ministry of
Education and Science of Ukraine, Kharkiv, 2019.

The thesis deals with the issue of formation of the efficient automated wagon
traffic control technology, fostering the traffic controllers to take reasonable informed
decisions in the operational mode on the rational usage of transport objects on the
main railway directions, which will enable to eliminate delays in the transportation
process, in particular on the “first and last mile”.

The scientific novelty of the thesis consists in the first time solution for the
scientific problem of improving the wagon traffic control technology on railway
directions by introducing the automated calculation of operating costs of the railway
throughout the freight wagons route, taking into account the effect of the “first and
last mile” and the proportion of financial risk associated with the probability of
railway additional losses in case of fine payment.

For the first time:

— the technology of wagon traffic process on directions was formalized in the
form of an optimization mathematical model of stochastic programming, the target
function of which represents total operating costs and is based on the use of the
Lebesgue-Stieltjes integral, taking into account the effect of the “first and last mile”.
The model also takes into account the possible risks arising from the wagon
operation;

— it has been determined that the correlation dependence between the time of
wagons traffic from the initial station of the route to the destination station and the

time of local wagons stay on the “first and last mile” can be considered within a
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single probabilistic field based on the construction of a linear regression model in the
form of a bivariative normal distribution law with the calculation of the volume of the
figure, the basis of which is a part of this figure and is cut off by an area at a certain
angle, which enables to determine the proportion of the financial risk in case of non-
compliance with the freights delivery terms.

The following has been improved:

— the procedure to determine the load capacity of the railway infrastructure by
forecasting the volume of freight transportation based on the use of the neural
network;

—the structure and complex of functional tasks of the Unified Automated
Control System for Freight Transportation of Ukrainian Railways (ACS FT UZ) in
the form of Decision Support System (DSS) of the traffic controllers for centralized
traffic control on railway directions based on the automated wagon traffic control
with the non-discriminatory access to the railway infrastructure for all carriers.

The practical value of the work consists in developing the technology of
automated wagon traffic control on the main transportation directions, which enables
to take informed reasonable decisions concerning the rational use of railway transport
objects with minimal operating costs and eliminating delays in the transportation
process. The suggested procedure for optimal transportation parameters management
takes into account the effect of the “first and last mile”, as well as the probability of
financial risks in the wagons traffic in case of non-compliance with the terms of
freights delivery. Due to the efficient organization of transportation processes at the
corresponding divisions of wagon traffic, the freight cost of the railway is reduced by
approximately 10% compared to the current methodology of determining the actual
cost of freight.

The content of the thesis was revealed in 26 scientific publications, including:
12 research articles in professional journals, approved by the Ministry of Education
and Science of Ukraine, one article published abroad (nine articles are included in
international scientometric bases, three of them are in Scopus); 12 publications of

discussion character; one additional publication.
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The introduction contains the grounded topicality of the chosen theme, stated
aim, objectives, object and subject of the research, the link of the research with the
scientific themes and programs, the described scientific novelty and practical value of
the thesis, its general features.

The first chapter deals with the analysis of the statistical data concerning
railway freight transportation. For the last decade, the volume of freight has reduced
by 35% with an average annual freight transportation decrease of 4.5%. In the midst
of such indicators, there is the infrastructure overload on certain directions, especially
wagon traffic to the ports and Western borders of Ukraine. This leads to delays in
freight delivery.

The main difficulties arising during freight transportation organization are
caused by the shortage of technically fully operational wagons as well as tractive
rolling stock in due time. This leads to the “first mile” effect. The analysis of the
elements of wagon operation has shown that the majority of time is spent when the
rolling stock is at the unloading station. The experimental studies have proven that in
almost 70% of cases there is an excess of the normative time of stay at the destination
station, that is, there is the “last mile” effect.

The analysis of scientific works and research of the planned and actual
performance data of rail transport has proven the existence of a significant
discrepancy between these indicators. This requires a more reliable approach to
forecasting.

The second chapter describes the model for forecasting freight transportation
volumes on the basis of artificial neural networks. Forecasting realizes with the help
of the fully connected multi-layer Rumelhart perceptron with the direct distribution.
The statistical data were used as the input data about the freight volumes. For the
training sample, 90% of the amounts were allocated, and for the control — 10%. At
the neuron output, the forecast amounts of weight transportation volumes have been
received.

The adequacy verification of the suggested neural network to forecast the

transportation volumes of grain and ground products was carried out with the usage
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of the forecast divergence coefficient proposed by H. Theil. The quality and
reliability of the forecasting neural network model is determined by the MAPE value
of 5.56 %. This indicates high accuracy of forecasting.

The use of the suggested forecasting method allowed calculating the required
number of wagons of a specific type in accordance with the forecast volumes of
transportation of certain freights. The procedure for determining the load capacity of
the railway infrastructure has been improved. The modeling results can be taken into
account when developing an optimization mathematical model of the wagon traffic
control.

For this purpose, in the third chapter, the technological process of wagon traffic
on directions has been formalized with regard to the effect of the “first and last mile”,
where the cost of transportation dramatically changes, that is, fines imposed on the
railway in connection with non-compliance with the delivery terms. This has been
done in the form of an optimization mathematical model with the possibility to
determine the financial risks. The target function of the model represents the total
operating costs and is based on the use of the Lebesgue-Stieltjes integral with the
variable upper boundary of the time when wagons stay on the “first and last mile”,
which reflects the nature of uncertainty at these stages of the transportation process.
That is, time is a variable that can be controlled. Thus, a stochastic programming
model has been obtained.

According to the results of statistical data, the value of the linear correlation
coefficient has been determined p=+0,2429 between the time wagons are on route
nad the time they stay at the “first and last mile”, which enables to consider them
within a single probabilistic field. To this end, a linear regression model has been
constructed in the form of a bivariative normal distribution law, which allows to more
accurately determine the probability of delayed wagons arrival at the point of
destination and, accordingly, the value of the financial risk associated with the
possibility of monetary losses of the railway in case of paying a fine. To determine
the probability, the volume of the figure has been calculated, this figure being a part

of the dome-shaped Gaussian surface, which represents the density function of this
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bivariative normal distribution law. In this case, it is necessary to calculate the
volume of the figure, the basis of which is not a rectangle with sides parallel to the
coordinate axes, but a part of this figure cut off by an area at a certain angle.

The presence of the minimum of the target function indicates the possibility of
forming a procedure for optimal control of transportation parameters. Thus, the
formed model is universal and with the feedback provided it enable to control the
transportation process with the least operating costs of the railway. In addition, the
model takes into account the costs associated with freight transportation risks, which
can amount to several dozens of percent of the full value of the cost.

The determined approach to the search for the optimal solution for the
organization of wagons operation is the basis to form the automated wagon traffic
control technology.

In the fourth chapter, the automated wagon traffic control technology has been
formed, which is proposed for implementation as a decision taking support system for
the traffic controllers. The DSS is integrated into the automated workplace of a single
traffic controller on direction (AW STCD), connected to the ACS FT UZ.

The proposed technology assumes that the single traffic controller will be
responsible for the wagon traffic on a certain direction in conjunction with the
loading and unloading stations. The transition to a new system of the centralized
transport process control on direction reduces the number of train transfers from one
controller to another.

The implementation of the technology of optimal transportation control allows
reducing the operating costs by approximately 10% compared to the costs calculated
with the current methodology of determining the actual cost of freight transportation
In the base period.

For the transparency of the railway industry activity in the conditions of the
non-discriminatory access for all transport users, the structure and complex of
additional tasks of the ACS FT UZ have been improved, which include: interaction of
the railway with the wagon owners subject to voluntary participation, equal

conditions for wagons operation, legal and economic equality; access of the private
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traction to the railway infrastructure; introduction of a logistics operator to provide
high-quality and economically attractive services to shippers and to increase the
railway competitiveness.

Measuring the economic effect with the increasing total on a given direction
allowed obtaining UAH 54.16 million for the fifth year of implementing the
suggested automated wagon traffic control technology.

Keywords: wagon traffic control, railway directions, first and last mile,

Lebesgue-Stieltjes integral, operating costs, risk function.
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BCTVII

AKTyaJbHicTh TeMH. ChOTOJHI CTalOTh BCE OUIBII OYEBUJAHUMHU BUSIBU
3acTapiyioi ¢opMu YIpaBIiHHS pecypcamMu 3alli3HUII, 1110 HE BIAMOBIIAE aKTyalbHUM
TEHACHI[ISIM CBITOBOIO TPAHCHOPTHOTO PHUHKY 1 MPU3BOJAUTH 1O 3HUKEHHS PIBHS
KOHKYPEHTOCIIPOMO>KHOCTI 3a113HUYHOI rajy3l. 3a OCTaHH1 5 POKIB CIOCTEPIraeThCs
TEHJICHIIISI IO CKOPOYEHHs OOCSTIB TMEPEBE3CHHS BAHTAXIB 3aJI3HUYHUM
TpancropToMm 3 387 miH Ty 2014 p. o 322,3 muHa T y 2018 p., 301IbIIyETHCS 001T
BaroHa, NIABUUIYETbCA iX MPOCTIH B OUIKYBaHHI JIOKOMOTHBIB. JlocmimKeHHs
€JIEMEHTIB 00iry BaHTa)XHUX BaroHIB JIOBOJUTH, 110 OutbIne HiXK y 50 % Bumaakis
BaroHW TMPOCTOIOIOTH HAa TOYATKOBHMX Ta KIHIIEBMX CTaHINSIX MapuipyTy, ToOOTO Ha
“nmepmriii Ta octaHHiM Muii”. OfHIEIO 3 OCHOBHUX MPOOJIeM poOOTH 3aTi3HUYHOTO
TPAHCIIOPTY € HE3aJOBUIBHUN CTaH BaHTAKHOTO PYXOMOTO CKJIajy Ta TITOBHX
pecypciB. Y 3B’S3Ky 3 UMM, yC€ dYacTillle BIIOYBA€ThCSA MPOCTPOUYCHHS TEPMiHIB
JIOCTaBKM BaHTAXy, 10 MPU3BOAUTH 10 (PIHAHCOBUX PHU3UKIB y BUIJISAI BHUILIATU
mrpady.

OcunoBuumu acnekramu Ctparerii po3sutky ITAT “Vkpzanizauua” 2017 —
2021 pokWM € BUKOHAHHSA TEPMIiHIB JOCTaBKM BaHTaXIB Ta IPUCKOPEHHS 0O0Iry
BaroHiB, yJOCKOHAJICHHS CHUCTEMH yIpaBIiHHA, IMIJBUIICHHS €(EeKTUBHOCTI
YIOPaBIiHHA PYXOM, 30UIBIICHHS THYYKOCTI, IMPO30POCTI Ta IIBHUIKOCTI MPUHHATTS
pIlIEHh JUCIETYCPCHKUM TEPCOHAIOM, 3MEHIICHHS oOmepaniiHux BuTpar. Ha
CHOTOJAHINIHIA JIGHb YIPaBIiHHSA TIEPEBE3CHHSIMHU 3IWCHIOEThCS HAa  PiBHI
perioHanbHUX (UTINA 3aMI3HULB, TUPEKIIA Ta CTaHIlii, TOOTO COCTaBH MEPEAAIOTHCSA
Bl OJHOrO JHWCIETYEpa JIO IHIIOTO, IO YCKJIAJAHIOE EKCIUTyaTamiidHy poOoTy.
[lepexim Bix perioHAIBHUX MPUHIUINB YIPABIIHHA TEPEBI3HUM MPOIECOM JI0
opraHizamii pyxy TO3[iB Ha HampsSMKax 3HA4YHOI JIOBKMHU Tepea0aveHo
HupextuBamu €C. ToMmy akTyanapHOIO 3ajaueto € (popMyBaHHS aBTOMATH30BaHOI
TEXHOJIOT1i yNpaBIiHHA BaroHOMOTOKaMM Ha OCHOBHHMX HAampsMKax B YB A3l 13
poOOTOI0 CTaHII BIANPABICHHA Ta NPU3HAYECHHS BaHTaXy, sKa JacTb 3MOrY

JUCIIETYEPCHKOMY amnapary 3ali3HUIIl B ONEPATUBHOMY PEKMMI NPUIAMATH MIBUAKI
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palioHaNIbH] pIIIEHHA IIOJ0 YCYHEHHS 3aTPpUMOK Yy IMEpPEBIZHOMY IMpoLeci HpH
MIHIMJIBHUX €KCIUTyaTallliHUX BUTPATaX B yMOBAaX HEBU3HAYEHOCT!.

3B’A30K po0OTH 3 HAYKOBHMHM IpPOrpaMaMHu, IUIAHAMH, TEeMaMHU.
Hucepraniiina poboTa BHUKOHYBajach BiMOBiAHO 10 HarioHanbHOi TpaHCIOPTHOT
ctparerii Ykpainu Ha nepion 1o 2030 poky (Posnopsmxenns Kabinety MinicTpis
VYxpainu Big 30 tpaBas 2018 p. Ne 430-p), Yroau npo acoriaiiito Mk YKpaiHoto, 3
onHiel cTopoHHu, Ta €BponeiickkuM Coro30M, €BPOMEWCHKUM CITIBTOBAPUCTBOM 3
aTOMHOI eHeprii 1 iXHIMH Jep)KaBaMU-wIeHaMH, 3 1HIOI cTopoHu (Yroay
patudikoBaHo 13 3asBor0 3akoHoM Bix 16.09.2014 p. Ne 1678-VII), Crparerii
po3BuTKy ITAT “VYkp3anizauus™ 2017-2021 poku (omy6aikoBano 25.05.2017 poxy
Ha caiiti [TAT “Ykp3ani3auiiga”), a TAKOXK HAYKOBO-IOCTIIHUX POOIT 3a TeMaMH, Y
AKX aBTOp Opayia Oe3mocepelHI0 ydacTh SIK BUKOHaBelb: “Po3poOka €mauHOTO
TEXHOJOTIYHOTO Mpolecy poOoTH Mia’i3HOI KOJii 3aKpUTOro akKI[iOHEPHOTO
ToBapucTBa JlOHEIbKCTANIb — METATYPriiiHUI 3aBOJ] Ta CTaHIIT NpUMHUKaHHS [lOHEeIbK
JIT Honerbka 3anizuuirss” (JIP Ne0108U003761); “Po3poOka MiclieBUX TEXHIYHUX
YyMOB HaBaHTAXCHHS Ta PO3MIIICHHS 3aTi30pyJHUX OKATUIIIB 1 IMeOeHI0 Ha
BIIKPUTOMY PYXOMOMY CKJaJi, iX Y3rOJKeHHS Ta 3aTBep/keHHs y CTaTyTHOMY
TEPUTOPIATHHO-TATy3€BOMY 00’ eTHaHH1 “IliBnenHa 3aIi3HALS (AP
Ne 0109U006261); “Pa3paboTka NpeasioKeHHI MO MOBBIIICHUIO 3((HEKTHBHOCTH
UCIIOJIb30BaHMS TPY30BBIX BAroHOB pa3NIUYHON (POpMBI COOCTBEHHOCTH B HOBBIX
ycmoBusax” (AP Ne 0110U004890); “dopmyBaHHS Ta MNUISAXH —peatizaiii
OpraHi3aiiifHO-TEXHOJOTIYHOT MOJIeTlI BHUKOPHUCTAHHS BAHTAXHUX BAaroHiB Y
MibkHapoaHuX nepeseseHHAx” (P Ne 0115U000275).

Merta i 3agaui gocaigxenHs. Meroro nucepTailiiiHoi podoTu € popMyBaHHS
e(eKTHBHOT aBTOMATH30BaHOT TEXHOJIOTIi yMpPaBIiHHS BaroHOMOTOKAMHM, SIKa JacCTh
MOKJIMBICTh JMCIETYEPCHKOMY amapary B OINEpPaTUBHOMY pPEXHUMI NpUAMaTH
OOTpYHTOBaHI PIIICHHS MIOJI0 PalliOHATFHOTO BUKOPUCTAHHS 00’ €KTIB TPAHCIIOPTY Ha
OCHOBHHUX 3aJI3HWYHHX HAaNpsAMKaX, IO CHOPUATAME YCYHEHHIO 3aTPUMOK Y
MepeBi3HOMY IPOIIEC], 30KpeMa Ha “riepiriid Ta OCTaHHIA MU .

Peanizamis 1iei mMetu mnotrpedye MOCTAHOBKM Ta BHUPIIICHHS TaKUX 3a/ad


http://zakon.rada.gov.ua/laws/show/1678-18#n2
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JTOCJTIJI>KEHHS:

— IIPOBECTH aHaNi3 CTAaTHCTHYHUX J@HUX IIO0J0 TIEPEBE3CHHS BaHTAXIB
3aJII3HUIICIO;

— chopMyBaTU MOJIeNIb MPOTHO3YBAaHHS OOCSTIB TMEPEBE3EHHsS] BAaHTAXIB IS
BU3HAYEHHS 3aBaHTAXEHOCTI 3aI13HUYHOT 1HQPACTPYKTYpH Ha HaNpsIMKaXx;

— ¢opManizyBaTl TEXHOJOTIYHUN TMpOILEC MPOCYBAHHS BaroHOMOTOKIB Ha
HampsIMKax 3 YypaxyBaHHSIM e(eKTy “mepmoi Ta OCTaHHbOI MW~ y BUIJISAII
ONTHUMI3aIlifHOT MaTeMaTHYHOI MOJIeJli 3 MOXIIMBICTIO BHU3HAYCHHS BEIUYUHU
(1HAHCOBUX PU3HKIB,;

— JOCHIIIUTHA 3aJIeKHOCTI MK YacoM CJIiJlyBaHHs BaroHIB BiJl MOYaTKOBO1
CTaHIIIi MapIIpyTy IO CTAHIIIT MPU3HAYEHHS i YacoM nepeOyBaHHS MICIIEBUX BaroHiB
Ha “TepIiiii Ta OCTaHHIN MUJI1” 1JI1 BU3HAYEHHS IMOBIPHOCTI HECBOEYACHOT IOCTABKU
BaHTaXY;

— po3poOUTH aBTOMATHU30BaHY TEXHOJIOTIIO YINPaBIiHHS BaroHOMOTOKaMHU Ha
3IIBHUYHUX HaIpsSMKax, Ky JOIUTBHO peayli3yBaTH Yy BUTJISAAI CUCTEMH MIATPUMKH
npuitaaTTa pimens (CIITIP) nucneTdepchkoro anapary;

— YIOCKOHAJIUTA CTPYKTYPY Ta KOMIUIEKC (YHKI[IOHANbHUX 3amad €auHol
ABTOMATU30BAHOI CHUCTEMHU KEPYBAHHS BAHTAKHUMMU [EPEBE3CHHIMHU YKPAIHCHKOI
sanmizauil (ACK BII V3-€) B yMoBax HEAMCKPUMIHALIMHOTO JIOCTYMY 10
3II3HUYHOT IHPPACTPYKTYpPHU BCIX YUYACHUKIB ITIEPECBE3CHHS,

— BU3HAYUTH CKOHOMIYHY JOMiIBHICTh BiJl BIPOBAKEHHS aBTOMATH30BaHOI
TEXHOJIOT1i YIpaBIiHHS NEPEBI3HUM MPOIIECOM Ha HATPAMKY.

06’ekm Oocnioxcennss — TPOIEC TPOCYBAHHS BAaroOHOMOTOKIB HA TMOJITOHI
3HA4YHO1 JOBXXUHU.

Ilpeomem OocnioxcenHsi — TEXHOIIOTIS YNPABIIHHA BAaroHOTIOTOKAMH Ha
3aIII3HUYHUAX HAMPsIMKaXx.

Metonn  gocaimxkeHHs. BukoHanHi  mociimkeHHS — 0a3yroThCA  Ha
BUKOPUCTaHHI: METOAY MATEMAaTHYHOI CTATUCTUKH [JIi TIPOBEACHHS aHATI3y
OCHOBHMX €KCIUTyaTaI[IiHUX MOKAa3HUKIB pPOOOTH 3a7T13HUYHOTO TPAHCIIOPTY; METOY

IITYYHUX HEUPOHHUX MeEpex s peanizauii 3a7adyl MPOrHO3yBaHHsS OOCSTIB
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NepeBe3eHHs] BaHTaxiB; 1HTerpana JleGera-CrinTheca s BIATBOPEHHS MPUPOIU
HEBHU3HAYEHOCTI Yacy nepeOyBaHHS BaroHiB Ha “‘miepiliid Ta OCTaHHINA MU, METOAY
JIHIAHOI perpecii y BUMIIsLAI O1BapiaTUBHOIO HOPMAIBHOIO 3aKOHY PO3MOALTY IS
BU3HAUCHHS BEIWMYHMHM ()IHAHCOBOTO PH3UKY y BHITAJIKy HEIOTPHUMAHHS TEPMIHY
JIOCTaBKM BaHTAX1B; METOY MPUUHSTTS pillIeHb, 10 3aCHOBAHUM HA PYHKIIi PU3UKY,
JUIsl BU3HAYEHHS MOKJIMBUX (PIHAHCOBUX BTpAT 3a]I3HHUII y MPOILECI MPOCYBaHHS
BaroHOIMOTOKY.

HaykoBa HoBH3HA oJep:KaHMX pe3yJbTaTiB. Y JgucepTaliifHiii poOOTi
BUDINIEHO  HAYKOBE  3aBJaHHA  YAOCKOHAJICHHS  TEXHOJOTii  yHpaBIiHHS
BAarOHONOTOKAMH  Ha  3aJiBHUYHUX  HAMpsAMKaxX  IUIIXOM  BIPOBAJKCHHS
aBTOMAaTHU30BAaHOTO PO3PAaXyHKY EKCIUTyaTal[iIfHUX BHUTpPAT 3aJi3HUII HAa BCHOMY
NUIAXYy TPOCYBaHHS BaHTaXHUX BaroHiB 3 ypaxyBaHHSAM edekTy “meprioi Ta
OCTaHHbOI MIJII” ¥ BeIMYMHHU (PIHAHCOBOTO PHU3HKY, IO MOB’SI3aHHUM 3 IMOBIPHICTIO
JOJIATKOBUX BTPAT 3aJIi3HUIII Y pa3i BUIIATH mTpady.

Bnepwe:

— (hopMaizoBaHO TEXHOJIOTII0 TIPOIECy TIPOCYBaHHS BaroHOMOTOKIB Ha
HalpsIMKax y BHUIJIAA1 ONTHUMI3aAIlifHOT MaTeMaTHYHOI MOJEi CTOXaCTUYHOIO
porpaMyBaHHsI, IUIbOBAa (YHKINS SKOi MPEACTaBs€ CYKYIHI eKCIUTyaTaliiHi
BUTpPATH, Ta 3aCHOBaHA Ha BUKOpUCTaHHI iHTerpaia Jlebera-CrinTbeca, 110 BPaXOBY€
edekT “nepmroi Ta ocTaHHBOI MUJII”. MOJIeIh TaKOX BpaxoOBYE MOKJIMBI PU3UKH, IO
BUHUKAIOTh y MPOIIEC] EKCITyaTallii BaroHiB;

— BCTAHOBJICHO, [0 HASIBHICTH KOPEINAIIIHOT 3aJI€KHOCTI, sIKa CTIOCTEPITraeThCs
MDK YacoM CIIIyBaHHS BaroHiB BiJ ITOYaTKOBOi CTaHIli MapIipyTy A0 CTaHIIii
NpU3HAYCHHS ¥ 4YacoMm mepeOyBaHHS MICIIEBMX BaroHiB Ha “TepIIiii Ta OCTaHHIH
MU, MOXXHA PpO3TISAJaTH B MeEXaxX €JIMHOTO IMOBIPHICHOTO TIIOJI Ha OCHOBI
noOy/0BH JIIHIMHOI perpeciiHoi Mozeni y BHUIJISAI OiBapiaTUBHOTO HOPMAIBHOTO
3aKOHY PO3MOMAUTY 3 OOYHCIECHHSIM 00’eMy (irypu, OCHOBA SKOI € YACTHHOIO ITi€i
¢birypu 1 BiACIYE€HA TUIOMIMHOIO MiJ TEBHUM KYTOM, IO Ja€ 3MOTy BHU3HAYUTH
BEIMYMHY (DIHAHCOBOTO PHU3HWKY Yy BUNAIAKYy HEAOTPUMAHHS TEPMIHY JTOCTaBKHU

BAHTAXIB.
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Yoockonaneno:

— MpoLIeAYpy BHU3HAUEHHS 3aBAHTAXKCHOCT1 3aJII3HUYHOI 1HQPACTPYKTYpH 3a
pPaxyHOK NPOTHO3YBaHHSI OOCSTIB MEPEBE3CHHS BAHTAXKIB HA OCHOBI BUKOPUCTAHHS
HEHPOHHOT MEPEXKI;

— CTPYKTYypy Ta koMmiuiekc (yHkiioHanpHux 3agady ACK BII V3-€ y Burmismai
CUCTEMHU INITPUMKH TPHUHATTS PIMICHb JIUCIETYEPCHKOTO TMEPCOHATY IS
IIEHTPAJII30BAaHOTO0 KEPYBAHHS PYXOM Ha 3aJII3HUYHHMX HAIpsMKaXx, 0 0a3yeThCcs Ha
aBTOMATU30BaHIi  TEXHOJIOTil  yNpaBIiHHS  BaroHONMOTOKaMH, B  yMOBax
HEAMCKPUMIHALIMHOTO JOCTYIy 10 3aJI3HUYHOI 1HQPACTPYKTYypU BCIX YYACHUKIB
TIePEBE3CHHSI.

IIpakTuyHe 3HAYEHHSI OAeP:KAHMX pe3yJbTaTiB. [IpakTHuHiI pe3yabTaTH
po0OTH TIONATAIOTH Yy TAaKOMY: pO3pOOJEHO TEXHOJOTII0 aBTOMAaTH30BaHOTO
yIIPaBIIiHHS BarOHOIIOTOKAMH Ha OCHOBHHUX HAIpsSMKaxX MEPEBE3CHHS, SKa JIa€ 3MOTY
npuiiMaTd OOTPYHTOBAH1 PIMIEHHS I[0J0 PAIliOHAILHOTO BUKOPHUCTAHHS 00’ €KTIB
3aJII3HUYHOTO TPAHCIOPTY 3 MIHIMAJIbHUMM EKCIUTyaTalllfHUMU BUTpAaTaMH Ta
YCYHEHHSM 3aTpUMOK y nepeBisHOMy mporeci. CdopMoBaHa Tmpolenypa
ONTUMAJILHOTO yMPAaBIIiHHS MapaMeTpaMy MEPEeBE3eHHS BPaxoBye e(eKT “mepiioi Ta
OCTaHHBOI MIJII®, a TaKOXX IMOBIPHICTh BUHUKHEHHs (IHAHCOBUX PHU3HKIB IpHU
IIPOCYBaHHI BaroHOIOTOKY Y BHUIIAJKy HEAOTPUMAHHS TEPMiHY JOCTaBKH BaHTaXIB.
3aBasku epEeKTHBHIN oOprafizaimii IpoIeciB IepeBe3eHb Y BIAMOBIIHMX JaHKaX
NIPOCYBaHHSI BaroHOMOTOKIB CKOPOYYIOTHCS BHUTpATH 3ali3HUII Ha TEpPEeBE3CHHS
BaHTaX1B MpuOan3Ho Ha 10 % y MOPIBHSAHHI 3 ICHYIOUOI0 METOJUKOI BHU3HAYCHHS
dakTUuHOT COOIBAPTOCTI MEPEBE3E€Hb BAHTAXKIB.

3anmpomnoHOBaHAa TEXHOJOTiI Ha OCHOBI ONTUMI3AIliiHOT MOJENi Hajae
MOJKJITUBICTh B aBTOMAaTH30BAHOMY PEKHMIi YIPABISATH BarOHOMOTOKAMH 3aBJSIKU 11
BIIPOBA/KCHHIO IO CHUCTEMH MIATPUMKH TPUHHSTTS PIICHh HA aBTOMATH30BAHOMY
pobodoMy MicIii €quHOTO nucrerdepa Ha HanpsamMKy (APM JIHII-€). A takox OinbIr
TOYHO BHU3HAYATH IMOBIPHICTh HECBOE€YACHOTO MPUOYTTS BAroHiB 10 MYHKTY
MPU3HAYEHHS 1, BIJIMOBIIHO, BEIUYUHY (PIHAHCOBOIO PHU3MKY, LIO MOB’A3aHUM 13

MOXJIMBICTIO TPOIIOBUX BTPAT 3aJIi3HULIL Y pa3i BUIUIATH WITpady.
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[IpakTruHe 3HAauYEHHS PE3yibTaTIB POOOTH MIATBEPKEHO BIAMOBIAHUMU
aKkTaMHd BIPOBADKEHHS y BUPOOHMUMil mpouec PerionanbHoi ¢imii “IliBoeHHa
saniauL” AT “Ykp3anisHuuga” Ta y HaBYaJbHUW mpouec  YKpaiHCBKOIO
JIEP’)KaBHOTO YHIBEPCUTETY 3aJlI3HUYHOIO TPAHCIOPTY MPH BUBYEHHI JUCLMILIIH
“BanrtaxxHi nepeBe3eHHs”, ‘“TpaHCIOPTHO-EKCIEAUTOPChKA ALSUIBHICTE, “Metoan 1
dbopmMu ympaBIiHCHKOI JISUIBHOCTI”, IO HaBEJEHI B J0AaTKaX 10 JUCEPTaIiifHOTO
JIOCIIIKEHHS.

Ocobuctnii BHecok 3100yBaua. HaykoBi pe3ynbrath poOOTH OTpUMAaHi
aBTOPOM OCOOHMCTO Ta TPOBOJAMIUCH B YKpAiHCBKOMY JEp)KaBHOMY YHIBEPCHUTETI
3II3HUYHOTO TpaHCIoOpTy. Y poboTax, onmy0JIiIKOBaHUX 31 CIIBAaBTOPaMH, OCOOUCTH I
BHECOK TOJISITAE y TAKOMY: y cTatrTi [1] OyJIo OIIHEHO MapHIpyTH3AIlil0 TIEPEBE3CHb
KOMIUIEKCHO B YB’SI31l1 3 OpraHi3alllel0 BaroHOMOTOKIB MPU HEMapUIPyTHHUX
nepeBe3eHHAX; y [2] JJOoCHiIpKeHO Yac TPOCTOK BaroHiB B OYiKyBaHHI
NepeBaHTAXKYBAJIbHOI orepalii Ha NPUKOPJOHHUX CTAHLIAX, M0 MPU3BOAUTH 0
3aTPUMOK Y Tpolieci nepeBe3eHHs; B [4, 9, 21, 22, 23] 3anporoHOBaHO MPOLEAYPY
PO3IOALTy BaroHiB Ha 3aJII3HUYHOMY TOJITOHI BIIMOBIIHO /10 MPOTrHO30BAHOTO PIBHS
oOcsariB  TIepeBe3eHHS BaHTaxiB, y [6, 17, 18] 3ampomoHOBaHO pallioHAJIbHE
NEepEMIIIEeHHs] BaroHiB Ha OCHOBI BM3HAYCHHS MIHIMAJIBPHOTO 3HAYEHHS CYMapHHX
eKCIUTyaTallliHUX BUTPAT 3aJli3HUIII, 110 3aJIe’KaTh BiJl KUIBKOCTI BaroHiB y COCTaBi
nmoizza Ta X GOopMHU BIACHOCTI; NUISAXU yJOCKOHAJICHHS METOJIIB TapuU(PHOI MOJITHKH
y po3pi3i co0iBapTOCTI MEPEeBE3CHHS BaHTAXIB 3AII3HUYHUM TPAHCIIOPTOM IOJAHO B
pobori [7]; y crarTax [8, 11] mpoBeaeHi JOCTIKEHHS 1010 BIUIUBY MACaKUPCHKUX
NEPEeBE3eHb Ha TMPOMYCKHY CIPOMOXKHICTh 3ai3HUYHOI 1HQPACTPYKTYpH TMpHU
NIEPEeBE3CHHI BaHTAXIB; JJII 3MEHIIICHHS BHUTPAT, 110 BUHUKAIOTH Bil mepeOyBaHHS
BaroHiB IiJ] BAHTQXXKHUMU omeparisiMu, B podotax [10, 25] po3pobieHo parioHaIbHY
IPOIEYPY PO3MOALTY BAaHTAXKHO-PO3BAHTAXXKYBAIBHUX PECYPCIB JUIsl YCYHEHHS
HETIPOJYKTUBHUX TPOCTOIB BaroHIB ITil BaHTQXHUMH OIepamisMu;, y cratrti [12]
dbopmanizoBaHO TEXHOJOTIIO YNPaBIiHHA BarOHOMOTOKAMU Ha  3aJI3HMYHHUX
HanpsMKax Yy BUIUISIAI ONTUMI3aliifHOT MaTeMaTUYHOI MOJENl CTOXaCTUYHOIO

MpOrpaMyBaHHsl MPOLIECY MPOCYBaHHS BaHTAXHUX BAaroHiB, 110 BpPaxoBye e(ekT
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“mepIoi Ta OCTaHHbOI MUJII”, @ TAKOXX MOJKJIMBI PU3MKH, 1110 BUHUKAIOTh y MPOLECI
eKCIUTyaTalnii BaroHiB; 3 METOI  IMIABULIEHHS  KOHKYPEHTOCHPOMOKHOCTI
YKpaiHChKHUX 3aJII3HUIb Ha CBITOBOMY TPAHCIIOPTHOMY PHUHKY Ta BUpIIIEHHS 3a/aayl
10JI0 MMPUCKOPEHOI0 MEPEXOy BaroHaMU CTHUKIB 3aii3HUIlL Kojiid 1520/1435 mMm y
MDKHapOJHUX 3ali3HMYHUX MapupyTax y po6oti [13] 3ampornoHoBaHO OuIbII
e(eKTUBHE  BHUKOPUCTAHHA  pECcypciB  3aBAJKH  OIMOJANIbHIA  TEXHOJOTIi
BaHTaXXOIEPEBE3€Hb; y mpaisix [19, 24] 3anpornoHOBaHO TEXHIYHE PIIIEHHS, 110 Ja€
3MOry e(QeKTHMBHO BHUPIIIYBATH YNPABIIHCbKI 3aBJaHHS MUISXOM I1HTETpyBaHHS
CUCTEMU MIATPUMKHU IPUUHATTS pillleHb Ha BIANOBIHI aBTOMaTU30BaH1 poOoyi MicIs
OTIEPAaTUBHOIO MEPCOHAITY 3aT13HUYHOTO TPAHCTIOPTY.

AmnpoOauisi pe3yabratiB aucepramii. OCHOBHI TMOJOXEHHS JUcCEepTalii
JIOTIOB1/IaJTUCs, 0OTOBOPIOBAIMCS Ta YXBAJICHI HA TAKUX KOH(PEPEHIIISIX:

—4-if  MDKHApOAHIM  HAayKOBO-TIpakTU4HIM  KoH(pepeHuii  “IIpoOremu
MDKHApPOJIHUX TPAaHCIIOPTHUX KOPUIOPIB Ta €JUHOI TPAHCIIOPTHOT CUCTEMU Y KpaiHu™
(cmt Kokrebenb, 2—7 uepBas 2008 p.);

— MDKHApOAHIA HayKOBO-TIPaKTHYHINA KoHdepeHIi “JloricTuka mpoMHUCIOBUX
perioniB” ([onernpk — Mapiymons, 26—28 tpasas 2010 p.);

— VIII mMexayHapoaHOW HaydHO-TpakTHdecko KoHdepeHuun “‘TIpoOGaeMbl
SKOHOMHUKHU WM yIpaBJi€HHUs Ha kelie3HoaopoxkHoM TpaHcnopte” (AP Kpsim, Cynak,
8—11 okts6ps 2013 r.);

— 3-ii MEeXIyHapOIHOW HAyYHO-TIPAKTH4YeCKON KoH(pepenuuu “IlepcrekTuBbI
B3aUMOJICUCTBUSA  JKEJE3HBIX  JOPOr W MPOMBIIUICHHBIX  NPEANPUATHI”
(r. IuenponeTposck, 27.02—-28.02.2014 r.);

—77-1n, 78-i1, 79-i1, 80-ii MiKHApOIHIM HAYKOBO-TEXHIYHIN KOH(pEpeHIIi
“Po3BUTOK HAYKOBOI Ta 1HHOBAIIKHOI MISITBHOCTI HAa TpaHcHopTi” (M. XapkiB, 21-23
kBiTHs 2015 p., 2628 kBitHsA 2016 p., 25-27 kBiTHA 2017 p., 24-26 xBiTHa 2018 p.);

— International research and practice conference “Modern methods,

innovations, and experience of practical application in the field of technical sciences”

(Poland, Radom, 27-28 December, 2017);
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— MDKHApOAHIA ~ HayKoOBO-TeXHIuHId  koH(epenuii  “Texnomorii  Ta
iHpacTpykTypa Tpancnopry” (M. Xapkis, 14—16 tpaBusa 2018 p.);

— International Multidisciplinary Conference “Science and Technology of the
Present Time: Priority Development Directions of Ukraine and Poland” (Wolomin,
Republic of Poland, 19-20 October, 2018);

—31-i1 MDKHapOJHIM HayKOBO-TIpaKTH4YHIA KoH(pepeHuii “Ingopmarniiino-
KEepylodl CUCTEMH Ha 3alli3HUYHOMY TpaHcnoptTi” (M. XapkiB, 24-26 3>KOBTHs
2018 p.).

VY noBHOMY 00cs131 pe3ybTaTH JUCEPTAIIHHOT POOOTH 3aCIIyXaHO Ta CXBAJICHO
Ha PO3IIMPEHOMY 3aciaHHl Kadeapw yIpaBiiHHS BaHTAXXHOK 1 KOMEPIIHHOIO
po6oTOI0 YKPaiHCHKOTO JIEPKaBHOTO YHIBEPCUTETY 3aTi3HUYHOTO TPAHCIIOPTY.

Iy6aikamii. 3a wmartepianamu auceprariiinoi podotu omyOiaikoBaHO 26
HAYKOBUX TIpallb, 3 AKUX: 12 HayKOBUX cTarel y (haxOBUX BHUIAHHSAX, 3aTBEPKEHUX
MOH VYkpaiau, Ta 1 cTaTTd y BUJAHHIX 1HIIUX JepKaB (JIEB’SATh cTaTeil BKIIIOUYEHI
70 MDKHapOAHUX HAyKOMETPUYHUX 0a3, TpU 3 HUX BKIIOUYEHI J0 0a3u Scopus); 12
npailb anpoOaIiifHoOro Xapakrepy; oJHa J0JJaTKOBA Mparls.

Ctpykrypa Ta o0car aucepramii. [[ucepramis ckiagaeTbcsi 3 aHOTaIlii,
BCTYITY, YOTHPHOX PO3/I1IIB, BACHOBKIB, CITUCKY BUKOPUCTAHUX JKEpPEJ Ta J0JIaTKIB.

[ToBHMIT 0b6csar muceprarii cknamgae 204 CTOPIHKH, 3 SKHX OOCAT OCHOBHOTO
TekcTy 139 crtopinok, 33 pucyHka 3a TeKCTOM, 6 Tabiuuipb, 3 akux 1 Tabmums i 1
PUCYHOK Ha 3 OKpeMHUX CTOpIHKAaX, CHHCOK BHUKOPUCTaHUX mkepen 13 130

HallMEHYBaHb 1 5 10JIaTKiB.
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