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AHOTALISA

Yexynose J[.M. @®opMmyBaHHS aBTOMATHU30BaHOI TEXHOJIOTIi yIpaBiIiHHS
COPTYBAJIbHUMHU CTaHIIIMM B yMOBax II€pPeBE3€Hh HEOE3MEYHUX BaHTAXKIB. —
KranidikamiitHa HaykoBa mpatisi Ha IpaBax PyKOIMUCY.

Hucepraitiss Ha 3700yTTS HAYKOBOTO CTYIICHsS KaHIUJaTa TEXHIYHUX HAYK
(moktopa dinocodii) 3a cremianbHicTio 05.22.01 — « TpancniopTHi cuctemu» (275 —
TpaHcnopTHi TeXHOJIOT1). — YKpaiHChKHI epKaBHUN YHIBEPCUTET 3aJII3HUYHOTO
tpancnopty, MOH VYkpainu, Xapkis, 2019.

JlucepTaniro  TPUCBSIYEHO  TNUTAHHIO  MMJBUIICHHS  €(EKTUBHOCTI
(GYHKIIIOHYBaHHS CHUCTEMH BaHTAXHUX 3ai3HWYHUX IEPEBE3CHb  ILIIXOM
dopmManizamii Ta aBTOMaTH3allll MPOLECIB IUIAHYBaHHS POOOTH COPTYBAIbHUX
craniiit (CC) B ymoBax nepeBe3eHb HeOe3neunux BanTaxiB (HB) 3 ypaxyBanuam
3aB/IaHb PU3HK-MEHEHKMEHTY Ha OCHOBI CUCTEMHOTO MIIXOY.

HaykoBa HOBU3Ha nucepTaiiiHoi poOOTH MOJSATaE y BUPIMIEHHI HAYKOBOTO
3aBJaHHS yJOOCKOHaleHHs mpoueciB ympasiaiHHd CC musixoMm ¢GOpMyBaHHS
ABTOMAaTH30BaHOI TEXHOJIOT1] yIPaBIiHHSA, KA HAJACTh MOXKJIMBICTh ONTHMI3YBaTH
po6oty CC Ha OCHOBI CUCTEMHOTI'O MAXOAY 1 JO3BOJIUTh KOMIUIEKCHO BUPILITYBaTH
TEXHOJIOT1YHI 33/1a4i 1 3a7a41 pU3UK-MEHEDKMEHTY B YMOBax nepeBezeHb HB.

3 i€ METOI0 BIEPIIIE:

— c(hopMOBaHO KpHUTEPi OIIHKK HEOE3IEK MPU ONepyBaHHI BaroHaMU 3
HB Ha ocHOBI ekcro3uilii pu3uKiB, SIKHA BUCTYMA€ IHTETPaJbHUM MOKA3HUKOM
piBHA HEOE3IMEeKH ONEePaTUBHOTO IJIAHY, Ta JO3BOJISIE B AUHAMIIl BpaxXyBaTH 3MIHU
omepatuBHOi cutyarlii Ha CC y mpocTopi Ta 4aci;

— JUTsi BUOOPY ONTHMANIBHOTO BapiaHTy OMEPATUBHOTO IJIaHY POOOTH
CC Ha OCHOBI BHWIIE3a3HAYCHOTO KPUTEPi0 CPOPMOBAHO MOJECIb OIIHIOBAHHS
pU3UKIB B ymMoBax oOpoOku BaroHiB 3 HB 3 BUKOpUCTaHHSM MaTeMaTHYHHUX
anapatiB baecoBrUX Mepex Ta HEUITKOI JIOT1KH;

— dbopmai3oBaHO TEXHOJIOTIIO YHPABIIHHA onepaTtuBHOIO podoToro CC

Ha OCHOBI MaTeMaTW4YHOI MoOJeil 0araTonuIbOBOI ONTHMI3aIlli, SIKa JO3BOJISIE



ONTHUMI3yBaTU TEXHOJIOIIYHI BUTPATH 3 ypaxyBaHHAM BHPILIEHHS 3aJay PU3HK-
MEHEUKMEHTY Ha BCIX cTajiix oOpoOku BaroHonoTokiB 3 HB BkmtoyHO 3
MICIIEBOIO POOOTOIO;

Y 10CKOHAEHO:

— MaTeMaTU4H1 Mojeni nodynoBu 1iany (gopmysanHs noi3ais (I1DII)
Ta PO3MOJAUTY MOPOXKHIX BarOHIB 3 ypaxyBaHHSIM 3aBJaHb PU3UK-MEHEI)KMEHTY Ha
CC B ymoBax nepese3eHnp HB;

— cucremMy ACK BII V3 € 3a paxyHOK BKIIOYEHHS 10 i1 CKJIamgy
KOMIUIEKCY 3ajJlay, Kl MpPEeJICTAaBJIE€HI Ha BCIX PIBHAX YIPABIIHHS MNEPEBI3HOIO
npolecy, Ta crpsiMoBaHi Ha ontumizaiito podotu CC 3 ypaxyBaHHSM 3aB/IaHb
pU3UK-MEHE/DKMEHTY B yMOBaxX nmepeBe3eHb HB, ki mpeacTaBisiioTh
aBTOMAaTHU30BaHy TEXHOJIOTIIO yIIpaBIIiHHS.

[IpakTr4HI pe3yiabTaTH AWCEPTAIINHOTO JOCTIKEHHS MONSTaloTh B TOMY,
0 pO3po0JIeHI Ta YIOCKOHAJICHI MaTeMaTW4yHI Mojesi Ta copMoBaHa Ha ix
ocHOB1 TexHoJoris ympamiiHHsi CC B ymoBax mnepeBe3eHb HB 103BosSIOTH
aBTOMAaTU3yBaTH BUPOOJICHHS pIillleHb Ha BCIX PIBHAX TMIPOIECY YIPaBIiHHS
BAaHTAXHUMHU TIEPEBE3CHHSIMHU. 3aCTOCYBAHHS JaHOI aBTOMATHU30BAaHOI TEXHOJOT1I
npu ympaiaiHHI pobGoToro CC  n03Bosis€ MIIBUIIMTA €(EKTUBHICTH  1X
(GyHKITIOHYBaHHS Ta PIBEHb 0€3IMEKH IUITXOM 3HWKEHHS €KCIUTyaTaiiHuX BUTpAT
3a paxXyHOK 3MEHIIIEHHS BEJIMUYMHU BaroHO-TOJIMH IPOCTOI0 BaroHiB Ta MiHIMi3amii
PHU3HKY, 110 OB’ I3aHUM 3 00p0OOKOI0 BaroHONoTokKiB i3 HB.

Opepskani B aucepTarlii pe3yiabTaTd BUKOPHUCTOBYIOTHCS TPH YTPaBIiHHI
BaroHOMOTOKaMMu Ta TporuecoM (GopmyBanus moi3aiB Ha CC perioHanbHOT (imii
“IliBmenna 3amizaui” AT “VkpsamisHunsg”, B HaBYAJIBHOMY  IIPOIIECI
VYkpaiHCBKOTO IepKaBHOTO YHIBEpCHUTETY 3aiizHuuHOro Tpancrnopty (YrpAY3T),
a TakoXX TPH MPOBEACHHI 3aHATH 31 CIyXadyaMu IEHTPY CHEIiaIbHOTO HABUYAHHS
NpaIiBHUKIB Cy0’€KTiB TepeBe3eHb HeOe3newnnx BaHTaxiB mpu YipAY3T.
[IpakTuHe BHKOPUCTAaHHS  pe3yibTaTiB poOOOTH  MIATBEPIKEHO  aKTaMu

BITPOBAIJKCHHAI.



3a Temor0 aucepranii onyoJgikoBaHO 12 HayKOBUX Ipallb, 3 AKUX 6 crarei
(ogHa 6e3 cmiBaBTOpIB), Ta 6 mpailp anpoOalIfHOrO XapakTtepy. I3 mectu crarei
I’ATh onyOJikoBaHI y (haxOBUX HAYKOBHX BHAAHHAX, 3aTBepkeHnx MOH
Vkpainu, Ta ogHa y 3aKOPJAOHHOMY BHAaHHI. BcCi mIICTh cTaTeil BKIIIOYEHI [0
MDKHApOJHUX HAYKOMETPUUHHUX 0a3, J1BI 3 AKUX 1HAEKCYIOThCS y 0a3i Scopus.

Hucepranis MICTUTh BCTYN, 4YOTHUPU PO3JAUIM, BHUCHOBKH, CIHUCOK
BUKOPUCTAHUX JDKEPEN Ta JOJATKUA. Y BCTYMi OOTPYHTOBAHO aKTyaJIbHICTh TEMH,
chopMylibOBaHI MeTa Ta 3ajadl JOCIIKCHHS, BioOpa)keH1 HayKoBa HOBM3HA Ta
NIPAKTUYHA IIHHICTH, MOJJaHO 3araJIbHy XapaKTepUCTUKY POOOTH.

VY nepriomy po3auTi MPOBEICHO aHalli3 OCHOBHMX KIUIBKICHHUX Ta SIKICHUX
MOKa3HUKIB POOOTH MiJACUCTEMU BAHTAKHUX IMEPEBE3CHb, T4 BUSBJICHI HETaTUBHI
TEHJICHIII1 1010 30UIBIICHHS! BEJIMYMHU 00Ty BaHTA)XHOTO BAaroHy, 3MEHIIICHHSI
BEJIMYUHU CEPEIHBOI000BOTO MPOOITy JTOKOMOTHBA, OOCSTIB CEpeIHbOI000BOTO
HABaHTAXKEHHS Ta PIYHOrO0 BaHTak000iry. PazoMm 3 TuMm, Ha oHI IMX HETaTUBHUX
TpeHAIB OyJl0 BHUSBIICHE 30LIbIIEHHS OOCSTIB 3alli3HUYHUX TiepeBe3eHb HB B
VYkpaini, mo Big0yBaeTbes 3 1101 HU3KU MpuurH. Ha 0CHOBI1 aHalizy nepeBe3eHb
HB 3zanisaunsmMu  kpain cBiTy OyJ0 BCTaHOBJIEHO, IO Taka TEHJACHINS €
3arajlbHOCBITOBOIO. Takok OyJi0 BCTAHOBIICHO, IO B cepeaHbomy 3a ao0y CC
00po0iisie nekimbka coTeHb BaroHiB i3 HB, mo BimHOCATBCS A0 pI3HUX KiaciB
HeOe3neku. 3MiiMcHeHo aHami3 aBapiiHMX cutyallii 13 Baronamu 3 HB Ha CC 3a
BUJAMHU, TMPUYMHAMHU 1 TPUYETHICTIO, B PE3YJNbTaTi SKOTO 30Kpema Oymo
BCTAHOBJICHO, II[0 3HAayHAa KUIBKICTh IHIMJCHTIB BiIOYBAa€ThCA 3a YYaCTIO
JTIOJICBKOTO (haKTOPY».

AHani3 HayKOBUX Mpallb BITYM3HSHUX Ta 3apyODKHHUX TOCIITHHUKIB BUSBUB
BIZICYTHICTh €JIMHOTO MIAXOMy JIs OIlIHIOBaHHS piBHS HeOE3NmeKk B MpoIeci
(GYyHKITIOHYBaHHS CKJIQHAX 3ali3HMYHUX cucteM, 30kpema CC, B ymoBax
nepeBeseHb HB. Pasom 3 Tum Oyno BigMideHO, M0 TpH OIIHIOBAHHI PIBHA
HEOE3MeKH, sKa TOB’sA3aHa 3 CJIEMEHTAPHUMH TOJISIMHU, 3aCTOCOBYETHCS TOHSTTSI
TEXHIYHOTO PpU3UKY, 110 JO3BOJSE OJIHOYACHO BpPaXOBYBAaTH IMOBIPHICTb

BUHUKHEHHs HeOa)kaHO1 MOIl Ta BEIUYUHY 11 MOXKJIMBUX HACHIAKIB. Takox OyIo



3a3HA4YE€HO, 10 MacTabu MOXJIMBUX HAcCHiAKIB aBapiil 13 BaroHamu 3 HB Ha
teputopii CC € 3Ha4YHO BUIIMMH B MOPIBHAHHI 3 IHIIUMH 00’ €KTaMH 3alli3HUYHOT
MepexXi, Tak K OKpIM 3HAYHUX MaTepiaJibHUX 30UTKIB, LIIKOAU 3J0pPOB’I0 Ta
BTpPATH JKUTTSA IEPCOHAJIOM CTaHIli Ta MEIMIKAHIIMHA TPWICTINX HACEICHUX
NYHKTIB, TaKa aBapisi MOXKE MPU3BECTHU O 3HMKEHHS ONEePaliitHOT T1sIIbHOCTI BCi€l
3ai3HUYHOI CUCTEMH, a TAKOK CTAHOBUTD 3arpo3y AJIsl Oe3MeKn KpaiHu.

30utbIIeHHsT 00csTiB nepeBeseHb HB B ymoBax 30UIbllI€HHS MPOCTOIB Ta
IHIIUX HETaTUBHUX TEHACHIIA B pPoOOTI CHUCTEMHM BAHTAXHUX 3alI3HUYHUX
nepeBe3eHb € NMpUUnHOI0 Toro, mo CC MepeTBOPIOIOTHCSA HA TEPMiHAIH, HA SIKUX
OJIHOYACHO mepeOyBae BUJIMKA KIIbKICTh BaroHiB, 3HayHa YacTKa SIKMX MICTSITh
HB. 3a Takux yMOB, BpaxOBYIOUM KPHUTHYHHHA PIBEHb 3HOCY PYXOMOI'O CKIIaJy,
3HAYHO MIJABUIIYETHCS IMOBIPHICTh BHHHMKHEHHS TEXHOTe€HHO1 aBapii. Takum
yuHoM, CC € eneMeHTaMU 3aJII3HUYHOT TPAHCIIOPTHOT CHUCTEMHU, SIKI MOTPEOYIOTh
MEPIIOYEProBOro BUPIIIEHHS 3a7a4i MiHIMi3aIlii TPOCTOIB BaroHiB Ta yIpaBIiHHS
pusuKkaMu. BupilmieHHs IUX 3aJad € MOXJIMBUM 3a pPaxyHOK dopmaizamii 1
aBToMaTH3allii Mporecy omneparuBHOro IutanyBanHs pobotu CC B ymoBax
nepeBe3eHs HB.

Y npyroMmy po3nui MPOBEACHO aHaji3 IiAXOAIB IMOJ0 OI[IHIOBaHHS
HeOe3nmek B Tmporeci (YHKIIOHYBAaHHS TEXHIYHUX CHCTeM. BimzHadeHO
pallioHaJbHICTh MIAX0Y, IO MOJIATAE y 3aCTOCYBAHHI MOHATTS TEXHIYHOTO PU3HKY
JUISL 3A1MCHEHHS KUIBbKICHUX OIIIHOK Hebe3nek. Pazom 3 TuM OyJio BCTaHOBIICHO,
10 ISl OI[IHIOBAHHS PU3HKY TPH 3IHCHEHHI OMEPaTUBHOTO TUIAaHYBaHHS POOOTH
CC B ymoBax o0poOku BaroHomoTokiB 3 HB mnuiie 3actocyBanHs 1aHOTO MIAXOAY
€ HeJOCTaTHIM, aj/pKe BiH JO3BOJIAE ONEPYBATH PU3UKOM JIMIIE SK CTATHIHHUM
napametpoM. Opnak B mpomeci ¢yHkuionyBanHs CC cuTyalis Ha CTaHIII
MOCTIMHO 3MIHIOETHCS, TOMY JUIsl BpaxyBaHHS IIMX 3MiH TIPH OIIHIII PU3HKIB B
nporeci moOymoBu omepaTuBHOTO MaHy pobotu CC Oyso 3amporoHOBAaHO
(GYHKIIIO TMOTOYHOTO PHU3UKY Ta KPUTEPId EKCHO3UIlll PHU3UKY, SKHUH €

IHTErpaJIbHUM KpuTepieM. Takum YHMHOM, €KCHO3UIlil PU3UKY € IHTETpajoM IO



yacy 31 3MIHHOIO BEPXHBOIO MEXKEI0 BiJl y3arajdbHEHOI (PYHKIIT pU3UKY, KA €
CYMOIO (PYHKI[I TOTOYHOT'O PU3MKY KOKHOTO OKpeMoro BaroHa 3 HB.

JIns po3paxyHKy TMOTOYHOTO PHU3UKY OylIo po3poOJieHO MOjenb, 110
BUKOPUCTOBYE MAaTeMaTH4Hl amapaTtd baecoBuX Mepex Ta HEUITKOI JIOTIKH.
Mogenb Hajlae MOKJIMBICTh BU3HAYEHHSI IMOBIPHOCT1 HACTaHHs HeOaXKaHOI MOIT 3
BaroHoM i3 HB 3 mocTaTHROIO TOYHICTIO, OJHOYACHO BPaXOBYIOUM K CTATHCTHYHI
JlaHl Tak 1 ONepaTUBHY 1H(POPMAIlII0 PO MOTOYHY CHUTYAIlil0 HAa CTaHIlIi, a TaKOXK
BIUIMB BCIX OCHOBHUX (DakTOpiB HeOe3MeK, BKJIOYAouu M Ti, SKI MOXYTb
HAJXOJUTHU Bij 1HIIMX BaroHiB 3 HB, 1o nepeOyBaroTh Ha cTaHIIii.

Ha ocHOBI kpuTepito eKCcrno3ullii pu3uky chOpMOBAHO MOJIENb YIPABIIHHS
pU3MKaMU TMpU OrepaTUBHOMY 1iaHyBaHHI podotu CC B ymoBax nepeBe3eHs HB.
[inboBa GyHKIIISI CYMICHO 13 CUCTEMOIO OOMEXKEHb, 110 PETJIAMEHTYIOTh MOPSI0K
o0poOku BaroHiB 13 HB, mnpexacraBnse onTumizaiiiiHy MoOJAENb yNpPaBIiHHSI
pusukamu. CpopMoBaHa MOJIENIb € OCHOBOIO JJIs MOOYJOBU CUCTEMHU YIPABIIHHS
pU3MKaMHM B TIPOIIeC] peatizallii 3MiHHO-1000BUX 3aBAaHb Ha CTAHIII.

Y TpeThoMy pO3IUJIi Ha OCHOBI aHaNI3y HAyKOBOi JiTepaTypu OyIio
BCTAHOBJICHO, 1110 3ajJa4a ruianyBaHHs pobotu CC, ska € 3a/1a4er0 KOMOIHATOPHOT
onTUMIi3aIlii, BITHOCUTHCA 110 kiacy NP-moBHUX 3amad, a oTke 11 BUpILIEHHS MOXE
IPEACTaBIATH 3HAYHY OO4YHCTIOBANBHY ckiaagHicTh. Omnak CC  3ami3HAYHOT
Mepexi YKpaiHM BUKOHYIOTh HE JuIlIe poOOTy 3 po3dopmyBaHHS-HOpPMYyBaHHS
COCTaBiB, aje i MICTAThH MIJICUCTEMY MICIIEBOi poOOTH, IO MOXE OOCIyroByBaTH
3HAYHY KUTBKICTh 00’ €kTiB. Takum unHOM, 3amauy miuanyBanHs podotu CC MoxHa
KkIacu@iKyBaTH SK YHIKQIBHUN THUI 3aaadl Teopili po3KiIamy, SKa TaKOX €
Oe3MpeIeICHTHOI0 32 CKJIAJHICTIO 3 TOYKH 30py (opmamizaiii TeXHOIOTTIHUX
TIPOIIECIB.

CdopmoBaHO MaTeMaTHIHY MOJIEIh, IIUTHOBA (DYHKITIFO SIKOT IPEICTABIIeHA Y
BUTJISII KPUTEPI0 EeKCIUTyaTamifiHux BUTpaT. byno moBemeHo, IO HaWOUIBII
pallioHaIBbHUM IIX0JI0M JJIsI BUPIIIEHHS 3aj7a4l MOoOYI0BH ONEPAaTUBHOIO IJIaHY
pobotu CC, iK1l € ONTUMAIILHUM $SIK 32 KPUTEPIEM EKCIUTyaTallliHUX BUTPAT TakK 1

3a KpPUTEpIEM €KCHOo3ullll pU3UKy, € i (OpMyJIOBaHHS Yy BUIUISIAL 3ajadyi



OaraTonuIL0BOI onTuMizalli. TakuM YMHOM, MOJIeNb 0araToIlIbOBOI ONTHUMI3AIll]
MICTUTh UUIbOBY (YHKIIO €KCHO3UIll PHU3UKYy Ta UUIbOBY (DYHKIIIIO
eKCIUTyaTalllfHuX BUTpAT, SKa BKIIOYA€ BUTpPATH, IO MOB’si3aH1 13 BaroHO-
ronuHamMu TniepeOyBaHHs BaroHiB Ha CC, NpOCTOEM TOI3HUX JIOKOMOTHBIB,
MaHEBPOBOIO Ta MICIIEBOIO pPOOOTOI0, a TaKoXK CHCTEMY OOMEXEHb, sKa
perjaMeHTtye orepanii 3 mnoi3gamu, 1mo MictaTh Baronu 3 HB, Ta 3a0e3neuye
IUTAaHYBaHHS pOOOTH CTaHIIi B MeXax 11 TEXHIYHUX MOXJIUBOCTEH.

s onrumizariii mozaeni O0yio copMOBaHO MPONEAYPY, Ka BUKOPUCTOBYE
reHeTuyHu anroputm creniaibHoro tumy (NSGA-II) nis oTpuMaHHS MHOXUHU
[TapeTo-onTUMaNIBHUX PIllICHb, Ta METOJI T'PAHUYHOI KOPUCHOCTI IS BUALUICHHS
€IMHOTO KOMIIPOMICHOTO pimieHHd. Po3pobiiene Ha 1ii OCHOBI mporpamHe
3a0e3MeyYeHHsI, HaJa€ MOXKIIUBICTh TPEJCTABICHHS ONTHMAJIBLHOTO OINEPATHBHOTO
wiany po6otu CC y rpadiyHOMY BUTIISIIL.

3a pe3ynapTaTaMu MOJENIOBaHHS OyJI0 BHSBICHO, IO 3aCTOCYBAaHHS
po3pobiieHoi mMojeni npu nmoOyaoBi onepatuBHoro rmiany podboru CC mo3Bojsie
3MEHIIUTHA BEJIIMYMHY €KCMO3UIlll pu3uKy Ha 8 % Ta 3arajbHi BaroHO-TOJWHU
nepeOyBanHsa BaroHiB Ha CC Ha BenuuuHy 6,5 % y MOPIBHSHHI 13 TPaIULIHHOIO
TEXHOJIOTIE€I0 TIAHYBAHHS.

VY 4gerBepTOMY PO3aLII y BIAMOBIAHOCTI 10 OCHOBHUX BUMOT MIXHAPOJHOTO
cragaapty ISO 31000 “VYmpamminas pusukamu. KepiBHI TpUHIUNN, SKi
HAroJIOMIYIOTh TMPO HEOOXIAHICTh TIMOOKOi 1HTEerpamii CHCTEeMH pPU3HUK-
MEHE/DKMEHTY JO CHCTEMHU YIPaBIIHHS TEXHOJOTIYHUM TIpolecoM, Oyio
chopMOBaHO MaTeMaTHYHI MOJEN, sKi omTumidyioth pobory CC B ymoBax
TpancnopTyBanHss HB Ha crpateriuHOMy 1 TakTUYHOMY pIBHSX YNpaBIiHHS
NIEPEBE3CHHSAMH Ha OCHOBI CHCTEMHOTO TIIXOY.

CdopmMoBaHO MaTeMAaTHYHY MOJENb, IO MICTUTh IITOBY (yHKIIIO Ta
cucTeMy OOMEXEHb, 1 JO3BOJIAE€ BUPINTYyBaTH 3amady po3paxyHky I[IODII, ska e
CTPATETiYHOI0 3a/ayeio IUIAHYBAaHHA BaHTAXHUX TIEPEeBE3CHb. BUKOpUCTaHHS
JaHOI MOJEN1 HaJa€e MOXKJIMBICTh, BPaxXOBYIOUHM TEXHOJOTTYHI OOMEXEHHS II0

nepepoOHiil 1 MPOMYCKHIA CIPOMOKHOTI CTaHIIM Ta MPOMYCKHIA CIPOMOKHOCTI



IUIbHMIB, TOOYJOBAaTH palllOHaJbHUN IUIAHY OpraHi3alii BaroHOMOTOKIB Ha
3QJII3BHUYHIN MepeXi, MIHIMI3YIOUM $IK TEXHOJOTIYHI BUTpaTH, IO MOB’s3aHl 3
HaKOIUYEHHSM Ta 00pOOKOIO COCTaBIB, TaK 1 PU3HKH, MOB’sA3aH1 13 nepeOyBaHHAM
Baronis 3 HB na CC.

Oxpim BaroHiB 3 HB na CC Hebe3neky npeacTaBisiioTh TAKOXK 1 BarOHHU, 110
Oynu po3BaHTa)eH1 micis nepee3eHHss HB 1 He mpoHIlIM O4MCTKY alkKe ICHYE,
HaNpUKIad, MOXJIMBICTH BHUOYXy IIMCTEpH, IO TIOB’s3aHa i3 YTBOPEHHSAM
BUOYXOHEOE3MEeYHNX ra3iB B HACJIJIOK PO3KJIAJaHHS 3aJMIIKIB HAPTOMPOAYKTIB.
CdopmoBaHO MaTEeMaTU4YHY MOJENb PO3MOJLTY MOPOXKHIX BAaroHiB, ONTUMI3AIlSL
SAKOi HaJa€ MOJIMBICTh IS CBOE€YACHOTO BHKOHAHHS CTaHIISIMH 3aBIaHb 3
HaBaHTAXKEHHS MNUIIXOM TMOOYAOBU IUIaHY TEPEMIIICHHS TOPOXKHIX BaroHiB,
BU3HAUAIOUM TPU 1bOMY MapHIpyTH 30IpHUX TMOi3[IB, Ta MIHIMI3yIOUHU
eKCIUTyaTalliifHi BUTPAaTH Ta PHU3HMKH IUISTXOM 3MEHIICHHsS Yacy ImepeOyBaHHs
TaKUX BaroHiB Ha CTAHIIISIX.

Po3pobnenuit komruieke Mojeneld 1 MEeToAIB iX omTuUMi3alii CTaHOBUTH
OCHOBY aBTOMAaTH30BaHOi TexHoJorii ynpasiiHHa CC, ska J03BOJIsiE€ BUPILIYBaTH
TEXHOJIOT1YHI 3aBJaHHS Ta 3aBJIaHHSI PHU3UK-MCHEIKMEHTY Ha CTPAaTET1dHOMY,
TAaKTUYHOMY Ta ONEPAaTUBHOMY PIBHSX YIpaBIIHHS MpPOLECOM IepeBe3eHb. Jlany
TEXHOJIOT1I0 Y BUIJISI aBTOMAaTU30BAaHOI IMJICUCTEMHU 3alPOMOHOBAHO BKIIOYUTH
1o ckiany cucteMu ACK BII V3 €, po3mupuBiiyg KoJio ii 3a1a4.

Y xomi JOCHiIPKEHHS E€KOHOMIYHOiI €(EeKTHBHOCTI  BIPOBAIKCHHS
3aMpONOHOBAHOT TEXHOJIOT1i OYyJ0 BCTaHOBJEHO, IO BOHA J03BOJISE 3MEHILIUTH
BEJIMYMHY OOIr'y BaHTa)XHOIO BaroHa Ha 3ali3HUYHIN Mepexi Ha 3,25 % Ta
BEJIMYMHY MOXJIMBUX HACIHIJKIB aBapii MpW 3M1MCHEHHI 3aJI3HUYHUX MEPEBE3CHb
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ABSTRACT

Chekhunov D.M. Formation of automated technology of management of
switchyard stations in conditions of transportation of dangerous goods. —
Qualifying scientific work — manuscript copyright.

Dissertation for the degree of candidate of technical sciences (Ph.D. 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, 2019.

The dissertation is devoted to the issue of increasing the efficiency of the
operation of the freight rail transport system by formalizing and automating the
processes of planning the work of sorting stations (SS) in conditions of
transportation of dangerous goods (DG) taking into account the tasks of risk
management on the basis of the system approach.

The scientific novelty of the dissertation work is to solve the scientific
problem of improving SS management processes by forming an automated
management technology that will enable to optimize the work of SS on the basis of
a system approach and will allow to solve complex technological problems and
tasks of risk management in the conditions of transportation of DG.

To this end, for the first time:

— acriterion for assessing the hazards in the operation of carriages with DG
on the basis of risk exposure, which serves as an integral indicator of the level of
risk of the operational plan, is created and allows to take into account the dynamics
of changes in the operational situation on the SS in space and time;

— in order to choose the optimal variant of the operational plan of work of
the SS on the basis of the above criterion a model of risk assessment in the
conditions of treatment of carriages with DG with the use of mathematical devices
of Baisovye networks and fuzzy logic has been formed;

— the technology of management of operational work of the SS is

formalized on the basis of a mathematical model of multi-purpose optimization,



which allows to optimize the technological costs taking into account the decision
of the risk management problems at all stages of the processing of car traffic with
DG, including local work;

Improved:

— mathematical models of construction of train formation plan (TFP) and
distribution of empty cars taking into account the tasks of risk management on the
SS in conditions of transportation of DG;

— the automated system of management of cargo transportation of
Ukrainian railway (ASK VP UZ E) due to the inclusion of a set of tasks that are
presented at all levels of the management of the transportation process and aimed
at optimizing the work of the SS, taking into account the risk management tasks in
the conditions of transportation of DG that represent automated control technology.

The practical results of the dissertation research are that developed and
improved mathematical models and formed on their basis technology of control of
the SS in the conditions of transportation DG allow to automate decision making at
all levels of the process of managing freight traffic. The application of this
automated technology in the management of the SS allows to increase the
efficiency of their operation and the level of safety by reducing operating costs by
reducing the size of wagon-hours of idle wagons and minimizing the risk
associated with the processing of carriage streams with DG.

The results obtained in the dissertation are used in the control of car traffic
and the process of formation of trains on the SS of the regional branch of the
Southern Railway, JSC Ukrzaliznytsia, in the training process of the Ukrainian
State University of Railway Transport (UkrDUZT), as well as during classes with
students of the special training center for employees of the subjects of
transportation of dangerous goods at UkrDUZT. The practical use of the results of
work is confirmed by the implementation acts.

On the theme of the dissertation, 12 scientific works were published, of
which 6 articles (one without co-authors), and 6 papers of approbatory character.

Out of six articles, five have been published in professional scientific publications,



approved by the Ministry of Education and Science of Ukraine, and one in a
foreign publication. All six articles are included in international science and
technology databases, two of which are indexed in the Scopus database.

The dissertation contains introduction, four sections, conclusions, list of
used sources and applications. The introduction substantiates the relevance of the
topic, formulates the purpose and objectives of the research, reflects the scientific
novelty and practical value, gives a general description of the work.

In the first section, the analysis of the main quantitative and qualitative
indicators of the operation of the subsystem of freight transport has been carried
out, and negative tendencies have been identified regarding the increase of the
freight wagon turnover, reducing the average daily mileage, average daily load and
annual turnover. At the same time, on the background of these negative trends, an
increase in the volume of rail transport of DG in Ukraine was detected, due to a
number of reasons. On the basis of the analysis of transportation of DG by railways
of the world, it was established that such a trend is global. It was also found that,
on average, over the course of the day, the SS handled several hundred carriages
from the DG, which belong to different classes of danger. The analysis of
emergency situations with wagons from DG to the SS by types, causes and
involvement, as a result of which it was found that a significant number of
incidents occur with the participation of the "human factor".

The analysis of scientific works of domestic and foreign researchers revealed
a lack of a unified approach for assessing the level of hazards in the process of
functioning of complex railway systems, in particular SS, in the conditions of
transportation of DG. At the same time, it was noted that in the assessment of the
level of danger associated with elementary events, the concept of technical risk is
used, which allows simultaneously to take into account the probability of
occurrence of an undesirable event and the magnitude of its possible consequences.
It was also noted that the magnitude of the possible consequences of accidents with
carriages with DG on the territory of the SS is significantly higher compared to

other objects of the railway network, since, in addition to significant material



damage, damage to health and loss of life by the staff of the station and inhabitants
of the surrounding settlements, such an accident could lead to a reduction in the
operational activities of the entire rail system, and also poses a threat to the
security of the country.

The increase in the volume of transportation of DG in conditions of increasing
downtime and other negative tendencies in the operation of freight rail transport is
the reason that SSs are converted into terminals, which simultaneously there is a
catching number of cars, a significant proportion of which contains DG. Under
such conditions, taking into account the critical level of wear and tear of rolling
stock, the probability of man-made disaster is significantly increased. Thus, SSs
are elements of the railway transport system, which require a priority solution to
the problem of minimizing downtime of wagons and risk management. The
solution of these tasks is possible due to the formalization and automation of the
process of operational planning of the SS in the conditions of transportation of DG.

In the second section, an analysis of approaches to assessing hazards in the
process of functioning of technical systems. The rationality of the approach, which
consists in applying the notion of technical risk to carry out quantitative
assessments of hazards, is noted. At the same time, it was established that for the
purpose of risk assessment in conducting operational planning of the SS in the
conditions of treatment of carriage streams with DG only the application of this
approach is inadequate, since it allows us to operate the risk only as a static
parameter. However, in the course of the SS operation, the situation at the station is
constantly changing, therefore, in order to account for these changes in risk
assessment in the process of constructing the operational plan of the SS, the current
risk function and the risk exposure criterion, which is an integral criterion, was
proposed. Thus, exposure to risk is an integral over time with an interchangeable
upper limit from the generalized risk function, which is the sum of the current risk
functions of each individual car with DG.

To calculate the current risk, a model was developed that uses mathematical

devices of Bayesian networks and fuzzy logic. The model provides an opportunity



to determine the probability of an unwanted event occurring with a car with DG
with sufficient accuracy, while taking into account both statistics and operational
information about the current situation at the station, as well as the impact of all
major hazards, including those that may come from other wagons from DG who
are at the station.

On the basis of risk exposure criteria, a risk management model was
developed in operational planning of the SS operation in the conditions of
transportation of DG. Target function is compatible with the system of restrictions
governing the processing of cars with DG, presents an optimization model of risk
management. The current model is the basis for building a risk management
system in the process of implementing variable-day tasks at the station.

In the third section, based on the analysis of scientific literature, it was
established that the task of planning the work of the SS, which is the task of
combinatorial optimization, belongs to the class of NP-complete tasks, and
therefore its solution may represent a significant computational complexity.
However, the SS of Ukraine's rail network does not only work on the disbandment-
formation of compilations, but also contain a subsystem of local work that can
serve a large number of objects. Thus, the task of planning the work of the SS can
be classified as a unique type of task theory of decomposition, which is also
unprecedented in complexity in terms of formalization of technological processes.

A mathematical model is formed, the target function of which is presented as
a criterion of operating costs. It has been proved that the most rational approach to
solving the problem of constructing the operational plan of the SS, which is
optimal both for the criterion of operating costs and for the risk exposure criterion,
Is its formulation as a multipurpose optimization problem. Thus, the multipurpose
optimization model contains the target function of exposure to risk and the target
function of operating costs, which includes the costs associated with carriage hours
of carriages on the SS, the simplicity of train locomotives, maneuver and local

work, as well as the system of restrictions that regulate operations involving trains



containing DG trains and ensures the planning of the station's operation within its
technical capabilities.

For optimization of the model, a procedure was developed that uses a
special type genetic algorithm (NSGA-II) to obtain a set of Pareto-optimal
solutions, and a marginal utility method for selecting a single compromise
solution. The software, developed on its basis, provides an opportunity to present
the optimal operational plan of work of the SS in a graphical form.

According to the results of the simulation, it was found that the application
of the developed model during the construction of the operational plan of the SS
allows reducing the risk exposure by 8% and the total carriage-time of carriages on
the SS by a value of 6.5% compared to the traditional planning technology.

In the fourth section, in accordance with the basic requirements of the
international standard 1SO 31000 "Risk Management. Guidelines that emphasize
the need for a deep integration of the risk management system into the control
system of the technological process, mathematical models that optimize the work
of the SS in the conditions of transportation of the DG at the strategic and tactical
levels of transportation management on the basis of the system approach were
formed.

The mathematical model containing the target function and the system of
constraints is formed and allows solving the problem of calculating the TFP, which
Is a strategic task of planning freight transport. The use of this model makes it
possible, taking into account technological constraints on the processing and
throughput capacity of stations and throughput capacity of stations, to build a
rational plan for the organization of railway carriages on the railway network,
minimizing both the technological costs associated with the accumulation and
processing of compositions, as well as the risks, with the stay of carriages from DG
to SS.

In addition to the carriages from the DG to the SS, the wagons that were
unloaded after the carriage of DG and were not cleared are also a danger, as there

Is, for example, the possibility of an explosion of tanks associated with the



formation of explosive gases as a result of the decomposition of residual oil
products. The mathematical model of hollow wagon distribution is formed, the
optimization of which provides an opportunity for timely loading of tasks by
stations by constructing a plan for the transfer of empty wagons, while defining the
trains of the trains, and minimizing operational costs and risks by reducing the time
spent by such wagons at the stations.

The developed set of models and methods for their optimization is the basis
of automated SS management technology that allows solving technological
problems and tasks of risk management at the strategic, tactical and operational
levels of transportation process management. This technology in the form of an
automated subsystem is proposed to be included in the system ASK VP UZ E,
expanding its range of tasks.

During the study of the economic efficiency of the introduction of the
proposed technology, it was found that it allows to reduce the turnover of the
freight wagon on the railway network by 3.25% and the magnitude of the possible
consequences of accidents in carrying out the rail transport of HB by 2.4%. For 10
years of using this technology, the expected economic effect will amount to 181.6
million UAH.

Keywords: processing of cars with dangerous goods, risk management,
operational plan of work of the switchyard station, automated control technology

of work of the switchyard station.
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pilieHs. Error! Bookmark not defined.
3.6  Amnani3 OTpMMaHOTrO PIlIEHHS ONEPATUBHOTIO IJIaHy POOOTH

COPTYBaJIbHOT CTAHIIIT Error! Bookmark not defined.
3.7 BucHOBKH 10 po3ainy 3 Error! Bookmark not defined.
PO3/11J1 40OPMYBAHHS KOMIIUIEKCHOI IHTETPOBAHOI ABTOMATU30BAHO
BOOKMARK NOT DEFINED.

4.1 3acrocyBaHHS CHCTEMHOTO MIAXOy B IPOIECi TOOYTOBU CHCTEM PU3UK-
MEHEDKMEHTY IPH yIPaBIiHHI 3aTI3HUYHUMU TIEPEBE3ECHHIMH B yMOBax 00poOKH
BaroHomnoTokiB i3 HB Error! Bookmark not defined.
4.2  BupimeHHs 3a1a4i po3Mo LTy MTOPOXKHIX BarOHIB MK CTAHIIISIMHU B

yMOBax 00poOKu BaroHonoTokiB 13 HB 3 ypaxyBaHHSAM TaKTHYHHX III€H CHCTEMH
PU3UK-MEHEIKMEHTY Error! Bookmark not defined.
4.3  JlocsSTHEHHS IiJIeH pU3UK-MEHEDKMEHTY Ha CTPATETT9YHOMY PiBHI

yIIpaBIIiHHS MIEPEBE3CHHSIMHU B YMOBAX Oprasizaiii BaroHonotokis i3 HB 3a

paxyHOK BHPIIICHHS 3a/1a4i MO0y 10BH 1iany GopmyBanHs noizaiBError! Bookmark not
4.4  CrpykTypa aBTOMaTU30BaHOI CUCTEMH YIPABIIHHS COPTYBAIBHOIO

CTaHIIEIO Error! Bookmark not defined.
4.5 Po3paxyHOK IPOTrHO3HOTO €KOHOMIYHOTO €(PEKTy BiJl BIPAJKEHHSI

aBTOMATHU30BAHOT TEXHOJIOT11 Error! Bookmark not defined.



4.6 BucHOBKH 10 po3miny 4 Error! Bookmark not defined.
BUCHOBKHA ERROR! BOOKMARK NOT DEFINED.
CITMCOK BUKOPUCTAHUX JIXKEPEJI 32
Honatok A JluHamika cepeHr01000BOr0 O0IT'y BaroHa 1o perioHaabHUX

burisax AT "Ykp3anizHuils" mo Micssax ERROR! BOOKMARK NOT DEFINED.
Honarok b Jlunamika cepeiHp01000BOT0 MpoOIry JIOKOMOTHBA MO PEr1OHATIBHUX

binisax AT "VkpzanizHuils" mo Micsisx ERROR! BOOKMARK NOT DEFINED.
Honarok B Jlunamika cepeiHp0,1000BOI0 HABAaHTAKEHHSI IO PET10HATIBHUX

binisax AT "VkpzanizHuils" mo Micsisx ERROR! BOOKMARK NOT DEFINED.
Honatok I' ®parment nporpamu mosoro MatlabERROR! BOOKMARK NOT DEFINEIL
Honatok JI Crincok myO:ikarii 3100yBaya 3a TEMOO JucepTallii Ta BiIOMOCTI

npo anpoobartito pe3ynbrariB qucepraiii  ERROR! BOOKMARK NOT DEFINED.
Honatox E Axtu BripoBa)KeHHS ERROR! BOOKMARK NOT DEFINED.



BCTVII

AKTyaJIbHiCTh TeMH. 30UIbLIEHHS OOCATIB MEpeBe3eHb HEOE3NEeUHUX
BaHTaX1B 3aJI3HUISIMU YKpAiHH, K€ MOXHA CIIOCTEPIraTd OCTaHHIMH POKaMHU —
BIANOBIAAEe cBITOBOMY TpeHay. OpHak, B YKpaiHi BOHO BinOyBaeTbcs Ha (hOHI
IHIIMX TOAIM — TakuX $K 3aKpUTTA Aeskux copryBainbHUX cranuiii (CC) Ta
IiIBUIIICHHS KOHIICHTpaIlii poOOTH Ha TUX, IO 3aHImuiIKcsa. Jlo Toro x B yMoBax
30UTBIIICHHS Yacy MPOCTOI0 COPTYBaIbHI CTaHIlIi IEPETBOPIOIOTHCS HA TCPMIHAIIH,
Ha SKUX MOCTIMHO Mepe0yBar0Th BEJIMKI KUIBKOCTI BaroHiB, 3HaYHA YacTKa 3 SIKUX
MICTUTHh HEOE3IEUHUI BaHTaX.

3a TakuX yMOB 3HAYUMICTh COPTYBAJIBHHMX CTAaHIIIH, SIK TOJIOBHUX OMOPHUX
NYHKTIB 10 Opradizaiii BaroHONOTOKIB Ha 3ali3HUYHIN Mepexi, TUIbKU
MiBUIYETHCS, @ Pa3oM 3 IIUM MIABUIIYETHCS 1 I[iHA YMPABIIHCHKUX MTOMUJIOK.
HeratuBHuMU HaciiIKaMU TaKUX MOMUJIOK MOXYTh CTaTh HE JIMIIE JTOAATKOBI
BUTpPATH B HACIIJIOK 30UIBIICHHS MPOCTOIB BaroHiB, HECBOEYACHOTO (pOpMYBaHHS
COCTaBIB Ta BIAMpABICHHS MOi3/iB, aje ¥ mpusynuHeHHs pobotu kpymHoi CC 3
IPUYMHYU aBapii 13 BaroHamu 13 HeOe3neuyHumu BaHTakamu (HB) Ha ii Tepuropii,
SIK€ MOXKE CIPUYMHHUTH 301l B poOOTI BCi€l 3aI3HUYHOT CHCTEMHU Ta HEBUKOHAHHS
MEpEeXKEeBOro IUIaHy TmepeBe3eHb. (CTaryc  COpTyBaJbHUX  CTaHIIA  fK
CHUCTEMOYTBOPIOIOYHMX 00’ €KTIB 3alli3HUYHOI 1HPPACTPYKTYpH Ta OJIU3BKICTH JO
BEJIMKUX MICT JIMIIE MIATBEPKYE MEPIIOYEPTrOBY BAKIMBICTh MTUTAHHS KOHTPOIIO
TEXHOTE€HHOI 0€3MeKH Ta yMpaBIiHHS PU3UKAMH MiJ] Yac iX (yHKIIIOHYBaHHS.

Ili nwuranHsS 3aKkpiluieHli B TMOJOKEHHAX HarioHanbHOI TpaHCIOPTHOT
ctparerii Ykpaiau Ha niepion 10 2030 poxy, y sKiil mepuioueproBUMH 3aBIaHHIMHI
IIPOTOJIONICHO: 3a0€3MeUeHHs HAJIC)KHOTO PiBHS O€3MEKH Ta BIPOBAIHKCHHS BUMOT
3akoHoaBcTBa €C y cdepl mepeBe3eHHS HEOE3NMEYHMX BaHTaXiB; CKOPOYCHHS
MaKpOEKOHOMIYHHMX BTpPAT CYCHIJILCTBA Bija aBapiii Ha TpaHCcTopTi Ha S50 BiICOTKIB;
aBTOMATH3alliss yMNPaBIiHHA TPAHCIIOPTHUMHU TMPOIECAMH Ta BIPOBATKCHHS

IHTEJIEKTYallbHUX TPAHCIIOPTHUX CUCTEM.



BoHM y3romkyroThCs i3 MDKHApOAHHUMH CTaHIApPTaMHU 3 IPOMHCIOBOTO
PU3UK-MEHEKMEHTY, SIKi CTBEPIXKYIOTh, IO CTBOPEHHS E(QEKTUBHUX CHCTEM
YIOPaBIiHHSI pPU3HKAMH € MOXJIMBHM JIMIIE Yy CKIaJl KOMIUIEKCHUX CHCTEM
yIOpPaBIiHHS  BUPOOHMYMMHU  TIPOLIECAMH  MIANPUEMCTBA. TakUM  YHMHOM,
npejAcTaBieHa JUucepTalliiiHa po0oTa € aKTyaJbHOIO.

3B’A30K po0dOTH 3 HAYKOBHMHM IpOrpaMaMH, IUIAHAMH, TEMaMH.
HucepraniitHa po06oTa BUKOHYBaJach BIANMOBIIHO A0 TpaHCmOpTHOI cTpaTerii
VYkpainu Ha nepioa 1o 2030 poky (po3nopsikenna Kabinery MinicTpiB Ykpainu
Bix 30.05.2018 p. Ne 430-p), MepkaBHOi IUILOBOI Tporpamu pedopMyBaHHS
saiizHuyHOTO TpaHcnopty Ha 2010-2019 poku (nmocranoBa KaGinery MiHICTpiB
VYkpaiau Big 16 rpyaas 2009 p. N 1390), Yroau npo acoriariito Mk YkpaiHoro, 3
onHi€T cTopoHH, Ta €BporneickkuM Cor030M, €BPOTNICHCHKUM CITIBTOBAPHCTBOM 3
aTOMHOI eHeprii Ta IXHIMM Jep)KaBaMU-WJI€HaMHM, 3 IHIIOT CTOpPOHH,
(patudixkoanoi 3akonom Ne 1678-VII Bix 16.09.2014 p.), Aupextusu 2008/68/€C
€pporneiickkoro [lapmamenty Tta Pamm Bim 24.09.2008 p. “IIpo BHyTpimHi
nepeBe3eHH HEOE3NMEYHMX BAHTAXIB’, a TaK0XX HAYKOBO-IOCIHIIHOI poOOTH 3a
temoro “IIpaBuia nepeBe3eHHs MBUAKONCYBHUX BaHTaxXIB” (JJP Ne0118U000124).

Merta i 3aga4i gocaigzkeHHs. MeToro qucepramiiHoi poOOTH € MiIBUIICHHS
e(DEeKTUBHOCTI CHCTEMH  BaHTAXHUX  3alI3HUYHUX  TEPEBE3CHb  IUIIXOM
dbopmamizamii Ta aBTOMaTH3aIlli MPOIECIB IUIAHYBaHHS POOOTH COPTYBAIbHHUX
CTaHIlii B yMOBax IepeBe3eHb HEOE3MEUHWX BAaHTAXIB 3 YpaxyBaHHSM 3aB/IaHb
PU3HUK-MEHEPKMEHTY Ha OCHOB1 CHCTEMHOTO TIAXOY.

Peanizaris miei MeTy moTpedye MOCTAHOBU Ta BUPIIICHHS HACTYIMHHUX 3a]1a4
JIOCIIKEHHS |

—  TPOBECTH aHaI3 TEXHIKO-CKCIUTyaTallliHNX TOKa3HUKIB BaHTAXHUX
3aNII3HUYHUAX TEePEBE3eHb B YKpaiHi 3 ypaxyBaHHSM MPOIECY TPAHCIOPTYBAHHS
HeOe3MeYHNX BaHTAXKIB B KpaiHi Ta 32 KOPJAOHOM;

—  MpoaHaJi3yBaTH HAYKOB1 JOCHIIKEHHS II0J0 YJOCKOHAJICHHS MPOLECY

yIOPaBIIHHA 3TI3HUYHUMU [IEPEBE3ECHHIMU HEOE3NEYHUX BAaHTAXKIB,



—  copMmyBaTH MiAXOAU 10 NOOYAOBU MOJIEJ1 OI[IHIOBAHHS PU3HKIB Y X0l
peanizailii TexHoJioriyHoro npoiecy podotu CC B ymMoBax onepyBaHHS BaroHamMu
13 HB;

—  BU3HAUUTH KpuTepli OLIHKU Hebe3nek Ta chopMyBaTH MO/IEIb
YIPaBIiHHS pU3MKAMU TpU (QYHKIIOHYBAaHHI COPTYBaJIbHOI CTaHIIi B YMOBax
00poOKku BaroHonoTokiB 13 HB;

—  cdhopMyBaTH KOMILIEKCHY MOJICIb OTMIEPATHBHOTO YIPABIIHHSA POOOTOIO
CC, sxa dhopmanizye TeXHOJIOT1I0 0OpOOKH BarOHOMOTOKIB, B TOMY YHCJI1 BaroOHIB 3
HB, BkIOYHO 3 MICIEBOIO  pOOOTOI0 3 YypaxyBaHHSAM 3aBJIaHb PU3HK-
MEHEDKMEHTY,

—  po3poOUTH TIPOIEAYPY ONTHUMI3aIlll MOJEl Ta MPOBECTH MOJICTIOBAHHS
pobotu CC 3 METOW TIOPIBHSHHS TEXHIKO-EKCIUTyaTallliHUX IMOKAa3HUKIB
ornepatuBHOro mmiany pobotu CC 3a TpaaMIiiHOI Ta 3aMpPONOHOBAHOIO
TEXHOJIOT1SIMHU;

—  chopmyBatu Mojeni modynoBu 1miaany dopmyBanHsa noizais (ITPII) Ta
pPO3MOJIUTY TTOPOXKHIX BaroHiB B ymMoBax nepeBe3eHb HB 3 ypaxyBanHsM 3aBAaHb
pusuk-MeHexmenTy Ha CC.

—  copMmyBaTH KOMIUIEKCHY IHTETPOBaHY aBTOMATH30BaHY IIiJICUCTEMY
yIPaBIiHHS BaHTAKHUMH 3aJ13HUYHUMU TIEPEBE3CHHIMU 3 ypaxyBaHHSIM 3aBAaHb
PU3HUK-MEHEI)KMEHTY;

—  TPOBECTH  TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS  3ampPOIIOHOBAHUX
3aXO0IiB.

06 ’exkm 0ocnioxicenHs — MPOIEC YIPABIIHHS BAHTAKHUMH 3aT13HUYHUMU
NIEPEBE3CHHSIMH.

IIpeomem OocnioxcenHss — TEXHOJIOTIS YIPABIIHHS COPTYBAIBHIUMHU
CTaHI[ISIMU B YMOBAX MEPEBE3CHHS HEOE3MEUHNX BAaHTAXIB.

Metoan npociaigxenHsi. [lpu 37ilicHeHHI aHaMI3y OCHOBHUX KUTBKICHUX Ta
SAKICHUX TOKa3HUKIB pOOOTH MIACUCTEMH BaHTaXXHUX TMEpPEBE3CHb Oy
3aCTOCOBaHI METOJM MAaTeMaTH4YHOI CTaTUCTHUKU Ta Teopii WMOBIpHOCTEH, mpu

moOy/1I0B1 MaTeMAaTUYHOI MOJIEJ1 OL[IHKM PU3HKIB, 1[0 MOB’s3aH1 3 MepedyBaHHIM



BaroHiB 3 HB na CC, BUKOpHCTOBYBAJIUCh METOAM MOOYAOBU CUCTEM HEYITKOIO
BUBOAY Ta baecoBux mepex, Uisl onTuMizalii Mojeneil moOya0BH ONEpaTUBHOIO
mwany podotu CC BUKOPUCTOBYBAJIUCH METOJU 0araToliIbOBOI 1 KOMOIHATOPHOT
onTuMizalii, MeToJ KOMOIHATOpPHOI OMNTHUMI3allii 3aCTOCOBYBaBCS TaKOX IS
onTUMI3aIlli Mojenel nmooynoBH IIaHy (pOpPMYyBaHHS MOi3/IIB B YMOBaxX 0OpOOKH
BaroHonoTokiB 3 HB Ta po3noauly mopokHiX BaroHiB B ymoBax nepene3eHb HB,
JUTSL ONTUMI3alLli] epesliueHuX MOJIENEe 3aCTOCOBYBAIMCH METOAM MAaTEMAaTUYHOTO
amapaty TEHETHYHUX aJrOpuUTMiIB, METOJ TPaHUYHOI KOPUCHOCTI OyIo
BUKOPUCTAHO [IJI1 BUAUICHHS €IUHOTO pimieHHs Ha MHOxUHI [lapero-
ONTUMAJIBHUX PIMICHB JIJI1 OTPUMaHHS Ta OOY0BU OTIEPATUBHOIO IJIaHy poOOTH
CC.

HaykoBa HoBHM3Ha oep:xkaHMX pe3yJbTaTiB. B aucepraniiiniii po6oti Ha
OCHOBl CHCTEMHOI'O TIJIXOAYy BHpIIICHE HAyKOBE 3aBaaHHsA (OpPMYyBaHHs
aBTOMaTU30BaHOiI TeXHOJOT1i ynpaiiHHs poboToro CC, sika 103BOJISIE OAHOYACHO
BUPINTYBAaTH TEXHOJOTIYHI 3ajayl Ta 3a7adyl PU3HK-MEHEKMEHTY B yMOBax
nepeBe3eHs HB.

3 i€ METOr0 BIIEPIIIE:

— chopMOBaHO KPUTEPId OIIHKKM HeOe3NeK MpU OINEepyBaHHI BaroHaMu 3
HB Ha ocHOBI ekcrno3ullii pu3MKiB, KWW BHUCTYIA€ IHTETPAIbHUM ITOKa3HUKOM
piBHs HeOE3IeKH ONepaTUBHOTO TUIAHY, Ta JI0O3BOJIAE B JUHAMIIII BpaXyBaTH 3MIHH
onepatuBHOi cutyarlii Ha CC y mpocTopi Ta 4aci;

— 71 BUOOpY ONTHUMAIBHOTO BapiaHTy omepartuBHOro miany poooru CC
Ha OCHOBI BHUIIE3a3HAYEHOTO KPUTEPIIO CHOPMOBAHO MOJIEIb OIIHIOBAHHS PU3HKIB
B yMoBax oOpoOku BaroHiB 3 HB 3 BuKOpuCTaHHSM MaTeMaTHYHUX amapariB
BaecoBux mMepex Ta HEUITKO1 JIOTIKH;

— (QopmaizoBaHO TEXHOJOTII0 YIPaBIiHHSA onepatuBHOI pobororo CC Ha
OCHOBI MaTeMaTH4HOI Mojenail 0araroniIboBOI ONTHUMI3aIii, sKa J03BOJISIEC
ONTUMI3yBaTH TEXHOJOTTYHI BUTpPATH 3 YpaxyBaHHSM BUPINICHHS 3a/ady PU3UK-
MEHEPKMEHTY Ha BCIX cTajaisix oOpoOku BaroHomotokiB 3 HB BkitouHo 3

MICIIEBOIO POOOTOIO;



Y IOCKOHAJIECHO:

— MarematnuHi Mozeni nooynosu [IPII Ta po3noaity NOpoKHIX BaroHiB 3
ypaxyBaHHSM 3aBJlaHb pu3UK-MeHeKMeHTy Ha CC B ymoBax nepeBe3eHb HB;

— cucreMmy ACK BII Y3 € 3a paxyHOK BKJIFOUEHHS J10 i1 CKIaAy KOMILIEKCY
3a/a4, AKl MPEACTABICHI Ha BCIX PIBHAX YIPaBIiHHSA MEPEBI3ZHOTO MPOLECY, Ta
cupsiMoBaHi Ha ontumizaniro pobotu CC 3 ypaxyBaHHSIM 3aBJIaHb PH3UK-
MEHEDKMEHTY B yMOBaXx mepeBe3eHb HB, siki mpeacTaBisioTh aBTOMAaTH30BaHY
TEXHOJIOT1I0 YIpaBIiHHS.

IIpakTuyHe  3HAYeHHs  OJep:KaHUX  pe3yabTaTiB.  PesynmpraTn
JTUCEPTAIITHOTO TOCIIIKeHHS, M0 MPEACTABIAIOTh aBTOMATH30BAHY TEXHOJIOTIIO
yIpaBITiHHS, BUKOPHCTOBYIOTBCSI B  OINEPAaTUBHOMY TIUIAaHYBaHHI poOOTH
COpPTYBAJIBHOI CTAHIIIT 1 JO3BOJISIIOTH MIIBUIIUTU €PEKTUBHICTD 11 (DYHKIIIOHYBaHHS
Ta piBeHb OE3MEeKH NUIIXOM 3HIDKEHHS EKCIUTyaTalliiHUX BHTpPAT 3a PaxyHOK
3MEHIIICHHS BEJIMYMHU BAaroHO-TOJIMH MPOCTOIO0 BaroHIB Ta BEIUYMHH PU3HKY, IO
OB’ s13aHUM 3 00poOKOI0 BaroHOMOTOKIB 13 HB.

OpepsxaHi B JucepTarlii pe3yJbTaTH BHUKOPHUCTOBYIOTHCS MPU YIPABIIHHI
BaroHOMOTOKaMHU Ta TpoliecoM (popMyBaHHS IMOi3MIB Ha COPTYBAJbHHUX CTaHIIISX
perionanpHO1 i “IliBmenna 3amizauns” AT “Ykp3amizHuis”, B HaBYAIBHOMY
nporeci YKpaiHChKOTO JACP’KAaBHOTO YHIBEPCUTETY 3ali3HMYHOTO TPAHCIIOPTY
(YxpAY3T) mpu minrorosui (axiBiiB 31 cnerianbHocTi «OpraHizailis nepeBe3eHb
1 yOpaBiiHHA Ha TpPaHCHOPTI (3aII3HUYHUN TPAHCIOPT)» 3 AUCIHILIIH
«YTpaBiiHHA €KCIUTyaTaliiHoo poboToro» Ta «CyyacHi iH(opMaIliiHi TeXHOIOT 11
B VYMOPaBIiHHI 3aJI3HUYHUMHU MIAPO3AUIAMH», B KypCOBOMY Ta JIUIUIOMHOMY
IPOEKTYBaHHI MPHU MIATOTOBII (axiBIliB 32 OCBITHROIO Mporpamoro « TpaHcmopTHI
TEXHOJIOT11», a TAKOXX MPHU MPOBEJCHHI 3aHATH 31 CllyXauyaMH LEHTPY CHelialbHOTO
HaBYaHHS TPAIIBHUKIB CYO’€KTIB TIEPEBE3CHb HEOE3MEUHUX BAHTAXKIB TIPH
YxpAY3T.

[IpakTruHe BHKOPUCTAHHS PE3YJIbTaTIB POOOTH MIATBEPIKEHO aKTaMU

BITPOBAIJKCHHAI.



Oco0uctunii BHecok 3100yBaya. Y HayKOBHUX Mpalsx, OMyOJIKOBAaHUX 31
CIIBaBTOpaMH, OCOOMCTUN BHECOK MOJisirae y Takomy: y [1] mpoBemeHo aHami3
HAayKOBUX JIOCHII)K€Hb, MPOBEACHO MOJICIIOBAHHSA, 3A1MCHEHO TMOPIBHUIbHUN
aHaji3 pe3yabTaTiB MOJICIOBAaHHS Ta C(hOPMOBAHO BUCHOBKHU 1010 €(hEKTUBHOCTI
3ampoIrOHOBaHOr0 MeToy po3paxyHky II®DII, y [3] 3ampomoHOBaHO KpuTEpii
€KCIIO3HUIII1 PU3MKY Ta Ha MOro OCHOB1 C()OPMOBAHO MATEMATUYHY MOJENb OL[IHKH
piBHA pU3HKY onepaTuBHOro miany podotu CC B ymoBax 0OpoOKH BaroHOMOTOKIB
i3 HB, y [4] cdhopMoBaHO MaTeMaTHdHy MOAETH MOOYIOBU OMEPATUBHOTO TUIAHY
pobotn CC Ha OCHOBI KpUTEpII0 CyMapHHMX EKCIUTyaTal[liHUX BUTpaT, 3aJady
nooy0Bu ornepatuBHoro miany podotu CC B yMoBax 0OpoOKM BaroHOMOTOKIB 3
HB cdopmynboBano sik 3amady OaraToliyibOBOi onTuUMizaiii Ta chopmMoBaHO
BIMOBIAHY MAaTE€MaTUYHY MOJIEIb HAa OCHOBI I[UILOBUX (YHKIIIM eKCIO3uIii
PU3UKY Ta CKCIUTyaTalliiHUX BHUTPAT, 3alPOIMIOHOBAHO TEXHOJOTII0 OTPUMAaHHS
€IMHOTO KIHIIEBOTO PIMICHHS SK pe3yJbTaT ONTUMI3allii MaHOoi MOJENl MIIIXOM
3aCTOCYBaHHS TE€HETUYHOrO AaJITOPUTMY CIEMIATbHOTO THUMY Ta BUAUICHHS
KOMIIPOMICHOTO  pIillleHHS 13 MHOXUWHH [lapeTro-onTuManbpHUX PIIIEHb 13
3aCTOCYBaHHSIM METOJY TPAHUYHOI KOPUCHOCTI, y [5] 3/1liCHEHE MOJEIIOBAaHHS Ta
IPEACTaBICHO HOTO pe3ysbTaTH Yy BUTIILAl Iiany-rpadiky podoru CC, npoBeaeHo
aHaji3 pe3yJIbTaTiB MOJICITIOBAHHS Ta 3pO0JICHI BUCHOBKU IIOAO0 €(EKTUBHOCTI
3aMpONOHOBAHOTO METOAY ONepaTuBHOro TuianyBanHa pobotu CC, y [6]
c(hOpMOBaHO MaTEMAaTUYHY MOJIENb PO3IMOAUTY TTOPOKHIX BaroHiB MK CTaHIIISIMH
3aNI3HUYHOTO TOJNIrOHY Ta 3ampONOHOBAHO 3aCTOCYBAaHHS MaTEMaTUYHOTO
amapary TeHEeTHYHHX aJIrOpPUTMIB y SIKOCTI MEXaHi3My Horo onrtumizarii, y [7]
3aIPOITOHOBAHO MiAX0IU MO0 Oe3medHoro onepyBanHs Baronamu 3 HB Ha CC, y
[8] 3ampomoHOBaHO MiAXia 10 OIIHIOBAHHS PU3HMKIB B YMOBaX OOpOOKM BaroHiB 3
HB na CC, y [10] 3anmpomoHOBaHO 3aCTOCYBaHHS KPUTEPIIO €KCIO3UIIIT PU3UKY, K
OCHOBH [IJIi TOOYZOBM MOJEJI YIPABIIHHSI PH3UKAMH TIPU ONEPATHBHOMY
mnanyBanHi pobotu CC B ymoBax mnepeBesenb HB, y [11] 3ampomnonoBaHO
BUKOPHUCTAHHS MaTEeMaTUYHUX amapariB baecoBUX Mepexk 1 HEUITKOl JIOTIKH B

MOJIESIX OILIIHKM PU3MKIB Tpu omnepyBanHl BaroHamu 3 HB na CC, y [12]



MPOBEJCHO aHajll3 MOKa3HUKIB POOOTH MIJICUCTEMU BAaHTAXKHUX 3alI3HUYHUX
nepeBezeHb AT “Ykp3amizuuus™.

JlocnimKeHHsl, 10 BHCBITJIEHI B YCIX HayKOBHX HpalsiX, NPOBOJUIUCS B
YxpAY3T.

Anpobanisi pe3yabtaTiB aucepranii. OCHOBHI TOJIOXKEHHS JUcepTalii
JIOTIOB1J1aJICs, 0OrOBOPIOBAIMCS Ta YXBAJICHI HA TAKUX KOH(PEPEHIIISIX:

- 30-if  MDbKHaponHI  HayKoBO-mpakTH4HiM  koHbpepenuii  YkpAY3T
“IndopmariiifHO-KepyI0Ul CUCTEMH Ha 3aJI3HUYHOMY TpaHcnopTi”, (M. Xapkis, 26—
27 wostHs 2017 p.);

- 80-it mbxHapoaHid HaykoBo-TexHIuHIA KoH(pepenuii YkpAY3T “Po3Burok
HAYKOBOI Ta IHHOBAILIMHOT qismbHOCTI”, (M. XapkiB, 24—28 kBiTHs 2018 p.);

- 31-if  MDKHapomHiI  HayKoBO-mpakTH4HIM  KoHpepenuii  YkpAY3T
“IndopmariiifHO-KepyI04l CUCTEMHU Ha 3aJII3HUYHOMY TpaHcnopTi”, (M. Xapkis, 24—
26 xxoBTHA 2018 p.).

- MixHapoaHiii HayKOBO-TIpakTUUHIN KoHepeHIii “I'mobanizallis HayKOBOTO
Ta HaB4YaJIbHOTO TIpocTopy. IHHOBamii Tpancmopty”’, (Itamis, Pimini, 1-10 TpaBHs
2018 p.);

- MixHapoaHii  HayKOBO-TeXHIUHIM  koH(epeHmii  “TexHomorii  Ta
iHppacTpykTypa Tpancnopty”’, (M. Xapkis, 14—16 tpaus 2018 p.);

- MixHapoHii HayKoBO-TIpakTHUHIN Internet-kondepeniii “MopaentoBanHs Ta
iHbopMarIliitHi TexHoJorii B Hayii, TeXHimi Ta ocBiTi”, (M. XapkiB, 21-22
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VY moBHOMY 00cs131 AucepTaiiiifHa poboTa J0moBianacs Ha PO3MIHUPEHOMY
3acimanHi Kadeapw YIpaBIiHHSA EKCIUTyaTal[ifHOI0 poOOTO YKpaiHCHKOTO
JepKABHOTO YHIBEPCUTETY 3aJII3HUYHOTO TPAHCTIOPTY.

Iyoaikauii. BinmoBiqno mo temu gucepraiii omyOiaikoBaHo 12 HayKOBHX
npamb, 3 Skux 6 crated (omHa Oe3 cmiBaBTOpPiB), Ta 6 mpaip anpoOaiifHOTO
xapakrtepy. I3 mectu crateit m’sTh ony0I1KOBaH1 y (axOBUX HAYKOBUX BUAAHHSX,
3atBepmkeHnx MOH VYkpainu, Ta ogHa y 3akopJlOHHOMY BHJaHHI. Bci miicte
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