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AHOTANIA

llpoxopuenxo [I.O. dopMyBaHHS aBTOMATH30BAHOI TEXHOJOTIl CKIaJdaHHS
HOPMaTUBHOTO Tpadika pyxy Moi3/iB Ha 3aII3HUYHOMY HanpsamKy. — KBamidikariitna
HAyKOBa MpaIls Ha MpaBaxX PyKOIHCY.

Huceprainis Ha 3700yTTS HAayKOBOTO CTYNEHS KaHAWJATa TEXHIYHUX HayK
(moktopa dinocodii) 3a cnemianbHicTIO 05.22.01 — «Tpancnoptai cucrtemu» (275 —
TpancnopTHi TexHONOT1l). — YKpaiHCHKUN Jep KaBHUNM YHIBEPCHUTET 3al13HUYHOTO
tpancnopty, MOH VYkpainu, Xapkis, 2018.

Jlucepraliiio MPUCBAYCHO MATAHHIO IMIJBUILICHHS €()eKTUBHOCTI MepeBe3eHb Ha
3aJII3HUYHOMY TPAHCIOPTI YKpaiHM Ha OCHOBI aBTOMAaTH3allil MPOIEAYPH CKIIaTaHHS
HOPMaTHUBHOTO rpadika pyxy Moi3aiB Ha 3aTI3HUYHOMY HAMPSIMKY.

HaykoBa HOBH3Ha JHcepTamiiiHOI pOOOTH TIOJATae y BHUPINICHHI HAayKOBOTO
3aBIaHHS YJOCKOHAJEHHS MpOLENYypH CKIAJaHHS HOPMAaTUBHOTO Tpadika pyxy
NOi3MIB  JJIs 3aJI3HUYHOTO HANpsIMKY NUISIXOM aBTOMaTu3allii po3paxyHKiB 3
noOyJ0BH Ta aHali3y pO3KIAAIB PyXy MACAKUPCHKUX Ta BAHTAXHUX TMOIBAIB 3
ypaxXyBaHHSIM IHTEPECIB HE3aIS)KHUX MEPEBI3HUKIB.

Bnepuue:

— nns (pOopMyBaHHS aBTOMATHU30BAHOI TEXHOJOTIi CKJIaZaHHS HOPMAaTHUBHOTO
rpadika pyxy TOI3AIB pO3pOOJIEHO ONTUMIZAIIMHY MaTeMaTUuyHy MOJENb 13
3aCTOCYBAHHSIM MYJIbTHAr€HTHOI OMNTHUMI3aIlli Ha OCHOBI MIHIMI3AIli CyMapHHUX
BUTpPAT MPOCTOI0 BCIX TMOI3/1IB, BUTPAT HA 3YNUHKY MOI3/IB, piBHA wITpady 3a
HEBUKOHAHHS JTUPEKTHUBHUX CTPOKIB MPUOYTTS MOI31B HA CTAaHLIIO MPU3HAYCHHS Ta
BUTPAT HAa MOXJIMBI 3aTPUMKHA B pPEAIBHUX YMOBaX pyxy, sKa JI03BOJISIE 3
ypaxyBaHHSM PI3HUX 3alUTIB OTPUMATH PAIllOHATILHUNA PO3KIIAJ PyXy Ha KOXHIN 13
TUIBHUI  3QJII3HUYHOTO  HANpPSIMKY U1 3a0€3MeUYeHHS  Y3TOJKEHOT0  pyXy
MOI3JIONOTOKIB 3 BIJMOBITHOI CHUCTEMOIO OOMEXKEHB, IO BPAXOBYE TEXHIUHI 1
TEXHOJIOT14HI MapaMeTpH IHPPACTPYKTYPH;

— JIJISL OIIHFOBAHHS HAJIMHOCTI C(hOPMOBAHOIO 3a JIOIIOMOTOI0 aBTOMAaTH30BaHHUX

po3paxyHKiB Tpadika pyxXy TMOi3AIB  pO3pOOJIEHO  METOJI  MOJICIIOBAHHS
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PO3MOBCIOJKEHHSI 3aTPUMOK IMOi3/1IB Ha 3aJI3HUYHOMY HANPSAMKY, LIO J03BOJISE
OTPUMATH 3aJIKHOCTI €BOJIIONII JMHAMIKA PO3MOBCIOXKCHHS 3aTPUMOK MOI3JIB Y
gaci Ta IpoCcTopi.

Y I0CKOHAJEHO!

— komruieke  (Qynkiionansaux 3amad  cuctemu ACK BIT YV3-€ nHa ocHOBI
dbopMyBaHHS aBTOMAaTU30BaHOI CHCTEMH pO3pPaxyHKy Ta aHalizy rpadika pyxy
MOi3JIIB HAa 3aJIBHUYHOMY HANPSMKY JUISE 3BEJCHHS JO0 MIHIMyMYy EKCIEPTHOTO
OiAX0AY JI0 CKIaJaHHd Trpadika pyxy, 110 MIJBUIIATH SKICTh Ta IIBUIKICTb
CKJIaJIaHH$, Ta B MOJIAJLIIIOMY HAJacCTh MOXJIUBICTh MPOBOJAUTU THYUYKI PO3PAXyHKH
1010 Ha/IaHHSI MapIIPYTIB MEPEBI3HUKAM P13HOT POPMHU BIACHOCTI.

[IpakTH4Hi1 pe3yNbTaTH POOOTH MOJATAIOTH Y TOMY, IO BUPIIICHO NMPUKIAIHE
3aBAaHHA aBToMaTtu3oBaHOi moOymoBu ['PII Ha 3ami3HUYHOMY HampsMKy, SsKe
JO3BOJISIE TIJIBHINUTH €(PEKTHUBHICTh, 30KpEMa TOYHICTh IIEPEBE3CHb, BpaxyBaTH
Oa)kaHl CTPOKM JOCTAaBKM BAaHTA)XKIB HAa CTaHLII0 MPU3HAYEHHS NOpU MiHIMi3amii
HEMPOAYKTUBHUX TPOCTOIB Ta OOJIKY peampHUX YMOB pyXy, 1 SIK, HaCIiJOK,
HAJIMHICTh TPOCYBaHHS MOI3ONOTOKIB. Po3po0seHnii KOMIUJIEKC METOAIB Ta
MaTeMaTUYHUX MOJENeN [03Bojsie MOOyNyBaTH B aBTOMAaTHU30BAHOMY pEXKUMI
HopMmatuBHuil ['PIl Ha okpemMux nUIPHULAX, CPOPMOBAHUN METOJ CTHKYBaHHS
CYMDKHHMX JUIBHHUI HaJa€ MOXJIMBICTh MPOKJIAJaHH HACKPI3HUX HUTOK MOi3/11B Ha
HaATNPSIMKY.

Po3pobnena TexHonoriss Ta cQOpMOBAHUN KOMILIEKC METOAIB 1 Mojenen
BUKOPHUCTOBYIOThCSI MIPU OpraHizalii po6oTu perioHanbHoi ¢unii “IIpuaHinpoBchka
sanizuns”  [TAT  “Vkp3ani3unsg” Ta B HaBYalbHOMY mporeci [HCTUTyTy
MEepeniIrOTOBKA Ta MiIBUIICHHSA KBamidikaiii KaapiB YKpaiHCHKOTO JI€p>KaBHOTO
yHiBepcuteTy 3anisHudHOrO Tpancnopty (YipdVY3T). Ilpaktuune BOpoBaKeHHS
PE3yIABTATIB POOOTH MIATBEP/KYETHCS aKTAaMU BITPOBAHKCHHS.

3a TeMoro gucepTarllii omy0aikoBaHo 17 HayKOBHUX TIpallb, 3 IKUX 6 cTaTeH, 110
omy0OikoBaHi y ¢axoBUX HAyKOBUX BUIAHHAX, 3aTBepkeHnx MOH Yxkpainu (Tpu
CTaTTI BKJIIOYEH1 JO MIXHAPOJHUX HAYKOMETPUYHHUX 0a3, OJlHA 3 HUX BKJIOYEHA JI0

0a3u Scopus), 11 Te3 gonosigeil Ha HAYKOBUX KOH(EPEHIIISX.
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VY BcTyni 0OTpyHTOBAaHO aKTyalbHICTh T€MHU, C(POPMYJIbOBAHO METY Ta 3ajauyl
JOCIIJKEHHSI, B1IOOpa)kK€HO HAyKOBY HOBH3HY Ta NpPAKTUYHY LIHHICTh, MOJAHO
3arajibHy XapakTepUCTUKY pOOOTH.

[Tepruii po3iT MPUCBAYEHO aHAI3y YMHHUKIB, 1110 O0€3MOCepeIHRO BIUIUBAIOTH
Ha TOKA3HUKH POOOTH 3ai3HUYHOTO TPAHCIOPTY B IJIOMY Ta Ha TOKa3HUKU
BUKOHAHHA Tpadika pyxy MOi3/1B, aHANI3y BITUM3HAHOTO Ta 3apyOKHOTO TOCBIAY
HiX0/11B A0 opmanizaiii npouenypu ckiaganus ['PIL

[IpoBeneHo aHami3 OCHOBHUX KUIBKICHUX 1 SKICHUX [IOKa3HHUKIB POOOTH
3ali3HUYHOTO TpaHcnopTy. Ha ¢oni 3MeHIIeHHs: 00CSTIB MepeBe3eHb 3aTI3HUYHUM
tpancroptom 3a 2014-2017 pp BU3HAYEHO TEHJICHIIIIO JO MOCTYIMOBOTO MOTIPIICHHS
SKICHUX €KCIUTyaTalliiHUX T[MOKa3HWKIB, 30KpeMa o0Iry BaHTaKHOrO BaroHa.
BusiBneHo, 1m0 mpu  3MEHIICHHI KUIBKICHOTO IIOKa3HHWKAa I0i310-KIIOMETPIB
CIIOCTEPIra€ThCSl 30UTBIICHHS MUIBHUYHOI TIBUIKOCTI TOi3AiB, IO CYIEPEYHTH
TPAHCMIOPTHUM 3aKOHOMIPHOCTSIM Ta CBIJYUTH MPO T€, 110 OCHOBHOIO MPUYUHOIO
NOTIPIIEHHS] AKICHUX TMOKA3HHUKIB € 3HMUKEHHS €(PEKTUBHOCTI ICHYIOUOi TE€XHOJIOT1i
opraHizaiii mnepeBe3eHb. BHABIEHO TEHIEHII0 MIOJ0 3POCTaHHS JaJdbHOCTI
nepeBe3eHb, mouynHatoun 3 2011 p., Ta BaXKIUBICTh B3aEMOTIOB’SI3aHOTO PYyXY
NOT3JJOMOTOKIB 4Y€pe3 OCHOBHI 3alli3HUYHI HANpSAMKH, IO 3 €IHYIOTb OCHOBHI
IPOMHUCIIOBI pallOHM KpaiHM 3 CYXONMyTHUMHU Ta MOPCHKHUMH MIDKHApPOJIHUMH
kopugopamu. IlpoBeneHo awnamiz HamiiHocTi BukoHanHs ['PII wHa TIAT
“Yx3panizauig”. [IpoBeneHo aHami3 30MTKIB BiJ] 3aTPUMOK MOi3/1B OUIs BXITHUX
curHamiB cranmii [TAT “VYkp3anizuuist”, BUSBICHO, IO OJHIEI0 3 MPUYUH JAHOI
CUTYyallli € HeHaJle)KHa SIKICTh CKJIaJanHs HopMmaTtuBHoro ['PII.

[TpoBenenuii aHami3 ICHYHOUMX METOAIB aBToMaTu3oBaHoi moOymaoBu ['PII Ta
icaytouoi mponenaypu ckimamandas [PIT y ITAT “VYkpzanizauns”, sgxuii  JOBIB
HAsSIBHICTh HENIONIKIB B ICHYIOUlM Tpoiienypi. 3poOJeHO BUCHOBKHU MO0 YCYHEHHS
BUSBJICHUX HEJOJIIKIB 3a JIOTIOMOTOI0 BIPOBA)KEHHSI aBTOMAaTH3allli TEXHOJIOT1I

cknamanas [ PIIL.



5

Jpyruii po3aun NpUCBSIYEHO QopManizalii Npoueaypu CKIagaHHs Trpadika
pyXy TOi3[IB TpW TPOBEACHHI aBTOMATH30BAHMX PO3PaXyHKIB 3 YpaxyBaHHIM
IHTEpeCiB HE3QJIEeKHMX MEpPeBI3HUKIB B yYMOBaX 3/IMCHEHHA MAapIIPyTHHUX
nepeBE3CHb.

[IpoBeneHO OLIHKY OOYMCIIOBATIBHOI CKJIAJHOCTI 3a/adl aBTOMATH30BAHOIO
cknananua ['PII. JloBemeHo, mo 3amada pospaxyHky ['PII 3a meTronoM 3BYy>KEHHS
Moxke OyTH 3BeJieHa J0 3ajiaul po30utTTs 1 € NP-nmoBHOIO BITHOCHO YuCia KOH(IIKTIB
y poskinaal. Cnuparyuch Ha CKIQJHICTh 3ajiadi, pO3pOO0JICHO ONTUMI3aliiiHy
MaTeMaTuyHy Mojenb po3paxyHky ['PII wa nuibHMII 13 3aCTOCYBaHHSAM
MYJIbTHAr€HTHOTO METOJy ONTUMI3aIlii, mo A03BoJisie 3Haxoautu ['PI1, 6im3bkuit 10
ONTUMAJIBHOTO, IPOTATOM MPUIHATHOTO YaCOBOTO IHTEPBATY.

B sikocti kputepito omiHtoBaHHs BapiaHTiB ['PII mpuitHaTo MiHIMyM cyMapHHX
BHUTpAT Ha BApTICTh IMPOCTOIB BCIX MOi3/iB Ha JUIBHHIl, BUTPAT HA 3YNUHKY 101374,
piBHS mTpady 3a HEBUKOHAHHS TUPEKTHUBHUX CTPOKIB MPUOYTTS MOI3/IB Ha CTAHLIIO
NpU3HAYCHHS Ta BUTPAT HA MOXIJIMBI 3aTPUMKH B PEAIbHUX YMOBaX PyXy.

OOMexeHHsI MaTeMaTUYHOT MOJIENT1 I03BOJIAIOTh BPAaXyBaTH JIOTTYH1 OOMEXKEHHSI
npyu TPOKIaJAaHHI HUTOK TOI3MiB 4Yepe3 IMEeperoHu, MOTPUMAHHS MIKIOI3HHX Ta
CTaHIIMHUX IHTEpBAIIB, palllOHAJIbHE BUKOPUCTaHHS MPOMYCKHOI CIPOMOKHOCTI
JTUIBHUII, HAasBHICTb HEOOXIIHOTO YHUCAa KON Ha PO3AUIBHUX MYyHKTaX Ta 1HIII
TEXHIYH1 1 TEXHOJIOTTYH1 OOMEKEHHS TIPH MPOXOKEHH1 MOT3/[1B Yepe3 AUTbHHUIIIO.

Jlns BupimieHHd 3ajadyl po3paxyHKy ontumanbHoro I'PIT 3amporoHoBaHO
3aCTOCYBATH OJIMH 3 METOJ(IB MYJIbTHAreHTHOI ONTUMI3alli — aArOPUTM MITYYHHX
OkonMHUX KOJoH1N (aHrm., Artificial Bee colony Algorithm, ABC). Apantyroun
NPUHIMIN JKUBOI TPUPOJU IO TOCTABJICHOI 3a7adi aBTOMAaTH30BaHOTO PO3PAXYHKY
['PII, 3amportoHOBaHO IPEICTABUTH MPOIEC TMOMIYKY HAUKPAIIOTO JHKEpela HEKTapy
KOJIOHIEI0 OJDKIT K mporeaypy moodyaoru ontumanbHoro ['PIL. TTo6ymosa I'PIT B
Mexxkax ABC sBrsie co0oro iTepalriitHuii mporiec, mij yac SKoro OyayeThcss po3KIIa,
IICJISL 9Oro IIPOBOJMTHCS IMITAIlIiHE MOJICIIOBAHHS PO3IOBCIOKCHHS BHIIAJIKOBHX
3aTPUMOK y TaHOMY PO3KJIaJi JJisi BU3HAYEHHS CyMapHHUX BUTPAT Ha 3aTPUMKH BCIX

noi3/iB. 3a TAKUM MIIXO0JA0M BIIOYBAETHCS MOUIYK HAMOUIBII NPUHHATHOIO BaplaHTy
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HopMmatuHOro ['PII 3 ypaxyBaHHSM HaIIHHOCTI CIiAyBaHHS TOi3J0MOTOKIB Yepe3
IipHULI0. MeTos O0ysio peai3oBaHO y BUTIISAI1 TPOrPaMHOTO 3a0€3eUCHHS.

Tperiii  po3niml  MOPUCBAYEHO  PO3POOJICHHIO  METOAY  JOCIIJKEHHS
PO3MOBCIO/KEHHsT 3aTpuMOK moi3niB y ['PII Ta mporeaypu aBTOMaTH30BaHOTO
cknaganHs [PII na 3anmizumynomy wHampsmky. Jlns omiHoBanHs (yHKINT B
MaTteMaTH4HId Monenm po3paxyHky ['PII, mo mo3Bonisie BU3BHAUUTH CyMapHY
3aTPUMKY BCiX MOi311B B rpadika B 3aJeXKHOCTI BiJ BUIAJIKOBOI 3aTPUMKH, IO
BUHUKAE€ B pEAIbHUX YMOBaX pyXy, OyIo pO3poOIECHO METOJ MOJCITIOBAHHS
po3noBctokeHHs 3aTpumok y ['PII. Meton pocnikeHHs BIUIMBY 3aTPUMKH TO13/11B
y nopmatuBHomy I'PIl mepenbauae renepyBaHHs MEPBMHHUX 3aTPUMOK IOi3/1B Ha
OCHOBI OTPUMAaHMX 3aKOHIB pO3MOJIiTy, Mo0ynoBy ontuManbHOro I'PIT Ta BuKOHAHHS
CTAaTUCTUYHOTO aHanmi3y rpadika. Ha ocHOBI meTomiB Bi3yamizamii JaHUX BIIEpIIE
OyJ0 CTBOpPEHO MEXaHI3M, KU JO3BOJIAE TPa(iqHO MPEICTABUTH PO3MOBCIOIKEHHS
3aTpUMKH B 4aci Ta mnpoctopi. OTpumaHl pe3ynbTaTH MOMIMPEHHS 3aTPUMKHU
JO3BOJISIIOTH  OLIIHUTH HAJIAHICTh PIBHA BHUKOHAaHHS ICHYIHOUOTO HOPMATHUBHOIO
rpadika pyxy noi3fiB Ta HaJar0Th MOXJIUBICTh JOCIIAUTH IUHAMIKY iX YTBOPEHHS.
Pe3ynbTaT MOJENIOBaHHS BIAMNOBINAIOTH PEATbHUM MpoLiecaM, L0 BiOYBAaIOTHCS
Opy B3a€EMOBIUIMBI MOI3AIB y BUKOHaHOMY Trpadiky pyxy mnoizaiB. [IpoBenenuit
NopiBHsUIBbHUI aHami3 po3paxyHkoBux ['PIl 3 nmitounmu HopmatuBHuMmu ['PII Ha
OCHOBI1 €KCIIEPTHUX OIIHOK TMPOBIIHUX IHXEHEPIB-TpadiCTiB MIATBEPIKYE AKICTh Ta
aJICKBaTHICTh OTPUMAaHUX IrpadikiB 13 3aCTOCYBAHHS aBTOMATHU30BAHUX PO3PAXYHKIB.

BpaxoByroun CKJIAJHICTh aBTOMATH30BaHOro po3paxyHky [PII  nmns
3aJI3HUYHOTO HAMpSIMKY, peaii3oBaHO MPOLEAYpPY IEKOMIO3MIli PO3paxyHKIB IO
TUTBHUIIIX 3 VB’ SI3KOI0 JTAHUX JIUTRHUIIH 3a HAMMPSAMKOM IPOKIIaJIaHHS HUTOK rpadika.
3actocoBana mpouenypa nooynosu I'PII mepenbauae mpoxnamaHHs HUTOK rpadika
BIJIMOBIIHO JI0 3a3jajJIeriib BCTAHOBJICHMUX TOYOK BIJATNpPaBIeHHS a00 MpUOYTTS
MOI3/IIB PI3HMX KaTeropii Ha CTaHIAX AUTHHUIN. B ocHOBI mporeaypu Oyno
NOKJIaJICHO c()OPMOBAaHY MaTEeMaTHUHy MOJIEIb JJIi aBTOMAaTH30BAHOTO PO3PAXYHKY

rpadika pyxy Hoi3/iB, HaBEJCHY B PO3LIL 2.
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YerBepTuid po3a1T NPUCBSIYEHO PO3pOOII BUMOT O aBTOMAaTHU30BaHOI CUCTEMHU
CKJIaZIlaHHS Ta aHalli3y HOPMATHBHOTO Tpadika pyxy mnoizni. Ilomepeaniii anaimi3
ICHYIOUOTO MPOIIECy TUIaHYBaHHS NEPEBE3eHb Ha 3aJI3HUYHINA MepeKi YKpaiHu JIOBIB,
110 BIICYTHE €MHE 1H(OpMAIliiiHEe cepeIoBHINE IS peatizallii mpoIecy miaHyBaHHS
BiJ mojaui 3asBku 10 po3poOku I'PII. ChopMoBaHo 3aranbHi MPUHITUIN TOOYI0OBU
ABTOMATH30BaHOI CUCTEMM CKJIQJJaHHS Ta aHalli3y HOPMaTUBHOrO rpadika pyxy
noi3/iB. [HCTpyMeHTOM peaini3aliii aBTOMaTU30BaHOI CHCTEMHU CKiajaHHs Tpadika
pyXy MOi3[IIB B €AUHOMY 1H(OpPMAIIITHOMY CEpeJIOBHUII 3alPOTIOHOBAHO CUCTEMY
niaTpuMku npuiHATTa pimenb (CIIIIP), sika 06’enHye pi3HI aBTOMATH30BaH1 MiCIIs
ONEPAaTUBHOIO MEPCOHANY 3ali3HUII Ta NPAIIBHUKIB ONEPATOPCHKUX KOMIaHiM-
MEPEBI3HUKIB, Ta MIOBMHHA B MEXaX ICHYIOUHX Ha 3aIi3HUII YKpaiHu iHGopMaIiitHux
pecypciB 3a0e3meuuTy BUPIMICHHS 3a/a9i aBTOMAaTH3allii CKJIaJaHHs, ONEPaTUBHOIO
KOPHUTYBaHHSI Ta aHaJ3y Tpadika pyxy Mmoi3iiB.

3 METOK EKOHOMIYHOrO OOIPYHTYBaHHs BiJ BIPOBAKEHHS PO3POOJIEHOI B
JAaHOMY JAUCEpPTalIiHOMY JOCHII)KEHHI aBTOMATHU30BaHOI TEXHOJIOTII CKJIaJaHHs
HOpPMAaTUBHOro Trpadika pyxy MOi3AIB Ha 3aJ3HUYHUX HaNpsSMKaX BUKOHAHO
PO3paxXyHOK €KOHOMIYHOTO e(DeKTy BiJ MPOBEAECHUX JOCTIIKEHb MOKA3HUKIB POOOTH
3anizHuuHOrO0 HanpaMmky Kym’sucek-Copt — [lonraBa-IliBa. — Ongeca-CopT B yMoBax
3MIHM 1HTEHCHUBHOCTI MOi3/0MOTOKIB 32 YMOBU 301JIbIIIEHHSI MapIIPYTHOT MIBUJIKOCT1
Ta CKOPOUYEHHS 3aTPUMOK IMOi3/11B Ha 3aJI3HUYHOMY HAMPSMKY.

Kiro4yoBi crnoBa: aBTOMaTW30BaHa TEXHOJOTiA, Trpadik pyxy MOI3MIiB,
3aJI3HUYHAM HAmpsIMOK, TeOpis PO3KIaAIB, PO3MOBCIOXKEHHsI 3aTPUMKHU MOi3/1B,

AJITOPUTM OJIKOJIMHUX KOJIOHIM.
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ABSTRACT

Prokhorchenko G. O. Formation of automated technology for creating the
target timetable graph (TTG) in the railway line. - Qualifying scientific work —
manuscript copyright.

Dissertation for the degree of candidate of technical sciences (PhD in technical
sciences) in specialty 05.22.01 — “Transport systems™ (275 - Transport technologies).
- Ukrainian State University of Railway Transport, Ministry of Education and
Science of Ukraine, Kharkiv, 2018.

The dissertation deals with the issue of increasing the efficiency of
transportation on the Ukrainian railway transport using automation of the procedure
for creating the target timetable graph (TTG) in the railway line.

The scientific novelty of the dissertation is in solving the scientific problem of
improving the procedure for creating a standard TTG for the railway line by
automation of calculations for drawing up and analyzing timetables for passenger and
freight trains under due consideration of the interests of independent carriers.

For the first time:

- an optimization mathematical model has been developed to form the
automated technology for creating the target TTG based on the minimization of the
total costs of idle hours of all trains, the cost of train stops, the amount of fines for a
breach of the scheduled arrival time of trains to the destination station and the costs
of possible delays in the actual traffic conditions, which allows obtaining a rational
railway traffic timetable to ensure route transportation with an appropriate system of
restrictions that takes into account both technical and technological parameters of the
infrastructure;

- a simulation method for the distribution of train delays in the railway has
been developed to estimate the reliability of the trains scheduling for the route
transportation generated by automated calculations, which allows to obtain the

dependencies of the evolution of the change of train delays in time and space.
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Improvements:

- a complex of functional tasks of ASK VP UZ-E system on the basis of
formation of an automated system for calculation and analysis of TTG on the railway
line to minimize the expert approach to drawing up a traffic schedule that will
increase the quality and shortens the time of drawing up, and further will provide an
opportunity to conduct flexible calculations to provide routes to carriers of different
forms of ownership.

The practical results of the work consist in solving the application task of the
automated creation of the TTG on the railway line, that allows increasing the
efficiency, in particular, the accuracy of transportation in accordance with the desired
time of goods delivery to the destination station, while minimizing non-productive
idle hours and taking into account the actual conditions of the traffic, and,
consequently, reliability of train traffic. The developed complex of techniques and
mathematical models allows automated constructing a target TTG at individual
sections, while the formed method of matching of the adjacent sections enables to
organize through-running trains in the particular direction.

The developed technology and the formed set of techniques and models are
used in the organization of operation of Pridneprovskaya Zaliznitsa Regional Branch
of Ukrzaliznytsya PJSC and in the educational process of the Institute of Retraining
and Advanced Personnel Training of the Ukrainian State University of the Railway
Transport (UkrSURT). The practical implementation of work results is confirmed by
the implementation certificates.

Seventeen scientific works have been published on the topic of the dissertation,
including 6 articles, which are published in the professional scientific journals
approved by the Ministry of Education and Science of Ukraine (three articles were
included to the international scientometric databases, one of them is included in the
Scopus database), 11 report abstarcts at scientific conferences.

In the introduction, the relevance of the topic is substantiated, the purpose and
objectives of the research are formulated, the scientific novelty and practical value

are shown, and the general description of the work is given.
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Part 1 deals with the analysis of factors that directly affect the general

performance of the railway transport and the indicators of compliance with the TTG,
analysis of domestic and foreign experience of approaches to formalizing the
procedure for drafting the TTG.

The main quantitative and qualitative indicators of the railway transport
operation have been analyzed. Since in 2014-2017, the volume of railway
transportation has been reduced, a tendency of gradual deterioration of the quality
performance indicators, in particular, the turnover of freight cars, has been
determined. It was found that with a decrease in the quantitative train-kilometers
indicator, the speed of trains at individual railway section increases, which
contradicts the transport laws and shows that the main reason of deterioration of
quality indicators is the reduced efficiency of the existing technology of
transportation organization. A tendency of the growth of transportation distances
since 2011 has been identified, as well as the importance of the interconnected train
traffic through the main railways connecting the main industrial areas of the country
with international land and maritime corridors. The reliability of the implementation
of TTG at Ukrzaliznytsya PJSC has been analyzed. The analysis of losses caused by
train delays at the entrance signals of Ukrzaliznytsya PJSC stations has been
conducted, and 1t has been identified that one of the reasons for this situation is the
inadequate quality of the creation of the target TTG.

The existing methods of automated creation of the TTG and the existing
procedure for creation of TTG in Ukrzaliznytsya PJSC have been analyzed. The
analysis has revealed deficiencies of the existing procedure. The conclusions about
the elimination of the revealed deficiencies by introduction of the automated
technology of TTG creation have been made.

Part 2 deals with the formalization of the procedure for creation of the
timetable graph when automated calculations are conducted taking into account the
interests of independent carriers in the conditions of route transportation.

The computational complicacy of the task of automated creation of TTG has

been estimated. It is proved that the task of TTG calculation by the restriction method
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can be reduced to the partition problem and is NP-complete with respect to the
number of conflicts in the schedule. With regard to the complexity of the problem, an
optimization mathematical model for TTG calculating at the railway section using the
multi-agent optimization method has been developed, which allows finding a nearly
optimal TTG within a reasonable time interval.

The minimum total expenditures for the idle hour cost for all trains at the
railway section, the cost of train stops, the amount of fines for a breach of the
scheduled arrival time of trains to the destination station and the costs of possible
delays in the actual traffic conditions have been adopted as evaluation criteria for the
TTG options.

Limitations of the mathematical model allow taking into account logical
constraints while planning the train routes through the running line, observance of
inter-station and station intervals, rational using the train-handling capacity,
availability of the required number of tracks at interstations, and other technical and
technological restraints related to the passage of trains through the station.

Using one of the multi-agent optimization methods — the artificial bee colony
algorithm (ABC) — has been proposed to solve the problem of calculating the optimal
TTG. By adjusting the principles of wildlife to the set task of automated TTG
calculation, presenting a process of searching for the best source of nectar by a bee
colony as a procedure for constructing the optimal TTG is proposed. The creation of
the TTG within the ABC is an iteration process during which the timetable is
developed followed by a simulation modeling of the distribution of random delays in
this schedule to determine the total costs for delays of all trains. With this approach,
the most acceptable option of the target TTG with taking into account the reliability
of the passage of trains through the railway section is searched for. The method was
implemented as a software application.

Part 3 describes the development of a method for studying the train delay
distribution in the TTG and the procedure for the automated creation of TTG in the
railway line. A method for modeling the delay distribution in the TTG system was

developed to evaluate the function in the mathematical model of the TTG calculation,
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which allows determining the total delay of all trains in the timetable graph,
depending on the random delay occurring in the real traffic conditions. The method
of studying the effect of train delay in the normative TTG provides the generation of
primary train delays based on the obtained distribution laws, the creation of an
optimal TTG and the performing statistical analysis of the timetable graph. A
mechanism that allows graphical representation of the delay distribution in time and
space was created for the first time based in the data visualization methods. The
obtained results of the delay distribution allow assessing the reliability of the level of
compliance with the existing target TTGs and provide an opportunity to investigate
the change of their formation. The simulation results are consistent with the actual
processes that occur during interacting of trains in the TTG. The comparative analysis
of the calculated TTG with the current target TTG on the basis of expert assessments
by leading timetable graph engineers confirms the quality and relevance of the graphs
obtained using the automated calculations.

In view of the complication of the automated calculation of the TTG for the
railway line, the procedure for calculation decomposing at the railway sections
followed by combining of the data from the railway sections along the direction of
lines of the graph has been implemented. The applied procedure of creation of the
TTG provides for drawing up the timetable lines in accordance with predetermined
points of departure or arrival of trains of various categories at stations of the sections.
The procedure is based on the developed mathematical model for the automated
calculation of the TTG described in Part 2.

Part 4 comprises the development of requirements for an automated system of
creation and analysis of the target TTG. The preliminary analysis of the existing
transportation planning process at the Ukrainian railway network has proved that
common information environment for the implementation of the planning process
from the application to the development of the TTG is unavailable. The general
principles of the design of an automated system of creation and analysis of the target
TTG have been formed. A decision support system (DSS) was proposed as a tool for

implementing the automated system for drawing TTG in the common information
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environment. DSS combines multiple automated locations of the operational
personnel of the railway and employees of the carriers, and should provide for
solving tasks of automated creation, online adjustment and analysis of the TTG
within the existing information resources on the Ukrainian railway.

For the economic rationale of the introduction of the developed in this
dissertation research automated technology of drafting of the target TTG in the
railway line, the economic effect was calculated from the conducted researches of the
performance indicators of the railway line Kupyansk-Sortuvalna - Poltava-Pivdenna -
Odessa-Sortuvalna with the changing intensity of train traffic provided that the route
speed increases and the train delays are reduced in the railway line.

Keywords: automated technology, timetable graph, railway line, theory of

scheduling, train delay distribution, artificial bee colony algorithm.
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