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OPTIMIZATION MODEL FOR TRAFFIC PLANNING

Po3po6aeHO MeTOAOAOTIIO BUPilleHHS 3aBAAHHS NAAHYBaHHS NAPKy TPaHCIOPTHMUX 3ac006iB 3 ypaxyBaHHIM BapTOCTi
ouikyBaHHS nmacaxkupa. Mera niei meTopoaorii — miHiMizyBaTyu po3mip mapky i CKOPOTHTH 4ac O4iKyBaHHS Maca>kKMUPIB.
IMiaxia 3 Bukopucranuam pyukyii pedigury (DF) 3acTrocoByeThes AAs pearisanii 3cyBy uyacy Bianpasaenss (SDT) i synu-
ok (DH), wo6 minimMisyBaTu po3Mip mapky. 3 MeTOH MiHiMi3yBaTH SIK eKCOAYaTaLiliiHi BUTPATH TPAHCHOPTHOrO 3acoly,
TaK i BAPTICTh OYiKyBaHHS nacaskupa BBeAeHa GYHKL A onTumizanii. AAs mpakTu4HOT pearisayii pesyAbTaTiB AOCAIAKEHHS
Gyaa sacTrocoBaHa iHOpMaLis MPO NPOAAK KBUTKIB KOMIAHIl 3 Mi’XHAPOAHUX MACaKUPChKUX mepeBe3eHb. PesyapTaTn
NOKa3yI0Th, IO 3araAbHA BaPTiCTh MOJKe GyTu 3MeHmena Ha 25% B nopiBHsAHHI 3 moToyHuMu rpadikammu. Yncaosi pesyas-
TaTH MOKa3aAM, O Peari3oBaHa Ha MPAKTULi METOAOAOTISI 3AaTHA BUPILMUTH MacwmTabHy npo6aemy onTumisayii opraui-
3anii TPaH3UTHOI MepexKi.

Traffic management issues are extremely important for Ukrainian transport companies. This is due to a reduction in
international passenger traffic, which is systematic and requires full analysis using scientific methods and including a
modeling process. Traffic flow modeling is an effective tool for improving and optimizing transport systems and improving
the quality of transport services. From a theoretical and practical point of view, modeling of transport flows is so relevant
that a large number of publications in foreign and domestic literature are devoted to this issue. The task of optimizing
the traffic flow was implemented on the basis of data from the reporting of ticket sales of the transport company for
international transport "East West Eurolines " for 2018-2019 on the flight Kiev-Wroclaw.

Data about the company's available resources is used to build model constraints. The target function takes into
account the operating costs that accompany the flight and the reputational losses that will be taken into account in the
deficit function. The model in this study is based on the deficit function and the costs that arise in the activities of passenger
transport enterprises. The target function of the model takes into account the operating costs that accompany the trip
and the reputational losses that were included in the deficit function. The approach of taking into account the existing
shortage of vehicles is used to implement changes in travel schedules, stops made by drivers during the flight, and to
minimize the size of the bus fleet. In this work, we developed a methodology for solving the problem of planning a fleet
of vehicles taking into account the cost of waiting for a passenger. The goal of this methodology is to minimize the size of
the fleet and reduce the waiting time for passengers. The deficit function (DF) approach is used to implement departure
time shifts (SDT) and stops (DH) to minimize the size of the fleet. In order to minimize both the operating costs of the
vehicle and the cost of waiting for a passenger, an optimization function has been introduced. For practical implementation
of the results of the study, information on the sale of tickets for international passenger transport companies was applied.
The Results show that the total cost can be reduced by 25% compared to the current schedules. Numerical results have
shown that the methodology implemented in practice can solve a large-scale problem of optimizing the organization of
the transit network.

Kao4obi caoba: abmompancnopmuui nomix, axicmv 06cayz08ybanns, mpansumua mepexa, ym-
KUYia Onmumi3ayisn, excniyamayitini Bumpamu.
Keywords: traffic flow, quality of service, transit network, optimization function, operating costs.

NMOCTAHOBKA NMPOBJIEMU pPeBi3HMK HaMarae€TbCs ONTMUMI3yBaTy CBO1 BUTpaA-

3amyck Ta eKCIAyaTalis CUCTeM TPOMaAChKO-  Ti. 3 iHIOro 60Ky, 3ayCK TPAHCIIOPTY CTBOPIOE

IO TPAHCIOPTY, AK IPABUAO, IPU3BOAUTH AO 3HaY-  MIBMAKI Ta AOCTYIIHI IepeBe3eHHs AAS BCiX BEPCTB
HMX BUTPAT AAf epeBi3Huka. A orke, pipma-ne- HaceaeHHs B Kpaiui Ta 3a 11 Mesxamu, OAHOYACHO
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ADNRPOC RBEE Ne 9 29 2¢d \
Ta6nuua 1. Pe3ynbTat KOPUryBaHHea po3knany pyxy aBToOycie

Mapupyr | Mapupyr| . Yac Yac .HOBHI\;I yac | HoBwuii yac
BiNIpaBJICHHs | NIpUOYTTS | BiANpaBICHHS | MPUOYTTS

10 a-b 19:30 23:55 17:55 22:20

12 b-a 14:00 18:25 15:35 20:00

31 b-c 22:30 4:30 20:55 2:55

13 b-a 14:30 18:55 17:58 18:38

39 c-d 22:30 6:30 20:55 4:55

24 c-b 21:30 15:30 19:55 13:55

32 b-c 16:00 22:00 17:35 23:35

15 b-a 20:00 0:25 18:20 19:00

41 c-d 6:00 14:00 7:35 15:35

26 c-b 12:00 18:00 10:25 16:25

48 d-c 17:40 1:40 16:05 0:05

49 d-c 19:20 3:20 17:45 1:45

3MEHINYIOUM HeTaTVBHI HACAIAKM TPAaHCIIOPTYBAH-
HS, IK-OT: 320 PYAHEHHS TOBITPSsI, IyMOBe 3a6pYA-
HEHHs i TOMy OAiGHE.

SIk mpaBuAO, MeTOIO OonTuMizanii Bu6UpaeTs-
¢4 MiHIMi3alisg 3araApHOTO 4acy HOAOPO3Ki maca-
SkupiB. Y cucremi macaskMpChKMUX nepeBe3eHb TaKi
napaMmeTpiu, AK 4ac y AOpoO3i, 3py4HicTh Ta iHmi,
3HAaXOAATHCA 6€3I0CePEAHBO MiA BIAMBOM OXOII-
A€HHS MapUIPYTiB TPAHCIOPTY, HePiOAMIHOCTI Ta
J10T0 06CAYTOBYBaHHS MOPIBHSAHO 3 iHIIMMM 1O-
CAyTaMM AOPOSKHBOTO PYXy Ta XapaKTepPUCTUKH,
NOB'I3aHi 3 HUMM.

SIkicTh Mepeski maca>kKMpPChKUX IepeBe3eHb
BI3HAYAETHCS HA OCHOBI TakuX pakTopiB, K 6e3-
IocCepeAHiCTh MapumpyTiB, TOKPUTTA IOCAVT,
eKCIAyaTallifiHi BUTpaTu, BapTiCTh KBUTKA Ta Ce-
peaHs KiapkicTh TpaHCmOpTHUX 3ac06iB. ITia ac
MOAEAIOBaHHSA BUOOPY MapIIPYTy HACAIAKY epe-
BaHTa>keHb Yepe3 IepelnoBHEHHSA TPAHCIOPTHNUX
3aco6iB He BpaxoByIOThCs. Taka BeAuKa KiAbKiCTh
3aBAaHb, AKi HEOOXiAHO PO3B'sA3aTH, CTAAA OCHO-
BOIO AAS BEAMKOI KiABKOCTi AocAipsKeHB y cdepi
Maca’kMpPChKUX NepeBe3eHb Pi3HMMM BMAAMMU
TPAHCIOPTY; EKOAOTIT, [0 mepeAbGada€ 3MEHIIEH-
HsI HETaTUBHOTO BIAMBY aBTOMOOIAIB Ha HaBKO-
AMIIHE CepeAOBuINe Yepe3 MOIMYK aAbTepHATHB-
HMX BUAIB naAuBa Ta B cdepi NAaHYBaHHA TPaHC-
NOPTHOI Mepexi.

AHANI3 OCTAHHIX AO0CJIAXEHb
I NYBJIIKALINA

3uauHuit 06CAT AOCAIAKEHD Y cdepi mepese-
3€Hb CBIAYMTH PO BasKAMBICTH 1iel raaysi. ABro-
MOGIABHUI TPAHCIIOPT — OAHA 3 HAMBASKAUBIIINX
raay3ei eKOHOMIKM i pO3BMBAETHCA AK HEBiA'€MHa
JacTuHa €AMHOI TpaHcmoprtHOi cucremyu [1; 2].
Texniuny 6a3y cy4acHOro aBTOMOGIABHOTO TPaHC-
IOPTY CKAQAAIOTh: PYXOMMUI CKAAA, AOPOTHY Ta aB-
ToTpaHCcHOpTHI mianpuemctsa [ 3; 4].

[TepeBe3eHHs BAHTAXKIB MOB's13aHO 3 HEOOXIiA-
HIiCTIO BUKOPUCTaHHA HaBaHTa>KyBaAbHO-PO3BaH-
Ta>KyBaAbHUX POOGIT, MO € HEBIA'€MHOIO | HaGiABII

N\

TPYAOMICTKOIO Y4aCTHMHOIO TPAHCIOPTHOTO IpoIje-
cy [5; 6]. IlepeBe3enns macaxkupis, mepeaycim
CTOCYIOTHCS IONUTY HA IlepeBe3eHHs, SIKICTh 06-
CAYTOBYBaHHSA Ta OpraHisanii pyxy TpaHCHIOPTY.

Teopia TpaHCIOPTHUX IpOIeCiB po3TASAAE
xXapakTepHi IM 3aKOHOMIpHOCTi Ta METOAM ONTH-
mizanii. Ha 6a3iniei reopii BinbyBaerscs opraui-
3alis mepeBe3eHb Ta ynpaBAiHHA Humu [7].

Teopis TpaHCIOpPTHUX HpoIeciB — Ie npu-
KAaAHA HayKOBa AMCIOUIAIHA, B Kl 3aCTOCOBY-
I0TBCA TeOPisA CuCcTeM Ta AOCAIASKEHHS onepatii,
MaTeMaTW4He IPOTpaMyBaHH:A, MaTeMaTUIHA CTa-
TUCTHUKA, TEOPisI MACOBOTO OGCAYTOBYBaHHS, YII-
paBAiHHA TpaHCIOPTHUMY HOTOKaMy [ 8].

Tomy, nepmodeproBum 3aBAAHHAM AOCAi-
ASKeHb Ha AQHOMY eTalli € TONIYK MEeTOAY IIOE€AHAH-
HsI BCiX YMHHMKIB, AKi BIAMBAIOTH Ha iHTEHCUBHICTb
Iaca>kKMPONOTOKY Ta BAaHTAKHUX NepeBe3€Hb, B
OAHY MOAEAB, Ta 3AIMCHEHHA ONTUMi3arii OCHOB-
HUX IIPOLeCiB, Ki BUHMKAIOTh y AiAABHOCTI pipmu-
nepeBi3HMKA.

MNOCTAHOBKA 3ABOAHHS
Meroro cTaTTi € CCTEMHE AOCAIAKEHHS, KPU-
TUYHA OL|iHKA TEOPETNYHMX IIOAOSKEHD Ta AIF0UO1
IPAaKTHUKY IAAHYBaHHA aBTOTPAHCIIOPTHOTO IOTO-

KY.

BUKJIAA OCHOBHOro
MATEPIANTY

3apaya onTuMmizanii TPaHCIOPTHOTO MOTOKY
Oyae pearizoBaHa Ha OCHOBI AaHUX 3BITHOCTI IPO-
Aa>Ky KBUTKIB TPaHCIOPTHOI KOMIaHi{ 3 Mi>KHa-
poanux nepesedens "East West Eurolines" 3a
2018—2019 poxnu Ha peiici Kuis — Bpouaas.

Arst o6yp0BY 0OMEsKEHb MOAEAT BUKOpUCTA-
HO AaHi Ipo AocTymnHi pecypcu komnasii. Iliabo-
Ba (PYHKIif BpaxOBY€ eKCIAyaTaliiiHi BUTPATH,
AKI CYIPOBOASKYIOTh pelic, Ta penyTaliiHi BTpa-
TH, AKi OYAYTH BpaxoBaHi B pyHKLii aedinnry.

Haii6inrbma TpuBaAicTh OYiKyBaHHS macaskm-
pom aBTO6Yyca cKkAapa€ Giabuie OAHIET TOAMHY, pe-
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nyTaninHi BTpaTH, SKi moHece pipma CKAAAAIOTh
750 rpr. Tomy Alana3oH yacy peryAlOBaHHA IO-
i3AKM a-b Ta b-a ckrapae miHimym A = +01:35 TO-
AvH. PeayabpraTyu 3mMineHux rpagikis BiampaBaeH-
Hs i npubyTTS aBTO6YCIB MOAaHO B TabAnI 1.
OnTtuMaspHa KiABKICTh TPaHCIIOPTHUX 3aC0O06iB

. . *
AASL YOTMPBOX TepMiHaAiB ckaapae: d(a,t) =4,

db,t)" =2, d(c,t)" =5, d(d,t)" =1. MinimaabHa
KiABKICTh TPaHCHOPTHUX 3aco06iB, HeOOXIAHMX AL
3aBeplIeHH BCiX IepeBe3eHb, AOPIBHIOE CyMi BCiX
MaKCUMaAbHUX 3BOPOTHUX Pi3HUIE, TOOTO:
minN =)  maxd(k,t)=12 (1).
HwskHa Meska KiABKOCTI TPaHCIOPTHUX 3a-
co6iB, HEOOXIAHMX AASI YOTUPHOX CTAHIii, CTAHO-

BuTh G =maxg(t) =12. Tum 9acoM, peryA0I09M 9ac
BiAIIpaBAEHHS AeSIKMX aBTOOYCiB, YaC OYiKyBaHHS
naca’xypa KOHTPOAIOETHCSA IPOTATOM 2 TOAVH AAS
noAinmmeHHsT 06CAYrOBYBaHHS aBTOOYCIB.

STD — ne mporec KOPUTYBaHHS PO3KAAAY
pPyXy TpaHCIOPTHOTO 3ac00y, sike Biairpae Bean-
Ky POAb IpM IIAQHYBaHHI MepesKi.

Ao SDT inpouecis ontumizanii posmip napxy
CTAaHOBUB 16, a 3HaYeHHA iAbOBOIT PyHKUIT cTa-
HOBMUAO 166,65 THCI4 rpUBEHb.

3pyuwenns rpadikis 6a3yerscs Ha TaKMX pak-
TOpax, AK BUTPATy pelcy, Naca>kMpoNoTiK Ta pe-
nyTanisg nepesi3HuKa. 3 OrAgAy Ha BapTicTh Odi-
KYBaHHS Iaca>kupa, 4ac BiAIpaBAEHHS AESAKUX
aBTOOYCiB KOPUTYETHCS, i AOAAETHCS 1le OAMH
TpaHcrnopTHuii 3aci6. Posmip napky smeHmyeTses
Ao 11, a 3HavenHa njiaboBoi pyHkLii ctae 124,98 tu-
CSIY TPUBEHB, 10 AO3BOAMAO 3aomaantu 25,0%.

V ciuni 2020 poxy 6yao 3acrocoBano SDT i
Ipolecy ONTUMi3alil onucaHi B TPeTbOMY PO3AiAL
HaykoBOI po6otn. B rpadikax nepesesens maca-
skupiB Ha mapupyri Kuis — Bpounaas 6yan 3ac-
TOCOBaHi 3MiHM BIATIOBIAHO AO OTPUMAaHMX PE3yAb-
TaTis.

IlicAs mpakKTMYHOTO 3aCTOCYBAHHS PE3YyAb-
TaTiB AOCAiASKeHHs 6YA0 3adikcoBaHO 36iAbIIEH-
HS IAacCa’kXMPOIOTOKY KOMIaHil 3 Mi>KHapOAHUX
nacaskupcbkux nepesesens "East West Eurolines”
Ha o6paHomy peici. I[Ipnannoro nporo craro
3MeHIIeHH Yacy npocTolo. Yac BiaAnpaBaeHHs Ta
qac npubyTTs 6YAO PO3PaxOBaHO Ta 3MIlEHO 32
AOIIOMOTOI0 MOA€eAl onmucanoi B po3aiai 2 Tax, mo6
aBTOOyC npubyBaB HA CTAHI{I0 TOAl, KOAM HOIUT
nacaskupis Ha HHOTO OyB Hal6iAbumMiIt. OT3Ke, O4i-
KYBaHHS KAI€HTIB CTaA0 MEHIINM, NapK MallMH
TexX 6YAO CKOpPOYEHO, BIAOBIAHO i mpubyTKU
bipmu 36iABIIMANCE.

Aast Toro mo6 npoaHanizyBaTu BOAUB BIPO-
BaAJKEHMX 3MiH Ta 1X BIAHOIIEHHSA AO BUTPAT KOM-
naii, B cepepAoBuiyi R 6yA0 TO6GYAOBAHO IPOTHO3
nacaskuponoroky Ha Gepesenb 2020 poky 3a AO-

noMoroxo HeipoHHOT Mepeski. Ockirbky 1eit me-
piOA BBasKAETHCS OAHMM HaVIMEHIU IPUOYTKOBUX,
(pipma HamMaraeTbcAa CyTTEBO BUKOPUCTATH METO-
AV OTITMMi3alii.

IIss ANN 3acHOBaHa Ha CYKYIHOCTI 3'€AHAHUX
oAMHUIb 260 BY3AiB, TyyHMMY Heiiponamu. Kosk-
He 3'€AHaHHS, K | cuHancK B 6i0AOTIYHOMY MO3-
Ky, MO>Ke IlepeAaBaTy CUTHAA {HIIMM HeMpOHaM.
IIty4yHnit HeMpPOH, AKMIL IPUIMAE CUTHAA, IOTIM
06p006ASIE OTO | MOJKE CUTHAAI3yBaTH HENPOHM,
niAKAIOYEeHi AO HBOTO.

V peaaizanifx "curHaa" mip 9ac 3'€AHAHHSA €
pearbHMM YMCAOM, a BUXIA KOSKHOTO HepOHa 06-
4JCAIOETHCS A€SAKOIO HeAIHIMHOIO (PYHKIIIEIO CyMu
110T0 BXOAIB. Bara 36iabmye a60 3MeHIIyE CUAY
CUTHAAy Ipy 3'€AHaHHI. 3a3BM4ai HeipOHY arpe-
ryloTbcs B mapu. Pi3Hi mapyu MOKyTh BUKOHYBa-
TH pi3Hi HepeTBOpeHHS Ha cBOiX BxoAax. CurHa-
AU TEePexXOoAATh BiA mepumoro mapy (BxiAHOTO
mapy), AO OCTaHHbOTO IIapy (BMUXiAHOTO mIAPY),
MOJKAMBO, IiCAS NPOXOASKEHHS IapiB Kiabka
pasis.

[Micas 3amimenns rpadikis npubyrrsa Ta
BiApaBAeHHS aBTOOYCIiB macaskupomnoTik Biamo-
BiaHO 36iApmuBCs (rpadikm 6yro 3mimeHo Tax,
1106 OXOINUTH Ti TOAMHM, B AKi HOMMT Iaca>kupis
OyB HanbiABIIMM), TOMY IIPOTHO3 MOKA3aB HAM
Kpaui pe3yAbTaTH, Hi3k y 6epe3Hi MUHYAOTO
pOKYy.

BUCHOBKMU

ITicAss mpaKTMYHOTO 3aCTOCYBAHHA PE3YAb-
TaTiB AoCAiAKeHHS 6yA0 3adikcoBaHO 36iAbIIEH-
HS IAca>XMPOIOTOKY KOMIaHil 3 Mi>KHapOAHMX
nacaxxupcbkux nepesedens "East West Eurolines”
mapupyTti Knuis — Bponaas. IIpnunnoro msoro
CTaAO 3MEHIIEHHsA 4acy NPOCTOI0, BHACAIAOK
3mimeHHs rpadikiB BianpaBaeHHS Ta HIpUOYTTS.
Tarosk IpOTHO3 Naca>kMpPOIOTOKY 3AIICHEHNI HA
APYTY IIOAOBMHY AIOTOTO i A0 KiHIjst Gepe3Hs mo-
Ka3aB HaM Kpali pe3yAbTaTH, Hik B 6epe3Hi Mu-
HYAOTO POKY.

Takum unHOM, Y 6epe3Hi OUiKY€ETHCS CE30HHE
naAiHHA Iaca>kXMpPONOTOKY, IPOTE BOHO € HE3HAU-
HuM B mopiBHsHHI 3 6epe3nem 2019 poxky.

UucaoBi pe3yapTaTi IOKa3aAn, mo pearizo-
BaHa Ha IPaKTULi METOAOAOTifl 3AaTHA BUPIIINTHU
macurabuy npobaemy onrumisanii oprauizauii
TPaH3UTHOI MepexKi.

ITopaabui BAOCKOHAAEHHS MOKYTb BKAIOYATH
pO3pO6KY MeTOAIB onTuMi3anii, o BpaxoBYIOTh
AVMHAMi4HMM TPAH3UTHUM MOMNUT, HONUT Ta dac
IOAOPO3Ki B pi3Hi mepioaM pOKy, a TaKO3K OYiKy-
BaHHS Ta IepeHeceHHs mrpady.

TakuM 4MHOM, BAAAOCH 3HANTY ONTUMAaAbHE
IOE€AHaHHA BCIX AOCTYIIHUX PecypciB, Heo6XiAHNX
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AAM peaiisanii peicy, 3 BpaxyBaHHAM MiHimizanil
BCiX MOSKAMBUX BTPaT.
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