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HHPOKIAJAHHSA OINTUMAJIBHUX MAPHIPYTIB SAIK ®AKTOP
PEAI'YBAHHS HA HAJI3BUYAHUHI CUTYAIIl BOEHHOI'O
XAPAKTEPY

AHoTanisi. By p-sike noctauaHHs pecypciB B yMoBax 00MOBHX A1H 3a71€XKUTh
BiJI TOTO, HACKIJIBKH ONTUMAIBHO MPOKJIAACHI JIOTICTUYHI MapIIpyTH, aJKe BiJl
ILOTO 3aJIEKUTH SK IMIBUIKO Ta HAAIHHO € MOXKJIUBICTH JOCTAaBUTU HEOOXIIHI
MaTtepiajibHi 3ac00u 0 MicIlsl npu3HadeHHs. OCcOONIMBO 1€ MUTAHHS € BaXKIUBUM,
KOJIM ¥/Ie MOBa MPO MOCTavYaHHS BIICKKOBOI MPOBI3ii Ta OOEMpUNaciB, TOMY IO Bl
IBOTO 3aJCKHUTh JKUTTA Ta 310poB’s Oiinie 3CY. Tomy Tema onTumizarii
MapuIpyTiB TOCTAa4aHHS cTaja My)Xe aKTyalbHOK y Halll 4ac, KOJU TpHUBAE
noBHoMacHITabHa BiiiHa 3 Pociero.

OpHuM 13 pilleHb MPH IUIAHYBaHHI MapUIPYTIB € 3aCTOCYBaHHS aJTOPUTMY
Heiikctpu. CyTHICTH [JaHOTO aIrOpPUTMy TMOJSTae y ToMy, 00 3HalTH
ONTHUMAIBHAA MapIIPyT JIJIsl KOKHOTO TPAHCTIOPTHOTO 3ac00y Yy 3BakeHOMY rpadi,
SIKUWA MOJICITIOE€ TPAHCTIOPTHY MEPEeXY Y MPU(PPOHTOBIH 30HI.

Came y Takuil cnoci0 MOxHa OyJe 3HAWUTH ONTHUMAaJIbHI MapUIPYTH IS
MOCTa4yaHHs BINCHLKOBOI MPOBI3ii Ta 00MOBOI0 KOMIUIEKTY (200 O0EKOMIUIEKTY ) — IEBHO1
KUIBKICT1 OO€MpHUITaciB, BCTAHOBJIEHOT HA OJUHUIIIO 30poi (rapmarty, KyJeMeT, TaHK
TOIIIO).

[IpuHIIMTIOBO BXKJIMBUM € BBEJICHHS MOHATTS IMHAMIYHOI Baru pedep rpada,
OCKIJIbKM CHUTYyallisl 3 TPAHCHOPTHOIO JIOTICTUKOIO 3MIHIOETHCA JOCHUTH IIBUJIKO.
Came TOMy HEOOXIJHO TOCTIHHO MOHITOPUTH CTaH TPAHCIOPTHOI MEpexi Ta
BBOJIUTH Y PO3PaXyHKH ONTUMAIBHUX MaplIpyTiB JaHi MIOJI0 Bar pedep y pekumi
peanbHOTO Yacy. Peamnii xutTs mepenbadaroTh 3MiHHI BeTUYMHU Bar pedep. Bara
pebpa W € paktuuno dpynxuicro gacy, rooro W =W (t).

Y nmocHigKeHHI PO3TISAAETbCA CUTYallis i3 JOPOKHBOIO TPAHCIOPTHOIO
Mepexero y NpupoOHTOBIH 30H1, /1€ BEAyThCs IHTEHCUBHI 00MOBI 11i (Hanpukiaz, y
AsniiBii). Kiacudikariiis crany gopir (iHakiie Bar pedep Mojenordoro rpada)
3MIMCHIOETHCS 3 YpaxXyBaHHSM SIK (DaKTOpy CKIAIHOCTI MPOI3y AOPOTH, TaK 1
HEOEe3MEYHOCTI TMpoi3ay 3 YpaxyBaHHSIM MOXJIMBUX OOCTPUIIB MapuIpyTiB
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MiJBE3CHHsS TMPOBIaHTY Ta OOEKOMIUIEKTY. Y 3a3HAY€HOMY CEHC1 Joporam
={1,2,3,4,5}. Yum cxnagnmima

JUISTHKa JIOPOTH, TUM OIbIIMM Oy/e BeIMYMHA TPUBEACHOTO KOeQillieHTa.
AHaNOTiYHUM YHHOM BBOJUTHCS TMOHATTA KoedimieHTa HeOe3nmeKku Joporu

K

koedimieHTa HeOE3MeKN TUISTHKHA JOPOTH, SIKa MOKE 3HAXOJUTHUCH ITiJT BOPOKUM
0o0CTpIJIOM: YMM BHUIIMM Oyze CTyMiHb OOMOBOro Bpa)K€HHS, TUM OUIbIIMM OyJie
naHui KoediuieHT. 3aragoM y poOOTI PO3IIIANAETHCA KOMMIO3ULIA PO3IISHYTHX
KoeiIi€eHTIB, Ky y pexxumi on-line popmye odinep-norict.

Otxe, anroput™m JeWKcTpu J03BOJISIE MPOKIAAATH ONTUMAIbHI MaplIpyTH
MDK BHOpaHOIO BEpIIMHOIO Tpada, Je po3TalloBaHWUW BINCHKOBHM CKJIaa 3
npoBiaHTOM Ta Ooenpunacamu, Ta nosuuismMu 3CY y pailioHax BefeHHS 0OMOBHX
T,

NPUIUCYIOThCsE Koedimientn ckmagHoeri K

danger ={0,1,2,3,4,5}, mo npencrasisie coGor0 CIHEKTP MOXIHBHX 3HAUCHb

KumrouoBi ciaoBa: anroputm JleiikcTpu, 3BaKEHUN HEOPIEHTOBaHHM Tpad,
JTUHAMIYHa Bara pedpa, onTUMaIbHUN MapuipyT.
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LAYING OPTIMAL ROUTES AS A FACTOR IN RESPONDING TO
MILITARY EMERGENCIES

Abstract. Any supply of resources in a combat situation depends on how well
the logistics routes are laid out, as this determines how quickly and reliably the
necessary supplies can be delivered to their destination. This issue is especially
important when it comes to the supply of military provisions and ammunition, as the
lives and health of the Ukrainian Armed Forces depend on it. Therefore, the topic of
optimizing supply routes has become very relevant nowadays, when a full-scale war
with Russia is ongoing.

One of the solutions for planning routes is to use the Dijkstra algorithm. The
essence of this algorithm is to find the optimal route for each vehicle in a weighted
graph that models the transportation network in the frontline area.

In this way, it will be possible to find the optimal routes for the supply of
military provisions and combat Kkits (or ammunition) - a certain amount of
ammunition installed on a weapon (gun, machine gun, tank, etc.).

It is crucial to introduce the concept of dynamic weights of graph edges, as
the situation with transportation logistics changes quite rapidly. That is why it is
necessary to constantly monitor the state of the transportation network and enter data
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on edge weights in real time into the calculation of optimal routes. The realities of
life imply variable values of edge weights. The weight of an edge is actually a
function of time, i.e.

The study considers the situation with the road transport network in the
frontline zone where intense military operations are taking place (for example, in
Avdiivka). The classification of the road condition (otherwise, the weights of the
edges of the modeling graph) is carried out taking into account both the factor of
difficulty of road travel and the danger of travel, taking into account possible shelling
of routes for the supply of provisions and ammunition. In this sense, roads are
assigned difficulty coefficients. The more difficult a road section is, the higher the
value of the reduced coefficient will be. Similarly, the concept of the road hazard
factor is introduced, which is a spectrum of possible values of the hazard factor of a
road section that may be under enemy fire: the higher the degree of combat damage,
the greater this factor will be. In general, the paper considers the composition of the
considered coefficients, which is formed by a logistics officer in the online mode.
Thus, Dijkstra’s algorithm allows to lay optimal routes between the selected
vertex of the graph, where the military warehouse with provisions and ammunition
Is located, and the positions of the Armed Forces of Ukraine in the areas of combat
operations.

Keywords: Dijkstra algorithm, weighted undirected graph, dynamic edge
weight, optimal route.

IHocranoBka npodsaemu. Baxxineor npoOIieMOI0 ChOTOACHHS € MPOKIJIAaHHS
ONTHMAJIBHUX MapIIPYTIB Y TPAHCIOPTHUX Mepexax Pi3HOI MpUpOIu. 3 METOI0
BUPIIICHHS I1i€i MPoOJieMH Yy JOCHIIPKEHHI TOCTaBJICHA 3ajadya MOJCITIOBaHHS
TPAHCHOPTHOT MEPEkXi 3 JOMOMOro 3BaxkeHoro rpada. Anroputm Jlelikctpu
J03BOJISIE TIPOKJIAJATH ONTUMAIbHI MAapUIPYTH PYyXy MK BHUOpPAHOIO BEPIIMHOIO
rpada Ta BciMa IHIIMMHU Horo BepumMHamu. Came Taka npoOjieMa BUHUKAE Ha
MPaKTHIl, KOJIU TMOTPIOHO TOCTABIATH OOEKOMIUIEKT Ta MPOBIAHT 10 (DPOHTOBOI
JiHIT 31TKHEHHS 13 CKJIAJChKOTO MNPHUMIIIEHHS, pPO3TAIlllOBAaHOTO Ha Oe3mevHid
BiJICTaHI1 BiJl JIiHIi PPOHTY.

3aBlaHHs TMOJIATa€ y TOMY, I00 CTBOPUTHU MpAIIOIOYy JUHAMIYHY
€JIEKTPOHHY CHUCTEMY, sIKa MOJEIIIOE peabHy NMPUPPOHTOBY TPAHCIOPTHY MEPEXKY
3 ypaxyBaHHSIM BHCOKOI AUHAMIKK Tpadiky. ¥Y Takiii MOJeINi 3aBaHTAKEHICTh CMYT
pyXy BiamnoBijiae Baram pedep rpada, 1110 MOJENIOE JaHy TPAHCIIOPTHY Mepexy. i
MOJIeNIIOBaHHs Tpadiky MOTPIOHO BUKOPHUCTATH 3BakeHWMH Tpad. basyrounch Ha
TOMY, IO TeOopis rpadiB BOJOMAIE MHUPOKUM CIEKTPOM MPOTPAMHUX aITOPUTMIB,
IPOKJIaJJaHHS ONTUMAJIbHUX MapIIPYTIB € X0ua 1 Jy’Ke CKJIaJAHOI0, ajle BCE JK TaKu
BUPILIYBaHOIO MpoOsieMoro. [IpUHIIMIOBUM MOMEHTOM € Ta OOCTaBMHA, LIO Y
JAHOMY JIOCIIJPKEHHI MOBa iJe MNpo ONTUMaibHI MO Yacy (t-omTuMasbHi)
MapHIpyTH, TOOTO TaKi, HA MPOI3]I AKX 3aTpavya€eThCsl MIHIMAJIIBHUHN Yac.
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AHaJi3 OCTaHHIX HocigkeHb i myOaikauniii. B Teopii rpadiB po3pobieni
NOTYXHI aJICOPUTMH, SIKI JI03BOJIAIOTH OyAyBaTH ONTHUMAaJIbHI MaplIpyTH, B TOMY
yucii 1 t-ontumaneHi [1]. Y gocnimkenHi [2] po3riasgaeTbes mpoodiemMa yrpaBiiHHS
JOPOKHIM PYXOM Y MEramoJiici 3 BUKOPUCTAHHAM aliroputMy Jleiikctpu. ABTopu
aHaMI3yI0Th 3aCTOCYBaHHA 1HTeNEKTyaabHO1 TpancnopTHoi cucteMu (ITC) 3 meToro
aHaI3y MPUYUH 3aTOPIB HA MICBKUX TpaHcmopTHUX apTepisx. [ITC nae MoxIHMBICTH
HaJaBaTH I1HHOBAIIIMHI TIIOCAYTH 1 JIO3BOJISIE KOPHUCTyBadyaM OyTH Kpalle
noiHGOPMOBaHMMH Ta Oe3MeyHimie, OUIbII CKOOPAMHOBAHO 1 «PO3YMHIIIIE)
BUKOPUCTOBYBATH TPAHCIIOPTHI MEPEKI.

ANTOpUTM 3ICTABJICHHS 3 KapTorw [3] mossirae y KOpPEKTHOMY IOPIBHSHHI
GPS-tpaekTopii TpaHCmOpTHOTO 3aco0y 3 BIAMOBIAHOI JISHKOK JOPOTH.
3okpema, 3ictaBiaeHHs1 GPS-nanux 3 eNeKTpOHHOIO KapTOI0 MiCTa 3A1HCHIOETHCS 32
JIOTIOMOTOI0 CHICTEM aBTOMAaTHYHOTO BU3HAYEHHS MICIIE3HAXOKEHHS TPAHCIIOPTHUX
3aco0iB (MT3), skl BUKOPHUCTOBYIOTb CHCTEMY CTEKEHHS 3a TPAHCHOPTHUMU
3acobamMu U1 BIACTEXKEHHS PyXy TPAHCHOPTHOIrO 3acody. Y CBOIO uepry,
iHdopmMmairis, 3i0pana 3a gomomororo cucremu MT3, Moxe OyTH MOpiBHSHA 3
CJIEKTPOHHUMU KapTamu uepe3 I[HTepHeT abo 3a JOMNOMOTOI0 CHEIiadbHOTrOo
nporpaMHoro 3a0e3nedyeHHs. AJTOPUTM 3ICTaBICHHS 3 KapTOI € BaXKJIUBOIO
JaCTHUHOIO Oyb-SKO1 HaBITaI[IMHOI CHCTEMH, OCKIJIBKHU BiH JIO3BOJISIE Y3TOIUTH JaH1
3 GPS 3 nudpoBoro mepexero 1opir. AJITOPUTMH 3ICTaBICHHS KapT MOAUISIIOTHCS
Ha MPOCTIi, BaroBi Ta BAOCKOHaNEeHI. OCTaHHI BUKOPUCTOBYIOTH Pi3HI MaTeMaTU4H1
MOJIeJl, TakKl K Teopis WMOBIPHOCTEH, HEYITKa JIOrika, riOpHIHa Mepexa Ta
HEHpOHHA Mepexa. Y 3raJjaHux BHILE JOCIIDKEHHSAX MPONOHYEThCS BaroBUM
QITOPUTM JUIA TOLIYKY HaMKpamoro MapuipyTy y JOpOXKHIA Mepexi. Y
JTOCHKeHHAX [3,5] nAeTtalibHO po3risjaeTbes mnpooOnema 3ictaBieHHs GPS-
MapkepiB (MO3ULIH) TPAHCIOPTHUX 3aCO0IB 3 €JIEKTPOHHUMU KapTamu. Jljig nporo
BUKOPUCTOBYIOTHCA TakK 3BaHl JAaTYUKKM Ha OCHOBI MPHUCTPOIB, SAKI MOCTIMHO
(bIKCYI0Th Ta MepeanTh IPOCTOPOBO-YACOBY 1H(POPMAITIO PO MICIIE3HAXOIKEHHS
Ta pyX TpaHCHOPTHOro 3aco0y [6]. HoBiTHI 3acTocyBaHHS cHUCTEeM Bizyasizallii
MOO1IBHOCTI MICBKOTO TPaHCIOPTY 0a3yrThbCs Ha BUKOPUCTAHHI TeorpadiuHux
iHpopMmamiitnux cucrtem (I'IC). Ia cucrema n03BOJsi€ TPUB’A3yBaTH JIaHi 10
CJIEKTPOHHOT KapTH, 30KpeMa BifoOpakaTh Ha HIM TEOJOKaIliiHE TOJIOKCHHS
TpaHCIIOPTHOTO 3aco0y. JlocmimkeHus [7] mokaszano, MmO IMOMIYK HAWKOPOTIIOIO
MapLIpyTy 3a JOMOMOTOI0 aJrOpUTMy A-CTap MOJETUIy€e MpOoLeaypy HOPIBHSHHS
reoJIoKalli TPaHCIOPTHUX 3ac001B HA €JIEKTPOHHIN KapTi 3 Biapizkamu jopir. Le
O3Haya€e, IO BHUKOPUCTaHHA anroput™miB Jlelikctpu abo @Dnoifna € MeHIl
e(pEKTUBHUM Yy LIbOMY BHIIAJIKY.

TpancnopTHi MOTOKM HEOOXIAHO (IKCYBaTH B PEXKHUMI PEaNbHOro 4acy,
OCKIJIbKY 3HAHHS PIBHS 3aBAHTAKEHOCTI JOPIT € BIAMPABHOIO TOUYKOIO y BUPIIIEHH]
npoOJeMHU pPEeryyoBaHHS TPAHCIOPTHUX MOTOKIB. HacTymHuM kpokoM € BHOIp
ONTUMAJIbHUX MAapUIPyTiB y TPAHCIOPTHIA MepexX MiJ KOHTPOJIEM IEHTPY
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kepyBanHsi TpadikoMm (LIKT). Lle nmutaHHd € KIIOUOBUM 3 TOYKH 30py CTpaTerii
IPOKJIaJJaHHS ONTUMAIBHUX MapLIPYTIB Y OyAb-aKiii TpaHCHOPTHINA Mepexi. Tak, B
po6oti [8] mis BUpilIeHHsS I1l€i MPOOJIEMU BHKOPUCTOBYETHCS HOBA CHCTEMa
YIPABJIIHHS 3 BUKOPUCTAHHSIM €BPUCTUYHOTO IMiJIX01y. ABTOPH POIMOHYIOTh HOBUI
IHTErPOBAHUN AITOPUTM YIPABIIHHS, SIKUA MOENHYE i JUHAMIYHOI MapUIpyTH-
3amii pyxy. AJFOPUTM MOXKE KEpyBAaTH CHUCTEMOIO y BHUMAJAKY, KOJIM ICHYE
00OME)XEHHSI MPOIMYCKHOI 3aTHOCTI MEpeXi aBTOMOOUIBHHMX Jopir. JlocmimkeHHs
doxycyeTbes Ha po3po0Ill IHTETPOBAHUX CTpATETiid yNpaBIliHHS JOPOKHIM PYyXOM.
Mepexxa aBTOMOOLIBHUX  JOPIT  MOJENIOETBCS 332  JTONOMOIOK  MOJEI
TpaHCHOPTHOro NoToKy JlaiTximia-Bitxema-Piuapzca, ska € MOAEIIIO NMOTOKY 3
TOYKHA 30py UIIJIBHOCTI MOTOKY Ta CepeaHboi MMBHAKOCTI. s po3B’s3aHHA
3aMpONOHOBAHOI 3aayl pPO3pO0JEHO IHTErPOBAHMM AITrOPUTM YHIPABIIHHS Ha
OCHOBI1 METOJI0JIOT11 YIIpaBIiHHS 31 3BOPOTHUM 3B’ A3KOM Ta YIPaBIIHHS 31 3SMIHHOIO
CTPYKTypow. byno mpoTecToBaHO Tpu BapiaHTU BUOOPY AJIBTEPHATUBHUX
MapIIpyTiB ISl YHUKHEHHs 3aTOpiB. Pe3ynbTaTi MOKa3yloTh, IO 3alpONOHOBaHI
QITOPUTMH MOXYTh BCTAHOBUTH OallaHC Uil KOpUCTyBaya MK OOpaHUMU
aNbTEPHATUBHUMH MapIIPyTaAMH.

Psn nocnikeHb COpsIMOBAHO Ha peajizallilo MPUHIUIIB MPOTHO3YBAHHS
Tpadiky. BuBdeHHsI Mepex pi3HOI MPUPOJIU, 30KpEMa HEHPOHHUX MEPEK, T03BOJISIE
poOutu TPOrHO3WM i  OyIb-SKMX  TPAHCIIOPTHHX  MeEpexX. 30Kpema,
KOPOTKOCTPOKOBE IIPOTHO3YBaHHA Tpadiky [9] € oaHMM 3 HaWBaKIUBIIIUX
€JIEMEHTIB BChOI'O AKTHBHOI'O YIPAaBJIIHHSA JAOPOXKHIM pyxoM. CTBOpEeHHS MoJeni
OPOrHO3YBaHHS HA OCHOBI HEHPOHHMX MEpeX JO03BOJISE  3IHCHIOBATH
KOPOTKOCTPOKOBE TPOTHO3YBAaHHS Ha OCHOBI MiAOOpY HaWKpamioi KomOiHarlii
napaMmeTpiB IporHo3y. Y 3raaasiil po6oti Oyna BUKOpUCTaHa HEHPOHHA MeEpexa,
10 CAMOKOPETYEThCS HA OCHOBI T€HETUYHOTO copTyBaHHA. AnroputM NSGA-II
BUKOPHUCTOBYETHCSL K OaraTOIIbOBUN OMNTUMI3AaTOP JJIsI KOPOTKOCTPOKOBOTO
POTHO3YBaHHSI.

OinpTp Kanmmana [10] st mporHo3yBaHHs Tpadiky Ha MaricTpalisx pi3HOT
IPUPOAN BUKOPUCTOBYETHCS Ha OCHOBI JaHUX, OTPUMAHMX BiJl MIJKIIOUEHUX
TpaHCHOpPTHUX 3aco0iB. Lle m03Bosig€ 3A1HCHIOBATH MPOTHO3YBAaHHS B PEATbHOMY
9aci, OCKUIbKM JIaHI MIAKIIOYEHOTO TPAHCIOPTHOTO 3ac00y aHai3yHOThCS
0e3rocepeIHbO TIepe/l MepiofoM MporHolyBaHHs. [y aHamizy naHux Tpadiky
BUKOPUCTOBYETHCSI CUMYJSATOp Vissim, SIKHA PEECTPYE TPAHCIOPTHI 3aco0M Ha
pI3HMX MIBUAKOCTAX. PoOora anmropurMmy s pI3HHX JOPOXKHIX CHUTYyawli
OLIHIOETHCA 32 JOTIOMOTOI0 CTATUCTUYHHUX METOJIIB.

Jl7iss KOPOTKOCTPOKOBOTO MPOTHO3YBAHHSI CIIEHAPIiB PO3BUTKY JOPOKHBOTO
pyxy [11] BukopucTOBYeThCS HaOip creuu(PIiUHUX THCTPYMEHTIB Ta MOJENEH.
30KkpemMa, Takl MOl IPOrHO3yBaHHs, K HEMapaMeTpuyuHa perpeciiina mojaens k-
Nearest Neighbor (kNN), makcumizaiiis iimoBipHOCTI ["ayca Ta MOJeNb MOABIMHOTO
CE30HHOTO E€KCIOHEHIAIIbHOTO 3MIaJKyBaHHs XonTta-Bintepca. s TecTyBaHHS




Ne 14(28) T J HA Y"A
JIIEXHIKA

cepil: npase. exeueamika. nedazezira,
MEKMUK Q. (PUZUKO-MAMeMARIMHD HAyRL b 0 [ ﬂH |

TEOPETUYHUX PO3POOOK BUKOPHUCTOBYIOTHCS pealbHI JaHl JOPOKHBOIO PYyXY.
JlocmipKeHHsT  JT03BOJISIE  TIPOTHO3YBaTHM THJXKHEBI Ta MICSYHI  KOJIMBAHHS
cepeaHb01000BOro Tpadiky 3 pi3HUM CTYIIEHEM TOYHOCTI, 30epiratouu mpHu 1bOMY
MPOCTOTY BUKOPUCTAHHS. Y CTATTI BAKOPUCTAHO METO1 iH(popMalliitHOT €HTpoITii Ta
MeHI normupenuit mero [lerm.

[IporHo3yBaHHs TPaHCIOPTHUX MPOLECIB MOXKE 3/11HCHIOBATUCSA SIK IPOTATOM
q00M, Tak 1 B OUIBII JOBrOoCTpOKOBOMY jmiamazoni [12]. s 1mworo
BUKOPUCTOBYETHCSI CHCTEMa  yMOPABIIHHSI  JOPOXKHIM pyXOM Ha OCHOBI
MPOTHOCTUYHOI 1H(OpMaIlii 332 JOMOMOIOK CTATUYHUX Ta MOOLILHUX 00’ €KTiB. L1
00’eKkTH (areHTH) BUKOPUCTOBYIOTh METOJOJIOTIIO 300py Ta mepenayl JaHUX Ipo
napaMmeTpyd TPAHCIOPTHOTO MOTOKY (IIBUAKICTH Ta HIUIBHICTH), MPOCTOPOBY Ta
4acoBy I1H(QOpMaLII0 MNPO PEKUMH MICBKOIO PYyXy 3 METOI MOHITOPUHTY Ta
IIPOTHO3YBaHHS OYIKYBaHMX MOJIENE LIIIBHOCTI pyxy. Bee 1e qo3Bosisie BoaieBl
TPAHCIIOPTHOTO 3aco0y oOupaTh ONTUMAIbHI MApPIIPYTH 1 TaKUM YHUHOM
3a0e3neuyBatu Oe3nepeOiiHUi TPAaHCHOPTHUN MOTIK Ta 3MEHIIYBAaTH 4YacTOTY
3aTopiB. MOHITOpPUHT Ta NPOTHO3YBaHHS JOPOKHBOI CUTYyallli 3A1MCHIOETHCS
uursxoM iHTerpaii Simulation of Urban Mobility (SUMO), OpenStreatMap (OSM)
ta incTpyMenty MOVE.

Tpadik € dhyHKII€IO TPOIMYCKHOI 3JaTHOCTI KOHKPETHOTO mepexpects. Came
el 00’ €KT € MiCLIeM MTePETUHY TPAHCTIOPTHUX MOTOKIB. DyH/IaMEeHTaIbHE TUTAHHS
HoJIsira€ B TOMY, SIK OpraHi3yBaTh €()EeKTHBHHM IPOLIEC PETYJIOBAHHS IPOi3ay
TPaHCHOPTHUX 3acO0IB yepe3 1ell 00’ €KT. Y 1bOMY CEHC1 OCHOBHUM 3aBJIaHHSIM €
CTBOPEHHSI PEKUMY ONTUMI3ALlll IPOIYCKHOI 31aTHOCTI KOKHOTO nepexpects [13].
JIns 1pbOro BUKOPUCTOBYETHCS CHEIIAJbHUM aITOPUTM YHOPABIIHHA. Y LbOMY
X0/l LHEHTPaIbHUN KOHTPOJIEP BUKOPUCTOBYETHCS sl 300py B peaibHOMY 4acl
JAHUX PO MICLIE3HAXO/KEHHSI TPAHCIOPTHUX 3ac00iB, IO B3a€EMOJIIOTh, Yepe3
neBHI npomibkku dyacy. Crpareris cdokycoBaHa Ha MNpaBWIbHHUNA BHOIp, IO
MaKCHMI3y€ CEpelHI0 IIBUIKICTb TPAHCIOPTHOrO 3aco0y NpH OOMEXKEHHI
MaKCHUMAaJIbHOI 3aTPUMKH, Ky MOXE 3a3HaTU OyIb-IKUW OKPEMHUN TpaHCIOPTHUU
3aci0. 3anponoHOBaHUM aJITOPUTM TAKOX €(PEKTUBHUM MPU HEJOCKOHAJIOMY PiBHI
B3a€EMO/IiT MDDK B3a€MOIIFOYMMHU TPAHCIIOPTHUMU 3ac00aMH, KOJIM Ha TakKi 00’ €KTH
npunagae mnoHaa 40% TpaHCIOPTHOTO MOTOKY. Pe3ynbTaTh MOKa3yloTh, IO
3aMpoIrOHOBAaHA CTPATETis MOKE JOIIOMOTTH 3HAYHO 3MEHUINTH TPUBAJIL 3aTPUMKH.
[HTeNnexTyanizaris 3iHCHIOETHCS MUTSIXOM pealtizallii KoMIT I0TepHOI Tporpamu Jijist
peryJitoBaHHs TpaHCOPTHUX NOTOKIB [ 14]. [IpeacTaBnena komn’ 0TepHa Iporpama
JI03BOJISIE ONITUMI3YBATH MPOi3/1 aBBTOMOO1IIB Uepe3 KOKHE OKPEME NEPEXPECTSL.

BaxnuBy pomp y BupimeHHi mnpoOiemMu 1HTeNeKTyamizamii  Tpadiky
BIJIICPAIOTh BUHAXOJM, SKI CTBOPIOIOTH peaibHI MNPUKIAAHI aiaroputmu [15].
3okpeMa, 1HTENeKTyadbHUM TepMiHaT Mae ABOCTOpoHHIM 3B’si30k 3 LIKT, sxuit
BUKOPHUCTOBYETHCS JUIsl YIPABIIIHHS Ta HaJaHHs 1HQOPMALIIITHUX TOCIYT BOAISM, a
TaKOX HaJJaHHS €JIEKTPOHHUX MapIIPYyTHUX KapT JIJIsl IHTEJIEKTYaJIbHOTO TEPMiHATY.
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[HTeNneKkTyanpHa cucTeMa aBTOMaTUYHO BU3HAYAE KUIBKICTh TPAHCIOPTHUX 3aC001B
Ha Jioporax, o0 J03BOJIsIE OOIPYHTOBAHO 3MIHIOBATH YacC MPOI3y KOKHOI JOPOTH.
Cuctema 1 cmoci0d, mnepenOadeHi BUHAXOJOM, MOXYTh JIOIMOMOITH BOMISM
ONTUMI3yBaTH KapTH MapIIPYTIB 1 MIABUIIUTA €PEKTUBHICTh PYXy TPAHCIOPTHUX
3aco0iB.

AJnanTuBHA cucTeMa KepyBaHHs TpadikoM [16] mpairtoe B peskumi peaibHOTo
yacy. ABTOpM NPONOHYIOTH pO3IJISIaTH KOXKHE IEpexpecTss B Mepexi sK
He3aNle)KHUM, aBTOHOMHHM 00’€KT. Lle M103BOINTH 3HAYHO MIABUIIUTH MPOITYCKHY
3/1aTHICTh TPAHCIIOPTHOI MEPEXI.

ABTOMOOUTI-pOOOTH € TEPCIEKTUBHUMH O0’€KTaMH, SKI [PUBEPTAIOThH
0cO0JMBY yBary JOCTiTHHKIB. Taki aBTOMOOLI MPAIIOI0TH B ABTOHOMHOMY PEXKHUMI —
6e3 BoaiiB [17]. [lepeBaru Takoro iHHOBAILIITHOTO MiIXO/Y Ta PEalibHI MEPCIEKTUBU
HOT0 BUKOPUCTAHHS CTAlOTh OYEBUJIHUMU BxKe cborojHi. Lliif mpobiemi ocTtaHHIM
4acoM NPUIUISAETHCSA 3HAYHA yBara 3 00Ky JOCIITHUKIB [0 BCbOMY CBITY, a KUIbKICTb
ny0JTiKalii OCTaHHIMU POKaMH Pi3KO 3POCTaE.

Merta craTTi nojsirae y 3aCTOCYBaHHI KOMIT IOTEPHOI MpOrpaMu, IO Ja€
MOJKJIMBICTh CYTTEBO MOKPAUIUTH MOCTaYaHHS MPOBIaHTY Ta OO€NMpHUNaciB y 30HY
00oBUX [Iiii. 3ampoONOHOBAaHA MPOILEIypa CTBOPIOE peaibHI MOMKIMBOCTI II0JI0
NPOKJIAJAaHHS ONTUMAIbHUX MAPIIPYTIB Y PEKUMI PEaIbHOTO Yacy.

BukJiax ocHoBHOro martepiany. TeopeTHyHOIO OCHOBOIO JIOTICTUKHU € TEOPis
rpadiB. Po3po6ieHo psii mporpaMHUX airOpUTMIB, IIO TO3BOJSIOTH MPOKIANATH
ONTHMAaJIbHI MapUIpyTH y rpadax, sfKi, B CBOIO YEpry, € MOAEISIMH TPAHCIOPTHUX
MepeX PI3HOI NpUpoad. Y JaHOMY JOCHIJKEHHI MOBa W€ MpPO TPaHCHOPTHI
MEpEexKi, MO SIKUX 3IHCHIOETHCA JOCTaBKa MPOBIAHTY HA MEPENOBi MO3uIlii, TOOTO
0 JiHil GpoHTY. Y I1IbOMY CEHCl MeTa MOCHIJKEHHS TOJArae y 3HaXOHKEHHI
ONTHUMAJIbHUX BaplaHTIB JOCTAaBKM 3 YpaxyBaHHSIM CHUTYyalli Ha TpPaHCIOPTHIN
MepEexX1 y pexXUMi pealibHOTO Yacy.

Icnye Garato cmocoOiB 3HAXOMKEHHSI ONTHUMAJIbHOTO MapuIpyTy y Tpadi.
Inakmie, onTUMaNbHOrO MapUIPYTy Yy pealibHI TpaHcHopTHiM Mepexi. [linx
ONTUMAJIBHICTIO MOKHA PO3YMITH, HAMPUKIAJ, MIHIMAJIbHUN Yac MPOXOKEHHS
MapuipyTy, 4Yd MIHIMQJIbHI BUTPATH NalMBa, BUTPAYECHOTO HA MPOXOKEHHS
MapmpyTty, abo MiHIMalbHY BijcraHb. Hac IikaBisaTh TiTbKH tiMme-onTuMalbHI
MapHmipyTH. Y IIbOMY CeHC1 anroput™ [leikcTpu qocuth epeKTUBHUN Ta Aa€ 3MOTY
MPOKJIA/IaTh caMe TakKi JOPOKHI TpaekTopii. 3arajiom, 3rajlaHdil aJroOpuTM Jae
3MOTy 3HAWTH CIIEKTP HAMKOPOTIIMX BiIcTaHeld MixK BHOPaHOI0 BEepPUIMHOIO
rpada ta Bcima inmumu iioro BepumHamu. CyTb anroputmy [lefikctpu nossirae
y TOpIBHSHHI BiJICTaHEH A0 CYCiAHIX (IHIUMACHTHUX) BEPIIMH Ta 3HAXOJKEHHI
ONTHUMaJIbHOTO BHOOpPY Ha KOXHOMY Kkpoui. Posrmsmemo puc. 1. Tyt
MPEACTABICHUA 3BaXEHUM IUIOCKMI MPOCTUH HeopieHTOBaHUU rpad. Bepumnu
uporo rpada nosHayeni uudpamu. binsg pebep rpada BucTaBieHi iX Baru, 1o
MPEACTaBISIOTh TEOMETPUYHI BIJICTaHI MDK BepmMHamMu rpada, sSKi IMITYIOTh
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HaceleHl MyHKTH. [IpoTe BUCTaBiICHI BEIMYMHU HE MPEICTaBIAIOTH Bar pedep, a
CKJIaJIatOTh JIUIIIE 1X JESIKY YacTKy. ¥ IbOMY CEHCI CJIiJl 3ayBa)KUTH, 1[0 Baru pedep
y HaIIii npobiiemMi sIBISIOTH COOOK0 CKJIaHI, KOMIUIEKCHI

Puc. 1. Hasanmaoicenuii neopienmosanuii epag. baza nposianmy ma boenpunacis
posmawosana y eepuiui epaga Nel zenenozo koavopy. Biticoka 3CY, wo 3uaxoosmscs y
be3nocepeoHbOMY 802HEBOMY KOHMAKMI 3 B0P02OM 8IOMIYEH YePBOHUMU KPYHCKAMU.

BEITMYMHH, TPO SKI MOBa Tife nami. Baxmuo, mo 3micT Bar pebep rpada
3QJICKHUTH BiJ ITOCTAHOBKM KOHKPETHOI 3ajayi. 3a3HA4yMMoO, 10 Bara pedpa Moxke
SABJISITH 00010 OyIb-sIKY CyTHICTh. CIliJ1 3ayBa)KUTH, III0 Bara 0JIHOTO 1 TOro % pedpa
yacTo OyBa€ 3MIHHOK 3 YacOM BEJIMYMHOIO. Po3risiHemMo sl NOpUKIaLy
TPAHCHOPTHY MEPEXKY Yy 30H1 OOMOBUX Aiil. Y MOT0XKUH JITHIN I€Hb, KOJIX BOPOT Ha
3MIIIICHIOE BOTHEBUX BpaXE€Hb OyAb-SIKOTO XapakTepy, Taki TPAHCHOPTHI apTepii
BOJIOJIIFOTH BEJIMKOO MPOITYCKHOIO 3/IJaTHICTIO, 1 aBTOMOOLII PYXalOThCs 3 BETUKUMU
MIBUJIKOCTSMU. AJie B 3MMOBUM TI€pioj MMiJ Yac CHITOMAJIB Ta 3aMeTiIed Ta Mpu
IHTEHCUBHMX BOTHEBUX BP@XKEHHSIX CUTyallld JOKOPIHHO  3MIHIOETHCS —
TPAHCIOPTHI 3aCO0M 3HAXOAATHCS M1/ BILTMBOM BOPOXKUX OOCTPLIIiB, 3aCTPATAIOTH Y
CHIFOBHX 3aMeTaX Y Y PO3KUCIIH OarHroli, 1 ToMy IpOX1IHICTE T0pir (ToOTO pedep
rpada) pi3ko 3MeHIIyeThCsA. | BIAMOBIMHO 30UIBIIYEThCS iX Bara. I3 ckazaHoro
BUIUIMBAE, 110 MOTPIOHO 3aA15ITH IPOLEAYPY, 3aBIASKU SKiH 3/11HCHIOETHCS TOCTIHHE
OHOBJICHHSI Bar pedep BiAMOBIAHO 0 peaniid. [Hakie, MoBa Hae mpo AMHAMIYHICTh
Bar pedep y npu(poHTOBIN 30Hi, I¢ CUTYyAIlis 3MIHIOETHCS MMOCEKYHIHO. 3HAYUTH,
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HEOOX1THO MPOKJIaJaTH TMHAMIYHI ONITUMaJIbHI MapIIPYTH 3 ypaxXyBaHHIM CUTYaIlil
Ha KOXEH KOHKPETHUH MOMEHT 4acy.

Hexaii 3a qonomoroto anroputmy JleiikcTpu HE0OX1THO 3HAWTH HAMKOPOTIII
B1JICTaH1 M)XK BEpIIMHOIO | Ta BepiImHaMmH, Je 30cepekeHi 00iioBi 3aronu 3CY, ki
0e31mocepeIHbO BeAyTh CTPLICHbKI 001 3 BOPOroM — 3HaXOAAThCs Ha «HYI» (puc. 1).
Ha mpaxTuiii 3acTocoByIOTh pi3HI MporpaMHi BapianTu anroputmy. OnuH 13
TaKMX BapiaHTIB 3a4a€Tbcs JicTUHTOM 1. OOYHUCITIOBATIBHE SAPO AITOPUTMY
nepebupae yci MOXIMBI BapiaHTH BHOOpPY MapmipyTy y rpadi Ta BIIIIYKY€
onTUMalIbHUM. Jal HAaBOAMMO YCIO Mporpamy MOBHICTIO. Ilicisi BUKOHaHHA L€l
MpOTrpaMH JOCTaTHHO JIMIIE BBECTH CIKMCOK CYMDKHOCTI JJisl Bar pedep 3aJaHOro
rpada, i mporpama oOpaxye ONTHMAIbHUN MapHIPyT MK BHOPAHOIO BEPIIHHOIO
(BepmmHa 1) Ta BciMa IHIIUMU BepiIuHaMu rpada.

Jlicrunr 1

import java.io.BufferedReader;

Import java.io.lOException;

Import java.io.InputStreamReader;

Import java.io.PrintWriter;

import java.util. ArrayList;

import java.util.Arrays;

import java.util.StringTokenizer;

public class MiniWay {

private static int INF = Integer. MAX_VALUE/2;

double weightU;

int u;

private int n; //xinekicmo eepuun y epaghi

private int m; //xinoxicms pebep y epaghi

private ArrayList adj[]; /cnucox cymioicnocmi

private ArrayList weight[]; /saza pebpa 6 epaghi

private boolean used[]; /macue ons 36epicanns ingpopmauii npo npoiioeni

// ma He npoideHi epuiuHU

private double dist[]; /macus onsn 36epicanns éiocmani 6io cmapmogoi
8epUUHU

private int[] pred;/macue npeokis, neobxionux O0Jis 8i0HOGNEHHS

// HAUKOpOMUL020 WLIAXY 810 CIApmo8oi epuiutu

Int start; //cmapmoea sepwiuna, 6i0 AK0i 3HAXOOUMO BIOCMAHb 00 ECIX [HULUX
private BufferedReader cin;

private PrintWriter cout;

private StringTokenizer tokenizer;

private void dejkstra(int s) {//npoueoypa 3anycky arcopummy Jetikcmpu 3i

// cmapmoeoi eepuiuHu

dist[s] = O; //natixopomwa éiocmans 0o cmapmosoi éepuiunu piena ()




™ HAYKA
JIIEXHIKA

[Il?pl,l. npase, CREHGMIKA, HEB{'{?DZU{&
MeXHIKAL, Q)L‘}{H{( MANTeM AU HAURAL h(] [ ﬂH |

for (int iter = 0; iter < n; ++iter) {
intv=-1;
double distV = INF;
for (inti=0;i<n;++){
if (used[i]) {
continue;
}
if (distV < dist[i]) {
continue;
b
V=i
distV = dist[i];
}

for (inti=0; i <adj[v].size(); ++1) {
int u = (int) adj[v].get(i);
double weightU = (double) weight[v].get(i);
if (dist[v] + weightU < dist[u]) {
dist[u] = dist[v] + weightU;
pred[u] = (int) v; }}
used[v] = true; 1}
private void readData() throws IOException {

cin = new BufferedReader(new InputStreamReader(System.in));

cout = new PrintWriter(System.out);
tokenizer = new StringTokenizer(cin.readLine());
n = Integer.parselnt(tokenizer.nextToken());
= Integer.parselnt(tokenizer.nextToken());
start = Integer.parselnt(tokenizer.nextToken()) - 1;
adj = new ArrayList[n];
for (inti=0;i<n; ++){
adj[i] = new ArrayList();
}
/iniyianizayis cnucky, 8 sskomy 3bepicaiomscs éacu pebep
weight = new ArrayList[n];
for (inti=0;i<n; ++i){
weight[i] = new ArrayList();
}
//3uumyemo epagh, 3a0anuti cnuckom pebep
for (inti=0;i<m; ++i){
tokenizer = new StringTokenizer(cin.readLine());
int u = Integer.parselnt(tokenizer.nextToken());
int v = Integer.parselnt(tokenizer.nextToken());
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double w = Double.parseDouble(tokenizer.nextToken());
u--;

V-

adj[u].add(v);

weight[u].add(w);

used = new boolean[n];
Arrays.fill(used, false);
pred = new int[n];
Arrays.fill(pred, -1);
dist = new double[n];
Arrays.fill(dist, INF);

void printWay(int v) {

if (v==-1){
return;

¥

printWay(pred[v]);
cout.print((v+ 1) +"");
¥
private void printData() throws IOException {
for (intv=0;v<n; ++v) {
if (dist[v] '=INF) {
cout.print(dist[v] + " **);
}else {
cout.print(**-1"");
}

cout.printin();

for (intv=0;v<n,; ++v) {

cout.print((v+ 1) +":");

if (dist[v] = INF) {
printWay(v);

¥

cout.printin();

}

cin.close();

cout.close();

}

private void run() throws IOException {
readData();
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dejkstra(start);
printData();
cin.close();
cout.close();

by
public static void main(String[] args) throws IOException {

MiniWay solution = new MiniWay();
solution.run();

}

Pezynomam pobomu npoepamu:
20391
1292
13176
14288
2 8 308
26128
36126
32074
34116
45114
420134
56254
517150
510 158
518 86
62072
617 162
67154
7876
710 136
89118
814 82
815180
910092
912108
91494
1011 88
1018 90
1118 108
1116 184
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1112 92

12 13 84

12 16 106

1314114

1315178

131998

14 15 122

1519 92

16 13 92

16 19 182

0.092.0 176.0 288.0 402.0 220.0 374.0 400.0 518.0 510.0 598.0 626.0 710.0

482.0 580.0 732.0 382.0 488.0 672.0 250.0
01

112

:13

114

0145

0126

1267

0128

01289

0126710

012671011

0128912

012891213

112814

012815

012891216

012617

:14518

01281519

:1320

[Ipoanamizyemo nporpamy Jlicrunry 1 Ta pe3ynbtar ii podotu. Ilepia Tpiaga
quces 3a7a€ BiMOBIIHO KUIBKICTh BEPIINH I'pada, KIIbKICTh pedep rpada Ta HoMep
BEPIIIMHY, BiJ SKOT pO3PaXOBYIOTHCS BIJCTaHI J0 yCiX IHIIUX BEpUIUH (y HAIIOMY
BUMAJKY 11e BepiiuHa 1). Tenep 3 Apyroro psjaka y KOHCOJ1 BBOJAUMO TPiaJH YUCEII
y IIOCIIIOBHOCTI: HOMEp OJHI€l BEpPIIMHU, Jajli HOMEp IHIUISHTHOI BEPIIMHU 1

TPETE YUCIO — Bara Wij BiAMOBIAHOTO peOpa. Benmmumua i€l Baru BuaiieHa

YEPBOHHMM KOJIHOPOM. L{e 3HaYuTh, 1110 BiAIOBIHE YHUCIIOBE 3HAYCHHS BU3HAYAETHCS
3a GOpMYJIOIO
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W, = L (Ko + K

ne K ., =1L2,3,4,5} - cnekrp moxmBux 3HaueHs KoediuieHTa

road danger)’

cknagHocTi goporu, K ={0,1,2,3,4,5}— cnextp MOXIHBHX 3HauCHb

danger
koedilieHTa Hebe3neku Aopory, |, | — HoMepa IHUUMIEHTHUX BEPIIUH.

KonkpetHi 3HaueHHs nux KoeilieHTIB BBOAATH y mporpamy Jlictuara 1
odinepu-noricta 3CY, 110 TPUMAIOTH 17| KOHTPOJIEM TPAHCIIOPTHY MEPEXKY Y 30H1
00OBHUX J1H, CKaXKIMO, 11J1 ABJIITBKOIO.

ITicis BBeneHHs Bcix 39 pebep rpada (puc. 1) mporpama Bugae pe3ysbTar:
1) mocaigoBHICTh 13 39 umcen, IO 1 SBISIOTH COOOK HAWKOPOTINI BiACTaHI Bif
BepIIMHU | 710 BCIX 1HIIKUX BEPIINH;

2) MBaAUSTh PSIIKIB, KOXKEH 3 SKHX CHUMBOII3YyE COOOI ONTHMAaIbHHIA
MapIpyT.

Ckaximo, 3anuc 16: 1 2 8 9 12 16 cuig po3yMmiTH Tak — MapupyT J0
BeprHU 16 Bix Bepmmuu | mpomsirae B3aoBx daHiora 1 -2 -8 -9 —»12 —»16.
BianoBigHO [OBXHHA IHOTO ONTUMAJIBLHOIO JIAHIIOTA CTAHOBUTH 732 OJMHUILI
JOBKHHH.

Hudpu, BuUALIEHI YEPBOHUM, BITHOCATHCS J0 BepIIMH (MO3MINA, Ji€
posramoBadi omopHi nyHktH 3CVY), 1O po3TalioBaHl Ha T'paHUIll OOWOBOIrO
31ITKHEHHA. BiAMOBiIHI ONTUMabHI MAapIIPyTH BUAUICHI 3€JIEHUM KOJIbOPOM.

BucnoBku. Po0oTa HOCUThH MPAaKTUUHUNA XapaKTep, a 1i pe3yJbTaTH MOXKYTh
OyTu BUKOpHCTaHi y 30H1 O0oioBux nid 3CY 3 METOI0 3HAXOKEHHS ONTUMAIbHUX
MapmipyTiB. B pe3ynbTati 4ac q0cTaBKU MPOBiaHTY Ta OOEMPHUITACIB 10 «HYITHOBUX)
MO3UIIA 3MEHIIUTHCS, TaK CaMO SK 1 WMOBIPHICTh MOTPAIUISHHSA ITiJT BOPOXKI
obctpinu. Sk pe3ynbTat eeKTUBHICTh BEACHHS OOHOBUX il CYTTEBO 3pPOCTE.

Jimepamypa:

1. T. Xu, B. Ran, Y. Cui, Dynamic user optimal route choice problem on a signalized
transportation network Transportation Engineering 13, 2023. https://doi.org/10.1016/j.treng.2022.100153

2. P. Nikolyuk, T. Neskorodieva, E. Fedorov, E. Chioma. Intellectual algorithm
implementation for megacity traffic management, CEUR Workshop proceedings, Information
Technology and Interactions, 2021, V.2845, https://cutt.ly/WwAwWZZAp

3. P. Dutta, S. Khatua, S. Choudhuri. DB-Corouting: Density Based Coordinated Vehicle
Rerouting in Smart Environment, International journal of intelligent transportation systems
research V.19, 2021. doi:10.1007/s13177-021-00261-6 .

4. M. Hashemi, H. A.Karimi,. A weight-based map-matching algorithm for vehicle
navigation in complex urban networks. Journal Intelligent Transportation Systems: Technology,
Planning, and Operations V. 20, 2016, doi:10.1080/15472450.2016.1166058

5. J. Pan, I. S. Popa, K. Zeitouni, C. Borcea, Proactive vehicular traffic rerouting for lower
travel time. IEEE Transactions on Vehicular Technology, 62((2013). doi:10.1109/TVT.2013.2260422

6. T. Sobral, T. Galvao, J. Bordes, Visualization of Urban Mobility Data from Intelligent
Transportation Systems. Sensors, V.19, 2019, https://doi.org/10.3390/s19020332.


https://www.sciencedirect.com/journal/transportation-engineering
https://doi.org/10.1016/j.treng.2022.100153
https://cutt.ly/WwAwZZAp
https://doi.org/10.1007/s13177-021-00261-6
http://dx.doi.org/10.1080/15472450.2016.1166058
https://doi.org/10.1109/TVT.2013.2260422
https://doi.org/10.3390/s19020332

T HAYKA
JINIEXHIKA

cepil: Npase. excHeMika, nedazczika,
MEKHAKAL (HZAKO- MANTEMATUMHE HApRUL b 0 [ ﬂH |

7. M. Quddus, S. Washington, Shortest path and vehicle trajectory aided map-matching for
low frequency GPS data. Transportation Research Part C: Emerging Technologies, V.55, 2015,
https://doi.org/10.1016/j.trc.2015.02.017

8. H.Majid, C. Lu, H. Karim, An integrated approach for dynamic traffic routing and ramp
metering using sliding mode control. Journal of Traffic and Transportation Engineering (English
Edition), V.5, 2018, https://doi.org/10.1016/j.jtte.2017.08.002

9. S. Rahimipour, R. Moeinfar, S. M. Hashemi, Traffic prediction using a self-adjusted
evolutionary neural network, J. Mod. Transport. V.27, 2019, doi: https:// 10.1007/s40534-018-0179-5
10. A. Emami, M. Sarvi, S.A. Bagloee, Using Kalman filter algorithm for short-term traffic
flow prediction in a connected vehicle environment, J. Modern Transport. 27, 2019,
https://doi.org/10.1007/s40534-019-0193-2 .

11. A. Pompigna, F. Rupia, Comparing practice-ready forecast models for weekly and
monthly fluctuations of average daily traffic and enhancing accuracy by weighting methods,
Journal of Traffic and Transportation Engineering (English Edition), V.5, 2018, http://dx.doi.org/
10.1016/j.jtte.2018.01.002 .

12. S. Chavhan, P. Venkataram, Prediction based traffic management in a metropolitan
area, Journal of Traffic and Transportation Engineering (English Edition), V.7, 2020).
https://doi.org/10.1016/J.JTTE.2018.05.003 .

13. X. Liang, S. llgin Guler, V. Gayan, An equtable traffic signal control scheme at isolated
intersections using Connected Vehicle technology, Transp. Research Part C, V.110, 2020,
https://doi.org/10.1016/j.trc.2019.11.005 .

14. C. Cintrano, J. Ferrer, M. Lépez-lbafiez, E. Alba. Hybridization of Evolutionary
Operators with Elitist Iterated Racing for the Simulation Optimization of Traffic Lights Programs,
Evolutionary computation, 31, 2023, https://doi.org/10.1162/evco_a 00314

15. C. Xu, J. Xu,. Intelligent terminal based intelligent traffic light system and method. Pat.
CN104575066, 2015, https://patents.google.com/patent/CN104575066A/en.

16. S. S. Smith, G. G. Barlow, X.-F. Xie (2017). Smart and scalable urban signal networks:
methods and systems for adaptive traffic signal control. Pat. US 9,830,813 B2.
https://www.wiomax.com/team/xie/schic/

17. H. Yu, R. Jiang, Z. Zheng Li, R. Liu, X. Chen, Automated vehicle-involved traffic
flow studies: A survey of assumptions, models, speculations, and perspectives. J. of Intel. Transp.
Systems, V.127, 2021, https://doi.org/10.1016/j.trc.2021.103101

18. S. Panda, A. M. Patki, K. Hushing, Traffic Management Using Swarm Intelligence
and Route Selection Using Android Application// International Journal of Engineering and
Innovative Technology (IJEIT), V.5, 2015, https://www.ijeit.com/Vol%205/1ssue%206/1JEIT
1412201512 _11.pdf

19. P.K. Nikolyuk,. A-Star algorithm, 2023, https://github.com/pknikolyuk/A-Star_algorithm/
blob/master/src/Astar.java

20. A. M. T. Emtenan, A. Haghighat , M. Shields, J. Shaw, P. Hawley, A. Sharma, C. M. Day,
Exploratory Regression Models for Estimating Right-Turn-on-Red VVolume on Exclusive Right-
Turn Lanes at Signalized Intersections. Transportation Research Record, V.2677, 2022,
https://doi.org/10.1177/03611981221116370

21. J. Tan, X. Shi, Z. Li, K. Yang, N. Xie, H. Yu, L. Wang, Z. Li, Continuous and
Diskrete-Time Optimal Controls for an Isolated Signalized Intersection. Journal of Sensors,
Article 1D 6290248, 2017, https://doi.org/10.1155/2017/6290248

22. X. Ma, Y. Li, P. Chen. Identifying spatiotemporal traffic patterns in large-scale urban
road networks using a modified nonnegative matrix factorization algorithm. Journal of Traffic and
Transportation Engineering (English Edition), V.7, 2020, http://dx.doi.org/10.1016/j.jtte.2018.12.002 .



https://doi.org/10.1016/j.trc.2015.02.017
https://doi.org/10.1016/j.jtte.2017.08.002
http://dx.doi.org/10.1007/s40534-018-0179-5
https://doi.org/10.1007/s40534-019-0193-2
https://www.sciencedirect.com/journal/journal-of-traffic-and-transportation-engineering-english-edition
https://doi.org/10.1016/J.JTTE.2018.05.003
https://doi.org/10.1016/j.trc.2019.11.005
https://doi.org/10.1162/evco_a_00314
https://patents.google.com/patent/CN104575066A/en
https://www.wiomax.com/team/xie/schic/
https://doi.org/10.1016/j.trc.2021.103101
https://www.ijeit.com/Vol%205/Issue%206/IJEIT1412201512_11.pdf
https://www.ijeit.com/Vol%205/Issue%206/IJEIT1412201512_11.pdf
https://doi.org/10.1177/03611981221116370
https://doi.org/10.1155/2017/6290248
http://dx.doi.org/10.1016/j.jtte.2018.12.002

Ne 14(28) T J HA Y"A
JIIEXHIKA

cepil: npase. exeueamika. nedazezira,
MEKMUK Q. (PUZUKO-MAMeMARIMHD HAyRL G bO [[]IlH |
References:

1.T. Xu, B. Ran, Y. Cui, Dynamic user optimal route choice problem on a signalized
transportation network Transportation Engineering 13, 2023. https://doi.org/10.1016/j.treng.2022.
100153

2. P. Nikolyuk, T. Neskorodieva, E. Fedorov, E. Chioma. Intellectual algorithm implementation
for megacity traffic management, CEUR Workshop proceedings, Information Technology and
Interactions, 2021, V.2845, https://cutt.ly/WwAWZZAp

3. P. Dutta, S. Khatua, S. Choudhuri. DB-Corouting: Density Based Coordinated Vehicle
Rerouting in Smart Environment, International journal of intelligent transportation systems
research V.19, 2021. doi:10.1007/s13177-021-00261-6 .

4. M. Hashemi, H. A.Karimi,. A weight-based map-matching algorithm for vehicle
navigation in complex urban networks. Journal Intelligent Transportation Systems: Technology,
Planning, and Operations V. 20, 2016, doi:10.1080/15472450.2016.1166058

5.J.Pan, I. S. Popa, K. Zeitouni, C. Borcea, Proactive vehicular traffic rerouting for lower
travel time. IEEE Transactions on Vehicular Technology, 62((2013). doi:10.1109/TVT.2013.2260422

6. T. Sobral, T. Galvao, J. Bordes, Visualization of Urban Mobility Data from Intelligent
Transportation Systems. Sensors, V.19, 2019, https://doi.org/10.3390/s19020332.

7. M. Quddus, S. Washington, Shortest path and vehicle trajectory aided map-matching for
low frequency GPS data. Transportation Research Part C: Emerging Technologies, V.55, 2015,
https://doi.org/10.1016/j.trc.2015.02.017

8. H.Majid, C. Lu, H. Karim, An integrated approach for dynamic traffic routing and ramp
metering using sliding mode control. Journal of Traffic and Transportation Engineering (English
Edition), V.5, 2018, https://doi.org/10.1016/j.jtte.2017.08.002

9. S. Rahimipour, R. Moeinfar, S. M. Hashemi, Traffic prediction using a self-adjusted
evolutionary neural network, J. Mod. Transport. V.27, 2019, doi: https:// 10.1007/s40534-018-
0179-5

10. A. Emami, M. Sarvi, S.A. Bagloee, Using Kalman filter algorithm for short-term traffic
flow prediction in a connected vehicle environment, J. Modern Transport. 27, 2019,
https://doi.org/10.1007/s40534-019-0193-2 .

11. A. Pompigna, F. Rupia, Comparing practice-ready forecast models for weekly and
monthly fluctuations of average daily traffic and enhancing accuracy by weighting methods,
Journal of Traffic and Transportation Engineering (English Edition), V.5, 2018, http://dx.doi.org/
10.1016/j.jtte.2018.01.002 .

12. S. Chavhan, P. Venkataram, Prediction based traffic management in a metropolitan
area, Journal of Traffic and Transportation Engineering (English Edition), V.7, 2020).
https://doi.org/10.1016/J.JTTE.2018.05.003 .

13. X. Liang, S. llgin Guler, V. Gayan, An equtable traffic signal control scheme at isolated
intersections using Connected Vehicle technology, Transp. Research Part C, V.110, 2020,
https://doi.org/10.1016/j.trc.2019.11.005 .

14. C. Cintrano, J. Ferrer, M. Loépez-lbafiez, E. Alba. Hybridization of Evolutionary
Operators with Elitist Iterated Racing for the Simulation Optimization of Traffic Lights Programs,
Evolutionary computation, 31, 2023, https://doi.org/10.1162/evco_a_00314

15. C. Xu, J. Xu,. Intelligent terminal based intelligent traffic light system and method. Pat.
CN104575066, 2015, https://patents.google.com/patent/CN104575066A/en.

16. S. S. Smith, G. G. Barlow, X.-F. Xie (2017). Smart and scalable urban signal networks:
methods and systems for adaptive traffic signal control. Pat. US 9,830,813 B2.
https://www.wiomax.com/team/xie/schic/



https://www.sciencedirect.com/journal/transportation-engineering
https://cutt.ly/WwAwZZAp
https://doi.org/10.1007/s13177-021-00261-6
http://dx.doi.org/10.1080/15472450.2016.1166058
https://doi.org/10.1109/TVT.2013.2260422
https://doi.org/10.3390/s19020332
https://doi.org/10.1016/j.trc.2015.02.017
https://doi.org/10.1016/j.jtte.2017.08.002
http://dx.doi.org/10.1007/s40534-018-0179-5
http://dx.doi.org/10.1007/s40534-018-0179-5
https://www.sciencedirect.com/journal/journal-of-traffic-and-transportation-engineering-english-edition
https://doi.org/10.1016/J.JTTE.2018.05.003
https://doi.org/10.1016/j.trc.2019.11.005
https://doi.org/10.1162/evco_a_00314
https://patents.google.com/patent/CN104575066A/en
https://www.wiomax.com/team/xie/schic/

T HAYKA
JINIEXHIKA

cepil: npase. excnoamika. nedazoezira,
EKHAKAL. (HZAUKO MANTEMUTUMHL AR b l] [ ﬂH |

17. H. Yu, R. Jiang, Z. Zheng Li, R. Liu, X. Chen, Automated vehicle-involved traffic
flow studies: A survey of assumptions, models, speculations, and perspectives. J. of Intel. Transp.
Systems, V.127, 2021, https://doi.org/10.1016/j.trc.2021.103101

18. S. Panda, A. M. Patki, K. Hushing, Traffic Management Using Swarm Intelligence
and Route Selection Using Android Application// International Journal of Engineering and
Innovative Technology (NEIT), V.5, 2015, https://www.ijeit.com/Vol%205/1ssue%206/1JEIT
1412201512 _11.pdf

19. P.K. Nikolyuk,. A-Star algorithm, 2023, https://github.com/pknikolyuk/A-Star_algorithm/
blob/master/src/Astar.java

20. A. M. T. Emtenan, A. Haghighat , M. Shields, J. Shaw, P. Hawley, A. Sharma, C. M. Day,
Exploratory Regression Models for Estimating Right-Turn-on-Red Volume on Exclusive Right-
Turn Lanes at Signalized Intersections. Transportation Research Record, V.2677, 2022,
https://doi.org/10.1177/03611981221116370

21. J. Tan, X. Shi, Z. Li, K. Yang, N. Xie, H. Yu, L. Wang, Z. Li, Continuous and Diskrete-
Time Optimal Controls for an Isolated Signalized Intersection. Journal of Sensors, Atrticle ID 6290248,
2017, https://doi.org/10.1155/2017/6290248

22. X. Ma, Y. Li, P. Chen. Identifying spatiotemporal traffic patterns in large-scale urban
road networks using a modified nonnegative matrix factorization algorithm. Journal of Traffic and
Transportation Engineering (English Edition), V.7, 2020, http://dx.doi.org/10.1016/j.jtte.2018.12.002.



https://doi.org/10.1016/j.trc.2021.103101
https://doi.org/10.1177/03611981221116370
https://doi.org/10.1155/2017/6290248
http://dx.doi.org/10.1016/j.jtte.2018.12.002

	Видавнича група.pdf
	Література:
	1. Слєпкань З.І. Наукові засади педагогічного процесу у вищій школі / З.І.  Слєпкань. - К.: НПУ, 2000. - 210 с.
	References:
	УДК 004.42+519.1+004.94


	1. T. Xu , B. Ran , Y. Cui,  Dynamic user optimal route choice problem on a signalized transportation  network Transportation Engineering 13, 2023. https://doi.org/10.1016/j.treng.2022.100153
	1.T. Xu , B. Ran , Y. Cui,  Dynamic user optimal route choice problem on a signalized transportation  network Transportation Engineering 13, 2023. https://doi.org/10.1016/j.treng.2022. 100153



