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METOIUKA BUPIIIEHHSA 3ABJIAHB ITIOIIYKY
ONITUMAJIBHUX TYPUCTHYHUX MAPHIPYTIB
AJITOPUTMAMU HACJIIYBAHHS MYPAIIMHOI KOJIOHIT

VY craTTi MOJaHO METOAWKY BHPIMICHHS 3aBAaHb MOIIYKY ONTHMAaJbHUX MAapUIPYTiB
TypusMmy. 3nificHeHO (OopMalbHUA MaTeMaTHYHUI OMHC 3a7adi MPOEKTYBaHHS MapIIPYTHOI
TypUCTHYIHOI Mepexi. Ha OCHOBI mpoBeNeHOTO aHaji3y YHUCEIHHUX METOMIB iX BUPINICHHS
3p00JIEHO BUCHOBOK, IO OJHUM 3 HaWOUIBII MEPCHEKTHBHUX HA CHOTOTHINIHIN JCHb € METOJ
onTUMI3aIil HaCTiTyBaHHSIM MypammHOoi KonoHil. Ha mpuximazi mokasaHo, SK B alTrOPUTMHU
BUDIIIEHHS NPUKJIAJAHUX JUCKPETHUX  3aJad  ONTHMI3amii  BIPOBAJUTH  CKJIAJIOBI
camoopranizanii mypax. In.: 2. bi6miorp.: 16 Ha3B.

KarouoBi cjioBa: moumryk onTHManbHHX MaplIpyTiB TYpU3My, METOJA OITHMi3amii
HACITiIYBaHHSIM MYyPAIIWHOI KOJIOHIT, YACEILHUN METO/I.

IloctanoBka mnpoOjemMu. PoO3BUTOK  TYPUCTHYHMX  MapuIpyTiB
BU3HAYA€THCSI B3AEMO3B’SI3KOM  3pPOCTaHHA MICBKMX Ta pPEriOHAIBHUX
TEPUTOPIA, YHMCEIBHOCTI HACEJICHHs, IJIaHYBaHHS Ta PO3MIIICHHS Pi3HUX
TYPUCTUYHHX (YHKIIOHATBHUX 30H. PiBeHb PO3BUTKY TYPHUCTUYHHX
MOJAOPOXKEH  3aJeXKHUTh BIJl OpraHizamii 1 TEXHIYHHX MOMJIMBOCTEH
TpaHcnopTHUX cucTeM. CTBOpeHHS e(heKTUBHOI TPAHCIIOPTHOI CUCTEMH MiCTa
Ta MDKpErioHaJIbHUX CIOJy4YeHb — € CKJaJHa KOMIUIEKCHa mpobiiema
VYkpainu, 1m0 BKIIOYAE Psii 3aBlaHb, PI3HUX 32 3HAYUMICTIO, CKJIATHOCTI 1
TPYJOMICTKOCTI, cepell SKMX BHU3HAUECHHS MAapLIPYTiB pyXy TPaHCHOPTY A0
TYPUCTUYHHX MiCllb, OOTPYHTYBaHHS THUIy, BHAY 1 KUIBKOCTI PyXOMOTO
CKJaay IO KOXXHOMY MapuipyTy, pO3MOJLT MAapHIPyTiB IO IEpEeBi3HUKAM,
po3po0Ka po3KiIaay i ONTUMI3ALIS PEKUMIB PyXy Ha MapLIPyTi 1 TaKe iHIIE.

@opMyBaHHS MapHIPYTHOI MeEpeXi TYypU3My € BaXKJIMBUM E€TaroM
PO3pOOKH ePEeKTHBHOI TPAHCIOPTHOI CHCTEMH Uil TYpPUCTHUYHOI ramysi. Big
TOTrO, HAaCKUIbKH palliOHaJbHO pO3po0JieHa MapIIpyTHA Mepexka, HACKIIbKH
BJIAJIO 1 TAPMOHIIHO BOHA IHTErpOBaHa B TPAHCIOPTHY MEPEXKY BiIBIyBaHHS
TYPUCTUYHHX OCEpEKiB, 3aJIeKaTh 3a/I0BOJICHHS TYPUCTIB MEPEBE3CHHIMHU 1
€(eKTUBHICTh pOOOTH TYPUCTUYHUX KOMIIAHIH.

[lin MapmpyTHOIO MEpPEXer TypU3My PpO3yMIIOTh CYKYHHICTH BCIiX
MapuIpyTiB pyxXy TYPUCTHUHOTO TPAHCHOPTY Ha TEPUTOpPil MicTa, pailoHy,
perioHy, MKpETiOHAJIbHUX CIIONyYeHb TOLI0. MapipyT pyxy, y CBOIO 4epry,
SIBJISIE COOOIO MIJISAX PYXY TPAHCIIOPTHOTO 3aC00y MK TTOYaTKOBUM 1 KIHIIEBUM
MIYHKTaMH 3yMUHOK BiAMOBIIHO JIO PO3KIIAaYy.

AHamiz Jgiteparypu. VY Hamnii KpaiHi NHTaHHSAMH  PO3BUTKY

© B.B. JlutBun, .1. Yrpun, 2016
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MapHIpyTHOTO TPAHCIOPTY 1 NUIIXIB TMOYaad I[iKaBUTUCA Ie B KiHmi XIX
cromitTsa. OmHi 3 mepmmx poOiT B naHii obnacti HaexaTh [lomskoBy A.A. Ta
JlapionoBy B.C. [1, 2]. IlimBoasuu migcyMOK poOIT TOTO Mepioxy, MOKHa
3poOUTH BUCHOBOK, III0 OCHOBHA yBara JIOCIiHUKIB MpHIUIeHa POPMYBaHHIO
KOMIUIEKCY BHMOT, IO MNpPea'sBISIOTbCA 10 MapUIpyTHUX cxeM. Metoau
noOyI0BM MapHIpyTiB pyXy 1 pekoMeHaaii mo10 GopMyBaHHS MapmIpyTHUX
MEpeX y poboTax TOro Mepiogy PO3TISHYTI MMOBEPXHEBO, CHOPMYJIbOBaHI
JIMIIE 3arajibHi MOJ0KEHHS 100 1X MpoekTyBaHHs. OnHaK yXe TOIl, aBTOPH
chopMyINIIOBaIM MPUIYIIEHHS, LI0 JJIs 3aJ0BOJICHHS MOTped MIChKOTo
HAaCeJeHHA B IIepeBe3eHHAX, (OpMyBaHHS Mepeki MapUIpyTiB TOBHUHHO
BiIOyBaTUCS HAa OCHOBI JAaHWUX NPO (DaKTUYHI TEPEMIIICHHSIX HACEJICHHS I10
TepuTopii MIiCTa YM MIDK HAaceNeHHMMM IyHKTaMHd, TOOTO MaTpuili
MacakKUpPChbKUX KopecmoHaeHlid. Takoxx B poOoTax TOro mepiogy BHEpIIE
chopMynbOBaHi KpuTepii onTHMi3alii MICBKHX MapLIpYTHHX MEpexX, cepeln
AKUX — HAWKOPOTHIMM NUIAX MIDK [OYAaTKOBUM 1 KIHIEBUM ITYHKTOM
MapuipyTy, MiHIMAJIbHUH Yac, IO BHUTPAYAETHCS HA MEPEMILICHHA YyciMma
nacaxupam i T.JI.

VY cepenuni XX CTONITTS 3 PO3BUTKOM €KOHOMIKO-MaTeMaTHYHHX
METOJIIB TOYaBCsl HOBMM eTanm y (opMyBaHHI HAyKOBUX 3HaHb IIPO
(GyHKILIOHYBaHHS CUCTEM IMaCaXUPCHKOro TpaHcropTy. Hailbinbim BimoMumu
aBTopamH 1poro rnepioay € SABopcbkuii B.B. 1 Onabxoscekuii C.1O. ta iH. [3 —
5]

Ha ocHoBi anamizy poOiT OaraThbOX JOCHIJHHKIB 3alpONOHOBAaHA
y3arajbHIOI04a METOAMKAa (POpPMYBaHHS paIliOHAIBHOI MapIIPYTHOI Mepexi
croigy4yeHb Typusmy (puc. 1), 1m0 [103BOJSIE MPAKTUYHO TOBHICTIO
3aJ0OBOJILHUTH TOTPEOH JIOJCH B TYPUCTHYHHUX IMOi3/Kax. 3aCTOCYBaHHS TaKOi
METOJIMKH JUIsl BEJIMKOrO MiICTa, PErioHy YW JepxkKaBd 3 IIUIBHOIO
TYPUCTUYHOIO JMHAMIKOIO J03BOJIUTh OPraHi3yBaTu €(EKTUBHY MapHIPyTHY
CUCTEMY, IO 3IJIAJKYE TPAHCIIOPTHI MPOOJIEMH TOPOKHBOT KOMYHIKAIIi1.

Bci icHyroui migxoau JUis MPOEKTYBaHHS PAIllOHAIBHUX MapIIPYTHHX
MEpEeK MacaKUPChbKOTO TPAHCHOPTY JAJS TYpU3MYy MOKHA PO3JIUIMTH Ha TPHU
rpymnu:

1. ABTOoMaTu3OBaHE€ MPOEKTYBAHHS MAapIIPYTIB MAaCaKUPCHKOTO
TPAaHCHOPTY TYpU3My Ha OCHOBI (pOpMaTi30BaHUX MaTEeMAaTUYHUX MOJICIICH.

2. YacTkoBa aBTOMaTH3allisg Mpolecy MOOYJOBH  MapuIpyTiB
MacaXUPChKOTO TPAHCIIOPTY TYypU3MYy 1 EKCIEpTHA OIliHKa pe3yJIbTaTiB
(haxiBiem.

3. [IpuiiHATTS pilleHb Ha OCHOBI JOCBiY 1 HE(hOPMaTi30BaHOTO aHATI3Y
€KCIIePTIB.
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1

Bu3HaueHHs KpUTEPIK, L0 XapaKTepuaye
piBEHb OMTUMANBHOCTI MPOEKTOBAHOI
MapLUpYTHOT Mepexi i3
BpaxyBaHHAM IHTEPECIB TYPUCTIB i
TYPUCTUYHUX ONEPATOpIB.

TpoeKTyBaHHs HOBWX TYPUCTUYHNX
MapLLpYTIB | BCIET MaPLUPYTHOI MEPEXi.

EkcnepTHUIA aHania i kopuryBaHHst
NPOMOHOBAHX TYPUCTUYHUX MapLLPYTIB PyXy
| BCIEI HOBOT MapLLPYTHOI MEpexi.

Mepexi

Po3paxyHok nokasHukis epekTMBHOCTI
MPOMOHOBAHOI MAPLLUPYTHOT MEPEX Typramy.

TMopiBHSAHHS iCHYHOUOT | NPONoHOBaHOT
MapLUPYTHOT Mepexi TypuaMmy Ta NpUiHSTTS
pilLIeHHst NP0 HEOBXiAHOCTI 3MiHM ICHYH4OT
MapLUPYTHOT MEPEXi Typr3my.

3. NMpoekTyBaHHA MapLWPYTHO-TY PUCTUUYHOT

o
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F lOKa3HVK ONTUMAMBHOCTI TYPUCTUYHIX MaPLLPYTIB PyXy 3

TOYOK 30pYy Y4aCHWKIB CUCTEMM NOJOPOXEN €
cynepeynueuM. Tak, Hanpuknagd, CKOPOYEHHs Yacy
OuiKyBaHHS TYPUCTIB OYEBUAHUM YYHOM NOB'A3aHO 3i
30iNbLLUEHHSAM KinbKOCTi PyXOMOro CKNapy Ha MapLupyTi, a
OTXE, 3i 3HKEHHSIM 3aBaHTAXXEHOCTI | EKOHOMIYHOI BUTroAM.
3 iHworo 60Ky, nparHeHHs 36inbLUMTI NPUBYTKOBICTL
TYPUCTUYHUX OpraHisaLliil Moxe NpuBeCTY A0 BiAMOBK
TYPUCTIB Bifj NEPEBE3EHb | NOSABN KOHKYPYHOUMX
TYPUCTUYHUX OpraHisaLiit. Tomy € HeoBXiAHNM KpUTEPIl,
skuin Byae BpaxoByBaTH iHTEPECH TYPUCTIB | TYPUCTUYHUX
onepatopis. B sikocTi Takoro kputepito Moxe Byt
BMKOPUCTaHO KinbKiCTb TYPUCTIB MPAMOTO CrIONYYeHHS.
3apnayi nobyaoBI eDEKTUBHIX TYPUCTUYHIX MaPLUPYTIB
pyXy BigHOCUTBCS A0 Knacy 3agad komGiHaTopHOT
onTumisauii i € NP-cknagHoto. MeToaiB 3HaXOAXEHHs! iX
TOYHWX PiLLEHb | NEPEBIPKN HABNKEHUX Ha OMTUMANBHICTL
3a CKiH4EHHWA Yac He iCHye. Ha CbOorofHiLLHIN AeHb
HalbinbLLWIA iHTEpeC ABASIOTL EBPUCTUYHI | MeTa-
€BPUCTVYHI METOAM. MPOeKTYBaHHSA MapLUPYTHOI MEPEXi
TYpW3My MOBUHHO 3AiIACHIOBATUCS Ha OCHOBI MaTPL
TYPUCTUYHUX KOPECNIOHAEHLi, TOBTO AaHUX Npo dakTnyHi
nepecyBaHHs TYPUCTIB MO PerioHy.

¥

Bwi3HaueHHs HeoOXifHOI KinNbKOCTi pyXOoMOoro
CKMagy Ha TYPUCTUYHMIA MapLLPYT

BwGip Tvny TpaHcnopTHUX 3acobiB

Bu3HaueHHs iHTepBanis pyXxy TPaHCNOPTHIUX
3acobiB Ha TypUCTUYHOMY MapLLPYT

CknafaHHs poknagy TypUCTAYHUX
MapLUpyTIB PyXy

ekcnnyarauiiHux

4. BU3HAYeHHSA TeXHiKO-

NOKa3HUKIB TYPUCTUUHUX
MapuwpyTis

[MpaBwna oprarisaLii TYypUCTUYHUX NEpPeBE3eHb
BCTaHOBIIOKTh, L0 5% Bif 3aranbHOro YMcna OAnHNLb
PYXOMOTO CKnady MOBUHHI CKnaaaT Pe3epBHi
TPaHCMOPTHI 3acobU.

Posknag Ans KOXHOTO MapLLPYTY MOBUHEH CKnaaaTucs B
3anexHOCT Bif 1acy 406w, Nepiogy poky, Ans
BUXIAHWX, CBSTKOBUX AHIB i T.4..

Y

5. 3aTBepaKeHHs CNPOEKTOBAHOI MapLIPYTHOI Mepexi
TYpU3MY i CKNafiaHHs NoeTanHoro nnaHy nepexoay Ao
Hei

Puc. 1. Metonuka npoeKTyBaHHS MapIIPYTHOI MEPEXi TYpU3MY
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OpanuM 3 METOAIB BHUPIIIEHHS 3aBAaHb TOUIYKY ONTHUMAJIbHUX
MapIIpyTiB Ha rpadax € aJropuTM ONTHMI3allii HACIiTyBaHHIM MYpPAITUHOI
KOJIOHI1, iHakme MypamuHui anroput™m (aHrmr Ant Colony Optimization,
ACO). Astopom inei € Mapko Hopuro [8]. CyTe migxoamy mnoisrae y
BUKOPHUCTAHHI MOJIEJII MOBEIIHKH Mypax, IO IIYKAIOTh MIIAX BiJl KOJOHIT 10
JpKepena ki, 1 SBisge co00I0 METaeBpUCTHUHY onTuMizanito. Koionis mypax
MOXKE pO3IJIAJATHCS fAK OararoareHTHa CHUCTeMa, B SIKIH KOXKEH areHT
(Mypamika) (yHKIIOHYe aBTOHOMHO 3a Jy)Xe€ NpoCcTHMM TnpaBwioMmM. Ha
MIPOTHBAry Maike MPUMITHBHOI IMOBEIIHKU areHTIB, MOBEIHKA BCI€T CUCTEMH
BUXOJIUTh 3JIar0/KCHOI0. Ha CchOrogHI BKE BIJIOMI pe3ylbTaTH MYpPAIIUHOT
ONTUMI3AIll TaKUX CKJIAJHUX KOMOIHATOPHHUX 3a/ady, sIK: 3a/Ja4l KOMiBOsDKepa
JUIA 3aJaHHS ONTHUMI3alii MapUIpyTiB BAaHTAXIBOK, 3aBJaHb PO3MAaJIbOBKH
rpada, KBaApaTWYHOI 3ajavi MPO MNPU3HAYCHHS, ONTUMI3AIlli MEPEKEBUX
rpadikiB, 3aJaHHS KaJECHAAPHOTO IUIAaHyBaHHSA Ta IHmUX [9 — 14].
He3Baxkaroun Ha CTpIMKI YCHIXHM MYpallMHUX aJITOPUTMIB, TEpeBaKHA
OimpmricTe  (axiBIiB MO JOCTI/DKEHHIO OmNepaliii He 3HailoMi 3 Mi€io
TEXHOJIOTIE ONTUMI3arii.

VY peanbHOMY CBIiTi, Mypaxu (CIIOYaTKy) XOISATh Yy BHUIAJKOBOMY
MOPAIKY 1 10 3HAXOKEHHIO MPOJI0BOJILCTBA MOBEPTAIOTHCS Y CBOIO KOJIOHIIO.
Mypaxu BHKOPHUCTOBYIOTh [Ba cHocoOu mepenadi iHpopmamii: mpsMui —
00MIH 1Ker0, MAaHIUOYIIIPHHM, Bi3yaIbHUHN 1 XIMIYHUM KOHTAKTH Ta HETIPSIMHMA
— cTirmepki (stigmergy). CTirMepki — 11e PO3HECEHU B 4aci THI B3a€MOJIi,
KOJIM OJUH CYyO'€KT B3a€EMOJIi 3MIHIOE [€SKYy 4YacTUHY HaBKOJIHUIIHBOTO
Cepe/IOBHINA, a PEelITa BUKOPHCTOBYIOThH iH(pOpMaliio mpo ii CTaH Mmi3HilIe,
TOOTO, KOJIM 3HAXOATHCS B il OKOMHIN. BioJIOT1YHO CTirMepiKi 3MIHCHIOIOTHCS
gepes gepomoH (pheromone) — cremialbHUA CEKPET, IO BiIKIATAETHCSA K
CJiI MpU TepeMimieHHi Mypaniku. epoMoH — TOCUTH CTiiiKa pedoBHHA. BiH
MOXKE CIpUHMATHCS MypaxaMud Kimbka Ai06. UwM BUIE KOHIICHTpAIlis
(dhepoMOHY Ha CTEXIIi, TUM OisbIlle Mypax Oyze 1o Hill pyxarucs. ko iHmi
Mypax¥u 3HAXOASATh TaKl CTEKKH, BOHHM, HaWIMOBIpHIiIIe, MiAYTh IO HUM.
3amicTh TOro, MO0 BIACTEKYBATH JAHIIO)KOK, BOHHU 3MIIHIOIOTH 1i NpH
MOBEPHEHHI, SKIIO B KIHIIEBOMY MiJICYMKY 3HAaXOJSTh JDKEPENIO JKUBJICHHS. 3
gacoM (pepoMOH BHUMAPOBYETHCS, LIO J03BOJSE MypaxaMm aJalTyBaTH CBOIO
MOBEIIHKY MiJ 3MiHU 30BHIIIHBOTO cepenoBuiia. Yum Oinbine yacy moTpioHO
JUIS TPOXOKEHHS LUISIXY J0 METH 1 Has3ad, TUM CHUJIbHINIE BUIAPYETHCS
dbepoMonHHa cTexkka. Ha KOpOTKOMY HUISXY, JJIsi TIOPIBHSHHS, MMPOXOKEHHS
Oyne OUIBII MIBUIKHM 1 SIK HACIIZOK, IIUIbHICTh (PEPOMOHIB 3aJIUIIAETHCS
BHCOKOI0. BumapoByBaHHS ()EpPOMOHIB TakOXX Ma€ BIACTUBICTH IOIIYKY
NUBIXIB 10 JIOKAJIbHO-ONTHMAJIBHOTO pimieHHsA. SkObu depomoHn He
BUIIAPOBYBAIMCSA, TO LIUIAX, OOpaHuil nepmum, Oy Ou HaiimpuBabauBimmM. Y
IbOMY BHITQJIKy, JOCIIDKCHHS MPOCTOPOBHUX pilieHb Oynmu 6 0OMEKECHHMHU.
TakuM YMHOM, KOJIM OJHA Mypaxa 3HAaXOJUTh, HAMPHUKIAT, KOPOTKUHA MUIIX
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BiJI KOJIOHII 110 jpKeperna 1Xki, 1HINI Mypaxd, MIBHAIIEC 3a BCE MIAYTh UM
HIISXOM, 1 IIO3UTHBHI BIATYKH B KIHIIEBOMY ITiJICYMKY IPU3BOATH BCIX Mypax
JI0 OJIHOTO, HAMKOPOTIIOTO LUIAXY.

MypaliHi anropuTMH IPYHTYIOTECS Ha iMITaIlil IPUPOAHUX MEXaHi3MiB
caMooprasizaiii Mypax, BUKOPUCTaHHS SIKUX UTIOCTPYETHCS Jaii B CTaTTI Ha
OPUKIAAl ONTUMI3alll MapumpyTy KoMiBOsDKepa. SIK OCHOBa IOBEIIHKU
KOJIOHII Mypax caMoopraHizauis SIBISETbCS MHOXHHOIO  TUHAMIYHUX
MEXaHi3MiB, 10 3a0€3MeUyIOTh JOCSATHEHHS CHUCTEMOIO TJI00ATbHOI METH B
pe3ynbTaTi  HHM3BKOpIBHEBOI B3aemojii 11 enemeHTiB. [IpuHIHMIOBOIO
0COOJIHMBICTIO TAaKOi B3a€MOJIii € BUKOPHCTAHHS €IEMEHTAMH CHCTEMH TUIbKU
nokanbHOI iH(MopMartii. [Ipu 11boMy BUKIIIOUAETbCS Oyb-sKE IIEHTPaIi30BaHE
VIPaBIiHHS 1 3BE€PHEHHS JI0 TNI00ATLHOTO 00pa3y, M0 Perpe3eHTye CUCTEMY B
30BHIITHHOMY CBITI.

Camoopranizamist  SBISE€TBCS  PE3yIbTaTOM B3AEMOAIl  HACTYIHUX
YOTUPHOX KOMIIOHEHTIB:

1. BumaakoBicTs.

2. bararopa3oBicTb.

3. I[o3uTUBHUI 3BOPOTHUI 3B'S30K.

4. HeraTuBHUI 3BOPOTHUH 3B'A30K.

Merta crarti — po3poOKa METOIUKM BHPIMICHHS 3aBJaHb IMOIIYKY
ONTUMAJIBHUX MApIIPYTiB TYPU3MY aJrOPUTMaMHM ONTUMI3amii HaciyBaHHIM
MYpamrHOi KOJIOHI].

JocaigxeHHss MapumpyTu3amii TpPaHCHOPTY TYpu3My. 3aCTOCYBaHHS
JKOPCTKO (hOpMaTi3oBaHUX MAaTEMAaTHIHUX MOJIEJICH J1ae ONTHMAIbHE PIilllEHHS
3 TOYKH 30pY CTPOTO 3aKJIJICHOTO B MPOrpaMy ajJrOpUTMY, OJHAK PU TAKOMY
HiAX0JI HEMOXIUBO BpaxyBaTh c(HOpPMOBAaHI B PETiOHI TPAguIii 1 3BUYKH
MacaxupiB, MEPEMINICHHS, C€KOJIOT1YHE CTAHOBHWINE 1 1HII BUMOTH, IO HE
nignarThes GopmanbHoMy onucy. Tomy HaiOLIbII epEeKTUBHUM BBa)KAETHCS
ApYrUil  MiAXiJ, TpU SKOMY €KCHEepT MPOBOJUTH aHANi3 OTPHUMAaHUX
PE3YNIbTATIB 1 MPHUIIMA€E OCTATOYHE PIllICHHS.

OCHOBOIO ~ BCBOIO  IPOCKTYBaHHS €  BHU3HAYCHHS  BEIMYUHU
MACaKUPOTOTOKIB 3a HaNpsiMaMH TPAHCIIOPTHUX KOPECIIOHIEHINH. Y CBOIO
Yepry BOHM BU3HAYAIOTHCS HA OCHOBI TPAHCIIOPTHHUX PO3PaXyHKOBUX PAOHIB.
YuM npaBUIIbHINIE TYPUCTHYHA TEPUTOPIs pO3/iJIeHa HA TPAHCTIOPTHI paiioHH,
TAM TpaBWIbHIIIE (TOYHINIC) BEJIMYMHHU MACAKUPOIOTOKIB 1, THM CaMHM,
HAOIIBIIOID MIPOI0 MapIIpyTHa Mepeka MacaKUPChKOTO TPAHCIOPTY
BIJINTOBIJIa€ TOTpeOaM TypHCTa.

Jns  BUpilIeHHS 3aBAAaHHSA [POEKTYBaHHS MAapUIPYTHUX MEPEx
TPAHCIOPTY TYPU3MY HEOOX1THO MOAATH i1 Y BUIJISIII MATEMAaTHYHOI MOJIEITI.

TpancopTHy MepexXy Typu3My OINHUIIEMO Y BHIVIAJI OpPI€EHTOBAHOTO
rpada G(V,E), ae V — MHOXXMHA BepIIMH (IyHKTH TYPUCTHYHHUX 3YIIHHOK), E —
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MHOXHHA JIyT Mepexi (peabHOi JUISHKH JIOPOTH, IO 3B'M3y€ 3YIMMHMHKOBI
TYpPUCTUYHI TMYHKTH). HampsiMOK Iyrd BU3HA4Ya€ XiJ MPOXOJKCHHS
aBTOTPAHCHOPTY. MaricTpaii 3 JBOCTOPOHHIM PYXOM BIJINOBIHO MarOTh
napHi MPOTUJIEKHO OPIEHTOBAHI TYTH.

[Ipu mocmimpkeHHI TOTOKOYTBOPIOIOYHMX (haKTOPIiB B MHOXKHHI BEepIIHH V
BUJIUTUMO JIBI MIAMHOXMHHM: mepma SV, mo MICTUTh TYHKTH, SKi
MOPOIKYIOTh HOTOKH, SIKi € eleMEeHTaMKi MHOKHHHU S. IX HazBeMo JKepenamu.
Hpyry nigMHoxkuHy D C V', sika MICTUTh NTyHKTH, 110 TIOTJIMHAIOTH MOTOKH,
Ha3BEMO ITIIMHOXUHOK CTOKIB. CTOCOBHO 3a7a4l MOJEIIOBAHHS ITOTOKIB IS
3UMHIX TEpio/iB MIKOBOIO BIAMOYMHKY y TOpax, JoKepelnaMu € Micta i iHmmi
HacelleHI TYHKTH, a CTOKaMu — JUIsS MpHUKJIany, TYPUCTHUYHI pailoHU
KapmaTrcbKOro  perioHy. MHOXHHY  BCIX  IOTOKOYTBOPIOIOUMX  Map
IPEJCTaBUMO Y BUTJIAI IEKapTOBOTO NOOYTKY W = {w = (i, j) iiel,je D}.

Koxniii mapi "mxepeno-crik" w:(i, j)e W BiamoBigae cBif MONUT Ha
IIEPEBE3EHHS, Py — 3arajlbHUN 00CAT KOPUCTYBAYiB, SIKI 3 IIYHKTY i TIOBUHHI
npuOyTd B TYHKT j. A HaOIp {pW TWe W} HA3WBAETHCS MAaTPHIICIO

KOPECTIOH/ICHIIIH.
HInsxom (mapmpytoM) B Mepexi G, mo 3'€JHy€ BEpIIMHU I Ta J,
Ha3BEMO MOCIIJOBHICTh JYT:

fi=sliok)fi=lk>k) o fi=(ky k) fra =k —>j),

ne f,; e F npuscix t=1, ..., [+1.

[TepenbavaeThbCst BiICYTHICTD METEINb 1 IUKIIB B MapupyTax. [lo3Haunmo
yepe3 Fy — MHOXHMHY aJlbT€pHATUBHUX MapLIPYTiB, CIILYIOUH SKUM I
KOXKHOT Mapu w = (i, j ) €W , 10 BUXOIUTH 13 JKepena i TOTIK I0CITa€e CTOKY j.
CyKkymnHICTh YCIX NUIAXIB y Mepexi G mo3Haunmo yepe3 P = HweWPW'

Hexaii x p — e BEIMYMHA MOTOKY, IO Wne no musixy p € P.

TpamumiitHo UIsi TPaHCHOPTHHUX 3a7a4 IOTOKOBI 3MIHHI TIOBUHHI OyTH
HEBIJT'EMHUMH 1 33JOBOJBHATH OaTaHCOBUM OOMEKEHHSM. ToMy A KOXKHOI

mapuy W  IOTOKH X,, J¢ pe€P, MOBUHHI HAIEKATH MHOXHHI

Xy = Xp 20:pePy, pr =pw
pehy

O6'erHAEMO BEIMYHHH X, ¥ BEKTOp X = (x pDE P). Tonai gomycTuMoro

00sacTio U1 BEKTOpPAa X € MHOXKHHA, IKa YTBOPEHA AK JAEKapTOBHH H0OYTOK
BCIX Xy :
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X = HXWz x20: pr=pw,weW . (1)
welW pefy

[TononanHd KOXXKHOTO 3 LUISIXIB p € P CYyNPOBOIKYETHCS JETKUMU

BUTpaTaMu (4ac, MajauBO, TPOII, aMOpTHU3aIlil aBTOMOOLISA, 3HOIICHICThH
noporu i T.m.). KimbKicHa XapakTepUCTUKAa TaKUX BUTPAT 3JICKHUTH BiJ
IHTGHCUBHOCTI 1 MIUIBHOCTI PyXy B Mepexi. Sk mpaBuiio, B MOJAEISIX
po3rIAaloThCA YacoBi abo dimancosi Butpaty. Ilosmaummo wepes G,

OUTOMI BUTPATH KOPUCTYBAdiB Ha MPOi3a MO HUIIXy p. OCKUIBKH HA BUTpAaTH
10 OJJTHOMY MapHIpyTy MOXKYTh BIUIMBATH 3aBaHTA)XCHHS 1HIIUX IIUIIXIB, TO B
3arajbHOMy BHUIAIKY G, SBISIIOTH CO00I0 (GYyHKIII Bill 3aBaHTa)XCHHs BCIE

mepesi, T0010 G, =G, (X) .

Pimenns mnomiOHMX TpPaHCHOPTHUX 3aBJaHb YacTO 3BOJUTHCS [0
BUpPIIIEHHS  BaplalliiHUX  HEpPIBHOCTEH, a B  OKPEMOMY  BHUIIAJIKy
ONTUMI3aIiHOI 3aja4i, 110 JO3BOJISE aJaNnTyBaTH YHCEIbHI METOIU M iX
pIIIICHHS.

B nmanumii yac BiZOMO JOCUTH 0araTo METOMIB BUPINICHHS 3aaadi
MapuIpyTu3auii TpaHCHOPTY. 3aBIaHHsA MaplIpyTU3alii TPAHCHOPTY €
y3araJbHEHHSM BIZOMOi 3ajadi KOMIBOSDKEpa, MpH SIKOMY He0OXiIHO
nmoOyayBaTU BiJpa3zy KilbKa 3aMKHYTHX MapHIpyTiB, IO MPOXOJATH 4Yepe3
JesIKy 3arayibHy BepimHy (aero). Lli 3aBnaHHs BIAHOCATHCS 0 Kiacy 3aaad
koMOiHaTtopHOi ontuMizailii Ta € NP-ckiagaumu. MeToaiB 3HaXOHKCHHS 1X
TOYHHUX PIlIEHb 1 MEePEeBipKH HAOIMKEHUX HA ONTUMAJIbHICTh 33 KIHIIEBUN Yac
HE ICHYE.

IcHye TOYHMI anrOpuTM JUISL BUPIMICHHS 3aBIaHHS MapUIpyTH3aLii
TPAHCIOPTY HAa OCHOBI METOJy TUIOK 1 TpaHHIlb, aj€ B CHJIy ILIBUIKOTO
3pOCTaHHS Yacy OOYHMCICHb WOT0 HEMOXIIMBO 3aCTOCOBYBATH JUIS 3al1ad 3
OutbmI HiX 25 — 30 BepmIMHAMM.

OctanHiM YacoM HaHOIBIIMI 1HTEpEeC MPOSBISETHCS A0 HAOIMKEHHUX
anroputmiB. Ha mouatky 60-x pokiB XX CTONITTS aKTUBHHH PO3BUTOK
OTPUMAIIA €BPUCTUYHI METOJM, a B HalIl JHI 1X HA3UBAIOTh KJIacMYHUMU. B
OCTaHHI JIBaILATh POKIB OCHOBHI 3yCHILIS OYJIM CIIPSIMOBaHI Ha PO3BUTOK TaK
3BaHMX METAaeBPUCTHYHUX MeToniB [6, 7]. Lli MeTomu He € 3aKiHUCHUMHU
€BpPUCTUKAMH, TOTOBHUMH Ui  HIPAKTHYHOTO  3acTOCYyBaHHsS. BoHH
MPEJCTABISAIOTh COOO0I0 JCSAKUNA METOJ Ul MOOYAOBU 3aKiHUE€HOI €BPUCTHKH
JUISL KOHKPETHOTO 3aBIaHHS.

BinbricTe 1IMX METOMIB 3aCHOBaHI HAa CIOCTEPEKEHHSIX 3a KUBOKO 1
HEKHMBOIO HPUPOJOI0. IX BifMiHHA puca MONArae B 3[aTHOCTI HOJOJAHHS
TOYKH JIOKAJIILHOTO ONTUMYMY JISi TIPOJIOBXKEHHS MOIIyKYy. ToMy MOTeHLIHHO
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B TOPIBHSHHI 3 KJIACHYHHUMH €BPHUCTUKAMH METACBPHCTUYHI METOIU 3JaTHi
3HAXOJUTH OUTBII SKICHI PIlICHHS.

@opMyJTIOBaHHS Yy3arajbHEHOr0 MYPAIIMHOIO aJropuT™My. bynb-
KU MypallviHUAN aNTrOpUTM, HE3alIe)KHO BiJl Moaudikaiiii, chopmMyIoeMo B
HACTyIMHOMY BHTJISAI (puc. 2):

[Toxu yMOBY BUXOJly HE BUKOHAHI:

— CTBOPIOEMO Mypax;

— IIYKA€MO PIlLICHHS;

— OHOBITIOEMO (hEPOMOH;

— IOAATKOBI [Iii {OMI[IOHATBHO}.

. ™
BapaHHs CTBOpPrOEMO Mypax
yMoOB
\ J
' = ~
2.
IHlyxaemo pilneHHs
IHoxun ymoBmu
\ /
BHXOAY HE JC
BHKOHAaHI 4 3 N
OHnHoBmroeMo GepOMOH
N— _/
e == ™
4.
Mowyk piLueHHs
3HanaeHo Jonarkosi ait
OILiOHAJIBHO }
L {onu 5 D,

Puc. 2. ®opmyntoBaHHS y3arajJbHEHOIO MYpaIIMHOTO aITOPUTMY

st Toro, mo6 moOyayBaTH BiAMOBIIHUNA MYypaIlIuHUN aITOPUTM IS
BUpILICHHS OYyAb-AKOi 331a4i, MOTPiOHO:

1. Tlomatu 3amauy y BUmsiAi HaAOOpPY KOMIIOHEHT 1 TepexojiiB abo
Ha0OpOM HEOpIEHTOBAHMX 3BAXKEHMX TpadiB, Ha SKUX MYypaxH MOXYTb
OyyBaTH pilieHHS.

2. Busnauntu 3HaUeHHS CIiTy HEpOMOHY.

3. BuzHaunTH €BpUCTUKY MOBEIIHKH MYPAIIKH, KOJIU OYAyEMO PIllICHHS.

4. SIKI10 MOKJIMBO, TO pealizyBaTy e(peKTUBHUM JOKAIbHUNA MOLIYK.

5. BubOparu cnenudivyHuil aaropuT™M 1 3aCTOCYBATH IS PO3B'sI3aHHS
3ajaui.

6. HanamryBaTu napameTp ajJirOpuTMy.

Takox BH3HAuanbHUMHU €: 1) KUIBKICTh Mypax; 2) OajaHc Mix
BUBYCHHSIM 1 BUKOPUCTAHHSM; 3) TOETHAHHS 3 KaiI0OHUMH €BPUCTHKAMU a0o
JIOKQJIbHUM TIOIIYKOM; 4) MOMEHT, KOJIU OHOBJTIOETHCS (PepOMOH.
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3acTocyBaHHSI MYpPAlMHUX AJTOPUTMIB AJIsl TYPUCTUYHHUX 3aJady.
3aBnaHHs (HOPMYIIOETHCSA SK 33jJada MOLIYKY MiHIMaIbHOTO 3a BapTiCTIO
3aMKHYTOTO MapIIpyTy IO BCiX BeplIMHaX Oe3 MNOBTOPEHb Ha MOBHOMY
3BaKECHOMY T'padi 3 7 BepIIMHAMH. 3MICTOBHO BEpIIMHU Tpada € MicTamu, sKi
MOBHMHEH BIJIBIIATH TYpHUCT, a Baru pedep BimoOpakaroTh BiJCTaHI (JOBXHHH)
abo Baprocti npoizmy. s 3amaua € NP-ckmagHow, 1 TOUHMIA TiepeOOpHUit
ITOPHUTM Ti pillIeHHs] Ma€ (paKTOpiasIbHY CKIIAIHICTb.

MonentoBaHHS IOBEIHKH Mypax MOB'S3aHO 3 PO3MOALTIOM (EpOMOHY Ha
cTexIi — peopi rpada. [Ipu boMy HMOBIPHICTH BKJIIOUEHHS pedpa B MapuipyT
OKpEMOro MypaxH MpoIopliiiHa KITbKOCTI (hepoMOHYy Ha LboMy pelpi, a
KUIBKICTh BIJKJIAZACHOTO ()EPOMOHY € MPOMOPIIHHOI TOBXKHHI MapIIpyTy.
YuMm KopoTie MapmpyT, TUM Oinbine GpepoMoHy Oyae BiIKIaJeHO Ha HOTro
pebpax, a oTxe, OUTbIIA KUTBKICTh Mypax Oyae BKIIOYAaTH HOTO B CHHTE3
BJIACHUX MapIIPyTiB. MOAETIOBAaHHS TAaKOTO MiAXOIy BHKOPHCTOBYE TUIBKU
MMO3UTUBHUYN 3BOPOTHUH 3B'I30K, 110 MPU3BOJIUTH JI0 MEPEAIACHOT 301’KHOCTI —
OUTBIIICT, MYPAIIOK PYXa€TbCA 32 JIOKAIbHO-ONTHUMAIBHUM MapIIPYTOM.
YHUKHYTH [BOTO MOKHA, MOJCIIOIYM HEraTUBHUN 3BOPOTHHM 3B'SI30K Yy
BUTJISIII BUTTAPOBYBaHHS (DEPOMOHY.

Onuiemo JIoKaJlbHI MpaBuIia OBEIIHKH Mypax MpH BUOOP1 HUIAXY:

1. Mypaxu maroTh BiacHy "mam’sTh". OCKITBKH KOXXHE MICTO MOXKeE
OyTH BifBiaHE TIIBKH OJIUH pa3, TO Y KOXHOTO MYPAIIKH € CIHUCOK BXe
BIJIBITAHUX MICT — CIHCOK 3a0opoH. [lo3Haunmo vepes J, i k CITHCOK MICT, SKi

HEOOX1JTHO BiJIBiIaTH Mypaci k , 110 3HaXOAUTHCS B MICTI i .
2. Mypax# BOJIOJIIIOTh "30poM" — BUJMMICTh € €BPUCTUYHUM OaKaHHAM
BIJIBIJaTH MICTO j, SIKIIO Mypaxa 3HAXOJUTHLCS B MiCTi . byneMo BBaxaTH,

10 BUIUMICTH € 00€pHEHOPOIOpIIiiHA BIJICTaHI MIXK MiCTaMH n; = D_
i

3. Mypaxu BOJOIit0Th "HIOXOM" — BOHH MOXYTh BJIOBIIOBATH CIIiJ|
¢depomoHy, IO MIATBEPIKYe OakaHHS BIABIAATH MICTO j 3 MicTa i Ha
mijacTaBl JnocBiny iHmmMX Mypax. Kimekicte depomony Ha pebpi (i,j) B
MOMEHT 4acy ! TMO3HAIMMO Yepes T; (f) .

4. Ha OCHOBI IIbOTO MH MOXEMO C(OPMYIIOBATH 1MOBIPHICHO-
IpONOpLiiiHEe MPaBUIIO, 1[0 BU3HAYAE€ HMOBIPHICTD MEPEX0oay k -T0 MypalIKu 3
MicTa i B MICTO j:

o p
o ()" 1"
o 5 /€ Ji ke
DLt -]

leJi,k
Pl'j,k(t) = 07 ] € Ji,ka
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e o, B — me mapamerpd, IO 3aJal0Th Baru ciiny ¢epomony. Ilpu o =0
QITOPUTM BUPOJDKYETHCS 710 kKaAiOHOTO anroputMmy (Oyae oOpaHe HaiOmmkue
MicTO). 3ayBaKMMO, II0 BHOIp MicTa € IMOBIPHICHHUM, a MpaBwjio 1 jwuiie
BHU3HAUa€ HIMPUHY 30HM MICTa j; Yy 3arajbHiil 30HI BCIX MICT 3aa€ThCs
BUITAJIKOBE YHCIIO, SIKE 1 BU3HA4Yae BUOIp mypamiku. [IpaBmio 1 He 3MIHIOEThCS
B XOJIi aJITOPUTMY, ajle Y ABOX Pi3HUX Mypax 3HA4eHHsS HMOBIPHOCTI epexo1y
OyIyTh BIAPI3HATHCS, TOMY 1110 BOHU MaIOTh PI3HUI CIIMCOK JO3BOJICHHX MICT.

5. Tlpouimosmu pebpo (i,j), Mypaxa BIIKJIagae Ha HBOMY JICAKY
KUIBKICTh (DEepOMOHY, SKa TOBHHHA OyTH TIOB'S3aHOI0 3 ONTHUMAJIbHICTIO
3pobnenoro Bubopy. Hexait T} (f) € mapuipyt, npoiineHuil Mmypaxoro k 10

MOMEHTY 4acy ¢, L (f) — moBXuHa BOTO MapupyTy, a Q — Imapamerp, 1o

Ma€ 3HAYCHHsI TOPANIKY MOBXHUHU ONTUMAJIBHOTO NUIAXY. TOIl KUTBKICTBH
dbepoMoHYy, IO BIAKIATAETHCS, MOXKE OyTH 3aJjaHa Y BUTIISAI1

A’Cij’k(l): Lk(t)’ (laj)ETk(t)a

0, (i,))eT;(2).

[IpaBmiia 30BHIIIHBOTO CEPEAOBUINA BHU3HAYAIOTh, B TEPIIY Yepry,
BUIMMapoBYBaHHs (hepomony. Hexait p e [0,1] € KoediliEHTOM BUIIaPOBYBAaHHS,
TOJIi TIPABUJIO BUITAPOBYBAHHS M€ BUTIISL]

T (1+1) = (1= p)- 155 (0) + Aty (0); Aty (1) = D ATy 4 (2),
k=1

Jie m — KUTbKICTh Mypax B KOJIOHII.

Ha mouaTky anroputMmy KibKicTh (epOMOHY Ha pedpax HMpUHMAEThCS
PIBHOIO HEBEIIMKOMY JOJATHOMY YHCIY. 3arajbHa KIUIbKICTH Mypax
3aJIMIIAETHCS TOCTIMHOIO 1 PIBHOIO KUTBKOCTI MICT, @ KOXKEH Mypaxa IOYHHAE
MapuIpyT 31 CBOTO MiCTa.

JonaTtkoBa Moaudikallis alropuTMy MOXKE CKJIAaJaTHCA y BEICHHI Tak
3BaHUX "emTHHX" Mypax, SKi MACIIIOITH pedpa HaMKpaioro MapipyTy,

*
3HaMIEHOTr0 3 oYaTKy podotu anroputMmy. [lozHaunmo uepes 7 Halkpamui

~ * ~ . e
NOTOYHUI MapumipyT, uepe3 L — ioro noBxuHy. Toxi, SKIIO B KOJOHII € e
eJIITHUX Mypax, TO pedpa MapupyTy OTPHMAIOTh JOAATKOBY KUIBKICTh
dbepomony

Are:e-%.
L
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CKIIQIHICTh IaHOTO AJITOPUTMY, SIK HECKJIaIHO MOMITUTH, 3aJICKUTh Bil
4acy )KUTTSI KOJIOHII 7,y , KUIBKOCTI MICT (72) 1 KUIBKOCTI Mypax B KOJIOHIT (m).

HaliBa)XnMBIIOIO ~ CKJIaJOBOIO  TPAHCHOPTHOI  iHPPACTPYKTypH
NPOBEICHHS TYPUCTUYHHUX TOI3/I0K, 5IKi 6araTo B 4OMY BU3HAYaIOTh TUHAMIKY
PO3BUTKY CYYaCHHX PErioHIB, € MapIIpyTHa CHCT€Ma MacaXUPCHKOTO
TpaHCHOPTY. Y TpOIeci PO3BUTKY TYPUCTHYHOTO PETIOHY MOTr0 MapuipyTHa
cucrteMa ToTpedye mepioguyHoro meperisiny. lle moxe Oytu mos'szaHo 3
YHUCICHHUMH MTOTOYHUMH 3MiHAMH y 3a0yZ0BI TYPUCTHYHUX 0a3 1 caHATOPIiB,
3MIHOIO PO3TAUIyBaHHS MiCIb TPOKJIAaJaHHS TYPUCTUYHUX MAapIIpyTiB,
MOJIEpHI3aLI€I0 BYTMYHO-I0POXKHBOT MEPEkKI TYPUCTUUHUX TEPUTOPIH.

[lepennpoekTyBaHHS MapUIPYTHOI MeEpeXi TPAHCIOPTY IMOBITPSIHUM,
BOJIHUM YHM HA3eMHHM METOJOM [0 NPUBAOIUBUX TYPUCTHUYHUX OCEPEIKiB
(abo po3poOka HOBOI pallioHAIBHOI MapUIPYTHOI MEPEXKi) € TPYAOMICTKUM
nporecoM, IO BKJIIOYA€ Kiibka eramiB poOiT. HaiOinbm edexTHBHUM
HiZIXOZ0M BHUPILICHHS JAHOTO 3aBIaHHS € I aBTOMAaTH3allis 3 JIOMOMOTOIO
eKCrepTa, SKUM TNPOBOAMTH aHANi3 OTPUMAaHUX pe3yabTaTiB 1 Npuitmae
ocrarouHe pimreHHs. OgHAaK aBTOMATH3allisl 3aBJaHb JAHOI Talys3i BUMarae
MPOBEJICHHSI HAYKOBHX JIOCIIDKCHb 3 METOI0 iX ¢opMamizaiii Ta po3poOKu
aJITOPUTMIB, IPUIATHUX JJIs1 BAKOPUCTAHHS Ha MTPAKTHUIII.

BucHoBku. Y pe3ynbTari BUKOHAHOI POOOTH PO3POOICHO METOIMKY
pO3B'A3aHHS  3a/1a4 MOIIYKY ONTHUMAJIbHUX TYPUCTHYHHX MapIIpyTiB
alropuTMamMu (HaciiayBaHHs) MypalIMHUX KoJoHii. Kpim Toro, Ha mpukani
[IOKa3aHO, SIK B QITOPUTMHM BHUPILNICHHS IUCKPETHUX 3ahad ONTUMi3amii
BIIPOBAJIUTH CKJIAJIOBI camooprasizailii Mypax. Y NEepCHeKTHBI IUIAHYETHCS
3aCTOCYBaTH BHUKOPHCTaHHS MYPAIIMHHUX aJITOPUTMIB JUIS PO3B’SI3yBaHHS
3aJ1a4ui KOMiBOsDKepa BEJTMKOT pO3MIPHOCTI B TYPUCTHYHIH ramysi.
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YK 004.652.4+004.827

MeTtonuka BHpilIeHHA 3aBJaHb MOIIYKY ONTHMAJBHUX TYPUCTHYHHX
MAapHIPYTiB aJropuTMaMH HACJIiAyBaHHSM MypammuHoi koaoHii / Jluteun B.B.,
¥Yrpun . I. / Bicamx HTY "XIII". Cepis: Iadopmarnka Ta MOACTIOBAaHHSI. —
Xapkis: HTY "XTIII". — 2016. — Ne 21 (1193). — C. 47 — 60.

Y crarTi mOJAaHO METOIWKY BHPIMIEHHS 3aBAaHb IMOMIYKY ONTHMAaTbHHUX
MapmipyTiB Typu3My. 3aificHeHO (OpMaTbHUNH MaTeMaTHYHUN ONHC 3amadi
MPOCKTYBaHHS MapIIPyTHOI TYpUCTHYHOI Mepexi. Ha OoCHOBI mpoBeaeHOro aHalizy
YHUCENIbHUX METOMAIB X BHUpILIEHHS 3pOo0JEHO BHCHOBOK, IO OAHMM 3 HaiOUIbII
MEPCIEKTUBHAX Ha CHOTONHINIHIN MeHb € MeTOJ ONTHMIi3amii HacyiayBaHHIM
MypanmHoi KoJoHii. Ha npukiami 3aB1aHHs KOMIBOSDKEpa ITOKa3aHO, K B aJITOPUTMHU
BUPILICHHS! AMCKPETHUX 3afad ONTHMi3alii BOPOBaIUTH CKJIAJOBI caMoopraHizamii
Mypax. Ii.: 2. bibmiorp.: 16 Ha3B.

Knw4oBi cjioBa: nomyk ontMManbHUX MapmpyTiB TypU3My, METOJ ONTHMi3zarii
HACJIiTyBaHHSM MYPAIINHOI KOJIOHIT, YHCEILHUN METO/.

YK 004.652.4 + 004.827

MeTtoauka pemeHHs 3aJa4 MOHCKA ONTHMAJBHBIX TYPHCTHYECKUX
MapuUpyTOB AJTOPUTMAMH MOAPAKAHUSA MypaBbHHOW KoJioHuM / JlutBuH B.B.,
¥Yrpun . U. / Bectaux HTY "XIIN". Cepus: Madbopmarnka U MOISITHPOBAHUE. —
Xapokor: HTY "XIIN". —2016. — Ne 21 (1193). — C. 47 — 60.

B cratbe mpencTtaBieHa METOAMKA pPEIIEHUS 3a4ad IOMCKa ONTHUMAJIBbHBIX
MapuipyToB TypusMa. OcCyIiecTBI€HO (QOpPMaNbHOE MAaTEMAaTH4ECKOE OIMCAHUE
3aJa4d [IPOEKTUPOBAaHWS MApIIPYTHOM TYypUCTHYECKOM CETH W Ha OCHOBE
MIPOBEJIEHHOTO aHAJIN3a YUCIIEHHBIX METOAOB MX PELIEHMS CIIENaH BBIBOJ, YTO OJTHUM
n3 Hanbosee NEePCIEeKTUBHBIX HAa CETONHSIIHUN JECHb SBISETCA METOJ ONTHMHU3ALUN
MOJpa’kaHUEM MypPaBbHHOM KoJIOHMK. Ha nmpumepe 3agaun KOMMHUBOSKEPA MTOKa3aHO,
KaKk B aNTOpPUTMBl pELIEHMs JUCKPETHBIX 337ad ONTUMH3ALMM  BHEIPUTH
COCTaBIISIIOIINE CAaMOOpPraHu3alu MypasbeB. Ui.: 2. bubnuorp.: 16 Ha3B.

KiloueBple cj10Ba: TONCK ONTHMANBHBIX MAapuIpyTOB TypH3Ma, METOZ
ONTHMHU3ALUH NOAPaKaHUEM MypPaBbUHON KOJIOHUH, YHCICHHBIN METOLI.

UDC 004.652.4 + 004.827

Methods of solving search algorithms optimal travel routes imitation ant
colony / Lytvyn V.V., Ugryn D.I. // Herald of the National Technical University
"KhPI". Subject issue: Information Science and Modelling. — Kharkov: NTU "KhPI".
—2016. —Ne 21 (1193). — P. 47 — 60.

In the article modeling techniques meet the challenges of finding optimal routes
of tourism. Done formal mathematical description of the problem of designing a
tourist route network and, based on the analysis of numerical methods for solving
them concluded that one of the most promising to date is a method of optimizing
imitation ant colony. For example, the traveling salesman problem shows how in
algorithms for solving optimization problems of discrete components to implement
self ants. Figs.: 2. Refs.: 16 titles.

Keywords: search optimal routes of tourism, optimization method imitation ant
colony, numerical method.
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