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®OPMYBAHHS MOJIEJI PO3BUTKY 3AJIIBHUYHOI
CUCTEMH HLIBUAKICHUX HEPEBE3EHDb HA OCHOBI
MNPUHILUIIB CAMOOPI AHI3ALIL

B po6oti 3ampornoHOBaHO TEOPETUYHO OOIPYHTYBATH MIAXOMM IOAO (OpMyBaHHS parioHAIBHOL
TOTOJIOT1T MEPEeXKi MBUIAKICHUX 3aJI3HUYHHUX TIEPEBE3CHb, K1 3a0e3MeuaTh MiABUIIEHHS €KOHOMIYHOT
e(EeKTUBHOCTI MEPEBE3CHHS MaCaXUPIB MIBUAKICHUMH Moi3gaMu. [l pilIeHHs MMOCTaBJIEHOI 3ajadi
po3po0IeH0 MaTeMaTUYHY MOJIeTb EBOJIOMIMHOTO PO3BUTKY TPAHCIOPTHOI CHCTEMH Ha OCHOBI
noeaHaHHs (Pi3UUHOI rpaBiTaliifHOI MOJENI A BUSHAYCHHSI KOPECTIOHACHIIIN MOTOKIB MAaCAXHUPIB Ta
METOJY CHUCTEMH MYpAIIUHUX KOJIOHIM JJIs TMOIIYKY €(EeKTHBHOTO BapiaHTy PO3BUTKY TOIIOJOTIT
Mepexi.

Kuo4uoBi ci1oBa: mBHUIKICHI 3aII3HUYHI TTEPEBE3CHHS, CHCTEMa MYpPAIIMHUX KOJIOHIN, rpaBiTalliiiHa
MO/IeJTh, TOTIOJIOT1sI MEPEexKi

B pabote mnpemioxkeHo TeopeTHUecKd OOOCHOBATh IMOAXOJbI K (OPMHUPOBAHUIO PALMOHATIBHOMN
TOIOJIOTUU CETH CKOPOCTHBIX JKEJIE3HOJOPOXKHBIX MEPEeBO30K, KOTOpble oOecreuyaT IOBBIIICHHE
3 PEKTUBHOCTH TEPEBO3KU IMACCAKUPOB CKOPOCTHBIMU Moe3faMu. [l pemieHus MoCTaBIEHHOU
3a7jauy pa3paboTaHa MaTeMaTU4ecKas MOAEIb YBOJIIOLMOHHOTO Pa3BUTHS TPAHCIIOPTHOW CUCTEMBI Ha
OCHOBE COuYeTaHMd (PU3MYECKOW TPABUTALMOHHOM MOJENM Ul ONPEACICHUS KOPPECTIOHICHIIHMA
IIOTOKOB MAacCaXMpOB U METOJA CHCTEMbl MYpPaBbUHBIX KOJOHUM i moucka 3((EKTUBHOIO
BAapUAHTAa Pa3BUTHS TOIIOJIOTUU CETH.

KiroueBbie €JI0Ba: CKOPOCTHBIE JKEIE3HONOPOXKHBIE IEPEBO3KH, CUCTEMA MYPaBBHHBIX KOJOHHH,
IrpaBUTALMOHHAs MOJIEIIb, TOIIOJIOTHS CETH

In this paper we propose a theoretical basis for rational approaches to the formation of the network
topology of high-speed rail, which will provide improved high-speed passenger trains. To solve this
problem a mathematical model of the evolutionary development of the transport system based on a
combination of physical gravity model to determine the correspondence flow of passengers and the
method of ant colonies to find effective ways of developing the network topology.

Key words: high-speed rail transport system, method ant colonies, the gravity model, network
topology

Beryn i akTyanbHicTh 3aaa4i

CyuyacHe CyCHUIBCTBO XapaKTepU3YETbCS IHTEHCHUBHUMHU KOMYHIKaI[iiHUMU
nporiecaMu. 3a0e3nedyeHHss poCcTy MOOUTBHOCTI HACEJICHHS € OJHHUM 13 BUPIIIAIBHUX
dakTopiB cTparerii pO3BUTKY €KOHOMIKM Kpainu. Ha pganmit wac y cdepi
TPAHCTIOPTHOTO OOCITYrOBYBaHHS MIABHUILEHHS IMIBUIAKOCTI PyXy Ha 3ali3HUYHOMY
TPAHCTIOPTI € OJHUM 13 HaMOLIbII e(pEeKTUBHUX HAMPAMKIB peanizalii mnepeBe3eHb 3
MiHIMaJbHUMH BUTpaTaMH, BIJTABOM Ha HABKOJMIIHE CEPEIOBHINE, HEOOXITHUMHU
KOM(pOPTOM, HATINHICTIO Ta OE3MEKOIO.

67



B ymoBax pirounx B VYKpaiHi IPOEKTIB BIPOBAKEHHS IIBUIKICHOTO PyXy
NacaXKUPChKUX TMOI3IB MOTPEOYIOTh TEOPETUYHOrO OOIPYHTYBAHHS MIAXOAHM IIOJ0
dbopMyBaHHS paIllOHATHHOI TOTIOJOTIT MEpeXi MIBHAKICHUX 3aTI3HUYHUX TEPEBE3CHD,
AK1 3a0e3meyarh MiJIBUIIEHHS E€KOHOMIYHOI €(EeKTUBHOCTI MEPEBE3CHHS MacaXupiB
[IBUIKICHUMH OI3JaMU.

AHAaJIi3 0CTAHHIX HAYKOBHUX i MPAKTHYHUX JTOCTiIKEHb

CBiTOBUI [IOCBIA BIOPOBAKEHHS IIBHJKICHOIO Ta BHCOKOIIBHAKICHOTO PyXY
NacaXUPChKUX TMOI3iB 0a3yeThCs HA JBOX HaNpsMKax pO3BUTKY, TaK 3BaHUX,
AMOHChKOMY Ta (ppaHiry3bkomy [1]. B mepromy BapiaHTi pO3BHUTOK TOMOJIOTIi Mepexi
OpPIEHTOBAHO HA BUCOKUM TOMUT, MIPHU SKOMY peaiizyroThes nepeeseHHs ot 100 000
MacaKUpiB Ha JICHb 3aBISKA BHUCOKIM NIIJILHOCTI HAaceJeHHS Ta KOHIIEHTpaIli
€KOHOMIYHOI JIISUThHOCT1 y37I0BXK 3a/li3HUYHMX JIiHIN (Snonist, Kurai, [TiBnenna Kopes,
TaliBanp). [lpyruii BapiaHT PO3BUTKY IPYHTYEThCA Ha MiHIMI3allli BapTOCTi, TOOTO
OpIEHTOBAaHWN Ha OUIBII HU3bKI KalliTaJlbHI Ta eKCIuTyartaiiiiHi BuTpaTtu (Ppaniiis,
Himeyunna). OcTaHHIM YacoM €KCIEPTH MiATBEPKYIOTh €(PEKTUBHICTH PO3BUTKY
3aJI3HUYHUX CHUCTEM IIBHJIKICHUX MEPEBE3€Hb B YMOBAX BUCOKOI IIIJIbHOCTI HACEICHHS
npu 3a0e3rneueHH1 MiHIMaJIbHUX BUTPAT Ha peati3alliio Ta eKCIUTyaTalio.

TeopetnuHi HOCHIIPKEHHS 3a7adl MOJCIIOBAHHS PO3BUTKY 3aTI3HUYHHX CHUCTEM
HallyacTilie 3acHOBaHI Ha MOOYAOBI ONTHMAJIBHOTO IUIAHY IMEPEBE3€Hb MPHU LbOMY
nependavaeThCs, IO Mepeka € KepoBaHOW 13 1eHTpa. OmHaK mOCHiKeHHS [2]
HiATBEP/UKYIOTh, IO  PO3BUTOK  TPAHCIOPTHOI MEpeki HE €  TPOIECOM
IEHTPAJI30BaHOTO PIIICHHS 3aJladl ONTUMI3allli TepeBe3eHb, a € Pe3yJIbTaToOM
caMOOpraHizailii Ha OCHOBI ITOIMUTY B MIEPEBE3CHHI 1 PO3BUTKY BY3J11B MEPEXKI.

ITocTanoBka 3a1a4i TOCTIKEHHSA

BpaxoByroun Buie 3a3HadeHe B poOOTI s pimieHHS 3a1adl  dopmaizarii
IPOIECY PO3BUTKY 3alI3HMYHOI CHUCTEMHU INBHIKICHHX 3ai3HUYHUX TEPEBE3CHb
3alpOIOHOBAHO  PO3POOHUTH  AWHAMIYHY  MOJENb  €BOJIOIIHOTO  PO3BUTKY
TPAHCTIOPTHOT CHUCTEMH Ha OCHOBI (opMyBaHHS (I3UYHOI TpaBiTaLiHOT MojeNi
PO3MOMLTY MOTOKIB MACAKHUPIB MK OCHOBHUMH I[EHTPAMH X 3apOKCHHS-TIOTAIIICHHS
(apeonaMy MEIIKAHHS HACEJICHHS).

Bupimenns 3agaui

Po3pobka wmopmeni mepenbavae CKIaJaHHS TOIMOJOTIYHOI CXEeMH, Ha SKId
3aJI3HAYHA MEpeKa MPEICTABISIETbCS Y BUTIISIL BY3JIiB — 3a/II3HUYHUX CTAHIIM Ta ayT
— 3aJTI3HUYHUX JiHINA. J{J1s onucy Ayr Mepexi MpeACTaBIsIe€TbCs JOCTATHIM BU3HAYEHHS
HACTYITHUX TapaMeTPIB: KUIbKICTh KOJIM, pexkuM (YHKIIOHYBaHHsS (3MIIIAHUA PyX,
MePEBAKHO MACaXUPChKUH, BIIOKPEMIICHUH MIBUAKICHUI), pO3MIpU pyXY, TUI Tpadiky
pyXy TOi3diB, THUN CHUCTEMH IHTEPBAJILHOTO PETYJIIOBAHHS pPYyXOM TMOi3miB. [l
XapaKTePUCTUKHU BY3JI1B 3aJII3HUYHOT MEPEX1 HEOOX1THO BU3HAUUTH OOCITH YTBOPEHHS
Ta TOTJMHAHHS MOTOKIB MAaCAXUPIB Y KOXKHOMY BY3JIi; JJIsi KOKHOTO By3Ja (CTaHIIIT)
MepexXi HEeOOXiJHO BCTAaHOBUTU ICHYIOUY PE3yJbTaTUBHY IMPOMYCKHY CIPOMOXKHICTH
3aJII3HUYHOTO BOK3aITy.

[IporoHoBaHMM MIAX1 JO BU3HAUYECHHS KOPECTIOHACHINN MIXK yciMa mapaMu BY3iB
MIBUKICHOT 3aJlI3HUYHOI MEpeki Ha KOKHOMY 13 eTamiB ii PO3BUTKY 3aCHOBAaHUU Ha
rpaBiTamiiHii moneni [3]. 3rigHO TpaBiTamiiftHOI MOMEIN KOPECIOHICHITIS 3 By3la i y
BY30J1 j 3aJ1I3HUYHOI MEPEX1 MPOTHO3YIOTHCA 3a 3AJICHKHICTIO
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HP;-D;; -K ;
Hlj=H0innJ LI (1)
Z ZHPI -Djy - Ky
. . t:1t:1 . .
i Hij — KOpPECIIOHACHINA IMaCaXHUpP1B 3 By3Jlda 1 Y BY30J j MCPCXKI1, ITaCaXMp1B Ha

100y
HO; — KUTBKICTb TACAXKUPIB BIAIPABICHHS Y BY3Ji {, TaCaXHPiB Ha 100Y;
HP; — KUIBKICTb IaCXKUPIB, 10 IPHOYBAIOTH 0 BYy3I1a j, TaCaXHPIB Ha J0OY;

Dj; — (yHKUis MOTEHUIHHOT TOCTYIHOCTI PaiiOHIB TSDKIHHS By3na i 0 By3Ia j

3ami3HUYHOI Mepexi. [lapamerpamu rpaBiTalifHOTO MOJS € TPUBAIICTH IMOAOPOKI,
00CSATH KOPECHOHJEHI[I!, IHTerpOBaHl BUTpAaTHU (KaIiTaJlOBKJIAJAEHHS, €KCIUTyaTaliiHi
BUTPATHU Ta BapTICTh MMaCaXUPO-TOJWHHN), BAPTICTh BIUIMBY Ha €KOJOTII0 30BHIIIHHOTO
CepeNoBHUINA, PiBEHb OE3IEKH.

K;,K ji— OamaHcyBanbHI KOe(PIIieHTH;

JUis  TmoIIyKy paimioHajdbHOI TOMOJIOTII Mepexi IMIBUAKICHUX 3ali3HUYHHUX
MepeBe3eHh B POOOTI 3ampONOHOBAHO 3aCTOCYBATH OJWH 13 1HTEIEKTYaJbHUX
MYJIBTHAT€HTUX METOJIIB ONTHUMI3aIlil Ha OCHOBI CHCTEMU MYpPAIIMHUX KOJOHIN (aHTIL.:
Ant Colony System, ACS) [4], sxi 0a3yrOTbCsI Ha MOJCIIOBaHHI MOBEIIHKH KOJOHIi
Mypax.

[ToctraBrneHa 3agada HATJSIIHO IHTEPIPETYETHCS B TEPMiHAX MOBOKEHHS Mypax
npu  (QyHKIIOHYBaHHI cUcTeMu MypamuHuxX KoJjoHid (ACS). Ilpouenypa ACS
BUKOPHCTOBYE KOJIOHIIO BIpTyaJTIbHUX Mypax, [0 BEAyTh ceO€ sIK KOOTIEpAaTUBHI areHTH
B MaT€MaTUYHOMY TPOCTOPi, Y SKOMY BOHH MOXYTh IIyKaTd Ta IMiATBEPIKYBAaTH
3HaWJeHl UUIAXu (pIMIEHHS) 3 METOK TOIIYKY €IWHOT MEpexi palioOHaJIbHUX
MIBUAKICHUX CIIOJIyY€Hb MACAKUPCHKUX MOI3/IIB 3 BUBHAYCHHSIM TEXHIYHUX MapaMeTpiB
1H(GPaCTPYKTYpH 3aTI3HUYHHUX JiHIM Ta iX BIAMOBIIHICTH E€KOJIOTTYHUM CTaHIapTam
€BpoOMENCchKOro coro3y. B OCHOBI CHCTEMH MypalIMHUX KOJIOHIN JIEKHUTHh MPUHIIMII
(YHKI[IOHYBaHHSI ~ MYyJbTHAareHTHOI CHUCTEMHM, B SKIH MOXE  MPOSBIATUCS
camooprasizaiiifHa Ta CKJaJHa MOBEAIHKA B yMOBax, KOJIM CTpPAaTerisi MOBEIIHKH
KOKHOT'O areHTa JOCUTh MPOCTa.

CyTHICTB pillIeHHS MOCTABJICHOT 3a/1aul 3aCHOBaHUN Ha KOMOIHATOPHOMY mepedopi
BapiaHTIB 3’€JHAHHS BEPIIMH MEpPEeXl AyraMu 3 PI3HHUMHU MapaMeTpamMu Ta OO0JIKOM
MOTEHIIMHOTO 3pOCTaHHS MOTYKHOCT1 KOPECIIOHIEHIIIM MacaKUpiB MK BEPIIMHAMU 3a
YMOBH PO3BUTKY Mepeki B uaci. [[s1 BUSBIEHHS CHCTEMHOTO €(EeKTy MpPOMOHYETHCS
KpUTEpI E€KOHOMIYHOI OIlIHKKM PO3BUTKY 3aJI3HUYHOI MEpPEXKi, SKHUM B HESIBHOMY
BUTJISAJII MOKHA 3aITUCaTH

tJfC
F = [F(S(t)U(t))dt = min, (2)
0

e F — xpurepiil sKOCTi PyHKIIOHYBaHHS CUCTEMHU, TPH;

t o — JKUTTEBUH LUK CHCTEMH 3aJII3HUYHUX MIBUJKICHUX CHOIYYEHb, POKH;
S(t) — cTaH cucrtemu, IpH;
U () — BeKTOp YIpaBIiHHS MPOLIECOM PO3BUTKY 3aJ13HUYHOI MEPEXKI.
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B 3aranbHOMY BHIUIAI 3allpONOHOBAaHA MPOLEAYPAa MOAETIOBAHHS KOJIEKTUBHOTO
IHTEJNIEKTY Ha OCHOBI CHCTEMH MYpAIIUHUX KOJIOHIM JO03BOJISIE 3 TO3MUIT HOBUX
MOJKJIMBOCTEH MIAINTH JO KOMILJIEKCHOTO BUPIIICHHS 3a/1a4 PO3BUTKY 3a113HUYHOI

CHUCTEMU IIBUJIKICHUX TIEPEBE3EHb -
Ha OCHOBI MIPUHITUTIIB ok
camooprasizaiii. e
[Tpuxnan pobotu oo
po3pobIeHOT Moeni ACS 50}
peai3oBaHU B CepEOBHIII of
Scilab [5]. 3anponoHOBaHa S0y
IpOLIEAYPa CHCTEMH MYpPAalIMHUX e
KOJ'IO.HiI‘/’I 3 BUKOPHCTAaHHAM ;Zz
rpaBiTalliiHOl MO/, T03BOJIMIIA

3Ha1‘/’ITI/I paHiOHaJIBHy TOHOHOFiI’O -ZA0 —QDID -15ID -'IDID -SID DI SID 1DID 15ID QDID 260
Mepexi IIBUIKICHUX
MaCAKUPCHKUX IMO13 /1B, 10
HaBEJICHA PHC.

Puc. I'pad 3ani3HU4HOT Mepexi Ta pallioHaIbHa
TOTOJIOTISI MEPEX1 MIBUAKICHUX MaCaKUPCHKUX
MOT3/1iB

BucHoBku

AHami3 pe3yabTaTiB MOJEIIOBAaHHS PO3BUTKY 3aJI3HUYHOI CHCTEMH HIBHUAKICHUX
nepeBe3eHb JO3BOJUTh JOCIHIAUTH €(PEKTUBHICTh BIPOBAKEHHS IIBUIKICHOTO PYXY
NaCaXUPCHKUX  TMOI3IB HA 3aM3HUINX YKpaiHM Ta BU3HAYUTH  PEKUMHU
(GYHKIIIOHYBAaHHS 3aJlI3HUYHUX CIIOJYyY€Hb, PO3MIPH PyXy Ha KOXXHOMY 13 e€TaIliB
PO3BUTKY, THUIl TpadiKy pyxy MOI3IB, TEXHIYHI TapaMeTpu I1HPPACTPYKTypH Ta
BIJIMOBITHICTh  €KOJIOTIYHUM CTaHgapTaM €Bporeicbkoro coro3y. lle Hamacthb
MOJKJIMBICTh YIOPSJIKYBAaTH PIllIEHHS €KCIUTyaTal[iiHUX 3a/lad B MEKax CTpaTeriyHOTrO
PO3BUTKY 3aJ13HUYHOT MEPEXKi, 110 JO3BOJMTH IMiJABUITUTH TOYHICTh Ta €(PEKTHUBHICTH
iX peamizauii npu 311HCHEHH] 3a13HUYHUX MaCaKUPChKUX MEPEBE3EHb.

Cnucox gireparypu: 1.A Study of the development and issues concerning High Speed Rail (HSR) /
Yong Sang LEE // Transport Studies Unit Oxford University Centre for the Environment January, -
2007.- Ne°1020.- 19 p. 2.Taaffe, E.J. Geography of transportation/ Edward J. Taaffe // Englewood
Cliffs, N.J., Prentice-Hall, 1973, - 226 p.3.Anderson, J.E. A Theoretical Foundation for the Gravity
Equation/ J.E. Anderson // AER, 1979. - 69(1). — P. 106-116 4.Dorigo, M. Ant Colony System: A
Cooperative Learning Approach to the Traveling Salesman Problem / M. Dorigo, L.M. Gambardella//
IEEE Trans. Evol. Comp, 1997. - Ne 1. — P. 53-66. 5.Campbell, S. Modeling and Simulation in Scilab/
S. Campbell // Scicos - New York: Springer, 2006.- 313 p.

Iocmynuna 6 pedkonnezuio 06.11.2011

VIIK 656.222.3

T.B. BYTBKO, noxr. TexH. HayK, npod., 3aB.kad. Ykp/lA3, Xapkis
A.B. IPOXOPYEHKO, xann.TexH.HayK, cT. BUKI., YKp/IA3, XapkiB
O.E. IIIAH/IEP, var, Yxp/IA3, Xapkis

PO3POBKA IVTAHY ®OPMYBAHHS ITACA’KUPCbKHUX
HHOIBAIB HA OCHOBI METOJAY POSA YACTOK

B po0oTi po3rasaaoTbess MUTaHHS MO0 MPAKTHYHOTO BHKOPHCTAHHS HOBOTO METOAY B PO3pooOIi
aHy pOpMyBaHHS IMaCAKUPCHKUX MOI3/IB B TAIBHHOMY Ta MICIIEBOMY CIIOJYYEHHSX 3 ypaxyBaHHIM
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