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AnHoTauus. WHTEHCHBHOE yBEIHYECHHE aBTOMOOHJIBHOIO TPAHCIOPTA, OCOOCHHO MHAMBHIYAJILHOIO, 3a IOCIEIHUE T'OIbI
IIPUBENO K TAKHM IOCIE/IACTBUSAM, KaK YBEJIMYEHHME 3aTPAaT BPEMEHM Ha TPOE3J], YBEIMYECHHE KONMYECTBA BBIHYKICHHBIX
OCTAaHOBOK, J0POKHO-TPAHCTIOPTHBIX IPOHMCIIECTBUI, BO3HUKHOBEHHE NMPOOOK Ha ynu4Ho-nopoxHno# cetn (Y/IC), ymeHb-
IIEHHE CKOPOCTH JABWXEHWS, yXyAIICHHE (PYHKIIMOHUPOBAHHUS YIWYHO-IOPOXKHON ceTH ropooB. [lis pelieHus dTHX 3a1a4
Haubosnee dPPeKTHBHBIM ABISETCS WCIOIH30BAHME TEOPWH TpadoB, OCHOBHBIMH XapaKTEPUCTUKAMH KOTODPBIX SABISETCS
HAJIe)KHOCTh, CTOMKOCTB, TPAHCIIOPTHAS JOCTYITHOCTh CBOOOIHOM CETH, TPAHCIIOPTHAS JIOCTYITHOCTh HArpy»KeHHOH ceTd. Ha

OCHOBC MX aHajiku3a INpeAJIOKCHBI METObI OIITUMU3ALIUH CETH.

KiioueBbie CJI0BA: YIMYHO-0POXKHAs CeTh, rpad), BXOAHbIC W BBIXOIHBIC MOTOKH, TPAHCIIOPTHAIN y3€I1, KapTorpaMma.

AKTYaJlbHOCTb T€MbI

BhICTpBIN pOCT KOJIMYECTBA aBTOTPAHCIIOPTHBIX CPEJICTB
3a MOCJIEHUE TOJIbl MPUBEJ K MEPErpy3Ke UMM YJIUYHO-
JIOPOXKHOM CETH KpYMHBIX M KPYNHEWIIMX TIOpOJOB
VkpauHbl 1 OCOOEHHO MX LEHTPOB. AHAIM3UPYS CHTya-
LHIO0, CIIOKMBIIYIOCS 3a MOCJIEJAHUE I'O/Ibl, MOXKHO yTBEp-
KJIaTh, YTO YBEIMYECHUE KOJIWYECTBA aBTOTPAHCIIOPTHBIX
CpeACTB B CTpaHe OyJeT MpoAO/DKAaThCs, HECMOTPS Ha
YMEHbIIEHHE KOJTMYECTBA HACEIICHUSI.

HiHTEeHCHBHOE yBEIMYEHHE aBTOMOOWIBLHOIO TpaHC-
nopTa, 0COGEHHO MHIMBHAYAJIbHOIO, 33 MOCIEIHHE IOIbI
BBI3BAJIO YXY/ALICHHWE YCIOBHH W 0G€30MacHOCTH IBHXKeE-
HHA. DTO MPHBEJIO K TAKMM TOCIEACTBUAM, KaK yBeluye-
HHE 3aTpaT BPEMEHH Ha IpOE3Jl, KOJWYECTBA BBIHYXK-
JIEHHBIX OCTAHOBOK, HOPOKHO-TPAHCTIOPTHLIX IPOMC-
IIECTBHI, CrOCOOCTBOBAIO BO3HMKHOBEHHIO MPOOOK Ha
YIH4HO-IOPOXKHOM CETH, YMEHBLICHUIO CKOPOCTH /IBH-
KEHHUA, YXYALIEHHIO (QYHKIUMOHUPOBAHUS YIMYHO-I0-
POXKHOM CETH rOpOJIOB.

Pemenune npobiemsl

JLnst Toro, 9To0bl CHCTEMa YNpPaBICHUS OPOXKHBIM IBH-
xeHueM Oblia 3 (HeKTHBHOM, Ha CEroHALIHMI 1eHb OHA
JIOJDKHa MTHOBEHHO pearupoBaTh Ha CHTYaLWIO, CKJIA/IbI-
Batomytocs Ha YJIC, ObITh 4yBCTBUTEJILHOMU K (hakTOpam,
XapaKTepU3yIOIIUM JIOPOXXHYIO OOCTAaHOBKY, M OBITh
HaAeXKHOW. HameXHOCTh SBISETCS BaXKHBIM YCIOBHEM

¢ynkumonuposanus Y JIC.

Pemenue npobneMsl HyXIaeTcs B nepepacrpesere-
HHUHU aBTOTPAHCIIOPTHBIX MOTOKOB (ATII) Takum obpazom,
4T00Bl paboune y4acTKU CETH MO3BOJISUIM JBUTaThCs 6e3
nperpa.

Ha ocHoBe aHayiM3a Ha3BaHHBIX XapaKTEPUCTHK MO-
ryT ObITh MPEIOKEHBI METOAb! ONTUMHM3ALMH (DYHKLHO-
HUPOBaHHs YJIMYHO-IOPOXKHOU CETH TOpPOJOB IyTEM
MOJIEJIMPOBAHUS TPAHCIIOPTHBIX MOTOKOB C UCIOIb30Ba-
HHUEM TeopuH rpados.

JIBWKeHHWEe aBTOTPAHCIOPTHBIX TMOTOKOB OCYIIECTB-
JSIETCS 10 YJIMYHO-JOPOXKHOM CEeTH, MOITOMY CBOWCTBA
VJC sBAsIOTCA ONpPEAEAIOIIMMHU NPU ONMMCAHWH 3aKO-
HOB QyHKuMoHUpoBaHus ATII.

OtMeTnM, uTO B Ha3BaHWH Hocutens ATII mpucyrt-
CTBYeT MOHATHE «ceTh». Kak MareMaTHyecKWil TepMUH
OH 03Ha4aeT CJEIYIOIIEe: CEThIO0 HAa3bIBAETCA CBA3HbIN
rpad. Takum oOpa3zom, mMaTemaTHyeckoe OMpe/esieHHe
BBIJIEJIAET OCHOBHbIE CBOMCTBA CETH — CBA3HOCTb, TO €CTh
BO3MOXXHOCTb TPAHCIIOPTHPOBKH M3 JIIOOOr0 y3i1a CeTH B
moboii apyroi. Eciu xe no kakoi-nmubo npuumHe npo-
€3]] I0 HEKOTOPBIM JIOPOTaM CTAHOBUTCS HEBO3MOXHBIM
W3-32 PEMOHTA, aBAPUU U TOMY NMOXOOHBIX MPHYHH U TPH
stom Bes YJIC pacnazaercs Ha HEKOTopoe 4Hcio k He-
CBs3aHHBIX Mexay coboi dactei, YJIC nepecraet ObITh
CEeTbI0, @ CTAHOBUTCS MpPOCTO rpagoM ¢ K-CBSI3HBIMH
kommnoneHTam# ([lpro 1972; Ope 1975).

Takum oOpa3om, HEOOXODMMO HCCIEIOBAaTh CBOMH-
CTBA yJIUYHO-IOPOXKHOM CETH KaK reOMETPHIECKOro 00b-
exta. CkaxkeM, 3a(HKCHPOBaHbl HEKOTOpblE TOYKH Ha
TJIOCKOCTH, KOTOpbi€ MOryT ObITb IUIOWIAJSMH, Tepe-
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KPECTKaMH H T. I, T. €. TPAHCTIOPTHBIMU Y3JIaMH, KOTOpbIE
JIOJDKHBI OBITh COEIMHEHBbI TPAHCIOPTHOHM ceThio. Hampu-
Mep, 9 TOYeK Ha IUIOCKOCTH PachojIokKeHbl, Kak MOKa3aHoO Ha
puc. 1.

ITpu MOCTPOEHMH CETH UX MOXHO COEMHUTD Pa3HbIMH
cniocobamu (puic. 2—4). BozHukaeT psij1 BONPOCOB:

1) kakoif U3 3TUX CrIocOOOB OoJiee Ha/IeKEH MPH IKC-
TUTyaTaluu CeTH?

2) xak cnemyer pa3buTh ceTb, T. €. 100ABUTh HOBbIE
pedpa, 4T00bI MAKCUMATLHO YBEJIMYUTD €€ HaZIexkK-
HOCTb?

3) 4TO Jydiie; CTPOMTh HOBYIO JIOPOTY WM YBEJH-
YUTb MPOIYCKHYIO CIIOCOOHOCTD CTaphiX?

Jlns pewmenus 3THX 3a1a4 B Teopur rpados (JlykanuH
u Op. 1998) BBOAATCS CNEIYIOIIME YMCIIOBBIE XapaKTepH-
CTUKH, TO3BOJISIOIINE OIMCATh KauyeCTBEHHbIE CBOWCTBA
CeTH:

— HaJIe)KHOCTD;

— CTOUKOCTB;

— TPaHCMOPTHAs JOCTYNHOCTb CBOOOJHOM ceTH;

— TPAHCIIOPTHAs! IOCTYTTHOCTh HArPy>KEHHOM CEeTH.

Ha ocHOBe aHa/M3a 3THX XapaKTEPUCTHK MOTYT OBITh
NPEUIOKEHb! METOIbI ONITUMH3ALMH CETH C Y4ETOM 3KOJIO-
rU4ecKuX (haKkTopoB.

[TokaxceM, KaKk MOXET IMPOXOIUTH MPOLECC MOIEIHAPO-
BAHUS MHTEHCHUBHOCTH JIBH)XKEHHUs TPAHCIIOPTA B 30HE ropo-
J1a ¢ NpAMOYTOJIbHOM IIAaHUPOBOYHOM CXEMOIA.

BBenem anemeHt, mokasanHelii Ha puc. 5. V]/IC c
JByXCTOPOHHUM JIBDKEHHEM TPAHCIIOPTa HAa KaXIOM W3
NIEPETOHOB.

Puc. 1. PacrionoxkeHue y3/i0B CeTH Ha ILIOCKOCTH
1 pav. Tinklo mazgy i8déstymas plane
Fig. 1. The plan of network nodes
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Puc. 2. Cets A Puc. 3 Cets B
2 pav. A tinklas 3 pav. B tinklas
Fig. 2. Network A Fig. 3. Network B

VIpocTHM 3TOT 3JIEMEHT, KaK MOKa3aHO Ha pHC. 6,
CTSHYB CyMMBbI TOTOKOB B Hampasinenuu A, B, C, D.
MojenupoBaHie HayMHAeM CO BXoza A, i KOTOPOTro
paspereH u Bbixoa. J{ist Hanpasnenuit B, C, D paccMoTpum
TOJIBKO BbIXOA. ['pa 310ii ceT nokasax Ha puc. 7.

Puc. 4. Cers C
4 pav. C tinklas
Fig. 4. Network C

n4 m‘
<0t
.
n
<’
=

Puc. 5. YimuHo-10poxkHas CEThb ¢
JIByXCTOPOHHHM JIBW)KECHHUEM TPAaHCIIOpTa

5 pav. Gatviy tinklas su dvipusiu eismu
Fig. 5. A road network with two-lane traffic

ni+n=A ni+ns=B
n7+ns=D nstne=C

Puc. 6.YnpoineHHas cxeMa yJIH4HO-10POXHOHK CeTH
6 pav. Gatviy tinklo supaprastinta schema
Fig. 6. A simplified scheme of the road network

Puc. 7. I'pad yauuHO-10POKHON CETH
7 pav. Gatviy tinklo grafas
Fig. 7. A graph of the road network
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BBezeM creyromye OrpaHHdeHus:

— B kaxo# BepmuHe rpada Ha3HAYAM BEPOSTHOE
pacripesiefieHHe TIOTOKOB MO HampaBieHusM. WHu-
KaTopbl 3THX paclpelesieHnii 3aJaHbl B BHIE MaTPHI

(puc. 8);
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Puc. 8. UnmkaTopsl pactipe/ie/ieHus TOTOKOB €
PaBHO# BEPOSTHOCTBIO B BEPIIMHAX rpada

8 pav. Srauty paskirstymo indikatoriai
Fig. 8. Flow distribution indicators

— 3ampeT Ha JeBble W MpPaBbie MOBOPOTHI B BEpPLIU-
Hax rpada (y3max TPaHCHOPTHOM CETH) OTCYTCTBYET, a
Pa3BOpPOT aBTOTpaHCNOPTHBIX cpeAcTB (ATC) 3anpemeH;

— BXOJHOW TNOTOK COCTOMT M3 OIJHOPO/HBIX
JKUMaXeH U BXOAUT B palioH C NOCTOSIHHOW CKOPOCTBIO,
JIBUTasiCb TO CETH B COOTBETCTBMM C HAIIPaBIECHHEM.
YKa3aHHBIM HHIUKAaTOPOM;

— JlniMHa BceX MEPEeroHOB OIMHAKOBA, 3aJEPXKEK
TPAaHCHOPTa B y3/1aX HE MPOMCXOMUT, BCE Y3Ibl HMMEHOT
caMoperyJiupyioLiee IBWKEHUE, KOTOpoe 00ecreunBaeTCs
KOJIbLIEBBIMU CEUEHUSAMY;

— BxoaHo# MOTOK B JaHHOM HArpaBJIeHUH (HAIPUMED.
A) IBWXETCS 0 CETH JI0 TEX MOp, MOKa HE YMEHBIIUTCS 0
TaKOW BENIMYMHBL, YTO OT HEro OCTAHETCA HEE/THMas
€IMHMIIA, TPAH3WUTOM JBIDKETCS MO LEMU TEPErOHOB JIC
Onkaifiero BeIX0/a;

— CyMMa BXOJTHBIX TIOTOKOB JIOJDKHA PABHATBCS CyMME
BBIXO/IHBIX TIOTOKOB.

ITpoMozenupyeM 3To Ha KOHKpeTHOM npumepe. ITycrTe
no HanpasieHuio A, B, C u D B paiioH 3aX0IAT OTHHAKOBOE
KOJTMYECTBO €IMHUI] TpaHcnopTa, Hanpumep, 100.

Kak nokasano B (Peiimen u Kammu 2000; Crenanvyk u
Peiiier  2003), MOXHO TIOCTPOWUTH MpPOrpaMMmy s
pacueTHOM CXEMBI, UTO MO3BOJIAET pa3dpachiBaTh NOTOK IIC
ydacTkam (neperoHam) cetu. TpaHchopMupyeM CETh,
m300paKeHHYI0 Ha puc. 8, kak MOKa3aHo Ha puc.9
Pa30pocaeM MOTOK, BXOIAIIMI C OHOTO HanpaBiIeHuUsA, A =

100. ITomyuum kapTorpammy, usobpaxeHHylo Ha puc. 10
Ha KOTOPOIi Ha Ka)kK/IOM NIEPErOHe HHTEHCHBHOCTh YKa3aHa E
KakaoM — HanpaBieHud. Cymmupys HMX, [OJy49HM
KapTOrpaMMy WHTEHCMBHOCTH. TakuM criocoboM CTPOMTCS
kaprorpamMma ¥ s apyrux BxonoB B, C u D, kortopsie
HY)XHO TIPOCYMMHpPOBaTb Y TOJY4UTb OKOHYATEJbHYK
KapTorpaMMmy.
Hawmu paspabotana nporpamMma Juisi pac4e€THBIX CXEM
TO3BOJITIONIAs  CTPOUTh KapTOrpaMMy HMHTEHCHBHOCTY
JBIDKEHUS B KaX/IOM y3Iie (BepuinHe rpada).

Puc. 9. TpancdopmupoBanHas ceTh
9 pav. Transformuotas tinklas
Fig. 9. Transformed network
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Puc. 10. Kaprorpamma untencusHoctu ATC
10 pav. Transporto priemoniy intensyvumo kartograma
Fig. 10. A cartogram of vehicle intensivity

[To HUM MorytT ObiTh pacCYMTaHbI
WCYEPNAHUs  TIPOIYCKHOM

MOMEHTbI
CMOCOOHOCTH  BXOJIHBIX
KaHAJIOB, €CJIM MEPEeHTH OT THUMOTETUYECKMX NAaHHBIX K
peasbHbIM  YCJIOBHSM, 3aJaB pealbHble BEITUYUHbBI
TPaHCIOPTHBIX MTOTOKOB C paclpeeeHHeM HX M0 BHAAM
JKMMaked M 3aJaB peajbHble HWHAMKATOPHI pacrpe-
KaXJIOM  y3Je.
JIOCTAaTOYHO 3a/1aTh BEJIMYMHBI BXOMAINIMX B paloH
MOTOKOB 110 HamnpasienusM A, B, C, D, uto0bl nomyauts
KapTorpaMmy B KaXaoM u3 9 y3noB 0Ge3 mnpoBeneHuUs

obcnenoBaHuii IBIKEHUA B 3TUX y3nax. ['opoa ¢ mobbim

JieJleHUusi TIOTOKOB B Kak Buaum,

TUTAaHMPOBAHUEM MOJXKET ObITh pa30UT Ha KOHEUHOE YKCIIO
W30JIMPOBAHHBIX JJIEMEHTOB, 1O KaXJOMY M3 KOTOPBIX
ObITH

MOTyT TOTY4CHBI

XApaKTEPUCTUKH, KOTOPLIEC

MHTEpECYIOIME  HAC
JOJDKHBI TIPUHEMATHCS 32

OCHOBY IIPpH pacyde€Te TPAHCIIOPTHBIX MOTOKOB.

BuiBoabi

1. MojenupoBaHHe TPAHCIOPTHBIX MOTOKOB C HMCIIOJIb-
30BaHUEM TEOPHHM rpa)oB JaeT BOZMOXKHOCTh pemaTh
uenbi pag mpoOseM M 3ajad, BKJIIOYAs pacder
YAENbHBIX MOKa3aTeledl  JOPOXKHOIO  JIBMXKEHMS,
000CHOBaHHE CXEM OpraHW3alWH ABWKEHHUS C Tepe-
pacrnpeeseHUEM TPAHCIIOPTHLIX MOTOKOB IO CETH,
CO3/IaHME TELIEXOJHON 30HBI, ONpPENEJIEHHE LIEIeCOo-
00pa3HOCTH JaHHBIX MEPONPUATHH, a TaKkKe co3/a-
HHUE IKCTIEPTHBIX CHCTEM.

2. DTo0 maeT BO3MOXKHOCTb BBECTH KOHKPETHBIE MEPBI 110
OpraHM3aLUM JJOPOKHOTO BWKEHHS, [JIABHOM LIEJIbIO
KOTOpBIX M OyHeT yJydlIeHWE YCJIOBHHA IBWKCHUS,
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YMEHBIIEHHE KOJIMYECTBA BBIHYKACHHBIX OCTAHOBOK,
3aTOPOB Ha MEPEKPECTKE.
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TRANSPORTO SRAUTU MODELIAVIMAS
NAUDOJANT GRAFU TEORIJA

O. Musyt, O. Nadtochij, A. Stepanchiuk, A. Beljatynskij
Santrauka

Kaip zinoma, pastaruoju metu gyvenamosiose vietose nuolat
didéja transporto priemoniuy skaiCius. Tai kelia tam tikry rupes-
¢iy visiems eismo dalyviams — didéja kelionés trukme, sustoji-
my skaiCius, keliy eismo jvykiai, atsiranda transporto spistys ne
tik pagrindinése miesto gatvése, bet ir magistralése, mazéja
vaziavimo greitis ir pan. Transporto srautus galima modeliuoti
jvairiais bidai ir metodais, vienas ju — grafu teorija. Grafy teori-
ja, taikoma transporto srautams modeliuoti, pasiZymi patiki-
mumu, stabilumu, prieinamumu esant laisvam ir apkrautam
tinklui.

Reik$miniai ZodZiai: gatviy ir keliy tinklas, grafas, jéjimo ir
iS¢jimo srautai, transporto mazgas, kartograma.

MODELLING TRAFFIC FLOWS USING GRAPH
THEORY

O. Musyt, O. Nadtochij, A. Stepanchiuk, A. Beljatynskij
Abstract

An intensive increase in road transport, particularly individual,
in recent years has led to such consequences as increased time
spent on travel, the number of forced stops, traffic accidents, the
occurrence of traffic jams on the road network, reducing traffic
speed and a deteriorated urban road network in cities. The most
effective method for solving these problems is the use of graph
theory, the main characteristics of which is reliability, durability
and accessibility of a free as well as loaded network. Based on
their analysis the methods for network optimization are propo-
sed.

Keywords: road network, graph, input and output flows,
transport hub, cartogram.



