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Abstract: as an example of transport networks, consider Fig. 1, which shows the traffic flows between the five
neighboring cities. The numbers denoting the edges of the network represent traffic flows, for example, the average
number of flights (in thousands) on a weekday. So, the full traffic between cities 1 and 3 in both directions is 5000
flights a day. The fact that streams of traffic are represented by straight lines in this network do not have geographic
significance: they are not traffic routes, and the intersections of these lines are irrelevant. Fig. 1 serves as an
example of a complete network, each pair of vertices of which is connected by an edge. The famous theorem of
graph theory asserts that any complete network with five or more vertices is not planar; in other words, if you have
five or more points on a sheet of paper and connect each pair of a straight line or a curve with a line, you can not
avoid that two or more lines do not intersect. And what do you think about the four points?
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TPAHCIIOPTHBIE CETH
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Ylocanosa Mapuanna Apcenosna — mazucmp,
Kageopa coyuanvroi pabomul,
HUncmumym coyuanvnoii pabomsl, cepguca u mypusma,
2[Iomaxoea Aiiza Iennaduesna — cmyoenm,
Banosa Munana Apmyposna — cmyodenm;
*Meaiczuxoea Buonemma Myxapbuesna — cmydenm,
Kxaghedpa buonozuu Kiemxu,
Hncmumym xumuu u duonocuu;
SMedanuesa Kapuna Xauumosna — cmydenm,
Kagedpa HavanvHo20 00pa30eanus,
HUncmumym nedazoeuxu, NCUXonocuu u Qu3KyIbmypHo-cnOpmueHo20 00pa3o8anus
Kabapouno-bankapckuil 20cyoapcmeentblil YHUsepcument,
2. Hanvuux;
®Kaposa Anvbuna Anvbepdosna — cmydenm,
Kagpedpa gpapmayuu evicuieco 06paz08anusL,
Meouxo-ghapmayesmuueckuii uncmumym
Boneoepaockuii 2ocyoapcmeennviii meouyunckui ynusepcumem, 2. Ilamueopck

Annomauyun: 6 Kxauecmee npumepa MpPAHCNOPMHLIX cemel paccmompum puc. 1, Ha KOmopom nokazamwl
MPAHCROPMHbIE NOMOKU MeHcOy HAMbl0 CoceOHumu 2opodamu. Hucia, xomopwvimu 0603nHauenvl pebpa cemu,
npeocmasisaiom Mmpancnopmuvie NOMOKY, HANpUMep, cpeonee Yucio peicos (6 mouicayax) 6 6youuil Ooenv. Tak,
nosHoe osudicenue medxncoy eopooamu 1 u 3 6 oboux nanpasnenusx cocmasnsem 5000 peiicos 6 Oenv. To, umo 6
OaHHOU cemu NOMOKU OBUICEHUSL U30OPAIICEHBL NPAMBIMU, He UMeen 2e02paPdUuiecKo20 3HAYEHUs OHU He SIGISIOMCSL
Mapuipymamu O8UIICEHUs], U nepecedeHuss IMux JuHull He omuocamcs K 0eny. Puc. 1 ciysicum npumepom noamou
cemu, Kajcoas napa eepuiuH KOmopou coeOurHena pedpom. 3Hamenumas meopema meopuu epagos ymeepoicoaem,
umo 1106ast NOHASL CEeMb C NAMbIO UL O0Nee BePUUHAMU HENTAHAPHA, OPYUMU CLOSAMU, eCllU bl UMeeme Nsimb



unu 6onee mouex na aucme Oymazu u coeouHsieme Kaxicoyio napy HPsIMOU Wiu KPUeol JIUHUEL, bl HE CMOJICeme
uzbescams mo2o, YUmobdvl npU HMOM He nepecekanucs 0ge unu bonee nunuil. A umo Bvi dymaeme nacuem uemvipex
mouex?

Knrouesvre cnosa: mamemamuxa, cemu, mpancnopm.

TpaHcnopTHBIE CETH

Iloanasi ceTh

B kauecTtBe mpuMepa TpaHCIOPTHBIX CETEl pacCMOTPUM pHUC. 1, HA KOTOPOM TMOKa3aHbl TPAHCIIOPTHBIE MTOTOKU
MEXy MATHI0 COCETHUMH ropojamu. Umcia, KOTOPHIMH 0003HAYCHBI pedpa CETH, MPEJICTABIISIOT TPAHCIOPTHEIC
MOTOKH, HAIIPUMEP CPEIHEE YHCIIO PEHcoB (B ThICSYaX) B OyJIHHIA JeHb. Tak, MOTHOE ABMKECHHE MEXKIY TopoaaMu 1
u 3 B oboux HampaBieHusx coctaBiser 5000 peficoB B geHb. To, YTO B JaHHOW CETH IOTOKH JBHXCHHUS
M300pakeHBl MPSAMBIME, HE UMEET reorpa)iueckoro 3HAYCHUS: OHU HE SBIIOTCS MaplIpyTaMH IBHKCHUS, U
MepeceueHrsl ITUX JIMHUM HE OTHOCATCH K Jaeny. Puc. 1 CIyXuT mpuMepoM MOJTHOH CeTH, KaKAas Imapa BEepIIHH
KOTOpOH coequHeHa peOpoM. 3HAMEHHTAsI TeopeMa TEOPHH TpadoB YTBEPKAALT, UTO JIF00as MOIHAS CETh C IATHIO
i Ooiee BepIIMHAMU HETUTAHAPHA; IPYTHMH CIIOBAaMH, €CITH BBl IMEETE IISITh WIIH 0oJiee TOUYeK Ta JucTe Oymaru u
COeIMHSACTE KaXKIYyI0 Mapy MpsIMOM IUTHM KPWUBOW JHMHWEH, BBl HE CMOXeTe M30eXaTb TOro, 9TOOBl IpPU ITOM HE
MepeceKanch IBe Wi OoJee THHUN. A 4TO BBl tymaeTe HacdeT 4eThIpex Touek?
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Puc. 1. Ilonnas cems. [Ipedcmasnsiem coboii nOMoKu 08UICEHUSL MPAHCROPMA MeXHCOY coceOHuMuU 2opodamu. Hanpumep,
Mexcdy 2opodom I u 3 evxrcenedenvho cosepuiaemces 6 cpednem 5x10° asmomobunsrbix noesdox

HanpasiieHHble M CMeLIaHHbIE CETH

Kaxk BTOpOI IprMEp TPaHCHOPTHOH CETH PacCMOTPUM KapTy AOPOT LEHTPAIBHOTO paifoHa 60IIBIIOro ropoa.

[Tpearnonoxum Ui BEPHOCTH, YTO TOPOJ MCIBITHIBAET TPAHCIIOPTHBIE ITPOOIEMBI M HHXKEHEPHI 110 JBM)KEHHIO
TPAHCIIOPTA MBITAIOTCA OOJIETYUTH 3TH MPOOJIEMBI, BBOJS YIHIBI C OAHOCTOPOHHUM ABIXEHHEM. UTOOBI MOKa3aTh
UX Ha TaKOM CeTH, Kakas MOKa3aHa Ha pHC. 2., UCIIOIb3YeM JMHUH CO CTPENIKAMH M HA30BEM HMX HAIpPaBJICHHBIMHU
pebpamu. AireOpanyecKy HAIpaBiIeHHOE PEOPO MBI IPEACTABIIIEM YIOPSII0YEHHOMN apoil BepiuH TaK, 4ro (1, 2)
—>3T0 He To ke camoe, uto (2, 1). [[ng aBTOMOOMINCTa €CTh pa3HUIA MEXIY ABMKCHHEM B IMPAaBUIBHOM U
HEMpaBUILHOM HAaIPaBJICHHUSAX IO YJIHIIE C OJHOCTOPOHHHUM JIBHXKCHUEM, M OTOH pa3HHUICH HEJb3s MpeHeOperaThb.
Omnpenenenus HampasieHHoro myTtu Tumna 1, (1, 2), 2, (2, 3) 3 u HanpasneHHoro 1ukna tuna 8 (8, 9), 6 (6, 9), 9 (9,
10), 10 (10, 8), 8 sBusOTCS OYEBUAHBIMU OOOOIIECHHUSIMH ONpPEeNICHUH, JaHHbIX JJIsl MyTH W nukia. Ecnu Hac He
MHTEPECYIOT HANpaBJICHUS M CTPEJIKH, MBIl MOXEM BBIPa3UTh 3TO, paccMaTpuBas HEHANpaBJICHHBIE IyTH H
HEHalpaBJICHHbIC IIMKJIBI. BCAKMI HeHanpaBleHHBIH ITyTh B TOPOACKOH CETH YIJIUI] C OAHOCTOPOHHUM JIBMKCHHEM
ObUT OBI TOIMYCTUMBIM MapIIPyTOM JUIS HENIEX0/a, HO He 00513aTeIbHO ObUT OBbl TAKOBBIM JJIsI aBTOMOOMIIHCTA.

Cerp, mMelOIIas TOJIBKO HEHANpaBJICHHbIE peOpa, Has3bIBaeTCs HEHAIpaBICHHOW, ceTh, TIJe Bce pebpa
HarnpasJICHHbIC, — HANPABJICHHOW U CETh, COJCPIKaIas U Te, U Apyrue pedpa, — CMEIIaHHOH (CM., HalIpuMep, puc.
2). Paznnuarh HampaBIeHHBIC W HEHAIIPABJICHHBIE CETH, peOpa M IMKIBI BAXHO, HO CKPYILYyJIE3HOE COOJIIOAEHHE
3TOTO0 MOKET OBITh BECbMa YTOMUTEIBHBIM, a IOATOMY MBI OyZIEM HX OITyCKaTh, KOTAA M TakK SICHO, O Ye€M UAET PEeUb.
A B MHBIX ciy4asx Mbl HEe OyaeM OOAThCS yIOTpeOWTh M OOIIee CIOBO THIA «MapIIpyT», KOTZA, YK €CIU OBITh
MYHKTYaJIbHBIMHU, Hy’XHO TOBOPHUTH O HAIIPABJICHHOM HJIM HEHAIPABJICHHOM ITyTH.
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Puc. 2. Cnewannas cems. I[lpeocmasnsem xapmy 0opoe 6 yenmpe 20poda. Yauysl ¢ 00HOCMOPOHHUM OBUNCEHUEM NOKA3AHBL
HANPAGIEHHLIMU Pedpamu cO CMpenKami, a Yauybsl ¢ 08YCMOPOHHUM OBUNCEHUEM — HEHANDABIEHHLIMU PeOpamu
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JABynonbHas ceTh

B kauecTBe 3aKIIOUNTENBFHOTO MPHUMEpa TPAHCIOPTHOM CETH PacCMOTPHUM pHC. 3, HA KOTOPOM IIPEICTaBICHBI
TpaHCAaTIAHTUYECKHE MApIIPYTHl CYIOB M3 YeThIpex MopToB Bocrounoro mobepexps CeBepHO AMEPHKH B TPU
eBpONEHCKUX TopTa. DTO dYacTHas HAINpaBJICHHAs CEeTh HA3bIBACTCS IIOJTHOM JBYIONBHON ceThio. BepmuHs
pa30OuBaroTCsl Ha JBa TOJMHOXKECTBA, a peOpa HANpPaBISIOTCA W3 KaXKAOH BEpPIIMHBI OJHOTO TMOAMHOXECTBAa B

Ka)XXIYI0 BEpIIMHY Apyroro. Eciu HeKoTopble U3 HalpaBleHHBIX pedep OTCYTCTBYIOT, CETh HAa3bIBAETCSI HEMOJIHOMN
JIBY/I0JIbHOM CETBIO.

Puc. 3. llonnas osydonvhas cems. IIpedcmasnaem mapuipymul kopabneti u3z uemoipex nopmos Bocmounozo nobepesicos
Cesepnoti Amepuku ¢ mpu e8ponetckux nopma
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