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B.B. Crainosy6, JI.A. ITanuk
O MIOCTPOEHHMHU OBOBIMEHHBIX MOJAEJEHU

INIJAHHPOBAHHUA HEOJHOPOJHBIX
TPAHCIIOPTHBIX ITOTOROB

AHHOmayus. B cmamse nocmpoersl U ucciedosaHbl Mamemamuyeckue mMode-
JIU 3KOHOMUYeCKUX NPUHYUNOB pasHoBecUs 0JiA HeO0OHOPOOHbIX mpaHcnopm-
HblXx nomokos. Modenu o6obwarom npuHyunsl Bapdpona, u npedHa3HayeHsl
014 aHaAu3a U NAGHUPOBAHUS HEOOHOPOOHbIX NOMOKOB 8 MPAHCNOPMHBIX
cemsx.

Kntodyesbie cnosa: mpaHcnopmideie NOMOKU, npuHyuns! Bapdpona, HeoOHo-
POOHbIL NOMOK, Mamemamuyeckue Mooe/iu pasHOBECUS.

BBenenue

BosbITMHCTBO TPAHCHIOPTHBIX ITOTOKOB HEOMHOPOIHBI — COAEPIKaT
9JIEMEHTHl C PAa3JMYHBIMU CBOMCTBAaMM IO (YHKIIMOHAJIBHOMY Ha3Haue-
HUIO, 3(pdeKTuBHOCTHU, TpPeOOBAaHUAM K IIPOIECCY TPAHCIOPTHUPOBKHU IIO
BpeMeHU, cepBucaMm ap. llpu mianumpoBaHUM M palMoHAJbLHON OpraHusa-
IIUY TEePEeBO30K YYUTHIBAIOT M (DOPMHUPYIOT OJHOPOJIHBLIE B OIPEAEJIeHHOM
CMBICJIE TIPOIECCHI, MCXOMAsS M3 IJIaBHBIX XapaKTepUCTUK u TpeboBauwuii. C
y4eTOM 3TOT0 paspaboTaHbI pas3jJWYHbIe MaTeMaTUYeCKHe MOJeJd TpPaHcC-
IMIOPTHBIX IIPOIECCOB, B TOM 4YMCJIe KaK 3a/lay ONTUMAaJbHOTO WMJIU Paluo-
HajgbHOTO maHupoBauua [1 — 3]. HempepbiBHOe pa3BUTHME METOIOB U
CPeICTB aHAaJIM3a CBOMCTB DJIEMEHTOB IIOTOKOB, a TaK’Ke CO3JaHUEe COBpe-
MEHHBIX WHQOPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUA W CHCTEM,
CO3MalI0T BO3MOJKHOCTH [IJIs Bce 0Oojiee IOJHOTO ydeTa TpeOOBaHUHN u
CBOVICTB OTHEJbHBIX KaTeropuii 00'beKTOB TPAHCIIOPTHBIX ITOTOKOB, a TaK-
JKe MX B3amMoOJelcTBUs. B Hacroslee BpeMs OJHUM U3 TJIOOAJBbHBIX pe-
IeHnii npobjeM OpraHM3aAlUN U YIPABJIEHHA TPAHCIOPTHBIMU IIOTOKAMH
ABJISIETCA CO3JaHWEe UM NPOJBUMKEHNE WHTEJIEKTYaJIbHbIX TPaHCIOPTHBIX
cuctem (UTC) [4].

Vuyer cienu(pryecKuX KaTeropuil TpeOOBAHUU MJIU CBONCTB OOBEK-
TOB TPAHCHOPTHBIX IIOTOKOB CYINECTBEHHO BJIMSET HA COAEpPKaHue u
CJIO}KHOCTH COOTBETCTBYIOIIUX MOJeJeld M METOAOB WX aHaJM3a W IIJIaHU-
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poBanua [5]. B [1] m apyrux wmcciiefoBaHWMAX B YACTHOCTH PACCMOTPEH

OIVH W3 MOAXOJ0B K MOJEJNPOBAHUIO M WMCCJEAOBAHWIO TPAHCIIOPTHBIX
IIOTOKOB, OCHOBAHHBLII HA TEOPHUH KOHKYPEHTHOro OeCcKOaJMIIMOHHOIO
paBHOBecusi. Teopus maeT BO3MOKHOCTb JOCTATOUHO aJeKBATHO OMMCATDH
MeXaHU3M (PYHKIIMOHUPOBAHUS AaBTOTPAHCIOPTHBIX YJINYHO-IOPOMKHBIX
cereii. Ilpu sTOM yUYUTHIBAIOTCA OCHOBHBIE 3JIEMEHTBHI CUCTEMBbI, BKJIO-
yalolre B ced0s TPaHCIOPTHYIO CeTh, MOTPEOHOCTHM B IIEPEBO3KaX, KPUTe-
pun 3(PHEeKTUBHOCTH TPAHCHOPTHOM CHCTEMBI W OOINMe NPUHIIUIILI ee
(GYHKIMOHUPOBAHMUA. ¥ Ka3aHHBLIE HCCJEIOBAHUSA BCE K€ paccMaTpPUBAIOT
OIHOPOAHLIE IIOTOKM. BMecTe ¢ TeM mpo0OJieMbl aHAJINW3a U ILJIaHUPOBAHUS
HEOTHOPOJHBIX IIOTOKOB B CETSIX OCTAIOTCS aKTyaJbHBIMH.
Mogean 3KOHOMHUYECKOTO PAaBHOBECH S
IJISE OMMMCAHUSA TPAHCIOPTHBIX CHCTEM

g BBIACHEHUSA OTJIMUYUN MoJesJell HeOAHOPOAHBIX TPaHCIOPTHBIX
IIOTOKOB, OCTAHOBMMCS Ha HEKOTOPBIX BOMPOCAaX MOJEJIMPOBAHUA IIPOIEC-
coB (hYHKIIMOHUPOBAHUA OMJHOPOAHBLIX AaBTOTPAHCHOPTHBIX ceTeir [1, 3].
IIpu sTOM OCHOBHOe BHUMAaHUE yIeJUM (POPMUPOBAHUIO IIPUHIUIOB, OT-
paKamoIiux cojJep:KaHMe TPaHCIIOPTHOTO paBHOBecus. B [1] BbImosiHEHO
UCCJIeIOBaHUE TPAHCIOPTHBIX MOTOKOB C IIOMOIILIO TEOPUU BJKOHOMUUE-
CKOTO paBHOBeCHs, KaK OJHOTO M3 Hambojee arperupoBaHHBIX CIOCOOOB
ONMCAHUA TPAHCIOPTHBIX CHUCTEM. IJTOT MOAXOI COOTBETCTBYET MOIEIU
YEepHOro AIMUKAa, Ha BXoJe KoToporo X — 9TO Harpyska Ha TPAHCIOPTHYIO
cucremy (o0Ime 3aTpaThl, HAllpaBJIEeHHBLIE Ha MEePEBO3KU), a Ha BbIXome Y
— 00beMbBI TPY30B UJIM KOJUUECTBO JIOAel, ImepeBe3deHHbIe cucTeMoii. Kpo-
Me OIHMCAHUSA TEeXHOJOTUUYECKM NOIMYyCTUMBIX COUeTaHU# 3aTpaT X U BBIXO-
ma Y B 3ajauy MOJeJUPOBaHUSA TaKKe BXOAUT (opMuUpOBaHUE IOHATUA
o(ppeKTUBHOrO (PYHKIIMOHMPOBAHUS CHCTEMBI, a TaKiKe OTOOp M aHaJau3
apexTuBHBIX BapmaHTOB. IlomyuyeHHBIE IPU 3TOM MOIEJU ABJIAIOTCS O]I-
HUM W3 WHCTPYMEHTOB IJisi OOBbeKTUBHOUN OINEHKU 3(MPEeKTUBHOCTH HPOEK-
TOB II0 MOAM(MPUKAIIUM TPAHCIOPTHOM CHUCTEMBbI, YJIYUIIEeHUSA KadecTBa
TPAHCIIOPTHOTO OOCJIY:KWUBAHUSA U IIP.

Insa ompemeneHuss PalMOHAJILHBIX O0BEMOB 3arpys3KM TPAHCIOPT-
HOM CeTHW BBINOJHAETCA MOJeJNPOBAaHUE TPAHCIOPTHBIX IIOTOKOB, KOTOPOE
paccMaTpuBaeTcsa KaK 3ajaua IMPUHATHUA pelleHuii. IIpu sTomM B mepByIO
ouepenb BBIABJISIOTCA IPaBUJa, IO KOTOPLIM OTAeJbHBIE TPAHCIOPTHBIE
cpeAcTBa BBIOMPAIOT MAaPIIPYT CJaeAOBaHHs. Pan Momeseil TPAHCIOPTHOTIO
paBHOBecusa (opMHPYyeTCA Ha OCHOBE IIOBEIEHUYECKUX NPUHIIUIIOB, KOTO-
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prle ObLIM OKOHUATEJBbHO chopmyampoBaHbl B [2]. Ilpu sToM mocryaupy-

IOTCS ABa MPUHIIAIIA.

1) HesaBucuMmpbIii BBIOODP MapIipyTa CJaeqoBaHIs, COOTBETCTBYIOIIE-
r0 MHUHUMAJbHBIM TPAHCIOPTHBIM pacxomaM Kakaoro (IIepBBIA ITPUHIIUI
Bapapomna, B1).

2) BriObop MapIIpyTOB CcJIeJOBaHUSA II0JIb30BATEJNAMMU, HCXOASA U3
MUHUMHA3AIIUA OOMIMX TPAHCIIOPTHBIX PacXoJ0B B ceTu (BTOPOW IPUHIIUII
Bapapomna, B2).

Coramacao Bl (moJsib3oBaTesbCKasA OINTMMUBAINA) paclipeieeHne
TPAHCHOPTHBIX IMOTOKOB COOTBETCTBYET KOHKYPEHTHOMY OECKOaJIUIIMOHHO-
MY PaBHOBECHUIO, IIPEAIIOJATaloIeMy «COBEPIIEHHBIN 3TOM3M» BCEX YYacT-
HUKOB JOPOsKHOTO IBUKeHHUS (BbBIOMpPAaeTcs MapIIPYT, KOTOPLIN COOTBET-
CTBYeT COOCTBEHHBIM MWHMMAJbHBIM BPEeMEHHBIM, (DMHAHCOBBIE W Ap. 3a-
TpaTtaM). TOT HIOBeJeHUYEeCKUI IPUHIMII IIpejroJiaraeT AONYIIIEHUA O CO-
BEPIIEHHON WHMOPMUPOBAHHOCTU YYACTHUKOB MIBUIKEHUSA O CUTYyaIlUIX
(3HaHMe 3aTpaT Ha IEepeIBUKEHUS IO TeM WJIM WHBIM MapIiipyram). B ma-
CTOsIIIlee BpeMsA TaKoe IIPEeAIIOJOKeHVEe TeXHUYEeCKH WM WH(MOPMAIMOHHO
peann3yeMo, IIOCKOJIbKY WHTEHCHUBHO pPa3BUBAIOTCA U BHEIPAIOTCA aBTO-
maTtusupoBaHHble aBToHaBuraTopbl u MTC. CormacHo Bl mpexamosaraercs
MaJjioe BJAMSAHWE OTAEJbHOTO yYacTHWMKA ABM)KEHUA Ha 3aTpPaThl MO BCEM
MapuIpyTamM. 3aMeTUM, YTO TaKoe IIPeAIOJIO}KeHre 3aBeJOMO HEBEPHO MIJIA
KpYIIHOTa0ApUTHBIX TPAHCIOPTHBIX CPEACTB, HEOMTHOPOIHBIX IOTOKOB, XO-
TS TPUEMJEeMO IJIs JeTKOBBIX aBTOMOOUJIEN.

Bropoit npunnun Bapapona (cucteMHas onTuMmM3anus) Opeariosia-
raeT IEeHTPaJM30BaHHOE yIIpaBJieHWe ABU)KeHUeM B ceTu. COOTBETCTBYIO-
Ilee eMy paclpefiejieHre TPaHCIOPTHBIX ITOTOKOB HAa3bIBAIOT CUCTEMHBIM
ontuMmymom. Ilpumepom moJsib3oBaTeseli, IIepeIBUTAIONINXCA COTJIACHO
BTOPOMY HIPUHIIUNY, CIAYKAT BOAUTEJIU MapPIIPYyTHU3UPOBAHHOTO TPAHCIIOPD-
Ta. PaHee moBeJeHUYECKHE IIPUHIIUIIEI TPAHCIOPTHOTO PaBHOBecusi c(op-
mysaupoBanu P@. Haitr [3] u A. Ilury [6]. OHu yTBep)Kgaam, UTO Bce yda-
CTHUKU [BUXKEHUA, HAIMPaBJAMIINECA U3 OJHOTO y3Jla CeTu B APYTOi,
pacipenendlTCA II0 Pa3JUYHBIM MapIIpyTaM TaKuUM O00pasoM, UYTOOBI
yaeJabHBIE (B pacueTe Ha OAWH aBTOMOOWJIB) 3aTpaThl Ha IPoe3] ObLIM Of-
HUMU U TeMU Ke JJIsd BCeX.

PaccmoTpum cooTHoIleHMEe MeKJTY KOHKYPEHTHBIM U CUCTEMHBIM
paBHOBecueM. OOIIme 3arpaThl IPU CHUCTEMHON ONTHUMHUI3AIUU HE MOTYT
IIPEBHIIIIATh OOINMX 3aTpaT IPHU II0Jb30BAaTEJIbCKOUM onTuMmwusaruu. IloaTo-
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MY Pa3HOCTH MEKAY COBOKYIIHLIMI TPAHCIOPTHBIMHU 3aTpPaTaMi II0JIb30Ba-

TeJIel CeTH COIJIACHO IEePBOMY UM BTOPOMY NpHUHIMUIAM Bapapoma MoOK-
HO CUNTATh I[€HOM HEecCOIJIACOBAHHOCTH, OTCYTCTBUS B3aWMMOIEHCTBUA U
OpraHm3aluy YYaCTHUKOB IIOTOKa. IIpuMHIUOHaJIbHAS PAa3HHUIA MEXIY
KOHKYPEHTHBIM TPAHCIOPTHLIM PABHOBECHEM H CHCTEMHBIM OIITHMYMOM
ykasaHna B pabore A. Ilury [6], roe paccmoTpeHa mpocTeuIias TPaHCIOPT-
Has CeTh, COCTOSAIIYI0 M3 ABYX AYT, COeAUWHSAMIOIINX ABa NYHKTA: MYHKT A
u O0usHec-30HY B (cMm. puc. 1).

Gi(xy) =1

Golxo) = X0

Pucynoxk 1 - IIpumep TpaHCIIOPTHOM ceTu

O6GosnaunMm uepe3 x1 m x2 goam obimiero ob6beMa TPAHCIOPTHOIO
IIOTOKA, CJEAYIOIero II0 IepBO#l M BTOPOI AyraM. JTH IYyTH B CEeTU He-
paBuoneHHbI. IlepBasg — cmoco0Ha NMPUHATH BeCh IIOTOK aBTOMOOMJIEN u3
IMyHKTa A B MyHKT B 0e3 orpannyenus u 3aMenJieHUs ABHKeHUs. IIpoean
II0 Hell TpeOyer omperneneHHoro BpeMeHu G1, KoTopoe cumTaeM PaBHBIM
yacy — G1(x1)=1. Bropoii nyTh CyIIeCTBEHHO KOpoue, HO 3/IeCh ABUKEHIE
CYIIIECTBEHHO 3aBHCHUT OT BE€JINYMHBI IIOTOKA, 3aMeIJISeTCA IPH HATUUYNN
Ha HeM 3HAYMTEJbHOIO MOTOKa aBTOMOOMJei. CuuTaercs, 4To BpeMs IIPO-
e3za 1o BTOpoi jgopore G2 JumHENHO 3aBHCUT OT IOTOKa X2 II0 Hel u 3aja-
etca corsacao G2(x2)=x2.

B coorBeTcTBHMHM C IEPBBIM IIPUHIMIIOM Bapapoma paBHOBECHOMY
TPAHCIIOPTHOMY COCTOSHUIO OYAET COOTBETCTBOBATH CJeAYyIOIllee pacrpeme-
JleH1e IIOTOKOB (x1, x2)

Gl(xl) = G2(x2);

+x, =1; (1)
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OTKyza 2 =0,x5 = 1; Ipu 9TOM OIleHKa 3aTpar paBHa
= * * =1
G(xl,xz) =1 X+ Xy ¥ Xy = 1;
I[JIH CUCTEMHOTO OIITMMYyMa paclpenejJeHrne IIOTOKOB B COOTBETCT-
BUM CO BTOPBLIM HpUHIUIIOM Bapapoma omnpenesseTcda IyTeM peIlleHUs OIl-
TUMHU3AIIMOHHON 3aJauyu BHUA:

G(xl,xz) =1* Xyt Xy * Xy — min

xp +xg = 1 (2)

%y > O,x2 >0,

*

1
3bIBA€T, YTO CyMMapHEBEIE€ 3aTPaTbl B KOHKYPEHTHOM PaBHOBECHM MOTYT CO-

- %
pellleHre KOTOPOM PaBHO: x

% %
1= %9 = 0.5; 3mechb G(x ,xz) = 0.75; IIpUMep IIOKa-

cTaBJIATh 4/3 OT CyMMapHBIX 3aTpPaT CHUCTEMHOT'O OIITMMYyMa, UTO TaKiKe
yCcTaHaABJIMBaeTCA B APYIrux ucciemoBaHmax [1].
06061menne Moe el 9IKOHOMUYECKOTO PABHOBECUA B MIPUMEHEHUU
K HEOTHOPOHHIM TPAHCIOPTHHIM IOTOKAM

VKaszaHHbIe NPUHIIUIBI paBHOBecHA ObLIM CHOPMYJIUPOBAHBI MIJIs
OOHOPOAHBIX aBTOTPAHCIOPTHBIX IIOTOKOB [2, 3, 6]. Hagum uHTEpIIpeTa-
IIUI0 9TUM IPUHIUIIAM MOJAEJMPOBAHUS TPAHCIOPTHOTO PaBHOBECUs, HUC-
XOoA M3 Pa3BUTUSA METOAOB (DOPMUPOBAHUA KPUTEPUEB OITUMAJIbHOCTHU
IS pellleHusA 3ajau aHaIn3a W ILIAHWPOBAaHUA, a TaKyKe C yUeTOM BBeje-
HUSI JOIIOJHUTEJIbHBIX TPeOOBAaHUN OTHOCUTEJIBHO <«WHIAWBUIAYAJIBHBIX »
CBOMCTB /IJIsI KJIACCOB 9JIEMEHTOB B MOJeJAX MJIAHWUPOBAHUA U yIIPABJIEHUSA
HEOTHOPOAHBIMU IOTOKaMU.

IIpunnun paBeHCTBa yAeJdbHBIX 3aTpaT Bl cooTBeTcTByeT HIMPOKO-
My KJaccy IONOOHBIX «(pUBMUYECKUX NPUHIIUIIOB» OUTUMAJbHOCTU (yCJIO-
BUU paIMOHAJIBHOCTH), KOTOpPhIe BBLIABUTAJNNCH B Pa3HBIX 00JaCTAX TeX-
HUKU ¥ TEeXHOJIOTMI! Ha HadaJIbHBIX dTalaxX Pas3BUTHUA TEOPUU U PAaCIIPO-
CTpaHEeHUS IIPAKTUKM BAapPUAHTHOTO W ONTUMAJILHOTO IIPOEKTUPOBAHUA U
mranupoBanus [7, 8]. IlpumepamMu momo00HBIX €CTECTBEHHBIX WJIN (DU3WUe-
CKUX IPUHIIMIIOB, HAIIPUMEP, B 00JIACTH ONTUMAJBHOTO NPOEKTUPOBAHUSA
crpouteabHblXx KOHCTPYKIUM (OIIK) sABIAIOTCA «pPaBHOIIPOYHOCTH», «PaB-
HOHAIIPAYKEHHOCTh», «PABHOYCTOMYMUBOCTb» M nap. [8]. WX oOmiHOCTH CO-
CTOUT B KOHKPETHBIX (hopMax peasnaaliuy IIPUHITHIIA HEOIpPeaeIeHHOCTH
BepHyninu, 4TO MO3BOJIAET MOCTPOUTH CHUCTEMY Pa3perraioInX YpPpaBHEHUIA.
Kax wusBecTHO, IPUHIUIILI PAaBEHCTBA, YIPOIIas PACUETHHIE U BLIUKCJIU-
TeJIbHBIE MOJEeJU, B OOIIeM ciiyuae He 00eCcIeuMBAIOT OITHMAJbHOCTH
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pemeHus (IIpoeKTa) B OOIIENPUHATON MaTeMaTUYeCKOil (HOpMyJIMpPOBKe,

kak 3amau OIIK, tak m gpyrux [7]. 3mech Tak:Ke yMeCTHO OTMETHUTD
MHOKE€CTBEHHOCTh BOBMOJKHBIX (DOPMYJIUPOBOK TaKUX IIPUHIIUIIOB.
Paccmorpum Bompoc ob6obmienusa npuuiunoB Bl u B2, sagaun (1) u
(2) mEAVBUAYATBPHOA PAIMOHAJIBHOCTA U CHUCTEMHOI ONTHUMU3AIUU TPAHC-
IIOPTHOTO PABHOBECH A, B YCIOBUSAX HECKOJBKUX KaTeropmii o0beKTOB aB-
TOTPAHCHOPTHOT'O IOTOKAa. [ IPOCTOTHI M3JI0KEHUSA MOCTAHOBKU 3aJadum
U cUCTeMBbI 0003HAUEHUU BO3BMEM Ty K€ TPAHCHOPTHYIO CETh W3 2-X AYT
(puc. 1). Hanee mycTh MMEEM IIOTOK, COCTOAINUN m3 2-X KATEeropuil aBTO-

mobomaein K1, K2. O6o3Haunm xik - IIOTOK MO i-0fi Ayre o0beKTOB k-0t Ka-

TeTOpuu, a xl(k)_ moau T1oToKa k-oifi Kareropumm Ha i-0ff gyre,

2.2 o e L
> Y x =1 O0o3HaUNM x; ) +x;7 =Z [ONM IOTOKa mo i-oit Ayre, a
k=1i=1

xik) +x§k) = P, J0JHU aBTomMoOuienn k-oii Kareropum. % Z, =1, % P, =1,

i=1 k=1
YuuresiBasg IpeanosokeHusa Momenu (2) o 3aBHCUMOCTH 3aTpaT OT BeJIHU-
YUHBI MMOTOKAa, 0003HAUMM yAeJbHBIE 3aTpaThbl Ha MEPBOHM Ayre OJas ABYX
BUJOB TpaHcIoOpTa [;, a AJaA BTOpoil ayru Pg. Ilomyuum maTremMaTuuecKyio
MOJleJIb IPUHIINIIA paBHOBecusA B MOTOKe B2 Buaa:

_ 2 .
G(xl,xz) = ﬂl * 2+ ﬂz *Zg — min

0<xf<¢,i=12

1, .2 .
x,+x, <¢,i=12 (3)
ﬂ1 + ﬂz =1
rae cl.k - IPOIIyCKHAasd CIOCOOHOCTh Ha i-o#f ayre mguda k-oit kareropum, c,-

obmrad MpomycKHasA CIIOCOOHOCTh i-0# AyTH.

Ot mpumepa vacTHOTO caydasa B2 mepeiizeM K gajabHeHIemy 00600-
meHuio momaeneit Bapapona. Ilpunmun Bapapona 1 (OB1) comepskaTenbHO
COCTOUT B CJEAYIOIIEeM: IJA KasKIOU K-0i KaTeropuu TPAHCIOPTHOTO IIO-
TOKa Ha BCEX ero AOMYCTHUMBLIX MapHIIpyTax yAeJbHbIe 3aTpaThl (Ha KasK-
IVI0 eIWHUIYy IIoTOKa) OyayT oamHakoBbIMHU. IIpm sToM mosryuaem cJe-
IYIOIITYI0 O0OOIEHHYI0 MOJEJb IPUHIIUIA PAaBHOBECUS HEOIHOPOJHOTO IIO-
toxka (OB1):

VE:G(x)”) = G(x"); V(p,q):x), 2" e XP; (4)
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Z xl(jk) — X(k), Z X(k) — 1; (5)
D

k
x>0, pel,. (6)

B (4) — (6) pe I, MHOXeCTBO MHAEKCOB MAapUIPyTOB [JA KaTero-

puu TpaHcmopTa «k».

Wcnonp3ysa Takue ke IIPENIOCBLIKM, O000INEeHHBI IpuHIUN Bapa-
poma 2 (OB2), cooTBeTcTBYIOIUII TPEOOBAHUIO CHUCTEMHOW OIITHMU3AI[UU
o1 «Kk» y4acTHHUKOB IIOTOKa, MOJKET OBITH IIPEeJCTaBJIeH CJIeAVIOIIeil Mo-
JIeJIbI0 PABHOBECUA:

G(X) = D (M) s min (7)
ki

k k k .
Y xP<e; 0<a® < ie Iy (8)

i

228" =1 (9)

B momenu OB2 (7) — (9) napamerput B* ymenbHBle 3aTpaThl Ha

mapmipyTe x” k-oro yuacTHMKa TpaHcmopTHOro motoka; J(i,k) — mapa-

MeTp, KOTOPBIA YUYUTHLIBAET 3aBUCHUMOCTH YJEJNbHBLIX 3aTpaT II0 B 3aBUCH-

(k)

MOCTH OT 3HaueHHs IoToka X, . Hampumep, B mogesu (2) aTOoT mapamerp

paBeH 1. OcranbHble 0003HAUEHUS M OTPAHMUYEHUS COOTBETCTBYIOT MOJEJIN
OB1 (4) — (6). Tak npu k=2 u y(i,k) =1 mosyuyaem mMaTreMaTUUYECKYIO MO-
neab (7) — (9) OB2 B Buge (3).

Peanusamnusa mociaenmein momenu (3) paBHoBecuss OB2 mosBosamiaa
IMOJIyYUTh €CTEeCTBEHHOE 3aKJIUeHHe, UYTO C YBeJIUUYeHHeM yHaeJbHOI
CTOMMOCTM IIpOe3/la TPAHCIIOPTHBIX CPEACTB Ha IEePBOM Ayre pacTeT IIOTOK

10 BTOPOH —xg . To ke yTBepikAeHUe OBIIO IOJYYEHO W AJISI TPAHCIIOPT-

HBIX CpeICTBaX, CJAeVIONINX II0 IMepBoil ayre, puc. 1 .
BriBoabl

B pabore mosyueHbl 0000IeHUs MoOZeJiell OIS SKOHOMHUYECKIX
IIPUHIIUIIOB PABHOBECUSI TPAHCIIOPHBLIX IMOTOKOB Bapmapoia, (4) — (6) u (7)
— (9). 9tu mMozesu /IS OJHOPOAHBLIX IMOTOKOB IIEPEXOIAT B pPaHee M3BECT-
Hble. 3aMeTUM, UTO IIOMHUMO HUX MOTYT OBITH IIPEAJ0KEHBI U APYTHUE MO-
JleJi paBHOBeCUSA HEOTHOPOAHBIX TPAHCIIOPTHBIX NTOTOKOB. Tak BMeCcTO
YHUCTBHIX CTpaTeruil paciperejieHuUd «k» KaTeropuil y4aCTHUKOB IIOTOKAa
coryiacHo pemieHuio (4) — (6), MOKHO paccMOTPETh HMPUHIIUI PaBHOBECHUS
Hboimra [9] B cMemmmaHHBIX CTpPATETUAX IJIsI HEKOOTEPATUBHBIX UTP W AP. 3a-
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Jauy OIIMCAHUSA HEOAHOPOJHOCTH TPAHCIIOPTHBIX IIOTOKOB eIlle He MCCJIe-

JIOBaHBI B JOCTATOYHON Mepe, a y4eT PasJUYHBIX (POPM HEOJHOPOIHOCTHU
IIPUBOAUT K HEOOXOAWMMOCTH COBEPIIIEHCTBOBAHUSA WX MaTeMaTUYeCKUX
MOJleJieil, a TaK:Ke YCOBEPIIIEHCTBOBAHUSA METOJOB UX Pean3aliui.
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