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PABHOBECHbBINA AHAJIN3 CEBEPHBIX TPAHCIIOPTHBIX KOPHUIOPOB
A3USA-EBPOITA

Anomauisn. B pobomi pozensHyma mooenb mMpaHcnopmHoi nomokogoi pisHosazu O
OCHOBHUX 3ANIZHUYMHUX Mapuipymie, wjo nocouyioms llieniuno-Cxiony Aszito 3 €8ponoro.
Ocobnusa ysaza npudinena nepcnexmugam sasanmaicetns Tpanccubipcokoi mazicmpani
8 KOHKYDEeHMHIU cumyayii 3 IHUUMU Mapuipymami.

Knrwouoei cnosa: moodenv, nomik, pienosaza, mpaHcnopmua cucmema, epag.

Annomayusa. B pabome paccmompena modenb  MPAHCHOPIMHO20  NOMOKOB020
pasHogecust Oiisi OCHOBHBIX JHCENEIHOOOPOINCHLIX Mapupymos, coedunsiouux Cegepo-
Bocmounyro Asuto ¢ Eeponoii. Ocoboe snumanue yOeneHo nepcnekmusam 3azpysKu
Tpanccubupckoti mazucmpanu 6 KOHKYPEeHMHOU CUmyayuu ¢ Opy2umi Mapupymami.
Knroueswte cnosa: mooenv, nomox, paguosecue, mpaHchoOpmuas cucmema, epag.

Abstract. The transportation equilibrium model for major railways connecting North-
East Asia and Europe is considered. The special attension is given to forcasts of transit
flow on Transsiberian railway under competition with the other routes.

Keywords: model, flow, equilibrium, transportation system, graph.

Beenenne

Cornacuo TpancmoptHo#i ctpateruu Poccuiickort @enepanuu (P®) na nepuon go 2030 roxa [1]
OIHOW W3 1eNed TPAHCIOPTHOW MOJUTUKH TOCYNApCTBA SIBISETCS HMHTErpaluss B MHPOBOE
TPAHCHOPTHOE MPOCTPAHCTBO, peaM3alusl TPAH3UTHOTO IMOTEHIMala CTpaHbl. B 3TOl cBsA3M
3HAYUTEJIbHOE BHUMAaHHME YIENIACTCS IUIaHAM pa3BUTUS MEXKIYHAPOAHBIX TPaHCIOPTHBIX
KOPHUJOPOB, CpEIU KOTOPBIX BBIIEISETCS LIUPOTHBIE KEJIE3HOJOPOKHBIC ITyTH, IO3BOJIAIOIINE
JOCTaTOYHO OBICTPO JocTaBisATh Tpy3sl u3 Ceepo-Bocrounoit Asum (CBA) B EBpomy mo
tepputopuu P®. B Hacrosmee Bpems CyLIECTBYET HECKOJIBKO OCHOBHBIX MapILIPyTOB 3TOTO THUIIA,
OTHOCSIIIUXCSL K TPyHmHe ’CEeBEpHBIX W WCIOJB3YIOIIMX B PAa3IMYHON CTENEHU DJIEMEHTHI
Tpanccubupckoit maructpamu (TCM). B cBsasu ¢ ostum  TpancmoprtHas crpareruss P®
npeaycMaTpuBaeT MaciiTaOHble TPAaHCIIOPTHBIC MPOEKTHI, HarpaBiieHHbIe Ha yBenuueHue k 2030
roay no cpaBHenuto ¢ 2010 rogom obmiero o0beMa TPAH3UTHBIX MEPEBO30K JKEJIE3HOIOPOKHBIM
TpancnoptoM Oosiee yeM B 2.3 pa3a. Emie 6osee MaciTaGHbI OTHOCUTENIBHBIN POCT MJIAHUPYETCS
no TCM — Oonee yem B 14 pa3 mo obmemy o0beMy W moytH B 9 pa3 mo KOHTEHHEPHBIM
nepeBo3kaM. B pesynbTrare 07 POCCHMCKHMX KeNe3HOJOPOKHBIX mepeBo3ok nmo TCM nomkHa
cocraButh Kk 2030 romy okono 2% Bcex nepeBo3ok CBA-EBpoma. Bmecte ¢ Tem apyrumu
MHUPOBBIMU SKOHOMHYECKUMH areHTaMy peau3yloTcs IUIaHbl TaK Ha3bIBa€MOro “HOBOro Bemukoro
[IlenkoBOro MyTH”, YTO MOXKET OKAa3aTh CYLIECTBEHHOE BIUSHHME HA 3((PEKTUBHOCTH BIOXKEHUH B
TpaHcHnoOpTHYI0 UHGpacTpykTypy Cubupu u [lansnero Boctoka. OgHuM H3 cnocoOOB OLIEHHUTH
3pPEeKTsl KOHKYPEHTHOW OOpbOBI B MEXIYHApOJIHBIX IE€PEBO3KAX SBISETCS PAcCCMOTPEHHE
CHUTYaIlM{ B paMKaX MOJIeJIel SKOHOMHYECKOro paBHOBecHs [2, 3].

Jdns  popMynupoBKH 3a7aud  SKOHOMHYECKOro (TPaHCIOPTHOTO) paBHOBECHs OynaeT
paccMOTpeHa TpyIlla TaK Ha3bIBAEMBIX CEBEPHBIX TPAHCIOPTHBIX KOPUAOpOB Asus-EBpomna
npoekra TAR [4], ucnonp3yromue xKene3HoA0POKHBIE ITyTH, IPEACTaBlICHHbIE Ha pHC. 1.
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Pucynok 1: CeBepHble keNe€3HOA0POKHBIE TpaHCTIOPTHBIE MyTH A3us-EBpona npoekta TAR

B kauecTBe mMyHKTa Ha3HaueHUs Uil BCeX KOPUAOPOB MojapazymeBaeTcs MOCKBa, 4TO HE
uMeeT ocoboro 3HaueHUs mpu oOmed mHe MapuipyroB mnopsaka 10 Teic kM. CorniacHo
knaccupukamn UN ESCAP 5T KOpHIOpBl TpPEACTaBISIOTCS 8 MapuIpyraMd, OCHOBHBIC
XapaKTePUCTUKU KOTOPBIX MPUBEICHBI B Ta0I. 1.

Tabnuna 1 — OCHOBHBIE XapaKTePUCTUKN KOHTEHHEPHBIX MEPEBO30K CEBEPHBIX TPAHCIOPTHBIX
kopunopoB Azus-EBpomna npoexra TAR

Kopunop ITyHKT OoTIIpaBiIeHUs Jmna (km) | Tlotok thic. TEU)
Routel Haxonka BocTounas 9337 28.3
Route? Jlunpronran (Lyanyngang) 7643 2
Route3 Tstapi3usb (Tiantzin) 7394 1.3
Routedvl [Tycan (Busan) 9080 1
Route4v?2 [Tycan (Busan) 10472 2.1
Routedv3 [Tycan (Busan) 9016 1
Route5vl Pamxun (Rajin) 9388 2.1
Route5v2 Pamxun (Rajin) 8237 2.7

Hano otmeTuts, 4To AeneHre Ha MapLIpyThl JOBOJIBHO YCIOBHO, MHOTHE U3 HUX UMEIOT
o0IIMe y4acTKU ¥, BOOOIIIE TOBOPS, Ha CYIIECTBYIOIIEH TPAHCTIOPTHON CETH MOXHO BBIJICIIUTh
CYIIECTBEHHO OOJIbIIIE BAPHAHTOB JOCTABKU I'PY30B U3 CeBEpO-BOCTOUHOM A3uu B EBpory. B
Ka4yecTBe KOMMEHTApHsI K IaHHO# Tabiuie MoKHO 3ameTuTh jomuaupoanue TCM (Routel), kak
U TO, 4TO OOIIHEe 0OBEMBI KEJE3HOIOPOKHBIX EPEBO30OK COCTABISIOT BECbMa MAJIYIO JI0JIIO
MOPCKHUX. ITO 00BsICHACTCS OO0JBIIEH CTOMMOCTBIO KEJIE3HOIOPOKHBIX IIEPEBO30K, UTO OCTABIISAET
UM OTHOCHUTEIIBHO CKPOMHBIN 00b€M CPOYHBIX TOCTABOK.

Jlist ynpolueHus 3a1a4y JIMHEWHbIEC Y4aCTKU TPAHCIIOPTHON CETH CBOJUIIUCH K OJTHOMY
pedpy, B pe3yabTare rpad ceTd IOMUMO TEPMHUHAIBHBIX Y3JI0B, IPUBEICHHBIX B Ta0I. 1 comepxut
TPaH3UTHBIE y3JIbl, IPUBEJCHHBIC B Ta0II. 2.

Tabnuua 2 — Criucok TpaH3UTHBIX HACEIIEHHBIX TyHKTOB

Ne HanmenoBanue IIupora JHourora Kones
2 3 4 S)

9 ExatepunOypr 56.858844 60.604122 1520
28  |Ynman-Ym 51.833333 107.616667 1520
31  |KapsiMckoe 51.615 114.35 1520
40  |Yccypwmiick 43.8 131.95 1520
41  |BiagMBOCTOK 43.116667 131.9 1520
42  |YrnoBas 43.298889 132.063611 1520
70  |[II»ubsu (Shenyang) 41.795556 123.448056 1435
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[Tponomkenue Tad. 2

1 2 3 4 5

77  Ceyn (Seoul) 37.583333 127 1435
86  |[Uxonmmxuu (Chongjin) 41.8 129.783333 1435
95  Yawnuyns (Changchun) 43.883333 125.316667 1435

1. MaremaTnyeckas MO1€/Ib KOHKYPEHTHOI'0 MOTOKOBOI'0 paBHOBECUSA

B pamkax 3TO MOJenM TpPaHCIOPTHAs CHCTEMA pPacCMaTpPUBACTCA KAK OPUEHTUPOBAHHBIN WIH
HeopueHrupoBanubiii rpad G=(V,E), rne V — cranuuu, E — neperonsl. Kaxapiii neperon e€kE
3a/1aeTcsl yHopsaao4YeHHoW mapoi (V1,V2)) rae V1,Vo€V 3a1aroT HaYalbHBIH M KOHEYHBIH ITyHKTHI

neperona. ITapsr (Vq,v2) u (V2,V1) 3a1a10T ITyTH IPOTUBOIOJIOKHON HANPABICHHOCTH MIPU HATHINUH

JIBYCTOPOHHETO JABMKEHUS.
B muoxectBe V BbLAETCHBI PHIHKK Npou3BoacTBa SCV u motpebnenus DCV, kortopsie

TPaHCIOpPTHAas CHUCTeMa JIOJDKHA OOciaykuBaTh. B mpocreiimiell mNOCTaHOBKE —3aJaroTcs

(ukcupoBaHHbBIE 00BEMBI TEPeBO30K Oy Mexkay Kasknoit napoit W=(s,d), rae S€S, deD.

[TepeBo3kKM OCYIISCTBISIOTCS 1O Mapuipyram [, KOTOpbIE NPEACTaBISIFOT OO0
HOCJIIOBATENBHOCTH cTaHimi p=(vQ,V1,...,Vk) ¢ VQES, VKED wmmm neperonos p=(ep,eq,...,ek—1)

rae €j=(vj,vj+1)€E,i=0,1,...,k—1; KonudyecTBo CTaHIMi WIN NEPErOHOB KOHEYHO MEHSCTCS OT

Mapuipyra K Mapupyty. Kaxplii neperon xapakrepusyercsi CBOMMU TEXHUYECKUMH MapaMeTpaMH,
KOTOpBIC OINPEICISIIOT BPEMEHHBIC MJIH UHBIC 3aTPaThl, CBS3aHHBIC C TPAHCIIOPTHPOBKOM €IMHHIIBI
rpy3a 110 3TOMY IIEPETOHY.

VuuteiBas TO, 4YTO IO CYTH Jielila €JAWHCTBEHHBIM KOHKYPEHTHBIM IPEUMYILECTBOM
KEJIC3HOJIOPOXKHBIX IEPEBO30K SIBISIETCS  (aKTOp BpeMeHM (CM., Hampumep, MNOAPOOHOE
obocyxxnenue B [4]) B nmaHHOW paboTe WMEHHO BpPEMEHHBIE 3aTpaThl pPacCMaTPHBAIOTCS Kak
OCHOBHOM ITOKA3aTelIb.

B T0 Bpems kak TapudHBIC 3aTpaThl 3aBUCAT B OCHOBHOM JIMINb OT JJIMHBI NEPEroHa,
BpPEMEHHbIC B OOIIEM Cllydae 3aBUCAT OT TOTO HACKOJIKO JIaHHBIM TMEperoH 3arpyxeH. Ecmm
0003HaYUTh HArpy3Ky Ha IIEPEeroH € uepe3 Yo TO BpPEMEHHBIE 3aTpaThl MOXKHO B IEPBOM

npuOIKeHUN onucats GyHKuuer tg(Ye), @ CcyMMapHbIe BpeMEHHBIE 3aTPaThl HA TPAHCTIOPTUPOBKY

eIMHULBI Tpy3a ( yJOeIbHBIE TPAHCIIOPTHHIE 33JCPKKK ) MO MAapHIPYTy P Kak CyMMY 3arpar o
IIEpEroHaM 3TOr0 MapuipyTa

to(Y)=2eepte(Ve).

rae BeKTop y=(Ye,6EE) onucrIBaeT 3arpysKy Bcell ceTH.

BeKTOp 3arpy30K Y sBIISICTCS PE3yJIbTAaTOM pacHpeACICHUs 3aKa30B Ha IEPEBO3KY MEXKIY
MapmpyTramM, COCAUHAONNUMU PbIHKA HOTpe6J'ICHI/ISI H CIIpocCa, a UMCHHO

Ye=XpeP®Xp

rac Xp — o0BeM IEPEBO30K 110 MapuIpyTy P, Pe — MHOKCCTBO MApIIpPyTOB, COACPIKAIINUX
pe6po e. B TCPMHHAX TMOTOKOBBIX TICPEMCHHBIX Xp,pEP OCOOEHHO JIETKO 3aIllMCBIBAIOTCS

TPAHCIIOPTHLBIC 6aJ'IaHCLIZ
Y pePWXp=0y, WEW, (1)

MaremaTiuHe MOJEIIOBAaHHSA B eKoHOMII, Nel, 2014



~131~

rae W=(s,d) — mapa MCTOYHUK-CTOK, JUIi KOTOPOH 3amaH oO0beM IepeBO30oK Oy, Py —
MHOKECTBO MapLIPYTOB, coeuHstommx S 1 d. BroGaBok, OT MEPEMCHHBIX Xp MOXHO JIEIKO
Hepe’TH K Y, 0OpaTHas omepalys, BooOIle roBopsi, HeoqHo3HayHa. Henocrarkom dopmynnposku

MOJENIU B TEPMUHAX IMOTOKOBBIX INEPEMEHHBIX SBISETCS MX MOTEHLMAIbHO 3KCIOHEHLUAIBHOE
KOJMYECTBO, OJHAKO Ha TMPAKTUKE O3TO MOXHO IPEOJ0JIEBATh C IOMOULIBIO Pa3IMYHBIX
BBIYHMCIUTENBHBIX CTPATETUH.

[IpyHIMI KOHKYPEHTHOTO pacHpeneieHUs] MOTOKOB 3aKJIIOYAETCsl B TOM, YTO Ka)KIbIH
MapuIpyT pacCMaTpUBAETCs KaK HE3aBUCUMBIN BHIOOP SKOHOMHYECKUX areHTOB, OCYILIECTBISIOMINX
NEPEeBO3KH, MPHYEM EJUHCTBEHHBIM KPUTEpUEM BbIOOpa TOTO WJIM MHOTO MaplIpyTa SBISIOTCS
BPEMEHHBIE 3aTpaThl Ha NepeABrKeHHE rpy3a. [1oCKonbKy 3TH BpeMEHHBIE 3aTpaThl 3aBUCST OT
CTENIEHH M XapaKTepa paclipelesieHUs] 3arpy3KH BO3HMKAET OOpaTHasi CBSA3b MEXJY PELICHUSMH,
IIPUHMMAEMbIMHU areéHTaMu M UX 3aTpaTaMu. PaBHOBECHBIM pacnpeieieHUEM OTOKOB Ha3bIBAETCS
Takoe, Ip1 KOTOPOM HH OJMH areHT HE MO’KET YMEHBIIUTh CBOE BPEMsI IOCTaBKU IIPHU YCIOBUH, YTO
OCTaJIbHbIE YYACTHUKHU HE U3MEHSIOT CBOUX PELICHUH.

@DaKTUYECKH B 3TUX YCIOBUSAX OYIYT MCIOIb30BATHCS JIUIIH MapIIPYThl MUHUMH3UPYIOIINE
CTOMMOCTb MJIM BpeMsl IOCTaBKU: 0003HAYNM

t*w(x)=minpepwtp(x)

TOTZa [yl PaBHOBECHOTO paclpeeeHus X* OydeT MMEeTh MECTO CIEyIONIee CBOMCTBO:

eciu X*p>0, pEP, TO tp(X*)It*W(X*), YTO MOKHO 3aIHCaTh B BUJIE YCIOBHS KOMILIEMEHTAPHOCTH
X*pr(X*):O, X*pZO, Tp(X*)ZO Ju1s Bcex P €EP, (2)

rae Tp(x*)th(X*)—t*W(X*) npu PEPy, u X* ymoBIeTBOpPSET GaTaHCOBBIM COOTHONIEHUAM

(1).

3amaqy (2) MOXKHO nepeOpMyIHPOBATH B BUJIC BapUAIIMOHHOTO HEPABEHCTBA:

Y pePTp(X*)(x-x*)20 3)

Ui Bcex X ymomieTBopsitonuM (1), 4To mpeaocTaBiiieT HEKOTOPbIC MPEUMYINECTBA IS
pa3pabOTKH YHCIEHHBIX METOIOB.

2. @akrorpaduueckoe odecneyeHue Moeiei

[Tocne npuBeneHUs TMHEHHBIX YYaCTKOB Tpada K OJHOMY peOpy pe3yabTUPYIONUi rpad BBITIISIUT
KaK MOKa3aHo Ha PucC. 2.

J1y1s 9TOM TPaHCIIOPTHOM CETH B KQUECTBE MYHKTOB T'€HEPAIIMU TPAHCIIOPTHOT'O MIOTOKA OBLIO
BbIOpaHo 5 TepmuHanbHbIX y3510B B CBA ( Haxonka-Bocrounas (NV), Jlunetonran (Lyanyngang),
Taupiuab (Tiantzin), Ilycan (Busan) um Pamxun (Rajin), mocne uero cdopmupoBano 27
TEOPETHYECKH BO3MOKHBIX TPAHCIIOPTHBIX MapIIPyTOB, IPUBEICHHBIX B Ta0. 3.
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Ekaterinburg

Karymskoe

Ussuriisk

Trudovoe

Nakhodka-Vostochnaya

Viadivostok

Pucynok 2 — OGo011eHHass MOIETTh CEBEPHBIX KOPUIOPOB

Tabnuna 3 — Circok MapmpyToB
tf — Bpems cBoOogHOTO TIpobera (4acoB), ty — dakTuyeckoe Bpems nmpodera (4acos)

Jnvna tf tr Mapupyt

2 3 4 5

9485.47 | 94.46 | 137.93 Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk
Trudovoe NV

11527 | 117.16 | 184.77 Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk
Rajin Chongjin Seoul Shenyang Tiantzin

10578 | 108.04 | 166.55 Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk
Rajin Chongjin Seoul Busan

10973 | 110.24 | 170.92 Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk
Rajin Chongjin Changchun Shenyang Tiantzin

11756 | 114.02 | 178.5 [Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk
Rajin Chongjin Changchun Shenyang Seoul Busan

9490 97.71 | 145.9 |Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk
Rajin

8594 79.49 | 122.37 |Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Shenyang Tiantzin

9377 83.27 | 129.95 |Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Shenyang Seoul Busan
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[Tponomxkenue Tadi. 3

1 2 3 4 5

9 10370.47 | 100.57 | 163.07 Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Shenyang Seoul Chongjin Rajin Ussuriisk Trudovoe NV

10 9749 91.17 | 145.73 Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Shenyang Seoul Chongjin Rajin

11 10470 98.20 | 159.82 Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Chongjin Seoul Shenyang Tiantzin

12 9521 89.09 | 141.6 Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Chongjin Seoul Busan

13 9216.47 |90.47 | 142.85 |[Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Chongjin Rajin Ussuriisk Trudovoe NV

14 8595 81.05 | 125.52 Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun
Chongjin Rajin

15 9719 85.43 | 136.77 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang Seoul
Busan

16 10712.47 | 102.75 | 169.88 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang Seoul
Chongjin Rajin Ussuriisk Trudovoe NV

17 10091 93.33 | 152.55 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang Seoul
Chongjin Rajin

18 15419.47 | 141.43 | 234.37 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang Seoul
Chongjin Changchun Karymskoe Ussuriisk Trudovoe NV

19 15424 | 144.68 | 242.33 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang Seoul
Chongjin Changchun Karymskoe Ussuriisk Rajin

20 13543.47 | 122.72 | 196.92 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang
Changchun Karymskoe Ussuriisk Trudovoe NV

21 14636 136.3 | 225.53 [Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang
Changchun Karymskoe Ussuriisk Rajin Chongjin Seoul
Busan

22 13548 | 125.97 | 204.88 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang
Changchun Karymskoe Ussuriisk Rajin

23 10463 94.45 | 154.78 Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang
Changchun Chongjin Seoul Busan

24 10158.47 | 95.83 | 156.03 [Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang
Changchun Chongjin Rajin Ussuriisk Trudovoe NV

25 9537 86.41 | 138.7 |Moscow Ekaterinburg Ulan-Ude Tiantzin Shenyang
Changchun Chongjin Rajin

26 8054 73.88 | 113.68 |[Moscow Ekaterinburg Ulan-Ude Tiantzin

27 8482 67.11 | 123.35 [Moscow Ekaterinburg Lianyungang

Jns moctpoeHus ¢yHkuum 3anepxkku lto(y) pebpa € wucmonb3oBanachk ee JIMHEHHas

annpokcumanus Buaa to(y)=agt+bgy, rae KOHCTaHTa 8g MOXKET OBITh HMHTEPIPETHPOBAHA KaK

3aACPXKKa IpH CBO6OIIHOM JABMOKCHHH, a be OLCHUBAJIIOCH IO PCAJIbHBIM BpEMCHAM IIpPOoC3aa I10

ydyacTkaMm JOpor € COOTBCTCTBYHOIIMMHU OLCHKAMU ITIJIOTHOCTU IABUKCHUS. Yucnosbie 3HAa4YCHUAI,
HCII0JIb30BAHHBIC B MOJCIIN, IPHUBCICHLI B Tabm. 4
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Ta6nuna 4 — [Napametps! GyHKIUN 3a7epiKeK
tf — BpeMsi CBOOOIHOTO MepeMeEIleHHs 0 YUacTKy, ty — (axrudyeckoe BpeMs IepeMeIeHHs Mo

Y4acTKy
VYyacTok Jnvna tf ity

Moscow-Ekaterinburg 1814 18:08 25:25
Ekaterinburg-Ulan-Ude 3827 37:52 52:32
Ulan-Ude-Karymskoe 654 6:32 10:35
Karymskoe-Ussuriisk 2882 28:49 44:43
Ussuriisk-Trudovoe 78 0:47 1:16
Trudovoe-Vladivostok 34 0:20 0:41
Trudovoe-Nakhodka-Vostochnaya 230 2:18 3:25
Ekaterinburg-Lianyungang 6668 48:58 97:56
Ulan-Ude-Tianjin 2413 17:52 35:44
Tianjin-Shenyang 441 3:53 7:45
Shenyang-Seoul 866 6:27 12:54
Seoul-Busan 358 1:13 2:26
Ussuriisk-Rajin 313 6:20 12:39
Rajin-Chongjin 81 1:09 2:17
Seoul-Chongjin 649 7:58 15:56
Karymskoe-Changchun 1558 11:27 22:54
Shenyang-Changchun 300 1:36 3:11
Chongjin-Changchun 661 5:54 11:48

3. Pe3yabTaThl BbIYHCIEHUI

JIns BBIYMCIICHHS PABHOBECHBIX TPAHCIOPTHBIX MOTOKOB OBbLI NMPHUMEHEH MPOEKTUBHBIA METOJ,
KOTOpPBIA CBOJHT IMOWCK PELICHUS BapUAIIMOHHOTO HepaBeHCTBa (3) K PEHICHUIO MPOSKTHBHOTO
ypaBHEHUS

=TIy (X*-AT(X*)), (4)

rae IIx — omeparop mpoekiM Ha MHOXKecTBO X, 3amaBaeMoe OanaHcoBbIMH ycioBusmu (1),
11aroBbiit MHOKUTENb A>0, a T(+) — BEKTOp-(GYHKIIUS ¢ KOMIIOHEHTaAMU Tp(~),pEP.

[TpoeKTHBHBI METOJl TpPEACTaBIACT COOOH (PaKTUUYECKH METOJ| MPOCTOM HTEepaLuH,
NPUMEHEHHBIH K IPOCKTUBHOMY YpaBHEHUIO (4):

XK+ =11y (XK, T(xK) k=01, ...) (5)

1 00ecrevynBaeT, P JOBOJIBHO HEOOPEMEHUTEIbHBIX MPEANOI0KEHUAX, CXOIUMOCTh xK x>,
IIpumeHeHne 3TOro MeToJa K pEUICHUIO 3aJaud IIOMCKAa PAaBHOBECHBIX IIOTOKOB ISl CETH
CEBEPHBIX KOPHJIOPOB MIPOJAEMOHCTPUPOBAHO HA PUC. 3.
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Areluswejduwon
Pucynok 3 — CXoIUMOCTh K PABHOBECHIO TPOEKTUBHOTO METOIa

Ha stoM pucyHKe BUAHO, YTO XOTSI aIrOPUTM U CXOJHUTCS, CKOPOCTh €r0 CXOAWMOCTH
JOBOJILHO MeEJUJICHHasT M K TOMY JK€ 3aMeUIIOIAscs Npu NPUOIMKEHUH K PaBHOBECHIO.
HecoMHEHHO 10IKHBI OBITH TIPOIOJIKEHBI MOUCKH O0s1ee APPEKTUBHBIX YUCICHHBIX MPOLIEIYP.

Tem He MeHee, TMNPOEKTUBHBIA MeTOx OOeCHeumsa MPOBEACHHE  MAacIITaOHOro
BBIUMCIIUTEIILHOTO ~ JKCHEPUMEHTa, B KOTOPOM HCCIEIOBAIOCH BIUSHHE MEPCHEKTUBHON
MozepHuzauuu TCM Ha pacnpenesneHne NOTOKOB MEXy KOHKYpUPYIOIIMMHU KopuaopaMu. B atom
HKCIEPUMEHTE YBEIMYMBAJIACh CpPEIOHSIS KOMMEpYecKas CKOPOCTh JIBM)KEHUS KOHTEHHEPHBIX
MOE3/I0B MO0 OJHOMY H3 KItoueBbiXx yuactkoB TCM (Kapbimckoe—Yccypuiick) BIUIOTH [0
JOCTHKEHHUSI MAKCHMAJIBHO TEXHUYECKH BO3MOXKHOM, KoTOopas mpuHuMaiack paBHoit 100 km/4ac.
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Route flows as functions of Trans3ib delivery tims
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Karymskoe Ussurlisk delrrery time

1: Moscow-Ekaterinburg-[an-Ude-Karymskoe Ussurlisk-Trudovoe-[ akho dka- Vostochnaya
2. Moscow-Ekaterinburg- an-TUde-Karymskoe-Chang chun-Sheny ang- Tianjin

3: Moscow-Ekaterimburg-lan-TUde-Karymskoe-Chang chun-Sheny amg-Seoul-Busan

4: Moscow-Ekaserimburg- lan- U de- Keary koo Chang chun-Chengiim-Kajin

Pucynok 4 — 3arpy3ka MapuipyTos

PesynpTarhl Beruncienuit rpaduyecku npeacraBieHsl Ha puc. 4. CiemayeT cpasy OTMETHUTH,
YTO BO BCEM /MANa30HE BBIYMCICHUI HEHYyNEBble IOTOKH ObUTH OOHApyXEHBI TOJIBKO Yy 5
MapIIpyTOB, MPUBEACHHBIX B Ta0M. 5.

Tabnuua 5 — PeanbHo ncnosb3yeMble MapLIIpyThI
MIN — MUHUMAIBHBIA MIOTOK 110 MapUIPYyTy, MaX — MaKCHMaJIbHBIN

Ko mapmi. OnopHbIe IYHKTHl MapIIPyTOB min max

TAR-01 |Moscow Ekaterinburg Ulan-Ude Karymskoe Ussuriisk 3.9044 16.7680
Trudovoe Nakhodka-Vostochnaya
TAR-07 |Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun | 13.3047 16.5618
Shenyang Tianjin
TAR-14  |Moscow Ekaterinburg Ulan-Ude Karymskoe Changchun | 8.8280 9.4162
Chongjin Rajin

TAR-26  |Moscow Ekaterinburg Ulan-Ude Tianjin 30.5305 | 35.0297
TAR-27 |Moscow Ekaterinburg Lianyungang 33.6694 | 34.9415
3akiroueHue

IIpoBeneH aHanmu3 pacnpenenacHus KOHTeHHepHoro rpysonoroka CBA-EBponma ¢ Toukm teopun
SKOHOMMUYECKOTO  paBHOBECHs. DBBIUNMCIUTENBHBIM  3KCIEPUMEHT IOKa3bIBa€T, 4TO IIpHU
MaKCHMAaJIbHO TEXHMUYECKM BO3MOKHBIX ITapaMeTpax KOHTEHHEpHBIX MepeBo30k aoist TCM Moxer
BO3pacTH MakcuMmanbHo g0 mnpumepHo 20% oOmero oO6bema mepeBo3ok CBA-Eppoma.
JlomoTHUTENbHOE YBENWYEeHUE TpaduKa MOXKET TPHUHECTH JIOTOJHUTENbHBIE TPAHCIIOPTHBIE
KOMMYHUKAIIMM, CpEeOH KOTOpBIX, corjacHo [5], HaxomsaTcs clieaymoomme TPaHCIOPTHBIC
coenuHeHus: XabapoBck — Camapra, Komcomonbck-Ha-AMype — Haxonka, BmaauBocTtox -
Cosl'aBanp; ®eBpasibck — Maragan — llerponaBnoBck-Kamuarckuii; Anonuss — CaxamuH —
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marepuk. [IpencraBiseTcs HMHTEPECHBIM TPOBECTH  BBIYHUCIUTEIBHBIC JKCIEPUMEHTHI C
pa3IMYHBIMU TIOJIUTUKAMU BBOJA B CTPOW M JTHX JIMHHMA, OJHAKO 3TO TPEOYET IOMOJHHTEIBHBIX
UCCIIEJ0BaHUM.

ABtOop ormeuaer momoins A.Il. Mapriomesa (AB®Y) B cOope maHHBIX HO Mapamerpam
TPaHCIIOPTHOM CETH M MPOBEICHUU BBIYUCIUTEIBHBIX YKCIIEPUMEHTOB.

Paborta mpoBomuTcs B paMmkax (enepanbHO# 1eneBoit mporpammbl «lccienoBaHus u
pa3pabOTKK MO NMPHOPUTETHHIM HAMPABJICHHUSIM Pa3BUTHUS HAyYHO-TEXHOJOIMYECKOTO KOMILICKCa
Poccun na 2014 - 2020 roapr», Cornamenue Ne 14.604.21.0052 ot 30.06.2014 r. ¢ Muno6pHayKoi.
VYuukaneublii uneHTHukarop npoexra RFMEF160414X0052.
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