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Bbi0op OecnepecaiouHOro MapmpyTa
1)1 BLICOKOCKOPOCTHOTI'O 1o€e3/1a
cooomenueM MockBa — BiaaauBocTok

The choice of a non-stop service for a high-speed
train between Moscow and Vladivostok

AHHOTauuA

0pHUM 13 3thheKTUBHBIX CNOCOOOB NOBbILEHMS
MOBUNBHOCTU HACceNeHUs ABASAETCA CTPOUTENCTBO
BbICOKOCKOPOCTHBIX Xee3HOA0POXHbIX MarucTpanei
Kak B Mupe, Tak 1 B Poccuun. B 1o e Bpems HeT npe-
LeleHTOB OpraHu3aLmMn 6ecnepecagoyHbix MapLLpyTOB
L1158 BbICOKOCKOPOCTHbIX NOE3/0B Ha CBepXAalbHue
pacctosHua (okono 10 Teic. kKM). B HacToswel cTaTbe
Ha npumepe coobuieHus Mocksa — BnagmeocTok
BbIMOJIHEH aHaNN3 BO3MOXHbIX BAPUAHTOB NPOKIAAKM
MaplupyTa BbICOKOCKOPOCTHOMO Noe3ja U 060CHOBaH
BbIGOP HaWYYLEro U3 HX MO pe3yNbTaTaM CPaBHEHUS
3KCMyaTaLMOHHbIX NOKa3aTenei ABUXEHUA ANs BCex
paccmaTpMBaeMblX MapLUpyTOB.

KntoueBble cnoBa: BbICOKOCKOPOCTHON HA3€MHbIN
TPAHCMOPT, AaNbHee Co0OLEeHIe, 3NEKTPONOABUKHON

COCTaB, MapLpyT ABUKEHNS.

D0I:10.20291/2311-164X-2018-2-3-11

Abstract

One of the most effective ways to increase the mobility
of the population is the construction of high-

speed railway lines both in the world and in Russia.

At the same time, there are no precedents for the
organization of non-stop routes by high-speed trains
for long distances (about 10 thousand km). This article
presents an example of the Moscow-Vladivostok report
used to analyze the possible options for laying a high-
speed train route. The article explains the choice of
the best route based on the results of a comparison of
the operational performance for the traffic for all the
considered routes.

Keywords: high-speed ground transportation, long-
distance route, electric rolling stock, traffic route.
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H. 0. ®ponos, A. U. Ky3Heyos | Bbibop GecnepecafouHoro MapLpyTa Ais BbICOKOCKOPOCTHOro noespaa coobuieHmem Mockea

N

B 6nuxaillume rofbl B HaWen CTPaHe nnaHupyeTcs
NOCTPOUTb BbICOKOCKOPOCTHYt0 Maructpanb (BCM) Mo-
ckBa — HuxHuii Hosropog — KasaHb, MapLupyT KoTo-
poii yxxe nponoxeH. B nepcnektuse BCM 6ynet npoane-
Ha [0 EkaTepuHOypra u fanee B BOCTO4HYHO 4aCTb CTPAHbI.
Ecnu KpaiiHen To4KOi MapLupyTa cTaHeT BnagnsocTok, T0
Poccus BbIlieT Ha nepBoe MeCTO B MUPE MO HANIUYUIO Bbl-
COKOCKOPOCTHOM MarmcTpanit camoil 60J1bLUOI NPOTSKEH-
HOCTU. Y4MTbIBASA, 4TO B MUPE NMOKA HET NPUMEPOB Peruno-
HaNbHOIO UM MEXAYHAPOAHOr0 COO6LLIEHUS BbICOKOCKO-
POCTHbIMM Noe3aamu Ha pacctosiHue 10 TbIC. KM, MOMHbIX
OTBETOB Ha BOMPOCHI 06 OpraHn3auny XXene3HoA0p0oX-
HOr0 COOOLLEHNA Ha AanbHUE PacCTOAHWA CO CKOPOCTS-
Mun 1o 400 KM/4 HeT. Hanpumep, akTyanbHbIMU ABNAOTCA
BOMPOCHI 0 LiesiecoobpasHocTy 6ecrepecafo4Horo cooo-
LLeHMs Ha JaNbH1e PaccTosAHNA (KOrga noesq cnegyer He-
CKOJ/IbKO CYTOK), 0 BbI6OPE BapuaHTa MapLupyTa (npoknag-
ka BCM Tonbko no Tepputopui Poccum nnn BKtoYas tep-
PUTOPUIO COMpeLesbHbIX CTPaH), pa3paboTke BO3MOXKHO-
ro CnanbHOro BaroHa u ap.

B HacToslLLiee BpeMs B Hallieil CTPaHe YXKe CyLLecTByeT
maructpanb Mocka — CaHkT-[leTepbypr, Ha KOTOpOK 06e-
CMeYeHo BbICOKOCKOPOCTHOE [BMXEeHMe 10 250 KM/Y anek-
Tponoe3gamu IBC1, 3BC2 «CancaH». Y4nTbiBas macLiTa-
6bl Poccuu, CTaHOBUTCS LienecoobpasHbimM BHeapeHue BCM
Ans CBA3M PasHbIX YacTeli CTpaHbl. 3T 61aronpusTCTBYeT
9KOHOMUYECKOMY PasBuTuio Poccui, NOBLILLIEHUIO YPOBHS
XKM3HU HaceneHns. [o3ToMy B CTaTbe NpefnaraeTcs KoH-
Lenuus 6ecrnepecasoyHOro BbICOKOCKOPOCTHOIO CO0OLLe-
HUS Ha paccTosHue 10 10 ThiC. KM Ha Npumepe MapLupyTa
oT MockBsbl 1o Bnagusocroka.

[Tpoknagka MapLipyTa Ha4MHaeTcs ¢ 060CHOBaHWS Hau-
60nee ONTUMANLHOrO NyTW, N0 KOTOPOMY NPOMAZET Maru-
cTpanb. PaccmaTtpuBanocb HECKONbKO BapuaHTOB: JIM60
TOMbKO M0 Tepputopun Poccum, mbo ¢ 4acTUYHbLIM NPOXOo-
[OM MapLipyTa 4epes TeppuTopun CONpeLenbHbIX CTPaH,
Taknx kak KasaxcraH, Kutaii u MoHronus. Ecnn maructpanb
MONAET TONbKO Mo Tepputopuu Poccuu, To 6yaet obecne-
4MBaTbCS MOCTOSAHHOCTb rabaputa NpUONIMKEHNUs CTpoe-
HUIA, TAMOXEHHbIN KOHTPOMb HE NMOHAZ06uTCs 1 6yLeT Ha-
6nojareca cnabas 3aBUCUMOCTb OT YPOBHA PasBUTUA M0-
NNTNYECKNX OTHOLLIEHWIA, BNAIOLLMX HA PabOTy »KenesHo-
JOPOXHOro Tpaxcnopta. G Apyroi CTOPOHbI, IKOHOMUYe-
CKas LenecoobpasHOCTb BbICOKOCKOPOCTHOrO TPaHCMop-
Ta ONpefensaeTcs 3Ha4eHnem naccaxuponoToka, no3Tomy
Maructpans, NponoXeHHas Yepes Kutaii, 6yaeT ABHO Bbl-
UrpbIBaTh M0 3TOMY NOKA3ATENH0, TaK KaK HACerneHune ropo-
[0B B 3TOI CTPaHe NPEBbILIALT HEe TObKO HACENieHune Ccu-
6GUPCKUX 1 [aNbHEBOCTO4HbIX TOPOAOB, HO U YUCIEHHOCTb
HaceneHus scen Poccun.

TpaHcnopTHbIE U TPAHCNOPTHO-TEXHONOrMYECKME CUCTEMbI CTpaHbl,
€€ PervoHos U ropoaos, opraHn3auusa npoM3BoAcTBa Ha TpaHcnopTe

Mpu o60cHOBaHWN 1 NpoekTupoBaHu BCM Heobxo-
ANMO UCXOAMUTL M3 MPOrHO3HbIX OLEHOK NaccaxuponoTo-
Ka, COCTaBNALLEro nnarexecrnocobHblii cnpoc. NporHos
CNpOoca BbIMNOMHAETCA C Y4ETOM NOTEHLMANTLHOIO CyMMap-
HO0 NACCAXMPONOTOKA MEXAY KPYMHEeALMMI ropojamm —
pernoHanbHbIMU LiEHTpamm nyTem MOZenupoBaHus ycno-
BWiA ero TpaHcdopmauum B cnpoc Ha nepeso3ku BCM [1].

CornacHo norvke rpaButauuoHHoN moaenu [1], nac-
CaXNPOMOTOK MeXJY KPYNHEeALnmMn coceJHUMU ropoja-
MW MOXXHO OnpefennuTb no opmyre

NI,

ZLI/:a. R2

, (1)

rae L;— naccaxuponoTok u3 ropoaa / B ropo j, nacca-
XXMPOB/KM; o. — KO3(h(OMLMEHT pa3mMepHOCTH, onpesens-
eMblid CTAaTUCTUYECKN HA OCHOBE PETPOCMEKTUBHBIX (DAKTK-
4eCKUX Nokasatenen 1A ropofAos / 1 j mb0o Mo NaHeNbHO
BbI6OPKE C BKHOYEHEM JpYriX nap KPYnHenLnx ropoos
CTPaHbl C aHANOrM4YHbIM B3aMHbIM nonoxexuem; N, N; —
HacesneHue ropofos / 1 j, MNH Yenosek [2]; R — paccTos-
HIE MeXIy ropofamm i 1 j, TeiC. KM [2].

[Mouck onTUManbHOro BapuaHTa npoM3BOAUNCA CPeam
YeTbIPEX BO3MOXXHbIX MAPLUPYTOB BbICOKOCKOPOCTHOIO CO-
o61eHns ot Mocksbl o BnagmeocToka:

Mepsblit mapwpyT — Tepputopus Poccun Yepes ropo-
na: Mocksa, HumxHuit Hosropog, KasaHb, Vxesck, Mepmb,
Ekatepunbypr, TiomeHb, OMck, HoBocnbupek, KpacHosipek,
VipkyTck, YnaH-Yna, Yuta, bnaroseLleHck, Xabaposck, Bna-
LNBOCTOK.

Bropoii mapwpyT — Tepputopus Poccum, KasaxcraHa
1 Kutas 4yepes ropopga: Mocksa, HmwxHuin Hosropoga, Ka-
3aHb, /xesck, Mepmb, Ekatepunbypr, YenabuHck, Kocta-
Hai, AcTaHa, Kaparanaa, MoiibiHTbl, AKTOrain, Ypymuu, Gu-
aHb, ekuH, LLISHbAH, YaH4yHb, BNnaanMBoCTOK.

TpeTuit mapwpyt — Tepputopus Poccun, MoHronum,
Kntas 4epes ropoga: Mocksa, HmxHuii HoBropog, KasaHb,
xesck, Mepmb, ExatepuHbypr, TromeHb, OMck, Hoocu-
6upck, KpacHosipek, VpkyTtck, YnaH-Yaoa, Haywku, YnaH-ba-
TOp, NekuH, LLIaHbAH, BnaanBocTok.

YeTBepTblit MapLIpyT — Tepputopus Poceun, Kutas ve-
pe3 ropoga: Mocksa, HmxHnii HoBropog, KasaHb, VxeBck,
Mepmb, Exatepunbypr, TomeHb, Omck, HoBocmbupck, Kpac-
Hosipek, WpkyTck, Ynan-Yns, Yuta, 3abaiikanbck, XapouH,
BnaamBocTOK.

Cxembl aBxeHns oT MockBbl 10 Bnagusoctoka ans
K2XX0ro BapuaHta MapLupyTa ykasaHbl Ha puc. 1.

Bce He06Xx0MMble JaHHbIE MO YUCIEHHOCTU HACeeHNs
B rOp0Jax, PAcCTOSAHWA MEXY HUMW 1 Pe3ynbTaThl pacye-
Ta NacCaXXnponoToKa npueefeHsbl B Tabn. 1-4.
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Mocksa .
HuxHWiA

Hosropop

Wresck

KasaHb

Mepmb ExkaTepuHbypr

TiomeHb

YenabuHck
Bnaroseuierck Xabaposck

Omck KpacHoapck
o Hosocubupck
KocraHait Yura

AcTtaHa MpKyTcK 3abaiikanbck

Kaparanga Ynau-Yas XapbuH

Haywku
YakuyHb BnagvsocTok

LWaHbsAH

M AxTorait
MoWbIHTbI Ynan-batop

NeknH

Ypymun

CuaHb

Puc. 1. Cxembl 08uxeHus om Mockssl do Bnadusocmoka 015 kaxdo2o sapuaHma mapwpyma:
— mapwpym Ne 1; — mapuwpym Ne 2; — mapwpym Ne 3; — mapuwpym Ne 4

Tabnuua 1

Onpep.eneHMe cpeaHero naccaXMponoTtoka

MeXAY KPYNHbIMU rOpoAadaMU MO NepBoMy MapLupyTy

BnaauBocCcTOK

H Konuyectso Konuyectso Maccaxupo-
aYanbHas KoHeuHas Pacctosnue (R),

yenosex (N;), yenosex (V), notok (L),

CTaHLMA CTaHuus ThIC. KM
MJTH YenoBek MJTH YenoBek NaccaxupoB/Km

Mocksa HwxHuin Hosropog 12,198 1,268 0,402 9,781
HwxHuin Hosropog | Kasaub 1,268 1,217 0,317 3,919
Ka3aHb xeBck 1,217 0,643 0,276 3,202
/I xeBcK Mepmb 0,643 1,042 0,217 3,765
Mepmb ExarepuHOypr 1,042 1,444 0,289 4,239
ExatepuHoypr TiomeHb 1,444 0,721 0,305 3,344
TiomeHb Omck 0,721 1,178 0,542 1,700
Omck HoBocubupck 1,178 1,584 0,609 2,243
HoBocubupck KpacHosipck 1,584 1,067 0,715 1,819

H.0. dponos, A. WM. Kysreyos | Bbi6op 6ecnepecapoyHoro MapupyTa afna BbICOKOCKOPOCTHOrO noe3aa coobueHnem Mockea
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OkoHyaHue Ta61. 1

BnaauBocToOK

Konuuectso KonuuecTso Maccaxupo-
HavanbHas KoHeunas Paccrosnue (R),
yenosex (N)), yenosexk (N), notok (L),
CTaHumns CcTaHuus TbiC. KM
MJTH YeNI0BEK MJTH YeNI0BEK naccaxupoB/km
KpacHosipck WpkyTCK 1,067 0,623 1,088 0,749
NpkyTCK YnaH-Yno 0,623 0,431 0,456 1,136
YnaH-Yno Huta 0,431 0,343 0,554 0,694
Yuta bnaroseLlleHcK 0,343 0,224 1,781 0,156
BnaroseLLeHcK XabapoBck 0,224 0,611 0,767 0,482
XabapoBck BnapgmBocTok 0,611 0,607 0,765 0,796
CpefHss cymma 2,536
Tabnuua 2

OnpepeneHue cpeHero NaccaXkUuponoToka
MeXAy KPYNHbIMW rOpoAaMu No BTOPOMY MapLIpyTy

H. 0. ®ponos, A. U. Ky3Heyos | Bbibop GecnepecafouHoro MapLpyTa Ais BbICOKOCKOPOCTHOro noespaa coobuieHmem Mockea
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HavanbHas KoHeuHas KonuyectBo KonuyectBo Paccrostke (R), Maccaxupo-
cTanLmA CTaHLINA yenosex (N)), yenosex (V) S — notok (L),
MIH YenoBek MIH YenoBek naccaxupos/km
Mocksa HwxHnin Hosropog 12,198 1,268 0,402 9,781
HwxHWin Hosropoa | KasaHb 1,268 1,217 0,317 3,919
KasaHb xeBck 1,217 0,643 0,276 3,202
I/ xeBcK [Tepmb 0,643 1,042 0,217 3,765
Mepmb EkatepuHoypr 1,042 1,444 0,289 4,239
ExkatepuHbypr YenabuHek 1,444 1,192 0,193 6,798
YenabuHck KocTaHaii 1,192 0,232 0,260 2,023
KocTaHait AcTaHa 0,232 0,880 0,580 0,779
AcTaHa KaparaHga 0,880 0,508 0,188 3,556
Kaparanga MoWbIHTbI 0,508 0,002 0,289 0,110
MOWbIHTbI AkToraii 0,002 0,006 0,173 0,020
AkTorain Ypymun 0,006 3,113 0,712 0,192
Ypymun CuaHb 3,113 7,270 2,116 2,248
CuaHb [ekuH 7,270 21,705 0,911 13,789
Meknu LaHbaH 21,705 7,760 0,626 20,732
LLI3HbsH YaH4yHb 7,760 7,674 0,280 27,560
YaH4yHb BnagmBocTok 7,674 0,607 0,536 4,027
CpenHss cymma 6,279
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HayanbHas
CTaHUuA

OnpepeneHune cpeaHero NacCaXUponoToka

MeXAY KpPYNHbIMU rOpoAaMu no TpeTbeMy MapLupyTy

KoHe4Has
cTaHums

KonuyectBo

yenosex (N)),
MJIH YenoBek

Konuyectso
yenosex (M),
MJIH YenoBek

Paccrosnue (R),
TbIC. KM

Tabnumua 3

Maccaxupo-
notok (L),
NaccaxupoB/Km

Mocksa HwxHnia Hosropog 12,198 1,268 0,402 9,781
HwxHuii Hosropog | KasaHb 1,268 1,217 0,317 3,919
Kasanb xesck 1,217 0,643 0,276 3,202
xeBck Mepmb 0,643 1,042 0,217 3,765
Mepmb Ekatepunbypr 1,042 1,444 0,289 4,239
Exatepunbypr TiomeHb 1,444 0,721 0,305 3,344
TiomeHb Omck 0,721 1,178 0,542 1,700
Omck Hosocubupck 1,178 1,584 0,609 2,243
Hosocubupck KpacHospck 1,584 1,067 0,715 1,819
KpacHosipck /pKyTCK 1,067 0,623 1,088 0,749
VpkyTCk YnaH-Yna 0,623 0,431 0,456 1,136
VnaH-Yn3 Haywiku 0,431 0,003 0,191 0,188
Haywukn YnaH-bartop 0,003 1,372 0,280 0,229
VnaH-barop MekuH 1,372 21,705 1,168 4,672
[MekuH LLIaHbsH 21,705 7,760 0,626 20,732
LL3HbsaH YaH4yHb 7,760 7,674 0,280 27,560
YHaH4yHb BrnagusocTok 7,674 0,607 0,536 4,027
CpenHss cymma 5,489
Tabnuua 4

BnaauBocCcTOK

OHPEAEJ'IEHVIG cpeaHero naccaXMponoToka
MeXAY KPYNHbIMU ropoadmMu no 4YeTBepToMy MapLlipyrty

H Konuyectso KonuyectBo Maccaxupo-
avanbHas KoHeuHas PacctosHue (R), »

yenosex (/V;), yenosex (V), notok (Lij),

CTaHuus CTaHuusa TbIC. KM
MJTH YenoBek MJTH YenoBek NaccaxupoB/Km

Mocksa HwxHnin Hosropog 12,198 1,268 0,402 9,781
HwxHuii Hosropos | KasaHb 1,268 1,217 0,317 3,919
KazaHb /hxeBck 1,217 0,643 0,276 3,202
VxeBck Mepmb 0,643 1,042 0,217 3,765
Mepmb Exatepunoypr 1,042 1,444 0,289 4,239
ExkatepuHoypr TiomeHb 1,444 0,721 0,305 3,344

H.0. dponos, A. WM. Kysreyos | Bbi6op 6ecnepecapoyHoro MapupyTa afna BbICOKOCKOPOCTHOrO noe3aa coobueHnem Mockea
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OkoHyaHue Tabn. 4

H Konuyectso Konuyectso Maccaxupo-
ayanbHas Koneynas Paccrosnue (R), .

yenosek (/V;), yenosex (V), notok (Lij),

CTaHuusA CTaHLMA TbIC. KM
MJTH YeNI0BEK MJTH YeNIoBeK naccaxupoB/km

TioMeHb Omck 0,721 1,178 0,542 1,700
Omck HoBocnbupck 1,178 1,584 0,609 2,243
HoBocu6upck KpacHospck 1,584 1,067 0,715 1,819
KpacHosipck MpkyTCK 1,067 0,623 1,088 0,749
WpkyTCcK YnaH-Yaos 0,623 0,431 0,456 1,136
YnaH-Yns Yuta 0,431 0,343 0,554 0,694
Yuta 3abaiikanbck 0,343 0,013 0,379 0,176
3abaiikanbck Xap6uH 0,013 10,636 0,823 0,452
Xap6uH BrnaamBocTok 10,636 0,607 0,509 4,992
CpenHss cymma 2,814

B 1a6n. 1-4 Bbl4MCIIEHbI 3HA4YEHUS CPeaHeapudMeTu-
4ECKOro NaccaxupornoToka (puc. 2), KoTopble 6yOyT UMETb
NPUOPUTETHOE BIIUSHWE HA BbIGOP MapLUpyTa ABMKEHMS.

7,000 6,280
6,000 5;490

5,000

4,000
3,000 —2;536——
2,000

CpefaHee 3HaveHne
NaccaxuponoToka, NacCaXnpoB/Km

1,000

0,000

BapuaHT mapupyta

Puc. 2. CpasHeHue cpedHe20 naccaxuponomoka
paccmampusaeMbix Mapwpymos OBUKEHUA:
W — nepseill; A — smopoli; Ml — mpemud; B — yemsepmbili

113 puc. 2 cnepyet, 4TO cambiM BOJIbLUNM NACCAXNPO-
noTokom o6nagaet mapLupyt Ne 2, npoxofaLLui Yepes Poc-
cuio, KasaxcrtaH n Kutai.

Onpenenum obLlee pacctosHue marnctpani BCM mex-
ny MockBoit n BniaamBocToKOM, KOTOPOE NMPOXOANT Noe3f;

Soow, = 25> (2)
roe S,— paccTosHNe Mexay CTaHLUAMU, KM.
PaccTosHme Sy, COOTBETCTBEHHO [i/ISt NEPBOrO, BTOPO-
ro, TPETLEro 1 YeTBEPTOro MapLLIPYTOB COCTABUT:

SOGLLH = 9083 Kwm, Sogu_lg = 8365 Kwm,

Soous = 8297 KM, Sygya = 7481 KM.

[MTpnHMMas BO BHUMAHME BOJIbLLNE PACCTOSHUSA, NPOX0-
JUMble N0e3[0M, He06X0ANMO YYECTb, YTO A0SIKHbI ObITh
NpeaycMOTPeHbl OCTAHOBKM [/ MOCAMKW 1 BbICAAKM Nac-
CaXNpoB, a Takxxe AN NPOBEAEHMS OCMOTPOB Hanboree
OTBETCTBEHHbIX Y3/10B Noe3ja. Ha npumepe BbICOKOCKO-
POCTHbIX NMOE3[10B JaNibHEero crefoBaHus B Kutae ato Bpe-
M COCTaBNAET tye; = 30 MUHYT.

YCKOpeHue 1 TOPMOXKEHWE UrPAKOT HEMATIOBAXXHYHO POJTb
Nnpu NOACHETE BPEMEH ABMXKEHMS, TeM 60Jiee N5 BbICOKO-
CKOPOCTHOro noeaaa. icnonibays onbIT 3KCnyaTauum Bbl-
COKOCKOPOCTHbIX N0OE308B, ONPeSjennumM B Ka4eCTBE pacyeT-
HOr0 yCKOpeHus 1 3ameanenns 0,7 m/c? ans 6onee nnas-
HOrO pas3roHa 1 TOPMOXXEHUS, UCXOAS U3 CO3JaHUsA KOM-
(hOpTHBIX YCIIOBUIA ANs NacCcaXupos noesfa. Toraa Bpe-
M$ Ha Pa3roH 1 TOPMOXKEHIE MOXXHO HaNTK no hopmyne:

; (3)

pT

h.
[

rae V — KOHe4YHas CKOpoCTb ABUKEHUS NPU Pa3roHe (KOH-
CTPYKLIMOHHAA CKOPOCTb), KM/Y; 4, — YCKOPEHUE 3NEKTPO-
noesga, m/c’.

C y4yeTom nepeBofa CKOpPOCTM B M/C HAaX04NUM Bpems
pasroHa

ﬂ=138,90=2 MuH 19 c.

" 0736

B KauecTBe [OMYLLEHNIA NPUHIMAEM, YTO NOe3[ ABMKET-
CSl Ha MeperoHax ¢ NoCTOAHHOM CKOpOCTbio 350 KM/4. Pac-
CTOSIHME, 32 KOTOPOE Nnoe3a foCcTuraet ckopoctut 350 Km/u,
11 ero TOPMO3HOIA NyTb ONPeAensem Cneaytowmum 06pasom:
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2
_%
pT ’
2a,

4

2
= (3%0/38)" _ 6750
2.0,7

Mpu nofcyerte BpemeHu aBuxeHus ot MockBbl 1o Bna-
LMBOCTOKA Y4TEM BPEMS CTOSHKM HA CTAHLMAX, @ TAKXKe Bpe-
M Ha YCKOPEeHUe noessa 1 ero TopMoxeHue. Toraa nonHoe
BPEMSA [BWKEHUS onpefenserca no gopmyne

S $,.:2-1

6wy~ “pr nep , ¢ (
ocT

t

B n

nep

V424 M, (5)

K

re Mye, — KOMMYECTBO MEPEroHOB Ha y4acTKe MapLupyTa.
Lrenxt = 33,531 4 =33 4 32 MU,
Trenxe = 32,596 4 = 32 4 34 MU,
Thenxa = 32,362 4 = 32 4 22 MU,
Tngnxa = 28,994 4 = 28 4 57 MUH.

Onpenenum y4acTKOBYH CKOPOCTb ABuKeHNs. OHa by-
JeT ONpefenaTbCs BbIpAXKEHNEM

V, =% (6)

4

a1 = 271 KM/, Vyyp = 257 KM/,

Vyus = 256 KM/Y, Vg = 258 KM/Y.
Pesynbtatbl pac4eToB NPOLEHHOr0 PAcCTOAHUSA N0
BCEM MapLUpyTam, BPEMEHU [IBUXEHUA U Y4aCTKOBON CKO-

pOCTM NpuBeLeHbl B Tabn. 5.

Tabnuua 5

3HayeHUs NPoAEHHOr0 PacCcTOAHUSA,
BPEMeHU ABUKEHUA U YY4aCTKOBOI CKOPOCTH
Ha paccmaTpuBaeMbix BapUaHTax MapupyTa

Bapuant PaccrosHue, Bpems YyacTkoBas
mapLupyTa KM ABWXEHUA | CKOPOCTb, KM/Y
1 9084 33 4 32 MuH 271
2 8366 324 34 muH 257
3 8298 324 22 MuH 256
4 7482 28 457 muH 258

YCTaHOBMM, 4TO BbICOKOCKOPOCTHOW MOE3[ Bble3XKaeT
13 Mockabl B 09:00 4. 3Hast TEXHMYECKYIO CKOPOCTb M Bbl-
Opas COOTBETCTBYHOLLAI MAPLLPYT ABUXEHUSA, COCTABUM pac-
NucaHue ABWXKEHIUS Noe3a: Bpemsa npubbiTus U 0Tnpasne-
HUS ANA KXo cTaHumn (Tabn. 6-9).

Tabnuua 6

PacnucaHue ABUXKEHUA ANA NepBOro BapMaHTa MaplpyTa

CTaHuusa oTnpaBieHus CTaHuus Ha3Ha4eHus

Bpems otnpaBnexus Bpems npubbiTus

Mocksa HwxHnit HoBropoa 09:00 10:11
HwxHuin Hosropog Kasaub 10:41 11:38
Kasanb xesck 12:08 12:58
>xeBCK Mepmb 13:28 14:08
epmb Exarepun6ypr 14:38 15:30
EkatepuHbypr TioMeHb 16:00 16:55
TiomeHb Omck 17:25 19:00
Omck HoBocubupck 19:30 21:17
HoBocunéupck KpacHospck 21:47 23:52
KpacHosipck VIpkyTcK 00:22 03:31
MpkyTcK YnaH-Yna 04:01 05:21
YnaH-Yna Yuta 05:51 07:28
YuTa bnaroseLlleHck 07:58 13:06
bnaroseLyeHcK XabapoBck 13:36 15:50
XabapoBcK BnapmBocTok 16:20 18:32

BnaauBocCcTOK

H.0. dponos, A. WM. Kysreyos | Bbi6op 6ecnepecapoyHoro MapupyTa afna BbICOKOCKOPOCTHOrO noe3aa coobueHnem Mockea
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Tabnuua 7

Pacnucanue ABuXKeHUA ANA BTOPOro BapMaHTa MaplupyTa

BnaauBocToOK
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Pacnucanue ABUXKeHUA ANA TPETbero BapuaHTa MapLipyra

Mocksa HwxHnin Hosropog 09:00 10:11
HwxHuin HoBropog KazaHb 10:41 11:38
KazaHb xeBcK 12:08 12:58
xesck [Tepmb 13:28 14:08
Mepmb EkatepuHOypr 14:38 15:30
ExatepuHoypr YenabuHek 16:00 16:35
HenabuHck Kocranain 17:05 17:52
Kocranan AcTaHa 18:22 20:04
AcTaHa Kaparanga 20:34 21:08
Kaparanga MoWbIHTbI 21:38 22:30
MoibiHTbI Akroran 23:00 23:32
AxToran Ypymun 00:02 02:06
Ypymun CnaHb 02:36 08:41
CnaHb MeknH 09:11 11:50
Meknx LLIaHbAH 12:20 14:10
LLIaHbSAH YaH4yHb 14:40 15:30
YaH4yHb BnapgmBocTok 16:00 17:34
Tabnuua 8

Mocksa HwxHnin Hosropog 09:00 10:11
HwxHnin Horopog KasaHb 10:41 11:38
KazaHb xeBck 12:08 12:58
>xeBCK Mepmb 13:28 14:08
Mepmb Exatepunoypr 14:38 15:30
Exarepunbypr TiomeHb 16:00 16:55
TiomeHb Omck 17:25 19:00
Omck HoBocubupck 19:30 21:17
HoBocunoupck KpacHospck 21:47 23:52
KpacHosipck VpkyTck 00:22 03:31
VpKkyTcK YnaH-Yna 04:01 05:21
YnaH-Yna Hayukn 05:51 06:26
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OkoHyaHue Tabn. 8

Haywku VnaH-batop 06:56 07:46
YnaH-batop MekuH 08:16 11:39
Mekuu LLIaHbAH 12:09 13:59
LLaHbAH HaH4yHb 14:29 15:19
HaH4yHb BrnagusocTtok 15:49 17:22

CTaHuus oTnpaBneHus

CTaHyMa Ha3HayeHus

Pacnucanue aBuxeHuUA pna 4eTBepToro BapuaHTa Mmapuwpyrta

Bpems oTnpaBneHus

Tabnumua 9

Bpems npubbiTus

Mocksa HuwxHuin Hosropog 09:00 10:11
HwxHuin HoBropog, KasaHb 10:41 11:38
KazaHb xeBck 12:08 12:58
>xeBCK Mepmb 13:28 14:08
Mepmb Exatepunobypr 14:38 15:30
Exkatepun6ypr TiomeHb 16:00 16:55
TiomeHb Omck 17:25 19:00
Omck HoBocubupck 19:30 21:17
Hosocubupck KpacHospck 21:47 23:52
KpacHosipck WpkyTCK 00:22 03:31
MpKyTCK YnaH-Yn3 04:01 05:21
YnaH-Yna Yuta 05:51 07:28
Yura 3abainkanbck 07:58 09:05
3abankanbck XapouH 09:35 11:58
Xap6uH BnapumBocTok 12:28 13:57
BbiBOAbI Pacnucarue BuXeHUs N0e30B HA BCEX MapLUpyTax Lie-

Vicxons n3 norukm rpaButaunoHHoN MOLenu, onTumans-
HbIM BapuaHToM sBnseTcs Mapipyt Ne 2, Tak Kak cpefHee
3HaYeHNe NaccaXxnponoToka Ha 3TOM HarnpasneHumn cocra-

BUNO 6,279 nacc./Km.

necoo6pasHo HOPMMPOBATh TaK, YTOObI PACCTOSAHNE MEX Y
coceHMMUK ropogamm c 60/bLUM 3HAYEHMEM MIIOTHOCTU
HaceneHns Noe3f Npoeaxan 6o 3a JHeBHOE BPeMS CyTOK,
NN60 3a HOYHOE, MCXOA U3 ITOr0 Maccaxmpam OyaeT nped-
JlaratbCs BaroH ¢ cnaga4mmu nnu cnajibHbIMWU MeCTamMmu. ur
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TPAHCHOPTHO-JIOTMCTHYECKOr0 KOMILJIEKCA
B CBepAJIOBCKOM TPAHCIIOPTHOM Y3Ji€

The possibility of forming a multimodal
transport and logistics complex
in the Sverdlovsk transport hub

AHHOTauuA

B cTaTbe paccmMoTpeHa BO3MOXHOCTb (DOPMUPOBAHNS
MYILTUMOJANIBHOTO TPAHCMOPTHO-NIOFUCTUYECKOTO KOM-
nnekca B CBepAN0BCKOM TPAHCMOPTHOM y3ne. V3yyeHsi
BOMPOCHI TEPMUHONOTUM, ONPefeNeHa Posib TEPMUHANb-
HO-CKAfiCKWX LLEHTPOB NMpW OpraHu3aLum MynsTUMO-
LabHbIX TPAHCMNOPTHO-NOFUCTUYECKNX KOMMIEKCOB,
HaMeyeHbl MeponpuATUA Ans GOPMUPOBAHUSA TAKUX
KomnnekcoB B CBepAIOBCKOM TPAHCMOPTHOM y3/ie B CO-
oTseTcTBuu co Crpareruneit pa3sutus TpaHcnopta PO po
2030 r. u Ctparerueit paseutus CBepanoBckoi obnactu
0o 2030r.

KnioueBble cnoBa: MynbTUMOAANbHbIA TPAHCNOPTHO-
NOrUCTUYECKUI LeHTpP, MyNbTUMOLabHbIN TpaHcnop-
THO-NIOFUCTUYECKNIA KOMMNIEKC, pacnpefenuTeNbHbli
LeHTp, pernoHanbHas TpaHCNopTHO-N0rCTUYeCKas
cuctema.

D0I:10.20291/2311-164X-2018-2-12-17

G350 Authors

Abstract

The author considers the possibility of forming

a multimodal transport and logistics complex in

the Sverdlovsk transport hub. The questions of
terminology are studied, the role of terminal and
warehouse centers in the organization of multimodal
transport and logistics complexes is determined,
measures are planned for the formation of such
complexes in the Sverdlovsk transport hub in
accordance with the strategy of transport development
of the Russian Federation until 2030 and the strategy
of the Sverdlovsk region until 2030.

Keywords: multimodal transport and logistics
center, multimodal transport and logistics complex,
distribution center, regional transport and logistics
system.
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BaxkHon 3aaqenn coBpeMeHHol Poccum sBnsetcs ee
YCTOWYMBOE Pa3BUTKE B LIESIOM 1 BCEX OTpac/eil B YacT-
HOCTW. Ha TpaHcrnopTe Afid AOCTMXKEHNS 3TON Lenn pas-
paboTaHa 1aeonorus no POPMUPOBAHUIO B KPYMHENLLUNX
TPAHCMOPTHbLIX Y3/1aX MyNbTUMOLANIbHbIX TPAHCMOPTHO-
noructuyeckux komnnekcos (MMTJIK) npu sBegyLuei po-
NI XKeNIe3HOJ0POXXHOro TpaHcnopTa [1-4]. Y4eHble [5—7]
nonararwT, 4T0 NPOBOAUTL JaHHbIE MEPONPUATUAS HEeoO-
XOAMMO Ha OCHOBE CO34aHWUS KPYMHbIX PErvoHaibHbIX
TpaHcnopTHo-florucTuyeckux cuctem (PTJIC), KoTopble
CTaHYT VHCTPYMEHTOM KOHTPOJS JIOTUCTUYECKNX Lienei
0T MeCTa 3apOXKAeHNUs rpy30n0oTOKOB 0 KOHEYHOr0 Mo-
TpebuTtens u 6yoyT KOHTPONIMPOBATL NEPEMELLEHMe Mno-
TOKOB MeX[y PasfinyHbIMW PErnoHaMu 1 Kommniekcamu
BHYTPW perunoHa.

[lng 4eTKOro NOHUMaHWs MecTa 1 ponu MynsTUMOAANb-
HbIX KOMMJIEKCOB, a TAKXXE CKMA[CKMX TEpMUHANIOB B NO-
HATWIAHOM NPOCTPAHCTBE PsAJ aBTOPOB [6, 8] npeanaraet
MepapxXmn4eckyto CTPYKTYpY TPAHCNOPTHO-NOMMCTUHECKUX
onpenenexHun:

1) pernoHanbHble TPAHCNOPTHO-NIOTUCTAYECKME CUCTEMbI;

2) MyrnbTUMOZANbHbIE TPAHCMOPTHO-NOMUCTUYECKIE Y3TTbl;

3) TPAHCMOPTHO-NOTUCTUYECKME LIEHTPbI (KOMMIEKCHI);

4) TPaHCMOPTHO-TOPrOBbIE JIOTUCTUYECKNE KOMMEKChI;

5) cTaHuuK, a3ponopThbl, NOPTHI;

6) TPaHCNOPTHbIE CKNALCKME KOMMIEKCHI;

7) TOProBble CKNafCKNe KOMMIEKChI;

8) BbICTaBOYHbIN 06BLEKT PO3HUYHOW TOPrOBAN.

OnHako ecTb y4eHble [9], KOTOpbIe NOABEPralT COMHe-
HUIO CYLLECTBOBAHNE NPUBEAEHHON TEPMUHOMOMNN, OCHO-
BbIBAsACb HA BbIBOAAX CTPATErUin Pa3BUTUS Pa3NNYHbIX pe-
TMOHOB, NOCKOJIbKY HABJIOAAETCA UCMOMb30BAHIE PA3/INY-
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HbIX TEDMUHOB AN O4HOMO 1 TOTO XXe ONpeseNneHus u n3o-
NINPOBAHHOCTb KOHLENLNIA.

ABTOpamu NpoBefieH aHanu3 1Cnosnb30BaHMs CyLLECTBY-
fOLLIe TEPMUHOMOMNN B PA3NIUYHbIX PErMOHAX, Pe3ynbTathl
npeacTasnieHbl B Tabn. 1.

B 3apy6exHoil nuTepatype, Kak NpaBuso, He ynoTpe-
61410TCH rPOMO3JKUE ONpefeNneHns 1 4acTo NpuopuTeT
0TAAeTCA NOHATUIO «TepMuHan» [14-15]. Mpuyem B CLUA
HaWMeHOBaHNe «TepMUHan» ynoTpeorseTcs B COYeTaHum
C TEPMUHOM «UHTEPMOLANbHbIA» UIN «MYNbTUMOAANb-
HbI» (KaK [aHb YBaXXeHWs 60/1ee paHHen uaeonorum ame-
puKaHckoi noructukun) [14-15].

KoHuenums OAQ «PXX[», B CBOO 04epeab, BBENa I UC-
NoMb3YeT TEPMUH «TEPMUHATIbHO-NOMMCTUHECKNIA KOMIMIEKC>,
KOTOPbIN, HA HaLLl B3rNsA, HaM60Mee NosHoO OTPaXaeT CyThb
NOTUCTUKM 1 XOPOLLO BMUCHIBAETCA B KOHLENLUIO MymbTU-
MOZAJTbHOT0 TPAHCMOPTHO-NOTMCTUHECKOr0 KOMMIEKCa.

[lna aHann3a TepMMHaNbHO-NOrNCTUYECKO NHDpa-
CTPYKTypbl B CBEPAIOBCKOM TPAHCMOPTHOM Y3/e aBTopa-
MK npoaHanusnposado 6onee 100 npeanpuatuii, o6naga-
IOLLNX CKNAACKON MHAPACTPYKTYPOi (Tabn. 2), Ha OCHOBE
3/1eKTPOHHbIX UCTOYHMKOB [16-18].

[maBHbIMU NpobriemMamu NoMcka u 0T6opa CKNagckomn
MHAPACTPYKTYPbI CTaNM:

® VH(OPMALMOHHAA 3aKPLITOCTb (HEBO3MOXHOCTb

Onpefenenns peanbHo NPUHALNIEXHOCTI NNoLLa-
Jel K Kakon-nmbo opraHusauum);
@ KOHTPAreHTCTBO (Hax0X[eHue B OLHOW CKNALCKOM
30HE HECKOMbKMX OpraHn3auii, BblAaKLLNX TEPPUTO-
PUI0 32 CBOIO, HO M0 (haKTy apeHyIoLLMX ee 4acTb);
® (OTCYTCTBME 4ETKON MHPOPMALIMK N0 NOKa3aTensam
cknaga (puc. 1).

Tabnuua 1

TepMMHOJ'IOFVIﬂ CKNIaACKUX 06beKToB

I N

HTepMOfanbHbIA NOTUCTUYECKMIA LIEHTP
PernoHarnbHbIi NOrUCTUYECKNIA LEHTP

KoHuenums pa3BuTIs TPAHCMOPTHO-NOTMCTUYECKON CUCTEMbI
Cepanosckoii 06nacti Ha 2009-2015 roabl (C nepcneKkTMBON
10 2030 roga) [10]

HTepMOAanbHbIA NOrUCTUYECKUI LEHTP
JIOTNCTUYECKMI KOMMNEKC
JIOTNCTMYECKMIA LIHTP

Ctpaterns counanbHO-9KOHOMUYECKOr0 pa3BUTUs
Yena6uHckon o6nactn go 2020 roga [11]

TeppuTopuanbHbli NOTUCTUHECKUIA LLEHTP
TpaHCNOpPTHO-NOrNCTUYECKNIA Y3en
Jloructuyeckunin knacrep
TpaHCcnopTHO-NOrMCTUYECKNIA LIEHTD
Jlornctnyeckui TepMuHan

0 cTpaterum counanbHO-3KOHOMUYECKOr0 Pa3BUTUS
Kypranckoii o6nactu fo 2020 roga [12]

MynbTMOAanbHble TPAHCTOPTHO-NOUCTUYECKIE KOMMIIEKCHI

MexayHapOoAHbIA NOTUCTUYECKUI LIEHTP

\HBECTULMOHHbIE NPeIOKEHNS N0 PA3BUTUO TPAHCMOPTHO-
NOrUCTUYECKOro Komnsiekca TiomeHcKoii o6nactu [13]
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Tabnuua 2

AHanu3 cknapckux 06beKToB B CBEpANOBCKOM TPAHCMOPTHOM y3ne (hparmMeHT Tabnuubi)

T N R A D

Cknap «PNK-KocynuHo» TIOMEHCKMI TpakT, 32 KM 496 | 11,6 120000

Cknap «YpanbCKuii» r. B. Mbiwma, HaycTpuanbHein np., 1 30,1 | 353 A 286000 6
Cknap «mMncoBbIn» yn. MoHTaxHukos, 30 28,2 | 21,6 A 6926 —
Cknap «Manaxut» yn. Cyxoponbckas, 197 20,4 | 16,7 B+ 24467 6
Cknap «bonbLIenCTOKCKMn» yn. Mo6eapl, 2 353 | 6,0 B 7500 5

VIHchopmaLMOHHO-NOTUCTIYe- yn. Torons, 42 26,4 | 21,5 C — —
ckas komnaHusa AVS Logistic

Cknap «OCS-Exkatepunbypr» yn. CTyneHyeckasn, 1H 30,0 | 23,9 C — —
«ABTO[IOP-NTHOKC» yn. Tatuuiesa, 100 232 | 21,2 G — —

——— 12 (11%)

— 13 (12%)

84 (77%)

Puc. 1. Konuyecmso cknados knacca A, Bu C
8 (8ep0108CKOM MPAHCNOPMHOM y3J1e:
W — «nacc A; B — knacc B; [ — knacc C

AHanu3 nokasan, 4yto Ha Tepputopun CBepAnoBCKO-
ro TPAHCMOPTHOTO Y3/1a 0N BbICOKOKNACCHBIX TePMUHA-
nos (knacca A, B 1 B+) coctasnser menee 25 % 13 o6Lue-
ro yncna cknagos. OQHAKO MpU NPaBUSIbHON OpraHn3auni
TPAHCMOPTHO-CKNAZCKOro CepBuca 3TOro Konn4ecTsa Mo-
XKET ObITb BMNOJIHE JOCTATO4HO.

[Mpoananusnpyem nx NonoXxeHne Ha reorpadonyeckon
KapTe. [Ing aT0ro onpeaenum rpaHnLibl TPAHCMOPTHOTO Y3-
N2, Ha3Ha4UM TOYKY — Ha4arno KOOpAMHATHBIX 0Cei, 060-
3HA4MM XXeNe3HOL0POXHbIE CTAHLMN U BCE CKIafbl, OYHK-
LMOHUPYIOLLME Ha TeppUTOpUn (puc. 2).

113 noctpoeHHo MOZenn BUAHO, 4TO NoAaBnsioLLee
6O0MbLUMHCTBO CKNAACKNX 30H MPUMbIKAET K XXene3Ho40-
POXHbIM CTaHLMUAM W UMEET BbICOKYHO KOHLEHTpaLMI0 Ha
CPaBHUTENBHO HEOOJbLUNX TEPPUTOPUSX.

Ha ocHOBaHMW AaHHbLIX Tabn. 2 ans pacyeta Heo6xo-
ANMO NpON3BECTU (DUITBTPALINIO, OCHOBAHHYIO HA Knacc-
HOCTU CKnaga. [na pac4era MecTopacnonoXeHnus Mysb-
TUMOZANbHOI0 TEPMUHANA 00bIYHO NPUMEHSIOT HECKONb-
Ko meTofoB [20-23]. [Ing peLueHus 3afa4m no metoay
«L|eHTPA THXKECTU» UMK «NPOBHON TOYKU>» UCMONb3YeTCs
nokasarteflb rpy30060p0Ta Kaxaom nccnegyemoii TO4HKN
(cknaga). NMockonbKy Mony4uTb TaKyK MH(OPMALNIO He-
BO3MOXXHO, 32 rpy30060pOT NPMMEM PacHeTHYH0 BMECTH-
MOCTb TepMUHana.

B naHHoM pa6oTe UCMNONb30BaH METOL, NMOABXHON TOY-
KW, KOTOPbIA XOPOLLO 3apekoMeHoBan cebs ans pelue-
HUS NPAKTUYECKUX 3324 N0 ONPeSesieHno ONTUManbHOro
MECTOHAX0X[EeHUs pacnpefenuTesibHoro (6a3oBoro) LieH-
Tpa [24]. [naBHbIM JOCTOUHCTBOM 3TOr0 METOAA SBIIAETCS
HE3aBUCMMOCTb MONY4EHHOr0 pe3ynsrara 0T Takux (ak-
TOPOB, KaK pa3BuTas CeTb TPAHCMOPTHbIX NyTEW, reomMe-
Tpuyeckas popma o6Ccnyxusaemon Tepputopumn u Tapud
Ha NepeBo3ky rpysa.

113 puc. 2 BUAHO, 4TO 3Ha4MMbIMM CTaHLMsMYU CBepanoB-
ckoro yana ssnstotcs CeaenbHNKOBO, Mncosas v PelweTsl.
Onpegenum MecTa pasmeLLeHs TEPMUHATbHO-NIOTUCTIYE-
CKMX KOMMJIEKCOB UMEHHO [N 3TUX CTaHLMA.

[lng 3T0ro Heo6Xx0AMMO YNOPAA0HNTb KOOPAUHATI
CKNajoB B NopsjKe BO3pacTaHus cHavana ansg x u 3atem
AHANOrN4HO nga y.

MycTb X4 < Xp < X3 <
X1 =4y, Xp = bo.

. < X,. BBegem 0603Ha4yeHUs



6 40
35
30
25
20
15
10

4

© ©©

TpaHCNOPTHbIE U TPAHCNOPTHO-TEXHONOrMYECKUE CUCTEMbI CTPaHbl,
ee PErMoHoB ¥ ropof0B, OPraHu3aLms Npou3BOACTBA Ha TPaHcnopTe

() — KIlo4eBble

CTaHuumn ysna

@ — 6asuncHble

CTaHuuun

[]— noructuyeckune
LiEHTPbI, CKNagp!

(O — 0CTaHOBOYHbIE
NYHKTbI, Pa3besapl

Puc. 2. leoepaguyeckas kapma C8epdno8cko20 MpaHCNOpMHO20 y3a:
a — mpaxcnopmuas uHgpacmpykmypa [19]; 6 — cknadckas uHgpacmpykmypa

lycTb dy — cepenuHa oTpeska [a, by,

_ay+b,

d
0 2

1)

Ecnm Q,(dy) — cymmapHas BMECTUMOCTb TepMUHANb-
HO-JTIOTUCTUYECKOr0 KOMMIIEKCa, PACMOSI0XKEHHOrO Crie-
Ba 0T TOYKM dy, paBHa Q,(dy) — CyMMapHON BMECTUMOCTH
KOMI/IeKca, pacronoXeHHoro crpasa oT TOYKK dy, TO 3a-
flaya peLueHa:

rae dy € [k, k + 1], T.e. k — OKpyrneHue dy C HeLOCTaTKOM,;
k+1 — ¢ n36bITKOM.

Ecnn Q/(dy) = Q(dy), TO Cneayet paccmMoTpeTh [Ba Clie-
Hapus:

1) Qy(dp) > Q,(dy) — npeanonoxum a; = ag, by = dy;

2) Q/(dy) < Q(dy) — npeanonoxum a; = dy, by = by.

[lanee Haiiaem CpeaHiol TOYKY 0Tpe3sKa [aq, b1]:

_a;+b,

d
L)

Ecnu Q/(d4) = Q,(d4), TO 3apaya peweHa. Ecnv BHOBb
Q/(dq) = Q,(d;), cHOBa paccMOTPUM ABa 0Tpe3ka [ay, d4]
u [dy, b4] 1 cHOBA BbIGEpPEM TOT, Ans KoToporo Q,(d;) >
> Q,(d4). Bbi6paHHbIn 0TPe30K 0603HAYMM [ay, by].

Ecnu npogomxatb 3T0T NPOLECE, TO OH 1160 060pBeT-
Csl Ha HEKOTOPOM LLare /1 U3-3a TOro, YTO BbIMOHUTCA YC-
nosue Q,(d,) = Q,(d,), nnéo Q,(d,) = Q/(d,_1). B atom cny-
Yae pacyeTbl 0CTAHABMMBAIOTCS M NPUHUMAETCA

(3)

Pacy4et BTOpOil KOOPAMHATBI PACNPEAENUTENbHOrO LieH-
Tpa Y, NPOM3BOAMTCS aHANIOMMYHO.

Touka [X, Y] HaxoguTcs B onTumansHoi obnactu. Ans
TOr0 4TOObI ONpPeAenuThb ee rpaHuLbl, cnesyeTt HanTK a6-
CLMCChI [IBYX COCEMHIX KOMMAEKCOB X- 1 X', MeXay KoTo-
PbIMU NIEXUT 3HA4eHNE X;, U OPAMHATBI IBYX COCELHUX KOM-
NyIEKCOB, MEXAY KOTOPbIMU NIEXUT 3Ha4eHue Y. Mpamoy-
ronbHK [X+, X 1x[Y-, Y] v 6yneT aBRATLCA ONTUMANbHON
0671aCTbI0 C TOYKM 3PEHIUS METOAA NOLBUXHO TOYKM [20].

BHYTpU onTumanbHOM 0651acTu BbIGUPAETCA MECTO NS
pa3meLLeHns 6a30B0Or0 TEPMUHANBHO-NOMMCTUHECKOr0 KOM-
MnyieKca, UCX0As U3 Pa3BUTOCTU UHCGOPACTPYKTYPSI.
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TpaHcnopTHbIE U TPAHCNOPTHO-TEXHONOrMYECKME CUCTEMbI CTpaHbl,
€€ PervoHos U ropoaos, opraHn3auusa npoM3BoAcTBa Ha TpaHcnopTe

MponyckHas cnoco6HocTb — 41 noeap
2007 rop — 35 rp. noe3nos (85 %) — makcumanbHas

Ha Huxuuit Tarun BO3MOXHas 3arpyska OJHOMYTHOTO y4acTka Ha ErOpI.IJVIHO/
2015 ros — 46 rp. noe3aos, 6 NPUropoAHbIX
\ ’,b e, 2020 rog — 65 rp. Noe3aos, 8 NPUropoaHbIX / OQ
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Ha [IpyxunuHo

Ha lMoneBckon

Ha KonyepaH

Xapaktepuctuka Exarepunbyprekoro
XEne3HoAOPOXHOrO y3na

COpTUPOBOYHAsA CTaHLNA 1
Maccaxupckas cTaHums 1

[py30Bble CTaHLMN 13
Yy4acTkoBas cTaHums 1
[poMeXxyTo4HbIe CTaHLMK 8
9KcnnyataunoHHas AnuHa nyTeil B yane 240 km
PasBepHyTas AnnHa CTaHLUMOHHbIX NyTen 487 km

Puc. 3. OcHosHble HanpasieHus pazgumus ExamepuH6ypacko2o mpaxcnopmHozo y3na [16]

CBEpANOBCKMIA Y3871 — OfMH M3 CaMbIX CTpaTernye-
CKI BOXXHbIX TPAHCMOPTHBIX Y3/10B HA TeppuTopun Poccuin-
ckoit ®efepaLunn, Yepes Hero NPOXOASAT XKeNe3HOLOPOX-
Hble, aBBTOMOOUIbHbIE 11 BO3AYLIHbIE MyTW. [ycTOTA 1M 3a-
rpy3Ka »ene3HoL0P0XHO 1 aBTOMOBUITbHON TPaHCNOPT-
HOI CETU BblLLIE CPEJHEr0 NoKasartens no CTpaHe B OCHOB-
HOM 3a CYeT reorpadynyeckoro nonoxexns. GBepanoBCcKuit
TPAHCMOPTHbINA Y3/ CBA3bIBAET MEX/Y COO0M 3anagHyto
11 BOCTOYHYHO YaCTb CTPaHbl, HAX0AACh Ha rpaHuLe EBpo-
nbl 1 A3uu, nponyckas u nepepabarbiBas rpy30n0TOKM
0601X HanpasneHui.

Takum 06pa3om, CBep/SIOBCKMIA TPAHCMOPTHbINA y3en
06n121aeT BCEM HE0OX0MMbIM MOTEHLMANIOM Ans (DOPMU-
POBaHUSA B HEM MYNLTUMOAANbHBIX TPAHCMOPTHO-NOTNCTY-
yeckux komnnekcos (MMTJIK) npu BegyLeii ponu »xenes-
HOZOPOXHOr0 TPAHCNOPTa, OAHAKO TPebyeTCsH NPOBECTM
peopraHu3annio paboTbl 1 KanUTanbHYH PEKOHCTPYKLIMIO
MacCaXXMpPCKMX 1 rpy30BbIX KOMNIeKcoB GBEPANOBCKOrO

)KeNe3HOA0POXHOr0 y3na, 4To6bl BNncatsecs B «CTpaTeruto
passutus Geepanosckon obnactu Ao 2030 roga» [16]. ns
3TOr0 He06X0ANUMO:
©® epeBecTyn rpy30BOE [BMKEHIE HA CEBEPHBIN 1 H0XK-
HbIN 00X0ApbI;
® I3MEHNTH CreLmann3aunio rMasHOro BHYTPUy3no-
BOr0 ANAMeTPATIbHOr0 COeAUHEHNS Ans OpraHnsa-
LLM NacCaXKMPCKMX NepeBo30K C Pa3BUTUEM Jallb-
HEro v NPUropoaHOro COOBLLEHUI;
©® \OJEepHU3NPOBATbL BOK3AIbHbIA KOMMIIEKC B UHTEP-
MOZanbHbI TPAHCMOPTHO-NEPecagoyHbIN y3er;
©® BbIBECTM IPY30BYH0 PaboTy 3a npefesbl ropoja 1 co-
CPefoTOYNTLCS Ha NPefy3NoBbIX CTaHLMsAX C nep-
CMEKTUBOI CO3[AHNA MOLLHOTO MYNLTUMOAANBHOMO
TPAHCMOPTHO-NOrMCTUYECKOr0 KoMekca (puc. 3). UT

Pabota nposogunack npu 4acTmyHoON YUHaHCOBOM M0j-
Jepxke POOU, npoektsi Ne 18-07-00604, 16-06-00464.
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TpaHCNOPTHbIE U TPAHCNOPTHO-TEXHONOIUYECKNE CUCTEMbI CTPaHbl,
ee PErMoHoB M ropoji0B, OpraHu3aLms NPoU3BOACTBA Ha TPaHcnopTe
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LUyH KapranonbueBa
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OcHOBHbIE TCHACHIINU U NEPCIICKTHUBLI PA3BUTUA

POCCHUMCKO-KHUTANCKHUX

TOProBO-3KOHOMHNYECCKUX OTHOILIEHU M

Main trends and prospects of Russian-Chinese
trade and economic relations development

AHHoOTauusa

B cTaTbe paccMOTpeHbl OCHOBHbIE TEHAEHLUU POCCUiA-
CKO-KUTaCKMX 3KOHOMUYECKNX OTHOLIEHWI, NpoaHanu-
3UpPOBaHbI CTPYKTYpPa M 06bEM TOProBAU MEXAY ABYMSA
cTpaHamu. M3yyeHbl xapakTepuCTUKM rpy30nepeBo3oK
13 Kutas: paccMoTpeHbl OCHOBHbIE MapLUpYThl JOCTaBKK
¥ NPOAHaNU3MpPOBaHbl UX LOCTOMHCTBA U HEAOCTATKMU.
0603HayeHbl NepPCNeKTUBLI PA3BUTUS B3aUMOOTHOLLE-
Huit Kntas n Poccnm B chepe MeXAyHapOAHbIX rpy30-
nepeBO30K.

Kntouesble cnosa: Poccus, Kutaii, rpysonepeBosky,
MapLpyTbl 4OCTABKW, XeNe3HO[0POXHbII TpaHCNOPT,
MOPCKOIi TPAaHCMOPT, aBTOMOBOUIbHBII TPAaHCMOPT, BO3-
AYLWHbIA TPAHCMOPT.

D0I:10.20291/2311-164X-2018-2-18-22

Abstract

The main trends in Russian-Chinese relations are
described in the article and the structure and volume
of trade between the two countries is analyzed. The
characteristics of cargo transportation from China are
studied: the main routes of delivery are considered and
their advantages and disadvantages are analyzed. The
prospects of development of relations between China
and Russia in the field of international cargo.

Keywords: Russia, China, cargo transportation, delivery
routes, railway transport, sea transport, road transport,
air transport.
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CoBpemeHHOe pa3BMTUE X03AICTBEHHOI XI3HN Poccun
ONPeLEenuno yCKOPEHHbIE TEMIMbl MHTErPaLMK Kak HaLMOHa b-
HOI1 3KOHOMUKM B LIeJIOM, TaK 1 3KOHOMUYECKNX CYObEKTOB
B MMPOBbIE 3KOHOMMYECKMe npouecchl. 0co60e 3HaveHue
B HACTOALLee Bpems Npuo6peTaoT 3KOHOMUYECKUE 1 NONu-
TU4eckne B3anMooTHoLeHus Poccuu ¢ Kutaem. Vimes pas-
BUTYH WHLYCTPUANbHYIO 3KOHOMUKY B €BPONENCKOi 4acTu,
Poccus 3anHTepecoBaHa B pa3BuTun a3uaTckom TeppuTopu,
6oraroit nosie3HbIMU NCKOMAeMbIMU, JIECHbIMU MAcCUBamMm,
ManooCBOEHHbIMU U ManoHaceNeHHbIMY 061acTamu. B atux
YCNOBUAX pacLUMpeHne v yrnybneHune oTHoLweHniA Poccun
¢ Kutaem npno6pertatoT KonoccanbHoe 3HadeHne. BaxxHyto
pOJib B MEXAYHAPOAHbIX OTHOLUEHUSAX UTPAET IKOHOMUYe-
CKUIA (DaKTOp — B3aNMOBbLIFOAHAA TOProBns. 3a nocnes-
Hue 15-20 net Kutaii Bbillen Ha ypoBeHb NepesoBbIX pas-
BUTbIX CTPaH, CAENas OrpOMHbIN PbIBOK B PA3BUTUN 9KOHO-
MUKW 1 NepeLLen Ha ypoBeHb MHHOBALMOHHON 3KOHOMUKU.
B HacTofALLee Bpems B CTPaHE XOPOLLIO Pa3BuTa J1erkas, xXu-
MUYecKas NPOMbILUNEHHOCTb, 3MEKTPOHUKA.

C 2000 no 2010 r. 06beM POCCUIACKO-KIUTAICKOR TOP-
rosnn Belpoc 6osee yem B 10 pa3, a B 2011 r. no cpasHe-
Huto ¢ 2000 r. — 6onee 4em B 15 pas (¢ 5,72 o 79 mnpg,
gonn.) [1]. Ha puc. 1 npefcTasneHa HOMeHKaTypa nepe-
BO3MMbIX TOBApOB.
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Puc. 1. HomeHknamypa epy308,

nepesosumsix 000 «TIK «Kendopurmezpayusy”:

[[] — nectbie 2py3bi; B8 — npokam YepHbix Memanaos;

W — mawunsl u 06opydosarue;

W — muHepansHo-cmpoumesnsHble Mamepuansl;

W — npodykyus yennono3Ho-6ymMaxHol npombILLIeHHOCMU;

[7] — npodykyus xumuko-gpapmayesmuyeckol npombILIeHHOCMU;
B — npoyue

[To aaHHbIM puc. 1, 80 % accopTumeHTa TOBapoB, MNo-
cTaBnsemblx u3 Poccum B Kutaii, COCTaBsOT TOBAPbI Npo-
3BOACTBEHHOr0 Ha3Ha4YeHMs — CbIPbEBbIe TOBAPSI, JEC,
MPOKAT YepHbIX METansIoB, NPOAYKLNS LENSHN03HO-0Y-
M2XXHOW 1 XUMUKO-(papMaL,eBTU4ECKO NMPOMBILLTIEHHO-
CTW. Kntaii B 0CHOBHOM 3KCMOPTUPYET TOBApPbl NOTPe6U-
TeNbCKOr0 Ha3Ha4eHMs C BbICOKOW A0OABOYHON CTOMMO-
CTbH0: 3JIEKTPOHNKA, XMMUSA, NPOAYKTbI MUTaHUS, TOBapbI
6bITOBOr0 Ha3Ha4YeHus.

*CocmasneHo asmopamu no darHsim 000 «TIK «Kendopurmezpayus.

TpaHCNOPTHbIE U TPAHCNOPTHO-TEXHONOrMYECKUE CUCTEMbI CTPaHbl,
ee PErMoHoB ¥ ropof0B, OPraHu3aLms Npou3BOACTBA Ha TPaHcnopTe

Heo6xoanMM0O OTMETUTb BaXKHEWLLMe NperMyLLecTBa
KUTaiCKO-POCCMIACKOr0 TOProBO-3KOHOMWUYECKOro nap-
THepCTBa.

Bo-nepBbIX, 3T0 NPOLOIIKUTESbHbIE U PE3YNbTATUBHbIE
NOJNIUTUYECKNE OTHOLLEHWUS U HANAKEHHbIA MEXaHU3M CO-
TpyaHU4ecTBa. Bo Bpems nepuoanyeckmx BCTpey npeacra-
BUTENEl BNIacTM 06emx CTpaH 66110 co3gaHo 11 nogkommc-
CWiA M0 FMaBHbIM OTPACAAM [19 YKPENIeHUs KNTancko-poc-
CUicKoro naptHepctsa [2]. MoanncaHo MHOXECTBO [0ro-
BOPOB, CO3JaHbl HOPMATUBHO-MPABOBbIE AKThl U 3PEK-
TWBHas 3aKOHOAaTeSIbHas 6a3a cTpaH. Bce aTo cnoco6CTBY-
€T B3aMMOBbIFOHOMY COTPYLHMYECTBY Poccun n Kutas.

Bo-BTOpbBIX, 61arogaps TeCHOMY TOProBO-NPOU3BOA-
CTBEHHOMY COTpyaAHM4ecTBy Poccum n Kutasa npoucxogut
B3aMM0060raLleHme, B3aMMOAONOHEHNE NPEUMYLLECTB
B Pa3BUTUN PasnuyHbIX 0Tpacneil Nnpon3soacTea. Poccus
MMEET NPenMyLLIeCTBA B PA3BUTUN 3HEPTETUKM, TAXEN0N Npo-
MbILUNIEHHOCTH, BbICOKUX TEXHONOTUIA 1 KocMmoca. B Kutae
pasBUTLI OTPACN MALUMHOCTPOEHUS, IETKOI NPOMbILLIEH-
HOCTW 1 TeNIeKOMMYHUKaLWiA. bnarogaps B3auMoaencTsu-
AIM 3TU CTPaHbI MOTYT JOCTUYb BbICOKUX YCMEXOB B KOHKY-
PEHLUN HA MEXYHAPOAHBIX 1 MEXPErnoHaNbHbIX PbIHKAX.

B-tpetbux, y Poccuu n Kutas 60bLLION PbIHOK CObI-
Ta, YTO NO3BOJIAET YBENIMYNBATL NPOU3BOACTBO W peanu-
3aunio TOBApPOB, NPUPOSHbLIX PECYPCOB, TEXHONOTWIA U [ie-
HEXHbIX CPEACTB.

PoccuiicKo-KUTanCKUe OTHOLLIEHUS XapaKTepusyoTes
BbICOKOM JMHAMUKOW Pa3BuUTUS, NPOYHOI NPaBoBOM 6a3oii,
Pa3BeTB/IEHHON OPraHN3aLOHHON CTPYKTYPOI 1 aKTUBHBI-
MM CBSA3SIMU HA BCEX YPOBHAX.

0 pa3BuTMI POCCUIACKO-KNTAICKOTO COTPYAHNYECTBA
B 00J12CTV TOPrOBNU CBUAETENLCTBYHOT aHHbIE TOBAPO-
o6opota Poccuu u Kutas (puc. 2). Tak, 8 2013 r. ToBapo-
060pOT ABYX CTpaH npménusuncs K otmetke B 90 mnpg
ponn., 8 2016 r. coctasun 66,1 mnpAa fonsn., yBenn4yms-
wmck Ha 4,02 % no cpasHeHuto ¢ 2015 1. (63,5 mnpg fonn.),
B 2017 r. Takxxe HabntoaaeTca pocT T0BapoobopoTa.
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Puc. 2. Junamura mosapoobopoma Poccuu u Kumas
82012-2017 22., maH donn. [11]

UCKO-KUTAaUCKUX TOProBO-3KOHOMHUYECKUX OTHOLWIEHUU

B. M. Camyiinos, Jl. H. Aipyununa, lso LyH, T. A. Kapaanonsyesa | OcHOBHble TEHAEHLUM U NEPCNEKTUBLI PA3BUTUA POCCH

—_
©



MNCKO-KMTAaNCKUX TOProBo-3KOHOMUYECKUX OTHOLIEHUN

B. M. Camyiinos, 4. H. Apyxununa, Lso UyH, T.A. Kapzanonsyesa | OcHoBHble TEHAEHUWUMU U MEPCNEKTUBbI PA3BUTUA POCCH

N
o

OnHUM 13 Hel0CTaTKOB POCCMINCKO-KNUTANCKMX OTHOLLIE-
HUA B COBPEMEHHBIX YCNOBUAX ABNAETCA HECOOTBETCTBUE
06bema 1 COLEPKAHNA BHELUHE TOProBan. JKOHOMMUYE-
CKWe MHTEPechl Poccui 3aK4atoTCs B CHUXEHWUI NPO-
[O0BONIbCTBEHHOM 3aBUCUMOCTM OT Kutas Ha OCHOBE pea-
nn3auum npoLoBONbCTBEHHON nporpaMmsl B Poccuu. Ha-
LA CTpaHa NOCTENEeHHO YX0ANT OT cTepeoTuna «Poccus —
CbipbeBas fepxasa». CaHkuum CLUA npotue Kutas takxe
NOBMIUSAIOT HA U3MEHEHUE CTPYKTYPbI 3KcrmopTa n3 Kutas
B Poccuto n apyrue cTpaHbl.

[inq passuTus MexayHapoaHbIX TOProBO-3KOHOMUYE-
CKMX OTHOLUEHUI Poccumn 1 Kntas BXXHOM COCTaBNAIOLLEN
aBnseTcs TpaHcnopt. OCHOBHbIMW BMAAMU LOCTABKM TO-
BapoB n3 Kutas B Poccuto ABNAOTCS XKene3HoL0POXHbIN,
MOPCKOW, aBTOMOGUNbHbINA 1 BO3AYLIHbIA TpAaHCNOPT. Ha
puc. 3 npefcTasfieHa 401 PasnnyHbIX BUL0B TPAHCNOPTa
npw nepeso3ke rpy3os u3 Kutas 8 PO. HanbonsLias go-
ns (54 %) oTBELEHA XEeNe3HOLOPOXHOMY TpaHcnopTy [5].

Puc. 3. Jonsa pasHeix sBudos mpaHcnopma
npu nepegoske 2py308 u3 Kumas 8 P®:
[ — .-8. mpaxcnopm,; B — mopckol;

W — asmomobunsHbit; M — 8030ywHbIl

TpaHCNOPTHbIE U TPAHCNOPTHO-TEXHONOIUYECKNE CUCTEMbI CTPaHbl,
ee PErMoHoB M ropoji0B, OpraHu3aLms NPoU3BOACTBA Ha TPaHcnopTe

OCHOBHbIe MapLLPYTbl 4OCTaBKM rpy30B 13 Kutas B PO
NOKa3aHbl Ha puc. 4. PacCMOTPUM CHadYana CyxonyTHbIe MyTu.

[loctaBka rpy3oB 13 Kutas no »xenesHomn jopore — Ao-
CTaTo4HO BOCTPE60BAHHBIN CNOCO6 rpy30MepeBo3Ki 1 0Cy-
LLIeCTBNAGTCA M0 HECKOJIbKAM MapLUpyTam:

1. Ipy3 noctynaet Ha cesep KHP, notom cneayert no
Xap6WHCKOM Xere3Horn Jopore, NPOXOAUT Yepes norpaHmny-
Hble nepexofbl Manb4xypus — 3abaikanbck, CyindaHb-
X3 — ['popekoBo n apyrue, fo Tepputopun Poccun. dans-
LLIe N0 POCCUICKOI TEPPUTOPUI Ipy3 UAeT no TpaHccubup-
CKOWM MarucTpanu 1o nyHKTa HasHa4eHms [7].

2. TpaHaut vepe3 KasaxctaH (norpaHuyHbIN nepexon
AnawaHbkoy — [10CTbIK).

3. TpaHanT yepe3 MoHronmio 4epes NorpaHnYHbIN nepe-
xo[, 3pnsiHb — 3amblH-Yya3. [JaHHbIA BApUaHT Npuemiem
L5 TPY30B, CTOMMOCTb KOTOPbIX HEBENUKA: U3AENNS U3 KaMm-
HS, Pa3NIMYHOE CbIpbe W PyAbl U T.4. 3T0 06yCNaBNNBALTCS
9KOHOMUEN Ha pa3Mepax NMPOBO3HbIX NATEXel 1 CO0POB.

PaccmarpuBas xkenesHo40p0oXHbIe NepeBo3Kin rpy3oB
1 Kutaq B Poccuio, MOXHO OTMETUTb KaK MOSTOXKUTESbHbIE,
TaK 1 0TpULaTeNbHbIE MOMEHTbI. CyLLECTBYIOT HEAOCTATKN,
CBSI3aHHbIe CO CNabopas3BUTON XKeNe3HOA0POXHON MHAIPa-
CTPYKTYpOIi. He BO BCex ropogax Kutas ectb CTaHLuu, xe-
Ne3HOA0POXHbIE NYTW, Y4TO BELET K HEOOXOLMMOCTH UC-
noJsib30BaHKs aBTOTPaHcnopTa. pu neperpyske Tosapa 13
ABTOMOOUNIA B XKENE3HOA0P0XHbIE BarOHbl BO3HWKAET PUCK
NOBPEXAeHNA ToBapa. [pyrnm He0CTaTKoM ABNSETCS pas-
HULA B LUIMPUHE XXEeNe3HOA0POXHOI KOJeu Ha TeppuTopumn
Knutas n PO, 410 BedeT K AONOSHATENIbHbIM 3aTpaTtam Ha
neperpysKy no MexxayHapoLHOMY CTbIKY.

OfHaKo y )Xene3HOA0POXXHOM0 TPAHCNOpPTa eCTb M CBOW
MPenMMyLLecTBa: OCYLLEeCTBNAOTCA NOrpy30-pasrpy3oy-
Hble paboTbl, 06ecne4YmBaeTCsd 0XpaHa ToBapa, CTpaxo-
BaHWe rpy3oB, paboTakT BbICOKOKBANMMDULUPOBAHHbIE
COTPYAHUKM.

KUTAI

MopTbl
DUHASHANN
1 bantun

MopTbl Haxoaka/BnaamsocTok; MaHb4xypusi/
r. CankT-TeTep6ypr; 3abaikanbek; Yepes
r. HoBopocceuiick CyidhaHbxa/ MoHronuio:
IponekoBo 3pnsHb/3ambIH-Yyae —

Cyxa-barop/Haywiku

Yepes
KasaxcraH:
AnawaHbkoy/
HocTbik

Puc. 4. Bo3moxHble mapwpymsl docmasku 2py308 u3 Kumas g P9



ABTOTpPaHCMOPT, 0COGEHHO CKOPOCTHOM, MOMY4UN B No-
cnefjHee Bpems AO0CTATOYHO LUMPOKOE Pas3BUTUE 32 CYeT
KPYMHbIX UHBECTULMIA B MH(ppacTpykTypy Kutas. B Poc-
cuu, Ha JansHem BocToke, aBTONEPEBO3KM NOKA 3KOHOMU-
YECKMU HEBbIFOHbI M3-32 3HAYNTENbHbLIX PACCTOSAHNIA, MPO-
6r1em C [0CTaBKOW rpy30B B ropoja, Haxojalimecs fane-
KO OT rpaHmLpl, 1 n3-32 HeOCTATOYHOI Pa3BUTOCTU ABTO-
Jopor. Yallle BCero aBToTpaHCNopT UCMONb3YeTCA Npu ne-
peB03Ke TOBApOB U3 KuTas B ropofia, HaxoAsLLmnecs Heaa-
NEKO OT TPaHnLbl UMK He UMEKOLLME XKEeNTe3HOL0POXHOr0
coobuleHuns. [lanee ToBapbl NepeBO3ATCA aBTOTPAHCNOP-
TOM Ha POCCUNCKIE TAMOXXEHHbIE TEPMUHASIbI 1 YXKE Nochne
npoLieslypbl TAMOXEHHON 04NCTKM NEPErpyxatoTcs B Baro-
Hbl 1 CNEeAYIOT Mo Xene3Homn gopore PO,

He MeHee NonynsapHbl B HACTOALLEE BPEMS MOPCKUE rpy-
300MepeBo3Ki. VX BOCTPeOOBAHHOCTb 06bACHAETCS pa3niy-
HbIMU (PaKTOpamu:

® (0/1bLLIOE KONMYECTBO KUTANCKNUX OTNPaBUTENEN Ha-
XOAMTCS B NOPTOBbIX rOP0JAX;

@ MOopCKas NepeBo3Ka B KOHTeHepax 6e3onacHa B nna-
He COXPAHHOCTK rpy3a;

@ \OpCKas NepeBo3Ka [OCTATO4HO AeLleBas no cpas-
HEHMIO C APYrUMU BUZAMI TPAHCMOPTA, HO NPY 3TOM
Hanoornee onras no cpokam.

K 0CHOBHbIM MOpPCKMM nopTam Kutas MOXHO OTHeCTH:
LLaHxai, LLeHb4KeHb, TOHKOHT, CAMbIHb, HIUHO0 1 MHOTUE
Apyrue. OCHOBHbIE MOPTbI HA3HAYEHNS NPY NEPEBO3KE rPy-
308 B PO — 370 JanbHEBOCTO4HbIE MOPThI (MOPT BocTou-
HbliA, BnagnsocTok, Haxogka); 6antuickue noptsl (MopThl
CankT-lNeTepbypra), HOBOPOCCHACKMIA NOPT. 13 NOPTOB KOH-
TeliHepbl BbIBO3ATCSA M0 XKeNe3Hoi Jopore Nbo aBToTpaH-
CMOPTOM [0 MYHKTOB Ha3HA4YEHUS.

OpMEHTNPOBOYHbIA CPOK AOCTaBKN KOHTEMHEPA MO-
pem 13 noprta Kutas 0o AanbHEBOCTOYHbLIX MOPTOB —
7-10 gHen (B 3aBUCUMOCTM OT MOPTOB OTIPY3KMN U KOH-
TENHEPHbIX NUHWIA), fanee UAET TaMOXeHHOe odhopmne-
Hue (0T 2 10 7 [Hel), 3aTeM KOHTENHep crneyeT no xe-
nesHom gopore no PO (0T Hepenu Ao 25 fHen, B 3aBUCK-
MOCTM OT CTAHLMW Ha3Ha4YeHus). Takum 06pasom, o6LLmiA
CpoK gocTaBku oT LLlaHxas 4o MOCKBbI C TaMOXEHHbIM
odhopmneHnemM B nopty BoctouHom cocTasnseT oT 35 4o
45 pHei. 3 Wanxas oo Mockebl 4epe3 CaHkT-lleTep6ypr
CPOK [10CTaBKM MOXET JOX0AUTb A0 55 AHeid, Tak Kak Mo-
pem o1 nopTa LWaHxait o CaHkT-MeTepbypra KOHTENHep
nnbiBeT 35 AHe, aanee Ha TamMOXXeHHOe 0hopMIeHue
YXOAMUT A0 7 OHel, n notoM 3—4 OHA 3aHMMaeT [0CTaB-
Ka Ha aBTonnargopmMe C y4eTOM COrnacoBaHuii no Bbl-
BO3y U3 nopta [7].

ABUaTpaHCNOPT — Camblil JOPOrOil, HO BbICTPbIA CMo-
€06 f0CcTaBKM rpy30B. OH N0O3BONSIET CIKOHOMUTL BPEMS
Ha [OCTaBKYy TOBapa B HECKONbKO pas. Vicnonb3yercs npu
[OCTaBKe CPOYHbIX TPY30B. K KPYMHBIM MEXAYHAPOLHbIM
aspornopTam Kutas 0THoCATCS: a3ponopT banmkuH B lMeku-

TpaHCNOPTHbIE U TPAHCNOPTHO-TEXHONOrMYECKUE CUCTEMbI CTPaHbl,
ee PErMoHoB ¥ ropof0B, OPraHu3aLms Npou3BOACTBA Ha TPaHcnopTe

He, MyayH B LWanxae, baitoHb B TyaH1xoy, ®3anxyaH B Ca-
Hbe U pyrue.

113 BCeX nepeyncneHHbIX BMA0B TpaHcnopTa Hanboree
LUMPOKOE NPUMEHEHIE UMERT XEeNIe3HOLOPOXKHbIA TPaHC-
NOPT, KOTOPbIA 06ecneYnBaeT MakCUMansHoe ya06CTBO
TPAHCMOPTMPOBKM rPy30B.

BbicTpansas norucTuky TOBapHbIX NMOTOKOB U3 Kutas
B Poccuio, BaXKHO MOMHUTb, YTO KaxKias nepeso3ka Tpeody-
eT MHAVBUAYANbLHOro noaxoaa. MecTto o0TnpasnieHus u no-
Ny4eHNs, XapakTepucTuKn rpy3a, 3aniaHupoBaHHbIi 610]-
XKET Ha NepeBO3KY W TAMOXEHHOe 0(DOPMIIEHME, XKenae-
Mble CPOKM JOCTaBKMN — Ha BbI6OP ONTUMAIIbHOr0 MapLu-
pyTa BNNUAOT BCE 3TU (DAKTOPbI.

B Poccun Ha xene3HoLopoXXKHOM TPAHCMNOPTE NOCTOSH-
HO pa3pabartbiBAOTCA HOBbIE YCIYrW 1 CEPBUCHI 4151 KINEH-
TOB. Hanpumep, 119 0Ka3aHus KOMMIEKCHbIX YCNYT YPOBHS
3PL 000 «T3K «XKenmopuHTerpauus» BbIGUpaeT ONTUMab-
HOE CO4EeTaHNe TPAHCMOPTHbIX CPELCTB, 06ecneynBas Mak-
CUMabHOE YA06CTBO TPAHCNOPTUPOBKU FPY30B KINEHTOB:
XKEJIe3HO0POXHbI TPAHCMOPT:

MnoJlyBaroHsl;

KpbITble BaroHbI;

nnatopml;

cneynann3mpoBaHHble NNattopmbl;
XOMNMepbl-403aTopbl;

XKENe3Ho40pOoXHble KoHTenHepsl 20 1 40 dyToB;
ABTOMOOMNbHBIN TPAHCNOPT:

ABTOMOOUNbHbIE TPanbl;

KOHTENHEPOBO3bI.

Kpome opraHmsaumm nepeso3kin rpy3oB pasnnyHbIMu
Bugamu Tpancnopta komnanus 000 «TIK «XKengopuHre-
rpauus» Npeanaraet cnejyroLine yenyru:

©® 0hOopMITIEHME NEPEBO30YHBIX U COMPOBOAUTENBHbIX

LOKYMEHTOB;

® 0rpy30-pasrpy3oyHble paboTsl (B TOM HUCe pas-
paboTKa 1 cornacoBaHue 3CKnU3oB, yeptexxken, MTY;
npefoCTaBeHune aTTecToBaHHbIX MacTepoB Norpys-
Ku; 3aKpensieHue rpysa B BaroHe, XpaHeHue rpysa
Ha OTKPbITbIX NIOLAAKAX U KPbITbIX CKNagax);
BbICOKOKA4€CTBEHHAA 1 ONTUMasibHas ynakoBka
1 MapKUPOBKA rPy30B;

ClopBeiiepcKue yenyru;

CTPax0BaHue;

COrnacoBaHne 0COObLIX YCIIOBUIA NEPeB030K;

CMEHHas 0XpaHa 1 NoCTOAHHOE COMPOBOXAEHUE

rpysa;

CNEXeHue 3a NPOJBMKEHIEM MOABVKHOIO COCTaBa,;
® npejocTasneHne paboyero MecTa B aBTOMaTu3nNpo-

BaHHON cucteme ITPAH;

® repeafipecoBka.

Cratuctnyeckue aaHHble no rpysonepesoskam 000 «TIK
«)KengopuHTerpauus» nokasblBatT, YTO KONIMHECTBO OT-
NPaBoK YBENYUIIOCH (pUC. D).
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€€ PervoHos U ropoaos, opraHn3auusa npoM3BoAcTBa Ha TpaHcnopTe
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Puc. 5. Konuvecmso omnpasok 2py308
000 «TIK «XKendopunmezpayus»

B 3akntoyeHne Hy>XHO OTMETUTb, YTO POCCUIACKO-KK-

TaNCKNe OTHOLLEHUS HAX04ATCH B CTa4UN KOHCTPYKTMB-
HOr0 COTPYAHMYECTBA, U B GNVKANLLNE rofbl MacLTabb
BHELLIHETOProBOro COTPYAHUYECTBA CTPaH OYayT yBENU4U-
BaTbCA W AuBepcudmumposartbes. MoTeHuman guHammy-
HOr0 Pa3BUTUS POCCUNCKO-KUTANCKUX TOPTrOBO-3KOHOMU-
4eCKUX CBA3EN He ucyepnax. B nepcnekTuee Hame4yaeTcs
CTPOMTENbLCTBO HOBbIX BbICOKOCKOPOCTHbIX MarucTparnei.
9710 facT PoCcMn KOHKYPEHTHOE MPEeNMYyLLECTBO B MEXAY-
HapPOLHOM COTPYAHWNYeCTBE C Kutaem. UT
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Formation of the centers of advanced training
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AHHOTauuA

B cTaTbe ocBelyeHbl NpobneMbl KagpoBoOro obecneyeHus
MHHOBALMOHHbIX MPefNpUATUIA U LLIEHTPOB ONepexa-
IOLWMX TEXHOOT WA, CPOPMYNPOBaHbI Npodeccuo-
HaJibHble KOMNEeTeHUMM KagpoB AJid MHHOBALMOHHOIO
NPOV3BOACTBA W NPUMepHas CTPYKTypa GopMUpoOBaHUA
LEHTPOB onepe»(arou.leﬁ NOArOTOBKK nepcoHana.

KntoueBble cnoBa: MHHOBALWOHHbIE NpeanpuAaTua,
HquJECCVIOHaJ'IbeIe KoMneTeHUunn, ypoBHN NoaroToBKu
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06paBOBaHVIe, uenesasa NOAroTOBKa nepcoHana.
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Abstract

The article deals with problems of staffing of
innovative enterprises and centres of advanced
technologies, the professional competence of
personnel for the innovative production and an
exemplary structure for the formation of centers of
advanced training of the staff.

Keywords: innovative enterprises, professional
competences, levels of personnel training, innovative
and elite technical education, targeted personnel
training.
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Opranu3auums npou3sofcTea (TpaHcnopr)

IHHOBaLMOHHOE pa3BuUTMe NPOM3BOLCTBEHHbIX NPO-
LLeCCOB M TEXHOMOMNiA B Pa3BUBAOLLMXCH CEKTOPAX 3KOHO-
MUWKM CTPaHbl TPEOYET afieKBATHOr0, @ UHOrAA U Onepexa-
tOLLIero pa3BuUTUs NepcoHana MoepHU3NpyemMbIxX Npeanpu-
ATWIA 1 NPOM3BOACTB.

Ha BcTpeye [lpesnpenta Poccuitckoir depepauymnu
B.B. Mytnua B mapte 2018 r. ¢ npeacrasutensmu npea-
npuUATUiA 1 06pa30BaTENbHBIX YYPEXAEHNIA YpanbCcKoro ie-
JeparnbHOro oKpyra 6b110 0TMEYEHO, YTO YPOBEHb NOATOTOB-
K1 CMeLmManuncToB C BbICLUUM W CPesHUM 06pa3oBaHnem no
pAaLy 06bEKTUBHBIX NPUYUH HE COOTBETCTBYET NOCTAB/IEH-
HOU 3afja4e. HOBbIM NPeANPUATUAM, UHHOBALMOHHbIM TeX-
HOJIOrMsSIM NPOM3BOLCTBA NPOLYKLIMU, ONEPexXatoLLen Bpe-
M$l, HY>XeH NepcoHas, yMetoLLnii 1eiiCTBOBATb B YCII0BUSX
WHHOBALWMOHHOI0 Npon3BoacTsa. [podeccmoHanbHoe 06-
pa3oBaHue He B NOJTHOM Mepe peLuaeT aTy 3agady. Bo mHo-
roM 370 06YCNOBNEHO CYLLECTBEHHbIM CTapeHeM y4e6HON
1 NPON3BOJCTBEHHON 6a3bl AEACTBYIOLLMX 06pa30BaTeSib-
HbIX OpraHusaunii cpejHero npogeccruoHabLHOro 1 BbIc-
LLero 06pa3oBaHus, a Takxxe Npobsiemamiu KafpoBoro obe-
CNeYeHns UHHOBALMOHHBIX 06PA30BATESIbHbIX NPOrpamMm.

YpanbCKnii rocyaapCTBeHHbIN YHUBEPCUTET NyTei Co-
06LLEHNA HA NPOTXKEHWN BCEN CBOEN MCTOpMK 06ecneym-
BaJI NPEANPUATUSA XKENe3HOL0POXHOI0 TpaHCcnopTa CreLu-
aNnuUCTamMu No OCHOBHbLIM TPAHCMOPTHBLIM CMEeLUanbHOCTAM
HE TONbKO ANs YpanbCKOro pernoHa, Ho 1 NS CTpaHbl B Lie-
NOM. BbINyCKHUKN By3a CTPOUNK, @ CERYaC 3KCMIyaTupyoT
CeBepHble Tpacchl B TOMEHCKOM pernoHe. Korga Ha4anocb
CTPOUTENbCTBO baikano-AMypcKoil MarncTpanu, Tyaa Ha-
NPaBNANMCh Kak CTYAEHYECKNE CTPOUTENbHBIE OTPASbI BY32,
TaK W ero BbINyCKHUKM, a Ha BAMe ceit4ac paboTaroT ux 4etu.

B HacTosLLee BpeMs B CTpaHe (POpMUPYHOTCS TeppuTo-
puu onepexatowero passutusa (TOP). X MoXHO paccma-
TPUBATbL KaK JIOKOMOTUBbI YCKOPEHHOr0 PasBuUTUs 9KOHO-
MUKI CTPaHbl, HO MPOCNEXMBAETCA TEHOEHLNA OTCTaBaHNA
Ka[lpOBOro KOMMNOHEHTa NPeAnpUATUiA, ONpeLenstoLLmx one-
pexaroLee passuTie 3KOHOMUKN. J103yHT «Kaapbl peLua-
tOT BCE» HE NMOTEPAN CBOEMN akTyanbHOCTU, HO Ans addek-
TWBHOTO Pa3BUTUSA NPESNPUATUIA TPEBYIOTCA CNeLnanncTbl
HOBOr0 YPOBHS NMOArOTOBKM, HOBOTO MUPOBO33PEHUS, CMe-
Tble B MPUHATUN PELLEHWIA, YMEIOLLME MbICTIUTE HA ONepexe-
HUe, MIaHMpoBaTh U pa3BMBaTh NPOU3BOACTBO. 19 yCKO-
PEHHOro (POPMMPOBAHMS HOBOIO NMOKOJIEHMS PAabOTHUKOB
NPeLnpuATUiA C ONEpeXKaroLLIMMI TEXHONOTUAMMU 1 060py-
[0BaHWeM LieN1ecoo6pasHo co3LaBath LIEHTPbI ONepexaro-
Leii nogroToBkK nepconana (LLOMM), koTopble 6yayT pa-
60TaTb C HOBO TEXHUKOW U TEXHOMOrMAMU.

970 B NOMHOM Mepe OTHOCUTCA U K NPEANPUATUAM Xe-
Ne3HOL0P0XKHOr0 TPAHCNOPTA, YTO OCOBEHHO aKTyaNbHO
B Nepuoj passutig B Poccum BbICOKOCKOPOCTHbIX XKesnes-
HbIX JOPOr U MPELNpPUATAIA, BbINYCKAKOLLNX HOBYHO TEXHUKY.

3afaden LigHTpa OnepexxatoLLieid NoaroToBKN NepcoHa-
na Ha 6a3e YpanibCKoro rocyaapCcTBeHHOr0 YHBEPCUTETA
nyTen COOBLLEHNS MOXET CTaTb CO3[aHNe PecypcHOM 6a3bl
06pa3oBaTenbHOro NpoLecca (BK4as KagpoByto COCTaB-

NSI0LLYI0), NOArOTOBKA KaApOB, NepenofroToBka rpaxaaH
UK NOJTy4eHne HOBOM KB uKauum no pagy MHHOBaLK-
OHHbIX NPOGPeCcCUiA Pa3finyHbIX YPOBHEN KBANMUKaLmMn
1 HaNpaBJieHNiA feaTeNbHOCTW ANA NpeanpuaTuin Ypasb-
CKOro (pefepanbHOro okpyra u lMepmckoro kpas.

OnepexatoLLiee UHXeHepHoe 06pa3oBaHne (B LWMPO-
KOM €ro noHUMaHum) xapakTepu3yeTcs psagom KOMNeTeH-
LKA, hOPMUPOBAHIE KOTOPbIX B TUNOBbLIX (hOPMax noAro-
TOBKU MEPCOHana MOXeT NpOosBIATLCA B MEHbLLER CTene-
HU. Tpu 9TOM CneKTp TpebyemblX KOMNETEHLNIA pasnnya-
€TCS N0 YPOBHAM NOAroTOBKU. MOXHO BbI4NIEHNTH NEpBbIe
4eTbipe KOMMETEHLWI, 0OLLME AN1S BCEX YPOBHEN KBanudu-
Kauuu, HO pasnuyaioLLmecs ypoBHEM WX NPOSBNEHUs B NPo-
(heccnmoHanbHoN AeATeNbHOCTH.

B 1abn. 1 npeanoxxeH npuMepHbI CNekTp npodeccu-
OHalIbHbIX KOMMETEHLMIA NepcoHana pasnyHbIX YPOBHEN
NOArOTOBKM MO TPALWULMOHHON CUCTEME UX KnaccudhukaLmuu.

Yenosek ABNAETCA A4POM 3KOHOMUYECKOrO pa3BuTus
NPeanpusTWiA, 0TPACNEN W CTPaHbI B LIEJIOM, 4TO NOAYepKU-
BAET BAXXHOCTb MHBECTULWIA B Y€N10BEYECKNIA KanuTan. [ina
OCYLLECTBNEHNS NOCTABNEHHON 3a4a4n Tpebyercs paspa-
60TKa COLlePXKaHMs OMepexXatoLLLein NoAroTOBKN BbICOKOKBA-
NNPULMPOBAHHBIX CMNELNANINCTOB 1 pabo4nX KafpoB C yye-
TOM COBPEMEHHbIX CTAaH4APTOB U NepesoBbIX TEXHONOTUIA,
4TO NpefycMaTpuUBaeT U3MEHEHIE TEOPETNYECKON NOArO-
TOBKM 1 (DOPMUPOBAHME NPAKTUYECKUX KOMMETEHLNIA Ha
ypoBHe He Hike cTaHaaptos WorldSkills.

Onepexarowas noarotoska nepcoxana 8 LLOMM Yplrync
anpobupoBaHa Ha peann3yembix B By3e NPOrpammax UHHO-
BALMOHHOIO M 3NUTHOr0 TEXHUYECKOr0 06pasoBaHus, pas-
pab0TaHHbIX HA OMbITE HALMOHANbHbIX UCCNEA0BATENbCKUX
1 heaepansHbix yHueepceutetoB Poccumn (HUWY TITY, Ckon-
KoBo, MBTY um. baymana, Yp®Y n psaa gpyrux).

AHanu3 npeanoXeHHbIX KOMMETEHLMIA NOKa3bIBALT,
4TO AN nepcoHana, paboTaroLLero Ha NpoM3BOACTBAX, UC-
NOJb3YIOLLNX OMEePexaloLLe TeXHONOrnn 1 BUAbI NPOLYK-
LMK, BHE 3aBMCUMMOCTU OT YPOBHA KBaNuguKawum nepco-
Hana JO0KHbl ObITb CHOPMUPOBAHBI KOMNETEHLUN, 6/N3-
Kue No xapakTepy UX HanpasneHHOCTU, HO PasnuyarLLme-
sl YPOBHEM KBanuukalum nepcoHana.

[na dhopmupoBanus Tpebyembix 0OLLNX KOMMETEHLNIA
Lilenecoo6pas3Ho pa3paboTaTb KOMMIEKCHYIO MporpaMmy
KOHKPETHOW KOMMETEHLMN 1 NCMONb30BaTh aKTUBHbIE PO-
nesble (DOpMbI paboThbl C 06YyHAKLLUMUCA.

Oprann3auums gesTenbHOCTH LEHTpa
onepexarowiei NnoaroToBKU nepcoHana

B 3aBucuMMOCTY OT CMeKTpa nporpaMm OnepexaroLLen
noarotoBku B YpI'YIC, peann3dyemoro B KOHKPETHOM Nepu-
0/1e BPEMEHM, MOTYT ObITb UCMOMIb30BaHbI TPU YPOBHS NOJ-
rotosku B LIOMIT: nporpammsl BbicLiero 06pa3oBaxus, npo-
rpaMmbl CpeAHero npoceccuoHanbHoro 06pa3oBaxns u npo-
rpaMmbl NpogeccMoHaNbHOM NepenoaroToBKM NepcoHana.



Opranu3sauua npou3sojacTea (TpaHcnopr)

Tabnuua 1

Tpe6yembie KOMNETEHLMN NEPCOHANA ONEepeKaloLeil NOArOTOBKM
Ansa paboTbl C MHHOBALMOHHBIM 060pPYAOBaHUEM

Mepconan

¢ BbiCLUMM 06pa30BaHMEM

€O CpeHNUM npocheccuoHanb-

Mepconan
MpocheccuoHanbHas nepenoaroToBka

¥ NOBbILIEHNE KBaNnUthuKauum

YMeHMe CTaBUTb 1 PeLlaTb TEXHNHECKME N TeXHOMO0r-
Yeckue npobrembl, JOBOANTL pa3paboTkn 4o COBep-
LUEHCTBA, 06ECneYnBaTb X KOHKYPEHTOCNOCOOHOCTb

HbIM 06pa30BaHHEM

YMeHne JOBOAUTb HOBbIE
pa3paboTku A0 MOSHOTO
BHe[peHUs B NPOM3BOACTBO

[OTOBHOCTb K U3y4€HUI0
HOBOW TEXHUKMN 1 TEXHONOT NI

BnageHne MeTogaMu NHHOBALMOHHOIA
[eATeNbHOCTI Ha 6a3e MeXANCLUNNANHAPHOMO
06pa3oBaHns 1 KynbTypbl

YMeHuMe 3KCnyaTmpoBaTth MH-
HOBALWOHHOE 060pyLOBaHNe
TEXHONOrNYeCKMX NPOLIECCOB

YMeHue 3Kcnnyatuposarb
VHHOBALWMOHHOE 060pyL0BaHNE
TEXHONOTNYECKNX NPOLLECCOB

YMeHMe aKCnnyaTupoBaTh MHHOBALMOHHOE
0060pYL0BaHNE TEXHOMOTNYECKMX NPOLIECCOB

BnageHne HaBbikammn pyko-
BOJACTBA MajbIM KOJIIEKTUBOM

BnageHne 0cHoBaMN 3KOHOMUYECKIX
3HaHWIA 1 6epeXn1BOro NPOM3BOACTBA

YMmeHue paboTarb B KOMaHAe

YMeHue paboTaTb B KOMaHAe

BnapeHne HaBbikamu paboTbl
B KONNEKTMBE

YMeHue [0BOANTL HOBbIE Pa3paboTKu
[0 NMOSIHOro BHEAPEHNA B NPON3BOACTBO
N NpuBneKaTb NHBECTULNN

Bbicokas rymaHuTapHas KynbTypa,
Nno3BONAOLLAaA NOHNMATL, OLEHBATb

N Y4UTbIBATb NHTEPECHI MAapTHEPOB

1 KOHKYPEHTOB, B TOM YUCNE 3apy6eXHbIX

BnafieHne MHOCTPaHHbLIMM A3bIKamu

Ha nepsom aTane, B COOTBETCTBUU C NNLIEH3NE YHU-
BEpCUTETA HA NPOBeeHNe 06pa30BaTeNbHON AeATeNIbHO-
CTW, BO3MOXH2 NOArOTOBKA C UCMOb30BAHNEM CYLLECTBY-
tOLLMX DOPM MHHOBALMOHHO 06Pa30BaTeNbHON AeATeSlb-
HocTu. K Takum popmam OTHOCATCA MPOrpamMMbl 37IMTHOMO
TEXHW4eCKOro 06pasoBaHns no LWMPOKOMY CNEKTPY peanu-
3yeMblIx B By3e NpOrpamMm BbicLwero o6pa3oBanus: «Mexa-
TPOHMKA 1 POBOTOTEXHUKA (MOBUIbHAS POBOTOTEXHNKA)»,
«JNEKTPOIHEPreTHKA 1 ANEKTPOTEXHUKA», «MHPOPMALNOH-
Has 6e30MacHOCTb», «/IHHOPMALIMOHHbIE CUCTEMbI U TEX-
HONOrUK (C MCMONb30BaHNEM 060PYLOBAHMS U TEXHONOT WA
Cisco)», «TexHONOrus TPaHCMOPTHBIX NPOLECCOB», «Tex-
HocdhepHas 6630MacHOCTb», «IKOHOMNKA WHHOBALIMOHHO-
ro NpeanpusTus», a TaKXe nporpamMm cpegHero npogeccu-
OHaNbHOro 06pa3oBaHuUs No CreunanbHOCTAM: «INeKTPo-
CHabXeHne», «/IHhopmaLMOHHbIe TeXHONOrun», «fporpam-
MUPOBaHNe». YKa3aHHbIe Mporpammbl BXOAST B NepeyeHb
TOM-50 nepcnekTUBHbLIX NPOMECCUIA, YTBEPXKAEHHBIN NpK-
ka3om MuHucTepcTBa Tpyaa 1 coumanbHom 3awmutsl Poc-
cunckon ®epepaumn Ne 831 01 02.11.2015 .

B 6nvkaniuen nepcnekTBe Ha 6a3e konnemxa Yplyrc
BO3MOXEH NMepexof 0T JOMNOSIHUTESIbHOM NOArOTOBKY CBO-
X CTYAEHTOB N0 pabo4um npodeccusM B CTPYKTYpe npo-
rpamm GO K noaroToBKe nepcoHana no 3akasy npeanpu-

No 2 / UoHb / 2018

ATWIA, B TOM YUCIIE NO ONEepexXatoLLieil NOAroTOBKe NepcoHa-
na no npoeccram passuBaroLLErocs npou3soacTaa. Mpu
3TOM NMPOLECC Liesec006pa3Ho peann3oBbiBaTh C aKTUB-
HbIM Y4aCTVeM 3aMHTEPECOBAHHbIX NPEANPUATII PErnoHa.

B CTpyKTYype yHMBEpCUTETA aKTUBHO enCTBYeT VHCTU-
TYT LONOMHUTENBHOMO NPOCHECCMOHANBLHOM0 06pa30oBaHus
(MAN0), koTopbIN NPOBOAMT NPOCECCUOHANBHYIO Nepe-
NOArOTOBKY U MOBbILLEHNE KBANU(MUKALMN C XXEr0LHbIM
06y4eHuem 6onee 1000 creumanncToB ¢ NPOM3BOLCTBA.

MpumepHas CTPYKTypa LieHTpa OMnepexxatoLLen noaro-
TOBKW nepcoHana Ha 6ase Ypl'VIC npusegeHa Ha puc. 1.

icxoas 3 3afay, Ans peLleHns KoTopbIx co3aercs
LIOMIM, MOXXHO OnNpeaennTb OCHOBHble TPeOOBAHMNS, CO-
JepXaHue 1 Hopmbl peannaaLun nporpaMm onepexaro-
LLien NOAroTOBKM NepcoHana.

Mporpammbl npogeccuoHanbHON
NOArOTOBKM

[ina nporpamm npoeccrMoHanbHon NOAroTOBKM CO-
JepXaHue NoroToBKM B OCHOBHOM OyAeT ONpefensTbCs
YPOBHEM OpPraHn3aLMoHHO-TEXHUYECKOr0 Pa3BUTUS KOH-
KPETHOro Nponu3BOACTBa-3aKa34mKa.

E.A. Mansizun | ®opmuposaHmne B Poccum LeHTPOB onepealowein noaroToBKM nepcoHana
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LenTp onepexaroweii nogroToBky nepeoHana
(yonn ypryic)
KXT NMXT KWXT qunc nano
Exarepunbypr Mepmb Kypran Yenabunck ExaTepuH6ypr

k cno BO ano J
YpansaroH3asop CsepanoBckas Ypanbckas Mpepnpustus

(YB3) XenesHas jopora norucTnyeckas TPaHCNOPTHOIO

(CeX) accoumaums KOMNJeKca

Puc. 1. l{eHmp onepexatoweli nodzomosku nepcoHana Ha 6ase Yplyrnc

BmecTe ¢ TemM aHanu3 NpoUCXoLALLAX 1 0XKUAAEMbIX Ha-
NpaBneHnit pa3BuTA NPOU3BOACTBA U CUCTEMbI MHXXEHEPHO-
ro 06pas3oBaHus 6nuxainliero 6yayLLero no3sonseT onpe-
LeNnTb OCHOBHbIE TEHAEHLMY (HOPMUPOBAHUA COLEPXKAHUS
11 hOpMbI ONEpeXatoLLeil MOAroTOBKM NepcoHana, K KoTopbIM
OTHOCATCA: MHHOBALMN HA CTbIKe C VT (yMHble ceTn, yMHOe
NPOM3BOLCTBO, YMHbIA TPAHCMOPT U [p.); MHHOBALUN, Me-
HAKOLLME XapaKTep AeATeNIbHOCTM BHYTPU OTPACIEN (CKBO3-
HOE NPOEeKTUPOBAHME U MOJENMPOBAHME NPOLLECCOB Ha CO-
KPALLAKOLLMACA XKNU3HEHHBIN LMK, UM POBbLIE UCMbITAHNS,
CWUCTEMbI YNPABJIEHNS NPON3BOACTBOM U CEPBIUCOM, PO6O-
Tn3auus nNpouM3BOACTB U [p.) U, Kak CNeLCcTBUe, pa3BuTHe
KOPOTKUX 00pa30oBaTenbHbIX NPOrpamm, OPUEHTUPOBAHHBIX
Ha KOHKPETHbIe BUIbl TPOGECCUOHANBbHON JeATeNbHOCTH.

[Mpy NOCTPOEHMM KOPOTKMX 06pa30BaTeSbHbIX NPOrpamm
L1eneco06pasHo 1CMob30BaTb MOAYMbHbIA NPUHLMN 00YYe-
HUS, NErMTMMU3ALNIO 1 MACCOBOE NMPUMEHEHNE CepTUdu-
KaLun ypoBHA NoNy4aemon ksanugukauuu (B TOM vucne
C 0MOpOIi Ha MeXAYHAPOLHble CUCTEMbI CEPTUUKALNN).

MporpamMmbl npotheccMoHanbHOro
o6pa3oBanus (BbicLiee 06pa3oBaHue)

[nsa peanusauun B pamkax LLOMM nporpamm npodec-
CUOHANbHOr0 06Pa30BaHNS [LOMKHbI ObITb UCNONb30BA-
Hbl YPOBHU NOATOTOBKM NPUKNAAHbLIX 6aKanaspos n Ma-
rMCTPOB, MO3BOJIAOLLNE B JOCTATOYHO KOPOTKNE CPOKM
(2-4 ropa) noAroToBUTL PAGOTHUKOB AN KOHKPETHOr0
NPOU3BOACTBA, B TOM YUCIE Yepe3 ANUTENTbHYH NPOU3BOA-

CTBEHHYIO NPAKTUKY 1 HAYYHYH [eATENbHOCTb B MHTEPEcax
peasibHOro NpoM3BOACTBA.

OCHOBHbIMU TEHAEHUNUSAMU B PA3BUTUI NPUKNAAHBIX
YPOBHel 06pa30BaHNs MOXHO CYMTATb YX0[ 0T 6HopoKpa-
TUYECKMX (HOPM KOHTPONA COLEpXXaHus 1 cnoco6os pe-
anu3almuy LierneBbIX YyCTaHOBOK, NPeLOCTaB/IeHNe By3am,
VMELLM aKKpeanTaLumio, akaeMnyeckon cB060 bl Bbl-
6opa dhopm, 06bEMOB 1 COAePXKaHNA 06pa3oBaTeNbHbIX
nporpamm, COrnacoBaHHbIX C OCHOBHbIMU paboToAaTens-
mu. [1pn 3TOM MHHOBALMOHHbIE 06pa30oBaTenbHble Npo-
rpammbl BO OT CTaHAAPTHbIX JOMKHbI OTANYATL Creayto-
LLine 0COBEHHOCTN:

® BBe/eHME MHOMBUAYANbHBIX 06PA30BaTESIbHbIX TPA-

eKTOPUI / aCUHXPOHHOCTH,

©® 00yueHue B Nepuoj NPakTUKL Ha peanbHbIX NMPOeK-

Tax pabortofarens, BbinonHeHne BKP Ha matepua-
nax u no 3akasy peasibHOro nNpoM3BOACTBa,;
® [1HamMmM4eckas cucTema npuMeHeHns npodeccuno-
HaNbHbIX CTAHAAPTOB (APO6NEHNE TPEKOB);

©® (hopMUpOBaHME Y 0OYHAKOLLMXCA METAKOMMETEH-
Luit;

©® [fanbHemwan uHgopmarnsaums u umdposusaLms
06pas3oBarefibHOro NpoLecca, pacLuMpeHmne ncToY-
HUKOB MOyYeHUs UHAOpMaALNK;

® 13MeHeHne 06pasoBaTesibHbIX TEXHOMOMNiA, 0TKa3
0T CUCTEMbI HAYUTKN y4e6HOr0 MaTepuana, BHeape-
HUE 3NIEKTPOHHbIX 00pa30BaTeNbHbIX TEXHOOIMIA
(BlackBoard), CyLLeCTBEHHbII POCT CAMOCTOSATESb-
HOI1 paboTbl CTYAEHTOB Nof pykosoacTeom [M1G;

® ycuieHue A3bIKOBOW NOArOTOBKM BbIMYCKHUKOB.



Mporpammbl cpeaHero
npotheccMoHanbHOro 06pa3oBanus

[Ins KOHKPETHbIX NPeAnpPUATURA, peanusyoLwunx npo-
rpaMmbl ONepexxatoLLiero pa3suTUs NPOU3BOLCTBA U pPeru-
0Ha, NOAroTOBKA paboynx KagpoB U CreLnanncToB Cpea-
HEero 3BeHa 0CO6EHHO aKTyalibHa, y4uTbIBAA 06bEMbI Ka-
LPOBOI NOLrOTOBKM 1 paboTy Ha peanbHOM NPOU3BOLCTBE.
BaxkHelLwel cocTasnsaoLLei npoyecca NoAroTOBKM
MOXHO CYMTaTb HaNn4ne COOTBETCTBYHOLLEN Y4eBHO-NPo-
3BOLCTBEHHON 6a3bl U KaAPOBOE 0OECreYeHne peanbHom
orepexaroLLeil NoAroToBKM nepcoHana.
C uenbto peannaaumn ykazaHHblx 06pa3oBaTesbHbIX
nporpamMm nnaHmpyercs:
® BOCCTaHOBNEHWE CUCTEMbI HACTABHUYECTBA;
® ObicTpoe 06y4eHue u nepeobyyenune (agantauus
K pa3HbIM pabo4nM KOHTEKCTaM U UHCTPYMEHTaM);

©® (HhopMMPOBAHME Y 0BYHAOLLMXCA KOMMETEHLMY Ca-
MOPa3BUTUSA 1 HALNPEAMETHbIX NPOECCUOHANb-
HbIX KOMMETEHLWIA, HABbIKOB KONNEKTUBHOW TBOP-
4eCKOW PaboTbl B NPOEKTAX, CUCTEMHOIO U anroput-
MUYECKOr0 MbILLTIEHNS, & TAKXKE KOMMYHUKATUBHBIX
KOMMETEHLNIA.

Pa3BuTure cucTembl OnepexaroLLeil NoAroToBKM nepco-
Hana HeBO3MOXXHO OCYLLIECTBUTL 63 HanM4us Matepuarb-
HO-TEXHWNYeCKOro 1 (hMHAHCOBOro 06ecneyeHus npoLecca.

Opranu3sauua npou3sojacTea (TpaHcnopr)

YpI'YNC nmeeT MHOFONETHWIA OMbIT peanusayny npo-
rpamm LieieBON NOAr0TOBKW ANS NPeAnpuUsTUiA TpaHCIopT-
HOro Komnekca. B o6Lem 6t0KETHOM KOHTUHTEHTE CTY-
JeHTOB 06y4aeTcs nopsaka 3500 CTyaeHTOB-LeNeBUKOB 04-
HOIA 1 3204HOM (DOPM 0BY4EHNA MO NPOrPaMmMam BbICLLErO
1 cpeaHero npogeccroHanbHOro 06pa3oBaHus.

Bce Bubl NpakTuKN CTY4EHTbI-LIeNEBNUKM NPOXOAAT Ha
NPeanpUATMSX, HaNPaBUBLUNX CTYLEHTOB HA 06y4eHue. Mpu
BCEX NONOXUTENbHbIX MOMEHTaX UMEETCA NpobriemMa 03Ha-
KOMJIEHWS LIeSIEBUKOB C HOBOW TEXHWUKOWN 1 TEXHOMOrMSMU,
1CNOJb3YeMbIMU HA LPYruX NPeanpusaTusaX oTpacnu. Yuu-
TbiBas 3TOT ONbIT, YHUBEPCUTET NpeaaraeT UCnonbL308aTh
AHANOTMYHYI0 CUCTEMY OMepexxatollein NOAroTOBKM nep-
coHarna ¢ KOpPeKTUPOBKOIA YC/IOBMIA peanusauum paccma-
TPKUBAEMON 3afa4u.

MpeanpusaTue, 3akasbiBatollee 06y4eHue nepcoHana
MHHOBALMOHHLIM NPOMECCUsM U LOMKHOCTAM, Npu pe-
(hopmupoBaHn CBOEro NPOU3BOACTBA MpefLycMaTpuBaet
B (OMHAHCOBO-X03ANCTBEHHON NPOrpaMmMe WHHOBALIMOH-
HOr0 pa3BUTMSA Mepefayy Ha BPEMEHHOE UCMONb30BaHue
9K3eMMIAPOB HOBOW TEXHUKI U MPOrPaMMHOro obecreye-
Hus B LIOMTT. B ncKntounTeNbHbIX Cy4asax BOSMOXHA 0p-
raHn3auus npakTM4ecKon NOAroTOBKM NepcoHana Ha cBo-
emM MpeanpuaTui, HO 3T0 CO3JAET PAL LOMOMHUTENbHbIX
CNOXHbIX NPO61eM. IKOHOMUYECKINE aCNEKTbI OPraHn3aLni
OrepexaroLLien NoAroTOBKN MOryT 6bITb PELLEHbI B pamMKax
LOrOBOPHbIX OTHOWEHWIA npeanpusaTus u LIOMM By3a. UT
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Abstract
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BeepgeHue

B macLutabax n ycnosusax Poccun HeBO3MOXHO nepe-
OLEHWUTb POSib TPAHCMOPTHON WHAPACTPYKTYPbI, HEOOXO-
ANMON KaK ANns 3PMEKTUBHOrO pa3BUTUS 3KOHOMUKN, TaK
1 ans o6ecneyeHns HaunoHanbHoin 6e30NacHOCTM, CoXpa-
HEHWNA U YKPEneHns efuHCTBA CTpaHbl nyTeM popmupo-
BaHWSA MEXroCyLapCTBEHHbIX, PEr1OHaNbHbIX, 06/1aCTHBIX,
BHYTPUPANOHHbIX CBA3eN. TpaHcnopT obecneynBaeT pas-
BUTIE N KOHKYPEHTOCMOCOBHOCTb NPeSnpUATUi NMPOMBbILL-
NIEHHOCTU 1 CeNbCKOro X035MCTBA, 3aJaeT BEKTOP B OCBOE-
HUU HOBbIX 3KOHOMUYECKMX PaliOHOB, CYLLECTBEHHO BNMSET
Ha pacLUMPEeHIE IKCMOPTHO TOProBY U NOBbILLEHNE Ka4e-
CTBA XW3HN HACENIeHUS, CNOCOOCTBYET YBENNYEHNIO NPO-
13BOANTENbHOCTY TPyAA. YPOBEHb pa3BUTMSA TpaHCNopTa
B CTPaHe B OMpPe/esIeHHON Mepe 0TPaXaeT YPOBEHb ee LiK-
Bunu3auun. feorpadouyeckune, KNMMaTu4eckue, gemorpa-
dhnyeckne 0cob6eHHOCTN Poccum onpeaenstoT rMaBeHCTBY-
fOLLYI0 POSib TPAHCMOPTA HA NYTU €€ CTAHOBJIIEHUS KaK Be-
JyLLEeA MUPOBON [iep>KaBbl.

1. Pecny6nuka fAkytua. UcxogHas
UHchopmaums ang mogenupoBaHus

Pecny6nuka Caxa (AkyTus) B 9TOM OTHOLUEHWN WUMe-
eT 611aronpusATHbLIA UHBECTULMOHHBIA KNUMAT: Pa3BUTUIO
rOpHOA06bIBAKOLWNX 1 06pabaTbiBAOLLNX KOMMIIEKCOB,
NpOKNafke KOMMYHUKALUUA MEXIY HACENEHHbIMU MyHKTa-
MW 1 NOAr0OTOBKe KBANUULMPOBAHHBIX Ka[POB YOENnaoT
0C060€ BHUMAHUE. Ha [aHHbI MOMEHT KpYrioroAnyHoi
TPAHCMNOPTHOIA CBA3b0 06ecneyeHo nuwb 12,3 % Hacene-
HUs, unn 8,7 % Tepputopuin. OCHOBHO 06bEM NPOU3BOA-
CTBA HaXOL4MUTCA B pailoHax C OrpaHN4eHHON Pa3nnyHbIMU
(hakTopamu (Bpems rofa, COCTOSHUE LOPOr) TPAHCMOPT-
HOW JOCTYMHOCTbIO. B CBA3M C 3TUM U3LEPXKN NPOMBbILL-
NEHHbIX NPEANPUATUIA 0Ka3bIBAKTCA 3HAYUTENBHO 60SbLLE,
4eM B PEruoHax ¢ passutoil n 3heKTUBHO UCMOMb3YEMOil
TPAHCMNOPTHOWA CETbHO.

[eorpaduyeckue 1 KNUMATUHECKME YCNOBMS, B KOTO-
pbIX HE06XOANUMO CMNPOEKTUPOBATL, MOCTPOUTBL W 3KCMAY-
aTupoBaTb TPAHCMOPTHYIO CUCTEMY, HE COMOCTaBMMbI HYA
C KaKUMI IpYTUMKU PEruoHamm 1 TpebyoT UHAUBUAYaNb-
HOro NOAXopfa.

06beKTOM nCCneaoBaHus BbiGpaH BbICOKOLIMPOTHBIN
pernoH — Pecnybnuka Caxa, npeamMeToM — AEACTBYIO-
LLas TpaHcrnopTHas ceTb AkyTuu. Llenbio ctatbu ansercs
aHanM3 ONTUMU3ALMOHHBIX aNrOPUTMOB CO34aHNA 3 dhek-
TWUBHOW TPAHCMOPTHOI CeTi Ha npumepe Pecny6nmkmn Caxa.

[ina peLueHns gaHHo Npo6nemMbl NepBOCTENEHHbI Cle-
JyroLLue 3afa4n: MoCTPOEHUE KOPPEKTHOM LMd)pOBOI MO-
Jenn BbICOKOLIMPOTHOIO PernoHa v onTumanbHoe pasbu-
eHMe UCXOAHOr0 MHOXECTBA 06bEKTOB Ha KnacTepbl. [pa-
MOTHO NMOCTPOEHHaa Luposas Moaenb Pecnybnuku Sky-
Tna (Caxa) CTaHeT OCHOBOW MPW NPOEKTUPOBAHWN ONTH-
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MasnbHOM TPAHCMOPTHOM CETW, 8 KNACTEPHbIA aHANKU3 uccne-
QYeMOIi BbIGOPKM MO3BOSUT afieKBAaTHO OLIEHUTb 00BLEKTI,
BOB/NEYEHHbIE B TPAHCMOPTHYIO CETb, U OTHOLLEHUS (HEob-
XOAMMOCTb HaNIM4Us CBA3MN) MEXIY HUMU.

K MCX0[HOMY MHOXECTBY 06bEKTOB OTHOCATCA afMu-
HUCTPATUBHbIE LEHTPbI TOPOACKMX OKPYrOB 1 PanoHOB
(ynycoB). CornacHo 3akoHy «06 yCTaHOBJIEHUM FpaHuL,
TEPPUTOPUIA 1 0 HAZLENEHUI CTATYCOM FrOPOLCKOro OKpY-
ra MyHuumnanbHbIX 06pasoBaHnii Pecnybnnkm Caxa (Sky-
Tna)» [1] k 1 aHBaps 2016 r. B rpaHnLax aqMUHNCTPATUB-
HO-TEPPUTOPMANbHBIX EANHUL, CYLLECTBYIOT 2 TOPOACKUX
OKpyra u 34 MyHUUMNanbHbIX paiioHa (B TOM vucne 4 Ha-
LMOHanNbHbIX: AHabapCKniA [ONraHO-3BEHKUIACKWIA, XKN-
FAHCKWUA 3BEHKNIACKNIA, ONEHEKCKIUI 3BEHKNIACKUIA, JBe-
HO-bbITaHTanckum).

2. PacyeT paccTosHNM
B MOJ1e/i1 BbICOKOLUMPOTHOr0 pervoHa

3Ha4mTeNbHas YacTb AKyTUM HaxoauTcs 3a MonspHbIM
KpYrom, a 370 03Ha4aeT, 4TO UCMOSIb30BAHNE CTAHAAPTHbIX
thopmyn ans onpeneneHns pacCTOAHNIA MeXLY TOHKaMK ve-
pes ux reorpauyeckue KOopAmHaTbl CO3LaCT 3HAYUTESb-
HYI0 MOrpewHocTb. [Jo6UTbCA ee YyMeHbLUEHWUS NO3BONUT
CNOJIb30BAHNE CMELMATbHbIX BbIPAXXEHWIA, BbIBEAEHHbIX
Ins CCHepUHECcKMX KOOPAMHAT.

[ing HaxoX[oeHWs KpaT4aiiLLero pacCToOAHNUS MeXIy ABY-
M$ TOYKaMU Ha 3eMHO MOBEPXHOCTY (eCNU NPUHATD ee 32
chepy) Heo6X04MMO BbIHUCIIUT:

cosd =sing,-SiNQg +C0S¢ ,-C0SP4-COS(A, —Ap), (1)

rae ¢4 U Ay — reorpadomyeckue KOOpAanHathl (LLIMpoTa
1 [oNIroTa COOTBETCTBEHHO) NEPBOM TOYKU B rpaflycax; gg
1 g — LUMPOTA 1 JONIrOTa BTOPOM TOYKM B rpagycax, d —
paccTosiHWe MeX[y To4Kamu, U3MepsieMOoe B pafinaHax, Ha-
3bIBAETCA LJIMHON Ayru 60JbLIOMO Kpyra.

PaccTosiHne mexay nyHKTamn Ha NOBEPXHOCTU 3eMAN
B KPUBOJIMHEMHBIX KOOPAMHATAX, ONpeSenserca no hopmyne:

L=dR, )

rae R — cpegHuin paanyc 3eMHOro Lwapa, R = 6371 kw.

3. MopenupoBanu1e BbICOKOLUMPOTHOIO
pervoHa B cpepe MatLab

Vicnornb3ays nony4eHHbIe ¢ NoMoLLbio hopmyn (1, 2) pac-
CTOAHUA MeXy 06beKTaMu ONTUMU3ALNU, 2 TAKXKE KOJU-
4ECTBO NPOXMBAIOLLMX HA UX TEPPUTOPUM YENOBEK, NOJY-
4aem cnegyoLLyto Kapty (puc. 1). B ganHon mogenu B Le-
nAX ee ynpoLLeHUs UCMONb3YIOTCA TONbKO KOOPAMHATHI
OTHOCUTESIbHO KPYMHbIX HACENEHHbIX MYHKTOB. Takxe e
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NOCTPOEHUS LMPPOBOIA MOAENN Peruo-
Ha MOXHO CMONb30BaTh U HEKOTOPbIE
Lpyrue KoN4ecTBeHHbIE Nokasarenu,
K npumepy BBI1, konu4ecTBo NPOMBbILL-
NEHHbIX NPeAnPUATUARA, NOTeHUMaN 06b-
€KTa M0 HanM4unio NomesHbIX UcKomnae-
MbIX 11 Apyrue.

Kaprta (puc. 1) npeacrasnser co6oii
pa3BepTKy ChepruHeckoil NOBEPXHOCTY
B [1EKapTOBbI KOOPLMHATbI U UMEET Ce-
Pbe3Hble UCKAXEeHMs, 0COOEHHO 3a-
METHbIE B BEPXHEN YacTu. IT0 CBA3a-
HO C TeM, 4To Pecny6nuka Caxa (Aky-
TWS) PACMONOXKEHA HA BbICOKUX LLIUPO-
Tax v 6onee 40 % ee TeppuUTOPUM Ha-
xofauTcs 3a MonspHbIM Kpyrom.

CneumanbHblii nakeT Mapping
Toolbox cpenbl MatLab copepxut
rpadomyeckne yHKUMM oTobpaxe-
HUA W CPEeLCTBA ANA BU3yanusauuu
reonpoCTPaHCTBEHHbIX JaHHbIX B 2D
1 3D [2]. [inf NOCTPOEHUS KapT 3eM-
HOW NOBEPXHOCTY B 2D-NpoeKuum uc-
NoJb3YeTCs NPAMOYrofibHas NPOeKLms
(Plate Carree projection). 31a npoekums
nyyLLe BCEro nogxoAuT Ans co3naHus
KapT OTAeSNbHbIX 06/1acTei B JOBOJbHO
KpynHbIX Maclutabax. llommmo 3Toro,
Mpu UCMOMb30BAHWN TaKOW NPOEKLNY
NOJISAPHbIE PErMOHbI UMEKOT MEHbLUME
UCKaXEeHWs MacLLTaba u nnoLiaam, 4em
B npoekuum Mepkaropa [3].
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Puc. 1. ugpposas modenb pecuoHa 8 dekapmosbix KOOPOUHAMAX

®yHKumMa worldmap CTpouT ocu
0TO6paXeHNa AN 3afaHni 4acTu Mu-
pa, geoshow 0TO6paXXaeT 3aiaHHbIe KO-
OpAMHAThI (LUIMPOTA M JJONr0Ta) Ha Kap-
Te. C noMOLLbI0 3TUX (DYHKLMIA nony-
YeHa KapTa Poccum 1 oTMeYeHbl Kpac-
HbIMU MapKepamu ropofa, y4acTByto-
LLIMe B TPAHCNOPTHOM ceTu Pecny6nu-
ku Caxa (puc. 2).

Takxe nocTtpoeHa 3D-mopfens,
NpeLCcTaBnAloLLas 3eMHOI Wap C He-
KOTOPbIMM TOMOrpacouyecK1Mm xapak-
TEPUCTMKAMMU U OTMEYEHHbIMU TOYKA-
MU NPOEKTUPYEMOIA CUCTEMBI (puC. 3).
[laHHble 0 pekax, 6eperoBbIX JIMHUAX,

80°) =
& 105 E

Puc. 2. 2D-modens, nonyyeHHas cpedcmsamu nakema Mapping Toolbox

dhopme MaTepuKoB HaxOAATCS B 616NIU-
oteke MatLab. Mpu noctpoexumn npu-
BeJeHHbIX LUMPOBbLIX MOESEN peru-
0HA He Y4MTbIBANCA penbed) MeCTHO-
CTU. 370 CLeN1aH0 CO3HATENBHO, AN OT-
pabOoTKN METOLMKN NOCTPOBHNSA ONTH-
MaJIbHOM TPAHCMOPTHOW ceTu. Ha no-
CNeayloLnx atanax MoLennpoBaHms
BO3MOXEH Y4eT penbeda MecTHOCTU
KaK B MniaHe y4eTa npensTCTBUIN Mex-
[y To4Kamu Mofenu (pexu, o3epa, 6o-
N0TUCTas MECTHOCTB), Tak 1 C LIeSIbiO
60ree TOYHON NPOKNAAKM JOPOTr Mex-
4y TouKamu.




Puc. 3. 3D-mo0ens, nonyyeHHas cpedcmsamu nakema
Mapping Toolbox

4. HevyeTkas Knacrepusaums.
MNocTaHoBka 3afayun B o6wiem cnyvyae

CneayrowwyMm 3Tanom B PeLLEHNI NOCTABJIEHHON Npo-
6nemMbl ABNAETCA KNACTepHOe pa3bueHune Uccreayemoro
MHOXECTBa 0ObEKTOB.

TepMUHOM «KNacTepHbIA aHan13» Ha3bIBAETCS COBO-
KYMHOCTb METO[0B, pPa3paboTaHHbIX ANA peLleHns 3aja-
41 (hOPMUPOBAHMS NOCTPOEHUS KNACCOB B NPOU3BONLHON
npo6nemHoit o6nactu [4]. Cpean MeT040B aHann3a AaH-
HbIX KNACTEPHbIN aHaNM3 UrpaeT 3HaYUTENbHYIO ponb. G ero
NOMOLLbIO NPOMCXOLUT Pa3breHue nccreLyemoi BbIGOpKM
Ha NMOAMHOXXECTBA CXOJHbIX MeXy C060i Mo KakuM-nn6o
npu3Hakam 06beKToB. [OCTPOEHNE KIacTepOB B COBOKY-
HOCTU UCXOLHbIX AAHHbIX JJOSKHO YLOBJIETBOPATbL Creay-
tOLLMM TPEOOBAHMSAM:

1. Kaxablil KnacTep COCTOMT TONbKO W3 OHOPOA-
HbIX 0OLEKTOB (B NMpenfiaraeMon MOAEN — HaceNeHHble
MYHKTb).

2. Hn oonH n3 06bEKTOB MCCNEayeMOro MHOXeCcTBa
He MOXET OZZHOBPEMEHHO OTHOCUTLCA K IBYM Pa3finyHbIM
Knactepam, T0 eCTb BblAeNIieMbIe NOLMHOXECTBA JOSIKHbI
ObITb HEMepeceKaoLLMMMCS.

3. COBOKYNHOCTb BCEX KNacTepoB AO/KHA ObiTb NOA-
HOA, T.€. AO/KHA BKNOYATh BCe 06bEKTbI MCCNeayemMon
COBOKYMHOCTU.

C TOYKM 3peHMs MaTeMaTKu Npu BbINONHEHUM 3TUX
Tpe60oBaHUN COBOKYMHOCTb 00LEKTOB pa3bnBaeTCs Ha He-
KOTOPbIA HA60P HernepecekarLmxes NogMHOXECTB. B 3a-
BUCUMOCTM OT KpUTEpMA pas3bueHns Habopsl MOryT pas-
NNYATLCA N0 COCTABY, HO B NIOGOM CIly4ae OHU He nepece-
KaroTcs mexxay co6oii. CylecTByeT 60mee cTa pa3HOBUS-
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HOCTEMN anropuTMOB Knactepuaauum. Boi6op KOHKPETHOMO
NIropuT™Ma ONpefienserTcs B 3aBMCUMOCTL OT 3ajad u Le-
nen Knactepmsauum.

[MaBHOE 0T/IM4ME HEYETKOr0 Pa3bueHus 0T YETKOro COCTo-
T B TOM, YTO NMPU HEYETKOI KnacTepusaLmum nioboi 06beKT
nceneyemoit BbIGOPKN OLHOBPEMEHHO NPUHALMEXNT K pas-
NNYHBIM KNACcTePam C Pa3HOW CTENeHbI0 NPUHALNEXHOCTH.
Mpw 3TOM y4uTbIBAETCA Mepa 61130CTU, B KA4ECTBE KOTOPOA,
Kak npasmo, UCMosb3yeTcs pacCTOsHNE MEXAY 00beKTamu.

Mpusenem chopmanbHy0 NOCTAHOBKY 3a[ja4il HEYETKO-
ro KnacTepHoro aHanusa.

Mycte A = {ay, ay,..., a,} — HEKOTOpas COBOKYN-
HOCTb [aHHbIX (MHOXECTBO 0O6bEKTOB Knactepusauuu),
P =1{p1, po...., Pgt — NpU3HAKM (HMCNEHHOE NPeCTaBNeHMe
CBOICTB U/N XapakTepUCTIK 31IEMEHTOB UCXOLHON COBOKYM-
HOCTW AaHHbIX). [pn 3TOM 1 — 06LLee KOIMYECTBO UCXOL-
HbIX aHHbIX, @ § — HMCII0 U3MEPSEMbIX CBOCTB 0ObEKTOB.

[lns Bcex 06bEKTOB KNacTepm3auum onpeienseTcs 3Ha-
YeHWe KaXoro Npu3Haka MHOXECTBa P B YACNEHHOM LUKa-
ne. MiHbiMun crioBamm, KOX40My M3 3NeMeHTOB a; € A CTa-
BUTCA B COOTBETCTBYE MACCHB X' = (X{,X,..., X, ), Tl X| —
4YUCNEHHOEe 3Ha4YeHNe NpusHaka p; € P Ans paccmarpusae-
MOro 06bekTa. COBOKYMHOCTb BEKTOPOB 3HA4EHUIA NPU3Ha-
KOB yL06HO NPeacTaBuTh B BUAE MATPULbl AaHHbIX D pas-
MEPHOCTY 11X q, CTPOKIN KOTOPO ABAAIOTCA BEKTOpPaMm X'.

3ajia4a He4eTKOro KNacTepHOro aHanmaa coCTomT B Cre-
LYIOLLEM: HA OCHOBE UCXOAHBIX AaHHbIX D HaliTK Takoe He-
4eTkoe pasbuerne R(A)={A | A < A} MHoXecTBa A Ha 3a-
JIAHHOE YUCIIO C HEeYeTKUX KNacTepoB A;, i =2,¢, KOTopoe
06ecne4nBaeT 3KCTPEMYM HEKOTOPOM LieNeBoi PyHKLMN
f(R(A)) cpeau BCex HEYETKMX PasbueHui.

9. HeyeTkuit KnacTepHbIi
aHanu3 faHHbIX Ha npumepe AKYTUM

Ha ocHOBe [jaHHbIx 06 06bEKTaX BbINOSIHEH KMACTEPHbIN
aHanu3 ¢ NOMOLLbI0 OYHKLMK fcm N3 nakeTa HeY4eTKOM J10-
rukn Fuzzy Logic Toolbox.

OHa peann3oaHa B cpeae MatLab Ha 0CHOBE HEYETKO-
ro c-means-anroputma. et 3Toro anroputma Knacrepu-
3auum, HaseaHHoro F-ISODATA, npeanoxun . K. [JaHH
B 1974 1. B 1980 r. . K. befxek TeOpeTn4eckn aoka-
3a/1 ero cXoaMmMocTb, a B 1981 r. — 0606w ero Ha ciny-
Yali NPON3BONbHbIX HEYETKUX MHOr006pa3uin 1 Npeano-
XKUN 4N 3TOr0 anropuTMa Ha3BaHue HeYeTKUX C-CPeLHuX
(FCM, Fuzzy C-Means).

B ocHOBe (DYHKLMW 3aNI0XKEH anroputM noLiarosBoro
NOCNef0BaTeNbHOI0 YNy4LleHN HEKOTOPOro UCXOLHOr0
HEYeTKOro pasbueHns, KOTOpoe CTPOUTCA NONb30BATENEM
nn6o opMupyeTcs NPOrpammHO M0 HEKOTOPOMY 3BpW-
CTUYecKomy npasuny. lMpn aTOM Ha KaX40N N3 UTepaumi
Npu NOMOLLM PEKYPPEHTHON NpoLeaypbl NepecHnTLIBAI0T-
CSl 3HA4eHUS (DYHKLMIA NPUHALNEXHOCTU HEYETKUX KNacTe-
POB, a TAKXe WX TUNUYHbIE npeacTaBuTeny [4].
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OpHako peann3oBaHHas B yHKLMK fem MeTpuka Kna-
CTepu3aLum (eBKNNLOBO PACCTOSAHNE) AAET 3HAYMTENBHYIO
MOrPELLHOCTL MPUMEHUTESbHO K NOCTABNEHHON 3ajaue, no-
3TOMY BHYTPEHHAA NOAMYHKLMA dist 6bina M3MEHeHa Co-
OTBETCTBEHHO BbIPAXEHMIO (2), NPUMEHEHIE KOTOPOro no-
3BOJISAET N0My4aTh A0CTOBEPHbIE AAHHbIE NMPU pPaCyeTe pac-
CTOSAHUI Ha Cpepe.

[ins KoppekTHON paboTbl OYHKLMM fem HYXHbI 0693a-
Te/bHble BXOJHbIE [aHHble (data — Habop JaHHbIX Ans Kna-
cTepmsaunu, Nic — KONM4eCcTBO KNacTepoB), TaKXKe MOXHO
3ajjaBatb ONUUOHaNbHbIE (0ptions — napameTpbl Knacre-
pu3auun). B peaynsrarte paboTbl OYHKLUN PacCHNTLIBAKOT-
CSl CNeJyoLLe apryMeHThl:

® centers — KOHeYHble LIeHTPbI KNacTepos;

©® (J-matpuua, 31MemMeHTbI KOTOPOI YKa3bIBAKOT CTENEeHb

NPUHALNEXHOCTN BCEX TOYEK JaHHbIX AN KaXA0ro
knactepa. [1ns 0[HOIA TOYKM CyMMa 3HA4EHUI YNeH-
CTB2 BO BCEX KI1aCTEPOB PaBHA eAuHMLE;
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Puc. 4. Pas6ueHue ¢ npumeHeHuem c-means-an20pumma:

® objFunc — 3Ha4eHUA (PYHKLUU NPUHALSIEXHOCTY
OIS KOKO0I uTepaumn.

[puMeHUTENBHO K UCXOAHOI 3aja4e JAaHHOr0 UCCreoBa-
HWA TOPOCKNE OKPYra 1 alMUHUCTPATUBHbIE LEHTPbI paio-
HOB — 3T0 MHOXECTBO 06bEKTOB KNnacTepmsaLuu, a paccros-
HIe MeX[y 06beKTaMN 11 YUCTEHHOCTb HACENEHNS — NpU3Ha-
KW, N0 KOTOPbIM NPOBOAMTCA pa3bueHne Ha NoLMHOXECTBaA.

[Mony4eHHbIe ¢ NOMOLLBI0 NporpaMm paséuenus Ha 4, 5,
6 1 7 KnacTepoB NpeAcTaBeHbl Ha puc. 4. Q4eBMIHO, 4TO
pe3ynbTaThl PasfinyHbIX pa3bueHuin CyLeCcTBEHHO OTNYa-
t0TCA AN Pa3NM4HOro YKcna KnacTepos.

MpuMeHeHne cdrepu4eckKoil reOMeTpun Npu peLleHmnn
3a/la4 Knactepusauum n onTUMU3aunm NPUMEHUTENbHO
K BbICOKOLUMPOTHBLIM PEruoHam no3BoauT nocTpouTs 60-
nee afieKBaTHble MOLENN ANs PELUeHUs pPeanbHbIX 3afad.
B npofomkeHne nocTaseHHON 3ajadqn npegnonaraercs
NOCTPOEHNE ONTUMU3UPOBAHHOI TPAHCMOPTHON CETU pe-
r1oHa ¢ y4eToM ero cneundoukm [5-10]. UT
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a — Ha 4 knacmepa; 6 — Ha 5 kaacmepos; 8 — Ha 6 K1acmepos; 2 — Ha 7 KAacmepos
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Automatic search system of objects
on the images on the example of a car number

AHHOTauuA

B cTatbe paccmoTpeHa npo6iema noucka o6beKToB Ha
n3ob6paxeHusx. 0TMeyeHbl 0COBEHHOCTU 06PABOTKH
“306paxKeHnil B peabHOM BPEMEHM U OTNI0XKeHHas 06-
paboTka. Co3paH ruGpuaHbI anrOpUTM, UCMONb3YIOLLMIA
WHTENNEKTYaNbHbIE U ONTUYECKUE METOAbI 06PaboTKU.
Moka3zaHa 3pheKTUBHOCTL MCNONb30BAHUA HEMPOHHbIX
ceTeil COBMECTHO C 06bIYHBIMU ANTOPUTMAMU B KOMMbIO-
TepHoi 06paboTKe N306paXKeHUi.

KnioueBble cnoBa: 06paboTka 1306paxeHuii, pacnos-
HaBaHWe 06pa30B, HeMPOHHbIE CETH, Kackaf Xaapa.

D0I:10.20291/2311-164X-2018-2-34-38

Abstract

The article deals with the problem of finding objects
in the images. The features of real-time processing
and delayed processing are considered. The hybrid
algorithm of using intelligent and optical methods for
processing is developed. The efficiency of using neural
networks in conjunction with conventional algorithms
in computer image processing is shown.

Keywords: image processing, pattern recognition,
neural networks, Haar cascade.
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Opranu3sauua npou3sojacTea (TpaHcnopr)

BeepeHue

B HacTodLee Bpems 6narofaps LMPOKOMY pacnpo-
CTPAHEHUIO TEXHONOTMA MONyYeHN U306paKeHUN cra-
HOBUTCS aKTyanbHOW npo6nema ux 06paéoTku. 0co6eH-
HO OCTPO BCTAET 3afia4a Nomcka 06bEKTOB As Nony4eHns
K/104€eBOM MH(DOpMaLMK ¢ n3o6paxeHns. Ecnn kapTuH-
Ka MonyYyeHa Ha aBTOMOOMNbHbLIA BULEOPErncTparop, To
MOXHO OCYLLECTBUTb MOUCK HOMEPOB MaLLUH UK UHAOP-
Mauuu yKasartesnel 1 3HakoB. [ns 6eCrnunoTHbIX aBTOMO-
6uneil 3T0 UrpaeT 0CoB0 BAXKHYH POJb, TAK Kak 06Hapy-
XKEHUeE NeLLEeX00B 1 JOPOXHbIX 3HAKOB — MPUOPUTETHAS
3ajja4a s aTomn obnactu.

1306paxkeHne npeacTaBnsier coboi COXHOCTPYK-
TYPHbIN LBETOBOI 0OBLEKT, KOTOPbIA MOXET ObITh HU3KO-
KOHTPACTHbLIM WUJIN UMETb Pa3NNYHbIE UCKAKEHMS, Hanpu-
Mep Nomexu unu pasmbiTue. [ns Takmx n306paxeHunin He-
BO3MOXHO NPUMEHSATb 06bl4HbIE METOAbI ONTUYECKOr0
pacno3HaBaHus (He NMO3BONAT AOCTUYb BbICOKOrO Kaye-
CTBA) W UHTENNEKTYaNlbHbIe METObl (OCYLLECTBASAIOT CNLL-
KoM ponryto 06pa6otky). Moatomy ans aHannsa usobpa-
XXeHuin asTopamu [1, 2] npefnaraeTca UCnosb30Barhb ru-
OPUAHBINA NOAXOM.

1. CoBpemeHHbIi noaxon
NS NoucKa 06bLEKToB
Ha n3obpaxeHuu

icTopuyeckn cnoxXunocb Tak, 470 MepBbIMU NOSABU-
NNCb anropuTMbl, paboTarLLme C UHTEHCUBHOCTLIO U30-
OpaxeHus (Hanpumep, 3HayeHne RGB B KOXAOM nukce-
ne). Mpegnonaranoch, Y10 rpaHuLy 06bEKTA MOXHO Hail-
TV MO Pe3KoMy nepenagy LBeTa unu SpkocTy n3obpaxe-
HUSA. Takue anroputMbl UHTYUTUBHO MOHSATHBI, HO UMEOT
60MbLLYH BbIYUCIIUTENBHYIO CIIOXKHOCTb. [103TOMY Ha BTO-
poMm 3aTane cTanu pa3pabarbiBaTbCsA anropuTMbl, BblAens-
toLLne 0cobble NPU3HAKKU 06BLEKTOB B U306PKEHUSAX, Ha-
npumep (POHTAHHOE Npeo6pa3oBaHue B CUCTEME pacnos-
HaBaHus TekcTa FineReader n nofo6HbIX cucTemax. ABTO-
pam yfaBasnoch Henyoxo Haxo4uTb CTaHAAPTHbIE 06bEKTHI
BPOJE CTPOK TEKCTa U BbIAENATb B HUX CUMBOSIbI. HO Nofb-
30BaTeNIAM NPUXOAMIOCH 04eHb aKKYPaTHO NO3ULMOHMPO-
BaTb U300paXKeHNe, 4TOObI CTPOKM TEKCTA LUK MOYTY na-
panniefibHo rpaHuuaM u3obpaxeHus. Ha TpeTbem atane
AN aHanm3a n3obpaXkeHnn paspaboTynki cTanu npume-
HATb METO/bl UCKYCCTBEHHOIO UHTENNEKTA, HANPUMEP Hell-
POHHbIE CETW, pa3fn4Hble caMmo06y4atoLLIMecs Unm npea-
BapuUTENbHO 00Yy4eHHble anropuTMbl BPOLE Kackaga Xaapa
(Haar). B HacTosLLee BpemMs 0HUM U3 CaMbIX MOMYNAPHbIX
METOZI0B [/l NOUCKA Pasfin4HbiX 06bEKTOB HA 1306paxe-
HUW ABNAeTCA MeTo Buonsl — [KoHca, UMEILLWii BbICO-
KYI0 CKOPOCTb 1 3(D(DEKTUBHOCTD.

MeTop 6bin paspaboTaH v npefcrasned 8 2001 r. Mo-
nom Buonoii (P. Viola) n Maiiknom xoncom (M. J. Jones).
OCHOBY [JAHHOr0 METOfa COCTaBAAOT NPUMUTUBbLI Xaa-

pa (puc. 1).

Puc. 1. lTpumumussi Xaapa

B opuruHansHoi Bepcun anroputma Buonbsl — [xoH-
Ca WCMoJIb30BANNUCH TOJIbKO BEPTUKANbHbIE U FTOPU30H-
TanbHO OPUEHTUPOBAHHbIE NPUMUTUBLI 6€3 NOBOPOTOB,
a 3Ha4eHune NPU3HaKa nosly4anochb BblYUTAHUEM CYMMbI
SPKOCTEN NUKCesen 0HOI Nof0651acTh N3 CyMMbl IPKO-
cTei apyroi nogo6nactu [3]. Bnocneactsum 6biiun npea-
NOXXEHbI NPUMUTUBLI C HAKJIOHOM Ha 45 rpagycoB n He-
CUMMETPUYHBIX KOH(OMIypaLwii. Tak)xe BMECTO BblHUCHE-
HUS 0ObIYHO PA3HOCTU ObINO NPELJSIOKEHO NPUNUCHIBATH
K2XX01 N04061aCTh ONpefeNieHHbIi BEC 1 3HAYeHUs npu-
3HAKa BbIYUCNATL KaK B3BELLUEHHYIO CyMMY NuKCenein pas-
HOTUNHBIX 061acTen [4].

[laHHbIe YCOBEPLUEHCTBOBAHMS NO3BONMAN CO3AaTh Obl-
CTPbIil aNropuTM NOUCKA 06BEKTOB, KOTOPbI NMONb3YETCA
3aCnyXeHHbIM ycnexom. [ng onpefeneHus npuHaanex-
HOCTW K KNaccy B KAXOM KacKazle HaxoauTcs cymma 3Ha-
4eHNi cnabbix KNnaccuguKaTopos 3TOro kackaza. Kaxabli
Ccnabblii KnaccugukaTop BblAaeT ABa 3HaYeHUs B 3aBUCU-
MOCTM OT TOr0, 60JbLUE UMK MEHbLLE HEKOTOPOro 3a/aH-
HOro Nopora nosly4eHHOe 3Ha4eHue Npru3Haka, npuHazane-
Xallero aTomMy knaccudukaropy. B koHue cymma 3Have-
HUIA cnabbIx KNaccugMkaTopoB CPaBHWUBAETCA C MNOPOrom
Kackaja 1 BbIHOCUTCA peLleHune, HangeH 06beKT JaHHbIM
KacKaZioM Wnu Her.

YHUBEPCANBHOCTb AITOPUTMA NO3BOJIAET UCMONb30BATh
ero npakTU4ecku Ha nobbix dhoTorpadouax. Tak, UCnonb-
3yd Y>Ke HaTPeHUPOBaHHbIA Kackaz Xaapa, npu 06pa6ort-
Ke 250 n306paxKeHnin C aBBTOMOBUbHBIMU HOMEpamm 6bl-
nn 06HapyxeHbl 192 HoMepa, 4YTo cocTaBnseT 76,8 % Tou-
HOCTW 06HAPYXeHUs (puc. 2).

OfHaKo AaHHbI anropuTm COBEPLLEHHO He YCTONYMB
K M0BOPOTaM U300paXKEHUI, U3-32 Yero Jaxe npu xopo-
LUeM Ka4ecTBe N306paXXeHNs 1 YUCTOM HOMEpE Kackag,
HEe MOXET ero 06HapYXNTb.
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2. TMepuAaHbIA anropuTm

[ins ynyylwenus pesynbratos cy-
LLEeCTBYIOT [1Ba BapuaHTta [LencTBun.
[TepBblit — YBEIMYUTH PA3MEYEHHYH0
BbIOOPKY A1 er0 06y4eHUs, 4TO B He-
KOTOPbIX CUTyauusx NpocTO HEeBO3-
MOXHO. TaK, Hanpumep, 06y4atoLLen
BbIOGOPKI MOXET BOOOLLE He ObITb,
Korga B nporpamme UCMonb3yercs
YK€ FOTOBbI 1 06YYEeHHbI Kackag,
KOTOPbIA NPeJoCTaBuUNIN Apyrue pas-
paboT4MKN.

[pyroi BapuaHT npeacTasnseT co-
6011 BOMNOMHUTENbHbIA aNropuUT™ Npeg-
06paboTku n3obpaxeHns. Hanpuwmep,
HANTU TOPU3OHTA/IbHbIE IUHUN C He-
60NbLINUM OTKJIOHEHWEM, MOBEPHYTb
13006paXKeHne Ha onpeaesieHHbI yroJ,
4TOGbI HOMEP UMeST FOPU30HTaNbHOE
MOJIOXKEHME 1 Kackaz Xaapa cmor 6bl
06HapyxuTb ero. OgHako B cnyyae,
Korja HOMepHas nyara cocTaBnser
HEOOJbLUYI0 YacTb OT U300paXeHUs,
NpAMbIE MOTYT 6bITb 06HAPYXEHbI OT
0CTanbHbIX 06bEKTOB — [I0MOB, Jepe-
BbEB, OKOH W T.J.

bbI10 caenaHo npeanonoxeHue,
4TO B 0651aCTV aBTOMOOGUIILHOTO HO-
Mepa 60/1bLNHCTBO FOPU3OHTANbHBIX
NPAMbIX NapannesibHbl ¢ CaMUM HOMEp-
HbIM 3HaKoM. Takum 06pa3om, y3HaB
X HAKIOH 1 NOBEPHYB UCXOLHOE U30-
OGpaxXeHune Ha aToT yron, Nony4Ynm ro-
PU3OHTANILHO PACMONOXEHHbIA HOMEP.

[lna noucka y4acTtka n3obpaxeHus
C aBTOMOO6MIMbHbIM HOMEPOM 6bISI0 pe-
LUEHO MCMONb30BaTh UCKYCCTBEHHbIE
HEeNPOHHbIE CETH, KOTOPbIE Celivac Ha-
61paloT BCE 6OJIbLUYI NOMYNSAPHOCTb.

banaHcupys mexay npumeHeHu-
€M ONTUYECKUX U UHTEIIEKTYaNIbHbIX
MeTO0/10B, aBTOPbI [5] 0TAAOT Npeano-
YTeHWe 1CNOSIb30BAHUID UCKYCCTBEH-
HbIX HEMPOHHbIX CETEN C He6OSbLUNM
KONN4YeCTBOM HENPOHOB, TaK Kak aH-
Hble HENPOCETN OCYLLECTBNSAOT 06pa-
60TKY [OCTaTO4HO 6bICTPO. bbina no-
CTPO€EHa CBEPTOYHAA HElpOHHAsA CeTb,
NPUHUMAILLIAA HA BXOL M306paxeHue
320%240 n BblatoLLas Ha BbIXofe npu-
613NTENbHbIE KOOPANHATLI HOMEPHO-
ro 3Haka. Ee apxutektypa npencrasne-
Ha Ha puc. 3.

Puc. 2. Asmomo6usibHble Homepa, 06HapyxeHHble kackadom Xaapa

input: | (None, 3, 240, 320) |
) |

conv2d_9_input: InputLayer output:| (None, 3, 240, 320

A
input: | (None, 3, 240, 320)
output: | (None, 16, 240, 320)

conv2d_9: Conv2D

input: | (None, 32, 60, 80)
output:| (None, 64, 60, 80)

conv2d_11: Conv2D

input: | (None, 64, 60, 80)

max_pooling2d_9: MaxPooling2D output| (None, 64, 30, 40)

input: |(None, 16, 240, 320)

max_pooling2d_7: MaxPooling2D output:| (None, 3, 140, 160)

. input: |(None, 16, 120, 160)
conv2d_10: Conv2D oo T None, 32, 120, 160)

4

input: |(None, 32, 120, 160)

max_pooling2d_8: MaxPooling2D output:| (Non, 32, 60, 80)

input: | (None, 64, 30, 40)

| flatten_3: Flatten output|  (None, 76800)

input: | (None, 76800)
output:| (None, 300)

dense_5: Dense

input: | (None, 300)
output:|  (None, 300)

dropout_3: Dropout

Puc. 3. Apxumekmypa HelipoHHoU cemu

[na 06y4eHns HeMPOHHbLIX CeTen
HeobxooumMa 60sbliuas 6a3a AaHHbIX
Mo TUNY: BXOAHbIE JaHHbIE — BbIXOA-
Hble LaHHble. [1oaToMy Bbina co3faHa
6a3a AaHHbIX 13 4761 KapTUHKN C HO-
MEpHbIMM nuatamu, annsl KOTOPbIX
NPONMEHOBAHbI B COOTBETCTBUM C KO-
OpAMHATaMn HOMEpPHOM nnatbl. Takum
006pa3om, Ha BXOZ HEPOHHOWN CETU Nno-
[1aBasiocb M306paxKeHne, a Ha BbIX0e
Mbl MOJTy4any KOOpPAMHATbI HOMEPHO
nnatbl. 06y4eHne NPOMCX0ANNO C pas-
OMeHneM B 5 3TanoB, Kaxmblil U3 Ko-
TOPbIX 66111 N0 50 3noxX.

[anee no nony4eHHbIM KOOPAUHA-
Tam n3obpaxeHune obpesaerca u 06-
pabaTtbiBaeTCA ANS HAXOXKAEHUS r0-

input: |  (None, 300)

| dense_6: Dense outpUt (None, 8)

PU3OHTANIbHBIX NMPAMBIX C MOMOLLbIO
npeobpasosaHnii Xadpa (Huff) [6], 3a-
TEM UCXOJHOE 1306paxeHne NoBopa-
Y1BAETCH HA CPELHUI YroM HangeHHbIX
npsAmMbIX. brioK-cxema UTOroBoro anro-
puTMa NpuBeLeHa Ha puc. 4.

[Nanubiii anroputm Ha 250 TecTo-
BbIX N306paXXEHNAX C HOMEepPamu 06Ha-
pyxun 216 Homepos npoTus 192 Ho-
MEpOB YICTOr0 Kackaga Xaapa, 4To co-
crasnset 86,4 %. bnarogaps ruépua-
HOMY anropuTMy pesynbrar noucka
HOMEPHOI NNaCTUHbI 6b1T YNy4LLEH
Ha 10 %. Mpumep HOMePOB, He pac-
MO3HAHHbIX 06bIYHLIM aNrOPUTMOM,
HO PaCMO3HaHHbIX TMOPUAHBLIM, NPK-
BeJIeH Ha puc. 3.
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3aknoyenue

B pesynerate npofenaqHoii paéotel 6bin pea-
NN30BaH 1 NPOTECTUPOBAH HOBbIN ANrOPUTM AN
noucka 06beKToB Ha n3obpaxeHusx. bnarogaps
CUHEPrum 00bIYHbIX METOL0B 06paboTKM 1306pa-
XKEHUIA 1 MALIUHHOTO 06YYeHUs pesysnbTar no-
ncka 06beKToB 6bin yny4weH Ha 10 %. OaHako
BPeMS paboTbl aIropuTMa COCTABIIAET NpUMeEp-
HO 0,3 CeKyHAbI, YTO He ABNAETCA JOCTATOYHbIM
AN CNOJb30BaHNS €ro B 06paboTke BMAEONO-
TOKOB. [InaHupyeTCcs yBENNYUTL CKOPOCTH 006-
paboTKM 32 CHET ONTUMM3ALMN KOLA 1 NPOBO-
ANMbIX MHTENNEKTYaNbHbIX ONepaunii, Tak Kak
60MbLUMHCTBO BpeMeHu (nopagka 50 %) 3arpa-
YMBAETCHA UMEHHO Ha LLarn, KOTOPbIe Bbln pe-
aN130BaHbI CAMOCTOATENbHO, a TaKXe Ha 06pa-
60TKY C NMOMOLLbHO HEPOHHOI CeTU.

B HacToALMit MOMEHT BeJyTCA pa3paboTku
N0 pPacro3HaBaHWO HANLEHHbIX HOMEPHbIX MiarT.
Onupasch Ha npegwecTsyroLme pabdoTsl [7, 8],
MOXHO CL1enath BbIBOL, 4TO [/151 3TOr0 TAKXKeE Jy4-
LLIe UCMOMb30BaTh MCKYCCTBEHHbIE HenlpoceTn. UT
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Balise as a way of controlling
of continuous welded rail track
in the state of tension and train movement

AHHOTauuA

B cTaTbe npefcTaBneHo ycTpoicTBo «6anunsay, KoTopoe
NO3BOJIAIET OCYWECTB/ATL KOHTPOJIb 3 HAMPAXKEHHBIM
COCTOSIHMEM PENibCOBbIX MNETEN U ABUXKEHMEM NOE3-
noB. OnucaHbl MecTa 3aKpenieHuns yCTPOMCTBa B pesib-
COBOM NJeTH, KOTopble OblIN OnpeaeneHbl Npyu NOMOLLM
CMNEeKTPasbHOro aHanu3a 1 PacyeToB B NPOrpaMMHOM
KOMMieKce «YHUBEpCaNbHbI MEXaHNU3M».

KnioueBble cnoBa: 6eccTbiKoBOil NyTh, 6anunsa, Temne-

patypa, TemnepatypHble Cuibl, CNeKTPabHbIA aHanus,
MofeNMpoOBaHue.

D0I:10.20291/2311-164X-2018-2-39-43

1.3 0) 151 Authors

Abstract

The article proposes a device of Balise, which allows to
control the continuous welded rail track in the state
of tension and train movement. The places of fixing
the device in the rail bar, which were determined by
spectral analysis and calculations in the software
complex “Universal mechanism”.

Keywords: continuous welded rail track, Balise,
temperature, temperature forces, spectral analysis,
modeling.
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B HacTosLlee Bpemsa KOHCTPYKLMA 6ECCTbIKOBOrO ny-
Tn ABNseTCH Hanbonee BOCTPe60BAHHON. Ha ceTn xenes-
HbIX flopor Poccuu 6ecCTbIKOBOM NyTh COCTaBNAeT 72,9 %
0T 06LLEN NPOTAXKEHHOCTM MYTH.

CyLLeCTBYIOT pa3nnyHble CPeACTBA KOHTPOIA 3a Hanps-
)KEHHbIM COCTOSIHUEM 6ECCTBIKOBOrO MyTW. OfHAKO BCE OHM
UMetoT HegocTaTku. Kadbenpoii «[1yTb 1 XKenesHoJo0poXHoe
CTPOUTENIbCTBO» YPanbCKOro rocyfapCTBEHHOrO YHWUBEP-
cuTeTa nyTein COOOLLEHMS ObIN0 pa3paboTaHo YHUKAIIbHOE
YCTPOMCTBO «6anu3a» [1-9], npn NoMoLLM KOTOPOro MOX-
HO NPOM3BOLUTbE MOHUTOPUHT 32 MOMEPeYHOI YCTONYMBO-
CTbH0 XKENe3HOLA0POXHON NUHUKM, BbIGPOCOM 1 Pa3pbIBOM
nyTu. Mpn ©cnonb30BaHUM 6ann3bl BO3MOXEH KOHTPOSb 32
YroHOM nyTu. banusa onpegenser KONU4ecTBO 0CeN Noes-
[1a 1 CKOPOCTb UX [BUXEHUS.

[lnq onpegeneHns MeCT yCTaHOBKN U 3aKpenneHus 6a-
Nn3bl B NPOrPaMMHOM KOMIMEKCE «YHWUBEPCANbHbIA Me-
XaHW3M» Oblfl MTPOM3BEJEH PACHET Y4aCTKOB NyTU C Pagm-
ycamu 1500, 2000, 2500, 3000 M npu pasnuyHbIX CKOPO-
cTax auxeHns noesaa ot 80 go 120 km/4 ¢ Wwarom mofe-
nupoBaHua 25 cm. lMpn 3TOM reomeTpus NyTn 6bina poB-
Hoil (Tabn. 1, puc. 1).

Pesyrbrarbl pac4eToB MOLENu Nokasanu, 4To npu yee-
NINYEHUYN CKOPOCTU BVKEHUS MAaKCUMaSTbHbIE NOMepeyHble
CWJTbl OT B3aMMOJENCTBIA KONeca 1 penbca yBenu4nBaT-
ca. Kpome Toro, npoaHanu3npoBaHbl MecTa BO3HUKHOBE-
HUSA HAMOONbLLIMX NONEPEYHbIX CUT NPY NPOXOe NOABUX-
HOro COCTaBa B 3aBUCUMOCTM OT nnaHa nuHun. Hanbonee
4acTO MaKCUManbHbIe NOMepeYHble CUMbl 0T BO3AENCTBUS
KOneca Ha penbC BO3HMKAIOT B Ha4ane KpyroBon KpUBOM
11 B CEpeiMHe BXOAHOI NepexofHON KpUBOA.

AHanornyHble feNCTBIUA ObINN NPOBEAEHbI C LLATOM WH-
Terpuposanus 1 cM, NpoaHaIM3nMpoBaHbl 3HAYEHUS MaK-
CUMAITbHbIX MOMEPEYHbIX CUM U MECTA UX BOSHUKHOBEHMS.
Kak BUAHO Ha puc. 2, pe3ynbtatbl 61U3KKM K NPeblAyLnM:
HaNUbOsbLUNE NMOMNEPEYHbIE CUJTbl OT NPOX0AA NOABUXHOMO
COCTaBa BO3HWKAIOT B Ha4ase KpyroBoi KpMBOM 1 B KOHLIE
BXOZJHOI1 NepPexofHON KPUBOA.

Heo6Xx0MMO OTMETUTb, 4TO YMEHbLLIEHNE Luara WH-
TerpupoBaHMs BleYeT 3a co601 yBennyeHne 06bema Bbl-
XOAHbIX AaHHbIX 605ee 4em B 20 pa3 (puc. 3). 310 npu-
BOAUT K [OCTaTO4HOMY YBEJIMHEHUIO BPeMeHn 06paboT-
K1 pe3ynbTaToB M 3HAYUTENIbHO Harpy3Ke Ha oneparus-
HYI0 NamaTb KOMMbiOTepa npyu 06paboTKe pPe3ynbraToB
MOZENIMPOBaHMS.

B xome 06paboTKM pe3ynbTatoB 6bII0 BbISABIEHO, Y4TO
3aBUCUMOCTb MAKCUMAJTbHbIX NOMEPEYHbIX CUI1 OT PaccTo-
AHUA MOXHO ONUCaTb B BUAE rAPMOHUYECKUX KOeBaHUIA.
970 03Ha4aeT, 4TO koNe6aTeNbHbIA NPOLLECC MOXHO Pa3no-
XKMTb HA raPMOHWKN 1 BbILENUTb [MABHYH, KOTOpas onpe-
Lenser UMKIMYHOCTb KonebaHui. Mytem cpaBHeHNs OauH
BOJIH KONe6aHWin Mpu MOAENMPOBAHUN C LUArOM UHTErpu-
poBaHMsa 25 cM 1 1 CM MOXHO CLienatb BbIBOJ O PEnpeseH-
TaTMBHOCTU LUara MOAenuposaHus. [Ina 3toro nposeaeH
CNEKTPANIbHbIA aHANU3 4N CKOpocTh BuxeHns 120 km/y
B nporpamme TableCurve 2D v5.01 (puc. 4). bbinu onpe-
JeneHbl KONecHble napbl, N0 KOTOPbIMU BO3HMUKANA MakK-
CUMaNIbHas NonepevHas Ccuna npu pasHbIx paguycax Kkpu-
BbIX, N8 MOJenupoBaHusa ¢ warom 25 u 1 cm. lMocne ye-
o NOCTPOEHbI OCHOBHbIE FaPMOHUYECKUE COCTABNAIOLLME
CNOXHOr0 NePUOSMYECKOro CUrHana B Bue 3aBucMocCTei
MOMepeyHoi CUMbl OT PACCTOAHNA.

Tabnuua 1

MaKcumanbHas nonepeyHas cuna npu Wware MoAeNUPoOBaHUA 25 cM
B 3aBUCMMOCTH OT CKOPOCTH ABMMKEHUA U Panyca KpUBOiA

MakcumanbHas nonepeyHas cuna, H

1500 9210,42 9268,23 9490,99

2000 929423 9653,77 9686,19

2500 9215,82 9750,01 9983,28

3000 8757,19 9284,39 10563,71
| —l_ ° v :F o—l_ /=120 kKm/y | —l_ ¢ :I: 9 —r I/ =120 Km/M
| T 0% F o T Vet0ommy | T 90 % T T V= 100 km/y
| T R T T V= 80 km/y | T 9 T 4 V = 80 km/4

Puc. 1. Mecmo makcumasbHbix nonepeyHsIx cus
npu waze ModenuposaHus 25 cm
8 3aBUCUMOCMU OM CKOPOCMU OBUXEHUS

Puc. 2. Mecmo MakcumasnbHbIx nonepeyHsix cusi
npu waze modenuposaHus 1 cm
8 3aBUCUMOCMU OM CKOPOCMU OBUMEHUS
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Puc. 3. Pasmep ¢patina ¢ 0aHHbIMU NOJy4aemMo20 no pe3ybmamam MooeuposaHus:

0 — 80 km/y; " — 100 km/y; B — 120 Kkm/y

Puc. 4. /ZJPMOHU‘JQCKUQ cocmasndrnuue CJ10XHo20 nepuoauquKoeo CueHana

Ha puc. 4 BULHO, 4TO OCHOBHYO rapMOHMKY 32BUCUMO-
CTV MAKCUManbHbIX MOMEPEYHbIX CUST OT PACCTOAHNA MOX-
HO OMMcaTtb CUHYCOULOM, @ 3HA4YUT, BOSMOXKHO OMpeseniThb
Nepuoa U LJIMHY BOMHbI (Tabn. 2).

[anuble Tab5. 2 [OKA3bIBAKOT, YTO A/IMHBI BOSIHBI OCHOB-
HOW rapMOHUKU NpU LUAre MOAENMpoBaHus 25 u 1 cm npu-
MEPHO paBHbl. CpeaHAs pagHOCTb BENNYMH COCTaBASAET 5 %,
4TO ABNIAETCA JOMYCTUMBIM MPU PELLEHNI UHXXEHEPHBIX 3aJau.
Takum 06pasom, 04eBUAHO, YTO MOLENU C LUArOM UHTErpupo-
BaHus 25 cM 1 1 cm 6nn3KKM MO 3Ha4eHto. [pu 3TOM pacyeTsl
C Larom Moennposanus 1 cm 60nee To4HbIE, HO, KaK r0BO-
puUNoch paHee, He6OMbLLON LLIAT MHTErPUPOBAHNA NPUBOANT
K 3HaYMTEeNbHON Harpy3Ke Ha OnepaTuBHY0 NaMATb KOMMbH-
Tepa. [103Tomy 6bIN0 NPUHATO PELLEHNE NPON3BOAUTD Aallb-
HelLne MOAENMPOBAHNSA C LLArOM UHTErpUPOBaHNS 5 CM.

No 2 / UoHb / 2018

[anee 6bin1 NpOBEAEHbI AHANOMMYHbIE MOAENNPOBa-
HUS NPU ABVXKEHUN TPY30BbIX BArOHOB M0 TEM XE KPUBbIM
NpU aHANOTNYHBLIX CKOPOCTAX ABUXKEHMUS, HO C HAPYLLEHU-
eM MakporeoMeTpum nyTu.

Mo pe3ynsratam MofenMpoBaHus (Tabsn. 3) MOXHO ce-
natb BbIBOA, YTO NP YBENNYEHUN Paanyca KPUBOI 1 CKO-
POCTW [BMXEHWUS MOLBUXHOIO0 COCTaBa 3HA4YEHUA MaK-
CUMATbHbIX MOMEPEeYHbIX CU 0T BO3AENCTBUA KoNeca Ha
penbC yBENU4YNBAKTCS.

[Tpoananu3nposas Mecta BO3HUKHOBEHUS HANGONMb-
LUMX NOMEPEeYHbIX CUJT MPW NPOX0Ae NOLBUXHOIO COCTa-
Ba B 32BUCKUMOCTM OT NJiaHa IMHNN, MOXHO OTMETUTb, HTO
Han6OoNbLUIME 3HAYEHUSA NOMEPeYHbIX CUM OT NPOXoAa no-
3712 BO3HUKAIOT MOCIIEe TOr0, KaK OH MpOLLEen no oTCTynne-
HWi0 B nnaxe (puc. 5).
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Tabnuua 2

Nepuop KonebaHni M ANMHA BOJIHBI MPU Pa3HOM LUAre UHTErPUPOBAHUSA

Panuyc CkopocTb
KDHBOR, M pacnpocTpaHenus ) )
BOJIHbI, M/C Mepuopn konebanuii, ¢ JinnHa BOJHbI, M Mepwnoa kone6auwuii, ¢ JInvHa BOJHbI, M
1200 0,449 14,98 0,470 15,66
1500 0,419 13,98 0,445 14,84
2000 33,33333333 0,427 14,24 0,445 14,85
2500 0,420 14,00 0,451 15,02
3000 0,367 12,25 0,614 20,45
Tabnuua 3

MaKcuMManbHas nonepeyHas CUNa B 3aBUCUMOCTH
OT CKOPOCTYU ABUXKEHUA U PaANYCA KPUBOW C OTCTYMIIEHUAMM B NiaHe

Papuyc, m

MaxkcumanbHas nonepeyHas cuna, H

CkopocTb, KM/4

1200 17709,80 23697,12 28207,53
1500 17860,17 21707,59 26349,37
2000 19444,43 22206,32 26262,55
2500 21370,60 22785,58 28647,69
3000 21053,32 22586,71 26169,20

| T T T 000

V=120 Km/
| T T T 9 V=100 K/
| T T T 0 V=80 KM/

Puc. 5. Mecmo maxcumanbHbix nonepe4Hsix cun
8 3asucumocmu om ckopocmu 0BUXEHUS
u mecmonosioxxeHus omcmynjieHus 8 njiaHe

Takum 06pa3om, 6ann3a ycTaHaBNMBAETCA B OTBEPCTUE
Ha HeWTpasibHOM OCY perbCa:
® kaxable 100 METPOB B KPUBbIX y4aCTKax nyTu,;
® B IPAMbIX y4aCTKax NyTW B HA4ane u KOHLe nnetu,
a B CNy4ae ecnu nneTb JIMHHAA, JATYNK YCTaHaB-
NNBAETCH B CEPEANHE MIeTH;

® B 0MaCHbIX CEYEHUSAX MO UTOTY NMPOX0a BaroHa-ny-
Teu3mMepuTens.

Heo6x0AMMO OTMETUTb, YTO Nepej TeM, Kak yCTaHaB-
nueatb 6anM3y B MeCTa OTCTYMIIEHUIA B NI1aHe, HYXXHO pac-
CHYUTATb CKOPOCTb U YCKOPEHUE U3MEHEHUS OTCTYNNEHNS
nyiaHe B NPOCTPAHCTBE W BPEMEHU. ECNu CKOPOCTb 1 YCKO-
PeHUe NU3MEeHEeHNs PUXTOBKM BO3PACTAET, TO 3TO CEYeHue
ABNAETCA ONACHLIM W TPebyeT 6051ee BHUMATENIbHOI0 KOH-
TPONS, B NPOTUBHOM Clly4ae HeT He06X0AMMOCTY B 6onee
LeTanbsHOM MOHUTOPUHTE cedenns [9]. UT
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B cTatbe paccmaTtpuBaloTCA NpeanochIKM NCNoNb30o- The prerequisites for the use and technique of
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MpoAonbHbIA NPOUIL — OLMH U3 TMABHbIX rpadnye-
CKMX JOKYMEHTOB, BXOASALLMX B COCTAB TEXHUYECKON [OKY-
MEHTaLML XXeNe3HOA0POXXHOro nyTu. [pn CbeMke 1 CoCTaB-
NEHWUU NPoJOJbHbIX Npodiunei, YTo6b! OLEHNUTL B LIENIOM
reoMeTputo Npouns Tpaccsl, NPUOEraT K CPAMIEHMIO
3/1eMEHTOB NPonNA — 06bEANHEHUIO OTAENbHbIX Y4aCT-
KOB 110 331aHHbIM NpaBunam B 0uUH y4acTok. [pu nposese-
HUW TATOBbIX PACHETOB A1 MOE3LHON PaboThl TAKXE Npu-
6eratoT K CrpAMIIEHNI0 Y4aCTKOB NPOSONLHOI0 npouns —
9T0 He06X0AMMAas Mepa, KOTopasi NO3BOJAET 3HAYUTENIbHO
MWUHUMUW3NPOBATL KOMIMYECTBO TPEOYEMbIX BbI4UCTIEHI.

B HacTofllee BpemMA Npu HaNmM4unU pasnMyHOro npo-
rPaMMHOro 06ecneYeHns, npeLHasHa4eHHoro Ans npoek-
TUPOBAHUSA U PACYETOB Y4ACTKOB 3/1IEMEHTOB XENe3Ho0-
POXHOI MHGOPACTPYKTYPLI, 3afa4a CrpaMIeHNs NpoAob-
HOro NPOChHUNs He peani3oBaHa B NOHOM Mepe C MOMOLLbHO
KOMIMbIOTEPHbIX TEXHOMOMMIA. Ee MOXHO peLunTs, Hanpumep,
B KOMIIIEKCE 3334 N0 NPOEKTUPOBAHMIO XXENe3HOA0POXHOM
JINHWW, OZIHAKO TaKOI METOZ HeNb3s NPUMEHUTB NPU UCNoN-
HEHHOW CbeMKe NyTW (Mpy NPOBEAEHNI KOHTPONA U BbIsBIE-
HWW OTKITOHEHMIA OT TEXHUYECKOr0 NPOEKTa B NPOLIECCe CTPO-
WTENbCTBA U 3KCNIyaTauum). B cTatbe NPoBeLeH aHanus cy-
LLIECTBYHOLLIMX CIOCOBOB CMPAMIEHIS 3MEMEHTOB XXeNe3H00-
POXHOr0 NPOHMAs 1 PACCMOTPEHA BOSMOXHOCTb UX NPUMe-
HEHUs B CUCTEMAX aBTOMATU3MPOBAHHOI0 NMPOEKTUPOBAHMS.

B 3aBucumocTu 0T Tna paboTbl Npasuia CnpsamMneHns
Y4aCTKOB Pa3nuyatoTCs, HO CYLLECTBYET OfiHA 00LLas TeH-
JeHUMA, COrnacHo KOTOPOi OTMETKMN Ha4alibHON 1 KOHeu-
HO TOYKM CMPAMIIEHHOIO Y4aCTKa COBMAZAtOT ¢ hakTuye-
CKUMMW 3HAYEHNAMU OTMETOK FOSI0BOK pesibca A0 CrnpsaMm-
nenns. OcTanbHbIe YCNOBWS, Takue, Hanpumep, Kak Makcu-
MasibHas pasHuua akTU4eckom n CnpsaMIeHHON OTMETKM
B Npejernax CrpsmMIeHHOro y4actka, MoryT BapbipoBaTb-
CSl UM BOBCE OTCYTCTBOBATb.

TexHonoruo cnpsmneHns y4acTkos NPOLOSIbHOIO Npo-
(huna NPUMEHNTENIbHO K TArOBLIM pacyeTtam OnuCbiBan
B cBOMX paborax A.B.TopuHos [1], rae npuBoaun ycno-
BWE, COrNacHo KOTOPOMY MOXHO OMpefenuTb BO3MOX-
HOCTb CNPAMIIEHUS K-T0 KONIMYECTBA Y4ACTKOB, A €CIIN 3TO
HEBO3MOXHO, TO HE06X0AMMO UCKaTb APYryt0 Kom6uHa-
LMo CNPSIMAEHHBIX 31eMeHTOB. O4HAKO NPUHLMNBI NOUC-
Ka 1 BapuaHTbl BO3MOXHbIX KOMOUHALNIA O HACTOALLEr0
MOMEHTbI ONMCaHbI He BbINN.

OnMH N3 pyKOBOAALLMX NPUHLMNOB 06beLMHEHNS, UC-
NoJb3YeMblid NP COCTABNEHUM NPOLONbLHBIX Npodhunent, —
CTPEMJIeHME NONY4NUTb KOMMIIEKCHOE NpefCTaBlieHne 06
y4acTke nyTu B LLENoM, 00beNHAS YKIOHbI KaK MOXHO 60/1b-
LUMMU y4acTkamu [2]. B cBA3KM € 3TUM MOXHO BbISBUTH 06-
LLYO TEHZEHLMIO NPY NPOLLECCE CNPAMITEHNA U 0603HAYNTD
Hanbosee BbIrOHbIE BAPUAHTBI.

Ecnu Tpacca xenesHon JOporn UMeeT SanHy L 1 cocTo-
WT 13 k-ro KONN4ecTBa y4acTKoB ASIMHOM [; 1 YKNOHaMN /,
TO CNpaBeAnvBO PABEHCTBO:

Opranu3sauua npou3sojacTea (TpaHcnopr)

MpumeM OrpaHu4nUTENbHbIE YCIOBUS LNA CNPAMIIEHUS,
KOTOPbIMU, KaK NPaBuio, Nosb3yTCSA NPU BbINOIHEHUM pa-
60T M0 UCMOSTHEHHON CbEMKE XENe3HOLOPOXHOro nyTu:

1. CnpsimneHue yKNoHOB (06bEANHEHNE Y4aCTKOB) Cie-
LYeT Npon3BOANTb, ECITN PA3HMLA (DAKTUYECKON U CrIpSM-
NIEHHON OTMETOK TO4EK NPOUNS He NPEBbLILLIAET 5 CM BHY-
TPY CNPAMEHHOr0 y4acTka.

2. Ecnun pasHocTb conpsraemMbix yKnoHoB 60siee 3 %o,
TO HEO6XOAMMO B MECTE COMPSXKEHNA ANEMEHTOB YCTPOUTh
BEPTUKANTbHYIO KPUBYIO.

Kak 6b1110 CKa3aHo BblLLe, KONIMYECTBO M BapyUaHTbl Orpa-
HUYUTENbHBIX YCNOBUIA MOTYT OTIMYATLCA NPU Pa3HbIX BU-
[ax pa6orT (Lenu cocTaBneHus NpogonbHoro npoguns). Ho
BCE YCM0BWA MOXHO pa3fiennTb Ha 0653aTefbHbIe (B Ha-
LueMm cry4ae ycrosue 1), HeCOOMIOEHNE KOTOPbIX HE [0-
MyCKaeTCcs, U AOMNONHUTENbHbIE (YCNOBUE 2), MO KOTOPbIM
MOXHO Pa3nNn4nTh KOMOUHALMW BAPUAHTOB Ha 60Jee U Me-
Hee BbIrOJHbIe.

PaccmoTpum y4acTok npofosibHoro npodouns, npes-
CTaBNEHHbIN Ha puc. 1. Ha HEM OTMeYeHbl NATb Y4acTKOB
C Pa3nuYHbIMU YKIIOHAMU, KOTOPbIE NpeanonaraeTcs 06b-
eLMHUTL. KaX[blil y4aCTOK MMEET Ha4arIbHY0 N KOHEYHYIO
TO4Ku. lMpepnaraeTca UMeHOBATH Y4aCTKU, B TOM YUCIE
1 06beJMHEHHbIE N0 NEePBOIA 1 NOCNEAHeN TO4Ke, Kak «H-K».
Hanpumep, y4actok 3 Ha3oBeM «3—4», a 06beAMHEHHbIE
y4acTkn 3 1 4 6ynem HasblBaTb «3-5».

No TO4KM 1 2 3 4 5 6
CbeMKU

Ne yyacTka 1 2 3 4 5

Puc. 1. Ydacmok npodosibHo20 npoguns

06LLee KonnyecTBo KOMOUHALIMIA 06bEANHEHUS ANS AaH-
HOrO yyacTka 6yaeT cnegyroLLee:

1) 1-2, 2-3, 3-4, 4-5, 5-6 (6e3 00beUHeHNS);

2) 1-6 (06beanHEHbI BCE y4acTKL);

3) 1-3, 3-4, 4-5, 5-6 (06befMHEH NepBbIi 1 BTOPOIA
y4acTku);

4) 1-4, 4-5, 5-6 (06beuHeHbl yHacTkn 1, 2 u 3);
1-5; 5-6;
1 2,2 4,4 5; 5-6;
1-2; 2-5; 5—6,
8) 1-2

5)

6)

7)
8)
) 1-3; 3 5, 5-6;

10) 1-3; 3-6;

11) 1-4; 4-6.

Konuyectso Bapuaunii 06beJuHeHNs y4acTKOB C pas-
NNYHbIMU TOYKaMK «H-K» B JlaHHOM cliy4qae cocTaBuT 15:
1-2, 2-3, 3-4, 4-5, 5-6, 1-6, 1-3, 1-4, 1-5, 2-4, 2-5, 2-6,
3-5, 3-6, 4-6. A B 06LLeM Cnyyae, 3HasA KONIMYECTBO TOYEK
CbEMKM 11, KOJINYECTBO BO3SMOXHbIX Bapuauuii B MOXXHO
onpeenuTb no hopmynam kombuHaropuku [3]:

C.T. AkkepmaH, M. M. MeinbHuKos | NpepsioxeHUs No yayyLeHUIo aJiropuTMa CpaMIeHus NpoaonbHoro npoguns

N
o



C.T. AkkepmaH, M. M. MeinbHuKos | NpeanoxeHUs no yayyLueHuio aNropuTMa cnpsamieHus npoaonbHoro npoguns

N
(o))

Opranu3auua npou3sojacTea (TpaHcnopr)

n!
(n=2)120

Tak, ons XKene3HoL0POXHOI Tpaccsl, cocTosLen 13 100
Y4aCTKOB, KONINYECTBO KOMOUHALWIA cOCTaBuT 0Komo 5000
BO3MOXHbIX Bapuauuii. [103ToMy Ha Ha4anbHOM 3Tane cne-
JyeT 0603Ha41Tb HaNbOosee BbIr04HbIE BAPUAHTbI.

[ns onpeaenexns Hanbonee BbIrOAHOIO BapuaHTa npej-
naraeTcs UCXOAMUTb U3 TOrO, YTO Hanbonee yaadHblil BApUaHT
TOT, NPU KOTOPOM CO6JTH0AAOTCS 06513aTeNbHbIE OrpaHNyu-
TeJIbHble YCII0BUS U Y4aCTOK UMEET HanBOoMbLLYH ANNHY.

MoxxHO pa3fenuTb BCe KOMOGUHALMYN YHACTKOB HA TPK
rpynrbl, MO CTENEHW BbIFOAHOCTU, MPUHUMAS BO BHUMA-
HUE YCNOBUE MAKCUMaTIbHOW AnnHbL. MpuHUMN pasgerne-
HUS NPEACTaBEH Ha puc. 2.

[MepBas rpynna — Hau6onee yaa4Hbli BapuadT (1-6).
O6beamnHeHbI BCe y4acTKN. BTopas rpynna — UCXOAHbIiA
Yy4acTOK 06beAVHEH BYMS y4acTKamiu 60JbLLIONA ANUHbI.
TpeTbs rpynna — BCe 0CTaNbHble BO3MOXHbIE KOMOUHALNN.

4T06bI y42aCTOK MOXHO 6b1110 06bEANHNTH M0 YCTAHOB-
NEHHbIM NPUHLMNAM, HE06X04UMO pa3feNuTb BCe BapuaH-
Tbl KOMOUHALMIA TAKXKE HA TPU FPYNMbl M0 CXOXEMY NMpu-
3HaKy — NPUHALNIEXHOCTU HAYaNIbHOM 11 KOHEYHOI TOYKMU.
[MepBoit rpynne 06bEANHEHNS COOTBETCTBYET €AUHCTBEH-
Has KOMOMUHALMA: HAYaNIbHAs N KOHEYHAs TOYKA UCXOLHO-
ro y4acTka [0/KHa COOTBETCTBOBATL Ha4arbHOM U KOHEY-
HOIi TO4Ke 06bEANHEHHOr0 y4acTka (1-6 B Hallem crny4ae.)
Bropoit rpynne cOOTBETCTBYHOT BapuaLuu, UMerLLe B CBO-
€M VUMEHHOM WHAEKCE OJHY TOYKY, COOTBETCTBYIOLLYIO Ha-
YanbHOW UM KOHEYHOI TO4KE UCXOLHOr0 y4acTtka. B Tpe-
Tbl0 Fpynny BOWAYT Bapualun, UMetoLLne B UMEHHOM WH-
JeKce TOJIbKO NMPOMEXYTO4HbIE TOYKM CbeMKN. Pa3aeneHune
BapuWaLmit Ha TPU TPYNMbl AN y4acTKa, M306paXKEHHOro Ha
puc. 1, npeacTasneHo B Ta6. 1.

PaspneneHue sapuaumnii Ha Hanbonee yaadHole No3BO-
NSeT ONpejenuT NPUOPUTETHOE HANPABIIEHE — TEHLIEH-
LI1I0, MO KOTOPOIA CrieflyeT NpoM3BOAUTL NPOBEPKY HA BO3-
MOXHOCTb CMPAMIIEHUS OTAENbHbIX Y4aCTKOB Npouns.

Mopanok LencTBUiA NpK CIPSMIEHUM Y4aCTKa npouns
NPU N3BECTHLIX MCXOLHbIX AAHHbBIX 1 BbIOPAHHBIX YCNOBUAX
OrPaHN4eHNA MOXHO MPeACTaBUTb CrieayoLLIMM anropuTMom:

1. MpoBepuTts KOMOUHALMIO FPyNMbl 1 HA COOTBETCTBUE
0643aTesibHbIM YCIOBUAM:

a) ecnin He COOTBETCTBYET — Liar 2;

6) ecnu COOTBETCTBYET — Luar 4.

2. [poBepuTb KOMBUHALMY TPYNMbI 2 HA COOTBETCTBUE
0643aTesIbHbIM YCIIOBUAM:

a) ec/im COOTBETCTBYET, BbIOPATh HAMBOIEe yaaqHyto
KOMOUHALIMIO N0 LOMOMHUTENbHBLIM YCIIOBUAM U Jjanee war 4;

6) ecnu He COOTBETCTBYET — Luar 3.

3. [poBepuTb KOMOUHALMY TPYNMbl 3 HA COOTBETCTBUE
0643aTesIbHbIM YCIOBUAM:

a) ec/im COOTBETCTBYET, BbIOPATh HAMBOIEe yaaqHyto
KOMOUHALIMIO N0 LOMOMHUTENbHbLIM YCIIOBUAM U Jjanee war 4;

6) ecnu He COOTBETCTBYET — OTCYTCTBYET BO3MOXHOCTb
CNPAMIIEHUS Y4aCTKa.

4. CnpsiMneHne 3aBepLUEHO.

[MpencTaBneHHbI anroput™ yA06HO MCNONb30BaThH
BPYYHYIO Ha MPOUNAX, UMEIOLLNX He6OMbLIOE KONUYe-
CTBO Y4aCTKOB, KOTOPbIE HEOOX0AUMO 00bEeNHNTL, A TaK-
e npu paboTe B CMCTEMaxX aBTOMATU3UPOBAHHOMO NPOekK-
TMpoBaHnsa (CAMP), ncnonb3ys OYHKUMIO PYy4HOro NpoekK-
TUPOBaHUA Npoduna.

No TOYKN /\/\(

CbeMKM 1 2 3 4 5 6
VicxoaHbin l\l/l/l\l
Y4acToK I/

1-a rpynna | |
2-9 rpynna

3-a rpynna

Puc. 2. lIpuryun epynnuposaHus sapuaHmos
Tabnuua 1
Pa3peneHue Bapuauuin o6beauHeHUs Ha rpynnbl

HaumeHoBaHue /AMeHHOW MHAEKC N0 TOYKaM CbeMKK
rpynnbi (Ha4anbHas — KOHe4Has)

1-a rpynna 1-6

2-9 rpynna

3-q rpynna

W NN WN CIJ'IACAJI\)—l—K—‘—K—‘
(op]

|
o oo

[ns pa6otbl ¢ 60NbLWNM 06bEMOM LAHHbIX HACTOALLMWIA
ANropuTM MOXXHO UHTErPUPOBATL B ABTOMATU3UPOBAHHbIE
CUCTEMbI MPOEKTUPOBAHNS UN NCMONb30BATL €r0 B CTO-
POHHMX NPOrpaMMHbIX 060/104Kax B Ka4eCTBE COBMECT-
Hoi1 pa6oTbl ¢ CAMP.

B kayecTBe npumepa UCNONb30BaHMS anropuTma ans
CMpSAMIIEHNS Y4aCTKOB NPOLONbLHOr0 npocuns paspabo-
TaHo npuknagHoe npunoxenue ang 0S Windows, pa6o-
4ee OKHO KOTOPOro NpeAcTaBieHO Ha puc. 3.
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Puc. 3. [Tpumep ucnosb308aHUS an20puMMa cnpsmaeHus

Pa6o4as 06nactb NpuUIIOXXeHUs pasfeneHa Ha YeTbipe
30Hbl. B none «CyLiecTBytOLME Y4aCTKM NPOGNSA» 3aHO-
CATCH Y4aCTKN paccMaTpmMBaemoro yyacTka. [lofnepxusa-
eTCH KaK PY4HOI BBOJ, TaK 1 BO3MOXXHOCTb MMMNOPTA JaH-
HbIx 13 CAITP nyTem yKa3aHus TEKCTOBOrO (haiina AaHHbIX.

B none «CnpsmneHHble y4acTKi npodouns» nporpam-
MOW aBTOMATUYECKM 3aHOCATCA BO3MOXXHbIE BAPUAHTI
CMPAMIIEHII Y4aCTKOB N0 0693aTeNbHOMY YCIOBUIO pas-
HULbI haKTUYECKON N PACCHUTAHHON OTMETKU HA CNpSM-
NIEHHOM Yy4acTKe.

B none «lpoektupoBaHue npoduns» yKasblBaoTCA Hau-
6oree yaayHble KOMOUHALMM CMIPSAMIEHUS, KOTOPbIE MOTYT
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ObITb UCMOJIb30BAHbI MPU COCTABNEHUN NPOA0NLHOIO NPo-
thuns. Bce pacyeTsl U 1x pe3ynbTartbl 0TO6PAXKAIOTCA B BE-
JOMOCTK, PACMOJSI0XEHHON B NPaBOW 4acTh paboyero OKHa.

Takum 06pa3om, UCMONb30BaHNE NPEAN0XEHHOr0 an-
ropuTMa no3BOMAET 3HA4YUTENLHO CHU3UTL TPyJ03aTpa-
Tbl HA COCTaBJIEHNE NPOLOJIbHLIX MPOIUNEN 1 BbICBO-
6041Tb 4eNOBEYeCKINE PECYPChbl HA NPOM3BOACTBO CMEX-
HbIX Pa6oT. epcrneKTMBHOE HanpasneHne oNTUMU3aALUM
anropuTMa cnpsMIIeHns NpoLobHOro0 Npoduns cocTo-
UT B NOMCKE PELLIEHWNIA, HANPABMEHHbIX HA CHUXXEHWE Bbl-
YUCIITENbHbLIX MOLLHOCTEN 1 YCKOPEHUe BpeMeHu o6pa-
60TKM pecypcos. UT

URL: http://www.tdesant.ru/info/item/66

3. LleenoB A.C. Teopust BEpOATHOCTEN W MaTeMaTnyecKas
cTaTMCTMKa : y4eb. nocobue ans By3oB. — M. : 3a. [Jom
'Y BLUY, 2005. — 254 c.
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The coordination of locomotive crews
of trains at the station on the basis of optimization

AHHOTauuA

PaccmoTpeHbl BONPOCHI paLMoHanbHOro obecnedyeHus
COCTaBOB JIOKOMOTUBHbIMY OPUTrafiaMm Ha CTaHLUK.
®opmynupyeTcs cTporas NoCTaHOBKA 3afayu pacnpe-
[efleHns TOKOMOTUBHbIX OPUraf, U roTOBbIX COCTaBOB

C y4eToM pa3nnyHbix hakTopoB U rMbKOro nepepac-
npeneneHns B MEHAIOWENCS CUTYaALLMM A5 COKPALLeHMs
CYMMapHbIX HEMPOM3BOLUTENbHbLIX MPOCTOEB.

KnioueBble c0Ba: roTOBHOCTL COCTABOB, 06ecneyeHmne
Gpuragamu, NpocTou, paLuoHanbHas yBsa3Ka.

D0I:10.20291/2311-164X-2018-2-48-52

Abstract

The questions of rational provision of trains with
locomotive crews at the station are considered.

The strict formulation of the problem of distribution
of locomotive crews and ready trains taking into
account various factors and flexible redistribution
in a changing situation to reduce the total non-
productive idle hours.

Keywords: readiness of trains, provision of crews,
idle hours, rational coordination.
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B HacTosLLee Bpems npobnema pa-
LIMOHANTLHOr0 MCNOJb30BAHUS TOKOMO-
TMBOB 1 NOKOMOTUBHbIX 6pUrag 0KOH-
YaTesibHO He peLleHa. B pabote copTu-
POBOYHbIX CTAHLMI 3HAYNTESbHbIE MO-
Tepy BOSHUKAOT NPU PEeLLeHnI BOMpOo-
Ca no 06ecne4eHno CPOPMUPOBAHHBIX
COCTaBOB JIOKOMOTMBAMM W JIOKOMOTMB-
HbIMW 6puragamu. Mpuynna noteps —
HECOrnacoBaHHOCTb MEXy MOMEH-
Tamy BPEMEHMN rOTOBHOCTM COCTABOB
1 HaNN4YMem NIOKOMOTUBHbIX Bpurag.
BO3HMKAIOT ANUTENbHbIE MHTEPBASI
OXXWAAHMA NOKOMOTMBaMU 1 Gpura-
Jamun cOCTaBOB 1 Ha060poT. oaTomy
Ba)KHOW 3ajayeil ans AMcneTyepcko-
ro annapara CTaHLuu ABNSETC NiaHu-
pOBaHue paboTbl TOKOMOTMBOB 1 6PN~
raf. MOMeHTbI X FOTOBHOCTY B PeiC
LOMKHbI ObITh YBA3aHbI C MOMEHTaMK
OKOHYaHUs HAKONJIEHMs COCTABOB Ha
COOTBETCTBYHLLME Ha3Ha4eHus [1, 2].
OfHUMM U3 OCHOBHbIX TEXHONOTU-
YECKMX Pe3ynbTaToB UCNOMb30BaAHMS
CWCTEMbI MPOrHO3a noe3006pa3osa-
HUS ABAAKOTCA CHOPMUPOBAHHbBIE HA
6a3e Nosly4eHHOro NporHo3a noesfo-
06pa30BaHus paLmnoHasnbHble peLue-
HUS MO Bblaye NOA NOe3[ I0OKOMOTU-
BOB 1 6purag:
® NOLroTOBKA BAPUAHTOB YNpas-
NIEHYECKIX PELLEHWIA N0 perynin-
POBKE NTOKOMOTUBHbIX 6purag;

® OAroTOBKA BapWUaHTOB pelLLe-
HUA NO N3MEHEHUIO ABKM BpU-
ra unu oTMeHsl 6purag.

B HacToqlee Bpemsa yHKUUS
YBA3KW JIOKOMOTUBHbIX 6puraf K ro-
TOBbLIM COCTaBaM B CUCTEMaxX NPOrHo3a
noe3fo06pa3oBaHmns Ha COPTUPOBOY-
HbIX CTAHLMAX MO0 He peann3oBaHa
1 MPOU3BOLAMUTCA AMCMETHEPCKUM anna-
paToMm «BPYYHYO», NGO peann3oBaHa
HepaLnoHaNbHO C TOYKM 3pEHNS Npo-
CTOSi COCTABOB B 0XWUAAHUN NTOKOMO-
TUBHbIX 6pUrag. AnNropuTm yBsisku 1o-
KOMOTWBHbIX 6puraf 1 cocTaBoB B 0[-
HOW 3 aBTOMATU3UPOBAHHBIX CUCTEM
NporHo3a noesfoo6pasoBaHns npes-
cTaBneH Ha puc. 1 [3]. Cuctema npo-
rHO3MpPYeT BPeMs rOTOBHOCTM COCTa-
BOB 1 NOJIy4aeT CNUCKU HapsLo0B J10-
KOMOTUBHbIX 6puUrag, CopTUpyert ux
no BpemeHu. locne 4ero npoBepseT-
CSl HanM4me roToBOr0 COCTaBa Ha KOH-

YnpaBnexue npoLeccamu nepeso3ok

[Mony4yeHne MOMEHTOB BPEMEHM
rOTOBHOCTW COCTABOB

1]

lMony4eHue BOK

HapsLoB 6purag
[

"y

CopTnpoBKa CNNCKoB
no BPEMEHN

Bbi60p 6purazbl

PaccmaTpusaemasn | HET

6puraga B peseps

EcTb roToBble
COCTaBbl [111s1 NepBOiA
6puragbl

L
<

Co3paHue nepeyHs
HanpasneHun

Y08eTBOpS- HeT | paccmarpusaemas
10TCS1 BCE 3a5BKU Ha 06CIY- Aaiilitenuin
KuBaHue purana g pesep

YBAi3ka bpuragbl
1 coctasa

1]

YoanatTcs U3 Crnmckos nepebli
06CNyXeHHbI cOCTaB 1 6puraga

Het

MepeyeHb
6puraz v cocTaBoB
ucyepnax

Ja

Cnncok 06CyXeHHbIX COCTaBOB
Cnncok cBo6OAHbIX 6puran
Cnncok HeyBsi3aHHbIX COCTABOB

Puc. 1. Aneopumm ygs3Ku TOKOMOMUBHbIX 6pu2ad

KPETHOE HanpasneHue s nepeon no-
KOMOTWBHOI 6purabl u3 cnucka. Mpu
HanU4UK COCTaBA BbIMOHAETCS YBA3-
Ka bpuragbl 1 cocTasa, CUCTeMA yaa-
NSET U3 CNICKOB 1 bpuragy, 1 coCTas.
Ecnu >e rotoBoro cocrasa B 0xufa-
HWUK 6purafbl HET — CUCTEMA NepeHo-
cuT 6puragy B peseps. o cytu, npu
TakoM NOAX0[ie aBTOMAaTU3NPOBaHbI
NNLWb [ENACTBYIOLLME NPUHLMMBI «PyY-
HOI1» METOANKN YBA3KM, 683 KaKNX-Ni-
60 311EMEHTOB ONTUMU3ALNN.

[nq pelwenus 3agaqn yBasku no-
KOMOTMBHbIX 6puraf 1 rotoBbIX COCTa-
BOB B aBTOMATU3MPOBaHHbIX CUCTEMAX
nporyo3a noes3foo6pasoBaHna npes-
naraeTcs NPUMEHATb ONTUMUSUPYIO-
LLye MeTobl HA OCHOBE 33Ja4u nu-
HEeNHOro nporpamMmupoBaHns. fMocra-
HOBKa NoJ06HOI 3aaa4u npeanaraet-
Cl B JAHHON CTaTbe.

MocTaHoBKa
onTUMU3aLUOHHOW 3aaauu

Ha nepuope nna1uposanus T Tpe-
6yeTcs yBA3aTb UMEIOLLLEeCs B Hapaae
KoninyectBo 6purag M ¢ MoMeHTamm
rOTOBHOCTU COCTaBOB. [1yCTb K CTaH-
LMW NpUMbIKaeT K HanpasfieHui, Ha
K2X[0e U3 KOTOPbIX CNPOrH031poBa-
Ha roToBHOCTb V¥ konnyecTsa cocTa-
BOB. Kaxpas 6puraga MOXeT UMeTb
06KaTKy Ha BCe NpUMbIKaKLLNe Ha-
MPaBfIeHNs K CTAHLMMU UK TOMBKO Ha
HEKOTOpbIE U3 HUX. B pamkax npuHs-
TOr0 KpUTepus Heo6X04MMO YBA3aTh
6puragbl ¢ COCTaBaMm, a TaKXe onpe-
[ennTb CBO6OAHbIE 6purafbl 1 He 06e-
CcreyveHHble 6puragamu coctasbl. Kpu-
Tepuu yBs3ku 6purag u coctasos 060-
3Ha4UM o, B, ... OHK ByyT OTpaxaTtb
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YnpaBnexue npoLeccamu nepeBo3ok

Cnoco6 UMn TEXHONOM4YeCKIe 0COGEHHOCTU YBA3KN (Hanpu-
Mep, o. — YBA3Ka 6e3 NpoCcuaoK bpurag; f — yBs3Ka ¢ fo-
NyCTUMbIMU NPOCUKAMU 1 6e3 MPOCTOEB COCTABOB B OXU-
JaHum 6purag u 1.m.), KOTopble 6yOyT HANPAMYIO BNNATL HA
3(PEKTUBHOCTb NMPUHATON METOANKN.

[Toapo6Hee pacCMOTPUM NOCTAHOBKY 3afadu 4515 cno-
coba yBsa3kM 6purag 1 cocTaBos 6e3 NpocUAoK 6puras.

0603Ha4um Yepe3 A, i = 1...M, 6puragbl Hapsaa ¢ Mo-
MEHTaMU SBKN L, b,..., £, ayepe3 B, j=1...N, [=1...K, co-
CTaBbl C MOMEHTaMW rOTOBHOCTH t,‘ [na Kaxgoro MomMeHTa
ABKM 1; 06bEM NPOU3BOACTBA 4; MPUHUMAETCS PaBHbIM E4M-
HULe. [N KaXX40ro MOMeHTa roTOBHOCTM COCTaBa t,‘ 06b-
em noTpe6neHus b} TaKXXe NPUHUMAETCH PABHLIM EAUHNLE.

0603Ha4uM 6yneBoit NepemMeHHON U,‘-j(z‘) BO3MOXHOCTb
YBA3KW 6puragbl A; 1 cocTasa Bj- Ha UHTEpBane BpeMeHu

[(t, ~ tovoer)s t,], TA€ frpoey — MAKCUMTbHbIA MPOCTON CO-

CTaBa B 0XuaHuy 06ecreveHuns T0KOMOTUBHON BPUrafoN.

n 1—ecnn Gpuraaa yBsizaHa ¢ COCTaBoOM;
v 0—B NPOTMBHOM Cilyyae

B Ka4yecTBe CTOMMOCTHOr0 K03(YhmMLMeHTa B NOCTAHOB-
Ke cf/.(t) NPUHUMAKOTCSA 3aTpartbl, CBA3AHHbIE C NPOCTOEM CO-
CTaBa B 0XXMAaHWN JIOKOMOTUBHOW 6purafbl. B uenom ctom-
MOCTHbIN KO3(MLNEHT B JAHHOW 3aa4e MOXET BbICTyNaTh
B Ka4eCTBe ynpasneHus. Hanpumep, Ans cOCTaBOoB, NPOCTOIA

KOTOPbIX CNefyeT MUHUMU3MPOBATbL MO Pa3fINYHBIM NPUYL-
HaM (CPOK JOCTABKM 1 T.M.), 3HA4EHNE CTOMMOCTHOr0 KO-
(puLMeHTa yMeHbLLABTCS. YBENUYNBAA UMW YMEHbLLAS 3HA-
YeHKe CTOMMOCTHOMO KO3(PuLmMeHTa, MOXHO 0TO6Pa3nTb
CUTYaLNIO C Y4ETOM NPUOPUTETHOrO HaNpPaBNeHNs YBA3KN
KXo 6puragbl — 3aiaBas, Hanpumep, CTOUMOCTb YBA3-
Kn 6puragibl Ha NPUOPUTETHOE HANPABIIEHNE MEHbLLE, YeM
Ha OCTanbHbIE HANpaB/ieHNs 06KaTKN.

Ha puc. 2 npeacrasieHa npuMHUMNuanbHas cxema ce-
TV 3afja4u Ans CTaHUWUK C NATbIO HanpasneHusamu. Liseto-
BOW 3aJIMBKOI BbIfEJIEHbl BO3MOXHbIE Nepuobl YBA3KM
Gpurafbl ONpefeneHHoN SBKW U FOTOBbIX HA JAHHbIX Ne-
puojax coCTaBoB.

Kak npasuso, Ha nepuofe nnaHupoBaHus T 3agada 6y-
LeT ABNATLCA He cOanaHCcUpOBaHHOM N0 06beMam Npous-
BOJCTBA (KONMYECTBO ABOK Gpuraz B Hapsaze) u notpebine-
HUS (KOJIMYECTBO rOTOBbIX COCTABOB MO BCEM HanpaBJieHU-
am). [inq yctpaHeHns gucbanaHca B KaXblil MOMEHT SIB-
Ku t; BBEieM 6anaHcoByto nepemeHHyto Yj(f) co ctonmoct-
HbIM KO3(h(PULIMEHTOM C/(f), BENIMYUHA KOTOPOrO 3HA4YUTENb-
HO MpPeBbILLAET 3Ha4eHne KoadhduumenTa cfj(z‘). B kaxabii
MOMEHT rOTOBHOCTM COCTaBa t} BBOAWUM 6anaHcoByio nepe-
MEHHYI0 Y(f) CO CTOMMOCTHbIM K03chchuLmMeHTOM Ci(t), Be-
NINYNHA KOTOPOT0 TaKXKe 3HA4YUTENIbHO NPEBbILIAET 3HaYe-
HUE Ko3hmumeHTa cf-j(t). Mo cyTu, 3Ha4eHMs 6anaHCoBbIX
NepPemMeHHbIX, OTIIMYHbIE OT HyNS, MOKXYT CBOGOAHbIE 6pu-
rafibl U HeyBA3aHHbIE COCTaBbI.
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Ha puc. 3 npuBefeH pparmeHT NOCTAHOBKM 3afa4u
C NPUHATLIMU 0603HAYEHNAMMN.
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Puc. 3. 0603HayeHus 3adaqu

LleneBas goyHKLMSA NPy TaKOW NOCTAHOBKE MUHUMU3N-
pyeT 3aTpatbl Ha MPOCTOW COCTABOB B 0XWAAHWM JIOKOMO-
TUBHbIX 6purag:

F =SS (06} 1)+ 3 (06, (0) +
)

!

+3 3/ (t)e)(t) — min; (1)
jl

MpW OrpaHNyYeHnsX, HaknaabiBaeMblx 6anaHcoBbIMI ypaB-
HEHWAMM Ha Y3bl CETW (BKU GpUrag U MOMEHTbI rOTOB-
HOCTW COCTaBOB) W TUMOM NEPEMEHHbIX:

® [ KaX[I0N ABKU Hapsaaa:

Z;Uf,»(f )+Yi(f)=1 (@)

j

® 1n9 KaXA0ro MOMeHTa roTOBHOCTM COCTaBa:

?U,-’,-(l‘) +Yj (=1, ®)

Ynpasnesue npoLeccamu nepeso3oK

® 119 KaXXI0N NepeMeHHon:
Uyt e (0.1 (4)

[Togo6Has NOCTAHOBKA MOXET ObITb NPUMEHEHA AJis
0TOOPXEHUS PASNNYHBIX NPUHLMMNOB YBASKM IOKOMOTMB-
HbIX BpUrag n coCTaBOoB. YNpasnsas UHTEPBANIOM BPEMEHH,
Ha KOTOPOM (OPMUPYIOTCA NEPEMEHHbIE U},-(t), CTOUMOCT-
HbIMU KO3(DOULMEeHTaMN c},-(z‘), MOXKHO peann3osatb cne-
LYIOLLME TEXHONIOTMYECKIE PELLEeHNS:

©® I0KOMOTMBHbIE 6pUragbl HanpasngTCAa TOMbKO

Ha NPUOPUTETHOE HanpasneHne 6e3 «npoCUA0K»
6purag,

©® He y4MTbIBAETCA NPUOPUTETHOE HanpasfieHne Ans

NIOKOMOTMBHbIX 6purag 6e3 BOSMOXHOCTU «Mpo-
CUIO0K»;
® BO3MOXHOCTb «MNPOCULOK» JIOKOMOTUBHBIX 6pUrag
npu 06ecne4eHNI COCTaBOB (Kak C y4eToM Npuopu-
TETHOr0 Hanpas/eHus, TaK 1 6e3 Hero) u T.n.
lpakTuyeckas npoBepka npeanaraemoro noaxoAa npo-
13BOAMNACH HA NPUMEPE COPTUPOBOYHOI CTAHLUN C NATHIO
NPUMbIKAIOLLMMI HanpasneHuamun. Ha nepuope 8 4acos pe-
ANN30BaHbl BE METOANKN 06ecreveHuns COCTaBOB NOKOMO-
TWUBHbIMU GpUragamu:
® 1-il BapnaHT — 6e3 «NPOCUAOK» NOKOMOTUBHbIX
6purag u ¢ MakCuManbHbIM NPOCTOEM COCTaBOB
B OXXuAaHuu 6puragsl 3 4aca;
® 2-i1 BAPMAHT — C BO3MOXHOCTbI) «NPOCUAKU>» NO-
KOMOTUBHOW 6puragsl He 6onee 1 yaca.
®parmeHTbI PeLLeHUs N0 BapuaHTam NpeacTaBeHbl Ha
puc. 4 n 5. B Kax40oM Ux HUX NPUBEAEHO Takxe 0Tobpa-
XKEHWe [enCTBYIOLWEN METOANKN YBA3KM 6purag n cocra-
BOB (YepHble fiyru).

OKCMEPUMEHTbI NOKa3anu, 4T0 CyMMApHbIA NMPOCTONA
COCTaBOB B 0XWAAHUN NOKOMOTMBHOI 6puragbl no 060-
M BapWaHTaM HUXE, YeM Npu [eiCTBYLLEM Noaxone
K MI1aHMPOBaHN0. HanMeHbLUUIA CyMMapHbIiA NPOCTOi CO-
CTaBOB B 0XXMJAHWUU NOKOMOTUBHbIX Gpurag JOCTUTHYT BO
BTOPOM BapuaHTe. K COXaneHuto, Ha NpakTuke 3ToT Bapu-
aHT, KaK Npasuso, He NPUMEHSIETCS B CUy NPUYNH B 60Mb-
LU CTENeHN OPraHn3aLMOHHO0, HEXES 3KOHOMUYECKO-
ro xapakrepa.

B Lesiom XXe 3KCnepuMeHTbl NOATBEPANIIN BO3MOX-
HOCTb U 3h(PEKTUBHOCTb NPUMEHEHUS ONTUMN3ALUOHHBIX
METOZ0B [19 PeLUeHns 3a1a4 YBA3KN TOKOMOTUBHbIX 6pu-
rag u cocrtasoB. [JaHHbIe METOAUKM AOMKHbI CTaTb OCHO-
BOI MOACUCTEMbI 06ECNEYeHNs COCTaBOB NOKOMOTUBHbI-
MU 6purafamu B aBTOMaTu3nMpoBaHHbIX CUCTEMAX NPOTHO-
3a noe3aoo6pasoBanus u B AGY cTaHuwii. UT
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YnpasneHue npoLeccamu nepeso3okK
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Puc. 4. ®paemeHm yBs3KU T0OKOMOMUBHbIX 6pU2A0 U 20MOBbIX COCMABOB:
— YBA3KA IOKOMOMUBHbIX 6pu2ad ¢ cocmasamu npu delicmsyrowjeli mexHono2uu;
— YBA3KA JIOKOMOMUBHbIX 6pU2a0 € COCMABAMU C NpUMeHeHUeM ONMUMU3ayUoHHoU 3a0ayu no npuHyuny «6e3 npocudok» 6puzad
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Puc. 5. ®paemeHm yBA3KU TOKOMOMUBHbIX 6pU2A0 U 20MOBbIX COCMABOB:
— YBA3KA JOKOMOMUBHbIX Gpu2ad ¢ cocmasamu npu Oelicmsyioweli mexHomo2uu;
— YBA3KA TOKOMOMUBHbIX GpU2ad ¢ COCMABAMu ¢ NpuMeHeHUeM oNMUMU3aYUOHHOU 3a0ayu no NpuHYUNy «npocudkuy 6puead
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Anam3 3¢ PeKTUBHOCTH IPUMEHEHU S
PEKYNIEPATUBHOIO TOPMOKEHHS C YIETOM
pPa3padOTKH SHEePreTHYECKOro Nacnopra yyactka

Analysis of the effectiveness of regenerative
braking with allowance for the development
of the energy performance certificate

AHHOTaAuuA

B coBpemeHHbIX ycnoBuAX noBbieHne 3hPeKTUBHOCTH
peKkynepaTMBHOIO TOPMOXKEHUS ABNAETCA OHUM U3 Be-
LYLWMX HanpaBieHuit No peLleHnio BONPOCa, CBA3AHHO-
ro c aHeprocbepexeHuem. B ctatbe NpMBOAMTCA OLEHKA
3P PEKTUBHOCTN NCNONb30BAHUA PeKYNepaTUBHOTO
TOPMOXEHUsA Ha KOHKPeTHbIX yyacTkax. PaccmatpuBsa-
eTcsA 3Hepro3eKTUBHOCTb Y4aCTKOB B NiaHe pacxopfa
3/IeKTPUYECKO IHeprum Ha TAry NoesfoB 1 BO3BpaTa
3/IeKTPUYECKO 3HEpPrin B PeXXume peKkynepaTuBHOro
TOpMOXeHUs. BBOAUTCA NOHATHUE IHEPreTUYecKoro
nacnopta Kak cpefCcTBa ONUCaHUsA IHepreTUYeckmnx
CBOMCTB yyacTka.

KnioueBble cnoBa: 3/1eKTPONOABUIKHOI COCTaB,

3/IEKTPOBO3 NMOCTOAHHOIO TOKA, 3HEPro3(dEKTUBHOCTb,
3HepreTMyeckunit nacnopr.

D0I:10.20291/2311-164X-2018-2-53-56

Abstract

In modern conditions, improving the efficiency

of regenerative braking is one of the leading directions
to address the issue of energy saving. The article
provides an assessment of the effectiveness of the
use of regenerative braking in specific areas. The
energy efficiency of the sections in terms of electric
energy consumption for train traction and electric
energy return in the mode of regenerative braking

is considered. The concept of the energy performance
certificate as a means of describing the energy
properties of the site is introduced.

Keywords: electric rolling stock, DC electric
locomotive, energy efficiency,
the energy performance certificate.
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Ha 311eKTpoB03ax NOCTOSHHOO TOKA PEKYNepaTuBHOe Top-
MO>XXEHe OCYLLECTB/IEHO 0CTATO4HO NPOCTO, 6r1arofaps ve-
MYy OHO [JABHO W YCNELUHO NPUMEHAETCS Ha 3TUX JIOKOMOTU-
Bax. B pesynbTate ANNTENbHOMO OMbITA 3KCMyaTaLMM 3MeK-
TPOBO30B NOCTOSAHHOMO TOKA C PEKYNepaTuBHLIM TOPMOXEHN-
€M CXeMbl X CUTOBbIX LieMnei CTanu NpakTU4ecku TUMoBbLIMU.

B coBpeMeHHbIX YCNOBMAX NOBbILLIEHNE 30 (HEKTUBHO-
CTW PEKYNepaTUBHOro TOPMOXKEHUS ABIISAETCA O4HUM U3
BEAYLLMX HANpPaBeHWA MO PeLLeHMo BONPOCa, CBA3AHHO-
ro ¢ 3HeprocoepexxeHnem. PekynepaTuBHoe TOPMOXeHe
NO3BOJIAET HE TONbKO 3KOHOMUTb SHEPrOPECYPChI, HO 1 pe-
rynmpoBaTb CKOPOCTb ABMKEHUS Noe3aa 6e3 npuMeHeHns
MHEBMaTN4ecKoro TOpMo3a.

Konn4ecTso BO3BPALLEHHON 3HEPruy 3aBUCUT OT Mac-
Cbl M0E3/a, PASHOCTY BbICOT HA4ana 1 KOHLUA y4acTka Top-
MOXEHUS 1 pexxuma paboTbl 311eKTpoB03a. [locneaHwii Bbl-
61paeTcs B COOTBETCTBUU C 33AaHHLIMM YCIOBUAMU [BUXKE-
HUS U XapaKTepnu3yeTcs CKOPOCTLIO ABUXEHNS U TOPMO3-
HOW cunoii. Mpon3seseHne 3TUX ABYX BENUHUH ONpejens-
€T MOLLHOCTb PEKYNepupytoLLero 3nekTpoBo3a.

OKOHOMUS 3NEKTPOIHEPrMN HA OAMH FPY30BOIA NOE3A
B YC0BUSAX CpefHen nonockl Poccuitckoin ®Oepepaduu co-
ctaBnset 10 %, a Ha ropHbIX yyacTkax gocturaet 25 %. Tak
KaK Ha FOpHbIX y4acTKax 3KOHOMUS BO3PACTAET NPUMEPHO
B 2,5 pasa, T0 B Ka4eCTBe Hambosee NokasaresbHbIX pac-
CMOTPEHbI y4acTKI 3N1aTOYCTOBCKOr0 0TaeNeHus KXKHO-
YpanbCKOoW »XeNle3HOM J0poru, KOTOPoe XapakTepuayeTcs
FOPHbIM NPOgounem.

[Mokasatensmu oLeHKN 30hHEKTUBHOCTU UCMOMb30Ba-
HUS 3HEprum pekynepauuu aensorea [1]:

® (00beM NONe3HOr0 UCMONIb30BAHUS 3HEPTUN PEKY-

nepauuu, BbIpaboTaHHOI 3N1EKTPONOLABUXHbIM CO-
crasom (IMC);

©® (OTHOCWTENbHAS BENWUYMHA NOIE3HOr0 UCMOJb30Ba-

HUS 3HEpPruM pekynepauuy, BbipaboTaHHoi 3MGC;
® (00beM NONIe3HOr0 UCMONb30BAHUS 3HEPTUN PEKY-
nepauuu, nepefaHHoii NG B KOHTAKTHYHO CETb;

©® (OTHOCWTENbHAS BENWUYMHA NOIE3HOr0 UCMOJb30Ba-

HWS 3HepriK pekynepauun, nepefaHHoil MG B KOH-
TaKTHYIO CETb.

MeToponorus oueHkn 3apdeKTUBHOCTI UCNOJb30BA-
HUS 3HEPrUU PeKyrNepauumn Ha y4acTKe XXene3Hon Joporu
3aKJH04AETCA B pacnpeneneHnn ee 06beMoB Mo COCTaBNA-
tOLLUM MOE3HOr0 UCMOMb30BAHNA U NOTEPb B YCTPOMCTBAX
3/1eKTPOCHAOXKEHNA 1 OCHOBAHA Ha pacyeTe BNUAHUA psaa
3KCMJyaTaLMOoHHbIX (hakTOPOB Ha TakKyto 3 (HeKTUBHOCTb.

VnenbHbIA BO3BPAT NEKTPOIHEPrUM AN PasHbIX Cepui
JIOKOMOTMBOB JIOKOMOTUBHOTO 9KCM/yaTaUMOHHOr0 Aeno 3a-
ToycT KOXXHO-YpanbCcKoii xenesHoi goporn B 2016 1 2017 rr.
npepncrasneH B 1a6s. 1 [2]. [poBeAeHHbIN aHanu3 nokasan, Yro
OCHOBHOE BJIUAHNE HA CHIKEHUE YENbHOro BO3BpaTa OKa-
3anu cepuu anektposo3os BJ110, BJ110Y, BJT10K u BJT10YK.

[TnaH yaenbHoOro Bo3Bpara 3neKTpu4ecKoil 3Heprum
B KOHTAKTHYI0 CETb OT NPUMEHEHUS PeKyrnepaTuBHOro Top-
MOXXEH$ BbINONHEH Ha 97,4 %, CHUKEHNe K NnaHy cocTa-

lMoaBnXHOI cocTaB XenesHbIX JOpor, TAra noe3aoB U anekTputukayma

Buno 0,5 kBT-4 (nnaH — 20,1 kBT-4, dhakt — 19,6 KBT-4).
B a6CconoTHOI BeINYMHE BO3BPAT 3NIEKTPUYECKON 3Hep-
TN YBENIYEH K nnaHy Ha 2,3 % (nnaH — 73,2 MiH KBT-y,
hakt — 74,8 MnH KBT-y).

Tabrmya 1

YaenbHbI BO3BPAT 3JIEKTPO3HEPrum
ANA pa3HbIX cepuii IOKOMOTUBOB, KBT-y

Cepus nokomoTtua 2016 r. 2017r.
BM110 19,0 18,0
BIT10Y 18,4 16,5
BIT10YK 24,0 22,1
B/110K 24,0 23,1

K ypoBHIO aHanorn4yHoro nepuoga npoLusioro roga
YIeNbHbIi BO3BPAT 3MEKTPUYECKON SHEPTUUN B KOHTAKT-
HYIO CETb OT NMPUMEHEHUS PEKYNepaTUBHOrO TOPMOXKEHUSA
CHUXeH Ha 5,2 % (Ha 1,0 kBt-4), ¢ 20,6 kBT-4 10 19,6 KBT-4
B2017r.

AHanus mapLLpyToB rpy30BbIX N0E30B, CNEA0BABLIMX
6e3 NpUMEHeHNs pekynepauuu, AaeT crefytoLlee pacnpe-
[JereHue no cepusam JIOKOMOTUBOB:

@ 16 n0e3aoB ¢ anekTpoBo3amm cepumn 23C6, 4To Co-
crasnsiet 1,1 % ot 06LLIero Konm4yecTsa npoBeeH-
HbIX TPAH3UTHbIX MOE3J0B 6€3 NPUMEHEHUS PeKy-
nepauuu,;

61 noesp ¢ anektposo3amu cepun BI110VK (4,2 %);
232 noespa ¢ anektposo3amu cepum BI110 (15,8 %);
271 noesp ¢ anektposo3amu cepum BIT10K (18,4 %)
889 noesnos ¢ anektpososamu cepuu BIT10y (60,5 %).

OCHOBHbIMW NPUYMHAMI NPOCELOBAHNS TPAH3UTHBIX
noe3foB 6e3 NPUMEHeHUs PeKynepaTMBHOro TOPMOXeH!S
ABMINCH HEUCTIPABHbIE CHETYNKM 3M1IEKTPOIHEPT M NGO He-
1CNPABHOCTb CXeMbl. Paccmarpusaemas cutyaumus ces3aHa
CO CTapeHneMm napka anektposo30s cepuu BJ110 (cpok akc-
nnyarauuu anekTposo3os cepumn BJ110 n BJT10Y pocturaer
10 40 1eT), a Takxe ¢ Hey[0BNeTBOPUTENbHBLIM CEPBUCHBIM
06CNyUBaHNEM N PEMOHTOM JIOKOMOTUBOB.

Takxe Ha 3(DPEKTUBHOCTb MCMNONb30BAHUS PEKyre-
paTuBHOro TopMoXeHus Bo Il keapTane 2017 r. nosnus-
110 60/1bLLIOE KONMYECTBO «OKOH» U BbIMOSIHEHWE BApUAHT-
HOro rpadomka ABMXEHNs Noe3aoB «naketamu». 06bem
TOHHO-KUNIOMETPOBOW PaboTsl o utoram |l keaprana 2017 1.
B XO3SMCTBEHHOM [JBVXKEHUM YBENINHUIICS MO OTHOLLEHMIO
K aHafiornyHoMy nepuoAy npoLusoro roga Ha 12,8 % B anek-
TpOTAre U Ha 8,7 % B AU3ENbHON TAre.

Heo6x04UM0 OTMETUTb, YTO HA 3PMEKTUBHOCTb PEKY-
NepaTuBHOr0 TOPMOXXEHUA Ha 3N1eKTpoBo3ax cepuu BI110
1 BJ110Y 3HaunTeNbHOE BNUAHIE 0Ka3bIBAET Pa3HLLIA TOKOB
M0 Ky30BaM, HEMCMPABHOCTb NPOTUBOOOKCOBOYHOIA 3aLLMTbI
1 HEBO3MOXXHOCTb NMPUMEHEHNA PeKynepaLun Ha BeOMOM
anekTpoBo3e no cucteme CMET. lMpu HenpaBunbHO pabo-



TalOLLEN CXeMe Pe3KO BO3PaCTaeT BEPOSTHOCTb BO3HUKHO-
BEHUS BbIOOWH HA MOBEPXHOCTU 6aHAAXKEN KOMECHbIX Nap.
[na cpasHeHus: B 2017 r. Ha anekTposo3ax cepun BJ110Y
YOenbHbIA BO3BPAT 3/1EKTPO3HEPTUN NPY CEL0BAHNN B rONO-
BE COCTaBa 0JMHOYHOr0 T0KOMOTMBA ObIn BblLLe HA 42,4 %,
4eM Yy TOKOMOTUBOB, 06bEANHEHHBIX M0 cucTeme CMET.

[ToMUMO TEXHWNHYECKOr0 COCTOSIHUSA JIOKOMOTHBOB, eLLe
OZHWUM HEMaNI0BaXKHbIM (DAKTOPOM ABMSETCS NOBbILLEHHOE
HanpsXXeHne KOHTaKkTHOW ceTu. [pn criefoBanHnm Noes3nos
JPyr 32 Apyrom 1 Heco6/MtoeHNN NapHOCTY NOe3A0B™ Ha 3a-
TSXKHOM CMYCKE HanpsXKeHWe KOHTAKTHOW CeTW JocTuraet
KpuTnyeckmx 3Ha4eHmin 4000 B. B cBoto o4epepb, B COOT-
BETCTBMU C PALAOM HOPMATUBHbIX JOKYMEHTOB, 3anpeLua-
eTCs NPUMEHEHNE PEeKyNepaTuBHOro TOPMOXKEHUS NPU Ha-
NPSXXEHUU KOHTAKTHOM ceTu cBbille 3700 B.

Bbicokoe HanpsxxeHne koHTakTHoi cetn 3800-4000 B
CBUJETENbCTBYET O TOM, 4TO BONNU3M PEKYNEPUPYIOLLEro no-
€32 OTCYTCTBYIOT NOTPEOUTENU 3IIEKTPOIHEPrun (He CO-
61104aeTCA NapHOCTb NOE3[0B). ITO NPUBOANT K TOMY, 4TO
3Heprua Oy[eT pacceuBaTbCs B aTMOCCIEpPY Ha peocTaTax
TArOBOW NOACTAHLIMK, ECIU NOCNeHAs He 060pyA0BaHa Ha-
KONUTENAMU 3HEPrun.

[lns noBbILLIEHNA 3P EKTUBHOCTU PEKYNEPaTUBHOIO TOP-
MOXEHMS Ha 3NeKTPOBO3ax npunuckn THI 3natoyct npu-
MEHANACb CUCTEMA aBTOMATUYECKOr0 BbIPABHUBAHNA TOKA
pekynepauuu (ABTP). 3ta cuctema no3sonfna NPUMEHsTb
peKyrnepaTuBHOE TOPMOXKEHE Ha BEOMOM 3JIEKTPOBO3E MO
CMET. B manbHeiiLiem nepepacnpefenexie napka anekTpo-
BO30B 0Ka3a/0 HEraTUBHOE BNMUSAHWE HA UCMONb30BaHNE CU-
ctembl ABTP, NOCKONbKY ee ucrpasHas padora obina Tofb-
KO B MHTEpecax [eno npunucku, a npu 060poTe JIOKOMOTUBA
no 60NbLLIOMY KOJbLLY PE3KO CHUKANCA KOHTPOSb Hafj Tex-
HUYECKUM COCTOSIHUEM 3NEKTPOBO3a. B utore 3To npuseno
K BbIXOZY CUCTEMbI U3 CTPOS 1 NMOCTELYHOLLEMY CHUXEHMIO
(O (heKTUBHOCTM PEKYNepaTMBHOro TOPMOXXEHUS Ha 20 %.

OcHoBHas Npo6sieMa 3aKJH04aeTCs B TOM, 4TO Ha 3d)-
(PEKTUBHOCTb NPUMEHEHNS PEKYNEPaTUBHOIO TOPMOXEHUS
BNUSET OPraHun3aLmns paboTbl HECKONbKUX NOAPA3AeNeHNIA:
OUPEKLNN TArW, JUPEKLNI 3NEKTPOCHABXKEHNS, JUPEKLUL
OpraHu3auuu fBuxeHus noesfos, AMPeKLn PeMOHTa, au-
peKLunn NyTeBOro X03sncTaa.

He3aBncumas oLeHKa TEXHUYECKOro COCTOSAHMS J10KO-
MOTMBA MU BbIMYCKE ero U3 PeMOHTA CMOCOOCTBYET NOBbI-
LLIEHWIO Ka4eCTBa NPOM3BOANMOr0 CEPBUCHOIO 06CNYX1BA-
HWA 1 pemMoHTa. Tak, HanpumMep, B rpaHnLax UCnoNb3oBaHNs
KOpPNOpaTUBHOIO Nnapka CyLLecTByeT BO3MOXHOCTb BBECTH
NOPAA0K NMPUEMKM C yHaCTUEM HE3aBUCUMbIX NPeacTaBu-
Tenemn CTbIKOBbIX AOPOT.

CyLLieCTBEHHOE BNUSIHWNE OKa3bIBaeT NpoLeaypa o6yye-
HUS JIOKOMOTMBHbIX 6pUraj NCMonb30BaHUIO PeKynepaTus-
HOr0 TOPMOXEHUS. [1p1 NOCTOAHHBIX 3AHATUSAX NPOLIEHT Npu-

*Yenosue napHocmu npedcmassisem co6ol makyto cumyayuto, Koeda
yacme noe3dos credyem co cnycka 8 pexume peKynepamusHo2o mop-
MOXeHUs, a Yacms ciedyem Ha nodbem 8 pexume mseu u nozaowaem
3Hepauto, BbIpAGAMBIBACMYIO PeKYNepUpPYIOUUM 3/1eKMpPOBO30M

MonBnXHOI cocTaB Xene3HbIX A0pOr, TAra Noe3foB 1 anekTputukaLma

MEHEHUS PeKynepaTMBHOr0 TOPMOXKEHUS HEYKITOHHO BO3-
pacTaet. K 3Ha4MTeNIbHOMY MOBbILLEHNID 3P{EKTUBHOCTM
peKynepaTuBHOrO TOPMOXEHUS NPUBOSNT 0GHOBIIEHME J10-
KOMOTMBHOr0 napka. TexH14eckoe COCTOSHUE COBPEMEH-
HbIX TOKOMOTIBOB M03BONSET B 60JIbLUENA MEPe UCMONb30-
BaTb PEXUM peKyrnepauum He3aBucmmo oT Npodomns nyTu.
[lna oueHKM noTeHUMana NpuMeHeHus pekynepaTueHo-
ro TOPMOXXEHUS HA KOHKPETHOM y4acTke TpebyeTtcs paspa-
60TKa AN19 KaXO0ro y4acTKa XXene3Hoi Joporu aHepreTu-
4eCKOro nacnopra, no napameTpam KOTOpOro MoXHo 6b10
Obl OLEHUTb 3HEPronoTPe6IeHe Ha TAry Noe3f0B.
Bb160p OCHOBHbIX NapameTPOB 3HEPreTM4ecKoro na-
CropTa Xene3HoA0P0XXHOr0 y4acTKa OCYLLECTBALTCA Cle-
aytowmm o6pazom. OpueHTUPOBOYHBIN PacyeT pacxoja
3NEKTPO3HEPrIN Ha TATY N0e3aa Agpc OCYLLECTBIAETCS N0

thopmyre [3]
ASI'IC = 1000 mg'(Wo_cp +i3).8yq /nTSI'I’ '[DK’ (1)

re M — Macca noesfa, T, Sy, — NINHA y4acTKa, KM; W g, —
CPeAHee 3Ha4YeHNe OCHOBHOIO YAENBbHOr0 CONPOTUBEHUS
npu OBUXEHW noesda no Bcemy ydactky, H/kH; mran —
cpenHee 3HadveHue Kl npu npeobpa3oBaHun 351eKTpoa-
Hepruu, nonyyeHHol 3G 13 KOHTAKTHOW CETH, B MEXaHU-
YECKYI0 3HEPrui [AB/KEHUS N0e3La; iy — IKBUBANIEHTHbIN
MO Pacxofy dMeKTPO3IHEPrui YKNOH BCEro y4acTka, Y%o.

ly= (XS = ZloSg; = Ly S +
+Z(i3.i _WO.Cp).SB.I')/Syw (2)

TR fnjy fs, I3V Snjy Sg.j» Sgj— BENNYMHBI NOALEMOB, 6€3-
BPELAHbIX N BPEAHBIX CMYCKOB, @ TAKXe UX ANNHbLI COOTBET-
CTBEHHO.

B BbipaXkeHun (2) nepsas COCTaBNAKLLAA NPEACTABNALT
COOOM 3KBMBAJIEHTHBIN YKNOH /iy o, ONPEAeNfeMblii TONbKO
reOMETPUYECKUMI napamMeTpamm npoduna Nyt y4acrka:

is.o = (Zin.i 'Sn.i _Ziﬁ./’ '86./' _Zia.i 'SB.i)/Syq’ @)

a BTOpas cOCTaBnsoLas npeacTaBnser co60i Ty 4acTb
9KBUBAJIEHTHOr0 YKNOHA, KOTOPas Y4MTbiBAET AOMOHU-
Te/bHble NOTEPN SHEPTUN NPK BCEX BUAAX MEXaHNYeCKo-
r0 TOPMOXKEHMS:

iﬂ = (Z(is.i _Wo.cp)'SBJ')/SY‘i' (4)

Torpa
/a = /3.0 + iu- (5)

Takum 06pas3om, 3Ha4eHue yknoHa i, , 6yaem cuuTatb
MepBbIM U3 OCHOBHbIX MAPAMETPOB HEPreTUYECKOro na-
CropTa »Xene3HoJ0p0XKHOr0 y4acTka, napameTpoM, KOTOpbIil
onpefenseTcs TONbKo reoMeTpueid npoduns NyTi y4acTka.

[TonHbIN YAENbHbLIA pacxoq 3NeKTPO3HEPrum onpeae-
NSeTCA N0 CReAyoLLEMY BbIPOXEHUIO.
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»

a=27,25-W, o, +1,)/ Nygn, KBT-9/10° kM. (6)

0.cp

Ecnu B (6) BMECTO iy NOACTABUTD /y 5, TO MOXKHO MOJTY-
4YnTb BTOPOW OCHOBHOIA NapameTp 3HEPreTUYeckoro na-
CMopTa XeJIe3HO40POXXHOr0 y4acTka — 6a30BbIN yaesb-
HbIl pacxof 3NeKTPOIHEPrUm ay, OnpenenaeMbli TONbKO
reoMeTpuein npouns nyTn y4acTka:

dy =27,25-(W, gy +1y0) / Mgy, KBT4/104 TN, (7)

o.cp

Ele ogHUM napameTpom, 3aBUCALLMUM OT reOMeTpum
npodouns nyTu y4acTka, ABNseTca KoahhuLNeHT pekyne-
pauuu, ¢ NOMOLLbIO KOTOPOr0 MOXHO OLEHUTb 9HEProad-
(PEKTUBHOCTb UCMOMb30BAHNA PEKYNEPATUBHOMO TOPMOXKE-
HUS HA JII060M XKEJIe3HOJ0POXHOM Y4HaCTKe.

KoadpdhuumeHT pekynepauum K, onpeaensercs kak ot-
HOLLEHMe KONM4ecTBa 3N1eKTPOIHEPrimn A, BO3BPALLEHHO
B CETb NPU peKyrnepaTMuBHOM TOPMOXXEHUN, K KONUYECTBY
3N1EKTPO3HEPrumn A;, NOSTy4eHHON U3 KOHTAKTHOW CETU Npu
pa6ote 3lC B pexume Taru:

Ky = Ag/A, . (8)

PaccmoTpum y4acToK nyTu AINHONM S, COAEPXKALLINN K-
BMBANEHTHbINA NOLLEM BESIMYUHON /iy 5 U ANIMHON S, 5, @ TaK-
)K€ 3KBUBANEHTHbIN BPEJHbINA CMYCK BENUYUHON fg 4 U ANN-
HOW Sg 4 (pucC. 1).

i, %o &

m; Wy cp

\

~ vy

\j

S, KM

Puc. 1. IksusaneHmHsIl npoguns ysacmka

346eCb 3HAYEHME IKBUBASIEHTHOIO BPeAHOro cnycka
y4acTKa onpenenaeTca no BblpaXXeHnto

i Zirsi 'SB/
i, ==l Tl
Ba .. (9)
raoe
Sa.s = ZSB./’ (10)

lMoaBnXHOI cocTaB XenesHbIX JOpor, TAra noe3aoB U anekTputukayma

a 3Ha4YeHWe 3KBIBANIEHTHOIO NOAbEMA y4acTKa 6ydeT onpe-
L0endaTbca
_ Zin.i 'Sn.i _Ziﬁ.i 'Sﬁ.i

i .=
na S

n.a

(1)

rae

Sn.a = syq _ZSB.i' (12)

[MonHbIiA pacxof 3NeKTPO3HEPrun Npu ABUXKEHNN N0E3-
[a 10 9KBUBAIIEHTHOMY NOALEMY COrMacHo (6) COCTaBUT:

Arj=27,25(in 4 + Wo.cp) “M -85 sManc (13)

[A€ Mane.r — CPEAHee 3HaveHne KM MG B pexxume Taru.

AHaNorM4Ho Ans pexuma pekynepauun Ha SKBUBANIEHT-
HOM BpeaHOM CNyCKe BO3BPaT 3JIEKTPOSHEPTUK B NUTAKO-
LYK CETb COCTABMT:

Ap.i =27,25-(lpy— Wo.cp) M-Sy - MNanc.ps (14)

re Monep — CpeaHee 3HaveHme KM 3MNC B pexume pe-
Kynepauum.

Torga cornacHo (8), (11) n (12) koadhuumeHT pekyne-
pauuu Ans paccmaTprusaemMoro y4actka nyTu 6yaeT paBeH:

(ia.a - Wo.cp) : SB

Kp‘/ = .—3n3nc.T “Mancp- (1 5)

(In.s + Wo.cp) : Sn.a

B COOTBETCTBUMM C BbILIEN3NIOXKEHHBIM SHEPreTUYECKNIA
nacnopT Xene3HoLOPOXHOr0 y4acTka 6yaeT CoAepXarb
CneaytoLLmMe napameTpbl:

a) OCHOBHbIE:

Syy — ANNHA Y4ACTKA, KM;

I5.o — 0a30BbIN 3KBUBAJIEHTHbI YKITOH y4acTKa, %o;

ap — 6a30Bblil YOENbHbIA PACX0L 3NEKTPO3HEPrun
KBT-4/10% T-kM;

Kp.o — 6a30Bblii KOAPAULMEHT pekynepauuu.

6) LONONHUTESbHbIE:

i 5 — 3KBWBANEHTHbIN NOAbEM, Yoo;

Iy 5 — 3KBUBAJIEHTHbI BPEAHbIN CNYCK, Yoo;

[, — PacYeTHbIN NoAbEM, %oo;

I w6 — HaMO0NbLUNA NOLbEM, Yo;

Ig yg — HANOONbLUMIA BPELHbIA CMYCK, Yoo.

Takum 06pa3om, 6arofaps 3HepreTUYeckomy nacnop-
Ty Y4aCTKA MOXXHO BbIMOSIHATL NPeABAPUTENbHYIO TEOPETH-
YECKYI0 OLIEHKY Pacxofa NeKTPOIHEPrin B PEXXMME TArK,
a TaKXKe OLEHNTb MOTEHLMAN PACCMATPMBAEMOrO Y4acTKa
B 4aCTW BO3BpATA 3/1EKTPUYECKOI 3Hepruun. UT
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Improvement of graphic model diagnostics
technical condition of the commutator-and-brush
assembly of traction motors of rolling stock

AHHOTauua

B cTatbe BbINONHEHO yTOYHEHME rpadOaHANUTUYECKON
MOJENN AUarHoCTUPOBAHNA TEXHUYECKOTO COCTOAHMSA
KONINEKTOPHO-LWETOYHOrO y3N1a TAr0BOrO 3/1eKTPOfBUra-
TeNs NOLBUXKHOIO COCTAB 3a CYeT [0OaBNEHUA AnarHo-
CTUYECKUX NapaMeTpoB: OTHOWEHUA NPEBbIWEHNSA TEM-
nepaTtypbl B UCMPABHOM U AUATHOCTUPYEMOM KOHTAKTaxX
1 NPeLI0KEHHOro NapamMeTpa — OTHOLIEHUA Ten0BON
3Hepruu, BbILeNIEHHON B KOHTAKTE «KONEKTOP-LeTKa
3a BpeMs aKTMBHOTO HarpeBaHWA 3/1eMEHTOB KOHTaKTa.

KnioueBble C0Ba: TAMOBbIN 31€KTPOABUTaTENb, AUA-

FHOCTUPOBaHWe, rpad-moaenb, HarpeBaHue, AUArHoCTu-
YyecKuin napameTp.

D0I:10.20291/2311-164X-2018-2-57-60

Abstract

In the article the specification of the graphoanalytic
model of diagnostics of the technical condition of the
commutator-and-brush assembly of the traction motor
of the rolling stock by adding diagnostic parameters:
the ratio of excess temperature in the serviceable and
diagnosed contacts and the proposed parameter —
the ratio of thermal energy allocated in the contact
“collector-brush” during the active heating of the
elements of the contact.

Keywords: traction motor, diagnosis, graph model,
heating, diagnostic parameter.
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Kputepuamm pab0Tbl COBPEMEHHOIO TATOBOI0 NOABMX-
Horo cocTaga ([1C) xxenesHbix AOPOr ABNAETCH HALEKHOCTb
1 6e30TKa3HOCTb, KOTOPbIE, B CBO) 04epefib, 06ecrneynsa-
toTca 6ecnepe6oNHO paboTOM TArOBbIX 3NEKTPOLBUraTe-
neii (T3). Pazsutne cpeacTB TEXHMYECKOTO OCHALLEHMS
1 UX MPUMEHEHNE B PEMOHTHOM NPOWU3BOACTBE,  TaKXe
MPUHATAE PALMOHANBHBIX TEXHOMOMNYECKUX PELUEHNIA Ha
CErOAHSLLIHNIA IeHb He CHIDKAeT KonmyecTsa 0Tkasos M1C.
OfHOM M3 rNaBHbIX NPUYKUH BHENSTAHOBLIX PemMOHTOB [1C,
Mo AaHHbIM CETM Xene3Hblx gopor Poccuu, octaeTcs oT-
ka3 T3[. Cpean pacnpoCTpaHeHHbIX NPUHNH HEMNAHOBbIX
peMoHTOB T[] NO-NpexxHeMy 0CTatoTCA NPO6ON U MEXBUT-
KOBbI€ 3aMblKaHWs 06MOTKU KOS, @ TAKXKE HEUCTNPABHO-
CTW KONNEKTOPHO-LLeTo4HOro y3na (KLLY) [1]. Takum o6pa-
30M, Ha CEroAHALLHNIA JeHb aKTyanbHON 3afa4ei ABNIeTCs
COBEpLLUEHCTBOBAHME METOLMK U NOBbILLIEHNE LOCTOBEPHO-
CTW TEeXHMYECKOro auarHocTuposanus MG [2].

Cpenu MeTof0B, NO3BOMAKLLMX MOBbICUTb TOYHOCTb
TEXHNYECKOro ANarHoCTMpOBaHMS aetanei u yanos T
3a CYeT BbIABNEHNA 3D (DEKTUBHBIX HA60POB ANATHOCTU-
YeCcKNUX napameTpoB, CNnefyeT BbILeNIUTb METO ANarHo-
CTUPOBAHNA Ha rpad)-moaensx. Lieniblo HacToALLEeN cTaTbi
ABNAETCA PopMUPOBaHNE 3GH(HEKTUBHOIO MHOXECTBA An-
ArHOCTUYECKUX NapameTpoB Ans OLEHKM TEXHUYECKOro CO-
ctosiHms KLY T3L.

[ins BbissBNEHNA 3h(HeKTUBHOTO MHOXECTBA [iMarHo-
CTMHECKMX NapaMeTpoB, NO3BONAOLLMX OLEHUBATH TEX-
Hu4eckoe coctosiHue KLY T3, Ha ocHOBe rpadp-moaenu
anarHoctuposanus KLY T3[1 B npouecce npuemo-caaToy-
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HbIX UCMbITAHWI chopMupoBaHa rpad-moaens [3]. Otnu-
4ne npeanaraemon rpadp-monenu (puc. 1) oT UCXOLHOM 3a-
KNHO4aeTCca B y4eTe NpefnaraeMbix JUarH0CTUHECKUX napa-
METPOB Ly 11 O, KOHTPOIb KOTOPbIX NO3BOMUT NOBbICUTH
TOYHOCTb OLIEHKM TeXHNU4eckoro coctosHua KLY T3] [4].

®U3NYeCKMiA CMbICN NPeAnaraemMmoro AMarHoCTN4ecko-
ro napametpa &y, 3aKNO4aeTCsA B OTHOLUEHWUI IHEPTUNA,
KOTOpble BbIZENAOTCA B ANArHOCTMPYEMOM U UCTIPABHOM
KOJIIIEKTOPHO-LLETOYHbIX KOHTAKTax 3a MHTepBan Bpeme-
HU, PABHbI NATU NOCTOSAHHLIM BPEMEHU HArpeBaHus. Bbl-
00p MHTepBana OLEHKI AUarHOCTUYECKOro napameTpa &y,
06YCIIOBJIEH TEM, 4TO NPY YCTAHOBMBLLEMCS PEXUME pa-
60Tbl T3] 32 paccmaTtpuBaeMblii Neprof NPOLECC Harpe-
Ba y3nos KLY T3l nonHOCTbIO 3aBepluaeTcs. PacyeTHas
hopmyna ans onpefeneHus npeLnaragMoro AUarHoctu-
4eckoro napamertpa 0 npusefaeHa B [4], a y, onpeaens-
€TCS N0 BbIPAXEHNIO:

5T,

H

[ Ax(t), at

Cam=3r—— (1)
[ Ax(t), dt
0

n

57,

rae | Ax(t),df — aHeprus, BblfeneHHasn B AUarHoCcTu-
0

PYEMOM KOHTAKTe «KOJJeKTOp-LUeTka» 3a MHTepBan 57;

5T,
| Az(t),dt — aHeprus, BblfeNeHHas B UCNPABHOM KOH-
0

TaKTe «KOMNEKTOp-LieTKa» 3a UHTepBan 57,

CTPYKTYpHbIe MapameTpbi

Puc. 1. YmoyHeHHas epag-modens duazHocmuposarus KLY T3/]

BbixoaHble napameTpbl

U9 dy dy i di3  dy
YT
CTPYKTYpHbIE NapameTpbl




BbI60p 3h(heKTMBHOrO MHOXECTBA ANArHOCTUYECKUX
napameTpoB C NPUMEHeHNeM rpachoaHanuMTN4eckoro MeTo-
[ BbINOJTHAETCS B HECKO/bKO 3TanoB [5]. MepBoHa4anbHO
hopmupyeTcs NcxoHas MaTpuua CMeXXHOCTH, U3 KOTOPOIA
BbIBOAWTCS BECOBAA MATpULA U MATPULIA YACTHBIX PacCTo-
AHUIA. [10 N3N0XKEHHOMY B [5] anropuTMy paccHUTLIBAOTCS
CUHAPOMbI CTPYKTYPHbIX NApaMeTPOB U KPUTUHECKOE pac-
CTOSIHWE, 3HA4EHMe KOTOPOro AN paccmMaTpueaemoit rpad-
MOAENI COCTaBUNO py, = 15. [INS KAXA0r0 CTPYKTYPHOrO
napameTpa nocTpOeHbl KOMMNOHEHTbI JOCTMXUMOCTW. [Tpu
9TOM Y4UTLIBANIOCh YCNOBUE, 4TO ANNHA KKLOr0 MapLLpy-
Ta He MOXET NPEBbILLIATL KPUTUYECKOTO paccTosHNs. CoBo-
KYMHOCTb BEPLUNH, BXOASLLMX B YCEYEHHble (hOPMbl KOM-
MOHEHT AOCTMXUMOCTU, POPMUPYET MHOXECTBO BEPLLMH
paboyeil rpad-Moenun, aHann3 KoToporn nokasasn, YTo na-
pameTpbl Gy U O 0KA3bIBAIOT BNMAHNE HA BbIXO[HbIE Na-
pameTpbl rpad)-mogenu. CrefyoLwnm 3Tanom BbISBIEHUS
9(h(heKTUBHOr0 MHOXXECTBA AMATHOCTUYECKIX NAapamMeTpoB
ABNAGTCA AEKOMNO3NLUMSA paboyeii rpadd-moaenn. Mpu ae-
KOMNO3MLNK BCE CTPYKTYPHble NapameTpbl 6biin pasfene-
Hbl Ha TPU NOAMHOXECTBA: T1, To U T3 (TAON. 1).

[ina psga PyHKLUMOHANbHBIX NapamMeTpoB Npu AeKoMmno-
31K rpad-MoLenu Bbl4eneHbl CUMNTOMbI. [1ns napave-
Tpa @: TekyLLee 3Ha4eHe MarHUTHOro noToka ®(ty, o, T3)
1 U3MEHEHIE MarHUTHOrO NMOTOKA NPU CMEHe HanpaslieHNs
BpaLLeHns akops AD (t4, o, T3). [N NapameTpa n: Teky-
LLiee 3Ha4eHNe 4acTOoTbl BPALLEHNA n,(ty, Ty, T3) U U3MEHE-
HIE 4aCTOTbl BPALLEHWUS NPU CMEHEe HanpasneHus BpaLle-
HUA AKopsA An(ty, Ty, T3). [ina napameTpa W, cpeaHuit ypo-
BEHb MCKpeHUs Vgy(t4), MaKcUManbHoe 3Ha4eHne Nckpe-

MoaBvXHOI cocTaB XenesHbIX JOpOr, TAra Noe3foB 1 aneKTpuukaLma

HWS OTAENbHBIX CeKUMA 06MOTKM AKOPSA Uiy (T2, T3), CKO
WHTEHCUBHOCTM UCKPEHWS MO KOMNEKTOPY o(t3), CKO nH-
TEHCUBHOCTU UCKPEHNA BO BPEMEHN G4(To). [N napame-
Tpa Py cpeiHee KOHTaKTHOe AaBneHue Py o(ty), Koneoa-
HUS HOKATUS B KOHTAKTE APy(To, T3).

[n KaXX[oro n3 BblAeNeHHbIX NOArpadoB BbINOIHEH
pacyeT paccTosiHWiA p U CCPOPMUPOBAHBI TABNULbI 61IM30-
cTu. [ToCKONbKY Npu AeKOMNo3numum rpad-mofens pasou-
BaNlacb Ha TPW CBA3AHHbIX NOArpadia, To B JanbHeiLlem, BO
n36exaHue BKITHYEHUA B MHOXXECTBO U36bITOYHBIX Napame-
TPOB, BCE PACYeTbl NPOBOAATCA N0 06bEANHEHHOII TabNN-
Le (Tabn. 2). YnopsiAo4eHue BepLUIvH rpadp-Mofenu BbInos-
HANOCb HA OCHOBAHUM pacyeTa no 06beMHEHHON TabnuLe
nokasarenen MHPOPMATUBHOCTY €2, PA3NIM4UTESIbHOI CMO-
coobHocTu W 1 adhhekTusHoCcTU Z [5]. BbinonHeHa copTu-
POBKa BEPLUWH rpadp-mMofesin no yObIBaHWIO 3HAYEHUN Z.

Tabnuua 1

MoAMHOXKeCTBa CTPYKTYPHBIX NapamMeTpoB

MoamHo- CTpyKTYypHbIE

Xapakrtepuctuka
XEcTBO napameTpbl
T4 Yy 8rny S0, My, Py, by, | Cpeanuii yposeHsb
Hipy Hy, 0, C NCKpeHns
Ty a HepaBHOMEpPHOCTb

WCKpPeHNs BO BpEMEHN

3 Lg, Mg, A8y, Ay, Ay, o,
Gﬁ‘ Nmins nneﬁcrs

HepaBHOMEpPHOCTb UC-
KPEHUA N0 KONNEeKTopy

Tabnuua 2

DparmeHT 06befMHEHHOI TaGNULbI 61M30CTH

Mapamertp

rpat-mopenu

Zg a 15 0,66 1

Zg Ay 15 0,66 2

Z10 Ay 15 0,66 3

711 oy 0,66 4
Z19 Gy 0,66 5
Z13 Timin 0,66 6
Z14 ﬁneﬁcm 0,66 7
Zso Ny, (Nimax) 0,66 8
Zas £, 14 14 0,65 9
Zn Ny, (Ngp) 10 0,64 10
Z44 Ny (o) 0,66 11
77 My, 15 0,62 12
715 P, 15 0,62 13
Z16 by, 15 0,62 14
Z19 0 15 0,62 15
Zog G 15 0,62 16
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Puc. 3. ®pazmeHm 08y00/1bH020 2pagha NOOMHOKeCmBd T,

[ins BbIssBNeHUs 3h(PEKTUBHOr0
MHOXXECTBA AMArHOCTUYECKMX napame-
TPOB A1 KAXXAO0r0 BblAENEHHOr0 NoA-
rpaca nocTpoeHs! BYAONbHbIE rpagb!
COOTBETCTBUA [eheKTOB U JUarHOCTH-
4eCKMxX napamMeTpoB. dparMeHTbI BY-
LOMbHbIX TPACPOB 115 MOAMHOXECTB T4
1 T, NPUBEAEHBI HA puc. 3, 4.

Cnepyrowmm 3Tanom BbIsBIEHUS
3(h(PeKTMBHOrO MHOXECTBA AMArHOCTI-
4eCKNUX NapameTpoB ABNIAETCA MOKPbI-
Tve Tabnunubl 65IM30CTH, T.€. ONpeje-
JIEHNE TaKOro MUHUMANBHOTO NOAMHO-
)KECTBA NapameTpoB, B KOTOPbIX HaLLI-

nn 6bl 0TpaXKeHue Bce aedeTsl. Mo-
KpbITye Tabnunubl 61130CTH BbINOJIHE-
HO 10 anropuTMy, U3n0XeHHOMY B [5].

BbiBOfbI

Takum 06pa3om, nMony4eHo MHO-
)KECTBO AMArHOCTUYECKMX NapameTpoB
B={Hm, HLL[, bmr Py, Ay, Ay, Nmins ﬁneﬂcma
G, Oy Ay, 8rn, Vir @, My, Uy, o, 1,
0, C} ans pacno3HaBaHns XapakTepHbIX
necekros KLY T3]1 B npouecce npu-
€MO-CLATO4HbIX UCMbITaHMIA. [10CKOIb-
Ky npeanaragmble napameTpbl Cy, 1 0O
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Puc. 4. []eydonbHbili 2pag
NOOMHOXecmsa T,

BKITH04€HbI B 3D (DEKTUBHOE MHOXECTBO
[NArHOCTUYECKMX NapameTpoB, Cneso-
BaTeSIbHO, UX KOHTPOMb MO3BOANT NO-
BbICWUTb TOYHOCTb OLIEHKM TEXHUHECKO-
ro coctosiHus KLY T3, UT
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Nmutpuii lepmaHoBuy Anppeit Netposuy

/ HeBonuu } KoTenbHukos

Andrey P. Kotelnikov

Dmitry G. Nevolin

IIpoekTHpOBaHue 0€30MaCHOr0 aBTOMOOUIBHOIO
KpecJja i CHJIOBbIX YCTPOMCTB AJis1 3BaKyaluu
JIIo1eid U3 CaJIOHA TOHYIIEro aBTOMOOMJIA

Design of a safe car seat and power devices
for evacuation of people from the passenger
compartment of a sinking car

Abstract

The article is devoted to the design of a safe car seat
and power devices for the evacuation of people from
the interior of a sinking car. This design can also be
used for the evacuation of people from small sized
boats and ships.

AHHOTauua

CraTbst NOCBALLEHA NPOEKTUPOBAHMIO He30MacHOro
ABTOMOOUILHOMO KPecsa v CUNOBLIX YCTPOMCTB AN1A 3Ba-
KyaLuu Niofei 13 canoHa TOHYLEro erKoBoro aBToMo-
6uns. laHHas KOHCTPYKLMS MOXKET 6bITb UCMONb30BaHA
W ANS 3BaKyaLuu NI0AEN U3 MANIOMEPHBIX MPOTYN0YHbIX

AXT U CY[OB. .
Keywords: passenger car, evacuation system from the
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WCTB ANA 3BaKyaL M NioAeil N3 CaloHa TOHYLLEro asToMO

A.T. HegonuH, A. I1. Komensxukos | MpoexktupoBaHme 6e30nacHoro aBToMoGMIIbHOr0 Kpecaa u CMN0BbIX YCTPOi
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JKkcnnyarayuua aBTOMOOMNbLHOro TpaHcnopTa

OpHUMN 13 Hanbonee KOHCTPYKTUBHO HArpyXXeHHbIX 3re-
MEHTOB CUCTEMbI 3BaKyaLmn NOLei 13 TOHYLLEro aBTOMO-
6uns ABNAKTCA aBTOMOOUNbHbIE cuaeHbs [1-4]. [LaHHoi
CUCTEMOI MOXET ObITb 060PYL0BaHA NMPAKTUHECKM N6
aBToMalLKHa. 11 aToro Heo6Xo04MMO UCMOSb30BaHNE CU-
JIeHNiA 0CO60M KOHCTPYKLMM 1 HEKOTOPbIX KOHCTPYKTUBHbIX
3NEMEHTOB Ky30Ba aBTOMOOUIIS: KPbILLW CO CbeMHbIM YCTPOM-
CTBOM /1160 NAHOPAMHOW KPbILUW, BbINOMHEHHON U3 CTEKNA.

Ocobast KOHCTPYKLMS CUAEHMIA BKNHOYAET B Ce6S NOMb-
eMHbI MEXaHU3M C rMapouunMHapom (puc. 1), KOTopsblil
o6ecreymBaeT NogbLemM BOLMTENS W NACCAXMPOB 32 Mpe-
Jenbl Ky30Ba aBTOMO6UNSA. CuaeHbs OCHALLLEHbI PEMHAMY
6€30MacHOCTY, KOTOPbIE KPEnsTCA Ha CAMO CULEHbE,  3Ha-
4uT, QMKCATOP PEMHS PaCroNoXeH Ha peMHe. Kpome Toro,
B YCTPOMCTBO CUAEHNIA BXOAAT BCTPOEHHbIE HAflyBHbIE M0-
JYLUKK, KOTOpPble CpabaTbiBatOT, Kak TOSIbKO rMAPOLNIINH-
JPbl 3aKaH4YMBAIOT CBOKO paboTy.

B KOHCTpYKUWK nepesHuX WAN OAWHOYHLIX CUAEHWIA
npeaycMOTPeH MexaHu3M, KOTOPbIiA B NPOLecce 3anycka
CUCTEMbI 3BaKyaLMN BbIPaBHIBAET CUAEHbE B MAKCUMaTTbHO
BO3MOXXHOE BEPTUKAIIbHOE MOSIOXKEHME, YTOObI He 3aTPYAHSATH
paboTy Apyrum 3fieMeHTaM CUCTEMbI 3BaKyauuu (puc. 2).

[ns Toro 4T06b61 06€CNEYNTL CUAEHBS TAKUM MEXaHN3-
MOM, HY>XHO 1CMONb30BaTb BHYTPEHHEE OCHALLEHNE CUAe-
HUI, KOTOPbIE CHA6XXeHbI MeXaHN3Mamm 3J1IEKTPOHHOM pe-
TYNUPOBKM MNMOJSIOXKEHMS CMUHKMN, BbICOTbl CUMIAEHbA W pac-
CTOSIHWA 10 pyns.

Takxxe BXXHO OTMETUTb, YTO A8 JAHHON CUCTEMbI Npea-
MnonaraeTcs Mcnonb3oBaTb 3afHNE NACCAXUPCKIE CULEHBS
0C0060i KOHCTPYKLMK (puc. 3). 3aH1e CMAEHbSA, KaK 1 ne-
pefHue, CHabXeHbl rMAPaBANYECKON CUCTEMON, KOTOpas
COCTOMT 13 Napbl TMAPOLMNNHAPOB, PACMOSIOXEHHbIX BHY-
TPW CUAEHUIA, N TUAPABINYECKUX aKKYMYNSATOPOB [aB/eHus
C KnanaHamu n maructpansamu, 1asneHue B0 BCeX rnapas-
NINYECKUX CMCTEMAX NOAAepXKMBAETCA rMAPOKOMMNPECCOPOM.

[lns yno6cTBa 1Cnosib30BaHMA canoHa aBTOMOOMS,
B YACTHOCTY 3a[IHNX CULEHUA aBTOMOGUNSA, NPeayCMOTPEH
MEeXaH13M, KOTOPbIA COXPAHAET XECTKOE COeLMHEHNE -
JPaBJIMYECKOro NoAbLEMHOr0 YCTPONCTBA M Ky30Ba aBTOMO-
61N, HO NPU ATOM COXPAHSAETCSA BO3MOXHOCTb CKJ1afiblBa-
HUSA CMINHOK 3aHUX CUAEHNIA. TakuMm 06pa3oM, COXPaHseT-
€A (PYHKLNOHANBHOCTb CANIOHOB-TPAHCOPMEPOB.

Paccmotpum 60see noApo6HO NPUHUKMN paboTbl HAdY-
BHbIX MOAYLUEK 1 UX PaAcnofioXKeHne BHYTPU aBTOMOOUNS
(pmc. 4). HapyBHble MOAYLLKM B CUCTEME 3BAKyaLMn Npea-
Ha3Ha4eHbl /18 NoAbeMa U yaepXKaHus CUAeHUA ¢ nacca-
XXMpamu 1 BOLMUTENIEM Ha NOBEPXHOCTYN BOAbI. /X MexaHuam
0CHOBaH Ha NpuHLUMNe paboTbl cnacaTesSibHbIX NI0TOB, KO-
TOPbIe UCMOJb3YITCA NPY YPE3BblYaNHbIX CUTYALUAX, Ha-
BOAHEHNAX, KPYLLIEHUAX Kopabnei, CaMmoneTos.

Takxxe CTOUT OTMETUTb, YTO NpPM cpabaTbiBaHUN MeXa-
HU3MOB HalyBHbIX MOAYLLEK OHN (DOPMUPYIOT 06bENHEH-
HbIi NA0T (pUC. 5) NOCPELCTBOM COBAMHEHIA NEPEHMX U 3a-
JHUX CUAEHMIA Mexay CO60M, 4TOObI 06eCNeYnTb UX YCTON-
YMBOCTb U MJ1aBY4eCTb HA NMOBEPXHOCTU BObI.

Puc. 1. Yempolicmso nepedHe20 cudeHbs ¢ 2uOpOYUNUHOPOM:
1 — audpasnuyeckull YunuHop; 2 — cmaHoapmHoe KpenseHue
cudeHbs; 3 — Hanpasaswowue 015 0BUXeHUs cuOeHbs npu pabome
cucmembl 38aKyayuU; 4 — 2udpasaUYecKas Mazucmpans 04 nodaqu
0asieHUA; 5 — yny4uweHHsIl KapKac cudeHsbs 015 KpenaeHus Ha Hem
2udpoyunuHopa u 8o30yWHbIX NoOywWeK; 6 — ycmpolicmso pa3veou-
HeHUs WmoKa 2u0poyuUnUHOpa U cuOeHbs

Puc. 2. llpuHyun paboms! MexaHu3ma
017 nodvema nepeoHux cudeHul

Puc. 3. KoHcmpyKyus 3a0HUX Nacca)xupckux cudeHud

€ 2udpoyunuHopamu:

1 — MexaHu3M pazveduHeHus cudeHbs ¢ 2udpasnuyeckoli cucmemoll
nodvema; 2 — 2udpasnuydeckull 4unuHop; 3 — nodBuXKHoe Kpene-
Hue 2udpoyunuHopa; 4 — BHympeHHUl KapKac cuoeHss
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Puc. 4. PacnonoxeHue HadysHbix NOOyWeK 8 KPeCIax:
1-5 — 30HbI pacnoNOXeHUs HadyBHbIX NOOYLIEK



Puc. 5. [lnom u3 HadysHbix nodyuwiex u cudeHul:
1-4 — 30HbI PACNOJIOXKeHUS HadyBHbIX NOOYLIEK

1 2
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Puc. 6. Cxema pacnonioxeHus y3/108 N00beMHO20 MeXaHU3Ma:
1-4 — 2udpasnuyeckue YuaUHOPsI; 5 — 610K 2UOPOAKKYMYIIMOPOB
(Ha KaxOblli 2udpasnuyeckuli nopueHs — 00UH GKKYMYaamop);

6 — eudpasnuyeckul Komnpeccop

~1500 mm
~7
300/14/(4

Puc. 7. OnpedeneHue BbIcOmMbI LWMOKA
2uOpasauYecKoeo YunuHopa
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Puc. 8. OcHosHble napamempsi 2udpasaUYecKo20 YunuHopa

JKkcnnyarayuma aBTOMOOMNbLHOrO TpaHcnopra

B npoekTupyemMon cucTeme 3Bakyawun UCNOJb3yoTCs
TMAPOLUIVHAPGI, TaK KaK OHW 06M1afatoT pPALOM Npeumy-
LLIECTB M0 CPABHEHUIO C 3N1EKTPOMEXAHUYECKUMU 1 LIpYTAMK
NPUBOLAMU: BbICOKOW YENbHON MOLLHOCTBH MMAPONpUBO-
2, BbICOKIM ObICTPOLEACTBMEM MMAPONPUBOLA, BbICOKUM
KO3(h(hULIMEHTOM YCUNeHUs, CBOBOL0I KOMMOHOBKM arpera-
TOB MAPONPMBOAA, CNabbiM BO3AECTBUEM BUOPALIM 1 Ap.

PaccmoTpum noapo6HO pacnonoXeHne anemMmeHToB
rMAPABSIMYECKOr0 NOALEMHOIO MeXaHu3ma, nx pasmeLLe-
HWe BHYTPYM aBTOMOGMASA, 0CO6EHHOCTH, KOM4ecTBO. Cxe-
Ma NoLbemMHOro MexaHm3ma BbIraguT cnegyrowum obpa-
30M (puc. 6). Y Kaxaoro rufpounnnmHapa ccTembl uMe-
eTCS CBOW 3M1EKTPOKNANaH 1 aKKyMyNnaTop LaBneHus, Y10-
6bl 066CMeYnTb HAZBXKHOCTb 1 6E30TKA3HOCTb CUCTEMBI.
Ha ruapoakkymynatopax yCTaHOBNEHb! 3M1EKTPOHHbIE AaT-
YUKW [ABNEHNS, KOTOPbIE 06€CreYnBatoT NOCTOAHHOE pa-
604ee [aBrieHne B cucTeMe. Takxxe B aBTOMOOUIIE Npeayc-
MOTPEHa WHAMKALMUA HEMCNIPABHOCTY CUCTEMbI — Ha 60p-
TOBOM KOMMbKOTEPE WU HA NaHenu npubopos.

Heo6x0a1Mo OTMETUTb, YTO paccMaTpmBaemas CucTe-
Ma 3BaKyaLun paboTaeT TOMbKO Ha BbiTaNKUBaHNE CUAEHNIA
C Maccaxupamm 1 BOAUTENEM 3a Npefienbl CanoHa aBToOMO-
6uns v fanbHeras paéota ruapasBauyeckoin CUCTEMbI He
npeLycMOTpeHa, No3TOMY B JaHHOM rMAPABIIMYECKOM Me-
XaHn3me 6yLyT UCMONb30BATLCA MMAPABINYECKNE LUINH-
Jpbl 0HOCTOPOHHEro AeicTens. [ns pacyera paboyero
YCUNNA Ha LUTOKE rMAPOLMANHLPA HE0OX0AMMO YHUTbIBATL
KaK Maccy 4erioBeka, Tak u Maccy Kpecna.

[MpoekTpoBaHue ruapaBnnyecKoro LANMHAPA Ha4mHa-
eTCS C ONpefeneHuns HyXXHbIX NapameTpoB, KOTOPbIE NOHa-
[006ATCA ANf pacyera, TakuxX Kak AnnHa X042 NOpLLUHS, CKO-
POCTb ABVKEHUS NOPLUHA.

[nuna xopa nopLuxs (L) B3sTa M3 pacyeTa BbiCOTbI Ca-
NI0Ha aBTOMOGUNA. BbINo 3KCNEPUMEHTNIbHO BbIYUCIIEHO
yCPeLHEeHHOE 3Ha4eH1e BbICOTbl CanoHa aBToMobuna Lo
KpanHem T04Ku Ky30Ba (puc. 7). Takum o6pasom, anuua L
(BNMHA LWITOKA rMAPaBAMYECKOr0 LUIMHAPA) OPUEHTMPO-
BOYHO paBHa 1,3 M.

CKOpOCTb [IBVXEHMS MOPLUHSA NOJ, HArpy3KON TaKxe no-
Nly4eHa n3 npakTUYeckux coobpaxeHnin. CKOpoCTb NoAb-
ema Kpecen ¢ naccaxupamu u sogutenem (/) cocrasnser
0,065 m/c. Torga Bpemsi noabema CUAEHWIA U3 canoHa aB-
TOMO6MAS paBHO 20 ¢. ATOr0 BNOSIHE JOCTATO4YHO ANs AaH-
HOI1 CUCTEMbI 3BaKyalLlu, TaK Kak CpefiHee Bpems 3arone-
HWS aBTOMOGUIIA MO CTATUCTUKE cOCcTaBnseT 0kono 30-40 c.

Pac4eTbl ripaBinyeckoro UANMHApPa CrefyeT Havath
C ero pa3MepoB 1 OCHOBHbIX NapameTpos [5] (puc. 8).

Haxoaum guameTp uunuugpa no goopmyne:

D=ky-L, )

roe L — AnuHa WToKa rujpasnuyeckoro LUMnuHapa, M;
ky — KO3(h(pULMEHT NS BbIYMCIIEHUS BHYTPEHHEro Aua-

1
MeTpa UnnuHApa, k, = &
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UCTB AN1A 3BaKyauuu nioaen 13 casoHa TOHyLW,ero aBTomo
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JKcnnyaTtauua asTOMOOMIbHOMO TpaHcnopTa

[Tocne pacyeta guamerpa uunuHapa D MOXHO HanTu
3Ha4eHue auameTpa LUToKa rupounnuHapa d no opmyne:

d=ky- D, (2)
rae ko — Ko3(hMULMEHT pacyeTa Hapy>XHOro aunamerpa
1
N
[lanee Haxoamm paboyee AaBreHne LUIMHApPA No che-
Jyrowein hopmyne:

LUTOKa, k, =

F=%-n~D2~ﬂ~u, (3)

rge u — K03 (ULNEHT NOne3HoOro AeicTema rujpas-
NNYECKOro UMNMHAPaA, KoTopbli coctasnseT 0,97-0,99;
Py — naBneHune B 6eCLUTOKOBOW NOOCTYU LUNHAPA, H/m?;
F— Harpyska, KoTopas 3a1aeTcs Ha ITOK rmapaBnnyecko-
ro uunuHapa, H.

F=(m+m)-g, )

rae g — YCKOpeHue CBOOOAHOro najeHus, ansg yno6crea
pacyeta g = 9,8 M/c; m, — CpeaHss macca 4enoBeka c 3a-
nacom, Kr; m, — macca cueHbs, mg = 20 Kr.

13 chopmyn (3) u (4) Haxoaum BenMHMHY Py:

F
=g ()

D% p

[ NGy

Haxofum BennyuHy Heo6Xxo04MMOro pacxoaa XXuaKkocTu
AN TMAPABIMYECKOro LunuHapa Q ¢ nonyYeHHbIMI napa-
meTpamu. [Ina 3Toro Bocnonb3yemcs opmyno:

_VvS
“ )

Q (6)

rae / — CKOpOoCTb NepemMeLLieHIs! LITOKA FMAPaBIINYecKoro
NOpLUHS, M/C; S — nnoLyaab LnuHapa, M.

.D?
s=r=
1 (7)

MoacTasnsem B dhopmyny (6) nepemeHHble U3 opmy-
bl (7) 1 onpefensem BenuyuHy Q:

_vS
=

a (8)

Haxoaum moluHocTb ruapoHacoca Ny

an = FTH)K : UnopLUHﬂa (9)

rne Fray = F— cuna TaxecTu, H; Uyopuus — CKOPOCTb fIBU-
XKEHUs NOpLUHA, Benn4mHa 3agasaemas 0,065 m/c.

Ecnu ansg npoekTMpoBOYHOIO pacyerta ruapoUmnnnHapa
MPUHATb AaHHble Tabs. 1, TO MOXHO NONY4NTb OCHOBHbIE
PacYeTHbIE XapaKTepPUCTUKI NPOEKTNPYEMOr0 YCTPONCTBA,
KOTOpble CBEfEeHbI B Tabn. 2.

Tabnuua 1

BxoaHble faHHbIE
ANA NPOEKTUPOBOYHOrO pacyera ruapoLMAuHApa

Xop wroka, Ycunue CkopocTb fABUXe-
M Ha wroke, H HUS NOPLLHA, M/C
1,3 1666 0,065
Tabnuua 2

OcHoBHble pacuyeTHblIe
XAPAKTEPUCTUKU TUAPOLUNTUHAPA

Pacxop pa6o4en xugkocTy, [laBnexue B 6eCLLTOKOBON

m3/c o6nactu, Ma

0,2447 45989, 62

B npoekTupyemoii cucteme 3BakyaLuu Nioaei u3 ToHy-
LLiero aBTOMOGUNS KPbILLIA TAKXKE OTHOCUTCA K 3/IEMEHTaM
0C0601 KOHCTPYKLMN U JOMKHA (PYHKLMOHANBHO U KOH-
CTPYKTMBHO OTANYATLCSA OT CTaHAAPTHbIX BapnaHToB. Oc-
HOBHas 3a/ia4a, KOTOPYo BYLeT peLlaTb JaHHAA KOHCTPYK-
LK1s, — O0CBOBOXKEHME NPOCTPAHCTBA ANs 9BAKyaLM BO-
LNTENs 1 NacCaXupoB U3 TOHYLLEro aBToMo6uns.

Paccmotpum fiBa cnoco6a 0CBOOOXAEHNS NPOCTPaH-
CTBA [N17 3BaKyaL N Yepe3 KpbILLy.

[TepBbI CNOCO6 B CBOEI OCHOBE MCMOJIb3YET TEXHO-
NOrNI0 NaHOPaMHOM KpbILK U3 cTekna (puc. 9) u yaapHo-
ro MexaHu3ma ¢ NuponaTpoHoM.

323\4\/56 4 5
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Puc. 9. MexaHu3m naHopamHol Kpbiwu U aKmusamop:

a — cxeMa NaHoOPamHoU Kpbiwu: 1 — 106080e cmeko;

2-4, 6-8 — aKmuBsamopsl; 5 — NaHOpamHas Kpsiwa;

6 — cxema akmugamopa: 1 — nuponampoH; 2 — Kopnyc;

3 — yOapHsblii MexaHu3m; 4 — memannuyeckull yoapHuUK;

5 — cmek0 asmomobuns; 6 — KpenseHue yoapHo20 MexaHu3ma
K Kopnycy akmugamopa ¢ yoepxusarouwel npyxuHoli



B 1aHHOW KOHCTPYKLMM BXXHO UCMOMb30BATh Takne Ma-
Tepuasbl NaHeNN KpbIwWK, KOTOPbIE MOXHO pasbuTb ynap-
HbIM MexaHu3moMm. GTekno B aBapuitHON CUTyaLui pa3sa-
NNTCA HA MEJIKNe OCKOMKW 1 He NOMeLUaeT AanbHelLLel
9BaKyaLuu Ni0Jen U3 TOHYLLEro aBToMo6mns.

Btopoit cnocob 3akno4aeTcs B MeXaHM4eckom 0CBO-
60XJEHMN OT 3NEMEHTOB KPbILLW aBTOMOGMNA, NPU NOMO-
Lwu anekTponpmeopa (puc. 10). ITOT BapMaHT npeaycmarpu-
BAET BO3MOXHOCTb YCTAHOBKM NMAHOPAMHOI KPbILLK B BULE
CbEeMHON MaHenn n3 Npo3pa4Horo mMarepmana.

PaccmoTpum 60onee nofpo6HO BTOPON MEXaHW3M, Npea-
CTaBJIeHHbIN Ha puc. 10. Ero MOXHO MCNOMb30BaTh B Kaue-
CTBE JIH0KA [ BEHTUNIALMN CaJI0OHA aBTOMOGWIIA Npu ero
4aCTUYHOM OTKPbIBAHUM, BCE Y3Mbl U AeTann MexaHu3ma
NpAYYTCA NOJ NNACTUKOBYH 06LUNBKY canoHa (puc. 11).

066e KOHCTPYKLMN TPeOYIOT YBENNYEHUS MPOYHOCTHbIX
CBOWCTB OCTalbHbIX 4aCTeil Ky30Ba, TaK KaK KpblLla aBToO-
MOOUNIA 3aLLNLLABT 3KMMNAXK NPU JOPOXKHO-TPAHCMNOPTHBIX
MPOUCLUECTBUAX U HECHACTHBIX Cily4asx. A ucnosb3oBa-
HUE CTEKMSAHHON KPbILUW UM CbEMHbIX YaCTelN, HECOMHEH-
HO, 0C1abUT LIeNIOCTHOCTb KOHCTPYKLNAY KPbILLIY 1 TEM Ca-
MbIM YMEHbLLMT ee NMPO4YHOCTHbIE CBOWNCTBA.

BoKOBbIe CTOMKM Ky30Ba 1 BCS 60KOBAA 4aCTb aBTOMO-
6uns JOMKHbI ObITb PACCHUTAHBI C YYETOM TOrO, YTO B CIIy-
4ae nepesopoTa aBTOMOGMNSA HA KPbILLY 3TU 3NEMEHTbI Npu-
HUMAtOT BECb yAap Ha cebs.

Cpefy BO3MOXHbIX CUTYaLid 3aTONNEHNS aBTOMOOMNS
ObINN PACCMOTPEHbI BAPUAHTDI, KOTA HEBO3MOXHO UCTOSb-
30BaTb 3BaKyaLMIO NOLEi Yepes KpbiLly aBToMobuns. Ans
TaKnUX CUTyauuii eCTb anropyuTM camoCTOATENbHON 3BaKYa-
LMW ntofeit Hepe3 60KOBbIe cTekNa. [1aHHbIN anroputm 3a-
MNYCKAETCA UCKITIOYNTENBHO BPY4HYIO NIOLbMU, KOTOPbIE Ha-
XOLATCH B CanoHe 3aTON/eHHOro TPaHCMOPTHOrO CPeLCTBa.

MexaHu3m, o6ecneynBatoLLin OTKPbIBAHNE GOKOBbIX
CTEeKON, NpeacTaBseT co60i TOT XKe aKTMBATOP, KOTOPbIN
CNOJb3YETCH B MEXaHU3Me 3Bakyalum yepes pasbmsaio-
LLYHOCA NAHOPaMHYI0 Kpblily (puc. 11, 6).

Paccyutaem MoLLHOCTL 3nekTpomoTopos N ans mexa-
HU3MA CHATUS KPbILLK:

N=0,5xmyxgxfy, (10)

JKkcnnyarayuma aBTOMOOMNbLHOrO TpaHcnopra
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Puc. 10. MexaHu3m cHAMUSA KpblWU, BbINOJIHEHHOU

8 BuOe cmeKnAHHOU UU N1acmuKosol naHenu:

1 — HanpasasWuUe, N0 KOMOPLIM OCYLeCMBAAeMCS 0BUXKeHUe
navenu; 2 — napa 31eKmpomMomopos ¢ pedyKmopamu, Komopsle om-
Beyalom 3a 0BUXKeHUe KpblWU nocpedcmBom 3y64amoeo 3ayenieHus
¢ dopoxkamu; 3 — QOPOXKU C 3y6yamsim 3ayensieHuem noo 31eKmpo-
MOmop-pedyKmop; 4 — naHesb Kpbiluu, BbINONHEHHAA

u3 cmekna ubo naacmMuKa

1\ 2\ 3\6
RN

a

5

Puc. 11. Cxema ycmpolicmsa cbemMHOU Kpbiwiu:

a — cxema momop-pedykmopa: 1 — CbeMHasA NaHesb Kpblu;

2 — 3ybyYyamas wecmepHs 8 3ayensieHuu ¢ 3y64amsim coeduHeHuem
00poXKU; 3 — Yacmb Ky308a aBmMoMobUsIs; 4 — 3nekmpuyeckull
mMomop; 5 — pedykmop,; 6 — cxeMa pacnonoXeHus Y3708 MEXAHU3MA
CbeMHOU Kpbiluu BHYmMpU CanoHa

rae my, — Macca CbeMHO YacTi KpbILW, Kr; g — YCKO-
peHue cBOOOHOT0 NafieHus; f, — KOIDULIMEHT TPEHMS.
HecmoTps Ha 06UNKE COBPEMEHHbIX CUCTEM NACCUB-
HO 1 aKTMBHOW 6€30MacHOCTI, MHOTOE BO BPEMS [IBUXE-
HUS TPAHCNOPTHBIX CPEACTB 3aBMCUT OT CamMOro Yesi0Beka.
Bcerga ecTb BEPOATHOCTb, YTO Ye/I0BEK B pe3ynbrare LUoKa
1NN TPaBMbI MPU LOPOXHO-TPAHCNOPTHOM MPOUCLLECTBUM
MOXXET 0Ka3aTbCs 663 CO3HAHUS U MPOCTO HECTIOCOBHbLIM
LeiCTBOBATb CAMOCTOATENbHO. IMEHHO ns Takux cuTyauui
npefHa3Ha4yeHa aBTOMaTU4eckKas cucTema asakyauuu. UT

Cnucok nutepartypbl

1. fxves H.f. be3onacHOCTb TPaHCNOPTHbIX cpeacTs — M. :
13patenbckuii LeHTp «Akagemusi», 2011. — 432 c.

2. CrenaHos . C., Mokposckuii 0. 0., JlomakuH B.B., Mocka-
nesa H).T. BAusiHue 3n1emMeHTOB CUCTEMbI «BOAUTENb — aB-
TOMO6MNb — [10pOra — cpeaa» Ha 6e30MacHOCTb JOPOX-
HOTO IBMKeHUS : y4e6Hoe nocobue — M. : MITTY «MAMI»,
2011. — 171 c.

3. JlomakuH B.B., Mokposckui t0. K., Ctrenaxos W.C., lo-
maH4yk O.T. Be30MacHOCTb aBTOTPAHCMOPTHbIX CPEACTB :

06vem ctarbu: 0,52 aBTOPCKMX ncta

y4e6HUK Ans By30B / nof o6ul. ped. B.B. JlomaknHa. —
M. : MITY «MAMW», 2011. — 299 c.

4. XycanHos A. LLl. MaccuBHas 6e30MacHOCTb aBTOMOOUNSA :
y4e6Hoe nocobue / A.LL. XycanHos, H0.A. KysbMuH. —
YnbaHosek : Yal'TY, 2011. — 89 c.

5. bonpapenko E. B. OCHOBbI NPOEKTMPOBAHNS 1 3KCRTyaTaLui
TeXHONOTNYecKOro 060PYA0BaHNS : Y4e6HIUK ANS CTYA. BbICLL.
y4e6. 3aBefeHuit / E. B. bonaapetko, P. C. ®ackues. — M. :
13patenbcknit LeHTp «Akagemusi», 2011. — 304 c.
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YBaxaemble YUTATENU U aBTOPbI XypHana «/IHHOBaUWUOHHDBIH TPaHCNOPT»!

Ecnmn Bam HpaBMTCA HaLll XYpHarn, Bbl MOXETE 0Ka3aTb COIEACTBIE B €10 Pa3BUTUM,
NepeynCB EHEXHbIE CPeCTBA N0 PEKBU3NTAM:

Accoumaumns BbinyckHkos YOMUNT-Ypl'YNC

VHH-KIMIM 6670317893/667001001

OrPH 1156600001470

620075, CeepanoBckas 06n., r. Ekatepunbypr, yn. LLieByeHko, a. 20, nomelleHue 1
P/c 40703810863010000192

B [1AO Kb «YEPuP» cunuan CChb

k/c 30101810900000000795

BUK 046577795

Hasnauyenue nnartexa: «[10)XxepTBOBaHWe Ans NOAAEPXKKM Hay4HbIX XKypHanoB Ypl'YIC».
Balua cpHaHcoBas noanep>xka no3BONT HaM YBESIMYUTb YUCO NYBSIMKaLuiA,
NOBbLICUTb UHAEKCHI LNTUPOBAHUS XYpPHANA 1 HALLWX aBTOPOB.

YBaxaeMmble pyKOBOJUTENN MHHOBALMOHHBIX KOMNAHWIA U NpeanpuaTHiil

Mpennaraem Bam ycnyru no npoABWXEHUIO BaLLeid NPOLyKLmMN
yepes ceTb Accounaumm BbinyckHKos YOMUNT-YpIVIIC.

Accounauus sbinyckHinkos YOMUNT-YpIYINC — 310 koonepauus 601bLIOr0 Ynucna
HEepPaBHOAYLLHbIX NOAEI pasnuyHbIX cdhep AesTeNbHOCTM, OKOHYMBLLKX Halll YHUBEPCUTET.

Kpome Toro, npegsiaraem ycnyru no nogéopy Monofbix cneLuanucTos,
MO OPraHn3aLmn NoMcKa peLleHnin NPUKNaaHbIX U Hay4YHbIX 3adad
B paMKax AUCCepPTaLUMOHHbIX paboT, BbinonHaembix B YpI'YTIC.

Bcto Heob6xoaMMyto MHEPOPMALIMIO Bbl MOXKETE MOSYy4nTb No Ten. (343) 221-24-67
unun Ha cante http://www.usurt.ru/vypusknikam/assotsiatsiya-vypusknikov-urgups

M3Beuienue Mony4arens: Accounauns sbinyckHukos YOMUUT-Ypl'YNC
KNM: 667001001 WHH: 6670317893

OKTMO: 65701000 P/eu4.: 40703810863010000192
B: [1A0 Kb «YEPuP» chunuan CCb

BUK: 046577795 K/cu.: 30101810900000000795
Kop 6ropxeTHoit knaceudmkauum (KbK):

Mnatex: [ToxxepTBOBaHNe AN NOALEPXKKIA HAYYHbIX XKypHanoB Ypl'YIIC

MnaTtenbLyuk:

Appec nnatenbluuKa:

WHH nnatenbLymka: No n/cy. nnatenbLymKa:

Cymma: __ py6.___ Kon.

Mopnuce: Oata:«___»__ 2018r.
Ksutanuusa Mony4arenn: Accouvauns sbinyckHukos YOMUUT-Ypl'YNC

KIMn: 667001001 WHH: 6670317893

OKTMO: 65701000 P/eu.: 40703810863010000192
B: [1AQ Kb «YEPuP» chunuan CCb

BUK: 046577795 K/c4.: 30101810900000000795
Kop 6ropxeTHoit knaceudmkauum (KbK):
Mnatex: [ToxepTBOBaHWE A4 NOAAEDKKN HAY4HbIX XKypHanoB Yp'YIC
MnaTtenbLyuk:
Appec nnarenbLyuKa:
WHH nnatenbLymka: Ne n/cy. nnatenbLymKa:
Cymma: __ py6.___ Kon.

Mopgnuce: Oata:«__»__ 2018r.




TexHu4yeckue Tpe6oBaHUA U peKOMeHAaLuu
K 0(hOpMNEeHuio cTaTen

1. MNy6nukaums cocTouT U3 Cneaylwmx 06s3aTeNbHbIX
3IEMEHTOB:

a) VIK;
6) @. . 0. aBTopa (aBTOPOB) (Ha PYCCKOM 1 aHTNIA-
CKOM A13blKaXx);

B) Ha3BaHME CTaTbW (HA PYCCKOM M aHTNIMIACKOM
A3blKax);

r) aHHOoTauWs (Ha pycCKOM 1 aHrMUIACKOM A3bIKaXx);

[) KII04eBble CNIOBA (HA PYCCKOM U AHTUACKOM
A3bIKax);

€) TEeKCT CcTaTbm;
X) 61bMorpadouyeckuin Cnucoxk;

3) cBefeHus 00 aBTOpe (aBTOPaXx): MecTOo paboThl (y4e-
Obl), y4eHas CTeneHb, y4eHoe 3BaHNe, JOMKHOCTD,
MOYTOBbIA afpec, TenedoH, e-mail (Ha pycckom
11 aHIMNACKOM AI3bIKaX);

1) MOPTPeTHoe (hOTO aBTOpa (ABTOPOB), MpeLCTaB-
NIEHHOE B 3N1EKTPOHHOM BUjie OTAENbHbIM (haiinom,
LIBETHOE, BbICOKOI0 Ka4yecTtsa, B hopmarax *.jpg
(0T 200 K6), *.tif (o1 1 M6).

2. Matepuans! nogrotasnueatotcs B pegakrope Microsoft
Office Word 2003, 2007.

3. 06bem cTaTbu He 6onee 15 cTpanu,

4. Cnucok nuTepaTtypbl NOMELLAETCA B KOHLE CTaTbi
noc/e noA3aronoBka U ocDOPMNSAETCS B COOTBETCTBUM
¢ FOCT 7.1-2003, ITOCT 7.0.5-2008. Ccbinku Ha nuTepary-
py B TeKCTe cTaTbi 0CDOPMASIOTCS B KBAPaTHbIX CKOBKAX
(31, [3, 4], [3-7]).

5. TpeboBaHua K pa3meTke U (hOpMaTUPOBAHNIO TEKCTA.
Mons cTpaHuLbl — N0 2 CM C Kaxaoro kpas. CTpaHuubl
[OO/MKHbI ObITb 683 Hymepauun. TekCT cTaTbW. LWPUET

Times New Roman, kernb 14; MeXCTPOYHbIA WHTEpPBAJ
NONYTOPHbI; BbIPABHUBAHWE MO LUNPUHE; OTCTYN NepBoi
CTpoKuM 1,25 CM; paccTaHoBKa NepeHOCoB aBTOMATNYeckKas.
lMpocTble dhopMysibl U COYETAHUS CMMBOSIOB HabmparoTes
B TEKCTOBOM PEXIME, COXHbIE — NPY NOMOLLM peaakTopa
dhopmyn Microsoft Equation unu MathType n pacnonaratotcs
Mo LIEHTPY CTpaHuupl. HanucaHne 6yKkB: pycCKue u rpeye-
CKme OYKBbI (3, 6, B, A, b, B; &, ®, Q, X), a Takxe Lnpsl
n dyHkuun (1, 2, 3; 1, V, XIl; sin, Ig, min n gp.) nuwytcs
TONbKO NPAMO; NaTUHCKIUE BYKBbI (a, b, ¢, A, B, N v np.) -
TO/bKO KYPCUBOM.

6. PucyHKu v Tabnuubl. TabnunLbl JOMKHbI ObITb CHAOXKEHbI
3arofioBKamu, a pUCYHK — nognucamu. Pacnonoxexue
3aros10BKOB: CNOBO «Tabs1mya» — B NpaBblin Kpaik Tabnmupl;
Ha3BaHuWe TabnunLbl pacnoniaraeTcs no LeHTpy Hag Tabnu-
Len. B pucyHkax (guarpammax 1 rpagprkax) cnoso «Puc.»,
HOMEp W Ha3BaHWe PUCYHKA PAcnonarakTCcs no LEeHTpY Ha-
60pa nog pucyHKom. Pacnonoxerue Tabnui, n pucyHKoB —
MOCIe CCbIIKN Ha HUX. YCOBHbIE 0603HAYEHNS B PUCYHKAX
1 Tabnmuax, eCni OHW eCTb, JOSMKHbI 6bITb PaCLLCPOBaHBbI
B MOANUCHW WNN B TEKCTE CTaTbi.

PucyHku. LiBeTHbIE 1 HepHO-6enble (eCnu HEeT LiBETHbIX)
UNNHOCTPALMM NPUHUMAOTCS OTAENbHbIMM dhaiinamu B qoop-
marax *.jpg (ot 300 K6), *.tif, *.bmp (o1 2 M6). Hegonyctu-
MO MCMOJIb30BaHNE N306paXKeHUI, B3ATbIX U3 IHTepHeTa,
pasmepom 5100 K6, a Takxxe 0TCKaHWpPOBaHHbIX BEPCUN
N0X0ro KayecTsa.

Iunarpammbl, cXxeMbl U TaBAKLbI MOrYT ObITb NPEACTaB-
neHbl B popmatax MS Excel, MS Visio, MS Word (crpynnu-
poBaHHble). OTAAETCA NPeSNoYTeHNe NCXOAHBIM (haiinam,
KOTOpble [OMYCKAIOT pefakTMpOBaHue pucyHka. [lonycka-
t0TCA N306paXKEHNs, KOHBEPTUPOBAHHbIE B hopmartbl *.cdr,
*.cmx, *.eps, *.ai, *.wmf, *.cgm, *.dwg.

7. Matepuanbl ans 04epegHOro Homepa NPUHUMAOTCS
A0 30-ro yncna nepsoro mecsua Kkeaprana.

MoanucHoOM MHAEKC U3[aHMNA
B o6wepoccuitckom Katanore «flpecca Poccun» — 85022.



HayyHo-uccneoBaTenbckas nabopatopus
<<KOMI'IbI'0TB|]HbIe CUCTEMbl aBTOMATUKW>»
®Ire0Y BO Ypl'YIic

PA3PABOTKA, MPOEKTWUPOBAHWNE, BHEAPEHUE
N COMPOBOXOEHWE KOMMJIEKCA CUCTEM
KENME3HOOOPOXHO ABTOMATUKMN

o 3U-MMK, 3U-MMK-Y — penenHo-npoLeccopHas
LleHTpanmaauus

MMU-MIMK — mukponpoueccopHas LeHTpanu3auns
AU-MMNK — gucneTtyepckas LeHTpanu3auus
YaM-MIMK — ycTpoicTBa aneKkTponuTaHms
CTO-MMK — cuctema TexHUYECKOi SNarHoCTUKI

O o oo o

ACY APJTM — aBTOMaTWU3MpOBaHHAa cucTema yyéra
1 aHanM3a paboTbl NINHWIA METPOMNONUTEHA

o KAC 1Y — komnnekcHas aBTOMaT3NpOBaHHas cucTema
QUCTETYEPCKOro ynpasieHns

Haw agpec: 620034, ExatepuH6ypr, yn. Konmoroposa, 66, kopnyc b, od. B3-7
Ten./dakc: (343) 221-25-23
E-mail: info@nilksa.ru. Be6-cait: www.nilksa.ru

?ﬁﬁ HAYYHO-UCCNEQIOBATEJIbCKAS JIABOPATOPUSA
«CUCTEMbI ABTOMATW3WPOBAHHOI0 NPOEKTUPOBAHIA KOHTAKTHOMN CETU>

OCHOBHbIE HanpaBneHns paboTbl
® PaapaﬁoTKa NPOEKTOB PEKOHCTPYKLUUW N MOAePHM3aL K KOHTaKTHOWA CeTH )Kene3H040P0XXHOro TpaHcnopTa.

@ [IpoeKTMPOBAHIE BHELLIHEro aNeKTpocHabxeHns 40 1000 KB BKNIOYNTENLHO U BHYTPEHHEr0 3M1eKTPOCHAGKEHNA XKUbIX, 06LLECTBEH-
HbIX 1 MPONU3BOACTBEHHbIX 3[aHNIA.

@ [IpoBe/ieHue aeKTPOTEXHUYECKON IKCNEPTU3bI 060PYA0BAHNS.
@ Pacyer aBTOKONE6aHWi NPOBOJOB KOHTAKTHOI MOABECKM W B3AUMOLEICTBUA PA3NINYHbIX TOKOMPUEMHIKOB C KOHTAKTHBIM MPOBOZOM.
® Hay4yHo-1cCnea0BaTenbCckue padoThl B 0671aCTY COBEPLUEHCTBOBAHMNS CUCTEMbI TOKOCHEMA XKENe3HOA0P0XKHOr0 TPaHCNopTa.

3aBsefytoLnii nabopatopueil: KaHA. TeXH. HayK, A0oLeHT KoBanes Anekceii AHaTObeBMY.
o000O0GO
Haw anpec: 620034, EkatepuH6bypr, yn. Konmoropoga, 66, od. 53-03.

Ten./chakc: (343) 221-25-27.
E-mail: saprks@mail.ru. Be6-cait: www.sapr-ks.usurt.ru
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