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Jleonup, bopucosuy Oner Hukonaesuy AnekcaHpp Anekceesuy  [imutpuit IayappoBuy
MupoTtux Jlapun HukynuH Tapacos
Leonid B. Mirotin Oleg N. Larin Alexander A. Nikulin Dmitry E. Tarasov

IlepcneKTHBBI pa3BUTHS POCCHMCKO-KUTANCKHX
TPAHCTPAHUYHBIX TPAHCIIOPTHBLIX KOPUIOPOB
Ha /laabHem BocToke

Prospects for the development of Russian-Chinese
cross-border transport corridors in the Far East

AHHOTaLuA

B cTaTbe Ha OCHOBe faHHbIX aHanM3a KUTaCcKOro NpoekTa
«IKoHOMMYeckunii nosc LenkoBoro nyTn» paccMoTpeHsl
NpUOpUTETHI TPAHCMOPTHOTO COTPYAHMUYECTBA Mexay Poccuent
n KHP. 06a rocyaapcTea 3auHTepecoBaHbl B COMAcOBaHHOM
pa3BUTUM TPAHCTPAHUYHbIX TPAHCMIOPTHBIX KOPUAOPOB, YTO
NO3BONUT aKTUBU3MPOBATb BHELLHETOPIOBYIO LEATENbHOCTD
ABYX CTPaH, paclumpuTb reorpacuio nx MexpyHapofHON Top-
TOB/IU U YBEANYNTb 0OBEMbI TPAH3UTHBIX NEPEBO30K MEXAY
ctpaHamu EBponefickoro coto3a 1 A3natcko-TMxoOKeaHCKoro
pernoHa. Poccua onpepensieT npuopuTeTHbIE HanpaBaeHNs
coTpyAHnyecTBa ¢ Kntaem B cchepe TpaHcnopTa € y4eToMm
Lenein fanbHemwero coynanbHoO-3KOHOMUYECKOTO Pa3BUTUA

Abstract

Based on the analysis of the Chinese project “Silk Road
Economic Belt”, the priorities of transport cooperation
between Russia and the PRC have been considered in

this article. Both countries are interested in coordinated
development of cross-border transport corridors, that

will allow to intensify the foreign trade activities of the
countries, expand the geography of their international trade
and increase the volumes for transit traffic between the
countries of the European Union and the Asia-Pacific region.
Russia considers the priority areas of cooperation with China
in the field of transport, taking into account the goals of
further socio-economic development of the Far Eastern and

NanbHeBocTOYHOrO 1 bakanbCKOro permoHoB. Baikal regions.

Keywords: Trans-Siberian Railway, Far East, Silk Road
Economic Belt, international cooperation, transport
corridors.

KnioueBble cnoBa: TpaHccnbUpckas mMaructpans, [anbHuii
BocTtok, akoHomunyeckuit nosic LLlenkoBoro nyTu, MexayHapoa-
HO€e COTPYAHMYECTBO, TPAHCMOPTHbIE KOPUAOPHI.
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B nocnepnHue rogsl Poccus 3Ha4MTeNbHO YCUnuna ak-
LLeHT Ha «BOCTOYHOM BEKTOPE» PErMoHanbHOro U Mexay-
HapOAHOro coTpyaHnyecTsa. OHOBPEMEHHO PYKOBOACTBO
CTPaHbl CYMTAET 3aJady COLMAIbHO-9KOHOMUYECKOr0 pas-
BuUTMA [lanbHero BocToka OfHUM M3 BaXKHEMLLUX MpoekK-
TOB FOCYHApPCTBEHHOr0 Macutaba. 3a4ech CO34aKTCA HO-
Bble MPOM3BOACTBA, KOTOPbLIE CNOCOOHbLI CTaTb BEAYLLUMM
3KCnopTepamu Chipbs U HECbIPEBOI NPOAYKLN B CTPAHbI
Asnarcko-TuxookeaHckoro pernona (ATP). OgHako 3ko-
HOMUYECKNA POCT 1 NOBbILIEHUE 3(PHEKTUBHOCTN BHELL-
HE3KOHOMUYECKOW [eATeNbHOCTU [1anbHEeBOCTOYHbIX pe-
rnoxos Poccuu ([IBP) B 3Ha4uTenbHOM CTeneHn OyayT 3a-
BWUCETb OT TEMMNOB PA3BUTMSA TPAHCMOPTHON UHDPACTPYK-
TYpbl MEXIYHAPOLHOIO 3HAYEHUS, UHTErPUPYIOLLEN aBTo-
LOPOXHbIE 1 XENe3HOLOPOXHbIE MarucTpanu u Mopckue
nopTbl BOCTOKA P® ¢ TPAHCNOPTHLIMMW CETAMM CONPesesb-
HbIX rOCYyapcTB.

Haun6onee aktmeHo [1BP pa3BuBatoT npurpaHnyHoe co-
TPYLHUYECTBO C CEBEPO-BOCTOYHBIMY NPUTPAHNYHBIMU pe-
ruoHamu Kutas (CBK). B 4ncno cy6bekToB PO, rpaHnyaLLmnx
¢ CBK, Bxoaat Amypckas o6nactb, EBpeiickast aBTOHOMHasi
obnacTb, Xab6aposckuii 1 MpuMopcKuin Kpan, a Takxe 3a-
6alikanbCKNid Kpaii, KOTOPbIA XOTA U HE OTHOCUTCA K Janb-
HEBOCTO4YHOMY MaKpPOPEruoHy, 0fHaKo ero TPaHCMNOPTHbIE
CETN CONPSKEHbI C CUCTEMOM TPAHCTPaHNYHbIX KOPULOPOB
CBK. C kutaiickoii CTOpOHbI BAOMb FPaHMLbl pacnonaratoTes
NPOBUHLMY X3NNYHU3AH 1 LisnunuHb (Tupnh), a TaKKe YacTb
ABTOHOMHOr0 panoHa BHyTpeHHsas Moxronus. 13 Poccun
B CBK nepeB03sTCA B OCHOBHOM pyAa, Nec, yrofib 1 Apy-
rne nepenyHble pecypcbl. B o6paTtHoM HanpasneHun cne-
JYI0T NPEeUMYyLLEeCTBEHHO NPOAYKTbI NepepaboTku MuHe-
PansHOro Chipba (YepHble MeTaNsIbl, KOKC W T.N.) U roTo-
Bas NPOLYKLMS (CTPOUTESNbHbIE MATEPUanbl, MPOMbILLIEH-
Hble TOBapb! U np.).

PykoBOACTBO 1 Jien0BbIe Kpyru Poccun npuaaot 60mb-
LLIOe 3Ha4YeHMe NMKBULALNN MHGPACTPYKTYPHbIX OrpaHunye-
HWUIA ANs UHTErpaLmm TPaHCNOPTHBIX CUCTEM COMPEZESbHbIX
TeppuTopuil. PsA NpoexkToB nepeLLen B hasy NpakTU4ecKom
peanusauun. Hanpumep, BeLETCS CTPOUTENLCTBO MOCTOBbIX
nepexojoB vepe3 peky AMyp: XXeNie3HOLOPOXHOro MocTa
Mexzay cenom HuxHeneHuHckoe (EBpeiickas aBTOHOMHas
06nacTb) 1 ropoom TyHU3SAH (KuTanckKas NPOBUHLMA X31-
NYHU3SH), @ TAKXKE aBTOMOBUITbHOTO MOCTA U KAHATHOM [10-
poru Mexgy bnaroseteHckom (Amypckas o6nactb) 1 Xan-
X3 (XaMnyHU3sH).

B cBoto o4epenb pykoBoncTeo KHP BbICTpamBaeT TpaHce-
NOPTHOE COTPYLHUYECTBO C COCEAHUMM CTPaHaMM B pam-
Kax npoekTa «3KoHoMu4ecknit nosic LLlenkosoro nytu» (Silk
Road Economic Belt, 3MLLUM). 3MLUM aBnseTcs cocTaBHOI
4aCTbto 60Nee MacLUTabHO CTPaTernyeckom MHULMATUBbl —
«0puH nosic — oguH nyTe>» (One Belt One Road, «[Mosic
1 NyTb»), B KOTOPYHO BXOAMT NpoeKT «Mopckoi LLienkoBsblit
nyTb XXI Beka» (21st-Century Maritime Silk Road, MLLIT).

B cucteme meponpusdtuii uHuunatuebl «fosc u nyte»
BbIfIefIEHO NATb OCHOBHBIX CAPep PasBUTUS MEXOYHAPOAHO-

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

ro COTPYLHUYECTBA: NONUTUYECKAN KOOPLMHALMS, B3aUMO-
CBSA3b MHPACTPYKTYP, 6ecrnepeboitHas TOprosns, CBOOOA-
HOe 0OpaLLleHIe KanuTana 1 yKpennexue JyxoBHOW 61n30-
CTW MeXZy HapoZamu. AHanu3 CTPYKTYpbl nporpammsl «[1o-
IC U MyTb>» NOKA3bIBAET, YTO €6 OCHOBHbIMU KOMIMOHEHTaMN
ABNAOTCA TPW 610K — HANpaBfeHns, NPOeKTbI, KOPULO-
Pbl, KOTOPbIE 331A10T «BbICOKOYPOBHEBbLIE PAMKM» COTPYL-
HUYECTBA U B3AUMOLENCTBUS MEXAY CTPaHaMU, Y4aCTBYHO-
LLIMMM B COBMECTHOM CTPOUTENLCTBE LIeSIKOBbIX nyTen [10].

[Moa HanpasneHnAMM MHNLMATUBLI «[10SC 1 NyTb» NO-
HUMAIOTCA reorpadonyeckine pernoHsl, ¢ KoTopsiMu NekuH
NNaHUpyeT pa3BuBaTh COTPYAHUHECTBO B YKA3aHHbIX BbILLIE
o6nactsx. B cTpykType nporpaMmbl «[0sc U NyTb» Bblae-
NeHbl TPU IKOHOMUKO-reorpacpuyecknx 30Hbl: Asus, EBpo-
na u Acppuka. NpropuTeTHOCTL reorpadom4eckmx Hanpas-
NIeHUI 06YCNOBNEHA Fre03KOHOMUYECKUMY NHTEpecamu Ki-
Tas B COOTBETCTBYHOLLMX PernoHax [4].

Y10 Kacaetcs OTHENbHbIX MPOEKTOB, TO UX BblLeNeHNe
B CTPYKTYpe nporpammbl «[105¢ 1 nyTb» HEO6XOLMMO Ans
9(h(heKTMBHOIO NNAHUPOBAHMSA MEPONPUSTUIA NO UX peanu-
3auuu, paunoHanbHOro UCNonbL30BaHUs PECypCoB Ha Bbl-
MOJIHEHWE, a TAKXKe OpraHn3auny enCTBEHHOr0 KOHTPONS
Hag pe3ynbratami. COBOKYNHOCTb reorpadonyeckmx Hanpas-
NIeHUI pacnpejeneHa Mexay AByMs OCHOBHbIMU NPOEKTa-
mu — MM n MLUM. B nocnegHee Bpems Kutaii sce 60-
Nee aKTUBHO NPOJBUraeT UAer HOBOro npoekta — «[lo-
napxoro LLenkoBoro nyTtu», KOTOPLIiA, N0 BCeN BUAUMO-
CTW, CBA3aH C ambuumaMmn Kutas no pacluMpeHnto CBOero
npucytcTeus B Apktuke [6].

MpoekTbl AMLLM n MLUM oTpaxaroT pernoHanbHble n 0T-
pacrnesble 0CO6EHHOCTI COTPYAHWYECTBA KiTas Co CTpaHa-
MU BLONb «[1ofica 1 NyTU» 1 KOHLEHTPUPYIOT YCUIUA Ha pas-
BUTUM KK CYXOMYTHbIX, TAK 1 MOPCKUX TPAHCMOPTHbIX CO-
06LLEHNIA, @ TaKXXe 00eCNeYnBaloT NX B3aMMOCBA3aHHOCTb.

leorpadhnyeckas HanpasneHHoOCTb npoekTa JLLIM onpe-
LenseTcs KoHgurypaumein CyxonyTHbIX MapLUPYTOB, KOTO-
pble COeAMHAIOT KuTai ¢ Tpems MakpoperuoHamu Espasuii-
CKOr0 KOHTUHEHTA:

1) EBpona vepes LieHTpansHyo Asuto u Poccutio;

2) bnxHuit BocTok vepes LieHTpanbHyio Asuio;

3) HOro-BocTto4Has n KxxHas A3usi C BbIXOAOM Ha no-
6epexbe Haniickoro okeaHa.

[MpoekT MLUI 6a31pyeTcsa Ha MOPCKNX KOMMYHMKaLK-
X, KOTOpble COeAMHAT KuTaii nocpeacTBOM MOPCKUMX Nop-
TOB Ha BOCTOYHOM NMOGEPEXbE CTPaHbI C ABYMS [T1aBHbIMY
MakpopernoHamu:

1) EBpona yepes KxHo-KuTaiickoe mope n NHanii-
CKUN OKeaH;

2) rocynapcTea B XKHOI YacTy Txoro okeaa (BKI-
yas rpynny ACEAH) yepe3 HOxHo-Kutaiickoe mope [12].

B pamkax kaxJoro npoekTa co3faeTcs KOMMNeKc B3au-
MOCBA3aHHbIX 3KOHOMUYECKNX U TPAHCMOPTHbIX KOPULOPOB.
[MoHsATME «KOpUAOP>» NpeacTaBnseT coboi NPOCTPAHCTBEH-
HYI0 KOHLLENLMI, 0TPaXAK0LLY0 0COBEHHOCTI OpraHm3aLmm
KaKux-nun6o BUI0B JeATeNbHOCTU Ha OnpefeneHHo Tep-



putopun. ®opMrpoBaHIe KOPUAoPa NPUBOANT K yYBENNYe-
HUI0 06bEMOB (MNOTHOCTM) U PA3HO06PA3NI0 COOTBETCTBY-
tOLLEro BuAA AeATeNbHOCTY, PACLUMPEHUIO U YCUIEHMIO B3a-
MMOJENCTBUSA MeXY CONpeesibHbIMU TeppuTopusmu [5].

OVYHKLNOHANIbHAA XapaKTepUCTUKA KOPUAOPOB NEXUT
B OCHOBE (DYHKLMOHANBHO-NPOCTPAHCTBEHHON TUMONOTNK,
B pamKax KOTOPOI MOXHO BbILENUTb TPX TUNA KOPULOPOB:
TPaHCMOPTHbIE, TPAH3UTHbIE 1 3KOHOMUYECKMe. Kax b 13
YKa3aHHbIX TUMOB BbINOIHAET COOTBETCTBYHOLLME (DYHKLNN:

1) 06ecneyeHne TPAHCMOPTHbIX CBA3EI BHYTPU CTPaHbI,
C COCEAHUMM 1 YAANEHHbIMU PErNoHaMMU;

2) o6ecneyeHune 6eCnpensiTCTBEHHOro NponycKa TpaH-
3UTHBIX FPY30MOTOKOB MO TEPPUTOPUU CTPAH 1 Hepes no-
rPaHNYHbIE NYHKTbI NPONYCKa;

3) pacLumMpeHne 3KOHOMUYECKOI JeATeNbHOCTU MeXy
X03ANCTBYOLLMMMN CYOBEKTAMMU CONPESENbHbIX FOCYAaPCTB
1 PEr1OHOB B LIENAX CO3LAHUS HOBbIX Pabo4ux MecT, no-
BbILLIEHWS NPOU3BOANTENLHOCTY TPYLA U T.1I.

[Tpn 3TOM BCE TpU TUNA KOPUZOPOB PYHKLIMOHANIBHO
CBfA3aHbI MeXy CO60M, TaK KaK (hOpMUPOBAHNE 3KOHOMU-
4eCKOro Kopuaopa BOSMOXHO TONbKO MOC/Ee CO3aHNs Ha-
JEXHbIX TPAHCMOPTHBIX KOPUZOPOB, 06€CMeYnBaKoLLMX CO-
06LLEHNs MEX[Y 9KOHOMUYECKIN B3aUMOCBA3AHHbIMU CTPa-
Hamu 1 pernoHamu. B cBOKO 04epesb TPaH3UTHbIE KOPUAOPLI
6a3MpyIOTCA HAa MH(DPACTPYKTYPE MEXAYHAPOLHbIX TPAHC-
nopTHoIx Kopugopos (MTK) n npegcrasnsior coboi eau-
HbIA MapLUpPYT, B OTAUYNE OT 060C06NEHHbIX ceTei. OaHa-
KO TPAH3UTHbIE KOPUAOPbI BbIAENAOT B OTAENbHYIO KaTe-
roputo, 4T06bl 06€CNeYnUTL 0COBLIE YCIIOBUS ABUXEHNA HA
MapLupyTax, npefHa3Ha4eHHbIX Ans Nponycka TPaH3UTHO-
ro notoka [2].

Kak npaBuno, norpaHuyHbIe 1 TAMOXEHHbIE NpoLeay-
Pbl MOTYT CO3/1aBaTh CYLLECTBEHHbIE NPEnsTCTBUSA 19 CBO-
60/HOr0 NepemMeLLeHNs TPAH3UTHBIX FPY30B U NACCaXUPOB.
B aTux cny4asx Heob6xoauma paspadoTka 0co6bIX Npasun
B OTHOLLEHWW YCIIOBWIA MPOX0XIEHUA TPAH3UTHBIX MOTOKOB.
Hanpumep, y4acTHUKM BceMupHON TOProBoil opraHusaLmm
(BTO) npuHsnu CornaiueHne 06 ynpoLLeHn npoLeayp Top-
roenu. OQHUM N3 NPUOPUTETOB AAHHOIO COrNALLEHNS SBNS-
eTCs CO3JaH1e 6N1aronpuATHbIX YCNOBWIA AN TPAH3UTHBIX
nepeBo3ok. Ynenbl BTO 06g3anuck 06ecneymBarb «CB0O6O-
Ly TpaH3uTta» Ansg rpy30B MexayHapoAHOW TOProsu, oT-
BETCTBEHHO OTHOCUTLCA K 06PA6OTKeE rpy30B, CHUXKATH MO-
LUNKHBI 1 COOPBI, UCMNOSb30BATL NMPO3pPa4HbIE NPOLESYpbI
1 ynpoLyatb JOKYMEHT0060pOT, OrpaHny1BaTh 06bEM J0-
CMOTPOB TPAH3UTHBIX FPY30B, UCKMHOYATb KBOTbI HA TPAH-
3uT. Mo oueHKam akcnepToB., peanusauus CornaweHus 06
YNpOLLEeHnK npoLeayp TOProssiv No3BONSET CHU3UTL 06-
LLe rnobanbHbIe TOProBble N3aepXKu 6osee 4em Ha 14 %.
Mpuyem HanbonbLwnin 3 dEKT MOTYT NONYHUTh pasBuBa-
tOLLNECH CTPAHBI, KOTOPbIE MOMY4aT BO3MOXHOCTb pacLLu-
PUTb PbIHKK CObITA U HAPACTUTL 06BEMbI 3KCNOPTA CBOEN
npoaykuuu npumepHo Ha 20 % [13].

IKOHOMMYECKUI KOPUAOP NPeacTaBnseT coboi co-
BOKYMHOCTb reorpadou4yeckn 1 3KOHOMUYECKN B3aMMo-

TpaHcnopTHbIe U TPAHCMOPTHO-TEXHONOrU4ecKMe CUCTEMbl CTPaHblI,
€€ PermoHoBs U roponos, opraHn3aluna Nnpou3BoAcTBa Ha TpAHCNOPTE

CBA3aHHbIX OTAEJIbHbIX CTPAH U PErMOHOB, UMEIOLL X,
Kak npasuno, yCTONYNUBYIO OTPACIIEBYIO, TOBAPHYIO UK
TEXHONOMMYECKYH Creyuannsanunio BHeLIHETOProBoro
B3aWMOJeicTBusA. B KOHTEKCTe NpOLLeCcCOB permoHanb-
HOW 3KOHOMUYECKON MHTErpaLuu co3LaHne 3KOHOMUYe-
CKMX KOPUAOPOB ABNAETCA OAHON U3 HA4alIbHbIX CTaLui
npouecca hopMUPOBAHNSA MEXPErMOHANbHBIX TOPTrOBbIX
naptHepcts [11].

[Nof TpaHCNOPTHLIM KOPUMAOPOM NOHUMAETCS COBOKY-
HOCTb MarucTpanbHbIX NyTeil CO0OLLEHUS N APYTUX UHGpa-
CTPYKTYPHbIX 06BLEKTOB Pa3HbIX BUAOB TPAHCMOPTA, NPeAHa-
3HAYEHHbIX AN8 HAAEXHOr0 U 3PEKTUBHOMO nepemelLie-
HUS 3HAYUTENbHbLIX N0 06bEMaM rpy30MacCaXMPCKMX no-
TOKOB MEX[y OTAESbHbIMU CTPaHaMM1 U 3KOHOMUYECKUMU
ueHTpamu. Mpu oT6ope marucTpanen Ans BKNOYeHUs B CO-
CTaB TPAHCMOPTHbIX KOPULOPOB W UX AaNbHENLLIEro passu-
TWS UCMONb3YIOT Pa3NnYHbIe KPUTEPUU, B TOM YUCIIE 00b-
€M MeX[yHapOAHbIX rPy30MepeBo30kK, CTpaTernyeckue unm
reonosiMTYecKne coobpaXkeHns, HeobXoAMMOCTb 0becre-
YEeHUS CBA3EN BHYTPEHHUX PAlOHOB CTPaHbI C MOPCKUMN
noptamm u ap. [8].

B npoekrax JMLUM n MLLUT pa3paboTaHa cuctema aKo-
HOMUYECKNUX KOPULOPOB, KOTOPAS Y4NTHIBAET 3KOHOMUYeE-
CKWNe, KYNbTYPHbIE U JpYrie pernoHanbHble 0CO6EHHOCTH
CTpaH-napTHepoB BAONb «[losca n nyTu». TpaHCMOPTHOE
CoTpyAHu4ecTBo Poccun n KHP B pamkax 3Toil uHuLmaTu-
Bbl BEJETCA M0 MHOTMUM HaNpaB/IeHUAM 1 9KOHOMUYECKUM
Kopugopam (nogpo6Hee cm. [6]). Mpn 3TOM COBMECTHbIE
NpOoeKThbl B chepe TpaHauta Ha JanbHem BocToke Bxogat
B YUCII0 NPUOPUTETHBIX, TAaK KaK 60MbLLAs 4aCTb NEPEBO30K
ces3aHa ¢ Kutaem. Mo utoram 2017 r. no kopugopy «Boc-
TOK — 3anag» nepeBe3eHo 67 % OT BCEro KOHTEAHEPHO-
ro Tpansuta — 277 toic. TEU (a66pesuarypa ot Twenty-
foot Equivalent Unit — cTangapTHbIA ABagUaTUYTOBbIN
KOHTENHep). 3a 9TOT Xe Nepnoj 06bLem TPaH3UTHbIX ne-
PEBO30K B yKa3aHHOM HarpasfieHny ysenn4usncs Ha 80 %.
MakcumanbHbI NPpUpoCT 3a(PUKCUPOBAH Ha CTaHUuUM Ha-
YWKK (rpaHuua ¢ MoHronuein) — noytn B 2,9 pasa. HYepes
CTaHUMI0 3abankanbck (rpaHnLa ¢ aBTOHOMHBIM PanoHOM
BHyTpeHHAs MoHronus) npocnenosano Ha 66 % 60sbLue
TPAH3UTHbIX KOHTENHEPOB. Kak 0XX1OaeTcs, pocT TpaH3uT-
HbIX NePeBO30K Yepe3 POCCUACKO-KUTANCKYIO rpaHmMLy npo-
pomxutes [9].

3HAYMTENbHYI0 YaCTb TPAH3UTHBIX FPY30MOTOKOB U3
KHP poccuiickue ene3HoA0POXHNKN 06pabaTbiBatoT CO-
BMECTHO C MOPCKUMU nepeBo3yukamu. FpysootnpasuTe-
nm 13 CBK He MMeOT CO6CTBEHHBIX BbIXOI0B K MOpIO, @ 0T-
npaska TOBApOB W3 3TWX Per1MoHOB Yepe3 noptel MogHebec-
HOM CBfi3aHa ¢ 60MbLUKMK 3aTpaTaMu. [Ins HUX BbIrogHee
BbIXOAMTb HA MUPOBbIE PbIHKW 4epe3 POCCUIACKME fanbHe-
BOCTO4Hble MOpcKue noptsl (AMI). Moatomy Kutaii 3anH-
TEPECOBAH B HANAXMUBAHUN HAAEXHbIX N 3 DEKTUBHBIX
TpaHCNOPTHbIX coobLeHuin mexay CBK n [1BP no Tak Ha-
3bIBaeMbIM «[Tpumopckum» TpaHcrpadudHsiM MTK «[1pu-
Mopbe-1» n «[pumopbe-2».
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MTK «lpumopbe-1» B cOCTaBe XeNe3Ho40POXKHbIX
1 aBTOLOPOXHbIX MarucTpanen Ha4nHaeTca B XapbuHe
(NpoBMHLMSA X3NNYHU3SH), NEPeCeKaeT rocyaapCTBEHHYHO
rpaHuuy B CyndaHbxa u LyHHue (KHP) n B noc. Morpa-
HWUYHBIA 1 C. MNonTaska (P®), NPOXOANT TPAH3UTOM Yepes
Yccypuinck v Bbixogut Ha MI1, 4epes koTopble rpy3bl 0T-
npasngOT MOPCKUM NyTeM B NopTbl Kutas u cTpaH ATP.
TpaHCnopTHYO UHPPACTPYKTYPY KOPUAOPA COCTaBNAT
ABTOJ0POXHbIE U XEeNIe3HOA0POXKHbIE TPAHCTPAHUYHbIE Ce-
TV [IBYX CTPaH, NyHKTbI NPONYyCKa Yepe3 POCCUNCKO-KNUTam-
CKYI0 rOCYZapCTBEHHYIO rpaHuLly, MOpcKue nopTbl Bnagm-
BOCTOK, Haxoaka, BOCTOYHBIIA.

MTK «[Tpumopbe-2» CoeanHUT KPYMHbIE MPOMbILLTIEH-
HbIe LIeHTPbI NPOBUHLMY LI3UINHBL N0 CETU aBTOMOOUITbHBIX
1 xenesHbix gopor ¢ [IMI B XacaHckom paioHe. NHdpa-
CTPYKTYPY KOPUZOPA COCTABMIAOT aBTOMOOUIIbHbIE, XKEnes-
Hble IOPOrK, NYHKTLI MPONYCKa Yepes rocrpaHuly, noptsl
CnassHka, 3apy6uHo, Mocber.

B neka6pe 2016 r. Npasutensctso PO yteepaunno Kox-
Lenumuio pa3BuTusa MexayHapoaHbIX TPAHCMOPTHbLIX KOpU-
nopos. «[1pumopbe-1» u «[pumopbe-2». B none 2017 .
Poccua u KHP nognucanu MmemopaHiym 0 COTPYAHWUYECTBE
B 06r1acTu passutua Kopugopos. Ha cosnaHme MTK notpe-
6YH0TCA 3HAYUTENIbHbIE 06bEMbI MHBECTULNIA — 0KOJ0 300
MApA4 pyonei. 3Ha4NTENbHYIO 4acTb CPEACTB FOTOBbI Bbl-
JeN1Tb YaCcTHbIE UHBECTOPbI, B TOM Yucne n3 Kutas, Ha yc-
NIOBUSIX TOCYAAPCTBEHHO-4YACTHOMO NapTHepcTBa. OxxunaaeT-
cs, 410 cozfaHne MTK o6ecrneqmnt 3Ha4UTeNbHbIN 3KOHO-
MUYECKNI 3PMEKT ANd POCCUNCKUX KOMMAHWA 1 NYy6BNnY-
Horo cektopa. K 2030 r. nnaHupyetcs npupoct BPI1 Ha 29
MIIpA py6., POCT HANOTOBbIX NOCTYNNEHWIA B GIO[KETHI BCEX
YPOBHEN COCTaBUT 5,7 Mnpg py6., LONONHUTENbHO 6ydeT
C03/JaH0 HECKOJTbKO ThbICHY Pabo4mx MecT.

[MepcnekTuBHbIA 06beM rpy3onoToka no MTK «[Tpu-
mopbe-1» n «[pumopbe-2» Ha nepuof go 2030 r. oue-
HUBAETCA B 23 MJIH T 36PHOBbIX U 22 MJTH T KOHTEHEp-
HbIX TPYy308, 4TO 3KkBMBaNeHTHO 1,8 mnH TEU [7]. Takon
MOTEHLMaN OCHOBAH Ha CYLLECTBEHHON 3KOHOMUM 3aTpart
BPEMEHW 1 DUHAHCOBbIX CPELCTB KNTANCKUX KOMMAHUNA

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

npw foCTaBke rpy3oB yepes poccuiickue QM. 3KoHO-
MUS N0 aBTOTPAHCMOPTY cocTasnser 4o 20 Jon. 3a TOH-
Hy, N0 >ene3Hoil gopore — 1o 10 gonn. 3a TOHHY. Exe-
FOAHbIA 3PEKT KUTANCKUX TPAH3UTEPOB OT UCMO0JIb30-
BaHus MTK gocturHet 700 miH gonn. 3d¢eKTUBHOCTb
1 NPUBNEKATENLHOCTL KOPMZOPOB 06ECNEeYNBALTCA KaK
3a CYeT MCNoJib30BaHNs 60siee KOPOTKOro nneya npu ao-
CTaBKe rpy30B, TaK 1 32 CYET YNPOLLEHNUs TPAHCrPaHUY-
HbIX NPOLeYpP, UCNOJb30BAHNA XECTKUX rpadonKoB crie-
[O0BaHNA TPAH3UTHbIX KOHTEHEPHbIX NOE3A0B 1 ONTUMK-
3aLMK TEXHOJIOMMYECKMX NPOoLeccoB 06paboTKy rpy3oB
B TPAHCMOPTHbIX y3/ax.

B 70 >ke Bpems npu pa3paboTke MiaHOB JanbHERLLIEero
passutusg MTK cnegyet 06patuTb BHUMaHUE Ha psf (hakTo-
POB, KOTOPbIE CNOCOGHbLI 0Ka3aTh BIIMSHWE HA 3DEKTUB-
HOCTb U OKYNaeMOCTb UHBECTULMIA B MPOEKTLI. Hanpumep,
pa3BuTME KOPULOPOB 1 MacLITabHAA MOAepHU3aLns TpaHc-
cnba v bAMa moryT npuBecT K (hOPMUPOBAHNIO HECKONb-
KX KOHKYPUPYIOLLNX MEXAY COB0N TPAH3UTHBIX MapLUpy-
TOB, KOTOpble OYAYT NPETEeHA0BaTh HA NEPEBO3KY OHUX
1 Tex xe rpy3os Kak u3 AMI, Tak v 8 JMI1.

[MpumopcKue KOpUAOPbI JIOTUYHO BMUCHIBAKTCA B CU-
CTeMy TpaHCKuUTanckux marmctpanein Gesepo-BocTouHbIX
MPOBUHLNIA CTPAHbI, BLIXOAALLMX HA POCCUIACKUIA TpaHc-
cn6 yepes ctaHuun 3abaiikansck u Haywku [3]. Moatomy
Ha 6a3e uHgpacTpykTypbl 31X MTK mMoryT 6bITb 06pa3oBa-
Hbl HOBbIE TPAHCMOPTHbIE KOPUAOPbI MeXAY [pumMopcKum
Kpaem ¥ t0XXHbIMW pernoHamm BoctouHoin Cubupm ¢ Tpax-
31UTOM N0 XeNnesHbimM goporam Kutas [1].

B03M0XXHa KOHKYPEHLNA MexXay TPaHCKNTANCKUMM
mapLupytamu u poccuinickumu TpaHccubom n bAMom mo-
XKET NPUBECTU K NepepacnpesesieHnto TPaH3UTHOro rpy3o-
NOTOKA U, KaK CNeACTBUE, NOBNUATL HA JOXOAb! TPAHCMOPT-
HbIX KOMMAHUA 1 COLMANTbHO-3KOHOMUYECKOE NONOXeHNe
TPAH3UTHBIX PErMOHOB. KpoMe yKasaHHbIX (PakTopoB npu
oueHke acppektnsHocT MTK «[pumopbe-1» u «[pumo-
pbe-2» NPeACTaBNAeTCsa Lieneco06pasHbiM TaKXKe Y4UThbl-
BaTb X BMUAHWUE HA PA3BMTWE NPUTPAHUYHOTO COTPYLHU-
yecta mexxay [BP n CBK. UT
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Prospects for the formation of a transport corridor
with China and its economic evaluation

AHHOTauusa

B cTaTbe paccmoTpeHbl nepcnekTuBbl Poccum Kak
napTHepa W y4YaCTHUKA B peanu3al My HOBOIA cTpaTerum
Kutas. MpoekT «HoBbiit LLlenkobiit nyTe» [1] Hanpas-
NIEH Ha paclMpeHne TPAHCMOPTHbIX KOPULOPOB, 3aBO-
eBaHWe NepCrneKTUBHbIX CObITOBLIX PbIHKOB U HAChILe-
HUe NX BbICOKOTEXHONOTMYHON KUTANCKO NpoayKLMei.
HLUM no3BonnT 3ageiicTBOBaThL B peanu3aLum npoekTa
OCHOBHbIX NAPTHEPOB M TEM CaMbiM Pa3BUTb U 06HO-
BUTb MUMEIOLLYIOCS MHMPACTPYKTYPY, @ TAKKE NOBBICUT
YPOBEHb 3KOHOMUYECKOTO Pa3BUTUS BCEX YYACTHUKOB
npoekTa.

Kniouesble cnosa: Hoseiii LLenkosbiit nyts (HLUM),
napTHepcKoe COTPYAHWNYECTBO, TPAHCMOPTHbIE MapLLpy-

Tbl, 3KOHOMUYECKNE OTHOLIEHNA, SKCNOPT, PbIHKKU C6bITa,
BbICOKOTEXHOJIOrMYHAA NPOAYKLMUA.
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Abstract

The article examines the prospects for Russia as

a partner and participant in implementing the new
strategy of China. The project “New Silk Road” [1]
is aimed at expanding transport corridors, getting
promising supply markets and saturating them with
high-tech Chinese products. The NSR will let the
main partners be involved in the implementation
of the project and thereby develop and update the
existing infrastructure, as well as increase the level
of economic development for all project participants.

Keywords: “New Silk Road” (NSR), partnerships,
transportation routes, economic relations, exports,
supply markets, high-tech products.
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Kutai ceroiHs, 6e3ycrioBHO, ABNSETCS BEJIMKOI MUPO-
BOV1 lep>xaBon. Kutaickaa 3KoHOMMKa CHUTAeTCA NepBon
9KOHOMUKOI MUpa N0 HOMUHANBHOMY BanoBOMY BHYTPEH-
Hemy npofykTy (BBIT). 31a cTpaHa nugupyeT B NPOU3BOA-
CTBE M 3KCNyataLmm BbICOKOCKOPOCTHBIX XENe3HOA0P0X-
HbIX MarucTparnei [2]. Kutaii — KpynHeiLumin MUpoBOi 3KC-
nopTep OCHOBHbIX BUA0B NPOAyKLuU («habpuka Mupa»).
470 Kacaetcs UMNopTa TOBApPOB, TO OH 3HAYUTENBHO YCTY-
naeT 3KCMOPTY, B OCHOBHOM B CTPaHy NMOCTYNaeT CbIPbe.

Ycnex Kutast BO MHOTOM 3aBWCUT OT NPOU3BOACTBA U 3KC-
nopta NnoTPe6bUTENIbCKUX 1 TENIEKOMMYHUKALMOHHbBIX TO-
BapoB. OiHaKo AaHHas OTpacNb He CMOCo6Ha NoaaepXiu-
BaTb 3P(PEKTUBHOCTb W NUAEPCTBO AN BCEI KUTANCKOM
9KOHOMUKMU.

CTpemuTeNlbHOMY 3KOHOMUYECKOMY pasBuTuio Kutas
CMnoCOOCTBYET OTKPbITAA BHELUIHE3KOHOMUYECKAs 1 TOProBas
nonuTuKa. Tem He MeHee TemMbl POCTa BanoBOro BHYTPEH-
HEro nNpojykra B CTpaHe HeJOCTaTO4HbI Ans KOMIEHCcaLMK
noTepb OT BHELUHETOPrOBOr0 060p0Ta B LIESIOM U 9KCNOp-
Ta B 4aCTHOCTW. Kutaimckue T0Bapbl, NPOU3BEAEHHbIE C yye-
TOM HOBbIX pPa3paboToK U MHHOBAUWIA, B MUHUMANbHOM KO-
NIN4ECTBE NOABNSAIOTCA HA PbIHKAaX EBpOMbI 1 Apyrux passu-
TbIX CTPaH. [Tpn4nHOI ABNAETCA HECOOTBETCTBME KUTANCKUX
TOBApOB UMEIOLLMMCSA TPEOOBAHUAM W CTAaHAAPTaM Pa3BMUTbIX
CTpaH. B pe3ynbrare npoucxoaunT CoKpaLLeHne noTpebuTesb-
CcKoro cnpoca Ha pbiHkax CLUA v Esponeiickoro Cotosa (EC).

[ina pelleHns BaxHbIX Npo61eM CTPaTernieckoro pas-
BUTUA KiTas B COBPEMEHHOM MUPE MPUHAT K UCTMIOMHEHMIO
npoekT «Hosbii LWenkosbin nyTb» (HLLIM). HLUTT gomken
onpenenuTh U peann3oBartb camble Y406HbIE U BbICTPbIE
TpaH3UTHble MapLLPYThl Yepe3 EBpasuio, 4To ByaeT cnocoo-
CTBOBATb ObICTPOMY 3KOHOMUYECKOMY PA3BUTUIO OTAEMb-
HbIX PErMoHoB Kutas, B3auMOLENCTBUI0 C NPUTPAHNYHbI-
MW CTpaHamu 1 NO3BONNUT OTKPbITb NEPCMNEKTUBHBIE PbiH-
Kn cObITa ANs KMTANCKNX TOBApPOB COOTBETCTBYIOLLErO Ka-
yectsa. HLUM ang Kntas He npocTo NpoeKT BO3POXIEHUS
ApesHero LLlenkoBoro nyTm — TpaHCNOPTHOrO MapLupyTa
mex[y Boctokom n 3anafom, Ho 1 BO3MOXHOCTb C03/a-
HUS HOBOW, NEPCMNEKTUBHON TOProBO-3KOHOMUYECKON CU-
cTeMbl B LieHTpanbHoii n CpefgHeit Asui. Takas KoHLenLus
nonyyuna HaseaHne «0auH Nosic — OfMH NyTb». BO3MOX-
HOCTU MHCOPACTPYKTYPHbIX NPOEKTOB KuTas BENUKU 1 B Nep-
CMEeKTMBE CNOCOOHbI 0XBATUTb BCE CTPaHbl Mupa. [poekT
MEXKOHTUHEHTA/IbHOM CUCTEMbI TPAHCMOPTHBIX KOPULOPOB
BKMto4aeT AscTpanuto 1 iHaoHe3nto, CpeaHtot n Boctou-
Hyto Asuto, brivkHuin BocTtok, EBpony, Adpuky, JlaTUHCKyHO
Awmepuky n CLUA. Cpeawn npoekToB B pamkax HLUM nnaxun-
pytoTcs rnobanbHble UHPPACTPYKTYPHbIE U3MeHeHNs. 10
oLeHkam akcnepTos, HLUIM oxsatut 4,4 Munnuapaa Yenosex,
4TO COCTaBnseT 60/1ee NONOBUHbLI Hacenexms 3emnm [3].

He cny4ainHo »ene3Ho40P0XHbIA TPAHCMOPT Bbl6paH
B Ka4eCTBE OCHOBHOW OTPACNN B 3KOHOMWUYECKOM PA3BUTMK
Kutas. MNpegnonaraercs, 410 MeXayHapoaHoe COTPYAHN-
YECTBO KUTANCKUX XKENe3HbIX JOPOT C APYrUMU Xene3Hbl-
MW Joporamu Mupa cBOUM NpPUMepoM NpPUBEYET Npomns-

TpaHcnopTHbIe U TPAHCMOPTHO-TEXHONOrU4ecKMe CUCTEMbl CTPaHblI,
€€ PermoHoBs U roponos, opraHn3aluna Nnpou3BoAcTBa Ha TpAHCNOPTE

BOAMTENEN 060pyL0BaAHNS, NPOrPAMMHOr0 06ecneYeHns,
NPOBaAEPOB UHXWUHUPUHIOBBIX W APYrUX YCAYT, a TaKXKe
GaHKu, CTPaxoBble U KNacTepHble KoMnaHuu [4].

Pa3BuTME NapTHEPCKMUX OTHOLLEHUIA XKENe3HbIX JOPOr
MUpa NO3BONIUT Peanin3oBaTb NPOEKTLI CTPOUTENLCTBA Bbl-
COKOCKOPOCTHbIX Xene3HblX J0pOr, CTaHET OCHOBOI pas-
BUTUS BbICOKOTEXHONOTMYHOMO NPOM3BOACTBA, a Ans Ku-
Tas 6y[eT cnoco6CTBOBATL NOBLILLEHNIO NOTPEOUTENBCKO-
ro cnpoca Ha T0Bapbl, YCIyru, CEPBIC Ha NEPCNeKTUBY [5].

MexxayHapoHOoe COTPYLHUYECTBO C POCCUIICKMMU Xe-
nesHbimu goporamu (OAOQ «PXK[1») MoXeT cnoco6CcTBOBaTh
CO3/JaH1I0 TPAHCLEBPOA3MATCKOr0 NoAca Pa3BuUTMS, KOTO-
PbI NO3BOAMT BOMOTUTL B XM3Hb NpoekTbl OAQ «PXK[»
B OTBET HA KUTANCKNE MHWNLINATUBDI.

«Hosbli1 LLIenKoBbIA NyTb», UIN €BPA3UIACKUIA CYX0-
MYTHbIA MOCT, — KOHLLENLMSA HOBO MEXKOHTUHEHTAIbHON
TPAHCMOPTHOW CUCTEMbI, pofBMraemon Kutaem. B kadecTse
OLHOr0 N3 BAXHbIX MyTeid COTPYAHWNYECTBA paccMaTpuBa-
eTCS TPAHCMOPTHbIA MapLLpyT Yepe3 Kasaxcta n Poccuio
B EBpony. OH BKNtoYaeT B Ce65 TPAHCKOHTUHEHTANBHYIO0 Xe-
nesHyto gopory (TpaHcCMBUPCKY0 MarucTpans) 1 BTOPOI
€BPA3NICKNA KOHTUHEHTANbHbIA MOCT, MPOXOASALLNA Ye-
pe3 KasaxcTaH [6]. [o camomy AnMHHOMY B MUPE TPaHC-
NOPTHOMY MapLupyTy u3 Kutas B lepmMaHuio nnaHupyoTcs
rPY30Bble 11 NACCAKMPCKIUE NEPEBO3KM NMPOJOSIKUTESIbHO-
CTbto 15 fiHei, 4TO B Ba pasa 6bICTpee, 4em No MOPCKOMY
mMapLpyTy Yepes Cyaukuid kaHan [7].

Kpome atoro, Poccus n Kutail niaHmpytoT nocTpouTb
BbICOKOCKOPOCTHYI0 XXeNe3HOLOPOXHYH MarucTpasbs o7
Kutanckoro XapbuHa 4epes MyaasbL3saH fo Bnagusocro-
Ka NpoTshkeHHOCTb0 380 KM ¢ 12 cTaHumamun. OpueHTupo-
BOYHas CTOMMOCTb Npoekta — 19 mnpa gonnapos. Ha atom
0Tpe3Ke NPOEKTUPYETCA U NACCaXMPCKas MUHUA CO CKOPO-
CTbHO [IBUKEHUA Noe3a0B 0 250 Km/Hac, u rpy3oBas (KOH-
TeliHepHbIe NepeBo3Ku) B COTPYAHUHECTBE C rOCYAapCTBEH-
Hoi KomnaHuei China Railway Dongfang Group. Peanu3sa-
L1 NPOEKTa CTPOMTESbCTBA XENIe3HOA0POXHOI MarucTpa-
nm Xap6uH — BnafnBoCcTOK — 3T0 4acTb r1106anbHOro npo-
€KTa N0 CONPsXEeHN0 EBPasNnCKOro 3KOHOMUYECKOrO COH-
3a C 3KOHOMUYECKMM nosicom «Hosoro LLenkoBoro nytu»,
KOTOPbI paccmatpuBaetcs Kutaem u HallenieH Ha rpyso-
BOVt NoToK 13 Kntas. 3a 2013-2016 rr. ToBapoo6opot Ku-
Tas CO CTpaHamu, HaxoAsLmuMucs Ha mapLupyte LLlenkosoro
nyTw, yKe goctur 3,1 Tp/iH 4onapos, a 06beM BNOXEHWIA
Kutas B npoekT npesbicun 1,1 TpniH fonnapos. B peanusa-
LM MeranpoekTa u nony4eHun NHBECTULNIA 3aUHTEPECO-
BaHbl 37 CTPaH, HO 1 TEPPUTOPMATIbHASA KOHKYPEHLNA Bbl-
COKA. 32 HOBbIl CyXOMYTHbIA TPAHCMOPTHBIA MapLUPYT, N0
KOTOPOMY KuTalcKue ToBapbl 6yayT HanpasnsaTeca B EBpo-
ny, KOHKYpupyrT, nomumo Poccun, MoHronus, KasaxcraH,
benopyccus, YkpanHa, Asep6arimxaH, Kupruaus, Tamkuku-
cTaH, TypkmeHnmcTax, Vipan, Typuuns, bonrapus. Okasanoce,
4TO NO OAHWUM TPAHCMOPTHLIM MapLLpyTaM [OCTaBKa rpy-
30B M NaccaxupoB 060MAeTCS CIMLWKOM A0POro, a no apy-
M OHa 6YZeT CINLIKOM [IMTEeNbHOMN.
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PaccmoTpum TpaH3uUTHbIE MapLLIPYTbl BO3POXAAeMO-
ro HLI ¢ ucnonb30BaHneMm »efie3HO40POXHOI0 TpaHCe-
nopra (ta6n. 1) [8]:

Ypymuu — Aktay — baky — Motu — EC (4epe3 pymbiH-
cKuin nopT KoHcTaHua unu Yepes 6onrapckuii nopt byp-
rac). TeopeTu4eckas MOLLHOCTb nopTa KoHcTaHua pasHa
nuwb 50 Teic. TEU B rog (TEU — efuHmuLa usmepenms rpy-
32, paBHas 06bemy ofiHoro 20-(pyTOBOr0 KOHTEHEPA), 4TO
CBWJETESIbCTBYET O C1ab0W TPAHCTIOPTHON MHGPACTPYKTY-
pe. CtoumocTb goctaBku oaHoro TEU no nopta KoHcTaH-
Libl XENe3HOA0POXHbIM TpaHcnopTom B 2016 r. coctasu-
na B CpefHeM 5 ThiC. JONNAPO0B, YTO NOATBEPXKAAET BbICO-
KYI0 CTOMMOCTb MO CPABHEHUIO C LPYrMU TPAHCMNOPTHbI-
MU MapLLpyTamu.

[lna aToro mapLupyta notTpe6yeTcs BbINOfHeHUe 60/b-
L1oro o6bema paboT, K KOTOPbIM OTHOCATCS CTPOMTESIbCTBO
KOHTEHepHbIX MOLLHOCTEi B ropofax Aktay, baky u Motu,
MOZEepHU3aLMs N CTPOUTENLCTBO HOBbIX XKENE3HbIX U aBTO-
MOOUITbHBIX OPOT, TYHHENEeA N KOHTEHEPHO-T0rncTYe-
CKMX LIEHTPOB, 4TO TPEBYET OrpOMHbIX 06bEMOB MHBECTULIMIA.

3anagHbiin Kutait — KasaxctaH — TypKkMeHUCTaH —
Asepb6aiigpxad — Typuus — EC. [naBHas CnoxHOCTb 3T0-
ro MapLipyTa 3aK/4aeTcs B He006X04MMOCTU CTPOUTESb-
CTBA HOBOW MHGOPACTPYKTYPbI; KDOME TOr0, MApLLPYT ne-
peceKaeT MHOXECTBO rpaHuLl, U TPeOYeTCA HECKOMbKO ne-
peBasnokK rpy3os C CyLIy HA MOPe U HAa060pOT. Ha AaHHbIN
MOMEHT TaKoi MapLUpyT OTCYTCTBYeET.

B 2010 r. Hayanocb 06CYXJeHNe CTPOUTENLCTBA CKO-
POCTHOW XXeNe3HOJ0POXKHOI MarucTpann anpHe — Kapc,
CBA3bIBatOLLEi 3anaz v BOCTOK Typuuu. B 2012 r. kutaiiubl
32BWNN 0 TOTOBHOCTY BNIOXWUTb B CTPOUTENBCTBO 3TON Ma-
ructpanu 35 mnpg fonnapos. OKOHYaHWe CTPOUTENbCTBA 3a-
nnaHMpoBaHo Ha 2023 r. [laHHas maructpans B NepenekTu-
BE MOXET CTaTb OHUM W3 3BEHbEB TPAHCKOHTUHEHTANIbHON
)KeNe3HoN Joporu, cesasbiBatoLLeii Kutai co ctpaHamu EC.

3anagHbiin Kutait — KasaxctaH — TypKMeHUCTaH —
Wpan — Typuus — EC. B dpespane 2011 r. no faHHomy
MapLUpyTy 6biN1 3anyLLeH nepsblil NPO6HbIA KOHTEHEPHbIN
noesa. 3a 9 AHei noesa npoexan 0T NPOBUHLAN DKIHbL3SH
[0 TYPKMEHCKO-Ka3axCTaHCKO rpaHuLpl, a 3a 14 gHen —
no TerepaHa. Cpok mocTaBku rpy3oB u3 Kntas B Terepat
0Kasasncs B [1Ba pa3a KOpo4e MOPCKOro nytu (mpumep-
HO Ha 25-30 cyTokK). TeopeTU4ecKn MOLLHOCTb MapLLpy-
Ta 3anagHblit Kntait — KasaxctaH — TypKMeHMCTaH —
WpaH oueHnsaetcs B 300 Thicay TEU. CToumocTb nepe-
BO30K IPY30B [lJaHHbIM KOPUZ0POM OLieHuBanacs B 2016 r.
B 1,7 Tbic. ponnapos 3a 1 TEU npw gocTaske »ene3Hoao-
POXHbIM TPAHCMOPTOM.

Espona — Poccus — Upan — WHaus ¢ 0TBETBNIEHMAMY HA
Mepcuackui 3anus, LientpanbHyto A3nio. MexayHapoLHbIi
TpaHcnopTHbIN kopugop (MTK) «Cesep — Hr» opueHTMpO-
BaH Ha NPUBMeYeHNe TPAH3UTHbIX rPy30N0TOKOB 13 Hauu,
VipaHa n gpyrux ctpax Mepcuackoro 3annsa Ha POCCUMCKYHO
TeppuTopuio (4epe3 Kacnuiickoe mope) n ganee B 3anag-
Hyto 1 CeBepHyto EBpony. TpaH3UTHbIA FPY30MOTOK C Ce-

TpaHcnopTHbIE U TPAHCNOPTHO-TEXHONOrMYECKME CUCTEMbI CTpaHbl,
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Bepa Ha tor no MTK npakTuyeckm 0TCyTCTBYET U3-3a Hefo-
CTAaTO4HbIX MOPTOBbIX MOLLHOCTEN B Poccuu. B 6nvxaniiuei
nepcnexTee 6yaeT 3aBepLUEHO CTPOUTENLCTBO nopTa Ons
B ACTpaxaHCKOM 06nacTh ¢ BbIXO40M Ha NPOEKTHYO MOLLL-
HOCTb 8 MJTH TOHH CyXuMX rpy308 B rof. OfHako Takue 06b-
eMbl He MOTyT 0Ka3aTb CKOJbKO-HWOYOb CEPbE3HOr0 BNns-
HUS Ha nepepacnpezerneHne TOProBbIx NOTOKOB B PErvOHe.

Espasuiickue kopugopbl. Hanbonee npeanoyTUTeNbHbI-
mu ans Poccun cuutatotes aea kopuaopa: CeBepHblii eBpa-
3NIACKII 1 LieHTpanbHbIin eBpasuincknii. CeBepHbIi 3aaeil-
CTBYeT NopT BnagnBoCTOK, @ B YMCTO CyXOMYTHOM BapuaH-
T& MarucTpasb BbIXOAUT C KUTANCKON Tepputopum B 3abaii-
KanbCKe, MOTOM naeT Yepe3 Huty, Yna-Yaa u MpkyTtck Ha
Tpancemn6. JoxoanT Yepes Ekatepunbypr n Kaszavb o Mo-
CkBbl 1 CaHkT-leTepbypra n ganee Mopem B CTpaHbl EBPO-
NeNnCcKoro cot3a. LieHTpanbHbIii eBpasniicKuin Kopuaop Uaet
o7 Wanxas no ueHtpansHomy Kutaio 4epes Cuanb, Ypym-
41 1 BbIXOLMT B KazaxcTtaH 4epes norpaHuyHbIi nponyck-
HOW MyHKT [I0CTbIK. 3TOT BapWUaHT CHMTAETCS YACTbHO BbICO-
KOCKOpOCTHOW Maructpanu lMeknH — Mocksa — bepriuH.

061L1as8 NPOTSHXKEHHOCTb BbICOKOCKOPOCTHOW MarncTpa-
nu (BCM) «EBpazusi» — 9,5 TbIC. KM, U3 HUX 2 TbIC. 366 KM
no Tepputopumn Poccumitckon ®epepauun. 06ime Kanutanb-
Hble 3aTpaThl Ha CTPOUTENLCTBO y4acTka bpect (benopyc-
cusd) — Loctbik (KazaxcraH) coctasnsaioT 7,08 TpnH py6nen,
ydqactka [loctelk — Ypymun (Kutain) — 0,76 TpnH py6nei.
MepBblIit y4acTok cTpouTenbcTtea BCM, 3annaHnpoBaHHbIi
Ha 2018 rog, — ato maructpanb Mocksa — KasaHb.

Hy>XHO OTMEeTUTb, YTO TeKyLLas ANHAMUKA FPy30n0To-
ka 13 Kutas B EBpony v 06paTtHO no Xene3HoA0p0oXHbIM
mapuipytam GeBepHOro eBpa3ninckoro kopuaopa n LieH-
TpanbHOro eBPasnnCKoro KOpuLopa camas BHyLLUUTENbHAS.
[Tocne pocta KoHTenHepHoro o6opoTta B 2015 1. Ha 43 %
B 2016 r. 6b110 3adMKCUPOBAHO ero yasoeHue [0 148 Tbi-
A4 KOHTeNHepoB. B 2016 r. nepeBo3ku Yepes [ocTbik (Ka-
3axcraH) u Haywukm (Bbixo 4yepes3 MoHronmio Ha TpaHceu-
6UPCKY0 MarucTpans) ysenuiunuch 605ee Yem B [Ba pasa,
yepes 3abalikanbCK (BbIX04 C CEBEPO-BOCTOYHbIX MPOBMH-
Ui Kntas Ha TpaHcCcubMPCKy Maructpans) — Ha 27 %.

Xoproc — BocTouHbie BOpOTa, CO34aHHbIN Kutaem co-
BMECTHO ¢ KasaxcTaHoM Ha Tepputopum nocneaHero. Mo xe-
Ne3HbIM Joporam ToBapbl 40X0AdT 13 A3uu B EBpony 6bl-
CTpee, 4eM Mo MOPIO, HO CTOMMOCTb NEePEBO3KU OCTABTCS
[0BOJIbHO BbICOKOW. LleHa TpaHCMOpTUPOBKN OLHOIO KOH-
TenHepa 3 Kntas B EBpony no »efie3Hoii Jopore cocTas-
NSeT 0KOMO0 6 ThiC. fJonnapos [7]. Mo utoram nepsoro no-
nyrogma 2017 r., TpaH3UTOM Yepe3 Tepputoputo Kasaxcra-
Ha B HanpasneHn Kutaihi — EBpona — Kutai nepeseseHo
B 1Ba pa3a 60/blUe rpy30B M0 CPABHEHMI) C aHANOMNYHbIM
nepnmoaom npepblayuiero roga. Poct coctasun ¢ 36 TbiC.
TEU po 73 Thic. TEU [8].

Kakom n3 aTux BapuaHToOB CTAHET OCHOBHbIM, MOXHO
TOJIbKO [0rafiblBaThCA, TAK KaK NPaBUNbHAA OLIEHKA pu-
CKOB 1 CBOEBPEMEHHOE 060CHOBAHHOE NPUHATUE peLue-
HUS 32 Kutaem.
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Tabnuua 1

CTOMMOCTHAsA OLeHKa TPAHCNOPTHbIX MapLIPYTOB

TpaHcnopTHbI# MapLupyT

MowyHocTb, B roa,
TbIC. KOHTEAHEPOB

LleHa nepeBo3ku
1 KOHTe#Hepa, TbiC. AONN.

CToMmocTb NepeBo3KH,
BCEro B rop, MjiH ponn.

Ypymun — Aktay — baky — Mot — KoHcTaHua
(wnmn byprac) — EBponeiickuii coto3 (EC)

50 5 250

3anafHblit Kutait — KasaxctaH — TypKMeHUCTaH —
AsepbaimpxaH — Typumsa — EC

[epeBo3ka KOHTeiiHepoB no MapLupyTy u3 Kutas B EC no atomy kopugopy
cenyac He Begercq. Tpe6yeTtcs CTPOUTENbCTBO HOBOW CKOPOCTHOI XKenes-
HOLOPOXXHO MarmcTpanm AanpHe — Kapc cToumocTbio 35 Mnpa Aonnapos

3anafHblit Kutait — KasaxctaH — TypKMeHUCTaH —
Wpan — Typuus — EC

300 1,7 510

EC — Poccus — NpaH — NHaus ¢ 0TBETBAEHUAMM
Ha Mepcuackuii 3anme, LigHTpanbHyo A3nto

TpaH3uTHbIA rpy30M0TOK C ceBepa Ha tor no MTK «Cesep — Hr»
MPaKTUYECKN OTCYTCTBYET, B OCHOBHOM 13-3a HEAOCTATO4YHbIX MOPTOBbIX
MoLLHoCTeln B Poccun

EBpasuiickue Kopumopbl

148 6 888

Xoproc — BocTou4Hble BopoTa (Kutan — KazaxcraH)

no 146 6 876

9kcnepTbl EABP NporHO3MpyT POCT KOHTEAHEPHOr0
o6opota 13 Kutas B EBpony 1 06patHo, no utoram 2017 .,
Ha yposHe 80-100 %. 1 B nepByto 04epefb 3TOT POCT BO3-
MOXEH 32 CYET NepeBo30K N0 XEene3HOLOPOXHbIM MapLL-
pyTam CeBepHOro eBpasninckoro kopuaopa u LigHtpansHo-
ro eBpasunckoro kopmaopa.

B pervoHax ocyLLeCTBIIeHUs NPOEKTA npeanonaraeTcs
YBENUYeHNe KONTM4ecTBa 6aHKOBCKNX NMPOLYKTOB, (DUHAH-
COBbIX OpraHu3auui u, cneoBartensHo, pacluupeHne 30-
Hbl UCMOMb30BAHNSA H0AHS.

Pa3Butue 3kOHOMUYECKNX OTHOLLEHUI KuTtas Hanpas-
NIEHO Ha JOCTUXXEHWE CNeayoLLuX Lieneil:

® oepXKKa IKOHOMUYECKOrO Pa3BUTUS OTCTAKOLLNX

pailoHOB;

@ 33BOEBAHE HOBbIX NEPCMEKTUBHbLIX PbIHKOB CObITA

KUTaNCKOW NpoayKLnu;

@ (o6ecrneyeHne pocTa NoTpebUTeNbCKOro cnpoca Ha
BbICOKOTEXHONMOTMYHYO NPOoAyKumto Kntas v pac-
LUMPEHNE ee IKCNOPTA;

@ BHEpeHMe KNTANCKOro pPbiHKA KanuTana B CTpaHax
LleHTpansHoii A3uu, LleHTpanbHoi 1 BocTo4Ho EB-
pOMbl, 3aKaBKa3b;

® peanusauma npoekta HLUM v o6ecneyveHne TpaH-
3UTHBbIX MapLipyToB B EBponNy;

@ paclIMpeHne UHTepHALMOHANKU3ALMM PbIHKA Kanu-
Tana Kutaa B MMpoBOi (OMHAHCOBOW CUCTEME;

@ (C03[aHKe 30HbI AeNCTBUSA KUTANCKNX CTaHLAPTOB.

CoTpynHnyectso ¢ Kutaem no npoekty HLLTT sBnsieTcs

0Y€Hb BXHbIM 11 NEPCMNEKTUBHBIM C TOYKN 3PEHNS 0XINBIIE-
HUS 3KOHOMMUYECKOro pocTa cTpaH. Ho, Kak 1 B Nt06bIX Npo-
eKTax COTPYAHUYECTBA, CTPAHbI, Y4ACTBYIOLLIE B NPOEKTE,
JOJIKHbI 6bITb PABHOMNPABHBIMU NapTHepamu. UT

Cnucok nutepaTtypbl

1. Samuilov V.M., Pokrovskaya 0.D., Qiao Cong. Concept
«New Silk road» (China, Russia, Germany) // IHHoBa-
LMOHHbIA TpaHcnopt. — 2017. — Ne 4. — C. 26-28. —
ISSN 2311-164X.

2. PasBuTie TEOPMM 1 MPAKTUKM MHHOBALMOHHON AeATENbHO-
CTW Ha TPaHCMOPTe W B LJOPOXXHOM X03ANCTBE : MOHOIpa-
chus / B.M. Camyitnos u ap. — EkatepuH6ypr : YpI'VIC. —
2017. — C. 33-46. — ISBN 978-5-94614-394-3.

3. Tasposckuii t0.B. Hosbii LLenikoBbIi myTb. — M. : 3Kcmo,
2017.— 368 c. [AnekTpoHHbIii pecypc]. — URL: http://www.
centrasia.ru (fara obpaiyeHus 29.11.17).

4. Camyiinos B. M., Mokposckas 0. [. Pazsutue perno-
HaNbHbIX TPAHCMOPTHO-NOFNCTUYECKUX KnacTepos //
BectHuk Yprync. — 2016. — Ne 4. — C. 86-89. —
ISSN 2079-0392.

5. 9koHoMMYeckmin nosic LLIenkoBoro nyTu: pUcku 1 BO3MOX-
HocTn ans Poccum [3nekTpoHHbIN pecypc] / C.A. Jlyko-
HWH // MexayHapoaHas TOprossisi M TOProsas NoauTnKa. —
2015.— Ne 4 (4). — C. 18-29. — URL: https://www.gazeta.
ru/business/2017/11/03/ (nata o6patienns 29.11.17).

6. Tasposckuin K).B. HoBblii LLIeniKoBbIi MyTb [INEKTPOHHbINA
pecypc]. — URL: volternews.ru

7. Kutaii 3anyctun rpy30BoW »Xene3HoA0POXKHbIA MapLIpyT
Xap6uH — Famoypr [3nekTpoHHbIi pecypc] // PBK. —
15 mioHs 2015. — URL: https://www.rbc.ru/rbcfreenews
(pata obpatlenns 29.11.17).

8. Poccus — Kutait: wenkosas ynaska BMecto «LlenkoBo-
ro nyTu» [3NeKTPOHHBIA pecypc] / P. ®ansxos // a3eTa.
Ru. — 7 Hos6ps 2017. — URL: https://finance.rambler.ru/
news/2017-11-07/ru (nara obpawiequs 29.11.17).

B. M. Camyiinos, H. B. Yeprosa | NepcneKTnBbl 06pasoBaHUsA TPAHCMOPTHOrO KOpPUAOPA ¢ KuTaeM 1 ero 3KOHOMUYECKas OLEeHKa

-
—



C.H. bospckud, P. H. Kosanes, B. A. Ky3xeyo8 | AHanu3 MeToA0B onpeaesieHns nokasaresieil TpaHCMoPTHOrO Cpoca arnoMepauum

—_
\}

VIIK 624.01/04 (02)

Cepreit
HukonaeBuy
bosapckuii

Sergey N.
Boyarskiy

/

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

Pyponsg Bnapumup
Hukonaesuy Anekcanaposuy
Kosanes KysHeuos
Rudolf N. Vladimir A.
Kovalev Kuznetsov

AHaJIN3 METOJ0B onpeae/ieHus NoKa3areJiei
TPAHCIOPTHOTO CIIPOCA arjioMepanuu

Analysis of methods for determining the indicators
for transport demand of agglomeration

AHHOTauua

OueHKa KayecTBa CTpaTernyecKoro NJaHMpPOBaHNUA pas-
BUTUS arnomepanuit HeBO3MOXHA 6e3 yyeTa He TONbKO
CYLLLECTBYIOLLErO, HO U MPOTHO3MPYEMOTO TPAHCNOPTHO-
ro cnpoca. B ctatbe npuBefeHbl pe3ynsTathl aHanu3sa
CyLLECTBYIOLMX METOAOB pacyeTa nokasaTteseil TpaHc-
MOPTHOrO cnpoca arnomepauum. Pe3ynstathl BbINONHEH-
HOro aHanM3a NoKasanw, YTo AaHHbIE MEeTOLbl NPUMEHU-
Mbl LU 15 MOHOLEHTPUYHBIX MOJIENE arfioMepaLmu.
BapuaHT ¢ pa3paboTKoi TpaHCNOPTHOM MoJenu B cre-
LMannU3NpoBaHHbIX MPOrPaMMHbIX KOMNJIEKCaX N03BO-
NseT PelunTb NOCTaBNEHHYIO 33fa4y MOAENUPOBAHUS
TPAHCMOPTHOrO CNPOCA W ero pacnpegeneHus, Ho He
[aeT BO3MOXHOCTM BbIAENUTb 0COOEHHOCTH, XapaKTep-
Hble N MOJWLEHTPUYECKUX MOLENEel arnoMepaLnii,

1 KONMYECTBEHHO OLLEHUTb UX BO3JeNCTBUE.

KnioueBble cioBa: arnomepaus, TPaHCNOpTHbIE CBA3M
TEPPUTOPWIL, TPAHCMOPTHbIA CNPOC, METOALI pacyeTa.

D0I:10.20291/2311-164X-2018-1-12-15

Abstract

Assessment of the quality of strategic planning for the
agglomerations’ development is impossible without
taking into account not only the existing, but also
the predicted transport demand. The article presents
some results of the analysis of existing methods for
calculation of indicators of transport demand of
agglomeration. The results of the performed analysis
show that these methods are applicable only for
monocentric agglomeration models. The variant with
the development of a transport model in specialized
software complexes allows us to solve the task of
modeling transport demand and its distribution, but
it does not make it possible to distinguish features
typical for polycentric agglomeration models and
quantify their impact.

Keywords: agglomeration, transport links in the
territories, transport demand, calculation methods
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AKTyanbHOCTb MeTOJ0B ONpejeSieHns nokasarenei
TPAHCMOPTHOTO crpoca cpopmynmpoBaHa B «TpeboBaHNAX
K nporpammam KOMMJIEKCHOr0 PasBuTMs TPAHCMOPTHOMN UH-
(ppacTpyKTypbl NOCENEHNIA, TOPOLCKMX OKPYrOB», YTBEPX-
JIeHHbIX nocTaHoBneHneM lMpasutenscTea PO ot 25 fekabps
2015 1. Ne 1440 (Tpe6osanus K nporpamMmam) [1]. TpaHc-
NOPTHBIN CNPOC 3[eChb ONPeerneH Kak noTpebHOCTM Hace-
NeHns B NepeaBMXeHNN, Cy6bEKTOB 3KOHOMUYECKON fes-
TENIbHOCTM B NEPEBO3Ke NACcCAXMPOB W rPy30B Ha TEPPUTO-
pUK NOCENEHNIA U TOPOLCKUX OKPYTOB.

B o6Luem cryyqae ang nporH03MpoBaHMs MHTEHCUBHO-
CTU ABWXKEHUS CYLLECTBYET psaf creayowmx metoaos [2]:

1. [pasuTauuoHHbIA meTod. [pu pacyete rpaBuTauu-
OHHbIM METOZOM NPeLnonaraercs, 4To Cua CBA3U Mex-
[y paioHamu / 1 j NpONopLUOHaNbHA NOTEHUMaNnam aTnx
panoHoB A 1 B 1 HeKOTOPOIA HYHKLNN NPUTSXKEHNS f(Cy):

Xj = ABODj(cy)- W

I'IpM 3TOM [0/1XXHbl BbIMOJIHATLCA YCNOBUA:

m

ZXU.:OI, i=1..n,
i=1

n

2 X =D, j=1...m,
j=1

m n

\

[N
I

I

rae O;— 4ncno TPyLOBOrO HACENEHMs, NPOXMBAOLLErO
B paiioHe i; D; — 4ucno paboTaroLLmnx XXUTeNeil B panoHe J;
Xjj— KOPPECnoHAeHLNs 13 / B /.

Ha npaktuke Tpebyemble YCNOBUA TPYAHOBbINOMHAMBI,
1 Ons cBefeHNs 6anaHca UCnonb3yT HEKOTOPble KO3M-
(hmumneHTsl, @ camy 3aady peLlatoT UTepaTUBHbIM anro-
PUTMOM 6anaHCUPOBKMU.

2. JHTPONUAHBIA METOA. HTPONUIAHBIA METOS Npej-
MnoJiaraer, 4To peanbHOe pacnpeneneHne KoppecrnoHaeH-
L1 BO3MOXHO ONNUCaTh, MCXOAA U3 MAKCUMYMa SHTPONNK:

0

m X
if
Xj =2 2 X;In——max, (2)
i=1j=1 Xij

rae x,?- — 4aCcTM4HO 06Cel0BaHHbIE KOPPECTIOHAEHLNN.

OHTPONMIAHbIA METOA MOXET CAYXXUTb A8 CTAaTUCTH-
4eCKOro 060CHOBAHMSA PE3yNbTaTOB, NOMYYEHHbIX FPaBnTa-
LMOHHbIM METOZIOM. Takol nofxof no3BONSET ONPeaenaTh
NPaBuIbHOCTb BbIGOPA PYHKLNN NPUTSKEHNA.

Cnpoc Ha nepeABUKEHNS B TOPOACKMX YCNOBMSX ONK-
CbIBAETCA MATPULIEN CYTO4HBIX KOPPECTOHAEHLMIA. Takas
mMatpuLa BOCCTAHABNMNBAETCA U [ JIETKOBOr0, U ANs rpy-
30BOr0 TpaHcnopTa. Takum 06pa3om, Ha OCHOBE MaTpULLb!
KOPPECMOHAEHLNI1 BO3MOXHO NPOrHO31POBaHUe nepeme-
LLEHNI MeXAy TPaHCMOPTHbLIMU PanoHaMu ropofa, Konu-
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4eCTBO KOTOPbIX ONPEAeNAETCA YNCIIEHHOCTLH HACNIEHUS
1 ypOBHEM aBTOMOGMNN3aLMK [5].
B JelicTByloLLEi HOPMATUBHON NUTEPATYPe METObI NPo-
FHO3MPOBAHNSA TPAHCTIOPTHOIO CNPOCA HALLUMW peanu3auuio
B ONbITHON METOLMKE NPOrHO3MPOBAHNA TPAHCTIOPTHOIO
Crnpoca, onpefesieHHol «PykoBOACTBOM MO NMPOrHO3MPO-
BaHWO MHTEHCUBHOCTU [BUXKEHNS HA aBTOMOOUITbHbIX [10-
porax», yTBepXXAeHHbIM pacnopshxeHnem MuHtpanca PO
0T 19.06.2003 Ne 0C-555-p («PykoB0OACTBO MO NPOrHO3M-
POBAHUIO MHTEHCUBHOCTI ABWXEHNS») [2]. 34eck NporHo-
31POBAHNE WHTEHCWUBHOCTMW JBUXEHUS NPeACTaBNAET CO-
601 [BYX3TanHy Npoueaypy:
® Ha nepBoOM 3Tane NPOUCXOANT OnpefeneHue cnpo-
Ca Ha nepemeLLeHme;

® Ha BTOPOM 3Tane Onpefensetcs pacnpeferequne
TPAHCMOPTHOrO CNpoca no YNU4HO-LOPOXKHON Ce-
1 (YOC).

Mo pe3ynbratam BbIYUCNEHWI ONPELENSeTCA UHTEHCMB-
HOCTb [IBMXKEHUS B Yacbl NUK. Takum 06pasom, Ofi1H U3 He-
[0CTaTKOB paccMarprBaemMoil METOAMKM PYKOBOLCTBA 3a-
KJ1K04aeTCs B OTCYTCTBUM NPEANOSIOXKEHNIA 0 pacnpene-
NIEHUN TPAHCMOPTHOrO CNPOCa B OCTa/bHbIE YAChI CYTOK.

lporHo3upoBaHue ans nerkoBoro TpaHcnopTa 3arparu-
BaET CrieJytoLLme Bufbl NepeMeLLeHnii: TpYL0Bble BHYTPUIO-
POJLCKWe, 1IeN0Bble BHYTPUTOPOACKIME, TPAH3UTHBIE, PeKpea-
LINOHHbIE (MOE3KU B CaZ0BbIE U Ja4Hble NOCENKM, 30HbI OT-
[IblXa), HA CBA3AX rOPOJA C APYrUMU HACENEHHBIMMU MYHKTaMU.

B «PykoB0oACTBE N0 NPOrHO3MPOBAHUIO UHTEHCUBHOCTM
LBUXEHUS» pacyeT 1 NPOrHO3 MaTpuLibl TPYLOBbLIX (LOM-
pa6oTa) 1 eNnoBbIX KOPPECMOHAEHLMIA Ha IErKOBOM TpaHC-
nopTe OCYLLECTBNAT HA OCHOBE Pa3BUTUS 3HTPONUIAHOMO
MeTofa C UCNO0Mb30BaHNEM (DYHKLMKM anpuopHOro npeg-
MNOYTEHUS YHACTHUKOB [BUXEeHUs [2]. [oe3aku ¢ pekpea-
LMOHHbIMU LLeNMu1 ONpeaensoTcs 34eCh Ans NUKa Takux
NOE3J0K M0 MaTpuLe pekpeaLmoHHbIX KOPPECTIOHABHLNIA.
[ng onpegeneHns CyMMapHOro 06bema Takux noes3foK Bbl-
MNOJIHAIOT NPOTHO3 Ha NEpPUOA BeYepa NATHULbI U CY660ThI.
[na Toro, 4T06b1 ONPELENUTL MATPULLY KOPPECTIOHAEHLNIA
BO3BpALLeHus B ropoj, NPOM3BOLAT TPAHCMIOHUPOBAHUE.

be3ycnoBHO, KOIMYECTBO PEKPeaLMOHHbIX nepemMe-
LLIeHWIA N0 TOMY WM UHOMY HaNPaB/IEHUIO pacnpenenser-
CS1 N0 TPAHCMOPTHbLIM pPaioHaM Ha 0CHOBAHWM AaHHbIX 00
X YncneHHocT. Takum 06pa3om, pekpeawoHHas Koppe-
CMOHAEHLNs Xj; TOPOACKOr0 TPaHCMOPTHOTO paiioHa / B Ha-
npasrieHnn j (M3mepsemas B ThiCA4ax aBTOMOGUel) OyaeT
onpejesnieHa Kak

Rk(@)M;

== (10)
M,

rae M; — 4NCNEeHHOCTb HacefieHMa paiioHa /, XWUT.; a —
YPOBEHb aBTOMOGMNU3ALMN, UHANBUAYATbHbIX JIErKOBbIX
ABTOMOOUNEN HA ThbICAYY XUTENeN; k(a) — KO ULMEHT
NPONOPUMOHANBbHOCTY; R; — PeKpeaunoHHbIA noTeHUman
HanpasJieHus j, TbICAY Y4aCTKOB.
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[lnq pacyeta TpaH3UTHbLIX KOPPECMOHLEHLMIA B pamMKax
«PyKOBOACTBA MO NMPOrHO3MPOBaHMIO MPOMYCKHOI CNOCO06-
HOCTW» MOTYT ObITb UCMOMb30BAHBI MATPULLbI TPAH3UTHbIX
MO OTHOLLEHMWIO K FOPOJLY NOTOKOB, NOJTY4EHHbIE B PE3yIib-
TaTe 006CNef0BaHNA, MO0 pe3ynbTathl MPOrHO3UPOBAHUS
WHTEHCUBHOCTY [IBMXKEHNA HA aBTOMOBUITbHbIX loporax 06-
LLiero nosib30BaHus. AHanorM4Ho paccYnUTbIBAKOTCA U Apy-
e KOPPEeCNOHAGHLMM HA BHELLIHUX CBA3AX, HE OTHOCALLNE-
€A K pekpeaumoHHbiM. CyTo4Hble MaTpULbl KOPPECNOHAEH-
LA rPy30BOr0 TPAHCMOPTa NPOrHO3MPYIOT OTAEMBHO Ans
TPaHCMopTa Manon, CPeAHel 1 BbICOKON rpy30N0AbeMHO-
CTV NO CNeJyLLIMM BUAAM NEepeSBUKEHNIA: BHYTPUTOPOA-
CKMM, Ha CBA3AX ropoja ¢ APYruMiu HaCeeHHbIMU NyHKTa-
MW, TPAH3UTHBIM OTHOCMTENBHO ropoja.

Heo6Xx04UMO OTMETUTb, YTO MCMOJIb30BaHNE 0oULM-
aNIbHbIX JAHHbIX MPW NPOTHO3e rPY30BbIX NEPELBIKEHM
He NO3BOJIAET NONY4UTb JOCTOBEPHOrO PE3YNbTaTa, TaK Kak
OHM HE OTHOCATCA K AaHHbIM CTaTUCTUYECKOI OTHETHOCTH,
NO3TOMY UMEET MECTO UCKAXKEHUE OTYETHOCTM NepPeBo3ym-
kamu. Kpome T0Oro, 3Ha4uTesIbHas 4acTb rpy30B Mepeso-
3UTCS HeCNeunann3npoBaHHbIMU NPESNPUATUAMM, MENKK-
MM TPAHCMOPTHbIMU NPEANPUATAAMU, HE BELYLLMMU TaKOM
0T4eTHOCTU. O6bEMbI KOPPECTIOHAGHLMIA B pPaMKaX BbILLE-
YKa3aHHbIX METOAMK ONPESenstoTca B KONMYECTBaX TPAHC-
MOPTHbIX CPELCTB.

K nonoxurtenbHbIM CTOpoHam «PykoBOACTBa MO Npo-
THO3UPOBAHWIO UHTEHCUBHOCTU [BUXXEHUS» B 4ACTU OLIEH-
K1 TPAHCMOPTHOrO cnpoca He06X0AMMO OTHECTM Kak ee
NPUMEHUMOCTb HA YPOBHE MEXIOpOJa, TaK 1 Hann4ue pe-
KOMEHZALUMI Ans OLEHKI TPAHCMOPTHOrO Cpoca B pamkax
Marnbix ropofoB. OTAeNbHbIE XXe COCTaBNALLAE, HANPUMED
OLIeHKa napameTpoB ABkeHns no YIC, HeCKONbKO ycTape-
nn v TpebytoT AopaboTku. Kpome TOro, B pamkax arfiome-
pauum JencTBYIOT Kak (0akTopbl PaCCTOSAHNSA, TaK 1 (hak-
TOPbI CBA3AHHOCTM A1pa W CaTeNIMTOB Mexay co6oil, cre-
[0BaTenbHO, Npy NPOrHO3MPOBAHIM TPAHCMOPTHOMO CNPo-
ca MasblX ropofoB arnomepawui He06xXo0AMMO UCMOSb30-
BaTb KaK METO/bl, NPUMEHUMbIE 4115 U30NUPOBAHHbIX APYT
OT [Ipyra HaceneHHbIX NyHKTOB, TaK 1 OrPaHNYeHHbIE pam-
Kamu 0JJHOT0 HACENEHHOr0 MyHKTa.

B ka4yecTBe JOMNONHEHUs K «PyKOBOACTBY N0 NMPOrHO-
31POBAHNIO UHTEHCUBHOCTY [BUKEHUS» MOXHO PacCMO-
TpeTb paborty [5], KOTOpas npegnonaraer yTo4HeHUe ma-
TPUL, KOPPECMOHAEHLMN METOAOM POBACTHBIX OLIEHOK Ha
0CHOBE []aHHbIX 0 (PAKTU4ECKOWN UHTEHCUBHOCTYU JOPOX-
HOIO [IBUKEHNS.

[pamocTponTesNibHbIA XKe NoAxoA, Hanpumep [4], pac-
CMaTpPUBAET NepeMeLLeHus B KONMYECTBAX Yerl0BEK, KOTO-
pble BNOCNEACTBUM (DOPMUPYIOT NACCAXKMPONOTOKN U HA
OCHOBE KOTOPbIX, B CBOKO 04epefb, (POPMUPYIOTCS OLIEH-
KW WHTEHCUBHOCTU J1IErKOBbIX aBTOMOOUIIEN 1 aBTOBYCOB.
TakXe B pamkax ropojia BO3MOXHO CYLLLeCTBOBaHME TaK
Ha3bIBAEMbIX LIMKIIOB NEPEMELLEHNIA, KOTOPbIE BKNOYAOT
B €0 He TONbKO MAATHUKOBYIO MUrpaunio (66 % cyTou-
HbIX LMKIIOB Ans paboymx u 42 % Lna cnyxailnx), Ho u 1o-

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

MOJTHUTENbHbIE NMepeMeLLeHuns K MeCTam KymnbTypHO-6bITO-
BOro TAroTeHus [9].

[Momo6HOro pofa LUnKbl, 6e3yCNOBHO, XapaKTepHbI 1 Ans
arnomMepaumii KpynHenLwmx ropofios, 0AHAKO OHM B HACTOSA-
LLiee BPEMS HE Y4UTbIBAIOTCA HU rPafOCTPOUTENbHO HOP-
MaTUBHO-NPABOBON NUTEPATYPOIA, HU Apyrumin paboTamm
M0 NPOrHO3UPOBAHWIO TPAHCMOPTHOMO CMPOCa.

Takxxe npu nccnesoBanum Bbi6opa Naccaxmpos Mexay
FOPOLCKUM NACCOKMPCKUM WU UHANBUAYANbHBIM TPaHCMOp-
TOM [8] yCTaHOBJIEHO, YTO OH 3aBMUCMT B OCHOBHOM OT (hak-
TOpa BPEMEHN 1 hakTopa CTOMMOCTM NMEPeBO30K.

AHanorn4yHo NPoOrHO31poBaHNe rpy30BbiX NePeBO30K
OCYLLECTBIIAETCA HA OCHOBAHUW JaHHbIX 0 rPy30060p0-
Tax B TPAHCMOPTHbIX paloHax. Ha 0CHOBaHMN Takmx pac-
4eTOB BMOC/EACTBUN BbIYUCATCH MHTEHCUBHOCTY IPY-
30BbIX NOTOKOB.

B Hay4HOI nuTeparype [7] Takxe CyLLECTBYeT onpeje-
JIEHIe TPAHCMOPTHOr0 CNPOCa KaK YCTOMYMBOr0 06bema Co-
BEPLLAEMbIX TPAHCMOPTHBIX NEPEMELLEHNI, COXUBLUNXCA
B pe3yrbTare counanbHO-3KOHOMUYECKNUX NPOLLECCOB, Npo-
XOLALLMX HA OTAENbHON TEPPUTOPUI. TPAHCNOPTHBIN CNPOC
Y4NUTbIBAET TPAHCMOPTHbIE NOTPEBHOCTI CO0OLLECTBA, Aa-
XK€ eCn OHU Y0BJIETBOPEHbI YACTUYHO WUIIN HE YA0BNET-
BOPEHbI COBCEM. [T0406HO TPAHCMOPTHOMY NPEANOXKEHN!HO,
TPaHCMOPTHbIA CNPOC BbIPAXAETCS B TEPMUHAX, XapakTepu-
3YIOLLMX YUCNO N0/, 06beM UNK Maccy rpy3a B eAnHMLY
BPEMEHW 1 MecTa. B ropofiax TpaHCMOPTHbINA CNPOC onpe-
Lensercs nokasarensmu TPaHCNOPTHOM NMOABMXHOCTM Ha-
CereHus (CpefHei, 4acoBOoM, KUIIOMETPOBOM). AHAIOrMYHO
BblILLIEYKA3aHHOMY TPAHCMOPTHbINA CNPOC 3[6Ch TAKXKE ONU-
CbIBAETCA TPAHCMOPTHON KOPPECMNOHAEHUMEN, T.€. YCTOM-
41BO peanu3yemon npu NOMOLLM TPAHCNopTa NepemelLLie-
HIe 4Yeri0BeKa (eLMHULbI rpy3a) U3 0HOr0 MecTa B Apyroe.
[anbHenwuin aHann3 napameTpoB TPAHCMNOPTHOMO cnpoca
AHanoruyeH rpagocTponuTeNnsHOMY U MOXKET BbITb aBTOMa-
TU3MPOBAH C UCMOJIb30BAHEM NPOrPAMMHOI0 KOMMEKca
Vissum. NocTpoeHure mofenu arnomepauuy ¢ Ucrnonb3oBsa-
HUeM nporpamMmHoro komnnekca Vissum [6] nokasano, 4to
OLIeHKA Ka4eCTBa CTPATErM4eCKOro NiaHNPoBaHNS pasBuTUS
arromMepaumin Hembicnmma 6e3 y4eTa He TONbKO CYLLECTBY-
tOLLIero, HO M MPOrHO3MPYeMOro TPaHCMOPTHOMO CNpoca.

OfHMM 13 aCMeKTOB aHann3a TPaHCMOPTHOrO crnpoca
arnomepauwii u ero pacnpeaenenus Ha YIC aBnseTcsa no-
CnejytoLLiee NPOrHo3UPOBaHNE NEPCNEKTUBHON NHTEHCUB-
HOCTW ABMXEHUS. CNIOXXHOCTb B JAHHOW CUTYauWi Bbi3bl-
BAeT Hann4ne TPaH3UTHbIX NOTOKOB, KOTOPbIE MpaKTuye-
CKW He paccmatpmearoTcs «PyKOBOLCTBOM MO NPOrHO3u-
POBAHUIKD MHTEHCUBHOCTU ABMXEHWUA» U NULLb 4N1F JOPOT
(hefiepanbHOro 3Ha4deHus (1 1 2 TeXHUHECKON KaTeropum)
onpegenatoTcs B npoekTe «MeToanyecknx peKoMeHaaLmi
N0 NPOEKTMPOBAHNIO aBTOMOOBWITbHbBIX JOPOr HA N0AX04axX
K KpYMHbIM ropofam».

Kpome Toro, c60p CTaTuCTUYECKNX JaHHBIX, HE06X0LU-
MbIX A5 MOCNeAYI0LLero BOCCTAHOBIIEHUS MATPULL KOppe-
CMOHZEHLMY, PernaMeHTUpyioT «PekomeHaauum no npoBsese-



HWt0 06CNEA0BAHMIA, XapaKTepU3YHLLMX OLEHKY TPaHCMOopT-
HOTO cnpoca» («PekomMeHAaLMm no NpoBeseHno 06creso-
BaHUI»), YTBEPXKAEHHbIE pacnopsxxeHuem MuHTtpanca Poc-
cun 01 28.12.2016 . Ne HA-197-p [3]. laHHble pekoMeH[a-
LI1M BKJTHOHAIOT B CE6S OLIEHKY KaK NMOTPeOHOCTEN HaceneHus
B NepeSBMKEHUM, TaK U CaMOi NMOJBMXHOCTYU HACeNEHuS.
Bce BblLienepeyncrieHHble paboTbl, HECMOTPS Ha [0-
CTaTO4HO MOMHbIA 0XBAT BCEX BO3MOXHbIX COCTABMSAIOLLNX,
(hOPMUPYIOLLIMX CYLLIECTBYIOLLME U NEPCMEKTUBHbIE TPAHC-

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

MOPTHbIE NOTOKW arnomMepaunn, NPUMeHUMbI NNLLbL Ans
MOHOLIEHTPUYHbIX MOJeseil arnomepauumn. BapnaHr ¢ pas-
PabOoTKOM TPAHCMOPTHOW MOAENN B CMeLann3npoBaHHbIX
MpOrpaMMmHbIX KOMMJieKcax, 6e3ycnoBHO, NO3BONAET pe-
LUNTb MOCTABIEHHYIO 3aa4y MOAENMPOBAHUS TPAHCNOPT-
HOr0 CMpoca 1 ero pacnpegesieHns, 04Hako He No3BoNsAeT
BbIAENNTb 0COOGEHHOCTH, XapaKTepHble NS NONULEHTPU-
YeCKMX MOJiefeil arnoMepanmin n Konm4ecTBeHHO OLEHNTb
X BO3aencTeme. UT
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Binsinue oTCcTyIIEHMI B IIaHe
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Impact of deviationson the plan
on the transverse stability of a rail-free track

AHHOTauuA

,U,m'-l NnoBbIWEHNA 6e30I'IaCHOCTVI OBUXXEHUA noe3noB
Heo6X0AMM MOCTOAHHbIN KOHTPOJIb 3 TEMNEpaTypHO-
HanpAXeHHbIM COCTOAHNEM 6ECCTbIKOBOFO XenesHono-
POXHOIO NyTK, B HACTHOCTU 33 NONEPEYHON YCTONYU-
BOCTbIO €1€3HOAOPOXKHOro nyTu, @ UMEHHO Bbl6pOCOM
nyTu. ,D,nﬂ OOCTUXEHNA 3TOM uenu npennaraetca
ncnosb3oBaHue 6anusbl, KOTOpYO HEO6XOAMMO yCTa-
HABJINBATb B Ha|/|6onee ONacCHbIX y4aCTKax HapyweHusa
reomMeTpun n LeNOCTHOCTN NYyTH. METOAVIKa onpepene-
HNA TaKUX MeCT nNpeacTaB/ieHa B CTaTbe.

KntoueBble cnoBa: 6eCcTbIKOBOIA NyTb, PUXTOBKA, OT-

KNIOHEeHMe B NiaHe, nonepeyHas ycToynBoCTb NyTH,
BbIGPOC NyTH, yAEpKMBatoLWas cuna, 3akoH lyka.

D0I:10.20291/2311-164X-2018-1-16-18
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Abstract

Improving the safety of train traffic requires constant
monitoring of the temperature-stressed state of the
continuous railway track. Particularly, the transverse
stability of the railway track and the nominal ejection
of the track are demanded. Engineers achieve this goal
by using balises, which are proposed to be installed

in the most dangerous areas geometry disruption and
integrity of the track. The method for determining
such places is presented in the article.

Keywords: continuous welded rails, realigning, plan
deviation, transverse stability of the track, track
buckling, retention force, Hooke's law.
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[Tpu npoekTMpoBaHmK, CTPOUTENIbCTBE W 3KCnIyaTa-
LMK BICOKOCKOPOCTHbIX XKEJe3HOLOPOXHbIX Marncrpa-
nel JOMKHOE BHUMAHWE YAENAETCH KOHCTPYKLMUYM BEPXHE-
ro cTpoexus nytu. Hanbonee noaxonaLLum sBnsercs 6ec-
CTbIKOBOU NyTb. B npowecce Ucnons30BaHns penbCcoBbIX
nreTen Nog NOABUXHLIM COCTABOM B PefibCax BO3HUKaA-
0T PA3NNYHbIE HAMPSXKEHUS, OAHUM U3 KOTOPbIX ABNAETCA
TeMnepaTypHoe HanpsXeHue, BbI3BAHHOE PE3KUMU KOSie-
GaHuAMUN TeMNEPATYP Kak B TEYEHUE JHS, TaK U B TEYEHUE
HECKONbKMX 4acoB. [1ns MOHUTOPUHIA TEMNEPATYPHbIX HA-
NPSXXeHWiA NpeanaraeTcs cnewluanbHoe yCTPoncTeo — 6a-
nu3a [1-8], no3BoNAtoLLAsA KOHTPOIMPOBATh TEMMNEPATYPHO-
HanpsPKEHHOE COCTOSAHME B6eCCTbIKOBOrO NyTH. 32 CHeT 3a-
NI0XKEHHBIX NITOPUTMOB 3/1EKTPOHHON CXeMbl 6N13bI (CPaB-
HEHWe CKOPOCTU U YCKOPEHUS U3MEHEHNS TeMrepaTypHbIX
HaNPSXKeHWA B KXI0M OTAENbHON TOYKE NyTH) OLeHMBa-
€TCS 0MacHOCTb BbIGPOCA M YroHa NyTy.

banusy npegnaraeTcs yctaHasnnBath Ha Haubosnee onac-
HbIX Y4aCTKax HapyLleHus reOMeTpun 1 LeNIOCTHOCTU ny-
Ti. [Insg onpepenieHns atnx Mect 6bIfio NpOBEAEHO Mofe-
NNPOBaHNE B NPOrPaMMHOM KOMMIEKCe «YHUBEPCATIbHbI
MeXaHu3m». Ha 0CHOBaHMW pacyeToB MONMy4eHHOW Moje-
NN BbINY CLeNaHbI BbIBOAbI 0 BAUAHWM OTCTYNNEHWIA B Nia-
HEe — PUXTOBOK HA YCTOW4YMBOCTb NYTW: 4eM BOJIbLUE CKO-
POCTb [BUXKEHUA N0e3/a, TeM 60SIbLUE BIIMSHUE OTCTYMI1e-
HWU B NNIaHe Ha NonepeYHyo YCTONYMBOCTb PenbCoLLnanb-
HOW PeLLeTKMN, B YaCTHOCTM Ha BbIGPOCHI NYTU.

[Mpennaraerca pac4eT NPOAOSIbHbLIX PACTATMBAKLLNX
YCUIINIA, BbI3BAHHbIX MOMEPEYHON CLBUXKOW MyTu, U Npo-
FHO3MPOBaHWE NOBELEHNS 3TOr0 OTKIIOHEHNA NOCPEACTBOM
OMNpefesienns Cun npu noMoLLy 3akoHa ryka.

Pe3synbTartbl npoxoAa nyTen3mMepuTeNnbHOro BaroHa quk-
CUPYIOTCS Ha MyTeU3MEPUTENIbHON NIEHTE, rae OTPXKEHBI Ta-
Kne JaHHble, KaK BENIMYUHA OTCTYNNEHNA f 1 ero AnuHa [,
a TaKXXe eCTb BOSMOXHOCTb ONpefeNleHns HanpasieHHo-
CTU puUXTOBKU. [Ing onpefernieHns pacTarusatoLlen cusbl
Nno 3akoHy l'yka npefnaraeTca annpoKCMMUPOBATL PUXTOB-
Ky napa6onon (1):

y=ax’+bx +c. (1)
y
=
=
" /2, m -~ 3 )
2 S
[, M

Puc. 1. Annpokcumayus puxmosku napa6osnol

Mpu pacnonoxexun 0ceit COrNacHo puc. 1 MOXXHO HanTw
KO3(DULNEHTBI &, b, ¢ NPY PEeLLIEHNI CUCTEMbI YPaBHEHNIA,
MOMYYEHHON NyTeM NOACTaHOBKM [aHHbIX B TOYKN 1,2 1 3:
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Otctopa a= % b =0, ¢ =-f. nsa puxTOBKMN, NCMOJb-

3yeMOM Npy MOLESIMPOBAHKUM B NPOrPaMMHOM KOMIJIEKCe
«YHuBepcanbHON MexaHu3m», AnuHom [ = 31 m 1 Bennyn-
HOW OTKNOHeHus f=21 mm, a = 0,000087, b =0, ¢ =-0,021,
CNlefioBaTesibHO, OTKIIOHEHWE B NlaHe UMeeT BUA;

y= #-xz —f=0,000087x%-0,021. 3)

[nuHa ayru S onpeaenseTcs Kak
N
2
S= [ J1+(y)dx =
/
2

/
={0,5x~\/1+4a2.x2 +4iln(23-x+\/1+4a2-x2)} f:
a !

2

155
= | \[1+((0,000087x% —0,021))? dx = 31,00004, m  (4)

-155

[To 3aKkoHy [yKa, HanpsXXeHus B NONEPeYHOM CeYeHUr
pensca onpegensoTca no opmyne:

c=¢-F (5)

rae E— mopynb ynpyroctu ctanu (mogynb HHra); ans
penbcoBoil ctanu £ = 2,1-10° MMa = 2,1-107 H/em?; ¢ —
OTHOCWTESIbHOE YANUHEHME.

SZATIZ8[_1:31,00(;24_31:1’22'10_6’ (6)

rae [ — panHa nyTu B MecTe 06pa3oBaHus pUXTOBKU; S —
LJINHA JyTA PUXTOBKN.

Hanps>xeHus nepecynTbIBaOTCA B NPOLOSbHbIE PacTa-
rUBAIOLLME CUMbl CTEPXKHSA (PenbCOBON NIeTH):

F=c-F= 1,22.107.2,1.10782,7 = 2125,241 H, (7)

rae F, — nnowanb NonepevyHoro CeveHns penbca,
Fy =827 cm?,
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CpaBHEHMEM 3HAYEHWIT pacTArMBAOLLMX CU F, pac-
CHUTAHHBIX MO (7), C TeMnepaTypHbIMU NPOAONLHLIMU CU1-
namu N, nony4eHHbIMU MO NOKasaHUAM 6anusbl, onpee-
NsieM NonepeyHble YAepXnBaloLLmMe Ciibl .

[ns HaxoXAeHA YAEPXMBAOLNX CUN Fyy BbIYUTAEM U3
3Ha4YeHNIA PACcTAr1BaroLLMX CUN F, paCCHUTAHHBIX MO 3aKOHY
lyka (7), TemnepatypHble NpOAonbHbIe cunbl Ny
Fyn=F=N, (8)

[ne pasHuLa HauMeHbLUAs, TaM Hanbosee onacHoe Me-
CTO ANf BbIGPOCA MyTW, CriefoBaTensHo, HE06X0AMMO yCTa-
HaBMWBATb YCTPOICTBO — 6ANM3Y.

Bo ns6exaHue pacyera ans Kaxaom puxToBKu, 0Tpa-
XKEHHOIN Ha NyTeM3MEpPUTESIbHON JIEHTE, ONpeseNiieM Ham-
60nee 4acTble MecTa BO3HUKHOBEHUS OTCTYN/EHUI B nna-
He. [1ns 3T0ro HaxoAum cKopocTb V 1 yckopeHue n3meHe-
HUS PUXTOBKM & OT €€ ANNHbI U BENUYUHBI NyTeM andde-
peHuupoBaHus dyHKuum y (3).

dy 4.f
V.=—"=2.—x-f=0,000174x-0,021,
"odx [2 @®)

2
a =Y 2270000174, (10)
ax )

[anee nns 04HOrO 1 TOrO XXe paccMaTprUBaemoro y4yacT-
Ka He06X0MMO CPaBHUTb YCKOPEHNE U3MEHEHNS PUXTOB-
KW a; C aHaNIOrM4HbIMK a;_y, NOMYYEHHBIMU U3 NpeablLy-
LUKMX NYTEU3MEPUTENbHbIX NIEHT, T4e / — faTa npoxoja ny-
TEN3MEpPUTENIbHOTO BaroHa, a (i — 1) — parta npenpiayLue-
ro npoxofa nofo6Horo Baroxa. Ecnu a._4 > a;, T0 Ang pac-
cmMaTpMBaemMoro Mecra Heo6xo4uMOo NPOU3BECTM pacHeT
YAEPXKMBAKOLLNX CINT.

Takum 06pa3om, Ha OCHOBAHWM NPEANOXKEHHbIX pacye-
TOB, 3Has Pe3ynbTarhbl NPOX0JA MyTeU3MepUTENIbHOIO Baro-
Ha, MOXHO ONPeAeNsTb YAepXuBarLLne cinbl. UT
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Future innovations in high-speed transport

Abstract

The article presents future innovations that can

be introduced in the field of railway transport,
namely high-speed trains and highways. The need to
overcome long distances in a short time encourages
organizations to create projects as a way to improve
the transport industry.

AHHOTauuA
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CoBpeMEHHbIN MIUP BbICOKMX TEX-
HOJIOrMIA JAeT BO3MOXHOCTb Pasnuy-
HbIM OTPacNAM UHAYCTPUN UATW B HOTY
CO BPEMEHEM W MPUMEHATH Henocpes-
CTBEHHO Ha NPaKTUKe AOCTYNHbIE WH-
HoBauuu. Gdpepa xxene3Hog0poXKHOro
TPAHCMOPTA He ABNAETCHA UCKITHOHEHU-
em. iMeHHO co3paHue 1 pasBuTHE Bbl-
COKOCKOPOCTHOW »ene3H0A0P0XHON
CETY CTaN0 TOYKOM K NEepexofy TpaHc-
MOPTHOM CUCTEMbI Ha 60J1Ee Pa3BUTbIIA,
COBPEMEHHbI YPOBEHb. YXXe Ceilyac Bo
MHOTUX CTpaHax EBponbl 1 A3um akTus-
HO 3KCMNYyaTUPYHTCA BbICOKOCKOPOCT-
Hble marucTpanu (puc. 1), HeCMOTPSA HA
TO, YTO C MOMEHTa 3anycka B o6Llee
Nosib30BaHWE TaKOro BUAA TPaHCNop-
Ta npowno Bcero 54 roga [1]. OnbIT
NpOLLUEALIMX NeT NOKa3bIBAET, 4TO NO-
[06HblE HOBOBBEEHSA YNY4LIAKT 3KO-
HOMUWYECKYI0 CUTYaLMIO CTPaHbI, Jena-
0T ee 60mee yCTON4NBON. ITO KpaiHe
BaXKHO AN Poccuitckon ®epepaumn,
Y4UTbIBAA PACCTOSAHUSA, KOTOPbIE Npu-
XOANTCA NPeofonesarb noesfam BoO
BPEMS MepeBo30K Mo CTPaHe.

Ha cerofHsaWHUA AeHb TEXHOSO-
TN B CBOEM CTPEMUTESIbHOM PasBUTUY
Ja10T BO3MOXHOCTb YNy4LUNTb CBOIA-
CTBA U TEXHUYECKME XapaKTepPUCTUKM
CKOPOCTHbIX N0e308 1 nyTei. MNomu-
MO pa3paboTKu NPOEKTOB [ CO3Ma-
HWS HOBbIX BbICOKOCKOPOCTHBIX NIMHUA,
HE006X0MMO YHUTLIBATb HAY4HbIE [0-
CTVKEHUSI COBPEMEHHOCTU 1 CTapaTh-
€A CAenartb Ha3eMHbI TpaHcnopT 60-
nee yaoO6HbIM, TEXHOJIOMNYHbIM, 6€3-
0MacHbIM.

[laHHbIN BONPOC JOBOJbHO aKTya-
NeH B Haww AHW. Tak, HabupaeT CKo-
pocTb npoekT BCM MockBa — Ka-

Puc. 1. BbicokockopocmHoli noe30

3aHb — [1eKuH; Takom rnobanbHbIN Top-
TOBbIN MyTb CMOXET «MOJHATb C KOSIEH»
9KOHOMUKY Hallel cTpaHbl. Ecnn nyTb
Mocksa — KasaHb (puc. 2) npefHasHa-
YeH B OCHOBHOM NS NepeBo3KM nac-
CaXNPOB, TO CBA3b 3ATOI NMHUK C [le-
KnHoM 6yfeT cnoco6CcTBOBaThH NOSB-
NEHU0 MHOXECTBA CKOPOCTHbIX rpy-
30BbIX N0OE3L0B.

CTponTenbCTBO MHAIPACTPYKTYPbI
1 3KCrnyaraumsa JaHHOr0 BUAA TPaHC-
nopTa TpebyoT NPUMEHEHUS BbICOKUX
TexHoNnorun. [ns nx 0CBOEHUS B KOM-
naHun OAO «PXK[» 6bina co3aaHa Tex-
Honoruyeckas nnarcpopma «Bbicoko-
CKOPOCTHO MHTENNEKTYaNnbHbIA Xe-
Ne3HOL0POXHbIA TPAHCNOPT», Ha 6a-
3e KOTOpOW pa3paboTaHa cuctema me-
PONpUATHIA, cCNoco6Has BMNOCeACTBIUM
€03/aTb NepPCrneKTUBHbIE TEXHOMOMMN.

Y4yacTHUKaMU TEXHONOrN4EeCKON
nnatopmMbl ABNAKOTCA N0 GOMbLUEH
4acT BY3bl, HA [0/1H0 KOTOPbIX NPUX0-
antes 46 % ot 06LLero yucrna ydact-
HUKOB. [lanee nayt yupexxaenus PAH,

Hay4HO-TexHuyecknii komnnekc OAO
«PX[» 1 npoyue opraHu3aumum n yy-
pexaeHns.

Takxe BefyTCs aKTUBHble pabo-
Tbl N0 Pa3paboTKe HOBbLIX TEXHONOTUIA
Ans camux nyTein. Hanpumep, ucrnosnb-
30BaHNe 6e36a11aCTHbIX KOHCTPYKLMIA
nyti (puc. 3), KOTOPbIM He CTPaLUHbI
BbICOKWE CTENEHW Harpy3Ku, 410 cno-
COOCTBYET JONroi cnyxée 6e3 aedop-
mauuii. Ing nogo6Horo poma cTpou-
TesbCTBA HEOOXOLMMbI MHHOBALMOH-
Hble MaTepuansl, COBPEMEHHas TeXHN-
Ka, a TaKXXe CrneLmanucTbl ¢ J0BOBHO
BbICOKMM YPOBHEM KBannukauum.

Kpome Toro, B niaHax paspaboryu-
KOB CO3[jaH1e BbICOKOUHTENNEKTYallb-
HOW CMCTEMbI YPABNEHNS BIKEHNEM
1 MOHUTOPUHTA, C MOMOLLbIO KOTOPOUA
4enoBeK CMOXET BbI6paTh ONTUMASIb-
HbIil BAPUAHT [CTBUIA B KaKOI-N16o
3aTpyLHEeHHON cutyauun. Takas cucte-
Ma cnocobHa cama npuHMMaTh peLue-
HUS B 3KCTPEHHbIX UK 6AN3KNX K Ta-
KUM CUTYaLMsIX.

Puc. 2. Kapma aznomepayui Mocksa — Ka3aHb 8 pamkax npoekma «BCM Mocksa — Ka3zaHb — [leKuH»



Puc. 3. bes6annacmHbili nyms 015 8bICOKOCKOPOCMHO20 MPAHCNOpmMa

BCé BbiLenepe4ncneHHoe Bnos-
He BO3MOXXHO BOMMOTUTL B peasib-
HOCTb, YeM Celi4ac U 3aHUMalTCs
TPAHCMNOPTHbIE KOMMAHUN, B 4aCTHO-
¢t OAO «PXX[». A BOT HabupatoLLyo
nonynspHOCTb HOBOCTL B IHTEpHeTe
06 YCOBEPLLEHCTBOBAHUM BbICOKOCKO-
POCTHOIO TPAHCMOPTA KOMMaHUK Sky
Way [2] (puc. 4) noka elle Henb3s
Ha3BaTb BOMOLLAIOLLEIACH B XKN3Hb.
Axapemuk A. 3. KOHWULKWIA (COBETCKMIA,
6e/10pYCCKUIA N POCCUNCKUIA NHXKe-
Hep) NOCBATWN LAHHOI 0TPACIIN OKO-
N0 COPOKA JIET Hay4HON AeATeNIbHO-

Puc. 4. Sky Way — mpaHcnopm 6ydyuje2o

ctn. OH cTan ocHOBATEsIeM KOMMaHNN
Sky Way v npefnioxun (noka B Teo-
pun) aspoarHaMU4HbIA NOABUXKHON
COCTaB C aBTOMATU4YECKOMN CUCTEMON
ynpasseHns.

Y TaKkoro TpaHcnopTa ectb 60J1bLLON
pad NPEMMYLLIECTB: BbICOKUE CKOPOCTU
(20 500 Km/4 1 6onee), MHOrOMYHKLN-
OHaNbHOCTb, HEOONbLUNE 3HEPreTuye-
CKIe 3aTparbl, PacronoXXeHue nyTen Ha
paccTosHuu 1-50 M Hag 3emiei, Bbl-
COKWIA ypOBeHb 6e30MacHOCTM 1 np.
He meHee NHTEPECHbIM SABMAETCH TOT
(hakT, 4TO CPOK OKYNaemocTu CTpou-

Opranu3sauua npou3sojacTea (TpaHcnopr)

TeNbCTBA TaKOW MarucTpanu cocTaBut
npuMepHo 2—4 roaa, 3To 40CTaTO4HO
HELONINIA Nepnos BPEMEHM.

Takxe crneflyeT OTMETUTb, 4TO MO
TEXHONIOrMN, NPEANnoXeHHoR KHNU-
KUM, Maructpanu ans Ctofib MHOro-
(PYHKLMOHANBHOrO 1 NOYTU COBEPLLEH-
HOr0 TPaHCMNOopTa BMOJIHE BO3MOXHO
CTPOUTb B TPYAHOLOCTYMHbLIX MECTax,
a TaKXe B 30HaX C TAXENoi Knumaru-
Yeckoi 06CTaHOBKOIA. Poccust — cTpa-
Ha HeMasoro maclutaba, 0xBarbIBato-
LA HECKOJIbKO KNUMATUYEeCKIUX nos-
COB 1 06rafatLLas HepaBHOMEPHbIM
penbedom Tepputopun. Takoi Tin
COBPEMEHHbBIX TEXHOMOTUYHbIX KOH-
CTPYKLMIA — UMEHHO TO, YTO CMOIJI0
Obl PeLUNTb aKTyaNlbHYI0 YXKe MHOro
neT npo6remy npeojoneHns paccro-
AHUA B TPYAHO4OCTYMHbIX MECTaxX Ha-
LUer cTpaHsl [3].

[lna Toro, 4to6bl K peanusawum
[AHHOT0 NPOeKTa NPecTynunu Kak
MOXHO 6bICTpee, HeobXxoanUMbl 60J1b-
LUne CpeACTBa, MHBECTULMW. [1ng 3T0-
ro PYKOBOLCTBOM KOMMaHW 6bI10 pe-
LLEHO, 4TO UHBECTUPOBAHKE BYAET Npo-
13BOAUTLCA MO CUCTEME KpayauHBe-
CTUHra. 370 3HA4YNT, 4YTO CBOU Cpej-
CTBA B peanu3aunio u NpofBIKeHNe
MPOEKTa CMOXXET BJIOXUTb NH060I Xe-
NaroLLiA, BNOCNEACTBAN CTAHOBSLLNIA-
€A NOSIHOMPAaBHbIM BnajenbLem Ao-
N aKLKRA.

A. 3. DHuykuti —
2eHepanbHbIl dupekmop Sky Way
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Ve ceit4ac yCTaHOBNEHbI NMPUMEPHbLIE CPOKM, B KOTO-
pble HA4YHETCS CTPOUTESIbCTBO, B NMEPBYIO 04epedb AEMOH-
CTPaLMOHHOrO0 LeHTpa. Mocne Yero 6yaeT OTKPbIT JOCTYN
[J151 3aKa341KOB, KOTOPbIE YXKe Ceilvac XayT CBOeNn oyepe-
In. Bee 910, N0 NpeaBapuTeNibHbIM AaHHbIM, NPEACTOUT pe-
ann3oBaTb NPUMMEPHO Yepes Tpu rofa.

Mwup He cTOWUT Ha MecTe, BCe NpebbIBaeT B ABUKEHUN,
MpW 3TOM CKOPOCTb C KaXbIM rogom pacTeT. [1osBneHne
Pa3nMYHOro poaa MHHOBALMIA U BBEAEHME WX B 3KCMJlyaTa-
LI1I0 B cdpepe Xene3HOA0P0XHOr0 TPAHCMNopTa MOXET CTaTh
OTNPaBHOI TOYKON ANS YNYYLLEHNUS He TOSTbKO SKOHOMMYe-

CKOIi 1 NONNTNHECKO CUTYaLNN, HO W XKU3HU CTPaHbI B Lie-
nom. CnoxXXHO NoBepuTb B TO, 4TO eLe 60 neT Ha3ag BbICO-
KOCKOPOCTHOI TPAHCMOPT 6blf TOJIbKO B MPOEKTaX Y UHXe-
HEPOB U B MeYTax y BCEX OCTalbHbIX, a CENYac MHHOBALMM
11 BbICOKME TEXHONIOMMI MOMOTatT YAYYLWKUTh A0 NpakTnye-
CKOr0 COBEPLUEHCTBA TO, K YeMY Mbl MPULLIIA HA CEroAHAL-
HWit fieHb. OCTaeTCA HAEATHCA, YTO NPELJIOKEHHbIE MPOEK-
Tbl M0 YNYHLLEHNO BbICOKOCKOPOCTHOIO TPAHCMOPTA B CKO-
pOM BpeMeHK 6yayT BOMIOLLEHbI B XXKU3Hb, @ 06ELLUaAHHbIE
npu 3TOM YnyHLLIeHNs JeiCTBUTENIbHO CO3LaayT 60ree KoM-
(POPTHBIE 1 TEXHONOrMYHbIE YCNOBMS 151 NepeBO30K. UT
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Parameters of platforms for large-capacity containers
transportation and ways to improve their efficiency

Abstract

The article analyzes container transportations by

specialized rolling stock. The history of the development of
containerization in Russia and abroad describes different
ways to improve the construction of platform cars for

the transport of containers and increase the number of
transported large-capacity containers on one platform and in
the composition.

AHHOTauusa
B cTaTbe npoBeAeH aHanN3 KOHTEHEPHbIX NePeBO30K CreLm-
aNM3MPOBAHHbLIM NOLBUMKHbIM COCTABOM.
MpuBefeHa UCTOPUS Pa3BUTUA KOHTeHHepu3auuu B Poccum
1 33 pyOexoM, a TaKKe paccMaTpyUBalOTCA NyTH COBEPLIEH-
CTBOBAHMA KOHCTPYKLMI BaroHOB-nnatopm AN NepeBo3Ku
KOHTEIHEPOB 1 YBENUYEHUA KONNYECTBA NEPEBO3UMbIX
KPYMHOTOHHAXHBIX KOHTENHEPOB Ha 0AHON nnathopme
1 B COCTaBe.

Keywords: platform, parameters, large-capacity container,
KnioueBble cnoBa: nnarchopma, napameTpbl, KPYNHOTOHHAXK- transportation, efficiency.
HbIl KOHTEHep, NnepeBo3Ka, 3P HEeKTUBHOCTb.

D0I:10.20291/2311-164X-2018-1-23-31

1.3 0) 151 Authors

Anekcandp Bacunvesuy CMONbAHUHOB, OelicmaumesnbHbili YneH PAT, 0-p mexH. Hayk, npogeccop kagedps! «BazoHsl» Ypansckoeo 2ocydap-
cmBseHHo20 yHuBepcumema nymeli coobwerus (YplYMC), Examepunbype; e-mail: asmolyaninov@inbox.ru | Anekceli Hukonaesuy [lagsidos,
KaHO. mexH. HayK, 3amecmumesb Oupekmopa no Hay4Hol pabome YensbuHckozo uHcmumyma nymel coobuweHus — gunuana Ypansckozo 20-
cydapcmserHo20 yHusepcumema nymel coobwerus (YUIC YpIYIC), Yensburck; e-mail: davydovan.chirt@gmail.com | Aenuc Bnadumupo-
suY Bonkos, kaHO. mexH. Hayk, doyeHm Kagedpsl «BazoHbl» Ypanbckozo 2ocydapcmseHHo20 yHusepcumema nymel coobwerus (YplYIC),
Exameput6ype; e-mail: dvolkov@)usurt.ru | lenuc Bnadumuposuy Ymups, mazucmpanm kagedpsi «BazoHsl» Ypansckozo 2ocydapcmseHHo20
YyHusepcumema nymet coobwerus (YplYIC), Examepunbype; e-mail: den4161@mail.ru

Alexander Vasilevich Smolyaninov, full member of the Russian Academy of Transport, doctor of technical science, professor of chair for “Rail-
way Cars”, Ural State University of Railway Transport (USURT), Ekatherinburg, Russia; e-mail: asmolyaninov@inbox.ru | Aleksey Nikolayevich
Davydov, candidate of technical science, Deputy Director for scientific work, Chelyabinsk Institute of Railway — Branch of Ural State University
of Railway Transport, (CIR USURT), Chelyabinsk, Russia; e-mail: davydovan.chirt@gmail.com | Denis Vladimirovich Volkov, candidate of techni-
cal science , associate professor of chair for “Railway Cars”, Ural State University of Railway Transport (USURT), Ekatherinburg, Russia; e-mail:
dvolkov@)usurt.ru | Denis Vladimirovich Chmir, Master’s Degree student for chair for “Railway Cars”, Ural State University of Railway Transport
(USURT), Ekatherinburg, Russia; e-mail: den4161@mail.ru

Ne 1 / Mapt / 2018

A. B. CMonbaHuHos, A. H. laseidos, J]. B. Bonkos, /. B. Ymupe | MapameTtpbl nnatgopm Ans nepeBo3KN KPYNHOTOHHAXKHBIX KOHTEAHEPOB U NYTU NOBbIWEHUA UX 3(h(heKTUBHOCTH

N
w



A. B. CmonibaHuHo8, A. H. flagbidos, J. B. Bonkos, /. B. Ymups | Mapametpbl nnargopm AnA nepeBo3KM KPYNHOTOHHAXKHbBIX KOHTEHHEPOB U NYTH NOBbIWEHNA UxX 3hdeKTUBHOCTH

[\
N

Opranu3auums npou3sofcTea (TpaHcnopr)

3HAYUTESNIbHbIA POCT KOHTEAHEPHbLIX NEPeBO30K Xe-
Ne3H0J0P0XHbIM TPpaHCnopToM Habntoaaetcs ¢ 1980-x rr.
11 06YCNOBMEH MX BbICOKOI 3(D(EKTUBHOCTLIO U BHEAPEHU-
eMm CneLnann3mpoBaHHOro NoABUXHOMO COCTaBa U TEXHU-
YECKUX CPefaCTB.

[MepBble cneyranu3npoBaHHbIe NNaTopMbl U NEPBbIN
60MbLIErPY3HbIA KOHTEHEP 6bin M3roToBneHsl B COBET-
ckom Coto3e B 1977-1978 rr. Ha cneunanbHO CO3[aHHOM
MPOU3BOLCTBEHHOM 006beAnHeHUNn «AbakaHBaroHMalLL».
970 eAMHCTBEHHOE B Poccun npeanpustue, npom3Boas-
LLiee KPYMHOTOHHAXHbIE KOHTEAHEpPbl Pa3nuyHOn MOAu-
(hukaumm, KoTopble UCMONL3YIOTCA B 35 CTpaHax Mupa.
CerofHs NPOEKTHbIE MOLLHOCTU MPeSnpuATAS COCTaBns-
t0T NopafKa ABYX ThbiCAY CMeLuanbHbIX Nnarthopm 1 ABag-
LLaTN TbICAY YHUBEPCANTbHbIX U CMELMaNnbHbIX KOHTEHEepOB
B rog (taén. 1, nos. 3).

B 1975-1989 rr. 06bembl NepeBO30K rpy30B B KOH-
TeliHepax Ha BCeX BMAax TpaHcnopTa yBenu4unuce ¢ 66,6
[0 122,1 myiH T 6pyTT0. BonbLuas ux yacTb (79,4 %) 6bina
BbIMOJNIHEHA B YHUBEPCANbHbIX KOHTEHEpax, B TOM Yucne
B KPYMHOTOHHAXHbIX — 39,3 % (0CTanbHOe — B CpefHe-
TOHH2XHbIX KOHTEHepax rpy30noAbeMHOCTbIO 3 11 5 TOHH).
[ong o6bema nepeBo30K B YHUBEPCANIbHLIX KOHTENHEPAX,
NPUXOAALLAACH HA XENe3HOLOPOXHbIA TPAHCMOPT, COCTa-
BUna 55,3 %.

B 1990 r. napk KpynHOTOHHaXHbIX KOHTelHepoB (20-gy-
TOBble) npesbiwan 170 Tbic. PU3NHECKUX eauHNL. B HacTo-
fLee BpemMs 0Kono 60 % 06bema KOHTEMHEPHbIX NepeBO30K
cocTasnsoT 40-(hyTOBbLIE KOHTEMHEPLI. Ha HUX NPUX0ANTCS
90 % poccuiickoro umnopta n 20-25 % 3akcnopra [1, 2].

TpaHccnbupckuii KOPUAOP ABNAETCA BaXHENLLEN CO-
CTaBHOM YaCTbO CETU MEXAYHAPOLHbIX TPAHCMOPTHBIX KO-
PUAO0POB, 1 €ro 3Ha4eHue Ang MUPOBOro 3KOHOMUYECKOT0
co06LLeCcTBa B jene pasBuTUs TOProB/N, BHELUHE3KOHO-
MUYECKUX CBA3EN Mexy cTpaHamu EBponbl n Asun ove-
BUAHO. IKCMNOPTHbINA CermeHT kopuaopa B 2013 r. cocTa-
Bun 685 Tbic. TEU, ¢ 2005 no 2013 r. 06beM NepeBo3okK
BbIpOC B 2,6 pasa, unu noytu Ha 500 Teic. TEU. B 2009-
2013 rr. 3KCnopT B HanNpPaBneHUM MOPCKUX MOPTOB Bbl-
poc B 2,8 pas, a B Hanpas/ieHU NOrPaHUYHbIX NMepexo-
J10B — Ha 46 %.

CerofHs 370 Camblii ObICTPbIA W LOCTYMHbIA NyTb AN
J0CTaBKM TOBapOB ¢ BocToka Ha 3anaj u ¢ 3anaja Ha Boc-
TOK, KOTOPbIA MOXET W JO/DKEH CTaTb KaTalM3aTopoM Kpar-
HOr0 POCTa CKOPOCTM TOBApOOOGMEHa MexXJy CTpaHamm
Esponbl 1 A3uu. Mo gaHHbIM KOOpAMHALWMOHHOIO COBETa
Mo TPAHCCMOMPCKIM NepeBo3kam, 06beM NepeBo30K KPYMHO-
TOHHXHbIX KOHTEHEPOB N0 TpaHCCUBUPCKON MarncTpanu
B MexayHapogHom coobLieHumn B 2011 r. coctasmn 564 Thic.
TEU, 4T0 Ha 27,3 % 6onblie, 4em B 2010-m. B 2013 .
no TpaHccuby B COCTaBE KOHTEMHEPHbIX MOE3/0B Nepesese-
HO 571,6 Thic. TEU, uto Ha 39,9 % BbIwwe nokasarens 2012 r.
[ns cpasHenus: B 2002 r., no faHHbIM OAQ «TpaHcKoHTeil-
Hep», 06beM NepeBo30K B YCKOPEHHbIX KOHTEMHEPHBIX M0-
e3fax no scent Poccum cocrasnan 165 toic. TEU.

TpaH3nTHbIE NepeBO3KI KOHTEHEPHbIX FPY30B M0 TpaHc-
cunéy B 2014 r. sbipocnu go 131 Teic. TEU, 4t0 B 7 pas
6onbLe, yem B 2009 r. 06bem nNepeBo30K KOHTENHEPOB MO
Tpaxccu6y no utoram 8 mecsaues 2017 r. TpaH3UTOM cocTa-
Bun 6onee 482 toic. TEU. Mpy 3TOM TpaH3NUTHbIE NEPeBO3-
K1 BbIPOCNN Ha 78 %, 1 HanpaBrieHns NepeBo30K Bblpas-
HUBAIOTCSA, COCTaBNAA 65 % B HanpasneHun Asus — EBpo-
nau 35 % B NPOTUBONONOXHOM. [00BON rPY30MOTOK KOH-
TeHEPHbIX XXeNe3HOL0POXHbIX NEPEBO30K B HANPaB/IeHUY
A3na — EBpona oLeHMBaeTcs [0 04HOro munnuoHa TEU.
B T0 Bpems Kak KOHTeliHepHbIe NepeBo3ku Mexay Esponoin
1 A3ueit MOpeM BbIPOCIN BCEro Ha 3 % npu cpeLHeromo-
BOM 06beme cBblwe 11 maH TEU [3].

PocT 06beMOB XKerne3HOL0POXHbIX KOHTEIIHEPHBIX Nepe-
BO30K, KOHKYPEHLUS CO CTOPOHbI aBTOMOOUITbHOIO TPAHC-
nopTa, He06X0ANMOCTb COKPALLEHUS BPEMEHU [0CTABKM
CO3/at0T NPEANoChbIIKN AN pa3paboTKL BarOHOCTPOUTENS-
MW HOBbIX MOZEJIeN KOHTENHEePHbIX nnatopm, o61agato-
LLMX BOJbLLEA BMECTUMOCTbI0. AHANN3 KOHCTPYKLIMIA naT-
dopm Ans nepeBo3KM KOHTENHEPOB 3a nocneaHue 20 net
NOKa3bIBAET, YTO OHW Pa3BMBANNUCL B HANPAB/EHUMN YBENU-
YEHUA Y1CNA KOHTENHEPOB, NEPeBO3UMbIX Ha OAHOW euHILE
NOABWXHOro cocTasa. Ecnu nepsble NepeBo3KN KOHTElHe-
POB OCYLLECTBAANMCH Ha TUNOBOK nnarcpopme mog. 13-401,
no3BOJIALOLLEN NepeBo3nTb ABa 20-YTOBbLIX KOHTEHEPA,
TO Ha CO4/IEHEHHDBIX NNATOPMax Pa3MELLAIOTCS YXKe LLUECTb
TaknX KOHTenHepoB (Tabn. 1, no3. 1 m nos. 19).

[MyTn pa3BUTUS KOHCTPYKLWIA NOABUXHOI0 COCTaBa 4ns
NepeBO3KM KOHTEHEPOB NOLCKA3bIBAET OMbIT MOPCKUX Ne-
peB030K. IMeHHO Ha MOpe Ues KOHTeMHepM3auum nony-
4una MakcumansHoe sonnotleHue, ¢ 1986 no 2013 r. KoH-
TelHepHbIA rpy30060p0T NOPTOB MUpa BbIpoc no4ti B 10
pa3 — 10 6onee 4em 600 mnH TEU. 06beM MUPOBbIX Nnepe-
B030K B 2013 r. cocTasun okono 181,8 mnH TEU (npu atom
KX [bli KOHTEHEP Neperpyxanca B nopty fga unu 6onee
pas) [1]. PocT 4ncna KoHTeNHepOoB Ha OJHOM Kopabne B ne-
puog ¢ 1956 r. no HacTosLlee Bpems BbIFMSAUT Credyto-
wmm o6pasom: 800 — 2500 — 3400 — 4500 — 5000 — 8000 -
12500 — 18000 TEU.

KpynHeiiLunid B Mupe koHTenHepoBo3 Maersk Mc-Kinney
(puc. 1) BmeLuaet 18250 TEU, 1 0xxnpaetcs nosisaeHue Ko-
pabns BmMecTuMocTbio 6onee 21000 TEU, Tak Kak 06beMbl
nepeB030K KOHTeMHepPOB M3 cTpaH HOro-BocTouHoi Asumn
B EBpony coctasnatot 6oree 11 mnH, mexay Asuei u 3a-
nagHbIM nobepexbem GLLUA — 8,8 mnH n mexxay CeBepHoi
Esponoit 1 CLUA — 2,6 mnH TEU C exerofHbIM yBennye-
HUem Ha 2,8-5 % [2].

YBesin4eHne Yucna KOHTenHepoB Ha nnatgopme 0ocy-
LLeCTBNANOCH NyTeM YBENNYeHUs pa3mepos nnatdop-
Mbl (NOrpy3o4Has AnuHa) ot ogHoro 40-¢pytosoro (onu-
Ha nnatchopmbl N0 ocaAM cuennexus 2Lg, = 14,62 m)
A0 80-chyToBoro (2Lgy, = 26,22 m). BaroHocTpouTenu paspa-
60Tanu 1 NocTaBuUIK Ha NPOU3BOACTBO PSAA MOAENEN C Mno-
rpy3o4Hoit anuHon 80 dpyToB. [pu 3TOM OCHOBHOI napk
nnatopm B Poccum — 370 YeTbIPEXOCHbIE MaT(OpMBbI



Puc. 1. Maersk Mc-Kinney 8 Cyaykom kaHane

Cc norpy3oyHoi gnuHon 60 dytos. [Jona Takux mopenei
0T 06LLiero KonmyecTBa coctaBnsieT nopsagka 47 %.0cHoB-
HOW He0CTaTOK AaHHbIX MNAaTPOPM — U36bITOYHAS NOrpy-
304HasA ANnHa, B Crydae npeabABneHus K nepeBoske ToSlb-
K0 40-(pyTOBbLIX KOHTEIHEPOB. Ha nnatghopme nepeso3uTcs
OZIMH KOHTEIHep C pa3meLLeHem no LeHTpy, 1 B NMOM0BUHE
CNy4aes NNatopmbl 3arpyXXeHbl He NOTHOCTbHO.

[Tnatchopmbl ¢ norpy3oyHoin AnmHoi 40 dhyToB cocTaB-
naT 35 %, ¢ norpysoyHoit anuHon 80 doytoB — 18 %.
Haun6onee adhdpektuBHbIMU Ans nepeo3ku 40-GyToBbIX
KOHTelHepoB c4nTaroTcs 80-pyToBble nnatopmel. Hefo-
CTaTKOM Takux nnaTgyopm ABNAETCA HEBO3MOXHOCTb Of-
HOBPEMEHHO MepeBo3unThb YeTbipe 20-0yTOBbIX KOHTElHE-
pa maccoi 6pyTTo 24 1. 40-chyTOBas nnargopma obecne-
41BAET HANOOJbLLYI MMOKOCTbL B BbIGOPE rpy3a, NOCKOMb-
Ky MOXET HecTn oanH 40-coyToBbIN Unu aga 20-¢yTOBbIX
KOHTeliHepa 1 MeeT HaubOoMbLUY rPy30N0AbEMHOCTb
no cpasHeHuo ¢ 60- n 80-chyToBBIMU MNAaTopMamu.
60-cpyToBas nnatcpopma MOXKET HECTU 6O0JbLLE KOHTEM-
HepoB, Yyem 40-hyToBas, HO UMeET OnpeLesieHHble orpa-
HUYEeHUS No rpysonogbeMHocTy, a 80-doyTosas nnatgop-
Ma UCMONb3YeTCA rMaBHbIM 06pa30M Ans NepeBo3Ku JBYX
40-chyTOBbIX KOHTEIHEPOB.

B HacTosLLee BpeMs Ha XenesHbIx Jjoporax Poccuu Ha-
XOAATCA B 3Kcnyarauun nopsaka 40 mogener nnarhopm
ONS NepeBo3KN KPYMHOTOHHAXHbIX KOHTENHEPOB NPou3-
BOACTBA 3aB0f0B Poccum n YkpanHbl (10 mogenen). Ta-
Koe pazHoobpasue nnaTgopm 0Co60 He padyer aKcnya-
TaLUWOHHUKOB, HO, C IPYrON CTOPOHbI, 3TO CBUAETENLCTBYET
0 BbICTPOM OTK/MKE NPOM3BOANTENE Ha NOTPe6HOCTY ne-
PEeBO341KOB. B 3aBUCMMOCTN OT NOTPEBHOCTEN U C YHETOM
YCNOBWIA 3KCNIyaTaLum KOHCTPYKLMN NNatchopm LOSKHbI
0TBEYaTb CrlefytoLLnuM Tpe60oBaHUAM:

©® nepeBo3ka He MeHee BYX 40-(pyTOBbIX KOHTENHEPOB;

©® BO03MOXHas nepeBo3ka He MeHee YeTbipex 20-gy-

TOBbIX KOHTEMHEPOB MACCOI 6PYTTO He MeHee 16 T;
©® norpysoyHas AauHa nnatgopmbl JOSKHA COCTaB-
nATb He MeHee 24,5 M, a 6a3a BaroHa 19 m [4].

B tabn. 1 npuseseHbl Hanbonee 3Ha4MMble MOLENU nnar-
hopm Ans nepeBo3KN KPYMHOTOHHAXKHbLIX KOHTENHEPOB.
AHanu3s napamMeTpoB MOKa3bIBAET, YTO UMEHLLNECH Orpa-

Opranu3sauua npou3sojacTea (TpaHcnopr)

HUYEHNA N0 NepeBo3ke YeTbipex 20-PyToBbIX KOHTEAHEPOB
Maccom 6pyTTo 24 T 06YCNOBIIEHbI MPUMEHAEMbIMU X0L0-
BbIMU 4aCTAMU. YaCTUYHO OrPAHNYEHNS MOTYT ObITb CHSI-
Tbl MPUMEHEHIEM TENEXEK C HArpy3KOM OT OCK Ha PEJibChbl
245 kH (25 T¢), Kak 310 cLienaHo Ha nnatcopme MoLenn
13-6903 (ta6n. 1, nos. 11).

BaxHeiLwmit nokasatenb rpy30BbIX BaroHOB, OLeHNBA-
fOLLMIA BEC Noe3fda, — MOroHHas Harpyska, y AnnHHo6as-
HbIX MIaTOpPM Ans NnepeBo3KU KOHTENHEPOB OHA MEHb-
Le [OMYCKAeMOro 3Ha4eHWUS W He MPeBbIlLAeT BEMUYUHbI
4,81 1c/m (Tabn. 1, nos. 17). B naHHom cnyyae BaXHbIM 8-
NAETCH He BEC Noe3fa, a KoNU4ecTBO KOHTEMHEPOB, HAaxXo-
OsLMxcs B cocTaBe noesfa. [103ToMy HamMu BBEJeH Noka-
3atesib MOrOHHOM Harpy3ku B pasmepHocTn TEU/ m (ycnos-
HbIl 20-(PYTOBbI KOHTEHED HA METP AUHbI NNaTchopMbl
no ocAM cuenneHus). B Takom cryd4ae, Hanpumep, B no-
esge anuHon 1000 m, cchopmmupoBaHHOM U3 niaTgopm
mMog. 23-469-07, 6ynet Haxoantbes 158-159 TEU koHTel-
HEpPOB. 3TO MaKCUMAJTbHOE KOJTMYECTBO KOHTEHEPOB, KOTO-
poe MOXET ObITb pasmeLLieHo Ha 80-phyToBbIX NnaTgopmax
BCEX MOLeneil. 3T0 LOCTUrHYTO KOHCTPYKTUBHBIM UCTOSHE-
HWEM NOrpy304HON NNOLLAJKM, @ UMEHHO BLIHOCOM KPANHUX
(pUTUHIOBbLIX ONOP 32 Npefenbl pambl NIaTopMbl (pUc. 2).

Puc. 2. BbiHoc KpaliHux onop
3a pamy naamgopmsi M0od. 23-469-07
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Takoe e KONN4eCTBO KOHTEHEPOB MOXET HaX0AUTb-
€A B noesfe, ChopMUPOBAHHOM U3 COMSIEHEHHbIX NnaT-
hopm mogenu 13-470-01 (tabn. 1, nos. 19). [puseaeH-
Hble TP MOZENIN COYNIEHEHHbIX NIAaTPOPM UMEIOT Mo [Be
pambl, 0BAHOMY Y31y COYNEHEHMS 1 M0 TPU [BYXOCHbIX Te-
nexku. CouneHeHHble NNaThopMbl ANs NEPeBO3KMN KOHTEIA-
HepoB cTpaH CeBepHO AMepUKI COCTOAT U3 TPEX UMK Ns-
TN CeKLMIA. PacyeTsl, BbINOSHEHHbIE aBTOPamMK paoborT [5, 6],
Mo ONpefeneHno Y1Cna CeKLMiA COYNIEHEHNS B 3aBUCMMO-
CTU OT OTHOCUTESIbHON CTOMMOCTU BaroHa 1 BEPOSTHOCTY
OTLeNKM B TEKYLLMIA PEMOHT MOKa3bIBAKT, 4TO ONTUManb-
HOE KOJIM4EeCTBO CEKLMA cocTaBnser 4-5.

C 2011 r. Ha »xenesHbIx foporax Poccun akennyatu-
pyetcs 70 couneHeHHblx nnargopm mogenn 13-9851 no-
ctpoiikm AQ «TaTpaBaroHka». Mnatcopmbl CHOPMIUPOBAHBI
B ABa cocTasa no 37 (anuHa 1094 m) u 33 (anuHa 976 m)
eLlHULbI COOTBETCTBEHHO. TakM 06pa3om, B N0e3ax Ha-
xoaatca 148 n 132 TEU KoHTeliHepoB.

MakcumanbHOe KonM4ecTBO KOHTeNHEpoB Yuciom 198
MOXET HaX0AUTLCA B Noesae, ChopMUPOBAHHOM U3 NnaT-
hopm, nepeBo3aLLNUX KOHTEAHEPbI B 1Ba Apyca (Taén. 1,
nos. 21).

BaxHbIM HanpasfeHneM COBEpPLLIEHCTBOBAHUSA NepeBo-
30K KOHTEHEPOB fBJIAETCH 0CBOEHUE HOBOM TEXHONOrMN
UX TPAHCMOPTUPOBKM C MOrpy3Koii Ha nnaTdyopmbl B 1Ba
apyca. [Ing ontumn3aumm BpemMenn xoaa noesgos B 1960-
e rr. B CesepHoit Amepuke 6biin BBEAEHbI B 06paLLeHne
CneLnann3npoBaHHbIe KOHTeHepHbIe noesaa [7]. B uensx
noBbILLIEHNs 3hHEKTUBHOCTU U CHUXKEHMS 3aTpaT 3Tu Nno-
€3/1a NePeBO3AT KOHTENHEPbI, YyCTaHABIMBAEMbIE HA Nnat-
(hopmbl B AABA Apyca. 3a CHET 9TOro NPOBO3HAs CNOCO6-
HOCTb XKene3HblX 4opor yBennyunacs 6onee 4em Ha 50 %.
MapLupyTHble KOHTeHepHbIe noe3aa CeBepHO AMepuKi
COCTOAT M3 NNaTPOPM C ABYXbAPYCHOM NOTPY3KOI KOHTEN-
HEpOB, B TOM YUCNE 1 CO4NIEHEHHbIE NnaTgopmbl (puc. 3).
Takon noesp Bko4aet ao 300 efuHNL BaroHoB, Ha KOTO-
pbIx NepeBo3nTcs [0 600 KoHTeliHepoB. O6bIYHbIA N0E3N,
coctout 13 140 nnatdopm ¢ 280 KoHTeliHepamu. XKenes-
Hble gopory Kutas n Hamm Takxke noLuim no 3Tomy nyTu
11 OCYLLIECTBNAKOT NMEPEBO3KY KOHTENHEPOB Ha Xene3HoL0-
POXHbIX natopmax B 4ga apyca. B otnuume ot xenes-
HbIX gopor Knutas, rae nenosb3ytTcs nnatgopmsl ¢ no-
HWXEHHO NIOLWWAAKOW, XKene3Hble goporu NHaum nepe-
BO3AT KOHTEHepbI B 1Ba Apyca 1 UCMOJb3YIOT CTaHAapT-
Hble nnaTdopmbl 63 NOHWXKEHNS YPOoBHA nosna. [nsa aTo-
ro ObII0 PELLEHO NOAHATL BbICOTY KOHTAKTHOIO NPOBOAA
1 UCMOJIb30BaTh HA IOKOMOTUBAX TOKONPUEMHUK MOBbI-
LUEHHOI BbICOTbI.

04HaKO COOPYXKEHNS M TEXHNYECKME CPeACTBA XKEeNe3Ho-
JOPOXHOro TpaHcnopTa Poccuu He N03BONAOT Clief0BaTh
nydLieMy MUpoOBOMY OMbITy. OrpaHnyeHns HaknaablBaoT-
Cl MOLLHOCTbI0 BEPXHEr0o CTPOEHUS NMYTU W YCTONYUBOCTLIO
3eMMSHOr0 NON0THA, OrPaHNYEHHOCTbIO PA3MEPOB BEPXHE-
ro 04epTaHWs rabapuToB Ha ANEKTPUDULMPOBAHHBIX yHaCT-
Kax nyTu, MOCTamu U TOHHenaMU. [peosoneTb 311 OrpaHu-

Y4EHNS MOXKHO APYriM NyTeM, a UMEHHO UCMO0Mb30BaHNEM
MHOT00CHOI0 NOABUXHOrO cocTasa. [1pn paccMoTpeHum
BOMPOCOB MOBbILLIEHNA NPOU3BOANTENILHOCTU U 3P dhek-
TUBHOCTY »KENe3HOLA0POXHOI0 TPAHCMNOPTA HA MHHOBAL-
OHHOW 0CHOBe B paboTax [8, 9] Hapagy ¢ Apyrumu Tunamu
BaroHOB NPeAn0XeHa CXemMa MHHOBALMOHHOI NnaTgopmbl
L5 NepeBo3KM KOHTeHepoB (puc. 4). Cxema nnatdopmsl
NO3BONSAET Pa3MECTUTh LECTb 20-DyTOBbLIX KOHTEIHEPOB.
[Tpn aTOM NoroHHas Harpyska 6yaet pasHa 0,231 TEU/m,
T.e. B noe3ae anmHon 1000 m 6yaet HaxoanTbes 231 KOH-
TenHep, 4To Ha 45,3 % 6onblue, 4em B noesgae, chopMu-
POBAHHOM U3 Ny4LLUNX 06PA3L0B HETbIPEXOCHBIX NNAaTchopm
(mof. 23-469-07). Xof0Bble 4acTu NnaTopMbl peanusyot
Harpy3Ky 0T 0CW Ha penbcbl 245 kH (25 T¢), T.e. BeC 6pyT-
T0 nnatcpopmsl coctasmt 200 Tc. Mpu Tape nnaTopmbl
50-55 T rpy3onoabemMHocTb coctasut 145-150 T, 410 N0O3BO-
NSIeT MakCUMaIbHO YLOBNIETBOPUTL NMEPEBO34LKa B TPAHC-
nopTmpoeke 20-pyTOBbLIX KOHTEHEPOB Tapoil 24 Tc.

Puc. 3. ®paemeHm koHmeliHepHo20 noe3da
¢ 08yxwApYCHOU no2py3Kol KoHmeliHepos
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Puc. 4. KomnoHosKa uHHoBayUOHHOU naameopmsl

B nocnegHue rofbl HA POCCUICKOM XXene3HoLopoX-
HOM TPaHCMNOPTE NOABUIICA HOBbI, COBPEMEHHbI CNOC06
[0CTaBKM rpy30B — NepeBo3Ka B YCKOPEHHOM KOHTelHep-
HOM roesfe (Hanpumep, TPAHCMOPTHBIA NPOAYKT «TpaHc-
cn6 3a cemb CyTOK»). OH 06ecneymBaeTt psif HECOMHEH-
HbIX MPEUMYLLECTB N0 CPABHEHWIO C OCTaNbHbIMU BULAMM
MepeBo3Ku, a UMEHHO: Ha 60MbLUNX PACCTOSHUAX Nepe-
BO3KMW YCKOPEHHbI KOHTEMHEPHbI NOe3[ OCYLLECTBNAET
CKOPOCTb [10CTaBKM, COMNOCTaBUMYIO C NepeBO3KOMN aBTo-
MOOUNbHBIM TPAHCMNOPTOM, HO NPU CYLLECTBEHHO MEHb-
LLe CTOMMOCTK, a TaKXKe 06ecneyBaeT NOBbILLEHHYHO
COXPaHHOCTb rpy3a. CerofHs Takme noesaa CBA3bIBaOT



KpynHeiwue ropoaa Poccun: Mocksy, CaHkT-TleTep6ypr,
Hosocubupck, VpkyTck, Xabaposck, BnaaneocTok u nme-
0T HEMO0 TOYeK oTnpasneHns B Kurtae (HYauay, LWunyx,
JansHb). 3T0 NO3BONAET OXBATUTbL NPAKTUYECKMN BCE OC-
HOBHbIE 3KCMOPTHO OPUEHTUPOBAHHbIE NPOU3BOLCTBEH-
Hble PaOHbl CTPaHbl. B CBA3M € 3TUM aBTOPbI NOAYep-
KUBAKT, 4TO BCE KOHCTPYKLUW nnatgopm, 1Cnonb3ye-
Mble 1151 MePeBO3KU KPYMHOTOHHXHbIX KOHTENHEPOB,
MMEIOT KOHCTPYKLUOHHYK CKOpoCTb 33 M/ ¢ (120 km/H).
Hn3kne ckopocTu ABMXeHUs Noe3fos (HeMHOro 6onee
1000 KM B CyTKW) OrpaHnyeHbl OTCYTCTBUEM MOJIUTOHOB
JBVXEHNA co ckopoctamu 90 1 60nee KM/4 Ha BCEM My-
TN CneLoBaHmA.

BaroHocTpoutensmu co3aH CKOPOCTHOW BaroH-nnar-
hopma mogenu 13-6954 (tabn. 1, no3. 20) ¢ akcnnyara-
LIMOHHOI cKopoCTbio 44 m/c (160 KM/4), npeaHa3Ha4eH-
HbIA 15 NepeBO3KK OAHOr0 KoHTeHepa 40 unu 45 dyTos
(BKINtO4as pedhpuKepaTopHble KOHTENHEPbI C aBBTOHOMHOM
[13eSb-reHepaTopHoii yCcTaHOBKOW). BaroH paspaboTaH
C NPUMEHEHNEM XOL0BbIX HACTel 1 Y3/10B NaCCAKMPCKO-
ro noABUXXHOIO COCTaBa, BKJIKOHYaA CKOPOCTHYH ABYXOC-
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HEeHWe NpeJycMaTpuBaeTCs B COCTaBe CKOPOCTHOMO Noes-
[a NOCTOAHHOIO chopmmposaHus (4o 30 BaroHOB) C TATON
NaccaXunpckumn nokomotneamn. CKOPOCTHbIE U fLUHAMU-
YECKMe XapakTepucTUKM HOBOrO NMOJBUXHOIO COCTaBa fe-
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NEHeHHOro Tuna 1 nnatgyopmax Ans nepeBo3Ku KOHTelHe-
poB B [iBa Apyca. UT

JOPOXHOro TpaHcnopta. — GaHkT-Metep6bypr, 2013. —
Ne 2 (6). — C. 10-13.

6. bopoHeHko K. 11. BbI6Op KOHCTPYKTUBHbIX PeLIeHUN
COY/IEHEHHbIX PY30BbIX BaroHOB Ans konen 1520 mm /
F0. . bopoHeHko // TpaHcnopt Poccuitckon ®epepa-
. — Cankt-MeTep6ypr, 2013. — Ne 3 (46). — C. 3-9. —
ISSN 1994-831X.

7. Mopuunnagse 1.T. CoBepLUeHCTBOBAHME BarOHOB-NAT(OPM
INs MeXAYHapOAHbIX NepeBo30K KoHTelHepos / U.T. Mop-
ynnapgae, A.B. Tpetbsikos, A. M. Cokonog // KenesHble fOpo-
v Mmnpa. — 2006. — No 8. — C. 52-55. — ISSN 0321-1495.

8. ®ununnos B.H. MapameTpbl 1 KOHCTPYKTUBHOE UCMONHE-
HWE BbICOKOMPOU3BOLUTENBHOIO MOABWKHOMO cocTaBa /
B.H. ®ununnos, A.B. CmonbsHuHOB, 1. B. Koanos, A.H. [a-
BbIZ0B // TpaHcnopT Ypana. — EkatepuH6ypr, 2013. —
Ne 1 (36). — C. 46-49. — ISSN 1815-9400.

9. Jlanngyc 5. M. lMoBbllweHNe NPON3BOAUTENbHOCTM U 3(h-
(PeKTMBHOCTY XKene3HOA0POXHOI0 TPAHCMOPTa HA MHHO-
BaLMOHHOI ocHoBe / b. M. Jlanuayc // BeCTHUK Hay4HO-UC-
Cef0BaTeNbCKOr0 MHCTUTYTA XXeNe3HOA0POXKHOI0 TPAHC-
nopta. — 2012. — Ne 5. — C. 3-6. — ISSN 2223-9731.

A. B. CmonbaHuHO8, A. H. lagbidos, J. B. Bonkos, /. B. Ymups | MapameTpbl nnatgopm AiA nepeBo3KM KPYNHOTOHHAXKHbBIX KOHTEMHEPOB U NYTH NOBbIWEHNA UX 3heKTUBHOCTH

w
-



M. 0. lucHuyenko, H. A. Jlunbkosa | ipo6nematnka o6pasa KU3HU CTYAEHTOB-CMOPTCMEHOB }eNe3HO[0POKHOro BY3a

W
N

Oprasu3auus npon3Bo/cTBa (TpaHcnopT)

VIIK 796.011

MapuHa OneroBHa
JIncHnyeHko

Marina 0. Lisnichenko

/

Hatanba AHatonbeBHa
JInHbKOBa

Natalia A. Linkova

IIpo0JemaTHKa 00pa3a Xu3HH

CTYACHTOB-CIIOPTCMECHOB
KEJIE3HOAO0PO2KHOI'O BYy3a

The problematic of the style of life
of students-sportsmen from university

of railway transport

(Cratbs ny6/mMKyeTCs B aBTOPCKOM PeaKuymm)

AHHOTauusa

B cTatbe MAET peyb 0 TOM, KaK CTYAEeHTbI-CNOPTCMEHbI COBMe-
LWatoT yyebHylo 1eATeNbHOCTb C TPEHUPOBOYHBIM MPOLLECCOM.
PaccmoTpeHbl 0CHOBHbIE MOMEHTbI aKTUBHOW XWU3HeaeATeNb-
HOCTU CTY[,EHTOB XeNe3HOAOPOXHOro By3a, KOTOpble NoMora-
I0T UM JOCTUraTh BbICOKMX PE3yNbTaToB B CnopTe 6e3 oTpbiBa
oT y4yebbl. Heo6X0ANMO OTMETUTD, YTO CTYAEHTHI YpanbCKOro
rOCy[,apCTBEHHOMO YHUBEPCUTETA NMyTel COOOLEHNA [EBATI
pa3 noapafj CTaHOBATCA YEMMUOHAMU CMOPTUBHbIX COPEBHO-
BaHUil CpefM TPAHCMOPTHbIX By30B Poccuu.

KTo Takue CTyneHTbI-CMOPTCMEHBI, MOTYT JIM OHU BOCTUTaTh
BbICOKMX pe3yNbTaToB B CMOPTe, Bbibpas cBoil nyTh? Kakue
npo6iembl MOTyT BO3HWUKATb Nepes HUMM, U KaK OHU UX
peLwaroT, 4Tobbl MOBLICUTL CBOI CMOPTUBHBLI YPOBEHBL? 3TH
BOMPOCHI PAaCCMOTPEHbI B AAHHOI CTaTbe.

KnioueBble cioBa: cnopt, 06pa3 M3HU, CTYAEHTbI, COpTCMe-
Hbl, 300POBbE, PE3y/bTaT, [OCTUKEHUE.

D0I:10.20291/2311-164X-2018-1-32-36

Abstract

The article will discuss how students-athletes combine
educational activities with the training process. The main
moments of the active life of the students of the railway
university are considered, which help them to achieve high
results in sports without interruption of their studies.

It should be noted that the students of the Ural State
University of Railway Transport for the nine consecutive time
become champions of sports competitions among transport
universities in Russia.

What student sportsmen is and can him or her do their best
in sport living their way? What problems can be met by
students and how to solve them to increase their sport level?
These and other questions will be answered in this letter.

Keywords: sport, lifestyle, students, sportsmen, wellness,
results, achieving.
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Actually

More and more young people understand the impor-
tance of body wellness: growing up the mind about them-
selves, positive opinion from the side of other people, ca-
reer success — that and other reasons are pulling young-
sters to develop their health skills. However, following on-
ly sport achievement cannot give all the ways of express-
ing beauty of body: the lifestyle of students -sportsmen is
the main step of living in healthiness. If the student does
not sleep enough, doesn’t eat by basic rules, doesn’t follow
simple rules of wellness, no results will be achieved. Sport
and lifestyle are two integrated definitions and if it is pos-
sible to follow lifestyle without sport, but doing sport with-
out lifestyle is just wasting of a time. What are the rules of
such way of living like student sportsman? Does it real to
realize every point in similar conditions? What problems can
be risen in that field of exploring? These and other ques-
tions are not answered by themselves and so no results are
might be achieved. According that topic of lifestyle is very
important and actual in nowadays.

The goal

Understanding of basic lifestyle points of student sports-
men.

Questions: to analyze the functional feeling of student
sportsmen, to study knowledge of students -sportsmen
about their lifestyle and the correct one, study the practical
knowledge in nutrition, sleeping, and other points of life-
style and the linking between this all with sport.

Methodic and organization
of researching

There was created one test to check students-sportsmen
in such fields as understanding lifestyle, following it, con-
nection wellness with sport results, hearing about sport ad-
ditive components, using them. There was one more ques-
tion about impact of around information on students beliefs
and how can it be seen in variable sport situations. The quiz
contains 14 question and there was given 120 responses,
on which letter is built. The people are students of Univer-
sity of Railway Transport in Yekaterinburg in different ag-
es from 17 y.o. (first year of studying) to 25 (last year and
magistrates). All the important results will be given in the
sequence of describing topics.

Following that there were made very awesome explo-
sions: researching of people who had a strong system of
knowledge, showed that their sport or just fitness results
were much higher and better than results of students, who
had no ideas or at least didn’t know so many facts about

Opranu3sauua npou3sojacTea (TpaHcnopr)

good nutrition and whole lifestyle. That can be a signal for
lectures to begin some special courses about lifestyle as
well and about different interesting for students topics such
as behavior and control in sport, impact of lifestyle on suc-
cess and degradation in results and so on.

Constituents of well lifestyle
of sportsmen students rest

“Do not stand if you can sit; do not run if you can sit;
and do not sit if you can lie” — says Randall Schtrossen
and prove it with the real facts [1].

It is absolutely known that in sleeping time our body re-
charge itself: clearing the brain memory, building new mus-
cles, working with nervous system and other important work
is incredible. What is happening in training? There are inju-
ries while feeling tension because of strength: muscles be-
gin to hurt and micro gaps born. Night — is the time of fill-
ing those gaps by growing new nuclear linking. This pro-
cess is named as muscle grows.

The important part of our sleeping is first two hours: the
number of growth hormone is unbelievable high, so it is im-
portant to fall asleep and keep health dreaming for whole
this cycle of restoring. Nevertheless, creating new nuclear
is not only the goal of sleep. Increasing level of body ener-
gy is handy and very difficult process too.

What is the energy? It is destroyed connections that can
give human strength and stamina to do something. By the
time of training all the sources left the body and it is empty
of any reserve. If there is no time to find or just create new
reserve muscles starts to destroy. And what with students
in real life: studying, working, training, going to party, walk-
ing... there is no a bit time for the main position of wellness —
sleeping. No sleep — no energy — no results and it disap-
point. Moreover, youngsters continue to grow naturally, so,
if students want to achieve great results, great rest is needed.

In fact, we need 8 hours sleeping per day for good func-
tioned body, ready for next training. Only for that time our
brain can change phases of fast and deep sleeping, which
contains different results on every psychological and phys-
ical point. To know how good your sleeping is enough to
control you might to wake up by yourself. If student is dis-
ciplined, have good rest daily, he can do it without alarm
as often as it needed. Moreover, it will happen at the same
time day by day, what cannot be unseen in planning of a
day and partly planning of training.

Food

That moment is the second in the topic of constituents.
Good food — good energy — good results. Moreover,
there born different beliefs about nutrition. As it was men-
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tioned, more than a half still be unknown that eating 5-6
time for a day (breakfast — snack — lunch — snack —
dinner- snack) is the best way for keeping feet and be well-
balanced. Why? Stuart Macrobert says that it is obvious
to add two or three additive times for eating just because
training student need more calories for synthesis of mus-
cles [2]. It is impossible physically to eat whole chicken in
breakfast, whole fish for a lunch and go to the bed with full
stomach of cottage cheese. That is more comfortable to
difference times and ways of eating: small portion of salad
with a part of fish in the morning, 200 g. of cottage cheese
before studying, vegetables with red meat for lunch, chick-
en with broccoli before training and protein after — that can
give every vitamin and mineral in what human indeed and
let stomach to do its work properly well. If you start mix-
ing food to keep calories in the high level, there can start
problems with compatibility of products, and the speed of
digest reaction will go down.

There was mentioned such word as protein. And there is
another stereotype which says to eat different adds as much
as you can. In some situations this can go out of a control
and normal food will not be added by student. Protein — is
solution of problem when you need increase calories imme-
diately in right way. Sure: not everyone ready to get to gym
container with chicken, warm it and eat in locker room. Pro-
tein simplify that way: just add water — shake — drink. That
is one of the snack, you need to balance 6 times nutrition, but
is not substitution of normal food. It cannot contain minerals,
vitamins, and the taste is not to so delicious as other dishes.

What is more as it can be seen that a part of students
still believe in magic properties of sport add. Stuart says
that without advertisement hacks ordinary nutrition is just
necessary point of sport (for students partly) and other
additives are useful catalyst of muscle rising, but nor the
main point. Feed your body properly and it will be enough
for good results.

Trainings

For idea, that topic should be the first placed, but there
can be said so much words that here it stand in the last point
only for analysis how the previous topics are beneficial.

“Concentrate and you will be achieved” is the main idea
of Brooks Kubik [4]. Hard working with basic exercises is
worth much more than doing big diversity of them to keep,
as student thinks, every muscle in fit. As it known for ages
between two stools one falls to the ground, so if you want
to do triathlon with squat with a barbell on the shoulders,
bench press laying and deadlift, do only this, not more and
not less. Of course, with them you will not train every small
muscle, but do not forget about rest: it can be used as time
to catch up those moments you left.

Author says to do additive exercises to develop other
muscles just to give some work to secondary anatomy of

sportsmen or student as well. If student thinks that doing
bicycle regularly he has thick arm, why not to “play” with
arm work in the free or rest time? Moreover are doing this
first anatomy will recharging and additive anatomy devel-
oping. On the other hand, it is prohibited to forget about re-
storing all the body and mind as well, so at least one of the
days (Sunday ordinary) has to be passive time. That is why
firstly there was told about sleeping and rest.

Another point is hard training. Good rest integrated with
good (read “hard”) work — they are two points of one medal
for students-sportsmen. As it was researched that only less
than one third of students didn’t see the changes in sport re-
sults, connected with lifestyle. Nevertheless, for hard work-
ing that topic is absolutely irreplaceable. In case of results,
students-sportsmen should follow hard plan of training and
for hard plan you need in good nutrition and free time from
working. Following that there have to be tracked again the
linking between your wellness and sport results.

To end with, it can be copied Fallev with the words to
learn how to lay a brick, you need to take a brick, prepare a
mortar and try to lay a wall [4]. It is enough to follow sim-
ple in nutrition, rest and training to achieve the results that
can be much better than in using difficult rules and break-
ing the brain how to progress yourself more comprehensive
and in the end nothing good happens.

Students knowledge in sport
behavior and lifestyle

Now it is time to investigate what students think about
their lifestyle, points on which they based it and how to cor-
rect mistakes if they are.

Students opinion

Researching shows that biggest part of students believe
in their broaden knowledge in right lifestyle, at the same
time less than a half said about following this rules. But
what is surprising that is by the time asking different ques-
tions, connected with wellness, there are enough mistaken
answers. For example in the question about sleeping about
one third gave incorrect answer. What is about amount of
eating times per day around 40 % of students said that 3
times it is enough! Of course, the stereotypes work there.
How to change the mind of so ancient and primitive beliefs?

Help of university

In the part of Universities such as Ural State Universi-
ty of Railway Transport, there are so courses, talking about
sport. Students are here starting to understand how human



body react on the different strength and stamina impact
for example on the lessons of PE. How does it work: in the
first part of lecture there is discussion of enough amount
of information about one point of whole the reactions, for
example, blood pressure. It is known that with rising physical
loading the pressure starts to grow up and with it can be
defined such problems as loosing orientation, headaches,
rising temperature and so on. After this at the second
part lecturer starts to show this reaction to students by
themselves. For instance it may be counting of heart biting
per one minute, and after little cardio load (jumping, leg
lifts, etc.) the counting is repeating. The result is obvious:
after a little warm-up, the second amount of biting is bigger.

What can give to students such experimentations? The
answer is: very important step of learning sport lifestyle.
The lecturer tries to study youngsters to control of them-
selves in every part of their life. Understanding the exper-
iment, showed upper everyone should understand that a
little reaction of human’s body is a signal to our brain and
chance to think about our lifestyle and behavior by the time
of physical education.

However, why do not every sportsmen and fitness stu-
dents gave positive answers about their lifestyles? The big-
gest part of responses mentioned about uselessness of such
lections. In addition, there is a simple reason: there is in-
finity ways to describe the topic of lifestyles. The amount
of hours giving for discussing this topic should be propor-
tionally equal to amount of sport disciplines in our world.
It is impossible to learn every position of bodybuilder’s
nutrition, about injuries and the ways of their solving of
sport-fencers and so on. At the biggest part of happens
it is just stupid to know everything and about everyone,
but there are some common rules that lecturer just don’t
in time to describe.

Information around

The second point of done researches results a very
big amount of information from the Internet, willing of
experimenting with body and words of trainers as well
play main role in orientation of students sportsmen. Sim-
ple surfing in commonly used browser in the phone or lap-
top can give incredibly contradictory results. Did you know
that there are more than a thousand diets in the world and
no one works as well for whole the population? Was you
informed that one specialists says to eat proteins before
any type of training, second advice carbohydrates, and the
third prohibiting eating as well? And what is about situa-
tions linking with techniques in gyms: on says one, sec-
ond another... How to find the orientation if you are the
sportsmen for ages but want to increase your power and
develop your body more? Another question can give on-
ly insurance.

Opranu3sauua npou3sojacTea (TpaHcnopr)

The third step that can’t be unattended is advertise-
ment and fashion. “One protein for increasing all the mus-

cles”, “Buying our BCAA you buy your strength and activi-
ty for every training!”, “Drink our L-carnitine pills and you
will left of overweighting!” these and other slogans push-
ing students to buy this placebo pharmacology and waiting
something. Often this people want fast, progressive, beauti-
ful results, one word — youngsters or students. Why people
say that 25 is retirement age for sportsmen? Why there is
at least one specialist in group of sportsmen? For what all
this daily injuries cost a lot of money. Students do not un-
derstand every pill every injury should be bought not just in
drug store near house and not for a quarter of scholarship.

There is an opinion in researches, that “sitting” on pro-
teins and other adding integrated with hard training without
rest, sleeping, normal food and other component of well-pro-
portioned lifestyle, everyone can built body of their dreams.
This part of people contains about 10 percent of asked stu-
dents. In fact, there will no GOOD results: as it was said,
rest is a part of training, sleeping and food is a part of rest.
Therefore, believing bright words from TV or Internet is not
suitable for smart student doing sport.

Faleev says that not only the first steps, but also pro-
fessional sportsmen have to follow natural products. All the
additives are good in their partly role-playing. Irreplaceable
products should be honey, nuts and other — they are nat-
urally the treasure because of rich composition of vitamins
and minerals. For what waste student’s money, if he can
just open the encyclopedia of products and learn, which
components where he can find and use them? To simplify
sport life of student there is not so much time for research-
ing, but it worth it. First interest in body building field can
be rising to unbelievable knowledge that contains incredi-
ble helpful information.

As a result, there have to be done very handy rules: stu-
dents have to study to control yourself, following their kind
of sport; students have to try to filter information around
them and believe only checked sources; students have to
not believe about promising everything they want.

Conclusion is very interesting give us chance to think:
but why most sportsmen buy big packs of that adds? Are
they don’t know, that it is bad? To answer this question it
is much better to learn special courses of nutrient-scien-
tists that lasts about 2 months and costs not so big amount
of money if you are really interested in sport. Alternatively,
such people as students can visit courses that are given very
often, it is enough just to know, where are they happen. In
the most of situations, there will be a very good discount for
students. What is more, day by day there is growing of pop-
ularity of online sport games, which cost for 2000-2500 per
month with individual coachers who study you personally
to be professional sportsmen in your round — just try it!
One scholarship will save your health and money that can
be lost on dangerous.
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Conclusion

To sum up it can be said that students sportsmen
(of USURT as well) are kept in a part of information about
lifestyle at all and it connection with sport and results. Of
course, not everyone knows every detail of such broaden
question, but as it was described there are ways of solving
this problem (for example activity of university).

There were written three postulates of good achieve-
ments in sport of student sportsmen (rest, sleeping, hard-
working and concentration), which were found in books of
successful sportsmen. This information concentrate every
step, which can helps students to do their best in sport.

All the questions and main goal were described, and the
answers were given as full as it was possible. UT

Cnucok nutepatypbl / References

1. Schtrossen R.J. Super kniebeugen: book for bodybuilders /
Dr. R.J. Schtrossen, Rodale Books. — 2009. — 464 P. —
ISBN 978-1605295497.

2. Macrobert S. Brawn: handbook for athlets / S. Mac-
robert. — 3-rd edition. — 2007.

3. Kubik B. Dinosaur Training: Lost Secrets of Strength and
Development: book for powerlifters / B. Kubik. — 1996.

4. Faleev A.V. School of your body: book for sportsmen /
A.V. Faleev. — Phoenix redaction, 2004.



Opranu3auus npou3BoacTBa (TpaHcnopT)

VIIK 625.144.6

Anekceint AnekcaHapoBuy
MnaroHoB

—
J

Aleksey A. Platonov

DJieMeHTbl MOJEJIMPOBAHUS

cepuyeckoro padovero npocTpaHCTBA
JKeJIE3HOAOPOKHBIX TPAHCIIOPTHBIX CPEACTB
C MAHMNYJASTOPHBIMHM YCTAHOBKAMM

Elements of modeling of the spherical
working space for railway vehicles
with manipulator installations

AHHOTauuA Abstract

B cTaTbe paccmaTpuBaOTCA BONPOCH MOAENUPOBAHUS The article deals with the modeling of the working
paboyero npocTpaHcTBa MaHunynsTopa ¢ pabouynm 06o-  space of a manipulator with working equipment
PYAOBaHMEM, YCTAHOBIEHHOTO Ha eNe3HOAOPOXKHOM installed on a railway vehicle. This manipulator is used
TPAHCMOPTHOM CPefCTBe U UCMOJb3YeMOro Ans yaane- to remove undesired wood and shrub vegetation from

HUs C €ro NoMoLLb C NONOCH 0TBOAA Xene3Hbix fopor  the railroad outfeed with it.
HeXXenaTeNbHOi JpeBeCHO-KYCTapHUKOBOW pacTUTeNb-
HOCTU. Keywords: railway, workspace, manipulator, modeling.

KnioueBble cnoBa: xenesHas nopora, pa6oqee npo-
CTPaHCTBO, MaHNNYNATOP, MOAENNPOBAHKE.

D0I:10.20291/2311-164X-2018-1-37-40

1.3 0) 151 Authors

Anekceli Anexcandposuy [1namoHos, kaHO. mexH. Hayk, doueHm Pocmosckozo 2ocydapcmseHHo20 yHusepcumema nymel coobuweHus (Bo-
poHexckul ¢unuan), Boporex; e-mail: paa7@rambler.ru

Aleksey Alexandrovich Platonov, candidate of technical science, associate professor, Rostov State University of Transport and Railway Transport,
Voronezh branch, Voronezh, Russia; e-mail: paa7 @rambler.ru

Ne 1 / Mapt / 2018

A. A. [lnamoros | InemeHTbI MOAENNPOBaHUA chepuyeckoro paboyero NPOCTPAHCTBA XKeNE3HOAOPOXKHBIX TPAHCMIOPTHBIX CPEACTB C MAHUNYNATOPHBIMU YCTAHOBKAMM

w
~



A. A. lTnamoHo8 | InemeHTbI MOfENNPOBaHMA cchepuYecKoro paboyero NPoCTPaHCTBA }Kene3HOAO0POIKHbIX TPAHCMOPTHBIX CPEACTB C MAHMNYATOPHBIMU YCTAaHOBKaMM

w
©

Opranu3auua npou3sojacTea (TpaHcnopr)

B HacTosLLee Bpems 4ns xenesHbix gopor Poccumn n mu-
pa npoAosKaeT 0CTaBaTbCA akTyanbHOW Npobnema 60pbObl
C HeXernartenbHOM JpeBECHO-KYCTapHIKOBOW PacTUTENbHO-
ctbto (HOKP) B nonoce otBofa XenesHbix 40pOr.

Cpeaw CyLiecTBYIOLLMX METOAOB YNPABNEHNUS POCTOM
HOKP, npumeHeHne KOTOPbIX Ha Mosioce 0TBOAA N0 OTAeNb-
HOCTW U B COBOKYMHOCTU 32BUCUT OT LIESIOro paga ak-
TOPOB, CTAPEMLLIUM U TPAAULIMOHHBIM ABNSAETCA MeXaHuye-
cknii metop [1]. Mpu Takom mMeToe yaaneHue Haa3emMHow
4acTU HeXKenaTesIbHOM ApeBeCcHO-KYCTapHUKOBOW pacTu-
TeNIbHOCTU LienecoobpasHo NpoM3BOAMTL paboynumu opra-
HaMU, PacronoXeHHbIMI HA KOHLE CTPESIbl-MaHunynaTopa
TPAHCMNOPTHOrO cpeacTsa [2].

[Tpn ycTaHOBKe MaHunynstopa ¢ paboyum 060pyn0Ba-
HUEM Ha TPAHCMOPTHOM CPeSCTBe U NPUBELEHUN ro B Jiei-
CTBMWE Ans yAaneHus ¢ ero NoMOLLbH C NOSIOCkI 0TBOAA XKe-
Ne3HbIX J0POr HeXenartenbHoN JPeBeCHO-KYCTapHUKOBO
pacTuTenbHOCTM 6yaeT popMUPOBATLCA HEKOTOPAsA 30HA
JeNCTBUA MaHUNYNATOpa, onpefensemas ero KUHemaru-
4eckoit cxemon [3].

B o6uiem cnyyae paboyee NPOCTPAHCTBO MaHUNYNATO-
pa C 3aKpersieHHbIM Ha ero KoHLe pa6o4mm OpraHoM MOX-
HO MpeLCTaBuTL B BUAE C(Pepsbl, LLEHTP KOTOPOI coBnaja-
€T C LieHTPOM BpaLLeHus NOBOPOTHOM NNathopmbl MaHM-
nynsropa (puc. 1).

[Mpu mofenupoBaHuM pakTM4eckoro obbema cgepu-
4eCKOro pabo4yero NPOCTPAHCTBA MAHWUMYNATOPHbLIX Ma-
LUMH npu 1x paboTe B NOIOCE OTBOLA XKENe3HbIX 0por OT-
[ernbHOe BHUMaHWe CrefyeT yaenuTb 4acTu JaHHOro 06b-
eMa, Haxo[ALLeica B TaK Ha3blBAEMON «30He 6anacTHOW
NpU3MbI>» Vipyey. [JaHHas 30Ha ONpeAenseTcs yrnom CekTo-
pa, pacronoXXeHHOro B 30He 6aNNacTHON NPU3MbI, U BBU-
Ay (PaKTU4EeCKON HEBOSMOXXHOCTM YaNeHs B Heil Hexena-
TeJIbHOM PacTUTENIbHOCTU, & TAKXKE KOHCTPYKTUBHbBIX Orpa-
HUYEHWIA MO YrNy ONYCKaHUs CTPesibl MaHUNynaTopa, 06b-
€M PaccMaTpuBaeMOoN 30Hbl HE BKMOYAETCS B (DAKTUYHECKNA
06beM Cdepnyeckoro paboyero NpoCTpaHCTBa.

HacTb 06bema cepepryeckoro paboyero NPOCTPaHCTBA,
HaxopsLLierocs B 30He 6annacTHON Npuambl, Vypyqy ONpese-
MM Kak 06beM LLIAPOBOr0 CEKTOpa (puc. 2, @) C y4eTOM Mnpe-
AENbHOr0 NPOUNLHOTO Yria ¢y, HakNOHa MaHUNynATOpa.

MpenenbHblit NPOUNbHBIA YroN ¢n, ONpefensieTcs
C Y4€TOM BbICOTbI 6ANNACTHON NPU3MbI Hg, 1 BICOTbI NPO-
eKLK Ha nnockocTb OyYyZy TOUKM NOBOPOTA MAaHUNYNATO-
pa Hy; (puc. 3):
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Kpome npezenbHoro npoduibHOro yrna ¢n, Haknoxa
MaHUNynsTopa npu onpeaeneHnn BENNYMHbI Vypyqy (2 ak-
TWYECKU €ro 4acTu; puc. 2, 6) He06X04MMO Y4ECTb, 4TO
B [JaHHbI1 06bEM He [0/KHA BXOAWUTb YacTb CGEpPUYeCcKo-
ro pa6o4ero nNpOCTPAHCTBA, PACMONOXEHHOIO B 30HE Penb-
COLUMANbHON peLueTkn (puc. 2, 8). Takum 06pasom, 4acTb
06bema chepnveckoro pabo4ero NPOCTPaHCTBA Vypygy, Ha-
XOAALLErocs B 30He 6annacTHON Npu3mbl, HANLETCA Kak
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[NepBoHa4anbHO NPeACTaBUM [AHHYHO 4aCTb Kak LIapo-
BOW Cnow (puc. 4), CUMMETPUYHO PACTONIOXKEHHBIA OTHOCU-
TeNbHO PeNbCOLUNANLHOI peweTku. Mpn 3ToM AN 60NbLUEN
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HarnAZHOCTY YCMOBHO PAcMON0XMM MpefiesibHbIA Npodnnb-
HbIA YToN @, HaKNOHa MaHUNyNATopa (KOTOPbIiA B 60/b-
LUel CTeNeHN ONpeaenseT BeNU4nHy Vp’em) B NepBOIA 4eT-
BEPTU NPOCTPAHCTBA 1 Y4TeM Yron foporu @ , onpeens-
8MbIIi TOYKOIN NepeceyeHna NpoeKLnN 0cK CUMMETPUI Ma-
HUNYNATOPa C BHYTPEHHEI rPaHbio roNoBKM Penbca U Mu-
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AHanu3 faHHOW 3aBUCMMOCTY MOKa3bIBALT, YTO Npe-
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NeH B pagumaHax. Kpome 10ro, HE06X0AMMO Y4eCTb, 4TO 0f-
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C y4eTOM BbILLIEU3NIOKEHHOTO, NOCse Npeobpa3oBa-
HWIA YacTb 06bemMa chepuyeckoro paboyero NPoOCTpaH-
CTBA, HAXOAALLIEr0Cs B 30He OaNNACTHOM NPU3MbI, Vipyay
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PaccMOTpeHHbIE BbILLE 3aBUCMMOCTY MO3BOASIOT ONpe-
JEennTb YacTb (DAKTMYECKOro 06bema cqrepuyeckoro pabo-
4ero NPOCTPaHCTBA U NPEOCTABNAT BO3MOXHOCTb CO3-
[aTb 000O0LLEHHYI0 AUHAMUYECKYIO MOJEeNb POPMUPOBaHUS
pabo4ero NpoCTPaHCTBA MAHUMYNATOPOM C pabo4num opra-
HOM, YCTaHOBJIEHHbIM HA TPAHCMOPTHOM CPEACTBE U NpU-
BOAWUMOM B [JENCTBUE AN YAANEHIUS C er0 MOMOLLbIO C No-
N0Cbl 0TBOJ}A AaBTOMOOGMIbHbIX 1 XKESIe3HbIX JOPOT HexXe-
naTeNbHOI JpeBECHO-KYCTapPHUKOBOW PacTUTENIbHOCTU. UT
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telemechanics systems

AHHOTauuA

B ctaTbe npeacTaBneHbl 0630p U aHaNM3 BECKOHTAKT-
HOWM 3N1EMEHTHOM 6a3bl, KOTOPAsA MOXET ObITb UCMOJb-
30BaHa [J1f CO3[aHNs YCTPOWCTB U CUCTEM KeNne3Hoa0-
POXHOW aBTOMATUKU U TeNleMexaHUKn ¢ 6e30MnacHbIMM
oTKa3aMmu. PaccMoTpeHbl NPUHLMMbLI MTOCTPOEHUS
0ECKOHTAKTHbIX TOrMYECKUX 3/IEMEHTOB C HEeCUMMe-
TPUYHBIMU OTKA3aAMMU.

KnioueBble cnoBa: cMHTE3, ONACHbI 0TKa3, 3aLLUTHbI
0TKa3, HECUMMETPUYHBIN 0TKa3, MUKPOKOHTpONNep, bes-
0NacHOCTb, MOSIHOCTbIO CAMOMPOBEPAEMbIi i KOHEYHbIN
asTomart (MCKA), nornyeckunii anemeHT C HeCUMMETPUY-
HbiMK oTKa3zamu (JIIHO), pene ¢ HeCUMMETPUYHbBIMY
0TKa3aMu, BNOKMUHT-reHepaTop.
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Abstract

The article presents an overview and analysis

of the contactless element base, which can be used
to design devices and railway automation systems
and telemechanics with safe failures.
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OfHMM 13 TNaBHbIX TPE6OBAHNIA, KOTOPOMY AOSIKHbI
YOOBNETBOPATL CUCTEMbI XKENE3HOLOPOXXHON aBTOMATUKN,
ABnsAeTcA 6e30TKA3HOCTL, 6830MACHOCTb, T.6. TAKOE CBOM-
CTBO, NPY KOTOPOM NpKM 0TKa3ax CUCTeMa [0/HKHA Nepexo-
OUTb B 3aLLMUTHOE COCTOSAHWE. [pyriuM BaXKHbIM CBOMCTBOM
9TUX CUCTEM ABNSETCS BbICOKAs PEMOHTOMNPUIOAHOCTb, Ma-
110€ BPEMS BOCCTAHOBJIEHUS.

OrpaHn4eHHOCTb (DYHKLMOHATbHBIX BOSMOXHOCTEIA pe-
NEeNHbIX CUCTEM, TPYLHOCTM B UCMOSTb30BAHUN UHGIOPMA-
LIMOHHBIX TEXHOJIOrNiA, 60MbLUNE 3KCNJyaTaLMUOHHbIE pac-
XO[bl, FPOMO3JKOCTb CUCTEM, & TAKXe HEJ0CTATKK, NPUCY-
LLne pene, NpUBENN K He06X0LMMOCTM UCCIeL0BaHNSA Gec-
KOHTAKTHbIX 311EMEHTOB, UCMONb3YEMbIX A5 NOCTPOEHUA
CWCTEM YNpPaBNeHUs ABKEHUEM M0E3[0B.

beckoHTaKTHas anemeHTHas 6asa, Kotopas [aeT BO3-
MOXHOCTb PeLInTb PAA NPo61em, NPUCYLLNX PENenHbIM Cu-
CTeMam, CTaBUT Nepes paspabdoTynkamn psa CNoXHbIX 3a-
Jad. NoCcKOMbKY TMNOBbIE 6ECKOHTAKTHbIE 3/IEMEHTbI UMe-
0T CUMMETPUYHbIE 0TKa3bl TUMA «KOHCTaHTA HOMb>» (K.0)
W «KOHCTaHTa eAnHMUA» (K.1), TO MeToAbl CUHTE3A, KOTO-
pble UCMONb3YIOT NPU NPOEKTUPOBAHNM CUCTEM YNpaBIIe-
HUS B MPOMbILUNEHHOCTH, HENb3s UCNOMb30BATh ANs pas-
paboTKK CUCTEM YNpaBneHus ABUXEHWEM NOe3/0B, TaK Kak
OHW He NO3BOJIAIOT CO3MaThb CUCTEMbI YNIPABIIEHUS OBUXE-
HIeM Noe30B, peanuaytoLLme ctpaterun 6esonacHocTu [1].

[lng nocTpoeHus cucTem ynpasneHns LBUKEHUEM NOe3-
[0B HA 6ECKOHTAKTHBIX 3/1eMEHTaX (MHTErpasbHbIX CXeMax
BIC n CBNC, OM3BM 1 fip.) ¢ Hanuynem TONbKO 3aLyuT-
HbIX OTKA30B NPEANOXEHO HECKOMbKO CNoco60B. JTO Cre-
LUKanbHble METO/bl CUHTE3a NOJTHOCTLI0 CAMONPOBEPAEMbIX
KOHe4HbIx aBTomatoB ([TCKA) ¢ ncnonb3oBaHnem n3bbiTou-
HOCTU [2—4]; METOfbI anNnapaTHoOro Pe3epBMUpPOBaHMs CO CXe-
Mamu CPaBHEHNSA, KOTOPbIE UMEIOT TONbKO 3ALLUUTHbIE OTKA-
3bl [5-7], @ TaKXKe NPOEKTUPOBAHUE OLHOKAHATTbHbIX CUCTEM
Ha 3reMeHTax C 0HOHaNpaBeHHbIMU 0TKazamu. Ecnm nep-
Bas rpynna MeToL0B CMHTE3a NpesnonaraeT Ucnosb30BaHue
3NEMEHTHON 6a3bl C paBHOBEPOATHbIMU (K.0 1 K.1) 0Tkasza-
MU, TO Y>Ke BTOPas — 4YaCTUYHOE UCMONb30BAHNE 3NIEMEH-
TOB C O[JHOHANPABNEHHbIMW 0TKa3aMu, KOTOPbIE NPOU3BOAST
CPaBHEHME Pe3ynbTaToB (PYHKLUUOHUPOBAHNSA [BYX UK TPEX
KaHasioB pe3epBMpOoBaHHOIi cucTemsl. NocnegHuit MeTog no-
CTPOEHUS YXKe TPEOYeT CO3AaHNA (DYHKLMOHANBHO NOJTHOr0
Hab0opa 371eMEHTOB C OLLHOHAMNPAB/IEHHbIMY 0TKa3aMu, KOTO-
pbIi 06n1agan 6bl PYHKLUUOHANBHOM NONHOTON.

B HacTosLlee BpemMs OLHUM U3 COBPEMEHHbIX Hanpas-
NIEHUIA CUHTE3a HaJeXHbIX CUCTEM SBNSETCSH NPOrpaMmmpy-
emMoe annapatHoe pe3epsupoBaHiie (B CBA3M C NOABEHM-
eM 607bLuux 1 cepx6onbLunx bUC n CBUC n munu-3BM).
CospaHue cucTem ynpasneHus ABMKEHEM N0e3[0B NoJ-
HOCTbIO UJIN HACTUYHO HA NOTUYECKUX 3IIEMEHTAX C OLLHO-
HanpasneHHbIMKU 0TKazamu (JTIHO) [8] sBnseTcs nepcnek-
TWBHOW 3a[1a4eil, Tak Kak Mo3BOSIUT YMEHbLUNTb U30bITON-
HOCTb, @ CNej0BaTeIbHO, MOBbICUT HALLEXKHOCTb, 0COOEHHO
npu pa3paboTke MHTEPENCHBIX CXEM COMPSXKEHUA MUKPO-
MPOLECCOPHbIX CUCTEM C 0O6bEKTaMU yNpaBneHns.

B HacTosLLee BpeMa B CUCTEMAX YNPABNIEHNS LBUKEHU-
eMm M0e3[0B, KOoTopble 06ecrneynBatoT 6e30MacCHOCTb ABU-
XKEHUS, MPUMEHSAIOTCA B OCHOBHOM perie NepBoro Krnacca
HagexHocTy [9]. OHM UMEKT OIHOHAMNPABNEHHbIE 0TKa3bl,
T.€. HaMbosee BEPOATHIMM Y HUX ABNAIOTCA 0TKA3bl TUNA
K.0, a oTKa3bl TMNa K.1 manoBeposTHbI. CnemoBaTenbHo,
NPUHUMAs 3T 0CO6EHHOCTU BO BHUMAHUE, CXEMbI CUCTEM
yNpaB/ieHns ABVKEHUEM MOE30B Peanu3ytoTcs Takum 06-
pa3oM, 4T006bI N1060M OTBETCTBEHHbIV NpUKa3 hopmMmpo-
BAJICA B HUX AKTUBHbIM CUrHaNoM, T.e. KOra y4acTByHoLLme
B €ro (hOpMNUPOBaHIK Penie HaxoaaTcs NoA Tokom. Cneuu-
aNbHAsA KOHCTPYKLMSA 3TUX Pere, a TaKXKe YCNOBUA IKCNITY-
araumm n CUCTeMa TEXHUYECKOr0 06CNYKMBAHUSA N PEMOH-
TOB 06€CNeYnBaloT TPEOYEMYH0 Ha[eXXHOCTb U 3aLUMLLEH-
HOCTb OT OMacHbIX 0Tkasos [9, 10].
AHanu3 0TKa3oB, KOTOPbIE NPOU3OLLINK NPY 3KCNIyaTa-
L{111 BCEX OCHOBHbIX CUCTEM YNPABNEHUs JBUKEHUEM NOE3-
[0B, Peann3oBaHHbIX Ha perne | knacca HagexHocTn [11],
NOKa3bIBAET, YTO OMACHbIE OTKA3bl Y HUX BO3HUKANK MO OA-
HOW U3 CNefyoLLmnX NPUYNH:
©® 33KNMHUBAHUE KOPS B BEPXHEM MONTOXKEHUY;
©® HapyLIeHNe KOHTAKTOB B PO3ETKE LUTENCENbHOr0
pasbema B COYeTaHuK ¢ 06pa3oBaHMeM NpPOBOAS-
LLIero cnos Mexay KoHTaktamu,;

©® OHWKEHUE CONPOTUBNEHNA U30NALUN MEXAY Bbl-
BOJaMU LUTENCeSIbHON PO3ETKU U HANU4Ue NpoBo-
JALLIX MOCTUKOB MEX[Y KOHTaKTamu,

©® H[EeBEHNE KOHTAKTOB pefle, YCTAHOBINEHHbIX B Ha-
NOJSbHbIX PENemHbIX LKagax, U npumMep3aHne aKo-
ps Npu nonagaHuy Bnaru nof Konnak pene.
Pene nepeoro knacca uMeeT crefytoLlne HeloCTaTKu:
® (0/bLUAA METANI0EMKOCTb, BEC, @ CNEJ0BATENbHO,
1 CTOMMOCTb;

® Hebonbluas HapaboTKa Ha 0TKA3 W, Kak CreacTeune,
60nbLUMe 3aTPaThl HA TEXHUYECKOE 06CNY)XMBAHME
1 PEMOHT;

® HuM3Kas BUOPOYCTONYNBOCTb, T.6. OPAHNYEHHOCTb
06nacT UX NPUMEHEHUs CTaLWMOHAPHbLIMU CUCTe-
mMamu;

® BbLICOKAsA U3HOCOYCTOMYMBOCTb, YTO TPEOYET HacTol

perynupoBKuy;

©® TPYOHOCTH Peanu3aLnm CnoXHbIX PYHKLMUIA, yipas-

NEHNS N KOHTPOSS.

Bce npuBefeHHbIe BbILLE HEAOCTATKM OrPAHNYNBAIOT pe-
aNnn3aLmM COBPEMEHHbIX CUCTEM YNPABIEHUS LBUXEHNEM
NOe30B C PacLUNPEHHbIMU (DYHKLIMOHAMNbHbBIMY BO3MOX-
HOCTAMM Ha pene. [T03TOMy NOABUINUCH PabOoThI, CBA3AH-
Hble C UCCNefoBaHUAMY B 061aCTU UCMONb30BAHMS NONYy-
NPOBOJHUKOBbIX 3NEMEHTOB U UHTErpanbHbIX CXEM Pasnmny-
HOIA CTENEHW MHTerpaLum Npyu CUHTE3e 3/1EMEHTOB C OfIHO-
CTOPOHHUMU OTKa3amu.

AHanua paboTbl TUMOBbIX NOrMYECKIX 371EMEHTOB, UMe-
tOLLMX BbIXOAHbIE CUTHASBI 1BYX YPOBHEI, OLUH M3 KOTO-
PbIX HYNEBOr0 YPOBHS, NOKA3bIBAET, 4TO HEBO3MOXHO CO3-
[aTb JIOTMYECKUI 3IEMEHT C 04HOCTOPOHHUMM OTKa3amu.



[To3TOMy Ha OCHOBE 3TOr0 aHasiM3a MOXHO cqHopMyNMpo-
BaTb BbIBOA 0 HEOO6XO4MMOCTU UCMONb30BAHUA )1 CUH-
Te3a 3/1EMEHTOB JIOTNYECKUX CUTHAIOB Pa3NMYHON dop-
Mbl 11 C YPOBHAMM, OT/IMHALOLLMMUCS OT Hynesoro. [pu oT-
Ka3ax B TAaKMX 3/1IEMEHTax BbIXOAHOW CUTHAM [JOSIKEH nepe-
XOANTb B hOPMY, OTIIMYHYHO OT (POPMbI CUTHANOB NOTKYe-
CKMX eanHNLbI «1» 1 Hyns «0».

13BECTHO HECKOJIbKO CUCTEM BXOLHbIX U BbIXOLHbIX
CUTHANOB JIOrMYeCKNX 3/1eMeHTOB «HE» HeHyneBoro ypoB-
HA. Tak, Hanpumep, B paboTe [12] npu CMHTE3e NOrNYecKo-
ro anemeHta «UJTN» B Ka4ecTBe CUrHana JIorn4eckom «1»
CMOJIb3YETCA NOCTOAHHOE HAMPSHXKEHNE NON0XUTENTbHON
MOMAPHOCTU, @ CUrHAMY JIOrMYeckoro Hyna «0» ctaBuTcs
B COOTBETCTBUE HAMPSKEHWE 0TPULIATENbHON NOMSPHOCTH.

[N noCTPOEHMS IOrM4eCKMX 35IEMEHTOB TOJTbKO C 3a-
LUNTHBIMU OTKa3amu B paboTe [6] npeanaraeTcs ucnosib-
30BaTb reHepaTopbl C CaMmoBO36YXXAEHNEM, MUTAHUEM KO-
TOPbIX CNy>aT BXOAHble curHanbsl «1» n «0», cOOTBET-
CTByHOLWWME HanpskeHusm +U n —U. Be3ycrioBHbIM SABNS-
eTcs TpeboBaHMe OTCYTCTBUS BO3BYXAEHUS reHepaTopa
MPY HANTMYKUMN MUTAKOLLEr0 HANPSXXKEHUS MWL HA OAHOM
3 BXOLO0B, 32 UCK/OYEHNEM CXEMbI, Peanun3yroLLen no-
rmyeckoe otpuuaHue «HE», reHepatop KOTopoi BO36YX-
[iaeTcsa no ogHoMy Bxoy. Ha puc. 1 npeacrasneHa CTpyk-
TypHas cxema anemeHTa «HE» ¢ OCHOBHbIMU (DYHKLMO-
HalbHbIMU Y3/1aMU.
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Puc. 1. CmpykmypHas cxema no2uyeckozo 3nemeHma «HE»

[eHepaTopbl BbICOKUX 4acTOT Gy U G, BO36YXAaK0T-
€A TONBbKO NPU HANUYMN CUTHATIOB MOMOXMUTENLHON UMN
0TpULATENbHOI MOASPHOCTK HA BXOLe: reHepartop Gy —
MNPy CUrHaNAxX NOMOXNUTENbHO NONAPHOCTH, @ G, — Npw
CUTHaNAx OTpPULATESIbHON NONAPHOCTU. BXOAHbIE CUrHATbI
NpeacTaBnA0T 060 MMNYNbChI NOCTOSHHOIO TOKA no-
NOXUTENbHOW UK OTPULIATENIbHOM NonspHocT. Ha Bbl-
X04ax reHepaTopoB BKIIHHATCA UALTPbI. 3TN Punb-
Tpbl (MOJIOCOBbLIE, BEPXHUX U HYXKHUX YACTOT) AOJKHbI
ObITb BbINONHEHBI M0 CXeMaM 6€3 0NacHbIX 0TKAa30B, Ha-
npumep, NpeasiaraeTcs UCnosib30BaTh Nbe303NeKTpuYe-
CK1e PUNbLTPbI.

B pa6ote [6] TakxXe npeanaraeTcs Ansg nocTpoeHus no-
TMYECKMX 31eMEHTOB 663 0NacHOro 0TKasa 1Cnonb30BaHue
AKTUBHbIX UM NACCUBHbIX YNPABAEMbIX KIH04ei. B kave-
CTBE aKTUBHOIO YNpPaBNIAEMOro Kio4a, 3Ha4eHue nepesa-
TOYHOM (PYHKLMN KOTOPOro u3meHsetcs oT 0 40 HeKOTO-
pOro KOHE4YHOro 3Ha4eHns nof feicTBMeM BXOAHOMO CUT-

Opranu3sauua npou3sojacTea (TpaHcnopr)

Hana X, NCnonb3ytTCa YCUNNTENUN HA TPAH3UCTOPAX UK
Apyrue ycTpoiictea. CTPYKTypHas cxema anemenTa «/-HE»
(pwmc. 2) BKNHOYAET reHepaTop BbICOKOYACTOTHBIX KOne6ba-
HWIA 1 YeTbipe ycunuTens. FeHeparop ABnfeTc 06LMUM ans
BCEro yCTpoicTea 06paboTkn UH(OpMaLMK, COLEPKALLEro
HECKOJIbKO Pa3/inyHbIX OrMYECKNX 3N1EMEHTOB.

B ka4ecTBe naccyBHOIo ynpasnseMoro Ki4a, Hanpu-
Mep, MOXET CNYXUTb (PeppuT-LuoJHas s4elika.

Puc. 2. CmpykmypHas cxema snemeHma «M-HE»
C ynpasnsembIMu Kao4amu

B pa6ote [12] npeanoxeHbl NPUHLKMbLI NOCTPOEHUS NO-
TNYECKUX 3NEMEHTOB C OAHOCTOPOHHUMU 0TKa3amm, CUCTe-
Ma JIOrMYECKMX CUrHANOB Y KOTOPbIX CNejyroLias: noruye-
CKOI «1» COOTBETCTBYET HaNu4ue UMMynbCOB NOCTOSHHOIO
TOKa; CUTHaITy 10rN4eckoro «0» — OTCYTCTBME UMMYIbCOB.
Y 3TUX NOrNYECKNUX INEMEHTOB NUTAHWNE MPOMEXYTO4HOI0
npeobpa3oBatens OCYLLECTBAETCA OT AMHAMUYECKNX UC-
TOYHUKOB nuTaHus (OMT). SHeprus, KOTOPYHO Hakannea-
e1 1NN, yepnaeTcs U3 SHEPrum curHanos 06paTHoOi CBA3N
11 BXOAHBIX NOTNYECKNX CUTHAMOB.

CXeMbl C HECUMMETPUYHBIMU OTKa3amMu CTPOATCS Ta-
KM 06pa3oM, YTOObl HA BCEX BO3MOXHbIX BXOLHbIX Ha-
6opax 3Ha4eHue PYHKLUUM, peann3yemMoi HencnpaBHbIM
3/1EMEHTOM, 6b1110 PaBHO UMK OYHKLWW UCNPABHOIO 3ne-
MEHTa, T.€.

(VXY = (X X XU (X7 X X ) =

= F(X;, Xg- .1 X, ), (1)

NN 3Ha4€eHn0 CUrHana Jiorn4eckoro Hyns, T.e.
(VXY =01 (Xp Xre oo X, £ (X X X, ) € X, (2)

rae f'(xq, Xo,...Xx) f(Xq, Xp,...Xx) — COOTBETCTBEHHO (DYHK-
U1K, peann3yemble HEUCnpaBHbIM 37IEMEHTOM W UCMpaB-
HbIM 3/1EMEHTOM; X; — 3Ha4eHune NepeMeHHON Ha j-M BXO-
[e; K — 41CIo NepeMeHHbIX Ha BXOJE 3M1eMEeHTa.

CTpyKTypa CXem Takoro Tuna anemMeHTOB NpeacTaBIe-
Ha Ha puc. 3.

MpuHUMNManbHas cxema JIOrM4ecKoro aneMeHTa, pea-
NN3YHOLLEr0 (PYHKLNIO KOHBIOHKLMN — [1BYXBXOLOBOI CXe-
Mbl «/1», npuBeeHa Ha puc. 4.
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Puc. 3. Cmpykmypa cxem nocmpoeHus 31emeHmos

(4 OaHOHGﬂpGBﬂé‘HHbIMU omkasamu:

1, 2 — Bx00bl, 3 — BbIX00, 4 — eMKOCMHbIU BX00HOU Kackad; 5 — ouHamuyeckue ucmoYHuKu
numanus; 6 — npomexymoyHsili npeobpazosamesns; 7 — BbIXOOHOU ycunaumesns
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Puc. 4. Cxema no2uveckozo 3nemeHma «M»:

1, 2 — BXx00bl; 3 — BbIX00

PaccmoTpeHHbIe BbIlle NOrnye-
CKWE 3MIEMEHTbI, KOTOPble peanun3o-
BaHbl C McnonbaosaHuem UM, npu oT-
Ka3ax NntobbIx ANEMEHTOB CXEMbI Nepe-
XOASAT B COCTOSIHIE, KOTOPOE UIEHTU-
hrunpyeTcs Kak 3aLmMTHOE COCTOSHME.

[lng nocTpoeHus cUCTeM XenesHo-
JIOPOXKHO aBTOMATUKM B paboTe [14]
paccMaTpuBaeTCs BO3MOXHOCTb MC-
MOMb30BAHNS CTPYIAHBIX NTOrNYECKUX
31EMEHTOB ANCKPETHOr0 AENCTBUS.
[MpoBeieHHblEe 3KCNEPUMEHTbI NoKa-
3bIBAIOT, YTO Y CTPYMAHBIX NIOTNHECKNX
3N1eMEHTOB HTEHCUBHOCTb OMACHOr0
0TKa3a CON3MepMMa C aHanorm4yHbIMmn
napameTpamm pene XenesHoa0p0XHOM
ABTOMATMKM, KOTOPbIE NEXAaT B UHTEp-
Base 3Ha4eHuit 0T A0 = 500%10714 1/4
[0 A0 = 0,17*107"* 1/4 [14]. Cnox-
HOCTb CMONb30BAHNA CTPYMHbIX 31e-
MEHTOB 3aKITHO4aETCs B TOM, 4YTO Tpeoby-
t0TCs npeo6pa3oBaTenn, KOTopble Obl
06€ecneymBani BO3MOXXHOCTb COMPSKe-
HUS UX C UCTIONHUTENbHbIMI YCTPOR-
CTBaMW XKeNe3HOL0P0XHO aBTOMa-
TUKK (CTPeNikamu, penbCoBbIMN Lie-
namMu u T.4.).

B03MOXHOCTb MCTONb30BaHMS rep-
KOHOB A5 CUHTE3a YCTPOMCTB XKenes-
HOZOPOXXHOII aBTOMATWKM paccmarpu-
BaeTcs B cTaTbe [15], rae rosoputcs
0 TOM, YTO Ha[IeXXHOCTb MX BbILLE, YEM
y 60NbLUNHCTBA 3NEKTPOMArHUTHbIX
pene. Cnyyau BO3pacTaHus nepexoj-
HOTO COMPOTUBIIEHNSA, A TAKXKE 3aNu-
naHme HeppoOMarHNTHbIX KOHTAKTOB
repKOHOB AeNaloT NPO6aeMATUYHbIM
1CNONb30BaHME UX AN NOCTPOEHNS
YCTPOWCTB, CBA3AHHbLIX C 06ecneye-
HUem 6e30MacHOCTH.

B pa6ote [16] uccnenyercs Bo3-
MOXXHOCTb CMOMb30BaHIUA Ans NOCTPO-
€HIS YCTPOIICTB XKENe3HOAOPOXKHOI aB-
TOMATUKI 3NIEMEHTOB C XXMAKOMETan-

+U, RO
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nuyeckumn KoHtaktamn (XKMK), ot-
Me4aeTcs UX BbICOKAsA HAZIEXHOCTb,
[0NIrOBEYHOCTL W MaJioe Bpems cpa-
6atblBaHus U OTNYCKaHWUA 1 Ap. Y HUX
Bpems paboTbl [0 0TKa3a pasHo 2-10'°
LMKNIOB KOMMYTALMM.

K HepocTtatkam XKMK cnefyet oT-
HECTU aManbrupOBaHUE CTEKMSAHHbIX
amnyn, 4T0 MOXXET NPUBECTM K 3aMbl-
KaHuI0 Lienu, noTepe Bakyyma npu nu-
HENHOM pacLUNpPeHNN CTeKNa B MecTax
BBOJa MONUOEHOBbLIX CTEPXKHEN, Ha-
rpesaemblx TOKOM [17]; cmep3aHue
KOHTAKTOB NPU HU3KNX TeEMNeparypax,
470 TpeobyeT noporpesa. XKMK Halu-
N NPUMEHEHWE B Ka4€CTBE MMMYNbC-
HbIX PeJie B Y1CNOBOI KOLOBOW aBTO-
6110KMPOBKE.

B pa6otax [5—13] Takxe paccmo-
TPEHO 60JTbLLIOE YUCTIO 3/IEMEHTOB, KO-
TOPbIE peanu3oBaHbl Ha NOYNPOBO-
JHUKOBbIX KOMMOHEHTAX 11 MOTYT BbITb
CMOMb30BaHbI N1 CUHTE3a 3/1EKTPOH-
HbIX CUCTEM YNPABNEHUS [BUXKEHUEM
noesgos [18-21].

Tak, uMnynbCHO-NOTEHLMANbHAsA
CXeMa COBMaLeHuil, KoTopas npuee-
[leHa Ha puc. 5 [8], peanuayet noru-
YECKYH0 (DYHKLIMI0 KOHBIOHKLNN 1 NpK
3TOM HE UMEET OMaCHbIX 0TKA30B:

rae X; — i-A BXOLHas nepemMeHHas.
Kpome Toro, dompmoii AEG-Tele-
funken 6bi1 co03aH DYHKLNOHANIBHO
nonHbIi Habop mopyneit LOGISAFE, ko-
TOPbIE Pean30BaHbl HA TaK Ha3blBae-
MOM NPUHLMNE JENCTBUTENILHON 6€30-
nacHoctu [19]. Mpumepbl peannusauuu
NPUHLMNNANbHBIX CXEM JIOrMYECKOiA
CXeMbl «l1» 1 NOrn4eckoro anemeHTa
«HE» 3T0il cCepun npefcTaBneHsl Co-
OTBETCTBEHHO Ha puc. 6, a u puc. 6, 6.

Bx. 2

Puc. 5. UmnynbcHo-nomeHyuanbHas cxema cosnadeHus
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Puc. 6. lpuHyunuansHsie cxembl no2udecKux 3nemeHmos «Mx» (a) u «HE» (6)

K LOCTOMHCTBAM 3TUX NOTUYECKMX
3NEMEHTOB ClieflyeT 0THECTM WX BbICO-
KY0 HaZieXXHOCTb. [1ns npoBepKu ycno-
BUiA paboTbl 3TUX 3NEMEHTOB Ha 6e30-
NacHOCTb BbINK NPOBEAEHbI CreLnab-
Hble UCMbITaHNA. K HegocTatkam cre-
[YeT OTHECTW TO, YTO 3JIEMEHT, pea-
NN3YIOLLNIA YHKLMIO «3anpeT», UMe-
€T ONaCHbI 0TKA3.

[MpuHUMNnansHas cxema 6esonac-
HOrO NIOTMYECKOro 3M1eMeHTa, peanuay-
tOLLLEr0 NOrMYECKYH PYHKLMIO KOHb-
IOHKLMK, npuBefeHa Ha puc. 7 [20].
Y 37O CXeMbl UMMYSbC NOCTOAHHO-
ro TOKa ONpefeneHHoro ypoBHs npu-
HAT 32 CUrHAM JIOTMYECKO eanHULbI,
a NOrM4ecKOMy HyJH0 COOTBETCTBYET
CUTHan HyNneBoro YpoBHS; TECTOBbIN
CWUrHan Xy NpeAcTaBnseT coboii nocne-
[0BATENbHOCTb MMMNYNIbCOB NOJIOXN-
TeNbHO NONSPHOCTU, ASIUTENBHOCTD
11 Nepuoj NOBTOPEHMS KOTOPbIX CyLLe-
CTBEHHO MeHblLe ANUTeNbHOCTU CUT-
HaJII0B X4 U X,. Ha BbIx04e 3TOl cXe-
Mbl NOSABMISETCA CUrHAN JIOTUYECKOI
eMHULbI TONBKO NPY YCIIOBUM, €CIN
3HAYEHUS X4 U Xp TAKXKE COOTBETCTBY-
tOT NIOrMYECKOI eANHNLE U OTCYTCTBY-
tOT 0TKa3bl 3/IEMEHTOB CXeMbl TPaH-
3UCTOPHbIX ONTPOHOB V/1-V/3, pe3u-
cTopoB R1-R4, KoHfeHcaTopoB G1-
G4 v 06pbIBbI COBAMHUTENbHBIX NPO-
BOZHWKOB.
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Puc. 7. lpuHyunuansHas cxema n102u4eckoeo 3nemeHma «Mx»

CO cCneyuanbHbIMU mecmossIMU cueHaizamu

[Mpn OTCYTCTBMW UMMNYNbCA TECTO-
BOr0 CMrHana Ha BXofe CXeMbl CBETO-
Anofbl onTpoHoB V1-1/3 He nanyyatot
CBeT, hOTOTPAH3NCTOPbI ONTPOHOB 11—
I/3 3aKpbIThl, KOHAEHCaTOpbI C1, G2 3a-
PSXKEHbI COOTBETCTBEHHO OT UCTOYHN-
KOB CUTHAMOB X4 U1 X, 4epe3 TPaH3nCTo-
pbl R1 1 R2, KoHpeHcaTop C3 3apsKeH
OT MCTOYHMKA NOCTOSAHHOIO HanpsKe-
HWS OTPULIATESIbHOI NOMSPHOCT Yepes
peaunctop R3.

B TakoM COCTOSIHWM CUrHan Ha Bbl-
X0[e CXembl 0TCyTCTBYET, T.€. y = 0.
[MTocne nosiBNeHUs NepBOro NooXu-
TENbHOr0 MMNYNbCa X Ha BXOAE CBe-
ToAauoda onTpoH /1 HadmHaet usny-
yaTb CBET, Noj [eNCTBUEM KOTOPOro
OTKPbIBAETCSA POTOTPAH3UCTOP ONTPO-
Ha /1, n Hanps>XeHne Ha KOHZeHcaro-
pe C1 npuknagbiBaeTcs K CBETOAMOAY

onTpoHa V2. oA fencTeuem 3T10ro Ha-
NpsHKeHNs CBETOAMOL 06/1y4aeT 6a3y
TpaH3nucTopa onTpoHa V2, KoTopblil 0T-
KpbIBAETCA, M B pe3ynbraTe CO3LaeTcs
Lenb paspsaga G2 yepes CBETOANOS ON-
TpoHa V3. MNof fencTeuem n3nyveHus
9TOr0 CBETOANO/A OTKPbIBAETCA (HOTO-
TPAH3MCTOP ONTPOHA V/3, 1 KOHLEeHCa-
Top C3 pa3pshxaercs yepe3 VD2 Ha na-
pannenbHoe COeANHEHNe KOHAEHCaTo-
pa C4 v conpoTMBNIEHNS Harpy3ku R4.
lMocne NONOXMTENbHOTO UMNYNbCA X7
HacTynaeT naysa, B Te4eHne KOTOpoil
CXema NepexoaunT B UCXOAHOE COCTO-
fHVe. BTopoi nonoxXuTesbHbIA M-
MynbC ONATb NPUBOAUT K U3MEHEHUIO
COCTOSIHUIA 3NEMEHTOB CXEMbl 1 B KO-
HEYHOM CYeTe — K 04epefHOMY pas-
psidy KoHaeHcatopa C3 Ha Harpysky
R4. Mpouecc paspsaa C3 Ha Harpy3ky

B. H. Kosanenko, JJ. A. 3eprun | 0630p 1 aHanM3 6€CKOHTAKTHOM 31EMEHTHON 6a3bl ANA CUHTE3a CUCTEM JKEeNe3HO[O0POXKHON AaBTOMATUKU U TeNleMexaHUKK

N
o



B. H. Kosanenko, [l. A. 3epHuH | 0630p 1 aHann3 6eCKOHTAKTHOM 3/IeMEHTHOI 6a3bl ANA CUHTE3a CUCTEM XKENe3HOA0POXKHON aBTOMATUKU U TeSleMexXaHNKH

N
(o))

Opranu3auums npou3sofcTea (TpaHcnopr)

NOBTOPAETCA C NepPUOOM TECTOBbIX CUrHANOB, NOKa X4 = 1
n X, = 1. B peaynbrare T0ro, 410 napansiefbHo Harpyske R4
BKJTI0YEH KOHAEHCATop C4, Ha Hel Co3LaeTcs MMNYNbC No-
CTOSIHHOrO TOKA C NapameTpamu, aHanoruyHbIMI napame-
Tpam CUrHana JIoru4eckom efuHuLbI.

[Tpun no6om BuAae 0TKasa Nt060ro 3JIEMeHTa CXeMbl
CUTHAN Ha BbIXOJe CXeMbl ¥ MPUHUMAET 3HAYEHUE «KOH-
craHTta 0», KOTOpOe BOCMPUHUMABTCH CUCTEMOIA YrpaB-
NEHNs Kak KOMaHaa Ha NepeBof ABUXEHMS B 3aLLNLLEH-
HOE COCTOAHME. [IeiCTBUTENbHO, NPU 0TKA3e KaKOro-nu-
60 13 3N1eMEeHTOB Lienen onTPoHOB /1-1/3 unu anemeHToB
R3, €3, VD1, VD2, C4 npeobpa3oBartesiii CUrHanoB npe-
KpaLLatoTcs NpoLecchbl 3apsL0B 1 pa3psaoB KOHAEHCaTo-
poB C1- C3, a cnefoBaTeNlbHO, HE CO3AETCS HaNpsHKe-
HUE Ha Harpyske R4.

B pa6otax [6, 23] paccmaTpuBatoTCs NOruyeckue ane-
MEHTbI C O[JHOHAMNPABMNEHHbIMU 0TKa3aMu, KOTOPbIE UMe-
t0T CUCTEMY BXOLHbIX U BbIXOLHbIX CUTHANIOB HEHYNEBOIO
YPOBHS. ANEMEHTbI 3TOr0 TUNA UMEIOT PSS HEA0CTATKOB —
rPOMO3AKOCTb U HU3KYHO HAZIeXXHOCTb.

Tem He MeHee, UMes psg NPeuMyLLECTB, NONYNpPOBO-
[HUKOBAasA annaparypa »efnesHo40p0XKHOW aBTOMATUKMK,
B CPABHEHUN C penenHoi, UMeeT J0CTaTO4HO CepbesHble
HEeLOCTaTKM, KOTOPble NPOSABUNNUCH B NPOLIECCE ee NPOoun3-
BOZCTBA U1 3KCNyaTauum [25], — BbICOKYH CTOMMOCTb 1 Ap.

Mpu cpaBHeHUN nHTerpanbHbIx cxem (MC) co cxemamu
Ha AMCKPETHbIX NOJTyNPOBOLHUKOBbIX 3/1EMEHTAX BbISACHS-
eTCH, YTO OHU UMEHT 60J1ee BbICOKYHO HALLEXXHOCTb U NPy
3TOM MEHbLUYI CTOUMOCTb [25].

OCHOBHbIM Tpe60oBaHMeM, KOTOPOE NPELbABAAETCA K M-
KPONpOLLECCOPHbIM CamMOMNpoBepseMbIM YCTPONCTBAM, SB-
NeTca BKN0YeHne ucnonHutenbHoro pene (YBIUP), koto-
poe NpefHa3Ha4YeHOo AN UCKOYEHUS JIOXKHOTO BKNOYEHUS
06beKTa Npy BO3HUKHOBEHUW B HEM HEUCpaBHOCTU. [1niq
3TUX LieNeid NpeanaraeTca UCnonb30BaTb UMMNYNbCHbIE Ca-
MOZBOWCTBEHHbIE NapadasHble curHansl [26, 27].

Tak, Hanpumep, NpUBeAEHHAs Ha puc. 8 NpUHUKUNNANb-
Has CXxeMa OCYLLECTBIAET KOHTPOSIb HA NapacpasHOCTb BXOA-
HOro curHana Z; u Z,. B Tom cny4ae, ecnu ycnosue napa-
(ha3HOCTM BXOAHBIX CUrHAN0B CO6J04aeTC, T.8. Zy # Zo,
TO BK/t04AETCA pesnie K no 04HOM U3 ABYX Lienei:

+U —VT1-VD1-h.KoHTakT K — /D4 —V/T 4 — 3emns;
+U —-VT2-VD2— .KoHTakT K — /D3 — /T 3 — 3emns.

B npoTuBHOM cry4ae, Korga curHan Zy = Zo, 3aKpbIThl
Tpansuctopsl V71 n VT2, nn6o VT3 n VT4, noatomy pene
K BbIKNtO4YaeTCs, PMKCUPYS HEUCNPABHOCTU B KOHTPOIIU-
pyeMOom cxeme.

Bce BO3MOXHbIE OMHOYHbIE NOBPEXEHNS 3/IEMEHTOB
CXEMbl, TaKNe Kak 06pbIBbI U KOPOTKME 3aMblKaHUS LUOL0B
11 TPAH3UCTOPOB, MPUBOLAT K BbIKITHOYEHNIO perne K, KOTOpoe,
B CBOO 04Yepefb, MPUBOAMUT KOHTPONUPYEMOE YCTPOINCTBO

B 3aLLMTHOE COCTOSIHWE, HANPUMED, K BbIKITOYEHUIO NUTa-
HWS KOHTPOIMPYEMOro AUCKpeTHoro yctporctea (OY). Boc-
CTaHOBJIEHIE PaBbOThbl YCTPOMCTBA OCYLLECTBSAETCS TONBKO
C y4acTMeM Yei0BeKa MocIie NPOBEepKN ero UCNpaBHOCTHU,
MyTeM UCKYCCTBEHHOIO BKNOYeHUs pene K.

Ha puc. 9 npuBefeHa cxema 3fiemMmeHTa ¢ 0HOHanpas-
NEHHbIMI 0TKa3amm, KOTopas UCMonb3YyeT CBOMCTBO Ha-
CbILLEHNS MarHUTHLIX MaTepuanos (Benukobputanus),
T.e. Apoccenb HacblweHns OH. Cxema coaepXuT apoc-
ceJib HacblWweHus [JH, HaMOTaHHbI HAa CepAeYHMK C Bbl-
COKO MarHUTHOW NPOHULLAEMOCTBI0 U UMEIOLLNIA [iBe 06-
MOTKW. Ha 06MOTKY 7-2 nojaeTcs nepeMeHHOe Hanpske-
HUe, a Ha 06MOTKY 3—4 — NOCTOSHHOE HanpsHXeHue no-
rM4eCKOro curnana. Bce BO3MOXHbIE 0TKa3bl (B TOM YuC-
11e 1 06pbIBbI) NPUBOAAT K OTCYTCTBUIO CUTHANA HA BbIXO-
e, T.e. K 32LUTHOMY 0TKa3y.

:

VT VT2

Puc. 8. Cxema KOHMPOA CU2HAA HA NAPAGA3HOM BbIXO0e

Bxoa

-l

Bbixog

Puc. 9. llosmopumens ¢ ycuneHuem
¢ 00HoHanpasgneHHsIM omkasom muna 1 — 0



Ha puc. 10 npeacTasneHa npuHLMNnanbHas cxema ane-
meHTa «/J», npefnoxeHHas (paHLy3CKUMU YHeHbIMY,
B KOTOPOW TaKXXe NPUMEHEHO CBONCTBO NOCTOSAHHOIO Mar-
HUTA Ha[eXXHO HaCbILLATh Xene3o TpaHcgopmaropa. Jlo-
TMYECKNIA ANeMEHT COCTOMT U3 TpaHcdopmatopa A ¢ ABy-
M5 06MoTKamu P 1 R, NOCTOSHHOrO Mariuta Nl — S n mac-
CWBHOr0 MarHuTonpoBofa FDG, Ha cepaedHuke D HamoTa-
Hbl [1B€ BXOAHbIe ynpasnstoLie o6motkn Wy n Ws n 06-
MOTKa 06parHoil cBa3m Wye.

BropumyHas o6moTKa R TpaHcdopmaropa A (puc. 10)
Yepes OMOAHbIA MOCT NOAKMIOYEHA K BbIXOAY 3NIEMEHTa
Mo NOCTOAHHOMY TOKY. [Tpn OTCYTCTBUM BXOAHbIX CUTHA-
NOB MArHUTHbIA NOTOK MOCTOSAHHOrO MarHUTa 3amblKaeT-
Sl Yepes3 MarHUTHyH0 Lienb TpaHcdhopmaropa A, HacbiLwwas
ee. [oaTomy HanpshxeHue Ha 06MOTKe R 1 Ha BbIXOLE 3/e-
MEHTa NPAKTUYECKU PABHO HYMHO.
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Puc. 10. Jloeu4eckuli anemeHm «WJ1N»

B TOM cnyyae, ecnu xots 6bl HA OJHOM M3 BXOJ0B Xq
UK X, 6yAeT NPUCYTCTBOBATL CUIHAN NOrMYECKON «1», KO-
TOPbIV CO3JaeT TOK ONpPeAeSIeHHOI BENNYIHbI BO BXOAHO
06MOTKE, TO B MarHUTHOM Lenn FDG BO3HUKAET MarHnuTo-
JBWXYLLASA CINa, KOTOPas YMEHbLLAET ee MarHUTHOE Conpo-
TUBNEHWE, B Pe3yNibTate 4ero MarHUTHbIA NOTOK NOYTH Nos-
HOCTbH OTBETBJIAETCA B 3Ty Lienb. MarHuTONpoBOA TpaHc-
dbopmatopa A BbIXOANT U3 HACBILLEHNS 11 HA €r0 BTOPUYHOA
06MOTKe R, a cneJoBaTesibHO, W Ha BbIXO/E 31IeMeHTa NosiB-
nsaetcs HanpshkeHue. 06MOTKA NONOXUTENLHO 06PATHON
cBA3N Wy 06ecneynBaeT yMeHbLUEHIE BPEMEHI Nepexo-
[1a 3/1eMeHTa U3 0[IHOr0 COCTOSAHNA B APYroe.

Opranu3sauua npou3sojacTea (TpaHcnopr)

B Ka4ecTBe 3neMeHTa NamsTi ¢ HeCUMMETPUYHBIM OT-
Ka30M MOXET 6bITb MPUMEHEH 3JIEMEHT, MPUHLMUNNANbHASA
CXeMa KOTOporo npueeaeHa Ha puc. 11.

PaboTa anemeHTa, npuBefeHHOro Ha puc. 11, npouc-
XOANT cnefytoLum obpasom: Ha Bxoa TU nocTynaet He-
NpepbIBHAA UMMYNbCHAA NOCMEA0BATENIbHOCTb, U ECINn
Ha Bxog MYCK nofaH MMnynsC NONOXMUTENbHON nonsp-
HOCTK, TO TpaHauctop V/T1 oTkpbiBaeTcs. ToK, npoTeka-
tOLLMIA Yepes3 CBETOANOA, OTKPLIBAET (DOTOANOA (onTona-
pa DD1), KoTOpbIiA, B CBOKO 04Yepefib, OTKPbIBAET TPaH3U-
cTop VT2, n o6knaaka koHaeHcatopa C1, umetoLas otpu-
LaTeNbHbIA 3apaj, COeaNHAETCS C 3eMneil. 3TO NPUBOANT
K 3apsaay KoHpeHcaTopa G2 nonoXnTenbHbIM NOTeHUMA-
NIOM, KOTOPbIN ABNAETCA AMHAMUYECKUM UCTOYHUKOM Mi-
TaHus ang TpaH3ucrtopa //71. OGHOBPEMEHHO TOK TPaH3N-
cropa VT1, npotekarowmin 4epes ontonapy DD2, 0TKpbI-
BaeT TpaHaucTtop V/73. B pe3ynbraTe 4ero Ha BbIXoAe f0-
rM4ecKoro anemeHTta Oyfet nNpucyTCTBOBATL UMMYIbC-
Has NocreoBaTeNnbHOCTb, COOTBETCTBYHOLLAA NOrnye-
CKON eIMHMLE «1».

O4eBMAHO, 4TO NEPCMEKTUBHBIM SBASETCA UCMONb30Ba-
Hue Npn6opOB (DYHKLMOHAMBHOI ANeKTPOHMKN (PI), KOTO-
pble N03BONAT CHATb PAL NPO6IIEM, CBONCTBEHHBIX 00bIY4-
HbIM VIC, 0COBEHHO BbICOKOIA CTEMEHN UHTErpaLn: npobne-
MY Ha[ieXHOCTW KOHTAKTOB U T.4. [28]. BnonHe ovesng-
HO, 4TO mMcnonb3osaHue MIC Ha S-npubopax ¢ 06bLEMHbIM
3(PeKTOM, Y KOTOPbIX HaMpPSXXEHHOCTb 3f1eKTPUYECKOro
NoNIf HA HECKOJIbKO MOPSAKOB HUXKE, YeM, Hanpumep, Ha
KONNEKTOPHOM nepexofe 6unonspHbIX UnN SUINeKTpUKe
MZMM-TpaH3ncTopoB, NOBbILWAET BEPOATHOCT 6€30TKa3-
HO 1X paboThbl.

lNepcreKTUBHbLIM HanpaBfieHNeM CO34aHUSA NOrNYECKUX
3M1EMEHTOB C 0HOHAMNPaBIEHHbIMI (HECUMMETPUYHBIMM) OT-
Kasamu TaKkxxe ABNSeTCH NOCTPOEHME UX HA ONTOINEKTPOH-
HbIX 3JIEMEHTAX, TaKUX, HanpumMep, Kak onTonapa CBeToLu-
04 1 (hOTO3NEKTPMYECHI Npeobpa3oBaTesib UK CBETOAM-
04 1 dhoTopesncrop.
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BbiBofbI

Kak nokasblBaeT 0Te4eCTBEHHbIN 1 3aPYOEXHbIA OMbIT,
CUHTES3 CUCTEM XEJIe3HOLOPOXKHON aBTOMATUKI MAET M0 My-
T NPUMEHEHWUA NPOrpamMmMUpyeMbiX MUKPONPOLLECCOPOB
1 MuKpo-9BM, pean3oBaHHbIX B BUAE GOMbLUNX U CBEPX-
6onblwmnx nHTerpansHeix cxem (BUC n CBUC), obnapato-
LLIMX OTHOCUTESIbHO BbICOKOW HAZIEXHOCTbIO U OTHOCUTESb-
HO HU3KOW CTOMMOCTbH. HO MOCKOMbKY 3T1 3/1EMEHTbI UMe-
0T CUMMETPUYHbIE 0TKa3bl THma 1 — 0mn 0 — 1, 10 anga
o6ecneveHns 6630MacHOCTI UCTOMb3YOT Pa3NNyHbIe Me-
TOZb! BBEAEHNS U36bITOYHOCTL: annapaTHom, NporpaMmmMHON
1 MHPOPMALIMOHHON. Kak npasuo, ans o6ecneveHns 6e3-
0MacHOCTY NPUMEHAOT 06LLIee CTPYKTYPHOE (annaparHoe)
pe3epBupOBaHue, YaLlle BCEro 1Cnosb3yioT ABe fy6nupo-
BaHHbIE CUCTEMbI C NPOBEPKOI KOPPEKTHOCTU UX PaboTbl HA
6e30MacHoi1 CXxeMe CpaBHEHUS, Y KOTOPOK Hanbonee Bepo-
ATHbI HECMMMETpUYHble 0TKasbl Tuna 1 — 0 (JT3HO) [29].
B 3TOM cny4yae ans nocTpOeHUs CUCTEM XKEJIe3HOL0POX-
HOW aBTOMATUKIW UCMONb3YIOT [1BE Ay6IMPOBAHHbIE CUCTE-
Mbl. Takoi NPUHLMN NOCTPOEHWUS ONPESeNseTcs TeM, HTO
B 3TUX CUCTEMAx YNnpasJieHWs HeLOMyCTUMbl NEpPepbiBbI
B paboTe. OnHa 13 Ay6NMpOBaHHbIX CUCTEM peannayeT pa-
6041 anNroput™ OYHKLMOHNMPOBAHUS CUCTEMbI, @ BTOPAS
Jy6nmpoBaHHas CUCTeMa HaX04UTCA B rOPS4EM pe3epse.

Takxe 19 CUHTE3a CUCTEM XKeNe3H040POXHO aBTo-
MaTUKN 1 TENIEMEXaHUKN UCTIONb3YETCA MAXOPUTApPHOE
pe3epBMpOBaHue, Npyu KOTOPOM YUCNO CUCTEM, paboTa-
IOLLMX B paB04eM PEXUME, HEYETHO M CPABHEHWE BbIXO[-
HbIX CUrHaNoB NPOM3BOANTCA HA 6E30MacHOM MaXopu-
TapHOM 3JIEMEHTE C HECUMMETPUYHBIMU OTKa3amu Tuna
1 — 0. PewweHns npuHUMAKOTCA N0 60MbLUMHCTBY, B TOM
CUCTEME, KOTOPAS BbIAAET YNPABSALMA CUTHAN, OTIINY-
HbIl OT [BYX OCTaNbHbIX; PUKCUPYETCH OLLIMOKA, U 6e30-
MacHbI 35IEMEHT, eCNi OH YNPaBNAOLLMIA, Nepe3arpyxa-
eTCH, 8 OCTaNIbHbIe MPUHUMAIOT peLLeHmne no Ay6rmpoBaH-
HOM cucTeMe (TaK Kak 4aLle Lpyrux npUMeHsIeTcs Maxo-
puUTapHbIA MeTO «2 U3 3»).

[lns 3aWwmnTbl OT 0UHAKOBbIX CO0EB B PE3EPBMUPOBAH-
HbIX CUCTEMAX, Y KOTOPbIX alrOpUTMbl YNpaB/ieHuns peanu-
3YI0TCA C NMOMOLLbIO NPOrpamMm, NPUMeHSIeTCs JUBEPCUTET-
HOe NPOrpamMmmMu1pOBaHue Ans pesepBupyembix cuctem [29].

Takum 06pa3om, KOHEYHbIM 3JIEMEHTOM, BblAAKOLLIMM
KOMaHJy OT pe3epBMPOBAHHOI CUCTEMbI YIPABIEHNS HA
UCTIONHUTENbHBIA 3NEMEHT, ABNAETCH 3/IEMEHT C HECUM-
METPUYHbIMMN OTKa3aMMU.

Ha [aHHbIA MOMEHT aKTUBHO BHELPATCA CUCTEMbI Pe-
NeHOo-NPOLLECCOPHOM 1 MUKPONPOLLECCOPHON LigHTpanu3a-
uum, B KoTopblx Nnpumenstotes bAC n CBUC kak ¢ ny6nu-
POBAHHbIM, TaK U C MOXOPUTAPHbLIM pPe3epBrUpoBaHuem. UT
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/ fonukos
Yury V. Golikov

Anmaparypa aJsl IPOeKTHO-H3bICKATeIbCKHX
padoT B cepe TpaHCHOPTA
HA OCHOBE 3JIEKTPO30HIMPOBAHMS 3eMJIH

Equipment for design and survey works
in the transport sector on the basis

of electric earth sensing

AHHOTauuA

B pesynbrare 40-neTHuUX nccnefoBaHnini aBTOPOM CTaTby
paspaboTaHbl TexHONOTUs U 060pyA0BAHME, MO3BONSIO-
L1e BbINONHATb 3EKTPO30HAMPOBaHME C U3MEpPeHNeM
VAENbHOTO 3JIEKTPUYECKOTO CONPOTUBIEHUSA Ha IyOUHY
600 KM C Wwarom KBaHTOBaHUs no ry6uHe 10 cm. Teope-
TUYECKM my6uHa 30HAMPOBAHMSA HeOTpaHUyeHHa [1].

KnioueBble c10Ba: 060pyaoBaHune, MPOEKTHO-M3bICKA-

TeNbCKMe paboTbl, TPAHCMNOPT, 31EKTPO30HANPOBAHMUE
3eMnu.

D0I:10.20291/2311-164X-2018-1-50-53

Abstract

As a result, 40-year-old works, the author developed
the technology and equipment that enables electric
earth sensing with the measurement of the electrical
resistivity to a depth of 600 km with a step of
quantization at the depth of 10 cm. Theoretically, the
depth of sounding is unlimited [1].

Keywords: equipment, design and survey works,
transport, electric earth sensing.
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YenoBe4ecTBO BCErga CTPEMUIIOCh NO3HATL CTPOEHNE
3emnu. B aTom npouecce uccnefosatensMm npoigeHo
[Ba aTana:

1. ANeKTPO30HAMPOBAHNE HA NOCTOSAHHOM TOKE, B Pe3yb-
TaTe KOTOPOro nony4eHo yAesbHOe 3NeKTPU4ECKoe Conpo-
TUBIEHWE Ha ry6uHy [0 60 kM npu pasHocax go 500 km [2].

2. bypeHnue cBepxrny6oKux CKBaXUH. B mupe B nepu-
oa ¢ 1962 no 1990 r. npo6ypeHo 12 ckBaxuH. Camas rny-
60Kas n3 HUXx — Konbckas ckaxmuHa Cr-3 — 12262 m.

MonspHbIN paguyc 3eman — manas noayoch dnamn-
coupa KpacoBckoro, paBHas 6356863 M. JkaTopnanb-
Hblil paguyc 3emnnm — 60MbLIAA NOMYOCh 3NAUNCONAA
KpacoBckoro, paBHas 6378245 m. CpegHuin paguyc 3em-
nm — 6371302 m.

I3mepeHns BbINOMHEHbI KOMMNJIEKTOM annapaTypsl
AHM-4 [1]. Ha puc. 1 npuBeaeHbl TEXHUYECKUE XapaKTe-
puctuku annaparypbl AHIM-4 (annaparypa HecTauuoHap-
HOrO nors). Ha annaparypy nony4ex ceptudmkar focyaap-
CTBEHHOr0 YHUTAPHOro npeanpuatua «LleHTp meTponoru-
4eckux uccnegosanuin «Ypan-feo» (Pecnybnuka bawwkop-
TOCTaH, I. Ydpa).

Ceptuchukar o kanubpoBke
cpeactsa uamepenuit Ne 115-06/17

006bEKT KanubpoBKK: annapatypa HeCTaLNoHapPHOro Nno-
ns AHIM-4, 3aBoackon Ne 12,

3akazuuk: NiHctutyT reochmsnkm YpO PAH (620077, PO,
r. EkarepuH6ypr, yn. AmynaceHa 100).

N3mepsiemas BENUYMHA: YLIENbHOE 3NIEKTPUYECKOE CO-
npotuenenune (Y3C) xugkoctu, OM-m.

PesynbTaTbl KANUGPOBKM

WupuBupyanbHas KanuépoBo4Has qyHKUMS:
y=Ax+B,

roe y — Y3C, nsmepsiemoe npu6opom, OM-M; X — BbIX0O-
HOWM curHan npuéopa; kKoadduumneHTol: A = 3,66; B = 28,28
(Ha momeHT Kanuéposku 02.06.2017 1.)

MeToauka kanubposku: AHIM-4 «Annaparypa HecTauu-
OHapHoro nons». Metoguka kanubépoBKku», yTBEPXAeHHAS
FYM UMW «Vpan-reo» 8 2014 .

Ycnosus kanubposku: Temneparypa Bosayxa: 13,5 °C.

EnnHuua Y3M nepepnaHa cTtaHgapTHOMY o6pasuy
YA (ananekTpuyeckomy 6acceiiHy) 0T KOHOYKTOMETpa
KI-C-Ne 142 (CnpeTensctBo 0 nosepke ®BY «Antainckuii
LICM>» Ne 101323 o 22.12.17 1.).

KanubpoBka BbIMNOMHEHa C NOMOLLbI0 CTaH4APTHOrO 06-
pasLa yaenbHOro aNeKTPUYECKOro CONpOTUBEHUS XNIKO-
cTu (auanekTpuyeckoro 6acceriHa) Ne 002 (CepTudomkar
Kanu6poBku Ne 1354-2017 o 28.04.2018 r., BbigaH VI
UMW «Ypan-reo»).

Opranu3sauua npou3sojacTea (TpaHcnopr)

MakciumanbHbIil BbIXOAHOW TOK B MMnynbee: 30 A

MakcumanbHoe BbIXofiHOE HanpsxxeHue B umnynsce: 300 B
HanpspkeHune nutanus: 220 B AC, 3 kBT nnn akkymynatopel
InutensHocTb UMnynsea:10-100 mc

[innTenbHOCTL NepefHero (PpoHTa UMMynbca Toka: He 6onee 30 MKC
[nuTenbHOCTb 3aaHero poHTa MMNynbca Toka: He 6onee 30 MKC
®opma MMNynbCOB TOKA: PA3HONONAPHAA NPAMOYrOfbHAs C Nay30i
CunxpoHu3auns ¢ nameputenem: GPS-npnemHmk

[nanason pa6o4nx Temnepatyp: —20...+30 °C

Macca: 5,2 kr

[a6apuTbl: 480x350x133

[nanasoH n3mepsiemMblx HanpsXKeHuit: +/— 5 B

[OuHamnyeckuii guanasdox usmepenns 3[1C nepexoaHoro npouecca:
He meHee 80 ob

MuHumansHoe Bpema n3MepeHns nepexosHoro npouecca: 10 Mkc
MakcumansHoe Bpema n3amepenns nepexogHoro npouecca: 300 mc
006beM 3HEProHe3aBMCMMON NaMATI JaHHbIX: 4 [6

lMopnasnexue nepuoan4eckori nomexu 50 I'y: He mexee 80 Ab
CuHXpoHM3auns ¢ reHepatopom Toka: GPS-npuemHmk

TO4HOCTb CMHXPOHM3ALAN C reHepaTopom Toka: +/~900 He

CBA3b ¢ komnbloTepom peructparopa: USB 2.0

[nTaHre 0T MCTOYHIKA NOCTOSHHOTO TOKA HanpsxeHnem: +/-12 B
MoTpebnsemas mowHocTs: 2.0 BT

Bpems aBTOHOMHOW pa6oTh (63 NOA3apsAAKM aKKyMynaTopos ): 18 yacos
[nanason pa6ouunx Temnepatyp: —20...+30 °C

Macca: 1,1 kr

a6aputbl: 240x190x100 MM

Puc. 1. Annapamypa AHI1-4:
a — 2eHepamop; 6 — u3mepumess

[ata kanu6posku: 02.06.2017 r.

PekomeHayemas fgarta npoBefieHMs CrieaytoLen Kanm-
6posku: 02.12.2018 r.

3aB. 0TAENOM 3TaNOHOB K.T.H. B. [l. CBATOXNH.

10. B. lonuxos | Annaparypa Ans NpoeKTHO-U3bICKAaTeNbCKUX PaboT B chepe TPaHCNOPTa Ha OCHOBE 3IEKTPO30OHAMPOBAHNA 3eMaN

(6]
—_



10. B. lonukos | Annapatypa ans NpoeKTHO-M3bICKATENbCKUX PAbOT B chepe TPAHCNOPTA HA OCHOBE 3/IEKTPO30HANPOBAHUA 3eMAU

(o))
N

Opranu3auua npou3sojacTea (TpaHcnopr)

Puc. 2. Ypansckas cksaxuHa Cl-4,
U3MepeHUs BbINOJIHeHb!
¢ ucnons3osanuem annapamypsi AHI-4

[TogaHa 3asiBKa Ha NaTeHT ¢ Npuo-
putetom ot 17 asrycra 2017 r. 3ass-
Ka npoLuna hopmarnbHyo 3KCnepTusy
11 HanpasneHa B 0TAeN 28 AN Npoxox-
JEHNs 3KCNepTu3bl Mo CYLLECTBY Noj
Homepom 2017129411/28 (051064).

B KavectBe 04HOr0 U3 NPMMEPOB
paccMOTPUM COMOCTABNEHUE HALLUX
paboT ¢ pesynsratamn U3MepeHuin Ha
ypanbCKom ckBaxuHe Cr-4 (puc. 2-5).
CkBaxknHa 6ypunach 5 net. amepe-
HWsa ¢ annapatypoit AHI-4 BbINOHEHb!
B HoA6pe 2017 . fo rny6unsl 600 Km.

0fHUM 13 NpumepoB 3DGEKTMBHO-
ro 1CMONb30BaHNA NPEAN0XKEHHOI an-
napatypbl MOXET NOCYXWUTb ANATHO-
CTUKA COCTOSAHUS XKEeNe3HOA0POXKHON
HaCbINW 1 e 0CHOBAHUSA GECKOHTaKT-
HbIM 3/1EKTPOMArHUTHBIM METOAOM,
noapo6HO onucaHHas B cTatbe [3].

Puc. 3. U3smepeHus Ha ycmbe ckBaxuHsl (-4

BbiBoAbI

lpencTasneHHas TeXHONMOrKs 1 an-
naparypa JO/KHbl 3aMeHWUTb BCE re-
0/10r14eCKme 1 reon3nyeckue me-
TOAbl 1 06ecneyntb rny6uHHoOE n3-
yd4eHne 3emnu, MOUCKM W Pa3BenKy
MEeCTOPOXAEHWI pyd W yrnesoopo-
L0B, a TAKXXE PELUeHNe UHXEHepHO-
reonornyeckux 3afad fo rnyouHbl
600 KMm.

B HacTosLLee Bpems BeaeTca pas-
paboTka TeXHONOrnM U annaparypbl
9NeKTPO30HANPOBaHUS 3eMAK [0 ry-
6uHbI 8000 KMm.

[MpefnoxeHHas annaparypa [0/mK-
Ha B 3HAYUTENIbHON Mepe MOBLICUTb
9(PMEKTUBHOCTb NPOEKTHO-N3bICKA-
TeNbCKUX PaboT B TPAHCMOPTHOM
cchepe. UT

1000 meTpoB

2000 meTpoB

3000 meTpoB

4000 meTpoB

5000 meTpoB

Puc. 4. Pe3ynemamsi usmepeHus

no ckgaxure Cr-4:

KPAacHaA Kpusasa — Hawu usmepeHus,
CUHAA Kpusasa — pe3y/ibmamsl UsMmepeHus
KepHa no CKeaxuHe
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Amutpuit AnekcaHpposuy
CKyTUH

Dmitry A. Skutin

AHaJIN3 MeCT BO3HUKHOBEHUS MAKCUMAJIbHbBIX
NNOoNnepeYHbIX CUJI HA KOHTAKTE «KOJIECO — pPeJIbC»

Analysis for the occurrence placesof the maximum
transverse forces on the contact “wheel-rail”

AHHOTauuA

Mpu oLBMKEHUW NOE3Aa NO KPUBOIMHENHBIM y4aCTKaM
JeNe3HOJ0POXKHOro NyTWU BO3HUKAIOT LOMOAHUTENbHbIE
CUNbl HA KOHTAKTE «KO1eCO — penibC». BoiaBneHne Hau-
6051ee BEPOATHbIX MECT BO3HUKHOBEHMSA [LaHHbIX CUN
No3BOANT 3a61aroBpeMeHHO NPUHATL Mepbl No ycune-
HUWIO [aHHbIX Y4aCTKOB AR NOALEPKAHUSA UX B HOPMa-
TUBHOM COCTOSIHUW.

KnioueBble cnoBa: KpVIBOJ'IVIHGVIHbIe y4acTKu, mopenun-
poBaHue, nonepeyYHble CUnNbI, H(eﬂe3H0}J,0p0)KHbll7l nyTb,

paguyc, nepexofHas Kp1Bas, Kpyrosas KpunBas, MecTo
BO3HMKHOBEHMWA MAaKCMManbHOWM NoONepeyHomn cubl.

D0I:10.20291/2311-164X-2018-1-54-58

LG (0] T5N Authors

Abstract

When the train moves along curvilinear sections of the
railway track, additional forces appear on the wheel-
rail contact. The identification of the most probable
places for occurrence of these forces will allow taking
measures in advance to strengthen these sites in order
to maintain them in the normative state.

Keywords: curvilinear sections, modeling, shear forces,
railway track, radius, transition curve, circular curve,
the place where maximum transverse force occurs.
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B pamkax paHee npoBOAUMbIX UC-
CNlej0BaHuUi 6bINN OnpefeneHbl 3Hade-
HUS MAKCUManbHbIX NOMNEPEYHbIX CUIl
Ha KOHTAKTe «KOJIeCO — PenbC», KO-
TOPble BOSHWKAKOT NPW JBMKEHWUN NOA-
BUXKHOTO COCTaBA M0 KPUBOSIUHEAHbBIM
y4acTkam nyTu ¢ paguycamu KpyrosbIx
Kpuebix 500, 600, 700, 800, 900, 1000
1 1200 m 1 ckopocTamu aBuxeHns 80,
100 n 120 Km/4, a TaKXe MecTa BO3-
HUKHOBEHUS 3TUX CIUN (BXOAHAsA nepe-
XO[IHas Kp1Bas, Kpyrosas Kpusas, Bbl-
X0[iHas nepexoaHas kpusas). [ins scex
BapuUaHTOB NPOX0Aa Noe3fos nofom-
panuch napameTpbl MakporeoMeTpum
nnaHa nMHUN TaKum 06pasom, 4To6bl
HenoratleHHoe YCKOpPeHue, BO3HUKa-
lollee B npeaeniax KpyroBon 4actu
KpuBO#A, cocTasnano 0,3 M/c%, a Kpy-
TW3HA OTBOJAA BO3BbILIEHUS PABHA-
nacb 0,8 %o.

Pesynbrarbl YUCNEHHBIX 3KCNepu-
MEHTOB NpeJcTaB/eHbl B Ta6. 1.

[To pesynbratam aHanusa Taén. 1
ObI1M MOCTPOEHbBI U30MO0MS NOMNEPEYHbIX
CWJT HA KOHTAKTE «KONeco — Penbe»,
MO3BONIALLINE OLIEHUTH 3HA4EHUS rOpi-
30HTaNbHbIX MOMNEPEYHbIX CUA, BO3HU-
KatoLLMX Npu ABUXEHWN NOe3a Mo Kpy-
rOBOW KPUBOI ONPELENIEHHOr0o paguy-
Ca C NOCTOSAHHOM CKOPOCTbIO (puc. 1),
6bIN NPOU3BEAEH aHANN3 MECT BO3HUK-
HOBEHUA MAKCUMabHbIX 3HAYEHNI CU-
TNbl NIPU ABWXEHUM NOJBUXXHOIO COCTa-
Ba M0 KPUBOJIMHEHBIM y4aCcTKam nyTu
(Tabn. 2) [1, 2].

B uensx 6onee To4HOro onpepene-
HUS MECT BOSHUKHOBEHMS MaKCUMalTb-
HbIX MOMEPEYHbIX CUM KX[bIA 13 3re-
MEHTOB KPUBOIA: BXOJHAs NepexojHas
KpuBas, Kpyroeas Kpuaas 1 BbIxoHas
nepexojHas Kpueas — Oblnn paspe-
NeHbl HA 5 y4aCcTKOB, KX bl COCTaB-
nan 20 % 0T NPOTAXXEHHOCTM 3TOr0
3/ieMeHTa, TakuMm 06pa3om, Kaxnas
Kpueas 6bina pasfeneHa Ha 15 yyact-
KOB (puc. 2).

Ha 0CHOBE MONy4eHHbIX AaHHbIX
6bI1 CAeNaHbl BbIBObI, 4TO MpU BU-
XKEHUM N0e3L0B MO y4acTKaM KpUBbIX
C pagnycom Kpyrosow Kpusoi ot 500
10 1200 m co ckopocTbto 80 KM/H, npw
BO3HUKHOBEHWM MaKCMMalbHOW Mo-
MepeyHon Ccusibl B Npefeniax BXO4HOM
NepexofHol KpUBOW BO BCEX Cny4a-

Ne 1 / MapTt / 2018

MoABHXHON COCTaB XeJie3HbIX A0POr, TAra noe3fos U aNeKTpuukayms

Tabnuua 1

MonepeyHble CUAIbI HAa KOHTAKTe KKONIECO — Penbey
NPy ABUKEHUMN NOE3A0B NO KPUBONIMHENHBIM YYACTKAM MyTH
(a4 = 0,3 M/c?; g = 22 T/0cb)

Papuyc Kpusoi, M

Monepeytble cunbl NPU CKOPOCTH

100 0

500 18542 18768 17512
600 17879 18018 17018
700 14095 15717 16947
800 13752 13422 15806
900 13133 13258 13686
1000 13722 13328 13450
1200 14900 14390 14033

800

CKOpOCTb, KM/4

Paauyc kpusoi, M

Puc. 1. U3onons nonepeYHbIX CU1 HQ KOHMAaKme «KoJieco — peJsibC»

(G, =0,3 M/ q=22m/och):
— 10000-15000; M — 15000-20000

AX MECTO MOSBJIEHNUS1 MAKCMMasibHON
CWUMbI pacnonaraeTcs Ha y4acTke OT
40 po 60 % OT AnNnUHbI BXOAHOM Nepe-
XO[HOM KPWBOIA. AHanornyHas cutya-
LKs B Npefenax BbIXOJHOI KpMBOW: BO
BCEX CIly4asix MECTO MaKCUManbHOM Ch-
Nbl pacnonaraeTcs Ha yyactke ot 40 1o
60 % OT ANNHbI BbIXOAHOWN NepexoaHon
KpnBoil. Mpu BOSHUKHOBEHWUU MAKCK-
MaJibHO MOMNePeYHOli Cuibl B npefe-
nax Kpyrosoi KpUBOiA BO BCEX Cry4a-
AX MECTO PacnosoXeHus CUmbl Haxo-
QUTCA B Npefesniax 0T Havyana Kpyrosoi
Kpneoii 1 10 20 % OT ANNHbLI KPYroBo#
Kpusoil (puc. 3, 6, Tabn. 3).

[Mpu OBUXEHUM NOE3/0B M0 yyacT-
Kam KpUBbIX C PafnycoM KpyroBom Kpu-
Bon o1 500 go 1200 meTpoB CO CKO-

pocTbto 100 KM/4, NpM BO3HUKHOBE-
HUW MaKCUMarnbHON NonepeyHon cu-
Nbl B NpeAenax BXo4HOW NepexonHou
KPUBOIA BO BCEX Cly4asx MecTo Mak-
CUManbHOIA CUMbI pacnosiaraeTcs Ha
y4acTke o1 60 1o 80 % 0T AnuHbI BXOA-
HOW NepexofHOoi KpUBOWA, Mpu pacno-
NOXEHU MaKCMManbHOI nonepeyHoi
CWIbl B NPejenax BbIXOLHON KpUBOWA,
MEeCTO MakCMMarnbHOM CuJibl pacnosna-
raeTcs Ha Tpex y4acTkax ¢ paBHOi Be-
POSATHOCTbIO:
® 071 20 00 40 % OT ASINHbI Bbl-
XO[JHOM NepexoaHoil KPUBOM;
® 07140 o 60 % 0T ANUHbI Bbl-
XO[JHOM NepexoaHoil KPUBOM;
® 0160 g0 80 % OT ANuHbI Bbl-
XOZHOW NepexofHo KpUBOIA.
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Tabnunua 2

MecT0 BO3HMKHOBEHUA MAKCUMAJIbHbIX nonepeyHbix cun
Ha KOHTAKTe «KO0JieCO — peJibC» Npu ABUXKeHUU noe3aoB no KpuBOﬂMHeﬁHbIM Y4yacTKaM nyTu
(a4 = 0,3 M/c? g =22 T/0cCb)

Monepeytble cunbl NPU CKOPOCTH

Papuyc KpuBoi, m

500 Kpyrosas Kpueas Kpyroeas Kpuas Kpyrosas Kpmeas
600 Kpyrosas Kpueas Kpyroeas Kpueas Kpyrosas Kpmeas
700 Kpyroeas Kpueas Kpyrosas Kpueas Kpyrosas Kpmeas
800 KOH. mepexof. Kpusas KOH. mepexoj. Kpusas Kpyrosas Kpusas
900 KOH. nepexof. Kpusas KOH. mepexoj. Kpusas KOH. mepexoj. Kpusas
1000 Hay. nepexof. Kpueas KOH. NepexoA. Kpuas KOH. nepexoj. Kpuas
1200 Hay. nepexon. Kpusas HaY. nepexof. Kpusas Hay. nepexon. Kpusas
HITK1 'i*l% KKt
Neysactka | 1 | 2 [ 3 [ 4 [ 5 6 7 8
No yyacTka 1 2 3 4 5 6 7 8
MecTto 0-20% BxoA. 20-40% Bxon. | 40-60% Bxop. | 60-80% Bxom. | 80-100% BX0A. 0-20% 20-40% 40-60%
Ha KpuBoW nepexoaHomn nepexoaHon NepexoaHon nepexoaHomn nepexoaHon KpYyroson Kpyrosowu Kpyrosou
KIK2 KKK HIK2
Ne yyacTka | 9 10 M [12][13[14[15
Ne y4acTka 9 10 11 12 13 14 15
MecTo 60-80% 80-100% 80-100% Bbixoa. | 60-80% Bbixoa. | 40-60% Bbixoa. | 20-40% Bbixoa. | 20-40% Bbixoa.
Ha KpnBon Kpyroson Kpyroson nepexoaHon nepexoaHon nepexoaHon nepexoaHon nepexoaHon

Puc. 2. [paHuysl yyacmkos pasbueHus Kpusodli

40-60% BbIx0f, 40-60% BXop, [py BOSHUKHOBEHWUI MAKCUMaSTbHON MOMEePevHON Cuslbl
NepPexoaHoil nepexogHoi B MPeLenax KpyroBon KpMBOIi BO BCEX Cy4anx MeCTO pacnono-
AN yd XKEHUS CUNbl HAXOANTCS B Mpefenax 0T HaYana Kpyrosoii Kpu-

BOW 1 80 20 % OT ANUHbI KPYroBom KpuBoi (puc. 4, 6, Taén. 3).
[Mpu JBMXEHUM NOE3L0B M0 Y4aCTKaM KPUBbIX C paguycom
Kpyrosou kpusoii 0T 500 go 1200 m co ckopocTbio 120 Km/Y,
Npy BOSHUKHOBEHWUI MAKCMManbHOM NOMNEPeYHOIA CIITbl B Npe-
[ienax BXOAHOW NepexofHoi KPUBOIA BO BCEX CNy4asx MeCTo
MaKCcMManbHOW CuIibl pacnonaraetcs Ha ydactke ot 80 fo
100 % OT AnuHbLI BXOAHOW NepexoAHon Kpueoi. Mpu pacno-
NOXEHNN MaKCMManbHOW NonepeyHoi Cunbl B npefenax Bbl-
XO[IHOM KPUBOW — BO BCEX CNy4asxX MECTO MakCUManbHOM Cu-
Nbl pacnonaraetcs Ha y4actke ot 60 go 80 % OT AnnHbI Bbl-
XO[IHOIA NepexofHON KpUBOiA. [py pacnonoXxeHUn Makcumans-
HOI1 MOMEePeYHOII CUNbI B NPeenax KPpyrosom KpuBoii — MecTo

|— 0 o
(K)D}Z/SO{:OVI Sestetet MaKC/UMallbHOW CUJ1bl pacnosiaraeTca Ha ABYX y4aCTKax C paB-
HO BEPOSITHOCTBIO:
Puc. 3. Mecma 803HUKHOBEHUS MAKCUMANbHOU ® 01020 20 % OT ANMHbI KPYroBO KPUBOIA;
nonepeyHoii cusibi Npu CKOPOCMU OBUXKEHUS ® 0720 10 40 % OT ANUHbI KPyrosoi KpuBoit (puc. 5, 6,
nodsuxHoeo cocmasa 80 Km/4 Ta61. 3).
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20-40% BbIXop. 0-20% 20-40% 0-20%
MnepexoaHoii Kpyrosou KpyroBoii KpyroBoii
Puc. 4. Mecma BO3HUKHOBEHUA MAKCUMAIbHOU Puc. 5. Mecma 803HUKHOBEHUA MAKCUMATbHOU
nonepe4Hol cusbl Npu cKOPOCMU 0BUXKEHUS nonepeyHol cusbl Npu CKOPOCMU OBUKEHUS
nodsuxHozo cocmasa 100 km/4 nodsuxHozo cocmasa 120 km/4

Ta6bnuua 3

MecTo BO3HUKHOBEHUA MaKCUMAJIbHBIX NOMEPeYHbIX CUJ
Ha KOHTAKTe KKOJIECO — PeNbCy» NP ABUKEHNN NOE3J0B N0 KPUBOANHEHHBIM Y4aCTKaM NyTH
(aun = 0,3 M/c?; g =22 T/0Cb)

MonepeyHble cunbl NPU CKOPOCTH

Papuyc kpuBoii, m

80 km/y

100 km/4

120 km/4

500 0-20 % kpyroson 0-20 % kpyrosoit 0-20 % kpyrosoi
600 0-20 % kpyroson 0-20 % kpyrosoit 20-40 % kpyrosoin
700 0-20 % kpyroson 0-20 % kpyrosoit 20-40 % kpyrosoi
800 40-60 % BbIX0[. NEPEXOHOIA 20-40 % BbIX0[. NEPEXOAHOIA 0-20 % kpyroso#
900 40-60 % BbIXOA. NEPEXOAHOIA 60-80 % BbIXOA. NEPEXOAHOIA 20-40 % BbIX0A. NepexoaHon
1000 40-60 % BX0/. NEPEXOAHOIA 40-60 % BbIXOA. NEPEXOAHOIA 20-40 % BbIX0A. NEPEX0AHON
1200 40-60 % BXOA. NepexoaHon 60-80 % BXOA. NepeXoAHON 80-100 % BXOA. NepexoAHON
HIMK1 HKK KNK1 KNK2 KKK HIMK2
80 km/4 T %9 i) T 0 T
HIMK1 HKK KNK1 KMNK2 KKK HIMK2
100kms L Te Ta@¢ T 9 4.9 J
HIMK1 HKK KMNK1 KMNK2 KKK HIMK2
120kmn [ T o | 00 o T 09 | T

— MECTa YCTaHOBKM yAepXMBAIOLLEH KOHCTPYKLMNA

Puc. 6. Mecma BO3HUKHOBEHUA MAKCUMAIbHOU nonepeL/Hoﬁ cunel npu 0BUXeHUU NOOBUXHO20 COCMABA

Ne 1 / MapTt / 2018
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[Mpn 3TOM Npu yBENIMYEHUM pafmMyca KpyroBoil KpMBOM
1 YMEHbLUEHUU ANUHBI NEPeX0JHON KPUBOIA, ONpefenieH-
HOM B COOTBETCTBUM C [3], NPOMCXOAMT CMELLEHNe MecTa
BO3HWKHOBEHWS MAKCUMaJIbHOM NMONePeYHOoN CIbl B CTO-
POHY NEPEXOLHbIX KPUBbIX, 4TO MOXET CBUAETENbCTBOBATH
0 HeJ0CTaTO4HOMN ANNHE NEPEexX0AHOI KPUBOIA.

[TpoaHanusnpoBas NONy4eHHbIE PE3YNbTaThl, MOXHO
CLlenarb BbIBOJ, YTO PACMON0OXeHNe MecTa MakCuManbHo

NonepeYHom Cuslbl Ha ABYXMNYTHOM Y4aCTKe Npu CKOPOCTSX
aBuxeHus ot 80 go 120 km/4 6ymeT onpeneNieHo Ha y4acT-
Kax 0T CepefyHbl BXOAHOM NepexoaHon KpUBom 10 cepesu-
Hbl KPYTrOBOU KPUBOW, @ TaKXXe B NPejenax BbIXOLHON ne-
pexoAHoi KpuBOW. IMEHHO 3Ti MecTa 1 TPeByHoT NnepBoo-
YepesHOro YCUneHus A NoA4epXXaHnus nyT B HOPMaTuB-
HOM COCTOSIHUW. UT
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Control for the banding tightness on the rim
of the wheel center at the formed wheelsets
of electric locomotives

AHHOTaLMA
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Abstract

The article deals with the factors influencing the
bonding strength of the “bandage - wheel center”.
The article makes an assessment of the possibility
of monitoring the bandage tension on the rim of the
wheel center at the formed wheel pairs.

Keywords: wheel pair, bandage, wheel center, landing
strength, interference.
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Mpo4HocTb Nocagku 6aHaaxa anekTpoBo3a Ha 0604e Ko-
IECHOTO LIEHTPA HenocpeACTBEHHO BNNAET HA 6€30MaCHOCTb
LBUXEHUS, BbI3bIBAET HEOOXOAMMOCTb NPOCTOS 3NIEKTPOBO-
32 BO BHENIaHOBOM PEMOHTE, @ TaKXKe NPUBOLNT K NPeXes-
peMeHHOMY 1c4epnaHuio pecypca 06oux 6aHgaxel Konec-
HOIA Napbl C TaKOW HENCNPABHOCTLH. Ha CerogHAWHMA AeHb
Ha ceTn gopor Poccuiickon ®efepauum o1 2 1o 6 % Konec-
HbIX Map BbIXOAAT U3 CTPOS MO NPUYNHE 0CNAbeHNs NPoY-
HOCTU CONPSXEHUs «6aHAX — 000 KOJIECHOr0 LigHTpa».
B 6nvxaiiLuen nepcrnexkTuBe Ha ceTu 4OPOr CTpaHbl nna-
HWUPYETCH YBENNYEHINE CKOPOCTEN LBUXKEHIUS TPY30BbIX NO-
€308 10 120 Km/4 1 naccaxupckux — o 160 km/4, a Tak-
e NoBbILIeHne Macchl noesga 40 30 TbiC. T, YTO NPUBESET
K 3HQYUTENbHOMY YCUIEHNHO aBNeHNs TOPMO3HbIX KO040K
Ha 6aHaXm, a 3Ha4UT, NMOBbICUT BEPOSATHOCTb NPOBOPOTOB
1 0cnabneHunin nocafky 6aHAKeN Ha KONECHbIX LIEHTPaXx.
[To u3BecTHOMY npasuny, eciii Macca 0XBaTbIBAIOLLEN
JeTann MeHbLUe MacChbl 0XBaTbIBAEMOIA, TO UCMOJb3YETCs
rops4min cnoco6 popmMmnpoBaHMs NOCaL04HbIX COELUHEHUN,
B 00paTHOM CJly4yae NPUMEHSIOT X0N0AHbINA cnocob. MMpu-
MEHUTENIbHO K KONMECHbIM napam 3J1eKTPOBO30B 3T0 06Y-
CNaB/IMBAET NPUMEHEHIE TenI0BOro cnoco6a NocafouHbIX
COEANHEHNIA BHYTPEHHNX Konew 6YKCOBbIX NOALWMMHUKOB
C OCbl0 1 6aHAaXeN C KONTECHbIM LIEHTPOM, a Takxe Npec-
COBOrO Croco6a Ans COeANHEHUS KOJIECHOMO LIEHTPa C O0ChbI0
KorecHom napbl. Headp(hekTMBHOCTbL 6ONTOBOrO, 3aKIenoy-
HOT0, CBAPHOr0 1 APYriX Cnoco60B NOCAA04HbIX COMPAXKE-
HUI paccmoTpeHa B pabote [1].
Kpome ocnabneHnii nocagku, ApyrumMm 0CHOBHbIMU He-
MCNPABHOCTAMMW NOCAA04HbIX COBLUHEHUI ABNAOTCA TPe-
LLIWHbI, BbI3BAHHbIE YPE3MEPHBIM HATArOM, W 3a41pbl HA
MOCAA04HbIX NOBEPXHOCTAX, BbI3BAHHbIE UX B3AUMHbIM
NpOBOPOTOM.
B HacTodLLee BpeMA YCTAHOBIIEHbI ClELYHLLME TEXHO-
NOrMYecKne PaKTopsl, BIUSIOLLNE HA MPOYHOCTb COMPSKE-
HUS «6aHaaX — 060 KONeCHOro LeHTpa» [1-3]:
® BenMYMHA HaTAra 6aHfaxa, BIUAIOLLLAS HA KOHTAKT-
HOE [aBJIEHIE B COMPSKEHUN;

® BENNYWHBI KOHYCHOCTW U 0BAJTbHOCTW MOCAA0YHbIX
MOBEPXHOCTEN;

® Temneparypa Harpesa 6aHfaxa npu nocagke. Ycra-
HOBJIEHO, 4TO AN nocafgkn 6aHfaxa LOCTaTo4YHO
150 °C (NpoTVB MaKCMMabHOTO HOPMATMBA NO WUH-
CTpyKumam [4, 5] B 320 °C, 4T0 MOXET Cnoco6CTBO-
BaTb Pa3BasibLiOBaHUIO);

® Be/IMYMHA LLIEPOX0BATOCTY NMOCALOYHbIX MOBEPXHO-

cTein;

® (DPETTUHI-KOPPO3Us NOCALOYHbIX NOBEPXHOCTEN,

® Hann4ue CMa3KK 1 Baru B KOHTakTe 6aHzaxa ¢ 060-

J0M.

OCHOBHbIMM TEXHOMOTNYECKMMM (haKTOpaMK, BIMSOLLN-
MM Ha NMPO4HOCTb CONPSXKEHNS B6aHaxa C KOMECHbIM LieH-
TPOM, ABNAKOTCA BENIMYMHA HaTAra 6aHAaXa, KOTOpas OKa-
3bIBAET HaMbOsbLLEE BIUSHME, @ TAKXE MAKPO- U MUKPO-
reOMeTPUYECcKNe napamMeTpbl COeUHAEMbIX NOBEPXHOCTEIA.

lMoaBnXHOI cocTaB XenesHbIX JOpor, TAra noe3aoB U anekTputukayma

470 KacaeTca 3KCnyaTaLMoOHHbIX (DAKTOPOB, TO, KaK
YCTaHOBMNEHO B paboTe [6] A.7.H. B.T. VIHO3emueBbIM, Te-
NI0BOE PaCLUMPEHUE NPK SKCTPEHHOM TOPMOXEHUY BbI3bl-
BaeT YMeHbLLeHWe HaTara nopsaka 0,5 MM, a npu anuTtenb-
HOM — nopsaka 0,8 mm.

B npouecce akcnnyarauuy ¢ yMeHbLIEHEM TOMLWMHBI
6aHaxa Ben4Y1Ha ero Hatara ymeHbluaercs. Tak, npu
TONLUMHE 6aHaKa 45 MM BEIMYMHA HATAra YMEHbLLaeT-
¢l Ha 60-65 % OT HaTAra npu TonwmHe 6aHgaxa 90 mm,
4TO 06YCNaBNMBAET aKTyanbHOCTb UCCIEJ0BaHNIA, CBA-
3aHHbIX C pPa3paboTKOW METOAMKM YICIIEHHOr0 Nepuoam-
4ECKOro KOHTPOJIA BeJIMYUHBI HATAra CPOPMUPOBAHHBIX
KONECHbIX nap.

B HacTosLlee BpemMs, B COOTBETCTBUM C NPUIOXKEHN-
em 1 [4] v npunoxenuem E [5], Hatar 6angaxa Ha 0604e Ko-
NIECHOTO LIEHTPA KOHTPONIMPYETCA C NMOMOLLbI0 6aHLAXHOr0
HyTpomepa 1727.00.00 v wranreHympkyns 1726.00.00 kak
pasHMLa JUaMeTPOB N0CaZ04HbIX NOBEPXHOCTEN, M3MEPEH-
HbIX Mepen ropsadent Hacagkomn 6aHpaxeit. Nocne opmu-
POBaHWA KOMECHOW Napbl HATAr 6aHAaXa He KOHTPONMpy-
t0T, @ 0 ero NPO4HOCTM CYLAT ayAnanbHO nocsne yaapa mMo-
notka maccoi 200 r 0 noBepxHOCTb 6aHaaxa [5]. O cy6b-
eKTUBHOCTW ayManbHOro OpraHofenTM4eckoro cnoco6ba
KOHTPOSIA HanMcaHo B pabote [7].

B HacTosLLei cTaTbe OLeHeHa BO3MOXXHOCTb UCMOSIb-
30BaHKS ONOPHOro OypTHKa BaHaXa Kak MHGOpMaTmMB-
HOrO 3NeMeHTa /19 YUCIIEHHOr0 ONpefeneHns BeNMYMHbI
HaTara 6aHfaxa anekTpoB03a nocne Hacagku 6aHaaxa Ha
060[ KONECHOr 0 LIeHTpa.

0Cc06eHHOCTbIO OMOPHOT0 BYPTIKA ABASETCA TO, YTO OH
He NOJBEPraeTcs HaKkneny npu 3KCnayaraLmm KoNecHom na-
bl U UMEET [OCTATO4HblE Pa3MepbI Ans YCTAHOBKN Npeob-
pasoBartenen LUTATHbIX U3MEPUTENbHBLIX NPUOOPOB Hepas-
PYLLAIOLLIEro KOHTPONA.

[ing npoBeaeHuUs uccnefoBaHUA NPUMEHANTUCH YITb-
Tpa3BykoBol aedektockon YA2-102 n BonHbl Panes [8].
[Tpn KOHTPONE AeTasnen ¢ pasmepaMm OMOPHOro BypTrka
ans vactot 7> 0,4 MI'y ckopoCTb pacnpoCTpaHeH!s noBepx-
HOCTHbIX BOJIH HE 3aBUCUT OT U3MEHEHUs 4acTOThI. V3me-
HEHWA 4acToTbl ynbTpassyka Ang gedekrockona YO2-102
MOryT cocTasnarte nopsgka 10 % [9].

KoHTponuposanoch Bpems pacnpocTpaHeHns BOJH
Paneq, 1 aHanm3npoBanuch nepsble [Ba CKBO3HbIX CUrHA-
na. Beugy T0ro, 470 B OrpaHN4eHHOM NPOCTPAHCTBE YNb-
TPa3BYKOBbIE BOJIHbI PACLLENNAOTCA B BOJHbI PA3HOI0 TU-
na, UMeoLLMe pasnnyHble CKOPOCTH, TO B S3HEProHe3aBmcu-
Myt namatb gedekrtockona Y2—102 sanucbizanucs cTon-
Kaapbl, cofepxxaluye nHgopmaumo 060 BCeX TUNax BOJIH,
a TaKxe Homep 6aHaaxa, HoMep Nnasku, JUAMETPbI Noca-
JI04HbIX MOBEPXHOCTEN CONPSXEHUs 6aHaaxa ¢ 06040M KO-
NeCHOro LieHTpa n Temnepatypa 6aHaaxa. 06bem BbI6Op-
K1 N0 KaXK[0il cepum UccnepoBaHuin coctasun 6onee cot-
HU CTON-KafpOB, MOANEXALLNX aHAIN3Y.

BbisiBNeHa 3aBUCUMOCTb PACMONIOXKEHNA UMMYNbCOB
OT Hanpas/eHus U3Ny4eHns ynsTpas3syka no unu NpoTus



4acoBOW CTPENKW. Bo3M0XHO, 3TO CBA3AHO C aCUMMETPU-
eil 3ByKOBOTO MoJs NMbe303/1EKTPUYECKOro npeobpasosare-
N, a TaKXKe ¢ oTpaxeHnem Y3K 0T HEPOBHOCTEIi NOBEPXHO-
ctn [10]. B cBA3M C 3TUM 6b110 BbIGPAHO €AMHOE Hanpasie-
HUE N3My4eHuns ynbTPasByka — NPOTUB YaCOBOW CTPESIKU.
Kpome T0ro, Bbl6paHo 1 ONpefesieHHoe MeCTo YCTaHOBKM
13ny4aTens Ha ONopHOM BYPTIKE — Y NIEBOr0 Kpas Knemma.

B xoze pa6oTbl Npon3BOANIICA YHET MeLLarLLmx (ak-
TOPOB, BIIUSAIOLLMX HA Pe3ynbTaTbl UCCNEA0BAHUIA NPU NPU-
MEHEHUU YbTPA3BYKOBOr0 KOHTPOSS.

Cnocob onpeneneHns HaTara 6aHaaxa 0CHOBbIBAETCA
Ha 3aBUCMMOCTM CKOPOCTY NOBEPXHOCTHbIX YIbTPA3BYKO-
BbIX BOJIH OT MEXaHWN4YECKOro HanpsXeHus B TBEPLOM Tere.
[Mpn ymMeHbLUEHU HAaNPSXKEeHNIA B 06bEKTE KOHTPOSISA CKO-
POCTb pacnpoCcTpaHeHus BONH Panes Bo3pacTaeT, a 3HauuT,
BPEMS MPOXO0XAEHUS CUTHANA YMEHbLLIABTCS.

[ns uccnefosaHns 3KCNEPUMEHTNIBHO MOMYYEHHbIX CUT-
HanoB BbI6PAHbI UMMYNbCbI, 06YCI0B/IEHHbIE NMOBEPXHOCT-
HbIMU BOJTHAMU, BBUIY HEMOLBEPXKEHHOCTN UX CKOPOCTM
pacnpocTpaHeHus AUCnepcum npu U3MeHeHUsX 4acToThbl.

[pu M3y4eHnn cTon-KaLpoB, NOMYHeHHbIX Nepes Hacaa-
KO 6aHAXel 1 nocne ee, BbisiBNIEHa KOPPeNALMOHHas 3a-
BUCMMOCTb MEXJY UCCNEA0BAHHbIMU NapaMeTpamu CUrHa-
N0B 1 HaTarom. Co3AaH anropuTM, U HanncaHa KoMmnboTep-
Has nporpamMmma Ans 06paboTkKu pesynbTaToB U3MepPeHuil.

BbISiBNEHO, 4TO (PYyHKLMUM
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rae J; — VHTEHCUBHOCTb UMMYNbCa B MOMEHT BPEMEHN
XapakTepu3yoT COBOKYMHOCTb CKBO3HbIX MMMYNbCOB, CO-
OTBETCTBEHHO NePBbIX 1 BTOPbIX. X 3Ha4eHns onpeaens-
t0TCS TONbKO UX KOOPANHATAMM U OTHOCUTENBHOW BENNYN-
HOW 1 He 3aBUCAT OT aBCOMOTHOMN BESINYMHbBI MHTEHCUBHO-
CTeil UMnNynbCcoB. 10 OTHOLLEHNID COOTBETCTBEHHO K TOY-
Kamt' n (2t" —tnan) T4 1 T, ONPeSenstoT NoN0XKeHNe «LeH-
Tpa TAXKECTWU» UHTEHCUBHOCTEW Cepun nepsbIX W BTOPbIX
CKBO3HbIX CUrHasoB Ha 0Cu BpeMeHu. «[1nasatoLime» B 3a-
BUCKUMOCTI OT TeMepaTypbl TOYKI Ha4ana oT4yeTa no3go-
NAT UCKNIOYUTL CUTYaLMIO, KOrda nocne Hacaaku 6aHma-
)Ka B KOHTPONMPYEeMbIA WHTepBas nonagaeTt UMNysbsc, Ha-
XOAMBLUWIACS BHE WHTepBana o0 Hacafku. iamepenus no-
Kasanu, 4To Bpems Mexay CUrHanamm Ha rpaHuuax y4acr-
KOB cocTasnset nopsagka 10 MKc, a cpefHee yBesnyeHne
BPEMEHM 1X pacnpoCcTpaHeHs, BOSHUKLLEE 3a CYET HaTH-
ra, MeHbLLE 3TON BEJINYNHbI.
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OyHKUKSA
Z=T-T, )

HEe 3aBUCUT SIBHO OT BPEMEHI NPOX0XAEHMA CUrHana
4epe3 Nbe303NEMEHT frgn U LOMKHA HAXOAMTLCS B KOppe-
NALMOHHON 3aBUCUMOCTH OT Hatsra.

[lns npoBepKu 3aToil rMNOTe3bl 3aMeHUM UHTErpupoBa-
HIE CYMMMUPOBAHUEM

rae n — 41cno nMnynbCcoB Ha JdHHOM UHTEPBAE; t — Ko-
opAnHata nMmnynbca UHTEHCUBHOCTbIO J,-.
o onpefeneHnto

J
N =10lg=, 6
\y (6)

0

rae Jo — NOporoBoe 3Ha4eHe NHTEHCUBHOCTY YIbTPa3BY-
KOBOI BOMHbI, Jg = 107'2 B1/mM2; N — cuna V3K, [16.
113 (6) nony4um

J= 10(%712) (7)

BbIpa3uM MHTEHCUBHOCTb BOMHbI B chopmynax (4) u (5)
yepes cuny Y3K N:

ToynocTb n3mepeHus amnnutyg curHanos 0,1 16 mo-
CTUraeTcs unm ucnonb3osaHmem gedekrockona Ya3-103
C TaKoi OUCKPETHOCTbIO U3MEPEHNSA, UK, N0 PEKOMeHSa-
LUK FTIABHOMO UHXXEHEePa KOMNaHUW «AnTek», U3MepPeHnem
aMNNUTYbl B MUKCENAX. B COOTBETCTBUM C LAHHbIMU, NOJTY-
YEHHbIMW HEMOCPECTBEHHO Y MMABHOM0 UHXEHepa KoMna-
HUN «ANTEK», PeXUM N3MepeHns «Jlyna. PyyHas meTtka»,
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B KOTOPOM OCYLLECTBNANCH KOHTPO/Ib BPEMEHU perucTpa-
LMW UMNYNbCOB, AaeT norpewHocTs 1,25 MKC.

B npepenax ykasaHHbIX 30H Ha YactoTe 0,4 MI'y n ycu-
nexviem 80 [16 pernctpupoBasy LWECTb UK CEMb NepBbIX
CKBO3HbIX CUTHANOB U LIECTb BTOPbIX. I3Mepanach am-
nnutyga N v Bpems perncrpauuu curHana t, no opmy-
nam (8) u (9) onpepenanucs napameTpbl Ty 1 T, 3aTeM o
thopmyne (3) Haxoaunu napameTp Zy L0 1 Z, NOCIe no-
cajKku 6anpaxa.

YcTaHoBNEHa XopoLLas KOpPpenAaLMOHHasA 3aBUCUMOCTb
(PyHKLUN AZ C BENUYUHON HATAra,

AZ=Ti-T,, (10)
rae Ty, T{ — napameTpbl, ONpeaenatoLLne NONOXKEHNE «LieH-

Tpa TAXeCcTn» WHTEHCUBHOCTEN cepun nepBbiX CKBO3HbIX
MMNYNbCOB Nepej Hacakom 6aHaaXxa v nocne ee.
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[Mony4eHHOe cpefiHee 3Ha4eHne AZ CyLLECTBEHHO Mnpe-
BbILLAET NOrPELUHOCTb N3MEPEHNIA, HA OCHOBAHWM Yero ce-
N1aH BbIBOZ 0 BO3MOXHOCTW NPUMEHEHNS 3TOr0 METOAA s
KOHTpONA HaTAra 6anpaxa. Um
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Pa3pa0oTka cTpaTernu o0CayKUBaHNS

OIOP KOHTAKTHOM CETH

Designing the maintenance strategy
of the contact network supports

AHHOTaLuA

OcHOBHOW 3apa4ei Xene3HOAOPOXKHOrO TpaHCNopTa B Ha-
cTOsilee BpeMs ABNseTCA 6e30nacHasn nepeBo3ka rpy3os

1 MacCaXxupoB C COKPALLEHUEM BPEMEHW NepeBO30YHO0
npouecca. Ko Bcem 3atanam akcnayatauuu npeabasasiorcs
cTporve TpeGOoBaHMA Mo COBIAEHUIO HAJEKHOCTU 3NEMEH-
TOB CUCTeMbI C Liefiblo obecnedyeHns 6e3onacHoi paboTbl
VCTPOWCTB, 0becneynBalolLmx o6paLleHne Xene3Ho[0pOXK-
HOro TpaHcnopTa. B xo3saicTBe anekTpuduKaLmMm n anekTpo-
CHabXeHNA 3HAUNTENbHYIO PONIb UTPAIOT MOAAEPHKMUBAIOLLME
KOHCTPYKLMK. B CBA3M C NOBbIWEHHbIMKU TPE6OBAHUAMM K OCY-
LeCTBNEHMIO 6€30MacHOCTM NepeBO30YHOTO NpoLecca pela-
I0TCA 3373241 N0 0OHOBAEHMIO MOAXOA0B, MPUMEHAEMbIX NPH
AVarHoCTMPOBaHMM OMOPHbIX KOHCTPYKLUMIA. s ynpoLweHns
06paboTKM faHHbIX HA 0OBEKTAX IKCMAYATaLUY U BbISBAEHUS
3aKOHOMEpPHOCTEl B U3MEHEHUN COCTOAHMN Kene300eTOHHbIX
KOHCTPYKLMit B CTaTbe PpacCMOTPeHbl CMOCOBbLI ONTUMU3ALIMUK
MeTOf,0B MPOrHO3MPOBAHUA OCTABILETOCA CPOKA CNYXObI onop
1 OnpefieNieHns UHTepBasoB NPOBEAEHNSA YNpaBsioLero
BO3AENCTBUSA.

KnioueBbie c/10Ba: 0nopa, KOHTAKTHAs CeTb, HAEKHOCTb,
NpPOrHo3MpoBaHu1e, 6e30TKA3HOCTb, TOK YTEYKM, HU3KOOMHbIE
0nopbl, 3NEKTPOKOPPO3UOHHO ONACHbIE OMOPBI, CPOK CAYKObI,
MapKoBCKas annpoKcUMaLius, MaTeMaTUYeCKNe MOLENU.

D0I:10.20291/2311-164X-2018-1-63-66

Abstract

The main task of the railway transport at present is the
safe transportation of cargo and passengers with the
reduction of the time for the transportation process. All
stages of operation requires observing the reliability for
the elements of the system in order to ensure the safe
operation of devices that ensure the circulation of the
railway transport. Supporting structures play an important
role in the electrification and power supply business.
Thanks to the increased requirements for the safety of the
transportation process, tasks are being performed to update
the approaches used in diagnosing support structures. To
simplify the processing of data at operation sites and to
reveal regularities in changing the states of reinforced
concrete structures, the article considers methods for
optimizing methods for predicting the life span of supports
and determining the intervals for carrying out the control
action.

Keywords: support, contact network, reliability, forecasting,
failure-free operation, leakage current, low resistance
bearings, electrocorrosion-resistant supports, service life,
Markov approximation, mathematical models.
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Onopbl KOHTAKTHOM CETW ABNAIOTCA OCHOBHbIMM MOA-
LEePXNBAOLLMMU KOHCTPYKLMAMI Y308 1 [eTaNeN KOHTaKT-
HOW CeTU, @ TaKXXe NINHNIA NPOLONbHOI0 3NEKTPOCHAGKEHNS.
B npouecce akcnnyarauun OHU NOABEPralTCs BO3AEACTBUIO
KaK CTaTU4eCKMX Harpy3oK, BOSHWNKAKOLLMX OT Beca NpoBO-
[0B, TaK 11 IMHAMUYECKUX, NPOSBSIOLLNXCS OT BO3AENCTBUS
BETPOBbIX HArPy30K 1 BUOPALMIA, U3-32 ABUXEHUS NOE3[0B.

PacnonoxeHue npoBoL0B KOHTAKTHOM NOLBECKM B Npe-
Jenax HOpMaTUBHbIX 3HA4YEHNIA HANPAMYI0 3aBUCWT OT yr-
na HaknoHa onop. Mpu HapyLIeHn nx NCNPaBHOro CocTo-
AHUA MPOUCXOAUT O0TKA3 CUCTEMbI 3/1IEKTPOCHABGXKEHUS NOJ-
BVXKHOIO COCTaBa, YTO NPUBOAUT K 3a[ePXKKe Npu ABUXKE-
HUW N0E3[0B.

B cBA3M C TeM, 4TO eXXEeroJHO YBENM4YMBAIOTCH 00bEMbI
NepeB030K 1 BECOBbIE HOPMbI MPOMYCKAeMbIX NOE3J0B Ha
y4acTKax XeJie3HbIX 40por, J106ble nepedon B OpraHnaa-
L1 NePeBO304HbIX NMPOLLECCOB BNEKYT 32 CO60M CYLLECTBEH-
Hble 3KOHOMUYECKNe 3aTpaThbl. Bce 370 yKa3blBaeT Ha To,
4TO 04YeHb BXXHO NPABUJIbHO BbIGUPATL CTPATErNM TEXHU-
4eCKOro 06CyX1UBaHUA, 0CO6EHHO OMOPHBIX KOHCTPYKLIMIA.

Ctparerueit TEXHUYECKOTO 06CNY)XMBAHNS HA3bIBAET-
€A NrOPUTM WM NPABUIO HA3HAYEHUA MEPONpUATUIA NO
NoAJep>XaHnio 3alaHHOr0 TEXHUYECKOr0 COCTOAHUA 00b-
ekTOoB [1]. CTpaTernm MoXHO Knaccuuumnposarb no cno-
CO0Y Ha3HA4YeHWA CPOKOB NPOBELEHNS YNPaBNSAOLLMX BO3-
Aeiicteunid. of ynpasnstowmm Bosgerctenem (YB) noHun-
MaeTcs Nto60oe MeponpusThe, HanpasneHHoe Ha BO3BpaLLie-
HIe 0Mnopbl B paboTOCNOCO6HOE MU UCMPABHOE COCTOSHUE.
Ecnn YB npoBoAMTCS MO NPOXOXAEHUIO ONpPeSeneHHoro
CpOKa, TO TaKue CTpaTerum NpuUHATO Ha3blBaTh CTPATErns-
MM 06CNYyXNBaHMSA M0 HAPABOTKe.

[To rny6uHe YB pasnnyarot cTpateruu ¢ nonHbImM 1 Mu-
HUManbHbIM BOCCTaHOBNEHWUEM. 104 MUHUMANbHBIM BOC-
CTaHOBNEHWEM NOHUMARBTCA, HaNPUMep, NaccuBauus Kop-
po3um B onope. IT0 [eNaeT ee CHOBA PaboTOCNOCOBHOIA, HO
4epes He6OoMbLLIONM UHTEPBAN BPEMEHN UHTEHCUBHOCTb OT-
Ka30B 0nopbl 6yeT TaKas Xe, Kak HeNmoCPeACTBEHHO nepes
0TKa3oM. Bug ctparernit 06CnyXUBaHNS TaKXe N3MEHSETCS
B 3aBMCUMOCTU OT TUMA OTKA30B — MOJHbIE UIN YACTUYHbIE.

[TpoLiecc TexHN4ecKoro 06CcnyXnBaHms onop KOHTaKT-
HOW CeTW 1 BpemMs nposeaeHus YB ctapatoTcs onTumnan-
poBatb. Kputepusamu onTuMm3aLn MoryT 6b1Tb MaKcu-
Mun3aLus nokasatesieli roTOBHOCTU 06LEKTOB UM MUHU-
MU3aLms roKasaTesien 3aTpar BPEMeHN 1 MaTepuabHbIX
CPefaCcTB Ha 06CNyXNBaHMeE.

B cTparerum 06CnyXuBaHus 0nop KOHTaKTHOI CeTU 06b-
eMbl Je(PeKTHOCTMN He UMEKT CTPOr0 BbIPAXKEHHO 3aBU-
CUMOCTU, 0COBEHHO MCCNeyemble NapaMeTpbl Ha onpefe-
neHune ux fedeKTHoCcT. HeobXxo4UMO NPUMEHEHNE HOBbIX
CNoco60B OLEHKM 1 MPOrHO3UPOBAHUSA COCTOSAHUS y4acT-
KOB 3KCMnyatauuu.

Haun6onbLuei npo6ieMo ONOPHOI0 Napka ABNAeTcs
JKCnJyaraums onop co Cpokom cnyxobl 6onee 40 neT B X0-
3ANCTBE NEKTPUDUKALNL 1 INEKTPOCHAOGKEHMS, YTO CO-
CcTaBnseT 0kono 60 % 0T BCero onopHoro napka. Onopol

lMoaBnXHOI cocTaB XenesHbIX JOpor, TAra noe3aoB U anekTputukayma

CO CBEPXHOPMATMBHBIM CPOKOM 3KCIyaTauui UMeLT Hau-
MEHbLLYH CTONKOCTb K NPOX0XJEHUI0 BCEX KOPPOSMOHHbIX
MPOLIECCOB 1 NMOJBEPXXEHHOCTb aTMOCHEPHbLIM BIIMSAHUAM.

B cpelHem 3a rof Ha KenesHol Jopore BbIMONHAET-
s 32,5 TbiC. 3aMepOoB COMPOTUBIEHWIA OMOP W BbIABNAET-
Cs B cpefiHem 642 HU3KOOMHbIX 0Mopbl. Ha 0CHOBaHWK CTa-
TWUCTMKW 110 XKENe3HOI [JOPOre B KCNyaTauum HaxoauTcs
19492 HN3KoOMHbIX onopbl (puc. 1). Ha npakTuke, B CBA3M
¢ 60nbLIMMK 0ObEMAMK [laHHbIX N0 06beKTaM 3Kcnnyara-
U1K, aHann3 AMHAMUKU USMEHEHWUS COMPOTUBIIEHUS OMOp
NPOBOAUTL JOCTATOYHO CIIOXHO.
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Puc. 1. PacnpedenieHue 06beM08 HU3KOOMHbIX ONOP:

B — o6wuli o6vem 3amepa conpomusnieHuli onop 3a 200, wm;

B — Konu4ecmBso HU3KOOMHbIX 0NOpP C UHOUBUOYANbHLIM
3a3emneHuem, wm; B — KOUYECMBO HU3KOOMHbIX ONOP 8 2PYNnossiX
3a3emeHusX, wm.; | — K0auY4ecmso HU3KOOMHbix onop 8 30MP, wm.;
B — 00beM HU3KOOMHbIX ONOP, BbIABEHHbLIX 30 200, WM.

Hanu4yue HN3KOOMHbIX 0MOpP B rPYMMOBbIX 3a3eMIIeHU-
X 0060 0MACHO C TOYKU 3PEHUS KOPPO3WUK U3-32 NepeTe-
KaroLLMx TOKOB. [1pakTuKa nokasbIBaeT, 4TO YUCIIO 31eK-
TPOKOPPO3MOHHO OMACHbIX ONOP, T.€. HU3KOOMHbIX U C TO-
Kom yTeukn 6onee 40 MA, fOCTUraeT 0KoJo 22 TbIC. OMop
(puc. 2). Takne Lnpbl 3HAYUTENBHO CHUXKAKT NOKa3aTenu
o6ecrneyeHuns 6e30MacHOCTY [ABUKEHUS NOE30B HA 06beK-
Tax MHOPACTPYKTYPbI XKENe3HON JOPOri.

Puc. 2. CmamucmuKa 31eKmpoKoppPO3UOHHO
onacHsix onop (3K0):

W — o6wuli napk 3kcnayamayuu onop, wm.;

W — ronuyecmso 3K0 onop 8 skcnayamayuu, wm.;

B — o6bem IKO onop, BbisBICHHbIX 8 MeyeHue 200a, wm.



06cnenoBaHne NOA3eMHOI 4acTW OMOP C OTKOMKOIA.
[TnaHbl 3a rog no 06cnefoBaHno C OTKOMKOM Xene3o6e-
TOHHbIX onop coctasnatoT 10,5 Tbic. WT. [10 pesynbratam
06cnefoBaHus exxeroHo BbisBnseTcs 11 octpogedekT-
HbIX XKENe3006TOHHbIX 0MOp.

2476

2400
2100
=
31800
Qo
2 1500
o
21200
900
600
300

Konunyects!

94-1 3842 94-3 344 0945 346 947 349 084-10 34-12 34-14

Puc. 3. 06bembl 06cnedosaHull xene306emoHHbIX 0Nop
¢ omkonkoli pyHdameHmos

OTcyTCTBME MOAXOAOB K NPABUIbHON NOCTAHOBKE AM-
arHo3a COCTOAHUS ONOPHBIX KOHCTPYKLMIA BefEeT 32 C060i
3HA4UTENbHOE CHUKEHWE 6e30MacHOCTI ABVXEHUA NOe3J0B,
a TaKXe K YBEJIMYEHUIO CPELCTB HA JKCMIyaTaunio 1 BHe-
NIaHOBOE BbINONHEHNE Pab0T HAa 06bEKTAX 3KCNNyaTaLnui.

PaccmoTpum npumeHeHne cTpartermn 06CyXXMBaHums
0rnop KOHTAKTHOM CeTW Ha 0CHOBe MapKOBCKOM annpoKcu-
Mauy1 NpoLecca U3MeHeHus Toka yTeuku. Takas cTparerus
3aHUMAET NPOMEXYTOYHOE NOM0XEHNE MEXLY CTpaTerns-
MU TEXHU4ECKOro 06C/yXX1BaHUs Mo HapaboTke U No CoCTo-
AHMI0. Ha OCHOBE MOZenu npoLecca M3MeHeHNs napame-
Tpa paccyuTbiBaeTcs Bpems nposenequs YB. Camo VB (3a-
MeHa 0Mopbl) HA3Ha4aeTCa anpuopHo, 6e3 NCNoNb30BaHNA
MHopMaLmm 0 HAKTUYECKOM COCTOSAHUM OMopbl. B kade-
CTBE KpUTEpus ONTUMN3auum Boi6epeM MUHUMYM napame-
Tpa noToka 0TKasos. [ina mogenen ¢ MapkoBCKoil annpok-
cuMaLmen MOXHO He pasnuyaTb napamMeTp noToka 0TKa3oB
1 MIHTEHCUBHOCTbL 0TKA30B. Toraa OnTUMansHOM ByneT Takas
OpraHm3aums TeXHUHECKOro 06CNYXNBAHUS, KOTJA CPeSHSS
VHTEHCUBHOCTb 0TKA30B OyLeT MUHUMATIbHA. PaccmoTpum
npoctyto mofens Mapkosckoit annpokcumanmu (puc. 4).

Puc. 4. Modens Mapkosckoli annpokcumayuu

Pa6oTocnoco6HOe COCTOSAHME (Hanpumep, 3Ha4eHue T0-
Ka yTe4ku He npesbliwaet 40 MA) 0603Ha4eHO HyNEBbIM CO-
CTOSAHWEM, NPeAOoTKa3 (3Ha4eHune Toka yTedkn 40 MA n 60-
nee) — eauHuLei. COCTOsHME 0TKa3a onopbl, KOrAa HeBo3-

MoaBvXHOI cocTaB XenesHbIX JOpOr, TAra Noe3foB 1 aneKTpuukaLma

MOXH2 ee fanbHelllas Kcnyaralus, 0603Ha4eHo Lud-
poit 2. CTpaTerns y4mTbiBaeT BHE3AMHbIE 0TKa3bl (C NHTEH-
CUBHOCTAMU A 1 A4), iBE CTAAMN PA3BUTUSA MOCTENEHHbIX
0TKa30B (C MHTEHCUBHOCTAMM NPEAOTKA30B gy U &4).

[MpeanonioXnum, 4T0 UHTEHCUBHOCTU Ag, Ay, €, €1 U3-
BECTHbI U HE 3aBUCAT OT BPEMEHU. VIHTEHCUBHOCTb npupa-
60TO4HbIX OTKA30B

knn(t) = }"n ' exp(—é’;n ' f), (1)

rae A, — aprymeHT npupaboTo4HbIX 0TKA30B; &, — napa-
METp NpUpadoTO4HbIX 0TKA30B.
YpaBHeHns KonimoropoBsa 3anuiyTcs B BUAE:

# = ko + A () +5 | A1)
S
PO byt~ te, 2RO

rae Ay — WHTEHCUBHOCTb BHE3aMHbIX 0TKA30B U3 COCTOS-
HUA paboToCnoCo6HOCTY,

Ann(f) — MHTEHCMBHOCTbL NPUPABOTOYHbIX 0TKA30B;

€0 — WHTEHCMBHOCTb NMOCTEMNEHHbIX 0TKA30B B COCTO-
fHIE NPEeS0TKA30B;

€1 — WHTEHCMBHOCTb NOCTENEHHbIX 0TKA30B U3 COCTO-
AHUSA NPEJOTKA30B;

g — WHTEHCMBHOCTb BHE3aMHbIX 0TKA30B U3 COCTONA-
HUS NPEOTKA30B.

Pewuns nepsoe ypaBHeHme, Nony4um:

Ry(t)=exp[—(gq +Aq) -1+

%-exp(—an-t)-exp(—?»n /&). @)

n

BeposATHOCTL Npe6bbiBaHNs 06bekTa B COCTOAHUM No 1
6ynert

P1(t) = A(t) - B(2), 4

rne

Ay )t A
Alt) =g, 'exp[——“]'f exm{—”wmo(—&n ~t)+kt}dt ()
E.:n 0 E.}n
k=81 +)\.1 —80—}\‘0;

B(t) = exp[(e1 + 1) -1]. (6)

WNuTerpan A(t) BbIMMCIAETCA Pa3IOKEHNEM IKCNOHEH-
Tbl B (DYHKLMOHANbHbIN PAA:

Alt)=¢, -exp(—%}[exp(kt)-lw(t)+C1], (7)

n
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»

roe
M(t)=—+ V(o) + V(1) +..+
k_E.'n 2'(/‘—2@1)
Y'(t) .
Ty ®)
v(t)%-exp(—ant). )

Bug dyHKumn y(f) 06ecneynBaeT YCKOPEHHYI0 CXOAM-
mMocTb paga M(f), ins npakTU4ecKnx pac4yeToB JOCTATOYHO
1CNomb30BaTh ABA UMK TPK 4neHa. MocTosHHas Cy onpe-
Jensercs U3 Ha4anbHbIX YCIOBURA, cuuTas, 41o P(0) = 0.

Torpa

_%].[exp(ktylw(t)—M(O)], (10)

n

Alt) =g, ~exp(

roe
Mo = My(0)];

Y(O) = )"n/é‘;n-
Takum 06pa3om, peLLleHnem BTOPOro ypaBHeHUs OyoeT:

P(t)=¢, -exp[—%} -exp[ —(&; + 1)1 x

n
[ exp(kt)- M(t)—M(0) | (1)
Onpepmenum nokasaTenut HaeXXHOCTU 0ObeKTa.
OVYHKLMA HALLEXHOCTN (BEPOATHOCTL 6830TKa3HOM pa-

60Tbl) 06beKTa:

F(£) = Po(t) + P1(2); (12)

A
F(t) = -1 x
(t) exp[ ‘inj

x{exp{—(ao +2q) -t+%-exp(—§nt)}+

n

+eq {M(t)-exp[—(gq +1q) 1] -

—M(0)-exp[—(g, + kﬁ-t]}}. (13)

lMoaBnXHOI cocTaB XenesHbIX JOpor, TAra noe3aoB U anekTputukayma

[noTHOCTL pacnpeneneHns BpemeHn 6e30TKasHON pa-
60TbI:

q(t)= exp[—%}-{[ao +hg + A -BXD(=E ) [

n

n

><exp{—(g0 +2q) -t+%~exp(—§"z‘)}—

—go[ M'(t)—(gy + Ao )M(1) ]
xXp| —(gg + Ao )t |- g (8, +Ay) X

xM(0)-exp| —(&; + M)t]}. (14)

[MofHaa MHTEHCMBHOCTL OTKA30B

rae T — nepuos BpemMeHun nposesenus YB.

3ajad4a cocToMT B MUHUMU3ALNN CPEAHEA NHTEHCUB-
HOCTW 0TKa30B. ONTUMaNbHbIA MHTEPBAN NpoBeaeHns VB
MOXHO HaTi u3 ycnoBus dA(t)/dt = 0. QuchdhepeHumpys
BbIP@XeHWe N1 CPeHeN UHTEHCUBHOCTY 0TKA30B, MOXHO
MOJy4nTb TPAHCLEHEHTHOE YPABHEHUE:

Mtom) = Acp(TonT) =0, (16)

IA€ Tonr — ONTUMATIbHAA NEepUoAnYHOCTL VB ¢ onopamu.

Pacyetbl Ha 3BM nokaszanu, 4To 4as onop o CPOKOM
akcnnyarauuu 40 et cpefiHee Bpems ynpasnsioLLero Bo3-
LeiCcTBUSA COCTABNSET 5 feT.

Tako noaxof NoO3BONUT HaNBOIee TOHHO ONpeLenuTb
COCTOSIHME OMOPHOr0 NapKa Yepes UHTEPECYHOLLMIA NpoMe-
XKYTOK BPEMEHU, a TAKXXe NPeJoTBPaTUTL KaKue-nnoo He-
raTuBHble nocnencTeus. Crefyer y4uTbiBaTh, 4TO paccma-
TPUBAEMbIE METObl NMPUHATUSA PELUEHN ABNAKOTCA NNLLb
WHCTPYMEHTOM, @ OKOHYATeNbHOE PEeLLeHe, Kak 1 OTBET-
CTBEHHOCTb 3a €ro NnocfefCcTBUS, JIEXXUT HA KOHKPETHOM
yenoseke [2]. UT
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OTiaaka v npoBepKa NPOCTPAHCTBEHHBIX
JTUHAMHYECKHUX MO/ie1eid IOKOMOTHBOB
B Simpack Rail na BepxHem ypoBHe

Debugging and testing of spatial dynamic
locomotive models in Simpack Rail at the top level

AHHOTaAuuA

Wcnonb3oBaHue cneuuanm3npoBaHHbIX NaKeTOB
MOZENMPOBaHMA CUCTEM U3 MHOTUX TeN Ans uccnepo-
BaHMA AMHAMUYECKMX KAYeCTB PeibCOBbIX IKUMAXKEN
npefnonaraer 3HaHMe NPUHLMNOB PaboTbl C JAHHBIMY
pacyeTHbIMU UHCTPYMEHTAMK, NPU 3TOM HEOOXOAUMOCTb
npoBepKU Mofeneit coxpaHsetcs. Bo3moxHsble cno-
cobbl BepuUKaLMU: CPaBHEHUE C AHANUTUYECKUMM
peleHnsMM 1 CONOCTaBeHe C pe3ybTaTaMu pacyeTos
B APYrux NporpamMmMHbIx Komnnekcax. B paHHoi cratbe
npeAcTaBieHa 0fHa 13 METOAMK NO3TanHoN Bepuduka-
LM MOAENN TOPU30HTANbHBIX KONle6aHMi NOKOMOTMBA.

KnioueBble c/loBa: mateMaTyecKoe MOeN1poBaHue,
BepuduKaums, cBoGOAHbIE KoNebaHMs, CNeKTpabHbIi

aHanums.
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Abstract

Using specialized packages of modeling systems

from many fields to study the dynamic qualities of
rail vehicles requires knowledge of the principles

of working with these calculation tools, while the
need for model verification is preserved. Possible
verification methods: comparison with analytical
solutions and comparison with results of calculations
in other software complexes. This article presents one
of the methods for step-by-step verification of the
horizontal locomotive oscillation model.

Keywords: mathematical modeling, verification, free
oscillations, spectral analysis.
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1. BBegeHue

[MporpammHuble NakeTbl AUHAMUYECKOTO MOJEeNMpoBa-
HWA cucTem penbcoBbix akunaxei (UM Loco, Adams/Rail,
Simpack Rail 1 gp.) cerogHs Haxo4AaT pacnpocTpaHeHne He
TO/NbKO B MPOMBbILLIIEHHOCTH, HO U B akafleMn4eckon caoepe,
MOCKOJIbKY Ha UX 6a3e BO3MOXHbI NOCTPOEHUSA U UCCIIeL0-
BaHUs NOJBMXHOM0 COCTaBa C PACLUMPEHHBIMU BO3MOXHO-
CTAMU, YTO NOBbILLAET NPUKIALHYI0 3 EKTUBHOCTD y4e6-
HOro npoLecca.

K OCTOMHCTBAM TaKUX NAKETOB C aKa[eMU4ECKOI TO4-
KN 3pPEHUSA MOXHO OTHECTU UX HArMAAHOCTb, TMOKOCTL na-
pameTpu3aLuy npu NOCTPOEHUN MOLENeN, a TakKe LUNPo-
Kne BO3MOXHOCTM NOCT-NpoLeccuHra (06paboTku pesyrnsra-
TOB MOJEMPOBAHNSA C MOMOLLbH 60JIbLLOIO Habopa BCTPO-
EHHbIX (DYHKLMIA), 4TO NMO3BOSIAET SKOHOMUTL BPEMS, M0-
CKOJbKY HET He0OX04MMOCTU 3KCMOPTA AAHHBIX B Apyrue
cpefp! Ans ux 06paboTku.

[TocKoNbKY AaHHble NPOrpamMmMbl OPUEHTUPOBAHbI Npe-
X[ BCero Ha NpOMBILLNIEHHOrO NoNb30BaTens, unoco-
(hus NOCTPOEHUS MOJENEN B HUX CX0XA C NPUHLMNAMN
CKOpee TPeXMepPHOro KOHCTPYMPOBAHUA, YeM MaTemaTu-
4eCKOro MOJEennUpOBaHUs B KNACCUYECKOM ero noHuma-
HUW. [103TOMY BEPOATHOCTb MOSBNIEHUS YUCNEHHBIX OLLIU-
60K Ha 3Tane 3alaHus napaMmeTpOB MOZES NoJb30BaTeseM
U, KaK CneacTBUe, B pesynbratax MOAenMpoBaHus 0CTaeT-
Sl J0BO/IbHO BbICOKOIA.

Kpome 3Toro, niobas marematuyeckas Mofens 0653a-
TeNIbHO J0JKHA NPOBEPSATLCA HA NPABUILHOCTbL MOCTPOE-
HUS W pacyeTa, BHe 3aBUCUMOCTY OT TOrO, C MOMOLLBH Ka-
KX NPOrpamMMHbIX CPEACTB OHA CO3/aHa.

CTOMT OTMETUTb, YTO B NOCNEAHNX BEPCUAX NAKETOB Be-
POATHOCTb JOMYLIEHUS OLLMGOK NpK NOCTPOEHWUI MOLEeNen
HECKOJIbKO CHIDKEHA 32 CYET UCMONb30BaHWUA MOLCUCTEM
(T.€. aHarIOrM4YHO UCNOJTb30BAHUIO CTAHAAPTHBIX U3LENNIA-
aetaneii B c6opkax npu CAD-KOHCTpyMpOBaHWUK), 4TO MO-
3BONSET, HaNpuUMep, 4Ba pasa BCTPOMTL B IOKOMOTMB Kak
NOACUCTEMY OJHY U TY Xe MOJenb TeNexkun. B cBot o4e-
peflib, B KOKOYIO TENEXKY B Ka4eCTBE CBOEN NOACUCTEMbI
JBX[b! NN TPUXKIbI UMMOPTUPYETCA OAHA U Ta XKE KOnec-
Has napa. B aTom cny4ae HeT HEO6X0AUMOCTI NapameTpu-
3aunK K0 KOMECHOM napbl 1 KXXO0M TeNEeXKM, TaK Kak
WAEHTUYHAA NOLCUCTEMA CYUTLIBAET OAUH U TOT Xe (hann
napameTpoB, BHE 3aBUCUMOCTU OT €€ KOOPAMHAT Pacnoso-
XeHus B 6071ee BbICOKOW CTPYKTYpe MOLenu.

2. Onucanue mopenu

B npenbioyLeii pabote no gaHHom teme [1] 6binu pac-
CMOTPEHbl 0COOEHHOCTW NPOBEPKM NPABUIIbHOCTY MOJE-
NNPOBaHUS KOMECHbIX Nap rpy30BOro 351eKTpOB03a C 0Ce-
BOW chopmynon 2,—2, B Simpack Rail. OTmeTum, 4to BBUAY
HEBO3MOXHOCTU KOHTPOSIS NPOLECCca MAaLLMHHOMO CUHTE3a
ypaBHeHU KonebaHWii B TaKunx nakeTax npoBepka nposo-
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Junacb MeTOA0M CPaBHEHWA Pe3ynbTaToB MOLENUPOBAHUS
NGO C TEOPETUHECKUMM BbIKNAZAKAMMN aHANIUTUYECKUX pe-
LUEHWIA, NGO C pe3ynbTaTtamyl PacYeTOB 3KBUBANEHTHbIX
MoJeneil B Apyrux nporpammMHblx cpefax. B ganHoin pa-
60Te Onu1caH 0ANH U3 BO3MOXXHBIX aIrOPUTMOB NPOBEPKN
BCEW MOJENu NnosIHOCTbIO, C COXpaHeHWeM MeTOL0N0rM
NpoBepKu, ucnosib3oBaHHom B [1]. Takxke yneneHo 6osnee
rny6oKoe BHUMAHNE KOJIMHECTBEHHbIM KPUTEPUAM OLIEH-
KW TakuX MpOoBEpOK.

Ha puc. 1 n3obpaxeHa KuHematn4yeckas cxema Moje-
NN NIOKOMOTHUBA.
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Puc. 1. KunHemamuyeckas cxema mMoOesiu JI0KOMOMUBQ



Ha puc. 1 0603Ha4eHo: X, ¥, Z— 0cun 0606LLEHHbIX KOOp-
JWHAT Ky30Ba, TENEXeK, KONECHbIX nap; ¢, — 00006LLeHHast
KoopfuHaTa 60KOBOW Ka4kmn Ky30Ba, TENEXeK; ¢, — 06006-
LLieHHas KoOpAMHaTa BUNAHUA Ky30Ba, TENEXEK, KOJIECHbIX
nap; XKy, — XeCTKOCTb NYTN B NONEPEYHOM HanpasneHuu,
XKy — NPoA0NbHAs XECTKOCTb OYKCOBOr0 y3na; XKy, — no-
nepeyHas XXecTkocTb 6YKCOBOro y3na; Xy, — BepTUKaNbHASA
KECTKOCTb OYKCOBOW NPYXWHbI; Ko, — nonepeyHas XecT-
KOCTb Ky30BHOI NPYXuHbI; XKy, — BEPTUKATIbHAA XKECTKOCTb
KY30BHOW NPYXUHbI; B1, — KO3 ULMEHT femndmposa-
HUS BEPTUKANbHOIO Aemndpepa 6yKCOBON CTyNeHN nojge-
LUMBaHUS; By, — KOIPMULMEHT feMnUpoBaHUs BEpTU-
KarbHOro Aemndepa Ky30BHOW CTYMeHW NOABELINBAHUS;
By — K03thhuLMeHT aemncmpoBaHmns Aemncepa 60ko-
BOr0 0THOCA KY30BHOW CTYNeHW NoJBeLUnBaHus.

lMapameTpsl MoLeny NpuBeaeHbl B Tao. 1.

Pagunyc Koneca fI0KOMOTUBA, XKECTKOCTb NYTH, & TaKXKe
KOHYCHOCTW KONECHbIX Nap 0CTannch, Kak B [1], 6e3 n3me-
HEHWS 1 COOTBETCTBYIOT TUMOBbLIM HOPMATUBAM [151 XKenes-
HbIX gopor Konen 1520 mm.
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Ynpyrue 1 QMCCUNATUBHbIE XapaKTEPUCTUKI 3KUNaxa
npeacTaBieHbl B Tabn. 2.

lMepen netanbHbIM OnMUCcaHWeM npoLecca Bepuduka-
UMM NonHOM Modenu nokomoTmea B Simpack Rail npegn-
CTaBJIeHbl Camble 06LLEe CBEAEHUS O MPUHLMNAX NOCTPO-
eHNs Mofieneil Bo BCex NporpamMmmHbix naketax MBS (Multi-
Body Simulation) mogenmpoBaHns AUHAMUKM CUCTEM U3
HECKOJTbKUX Ter.

lMocpeacTeom abCTpakLmu peanbHOM PU3NKO-TEXHNUYE-
CKOW CUCTEMbI B hOPME MEXaHN4ecKoi CUCTEMBI C naea-
NU3UPOBAHHLIMU 3aMELLAOLLMI KOMMNOHEHTaMU, TaKUMK
Kak abCosIOTHO TBEP/bIE UMK ANACTUYHbIE TeNa, COeANHEH-
Hble ApYr C APYroM Yepe3 He UMELOLLME MACChl LUAPHUPSLI
(ot aurn. — Joint), ynpyro-AMCCUNaTUBHbIE 3MEMEHTbI UMK
CUJI0BbIE 3/1EMEHTbI C aKTUBHbLIM PErynnmpoBaHnem (Hanpu-
Mep, MHeBMaTUYeCKne Unm ruapassinyeckue) camoro o6-
LLiero xapakrtepa [2], ee noBefeHNe aHANU3UPYeTCs Yepes
MaTeMaT4eckoe OnucaHue B Kakom-nmbo MHepLmManbHom
cucTeme oTcyera (puc. 2).

Tabnuua 1

MHepll,VIOHHbIe U reomeTpuyecKme XapaKTepuctTuKu JJIOKOMOTUBA

Macca ky3oBa 51,5
Macca Tenexkn m; T 17,6
Macca KonecHoi napbl Myn T 2,8
MoMeHT HepLuK Ky30Ba BOKPYr 0cn Z Iy T7-M2 911,63
MOoMeHT HepLnK Ky30Ba BOKPYT OCK X Ji 7-M2 484,41
MOMEHT MHepPLMM TENEXKN BOKPYT OCKU Z - T7-M? 6,769
MOoMEHT HepLMKM TENEXKN BOKPYT 0CU X Jyr T7-M? 2,103
MoMeHT HepLMKM KONECHON Napbl BOKPYr 0CK Z Ion T7-M? 1,83
PaccTosHue 0T OCM nyTN A0 OCHOBHOIO Kpyra KataHusi KONecHO napsbl S M 0,79
PaccTosHue OT LWKBOPHA TENEXKN 40 OCW KONECHOW napbl ay M 1,5
MonoBnHa MEXLLIKBOPHEBOIO PACCTOAHUA pambl Ky30Ba a, M 4,7
PaccTosHne mexay KOMNIeKTOM Ynpyrux u AMCCUNaTUBHbIX 371EMEHTOB by M 11
GYKCOBOI CTYNeHN NoABeLLIMBaHNSA 11 OCbLO Z

PaccTosHune mexay KOMNIEKTOM Ynpyrux u AMCCUNaTUBHbIX 31EMEHTOB b, M 11
LLEHTPANbHOI CTYNEHN NOABELLNBAHNS 11 OCbIO Z

PaccTosHue oT LieHTpa Macc KonecHom napbl J0 LEHTPa Macc TeNIexKu hy M 0,353
PaccTosiHue 0T LieHTpa Macc TENeXKM O NMHUM TOYEK KpenseHns hy M 0,557
NONepeYHbIX YNPYrux n AUCCUNATUBHbIX 3NEMEHTOB

LLeHTPaNbHOI CTYNEHN PECCOPHOro NOABELLNBAHNS

PaccTosHMe 0T LeHTpa Macc Ky30Ba A0 JIMHUN TOYEK KpensieHns hs M 1,105
MONepeyHbIX Ypyrux n AMCCUNaTUBHLIX ANEMEHTOB

LIeHTPAsbHOM CTYNEeHN PecCopHOro nojseLlnBaHus
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Tabnunua 2

Vnpyrue 1 guccMnaTMBHbIE XapaKTEPUCTUKU MOJEN JIOKOMOTMBA

Mapametpb! (cm. puc. 1) Eavnnua namepexms

sl KH/m 87540
sl KH/m 2995,6
% KH/w 1669,6
Koy KH/m 084
s KHim 1502
Prz kH-c/m 294
Bay kH-c/m 66.7
Pz kH-c/m 66.7
‘ 6
s \ Sellled LlononHuTenbHble
\ <~ KuHemaTuyecKue cBA3N
(onunoHanbHo)
Korper 3 N ‘1’
Teno 3 pelstange
Korper 1 W

Teno 1

CJ
l Feder

MpyxuHa

’ N

Dampfer

Kraft

aussere

BHelwHue Bo3aencTans
(BO3MYyLLEHNS):

Nemncpep / Korper 4
777 @MHNYHbIE NN NOBTOPAIOLLNECS
XKectkune KoopauHatel | Teno 4 (onuMoHanbLHo)
3aeNKu nertal 2 Kontakt
(onuyoKansHo) 3 KOHTaKT-3neMeHTbl

(onuunoHanbHo)

Puc. 2. Tunossle 3nemeHmsl Modeau (a); npuHyun onucaHus s3aumodeiicmsus men 8 MBS-cucmemax (6)

[lnq onncaxms Kaxaoro Tena B TakMx CUCTEMAX Heo6-
XOAMMO CrefytoLLee:
® OnpefeneHne XXecTko CBA3aHHON C TENOM CUCTEMbI
KOOpLMHaT;

® OnucaHue NocTOsHHbIX NapameTpoB Tena (macca,
MOMEHTbI UHEpLMN);

® 0nucaHme NepemMeHHbIX BENUYUH (KOOPLMHATI
B HEpLManbHON CUCTEME OTCYETA, CKOPOCTb, YCKO-
peHue);

® OnuCaHue KOOPLMHAT TOYEK CBA3M (MapKepoB) C py-

rmu Tenamu (ceassamn) [3].

[ins nony4eHns B Ka4eCTBe Pe3yNbTaToB UHTErpupo-
BaHMSA 3HAYEHUN 0606LLEHHbIX KOOPAMHAT LWAPHUP Tena
(a2 KaX[0e Teso MOXeT UMEeTb TOSIbKO OfMH LLapHUP) no-
MELLAKT MeXy UHepLnansHoi CUCTEMOI 0TCHeTa MOJe-
i Iy W Ha4anbHOM CMCTEMOI KOOPANHAT, NPUBS3aHHON
K TeJly, 06bI4HO 0603Ha4aeMoil B CTaHAAPTHON TePMUHONIO-

Ty JaHHbIX NakeToB kak BRF (ot aurn. — Body Reference
System) [4], n nocne MHTErpupPoOBaHNS B NOCT-NPOLLECCOpe
NPUBOAATCS PE3yrbTaThl NONOXEHUA ITUX LLIAPHUPOB (Joint-
States) no Bcem CTeneHsM CBO60/bI, KOTOPLIMU pacnosna-
raeT KOHKPETHbIi wapHup (o1 1 1o 6).

lMpoBepka npaBusibHOCTY NMOCTPOEHUA U pacyeTa Bepu-
thuumpyemon mogenu B Simpack Rail BbinonHsnack B Tpu
aTana.

3. Mepsbiii 3TAN BepucukaLuu mogenu

Ha nepsom 3Tane 6Gbina NpoBepeHa paboTa MHTerparopa
YCTaHOBMEHHOr0 NPOrpamMMHOro naketa Simpack ¢ noMoLLbH
NpoCTenLLeid 04HOMACCOBOI MOLEN BEPTUKATbHBIX KOMe-
GaHnin NOKOMOTMBA C OAHOM CTENeHbI0 CBOOOAbI (puc. 3).

lNapameTpbl 04HOMACCOBOIA MOAENN NPUBEAEHbI B Ta6/. 3.



MoaBvXHOI cocTaB XenesHbIX JOpOr, TAra Noe3foB 1 aneKTpuukaLma
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Puc. 3. llpocmeliwas o0Homaccosas modesb JOKOMOMUBA

8 cmpykmypHoli cxeme Simpack Rail

Tabnuua 3
JlaHHble 04HOMACCOBOI MOAENMN IOKOMOTUBA
HaumenoBanue 0603Ha- Eaunuua Benu- n
puMeyaHne
napamerpa YeHne M3MepeHns YMHa
Macca nokomotuBa my T 98
CymmapHas BepTuKab- Ky KH/m 9613,8
Hast KECTKOCTb peccop-
HOro NoABeLUNBAHYS HasanbHble
ycrnosus:
Koadhcpuument B KH-c/m 96,1 nput=0,
3aTyXaHus CUCTEMbI 2(0) = zy; 2(0)=0
Ha4anbHas koopamHaTa 2 M 0,1
HadarnbHas ckopocTb b m/c 0
B aTOM Cry4ae pesynbrarbl YMCNEH-
HOro MHTerpupoBanus B Simpack Rail X
ZK
ObIIN CPABHEHBI C pe3ynsTatami aHa- W, = m’

NINTUHECKOTO PeLueHuns andepeHLm-
aNbHOI0 YpaBHeHUs KonebaHuin (3Ta-
NOHA), KOTOPOEe Ans JaHHOW NUHen-
HOW MOJENN C OJHO CTENeHbo CBO-
60/1bl UMEET BUA;

mZ+Bz+X,z=0, (1)

rae m — macca, Kr; — Ko uLUmneHT
3aryxaHus, pag/c; X — XeCTKoCTb;
Kone6atenbHble CBONCTBA TaKO
CUCTEMbI MOSTHOCTBH) XapakTepu3ytoTes
LBYMs napameTpamu: CO6CTBEHHOI Ya-
CTOTOI HeleMnd)MPOBAHHON CUCTEMBI
®¢ U OTHOCUTESIbHBIM 3aTyXaHUEM 11

n=R/2mX,)=p/B,

[laHHble napameTpbl BbIYUCNAOT-
cs MyTem npuseLeHns ypasHeHus (1)
K popme Koluu, T.e. ieneHuns BCex ero
COCTaBMSAOLLMX HA 0606LLEHHbIA UHEP-
LMOHHBbIA KO3 puLmeHT m,. 3aech
Byp — KPUTMYECKOE 3aTyXaHue, T.e.
HauMeHbLUee 3Ha4YeHne Koadhduum-
eHTa 3aTyxaHus, Npu KOTOPOM [BM-
)KEHWe CUCTeMbl NepecTaer BbITb KO-
ne6aTeNbHbIM.

AHannTU4eCKoe peLLeHmne ypasHe-
HWg (1) 3anncbIBaeTCs Kak 4acTHOE pe-
LLeHNe B BUAE:

7= Ae".

Torzia xapakTepucTu4eckoe ypas-
HEHMe OTHOCUTENbHO HEM3BECTHOTO P:

P2+ 20w p + oy =0,

OTKY/la XapakTepucTUyeckne nokasa-
TEnm

p=-No,  jo,N1-n" =—atjo,

rae g — COOCTBEHHAs 4acToTa Ko-
ne6aHnit 4eMndgrpPoBaHHOI CUCTEMbI;
oL — CTeMeHb 3aTyxaHus.

C y4eToM 3aBMCUMOCTEN MexAay
MOKa3aTeNbHbIMI W TPUFOHOMETPU-
YECKUMI (PYHKLMAMW MHUMOTO ap-
rymeHTa o6Lee peLleHne CBOBOAHbIX
KonebaHuin B aMNINTYAHON chopme
MpUMeT BUA;

z,=Ae " sin(oyt+¢), (2)

rae A — HadjanbHas amniuTyaa Kone-
6aHnit, M; ¢ — HayanbHaa ¢hasa Ko-
ne6aHnin — npom3BOSIbHbIE MOCTOAH-
Hble, KOTOPbIE HAXOAAT U3 HAYATbHbIX
ycnoswii [5].

AHanuTn4ecknm peLexnem o (2)
B KOHKPETHOM Cry4ae ABNAeTCs yHK-
uns:

7=0,1*67049"jn x
x (9,892t +1,521).  (3)

[ind KOpPPeKTHOCTM CpaBHe-
HUS 00LLee BPEMS UHTErpupoBaHus
B 5 C 1 war uxterpuposanus 8 0,01 ¢
B Simpack Rail 6bin 3aaH paBHbIM
KONMN4YECTBY TOYEK MACCKBA C PE3YNib-
Tatamu aHaNUTUYECKOr0 pPeLleHuns
no (3), KOTOPOE B MPOrPaMMHOM Make-
Te Mathcad 6b1n0 conocTasneHo ¢ mac-
cuBom peluenus B Simpack Rail [6].

[Ins KONMYECTBEHHOIA OLIEHKU BYX
MacCu1BOB 6blJ1 UCMONb30BAH MOAY/Tb-
HbI KPUTEPNIA PA3HOCTEN MEX[Y aHa-
NNTUYECKUM peLLeHneM (paccmarpu-
BAETCH Kak NepBuYHbIe AaHHbIe) 1 pe-
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LUEHNEM, BbINOMHEHHbIM B MPOrPaMMHOM KOMMEKCe
Simpack Rail (paccmarpusaeTtcs kak akcnepumeHT). 10T
KpuUTepuit npeacTasnseT cobon yHkuuoHan A, Iy}, no-
Ka3blBAKOLLMI OTIMYUE UCCIIEAYEMON MaTeMaTUYeCcKon
MOJeSN, ONUCbIBAEMON KOHKPETHBIM YPaBHEHUEM CBA3M
C KOHKPETHbIM BUAOM (DYHKLMK f, OT COBOKYNHOCTM Nep-
BUYHbBIX JaHHbIX Iy [7]:

N
Fmo,u = E]|pMVIH/' |’ (4)

TN Pyyyj — PASHOCTU MEXAY j-M 3NIEMEHTOM 3TaNOHHO-
ro U 9KCMepuMeHTanbHOro MaccuBoB. B gaHHom cnyyae
Fuog = 0,002. To ectb Moynb uHTerpatopa Simpack fo-
NONHUTENbHbIX MOrPELUHOCTEi B Pe3ynbTaThl pacyeta He
BHOCUT. lpacdouyeckne pesynsrartbl TOW NPOBEPKM Npea-
CTaBJIeHbl Ha puc. 4.

4. Bropo# atan Bepudmkaumum mogenu

Btopoi atan — npoBepka NpaBWIbHOCTI NOCTPOEHUS
NOKOMOTMBA C KUHEMATWUYECKO CXEMOI cOornacHo puc. 1
B Simpack Rail. ing atoro uccnenosanuch cBO60AHbIE 60-
KOBble KoNnebaHus Ky30Ba JIOKOMOTIBA M0 BCEM €r0 rOpU30H-
Ta/ibHbIM 0606LLEHHbIM KOOPAMHATAM NMPK N00YEPEAHOM 3a-
[JaHV HavanbHbIX YCoBWiA Ha 60k0BOI 0THOC B 0,005 M nep-
BOW 11 BTOPOI TenexxeK. CpaBHMBas pe3ynbTaThl FapMOHUYe-
CKOr0 aHanm3a cBO6OAHbIX KONe6aHnii Ky30Ba, MOXHO OKOH-
YaresbHO NPOBEPUTH NPaBUITbHOCTb COCTABNEHUA AndhdepeH-
LManbHbIX YPaBHEHNIA, TaK KaK 13-3a CUMMETPUM Pe3ynbTaThbl
Takoro aHanu3a npu noo4YepesHoOM 3afaHnn Ha4anbHbIX yC-
NOBWIA N0/ NEepPBYIO U BTOPYHO TEJIEXKN AO/MKHbI COBNaAaTh.

CTpyKTypHas cxema MOJeNnu nokomoTuea B Simpack
Rail, cooTBeTCTBYIOLLAA KNHEMATUYECKON CXeMe M0 puc. 1,
1306paxKeHa Ha puc 5.
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Puc. 4. CpasHeHue peweHus 8 Simpack Rail (a) c aHanumuyveckum petweHuem
071 BepMUKAIbHbIX CBOBOOHBIX KOMebaHuli o0Homaccosoli modenu u ux epaguyeckoe conocmasnerue (6)

Puc. 5. CmpykmypHas cxema modenu sokomomusa 8 Simpack Rail



[TonHas ynpoLleHHas MOAenb JIOKOMO-
TWBA COCTOUT U3 Ky30Ba (BEPXHMWIA YPOBEHb
COOPKU), ABYX MOLCUCTEM «TENEXKKA», KaXK-
[as U3 Tenexek UMeeT [Be OAWHAKOBbIE
MOACMCTEMbI «KOJiecHas napa». [Ans ynoo6-
CTBA NMOCTPOEHNS KaxK[as Tenexka uveer
TaKXe «HYIIeBOE», T.6. HE UMEIOLLee MacChbl
U UHEPLIMOHHbIX XapakTepuCTUK Teno, KOTo-
poe HeceT B cebe NHGopMaLio 0 KOopanHa-
Tax CBA3EM CUMOBbIX 3N1EMEHTOB «Ky30B —
Tenexka» Co CTOPOHbI Ky30Ba. B nonHou
MOJENIN KXA0e U3 3TUX Tesl COeANHAETCA
C KYy30BOM Mpu NOMOLUYM WapHupa 6e3 cTe-
neHen cBO6ObI (HA CTPYKTYPHOI Cxeme Ta-
Kne LwapHupbl 06BefeHbl B YePHbIE OKPYX-
HOCTK). KorecHble napbl, ABNSACh Tenamm
BpaLleHNs, COeMHEHbl C PAMON TEJIeXKM
Yepe3 YCIOBHbIE «NOALIUMHUKNA» — Tena,
VMeEIOLLME LAPHNPLI C OHOI CTEMEHbIO CBO-
60/bl — BpaLLeHns BOKPYr ocu y (06Befe-
Hbl HA CXeMe B CUHME OKpY>xHOCTK). LLlap-
HUPbI, 06BEJEHHbIE B KPACHbIE OKPYXHO-
CTU, YCIIOBHO COEAMHAIOT BCE UCCNeyemble
Tena no BCemM 06006LLEHHbIM KOOpAUHATAM
C OCbH) NYTW B MHEPLMATIbHO CUCTEME OT-
cyeTa Moenu Iy, U N03TOMY UMEHOT LLECTb
cTeneHein cBO6GOAbI.

Kak 1 B [1], naHHbIN aHann3 NpoBoAUN-
ca ans ckopoctn 100 KM/4 Ha npsAMOM y4acT-
Ke nyTu 6e3 BO3MyLLeHUA. CneKTpbl ropu-
30HTaNbHbIX KONebaHM Ky30Ba N306paxe-
Hbl Ha puC. 6.

KpunBble KOPU4YHEBOro LiBeTa Ha puc. 6 —
pesynbTar CNeKTpanbHOro aHanu3a no Koop-
JHaTam 60KOBOr0 0THOCA &, BUNSIHKS 6 1 60-
KOBOII Ka4Ku B Ky30B2 Npu nofja4e Ha4anbHo-
ro BO3MYLLEHNS 0THOCA 1-1 Tenexku, a 3e-
NIEHOr0 — TO Xe, HO MpKU 33[aHUN Ha4asb-
HbIX YC/OBUA KOOPAMHATLI 60KOBOr0 OTHO-
ca 2-1 TeNexku.

BHELUHAS MAEHTUYHOCTb KPUBbIX CMEK-
TPOB HE ABNIAETCS JOCTATOYHbIM NMOLTBEPX-
JEHNeM TOYHOCTM, HEOOXOAMMO NpoaAHaNK-
3upoBarth Yucna. [ing aToii Lenu napbl 0pau-
HaT MacCWBOB CMEKTPOB OAHOr0 BUAA KOre-
6aHui, COOTBETCTBYIOLLME OAHOM 1 TON e
yacTote, B AnanasoHe 4actot o1 0 go 20 'y
¢ warom B 0,2 'y, (Ha 60MbLLKX YACTOTAX MK-
K1 OTCYTCTBOBA/IN) CPABHUBANIUCH KaK no ab-
COJIOTHOM BEJIMHUHE, TaK 1 N0 MPOLEHTHO-
MY COOTHOLLIEHWIO K MakCUMaNlbHOMY 3Ha4e-
HUIO B KOX[0M mMaccuse. Konm4ecTBeHHbIe
OLEHKN UX CUMMETPUYHOCTU NpefcTaBne-
Hbl B Ta6. 4.

MoaBvXHOI cocTaB XenesHbIX JOpOr, TAra Noe3foB 1 aneKTpuukaLma

Puc. 6. [paghuku cnekmpos 20pu30HMabHbIX KonebaHul
Ky308a 1okomomusa 8 Simpack Rail
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Tabnuua 4

Pe3yanaTb| NpoBepKu CUMMeTpuUu moaenu JOKOMoTuBa

HaumeHoBaHne napameTpa 00603HaveHne "532:2::;' ?(gzg:l::::: BennunHa
Y 2,01E-09
MakcumarnbHasi no MoLymn0 pa3HOCTb OpAMHAT max|q 52| " 2 8E-10
O[HOI KOOPAMHATbI B aBCONOTHBIX 3HAYEHNAX Pz ’
Py 1,59E-09
Y 7,323E-04

MakcumanbHas no MoLyNto PasHOCTb OpANHAT -~
OAHOM KOOPANHATbI B NPOLEHTHOM OTHOLLEHWN max|q | % Pz 6,05E-04
K MaKCUManbHOI BENMYNHE B KXAOM Maccue

O 3,455E-04
Vi 1,264E-08
MoaynbHbIA KpUTEPUIA Pa3HOCTER OPAMHAT MO KXKAO0M i
KoOp/AnHaTe B a6COMOTHbIX BEMMYNHAX COMMACHO (4) Fuvon M P 1,941E-09
Pxx 6,347E-09
Y 4,346E-03

MoaynbHbIA KpUTEPUIA Pa3HOCTER OPAMHAT N0 KXKAO0N
KOOPAMHATE B UX NPOLIEHTHOM COOTHOLLEHWI K MaKCH- Fuon % P 4,069E-03
MasibHOIl BENNYNHE B KOXAOM MACCUBE COrmnacHo (4

@ Pxx 2,753E-03

TakuM 06pa3oM, aGconioTHble 3HayeHus opaukatr @ % CrekTp 60KOR070 0THOCR KY308 ¥
CMEKTPANbHOTO aHANN3a Mo KAXKAOK KOOPAMHATE OT/M- 8
4aloTCs APYr OT ApYra Ha BENYMHbI 9-T0 NopsiaKa Ma- o
N0CTY, @ X HOPMUPOBAHHBIE 3HA4YEHNS B NPOLEHTHOM _
COOTHOLLIEHUN OT MaKCUManbHO OpANHATbl — Ha Be- 0
NNYUHBI 4-T0 NopsiaKa ManocTi. MogynbHble KpuTe- 20

puUM pa3HOCTEN B 060UX CIyHaax He MPeBbILIAKT BEN-

Amplitude [%]

YUIHbI, MONY4EHHO Ha NepBOM 3Tarne npoBepku. M0a- Frequonty [Hz] 1 20
TOMY CUMMETPUIO MOJENN MOXHO CYWATATb [OCTAaTOY- 6 %0 CREKTpbI BUNAHUS Kya0Ba Oy
HOW, a pacyeTHble anropuTMbl B KOHKPETHOW Mofe- 80
N — YCTORYNBLIMU. _
=60
. 240
9. Tpetuit atan =
Beputmkauum mopenu
Frequency [Hz] s 2
TpeTuin aTan — cpaBHeHWe pesynsTaToB MOJEN1POBa- 5 CrexTps! 60K0B0/ KatKit kY3082 P
HWS JaHHOI MOAENN NokoMOTKBa B Simpack Rail u B kom-
naeKTe Nporpamm Kadheps! «INEKTPONoe3aa 1 noKomMo-
TUBbI» (ObIBLUAA «JNeKTpuyeckas Tara») PYT (MUNT). §
Llenb maHHoro arana npoBepkuM — OKOHYaTesIbHO Y6e- £ 40
ANTbCS, YTO KMHEMATUYECKAs N pacyeTHas CXeMbl Npo- 5
CTPAHCTBEHHOI Mogenu B Simpack Rail Bocnponssoasr
AHANUTUYECKYH0 MOLENb TaKOW Xe CTPYKTYPbl, CO3JaH- - + %
HYH Ha OCHOBE NMPSMOr0 BbIBOAA YPABHEHUI FOPU30H- Frequency [Hz]
TarnbHbIX konebanuit u 3anuck ux 8 IBM [8]. Pesynbra- Puc. 7. CpasHumenbHble cnexmpsi omHoca (a), sunarus (6)
Tbl CPABHUTEJIbHOI0 CMEeKTPasibHOro aHanusa npeacTaB- u 6okoBol Kayku (8) Ky3o08a nokomomusa. CuHue Kpusblie —
NeHbl Ha puc. 7 1 B Tabn. 5. Simpack Rail, kpacHsie — komnaexma npoepamm PYT (MUUNT)
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Tabnuua 5

Pe3ynbTaThl CONOCTaB/IEHUA CNEKTPANbHOI0 aHaNM3a cBo60AHbIX Kone6aHuii Ky3o0Ba

Vi 2/2 0,35/0,4 v 0,75/0,8
B yucnurene — Simpack Rail;
O 11 0,75/0,8 B 3HaMeHaTesne — KOMMIEKC
nporpamMm PYT (MUWT)
Pxx 11 0,6/0,6

6. 3akno4yeHue

B pesynbrate TpexcTyrneH4yaTon NpoBEPKN BbISABIEHO
cnepytowee. ViHTerpatop naketa Simpack npu npasuibHOM
NOCTPOEHUM MOZeNen paboTaeT NPaBuibHO, U CaM NPOLECC
WHTErPUPOBAHNSA C NMEPEMEHHbIM aBTOMATUYECKIM BbI6O-
POM LLara JONOSHUTENIbHbIX MOrPEeWHOCTeR B pe3ynbra-
Tbl PACHETOB HE BHOCUT. YNpPOLLEHHAs MOLENb IOKOMOTH-
Ba B Simpack Rail noctpoeHa ¢ co6nt0eHneM KinHemaTu-
YECKOIi M CTPYKTYPHbIX CXeM, MPEeACTaBNEHHbIX Ha puc. 1
1 5, 1 06nagaeT He06X0AMMON PACHETHO YCTONYMBOCTbIO

1 TOYHOCTBHO CUMMETPUN. Pe3ynbTaTbl CNEKTPanbHOM0 aHa-
nn3a ABYX MOJESEN C 0ANHAKOBLIMM NCXOAHBIMU AaHHBIMU
B IBYX KOMMJIEKTaX NPOrpamMm npiu MccrneaoBaHMn X CBO-
60HbIX KONe6aHuin ¢ 0AMHAKOBLIMU HAa4anbHbIMI YCII0BU-
MU JAKOT 6NN3KME, HO HE MABHTUYHbIE Pe3yNbTaTbl, N03TO-
My Heobxofuma JanbHelillas paboTa no ux yHumkaumm
NN60 BbISBNEHNE 1 0OBACHEHWE NPUYUH NPUCYTCTBYHOLLNX
HE3HA4MTEeNIbHbIX HECOBMAZAEHUA CNEKTPANbHOr0 aHanm3a
ncenenyemon AMHamMmmyeckoin cuctembl. G y4eTom onbiTa
no [1] npexze Bcero He06X0AMMO YHUTbIBATH HENIMHEHbIE
3aBUCUMOCTH, KOTOPbIE MOXHO YNPOCTUTL. UT
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IlepcnekTHBBI CO3JaHUA TYPOONOE310B
Ha CXKHMKEHHOM NPHUPOIHOM rase

Prospects for designing turbotrains

on liquefied natural gas

AHHOTauuA

Ha cerogHAWHMII geHb ecTb BCE NPEANOChUTKM A4S
CO3/aHNs KOPOTKOCOCTABHbIX TYPOO3NEKTPONOE3[0B Ha
6a3e anektponoesna IC2I «JlacToukax ans obcnyxkusa-
HUS HEINEKTPUDULMPOBAHHBIX YYACTKOB C HEBOMbLLWNUM
MaccaXXxMponoToKoM. ITO NO3BOAUT 3aMEHUTb YCTApeB-
WKe MOAENN LU3€b-NOe3[0B U BLITECHUTL NPUropos-
Hble [BYX- U TPEXBATOHHbIE M0€3/a C IOKOMOTUBHOM
TAron.

KnioueBble cioBa: rasoBas Typ6uHa, Typbonoes,
MOLLHOCTb, JOKOMOTUB, CXUXEHHbIN NPUPOLHBbIiA ras,

MHdpacTpyKTypa.

D0I:10.20291/2311-164X-2018-1-76-79

Abstract

The article shows that today there are all the
prerequisites for designing short-duration turbo-
electric trains on the basis of the ES2G “Lastochka”
electric train for maintenance of non-electrified
sections with a small passenger traffic. This will
replace obsolete models of diesel trains and drive
suburban two- and three-wagon trains with locomotive
traction.

Keywords: gas turbine, turbo train, power, locomotive,
liquefied natural gas, infrastructure.
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[a30Bas Typ6uHa Nonyymna JOCTaTOYHO LUMPOKOE pac-
NPOCTPaHeHNe B TPAHCMOPTHOM MaLLHOCTPoeHun. OaHa-
KO [10 He[JaBHEro BPeMEeHU 0 Hell MOXXHO 6bIN0 rOBOPUTH
TO/bKO KaK 0 BCMOMOrareSisHOM arperare TennoBO3HbIX n-
3€/bHbIX YCTAHOBOK — 3/1EMEHTE CUCTEMbI ra30TypOUHHO-
ro Hagaysa. COBPEMEHHbIN TPAHCMOPTHBbINA AN3eMb HEMbIC-
nnum 6e3 0JHOI 1 JaXKe ABYX ra30BbiX TYpOUH. G noBsblLLIe-
HUEM [laB/eHus HagayBa pacTeT MOLLHOCTb ra30BON Typou-
Hbl, 1 B P CNy4aeB 0Ka3bIBAETCA LieNnecoo6pasHbIM 0T-
60p U36bITOYHOI MOLLHOCTY TYpOUHBI HA Ban ausens [1].

[To cBoeit npupoe rasoTypbuHHbliA asuratens (I'TMH)
ABJIAETCA TPAHCMOPTHOW MALLIVHON, MO3TOMY EMY MOXET
1 [LOSKHA ObITh OTBEJIEHA HE BCNOMOraTesibHas, a 0CHOB-
Has POJib IMABHOr0 BUraTeNs CUI0BOI YCTAHOBKM Xeres-
HOZOPOXXHOr0 MOABUXHOIO cocTasa. OnbIT TAKOro pojaa 1c-
NnoJib30BaHNSA ra3oBbIX TYPOUH HEBENUK. BMeCTe ¢ Tem yxe
cenyac npobnema NpUMeHeHNs ra3oBoil TYPOUHbI Ha Xe-
Ne3HO0POXXHOM TPAHCMOPTE NPOCMATPUBABTCA HE TOJTbKO
Ha 6NVKaLLYI, HO U HA OTAATIEHHYIO NEPCneKTUBY, Npu-
4eM 1 B TOM 1 B MIHOM Cy4ae 04eBUIHbI [1BE 0651aCTN UC-
NoJSib30BaHNA ra3oTypOUHHbIX JBUTATENEN, UMEIOLLME CY-
LLIeCTBEHHbIE PA3/NYNA B TEXHUYECKOM U TEXHUKO-3KOHO-
MUYECKOM OTHOLLEHWSAX: HA FPY30BbIX JIOKOMOTUBAX U B Nac-
COKMPCKOM [ABVXXEHUN, C Y4ETOM 06LLMX TEHAEHLMIA NOBbI-
LEHMs CKOPOCTe JBUXEHNS MOe30B.

[MpumeHeHNe ra3oBbIxX TYypOUH HA NTOKOMOTMBAX B CBOEN
Ha4aNbHOM CTafuUK NPaKTUYECKW COBMano C nepBbIMU Camo-
CTOATENbHbLIMU LIAramMu 3TUX JBUraTeNiell U Ha4yanom BHe-
LpeHus ux B asmauuio. 1 ecnu B aBmauyum peLiaioLLimm 8 10T
Neproj 0Ka3annch BbICOKME YAEeNbHbIE MOLLHOCTHbIE NOKa-
3atenu Typ6uH, TO B YCIOBUSAX XKENE3HOLOPOXHOr0 TPAHC-
nopTa BO3HKKIA Npo6iema TennoBoil 3KOHOMUYHOCTH Kak
OZHOr0 13 OMpefenstoLLmnxX 3KCnyaTaLnoHHbIX )akTopoB.
KOHKyp1poBaTh C BbICOKOIKOHOMUYHbIM TEM0BO3HbLIM 1~
3e/1eM ra3oTypOuHHbIE [BUraTeNN He MOITN, U TOSTbKO 3TUM
06bACHSAETCA TO, 4TO ra30Typ6OBO30CTPOEHNE HE BbILLNO
eLLe 3a pamMKK 3KCNepUMEHTaNbHbIX KOHCTPYKLNIA UK He-
60MbLUUX NPOMbILUNEHHbIX NAPTHA.

B nocnepHue rofbl ra3otyp6uHHble ABurateny caena-
NN 3aMETHbINA LUar Brepes B 4acTu MOBbILLEHWUS TeNN0BON
9KOHOMMWYHOCTU. Jly4Line 06pasLbl yKe BNIOTHYH Npu-
61M3NNINCh B 3TOM OTHOLLEHWUU K ABUraTeNsiM BHYTPEHHE-
ro cropadus. [103ToMy BHOBb BO3POC UHTEPEC K NPOGIie-
M€ UCMONb30BaAHNSA ra30TypPOUHHON TATN HA XENe3Ho0-
POXHOM TPAHCMOPTE.

[Tpn NIOKOMOTUBHOW TAre UMEKT MECTO BeCbMa CyLLe-
cTBeHHble (30-40 %) aHepreTMHecKue noTepy Ha nepeme-
LLeHNe camMmnux NOKOMOTWBOB, NMPUYEM OHM PE3KO pacTyT
C YBEJIMYEHNEM MaKCMMaJibHOW CKOPOCTU. B 3TOM OTHO-
LUEHWK 0T TeNnJI0BO30B BbIFOLHO OTNINYAKTCA TypbONoes-
[a, Y KOTOPbIX NOTEPs MOLLHOCTYU W, CNEeS0BATESIbHO, 3KO-
HOMUYHOCTU COCTaBNAET TONbKO 5-10 %. YkasaHHOe 06CTO-
ATENbLCTBO NPUBOLMUT K MbIC/IA O TOM, YTO MPUMEHUTESTbHO
K CKOPOCTHbIM Typ60onoe3aam MoryT 6biTb CyLLECTBEHHO W3-
MEHEHbI, CPABHUTENIbHO C FPY30BOI CNYX601, TpeboBaHNA

MonBnXHOI cocTaB Xene3HbIX A0pOr, TAra Noe3foB 1 anekTputukaLma

K ra3oTypOUHHbIM ABUTATENIAM: CHUXEHbI B 4aCTW 3KOHO-
MUYHOCTM Ha PACHETHOI 1 [ONIEBbIX MOLLHOCTAX, 8 OCHOB-
HOE BHUMaHWe yfieneHo yMeHbLUEHNO X ra6aputos 1 Beca.

OueHMM C HeKOTOpbIM NpubnkeHnem yposeHb Kz
ra3oTypOUHHbIX ABMraTenei, npyu KOTopom Typbonoesna
1 TensioBo3bl 6yayT UMETb OUHAKOBbI PaCcXo[ CPesCcTB
Ha TOMNWBO NPY YCIIOBMM 0CBOEHNA 3aaHHOT0 rpadomka
OBXeHNs (t) n naccaxuponotoka (I):

n N._B bl

TlnepTH 0 en”n a _—NeTn HTLI'T T Nneprn> (1)

m=Tn

roe H — ynenbHas HaceneHHOCTb noesfa; npu Typ6o-
noe3fax C COYJIEHEHHbIMU BarOHamMmu MOXHO MPUHSATH
HinQry = 1,15H,Q;; L — ueHbl Ha gusenbHoe (Liy) v raso-
Typ6uHHoe (L) Tonnueo; Ng, — MOLLHOCTb Ha Bany nep-
BUYHOTO JBUraTens:
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B — K03t (MLMeHT, y4UTbIBAIOLLMIA XapaKTep n3MeHe-
HUS pacxofja TONMBA NPU YaCTUYHBIX HArPY3Kax; Mgep —
KM nepenadm ¢ y4eToM Cry»e6HbIX HYX[ CUI0BON yCTa-
HOBKM (Npeprn & 1,075Mpgpy).
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HOMUYHOCTN:
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Ha puc. 1 npuBeaeHbl pe3ynbTaTbl pac4eToB no ypas-
HEHMIO MNP CREAYIOLLNX 3HAYEHUAX BXOASALLMX BETUYUH:
E =122, nns Tensoso3a P =0,025, ansa Typbonoesga

P.,=0,006.

CoBpeMeHHble CEpPUiiHbIe aBUALIMOHHbIE [BYXBamNbHbIE
ABUraTeny UMeT yaesbHbIA PACX0 TONNUBA HA YPOB-
He 250 r/n.c-4. [n3enbHble OABUraTenyt UMEKoT YOeNbHbIN
pacxog 135 r/n.c- 4, COOTBETCTBEHHO b =1,85. Kak cne-
QyeT 13 aHanuaa puc. 1, Typ6onoesaa CTaHOBATCA PeHTa-
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6efibHee TennoBo30B N0 CTOMMOCTU 3HEPro3arpar Ha CKo-
POCTAX ABUXEHWA NacCaXUPCKUX NOE3A0B No Aoporam
06LLLero nonb30BaHNA Npu LieHe TONIBA ra3oTypoUHHOIO
JBuraTens Ha ypoBHe 57 % K LieHe AM3e/bHOro TonsuBea.
Ecnu ucnonb3oBatb 0[jMHAKOBOE TOMIMBO, TO 3TO JOCTU-
TaeTcs NPu Vyay = 250 + 280 KM/,
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Puc. 1. CpaBHUmeﬂbHaﬂ monJiusHas 3KOHOMU4YHOCMb
myp60n0e3008 U Meni080308:
— — Um/ld =05, — — Um/1io = 0,57; — — Um/jo = 0,7;

— —Um/l}d = 0,8 — — Um/Lid = 1,0

lTaK, Mbl NpUX04MM K BaXXHOMY BbIBOJY O TOM, 4YTO Ha
CErofHsLLIHNIA IeHb HET HeO6XOANMOCTI B CO3AaHMN Che-
LIaNbHbIX COXHbIX BCepexxumHblx 'L ans Typ6onoesaos,
C yCnexom MoryT 6bITb UCMNOJIb30BAHbI NIErKNE U KOMMAKT-
Hble aBMALMOHHbIE MALIMHBI. TOT BbIBOJ, NOATBEPKAAET-
1 32py6eXXHbIM OMbITOM MOCTPOMKM W 3KCTyaTaLun CKo-
POCTHOrO ra3oTyp6UHHOr0 NOABMXHOIO COCTABA.

[Tpm pacyeTe TEXHUKO-9KOHOMUYECKOr0 060CHOBaHUA
3 eKTUBHOCTN NpuMeHeHUs raszoTyp6ososa 'T1h-002,
paboTatoLLero Ha CXXMXEHHOM NPUPOLHOM rase, LigHa T0-
nnvea 6bina NpuHATa Ha ypoBHe 50 % 0T CTOMMOCTHN u-
3eMbHOro Tonnuea [2].

licxoas 13 BCEro BbllleyKa3aHHOro, pa3paboTka Typ6o-
noespa, paéoTatoLLEro Ha CXXMXEHHOM NPUPOJHOM rase, Ans
JKCnyaraunum Ha nyTax 06LLero nob30BaHNA C KOHCTPYK-
LIMOHHOIA ckopocTbto 120 KM/4 aBnseTcs Hanboree Lene-
coo6pa3Hoil. Ho n3-3a noTpe6bHOCTM B CrieLuanu3npoBaH-
HOI1 3anpaBo4HON UHEPPACTPYKTYPE NPUMEHEHUE TaKMX M0-
€3[10B Ny4llie BCEr0 HAYNHATL HA Y4acTKax 3KCnyaraumu
razotyp6oso3oB [T1h, Takux kak BoliHoBka — To60J1bCK
1 To6onbck — CypryT — Jlumo6eir (KopoT4aeso) Ceepanos-
CKOI XKenes3Hon 4oporu, a Takxke B nepcnekTuee Ha Cesep-
HOM WKPOTHOM X0Ay [3]. 3T0 npeanonaraeT passuTme 3a-
NPaBOYHON MHAPACTPYKTYPbI HA NEPCMNEKTUBHOM MOMUIOHE
JKCnyaralmm ra3oMoTOPHbIX TOKOMOTUBOB, 8 COBMECTHAS
3KCMuyaTawums noJBUXHOIO COCTaBa HA CXXMMXEHHOM Mpu-
POZHOM ra3e 3Ha4uUTenbHO YCKOPUT NMPOLLECC OKYNaemocTu
HE0OXOANMbIX KanuTasioB0XeHUN.

JKCMyaTaunoHHas NPOTSHKEHHOCTb CETU XENe3HbIX A0-
por 06LLero nonb3osaHus Poceuiickon defepauun cocTas-
NAET 0KONO 85,3 ThIC. KM, 3NeKTPUULMPOBAHO 43,4 ThIC. KM
(50,8 %). Takum 06pazom, npumepHo 50 % XenesHbix Lo-

lMoaBnXHOI cocTaB XenesHbIX JOpor, TAra noe3aoB U anekTputukayma

por npefHasHa4eHbl Ans aKcnnyaraumn noABMXHOIO Co-
CTaBa Ha aBTOHOMHOM Tare. Kak npasuio, 370 NpUropoa-
Hble JIMHUU, COELUHSIOLLME HEOONbLUNE HACEIIEHHBIE MYH-
KTbl C PErMOHaNIbHbIMU LIEHTPaMU 1 MEXZY COB0IA, a Takxe
L0pOry B pailoHax C CypOoBbIMU KNUMATUYECKIMI YCNOBU-
AMU, YCNOXHAOLLMMU NPOLLECC 3NEKTPUPUKALMK, HA Ta-
Knx yyacTkax, kak KoHowa — BopkyTta CeBepHoii X. 4.,
BoiiHoBka — HoBbIin YpeHroi CBepAnoBCKON X. 1., baii-
Kano-Amypckas maructpans ot cT. Takcumo u fip. lo pas-
HbIM OLieHKaM, 60nee 75 % NPUropoAHbIX NepeBo3okK Mo
TaKUM JINHUSM BbINOHAETCA WU He NpeaHa3Ha4YeHHbIMU
ONa 3TUX Lenei noesgamu, COCTOALMMU U3 0OLLNX Baro-
HOB C Tenn0B03amu, Ny AnU3enbHbIMU Noe3famu, KoTopble
Y)Ke He 0TBEYal0T COBPEMEHHbIM Tpe6oBaHusM. Pedb uaet
0 Takmx ansenb-noespgax, kak 41, AP1 n ap.

Pa3paboTka Ha 6a3e anekTponoe3aa G2l «JlacTouka»,
Bbinyckaemoro B 000 «Ypanbckue 10KOMOTUBbI», KOPOT-
KOCOCTaBHOr0 Typ603ieKTponoe3aa ¢ ra3oTypouHHON ciu-
NI0BOW YCTaHOBKOW, PaboTaKOLLLEN HA CXKUKEHHOM NPUpOS-
HOM rase, pasmeLLaemMoii B OT4ENbHOM CUIIOBOM MOJYIe,
N03BONUT 06HOBUTL YCTAPEBLUWIA NAapK aBTOHOMHBbIX Npu-
rOpOAHbIX NOE3L0B.

Takoi noe3p nony4nTcs MHOrOCMCTEMHbIM, NPU HEO6-
XOAMMOCTU MOXHO 6YZEeT OCYLLECTBNATh NUTAHNE OT KOH-
TaKTHOW CETW, @ HA CTAHLIMN OKOHYaHWA 3MeKTpuduKalmum
3anyctutb I'TY 1 NpOLO/MKUTL ABUXEHWE B aBTOHOMHOM
pexume (puc. 2), Bpems BbixoJa rasotyp6uHHOro asura-
TeNf HA HOMUHAJTbHYIO MOLLHOCTb 3aHUMAET He 6onee 5-6
MUHYT. 3TO MO3BOUT ONTUMM3UPOBATL PACXOA TONNNBA.

CnnoBoit MofyNb JOMKEH 06eCneynBaTb NUTaHue cuno-
BbIX LieNen TAroBoro 1 BCNomMoraTesisHoro 060pyaoBaHuns
noesfia Afif peanu3aunm TAroBbIX XapakTepucTuk u nog-
JepxaHus KomhopTa naccaxupos:

o~ Tlhew (5)

™m

rae Pgy, — MOLLHOCTb CMII0BOr0 MOAYNS BbIXOAHas, KBT;
P; — mouHoCcTb TAroeas Ha o6ofje koneca, kBT, Py, —
MOLLHOCTb, NOTPe6nsieMas noe30oM Ha COOCTBEHHbIE HYX-
Obl, KBT; n, — KM 1arosoro npusoga 0,9.

[Mpn mowHocTn Ha Tary P; = 700 kBT pacyeTHas npe-
JiefibHas TAroBas xapakTepucTika Typ60oanekTponoesa
nepecekaeT XapakTepucTuKy CONPOTUBNEHUS ABUXKEHUIO
Ha Hynesom ykrnoHe nocne 120 km/4 (puc. 3).

[Tpumem pacxop Ha COOCTBEHHbIE HYX[bl MOe34a
P, =200 kBT. B Takom cny4ae BbIXOAHas MOLLHOCTb Cu-
NOBOro Moayns coctasnut okoso 980 kBT.

[MpyrHUMNUanbHbIM SBNAETCA BbIGOP ra30TypOUHHOIO
nsuratens. AO «<KnumoB» CEpPUIAHO BbiMyCKaeT aBMALIMOH-
Hble Burartenu B Knacce motiHocTn 1o 2000 kBT. Mpwu pac-
4eTe MOLLHOCTI ra30TypOUHHOTO ABuratens Pr, Heo6Xxo-
Anmo Takxe yyectb KT CMHXpOHHOr0 TAr0BOro reHepa-
TOpa 1 B Takom cnyyae notpe6Has mowyHocTb [T co-
CTaBUT Prpy = Poy/ner =~ 1032 KBT.
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Puc. 2. 06wuti 8ud noeszda ¢ cunosoli cxemoli:

MoaBvXHOI cocTaB XenesHbIX JOpOr, TAra Noe3foB 1 aneKTpuukaLma
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01, 02, 03 — BazoHbl 01, 02, 03; CM — cunosoli modyns; bB — 6bicmpodelicmsytowuli 8bikmodamens; [B — 21asHbil 8bIKA0YaMENb;
['TY — eazomypbuHHas cunosas ycmaHoska; Tp-p — mpaxcgopmamop; Kn. Yem. — knumamuyeckas yCmaHOBKA NACCAXUPCKO20 CANIOHA;
[1ICH — npeobpa3sosamens cobcmserHbix HyxO; TIT — msazosbili npeobpazosamens; TP — mopmo3Holi pezucmop
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Puc. 3. Tazosas xapakmepucmuka mypbo3nexkmponoe3oa
P. =700 kBm

Haunbonee noaxoAdLmMm No XapakTepucTukam aBns-
eTcsa Typ6oBasibHbIA asuratesib BK-1500B MOLLHOCTbIO
1600 n.c. (1177 kBr).

[lng xpaHeHus TonNaMBa UCNONb3YETCA CreynanbHas
KpUoreHHast EMKOCTb, PaCnofOXKeHHas BHYTPW Ky30Ba CU-
nosoro mogyns. 06beM KpMOreHHON eMKOCTW Onpedensercs
C Y4eTOM He06X0ANMON NPOSOSIKUTENIbHOCTI PaboThl M0-
e3aa 6e3 IKUNMPOBKM, pacxoda Tonnuea Ha 1 KBT-4 n moLw-
Hoctn ['T. Bpems paboTbl noe3fa Ha 3ajaHHOM y4acTke
06palLeHns ¢ YCNOBHO 3aJjaHHbIM NPoniemM COCTaBnUT

T=—, (6)

roe T— Bpems paboThl N0e3ja Ha 3alaHHOM Y4acTKe, Y;

L — pnmHa yqactka o6oporta, L = 800 km no FOCT 31666—
2014; v, — CpefHeTexHU4ecKas CKOPOCTb Nnoesfa Ha 3a-
[aHHOM Y4acTKe, KM/4 (Vg = 85 KM/4 Ha paCcHeTHOM y4acTke).
3anac Tonnuea npu paboTe SHEPreTUYECKOil YCTaHOB-
KW Ha HOMUHANbHOM PeXnUMe Bbl4UCNAeTCs N0 hopmyne

Q; = KTgeP, (7

rae k — koadhdomuumeHT 3anaca (peseps emkoctn) 1,1-1,2;

Je — YOENbHbIA pacxof TONIUBA, 41 aBUALNOHHBIX [TY

0,25 Kr/(KBT-4); P, — MOLLHOCTb CWJIOBOI YCTAHOBKMU, KBT.
Heob6xouMbI 06bEM KPUOreHHON eMKOCTH:

Vo=—", (8)

rae Vs — 06bemM KpUOreHHOW eMKOCTW, J1; p; — MIOTHOCTb
Tonnuea, ans Gl pasHa 0,41kr/n.

3anac CXXMXeHHOro NPUPOAHOro rasa cocTaBut @, =
= 2070 kr, Torga 06Lem KproreHHo eMKoCTn ByaeT pa-
BeH Vg = 5050 n.

Takum 06pa3om, Ha CerofHALIHNIA feHb eCTb BCE Npea-
MOCbINKN ANs CO3AaHUS KOPOTKOCOCTABHbIX TYp6H03NeKTpo-
noe3noB Ha 6a3e anekTponoesaa AC2I «JlacTouka» ans 06-
CNY>XMNBAHNS HEANEKTPUULIMPOBAHHBIX Y4ACTKOB C HEOONb-
LUMM MaCcCaXMPONOTOKOM, 3TO NO3BOUT 3aMEHUTb YCTapeB-
LUMe MOJEeNn An3enb-N0e30B U BbITECHUTb NPUTOPOAHbIE
[BYX- N TPEXBAroHHbIe N0e3Ja C NOKOMOTUBHON TAroil. UT
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of people from the saloon of a sinking car
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He CekpeT, 4T0 COBPEMEHHbII aB-
TOMOOWSTb ABAETCA UCTOYHMKOM MO-
BbILLEHHON ONACHOCTW. HeyKNOHHbI
POCT MOLLHOCTM U CKOPOCTU aBTOMO-
6uns, NIOTHOCTW OBUMKEHUS aBTOMO-
OUNbHbIX MOTOKOB 3HAYUTENbHO YBe-
NINYUBABT BEPOATHOCTb aBAPUMHbIX
cuTyaumn. ns sawnTbl naccaxxupos
Nnpu aBapum akTMBHO paspabarbiBatoT-
CS 1 BHEZPSIOTCS TEXHUHECKNE YCTPOiA-
cTBa 6e3onacHocTu. B koHue 50-x ro-
[0B NPOLLIOro Beka nosiBUIMCL pem-
HU 6E30MACHOCTM, NPeJHa3HA4YEeHHbIe
ANs yoep>xaHus naccaxupos Ha CBO-
X MeCTax npu CTONKHOBEHUW. B Hava-
ne 80-x rofioB 6blIN NPUMEHEHbI NO-
QYLLK 6830MacHOCTH.

CoBpemeHHble cUcTeMbI 6e3onac-
HOCTY NpeaycMaTpuUBaIOT KaK naccuBs-
HY'0, TaK 1 aKTUBHYK 6€30MacHOCTb
ABTOMOOUNS 1 BKITHOYAKOT B Ce6s Lie-
NblA PAA YCTPOIACTB: aHTUGII0KUPOBOY-
HY0 CUCTEMY TOPMO30B, NPOTUBO3a-
HOCHYI0 cuCTeMy 1 ap. AKTBHas 6e3-
0MacHOCTb OXBATbIBAET BCE Te CBOM-
CTBA KOHCTPYKLMM aBTOMOOUNS, Npu
MOMOLLK KOTOPbIX NPeoTBpaLLaeTCs
U/NI CHUXAETCH cama BEPOATHOCTb
LOPOXXHO-TPAHCMOPTHbLIX MPOUCLLE-
cteui (ATM). bnarogaps Takum cBoi-
CTBaM BOAWTESIb MOXET MEHATb Xa-
paKTep ABUXEHUS, 1 aBTOMOOMNb He
CTaHeT HeyrnpaensieMbIM B 3KCTPEH-
HOW cuTyauuu. B 10 xe Bpems nac-
cuBHas 6e30MacHOCTb aBTOMOGUIIEN
NpeBpaTunach B O4NH N3 HAMBAXKHEN-
LUMX 3/1EMEHTOB AN NPOU3BOAMTENEN.
B 13y4eHne JaHHOI TeMbl 1 ee pa3Bu-
TWe UHBECTUPYIOTCA OrPOMHbIE Cpefi-
CTBa, MOCKOMbKY (PUpMbl 3260TATCA
0 3[10p0Bbe CBOUX KNneHToB [1]. e-
Tanu3auma nokasaresneit 6e30nacHo-
CTW TPAHCMOPTHbIX CPELCTB NpescTas-
neHa Ha puc. 1.

EcTtecTBeHHO, 4TO pa3paboTku, Ha-
MPaBJeHHbIE HA MOBbILLEHNE HAZBXHO-
CTN 1 6630MaCHOCTN aBTOMOOUNS, CTPe-
MATCA NPeAYNpeanTb, NPeA0TBPATUTS,
YMEHbLLUTL BO3MOXHbIE KatacTpodu-
Yeckue NOCneAcTBMA g BOAUTENS
1 NACCaXXMPOB B HEMPOCTbIX YCMOBU-
X COBPEMEHHbIX JOpOT.

KOHCTPYKTUBHbIE 0COBEHHOCTH CO-
BPEMEHHOro aBTOMOGUNA ABNAKTCS
3an0rom 6e30MacHOCTU €ro 3Kcnmy-

JKkcnnyarayuma aBTOMOOMNbLHOrO TpaHcnopra

besonacHoOCTb TPAHCMOPTHOMO CPEACTBA

AKTIBHas 6e30MacHOCTb H

lMaccuBHas 6e30MacHOCTb

| Be30nacHoCTb ynpasneHus |- BHewwHss BhyTpeHtss |
6e30MacHOCTb 6€30NacHOCTb
Yenosus 1
6630MaCHOCTI ABWXEHUS XapaKTepucTuki BesonacHocts | |
BHELLHe H MHTEPbEPA
JkcnnyaTawLnoHHas NoOBEPXHOCTM
6e30MacHOCTb r MpoyHOCTL
KabuHbI
BHelwHas hopma
Ky30Ba
Voepxusawowme | |
cUCTEMBI
2KecTkocTb
neTaneii kyaoea - 30HbI
11 BHELLIHEro 060pyaoBaHus BHYTDEHHero [
ynapa
| B03MOXHOCTb N3BNIEYEHUS NtoJeN |—
| [TpoTBONOXapHas 3awnTa |—

| CucTema pyneBoro ynpaeneHus |—

Puc. 1. flemanusayus nokazamesnel 6e30nacHocmu mpaHcnopmsix cpedcms

ataumm, No3ToOMy CyLLECTBEHHOE 3Ha-
YeHWEe B HalLK JHU UMEKT U «aHATo-
MUYECKIMEe» CULEHNSA, NOBTOPSIOLLME
hopmy venoseyeckoro Tena, u 060-
rpeB BETPOBOrO CTEK/A M 3epKan 3a-
[HEro Buaa Bo n3bexaHue nx aamep-
3aHWS, 1 CTEKN00YUCTUTENN Ha (ha-
pax, 11 NPOTUBOCONHEYHbIE KO3bIPbKMU.

Cuctembl 6€30MaCHOCTM aBTOMO-
GUnen COBEPLLEHCTBYHOTCS C KOKAbIM
rofoM, 1 aHaNUTUYeCKMe OTYETbI No-
Ka3blBAKOT, YTO KOMNYECTBO CMEPTeSlb-
HbIX UCXOA0B NPW CEPbE3HbIX aBapu-
X yMeHbLuaeTcs. OIHaKo B HEKOTOPbIX
CUTYaLMAX BCE SNIEKTPOHHbIE CUCTEMDBI
aBToOMO6UNA, 0TBEYAKOLLMe 32 6e3onac-
HOCTb, CTAHOBATCS a0CONOTHO 6ecno-
nesubiMu. Mpu nageHu asTomobuns
B BOAY Nepej] BOAUTENEM CTOUT NNLLb
OfiHA 3aja4a — BCMJIbITb HA MOBEPX-
HOCTb Kak MOXHO 6bicTpee. Ho cpe-
natb 3T0 HENPOCTO, TaK KaK 3NeKTpuye-
CKME CTEKNONOAbeMHUKI N MEXAHN3M
Pa3bII0KMPOBKY [1BEPEil 0TKA3bIBAKT-
cq paboTaThb, U YeI0BEK OKa3blBaeT-
Cs B 3aMKHYTOM NPOCTPAHCTBE, KOTO-
pOe NOCTeNneHHO 3anoJiHAeTCS BOLON.

B nmaHHOM aBapuitHOM cuTyauumn Boau-
TeJb YaLLe BCero npesanpuHUMaeT no-
MbITKY Pa3buTb CTEKNA aBBTOMOOUIA, HO
X C K&XJbIM FO0M [IenatoT BCe Kpen-
4e, 1 CNPaBMTLCA C NOJOBHO 3afa4en
B CTECHEHHbIX YCIOBUSAX, HE UMES NOA
PYKOW CrieuuanbHbIX NPUCNoco6ieHni,
J0CTaTO4HO CMNOXHO.

[onnaHacKue HXXeHepbl 06ecnoKo-
unmcb Npo6iemMoit 0CBO60XIAEHNS 13
3aTOHYBLUEro aBTOMO6MNA U NPeano-
XKUNK cucTemy, KotTopas nomny4una Ha-
3BaHmne Rescue and Escape Guidance
System (REGS) [2-4]. Ee 3apa4a —
NO3BONNUTL MACCAXKMPAM U BOLUTESHO
Bbl6paTbCA U3 aBTOMOGWNSA, NOrpy-
XaloLLerocs nofg o4y, B MakcUMarb-
HO KopoTkme cpokn. 0cBO60XKAATHCS
noaM npeanaraetcs Yepe3 60K0BbIe
CTEKNa, KOTOPble 3a CHET BHeAPeHUs
B aBTOMOOUNbL cucTembl REGS pas-
pyLLtOTCA Ccpasy nocre ero nonaja-
HUS B BOAY.

KOHCTPYKTMBHO CUCTEMA CMACeHUs
3 3aTOHYBLUIEro aBTomo6uns REGS
BK/04aeT B Ce69 HECKONIbKO OCHOB-
HbIX 3J1EMEHTOB:
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1) pat4mKu faBneHuns, BCTPOEHHbIE BO BCE 1BEPU TPaHC-
NOPTHOrO CPefCTBa,;

2) aKTMBATOP, 3aKPENNSIOLLNACA HA HUXKHEM TOPLIE KaX-

J10r0 U3 60KOBbIX CTEKON,

3) NMPONaTPOH 1 YAAPHUK, YCTAHOBJIEHHbIE B aKTUBATOP.

Pa6oTaet REGS cneaytowum o6pa3om. Bo Bpems na-
[eHns aBToMoOUNs B BOAY AaT4MKU AaBNeHns cpabarbl-
BAOT 1 BbIJAKT CUTHAN, KOTOPbIA MepefaeTcs Ha akTu-
Batop. MrHoBeHHO nocrne nosy4eHns coo6LLeHus oT aat-
41MKOB CpabaTbiBaeT NMPONATPOH, NPULAIOLLNIA CEpPbe3H0e
yCUIne yOapHUKY, KOTOPbI 6bET B TOpeL CTekna. 3a cyeT
rPaMOoTHOr0 PAcnosIOXKeHUs YAAPHUKA MO CTEKNYy Ha4yuHa-
tOT MATY TPELLMHBI, U AN 0CBOOOXKIEHWUSA OCTAETCS NPUIIO-
XXUTb MUHUMATTbHbIE Yeunus. [1pn 3TOM BaxHeilLLee 3Have-
HIE MMEET NPaBUIIbHbIA PACHET YCUIus, ¢ KOTOPbIM HaHO-
cuTCAa ynap no cteksy. [pu UsnuLLIHe CUNLHOM paspylLue-
HUW CTEKMA OCKOJIKI MOTYT PaHUTb BOAUTENS.

Cuctema cnaceHus n3 3aTOHyBLUEr0 aBTOMOGMAS MO-
)KET OCHALLATHCA CreumanbHoii CBETOBON MHAMKaLuen. 1o
Kpasm 60KOBbIX CTEKOJ BHELPSETCH CBETOAMOHAS MOJI0Ca,
KOTOpas akTMBUPYETCA Npu cpabaTbiBaHUM JaTHUKA [aB-
neHus. NMogo6Hoe yCTPONCTBO HEOOXOANUMO [N OpUEHTa-
LMK Nof BOAOW B TEMHOE BPEMS CYTOK WU B YCIOBUAX He-
[0CTaTO4HON BUAMMOCTW. Ha faHHbIA MomeHT REGS ak-
TUBHO TECTUPYeTCs Ha aBTomMobunsx Volvo, koTopble no-
CTaBMNAKTCS HA FONNAHACKUA PbIHOK. VIHXeHepb! yTBEpX-
[At0T, 4TO ee 3IEKTUBHOCTL Y)Ke oKa3aHa 1 0CTanoch
Jopa6oTaTb NWlb HEKOTOPbIE AeTanu, K npumepy, OT-
nagutb 6onee TO4HOE cpabaTbiBaHWe AaTyMKa [AaBIIEHUSs
1 OMpefenuTL ONTUMATbHOE YCUNUE YOApHUKA LN pas-
JINYHOTO POAA CTEKON.

B naHHOWM cTatbe paccmaTpuBaeTcs NMPOeKTUPOBaHMe
OJHOW M3 CUCTEM NacCUBHOW 6e30MacHOCTU aBTOMOGU-
Nl — CUCTEMbI 3BaKyaLuu NoLein 13 CanoHa TOHYLLEro as-
TomMo6uns. MNpeanaraemblii NPOEKT NPAKTUYECKN HE UMe-
€T aHasIoroB 1 NpefCTaBseT CO60/ aBTOMATUYECKYH CU-
CTEMY, YTO NMO3BOJIAET MUHUMU3NPOBATDL YHACTHE 4eN0Be-
Ka B npoLecce paboTbl U MaKCUManbHO UCKMQHUTL Yeso-
BEYECKUI (haKTop.

[MpuBenem onmcaHue 1 aHanu3 cutyawuu, ans KOTopon
npeanaraeTcs NPOEKTUPOBAHNE CUCTEMbI 3BAKYyaLM N0Len
113 CaJiOHa TOHYLLIero aeToMo6uns. PaccmMoTpum Tpu npuH-
LMNMANbHO pa3Hble BO3MOXHbIE MOLENK 3aTonneHns as-
TOMOGUNSA, KOTOPbIE 3aBUCSAT OT TOTO, B KAKOM MOJIOXKEHUY
aBTOMO6UNb OKa3asncs B BOJE.

BapuanT 1. MalunHa TOHET KpbILLei KBepXy, Npu4em Ko-
NOTHaA YacTb aBTOMOOUNA TOHET ObICTPEE, TaK KaK UMeeT
60/1bLLYH MACCY U FrepMETUYHOCTb MOTOPHOTO 0TCEKA 06bIY-
HO OTCYTCTBYET (pucC. 2).

Bapuant 2. Malunna nepesepHyTa Ha Kpbilly 1 TOHET
AHANorN4HO NepBOM CUTYALMN: KaroTOM KHU3Y. B peaynb-
TaTe BO3MOXHO, YTO MaLLMHA NIFKET HA AHO KPbILLEn Uiu
OCTaHETCA B BEPTUKANbHOM MOMOXEHNN U3-3 HAMYNS BO3-
Jyxa B canoHe. Ctofa e MOXHO OTHECTW CUTyaLum, Korga
MaLLMHA TOHET KanoToM BHW3 NOJ NPAMbIM YrioM (puc. 3).

Puc. 2. MawuHa moHem Kpbiwel Kgepxy

Puc. 3. ABmomobuns moHem Kpbiwel 8HU3

Bapuant 3. ABTOMOGUIb TOHET NEBLIM UMK NpaBbiM 60-
KOM, Npu 3TOM BEPOATHEE BCEro, 410 6yLeT 60MbLUNIA KPeH
B CTOPOHY (puc. 4).

Puc. 4. ABmomobusb moHem 6oKom

[Tpn MOAeNMPOBaHMN BO3MOXHbIX CUTYALMIA Y4NTbIBA-
NNCb CredytoLLMe YCII0BuUS:
@ Tensoe Bpems roaa;
® (OTCYTCTBME MOTOAHbIX ABNEHUA (LOX[Ib, yparaH,
CWJTbHbIA BETEP U T.4.);
@ DOBHOE [IHO;
OTCYTCTBUE CUJIbHOIO TEYEHUS;
® aBTOMOOW/b HE MOYYUS CYLLECTBEHHbIX MOBPEX-
JIeHNIA.



Tpe60oBaHNsA K NPOEKTUPYEMOI CUCTEME MACCUMBHON
6e30mnacHocTy:
® COXPaHeHWe BbICOKOM NPOYHOCTM KOHCTPYKLMY KY-
30B2 NPU BHEAPEHUN CUCTEMbI B KOHCTPYKLWIO aB-
TOMOGMNS;
® BbICOKaA paboTocnoCO6HOCTL CUCTEMbI NPU Mo-
BPEXZEHNN aBToMo6UNS;
® 0ObICTpOTa CpabaTbiBaHUsA CUCTEMbI MPU BOSHUKHO-
BEHUW YPE3BbI4ANHO CUTYaLLUK;
@ BO3MOXHOCTb MOJIHOCTHIO ABTOMATUYECKOT0 (PYHK-
LLMOHNPOBAHMS;
® ajanTaums nof pasHble CUTYyauuu,
® BO3MOXHOCTb aBTOHOMHOM PaboThbl, 663 OCHOBHO-
ro UCTOYHMKA NUTAHWUA aBTOMOOUNS;
® VHWBEPCANbHOCTb, UCMOMb30BAHWE 3MIEMEHTOB CU-
CTEMbI HE TO/IbKO B aBAPUIAHbIX CUTYaLMSX.
[Mpeanaraemas K NPOEKTUPOBAHMIO CUCTEMA 3BaKYa-
LM NIOJeN N3 CaJI0HA TOHYLLLEro aBToMO6Mns 06ycnoBne-
Ha paboToil HECKOMbKMX B3aUMOCBA3aHHbBIX Y3108 (pUC. 5).
CucTtema aBakyaLmm COCTOMT U3 CNELYHOLLMX 3/IEMEHTOB:
1. [aTuvku, onpegensioLne aBapuitHyto cuTyaunio:
® [aT4YMKMN [aBNeHNs;
©® [1aT4YMKM NMONOXKEHNA 1 OPUEeHTALNU Ky30Ba B NPO-
CTPAHCTBE;
® [1aT4YMKM, KOTOPbIE OMPEeensatoT, 4T0 NOABECKA aB-
TOMOGMNA HAXOAUTCS B NMOABELUEHHOM COCTOSAHUMU.
2. INEKTPOHHbINA 610K YNpaBeHNs CUCTEMOIA.
3. MexaHn3mbl, 0CBOGOXAOLLMNE NPOCTPAHCTBO IR
3Bakyauum:
@ MexaHu3M, BbIOWBAOLLNIA CTEKNIa aBTOMOOUNS;
©® MEeXaHM3M CMeLLeHUs KpbILUu,;
©® VexaHu3M, pPasbuBatoLLMiA KpbiLLy.
4. Tngpocucrtema:

JKkcnnyarayuma aBTOMOOMNbLHOrO TpaHcnopra

@ KOMnpeccop;

©® UaP0aKKyMynaTopsbl;

@ KnanaHbl, perynupyroLue nojady LasneHus.

5. CupeHbs 0CO60M KOHCTPYKLMI C BO3MOXHOCTbIO
3/IeKTPOHHOr0 YNpPaBneHWs PerynmpoBKON, OCHALLEHHbIE
rMapoLUNUHApPamMN.

lpennonaraetcs, 4T0 BCA CUCTEMA LOSKHA ObITh aB-
TOHOMHOW W HE3aBUCUMOI OT OCHOBHOIO UCTOYHMKA Mu-
TaHus, T.6. aKKyMynsTOPHOI 6aTapen aBToMo6uns, 4106kl
NpeLoTBPaTUTL 0TKA3 CUCTEMbI M3-32 BO3HUKHOBEHNS KO-
POTKOr0 3aMblKaHUs NMpW NonagaHuy Blaru Ha KNemmbl ak-
KyMYNATOPHOM 6atapew.

PaccmoTpum noapo6HO HOPMALMOHHbIE 3N1EMEHTbI
CUCTEMbI 3BaKyaLun. HayHeMm ¢ JaTHUKOB JAHHOW CUCTEMbI.
B ycTpoiicTBe cucTemMbl 6630MaCHOCTI NPeayCMOTPEHO TPK
rpynnbl AaT4NKOB: AATHUKM LABIEHUS, PACTIONIOXKEHHbIE MO
NepuMeTpy Ky30Ba; ATYUKL ONpeJeneHuns nonoxeHus as-
TOMOGMNSA B NPOCTPAHCTBE U JATHUKM MOBECKN.

[latyukn, KOTOpble 0TBEYAKOT 3a ONPEESIEHINE NONOXe-
HWS aBBTOMOOWNS B NPOCTPAHCTBE, ABNSIOTCA KITHOHEBbIMIA NPK
BbI6OpE aNropuTMa AenCTBIUA CUCTEMbI B aBaPUIAHON CUTYa-
uuu. OHK paboTatOT MO NPUHLMMY FMPOCKONA, KOTOPbIA C4Ut-
TbIBAET UHPOPMALMIO C PA3HbIX TOHEK aBTOMOBUNIA U Nepe-
[1aeT ee B 610K ynpasieHus. [Jat4mk noaBeckn yCTPOEeH Tak,
4TO MOXKET CHUTBIBATL MOSIOXKEHME Y3/10B NOJBECKI OTHOCK-
TeJIbHO HOPMANbHOrO, T.6. CO CPEJHEN Harpy3KoN, 1 onpe-
LenaTh, B KAKOW MOMEHT MOZBECKA HAXOLMUTCS B NO/BELLEH-
HOM COCTOSIHWU, KOTAA pblYarn MakCMMarnbHO CBUCAKOT BHU3
11 TaKne 3MEMEHTbI, Kak CTOWNKM, BbITAHYTbI 60MbLLUE BCErO
(puc. 6). ITO 3HA4MT, YTO HA pblyarax NOABECKM €CTb KOHLiE-
Bbl€ BK/TO4YATENN WU XE MArHUTHbIE TOYKU C COOTBETCTBY-
tOLLMMU METKaM Ha y3nax nofBECKMW, KOTOPbIE CUTHANN3 K-
PYIOT 0 NONOXEHWN NMOJBECKM B JAHHbLIA MOMEHT.

TMPOaKKYMynsTop

Briok ynpagneys 3aHero CuaeHbs
| [
L [Mapoakkymynsrop
BokoBble flaT4nKM a nepeaHnX cuaeHnin
[aBneHns i
Twapokomnpeccop

[laT4uK NonoXeHns
Ky30Ba B NPOCTPaHCTBE

’_I_‘

[laT4uK noaBeckm

’_I_‘

MexaHuam,
BbIOMBAIOLLNIA
60KOBbIE CTEKNA

1nmn paséusatoLLmin
KpbiLLy aBTOMO6GUNS

MexaHuam, CHUMaLLNi

MexaHu3m perynupoBKu
CNOXEHMS CUAEHbA

Puc. 5. lpuHyunuansHas cxema paboms! CUCMeMbl 38aKYAUUU:
a — 3a0Hee cudeHbe, 6 u 8 — nepedHue cudeHbs
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Puc. 6. lMpuxyun delicmsus dam4uxka nodsecku

lMpegnonaraerca [ga anroputMa LeicTBuUA CUCTEMBI
B 3aBUCUMOCTM OT MOCTYNAIOLMX CUTHANOB C AAT4MKOB,
YCTaHOBNEHHbIX Ha KY30Be 11 BHYTpU aBToM0o6Uns. Paccmo-
TpuUm 06e cuTyauuu 6onee AeTanbHo.

MaiumHa nagaet B Bogy (puc. 7), cpabarbIBatoT AaTyu-
KW [AaBMeHus, YCTAHOBNEHHbIE N0 NepuMeTpy aBTOMOOU-
ns, 0ATYUK OPUEHTaLMW MaLUVHbI B NPOCTPAHCTBE U [aT-
41K OnpeneneHns NonoXXeHns NoABECKU B MPOCTPAHCTBE.
Co BCex [aT4yMKOB MOCTYMAtOT CUTHAMbI HA 3NIEKTPOHHbIIA
6nok ynpasnenus (3bY) cuctemoin 3Bakyauum, KOTOPbIii
NOAAET YNPaBMsAOLLMA CUTHAN HA Y3/bl CUCTEMbI U JNEK-
TPOHHbIN 610K YNpaBfieHns aBToMmo6bunem. B 3aBmcumoctu
0T NOMYYeHHbIX AaHHbIX ABY cucTembl 3Bakyauuu onpese-
NseT, N0 KakoMy cueHapuio paboTtarb. Ha fjaHHOM aTane
NPOMCXOMUT BbIGOP anropuTma AeicTeus Ana y3nos cU-
CTeMbI 3BaKyaLuu.

PaccmoTpum nepB.blit anroputM paboTbl CUCTEMbI 3BA-
Kyaumu nq Tex CNny4aes, KOrfa MalluHa TOHET KBepXY Kpbl-

Puc. 7. ladeHue asmomobuns 8 800y

Lei (puc. 8). B aToM cryyae cuctema UCMoNb3yeT anropuTMm,
KOTOPbIV NO3BONSET NPOM3BOAUTL aBTOMATUYECKYHO 3BAKY-
auuMio NaccaXxupoBs 1 BOAUTENS Yepe3 Kpbllly aBTOMOGMNS.

Lar 1. 3bY cuctembl 9Bakyauun JaeT ynpasnsioLLme
KOMaH[bl 3/1eMeHTaM CUCTEMbl.

Lar 2. PazbuBaetcs naHopamHas Kpbilla unm xe 3a-
MyCKAETCH MEXaHU3M CHATUS KPbILLIVN aBTO, B 3aBUCUMOCTM
0T TOT0, KaK YKOMIIEKTOBAH aBTOMOGUb.

Lar 3. HaunHaet paboTatb ruapaBnunyeckas cuctema,
OTKPbIBAIOTCA KNanaHbl ruapoakkymynaTopos, W AaBne-
HIEe NOCTYNaeT B rMAPOLMNUHAPLI, KOTOPblE NOAHUMAKOT
NaccaXX1poB 1 BOLMTENA 32 Npejesibl canoHa aBToMOo6UNS.

LLlar 4. Korga kpecna ¢ naccaxupamu n BOAUTeNeM oKa-
3bIBAKOTCA 3a NPeenamMu aBTomMo6uns, cpabarbiBaeT Mexa-
HI3M, HAKYMBAIOLLWIA HAJyBHbIE NOAYLUKM, KOTOPbIE CMO-
ryT YOEPXX1BaTh Kpecna ¢ NofbMn Ha NMOBEPXHOCTU BOAbI.

PaccmoTpum BTOPOI anroputM cpabatbiBaHWs CUCTeE-
Mbl 3BaKyauuu NioJen u3 canoHa aBToMoobuns ans cutya-
LK, eCN MALLNHA TOHET KPbILLER KHU3Y, T.e. NepeBepHy-
Ta, UNW KOrJa MaLlnHA TOHET 60KOM.

9bY cuctembl 3Bakyauun NOJAET CUrHaNM dneMeHTaMm
CWUCTEMbI HA BbIMOMHEHWE anropuTMa 3Bakyauuu nomein
3 canoHa aBTomMobuns 4epes 60KOBble OKHA fBepel. Ak-
TUBUPYETCSH PEXNUM, KOTOPbIA NO3BOMSAET 3anyCTUTb Mexa-
HU3M BbIOMBAHMA OOKOBbIX CTEKOM. OCKONbKY 3TOT CLie-
HapWii 3BaKyauun Naen He aBTOMaTUYeCKuNiA, NpeocTas-
NSeTCH BO3MOXHOCTb OT/I0XEHHOr0 NycKa CUCTEMbI, YTO-
Obl II0AM GbINN FOTOBbI K 3TOMY M MOITIA CamMm 3anyCTUTb
npouecc. Korga Haxooawmecs BHyTpU YTOHYBLUErO aBTO-
MO6UNs NKAN aKTUBUPYIOT cucTemy, IBY CCTeMbI 3BaKy-
aunu 3anyckaeT MexaHWU3Mbl, KOTOPbIE BbIGUBAIOT 60KOBbIE
cTekna. [locne Yero Nl0AN caMmu NOKUZAKOT CanoH aBTOMO-
6uns 1 BCM/bIBAOT HA NOBEPXHOCTD.



Puc. 8. Asmomobunb moHem Kpbiwel Keepxy

Bo BTOpOM CUgHapun paboTbl NPesyCMOTPEH PEXUM
PY4HOr0 ynpasneHus CUCTEMOI Ans 06eCneveHns Makcu-
MaJibHOM BbIXMBAEMOCTH N0AeN, YT0Obl OHU NOLATOTOBU-
NINCb K CAMOCTOATENBHOMY BbIXOLY M3 CanoHa aBTomMo6u-
ns. [laHHas (PYHKLUMSA CTAHOBUTCA aKTUBHOM CTPOro nocne

Cnucok nutepartypbl

1. fxwes H. . be3onacHOCTb TPAHCMOPTHbIX CPEACTB. —
M. : M3patenbcknii LeHTp «Akagemnsi», 2011, — 432 c.

2. Crenanos W.C. BnnsHue 31eMeHTOB CUCTEMbI BOAUTENTb —
aBTOMOOUNb — 0pOra — CpeAa Ha 6e30MacHOCTb A0-
POXHOr0 ABUXeHUs : y4ebHoe nocobue / U.C. CtenaHos,
t0. H0. Mokposckuid, B.B. JTomakuH, H0.T. Mockanesa. —
M. : MITY «MAMW>», 2011. — 171 c.

3. JlomakuH B.B. 5e30nacHOCTb aBTOTPAHCMOPTHBIX CPEACTB :
y4e6HuK ans By30B / B.B. JlomakuH, 0. 0. MokpoBCKuii,
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cpabatblBaHWA rPynnbl 4aTYNKOB, KOTOPbIE NPeaycMOoTpe-
Hbl CMCTEMOIA 3BaKyauuu. BaXKHO OTMETUTb, 4TO cUCTeMa
3BaKyaLUuu NPUMeHNMa TaKXXe B CUTyaLuK, KOraa mMatluHa
nonana B JOPOXHO-TPAHCMOPTHOE NMPOUCLLECTBUE, B pe-
3ynbTaTte Yero Okasanach nepeBepHyTOl Ha Kpbiwy. 3aya-
CTYI0 IBEPM MaLLIUHbI 6TIOKUPYHOTCS, U X HEBO3MOXXHO OT-
KpbITb 6€3 UCMONb30BaHNA CNeLuansHOro 060pya0BaHNS.
Toraa MOXHO MCMOMb30BaTh YCTPOMCTBO, KOTOPOE OyAeT
paspyliatb GOKOBble CTEK/1a aBTOMO6GMNA, 4T06bI 06JIer-
YUTb 3BAKYALMIO NI0Aei 13 NOBPEXAEHHOro aBTOMO6UNS.

Kpome TOro, y JaHHOM CUCTEMbl 3BaKyaLumn eCTb BO3-
MOXXHOCTb NepeBo/ia B NOCTOSAHHbIN PEXWUM PYYHOTO ynpas-
NeHNA N9 4pe3Bbl4aitHbIX CUTYyaUmMin. Hanpumep, ecnu B pe-
3yrbTarte NPUPOAHOro Karaknm3ma npousoLLno HaBoLHe-
HUe, AAaTYNKN cucTeMbl 6yoyT yNaBinBaTh JaBfeHe BObl
11 NOJBELLIEHHOE COCTOSAHME NOJBECKM aBToMO6MNS. Ho B Ta-
KOil cuTyauuu 6e3onacHee 0CTaBaTbCs BHYTPU CanoHa as-
TOMOGUAA W NCNOJNb30BAaTb ABTOMATM3MPOBAHHOE YNpaB-
NIeH1e cMcTemMon 3Bakyauuu. UT

11.C. CtenaHos, O.T. FfomaHuyk ; nog o6wi. pea. B.B. Jlo-
makuHa. — M. : MI'TY «MAMI», 2011. — 299 ¢.

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

5. URL: http://offroadclub.ru/fag/off-road_school/74966.html;

6. URL: https://ru.wikihow.com/BbI6paTbCA-13-TOHYLLEr0-aBTo-
mo6uns
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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 Tpe60BaHUA U peKOMeHAaLum
K 0hopMneHuto cTaTen

1. My6nukauns COCTOUT U3 CneaytoLnx 0683aTenbHbIX
3/IEMEHTOB:

a) VIK;
6) @. . 0. aBTopa (aBTOPOB) (HAa PYCCKOM W aHTTNIA-
CKOM f13blKax);

B) Has3BaHWE CTaTbW (Ha PYCCKOM W aHTNIMIACKOM
A3bIKax);

r) aHHOoTauus (Ha pycCKOM 1 aHrMNACKOM A3bIKaXx);

[) KII04eBble CNOBA (HA PYCCKOM U AHTIUACKOM
A3bIKax);

€) TEeKCT CTaTbu;
X) 6rbnnorpadu4eckuin Cnucok;

3) CcBefeHus 06 aBTOpe (aBTOpax): MecTo paboThl (y4e-
6bl), y4eHas CTeneHb, y4eH0e 3BaHNe, JO/MKHOCTD,
MoYTOBbLIA agpec, TenedoH, e-mail (Ha pycckom
11 aHIMNACKOM A3bIKaX);

1) MOpTpeTHoe (HOTO aBTOPA (AaBTOPOB), MpeLCTaB-
NIEHHOE B 3/1eKTPOHHOM BUfE OTAENbHbIM aiinom,
LIBETHOE, BbICOKOrO KayecTBa, B popmarax *.jpg
(o7 200 K6), *.tif (o1 1 M6).

2. Matepuanbl nogroTasnuearotcs B pegakrope Microsoft
Office Word 2003, 2007.

3. 06nem cTaTbu He 6onee 15 cTpaHu,

4. Cnucok nuTepaTtypbl NOMELLAETCA B KOHLE CTaTbi
nocne noa3arosioBka U ochoOPMNsETCS B COOTBETCTBN
¢ IOCT 7.1-2003, TOCT 7.0.5-2008. Ccbinkm Ha nuTepary-
py B TEKCTe CTaTbi 0CDOPMASIOTCS B KBAPATHbIX CKOBKAX
(31, 13, 4], [3-7]).

5. TpeboBaHuA K pa3meTKe U (hopMaTUPOBAHNIO TEKCTA.
[Mons cTpaHuubl — N0 2 CM C Kaxaoro kpas. GTpaHuupl
[OO/MKHbI 6bITb 683 Hymepauun. TekCT cTaTbW. LWPUET

Times New Roman, kernb 14; MeXCTPOYHbIA UHTEpBas
NONYTOPHbIA; BbIPAaBHUBAHWE NO LUNPUHE; OTCTYN NepBoi
CTpoku 1,25 cM; paccTaHoBKa NepeHOCoB aBTOMATUYecKas.
lMpocTble hopMysibl U COYETaHUS CMMBOJIOB HabuparoTcs
B TEKCTOBOM PEXIME, COXHbIE — NPX NOMOLLM PeAakTopa
thopmyn Microsoft Equation unn MathType n pacnonaratotcs
Mo LIEHTPY CTpaHuupl. HanucaHme 6yKB: pyCCKMe U rpeye-
CKue BYKBbI (3, 6, B, A, b, B; &, ®, Q, ), a Takxe unupsl
n yHkumn (1, 2, 3; I, V, XII; sin, Ig, min n gp.) nuwytcs
TONILKO NMPAMO; NATUHCKKME OYKBbI (4, b, ¢, A, B, N m np.) —
TOMbKO KypCUBOM.

6. PucyHKM ¥ Tabnuubl. TabuLbl JOMKHbI ObITh CHAGXEHbI
3arofioBKamu, a PUCYHKN — nognucsmu. Pacnonoxexme
3aroslI0BKOB: C/IOBO «7abs1mya» — B NPaBbli Kpaii Tabnmupl;
Ha3BaHue TabsnLbl pacnosiaraeTcs no LeHTpy Hag Tabnu-
Len. B pucyHkax (guarpammax 1 rpagpukax) cnoso «Puc.»,
HOMEP W Ha3BaHWe PUCYHKA PacnonarakTcs no LEHTPY Ha-
60pa nog pucyHKom. PacnonioxeHue Tabnuni, u pucyHKoB —
NoCIe CCbINKN Ha HUX. YCNOBHbIE 0603HAYEHNS B PUCYHKAX
11 TaBNMLaX, eCNN OHM eCTb, JOSKHbI ObITb pacLLPOBaHbI
B MOAMUCHW MW B TEKCTE CTaTbW.

PucyHku. LIBeTHbIE 1 YepHO-Genble (eCNu HeT LBETHbIX)
UNIIOCTPALMM NPUHNMAIOTCS OTAENbHbIMY (haiinamiu B pop-
marax *.jpg (ot 300 K6), *tif, *.omp (o1 2 M6). Hegonyctu-
MO MCMOJIb30BaHNE N306paXKeHUI, B3ATbIX 13 IHTEpHeTa,
pasmepom 5—100 K6, a TakKe 0TCKaHWPOBaHHbIX BEPCUN
NA0XO0ro Ka4ecTsa.

Iuarpammbl, cXeMbl U TabNNLbI MOTYT ObITb NPEACTaB-
neHbl B hopmatax MS Excel, MS Visio, MS Word (crpynnu-
poBaHHble). OTAAETCA NPesnoYTeHne NCXOAHbIM thaiinam,
KOTOpble JOMYCKAIOT pefakTMpoBaHne pucyHka. Jonycka-
t0TCH N306pAXKEHUS, KOHBEPTUPOBAHHBIE B hopmartkl *.cdr,
*.cmx, *.eps, *.ai, *.wmf, *.cgm, *.dwg.

7. Matepuanb! gns 04epegHOro Homepa NPUHKUMAOTCS
Ao 30-ro yncna nepsoro mecsua keaprana.

MopnucHOM MHAEKC U3aHMNA
B o6wepoccuiickom Katanore «flpecca Poccun» — 85022.



HayyHo-uccneoBaTenbckas nabopatopus
<<KOMI'IbI'0T8|]HbIe CUCTEMbl aBTOMATUKW>»
®re0Y BO Ypl'YIic

PASPABOTKA, MPOEKTWUPOBAHWE, BHEAPEHUE
N COMPOBOXOEHWE KOMMJIEKCA CUCTEM
XXENME3HOOOPOXHOI ABTOMATUKN

o 3U-MNK, 3U-MMNK-Y — peneiHo-npoLeccopHas
LieHTpanum3auus

MMU-MIMK — mukponpoueccopHas LeHTpanu3aumns
AU-MMNK — gucneTtyepckas LeHTpanuaauns
YaM-MIMK — ycTpoicTBa aneKkTponuTaHus
CTAO-MMK — cuctema TexHU4ecKoil ANarHoCTUKI

O o oo o

ACY APJTM — aBTOMaTWU3NpOBaHHasa cucTeMa yyéra
1 aHanM3a paboTbl JINHWIA METPOMNONUTEHA

o KAC 1Y — komnnekcHas aBTOMaTU3NPOBaHHas CUcTema
QVCMETYEPCKOro ynpasnieHus

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

?iﬁ HAYYHO-UCCNEQOBATEJIbCKASl JIABOPATOPUSA
«CUCTEMbI ABTOMATW3VPOBAHHOIO NPOEKTUPOBAHIA KOHTAKTHOMN CETU>

OCHOBHbIe HanpasneHns paboThbl
® PaspaéoTKa NPOEKTOB PEKOHCTPYKLNKN U MOaepHU3aLnin KOHTaKTHOW CETH )Kene3H040P0XXHOro TpaHcnopTa.

@ [poeKTMPOBAHINE BHELLIHEro 3NeKTPoCcHabxXeHns 40 1000 KB BKNIOYNTENLHO U BHYTPEHHEr0 3NIeKTPOCHAGKEHNA XKUbIX, 06LLECTBEH-
HbIX 1 MPON3BOACTBEHHbIX 3[aHNIA.

@ [IpoBe/ieHue aNeKTPOTEXHUYECKON IKCNEPTU3bI 060PYA0BAHNS.
@ Pacyer aBTOKOE6aHWIA NPOBOJOB KOHTAKTHOI MOABECKM W B3AUMOLEICTBUA PA3NINYHbIX TOKOMPUEMHIKOB C KOHTAKTHBIM MPOBOZOM.
® Hay4yHo-MCCnea0BaTeNbCKMe PaboThl B 0611ACTY COBEPLUEHCTBOBAHMNS CUCTEMbI TOKOCHEMA XKENe3HOA0P0XKHOr0 TPAHCNOopTa.

3aBenyroLnii nabopatopueil: KaHA. TeXH. HayK, AoLeHT KoBanes Anekceil AHaTONbeBMY.
o000OGO
Haw anpec: 620034, EkatepuH6ypr, yn. Konmoroposa, 66, og. 53-03.

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