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COBEPIHEHCTBOBAHHUE KOHCTPYKINN W METOJ10B MOHTAKA
OUKCHPYIOUIUX YCTPOUCTB KOHTAKTHOH CETH
INPH BBICOKOCKOPOCTHOM /JIBU’KEHHHW HA DTAIIE NPOEKTUPOBAHUA

Annomayuan. B cmamee onucwvigaemes Nooxoo0 K GoIpatomKe MEMOoOUKU Pacyema 1 MOHMANCA KOHConen os
BbICOKOCKOPOCIMHBIX KOHMAKMHBIX ROOGECOK, NPUCOOUMCS ONPeOeenie OnMUMAaIbHO20 NON0NCeHIs: urcamopa npu
pacuemax KOHmMaxmusix NOO6ecok i npeexmuposanu konconeil. IIpu nposedenit ucciedo6antis asmopst NPEond2aion
He paccMampuedamy GasAHNE HO KAYeCmEo MOKOCHEMA NOOCHCIEMbL (NCENe3HOO0POICHbI NYIL — HOOBUICHOH
Cocmasy, d OYEeHUBAMb KAK OKA3bI6AIOUVIO Oonee CHIbHOE GIUAHWE HA KAYECMB0 MOKOCHEMA i?()()(;'ﬂf.'meﬁfy WRKOHCONH ©
grikeamopom — nPo6OOA KOHMAKMHOT CEMit — MOKONPUEMHUK .

Jla smozo pacemompena cxema 3azpyjcenust QONOIHUMENLHO2O (PuKcamopa nod 6030elicmeues KOHMAKMHOT
cemu. Aemopui npeonazaiom npu  NPOSKMUPOSAHUY  YHACMKOS KOHMAKMHOU Cemu  UCROTbI06AMb  MEMOOUKY
onpedenentss Ond  KAMCOOl ONOpvl  Yond HAKIORA  OOROTHUMEILHOZ0 (DURCAMOpA U NPOEXMUuposunt KOHCOIb
UHOUGUOYATHO € VUEMOM HAPAMEMPOE O KANCOOH KOHKPEMHOU Onopel. DmMo CRAHOSUMCS 603IMONCHBIM HpU
APUMEHEHUN MOYHOZO0 PACYEmd KOHCONCH CHEYUIbHbIMU NPOZPAMMAMY HO KaAXCOOH OROpe, Mem CamMbIM CBOOUIN K
MUHUMYMY HEN0BYCCKUTI (haxmop t nO36o et uzde2ans OuHOKY P Pe2yposKe ROTONCEHUS KOHCOEH, tx cOopxe,
sMonmasice. [Tosmomy paccuumannyio Ot KOHKPEnHO20 MECHA KOHCOTb Hem HEOOX0OUMOCHU Pecyiuposants, ond
Oyoem nezka 6 U320MOBAEHUY 1 MOHIMANCE.

B pesyaohiame 0 RpoexmupOsanis KOHMAKMHOL ROOGECKYU AGMOPbL HACMAUGAION HA HEPECMOMPE HOOX00A K
RPOCKMUPOBANUIO KOHCONECTH. DMO 6 CB0I0 0YEPeOs RO3CONAEN UIMEHUNb NOOX00 K HPOCKHIUPOSAHUIO (PUKCAMOPOS KAK
2NABHBIX DNCMEHHIO8 6 KOHCOMU, GTUAIOMUX HA KAYeCHBO moKocvema. Ho npusenenue onucaninozo 6 cnamse mMemooa
pacwema QUKCAmopa HeBO3IMONCHO 0€3 UHOUBHOYAIbHOZ0 PACHema NAPAMEMPOs KAlCOO0il KOHCO/U 6 CREWUAILHOT
npozpamme. AGmopsr cmMampii NOKA3BLIBAION RPUMED RACHOPMA ONOPb, KOMOPBIT AGIAEMCA OOHUM U3 OOKYMEHINOE,
Qopmupyestsix npozpamMmon. JJokymenm cooepicim ucHepRvleaionyyio HHMHOPMAyUIo O U320MOGIEHUA KOHCON ¢
UHOUBUOYATLHBIMU NADAMEMPAML.

Knuwouesvie croea: puxcamop, xoncons, OOROAHUMENbHBUI (UKCAMOP, UZMEHEHUE HANPAGIEHUA KOHMAKINHBIX
RPOBOOOE, 2e0MEMPUSA KOHCOAMN, ONIMUMATLHOE NOOJICEHHE (uKcamopa.

Alexey A. Kovalev, Denis V. Glazov
Ural State University of Railway Transport (USURT), Ekaterinburg, the Russian Federation

IMPROVEMENT OF DESIGN AND METHODS OF INSTALLATION
OF CONTACT NETWORK FIXING DEVICES FOR HIGH-SPEED TRAFFIC
AT THE DESIGN STAGE

Abstract. The article describes an approach to developing a methodology for calculating and mounting cantilevers
Jor high-speed contact suspensions, determining the optimal position of the latch when calculating contact suspensions
and designing cantilevers. When conducting the study, the authors suggest not to consider the impact on the quality of
current collection of the subsystem «railway track — rolling stocks, but to evaluate the subsystem as having a stronger
impact on the quality of current collection: « Cantilevers with a lock — wires of the contact network — pantograph».

For this purpose, the scheme of loading an additional retainer under the influence of a contact network is
considered. The authors propose to use a methodology for determining the angle of inclination of the cantilever for each
pole when designing sections of the contact network and design it individually, laking into account the paramelters for
each specific pole. This becomes possible when using precise calculation of steady arm by special programs for each
pole, thereby minimizing the human factor and avoiding errors when adjusting the position of cantilevers, their assembly,
installation. Therefore, there is no need to adjust the cantilever designed for a specific location, it will be easy to
manufacture and install.

As a result, for the design of the contact suspension, the authors insist on a revision of the approach to the design
of cantilevers. This, in turn, allows you to change the approach to the design of clamps, as the main elements in the
console that affect the quality of current collection. But, the application of the method of calculating the lock described
in the article is also not possible without an individual calculation of the parameters of each cantilever in a special
program. The authors of the article show an example of a pole report, which is one of the documents generated by the
programme. The document contains exhaustive information for manufacturing a cantilever with individual parameters.

Keywords: retainer, cantilever, steady arm, changing the direction of the contact wires, cantilever geometry, optimal
position of the retainer.
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MoaBWXHOWM COCTaB Xene3HbIX AOPOT,

TAra noesnoB n QHEKTpMdDMKaLI,Mﬂ

AKTYQIbHOCTH TeMbl O0O0YCIOBIEHA YBEIHUMBAIOMICHCS MOTPeOHOCTBIO B  (DPHMKCHPY FOLIMX
KOHCTPY KUMSX KOHTAKTHOM CeTH (KOHCONIAX U (PUKCATOPAX) C YIYUILICHHbIMU XapaKTePUCTUKAMH,
KOTOpbIE TI03BOJIAT TIOBBICHTH KAQuecTBO MOHTaXxka W u30exarb OmmMbOK Ha CTaguu ux
npoexTupoBanns [1 — 3].

B pamkax vccnenoBaHus aBTopbl NPEIIAralT HE PacCMaTpuBaTh BIMSHUE HA KAUYECTBO TOKOCHEMA
MOJICUCTEMbI (OKEJIE3HOIOPOIKHBIA MyTh — MOABUIKHONH COCTaB», a OLEHUTh KaK OKa3bIBAIOLLYH) Oosee
CIIbHOE BJIMSIHUAE HA KAUeCTBO TOKOCHEMA MOJICUCTEMY «KOHCOJIH C (DUKCATOPOM — MPOBOIA KOHTAKTHOI
CETH — TOKOMPUEMHHE).

JI1st BbIpadOTKH ONTUMAJIBHBIX TEXHUYECKUX PELLEHUI KOHCTPY KUMI KOHTAKTHON CETU HEODOXOAUMO
UCXO[MTh U3 TOTO, YTO 3afa4a TMOIEP/KUBAOIIUX U (PMKCHPYFOIIMX KOHCTPYKIMH KOHTAKTHOM CEeTH —
(buKcupoBaTh B MPOCTPAHCTBE MPOBOJA KOHTAKTHOW MOJBECKM, B 0OILEM Cilydae Hecyulid Tpoc |
KOHTaKTHBIH TPOBO, ¥ TIPH 3TOM JIO/KHBI BBITIOHATHCA CIEAYIOIINE YCIOBHUS:

(pmKcHpyIOlIMEe KOHCTPYKLMM (KOHCOMM W (DMKCATOpPBI) JOJKHBI 00ECIIeUMBATL ONTUMATBHOE
MOJIOKECHHE KOHTAKTHOIO IPOBOJA M HECYLIEro TPOca, MO3BONIAIOIICE MOJIYYATh HAMIIYULIEE KA4eCTBO
TOKOChEMA, T. €. MAakCMMaJbHO PEATM30BbIBATH 3aMbICENI MPOSKTHPOBLIMKA, TEOPETHUECKHE PacyeThl
CTIELMATHACTOB;

MOUIEPIKMBAIOLLIME KOHCTPYKIMHU (OMOpPbI, (hyHAAMEHTBI, aHKEPbI, MOPTANbI) JOIKHbBI 00eCTIeunBaTh
JIOCTATOUHYIO MPOYHOCTb, BOCHPUHMMAs HA ce0s MeXaHuueckue BozzeHcTBus U aedopmauun 13-3a
PaxIMUHBIX KIMMAaTUYECKUX M3MEHEHWI, T. €. CTPOUTENbHbIE KOHCTPYKLUMH JO/DKHBI 107 AefCTBUEM
Harpy30K He W3MEHSTh XapaKTepHCTMKM KOHTaKTHOH MOJBECKM, W3MEHss IeOMETpHI0 B rpejeiax
JonycTUMbIX aedopmariii (Hanpumep, nporud mexee 1/150 mHHBI TMHEHHOTO 7EMEHTa KOHCTPY KLIFH,
€CJIM 3TO He KPUTUYHO JUTSl JIPYTUX KOHCTPYKIIMI KOHTAKTHOM CETH ).

Ecnn npoekTupoBaHWE CTPOMTENbHBIX KOHCTPYKIMA M B AaibHEHIUEM WX YCTAHOBKA SBISETCS
JIOCTAaTOYHO TIPOCTOI 3amadeil, TO CO3MaHue OMTUMATBHOTO KOMIIeKca (PUKCHPYIOMIMX KOHCTPYKIMH
CIIOIKHEe:

UMEETCs MHOMKECTBO BO3MOJKHBIX BApPUAHTOB KOHCTpyKimid, Kpome Toro, dQukcupyioume
KOHCTPYKIMN CJIOXKHEe TEXHUYECKH (MMEIOT MHOMKECTBO JieTaleit B y3/1ax co B3aMMHbIM BO3JEHCTBHEM
YT HA JIpyTa);

3aMbICEJT MPOSKTUPOBLLMKA M KOHCTPYKTOPA ropaszio TPy/IHEE Peaiu3y eTcs NMpu MOHTaxke;, TpedyeTcs
MHOKECTBO PEryJIMPOBOK, 4ACTO He 00eCeUMBarOLIMX HEOOXOAMMOM TOUHOCTH.

Criestyer OTMETHTb, YTO 3aMbICEJT MPOSKTHPOBILMKA, IIPOSKTHUPYIOLIEr0 CHCTEMY KOHTAKTHOW CETH,
HE0OXO0/IMMO Peal30BbIBaTh MPU MOHTRKE OYEHb TOUHO, MHAYE HENb3sl OXKMAATh B SKCIUTyaTalliu
3aMpPOCKTHPOBAHHOTO CTICIMANTNACTOM KauecTBa TOKOCheMa. [Ipy KOMMBIOTEPHOM MOAENTMPOBAHNH
CHCTEMbI KOHTAKTHOMN CETH CTICLIMATTMCTDI 3a0at0T

— TOYHBIE KOOP/IMHATHI (PUKCALIMU HECYILIETO TPOCA M KOHTAKTHOIO MPOBOJIA B MPOCTPAHCTRE,

— OMNpEJIENCHHbIE PeakiMh €O CTOPOHbI (PMKCATOpPa MPW BO3ACHCTBHMM (OTKATHH KOHTAKTHOTO
IMPOBO/IA) TOKONPUEMHUKOM, BOJIHOBBIX [POLIECCOB MPH MPOXOAKSHUN TOKONPUEMHHUKA 110 YYACTKY M I1p.

O4eBHIHO, 4YTO, NPUMEHSS HMEIOILMEcs B HAcTOALUEe BpeMs KOHCTPYKUHMH KOHCOJNEH W
(hMKcaTOpOB M CYIUIECTBYIOLME METO/bl WX M3MOTOBJIEHMS W MOHTaXa, Helb3si TOBOPHTH O
rapaHTHPOBAHHON peann3aiuu 3aMbiClia MPOSKTHPOBIINKA W COOTBETCTBEHHO O 3al0KEHHOM
MPOEKTOM KauecTBE TOKOCHEMA.

HmeHHOo 0T B3auMHO# paboTbl 2IEMEHTOB «KOHCO/b C (PUKCATOPOM — MPOBOJA KOHTAKTHOH CeTi
3aBHCHT IJIaBHbIM 00pa3oM KadyecTBO Tokochema. Jliist 3TOro onpesiennMm ciieiytoniee:

cnocod ¥ MEeToJ| MPOSKTUPOBAHMS CHCTEMbI «KOHCOJb — (PUKCATOP», KOTOPbIE MO3BOJISAT TOUHO M
rapaHTHPOBAHHO PEATU30BATH MPH CTPOUTENIBCTBE 3aMBICE)T CIIELMATUCTOB NPOEKTUPOBILIUKOB,

KOHCTPYKIMIO (hrKcaropa, KoTopas obecrneunBaeT npy MpejioskeHHOM Criocode MpoeKTHPOBaHKs 1
MOHTa3Ka YJIyHIIIEHHbBIE XapaKTEPUCTUKH TOKOCHEMA.

Koncrpykuns ¢guxcaropa ¢ onTHMAJIbHBIMH napamerpaMu. OuKcaTtopbl KOHTAKTHOW CETH,

[NPUMEHAEMBIC B HACTOSALLCE BPEMS, Pa3/IMiHbL
H3roTaB/IHBAOTCA H3 PA3JIMYHLIX MaTCPHAJIOB, YaCTO 3T0 CTaJlb WJIH CIUIaBbl aJIIOMHHHA,
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MMEIOT PasHyio (POPMY IOTIONTHUTENBHOTO (PHKCATOPA — MPAMYIO, H30THYTYIO, C TIEPETOMOM;

HAMEIOT pasHyio (opMy ¥ KOHCTPYKLHMIO CTOHKH (HKcaropa B 3aBHCHMOCTH OT KOJIHYECTBA
KOHTaKTHBIX IIPOBOZOB. JIJ151 1BYX KOHTAKTHBIX NPOBOAOB 9TO YALLE BCEI'0 JJUTOE U3IE/IHE, LUTAMIIOBAHHOE,
JUTSl OJIMHOYHOTO KOHTaKTHOIO MpoBOJa 3T0 N1O0 JIMTOE U3JEKe, IITaMIOBaHHOE, JTMD0 BepTHKaJIbHAs
TpyDa co cnenyanbHbIM KpPErieHHeM OIHOTO JOTOJTHUTEIBHOTO (PUKCaTopa;

UMEIOT WIM HE WMEIOT BETPOBBIX CTPYH, TMPEMATCTBYIOUIMX «PacKpbITHIO (ukcatopa» W3
CHELMAIBLHOMN [PYKHUHUCTOM CTAILHON NPOBOIOKH B (hopme «Oy1aBKkmy,

MMEHOT TMOKYHO MIIM JKECTKYH0 NOAAEPKUBAOLILY IO CBA3b OCHOBHOIO CTEP KHS QUKcaTopa, MLy
OT KOHCOJIM K OCHOBHOMY CTEpPIKHIO (pukcaTopa. Takas noiyiepskuBarolias CBsi3b BbIMOIHASTCA MK B BUIE
CTa/IbHOTO TPOCHKA, WK B BUAE TPYObI /U151 0COOBIX YCIOBHIA M0 BO3IEHCTBHIO BETPA;

MMEIOT Ha CTOMKe (uKcaTopa OrpaHMYUTENb [MOIbEMa AONOJIHUTENIBHOIO (hukcaropa (s JIMTBIX
croek (pukcaropa 31o 60IIT, peryJIMpy FOLLIMIA TIOIBEM JOMOJHUTEILHOIO (PUKCATOpa) WK HE UMEHOT €ro.

[Ipu npoexTupoBannu (ukcaropa HEOOXOAUMO YUHTHIBATH CIEY FOLLME TPeOOBaHMS:

(puxcaTopsl OMKHBI MMETh BO3MOXKHOCTb CBOOOIHOrO NEPEMEIUEHMS B TOPU3OHTAILHOM M
BEPTUKAJILHOM TIOCKOCTAX [0 331aHHBIX MPEJICIIOB;

['OCT 32679-2017 KoHTakrTHas CeTb JKEIE3HOM J0pord [4] 1Mo MaKCHUMaIbHOMY OTIKaATHIO
JIOTIOTHUTENBHOTO (hrkcaTopa TokonpreMHUKOM 250 MM (B 757 ENE nMeeTcs ykazaHue 1Mo 0TKaTHIO 10
225 MM I (PUKCATOPOB, UMEHOIIMX KOHCTPYKIMIO, OrPaHHUMBAIOLILYI0 NOojkeM, 1 10 280 MM, ecau
(huKcaToOp HE MMEET UCKYCCTBEHHOIO YCTPONCTBA OrPaHUYEHNs MOIbEMA);

KOHCTPYKIMs (prukcaTopa 1orkHa odecniednBarh 3arpy 3Ky ONOPHbBIX CTPYH He MeHee 15 H;

MpH MOHTaXE JBYX M 0ONee KOHTAKTHBIX MOABECOK KOHCTPYKIMS AOMOJHWTENBHOTO (hprkcatopa
nokHa obecneunBaTh CBOOOAHBIN MOABEM KOHTAKTHON MOABECKH, CMOHTHPOBAHHOM pAIOM (HanmpumMep,
Ha NEPEXOHOI onope «B» 1K Ha BO3Y LUHOM CTPENIKE),

KOHCTPYKIIMS, (hopMa M [UIMHA JONOJHUTEIbHOTO (prkcaTopa noipkHa odecrieunBarh Oe30NacHy o
IKCILTyaTalHIO COOTBETCTBY FOIIIEr0 TUIIA TOKONPUEMHUKA (¢ TUMoBoit mpuHoi 1900 uin 1600 mMm);

JIONOJHUTENBHBIN  (UKCAaTOp OKEH ObITh 3arpy’KeH TOPU30HTAIBHBIMA CHJIAMHM €O CTOPOHBI
KOHTaKTHOIO Npoeoa Ha Benuuuny He Mexnee 80 H (skcnieprHas oueHka aBTopos cratbi) [5].

Hapsiy co Bcemu pasiiniuusaMu pasHble THITbl KOHCTPY KIMHU (PUKCATOPOB MMEHOT OJIHO CXOJICTBO, YTO
B JaibHEWIlieM pealu3yercs Npd MOHTake: (PMKCMPOBAHHOE JUIS ONPECISHHOIO THUIla KOHCOJIH M
(hMKCcaTOpa BEPTHKATBHOE PACCTOSHUE OT KOHTAKTHOTO TIPOBO/A 10 OCHOBHOTO CTEPKHs (PMKCATOPA, TakK
Ha3bIBaeMOe 3HaueHue Hyp (tadnuua 1).

Tatmuua 1 — Beauuuna Hjp cornacro npasunam cofepskatus KOHTAKTHON CETH, MUTAKLMX JIMHHA, [IYHTHPYHOLIMX JIMHHUI 1
JIHHUHA 37eKTponepenaqy [6]

VYuacTku ycraHosku dukcaropa MunuManbsHOE 10Ty CTHMOE PAcCTOAHHE MO BEPTHKAIH, MM,
CO CKOPOCTBIO IBUKEHHS OT KOHTaKTHOrO POBOA JI0 OCHOBHOIO cTepikHaA (ukcaropa
ceeie 120 km/u no 160 km/a
TPSIMOTO obpatHoro
[Ipsivble W KPHBBIE YHACTKH com
p Y PRy 400 500
Gonee 2000 m
Kpupeie yuactku pannycom go 2000 m 350 450

[lonumas Bce nenocrarku HopmarusHON Jimreparypsl, E. B, Kynpawossm [7] npemwioxeHo He
MPUMEHATH Ha MPAKTUKE 3aJI0’KEHHOE B HOPMax 3HaueHue Hp, MOCKONBKY € TIOMOIIBIO HETO HEBO3MOJKHO
obecrieunTs 10MYCTHMOE OTKATHE KOHTAKTHONO MpOBOAA HA BeJuuuHy 10 250 MM, Bbuio npemioskeHo
3a0aTh ONTUMAJIBLHOE Ui K&KA0ro TUna (JMKCATopa W 3HAUCHWA PaaMyca KpUBOM (BennmumHbl Hs)
BePTHKAJIGHOE PACcCTOSHWE OT INApHWUpA KPEIUIeHWs JIONOJHHUTEIBHOTO (HKcaTopa /10 KOHTAKTHOIO
MpOBOJAA.

Benanuuna H;

— onpeerser MU3HOC KOHTAKTHOrO NPOBO/A (MECTO KOHTAKTa TOKOMPHEMHUKA U ITPOBOJIA),

— BIMAET Ha 3arpy3Ky OMopHbIX CTPYH (paboTty Bcero yaina, GUKCHPYIOLIEro KOHTAKTHBIN MPOBOI);

— OonpeJiesiseT BETMUMHY OT/KaTHsl KOHTAKTHOTO IPOBO/IA.
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PerieHo, 410 ONTUMAIBHBIM MOTOKEHUEM TOMOTHUTENBHOTO (HKcaTopa ABIAETCA BAPUAHT, KOTAa
OnwKHAS. K TIOBOPOTHOMY [ILIAPHUPY TMOJIOBHHA JAOMOIHUTEIBLHONO (DPMKCATOpa TOPHU30HTAIbHAA, KaK Ha
pucytke 1 ((uxcarop ¢ nepenomMom, Kiaccuyeckuii qonoanurensHblil pukcarop KC-109).

Pucynox 1 — Benuuuna H, npu onpezneneHin ONTHMAIBHOIO MOJIOKEHHs QHKkcaTopa

Taxnum 0Opasom, peKOMeHI0BAIOCh MPOEKTHPOBATh (PUKCATOPbI ¢ BenmunHoii Hs = 300 MM, rie 310
BO3MOKHO. Ha KpHUBBIX MaJIoro paauyca, rie cy LIeCTBEHHO 3Ha4YEHUE FOPU30HTAIIBHOTO YCHIIHS OT H3J10Ma
KOHTaKTHbBIX MPOBOJIOB, TpeOyeTcs yMeHbIINUTD 3HaueHue Hs. [TpumeHeHne yHU(UIIMPOBAHHBIX 3HAYEHHA
Hs wim Hy no3BosiseT ynpocTuTh NPOSKTUPOBAHKE, BBOA e1IMHO0Dpa3ue, NoAAepKiuBas TakuM o0pasom
noTpedHOCTH B DOJIBIIOM 00bEME MPOSKTUPOBAHUSL.

PaccmoTtpum cxeMy (pUCYHOK 2) 3arpy»KeHHs JIOTIONHMTENIbHOrO (pUKcaTopa Moj BO3JASHCTBHEM
KOHTAKTHOM CETH.

Pucynox 2 — Cxema 3arpy ceHHnst JOMOMHUTENILHOTO (PUKCATOPA KOHTAKTHON CETH

Ha nononHutenbHbiid (ukcatop B TOYKE KpEIJieHWs KOHTAKTHONO TMpoBOJa AEHCTBYIOT Kak
rOpPU30HTANIBHBIE Pg, TAK U BepTHKANIbHbIE CUIIbL Py, ["OpH30HTAIIBHBIE CUITBI Py — 3TO YCUITWE CO CTOPOHBI
KOHTaKTHBIX IIPOBOZIOB, BbI3BAHHOE W3MEHEHHEM HAIIPABIIEHHUS [IPOBOOB, B OOLLEM CIIy4ae 3TO 3Ur3ar Wil
JIpYToe W3MEHEHHE HANpaB/IeH!s! KOHTAKTHBIX TPOBOJIOB (B KPUBOM YHACTKE MYTH, MPU YXO/Ie IPOBOIOB
Ha aHKEPOBKY M TIp.). BepTukaneHbie cunbl Py ONPEIeIAOTCA YaCThiO BECA CAMOT0 AOMOIHUTEIBHOTO
(hukcaTopa (4acTh Beca MpW ITOM BOCTIPUHUMAETCA B LIAPHUPHOM Y31€ YV CTOHKH JOMOIHHMTEIBHOTO
(hukcaropa), a TAKXKE BECOM KOHTAKTHBIX MPOBOIOB, KOTOPbIE BOCIIPUHUMALT (PUKCATOD (OCTABLINIICS BEC
KOHTaKTHBIX TMPOBO/IOB BOCIIPHHHMAKOT OIOpPHBIE CTPYHBI M IEPE/atoT HArpy3Ky Ha Hecylqud Wiu
peccopHbiii Tpoc) [8]. Cuna PrsBisieTcsi pe3yJIbTUPYOLIEI OT FOPU30HTAIbHOM CHIlbI Pg M BEPTUKAIbHOM
cubl Pr.

OueBHIHO, YTO BCE MMEIOLMECH METOAUKH MPOCKTHPOBAHUS (PUKCATOPOB UMEIOT CYILECTBEHHbIMH
HEIOCTATOK. 3anasast, T. €. (UKCUpys, 3HAa4YeHWe /s i OIpeeNieHHBIX TUIIOB (PUKCATOPOB, Mbl HE
YUYHATBIBAEM PEaIbHOE «PaBHOBECHOE» MonokeHre (hukcaropa no yriy B (pucyHok 3). JlonoaHHTe bHBIA
(hukcaTop BCeraa MOHTUPYETCS 10/ YIJIOM, KOTOPBIH OMpeiesieTes BbICOTOM Hs N HE COOTBETCTBYET YTy
3. D10 03Ha4aeT, 4TO NPU MOJCIMPOBAHUM MOJBECKA HE YUWTBIBASTCS HE TOJNBKO (DAKTUHECKHH BeC
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(hmkcaTopa, KOTOPbIH MOJKET ObITh Pa3IMYHBIM B 3aBHCUMOCTH OT TIPOW3BOIMTENS, HO M (DaKTHUSCKH
JICHCTBYIOIIAA TOPHU3OHTANBHAA Cchna Pg, NEHCTBYIOLI@A €O CTOPOHBI KOHTAakTHBIX TMPOBOMOB Ha
JOMNOJIHATEbHbIH (ukcarop [9].

Pucynok 3 — Pacxosknene B yrie I3 npu morTaske dukcaropa ¢ sananmbv H,

Pacuetbl 1 MOJENIUPOBAHKE C YHETOM (PAKTHHECKOIO MososkeHus (pukcaropa (He ONTHUMAIbHOIM —
«PaBHOBECHOT0») TOKA3bIBAOT CYLICCTBEHHOE BRIMSHME 3TOro (hakropa Ha KauyecTBO TOKOChEMA.
DaKTUUCCKH MPOMCXOINT TMEPEepacrpeeeHHe Harpy3kd OT BeCa KOHTAKTHBIX MPOBOIOB MEKILY
(ukcatopoMm W onopHbiMM cTpyHamu. [lpuuem nepepacnpeneneHue TPOUCXOANT OECCHCTEMHO,
COIPOBOKAASACH HEOOIBIIMM, HO BayKHBIM M3MEHEHHEM KOHCTPYKTHBHON BBICOTHI (BBICOTBI MEWKIY
HECYLIIMM TPOCOM M KOHTaKTHBIM MPoBOAOM ). Takum 00pazom, HeoOX0AUMO NP MPOSKTHPOBAHWT HAHTH
METO/IMKY OTpeJe/IeHus Ul Kax/10i onopsel yriia b 1 npoekTMpoBaTh KOHCOIb MHAMBUIY A/IbHO C YYETOM
NapaMeTPoB Ul KaKA0M KOHKpeTHO# onopsi [10].

Crniocod 1 MeTo/l KOHCTPYHPOBAHHSI H MOHTAKA KOHCOIH. HazHavyeHve koHcomel 1 ukcaTtopoB —
(bukcHpoBaTh B MPOCTPAHCTBE KOHTAKTHBIN MPOBOJ M HECYIIUI TPOC C NPOEKTHBIMH MApaMeTpamMH, Kak
yKkazaHo Bblne. K TOUHOCTM MOHTaka MPEHBABIAIOTCA BCe Oonmee BBICOKHE TpeOOBaHMA C yuUeTOM
VBEIMUUBAIOIIUXCS  CKOPOCTEH JIBUKECHHMs T10e370B. PeryluMpoBka KOHCOJIM JIONKHA  TO3BOJISITH
MOHTUPOBATH €€ ¢ TOUHOCTHIO 10 MUWUIUMETPOB, DaKTUYECKH JKe, KOHCOJb — 3T BCErJa YCTPONHCTBO,
MMEHOIICE MHOJKECTBO IEMEHTOB, KOTOPhIE MOKHO CMOHTUPOBATh B PA3HBIX MOJOKEHUAX, TEM CAMbIM
MBI HIMEEM PUCK CMOHTHPOBATH KOHCOIIb, KOTOpas Oy/IeT OTIIMYaThCs OT 331y MAHHO MPOEKTHUPOBIIIMKOM.
Kpome Toro, 4acto cama KOHCTPY KISl KOHCOJH 1 CTIOCOOBI €€ peryIMPOBKH HE MO3BOMSMIOT CMOHTHPOBATH
KOHTAaKTHYIO CE€Th B MPOCTPAHCTBE C MPOSKTHBIMM MapaMeTpaMy ¢ MULIMMETPOBOH TOYHOCTHIO. Tak,
ceiuac B IKCIUTyaTalluM MMEIOTCSl KOHCOMM C PeryJHpoOBOUHBIMU y371aMM, PACMOIOKEHHLIMU Ha
HAKJIOHHOM Oalke, WM KOHCO/IM, B KOTOPBIX PEryJIMPOBOYHBIE MOMOKEHHS W3MEHSIOTCS C 1IaroM B
HECKOJIbKO CaHTMMETPOB. Takne KOHCOJIW HEllb3sl UCTIOJIB30BaTh MPH BBICOKMX CKOPOCTAX JIBMKeHUs. B
YaCTHOCTH, TAKUMH HEAOCTATKAMM XapaKTEPU3YHOTCS HAKJIOHHBIE I1IBE/LIEPHBIE KOHCONN.

Uto0Obl MOHTUPOBATH KOHTAKTHYIO CeTb C TPeOyeMOM 1 CKOPOCTHOM KOHTAKTHOH MOABECKH
TOYHOCTBKO, HEOOXO0IMMO BBITIOJTHUTE CJIEJTY FOLLME Y CIIOBHS:

MPUMEHATh KOHCTPYKLIMM KOHCOJIeH € TFOPH30HTAIBHOM peryJMpoBKOM HECylllero Tpoca H, Mo
BO3MOKHOCTH, KOHTAKTHOTO MPOBOIA, KOTOPBIE MPH ITOM HE U3MEHSAIOT KOHCTPY KTMBHOH BBICOTHI,

OTKa3aTbCs OT [IPOEKTUPOBAHKS KOHCOJIEH THIIOPAasMEPAMH, T. €. OTKA3aThCsl OT [IPUMEHEHUS! OIHOH
VHUBEPCATBHOM KOHCOJIM HA HECKOJbKO radapuTHBIX [MOJOXKEHUH, NyCcTh Jake ¢ HeDOJbLUMMH
pazIHIUAMME,

MpH pacyueTe NoiokeHus ukcaTopa yuuThIBaTh €r0 HAKIIOH, KaK YKa3aHO BbILIE;
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BBITIOJTHATE PacyeT reOMETPUH KOHCOMEH B TIPOSKTE MHAWBHAY ATBHO JUTS KAXKI0H KOHCONH C Y9eTOM
(haKTHYECKOTO TIONIOYKEHHA ONMOPbI C KOHCONBIO (C y4eTOM yKioHa OmkHEH K MyTH rpaHW Onopbi,
BO3BBILLICHHUSI PEJIbCA B MECTE Y CTAHOBKH ONOPbL, BbICOTbI KOHTAKTHOI'O [POBOAA, KOHCTPY KTHBHOM BbICOTbI
MOJBECKHM, OOKOBOTO YCHIHS Ha (PUKCATOP CO CTOPOHBI KOHTAKTHOTO MPOBOJIA, PACCTOSHUS OT (UKcaTopa
JI0 OTIOPHBIX CTPYH, BEJTMIWHBI 3UT3ara u 1p. ).

OOLMii MPUHLAN pacyeTa reoMEeTPHH KOHCOMHM NMpUBEIeH Ha pucynke 4. Bua nacnopra KOHCOH,
PACCUNTAHHOM JUTS U3rOTOBJICHHS, IPUBE/ICH HA PUCYHKE 5.

Beoj uexoan HHBIX 00 0TIopax 1o B ar OMY yHacTKy

Vinon 6rmskHell K MyTH TPaHH OMOPEL, BO3BBIMISHHE PEIhca B MECTE YCTAHOBKIM, PACCTOAHIE
YOd - VTP
4

BRoa HCX0THBIX TAHHBIX 0 KOHTAKTHOH IMOJBECKE

BrlcoTH KOHTAKTHOTO TpoBOAa. KOHCTPYKTHEHAL BREICOTE, MPHMEHACMEIE TIPOBOIA KOHTAKTHOI TMOOBeCcKH,
HATAOKSHIA TPOBOIOE

Pacuer mapaMeTpoB KOHTAKTHOH TTOIBECKH B KasKA0M MecTe (PHKCAIHH TPOBOIOB
(Ha KaZJIoH KOHCOIH)

BokoBoro yeumia Ha (hHKCaTOp CO CTOPOHE! KOHTAKTHOTO MPOBO/IA, PACCTOSHMS /10 OIOPHBIX CTPYH,
ONTHMANBHON BeJIMYHHEI SHI34Ta 1 Ip.

Pacuer reomet PHHCCKHX DA3IMEpPOB BCCX HJICMCHTOB KOHCOITH

Onpemenene ITHH BCeX 3MeMEHTOB KOHCOMEH M OO0k NS (IPHBA3KA 10 JUTHHe )
BCEX COSTHHHTENMEHEIX JA/KHMOR

Ha MEPexXoIHBIX OTIOPax paccMaTPHBASTCH COBMECTHOS BIIHAHHE JIBYX KOHCOMe,
CMOHTHPOBAHHEIX Ha oot OIope, BIaHMHOE MPOXOEISHHS KOHTAKTHLIX MOJBECOK

Pucynox 4 — Ilopsinok pacuera reoMeTpHH KOHCOIH

PEKOHCTRYHLMA KOHTARTHOR CETH Ha yuacTHe N

MyTe:1, AY:IX ¢ ofiopsl PR155 no PR11

KAPTA OMOPbI Ne PR187

KoxTakTHas nofsecka 2xHNON-100 + M-120

Twun cTpyH 4B6CM2

OCHOBHBIE JAHHLIE ONOPhLI

MukeTt onope

Onopa cToMT cnesa oT NyTH (No xoay kMnom.), ¢ rabaputom -3.88 M Ha yposHe YIP

OTknoHeHne nepeaHeR rpady B NonNe cocTasnaeT =12 mmim

Paguyc kpuBo# (LUEHTP KPUBOW criesa) -1367

BoasblleHue pensca (Npaesid pensc Bellle) -2 MM

3ursar KOHTAKTHOW NOABECKK OT ONOpsLI 0.15m

Buicora KN 6.5m

KOHCTpYKTHEHaRA BLICOTA 1.8m

BelcoTa BEpxHero XoMmyTa (0T YPOBHA HUKHErD M3 ABYX PEnbCOB) 8.167 m

PaccTosHne Mexay XoMyTaMu (No BepTikand) 2.16m

PaccTosHWe OT rpaHK onopsl A0 NOBOPOTHOW NETNK 0.150 m

OrpaHuunTenkLHLIR GONT CTOWKK (hUKCaTopa OTPerynupoBaTe ANA obecnevyeHun

GogHoro xona T Horo ¢ Topa.

Paameptl KoHCONK: AWOn 70/80 - 1-LA

(B128-LA)

Ne 1(57)
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ToneKko MpUMEHsIsi TOYHBIM pacyeT KOHCONEH CNelMaNbHBIMM TIPOrpaMMaMi N0 KaKIOM Orope,
MOXKHO CBECTH K MUHHUMYMY YelOBEUYeCKHH (akTop u n30ekars OmmMbOK MpH peryanpoBKe MOM0KEHHS
KOHCOJIeH, ux cOopke, MouHTaxke [l11]. PaccuuranHyr0 11 KOHKPETHOIO MECTa KOHCOIb HET
HEOOXOIMMOCTH PEeryJIMpOBaTh, €€ JIerKO N3rOTOBMTH M CMOHTHPOBATH. TOJIbKO TaKOi MOX0/] MO3BOJISET
pean30BaTh PACYETHHIE MPOEKTHBIE MAPAMETPhl KOHTAKTHOM MOJIBECKH.

Htak, 115 MPOSKTUPOBAHHWA KOHTAKTHON MOJABECKH B HACTOAILEE BPEMsl HEOOXOIUMO MEPECMOTPETh
NOAX0M K MPOEKTUPOBaHUIO KoHcosel. Tpedyercs MHAMBUAYyaIbHbIH pacyeT KOHCOJIEN CleLMaibHOM
MporpaMMoii. OTO MO3BOIMT U3MEHHUTb MOJIXO K MPOEKTUPOBAHUIO (PUKCATOPOB KaK IIABHBIX 3IEMEHTOB
B KOHCOJIM, BIMSIFOIIMX HA Ka4yecTBO TOKocheMma. [IpMmeHeHHe OMMCAHHOTO B CTAaThe METOJia pacyera
(hukcaTopa HEBO3MOKHO 0€3 MHAMBHAYATBHOIO pacueTa napamMeTpoB KakI0# KOHCOJIM B CHIELMAIBHOM
nporpamme.
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HCCIEJOBAHHUE TOKOIPHEMHHKOB SJIEKTPOIIOJABH/AKHOI'O COCTABA,
OCHAILIEHHBIX BHYTPUIIPYKUHHBIMU ITHEBMODJIEMEHTAMHU
B KAPETKAX

Annomayus. Cmamss ROCGAENA UCCICOOBANUIO MOKONPUEMHUKOS, OCHANWEHHbIX CUCIEMOTl AEMOMAMUYECKOZ0
PEYRUPOBAHUA U YAPAGIACMbIMU YAPYUMU ReMeHmamu 6 kapemrax. Om odecnedenis HAOHCHOZO MOKOCHeMd
3ABUCUM  (DYHKYUOHUPOSANUE CROPOCHIHOZ0 NEKMPONOOGUNCHO20 cocmasa. T1osmoxy Ot ROGLIMEHUS KAYeCmBa
MOKOCHeMA WUPOKOe PACAPOCMPAHEHUE NOAYYAIOM CHCMEMbL A6RIOMAMUYECKO20 Pe2yIupoOsanis CRAamutecko2o
Haxcamust moxonpuesuuka. OOHAKO X NPUMEHEHHE USMEHAEN CoCamue RPYICUH KAPENOK, 4MO 8 KOHEYHOM WMo2e
MOJICEm NPUSECMU K «NPoBoAM»y HPYICUN Kapemox u ompoisam. [l peutenus smoii npobremvt npeonaeaemcs
HPUMEHANL 6  KAPEMKAX — SHYMPURPYICUHHBIE — HHEGMODIEMENMbL,  001a0aiomue  USMEHACMON  CHIAMUYECKoT
xaparmepucmuxoll. Clcmema asmoMamuyecrkoz0 peyiuposaniis MAKo2o MOKONPUEMHUKA OOICHA OCYUECHEIANTb
OOHOBPEMEHHOE YAPABIEHIE CHIAMIYECKHUM HANCAMUEM MOKONPUEMHUKA 1 CHIGIMWYECKOT XAPAKMEPUCIUKOT KAPENIOK.
Asmopami npeonodicenda u ORUCAHA CHCHIEMA AEMOMAMUYECKO20 PEcYIUPOSANUsS CIMAMIYECK020 HAMNCAMUA  PaM
MOKONPUEMHNKA U CINAMUYECKOT XAPAKMEPUCIIUKH KAPENOK, 6 KOMOPOU 8 KA4eCmee YRpYeux YAPAGIAEMbLX J1eMEHMO6
UCROMB3YVIONICS GHYMPUNPYICUbIe nHeemoanemenmot. Onucan anzopumm paGomst cucmemMsl AEMOMAMUYECKO20
PE2YVIUPOGAHLUA MOKONPUEMHUKA, OCHAWEHHOZO YRPACIACMBIMU YAPYSUMU INEMEHmamy 6 xapemxax. s nposepru
REPCHEKMUGHOCHIN  NPEONOJNCEHHON  CUCINEMbL  ABIMOMAMUYECKO20 PeYIuposantisl  paspacomand mpexmaccoeds
MAMEMAMUYECKAS MOOEIb MOKONPUEMHUKA, OCHAWEHHO20 SHYMPUNDYICUHHBIMU RHEEMOINEMEHMAMY 6 KAPEMKAX.
Paspadomannas mamemamuyeckas modens peanuzosana 6 npozpammuom komnaexce MATLAB Simulink. Bomonnena
MOOEPHUZAWUA UCALIMAMETbHOT YEMAHOGKU OISl NOTYYEHUS CINAMUYECKUX XAPAKMEPUCTNUK KAPEMOK MOKONPUEMHHKOE,
OCHAWJEHHBIX  GHYMPUNPYHCUHHBIMU  NHeGMO2Temenmamy.  [loryuennvie  pesynvmamst  C6UOEMensCmeyiom o
BOZMOJICHOCHIN NPUMEHENUS. BHYMPUNPYICURHBIX NHEGMOINEMEHINOE 6 KAPemKax MOKORPUEMHUKOS HPU APUMEHEH
CUCTEMBI AGIMOMAMUYECKOZO Pe2YAUPOSAHUA, KOMOPA NO36OIAM U30EH AN ROTHO20 CHCAMUA YAPY2UX DNEMEHNOE
Kapemox, NPUsoosiezo K GeprukaitbHbiM YOapam, 6bI3bi6aioufuM peskuii pocm KOHMAKMHO20 HANCAMUA 1t OMPbIGHL.

Hecneoosanue evinoaneno npu (hunancosoit nodoepicke PH® ¢ pamkax nayurnozo npoexna Ne 23-29-10188.

Kniouesvie cruosa: moxocvem, MOKOAPUEMHUK, CUCMEMA  AGMOMAMUYECKO20 PeYIUPOCAHUS, KAPEHIKY,
VAPAsageMblil YAPpYeUil S1eMentn, GHYMPURPYICUHHBI RHEGMOIICMEHIN, KOHIMAKNIHOE HAXCcamue,

Oleg A. Sidorov, Mikhail S. Mikhailov
Omsk State Transport University (OSTU), Omsk, the Russian Federation

RESEARCH OF ELECTRIC ROLLING STOCK PANTOGRAPHS EQUIPPED WITH
INTRA-SPRING PNEUMATIC ELEMENTS IN THE PANHEAD SUSPENSION

Abstract. The article is devoted to the research of a pantograph equipped with an automatic control system and
controlled elastic elements in a panhead suspension. The functioning of high-speed electric rolling stock depends on
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ensuring reliable current collection. Therefore, to improve the quality of current collection, automatic control systems
Jor static force of the pantograph are becoming widespread. However, their use changes the compression of springs of
the panhead suspension, which can ultimately lead to breakdowns of the panhead suspension springs and breakaways.
To solve this problem, it is proposed to use intra-spring pneumatic elements in the panhead suspension that have a
variable static characteristic. The automatic control system of such a pantograph must simultaneously control the static
Jorce of the pantograph and the static characteristics of the panhead suspension. The authors proposed and described a
system for automatic regulation of a pantograph, equipped with a system for automatic regulation of the contact force of
the pantograph and the static characteristics of the panhead suspension, in which intra-spring pneumatic elements are
used as elastic controlled elements. An algorithm for the operation of an automatic control system for a pantograph
equipped with controlled elastic elements in the panhead suspension is described. To test the prospects of the proposed
aufomatic control system, a three-mass mathematical model of a pantograph equipped with intra-spring pneumatic
elements in panhead suspension has been developed. The developed mathematical model is implemented in the MATL.AB
Simulink software package. A test setup has been developed (o obtain the static characteristics of pantograph panhead
suspension equipped with intra-spring pneumatic elements. The results obtained indicate the possibility of using intra-
spring pnewmatic elements in pantograph panhead suspension when using an automatic control system. It allows you to
avoid complete compression of the elastic elements of the panhead suspension, leading fo vertical impacts, causing a
sharp increase in contact pressure and separation.

The study was carried out with the financial support of the Russian Science Foundation within the framework of the
scientific project No. 23-29-10188.

Keywords: current collection, pantograph, automatic control system, panhead suspension, controlled elastic
element, intra-spring pneumatic element, contact force,

B mHactosmiee BpeMs s BBICOKOCKOPOCTHOTO  IKEJIC3HOAOPOKHOTO JABMIKEHHMS MPEH-
MYLLECTBEHHO [NPUMEHSAETCS  AJIEKTPOMOJBUIKHON COCTAB, K KOTOPOMY  NPENbSBISHOTCA
3Ha4YMTe/IbHbIE TPEOOBAHUA 110 HA/IEKHOCTH, IKOHOMUYHOCTH U IKOJIOTUYHOCTH. B ToM yncie 3tum
TpeOOBaHUAM AOJIKHA COOTBETCTBOBATh CHCTEMA TOKOChEMA, MOCKOJbKY OT €€ HajeKHOM paboThl
3aBUCHUT (Py HKIIHOHUPOBAHHME CKOPOCTHOTO MOE3/1a B 1IETIOM.

KonTakTHOE Ha)kaTHe ABIACTCA OAHMM M3 OCHOBHBIX MapaMeTPOB, OMPEAC/SIIOIIMX KaueCTBO
TOKOCHEMA, MOITOMY MOAAEPKAHUE CTAOMIBHOIO KOHTAKTA ABISETCS OJHOM U3 OCHOBHBIX 3a/1a4 [IPH
ONTUMU3AIUK Tpoliecca TOKOCheMa. BbIOOp ONTUMAIIbHONO YPOBHS Ha)aTus ABISETCS OIHOW W3
rIaBHBIX 3a7ad MPH OpraHu3almu mpouecca Tokockema [1, 2]. Tlpy CHIWKEHWM KOHTAaKTHOTO
HAKATUS, COMPOBONKAAKOUIEMCA OTPbIBAMU [OJIO30B, W3HOC KOHTAKTHBIX 3JIEMEHTOB pE3KO
BO3PACTAET, YTO CBA3AHO C PE3KMM POCTOM 3JIEKTPO3PO3MOHHON COCTaBIAKOIIEH W3HOCA M3-3a
3HAYMTEIBHOTO YCWJICHHS MCKPEHMs, TOTJd KAaK TMOBBIIICHHOE KOHTAKTHOE Ha)KaTHE XOTA M
YBEIMYMBACT MEXaHUYECKYIO COCTABIAIOLLY IO M3HOCA, HO HE MPUBOJNT K PE3KOMY POCTY M3HOCA M
Hapy LIEHUAM TOKOCheMa [3].

[Toaromy B wUensiX ONTUMHU3ALMK TMpOIECCA TOKOChEMa B HACTOAIEE BpeMs [IMPOKOE
pacrpocTpaHeHHWe MONYYaroT CHCTEMbl aBromaruueckoro peryaupoanus (CAP) craruueckoro
HaykaThs TOKOMPUEMHMUKOB. 3@ CUET MOBBIMIEHNA YPOBHA KOHTAKTHOTO HAXKATHA CHMUIKACTCS PUCK
OTPLIBOB MOJI030B U BOSHUKHOBEHHS UCKPEHHS, YTO NPEACTARINET OCHOBHYIO YIpo3y B rpouecce
TOKOCheMma [4, 5].

YBenuueHue CTaTH4eCcKOro HayKaThusl TOKOTNIPUEMHUKA MPUBOIUT TAKIKE U K Y BEIIMYEHHIO CKATHUS
VIPYTUX 37EMEHTOB KapeTOK, YTO MOJKET MPUBECTH K WX MOJHOMY CKaTHiO («mpoboroy). D10 B
KOHEYHOM MTOT€ NMPHUBOAMT K BEPTUKAIBHBIM YyJapam, NMPUBOAAILMM K HAPYIIEHUAM TOKOCHEMA!
OTpbIBAM 10J103a U UCKpeHHI0. [loaToMy nojnep:kaHue c:xarus yrnpyrux sJ1€MEHTOB KapeToK B
periaMeHTHPOBAHHbIX Tpe/ieiax SBISETCS BAKHBIM [IPU MCIIOJIb30BAHUU CUCTEM aBTOMATHYECKOIro
PEryaupOBAHMA CTATHUECKOrO HAYKATUS TOKONPHEM HUKOB.

Jis pewienys naHHOM npoOeMbl B KapeTKax MOryT ObITh MCMOJIb30BAHLI THEBMATHYECKHE
AJIEMEHTHI C YIPABJISEMO CTATHYECKON XapaKTEPUCTUKOMN, KOTOPASI ABIAETCS 3aBUCUMOCTBIO CHUJIBI,
CO3/1aBaeMOil YIPYyTUM 3JEMEHTOM KapeTku, oT ee cxkatus. [Ipu 31oM Heobxoaumo obecneduTh
MHHHMAJIBHOE BIMAHWE HA JKECTKOCTb KapeTKM (Yrojl HAK/IOHA CTATHUECKOH XapakTepUCTHKH),
MOCKOJIBKY OHA BLIOMPASTCSA HA HTANe NPOEKTUPOBAHUS /151 00eCNEYeHUs ONTUMAIBHOIO TOKOChEMA.
[lo3TOMY yIIpaBieHHE CTATUYECKOH XapaKTepUCTUKON HEOOXOIUMO OCY LLECTBRIIATE 3a CUET CO3AaHUS
JIONOJHUTENIbHOM CUJIbI pa3iKaTusi KapeToK, T. €. MyTeM BEPTUKAJIbHOIO CMEIIEHMS XapakTepuc-
THKH [6].
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B OmI'VIICe npemnoskeHa KOHCTPYKLHMS KapeTKu TOKOTpPHEMHHMKa (pUCyHOK 1), koTopas
MO3BOJACT MOAIEPKUBATE CXKATHE YTPYTUX ITEMEHTOB KapeTOK B PErTaMEHTHPOBAHHBIX 3HAUYEHUAX
3a CUET UCIIOJIL30BAHNS VITPAB/ISEMbIX BHY TPHIIPYKUHHBIX MHeBMOd1emMeHToB (BI1D), obnanatomwmx
M3MEHSAEMOI CTaTHYECKON XapakTepucTHKoi [7].

O oHeBMo-
Ma T‘I—lCTPi.i JIH

Pucynox | — Kaperka TokonpueMHHKa, OCHAIIEHHAS BHY TPHITPYKHHHBIM THEBMO3JIEMEHTOM: | — KOHTaAKTHBIE
SJIEMEHTEI, 2 — IepikaTens, 3 — TArH; 4 — OCHOBaHuE, 5 — pama; 6 — MIWIHHAPHYECKas NPyKuHa;, 7 — THOKHA
nMHeBMO3IeMeHT; 8 — 060J10uKa NHEBMO3IeMEHTa; 9 — PerysaTop AaBneHHs

KonTakTHble 27eMeHTbl 1 yCTaHaBAMBAKOTCA Ha jAepikarese 2, KOTOPbIA MocpeacTsoMm Tar 3
COCIMUHSETCS ¢ OCHOBaHMEM 4, 3aKpelJIeHHbIM Ha BepXHeW pamMe TOKONnpHeMHuka 5. Ympyroe
paculieHeHHe KOHTAKTHbIX 3JeMeHTOB | M BepxHed pambl 5 obecrieunBaercs 3a cuer
HUTUHAPUYECKONW mpykuHbl 6. [IHeBMaTrWyeckuid sneMeHT 7, YCTaHaBIWBaeMblii BHYTPH
LUMJIMHAPUYECKOR MpyskuHbl 6 Tak, uto0bl ero 000jJ0uka 8 MNpUKUMAIACh K BHYTPEHHUM
MOBEPXHOCTAM LWIMHIPHYECKON NPy KUHBL 6, HEOOXOAUM ISl CO3MAHUsl JONOJHUTENbHON CHUIIbL,
HanpaBlIeHHON Ha pa3)KaTue MPYKUHBI B CIIyYae, ecliy B MPOLEcce B3auMOIeHCTBHA TOKONPHEMHHKA
M KOHTAaKTHOW TOJABECKM €€ CpellHee CiKaTHe M3MEHSeTCs BCAEACTBHE paboThl CUCTEMBI
ABTOMATMYECKOrO PEryMPOBAHNSA CTATHYECKOTO HAKATUA TOKOMPUEMHNKA W TIPHA BIWAHWUM JIPYTUX
(hakTopos.

JIns M3roToBeHUs 000I04KHM MHEBMO3IEMEHTa 8 N0JIKEH UCTIOIb30BaTHCS INACTUYHBIH TePMO-
M MOPO30CTONKMI Marepuasl, MOCKOJIbKY KapeTKH TOKOMPUEMHUKOB B MPOLIECCE MX IKCILTyaTaluu
NOABEPrarOTCA BO3ACHCTBMIO KAaK BBICOKMX TEMIMEpPATyp BCJIEJACTBHME HArpeBa TOKONPOBOAALIMX
JJIEMEHTOB TOKOIPUEMHHMKA B IMPOLECCE TOKOCHEMA, Tak M HH3KUX TEMIEparyp IpH HX
IKCTIYATALMU B YCIAOBUAX XOJOAHOTO Knumara. OOHUM W3 MOAXOMSIIMX IS YKA3aHHBIX LeneH
MaTepUaIoB, NMPUMEHAEMbIX I M3rOTOBIIEHWS BHYTPUIIPYKWUHHBIX MHEBMO3JIEMEHTOB, MOIYT
SABJIATHCA  CWJIMKOHBI, TIOCKOJbKY OHM  XapaKTePU3YHOTCS BBICOKOW JJaCTHUHOCTBIO TPH
3HAYUTENIHHOM CTOMKOCTH K BJIMSHUIO BHEITHUX (PAKTOPOB M U3HOCOCTONKOCTH.

[Tonava c:kaToro BO3/AyXa B MONOCTh MHEBMOJIEMEHTA 7 MPHUBOAUT K PACHIMPEHHIO TMOKOM
000510uKH 8, 1 OHA MPHKAMAETCA K BHY TPEHHUM MOBEPXHOCTAM BHTKOB MPY KUAHBI 6, neprkarens 2 u
OCHOBaHUs 4, UTO CO30ACT JONOJHUTE/NbLHYK CUY, HAMNpaBlICHHYK) HA pakaTHe MPYKUHbl W
BIMAIOLIYI0 Ha CTATHYECKYH) XapakTepucTHKy kapeTku. [lockosnbky rubkas obonouka 8
MHEBMOBIEMeHTa 7 00aaaeT BbICOKOH SMaCTHYHOCTBIO, BHOCHMBIiT €10 BKIAA B JKECTKOCTh KAPEeTKH
Mall MO CPaBHEHMIO € JKECTKOCTBIO MPYIKUHBI 6, MOITOMY OHA HE OKAa3bIBAET HETaTHBHOTO BAUAHMA
HA JMHAMMKY B3aUMOJCHCTBUSL TOKOINPUEMHHKA W KOHTakTHOH nojasecku. Kpome Toro,
MHEBMO3JIEMEHT BbINOJIHACT POJib JAeMIi)epa 3a CUeT BOSHUKHOBEHUS TUCCUNIATHBHBIX CHJI B ITMOKOI
obosiouke 8, 4yTO ONArONMPUATHO BIMAET Ha MPOLECC TOKOChEMA, CHUMKAA BIMSHUE PE30HAHCHBIX
SBJICHWM.

B Omckom rocy1apcTBEHHOM YHUBEPCUTETE MY TEN COODLIEHMS MTPe1I0KeHa CUCTEMA CHHXPOH-
HOT'0 PEryJiMpoOBaHMs CTATUYECKOrO0 HAXKATHS TOKONPHUEMHMKA W CTATHYECKOW XapaKTepUCTHKU
kapeTok [8]. PerynunpoBanue CTaTMYECKOrO HayKaTHs OCY1IECTBIAETCS 3a CUET U3MEHEHUS AaBlIeHU
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B TIOABEMHOM DPE3WHOKOPAHOM 3neMeHTe. [is peryiupoBaHus CTATUYECKOH XapaKTepUCTHKH
KapeToKk MPUMEHAIOTCA BHYTPUIIPYKMHHBIE THEBMOAIEMEHTBI, CTATHYECKAA XapakTePUCTHKA
KOTOPBIX U3MEHSETCS 3a CHET U3MEHEHMS! IaBICHMS! B UX T0JIOCTH.

B Tokonpuemnuke, ocHamenHoM CAP craruueckoro Haxkatus paM | (pucyHok 2), B Ka4ecTse
MOABEMHOTO 3JEMEHTA MCTOMB3YETCs Pe3MHOKOPAHBIN 3meMeHT (PKD) 2, a B kadecTBe ynpyrux
JIEMEHTOB KAapeTOK — BHYTPHUIPYXKHHHBIE TMHEBMO3JIeMeHTbl 3. Jlna peryiupoBaHusi CHIlbl
CTATHUECKOr0 Haxkarus umeHsercs jaapjienue B nojsoctu PKD ¢ nomowsto PJI1. Perynuposanue
CTATHYECKON XapaKTEPUCTHKH KapETOK OCYIUECTBIIASTCS 32 CUET M3MEHEHMs NaBJIEHHS B OJIOCTH
BITD ¢ momowsio PJ12. Perynatopsl P11 u PJ12 ynpasnstorcs 6nokom ynpasnenus (BY), koTopblit
nojayvyaetT MHQGOPMALMIO OT AaT4MKa HaxkaTus 5, YCTAHOBIEHHOrO Ha 10/103¢ 4 TOKOMPUEMHUKA.
Curxajzipl Ha MOABEM W OIYCKAHWE TOKONPHEMHMKA [epenarTcs ¢ mnyjibra ynpasienus (I1Y),
yCTaHOBJIEHHOro B kaburHe mammuucTa, Ha BY, ynpasnstommii pabotoit OITP1 u DITP2. B cinyuae
HeOOXOMMMOCTH, HApUMeEp, TIPH HATMYMM TOJ0Je/1a HA KOHTAKTHOM MPOBOJE, MAITMHUCT MOKET C
[TY BpyuHy10 yBEIWUMUTL HAKATHE, MOAAB CUTHAN HA BX0A BY.

5 P CHHXpPOHHOE peryJupoBaHUe CTATH-

}..( 4YEeCKOro  HaxKkatusi B MOABEMHOM

3 nHeBModsiemMenTe u BIID  kapetku

q BeIMOJIHAETCS HAa ocHore [IM-anropurma

VIPaBACHUA JaBICHUEM BO3/yXa B

yKasaHHeIX MHeBMOIeMeHTax. CTpyk-

9 TypHas cxema [IH-peryastopa CAP

TOKOMpHEeMHHUKa, ocHawenHoro BIID B
TITTI T T KapeTkax, MpUBe/leHa Ha PUCYHKe 3.

1 B cayuae, korna HOMMHAJIBHBIN

i ol e [P i VPOBEHb CTATHYECKOTO HAXKATHA pam

TokonpueMmHuka Ppo= 100 H pnocraroueH

i < [P ¥ ISt obecrnieueHus KaueCTBEHHOI0

Tokocbema, B PKD ¢ nomoisio PJI1

Pucynok 2 — IIpunuunuanshas cxema CAP rokonpuemHuka, MOANEPKUBAECTCSA TABICHHE, HEOOXOMH-

ocuamennoro BITD B kaperkax: | — pamMbl TOKONPHEMHHKE; MOE Ul 00ecreueHus HOMHMHAIBHOTO

2 — NOABLEMHBIH MHEBMOMIEMEHT; 3 — BHY TPUIPYKUHHBIH T ECEODE ST T 06 S0 Shetr 1
MHEBMO3JIEMEHT; 4 — MO03 TOKOMPHEMHHKE, 5 — JaT4HK CTa CUKOTO Hass: ’ 0 e Bl

KOHTAKTHOro HaxaTusi, BY — 6nok ynpasienus; ITY — nysibT BIID ¢ nomowpsto PJI2 noanep:xusaeTcs
ynpasnenus; MCB — uerounuk cxkaroro sosayxa; Pl — perynstop  MHHHMAalbHO  JONYCTHUMOE  JaBJICHHE

YA

napenust; STIP — alexTponHeBMaTHYECKHH PACTIPEAETHTENb PBI min = 10 xl1a, KOTOpOe HEOOXOIUMO
s obecneuenuss  paboOTOCIOCOOHOCTH
BIID.
r
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Bnok ynpasnedun (MW-perynatop)

=M Haf CEAZh = undmpmau,nonuaﬂ CBA3L &~ = ————— & — NHesMATHUECHAA CAA3L
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Pucynok 3 — Crpyxrypras cxema [IM-perynartopa CAP TokonpuemHuka, ocHamenHoro BI1D B kaperkax:
Y —yeraBka, Pl — peryaatop naenenns; PY — perynsarop yerasku;, U3 — HHTErpHPYIOIIMH 3JIEMEHT,
PKD — nopbemHuetii pesaunokopanetii anement, CI1P — cuctema noasukabix pam; K — kaperka,

BIID — eayTpunpyxuaHbiii nHeBmosnemenT;, JIH — narank Haskarus; [1— nonos; KI1 — koHTakTHas nmoasecka
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Hapyiienns TokocheMa, MPHBOAALIME K YBEIMYEHHIO pa3dpoca KOHTAKTHOTO HaXKaTwMs,
dbuxcupyrorcs ¢ nomompio MD1, monyyaromero wHpopmaumio ot JIH o6 ypoBHE KOHTAKTHOTO
Haxkatusl. YD1 orcnekupaeT B UHTEPBAIC BPEeMEHU HAOMIOACHUS (fuacn) JAOJO BPEMEHH (fir min), B
TEYEeHHE KOTOPOro KOHTAKTHOE HaKaTHE OMyCKaeTCcs HHKE MHHMMAIbLHO JIOMYCTHMOrO YpPOBHSA
P min = 60 H. Mcnonb3oBanue M-anroputma pery iMmpoBaHus Mo3BOJISET MUHUMHU3MPOBATH BIUSHUE
Ha paboTy CHCTEMBbI PeryJHpOBaHHs OAMHOUYHBIX BbIOpocoB. [lpm mpeBbilneHWH ycTaBku Y1,
ycraHaBiuBaeMoil Ha ypoBHe 5 %, PY1 nossiuaer ycrasky P/1, 3a cuer yero nasnenue B PKD
YBEJIMYMBACTCA, YTO MPUBOAUT K YBEIWYECHUIO CTATMYECKOT0 HaKaTHi TOKONPHEMHHUKA,
JIOCTAaTOYHOMY JUIsl TOrO, YTOObl KOHTAKTHOE Ha’KaTHe HE CHWKAIOCh /10 YPOBHS TMOBBIILIEHHOTO
pHCKa BOSHHKHOBEHHMA MCKPEeHHA W OTPBIBOB (Pir = 40 H) (pucynok 4). [loBbllIeHHE CTATHUYECKOTO
HasKaTus MPUBOAUT K OJHOBPEMEHHOMY YBEJIMUEHHUIO CXKATUA YIIPYTHX IIEMEHTOB KapeToK, 4To B
JDabHEHIIEM MOKET MPUBECTH K HX «IIPOOOIOY.
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Pucynok 4 — Ilpunnun neficreus CAP crarnueckoro HakarHs

[Toaromy mns mpenoTBpalieHuss «mpodOs» YNPYTHX 3JEMEHTOB W TOAAEPKAHHMSA CPEAHEro
CoKaTUsl YIIPYTrUx 3J1eMEHTOB KapeTku (Ahx) Omuskum k 50 % ot ux npepeisHoro cskatus MO2
OTCJICKMBAET B TEUCHHE HHTEPBAlA BpeMEeHH HAOMIOACHUS (fuasn) CPEIHUH YPOBEHb KOHTAKTHOIO
Ha)kaTusi 3a cuerT uHpopMmauuu, nocrynatomeil Ha Hero or JIH. MD2 nepenaer undopmanmio o
C}JG}IHCM yp()BHe KOHTAKTHOI'0 HaXaTHA Ha SJICMCHT CpaBHeHHﬂ, H l'lpH HpeBbIUJeHHH YCTaBKH,
MPUHATON PABHOM HOMUHATBHOMY CTaTHuECKOMY HaxkaTuto (Pp = 100 H), PY2 yBennunpaet yctasky
PJ12, 3a cuer 4ero nosbiiiaeres aasieHue B BI1D 10 ypoBH:, 10CTaTOYHOIO U Y ASP/KAHUSA CHKATUS
BII3 B pernaMeHTUPOBAHHBIX 3HAUCHMAX. [IpunHumn aeicteus CAP cTaTHUeCKOi XapaKTepUCTUKH
KapeTKH MPUBEACH Ha PUCY HKE 5.

50 %

Pucynok 5 — IpuHiumn neiicteus CAP craTdeckol XapakKTePHCTHKH KapeTKH

[Ipu crabunmsaimi KOHTaKTa pazdpoc KOHTAKTHONO HaXKaTHA CHWKAETCA W, COOTBETCTBEHHO,
yMeHbLIaeTca otcaexknBaemas MD1 1o BPEMEHH firmin, B CBA3W ¢ YeM PY1 MOHWKAET yCTaBKy
PJI1. D10 npuBoauT K noHmwkeHuo aasienus B PKD U, COOTBETCTBEHHO, CTATMUECKOI0 HaXKaTUs
ToKONpueMHUKa. OnHOBpeMEHHO ¢ 3TuM MD2 perucTpupyer CHUKEHHE CPE/IHEr0 KOHTAKTHOTO
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HaJKaThs, 4TO MPHUBOAMT K MOHWKEeHHIO ycTaBku PJI2 ¢ momompio PY2 M, COOTBETCTBEHHO,
K CHWIKEHHIO JlaBnenns B noaoctu BIID.

JUiss  OUeHKM JUHAMMKW  B3aUMOJEHCTBHUA  TOKONpHEeMHHMKa, ocHaueHHoro CAP ¢
[TH-anropuTMOM peryJupoBaHusA, W KOHTAKTHOH TIOJBECKH IIe/Ieco00pasHo  MCIIOIB30BaThH
MaTeMaTHIeCKNe MOJETN TOKOMPUEMHHUKOB ¢ MPUBEACHHBIMU MACCAMM, TOCKOIBKY OHM MO3BOJIAOT
NMPOM3BOIMTH PACUET BIMAHUA W3MEHEHUS MapaMeTpoB TOKONPHEMHUKOB M KOHTAKTHON MOABECKH
Ha NPOLECC TOKOCHhEMA C JOCTATOYHON TOUHOCTBIO NMPH MUHUMAIBHBIX 3aTPATaxX BbIUUCIHTEIbHBIX
MouHocreil [9]. Jlns pacuera aBropamu paszpaboraHa TpexmaccoBas MOJe/lb TOKONPUEMHHUKA
(pMCYHOK 6), B KOTOPO# peanbHbIH TOKOMPHEMHHK Pa3iejieH Ha TPH MPUBEACHHbBIC MACCHI. BEPXHUH
y3ein (1), BepxHIo pamy (2) 1 HUKHIOW pamy (3).

Xy

X2

X3

AR RRRRNNNNNNNN

Pucynok 6 — Pacuernas cxema TpexmMaccoBOH MOJIENH TOKONPHEMHHKA

B pacuerHoli cxeMe NPUHATHI Cleayolpe 0003HaYeHUs!: X1 — BBICOTHOE I0JIOKEHUE BEPXHErO
V3J1a TOKONPUEMHHUKA; X2 — BBICOTHOE MOJIOYKEHUE BEPXHEH paMbl; X3 — BBICOTHOE MOJIOKEHNE HUKHEH
paMbl; Xx — MONOKEHNWE KOHTAKTHOTO TPOBOAA; M1 —Macca BEPXHEro y3/a TOKOMPUEMHUKA, n2 —
NMPUBEACHHAA MAacca BEPXHEH paMmbl, M3 — NPUBEJICHHAS MAacca HWKHEH pambl, €1 — JKECTKOCTb
KapeToK; ¢2 — JKECTKOCTb BepXHEH pambl, €3 — KECTKOCTb HUKHEH paMbl, 71 — BSI3KOE TPEHHE B
KapeTKe; 72 — BA3KOe TPEHHUE B BEPXHeil pame; r3 — BA3KOE TPEHUE B HUIKHEH pame; w1 — CyX0e TpeHue
B KapeTKe; w2 — CYX0e TPeHHE B BEPXHEil pame;, w3 — CyXoe TpeHUE B HIDKHEH pame;, Pp — CTaTHUECKOe
HayKaThe TOKONPHEMHUKA;, PRI — cuila, co3aaBaeMas BHY TPUMPY KMHHBIM TTHEBMOIEMEHTOM.

Ha orane BbIOOpa OCHOBHBIX MapaMETPOB W aIrOPUTMOB CHCTEMbl aBTOMATHYECKOrO
peryaupoBaHuA B pacyeTax NPUHATHI CIEAYIOLIUE AOMY IEHHS:

aMIUIATY 1a BEPTUKATbHBIX KOJ€OaHHH HUAKHEH pambl ABJIAETCA MATON 10 CPABHEHHIO C TIOJTHBIM
JUAMNA30HOM BBICOT MOAHATHUS TOKONPUEMHMKA, YTO MO3BOJSET MNPUHATH CTATUYECKOE HAXKATUE
TOKOTIPUEMHHUKA TIOCTOAHHBIM;

HIWKHAS paMa TpUHATA abCOMOTHO JKECTKOM, B CBA3M C HEM B pacderax ee JKECTKOCTh He
VUHUTBIBACTCH,

M3MEHEHUE BBICOTHOTO MOJIOKEHWS TOYKM KOHTAKTa 10J103a M KOHTAKTHOIO [pOBOJA
IPEJCTABIIEHO B BUIE aDCOIIOTHO JKECTKON CHHYCOUJIBI,

a3pO/IMHAMMYECKHE CHJIbI, BO3IEHCTBY FOIIME HA 3JE€MEHThl KOHCTPYKIIMU TOKONPUEMHMKA, He
VUHUTBIBAOTCS,

OCHOBaHWE TOKOTIPHEMHHMKA HE COBEPILACT BEPTHKAIBHBIX MEPEMEILICHHIA,

HE YYNTHIBACTCS BPALLATEILHOE JABUKEHUE 11071032 TOKOMPUEMHHUKA,

HEe YYHUTbIBAETCS [Mepepacripe/iesieHie KOHTAKTHOT'O HaKaTwsi [0 [IMPUHE [10J03a
TOKOTIPHEMHHUKA.

Onxum 13 Haubosiee pacnpoCTPAHEHHBIX CIIOCOOOB ONUCAHUS IMHAMUYECKUX CUCTEM SIBIISIOTCS
ypaBHeHus Jlarpanka. B ToM uuciie OHM MOTYT ObITh MCTOIb30BaHbI MPU COCTABIEHUH YpaBHEHHH

— U3BECTWUA TpaHccuba
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NBIKEHHA MaTeMaTHYeCKOH MOIETN TOKONMpPHEMHHMKA C MPUBEICHHBIMU Maccamu. Jlns aToro ans
KaXJ0r0 Tena, BXOAAIEro B CHCTEMY, cocTaBmseTcs aupdepeHumanbHoe ypaBHEHHE BTOPOTO
nopsiika;

ar ol oo | .
'—(“”."}__*‘F—“"”_.‘:Qq; qe['x]a‘xzs'xj]: (l)

rae g — 00001LeHHas KOOPAUHATA;

T — KMHETHYECKas SHEPTHUs CUCTEMBI,

[1— noTeHuManbHAsA IHEPIUSI CUCTEMBI,

@ — gquccunaruBHas (PyHKIHA,

Q4 — obo01enHas cuma 1o 06001IeHHOH KOOpIMHATE ¢.

PaspaboranHas maremaTuyeckas MOJETb TOKOTIPUEMHMKA, B3aMMOJIEHCTBYIOILIETO C JKECTKOM
KOHTAKTHOM MOABECKOil, TpedyeT cocTapaeHns Tpex ypasHeHnnii Jlarpamwka. [TomyueHnHbie ypaBHeHHA
nu(epeHIUPYIOTCA, B PE3YJIbTATE YEro COCTABISETCA cucTema Au(epeHunanbHbIX ypaBHEHU
BTOPOTO MOps/IKa;

mx, +c (X, —x,)+5 (X, —X,) =—-wsign(% — %, )+ Pyp:
m3, —c, (x] —Jc2)+c2 (x, —x3)—r; (J'ct —562)+F2 (J'c2 —,) :w[sign(j, —Jicz)—wzsign(ic2 & )-Pus: (2

Mm%, —C, (%, — X, )+ ¢3%; — 1y (%, — X3 )+ By = w,sign (%, —%;) - wisign (%) +P,.

Hcnonbzoanue meropa wrrpadusix (yHKIMA 1O3BOJSIET MOACIMPOBATH B3aUMOJCHCTBHE
TOKONPHEMHHKA U KOHTAKTHOM MNOJBECKH C AOCTATOYHOMN 10CTOBEPHOCTHIO [9]. Jlns 3TOr0 B crcTemy
BBOJIMTCS KOHTAKTHAs CUJIa YTIPYTOCTH, 3aBUCSIAS OT «3a30pa» MEX/IYy KOHTaKTHbIM IIPOBOJIOM U
nosno3oM. IIpu 3TOM MPUHIMI HENPOHMKHOBEHUA UTHOPUPYETCA M «3a30D» MOKET NPUHUMATh Kak
MOJIOKUTENIbHBIE (OTPBIB IM10/103d OT KOHTAKTHOrO IMPOBOJA), TAK M OTPULATE]bHbIE (HATHUME
KOHTAKTA) 3HAUCHUS:

P, =c (% - %) ~%) <0,
Cy (xx.n xl) (x"-’-rI xl) - (3)
P :O, (xk.n_x|)>0’

rae cx— KECTKOCTh KOHTaKTa (mpuHuMaetcs pasHoit 50 kH/m);,

Xx n— X1— 3330P MEK/1y KOHTAKTHbIM [IPOBOJOM U MOJI030M TOKONPUEMHUKA.

Maremaruueckoe MOJCITUPOBAHNE BHY TPHUITPYKUHHBIX MHEBMOYJIEMEHTOB SBJISACTCS CJIOMKHOM
3a7a4eii n TpedyeT yueTa 3HaUUTeIbHOTO Yncia (akTopoB, Baustoumx Ha padoty BIID. B cBs3u ¢
9TUM  paspaboTka aHAJIMTHYECKOW wmoaenw, yuuTeBawoweid cneuuduky BIID, BbI3bIBAET
3HauUWTENbHbIE TpyaHOocTH. [lodTomMy s momyueHus mapamMeTpoB  BHYTPHMPYIKMHHBIX
NHEBMOAJIEMEHTOB TPOBEICHBI IKCIEPUMEHTAILHBIE HCC/IeNI0oBaHUS B mpeneiax padouero xoja
kapeTok (0 — 50 mm). JLis onucaHus CUIlbl, CO3AaBaeMOii BHY TPHIIPYKUHHBIM THEBMO3JIEMEHTOM,
MOJKeT ObITh NCTIOIB30BaHO ypaBHeHue [10]

'PBI'I'B = Cna (plr_a) ; Ah;c + R:-aﬁ (pn-a ) el (4)

r1e Cm — JKECTKOCTh BHYTPHUIIPYKMHHOTO TTHEBMO3nemMeHTa, H/m;

Ahx — cokaTue BHY TPUIIPYKMHHOTO MTHEBMOAsieMeHTa (Akx = X1 — X2), M;

pm— W30BITOYHOE IaBICHNE B MHEBMOdIEeMeHnTe, [1a;

Prso — crta BHYTPUITPY KMHHOTO [THEBMOJIEMEHTA NIPU HYJIEBOM CikaThu, H.

HcenenoBanue ctarnyeckoi XapakTepucTUKN BHY TPUIPY KMHHBIX 3JIEMEHTOB OCY LIECTBIIAJIOCH
Ha MCIBITATENILHOM CTeHle, pa3paboTaHHOM Ha Kadenpe «DIeKTPOCHaA0KEHUE KENEe3HOTOPOKHOTO
TpaHcnopTay OMCKOro rocy1IapcTBeHHOTO YHUBEpCUTeTa My Tei coobiiennsa. CTpyKTypHas cxema
o0umid BUA cTeHaa npuBelneHbl HA pucyHke 7. Ha cxeme npuHsTbhl Ciaeayrouiue 0003HAUESHUS:
BIT3 — pHyTpunpykuHHbId nHeBModjieMmeHT, BY — 0Onok ynpaenenus; SMII — snexrpo-
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mexannuecknid npusoa; MCB — ucTouHMK cikatoro Bosayxa; PIl — peryasatop maBnennsa, DI1K —
MIEKTPONHEBMATHYECKHH KnanaH; PY — perucrpupytoinee ycrpoicrso; JIH — natuuk Hakarwus,
JlL1 — naTuuk nepemereHus.

L =1 I

| PY

Pucynok 7 — CtpykrypHas cxema (@) 1 oOwmuii Bua () cTenna 1ia HCCleoBaH!s CTaTHYECKOH XapaKTepUCTHKH
BHY TPHIIPYKHHHBIX TTHEBMOBIEMEHTOB

Bo3znyx nomaercs B 10JIOCTH BHYTPHIIPYKMHHOTO TTHEBMOJIEMEHTA OT MCTOYHUKA CIKATOrO
BO3[yXa 4epe3 perylisTop JaBjieHus W JEKTPONHEBMATHYECKUid KianaH, BKIHOYEHHE KOTOPOTro
OCYIIECTBIACTCS OMOKOM yrpaBieHus. JlaBnenue peryampyercs ¢ MOMOIIBKO PEryiasaTopa AaBaeHHs,
KOTOPBI  ympaBisercsi ¢ 1nomoupio  Onoka  ynpasiaenus. (Ckatue  BHYTPUNPYIKMHHOTO
MHEBMO3JIEMEHTAa OCYILECTBIACTCS C MOMOILIbI BUHTOBOW nepejayvn, NpUBOAMMON B JBHIKEHHE C
MOMOIIBIO SIEKTPOMEXaHNUECKOro mpuBoaa. [IpuBox odecneunBaeT NOCTOAHHY IO CKOPOCTh CHKATHA,
MOCKOJIbKY HEPABHOMEPHOCTH CKOPOCTH CKATHS M BO3MOXKHBIE MAy3bl OKA3bIBAIOT 3HAYMTENILHOE
BIIMAHUE HA CHJIbl TPEHHUS, YTO MOXKET MPUBECTH K MMOJYUYEHUI) HCKAKEHHBIX CTAaTHUYECKUX
XaPAKTEPHUCTHK.

JUis  perucTpallid CHIBL, CO3JaBacMON [MHEBMODJIEMEHTOM, UCHONB3YETCS S-00pasHblii
TEH30METPUUECKUI NaTunK. BeprukanbHbie nepeMeiieHus perucTpupyroTes ¢ MOMOIIbIO JIaTYuKa
nepeMelneHus. MHpopmanus OT AaTYMKOB TMOCTYNAeT B PETHCTPUPYIOIEE VCTPOMCTBO M
BriocneacTeiK oOpabdarpiBaeTcs ¢ noMouisio OBM uis nosydeHus napaMeTpoB BHY TPHITPY KMHHBIX
MHEBMOJJIEMEHTOB, HEOOXOAMMBIX JUISl UX OMUCAHUS C MOMOLLBIO BbIpasKEHUs (4).

Ha pucyHke 8 npuBeneHbl CTaTUYECKHE XapaKTePUCTUKHA BHY TPUTIPYKHUHHOT'O IIHEBMO3JIEMEHTA
¢ TOMUMHOM 00070ukK | MM nipu aasieHuu BHyTpH ero nojoctu 0, 100 u 150 xITa.

Jiua peanusauuu paspabdOTaHHON MaTeMaTHYECKOW MOIEJM HCMOJb30BaH MPOrpPaMMHbINA
komrieke MATLAB Simulink, no3Bosisromnmii ocyecTBIsTh MOJEIHPOBAHUE B3aUMOJICHCTBHSA
TOKONPUEMHHKa, OocHalleHHoro CAP cTarndeckoro HakaThs M CTATUYECKOM XapakTepuCTHKH
KapeTKH, W KOHTaKTHO# noaseckn. Ha pucynke 9 mpuBenena MMUTalMOHHAA MOZICTb, BBITIOJIHEHHAS
B MATLAB Simulink. OcHOBHBIMU OJI0KaMK, BXOASIIMMU B pa3paboTaHHYIO MOJENb, SBISIOTCS
010K UMUTAUUMU KOHTakTHOW mnoxasecku (Catenary), Onoxk umurauuu konrakra (Contact), 0ok
MMUTALMK ToKonprueMHuka (Pantograph), 6J10k UMHUTALMK MOTBEMHOTO PE3MHOKOPAHOIO 3JEMEHTa
(LPA), konTyp ynpaeiaenus ctatuueckoro Hakatus (LPA ACS) 1 KOHTY p ypaBaeHus CTaTHUeCKOM
xapaktepucTukoil kapetku (ISPA ACS).
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Pucyrok 8 — Ctarndeckas XapakKTepHCTHKA BHY TPHITPYKHHHOIO MHEBMO3JIEMEHTA
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PucyHrok 9 — MIMaTaunoHHas Mozens, BeIMoNHeHHas B nporpaMvHom kommiekce MATLAB Simulink

Ha pucynke 10 npencrapiieHbl KpUBbIE U3MEHEHHMS KOHTAKTHOrO HAKATUS TOKONPHEMHUKOB,
nojy4ueHHbIe B pe3yiabrare moaennuposanus B MATLAB Simulink npu umutanmm B3auMoaeicTBIs
TOKONPHUEMHMKA U KOHTAKTHOM MOABECKH MPU ABWKEHHUM JIEKTPONOABHIKHOIO cocTasa. B npouecce
MOJICTTMPOBAHMSA KOHTAKTHAA MOJBECKA ¢ AAMHOI nposeta 60 M u crpenoii nposeca 1,5 cm Obina
[pelacTaBieHa B BHUIE JKECTKONW CHHYCOMUIbL. CKOPOCTHb IBHIKEHUS JJIEKTPOIOABUIKHOIO COCTaBa
yBenuunBaiack or 10 mo 70 m/c. CHIIKEHHE KOHTAKTHOTO HAXKATHA HUXKE YPOBHA Pir min = 40 H
CYILECTBEHHO YBEJINYMBACT PUCK BO3HUKHOBEHUSA UCKPEHHS M OTPHIBOB U MOITOMY IMTPUHUMAETCS Kak
Hapy IIEHKE NPOLECCa TOKOChEMA.

Ha pucynke 10, a npejictaBnena Kpusas M3MEHEHNSA KOHTAKTHOTO HAKATHS TOKOIIPHEMHHUKA, HE
000pyIOBAHHOIO CHUCTEMOW aBTOMATWYECKOTO PEryJUpOBaHUA CTATHHECKOTO HaKaThs W
CTATHYECKON XapakTepuCTUKH KapeTku. [lpm ckopoctm cBbime 60 M/C KOHTakTHOE HaKaTHhe
cHuikaercs 10 40 H, 4TO 3HAYWUTE/IBHO YBEJIWYHMBAET PUCK BO3HUKHOBEHUS WCKPEHUS W
EKTPOIPOZUOHHOIO U3HOCA KOHTAKTHBIX BCTABOK U KOHTAKTHOIO MPOBO/A.

[Mpumenenne Ttonbko CAP cratuueckoro HaxkaTus (pucyHok 10, &) yMeHbIIaeT PpPHCK
BO3HMKHOBEHHS OTPBIBOB U MCKPEHUSA 3a CUET MOBBIIICHHUS CTATHYECKOTO HAKATHA TOKOTIPUEMHUKA.

U3BECTWUA TpaHccuba
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OpHako MpH AaJbHENIIEM YBETMYEHHH CKOPOCTH BO3HMKAIOT «MpoOOM» TPYIKMH KapeTKH, YTO
COTIPOBOYKIACTCS PE3KMM POCTOM KOHTAKTHOTO HAkKaTHA., DTO TPOMCXOIMT M3-3a M30BITOYHOTO
CIKaTUS MPYKUH KAPETOK, BI3BAHHOIO VBEJIMUCHUEM CTATUUSCKOIO HAKATUSI TOKOTPUEMHUKA 1Sl
MPeoTBPALICHUS Na/IcHHs KOHTaKTHOTO HAayKaTHs HHUXKE YPOBHA Pixr min. Kpome Toro, «mpodbowmy»
MOTYT BBI3BATh OTPHIBBI, HAPYILAs paboTy KapeTok.
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Pucynok 10 — KpuBble H3MEHEHHA KOHTAKTHOIO HAYKATHA, NOTYyYEHHBIE B PE3YJIbTATE MOJISITUPOBAHHSA
B3aUMOAEHCTBHS TOKOMPUEMHHUKA H KOHTAKTHOH MOABECKH TIPH JBIDKEHHMH 3IEKTPOTIOABMIKHOIO cocTasa: ¢ — Oez CAP,
6 — CAP cratnueckoro Hakatus, 8 — CAP cTaTuueckoro HaXKaTus ¥ CTATHMECKOH XapaKTePHCTHKH KapPeTOK

OnnoBpemenHoe ucnonb3oBarue CAP cTaTnieckoro HaKaTus U CTaTUYECKOH XapakTePUCTHKH
Kapetok (pucyHok 10, 6) mo3BojseT u30eKaTh OTPHIBOB M CTAOMIM3MPOBATH CXKATHE YIPYTHX
NIEMEHTOB KapeTok. OIHOBPEMEHHO C YBEJIMUYCHWEM aBICHHUS B TOJBEMHOM THEBMOMIEMEHTE,
MPUBOALIMM K POCTY CUJIbI CTATUYECKOr0 HaXKaTHUe, CTAaTHYEeCKas XapaKTepUCTUKA KapeTKH
peryﬂnpye’rcz TaK, 4ro0bl CPE/IHEe CIKATHE BHY TPUIIPYIKHUHHOTO [THEBMODJIEMEHTA ObUIO OJIU3KMM K
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50 % oT ero npeaeabHOro CKATHA, YTO MO3BOJASET H30€KATh «TIPOOOI» Y PY THX HTEMEHTOB KapeToK.
D10 obecneunBaeT HaACKHbIH TOKOCHEM M MPEIOTBPAIIAET BO3HUKHOBEHHUE OTPBIBOB M HCKPEHUS,

Ha ocHoBaHuM U3JI0KEHHOIO MOYKHO CIEIATh CJACAYIOLIUE BbIBOBL

|. [pennoxeHa KOHCTPYKIMA KAPETKM TOKONPUEMHUKA, OCHALIEHHOW YIMpaBisieMbIMU
BHY TPUIIPYKMHHBIMH THEBMOJJIEMEHTAMHU C PEryIUPYEMOH CTATMUECKON XapaKTePUCTHKOM.

2. Pagpaborana TpexmaccoBasi mareMaTHueckas MOIeNb TOKOMPHUEMHHKA, OCHAILEHHOTO
BHY TPUIIPY/KMHHBIMHU 3JIEMEHTAMU B KapeTKe, KoTopas peaiusosana B cpeie MATLAB Simulink.

3. Pa3paborana MeTO/IMKa 3KCIIEPUMEHTAIbHOTO OIpPEJICICHUsI CTATHYECKONH XapaKTepUCTHKH
KapeTKH, OCHAILEHHOH YIPaBIseMbIMH BHY TPUIIPY ) KUHHBIMH [THEBMO3JIEMEHTAMM.

4. PesynbTarbl pacyeTOB KPUMBBIX H3MEHEHHMS KOHTAKTHOTO HAKATHA TOKONPUEMHHKA MOKa3aIH,
yto npumeHenue [IM-peryistopa mo3BosisieT MOBBICHTH KaYECTBO TOKOCHEMA 33 CHET CHUIKEHUS
BEPOATHOCTH OTPLIBOB 1101034 OT KOHTAKTHOI'O [IPOBOJIA.

Hccnedosanue evinoaneno npu unancoeoii noddepocke PHD 8 pamkax HayuHo2o npoekma
Ne 23-29-10188.
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OHPEJAEJEHUE PA3PA/IHBIX XAPAKTEPUCTHK INOJMMEPHBIX
KOMITO3UTHBIX KPOHIITEHMHOB BO3JAYIIHBIX JIMHUH 6-10 kB
YCTPOUCTB ABTOMATH3AIIMM U MPOIOJBHOIO JIEKTPOCHABKEHUSA
KEJIE3HBIX AOPOI’

Annomanun. Ha oiceneznodoposicnom mpancnopme oonum uz nompedumeneii | xamezopuu no naoexcnocmu
ABIACHCA 6O30VIHAS TuHuA cuHawsayny, yenmpansayuu u onoxuposku (CI[E), 8 kavecmse pesepsa uchombsyemes
aunuA npodoasnozo  snexmpochadycenust (113). Inexmponumanue CI[E u [12 ocyigecmensemess no npogooam
B020VHON Aunun nexmponepedayu (BJI) nanpaxcenuen 6 — 10 kB. BJI pacnoaazaiomea Kax HQ OMOeIsHO CRIOAUIX
OROPAx, MAxK 1 Ha ONOPAxX KOHMAKAHON cemil ¢ HOC60I CMOPOHbl OROpbL. B Kauecnee noO00epIICHBAIONIY KOHCIPYKYUT
APUMEHAIOMCA. MEMALTUYECKUE UL OePeBAHHBIC MPAGEPCyl i KPOHImetinpl ¢ usoaamopamu. OOHOT u3 APULUH 661X00Q
w3 cmpos BJI Asnsemes nepexpvimue u30a8MOpos u3-3d UHOYKMUSHBIX U 2Po306bIX nepenanpsaxcenuts. C yervio
ROGHIEHNUS HAOEICHOCHTY NPEOIAZACMCA 6 KAYeCmee ROCORPICUCAIONUX KOHCMPYKYUI UCROMb306AMb KPOHIUMETHbL,
BbINOIHEHHBLE U3 ROMUMEPHBIX KOMHO3UMHbIX Mamepuainos (ITKM). /lannvie koncmpyxyii 661N0MHEHDE U3 UIOIAYUOHHOZO
MAMepuand u He mpesyiom npUMeHeHs OONOTHUMENbHLIX U30MAMOPOS. HX snexmpuyeckas RPOYHOCHb 6 HECKOIbKO Pa3
doftvile, YeM Y mpaouyuonnsx (hapopossix i CMERISHHBIX U30IMOPOS, npuMensemvix na BJI 6 — 10 kB. B cessu ¢
UM HOAGHTICA BONPOC O HPUHYURGX Padombl Kpoutmetinoe w3 IIKM npu 603HUKHOGEHUN NEePeHAnPANCeHI.

B patome paccvompenvt HPUHWHIGT  BOZHUKHOSCHIUSL NEPEHANPANCEHU, NPeOCmAasienbl  OmeqecinéeHHbvle
yempoiicmea  sawyumst BJI om  nepenanpsicenuti, ux xapaxmepucmuxu. Paccmompena paGomocnocofnocnts
KPOHUIMEHHOS, GLINOIHEHHLIX 13  RNOAUMEPHBIX KOMAOSHRIHOIX MAMePUanos, Hpu BOHUKHOGEHUU UMHYILCHOZ0
REPEHANPAICEHUA 1 RPAMO20 YOAPA MOIHIU 6 BO3OVIHYIO MIHMIO 57eKkmponepedayn nanpaxcenem 6 — 10 kB yempoiicme
CIIE 1 npodonbno2o s1eKkmpocHadice s ACeresHblx 0opoz,

Axmyansnocims padonter 06YCA06KEHA HOBUSHOT 06BEKINA MEXHUKN — ROMUMEPHO20 KOMROIUINHO20 KPOHIUMETHA
JIUHUT DNERMPONEPEOanl; 6 COGPEMENNOT HOPMAMUGHOT OOKYMEHMANY 0COBEHHOCIY IKCRAYAMAYUY UOIAYUU MAKO20
BUOA SAEKMPOMEXHUUECKO20 0OOPYOOGAHUA NOYMI HE PACCMAMPUBAIOMCS.

Hceeneoosarie nomumeptuix KOMROZUMHBIX KPOHUMENHOE 6bINOJHEHO ONLIMHLIM CHOCOOOM 6 habopamopuu
MEXHUKY BBICOKUX HARPANCEHUT VPaTbCRO20 2OCYOUPCMBEHHO0 YHUBEDCUIMEMA Nymell COO0uents ¢ HCROAb30GAHUEM
2eHepamopa  UMRYIbCHBIX Hanpsicenuil. Pezyibmamom patomst cmami 6b1600b1 10 YEEAUHEHUIO HAOEHCHOCI
sozoyumol munun CIIE w [I2 npu sxenwyamayuu KpoHMENHOS, GuNOIHEHHBIX U3 NOTUMEPHBIX KOMNOIUMHbIX
MAMEPUANO.

Kmoaeesie cnosa: npamoit yoap MOy, UMRYILCHOE HANPANCEHNUE, PAZPAO, 3AUUIMHOE YCHIPOTCIGO, HOTUMEPHBIT
KOMROZUMMHBLIT MAMEPUAi, KPOHUIMENH.
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CHARACTERISTICS FOR POLYCOMPOSITE BRACKETS 6-10 kV
FOR DIRECT ELECTRIC SUPPLY OF RAILWAYS

Abstract. In railway transport, one of the consumers of category I in terms of reliability is the overhead signaling,
centralization and interlocking (SCB) line; the non-traction power supply line is used as a reserve. The power supply of
the signaling and control devices is carried out through the wires of an overhead power line (OHL) with a voltage
of 6 — 10 kV. Overhead lines are located both on free-standing supports and on contact network supports, on the field
side of the line. Metal or wooden traverses and brackets with insulators are used as supporting structures. One of the
reasons for the failure of overhead lines is the overlap of insulators due 1o inductive and lightning overvoltages. In order
to increase reliability, it is proposed o use brackets made of polymer composite materials (PCM) as supporting
structures. These structures are made of insulating material and do not require the use of additional insulators. Their
electrical strength is several times greater than that of traditional porcelain and glass insulators used on 6 — 10 kV
overhead lines. In this regard, the question arose about the principles of operation of PCM brackets in the event of
overvollages.

The work drpicts the principles of the occurrence of overvoltages, presents Russian made devices for protecting
overhead lines from overvoltages, and their characteristics. The performance of brackets made of polymer composite
materials is considered in the event of a impulse overvoltages and a direct lightning strikes into an overhead power line
with a voltage of 6 — 10 kV for signaling devices and non-tracktion power supply railway lines.

The relevance of the work is due to the novelty of the technical object — the polymer composite bracket for power
lines: in modern regulatory documentation, the operating features of the insulation of this type of electrical equipment
are almost not considered.

The study of polymer composite brackets was carried out experimentally in high voltage laboratory of the Ural State
University of Transport with use of a pulse voltage generator. The result of the work are conclusions on increasing the
reliability of the SCB and non-traction power supply lines with use of brackets made of polymer composite materials.

Keywords: bracket, direct lightning strike, discharge, protective device, surge voltage.

B snekrpoceTeBoM komruiekce Poccui GOMBIIVIO TIPOTSKEHHOCTh UMEHOT BO3IYIIHBIC TUHUN
(BJI) nanpssxennem 6 — 10 xB. B nocnennue rogsl ocoboe BHUMaHue yaensercs sammrte BJI ot
UMIYAbCHBIX niepeHanpsekenuil (MIT) u npsmbix yaapos Mostauu (ITYMoB), nocaeacTBust KOTOPBIX
MPUBOJST K HEBOCCTAHABJIMBAEMOMY IPOOOIO HIIH NEPEKPBITHIO U30JIALIMHA, TOBPEIKIEHUIO 000JI0UKH
camMOHecy X M301upoBaHHbIx npoBoos (CHlloB), a nanee — K nepepbiBy NUTaHUS MOTpedUTENEH
1 AOTIOJTHUTENBHBIM PACX0/laM Ha BOCCTAHOBUTEIbHBIE paboThl. JInTepaTypHbIit 0630p mokasan, uto
yta npobiaema aktyanabHa BO Bcem mupe [1 — 9],

3ammTa OT nepeHanpsKeHnit OCHOBaHA HA HECKOJIbKUX MPUHITUMAX

1) orpaHnueHMe YUCaa PeKUMOB, B KOTOPBIX MOTYT BO3HUKHYTh OMACHbIE MEPEHAINpPsIKEHN, 3a
CUET UCIOJB30BAHUSA CXEMHBIX MEPONPUSATHIA,

2) orpaHuuYeHNE aMIUIUTY] YCTAHOBUBIUMXCS NEPEHAIPSIKEHUI, YTO HPUBOAUT K CHIKEHUIO
nepeHanpskeHuid B MePeX0/IHbIX peKUMax;

3) orpaHMYEHUE ¢ TOMOILBIO aNMapaTHbIX CPEACTB.

[lon annmaparHbiM CPEACTBOM MOHMMAETCA YCTPOMCTBO, YCTAHaBIWBAEMOE PAIOM €
3ampiaeMsiM - 00OpyA0BaHUEM, M [PU  BO3HUKHOBEHHMH MEPEHANPSIKEHUS 3TO  YCTPOHCTBO
[IYHTUPYET 3aliuiiaemMbiii 00bekT. B KauecTBe TakMX anmaparoB MOIyT MCIOJIb30BATHCS
paspAAHUKM, OTPAHUUMTENH NIepeHanpsyKeHMs U TMOPU/IHbBIE LIeTIN.

[IpuHIMnD fAeficTBUA 3aUTHOTO anmapara COCTOUT B TOM, YTO OH NPEI0TBPALIAET MOSB/IEHUE HA
AIEKTPOYCTAHOBKE WMITYJILCOB MEPEHATPSIKEHNS, ONACHBIX JUIS €€ M30JSIMKA, U He TPENsSTCTBYET
paboTe 3MeKTPOYCTAHOBKM NPH padoueM HANPSIKSHUH.

Jlnsa npeay npeskAeHus NepeHanpskeHril Ha 3aMiaeMom 00beKTe M ero NOBPEKACHHUS BOJIBT-
CEKYH/IHAs XapaKTePUCTHKA 3alLMTHOrO anmnapara (pUcyHOK 1, kpusas 1) AO/KHA JIeKaTb HUKE
BOJIBT-CEKYH/IHON XapakTepuCTUKK 3aluuiaeMoro odwekra (kpusas 2). Eciu 310 TpedoBaHue
BBIMOJIHACTCA, TO MOSBIEHUE OMACHBIX MEpEeHANpsKEHUIT HEBO3MOMKHO, TAK Kak Mpu HaberaHuw
MMIYJIbCOB HamNpskeHus (KpwBas 3) MPOMCXOAMT mMpo0oii 3alMTHOrO amnmapara co Cpe3oM
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HampsokeHus B Touke A. Ecim anmapar 3aiiuThl OTCYTCTBYET, TO MPOM30HAET Npoboit n30agun
obbekTa B Touke b. Bemen 3a MMMyJbCHBIM TOKOM 4epe3 3alllMTHBIA anmapar mnpoTeKaeT
CONMPOBOKAAOLIMIA TOK, a HA 3aLMTHOM arnapare nosBiasercs ocrarouHoe HanpskeHue Uer, [Ipu
paboTe 3alIMTHOrO anmnapara HeoOXOIMMO MOTaCUTh COTIPOBOKAAMOIIMI TOK B MEPBbIA Mepexol
yepe3 HOJIb, HHAYe MOJYKET MPOM3ONTH OTKIIIOUEHHE YCTAHOBKM 3alMTON. B COOTBETCTBUM C 3THUM
MOKHO C(HOPMYIHpPOBaTh TpeOOBaHWSA, MPEAbABISEMBbIC K anmapary 3aliuThl: BOJBT-CEKYyHAHAsA
XapaKTePUCTUKA 3aALUMTHOrO anmnapara A0JKHA ObIThb HIDKE, 4YeM Yy 3aluuiaeMoro o0bekra;
3alMTHBIN annapar J0JKeH UMETh ONpPEIe/IeHHY 0 rapaHTHPOBAHHY K0 AIEKTPUUYECKYH IPOYHOCTB,
OCTATOYHOE HAaMNpsIKEHWE Ha 3alMTHOM anmnapare, XapakTepH3YHollee €ro OrpaHu4MBaroLLy IO
CHOCOOHOCTb, HE AOJKHO MPEBBILIATH 3HAYEHWH, OMACHbIX JUId M30JALUMM  00OpYAOBaHNA,
CONPOBOKAAIIUNA TOK [HOJDKEH OTKJIIYAaThCs 3a BPEMs, MeHbIlee, Yyem BpeMs cpadarbiBaHus
3aLUTHL, 3alUTHBLIN annapar J0JIKeH A0y cKaTk 00bLIOE KOJIUYecTBO cpabaTsiBanuii 0e3 ocMoTpa
1 PEMOHTa 1 ObITh O€30MaCHbBIM LISl OKPYKAKOLLETr0 000pY 10BaAHMS.
[

U, kB |

Usiom|

0 I,c

Pucynox | — Tlpunnun nefcTBrA 3alIMTHOTO annapara: | — xapakTeprcTHKA 3alMTHOTO annapara,
2 — xapaxkTepHCcTHKa 3aiMinaeMoro o0bexTa;, 3 — BO/IHa NepeHanpskeHus; 4 — cpesaHHas BOJIHA NepeHanpskeH s,
[/ — vcnerrarensroe Hanpsxkenue, kKB, Uy, — HOMHHANIBHOE HaNpsKeHHe 37eKTpoycTaHoBkr, kKB, U, — ocrarouHoe
HanpsykeHHe Ha 3JeKTPOY CTaHOBKe nociie cpadaTkiBaHus 3allMTHOrO anmnapara, kB; / — Bpems, ¢

Kak yske ObUIO OTMEYEHO, OJHMUM U3 BHIOB 3alIUTHI OT MEPEHANPSIKEHHS SBIISCTCS
ucrnonb3opanue Ha BJl  paspsaaHukoB: TpyO4aThiX, BEHTW/bHBIX, JIMHHOUCKPOBBIX W
MynbTHKamMepHbiX. B ucrounmkax [10 — 12] nocrarouno noapodHO paccMOTpeHbl MPUHLMIBI paboThl
PaspAAHHUKOB, CMOCOOBI UX KPEMJICHHUS, METO/bI 3auThl. HO HE0OX0AMMO OTMETHTB, UTO B 1HOOOM
cJIyyae MPOUCXOUT NPOOOIi HCKPOBOTO MPOMEKYTKA ME KTy TOKOBEYLIEH 1 3a3eMJIEHHON YacTIAMU
3aUIUIIAEMOro 00bEKTA.

Ha BJI Hetsirooro aiekTpocHadKeHus KeNe3HOA0POKHOIO TPAHCIIOPTA pa3psiiHUKKI
VCTaHABIMBAKOTCA TIO OJHOMY Ha TpaBepce ¢ uepeaoBaHueM (a3 — no TaKOMy K€ MPUHLIKMY, KaK
JIDIT 6 — 10 kB anexrpocereBoro kommiekca [TAO «Pocceru» [10].

OnHaKO CTOMT 3aMeTuTh, 4YTO BO3aAywHbie guHuu 6 — 10 kB, nwuraromme ycrpoiicTea
CUTHAIM3AIMK, LEHTpAIMU3ALNK, ONOKMPOBKM JKEJIe3HOW HOpPOrdH W JIMHUM  TPOJIOJIBHOIO
INEKTPOCHA0KEHNA HETATOBBIX MOTpeOUTENEH, MOTYT pacnoiaraTbCcsa Ha Onopax KOHTAKTHOM CeTH
Ha KpOHIITEHHAX.

B Hactosiuiee BpeMsi KpOHLITEHHBbI W3rOTABIMBAKOTCH M3 MeTalla, JepeBa M IMOJUMEPHBIX
KOMITO3UTHBIX MatepraioB. [Ipuyem nepeBsiHHbIE KpOHUITEHHBI 1 KpoHIITeHbI 13 [TKM sBistoTcs
IHIEKTPUKAMHK M He UMEFOT MO BCei MOBEPXHOCTH 3a3eMIEHHOM YacTH, K KOTOPOil MOMKHO ObIT0 OB
MPUCOEANHNTD paspAaHUK. B CBA3M ¢ 3THM HYKHO pemmTh 3amauy o saumrte BJI 6 — 10 kB ¢
MCIIOJIB30BAHUEM M30JILIMOHHbIX MOAACPIKUBAIOLLNX KOHCTPY KLU,

Kponurreiinbl BJI CLB u 1D kpensaTcs Ha onope KOHTAKTHOH CeTH K 00LIeMy 3a3eMJIMTENH,
T. €. BCE YCTPOMCTBA 3a3eMJIEHbI HA OAHY TOYKY. PaccMOTpuM MCHONB30BaHME METAIITMUECKOrO
KPOHILTEHHA ¢ M30JATOPaMK rPy NMOBOIO TPOca 3a3emMIeHus (PUCYHOK 2).
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Pucynok 2 — BapuaHThbl nepeKkpbITHsl H30MALMH BO3Y LIHOH TMHMH C HCMOIB30BAHHEM PA3PSIIHUKOB
Ha MeTanueckux kporwreinax BJI CLIB u [19

B naHHoMm cayuae depejoBaHHE paspsyIHUKOB 1o ¢aszam HespPeKTUBHO, 4TO OOBIACHACTCH
TakuMu (hakTopamu:

1) npamMoii yiap MOJHMM B KOHTaKTHYIO ceTb. lIpn 3TOM BO3MOIKHBI NEPEKPHITUA M3OJALNAM
KOHTAKTHOW CeTH ¥ IepeMelleHre paspsna Ha KpoHWTedH. Tak Kak paspsaHMK HAXOMWUTCs Ha
nanbHei (ase, Ha azax A u B moskeT o6pasoBarbes Mex 1y hazHoe KopoTkoe sambikaHue (MD K3);

2) mpoTeKaHHe pa3psia mo Tpocy 3asemieHus Oy et aHanornyHo [TYMy B KOHTAKTHY IO CETh,

3) [TYM B (ase C npu ycTaHoBke paspsaanuka B paze A moxet Bbizgath M® K3 Ha (azax C u B;

4) npu [TYMe B ¢ase A nin C BO3MOKEH NPOOOIA M30JIALMU, HO TPU ITOM HE BO3HUKHET MD
K3, Tak xak Ha (paze B ycTaHOBJICH paspsiIHUK.

Takoe monokeHHe MOATBEepIKIaeTCs MPUMEHEHHEeM YCTpPOMCTBA 3aUIUThl OT aTMOC(EpHbIX
nepenanpsokennii (Y3J1), mpeacraBnenHoM Ha pucyske 3. [lpunamun pabotel mopobubix V3]
ocHoBaH Ha co3nanun M®P K3 u oTkiIro9eHus TUHUH, 9TO HeKenaTelbHo juist yerpoiicts CLIB, npu
9TOM 3alllUTa U30JATOPOB OT npodos He obecneunBaetcs [13].

N3 U310KEHHOrO CJeayeT, 4T YCTaHOBKa
paspsSIHUKOB ¢ uepepoBanueM (a3 HeIPHEKTHBHO
sanuiiaet BJI CIIE ot nepeHanpsskeHHH, Tak Kak
JUHMA ~ MOXET OTKIUYMThea oT MEP K3
Hcnonp3oBanne paspsaaHUKOB Ha Kakaod (ase
HEBBITOJIHO 3KOHOMHYecku. [losTomy onTumans-
HBIM BapHAHTOM /I BO3/1y LLTHOM JTMHWUMW YCTPONCTB
Cb wu IID, pacnonoxkeHHoii Ha onopax
KOHTAKTHOM CeTH JKENE3HBIX JIOpOT, SABJIAETCA
MPUMEHEHWEe OIHOrO paspsAHMKA Ha LIEHTPAJIbHOM

(ase u ucnonb30BaHKE TPAHCTO3ULUKK, YUTO
Pucynok 3 — Yerpoiterso Y31 (https://mzva.ru): KacaeTcsi MeTalJIMYeCKUX KPOHIITEHHOB C

1 — nepekpbITHE U3ONATOPA; 2 — MEPEMelLeH e MOIBECHBIMM WJIM IITHIPEBBIMH  M30JIATOPAMH,

CHI0BOI Ayri, 3 — nepebpoc Ayr Ha COCRAHION Ga3y; ppuHUMI  yYCTAHOBKM  PaspsAHMKOB  NOAPOGHO

4 —Mexnypasuoe KopOTKOE SaMbIKaHKe onucan npoussouTensMu. OIHH KOHELL
YCTPOHCTBA KPENUTCA K CTEPIKHIO MJIM Cepbre U30J1TOpa CO CTOPOHBI 38MJIU, Pa3pAHbIA dlIeMeHT
BIJIOTHYK) HJIHM 4Yepe3 BO3AYLIHbIA TMPOMEKYTOK COCAMHACTCA C MPOBOMAOM. PaspsiTHUKH C
myneTHKaMepHoi cuctemoit (MKC) npencrasnens! Ha pucyHke 4 [10].

Mynbrukamepubie pazpaauuku ddpexrtusnee, uem P/IWUIIbL, Tak kak paboraior ¢ OosmbLIME
TOKamH, nodromy ux npumenenue Ha BJI CLIb u [ID apnsercs npeanoututenbHbiM. TeXHHUECKHE
XapaKkTEPUCTUKM 3THX Pa3psIHUKOB NpHBe/IeHbI B TaOmnuie 1.
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Pucynok 4 — Paspaaiukn PMK3-20-1V-Y XJI1 u PMK-20-1V-YXJI1 cucremsl MKC [10]

Tabnuua 1 — Texuudyeckue xapakTePHCTHKH paspsaHUKoB cuctemsl MKC

Tun paspsaHuka PMKD PMK
Knacce Hanpsokenus, kB 6-10
Haunboneuiee uintensHo nonycrumoe pabovee HanpsixeHue, kB 7.2-12
HckpoBoii mpoMexkyToK, MM 60 — 80 40 — 60
HmnynecHoe paspsinHoe Hanpsskenue kB, He Oonee 120 100
OnHOMHHYTHOE TIepeMeHHOe Hanpsixkenue, KB, He MeHee:
B CYXOM COCTOAHHH 40 30
1oL 10AEM 30 20
Benuuuna oxungaemoro toka K3 ceru, npu KOTOpOM rapaHTHpYETCsl HE MeHee
5 3.3 0,6 -3
10 cpabareiBannii, kA, He Gonee
BrinepokuBaeMblii HMIYJILCHBEIH TOK JUTHTENBHOCTBEO 0 MOJyCHaja He MeHee 20 30
50 MKc, HE MEHee OBYX BO3ACHCTBHI, KA
Bpewms ramenus Iyrn cOnpoBOXKAAIONIEro TOKa, Mc, He Bomee 10 -
Tponyckuas cnocobuocts, Kn 24 =
Macca, kr 3.7 0.9

OnHo 13 NEPCNEeKTUBHBIX HANPaBACHUH Nno nopeieHuto Hagexknoct BJI CLIB u [1D cBsazano ¢
NPUMEHEHHEM KPOHIUTEHHOB, BBITOJIHEHHBIX U3 MOJMMEPHBIX KOMIO3UTHBIX Matepuaios, Takue
KPOHIUTENHBl [PEACTABIAOT CO00H HM30JISLHOHHO-TIOANEPKUBAIOLLYO KOHCTPYKUUIO, obec-
MEUMBAIONIYI0 MEXaHWUECKYH0 M SIEKTPUUYECKYH0 MPOYHOCTh JAWHMM. B KauecTBe mpumMepa Ha
pucytke 5 uzobpaxen noaumepnsiit kpouwreiin KIICHUII-3-n BOPDJI npoussoacTtea OO0 «HIIIT
«DJIEKTPOMAIII» [14], B Tabnuue 2 npuBeaAeHbl €ro TEXHUUSCKHE mapaMeTpbl.

825
by

850 | 500 500

1955

- -

Pucynok 5 — IonumepHubiii kpoHwTeiH KIICHUIT-3n BOP3JI [14]

U3BECTWUA TpaHccuba e ST

2024




MoaBuXHON cOCTaB Xene3HbIX AOpPOr,

TAra noesanoB n 3ﬂ9KTpMCbMKaLI,Mﬂ

Tabnuua 2 — Texuuueckue xapaxrepucruku kponwmreiina KIICHTII-3-n

I Hopmarusnoe
SEnep 3HA4YCHHE
[Mporud, mm, He Gonee 13
Conpotusnenue uzonsauny, ue Menee, Om 10"
JniHa nyTH yTEYKH TOKa, MM 500
KparkospemMeHHOE HanpsiKEHUE B CYXOM COCTOSIHUH, KB 65
Kparkospemennoe HanpsikeHne nog, goxkaem, kB 45
BblnepiuBaeMoe HanpsixeHue B 3arps3HeHHOM U Y BIaKHEHHOM COCTOSHHH, 23
50 %-noe nanpmxenne, kB

Tpexunr-sposuonnas croiikocTs npu 15 kB, 1 500
Beoigep:xuBaeMoe UMITYJIbCHOE HANPsKEeHHe ¢ KPyThiM (ponTom, kB 250
Anresus 3amMTHOR 0000uKH, DaNnoRs 1
Macca, ne Gonee, kr 25

W3 nannbix Tabauibl 2 BUAHO, YTO paspsaHbIC MOKA3aTENN KPOHIUTEHHA JOCTATOUYHO BbICOKHE
(250 xB), omHako HaNpsKEHUE P Pa3psAle MOJIHUM MOKET ObITh ropasio OoJibilLe.

PaccmoTtpum paboty BJI ¢ ucrnonb3oBaHWEM KPOHIUTEHHOB, BbIMOJTHEHHbIX 3 [IKM
(pucynok 6). lonmyctum, ato [TYM npousoiren Ha nainsHe# oT onopsl (ase (BapuaHT 3), mpeoaoneTsb
paspsagy BCIO JUTMHY H30JIALIMOHHOTO CTEPIKHSA 10 3a36MJIEHHON YacTH J0CTATOYHO TPY AHO, OITOMY
NepeHanpsHKeHne MOYKeT BO3HHMKHYTH Ha cocennei dase u BeizoBer M® K3, B pesyabrare
MPOM30HIET HEIKEATeIbHOE OTKIIOUeHHe nuTanus ycrpoicTs CLIB.
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Pucyrok 6 — PaBora 3amuTel npH NpUMEHEHUH Pa3psIHHKA Ha MOJIMMEPHOM KPOHIITeiHHe
CO CTEKJIAHHBIM W30IATOPOM B LIEHTPaIbHOH dase

C TouKH 3peHHs NMOBBILIEHUA HaNeKHOCTH BJI B IeHTpaIbHYI0 (hasy KpOHIUTEHHA MPeIIOKEHO
BKJIIOYHTL paspaaHuk cucrembl MKC ¢ u3014TOpOM, OJHAKO JIaHHBIA BapuaHt Tpedyer
JNOHOMHUTENILHONH MpopaboTkH H  aHanu3a. B Takoll KOMOMHAUMH M30JIATOpP  SBIAETCS
JIOTIOJIHUTENBHOM  3aluMToi  (pasHoro mnpoBoja OT nepeHanpsbkenus. [Ipw 3TOM  BO3MOMKHO
UCTIOJIb30BAHNE KAK CTEKIAHHBIX, TAK U MOJIMMEPHBIX MOIBECHBIX U30IATOPOB (PUCYHOK 7).

a 1]

Pucynok 7 — INonamepnsii kpormrein KITCHIT-3 BOP3JI ¢ paspsaaukom PMKD-20
B HCTIOITHEHHH CO CTEKISHHBIM (@) M MOMUMEPHBIM () H30NsSTOpaMH
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JUia noATBEPKACHUS UIH OMPOBEPKEHUA 3(POEKTHBHOCTH MCTIONB30BAHNA OJTHOTO paspsaIHIKa
B cpemHeit ¢ase nuHuM snekTponepenaun 6 — 10 kB ObiiM MpOBEAEHBI WCIIBITAHUA Pa3pAdHBIX
XaPaKTEPUCTUK CUCTEMbI «PAsPsSIIHUK — [OJUMEPHbIH KPOHLITEHHY,

OnbITHBIE MCTbITaHUA TpoBoauauch B anpene 2021 r. B nabopatopuu «TeXHUKA BBICOKMX
Hanpsokenuit» (TBH) Ypanbckoro rocy rapcTBeHHOTO yHUBEpeuTeTa myTeit coodienus (Ypl'YI1Ca)
C MCTONb30BAHNEM YETBIPEXCTYTIEHYATOT0 TeHepaTopa MMMYIbCHBIX HampsukeHuid. MMmyabcHbIe
HANPSDKeHUs MOAABAIUCL HA 00pasel KPOHIUTEHHA ¢ MYJIbTHKaMepHbIM paspsaHukom PMKDS-20
(pucyHoK 8).

Pucynok 8 — Cxembl npoBeieHHs MCIBITAHWI, NIO1a4a HANPAMKEHHS Ha cTeprkeHs (a) 1 Ha nposox (0),
L — nnwHa W30NMAHOHHOM YacTH obpasua

HcnpiTanus nokasanu cieaytomiee (tadbanua 3):

1) mpu MOHTa)K€ pa3paIHUKA HA MOJUMEPHOM KPOHIUTEHHE PaspsaHbIe HATIPIKEHUS CHCTEMBbI
«paspAAHUK — NOJUMEPHbIA KpoHwwTeiny Ha 10 — 40 % npesblLalOT MACMOPTHLIE 3HAYEHUS
paspAfAHbIX HANpsIKEHWH paspsHUKa, CMOHTUPOBAHHOIO Ha 3a3€MIIEHHOM METANIMYECKOM
KPOHIUTEWHE,

2) HEMOCPEICTBEHHO MOTMMEPHBIH KPOHIUTEHH HE 3alIMINAET OT MepEeHanpsHKeHHH COocenHne
NpoBOJa — MpU NONajaHuM MOJHHHM B MPOBOJ Paspsal NPOXOAMT HA COCEAHHUM nposoa, npoboi
MPOXO/UT 110 BO3/YXY, @ HE 10 TeJy M30JUPYIoLeil KOHCTPY KUK (KPOHILTEHHY );

3) paspsiHUK paboTaeT TONbKO NPU HATUYUM 333EMICHHS.

Tabnuua 3 — Pe3ynbsTarsl HCNBITAHUH PA3PAIHBIX XAPAKTEPHCTHK CHCTEMbI € PA3PAIHMK — NOJTHUMEPHbBIA KPOHLITEH HY

Hcnwiranue 6es Hcnwiranue 6e3
HzonsunorHoe Hcnpitanue ¢ H30JsTOpOM,
M30JIATOpA, 1oJa4a H30JATOPA, NoJa4a
paccTosiHue crepicHs L, Nojayua HanpsyKeHHs
N S CTep')KeHb Lr " KB Hal'[pﬂ)l(e}[ﬂﬂ Hfiﬂpﬂ)ﬁ‘eH M
St Ha crepikerb Uy, KB Ha npoBoA Uy, kB
0 130 = =
70 167 - -
90 166 - -
100 167 145 -
200 - 175 205

ITo pesynpTaraM NMPOBEACHHBIX MCITBITAHHWIM OMPENENIEHO, YTO HA MOJMMEPHOM KPOHILTEHHE
MCTIONB30BAHKE PA3PAAHUKOB 03 MX 3a3eMICHHON YacTH HedP(PEeKTHBHO — He0OX0anMbI pazpaboTka
M MPUMEHEHHE JPYrUX paspsaHbIX KOHCTPYyKuwmit. Hampumep, B rpo30akTHBHBIX paioHax W B
paiioHax ¢ TIOBBIIIEHHOW CTEINEHbIO 3arpsA3HEHUs CJEAYeT WCIOJNIb30BaTh KOMOMHUPOBAHHY O
M30JIALINAIO (PUCYHOK 9) ¢ MpuMeHeHHeM orpannunTeneit nepenanpsoxennii (OITH) (pucynok 10).
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Pucynok 9 — [Nonumepneiii kponmreitn KITCHUTI-3 BOPDJI
B MCTIOJTHEHWH CO CTEKIIIHHBIM (@) M TOTHMEPHEIM () H30NSATOpaMH

[Tonumephsblie kpoHireiinbl ¢ OITH na BJI CLIB u 1D MOXHO BBIMOJHATH aHAJIOTMYHO
TIEPeBAHHOMY KPOHIITEHHY ¢ TPyOUaThiMu paspaanukamMu (pucyHok 10).

| "N

Pucynok 10 — Cxema samutsl BJI CLIB 1 I13 ¢ npumeHeHHeM nolMMepHBIX KpoHiiTeinos u OITH:

1 — onopa; 2 — nonuMepHbIH KPOHIITEHH, 3 — MOMHMEPHBIH H30IATOP; 4 — COSIHHUTENBHEIN mIeid;
5 — MerayuTHyeckHii kpormTeiin; 6 — OITH

Pasmewtenue sawutHelx annapatos Ha BJI CLB u 11D ocywecrsiasercs B COOTBETCTBHU C
POCCHUHUCKMMHM TOCYJAPCTBEHHBIMM CTAHAAPTAMW M CTaHAapTaMM NPEANPUATANH 3JIEKTPUYECKUX
CeTe.

Ha ocHOBaHMM MPOBEACHHBIX SKCTEPUMEHTOB W aAHAIW3a BO3MOMKHBIX CXEM BKJIIHOUCHUS
PaspALHUKOB, MOJIMMEPHBIX KPOHIITEHHOB U H30JIATOPOB OMPEAEIEHO, YTO YCTAaHOBKA Pa3pAIHHKOBR
Ha BJI CLIb u [15 ¢ uepenosanuem no ¢asam HemA0CTaTouHO YPQPEeKTHBHA H3-32 BO3MONKHBIX
MesKk Ty pasHbIX KOPOTKHMX 3aMbikanuil. [Ipumenenne noaumepHbix kpoHiTeitnos Ha BJI CLIB u 19
MOBBIIIAET MEKTPHUECKYIO TPOYHOCTH BO3AYIIIHOM JTMHUM, OCOOEHHO B COUETAHUM C M30ATOPaMHU,
HO He 3awmmaer BJI or npAMBIX yIapoB MOJHWUM W UMIIYJBCHOrO mepeHarnpszkenus. Ha
MOJMMEPHBIX KPOHIUTEHAX J0IY CKAeTCsl MPUMEHATh Pa3ps/IHUKU TONBKO MPU UX 3a3EMIIEHUH, T. €.
npu padbore ¢ pasHOMOTeHUMATbHBIMH YacTsaMu BJI. [1oBBICHTH HAAEKHOCTH BO3MAYIIHON JIMHUM
MOJKHO TPH MOMOIIH KOMOMHHUPOBAHHON M30JALMM (MOJUMEPHBIH KPOHIUTEHH M MONMMEPHbIE
u30IATOphl) ¢ npumeHennem OITH.
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MOJIEJIMPOBAHUE NPOHECCOB PEI'YJIMPOBAHUS HAIPSAKEHUWA
B CUCTEMAX TAI'OBOI'O 9JIEKTPOCHABXKEHUA 1TOCTOAHHOI'O TOKA
C HOMOUWBIO YCTPOUCTB HAKOILIEHHUS 3JIEKTPOSHEPI'UMN

Aunomauyusn. B cmamve paccmampusaioncs 6ORPOCHL PecYIuUpOSAHusl HAAPANCeHus 8 Clcmeme MI206020
ANEKMPOCHAOICEHUA HOCINOARHO20 INOKA APU ROMOWH YCRIPOUCIG Hakonienus snekmposnepernt. Ileavto padomul
AGIAOMCS  PAzpatomKd 1 anpooayus  GI20pUMMA  Pe2yIlposantiss  CUCHIEMbl  HAKORICHUS  2ACKIMPOIHEP2ul,
RPEOHAZHAYEHHO20 O YIPAGTEeHUA Rpeodpazosamenamu. B padome npeonoxcervl (DYRKYUHOHATbHAA CXEMA YAPAGTEHUA
¢ peaviuposanueM RO YPOSHIO HANPSNCEHls, CMPYKMYPHAS CXeMa MeNCHOOCHAHYUONHOL 3016l C PASMEUCHUEM
CUCTHEMbI HAKONACHUSA JMCKIPOIHEP2UL HA HOCHY CEeKYUOHUPOBAHUA KOHMAKIMHON cemii U an2opumm pezyiuposaniis.
Anpobayus anzopumma pe2yiupoeantiss VCmpouche HAKONICHUs EKMPOIHEPLUY BHINOIHEHA 8 NPOZPAMMHOL cpeoe
Matlab ¢ nomowsio naxema Simscape Ha ocrHoge paspadomManioil Mooemt MeNCHOOCIANYHOHHON 30Hbl CUCHEMbL
MA208020 IEKMPOCHADHCEHUA ROCMOAHHOZ0 MOKA, COOEPHCAIEli REPEMEHHYIO MAZ0BVIO HAZPY3KY, NPU APUHANI6IX
oomyiyenuax. Hayumayuonnoe mooenuposatiie no360.sen onpeoeuinb 0CHOGHbIE NAPAMEMPyl, ROKA3AmMen padontel
CUCHIEMbI HAKONTEHUSL 2NCKNIPOIHEPLUN U KAYECHBO Pe2yAuPOSAHIs HARPANCEHUA HA WIHHAX HOCMA CeKYUOHUPOSAHLS
RPU UBMEHENUN INeKMPONIACOG0H HAZPYIKU 6 ZPANMYAX MedICROOCMAHyUONHON 301bl.  [lonyuennbie pesyismansl
RO36OSION REPEHMY K OMPAOOMKe ai1eopuUmmos pezyiuposantist YCmpoucme HAKONIEHU 21eKMPOINEPIU 6 CHCINEMAX
MA208020 IACKMPOCHATIICEHUA NOCMOANNOZ0 t REPEMENH020 MOKA HA OCHO8e CHOCOHOE6, KOMOPbIE YHUMBIBAIOM PAGOmy
PESYAUPYEMBIX  YCMPOUCME  (AGMOMAMUYECKO20  PecYIuposantisi. HANPAJNCEHUS HA HWHAX  MAOGLIX  ROOCIAHYyil
ROCMOANNOZ0 MOKA HA OCHOGE VRPAGIACMBIX DPEAKMOPO6, PecYaupPosants HANPANCEHUA CUTORBIX ROMUNCAIONUX U
RPeotpazoeamenbHblY  MPanchopmMamopos, — pe3epeuposants  MOUHOCHIN,  60JbMOO0DABOUHbIE  YCMPOTICME,
CMAMUYECKHE KOMNEHCAMOPbhl W SEHEPAMOPHL peammﬁHoﬂ MOUPHOCTIH, ycnz;mﬂcmﬁa }Tp()()().'?h”()ﬁ' KoMReHcayuu
PEarnGHoN MONHOCIY U Op.). TTonyuennvie pezyivmamst HO3604RI0M REPEln K pazpacomie UHHHOGAYUOHHBIX CUCTNEM
MAOBO20 INEKMPOCHAONCEHUSA HA OCHOBE GHICOKOAGMOMAMUSUPOSAHHBIX (YUPPOSHIX) MAL0GHIX NOOCINAHYUIL.

Heeneoosanue avinonnerio npu (hunancosoti noodepacke Pocculickozo nayunozo ghonda, nayyunoiii npoexm No 22-
29-00002, https://rscfrwproject/22-29-00002/,

Kaouesnie crosa: cuchmewma ms2o6020 3IeKMPOCHAGNCENs, ROCMOAHNDIN MOK, pPe2yposanite HO YPosHIo
HONPANCEHUA, CHCMEMA HAKONAEHUA MeKMPOIHEPUH, (DYHEYHOHATOHAA CXeMd PeyIupOSaniis, aiopumm pacomo,
HMURIAYUHONHAA MOOCb.

Vladislav L. Nezevak
Omsk State Transport University (OSTU), Omsk, the Russian Federation

MODELING OF VOLTAGE REGULATION PROCESSES
IN DC TRACTION POWER SUPPLY SYSTEMS
WITH THE HELP OF ELECTRICITY STORAGE DEVICES

Abstract. The article discusses the issues of voltage regulation in the DC traction power supply system using electric
power storage devices. The aim of the work is to develop and test an algorithm for regulating an electric power storage
system designed to control converters. The paper proposes a fimctional control scheme with voltage regulation, a block
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diagram of an inter-substation zone with the placement of an electric power storage system at the contact network
partitioning station and a control algorithm. The approbation of the algorithm for regulating power storage devices was
performed in the Matlab sofiware environment using the Simscape package based on the developed model of the inter-
substation zone of a DC traction power supply system containing a variable traction load, under accepted assumptions.
Simulation modeling allows us to determine the main parameters, performance indicators of the power storage system
and the quality of voltage regulation on the fives of the sectioning station when the electric traction load changes within
the boundaries of the substation zone. The results obtained allow us (o proceed to the development of algorithms for
regulating electric power storage devices in DC and AC traction power supply systems based on methods that take info
account the operation of regulated devices (automatic voltage regulation on the tires of DC traction substations based
on controlled reactors, voltage regulation of power step-down transformers, power redundancy, voltage-boosting
devices, static compensators and reactive power generators capacities, devices for longitudinal compensation of reactive
power, elc.). The results obtained make il possible to proceed fo the development of innovative traction power supply
systems based on highly automated (digital) traction substations.

The research was carried out with the financial support of the Russian Science Foundation, scientific project No.
22-29-00002, htips://rscf.rw/project/22-29-00002 /.

Keywords: traction power supply system, direct current, voltage regulation, power storage system, functional
control scheme, operation algorithm, simulation model.

B ocHOBe coO31aHMS WHTE/UIEKTYaJbHbIX CHCTEM TATOBOTO 3IEKTPOCHA0XKEHUs JiekaT
TEXHOJNOTHN, TO3BOJIAKOIINE PEeryJnpoBaTh peXkuMbl  paboThl  000pynOBaHHA C TMOMOLIBIO
aZlanTUBHBIX AJITOPUTMOB M MCKYCCTBEHHOINO MHTE/ICKTA. PeryiupoBanue OCYILECTBISETCA KakK ¢
MOMOIIBK KOMMYTAIIMOHHOTO 00OPYI0BaHMs, TaK U C MOMOIIBIO CHCTEM YIPABICHUS PEKUMAMH
paboThl CHIIOBOTO OOOPYAOBAHHMS M MapamMeTpamMiy peryjupyeMmbiX YCTPOWCTB, pe3epBHpOBaHMSA
nuranusa 1 ap. [1 — 3]. K ocHoBHOMY 000pYyA0BaHUIO, PeKUMBI PAdOTHI KOTOPOIrO PeryJiupyroTcs
[4, 5], oTHOCSTCS CHIIOBBbIE MOHUIKAIOUIME U MPeo0pa3oBaTe/bHbe TPAHCPOPMATOPSI (YIIPABJICHUE
YPOBHEM HArpsKeHUs, MOJKIKUYEHUE pe3epBa), BOJIbTON00aBOUYHBIE YCTPOWCTBA, CTATUYECKHE
PEHEPAaTOPbl U KOMIICHCATOPBI PEAKTUBHON MOLHOCTH, CUCTEMbI HAKOTLIICHUS DIIEKTPOIHEPTUH U AIP.
YnpaBinenue ykazaHHbIMH yCTpoiicTBaMu TpeOyer pa3zpaboTKh MOAXOA0B W COBEPLICHCTBOBAHMA
((PeKTHBHOCTU AATOPUTMOB peryauposanus, Pa3zpadorka u anpodauus aaropurMa peryjJupoBaHus
YCTPOWUCTB HAKOTIJIEHUs 3JIEKTPOIHEPTUH, TPeIHA3HAYEHHBIX UTsl yIpaBiieHus npeodpa3oBarensiMu
B CUCTEMaX TATOBOI0 3/IEKTPOCHAOKEHMS, ABISAHOTCA LIEJIbI0 HACTOALIETO HCCIIEOBAHMA.

PaspaboTka OCHOBHBIX MOAXOA0B K MPUMEHEHUIO CUCTEM HAKOTIIEHH dmekTposneprun (CHOD)
Ha SKEJIC3HOAOPOXKHOM TPAHCIOPTE ONPEAeNseTcss OCHOBHBIMM HAMPAaBICHUSAMM pa3BUTUA U
TEXHOJOTMYECKUMH  OPUEHTUPAMHM, 3aKpEIUIEHHBIMH B  «ODHEPreTHYECKOH CTpaTteruu»y W
«JlonrocpouHoii nporpamme paszputus» OAQO «PXK]I» [6]. Llensto npumenenus CHB3D B OAO
«PAC [y apasiercs NoBbILEHNUE HPPEKTUBHOCTH OCHOBHBIX TEXHOIOIHYECKUX WU MPOU3BOACTBEHHbIX
nporeccoB. JlocTHkeHUE yKa3aHHOW 1IeJId BBIMOJIHASTCSA MYTEM pPelleHus psjia 3aaad Ha OCHOBE
TEXHOJIOTUI MpUEMa, XPAaHEHUs W OT/1a4H IEeKTPOIHEPTHH.

B nactosmee Bpems paspaboTaH psAa TEXHHUCCKMX peweHui mo mnoctpoeHnio CHDOD B
MEKTPOIHEPIeTUUCCKUX ~ CUCTeMax, B TOM 4YHCIE B CHUCTEMAx  JJIEKTpOocHabkeHus
JKEIE3HOIOPOsKHOrO  TpaHcnopra. Kak nokaseiBaior — uccaenosanusi, npumesHenue CHDD
HEYNpaBisieMOro THMA B 3JIEKTPOIHEPreTHYECKUX CHCTEMAax M CHCTeMax 3JeKTpocHabkeHus
TPAHCTIOPTA HELEeNeco00pa3Ho Mo psAay MPUHUMH, CBA3AHHBIX ¢ HEOOXOAMMOCTBIO TMpeodpazoBaHus
VPOBHS HANMPSIKEHHS, POAA TOKA, C PErYJIMPOBAHUEM HANPSKEHUS U MOLIHOCTH 1 p. COBpEMEHHbIE
CHD3D, npumeHsemble B 3JIEKTPOIHEPreTHUECKUX CHUCTEMAX, COJAEPKAT  BbIIPAMUTEILHO-
MHBEPTOPHbIE MpeodpasoBaTesid U COrIacyrollie TpaHC(POPMATOPhl, MOLIHOCTh M 3HEPrOEMKOCTb
KOTOPBIX JOCTUIaeT MEraBaTTHONO Juana3oHa. W3J0’KeHHble Bbllle achekTbl IOCTPOEHMS
MHTEICKTY TbHBIX CHCTEM 3EKTPOCHAOKEHHS JKENE3HOA0POKHOTO TPAHCTIOPTA, TEXHONIOTHYECKHX
OPMEHTUPOB M AJITOPUTMOB PEryIMPOBAHNA MOATBEPIKAAIOT aKTY &J1IbHOCTD 3a/1a4 1O PEryIMpOBaHUIO
peKMMOB paboThl yCTPOICTB B CHCTEMaX TATOBOr0 1eKTpocHabkeHus, B ToMm uncie CHOO.

[Toctpoenne CHOD ocyuecTBAsAETCA HA OCHOBE BEIOPAHHOTO HAKOMUTENS JIEKTPOIHEPTHN, A
KOTOPOr0 M3BECTHbI HOMMHA/IbHBLIE [apaMeTpbl: HOMUHAILHOE HalpsKeHWe, HOMUHAIbLHAS
MOLIHOCTb, KOO(D(MUIIMEHT MOLIHOCTH HArpy3KH, HOMUHAIBHBI TOK B peskuMax 3apsijia u paspsja,
HOMMHAJIbHAs SHEPrOeMKOCTh, AOMyCcTUMas riyOuHa paspsaia, 3apsjiHas W paspsiiHas XapakTepuc-
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THKH, KOY(PPULMEHT MOAE3HOTO AEHCTBHA, CKOPOCTh OTKIMKA, YACTbHbIE MOKA3aTENN MOIHOCTH H
HEPruu M Jp.

Beibpannas Tonosiorus CHOD B 3aBUCUMOCTH OT peLIaeMbIX 3a7a4 U TPpeOOBaHHI CO CTOPOHbI
NEKTPUUECKOM ceTH MoXKeT ObITh MacCHMBHOW, MOJYaKTUBHOM WM akTMBHON. BBHy TOro, 4To
VPOBEHb HAMPSIKEHUSA HAKOTUTENEN SIEKTPOIHEPruu B pPsAAe CAY4YaeB HE COBMAAACT C YPOBHEM
HaMpsUKEHUs SJEKTPUYECKON CeTH M PeryupoBaHNe PeXKUMOB pabOThl BBITIONHACTCH ¢ MOMOIIBIO
npeodpasosareneii, crpykrypa CHD3 npuobperaer Bu, npuBeieHHbIA Ha pUCyHKe 1.

CHDOD conepskUT TpU NOACUCTEMbI, BBITIOIHAOLIME

OCHOBHYI (YHKLMIO 1O MNpueMy, BO3BpaTY M XpaHEHUHO 3Hepruu (00K HaKOMJICHMs,
npeodpazosarenn DC/AC u AC/DC, npeobpasoBarenbhblii Tpanchopmarop),

(YHKIMK 3aUUTHL, PEryJMPOBaHUs W CBA3H (OJIOKM 3aLIMThl M ABTOMATUKH, PEryJIUPOBAHMS,
npueMa u nepenadu uHbopmanuu, uatepdeiic caszu);

¢dyHkuKMKM obecnieyeHns COOCTBEHHBIX HY /1 (CMCTEMa COOCTBEHHBIX HYIKJ M BCTIOMOTraTeibHas
cucTema).
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Pucynok | — CTpykTypHas cxema CHCTEMbl HAKOIUIEHHS! IEeKTPOIHEPIHH

YnpasieHue pexkuMamu padoTel U peryauposanue motuHoct CHO3 Beinonusercs

10 YPOBHIO HANPSKEHUs HA IIMHAX, K KOTOpbIM nojkioueHa CHOD;

M0 YPOBHIO MOTPedaseMOil Harpy3ku B rpaHnLax MeKMOACTaHIIMOHHOM 30HbI (MI13) ¢ yueTom
pexxumoB paboTbl cucTeMbl TAroBOro ekrpocHadxenus (CTD), BHEWIHUX XapaKTEePUCTHK
CMEKHbIX TArOBBIX MOACTAHUMN 1 APYrUX (PAKTOPOB.

Perynuposanue mouinoct CHOD BbINOMHAETCA C YHETOM ClIE/Y FOIIMX MapaMeTpoB:

— CKOPOCTH M3MEHEHHS HANPAKESHHUA W TATOBOM HATPY3KH;

— YPOBHsI CTENEHH 3apAKEHHOCTH U 1Ty OMHBI paspaza;

— MaKCUMAaJILHOIO TOKA B PEIKUME 3apsia U paspsiia;

— Jlerpajalii eMKOCTH.

ITpu noctpoenun npeoGpazosarencit CHOD kosdduiimeHT Mone3HOro ASHCTBHA A0CTHraeT
ypoBHA 0koin0 95 %, a kKOIQPUUMEHT TrapMOHMUECKMX MCKAKEHWI HANpPsKeHUS M TOKA HE
npessiraer 2 % [7]. CoBpemeHHble npeobpa3oBaren BhINOMHAIOTCS Ha ocHoBe [GBT-momyneid,
VIPABJIEHUE KOTOPLIMH OCY LLECTBIISIETCS HA OCHOBE LIUPOTHO-UMITYJILCHOM Moayssiuu (LLIWM) ¢
yacToToi B auamasone ot 500 mo 5000 I

Ouenka paznuuHbix acnekToB pabotsl CHDOD MokeT NpOBOAUTHCA HA OCHOBE MATEMATUYECCKUX
1 (U3MYECKUX MOJIEJIeH, a pe3yibTarThl MOACIUPOBAHKUA MOTYT HCTIONB30BATHCA MPU TOCTPOSHUH
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NpoOMBIIIEHHBIX  o0OpasioB. C  1enpi0o  OTpadOTKM  aArOpUTMOB  PETYJIMPOBAHWSA — HIKE
paccmarpusaetcs pabora CHDO B rpanniiax MeKnmoACTaHUHOHHBIX 30H, COACPIKALLMX NEPEMEHHY 0
ICKTPOTATOBY 10 HAIPY3KY.

HawuboJiee pacripocTpaHeHbl THIIOBBIE Y3JIOBBIE JBY XCTOPOHHUE PEKUMBI TUTAHHS MEXKITOJICTaH-
IIMOHHBIX 30H OTHO- M IBYXITy THBIX YUACTKOB, CXEMa 3aMEILEHHUS TS OJTHOM N3 KOTOPBIX MPHBEACHA
Ha PUCYHKeE 2.
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Pucynok 2 — CxeMa nHTaHHA MEKIOACTAHIIHOHHOM 30HBI

B rpanuuax MexnoACTAHUMOHHOH 30HBI MEKAy TSroBbiMu nojacraHuusmu TITT wu TII2
pacrniojaraeTcs nmoct cekuuonuposanus [1C, no3Bosdromnii peain30BaTh Y3/I0BOil PeKUM MUTAHKA.
KoHTakTHas M pelibcoBas CETH XapaKTepHU3YHOTCA COOTBETCTBYHOILMMHU Y/IEIbHBIMH COMPOTHUB-
JNEHUAMHA Fo, Fx U Fpe. DICKTPOTOABMKHON COCTaB MPEACTABICH B BHJIE TATOBOM HArpysku [oric.
[Tpucoennenne CHDD B 3aBHCHMMOCTM OT peIIAEMbIX 33/1a4 BLITOJHAETCH HA TATOBBIX
MNOACTAHLMAX, IUHERHBIX YCTPOHCTBAX UM KOHTAKTHOH CETH.

Pasmenenue CHOD B CTD onpenensercs CTOAMAME Mepel HUMU 3aj1adaMu U B 0011eM ciryyae
OTPAaHUYEHO KPYTrOM TATOBBIX TOACTAHIMU M JWHEHHBIX YCTpOWCTB. [lpM pemenun 3amauu
MOBBILEHUA MPOIYCKHON 1 IPOBO3HON CHOCOOHOCTH MPU UX OTPAHUYEHUH MO Y POBHIO HAMPSKEHNSA
Ha TOKOIPUEMHUKE HIEKTPONOABHKHOTO coctaa CHDD pasmelatores Ha TUHEHHBIX YCTpOcTBax.
[Ipu perueHny 3a1a4u MOBBILIEHUS HATPY30YHON CIIOCOOHOCTH CUIIOBOr0 000PY N0OBaHUS (CHUKEHHE
neperpysku) CHDD moryT pasMelmiarbcsi Kak Ha TATOBBIX TMOJCTAHIMAX, TaK ¥ Ha JIMHEHHBIX
VCTPOHCTBAX.

PerynupoBanne mn0O YpPOBHIO HAnpsuKEHWAs B KOHTAKTHOW CeTH  sABnsAeTcA Haubosee
PACIPOCTPAHEHHBIM  CIIOCOOOM  peryjupoBaHust padOThl YCTPOHCTB B CUCTEMAx TArOBOrO
NEKTPOCHAOKEHU TOCTOSHHOrO Toka. K peryluMpyeMblM YCTPOWCTBAM B CHCTEMax TATOBOIO
IEKTPOCHA0KEHU MOCTOAHHOrO Toka moMuMo CHDD OTHOCATCA MHBEPTOpPbI W YMpaBisemble
BBIMPAMMTENIM TATOBBIX TONACTAHLUMM, YCTPOHCTBA PEryJMPOBAHWS HAMPSIKEHUA C TOMOIIBHO
VIPAB/SEMbIX PEAKTOPOB HA TATOBbIX NOACTAHLUAX (YCTPOHCTEA OECKOHTAKTHOIO ABTOMATHYECKOTO
PEryJIMPOBAHKMSA  HANPSKCHUS ), BOJBTOA00ABOUYHBIC YCTPOHCTBA, MYHKTBI MpeoOpa3oBaHus
HANPSHKEHUS W JIp.

[TpuHIUIBI padOTH MEPEUMCICHHBIX BhIIE YCTPOHCTB OCHOBAHBI:

Ha pEeryJupoBaHUM YIrja OTKPBITUS TUPUCTOPOB B CXEMaX HWHBEPTOPOB M YIIPaB/IAEMbIX
BBINIPAMMUTEIIEH;

peryaupoBaHuM TOKA MOJAMArHWYMBAHHUA YIPaBIAEMBIX PEAKTOPOB IA  M3MEHEHMA
ko3 puumenTa Tpanchopmanum npeodpasoBaTeabHbIX TPAHC(HOPMATOPOB,
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YIPaBIAEMOM TOAKIOYEHHN JOMOJHUTEIBHOTO TIpeodpa3oBaTelbHOTO arperata B 1IEMb
OCHOBHOTO TIpeoOpa3oBaTeNBHOTO arperara TATOBOH MOACTAHIINMY,

PEryJiMpOBaHUN [POAOJIKMTEILHOCTH OTKPLITOIO COCTOSHUS 3alUPAEMbIX THPUCTOPOB B
cxemax rnpeodpa3oBaHMs HAMIPAIKSHUS HA JIMHEWHBIX YCTPOMCTBAX (MOCTax CeKIMOHUPOBAHMS).

Hcxons 3 cTpykTypHBIX cxeM noctpoenuss CHOD perynaupoBaHue mo ypoOBHIO HAMpPSKEHNs
OCYILECTBIACTCA HECKOIBKUMH CMOCOOAMM C YyUETOM TOMOJIOTHH YCTPOICTB!

[Py [ACCUBHON TOMOJOMUM PEryJMpPOBAaHUE OCYLUECTBISETCH I[YTEM COOTBETCTBYIOLIETO
nojkIoueHus uin otkaroueHus CHOD oT mMH NOCTOAHHOTO TOKA. B MOAKIFOUSHHOM COCTOSHHM
paboTa yCcTpoicTBa HE PeryjMpyercs, a OnpeaeIieTcs COOTBETCTRYFOIMMU XapaKTepUCTHKAMHU U
napameTpamMn. OTKIFOUEHHOE COCTOAHHE COOTBETCTBYET PEIKUMY OJKHIaHHS;

NpU MOJIYaKTHBHOW WJIM aKTUBHON TOMOJIOIHH PETyJIMPOBAHUE OCYLIECTBISETCA C MMOMOILBIO
NBYHANpaBIeHHbIX peodpaszoBatesieii, MO3BOSIOLMX PEryJIMPOBATh YPOBEHbL HANPSIKEHMS U TOKA
Ha ocHoBe [1IMM ¢ MOMOILIbIO CHIOBBIX TPaH3UCTOPOB MU 3aUpPaeMbIX THPUCTOPOB.

[TpumeHenne ynpasisieMbix mpeo0pa3osaTesieit mo3B0IseT PeryIupoBaTh YPOBEHb HATPSIKEHUSE
Ha Beixoze CHDD B 3aBHCMMOCTH OT HANpsKEHWS HA LIMHAX JTMHEHHBIX YCTPOWCTB MIIM TATOBBIX
moJicTaniyid. [IpuHIMIT peryJInpoBaHus MO YPOBHIO HANPSKEHHS OCHOBAaH HA 3a/aHMH OTIOPHOTO
HampsYKeHWS, TIPH OTKIOHEHHWH OT KOTOPOTO HM3MEHAETCA PEeryJupyIolee BO3ACHCTBHE Ha
npeoOpasosareib.  CHCTEMbl  aBTOMATHYECKOIO  PEryJIMPOBAaHMS  [03BOJSIIOT — Peain30BaTh
aCTaTUUYECKYH) XapaKTePUCTUKY, 1€ YPOBEHb HAMPSKEHUs HE 3aBUCHUT OT HArpy3KH, U CTATHYECKY 0,
IUTSE KOTOPO# YPOBEHb HAIPSKeHHs 3aBHCUT OT HAarpy3KH.

Jlns acTaTHIecKOl XapakTepUCTHKN HamMpsyKeHHEe Ha BBIXOJE MpeodpasoBaTens MOAIepKUBaeTCs
MOCTOSTHHBIM:

U,=U,, =const. (H

Craruyeckass xapakTepuCTHKa Uil PeryJIMpyeMOoro YCTpPOMCTBA OMNPEENSeTCs CTaTU3MOM
(YrJIoM HaKIOHA MPAMOI BHEITHEH XapakTepUCTHKN):

Ud =Uy—k,

51 2 (2)
rie ks — ko3 duiment crarusma;

I—T1ox CHOD (nosokuTepHOE 3HAYEHHE — PesKUM pas3ps/ia, OTPHIIATENBHOS — PEKUM 3apsia).

M3BecTHBI KOMOMHUPOBAHHBIE XAPAKTEPUCTHKH, B KOTOPBIX MOCTOSHHOE 3HAYCHHWE HATTPSAKEHHA
COOTBETCTBYET HEKOTOPbIM [HAllAa30HAM HArpy3KH, I OCTAJIbHBLIX [UAINIA30HOB pealu3yercs
CTAaTHYECKas XapakTEePUCTUKA. YKa3aHHbIE XapaKTEPHCTUKM DPEATU3YIOTCH Ul  YIPaBIAEMbIX
BBIIPAMUTENICH M PEaKTOPOB HA TATOBbIX MOACTAHIMAX, UMEKLIMX OCOOCHHOCTH OrpaHUYEHMSA
JIAANa30HOB PEryJupPOBAHUA HANPSHKEHNUs BCIIEICTBHE CXEMHbBIX M KOHCTPY KTHBHBIX OCOOEHHOCTEH
VCTPOWCTB.

[Tpu perynupoBanun CHD3 1o ypoBHIO HAnpsyKeHWss B COOTBETCTBMM C TEOpHUEH
ABTOMATHYECKOr0 YIMpPaBIEHHUS CIEAYyeT NPUMEHATh PEryJMpOBaHHE CHCTEMbl TakuM o00Opas3om,
4TO0BI ATO COOTBETCTBOBAIIO LICJIH YIIPABICHHUS.

3ajaua ynpapiaeHus pexumamu pabotet CHDD OTHOCHTCA K 3a7adyaM €O MHOMKECTBOM
nepeMeHHbIX, HallPUMEDP, KaK ITO [oka3aHo B padorax [8, 9]. [Ipu pewiennu 3agauu peryjupoBaHus
HaMpsUKEHUS B CYMMAapPHO# Harpy3Ku B FPaHUIAX MEKMOACTAHIIMOHHOM 30HbI MpH oMot CHID
VIpaBIAOIIME BO3JACHCTBUA (X;) OMpENENstOTCS YPOBHEM HANps/KeHMs Ha [IMHAX [0CTa
cekuunonupoBanus Ulic (TaroBoi moacranumu Util) U HArpy3skoi 2MEKTPONOABMIKHOTO COCTABa,
H3MEPAEMOH Ha TOCTY CEKUMOHMpPOBaHWA [iic (TAroBOW moxactranumu /f11). Bosmymaroime
BO3JAEHCTBUS (Zi) ONpENeNsArOTCs OTKJIOHEHUEM HanpsbkeHus AU OT HanpsbkeHHs craduwin3anuu
(omopHoro HanpskeHus Uref) 1 YPOBHEM [111 M M3MEHEHMEM TATOBOM HArpy3KW MOACTAHIMA Al11.
PerynupyembiMu nepemeHHbIMU (Vi) SBISIOTCA HanpsxeHue Ha Bbixoge CHOD Usux U TOK [ou,
onpezensieMble Ui PeKUMOB 3apsaia U paspsajaa. [IpomeskyTOUHBIMH NEPEMEHHBIMH (1) ABIAIOTCS
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nokazaTtenu padotel CHDOD, K KOTOPBIM OTHOCATCA CTEMEHb 3apskeHHOCTH SoC, riybuHa paspsana
DoD, Temnepatypa ¢ MoayJaei, HapaboTka Moayiel # (KOJIMYeCTBO LMKIOB paboThl) W ap.

Pewenune 3amauu BblpaBHUBaHMSI rpaduka HArPy3KH TArOBBIX MNOACTAHLUWA CBS3aHO C
peryiaupoBanuem Toka Harpy3ku CHDD B 3aBHCHMOCTH OT TOKa Harpy3ku 3/€KTPONOABHIKHOIO
coctaBa M TArOBbIX mMoAcTaHImil. C poCTOM TOKAa HArpy3Kkd SISKTPOTOABMKHOTO COCTaBa
yBenuuuBaercs u Tok CHOD a1a COOTBETCTBY OLIMX PEKUMOB. Y TNPABISIOIINE BO3ACHCTBUS (Xi)
ONpeslesIATCA YPOBHEM TATOBOW HArpy3kd Ha TArOBbIX nojacraHumsax /fm. Bosmywarouiue
BO3JAEHCTBUS (zi) SABISAIOTCS OTKJIOHEHMEM TITIOBON Harpys3ku A/r1 B COOTBETCTBYIOLIEH uactu
MEKTMOCTAHLIMOHHON 30HbL PeryimpyembiMi nepeMeHHbiMU (1), Kak W B MpeablayLiei 3anauve,
ABISAIOTCA HanpskeHnue Ha Bbixoge CHOD Usux 1 TOK lyux, ONpeaenseMble s PeRKUMOB 3apsaaa 1
paspsaga. [IpoMekyTOYHBIMU TNEPEMEHHBIMU (i) ABJIAIOTCA BHYTpeHHMe nokasarenu CHDOD, k
KOTOPbIM OTHOCSTCS CTETNEeHb 3apsikeHHocTH SoC, rnyOuHa paspsaaa DoD, temnepatypa f, HapaboTka
1 (KOTMUYECTBO LMKJIOB paboThl) M APyTHe mokaszaTean paboThl.

OyukuuoHanbHas cxema ynpasnenus CHOD ¢ o0parnoil CBA3bIO, peansyrolas perympoBaHue
M0 YPOBHIO HANPSKEHMS HA IOMHAX [MOCTa CEKUMOHMPOBAHHS C YYETOM IOKasaTesieid paboTbl
HAKOMUTENS JTEKTPOIHEPIUH, MPUBEJIEHA HA PUCY HKE 3.
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Pucynok 3 — @yukunonansHas cxema ynpaenenus CHID ¢ perynuposanueM 10 YPOBHIO HANPSKEHHUs

Pesxumbl pabotel 1 Tok CHOD Juax OnpesiestoTes ypoBHeM HarpsikeHust Ulic Ha mMHAX 00beKTa
(TAroBOM MOACTAHLIMM WM JIMHEHHOrO YCTPOICTBA), K KOTOPOMY MOjK/IroueHa cuctema. [lopsamok
cMeHbI peskuMoB paboTel CHOD cnemyrommmid.

1. Ilepen BkIOYEHHMEM B pabOTy cHUCTEMa AMArHOCTHKM TeXHHuYecKoro coctosHus CHDODO
onpexnenseT ocHoBHBIE mokaszarenun HOD (SoC, DoD, n, t, Usx, lex) W mepenaeT ux Ha 010K
peryJiupoBaHus.

OnHOBPEMEHHO € YTUM Ha OJIOK PeryJIMpoBaHuUs MocTynaeT uHpopMaius 00 ypOBHE HANPSKEHMs
Ha HIMHAX YCTPOHCTBA (MOCTa CEKIIMOHUPOBAHMS).

Ha ocHOBaHWMM TOCTYNMBIIMX MAHHBIX O cocTosHMM HDOD u ypoBHe HampsokeHusa Oa0x
peryiaupoBanus (POPMHUPYET YIIpaBIIsitolIee BO3ACHCTBIE HA peodpa3oBaTelib,

B cayuae npeBbiiieHNs 0NOPHOTO HANpsKeHUst Uses C TOMOILLBEO PeoOpa3oBaTess BbINOIHACTCS
sapaa CHOD, mpu 5TOM ypoBeHb TOKa 3apsaga ompenenserca OJ0KOM peryJavpoBaHHs TaKuM
o0Opasom, 4TOOBI MPHM YBEIMYEHHM HANPSKEHUS MPOUCXOAWUIO COOTBETCTBYIOLIEE YBEIMUYCHHE
YPOBHS TOKA 3apsija.

B ciydae cHWKEHMs YPOBHs HAmNpsDKEHWS HA IIMHAX HUXKE ONOPHOTo HarpskeHus Uyes
peanusyeTcs peKMM paspsaa, TpU 3TOM  YPOBEHb TOKA paspsana onpenenserca Ogokom
PEryJupoBaHus NPONOPLHOHATBHO OTKIOHEHHIO HAMPSYKEHHs OT YPOBHS OMOPHOTO HANMPSKEHUS.

2. Ilpn HanpsskeHMM HA LIMHAX YCTPOMCTBA, HAXOAAWIEMCS B JuanasoHe, OMM3KOM K
HarnpsikeHuto crabunusauuu Uy, CHID naxonurest B pexxume oxuaanus, Tok CHDD paseH Hyto.

3. B ciryuae Bbixosia nokasateneit HOD 3a nonyctumbie npeaeisl CHOD nepexoaut B pekum
OKMIAHHUA (B HOPMATbHOM PEXXMME ) WM OTKIIOYAeTCA (B aBapHfHOM PEKUME ).
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CTpykTypHas cxema CHCTEMBI TATOBOTO JIEKTPOCHaOKeHHs mocTtosHHoro Toka ¢ CHDOD,
peryJupyeMOi M0 YPOBHIO HamNpsOKEHWsA, COACPKUT 00OpYJOBaHWE W3MEPEHHA W PErnCTpamny
HANPSOKEHUS, PErYJIMPOBAHUS PEXKUMOB U XapaKTePUCTUK (PUCYHOK 4),
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Pucynok 4 — CrpykTypHas cxema MeKTIOICTaHIMOHHON 30HBI
C CHCTEMOM HaKOMIEHWs 3IEKTPO3HEPTHH, PEryIHPYEMOH 110 Y POBHIO HAMPSAKEHUS]

Hanpssxenue Ha wmHax ycrpoicrBa Uwm (B 4acTHOCTH, mocta cexkunonuposanus Utic)
(cMm. pucyHok 4) nmoctynaer Ha Onok peryiauposaHus (CAP). Ha Bxon CAP moctynatoT JaHHbIE
M3MepeHHd TokKa lews 4 (Tok CHDD lsux) 1 maHHble W3Mepennit nokaszareneit (SoC, DoD, n, t, Usux).
C nomotupto CAP BeinoniugeTcs peryaunposanne padbotsl npeodpazosarens DC/DC.

Hampskenue B KOHTAKTHOW CETH 3aBHCHT OT YPOBHS HANpsCKEHHA HA [IMHAX TATOBOM
MNOACTAHLIMM, TSINOBOM HArpy3KkM M CXEMbl MUTAHHA M CEKLUMOHUPOBAHUS KOHTAKTHON CETH.
KauecTBeHHas XapakTepUCTUKA BHEIIHEH XapaKTePUCTUKH B 3aBUCUMOCTU OT OTKIIOHEHMS YPOBHs
HAMPAKCHUS OT HAMPAKEHUA CTAOWIM3ALMH TPUBEACHA HA PUCYHKE S,

I max )r
: Paspsin Urt
T 0
leprs
3apﬂr}1 3 max
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Pucynok 5 — XapakTepucTHKa CHCTEMbI HAKOTIEHHS 3MIEKTPOIHEPTHH MIPH PETYJIUPOBAHHUH 110 YPOBHIO HATPANKEHHS

[Ipy 3HaYeHHH HATNPSIKEHUS B KOHTAKTHON ceTu Um, paBHOM ONOPHOMY HaNpssKeHHUIO Usef, TOK
CHDD Icuys orcyterByeT. TIpy majeHUH HanpssKEHHWA B KOHTaKTHOM ceTH HMKE Ues TOK IcHnd
VBEIIMYMBACTCA JUI KOMIICHCALIMU MAAECHUs HANPAKEHUS B KOHTAKTHOH CETH JI0 MAKCHMAIbHOTO
YPOBHSA [p max, TIOCJE KOTOPOTO CACAYET cTabMIM3alms mno ToKy. AHAJIOTHYHBLIM 00pa3oM CTPOUTCS
XapakTepucTHKa B pexkuMe 3apsazaa, rae Tok CHOD npu pocte HanpsHkeHHs yBeIMYMBACTCH 10
MAaKCUMaJIbHOTO YPOBHS /a max.

®parmeHT anroputMa padorsl CHOD npu peryaupoBaHuU 10 YPOBHIO HANPsKeHUs TPUBEIEH
Ha PUCYHKE 6.
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B 3aBMCMMOCTM OT VYpOBHA Hampsukenus Ul

(o ) ompenenseTcs TOK JUIA PEKMMOB 3apana [:i WM
Onpeescre paspsana  [pi, OrpaHMUMBAEeMblii MaKCUMAJbHBIMU
/ e / pabourMuU TOKAMH JUTs COOTBETCTBYIOIINX PexKiMOB. B
ciaydyae HewcnpaBHocTH paborei CHDD  BBOAMTCA

o @ Her 3anpeT Ha aanbHenwyw paboTy ycTpoicTsa.
Crabunuzauus ypoBHs HaNpsuKeHWs HA LIMHAX

R nyTtem peryjiuposanus Toka CHDOD npu onpenenenuun
€ro ypoBHA MO (PYHKUHOHAIBHBIM 3aBUCUMOCTAM
BBITIOJIHAETCA € Y4YE€TOM YPOBHS W CKOPOCTH
- - W3MEHEHUsl HANpPsKeHMWs W TOKA HAa KaxkJIOM Ilare
perynupoBanus. [lpu  perynupoBaHuMM TOKa B
__:.!;‘ pasTuUHBIX peKuMax paboTel s 3alUThI CHIOBOTO

000py1OBaHMs YUMTHIBAETCA CKOPOCTH HM3MEHEHUS
! ! TOKA ¥ HANPSKEHUS

Peryamporatne pesuna paborsl npeobpazosatencl (L;, fp)

de diﬁ(p) f
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e l PerynupoBasue no ypOBHKO HAMPSKEHUS ABIACTCSA
¥ Eout OJIHUM W3 HauboJiee NPOCTHIX M PACIPOCTPAHEHHBIX
croco00B CTaOMIN3ALMK HAMPAKEHUS] B KOHTAKTHOM

Pucyrok 6 — Anroputv perymuposatins CH3S  cery g peanmsyeTcs B aBTOMATHUECKOM PEXKHME.
110 YPOBHIO HAMPSIKEHHUS

Ycerpoiicta perynupoBanus kak B CTO 00CTOSHHOrO (Hanpumep, yCTpoicTBa OECKOHTAKTHOIO
ABTOMAaTH4YECKOr0 pEeryJIMpOBaHHUs HANpMKEHWS HA TATOBBIX [MOACTAHLIUAX C TOMOILIBIO
VIPaBIsAEMbIX PEAKTOPOB), TAK U MEPEMEHHOr0 (HanpUMep, YCTPOHCTBA KOMIIEHCALIMK PEaKTUBHOM
MOUIHOCTH, MO3BOIAIOIINE BBINOJHUTE TUIABHOE PETYJIHMPOBAHUE HAMPSHKEHHA 3a CUET U3MEHEHUS
YPOBHSI M XapakTepa Harpy3kH) TOKa MOJYyYWIU LIMPOKOE PAacHpOCTPAHEHWE HA CeTH IKETe3HbIX
nopor Poccun. K HenoctaTkaM JTaHHOTO PEryJUpOBaHUS OTHOCAT OTCYTCTBHE KOPPEKTUPOBKH
XapakTePUCTUKM yCTPOUCTB B 3aBUCMMOCTH OT U3MEHEHNS YPOBHA HANPAKEHUS ¥ TOKA HArpy3Ku Ha
CMEKHBIX TITOBBIX NMOJCTAHIMAX, a4 HA TATOBBIX MONCTAHIMAX MEPEMEHHOrO TOKAa — OT YPOBHA
PEAKTHBHOM MOLHOCTH M YPABHUTEIBHOTO TOKA.

Cxembl 3amerienust CTD s onpesiesieHus SJHEPreTUYECKUX nokasaresieil padboTsbl CTposTCs Ha
OCHOBE MCTOUHWKOB OJIC, COMpPOTHBIECHWN W HCTOYHMKOB TOKa. llepmBas rpynma 31eMeHTOB
MO3BOJIAET 3a7aTh HAMPAKEHUE XOJOCTOrO X01a, BTOpas — 3a/aTh KOH(HIYpPALKIO KOHTAKTHON M
PEJICOBOM CeTell ¢ yueTOM pasMELLEeHUs NIEKTPONOABUKHOrO cocrasa (DIIC), Tperes — 3azarhb
TATOBYIO Harpys3Ky.

Jlna oTpaboTKM anropuTMOB PEryJIMPOBAaHUS IOCTATOYHO PaccMOTpeTh Haubosee MpOCTyHO
CXEMy MUTAHUs MEKNOACTAHIIMOHHOM 30HbI, XapaKTepHOI Ui OJAHOMYTHOTO Y4aCTKa KEeIe3HOH
nopory, s kotopoid uctounuk DJ1C pacrionaraercst Ha CTOPOHE NOCTOSHHOTO TOKA HAMPsKEHHEM
3,0 kB, a koHTakTHas U peyibcoBasi CeTH IPEACTABIEHbl COOTBETCTBY IOIIUMU COMPOTUBICHUSIMHU,
Harpy3ska DITC HOCHT BEPOSATHOCTHbBIM XapakTep M /Uid pelieHus 0003HaYeHHbIX 3a/1a4 MOKET ObITh
npejcTasieHa 0JlokaMH ¢ UICTOUHUKAM M TOKA, B KOTOPBIX HArpy3Kka M3MEHAETCS C1yYaiiHbIM 00pazom
B 32[JaHHOM JUara3oHe.

CHDD, pacnosioskeHHass Ha MOCTY CEKIIMOHWPOBAHMA, MPEACTABIAETCs UCTOYHUKOM TOKa, B
KOTOPOM PEryJIMPOBAHME OCY LIECTBIACTCA HA OCHOBE W3MEPEHHOTO YPOBHS HANPAKEHUS Ha IMIMHAX
nocra cekuuonmposanus. Jlna peannsanum anropurma B Matlab ucnonawnsyercs Onox ¢ynkumun,
KOTOPBIA MMO3BOJIAET 3a[aTh PaspsAAHYI0 U 3apsaHyro xapakrepuctuku CHDID (cm. pucyHok 5).
PerynupoBaHde HCTOYHUMKOM TOKAa BBIMOJHAETCS C mNomoulbio Onoka fem (Matlab Function),
cofiepkaiero GpyHKIN CAeIy FIIEero BUAa:
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Pesxum 3apsana :

N Hemsss t < Limax = Lorinn s ==/, (U)+a;
Uizl | 21, =1 =
| FCH3%2 ¢ = Tamax CH3Ds 4 = “smax:
Peskum paspsna 4)
-'IE‘HTJCip i = Jirpma.‘{ —* 'I(‘.H'j’:lp i = --fi.\ ((}r)+ b’
Ur=loril p 21, > 1 =1
| “CH3p i = " pmax CH22p i — “pmax”

Pesknm okugaHus

U, =U,y oy =0,

rae fs, fp — Gyakumn, onpeaenstompe Tok CHOD B pexxume 3apsia n paspsana COOTBETCTBEHHO,

a, b — cobosHbIe wieHsl ypaBHeHus xapaktepuctuk CHI3.

Jlis peulenusi 1aHHON 3a7auM MpeaioykeHa UMHUTALMOHHAS MOJENb B MPOrpaMMHON cpeje
Matlab, npu noctpoenun KOTOpoii st OTPabOTKH AITOPUTMOB MIPUHATDI CIEIYFOLME IOy HIeHUS:
VYaCTOK JKENe3HOM MAOpOTM SABIAETCA OHOMYTHBIM, HATPy3ka 3NEKTPOMOABMIKHOTO COCTaBa
ABIACTCA CTALMOHAPHOW, TPWU 3TOM TOK HArpy3kd H3MEHAETCA CaydaiiHeiM o0pasom no
PAaBHOMEPHOMY 3aKOHY paclpeie/ieHus B 3a/1aHHOM JMana30oHe; BHELLHUE XapaKTePUCTUKH TATOBbIX
MOJCTAHIMI ABNAKOTCA €CTeCTBEHHbIMM; Bpemsi oTkiuMka CHDD cooTBETCTBYeT Miary pacieros,
CHDD npencrapieHa B BHJE WCTOYHWMKA TOKa, MpW padoTe YCTpoicTBa HE YUYMUTHIBAKOTCS
TEMIEPaTy PHbII PEAkUM, pecypce, Aerpanains i APy rue nokasaTtesn, CBA3aHHbIe C PeKUMaMu padoThl
CHD5. Monenb, pazpabotanHas 1Jisl aHAIM3a MPOLECCOB B I'PAHULAX MEKIOACTAHLUMOHHON 30HbI B
nporpamMMHo# cpezie Matlab npu npuHATBIX LOMY LIEHUAX, TPHBEAEHA HA PUCYHKE 7 U COAEPIKUT /1B
TArOBBIC MOACTAHIUU — | ¥ 2, 00BEAMHEHHBIE KOHTAKTHON U PEIbCOBOM CETAMH OJJHOTO MyTH, MOCT
CEKLIMOHUPOBAHMS 1 JIBE €AMHULIbI DIIEKTPONOABMKHOrO coctasa (OI1IC1, 2).

Tarosan Taroan

noAcTaHuUMe 1 m nogcTaHLms 2

o = recr |

CERLINOHMPOBAHM T

i}

i1
i
|

[} [—t ¢ |

Pucynok 7 — Moaens MexknoacTaHIMOHHON 30HEI

Monenupyercst peskuM BYXCTOPOHHETO TUTAHWS MEKIOICTAHIMOHHONW 30HBL M3meHenue
Harpy3KH 3IEKTPOTIOIBMYKHOTO COCTaBa MPUBOIAMUT K M3MEHEHMIO HATIPSKEHUS, COOTBETCTBY FOIIIEMY
NaJeHuI0 HATIPSKEHUs B KOHTAKTHOU CeTH. PeryimpoBanue ypoBHS HaNpsyKeHWs HA LIMHAX MOCTA
CEKITMOHUPOBAHUs KOHTAKTHOM CETH BBITIOJIHAETCA Ha OCHOBE M3MEpEHHWI YPOBHs HANpsSIKEHUS W
OTpeliesIeHns ero OTKIIOHEHUA OT YPOBHSA OMOPHOTO HANPSHKEHUS (HANPSKSHNUs CTaOMITH3aINH ).

PaszpaboTannas MOAeNb MO3BOJIAET OMPEAECTUTh TOK W MOIHOCTE CHOD B 3aBHCHMMOCTH OT
YPOBHSI HANPSKSHUS HA TOCTY CEKLMOHUPOBAHMS, ONPEACISEMOr0 MPH W3MEHEHMM TrOBOM
Harpy3ku. @parMeHT pesyibTaToB pacuera Juls pexkuMa paspsja NpUBe/IeH Ha pucyHke 8.

Peanu3oBaHHas XapakTepUCTHKA TPOWUIIOCTpUpOBaHa Juis peskuma paspsaga CHOD.
PerynupoBsanue mo ypoBHIO HanmpsuKEHUS MO3BONACT CTAOMIM3MPOBATH HAMpsUKEHHE HA YPOBHE
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onopHOro (s anpobaimu paboThl AITOPUTMA PETYIMPOBAHHA PE3YIbTAThl NPUBEACHBI 1A Y POBHSA
Hanpsxenus 3500 B).

T L 1l I 11 T

1 L] 1) 1)
Hanpsokenune na munax [1C A Cymmapnas TAroas Harpy3ka

B //

PerynimpoBanne no ypOBHIO HaNpsKEHHs!
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3460
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Pucynok 8 — @parmenT pesynbTatos pacuera HanpsskeHus v Toka CHDD: nanpskenue na wuHax (a); cymmapHas
TAroBas Harpyska (0); narpyska CHDOD (6); cymMmapHas Harpy3ka MexXMOACTAHIIMOHHOMH 30HE (2)

Beibop koa(dunmenta crarusma U (pyHKIMN PEryaMpoBaHUs ONMPEACIAETCS yPOBHEM MOTEPD
HANps)KeHUs] B KOHTAKTHOM CETHM M OrpaHUuYeHMsMU HA YPOBEHb MOLIHOCTH U JHEPrOeMKOCTH
HakoruTess aekTpodneprun CHOO.

Bo3MoskHbI cnenyromime peskuMbl HanpsskeHust B CTD npu pasnudHbIX pekuMax MUTAHUS U
paboThI CHCTEMbl BHEIIHETO 3EKTPOCHAOKEHNUS:

1) HOpMaJBHBIA PEKUM, JUIs KOTOPOro HAIMPSAKEHUS XOJIOCTOr0 XOja TATOBbIX MOACTAHLMI
COOTBETCTBYIOT pabOuUM Juara3oHaM.

YKka3zaHHbIl pekum sBIIseTcs Hauboliee pacrnpoCTPaHEHHbBIM, MPOIOJKUTEIbHOCTh PaboThl B
kotopom ansa CTD mpesbimaer paboty B Apyrux peskmmax. Ompenenenme mapamerpos CHOD
BBITIOJHACTCA U YKA3aHHBIX PEKMMOB € YHYE€TOM PEKYNEPaATHBHOIO TOPMOXKEHHA, NMPH KOTOPOM
Ha0JIK01aeTCsl MOBbILLEHUE HANPSKESHNS B KOHTAKTHOM CeTH;

2) pexxum paboThl, B KOTOPOM YPOBEHB HAlPKEHUs XOJIOCTOro X0/1a 0JIM30K K MaKCUMaJIbHBIM
paboyYMM 3HAUCHUSAM.

PabGora CHO3 B nanHOM peskuMe XapaKkTepH3yeTCsl y BeTHUEHHUEM IPOI0IKUTEIBHOCTH PEKUMA
3apsjia OTHOCUTENIbHO TPOIOKUTEIBHOCTH PEKMMa paspsja W NPUBOIUT K TMOBBILIEHUIO YPOBHS
CpemHeil CTeneHu 3apsKeHHOCTH. [Ipu YBETWUEHNN CPEIHErO 3HAYCHUS HANPSIKEHUS XOJIO0CTOro
X0/ Ha TATOBBIX MOACTAHLMAX OTHOCHTENBHO PaCUETHOro HabmoaaeTes CHwKeHne koddpduuenta
ucnoab3osanus CHID;
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3) peskum paboThl, MPU KOTOPOM YPOBEHb HAMPSIKEHUs XOJOCTOr0 XOJa HWKE PACUETHOIO
YPOBHS ¥ OJM30K K MUHUMAIbHBIM 3HAYEHUSAM HanpskeHus. B nanHom ciyuae ycnoBus paboTbl
CUCTEMBbI HAKOTIICHHUA 3NIEKTPOIHEPTHN U3MEHAIOTCA HA MPOTHBOMONOKHBIE. [IpOOMKUTENBHOCTD
pekuma paspsjla BO3pacTaeT, Cpe/iHHi yPOBEHb CTENEHU 3apsKEHHOCTH CHHKACTCS.

Ecim Bo BTOpOM cCllydae pekuMa HalpsoKeHHs BO3ZHHKAeT CHTYalWs VBETWYEHUs J10JIH
Heucnonab3lyemoit sHeproemkocth CHDOD, TO B TperbeM ciydae 0js HEUCIOJIb3yeMOii
sHeproeMkoct CHD yMeHbIaeTcs 10 OKOJIOHYJIEBbIX 3HAYSHHUI.

B npencrapnenHbix peixuMax padoThl HadMOAAKOTCA pasauuHbie ycinoBus padorer CHOD,
MEHSIOIIMECS OT pacueTHBIX K Oojiee JerkuM (BTOPOH BapuaHT) WK, HA00OPOT, K Bosiee THKETbIM
YCJIOBHMSAM SKCIUTy aTaluu (TPeTHid BapHaHT).

BbIHYK/IEHHBIE PEKUMbI TMUTAHHS MEKIIOJCTAHIIMOHHBIX 30H CYIISCTBEHHO OTJIMYAOTCS OT
HOpPMalbHbIX MO YPOBHI HANPS’KEHUSA B KOHTAKTHON CETH M MOTYT MPHBECTH K YCKOPEHHOMY
McYepraHuio pecypca HakonuTens dnekrpodneprun B CHIO [10]. Ykazannas kapruna Habatonaercs
MPU MPUHATLIX NOCTOSHHOM KO(P(PULIMEHTE CTATU3MA U YPOBHE OMOPHOTO HATIPSAIKEHHS.

3agaya obecneyeHna HOPMATHBHOTO CPOKA IKCIITyaTaluy ¥ COXPAHEHUs pacyeTHONH HapabOTKH
CHDD Moxer ObITh pelleHa MyTeM WCIOAb30BAHMA pa3MUHBIX CNOCOOOB peryjJupoBaHus
vomHocTH CHDOD wnm amantaumm ko3p@PUUMEHTOB CTaTH3Ma XapakTepUCTHK TMOA YPOBEHB
HanpsKEHUsT XOJI0CTOr0 X0/4a CMEKHBIX TATOBBIX MOACTAHLMI U TArOBON HArpy 3KHu.

Takum 00pa3om, Ha OCHOBE PACCMOTPEHHBIX CTPYKTYPHBIX CXEM CUCTEMbl HAKOTIJIGHHS IEKTPO-
HEPrMU U CXEMbl NMUTAHUS MEKIOCTAHLMOHHON 30HBI CUCTEMBI TATOBOrO 3ME€KTPOCHAOKEHHS
MOCTOAHHOTO TOKA MPeUIOKeHbl (DYHKIMOHAIBHAS CXeMa YNPAaBIEHHs C PEryJMpOBaHHEM MO
YPOBHIO HanpskKeHWs M COOTBETCTBYHOLAS CTPYKTYpHAs CXeMa MeXKMOACTAaHLMOHHONH 30HBI
[IpennoxeHHbI aNrOPUTM PEryJMpPOBAHUA PEATM30BAH C YUETOM 3aJaHHBIX XapakTepHCTHK
CUCTEeMbl HAKOIUICHUS JIESKTPO3IHEPIUK B pazpaboTanHoit Moaenn Simcape/Simulink/Matlab.

MopnenupoBanne paboThl CHCTEMBI HAKOTUICHHS JJIEKTPOIHEPTHH TO YPOBHIO HATPSIKEHUSA
MO3BOJIIET OLUEHUTb S(H(HEKTUBHOCTL DPEryIMpOBaHUsS HA OCHOBE XAPAKTEPUCTUK, OMNPEAC/UTbH
MmapaMeTpbl CHCTEMbl HAKOIJICHWS 3JIEKTPOIHEPTUM Il PA3IMUHBIX YCJAOBHH (OPMUPOBAHMS
ANEKTPOTATOBOM HATPY3KH.

CoBepuieHcTBoBanke anroputMa Ha 0ase paspaboTaHHOM MOJETH OCYIUECTBIACTCA IO
CJIEIY FOLMM HATPABICHUAM: YUET MapaMeTPOB U alTOPUTMOB pabOThl BOJBTOA00ABOYHBIX M APYTHX
peryjaupyeMbiX YCTPOWCTB B CHCTEME TATOBOIO 3JIEKTPOCHAOKEHUs, yueT rnokasareneil paboThl
CUCTEMbl  HAKOIUICHWsI  JJleKTpodHepruu  (miyOduHa  paspaga, CTENeHb  3apsKeHHOCTH,
MPOJIOJDKUTENIBHOCTD M KOJHYECTBO IIMKJIOB paboThl); BHIOOP CXEMHBIX PEllieHH BhINMPAMHUTEIBHO-
WHBEPTOPHBIX MPeoOpazoBaTe/ieil; OrpaHUUCHUE MEPErpy3kd U CKOPOCTH M3MEHEHHS Harpy3ku
TATOBBIX  TMOJACTAHLMH, PEryJMpoOBaHME CHCTEM  HAKOIJIEHHA B  CHCTEMax  THATOBOTO
NEKTPOCHA0KEHHA MEPEMEHHOTO TOKA C YUETOM PEryJMPOBaHUA HAMPAKEHHA ¥ MOIIHOCTH, B TOM
4UCJIE 3a CUET PEryJIMpyeMbIX CPe/ICTB KOMIEHcalMK (CTaTUYECKUX KOMIIEHCATOPOB U FEHEepaTopoB)
PEAKTHBHOI MOIIIHOCTH.

Hceeneoosanue swinoaneno npu gunancoeoil noooepicke Poccutickozo nayunozo onoa, naydnwlii
npoexm N 22-29-00002, https://rscf.ruw project’22-29-00002".
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101,602 klla. B yacmuocmu, 66110 YCMAHOBIEHO, YN0 CKOPOCHb GCIPEYHO20 6eMPa EVIecmBEentbIM 00PA30M Gilisien
HA CKOPOCMb OBUNCEHUS ROIYEAZOHA U Mpedyem yuemd npu MIaHUPOSAHul U YAPAGHIeHUN padomsl COPMUPOSOYHOT
2opxu. Ipu conocmasneni CKoOpocmeil OBUNCCHUA KPLINbIX 1 ROAYBAZOHO8 HA COPRMUPOCOUHOI 20PKE BbIAGICHO, YN0 6
pesyivmane UMEHEHUA YCKOpAIowjeeo (CKOpOCHHO20) YHACHIKA COPMUPOBOYHON 20pPKH 6 KOHYe YCKOpAIoujezo
(CKOPOCMHO20) YHACTKA CKOPOCHTb ROAYEA20HA HA 34,6 %% Menblite, Yem CKOPOChty KpuImo2o éazond. Kpome mozo, ouin
YCIMAHOB1EeHb! OCOOEHHOCHIN AIPOOUNHAMUYECKO20 OAGAEHUA HA ROTYEAZOH 1 €20 6HYMPEHHUE KOMROHEHNTb, YO UMEen
SHA®eHue O obecneyents 6e30nacHOCHU U HPPHEKMUSHOCIU MPAHCROPHIHLIX OREPANUTL.

3mo uccnedosaniie UMEen SANCHOE NPAKINUYECKOE SHAYEHUE OA JICENCSHOOOPOICHOI OMPACH, NOCKOIbKY €20
Pezyabmantvl. Mogym Ovimb UCROA306aHbL Ol PAPAGOMKY HOGLIX MEMOO06 W MEXHOAO2UT, HANPAGIEHHbIX Ha
yayuienite Gesonacnocniu u >PhexmusHoCmy COPMUPOBKU 6A2OHOE U ICENEZHOVOPONCHBIX Nepeso3ok. Kpome mozo, ono
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MoaBWXHOWM COCTaB Xene3HbIX AOPOT,

TAra noesnoB n QHEKTpMdDMKaLI,Mﬂ

BHOCUM BKNAO 6 HAYYHOE ROHUMANHUE dMMOCphepublX (DAKMopos, SHUAIOUUX HA MPAHCROPITIbIE CHCIMEMbL, U MOJCem
Gbmb ROAE3HBIM 015 0ATLHEHNUX HCCAed08aAN Tl 8 9mOoil ofnacmu.

Heeneooeanie 6030elicm6ust 6CMPENHOZ0 6EMPa Ha ROAYEAZON RPH POCHYCKE € GEPUIHBL 20PKU BPeOCAasien
CODOT 3HAUUMBI GKIAO 6 pazeuniie MPancROPMHOTE HAYKY U PAKMUKY, & €20 Pe3ViIsmamst MO2YM Obiits UCRONBI06aAHB
IR NOBBIMIEHUA OE30NACHOCIRU U IHDEKMUBHOCIU HCETEIHOOOPONCHBIX NEPEBOIOK.

Knwueegnte caoea: copmuposounas 20pra, 6cmpeynslii éemep, d3poouHAMUYECKoe OasneHue, mypoyieHmuslil
6030VUHBLTE ROMOK, RAOXOTE DEZYH, NOTYBAZOH.

Matluba A. Khadjimukhametova, Samandar B. Sattorov, Shukhrat U. Saidivaliev,
Ramazon Sh. Bozorov

Tashkent State Transport University (TSTU), Tashkent, the Republic of Uzbekistan

STUDY OF THE IMPACT OF HEADWIND ON A GONDOLA CAR
WHEN LEAVING FROM THE TOP OF THE HUMP

Abstract. This article analyzes the selection of wagon types as a bad runner (uncoupling) considering unfavorable
conditions when calculating the height of a sorting hill. The study of the impact of headwinds on a gondola car during
descent from a hill represents an extensive investigation aimed at examining the influence of atmospheric conditions on
the behavior of a railway composition. During this research, various parameters were analyzed, including the effect of
headwind speed on the speed and trajectory of the gondola car, as well as the evaluation of aerodynamic parameters is
also given and calculations of dynamic forces acting on the wagon are made. The main research methods were
mathematical modeling and computer simulation using modern sofiware packages such as SOLIDWORKS Flow
Simulation. These tools provided a detailed understanding of the impact of wind on the gondola car and its structural
elements and an analysis of potential risks and hazards associated with this phenomenon. The research results led to
several key conclusions. The maximum aerodynamic pressuve of the airflow on the wagon is 101.602 kPa. In particular,
it was found that headwind speed significantly influences the speed of the gondola car and requires consideration in
planning and managing sorting hill operations. When comparing the speeds of covered cars and gondola cars on the
sorting hill, it was revealed that due fo changes in the accelerating (speeding) section of the sorting hill, at the end of the
accelerating (speeding) section, the speed of the gondola car is 34.6 % lower than the speed of the covered car.
Additionally, specific characteristics of aerodynamic pressure on the gondola car and its internal components were
established, which are erucial for ensuring the safety and efficiency of transport operations.

This study holds practical significance for the railway industry, as its results can be used to develop new methods
and technologies aimed at improving the safety and efficiency of wagon sorting and railway transportation. Furthermore,
it contributes to the scientific understanding of atmospheric factors affecting transportation systems and may be valuable
Jor further research in this field.

The investigation into the impact of headwinds on a gondola car during descent from a hill represents a significant
contribution to the advancement of transportation science and practice, and its outcomes can be utilized to enhance the
safety and efficiency of railway transportation.

Keywords: hump, headwind, aerodynamic pressure, turbulent air flow, poor runner, gondola car.

B Pecnybarike Y30ekuctaH pealusyroTcsi Mephbl 110 PasBUTHIO TPAHCIIOPTHBIX CHCTEM, B TOM
YUCJIE OCYLIECTBISKOTCS MEPONpUATHS MO0 pa3paboTke TEXHOJOTHH, ONTUMHM3MPYIOLIMX M
KOHTPOJIMPYIOMMX YIpaBIEHHE IpoleccaMi 00pabOTKH BarOHONOTOKOB HAa COPTHPOBOYHBIX
CTaHUMAX KeJe3HojopoXkHoro TpaHcnopta. B ITlocraHosinenun Ilpesupenta PecrnyOanku
Y3bekuctan ot 2 gexkabpa 2017 1. «O Mepax 1O COBEpPUICHCTBOBAHWMK) TPAHCTIOPTHOM
MHPPacTPYKTYpPbl U AMBEPCH(HKALMHM BHELUIHETOPrOBBIX MapLUIPYTOB MEPEBO3KHA TPy30B HA 2018 —
2022 roabl» OTMEYEHbI TAKME 3a/aud, Kak «...MOBbIIIEHHE KayecTBa M 0€30MacHOCTH yCayr
KEJIE3HO0POIKHOIO TPAHCIIOPTA B LIEJIOM, CTPOUTE/ILCTBO HOBBIX JKEJIE3HOI0POIKHBIX MarucTpaiei,
MOBBILLICHHE YPOBHSA JIEKTPU(PUKALINK KETEe3HBIX JIOPOT, ...CO3/1aHue HEOOXOAMMBbIX YCIOBHMA s
YCKOPEHHOTO pasBHTHA JKele3HomopoxHoid cetn Pecnybnukm VY36exncran». [lpm peanusammn
JaHHBIX 33/1a4 BAYKHBIMK ACMIEKTAMH ABJIAIOTCSA BIOOP ONTUMAaIbHOMN BBICOTHI TOPOK COPTHPOBOYHBIX
craHuuil U pazpaborka crnocoda oldecrieyeHust YCTAHOBICHHOH HOPMBL CKOPOCTEH COyaapeHus
BarOHOB K «TPYTITNE CTOSUUX BArOHOBY.

TeopeTndeckue 1 NPAKTUIECKHUE MCCIEIOBAHNS MO Pa3BUTHUIO U COBEPIIEHCTBOBAHMIO pabOThI
COPTMPOBOYHBIX CTAHLIMI MPOBOAATCH B HAYUHBIX LEHTPAX BEAYILIMX CTPaH, B YHUBEPCUTETAX M
HayYHO-UCCIIEI0BATEILCKUX MHCTUTYTAX, B TOM uuncie: University of Baltimore (CIIIA), Technische

— NU3BECTWUA TpaHccunba




—— [logBMXHOU COCTaB Xerne3HbIX AOPOor,

TAra Noe3sfnoB U SHEKTPHCPHKGUMH

Universitat Berlin (I'epmanus), Swedish national Railway Administration (IllBeums), [letep-
Oy prekuii rocy IapCTBEHHBIN KeNe3HOAOPOXKHBIH yHIBepcHuTeT (Poccus), PoccHiicknii y HuBepeuTeT
Tpancriopra (Poccus), VYKpauHCKHII roCylapCTBEHHBIH  YHHUBEPCUTET  IKEJIE3HOIOPOIKHOIO
Tpancniopta (YkpauHa), TallkeHTCKHH rocyJapcTBEHHbIH TpaHCMOPTHBIM yHHMBepcuTeT (VY30e-
KMCTaH).

Psim yuensix, B vacTHOCTH, akanemuk Obpasuos B. H., Ponumos B. A., Typanos X. T. n npyrue,
3Q70KUBLIMX OCHOBBI CYLUECTBYIOLIMX B HACTOSILLEE BPEMsl METONOB ONPEAEIEHUS! BBICOTbI
COPTUPOBOYHON rOPKH, OTMETHIIH, YTO MOPOKHUI KPbIThIi BArOH HEOOXOAMMO paccMaTpuBaTh Kak
Nnoxoi 0eryH B caMbIX CIOKHBIX yeaoBusX [ 1, 3, 5, 7]. Cuuranoch, 4To MOPOKHUIL BAroH 3aKpbITOro
THMNA JBWKETCA ¢ COPTHPOBOYHOM TOPKHM MOJ JACHCTBMEM BCTPEUHOrO BETPa, W €ro nmpudbITHE B
PACUETHYI0 TOYKY TapaHTHPYeT MpPUObITUE BCEX OCTaBIUMXCS BaroHoB. (OJHAKO Hay4HbIE
HCCIeI0BaHMs [I0KA3aJIH, YTO [TOPOKHUI [10J1y BaroH, CIy IIEHHbIH ¢ BBICOTHI COPTHPOBOYHOM I'OPKHY,
HE MOJKET A0CTHYb PACHETHOMN TOUKH, KOTOPY O JIOCTUT NOPOKHMIA BATOH KPBITOTO THIIA, CITY ILIEHHBII
C TOI 7K€ BBICOTbI COPTUPOBOUHOM ropku [2, 4, 6, 8].

3anuinemM TeopeMy M3MEHEHHH KWHETHUYECKOM JHEPrun /15 HeCBOOOJHON MATEPUAIbHOM TOUKH
B cMeuieHnn AB, B KOTOpoii MOkeT NpPOMCXOAWTH JBM:KeHWe BaroHa. [Ipu 3Tom, yuwThIBas
HAYalbHYI CKOPOCTh Vir ¥ NPHUMEHAA €€ K KOHEYHOM paccMarpuBacMoil 3anade, MoJaydaem

(hopmyy:
G .5 o G ., . :
~2—g-V4 +G-sini-x, =£-VB -K,-G-cosi-xp+u-G-cosi-xp—F X5, (1)
rane G — cuna TaKecTH Barona, KH;
Va, VB — HavajbHas 1 KOHEYHAsl CKOPOCTH BaroHa, M/c;
Ky— k03 PUuneHT TpeHUs KaueHHs;
W — KO3 PUILIMEHT TPEHUS CKOJIBKEHHS,
XAB — I'IpOTﬂ}KGHHOCTb yqaCTKa, M.
C yueToM MambIX yriioB (7 < 5%) sini ~ i, cosi ~ |1 Beipaxkenue (1) mpuodperaer BU:
¥ y p pHoop
G . . G .
— Ky TG d ey =V - Kf'G'xAB +1-Goxy _FRcrp "X ip» (2)
2g 2g

rae F e NpoaojbHas CHIla a’spoiuHaAMHUYECKOro COIMNMPOTHUBICHHAA BETpa, AYHOWIETO MNPOTHB

NBWKeHH™ BaroHa, kH:

F];CTp = Raapl 'SI i Par,p2 S » (3)
T8 Eoo- Lo a’pPOMHAMHMYECKOE JIaBJIEHWE BETPA, BO3JEHCTBYIOIIErO HA TOBEPXHOCTH
BaroHa, [la;
5 — Hapy:KHBIE W BHYTPCHHHC TIIOBEPXHOCTH Ky30Ba BaroHa, M[IOABCPIKECHHBIC
Sl Sz

COMPOTHBIICHMIO BETPa, M” (PHCYHOK 1).

Pucynok 1 — Yepresk HapyKHBIX H BHYTPEHHHX MOBEPXHOCTEH Ky30Ba NONYBaroHa,
MO/IBEP/KEHHOrO COMPOTHBIIEHHIO BeTpa
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MoaBWXHOWM COCTaB Xene3HbIX AOPOr,

TAra Noe3aoB W AnekTpudukaunas——

[Ipn ompeneneHun KMHEMATHYECKMX MapaMeTPOB BArOHA, ABMXKYLIETOCS MO COPTHPOBOYHOM
rOpKe, XapakTep BETPa MOKET HE COOTBETCTBOBAThL HATPABICHHUIO ONpe/ieieHHbIX oceil. Kak ykazaHo
B HAy4HO# padote [8], BeTep nelcTByeT Mo IH0ObIM YIJIOM.

[TpyurHOM TOrO, YTO OTKPBLITHIA [OJYBArOH, JBWIKYIUHCA 10 COPTUPOBOYHON TIOpPKE, HE
JIOCTUTaeT PacHETHON TOUKH, SABISIOTCS CHIBI A3POJMHAMUYECKOTO BO3ICHCTBHUS BCTPEUHOTO BETPA
B HanpasiaeHnn ocn OX (pPHCYHOK 2).

Pucynoxk 2 — Cunbl 23poaMHaMHUuecKoro BO3AEHCTBHS BCTPEYHOro BeTpa B HanpasneHuun ocu OX

Benuaunbl A3pOAHHAMHWYCCKOI0 IaBJIEHHMA B COOTBECTCTBHH C PHCYHKOM 2 U B KaKJIOM
HalpaBJICHWH 3alHCbIBAIIUCL B BHIC!:

1 2.
Psapi:Ci.E'p' i s
= 1 V.?,
aspr x."_?*‘p‘ %2
1 2
ey =Gy 5PV “)
2
1 2.
Paapz ZCZ-E.)O'V: 2
1 2
LF:npi = Pmap? =C_\' '5.9.1’}.\‘ *

OcHOBHBIE MOBEPXHOCTH  MOMNEPEYHOro Ce4YeHuss B COOTBETCTBUH € TEXHWYECKUMH
XApaKTEPUCTUKAMU BaroHa 3alucadbl B BUJE!

S, =b-H, )
S, =1-b-i (©)

rae b — mmpuHa roJjyBarosa, M;

H — BbICOTA 11Oy BAroHa, M;

| — nvHA Moy BaroHa, M.

B cooTBeTCTBHM ¢ BbIpakeHHAMH (4) — (6) M, MOACTaBIAA B BhipaxkeHue (3) oduryo cumy
CONPOTUBIIEHNS! JBHKEHUIO BaroHa B HanpasyieHuy ocu OX, nojy4aeM paBeHCTBO:

P =0,5:C,-p-V2-(b-H+1-b-i)=0,5-C,-p-VZ-b-(H +1-1), (7)

rge C, — K03 QUIHEHT BO3AYIIHOIO CONPOTHBIICHHUS.
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TAra Noe3snoB U 3ne|<'rpud)v1|(aunﬂ

[Toncrasnsas BeipaskeHne (7) B ypaBHeHHe (2), MoayyaeM COOTHOLICHUS:

i'V: +Gi-xyy = (_!
2g

3 VK, G X+ -G Xy +0,5:Coop-V2b(H+14)x,;  (8)
g

&

Corgep ¥ b-(H +1) -3 9)
G :

Vg = Jlf +2g kX +28 K, Xy — 28 X+

B pesynbrare pemieHus BbIpakeHHs (8) cO3maeTca BO3MOMKHOCTH pacueTa KMHeMaTHYeCKHX
napaMeTpoB OTKPBITOrO MOJIYBArOHA, JABMIKY LLETOCs MO COPTUPOBOYHON MOpPKE, U YHUBEPCAIBHOIO
UETHIPEXOCHOIO KpbITOro BaroHa. Ilyrem peluenus BbipameHus (10) pacCUMTLIBAKOTCA YCKOPEHUE,
KHHEMaTHYECKUE XapaKTePHCTUKH BAarOHOB, IBHIKY LIMXCS 110 COPTHPOBOYHOI TOpKe:

Ay, =a,(i=|w,))
(; ] r 1 ; 2 r : 2,
9 =E'10 ==V, "(n+5a: '(‘_[wul}'tfr =V, =V,+a, '{I_Iwrfl)"rm

(10)

1
lku‘ = VA oty +E|af.-n" 'fﬁ,

rae ai = const — ycioBHOE 0003HAYEHHME JIMHEHHOTO YCKOPEHHMSI BaroHa IMpH PABHOMEPHO
3aMeJUIEHHOM JIBWKEHWH B 30HaX TOPMOKEHMS yHACTKOB TOPMO3HOTO My TH, M/C?;

i — Ge3pa3MepHas BEJIMYHMHA, YCIOBHO XapaKTepH3Yomas HaKJIOH MPOQHIs TOPKH C YYETOM
BIIASAHUSA CHJIBI TIPOEKIAH Fyvx BCTPEUHOTO BETPA;

|wu| — OespasmepHasi BEJIMUYMHA, YCJIIOBHO XapakTepu3ylollas Y/EIbHOE COMPOTHBICHUE
Pa3IUYHBIX COTMPOTHBISHHH ABMIKEHWIO C YYETOM MPOIOIbHOTO BO3NAEHCTBHSA BeTpa M (MiH) [wi
WMEeT pa3Mep, KOTOPOTo HET B CHCTEME e/IMHHI] H3MEPEHN, KI'C/T:

w'n‘ = k + kO:‘ + kcu e km: 2 (11)

TOPM
rae Kropn = Fropw/G1, koi = Frp il G1 v koi = Foi/G, kes = Fen/ G, ken = Fon/G1 — KO3 QPULIMEHTBI,
VUUTBIBAIOIINE CHIIbI Fiopy TPH TOPMOKEHUH 3aMEIUIMTENs BaroHa, CHIbl Fipy = Foi OT OCHOBHBIX
CONMpOTUBIIEHNUH B 10J1¢ (1 OT HEBPALIAIOLIAXCS YaCTeH BArOHA M CHJIbl TAKECTH BATOHA, CHIIbI Fep OT
OKpYy’Karouleil cpeibl u BeTpa, CWibl Fen OT cHera u unesd [9, 10].

OT™MEeTHM, UTO yJeTbHOE COMPOTUBICHHUE [Wy| PA3NWYHBIX COMPOTHUBICHW IBIKEHHUIO B 30HaX
TOPMOKEHHS YYaCTKOB TOPMO3HOTO TYTH ABAACTCS HEMOCTOAHHON BeNWYHHON (|wi| # const), pH
VMEHBILIEHUH CKOPOCTH BaroHa MPOUCXOUT €€ YBEJIIMUCHHUE.

B o061em ciiyvae cCKOpOCTh M BpeMsl IBHKEHUS BAroHa ONpPe/IeNsiiiich BhIPAKEHUAME:

C.og-pV2b(H+1i)x,
G ]

JVE :JVAE +2g‘j'x,ra +2g'Klr X g _zg‘ﬂ’x_-m +
l _ -1
L

. a, ("“lwnl)

(12)

[Ipu BeInoOAHEHUU pacyeTa ¢ NOMOLLBIO nakera nporpammupoBanus MATLAB nonyuen rpadux,
NpPeACTABJIEHHbINA HA PUCYHKE 3.

M3 pucyHka 3 BHMJHO, 4YTO B pe3yJibTaTeé MW3MEHEHMWS JUIMHbI CKOPOCTHOIO Yy4acTKa
copTrpoBouHOH ropku 0T 0 710 80 M CKOPOCTB OTKPBITOTO MOJIY BArOHA B KOHLIE CKOPOCTHOTO y4acTKa
Obula Ha 34,6 % MeHbLIE, YEM Y KPBITOIO BaroHa. JTO [OKAa3bIBAET, YTO MCIOJIL30BAHUE B
MHJKEHEPHBIX pacyeTax [0 ONpPENeIEHHIO BLICOTHI COPTUPOBOYHON TIOPKM KpPBITBIX BaroHOB B
KauecTBe HauXy/auiero 6eryHa Obl10 HeBepHbIM. [IpUMeHeHHE ¢ 3TOi LIe/IbI0 OTKPBITOTO MOJyBaroHa
Kak mioxoro GeryHa, a Takike ucnosb3osanue nporpammuoro nakera SolidWorks Flow Simulation
IUIS OLEHKH BJWAHHUA CKOPOCTH BCTPEYHOrO BETpPa O0ECNEUMBACT TMOBBILIEHHE TOUYHOCTH
pe3ynbTaToB pacyera. B YacTHOCTHM, CKOpPOCTb W JaBlieHHe BCTPEYHOrO BETPa, KOTOPbIE MOTYT
BO3/ICMCTBOBATH HA Ky30B OTKPBITOTO MOJYBArOHA HA HAYAJBHOM 3Tamne MpoLecca MOAETUPOBAHNS,

U3BECTUA TpaHccuba —— "~
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TAra Noe3aoB W AnekTpudukaunas——

MOKHO YBHJICTh Ha pUCYHKax 4 u 5. B mpouecce MOAenHpoOBaHus M3y 4alntuch BO3ACHCTBUSA HA Ky30B
OTKPBITOTO T10J1y BATOHA € YYETOM TOT0, 4TO MOBArOHHAsA KOHCTPY K1IMsA BCEX BaroHoB (renexka 18-
100, xonecHas napa) 1 NOCTOPOHHEE Bo3AeicTBIE Oy Ay T OAMHAKOBLIMH.
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Pucynox 3 — I'paduk cKOpPOCTH JBHIKEHHS KPBITBIX BATOHOB H IOy BATOHOB HA COPTHPOBOYHON rOpKe

Pucynok 4 — Uepresx pacueTHOH obnacTH Moy BaroHa, CKarbIBarOILErocs ¢ COPTHPOBOYHOH rOpKH
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PucyHok 5 — Yepresk MOZIeNIn BO3IEHCTBUS Ha MTOJIYBAarOH BCTPEYHOrO BO3/YIIIHOTO NOTOKA

W3 pucynkoB 4 1 5 BMJHO, 4TO BO3YUIHbINH MOTOK mpuoOperaeT TypOyJeHTHBIN Xapakrep
BHYTPH M C3a/I1 OTKPBITOTO IOy BaroHa. MakcnmanbHOe adpoAMHAMUYECKOE JaBICHNE BO3LY IITHOTO
noToka, jedcreyromero Ha BaroH, cocrasuger 101,602 kIla. B npouecce pacuera BbICOTHI
COPTUPOBOYHOM TOPKH YUHUTHIBAJIOCH BIMSHHE BO3IYLIHOIO I0TOKA, NEHCTBYIOLIEro TOJBKO Ha

N3BECTUA TpaHccuba
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MEPEIHIO YacTh OTKPBITOTO TMOJYBAaroHa, OJHAKO B MPOLECCE MOACIMPOBAHHA OTMEYAIOCH
BO3HWKHOBEHHME TYpPOYJIEHTHOTO BO3AYIIHOTO TOTOKA, O0pasyromerocs BHYTPH TOPOKHETO
OTKPBITOrO MOJIYyBAroHa, U adpPOAMHAMMUYCCKUX BO3ACHCTBUH HAa TOPLEBYIO MOMNEPEUHYIO CTEHKY
BaroHa (pucyHku 6 u 7).
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PHC}"HOK 6 — Pacuer AIPOIHHAMHYECKOrO NaBj€HHA H PACCTOAHHA CKOJIB¥KEHHA, HEﬁCTBYPOUlHX Ha NMepeaHOw H
BHYTPCHHIOK) 38THIOK) CTEHKH OTKPBITOTO NOTYBATOHA MTOI JEHCTBHEM BCTPEYHOTO BO3OYIIHOTO TOTOKA
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Pucynok 7 — Pacuer nedopmaunu nepenHei # BHyTpeHHEH 3aiHEH CTEHOK OTKPBITOTO MOy BaroHa
IMoJ1 IEHCTBHEM BCTPEYHOrO BO3YITHOTO NMOTOKA

B pesyJibTare TOro, 4To B Mporecce MoAeIMPOBaHMs He YUMTLIBAIOTCS NeQOpPMUPYEMbIE HUIKHUE
XOJIOBBIE YACTH BAaroHa W MOJ Ky30Ba MPUKPENICH, B Ky30BE BO3HUKAIOT M3TMObI, Kak MOKa3aHO HA
pucynke 7. Takoro poaa u3ruObl J10Ka3bIBAKOT aKTYAJILHOCTL HAYUYHOU padoThl, T. €. Mbl MOXKEM
BUIETh NABJIEHHUE, OKA3bIBAEMOE HA [EPEAHION M BHYTPEHHIOW 3aJHIOI0 CTEHKU [OPOIKHEro
MOJIyBaroHa B pe3y/ibTaTe AeiCTBUS BO3/Y IIHOTO MOTOKA.

[Ipu onpeneneHnH KMHEMaTHUYECKMX MAapaMEeTpPOB [BHMIKYILErOCA BaroHa Ha COPTHPOBOUHOM
FOPKE YYMTHIBAETCS BJIMSHUE BETPa MO JIIOOBIM YIJIOM, @ MPUYUHON TOro, 4YTO IBHIKYILMICH
OTKPBITBIH [OJYBArOH HE JAOCTUIAET PACUYETHOM TOUKM, SBISIOTCH AdPOJAMHAMUYECKUE CHIIBI
BCTPEYHOIO BETPA.

bBbuto obHapyikeHO, 4TO B KOHLE CKOPOCTHOTNO Y4AacTKa OTKPBITbIM MOJYBArOH pa3BUBACT
CKOpocCTh Ha 34.6 % MeHbllIe, 4yeM KPbIThIi BaroH. OCHOBHOM NMPUYUHON 3TOrO ABJIAETCS BO3Y IIHBINA
MOTOK, KOTOPbIH nprodperaeT TypOyJISHTHBINH XapakTep BHYTPH U €331 OTKPITOTO MMOJTY BArOHA.

AHanu3 IBMKEHUA KPBITBIX U OTKPBITBIX MOJIY BATOHOB, ABWKY IIMXCA TIO0 COPTUPOBOYHOM TOPKE,
MoKasaj, 4to BbICOTA COPTUPOBOUHONW TOPKHU, ONpPEAESEHHAs U1l KPbITOr0 BAarOoHa, NPUHATOrNO B
KauecTBe IIOXoro 0eryHa, okasajach HEAOCTATOUHON /18 OTKPBITOrO MOJyBaroHa Mpu CIOKHBIX
YCJIOBUSX.
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A. I1. Ocunos, /1. A. MeaBeneB

Poccuiickuii ynusepcurer tpancnopra (PYT (MHWHT)), r. Mocksa, Poccuiickas @enepauust

BUPTYAJIbHAS CIHEINKA. INOJAXO/Ibl H PEAJIM3ALINA

Aunomayus. B cmamve paccmampueaemcs MeXHOAOUSA UHMEPSWILHOLO PeyIupOsanis OGUNCEHUS] ROE3006
« BupmyansHasn cyenkay. Jlaunaa mexxo02us ROSUYHOHUPYEMCA KAK CPEOCNGO ROBLIMEHUSL RPONYCKHON CHOCOOHOCHI
VHACIKOS JCENE3HbIX 00PO2, @ MAKIHCE KAK OONOIHUMENbHAs Mepd Nosblenits besonacnocmu osusicenus. Ha mexyuyuii
MOMEHI OQHRAA MEXHON0UA AGIACMCA OOHON U3 HANDOoNee NEPCREKMUGHDIX.

Ocroeubim BPUHYURAMY PEQIUAYNY HAZBANHOT MEXHOA0UU AGIACINCA HENPEPLIGHLITI 00MeN uUnGopymayueti no
YUPPOBOMY PAOHOKAHANLY MENCOY TOKOMOMUBAMU RONYAIHO CREOVIOWUX ROE3006, 6 PAMKAX KOMOPO20 NPOUIEOOUMCS
nepedaya uHhopMayl 0 MeCMoNaxoNCoeHl TOKOMOMUGA, €20 PelcUMe padomel it ckopocmu oeuicenist. Sghgexmon
OM  HCRONBIOGAMIA  MEXHONO2UN  AGTACMCA  CUNXPONNIAYUSL  OBUIICENUS.  NONYMHO  CHEOVIOWUX  NOe3006,  4mo
CROCODCINBYEM CHUNCEHUIO MENCROE30HO20 UHMEPEIA, NOBLIMEHIIO IHEP2OIDPeRmueHOCMU OBUNCEHUA NOE3008 1
CHUDICEHUIO GTUAHUA HeN06eHecKko2o (haxmopa. B yciosusx npumenentin cospemMenHbtx cuchmem asmotiokuposKit 6uecme
¢ cucmeMami aGMOMAmUYecKko20 Yapasienis OGUNCEHNEM ROE30a MONCHO GOCMUYL NORYIMHOZ0 CIE006aMILs ROE3006 Ha
PAcCmosAnuy e Gonee MopMo3HO20 HYM SKCAPERNOZ0 MOPMONCEHU.

B pamxax oannott cmamui RPOGOOUMEN. AHANI3 RPUMEHENIS. Peani306anion Ha cemu dcenesnvlx oopoz Poccuu
mexwnonoeuy « BupmyanvHas cyenkay 6 4acmu Opeantzayiil O8UNCEHIs ROE3008, d MAKJ’Ce NEPCREKNUS ee PAIBUMIIA C
VHEMOM  COBEPUICHCMBOGARNA MEXHUYECKolt Oasbl. JIONONHUMEbHO NPOUEOOUMCcs anaaus naudonee OIuskoil K
pecusayu i RePCHEKMUSHOT MEXHONOHU « BUPMYaibHas cyenkay na 0ase esponetickoli CHCIMEMbL HCeNe3HOO0PONCHOT
asmomamuxu ERTMS. Memoodow nposedennozo ucciedosants AGIAEME AHai3 HAYYHbIX RYOIURAL HO MeMamuke
Paspadomy 1 APUMEHeHUs. MeXHoi02u ¢« Bupmyaisnas cyenxkay, d maxdice Mmexuoao2ueckux ooxymenmos. 1eiwvto
UCCTCO0BAHUA AGTACMCA QRATU3 ONBIMA NPUMEHEHUA MEXHOJI0SUU U BbIAGICHUE e CYIeCmBYIOUX HeJOCMAmKOe.
Hmoeom nposedennozo ananusa Aeusemcs (hopmuposanie npeonodjceriti RO COBEPUICHCIMEOSAHUIO MEXHON02HU
« Bupmyanonas cyenkay. [lpednodcenus 6xmoqaion 6 cetd Oopadomky MEXHUYECKUX CPeocme, 6 HUCHHOCHU,
cosepuiencmsosanue cucmenst asmosedenust HCABII-PT-M ¢ peanusayuetl ¢hynriyiieis asmomamuieckozo ooveounentis
BUPMYATLHO COCOUNEHHBIX NOE3006 U yeuienue 000pYOosaniis upPosoti paouocessl, & MAKICe USMEHEHIUE MeXHON02HY
Qopmuposanis 1 RPORYCKA BUPMYAILHO COCOUHEHHBIX NOE30086.

Knrouessie crosa: supmyansuas cyenkd, agmosedeHue, COKPAeHHble MeNCnoe3onble UHMEPSAbl, RPONYCKHAS
CHOCOOHOCRTb, HCETEIHOOOPOICHBII MPAHCROPI.

Aleksander P. Osipov, Dmitriy A. Medvedeyv
Russian University of Transport (RUT (MIIT)), Moscow, the Russian Federation

VIRTUAL COUPLING. APPLICATION TECHNOLOGY

Abstract. The article discusses the technology of train separation called «Virtual Coupling». This technology is
positioned as a means to increase the carrying capacity of railway sections and as an additional measure to enhance the
safety of train operations. Currently, this technology is one of the most promising ones.

Modern train control systems facilitate continuous information exchange via digital radio channels between
locomotives traveling in the same direction. This exchange includes data on location, operating mode, and speed. This
technology synchronizes train movements, reducing inter-train intervals, enhancing energy efficiency, and mitigafing
human error. When integrated with train protection systems, il ensures trains maintain safe distances, even within
emergency braking distances.

The article examines the application of "Virtual Coupling” technology on the Russian railway network for
organizing the train movement and explores its fitture development alongside infrastructure enhancements. It also
analyzes a technology closely related to "Virtual Coupling," drawing from the European Rail Traffic Management System
(ERTMS) as a promising railway automation system. Research methods include analyzing scientific publications and
technological documents to assess the technology's application and potential. The goal of the analysis is to evaluate its
effectiveness and propose improvements for operational efficiency. The proposals include refinement of technical means,
particularly the enhancement of the guidance system (modernized intelligent distributed traction automated train driving
system) with the implementation of automatic train coupling finction for virtually connected trains, reinforcement of
digital radio communication equipment, as well as alteration of the technology for forming and passing virtually
connected trains.

Keywords: virtual coupling, automatic train control, reduced inter-train intervals, carrying capacity, rail transport.
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JKene3HoaoposkHBIH TPAHCTIOPT B HACTOAIICE BpeMsA HTpaeT OONBIIYIO POdb B PA3BUTHH H
MOAJICPKAHUKM KaK POCCHHCKOM, Tak W o0meMupoBoi HSKOHOMHUKH. [10 KeNne3HOAOPOKHBIM
MAruCTpasisM KaxkIblil J€Hb OCYLUECTB/SIETCS IEPEeBO3Ka LIMPOKOH HOMEHKIATYpPbl PasiMYHbIX
rpy30B, a TaKXKe ThICAY NACCAXKUPOB, YTO TMPENBABISET 3HAUUTENbHbIE TpeOOBaHHUA Kak K
MPONyCKHOH CMOCOOHOCTH YYAacTKOB M HamnpaeieHWid, Tak U Kk obecnedyeHuro 0e30MacHOCTH
NBIKEHHA. YIOBIETBOPEHHUIO BCe Oosiee BO3pacTarommx TpebOBaHMNA CIYKHUT LENbIH KOMIIEKC
CUCTEM JKEJIE3HONOPOKHOH aBTOMATUKH, C MMOMOLLBIO KOTOPBIX PEaIM3yeTcs HOBas TEXHOJIOIUs
«BupryaibpHas cuenkay.

«BupryanpHas cLienka» — TEXHOJIOI U, B pAMKaX KOTOPOM MEXKy JJOKOMOTUBAMU, CJIEY FOLLIUMHU
JPYT 3@ OPYrOM B TOMNYTHOM HanpasieHWH, YCTAHABIMBACTCA COCAMHEHME MO PaanuOKaHANy Juis
nepenayu UHQGOpMaUUU O HapaMmerpax ABUWKEHUs I10€3[1a, €ro MeCTONOJIONKEHUNU U A0y CTUMOMN
CKOPOCTH JBUIKEHHS C BEIYIUETro JIOKOMOTHBA HA Be/IOMbll. Ha ocHOBe MmoJjlydeHHOH ¢ BeayUIero
JIOKOMOTHBA MH(pOpMaLiun DOPTOBBIMU CUCTEMAMK JIOKOMOTHBA BEA0OMOIO 110€3/1a OCYILIECTBIIAETCH
OesonacHoe u IHePro3PPeKTUBHOE CJIJOBAHUE ¢ MMHUMAIBLHBIMU MEIKIIOE3IHBIMH UHTEPBAIAMH.

Ceronns TexHonorus « Bupryasibnas cuenka» akTUBHO MPUMEHACTCS HA yuacTkax Boctounoro
MOJIMTOHA CEeTH JKeJie3HbIX Jopor Poccuu, 4TO MO3BOIMIO HE TOJBKO HAKOIMUTH 3HAYUTENbHbIH
9KCTITYATalMOHHBIN OTIBIT, HO M 0003HAYNTH HEJIOCTATKH ACHCTBYOIIESH TexHOmorur. JlaHHas cTaTbs
MOCBSALLEHA aHAIU3Y NPEUMYLIECTB M HEJOCTATKOB TEXHOJOrMK «BupTryajibHas CLENKa», a TaAKKe
0003Ha4YEHHIO MMy Teil ee pa3BUTHS.

IIpeanochlikn nosijienus «BupryansHoii cuenkw». Ha panHux sranax cylnecTBOBaHHS
’KETEe3HBIX AOPOT 3HAYMTENbHOE BHHMAHWE YIEMANOCh BOMPOCY MHYOPMHUPOBAHHA MAIIWHUCTA O
cBOOOTHOCTH BMEpeaunekKalero yvyactka mnytd. OJHUM W3 TEPBBIX CPEACTB, MPUMEHAEMbIX A
MH(MOPMUPOBAHUS MAULIMHUCTOB O pa3pelleHUH Ha 3aHsATHE NEeperoHa WIM CTaHuuu, ObUIM
cemaopbl, KOTOpbIE B 3M0XY MeKTpruduKanuu ObUIH 3aMeHEeHbl Ha cBeTO(POpbl. OHAKO B 3MOXY
ANEKTPOXKEINOBONH CUCTEMbBI M TOIYaBTOOJIOKUPOBKK CBETO(GOPHI MPOAOKAIH BBINOIHATh TY Ke
(yHKUMIO, 4TO ¥ ceMadopbl — OrpaHUYUBAIN 3aHATHE TIeperoHa 0osiee yeM OIHUM MOe310M.

Curyauuss kapJuHaJIbHO M3MEHWIACh C MOSIBJICHUEM aABTOOJIOKMPOBKHU, UTO IMO3BOJUIO KaK
VBEJIMYHUTh KOJWMYECTBO CBeTO(GOpPOB (HA [MeperoHax MOABWIMCH T[POXOAHbIE), Tak U
KOHKPETH3UpOBaTh MepenaBaeMyrd MMM HMH(opmauuio. OTHbIHE CBETOPOpP YyKasbiBal Ha
cBOOOJIHOCTh TPYMIbl MyTEBbIX Y4acTKOB (OJOK-y4acTKOB) mo3aau ceds, 4TO MO3BONAIO
MalIMHACTAM KOHTPOJUPOBATh [MOJI0KEHHE BIEPEAUUIY IUUX 1M0e310B 1o npendrcrBuil. Takxke
aBTOOJIOKMPOBKA TM03BOJIMIIA YBEJIWYUTh KOJWUYECTBO IMOE3/I0B Ha MmeperoHe. Bmecte ¢ Tem
BO3PACTAOIIME CKOPOCTH ABMKEHHS, TPYAHBIC TUIAH U NpodIIb MyTH, @ TAKKE MOTOHBIC YCIOBHA
cHWKaMK HPPEKTUBHOCTL CBETO(OPOB, YCIOKHAS UX BOCHIpUATHE MAalLMHUCTOM. JlonoaHeHuem K
aBTOOJOKMPOBKE CJTY’KMJIa ABTOMATHUECKAs! IOKOMOTHBHAS CUTHATIN3ALMA, TO3BOJIMBILIAS YTy YIIUTh
nH(GOpPMUpOBaHUE MAIIIMHUCTA W MPOU3BOAMTH KOHTPOJIb JIOMYCTUMOI CKOPOCTH 1M0e3/a.

JlanpHeiliniee pa3BUTHE KaK CUCTEM KOHTPOJISA U YIIPaBJICHHA ABHKCHHEM MOE3/10B, TaK U CPECTB
nepeaayu JaHHbIX MPUBEI0 K TOMY, YTO MOSABAIACH BO3MOKHOCTE MEPEAadl B PealbHOM BPEMEHHU
uHPOpPMALIK O MapamMeTpax [ABMMKEHUS BIEPEAMMAYIIEro Moe3ja, YTo U MPUBENIO K MOSBICHUIO
TexHoJiorun « BupryansHas cuernkan.

IIpumenenne rexnonornu « BUpTyajibHasi cuenka) Ha Kejie3HbIX joporax Pocenn.

B nacrosmee Bpems Poccus sSBIAETCA €AWHCTBEHHON CTPAaHON, HA TEPPUTOPHM KOTOPOWA
MPOU3BOAUTCS [OCTOSHHASA DKCIUIyaTallds ONUCHLIBAEMON TEXHOJOIMM Ha yuactkax oOuero
noJab30BaHus. J[BUKEHHE MO TeXHOJOrnu «BupTyanbHas Clienka» oCylleCTBIAETCS JEKTPOBO3aMHU
20C5K (3DC5K) «Epmax», o0opyaoBaHHbIMM MOAM(PULMPOBAHHON CUCTEMON aBTOBE/ICHUA
HMCABII-PT-M.

HUCABII-PT-M — unTennekryanbHas CUCTEMA aBTOMATU3MPOBAHHOIO BOKJIEHHS [10€3[10B C
pacnipeaesieHHOM Taroi. CucteMa sIBNseTCA yCOBepLICHCTBOBaHHOH Bepcueii cuctembl YCABIIT u
MO3BOJISET OCYLIECTBIIATH BEJICHUE MOR3/10B MOBBILIEHHBIX MACC M JUTMHBI, B TOM YHCJIE NPYA HAIMYUK
JOKOMOTHBOB, PacHpeieleHHbIX M0 AauHe noe3fa. CucremMa COCTOMT M3 psAfa MOAYJEH, cpeau
KOTOPBIX OCHOBHBIMHU ABJIAIOTCSH 050K «KoBYer» — OJIOK JIEKTPOHUKH JIOKOMOTHBA, OCY ILIECTBIISIIO-
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it 00paboTky BCeid OTBETCTBEHHOM nH(pOpMaLu, 0J10Ka YIIPaB/ICHUS IBUKEHUEM JIOKOMOTHBA, a
Takke [UGPOBBIM PATUOMOJIEMOM, OOSCIIEYUBAIOIIMM YCTAHOBIEHUE COSIMHEHUS MEXIY
JIOKOMOTHMBaMH NO pajuokaHaiy. Beisoa undopmanuu ocyuectsuserca Ha 6nok MCVY] cuctemsl
napopmuposanua mammaucta (CHMM). Cucrema pabotaer B yBA3Ke C JACHCTBYIOLIMMH
JIOKOMOTUBHbIMH  ycTpoiictBamu  Oeszonacnoctn (KJIVB, BJIOK, CAVT). Bsaumopaeiictsue
JIOKOMOTHBHBIX YCTPOMCTB NPEICTABICHO HA PUCYHKE 1.
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Prcynox 1 — BsaumopnelicTBre TOKOMOTHBHEBIX YCTPOHCTB IpH peanu3aumy « Bupryaneno# cuenkm»
na 6aze cucremsr UCABIT-PT-M

B Hacrosiiee BpeMsi BAPTY &1bHOE COSIMHEHUE MOE3/10B MPOU3BOANTCS [y TEM PYYHOIO BBOJA B
arnraparypy CHUCTEMbl aBTOBEIEHUs HHPOPMALMU O CETEeBOM ajpece, IO KOTOpoMy Oyier
OCYLLIeCTBIATLCA 0OMeH aaHHbIMM. MH]opMalms o ceTeBOM ajpece BBOJMTCS MalMHUCTAMM Kak
BEAYLIETO JIOKOMOTHBA, Tak W Begomoro. O0beanHeHNe TOe3I0B B BUPTYATBHYIO CHENKY MOXKET
MPOMU3BOAMTLECA KAK HA CTaHUMM, Tak u Ha neperone. [locie ycTaHOBIEHHS BUPTYAIBHOIO
COEIIMHEHUS MEXKIy Moe3daMH no Lu(poBOMY paadoKaHATy HAYMHACTCS B3aUMHAs [epeaada
HHpOpMAIIMK O peKUME Cle/IoBaHUS BeAyLIero moesjia, CKOPOCTH, KOOpAMHATE, MOKa3aHWAX
JIOKOMOTHBHOTO CBeTO(Opa, a TaKkKe peskume paboThl cUCTeMbl aBToBeeHH. Ce10BaHNe MOE3I0B,
O0BEAMHEHHBIX 110 TEXHOJOTHMH «BupTyanbHas CcuHENKa», MOMKEeT OCYILECTBIATHCS Kak B
aBTOMAaTHUYECKOM pekUMe («ABTOBEJCHUEY), TaKk U B pyuHoM pexume («Cosetunk»). Cucrema
MO3BOJIACT Kak MHGOPMUPOBATH MAIIIMHKUCTA BEIOMOTO MOe3Aa 0 mapaMeTpax BeAyIlIero moesaa, Tak
M TIPOM3BO/IMTD NEpeaady OTBETCTBEHHON MH(OPMALIMK B JOKOMOTHBHYO anmnaparypy. Muaukauus
JIOKOMOTHBHOI annapatypbl BEAOMOI0 Moe31a Npu TeXHOJIOrMH « BupryanbHas cLernka» npuseeHa
HA PUCYHKE 2.
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Pucynok 2 — Muaukaius 10KOMOTHBHOHR annaparypbl BEOMOro noesa B cocrase « BupryanbHo# cuenkuy
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OddexTom OT MpUMEHEHU TEXHOIOTUH ABIACTCA CHHKEHHE BIUSHUA UEITOBEUECKOro (akropa
Ha 6e30macHOCTh ABMKEeHH moesna. Jononautensapv ¢ dekroodpasyrommnm HakTopom sBIAETC
MOBBIIIEHUE JOMYCTUMON CKOPOCTH JBUKEHUS BEJOMOIO BUPTYAILHO COEAMHEHHOrO Ioe3ja B
pekuMe «ABTOBE/IEHME» MpH NpOcieoBaHUH cBeTodopa € KenThiM OorHem. B 3Tom ciyuae
MPOUCXOAUT CONMIKEHME TIOMYTHO CJEAYIOLIMX TMOE3/I0B W COOTBETCTBYIOLIEE COKpAllEHHE
(hakTHUECKOTO MEKTIOS3IHOTO HHTEpBaTa MpH 0€3yCIOBHOM o0ecnedeHun 0e30NacHOCTH ABHIKEHHS,
4TO 00ECrEeUMUBACTCS HENPEPLIBHOM Mepeayueii Ha BeJoMbli noes MH(OPMALUK O MONOKEHUHA U
pexxume cienosanus Beayulero noesna [1 — 2]. MHGOPMUPOBAHHOCTh O XapakTepe JBHIKEHHUS
BEJ1Y ILIET0 MM0e3/1a [M03BOJISAET NOBBICUTh IHEPrOONTUMANILHOCTE JIBHKEHUS Be1IOMOT0 noesaa [3].

Opranuszanus ABH/KEHHsI NOE310B MO TexHOJOruH «Bupryaabnas cuenka». Ha certu
JKeJe3HbIX jJopor Poccuu JBMXKEHHE [MOE3/0B 110 TEXHOJIOrMM «BuprtyaibHas cuenka» ocy-
IIECTBISACTCSI B COOTBETCTBMU C JCHUCTBYIOMIUM TEXHOJOTHYECKHUM TMPOLIECCOM OpraHu3aluu
JBHKEHMS MOE3/10B C UCTI0JIb30BAHMEM TEXHOJIOTMH MHTEPBAIBHOIO perympoBaHus « BuptyaibHas
cuenka» Ha yuactkax Kpacnospckoit, Boctouno-Cubupcekoit, 3abaiikanbekoii u JlanbHeBOCTOUHOIH
AKenesHblx jgopor [4]. DTum JOKYMEHTOM ONpeensiOTCs y4acTKM NPUMEHEHHS TEeXHOJIOTHH
«Bupryanbhas crenka», TpedboBaHus K MHOPACTPYKTY pe, MOJIBUIKHOMY COCTABY M TMOPSIKY paboThl
cay> k0 MpH OpraHu3auy ABWKEHHU BUPTY ATbHO COCIMHEHHBIX TIOE310B.

B coorsercTBUM ¢ NEHCTBYHOLIMMM HOPMATUBHBIMU JOKYMeHTamMu «BupryaibHas cuenka»
MPUMEHAETCS KaK CPeACTBO /U1l MOBBILIEHWS TMPOMYCKHOW M MPOBO3HOH CHOCOOHOCTH
KEJIE3HO/IOPOIKHBIX YUACTKOB B YCJIOBUAX IITATHON 3KCIUTyaTallud U B 1eproj «okoH». CorjiacHo
TexHonoruueckoMmy mpoueccy ¢dopmuposanue, pachopMupoBanne wu  nepedopmMupoBaHHEe
BUPTYAIBLHO COCMHEHHBIX MOE30B OCYINECTBIACTCA MO npuKasy moesaHoro aucreryepa (JIHLL) ¢
3aMUCBI0  NpUKA3a B JKypHAlE JUCIHETYEpPCKUX pacnopstkenuil  ¢gopmbr  JIYV-58. Cxema
B3aUMOCHCTBUSL pabOTHUKOB JKEJIE3HOOPOKHOTO TPAHCMOPTA B THMOBBIX TEXHOJOTHYECKMX
CUTYalUAX MPEJICTABIEeHA Ha PUCY HKE 3.
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Pucynok 3 — Cxema B3auMomelcTBHA padOTHUKOB ITPH OPTAHH3ALMH IBHIKCHHSL BUPTYAIBHO COSTHHEHHBIX MOE310B
npu neicTByomei Texnonoruy (3neck u nanee JIHL] — noesnnoit nucneruep, JCIT — nescypHbIA M0 CTAHIMH,
TY]1 — nokoMoTHBHBIH aucneTyep, JIB — nokoMoTHBHBIE OpHUraibl BUPTYaibHO COEIMHEHHbIX MOe3/10B)

Januplii pernmamenT Obin pazpaboTaH BO BpeMs Hauana THPAKWPOBAHHMS TEXHOIOTHH
«BupryanpHas cuenka» B 2019 r. ¥ 10 HACTOALIErO BPEMEHH HE MpeTepriesl 3HAYMTEIbHBIX
M3MeHeHUH. B yCIOBUSX [MOCTOSHHOIO [MOBBILICHUS JOJH JIOKOMOTHBOB, HPHUIOHBIX 15
BUPTYQIbHOIO COENWHEeHMs, ObUIM BbISBIEHbl OCHOBHbIE OpPraHM3alMOHHBIE HENOCTATKH
JIeWCTBYIOIIEl TEXHOIOTMH.
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YnpaBneHue npoueccamu nepeBo3okK

1. HeoOXx0auMOCTh y4acTHsi NOE3AHOIN0 AUCHETYEPa BO BCEX ITANaX BUPTYAIbHOIO COSAMHEHUS
MOE3/10B, YTO BbIpAXKAETCA B HEOOXOAMMOCTH Mepeladyd MPUKA30B C perucrpaimei B KkypHaie
dhopmbr J1V-58. B cOOTBETCTBMM C METOJAMKON pacueTa 3arpy3Kd MOe3AHOro aucrnerdepa [5]
CYMMAapHBIA O10/pKeT BpeMeHH [T paboThl ¢ OTACIBHBIMH TMOE3aMHi PaCCUNTHIBaeTCS 1O (opmyre:

nace.H ace ¢
KaTer TPHIOPO.T

sop T Lyeer » MHH, (1)

MecT ?

rae Tm — 3aTpaTbl BPEMCHH Ha OMNEpalWH, BOSHUKAKIINE CO BCEMHU KATETOPUAMHA MOE310B, MHH,

Karer

r — 34TpaThl BPEMEHH HA ONepaluy, BOSHUKAKIINHE CO BCEMH I'PY30BLIMHK MOE3AdMH, MHH]

rpys

T — 3arparbl BPEMEHHM Ha ONepaluH, BO3ZHUKAIOIIME CO BCEMH MACCAKHPCKUMH M

nace.H
IPHIOp
MNPUTOpOAHbIMH MMOC31aMH, MHUH,

T — 3arparbl BPEMEHU HA ONEpandy, BOSHHKAKUIIHWE CO BCEMH NACCAKHPCKHUMH MOC30aMH,

nace

MHWH,

2

1

T - 3aTparbl BpEMEHH Ha onlepaliiyi, BOZHUKAKOHE CO BCEMH NEPeAaTOYHbIMH, BbIBO3HBIMH

MecT

;ﬁnp — 3aTpaThl BPEMEHH HA ONneEpanuy, BOSHUKAKIIHE CO BCEMHU CﬁOpHB]MH nmoe3gaMu, MHH,

noes3aaMu 1 JUCNETHCPCKUMH JIOKOMOTHBAMH, MWH.
3anaTbl BpEMEHH HA Oncpaluu COo BCEMU I'PY30BbIMHU MOE31aMu ONpPENCIA0TCA 110 t’popmyne:

‘{rp}:\ = IIU (A'I yHacT T Nc(}op + Nuepe;lu‘r + Nzucu. 0K -)’ MHH, (2)
rae N viger — KOITMYECTBO I'PY30BBLIX MOC3I0B, CICAYVIOINX B IPaHUIaX IUCHCTYCPCKOTO YUacTKa,
N e KOJTHYECTBO CﬁOpHBIX NOe370B, CJACOYOUINX B TPAHUIAX AUCTIETYEPCKOTO YyHacTKa,
NJICFR-‘JJHT — KOJHWYECTBO MNEPEHATOYHBIX MOE310B, CICAYKIIHX B IPaHHLAX AWUCTIETYEPCKOro
yuacTKa,
N en soc — KOITMHECTBO IUCTIETHEPCKUX JIOKOMOTHBOB, CIIE/lY FOLIMX B FPAHULIAX AUCIIETYEPCKOTO
yuacTKa;

[m — YKDYHHQHHBﬁ HOPMaTHuB BPECMEHH paﬁm“br C Ha3BaHHBIMH BBIIIC KATCTOPHAMHA TOC310B,

MHH.

OcHOBHOIT MpoOIeMOii ABISLTCSA TO, YTO JAHHBIH HOPMATHB HE YUHTHIBAET PadOTY ¢ BUPTYATbHO
COeIMHEHHBIMU moe3amu. [lyTamu pewwenuss 310l npobaembl ABIAIOTCS MO0 MepecMoTp
HOpMaTHBa, JUOO BBEJEHWE OTHAE/NBHOM Karteropun «BupPTyallbHO COeJIMHEHHbIE Moe3ia» ¢
COOCTBEHHBIM YKPYIMHEHHBIM HOPMAaTHBOM padOThl, KOTOPLIA HA OIHY Mapy IMOE3[40B MOIKHO
ONpeneanTh Kak

by on = looen T lop + 110> MHH, 3)

B Ccoel pas>

rue t

coerl

— (popmupoBaHue, nepeaayda U perucTpalus Npukasa Ha CoOeIMHEHKUE NOe3/10B, MUH;
t,, — GOpMHUpOBaHHUe, Nepe/iaya i PErucTpaLus NpuKasa Ha odecreyeHne CiIeJ0BaHuUs TI0E3/10B,
MUH;

]

1., — opMEpPOBAHME, TIEPEIAYa 1 PETUCTPALIMS NIPHKA3A HA PA3BEIMHCHNAE 10€3108, MHUH.

Cpentee Bpems opMHpOBaHUS, Nepeiaun U PErUCTPalliK MPHKas3a B 3aBUCMMOCTH OT HABBIKOB
MOE3AHOTO AHMCTeTUepa M OCHAIIeHHOCTH padodero mecta coctaBmger 0.5 — 1,5 mun. Takum
obpa3zom, 3arpyska MNOE3ZHOr0 aucnerdepa OyAeT YBEJIMUMBATBCH MNPAMO NPONOPLMOHAIBHO
KOJIMYECTBY TMOE3/0B, CIACAYIOUIMX M0 TeXHOonoruu «BupryanbHas cuenka». B Hactosiiee Bpems
noTpebHOCTL B JMCMETUEPCKUX MpHuKazax o0ycioBieHa HEOOXOAMMOCTHI) KOPPEKTHOro yuera
MPOIYIIEHHBIX 10 YYaCTKy MOE370B HA BUPTYAILHON CLENKe, uTO B AalbHEHIIeM MoKeT ObITh

— U3BECTWA TpaHccunba




= YnpaBneHue npoLleccammn nepeBo3ok

peleHo aBToMaTu3anmell 3anonHeHus JkypHana dopmel JIY-58. Beaenue kypHama M comnpo-
BOKIEHWE BHPTYAJIbHO COCAMHEHHBIX TMOE3/I0B HA YYACTKE TPHBOAAT K YBEIHUEHHIO 3arpy3kH
[OE3HOr0 AUCIETUEPA, KOTOPOE TAKKE HEOOXOAMMO YUHUTBIBATD.

2. Bee eiiie npoucxosiiye ciydaun ommbok npu noadope J0KOMOTHBOB M OpUraj, 4To MOKeT
ObITH peuIeHo AaNbHEHIIMM YBEIHYeHHEeM J0JM 000pYI0BAHHBIX JIOKOMOTHBOB M OOYUEHHBIX
Opwuraz.

[lepcrnekTuBHBIA BapHAHT ONTUMU3ALWUN OPraHU3alMK ABHKEHUS 110 TeXHosoruun «Bupryans-
Has CLENKa» MojpasyMeBaeT 0TKa3 OT PErucTpalyi AMCIETYEPCKUX MPUKA30B B Ky pHaie J[Y-58,
BMECTO 3TOrO nepejaya NpUMKa3oB BCEM MPHYACTHBIM pabOTHUKAM BbIMOIHACTCA B YCTHON (hopme.
Menserca Takke TEXHOJAOrMs paboThl AMCHETUEPCKOro mepcoHana: noadop map noesuoB Juis
BUPTYaJIbHOIO CUEIUIEHUS [MPOU3BOAMTCA HA BCE HUTKM rpauka, a HE TOJBKO HA CrHElHATM3H-
POBaHHbBIE HUTKH IPY30BbIX 110e310B. TakuM 00pa3oM, OAHHOYHOE CIEJOBAHUE 01Ty CKAETCS TOJIBKO
JUISL NO€3/10B, HE MOMJISKALIMX BUPTYAJIbHOMY OOBEIMHEHUIO [0 MPUYMHE HEBO3MOMKHOCTH
BHPTYQIbHOIO COCIAMHEHMS WIIM M3-3a AC(PEKTOB MOABMIKHOIO cocraBa. CxeMa B3aMMOACHCTBHA
JUCTIETYEPCKOrO MEPCOHAIA M JIOKOMOTUBHBIX OpHUraja mpu OpraHu3aliiy JBHKEHUS BUPTYATbHO
COGIMHEHHBIX T[I0E3/I0B MpH TEPCINEeKTUBHONW TEXHOJOTMH TIPOIycka I10e3/10B TpUBe/ieHa Ha
pucyHke 4.
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Pucynox 4 — Cxema B3auMOAEHCTBHS PaOOTHHKOB IMPH OPTAHHW3ALHHA JBHIKEHHS BHPTYATEHO COSIHHEHHEBIX TIOE310B
MPH MEPECNEKTHBHON TEXHONOTHH

K npeumyliecTBaM nepcrnekTUBHOM TEXHOJOTWM OPraHW3alluy ABWKEHHS MOYKHO OTHECTH
CHWKEHHME 3arpy3KM MOE3[HOr0 JMCMeT4Yepa M JACXKYPHBIX mo crtaHuusMm. CerojHs OpraHu3alus
JBUKEHHS [10€3/10B [10A00HBIM CIIOCODOM ITPOU3BOIUTCS B IEPHOI «OKOH». AjanTtanus TeXHOIOTUU
1101 HOPMAJIBHBIE YCJIOBUA EPEBO30UHOIO IIPOLECCA HE IPOU3BOIUTCS BBUAY ONACEHUIA 110 TOBOLY
OECKOHTPONBHOCTH y4YeTa BHPTYAlTbHO COCIMHEHHBIX TIOC3/I0B W YCIOKHEHUS YIpPaBIcHUS
JABHIKCHHEM ITOE310B B LICJIOM.

OCHOBHBIM TEXHHYECKHUM HEOCTATKOM TE€XHOJI0ruM «BupryanbHas cuenka» Ha 0ase CUCTEMbI
ABTOBEJIEHUS ABISETCS OTCYTCTBUE BO3MOYKHOCTH aBTOMATUYECKOIN0 BUPTYAIBHOTO 00be/IMHEHUs
MOE3A0B. DTO BBIHY)KIACT MALLIMHUCTOB OCY LIECTBIATH BUPTYAIbHOE COCAMHEHNE M Pa3beIUHEHHE
BPYUHYIO MyTEeM BBOAA CETEBBIX aJpecOB. BupTyanbHOE coeAuHeHHe He o0pasyercs B cayyasx
HECBOEBPEMEHHOI0 WIH OKUOOYHOro py4HOro Boja. HeodXoauMo peain3oBarb aBTOMATHUYECKOE
BUPTYA/IbHOE COEJMHEHWE W pa3beJIMHEHWE T[OE3/0B, €CJIM OMpPelesieH MOPSI0K OTIpPaBISHMUS,
clieoBaHus ¥ MPUOBITHUS 1OE3/10B B Mpejiesiax JUCIeTYePCKOro yyacTka.

B nactosimee Bpemsi B OAO «PXK/]» MpUHAT niaH MEpPONpHATHIA TO Pa3BUTHIO TEXHOJIOTHH
«BupryanbHas cuenka» v Ui yCTPaHEHUs! BbISBIEHHBIX HEL0CTATKOB.

IIpumenenne TexHoorun «BupryaabHas cuenka» 3a pyodesxom. Ha Tekyuimii MOMeHT HU
0J1Ha 13 3apy0eXkHBIX KOHIICTIIHI TEXHOIOTHH « BupTyanbHas clienka» He Oblia peain3oBaHa.
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Haubonee 0am3koil kK npakruyeckoit peanusauun sisisercs «Bupryanbhas cuenka» na Oase
cucrembl MHTEpBanbHOrO peryanposanus ERTMS (European Rail Traffic Management System).
Cucrema ERTMS s#BnsgeTcs eBpONeicKoil eAuHON CUCTeMOH MHTEPBaJbHOIO PeryJiMpoBaHUS U
obecrmevyenns 0€30MacHOCTH IBIKEHHS TOe310B [6], mMmeromeil nepedeHb KOH(pUrypauuii — Tak
Ha3bIBaCMbIX (DYHKLMOHAILHLIX YPOBHEH, KOTOPLIM COOTBETCTBYET HAJWUME HA YyuyacTKax
BHEZIPEHUA OTNPEENEHHBIX TUMOB 000pyaoRanns. CrnenupuuecknmMu YepTaMu CHCTEMbI ABJISIOTCA
npUMEHEeHne My TeBbIX Oann3 (pagnomMaskoB), nepenadya nHOpPMaLHN Ha JIOKOMOTHB MO LKU(POBOMY
paauokanany crangapra GSM-R, a Takike KOOpAMHALUIO [ABUKEHUS MOE3/I0B YEPE3 CETh LIEHTPOB
PaaroOJIOKUPOBKH — KOMITBKOTEPHBIX YIIPABJIAOMIUX LEHTPOB, OCY IECTRIAOWUX cOop, o0padoTky
OTBETCTBEHHOU MH(pOPMAIIMK, KOHTPOIb CBOOOIHOCTH MyTE W MOJOKEHUs MOE3/10B Ha y4acTKe, a
TaKKe Nepeaavy yrnpaBifiomX KOMaH KaKk OT CHCTEM JKEIe3HOJ0POKHON aBTOMATHUKH, TAK U OT
oneparopa. B Hacrosee spems Hanbosiee pacnpocTpaHeHHbIMH ABIAOTCS ypoeHu ERTMS 1 u 2.
Tperuii ypoBeHb pa3sBUTUSL CUCTEMbI — MOABHIKHbIE OJIOK-YUYACTKH — B HACTOSALLEE BPeMs sIBJISETCS
HauOoJiee coBeplIeHHbIM (DY HKIIHOHATIBLHBIM YpoBHEM cucTeMbl ERTMS [7].

Texnomorus «BupTtyanbHas CLEMKa» B pamMKax AaHHONW KOHLIEMIMM TpeacTaBiseT coOoi
4eTBEPThIil (ByHKIMOHAIBHBIA YPOBEHb, OCHOBHBIM HOBOBBEJICHUEM KOTOPOTO SIBISASTCS (DYHKLIUsS
aBTOMaTH4YecKoro oObeIMHEHH Moe310B B rpynrbl. Mimes B ocHOBe TexHuveckyto 6asy ERTMS-3,
cucTeMa cnocodHa paboTaTh B By X peKUMax — «OAMHOUYHOE CIEIOBAHNE» U «BUPTYalbHasA CLEIKaY.
[Ipy oaMHOYHOM CIEAOBAHMM TMOE3Aa CHCTEMON uepe3 panuo0I0K-LEHTPbl OCYIIECTBIACTCA
HENPEPLIBHbIA KOHTPOJIb MOJOKESHUA T0E3/1a, @ TAKIKE €r0 101y CTUMONH CKOPOCTH B 3aBUCUMOCTH OT
MOJOKEHUS BIEPEIUKHAYIIEro noesna. KOoHTPoab OCYILECTBIAECTCA MOCPENCTBOM HENPEPLIBHOIO
npuemMa Mo pajauokaHany MHpopmalMu O CKOPOCTH, MECTONOJOXKEHWM TM0e3/]a, PEeKUME €ro
cnenoBanusa. B ciyuae cOnmkeHus moesna ¢ BMEPEMHIYIINAM OCYIIECTBAACTCA KOPPEKTUPOBKA
CKOPOCTH €ro J1BUKEHUS BIUIOTh 10 OCTAHOBKH.

B coryuae cOnmskeHust Oy THO CJIEy IOILUX [10e310B, ecjii O0pToBas anmaparypa 3THX [0e30B
MMEeT TEeXHMYECKYID BO3MOKHOCTh K  YCTAHOBKE MPAMOro  pajnooOMeHa, [EHTPOM
pannoOIOKMPOBKM OCYILECTBIAETCSA Mepeiaya KOMaH bl Ha UX BUpTyandbHOe o0beaunenue. Ilocne
NOJy4YeHUA KOMaHbl JIOKOMOTMBHAA anmaparypa nOE310B MNEPEXOJUT B PEKHUM TMPAMOTO
paanoodOMeHa uHdopMalMed, coxpaHsasi KOHTAKT ¢ paauodsiok-uentpom. [lociie BUpTYanbHOro
o0BbeANHEHNA B JOKOMOTHBHYIO amnmapatypy BEIOMOTr0 MOEe3/la OCYIIECTBIACTCS HEMpephiBHAA
nepefada uHQOPMALMK O MapamMeTpax M peKHMe JBIKEHHUS BHNEPEIHMIYLICro Moes3aa, Ha OCHOBE
KOTOPOH JIOKOMOTHBHAs annaparypa BeIOMOro Nnoes3ja MpoU3BOAUT CHHXPOHMU3ALNIO CKOPOCTH U
peKUMa JIBUKEHUSA C BELY UM IS BBIZIEP’KKM MUHUMAIIbHOTO MEKITOe3/IHOro MHTepBania. B ciyyae
HaJauuus B rpynmne 6omee ABYX MOe3/A0B nepefada HHPOPMAIn OCY IECTRIAETCS MO HEMOUKe.

Llentpamu  paanoOJOKHPOBKH  OCYIIECTBIAETCS HENMPEPbIBHBIH KOHTPOJIb 0€30MacHOCTH
JIBHJKEHUS BCeX Moe3/10B. B ciiyuae BO3HUKHOBEHUS MOTEHIMAILHO OMNACHLIX CUTYAllWii, a TaKkkKe B
CJIy Yae HEBO3MOKHOCTH CHHXPOHU3ALMK PEXKUMA ABUKEHUS 10€3/10B, OTCTABAHUS BEIOMOr0 [10e3/1a
OT BEIYILIEro Wid NpUOJIMIKEHHsS TPYMIbl MOE370B K Pas3ieibHOMY MYHKTY paauobi0K-1EeHTp
nepenaeT B JOKOMOTHBHBIE YCTPOICTBA MPUKa3 HA Pa3beAMHEHUE, TIOCIIE YETr0 M0e3/1a NPOA0JIKAIOT
JIBKEHHE B PEIKUME OJIMHOYHOTO ciieioBanus. B cnyyae, ecnu pasbeinHEHUE MOE3/0B TPOHCXOAUT
Ha [MOAX0JaX K CTAHLMK, TAKOE Pa3beAMHEHUE HA3BIBACTCS TEXHOIOTUUECKUM, €CIIU 10 TEXHUYECKUM
MPUYUHAM WM U3 COOOpakeHMi Oe30nacHOCTH — TeXHu4eckuM. CHrHajibl Ha pasbeMHEHWE W
o0beInHEHHE MOTYT ObITh MEpeaHbl TAKIKE ONEepaTopOM BpPYUHYIO.

Ha npumepe BUpPTyalbHOr0 OOBEIMHEHHS Mapbl MOE310B (rmoe3sn A — BedyLUMid,
noesa B — BenomMblid) koHuenTyainbHo cuctema ERTMS paboraer cnenyroimm obpaszom. Ha nepsom
sTame 00a moeszia ABMraloTCs MO TEPEroHy B PeKUME OAMHOUHOTO CIEAOBaHUS, B 3TOM Clydae
pPAcCTOAHMNE MEXIY TMOEe3AaMM yUMTBIBAET TOPMO3HON nyTh noes3na B (L:), a Takxke pesepBHOE
paccTosHue JUis rapaHTui 0e30MacHOCTH pasrpaHuyeHus [OMYTHO CJEAYHWMX 1oe3nos (Ls).
OnuHOYHOE CJIEI0BAHUE T0€3/10B [POLOJIKASTCS 10 TeX MOp, MOKA BEJIOMBIH [10€3]] HE HAYMHALST
JoroHATH Beymid (Va > V). B Tom cnyuae, ecau noess B okaxercs ObicTpee Beayuiero (Va < Vs),
Ha paccTOSHUM ACHCTBUA LU(PPOBOH pannocsa3n (L¢) MpU HATMYMK Pa3pelieHus OT pagnodsiok-
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[IEHTPAa MPOH30HIET BHUPTYaIbHOE OOBEAMHEHME TNOE3A0B B rpymmy. [locie BHPTYanIbHOTO
00BEIMHEHNA MPOMCXOAUT ABTOMATHYECKASs CHHXPOHM3ALMA CKOPOCTH JIBHKEHHA TOE370B
(Va="VB), npu 3TOM YJAEpKUBACTCS MHHUMaIbHO HeoOxoaumas OesonacHas aucraHuus Le.
M3MeHeHHe CKOPOCTHM JIBMKEHMs TMOE3[0B B paMmKax rpyflibl TAKKe MPOUCXOAUT CHHXPOHHO B
COOTBETCTBUM C M3MEHEHUEM JUHAMHMKHM Beayuero noesna (V'a = V's).

[Tpu otctaBanum noesna B (Va > VB) NpORCXOANT yBETUUSHHE PACCTOAHNS MEXKIY MOE3IaMu.
Ecnu paccrosnue mexxay noesznamu Belidaer 3a npejeiibl neicreus uugposoil paguocesisu (AL > Le),
TO MPOU30MIET ABTOMAaTHYECKOE Pa3beIMHEHUE I'PYIIbI N0€3/10B (TEXHUUYECKOE pazbeanHeHune). B
TEX ciydasx, KOrja BO3HMKAeT HeoOXOAMMOCTh MpHMeMa BEAYLIEro rmoes3jla rpynmnbl Ha
MPUEMOOTIPABOUHBIE TYTH CTAHLMH, CHCTEMOW pEaTM3yeTCAs MpouHeaypa TEXHOJOTHUYECKOTO
pa3beUHEeHUsl rPpymIibl Moe3a0B. [IpoucxoauT 3aMeiieHne BEAOMOro mnoesjga B oTHOCUTEIBHO
Bey wero noesua A (Va > V'B) Ui yBeJIMYeHUs pacCTOSHUS MK Moe3aaMu. PaccTosiHue Mexy
noesaaMu JIOJDKHO oOecrieyuBaTh TOPMO3HOM myTh mnoesma B (Li), aucraHumio Ge30MacHOro
pasrpanudenns (L), a TakiKe pe3epBHOE PacCTOAHUE, HEODXOIUMOE JUIsS TPUBEICHHUS CTPEJIOUHOTO
NepeBoaa B MOJIOJKEHUE U1 ABMXKEHUS IO [NIABHOMY IIYTH MOCHIE MpHEeMa BEeAyIUero noesga o
OTKJIOHEHUIO (Ln). JlanbHeiiee nBuikeHue moesna B ocyuiecTBiseTcss B peKUMe OJIMHOYHOIO
CJIEMOBAHUA 10 MOMEHTA HATOHA UM APYTOTO BMEPENHIYILETO MOe3a.

Anroputm pabotsl «BupryanbHoil cuenku» Ha 0asze cucrembl ERTMS npencrasnen Ha
pucyHke 5.
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Pucynok 5 — Anroputm paboTel TexHonorun « BupryaneHas cuenka» Ha 6ase cuctemel ERTMS. L; — Topmo3HOit myTh,
Ls — nucTanusa 6e30nacHoro pasrpaHu4eHHs noe3nos; L. — NHCTAHLHA BUPTYATbHOTO COENMHEHHUS M0E3/10B;
Ly — nucranus GesonacHOTO nepesoaa crpenku [8, 9]
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YnpaBneHue npoueccamu nepeBo3okK

Wnes onucaHHOM BbIlIe CUCTEMbI B MEPCHEKTUBE MO3BOJSET B ABTOMATUYECKOM PEKUME
thopmupoBaTh W TIepe(OPMHUPOBHIBATE CBA3KM W3 JIBYX M OoJiee TOMYTHO CIEIYIOUIMX TT0e3JI0B,
OJIHaKO ceiiuac CUCTeMa HaXOIUTCA B CTaAMU NpoekTUupoBaHus. OCHOBHOM (akTop, CACP/KNBAKOILMI
peanu3anmio LeHTPATu30BaHHOK «BupTyanbHON CLEnKW», — OTCYTCTBHE B HACTOALIEE BpeMs
y4acTKoB, 000pyaoBaHHbIX cuctemoilt ERTMS-3.

TexHomorust «BupTyanbHas CIHENKa» WMEET 3HAYUTENbHBIA MOTEHIMAT W TMEePCTIeKTHBBI
MPUMEHEHN Ha JKEIEe3HOJOPOIKHBIX MArMCTPAIAX € MHTEHCHUBHBIM JIBWKEHHEM MOE3[0B, Kak
CMELUAHHBIM, TAK M CHELHATIM3UPOBAHHBIM, B TOM YHCJIC U KaK 3a/1eJ1 /15 peajin3aiuu 0eCnuioTHbIX
TexnoJyioruii [10]. Bmecre ¢ TeM HakoIUIEHHBIA B XOIE JKCIUIyaTalWy OMBIT CBUIAETEBCTBYET O
HEe0OXO/IMMOCTH COBEPIICHCTBOBAHHUSA CHCTEMbl KaKk B TEXHWYECKOW 9acTH, TaK U B TEXHOJOTMH
npuMeHeHns. [l CoBepIIEHCTBOBAHMA pPeannu30BaHHON Ha BOCTOYHOM TONHIOHE TEXHOJIOTHH
«BupryanbHas cuenka» npeaiaraetcs OCy lECTBUTH CIIEAYOLIEe.

1. lopabortats cuctemy UCABII-PT-M B yacTi aBTOMaTHYECKOr0 BUPTY albHOIO O0bEIMHEHUS
MOE3/10B, YTO MO3BOJIMT M30eXkKaTh HEKOPPEKTHOM padOoThl IOKOMOTHBHOM anmnaparyphbl, BbI3BAHHOM
HEMPaBMWIBHBIM  BBOZIOM HMH(OpMAaIMi. ABTOMATHYESCKOE OOBEAMHEHHE TIOE3I0B TMOMHMO
MOBBILIEHMS HAAECKHOCTU [I03BOJIMT CHU3UThL HArpy3Ky HaA AUCHETYEPCKUN MEepCoHAl BBUIY
OTCYTCTBHS HEOOXOIMMOCTH KOHTPOJIS 3aHATOCTH CETEBbIX aJPECOB.

2. YcoBepiueHCcTBOBaTH 000pyaoBaHue 1H(POBOii paauocBa3u 17 00ecreueHns BO3MOKHOCTH
BHPTYQIHOTO O0OBEAMHEHHS MOE3/10B B TPYMIbI U3 TPeX U 00Jee Moe310B, YTO NO3BOJNT YCHIIHTh
s dexT oT npUMEHEHUs TEXHOIOTHH,

3. M3MeHHTH TEXHOIOTUIO (DOPMHPOBAHKS U MPOIYCKA BUPTYAJIbHO COEAMHEHHBIX MOE3/0B 0
Yy4YacTKy, HWCKJIOYMB HEOOXOAMMOCTh B DErHCTPUPYEMOM TNpHKa3e TMOE3JHOr0 aucreTdyepa.
M3menenune TexHomoruu obecmeynt Oonee WMHpOKoe TPHMEHEHHWe TeXHOJOoTHH «BupryansHas
CLEIMKa» U M03BOJHT DoJIee PALMOHATIBHO PAcIPEeUTh HArPY 3Ky HA AUCIETUYEPCKUl nepeoHall.

PeiieHre ONMUCAHHBIX BBIMIE TEXHHYSCKUX M TEXHOJIOTHUECKHX BOIPOCOB IMO3BOJIUT HUBE-
JIMPOBaTh CYUIECTBYIOIIHE NPOOIEMbl MPH MCTIONB30BAHUN TEXHOJIOTMH «BUPTYanbHOM cLEnkuy,
MOBBICHT €€ YJ00CTBO, YTO B KOHEYHOM CUETE TMO3BOJUT 3HAUMTEIBHO TOBHICUTH 0E30MacHOCTh
JBIKEHHUA ¥ MPOMy CKHYIO ¢rnocoOHOCTD [11] cyuecTBy oumx v Oy 1y IMX y4acTKOB BHEAPSHHS.
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NNPUMEHEHHME TEXHOJOI'MH CTEUIA’)KHOI'O XPAHEHMSI
IMPH 30HHOM CEKIHIMOHHMPOBAHMH KOHTEMHEPHOI'O TEPMHUHAJIA

Aunomayun. Hacmosigee ucciedosanie ROCGAUEHO YCOGEPUIEHCIIGOGANUIO NEXHONOUU XPAHEH U KONINEHHEPOS.
Leavio dannoeo uCcnedO6anus ASTASMCA UCKIIOYEHUE U3TUNIHEH NEPECMAROSKI KOHMENREPOs nymem paspadomxu
HECMAHOAPIMHBIX MEXHUHECKUX 1t MEXHONOSHHECKUX MeMoJ08 XPaeHUs. KOHNeitHepos, NO3G0IONUX OCYIeCIGIsG X
sabop ¢ Mo0020 mecma Xpawenus. B xauecmee 603MONCHOZO DEweHus NPeoiazaemcs NPUMEHEHUe MEXHO02U
MHOZOAPYCHOZO CIMEUIANCHO20 XPAHEHUS KOHMEIHEPOs, aHaiI02uyHON ucnutmpieaemoti na mepyundane « BOXBAY High
Bay Storey. [lna paccmompenist 803MOICHOCHIN NPUMEHEHUS. CIIEIIANCHOT CUCINEMbE XPAHEHNUs HA MepMUnale muna
«CYXOll ROPMY 6 CAIGINDBE DBLIU PACCMORPEHBL CAEOYIOUUEe BONPOCHL: CERYUOHNPOSAHIE MEPMUHANA HA 30HbI XPAHEHLS,
MEXHONO2HA HOCIMAHOBKH KOHIMEHHEPOE 6 CINEIANC (CHAMIE, NePECHIAHOBKA KOHMEHHEPOS MOy AHCHKAMI), NOPAOOK
PACCMANOBKY  KOHIMEHHEPOs, MEXHUYCCKas Opanuzayisl CMEeIANCHO20 Xpauenus, — mpedyesbvie MpancROpmHo-
REPezpy3OYHbIC MEXAHU3MbI, HEOOX0OUMbIE OISl OCYUIECINEICH U NOCIAHOBKN, CHAMIA, HEPeMeNjeHIisl KOHMEHepos 0o
cmennaxcd, Om CMemnaNcd U medicoy Auelxamu. Ananuz npeonoNcenHozo pewtenus NOKA3QN, YO MEeXHON02Us
CHICNIANCHOZ0 XPAHEHUA MONCEnt OblNb UCHOAb3OBAHA HA MEPMUHANE MURA (CYXOH HOPHIY, HO C CYIYeCHBEeHHbIMU
ommsuamy om mepmunana « BOXBAY» & cessu ¢ paznocmoio 6 npuopumemnocnii ROCIMAGIENHbIX 360ay4 HPH MOPCKOTL
U JICENe3HOO0POIICHLIX NEPesosKkax. B pesyivmanie unoiHens paconst RPeOIodIcensl albMEPHAMUGHDIC BaAPUAHINbL
CIETRANCHO20 XPAHENUA NPU MYTEMUMOOANLHON NEPEGO3KE ICENEIHOOOPONCHBIM W ABMOMODUTLHBIM MPAHCNOPINOM.
[lpeonoscennvie sapuannvt CMENIANCHO20 XPAHEHIA CROCODCMBYION HOBLIMEHNIO P PeKMUEHOCIN MEPMUHAILHOT
0OPaGOmMKI 3a CHEM UCKHOYEHUS USTUUHIX IMPAHCROPINHO-NEPEZPYIOUHBIX ONEPAYUL, COKPAUJEHUS BPEMEHU U PACX0008
HA  pabomy MpaHcROPMHO-REPESPYIOUHBIX MEXAHUZMOS, ROSHIMICHUA  dOANMUGHOCTNN  MEPMURANBHON  CUCTEMbL
xXpanenus, KOMopds NO360/MM OOHOSPEMENHO XPAHUNIL KOHMENHEepbl PAsHblX MUN0E U pasMepos, KoHmelnepvl
OMEPLINO20 MUNG, CHEMHBIE ABMOMOOUTLHBIC KY3064d, NAKEMHbIE 2PY3bl 6 CINETAJICHBIX AYEHKAX.

Knwuegsre crosa: cmemiadicnas cucmema Xpawenust, KOHmeHnepol, mepMunaibids oopadomsa, 30Huposanie
MePMUHANG, MEPMUHAT MURA « CYXOU ROPILY.

Vladislav G. Pishchic
Belarusian State University of Transport (BSUT), Gomel, Republic of Belarus

APPLICATION OF HIGH-BAY CONTAINER WAREHOUSE TECHNOLOGY
FOR ZONE PARTITIONING OF A CONTAINER TERMINAL

Abstract. The present study is devoted to the improvement of container storage technology. The aim is to eliminate
unnecessary rearrangement of containers by developing non-standard technical and technological methods of container
storage, allowing them to be collected from any place of storage. As a possible solution, it is proposed to use the
technology of mulli-tiered shelving storage of containers, similar to the one tested al the BOXBAY High Bay Store
terminal. To consider the possibility of using a shelving storage system at a dry pori terminal, the following issues were
considered in the article: partitioning the terminal info storage areas, the technology of placing containers in a rack
(removing, rearranging containers between cells), the order of container placement, the technical organization of
shelving storage, the required transport and transshipment mechanisms necessary for the installation, removing, moving
containers to the rack, from the rack and between cells. The analysis of the proposed solution showed that the technology
of shelving storage can be used at a dry port terminal, but with significant differences from the BOXBAY terminal, due
to the difference in the priority of tasks set during sea and rail transportation. As a resull of the work, alternative shelving
storage options are proposed for multimodal transportation of rail and road transport. The proposed shelving storage
options contribute fo increasing the efficiency of terminal processing, by eliminating unnecessary transpori and
transshipment operations, reducing the time and cost of operating transport and transshipment mechanisms, increasing
the adaptability of the terminal storage system, which will simultaneously store containers of different types and sizes,
open containers, removable car bodies, package loads in shelving cells.

Keywords: high-bay container warehouse, containers, terminal processing, terminal zoning, dry port type terminal.

30HMpPOBAHNE TPAHCTIOPTHBIX TEPMHMHANOB SABIACTCA OJHMM H3 CHNOCOOOB TMOBBILICHHA
3(Q(PEeKTUBHOCTH TEPMUHAIBbHOKM 00paboTku KOHTeliHepoB. COBpEMEHHbIE aBTOPbI MNpeJiaralT

U3BECTUSA Tpanccuba ™'

2024
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30HHOE CEKLMOHWUPOBAHWE TEPMUHAJIOB [0 Psjay TEXHOJOIMMYECKUX [PU3HAKOB. MO BUAY
TEXHONOTHYECKOH (a3l TPAHCTIOPTUPOBKH, MO MPU3HAKAM COCTOAHMS, TPHHAIICIKHOCTH.

B mpempiaymmx wuccnemoBaHuax [1] ObL1o MpeanoskeHO CEeKIMOHHPOBAHHE KOHTEHHEPHOTO
TEpMUHATA TIO TPeM 30HaM B 3aBHCAMOCTM CTEMEHW HAJACKHOCTH TIPOTHO3MPOBAHHS
TEXHOJIOTMYeCKOH tenodyku odpaborku. OnucaHHas TEXHOJOTWs IPErnoiaraeT aBToOMaTuyeckoe
pacripeie/ieHie KOHTEHHEPOB 110 30HaM XpPaHEeHMs /10 WX TMOCTYIUIEHUS HA TEPMHHAJ, PEaId3alliio
TEXHOJIOrHN 00pabOTKH, OCHOBAHHYIO HA MOJEIH TEOPUH MAccOBOro o0ctyxkuBanus «LIFO».

Kontelinepsl ¢ BBICOKMM  YPOBHEM  HAAEKHOCTH MPOTHO3MPOBAHWA  NpEAlaraercs
CEKIIMOHMPOBATh B 30HY «A», CO CpeIHUM — B 30HY «b», ¢ HU3kUM — B 30HY «B». Jl1st 30H XpaHeHus
koHTeliHepoB «by» M «B» npeayaraeTcsi HeCTAHAAPTHBIA TEXHOJOTMUECKUH M TEXHWUYECKUH METO/
XpaHeHMs, NO3BOJAIOWMH 3a00p KoHTeiiHepa ¢ J100oro mecra ero xpaHeHus, Takoil meTon
npeaycMarpupaeT nopblileHue 3PYEKTUBHOCTH TEPMUHAIBLHOM 00paboTKM MyTeM HCKIOUYCHUS
MOSBICHNUSA OJOKMPYFOMINX KOHTEHHEPOB, COKPALIEHUS TPAHCTIOPTHO-TIEPETPY 30UHBIX OTePaIvi.

B ctatee B. U. Tuseposckoro [2] npuBeacHbl MPUMEPHI MTPUHLUMTHATBHO HOBBIX TPAHCTIOPTHO-
CKJIQJICKUX CHCTEM M CKJIAJIOB C BBICOKOH CTENEHbI aBTOMATH3AlMKA, OTMEYEHbI HOBbIE IIU(POBBIE
TEXHOJIOTHW B CKJIAJICKOM JIOTHCTUKE 32 pyOeskoM. YIOMSHYTO O CTPOUTENLCTBE TIePBOro B MUpPE
BBICOKOCTEJUTAKHOTO cKiiaja s KoHTeltHepoB. Toanna O Alexandri u coasropsl [3] npoussenu
ananu3 pPexTMBHOCTH CTE/NAXHONW cucTtembl XpaHnenus Ha Tepmunaie « BOXBAY». B crarse
JaHHBIM TIPOEKT PAacCMaTPUBAETCs Kak cnocod moBbIIeHUA H(PPEKTHBHOCTH TEePMUHATLHOIM
00paboTKM B CpPaBHEHMM C  COBPEMEHHbIMM  CHUCTEMaMM  XpaHEHWs  KOHTEHHEpOB.
ABTOMATH3MPOBAHHOE pACIpE/e/ieHHe TOBApOB [0 TEXHOJOIMMM CTEJIaXKHOr0  XpaHeHUs
pacemoTpeHo B crathe F. Berns [4]. BbinosniHenue mpouecca OCHOBAHO Ha IPOU3BOACTBEHHbLIX
JaHHBIX KPY THOTO AaTckoro ckiaja. [logodHoro posa aBroMaTH3HPOBAHHOE pacpeeeHHE MOKHO
MPUMEHNTB M A CO3/IaHMA HOBOW TEXHONOTHH XPaHEHHsA KOHTEHHEPOB.

Ha ocHOoBaHMM mNpPHBENEHHOTO 3apyOeKHOTO OMbITa TMPEAIaraeTcs CO37JaHhe CHCTeMBbl
CTEJUIA)KHOTO XpaHeHHs KOHTelHepoB Ui 30H «b» W «B» Ha TepMWHAIE THMA «CyXOH MopTy.
CrennaskHasi cuCTeMa XpaHeHHMs KOHTEHHepOB TMpefcrasiser co0oil KOMIIEKC COBMELIEHHBIX
CHEUATH3NPOBAHHBIX CTEJUTAKEH, MpeaHa3HAUEeHHBIX Ul OPraHM3alMh ¥ XPAHEHHUS Pa3THUHBIX
BHIOB M THUNOB KOHTEiHEPOB. CTENIK COCTOMT M3 MOCIEA0BATEILHO-NAPALIEIBHBIX sfueeKk (B
3aBUCHMMOCTHM OT THIIA CXEMbl), PACIOJOKEHHBIX B HECKOJbKO SPYCOB HAa HEOOXOAMMYHO BbICOTY.
Takast cuctema spasiercs OAHUM u3 3(PQeKkTuBHBIX crnocobOB XpaHeHMss M MO3BoJseT 3abop
KOHTeliHepoB ¢ stoboro Mecta. MHOTOApyCcHas CUCTeMa XpaHEHHMs — HE MPUHIMIIMAIBHO HOBas
TEXHOJIOrMsl, a CKOpee ajantauus CyLIEeCTBYIOLIMX TEXHOJIOIWi Ui aBTOMaTH3MpPOBAHHOI
TEPMUHAIBHOH 00pabOTKH KOHTEHHEPOB.

B GonpuiHCTBE CyyaeB TEXHOJOTHS CTEINAXKHOTO XpaHEHHA KOHTEHHEPOB MPUMEHACTCS A7
XpaHEeHUs TapHO-yMAaKOBOUHBIX TPY30B, TJ€ AOKazana CBOK (PPEKTHBHOCTH W IKOHOMHUYECKYIO
enecooOpasHocTb. B obnacti TepMuHaNbHOM 00pabOTKM KOHTEHHEPOB CTeNJakHaAs cucTeMa
XpaHeHHsl TIPUMEHSIACh TOJIBKO Ha MCTIBITAHMSAX, HO HA MPAKTHKE CTE/UIaKHOTO KOHTEHHEepHOro
TEPMUHAJIA C1LE HET.

Komnanus DP World nposena ucnbitTaHne MHOIOIT@XKHOH BbICOKOABTOMATU3MPOBAHHOM
CTEIaXHON CUCTEMbI pa3MellieHus Ha TepMuHaie. Mcnbitanus nposoauiaichk B nopty Jxebens Anu
B Jlybae na tepmunane « BOXBAY High Bay Store» (pucysok 1) [5]. McnbiThiBaemas creinaxHas
cucremMa mnpexanojaraet 11 ypoBHel XpaHEHHWs KOHTEHHEPOB, 4YTO MO3BOJACT, IO MHEHUIO
cosnareneil, donee uyemM Ha 60 % yBEIMUUTHL E€MKOCTb XPaHEHMS KOHTEHHEPHOH ILIOLLAKU.
[lepemernenne KOHTEHHEPOB OCYINECTRAACTCA MPH MOMOIIN MOTHOCTBIO AMEKTPUPUIMPOBAHHBIX H
ABTOMATH3MPOBAHHBIX TPAHCTOPTHO-TMIEPETPY30UHBIX MeXaHu3MoB. [IpuMeHeHue cTennaxHOM
CUCTEMBI XPaHEHHUs TOMOraeT T[OBBICUTH CKOpPOCTh 00paboTkh, 3HEpProdGdeKTHBHOCTS,
0e30MacHOCTh XpaHeHHs N 3HAYUTENIbHO CHU3UTH 3KCILIyaTallnOHHbIE PACXOIbl.
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Pucynok 1 — Konreiinepnsii tepmunan « BOXBAY High Bay Store»

Cpenu npenmMyILecTB CTeIaKHON CUCTEMb] KOHTEIHEPOB MOKHO BBIICTUTH CIIEY HOLIHE:

— COKpallleHWe TPAaHCHOPTHO-TIEPETPY30UHBIX OMEpalMii 38 CYET OTCYTCTBHS HM3MUIIHUX
NEePEeCcTAaHOBOK KOHTEHHEPOB (perienne npodiemsl ¢ OJOKHPYIOIMMH KOHTEHHEPaMHK),

— COKpallleHH!e 3aTpar Ha U3JUIIHUE TPAHCTIOPTHO-TIEPErpy304HbIE ONepalnm;

— TIOBBIIIEHNE YPOBHA aBTOMATH3aI[MH HA TEPMUHAIE,

— BO3MOKHOCTb XpaHEHHsA KOHTEHHEPOB Pa3HbIX THUMOB M PasMepoB B Nt000ii M3 CTEITAKHBIX
siueek (B rnpejesiax MakCUMalbHOro pasMepa);

— MeHblLUas Tpedyemas IIolalb TEPMUHAJIA B OTJIMUUE OT CTAHAAPTHOMN, CBA3aHHAs C BbICOTOM
KOHCTPY KIIMM M YMEHbIIEHUEM MPOe3/ia Mek/1y CTeJlIaKamHu.

HenocTatku cTennakHON CHCTEMbI XPAHEH WA

— 3aTpaThl HA CO3AAHUE KOHCTPY KLU TEPMUHATIBHOIO CTEJIAKA 1 €10 00C1yKuBaHKeE,

— BO3MOXHOE YMEHBIUECHUE YPOBHS NPOTHBONOKAPHOH 0€30MacHOCTH 3a CYET COKpALLEHHs
PACCTOSHUS MEKAY KOHTEHHepamu,

— MOHWKEHHAA YCTOHUMBOCTb KOHCTPYKIIMH K BETPOBBIM HATPy3KaM;

— MEHbIIasA aanTUBHOCTb B M3MEHEHHH 30H XPAHEHU TEPMUHANIA.

Texunonorust o0pabOTKU MMpU  CTEIUIAKHOM CHUCTEMe XpaHeHHs TIpyKEHBIX KOHTEHHEpOB,
npuObIBIIMX [0 Bblauy Ha aBroTpaHcnopt Ha tepmunaie «BOXBAY», npeacrasieHa Ha
pucyHke 2.

Mepemewenne KoHTeRHEpa Mepemewenmne KoHTeRHEpa
e el b 2 e

I MocTosoid kpau I I MocToBoil kpan I
MNepemeweHne KOHTEAHEPa e,
pemeweHmue KoHTeiiHepa
— Ommpanne —> K MECTY OMMAAHUA —p Oxmmganue — R S —— —>
NOrpy3KM Ha CTENNam
I KouTeliHeponeperpyxartens I I Kpan-wrabenep I
Mepemewtenne KouTeiHepa MNepewmewerme KonTeiitepa Neperpyaka koHTelinepa
Xpanenue KonTeiinepa wa penucosyioTenemky  [—P| K MECTY NEPErpyskM el Ha aBTOTPaHCNOPT —>
Ha aBTOTPaHCNOPT
I Kpau-wraGenep I I PenbCoBan TenemKa I I MocToBoi Kpan I

BriBo3 KoHTeliHepa
ABTOTPAHCNOPTOM

Pucynox 2 — Texnonorua obpaboTku KOHTeHHepa MPH CTE/UIAXKHOH CHCTeMe xpaHeHus Ha TepMunane « BOXBAY»
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CTresutazkHas CUCTEMa XpaHeHus, npumensiemas Ha repmutaie « BOXBAY», 6onbiie noaxoaur
JUISL MOPCKUX TEPMHUHAJIOB, KOTOPble WMMEIOT OTJIMYHMTE/IbHbIE O0COOEHHOCTH 10 CPABHEHUIO C
TepMUHAIaMM THMa «cyxoit mopt» [6]. OpHolt M3 TakuX OCOOEHHOCTEH SABISETCA HATHYME
M30BITOYHOTO KOTMUYECTBA TPAHCTIOPTHO-TEPETPY30UHBIX MEXaHU3MOB HA MOPCKOM TEPMHHANE, 4TO
ABJIAETCA HELEeNnecooOpasHbIM I JKENE3HOA0POKHOro TpaHcnopra. Mcexoas W3 TEXHOIOrHH
obpaborku Ha TepmuHane «BOXBAY» (CM. pHCYHOK 2) MOXXHO OTMETHTbH, YTO B TePMHUHAIBHOH
00paboTke KOHTEHHEPOB YYacTBYIOT MATh TPAHCTOPTHO-NEPErpy30uHbIX MexaHu3MoB. Hanwuwme
0O0JIBLIOrO YUC/Ia MEXAHU3MOB HA TEPMUHAJIE THUMA «CYXOH MOPT» MOKET MPUBECTH K YBEJIHUEHUIO
3arpar Ha TEPMUHAJE, YTO HE 10y CKAST NPUMEHEHHA TEXHOJIOIMU CTEJUIAYKHOM CHCTEMBI XPAHEHU A
no npuMepy TepmuHana « BOXBAY» B nepBoHauaibHOM €€ BapUaHTe.

Jna TepMUHATOB THNA «CyXOM MOPT» Mpeataraerca NPUMEHEHHME CTEIAXHON CHCTEMbI
XpaHEeHMs C CYILECTBEHHbIMM OTAMuusAMU OT TepmuHana « BOXBAY». Ha srane npoextupoBanus
CTEJUIKHONH CUCTEMbl XpaHEHUs KOHTEHHEPOB HEOOXOAUMO paccuuTarbh NOTPeOHOE KOJAUYECTBO
CTEJUIKHBIX SUEEK B 3aBUCHMOCTH OT CTPYKTYPbl KOHTEHHEpONoToka, noTpedHbIX TPaHCTOPTHO-
Meperpy30uHbXx MexaHu3MoB. JlaHHad 3amada A0KHA ObITh pelieHa NPEBEHTHBHO 10 3aKyMKH
TEPMUHAIBHOIO 000pPYA0BAHUS U TPAHCIIOPTHO-IEPErPY30UHbIX MEXaHHM3MOB € ajantauuei non
TEXHOJIONHK padoThl TepMUHANA. B 3aBUCMMOCTH OT onepaliuii Ha TepMUHAIIE U TPOTIOPIIUH MEMKTY
KOHTeiHepamMu pasHbix rpynn (A, b, B) npon3BoauTcs 30HHOE CEKIMOHMPOBAHHWE TEPMHUHANA IO
MIOIIAN.

JUia TepMMHANIOB THOA «CYXOH NOPT» MIOWE@AL OJHONW CTE/UIAKHONW sAYEHKH J0JKHA
MpeIyCMaTPUBATh PasMelIeHHE ABY X BaANATH(YTOBBIX KOHTEHHEPOB MAKCUMAIBHOTO pasMepa 1o
BBICOTE WJIM OJHOIO COPOKa(yTOBOr0 KOHTEHHEpa MakCUMallbHOTO pa3Mepa 1o BbICOTe. XpaHeHHe
JIBYX KOHTEHHEPOB B ONHOMN AUeHKEe MO3BOJIUT CCTATh CTEITAKHYIO CHCTEMY OoJiee yHHBEPCATbHOM
M aanTUBHOW K pa3HbIM TWUNam M pasMmepaMm koHTeiHepoB. [IpennoxkeHHas cucrema siBiIseTcs
oTM4HOM oT TepmuHaiia « BOXBAY», rae npeaycMoTpeHa BO3MOKHOCTb XPAHEHHS! TOJIBKO OJIHOTO
KOHTEHHEpa B O1HO#M SYeiike.

B mpoexkTupyemoii CTenaxHO# sueiike I0DKHA ObITh TMPEeIyCMOTpPeHa CIUIOUIHAA WM
pelieTyaras HHIKHAA OMNOPHAA TOBEPXHOCTb, KOTOpAas TNO3BOJMT YBEIWYMTh aJanTHBHOCTH
MPUMEHEHUS CTEJUIAKHOM CUCTEMBI MYTEM BO3MOKHOCTH XpaHEHUS B OIHOH siueiike:

— CbEMHBIX ABTOMOOMIBHBIX KYy30BOB, KOTOPbBIE MEPEBO3ATCSA MO KOHTCHHEPHON TEXHOMIOTHM
(Ky30Ba JaHHOro Tuna 00/1aat0T MEHbILEH NPOUYHOCTBIO, B CBA3M C 3THM UX HEJb3s 1TabenupoBars
npu 00bIYHOM METO/IE XpPaHEHHs HA TEPMUHATAX ),

— MAKETHBIX TPY30B NPU HAJTUYHU CBODOIHBIX AYEeK;

— OTKPBITHIX KOHTEHHEPOB C TPY30M, HE BBIXOSIINM 3a rabapuThl CTEIIAKHON SUSHKH.

Ha Ttepmunane « BOXBAY» HukHeH OMOpPHOH MOBEPXHOCTBHIO ABIAKOTCA OOKOBBIC YCTYIIbI,
KOTODPBIE HE MO3BOJIAIOT XPAHEHHE MEPEUUCIICHHBIX BbILLE CPEACTB TPAHCIOPTUPOBKH. JLjist 32Tl
OT aTMoc(epHBIX OCAIKOB (10K, CHEra) Ha BEPXHEM fAPYCE CTEJUIAKHOW CHUCTEMbl XpaHEHUs
HEOOXO0IUMO MPEaYCMOTPETh CIIJIOIUHY KO TOBEPXHOCTh.

PedpmxepaTopHbie KOHTEITHEPBI MOTYT OBbITh BBIZICIEHBI B OTACIBHYIO 30HY C UCTIONH30BAHUEM
CTEJUIKHON CHCTEMBI XPAHEHMA C BHELIHMM MOJKIIOYEHWEM JHEPrOMUTaHUsA, 4YTO TMO3BOJIMT
130€KaTh MEPECTAHOBKU PEPPHIKEPATOPHBIX KOHTEHHEPOB U OTKIIOUEHUS UX OT BHELIHETO MUTAHUA
B 3TOT MOMEHT. B pedpuikepaTopHbIX 30HaX CTEIANKHOI0 THIIA MOTYT XPaHUTHCS KOHTEHHEPbI BHE
3aBUCUMOCTH OT TPYIIMbl, BbUIGJICHHON M0 CTENeHU HAAEKHOCTH NPOTHO3MPOBAHUA TEXHOJIOrM4ec-
KOH LenouKu.

Ha Tepmunane tuna «cyxoi nopt» npeaiaraetcsd npuMeHeHWe CTeIaKHOM CUCTEMbl XPaHEHH S
M0 HECKOJIBKUM BaPUAHTaM.

1. [TpoexTupoBanue CTeNTAKHON CHCTEMbBI XPaHEHHs B TPH sPyca Mo BbICOTE, B JIBE MOJOCHI M0
IMpUHE M JUIMHOH N MecT XpaHeHus [ KOHTEHHEpOB (OrpaHMYEHHOE [0 [OKAPHLIM
TpebOoBaHUAM ).

PacnipenienieHe KOHTEHEPOB MO spycaM Mpeajaraetcsi B 3aBUCHMOCTH OT Macchl OpyTTO
koHTeitHepa. Kaknaa aueifka ctennaxka aomkHa o0nanath MaKCHMANbHOMW TPY30MOIBEMHOCTBIO C
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pacueToM pasMelleHus ABYX ABaAUaTH(yTOBBIX KOHTEHHEPOB (OPHEHTHPOBOYHO OT 65 T). Jlns
obJerdyeHnsa KOHCTPYKIMHA MPH MPOSKTHPOBAHNN TEPMHUHATA MNPy CMaTPHUBACTCA, YTO HA BEPXHEM
ApYCe OCYLUECTBIIACTCS XPAHEHHUE TOJALKO MOPOKHUX KOHTEHHEPOB, 3a CUeT CHUKEHUsS TpeOyeMoil
Harpy3Ku Ha BEpXHUH SpyC MOKHO 00JIerYuTh KOHCTPY KIMIO CTEILTaKHOI cucTeMbl, clienas ee boee
9KOHOMHMYECKH BBITOIHON MPH CTPOUTEIBCTBE M COACPIKAHWH.

MuHUMATBHOE PACCTOSHUE MEXKIY MapaiieNbHO CTOALUIMMH CTEeITakaMu (TEXHOJOTHYECKUI
Npoe3i1) NpH NPUMEHEHWW TPAHCIOPTHO-MEPErPY304HbIX MEXaHM3MOB NOJIKHO 00ecnevyuBaTh
TpeOyeMy0 LUMPHHY TIOKAPHOTO IMpoe3da M TEeXHOJOTHYECKYH I[IMPHHY, OOYCIOBICHHYO
cneuudukoii 0bpaboTkm KoHTeiHepoB. M3 ABYX NpeACTaBIEHHBIX TMoKasaTenei BbIOMpaeTcs
Ooabmii aya odecneyenns 6€30MacHOTO NEPEMEILEHHA TPAHCTIOPTHO-MOTPY30YHBIX MEXaHHU3MOB,

[TpuHuMnUanbHas cXemMa CTe/LIaKHOH CUCTEMbl XpaHEHHUsI [0 TIEPBOMY BapUaHTY IpeAcTaBjieHa
HA PUCYHKE 3.

8

Pucynok 3 — IIpuHuunuanbHas cxema CTesulasHoi CHCTeMbl XpaHeHH s
@ — BHILC TOPLA; § — BHI CBEPXY; 8 — BHI COOKY

TpancnopTHO-neperpy30uHbIe MEXaHU3Mbl ITPH TPEXbAPY CHON CUCTEME CTEIIAKHOTO XPaAHESHHS
JIOJIKHBI Y JIOBJIETBOPSATH CJIe Ty FOIIMM TPeOOBaHUAM : BHICOTA M0/ IbeMa I'Py303aXBaTHOIO YCTPOHCTBa
JIOJKHA COCTaBlIATh HE MeHee 0,3 M, rpysonoaseMHocTh — He MeHee 30 1. K TpaHcrnopTHO-
neperpy30uHbIM MEXaHu3MaM, yIOBJICTBOPAIONINM BCeM HEOOXOAMMBIM TpeOOBaHUAM, OTHOCATCS
MOIPY3YMKU C POTALIMOHHBIM YCTPOHCTBOM.,

[TpumeHenne nNOrpy3uMuKoB ¢ POTALMOHHBIM YCTPOHCTBOM SABASETCS LEJECOO0PA3HbIM TPU
TPeXbAPYCHOM CUCTeMe XpaHeHHs B CBA3W C OrpaHWYeHHON BbicOTOM nomabema. OJHUM U3
MOAXOASIINAX BapuanToB mnorpy3unkoB ssngerca moxens HELI CPCD 300, texnuueckne
XapakTepHuCTHKH KOTOPOH mpencTapieHs! B Tabauue [7].

TexHHYECKHE XapaKTepHCTHKH au3enbHoro norpy3unka HELI CPCD 300

XapakTepHcTHKA 3nauenue
['py30moabeMHOCTD, KT 30000
Bricora nogbema Ha BHJIAX, MM 6500
JlmuHa MAIKuHEL ¢ BUIAMH, MM 9200
[TupuHa MANTHHEL ¢ BHJIAMH, MM 3450
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Texnonorus 0o0paGOTKM NPH CTEIAKHONH CUCTEME XPAHEHHMS TPYIKEHBIX KOHTEHHEPOB,
MPUOBIBIINX T10]] BBIIaYy HA aBTOTPAHCTIOPT HAa TEPMUHAIIE 1O TIEPBOMY BapHaHTY, TIpe/ICTaBNIeHa Ha

pucyHKe 4.
B AYelKy cTennaxa Ha aBToTpaHcnopT
I Morpy3uni, puuctakep I I Morpy3umk, puictakep I

BbiBO3 KOHTRIHEpa
aBTOTpaHCNoOpTOM

Pucynok 4 — Texnonorus o6paboTku KOHTeHHEpA NPH CTEMNIAKHON CHCTEMe XPaHeHHs MO NePBOMY BapHAaHTY

2. [IpoekrupoBanue cTejiakHOro TepPMHUHAA TPU 00JIBIIOM 00beMe NepepadoTKu KOHTEHHEPOB
npeanaraeTca B M ApycCoB (B 3aBUCHMOCTH OT TTOTPEOHOCTH), B JIBE MOJOCHI MO WHPHHE W JUTHHONR N
MECT XpaHeHus [Jis KOHTEHHepoB no mpuHuuny tepmuHaia « BOXBAY» ¢ omiMuYUTEIBHBIMU
0CODEHHOCTAMHU.

Jlna Takol cuCTEMbl CTE/UIQKHOTO XpaHeHHMs HEeoOXOIWMO MpeaycMOTpeTh CcumMOn03
TPAHCTIOPTHO-TMIEPETPY30UHBIX MEXaHH3MOB C VUETOM MaKCHMMalbHOM aBTOMaTH3alii MX pabdoThL.
TpancnopTHO-nEperpy30uHbIM  MEXAHW3MOM, OCYILECTBIAIOIUM HEMNOCPEACTBEHHO padboTy co
CTe/UlaKaMM, SBNSETCS KpaH-wiTadenep C MNPUKPEIVIEHHBIM CHELMAILHBIM  YCTPOHCTBOM,
3axXBaThIBAKOLIMM CTAHIAPTU3UPOBAHHY 10 MHOTO000OPOTHYO Tapy. Takoe ycTpoiicTBO npuMeHseTcs
Ha TepmuHane «BOXBAY». I1py HCMONB30BaHUN 3TOTO MeXaHHW3Ma HEOOXOAMMO YUHTHIBATH, YTO
Ha KaXIbli TPOJIET CTENIaKHON CHCTEMbl XpaHeHWsl HEOOXOAMMO OHO Takoe ycTpoiicTo. [lns
COKPALLEHUS YUCIa TPAHCNOPTHO-MEPErPY30UHBIX MEXaHU3MOB Haubonee 1enecoodpasHo
HCIIOJIb30BATh TAKYI) CHCTEMY C OAHHMM IIPOJIETOM M OIHOM MOJOCOH MO IKMPUHE C MAKCUMAIBHO
noTpeOHOIt ¥ A0MyCTUMOI BBICOTOM (PUCYHOK 5).

T I AT SR oy

Kpan-wwrabenep

Pucynok 5 — CrennakHas CHCTEMa XpaHEHHs NMPH NPUMEHEHHN TPAHCTIOPTHO-TIEPErpy304HOro Kpana-mrrabenepa —
OOKOBOE pacnoyioykKeHHe KOHTEITHEPOB (BHII CBEPXY )

3. Haubonee uenecooOpasHbIM BapHAHTOM CTEJLIAKHON CHCTEMBI XpPaHEHHs NPEACTABIACTCS
pasMelleHne KOHTEHHEPOB C TOPLEBOH CTOPOHBI MPU [POEKTHPOBAHUU OIHOIO MPOJIETA U OIHOM
MoJIOCHI 1O IMpHHE. Takas cucTemMa MO3BOJIUT PACMONOKUTh HAaMOOJIbILIEe KOMYECTBO KOHTEIHHEPOB
Ha CTeNnnaxe MPH HMCMONb30BAHMM OAHOTO mpoiera. HemocTarkom Takoif CHCTEMbl ABISETCA
BO3MOXKHOCTb PACTOIOKEHUS TOJABKO OJHOrO KOHTEHHEpPA B CTEJUIAXKHOMN sueiike BHE 3aBHCUMOCTH
OT ero Tuna ¥ pasmepa. OAHAKO Takasd CHCTEMA [O3BOJUT OJHHUM TPAHCIIOPTHO-IEPErPY30YHBIM
MEXaHM3MOM OO0CIY’KMBaTh BCHO CTE/UIAKHYIO cUCTeMy XpaHeHus. [lis Oodblueil ananTMBHOCTH
CTEJIIAKHON CUCTEMBbI XPAHEHU S MPEANAraeTCs HECKOIBKO BAPUAHTOB MPH TOPLIEBOM PACTIONOKEHUH
KOHTEIHEpOB: |) pazaeneHune CTe/axHo CUCTEMbI XPaHEHHs HA JIBE 30HbI C ABAAATH(Y TOBBIMU H
copokayy TOBbIMHM KOHTEHHEPAMU B 3aBUCHMOCTH OT NOTPeOHOCTH (pUCYHOK 6, a). Takoii BapuaHT
03B0JIUT 00JIee PALMOHATBHO PACHPEASIUTE IUIOIA/Ib KOHTEHHEPHOro TepMHUHAIA; 2) IPUMEHEHHE
MaKCUMaIbHO HEOOXOAMMOro pasmepa fAYeHKku, KOTOpas sABIACTCA aAanTHBHOW s JABajl-
uaTudyToBOrO U COpOKa(dhyTOBOIO KOHTEHHEPOB OHOBPEMEHHO (PUCYHOK 6, 6).
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Pucynok 6 — CrennaxcHas cucTemMa XpaHeHHs NMPH MPUMEHEHHWH TPaHCIIOPTHO-TIEPerpy304HOro kpaHa-mradenepa —
TOPLIEBOE PACHONOKCHHE KOHTCHHEPOB

Texnomorus oO0pabOTKH TMpH CTENADKHOH CHCTeMe XpaHeHHA TpPYKEeHBIX KOHTESHHEpOB,
MPUOBIBIIMX TIOJ BBIJAYy Ha aBTOTPAHCTIOPT HA TEPMHUHAIE MO BTOPOMY M TPETBEMY BapHaHTaM,
npejcTaBieHa Ha pUCy HKe 7.

NepemeLtenve koHTeiiHepa MNepemewerne koHTelHepa
MpubeiTue noesga K MecTy oXugaHna —> Oxupanve — y 5 n'::ﬁlty cTennana : —
neperpysiu Ha cTennax
I Morpysuni/puucTaKep/KpaH I I Kpau-wraGenep I
Nep y KOHTelHep MNep 1 KoHTeHep
XpaHeHue KoHTeiiHepa Ha MeCTO 0KWAAHNA —% Oxupanue —> K @aBTOTPaHCNOPTY, —>
neperpysku neperpyska
I Kpan-wrabenep I I Morpysunk/pudcTakep/kpan I

BbIBO3 KOHTelHepa
aBTOTPAHCNOPTOM

Pucynok 7 — Texnonorusa obdpaboTku kKOHTeHHEpa NPH CTEIUTAKHOH CHCTEME XpPaHeHUs
[0 BTOPOMY H TPEThEMY BAPHAHTaM

[IpennoseHHbIe BAPUAHTHI CTENIAKHOTO XPAHEHHA MOTYT ObITh Pealn30BaHbl HA COBPEMEHHBIX
TepMUHANIAX TUMA «CYXOH MmOpT» ¢ NPUMEHEHHMEM JOCTYIHbLIX TPAHCHOPTHO-MEPErpy30UHbIX
mMexaHusmMoB. OJIHAM W3 KpPYMHEHIIMX TPAHCNOPTHBIX TEPMHMHANIOB THUIMA «CYyXOH mopT» B
PecnyOsinke Benapych siBnsercss TepmuHan Konsgaudu ¢ AByMs KOHTEHHEPHBIMU [UIOMIAIKAMM
obmueit BMecTUMOCTBIO 2700 KOHTEHHEPOB B CPEAHECYTOUHOI nepepabdaThiBaroieii crocobHOCTHIO
184 parona [8]. l'omoBas mnepepabarbiBatrOlas CHOCOOHOCTL craHuuH cocrasasier 57000
KOHTEMHEPOB.

TepMuHan OCHauUleH [JBYMS puucTakepamu uTaibsHcko ¢upmbl  Ferrari F477 ¢
rpy30MOABEMHOCTBIO 45 T Kaxabli W ogHUM  Ko3a0BbiIM - kpaHoM KOKS KRAN-55 ¢
rpy30n0beMHOCTEIO 55 T. Ha TepMmuHaiie npeaycMoTpeHa OTAe/lbHas IUI0WAAKa A1 XpaHeHus
pedpuskepaTopHbIX KOHTEHHEPOB € BO3MOKHOCTBIO MOAKIIOUEHMS K JHEpronuraHuilo 1o 27
KOHTEMHEPOB OJJHOBPEMEHHO.
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CyuiecTBYOIME TEXHOAOrUHM Ha TepMuHaie Ko/sauun no3posioT pacCMOTPETb NPUMEHEHHE
CTEJIJIAXKHON CHUCTEMBI XpaHEHHsl MO0 BTOPOMY M TPETHEMY BapHaHTaMm, MPEeIJIOKEHHBIM BbILIE.
TpaHcnopTHO-NEperpy304Hble MEXaHU3MBbL, [PUMEHSEMbIE Ha TEPMHUHAJE, MOKHO aaanTUpOBaTh
MO CTENTKHYIO CHUCTEMY XpaHeHHs. Puuctakepbl M KpaH MOTyT ObITh HCMOMB30BAHBI JUIA
nepeMeLieHusl KOHTEHHEPOB K MECTY OXKWAaHWs [eperpys3kd Ha CTe/llaxk, MOrpy3kd Ha
ABTOMOOMIBHBIN M JKEIE3HOAOPOKHBIA TpaHemopT. OTHeabHOH 30HOW MOXKHO NPEayCMOTPETH
CTPOMTENILCTBO  CTEJIAKHOM — peprykepaTOpHO  CMCTEMbl  XPaHEHHWA €  BO3MOJKHOCTBIO
MOAKIIOYEHHS K SHEpronutanuio. CTe/iakHas CUCTEMA MO3BOJUT OCYLLECTBIIATE MEPECTAHOBKY,
CbEM KOHTeHHepoB 03 OTK/IIOYEHWS OT JHEProNUTaHUs HEaBTOHOMHBIX pe(pHKEPATOPHBIX
KOHTEHHEPOB, HAXOMSMIIMUXCS B BEpXHUX spycax. [IpumeHeHue cTe/iakHONH CUCTEMbl XpaHEHUS HA
9TOM TEPMHHAIE MO3BOJIUT yBEIMUYNATE BMECTHMOCTh TPAHCIIOPTHOTO TEPMHUHAINA TIPA COXPAHEHUHU
€ro  IUIom@nMu, COKPATHUTh M3JIMIIHWE TPAHCIOPTHO-NEPErpy304yHbIE  OMepanun, Cco34acT
NPEANOChUIKA K YCKOPEHHIO 00paldOTKH U MUHUMU3ALIMU 3aTPAT HA €€ BbIIOJHEHUE.

B coBpeMeHHbBIX OTEUECTBEHHbIX W 3apyOeKHBIX JIUTEPATY PHBIX HCTOYHUKAX B HEIOCTATOUHOM
MEpE pacCMOTPEH BOMPOC TNPHUMEHEHHs TMEepPCreKTUBHOM TEXHOJNOTUM CTENNaKHOTO XPaHCHUs
koHTelHepoB. CTe/iakHas CHCTEMA XPAHEHWS SBJSETCS OIHOM M3 TEXHOJOTWH NOBBILIECHHS
3(Q(QEeKTUBHOCTH TEPMHHATBHONW 00pabOTKM 3a CHET HCKIKOYEHUS W3JIMIIHUX TPaHCHOPTHO-
Meperpy30uHbIX Omepaluii, COKpalieHWss BPEeMEHM M pacxojoB Ha paboTy TpaHCTOPTHO-
NEeperpy30uHbIX MEXaHW3MOB, TMOBBILICHWA AAANTHBHOCTH TEPMWHAIBHOM CHCTEMbl XpaHEHUS,
KOTOpPast MO3BOJUT OJHOBPEMEHHO XPAHUTh KOHTEHHEPB! Pa3HbIX THIOB H PA3MEPOB, KOHTECHHEPbI
OTKPBITOTO THIA (TPH HE3HAYNTEIBHBIX BBICTYIIAX I'PY3a B [Ipeiesiax CTe/UIKHOM sSUeHKK ), ChbeMHbIe
aBTOMOOWJIbHBIE KYy30Ba, MAKETHbBIE IPY3bl B CTEJUIAXKHBIX SUEHKaxX.

Crucox numepanmypoi

1. [k, B. I'. Teoperuueckoe 000CHOBAHHE 30HHUPOBAHMS KOHTEHHEPHOrO TEpPMMUHAIA MO
CTENEHW  HAJeKHOCTH  TPOrHO3UPOBAHHMS  TEXHOJOrOrMYeCcKOi  [ernoykn  00pabdoTKu
koHTeiHeponoroka / B. I'. IIuwmmk. — Tekct : HenocpeacTBeHHbli // [1pobdiaembl mepcrneKTMBHONO
Pa3BUTHS JKEIE3HOAOPOIKHBIX CTAHIIMNA M y370B. — 2023, — Ne | (5). — C. 157-165.

2. Tuseposckuii, B. M. Asromaruszauus CKIaj0B U JOrMCTHYECKUX LEHTPOB 3a pyOexkom /
B. U. Tuseposckuii. — Tekcr : HenocpencTBeHHbl // TpaHCHOpT: HayKa, TEXHWKA, YIpPABICHUE,
HayuHbiii nHGopMarmoHHblii coopHuk. —2022. — Ne 2. — C. 32-37.

3. Alexandri 1.O., Yuan M., Zhou C. and Xue L. Efficiency Analysis of a High-bay Container
Storage System — BoxBay, 2022 [EEE [8th International Conference on Automation Science and
Engineering (CASE), Mexico City, Mexico, 2022, pp. 1588-1594, doi: 10.1109/CASE49997.
2022.9926678.

4. Berns F., Ramsdorf T., Beecks Ch. Machine Learning for Storage Location Prediction in
Industrial High Bay Warchouses. Pattern Recognition. ICPR International Workshops and
Challenges, Virtual Event, January 10 — 15, 2021, Proceedings, Part IV, pp. 650-661.

5. Introducing Boxbay // dpworld.com : caiit. — Tekcr : snektpoHHblii. — URL:
https://www.dpworld.com/smart-trade/boxbay (nara o6pawenns: 15.11.2023).

6. Slnuenxo, A. A. PazpaboTka MOJE/IN HCCAEI0BAHNA BIUAHMA 30HUPOBAHNA KOHTEHHEPHOTO
TepMuHaia Ha 3(dexkruBHOCTh ero padotel / A. A. Snuenko, T. E. Manukosa, M. H. BosibHOB. —
TexkcT : HemocpeAcTBeHHBIH // BECTHHK TroCyIapcTBEHHOrO YHMBEPCHTETA MOPCKOrO W PEUYHOTO
(uora um. agmupana C. O. Makaposa. —2017. — T. 9. — Ne 4, — C. 704713, DOI: 10.21821/2309-
5180-2017-9-4-704-713.

7. Juzensubiii norpysunk HELI CPCD300, 30,0 1 // heli.com.ru : caiit. — TekcT : 21eKTPOHHBIN. —
URL: https://heli.com.ru/pogruzchiki/avtopogruzchiki-heli/dizelnie-pogruzchiki/cped300.html (nara
obpawennsa: 15.11.2023),

8. Tepmunan Konsamun // belintby : caiit. — Teker : snextponHsiii. — URL:
https://belint.by/services/terminal/terminal-koladici?ysclid=lp9njcvpf9657262402 (nata obparie-
aus: 15.11.2023).

N3BECTWUA TpaHccuba




YnpaBneHue npoueccaMm nepeBo3ok

References

1. Pishchic V.G. Theoretical foundation of container terminal zoning according to the degree of
reliability of forecasting the technological processing chain of container flow. Problemy
perspektivnogo razvitiia zheleznodorozhnykh stantsii i uzlov — Problems of railway stations and
Junctions perspective development, 2023, no. 1 (5), pp. 157-165 (In Russian).

2. Tiverovsky V.I. Automation of warehouses and logistics centers abroad. Transport: nauka,
tekhnika, wupravlenie. Nauchnyi informatsionnvi sbornik — Transport: science, equipment,
management. Scientific information collection, 2022, no. 2, pp. 32-37 (In Russian).

3. Alexandri 1.O., Yuan M., Zhou C. and Xue L. Efficiency Analysis of a High-bay Container
Storage System — BoxBay, 2022 [EEE [8th International Conference on Automation Science and
Engineering (CASE), Mexico City, Mexico, 2022, pp. 1588-1594, doi: 10.1109/CASE49997.
2022.9926678.

4. Berns F., Ramsdorf T., Beecks Ch. Machine Learning for Storage Location Prediction in
Industrial High Bay Warehouses. Pattern Recognition. ICPR International Workshops and
Challenges, Virtual Event, January 10 — 15, 2021, Proceedings, Part IV, pp. 650-661.

5. Introducing Boxbay. Available at: https://www.dpworld.com/smart-trade/boxbay (accessed
15.11.2023).

6. Yanchenko A A., Malikova T.E., Volnov [.N. Developing the model for study of terminal
zoning impact on its operating efficiency. Vestnik gosudarstvennogo unmiversiteta morskogo i
rechnogo flota imeni admirala S. O. Makarova — Bulletin of the Admiral S. O. Makarov State
University of Marine and River Fleet, 2017, no. 4, pp. 704-713, DOI: 10.21821/2309-5180-2017-9-
4-704-713 (In Russian).

7. Dizel'nvi pogruzchik HELI CPCD300, 30,0 t [HELI CPCD 300 diesel loader, 30.0 t]. Available
at: https://heli.com.ru/pogruzchiki/avtopogruzchiki-heli/dizelnie-pogruzchiki/cpcd300.html (accessed
15.11.2023).

8. Terminal Koliadichi [Kolyadichi Terminal]. Available at: https://belint.by/services/terminal/
terminal-koladici?ysclid=lp9njcvpf9657262402 (accessed 15.11.2023).

HH®OPMAIIUA OB ABTOPE INFORMATION ABOUT THE AUTHOR

Mumuk Baagucaas INennaasesuy Pishchic Vladislav Gennadievich

Benopycckuii  rocynapcTBeHHBIH — YHHBEPCHTET Belarusian State University of Transport (BSUT).
Tpancnopra (benl'VT),

Kupoga yn., a. 34, r. 'omens, 246022, PecniyOnrka Kirova st., 34, Gomel, 246022, Republic of Belarus.
benapycs.

AcnupaHT,  TIpenofasaTeNnb-cTadep  Kadeaps Postgraduate student, trainee teacher of the

«Ympaenenue rpy30BoH M KOMMepueckoil padotoi», Department of Cargo and Commercial Work

benl'VT.
Ten.: +375299059607.
E-mail: uladzislau pishchic@gmail.com

BUB/IHOTPAOHYECKOE OIMTHCAHHE CTATBH

[Mumuk, B. T'. Ilpuvenenne TeXHONOTHH CTEILIAN-
HOTO XpaHEHMA TNPH 30HHOM CEKLHOHHPOBaHHH
kouteiineproro tepmunana / B, T I[Mummk. — Teker :
Henocpencreentsld // M3pectus Tpancenba. — 2024, —
Ne1(57).-C. 64-72.

U3BECTUA TpaHccuba —

Management, BSUT.
Phone: +375299059607.
E-mail: uladzislau. pishchic@gmail.com

BIBLIOGRAPHIC DESCRIPTION

Pishchic V.G. Application of high-bay container
warehouse technology for zone partitioning of a container
terminal. Journal of Transsib Railway Studies, 2024,
no. 1 (57), pp. 64-72 (In Russian).

Ne 1(57)
2024



YnpaBneHue npoueccamu nepeBo3okK

VK 656.216.2
C. A. Jlynes', C. B. Tpameuxo?, M. B. Kmounnkos?

"Poccniicknii yuusepcuter tpancniopra (PYT), r. Mocksa, Poccuiickas Menepaums;
2Omckuii rocy 1apcTBeHHbIH yHHBepeuTeT myTeit coodmenns (OmIYIIC), r. Omexk, Poccniickan Qenepauns

NOBBIHNIEHHUE S®®EKTHBHOCTH PABOTBI YCTPOWCTB
ABTOMATHYECKOM TMEPEE3/THONH CHUTHAJU3AIIAU

Annomayus. B cmamve paccmMampueaemcs 603MONCHOCHL VMEHbIIEHUS 8PEMEHU HAXONCOeHUs nepee3od 6
3AKPBIMOM COCHIOAHUU APU Ge3VCI08HOM obecneqeniill 6e30nacHocmu. AKmyaisHoCb paccMampueaemozo 80Rpoca
onpedensiemcs HaludeM HA cemu JicenesHvlx oopoz Poccuu Goneuioco uucia nepeesdos, 0GOPYOOGAHHBIX
ycmpoticmeamu asmomamuyeckon nepeezonoil cuenamzayuu (AfIC). Ilpu smon epessi uzenfenus 0 NPUGTUICEHUN
nroezda Kk nepeezdy onpeodeisiemes 06ez yuemad (aKmuyeckix napamMempos OsuNcens noe3od. B cedzu ¢ smum ¢ yeisio
obecnedens 0e30RACHOCII PACYem 8PeMent U3GCNICHIs 0 RPUOIUICEHUN HOe30d K nepee3dy Onpedeisemcs UCX005 U3
MAKCUMATBHON  YCMAHOSTeHNON HA  OAHHOM  YHdcmKe JiCene3noit Jopo2u CKOpoCmu  O6uicenus noeszod, 4mo é
OOIBUIMHCIIBE CIYYAE8 NPUSOOUM K UIDLIMOYHOMY 6DeMEHU NPOCMOi AGMOMOOUIBHOS0 MPAHCROPMA Y 3AKPBIMO20
nepeezod. Pacciompena 603MONCHOCIE Pewienist HOCMABNEHHON 3a0aqu 3a cuem onpedeteniisl Koopounamel ROe3od Ha
yuacmke uzGewjenus, d ciedosamensio, U (QaKmuNeckux napamMempos e20 OGUIICeHUs, RYMeM UzMepeHlis 6X00H020
conpemuaienis peascosoil auntu. llpediaeaemes HCROIL306aM b QIZOPUMMBL MAWIUHHOZ0 OOYYEHUs C BO3MONCHOCIIbIO
KOPPeRyun pe3yismamos onpederens Koopounamuel noezoa. s ousepcuguixayiiy annapamusix 1 RpOSPaMMHbIX
Cpecems, UCHOMBIVEMBIX OAHHBIMU QIZOPURMAMH, PACCMOMPEHA BOIMONCHOCHE OP2AHUZAYIN 6IMOPO20 RAPAITETLHOZ0
KaHAQ OnpedeneHtia 6X00H020 CONPOMUBTEHUA PebCOSOI TUHUN 3G CHen RPUMEHeHIU MAMEMAMUIECKO20 annapama
koughopmublx omoopaxcenuti. TIpueedenst pacuemsvr, ROBOIAOUUE ONPEOLIAMb KOOPOUHAMY NOE30d HA YHUCMKE
usgewgenus Kk nepees0y Rymem KOH(OPMHO2O OMOOpAdNCcenta O0ACHN  BHIXOOHBIX CORPOMUGTCHIUTI  PEIbCOBOZ0
YEMBIPEXNOMOCHUKA HA  00JACH, €20  GX00HbIX  conpomusienuil. TToxkasana APUHUNUGILHASL  BOZMOJICHOCHTL
onpedeneHist ¢ OOCMaMOYHO 6bICOKOT MOYHOCMBIO KAK (Pakma 6CMynieHua noesod Ha YYacmok u3eeljeHus, max u
Koopounamesl noezoa. Ilpecnodcentvie pewientia, RO MHEHUIO AgMOopos, RO3EOIAM YEeAUHUIb 3(hhexmusnocms paconiv
VCMPOUCME ASMOMAMUYECKON HePee3Onoll CHZHWBAYNN 3d CHent ORpeoetents GPeMentt U36eljentis na nepeesod o
RPUGIUICEHUN ROE30A € YHeHOM (haKmMUteckux RAPAMEMPOS €20 OBUINCEHISL.

Kiouegsie crosa: usgeuyente 1a nepeeso, ConPOMUGIeHUE U30NAYULE PETbCOBON JIUHUU, 6XOOH0e CONPOMUGente
Pelbco6oil NN, KOHQOPMHOE OMOOGPAdCceHue, KOMNIEKCHAS NIOCKOCHb, KOI(hduytieHmsl YembipexnoaoCHUKA
PeNbcoBoill HUIL

Sergey A. Lunev', Sergey V. Grishechko?, Maxim V. Klyuchnikov?

"Russian University of Transport (RUT (MIIT)), Moscow, the Russian Federation;
2Omsk State Transport University (OSTU), Omsk, the Russian Federation

INCREASING THE AUTOMATIC LEVEL CROSSINGS SIGNALLING
PERFOMANCE EFFICIENCY

Abstract. The article considers the possibility to reduce the time when the level crossing is closed, provided the
unconditional safety. A large number of level crossings equipped with automatic level crossing signaling on the Russian
railway network determine the relevance of the considering issue. Meanwhile, the notification time of the train's approach
to the crossing determines without taking the actual parameters of the frain's movement. In this regard, the calculation
of the nofification time of the train's approach to the crossing based on the maximum speed of the train set on the railway
section to ensure safety, which in most cases leads to excessive downtime of motor transport at a closed crossing. It is
proposed to solve this problem by determining the train location coordinates on the notification section and, consequently,
the actual parameters of its movement by measuring the input resistance of the rail line. It is proposed to use machine
learning algorithms and a mathematical apparatus of conformal mappings. The article presents calculations to determine
the coordinate of the train al the notification section 1o the crossing by conformal mapping the area of the output
resistances of a rail four-pole to the area of its input resistances. The principal possibility of determining the train entering
the notification area and the train coordinates with a sufficiently high accuracy is shown. In the opinion of the authors,
the proposed solutions will increase the efficiency of automatic level crossing signaling perfomance by determining the
nolification time of the train's approach to the crossing taking the actual parameters of its movement.

Keywords: level crossing notification, rail line insulation resistance, rail line input impedance, conformal mapping,
complex plane, rail line four-pole coefficients.
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B Hacrosiee Bpems HabMIOAAETCs YBEIUYSHNE 3arpy KEHHOCTH JKEJTE3HOAOPOKHBIX MEPEe3I0B,
470 00BACHAETCSA, BO-MEPBBIX, CHIAKEHNEM yncaa nepee3nos Ha cetn OAO «PX/1», a, BO-BTOPBIX,
yBejMueHueM  Tpauka  BUKEHMA ~ ABTOTPAHCIOPTHLIX  CPEACTB M POCTOM  oObema
JKENE3HONOPOXKHBIX MEePeBO30K. B  3TUX  YCHOBHAX CYILUECTBYHOIIME METO/Abl YIpaBICHUS
YCTPOUCTBAMHM TIEPEe3IHON  aBTOMATHYECKOH CHTHAIM3ALMKM  TEPAKT CBOIO  PPEKTHBHOCTD,
MOCKOJBKY VUMTBHIBAIOT HE (hakTHUeCKWe mapaMeTpbl ABWKEHWS TO0€371a, a YCTAHOBIEHHYIO
MaKCHUMaIbHY 0 CKOPOCTh IBUKEHUS M0€3/1a Ha JaHHOM Y4acTKe.

JLIuTenbHOe 3aKpbhITOe COCTOsSIHME Mepeessia, He 000CHOBaHHOE (PaKTUUECKMMMU MapameTpamu
JBWKEHUS M0E3/10B, NPUBOAUT K YMEHBILIEHUIO €ro NPONyCKHOM crocoOHOCTH U, Kak CIEACTBUE, K
IKOHOMHUECKUM TOTEPAM.

Takum oOpaszoM, 3ajava MO0 MUHMMM3ALKUKA BPEMEHM 3aKPbITOr0 COCTOSHUSA Mepees3na Mpu
0e3yc/IOBHOM BBINOJIHEHUH TpeboBaHuil obecrieyeHus OS30MacHOCTU [BHKCHHMS 4Yepe3 mepeesn
ABJIAETCA aKTyalbHOW. Ee pelueHue cieayer MCKaTb B COBEPLICHCTBOBAHMM TEXHHYECKMX U
NPOrpaMMHBIX CPE/ACTB YIPaBICHUS yCTPOUCTBAMHM aBTOMATHUECKON MEpPee3IHON CUrHATN3aLum,
KOTOPBIE MO3BOJAT (POPMHUPOBATH BPEMEHHBIE MapaMeTpel paboThl mepees3na Takue, Kak Bpems
M3BEIEHUS 0 MPUOIHKEHUH 110e3/1a K Mepees3 1y, Ha OCHOBE orpe/iesieH sl (PaKTHUECKUX NapaMmeTpoB
NBIKCHHA MOE3/a.

Jlis nopauu u3BewleHuss O npUOIMKEHUM MOE3[a K IKEJIC3HOIOPOKHOMY [epeesay |
ABTOMATHUYECKOr0 YMPABIEHUs NEpee3fHOi CurHaauzaluel, yCcTpolCTBaAMM  3arpak/ieHus
’KEJIE3HO/IOPOIKHOTO Tepeesfia M apronuiarfaymMaMy IpezrosiaraeTcss OpraHusaids ydacTka
M3BEILEHNS Mepes] Mepeesiom.

B cooTBeTcTBMM € HMCTOYHWKOM [1] [MMHA TAaKOro ywacTKa pacCUMTHIBACTCA HMCXOOsA W3
MAKCUMAJILHON CKOPOCTH ABMXKEHUS 110€3/a, YCTAHOBJICHHON HA JaHHOM YYacTKe, U MUHUMAJIbHOH
CKOPOCTH [BMIKEHHUS aBTOTPAHCHOPTHBIX CPEIACTB B COOTBETCTBMM C TpaBUIaMHM [1OPOKHOTO
NBHKEHUSA, HO HE MeHee 8 KM/U Npu MakcHMalbHOI JIMHE aBTOTPAHCIIOPTHOTO CpecTBa 24 M.

PacueTnble mapamerpbl paboThl Mepee3sHOd CHrHAIM3ALMKH ONMPENestoTesS Crely IoUUMH
3aBUCUMOCTsIMU [2]:

H

1= f (L) +1, +1, mpu £ 2l TC G, ), (1)

[cp = f.(lncp’ Vmax); (2)
" L tl.+1, WE ik 3
e +t,
Voo Rigs e (

rae /7 — pacHeTHas JUTMHA YUacTKa W3BCLICHUS, M;
l,., — AVIMHA TIepeesna, M;
V. — 3a1aHHas MAaKCHMAibHAas YCTAHOBJICHHAs CKOPOCTb JBMKEHUS IKEIE3HOAOPOIKHOTO

max

NOABHYKHOIO COCTaBa 10 YHACTKY M3BCUICHHWS K JKCIC3HOAOPONKHOMY MEPEC3Y, M/ C,
.ff — paC4YE€THOC BpEMA M3BCLICHHA O npnﬁnm«xeﬂuu noesia K nepeesiay, ¢,

(,, — BPEMs cpabaThiBaHNs yCTPOHCTB MEpeesHOi aBTOMATHKH, C;
{, — TAaDAaHTHHHOE IOMOIHUTENBEHOE BPEMS, C;
(A€ —  yCTAQHOBIEHHOE MHWHWUMAITBHOE 3HAYEHHWE PAcyeTHOTO BPEMEHH W3BCICHHA O

H

NMpUOJMIKEHUH  TOe3/la K  IKEJIE3HOJOPOKHOMY  repeesny, 000py/JI0BaHHOMY yCTpoiicTBaMH
aBTOMATUYECKOIl nepee3IHoi curnanusanuu (He menee 30 c);
°* — YCTAHOBJIICHHOE MMHHUMAJIbHOE 3HAYCHWE pACUECTHOTO BPEMEHW W3BCLICHUS O

NMpHOMKEHNH T0e3a K JKEJIEe3HOJOPOKHOMY —Tepeesay, OOOpyIOBAHHOMY —YCTpOMCTBAMH
OMOBECTUTENIBHOM curHanusauuu (He menee 40 ¢);
(¥ — YCTAHOBJAGHHOE MHHUMAJIbHOE 3HAYEHHME PACUCTHOrO BPEMEHH W3BCLUCHUS O

H

NMpUOMIDKEHHWM TOe3/1a K JKEJNIC3HONOPOKHOMY Tepeesny, 000pyJ0BaHHOMY VCTPOHMCTBAMH
3arpaxaeHus nepeesja (He menee 45 ¢,
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[,, — MakCHMaJIbHas JJMHA ABTOTPAHCIIOPTHOTO CPEICTBA, M;
V., — CKOPOCTb JABWKEHHS aBTOTPAHCMOPTHOIO CPe/ICTBA Yepes nepeesn, km/u;
[, — paccrosiHue 0T riepeessiHoro cerodopa murarbayma 10 JIMHAKM OCTAaHOBKH aBTOTPAHCTIOPTA, M;

0,28 — ko3 puLmenT 1115 nEpeBoja SAUHUL CKOPOCTH U3 KWIIOMETPOB B 4ac B METPbI B CEKY HILY .

[Tpu 3TOM BO MHOTHX CJIydasx ycTaHaBIMBaeMoe (PAKTUYECKOE BpeMsl MMOJaqyu U3BELICHHs Ha
nepeesjl OKasbiBACTCA 3HAYMTENbHO OOJbIIE PacdyeTHOro. ITO O00BACHAECTCA CICYHOILUMH
00CTOATEIECTBAMM.,

Bo-nmepBbix, s pacueTHOTO  BpPEeMEHM M3BelleHWs O npulmmwKeHnu  moesna K
’KEJIC3HOIOPOXKHOMY TNepees3ny YCTAHOBJICHBI MHHHMAJIbHbIC 3HAYEHHS B 3aBHCUMOCTH OT
ocHauleHHocTH mnepee3fa [1]. OueHb YacTo TakWe YCTAHOBJIEHHbIE 3HAYEHWS SBISOTCS
M30BITOYHBIMM MO OTHOIICHWIO K PACHETHBIM 3HAUEHMAM BPEMEHHW M3BemieHus. Tak, Hampumep, B
pabote [2] mpuBeAeHbI pacyeThl BPEMEHH MO1aul U3BEILEHUS Ha repeesl. B kauecTse nepeMeHHbIX
MpU pacyeTe NPUHATHI PasjiMYHBIE 3HAYEHUs YCTAHOBJEHHBIX CKOPOCTEH JBHIKEHMS TMOe3]a Ha
YHYacTKe W pas/IMyHble JIUHBI repee3na. AHaIN3 3TUX Pe3yJIbTaToB MOKAa3bIBAeT, YTO BO MHOTHX
Cllyyasix pacCUMTaHHOE BpPeMs MOAa4uu M3BEILEHUs HA Mepees/l ABIAeTCs M30bITOUHBIM, HATIPUMED,
U1 TiepeesnoB anuHol Meree 30 M, 000py10BaHHBIX OMOBECTHTEIBHOM CHTHANH3ALIMEH.

Bo-BTOpbIX, pacyeT BpeMEHHBIX [TapaMeTpoB paboThl Nepee3HON CUIrHAJIN3a1[MH, [IPUBEIEHH b
B UCTOYHHMKE 2], BBINONHAETCSA JUISl MAKCHMaJIbHOM YCTAHOBIEHHOM HA y4acTKe CKOPOCTH JABMIKEHHS
noe3nos. OOpaiieHne Ha y4acTKe MOE3/0B ¢ MIMPOKHM THAMa30HOM CKOPOCTEH ABMIKEHHMSA TaKKe
MPUBOUT K YBEJTUUSHUIO BPEMEHH 1101241 N3BELLEHUS.

B-tpetbux, pacuer BpeMEHHBIX [1apaMeTpoB padOoThI EPee3HOM CUrHATU3aLUK, IPUBEIEHHbIN
B pabote [2], MpOM3BOAMUTCA C 1EJbIM PSIOM [IOMY LIEHUH, NMPUBOASAIINX K YBEIMUEHHIO BPEMEHH
M3BEIIEHNA, B YACTHOCTH:

NPy MEPEexXoae MOABMKHON EAMHMLBI HA Y4YacTOK € MEHbIUEH A0TyCTHMOH CKOPOCTbHIO
M3MEHEHHE CKOPOCTH MPUHUMACTCS MIHOBEHHbBIM,

IpU Nepexoyie MOABMIKHONW €IMHULBI HA YYacTOK ¢ OOJiblied A0IyCTHMOR CKOPOCThIO HAbOP
CKOPOCTH MPOUCXOMT A0 ee 0OoJbIIero 3HaueHHs M0 YCJOBHAM PAaBHOYCKOPEHHOIO ABWIKEHUS C
yckopennem 0,6 m/c® s Tennosos3noit Taru u 0,8 M/c? ang sneKTpUYecKoit TATH.

B-uerBeprhiX, KaKk ykazaHo B uctounuke [2], mpu onpeaesneHun (pakTHUECKOW JUTMHBI yuacTKa
M3BELIEHUs] HEOOXOIUMO YUUTBIBATH BO3MOKHOCTH [TOJa4i U3BELICHHUS Ha riepees]l oT OuukKaiinero
K pacyeTHOW TOUKE HAYala yyacTKa W3BELIEHMs KOHLA PesIbCOBOM LN (B CTOPOHY YAANCHHs OT
nepeesna).

[lepeunciennbie (aKTOpbl NPUBOIAAT K 3HAYUTEIBHOMY VBEJIMYEHWUIO BPEMEHHM TMOHA4Yd
M3BEILIEHMS Ha riepees]l.

[TosTomMy mpH TOAaue W3BEHICHUA HA TEpees3f] ¢ LENbl0 COKpAllleHUs ATUTEIBHOCTH €ro
3aKpBITOrO0 COCTOAHMA HEOOXOAMMO COBEPILIEHCTBOBATHL METO/bI yripasieHus ycrpoiicteamu ALIC.
OTH METO/b! [OJUKHBI YUHUTBLIBATH TAKUE MAPAMETPb! ABUKEHUS NpUOIMKAIOWErocs K nepeesmuy
noesza, kak ero gakruyeckas CKOpocTb U (PaKTHYECKOE YCKOPEHHE.

M3BeCTHBI TeXHUUYECKHE PEIICHHS, TO3BOISIONIAE pPeaiu30BaTh yIIPABICHHE ABTOMATHYECKON
nepees3iHoi CUrHaM3aumeii ¢ yuyeToM pealbHbIX MapaMeTpoB [BW)KEHHs TOe37a Ha yuacTke
M3BELLEHUS K nepees3ay. YCI0BHO UX MOKHO Pas3jeNuTh Ha HECKOJILKO IPYIIIL,

[lepBasi rpymnna OCHOBBIBAETCS HA NPUMEHEHWH [1OMOJHUTEIbHBIX TEXHUYECKMX CPEJICTB,
MO3BOJIAIOIINX ONPEAEIsTh CKOPOCTh BMKEHMS MOE3/la U €ro YCKOpPEHHe Ha y4acTKe M3BEIleHus,
TaKUX Kak CIy THUKOBAs HABUrALMA, pagrokanan u ap. [3, 4]. ObmmM HETOCTaTKOM AAHHOM TPy b
TEXHUYECKUX PELUISHUH SBIAETCA HEOOXOIUMOCTb YCTAHOBKHU NONOJHUTEIBHOIO 000py10BaHus, B
TOM YKCJIe W Ha JIOKOMOTHBAX, YTO MPUBOJIUT K 3HAYUTEIbHON CTOMMOCTH peaju3alun noJjo0HbIX
METOMOB.

Bropas rpynna oCHOBBIBAETCS HA MCMOJIbL30BAHHKM HAOMPAOLUX BCE OOJIBIIYIO NOMYJIAPHOCTD
pacrpeie/ieHHbIX ~ ONTOBOJOKOHHBIX  aatuukoB [5].  [lpemycmarpuBaercss — pacrnojioskkeHue
ONTOBOJIOKOHHBIX JATYMKOB BI10JIb HKEIE3HOJOPOIKHOTO MONOTHA. [TpH ITOM NMPUMEHSIOTCS METO/Ibl
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perucTpanuu 1 00paboTKN ONTHUECKOrO MHTEP(EPEHIIMOHHOTO PACCETHHOTO CUTHAIIA, BBI3BAHHOTO
BHOPAlMOHHBIM  BO3MYILIEHHEM YyBCTBHUTENBHOTO CBETOBOAA PACMPEAECJEHHOTO BOJTOKOHHO-
ONTUYECKOr0 AaTUMKA, BbINOJHEHHOIO B BUIE ONTOBOJIOKOHHOIrO Kadessi. HenpoctaTkoM noao0HbIX
METOJIOB ABISETCA TO, YTO Haubonbiuas 3PPeKTUBHOCTL MOJOOHBIX JATHUKOB JOCTUTAETCS MpPU
YKJIaJike ONTOBOJIOKHA B TEJIE HACBINN MO LEHTPAJILHON OCH MyTH, YTO HA JEHCTBYIOLMX yUyacTKax
’KETE3HbIX JIOPOT  BBIMIOMHWTH  3aTpyaHuTenpHO. B 1enmax olecneueHuss COXPaHHOCTH
ONTOBOJIOKOHHOTrO Kabens cieayer npeiaycMaTpuBaTbh €ro pacrojioKEeHHE B IOJIMITHUICHOBBIX
TpyOax. JlaHHOe OOCTOSITE/NILCTBO CYILECTBEHHO YMEHbIaeT BUOpAlMOHHOE BO3JeicTBHE
MPOXO/ALIETO MOe3/1a U, KaK C/Ie/ICTBUE, CHUIKAET TOYHOCTh ONPE/IE/IEH Ul KOOPAMHATHI HAX0XKIEHU
noesia Ha yuacTke uspeuienus. Kpome 1oro, B ciryyae npuMeHEHUA ONTOBOJOKOHHBIX AaTYUKOB /115
onpelesieHdss KOOPAMHATHI NPHOIMKAIOLIErocs K Mepee3ny moesfa HEoOXOJUMO YYWThIBATH
OoJibLIOE KOJIMYECTBO BIUSIIOLIMX (DAKTOPOB, HANpumep, TUN Oajulacra, TUMN JIOKOMOTHBA, BeC
noes/ia, JUIMHA N0e3/1a, HAIuYKMe BTOPOro (TpeThero) myTH U T. II.

Eme opna rpynna METO/I0B MOAUN M3BELICHUS HA Nepeess O npuOIMKEeHHH M0e3/1a C yUeTOM
(l)aKTquCKHX napaMeTpoB €ro JNABHKEHHA peallu30BaHa C HWCMNOJB30BAHHUEM CYLICCTBYHOIINUX
PENbCOBBIX LIENeil MyTeM W3MEpeHus 3HaYeHHs BXOJIHOTO CONPOTHBIEHWS PENbCOBON MuHMK [6].
[TonoKNTENBHBIM CBOMCTBOM MOAOOHBIX METOMOB ABIACTCA MCMOIB30BAHUE YiKe MMerolueics Ha
OOJIBLIMHCTBE  JKEJIE3HOAOPOKHBIX  YUACTKOB  MH(DPACTPYKTYpbl (penbcoBbiX Leneid). Ha
COBPEMEHHOM JTarne 3ajada K1acCU(MKaluk PeKUMOB padOThl PeNbCOBBLIX LiENneH, B TOM 4uCie
ornpe/ie/ieHne MeCTa HallOYKEeHUs! Ly HTa (KOOPAMHATHI [0e3/1a Ha YYacTKe U3BEILeH s ), MOXKeT ObITh
pellieHa Ha OCHOBE MPHUMEHEHHWA METOJO0B MAalIMHHOTO 00yueHus. M3BecTHbI pabOThI, B KOTOPBIX
MPUBOANTCA PElICHUE 3a]aud Kiaaccu(uKaumu pekuMOB pabOThl PENBbCOBBIX HEMEi HAa OCHOBE
MPUMEHEHUS METO0B JIOFUCTUYECKONH perpeccuu, MOJIMHOMUAIBLHOIO Mpeodpa3oBaHus DpMUTA,
METO/ia OMOpHbIX BeKTOpoB [7 — 9]. B kauectse oOuIero nMpuHUMNA /Ui ONpeJeieHus TeKy Lieh
KOOPJMHATHI MI0€3/1a MPUMEHSAETCS U3MEPEHUE AMILTUTY bl HANPSYKEHUA U TOKA HA MUTAKOIIEM KOHLIE
penbcoBoit nenu. B marenre [10] nokasano npuMeHeHue o0yuaeMoro kiaccupukaTopa COCTOAHMA
PesIbCOBON JIMHHUK, B KOTOPOM I10 [PEABAPUTENILHO H3MEPEHHBIM aMIUIUTY aM HaIpsKeHUsl U TOKA
NPy PasJMYHbBIX 3HAYEHHUAX KOOPAMHATHI PACMOJIOKEHMS TO€3/HOrO ILIyHTa OT Hayajga yuyacTka
M3BELEHUs 10 Tepee3fa (opMHMpyeTcs MHOKECTBO 3HAYCHMH  HanpskKeHus, ToKa W
COOTBETCTBYHINHX MM KOOPAWHAT MOE371d. Ha ocHoBanuu 3THX JdaHHBIX COCTABIACTCA CHCTCMa
YypaBHEHHI KOOPJHHATHI PACIOJOKEHUA [10€3/1a, IIPaBYI0 4acTb KOTOPOM NpUPaBHUBAIOT K
3HAYEHUAM KOOPIMHAT 1oe3aa. B pe3yibrare peleHns 1aHHONH CUCTEMBI y PABHEHUIT ONIpeIeIsII0TCs
KO3((HULMEHTB] YpaBHEHUS KOOPAMHATHI noe3na. [1o pesyapTatam n3MepeHus TEeKYyIIUX 3HAYCHUI
HAMpsUKEHUs MU TOKA C MMOMOIILI) YPAaBHEHHMS KOOPAMHATHI TOE3/a ONpeessercs TeKyuas
KOOpAWHATA HA Yy4aCTKE ﬂpHﬁJ’IHHﬁCHHH, ITo MOJMYHYEHHBIM KOOpAWHATAM ONPEAEIACTCA CKOPOCTh
Mmoesjla Ha y4acTKe, a C Y4YeTOM BO3MOKHOI'O YCKOpPEHWs T[oe3/la MOKeT ObITh OIpe/esieHo
(hakTMUYECKOE 3HAUCHHE BPEMEHHM 3aKPbITUSA MEpeesna.

BMmecTe ¢ TeM 3HAUMTEABHBIM MPEMATCTBUEM Ul YCHEIIHOM peann3auum nogo0HbBIX METOOB
SIB/IACTCH U3MEHEHHE B LIMPOKHX Ipe/iesiax NepBUUYHBIX MapaMeTpoB PellbCOBON JTUHUM, TAKUX KaK
YJIeIIbHOE COINpPOTHBIIEHUE PEIbCOBOM JIMHUM W YJeIbHOE CONMpOTHBIEHWE u3onsunu. Jlns
KOMIEHCAlMN JaHHOM 3aBUCUMOCTH TMPUMEHSAIOTCA pa3iudyHble METOABL B 4acTHOCTH, B MareHTe
[10] mpennoxken cnocod KOPPEKTUPOBKH KOI(P(DHULMEHTOB y pABHEHN KOOPAMHATEI MOE371a B MOMEHT
BCTYIUICHUS [0€3/1a HAa Y4YacTOK W3BELUCHMs, IJIMHA KOTOPOro 3apaHee ussectHa. [loebiuenue
TOYHOCTH OMpENeJeHUs KOOPAMHATBI M CKOPOCTH TMOE3/1a, a CJIeN0BaTelbHO, W (aKTHYECKOTo
BPEMEHHW 3aKPbITHUS MEPEE3AHBIX OrpaXKJaoINX YCTPOHCTB JOCTHIaeTCs 3a CYET CPaBHEHMA
ONpEe/eJeHHONH YPAaBHEHHEM KOOPAMHATBHI PACTONOKEHMS MOe3a ¢ KOOPJAMHATON Hayana yuyacTka
npubnmkenusi GUKCUpPOBaHHONW MnHbL [Ipu pasiuuumn 3HayeHUi, T. €. Npu NOSABICHUM OLIKMOKH,
BBIMOJHACTCS KOPPEKTUPOBKA KOI(Q(QHUIMEHTOB ypaBHEHUSI KOOPAMHATHI N0€3Aa 10 MOJyUYeHHs
paBeHCTBA BBIYMCIEHHON KOOpAMHATHI Moes3a (akTUYeCcKOH KOOpJAMHATe Hayaja yuacTka
U3BCLLICHWA, TOCIE HET0 ONMPEACIATCA CKOPOCTh NOE3/1a U (1)3.1("1"“11601(06 BpEMA 3aKPbITUA NIEPEC3aa.
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Baxueliium BONpocoM Npu OpraHU3aluy U3BELIEHUS] O NPHOIMKEHHH NMOE31a K nepeesay ¢
yueToM (PAKTHYECKUX [MapaMeTpoB €ro JBHKeHHs sBisiercs obecrieueHune TpedyeMoro ypoBHS
OesonacHocTH. B cOOTBETCTBMH €O cTaHAAPTOM [11] HHTEHCUBHOCTH ONACHBIX OTKA30B MEPEe3AHbIX
CHUCTEM TMPH BBIMOJHEHUM MMM YCTAHOBJIEHHBIX MPOEKTOM (yHKIMH nomkHa ObITe He Oonee
1 + 10® 1/u ua nepeesn. [Ipu HTOM KPUTEPUAMHM OMACHOTO OTKA3a MEPEE3IHBIX CHCTEM,
BBIMOJHAOIKX (DY HKUWK (POPMUPOBAHMS U3BELLCHNS HA Nepeesl, SBJISI0TCS Cle/y loLne:

OTCYTCTBHME M3BELUCHMS HA mepee3s wid (POPMUPOBAHME €ro 3a BpPeMsi MEHEe pPacueTHOro
BpEMEHH M3BELICHHUS Ha nepees/l (HepocTaTouHoe /i1s 3a01aroBpeMeHHOr0 0CBODOMKIeHMs nepees/ia
OT TPAHCTIOPTHBIX CPENCTR);

CHATME M3BELICHUS HA MEPee3/l MPH COXPAHEHHH JCHCTBHUSA YCAOBUH, HHULIMAPY IOLIMX MO1aqy
M3BELLICH U,

OTCYTCTBHE (POPMUPOBAHUS CUIHANA, 3aIIPELIAOIEro ABHKEHNE TPAHCIIOPTHBIX CPEICTB Yepes
nepeesl, Npy 0TKase yCcTpoiicTB (GopMUpOBaHUS M3BELLEHHS HA Mepeesl.

Jlna pemeHus BOMPOCOB obecneveHus O€30MacHOCTH PacCMOTPEHHBIX BBILIE anmapaTHO-
MPOrpaMMHBIX CPEJCTB MOAAYM M3BEILEHMS HA Tepee3/] ¢ ydeTroMm (hakTHuecKuX mnapameTpoB
JNBWKEHHS T0€3[a MPU KCMOJIb30BAHMM PEIbCOBBIX LEMel CleAyeT pacCMOTPEThb MpUMEHEHUE
JIBYXKaHAJIbHOTO U3MEPEHHs BXOHBIX NAPAMETPOB PEILCOBOM JTUHUK C MOCIeay el o0paboTkoit
CHUTHAJIOB B TAPAICIBHOM PEKHME W CPABHEHHWEM TMOJYUYEHHBIX pPE3VJIbTATOB BBIUMCICHUA.
Jlusepcuukainus annaparHbiX M MPOrpPaMMHBIX CPEICTB MOKET ObIThb JOCTHTHYyTa 3a CYET
MPUMEHEHUS AlTbTEPHATUBHbBIX METOIOB OTpe/ie/ieH!s (PaKTHYECKUX MapaMeTpoB JBHKEHUS M0e3/1a
Ha yyacTKe MpUOMIKEHWA K Mepeesny.

B kadecTBe TAkOro METOA MpEeIaracTes AOMOMHUTEIBHO K npeaioxkeHHoMy B narenrte [10]
cnoco0y yrpae/jieHus aBTOMATUUECKOM nepee3aHoi curnanu3auuei s onpeaeneHus Gpakruiueckux
nmapaMeTpoB JIBMOKEHWS [0€3/1a Ha Y4YacTKe W3BEIUIEHUS K IIepees3jly paccMOTPETh BapHaHT
NMPUMEHEHWs] MaTEeMaTHYEeCKOro annapara KoH(QpOpMHbIX oTodpaxkeHuil. JlaHHbIM MareMaTHUECKUit
anmapaT Mo3BOJISIET B PEXKMME PEATTbHOTO BPEMEHH OTPEAENATh 00JaCTH BXOJHBIX COMPOTHBICHHH
PesbCOBON JIMHHUHU, YTO JIAeT BO3MOIKHOCTL MO M3MEHEHWH) BXOHOIO COMPOTHBIEHUS C BBICOKOM
TOUYHOCTBI) ONPEAE/IATE KOOPAUHATY NOABUKHON equHuLbl Ha myTu [12, 13].

Kounhopmubim oToOpaxkenrem HasbiBaeTcs Ouekuus obnactu Z va obnacte W Takas, 4to B
OKpecTHOCTH Jt00O0H TOukM Z [rJlaBHAs 4acTh B3aMMHOOJAHO3HAYHOrO OTOOpaKeHUs €cTh
OPTOrOHAJILHOE Npeodpa3zoBaHue ¢ coOXpaHeHueM opueHTauuu [14].

B kauecTBe Harpy3kH HeTbIPEXMOIOCHUKA PeJIbCOBOM JIMHUK Clie/lyeT paccMaTpuBaTh 00J1aCTh
KOMILIEKCHBIX 3HAYEHUH, KOTOPbIE U3MEHAIOTCA 0T Z = (0 (KOPOTKOE 3aMbIKAHUE PEILCOBON JIMHUN)
no Z =« (paboTa peabCoBO JMHUM B peXKUME X0N0CTOro xoaa). Takum 00pazom, BCEBO3MOKHBIC
3HAUEHUS COMPOTHUBJICHUS HArPY3KH ¢ HEOTPHLATEIbHON NCHCTBUTEILHONW YaCThI) MPEICTaBIAIOT
MPaBYI0 MOJIYIJIOCKOCTh KOMIUIEKCHON IUI0CKOCTH. B pesyibrate KOH(POPMHOrO npeodpazoBaHus
MPaBoil MOJIYTUIOCKOCTH KOMIUIEKCHBIX YHCEJ, JOMOJIHEHHOW OeCKOHEYHO YIIaNeHHOH TOYKOW,
MOTyYaeM MHOMKECTBO 3HAYCHMH BXOJHOTO COMPOTHBICHHSA, MMEHIMX (opMy OKpYIKHOCTH,
JIeKaIMX B MPABOH NOJY IIOCKOCTH.

[TpaBas nonyniaockocte ReZ >0 npu KOHPOPMHOM OTOOpaKEHUU NEPEHIET HA OKPYIKHOCTD,
KakK mokaszaHo Ha pucyHke 1. B pesyabrate Takoro npeobpa3oBaHus mojsyyaem o0iacTh 3HAUCHUI
BXOJIHbIX COMPOTHBIEHUH YETBIPEXNOIIOCHUKA pACCMATPUBAEMOH PEJIbCOBOM JIMHKU, HCTIOJIB3Y EMOI
B Ka4eCTBE y4acTKa N3BELIEeHUs O NpulInKeHnH noe3aa K nepeesny. [t 1000l Harpy 3Ku 3HayeHue
M3MEPEHHOI0 BXOHOTO COMPOTHRIIEHMS Oy IET HAXOAUTHCA B MOJTY YeHHOU 001acTu. Pasmep 1 MecTo
HaxoXKAeHHsA O0TacTH TOJIHOCTBIO 3aBUCAT OT TMAPAMETPOB PEIbCOBOTO YETHIPEXMOTKCHUKA.
[Tpenmy mecTBoM KOH(GOPMHOTO npeodpa3zoBaHus SBIAETCS BO3MOKHOCTL rpauueck 0To0pasuTh
00J1acTh M3MEHEHUS BXOAHOIO COMPOTUBIACHUS Ui JAHHOIO peKUMa pabOThl PebCOBON Lenu
y4acTKa M3BEIIEHUSA, YTO TMO3BOJISET TMONYYUTh TEOMETPUUYECKY0 HArJSAHOCTh MOy YEHHbBIX
pe3yNbTaTOB.

Hopmanenas obaacte nmpun KOHGOPMHOM OTOOPaKEHHN ONPEAEsseTcs Kak 00JacTh BXOAHBIX
COIMPOTHUBIIEHUHA, U3MEPEHHBIX MPU CBODOAHOM U UCTIPABHON PEILCOBOM JTIMHHUH.
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YnpaBneHwe npoLeccamun nepeBo3okK

B cooTtseTcTBHM co cTarheil [15] pesyabTatoM KOH(GOPMHOTO mMpeodpa3oBaHns MpAMOi BUIA
Re(AZ) = a gBasercs OKpYKHOCTh C LIEHTPOM B TOYKE

_ 20AC + AD)+ BCA
2a|C[* +2Re(C D)

“4)

0

U paginy com

(4D—-BCW. |
a|C +2Re(CDR)|

|
R-—|2 ()

rae A4, B, C, D — k0d(p)PULHEHTB! YETBIPEXOIIOCHUKA PEIbCOBOI JIMHUY,
a, A — kodhOUIHEHTH! Y paBHEHUA TPAMOIA;
B, C, D, ’— conps:KeHHbIE KOMIIJICKCHBIC BEJTUIHHBL,

Takum oOpazoMm, 00JacTb HOPMAJILHOIO COCTOSIHMSL PEIbCOBOM JIMHUM OINpEesseTcss Kak
00J1aCTh BXOIHBIX COMPOTHBIICHHUH, pacCCUMTaHHbBIX /ISl CBOOOAHOM U HCTIPABHOM PenbCOBOI TMHUM.
Toukn Z = u Z=0orobpasarcsa Ha rpanniy obnactu, kak W, u W, (T. €. HA OKPYIKHOCTBH C

[IEHTPOM ®, M PajinycoM R) BXOJIHOTO CONPOTUBIIEHNS, KaK T0OKa3aHO Ha pucyHKe 1.

A Im (W) W A Im(Z) Z

Wo

» Re (Z)

Pucynok 1 — Ilpumep kondopmuoro npeodpasoBaHus Ha KOMIIEKCHO! MI0CKOCTH
NpH QUKCHPOBAHHBIX 3HAYEHHAX MAPAMETPOB YEThIPEXTOIIOCHHKA PEITbCOBOH JIHHHH

[Tpu wynToBoM pexume npamas Re(AZ)=o Tpanchopmupyercs B npamyro X =0. Droii

npsiMoii coorseTcTBYOT napamerpbl A=1 u o =0. Torna ypaBHeHue st ITON MPAMOH MOKHO
3amucath, kak Re(Z)=0. B 10 xe Bpemsa mnpamas Re(Z)=0aBngercs TpaHuieil mnpaBoi

NOJIYTUIOCKOCTH KOMIUIEKCHOM TUI0cKOCTH. C YUETOM U3JI0KEHHOI0 W Ha OcHOBaHUU (opmyi (4) u
(5) npu LIYHTOBOM PEKUME PE3yJibTaToM KOH(GOPMHOro rpeodpasosanus rnpsmoii Buga Re(Z) =0

ABJIACTCA OKPYIKHOCTE C IEHTPOM B TOUKE

_ AD+BC

= 2 6
2Re(CD) ©)

0

W PaIny com
p_ AD-BC

“2ReCD) ¢

OueBHaHO, YTO TPH ABIKCHWH TMOE3Aa MO YYaCTKy M3BEIICHHS BXOIHOE COTMPOTHBICHHE
PEJIbCOBOM JIMHUU OyIeT U3MEHSTLCS, @ CJICAOBATEIbHO, OyAyT U3MEHATHCS MECTO PACIIONOKEHHMs
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YnpaBneHue npoueccamu nepeBo3okK

LEHTPA OKPYKHOCTH M e¢ paauyc. [Ipoananusupyem HarpaBieHHE NEPEMELISHUS OKPYIKHOCTEH
(obnacTeif BXOJIHOTO CONPOTHBIEHHUS PEIbCOBOM JIMHWW) B 3aBUCHMOCTH OT MECTa IMOJIOKEHUS
ILIyHTa OT Hayaljia y4acTka U3BELICHUS K Mepeesy.

[Ipy mosBNEHWW WIYHTA B Hayajde ydYacTKa MW3BCIICHHA OKPYKHOCTh HA4YMHAET CBOE
nepemMelleHe B CTOPOHY YMEHbIIEHUS KOMILIEKCHOTO 3HAYE€HMS BXO/THOTO COMPOTUBIEHUS MOJTHOTO
Y HTUPOBAHMSI.

[To Mepe nBWKEHWA TMOABMIKHOW €IMHUMIBI COMPOTHBIEHUE BHOCMMOrO IIyHTa Oyjer
YMEHBILIATBLCS, U COOTBETCTBEHHO OY/IET YMEHBILIATHCS PAIANYC OKPYIKHOCTH.

[lokakeM NPUHLNWNHAIBHYIO BO3MOXKHOCTH OIpPENEJIEHHS MECTa HaxXOXKIEHHWsl Ioe3Ja Ha
YUACTKe M3BEUICHMA K Mepeesy Mo MpeUloKEeHHOW runortese nepemerieHus obnacreit BXOJHOTO
CONPOTHUBIICHNA PENLCOBOH JIMHUK NPH HATIOKEHWH LIYHTA R B PasiMUYHBIX €€ TOUKaX B Pe3yabTare

KoH(OpMHOro npeodpazoBaHus 00/1aCTH BEIXOIHOIO CONPOTUBIIEHUS PEIBLCOBOMA JIMHUU HA 00J1acTh
BXOJIHBIX COMPOTUBAEHUH. JI1is 3TOr0 BBIMOIHUM pacyeThl MO OMNpeseeHu0 KOOPAMHAT LEHTPOB
OKPY)KHOCTEH, MONyYaeMbIX B pe3yibTare KOH(OpMHBIX NpeoOpa3oBaHHii, 1 3HAYEHWH paauyCcoB
ITHUX OKPYKHOCTEH.

Koo duumentsr penbCoBOro 4HETHIPEXMOACHUKA MOYKHO BbIPa3UTh Hepe3 BTOPUUHLIC
napamMeTpsl pelibcoBOH JuHuK [16]:

Z,-shyl,

(,4 B]_ [C””v o
C D)7 | Sshl, i, | @

rae Z , — BOJIHOBOC COIIPOTHBJICHHUEC pe.HbCOBOI\;I JIMHHH, OM;

Y — ko3 PuuHeHT pacnpocTpaHeHus BOIHBI, 1/KkM;

l, — nnvHa penbCOBOH JIMHUM, KM.

BonnoBoe comportupieHue JHHUM M KOIPPHUIHUEHT pPACHpOCTPAHEHUS ONMPEACTAIOTCA 110
hopmynam [16]:

ZB = Zn ) f‘“ > (9)

Y= = (10)

rae Z, — yJlenbHOE CONPOTHBRICHNE PEJILCOBOM METIH NIEPEMEHHOMY TOKY, OM/KM;
7, — YAEIbHOE COMPOTUBICHUE W30MALMN PEIIBCOBOM JTHHUH, OM * KM,

Kak ussectHo, ko3(duumenTs yeTbipexnontociuka A, , B, , C - wu D penbcoBoii JMHUK B

m

IIYHTOBOM PEKMME BBIYUCIAAIOTCA 1O opmyne [16]:

chyl, Z -shylL,b\( 1 0\ chyll Z -shyl,
=| 1 1 1 ;
e 2 Z_., shyl,  chyl, E 1 Z_B -shyl,  chyl,

rae R, — COTMpOTHUBICHHE LIYyHTA (MONEPEuHOe COMPOTHRIEHNUE);

Al.IJ B!.I.l

(11)

h, I — xoOpaAMHATHI HAJTOKEHMA IIYHTA OT KOHLA W OT Hayaja PeabCOBOM JMHMM yudacTka
M3BEILEHHA COOTBETCTBEHHO.

Jlis nposedeHMst pacueToB HEOOXOAMMO ONPEACNUTHL 3HAYEHUS TMEPBUYHBIX [APAMETPOB
PEJILCOBOI JIMHUMU: Y IEJbHOE CONPOTHUBIIEHUE PEJILCOBOI MET/IM NEPEMEHHOMY TOKY Z M YIE/IbHOE

CONPOTHUBJIEHHE U30JALHNH peEll bCOBOM JIMHUK
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YaenbHOe COMPOTHUBIEHUE PEJIbCOBOM JIMHUU ABIAETCS KOMIUJICEKCHOW BenWYWHOW. Jlis
HAXOXKIEHUS 3HAYEHWS AKTHBHOTO YAEJBHOTO COMPOTHMBICHWS pPEIbCOBOM METNW MOKHO
BOCII0/1b30BaThCst (popmy.10ii Heiimana [17]:

0,28
f‘a=T np-f, (12)

rae p — NEPUMETP MONEPEYHOro CeUeHUs PesbeoB, cM (st P65 = 70 cm);
L — OTHOCHUTE/IbHAsl MArHWTHAS MPOHUIIAEMOCTb,
p — yZeJbHOE COTPOTUBJICHNE PeabcoBoii ctanm, 0,21 Om = Mm%/M;
f—4actoTra CUrHAJIbHOTO TOKA.
C yueToM yKa3aHHbIX JaHHBIX MOJKHO PACCUUTATh AKTMBHOE COMPOTUBIICHNUE PEIbCOBOM TMHUN
JUIs 4acTOThl cUrHajabHOro Toka 580 I'u no Gopmyne (12):
r, = 0,441 OM/KM.

CornacHo cratbe [17] uHAY KTUBHOCTh PEJILCOB ONpPEAEssieTcs o hopmyJie:
L, =L +L, (13)
rae L,, [, — BHELIHAA U BHYTPEHHsA WHIYKTUBHOCTB pesibca, MIH/KM.
3HavyeHHe BHEIIHEN WHIY KTHBHOCTH PeJibca MOKET ObITh MOJYUEHO M0 GopmyJie:
2-m-a—p
——“p ,

L,=04-In (14)
IJ€ @ — pacCTOSHME MEXKY OCAMH PeibCoB, paBHoe 1,52 m.
PaccuntaB 3Havenue [, Ans 4acTOThl cMrHanbHOro Toka 5801 mo dopmyne (14), momyunm

BHEIIHIOW WHIYKTUBHOCTE paBHoit 1,014 mIH/kMm.
B cootBercTBHM cO cTaTheit [17] 3HAyeHHe BHYTpPeHHEH HMHOIYKTHBHOCTH MOXeT ObITh
onpe/enaeHo no GopmyJe:

I 0,168 \u-p- f 1
: 2-m- f P
PacueTsl, BbIMONHEHHbIE MO Gopmyne (15), mokaszanu, 4YTO 3HAYCHUE BHYTPEHHEH
MHJly KTHBHOCTH PE/IbCOB [, JUIf 4acTOThl curHanbHoro Toka 580 I'iy pasro 0,0128 mI'n/km.
CornacHo cratee [17] nonHoe yAeabHOE CONPOTUBIICHHE PEJILCOBOM NETIN

Z,=2-(r,+j-0-L) (16)

(15)

[TopcraBus B hopmyay (16) onpenenennsie no Gopmynam (12), (14), (15) 3HaueHus akTHBHOTO
VENbHOrO COMPOTHBIEHUS PEJIbCOBOM MET/H, a TAKKE BHYTPEHHEN U BHELUHENH WHIY KTUBHOCTEMH
peJibca, HaliZleM NOJHOE COIPOTHUBIEHUE PEelbCOBOM METAM UIMHOM 1 KM CHUTHaJIbHOMY TOKY
yactoroi 580 I'n. TTocne pacueros nomyuaem: Z, = 0,441+ ;3,76 Om/kM (B nokasarteabHOH Gpopme

3,788¢’* Om/km).

Hcnonb3ys mnpaBuina nepeMHOKeHHs MaTtpul, u3  (Gopmynst (11) MOKHO nOJIYy4YUThH
KO (PULHMEHTBI YETHIPEXTIOIHOCHUKA PEJIbCOBON JIMHUM NPH LIYHTOBOM PEHKUME:

ity

A, =ch(yl)- [ch (vl,)+ i—“ -sh(yl, )] +sh(yl,)-sh(yl,); (17

1

B =7 -[sh(yi, ) (ch(vl2 ) +% -sh(yl, )} +sh(vl,)-ch(vl, )J : (18)
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-sh(vl, )+ -ch (v, )] —-ch(yly)-sh(vyl,); (19)

C, =ch(vh): (

B

D,=Z,- g"L"('I“é') [7 m('}'! )"' R Ch(712)]+Ch(7"'2)'0h(7£1)' (20)

&

n m

Bpimosinum  pacyer pesibCOBOM JIMHUM, MCIOJIB3YEMOMH B KAaueCTBE ydacTKa M3BEIICHHUSA O
NpuOJMIKEHUH TIOE3/1a K Mepees/y, MpH CIeayOINX YCIOBUAX: JJIMHA PelbCOBOM TuHUM — 650 M,
44aCTOTA CUTHANBLHOTO ToKa — 580 I'11.

PesynbTaTel pacueToB npuBeAeHbl HA pucyHke 2. Ha pucynke nokaszanbl 001acTv 3HAYCHWI
BXOJIHBIX COMPOTHBICHUNA YETHIPEXMOMOCHUKA pPAcCMaTpUBAEMON  PENbCOBON  JIMHUM  NPU
HOPMAJIBHOM peskuMe (pelibcoBas JIMHUS HCIPaBHA M CBOOOJIHA) NMPH 3HAYCHHUAX COMNPOTHUBICHHSA
usonsaumn 1; 1,5; 2,0; 2,5 Om * kM. Pacuer npoBoauica B cooTBeTcTBUM ¢ (hopmynamu (4), (5).
3HaueHUe  Y/CABHOIO  COMPOTHUBJICHMS  PEIbCOBOM  JIMHUM  ONpPEAeIeHo 1o  (opmyJam
(12)—(16).

[ E— Im(W), Om
4 4 Ulynrosoii pewiv HopMabHBIi peski
R,=25 0\{ KM
0,65 /—\
2.0 ; g
0,55 °n°° / L
]
-0.65 §
S 1.5— 7y Rx_ 10M-K
2 - Z e
= 035 =
E § 1.0 R‘,=20M'E\l R“—_—:’..SOM'!\‘.\!
N 0254 ] ’ 7
o 0.25 I~
0.2—-0,2 0.5
0==0 9 T T T T | T | T g ReECA O
0.5 1.0 15 2.0 2 3,5 4.0
-0.5

Pucynoxk 2 — Pesynerare! konpopmHOro npeobpasoanus 001acTH BHIXOIHOIO CONPOTHBIEHHS PEIbCOBON JIMHHH
Ha 0OMacTk BXOIHBIX COMPOTHBAEHHH Al HOPMANBLHOTO H LIYHTOBOTO PEKHMOB

Kak BugHo u3 pucyHka 2, 0NpU YBEJIWYEHUHM 3HAYEHUS CONPOTUBICHHS W3OJSLUH [PH
HOpPMaJbHOM PEXKHUME paJMyC OKPYIKHOCTeH (obnacTeil BXOAHOrO COMPOTUBIEHHS DEIbCOBOM
JIUHWN ) YBEJMUMBACTCA, @ MX LEHTPbI CMEIAIOTCS B CTOPOHY VBEIMUEHHUA 3HAYCHHMA KOMILUTEKCHOTO
BXOJIHOTO COTIPOTHBIICHUA PEIbCOBOM JTMHUM.

PacueT wyHTOBOrO peiumMa BbIMOJHSJICS A1 HOPMATUBHOIO 3HaueHus wyHTa (0,06 Om) npu
3HAUEHHUAX CONMpoTHBIeHUs w3omsauuu 1; 2.5 Om -+ kM. MecTo HajllokeHus LWyHTa (KOOpAUHATA
HAXOXKOEHWA TMOE3/1a Ha y4acTKe M3BELICHHMA K MEpeesily) M3MEHANOCh uepe3 Kaxabie 12,5 m.
PesyibraThl pacyeToOB MOKA3bIBAIOT, YTO MPH MPOABHUIKEHUM MOE3/1A 10 YYACTKY M3BELLEHUS PAINY Chl
[1OJTy4aeMBIX B PE3YJIbTaTe KOHPOPMHOro npeodpazoBaHus OKpPYKHOCTEH YMEHBILIAIOTCS, @ UX LEHTPBI
CMEIAKTCS B CTOPOHY YMEHbBILEHHS 3HAUYEHU I KOMIIJIEKCHOTO BXOHOI'O COITPOTHRIIEHUS! PeJIbCOBOM
Juauy. Takum oOpasom, Ha pUCYHKe 2 MOKAa3aHO nepemeLleHue 001acTi BXOJHOIO COMPOTHBIIEHHS
PEeJbCOBOM JIMHUK Y4YaCcTKA W3BELIEHNUS B 3aBUCUMOCTH OT MECTA HAJIOKEHUS Y HTA /y;.

Kak cnenyer u3 pucyHka 2, 001acT BXOAHOTO CONPOTUBIEHHS MPU HOPMAIBHOM M Iy HTOBOM
peKMMAax He MEPeceKaroTCs, YTO MO3BOJISAET ONpeAeiauTb (PAKT BCTYMIEHUS MOE3Aa HA Y4aCTOK
M3BELICHMUS.
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Takum oOpasom, ToOKa3aHa MPUHUMMHAIBHAA BO3MOKHOCTH TPHMEHEHWS MATEeMaTHYEeCKOTO
anmapata KOH(QOPMHBIX OTOOpaskeHWit 11 OmpeAeneHus KOOPAWHATHI HAXOMKACHMS Toesfa Ha
Y4aCTKE H3BELICHMA K Mepee3jly, a CJe10BaTelbHO, omnpeaeicHus (PAKTUYECKMX IapameTpoB
(CKOPOCTH M YCKOPEHHS) €r0 JABHIKEHMUSI.
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H. B. Cmeasnckuii', B. B. Tperbsaxos', A. H. Konsimkos’

1000 «Cunapa Anroputmy», r. Mocksa, Poccuiickas @enepanms;
2A0 «HayuHo-Hcenen0BaTenbCKHi HHCTHTYT JKeNne3noaopokHoro tpancrnopray (AO « BHUMKTY),
r. Mocksa, Poceutickas Penepaiims

BO3MOKHOCTb HNOBBIIHEHUA CKOPOCTH ITPOIIYCKA IOE3/10B
INPU UCITOJB30BAHUH YIIPYI'UX HNOJIIITAJBHBIX ITPOKJA/IOK B CTBIKAX

Annomayusn. Illpusedenst pe3yismamsl HAMYPHBIX HCHBLURAHUWI NO  UCCHeO08AHUIO VCROBUT  VCHAHOGIEHs
CKOPOCINEli OBUNCCHIS NOC3008 8 3AGUCUMOCIN OM 6eaMINBE 3a30pa 6 cmuike. Tloseienue 3a30po6 senuyunot oonee
30 mar 6 cibiKe BOZHUKAEH 8 VCIOBUAX DONBUIHX OMPUUATHETBHBIX MEMREPANYP HA YHACMKAX NPU REPENACAX OHEGHBIX
U HOYHBIX MEMRepamyp peiscd.

B cmamue oceeufen BORPOc, CEA3ANNHBLIN ¢ HOPMAMUBAMY OZPAHUYEHUS CKOPOCIET OBUNCCHUA OM GEIHUHbL 3a30PA
6 CIBIKE U HE2AMUBHOLO SIUAHIUS IMUX OZPANUNEHNIT HA NEPEBO30UHbIII NPOECC.

IIpedcmaaien 0630p pe3yismamos panee RPoeeoeHHbIX UCABINAHUT, 6 KOMOPBIX Il KOMAEHCAYUU RPOCAOOK 6 CHIBIKE
RPUMEHAINCH YAPY2te NOOWNANbHbIE NPOKIAOKY. OmMeNeHo, Yo smu UCHBINARNS BPOsOOUICs npu 3azope 10 ymm.

Venosus nposedenus uccnedosanuil GKMONAN 6 CeOA OWeHKY HANPAJNCEHUN 6 CIMBIKObIX HAKIAOKAX Om
ROOBUNCHOZ0 COCIAGA NP PASHBIX CKOPOCHIAX OBUMNCEHUS C PASTHYHBIMU GeANMUHAMY 3a3opa 6 cmeike. Tlomumo
HARPAJICEHIT] DbLIU UZMEPETbl MAKNCE GelHIHbL YCROPEHUT! HA ROOOUIBE PetbCd KAK 00U U3 (DAKMopos, SiusIouux na
HUKONNCHUE OCHAMOYHBIX 0cadox nymu. Onpedensiucs nanpsidjicenis 6 Wellke peiscd 6 30He NePE020 CMBIKOGO20
OMEEPCMUA HA Peibee.

Ha onsimuoym noosusicHom cocmase HpOSOOUNOCH U3Mepertie Ko3((huyuenmos GepmukaibHoll  OUHAMUKY
HEOGPeCccopentvix MAce U YCKOpentll 6YKCo8020 yind.

Jnst yrasannsix yeaoeuti Geimt onpeodeienst napaMempbl 83auMooeticmaus nooeuicHo2o cocmasa u nymu. Ilo
PE3VALIMAMAM APOGEOCHHbIX UCABIMANUT ObLt cOelanbl GbIGO0LE 0 MOM, YO APUMEHEHUE VAPYIUX ROOWNAIbHBIX
RPOKAAOOK 6 CINBIKAX HO360SIEN ROGLICUHTNG CKOPOCIY OBUNCEHUs. BPU Geaudtne 3azopa 6 cmuike 30 — 32 mm, a maxoice
PEKOMEHOOBAML NPU IMEKYIEM COOCPACAHUU HCEAEIHOOOPONCHO20 RYMIU UX NPUMEHEHNE 6 PA3TUYHBIX BUOAX CMBIKOE, 6
TOM YUCTe U CEAPHBbIX.

Knwueeste caosa: dicenesnodopodcnbiii. HYHtb, CMbIK, CRIBIKOBOH 3a30D, ONHAMUKA ROOBUNICHO20 COCIMAG,
ROOUINAITBHBIE RPOKIAOKU.

Igor V. Smelyanskiy', Vasiliy V. Tretyakov', Alexander N. Konyshkov?

'LLC «Sinara Algorithm», Moscow, the Russian Federation;
2Joint Stock Company «Railway Research Institute» (JSC « VNIIZhT»), Moscow, the Russian Federation

THE POSSIBILITY OF INCREASING THE SPEED OF PASSING TRAINS
BY USING ELASTIC FOOTINGS IN RAIL JOINTS

Abstract. The results of field fests to study the conditions for setting train speeds depending on the size of the gap at
the railway joint are presented. The appearance of gaps of more than 30 mm in the railway joint occurs under conditions
of high negative temperatures in sections with differences in day and night rail temperatures. The article highlights the
issue related to the standards for limiting the speed of movement from the value of the gap in the railway joint and the
negative impact of these restrictions on the transportation process.

An overview of the resulls of previous tests in which elastic sleeper pads were used to compensate for subsidence in
the joint is presented. It is noted that these fests were carried out with a gap of 10 mm in the railway joint.

The conditions for the studies included an assessment of the stresses in the butt plates from the rolling stock at
different speeds with different values of the gap in the raitway joint. In addition to stresses, the acceleration values at the
bottom of the rail were also measured, as one of the factors affecting the accumulation of residual track sediments.
Stresses in the rail neck in the zone of the first butt hole on the rail were determined.

The experimental rolling stock was sed to measure the coefficients of vertical dynamics of unsprung masses and
accelerations of the axle box assembly.

For these conditions, the parameters of interaction between rolling stock and track were determined. Based on the
results of the tests, it was concluded that the use of elastic sleeper pads in railway joinis makes it possible 1o increase the
speed of movement with a gap in the joint of 30-32 mm, as well as recommend their use in various types of joinis, including
welded ones, al the maintenance of the railway track.

Keywords: railway track, butt joint, butt gap, dynamics of rolling stock, sleeper gaskets.
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Kene3aHo4OopPOXHbIN NYThb,

M3BICKaHNe 1 NPOEKTUPOBaHMWe Xene3HbIX Aopor

HecMOTpsa Ha IIUPOKOE pacTipocTpaHeHne OECCTHIKOBOTO MyTH HA CETH MPOJIOJKAET OCTABATHCS
3HAYUTENBHOE KOJTMYECTBO CTHIKOB Ha KENe300€TOHHBIX IIManax. JTO CThIKM B YPABHUTEIbHBIX
npojieTax, B MECTaX BPEMEHHOIO0 BOCCTAHOBJICHHUS LEJOCTHOCTH IUIETEH MOCAE M3BATHS
0CTpoAC(PEKTHBIX PEIbCOB, B U30IUPY OLLIMX CThIKAX U T. J1.

Hanuume CTBIKOB ocTaeTcs cjadbiM MECTOM KOHCTPYKLMKM BepxHero crpoenus nytu (BCII), n
MpH OTIPEACTCHHBIX YCIOBHAX MOKET BO3HUKHYTh OTKA3 B BHJE M370Ma CTHIKOBBIX OONTOB WIH
cThIKOBbIX Haksianok [1]. Karanusaropamu nosiBiicHus U pocta NnoaoOHbIX Ae(EKTOB SIBISIOTCS
CTBIKOBbBIE 3a30pbl CBBIIE Pa3pellieHHbIX HOPM M 3HAYMTENIbHBbIE EPENajbl JHEBHbIX W HOUYHbIX
TeMIeparyp.

HopmupoBanue CKOpOCTE ABMIKEHMA MO TAKAM CThIKAM B 3aBUCHMOCTH OT BEJIMYMHbI 3a30pa
BIEPBbIe ObLI0 BBeAeHO B MHCTpyKUMH 1o TexHuueckoMy conepskanuto nytu L{I1-774. Jlo storo
(LII12913) HopmupoBaiach TOJLKO BEIMYMHA 3a30pa B CTBHIKE B 3aBHCUMOCTH OT TeMIEpaTyphbl
PEeJIbCOB.

Cornacuo n. 3.1.10 UucTpykuuu no TeKymeMy COACPIKaHUIO JKEIE3HOA0POKHOro nyTH [2], a
tawke 1. 68 [1TD PO [3] ckopocTs nBukeHMS NOE3N0B B 3aBUCUMOCTH OT BEJWYMHBI 3a30pa
OrpaHUYMBAETCS COTJIACHO JAHHBIM TAOIHIIbI.

Benuunna 3a30pa B CTHIKE

BenmurHa CTHIKOBOIO 3a30pa, MM,
i Ckopoerb noesfa, km/u
NpH JHamMeTpe OTBEPCTHH B penbeax 36 MM
bonee 24 no 26 100
bonee 26 no 30 60
bonee 30 no 35 25
bonee 35 JIBMsKkeHHE 3aKphIBAETCSA

C TOYKHM 3peHuUs OpraHu3alWy [EePeBO30YHOrO Ipolecca HauboIIblIee HEraTUBHOE BIHUSHUE
OKa3bIBAOT OrpaHuueHus ckopocteil aBmwxeHus ¢ 60 no 25 km/u. Hanpumep, npu IUIOTHOCTH
noesfaonoroka Oosee 90 nap/cyT mMOsABICHHWE TAKOrO OrpaHUYEHUs CHUXKAET MPOIYCKHYHO
crnocoOHOCTB Doiee Yem B MOJITOPa pasa.

B nepuon 2011 — 2020 rr. Ha DKkcnepuMeHTaIbHOM Kojblle Ha cT. [llepOunka ObLT npoBeieH
KOMIJIEKC MCCICIOBAHMI MO OLIEHKE BIWAHMA YKIAAKH YIIPYTHX aMOPTH3UPYHOINX MPOKIAN0K MO
LAkl HA PACCTPOHCTBA [y TH B CTHIKOBOM 30HE [4 — 6].

PesynbraTsl ucnbITaHUA NO3BOJKIN ONPEACINHTD, YTO MOCE YKIAAKH YIPY TUX MOALNAIbHBIX
MPOKJIAZ0K IMPH YCTPAHEHHM MPOCAJIOK TIyOWHOW 10 14 MM JIONOJNIHMTENIbHAS BbINIPaBKa HE
noTpeboBanack 10 mpomycka 6onee 800 miH T;

YCKOPEHUS HAa MPUHUMAIOIIMX IHTA/Iax CTHIKA ¢ YIIPYTUMHU NPOKIaakaMu B 2.9 pasa 1o cpeaHum
3HA4YECHUAM H B 2,65 pa3a Mo MAaKCUMAIbHBIM 3HAUECHUAM HHKE, YEM B THIIOBOM CTBIKE.

OHaKO TH UCIIBITAHMS MPOBOAMIIUCH MPH 3a30pax B cThikax B npeaenax 10 mm. TlonyueHnHsie
JI@HHbIE MO3BOJWIM MOCTABUTL BOMPOC O BO3MOIKHOCTH MOBBILLEHUS] CKOPOCTEH NPOMyCKa noes3aos
npu 3asopax 31 — 32 MM npu yKIagke yOpyrux MPOKJIAAOK MOJ LIMalbl [0cie MPOBEAeHU
COOTBETCTBY HOIIMX MCCIEAOBAHHI.

YnpaenenueM nytu u coopyskenuii Llenrpansnoii aupekunn unppactpykrypst OAO «PXI»
ObUI0 MHHLMUPOBAHO [POBEICHHE KOMILIEKCA MCIHbITAHWI Ha DKCIEPHMEHTAILHOM KOJbLE
AO «BHHUWXKT» (ct. [llepbunka), rjae Obn 000pya0BaH OMNBITHBINA y4acTOK: penbebl POS AnuHOM
25 M, ckperienns JKBP6S na skenesobetonubix wmnanax, KJ| Ha aepeBAHHBIX winanax, THIOBbIC
IIECTHABIPHbIE HAKNankW W OOATHI ¢ HOPMATHBHBIMM MapamMeTpaMM 3aTsiKKh OONTOB M raek.
OnbITHBIA NOABUKHOMR COCTAB BKIIKOYAN B Ce0sl TUIIOBBIE IPY30BbIE [0J1Y BAIOHbI C OCEBOM HArPY3KOil
23.5 1t/ock.

C uenpro 10Ka3aTe/IbCTBA JaHHO FUIMOTE3bl B X0JI€ UCIIBITAHUI HEOOX0AMMO ObLIO OMpPeIeuTh
creayrouiee.

1. HanpsiskeHHOe cocTosiHue paboThl CThIKA U €r0 3JIEMEHTOB C LIeJIbl0 BbIABISHUS (AKTOPOB,
BJIMSFOILMX HA U3/I0M CTHIKOBBIX HAKJIAIOK U OOJITOB.
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YKene3HoAOpPOXHbLIN NYTh,

N3bICKaHWE U MPOEKTUPOBAHUNE XKEeJEe3HbIX p.opor;

2. YcnoBHst OrpaHUUYEHUS] CKOPOCTH ABMKEHUS MOE30B B 3aBUCMMOCTH OT BEJMUYUHbI 3a30pa B
CTBIKE W M3MEHEHHs PeaKIiy TOJIBHKHOTO COCTABA.

CxeMa pacCTaHOBKM HW3MEPHUTENIbHBIX JaTYMKOB B CTHIKOBOH 30HE ONBITHOTO CThIKA
npeacTaBIeHa Ha pucyHKe 1.

Hanpaenexue qsuweHis

[laTuiK NEpeMeLLBHA .- ...
PenbCoB W Wnan Pkl

Y
= [arime yekopeHui
penscos M Wwnan

T AT MIMEPEHIA HIrMBHBIX
HanpAMeHHi B Haknaake

g Jamanim napeMeLieHun
PENbCOS W Wnan

PHCY Hok 1 — Cxema PaccTaHOBKH JaTYHKOB H3MEPEHHA Ha ONBITHOM CTBIKE

B kausecTBe OCHOBHOrO moKaszaTelis, XapaKTepU3YIOILEro CHJIOBOE B3aUMOJICHCTBUE IyTH U
MOABMIKHOTO COCTaBa B 30HE CTHIKOB, ObLIM NMPUHATHI HANPAKEHHWA B CTHIKOBBIX HakIaakax. B xoze
MCCAEA0BAHMIA paccMATPUBAIUCL TPU BapuaHTa padoThl CTBIKA: CTbIK 0€3 MPOCALKH, CTbIK C
npocagkod 15 MM M CTBIK MOCJIE YCTPAaHEHMS MPOCAIAKH C TOMOMIBIO YIPYrod MoAmnaibHON
NPOKJIAIKN TONIMHON 14 MM.

3aBHCUMOCTH HAMPsHKEHNH B HAKIAAKaX OT BENWYMHBI 3a30pa B CTBIKE MPH CKOPOCTH 25 Km/u
npuseaeHbl Ha pucyHke 2. Kak BUAHO U3 rpa()ukoB, NPUBEACHHBIX HA PUCYHKE 2, MPH OTCYTCTBUM
[IPOCAIKH B CTHIKE HANPSKEHUS] PABHOMEPHO BO3PACTAIOT, HO BO BCEM [HAla30HE 3a30poB OT 24 10
35 mm He npessimarotr 130 MITa.

250

y=—0,1778x3 + 15,939x2 — 46827x + 47149 | —Tr—
R? = 10,9999 = =S8

=
200 e — e

150

] y=- 0,1229x3 + 10,539x2 - 295,51x + 28175
E R*=0,9961
L By
. e Ty
-] e
100 - B EES
o = B <] |
y =~ 0,0656x3 + 5,6346x2 — 159,74x + 15756 "
R?=0,9015
50
0
22 24 26 28 30 32 34 36
g
Besnuuna 3a30pa, MM
e — ¢ npocakoit O v a— ¢ npocaikoii 15 MuM; o — ¢ neunansHol npokiaikoi 14 M

Pucynox 2 — 3aBHCHMOCTH HANPSKEHUH B HAKIAIKAX OT BEIHYHHEI 3230Pa B CTBLIKE HA XKEI€300€TOHHBIX MINanax
NPH CKOPOCTH ABHKEHHs 25 km/4
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3bICKaHWe U NPOEKTUPOBaHMWe Xene3HbIX 4opor

[Tpy HanWUKK TPOCAAKU 15 MM HampsIKEHUS pe3ko BozpacTaroT A0 220 MIa, a nocne ykiaaku

VIPYTHUX MPOKIATOK CHIKAIOTCA Oomee uem B Ba pasa.

[Ipu s3asopax 30 ¥ 32 MM 0OpU HAIMYWK YIOPYTUX MPOKIANOK BEJWYMHBI HAMpsKEHHH
MPaKTUYECKH OJIMHAKOBbI U He npeBbiaroT 80 MITa.

AnanornyHas kaptuHa HaOmomaeTcs npu ckopocth 40 KkM/u (PUCYHOK 3) — BEJIWYMHBI
HaMpsYKeHWH TMPH YKIaIKke MONMNATbHBIX Tpokianok He mpessimatoT 70 MIla m mpaktnaeckn

OMHAKOBbI 1pu 3a30pax 30 u 32 mm.

250
y=-0,188x3 + 16,651x2 — 483,55x + 4793,9
R*=09587 , — s
200 —
Ei L el _—
150
« y=-0,1012x3 + 8,5673x2 — 236,73x + 22394
= R? = 0,999
E e l—— '._____'———____
- i —— e
© 100 BE T = e et
e ——
o ——i 3
B a |- =
50 y = 0,0104x3 — 0,9853x2 + 29807x — 219,74
R*=0,8106
0
22 24 26 28 30 32 34 36
Bennunna 3a3opa, MM
o — ¢ Hpocagroi 0 MM A —C IpocaIkoii 15 Mz 8 — ¢ noAmnarkHol npoknajkoif 14

Pucynok 3 — 3aBucUMOCTH HAaNpsKEHWH B HAKIAAKAX OT BEJIMYHHLI 3a30Pa B CTHIKE HA JKE€300€TOHHLIX LINanax
P cKopocTH asHskeHus 40 km/u

ITpu ckopoctn 60 KMm/4 (prcyHOK 4) KapTHHA HOCUT aHAJTOTUYHBIN XapakTep JI0 BeJIMYHH 3a30pa
30 mm.

250
y=2,3625x2 - 123,03x + 1777,5
200 L
= = —
150
o
= y=0,2458x2 - 10,308x + 197.4
= OR2=0,9994 4
€| 100 e e
e
e — = L
y=-0,4333x2 + 23,733x — 2498
50 R*=0,8106
0
2 23 24 25 26 27 28 29 30 31
H
Besmmunna 3azopa, MM
® — ¢ npocaKoii O M & — ¢ nipocazkoii 15 v 0 — ¢ Mo ImmanpHOH nportagkoit 14 v

PucyHox 4 — 3aBHCHMOCTH HanpsKeHHH B HAKNalKax OT BEIHYMHBI 3a30Pa B CTRIKE Ha %eNe300eTOHHBIX mnanax
NIPH CKOPOCTH JBHKeHHs 60 kM/4

—— Ne 1(57)
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N3bICKaHWE U MPOEKTUPOBAHUNE XKEeJEe3HbIX .u.opor-

Ha pucynkax 5 u 6 npuBefeHbl 3aBUCUMOCTH HanpsbkeHWd or ckopocTH. Kak ciepyer us
pucyHKa 5, ysenmuuenue ckopoctr ¢ 25 jo 40 km/a mpu 3azope 30 MM He TIPHBOJIHUT K POCTY
HanpsUKeHMI B HAKJIAAKax MpU HATHYMK YOPYTUX MPOKIAA0K MO najaMi. AHalOorHyHas KapTHHA
MMEeT MECTO M NpH 3a3ope 32 MM (CM. PUCYHOK 6).

250

y=0,0024x3 - 0,2641x2 + 8,8802x + 116,09
R?>=10,9287 A

200 B R S e

y =0,0005x3 - 0,0683x2 + 2,4976x + 90,224

) — T = i R= = 0,955

| 100 ===
o
o a - =
50 y=—0,0016x3 +0,2194x2 — 10,074x + 222,99
R =0,9445
0
20 25 30 35 40 45 50 55 60
e
V, km/4
o — ¢ npocajkol 0 Mu: A — ¢ IpocajKoi 15 My 0~— ¢ NommankHol npoknatkoi 14 MM

PueyHOK 5 — 3aBHCHMOCTH HAMpPSyKEHHH OT CKOPOCTH JIBUKEHHS TTPH 3a30pe B cThike 30 MM
Ha ’kene300eTOHHBIX [nanax

250

=) y=0,0015x2 - 1,1784x + 251,44
— L R
200 e - = e ) |

y = 0,0049x2 - 0,4645x + 132,22

® R*=10,949
E — e ']
| 100
B—
o - a
50
y =0,0531x2 - 4,5795x + 163,19
R?=0,9587
0
20 25 30 a5 40 45 50 55
V, km/u
® — ¢ nipocaikodi 0 Mar A — ¢ npocajxoif 15 s O — ¢ HounIalbHoH npokia/ ko 14 MM

PucyHoK 6 — 3aBHCHMOCTH HANPSHKEHHH OT CKOPOCTH JABUIKEHHSA TIPH 3a30pe B CThIKE 32 MM
Ha JKeNe300€TOHHBIX Mnanax

Taxkum 0Opa3om, MOIKHO KOHCTATMPOBATh, YTO MPUMEHEHHE YIPYTUX MPOKIAJ0K B CTHIKAX HA
’Ke1e300€TOHHBIX LINaNax Mo3BOJsSeT MOBLICUTH CKOPOCTh MPOIMYCKa MOE3/10B M0 3a30py B CThIKE
32 MM 10 40 km/u.

[Tomumo HanpsxkeHnii ObITM U3MEPEHbI BEIMYHMHBI Y CKOPEHMI Ha MOJOLIBE peJibca Kak OJIMH U3
(hakTOPOB, BAMSIOLINX HA HAKOIJIEHUE OCTATOUHBIX 0CAI0K [Ty TH.

Ha pucyHke 7 npejicTaBiieHa quarpaMMa, KOTopas ToKa3biBaeT, YTo BEPTHKAIbHBIE YCKOPEHU
MJIGHTHYHBI MIPH KOHCTPYKIIMU CThIKa 0e3 Mpocajku M B CThIKE C MOALINAIBHONW MPOKIAJKOH MpH
ckopocTax 50 km/4 ¢ 3azopamu 30 — 32 mm 1 ckopocTh 40 kv/u ipu 3a3ope 30 — 35 mm. [1pw 3a30pe
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Kene3aHo4OopPOXHbIN NYThb,

3bICKaHMe W NPOEKTUPOBaHMe Kene3HbIX Aopor

30 MM BepTHKATBHBIE YCKOPEHHMS Ha TMOJOMIBE penbca TPH CKOpocTH 60 KM/4 HAEHTHYHBI
YCKOpPeHHAM TipH ckopocTax 40 u 50 km/4.
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Pucynox 7 — MakcuManbHble 3HA4EHHA BEPTHKATIBHBLIX YCKOPEHHH Ha NOOMIBE PElTbCd, 3aperHCTPHPOBAHHBIE
[PH NPOE3Je ONBITHOTO CThIKA PY30BbIM BATOHOM € PA3NIHYHBIMH CKOPOCTAMHM JABHIKEHHS MPH OIPEIe/I€HHbIX
BaPHAHTAX KOHCTPYKIHH PENbCOIINanbHOR pemerkH (- xenesoberonnas mmnana ¢ npocankoi 0 mm; 2 —
skenezoberonnas mmnana ¢ npocankoi 15 mm; 3 — skene300eToHHAs INANA C PE3HHOBON MONINTATLHON MPOKIALKOH;
4 — nepessiHHasA mmana ¢ npocankoi 0 MM; 5 — DepeBAHHAsA WIaIa ¢ IPocagKkoH 15 MM):

a —3azop 30 mm; 6 — 3a30p 32 MM, 6 — 3a30p 35 MM




YKene3HoAOpPOXHbLIN NYTh, —

N3bICKaHWE U MPOEKTUPOBAHUNE XKEeJEe3HbIX .u,opor

Jlis onpenesenust HANpsLKEHUH B LICHKE peibca B 30HE MEPBOrO CTHLIKOBOI'O OTBEPCTHS Ha
peJibce ObLUT HaKJIeeH TEeH30METPHYeCKWi JIaTUhK B BHUIIE PO3ETKH JUIS M3MEPEHHS BePTHKAIBHBIX,
FOPU30HTAIBHBIX H KOCHIX (Mo yriaom 45 ©) nedopmanmii. Cxema HakIeHKM 1aTunKa NpUBeIeHa Ha
pucyHke 8.

JlnHns nanoma /
\ 145 ° no ,uecbe;{i‘(m )
HanpaeneHue nepeoro >< ./

rmaBHOro HanpshKeHusa

e o

TeH30MeTpUYecKuit / /

OaTuMK B BUAE PO3ETKM

Pncyuox 8 — Cxema HakneHKu TEHZOMETPHYECKOIO TaTYHKA B BHIAE PO3ETKH IJ1A H3MEPEHHA BEJIHYHH BEPTHKANBHBIX,
FOPH30HTANBHBIX H KOCBIX ﬂed}opmaunﬁ H HalnpaeJCHHA TMTaBHbBIX Haﬂpﬂ}KeHKﬁ OTHOCHTEIBHO TIpOIlOJ'IbHOﬁ OCH penbca

PesynpTaTel 00pabOTKM ONBITHBIX AAHHBIX MOKA3aH, YTO BEINYMHBI MIABHBIX HANPSIKCHUN HE
npepbimann 60 Mlla, yron HanmpapiaeHuss TNEPBOro TIJIABHOTO HANPSIKEHWSA OTHOCHTENIBHO
MNPOJOJALHONH OCH pejibCa IMPU OTCHETE NPOTHB YACOBOH CTPEiIKW coctaBui 145 °. Ysenuuenue
MIABHBIX PACTATUBAIONIMX HAMPSHKEHHH B 3aBUCHMOCTM OT CKOPOCTH M BEIWYMHBI 3a30pa
MPOMCXOUIIO TOJIBKO MPH HATWYKHU NPOCAIKU B CTHIKE.

Cxema paccTaHOBKHM JaTYMKOB M3MEPEHMUS HA ONBITHOM MOJBHKHOM COCTABE NPEACTaBIeHa Ha
pucyHke 9.

Tennosoa YM33
HanpasneHue
OBVKEHWR

MonysaroH c Harpyakoi 23,5 Tince

-—
Jatynku AnA namepeHus Latdamkun Ana namepeHns [aTtunkn ana MamepeHns
KOS IUUMEHTS BEPTUKANLHOR yexopeHwin Ha Bykce KoaphuuMeHTa BEPTUKANEHOR
AWHAMMKM HEOBPECCOPEHHLIX MACT OuHamMuie HeoBGpeccopedHbIX Macc

Pﬂcy Hok 9 — Cxema PacCTaHOBKH AATYHKOB H3MEPEHHA Ha ONBITHOM NOJABHACHOM COCTaBE




XKene3aHoaOopPOXHbIN NYThb,

—M3bICKaHWe U NPOEKTMPOBaHUe Xene3HbiX Aopor

Onenka nokazareneil TMHAMHKNA JTOKOMOTHBA MPW B3aMMOJACHCTBUM € OTIBITHOM CTBIKOM TIpH
BCEX COUETAHMAX KOHCTPYKLHH MyTH (THIBI LIMAMN, MOAINNATbHbBIE TPOKIAAKHI), BETNUMHAX 3a30pa 1
YPOBHSI CKOPOCTEH IBUIKEHMS IMO3BOJWIA ONPEHEIUTb BEJIMUYMHY KOI(P(HULHEHTa BEepTUKAILHOM
AMHAMUKA |-l cTyneHu mnojBeliMBaHus, KoTopas He mnpesbimana 0,1 npu J0MycTUMOM MO
['OCT P 55513-2013 3nauenun 0,35.

AHaOTUYHBIE PE3yNAbTaThl MO TOKAa3aTensM IWHAMWKH BaroHa MpPH B3aMMOACHCTBAM C
OIbITHBIM CTHIKOM: MAaKCUMAJIbHbIH KOI(PPULMEHT BEPTUKAIBHON AuHAMUKU HA ypoBHe 0,52 npu
3a30pe 35 MM Ha jKene300eTOHHBIX wnanax 0e3 npocaaku (oueHka no 'OCT 33211-2014: 0,5 —
otn4Ho; 0,7 — Xopo1o).

Jlnsa npoBeieHKA Uccae10BaHni ObLTH HCTIOIb30BAHbI MO/IINAIBHBIC MPOKJIAAKH MPOM3BOJICTBA
000 «OMHPII» TonwmHoMi 14 MM, U3rOTOBJIEHHBIE U3 PE3UHBI HA OCHOBE U30IIPEHOBBIX KAy Yy KOB,
obJianatowieli MoBLILIEHHOH MOPO30CTONKOCTEIO U NpoLLeiel 1adopaTopHble UCIIbITaHus [5 — 6].

B pesyabTare npoBeeHHbIX UCTIbITAHUI ObUIN ClIe/1aHbl CIIAYOLME BbIBOBL.

1. TTomy4eHbl 3aBUCUMOCTH HaNpsYKeHUs B HAKTAAKAX OT BEJIMYMHBI 3230Pa B CTHIKE W CKOPOCTH
NBWKeHUs 25 — 60 KM/4 Ha pa3ivuHbIX KOHCTPYKIMSIX BEPXHEro CTPOEHWs MMyTH, MO3BOJAOIIME
CZleNiaTh BbIBO/bI U PACCUMTATh BO3MOKHOCTH YBEJIUYEHHS CKOPOCTEH JIBHIKEHUS 110 CThIKAM:

Ha Kes1e300€TOHHbIX LINaiax;

Ha »Kene300eTOHHBIX LITanax ¢ mpocaakoi 15 Mm;

Ha 7e1e300€TOHHBIX WNajJax ¢ ynpyruMu MOAINaIbHBIMU NPOKJIAIKAMA.

2. Bennuunbl nokaszareneil B3auMOJIeHCTBHS, U3MEPEHHbIE Ha MOJBHKHOM COCTaBe (BaroHe W
JIOKOMOTHUBE), UMEIT TEHACHLMIO K HeDOJbLIOMY POCTY € MOBBILEHHEM CKOPOCTH, OJHAKO
MPEBBILICHANH HOPMUPYEMBIX MOKa3aTe/eil He 3a)UKCUPOBAHO NPH BCEX BEJIUYMHAX 3230POB.

3. Haumenbiume BeNWYMHBI MOKa3aTeNeid B3aMMOACHCTBHUSA, M3MEPEHHBIE HA OTMBITHOM CThIKE,
MOJIYY€HbI Ha CTBIKE C 5KeJ1e300eTOHHBIMM IITIAJIAMH U ITPH UCTIPABJIEHUM MPOCAJKK 15 MM yNIpyrumMu
NOAIINAIBHBIMY NPOKIAIKAMHA.

4. Kos(ppuumeHTbl AMHAMUKA MMOABMKHOIO coctaBa Ha ckopoctsix 25, 40 km/u npu 3azopax
30 — 32 MM mokaszanu 3(hHEeKTUBHOCTE MPUMEHEHHA YIPYTHX MPOKIAZ0K TOM JKEeIe300eTOHHY IO
lmnany B 00JaCTH CThIKA.

5. Yknajaka ynpyrux noaunaibHbIX MPOKIAI0K CHUKAET YPOBEHb HANPAKEHUI B HAKIaAKax U
Jpy e NoKa3aTesiv B3auMOJIEHCTBHS MY TH U [MOJIBUIKHOIO cocTaBa Dosiee yeM B JiBa pasa.

B kauecTe pexomMeHnauuu pesybTarsl padoTel Obutd Hanpasiensl B OAO «PX/», a uMeHHO:

NPAMEHEHHE YOPYTUX MOALINAIBHBIX MPOKIAJ0K B CThIKAX MO3BOJACT MOBBICUTH CKOPOCTH
MPOITYyCKa Moe3/0B 1pH 3a30pe B cThike 30 — 32 mMm 110 40 kMm/4;

NPUMEHEHUE YIIPYTHUX MPOKIAL0K MOKET ObITh PEKOMEHA0BAHO /ISl MPUMEHEHUS

— B U30JIUPYIOLIUX CThIKAX;

— B CTBIKAX, BO3HUKIIMX MPH BOCCTAHOBIICHWUM PEIBCOBBIX TLIETEH;

— B CBAPHBIX CTHIKAX (B NEPBYI0 OYEPE/1b PU ATIOMOTEPMHUTHON CBapKe ),

— B CTBIKAaX YPaBHUTEJIbHBIX MPOJIETOB.

Jlanuble npeaioxeHus OblTH YHTEHbI NPU pa3padOTKe pyKOBOJACTBA MO MOPAAKY OrpaHA4CHUs
CKOPOCTH JIBHKEHUA TOE310B B 3aBUCUMOCTH OT BEJIMUMHBI 3a30Pa B CTHIKE HA OCHOBE KOMIUICKCHOM
OLIEHKHM pPabOThl MYTH B CThIKAX C YHETOM MPOCAAOK M COCTOSHUA CKpenaeHuid [7] u yTBepKaeHbl
OAO «PX]» B ycTaHoBieHHOM nopsake B 2023 r.
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npusogom / B. O. Ilessuep, B. B. Koueprun, B. B. Tperbsakos [u ap.]. — Teker : HenocpencreeHHblii //
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KOPPEJIH]J,HOE{HBII‘/II AHAJ/IU3 ®PAKTOPOB, BJAUAIOHINX
HA KOHTPEMWJIEPHBIE INEPEBO3KH B Y3BEKUCTAHE

Annomayun. Cmamvs nocesuyena KOPPersyuoHHoMy ananu3y (Qakmopos, eausiomux Ha 2py30060pom
KOumpetiiepuvlx nepe6osox  Pecnyonuxu  Vzoewucman. beum onpedenenvr ocHoenwvie (haxmoper, emustioufie Ha
2PY30000pON KOHMPEILIEPHBIX NEPesO30K, CIAIMUCHUYECKUMY MEMoOaMu Yemanosiena cmenens ux emsnus. Ha
OCHOGARUN OAHHBIX 3a 10 aem Obimi ROCMpPoensl KOPPeTAYUOHHAA MAMPUYA U PESPECCUORHA MOOETH 2py30000pomd.
Tonyuennste pesyismantvl HO3GOIION CHPOUMS RPOZHO3BL OIS 2PY30000POMa KOHMPEIEPHbIX NEPEBOIOK HU 06U
wembipe 200a ¢ 95 Y%-ubim QosepumMensHbIM UHMepsanom. Ilposedennnlii KOPPEIAYUOHHBIN AHATUS GHIOPUHHBIX HAMU
Qarmopos, GnuAIOWUX HA GEAUNUNY ZPYI00OOPOMA KOHMPEIIEPHbIX AEPeso30k, U HOCMPOCHUE PEHCIIHOZ0
VPAGHEHUA MHOMCECINBEHHO Pecpecclili RO3GONAIOM coendms credyiotjie 6v8oobl.

I pysoodoponm koHmMpetiepHvix nepeso3ox

npaAmMo 3aeucum om eemidisl BBIT no mpancnopmusiv yeayeam;

oopamno  3asuctm om 2py30000poma AsMOMOGUIBHBIX HEPEEO30K, MO OOCMAMOYHO OYEBHOHO, HOCKONbKY
a6MOMOOITbHbIE NEPEBO3KU AGIAIOMCA HAUDONEE CIUTLHOT ATbNEPHAMUBOI REPEBOIKAM KOHIMPETACPHbIM;

APSMO 3A6HCHIN OM 2PY30000POMA  JHCEAEIHOOOPOICHLIX NEPEGO30K, MO MAKNHCE HE RPOMUCOPeuunt A02uKe,
ROCKONLKY KOHMPETNepHbIe NepesosKu AGIAIOMC HACHbI0 NEPEBO30K JHCENEIHOOOPOICHIX,

oopammno sasucum (6 cradoii cmeneny) om APONSIICEHHOCIU ABMOMOBUALHBIX 00POE ¢ MEEPOLIM ROKPLIIUEM, HINO
0G0CHOBANNO, MAK KAK O 3MUM O0PO2AM COBEPUITIOMCA KOHKYPUPYVIOWUE GEMOMOOUTbHbIE REPEBO3KIL,

oGpamno 3a6UCAm (6 cradoll cmenenty) om 6eauYNNbL HEUHEMOP206020 0B0POMA RO MPAHCROPIIHBIM YENYeaM,
YIO AGAACINCA  HENO2UYHBIM  PESVALIMAMOM, OOBACHAIOWUMCA, GEPOAMNHO, CIABOCMbIO  KOPpeasyuy U1 Maibiv
KOAUHECMEOM HAOMO0eTnii.

Knwouessie crosa: 2pysosvie nepesosku, KOPpetsyls, PeepeccioHHas MoOelb, MPAHCROPMHBIE NOMOK, NPO2HO3,
Mampuya.
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Ziyoda G. Mukhamedova, Diyor Sh. Boboev, Khamid M. Yakupbaev
Tashkent State Transport University (TSTU), Tashkent, Republic of Uzbekistan

CORRELATION ANALYSIS OF FACTORS AFFECTING
PIGGYBACK TRANSPORTATION IN UZBEKISTAN

Abstract. The article is devoted to the correlation analysis of factors affecting the cargo furnover of piggyback
transportation of the Republic of Uzbekistan. The main factors influencing the cargo turnover of piggyback transportation
were identified, the degree of their influence was established by siatistical methods. Based on data for ten years, a
correlation matrix was built, as well as a regression model of fireight turnover. The obiained results make it possible to
build forecasts for the cargo turnover of piggyback transportation for 2—4 years with a 95 % confidence interval. The
correlation analysis of the factors we selected that influence the volume of piggyback cargo turnover, as well as the
construction of a realistic mulliple regression equation, allows us o draw the following conclusions:

Cargo turnover of piggyback transportation

directly depends on the value of GDP for transport services,;

depends inversely on the freight turnover of road transport, which is quite obvious, since road transport is the most
powerful alternative to piggyback transportation;

directly depends on the freight turnover of rail transportation, which also does not contradict logic, since piggyback
transportation is part of rail transportation;

inversely depends (to a weak extent) on the length of paved roads, which is justified, since competing road transport
takes place on these roads;

depend inversely (1o a weak extent) on the value of foreign trade turnover in transport services, which is an illogical
result, probably explained by the weakness of the correlation and the small number of observations.

Keywords: freight traffic, correlation, regression model, transport stream, forecast, matrix.

CaMbIMU pacnpoCTpaHEHHBIMU BUAAMM IPY30BOr0 TpaHcnopra B PecrnyOsuke Y30ekucran
ABJISAFOTCS ABTOMOOWIIbHBIM W JKeNe3HOIOPOKHbIH. CeTH aBTOMOOMIIbHBIX M JKEJIE3HbIX J10pOr
ABNAKOTCA (DYHIAAMEHTOM JUISL PasBUTHs, CHELUAIU3ALMM W KOHLEHTPALMU IPOMBILIIECHHOIO
MPOM3BOJACTBA, A00BIMM MOJIE3HBIX MCKOMAEMBIX M CENbCKOro xo3siicrBa. Kpome Toro, passuras
TpaHCTOPTHas MHPPACTPYKTY pa CHOCOOCTBYET BbIMOJIHEHNUIO HALIMOHAIBHOM IKOHOMUKOI OIHOH U3
BOKHEHUIMX U BECbMa BbITOAHBIX 3aa4, ONpeAcaeHHOH reorpadguueckum nonoxenuem Pecry6nmku
V30eknucTan, a UIMEHHO CIIY)KUTh TPAHCTMOPTHOI aprepueil mexxay Esponoi m crpanamu Oro-
BocTounoit Asuu. [lns BbINOJHEHMS ITOH 3alaud HAa TEPPUTOPUU pecilyOIMKU NOJKHbL ObITh
MOCTPOEHbI HE TOJbKO HOBbIE COBPEMEHHbIE YYACTKM aBTOMOOWJIbHBIX M JKENE3HbIX OPOT, HO M
LIe/TbIE TPAHCTIOPTHBIE V371bl, KOHTEHHEPHBIC TEPMHUHANBI U TOA00HAsA uHBpacTpyKTYpa. Kpome ToroO,
HALMOHAIbHONW TPAHCTIOPTHONW CUCTEMOI, B YaCTHOCTH, OCHOBHOM JKENE3HOA0POKHON KOMNAHWEN
pecniyonmkn AO «Y30ekucToH TeMup Hyanapu» (Y30eKCKHe jKese3Hble JIOpPOrH), JIOJKHbI ObITh
OCBOEHBI COBPEMEHHBIC JTOTMCTHUECKME TEXHOJOIMH, TAKHWE Kak HHTEPMOIANBHBIC TEPEBO3KH,
3HAYMMOM YaCThIO KOTOPBIX ABIAKOTCA KOHTPEHIEPHbIE MEPEBO3KH, XaPAKTEPHBIE YEPThbl KOTOPBIX U
Oy IyT MCCNIEI0BAHBI B HACTOSLLEH CTAThE.

HcTopus KOHTpelJIepHbIX NMEPEBO30K M0 TPaHCIOPTHOM ceTn Pecrybnuku Y30eKkucTan He Tak
JUIMHHA M HA TIEPBOM 3Tane OrpaHUYMBaIach TPAH3UTHBIMHM KOHTpeiljepHbIMH nepeBo3kamu. Co
BpEMEHEM MHBECTHIIMM B JaHHYIO C(epy SKOHOMHUKH MO3BOJIMIM 00OPYI0BaTh HECKOIBKO
KOHTPEIEPHBIX IUIOLIAI0K B KOHTEHHEPHBbIX TepMUHaAIax 1 Ha koHel 2021 r. Takue mioma ku Obuin
nocrpoeHsl B 24 % TEPMHMHAIOB. DJTO IMO3BOJIMIO 3aJeHCTBOBATL JaK€ HALUOHAIbHBIE
TPAHCTIOPTHBIE KOMNAHWUA B KOHTPEMIEPHON CXeMe TPaHCMIOPTUPOBKH TPY30B, HTO MPUBENIO K yIKe
3aMETHON 3KOHOMMHU CPEJICTB HA TPAHCTIOPTUPOBKY (UTO AABHO OBLIO A0KA3aHO YCMEITHBIM OMbITOM
KOHTPEHJIEPHBIX MEPEBO30K B APYIMX CTPaHax), a TAaKKE K COKPALICHHIO YIJIEPOAHOro ciesa
OTpaciu, NMOCKOJbKY Y IJIEPOAHBIN Clle NPOIY KLMH, EPEBE3EHHONH aBTOTPAHCIIOPTOM, B CPE/IHEM B
83 pasza npesbllIaeT YIJEPOAHBIA clie]l NPOLYKLHH, [EepPeBEe3eHHON JKeJIe3HOAOPOKHBIM TpaHc-
noprom [1, 2].

['onoBoii rpy30000poT KOHTpeiepHbIX MepeBo3oK B PecnyOnuke Ys30ekucTan 3a nepuon
2012 — 2021 rr. npejcrasieH Ha rpaduke (pucyHoK 1).

— NU3BECTWUA TpaHccunba




TPaHCNOPTHLIE U TPAHCMOPTHO-TEXHONMOTMYECKNE CUCTEMbI CTPaHbI,

€e=permoHoOB N TOpo4o0B, OpraHM3auus NPoM3BoACTBa Ha TPaHCMOPTEe

Jlanee paccMOTpuM (DAKTOpPBI, BIMAIONIME HA BEIWYHMHY TPy30000poTa KOHTPEHTEPHBIX
nepeBo3ok B PecriyOnnke Y3bekucTan.
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Pucynok 1 — I'onosoii rpy3oo0opoT koHTpelnepHsIx nepeBo3ok B Pecnybnuke Y30ekucran 3a nepuon
2012 — 2021 rr. (Merounuk: cocTaBneHo aBTopoM Ha ocHose naHHbix AQ «Y30ekHeToH TeMup Hynnapuy, 2022)

[TockosbKY KOHTpEIEpHbIE NEPEBO3KYU SABJISIOTCS IEPCIEKTUBHBIMU HANPABICHUSIMU PA3BUTUS
rpy30BOTr0O TpaHcnopra, To ¢ yseandeHrneMm BBII, co3naBaemoro B TpaHCOPTHON OTPACiN, 10/IKEH
pactu rpy30000pOT KOHTpeinepHbix nepeBo3ok [3, S]. Jlunamuka BBII TpancnopTHo#l oTpaciu
Pecny6ninku Y30exucran npeactasieHa Ha puCcyHKe 2.
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Pucynok 2 — BBII tpancroptHoii otpaciy B Pecnybnuke Y30exucran 3a nepuon 2012 — 2021 rr. (Mcrounuk:
COCTARJIEHO aBTOPOM HA OCHOBE AaHHbIX ['ocy mapcTReHHOro koMurera no craructike Pecnybnuku Y3bekucran, 2022)

[To Tem e npuyMHaM, YTO YKa3aHbl BbilIE, MPY30000p0OT KOHTPEIIEPHbIX NEPEBO30K, KOTOPbIi
o orlpe,uenenmo COCTOHUT H3 aBTOMOGPU'Il:Hb]X H }Kenea'Ho,uopomme ﬂep€B030K, HOJIZKEH 3aBUCECTH
OT BECJIHYHUH COOTBETCTBYHOLIIUX pr30060p0TOB, AUHAMHKA KOTOPLIX IMpeACTaB/ICHA HA PUCYHKE 3.
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Pucynok 3 — T'onosoii rpy30060poT aBTOMOGHIIBHBIX H KENE3HOIOPOKHBIX nepeso3ok B Pecnybnuke Yabexkucran
3a nepuon 2012 — 2021 rr. (McTouHuk, cocTap/ieHO aBTOPOM Ha OCHOBE JaHHbIX ['0cy 1apcTBEHHOrO KOMHTETa
no crarucruke PecnyGnukn Y3bekucran, 2022)
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TpﬂHCl‘lOpTHble N TPAHCNMOPTHO-TEXHOJIOTNYECKHNEe CMCTeM__bI—”__

ee pernoHOB W ropoaoB, OpraHn3auus NPoM3BOACTBa Ha T|

Kak Obuto oTMeueHO BbIlle, OONBIIVIO HACTh KOHTPEHIEPHBIX MEPEBO30K B Y30eKkucraHne
COCTaBJIAIOT TPaH3WTHbIE nepeBo3kn. OTCroa cleayer, 4To BEIMYMHA Tpy30000poTa 10/KHA
3aBUCETb OT BEJIMYMHbBI BHELIHETOProBoro obopora pecryOnuku. Kpome T0ro, nockosnbky
TPAH3UTHBIN I'Py30M0TOK Yepe3 TeppuTopuio Pecrybnukn Y36ekucran 10CTaTOMHO BEJIHK, JIOTUYHO
MPEANONOKNUTh, YTO CYIIECTBYET CBA3b MEXKAY BEIMYMHONW KOHTPEHJIEpHOro Tpy30moToKa M
BEJIMUMHOW BHELIHETOProBOTO 00OpOTa MO yciayram TpaHcnoptupoBku [4, 6], Junamuka
VIOMSAHYThIX BHELLIHETOPrOBLIX 000OPOTOB MPECTAB/ICHA HA PUCYHKE 4.
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Pucynok 4 — ['oposo#i pHelHeTOProeslid 000POT U BHEIIHETOProBbIH 000pPOT N0 TpaHCNOPTHLIM yenyram PecnyGnuku
Y3bexucran 3a nepuog 2012 — 2021 rr. (McTouHuk: cocTaBIeHO aBTOPOM HA OCHOBe HanHbIX ['ocymapcTeeHHOTO
KOMHTETa N0 ctatuctuke Pecybnukn ¥Yibexncran, 2022)

HaKOHeLL, COBCPLICHHO OYEBHUIHO, 4YTO o0bIe I'PY30BbIC [MEPEBO3KKU, B TOM YHMCJIC KOHTDCH-
JICPHBIC, MPAMO 3aBHCAT OT Pa3BUTHA KaK aBTOM06HJ'IbHOﬁ, TaK v H{GHGSHOHOIJO)KHOI‘:I HOpO}KHOﬁ CETH
PecnyOnuku Y30ekucTaH (pUCYHOK 5).
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Pucynok 5 — TlpoTsikeHHOCTb JKENe3HOA0POKHBIX MY TEH (IKCITyaTallMOHHAsA [UTHHA) H aBTOMOOMIbHBIX 1I0poT
¢ TBepAbIM nokpbiTHeM PecniyOnuku Y3adekucrad 3a nepuoa 2012 — 2021 rr, (McrouHuK: cocTaBleHO aBTOPOM Ha
ocHose JiaHHbix ['ocy naperseHHoro komurera 1o crarucruke Pecriybnuku ¥Y3bexucran, 2022)

Jna janpHeilluero ucciefoBaHus METOAaMH CTAaTHCTUYECKOrO aHaau3a CBEAEM BCE aHaju-
3UpyeMbie JlaHHbie B Tadauiy 1.

Ta6nuua 1 — Mcxonueie nanHbie i aHaH3a

[NTokazarens [Tepemennb Ton

SR CPEMEHHNE  [5012]2013]2014]2015]2016]2017]2018]2019]2020[2021
I'py30000pOT KOHTpEHNEPHBIX NEPEBO3OK, | 3aBHCHMas pb|0.300.32]0.35]0340.32|0.35] 036|038 [0.30] 0.35

MJTH T nepeMeHHast
['py30000poT K.-J1. NepPeBO30K, MJIH T rt[61.5163,7165.7|67,2|167.6|167,9168,4[70,1(70.6|72.0
['py30060poT aBTOMOOHIBHBIX TIEPEROI0K, MIH T at| 733 | 801 | 869 | 943 |1003|1013]1102]1178]1238]1282
BBII tpancnopraeix yeayr, mupa USD vi]|16,5120,6]123.8126,8|30,6(36,2|44,2(54,5|53,7|67.2
2Kene3HoIopoKHBIE MYTH, THIC. KM HE3aBHCHMBIC| -1 90,6 | 90,6 | 89,1 89,1 [90,6[95,7]96,9|96,1 [97,0|95,5
ABTOMODIILEEE IOPALH ¢ TRepAEne nokpitie,, | IPEMERINIS | gl o0 1 | 500 |58,7]58,7| 58,7 | 58,9 58:6| 58,6 | 58,5| 58,4
THIC. KM {per‘peccopbr) ? 3 3 £l 3 2 7 3 > El
BHEIHETOproBbiii 060pot, Mapa USD v0[90.6[90.6[89.1[89,1[90,6[95.7[96,9]96,1[97.0[95,5
BaemmeTopromal (gopar vu|59,1]59,0|58,7(58,7[58,7|58,9]58,6|58,6|58.5 | 58.4

N0 TPAHCTOPTHEM yemyram, mapa USD

(Hcrounuk:

COCTAaBJIEHO aBTOPOM Ha ocHoBe faaHHeix AQO  «Y3bekucron temup Hynnapmu»,

2022 wm

[ocymapeTBennoro komutera no craructuke Pecrmybnukn Ysbexkucran 2022)
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OPTHBIE N TPAHCMOPTHO-TEXHONOIMYECKNE CUCTEMbI CTPaHbI,

C_)BPI ropoaos, opraHn3auunsa npou3BoacTBa Ha TpaHCNopTe

Ha ocHOBe faHHBIX TAOAMIIBI | BEIMMUCIUM KOPPENALMOHHYIO MaTpuily CriupmMeHa, NOCKOIbKY
gucno HaOmonaenuii, pasHoe 10, HEZOCTATOUHO A8 MOCTPOSHMS AJCKBATHON KOPPEnsuHOHHOMH
matpuub! [Tupcona [7].

Tabnuua 2 — Koppensunonnas marpuia Cnupmena

pb vu VO ad rd vt at
pb =
Vil —0,509 -
Vo 0,295 —0,530 —
ad —0,509 1,000 —0,530 -
rd 0,295 —0,530 1,000 -0,530 =
vt 0.648 —0.,902 0,702 —0.902 0,702 —
at 0,552 —0,914 0,726 —0.914 0,726 0,088 —
rt 0,552 0914 0,726 0914 0,726 0,988 1,000

(McTouHMK: paccuMTaHo aBTOPOM C MOMOIIBIO CTATHCTHYECKOTO nakera Jamovi)

M3 3nauennit koaduumentor koppensuun CnupMeHa clieayer, uTo B HanbOoiblIeH CTeneHn
3aBUCHMAsi repeMeHHasi pb (rpy30000pOT KOHTpEHIEepHBIX NEPEeBO30K, MJIH T) 3aBUCHT OT
nepemeHHoi (perpeccopa) vt (BBIl TpaHncnopTHbix ycayr, muapa USD) u  koabduuueHTa
3HauumocTu p = 0,049 < 0,05 (95 %-Hblii JoBepUTENIbHbIIT MHTEPBA ).

Jlanee no creneHu 3aBUCUMOCTH pb 3aBUCHT OT NEpeMeHHbIX at (rpy30000pOT aBTOMOOUIBHBIX
[EPEBO30K, MJIH T), It (rpy30000poOT .-/ MEPEBO30K, MJIH T), sl HUX 3HadeHue p = 0,104 > 0,1
(90 %-Hblit TOBEPUTEIBHBIN MHTEPBAT).

H, nakonen, pb moctatouHo cnabo koppenupyeT ¢ ad (aBTOMOOMIBHBIE JOPOTH ¢ TBEPIABIM
MOKPBITHEM, ThIC. KM ) U VU (BHELIHETOPrOBbIH 00OPOT MO TPAHCIOPTHLIM ycyram, mapa USD) npu
crenenn 3HauumocTH p = 0,133 >0, 1.

OcTaBiiuecs nepeMeHHbie UMe0T KodhuimenTsl Koppensiuu ¢ pb < 0.5, ciiejoBaTelibHO, OHN
HE KOPPEIUPYIOT € 3aBUCUMOM TIEPEMEHHOI.

CpaBHuBas K0d(PPULUHEHTbI KOPPENALUMN HE3aBUCUMbIX TEPEMEHHBIX MEKIY COOOH, ciieayer
OTMETHUTH BBICOKYIO CTEHEHb KOPPESLMH W JakKe MOJHYI KOJUIMHEAPHOCTh HEKOTOPbIX
nepeMeHHbIX (B Tabauiie 2 oTMeueHbl 3a1MBKOM ). DTO 03HAYALT, YTO NMOJA00HbIE MEpeMEHHbIE HEJIb35
paccMaTpuBaTh B KAUeCTBE HE3aBUCHMBIX perpeccopoB ogHoBpemenHo [8, 10].

Jiis Oojiee HAMIAAHOM KApPTUHBI KOPPEJISILIAK, B 4ACTHOCTH, HAJIMYKE MIPAMOI 1 00paTHOI CBs3H
MEK]Y TIEPEMEHHbIMU, CJEAYET pacCMOTPETh rpa(MK MIOTHOCTH pacnpeaeeHus s NepeMeHHbIX
(pUCYHOK 0).

pb vu VO ad rd vt at rt

o j/\ pb

0. MDZBINGIBSESEER 0 WO DESESEIBIS 0 0 5 JEAESE0 HODAREBOEESEIEIR S

PrucyHok 6 — I'padmike MIOTHOCTH pacnpeieseH s nepeMeHHbIX
(HMCTOUHHK: PACCYHTAHO ABTOPOM C MOMOLIBIO CTATHCTHUECKOro nakera Jamovi)
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Pasmep obaacTeit ¢ 3anuBKOI Ha rpadukax, MPUBEICHHBIX HA PUCYHKE O, MO3BONACT HATJIAIHO
OMpEAeNnUTh KOPPENALMOHHY IO CBA3b MEIKIY MapoH MepeMeHHbIX (O BbICOKOH KOPPEIALMHU FrOBOPHT
majiasi 00J1aCTh 3aJIUBKH).

3HaueHuss KOXPQPUIMEHTOB KOPPEJAMM € BBIMUCICHHBIMM HMX 3HAYUMOCTAMH, TpauKu
MIOTHOCTU PpACTIpe/ieNIeHHs] TO3BOJSIOT YCTAHOBUTH CBA3h MEXKAY 3aBUCHMON TNEPEMEHHOM H
(hakTopamu BIMAHMA, OAHAKO OONee SBHYIO CBA3b TAKOrO POjia MOKHO OTMETHTb TOJBKO NpPH
MOCTPOSHHN PErPEeCCUOHHOM MOJIENIN 3aBUCHMOI nepeMeHHOM kak (yHKIMHU perpeccopos [9, 11].

[Ipeskne 4eM MPUCTYNUThL K IOCTPOEHHIO [MOA00HON Mozenu, cienyer yOenuTses B
CTALMOHAPHOCTH BPEMEHHOTO psja AJid 3aBHCHMON nmepemeHHoi pb. Jlnsa peurenns 510# 3agaum
TpedyeTrcs nocTpouTh aBTOKOppensiuoHHy0 (GyHkuuio ACF ¥ 4acTHYI0 aBTOKOPPEIsSLUOHHYIO
(pynkuuro PACF B 3aBucumMocTy OT J1aroB (PUCYHOK 7), [IPU 3TOM YKCIIO JIaroB He JI0JIKHO OBITH
MEeHbILIE MATH (MOJIOBUHA OT uKucna HabmroneHuid, pasroro 10).

ACF ans pb
1 L] ] L] 1 T
+-1,96/T"05 ——
0.5
of : : . : , J
0.5
1 I i i 1 1
0 1 2 3 4 5 6
nar
a
PACF ans pb
1 T T T T T
+- 1,96/T"05 ——
0.5
of : : : l : J
0,5
11 I I 1 i |
0 1 2 3 4 5 6

nar

7]

Pucynok 7 — ['paduk asTokoppensiiHOHHOMH QyHKUMH (4aCTHOH aBTOKOPPENSILHOHHON (yHKLIMH)
B 3aBUCHMOCTH OT n1aroB (Merounuk: paccuuTaHo aBTopoM ¢ MOMOIIBIO eTaTHeTHUeckoro nakera Gretl)

3nauenua ACF u PACF 0am3ku Kk Hy 150 Ha maTepBaie ot | 10 5 naros ¢ HeOOIbIIAM BCIIJICCKOM
HA YETBEPTOM Jare, 4To OOBACHAETCS PE3KUM CHAJA0M U MNOABEMOM 3HAUEHWIl nepeMeHHOR pb B
uaTepsaiie 2020 — 2021 rr. (cM. pucyHok 1), coorBercTByonmmMu kpusncy nangemun COVID-19.
Brpouem, gake 3TOT BCIUIECK HE BBIXOJIHT 3a KpUTHUeCKWe 3Haudenums +1,96/T"0,5 (T = 10
HAOJIFOICHUSIM ), HTO FOBOPUT HAM O MOATBEPIKIACHUH IUIIOTE3bI O CTALIMOHAPHOCTH BPEMEHHOT0 psijla
N5 3aBUCKMMOi mepemenHo# pb [12, 13].

AHAIM3 pPe3yabTATOB HCCaea0BaHHMH. [locTpoMM pErpecCHOHHYK MOIEIb METOA0M
HAMMEHBIINX KBAJAPATOB [UIs 3aBUCHMOIi nepemerHoi pb (tabiuua 3).

[TonyueHnHas Mojenb HEAOCTATOYHO AJEKBATHO OMUCHLIBACT MOBEACHUE nepemMeHHOi pb. 310
YTBEPXKIEHUE OCHOBAHO TMpEeXJIe BCEro Ha p-3HauyeHun craructuku Oumepa, Oonbmem 0,1
(90 %-HbIif HOBepUTENIbHBIM MHTEpBa). Takke HEyOBICTBOPHTEIbHBIMU ABIAIOTCA P-3HAYCHHUS
craructuku CtyaenTa (CThIOEHTA) 1A PErPECCOPOB, TOJBKO Ba U3 KOTOPBHIX HMEIOT 3TO 3HAYCHHE
mernee 0,1. D10 ckopee BCEro CBA3aHO C HATMYMEM TeTEPOCKETACTHYHOCTH (HEOJAHOPOAHOCTH
HaOJIIOICHHH, BBIPAKAIOLICHCS B HEMOCTOAHHONW JMCHEPCHH CIyYailHOH OMMOKK perpecCHOHHOMN
MOJIEIH ).
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—TPaHCNOPTHLIE U TPAHCNOPTHO-TEXHONMOIMMYECKNE CUCTEMbI CTPaHbI,

HOB-M TOPOAOB, OpraHn3auus NpoM3BOACTBa Ha TpaHCnopTe

Tabnuua 3 — Perpeccuonnas monens MHK]

Mogaens 1: MHK, ncnonszoBans Habarwoaenua 2012 — 2021 rr. (T = 10)
3asBucumas nepeMenHas: pb

Kosghguyrenm Cmam. owmdka - cmamucimixa  P-snaqenie

const 4.46419 6,64645 0,6717 0,5386

at —0,00106408 0,000421920 =2.522 0,0652 *

vt 0,00303548 0,00195071 1,556 0,1947

rt 0,0359625 0,0137036 2,624 0,0585 *

ad —0,108604 0,114260 —0,9505 0,3957

Vo 0,00851596 0,00516440 1,649 0,1745
Cpennee 3aB. mepeMe. 0,337601 Crar. OTKIL. 38B. IIepeMeH 0,026022
Cymma KB. OCTATKOB 0,001605 Crar. omuOKa MoJeny 0,020031
R-kBanpar 0,736648 Henp. R-keanpar 0,407458
F(5,4) 2,237760 P-3nauenue (F) 0,227614
Jlor. npasnonoaobue 2949675 Kpur. Axaukxe —46,99351
Kpur. IlIsapua —45,17800 Kpur. Xennana — Kyunna —48.98512
ITapamerp rho —0,130545 Crar. lapbuna — BotcoHa 2,215015

Tect Bpuma — IIsrana (Breusch — Pagan) na rerepockenacTHiHOCTb

Hynepas runoTesa: reTepockeacTHYHOCTh OTCYTCTBYET

Tecrosas craructuxa: LM = 4,05887

p-3nausenue = P(xu-kBagpar (5) > 4,05887) = 0,540972

Tect Bpua — INarana (Breusch — Pagan) ua rerepockenactuanocts (podacTHblii BAPHAHT)
Hynepas rumoTtesa: reTrepockenacTHIHOCTE OTCYTCTBYET

Tecrosasa crarucruka: LM = 6,76632

p-3HaueHHe = P(xu-kpagpar (5) > 6,76632) = 0,238607

(HMcTounuk: paccunTaHO aBTOPOM C MOMOLILIO cTaTHcTHYeckoro makera Gretl)

Onnako o6a tecta bpuina — Ilsrana He yka3pIBalOT HA HATMYHE METePOCKEAACTUYHOCTH. DTO
BO3MOXKHOE TPOTHBOPEUHE MOKET ObITh OOBACHEHO MPHUCYTCTBMEM HEKOTOPOi TeTepockenac-
THYHOCTH, BbIABJISEMON MEXaHU3MOM BCIOMOraTe/IbHOM perpeccuu BbICIUMX CTereHel (00binx,
4eM BTOpas CTeleHb) OCTaTKOB, KOTOpBIE TecT He yuuThiBaeT. bosee obumii Tect Yaiita nposectu
HE yJacTcsl, NMOCKOIBKY KOJIMYECTBO NEPEMEHHBIX 0YeHb BEJIMKO I TAKOro Majoro KOJIWYecTBa
Habnrogenuit. Bripouem, B ctatuctiyeckom nakere Gretl cymecTByeT mexanusm noctpoenns MHK-
MOJIEIH € MOMNPABKON HA IeTEPOCKENACTHYHOCTD (Tabnuua 4).

Tabnuua 4 — Perpeccuonnas mounens MHK2

Mogzens 2: C nonpapkoil Ha reTepOCKEIACTHIHOCTD, HCTIOAb3oBane! Hadmonenus 2012 — 2021 rr. (T = 10)
3aBucuMas nepemenHas: pb
Kosghpuyuernm Cmam. owmbka  (-cmamucmuxa  P-3navenue

const —1,03448 0,235028 —4,402 0,0046 Lty

at —0,000831607 0,000185463 —4.484 0,0042 it

vt 0,00456540 0,00124500 3,667 0,0105 ot

rt 0,0303216 0,00552823 5,485 0,0015 i

CTaTHCTHK.a, lTOJqueHHaSI O B3BCHICHHBIM JAHHBIM:

CyMma KB. OCTATKOB 8.415709 Crar. owubka monenu 1,184322
R-kBanpar 0,891867 Hcenp. R-keagpar 0,837801
F(3, 6) 16,49575 P-3nauenue (F) 0,002651
Jlor. npaspononobue —13,32696 Kpur. Axauxe 34,65392
Kpur. llIapua 35,86426 Kpur. Xennana — Kyunna 33,32618
ITapamerp rho 0,513849 Crar. lapGuna — BotcoHa 0,982780

(McTouHHK: paccuMTaHO aBTOPOM C MOMOLIBIO cTaTtheTHYeckoro nakera Gretl)
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TpaHCNOPTHbLIE U TPAHCMOPTHO-TEXHONOTNYECKUE CUCTEMBI CTPaHbI

JlanHast MOJeNnb MO P-3HAYEHWAM YIAOBIAETBOpAET Kputepuio < 0,05 mana BCeX NMEPEeMEHHBIX,
3aBHCHMMBIX M He3aBUCHMBbIX, R-kBajgpar poctarouHo OJM30K K EAMHWIE, a KPHUTEPUH
norapudmuueckoro npasaononodus, Axauke, [lsapua n Xennana — KyuHHa no Moayio MeHbLUe
100, 4TO0 KOCBEHHO TMOJTBEPXKJAET AJEKBATHOCTH MOjETH. Brpouyem, BelWYMHA CTATUCTHKH
Jlapbuna — Botcona < 1 rOBOPHUT 0 MPUCYTCTBUM HEKOTOPOii aBTOKOPPENALUHN MEPBOTrO MOPSAIKa, HO
MoA0OHbBIA Pe3yJbTaT HE AOMKEH CHMIIKOM CMYL@ATh, MOCKOJbKY OH CBOMCTBEHEH psjam ¢
HeOOJIbLIMM KOJIMUECTBOM HadoieHuit [14].

[logrBepskaenneM aneKBaTHOCTH MOJIEJIM CJIykKarT rpauk HAOMOJAeMbIX W PACUETHBIX
3HaueHHUH nepemMeHHo pb (pucyHok 8) u KoppenorpamMMa OcTaTkoB (PUCYHOK 9).

Habniopaemeie 1 pacyeTHeie pb
0,38

T T T T T T T T T
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Fom — =
Pucyrok 8 — I'padmk HabmogaeMbIx 1 pacueTHBIX 3HAYEHUI iepeMeHHO# pb
(HMcTounnk: paccuuTaHo aBTOPOM € TIOMOILBI cTaTHcTHYeckoro nakera Gretl)
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Pucynok 9 — Koppenorpamma 0cTaTkoB
(Mcrouynnk: paccyMTaHo aBTOPOM C MOMOIIBIO cTatHeTHueckoro nakera Gretl)

3HAYEHUs U KPUTEPUH, NPEJCTABIEHHbIE B TabauLe 4, BHEWIHWI BU rPAQUKOB PACCUNTAHHBIX
W HaOJroIaeMbIX 3HAYEHWH HA pUCYHKe 8, a Takke KoppelorpaMMa OCTaTKOB Ha PUCYHKe 9
(orcyrcrBue BcruieckoB, nokanuzammus ACF w PACF BOonmu3u 0) roBopaT o J0CTaToqHOM
PEATNCTHYHOCTH MOCTPOSHHON MOJICNH, BEIPAXKEHHOH B BUIE YPABHEHUS PErPeCCHH:
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pch OPTHBIE U TPAHCNOPTHO-TEXHONOIrM4YeCKkne CUCTeMbl CTPaHbI,

-per H'OB N-TOPoAO0EB, OpraHn3auuns Npon3BoacTBa Ha TpaHCNopTe

pb=-1,03 —0,000832 - at + 0,00457 * vt + 0,0303 - t.

[Iporuo3 rpy30000poTa KOHTPEHJICPHBIX MEPEBO30K HA TPH IoJa, BBIMHCICHHBIH ¢ OMOLIBIO
MPHBEJICHHOTO Y PaBHEHMS, MPe/IcTaBlieH B Tabiuue 5.

Tabmuna 5 — Ilporuos rpyszoobopora koHTpeiinepHelX nepeso3ok Ha mepuon 2022 — 2024 rr. gma 95 %-noro
nosepuTensroro uurepsana z (0,025) = 1,96

Ton [penckasanue Benu4IHHBI TPy30000pOTa, MITH T G 953 Yo-Hul Apepsar ey iR
ommbxa HHTEpBaT

2022 0,42 0,0114 (0,394 —0,438)

2023 037 0,0170 (0,339 — 0.,406)

2024 0,34 0,0187 (0,300 —0,373)

(HMcTounnk: paccuMTaHO @BTOPOM C TOMOILBIO cTaTHCTHHecKoro nakera Gretl)

ToT e pe3ynbTar NpeacTaBiIeH BU3yaabHOo Ha rpaduke (pucynok 10).
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Pucyrok 10 — I'lporaos rpyzoo0opoTa KOHTPEHIIEPHBIX TIepeBo30K Ha nepuoa 2022 — 2024 rr,, MIH T

[IpoBeaeHHbINH KOPPEISLUUOHHBIN aHATH3 BBIOPAHHBIX HAMH (DAKTOPOB, BIUSAIOIINX HA BEJIUYHHY
rpy30000poTa KOHTpEMJIEPHBIX MEePEeBO30K, a TAKKE [OCTPOCHHE PEeATUCTUYHOIO YpaBHEHUS
MHOYKECTBEHHON perpeccuu (MpUBEACHO BBILIE) MO3BOIAET CACAATH CIIEAY HOLINE BBIBOBI O TOM, YTO
rpy30000pOT KOHTPENIEPHBIX NEPEBO30K

npsaMo 3aBUCHT OT BenuurH BBII mo TpancniopTHsiM yenyram;

00paTHO 3aBHCHUT OT rpy30000poTa aBTOMOOWIIbHBIX MMEPEBO30K, YTO JIOCTATOYHO OYEBHJIHO,
MOCKOJIbKY aBTOMOOMJIbHbIE MEPEBO3KK ABJIAOTCA Hanbosiee CHIIbHOM allbTepHATUBOW MepeBo3Kam
KOHTPEHNEPHBIM (MHTEPECHO OTMETUTH, YTO KOPPEJIALMOHHBIA aHAIW3 MOKA3bIBACT MPIMYIO
3aBUCUMOCTh, HO 0ojee TOUHOE YpaBHEHHWE MHOKECTBEHHOM perpeccuu, NpPHUBEACHHOE BBIIIIE,
MOKa3bIBaeT 3aBUCUMOCTB 00PaTHY10);

IPSIMO 3aBHCHUT OT rpy30000p0Ta KENE3HOIOPOKHBIX MEPEBO30K, YTO TAKIKE HE NPOTHBOPEUHT
JIOTHKE, MOCKOJIBLKY KOHTPEHJIEPHbIE MEPEBO3KH ABJIAIOTCA YaCTHIO NMEPEBO30K IKEIE3HOA0POIKHBIX;

obparHo 3aBucuT (B ¢1aboil cTeneHn) OT NPOTKEHHOCTU AaBTOMOOUIBHBIX 10pPOr ¢ TBEPAbIM
MOKPBITHEM, YTO OOOCHOBAaHHO, Tak Kak MO 9THM J0pOramM COBEPLIAIOTCA KOHKYPHPYIOLIHE
aBTOMOOWIbHBIE NEPEBO3KHU;

obparHo 3aBMcMT (B c1aboOil CTemeHM) OT BEIUYMHbI BHEIIHETOProBoro odopora Mo
TPAHCIIOPTHBIM YCJIYTaM, YTO SBISETCA HENOTHYHbLIM PE3YJbTaToOM, OObICHAIOUMMCS, BEPOSTHO,
€1adOCTBIO KOPPENAIMH U MATBIM KOJTHUECTBOM HAOIIOACHWIA.

Takum 00pa3oM, CTpOsS MNPOTrHO3bl Pa3BUTWs KOHTPEHIepHBIX nepeBo3ok B PecrnyOnuke
V30eKkucTaH, cie/lyeT yYuThIBATh CTENIeHb U HANPaBI€HHOCTh BIUAHMS BbIOpPAHHBIX HAMU (DAKTOPOB.
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Cubupckwuii rocy 1apcTBeHHEIH yHEBepeuTeT nyTeit coobmenns (CIVIIC), r. HoBocubupck, Poceniickas Menepanms
KOHTPEWJIEPHBIE IEPEBO3KH KAK METOJ JIOTHCTUHYECKOI'O MOJIXOJA

Annomayun. Ocobennocmu  2eozpagpuvecko2o noaoxcenus u croxcuvill aumam 6 Poccuu noenuanu  na
PACAPOCMPANEHNOCIG. GHO06 MPAHCROPIA, U JUOUPYIOUHE MECIA MPAOUYUOHHO SAHUMAION JCEAE3HOOOPONCHBI U
asmomootibHblll. Texyuas cumyayus Ha peinke 6 00A4cmu MPancRopmHOe0 Cepeuca i 6bICOKUT YPOGEHb KOHKYPEHHUU
APEOnoNazalom UCcieo06ante BO3MONCHOCIY  PA3PAOOMKY U peaiu3ayul aibMePHAmMUGHO 0 CROCODA NEPeBo30K
HCenesHotll dopoeott 60 e3aumooeticmaun ¢ asmompancropmom. Taxas sapuayia nepesosky OAcm 803MONCHOCHb
OpP2ANU3AYHY OOCMAGKI «Om 08epu 00 O8epiy, UCROABb3YA RPEUMVUIECINBO KAXCO020 6UOA MPAHCROPMA, U YAYHIUM
KQAHecmeo JH02UCMUYECKO20 Cepaucd, Hmo 0COOEHHO aKmYILHO 6 Hacmosiyee epema. TTpu komdunayuy smux 6udos
MPAHCROPINA. HADCIICHOCHB, CKOPOCMb U BLICOKA APOBOIHAS CROCODHOCHL JICEAe3HOU 00PO2U COYCmAomcs ¢
MAHEBPEHHOCIILIO 1 ONCPANUSHOCITLIO AGMOMODUILHO20 MPAHCROPMA.

B nocmcosemcrkue 20061 ROCHE Repexo0a cmpanst O KOMAHOHOT 3KOHOMUKH K PIHOYHBIM ONHOWEHUAM ROSGUNOCH
O0bUIO KOTUYECNBO MENKUX U CPEOHUX KOMRAHUT, 3GHUMAIOUUXCA MOPe0BO-NOCPEOHUYECKUMI OREePpayuaMu, 1 001
REPeBO30K MAPHO-WINYHHBIX SPY306 603POCAd. AGMOMODUILHLI IPANCROPM 3a CYem c60eli dOCMYRHOCIU 1t RPOCINOMbl
npoyecca nepesosky éce DOoabHie GbIMECHAEN CEOUX KOHKYPEHMOS — BOOHBI, NCEASHOOOPONCHBIH U S030VUIHbLI
mpancnopm. J{annsie (haxmoper RPeononazaiom 6HeOPeHte A02UCMUYECK020 NOOX00a 6 OP2AHU3ALUN REPEBO30K MAPHO-
WMYHHBIX 2PY308.

B oaunoii cmamee nposeoen cpasHuUmMensiulil auaiu3  Gapuanmos OOCMAGKN MApHO-UMyuHo20 2pysd, He
mpedyioneco 0coibIX YCA06Uil NEPEeBOIKHU, ONPeoeieHbl OCHOBHbIE NPODIEMbl PEATU3AYIN KOHMPEIIEPHO20 OBUNCEHI 1l
OaHbl pekoMeHoayuu no ux pewenuio. Jlosucmuveckuii ROOX00 npeonoidazaen 6uICOKUIl YPOGeHb COIACOGAHHOCTIN
delicmeuil 6cex 36eHbes  MPUHCROPATHO-TOZUCHINYECKOT 1fell], 00eCnedyente JNCeCK020 KOHMPOIs 30 MOBUPHO-
OCHEHCHBIMU NOMOKAMU, ROUCK RYMET COKPALEHts 3ampam, ne 8eOVUUx K CHUNCEHUIO KAYECMEA OKAZbIBACMBIX YC1ye,
a makdice YApouenue npoyecca oMOPMICHUS IAMONICEHHDIX, NEPeGO3ONHbIX 1 NPOYUX 6uooe Joxymenmayun. Ha
OCHOBAHUY  GLIOCHCHHBIX KPUMEPHES HPeKMUSHOCHIN KOHMETIHEPHBIX NEPECO30K PACCMOMPEHbL NEPCREKMUSHBIC
HANPABIAEHUS OP2AHUIANUN KOHMPETIIEPHO20 Osudicenls 6 Poccu.

Kmiouessie ciosa: konmpetiiepuuie REPEGO3KH, JCENCIHOO0POICHBIT MPANCHOP, KOHMelinepHsiii noeso, 2py3060il
IKCHpece, JO2UCIMUKA, 2PY3060€ COOBUeHNE,

Elena A. Petreneva
Siberian State Transport University (SSTU), Novosibirsk, the Russian Federation

PIGGYBACK TRANSPORTATION AS A METHOD OF LOGISTIC APPROACH

Abstract. The peculiarities of the geographical location and the difficult climate in Russia have influenced the
prevalence of modes of transport, and railway and automobile traditionally occupy the leading places. The current market
situation in the field of transport services and the high level of competition suggest exploring the possibility of developing
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and implementing an alternative method of transportation by rail in cooperation with motor transport. Such a variation
of transportation will make it possible to organize door-to-door delivery, taking advantage of each type of transport, and
improve the quality of logistics service, which is especially important at the present time. When combining these modes
of transport, the reliability, speed and high carrying capacity of the railway are combined with the maneuverability and
efficiency of road transport.

In the post-Soviet years, afier the country's transition from a command economy to market relations, a large number
of small and medium-sized companies engaged in irade and intermediary operations appeared, and the share of
transportation of packaged goods increased. Due to its accessibility and simplicity of the transportation process, road
transport is increasingly displacing its competitors - water, rail and air. These factors suggest the introduction of a
logistic approach in the organization of transportation of packaged goods.

In this article, a comparative analysis of the options for the delivery of single-piece cargo that does not require
special transportation conditions is carried out, the main problems of implementing contrailer traffic are identified and
recommendations are given to reduce them. The logistics approach assumes a high level of coordination of actions of all
links of the transport and logistics chain, ensuring strict control over commodity and cash flows, finding ways (o reduce
costs that do not lead to a decrease in the quality of services provided, as well as simplifving the process of customs
clearance, transportation and other types of documentation. Based on the selecied criteria for the effectiveness of
container transportation, promising directions for the organization of piggyback traffic in Russia are considered.

Keywords: piggyback transportation, rail transport, container train, freight express, logistics, freight
commumnication.

B criioskuBLIEHCS CUTYALIMK, TTPU KOTOPOI Ha aBTOMOOKMIIBHOM TPaHCIIOPTE HAOJIO1aeTC HU3KUMA
YPOBEHb IOPOIKHOTO TOKPBITUA W O00BEKTOB MH(PPACTPYKTYpPbl HA HEKOTOPBIX Yy4acTKax MyTe
COOOLUEHMs, NEPEeOPUEHTALMS [0 TIPY30B HA JKEJIE3HYK [JOpory SBJSIETCs ONpaBAaHHOM.
[ToHWKEHHOE KayecTBO aBTOAOPOr CTPaHbl B CBA3M C CWJIbHBIM W3HOCOM YacTo CHOCOOCTBYET
YBEJIMYEHUIO 3aTPaT Ha aBTOMOOMITBHBIE NIEPEBO3KH I'Py3a J10 MOJyTopa pas.

C TouKM 3peHnsa SKOHOMHUKH B3aUMOACHCTBIE JKENE3HON JOPOTH M aBTOMOOMIBHOTO TPaHCTIOpTa
MOKET ObiTh BroOjHE 3PQEKTHBHLIM PELICHUEM KaK Ui rPY30BJIAAE/bUEB, HYKIAOUIMXCS B
ofecrieueHH KaYeCTBEHHBIX U HAJIEIKHBIX EPEBO30K, TAK U s ABTOTPAHCIOPTHLIX NPEANPUATHI,
CTPEMSAILMXCS K PA3BUTHIO KOMMeEpUecKoi aesarenbHOcTH. [ToaxoasiiiuM BapHaHTOM BbITOHOIO
B3aMMOJICHCTBUSA MPH MEPEBO3KE TAPHO-IUTY YHBIX I'PY30B ABIAETCA KOHTpEHIEepHas NepeBos3Ka.

B nactoswee Bpems B Poccun cyumectByer G0nbliioe KOJIMYECTBO NPEANOChUIOK K BHEIPEHHIO
KOHTPEHJIEPHBIX IEPEBO30K HA TMOCTOAHHONH OCHOBE, CPeiM KOTOPLIX €CTh 3aKOHOMATEJILHBIE,
SKOHOMHMUECKHUE, MH(PACTPYKTY PHbIE, TEXHOJOTHYECKHE, reorpaduyieckue.

B TapudHOe pyKOBOJACTBO YK€ BHECEHbI JaHHbIE MO MjaTaM 3a KOHTpEiliepHble NepeBO3KH
rPYKEHbIX M MOPOXKHHUX ABTOMOE3/A0B, MOJYMPHULENOB W ChEMHBIX KY30BOB aBToMOOMiei. Jlis
HATJISHOCTH M3MEHEHHs MOBbILeHUs Tapuda OT Tapu(HOro pacCTOAHUA JaHHBIE NPEIACTABISHbI B
BUIe rpaduka Ha pucyHke 1.
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TpaHCI'IOpTHbIe M TPAHCNOPTHO-TEXHONMOTN4YeCKUe CUCTEM

I-CTpaHb

criopte

ee PerMoHOB 1 ropoAoB, OpraHU3aLumMs NPoU3BOACTBA Ha TP

M3 mpuBeaeHHOro rpaduka BUAHO, UTO HAMOOIBIINI POCT LEHBI HAET A0 OTMETKH « 1000 Km»,
Jlajiee HapacTaroUIMi UTOT MOCTENEHHO CHUKAETCA, a nocie nepeceueHns Touku « 11000 km» naara
3a [EPeBO3KY CTAHOBMTCS MOCTOAHHOH. Takas 3aBUCMMOCTb CBA3aHa C BEJWYMHONH MOCTOSHHbIX
M3JEePIKEK.

OaHUM U3 METOMOB CTPaTernyecKoro naanuposanus asnsgercs SWOT-ananus, 6asupyrommics
Ha onpeaeneHny (PakTOPOB BHYTPEHHEH M BHELIHEH cpeibl Kakoro-inbo obbvekta. Paznenenue atux
(hakTOPOB B 00J1ACTU KOHTPEHIEPHBIX NEPEBO30K MpeAcTaBieHo B Tabnuue 1.

Tabmuua 1 — SWOT-ananu3 koHTpeinepHeIX nepeso3ok B Poccun

Cunsabie ctoporel (STRENGHTS)

Cna6sie ctoponsl (WEAKNESS)

1) Cosmeniaer B cefe CHIbHBIE CTOPOHBI JKEJIE3HO-
JOPOMKHOTO H aBTOMODUIILHOTO TPAHCIIOPTA

2) Bo3MOXHOCTE NMEPEBO3KM IPYy30B HA JATbHHE pac-
CTOSIHHA

3) Bo3smoskHOCTE OCTaBKH Ipy3a B YCIOBHSX OrpaHu-

6) CHHKeHHe yPOBHSA 3arpA3HEHHA OKPYKaroliel cpesbl

7) TloBblleHHE COXPAHHOCTH aBTOAOPOKHOTO NOJIOTHA

8) Cuukenne sepostaoctu JITTI

9) YMeHbIIeHHE PacX0I0B aBTOMOOUIBHOrO TOMIHBA U
npobera (3KOHOMHES pecypea)

) Hexsarka cnendanu3MpoBaHHOr0 NOABUKHOIO
cocTasa

2) JlomonuurenbHas OILIATA 3@ NONB30BAHUE
CHELLHHJ'IHSH]JOBHHHI:IM NOABHHBIM COCTABOM

3) OTHOCHTENLHO BBICOKAsS CTOMMOCTD MEPEBO3KH

% YEHHOro aBTOMOOMIBHOrO (2Konoruueckue 3anperbl, | 4) HeobxoaumocTh nepeso3ku (moadopa) BOAH-
& | nnara 3a mpoess Mo Tpacce, OTCYTCTBHE aBTOJOPOT MW | Tenei
E | MX MIIOXO€ COCTOAHME) M 3KENEe3HONAOPOkKHOro (ropHas | 5) OTcyTeTBHE KOHTPEHNIEPHBIX TEPMHHAIOB
T | MECTHOCTB) ABHKEHMS ©) Huzkwit k03(hHIMEHT HCIIONB30BAHHUS MPY30-
g 4) OTHOCHTENBHO HM3Kas 3aBHCHMOCTh OT TOTOAHBIX | MOABEMHOCTH miardopm
z | ycnosuii
m 5) Bo3MOXKHOCTE JOCTABKH B MeENKHE HACENEHHBIE
MY HKTBI

Buemnss cpena

Bosmosknoeru (OPPORTUNITIES)

Yrposst (THREATS)

1) Huszkoe kauecTso asTonopor

2) Tlepexon KIHEHTOB ¢ ABTOTPAHCMOPTA H3-32 POCTA
CTOMMOCTH TepeBo30ok (cucrema «llnaton», poct ueH
Ha TOTUIHBO)

3) Knumaruueckue u reorpadmueckue 0co0eHHOCTH

4) Orpannuenue pabodero BpeMeHH BOJMTENEH HA apTO-
TpaHcropTe

5) Hanuuwue 30H ¢ MOCTOSHHO 3aTPYAHEHHBIM JIBHIKE-
HHEM aBTOTPAHCIIOPTA

1) OtcyTeTBHE HHBECTULMI U FOCTIOANEPIKKH

2) KonkypenTHOe 1aBieHue aBTOTPaHenopTa

3) MameneHue 3akoHOOaTeNbHOH Oasbl B 06nactu
TpaHcnopTa

4) Ce3zoHHble KoNeDaHHA CIpOCa HA YCIYTY

5) Henogepwe aBTONEpeBO3UYHKOB K HOBOH yCIyTe

6) JlosimbHas Kk aBTOMOOHIBHOMY TPaHCIIOPTY
MOJMTHKA rocyaapcTBa B 00nMacTd 3KONOTHH W
SKCIUTyaTaluHKi HH(PPACTPYKTYPEI

B xo71¢e aHasinsza yCTaHoBACHO, YTO AJISl YCIELIHOTO MPUMEHEHUS KOHTPEIIEPHBIX MEPEBO30K B
Poccun tpebyercs mpoBeneHue KOMILIEKCA MEpP, OXBATbIBAIOLIMX PA3HbIE aCMEKThl: TEXHUYECKHE,
TEXHOJIOTMYECKHE, OPraHU3allMOHHbIE U HOPMATUBHO-TIPaBoOBbIE [1].

Urto kacaercst OpraHu3aliu KOHTPEHaepHOro asmkeHus B Poccuu ¢ TeXHUYECKOH CTOPOHDL, TO
JUIS  TIPEIOCTABJIEHWS aBTOBIAZIENbIIAM W TI'PY30BJAJEbI[aM pa3sHooOpa3HbIX TPaHCTIOPTHO-
JOTHCTHYECKUX YCIYT M Ka4eCTBEHHOTO CEpBHCA 1ENeco00pa3sHo 00ecnedyuTh TEPMUHAIbI BCEM
HEOOXOMMMBIM U1 BPEMSATIPENPOBOKIACHUA M OT/bIXa BOAMTENCH, 000pyI0BaTh CrelHaIbHBIMH
MOrpy304HO-Pa3rpy30uHbIMU MEXaHU3MAMHU, MOCPHU3UPOBATH CIELUATM3UPOBAHHBII M0/BUKHON
COCTaB JIUIl KOHTpeiJaepHbIX epeBo3oK. [Ipoie Bcero peain3oBaTh JaHHBIE MEPONPHUATUS [y TEM
COBMEUIEHNs KOHTPEHIepHOI MIOIIAAKH ¢ UMEIOIIIMMUCS KOHTEHHEPHbIMH TEPMUHATIAMM.

C TeXHOMOTHYECKOH CTOPOHBI CAEAYET TIATENbHO NpopadareiBaTh rpadukn IBMKEHUSA OE310B
¢ yuerom ce3oHHocTH. [Ipennonaraercs, uTto HanGOBIIMA CPOC HA KOHTPEHJIEPHBIE MEPEBO3KH
OyJeT NpuXOANTHLCA Ha XOJOAHOE BPEMS rojla M CE30H J0KAEH, Koraa Aopord OyayT pasmblThl,
Kpome Toro, noskHa ObITh OpraHM30BaHA CHCTEMA KOHCOJMIAIMKA HAa TEPMHHAJIAX, YTO 0COOEHHO
AKTYalbHO JUISl TAPHO-IUTY YHBIX TPY30B.

C no3unuu HOPMATUBHO-MPABOBOrO 00ECHEUEHUS KOHTPEHIepHBIX MEPEBO30K HeoOXoauma
paspaboTka TapudoB 1 NpaBull NEPEBO3KH.
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TBaichonT

[Ipy HanWuMM WHBECTOPOB M TOCYAAPCTBEHHON MOJNEPIKKH AAHHBIA MPOEKT MOMKHO CUWUTATh
MEPCTIEKTHBHBIM 3a CUET JOCTHIKEHHSA CHHEPreTHYeCKoro 3 dekTa.

KomOuHUpOBaHHbIE MEPEBO3KHM NAaBHO MOKA3AJH HA MPAKTUKE YA00CTBO H I(PPEKTUBHOCTH
npuMeHeHusi. MUpoOBOH ONBIT MOKa3bIBAET, YTO HauboOJiee pachpoOCTPAHEHHbIMU BapUAHTAMH B
HACTOsAILEEe BpeMs SIBIAKOTCA KOHTEHHEPHBbIE M KOHTPEHIIEPHbIE MEPEBO3KH, a CTOMMOCTb WX
peannsanyi NPUMEPHO OIMHAKOBA, OIHAKO B Poccnm pacnpocTpaHeHne Moy YiIn JTHITb NEPBbIE.

3amnpeacenarens HekoMMepueckoro napTHepeTBa ONepaToOPOB JKEIE3HOAOPOKHOIO MOBUK-
Horo coctaBa Jlennc CeMeHKHH BbIICIAST HECKOJIbKO HamnpaBiIeHMit OpraHu3aln KOHTpeiaepHoro
ABWKeHus: «B mnepBylo ouepeab, 3TO MeCTa, IAe €CTh CJOKHOCTH C [EPEeBO3KOM TIpy30B
aBTOTPAHCIIOPTOM, M TOrpaHuuHbie 30HBI. Hanpumep, Ha poccuiicko-GUHCKONW rpaHudue, rue
00pa3yoTcs KWIOMETPOBbIE o4Yepenr U3 Tpy3oBUKOB. JInbGo Ha Tex Tepputopusix Poccuiickoii
Denepanuy, r1e HeT HOPMAJIBHBIX VCJIOBUH 1A POE3/a aBTOTPAHCIIOPTA [0 MPHUHHE [IPUPOJHOTO,
norojHoro xapaxkrtepa» [2].

MOKHO BBIIEINTE HECKOIBKO MapaMeTpoB, MPHU KOTOPLIX KOHTpPEHJIepHbIE NMEpeBO3Ku OyayT
3 PeKTHBHBIMU:

— 3HAYUTENIbHAsA NPOTAKEHHOCTh MAPLIPYTA,

— HAJIMYWE HEKAYEeCTBEHHBIX ABTOIOPOT MO MAppyTy;

— HQJIMUKME PasMbIThIX 0POr B MEIKCE30HbE,

— HAJIMYME TOPHOM MECTHOCTH, 10 KOTOPOI HE NMPOXOJINT JKeJe3Has 10pora;

— NOrpaHUYHbIE PAOHBL

C y4eToM JaHHBIX KPUTEPHEB HECTOXKHO MPEANOI0KHTh, YTO OpraHu3anus KOHTpPeHIepHbIX
Py 30MEPEBO30K ABISETCS OAHUM M3 HAWTYULIMX BAPDHAHTOB YCKOPEHUS TAMOKEHHBIX TPOLEAYP HA
NOrpaHUYHBIX nepexonax co crpanamu [Ipubantuku, norpaHuuHbIX nepexonax ¢ @uUHIsSHAUEH, B
BraroBeleHcke, a B XaHTbl-MaHCHIHCKOM OKpyre u SKyTCKOM 001acTh — u3-3a OTAQIeHHOCTH OT
paiioHOB NMPOM3BOACTBA M CIOKHBIX KiIMMaTHUeckux yciaoBuil. Tawke uesecoodpasHo oTaaBaTh
MpeanouTeHHe KOHTpEenepHbIM mnepeBo3kam rpy3oB B PecnyOnmke Komm, Tomckoi obmacth,
JansHeBocTouHom peruone, Skyrckoit obnactu, [lepmckom Kpae no npuuuHE IJIOXO PA3BUTON
aBTOMOOWJIBHOM CeTH, @ B CBA3U C OTCYTCTBHEM jKejle3Hoi moporn — B PecnyOiuke TeiBa u
PecnyGnuke Antaii [3].

Kak Obuio ompereneHo paHee, KOHTpPEHIepHbIE MEPEBO3KM WMEIOT psj NPEeUMYUIECTB IO
CPaBHEHHUIO C JpYyruMu criocobamu TpaHcrnopruposku. Haubosee yHusepcaibHbiM U 3G HeKTHBHBM
TPAHCTIOPTHBIM  MOJYJIEM 3apeKOMEHAOBaN ce0s KPYMHOTOHHAXHBIA KOHTeWHep. OauH U3
BapPUAHTOB KOHTECHHEPHOM! JIOCTABKH ABJIACTCA MOCTAHOBKA KOHTEHHEpA HA NOJY MPHULEH ¢ TIrauoM ¢
nanbHeNInel MoCTaHOBKOH BCEX IEMEHTOB HA JKEJIE3HOI0POKHY 0 rnarhopmy.

HoBocubupck ucTopuyecki ¢ MOMEHTa BO3HUKHOBEHHS BBICTYIA€T KPYITHBIM TPAHCIOPTHBIM
pacrnpenenuTenbHbIM HEHTPOM. B HacTosmee Bpema HoBocubupckas 001acTh npeacTaBiseT coboii
KpyTHEHIMi TpaHcnopTHbIA y3en Cubupu, CBA3BIBAKOLIMI AecATkM ropomoB Cubupu, AnTas,
Kysbacca u Hekotopbix roposto Cpenneit Aszun 1 Kazaxcrana.

TpaHCTHOPTHBIM KOMIUIEKC OO0JIACTH pacriojiaraeT JIOKAJbHBIMU [IEHTPAMH  HaKOIUJICHHUS,
00paboTKM M pacnpeneneHus rpy30BbIX M MACCAKUPCKUX MOTOKOB ¢ KOMIUIEKCAMH CKIAACKHX H
TaMOKEHHBIX TEPMHHAJIOB, JKEJIE3HONOPOKHBIX CTAHLIMI-TEPMHHANOB, BOK3alOB, a’pOMOpPTOB,
BCJIEZICTBUE YET0 BBINOJIHIET (DY HKUMKM KOHLEHTPUPYIOLLEro U pacipeiesisiioILero y3ia.

B HoBocubupckoii obnactu pacnoioxkeHbl KpymnHble MH(PacTpyKTYpHbie OOBEKTHI, 30HA
BIMAHUSA KOTOPBIX BBIXOJMT Najieko 3a mpenensl HoBocuOMpckoid obiacTu, Takue Kak a3pornopr
TonmaueBo, kpynHeme kouTeiinepuble cranunn K, U 1 Muorue apyrue.

3HauuTtensHas aous rpys3oe u3 Hoeocubupcka ornpasnsercd Ha Jlansuuii BocTok, U camblil
pacnpocTpaHeHHblid ¢cnocod TPAHCIOPTUPOBKHU MPU ITOM — KOHTEHHEpHBbIH. OnHONH U3 OCHOBHbIX
cTpaternieckux ueneit Poccuu spisercs pa3BuTve 3KOHOMUKH B JlanbHeBocTOUHOM M CubHMpCcKoM
peruoHax, yemy crocoOCTBYeT aKTMBHOE yUACTHE CTPAHBI B MHTEIPALMOHHBIX TIPOLEccax A3MaTcKo-
THX00KEaHCKOro peruoHa, 0CoOeHHO HA0JII0MAeTCA B3aUMO/ISHCTBHE C COCEACKUMU MIPOBUHLIUAMU
Kuraiickoit Haponnoit Pecybnukm [4].
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TpaHCNOPTHbLIE U TPAHCMOPTHO-TEXHONOTNYECKUE CUCTEMBI CTPaHbI

Tak Kak rpy3bl, MEPEeBO3UMBbIE B KOHTCHHEPAX, ABIAIOTCA MOTEHIMATBHBIMUA KOHTPEHICPHBIMU
rpys3amu, Ha ocHOBE cTaTtHcTHuecKuX AaHHbiX [TAO «TpancKoureiinep» 3a nocneanui roj Obuin
MPOAHAIU3UPOBAHBl  I'PY30MNOTOKM  KOHTEHHEPO- M KOHTPEMIEpONpPUIOAHLIX  IPY30B 110
Hosocubupcekoii 061acTH, OTIpaBiIsieMbIX JI0 CTAHIHNA X.

YTo0b! ONMPENenuTh LIEHTP TATOTEHUS BCEX TPY30MOTOKOB, MOXKHO BOCTIONB30BATHCA METOIOM
OrnpesieneHns ueHTpa TsKecTH. JIaHHbIH MeTO T LIMPOKO NPUMEHSETCS B TOTUCTHKE U1 ONPeACICHNsA
pacnoyioxeHus AUCTpUOY TUBHBIX CKJIAJI0B, LIEHTPOB KOHCOJIUAALNN U pacipeae/eH1s WK 3aBO/10B.

CyTb JaHHOTO METo[a 3aK/IIOYAeTCs B COKPALICHWU W3JEPXKEK Ha TPAHCIOPTUPOBKY Ipy3a
MyTeM OnpeaeseHus reorpa@uyeckx KOOPAMHAT TOYKHM, PACTIONOKEHHOW MEKIY yiKe
CYLIECTBYOLIMMU O0BEKTAMM MPAKTUYECKU HA OJIMHAKOBOM PACCTOSHUM.

Jlns peanu3aiun JaHHOTO METO/IA CJIEAYET HAHECTH Ha reorpaduueckyro KOOPIUHATHY IO CETKY
MECTOPACTIONIOKEHUE JKEJIE3HOOPOKHbIX CTaHIMi, C KOTOPBIX OTMPaBAfAOTCS KOHTpeitiepo-
npuroaneie rpy3bl. KoopanHaTel 00BEKTOB mpHu 3ToM OyAYT COOTBETCTBOBATH KOOPAMHATAM Ha

Kapre.
BEMHC/IEHIE CPEIHEB3BEIICHHBIX KOOPANHAT IPOM3BOIMUTCS 110 (hOPMYJIam:
Xep = LxVit Vi
Yop = EYEVE/Via

rJie X — rOpH30HTallbHAs KOOPAMHATA B TOYKE [, Y — BEpTHKAIbHAS KOOP/AMHATA B TOUKe i; V; — 00beM
KOHTpPEHIepOnpUroHbIX IPY30B, OTIPABIAEMbIX U3 TOUKH i [5].

[Tocne mpeaBapuTENBHOTO CYMMHPOBaHMSA 00LIEro o0BeMa TPy30B 3a oA A0 CTaHUMH X
ONpeaeIuIM KOOPAHHATHI JKEIe3HOAOPOKHBIX CTAHLUI U 00BEMbI I'PY30B, OTIPABIAEMbIX C ITUX
CTAHIMI, COOTBETCTBEHHO BbISICHUIM KOOPAMHATBHI TOYKHM, B KOTOPOH ObLIO Obl BBI'OIHEE BCETO
HakanjiuBaTh rpy3bl. DTa TOYKA COOTBETCTBYET PACHOJOKEHMIO KEJIE3HONOPOKHOM cTaHumm U,
OnaHaKo JaHHas CTaHLUs ABISETCA J0CTATOUHO 3arpyKEHHOM, MOAITOMY NPEeIaraeTcs HakaruBaTh
KOHTpeitiepsl Ha cTaHUWU M, a OTHpaBiiTh CO cTaHIUU M B cocTaBe «rpy30BOr0 IKCIIpPeccay.
ANropuT™ NipK 3TOM Oy IeT TaKNUM:

a) n3 bapunayna, HoBoky3sneuka, Tomcka n HoBocubupcka 3arpykeHHbIC TATAYH C MPULICTAMHA
MPOCeay 0T CBOMM X00M 10 cTaHuuu M;

0) Ha craHumu M TAraun csouMm XoaoMm 3aenyT Ha miatrgopmy. IIpu sToM HeoOXoaHMO
OpraHu30BaTh CNEUATLHY IO PaMITy U arnapesnu, MpuMep NpeacTaBieH Ha pUcy Hke 2;

B) TATAYM C TOJAYMPHULENaMH 3aKpernsT B COOTBETCTBMM € MpaBWlIaMu M TeXHHUECKUMHU
YCJIOBUAMM;

r) chOpMHPOBAHHBIE HA JKEIE3HOMOPOKHON TiardopMe TAraum K MOMEHTY OTIpPaBKH Moe3/ia
«I"py3oBoro skcnpecca» Oy ayT nMoAaHbl W MPHUIIETUICHBI K HEMY.
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Pucynok 2 — [lnan pasmerienus anmnapeny | norpy30MHO-BBITPY304HON PAMITEI
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ge-peri HOBW TOPOAOB, OPraHM3aLua NPOM3BOACTBA Ha TpchnopTe

Takas cxema OpraHM3alliM JBIKCHWA KOHTPEHIEpOB MO3BOMMT OBICTpEE HaKamiuBaTh M
hopmupoBath moesn «I py30BOro akcnpeccay, a Takyke He Oy1eT CHIKATh MPOMYCKHY 10 CMOCOOHOCTH
cranuuu W B nepuosn Hakomienus v Gopmuposanus. Kpome Toro, crnenuaniusupoBadHas pammna
MO3BOJIUT M30eKaTh BEPTUKAIbHOM MOrpy3KH C MOMOILIbI MOABEMHO-TPAHCIOPTHON TEXHUKH M
CHU3UTb cTOMMOCTH [1PP.

[Ipy ompeneneHun HaWAY4HIIEro MapuIpyTa TPAHCTOPTUPOBKH TPY30B MPUMEHSIOT METOI
JIOTUCTUKH [Ty TEM aHAIW3a UTOrOBOM CTOUMOCTH, T. €. YUUTHIBAIOTCS BCE U3AEPIKKU B JIOTHCTUYECKOM
enu. 3arparthl MOTYT ObITh MEperpynnupoBaHbl, JM00 yBEJIUUYCHbI B OAHON 00JacTH, ecliu TaKue
JNeHCTBUSA MPUBEAYT K 3KOHOMUM CPEZCTB B LIEJIOM /15l BCei cuctembl [6].

Kax Obinio onpeneneHo paHee, KOHTpeHIepHbie MEPEeBO3KH 0COOEHHO I(PPEKTHBHBI B YCIOBHAX
0e310p0skbsi U OOJBILON MPOTSHKEHHOCTH My TH. B pamkax naHHO# ctaThil ObII0 PACCMOTPEHO OHO
M3 TIePCIIEKTURHBIX HanpaBneHuii — HoBocubupcek — JlanbHuit BOCTOK — 110 HECKOMBKUM CXeMaM:

1) yHMMOa/ibHas aBTOMOOMIbHASA TIepPeBO3Ka;

2) cMeaHHas JKene3HO0POIKHO-aBTOMOOMIbHAS TIEPeBO3Ka,

3) KoHTpelnepHas nepeBos3kKa;

4) koHTeHHEpHAsA TIEPEBO3Ka.

B kauecTBe myHKTa HaszHadenua Ha JlanbHem Boctoke BbiOpanu r. Xabaposck. Beibop Obin
OCYLLIECTBIICH MO HECKOJILKUM MPUUUHAM

— UMEIOTCS KOHTeMHEepPHbIE MapPILIPYThI,

— KpPYMHBIA TpaHCIOpTHBIN y3e Ha JlanbHem Bocroke;

— TpEeACTaBAseT OCOOBIM CTpaTerMuecKkuii MHTEPeC TOCYAAapcTBAa Kak CBA3YIOIIEE 3BEHO MpH
ME3K Y HAPOAHOH TOProBie;

— CYLIECTBYET NpodiemMa NepejiBH/KEeHUs aBTOTPAHCIOPTa B MEKCE30HbE, TaK Kak roj0BOE
KOJMYECTBO OCAKOB BCHO/Y TPEBbIIIAET UCIIAPAEMOCTh, OITOMY Bes/ie B 0OJiblieil Wiu MeHbILCH
cTeneHn U30bITOK yBIAKHEeHNA [7].

Jid nosny4eHust J1OCTOBEPHBIX PE3Y/IbTATOB CPABHUTE/ILHOIO aHaau3a HEOOXOAMMO, 4YTOObI
pacyeTsl INPOBOAMIMCH M0 OJIMHAKOBBIM mapaMerpam. B kauecTBe MCXOJHBIX MapameTpoB
BBICTY IAKOT: POJ Ipy3a — TAPHO-IUTYUHbIH, He TPeOyoUMi 0co0bIX YCIOBUIH NepeBo3ku (Meberb,
KPOME METANTMYECKO 1 rueTeHoi ), Bec rpysa — 20 T; paccrosnue ot HoBocubupcka 1o Xabaporcka
110 JKeJIe3HOM nopore — 5195 kv, o asromoOuiIbHOM — 5041 KM; paccTosiHUE OT CKJIajia 10 TePMUHAIA
npumeM paBHbiM 100 kM B 000ux myHKTaX. CXeMaruyHO PAcCTOSHUS MEXK/IY Iy HKTAMU TOKa3aHbl
Ha PUCYHKE 3.
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Pucyrok 3 — Paccroanus Mexay Yy4acTHUKAMH JIOTHCTHYECKOW Lenu

Pacuer BpeMeHH NPOXOKIACHHS MapLIPyTa aBTOMOOWIbHBIM TPAHCIIOPTOM OCY LECTBIISETCS C
Y4EeTOM pexuma Tpyja M OT[AbIXa BOJMTENEH, NpaBua JOPOKHOro ABikeHus PD u omnbira
POCCUHCKHUX MEPEBO3UNKOB,

Jlna onpeneneHus BPEMEHHM JABWKECHMA MO KENE3HOW Aopore Oblav MPUHATBHI BO BHUMAHHWE
CJIeIYFOLIKE aHHbIE:

U3BECTWUA TpaHccuba




— JKCIUTyaTauuoHHbie mokasatenu PXKJ1 3a suBapp — anpens 2022 1.,

— CKOPOCTb IOCTABKH I'PY30B;

— CPeAHss YHaCTKOBAsl CKOPOCTh JABMKEHUS IPY30BOIr0 M0e3/a;

— CpeqHAs TeXHHYECKas CKOPOCTh JIBHIKEHHUS TPY30BOTO NOE3/1a;

— MapIupyTHas CKOPOCTh IPY30BOTO TOE3/1a.

Jlna  onpeneneHns CTOMMOCTM JIOCTaBKM T'Py30B  aBTOMOOMIBHBIM TPAHCMOPTOM  ObLin
paccuuTaHbl BAPUAHTHI JOCTABKH PA3/IMUHBIMU TPAHCTIOPTHLIMU KOMIAHHUSMH, MIOCJIE YEero Moy UYeHo
Cpe/iHee 3HAUeHNUe CTOMMOCTH [IEPEBO3KH 110 3a[aHHOMY HANPABICHHIO (1715l TAPHO-LITY YHBIX I'PY30B
¢ obuieit maccoii, pasuoii 20 1) [8].

KonteiiHepHble MEPEeBO3KH 10 MpaBy NPU3HAHBI OAHWMM K3 Haubonee SPPEKTUBHBIX.
Wcnonp3oBanue OOHOrO TPAHCIOPTHONO MOMAVJS TO3BOJAET M30€kKaTh JOMOTHUTEJIBHBIX
neperpy3ok. Crioco0 onpeseieHus CTOMMOCTH MEPeBO3KH aHAJTOTHYEH KOHTPEHJICPHOMY | aBTOIIEYO
OT CKJIaJa 10 TEPMUHAA B K&KAYIO CTOPOHY TIFOC CTOMMOCTH MEPEBO3KH KOHTEHHEpa Mo JKeIe3HOM
aopore.

Jns pacdera MONHOH CTOMMOCTH KOHTPEHJIEPHOW JOCTaBkM NOTpedyeTcs ONpeaesiuTh
(DMHAHCOBYIO COCTABIISAIONIYIO Ka)KJIOr0 M3 ONMMCAHHBIX JTAaroB. [IpUHSIW, 9TO 3arpy3ka B MyHKTE
OTMpAaBICHUA M BHIFPy3Ka B TyHKTE HasHadeHus Oyqer BbmosnHeHa cumamu ['O w I'T1. 3nas
paccTosHWE OT TEPMUHAJIOB [I0 CKJIAJ0B IPY30BIANEIbLEB M CTOUMOCTH MEPEBO3KH
ABTOTPAHCMOPTOM, OTIPEIIENIWIN NyTeM NPOHM3BENeHHs CTOMMOCTH aBTOMJIeya B KaXKIYI0 CTOPOHY.
CTouMOCTb MePEBO3KH 10 JKEJC3HOM Aopore onpeaensiack mocpeacTroM mporpamMmel Rail-Tarif [9].

[Ipp ostoM 00wwMii CPOK KOHTpeinepHoi poctaBku coctaBuT 13 aneid, 10 U3 KOTOPBIX
MPUXOATCSA HA NEPEBO3KY M0 KENE3HOM A0POre, ABa — HA ONepaLMu, CBI3aHHbLIE C OTIPABICHUEM U
npHOBITHEM, OIMH — HA ABTOMOOMJIBHYIO JOCTABKY.

JIns HarsIHOCTH NOJTY Y€HHbBIE PE3YJIbTaThl OTPa3WiIu rpaduuecku Ha pucyHke 4.
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Pucynok 4 — [Tapamerps! nmepepo3ok mo mapuwpyTy HoBocuGupek — XabapoBck

Ha ocHOBaHMM TIONYYEHHBIX PE3yJNbTATOB MOXKHO 3aKJIIOYUTh, YTO HAWOONEe BHITOIHBIM H
O/THOBPEMEHHO TMPOCTHIM BAPWMAHTOM TPAHCMOPTUPOBKM 1o wmapwpyty Hosocubupek —
BnaropeineHck sBiseTcs KOHTEHHEPHAS NEPEeBO3Ka, OJHAKO OHA JKE€ ABIIAETCA CaMOH JUIMTEJIBHON —
16 cyTOK, HECMOTPs Ha TO, YTO NP BHECEHUH NaHHBIX B iporpamme Rail-Tarif 6611 BeIOpaH rnpsamoi
OTMPABUTENbCKHI MapIIPyT.

Jlydmme mokaszaTeny CpOKOB JIOCTaBKH TIOKa3ana YHUMOJAJdbHAA aBTOMOOWIbHAA TEpeBO3Ka,
O/THAKO B CTOMMOCTHOM BBIPOKEHWHM OHA MPEBOCXOAWT KOHTEHHEpHY0 B Tpu pasa. Kpome Toro,
JNAHHBIA BUJ MEPEBO3KU SIBISIETCS CAMbIM ONACHBIM € TOYKH 3PEHUS MOTCHUMAILHBIX JIOPOKHO-
TPAHCTIOPTHBIX MPOUCITIECTBHIA.

HemHoro neuieBie okaszajach CMEIIAHHAs TMEPEBO3KAa C MEpPerpy3koil ¢ aBTOMOOMIIBHOIO
TPAHCTIOPTA HA JKEJIE3HOJOPOXKHBIM M CHOBA Ha aBTOMOOWIbHBIM. OIHAKO C TOUKH 3pEHUS
JOTHCTHYECKOTO TOJX0/a JIaHHasd CUCTEMA SBJISETCH HEyJauyHOW: BBICOKWE CPOKH JIOCTaBKH,
CTOUMOCTB, HEOOXOMMOCTh TIEPETPY3KH, CJASIOBATENBHO, 00Nee BBICOKMH PHUCK TOBPEKIACHUS M
XHUILIEHHS TPY30B.

— U3BECTWA TpaHccunba




TpchnopTHble N TPAHCNOPTHO-TEXHONOIrn4YeCkKkne CUCTeMbl CTPaHbI,

-per. H'OB NITopoaos, opraHn3auunsa Npon3BoAcTBa Ha TPAHCMNOPTEe

B manHoll cuTyauMu ONTHMAIBHBIM BApUAHTOM BBICTYMAET KOHTpEHIepHas mepeBo3ka — oHa
BCETO Ha YeThIpe IHA A0JbIIE aBTOMOOHIBHOI, HO B 2,3 pa3a Oosee BbITOAHAS.

Takum o00pasoM, KOHTpeijepHas NEepeBO3Ka ABAACTCA ONTHUMAILHOH MO OMNHCAHHOMY
HanpaBleHHHO.

[ToMmumo sx0HOMMYECKOH S(PPEKTHBHOCTH KOHTPEHIEPHBIX MEPeBO30K MO HANpaBIeHUIO
HoBocubupck — Jlanbhuit BocTok nanHbBIi cnoco® mnepeMeineHus TPY30B HMMEET 3HAUeHWe B
counanbHOM M noautuyeckod cgepax. Tpaucnoprasiii komiuiexe JlanbHero Bocrtoka urpaer
3HAYUTE/IbHYHO poJib B 0OecneueHnu BHel e Toprosiu Poccuiickoit @eaepaunu.

B TpancnoprtHoii cucteme JlanbHero BocToka B3aMMOACHCTBYIOT BCE BHJbl TPaHCIOPTA.
JKenesHonopoKHbIM  TPAHCMOPT ABIACTCA OCHOBHBIM BHAOM MaruCTPaIbHOTO TPaHCMOPTA,
obecrneynBarOLIero MeKpailloHHble IMEePEeBO3KM MAacCOBBIX Ipy30B B peruoHe. Ha ero pomto
npuxoaurest cebiuie 82 % rpysoodopora u 0k010 40 % BHYTpEeHHEro naccaxxupoodopora Ha ITOH
Teppuropun. Oxosio 2/3 rpy3oobopora JlanbHEBOCTOUHOIO pPerMoHa MNPUXOAUTCA HAa HMIIOPT,
IKCTIOPT U TPAH3UT, U OCHOBHY0 MAcCy rpy30B B MEKIY HAPOAHOM COOOLICHUH NMEPEBO3UT MOPCKOIH
TpaHCopT, CBA3YIOIUM 3BEHOM B ITOH JIOTMCTMUYECKON CUCTEME BBICTYMAET aBTOMOOWJIBHBIH
TPAHCTIOPT, €ro POJib 3aKJII0YAETCs B NPUHATHU IPy3a Ha jKelIe3HOH 10pore U J10CTaBKe 0 MOPCKUX
noptos [10].

[Tpu ucnonb30BaHUU KOHTPEHICPHOH TEXHONOMHU JOCTABKH BEPOATHOCTDL MOPOKHEro npodera
ABTOTPAHCIIOPTHBIX CPEJICTB 3HAYUTENLHO CHUKAGTCS, TaK KaK CyUIECTBYET OOJIbIIOE KOJHUYECTBO
MMIIOPTHBIX M TPAH3WTHBIX TPY30B, CJHEAYIOMMX C BOCTOKAa Ha 3amaj. CTOMT OTMETUTH, YTO
3HAUMTeNbHAsA 074 1oy (padpukaToB 1 KOHCEPBOB U3 MOPEMPOIYKTOB OTNpasiseTcs ¢ JlanbHero
Boctoka BO BHYTpUrocyaapcrBeHHOM cooOuwienuu. Ilpu ciaegopanum  KOHTpeiiaepa 10
KEJE3HOJ0POKHON cTaHumn X-2 oTKpbiBaeTcs BbIXoa Ha noptsl Jle-Kacrpu, Banuno u Coserckas
['aBanb. CXxeMaTHYHO MapLIPYThl MOKa3aHbl HA PUCYHKaX 5 U 6.
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PucyHok 6 — 3aKonpLOBaHHbIE MAPIIPYTHI

Pucynox 5 — AproMOOHNBbHEIE IOPOTH OT KETE3HOIOPOIKHOMH
cranumn X-2 no nopros XabapoBckoro kpas

N3 Hoeocudupcka B XabapoBCK XOAAT KOHTEHHEPHBIC MOe3/1a, a TaKXKe /10 JKeJe3HOA0POKHOI
cranumm X-2 peannsoBaHa yciyra «I'py30Boii skcnipecce». Cae10BaTenbHO, I YCKOPEHUsl CPOKOB
JOCTABKM €CTh BO3MOYKHOCTb OTIPAB/IATH KOHTPEHIEPhl KOHTEHHEPHBIM MOE3/10M WU B COCTaBE
«I'py30BOro 3Kcrpeccar.

OJHaKO Jaxe npu yCJIOBUM HAJIMYUS CIIELUATU3UPOBAHHOIO [T0JABHKHOIO COCTaBa, pazpadorke
COOTBETCTBYHOILEH TOKYMEHTALMK, MPUBEJCHUSA B COOTBETCTBHE WH(PPACTPYKTYpPbl U BHEAPEHHH
KOHTPEHIEPHOr0 ABMIKEHHUA HA MOCTOAHHOM OCHOBE CYLLECTBYET PHUCK HM3KOIO CIpPOCa HA YCJIyTy.
Jlanublit daxT 0OycroBiIeH B NEPBYIO 04epe/ib TEM, YTO aBTOTPAHCIIOPT repecTal ObITh CUCTEMHOM
OpraHu3alyeil 1 cTajl Cpefoi YacTHBIX W3BO3YMKOB. YBakaeMblii M O4YE€Hb M3BECTHBIN YYEHBIH B
obnactu Tpancnopta JI. H. MaTiomine kommMeHTHpYeT: «CucTeMa He pa3BHBAeTCs, HE MOTOMY YTO
HeT m1aT(OpPMbL, a TOTOMY YTO aBTOMOOWIIbHBII TPAHCIIOPT — ITO HE €CTh CUCTEMHAS KOMIAHUA, C
kotopoit ®I'K unu P moryT noroBoputses. JloroBapuBarhCsi HYIKHO € KQKIAbIM KOHKPETHBIM
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MEePEBO3UMKOM. A 3TO HEBO3MOKHO. CKOIBKO TaT(opM Thl HU CO37ali, BCE paBHO K TeOe YaCTHUK
HE MOMIET, MOTOMY YTO OH HOJKEH OyaeT AenuThes ¢ To0o# ceoum aoxomzom» [11].

BesycnoBHO, Ha TNEpBLIX JTanax peanusaldM TNPOEKTa Y MEJKUX aBTONEPEBO3YMKOB H
BJIAACIBIEB I'PY30BbIX ABTOTPAHCTOPTHBIX CpeAcTB OyaeT Hemosepue k ycayre. OcobeHHO 3TO
KacaeTcsi HeCOMPOBOIKAEMbIX KOHTPEHJIEPHBIX MEPEBO30K, KOT/1a aBTORIAAEIEH OyAeT BbIHYKACH
OTIPABUTH CBOE TPAHCIOPTHOE CPEACTBO HA OOJIBLIOE PACCTOAHME W MOPYUYUTH YIIPABICHHE UM
He3HaKkoMOMYy uenoBeky. YroObl mpeojosieTh JaHHbli Oapbep, Heobxomumo paspaborarh
HOPMATHBHO-TIPaBOBYIO 0a3y, B KOTOpoil OyayT ompeneneHsl Bce 00f3aHHOCTH, TIpaBa,
OTBETCTBEHHOCTh CTOPOH M YKA3aHO, B KAKME MOMEHTbI AaHHasg OTBETCTBEHHOCThL HACTYMAeT.

[TepBbIMM NONB30BATENAMM JAHHON YCIYTM MPEUMYLLECTBEHHO OYAYyT KPYMHbBIE KOMIAHUY,
MMEeoIIHe B COOCTBEHHOCTH aBTOTPAHCIIOPTHBIE CPEACTBA. DJTO CBA3aHO C 3KOHOMHEH Ha
TPAHCTIOPTUPOBKE B 1IE7I0M [0 JIOTMCTUUECKOM 11eTIH, @ TAKXKE C MEHbILIMM H3HOCOM aBTOMOOMIIBHOTO
MOABMKHOTO COCTaBa M COKpaleHuem npobera.

PyKkOBOZICTBO 3K€JI€3HON JOPOTM NPOTrHO3MPYET, YTO YCIyra KOHTPEHIEPHBIX MEPEeBO30K B
MOJIHOW Mepe peanusyercs U HabupaeT 00OpOThL, a CTAHET OCOOEHHO MOIMYJIIPHA NPUMEPHO roja
qepes /1Ba, Korja OusHec MPUBBIKHET K Hell U Oy1eT 3aKiaibiBaTh 3TH MapIIPY Thl B CBOIO JIOTUCTHKY,
KaK KOMMEHTHPY T reHepaibHblil aupektop AO «®I'K» Buktop BopoHoBnu.

[Tocie Toro, kak 1aHHast TEXHOJIOTHS 3aKPEIUATCS HA PHIHKE, YaCTHbIE IPY30MEePEBO3UMKN HAUHY'T
MOCTENEHHO BXOJUTh B YHCJO MOJb30BaTENeH KOHTpEWIepHbIX MEPEBO30K, OJIHAKO 3TO OyieT
AKTyaabHO TONBKO MPH HEOOXOIMMOCTH JOCTABKM TPY30B ABTOTPAHCIOPTOM Ha Oosbiine
pPacCTOAHWA W I COMPOBOKIAEMbIX nepeBo3ok. Torpa nepea BOAMTENAMK BCTAHET BONPOC: Kak
BbIFOJHEE J100MpaAThCA 10 JKEJAE3HOAOPOKHON CTaHLMM Ha3HAYEHHs — CIEA0BaTb BMECTE C
aBTOMOOMJIEM B [ACCAKUPCKOM BaroHE HECKOJIBKO CYTOK WMJIM BOCIOJIB30BATHCS AJIbTEPHATUBHbBIM,
BO3YILHbIM BUAOM TpPaHCMOpPTa, M NpUETeTh B AeHb NpudbiTHs. C TOUKM 3peHHUs PACXOI0B
aBHarnepeneT MOMKET 0Ka3aThCs MEHEE BBITOAHBIM BAPUAHTOM, HO MO Ka4eCTBY OTBIXA BOAWUTENS OH
NPEBOCXOAUT BAPUAHT COBMECTHOTO CJIEOBAHMUSA M0 KEJIE3HOH A0POTe.

Takum oOpaszom, IMocje MOPOBEASHHOIO CPAaBHUTEIBHOIO aHalKu3a BapHAHTOB JI0CTaBKU
BOJIATENEH NPUILIM K BBIBOAY O TOM, YTO MPU CIIEIOBAHUM BOAMTENS HA MOE3/e CPOK MOE3KH
COCTABMT YETHIPE JIHA M TPU HOYM, & MPAMOM NEepeneT — MEHee MATH 4YacoB, MPHU 3TOM IIEHBI Ha
CaMoJIeT OTHOCHTENIbHO KOHKY PEHTOCTIOCOOHMDI.

Hawubosiee neweBsiM BapuanToM OyIeT 3aKJIOYUTH A0r0BOpP ¢ BoauTensmu u3 Xabaposcka,
OIHAKO HEe Ka)KAbIi aABTOBJANENell IOBEPUT YTMPAaBICHUE CBOUM TPAaHCMOPTHBIM CPEACTBOM
MOCTOPOHHUM JIIOAAM. MOKHO [IPEANOI0KHUTD, YTO HECOMPOBOKIAEMbIEC KOHTPEHIEPHbIE IEPEBO3KU
OyayT OpraHnW30BBIBATH KPYMHBIE TPAHCTIOPTHBIC KOMOAHHM, K TOMY k€ Y OONBLIMHCTBA TaKHX
KOMMAHUA HMMEIOTCS (UMbl B Pas3iMuUHbIX PEruoHax CTpaHbl U €CThb COOCTBEHHbINA LITaT
BOJIMTEIIBCKOTO TEPCOHAA.

Ha ocHoOBaHMM NPOBEIEHHOTO AHAIW3a MOKHO 3aKJIIOYWTb, YTO B COBPEMEHHBIX YCIOBHMAX
CTPEMUTEJIBHOTO PA3BUTHS TOPTOBBIX OTHOLIEHWI PACTET CIPOC HA TPAHCHOPTHO-JOTUCTHYECKHE
VCIYTH, @ C YYETOM KOHKYPEHIMH TPAHCTIOPTHBIX KOMTMAHMI CTIPOC 3TOT BEJAET K MOBBIIICHUIO
Ka4ecTBa CEpPBHCA U B KOHEUHOM UTOre OJaronpusTHO MOBIMAET HA HPPEKTUBHOCTD BHINOJIHEHUS
TPAHCTIOPTHBIX OTIEPALIMIA.

YuurbiBas BOCTpeOOBAHHOCTb aBTOMOOMIIBHOTO U JKENE3HOA0POKHOIO TPAHCIIOPTA B IPY30BOM
cooOieHnn, Haubosiee akTyalbHBIM TpEJICTABIACTCS BOMpoc moucka (opm ux 3(ADEeKTHBHOTO
B3aUMO/ICHCTBUSA, B TOM YMCIEC M MOCPEACTBOM KOHTPEHIEPHBIX NEPeBO30K, KOTOPbIE, KaK nokasal
MUPOBOW OMNBIT WX TMPUMEHEHHs, T[IPH  OINpPEJeeHHbIX YCIOBUSIX MOryT ObITh BIOJHE
BBICOKO(D(DEKTUBHBIM HHCTPYMEHTOM PELLEHMA TPAHCTIOPTHBIX 3a71ay.

[TpoBeneHHOE HCCAENOBaHUE MEPEBO30K TAPHO-LITYYHBIX TPY30B Ppa3sNWyHbIMW BUIAMM
TPAHCTIOPTA MO3BOIWIO BBIIBUTH CHJIbHBIE U €1a0bIe CTOPOHBI, @ TAKKe BO3MOYKHBIE TIPOOIEMbI U
YIpO3bl, CBA3AHHBIC C OPraHM3alKeil KOHTPEHIEepHbIX NepeBo3ok B Poccun. BuiacHunm, 4to s
YCHEUIHON peanusaluu KOHTpeHnepHoro nsuxkenus B Poccuu tpedyercs npoBecHUE KOMILIEKCA
MEp, OXBaThIBAIOIIMX TEXHHYECKHE, TEXHOJOTUYECKUE, OPraHU3aLHOHHbIE H HOPMATUBHO-IIPABOBLIE
ACIEeKTbI.

— N3BECTWUA TpaHccuba
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JKCHEPUMEHTAJIBHOE ONPEAEJIEHHE OBBEMOB OIIVIAYHMBAEMbIX
MMOTEPb JIEKTPOOHEPTUM B KOHTAKTHOM CETH I'OPOACKOIO
DJEKTPOTPAHCIIOPTA C PEKYHEPAIIMEMN

Annomanus. B uccredosanil paccMompenst cCOCAasisionie nOMeEPs IHEP2UU 6 CUCHIEME IHEPLOCHADICEHUS
padomst 20pOOCKO20 2NEKMPOMPANCHOPIG — HA MAZOBbIX ROOCHIAHYUAX 1 6 KOHMAKmMuo-kabeasnoi cemu. Iockonvry
VK@3auubie ROMEPU ISHEP2u GMUSIOM HA  (DUHAHCOGBIE 3ampantvt APEORPUSMUL  2OPANEKMPOMPAHCROPIG  1pU
nompeoreHult ONIAUUEACMON INEKMPOIHEPSHN U3 GbICOKOBOTRIHON JUNNN, MO SUICHON 3a0ayeil NO ROGLIHCHIIO
IHEPLOIPPERMUCHOCINN AGHACMICI. 3AMEWEHUE IMON FHEP2UU HA DECRAARTHYIO HEPIIIo pexyhepayuil. Buteeoernvl
MEMOOUKH 1 (hopIYabI ORPedenena 06bemoe NOMEPs 6 KOHMAKIMHO-KADERbHOT Cemu 1 1A MAZ06LIX ROOCHIAHYUAX Ol
CMARHOHAPHOT U ROOBUICHOT HAZPY3KU C UCHOALZ0GAHHEM UMEIONUXCA Y RPEORPUAIMUIL DAEKMPOMPAHCROPMA CPeOCmE
yuema na puoepnsix kabenaax u na NOOSUICHOM cocmase. Yemanosieno, ymo 0o ROmeps Py nepeoave Inepull na
ROAEIHYIO CemeBYl0 HAZPY3KY Ol GbICOKOGOALMIHOZO UCMOYHUKA 6ce20d  Gbiile, HeM Npu NUmawuy ee om
PERVREPUPYIOWUX 6020HO6, HA GeatHUNY, obpamno nponopyuonaisryio KIIJ mazosoii noocmanyuu 6 cuiy moz2o, 4mo
OHA HE YHACMEYem 6 060pome JHEP2UN peKynepayui 8 copodckom snekmpomparicnopme. Toayuennvie snavenus KT
APUMEHAIOMCSH Ol GHATU3A NOMEPD SHEPSUH, (YOPMUPOSAHIS NPOZHO306 SHEPLONOMPEOIeHUs, d MAKICE YHACMEVIOm 6
0GOCHOGANNY  (HOPMUPOBAHUS MEPOAPUAMUI  OMA  CHUICEHUS (QUHAHCOGHIX 3GMPam RApPeonpusunus  HA  oniamy
AEKMPOIHEPRUL 6 CUCHIEME DNeKMPONUMAaris mpancnopmuoti padomst. Iosviuienie 00beM08 NOSMOPHO UCHOABIYEMOT
IHEp2UL PeKyHepayun 0151 3aMEHbL €10 IHEP2UN N3 BbICOKOGOTLIMHBIX JHHUT 6OZMOICHO MOIBKO 30 CHeM GOGICYEHUs 6
ROAEZHYIO Padonmy U30LINOYHOT PeKYREPAayull, KOMOPAs Celivac pacceusaemes Ha MOPMO3HBIX PE3UCTROPUX U 6MOPUYHO
He ucnoiabzyemed. Hockonvky nomepu snepauit 6 KOHMAKMHON CeMu 6 NAMD — WeCHTb Pa3 HUJICE, YeM 6 HAKOMUMENAX ¢
TODOIM MUNOM HAKORUMETbHBIX 2AEMEHNIO6, MO eOUHCIMBEHHBIM CROCOOOM PEHMANETbHOZ0 GOGTEYeHUA U3OBIMOUHOT
PERVRepayun 6 RONESHVIO MPAHCROPMHYIO Pabomy SGISCMcH COXPAHEHUE UMEIOUUXCH MEJCNOCIOHBIX NEPEeMOKO6
pexynepayti B0 KOHMAKMHOT cemu, a Markyce OOHOJAHEHHE SMUX NePemoKos NepeHanpasieHHoll UsdbimoyHol
Ppexynepayuett nocpeocmeoM HCHOIb306aNUsE Hakonumenedl. Tax kax nakonumen 00pmoso20 UCROANEHUs Oeldaion
HEBOIMONCHBIMU NEPEOKU PEKYNepaylil N0 KOHMAKMHOL cemi, Mo UxX NPUMEHEHNE RPUCOOUM K RAMUKPAMHOMY Pocnty
nomeps pexynepayuu. Padoma cmayonapHbix HAKORUMENEH COXPANAEHT 6CE UMEIOUHECS MENCROE3OHbIE REPEIOKU
ROAE3HOT PeKynRepayu, a maxdice 000asiaen HoGble Kand:ibl NOJE3HON YIuau3ayuy u30uimo4nol pexynepayun 6 xooe
3APAOKH U GbIOAEN HA HAZPYIKY SANACEHHVIO 68 HAKONUMENbHBIN IEMEHN 4achb NePEHAanpPasienHoll u30umoyHo
pexynepai.

Kmuiouesvie croea: nomepu suepeuil, PeKynepamueHoe ROpMONCeHte, RONE3HAs U U30bINOYHAA PeRynepanis,
HAKORUINENH SHEP2UM, KOHMAKNINGA CEMb, NIAL06AA NOOCMAHYUA, ROOBUICHOT COCINGS, CIMAWUONAPHAS HAZPYIKA,
neperanpasienie u30uIMoYHol pexynepai.

Alexander V. Katsay', Maxim V. Shevlyugin®

'Kinemak Llc, Moscow, the Russian Federation;
*Russian University of Transport (RUT (MIIT)), Moscow, the Russian Federation

EXPERIMENTAL DETERMINATION OF THE VOLUME OF PAID ELECTRICITY
LOSSES IN THE CONTACT NETWORK
OF URBAN ELECTRIC TRANSPORT WITH RECOVERY

Abstract. The study examines the components of energy losses in the power supply system of urban electric transport
at traction substations and in the contact-cable network. Since these energy losses affect the financial costs of the city electric
transport enterprise when consuming paid electricity from a high-voltage line, an important task to improve energy
efficiency is 1o replace this energy with free energy recovery. Methods and formulas for determining the volume of losses
in the contact-cable network and at traction substations for stationary and mobile loads are derived using the means of
accounting available to electric transport enterprises on feeder cables and on rolling stock. It is established that the share
of losses in the transmission of energy to the utility network load from a high-voltage source is always higher than when
it is powered from recuperating wagons, by an amount inversely proportional (o the efficiency of the traction substation
due 1o the fact that it does not participate in the turnover of energy recovery in urban electric transport. The obtained
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efficiency values are used to analyze energy losses, generate forecasts of energy consumption, and also participate in the
Justification of the formation of measures 1o reduce the financial costs of the enterprise to pay for electricity in the power
supply system of transport work. Increasing the volume of reused recovery energy to replace it with energy from high-
vollage lines is possible only by involving excess recovery in useful work, which is now dissipated on brake resistors and
is not used again. Since energy losses in the contact network are 5 — 6 times lower than in storage devices with any type
of storage elements, the only way to cost-effectively involve excess recovery in useful transport work is fo preserve the
existing inter-train recuperation flows through the contact network, as well as supplement these flows with redirected
excess recovery through the use of storage devices. Because onboard storage devices make it impossible recuperation
flows through the contact network, then their use leads fo a fivefold increase in recovery losses. The operation of
stationary storage devices preserves all available inter-irain flows of usefil recovery, and also adds new channels for the
usefid utilization of excess recovery during charging and, in addition, when a part of the redirected excess recovery stored
in the storage element is issued to the load.

Keywords: energy losses, regenerative braking, recuperative energy flows, useful and excessive recovery, stationary
storage, contact network, traction substation, rolling stock, stationary load, redirection of excess recovery.

[lorepu sHepruu B cucreme TroBoro sHeprocHadkenus (CT3) oka3bBalOT 3aMETHOE BIIUSHUE
Ha ob1ee sHepronoTpedlieHie npeanpusTHs ropaiekrporpancropra (I'DTa) u, kak ciencTsue, Ha
SKOHOMHMYECKYH  3(D()EKTUBHOCT, TpPaHCTOPTHOM padoThl B LETOM. B COBpEeMEHHBIX
IEKTPOTPAHCIIOPTHLIX CHUCTEMAX Ha MOJBHKHOM COCTaBe (TpamBasx M TPOUIeidycax) MHPOKO
MCIOJIL3YIOTCS HACTOTHbIE MPeodpa3oBaTesiv, NO3BOMSIONIME COKpAIATh MOTPeOIeHne IHEPrun 3a
CUET CHW)KEHUS MyCKOBBIX TOKOB TATOBBIX IEKTPOJABUTATENEH, a TAK)KE BO3BPAILATh HA TONE3HYHO
paboTy uacTh 3aTpayeHHOM HA TATY JHEPrUM MPH PEKyMNepaTHBHOM TOpMOKeHMH. B xone
TOpMOKEHHST NojBUKHONO cocrasa (IIC) ¢ Bbljaueil pekyneparuBHOM SHEPrUM B KOHTAKTHO-
kadenpHyro ceth (KKC) nociennsas He uMeeT 3aKyOYHOH CTOMMOCTH B OTJIMYHE OT NOTpeOIcHH
SHeprum oT TAroBeix mnoactaHuuit (TI1), ans DUTaHMs KOTOPBIX 3HEPrusi MOCTABJIACTCS
sHeprocHabkaomeil opranusanmei mo kommepueckuMm 1eHaMm. COOTBETCTBeHHO OecrnaTHbI
9HEProMCTOUHHK B BUjE pekynepupytowero [1C samewmaer v norepu onjnaunsaemoii sneprun 8 KKC
u Ha TII. O0beM noTpediieHHOR OIUIAYMBAEMO dHEPrUU (PHKCHPYETCS BXOAHBIM CUETYMKOM Ha
CTOPOHE BHICOKOBOJLTHOIO TpexdazHoro Hanpsykenus Taropoi noacraniuu (ACKYD), 00buHO Ha
nuHuE 6(10) kB, koTopas ABIAETCS MEPBHUHBIM MCTOUHHKOM 31ekTponuTanus B [ DTe. C Toukn
3peHUsl KOMIUIEKCHOM 2((EeKTHBHOCTH 3anaHHoro obbema TpaHCcrnopTHOM paboThl  BOMPOC
ontumusaiyu snepronorpedienns B CTD cBOANTCA K MUHUMU3AIIMM CTOMMOCTHBIX 3aTpaT Ha TATY
W HeTATOBBIE HYXKabl Mpu Aswkennu [1C Ha nuawnm [1].

Pekynepupyemas MOABMKHBIM COCTABOM JHEPrusA MNOTPEOAACTCS MOJE3HOW HArpyskod Ha
BBIIPAMJICHHOH HU3KkOBOJILTHON cTopone TII u ¢ uenbio NPOU3BOACTBEHHOIO YUETa MOKET ObITh
3aukcHpOBaHA CUYETUMKAMM [MOCTOSHHOTO TOKA, Pa3MEIIEHHBIMH HA KJIEMMax TOKOChEMHHMKOB
BaroHoB. Pekynepupyrolme TAroBble 3JISKTPOABMraTeld MOJBWKHOINO CoOCTaBa SBJISHOTCA
BTOPUYHBIMM HCTOYHWKAMH SHEPTrUM B CHCTEME 3SHEProcHabkKeHWs TPaHCTOPTHOH paboThl,
MOCKOJIbKY BbIAKOT HA HAMPY3KY HECKOJILKO Pa3 npeodpa3soBaHHyIO IHEPrUt0, paHee noTpedieHHy 0
TArMOBBIMM YCTPOMCTBAMU M3 KOHTAKTHOM CETH, B TOM YHUCJE MOJYY4aeMyl OT MEPBUYHOTrO H
BTOPUYHBIX UCTOYHUKOB SHEpruu. BbigaHHas B KOHTAKTHY CETh MOJIE3HAs 4acTh PeKynepanuu
3aMeniaeT 4dacth SHepruv oT TII ans paboThl HArpys3kH, BKIHOYAs MPOMOPHUOHANBHYIO OO
TPAHCTIOPTHBIX MOTEPb B HeH. JUid mpaBMIbHOTO OnpenaeieHus 00beMOB 3aMELEeHUS MEPBUYHOM
JHEPrUU HA OECIIATHY IO PEKYNEPATUBHY KO HEOOXOAMMO NPUBECTH U3MEPEHHBIE WM PACCUMTAHHBIE
MOKa3aTeJid  TOJIE3HO  MCIOJb30BAHHOW  PEKYIEpUPOBAHHOM HSHEPruM, IMOJyUYEeHHbIE Ha
BBIMPAMJICHHON HU3KOBONBTHON cTopone CTD, k mnokasatensm sHepronotrpebneHus Ha
BBICOKOBOJITHOM Tpex(azHoil CTOPOHE TSArOBOM MOACTAHLMY, T. €. K IEPBUYHOMY IHEPrOUCTOUHUKY .
Takoe npuBesienre 00bEMOB CHIKEHUs NMOTPeOIeHNs ONIaunBaeMOi SHEPIHK HA BhINPSIMIESHHOM!
CTOPOHE (3@ CHET MOBTOPHOTO HCTIONB30BAHHS PEKYIEPATUBHOM ) K MOTPebnAemMoii MIaTHON SHeprum
no Tpex(a3HOil BbICOKOBOJBTHOH CTOPOHE TO3BOJMSAET KOPPEKTHO OLEHWTb JKOHOMMIO KAk B
HHEPreTUUECKOM Oastance, Tak U B ctoumocTHOM [2, 3]. TIpsamoe cpaBHeHue 3HepronoTpedieHus u
reHepaluy TArOBOIO MPUBOMNA II0 BBHINPAMIECHHOW CTOPOHE € BXOIHOM J3HEprueil B TOUKe
npucoeanterus cuctem ACKYD HEKOPpPEKTHO, Tak Kak MpH 3TOM BbIMAAKOT NOTEPU IHEPIUU MPH
ee npeobpasosanuax Ha TI1 u mepenaye mo KKC.
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B mocneanee BpeMsa B TOPOACKOM HIEKTPOTPAHCTIOPTE HCCASAYETCA MPUMEHEHNWE HAKOTIUTENnei
sHeprun (HD) 60pTOBOTO M CTALIMOHAPHOTO Pa3MEIeHNA, MPeaHa3HAYECHHBIX s CoIeHCTRIA Donee
MOJIHOMY  MCMOJIb30BAHUIK)  PEKYHNEPUPOBAHHON  DHEPruu, MOCKOJIbKY 0Oe3  HakomuTeseil
HepeallM30BaHHOI 0cTaeTcs H30bITOYHAS YaCTh PEKY [Iepallii, KOTOPas XOTA U BbIMOJIHSET MOJE3HY 10
11 noe3a padboTy no NOrJaoEHNIO BbIIEIAEMOI B X0/1€ TOPMOKEHWS IHEPIHK, HO MPH YTOM JIaHHAs
SHEPrus BTOPUUHO PaboOTy B TPAHCTIOPTHOM CHCTEME HE MPOM3BOAMT, @ PacCCEWBAETCA TEMIOM B
armocepy Ha TOPMO3HBIX pe3ucTopax. Bce HakonuTenu 3anacarT M30bITOUHYIO YacThb
peKynepanum (a HakonuTean GOPTOBOTO pasMelleHs 3a0MparoT elle U MOJE3HYH PEKyIepalluio),
KOTOPYHO BbIAEJAIOT NPU PEKYNEPATUBHOM TOPMOKEHUM BTOPUYHbBIE IHEPTOMCTOUHMKN — TATOBbIC
MPUBO/Ibl, MPeodPasyrOT W XPaHAT €€ W BBIACIAIOT HA HArPY3Ky, T. €. ABIAIOTCA TPETHUHBIMH
ucrounukamu B sneprocucreme ['OTa. [lepenanpapnstomue ObIBLIY IO paHee U30BITOYHON SHEPIUIO
pEKy [epalii Ha MOJIE3HYI0 HATPY3KY HAKOTIUTE/IH TaK K€, KaK U TATOBBIE PUBO/BI B FEHEPATOPHOM
pekuMe, ABISHOTCH COOCTBEHHBIM NCTOYHUKOM 3JIeKTponuTanus npeanpustus ['DTa, yuacTBy 0T B
BBIMOJHEHUH TPAHCHOPTHOM paboThl W TEM CambiM  JOTOJHUTENBHO KO  BTOPHYHBIM
sneproucrounukam B CTD 3amelnaior 4acTb OMIauMBaEMOil IHEPruu, MOJyHaeMOil 0T NEPBUUHOIO
ncrounuka. [loMumo nepeHanpapieHus W30BITOYHON PEKYINEepUPOBAHHON SHEPrUH HA MOJIE3HY 1O
Harpy3ky mpu paboTe HAKOMWTENeH MOCACTHWMH TaKKe PacXOayeTcs SHEPrust Ha COOCTBEHHBIE
HY3K/bl (CUCTEMA YIPABICHUS, KIMMAT-KOHTPOJb, JOMOJHUTE/IbHBIE TArOBbIE DHEPro3aTparbl Ha
nepeBosky Ooproebix HD). Dra sHeprus pacxojgyercs Kak OT MEPBHYHOrO0 UCTOUYHWKA, TAK M OT
BTOPUYHBIX U OT TPETHYHBIX, T. €. HAKOIUTEJIM YACTHYHO CAMOIIMTAKT CBOM COOCTBEHHBIE HYKIIbI
3anacaeMoi M BbIIABAEMOM SHEPTHEN PEKY MEpaLvu.

Onpenenenne skoHomMuueckoit  sdpdexrnBHocTn  padorer CTD  Tpebyer mnpuBeACHHA
sHeprodaianca Ha BbipsmieHHOM cropone TIL st popmupoBaHMs KOTOPOro UMEHOTCS HECKOJIbKO
M3MEPEHHbIX MapaMeTpoB B pasiuuHbix Toukax ydera KKC, k enmHoil Touke yuera Ha
BBICOKOBOJIBTHOM Tpex(asHoi cTopoHe, B KOTOPoii ycranosieH npudop yuera ACKYD. Veinosuem
JUISL TAKOTO MPUBEACHUS MOMUMO M3MEPEHHbBIX JAAHHBIX B MEPEUMCIICHHBIX BBILIE TOUKAX yueTa Mo
BBITPAMJICHHON CTOPOHE SIBJISIETCS HAIMYUE CHMHXPOHHBIX Mokasareneil s3(dexruBHocTr nepenadu
sHeprun no KKC u mnpeobpasoBanus ee Ha TII. 3apaueil aaHHOro uccieioBaHWs sBISETCA
BbIBEJICHHE 3KCMEPUMEHTAIbHOTO crocoba onpeaeieHus TPaHCHOPTHbIX noTepb 3Heprun Ha TI1 u B
KKC I'DTa, B TOM uncie norepb SHEPruv peKynepaluun, U BAUsSHUA NOCICAHUX HA NOTpedneHue
JHEPruy CUCTEMOH OT OIUIAYMBAEMOr0 MEPBUYHOIO MCTOYHUKA COIVIACHO METOMMKE, BbIBEIEHHOMH
aBropamu B pabdore [4].

IloTepu SHepruM B CHCTEMEe TATOBOr0 YIeKTpocHaOKeHHs. YKazaHHad Meronuka [4]
yuuThiBaeT B aHeprodanance CTD 3a nepuoa He ToabKO BbyiaBaemyo B KKC Bcemu nectounnkamu
JHEPrur0, HO M 00beM NoTpebieHus MOJIe3HONW HArpy3Koil (MOJBMKHBIM COCTaBOM K. . H

CTaUMOHAPHOI HArPY3KOH /7

~eran

) Ha CBOMX BXOJHBIX KJIEMMAX, @ TaKKe 00BbeMbI IOTEPhL IHEPI UM [IPH
ee npeodpasosanusx Ha TII n npu tpancnopruposke B KKC (£ n | E . cooTBeTCTBEHHO). Bes

yudera noTepb 3HEPrUM B npolieccax ee npeodbpaszoBaHuil Ha TATOBOM MOJICTAHIIMK 0011ee Y paBHEHHE
MoOJAHOrO HeprodanaHca 3a uccieayemblii nepuos Ha BeinpamiaeHHoi cropone TI1 (1. e. B KKC)
MPUHUMAET BHU!

E +E = Eone + Eray + 2 Exie » (1

erinp, TII PeK. MmoJIesH

rae E — Boiiaaemas B KKC Ha nosie3Hyto Harpysky pekyrnepaTtuBHas SHeprus, F

peL. nonein pririp, TII B

sbiasaemas B KKC seinpamurensibivM arperatom TII sueprus; , B cknajbisaercs us £ - —
noteps dHeprun B KKC npu nutanum crannonapHoi Harpysku u , £, — noteps aneprun B KKC

MpU MUTAHUK [TOJBUKHOI'O COCTABA.

Ha pucynke 1 mnpejactaBieHO cXemaTHyeckoe W300paskeHUe CHUCTEMbl OJIHOCTOPOHHETO
nektponutanusi cexkumit KKC I'DTa or Tarosoii moactaHimu. Ha BBICOKOBOJIBTHOH CTOpOHE
TATOBOH MOACTAHLMM YCTAHOBJECHA CHCTEMAa JHEProcHabKaroued OpraHu3aluy Mo KOHTPOIO U
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SHepremquKMe CUCTEMLI U KOMI'IJ'IeKCbT =

yuety anektposneprun (ACKYD), kotopas GuUKCHpPYeT 00beM MOCTABAAEMOM IHEPTrOMOCTABIIMKOM
OMJIAYMBACMOH DHEPIMH MO BHICOKOBONBTHOMY Tpex(asnomy Hanpsxenuto (6 — 10 kB). B CTD
MPOBOJIUTCS TAKIKE [POU3BOACTBEHHBIH YUET DHEPrUM 0 BbIIPAMICHHOMY HanpsuxkeHuto 600 B,
MOCTYTAOIIEH TTOCHe BBINPAMHUTENLHOIO arperara Ha COOpHYIO IIHHY, OT KOTOPOM ITHTAarOTCH
(umepHbie Kabenn U30IMPOBAHHBIX CEKITHI KOHTAKTHOM CETH.

_ Tuavpuse
T cseTamEn

_ @wanpunse

Baronusi
R

Cesunn
wonTakTHON ceTH

=

Crannomapuie
noTpeduTeTn

Pucynok 1 — Cxema nutanus cexkiuii KKC ot TAroBOH NoACTAHIIMK ¢ TOYKAMH H3MEPEHHS YHEPrHU

OObmHO nns yuera BbmpamiaeHHoi dHeprum ot TI1 ma kaxnaeit ¢uaepusii  kabenb
YCTAHABJIMBACTCS [IBY HANPABICHHBIH CUETUUK, KOTOPbLH PErUCTPUPYET KaK MPAMbBIE TOKM MUTAHUS

cBoux Kabene#t (/5 . .. ). TaK U 0OpaTHbC PEKYNCPATHBHLIE TOKH MO LEMH MEK(PUICPHOro

neperoka pexynepaunn ([, ). BuyTtpuduuephsie mneperokn pekynepauun ([, ) Takumu

B
CUETUMKAMM HE YUUTBIBAKOTCS, TAK KAK ATU MOTOKW BHYTPU CEKLUMH HE H0XO0AST A0 (uAepHbIX
CUYETUYMKOB [5], XOTS M YUMTHIBAIOTCA B CYyMMapHOM I[lOKasarese 00bEMOB SHEPruu TOJIE3HOM
pekynepaiui 60PTOBbIMM CUETUMKAMM MOE3/0B. 3/16Ch M Aajiee Moj Noe3aaMu Mbl UMEEM B BUAY
noaBwkHONU coctaB ['DTa — Tponeidychbl, TpamBau, METPONOE31a, MOHOPEILC, B TOM YUCIE
paboTaroiye no cucTeme MHOTHX €MHMIL,

B cocTaB mTaTtHON CETEBOM CTALMOHAPHON HATPY3KH MOTYT BXOIMTh ABTOMAaTHU3MPOBAHHBIC
MepeBoibl CTPEIOK, 00OrpeBaTeNn CTPEIOK, CUCTEMbI OTCIICKUBAHWA U CUTHAIM3ALMHA, OCBEILIEHUE
OCT@HOBOYHBIX TABMJIBOHOB M YYaCTKOB MapIIPyTOB, aKTHBHbIC WH(poOpMalmoHHeie Tabmo,
BHICOKAMEPbl, CUCTEMBI CBA3M U T. 1. B HekoTopbix cuctemax ['OTa konuuecTBo wikadoB mUTaHus
TAKOM Harpysk, NPHCOEAMHEHHBbIX K KOHTakTHOH cetr 600 B, MOKET AOCTHraThb HECKOJIbKHX
JNECATKOB M JaXKe COTEeH IWITYK, a CYMMapHOE JHeprornorpedjeHue 3a NEpHOI MOXKeT ObITh
3Ha4YuTeNbHbIM. [1pobiieMoii s MOTHOrO WHCTPYMEHTANILHOTO 3aMepa 3iemMeHToB OanaHca B CTD
ABAAETCA TOT PaKT, 4TO CTALMOHAPHAS HATPY3Ka, Kak MPaBWI0, HE OCHAILEHA mpudopaMu yueTa.

B cuiy 3T0ro MHCTpYMEHTAIbHBINA 3aMep MOTEPh B CUCTEME HEBO3MOXKEH. B ucrounuke [6]
yKa3aHo, 4TO «...Ha yposHe npeanpuatha K, [kod()uumenT, yunThiBatomnii NOTepu B CUCTEME

ANEKTPOCHAOKEHNSA — 1], | MOKET OTIPEACHATHCA HA OCHOBE YKCTIEPUMEHTANBHBIX JaHHBIX), OTHAKO

METOIMKA TAKOIO ONpPE/IE/IeHUs HE NIPUBEIEHA.
boproBble cueTUMKHM, KAk IPAaBWIO, MNOAKIIOYEHbI K TOKONPUEMHHKAM M  SIBJISHOTCS
JBY HANPABJIEHHBIMHU, T. €. PErUCTPHPYIOT Kak npsmoe norpednenue suepruun u3z KKC ( £, ), Tak n

BbytaBaemMyto B KKC pekyrneparuBHYIO DHEPrui0 Ha MOJIE3HYIO HArpysky (/[ ) 32 BbIYETOM

PEE. MOJIe3H
gyacTh ee, norpebiaeHHON OOPTOBOM HETATOBOM HArpy3koi, Haxojgiueics B LENH MEXTY
PEKY MEPUPYIOIIMM TATOBBIM 3MEKTPOABUTATENIEM U OOPTOBBIM CHETHHKOM.

[Torepun sHeprun npu nutTanum nojesznoi Harpysku B CTD ['DTa Bo3HUKaOT
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———__:-'SHepremquKue CUCTEMbI U KOMIJIEKCbI

Ha TATOBOW MOACTAHIMH B X0jJie NMpeoOdpa3oBaHMii B MOHU3UTENBHBIX TpaHchopmaropax n B
BBIMPAMUTENBHBIX arperatax — £ ;

B KOHTAKTHO-KaOEeIbHOM CETH MPN Nepeiaye SHEPTUH OT NEPBUYHBIX, BTOPUYHBIX W TPETHYHBIX
MCTOYHWKOB NMUTaHUs Ha MOJE3HYI0 Harpys3Kky — , By :

B HAKOTHTENAX IHEPTUM B X0/€ npeodpazoBaHmii IHEPriUK PEKYNEPALMK NOE3/10B MPH 3apsake
M BblJlaye SHEPruy, a TAK)Ke Npu XpaHeHun — B, .

3a ompeneneHHbI NEpUOA MOTepH Ha TAroBoil noacranuum £, QukcHpyloTcs B BUIE
pasHULIbl MEKIY INOJAHHOH M3 BBICOKOBOJIILTHOM JimHuM Ha BXox TII E,..., ¥ BbIJAHHOW Ha
COOPHY IO LIMHY DSHEPIUEii ¢ BbINPAMUTENbHbIX arperatos £

srimp. T1I :
aErn = Eycieyn = Emnp. TI1 * (2)

Hcxonsa u3 ypaBHeHus (1) cymMMapHbie MOTEPH TIO BBIMPSIMIICHHON CTOpPOHE B KOHTaKTHO-
kabenbHOH cetm , L, €CTh pasHMLA MEXKJy MOCTYMHUBLIEH OT BCEX WCTOUYHMKOB B CHCTEMY

BBINIPAMJICHHOM SHeprueit Hanpsukenuem 600 B n sHeprueii, norpebiaeHHON NpUEMHHKAMM:
A h KKC — hamup. TIT + h pek. 1oJe3H i h e hcmll % (3)

B HexoTOpBIX HCTOYHHKAX (CM. Tad/IHIly ) MO 3TOH TeMe MPUBOAATCA 0000LIEHHBIC MOKA3aTeN
3P PEKTUBHOCTH MOJCUCTEM U BCEH CHCTEMBI TAroBOro sHeprocuadskenus [3Ta [7,¢. 11; 8, 9].

KoadduuunenTs apdextnrrocTH 3nemento CTD (no nanHbM Hetounukos [§ — 10])

Onement CTD KI11
Tarosas nogcrasuus 0,95 [8] - 0,97
Kabenu Tsarosoii cetn 0,95
KonraktHas cetsb 0,85
Bea CT2 0,77 (0.85-0,93 [9,¢. 47]

Jla pasneix Tunos ['DTa nccnenoBaTenyu yCTaHOBHINA OPHEHTHPOBOYHBIC TTOKA3aTEeNIH NMOTEPh B
KKC. Tak, B cersix nutaHus METPOINOJUTEHA «IOTEPH IHEPrUU B KOHTAKTHOH CETU 0CTATOUHO
BEJIMKH, PACTYT C YBEJAWUYECHUEM [UTHHBI TOE3/10B U POCTOM CKOpOCTeid, pocturas 5 % u 6oseen [10].
B ropoickom HaseMHOM 3JeKTPOTpaHCropTe MCCIeaoBaTeln NPpUBOAAT cpeaHuil kosdduimueHT
MOJIE3HOr0 ACHCTBHA TATOBOM CeTH ( My ). paBHblit 0,93 [8: 9, ¢. 47]; T. e. cpenHue NOTEPH B CETH

coctaBisAor ~ 7 %. IlpudueM B M3HOILEHHBIX CETAX MOTEPH B CHUCTEMaxX 3IEKTPOCHabKeHUs
(uaTerpanpio — B TIT n B KKC) mMoryT coctasnath 10 20 % o0mux norepe MEKTPOIHEPTHN MPH
JKCILTyaTaluy TpamBas U Tposuieiibyca. OrMedaeTcsi Takke TOT (akT, 4TO MPU HOMUHAIBHOM
HANPSKEHUM Ha IMUHAX TAroBo# noactanimu 600 B nanpsiskenue Ha Tokonpuemuuke SI1C mosker
cHWKaThcs 10 3Hauenus 400 B, 1. e. notepu Ha nepedady HEPrid B TAKUX YCIOBMAX MOTYT
npesbimats 30 % [11].

Bonbwmoii pasdpoc noxasareneit adpextupHocTn otTaeapHbix CTD 3aBUCHT OT MHOKECTBA
napameTpoB, HalpuMep, oT creneHu u3Hoca odopyrosanus TI1 u kabenbHbIX U KOHTAKTHBIX CETeld,
IUTMHBI TJIeYa Tepenadyu SHepruu, odbema moTpelieHns SHEpruy Ha BHIMOJIHEHWE TPAHCTIOPTHOM
paboThl, MOrOHBIX YCJIOBUIA, XapakTepa peibea yuacTka JABHKEHUS, BBIIOIHAEMON TPAHCIIOPTHOM
paborsl, pacnucauus asuxenus [1C, nanpsokeHus B BBICOKOBOJBTHOW NUTAIOLICH JTHHUM,
nanpssxkenns B KKC, o6sema maccaskupornepeBosok u ap. [2, 3, 11, 12].

B CTD I'DTa, B KOTOPBIX OTCYTCTBYIOT HAKOMHMTENH WA HMEOTCA OopToBbie a1bO
CTALMOHAPHBIE HAKOMUTENM, CTPYKTYPbl IEKTPUUECKUX Lenel CYLECTBEHHO Pa3ivyaroTcs, OHH
MMEIOT Kaxkaas CBOK 00 notpedieHus omnaunsaemoil suweprun ot TIT B oblwem obwveme
IEKTpONUTaHus. B cuily 3TUX OTIMYMIA MOTEpH B TaKUX CUCTEMax JIOJKHbI ObITh BbIBEEHBDI,
IKCTICPUMEHTAIBLHO MOATBEPIKACHBl W YUTEHBbI JUis onpenenenus Hanbosee 3PPeKTHBHON CXeMbl
MOCTPOCHUA MWW YAYUIIEHUS CUCTEMBI SNMEKTPOMUTAHUS ¢ TOUKH 3PEHHs CHWKEHUS MOTpedIeHus
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3Hepremqecme CUCTEMbl U KOMNJIEKChI=

OMJIAYMBACMON DHEPTHHM OT TMEPBAYHOTO MCTOYHHMKA HA BBIMOIHEHUE EOWHWIIBI TPAHCTIOPTHOM
paboThl.

Hucrpymentanbnoe usmepenne KILA rarosoil moacranummn. Jlns onpeneneHus MOJHbIX
orraumMBaembix noreps dHeprun B CTO Tpebyercs onpenenuTsb A0 noteps sHeprum Ha TIT 3a
nepuona (aeHp — mecsll — roa). KauecTBeHHbIE OTIHYMA 000PYIOBAHUS M PEIKUMOB HKCIUTY aTalliK
TATOBbIX NMOJCTAHLIMI B cucTemax sHeprocHabxkenns ['DTa B paznuuHbIX ropoaax, a Takke BHYTPH
OJ1HOI cHcTeMbl Tpedy 10T HenocpeacTeeHHOro onpeaenenus KITJ kaxnoii TIT u Beeit cucremsr CTS
B LIEJIOM, [OCKOJIBKY JOIYCKAEMBli B TEOPETHYECKUX HCTOYHUKAX pasOpoc nokaszareneil 1oTephb
JIOCTATOYHO IIMPOK M HE YUMUTHIBACT CE30HHBIC 3aBUCMMOCTH U U3MEHEHMA PACTIMCAHMN, YTO JIenaeT
BECbMA MPUOIU3UTENbHBIMU PE3YJILTATbI PACUETOB OTACJbHOW CHCTEMbl MUTAHUS C OMOPON Ha
001I1E CIIPABOYHBIE IAHHBIE.

[TpuseneHue oObeMOB 3HEprM pekynepanuu, uupkyaupytoieit 8 KKC, k nokasarento TOUKH
ydeTa onjgaduBaeMoii sHepruu Ha TpexdasHoi cropone (T. €. Kk MecTy ycranoBkn ACKYD) mna
ONpe/Ie/ICHNs CTENECHHN 3aMEILIEeHNS €10 ortauneaemoii aneprun ot T11 3akmouaercs B yuere noreps
B Xozie npeodpazosanuii sHepruu B TI1, a Takke B KabeaaX M B KOHTAKTHBIX MPOBOMAX U PEIbCax
Mpy mepenaye OT UCTOYHMKA 10 HArpy3ku. [locnenoBarenbHOCTh 3TAanoB NpUBENeHUs 0OBEMOB
pasHBIX BUAOB peKyrmepalni K Touke yecTaHoBki ACKYD: 0T BXOIHBIX KJIeMM Harpysku K cOopHO
wmne TIT (yuer moreps B KKC) n nanee — k BbICOKOBONIBTHOMY Tpexdasznomy Bxoay TII (yuer
noreps B TTI).

JUts mojtyyeHus 3HaYEHUS HA BBICOKOBOJIBTHOW CTOPOHE MOACTAHUWH IOTEPH OIUIAYUBAEMOIA
sHeprun , E, .., HEOOXOAMMO IOJyUEHHBbIH NOKas3aTelb MOTEPb [0 MOCTOSHHOMY TOKY  F..

pa3AenuTh HA 3HAYEHUE 1), KOIPPULMEHTA NONE3HOTO ICHCTBUSA TATOBON NOACTAHIIMM 3a 3a1aHHbI
MEPHOI:

Biiin
2 — AKKC
ALACKYE) - * (4)
T
Jlia taroBoit noactanumuy odwee snavenue KI1/1 3a nepuoa Oy et 3a1aBaThesi BhIPRKEHHEM
B
_ ewnp. TIT
N = E . (3)
ACKYD

[Tpu ¢ukcauun norpedaeHUss IHEPrUU HA BBICOKOBOJIBTHONW CTOPOHE TArOBOM IMOJCTAHLIUU
JIOKHBI OBITh MCKTIOYEHBI CTOPOHHME MoTpeduTenn Ha yuyacTke uemu ot cuctembl ACKYD no
BbIXO/Id BBIMPAMHUTENIBHOIO arperara TArOBOW noactaHuuu. Hanpumep, npu  Hanvuuuu B
TpancpopmaTope 00OMOTKM nurtaHus coOcTBeHHbIX Hy:xKA TII oxHopasHbiMM WK Tpex(pasHbIMH
Tokamu Hu3Kkoro Hanpsokerus 220 wiau 380 B 9TH BBIXO/BI JI0J5KHBI ObITh OCHAIEHBI CHETYHKOM
MEePEMEHHOr0 TOKa, a MOJIyUYeHHbIE MoKasaTean noTpedsieHus cOOCTBEHHbIX HYK/ HOJKHbI ObITh
BeiuTeHbl M3 pacxona TIl npu onpenenennn ee KIIJ| Ha BeImonHenne TpaHCMOPTHON pabOTHI MO
BBITPAMIIEHHOH CTOPOHE.

[Ipaktuuecku Hurge B [DTe He ObUIO OmNbITA YCTAHOBKHM CUETYMKOB [MOCTOSHHOIO TOKA HA
Yy4aCTKax 1eMu MeXTY BbITPSIMUTEIbHBIM arperatom 1 cOOpHO LiMHOM. OHAKO B MOCIEIHEe BpeMs
B pAje Haubojee MepeaoBbIX MPEANPHATHIA I8 AeTanu3alii MPOM3BOICTBEHHOTO yUeTa pacxoaa
YHEPrUH CTATH BHEAPATHCH CUETUHMKHM MOCTOAHHOTO TOKA HA BBOJAE Kakaoro (uaepa Ha cOOpHYIO
LIUHY TArOBOM nojcranuuu (cMm. pucy HoK 1). [Tpuuem yctananuBarOTCst 00bIMHO JBY HAMPABICHHbIE
CUETUUKH, IIOCKOJbKY COBPEMEHHBIA IOABMKHOM COCTaB € YaCTOTHBIM IIPUBOIOM TATOBBIX
asurareseit nozsosser Boiasath B KKC vacTe oHeprum pekynepaiuy Ha €€ MOBTOPHOE MOJIE3HOE
MCIIO/Ib30BAaHKE CETeBO  Harpyskoil. OnpeznencHHas [1o0Jii 3TOH  [MOJE3HOM pekynepauuu
norpednsieTcss Harpyskoil Ha TOM ke (Quuepe, Ha KOTOPOM TNPOMCXOIUT pEKyTlepaTHBHOE
TOPMOJKEHME BaroHa, a JApyras B CWIYy HEOOCTATOYHOM MOIIHOCTH TAKON HAarpysku Ha
pexynepupytouiem (duaepe neperekaer yepes cOOpHYIO IWMHY Ha Apyrve (Quaepsl, HA KOTOPBIX
JI0CTaTOUHAs HArpyska s notpedieHus MOLLHOCTH pekynepauun copmuposrana. To ectb uepes
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— JHEePreTM4ecKme CUCTEMbI U KOMMMEKCh

cOOpHYI0 LIMHY MPOTEKAIOT TOKU KaK OT TArOBOM MoacTaHuuu £ TaK ¥ Mexay (unepamu ot

sranp, 111 »
PEKYTIEPUPYIOUIMX BATOHOB HA HATPY3KY (OHH (i]HKCprIOTCH KakK OﬁpaTHaﬁ SHEPTHA 1o @HﬂepHLﬂ\d
CHUETHUKAM — Mem(bnﬂ,eprIe MEPETOKH PEKYNCpalun EML" ) Yro05I BBIICIIUTD U3 Oﬁluero 3HA4YEHUA

o

NPAMO SHEPIUH CUETHYHKA, IPOXOIEH 0T COOPHON LIMHBI HA (UAEPb! UTAHKMS Ly, - .

HCOﬁXOﬂ,lflMO BbIMECTh M3 ITOI0 COBOKYIIHOI'O 3HAYCHHA 3a MNCPHON

00BeEM

nosydennot ot TIL £ .,

NPSIMO#i IHEPrUHM CUSTUNKA 3HAYCHHUE OOPATHOM SHepruu Guaepos £,
Euunp. iy § ZF

“ . npam

—EE; . (6)
C yuerom criennukn usmepennit B '9Te cornacHo BeipaxkeHuro (6) popmyna (5) npuobperaet
BHL

ZE -XE
. s Mip . (7)

nTn EACKY(.)

[Mpennosxkennsiii criocod wHCTpyMeHtanbHoro 3amepa KITJ[ tarosoit noxacranumu [DTa
MO3BOJACT MPOBOAWTH €r0 HA MOCTOAHHOM OCHOBE, MCTIONB3Yys TMOKA3aTeNM YKE MMEIOIINAXCA
M3MEPUTENIBbHBIX TPUOOPOB Ha puaepax u cuerunka ACKYD.

Jeranuszauus cueroB 0T sHeprocHadxkarouei opranusanuu no ACKVYD srimouaer B cebds
nokasaresin mo4acoBoro sHepronorpednenus TIT. B nensx nosbiiieHHs TOUHOCTH otieHku KITJI
paGorsl CTD M ans yaydiieHHs KauyecTBa MPOTHO30B JHepronorpednenus Oyaylnx Nepruoaos
(by HKIHOHATTBHO MOy UeHHE TOKa3aTeNiel CTAlMOHAPHBIX 1 OOPTOBBIX CUETUMKOB MOCTOSTHHOTO TOKA

MOKET CHHMAThCS ¢ TAKOH e NEPHOAUHHOCTLHY 92 7
2 3 4 s r & &

|
(mouacoBoii). B oTpacieBbix HOpMATHBax CpeiHHE  ° |
3HaueHus noteps B TIl npUHUMAIOTCS PaBHBIMHM 4 i
Pucynok 2 — 3nauenne KITJI ucenenyemoit taroBoii
noacrasiuy no mecsuam 2021 r., %

0,05 [8]. s

B xone uccaenosanus snepronorokos 8 KKC
TpamBas U3MEPSIIMCh YKaszaHHbIE B opmyne (7) =
naHHeie. Ha oOCHOBe TOJYYEHHBIX 3HAYEHUI
onpenpensiica  unrerpanbubiid  KIIJ[ 910l &
MOACTAaHIIMM 3a CYTKH, Mecsan, roa. Cpeanee &
MOMECAYHOE 3HAYEHWE T[oKasaressd B TeueHHe
2021 r. konebamoce B awmanazone 84,6 — 90,7
MPOLIEHTOB (PHCYHOK 2).

IKCMEPHMEHTAJbHOE H3MEpPeHHe TMoTeph OMJIAYHBAEMON JHEPrHH B KOHTAKTHO-
kabenbHoli cern. B cucremax, rae nepeosku npoussoaut [IC ¢ peocTarHO-KOHTAKTOPHON
cucremoit ympaenenus Taroir (PKCY), Beimasa pekyneparmi B KKC HeBo3moxkHa W BCs
ANEKTPOIHEPTUsA A CETeBOH HArpy3KH MOCTYMAeT OT TArOBOI moAacTaHi. COOTBETCTBEHHO 371ECh
Bce moTepu sHepruu Ha akTuBHOM compotuBiaeHnn KKC mpu ee mepemaue ot TII k wHarpy3ske
NPUXOATCS HA OMIAYUBACMY IO SHEPIHI0, MOTPEDIAEMY KO OT BBICOKOBOJIBTHOMN JIMHUMY,

B cucremax I'DTa, rae umeercs [1C ¢ cuctemamiu TPaH3UCTOPHO-MHBEPTOPHOTO YNpaBIeHH
TaroBeiMu dnekTpoasurarensmu (TpCY), nomumo sueprum ot TTT B KKC noctynaer 4acTh SHEpruu
PEKyMepaTHBHOTO TOPMOKEHMs moe3noB. [lone3nas pekyneparuBHas JHEPrHs  SABIAETCA
COOCTBEHHBLIM BTOPUYHBIM PECYPCOM MPEANPUATHS U HE 3aKYIAETCs Y IHEPronoCTaBLUINKa, TAK KaK
OJlHAXK bl OHA Yrke Obula eMy OIL1aueHa, Oy 1y uu nojyYeHHON U3 BLICOKOBOJILTHON anHuK. [Tonesnas
peKymnepaiusi MUTaeT CETEBYI HAarpy3Ky M, COOTBETCTBEHHO, 3aMellaeT B oOlem 3HeprodanaHce
CHUCTEMBI 4acTh dHepruu, kotopas 6e3 TpCY nocrynana Ob1 OT MAATHOrO UCTOUHKMKA (PUCYHOK 3).

B cpeanem 3a 2021 r. B lcciie I0BaHHOM TpaMBaiHOM CUCTEME OT BTOPUYHBIX YHEPIOUCTOUHUKOB
noctynuio 17.3 % or BeinanHoil B KKC aneprun, a ot Tarosuix noactanuuii — 82,7 %.
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PucyHok 3 — CymmapHelii 06beM 3/1eKTpocHAOKEH s HAIPY3KH Ha ydacTKax nuranus uecemyemoit T11
M0 BBINPAMIEHHOH cTopoHe no Mecsiuam 2021 — 2022 rr. oT ABYX MCTOYHHKOB: OTUTaYHBAEMOrO (TATOBAsA MOACTAHIMA —
E, 1 » HOKHHE cTonOuer) # HecrnIaTHOro (MONe3Has PeKymepalus BaroHOB — [)

~ pex. monesn

Bepxuue ctonduer), kBT - 4

[Tockonbky nonesnas pekynepauus Tpancnoptupyercs no KKC, 1o uacts ee tepsercs Ha
AKTHBHOM COMpPOTUBJIEHUU Kabenei u nporoaos. To ects nosisienue B CTO aHepruu pexynepawuuu
C HYJIEBOW 3aKyIOYHON CTOUMOCTBIO CHWKAET NOTpediieHue OIUlauuBaeMoi SHepruu B 00LLeM
obbeme 3nHepronotpedaenus ot TI1, BkIoYas TPAHCHOPTHBIE MOTEPH €€ ALy 1y » U YBEIUUUBACT

noTpebiieHue BTOPUYHON HEOMIauyuBaeMONl JHEPruM M, Kak CIEJCTBUE, CETEBbie MOTEPH ITOM
nocnented ALy . (pucyHox 4). Ilpu 5ToM pacyeT NO0JIHM MOTePh HEOIUIauMBACMON IHEPrHu
peKynepaluui MOJKET NpPOW3BOJAMTBCA HAa OCHOBE OIMHAaKoBbIX napamerpoB 3toil  KKC,

OMpeaeAIoIINX MOTEPH OrlaunBaeMoii yactn snepronorpedaenns ot TI1 (a1uba niaeda nepeaaun
SHEPrUM U BEJIMUYUHA Y ACIBHOIO CONPOTUBIEHUA MPOBOOB U Kabeneit).

PKCY TPCY

Enarp-pes;
D.149

AEwnc-TN; 0.075

AErrc-TN; 0.06

Enarp-TN; 0.925

Enarp-TM; 0851 i
Ceteenie AExwc-pex; 0.01
notepw; 0,075 Cerenwie
notepw; 0,07

a 0
Pucynok 4 — Crpykrypsl pacxoaa sHepruu, Beiaensemoi 8 KKC ucrounukamu (TT u pexynepupyomumu noe3namu) 1
noTpebiseMoi Ha KIeMMax Harpy3kH, ¥ 001K ceTeBhIX notepk 3Heprun B KKC or aThx ucrodnnkos
¢ PKCY (a) u ¢ TpCY (6): , Eyye o — moTepn B KKC onnaunsaemoit aHepruy OT NEPBHYHOTO HCTOMHHKA,

E

aLiyge. pex —MOTEPH B KKC Gecriarnoit nonesHoi SHePruy PeKy ePaLiy NPH ABHIKEHHH Ha JIMHHH [0€3/10B)

Taropaa noactanuma ['DOTa He ydvacTByeT B MnpeoOpasoBaHMAX W Tepenadye MoJe3Hoi
PEeKyNepaTHBHOM IHEPrHMH M, COOTBETCTBEHHO, HE BHOCHT CBOEH A00aBKM B €€ MOTEpH, T. €. MPH
nojesHoi pexynepauuu B KKC Her cocrasistoleii norepu snepruu npu npeodpasosanusx B TI1 B
CHJITy 9TOr0 00bEM SHEPrUH NPH MMUTAHAH OJIHOM U TOH JKe Harpy3KH 3a e IMHUYHBII Nepuo/| BpeMeHH
TOJIBKO OT MEPBAYHOTO MCTOYHMKA ( K, 1), BKIt0uas Bee notepu ee (B KKC un na TII), Beerna

Oosiblile, YeM OObEM SHEPruM JUlsi TUTAHKS JTOH ke Harpysku (£, .. ) 38 OIMHAKOBOE BpeMs

TOJIbKO OT BTOPUYHOIO HCTOYHHKA (pexy Nnepupy oLero [1063,[[3), BKJIOHas BCC €€ NOTEPH.

E E

narp. TIT - HATP. Pk

)
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———__:-'SHepremquKue CUCTEMbI U KOMIJIEKCbI

B ocHOBY 3KcmepuMeHTanbHOTO cnocoba onpeaenenns notepb B KKC nonoxeno ypaBHenne
Oanmanca (1) YcmoBueM €ro peanusalyy SABAAETCA OCHAILEHHOCTh BYHAMpaBIEHHBIMH TIO
MOCTOSAHHOMY TOKY CUETUMKAMM JHEPruM BceX (PUIEpOB TArOBBIX MNOACTAHLUI U BCEX €IUHMLL
MOJABMIKHOTO cocTaBa. M3mMepeHusi MpOM3BOMAATCS MpPW HOPMalbHOW mnepeBo3ouyHoil pabore B
00bIuHbIN pabounii AeHb (HaApUMeEp, MO pacnucanuio Oy AHEro aHs), TyUlle — eKeIHEBHO, JaHHbIe
CUETUMKOB (DUKCUPYIOTCS MO UTOraM CyTOK.

O0uee ypasHeHue sHeprodaianca Beei cucTembl 3a Bpemsi usmepenuit (1) ¢ aeranuzauueit
notepb B KKC (Hanpumep, 3a IeHb WK MECsALl) UMEET BUL

E *& = Ejnc + E’auc o (-Ec

Bemp. TTI pek. Monesn

Tan * A~ eran J (9)

Hcxonsa u3 sroro 3a nepuopn usmepeHuid KI1JI koHTakTHO-kaOenbHOW CETH OMMCHIBAETCH B
o011eM BUE YPaBHEHHEM:

B+ E,, _
Thke = = ' e
Enmnp. TI1 + E

PeK. MOaesH

Hawubonee npocToil BapuaHT jJid SKCNIEPUMEHTAILHOIO onpeneneHns noreps sHeprun B KKC
ocyuectisiercs s CTD, B KOTOpPBIX CTallMOHApHAs CeTeBas Harpyska OTCYTCTBYET, a BECh
NOABWKHOT cocTaB cocTouT M3 moe3nos ¢ PKCY, B KOTOPBIX peKynepaTHBHAA SHEPTUs OTCYTCTBYET.
B Takux caydasx B ypaBHeHuu (9) sHaueHus /- E, aE — HyJIEBBIE.

“eran * AT cran Per. MOJIC3H
Ecnu na mapupyTtax xoaar Bee Barosl ¢ TpCV, T. €. riae uMeercs pekynepaTuBHas SJHEprusl, a
CTaMOHApHAs Harpy3ka TakKe OTCYTCTBYET, TO My OYJAET OCHOBBIBATECA TAKKe HA (PAKTHUECKH

M3MEPEHHbBIX JIAHHBIX M0 YKa3aHHbIM CUETUYHMKAM M B ypaBHeHHH (9) HyJeBOe 3HaueHHe OyIeT y

nokasareneit £, u F

crar cran

B sexoropeix manbosee coppemennbix cucrtemax ['DTa mmpoko ncnosb3yercs crainoHapHoe
obopyioBaHKe, ydacTByollee B 00CITyKMUBAHUM [EPEBO30YHOIO MpoIiecca: aBTOMATU3MPOBAHHbBIE
nepeBo/ibl CTPEOK, 000TrPeBaTeNH CTPEIOK, CUCTEMbI OTCIIEKHBAHUS W CUTHAJIM3AIHH, OCBELIEHNE
OCT@HOBOYHBIX TMYHKTOB M YYacTKOB MAapLIpyTOB, akTHBHbIE HH(OpMaLmoHHsle Tabno,
BUACOKAMepbl, cUCTeMbl CBA3M W T. 1. [lpu wHanmuun B KKC nuraemoro craupoHapHOro
000py10BaHKs MPOBOJIMTCS ONpee/eH e CpeIHUX 3HaUeHU I MOTPedIeHUs SHEPTUH ITUX YCTPOMCTR
B CTD 3a nepuon. Hanpumep, 6e3 asmxenns OIIC npousBogutcs uMepeHue (GUaepHLIMH
CUeTYMKAMM MOTPeOIeHNs IHEPTHH IITATHBIM cTalmoHapHbIM obopyaoBanneM KKC Ha ywacTkax
nannoil TTL Bananc sHepruu B Takux yCa0BHSAX OTCYTCTBUS HA JuHUM DI1C ucxonst u3 ypaBHEHUs!

(9) onucsiBaetcs (popMyJI0H

E E +AE (11)

semp. TIL wam — “~eran, maum CTAL, H3M 2

roe £ — pacxoj HEPTUM Ha KIeMMax CTalMoHapHoro notpebmsiomero obopyaoBaHus, a

CTAlL MM

— notepu npu nepeaaye 3Heprun no KKC Tonbko Ha nUTaHKe CTallMOHapHON Harpy3Ku.

~eTalMIM

Ha sTom 3Tane BbIACIHUTH

u3 E_ .. g TOKa HEBO3MOXKHO, TaK Kak MHCTPYMEHTAIbHO

4
“eran

M3MEPSIETCA TONBKO £

Bhinp. TIT 2

VKa3aHHbIA NMEpuoj 3HaueHue £

eeinp. TIL wam

a CTalMoHapHas Harpyska He ocHauleHa cuetunkamu. [lomydennoe 3a
noTpedIeHns CTalMOHAPHON HArpy3KOi W MOTEph NpH

stom B KKC skcTpanonupyerces s 9THX MoKas3aresei Ha BeCh paccMaTpuBaemblii nmepuoa paboTsl
CTD3. B nepuon paboThl MOABUKHOIO COCTABA HA TMHUM 3HAUEHUE MOLIHOCTH NOTPeOIeHUs SHEPrUM
Ha BBOJHBIX KJIEMMax CTallMOHAPHOrO 000PY/1I0BAHMS HE M3MEHAETCS (MIIM MOILIHOCTD MOTPeOIeHNUS
ATOro 000pPYyI0BAHNSA N3MEHAETCA HE3HAYUTEIBHO B CPABHEHUH C HOUHBIM MOTPEeOJIEHUEM), & TAKOe
obGopynoranue 00baHO paboTaet Bee Bpems. Kak npaeuio, Ha yuactkax nuranus oguoit TIT moxer
paboTaTh cTalnoHapHOE 000PY A0BAHHE, HOMHUHAIBHAS MOLIHOCTE YHEProNOTPEdIeHAs KOTOPOTO HE
NPEBBIITAET HECKOIBKHX KHIOBATT, KO3M(UINEHT 3arpy3KH MEHBIIE SIMHHIIBI, & CYTOUYHBIH 00BbeM
sHepronotpebnenus He npesbimaer 10 — 50 kBr-u. Jlons 1oro o0beMa COCTABIACT MEHbBIIE
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SHepremqecme CUCTEMbl U KOMNJEKCbI=——

MOJYNPOLEHTA OT BBIIABAEMON BhINpAMHUTENBHBIM arperatom TII sHeprum, a OTHOCUTEIBHOTO
MOJHOTO 00beMa SHEPruM UCTOYHUKOB ( £, - 1+ E ) elie MeHsbllle, T. €. HaXOAWTCA Ha

PEK, [TONE3H
YPOBHE MOTPEIIHOCTH m3Mepenuii. Ot 31oro odwvema IHepronoTpedaeHus mMoTepru SHEPTrHu NpH
tpancnioptupoke no KKC Ha nuTaHue cTaliMOHApHOM HAarpy3ku Kak MUHMMYM Ha MOPS/I0K MeHbIIIE,
geM caMmo ee 3HepromorpebreHue. B cHIy 3TOTO € yUeTOM MAanoCTH TOTEPh SHEPrUM MpPH
TPAHCIIOPTUPOBKE HA MUTAHUE CTALIMOHAPHON HATPY3KH /1S ONMPEJCNIEHUS 7] MOIKHO MPUHUMATD

BO BHMMAaHHWE TOJBKO TMOTEPU DHEPrMH Ha Iepefady JUls MUTAHWA MOJBHKHOIO COCTaBa, KaK 3TO
(hakTHYECKM CIe/TaHO B HOPMATHUBHBIX OTpacyeBbix pexkomenaaumsax [8]. C yuerom storo gopmyna
(10) s onpeneneHust 1, NPUHUMAET BUJL:

Eanc +k (Ecmu ¥ -:'_\E

aid
= Tal : 12
Mere 5 K (12)

permp. TTT peK. TIoJIesH

rae ( F

“erar
IHEPronoTped/IeHus CTALMOHAPHON HArPY3KKU M NOTEPb MPH MEpPeade IToi IHeprun B nepuos oes
JIBWIKEHUSA TMOJIBHIKHOIO coctasa ( F +AE ). Ilpu ycraHorneHun abCcorOTHONO obbema

“crai. MM “eTai. WM

hy &,

“eTan

) — SKCTPAnoJUpOBAHHOE HA paccMaTpHBaeMbli MEPUOI M3MEPEHHOE 3HAUYEHUE

TPAHCTIOPTHBIX MOTEPb JHEPrMM HA TMUTAHWE LITATHOW CTALMOHAPHON HArpy3KH HWCTOIb3YeTCH
NOJyueHHOe BO BpeMs nepsoro usMepenus 6e3 OI1C no Beipakenuto (12) 3HaueHue 7.

AEKKC Z= Eﬂmnp. TIL wor (I o nl{l{C ) (13)

Paccunrannoe no Qopmyiie (12) 3HaueHHE 7). MO3BOJSET ONPENENATE 00bEM TPAHCIOPTHBIX

MOTEPb MPHU IEKTPOMOTPEONCHUM CETH B TEPHOAbl ¢ OAM3KMUMH 3HAYCHUAMM TEMIEPATYPb
okpyukaroiei cpenpl. Takum 00pa3oM, MHCTPYMEHTAIBLHOE OINpPEICICHHE ITOr0 Iokasaress C
MCTONL30BAHUEM COBPEMEHHBIX MPUOOPOB ydeTa [acT BO3MOKHOCTh TOYHO [POrHO3UPOBAThH
00BEMBI OTJIAUMBAEMON SHEPTUM, B TOM HHMCIIE €€ MOTeph, B OyAyIIME MEepUObl MPH PasTHUHBIX
napameTpax paboTbl TPAHCTIOPTHOH CUCTEMbI M BHELLTHUX MOTOAHBIX YCIOBHAX.

YroObl onpeneants Mo Tpex(azHoi CTOPOHE adCOMOTHOE 3HAUECHME OIUIAYMBAEMOr0 00beMa
MoTePh, HEOOXOIUMO [TPUBECTH MOy YEHHOE Ha BBINPSIMIIEHHOI CTOPOHE 3HAYEHHE I10TEPh IHEPT UM,
BbIaBaeMoit ot BeinpamuTens TI1, k 3HadeHuto Ha cueTunke ACKYD cornacHo dopmyrie (4), T.e. ¢
VYETOM MOTEPb HTOW HEPTrUM TpH ee mpeodpa3oBaHUAX HA TATOBOM moactanumu. Jlmsa storo
HEOOXOMMO TIOJyYEHHOE 3HAUEHHWE MMOTEPh YHEPrUM MO BhIMpPsAMIIEHHONH cTopoHe (13) (¢ yyerom
hopmy bl (6)) pazgenuts Ha KITJ1 TAroBoii nojacTaHiim, onpeae/eHHblH Mo ypaBHeHHO (7):

AE _ AEI{I{C _ (Eq.]m,upm —Emc{.p)'(l_nKKC) .

ACKYD =
T N

IIpakTHueckoe Hcnmoab3oBanue mnokaszareneil noreps »vepruum Ha TII m B KKC.
OcHoBaHHbIN Ha M3MEPEHHBIX JAHHBIX MoOKasartelnb norepb npu nepenade 3Hepruu no KKC Ha
NMUTAHWE TIONE3HOM CEeTeBON HArpy3ku (CTalMOHApPHON M TOABWKHON) MO3BONAET HAWTH 00BeM
JOMIEAIEH 10 HATPY3KKW SHEPril OT HANpPaBIEHHONH B CETh BCEMH €€ MCTOYHUKAMHM W ONPEACIUTD
OTKJIOHEHUE [10J11 [I0TEPh OT HOPMATUBHO 3aJaHHOrO nokasarens. Kak yxe ObU10 cKazaHo, cpejHee
HopMmatuBHoe 3HaudeHue KIIJ[ KoHTakTHO-KaOenbHOM ceTh B OONBIIMHCTBE OTEYECTBEHHBIX
MCCIIeI0BATEIbCKMX paboT W OTpacjieBbIX HOPMATUBHBIX AOKYMEHTOB i ['DTa pexomeHayercs
npuHUMaTh B pazmepe 0,93, T. €. pH UCNOAB30BAHUH HOPMATHBHOIO 3HAYEHHS MIOTEPD B KOHTAKTHOI
CeTu moTepu 3Hepruum , £ COCTABIAIOT 3a AJNMUTE/lbHBIA nepuoj nopsaka 7 % OT nepeaaHHoM

(14)

JHepru. 270 3HadeHue ObUIO yCTaHOBJIEHO B JokymeHte or 2013 r. [6] nns cern, korna
npakTHYeCKH Bech NoABMKHON cocTaB ['DTa 661 ¢ PKCY, T. €. He uMen BO3MOKHOCTH BbIIauu B
KKC osHeprum pexkynepannyd Ha TOBTOPHOE HCMONB30BaHWE ceTeBoi Harpyskoil. C Tex mop
MosBICHUE NOABWKHOTO coctaBa ¢ TpCY u maccoBas 3ameHa UM MOjABHIKHOTO cocrasa ¢ PKCY

— U3BECTWUA TpaHccuba
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MPHUBEITH KaK K MepepacrnpeaeaeHHo TOTOKOB 1 00beMoB upkyaupytomnieii snepruu B KKC, Tak u k
M3MEHEHHI0 00bemMa W A0 noTepk onnadnBaemoil sneprun. [1pu 3amene DI1C ¢ PKCY Ha moesna
¢ TpCVY ne usmensiercst d(p(peKTUBHAS JUIMHA NUTAHUS CTALMOHAPHON M MOJBUKHON HArpy3Kku OT
MEepBUUHOrO UcTOuHMKA. OIHaKo yMeHbliaeTcsi 00beM sHepronoTpebiaenus ot TT1 B cuny CHUKEHUS
rIaBHBIM 00pa3soM TArOBOTO SHEPronoTpedseHus BarOHOB M3-3a PaboThl TATOBBIX YACTOTHBIX
npeobpasoBaTenieif, KOTOpbIe CHIKAIOT B ceTh mukoBbie Tokn oT TI1 OGrmaromaps Belgaue B CeTh
MOJIC3HON peKynepauuu, a TakKKe 3aMEeHEe TArOBbIX [BUraTesieil MocTosHHOrO Toka Ha Oosee
3G GeKTUBHBIE ACHHXPOHHbIE 3JIEKTPOMAIIMHbIL, U3MEHsAeTCcs U HeTarosoe notpediaenue DIIC. Tlpu
5TOM abCoNIFOTHOE 3HAUYEHME MOTeph OMjauMBacMoil sHepruu B o0iiemM 3HepronoTpedieHun ceTyn
CHWKAETCA Ha 10JI0 yMeHblueHus notpebunenus sneprun ot TIL To ectb npu coxpaHeHun
aexrpuueckux napamerpoB KKC — conporusienus u 1jinHbl Kabesiei 1 KOHTAKTHBIX MPOBOIOB, a

TaK/Ke CYMMApHOTO 3HEpPronoTpebneHus BCEMM BHIAMM HATPY3KM — HOPMATHBHBIH o PH

nepefade oruiayuBaemMoii dsHepruu nutanus ¢ TI1 MOKHO TpU3HATHL TAKUM JKe, KaKk W B clydae
JBIDKEHHA Mo TuHUK BaroHoB ¢ PKCVY npu onnHakoBeIX ycaoBusax. [Ipu sTom abcomoTHOE 3HAYCHHE
sHepronoTpednenus ot TI1 v 1015 To# 3HEpPruyr B 001IeM noTpedaeH!H CeTH YMEHBINAKOTCH 3a CUeT
MOBTOPHOI'O MCIOJIb30BaHUs OECILIATHOM 10JIE3HOM YIHEPrUn PeKy NepaLuu.

CrienoBaresibHO, U1 yBelMueHus SHeprodGeKTHBHOCTH TPAHCTIOPTHOH paboThl HEOOX0UMO
MPUHUMATE MEPBI 110 yBEIIMYEHUIO 00BEMOB TMOJIE3HBIX TIEPETOKOB dHepruu pekynepaimn no KKC,
9TO MOCHE TOJHOTO MEPEOCHAIICHUS TOABMIKHOTO cocTaBa Ha cuctemsbl TATH ¢ TpCY BO3MOKHO,
HarpuMep, MyTeM BHEIPEHUS CTALMOHAPHBIX YIIPABIAEMbIX HAKOMHUTENEH JHEPruH.

[Tpu npoBeeHUU MOAEPHUZALMK ACHCTBY OLLEH UM TPOEKTHPOBAHUHU HOBOH KOHTAKTHOM CETH
3HAYEHUE 17, HA OCHOBE MOCTOSHHO U3MEPSEMBIX aHHBIX MMO3BOJIAET CHOPMUPOBATH UUCICHHbBIE

KpUTEpUH Ul BbIOOpA MUIAHMPYEMOro K NMPUMEHEHMIO THUIA KOHTAaKTHOIO NPOBOAA U (PHIAEPHOTO
kaOens s o0ecrneueHMs: SKOHOMMYECKM [NPHEMJIEMOr0 CEYEHMs C LeJbH0 CHHMIKEHMS
HEMPOM3BOANTENIBHBIX NOTEPL B nposoae. Ha 3ror BeIOOp riaBHOE BAMAHWE OKA3bIBAIOT: 00bEM
SKOHOMHHU OIUIAYMBAEMONH SHEPIUHM 3a CPOK 7' Cily:KObI KOHTAKTHOIO IIPOBOAA U CTOMMOCTH €I0
3AKYIIKH:

AC:ZCD:J _Kd;. Kkno? (15)

rae AC — skoHomMHu4ecKuil 3P (PeKT o CHUKEHUIO TPAHCTIOPTHBIX MOTEPh YHEPTUH OT NPUMEHEHUS
BbIOpaHHBIX uaepHbIX Kabeneil n KOHTaKTHOrO nposoja; C, — CTOMMOCTh 3KOHOMHMH Ha TIOTEPSIX

OMJIaunBaemMoi dHeprum B rog; K, — CTOMMOCTb 3aKynKd M BHeApeHus (uaepHoro kabens u

oxn
KOHTaKTHOTO IPOBOJA.

Hamune w3amepeHHbIX 3HadeHwit nokaszareneid KIIJ[ TAroBoi mnoacTaHiMM W KOHTAKTHO-
kabenbHOit CeTH MO3BONAET BBICTPAWBaTh MOAKPENAeHHBIH pacuetamMn Oananca snepruu B CTD Ha
OCHOBE (pakTMUECKMX MAaHHBIX HabOp TexHudHeckuX TpebOBaHWH K MOABIKHOMY COCTaBy,
MJIaHUPYEMOMY K MPHOOPETEHUIO MpeanpusitueM, Ui obecreueHnss MUHUMHU3ALUUU noTpedaeHus
SHEPIrUU Ha TATY W HETATOBbIE HYXK/bI C LIEJIbI0 CHUKEHUS TPaHCTIOPTHBIX noTeph TokoB B KKC u
npu npeodpaszosanusx B TTI. Takue TpeOOBaHMS OTHOCATCS K MUHUMU3AIMKA BEca Tapbl BaroHa npu
COXPAaHEHMHM WJIM YBEIMYEHUNW MACCAKMPOBMECTUMOCTH, YMEPEHHOMY SHEPronoTpedieHno Ha
000rpeB ¥ KOHOWLMOHUPOBAHME BO3AYyXa CAJIOHA IS MOJAACP:KAHUN HOPMATbLHON TEeMIEepaTypbl,
obecrnevyeHni0 Majaoro JHepronorTpedsieHuss Ha BHEUIHEE W BHYTPEHHEE OCBELUICHME 3a CueT
MNPUMEHEHUsT SHEpro3QQEeKTUBHbIX JIaMIl MPH YAYUILIEHHMH YPOBHA OCBEIIEHHOCTH, CHIKEHMIO
VAEABHOTO 3HepronoTpediaeHus Ha TAry Ha | TOHHOKWJIOMETP TPAHCMOPTHOM paboThl U T. 1.

[lomumo 3t1oro mnokazarenu KIIJI TAroBoil mnoaCTaHIMM M KOHTAKTHO-KAOEIBHOH ceTu
MPUMEHSIOTCS 1715 pacueTa IpOrHO30B YKOHOMHH OItauuBacMoi anepruu ot TI1 npu uenoss30BaHuu
PasTUIHBIX THMOB HAKOMHTENEH Kak CTAllMOHApHOTO, Tak W GoproBoro ucnonHeHus [4]. Dddexr
HKOHOMMHM HAKOMUTEISIMMA J0CTUraercs Onarosiaps NMepeHanpaBliIeHUI0 HA BBIOJTHEHWE TOJIE3HOH
TPAHCIOPTHOMH paboThl M30BITOUHOM IHEprun pekynepaunu, koropas umeerca y DI1C ¢ TpCY B CTD
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0e3 HakomuTenel. 31ech chaeyeT OTMETHTh, uTo AciicTBUTeNnbHbIH KI1/] ynmpaBaseMbIx HaKOTHUTENCH
sneprun s ['OTa, B KOTOPBIX HCMONB3YKOTCA HAKOTIMTEIBHBIE ATEMEHTBI JI0O0TO MPUMEHUMOTO 1A
NEKTPOTPAHCIOPTA THUIA (CYNEPKOHICHCATOPHBIC WM MAXOBUKOBBIE), HE MPEBLILIACT B HACTOALLEE
Bpemst 3Hadenns 0,64 [13, 14], rorja kak ycraHoBIeHHbIH HopMaTuBHO rokaszaresb KITJ] koHrakTHo-
kabenbHOM ceTu paBeH 0,93 [6]. To ecTh MOTEPH B HAKOMMTENAX HA eAMHMILY TIPHHATON SHEPruu
peKynepalyun MMHUMYM B TSTh Pa3 MPEBbILAIOT €€ MOTEPH B TATOBBIX CETAX.

C yuerom Huskoro KILJ[ OydepHbix Hakonurtenell ¢ HAKOMUTEIbHBIMM dIEeMEHTaMu JTH00ro
TUNA ISl MaKCcUMU3aluu d(@deKTa BOBIEUYEHUS HA IOJE3HYI0 padoTy HEOIIaYMBaeMOil IHEPruu
130bITOUHOM pekynepaiun Haubonee NpeaAnOYTUTENIbHO NMPUMEHEHUE TAKMX THIOB HAKONMUTENEH
HEPIrUH, KOTOPHIE MOJHOCTHI) COXPAHAIOT MEKIOE3HbIE MOJIE3HbIE MEPETOKH PEeKyrepaluu no
KOHTAKTHOW CETH, CY ILIECTBYOLIME B ITUX CUCTEMAX MPH OTCYTCTBUM HakonuTenei. [lockonabky Oe3
HaKOMUTENS MOJE3HO 3a1eHCTBOBATH BCIO M30bITOUHY O PEKY EPaLlMI0 HE YIaeTCA, TO €IMHCTBEHHOI
BO3MOKHOCTBIO ITOTO NMPH COXPAHEHWM CETEBBIX MEPETOKOB PEKYMEpalHn ABIACTCA MPUMEHEHNE
CTauMOHAPHBIX Hakonutenei sHepruu. [lonnoe s3anelicTBoBaHMe H30BLITOUHON pEKynepauuu ¢
COXPaHEHHEM CETEBLIX MEPETOKOB IMOJIE3HONH peKynepauuy MNO3BOISET MAaKCUMAIbHO CHHU3HTH
abcomoTHOE 3HayeHue noTpebsieHns omiauuBaemoi sueprum ot TII, ciefoBaTenbHO, U NOTEPh
omnaunBaemoil 3Heprum npu nepenaue no KKC. To ects 4ToObI CHU3UTH mMOTepH OecrniaaTHOM
SHEPrMM peKynepauuu B npoueccax npeoOpa3oBaHusi ee B Hakonutensx, TpeOyercs
MUHUMU3UPOBATL OOBEMbI IJHEPrHM, MOCTYMAOUWEH B HHUX, JUIS YEro HYy#kKHO COXPaHUTb
CYLLECTBYHOLIKE MEPETOKH mojie3Hol pexynepanuu no KKC u nobasuts neiicraue dpdexra nuranus
MOJIe3HOM ceTeBOM Harpysku B Xofe 3apsjiku crarmoHapHoro Hakonurens («3dgdexta KEK» [15]).
Taxkoif BO3MOKHOCTBIO B CHIY CBOWCTB CTPYKTYPbl JJEKTPHUECKOHW CXeMbl 00IamaioT TONBKO
HaKOIMUTEM CTallMOHAPHOrO pasmelienus. [Ipu ycTaHoBKe HaKomuTeNei SHepruu Ha bopty noesna
BO3MOJKHOCTbh MEKIOE3/HbIX NEPETOKOB PeKylepaluu Tepsercs, T. €. MOTepH OT BCEero odbema
pexymepauni yBeauanBaiores ¢ 7 1o 36 % [4].

Ha ocHOBaHMM U3JI0KEHHOIO MOXKHO CJIEJIaTh CIE/1y HOLIHE BbIBOJIBL.

[Ipu 3ameHe noABHIKHOIO coctasa Ha noesna ¢ TpCY nons pacxoja oriauuBacMoi JHEPruu OT
MNEPBUYHOIO UCTOYHMKA 1O BbINpsMIIEHHOMN cTopoHe TIT cumskaercs Ha 10 — 20 %.

KI1J1 TIT moka3piBaeT YPOBEHb MOTEPh IHEPTUM TIPH CHIDKEHHM TpaHCHOPMATOPOM BXOITHOTO
HAMPsKEHUA W €10 BLIMPAMICHHH. B NepHoa SKCNepuMEHTATbHBIX HCCIIEI0BAHNI Ha AEHCTBY OILEH
TIT B Teyenue nout nosyTopa Jjer noMecsaunoe 3Hauenue ee KIIJ| BappupoBasioch B guanasoHe
0,846 —0,907.

Db dexrusHocts KKC omnpenenseT ypoBeHb TPAHCIOPTHBIX MMOTEPh SHEPIUM TIPH MMUTAHHM
cereBoil Harpy3ku or TII u oT pekynepupyrowux BaroHOB. becrarHas JHeprus pexynepauuu
jamenfaer ormauuBaemyro sHepruro or TII. Tpancrnoprheie norepu OecruiaTHOR SHEPruu
pexynepauuu samewiaoT B KKC norepu ornnaunBaemoid snepruu ot TI1,

HopmatuBHO ycTaHOBIEHHbIE NMOTEPH OIUIAYWBAEMOM SHEPrUM 10 BbINPAMIEHHOH CTOPOHE
cucTeMbl TATOBOrO dHeprocHabxenus [ DTa npu amxennn noasuxHoro coctasa ¢ PKCY npunate!
B pasmepe 10 7 %, a Ha TAroBo# nojacranun — S5 % [9].

DxcnepumenTanbHoe ycranosnenue 3Hauenuit KIIJ[ TaroBod nojacTtaHumuMu ¥ KOHTAKTHO-
KaOEIbHOM CETH 110 NPEIIOKEHHOMY CIIOCO0Y Mpu coBpeMeHHOM ypoBHe ocHauleHus CTD u DI1C
npubopaMu ydeTa SHEPruu ABIAECTCA MPOCTON 3afadueii, METONYECKH U SKOHOMHYECKH AOCTYTHOM
JUISL IPAaKTHYECKOi peanusaumu Ha irodom npeanpustun ['2Ta ctpansl,

TpancrmopTHeie mnoTepu OecrnnaTHOW 5SHeprum pekynepaumum mpu nepetokax mo KKC
(HOpMaTuBHO — A0 7 %) B NATh — LIECTh pa3 MEHbIIE, YeM MOTEPH YHEPrHM PeKynepauuu npu
MCIO/Ib30BaHUK DOPTOBLIX Hakonutenei (36 %), MeKTpUYecKas cXemMa UCIO0JIb30BaHKs KOTOPbIX HE
JIOTTyCKAET CETeBbIX IEPETOKOB pPEeKynepanuu, T. €. B OOPTOBBIX HAKOMUTENAX WMEIOT MEeCTo
MAKCHMAJTbHBIE TTOTEPH IHEPTUH (KAK PEKYMepalmn, TaKk ¥ OT MEPBUYHOTO UCTOUHUKA) CPEAM BCEX
THIIOB NCTOYHMKOB 3HeprocHabkenuns B [[DTe.

Ypenuuenue nepetokos pekynepauuu no KKC He TonbKo cHuKaeT adCoMoTHOE noTpedieHne
orutaunsaemoii suepruu ot TII Ha BoinosiHeHUE 1101€3HON TPAHCIOPTHO padOThL, HO U YMEHbLIAET
NOTEPH OTJIAYNBAEMOM IHEPTUM.
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MOHUTOPHHT (PaKTHUECKHX MoKaszareneil nmotepb sHeprun B KKC mossonseT paspabarbiBaTh
OpPTraHU3alMOHHBIE H TEXHHYECKHE MEpbl I CHIKEHUS JTHX TMOTEPh, YTO JIENAET BO3MOKHBIM
3HAYUTEJILHO YMEHBLIUTE NOTPeOICHHUE OIUIaYMBAEMOM IEKTPOIHEPIUU OT TArOBLIX NOACTAHLMA,

[Mpu mnpeobGnamannu  BHYTPU(DUAEPHBIX MEPETOKOB peKkynepaimu Ha yuactkax TII
TpaHcnoptHbie notepn B KKC pekyneparnBHON 9HEPruy HUIKE, YEM TIPH MATAHWK ITOM JKe Harpy3KH
ot TI1, a mpu mpeobnagannu MekPUACPHBIX MEPETOKOB — HaobopoT. [Ipu sTOM 3aKymouyHas 1eHa
HHEPIrUH PeKyHepaLiu HyJeBas.

AOCOIIOTHOE 3HAYSHHE OTITYCKaeMOT0 HICTOYHMKOM 00beMa SHEPriM MpH MATAHUHU OTHOH 1 TOI
K€ Harpys3KkH 3a eIMHUYHBIN Nepuoj BpeMeHH OT nepBruyuHoro ucrounuka (TT1), Bkiatouas Bce moTepu
ee (B KKC wu mna TII), Bcerna Oonblue, uyem 00OBEM IHEPrHM OT BTOPHUYHOIO HCTOYHHMKA
(peKkynepupyromiero mnoesza), BKJIOYas BCE €€ MOTepu, 3a CHeT TOro, 4YTo B Mepejave
peKy nepaTuBHON Heprun Ha Harpy3ky B KKC Tarosas nojcTaHiius He y4acTBYET, CJEN0BATENLHO,
OTCYTCTBYHOT NoTepu, npucyiue padore TIT.
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MOJIEJIMPOBAHHUE DJIEKTPOMATHUTHBIX IOJIEM TSTOBOM CETH 25 xB
C YUETOM METAJUIMYECKUX KOHCTPYKIUI MOPTAJIBHOI'O THUIIA

Annomayus. B cmamse paccmampusaiomest 0npocs! snexkmpomaznimnoil Gesonacnocmu 6 mazoesix cemsx (1C)
25 kB acesesnvix 0opoz nepemenno2o moxka. Lenw uccnedosaniii cocnmosia 6 paspaoomye yighpossix mooeneil o
onpedenenus HanpslcenHocmelt anekmpomaznimuozo noas (IMIl), cozoasaemux 1C  sOnusn  memanaveckux
KOHCIPYKYHT ROPMATLHOO MURA, 6 KAYECHEE KOMOPOTl PACCMAmMPUGAcs Rymenposoo, PAchRoAOJNCEHHbI HAO RYMAMU.
Hamiuwe npoeodsugeit KOHCMPYRYUU CYUECMBENNO YCAONCHAem Kapmuny pacnpeoeaenus DMII ¢ npocmpancmee. B
omuyue om niockonapaieivnozo IMII mazosoti cemu na nepezonax 8 NPOIEMax Meicoy ONOPamMu KOHMAKIMHOL cenu
Rofe 6 OaHHOT cumyayuy cmanosumes mpexmepusim. 1exunonocus onpedenenuss HanpsajiceHnocmeti 6asupyemes na
UCNONL30BAHUN KOHYERYUU OMPE3IKO8 NPOBOCHUKOE OZPAHUYEHHOT ONUHbLL, YACHb U3 KOMOPLIX MOJCEM PACHOA2AMbCA
ROO 3emaeti. [[1s eosmooicnocmu npuMenenus ypasnenuil Keasucmaytonapnot 30nst na wacmomax oo 2000 1y pasmepeor
COBOKYRHOC OOBEKMOB, 0OPASOEANHBIX SMUMU NPOGOOHUKAMY, He JOICHBL IPEBLIINAING HECKOALKUX COMEH MEMPOE.
Modemipyenmas exema ermoyana 6 ces IKGUBAICHMAHbIN 2ENePAMOP RUMAIOU(Et] JNEKMPOIHEPLEMUYECKOT CUHCMEMbI,
mazoeyio nodcmanyuio (111) ¢ mpanchoprmamopom mougnocmuio 40 MB-A, kouconwnwiii yyacmor mazosoti cemu 25 kB
OBYXHYMHOII dicenesHoll dopo2u npomasiceHHocmovio 6 10 kM ¢ KOHMAKMHON HOOBECKOl, BbINOJIHEHHOT Nposooami
[TECM-95 +Md-100. Ha paccmosnuu 2 kv om noocmanytiti Rpecnonazanocs HamHie nymenposooa mupunoi 3 M,
OCHOBANUE KOMOPO20 PACRONONCEHO HA Gblcome 9 M, makdice YHumbleamcs u nepuisuvie ocpaxcoenus. Ilo
PE3VALMAMAaM MOOCIUPOSAHUA NOTIVYEHBL 3AGUCUMOCU aMIAMYO U coemasiiowux nanpasicennocmeii SMIT om z-
Koopounamet, npoxodsuyeil no ocu oopocu. Kpome moeo, nocmpoensl o6vemuble OuazpaMmbl, NO3GOMAIOUHE
anansuposams pacnpedenenue DMIT 6 npocmpancmee. Pesyismamel npoGeoeHHbIX HCCAeOOBANNT ROKA3WIN, YN0
RPeOCMABIEHHAS  MEMOOUKA  ROIBOTACH  OCYIeCMEIAmy  YYen  GAUAHUA  MEMQUIHECKUX  KOHCMPYKYuil  npu
MOOCTUPOBAHUU DAEKMPOMASHUIMHBIX NONEH MALOSBIX cemetl. J[annas Memoouxa MoJCen UCnOIb306AMbCA HA NRPAKRIUIKE
npu paspacomre MePORPUAMULL RO YIVHIHEHUIO YCI06UH JHEKMPOMATHUMHOT DE30NACHOCT.

Kniouesnie cnosa: msazosvie cemu 25 kB, siekmpomazhumuvie ROA[, VYEM NPOGOOSMGUX  KOHCHIPYKULI,
ANEKMPOMULHUMHAS GE30NACHOCHTD, MOOEIUPOBANUE.

Vasily P. Zakaryukin', Andrey V. Kryukov?, Ekaterina V. Voronina?

'LLC «Smart grid», Irkutsk, the Russian Federation;
*rkutsk State Transport University (ISTU), Irkutsk, the Russian Federation;
Mrkutsk National Research Technical University (INRTU), Irkutsk, the Russian Federation

SIMULATING ELECTROMAGNETIC FIELDS OF A 25 kV TRACTION NETWORK
NEAR PORTAL-TYPE METAL STRUCTURES

Abstract. The article discusses issues of electromagnetic safety in traction networks (ITN) of 25 kV AC railways. The
purpose of the research was to develop digital models to determine the electromagnetic field (EMF) strengths created by
vehicles near portal-type metal structures, which was considered an overpass located above the tracks. The presence of
a conductive structure significantly complicates the picture of EMI' distribution in space. In contrast (o the plane-parallel
EMFE of the traction network on the stages in the spans between the supports of the contact network, the field in this
situation becomes three-dimensional. The technology for determining voltages is based on the use of the concept of
sections of conductors of limited length, some of which may be located underground. 1o be able to apply the quasi-
stationary zone equations at frequencies up to 2000 Hz, the size of the set of objects formed by these conductors should
not exceed several mindred meters. The simulated circuit included an equivalent generator of the power supply system,
a traction substation (TS) with a transformer with a capacity of 40 MVA, a cantilever section of a 25 kV traction network
of a 10 km long double-track railway with a catenary suspension made of PBSM-95+MF-100 wires . At a distance of 2
km from the substation, it was assumed that there would be an overpass 3 m wide, the base of which was located at a
height of 9 m; railings were also taken into account. Based on the modeling results, the dependences of the amplitudes
and components of EMF strengths on the z-coordinate passing along the axis of the road were obiained. In addition,
three-dimensional diagrams have been constructed that make it possible to analyze the distribution of EMI' in space. The
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results of the studies showed that the presented methodology makes it possible to take into account the influence of metal
structures when modeling the electromagnetic fields of traction networks. This technigue can be used in practice when
developing measures to improve electromagnetic safety conditions. It can be used in practice when developing measures
fo improve electromagnelic safety conditions.

Keywords: traction networks 25 kV, electromagnetic floors, accounting of conductive strictures, electromagnetic
safety, modeling.

B coBpemeHHBIX YCA0BHSX 0CO00€ BHUMAaHME YJENAETCH BONPOCAM ANIEKTPOMArHUTHOH
Oesonacuoctu (OMB) obbektoB anextposnepreruku [1, 2]. OaHum U3 OCHOBHBIX (PAKTOPOB,
OIpeNesAroIuX yeaoBus DMB, siBIIAOTCS NIEKTPOMArHUTHBIE TOJIs, CO3/1aBaeMble B OKPECTHOCTAX
X o0wvekToB. Onnoasueie Tsaroseie cetn (TC) 25 kB wmoryt renepuposath OMII ¢
MOBBILICHHBIMH YPOBHAMH HampspkeHHocTe# [3]. Jlna ynydwenus ycnosuii DMB npHMeHSIOTCS
creLUabHbIE MEPOIPUATHS, BbIOOP KOTOPBIX B YCIOBUSX MAclUTaOHONO BHEAPEHHs LU(pOBH3ALIUY
[4] nomkeH ocyuiecTBAATHCS HA OCHOBE KOMITBIOTEPHOTO MOJIETTMPOBAHNS.

AkTyansHOCTh 3a1aun onpeaeaenus DMIT TC moarsepikaaeTcs OONbIIAM YHCIOM paboT Mo
JIaHHOM TeMaThKe, MpruBeAeHHBIX B Onbanorpaduuecknx cnuckax monorpadmii [1 —3]. B mocneanme
rojibl NOSBUIKCH Iy OJIMKALIMK, MOCBSILECHHbIE NaJIbHEHILIEMY PA3BUTUIO TEXHOJIOIUI Onpee/eHus
OMII. Tak, Hanpumep, B cTaThe [S]| mpuBeAcHbl pe3ynbTarbl uccaeaoBaHuii DMIT Ha yuacTke
)KEJe3HOM JIOpOrM MEepPeMEHHOTo TOKa. OJIEKTPOMArHUTHble MO B 30HAX, OKPYKAOIINX
TpaHCnopTHOE 00Opya0BaHKe, paccMoTpeHbl B paborte [6]. Pewenust 3amay MOAeaMpOBaHHUS H
ananuza DMII Tsaroeoii cetu npencrasieHo B ucrounuke [7]. Ucenenoanus SMII TC B peskumax
KOPOTKOIO 3aMblKaHusi onucanbl B padore [8]. Pesyjibrarsl OUEHKU BEJIMYUH MIEKTPOMATHUTHOIO
Bo3zaeiicTBua TC Ha CMeXKHbIE IMHUK MPUBEICHBI B UCTOUHHKE [9].

BonbmMHCTBO M3 MEPEevYHCIIEHHBIX PAa0OT TMOCBAMECHO PEILEHMUIO 3aJadud  ONpeje/eHHus
miockornapaienbibix OMII, co3naBaeMpiX TATOBHIMH CETSIMH B TpOJETax MEKIy OIropamMH
koHTakTHON cetn (KC). CucremHbli Moaxon K MOISIUPOBAHUIO TakUX MOJEH [PeUIoKEeH B
voHorpadpum [3]. OH oTnWYaeTcs YHHUBEPCANTBHOCTBIO M TIPUMEHHMMOCTBIO 71 pacuera
HAMpsIKEHHOCTEH B TATOBBIX CETAX PA3iUYHOrO KOHCTPYKTUBHOIO MCIOJHEHMs, BKJIKOYAs
nepcrekTuBHbie TC NMOBBIIEHHOTO HATIPAKEHNUS.

B6sm3K skenesHoi J0pord MOIYT pacrionaraTbCsi MPOBOJSIIME COOPYIKEHHs, CYIIECTBEHHO
MCKayKaroLIMe pacnpeienieHne HanpsokeHHocTel B mpocTpaHeTse. K nx uncny otHocaTes onopsl KC,
orpaxaeHusi, TpybO- W MNyTENpPOBOAbL, 4 TAKKE JApyrue coopyskeuus. [lpu Hanuuum Takmx
KOHCTPYKLMI T1Ojie CTAHOBWUTCS TPEXMEPHBIM W 3a/a4ya €ro ONpeieNeHus CyIIECTBEHHO
yciaokHsietcs. Pa3BuBaemas B HacTosllee BpeMs KOHUENUS KuOep(U3M4YecKux cucTem
anektpocHabxkenns (KPCD), ocHoBanHas Ha riiy0OKOH MHTErpalMu BbIYMCIMTENbHBIX PECYpPCOB
[10], mpeaycmarpuBaer cosgaHue UH(POBBIX ABOWHMKOB, o0ecnmeunBaIOIIMX MOJAETHPOBAHHUE
K®C3 ¢ makcumasibHbiM NpUOIMKEHUEM K PEaIbHOCTH 3a CUET yueTa BCeX BAMSIOWMX (aKTopos.
[Toaromy KOMMbHOTEpHbIE Mozenu i aHanusa ycioBuii OMB B KPCD 1nomkHbl KOPPEKTHO
YUMTBIBATh HAJIMUWE YKA3aHHBIX Bblle coopyxenuil. Texunomorusa wmoaenupoeanus ODOMII,
npeiokenHas B kHure [3], moamduumpoBaHa Ui BBIMOJHEHWA PAcuETOB HAMPAIKEHHOCTEH
TpexmepHsix DOMII Ona noapodHo onicana B ctarse [11] u dazupyercs Ha UCIOIB30BAHKE MOAeel
OTPE3KOB TIPOBOAHMKOB OTPAHWYEHHOH MAauHBL JI1d BO3MOXKHOCTH NPUMEHEHHMS VpaBHEHMIA
KBazMCTallMOHapHOH 30HBI Ha dactotax a0 2000 [ pasMepbl COBOKYMHOCTH OOBEKTOB,
06pa3038HHhIX ITUMU ﬂpOBOHHHKaMH, HE NOJIYKHBI HpeBbILHaTB HECKOJIBKHX COTEH MQ’TPOB,

OmHUM W3 4acTO BCTPEYAIOIIMXCs COOPYIKEHWH >KeNIe3HOM JOPOru SIBISIFOTCS MyTENpPOBO/IbI,
MpeJICTaB/IsAomue co00l KOHCTPYKIUU TOPTAIbHOr0 THna. PaspaboTke METONMKH ONpeieseHus
HAMPsHKEHHOCTEH  DNEKTPOMArHUTHOTO TIOJsA, CO3[aBaeMbIX TATOBOHM CeThi0 BOMM3M TakWx
KOHCTPY KLU, MOCBSLLEHA JaHHasl CTAThs.

Mertonuka moxenmpoBanus. KowmrpiorepHas tTexHomorus onpenesenus OMIT [3, 12]
npe/iHa3Havyaiach JIs pacyera HampsyKeHHOCTEH MI0CKOoNapalie/ibHbIX Mosiel 00BEKTOB, pasmMepsbl
MOMEPEYHbIX CEYeHMH KOTOPBIX 3HAUMTENbHO MEHbILIC WX ANMHBL Takoil MOAXoA He MO3BOIAN
ananusuposatb IMIT TokoBe Ay KX yacTeil OrpaHMYEHHON MPOTIKEHHOCTH, K KOTOPbIM OTHOCSTCSL,
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Hanpumep, 60ABIIMHCTBO AEMEHTOB NoAcTaHIuil. KpoMe TOro, B TaHHOH METONKE OTCYTCTROBAIA
BO3MOKHOCTb yueTa Kpaesbix 2P PexTos.

[Ipy HanMyMKU MPOBOJHUKOB OrpaHUYEHHON AmvHbl DMII cTaHOBUTCS TpEXMEPHBLIM W 3aiada
MOJIEJTUPOBAaHMs CY IECTBEHHO yCiokHAeTes. MeTojiuKa ee petieHus, npeuioskeHHas B crarse [11],
OasupyeTrcs Ha CIEAYIOUIMX OCHOBHBIX MOTOKCHUAX:

TOKOBEIYILIME 4YaCTH TMPEACTABIAOTCA B BHUAE MPAMOJIMHEHHBIX OTPE3KOB, KOTOPBIC
pacnosiiaraloTcs B MPOCTPAHCTBE B COOTBETCTBUM C KOHCTPYKLMEH 00beKTa, uacTh H/IEMEHTOB, B
YaCTHOCTH, Kadesiell 1 nerajeil CUCTEM 3a3eMIIAIOIIUX YCTPOMCTB, MOTYT HAXONUTLCA 11011 3EMIIEH;
JUIS MCTIOJIB30BAHMA YPABHEHMI KBA3UCTALIMOHAPHON 30HBI pa3Mepbl COBOKYMHOCTH OOBEKTOB HE
JIOJIZKHbBI [TPEBBILLIATH HECKOJIBKUX COTEH METPOB.

aHAIM3UPYEMas CETh MOMKET BKJIIOUATH B CBOM COCTAB JIMHUK YIEKTPONEepPeavn U TITOBbIE CETH,
TpaHcopmaTopbl, Harpy3ku, HaOOpbl KOPOTKMX MPOBOJAHHMKOB, KOTOpbIE Ul pacdera pexuma
MOJICTUPYIOTCA Tak ke, kKak mposoaa JIDII; BBUAY ManOCTH WX COMPOTHBICHUH TakOH MOAX0A He
MCKKACT PEIKUM CETH, KPOME TOr0, MOTYT MCIO/Ib30BATHCS 3a3€MJICHHBIE MPOBOAHUKH HEOONBIION
IUTHHBI, C MOMOILIBI0 KOTOPBLIX BO3MO:KHO MOAenupoBaTh onopbl JISII u TAroBoii cetu, nopraibl
MOACTAHIIMIA, MOJTHUEOTBO/bI U JIP.;

MOTEHIMANBI U TOKM KOPOTKHMX MPOBOAOB OMPEACHANOTCA MyTeM pacuera pexuMa B (asHbIX
koopauHarax [12, 13];

JUIsl ONPECACHHUS WEKTPUUECKOrO MOJIs HCIOJIb3YETCA METO/1 IKBUBAJICHTHBIX 3apa o8 [14, 15];
JUIS OTIpeAe/IeHUs] MHIY KUK MAarHUTHOTO 10J1s puMeHstoTes Gpopmy sl buo-Cagapa;

miockocTb X0Z nekapTroBoii cMCTEMbl KOOPAMHAT COOTBETCTBYET MOBEPXHOCTH 3eMJIM, 0Ch X
MEePHEeHINKYIAPHA Tpacce AOPOTH, a OCh Y HanpaBieHa BEPTUKATbHO BBEPX.

Omicanne moaenn. Mojienupyemas ceTh BKIIOYaeT B cebs y4acTOK JABYXITYTHOM Kele3HOM
JI0poru nepemMeHHoro Toka 25 kB co cieayromuMuy 30€MEHTaMU: 3KBUBAJICHTHBIM FeHepaTop
MATAIOIICH JMEKTPOIHEPTETUUECKON CUCTEMBI, TATOBas MOACTAHIMA C TpaHC(HOPMATOPOM
mouHocThio 40 MB-A; koHCONBHBINA yuacTok TAroBoi cetu 25 kB nporsskeHHOCTHIO B 10 KM ¢
KOHTAKTHOM moABecKOM, BoinogHeHHol nposogamu [IBCM-95+M®D-100. Ha paccrosinuu 2 kM oT
MOJACTAHIMKM MPEANnoiarajoch Hajlduyue MyTernpoBoia WHPUHONH 3 M, OCHOBaHHe KOTOPOTro
pacmoN0OKeHO Ha BBICOTE 9 M; YUUTHIBATACH TAKKE MEPUIIbHBIC OrpaxaeHus. CxeMa pacnoaoKeHus

00BEKTOB MoKa3aHa Ha pucyHke 1.
HT 1

[
14Ty = KC 1

Pucynox | — Cxema B3aMMHOTO PacnoNiOKeHHs JKEIE€3HOH JOPOTH H Iy TeIPOBOAA

Jis pewenus 3anau onpegescHus DOMIL BOiu3M myTenpoBoia HCHONAL30BAICS MOAXO,
onucaHHblii B ctathe [11] W peannsoBaHHbIi B nporpamMmmHom komiuiekce Fazonord, Bepcus
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5.3.2.9-2023. PparMeHT pacdyeTHOW CXeMbl CUCTeMBI TATOBOTO snekTpocHabxenus (CTD), ¢
MOMOIIBIO KOTOPO# TMPOBOAMACA pacdeT TpexMepHeix OMII BOIM3KM myTenpoBopaa, mMoka3aH Ha
pucynke 2. C LeabK pealu3aluu [01X04a, NPEACTaBICHHOrO B cTarbe [11], Kpome CUI0BbIX
3JIEMEHTOB, OTMCAHHBIX BbIIIE, CPOPMUPOBAHBI MOJIENTN MY TEMPOBO/IA M KOPOTKOTO Y4acTKa TATOBOM
CETH MpH nomMo1m Habopa KOPOTKUX MPOBOAHMKOB. JlnnHa kopoTkoro yyactka TC B3sata pasHoii 40
M. IlpoBoaumocTs 3eman 3aaasanack Ha yposHe 0,01 Cwm/m. Jletamu myTenpoBoa mpeicTaBiIeHbI
OTpe3KaMU KOPOTKUX MHPOBOOB, PACMOJNIOKEHUE KOTOPLIX MOKA3aHO HA PUCYHKE 3, TAe M0 OciM
KOOpAMHAT NMPHHATHI pa3Hble MacmTadbl. TOKW, NPH KOTOPHIX MPOM3BOMAMIICS pacueT HanpsKeH-
HOCTEl MarHWTHOro MoJjs: Hecy it Tpoc — 182 A; koHTakTHbIH mpoBoa — 344 A; pensc 1 — 171 A;
pesibe 2 — 163 A.

t f OcHoeanne 1 nepmna
=) ’
| |_ 1
10 33 -
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11 38 I T 4 i
% L
12 14-\'.“'_ —1
13 s 72— |74
[ | ] [:I []
1 42_1 —
15 o T —
16 44_1
171 45 |
a a

Prucyrok 2 — DdparMenTsl CXeMbI PACUETHOH MOJIENH: ¢ — 4acTh MOJIEIIH TATOBOH CETH; § — YacTh MOJIENH MyTENnpoBsojia
(pamKO# BbIJIENEH CETMEHT ¢ KOPOTKHMH ITPOBOJAMH)
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5
PHC’Y HOK 3 - KOOP,E[HHRI‘I:] pacnoyosKeHHA TOKOBELY HIHX YACTEH M IJIEMEHTOB nyTenposona:
KIT - xonraxTHele nposoaa; HT — Hecymiue Tpock
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[IpeacTaBneHne MOIENN YYacTKa TATOBOI CETH OTPe3KaMu KOPOTKHX TTPOBOIOB COMPSIKEHO €
BbIOOpOM ero npoTskeHHOCTH L. CHmkenne HanpaxenHocteit DOMIT na kpasx MoaenH, BbI3BAHHOE
OrpaHUYEHHOM AJIMHON OTPE3KOB, HE J0JKHO CKA3bIBATLCS B CEPEAMHE YUACTKa, MI0ITOMY BEJIMYMHA
L we nomxna ObiTh cimmmkoM manoil. C Jpyroif CTOpOHBI, 3aJ0KeHHBIE B ITOPUTM pacuera

o L
OrpaHM4yeHlsds Ha MakKCUMaibHbIM pasMep (6 =— D3JIEMEHTApPHOI0 OTpPe3Ka BBIHYKIAIT Bb.[ﬁldpa’fb
n

JIOCTATOYHO BOJIBINIOE YUCIIO ero pa3dueHnit n, YToObI U1 PacCTOSHUS § OT TOUKH HAOMOACHUS 10
KaXk710r0 OTpe3Ka BbIMOJAHSIOCH YCI0BUE s >3/, . Takum 00pa3om, MpoTsSKEHHOCTh Y4acTKa TATOBOM
CETH OIpeIeNIeTcs KOMIIPOMUCCOM MEKIY ABYMS NPOTUBOPEUYHBLIMH TpeOoBanusmu. Kpome Toro,
noiyuenue HanpsxkeHnocteit OMIT B cepeaune kopotkoro yuyactka TC, Mano otauyaroiieecs oT
AHAIOTMYHBIX BEJWYMH JUIMHHOTO, SIBISETCS CBUACTENBCTBOM A[EKBATHOCTH TMPEIJIOKEHHOH B
crarbe [11] meToamkm.

PesyabTarsl moaeposanus. BelOop onTuManbHON UTHHBI KOPOTKOrO YHaCTKa TSArOBOM CeTH
MPOBEJIEH CPpaBHEHWEM paccuMTaHHbIX HanpsukeHHocTeit DMII na Beicote 1,8 M s cepenunbl
KOPOTKOTO y4acTKa M Hayaja CIEeAYIOILEro JBYXKWIOMEeTpoBOro yyactka (v3iabl 38 — 45 no cxeme
pucyHka 2, a), ana koroporo OMII onpeaenanochk B MaockonapaiaenabHOH MOCTAHOBKE, MPH 3TOM
IEMEHTBI, MOAETUPYIOIIHE MyTENnpoBOA, ObUIM yaaneHbl U3 cxXembl. B wnrtore Obuia BbiOpana
ONTUMAJIbHASA JUIHHA KOPOTKOro yuactka B 40 M nipu pasOuenunu ero Ha 200 sneMeHTapHbIX OTPE3KOB
o MeToJIMKe, MpeioskeHHoit B ctatee [11]. Pesynsrars pacyeros DMIT juis TOUKK ¢ KOOpPIAHHATAMHU
x =0 u z=0 npuseaeHsbl B TaOIUIIE.

Pesynbrars! conocrasurenbhbix pacaeros IMII na seicore 1,8 m

s MCTOD, Emeax E Hmax ,é
n/m M M
1 OMII kOpOTKHX IPOBOLOB 3,20 77,67
2 [Mnockonapannensroe SMII 3,26 80,07
Ornauane DMII kopoTkHX TPOBOOB 1.8 3.0
OT MJIOCKONAPAIIENBHOTO mosis, Yo E :

[MonyyeHHble pazauums HanpsokeHHocted DMIT MOXKHO CUMTaTh BHOJIHE MPUEMIEMbBIMH s
pacyeToOR EKTPOMATHHTHOTO TIONA TATOBOM CETH C YUETOM My TETPOBOIA.
Pesynptarel pacuera DMII Ha BbicoTe 1,8 M npuBeaeHbI HA pUCYHKax 4 — 7.

; KB T
Emax g | —=06mM Emm':% .'a,'lz 0
310 /] ~=4mM \<\ - -‘_-L 5 _-——""'
// , I// \ 25 I e S il
A _\ i
3.05 -= X=LM
\ : T
3.00
/ N\ 25
N = x=4mM —
205 / '\ 13 T — S
290 XM 21 M
20 -15 -10 05 00 05 10 15 20 -6 4 -2 0 2 4 6
a 0

Pucynok 4 — 3aBHCHMOCTH aMIUTHTY I HAMPSKEHHOCTEH 3MeKTPHUECKOTO MOoJsi OT KOOPAMHAT X (d) v z (6)
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PrcyHOK 5 — 3aBHCHMOCTH aMIJTHTY I, HANPSKEHHOCTEH MarHHTHOTO TIOMA OT KoopauHar X (a) 1 z (0)

A
Hmanx, =

325 2 %0 f—'{::
ii’” / ;:;_—\::\ = // 1/ E \\

-+

A : B ¢ 35 =
- -2 o 2 - 6 4 2 0 ) M 4
a o
PucyHok 6 — CpaBHurenbHbie rpaguky aMIUTHTY /1 37eKTPHYECKOro (d) U MAarHMuTHOrO () nonel 0T KOOPAMHATHI X
npu z=0: 1 — IpH HATMYKH Ty TENpPoBOAa; 2 — NPH OTCYTCTBUH MyTENpoBoaa
Emmg%

Pucyrnok 7 — OObemMHBIe AHArpaMMBbl aMILUTHTY/] HAMPSKEHHOCTEH Ha BbicoTe 1.8 M anekTpryeckoro (a) v
MarsuTHOrO (6) nonel npyu HANHYKY Iy TENPOBOIA

ITpencraBnennsie Ha pucyHKax 4 — 7 rpa(uky Ja0T BO3MOKHOCTB CAENATh BHIBO O TOM, UTO
Mo TyTeNpoBOAOM Ha BbiCOTe 1,8 M aMMIMTY[Bl HANPSHKEHHOCTEH 3NEKTPUYECKOTO MO
ymenbmatorea. Ha ocn coopyxenus (z = 0) MakCuManbHOE CHMIKEHME BEIMYMHBI Emax 3a CueT
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3a3eMJICHHBIX KOHCTpYKIMii nocturaet 20 %. Xapaktep 3aBUCUMOCTH Hmax = Hmax (X) TIpH ydeTe
METAIJIMYECKOH KOHCTPYKIIMKA HE MEHACTCA.

Ha pucynkax 8 — 11 npuBeieHbl aHAJIOIMUYHBIC 3aBUCUMOCTH, MOCTPOSHHLIE Ui BbICOTbI
10,8 M, T. e. Ha BeIcOTE 1,8 M HA MYyTENPOBOJIOM.

Emenx. :% | Emax:%
W = e, M 14 T .\\r
17 7/" — .7\\:: 17
13 / \\‘\ 13 x=du
11 r X Ll = N
0.9 0.9 x=06M—]
i s=0 ! k
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-6 -4 -2 0 2 4 6 -6 -+ -2 0 2 4 6

PucyHok 8 — 3aBHCHMOCTH aMIUIATY i HAMPSAYKEHHOCTEH 31eKTPHUecKoro rnoss Ha Beicote 10,8 m
OT KoOpauHart X (a) u z (6)

A .1
Hmer, & Hmen, =
f,
X=4iM
3060
30355
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2 1 0 y S, 4 2 0 ; ™.
a a
Pucynok 9 — 3aBHCHMOCTH aMITHTY [ HAMPAKEHHOCTeH MAarHUTHOTO Tons Ha BeicoTe 10,8 M
oT KoopauHat X (a) u z (6)
kB widk
Emax 5 Hmax, T+ /.—-..__ _..-—.,\(2,
16 - 30 e
) f 5 _-'\\..__ / M| _"_,..r"—' Fy \
14 1 '\
12 ,./ \\1 28 // \\
10 28
08 1
06 == — - &
04 X. M 26 Y M
-6 4 2 0 2 4 6 4 3 2 . 1 2 374

0
a 7]

Pucynoxk 10 — CpaBruTenbHele rpadiMki 3aBHCHMOCTH aMILTUTY Jl 3MEKTPHYECKOrO (¢f) ¥ MarHMTHoro (0) monei
Ha BbicoTe 10,8 M oT koopaunare: X npu z = 0: 1 — npu Hanuunu nyTenpoBoaa;, 2 — NpU OTCYTCTBHH NMyTENpOBOJAA




Pucynox 11 — OObemuble nuarpamMMbl aMILTHTY 1 HanpsokeHHOCTEl Ha BbicoTe 10,8 M anexrpuueckoro (¢) u
MarsuTHoro () nosnei npu HATMYKUK Iy TENPOBOJA

[IpencraeneHHbie Ha pucyHkax 8 — 11 rpauku NMo3BOAsHOT ClieNaTh BbIBOJ O TOM, YTO MPH
HAJIUYMK MYyTENPOBOAA HAl HUM aMIUIUTY ibl HanmpskeHHOCTeH DOMIT yMeHbIIAKOTCS M0 CPAaBHEHHIO
¢ ero orcyrcrBueM; npu z = 0 amMmautyla Emax CHM3KaeTCs Ha 64 % 3a CyYeT SKPAHUPYIOLLEro
nedcTBus nepuil, a KpuBas Hmax = Hmax (X) IPAKTUYECKU HE U3MEHSAETCS.

Ha pucynke 12 mnpuBeaeHbl pe3yabTaThl MoaenupoBanus DOMIT Ha BbicoTe 8 M, T. €.
HEMOCPEACTBEHHO MOA  MyTenpoBojgoM. Jlns maruuTHOro mnoas o00€ KpUBbIE COBMAZAIOT.
HeoOxoammocTh Takoro aHainsa CBs3aHa C TEM, YTO HA IYTEIPOBOJE MOMKET ObIThb YCTAHOBJICHO
0o0opynoBaHueE, 4yBCTBHTENBHOE K Bo3/elicTBri0 DOMIL, Hanpumep, KaMepbl BHACOHAOIIOAEHHS.
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Pucyrok 12 — CpaBHuTenbHbIe rpadyKH aMITHTY I 3NEeKTPHYECKoro (@) u MarHuTHOro (6) nosei Ha BeicoTe 8 M
npu z = 0 OT KOOPAWHATEI X: | — NPU HAMHYHK MYTENPOBOAA, 2 — TIPH OTCYTCTBHH Iy TENPOBOAA

W3 pucynka 12 cremyeT, 4TO TMPH HATWMYMHM 3a3eMICHHOM KOHCTPYKIHMM HampsKEHHOCThH
NEKTPUUYECKOTO 10J1s1 HA BLICOTE 8 M BO3pAacTaeT MAKCUMYM Ha 75 %. MarHuTHOE NoJje Npy HaJIMYHK
OyTENPOBOJA HE U3MEHSETCSL.

[pencraBneHHble  pacueThl MOKA3bIBAOT 3HAYMTENIBHOE BJIMSHWE [yTENpoBOAa Ha
NIEKTPOMArHUTHOE TMON€ TATOBOM CETH, OCOOEHHO CylUECTBEHHOE BOJM3M MyTENpoBOAa M
HETIOCPEICTBEHHO Ha/l HAM.

[IpumeHeHHas METOAMKA SBJIAETCS YHUBEPCATBHOM U MOXKET MPUMEHSTBLCS. /151 MOJETUPOBAHUS
OMIT npakTHYECKHM JIH00BIX MPOBOASLIMX KOHCTPYKIMIA HEOOIBIIOH ITHHBI.

HccnemoBanus BbINOTHEHbI B paMKax rOCYAapcTBEHHOrO 3aianus «[IpoBeieHne MpHKIaHBIX
HayYHBIX UCClIe0BaHmH Mo Teme «PazpaboTka MeTO10B, ATTOPUTMOB M MMPOrPAMMHOT0 0OOeCcTIeUeHUA
IUIs MOJIEJIMPOBAHMS PEKUMOB CUCTEM TATOBOIO JIEKTPOCHAOKEHMS JKeEJIE3HBIX JI0POT [NOCTOAHHOIO
TOKA M 3eKTPOMArHUTHBIX MONEH Ha TATOBBIX MOJACTAHIHSAX JKEJIS3HBIX TOPOT ICPEMEHHOTO TOKaY.
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PAZPABOTKA NPOI'PAMMHO-AIIIAPATHOI'O KOMILIEKCA U3MEPEHUS
TOKOB 2JIEKTPOJAOB /UISI CTAIIMOHAPHOH CHCTEMbI MOHUTOPHHI A
OCHOBHBIX ITAPAMETPOB PABOTDLI DJIEKTPOJIU3HbLIX BAHH

Aunomayus. B cmamee paccMompen ooun U3 cnocofoe nOSbIMEHISL KOI(D@uyuenma Ucnoas306aHus Moka npu
RPOGeOeH i 2NEKMPOIUMUYECKO20 PAGUHUPOGANUA YGEMHBIX MEMAIOE 6 NPOMBIULIEHHBIX 00bLEMAX, d UMEHHO MOYHAA
U CROEBPEMENNAS HOCHIUDURAYLS HATUYNA KOPOMIKUX 3AMBIKAHNE MENCOY anooamit i Kamooamit 6 SIeKmponizHot
sanHe. OmmeyeHo, Ymo UHble Memoobl UoeHmuguKayuy UMelom pao HeOOCMAMKOS, KOMOPBIE CHUNCAIONT OOUVIO
ahpexmuenocme npoyecca anekmpoausa. ORUCansl OCODEHHOCMU PA3PADOMKU RPOSPAMMHO-ARNAPAMHOZ0 KOMIIEKCA
UIMEPEHISE ROKOG GHOO08 1 KAmMOA0E IAeKMPOIU3HON 6annbl. Pazpatoman oneimusiil 0Gpazely uzMepumensHot yacmu
cucmebt, O KOMOpo2o Gl RPOGEOeHbl CINEHO0E6bIE HCABINAHMNSA ¢ HCROIB306AHUCA PEATbHOT YPAGHUMENLHOT WHHb]
u wzonsmopa. Henomvzyempie mokoesie HASPY3KU RPH NPOGEOCHUN HCCIEO0BAHUTT ObUIH COROCMABUMBL C PEQTbHBIMIU
HASPYIKAMU RPU SAEKMponuse mMeou 6 yenoeusx yexa. Tokazano, umo O 6bIOPAHHOZ0 GAPUAHMA PAIMEUEHUS]
YYBCIMBUINENBHOZO DINEMEHME COXPAHACIICA IUHEHHAS 3ABUCUMOCHTL MENCOY GelUYUHON MOKA, NPOMERaIoezo vepes
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TEXHOJIOTMYECKMMU NpoLieccaMmmn 1 NPoM3BOACTBaMM

anoo 1 UHMENHCHBHOCHILIO MAZHUMHO20 NOAs snexmpoodd. [pu omom eruanie noiell MoKo8 YPasHUINeab O wilHbl Ha
DEVALMAMbL USMEPEHUS AGIACICH HEIHAUUMENbHbIM. Paccnompenst 60npocsl annapamuol peamizayiil Cucmemvl
nepeoayi OannbIxX O JAMYUKG OMuHot 6 M i Boree ¢ KOMYecmeosM anodoe e menee 64 wmyxk, 6 kavecmse nanbonee
HOMeXo3aufuennozo eapuanma eviopan unmepgpeiic RS485. [lpednoscen cnocod unmezpayuu 6 cmayuoHapHyo
CUCTEMY MOHUMOPUHEA NAPAMEMPOS U UOSHIMIUDUKAYUL KOPOMKUX JAMBIKAHUI NP INEKMPUIECKOM PAPUHUPOSaHit
Meou ¢ UCROTB30BAHNEM DECHPOBOONOT cemu nepedayn dannvix ZigBee ¢ Manviym snekmponompeinenemM KOHEeYHO20
yana. Ilpuseden cnocod opanusayui 31eKmponumaHs 00opyoosanus Om YPasHUMERbHbIX WH GUHHbL C PASHOCIbIO
nanpsaxcenus om 0,5 B u evnie. Pazpabomana cmpykmypras cxemd 6epxneo YpoeHs CUCIREMBL.

Knwuessie crosa:  snexmpomusnast  eéannd, Oamuux  Xoand, KOPOMKOE  30MbIKAHUE,  MEKIMPOIURIINECKOE
pagurposanie Meou, aHalii3 OGHHLIX.

Pavel Yu. Khudyakov', Andrey Yu. Kiselnikov!, Ivan M. Startsey'-?

'UMMC Technical University (TU UMMC), Verkhnyaya Pyshma, the Russian Federation;
*Ural State University of Railway Transport (USURT), Yekaterinburg, the Russian Federation

DEVELOPMENT OF THE SOFTWARE AND HARDWARE COMPLEX
FOR MEASURING ELECTRODE CURRENTS
FOR THE STATIONARY MONITORING SYSTEM
OF THE BASIC OPERATION PARAMETERS OF ELECTROLYSIS BATHS

Abstract. The paper discusses one of the ways for increasing of the current utilization factor when carrying out
electrolytic refining of non-ferrous metals on an industrial scale, specifically accurate and timely identification of the
presence of short circuits between anodes and cathodes in the electrolysis bath. It is noted that other identification
methods have a number of disadvantages, which reduce the overall efficiency of the electrolysis process. The features of
the development of a hardware and sofiware complex for measuring currents of anodes and cathodes of an electrolysis
bath are described. The prototype of the measuring part of the system was developed, for which bench tests were carried
oul using a real equalizing bus and an insulator. The current loads used during the research were comparable fo real
loads during copper electrolysis in a workshop environment. It is shown that for the selected placement of the sensitive
element, a linear relationship between the magnitude of the current flowing through the anode and the intensity of the
magnetic field of the electrode is maintained. At the same time, the influence of the equalizing bus current fields on the
measurement results is insignificant. The issues of hardware implementation of a data transmission system for a sensor
6 or more meters long with a number of anodes of at least 64 pieces are considered, the RS485 interface is selected as
the most noise-resistant option. The method has been proposed for integration into a stationary system for monitoring
parameters and identifving short circuits during electrical copper refining using a ZigBee wireless data network with low
power consumption of the end node. The method is given for organizing the power supply of the device from the equalizing
busbars of the bath with a voltage difference of 0.5 V and above. A block diagram of the upper level of the system has
been developed.

Keywords: electrolysis bath, Hall effect sensor, short circuit, copper electrorefining, data analysis.

DNEeKTPOIUTHYECKOE paMHUPOBAHUE LIBETHBIX METAJUIOB SBIACTCA HEOThEMIIEMOH YacThbiO
TEXHOJIOTMYECKON LENMOYKW TMPH MPOM3BOACTBE MeaW W uMHka. [Ipu 3tom Oosbline 00BEMBI
NPOU3BOACTBA METALIA U OOJIbLLIOE KOJTMYECTBO BAHH, & TAKIKE BbICOKAS [UIOTHOCTb TOKA BbI3bIBAIOT
PA Cepbe3HbIX MPOdJIeM B YaCTH BO3HUKHOBEHUSI KOPOTKUX 3aMbIKaHUI B POLIECCE IEKTPOIIN3A
[1 — 6]. TIlpumeHeHne MOAXON0B, UCTIOIb3YEMBbIX MPHU ACKTPOIN3E PEAKO3EMEIbHbIX METAIIOB, U
JHArHOCTUKA TOKA MO KaXKAOH KOHKPETHOW Lenu i WACHTHU(UKALMKA CIIy4aeB KOPOTKHX
3aMbIKAHUN CBsA3aHBI C BBICOKMMH KaNWTAILHBIMH 3aTpaTaMy U annaparHbIMU CJHOKHOCTAMU, B
pe3yJibTaTe YyKa3aHHbIX Bbillle (akTOpPOB ObUIO MPUHATO PELICHHE BBINIOJHUTL pa3padoTKy
NPOrpaMMHO-ANMNapaTHOr0 KOMIUIEKCA M3MEPEHMs BEJWYMHBI TOKOB dHOAOB M  KaTOIOB
NEKTPOIMU3HON BaHHBI, @ TAKXKE NPOTOTHMNA CTALMOHAPHONW CUCTEMbI MOHMTOPHUHTA MApaMeTpOB
JJIEKTPOJIM3HON BaHHBI (HANpsKeHUE HAa YPaBHUTENIbHbBIX [IMHAX, TEMIIepaTypa eKTPOIUTa, TOKH
KaToI0B) [UIs MOBBILIEHHs Ka4ecTBa U SIHeprodGPpexTHBHOCTH Mpoliecca eKTPOoIn3a.

[lepeiimem K omucaHuIO mporecca padoThl MEKTPOJNU3HON BaHHBI KAk JJACKTPHUYECKON LIemu.
Cxema 3ameleHuss (pucyHOK 1) BkmwouaeT B ce0s KOHTAKTHOE COMNPOTHBICHHE aHoAa Red,
COIMPOTUBIIEHUE DJIEKTPOINTA Re, BKIIOUEHHOE MOCIESA0BATEIBHO C BOSHUKAIOLIEH B 3JIEKTPOJIUTE
MPOTHBOAJIEKTPOABHKY e CHUION £, @ TaK’kKe KOHTAKTHOE COTIPOTUBIEHHE KaTo/a Rek.
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PucyHOK | — DnekrpHueckas cxema 3aMelleHns! SIeKTPOMTH3HOH BaHHbI
MPH JIEKTPONHTHYECKOM paiHHPOBAHHH MeIH

Mcxo/is M3 mpuBeACHHOM CXEMBI COTTPOTHUBICHUS MEXKIY Mapoit «aHo1 — Karoa» (TOUKH Ha cXeme
A u K) MOryT pasnuuarscsi M3-3a Pa3’HOrO MOJIOKEHMs HIEKTPOAOB, COCTABA W TEMIEPATypbl
9JIEKTPOJINTA, KOHTAKTHOIO COMPOTHBICHUS MEXKIY JIEKTPOJIAMH U LIMHOM.

TTon pelicTBHeM TMOCTOSHHOrO HanpsskeHus UunT MCTOYHMKA NOCTOsiHHOro Toka MIIT,
MOABOAMMOIO K aHOAY W KAaTOAy, MO LENH 3MEKTPOXUMHUYECKON CHUCTEMBI «aHOA — 3MEKTPOJNAT —
KaTo» MPOTEKAeT MOCTOAHHBIN TOK fie. B pesyibrate 21eKTpOXMMHUYECKUX MPOLIECCOB, BbI3BAHHBIX
NMPOTEKaHWEM TOKA [ic B JIEKTPOJIM3EPE, HA aHO/IE MPOUCXOUT IMPOLIECC PACTBOPEHUS MEIN:

Cu— 2e— Cu™. (1)

[Tpouece conpoBokaacTest 0Opa30BaHUEM MPUMECH, MEPEXOALICH B AIEKTPOJUT U AHOHBI
[i1aM, a Ha KaroJe NPOUCXOAHUT IIPOLECC BhIASIIEHUA MEIH:

Cu’" +2e— Cu. (2)

Macca meau m, BbIISIWBLIAACS HA KaTOAE MPHU 3JEKTPOJU3E, COMJacHO NEpPBOMY 3aKOHY
Mdapayies MPONOPIHOHAIBHA KOJIMYECTBY SJieKTpuyecTBa (), MOJABEJACHHOMY K 3JIeKTPOJIU3EpY M
NEKTPOXMUMUUYECKOMY IKBUBANCHTY Kox:

= kzax 2 Q (3)
SﬂeKTPOXHMquCKHﬁ SKBHBAJICHT k:ax YHCICHHO paBeH Macce MCIIH, BBLHCHHIOHIGECH Ha KaToae
r
MnpH I'IpOXO'}K,E[eHPIH CIOHUHHLIBI KOJTUYCCTBA aneKTquecha (E)

B coorsercTBUM €O BTOpbIM 3akoHOM Dapanes 31EKTPOXUMMUECKUH OKBUBAJIEHT MEIH
MPOMOPLUOHAIEH €r0 XUMHYECKOMY IKBUBAJICHTY Kx:

k,~C-k_— k— 4)

-
rae C = ; — MOCTOSIHHASL [UIsl BCEX BELIECTB, [ e

F =96500,

Yucno Cl)apa,ueﬂ onpesenseT HEM3MEHHOE MO BETHYMHE KOJMYeCTBO uiekTpuuecTsa 96500 Ko,
HeoOXouMOe sl BblfeleHust J1000r0 BEWIECTBA MPH JIEKTPOJIM3E, MO BEJIMYUHE PABHOrO
XUMHUYECKOMY 3KBUBAJICHTY Kx.
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=— ABTOMaTM3auus 1 ynpasneHue

TEXHOJIOTNYECKMMM NpoLieccamm 1 NPOM3BOACTBaMM

Macca ™eaMm, ocakmaeMas Ha Karoae TMpH  MPOTEKAHHH TOCTOAHHOTO TOKAa uepes
NEKTPOXUMUYECKY KO CUCTEMY, MOKET ObITh paccuuTana rno GopmyJe:

m=k _-I-1, (5)

rae [ — cuna Toka, NpoTEeKaLIEero Yepes napy «aHon — Karom, A;

{ — BpeMs T[POTEKaHWs TOKA 4Yepe3 JJIEKTPOJW3HYK0 BaHHY ([POJOJIKUTEIBHOCTh
JNEKTPOJIN3A), U.

DaKkTMUECKH Macca BbIICIMBILErocs MeTania mg¢ MEHbIE TEOPETHUECKOro 3HauYeHMs,
ONpelIeJIEHHOI0 € UCnojib3oBaHueM 3akoHOB Dapages. Ora OCOOEHHOCTH XapakTepusyercs
MOKA3aTEeNeM «BBIXOI METAJIA MPH 3MEKTPOIM3E MO TOKY »:

y=—"L. 6)
m

Uem Onmke BEIMYMHA MOJTYYEHHOIO HPHU HIEKTPOJHU3e METalla m¢ K BEIMUYMHE PACUETHOrO
3HAYCHUs M, TEM BbIlle OIEHUBAETCA BEICHME TEXHOJOTMYECKOro mpoiecca, T. €. €ro
(P PeKTHBHOCTE MIH KO(P(PUIIMEHT UCTIOIB30BAHUS TOKA.

Cornacno ypasHenuto Makcsenna TOK, NPOTEKAIOLIMHA 4epe3 NPOBOMALIYIO CPely, CO31aeT
MarHMTHOE TI0Jie B MEepIeHANKYISPHOM HamNpaBlIeHWN JBMKEHWs 3apsia. HanpskeHHOCTh 3TOro
MArHUTHOTO TIOJIsl 3aBUCHT OT BEKTOPA IMJIOTHOCTH TOKA J U M3MEHEHHS TUIOTHOCTH 3IEKTPUIECKOTO
noJist D B m1o00# 331aHHOM TOUKE:

A By
ot

ONeKTPONUTHYECKHE TMPOIECChl, NMPOTEKAIOMINE TPH 3JEKTPOIU3e MEAW, XapaKkTepu3yrTCs
JUTUTEIbHBIMM LIMKIaMHU (10 Hefenn). CKOpOCTh U3MEHEHHS (HApaCTaHUsl) TOKA HEBEJIMKA, MOITOMY
TOK, MPOTEKAOIINIA Yepe3 KaTo/1bl, MOMKHO ONPEIeTUTh NyTEM U3MEPEHUS MarHUTHOTO 10J1s1 BOJIU3U
YPAaBHUTEJIbHBIX LIMH.

Kak mokaszanu paHee npoBeaeHHbIe HecaeoBanus [2, 3, 7], HCMOAb30BaAHNE MEPEHOCHBIX CHCTEM
AMArHOCTUKH WM TEIJIOBU3HOHHBIX CUCTEM HE MO3BOJISIET B MOJIHOM MEPe pealn30BaTh KOHLEILIUIO
MOHHUTOPHHIA KOMILJIEKCa MapamMeTpoB M ObICTPOro yCTpaHeHHs 3aMbikaHWid. TTombITKM Ke
MCMOJb30BaTh METOJ HM3MEPEHMs HANpSKeHUs Ha YPaBHUTENBHBIX IIMHAX Takke He AanT
oy TUMOTO pesybrata. KonmuuecTBO KaromaoB B BaHHE cocTtapiser oT 60 WTyK s MEIHOTO
MPOU3BOJICTBA, @ HANPsKEHWE HA BaHHe He rpesbiaet 1 B u vaue naxoxures B npeaenax 0,35 —
0,5 B. B ciyuae BO3HUKHOBEHHSI KOPOTKOTO 3aMbBIKAHHMS MeEXIy AHOAOM M KaTOIOM TOK uepes
JlaHHY 0 napy Bo3pactaeT B 1,5 —2 pasa no cpaBHEHUO C HOMUHAJIbHBIM, @ 3aMbIKaHWE HE MPUBOJUT
K 3HAUUTEIbHOMY YMEHbBIICHHUIO HANPSYKEHUA HA BAaHHE U3-3a 00/1b110T0 KOHuecTsa sueek. [1o aroit
MpUYKHE OTCYTCTBYIOT METO/Ibl WIEHTU(MUKALIMM HAJIWYKS 3aMbIKAHWS B JJIEKTPOJIM3HON BaHHE C
BBICOKOH JOCTOBEPHOCTBIO, OCHOBAHHbIE TOJIBKO HA U3MEPEHUU HANPSIKEHUS YPABHUTEIBHBIX IIIHH,
HepemenHoii octaercs v nmpobneMa onpeaeaeHns KOHKPETHON mapbl «aHOJ — KaToa» B BaHHE ¢
HajauuueMm 3ambikaHus, OJHAKO OCHOBHOH MUPOBOH NPOM3BOAUTENb JJIEKTPOJIMU3HBIX BaHH
pPEKOMEHIyeT UMEHHO ITOT MeTo 1 iaeHTHduKarmm [8].

B pesyibrare aHajnM3a yKa3aHHbIX BbIlE HEIOCTATKOB ObUI TNPE/JIOKEH BapUAHT W3MEPEHHs
BEJIMYMHBI TOKa KOHKPETHOTO aHoza (KaToza) BONW3M ypaBHUTENbHOM miMHbL. KoHuenTyanbHo naes
COCTOSL1a B TOM, YTOOBI PACIOJIOKUTE JATYUKK MATHUTHOTO 1104151, padoTatouue Ha ddpdexre Xosia,
MoJ AHOJaMU CO CTOPOHBI BaHHbI (PUCYHOK 2). Mcnosnb3oBaHue AATYMKOB MArHUTHOrO MOJs
BepXHEl CTOPOHbI KaTo0B Aaj0 TMOJOKHTENbHbIM 3PQEKT npu MOMCKe Ciy4aeB KOPOTKWX
3aMbIKaHMH € UCTIOIB30BAHMEM MEPEHOCHBIX METOI0B, IPH TOM YMEHBLICHHE PACCTOAHUA 10 TOUKH
KOHTAKTa IIMHBI U KaTOJa JA0MKHO OBLTO MO3BOIUTH MOJY YHTh OONBIIYIO 4y BCTBUTEIBHOCTD.

(7
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P[/IC)’HOK 2 — JIuHHHE TOKA U MArHHTHOTO MOJIS npu B3aHMOJICHCTBHH C HAaTYHKOM:
1- YPaBHHTEIbHASA LHHHA, 2 - Karon, 3 — IaTYMK MarHHTHOTO MOJs

Beibop Mmecra ycraHoBKM jartuMka  Obul  ODYCJIOBIEH HEOOXOJUMOCTBI)  CHHIKEHMs
MEXaHHYECKUX HArpy30K NpPU MEPErpys3ke SJIEKTPONOB W3 BaHHBI U OCOOEHHOCTAMH TEKYLIeH
JKCIlyaTaluMn BaHH. B cyulecTsByrollell KOHCTPYKLMH L€Xa 3IEKTPOJH3a, JiA KOTOPOro
MPOBOMIINCH UCCIIEI0BAHNSA, HCIIOIL30BAHNE COBPEMEHHOIO KPaHa U CUCTEMBI MO3UIIMOHHPOBAHUA
MPAKTUYECKH MOJTHOCTBH) HCKITIOYACT 3a1EBAHUA JJICKTPOAOM OATUHKA TP YCTAHOBKE U BBIIPY3KE
13 BaHHbL [Ipu nedopmanuy WMHBL WM U30IATOPA JATHUK 34 CYET KOHCTPYKIMKA W HAIUUKS JTI0QTa
ocTaeTcs B 0€30MacHOM COCTOAHMM ¢ TOUKHM 3PEHMS MEXaHWYECKOMN LEJOCTHOCTH.

Jlns npoBepku paboOTOCIOCOOHOCTH cUCTEMbl ObUT COOpaH JKCNEPUMEHTAIbHbIA CTEHN,
npuBeaeHHblH HA pucyHke 2. KOHCTpyKUMs cOCTOSUIA U3 OTPE3Ka YPAaBHUTEJIBHOW LUMHBI U Tpex
MEJHbIX [UIACTUH, YCTAHOBIEHHBIX HA PACCTOAHWM, PABHOM PACCTOSHHUIO MEXKIY 3JIeKTPOAaMH
B LIEXE.

[Ton kaxabIM 21EKTPOAOM, UMUTHPY IOLIMM KaTo/1, ObL1 yCTAHOBJIEH JATYMK MArHUTHOTO NOJA €
aHAJIOrOBbIM  BBIXOJIOM,  KOTOpbIA  jajee  Obul  MOAKIIOUEH K AHAJIOrO-LU(POBOMY
npeobpasosarento (ALIIT). 3aganue TOKOBOI Harpy3kd MPOBOAMIOCH UCTOYHUKOM [OCTOSAHHOIO
Toka B auarnaszone ot 50 po 190 A na karoa, 4TO CONOCTABUMO ¢ TOKOBLIMM HArpyskamu nexa (110
670 A). JlonoJHUTENBHO TOK 4epe3 KaMKIblil JJIEKTPON KOHTPOJIUPOBAICS TOKOBBHIMH KIIEILAMH.
Pesynbrarsl U3MEpeHUH 11 CEPUM DKCIIEPUMEHTOB NPUBEIEHBI HA PUCYHKE 3.

130

2 120 -

'“]_]0 _________ -

100 e

90 gt

80 e

70 e

60 s

50 0. "

40

30
50 70 90 110 130 150 170 190

>

MarauTHoe nmoje KaToua,

Tok kaToma, A

PHC}:‘ HOK 3 — l"paénm 3dBHCHMOCTH MarHMTHOT'O Mo Karodd OT BEIITHYHWHBI TOKA

M3 rpaduka, npuBeICHHOTO HA PUCYHKE 3, BHAHO, YTO HECMOTPsA Ha OJM3KOE pacmonoKeHne
YPABHUTENLHON 1IMHBI K MECTY YCTAHOBKM JAaTUMKa CYLIECTBYET fBHAs JIMHEIHas 3aBMCUMOCTb
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-TEXHONOTMYECKMMM NpoLieccaMm U NPou3BoACTBaMM

MEXKTY BETUUYMHON TOKA KATOa U MArHUTHBIM MOJEM, HTO COOTBETCTBY €T TEOPETUUECKNAM ACTIEKTaM.
[Ipp 3TOM MEPETOKM JNEKTPUYECKOH OHEPrMH TI0 YPABHUTEIBHOW ILWHE HE OKa3bIBaIOT
3HAUUTE/ILHOIO BAMSHUS HA PE3YJIbTaThl U3MEPEHMUS,

Crieayomium marom rpu paspaboTke cucteMbl Obla mpopadoTka BapuaHTa cbopa J1aHHbIX ¢ 64
JATUYMKOB 3NEKTPOJIM3HONW BAHHBI, NMEHHO TAKO€ KOJMYECTBO KATOAOB MCTOJb3YETCSH B TEKYILEH
KOHCTPYKIMH BaHHbL. Mcnonb3oBanue mivHHBIX nuHuid cBsazu u ALl He npeactaBasnoch
BO3MOYKHbBIM KM3-32 HU3KOM MOMEXO03alUUILIEHHOCTH, [IPK ITOM OTCYTCTBYIOT AATYMKH MarHUTHOIO
nosis ¢ UUGpPoBbIM UHTEpdEiicoM /uls nepeaun, KOTOPblid MOKHO MCIOJIb30BaTh IS YKa3aHHOTO
KOJMYECTBa YCTPOHCTB U ¢ HEOOXOAMMBIM YPOBHEM MOMeX03alluieHHocTH. Kak npaBuio, AaTunku
Xomia ¢ un@poBbIM BBIXOJOM Mpou3BOAATCA ¢ uHTepdeiicom [2C mnam SPI Yxazanublii Ha
CTPYKTYpHOIt cxeme Habop yCTPOICTB MO3BOJISET OMPOCUTH JBa NaTYMKA MArHUTHOTO MOJIsl HA OMH
MHKPOKOHTPOJUIEP M Mepenarh JaHHble 1o uHrepdeticy RS485, 4o naetT BO3ZMOKHOCTD I10JIY YHTh
BBICOKYH MOMEXO03allMILEHHOCTh LIMHbI MPH Mepejade AaHHbiXx Mactepy. CTpykTypHas cxema
M3MEPUTEILHON YaCTH CUCTEMbI TPUBEJICHA HA PUCY HKE 4.
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PucyHnok 4 — CTpyKTypHas cxemMa H3MePHTelbHOMH YaCcTH CHCTEMBI

[TorBITKM MCTIONB30BAHUA WHBIX WHTEP(EHCOB Mepeqayy JaHHBIX HE TO3BOJIMIN TONYYHThH
BBICOKYIO CTa0HIBHOCTH paboThl, B UTOTE pa3paboTunKH OCTAHOBHIIMCH HA DoJiee 10poroM u Gomee
Hajne:xkHoM Bapuante. [Ipororun usmepurenbHON uwacTH Obul cOOpaH M MPOTECTHPOBAH KAk Ha
CTeHjIe, TaK W Ha JJIeMEeHTE [IIHH PealbHOW BaHHBI.

Jlns momHOUEGHHOH peann3aly CUCTEMbl HA KaKAylH0 M3 BAaHH YCTAHABIMBACTCS JIMHEHKa
JaTYNKOB, KOTOPBIE CBOJATCA B OJIMH IKad cOopa M mepejiayd AaHHBIX HA TP BaHHBL [luTanue
CUCTEMBl OCYIIECTBIACTCS OT YPABHUTENBHBIX IIMH. Pa3HOCTH MOTEHIMANOB [BYX YAAJE€HHBIX
VPaBHUTENBHBIX IIMH HA JBYX BaHHAX JOCTATOYHO I OOECTIEYEeHWS CHCTEMBI 3JIEKTPHUIECKOM
sHepruei (pucyHok 5).

YpagHMT e bHar Wiaka 1
ANEHTPOAMIHEA BaHHa 1
YpaBHUTENsHERA LUKWHE 2
INEKTPOANIHER BaHHE 2
VpasHTeNbHan widkHa 3

— —ceToRS485;

—  — LENW NHTEHWA K HIMEPEH1A
HanpAMEHA

L
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ABTOMaTM3aUMA U ynpaBreHune —

TEXHONOrM4ecKMM1 npoLieccamu U Nnpon3BoacTBamm

[lepenada naHHBIX B cHCTeMy cOopa ocymiecTBiseTcs Mo ceTu Zighee, koTopas Takike Ha
MPOTAKEHUM HECKOIBKHX JIET YCMEUIHO KCILTYyaTHPYETCsl B YCIOBUAX 1IeXa HNEKTPOIN3a MEJIN.

Takum 00pazom, UCHOIBL30BAHUE CUCTEMbl MOHUTOPUHIA NapaMeTpoB padoThl ANEKTPONUZHBIX
BAHH IO3BOJIAET HE TOJLKO OMNEPATHBHO HMAECHTU(MHUINPOBATH HAINYME KOPOTKUX 3aMbIKAHWIH |
CBOEBPEMEHHO WX YCTPaHATh, HO M MPOW3BOJANTH AHAIW3 TPH HATUYMH APXMBOB C OOIBIION
riyOuHOI BIOOPKM M BBICTPAMBATL KOPPEIALMIO ¢ APYTMMM NapaMerpamu paboTel 1exa, B TOM
YUC/E YCTAHOBUTL CBSI3b C MCXOJHBIM ChIpbeM W rpumecsaimMu. Haubosbiiero 3K0HOMHUECKOro
3pdexra MOKHO JOCTHIHYTH [IPH BHEIAPEHUH MOMOOHBIX CHCTEM VIS LEXOB ¢ KOO(DQHULUEHTOM
MCTIONTb30BaHMs TOKA MeHee 95 %, B 3TOM ciiyyae CPOKH OKYaeMOCTH CHCTEMbI Oy Iy T CONOCTABUMbI
C BHEJPEHHUEM NEPEHOCHBIX CUCTEM MACHTU(UKALUY, @ Takike Oy ayT JOCTUIHY Tl IONOJHUTENbHbIE
3¢ dexTsl OT BHEIPEHNS CHCTEM aHAIN3A JaHHBIX.
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HMHKMHUPUHTOBBIH LIEHTP JKEeNe3HOA0POIKHOrO TpaHenopra, r. Mockea, Poccuiickas Penepaums

YIIPABJEHUE PUCKAMH HACTYILIEHHA OTKA30B
TATOBOT'O MMOJABH/KHOTI'O COCTABA
C UCHOJIb30BAHUEM METO/1I0B TEOPUM HEYETKHX MHOXECTB

Aunomayun. Ilpeomemom  paccyvompenus  SAGISIOMCA  COBPEMENHBIE  AGMOMAMUUPOGAHHBIE  CUCTEM b
MEXHUYECKOZ0 OBCTYICUGAHUA U PEMOHING MAZ06020 ROOBUINCHOZ0 COCIMABA ¢ HCROIL30GAHUEM RPEOIAeAeMbIX MEMOO0EG
YHpasieHus Ha 6aze Meopuu HeYemKUX MHONCECME C 1feabl0 NOGLIUICHUS KAYecmea NPOSHO308 OCMAMOYHO20 pecyped
0G0PYO0GANA TOKOMOMUBOE NP HPOSEOEHHUN UX CEPBUCHO20 0GCYcusanus u pesonind. CUcmeMa pemonma 0oajicHa
cmpoumscs kax kudepuzunecxas npouzsoocmsennas cucmema (CPPS), 8 ocnose komopoii nexcam ooweounennsie 8
eOUNYIO UHGOPMAYUOHHVIO CHCHEMY GRAAPanHO-RPOZPAMMHBIE KOMRAEKCHE, QIeOPUMMbL, KOMOPLIE CMPOAMCH Ho
RPAasUIam opmMatbHo 102UKY, OAIOWes IMOYHbIC, HO OZPanuYenbie pe3yvibmamusl. s pacumipenist QVHKYUOHaIbHbIX
BOIMONCHOCHIEH  AneOpUMMOE HEOOX00UMO NPUMEHEHUe WHOYKMUBHBIX U OHATEKMUYECKUX TOSHYECKUX Memooos
VAPAGIEHUA, HO U OHU OZPAHUYCHBE NPUMEHEHUEM YEMKUX MHOMCECE, Mo HA RPAKmMuKe NPusoount K HemouHviM
ewgodam. Tlonamua « Tasxcenosecnvili cocmaay, «/Jonycmuman macca noe3oar u opyaue npu YemroM 3a0auuu 2panuly
He RO3GOIOM SHOCHL RPOOIeMBb APU APUZPAHUYHBIX 3Havenuax. Hanpomue, 6 meopuu Hevemkux MHOJICECME, 20e
RPUHAONCHCHOCHIL K MHOJICECIBY HOCUM GEPOSINHOCINHBII XAPARMEP, CYUECHEEHNO PACUUPIIOMC B03MONCHOCHIU
AGMOMAMUHECKO20 AHAU3A, 6 MOM YUCIe APl YAPAGIEHUY PUCKAKMU HACMYISHUS OmKaz08. [[envlo cmamu A6/slemca
Pa3padomra  REPCREKMUGHOT  CUCIEMBI  VAPAGICHUS HAOCHCHOCIBIO U MEXHUYECKUM  COCHIOSAHUEM  MAL08020
ROGBUNCHO20 COTMIABA T UCROIBIOBAHUEM OAHHBLX DOPMOBOT CUCIMEMbI IMEXHUYECKO20 OuqeHOCmuposanus. Ilpedioicen
ANLOPUMMUMECKUT MAMEMAMUYECKUT MEMOO PA3PAOOMKY CUCHEMbL YAPABACHUS HAOEHCHOCIBIO ROOBUNCHO20 COCMUBA
€ UCROALIOBAHUCM KAK (KAACCUYECKUX ) HOZUHECKUX MEeHOO006, MAK U HOBBLIX HA Oa3e Meopul HeHYemKUX MHONCECMS,
RO3BOMSIOWUX VCIMPAHUMYL To2u4eckue npoduemst. Ilpednodicen memood onpeodeius (hopmvl REPEXOOHOR (VHRYUU
npuHacnedxcnocmu. Ha ocnosaniu pazpacomannozo memoda onpedeneniss puckd HACMYIIEHUA OMKA306 cO30aHO
npozpavmuoe odecneventie na aneopummuyeckom aseike Visual Basic for Applications (VBA) 6 cpede MS Excel.
Pezynomamon pabomet asisemcs paspacomsa Memoouteckozo nooxood K penieHino 3a0ay YRPAeIeHs HAOENCHOCILIO
MACO6020 HOOBLUIICHO20 COCIABA, KOMOPI UCHONBIYEIMCH AGMOPOM 6 €20 OIbHETIIUX TCCIeO0RAHUSX.

Kuiouesnie cnoea: dcenesnoOoposucubiil MPAHCROPM, MA206bI NOOBUNCHOL COCHIAB, HAOCHCHOCHb, UBIMOMA-
MUBUPOCAHHOE YHPAGICHUE PUCKAMU HACIMYIICHIS OMKAZ08.

Igor 1. Lakin

Railway Engineering Center, Moscow, the Russian Federation

TRACTION ROLLING STOCK FAILURES RISK MANAGEMENT
USING THE FUZZY SETS THEORY METHODS

Abstract. The subject of consideration is modern automated maintenance and repair systems of traction rolling
stock using the proposed control methods based on the fuzzy sets theory in order to improve the quality of forecasts of the
residual life of locomotive equipment during their maintenance and repair. The repair system should be built as a
cyberphysical production system (CPPS), which is based on hardware and sofiware complexes combined into a single
information system, algorithms that are built according to the rules of formal logic, giving accurate but limited results.
To expand the functionality of the algorithm, it is necessary fo apply inductive and dialectical logical control methods,
but they are also limited by the use of clear sets, which in practice leads to inaccurate conclusions. The concepts of
«Heavy frain», «Permissible train weight» and others, with a clear definition of boundaries, do not allow you to see
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problems with boundary values. On the contrary, in the fiizzy seis theory, where belonging to a set is probabilistic in
nature, which makes it possible to significantly expand the possibilities of automatic analysis, including when managing
the risk of failure. The purpose of the article is to develop a promising system for managing the reliability and technical
condition of traction rolling stock using data from the on-board technical diagnostics system. An algorithmic
mathematical method is proposed for developing a rolling stock reliability management system using both «classical»
logical methods and new ones based on the fiuzzy sets theory that eliminate logical problems. A method for determining
the shape of the transitional membership finction is proposed. Based on the developed method for determining the risk
of failure, software has been created in the algorithmic language Visual Basic for Applications (VBA) in the MS Excel
environment. The result of the work is the development of a methodological approach to solving problems of reliability
management of traction rolling stock, which is used by the author in his firther research.
Keywords: railway transport, traction rolling stock, reliability, automated failure risk management.

Cucrembl TexHUueckoro obcnyxkusanust U pemonTa (TOuUP) TsroBoro mojABMKHOrO cocTaBa
Pa3BUBAIOTCS B YCIOBUAX YETBEPTOM MPpOMBbIIeHHOM peBontoiu (Muaayctpus 4.0), koraa co3nanne
COBPEMEHHOI aBTOMATHU3MPOBAHHON CHCTEMBI YMPABIEGHMUA HAACKHOCTBIO TATOBOTO MOABHIKHOTO
cocrapa — 3T0 uM(posas TpaHcopmauus CylecTBYOWEed cucrembl dkcmiyarauun 1 TOuP.
CoBpeMeHHOe NpPOM3BOJCTBO AOJKHO co3iaBatbesi kak «Kubepdusuueckas npou3BOACTBEHHAs
cucrema» (Cyber Physical Production System, CPPS) [1], korjia aBroMaTu3upOBaHHbIE CHCTEMBI
ynpasienns Ha 0asze [T-texHonoruii oOBEAMHAIOTCA B €IMHYK CUCTEMY s pelleHus oOuieit
MUHTErPUPOBAHHON 3aJayd YOPABJACHUS. DTOT TPEHJ HUMEET MECTO M Ha KEJIe3HOAOPOKHOM
Tpaxcnopre [2].

Kpuruuecknii aHaiM3 JIOTMYE€CKHMX METOAOB YynpasjeHHsi. B OCHOBe alropuTMoB
MEHEDKMEHTA, B TOM YHCJIe AHarHocTupoBanus u ynpasnenus TOuP, nexar 3akons! hopmansHOi
JOTUKH [4], KOTOpbIE OIPENEeNAI0T CTPOrHe IpaBuiia MOCTPOSHUS YMO3AKIIOYEHUN C LEJbI0
[OJIYYEHMSI HOBBIX 3HAHWI Yepe3 YeThipe 3aKkoHa [5].

3aKOH MCKJIFOUEHHOTO TPEThEro MPEANonaraeT JBa OTBETa: «UCTHHAY («truey, 1) umm «1oKb»
(«false», 0): yrBepsxnenus 4 < B, 4 = B, A > B umerot aub0 J0KHOE 3HAUeHue, 1100 uctuHuoe. B
AITOPATMAX 3aKOH TPEACTABICH omnepatopoM ycnoBHoro mnepexoma «if ... then». Taxxe
MCTIONIb3YETCs MHOMKECTBEHHBIW OINEepaTrop YCIOBHOTO repexoja, Hamnpumep, «Select ... Case».
BosnukaeT npobaema npu HEONpeaeIeHHOCTH 3HAYSHUIT IepeMeHHBIX — A = nil, B= nil — wnu xorna
MX 3HAYEHHME OMPEIEICHO C OTPAHNYECHHON BEPOATHOCTHIO.

3aKkoH HENpPOTHBOPEUUS MCKIKOUYAET BO3MOMKHOCTH [JBYX U 0ojiee MNPOTHBOPEUUBBLIX
YTBEPKIEHUI: HE MOXKET OIHOBpeMeHHO ObITh A < B U A > B. CobntofieHde 3aKkoHa B aIrOpUTMax
He (OpPMATN30BaHO N TPeOYET KOHTPOIS.

JIONOMHUTENBHBIA 3aKOH IOCTATOYHOTO OCHOBAaHWS BAXKEH TPH TMPHHATAM pEIIeHWi Ha
OCHOBAHUU OrpaHHUYEHHOr0 o0bema JaHHbIX. Hampumep, npu yciosuu, uto 4 < B, a B < C, u
Haauuuu uHGopmauuu, uto 4 < C, MOKHO YTBEpKaaTh, 4T0 A < B. [IpH AMarHocTUpPOBaHUK YacTo
MCIONIb3YIOTCS  KOCBEHHble npu3Haku. Hampumep, cpabarbiBaHue ObICTPOICHCTBYHOILETO
BBIKJIIOUATEIIA ABJIACTCA KOCBEHHBIM NMPU3HAKOM HATMYMA OTKA3a B CHIOBBIX LIEMAX,

DopmanbHas JOrMKa MMeeT HedocTaTkd. [lepBoHadasibHOE €€ paccMOTpeHHE KaK TEeOpHH
MBILUICHHS] [PU3HAHO HECOCTOATEIbHbIM. MMEHHO NOITOMY MOSBUIMCH HOBBIE HAIPABICHUS
pa3BUTHS JTIOrHYECKMX METO0B. PazpaboTaHbl OCHOBbI MH/LY KTUBHOM JOTUKH [5]: MIIFOC K NPUHLIMITY
«OT O0IIEro K 4aCTHOMY» MPEJIOKEH «OT YaCTHOTO K 001eMy».

MHIlyKLlHSI BBIJIBHUIACT HyﬂeBBle THMI0TE3bI H I'I()}],TBep}K,H.aGT €€ 4YaCTHBIMH CJT}”{EUIMH
Habmonenus. Hampumep, «Ilpu nposepke TOPMO3HBIX KOIOAOK Hpu npodere B 500 Thic. KM HUX
TONIIMHA BCerja mpeaenbHa W Tpedyercs 3amena. [1o3ToMy mpu odepenHOM 3axofe noes3aa Ha
PEMOHT HEOOXOAMMO MOArOTOBUTH MEPEXOAHON 3arnac TOPMO3HBLIX KOJOAOK». «Y COpoka paHee
OCMOTPEHHBIX BArOHOB OOHAPYKEHb! CJIEbl BAHAAIN3MA — €CTh BEPOATHOCTD, YTO U B 41-M Baroune
Oy ayT nmop4yn». ITU METO/Ibl UMEIOT BEPOATHOCTH A0CTOBEPHOCTH P < 1 u otmbku Q = 1 — P.

OTaenbHO caeayeT OTMETHTh MPodIeMy HEOTIPeACTCHHOCTH, H3BECTHY IO KaK «Mapagoke Kyqm»
[5]: ecnim 13 Kyuu 3epeH yOupaTh o OAHOMY 3€pHY, KOT/1a Ky4a nepecTaneT cymecTBoBars? [lonaTne
«Ky4a» 4eTKO He onpejeseHo. [ToHaTHs «y0BIETBOPEHHBINH KIUEHTY, «KOM(OPTAOEIbHBIN CATOHY,
CMHTEJIIeKTyalbHas cUcTeMa YIpaBieHus», «rnpodeccuoHalbHOe BeleHHe Noesnay, «nepernpoder
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Moe3aa», «BbICOKAA HAACIKHOCTHY, KHANMPAKEHHBIH Tpa@uKk» M MHOTO APYTUX HE UMEIOT TOUHOTO
OMpEeNeHNA, HO MO3BOJAIOT CTPOUTH ACAYKTHBHBIC YMO3AKIIOUEHNA, XOTA MOIYT MPUBOAMTH K
napajgokcaM. HeweTkocTb onpeieseHuss TEpMUHA HApyLIAeT MMPUHLMIN JBY3HAYHOCTH CYIXKIEHUII
(ucTuHa/noxkp). Hanmpumep, rpysosoi noesn maccod 7000 T mpu ycranosnennoit 7100 T no
3[PaBOMY CMBICTY SIBISCTCS TAKEIOBECHBIM, MO (PopManbHbIM NpU3HaKam — HeT. [1pu 3ToM macca
3000 T Touno He TAxKenoBecHasd, a ¢ 7100 T — TOYHO TAKETOBECHAS.

[Tpumep. IlycTh TKENOBECHBIM MOE3I0M cuuTaercs noesn maccoi or 7100 T u Ha ero
JNBUKEHHUE HA PYKOBOISLLMIA MTOABEM HATOKEHO OrpaHUuYeHHe MUHIMAJILHON ckopocTH B 40 KM/4 110
YCIOBHAM neperpena TaroBbix anexrpoasurareneit (TO]]). Torna Bozaukaet npobnema: ay coctasa
maccoii 7099 T unu npu ckopoctu 39,99 km/u ects puck neperpesa T3J1? Ilpu uetkom onpeaeaeHum
KaTeropuit Hapy LieHui HeT, HO PaKTHYECKU €CTh PUCK OTKa3a.

OTKasbl MepBOi KaTEropuu JKEJE3HOMOPOKHOM TEXHUKH OMpEeAeSeHbl Kak NpUBEIIINE K
3anepkke nmoesaa Ha 1 gac u 6onee [7]. [puaunoii moxkeT 66ITh oTKII0UeHHe ognoro TO/l. Ho mpu
3a7epikKe moesfa Ha 59 MHHYT TepsioTCs AaHHble MO OTKasam octainbHbiXx TDJ| — cHmxaercs
(P PEKTUBHOCTE YIPABICHUS HANEKHOCTHIO.

JIpyrue npumepsbl: BbICOKOCKOPOCTHbBIE MOE3/1a J0MKHbI CJIEA0BaTh CTPOrO MO PACHUCAHWIO —
KaKyr 3aIpKKy CIeAyeT cuutath ono3aanuem: 1 ¢, 1 muH, 5 MuH? MHTEHCHBHOCTh OTKA30B HE
JOJKHA mpeBbiaTh A <= 1,25 oTka3oB Ha | MaH kM — a A= 1,26 cieayeT CuuTaTh HeIOMmyCTUMO
HU3KOH HANeKHOCTBIO? DJIEKTPUUECKH anmapar aoskeH cpaborars 3a 250 mc nocie nojayu
VIPaB/AIOLIEr0 CUIHAIA — CJIEAYET JIM CYMTATh OTKazoM cpabarbiBanue 3a 251 mc? [lpusenenubie
MpUMEpbl MOKa3bIBAKT, YTO YETKME MOHATUSA CO CTPOro 3aJaHHbIMHM MPEAENbHbIMU 3HAUYEHUAMH
MapaMeTpPoOB HA MPAKTUKE MPHBOAAT K CHIKEHUIO 2((EKTUBHOCTH yNpaBiaeHHsA HAICHKHOCTBIO.

Takum o0Opas3om, MpW CO3AHWA MOJIENIN YIIPABIEHUS HA/IEKHOCTBIO CIENYeT MPelyCMOTPETh
y4eT HeI0CTaTKOB METO0B (DOPMAlIbHON JTOTUKH.

Bo3MOKHOCTH TEOPHH HeIeTKHX MHOKeCTB. BBIX0 M3 TOTHUECKHX MapagokcoB (hopManbHOH
Joruku npeioken B 60-e rr. XX B. BbIJAIOLIMMCH aMEPUKAHCKHM MaTEMaTHKOM W JIOTHKOM
Jlotgu 3aze [8, 9], KOTOPHIA BBEJ MOHATHS «HEYETKas JIOTHKa» U «HedyeTkue MHoxkecTBay (Fuzzy
Nets), MO3BOJMBIINE B 3HAYWTENbHON CTEMEHM CBA3aTh MATEMaTUKy M MpPOTrpaMMUPOBaHHUE C
MPUCY UMM YETOBEKY HWHTYMTHUBHBIM CIOCOOOM KOMMYHHUKAIH. OCHOBHBIM TMOHSATHEM SABISCTCA
COOCTBEHHO HEUYETKOE MHOKECTBO A, KOTOPOE 3a/1a€TCA MHOKECTBOM BXOAALLMX B HETO JIEMEHTOB
x € X' n pyHkumeit npuHaneskHocT pi(x) € {0, 1} 9THX IEMEHTOB K MHOKECTBY

A={(x pa(x)|x e X} M

Jl1st Ka)KA0ro HeYeTKOro MHOXKECTBA A MOKHO HaiiTH 3HaueHus x € X, korjga pu(x) =0 (TouHo
HE MPUHAUIEKUT) UK pu(X) = 1 (TOYHO mpuHaAIeKUT). B npumepe ¢ TAKENOBECHBIMU M0E31aMU
Macca moesza m NPUHAAIEKUT MHOKECTBY BO3MOKHBIX Macc nmoesaa M. m € [0, 9000]. I1pu macce
noesna m = 7100 T noesn cunraercs TaxenosecHbM: w(m = 7100) = 1, a npu macce mensiue 3000 T
ABJIACTCA JIerkoBeCHbIM: W(m < 3000) = 0. Jina maccel noespa m € {3000, 7100} ¢yHKkuuo
MPUHAJIEKHOCTH K TAKETOBECHBIM N0€3/1aM L(#17) MOXKHO ONPEAeanTb TaK:

w3000 > m > 7100) = (m — 3000) / 4100. (2)

Jpyroit npumep — Gy HKUMS TPHHALIEKHOCTUA CKOpocTH v € {0, 90} K Hapy LEHHIO CKOPOCTHOrO
pexKrMa Ha PyKOBOISILEM MoabeMe. 31ech rpauk UMeeT OTpHULIATeIbHbIA HAKJIOH:

(30 >v>50)=1—(v—30)/20. 3)

Jpyroii npuMep (yHKUMH TPHHALUICKHOCTH AWArHOCTHUECKOro curHana «Temneparypa B
canoHe» 7 € {0, 50} k KOM(OPTHOIA:

u(17>t>20)=1-(v-17)/3, p(25>1>28)= (28 —v) /3. (4)
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Takum 00pazom, TeOpUs HEUETKUX MHOKECTB MpEAIaracT METO AJisl ONUCaHus KaTeropuii 6e3
KECTKO YCTAHOBIECHHBIX MPEAEIOB KOHTPOJIUPYEMOTO MapamMeTpa.

Dopmy (PyHKLUU IPUHAIIISKHOCTH WLA(X) KETATSILHO ONPEASIIATD 110 (PU3UUYECKUM [TPOLIECCam,
nporekaroluM B oObekTe. Hanpumep, gacoBoil Tok / TsaroBoro snektpoasurarens HB-514E no
yeaosuam neperpesa TOJl / = 880 A, a ok mnutensHoro peskuma /=790 A. Boigensemoe tenio
3aBUCHT OT kBampara Toka C= [° MOITOMY TPWHAUIEKHOCTE TOKA K YaCOBOMY SBIISETCS
napadoan4ecKoi.

Jonycrtumo ornpeaensate GpopMy KpuBOid (YHKLMM NPUHAUIEKHOCTH W MO KPUTHYHOCTH.
Hanpumep, NpuHaANEKHOCTh CKOPOCTH K MAaKCHMMAaJIbHO JIOMYCTUMON J0JKHA MMETh BBINY Kbl
rpaduk, a 1onycTAMas TeMrepaTypa Harpesa M30JALMN — HA000POT: BOTHYThIH. Takum oOpasom,
thopma (DYHKIMM MPHHAIVIEHKHOCTH [LA(X) — CAMOCTOATE/IbHASA TeMa JJIf aHaju3a npu pa3padorke
monenu TOuP.

Otkasz Q corsnacHo 'OCT 27.002-2015 [10] onpexnenen kak «coObITHe, 3aKjroyarolieecs B
HapyeHUH paboTOCOCOOHOrO COCTOSHHUA», MOKET ObITh MOJMHBIM MM YACTHUYHBIM» — Cpasy
NOABIACTCA HEUETKOCTh B M3MEPEHUM HA/ICKHOCTH B uncie 0Tka3zoB. Kpome Toro, y oTkasa MoryT
ObITe pasHble mociencTBUAs. Hampumep, OTKa3 TArOBOTO 3JEKTPUHYECKOTO [IBUTATENsl MOKET
MPOABUTHCA Kak HEOOXOAMMOCTh 3aMEHHMTh JEKTPHUSCKYIO IIETKY B KOJJIEKTOPHO-IIETOYHOM
annapare (Mpu TEXHUYECKOM 00CIYKUBAHUKA U PEMOHTE OTKA30M HE CUMTACTCS ), @ MOKET MPUBECTH
Kk HeoOxoaumocTn kanutaibHoro pemonta (KP). U to u apyroe Oyuper orkasom TDOJl Ecnu xe
MPUHATH KaMTaabHBIA peMOHT 3a noJiHbIH oTkas w(KP) = 1, 3ameny sxops u(sxkops) = 0,5, MoTopHo-
akoproro noamwnnanka W(MAIT) = 0,5, a wetku p(metka) = 0,001, To Hagexnocts TOI MOXKHO
OLIEHUTh Kak CyMMY HEUETKHX OTKA30B ¢ OTHECEHHWEM K BBIMOJHEHHOH paboTe: BpeMeHu padoThl,
npodery, TOHHO-KWIOMETPOBOM paboTe WM 3aTpayeHHOM SHEprud B KWUIOBaTT-yacax (mpoiue
paboTy M3MepATh Kak npober B MUJUTMOHAX KWJIOMETPOB: MCCIIE0BAHUA aBTOpa MOKA3aiu, YTO
K03 GULMEHT KOPPENALIHN ¥ MEXK/Ty BO3MOKHBIMH NOKa3areasMu paboThbl 0JJHON CEpUU JTOKOMOTHBA
Ha OJAHOM mojuroHe padotsl npessimaet 0,9).

[lyere B peno skcryarupytores 100 BOCBMHOCHBIX 3JIEKTPOBO30B €O CPEIAHECYTOUYHBIM
npoberom 700 kM. 3a mecsu Ob110 nipousseaeHo 1000 3aMeH 31eKTpUUIeCKUX 1IETOK, 20 3aMeH AKops,
10 3aMeH MOTOPHO-AKOPHBIX NOAIIMMHUKOB U 5 T/l moanexanu KanuTajibHOMY peMoHTY. O01uit
npober TOJI B neno 3a mecan cocrapun L = 100 - 30 - 700 - 8/1000000 = 16,8 man km. I1pu oTom B
«4eTKOM joruke» npousouuio N = 20 + 10 + 5 = 35 orka3oB, a «4eTkas» HapabOTKa Ha OTKa3
ha=N/L=35/16,8=2,08 orka3a Ha 1 MJIH KM. YUeT OTKA30B C NIPUMESHEHHUEM TCOPHU HEUETKHX
MHOXECTB [103BOJIsieT D0Jiee aieKBaTHO OLIGHUBATh HajekHOCTh TO/:

Aa= (1000 - 0,001 +20-0,5+10-03+5-1)/16,8=19/16,8=1,13 oTkasza Ha | MJIH KM.

Muxkpornporieccopabie  cuctembl  yrpasieHus (MCVY) J0KOMOTHBOB JUIsl  [OBBILLISHHS
HaJe)KHOCTH AyOnupOBaHbl. €CAM OAMH MOJYKOMIUIEKT OTKasaj, TO MAIMHHUCT TEepPeKIIOueHUEeM
TymOnepa nepesoaut paboty MCY na Btopoii. Ilpu 3axone nokomoTuBa Ha [1TOJI oTkasaBuimii
MOJYKOMILIEKT 3aMEHSeTCs Ha ucnpasHblii U3 nepexona. C TOUKM 3peHMS IKCILUTYATALIMOHHOM
HaJeKHOCTH JIOKOMOTHBA OTKasa He Obuio. Opnako s koHcTpykropoB MCY 3toT OTKas
HeOOXOMMMO YUeCThb /UIA aHANn3a Haie)KHOCTH. HeueTkas Toruka mo3BoiseT yCTpaHuTh npobaemy,
NpUaaB KOKIOMY BHIY OTKasa 4yuCIoBoe 3HauyeHue pmcy € {0, 1} B 3aBUCHMOCTH OT CTOMMOCTH
peMoHTa M nociaeacTeuit: ecau otkaz MCY npusen K 3ajepkkaM B NEPEeBO30UHOM MpoLecce, TO
OTKa3 J0/DKEH YUYUThIBATh HE TOJBKO CTOMMOCTh BOCCTAHOBJIEHMSA, HO M CTOMMOCTb MOTEPH
nepeBo3ovHoro npouecca. Eciau, Hanpumep, MCY otkaszan 50 pa3 ¢ ycrneuiHbiM MepexoaoM Ha
BTOPOI mosykoMriekT (mpu umcy = 0.1), TO B U€TKOM JIOTMKE YKCI0 0TKA30B Oy IeT TaAKUM:

—Aa=N/L=0/16,8=0 0rka3zos Ha | MIH KM (OTKa3bl OKA3aJIUCh CKPbITHI); )

— B HeweTkoM joruke: Ax =50 -0,1/16,8=5/16,8=0,3 orkasa Ha 1 MJIH KM.
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B rpynme xommnanmii JlokoTex Bo Bcex 85 cepBHCHBIX JOKOMOTHBHBIX [EMO BHEIpeHa
aBTOMATH3MPOBAHHAA CHUCTEMA YIPABICHWA TeXHHUYCCKHM oOciayxkuBanuem u pemontom (TOwuP)
noxkomotuBoB ACY «CereBoit rpadur» [11, 12], B koTOpoil 00HAPYKEHHbIE OTKa3bl WM AAKE
MPOCTO 3aMeyaHus 1Mo padoTe JOKOMOTHBA M3 BCEX MCTOYHHMKOB (OOPTOBOM KypHAT JIOKOMOTHBA
dbopmbr TY-152, MCY, Bu3yanpHas TpHEMKa JOKOMOTHBA B PEMOHT M Ap.) DUKCHPYIOTCA B
MeKTpoHHOM kypHane TY-28D (auarHocTrueckas kapra), mocjie yero MacTep Ha3HayaeT crecapam
CBEPXLMKJIOBBIE JOMOJIHUTE/IbHbIE PabOThl, MO0 KAKA0H M3 KOTOPBIX PErUCTPUPYIOTCS TPY/10BbIE
3aTparkl, Pacxo/l 3anacHbIX 4acTedl U marepuaioB (B wrTykax ¥ pyossx). Takum oOpa3om, MOXKHO
BCErJa paccuuTarbh CTOMMOCTh yCTpaHeHusa arodoro orkasa. Ecau npu 3TOM NMPOM30IIEN 3aX07
JIOKOMOTHUBA HA HEIUIAHOBBI PEMOHT, TO ClIEAYEeT A00aBUTb CTOMMOCTL JOCTABKU JTOKOMOTHBA B
JIETIO U MOTEPHU MEPEBO30HHOI0 MpoLiecca (M0Ka TAKOH METONUKHN HA JKeJTE3HOI0POAKHOM TPAHCTIOPTE
Her). Ilpu kanutanbHOM peMoHTe UTose = 1. B apyrux caywasx urowp <1. Takum oOpasom,
npetaraemMasi TEXHOJOTHSA YUYeTa OTKAa30B € WCIMONB30BAHMEM TEOPHM HEYETKUX MHOKECTB
npaxkTuuecku peaausyema B ACY TOuP.

B OAO «PX/» B ungopmarmontoii cucreme KAC AHT [7] mpoOiiemy 4eTKOro MOHSTHSA
«OTKa3» MpEJIOKEeHO pelllaTh 4Yepe3 BBEJEeHHE MepBOM, BTOPOM M TpeTheil KaTeropuii orkasa B
3aBUCHUMOCTH OT MOCJEACTBHIA s MEepeBO30vHOTO npolecca. Ho mpobaema octanacs. Hanpumep,
OTKAa30M TEPBOH KaTeropuH CUMTAETCS OMO3/AaHME MACCAKMPCKOro moesna 0osiee yem Ha 5 MMH,
ono3nanue Ha 4 MuH 59 ¢ He OyaeT 0TKa30M MEPBOro poaa.

Taxum o0pazoM, 11 OLEHKH d(PPEKTUBHOCTHU IKCIUTYaTALUN U HAEHKHOCTH IEKTPONOE3I0B OT
CUETKUX» J10MycKoB (ObUIM HEOOXOAMMbI NPU PYUHOM TexHoJorun oOpaboTku AaHHbIX) B ACY
CleyeT MEepelHTH K HEUETKHM MHOKECTBaM A4 ¢ TMJABHO MEHAIOLIMMCS 3HAYCHUEM 3adaHHOU
dhynknum npunauieskaoctd wa € {0, 1}, JIns noHsTHs «0TKa3» B 3aBUCHUMOCTH OT eT'0 TOCIe/ICTBHH
cleayeT nepeiiTi 0T OMHAPHBIX YTBEPIKACHUI MPUHAIEKHOCTH (MCTUHA/I0%b) K BEPOSTHOCTHBIM,
4TO CYIIECTBEHHO MOBBICUT OOBEKTHBHOCTE MOHUTOPHHTA TEXHUYECKOTO COCTOAHHSA TOKOMOTHBOB.

CrieayoLuid ciryyaid ucnosib30BaHus TEOPUU HEUETKUX MHOMKECTB — 3TO HeueTkas jioruka. [1pu
YIPABJICHUHU HAJIEKHOCTHIO0 OHA MPUMEHUMA [PH YIIPABICHUH PUCKAMMU, I'JIe PUCK VIKE OLIEHUBACTCS
yepe3 BEpPOSATHOCTb (O HACTYIUIEHWs MOTEHIMATbHO OMacHoro codbiTus. Hanpumep, eciau B 1exe
HapyIIaeTcsl TeXHWKa 0€30MacHOCTH, TO €CTh PUCK TPaBMBI, €CIIH MPOU30IILIA YaCTUUHAS MOTEps
paboTOCNOCOOHOCTH JIOKOMOTHBA — PUCK OMo3aanus noesaa, ecan TOJl padboran ¢ Tokom 1200 A
DoJsice 5 MUH — PUCK NPOOOST U3OJSILIMK, €CIIH HAMNPSYKEHUE B KOHTAKTHOH CETH ObLI0 3aBbILICH-
HBIM — PUCK KPYyTOBOT'0 OTH# 110 KojiiekTopy. Eciin anexrpuyeckuii annapar cpadarsiBaeT MeJIEHHO,
CYLLECTBYET PUCK ero oTkaza. OueBUAHO, YTO BCE MPHBEAEHHBIE JTOTHUYECKUE MOCTPOCHUS TPYIHO
nucenonb3oBath B ACY 6e3 mpumeneHus HeueTkHX MHOkecTB. M HaobGopoT: BBedeHue (yHKIWH
MPUHA/UICIKHOCTH 10 KAKIAOMY HCMONB3YEMOMY TOHATHI0 Cpasy JAeJaeT 3aaady yIpaBleHHs
pUCKaMK BO3MOKHON K aBroMaTusauuud W ucnonbzoBanuio B ACY kak (onoBoro mnpouecca
MOHHTOPUHIA PUCKOB.

[TpriMeHUTENBHO K MPebly UM TPUMEPAM JIOrHYECKOoe yTBepKIeH e Oy 1eT BbINIAAETh TaK:
€CJIM HapyLIeHbI BECcoBas HOpMa rnoesja (codbithe A) Uin CKOPOCTHOM peskuM (cobbiThe B), TO eCTh
puck R oOTKaza TArOBbIX JJIEKTpOJIBUraTesieil B TeueHWe copoka Omwkalmux aHei (mpoboii
M30ALMH ). B 4eTKOH TOTHKE 3TO 03HAYALT CIEIYHOMIEe:

IfAor BthenR =1, (6)
B HEYETKOM JIoruke BoipaxceHue (6) Oy1eT MMETb BUJI:
R =pa(m) + (1 — pwa(m)) * us(v) <1, (7)

roe m € M — BO3MOJKHBIE MacChl MOE3Aa;

v € V'~ BO3MOKHbBIE CKOPOCTH M10€3/1a;

ua € {0, 1} m us € {0, 1} — GyHKIMH OPUHAIICIKHOCTH TEKYUIUX 3HAYCHUH pa(m) v us(v)
OnacHbIM cOObITHAM A (HapylIieHue BeCOBOH HOPMbI) U B (HapylieHHe CKOPOCTHOTO PEeKuMa).

— NU3BECTWUA TpaHccunba




— ABTOMAaTM3auus M ynpaBrneHue

TEXHOJIOTMYECKMMM NpoLieccaMmy 1 NPOM3BOACTBaMM

Dopmysia ABAAETCS 00paTUMOii, ¥ €€ MOMKHO 3amucaTh B BUAC:
R = ps(v) + (1 — ps(v)) - pa(m). (8)

[Ipumep: eciau BecoBass HOpma HapywieHa pa(m) = 0,75, a CKOPOCTHOHM peKuUM HapylueH
us(v) = 0,45, T0o puck oTkasa

R=0,75+(1-0,75)-0,45=0,45+ (1 -0,45)- 0,75 = 0,8625.

Cornacno I'OCT P 27.102-2021ucnipaBHOE COCTOSHME TPAKTYeTCA KAk COOTBETCTBHE BCEM
TpeOdOBaHUSAM, YCTAHOBJIEHHBIM B J10KYMeHTaluu Ha o0bekT. HeucrnpaBHbiM cHUTACTCS COCTOSIHUE,
Korja xots Obl oiMH napameTp x € X Bbiluen 3a npesesnbl Tpedosannil. Ha npaktuke, eciu napamerp
x OJIM30K K JomycKam X1 (X = xj1), TO YK€ eCTh pUCK R BbIXO/a napamMerpa 3a JAonycku. [losromy BO
Bpems TOuWP kenarenpno p00MBaThCs HaNWyMs napamMeTpoB B Oosiee KECTKMX OMYyCKax.
PaccmoTpum nipumep.

MuHUMaJIBHBIA YTOJI OTKPBITUS TUPUCTOPOB (10 BBINPSIMHUTEIbHO-UHBEPTOPHLIX peobpa3oBa-
teneii (BUIToB) 31€KTPOBO30B NMEPEMEHHOI0 TOKA CY ILIECTBEHHO BIMAET HA YCTOWYMBOCTH pabOThI

w o
BHIlo.. [1pu HanpsikeHun B KOHTAKTHOI ceTu B 25 kB 00> 9. Beicokoe 3HaueHHE () NPUBEAET K
notepe 2HeprospdexTruBHocTH BUIIOB: BO3pacTeT peakTUBHAA SHEPTUA, MOHU3UTCA KodDuIIneHT

o w
morHocTU: 0o < 14", [Tpu 3TOM KenaTebHa HACTPOKA MUHMMAJIBHOTO Y14 OTKPBITUA THPUCTOPOB

KaK MOKHO OJIHKe K 3HAYEHHUIO 00 = 9°, BaskHo, uTo npasblil 1 NeBbIA 101YCKH ONPEACIsINCE 110
Pa3HbBIM MMPUHLIMIIAM: 0€30TIACHOCTH 1 FIHEPro3h(PEKTHBHOCTH.

Takum 00paszom, 10TycKH Ha mapameTpsl pu TOUP Takske ciaemyeT 3a1aBaTh ¢ UCTIOAb30BAHUEM
MOAXOA0B TEOPUU HEUETKUX MHOMKECTB,

Eciu ecTb HECKOIBKO B3aUMOBIHAIOLIMX AOMYCKOB, TO KAKIbIH JIOMYCK B OTACTBHOCTH MOKET
coOII0IaThCA, HO NP 3TOM OBITh NMPHKATBIM K OJHOMY Kparo orycka. Torja BO3HMKAeT PUCK
0TKa3a, 4yTo OBLIO MCCHAeI0BaHO B JOKTOpckoii muccepraumm WM. [1. Mcaesa. B aToMm cayuae puck
HEMCNPABHOCTH MOXKHO OLEHHWTh Kak Mpou3BefeHne (yHKUMHA NPUHALICKHOCTH K HEUCTIPAaBHOMY
COCTOAHUIO, PaccMOTpUM MpUMEP pUCKA HEUCTIPABHOCTHU OJIOKA yIPABICHHS MUHUMAJIBHBIM YTJIOM
OTKPBITHS TUPUCTOPOB €0 1O TPE/IbIIY LIEMY MpUMepy. 3aiepKaHHblil yrojl OTKPbITHS THPUCTOPOB
003 /17151 BTOPbIX TUIeY YIpaBieHus 10JkeH (POpMUpOBaThCs TaK:

a=o0+A+7y, 9)

rae A — MUHIMaTbHAS 3aJePKKa 003 MO OTHOIIEHHIO K 00
Y — YIroJl KOMMYTALUU THPUCTOPOB.
Puck nencnpasnoctu BUIla R npu npeuiaraeMoMm 1ojaxo1e MOKHO OLEHUTb (HhOpMYII0i

R=1— pa(0). (10)

Puck otkasa BUIla Rpin BO3HUKHET Kak NMPOHM3BEIEHUE PUCKOB HECOOTBETCTBHA MCIPABHOMY
COCTOSIHMIO O0, A W Yy ¢ COOTBETCTBYIOMIMMH (YHKUMAMH TMPHHAATCIKHOCTH K HCIPABHOMY
COCTOSIHMIO Ma(@), UA(A), ty(y) u puckamu Ra, Ra, Ry:

Riun = Ro* Ra* Ry = (1 — pa(@)) - (1= pa(A)) - (1 — uy(y)). (11)

Takum 00pa3oM, 3a1aBasi WK AHArHOCTUPY i HApaMETPhl CUCTEMBbI, OMPe/Ieiss MPHHALICKHOCTh
CUTHAJIOB K MCIPaBHOMY COCTOSIHHIO, MOJKHO OMPEAEATh PUCK R OTKasa TArOBOTO MOABHKHOTO
cocTaBa Kak MPOM3BeIeHHE PUCKOB 0TKa30B R, 06opynosanus, n € N:

R= T10=1 Rn=[1IN=1(1 — pa(xn)), (12)
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rae We(Xn) — QyHKINSA TPUHAUICIKHOCTH 000pYI0BaHUA # K UCIIPABHOMY TIPH TEKYIIEM 3HAUYEHHH
napaMeTpa Xu.

MaTtemaTHYeCKOe MOAETHPOBAHHE PHCKOB OTKA30B € HCMOJIb30BAHHEM METOA0B TEOPHH
HEYeTKHX MHOKecTB. PacCMOTpHM HCTIOJIB30BAaHHE TEOPHM HEYETKMX MHOMKECTB I pacyera
PHUCKOB OTKA30B TPH HAJIWYMM HAPYUICHWI PEKUMOB SKCmmyatanuu., [lycTh €cTh MHOXKECTBO
OMACHBIX PEKNUMOB IKCTITyaTaluu A, COCTOsAIIEE U3 OTACTBHBIX HapymeHud 4i € A, rae i € {1, 2,
..., max}. Hactynnenue coObITHA X; U3 MHOKeCTBa A; MPUBOIUT K OTKa3y C BEPOATHOCTHIO P;
(ompenenseTcs craTucTudeckn ). CoObITHE X; TPUHANICKUT K MHOKECTBY Hapy eHui 4; ¢ QpyHKImei
npuHaaneKkHocTH f1(x:) € {0, 1} (odo3HaueHune f MCNoab30BaHO BMECTO W M3-3a OTCYTCTBHUS TAKOTO
cumbosia B VBA). Torna puck HacTyIuieHHs 0TKA3a N0C/1€ HACTYIUICHUS COOBITHS X;

Pi(x)=Pi - fa(xi) <1. (13)

DYHKINA TPUHATIEKHOCTH 00BITHO UMEET TPU AHANa30oHa:

1) x <xr f{ix)=0— napameTp X TOYHO HE NPHHAIJICIKUT MHOKECTBY A,

2) x1 < x < X2 — NPUHAUIEKHOCTb NapamMeTpa X MHOXKECTBY A onpexensercs uepes f (x);

3) x > x2 — napaMeTp X TOYHO NPUHAIJIEKUT MHOKECTBY A (f(x) = 1).

Jlns uccrenoBaHms BO3MOKHOCTEH TEOPUU HEUETKMX MHOKECTB MPUMEHUTENIBHO K Y TPABJIEHUHO
pHCKaMM OTKA30B aBTOPOM HamucaHa MporpaMma Ha aaroputMuueckoM aAswike Visual Basic for
Application (VBA) B cpenie MS Excel [6]. OcHoBy nporpammsbl coctasisitoT Gy Hkuu (Function) F1,
F2, ..., Fi2, peanusyromme 12 BuoB (GyHKUMH OpUHAIUIEKHOCTH f1(Xo), f2(X0), ..., fiz(Xo), TAC Xo —
OTHOCHUTETBHOE 3HAYCHNE TTapaMeTpa X B MEPEeXOAHON 30He:!

Xo=0npux<x1,xo=1npux>x2,x% =x—x1)/(x2—x1). (14)

Jlis moenuposanus GyHKIMH f Harrcana porpamma Sub Demo.
DyHKUMH fi(Xo) U f2(Xo) ABIAOTCA JTUHEHHBIMM:

ﬁ(JCn) = Xo, fZ(XQ) =] —ﬁ (Xo). (1 5)

DYHKIAN f3(Xo), fi(Xo), f5(Xo), fo(Xo) ABMAIOTCA KBAAPATHUHBIMI M JKEIATENbHBI K MPUMEHEHUIO,
€CJIM  HapylIeHWe OJIHOW W3 TpaHMLl HE BIEYeT 3a CODOH pe3Koro H3MEHEeHHs CTEeNeHH
MPUHAATEIKHOCTH K MHOYKECTBY A, a ¢ IpyToii rpaHuIlbl — BIEYeT:

S3(%0) = X%, fi(%0) = 1~ f3(X0), f5(x0) = 1 = f3(1 — o), fi(x0) = 1 — f(xo). (16)

DYHKIAN [7(Xo0), f3(X0), fo(Xo), f10(Xa) COOTBETCTBYIOT aNepHOANICCKOMY (WHEPLIMOHHOMY ) 3BEHY
BTOPOTO MOPsAKa, Koraa ¢ o0enx rpanuil Tpedyercs iaBHOe Wiin, HA0OOPOT, — PE3K0e N3MEHEHHE
(DYHKUUN NPUHAUICKHOCTH. ANEPUOINIECKOE 3BEHO CMOJICIMPOBAHO C MMOMOILBIO KBAIPATHUHBIX
(hyHKUMHR:

% < 0,5: fi(x0) = 0,5 A2 - Xo), %o >=0,5: fi(x0) = 0,5+ 0,5 - 4(2-(x0 — 0.,5)). (17)

DyHKIMHA f11(Xo0), f12(X0) COOTBETCTBYIOT HOPMAJILHOMY 3aKOHY (yHKIMH NpUHALIeKHOCTH. Jns
TOr0 Juana3’oH OT XxI [0 X2 paccMarpuBaeTcs Kak juana3oH B {f5-c}, e o —

Cpe/lHeKBaipaTHuHoe OTKJoOHeHHe. Matemarndeckoe oxkumanue M = 10, a ¢ = 1, a ynkuus
NPUHAUIEKHOCTH fiv pACCUHTHIBAETCS 110 (hopMyie:

Si(xx) = (1/(c - (2 - 3.14159)"%)) - Exp((—(xx — M)*) / (2 - 6%)), (18)

rnexx=M-5:0-(0,5—x0), TOrna
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Ji1(xo) = M(xx) / M(M); fia(xo) = 1 — fi1(%o). (19)

DOyHKIMHM TIPUHAIIKHOCTH 71T OTHOCHTENTBHON TEPEMEHHOMH Xo ABISIOTCA YHHBEPCATBHBIMH
IUIsl JIOTMYECKMX MMOCTPOCHWIA MMPU YIPaBICHUM PUCKAMM HACTYIUICHMS] OTKA30B. B mporpamme
CO37]aH YHHMBEpCalbHbIM MeXaHW3M pacdeTa (PYHKIMM TMpUHALTekKHOCTH (Tadbnuua 1). Pacder
OCYILIECTBISETCS C NOMOIIBIO Mpoteny pbl Sub A, 3anyckaemoii ananornuno Sub Demo coueTannem
knapuin A/t-F§8. B kauecTBe MCXOAHBIX MAHHBIX CIEAYET 3a7aTh THUN (PYHKLMW TPUHAIIEIKHOCTH,
Mpeesibl NepexoHO 30HbI HEYETKOrO MHOMKECTBA X1 U X2, TEKyllUEe 3HAUEHHE IapaMerpa X,
BEPOATHOCTh HACTYIUICHUSA OTKa3a B CITyydae MPHHAICAKHOCTH K MHOMKECTBY Ai.

HapyiieHne CKOPOCTHOTO PeKMMa TAKETOBECHBIM MOE3/10M TPUBOIAT K MEPErpeBy H30JIS AN
M PUCKY JanbHeliero npodos B TeUeHWE OJIHOTO — JBYX MecsdleB. [IpoBeieHHble MCCle0BaHNs
MOKA3bIBAIOT, YTO BEPOATHOCTH MPoOOS M30AUMK P2 ipH 3TOM HapyiueHun coctasnseT 0,8,

Tabnuua 1 — Yausepcansras dopma pacdera GyHKLUHH TPAHALICKHOCTH

Hasganne A, Tun £ (x) X1 X2 X P; fx) | fixyp

TawenosecHsll noes, T 4000 | 6300 | 5100 | 0,457 0,457

Hapyienue cKOpOCTHOTO peknuMa, KM/ 40 55 50 [ 08 | 0222 0,178

Hapy meHue BeCOBOH HOPMBL, T 6300 | 6400 [6350 | 0.9 | 0,750 | 0,675

Bpems paboTet ¢ 4aCOBBEIM TOKOM, MHH 60 80 70 [0,75 | 0,750 [ 0,563

Bpewms paboTsl ¢ MATUMHHYTHBIM TOKOM, MHH 5 8 6 |075| 0556 | 0417

O |h | f= || — | =~

[lpesuimenne nanpsxenus va T/, B 1000 | 1300 1030 | 0,7 | 0,180 | 0,126

Puck otkasza R| NOSBUTCS, €CIM TSKEIOBECHbI noesn ((pyHkuus A1) HAPYLWIUT CKOPOCTHOMH
pexxum (GyHKuus A2):

Ri1= 41 and P2 - A2, (20)

Jna MHOXkecTBa A1 «TSOKETOBECHBIH Moe3ny BbiOpaHa (YHKUMSA TPUHAIICKHOCTH f7, AIs
CKOpOCTHOTO pekuma — fo. IlpumenuTtensHo k BOCTOUHOMY MOMHUIOHY TSKETOBECHBIM CUMTACTCSA
noe3n maccoi x2 = 6300 1. DkcnepTHOM OLEHKOH onpeneneHo, uto noesn Maccoit x1 = 4000 T ve
MOJKET CUMUTATHCS THAKEIOBECHBIM. AHAIOIMYHO B MPUMEPE ONpeJIeieHbl IPAHUIIBI Il CKOPOCTH:
x1 = 40 xm/u, x2 = 55 km/u. Toraa nns moesna mMaccoid x = 5100 T ¥ CKOPOCTHIO MPOCJICAOBAHUA
noasema x = 50 km/a puck mpobos uzonamun R coctasut 0,081,

[Tpu HanMUMK HECKOJBKUX BUJIOB pucka — Ri, Ro, ..., Rj — o01mii puck HacTymieHus orkasa
Oy et onpenensThes no GopmyJie, Takke peain30BaHHON B IIporpaMMe:

R=Ri+(1—-R)-R+(-R—-(1-R)-R) R+ .. (21)

B tabauue 2 npuseneH pe3ybTar pacdera A/ npuMepa o tadauue 1. Puck npo0os usonsumun
R cocrasnsier 0,933,

Tabnuua 2 — Pacuer pucka npo0ost M30MALKMH 71 npuMepa no Tadnuue 1

Pucxk Puck npoGos uzomsimu R 1 — Ry
Puck R, Meperpes TO]I Ha pyKOBOIAILIEM NOABEME 0,081 0,081
Puck R Ileperpes T /1 u3-3a BeICOKOH Maccel noesza 0,675 0,620
Puck R; IpeBbieHHe YacoBOro TOKA 0,563 0,168
Puck Ry IpeBbIieHne NATUMHHY THOTO TOKa 0,417 0,054
Puck Rs IpeBbimenue Hanpscenus Ha TOJ] 0,126 0,010

O6wuii puck oTkaza R 0,933
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PaccuuTanHbie mpuMepsI ¢ UCTIONB30BaHHEM paspadoTanHoii mporpammel B cpere VBA Excel
[14] noareepannn HPPEKTUBHOCTL MPUMEHEHHS TCOPHUH HEYETKHX MHOMKECTB 1S CYLIECTBEHHOTO
pacLINpeHKst BO3MOKHOCTEH BEPOSTHOCTHO-CTATUCTUUYECKOIO YIPABICHUS PUCKAMU HACTY [LICHUS
0TKa308 000pY I0BaHUsI JIOKOMOTHBOB.

[Ipu paspabotke moaenu TOMP OTEHECTBEHHBIX BBICOKOCKOPOCTHBIX 3JEKTPOMOL3/I0B
MpeanaraeTcs KOMIUIEKCHO MCMOJb30BaTh JI€AYKTUBHBIE M WHAYKTHBHBIE METObl (OpManbHOl
JIOTUKH, METO/1bl JIHAIIEKTHYECKON JIOTMKM M METO/Ibl TeOPUU HEUETKMX MHOMKECTB, MaKCUMAJIbHO
OTKA3bIBASICH IPH ITOM OT YETKHUX TMOHATHI Kak OrpaHM4MBAIOINX BO3MOXKHOCTH aHalu3a W
VIpaBJIeHNs.

[Tpu ynpapieHun HaAEKHOCTLIO 000PYA0BAHUS MPOUZBOAUTCS AMATHOCTUPOBAHUE C UCIOJIb-
30BaHUEM crielH(PUUSCKUX /1 Pa3HBIX BUIOB 000PYI0BAHUS MATEMATUYECKUX METOI0B, [10CIIE YEero
CTPOMTCA AEIyKTHBHOE yMO3akiroueHue 00 ucrnpaBHOcTH (paboTocnocoOHOCTH) 000pyI0BaHMS,
HaIUunuM TPEHIOB K BBIXOAY MapamMeTpoB 3a Aomyckd M Ap. Ecau noayueHHoit mHpopmarnu
HEQOCTATOYHO /71 YHPAaBICHHUs HAAEKHOCTBIO 00OPYAOBAHUSA, TO JIOMOJTHHTEIBLHO HCIOIB3YIOTCS
MHIYKTUBHBIE METOIIbl aHAIN3A — MEHEE JOCTOBEPHbIE (BHAYAJIEC MPOCTO BLIABUTAIOTCSA TUIOTE3bI),
HO Oosee nHOPMATHBHBIE.

CrnemyronyM 3TanoM MOCTPOSHHbIE alTOPUTMbl MEPEBOAATCS HA JOTHKY TEOPUM HEUYETKHMX
MHOKECTB C UCTIONb30BaHNEM (DY HKIMI NPUHAANEKHOCTH TIAPAMETPOB K MHOJKECTBAM MapaMeTpoB.
Heobxonumo ycTpaHuTh BCe MapajioKChl YETKUX MHOXKECTB (CyOBEKTOB) M ACHCTBUI Haj HUMU
(MpeauKaToB) Yepe3 Nepexo/l Ha MeTO/bl HEYETKOM JIOTUKHY.

Jlasiee npou3BOANTCS COOCTBEHHO aHAIU3 C MPUHATHEM YMPaBIEHUYECKUX PELIEHUi, KOTOpbe
JIOJIKHBI COOTBETCTBOBATH MPUHIANAM AUATEKTHUECKOM JIOTHKH, B TOM YHCJIC MPUHIANAM Mepexoaa
KOJMYECTBA B KauyecTBO, €IMHCTBY M Oopnbe nporuBononokHocTeil. Jlajiee MUK yIpaBlieHHs
HaJIe’KHOCThIO TMOBTOPAETCH 1O MPUHLMIY MOCTOAHHOrO yiayuiueHus Oasapaa Jlemunra (Uukn
PDCA).
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