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B nocnednue 20061 nossunacs 803MOHCHOCHb COCOUHEHUSI NOE3006 NOBLIUEHHOU MACCHl NOCPEOCMBOM BUPMYANbHOL CYENKU, KOMO-
pas He noopaszymesaen ux Mexanuueckoe cyenienue, OOHAKO Npu OBUNCEHUU PACCIOHUE MeACOY COCMABAMU NOOOEPHCUBAETCSL NO-
CMOSIHHBIM. DMO paccmosinue Onpeoeisiemcst ¢ y4emom Mace noe3008, NOPMO3IHO20 NYMuU, Pealu3yemMblx CKOPOCMell, d Mmakice Opyeux
gaxkmopos u npunumaemcs paguvim 1500...2000 m. Tlpu ucnonv3osanuu MEXaHUUeckol CYenku COeOUHeHHble noe30d Cledyiom Ha pac-
cmosinuu 5...6 km. B cmamve npugedenvi pe3ynbmamul KOMRbIOMEPHBIX UCCAE008ANUL, HANPABIEHHBIX HA U3YYEHUE GIUSHUS MEXHONO0-
2utl GUPMYANbHOU CYENKU HA YPOGHU HABEOCHHIX HANPSICEHUll, KOMOpble 803HUKAIOM HA MPYOONPO6ooe HA3eMHOU NPOKAAOKU U3-3a
INEKMPOMASHUMHO20 GNIUSHUSL MA206bIX cemell. /[ pewenus smotil 3a0aqu npumensiucs paspabomaunnvie 8 Upl'VIICe memoowvt mooe-
JIUPOBAHUSL PEINCUMOB CUCIEM MSI208020 IIEKMPOCHAOICEHUs, 8 OCHOBY KOMOPHIX HONOICEHbl MYIbMUpazHble MOOeNU dIeMeHMo8
9EKMPOIHEPLEMULECKUX CUCEM, Pealu308anHble 8 npocpammuom komniexce Fazonord. Ilpu gopmuposanuu mooeneil yuumoleaiucsy
2APMOHUYECKUE UCKAICEHUS] HANPSIJICEHULL U TOKO8 MS20601 cemiul, d MaKice pacnpedesieHHoCms napamempos. Moodenuposanue npoge-
0€HO NPUMEHUMENbHO K CXeMe DNeKMPOCHAOIICEHUS. MASUCMPATbHOU Jicene3Holl dopocu ¢ ms2ogol cemvio 25 kB. Paccmampuganuce
08a cnocoba GopmMuposaHst MANCEN08ECHbIX N0E3008: MEXAHUYECKOe CyenieHue U eupmyanvbhas cyenka. Pezyrsmamor mooenuposanus
NOKA3GU, YMO NPU UCNONb308AHUU BUPMYATLHOU CYENKU CPeOHUe 3HAUEHUs! Pe3YTbMUPYIOUUX HABCOCHHbIX HANPSIJICEHUll, PACCUUMAH-
HBIX OJ11 OMOCIbHBIX MOYeK mpyobl C YHemoM 2apMOHUHECKUX UCKadiceHutl, chudcaiomest Ha 35...124 Y%. Ipeonooicennas memoouxa u
paspabomannsie KOMNbIOMeEPHble MOOEIU MOSYM UCHONb308AMbCS HA NPAKmMuKe 0is obecnedeHus 91eKkmpo6e30nacHocmu nepcoHad,
pabomaiowe2o Ha mpy6onpo8oAax, KOMopsie PACnOLON’CeHbL BOIUU MASUCIPATILHBIX JICENE3HbIX 00PO2.

KunroueBbie coBa: TaroBsie cetT 25 kB; cTansHbIe TpyOOIIPOBO/IHI; HABEICHHbIE HATPSDKEHNUS; MOACINPOBAHNE.
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In recent years, it has become possible to connect trains of increased mass by means of a virtual coupling, which does not imply
their mechanical coupling; however, when driving, the distance between the trains is kept constant. This distance is determined taking
into account the train masses, braking distance, realized speeds, as well as other factors and is taken equal to 1500 ... 2000 meters.
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When using an automatic coupler, the connected trains follow at the distance of 5 ... 6 km. The article presents the results of computer
studies aimed at studying the effect of virtual coupling technologies on the levels of induced stresses that arise on the ground-laying
pipeline due to the electromagnetic effect of traction networks. To solve this problem, the methods for modeling the modes of traction
power supply systems developed at Irkutsk State Transport University were used, which were based on multiphase models of elements of
electric power systems, implemented in the Fazonord software package. When forming the models, harmonic distortions of voltages and
currents of the traction network, as well as the distribution of parameters, were taken into account. Modeling was carried out in relation
to the power supply scheme of the main railway with a 25 kV traction network. Two ways of forming heavy trains were considered: me-
chanical coupling and virtual coupling. The simulation results showed that when using a virtual coupling, the average values of the
resulting induced stresses, calculated for individual points of the pipe, taking into account harmonic distortions, decrease by 35 ...
124%. The proposed methodology and the developed computer models can be used to solve practical problems associated with ensuring
the electrical safety of personnel working on pipelines that are located near the main railways.

Keywords: traction networks 25 kV; steel pipelines; induced voltages; modeling.

Beenenne. [loe3n, KOTOpBI COCTOUT U3 ABYX CLEIUICH-
HBIX MEXIy CO0OH COCTaBOB, Ha3bIBAETCSI COCTMHCHHBIM.
HenocraTkn naHHOW TEXHOJIOTHM OPTaHW3ALUM JBIDKCHUS
COCTOSAT B CIICAYIOLIEM:

e Ha BBINIOJIHEHHE MAaHEBPOBBIX PA0OT IO COETMHEHHUIO
noe3oB Heooxoaumo 30...60 MuH;

e TpedyeTcsi MoJOOpKa IOE3/I0B MO COCTOSHUIO JIOKO-
MOTHBOB,

e TIOBBIMIAIOTCA PHCKHM BBIIABIMBAHMUSA BaroHOB WIIH
Pa3phIBOB aBTOCIIEIIOK;

® CO3[Al0TCS 3HAYNTENBHBIC TATOBBIE HAarpy3KW, Hera-
THBHO BHJIIOIINE HA CUCTEMY SJIEKTPOCHAOKCHUS;

e MOTYT IOBBIMIATHECS YPOBHHM HaBEACHHBIX HarpsKe-
HUI, KOTOpBIe co3atoTes TsAroBoii ceTpbio (TC) Ha cMEXHBIX
JVHUAX W TIPOTSHKEHHBIX METAIMYECKHX KOHCTPYKIHAX,
Hampumep, Tpyoonposoaax [1-15].

B mocnennue roapl NosIBUIACH BO3MOXKHOCTE (hopMupo-
BaHMS COCAMHEHHBIX IOE3/I0B C UCIIOJIH30BaHUEM BUPTYallb-
HOH crenku [16], mpu KOTOpoil He MpUMEHSEeTCs UX MeXa-
HH4eckoe creruieHne. OfHaKo NpH JABWXEHUH PACCTOSHHUE
MEXIy COCTaBaMH TOAICPKUBACTCS IOCTOSIHHBIM. JTO pac-
CTOSIHHE ONPEJEIICTCS C YIETOM MAcC COEMHIEMBIX T10€3-
JIOB, TOPMO3HOTO IYTH, PEaIM3yeMbIX CKOPOCTEH, a TaKxkKe
Ipyrux (akTopoB W mpuHEMaetcs paBHBIM 1500...2000 M.
[Ipn mcronb30BaHUM MEXaHMYECKOW CIENKH COEIWHEHHbIE
Moe3/1a CIEeYIOT Ha pacCTOSIHUU S...6 kM [17].

Hwxe npuBeneHsl pe3ynbTaThl KOMIBIOTEPHBIX HCCIe-
JIOBaHUI, HAIIPaBJICHHBIX Ha W3y4YCHHE BIUSHHS TEXHOIO-
TMi BUPTYaJIbHOHM CLIENKM Ha YPOBHH HABEACHHBIX HAIPs-
skeHU#, co3maBaembix TC Ha TpyOompoBOme Ha3eMHOU
MPOKIAIKH.

MeTtoauka MoeIUPOBaHUsA. PacdeTsl 371eKTpOMAarHuT-
HBIX BImstHUHN JIOIT Ha TpyOGOmpOBO BBITOJIHSIMCH HAa OC-
HOBe paspabotaHHbXx B HMpl'YIICe mMeTomoB MomemupoBa-
HHSl PEKMMOB CHCTEM TSATOBOTO 3JEKTPOCHAOXKEHMs, B OC-
HOBY KOTOPBIX MOJIOXKEHBI MYJbTH()A3HbIE MOJIEIH dJIEMEH-
TOB 3JIEKTPOIHEPTETUYECKUX CUCTEM, PEAIU30BAHHBIE B
nporpaMmmHOM Kommiekce Fazonord [15; 18]. HaBenennsie
HaNpsDKEHUS Ha 3a36MJICHHON METaNIMYECKON KOHCTPYKIIUU
OTIPEZIETISIFOTCS, B OCHOBHOM, MEXaHM3MOM MAarHUTHOTO
BIMSHUA. {71 NX TOYHOTO pacdera BEIYUCILUTICH COMIPOTUB-
JICHUSI B3aMMHBIX MHAYKTHBHBIX CBS3€Hl MEXIy MPOBOIAAMHU
TC u npoBoOASIIUME dIeMEHTaMH CoopykeHus. s pere-
HUS OTOW 3a7a4l MCIOJb30BaUCh hopmynsl Kapcona [19],
KOTOpBIE TO3BOJISIIOT KOPPEKTHO YUHUTBIBATh BO3BPAT TOKOB
yepes 3eMIII0.

Jnst 6moxeel n nanbHel 30H uHTerpana Kapcona npu-
MEHSUTNCh annpokcuMupyomue dopmynsl. bonee moapob-
HOE OIHUCaHHe aIrOPUTMa BBIYKMCIECHHUS CONPOTUBICHUI

B3aMMHBIX HHAYKTHBHBIX CBSI3€H pUBeneHo B paboTe [15].

Pesynbrarel MopequpoBaHusi. 15 MozaenupoBaHUs
HCIIOJIB30BANICS TIPOrPAMMHBINH KOMILIEKe Fazonord, ommca-
HHE KOTOpPOTO MpuBeAeHO B padore [18]. @parment ucxon-
HOHM CXEMBI TATOBOTO M BHELIHETO AJIEKTPOCHAOKECHUS MOKa-
3aH Ha puc. 1. Ha ee ocHOBe peanm3oBaHa pacueTHas MO-
JeNb, (pparMeHT rpaduueckoro u300pakeH s KOTOPOH Mpu-
BeJieH Ha puc. 2. OHa BKIIIOYaNa CIeIYIOIINE MOJCIH: TPEX
TSATOBBIX TPAHC(OPMATOPOB M TAKOTO JKE€ YHCNA JIMHHUNA
anektponepenayn 220 kB, a Takke IByX MEXNOACTAHIHOH-
HeIX 30H (MII3). B coctaB mneBoit MII3 Obuia BKIIOYCHA
TOKOBEyIIasi YacTh, MOACIUPYIOIIas Ha3eMHBII TPyOOIIpo-
BoA IuaMeTpoM 250 MM, PacCHOJIOKEHHBI Ha PacCTOSHUM
100 M ot ocu nmoporu. s puKcaryu HABEJCHHBIX HAMpS-
JKCHUH B OTAENBHBIX TOUKaxX TpyOs! 3Ta MII3 Opla pazoura
Ha IIITh YYacTKOB, IPOTSHKEHHOCTh KOTOPBIX cocTaBisuia 10
kM. ['padyku JABWKEHWsS CHBOCHHBIX MOE3/I0B Maccou
12672 T u cocraBoB Maccoii 6 384 T mpu BHUPTyaIbHOU
CIIeTIKe MpuBeeHbI Ha puc. 3. Ilpu npoBeneHNn MOAEINpo-
BaHMS YYUTHIBAJIHNCH TAPMOHMYECKHE MCKAKEHHS HampshKe-
HUN U TOKOB TATOBOW CETH, a TaK)K€ pacIpe/ie]IeHHOCTh Ma-
paMeTpoB.

Ha ypoBHM HaBeieHHBIX HANPSDKEHWH CYIIECTBEHHOE
BIIMSTHUE OKa3bIBAET XapakTep 3a3eMJICHHs TPyOoIpoBoja.
[MosTomy mpu GopMHUpOBaHMM MOJENEH IpeAronaraiach
YCTaHOBKAa CTAI[OHAPHBIX 3a3eMJIIONIMX YCTPOMCTB IO
KpasiM paccMaTpUBaeMOI0 y4acTKa COOpyKeHus. BemnunHa
COIPOTHUBJIEHUH 3a3eMiuTeNneld npuHUManach paBHol 1 Om.
Kpome Toro, y4uTHIBAJIOCH paCHpeesieHHOE 3a3eMJICHHE
TpyOs! Bemmuunoii 0,05 Cm/kM.

B nporecce MoaenupoBaHHA ONpEAeNsIach IUHAMHKA
U3MEHEHHS CIEAYIONMX COCTaBISIOMIMX  HAaBEJCHHBIX
HaIpsKCHUN:

— OCHOBHO yacToThI Uy,

— 3¢ GeKTUBHBIX 3HAYESHUH IS BHICIIMX FAPMOHUK

U, =Uk

U

rae Kk, — cymMMmapHbIi K03 PUINEHT rapMOHHK;
— Pe3yIBTHPYIOUINX BEININH

U, =U,{1+k? .

i1 TOKOB, NPOTEKAIOMHKX IO TPyOe, BBIYUCISUIACH
AQHAJIOTMYHBIE [T0KA3aTENH.

IlonydyeHHble B pe3ysbTaTe MOACIUPOBAHUS BpPEMEH-
HBbIE€ 3aBHCUMOCTH NPEACTaBIEHbl Ha pHuc. 4. MakcuMyMBbI

napametpos Ui, U, n U, npusenens B Tadm. 1.
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Ha puc. 4 mpezncrapiieHsl BpeMEHHBIE 3aBUCUMOCTH CO-  3BaHHOH HM3MEHEHHAMH TATOBBIX HAarpy3oK IBHKYIIUXCS
crapnsmommx Uy, U u U, s Todek Tpybonposona, oT-  T0€3/10B. 3aBHCHMOCTH MAaKCHMYMOB HABEICHHBIX HANps-
KEHUH OT KOOPAMHATHI X IUII TOKOB OCHOBHOW YaCTOTBI

BEYAIOIINX Pa3IMYHBIM 3HAYCHUSM KOOPAWHATHI X (pHc. 1).
MIPUBEACHBI HA PHC. 5.

HpI/IBelIeHHI)Ie 3aBUCUMOCTHU CBHUACTCIILCTBYIOT O PE3KO
HepeMeHHOﬁ JUHAMHUKE HABCIACHHBIX HﬁHpS{)KQHPIﬁ, BbI-
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Tabauna 1. MakcuMyMbI COCTaBIISIFOIUX HaBeIE€HHBIX HaNpsDKeHUi, B

X, KM
ITapamerp Crenka 0 10 20 30 20 =0
Bupryanbuas 46,30 59,90 70,80 189,80 165,70 66,20
U1 CaBoEHHEIE TTOe3/1a 27,70 26,60 33,20 122,40 114,90 51,00
Paznuune 40,17 55,59 53,11 35,51 30,66 22,96
Bupryanpnas 15,93 8,90 17,41 67,74 56,61 19,02
Ung CaBoeHHbIE 03712 20,05 19,39 36,41 125,25 105,77 31,16
Pazmuune —25,86 -117,75 -109,17 —84,88 -86,84 —63,86
Bupryanpnas 29,97 28,05 36,72 139,40 128,09 54,18
U CaBOoEHHEIE TTOe3/1a 50,45 62,96 79,62 227,40 195,22 73,05
Paznuune -68,34 -124,45 -116,84 -63,13 -52,41 -34,81

IIpencrasnennsie B Tabn. 1 1 Ha puc. 4 U 5 gaHHBIE 103~
BOJISIFOT CIIEJIATh CIICTYFOIIHE BHIBOIBI:

1. HaBeneHHple HampspKEHUs OCHOBHOM YacTOTHI TPH
CIBOEHHBIX Moe3aax Ha 23...56 % MeHsblle, yeM IpU BUPTY-
ampHOH cuernke. [ HanpspkeHnid Ung 1 Us HaOmromaercst
oOpaTHasT KapTHHA: TApaMeTPbl YMEHBIIAFOTCS COOTBET-
CTBEHHO Ha 26...118 % u 35...124 %. CnenoBatensHO, IpH
BUPTYaJIbHON CIIETIKE 3aMETHO YIIYUIIAIOTCS YCIOBHS DJICK-
TPOOE30MaCHOCTH.

2. BapuabenbHOCTh PE3YJIBTHPYIONIMX HABEJACHHBIX
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HaNpsDKEHAH U BUPTYaJIbHOM CIIENIKH U CIBOCHHBIX TOE3-
JIOB TIPAMEPHO OJMHAKOBa. B mepBoM cirydae auama3oH u3-
MeHEeHUH K0d((QUIHNCHTOB BapWalWd JIGKHUT B Ipelesax
0,81...1,32, a Bo BTOpOoM — 0,88...1,44.

Wz-3a Hanmmumsi HaBEeACHHBIX HANPSDKEHHH IO TPyOe
HAYMHAIOT MPOTEKaTh TOKH. COOTBETCTBYIOIINE BPEMEHHBIC
rpaguku i1 TOKOB OCHOBHOW 4YaCTOTHI IPHUBEICHBI Ha
puc. 6. 3aBUCUMOCTH MaKCUMaJlbHbIX 3HAYEHUH TOKOB OT
KOOPJMHATHI X MOKa3aHbl Ha puc. 7, 8.
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Puc. 8. 3aBHCHMOCTE MAKCHMYMOB PE3YNbTUPYIOLINX 3HAYEHHH TOKOB OT KOOPIUHATHI X

[ony4eHHbIE Pe3yNbTaTHI ITO3BOJIAIOT CHOPMYINPOBATH
BBIBOJ O TOM, YTO MaKCUMYMbI PE3YJIbTUPYIOIINX 3HAYC-
HUI TOKOB IIPY BUPTYaJbHOU CLEIKE U CABOCHHBIX I0€3-
Jlax pa3iNyaroTcsl He3HAUYUTENBHO.

3akuarouenue. [IpeacraBieHHas meroquka u paspabo-
TaHHBIE KOMITBIOTEPHBIC MOJIEIN O0ECIEeUNBAIOT KOPPEKT-
HOE OMpe/ieNiCcHNe HABEJCHHBIX HAMPSDKCHUH € yYeToM
BCEX BIIMAIOMUX (DAKTOPOB, TAKUX KAK PEXKHUMBI PabOTHI
TATOBOH CETH, TapMOHHYECKHE HCKAKCHHUS, CIIOCOOBI 3a-
3emiieHHs TpyOorpoBoaa. PazpaboTaHHash TEXHOIOTHUS MO-
JICTUPOBAHUST MOXKET MPUMCHSTHCS HA MPAKTHKE MPH IjIa-
HUPOBAaHWU MEPOINPHATHH 1O 00OECIeueHHIO 3JIeKTpobes-
OMMACHOCTH MepcoHaa, paboTaroNIero Ha y4acTKax Tpyoo-
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