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MOJEJIMPOBAHUE ABAPUMHOI'O COYJIAPEHUS C IPET'PATIOM
MACCAXKHAPCKOI'O IOE3/IA, OBOPYJJOBAHHOI'O CUCTEMOM
MACCHUBHOM BE3OIMACHOCTHU

ABapuu Ha JKEJNIe3HBIX JOPOrax MPOUCXOAAT BO BceM Mupe. [I0CTOSIHHOE COBEpIICHCTBOBAHHE TIPEAYIIPEIH-
TEeJbHBIX MEp HE CHUMAeT MpobiieMbl obecriedeHns: 0e30MacHOCTH ABIKEHHs. 1109TOMyY BaXKHEUIINME 3aa4aMH,
BO3HHMKAIOIIMMH [PU OPraHU3alMU CKOPOCTHOTO [BIDKEHHUS MACCAKUPCKUX IOE3I0B, SBISIFOTCS pa3paboTka U
CO3/IaHUE HKEIE3HOTOPOXKHBIX IKUIIAKEH HOBOTO MOKOJICHHS ¢ 3G (HEKTHBHBIMU CHCTEMaMH IaCCUBHOW Ge3omac-
HOCTH. MaTeMaTHYeCKOe MOJICTMPOBAHNE MHAMUYECKON HArpyKEHHOCTH MaCCaKHUPCKOro moesaa, 00opyIoBaH-
HOTO DHEProIorIOMAOIINMI YCTPOUCTBAMH, TIPH CBEPXHOPMATUBHBIX COYIApPECHHSAX MO3BOJISET HA CTAJUH IPO-
EKTHPOBAHHUS OLICHUTh KOHCTPYKTHUBHBIC PEIICHHS M MPOBECTH PSJ YHCICHHBIX IKCIIEPUMEHTOB 0€3 KPYNHBIX
KaHUTaJbHBIX 3aTPAT. BHINOIHEHO KOMIIBIOTEPHOE MOACTHPOBAHHE aBAPUITHBIX CTOJKHOBEHHUI, HMEBLIHX MECTO
Ha JKeNIe3HOM gopore ¢ mupuHoi komneu 1520 mm. [Tokazano, 4To uist obecreueHus 0€30MacHOCTH JIOKOMOTUBHOM
OpHrajbl M MaCCAXUPOB U CHIKEHHS YPOBHS YCKOPEHHH JKHIaXKeH U MPOJOJIbHBIX CKUMAOIINX CHJII B MEXBa-
TOHHBIX COCIMHEHUSX, BO3HUKAIOIIUX MPH AaBapUITHBIX CTOJIKHOBEHHMSX MOE3[a C MPEMsSTCTBUEM, HEOOXOIUMO
JIOKOMOTHB M BaroHbl 00OpYJOBaTh SHEPrOMOIIOMIAIOIIAMA YCTPOHCTBAMHU. J{Jisl YHCIEHHOTO MOJAETHPOBAHHS
TECTOBBIX CLIECHAPUEB CTOJIKHOBEHHS C MPErpajioi MmaccakupcKoro mnoesa, BaroHbl KOTOPOro 000pyIOBaHbI C/IBU-
raeMbIMH 0€33a30pHBIMH CLEITHBIMH YCTPOHCTBAMHU, YCOBEPIICHCTBOBAHA MaTeMaTHYECKask MOJIEb ISl HCCIIE0-
BaHUs JMHAMUKH I10€3/1a TPH CBEPXHOPMATHUBHBIX COYJAPCHUSIX B YaCTH OMUCAHHS CHJIOBOM XapaKTePHUCTHKH
MEXBAarOHHOIO COCIMHECHHUs C YYeTOM HA4YadbHOH 3aTsHKKU MOTJIOLIAONIMX AlnapaToB, paboThl 6e33a30pHOrO
CIICITHOTO YCTPOWCTBA W KOHCTPYKIMH JKHUIIaXa, a TAKXKE YCTPOHCTB CHCTEMBbl TACCHBHOW 0e30MmacHOCTH. YCo-
BEPIICHCTBOBAHHAS MAaTEeMAaTHYECKas MOJEIb MO)KET ObITh HCIIOJIb30BaHA MPH YHCICHHOM MOJICIUPOBAHUH Te-
CTOBBIX CIICHAPUEB CTOJKHOBEHHS MMAaCCaXKMPCKOTO I0€371a HOBOIO MOKOJICHHS C MPEHSITCTBUEM JUIS OTPaOOTKH
CHCTEMbI TACCHUBHO# 0€30MaCHOCTH.

ABapii Ha 3ami3HUIAX BigOyBaOThCs B ychoMy cBiTi. [locTiiiHe yqoCKOHANEHHs 3alMO0DKHUX 3aXOMiB HE
3HiMae npoliemu 3abesrnedeHns Gesnekn pyxy. ToMy HalBaXXIMBIIIMMH 3aBIAHHSIMH, 110 BUHUKAIOTH [IPH Opra-
Hizanii MBHIKICHOTO PyXy MacaXXMPChKHX MOI3/iB, € po3poOKa Ta CTBOPEHHS 3aTi3HHYHUX CKiMaKiB HOBOTO
MOKOJIHHS 3 €()eKTHBHUMHU CHCTEMaMH [TaCHBHOI Oe3nexy. MaTeMaTHIHe MOJICIIFOBAaHHS JHHAMIYHOI HABaHTaKe-
HOCTI IACaXMPCHKOTO I013/1a, 00J1aJHAHOTO €HEProNOrIHHAIPHUMY MPUCTPOSMHU, NMPH HAJHOPMATUBHHUX CIIiB-
yaapax [03BOJISIE Ha CTa/il IPOCKTYBAHHS OLIHUTH KOHCTPYKTHBHI PillICHHS Ta IPOBECTH PsJ| YHCEIBHUX EKCIIe-
PHUMEHTIB 0e3 BENMKHX KaIiTalbHUX BUTpAT. BUKOHAHO KOMITIOTEpHE MOJCIIOBAHHS aBapiiHUX 3iTKHEHB, IO
MaJId Miclie Ha 3aimi3Hui 3 mmpuHo komii 1520 mm. TTokaszaHo, mo st 3a0e3nedeHHst 0e3MeKH JIOKOMOTHBHOT
OpHraau Ta macaXHPIB 1 3HIKCHHS PIBHS MPUCKOPEHb EKIMaXiB Ta IMO3JOBKHIX CTHCKAIBHUX CHJI B MIKBAroH-
HUX 3'€/[HaHHSIX, [0 BHHHUKAIOTH IIPU aBapifiHUX 3ITKHEHHSX I0i3[a 3 MEPEIIKOJO0, HEOOXiHO JOKOMOTHB i
BaroHU 00JIa/JHyBaTH CHEPrONOITMHAIBHUMHU MPHCTPOSMU. I YHCENBHOTO MOJCIIOBAHHS TECTOBMX CLEHApiiB
3ITKHEHHS 3 IIEPEIIKO/I0I0 MMACAKUPCHKOr0 MOi3/1a, BarOHM SIKOTO 00JIaHaHO 3CYBHHMH 0€33a30pHUMH 34ilTHUMH
MPUCTPOSIMH, YJOCKOHAJICHO MaTeMaTH4Hy MOAENb Ul JOCII/KCHHS AMHAMIKM TMOI3[a MPH HaJHOPMATUBHHX
CriByJapax B YacTHHI OIKCY CHJIOBOI XapaKTePHUCTHKH MIKBArOHHOTO 3'€/[HAHHS 3 ypaxXyBaHHSM OYaTKOBOI
3aTSHKKU TIOMIMHAJIBHUX anapatiB, poOoTH 0€33a30pHOrO 34ilTHOTO MPHUCTPOIO Ta KOHCTPYKINT eKilmaxy, a TaKoX
MPHUCTPOIB CHCTEMH MAcHBHOI Oe3MeKH. YJ0CKOHAlICHa MaTeMaTHYHA MOJIE]Ib MOXKe OYTH BHKOPHCTAHA HPH YH-
CeNTbHOMY MOJICTIOBaHHI TECTOBUX CIEHAPIiB 3iTKHEHHS IMaCa’KMPCHKOTO IM0i3/1a HOBOTO MOKOJIHHS 3 MEPeIIKO-
JIOF0 JUISI BiJIIPAIFOBaHHsI CHCTEMH [ACHBHOI GE3IIEKH.

Rail incidents take place throughout the world. Constant improvement of precautions does not alleviate
problems of safe traffic. Because of this, the development and creation of railway new-generation vehicles with
efficient systems of passive safety are notable problems in management of the high-speed traffic of passenger
cars. Mathematical modelling dynamic loading of the passenger car equipped with energy-absorbing devices at
ultra-normal collisions allows estimation of designs at the stage of the design and conduction of numerical exper-
iments without high capital expenses. An emergency collision on a railway with 1520 mm gauge is simulated by
the computer. It is shown that it is essential to equip a locomotive and cars with energy-absorbing devices for
safety of the locomotive crew and passengers and a lowering level of vehicles accelerations and longitudinal com-
pressing forces in intercar coupling at an emergency collision between the train and an obstacle. To simulate
numerically test collision scenarios for the passenger train and an obstacle, cars of which are equipped with mov-
able gapless couplers, a mathematical model for dynamics of the train at an ultra-normal collision is improved by
describing a force characteristic of the intercar coupling, taking into account an initial tightening absorbing de-
vices, function of the gapless coupler and the vehicle design as well as devices of the passenger safety system. An
improved mathematical model can be used for a numerical simulation of test scenarios of a collision between a
new-generation passenger train and an obstacle in order to develop out the passive safety system.

Knrouesvie cnoea: C6epxXHopmamueHvle coydapeﬂuﬂ, naccusnas besonac-
HOCNb, l’laCCCL’)fCMpCKulZ l’l0€30, CyenHvlie ycmpoﬁcmea
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BBenenue. HecmoTpst Ha Mepbl, IPEANIPUHATHIC JKEIE3HBIMU JOPOTaMH MHO-
TUX CTPaH 110 TMOBBIMICHUIO 0€30IMaCHOCTH ABMKCHHUS TACCAKUPCKOTO TIOBIKHOTO
COCTaBa W HAIEKHOCTH IIEPEBO30YHOTO TPOIECCa, MOJOKECHHUE ¢ O0ecCredcHuEM
0e301acHOCTH JBIDKEHUS OCTaeTcs HeOIaronoilydyHsIM. B aBapuiHBIX CHTyanusx,
BBI3BAaHHBIX CTOJIKHOBEHHEM ITaCCAKUPCKHUX ITOE3IIOB C TOCTATOYHO OONBIION OT-
HOCHUTEBPHOW CKOPOCTBHIO, BO3HHUKAIOT 3HAYMTEIHHBIC COKHMAIOIIUE IPOIOIHHBIC
CHWJIBI W YCKOPEHWS, OTPHUIATEIHHO BIHUSIONINE HAa MACCAKHUPOB, IMPOUCXOISNT
CJIOKHBIE TIPOIIECCHI, CBSI3aHHBIE C TUIACTHYECKUMH Ae(popManusaMi KOHCTPYKITHHA
JKEJIE3HOAOPOKHBIX SKUIAXKEH, ¢ MOTEpel UX YCTOMUNBOCTH U BBIKUMAHUEM.

ITocTanoBka 3amayu. [IepBbIM 3TarnoM B NPOBEIEHUN UCCICIOBAHUNA JUHAMU-
YECKHX IIPOLIECCOB, MPOTEKAIOIIMX B MOE3/1€ IPU CBEPXHOPMATUBHBIX YIOAPHBIX BO3-
NEHCTBUSIX, SBIISIETCS NPEIBAPUTEIIBHAS OLIEHKAa MAKCUMAJIbHBIX YCKOPEHUH SKUIaKei
COCTaBa M CHKUMAOLIMX IMPOJOJBHBIX CHJI, BO3HUKAIOIINX B MEKBATOHHBIX COEAUHE-
HUsAX. 71 peleHyst JaHHOW 3a7a4u, KaK IPaBUIIO, UCTIOb3YeTCsl JUCKPETHO-MACCOBast
Mozens moe3na [1—3]. B3aumoseiicTBre BaroHOB MOJEIUPYETCS MyTEM BBEACHHS
MEKBAarOHHBIX CBSI3€H, CHJIOBBIC XapaKTEPUCTUKNA KOTOPBIX ONPEIEIAIOTCS TUIIOM I10-
[JIOILAMOLIMX AaIlllapaToOB aBTOCLETIHBIX YCTPOWCTB M CBOMCTBAMU KOHCTPYKLHH SKH-
naxa.

IIpoBeneHHbIE TEOPETHYECKUE HCCIENOBAHUS INPOLIECCa COYNAPEHUsl IBYX
OJIMHAKOBBIX BOCEMHUBArOHHBIX AJIEKTPOIIOE3I0B TIoKa3au [4], uTo npu nedopMu-
POBaHUU KOHCTPYKLMH SKHMNAKEW TOJBKO B YHOPYrod 30HE pacueTHbIC 3HAUCHUSA
MPOJOIBHBIX cril cocTaBistoT oT 7 go 8 MH. I[lpu monmenupoBannn mporecca co-
yAApeHus ¢ YIeTOM IUIACTHYECKOTo N1e(OpMHUPOBAHHUS KOHCTPYKLHMHA NPOJOIbHbIC
ycuiIMs HaxoAsaTcsl B AuanaszoHe ot 3 po 4,7 MH, uro corjacyercs ¢ JaHHBIMH
(3,35 —-4,2) MH, mony4eHHbBIMH TIpH HATypHbIX HchbiTanusx [4]. CoriacoBaH-
HOCTb 3KCIIEPUMEHTAIbHBIX NAaHHBIX M PE3YJIbTAaTOB pacdeTa CBUAETEIBCTBYET O
HEOOXOIUMOCTH y4yeTa YHNPYroljlacTUUYECKHUX CBOWCTB KOHCTPYKLHH >KeJIe3HOAO-
POXHBIX IKHUITAXKEH MPU TEOPETHUECKUX HCCIEIOBAHMUIX.

YcoBepuieHCTBOBaHHAsE MOJIENIb PA0OTHl MEKBAarOHHOTO COCTUHEHUS, YUUThI-
BaIOIIasi BO3MOXXHOCTh BO3HHUKHOBEHHS IJIACTUUECKUX AeQOopMaIMii B JIeMEHTaX
KOHCTPYKLHUH SKUIaKeH MpH CBEPXHOPMATHBHBIX HArpyXEHUSX, HCIIOIb30BaJIach
IpY MOJEIMPOBAHMM AaBapHid, MMEBIIUX MECTO Ha >KEJE3HBIX AOPOrax KoJeH
1520 mm.

KomnbrorepHoe moae/impoBanue coylapeHmii moesaa ¢ nmperpagoii. Beimos-
HEHO KOMITBIOTEPHOE MOJEIMpOBaHue npousoureameid Ha [IpuaHenpoBckoil sxenes-
HOH JIOpore aBapHu, XapaKTEpU3yeMOHl CTOJKHOBEHHEM IACCAXHPCKOro MOe31a,
COCTaBJIEHHOTO U3 20-TH MACCa)KUPCKUX BaroHoB U 3jekTpoBo3a UC7, ¢ MaHEBpo-
BBIM Ter10Bo30M UM33 ¢ OTHOCHTENBHOH CKOPOCTBIO 16 KM/4, a Takke J000BOTO
CTOJIKHOBEHHUSI MAaCCAXXHPCKOTO I0€3/a, CIEAYIOLIEro MO0 HampaBlieHHI0 MockBa —
Tam60B, ¢ TerioBo3om TOI1-70 ¢ oTHOCHTENBHOM CKOPOCTHIO 30 KM/4 [5].

Pe3ynbTaThl YUCIEHHOTO MOJETUPOBAHUS MOKA3aJIH, YTO IPU CTOJIKHOBCHHU
moe3za ¢ MaHEeBPOBBIM TeruI0Bo3oM UMD3 co ckopocThio 16 KM/4 MakCUMalbHbIE
yCcHIIus, AEMCTBYIOIIME HA TIEPBYIO ceKIMIo JokomMotuBa UC7 u nepBble JBa Baro-
Ha, CIISAYIOIIUE 32 JIOKOMOTHBOM, COCTaBIstoT nopsaka 3,6 MH u 3,1 MH coot-
BETCTBEHHO. Y CKOPEHUs NIEPBOH U BTOPOM CEKLIMU JIOKOMOTHBA JJOCTUTAIOT 3HAYe-
Huit 4,19 u 3,8 9. YpoBeHb YCKOpEHHId MEPBBIX IATH BaroHOB INPEBHILACT Ipe-
JEJIbHOE JIONyCTHMOE 3Ha4eHHe 5 ¢. B aneMeHTax KOHCTPYKIMH JIOKOMOTHBA BO3-
HUKAIOT IacTudeckue aedopmanuu. s nepBoil cekuy JOKOMOTHBA OCTAaTOY-
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Hble nedopMaiuu coctaBuin nopsaka 0,09 m, mist Bropoi — 0,06 M. JlokomoTHB
COTJIACHO pe3ylibTaTaM pacueTa W TEepPEeuHI0 TMOBPEXICHUH TpeOyeT MpOBeICHUs
PEMOHTHBIX paldoT.

B cnyyae 11060BOTO CTOJIKHOBEHHS MACCAKUPCKOTO Moe3aa, CPOPMUPOBAHHO-
ro u3 Temwioroza TOII-70 u 20-tu BaroHos, ¢ temioBo3oM TAII-70 co cKOPOCTHIO
30 kM/94 MakcUMallbHbIC 3HAUCHHS YCUIHH, JECHCTBYIOIIMX HAa JIOKOMOTHUBBI, JO-
cturaror 6,0 MH. YpoBeHb ycuimuii B MeXBaroHHBIX COCITUHECHHUSIX MEPBBIX MATH
BaroHoB moesjia coctapisier 6onee 3 MH, a uX mpoJoJbHBIC YCKOPEHHS TPEBBHI-
mratot 5¢. Ha puc. 1 npuBenieHbl COOTBETCTBEHHO pacipe/ielieHHs Mo JUIMHE COCTa-
Ba MaKCUMAIIbHBIX 3HAYCHWH COKUMAIOIIUX YCHIIHHA, BO3ZHUKAIOIIUX B MEXKBaroH-
HBIX COeAMHEHWsX (puc. la), W TMPOMONBHBIX YCKOPEHHH JIOKOMOTHBA M BaroHOB
(puc. 16).
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B KOHCTPYKIHMSX JIOKOMOTHBA U EPBBIX YETHIPEX BarOHOB MMEIOT MECTO 3Ha-
YUTEeNbHBIC IUIacTH4eckue nedopmanmu. Bemmumna ocrarouHoil nedopmannu
KOHCTPYKIIMH 3JIEMEHTOB paMbl TEIUIOBO3a MACCaKUPCKOTO MOe3/[a COCTaBMIa MO-
psaaka 0,50 m, a BaronoB — 0,12 M. Pe3ynbTaThl Hiccne0BaHui, MOTydYeHHBIE TTyTEM
YHCIIEHHOTO MOJICTTMPOBAHMS, KAYECTBEHHO COTIIACYIOTCS C TAHHBIMH SKCIIEPTHOTO
3aKJIFOYCHUS 10 OIEHKE MOCIIEACTBHI aBapUITHOTO CTOJIKHOBEHUS MACCaKUPCKOTO
noesa ¢ Terwioozom TOII-70 [6].

[TpoBeneHHbBIE UCCIIeT0BaHMS TIOKA3aJd, YTO BBULY HU3KOW YHEPrOEMKOCTH I10-
TJIOIIAFONIMX aIapaToB NPH CTOJIKHOBEHUH MACCAKUPCKOTO TI0e3/a C MPENsTCTBH-
€M, Macca KOTOpOro COM3MepHUMa C MacCcoi JIOKOMOTHBA T0€3/1a, TIPH OTHOCUTEIILHO
HEBBICOKMX CKOPOCTSX COYIapeHUs B 3JIEMEHTaX KOHCTPYKIHMH JIOKOMOTHBOB BO3-
HHKAIOT MOBPEKICHNUS, TpeOyIomue TeKynero peMonra. [Ipu ckopocTsix CTOIKHO-
BEHUsI, peBbIIIalomux 20 KM/4, IMEIOT MECTO Cepbe3HbIE MOBPEKIACHHS KOHCTPYK-
M JIOKOMOTHBA U BaroHOB TOE€3/1a, PACIIOJIOKEHHBIX B IIEPBOI ITOJOBHHE COCTaBa,
¥ He o0ecrieunBaeTcst 0€30MacHOCTh TACCAKUPOB M IOE3THOM OpHTaIbL.

OneHka HArpy»KeHHOCTH NMACCAKMPCKOI0 MOABHKHOIO COCTABA C CHCTe-
MOil MACCUBHOI 0e30I1aCHOCTH NPHU CTOJKHOBEHUM ¢ nmperpagoii. Kak cnenyer
13 MHOTOYMCIJIEHHBIX TEOPETHUECKUX W HATYpPHBIX HCCIIEIOBaHUH, Mpobiemy Oe3-
OITACHOCTH MOJBHKHOTO COCTaBa B CIy4yae aBapHITHOIO CTOJIKHOBEHUS! HEBO3MOX-
HO PEIINTh OJHUM IOBBIIICHUEM NTPOYHOCTH Ky30Ba HKUIAXA, TaK KaK BCA HEMO-
rameHHas HEPrusl CTOJKHOBEHUsI MepelaeTcsl Ha MacCaXupoB M 000pyJdOBaHUE
casona. J{ns obecnieueHnss 6€30MaCHOCTH MMACCAKUPOB TOCPEACTBOM MOJIEPrKa-
HUSl KOHCTPYKLIMOHHOM LEJIOCTHOCTH JIOKOMOTHBA M BaroHOB MAacCaKUPCKHUI IO-
JOBIDKHOW coCTaB HE0OXO0ANMO 000pYyI0BaTh JOMOJHUTEILHBIMHA YHEProNOriIoa-
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IONIMMHU yCTPOMCTBaMH, 3a c4eT Ae(GOopMUpPOBAaHUSI KOTOPHIX, BILIOTh JIO TIOJHOTO
WX pa3pyIIeHHs, TPOUCXOIUT ralieHne KNHETHIECKOH SHEPTuu yaapa.

B eBpormelickux crpaHax npu pa3padoTKe BHOBb MPOESKTUPYEMOTO ITOIBHKHO-
ro cocTaBa HapsAy ¢ 0a30BBIMH TPEOOBAHUAMH TI0 OOECTIEUYEHHUIO TPOYHOCTH IKH-
MaXka BBEIEHBI MOTOMHUTENbHBIC TpeboBanus EN 15227:2008 B oTHomEHWH CH-
cteMbl taccuBHOM Oe3zoracHocTH (CIIB) [7]. B cTammapTe periiaMeHTHPOBAHBI OC-
HOBHBIE TPUHIMIEI U KPUTEPHH TMACCHBHON (KOHCTPYKIIMOHHOW) 0€30macHOCTH
MTOIBIDKHOTO COCTaBa, OMpEAENIEHBl CIEHApWU CTOJIKHOBEHHH, OTPaKaloIIue
HamboJIee BepOSTHBIC aBapHHbBIE CUTYAIlMH HA JKEJIE3HOW opore, M MeXaHHU3MBI
OoTpabOTKH YCTPOMCTB TOTJIONICHUS dHEeprud. VIcrmonp30oBaHWE HA €BPOMEHCKOM
MOJBIKHOM  COCTaB€ JIOKOMOTHBHOW TATH Pa3felbHBIX  YAapHO-TITOBBIX
ycTpoiicTB (0y(epoB M BUHTOBOM CTSKKH) B KAUECTBE CIIEMTHBIX YCTPOHCTB TIO3BO-
JISIET peajr30BaTh IMOTJIOMICHHE YHEPTHH yaapa 3a cueT paboTsl Kpam-0ydepoB u
YCTaHOBJICHHBIX 32 HIMH KEPTBEHHBIX 2JIEMEHTOB, HHTETPUPOBAHHBIX B KOHIIEBHIE
4acTH pam, 00eCrevYnTh KOHTAKT U pabOoTy MPOTUBONIOHEMHBIX YCTPOICTB coyma-
PSAEMBIX €IUHMII MOABIKHOTO cocTaBa. Takoit CIIb o6opymoBaHsl, HanpuMmep, JI0-
KoMoTuBBI cemeiicTBa Prima Il kommanuu Alstom [8]. Ha puc. 2 mokasau mosrar-
HBI TIporiecc neopMHUpOBaHUs KPIMI-0y(hepoB U MpeqoXpaHUTEIbHOTO MOIYJIS,
YCTaHOBJICHHBIX Ha JIokoMoTHBax Prima Il, mpu aBapuitHoM coymapeHun.

Puc. 2

st otpaboTku pa3pabOTaHHOW MaTeMaTHUECKOW MOJIENN aBapUHHOTO coyia-
PEHHS ¢ TIPETSITCTBUEM I10€3/1a, TIOKOMOTHB KOTOPOTO 000PY/IOBaH CUCTEMOH Tac-
CUBHOW 0€30MacHOCTH, MPOBEAEH PacyeT Mpolecca CTOJIKHOBEHHS CO CKOPOCTHIO
36 KM/4 ITAJIOHHOTO TMOE3/a, COCTOsIero u3 jJokomotuBa Primall u rpy3oBoro
BaroHa, ¢ HEMOJBIKHO CTOAIIMM BaroHoM. [TokazaHa 3¢ ¢peKkTHBHOCTh PabOTHI CH-
CTeMBI MAaCCHBHOM 0€30MacHOCTH, KOTOpas MO3BOJISIET OOECIEUYHUTH IEOCTHOCTD
KOHCTPYKIIUH JJokoMoThBa Prima Il u 3amury JOKOMOTHBHO# OpUTrajbl Mpu CKO-
POCTSX CTOJNIKHOBeHHMs 110 36 km/4 [9].

C 1enbio OLIEHKU BIUSHHS DHEProNoOTIOMIAIONINX YCTPOUCTB CHUCTEMBI Iac-
CHBHOI 0€30MacHOCTH Ha TMHAMUYECKYIO Harpy>KeHHOCTh M0e3/1a IPOBEJICHBI HC-
CJIeZIOBAHMS TIPOIEcca aBapUHOTO CTOJIKHOBEHUS CO CKOPOCThIO 36 KM/4 Tacca-
XKHUPCKOTO TI0€371a, COCTOSIIEr0 M3 JIOKOMOTHBA M BOCBMH BaroHOB, C T'PY30BBIM
BaronoM maccoit 80 T [10]. Ha puc. 3 npuBeneHsl pacnpeieiieHus BAOIb COCTaBa
MaKCUMAaJIbHBIX CKMMAIOIIMX YCHJIMH B MEKBAaroHHBIX COCIMHEHUSX U TMPOJIOJIb-
HBIX YCKOpeHHH (TI0 MOJIYITIO) SKUTIaXKeH JUTs clyvaeB, KOria dSKUIaKu moesa 0e3
CIIb; TompKO JOKOMOTHB OOOpYyIOBaH YCTPOMCTBAaMH IACCHBHOM 3amIuThl (J1e-
dbopmarust yerpoiictBa coctaBiasieT 500 MM); SHEPTOMOTIIOMAIOIINE YCTPOHCTBA
YCTaHOBJICHBI U HA JIOKOMOTHBE, U Ha BaroHax (gehopmarius yCTpOHCTB COCTABIISI-
et 1000 mm 1 500 MM cooTBeTcTBeHHO). [Ipeamonaraiocsk, 4To JIEMEHTHI 1TaCCHB-
HOW 3alUThl HAYMHAIOT Je(OPMHUPOBATHCS MPH CHUJIEC 3aKPHITHS TOTJIOMAOIINX
anmapatoB DI1Y-2, KOTOpbIMU 000PYI0BaHbI aBTOCIICITHBIC YCTPOMCTBA SKUIIAKEH.
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== dkunaxu 0e3 CIIb;

= = 3AIUTHBIC YCTPONCTBA HA JIOKOMOTHUBE ¢ aedopmanueit 500 mm;

= 3AIIUTHBIC YCTPOICTBA HA IOKOMOTHBE U BaroHax ¢
nedopmarusmu 1000 MM u 500 MM COOTBETCTBEHHO

Puc. 3

Kak BUIHO M3 pe3ynbTaToB MCCIEAOBaHHUHU, A oOecredeHus: 0e30MacHOCTH
JIOKOMOTHBHOM OpUraibl U MACCaKUPOB, CHUIKCHUSI YPOBHSI YCKOPEHUH DKUTIAXKEH
U MPOJOJIBHBIX CKUMAIOIIMX CUJI B MEKBAarOHHBIX COCIMHEHMSIX IIPU aBapUNHBIX
CTOJIKHOBEHHMSIX 10€3/]a ¢ Mperpagoil Heo0Xo MO JIOKOMOTHB U BaroHs! 000pya0-
BaTh SHEPrONOIIOMAIIUMU YCTPOHCTBAMH.

AJITOPUTM BBIYHUCJIEHUS] YCHJINHA B MEKBATOHHBIX COEIMHEHUSIX Moe3/1a
JJISl IKUMNAXKel ¢ 0e33a30pHbIMH cuenHbIiMu yctpoiictBamu u CIIB npu aBa-
PMiiHBIX coyaapeHusix. Ha mocTCOBETCKOM MPOCTpaHCTBE B KaueCTBE THUIIOBOTO
CIICTTHOTO YCTpPOWCTBa Hcmonb3yercs aBTocuenka CA-3, KOTOpoH 00OpyAyIOTCs
KaK TPYy30BbI€, TaK M MACCaKUPCKUE BaroHbl. Hapsmy ¢ yHHBEpCaIbHOCTBIO aBTO-
CIICTTHOTO YCTPOWCTBA U BO3MOKHOCTBIO ()OPMHUPOBAHHS COCTaBa M3 JIOOBIX Baro-
HOB, Ucnojib3oBaHne CA-3 Ha MacCaKUPCKUX BaroHax BBUAY pa3iH4Hil B 3KCILTY-
aTalMOHHBIX TPeOOBAaHUIX MMeeT psia HemocTatkoB [11]. B aBrocrenkax CA-3, B
OTJMYHME OT aMEPHKAHCKUX aBTOCIENOK, B KOHTYypE 3allelIeHHs UMEIOTCS IpO-
JOJbHBIE 3a30pbl. J{J1s1 obecrieyeHns MIaBHOCTH XOJa U YCTPaHEHHs 3a30pOB Ha
MaccaXMPCKUX BaroHax JOMOJHUTENFHO yCTaHAaBIUBAKOTCs Oydepa, obecrieunBa-
IOIIME TIOCTOSIHHOE HATSHKEHUE CIEMHBIX YCTPOMCTB. DHEPrOEMKOCTh MOTIIOIIAI0-
HIMX arnapaToB aBTOCIENKY MacCAKUPCKUX BAarOHOB 3HAYUTEIBHO HUXKE, YeM Ipy-
30BBIX. DTO ONpeAessIeTCs MeHbIIeH Maccoi MaccaKMPCKUX BarOHOB M MEHBIIUMHU
CKOpOCTSIMH WX COYJApEHHs MPU IITATHBIX MaHEBPOBBIX OIEpaIysIX MO CpaBHE-
HUIO C TPY30BBIMU. B cilyuae CTONKHOBEHHS MACCAXKUPCKOTO IOe3/1a C TPEersT-
CTBHEM Ja)Ke€ C OTHOCHUTEIILHO HEBBICOKOH CKOPOCTHIO COYAapEeHUs TIOTIIONIAFOIIUIA
anmapar IMOJHOCTBIO BEIOWPAET CBOM XOJl, U YCHIIHS JKECTKO TepealoTcs Ha pamy
BaroHa, 4To MOXXET MPHUBOJIUTH K IJIACTUYECKUM Ae(opMamusiM 3JI€MEHTOB KOH-
CTPYKIIMU Ky30Ba BaroHa. Kpome Toro, Haimuue aBrocuenHoro ycrpoiicrea CA-3
U 0COOEHHOCTH ero (PYHKIIMOHMPOBAHUsI MPEMSITCTBYIOT PabOTe IHEPrormoriona-
IONIUX YCTPOWCTB, YCTaHABJIMBAEMBIX B KOHCOJBHBIX YaCTSIX paM JKUMNaKeH, 3a
cuer aedopMali KOTOPBIX JOKHO OCYIIECTBIISITHCS HAUOOJIbIEE TallleHHe K-
HETHUYECKOI SHEPrUH yaapa B cilydae CTOJKHOBeHus [12].

B Hacrosiiee BpeMsa nacca)KUpCKui MOJBUYKHOW COCTaB HOBOT'O TOKOJIEHUS
(KaK JIOKOMOTHBHOW TATH, TaK M 3JEKTPOIOe3/a) obopymayercs 0e33a30pHBIMHU
cuenapiMu  yctpoiictBamu  (BCY),  pa3paboTaHHBIMH  CIIEIUANTHCTAMHU
BHUNTpaucmam 1 BHUMXKT (puc. 4) [13]. Be33a3opHbie clienHble yCTpoiicTBa
00€eCIeurBaloT KECTKOE CIETICHHE BarOHOB, IMOJIHYI0 B3aHMO3aMEHSEMOCTh C aB-

69



tocrenkoi CA-3, koMbOpTHEIN MMepexo1 U3 BaroHa B BaroH, TEILIO- U IITyMO30JIs-
LU0 cajoHa 0e3 YCTAaHOBKM MEXTaMOYpHBIX nBepei. VckiiodeHune 3a30poB B
MEXBAaroHHBIX COEJIMHEHUSX MO3BOJSET CYIIECTBEHHO CHHM3HUTH IHHAMHUYECKUE
Harpy3Kd TPHU TEPEXOTHBIX PEKMMax ABIKEHHUS IOe37a, YIYYIIUTh IUTaBHOCTH
X0/1a, TIOBBICHTh YCTOHYHBOCTH COCTaBa OT CXOJa C PEIhCOB IIPH aBApUHHBIX CO-
yIapeHusX, COKpaTHTh rabapuThl U Macchl cienok [14]. Be3sasophsie clienHbie
YCTPOMCTBAa HCHONB3YIOTCS Ha OTEUECTBEHHBIX MACCAKHUPCKUX IOE3AaX HOBOTO
TTOKOJICHHS TIPOM3BOACTBAa KPIOKOBCKOTO BarOHOCTPOHUTEIHLHOTO 3aBoja [15].

a) — BCY B criemieHHOM ITOJIOKEHUH;
0) — BCY B pacienieHHOM TOJI0KEHUN

Puc. 4

[Tpu pazpaboTrke >pPeKTUBHON CHCTEMBI TACCUBHOI 0€301IaCHOCTH Ha Imacca-
JKUPCKOM TOJIBUKHOM COCTaBE€ JKEJIE3HBIX IOPOr C IMPUHOU Kojeu 1520 MM, uc-
MOJIB3YIOLIEM B KaYeCTBE CLEMHBIX YCTPOHCTB aBTocuenky CA-3 Ha JIOKOMOTUBE U
BO (ppOHTANBHBIX YACTSIX FOJOBHBIX BaroHOB 3JekTponoe3na U bCY B mexBaroH-
HBIX COEIMHEHMAX, B IIEPBYIO Ouepelb TPeOyIOTCS TEXHHMUYCCKHE PEIICHHs II0
CMEIICHHIO CLEMHBIX YCTPOUCTB B MOJBAarOHHOE MPOCTPAHCTBO B ClIyyae aBapuid-
HOT'O coyapeHus 1o npuHnumy pabotsr push-back coupler [16].

Jlj1s YUCIEHHOTO MOJETUPOBAHUS TECTOBBIX CIICHAPHUEB CTOJIKHOBEHHS C Ipe-
rpajioil macca)XMpPCKOro 1moesna, BaroHsl Kotoporo odopyznosans! CIIb u cnBurae-
MBIMH 0€33a30pHBIMH CLIETIHBIMU YCTPOWCTBaMHM, YCOBEPILIEHCTBOBaHA paHee pas-
paboTaHHass MaremMaTH4decKas MOAEb Ul MCCIENOBAaHUS AMHAMHUKH I0€31a IpU
aBapuitHbix coynmapenusx [10, 17] B 4acTé ommcaHUsi CHIOBOW XapaKTEPHCTUKH
MEXBaroHHOTO COEIMHEHHS, YUUTHIBAIOILET0 HAYAJIbHYIO 3aTSDKKY MOTJIOMIAOIINX
anmaparos, pabotry BCY, KOHCTpyKIMM SKHIa)ka, a TAKXKE YCTPOHCTB CHCTEMBI
naccuBHOW Oe3omacHocTd. OTMETHM, YTO B HayaJbHBIH MOMEHT BPEMEHH, MOKa
YCHJIMSI HE MPEBBICHIN CUIIbI HAYaJbHOM 3aTSHKKH MOTJIONIAIOIINX alllapaToB, OT-
HOCUTENbHBIE TIEPEMEIICHUs] OOYCIIOBICHB! TOJNBKO YHPYTUMH JeOpMaLUsIMU
KOHCTPYKLHMH 3KHMaxed. 3areM HauyuMHAIOT paboTaTh IUITAaTHBIE aMOPTH3ATOPEI
CLENHBIX ycTpoicTB. Iloriomenue sHeprur yaapa OpOMCXOAMT 3a CUET YHpPyrou
nedopManiy MOrjIoMmaIMX anmnaparos. [locie 3aKpbITHS MOTJIOMAOIINX ara-
paToB HarpysKka IepenaeTcs Ha paMy BaroHa. B CHIIOBOHM XapakTepHCTHUKE MEXBa-
TOHHOTO COEJMHEHHsI 3TO COOTBETCTBYET BBIYMCICHHIO YCHJIMS MPU YHPYTHX Jie-
¢dopmanmax Ky3zoBa skunaxa. Korjga BeIM4MHA MPOJOJIBHOIO YCHJIMSI MPEBBICUT 3a-
JTAHHOE TIPE/CNIbHOE 3HAUCHHUE, IPOUCXOIUT cpabaTeiBaHue Mexanusma yBoga bCY B
MOABarOHHOE MPOCTPAaHCTBO. TeM caMbIM 00ecredrBaeTCs 3a30p MEKIY OKOHYaHHEM
paboThl MOTIOLIAIOMIMX AallapaToB M HayajloM JAeopMaly YCTPOHCTB MAaCCUBHON
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0e3omacHOCTH. Y CHITHE B3aUMOAEHCTBHS B ME)KBarOHHOM COEIMHEHUH PaBHO HYIIO 0
MOMEHTa COTIPUKOCHOBEHHUS YHEPTOMOIIIOMAIONINX 3JIEMEHTOB, PACIIONOXEHHBIX B
XBOCTOBOM M TIEpEAHEN YacTsAX coceHUX dkumnaxe. [Ipeanomnaraercs, 4ro quarpamma
nedopmupoBanus yerporicts CIIb mpezncrapneHa KycOdHO-TMHEWHOH (yHKIWEH c
TpeMsl y4acTKaMH, Kbl W3 KOTOPBIX COOTBETCTBYET Je(OpMAaIil SHEPronorio-
IIAIOIIET0 YCTPOICTBA COOTBETCTBYIONIErO YpOBHS. B ciydae momHOTo cpabaTsiBaHms
YCTPOWCTB TAaCCHBHOM 0€30MacHOCTH HAarpy3KH TEpealoTcsi Ha paMbl BarOHOB, BBI-
YHCISIIOTCA YCHITUSI, COOTBETCTBYIOIIHME JINOO YIPYTHM, JIMOO YIIPYTOIUIACTUYECKAM
nedopmanusiM Ky30Ba.

Takum 00pa3oM, aHATUTUYECKU BBIPAKCHUSI JUIS BBIYUCICHUS YCUIHN B | -M
ME)XBaroHHOM COEIWHEHUH, JKHIIaXXH KOTOPOTOo OOOpYyIOBaHBI 0€33a30pHBIMHU
CIENMHBIMH YCTPOMCTBAMH M CHCTEMOW MAaCCHBHOW O€30MacHOCTH, C YYETOM
HAYaJbHOW 3aTSHKKU TOTJIOIMIAIONINX aNapaToB MOTYT OBITh NIPECTABICHBI B BH-
Ie.

S (t) =S/ (of; (t))sign (g (t) - & (t —h) —&; (t —h)),

e

oy (1) =[a (1) & (¢ —h) = &; (¢ — )]

ioe 0<qfi(t)<A,:

ahee ¢, (t)sign(q, (1) — &/ (t —h) &t —h)) >0
S.(t), dée S, (t)<S!

geal

min{Si (1), S (t)};

hee ¢, (t)sign(g, (t) — & (t —h) =&t ~h)) <O
S.(t), &fée Sy (t)<S®

geal

max {S,, (t), Sy, (1)}

ioe qgf(t)>A, :

S (t), s gf (1) <A,;

0, &fie A, < qf (t) < Ag;

min{S,, (t), S, (1)}, e A, <f (t) <A,;
min{S,(t), Sy (1)}, 47é8 Ay <qf (t) < Ay;
min{Sy (1), S (1)), 47&8 A, <af () <A,
ioe qf (t) > A,

Ski(t)1

8e S, (t) - B,G (1)sign(q (t) & (t —h) - & (t — h)) < S, (t - h);
SSi (t)’

dfiée S, (t) —B,q (V)sign(q (1) —& (t —h) & (t —h)) = S, (t ~h);

Si* (t) =

o

|
}’ .
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q; (t), g; (t) — oTHOCHTENIBHBIC IEPEMEIIICHHS U CKOPOCTH LIEHTpOB Macc (i —1)-ro

M | -ro SKHMIaxel COOTBETCTBEHHO; t — TekyIee Bpems; h — miar uaterpuposa-
* v v

Hus; & — nedopmanus yCTpOMCTB IAaCCHBHOM 3alUThI; &; — OCTaToYHas Mpo-

nobHas ae(opMaius KOHCTPYKIMHK | -ro skumaxa; Ay — monnas nedopmarms

| -OH MEKBAarOHHOM CBS3H, MPH KOTOPOM 3aKPHIBAIOTCS IOIJIOIIAOIINE aIlllapaThl;

S:Ji : Sf_ — HayaJIbHasl 3aTsDKKA MOTJIOLIAIONICTO anmapaTa MpH Harpy3ke U pas-
I

rpyske; Sy (t),Spi(t) — ycnnus Ha BeTBSX HArpy3KHM M Pasrpy3KU CHIOBOH Xapak-

TEPUCTHUKH | -TO MEKBArOHHOTO COCJUHEHUS MPH pabOTe MOTIOMIAOIIUX armapa-
TOB;

kof, (t), fiee of; (t) <dy;;
Siit)=

ki dy; +kZ (of; (t)—dy;), &fée dy; <df; (t);
Spit)=@0-m)S; (t);

kili k,,2 —XKECTKOCTH IIPU HArpy3Ke CBS3M |-TO MEXBArOHHOTO COEAMHEHHS,

MIPEICTABICHHON OMIMHEHHON XapaKTepUCTUKON Mpu paboTe MOTIOMAONINX arl-
napatoB; d;; — KOOpJIMHATa Y3JIOBOH TOYKM OMIMHEHHOW XapaKTEPHCTHUKHU | -i

MEKBarOHHOH CBSI3H; 1); — KOO(Q(QHUUUEHT NOITIOIIEHHs SHEPTUH MpH padoTre mo-

[JIOIIAMOMINX almapaToB B | -i cBs3u; Sy;(t) — ycuine, BO3HUKAOIIEe B KOH-

CTPYKIIMH | -TO DKHITaKa MPH YIPYTHUX AeHOopMaIisx;

S (€)= S, (t —h) + [k (G (1)~ (t ~h)) + By ()]
xsign(q; (t) & (t —h) & (t —h));

0, &fge S (t—h)=0;

Si (t—h)vS,(t—h), &ieeS/(t—h)=S;;(t—h)vS,(t-h);
Sy (t—h), &fiee S (t—h)=Sy(t—h);

S.(t—hy={Szi(t—h), &fee S{(t—h)=Sy(t-h);

SSi (t —h), anee Sl*(t —h) = S3i (t —h),
Syi (t —h) =BG (t —h)sign(q; (t —h) - & (t —h) & (t ~2h)),

afige S (t —h) =S, (t —h);
S (t —h), &fge S’ (t —h)=Sg (t —h);

Sy (t) =S (t —h) +ky (G (t) — g (t —h));
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S,i(t) =S (t —h)+ky (G (1) — g (t —));
Sgi (1) =S; (t —h) +kg (q; (t)— g (t —h));
& (1) = &y (1) + &5 (1) + &g (¢);

(1) =25t —hy+ 2V

—S;t=h).
kg ’

&5 (t) =& (t—h) + Syi (t)—k (t=h).
2

) =5 ¢ -y =Sl
3i

K( —KeCTKOCTp ~ KOHCTPYKIMHM  Ky30Ba IIpH  yOpyrux  JedopMarmsx;

Bi — xoadduimeHT BA3KOro conpoTUBIeHUs 1e(GOPMUPOBAHUIO KOHCTPYKIHHU |-TO

OKHIIaXKa,
S|'pi —Sii . : ,
A =4y +k—’A0i =Ap +dzg;; Ay = Agj +0zy;;
i
Ay = Ay +dzy;; Amax =g +dzg;;

Sjp i —IpenenbHOEe 3HAYCHHE YCUJIMS, MPH MPEBBILEHHH KOTOPOTO HAYHHACTCS
YBOJ CLEMHOrO yCTpoiicTBa; 0Zy; — paccTossHHE OT TOJIOBKHM ABTOCLCHKU [0
KEPTBEHHOTO AeMeHTa; Kyj, Koj ,Kgj — KeCTKoCcTH Mpu HAarpyKeHHH Ha y4acTKax

CHJIOBOW XapaKTEPUCTUKU IPH MOITANHOM Ae(HOPMUPOBAHUH JIEMEHTOB CHCTEMBI
IIAaCCUBHOM 3aIUTHI dKuNaxa; 0z;;, dz,; ,dZ3 — KOOpAMHATHI y3JIOBBIX TOYEK CH-

JIOBOW XapaKTePUCTHUKH MEXXBATrOHHOH CBSI3U, COOTBETCTBYIOIUE ITOATAITHOMY JI€-
(hOpMUPOBAHHUIO 3JIEMEHTOB CHCTEMbI MACCHBHON 3all[UThI; Sgi — yCcHine, COoOoT-
BETCTBYIOIIlEe HaYaIbHOMY Hpeleny TeKydectH; S (t) — ycuime, cooTBEeTCTBYIO-
1iee mIacTUYeCKuM JiehopMalnsM | -ro BaroHa,

SO

S

anée ¢, (t) =0;

Sq (t) ={aisioeaiii  fe6+ad
Ssi (t - h) +

e [80O-RaOso(E O &M &) -Su -]
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Gi(t) =& (t =h)+(Ssi (1) = Ssi (t —h)) AL/ kig =1/ )x

xsign(gy (t) — & (t —h) —&; (t —h));
Kis
hopmarmsx.

— OKBUBAJICHTHAs JXCCTKOCTb KOHCTPYKHHMH Ky30Ba IIPpHU IUIACTUYCCKUX I€-

BuiBoabl. YcoBeprieHCTBOBaHHAS MaTeMaTHYECKas MOJENb JJIT HUCCIeI0Ba-
HHS TAHAMUKH T0€3/1a MOXET OBITh HCITOJIb30BaHA IPHU YHCICHHOM MOJIEIHPOBa-
HHAW TECTOBBIX CIICHAPHUEB CTOJIKHOBEHUS MACCAKHPCKOTO IMOE3/1a HOBOTO ITOKOJIe-
HUSA C TIPEIATCTBUEM I OTPAOOTKH CHCTEMBI ITACCHBHOM 0€30TTaCHOCTH.
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