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MpiopuTeTHUMK 3aBAAHHAMU BITYM3HAHOIO 3aNi3HUYHOTO TPAHCMOPTY € MiABULLEHHS LUBUAKOCTEN pyXy
noi34iB, OHOB/NEHHSA NacaXMPCbKOro PyXOMOro ckiagy, 3abesneyeHHs oro 6esneyHoi ekcnayatayii i nacMBHOro
3aXuCTy NpW aBapiliHWX 3ITKHEHHSX 3 Mepellkofamu. B KOHCTPYKLUiT eKinaxis LUBWAKICHOrO MacaXmpcbKoro
noi3ga HOBOro NOKOMIHHSA MOBWHHI BYTW iHTerpoBaHi cucTeMun nacmsHoi 6e3nekun (CIB), ki cnpavboBYyOTh B
MOMEHT 3iTKHEHHS. B pesynbTaTi KOHTPO/bOBaHOroO AeiopMyBaHHS NPUCTPOIB NoranHaHHA eHeprii (MIME), aki
BX0AATb 0 cknady Crb, BiaOyBaeTbCA 3HWKEHHS MO3AO0BXHIX 3YCW/b i MPUCKOPEHb, L0 [03BONsE 36epertut
XXUTTSA Nacaxupis i NOi3HOI Bpuragn, 3MEHLINTY MOLLKOMKEHHS PYXOMOro CKiady, MiHiMi3yBaTu Hacnigku aBa-
pii. B kpaiHax EC 0608B’s13k0Ba HasiBHicTb CIB pernameHTyeTbcs cTaHAapToM EN 15227. AHanoriyHuii cTaH-
[apT gi€ i B YKpaiHi, He AMBAsSUMCh Ha iCTOTHI BiAMIHHOCTI B KOHCTPYKLiSIX 34iMHWUX NPUCTPOIB BITYN3HAHOIO Ta
€BPOMENCbKOro pyxoMoro cknagy. Y CTaTTi po3rnafacTbcst 3afava CTBOPEHHS HayKoBOT 6a3u ans po3pobku Crb
eKinaxiB BITYM3HAHOTO LUBMAKICHOrO MacaXupCbKOro noisga npuw 3iTKHEHHSX, a TakoX MpobieMa BU3HAYEHHS
YMHHMKIB, L0 BNMBAKOTh Ha CXOf KOAIC eKinaxis 3 peiiok. Po3pobnieHo anroputm, HayKoBO-MeTOANYHE 3a6e3-
MeyeHHs i CKiHYEHHO-eNeMeHTHI Mogeni, SKi MOXyTb BYTU BMKOpUCTaHi 4ns BUGOpY napameTpiB KOHCTPYKLiiA
MIE, wWwo nigTBepMXEHO pe3ynbTaTaMu BUKOHAHOMO KpeLl-TecTy gocnigHoro 3paska MNIE, ctBopeHoro ans no-
KOMOTVBa. P0o3po6neHo MaTeMaTUyHY MOAeNb Ans AOCNIMKEHHA AWHAMIKM NOI3HKUX cKnagiB 3 CIb, BU3HaYeHHs
HaBaHTaXXEHOCTi KOHCTPYKLili eKinaxiB B MO340BXHbOMY i BEpPTUKa/IbHOMY HamnpsMKax, a TakoX AN1s OLiHKK
HeobXifgHoro piBHsA eHeproemuocTi MIME npu BignpautoBaHHi HOPMATUBHKX CLEeHapiiB 3iTKHeHb. B pesynbTaTi
BVKOHAHOrO KOMI/IEKCY [OCiAKeHb po3pobneHo KOHCTPYKLUiT MIME ans TAroBoro pyxoMmoro cknagy Ta npuuin-
HWX BaroHis. OKpemoto Npo6eMoto Npy po3rsgi 3iTKHEHHS NacaXX1pCbKOro noisaa 3 NepeLLIKofor0 € BUSHAUEH-
Hsl (haKTOpIB, LU0 MPU3BOAATL A0 CXOA4Y KOMiCHWMX Map IOKOMOTUBA i BaroHiB 3 peiiok. Taki JOC/ifKeHHS npose-
[leHO 3 BUKOPWCTaHHAM po3p06/eHOi MaTeMaTUYHOT MOZENi MPOCTOPOBUX KOMMBaHb PYXOMOFO MOTArY, SIOKOMO-
TUB AKOT0 06/1aiHAHO CUCTEMOIO MAacUBHOI 6e3neky i NPOTUMILAAOMHUMU NPUCTPOSMU. TpK 3iTKHEHHI 3 nepeLu-
KOJ0t0 MOi3/a, L0 PyXaETbCs MO peaslbHOMY PEViKOBOMY LUMAXY 3 HEPIBHOCTAMM Pi3HOTO TUMY, BUHUKaOTb rnone-
peuHi cunm B3aeMogii ekinaxis. Lie B CBOIO Yepry NpM3BOAMTbL 40 NOSABY MOMNEPEYHUX CUM B3aEMOAIT TX Konic i
peliok, Lo pobuTb ICTOTHWIA BNMB Ha CTIMKICTb KONICHWX Map IOKOMOTMBA Bif CX04y 3 peiiok. MposeaeHi pos-
paxyHKU MOKa3anu, L0 AMOBIPHICTb CXOKEHHS KOMIC NIOKOMOTMBA 3 peliok TUM Giflblue, YnM Badkye eKinax-
nepeLUKoAa, UM BULLE LUBUAKICTb PyXy NOi3Aa B MOMEHT 3iTKHEHHS, Y/AM BULLE PiBEHb HEPIBHOCTEN pelikoBoi
KONii. Pe3ynbTaTi BUKOHaHWX JOCNIAKEHb MOXYTb ByTy BUKOPUCTaHI NpY NPOeKTYBaHHI LUBMAKICHAX NacaXmp-
CbKWX NOT34iB HOBOTO MOKOMIHHS.

MpropUTETHBLIMK 33fja4aMit OTEHECTBEHHOIO YKeNe3HOAOPOXHOr0 TPaHCMOopTa ABMAKOTCA MOBbILLIEHWE CKO-
pocTeii ABWXeHWA NOe3n0B, 06HOB/MEHWE NacCaXMPCKOro MOABWKHOTO cOcTaBa, obecrneyeHue ero 6e3onacHol
3KCMIyaTauymn 1 NacCMBHOM 3alyUTbl MPU aBapUiiHbIX CTONKHOBEHWAX C MPENATCTBUAMU. B KOHCTPYKLWW 3KU-
naxKeii CKOPOCTHOTO NacCaXWMPCKOro Moesfja HOBOTO MOKOMEHWS AOMKHbI ObITb VHTErpUPOBaHbl CUCTEMbI Mac-
cuBHol 6esonacHocTn (CIMB), koTopble cpabaTbiBatOT B MOMEHT CTO/IKHOBEHUS. B pe3y/bTaTe KOHTPOAMPYEMOro
nethopMupoBaHus BXoasawmx B coctaB CIB ycTpolicTB nornoweHns sHeprum (YT13) NpouCcXoanT CHIDKEHME
NPOJOAbHbIX YCUANIA 1 YCKOPEHUIA, YTO MO3BO/ISET COXPaHNTb XM3HN NacCaXWUPOB 1 MOE3AHON 6puragbl, yMeHb-
LUNTb MOBPEX/EHNA NOABMXKHOMO COCTaBa, MMHUMK3MPOBAaTL MOCNEACTBMA aBapun. B cTpaHax EC o6s3aTenbHoe
Hannume CIB pernameHTupyetcs ctaHgapTom EN 15227. AHanOruuHbIA CTaHAApT LeACTBYET M B YKpauHe,
HECMOTPS Ha CYLLECTBEHHbIE OTINYMA B KOHCTPYKLMAX CLEMHbIX YCTPOCTB OTEYECTBEHHOrO U €BPOMEicKoro
noABMKHOIO cocTasa. B cTaTbe paccmaTpuBaeTcs 3adada Co3faHnsa HayyHoi 6asbl Ans paspaboTku Cr1b akmna-
el 0Te4eCTBEHHOr0 CKOPOCTHOMO NacCaXXMPCKOro Noesaa Npu CTONKHOBEHUSAX, a Takke npobniema onpeaeneHns
(haKTOpOB, B/MSIOLLMX HA CXOZ KOMEC CTANKMBAIOLLMXCA IKUMKeN C penbcoB. Pa3paboTaH airoputM, HayuHo-
MeToAMYecKoe 0becrneyeHne 1 KOHEYHO-3/1IeMeHTHbIE MOLENN, KOTOpble MOryT 6bITb MCMO/b30BaHbl A5 Bbl6opa
napameTpoB KOHCTPYKLWA YT13, uTo NOATBEPXAEHO pesy/bTaTaMy BbIMONHEHHOrO KP3Ll-TecTa OMbITHOro 06-
pasua YT3, co3gaHHOro 4N1s N0KOMOTKBa. PaspaboTaHa MaTemaTnyeckas MoAenb A1s UCCefoBaHNs AMHAMUKN
noe3AHbIX coctasos ¢ CIb, Ans onpefeneHns HarpyXeHHOCTU KOHCTPYKLMIA SKUNaxei B NPOA0/LHOM M BEpPTU-
KasbHOM HanpaBfieHUsX, a TaKkxe Ans OLeHKN HeobX0AMMOro YPOBHSA 3HeproeMkocTn Y113 npu oTpaboTke Hop-
MaTVBHbIX CLEHapVeB CTO/IKHOBEHWIA. B pe3ynbTaTe BbIMO/IHEHHOrO KOMMIEKCa MCCefoBaHWiA pa3paboTaHbl
KOHCTPYKUMM YTI3 Ans TAroBOoro NOABMXKHOMO COCTaBa M MpULENHbIX BaroHoB. OTAenbHO npo6nemoii npu
PaccMOTPEHWUN CTOMKHOBEHWS MAcCaXKMPCKOro rnoesfa ¢ nperpagoin ABnseTcs onpegeneHune HakTopos, NPUBOAS-
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LMX K CX0Ay KOMECHbIX Nap OKOMOTMBA M BarOHOB C PebCcoB. Takue 1ccnefoBaHus nNpoBefeHbl ¢ UCMo/b30Ba-
HMeM pa3paboTaHHO/ MaTeMaTUyeckoli MOfenn NPOCTPAHCTBEHHBIX KOMebaHW ABVXKYLLErocs noesaa, IoKomMo-
TWB KOTOPOro 06OpYAOBaH CUCTEMOIi NMacCUBHOW 6€30MacHOCTM U MPOTUBOMOALEMHLIMM YCTpoicTBamMu. Mpu
CTONKHOBEHWW C Mperpasoi noesga, ABMXKYLLErocs Mo peasbHOMY penbCoBOMY MYTU C HEPOBHOCTAMMW PasHOro
TWMNA, BOHWKAKOT NOMepeyYHble CU/bl B3aMMOJECTBIS CTa/IKMBAIOLLIMXCS SKMMaxKei. STO B CBOKO 0Yepedb NPUBO-
[NT K NOSIBNEHUIO MOMEPEYHbIX CW B3aMMOAECTBUS UX KOMEC U PEebCOB, YTO OKa3bIBAET CYLLECTBEHHOE BAWS-
HMEe Ha YCTONYMBOCTb KOMECHBLIX Map SIOKOMOTMBA OT CX0Aa C penbCoB. MpoBeAeHHble pacyeTbl MoKasanm, YTo
BEPOSTHOCTb CXOfa KOMEC IOKOMOTMBA C PebCoB TEM 6GO/bLLE, YEM TshKenee SKMMaxK-nperpaja, YeM Bbille CKO-
pOCTb [iBVXKEHUS MOe3a B MOMEHT CTO/IKHOBEHMS! U YeM BblLLie YPOBEHb HEPOBHOCTEN PenbCoBON Koneu. Pesynb-
TaTbl BbIMNO/HEHHbIX WMCCNEJ0BaHWA MOTYT BbITb MUCMOMb30BaHbI MPU NMPOEKTUPOBAHUM CKOPOCTHBIX Maccaxup-
CKMX MOe3/10B HOBOTO MOKO/IEHUS.

The priority tasks of the Ukrainian railway transport are a train speed increase, passenger car renewal and
safe operation, and the passive protection of passenger trains in their emergency collisions with obstacles. An
integral part of high-speed passenger cars of new generation must be passive safety systems (PSSs), which operate
in an emergency collision. The controllable deformation of the PSS energy- absorbing devices (EADs) reduces the
longitudinal forces and accelerations, which makes it possible to save the lives of the passengers and the train
crew, reduce damage to the cars, and minimize the consequences of the accident. In the EU countries, the manda-
tory installation of PSSs is required by Standard EN 15227. A similar standard is adopted in Ukraine, too, despite
the fact that the couplers used in Ukraine differ considerably in design from those used in the EU countries. This
paper addresses the problem of elaboration of a scientific basis for the development of collision PSSs for the cars
of high-speed passenger trains operating on the Ukrainian railways and the problem of determination of factors
that affect car derailment in a collision. An algorithm, methods, and finite-element models for choosing the EAD
design parameters were developed and validated by a crash test of a prototype locomotive EAD. A mathematical
model was developed to study the dynamics of PSS-equipped trains, to determine longitudinal and vertical loads
on the car structures, and to assess the required EAD energy absorption capacity in normative collision scenarios.
Comprehensive investigations were conducted, as a result of which locomotive and car EADs were designed.
When considering a passenger train — obstacle collision, a separate problem is the determination of factors caus-
ing locomotive and car derailment. Such investigations were conducted using a mathematical model developed to
describe the spatial oscillations of a moving train whose locomotive is equipped with a passive safety system and
anti-climbing devices. When a train moving on a real track with irregularities of different types collides with the
obstacle, lateral forces of car—car interaction are produced. This, in its turn, results in lateral forces of wheel-rail
interaction, thus considerably affecting the locomotive derailment stability. The calculations conducted by the
model showed that the locomotive derailment probability increases with the mass of the obstacle rail vehicle, the
train speed at the collision instant, and the level of rail irregularities. The results of the investigations conducted
may be used in designing a new generation of high-speed passenger trains.

Kntouesble cnoga: 6e3o0nacHOCTb >KENE3HOA0PO>KHOIo ABM>KEHNA, CTONKHO-
BEHME NaCCa>KMUPCKOro rnoesfa ¢ npenaTCcTBNEM, CUCTEMA naccuBHoin 6e3onacHo-
cTn, yCTDOVICTBO MOrnoweHna aHeprnn, maTemaTyecKoe MoaennpoBsaHne, npo-
CTPaHCTBEHHbIE KonebaHus, CXof, C penbcos.

BBegeHue. MpMOpUTETHBIMI 3aja4amMii OTEUYECTBEHHOTO YKENE3HOA0POXKHOTO
TpaHcnopTa SBNSOTCS 06HOB/EHME MAacCaXMPCKOro MoABMXHOFO COCTaBa, o6ec-
neyeHre ero 6e3omacHoii aKcnayaTauyi U NMacCMBHON 3alLMThI MacCaXMpoBs, Mo-
e3fHOl 6puradbl MU HeCyLMX KOHCTPYKLMWIA 3KUNaXKein noesga Npu aBapuitHbIX
CTONKHOBEHWSIX C OPVEHTALMEN Ha eBPOCTaHAaPTbI.

Pa3paboTKoii Hay4yHO 060CHOBaHHBIX PELLEHUI1 MO 06ecneyeHno 6e3onacHo-
CTV YKENe3HOAOPOXHbIX NMEPeB0O30K U MAcCMBHOM 3alliMTe MacCaXMpCKOro noesaa
Mpy ero aBapuiiHOM CTO/IKHOBEHWW C MPENSTCTBMEM 3aHWMAlOTCS CMELWaIUCTbI
OTAeNna CTaTUCTMYECKON AVHAMMKM U OWHAMWKM MHOFOMEPHbIX MEXaHUYECKUX
cnucTeM WHCTUTYT TeXHWYECKO MeXaHWKW HaluoHanbHOM akagemuy HaykK YK-
pauHbl U oCyapCTBEHHOr0 KOCMMYECKOro areHTCTBa YKpauHbl. BbiNosiHeH 06-
30p TUMWYHBIX CMy4YaeB CTO/IKHOBEHWIA MACCAaXMPCKUX MOE3A0B C Pas/MUHbIMYA
NPensTCTBUSAMM Ha XKeNe3HbIX A0porax Mupa, npoaHann3MpoBaHbl XapakTep Mo-
BPEX/AEHUI B KOHCTPYKLMSX SKUNAKEN WU NPEnsTCTBUIA, a Takke MOCNeAcTBUS
CTONKHOBEHWIA B Cly4yasx OTCYTCTBUS UM HaNWUKs CPeAcTB NacCBHOW 3aliMTI.
MpoBeaeH aHaM3 HOPMATVBHbLIX TPe6GOBaHWA MO MACCMBHO 6€30MacHOCTY MpK
CTONKHOBEHWSX MacCaXXMPCKKX NOe3noB Ha aoporax EBpoMbI U CTpaH MOCTCOBET-
CKOr0 MPOCTPaHCTBa. YCTAaHOBNEHO, YTO MpPM MPOEKTMPOBaHUM OTEUYECTBEHHOIO
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CKOPOCTHOr0 MacCcaXXMpCKoro noABMXKHOro CcocTaBa HOBOrO MOKOJ/IEHWSA LIeNecoo6-
Pa3HO WHTErpupoBaTb B KOHCTPYKUMWM 3KMNaKel Moe3fa CUCTEMbI NaCCUBHOWA
6e3onacHoct (CI1B). Mpn CTONKHOBEHWMM MOe3fa C NPEenATCTBUEM 3TW CUCTEMbI
cpabaTbiBalOT 6e3 aKTMBHOIO y4acTusi MalUMHWUCTA M 06ecneunmBaloT CHUDKEHME
NPOLO/IbHBLIX YCUWIA N YCKOPEHWIA B pe3yNibTaTe KOHTPOIMPYEMOrO NaacTUYecKo-
ro fedopMmpoBaHns 1 paspyLueHns BXoasLwmx B coctas CIb crneumabHbIX YCT-
pONCTB NornoLeHns aHeprum (YT3) 1 KepTBEHHbIX 30H B KOHLEBbIX YacTAX Xe-
Ne3HOLOPOXHOr0 akunaxa. ObsasaTensHoe Hasmume CI1b y Bcex BHOBb CO3/aBae-
MbIX NacCaXXMPCKUX Moe3foB B cTpaHax EC pernamMeHTUpyeT eBponerickunii cTaH-
naapT EN 15227 [1], KoTopblii pa3paboTaH Ha OCHOBE BbINOMHEHWSI KOMM/EKCA Ha-
YUHbIX MCCeLOBaHWA, MOATBEPXAEH Cepreil Kpalw-TecToB 1 ¢ 2008 roga npume-
HAETCA Ha MPaKTVKe NpU NPOEKTUPOBAHUN 1 3KCMEPUMEHTaNIbHOM 0TPaboTKe Xe-
Ne3HOLOPOXHbIX aKMnaxel ¢ CMb. B 2016 rogy YkpanHa MeTo40M NOATBEPXKAe-
HMA npuHana ctaHgapT OCTY EN 15227:2015 (EN 15227:2008) [2]. Mpu sTtom
OTKPbITbIM OCTa/ICA BOMPOC Y4eTa CyLEeCTBEHHbIX OT/IMUYMIA B KOHCTPYKLMAX OTe-
YECTBEHHOIO W €eBPOMeNicKOro MoABMXHOro coctaBa (06beAMHEHHbIE YAapHO-
TATOBble NPWOOPLI, pa3Hble rabapuTHbIE N MacCOBble OrpaHUYeHns, Apyrve Hop-
MaTuMBHble TpeboBaHMs U T. 4.).

Crlb npegHasHayeHbl 419 3aLMThl NOABUYKHOMO COCTaBa Mpy CTONIKHOBEHUAX,
CLeHapuy KOTOpbIX OnpeaesneHbl HOPMATUBHLIMU TPeOOBaHWAMM MO NACCUBHOM
6e3onacHocTn. B ctaHgapTe EN 15227 onpefeneHbl sTaloHHbIE Moe34a 1 YeTbIpe
CLieHapws CTONIKHOBEHWS:

— cueHapwin 1 — no60Boe CTOMIKHOBEHME ABYX WAEHTWUYHbLIX MOE3AHbIX COCTa-
BOB CO CKOPOCTbIO 36 KM/Y;

— CUeHapuii 2 — 1060BOe CTONIKHOBEHME CO CKOPOCTbIO 36 KM/4Y MOe3AHOro Co-
CcTaBa C rpy30BbIM BaroHOM Maccoii 80 T;

— cueHapuii 3 — N060BOE CTO/IKHOBEHME CO CKOPOCTbIO 110 KM/4 Moe3gHoro
cocTaBa C KpynHOrabaputHbIM JOPOXKHbIM TPAHCMOPTHLIM CPeACTBOM Maccoi 15 T
Ha nepeesge;

— CueHapuii 4 — CTONKHOBEHWE NOE3AHON0 COCTaBa C HEBLICOKMM NPensTCTBU-
eM (/1erkoBoi aBTOMOGW/Ib, XXMBOTHOE, MyCOP) Ha >KeNe3HOA0POXHOM Nepeese.

B pesynbTarte BbINO/HEHHbIX B OTAENE UCCNeA0BaHUI 060CHOBAHO, YTO CLe-
Hapun CTONIKHOBEHWIA, onpefeneHHble cTaHaapToM EN 15227, agekBaTHO Xapak-
TEpPU3YIOT YCNOBUSA Hambonee TUMUYHBIX U BEPOSTHLIX CTO/IKHOBEHWI Ha Xenes-
HbIX OpOrax He TofbKO cTpaH EC, HO 1 CTpaH MOCTCOBETCKOro NPOCTPaHCTBA.

MaTeHTHO-6MGNMOrpatnyecke UCCNefOBaHNA CYLLECTBYHOWMX CPEACTB 3a-
WMTBI 3KMNAXKEA CKOPOCTHbIX NMacCaXMPCKUX MOE340B NpU aBapuiiHbIX CTONIKHO-
BEHMAX MO3BOMUAN YCTaHOBWTb, YTO MAcCUBHasA 3aliyTa eBPOMNencKMX naccaxmp-
CKMX M0e340B JIOKOMOTMBHOM TArMK, 00OPYAOBaHHbLIX pasfe/ibHbIMW  YAapHO-
TArOBbIMM YCTPOMCTBaAMM, OpraHv3oBaHa TakuMM 06pa3oM, YTO OCHOBHYHO 4acTb
3HEeprum aBapuinHOro CTONIKHOBEHMS NOI/OWA0T KpaL-0ydepa N pacnofioXXeHHbIe
32 HMMW YCTPOWCTBA MOT/IOLLEHMS 3HEPTM TOKOMOTMBA. [1pOMEXYTOUHbIe Baro-
Hbl, KaK Npasunio, 060pyayroTCA TOMbKO KpaLw-6ydepamun. Ha TOKOMOTMBE 1 Baro-
HaxX yCTaHaB/IMBAlOTCA NPOTUBOMOAbLEMHbIE YCTpOcTBa. [Mpy aBapuitHOM CTONK-
HOBEHWM 3HEPruA MOr/OLLAeTCA B pe3ynbTarte paspbiBa, CpesaHus Wan pasBasib-
LIOBKM 3N1EMEHTOB KpaL-Oydepa U NnacTuyeckor Aegopmanuy pacronoXeHHOro
32 HUM YCTPOICTBA NOI/IOWEHUA 3HEPIUX, KaK Mpasuio, KopobyaToro nam Tpy6-
4aToro Tuna.
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MpoBeaeHHbI aHanM3 CyLLECTBYHOLLMX BapyaHTOB MAaCCUBHOM 3alLMThbl IOKO-
MOTMBOB 1 MPULEMHbIX BarOHOB C 06beANHEHHbIMM YAAPHO-TATOBbIMU NPUGOpamMu
Mnokasas, YTo Takas 3aliMTa MpeAnonaraeT MCMoMb30BaHWe CABWTaeMbIX aBTO-
CLIEMHbIX YCTPOACTB, MHOTOYPOBHEBOI CUCTEMbI YCTPOICTB MOTNOLLEHUS SHEPTNN
W XKEPTBEHHbIX 30H B KOHLIEBbIX YaCTAX 3KUNAXKEN noesza.

MaccyiBHas 3allmTa eBPOMeicKoro MOTOPBAarOHHOMO MOABVYKHOIO COCTaBa op-
raHM30BaHa TakMM 06pa3oM, YTO OCHOBHYHO YacTb SHEPTUW aBapUIHOIO CTO/KHO-
BEHUS MOF/OLLAOT YCTPOICTBA MOT/OLLEHNS| 3HEPTUN, YCTaHOB/EHHbIE Ha TOMOB-
HbIX BaroHax. 0/I0BHOIN BaroH 0GOPYAYeTCs MHOrOYPOBHEBO CUCTEMOI YCT-
POIACTB MOF/OLLEHNS SHEPT UM, KOTOpbIe, KaK MpaBu/o, BbIHECEHbI 33 MPeaenbl Ka-
6UHbI MalLMHUCTa. KapKac KaGUHbI SIBMSIETCS YCUEHHON 30HOI 6e30MacHOCTM AN
BbIKVBaHWS 1 3BaKyaLWy MalLMHUCTa NpY CTOSIKHOBEHWM. [POMEXYTOUHbIE Baro-
Hbl 060PYAYHOTCS CLEMHLIMM 1 NPOTVUBOMNOALEMHBLIMM YCTPOWCTBAMU, B TOM YWC/IE
COZIePXKaLLVIMU SHEPronor/IOLLAOLLVIE S/IEMEHTbI.

AHaIN3 CYLLECTBYHOLMX TEXHUUECKNX PELLEHWIA MO YAAPHO-TAIOBLIM 1 MPO-
TWBOMOABLEMHBLIM YCTPOACTBAaM, KOTOpble 06ecneynBatoT paGoTy 3/eMEHTOB Mac-
CMBHOIA 3alLMTbl MACCAXMPCKMX MOE3[0B B aBapUiAHONM CUTyaLum, Mokasas, uTo
cMcTeMa NaccyBHOI 6e30MacHOCTY 0TEYECTBEHHOIO MacCcaXMPCKOro Moesza HoBO-
o MOKOMIEHMs [O/KHA BK/OYaTb aBTOCLIEMHblE YCTPOICTBA, KOTOpblE MpU aBa-
PUIAHOM CTONIKHOBEHWW CABWIaOTCS B MOABArOHHOE MPOCTPAHCTBO, @ TakXKe NPo-
TWBOMOABLEMHbIE YCTPOWCTBA AN 3aLLMThbl OT HAMNON3aHUs IKMUMNaXKel Apyr Ha Apy-
ra. CfBuraeMble aBTOCLEMHbIE YCTPOCTBA LiENIecO006pasHoO co3aaBaTb Ha OCHOBE
aBTOCLEMNHbIX ycTpoiicTB CA-3 1 6€33a30pHbIX CLEMHbIX YCTPOWCTB C UCMO/MbL30-
BaHMEM aMepUKaHCKOro OnbiTa pa3paboTky cABuraeMoii aBtocLienku Volpe LieH-
Tpa HaLMOHabHbLIX TPAHCMOPTHbLIX cucTeM OTAeneHus TpaHcnopta CLUA v onbi-
Ta CO3/aHNs aBTOCLEMHbIX YCTPOICTB Tuna LLlapdeH6epra. Mpyu 3ToM NpoTMBO-
MOAbEMHbIE YCTPOICTBA LIeN1eco06pasHO BbIMO/MHATL B BUAE MAAaCTVH C FOPU30H-
Ta/lbHbIMW pPebpamn 1 ycTaHaBMMBaTb Ha KOPOGYATbIX KOHCTPYKLMSX YCTPOACTB
MOTNOLLEHNS SHEPTUN, KOTOPbIMU 06OPYAYIOTCS KOHLIEBbIE YaCTU YKeNe3HOA0P0X-
HbIX 3KUNaXei. MeoMeTpust pebep NPOTMBOMOABLEMHBIX YCTPOWCTB A0MKHA ObITh
HOPMUpPOBaHa Anst 0GecrneYeHns HafeXHOTO 3aUen/eHNs UAEHTUYHbIX U HEMAEH-
TWYHBIX 9KMMaXKeli NOe3AHOro CocTaBa NPy aBapuiiHbIX CTOSIKHOBEHMSIX C NPensT-
CTBMEM Ha XKENe3HOAOPOXHOM MyTHU.

Ha ocHoBe aHa/sM3a MMPOBOrO OMbiTa MO MAacCKBHOI 3alLLMTe NAaCCAKUPCKMX
MOoe3foB MPU CTO/IKHOBEHWSIX pPa3pab0TaHbl OCHOBHbIE MOMOXEHWS KOHLENLMM
MacCUBHOM 3aLLMTbl OTEYECTBEHHOIO CKOPOCTHOIO MacCaXMPCKOro noesaa HOBOro
MOKONEHUs NPY aBapUiiHbIX CTOKHOBEHUSX C MPensTcTBuaMM [3] 1 onpefeneHsl
paLMoHa/bHbIE CXEMbl Pa3MELLEHMs1 CUCTEM MacCKBHOK 6Ge30nacHOCTU B Mmacca-
KUPCKMX M0E3aax pasHoOro HasHaueHus.

OTAenbHot Npo6emMoit NpK PacCMOTPEHUM CTOMIKHOBEHMUS MAcCaXMPCKOro
noesfia C Nperpazon sBnseTcs onpeaeneHne (hakTopoB, NPUBOAALLMX K CX0ay KO-
NECHbIX Nap NTOKOMOTMBA M BaroHOB C Pe/bCoB. TaKue UCCNeA0BaHNs NpoBeaeHbl C
CMO/Mb30BaHNEM pPa3pPaboTaHHOK MaTemMaTUYeckoli MOAEeNM MPOCTPaHCTBEHHbIX
KonebaHuii ABUXYLLErocs noesaa, /IOKOMOTMB KOTOPOro 060pyaoBaH CUCTEMOVA
MacCUBHOI 6e30MacHOCTU 1 MPOTMBOMOABLEMHBIMU YCTPOCTBaMM. Mpy ABUKEHIM
noesfa no peasbHOMY PENbCOBOMY MyTU C HEPOBHOCTSMM PasHOro TUMa MMeoT
MECTO KOMe6GaHUst SKUNaXei B MPOLIECCe ABVXKEHUS, UTO NPUBOAMUT K MOSIBNIEHUIO
M3MEHSIIOLLLEr0Cs BO BPEMEHM Yr/a MoBOpPOTa Ky30Ba SIOKOMOTMBA OTHOCUTENIbHO
BEPTUKa/IbHOM OCK B FOPU3OHTANIbHON NMOCKOCTU. B Takoi cuTyauumn npu CToNK-
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HOBEHNN C nperpa,qoif’l BO3HUKAKOT MOMepeyHble CUsbl B3aI/IMO,£I,el7ICTBVIF| CTaJIKN-
BalOLLINXCA 3KMMNaXxen. STo B CBOKO oyepenb NpuBOAUT K NOABMIEHNIO MNOMEPEYHbIX
cun BS&VIMO,D,EVICTBVIFI NX KOMec n pPesibCoB, YTO OKa3blBa€T CYLLECTBEHHOE B/INAHNE
Ha yCTOVILIMBOCTb KOJIECHbIX Map NOKOMOTMBA OT CX0Aa C PeNbCOB.

MocTaHoBKa 3afayn. PaccmaTprBaeTcs 3agaqa co3faHus HayyHom 6asbl ans
pa3paboTKM CMCTEMbl NAcCUBHOW 6e30MacHOCTY 3KMNaxel 0TeYeCTBEHHOrO CKO-
POCTHOIO NacCaKMPCKOro noesfa ¢ 06beAVMHEHHbIMY YAapHO-TATOBbIMA NPUG0-
paMun Mpu aBapuiiHbIX CTOIKHOBEHMSAX, CLEHapUM KOTOPbIX COOTBETCTBYIOT CTaH-
fapty EN 15227, a Takke npobnema onpeaeneHunst hakTopos, BAUSIOLMUX Ha CXOf
KOMEC CTa/IKMBAIOLLMXCA SKUMAXKEN C Pe/ibCoB.

ANropuT™Mm onpegeneHns napametpoB YI13. B COOTBETCTBMM C Mpessio-
YKEHHOM KOHLeNumeldi NaccMBHOW 3alyUTbl OTEYECTBEHHOrO CKOPOCTHOrO nacca-
XXMPCKOro noesfa HOBOMO MOKO/IEHMA NPU aBapuiiHbIX CTOIKHOBEHWSAX C NPensT-
CTBMEM pa3paboTaH aropuT™M Ans onpefeneHns napamMeTpoB YCTPOWCTB MOr/o-
LLeHMSA 3Heprum, Bxogawmx B CINb. ANroputMm BKIHOYaET:

— onpefeneHne ONYCTUMbIX BO3AENCTBUIN Ha KOHCTPYKLWMIO XKene3HOLOPOX-
HOrO 3KMNaXka NP TECTOBbIX CLEHapUAX CTONKHOBEHWI U rabapuTHbIX OrpaHuye-
HWiI1 ans ycTtaHoBkKn YT19;

— paspaboTKy TpeboBaHuin K ¥T13 Ha OCHOBe aHa/iM3a 0COBEHHOCTEl ero pa-
60Tbl NP 3KCMyaTauMOHHbIX U aBapUiiHbIX BO3LENCTBUAX;

— BbIOOP (hOPMbI M MaTepuana KOHCTpYKummn YT13;

— onpefeneHne KpUTUYECKON Harpysku noTepy YCTOMYMBOCTW YCTPOMCTBA
MOT/IOLLEHMA 3HEPTUN A0 NOSBNEHUSA NNACTUYECKMX AedopmaLuii;

— paspaboTKy KOHLENTYyanbHO AnarpamMmmbl gedopmuposanms Y13 npu yaape;

— onpejeneHne MHTerpanbHbIX napameTpos ¥YT13, B YaCTHOCTU X 3HEPTOEM-
KOCTeil, B pesy/ibTaTe MaTeMaTU4yecKOro MOAENMPOBaHUS AUHAMUKM 3TaNOHHbIX
noe3AHbIX coctaBoB ¢ CIMB npy aBapuiiHbIX CTONIKHOBEHUAX, CLEHapUK KOTOPbIX
COOTBETCTBYIOT cTaHAapTy EN 15227, 1 yTOYHeHMe KOHLENTYanbHOW Auarpammbl
LedopMnpoBaHns;

— BbI6Op MapameTpoB KOHCTpyKUuM YTIQ ¢ Tpebyemoli 3HepProeMKOCTbIO C
MOMOLLbH0 KOHEYHO-3/1EMEHTHOI0 MOAENMPOBaHUA NIaCTUYECKOro AehopMmMpoBa-
HWs YT19 npv ygape ¢ Ucnonb3oBaHeM pa3paboTaHHOro Hay4YHO-MeTOAUYECKOro
obecneyeHus;

— C03[aHve OMbITHOro 06pasya KOHCTPYKUuun YT13 v npoBefeHVe ero KpaL-
TecTa,

— Bepu(mKaumio paspaboTaHHON KOHEYHO-3/1eMEHTHOW Mogenn gedopmmpo-
BaHuA YT13 npu ygape no utoram KpaLl-TecTa COrflaCHO KpuUTepuaM CTaHapTa
EN 15227,

— Bbl6op nNapameTpoB Y13 3a4aHHOW 3HEPrOEMKOCTU C UCMONb30BaHNEM KO-
HEYHO-3/1EMEHTHOM MOJE/NN, YTOUYHEHHOW C Y4eTOM Pe3y/bTaToB BbIMO/IHEHHOIO
Kp3LU-TecTa.

HayuHo-MeToAMYeckoe obecriedeHne [AN1s OMNpedenieHns napameTpoB
YM3. Pa3paboTaHO Hay4yHO-METOAMYECKOe 06ecrneyeHne Ans onpeaeneHns napa-
METPOB YCTPOICTB MOF/IOLLEHMSI 3HEPTUM MYTEM PELLEHUs 3afaun Teopuu mnna-
CTWYHOCTY MPY 3alaHHbIX Haya/bHbIX U FPaHUYHBIX YCNoBUsX [4 — 6]. OHO BKItO-
YaeT CO3daHMe C MOMOLLbIO CPEACTB aBTOMATU3MPOBAHHOTO KOHCTPYMPOBAHWSA
TPEXMepHO reoMeTPUYECKO Mofenn WUCCnefyemMoli KOHCTPYKLMX, UMMOPTUPO-
BaHMe reoMeTPUYECKO MOAENM B MPOrpamMmMmy [/ PeLLeHns 3afaun AMHAMUKK C
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MOMOLLIbIO MeTOJa KOHEYUHbIX 3/1EMEHTOB, CO3faHWe W TeCTUpPOBaHME KOHeYHo-
3N1EMEHTHOM MaTeMaTU4yecKol MOZLENN, ONUCLIBAtOLLE MPOLEecC NNacTUYecKoro
AeopmMmpoBaHns KOHCTpYKuuM YT13 npu ypape, NpoBefeHMe pacyeTos, MO-
CTPOEHME 3aBUCUMOCTN KOHTAKTHOM CW/bl U 3HEPruK, NOr/oWaemMoii B npowecce
AethopMUPOBaHUA KOHCTPYKLMK, OT NepemMeLLeHns LieHTpa Macce 6oiika npu yaape.

KOHeYHO-3/1eMeHTHblE MOZENN NIACTUYECKOro Aed)OpMUPOBaHNSA KOHCTPYK-
umin Y113 pa3paboTaHbl C YH4ETOM HeIMHEWHbIX COOTHOLLEHWI MeXay Aedopma-
UMAMU 1 NepeMeLLEHNAMI, a Takxke MeXay HarpsikKeHusaMn 1 gedopmMaumsamu,
3aBMCUMOCTM (DU3NKO-MEXaHNYECKMX CBOMCTB MaTepuaia OT CKOpOCTY yaapa, ne-
PEMEHHOr0 KOHTaKTHOrO B3aMMOAENCTBUS MeXAY 3/eMeHTaMU MexaHW4ecKoi
CUCTEMbI COYyAapAOLWMXC Ten. [na onucaHnus ynpyronaacTuyeckmx CBOMCTB Ma-
Tepvana paccMaTpMBaeMO KOHCTPYKLUM NpY yAapHbIX BO3LENCTBUAX MCMOMb30-
BaHa MHKPeMeHTa/lbHas MOAe/b MacTUYHOCTY B hopmynmnposke Kpura n Kes [7],
OCHOBaHHas Ha BUNMHEHOW annpoKCUMaLM UCTUHHON AnarpaMMbl PacTsHXKeHUA
C YYEeTOM KMHEMATUYECKOro yrnpoyHeHus. Touka nepesiomMa TakoW [BYX3BEHHON
KYCOYHO-/IMHENHON KPUBOW COOTBETCTBYET AMHAMUYECKOMY Mpejeny TeKy4ecTu,
[N BbIYMCNEHNS KOTOPOIO 1CMOJb3yeTcs 3aBncMocTb CaimoHaca—Kynepa [8, 9].

HanpsxeHHo-geopmupoBaHHoe coctosiHne (HAC) 3neMeHTOB KOHCTPYKLMK
Npn yfape OMNMCLIBAETCA CUCTEMOIN HENMHEMHBLIX AndhepeHLManbHbIX YpaBHEHUIA,
peLleHne KOTOPOW CBOAWTCA K YWUC/IEHHOMY WHTErpupoBaHWIO NPW 3afaHHbIX Ha-
Ya/lbHbIX U FPaHNYHbIX YCnoBUsX. MonyyeHHas B pesy/ibTate KOHeYHO-3/1eMEHTHOM
AVICKpeTM3aumm cuctema audhepeHumanbHbIX YpaBHEHUI ABVKEHUS PeLLaeTca C
MOMOLLbIO MeTOAa MocnefoBaTe/lbHbIX HarpyXeHuin [10], ocHoBaHHOro Ha coyeTa-
HUW YUCNIEHHOTO WHTErpUMpPOBaHMs C UTEPaLVOHHON KOPPEKTUPOBKON pe3ynbTaToB
Moc/ne KaXAoro Luara no BpemMeHW. B pesynbTaTe peLueHust paccmaTpyBaemMoit 3aa-
un onpegensetcs HAC 371eMeHTOB KOHEYHO-3/1EMEHTHON CUCTEMbI MPU 3aJaHHOM
HaYa/IbHOV CKOPOCTM CoyaapeHus. Ha 0CHOBE MosyyYeHHbIX 3HaYeHWIA NepeMeLLeHns
LleHTpa Macc 60iika U COOTBETCTBYHOLMX 3HAYEHWIA KOHTAKTHOW Cunbl (MHTerpana
Mo 06/1aCTV KOHTaKTa OT pacnpefeNieHHbIX KOHTaKTHbIX HanpsiXeHuin) mexxay 60i-
KOM W 1CCNefyeMOn KOHCTPYKLME B TEKYLLME MOMEHTbI BPEMEHU CTPOUTCS 3aBU-
CMMOCTb KOHTaKTHO CWMbl OT MepeMeLLeHns LieHTpa Macc 6oiika.

MMoCTpOEHbl  KOHLENTya/bHble Auarpammbl U pa3paboTaHbl  KOHEYHO-
3NEeMEHTHbIE MOAENN MNNaCTUYECKOro [eOpMMPOBaHMA 3alUUTHBIX YCTPOICTB,
CoepXKawmx coToBble 6/10KW, MpY yaape 418 OnpefeneHns napaMeTpoB KOHCT-
pyKuuii YT13 ¢ TpebyeMoin 3HeproeMKOCTbH).

[nsa paspaboTkn mofenv fedopMmpyemMoro npensTcTBuA B CuUeHapuu 3
CTO/IKHOBEHWSA NOE34HOr0 COCTaBa Ha >Kene3HOLOPOXXHOM repeesfe paccMOoTpeHa
B COOTBETCTBUM C TpeboBaHMAMMK cTaHgapTa EN 15227 3agava 0 coygapeHun co
ckopocTbto 30 M/c NpenATcTBMA Maccoi 15 T ¢ wapom maccoit 50 T [11]. Mpeano-
YKEHa reomeTpuyeckas Mofenb NPensTCTBUA B BUAE KOHCTPYKLMW, COCTOALLEN U3
Tpex thparmMeHToB (06LLMBKN, CEPALEBMHbI U HKHEN YacTK). PaspaboTaHa KOHeY-
HO-3/IEMEHTHaA MOAe/b  HeMHEeHOro  AeopMMpPOBaHMS  KPYNHOrabapuTHOMo
NpenaTcTBusA Npu yaape.

HaTypHble yaapHble UCNbITaHUS (KP3LW-TeCT) OnbITHOro obpasua YI3.
B ucnbiTatenbHoM LieHTpe TUV SUD Rail GmbH (r. Mepauu, FepmaHus) Bbinos-
HEH KP3LL-TECT ONbITHOro obpasua Y3, pa3paboTaHHOMO 419 NACCUBHOM 3aLLMTbI
CKOPOCTHOrO MacCaXMpPCKOro /IOKOMOTWMBA HOBOro Mokonienus [12]. MonydeHsbl
3KCNepYMeHTa/IbHble AMarpaMmmbl feOPMUPOBaHNA KOHCTPYKLMW ONbITHOrO 06-
paslia YCTPOICTBa NOr/IOWEHNA SHEPTMN NPU YAape WU 3Hepronor/oweHns B pe-

103



3ynbTaTe ee Ae)OPMMPOBaHNA. Y CTAHOB/IEHO, YTO 3HEPrOeMKOCTb KOHCTPYKLMUN
OMbITHOrO o6pasya Y3 ¢ pabounm xogom 700 mm cocTaenset 0,75 M. C uc-
Mo/ib30BaHVeM pa3paboTaHHbIX HayYHO-MeTOAMYECKOro 06ecneyeHns N KOHEYHO-
3/1eMEHTHOM MOfLeNu NpOBefEeHO MaTeMaTUyeckoe MOZAeNMpoBaHve ynpyronna-
CTUYECKOro AethopMUPOBaHUA KOHCTPYKLMM OMbITHOrO 06pasua YCTpoiicTea no-
[NOLLEHNS 3Heprun npu yaape sBaroHoMm-6oMkoMm macco M, = 40,6 T co ckopo-

CTbHO Vb = 24,7 KM/4 B COOTBETCTBUM C YCNoBUAMW BbINO/THEHHOIO Kp3Ll-TecCTa.

Mo KpuTepusim eBponelickoro ctaHgapta EN 15227 BbiNOMHEHO CpaBHeEHMe pac-
YETHbIX N 3KCMEPUMEHTa/IbHBIX AMarpamm AeopMMpoBaHNA OMbITHOMO ob6pasua
YCTPOICTBa MOM/OLLEHNS SHEPTMM NPU yAape, a TakKe COOTBETCTBYHOLIMX AMa-
rpaMM 3HepronoroLLeHNs. Y CTaHOB/EHO, YTO PACXOXAEHNE CPefHNX PaCUETHbIX
M 3KCMEepUMEHTa/IbHBIX 3HAYEHWI KOHTAKTHOrO yCuUnma cocTasnset 7 % npu go-
nyckaembix 10 %. PacueTHOe ¥ 3KCMepuUMeHTaNIbHOE 3HaYeHUs 3HEPTUK, KOTopas
MorsiowaeTca 3a cyeT geopmaumm YT13 Ha paboyem xoge 700 MM, coBnagatoT C
TOYHOCTLIO A0 5 %. Xopowas cornacoBaHHOCTb 3KCMEPUMEHTa/IbHbIX pesy/bTa-
TOB W pPe3yNbTaToOB MOAENMPOBaHUS NOATBEPXKAAET afeKBAaTHOCTL pa3paboTaHHOM
KOHEYHO-3/1eMEHTHOW MOLENN U AOCTOBEPHOCTb Pe3yNbTaToB, MOAyYaeMblX C Mo-
MOLLbI0 pa3paboTaHHOro Hay4yHO-MeTOAMYecKoro obecneyeHus. lMokasaHo, 4TO
Npv NPOEKTUPOBaHUM MACCAKMPCKUX 3KUMaXKelh HOBOrO MOKONEHNS C CUCTEMaMK
naccmBHOlM 6e30MacHOCTV pa3paboTaHHble aIropUTM M Hay4HO-MeTOAMNYECKOe
obecneyeHne MOryT ObITb MCMO/L30BaHbI A4/ BbIGOpa NapamMmeTpoB KOHCTPYKLWIA
YCTPOICTB NOT/IOWEHNSA 3HEPTW B 3aBUCMMOCTU OT Tpebyemoli 3HeproeMKoCTm
AN obecrieyeHns BbINOMHEHUA TeCTOBbLIX PaCUeTHbIX CLEHapueB aBapUiiHbIX
CTONIKHOBEHWIA cornacHo ctaHaapTy EN 15227.

MaTemaTnyeckaa Mofesib 418 UCCnefoBaHUA AMHAMUKN NACcCaXKMPCKOro
noesga ¢ CIr1b npu CToNIKHOBeHUAX. Pa3paboTaHa MatemMaTuyeckas Moaesb Ans
“CcCnefoBaHNA AVHAMUKW 3TaIOHHBIX MOE34HbIX COCTABOB C CMCTEMamy NacCUBHOM
6e30MacHOCTY NPU aBapUiiHbLIX CTOIKHOBEHUSAX, CLIEHapU KOTOPbIX COOTBETCTBYIOT
cTaHgapTy EN 15227. Vicnosnb3yeMble pacyeTHbIe CXeMbl NPUBEAEHbI Ha pyC. 1.

V=36 km/u ,

Puc. 1

dTa Mogenb paspaboTaHa C y4eTOM COBMECTHON pab0Tbl 0ObeAMHEHHbIX
COBMraeMbIX YLAPHO-TArOBbIX MPMOOPOB, NPOTMBOMOABLEMHBIX YCTPOMCTB, YCT-
PONCTB MOT/IOLLEHNS SHEPTMN N KOHCTPYKLMIA 3KMNaXKEN, a TakKe BO3MOXHOCTYU
BO3HWKHOBEHUSA MNNaCTUYECKMX AedopMaupii B 3neMeHTax KOHCTPYKuuiA Y3,
NIOKOMOTMBA 1 BaroHoB [13].

PaspaboTaHbl MPOrpamMMHbIe MOAYNN AN ONPeAeneHNs Harpy>XeHHOCTN KOH-
CTPYKLMM NOKOMOTMBA M BarOHOB MacCaXXMPCKOro noesga ¢ cuctemamy naccvs-
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HoOV 6€30MacHOCTM B MPOAOMbHOM M BEPTUK&/IbHOM HarpaBieHusx, a Takke Ans
OLEHKN HeOob6XOAMMOro YPOBHSI 3HEPrOeMKOCTWU YCTPOMCTB MAacCUBHON 3aliuTbl
npn 0TpaboTKe CLieHapueB CTOIKHOBEHWI B COOTBETCTBUW C €BPOMENCKUM CTaH-
faptom EN 15227,

Pe3ynbTaTbl nccnefoBaHWiA. BbINONHEH aHanM3 BAUAHWUS Ha 3aBUCMMOCTb
KOHTaKTHOIM CUNbl OT NepeMeLLeHns LieHTpa Macc 60iKa pasnnyHbIX napameTpoB
MPenAaTCTBUA U OMpefeneHbl napaMeTpbl, MPY KOTOPbIX AedopMupyemoe npensT-
CTBME COOTBETCTBYET TpeboBaHMsAM cTaHdapTa EN 15227 [11]. MonyyeHa cunosast
XapaKTepucTnKa B3aMMOLENCTBMA NPENATCTBMSA, COOTBETCTBYHOLLEr0 KpynHoraba-
pUTHOMY TPaHCMOPTHOMY CpPefCcTBY, W JIOKOMOTMBA 3Ta/IOHHOIO Moesja npu
CTOMIKHOBEHWM Ha >Kefe3HOLOPOXHOM nepee3fe. PacyeTHas cxema A5 aHanmsa
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B3aMMOLENCTBMA MepefHeli YacTu SIOKOMOTMBA C NPensTCTBMEM MpuBeAeHa Ha
puc. 2, a), KOHEYHO-3/IEMEHTHbIE CXEMbI AJ1 UCCMef0BaHNsA NIaCTUYECKOro fe-
(hOPMUPOBaHUA KOHCTPYKLMIA NPEnATCTBUSA, KapKaca KabuHbl MalMHUCTa U ABYX
¥YT13 nokasaHbl COOTBETCTBEHHO Ha puUc. 2, 6) 1 2, B), 3aBUCUMOCTb KOHTaKTHOIO
yCUnna OT NepemeLleHns LIeHTpa Macc NpensaTcTBusA Npu CTONKHOBEHUW NpuBese-
Ha Ha puc. 2, 1).

[aHa oLeHKa AMHAMUYECKO Harpy>XeHHOCTM nokomoTtuea ¢ CIb npu CToNK-
HOBEHWAX MOEe3LHOro cocrtasa B BUAE /IOKOMOTMBA W FPY30BOr0 BaroHa c npensT-
CTBMEM B BWAE Trpy30BOro BaroHa [14] cornacHo TpeboBaHWAM CTaHAapTa
EN 15227. OnpefeneHbl 3HEPrOEMKOCTM YCTPOWCTB MOI/IOWEHNS 3HEprum Ans
NOKOMOTMBOB Maccoi oT 90 T go 123 T.

MpoBefeHbl MCCNefOBaHUA AMHAMUYECKOM Harpy>XeHHOCTM MacCaXXMpCcKoro
BaroHa ¢ CIb npv CTONKHOBEHWUAX NOE34HOro COCTaBa B BUfE YeTbIpeX BaroHOB C
MPenaTCTBMEM B BUAE HEMOLBMXKHOIO MOJIOBUHHOIO BaroHa [15] cornacHo Tpebo-
BaHMAM cTaHfapTa EN 15227. OnpegeneHbl 3HEProeMKOCTU YCTPOICTB MOrNoLLe-
HWA 3HEPrK Ans BaroHOB Maccoii 50 T 1 64 T.

MpoBefeHbI NCCNeoBaHNsA AMHAMUYECKON Harpy>KEeHHOCTU 3KuMaxkel noesaa
¢ anemeHTamn CI16 npy CTONKHOBEHWW C UAEHTUYHLIM MOE3AHbLIM COCTaBOM, C
rPy30BbIM BarOHOM, C KpyrnHorabapuTHbIM MPensTCTBUEM Ha Nepeesfe COriacHo
TECTOBbIM CLIEHapUAM CTO/IKHOBEHMS, NMPMBEAEeHHbIM B cTaHgapTe EN 15227. ¥Yc-
TaHOB/NEHO, YTO ANS BbINOMHEHWs TpeboBaHWiA cTaHdapTa EN 15227 pekomeHay-
eTca 060pyoBaTh IOKOMOTVBbLI Maccoii oT 90 T 4o 123 T ycTpoACTBaMM C 3Hepro-
emMKocTbto 0,95 M/1K; BaroHbl Maccoli 50 T — ¥T13 ¢ aHeproemkocTbio 0,25 MK
nnn 0,3 MX; BaroHbl Maccoii 64 T — YT13 ¢ s3HeproemkocTbio 0,3 MX.

C wncnosb3oBaHMEM pa3paboTaHHbIX airopuTMa, Hay4yHO-MeTOAMYECKOro
06ecneyeHns 1 KOHEYHO-31EMEHTHbIX MOAENei BbibpaHbl NapaMeTpbl YCTPOWCTB
MOrNOLLEHNs 3HePrm ANs TArOBOro NOABWXKHOIO COCTaBa U MPULLENHbIX BaroHOB.

Ha oCcHOBe MCMbITaHHOW KOHCTPYKLMK OMNbITHOro o6pasua YT ans noKoMo-
TVBa pa3paboTaHbl KOHCTPYKLMMN YCTPONCTB NOT/OWEHNS 3HEPTUM YeTbIpex TUMOB
AN19 NAcCMBHOM 3alWTbl SKMNAXEN NacCaXMpCKOro noesga nNpu aBapuiiHbIX
CTONKHOBEHUSAX (puc. 3).

YMN3 1 (puc 3, a)) COCTOUT M3 BYX YacTel, 04Ha M3 KOTOPbIX NpeLcTaBnseT
co60i1 Kopo6, coaepXKaLLniA TPEXCNOMHBIA 610K COT C LUECTUTPaHHbLIMU Yelikamu,
a BTOpas — 610K COT C TpexrpaHHbIMK Ayelikamn. YT13 2 (puc 3, 6)) npeacTaBnset
coboli kopob B BuAe napannenenunesa, CogepXXaLimin YeTbIPeXCNOMHBIA 610K cOT
C LUECTMrpaHHbIMK fueiikamu, Y3 3 (puc 3, B)) — COTOBbIN 6/10K B BUAE YCEYEH-
HOW Nupamupbl (COTbl C TPEXrpaHHbIMK suelikamn), Y19 4 (puc 3, 1)) npeacTas-
nseT coboli Kopob C OLHOCNOMHLIM MAaKETOM LUECTUrPaHHbIX COT U BI0K Tpex-
rPaHHbIX COT B BUAE YCEUYEHHON NMMpaMuzpl.

YTM3 1 ¢ aHeproemkocTbio 0,9 M 1 ¥YT13 4 ¢ aHeproemkocTbio 0,95 MK
MOTYT 6bITb MUCNO/Ib30BaHbl B KAYECTBE OCHOBHbIX 3HEPronor/owaroLmX 31eMeH-
TOB HWDKHEr0 YPOBHSA (YPOBHS PacroioXeHUs CLENHbIX YCTPOMCTB) A4/ NaccuB-
HOIA 3aLLMTbI TAFOBOr0 NMOABMXKHOIO cocTaBa. Y3 3 ¢ aHeproemMkocTbio 1,1 M
MOTYT ObITb MCMONb30BaHbI ANA MAaCCUBHOM 3aLMThI FOIOBHLIX BarOHOB MOTOpPBa-
FOHHOrO noesfa Npy aBapuiiHbIX CTONKHOBEHUSX C XKEe3HOL0POXHbLIMU 3KMMa-
XaMu, B YaCTHOCTM C TrpPYy30BbiMM BaroHamu. YT132 € 3Heproemkoctamu
0,25 Mx 1 0,3 MK MOryT GbITb MCMOMb30BaHbI 418 NAaCCUBHOM 3alMUTbl NPK-
LieMHbIX BAroHOB KaK OCHOBHbIE 3HEPromnor/ioLLatoLLme 3/1EMEHTLI HUXKHErO YPOB-
HA. Kpome Toro, YT13 2 mMoryT npumMeHsaTeca B coctaee CIB ronoBHOro saroHa
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B)
Puc. 3
KaK 3/1eMeHTbI 3aLLMTbl BEPXHEro YPOBHA (B MNOAOKOHHOM YacTu KabuHbI MaLLUUHK-
CTa) B C/y4yae CTO/IKHOBEHMS Noe3fda ¢ KpynHorabapuTHbIM MPensaTCTBUEM Ha XKe-
NE3HOI0POXXHOM nepeesae.

OnpefeneHne (HakTopoB, B/NSIOLLMX Ha CXOf KOMECHbIX Nnap 3KMnaken ¢
PenibCcoB MpPW CTOMIKHOBEHUAX Moe3fa C NPenATcTBMeM. [/19 pelleHns nocrtas-
NIEHHOW 3afiaun WCMOoNb30BaHbl paspaboTaHHas MaTemaThyeckas MOofesb npo-
CTPAHCTBEHHbIX KO/iebaHWi LIECTUOCHOTO JIOKOMOTVBA, 060PY0BaHHOIO CUCTe-
MOV naccuBHOM 6e30MacHOCTV U NPOTUBOMOAbLEMHbLIMU YCTPONCTBAMU, Y KOMIMb-
tOTEpHaA mporpamma, no3sonstoLlas NPoBOAMTL PacyeTbl ANA UCCNefOBaHUA AN-
HaMWYecKrX MpoL,eccoB, NPOTEKatOLWMX NPY ABVXEHUN M0e3fa 1 OTAEeNbHOMOo Xe-
Ne3HOLOPOXHOI0 3KMMaXa Kak B CTaHAAPTHbLIX YCMIOBUAX, TaK U B aBapuiHOM cu-
Tyauuu [16]. MaTemaTuyeckue BbIPaXXeHUA A4/ OMpefeNieHns CU B3aMMOLencT-
BWSA, BO3HMKAIOLLMX NPU CTO/IKHOBEHUW SIOKOMOTMBA C Pas3HbIMU BUAAMUW MPendT-
CTBUIA, NOAPOGHO onucaHbl B paboTe [13].

Mpu nccnefoBaHUN ABUXEHWA MOe3fa KonebaHus paccmMaTpuBaemMoro fIoKo-
MOTMBA aHa/IM3MPYIOTCH C UCMO/b30BaHWEM MPOCTPAHCTBEHHOW pacyeTHOMW CXe-
Mbl. TOYKM KacaHWs aBTOCLIENHOro YCTPOWCTBA U 3/1EMEHTOB MacCUBHOMN Ge3onac-
HOCTW C Nperpasomn onpefenstTca UxX nepeMeLeHUaMN B MPOCTPaHCTBE:

G=\G+q+a

rA€ Gx.q,,q, — NEPEMeLieHns Ky30Ba IOKOMOTMBA B TOUKAX KOHTAKTa C Mperpa-

,EI,0I7I B NpPOAO0J/IbHOM, FOPMU30HTA/IbHOM NOMEpPeEYHOM U BEPTUKa/IbHOM HarpaBneHN-
AX COOTBETCTBEHHO.
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MepeMelLeHns Ky30Ba /IOKOMOTMBA MPU COMPUKOCHOBEHWM C aBTOCLIEMKON
ONpeaenstoTcs CneAyoLM 06pas3oMm:

q, =Vv(t —t")+ X7 +hyoy ;
qy =Yr +1yr —h0¢;
q, =2 —lof,

rae vV — CKOpOCTb [IBMXKEHWS IOKOMOTMBA; t — TeKyllee Bpems; t* — Bpems, npu
KOTOPOM NPOM30LL/O CTONKHOBEHUE; Xf,Y,Zf — NOCTYNATeNbHbIE NEPEMELLEHMS

(nogeprmeaHue, 60KOBOM OTHOC W MOAMNPbLITMBaHWE) Ky30Ba /TIOKOMOTMBA;
Ws,0¢,0f — YIbl BUNSHWSA, GOKOBOW KayKu W rasionmMpoBaHns Ky3oBa JIOKOMOTU-

Ba COOTBETCTBEHHO; 2/ — 6asa NOKOMOTUBA; h1 — pacCTosaHne OT LEeHTpa Macc

Ky30Ba [10 MECTa Kpen/ieHUsi aBTOCLIENKM B BEPTUKAIbHOM HanpaB/ieHnH.
MepeMeLLeHns Ky30Ba /TOKOMOTVBA B MECTax KPEMeHWsi SHeprornoroLato-
LLIMX YCTPOICTB MMELOT BUAL

Qe = V(E—17) +Xp + by =Moo ;
Qe = V(") + X7 —bypyr —hoor ;
Gy1 =Qy2 =5 +1y5 +ho0y
Oz =25 —1or — ;0 ;

Iz2 =2 —los + 67,

rae 2b, — paccTosiHMe MeXAy SHepronor/owatoLWMmMm yCcTpoiicTBamMm B nonepey-
HOM HanpaeneHwWu; h, — PaccTosHWe OT LiEHTPa MacC Ky30Ba [0 3HEpronorsio-

LAoLLMX YCTPOMCTB B BEPTUKA/IbHOM Harpas/ieHWN.

CucTemMa ypaBHEHUi, ONMUCLIBAOLLMX BbIHYX/EHHbIE KOMebaHWs LIeCTUOCHO-
F0 NaccaXMpckoro SIOKOMOTMBA NPU ero ABMXKEHWUW MO MPAMOSIMHERHbIM y4yacT-
KaM NyTuW, NpeAcTaBseT co60i CMCTEMY HeNMHENHbIX AuddepeHLmanbHbIX ypas-
HeHuiA 120-ro nopsaka.

Mpy ABVMXXEHUW noe3fa Mo >KenesHOLOPOXHOMY NYTW BCEACTBUE HaMums
HEPOBHOCTEW pPenbCcoB pa3HOro Tuna (Mpocafku, YLMpPeHWe Koseu, Mnepekochbl)
MMEIT MECTO KosiebaHus, YTO NMPUBOAMT K MOSBNEHNIO M3MEHSIOLLIErocs BO Bpe-
MeHW yrnia noBopoTa Ky30Ba /IOKOMOTMBA OTHOCUTENbHO BEPTUKAIbHOW OCK B TO-
PU30HTANIbHOM NNOCKOCTU (Yron BUNSHWS). B Takol cuTyaumm Npu CTONIKHOBEHU
C Nperpagoi cMnoBoe B3aUMOAENCTBIE IKUMaXKel He OrpaH1YMBaeTCs AeNCTBUEM
TOMbKO MPOAO/IbHLIX CW/, BO3HUKAIOT TakxKe NonepeyHble CU/bl B3aMMOLECTBUA
CTa/IKUBAIOLLMXCA IKMMAKEN, YTO B CBOIO 0Yepesb NPUBOAUT K POCTY NOMEPEeUHbIX
CW B3aMMOZENCTBUA KOMEC U PeibCOB. 3HAYEHUS 3TUX CUN 3aBUCAT OT BE/IMYMHDI
yrna BUIAHWUSA Ky30Ba /IOKOMOTMBA B MOMEHT CTO/IKHOBEHMS. Bblfo MpoBefeHo
MOZE/IMPOBaHNe CTO/IKHOBEHUA [ABMKYLLErOCs JIOKOMOTMBA C Pa3/IMYHbIMU 3Haye-
HUAMW YT/I0B BUNSAHWA Ky30Ba B MOMEHT aBapun. 3HaYeHWs Yri0B BUISHUA KY30-
Ba JIOKOMOTVBA MOJy4YeHbl B 32aBUCUMOCTU OT TEXHUYECKOTO COCTOSHWUA PefbCo-
BOr0 MyTW, KOTOPOMY COOTBETCTBYHOT pa3Hble CpefHEKBaApaTUUHble 3HAYEHMS
amMnanTy4 CnyvainHbIX HEPOBHOCTENW penbCcoBON Kosen. PaccMaTpuBainch Bapu-
aHTbl Hae3fa /IOKOMOTMBA Ha aHafIorUYHbIA TOKOMOTUB, TPYXXEHbI rPy30BOW
noesp, U OAMHOYHBIA NOPOXXHWIA IPy30BOiA BaroH. Mpu 3TOM aKUNaXmM-nperpagbl
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HaxXoAWNUCb B MOMOXEHWW, KOrfa NPOAOMbHAash OCb Ky30Ba COOTBETCTBYIOLLEIO
NIOKOMOTWBA U/ BaroHa 0CTaBafach napas/ieNibHoii NPoAobLHO ocKu NyTH.

MpoBeaeHHbIe UCCNEA0BaHNS MOKa3au, YTO B MOMEHT CTO/IKHOBEHMS B 3aBU-
CMMOCTM OT 3HAUYeHUs Yr/a BAMSIHWS Ky30Ba IOKOMOTUBA, ero CKOPOCTY ABMKEHUS
M Macchbl KMNaxXa-nperpagbl CyLIECTBEHHO WM3MEHSIOTCS AMHAMUYECKMe Mokasa-
TENM 3KUMaXKa, XapaKTepU3yHLLMe YCTOWYMBOCTb €ro [BVXKEHUS MO PenbCOBOA
Konee. B 60/bLUMHCTBE CNyYaeB Be/IMUMHBI 3TVX MOKa3aTeNieil HaxoasTcs B 30He
HeAONYCTUMbIX 3HAYeHUIA U1, B Psfe Cly4yaes, UMEeT MeCTO MoTepst YCTONUMBOCTY
M CXO[, KOMECHBIX Map IOKOMOTVBA C PEe/bCOB.

[N UNAOCTPaLMY OMUCAHHBIX BbILLE YCOBUIA CTONKHOBEHMS 9KMMaXa C Mpe-
rpajoii Ha puc. 4 — 5 nokasaHbl rpadyKy U3MEHEHNS KO3(MULIMEHTOB YCTONUMBO-
CTW OT CXOfia KOMEeCHbIX Map ¢ penbcoB (K ) B 3aBUCKMOCTU OT BPEMEHW AN

C/ly4aeB, KOrfa JIOKOMOTWB, BUrasiCb CO CKOPOCTbIO 36 KM/Y, Hae3aeT Ha aHano-
TMYHbIA NOKOMOTUB. pn 3TOM XapakTepuUCTUKW, NpuBeLeHHble Ha puc. 4, cooT-
BETCTBYIOT C/lyyaro, KOrga yros BWISIHUS B MOMEHT CTO/IKHOBEHWSI COCTaBAN
0,0349 paa., a Ha puc. 5 —0,1396 pag. Kak BUAHO Npu yBeIMYeHUW yria BUNSAHNA
Ao 0,1396 paa. (puc. 5) NponcxoanT NoTeps yCToMuMBOCTY (KO3(ULMEHT YCTONR-
UMBOCTM PE3KO MafaeT, AonycTumMoe 3HadeHve K =1,4) 1 KONeCHbIe napbl NOKO-

MOTKUBa CXOAAT C PE/IbCOB.

Kt
6
5
4 Py
3 —
—o— Ko mapa |
2 —A— KOJL mapa3
1 —o— Ko mapad _|
—0— KOJ1. napa 6
0 i f
0 2 4 6 8 10 t,c
Puc. 4

—o— KoJI. mapa |
—A— KOJ. Tlapa 3
—O— KoJI. mapa 4
—0— KoJ. mmapa 6

0 2 4 6 8 10 t,C
Puc. 5

MpoBefeHHbIe pacyeThl MOKasaan, UTo YeM TSHKeslee aKMnax-nperpaga u yem
Bblllle CKOPOCTb ABWMXEHWUA Moe3fa B MOMEHT CTOJIKHOBEHUSA, TEM 60nbLUe BEPOAT-
HOCTb CX0Aa KO/ec /IOKOMOTUBA C PenbcoB. MUHUMaIbHbIE 3HAYeHNS YI0B BUNA-
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HUSI NIOKOMOTMBA, HAE3XKaloLLEro Ha aKuMax-nperpaay, Npu KOTopbIX KoahguLm-
EHTbI YCTOWUMBOCTM €70 KOMECHbIX Map OT CXOAa C PENbCOB YMEHbLIANMNCH [0 3Ha-
YeHMIA, COOTBETCTBYIOLLMX BCMO/M3aHNI0 TOMOBKM KOMeca Ha Penbe, 1, COOTBETCT-
BEHHO, CXOZly KO/MECHOI Napbl aKMMaxa ¢ pPenbCoB, MPUBEAEHBI Ha pUC. 6.

¥, pan.
0,16 ”

0,14 —D<>L

Ooli b h}\\
0,08 a \\[']\ \
0,06 Y i

0,04 +— =—— CTOIKHOBEHHE JIOKOMOTHBA C [PY30BBIM IOC3/I0M;
={= CTOIKHOBEHHE JIOKOMOTHBA C JIOKOMOTHBOM;
0,02 T =—/r— CTOIKHOBCHHWC JIOKOMOTHBA C OIMHOYHBIM BATOHOM [ ]
0 ! | ! |
30 40 50 60 70 U, KM/4
Puc. 6

Kak BUAHO V3 NpUBEAEHHbIX Pe3yNbTaToB, HaMume faxke HeboMbLIMX MO Be-
NIMYMHE 3HAYEHWIA YINOB BUNSHUS Ky30Ba SIOKOMOTMBA MPUBOAWUT K MOSBIEHIO
HeAOMYCTUMbIX 3HAUEHWI PacCMaTPMBAEMOTrO AVHAMIYECKOTO NoKasaTess.

Takum 06pasom, Npy JBMKEHWM IOKOMOTMBA MO PeaslbHOMY >KENIe3HO0POX-
HOMY MyTW MPK CTONKHOBEHWW C MPENSTCTBMEM MOXET VMETb MECTO HE TO/bKO Ha-
Mo/3aHVie BaroHOB pYr Ha Apyra, HO M CX0/, KOMECHbIX Map SKUMaXeli C penbCo.

MpoBeaeHHbIe NCCMEA0BaHNS TaKKe MoKa3an, YTO YCTOMUYMBOCTb [BUKEHUS
NIOKOMOTMBA, 060PYA0BaHHOTO 3/1EMEHTaMU MAcCMBHOM 3alMThbl, MPOTMB CXofa
KOMECHbIX Map C PeNbCoB NP aBapUitHbIX CTO/IKHOBEHMSIX B 3HAYMTE/NbHOW Mepe
3aBUCUT OT TEXHWYECKOTO COCTOSHUS YKENe3HOAOPOXHO Konen [17]. Yem Bbilue
YPOBEHb HEPOBHOCTE PeNbCoBOI Komeu, TeM GO/blLe BEPOSTHOCTb CX0Aa dKMMNa-
Xa C PeNibCoB.

BbiBobl. Pa3paboTaHa KOHLIEMLMS NMAaCCMBHOM 3alLMTbl OTEYECTBEHHOTO CKO-
POCTHOrO MacCaXMPCKOro Moe3fia Mpy CTONKHOBEHUsX. PaspaboTaHbl anropuTM,
Hay4HO-METOAMYECKOe 0GECreYeHne 1 KOHEUYHO-3EMEHTHbIE MOENN, KOTopble
MOTyT GbiTb WCMO/MbL30BaHbl [/ BbIGOPa MapameTpoB KOHCTPYKUMiA Y3, uTo
MOATBEPXKAEHO pe3y/bTaTaMi BbIMO/IHEHHOTO KP3LU-TECTA OMbITHOFO 06pasla
YT3, co3gaHHOro Ans IOKOMOTMBA. PaspaboTaHa maTemaTuyeckas MOAENb ANs
CCNeloBaHNS AMHAMUKMN TANOHHbLIX MOe3fHbIX cocTaBoB ¢ CMb, onpeaeneHus
Harpy>XeHHOCTW KOHCTPYKLMIA SKMNaXeit B MPOA0/IbHOM M BEpPTVKabHOM Harnpas-
NEHUsX, a TaKxKe AN OLEHKM HeobXoaMMOro YpoBHs aHeproeMkocty Y3 npu
0TPab0TKe HOPMATMBHBbIX CLIEHAPUEB CTONIKHOBEHWIA. B pe3ynbTaTe BbIMONHEHHOTO
KOMM/IeKca MCCNeaoBaHniA pa3paboTaHbl KOHCTPYKUMM YT13 ans TAroBoro mnoa-
BMXKHOTO COCTaBa ¥ NPULIEMHbIX BaroHOB.

MpoBeaeHbl UCCNEA0BaHMS MO ONPeAeNeHUI0 YCIoBWIA, 06eCNeUnBaroLLIMX YC-
TOMYMBOCTb KOMECHBIX Map SIOKOMOTMBA OT CX0/a C PeNibCoB. PaccMOTpeHoO noBe-
[€eHVe Moe3fia Npy ero CTOSIKHOBEHW C NOABMXKHOI Mperpajoi, Haxogsiencs Ha
KENEe3HOJ0POXHOI Konee. B KauecTBe nperpafbl PacCMOTPEHbI SKMMaXKMN Pasnny-
HOVA Macchbl: rpy30BOii NMoe3a, TOKOMOTVEB 1 MOPOXHWIA FPy30B0i1 BaroH. B pesy/ib-
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TaTe BbIMO/HEHHbIX UCCNEA0BaHWIA onpeaeneHbl hakTopbl, MPUBOAALLME K CXOAY
KO/ECHbIX Map SIOKOMOTMBA M BarOHOB C PenbCoB. [MpoBeAeHHbIE pacyeThl NoKasa-
NN, Y4TO YeM TsHKeNee IKUNaK-MPerpaga u Yem Bbille CKOPOCTb ABVKEHUS NMoe3aa
B MOMEHT CTO/IKHOBEHMs, TeM 60/bLUE BEPOSTHOCTb CX0Aa KOJEC SIOKOMOTUBA C
PenbCOB. YCTOMUMBOCTb [BMXXEHWUS NOKOMOTVBA, 06G0PYAOBAHHOIO 371EMEHTaMM
MacCUBHOI 3aliMTbl, MPOTMB CX0Aa KOMECHbIX Map C PebCoB MpY aBapuUiiHbIX
CTONKHOBEHWAX B 3HAUNTE/NbHOI Mepe 3aBUCUT TaKXKe OT TEXHUYECKOT0 COCTOSIHUS
KENE3HOJ0POXKHOI Konew. MoKasaHo, YTO YeM Bbille YPOBEHb HEPOBHOCTEN penb-
COBOVA Konew, TeM G0/bLLE BEPOSITHOCTL CX0/a 9KMMaXKa C Pe/ibCoB.
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