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Ha faHwin yac akTyasbHOK NPO61eMOIO BiITYM3HAHOMO 3a/1i3HUHYHOMO TPAHCMOPTY € CTBOPEHHS LLIBUAKICHO-
ro MacaxmpcbKoro pyxomoro cknafy 3 cuctemMamu nacueHoi 6esneku (CIMB) npu aBapiliHWUX 3iTKHEHHsX. 3
2016 p. B YkpaiHi gie ACTY EN 15227:2015 (EN 15227:2008), ekBiBafeHTHWIA €BPOMNECbKOMY CTaHAapTy
EN 15227, wio pernameHTye 060B’°3K0BY HasiBHiCTb CIB y BCiX KOHCTPYKLi NacaXUpCbKMX 3ani3HUYHMX eKi-
naxis, WO po3pobnstoTbes. 3rigHo 3 BumoramMu EN 15227 cuctemun macuBHOi 6Ge3neky NOBWHHI 3a6e3neynTu
3aXMCT MacaxupiB i MOI3HOT Gpuragy, 36epeXxeHHs HeCy4YMx enemeHTiB PyXOMOro CKnafy npu HOpPMaTUBHUX
CLeHapisx 3iTKHeHHs. Y cTaHaapTi EN 15227 BU3Ha4YeHO eTasIoHHI MOI3AM, YOTUPU CLEeHapii 3iTKHEHHS, a TakoX
KpUTepii ANs OLiHKM BiANOBIAHOCTI PO3p06eHUX KOHCTPYKLi pyxomoro cknagy 3 Clb 3a3HaueHnM HopMaTuB-
HWM BMMOram. B cTaTTi po3rnsgaeTbea cueHapiii 3, aKkuid xapakTepusye 3iTKHeHHS 3i WwBuakicTio 110 km/rog,
nacakMpCbKOro noi3aa Ha nepeisgi 3 BeNMKUM JOPOXHIM TpaHCMOPTHUM 3aco60m Macoto 15 T (Hanpuknag, BaH-
TOKHUM aBTOMOGIiNIEM BENMKOI BaHTaXOMIAAOMHOCTI). Y LpOMY CLeHapii BENMKWUIA [OPOXHIA TpaHCMOpTHUI
3aci6 € BenMKorabapuTHOW fechopmMoBaHO Nepelkofoto (BAM) 3 3afaHNMM FeOMETPUYHKMMM PO3MipamK, siKa
BifIbHO CTOITb Ha Mnepei3ai. Mpu NpoekTyBaHHI 3ani3HNYHKX ekinaxis 3 CMNB HeobxigHO 3a 4ONOMOro mMaTemMa-
TUYHOTO MOJE/IOBaHHS NPOBECTU aHani3 AUHAMIKU 3ITKHEHHA 3rigHO 3i CLeHapiem 3, OLiHUTY OTPUMaHI 3HaYeH-
Hsl CepefHiX MO3A0BXHIX NPUCKOPeHb i NNacTUYHKX AedopMaLliil B HECYUMX enemMeHTax po3rnsHYTUX KOHCTPYK-
Ll 3a kpuTepiamn ctaHAapTy EN 15227. Mpu LboMy 0c06aMBY yBary noTpi6HO 3BEPHYTM Ha KOPEKTHE MOAENHO-
BaHHS B3aEMOAIT N0T34a 3 NePELKOAO0. Y AaHiil CTaTTi pO3rnsAacTbes NacakMpPCbKMiA MOT34 TOKOMOTUBHOI TATY.
MeTa pob0oTn — BU3HA4EHHS CMI0BOI XapaKTepucTuKM B3aemogii BAM i nokomoTmea 3 CIB npu 3iTKHEHHI Ha
3anisHMYHOMY nepeisgi. Jns AoCATHEHHS NOCTaBEHOI METW PO3MISHYTO HENMiHIAHY AWHaMiUHY KOHTaKTHY 3agadvy
npo 3iTkHeHHs B/ 3 nepefHbLOI0 YaCTUHO IOKOMOTUBA. 3a BeNKorabapuTHy fed)opmMoBaHy nepeLukogy npu-
MHATO KOHCTPYKLitO, L0 CKNafaeTbes 3 TPbOX (hparMeHTiB (O6LUMBKM, CEPLEBUHM i HUKHBOT YaCTUHK), fKi Ma-
10Tb Pi3Hi MaTepianun. MapaMeTpy KOHCTPYKLIT BMU3HaYeHO 3a kpuTepieM EN 15227 B pe3ynbTaTi po3B’s3aHHA
3afjayi Npo 3iTKHeHHA 3i wemnakicTio 110 km/rog BAM i HegedhopmoBaHoi Kyni Macoto 50 T. 3a kabiHy MaLuMHicTa
JIOKOMOTMBA NPUIAHATO KabiHy, po3pobneHy TOB “MKMM “MAC” ans enekTpoBosa EM20, B KOHCTPYKLitO AKOro
iHTerpoBaHo enemeHTV ClB. Kapkac KabiHW MaluuHicTa Mae nocuseHy No6oBY CTiHKY, XKEPTOBHY 30HY, 30HY
6e3nekn A9 BUXKMBAHHS | eBaKyaLlii T0KOMOTUBHOT 6puragun. B KiHLEBI YaCTUHI pamu Ky30Ba TOKOMOTMBA Ha
piBHI aBTO34iMHOTO MPUCTPOIO BCTAHOB/MIEHO [Ba NPUCTPOI nornmHaHHs eHeprii (MIME). HaykoBo HOBM3HOHO
CTaTTi € po3p0b/eHi CKiIHYEHHO-eleMeHTHI MOAENi N1acTUYHOro AetopMyBaHHs enemeHTiB BAM, MIE Ta kapka-
ca KabiHW npw 3iTKHEHHI 3rigHo 3i cueHapiem 3. B pesynbTaTi NnpoBefeHVX focnigyKeHb NOOYA0BaHO 3aeXHICTb
KOHTaKTHOro 3ycunna mick BAIN i enemeHTaMm nepefHbOT YaCTUHM IOKOMOTUBA Bif, MO3[0BXHbLOMO MepeMiLLieHHS
LeHTpy Mac BAIM npu 3iTkHeHHI. 3anponoHoBaHUiA MifgXif, HayKoBO-MeTOAMYHe 3abe3neyeHHs i po3pobreHi
maTemaTU4Hi Mofeni MOXyTb OyTW BUKOpPWUCTaHi MPU NPOEKTYBaHHI BITYM3HAHOIO MacaXMpCbKOro TArOBOrO
pyxomoro cknagy 3 Crb.

B HacTosllLee Bpems akTyabHOV MPo6/1eMoii 0TeYECTBEHHOTO YKeNe3HOAOPOXHOIo TpaHcnopTa AB/AETCS
c03aHune CKOPOCTHOIO NacCaXXMpCKOro NoABMXXKHOIO cocTasa C C1ucTemMamit naccuBHO 6esonacHocTn (CIB) npu
aBapuiiHbIx cTonkHoBeHmAX. C 2016 r. B YkpawHe geiictayeT ACTY EN 15227:2015 (EN 15227:2008), KoTopblii
3KBMBa/IEHTEH eBponeiickoMy cTaHaapTy EN 15227, pernameHTupytoLieMy o06s3atensHoe Hannume Crb y Beex
paspabaTbiBaeMbIX KOHCTPYKLWIA NacCaXMpPCKUX HKeNe3sHOAOPOXHbIX akunaxei. CornacHo TpeboBaHMAM
EN 15227 cucTembl NaccMBHOA 6e30MacHOCTY JO/MKHBI 06ecneunTb 3alyuUTy NaccaXupoB W NOe3fHON bpurafs,
COXPaHHOCTb HECYLLIMX 3/1EMEHTOB MO/ABMXHOIO COCTaBa MpU HOPMATUBHLIX CLIEHAPWUAX CTONKHOBEHWA. B cTaH-
napte EN 15227 onpefeneHbl 3TasloOHHble Moe3fda, YeTblpe CLeHapus CTOMIKHOBEHWA, a TakXe Kputepuwn ang
OLIEHKV COOTBETCTBUSA Pa3paboTaHHbIX KOHCTPYKLUMIA MofBMKHOIO coctasa ¢ Clb yka3aHHbIM HOPMaTUBHbLIM
TpeboBaHuAM. B cTaTbe paccmaTpuBaeTcs CLieHapuii 3, KOTOPbI XapaKTepu3yeT CTO/IKHOBEHWE CO CKOPOCTbiO
110 KM/4 NaccaxMpcKoro roesfa Ha nepeesde C 6OMbLIMM LOPOXKHBLIM TPAHCMOPTHLIM CPEACTBOM Maccoi 15 T
(Hanpumep, rpy30BbIM aBTOMOGWNEM 6GOMLLION rPY30MOABbEMHOCTM). B 3TOM cueHapuy 60/bLIOe JOPOXHOE
TpaHCMOPTHOE CPeACTBO NpeLCTaB/seT coboi CBOGOAHO CTOsLLEe Ha Nepeesse KpynHorabaputHoe fedopmupye-
moe npensatcTene (KAM) ¢ 3aaaHHbIMKU reoMeTpuyecKumm pasmepamu. INpu NpoeKTMpoBaHni Xene3HoJ0pOXHbIX
akunaxeint ¢ Crb HeobXoAWMO C MOMOLLLIO MaTemMaTU4ecKoro MOAENMpOBaHUsA MPOBECTU aHa M3 [UHAMUKK
CTONKHOBEHWSA COrNacHoO CLeHaputo 3, OLEHNTb MOMyYeHHble 3HaYeHUS CPeAHNX MPOAONLHBLIX YCKOPEHUI 1 nna-
CTUYECKMX fethopMaLnii B HECYLLMX 3/1eMeHTax pacCcMaTpyBaeMblX KOHCTPYKUMIA MO KpUTEpUAM CTaHdapTa
EN 15227. Mpwn 3ToM 0co60e BHUMaHMe [OMKHO ObITb 06paLLeHO Ha KOPPEKTHOe MOAENMPOBaHUE B3aMOAECT-
BMA Moe3fia C NpenaTcTBueM. B faHHON cTaTbe paccMaTpuBaeTCs NacCaXWPCKUIA Moe3f, IOKOMOTUBHOM TAMW.
Llenb paboThl — ONpefiesieHne CUMOBOI XapakTepucTukn B3anmogeiicteuns KAM u nokomoTrea ¢ CIb npu cTosnk-
HOBEHUW Ha >KeNe3HOJOPOXHOM nepeesfie. [NA AOCTUMXKEHUS MOCTaBNEHHON LeN pacCMOTPeHa HenvHeliHas
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AMHaMWYecKas KOHTaKTHas 3afja4a 0 CTonkHoBeHWy KA ¢ nepefHeii yacTbio TOKOMOTMBA. B KauecTBe KpymnHo-
rabapuTHoro AethopmMmMpyemoro npensTcTBUAS PacCMOTPeHa KOHCTPYKLMS, COCTOALas M3 Tpex (parmeHToB (06-
LUMBKM, CEpALIEBMHbI N HIDKHEN YacTu), UMEIOLLMX pasHble MaTepuabl. MapamMeTpbl KOHCTPYKLMM OnpeaeneHbl B
COOTBETCTBUM C KpuTepmem EN 15227 B pesynbTaTe pelleHWs 3afaum O COyAapeHun Co CKOpOCTbio 110 Km/u
KAM v HegedopMmpyemMoro Liapa Maccoit 50 T. B kayecTBe KabuHbI MalMHUCTA IOKOMOTMBA PacCMOTPeHa Ka-
6u1Ha, paspabotaHHas OO0 “TMKMM “MAC” ans anekTposo3a 320, B KOHCTPYKLIMIO KOTOPOrO NHTErpPUPOBaHbI
anemeHTbl ClMB. Kapkac KabyHbl MalMHWUCTa UMEET YCU/EHHYIO 060BYHO CTEHKY, XXePTBEHHYIO 30HY, 30HY 6e3-
0MacHOCTY [/151 BbDKMBAHUA W 3BaKyaL|Mn JIOKOMOTVBHOW 6puragbl. B KOHLIEBOW YacTu pambl Ky308a JIOKOMOTMBA
Ha YpPOBHe aBTOCLIEMHOrO YCTPOCTBA YCTaHOB/EHbI [Ba YCTPOWCTBA MOrnoLieHns aHeprum (¥YT13). HayuHoii
HOBW3HOW CTaTby ABMAKOTCA pa3paboTaHHble KOHEUHO-3M1eMEHTHbIE MOJENN NNacTUYeCKoro AeopMUpoBaHMs
anemeHToB KAMM, ¥YT3 1 kapkaca KabuHbl Npy CTOSIKHOBEHUM COMNacHO CLeHapuio 3. B pesynbTaTte npoBefeH-
HbIX UCCMEf0BaHUI MOCTPOEHA 3aBUCUMOCTb KOHTAKTHOIO yeunusa mexxay KM u anemeHTamu nepefHein yactu
JIOKOMOTMBA OT MPOAO/SILHOrO nepemelleHna LeHTpa macc KAM npu cTonkHoBeHW. MpeanoeHHbIA nogxoga,
Hay4HO-MeTOfMYecKoe obecreyeHre 1 pa3paboTaHHble MaTeMaTUUeCKue MOAEeM MOTyT ObiTb UCMO/b30BaHbI MPK
MPOEKTUPOBAHNM OTEYECTBEHHOIO MAacCaXXMPCKOro TAroBoro noAsuxHoro coctasa ¢ Crib.

At present, a topical problem for the Ukrainian railway transport is the development of high-speed passen-
ger rail vehicles with passive safety systems (PSSs) to provide safety in emergency collisions. Since 2016, the
Ukrainian State Standard DSTU EN 15227:2015 (EN 15227:2008) has been in force in Ukraine. The standard is
equivalent to the European Standard EN 15227, according to which PSSs are mandatory for all passenger railway
vehicles under development. According to the EN 15227, PSSs shall protect the passengers and the train crew and
provide vehicle load-bearing element safety in normative collision scenarios. The Standard EN 15227 specifies
reference trains, four collision scenarios, and criteria for assessing the compliance of the designs of PSS-equipped
vehicles with the specified normative requirements. This paper considers scenario 3, which characterizes an im-
pact between a passenger train and a large road vehicle of 15 t (for example, a heavy lorry) at a grade crossing at a
speed of 110 km/h. The large road vehicle considered in this scenario is a large-size deformable obstacle (LSDO)
with given dimensions standing freely at a grade crossing. When designing PSS-equipped railway vehicles, one
has to analyze the collision dynamics by scenario 3 using mathematical simulation and to assess the computed
average longitudinal accelerations and plastic deformations in the load-bearing elements of the vehicles under
consideration by the criteria of the Standard EN 15227. In doing so, particular attention must be paid to the ade-
quacy of simulation of the train—obstacle interaction. In this paper, a locomotive-hauled passenger train is consid-
ered. The aim of this work is to determine the force characteristic of an impact between an LSDO and a PSS-
equipped locomotive at a grade crossing. To achieve this aim, the nonlinear dynamic contact problem of an im-
pact between a LSDO and the front part of a locomotive was considered. The LSDO was a structure made up of
three fragments (a casing, a core part, and a lower part) having different materials. The parameters of the structure
were determined according to the Standard EN 15227 from the solution of the problem of an impact between the
LSDO and a rigid ball of 50 t. The driver’s cabin was the cab developed by MDS Research-and-Development
Manufacturing Enterprise for the EP20 electric locomotive with PSS elements integrated thereinto. The frame of
the driver’s cab has a reinforced front wall, a collapse zone, and a safety zone to save the locomotive crew. Two
energy-absorbing devices (EADs) are installed in the end part of the locomotive body frame level with the auto-
matic coupler. The paper presents new finite-element models of the plastic deformation of LSDO, EAD, and cab
frame elements in a collision by Scenario 3. As a result of this study, the contact force acting between the LSDO
and the locomotive front part was obtained as a function of the longitudinal displacement of the LSDO center of
mass in a collision. The proposed approach and methodology and the mathematical models developed may be
used in the design of home PSS-equipped passenger locomotives.

KntoueBble €oBa: nacca>kupckuii noess; CTOAKHOBEHME Ha nepeesae; Kpyn-
HorabapuTHoe AeopMupyeMoe NpensaTCTBUE; CMCTEMa NacCUBHON Ge3onacHo-
CTY; HeNMMHeNHaa AyHaMNYecKas KOHTaKTHas 3ajaya; KOHEeYHO-31eMeHTHOe MOo-
LenmpoBaHme.

BBeaeHve. B HacTosiLLee BpeMsi akTyalbHOM NPo6/1eMOI 0TEHECTBEHHOIO Xe-
Ne3HOLOPOXHOr0 TpaHcnopTa AB/AETCA CO3[aHUe CKOPOCTHOIO MaccaXmpecKoro
MOABWKHOr0 cocTaBa C cucTeMamu naccusHol 6esonacHocty (CIB) npw aBapuii-
HbIX CTO/IKHOBEHUAX C Pa3/IMYHbIMU NPENATCTBUAMU. B aBapuiiHOW cuTyaumm atu
CUCTEMbI cpabaTbiBaloT 6e3 aKTMBHOIO y4acTus MallvHWUCTa M obecrneumsaroT
CHWXEHMe MPOJO/bHBIX YCWIMA U YCKOPEHWIA B pe3y/ibTaTe KOHTPOIUPYeMOro
NnacTUYeckoro fechopmMmnpoBaHns 1 paspyLueHms Bxoadwmx B coctas CIrb cneuun-
a/IbHbIX YCTPOWCTB MOrnoLeHuns aHeprun (YT13) v >KepTBEHHbIX 30H B KOHLLEBbIX
4acTAX XeNe3HOLOPOXKHOI0 IKMMAXKA.
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C 2016 roga B YkpaunHe gevicteyet ACTY EN 15227:2015 (EN 15227:2008)
[1], koTopbIin 3KBMBaNeHTeH cTaHgapTy EN 15227 [2], pernameHTMpytoLLeMy nac-
CVBHYIO 6€30MacHOCTb MpY CTO/IKHOBEHUAX MAacCaXUPCKUX NOE3[0B B CTpaHax
EC. B KOHCTPYKLMAX OTEYECTBEHHOIO U €BPOMENCKOro NOABMXHOIO COCTaBa eCcTb
CYLLIECTBEHHbIE OT/INYMA, B YACTHOCTW MCMNONb30BaHUE B MAaCCAXMUPCKMX Noe3gax
NOKOMOTMBHOW TATM CLEMHbIX YCTPOMCTB pasNyHbIX TUMOB (0O0bEAUMHEHHBIX Y
pasfesibHbIX YAapHO-TArOBbIX NPUOOPOB COOTBETCTBEHHO). B 0TAene ctatuctuye-
CKO AVHaMUKM U AWHAMWKA MHOTFOMEPHBIX MeXaHUYeCKMX cuctem WMHCTUTYyTa
TEXHUYECKOM MexaHVWKN HaunoHabHON akafemMmn HayK YKpauHbl 1 FocyaapcT-
BEHHOI0 KOCMUYECKOro areHTcTBa YKpanHbl paspaboTaHa KOHLUENUMs naccuBHOM
3aLMTbl OTEYECTBEHHOrO CKOPOCTHOMO MaccaXKMpCKOro noesfja npu CTofKHOBEHW-
ax [3], koTopas yunTbiBaeT yKa3aHHble pa3nunyus. CorfacHo AaHHON KOHLenumm
naccrBHas 6e30MacHOCTb MacCaXXMPCKOro TAroBOro NOABVXXHOMO COCTasa W Baro-
HOB C 00beAVHEHHBIMW YAAPHO-TATOBLIMU NPUOGOPaMU NPU CTONIKHOBEHUAX Mpea-
rnosiaraeT MCMosib30BaHWe NPOTUBOMOLALEMHBIX U CABUraeMbIX aBTOCLEMHbIX YCT-
POINCTB, YCTPONCTB MOT/IOLLEHNS SHEPTUM N XKEPTBEHHbLIX 30H B KOHCTPYKLMAX
aKunaxel noesga.

B crtaHgapte EN 15227 onpefeneHbl aTa/lOHHbIE MOe3/a, YeTbipe CLeHapus
CTO/IKHOBEHMS, TPeb6oBaHMsA MO NacCMBHOM 6e30MacHOCTM, a TakxXe KpUTepumn ans
OLIEHKWN COOTBETCTBMA pa3paboTaHHbIX KOHCTPYKLMIA NOABUKHOMO cocTasa ¢ CIb
aTMM TpeboBaHmaM. TpeboBaHus EN 15227 no nmaccvMBHOM 6e30MacHOCTM Mpwu
CTO/IKHOBEHMAX PErnamMeHTUpPYIOT 063aTeflbHOe Ha/IMume B KOHCTPYKLUMAX 3KM-
NaXkei NacCcaXmnpcKoro noesga CUCTeEM MacCUBHON 6e30MacHOCTH, KOTOPbIE AO/K-
Hbl 06€CMeYnTb 3aLLMTY NacCaXMPOB 1 NOE3AHON BpUrafbl, COXPaHHOCTb HECYLLMX
3/1EMEHTOB NOABWXHOMO COCTaBa NPY HOPMATUBHbIX CLIEHapUAX CTO/IKHOBEHUS.

MpW NPOEKTUPOBaHNN Y 3KCNEPUMEHTANIbHOW OTPabOTKE XKeNe3HOLOPOXHbIX
akunaxeli ¢ ClMB, B YaCTHOCTM 3KMMNaXEN NacCaXXMPCKOro noessa SJOKOMOTUBHOM
TArW, 3T/IOHHBIV N0€3/, COCTOMT U3 NOKOMOTMBA U YETbIPEX BarOHOB.

B faHHOI cTaTbe paccMaTpuBaeTCs CLeHapuidi 3 CTOIKHOBEHUS CO CKOPOCTbLIO
110 Km/4 3TaNOHHOrO Moe3fa Ha nepeesge ¢ 60MbLINM AOPOXKHBIM TPAHCMOPTHBLIM
CpeacTBOM TWMa rpy30BOro aBTOMO6WASA 60/1bLLOIA rPy30N0LbEMHOCTU. ITOT CLe-
Hapuii aBnseTcs 6a30BbIM NPY OLEHKe NapameTpoB KOHCTPYKLUMM KabWHbI Mallu-
HucTa. B cueHapum 3 60/bLIOE JOPOXXHOE TPAHCMNOPTHOE CPeACTBO NMpeAcTaBnseT
coboli cBOGOAHO CTOsLLEe Ha Mepee3ae KpynHorabaputHoe Aedopmypyemoe npe-
natcteme (KAIM) maccoin 15T ¢ 3agaHHLIMU FeOMETPUYECKMMI pa3mepamun. B
ctaHgapTe EN 15227 npvBefeH KpuTepuii Ans onpegeneHns napametpos aedop-
MWUPYEMOro MpensTCTBUSA B pe3yfibTaTe peLleHns 3afaym o0 CoyaapeHnn co CKopo-
ctbto 30 m/c KA n wapa maccoli 50 T. B cTaTbe [4] npuBeaeHbl pa3paboTaHHble
reomeTpuyeckas mogens KAM B B1Ae KOHCTPYKLMKM, COCTOALLEN M3 Tpex (par-
MEHTOB (06LUMBKM, CEPALEBUHBI N HUKHE YacTu), MMEIOLLMX pasHble MaTepuabl,
N KOHEYHO-3/IEMEHTHAasA MOAe/b NIaCTUYecKoro AeopmmposaHun KA npu yga-
pe LapoM, a Takxke BblbpaHHble B pe3ynbTaTe peLleHus 3afadv napameTpbl rpe-
NATCTBUSA, NPU KOTOPbLIX OHO COOTBETCTBYET KpuTeputo EN 15227,

B ctaHgapte EN 15227 cogepxartcs cregyroLne KpUtTepmnn 4a OLEHKM COOT-
BETCTBUA pa3paboTaHHbIX KOHCTPYKLMIA NOABMXHOr0O cocTaBa ¢ ClMb yKazaHHbIM
Tpeb6oBaHMAM MO MACCUBHON 6e30MacHOCTM. MPOCTPaHCTBO ANA BbDKMBaHWUSA Nac-
CXMPOB M MOe3AHON bpurafbl AOMKHO COXPaHATLCS HEMOBPEXAEHHbIM Ha Npo-
TSXKEHUW BCETrO BpeMeHMN LepOpMMPOBaHMS YCTPOMCTB NOTIOLLEHNS 3Heprum. Me-
CTHble NJIaCTUYEeCKMe Aehopmauuy LONYCKAKTCA NPW YCM0BUW, 4TO UX 061acTu
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OrpaHuyeHsbl, T. e. Takme fedopMaLmn He NPUBOAAT K YMEHbLLEHWIO NPOCTPaHCTBa
419 BbIXXMBaHWSA (30Hbl 6€30MacHOCTM). YMeHbLUEHME NPOCTPaHCTBa BbDKMBAHWSA
He [LO/MKHO npeBbllwaTts 50 MM Ha KaXable 5 M ANMHbI Ky30Ba, a U3MEHEeHWe Nn-
HeWHbIX pasMepoB MO AnaroHaIAM ABEPHbIX U OKOHHbIX NMPoeMoB — 6onee 1 % ot
NCXOLHbIX pa3mepoB. B kabvHe mallMHWUCTa [A/MHA TaKoro MPOCTPaHCTBa A0/KHA
COCTaBNATb He MeHee 750 MM. [JonyckatoTcs niacTuyeckune gedopmauum oTaesb-
HbIX 3/1EMEHTOB HECyLLel KOHCTPYKLMM Ky30Ba €AMHMWLbI NOABMXXHOIO COCTaBa
(MC), He NpMBOAALLME K NOTEPE Ky30BOM 00LLeli HecyLeli crocobHocTU. CpeaHee
3HayYeHue NPOLO/IbHOIO YCKOPEHWS B 30HaX 6e30MacHOCTU He LO/MKHO MpeBbIllaTh
7,5 g (g — yckopeHue cBO6OAHOIO NageHns) ansa cueHapus 3.

MoBepka BbINOIHEHNSA YKA3aHHBIX KPUTEPUEB MOXET NPOBOANUTLCS NyTeM Ma-
TEMaTUYeCKOro MOZENMPOBaHUSA, KOMMOHEHTHbIX, MOIHOPa3MePHbIX MUCMbITaHWM,
WK C MCMOMb30BaHMEM COYETaHUA YKa3aHHbIX TEOPETUYECKUX W 3KCNEepUMeH-
Ta/IbHbIX METOA0B. MaTtemaTnyeckoe MOLENIMPOBaHKE NO3BOJIAET MPOBECTU aHaIN3
OVUHAMUKN CTO/IKHOBEHUA COrMaCHO HOPMATWMBHBLIM CLEHapusaM, OUEHUTb Mony-
YEHHblE 3HAYEHWNs CPefHUX NPOAOMbHLIX YCKOPEHWUI M MacTUyeckux gedopma-
LW B HECYLLMX 3/IEMEHTax pacCMaTpyBaeMblX KOHCTPYKLUIA MO KPUTEPUSM CTaH-
fapta EN 15227.

Mpwn paspaboTke Ha ocHoBe ACTY EN 15227:2015 (EN 15227:2008) oTeuye-
CTBEHHBIX 3KMMaXKeil CKOPOCTHOIO NacCaKMPCKOro noesfa SIOKOMOTUBHOM TArn
MOXET 6bITb MCMO/b30BaHA BbiLLEYKa3aHHash KOHLLEMNLMS MacCMBHON 6e30MacHOCTM
MacCaXXMpPCKOro MoABMXKHOIO COCTaBa MpW CTOSIKHOBEHUAX. [ns uccnefoBaHWs
[LMHAMMKW 3TIOHHOTO noe3gHoro coctasa ¢ CIB npu ctonikHoBeHun ¢ KA Ha
nepeesfe COrnacHo cueHapuio 3 paspaboTaHa maTemaTuyeckas mogenb [5]. 31a
MOZe/b NMO3BONSET Y4eCTb OCOOEHHOCTM B3aMMOAENCTBIUA Noe3a C NPensTCTBUEM,
COBMECTHYIO paboTy 06beAMHEHHbIX CABUTAeMbIX YAApPHO-TAOBbIX MPU6GOPOB,
MPOTVBOMOABEMHBIX YCTPONCTB, YCTPOMNCTB NOTNOLLEHNUS SHEPTUM N KOHCTPYKLMNA
3KMMaXeN, a TakKe BOSMOXHOCTU BO3HWKHOBEHWS M1acTUYECKMX Aeopmauuii B
aNneMeHTax KOHCTPYKLuiA Y139, NOKOMOTMBA WU BarOHOB. 17151 OLEeHKN BbIMOTHEHNS
Kputepres EN 15227 npu CTONKHOBEHUM 3Ta/IOHHOr0 MOE3AHOro coctasa C
KAM cornacHo cueHaputo 3 HeO6X0AUMO ONpeaenunTb CUIOBYHO XapaKTepucTu-
Ky B3aVIMOLENCTBMS KpynHorabapmuTHOro aethopMupyeMoro npensTcTBus u no-
komoTusa ¢ Cl1b.

MocTaHoBKa 3agaun. Liens paboTbl — onpeseneHe CUI0BOW XapakTepucTu-
KN B3aUMOZEVCTBUSA KpYNHOrabapuTHOro AeopMmMpyemMoro npensTcTBmst U 10KO-
mMoTumBa ¢ CI1Bb npu CTONKHOBEHUWN Ha Xene3HOA0POXHOM rnepeesge. [Ana foctu-
YKEHUA NOCTaB/IEHHOM Lie/IN pacCMOTPEHa HeNMHeHaa AUHaAMUYeCKas KOHTaKTHas
3ala4a 0 CTONKHOBEHMW CO CKopocTbto 110 km/4 KA maccoin 15 T ¢ nepefHen
4acTblO JIOKOMOTMBA. B kauecTBe KabuHbI MalMHUCTA IOKOMOTMBA PacCMOTPeHa
KabuHa, paspabotaHHas OO0 “MKMM “MAC” ana anekTpoBo3a 320, B KOHCT-
PYKLUMIO KOTOPOro WHTerpvposaHbl 3fieMeHTbl CI1B. TMOCKOMbKY MHTepec npeg-
CTaB/seT NPOLECC MacTUYeckoro AeopmMmpoBaHns COyaapstoLLMXcs 0ObEKTOB,
npegnonaraetcs, 4to Asmxketca KAM, a kabvHa mawmHucTa ¢ agpyms Y3 aBns-
eTCS HenmoABUXXHOIA.

PacuyeTHas cxema 4719 aHanmM3a npouecca B3aMMOoAencTBIUSA NepeHein yactv no-
KOMOTMBA C KPynHOrabapuTHbIM LepOpMMPYEMbIM NPENSATCTBMEM MPU CTONIKHOBE-
HUW Ha Nepee3ae NpuBegeHa Ha puc. 1. KOHCTpyKUms Kapkaca KabuHbl [6] BKouaeT
YCU/IEHHYO /1060BYHO CTEHKY, NOCNeA0BaTe/lbHO PacnoiOXeHHbIE KEPTBEHHYHO 30-
HY 1 30HY 6€30MacHOCTK, NPOLOJIbHbIE pa3Mepbl KOTOPbIX COOTBETCTBEHHO COCTaB-
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naroT 893 Mm 1 1290 mm. XKeCTKoe 3akpensieHne NMEET 3afHAA CTEHKA KapKaca Ka-
OGVHbI 1 pama Ky30Ba Mo KOHTYpY, NoKa3aHHOMY MyHKTMPOM Ha pwc. 1.

T
/[

I’I'/I JIu}
/—— KY3OB JOKOMOTHEA

| _—— Kapkac kaGuHbl

110 Km/4

/—— Pama moxoMoTIHRA

7

\—OSHachpennemm 3AMMUTHEX
yCTPOICTB I KapKaca KabIHE] K paMe
H KY20BY JJOKOMOTHEA

3amuTHOE ycTpoiicTRO
HedoprMupyenMoe NpengaTcTBIC

Puc. 1

B nepefHein yacTu pambl Ky30Ba JIOKOMOTVBA YCTaHOB/EHbI ABa Y T13 ¢ aHep-
FOEMKOCTbHO KaKAoro yctpoiictea 0,95 M [7]. KoHcTpykumsa YT13 cocTonT 13
ABYX 6/10KOB, COePXaLLMX COTbl NepeMeHHON BbICOTbI. BNOK 1 npeacTaBnseT co-
60l Kopob B BMAe napannenenvnega ¢ O4HOCNONHbLIM COTOBbIM MaKeTOM BHYTPU,
KOTOpbIA COCTOUT M3 COT C LUECTUIPaHHbIMU A4eiikaMu. BoK 2 BbINOMHEH B BUAE
YCEUYEHHOWN Nupamubl U COCTOUT M3 COT C TpexrpaHHbIMU svelikamn. KOHCTPyK-
ums YT13 ¢ reoMeTpMYecKMMI pasmepamyi B MANIMMETPAX MoKa3aHa Ha puc. 2.

Bnok 1

Puc. 2

KoHEeYHo-3/1eMEHTHOE MOfennpoBaHue. [ns peLieHrs nocTaBneHHol 3aja-
yn paspaboTaHO Hay4yHO-MeToauueckoe obecrneuyeHne [6]. OHO BKOYAET co3fa-
HUEe TPEXMEPHbIX FTEOMETPUYECKNX MOAENE COyAapSOLLMXCS KOHCTPYKLMIA, CO3-
[aHue U TecTUpPOBaHME KOHEUYHO-3/IEMEHTHOM MaTeMaTUUecKoii MOAENH, OnChI-
BatOLLIE MpOLECC NNAcTUYecKoro AeiopMUPOBaHMS KOHCTPYKUMIA Mpu yaape,
MpoBefeHNe pacyeToB, MOCTPOEHUE 3aBUCMMOCTM KOHTAKTHOW CWMbl OT Mepeme-
LeHus ueHTpa mMacc KAM npu yaape. KoHeYHO-31eMeHTHas MOfe/b paccMaTpu-
BAaeMOro0 CTO/IKHOBEHWS pa3paboTaHa C YUYeTOM HENMHEVHbIX COOTHOLLIEHWIA MeXay
AeopmauysMi 1 NepemeLLeHUsIMU, a TakxKe MeXay HanpsikeHusmMn 1 aedopma-
UMSMU, 3aBUCUMOCTM (IM3MKO-MEXAHUYECKMX CBOICTB MaTepuana OT CKOpPOCTM
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yAapa, NepeMeHHOro KOHTaKTHOro B3avIMOAENCTBUS MeXAY 3MeMeHTaMn MexaHu-
YECKOW CUCTEMbI coygapstowumxcs Ten. [Ana onucaHus ynpyronnacTU4ecKmx
CBOICTB MaTepnanoB paccMaTpuBaeMbIX KOHCTPYKLUIA NPU YAAPHbLIX BO3AENCTBU-
AX MCMONb30BaHa WHKPEeMEHTaslbHad MOfLeNlb MIaCTUYHOCTU B (DOPMY/IMPOBKE
Kpura n Kes [8], ocHOBaHHast Ha GWUIMHEHON annpoKcUMauuy UCTUHHON Ana-
rpaMMbl PacTSHXKEHUS C YYETOM KMHEMATMYEeCKOro ynpoyHeHus. Toyka nepenoma
TaKo ABYX3BEHHOW KyCOYHO-/IMHENHOW KPMBOI COOTBETCTBYET AMHAMUYECKOMY
npegeny TeKy4ecTu, 415 BbIYMCIEHUS KOTOPOro UCMO/b3yeTcs 3aBUCMMOCTb Cali-
moHgca—Kynepa [9, 10]. MonyyeHHas KOHEYHO-3/1eEMEHTHAA MOAeNb NpeAcTaBNseT
coboli cuctemy audepeHUManbHbIX YPaBHEHWIA ABMKEHUA NpY 3afaHHOl Ha-
YafibHOV CKOPOCTU COYZAapeHUs 1 peLlaeTcs ¢ NMOMOLLbIO MeToaa nocnefoBaTesb-
HbIX Harpy>xeHuin [11]. B pe3ynbTarte peLleHus paccmMaTpyBaeMon 3agayuv onpege-
NAETCS 3aBUCUMOCTb KOHTAKTHOM Cunbl (MHTerpana no o61acT KOHTaKTa OT pac-
NpefeneHHbIX KOHTAKTHbIX HanpsXKeHUA) MeXAy COyAapstoMMMUCSH KOHCTPYK-
UMAMM B TEKYLLIME MOMEHTBI BPEMEHM OT MepemMeLLieHns LeHTpa macc KA.

Mpn pa3paboTKe KOHEYHO-3/1EMEHTHOW MOZENN A/1S aHann3a HeSIMHENHOro
AethopMUPOBaHUA 3/IEMEHTOB paccMaTpuBaeMbIX KOHCTPYKUMIA MNpu yaape uc-
MoNb3YHTCA CneunasbHble 060/104eYHbIE 3IEMEHTbI C TPEMS WUN YeTbIPbMA Y3/a-
MU, KaXbIA N3 KOTOPbIX MMEET MO TPW IMHEVHBIX 1 YTI0BbIX NepemeLLeHus, CKO-
POCTM 1 YCKOPEHUSt OTHOCMTENIbHO OCeWi Y3/10BOV CUCTEMbI KOOPAMHAT 3/1EMEHTA.

MpeanoxeH cnefyowmii NOAXOL K PeLLeHVIO NOCcTaBNeHHoW 3agaun. C ue-
Nbl0 YMEHbLLUEHMS Pa3MePHOCTU 006LLEel KOHEYHO-31eMeHTHON Mogenn “KAM —
ABa YO — KapKac KabuHbl MalLUMHUCTA” peLUeHue pa3feneHo Ha Aga aTana. Ha
MepBOM 3Tane paccMoTpeHa 3afaya B3aMmogeicTemsa KA ¢ Kapkacom KabuHbl
Mpy CTONIKHOBEHUW CO CKOPOCTbIO 110 KM/4, a Ha BTOPOM 3Tare — aHa/lormyHas
3agaya B3aumogelictems KAIM ¢ asyms Y113, 3aKpenneHHbIMU Ha pame Ky3oBa
nokomoTmea. O6LLee peLleHne SBASETCA Cynepnosnumeli peLleHnid, NoayYeHHbIX
Ha NnepBoM W BTOPOM 3Tanax.

Pe3ynbTaTbl UCCNEAOBaHWIA. PacCMOTPUM MepBbIA 3Tan PEeLUeHUs 3aauu.
NS onpefeneHns CUMOBO XapakTepucTuKK B3aumogeicTeus KAM v kapkaca
KabuHbl paspaboTaHa MaTemaTuyeckas MOAENb C WCMOMb30BaHMEM KOHEUYHO-
37IEMEHTHOVi CXeMbl, MOKa3aHHOM Ha puc. 3.

Puc. 3

Pa3paboTaHHas KOHEYHO-3/IEMEHTHAs CXeMa MEXaHUYEeCKON CUCTEMbI U3 ABYX
coypapatowmxca ten “KAM — kapkac kabuHbl MawmHUCTa” cocTouT 13 226020
060/104eYHbIX 3/1eMEHTOB 1 60861 y3na.
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[JethopmMrpoBaHHOE COCTOSIHME KOHCTPYKLUM Kapkaca KabuHbl Npu CTONKHO-
BeHuM ¢ KA1 B pasHble MOMEHTbI BPeMeHU MoKasaHbl Ha puc. 4.

t=0c

t=0,02c t=0,03c
Puc. 4
[Ovarpamma [ehopMMpOBaHUSA, KOTOpas XapakTepusyeT 3aBUCUMOCTb KOH-
TaKTHOro ycunus F OT MpoAo/bHOro nepemellieHuns LeHTpa macc KAM x, npeg-
CTaBneHa Ha puc. 5.
F,MH
1,6

1,4 h
1,2

1.0
0,8 NA. I\\

4 A \V
0.4
0,2
0,0
0 200 400 600 800 X, MM
Puc. 5

Ha puc.6 nokaszaHo Ae()OpMMPOBaHHOE COCTOSHME Kapkaca KabuHbl
(puc. 6, a)) n KAM (puc. 6, 6)) B MomeHT BpemeHun t = 0,03 c.
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6)

Puc. 6

AHann3 pesy/nbTaToB pacyeTa Mokasasl, YTO Kapkac KabuHbl MMeeT 60/bLune
nedopmauun, yem KAM. Kak BUAHO Ha puc. 5, B MOMeHT BpemeHun t = 0,03 ¢ npu
nepemetleHmun ueHtpa macc KA Ha 890 MM KOHTaKTHOE ycuve pe3ko Bo3pacTa-
eT, YTO CBA3aHO C NOJHON AethopMaLein XepTBEHHOW 30HbI KapKaca, BbICTynato-
Leli 3a npefenbl pambl Ky30Ba. [Mpy 3Ha4eHUM KOHTaKTHOro ycunua mexxay KAr
n kKapkacom 1,09 MH Touka A (cm. puc. 4), pacnonoXxeHHas B MNPOAONbHO-
BEPTUKa/IbHOM NockocTy cummeTpumn KA, nonyyaeT NpoAosibHOe nepemeLLeHmne
921 mM. ToCKOMbKY AnMHa XXepTBEHHOM 30HbI KapKaca cocTaBnseT 893 MM, Touka
A nonagaeT B 30Hy 6€30MacHOCTW Kapkaca, 04HaKo Npy 3TOM B YKa3aHHOIN 30He
COXPaHSeTCs MPOCTPAHCTBO A/MHOW 1262 MM Npy MUHUMANbHOW AO0MYCKaeMOi
AnviHe 750 mm. B nipouecce CTONKHOBEHNS KOHCTPYKUMA KA nonyynna Hebosb-
wwe pedopmaumm (puc. 6, 6)), B OCHOBHOM, npoucxofuna gedopmaumns KOHCT-
pyKumn Kapkaca KabuHbl (puc. 6, a)).

PaccMOTpuM BTOPOI 3Tan pelleHUs 3afayvn. Bemay 60nbLUIOW pa3mepHOCTM
CUCTEMbI HENMHEVHbIX AuddepeHLManbHbIX YPaBHEHWI, OMUCHIBAIOLLMX NPOLECcC
cTonkHOBeHUA KAM v aByx ¥YT13, paccMOTpeHa BO3MOXHOCTb 3aMeHbl Kopobuya-
TbIX ¥YT13 nx TBEpAOTENbHLIMU aHafioramu. [na 3Toro peLleHa BCromorare/ibHas
3afava B3avmogencTems KAM ¢ ogHum YT1Q npy CTONKHOBEHUM CO CKOPOCTbIO
110 km/4. KoHe4yHo-anemeHTHble cxembl KA n Y3 npueefeHsbl Ha puc. 7. Top-
LeBoe ceyeHne YT13 co CTOPOHbI paMbl UMEET XKECTKYHO 3a/eNKy.

6)

Puc. 7
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Kak BuaHoO Ha puc. 7, ¥YT13 pacnofioXkeHo Takum 06pas3om, YTo ero npogosib-
HO-BEPTUKa/IbHasA NIOCKOCTb CUMMETPUM COBMaAaeT € NPOLO/bHO-BEPTUKA/IbHOM
MI0CKOCTbIO cummeTpumn KA. Mpy 3TOM BepTUKaIbHOE CMELLEHNe OTHOCUTENbHO
MCXOLHOro pacnonoxenuns YT13 (cMm. puc. 1) otcytcTByeT. MoOCTpOeHHas KOHeu-
HO-3/1eMeHTHas cxema cofepXXuT 468230 060/104eUHbIX 31eMeHTOB 1 97088 y3/10B.

PesynbTaThl pacyeTa npeacrasieHbl Ha puc. 8.

t=0c t=0,01c

t=0,02¢c t=0,03¢c
Puc. 8

YCTaHOBNEHO, YTO NPU CTO/IKHOBEHWM B OCHOBHOM MpoMcXoamna Aedopma-
uma KAM, B TO BpeMs Kak He3HauuTeNbHble aedopMaumn YT3 Habnoganmch
TOMbKO B NepeaHeit yacTu, rae pacrnofioXeHbl COTbI C LUECTUTPAHHLIMMW SYelikamu.

[ns 060CHOBaHWSA BO3MOXHOCTW UCMONb30BaHWs BMecTo YT13 ero TeBeppo-
TEe/IbHOrO aHasora, MMEOLLIEro Te Xe camble reoMeTpUYeckue pasmepbl, paccmoT-
peHa 3agaya, aHa/IorMyHas BbILIEONUCaHHOW, HO BMeCTO YT13, npefcTaBneHHOro
060/104€4HbIMN KOHEYHbIMW 37IEMEHTaMM, UCNOb30BaH ero TBepAOTeNbHbIN aHa-
NOr, KOTOPbIA MOLENNPYETCA 0ObEMHLIMU KOHEYHbIMU 37emeHTamu. Ha puc. 9
NpYBeSeHbl 3aBUCMMOCTIN KOHTaKTHbIX YCUWIA, MOMYYEHHbIX B pe3ynbTaTe peLue-
HMS 3a[ja4n CTONIKHOBEHUS €O cKopocTbio 110 km/u KA ¢ Y19 1 aHanornyHoum
3afiaumn ctonkHoseHus KA ¢ TBepAoTebHbIM aHaloroM Y113, OT nepemeLLeHuit
LeHTpa macc KA. Ha puc. 10, a) nokasaHO gedopmMmpoBaHHOe cocTosHme KA
npu CToNKHOBEHUN ¢ YT13 B MomeHT BpemeHu t = 0,03 ¢, a Ha puc. 10, 6) — ge-
(hopmmpoBaHHOe cocTosHe KA npu CTONKHOBEHUW C ero TBepLOTe/bHbIM aHa-
NIOrOM B TOT e MOMEHT BpemeHU. [yTem CpaBHEHUA pe3ynbTaToB peLleHns ABYX
PacCMOTPEHHbIX 334ay [oKa3aHa A0MnyCTMMOCTb 3aMeHbl kopobyatoro YT13 ero
TBEPAOTE/IbHbIM aHaNoroM.
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Puc. 9
a) 6)
Puc. 10

Pa3paboTaHa KOHEUYHO-3/1leMeHTHasA MOeNb A1 OnpeAeneHns CUI0BOIN Xapak-
TepucTukn Baumogenctana KAIMN ¢ AByms TBepAOTEbHbIMK aHanoramv Y3 npu
CTO/IKHOBEHMM CO CKOPOCTbIO 110 KM/4. OHa NOCTpOeHa € 1CNo/b30BaHNEM 06b-
EMHbIX 1 060/104eYHbIX KOHEYHbIX 3/1IeMeHTOB. KOHeYHO-3/1eMeHTHasa cxema cuc-
Tembl “KAM — aBa TBEpAOTENbHbIX aHanora YT ¢ KOHTaKTHOW MOBEPXHOCTHIO
pambl” coctaBneHa u3 475000 aneMeHTOB M cofepkuT 86302 y3na. KoHTakTHas
MOBEPXHOCTb PaMbl UMEET YKECTKYHO 3a/eNKy.

PesynbTaTbl pacyeTa npuBedeHbl Ha puc. 11-12. Ha puc. 11 nokaszaHbl par-
MeHTbI fedopmaummn KA npy CTONIKHOBEHUM C ABYMSA TBEPLOTE/IbHbIMW aHaslo0-
ramm ¥YTIO B pasHble MOMeHTbl BpemeHW. Ha puc. 12 npusefeHa 3aBUCUMOCTb
KOHTaKTHOro ycunua ot nepemeLeHns ueHtpa macc KA npy CTONKHOBEHWUM CO
cKopocTbio 110 km/u KAMM ¢ AByMS TBepAOTeNbHbIMU aHanoramMm YT19.

C ncnonb3oBaHWeM fuarpaMm, NPUBEAEHHbLIX Ha puc. 5 1 puc. 12, nocTpoeHa
3aBMCUMOCTb (puc. 13) KoHTakTHOro yeunua F mexay KAM n anemeHTamu ne-
pefHein YacTu NOKOMOTUBA OT NPOA0LHOIO nepemelLeHmns LeHTpa Macc KAM npu
CTOJ/IKHOBEHMM CO CKOPOCTbIO 110 Km/u.
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t=0c

t=0,02c

t=0,03c

Puc. 11
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Puc. 13

BbiBoAbI. MpeanoxeH nNoaxos, Hay4HO-MeToAMYecKoe obecrneveHve 1 paspa-
60TaHbl KOHEYHO-3/1eMEHTHbIE MaTeMaTUyecKue MOAeNV A1 PeLleHns HelnHewn-
HOW LMHAMWYECKOW KOHTAKTHOI 3aa4yn 0 CTO/IKHOBEHUM CO CKOPOCTbIO 110 Km/y
NNOKOMOTUBA, B KOHCTPYKLMIO KOTOPOrO MHTErPUPOBaHbI 3/IEMEHTBI CUCTEMbI Nac-
CMBHOM 6€30MacHOCTK, C KpynHOrabaputHbIM LeOpMUPYEMbIM NPENATCTBUEM
maccoin 15 T Ha nepeesge cornacHo cueHaputo 3 ctaHgapta EN 15227. Mposepe-
Hbl UCCMe0BaHNA B3aUMOAENCTBUSA NPENATCTBUA C 3/IEMEHTaMU MepesHein YacTu
NOKOMOTMBA NPU CTONIKHOBEHWUW. B pe3ynbTaTte NpoBefeHHbIX UCCNeA0BaHNi Mo-
CTPOEHa 3aBNCUMOCTb KOHTAKTHOIO YCUINA MeXAY NPensTCTBUEM WU 3/1eMeHTamu
nepesHein 4acTy JIOKOMOTMBA OT MPOLO/ILHOIO nepemMeLleHuns LeHTpa Macc KAMM
MpW CTONIKHOBEHWW. YKa3aHHas CU/I0Bas XapaKTepuCTKa MOXET ObITb UCMO/b30-
BaHa [19 OLEHKM BbINOHEHUA KpuTepmnes EN 15227 npu CTONKHOBEHWUMW 3Ta/I0H-
HOro Noe3gHOro cocTasa C NPensATCTBMEM COrMacHo cueHapuio 3. MpeanoXKeHHbI
MnoAxof, Hay4HO-MeToAMYecKoe obecrneyeHve U pa3paboTaHHble MaTemMaTUyecKue
MoZenu MoryT 6biTb WMCMOMb30BaHbl NMPY MPOEKTUPOBAHUM OTEYECTBEHHOMO nac-
CaXXMPCKOro TAroBoro nofsuxHoro coctasa ¢ Crlb.
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