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HATYPHBIE YJAPHBIE UCTIBITAHUSA OIIBITHOT'O OBPA3LA
YCTPOMCTBA MOIJIOIEHUS SHEPTUH, TPEJHA3ZHAUEHHOI'O JIJ151
IMACCHUBHOM 3AIMTHI JTOKOMOTHUBA ITPA CTOJKHOBEHUAX

ITpropHuTEeTHEIM HalpaBJICHUEM PAa3BUTHUS JKEJIE3HOIOPOKHOIO TPAaHCIOPTa YKpaUHbI SIBJISETCS. BHEAPEHUE
CKOPOCTHOT'O TACCaKMPCKOTO ABIDKEHHS M OOHOBIEHHE IOJBIKHOTO COCTaBa. JIOKOMOTHB HOBOTO IOKOJEHHUS
JIOJDKEH MMETh CHCTEMY ITaCCMBHOMN 0e30I1aCHOCTH, KOTOpasi B ClIydae HEM30EKHOTO CTOJIKHOBEHHs 00eCIeynBaeT
npeoOpa3oBaHUe YHEPTHH yAapa B MEXaHHUYECKYIO paboTy, CBS3aHHYIO C KOHTPOJHPYEMBIM IUIACTHYECKUM Jie-
(opMHpOBaHHEM ClEUHATBHBIX yCTpoiicTB nornomienus dueprun (YIID), 9To MO3BOAMT YMEHBLIUTH TAKECTh
TIOCIIEAICTBUII aBapUM U COXPAHHUTH JKU3HH MACCAXXUPOB U Moe3JHOU Opurajasl. CTaThs MOCBSIIEHA aKTyalbHOU
npodneme pa3padoTku YIID 11 cKOpOCTHOTO MaccakMPCKOro JIOKOMOTHBA HA OCHOBE PE3yJIbTATOB MaTeMaTHye-
CKOTO MOJIETTMPOBAHUS IUIaCTHYEeCKoro aedopmupoBanus YIID mpu cBepXHOPMATUBHBEIX yAapaxX M HAaTYpPHBIX
ylapHbIX ucnbiTaHui (Kpaui-trectoB) YIID Ha 6asze eBpomneiickoro cranmapra EN 15227. B craTbe mpuBeieHbl
Pe3ynBTaTH BHITOMHEHHOTO B HcmbratensioM nertpe TUV SUD Rail GmbH (Tepnw, Tepmanus) kpom-TecTa
ombITHOrO 06pasua YII3 kopobuaroro tuma, copepikaniero cotopsle makersl. Koncrpykuus YIIO paspaborana B
coTpyaHuuecTBe MHcTtuTyra TexHM4eckod MexaHuku HarnuonanbHOM akagemun Hayk Ykpausel u I'ocynap-
CTBEHHOT0 KocMuueckoro areHrcTBa YkpauHbl ¢ OO0 “IIpoeKTHO-KOHCTPYKTOPCKOE HMPOU3BOJCTBEHHOE MpE.-
npusitie MJIC” u 3amaTeHTOBaHa B YKpanHe. L{enb Kpamm-TecTa — 9KCIepUMEHTaIbHOE HCCIIeIOBaHUe IIACTHYe-
CKOro Je()OpMHUpPOBAaHUS MCCICAYyeMOil KOHCTPYKIHH IPH YIAape, ONpPEICICHHE XapaKTePUCTUKH KOHTAKTHOTO
YCHIHMSL MEXKIY COYNapsIOIIMMIUCS TellaMH, OILeHKa JHEPrOeMKOCTH ONBITHOro obpasma YIID. B cratee maHO
OIIMCaHHE pa3pabOTAHHOIO HAy4YHO-METOAMYECKoro obecmedeHus. IIpuBeneHbl pe3ylabTaThl KOHEYHO-
9JIEMEHTHOTO MOJIEIUPOBAHUS KPIII-TECTa ONBITHOro obpasua YIID. BrmmonHena Bepudukanus pazpaboTaHHON
KOHEYHO-DJIEMEHTHOH MOJIEM IyTeM CPaBHEHHs 0 KpUTEpusM eBporeiickoro cranmapra EN 15227 pesynbra-
TOB, IOJYYEHHBIX PACUETHBIM M OKCIICPHMEHTAIBHBIM IyTsAMH. [lonTBep)kmeHa OCTOBEPHOCTH PeE3yIbTaTOB
YUCIIEHHBIX PACYETOB, BBINOIHEHHBIX C IOMOIIBIO Pa3pab0TaHHOI0 HAYYHO-METOJUIECKOr0 00EeCIeueHus.

IIpiopuTeTHUM HANPSAMKOM PO3BHUTKY 3ai3HHUYHOIO TPAHCIOPTY YKpPAiHH € BIPOBADKCHHS IMIBUAKICHOTO
MacaXUPChKOTO PyXy i OHOBIIEHHS PYXOMOTO CKiaay. JIOKOMOTHB HOBOTO NOKOJIHHS HMOBHHEH MaTH CHCTEMY
nacuBHOI Oe3IeKy, siKa y BHIIaJKy HEMHHYHYOrO 3iTKHEHHs 3a0e3ledye epeTBOPEHHs eHepril yaapy B MeXaHiuHy
po6oTy, OB s13aHy 3 KOHTPOJILOBAHNM ITACTHYHUM Ae(OpMyBaHHSAM CIELialbHUX MPUCTPOIB IOTIMHAHHS €HEep-
rii (III1E), 1o 103BOMHTH 3MEHIINTH TSDKKICTh HACTIAKIB aBapii 1 30epertH KUTTS MacaXupiB i moi3HO1 Opuram.
CTaTTIO IPHUCBSYECHO aKTyalbHill mpobiemi po3podku IMIIE i mBHAKICHOTO MacakUpPCHKOro JIOKOMOTHBA Ha
OCHOBI pe3y/lbTaTiB MaTeMaTHYHOIO MOJAENIOBaHHA IUacTuuHOro nedopmysanus IIINE mpu HagHOpMaTHBHHX
yaapax 1 HaTypHUX y#apHHX BHIpoOyBaHb (kpeni-tectiB) I1I1E nHa 6a3i eBpomeiicskoro crangapty EN 15227. B
CTATTi HABEJEHO Pe3yNbTaTH BUKOHAHOTO y BHIpoOyBantsHoMy nertpi TUV SUD Rail GmbH (Iepuin, Hiveuun-
Ha) Kpem-Tecty mociigaoro 3paska IIE kopo64acToro Tumy, o MiCTHT CTiTbHHKOBI makeTH. KoHCTpykKiiito
TIITE po3podiaeHo y cmiBmpani [HcTHTYTY TexHiuHOT MexaHiku HamionansHoT akaziemii Hayk Ykpainu i Jlepxkas-
HOTO KOocMigHOTo arentcTBa Ykpairu 3 TOB “TIpoexkTHO-KOHCTpyKTOpChKE BHpOOHMUE migmpremctBo MJIC” i
3aIaTEeHTOBAHO B YKpaiHi. MeToro KpeuI-TecTy € eKCIepUMeHTalIbHe JOCIIKeHHS UIACTUIHOTO AehopMyBaHHS
JIOCTI/PKYBaHOT KOHCTPYKILII NpH ynapi, BU3HAUCHHS XapaKTEPHCTUKH KOHTAKTHOTO 3yCHIUIL MDXK TilNamu, sKi
CHIBYapsIOTHCS, OLlIHKA eHeproeMHocTi nociianoro 3paska I1I1E. B crarti naHo omuc po3po0iieHOro HayKOBO-
METOJMYHOTO 3a0e3MeueHHs] Ta CKiHYEHHO-EJIEMEHTHOI MOJEINi IUIaCTUYHOTO JeOpMyBaHHS JOCIHIKYBaHOI
KOHCTpYKLIil IpHu yzaapi. HaBeneHo pe3ynbTaTu MaTeMaTHYHOTO MOJENIOBAHHSA KpEUI-TECTy JOCHITHOTO 3pa3ka
VIIE. BukonaHo Bepuikamnito po3po0ieHol CKiHIeHHO-eIeMEHTHOI MOJIeNl IUIIXOM MOPIBHSHHS 32 KPUTEPisIMU
eBporeiicskoro crannapty EN 15227 pesynbraTiB, OTpUMaHUX PO3PAXYHKOBHM i €KCIIEPUMEHTAIIBHUM IUIIXaMH.
ITinTBEpmKEHO TOCTOBIPHICTH PE3yNbTAaTiB YHCEIPHNX PO3PaxXyHKiB, BHKOHAHMX 3a JOIOMOTOI PO3POOIEHOTO
HAYKOBO-METOJHYHOT0 3a0e3MeyeHH.

Introduction of high-speed passenger traffic and retrofit of the rolling stock are priority lines of the evolu-
tion of railway transport. A newly developed locomotive must have the passive safety system that in case of an
unavoidable collision provides the transformation of the impact energy into the mechanical work associated with
a plastic controlled deformation of the special energy-absorbing devices (EAD). This enables the crash impact to
be mitigated and lives of passengers and the train crew to be protected. The paper deals with the pressing problem
of the development of the EAD for a high-speed passenger locomotive based on the results of mathematical mod-
eling the EAD plastic deformation in non-standard impacts and the EAD full-scale impact tests (crash-tests) using
the EN 15227 European Standard. The paper presents the results of the crash-test of the prototype of the EAD box
type with cell packs conducted in the Test Center of TUV SUD Rail GmbH (Gorlitz, Germany). The Institute of
Technical Mechanics, NANU&SSAU developed the EAD design in cooperation with the MDS Design Production
Enterprise. This EAD design has been patented in Ukraine. The objective of the crash-test is to carry out experi-
mental investigations of a plastic deformation of the design under consideration in the impact, to derive the char-
acteristics of the contact forces between the colliding bodies, to estimate the energy-intensity of the EAD proto-
type. The paper describes scientific and methodical support developed. The results of a finite-element simulation
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of the crash-test of the EAD prototype are reported. The finite-element model developed has been verified by
comparison with the predicted and experimental results using the criteria of the EN 15227 European Standard.
The accuracy of the results of numerical calculations made by scientific and methodical support developed has
been validated.

Knroueswvle cnosa: naccaxcupckuii noeso, asapuiinoe CMoaKHO8eHUe, NACCUB-
Has 0e30naAcHOCMb, YCMPOUCMEO NO2NOWEHUS IHEPeUU, KPIUL-mecm, KOHEUHO-
INEMEHMHOE MOOETUPOBAHUE.

Beenenne. OnHUM M3 TTIaBHBIX HANpPaBJICHUM Pa3BUTHS JKETIE3HOIOPOKHOTO
TpaHclopTa B YKpauHe, Kak U Ha BCeM MpocTpaHCTBe kojeu 1520 mwm, sBnsgercs
BHE/IPEHHE CKOPOCTHOTO MAaCCAKUPCKOTO JIBMXKEHUS U OOHOBJIICHHE IMOJBUKHOTO
cocTaBa. Bompochl MOBBIILIEHUS] CKOPOCTH IBUKEHUS MOE37I0B HEPA3PHIBHO CBS3a-
HBI ¢ IpobsieMaMu obecrieueHns: 6€30MaCHOCTH MACCAKUPOB M TIOE3AHOM OpHrabl
B CIy4ae aBapUITHOIO CTOJKHOBEHMS IMO€37]a C MPErpajoi Ha >KeJIe3HOI0POKHOM
nyTd. [ToABMXKHOI COCTaB HOBOT'O MOKOJICHHUS JOJDKEH MMETh HE TOJNBKO dPdek-
THBHBIE CPEACTBA aKTHBHOM 3aIUTHI JUIS MPEAOTBpAILEHUs] aBapUHHBIX CTOJKHO-
BEHUH, HO M cucTeMy maccuBHOUM OezonacHoctd (CIIB), koTopast B ciiyuae HeW3-
0EKHOTO CTOJIKHOBEHHSI TO3BOJIUT YMEHBIIUTH TSDKECTh MOCITEACTBHIA aBapuu H
COXPaHHTh KHU3HU MACCAKUPOB, MAIIMHUCTA W Toe3aHON Opuransl. [Ipu aBapuii-
HOM CTOJIKHOBEHUWH II0€3/1a C MPEIMSATCTBHEM IEpPBBIA W HanOoJee CHIBHBIA yaap
HCTIBITHIBAET JIOKOMOTHUB, MTOITOMY 0c000€ BHUMaHHE JIOJHKHO OBITH YJENIEHO pas-
pab6otke ero CIIb. OcHoBHas 3anavya CIIb — yMeHbIIeHe BO3HUKAIOUINX MIPH aBa-
pUITHOM CTOJKHOBEHUHM HPOJOJIBHBIX CHUJI U YCKOPEHUW B pe3yJbTaTe IMpeBpallie-
HUSl KHHETUYECKOH IHEPTruM yJapa B MEXaHHYECKYI0 PadoTy, CBS3aHHYIO C KOH-
TPOJMPYEMBIM IUIACTHUECKUM Ae(POPMUPOBAHNEM CIIEIMAIBHO MPEIHA3HAYCHHBIX
JUIS 3TOTO yCTpOWCTB norfomuieHus sHeprun (YI19), pacnonoxkeHHbIX B KOHIIEBBIX
4acTAX paMbl Ky30Ba JIOKOMOTHBA.

B crpanax EC obecneueHne maccMBHOW 0€30MaCHOCTH >KEJIE3HOJIOPOKHOTO
9KHUIaXKa CKOPOCTHOTO M BBICOKOCKOPOCTHOTO IMOE3/1a SIBJISIETCS 0053aTEeIbHBIM U
pernmamentupyetcs ¢ 2008 r. ctangaprom EN 15227 [1]. B HacTtosmiee Bpems mac-
CUBHAas 3alluTa OOJIBIIMHCTBA €BPONEHCKUX MAacCaXKUPCKUX TOE30B JIOKOMOTHUB-
HOMW TATH, 000PYZAOBAHHBIX Pa3/IeIbHBIMU yIAPHO-TATOBBIMHA YCTPOHCTBAMH, Opra-
HU30BaHa TaKUM 00pa3oM, YTO OCHOBHYIO YacTh SHEPTMH IPHU CTOIKHOBEHHUSIX C
KeJE3HOJJOPOKHBIM TMOJIBI)KHBIM COCTaBOM TIOTJIONIAIOT Kpam-Oydepa u pacro-
noxeHHbIe 32 HUMHU YIID [2 — 8], ycTaHOBNIEHHBIE B KOHIIEBBIX YaCTSIX paMbl Ky30-
Ba JIOKOMOTHBA.

B ctpanax EC teoperndeckue u 3KCIiepUMEHTAJIbHBIE HCCIIEI0BAHUS 10 Tac-
cuBHo 3amure [IC akTuBHO mpoBOAATCS ¢ Hadana 90-X roJ0B MPOILUIOTO BEKa.
CymecTBeHHBIH BKJIaA B pelIeHHe MPOOJIeMbl MaCCUBHOM 3alIUTHl IOKOMOTHBOB
BHECITM crienuaiucTel kommanuii Alstom [4], Bombardier Transportation [2],
Siemens [5], Voith Turbo [3] u psiaa npyrux Hay4HbBIX, IPOU3BOJICTBEHHBIX Opra-
HU3AIUI U UCTIBITATEIbHBIX IIEHTPOB [8].

IToaBIXKHOM cOCTaB KeNe3HbIX AOPOT ¢ MUPHHON Kojen 1520 MM mmeeT psn
CYLIECTBEHHBIX OTINYMH (B OOBEAMHEHHBIX YJApHO-TATOBBIX MPHOOpax, HOpMa-
THUBHBIX TPeOOBAaHUSAX HA €r0 pa3pabOTKy M T. J.) OT €BPONEUCKOro MOJBHKHOTO
cocraBa, i KOTOPOro yxe paspaboranbl 3()()EKTHBHBIC CHCTEMbI ITaCCHBHOM
6e3omacHoctu. O6s3aTensHoe Hanmune CIIb B ctpanax CHI' He permameHTHpyeT-
cs1, xoTs B 2014 1. B Poccuiickoit peneparinu BBeACH MEKTOCYAapPCTBCHHBIA CTaH-
napt “Kpamr-cuctemMbl aBapuitHBIC JKEJIE3HOAOPOKHOTO MOABHKHOTO COCTaBa IS
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MaCCaXMPCKUX TEPEBO30K. TexHuueckne TpeboBaHusS W MeTombl KoHTposs” [9].
DTOT CTaHmapT He SKBUBaJeHTEH craHmapTy EN 15227, oH HOCHT pexoMeHma-
TENBHBIN XapakTep, U HU OJHOTO ymapHoro ucneitanus YIID (kpami-tecta) co-
IJIACHO HeMy He mpoBoawiochk. B pabdore [10] obocHOBaHO, 4TO TpeOOBaHUS IO
MACCHBHON O€30MAaCHOCTH TPH aBAPUUHBIX CTONKHOBEHHSIX Ha JKEJIE3HBIX JA0pOra
koen 1520 MM HO/KHBI OBITH FApMOHHM3UpPOBaHBEI ¢ TpeOoBanusMu EN 15227,
Cormacao EN 15227 mist ouenku 3¢dekTuBHOCTH padoTel YIID Heobxommmo,
Hapsly ¢ MaTEMATHYECKUM MOJIEIMPOBaHNEM JHHAMUYECKHX IIPOIECCOB aBapHii-
HBIX CTOJKHOBEHHH, TPOBOUTH TMOTHOPAa3MEpPHBIE MCIBITAHUS MX OTIENBHBIX 00-
pasioB. Takue MCTIBITAaHHUS TTO3BOJIAT MPOBEpUTH (ByHKIMOHUpoBaHue YIIO u mpo-
BECTH KaMOpPOBKY YHCIEHHBIX MOJENEW IO pe3ylbTaTaM HCIBITAaHWNA, CPaBHUB
pe3yIbTaThl UCTIHITAHUNA U COOTBETCTBYIOIIETO YHCIEHHOTO MOJIEITHPOBAHMS.

B HacTosmmiee Bpemsi akTyalbHOM siBIsieTcs pa3padotka YIIO miast ckopocTHO-
ro MACCaKUPCKOTO JOKOMOTHBA C OOBEIMHEHHBIMH yIApPHO-TATOBBIMHU MPHOOpa-
MU, IPEAHA3HAYCHHOIO IJIs1 SKCILTyaTallMK Ha >KEJIE3HBIX Aoporax kojeu 1520 Mm.
Takas pa3paboTka HoDKHA OBITH HAYIHO OOOCHOBaHA pe3yabTaTaMHd MaTeMaTHde-
CKOTO MOJIEIMPOBaHUS TUIACTHUECKOTO NedopMUpoBaHus KOHCTpyKInu YIID mpu
yaapax 1 kpam-tectos YII3.

B pesynbprate KomIuiekca MPOBEACHHBIX TEOPETUYECKUX HCCIEAOBAaHUN pas-
paboTana u 3amareHTOBaHa KOHCTpyKnus YIID kopobuaToro Twma, comepikamas
coroBeie maketsl [11, 12]. YIIO nmpenHazHadeHO A yCTAHOBKM B KOHIIEBBIX 4a-
CTSIX paMbl Ky30Ba JOKOMOTHBA.

B nmawHOW cTaTthe TpHWBENEHBI Pe3yJbTATHl KPAII-TECTa OMBITHOTO 0Opasia
VIID u MaTreMaTHYE€CKOro MOJAEIUPOBAHNUS BHIIIOJIHEHHOTO KPAII-TECTA.

OcHOBHBIE 0COOEHHOCTH TPOBeAEHUS] MOJTHOPA3MEPHBIX HATYPHBIX HC-
neiTannii YIID Ha 6a3e cranaapra EN 15227. Cornacao cranmapty EN 15227
MoJTHOpa3MepHble ucHbITaHus YIID HOKHBI COOTBETCTBOBATH TPEOOBAHUSAM IIO
SHEPTOIOTIONICHHIO ISl CIydasi CTOJIKHOBEHHS JIBYX WJEHTHYHBIX COCTABOB (CIIe-
Hapuil 1) WM CTONKHOBEHHS ITOE3AHOTO COCTaBa C I'PY30BBIM BaroHOM MacCOM
80 T (cuenapwmii 2). OgHako AaHHOE TpeOOBaHWE HE MPEATONAraeT TOYHOTO BOC-
pou3BeieHNs (PAKTHUECKOTO CIIEHApHS B XOJi¢ UCTIBITaHMA. VICTIBITaHUS JTOIKHBI
OBITH BBITIOJHEHBI JUI BCEX MUMEIONTUXCS TUIOB YHEPTOMOTIIONIAOIINX YCTPOUCTB,
YCTaHOBJICHHBIX Ha TOPIAX JKEIE3HOIOPOKHOTO dKumaxa. st oqHoTnmHbIX YIID
MIPOBOJIUTH OT/IENbHBIE UCIIBITAaHUS HEe 00s3aTeNbHO. Pa3peraercs mpoBOAUTE OT-
JISbHBIE UCIBITAHUSI SHEPTOIMOTIIOMAIONINX YCTPOMCTB, KOTOPhIE (PYHKIIMOHHUPY-
0T HE3aBUCUMO OT JIPYTrUX KOMIOHEHTOB. Bce B3aumopeicTByromue YIID nomxk-
HBI OBITH BKJIFOUEHBI B OZIH KpalI-TecT. Kak mpaBuiio, B X0/ie TECTOB UCIIBITYEMBIE
VIID gomxHbl nornouate kak MUHUMYM 80 % 3HEpruu OT NMpenenbHOU BEIUYU-
HBI, YCTAHOBIIEHHOW I TaKUX yCTpoWcTB. Mcmonp3oBanue 0oee HU3KKUX 3HAYE-
HUI SHEPTOIMOTIIONEHUS JTOJKHO OBITh OOOCHOBAHO, MPH 3TOM BEIHYUHA TaKUX
3HaYeHUN He MOXKeT ObITh MeHbIe 50 % MpOIEHTOB OT TPeOyeMOro MaKCHUMallb-
HOT'0 3HAYCHMSI.

HcnpiTanus 1ODKHBI BKITIOYATh B ce0s1 CIIAyIOIIee:

— W3MEpPEHUe CUJI, CKOPOCTEH CTOJIKHOBEHHSA, 3aMEJICHUH U JedopMaiiii B
XOJIe UCTIBITAHWIA C IENbI0 TPOBEICHUS CPaBHEHWH (TI0 YPOBHSM IOTJIONICHHOMN
9Hepruu, aeopManuii u T. 1.) it pasnuuneix YI13;

— W3MepeHre JTMHeWHbIX pazmepoB YIID (1o u mocie ucnbiTanuil) B npenBa-
PUTEIBHO YCTAHOBJICHHBIX U COTJIACOBAHHBIX 30HAX;
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— NMPUMEHEHHE BBICOKOCKOPOCTHON BUICOCHEMKH, KOTOpPasl MO3BOJSET CpaB-
HUTh KHHEMATHKY TECTa C Pe3yJIbTaTaMU COOTBETCTBYIOIIETO MOJICITHPOBAHMSI,

— W3MEpPEHHE CKOPOCTH CTOJKHOBEHUs (MUHHUMAIbHAs TOYHOCTH U3MEpPEHHS
+ 0,5 KM/9) ¥ Macchl UCTIBITYEMOH €IMHUIIBI TIOJBHKHOTO COCTaBa (MUHUMAIIbHAS
TOYHOCTH U3MepeHus + 5 %);

— (punbTpaNUI0 U3MEPEHHBIX CUTHAJIOB C HMCIOJIh30BaHUEM (HIbTPA HU3KUX
9acTOT ¢ 9acTOTO# cpe3a He 6osree 1000 I

PekomeHyeTcs, 4TOOBI OCHOBHBIC 3TAIOHHBIC 3HAYCHUSI HAHOoJee 3HAUNMBIX
MoKazaresnell: CHIbl, CKOPOCTH M TMEPEeMEICHHs MOTBEPKIATUCh KaK MUHUMYM
JBYMSI HE3aBUCHUMBIMH PETHCTPHPYIONIMMHU cucTeMaMu. Kpome Toro, pekoMeHy-
eTcs TyOJIMpoBaTh H3MEPEHUST U HEKOTOPBIX JIPYTHUX BKHBIX MMapaMeTpoB (HAIpH-
Mep, MOMEHTA COYJapeHHs, CKOPOCTH CTOJIKHOBEHHSI, YCKOPEHHUS TIPH yaape).

EBponeiickue ucnbITaTejbHbIe HMEHTPbI. VcTBITaTeIbHBIA TEHTP (GUPMEI
Bombardier Transportation B Kpecriuue (®panrms) [13] pacmonoxkes B permoHe
Banancren (Valenciennes) B 1. Kpecima (Crespin). LleHTp BBIONHSAET MIMPOKUI
CIIEKTP MCCIEIOBAHUM — CTATMYECKHE HCIBITAHUS, UCHBITAHUS HAa yCTAJIOCTHYIO
MPOYHOCTh, KIMMATHYECKHE U BUOPALMOHHBIC UCTIBITAHUS, IPOBOAUT KP3LI-TECTHI
CHCTEM IacCUBHOM Oe3omacHOCTH. B 3TOM mcHbITaTeNIbHOM LEHTpE OBbLIM MpOBe-
JI€Hbl CEPHUU KP3II-TECTOB KaOMH MAIIMHKCTA CO BCEMH SHEPIOMOIJIOLIAIOIIUMHU
JJIEMEHTAaMH,  OOECIICUMBAIOIIMMH  [ACCHBHYIO  O€30HaCHOCTh  IIOE3I0B
Spacium 3.06 [14] u Regio 2N [15]. Komrutekc st mpOBEAEHHs KpPIII-TECTOB
BKJIKOYAET TOPKY € JAJIMHOM HAKJIOHHOM 4acTH 57 M U TOPU3OHTAIBHBIM y4acTOK
myTd — 75 M. BpicoTa TOpKH MO3BOJISET MOYIUTh MAKCUMAIIBHYIO CKOPOCTh OOWKa
8,8 m/c (32 km/4). YmopHas cteHa umeet pasmepsr 4000x5000 mm. Macca ee pas-
Ha 600 T. MakcuMmanpHas Macca tatdopMel-Ooiika — 120 . MakcumanbHas sHep-
rus ymapa — 4560 x/x. LleHTp ocHaIleH MHOTOKaHaIbHBIM 000OpyIOBaHUEM IS
HU3MEPEHUs] BCEX HEOOXOIUMBIX IMapaMeTpOB M CKOPOCTHOH BHACOCHEMKH (10
2000 xanpoB B CEKyH/y) IpH TIPOBEICHUHU KPIII-UCIIBITAHUI.

HcnprtatensHbplii neHTp Gupmbl Alstom pacrosioskeH Ha NMPOM3BOACTBEHHOMN
romia ke noapasaenenus Alstom Transport B Peiiticxoddane (@panrms) [16]. B
3TOM HCIIBITATEJIbHOM ILIEHTPE HPOBOASTCS KP3LI-TECThl KaOWH MAIIMHUCTOB H
VIID. OcobeHHOCThIO LEHTpa SBJSIETCS YCTPOWCTBO Ul pa3roHa BaroHa-Ooiika.
Ono mpexcrasnsier coOol “mymIKy”’, KOoTopas BbICTpenuBaeT BaroH-0oek. Cko-
POCTh W, CIENOBATENbHO, SHEPTUSl yAapa Peryjlupyercss KOJIUYeCTBOM 3apsioB.
OHeprus yJaapa gocturaer 3HadeHus 5 MJIx.

OpHUM U3 NOMYJISIPHBIX MCIBITATEIbHBIX MOJIUTOHOB EBpOIIBI SIBJIsIETCS UCTIBI-
TaTeNbHBIA NOJIMIOH Xene3HogopoxxHoro uHctutyra (Ilonsma) B JKmurpone
(Zmigréd) Bosne Bpormasa [17, 18]. Ha monurone B JKMHUTposie B COOTBETCTBHH
co crangaproM EN 15227 npoBoastcs Kpam-TecTsl Kak OoTAENbHBIX YIIO, Tak n
MOJTHOMACIITa0HBIX Moenell kabuH MamuHucTa ¢ Y119, Ha monurone, HaunHast ¢
cepeanHbl 90-X TOA0B NPOLUIOTO BEKa, BBIIOIHSIINCH KPILI-TECTHI B paMKaxX €BpoO-
nietickoit mporpammbl SAFETRAIN (1.08.1997 — 31.07.2001). Y napHbie HaTypHBIE
UCTIBITAHUS POBOAMIN NMPAKTUUECKU BCE BEYIIHME €BPONEHCKUE (QUPMBI, TPOU3-
BOJSIINE JKEJIE3HOAOPOXKHBIA MOABMKHON cocTaB. [Jisi MpoBeaeHHsT UCTIBITaHUH
Ha TOJMIOHE MMEIOTCS ClelualbHble TIATQOPMBI, HA KOTOpPBIE Yepe3 CHIIOM3Me-
pUTENbHBIE YCTPOWCTBA YCTAHABIMBAIOTCS HCIIBITHIBAEMbIE OOBEKTHL. Pas3ron
1aTGOPMBI 10 HY’KHOH CKOPOCTH OCYLIECTBIISIETCS] IOKOMOTHBOM.

WcnbiTaTenbHbli HEHTp *kese3Hoa0poxkHol Texauku Gupmsr TUV SUD Rail
GmbH B r. 'epiun (I'epmanusi) mpoBOIUT TECTUPOBAHUE M MCIBITAHUS JKEJIE3HO-
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JIOPO’KHOM TEXHUKH, B YACTHOCTH KP3II-TECTHI JKEIE3HOJOPOKHBIX TPAHCIIOPTHBIX
cpencts u ux smementoB [19]. Ins ucnbiranuit YIID B IEHTpe HCIOIB3YETCS
CTEH]I, BKITFOYAIOIIHH MPSAMOIMHEHHBIN yYaCTOK ITyTH, YIUPAIOUIHICcS B OETOHHBIIH
ook maccoit 200 T, Ha KOTOpPOM YCTAaHOBJICHA CTallbHAs IUIMTA C CHIOW3MEpU-
TEeTHHBIM 0JIOKOM. Ha 3Toit TutiTe KpenuTces SKCIIepuMEeHTTBHBIN 00paser. Psagom
Ha OE€30IacCHOM pAaCCTOSHUHM PACIONOXKEH MYHKT YIpaBlIeHUS W 00pabOTKH pe-
3yJbTaTOB UCTIBITAHUHA. Y CIyraMu CepTH(GHUIMPOBAHHOTO UCIIBITATEIHHOTO IIEHTPa
TUV SUD Rail GmbH momb3yroTcs 1 MPOBEIEHHS KPILI-TECTOB MPAKTHUECKH
BCE eBpoIeiickre PupMBI, IPOU3BOIAIITHE JKEIIE3HOIOPOKHBIN ITOIBHKHON COCTaB,
Kpam-Oydepa u Ipyrue cpencTa NacCHBHOM 3aIlUTHI.

Kpem-tect YII. B ucnerarensaom nearpe TUV SUD Rail GmbH BrepBsie
mu1st ctpad CHIT BBITIOJTHEH KpAII-TeCT ONBITHOTO oOpasma YIID, paspaboTaHHOTO B
pe3ynbTare coTpyAHuuYecTBa MHCTUTYTa TeXHHYECKOW MexaHuku HannonansHOU
aKaJeMHH HayK YKpauHbl U ['0CynapCTBEHHOIO KOCMUYECKOIO areHTCTBa Y Kpau-
Hbl ¢ OO0 “IIpoeKTHO-KOHCTPYKTOPCKOE MPOU3BOACTBEHHOE npeanpustiue MJIC”
JUISl TIACCUBHOM 3alIUThl CKOPOCTHOI'O MAaCCAXKUPCKOI'0 JIOKOMOTHBA HOBOT'O MOKO-
JICHWsI TIPU aBapUHHBIX CTONKHOBEHHWAX. OMBITHBIA oOpazern; YIID BemomHeH w3
MaJIOyTJICPOUCTON CTaad U COCTOMT M3 JBYyX uacteit (puc. 1). Pa3mepsl KOH-
CTPYKLMH Ha pUcC. 1 1aHbl B MIUIITUMETPax.

~

Puc. 1

OnHa u3 "acTell mpeacTaBiIsgeT co00ii KOpoO B BUJE Mapaliesienunesa ¢ TpeX-
CJIOHBIM COTOBBIM OJIOKOM BHYTpHU. KakJblii COTOBBIN CJIOH, COCTOSIIUA U3 COT
MEPEMEHHOW BBICOTHI C HIECTUTPAHHBIMH sSYEHKaMU, YCTaHOBIIEH Ha jauadparme,
MPUKPEIUICHHON K KOopoOy. Bropas 4acTe BBIMTOTHEHA B BU/IE YCEUCHHON MUpPaMHU-
JIbl ¥ COCTOMT M3 COT IEPEMEHHON BBICOTHI C TPEXTPAHHBIMH STYCHKAMH.

[Ipu npoBeeHUM UCIIBITAHUH KCIIOJIB30BAIOCh 000pYI0BaHUE, MIPEICTABICH-
HOoe Ha puc. 2. O0opymoBaHHEe BKIIIOYAJIO YEThIpe HaTuyuka cuibl cepuu RF 1o
1200 xH npowussonctea ¢pupmel GTM (I'epmaHust), BEICOKOCKOPOCTHBIE W OOBIY-
HbIC BHCOKAMEpbI, TaTYMKU CKOPOCTH W TepeMerieHus. Baron-6oek (puc. 3)
MpeJICTaBIsIeT co00i mIaTGopMy ¢ rpy30M COOTBETCTBYIOIIEH MacChI.

VcnoBust nmpoBesieHHs Kpel-Tecta: Macca BaroHa-6oiika My = 40,6 T; cko-

pocTh BaroHa-0oiika npu yaape Vy, = 24,7 km/4.
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CI/IJ'IOI/I3MepI/IT6JII>HI>II71 610K BBICOKOCKOPOCTHBIC KaMEPhbI BUACOKaMEpa GoPro

JAAaTUYUK CKOPOCTHU JAAaTYUK MIEPEMCIICHUA

Puc. 2

sl.-l

U

Puc. 3

Ha puc. 4 nokaszansl pparMeHTsl Kpaii-recta. Bua onbeitHoro odpasma Y119
MOCJIe KPAII-TecTa MokaszaH Ha puc. 5. Ha puc. 6 npuBeeHbl SKCIIepUMEHTAIbHbBIC
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Puc. 4

Puc. 5
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Puc. 6

3aBHCHUMOCTH OT MPOJOJIBHOIO IMEpPEeMELICHNUs BaroHa-0oiika Uy KOHTAKTHOTO yCH-
musi F Ge3 dumbTpanuu u ¢ UCmonb30BaHWEeM (HIBTPA HIDKHUX 4acToT barrep-
BopTa 4-ro nopsiaka ¢ yactotoi cpeza 180 I'u [20]. Ha puc. 6 BunHo, 4T0 pabouunit
X011 KOHCTpyKIuu coctapisger 700 mM. [Ipu nanpHeiIeM ee CKaTuu MPOUCXOTUT
pe3Koe BO3pacTaHWe KOHTaKTHOro ycuius F . MakcumarbHas BenM4YMHA YCHITHS
F wHa yuactke paGouero xoma He mpesbimaer 1,9 MH (6e3 ¢unbtpamun) u
1,8 MH (c yuerom ¢unbrpanun). Cpegnee 3HaueHue ycuwmusi F (¢ yuetom ¢uib-
TpalMK) Ha y4acTke m3MeHeHus nepememienus Uy or 0 mo 200 Mm cocTaBiser
0,6 MH, na yuactke ot 200 mo 700 mm — 1,3 MH, Ha y4actke ot 0 g0 700 MM —
1,1 MH.

DOKcriepUMeHTaNbHasl TUarpaMMa, XapakTepH3yIollas 3aBUCHUMOCTh SHEPTHU
E , xoropas mormomaercs B nponecce 1eOpMUPOBaHUs KOHCTPYKIMH OTIBITHOTO
obpasna YIIO, ot npononsHOro nepeMerienus U, IpuBeeHA Ha puc. /. DHEpro-
€MKOCTh KOHCTPYKIMH ONbITHOrO o6pasia YIIO Ha yuactke 0 — 700 MM cocTaBisi-
er 0,75 M/Ix. Kpam-trect ObuT 3aBepllieH TNpH TepeMEINeHHH BaroHa-Oolka
U, = 786 mM. Best kuneTndeckas sHeprus yaapa Obuia H3pacxofoBaHa Ha CKaTHe
ombITHOrO obpasua YIID, mocie dvero mpousomies OTCKOK BaroHa-Ooiika. Ilpu
3TOM B Pe3yJIbTaTe CKaTusl KOHCTPYKIHMU OmbITHOro obpasua YIIO mormomena
sHeprus nopsaka 0,96 MJIx. MakcuManbHoe 3HaYeHue ycunust F pu mepeme-
menun U, ot 700 go 786 MM cocrasmio 3,4 MH.
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Puc. 7

HayuHo-MeToanyeckoe ofecrmedyeHHe /Ui aHAIW3a IJIACTHYECKOro Je-
¢opmupoBanus YIII npu yaape. Konctpykmus YIID pacnonokena Mexay He-
TIOJIBMXKHBIM YIIOPOM M TOJBMXHBIM OoiikoM. Cxema B3aumoeiicteust YIID ¢ Ooii-
KOM IIpH yJape rmoka3aHa Ha puc. 8.

Puc. 8

Pa3paboTaHHOE HayYHO-METOJMUYECKOE 00ECIEUEHUE sl aHAJIN3a HalpsKEeH-
HO-1e()OPMHUPOBAHHOTO COCTOSIHUS 31eMeHToB YIID mpu ynape BKiIIOYaeT cosna-
HHUE C MOMOILBIO CPEICTB aBTOMATH3UPOBAHHOTO KOHCTPYHPOBAHUS TPEXMEPHOM
reOMETPUUYECKON MOJIENN HCCIIEAYeMON KOHCTPYKLHH, UMIIOPTUPOBAHUE T'€OMET-
pHUYECKOW MOJAENHM B NPOrpaMMy Uil PELICHHS C MOMOIIBI0 METOAAa KOHEYHBIX
9JIEMEHTOB 33Ja4dl JTWHAMUKH, CO3JIaHHE W TECTHPOBAaHHE KOHEYHO-3JIEMEHTHOM
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MaTEeMaTHYECKON MOJIENIH, OMHCHIBAIOIIEH MPOIECC TIACTHYECKOro AehopMUpO-
BaHUS KOHCTPYKIMH TIPH yJape, MPOBEACHHUE PACUETOB, MOCTPOSHHUE OHArpamMm,
XapaKTEePU3YIOINX 3aBIUCHMOCTh KOHTAaKTHOW CHIIBI M DHEPTUH, IMOTJIOMaeMON B
pesynbrate nedopmupoBanus YIID, oT mpoaoasHOTO ITepeMenieHus 0oiKa.

KoneuHo-31eMeHTHOE MOJIETHPOBAHNE BBIITOJHSIETCS C YIETOM HEIHMHEHHBIX
COOTHOIICHHHA MeXay aAeGopManmusMd W MEPEeMEUICHUSIMH, a TakXKe MEXIy
HaMpsDKEHUSIMH U IeOpMaIisIMH, 3aBUCHMOCTH TIpelelna TEeKy4eCTH CTald OT
CKOpoCTH JedopMaIiy, IEPEeMEHHOTO0 KOHTAKTHOTO B3aMMOAEHWCTBUS MEXIY dIie-
MEHTaMH paccMaTpUBAEMON MEXaHUIECKOH CHCTEMBI COYIapSIOIINXCS TE.

Jns onpenenenus Havaiia MOSBIEHUS IDIACTHYECKUX AeQopMamuii NCTIONb30-
BaH KpUTepuil Mmuzeca C y4eToM BIHSHHS CKOPOCTH HArpy>KeHusi Ha (U3HUKO-
MEXaHW4YeCKne CBOWCTBa MarepuanoB [21]. [ia ommcaHus ympyromiacTHYECKAX
CBOWCTB MaTepuala Py YAapHBIX BO3JIEUCTBUAX MCIIOIb30BAHA HHKPEMEHTAIbHAS
MoJIeNb TacTUYHOCTH B (hopmynupoBke Kpura u Kes [22, 23], ocHoBaHHast Ha
OWIMHEHON anmpoKCUMAalud UCTHHHON TUarpaMMbl PacTsHKEHHS C y4eTOM KH-
HEMaTHYECKOTO yIpouHeHHUs. Todka meperomMa COOTBETCTBYET HCTHHHOMY JHHA-
MHUYECKOMY IpeJielly TeKy4eCTH Sy, KOTOPBII 3aBUCUT OT CKOPOCTH Je(opManuu.

JUyis BEIYUCIIEHUS Sy HMCIONb3yeTcs 3aBucuMocTh CaiiMonnca—Kymepa [24, 25]

1

1
Sy =57 1+(%)P — ks ; k=1+[§jp, @)

rae S+ — MCTHHHBIN IIPEIeNT TEKYUECTH IIPHU cTaTHuecKoi Harpyske; C u P — koad-
T

(UILMEHTBl YIPOYHEHUsI CTalM, ONpeAessieMble Ha OCHOBE JKCIEPHUMEHTAIBHBIX
JaHHBIX; € — HOPMAaJIM3UPOBAHHAS CKOPOCTh JeOpMALMU MPHU IMHAMHYESCKOM
HarpyxeHun (Oe3pa3MepHasi BEIMYMHA, KOTOPask MOTydaeTcsl B pe3yibTare jAeie-
HUS Pa3MEPHON BeTMUMHBI CKOpocTH Aedopmanyu Ha 1,0 c'l); kK — nmuHamuueckuit
KO3 (OUITUEHT YIIPOYHEHUS CTaJIH.

Cucrema auddepeHInanbHbIX ypaBHEHUH IBMXKEHUSI MEXaHUUECKOW CHCTEMBI
B MIPHUPAIIECHUAX HMEET BUJL

MAU +K,(c,U)AU = AQ, (2)

raie M — marpuna mace, K. (o,U) — Marpuma xeCTKOCTH ¢ y4eTOM reoMeTpuye-
cKoil u ¢u3nyeckoit HemuHeHocTe; AU u AQ — BEKTOpBI IpHpaIlEHUs nepe-

MEIIeHUH U Harpy30K (C y4eTOM KOHTaKTHOTO B3aMMOJCHCTBUA).

Cucrtema ypaBHEHHUI (2) pemiaeTcsi C MOMOIIBI0 METO/Ia TOCIE0BATEIbHBIX
HarpyxeHuit [26]. B pe3yibTare pelieHus: OnpeiesstoTcs y3I0BbIe IMepeMEIeHus,
CKOpOCTH, yCKOpeHWUsI, ehopMalnu, HanpspDKeHUsl, KOHTakTHOe ycuiue F (uHTe-
rpaJ 1o o0IacTH KOHTAKTa OT PacpeIe]ICHHBIX KOHTAKTHBIX HAMIPSHIKSHNUH ) MEXTY
OOWMKOM W HCCIIeyeMOl KOHCTPYKITMEH B TEKyIIMEe MOMEHTHI BpeMmenu. Ha ocHo-
BaHWU TOJIyYE€HHBIX JAHHBIX CTPOSITCA IHArpaMMBI, XapaKTepU3YIOIINE 3aBUCHMO-
CTH KOHTaKTHOTO ycuiiuss F u sHeprum E , morsomaeMoii pu mIacTHYECKOM Jie-
(dbopMupOBaHUM KOHCTPYKIMHU, OT mepemeneHus U, . [Ipu noctpoennu nuarpamm
WCTONIb3yeTcs (PUITbTP HWKHHUX YacToT ¢ 4actoTod cpe3a 180 ['m [27]. [Ipumene-
HHUe Takoro (GuiIbTpa coriacyercs ¢ TpeboBanusiMu ctanaapra EN 15227.

[Ipu pa3zpaboTke KOHEYHO-3JIEMEHTHOW MOJEIM IJsl aHaju3a HEeIMHEWHOTro
neGopMUpPOBaHMS IEMEHTOB KOHCTpYKuuu YIID mpu ynape ncnonb3yloTcs ciie-
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[UaTbHBIC 000JIOYEYHBIC IEMEHTHI C TPeMs WM YETBHIPbMS Y3JIaMH, KKIbI W3
KOTOPBIX UMEET I10 TPU JIMHEHHBIX U YIJIOBBIX IIEPEMEILEHHs, CKOPOCTU U YCKOpe-
HUSI OTHOCHUTEJIBHO OCEH Y3JI0BOM CHCTEMBI KOOPAMHAT IEMEHTA. DTH 3JIEMEHTHI
MO3BOJIIIOT YYUTHIBATH MEMOpaHHbIE M W3rMOHBIE IIacTHUecKue IedopManuy.
boex n ynop mpeacraBifoT co0oil mapajienenuienbl, KOTOpble MOISIUPYIOTCS
00BEMHBIMU KOHEYHBIMU 3JIEMEHTAMU C YETBIPbMsl y3JIaMH, UMEIOLIUMHU 110 TPH
JIMHEHHBIX MEPEMEIIEHUs], CKOPOCTH U YCKOpeHus. B y3maX, pacnoioKeHHBIX Ha
nmanpHeR oT YIIOD rpanum Ooifka, paBHOMEPHO PaCIpeaeisIIOTCS OIMHAKOBBIC II0
BEJIMYMHE COCPENOTOUYEHHBIE Macchl. Macca Oolika paBHSETCA CyMME Macc MoJie-
JUPYIOLIETO OOCK MapajulelenuIesa U BCeX COCPeNoTOUeHHbIX Mace. Takoi mon-
XOJ] TI03BOJISIET IPEACTaBUTh O0EK 3aaHHON Maccoil IpU AOCTaTOYHO HEOOJBIIOM
ero ooreme. Pasmeps! Goiika 1 yrmopa BEIOUparoTcs TakuM 00pa3om, 9ToObI obec-
MEYUTh MX KOHTAKTHOE B3amMozeciicTBue ¢ YIID B mporecce aehopMHpOBAHUS.
CxeMbl KOHTaKTHOI'O B3aUMOJEHMCTBUS MEXKAY COIPHUKACAIOIIMMUCS IOBEPXHO-
CTSIMHU OOWKa M UCCIIEIyeMOW KOHCTPYKIHH, MEXIYy JIEMEHTaAMH CaMOW UCCIIETy-
€MOH KOHCTPYKLIMH, a TaKKe MEXKAY JIEMEHTaMH HCCIEAYEeMON KOHCTPYKLHH U
HETIOJIBMYKHOTO YIIOpa MPUHATHI B (hOpMe “TIOBEPXHOCTH B MTOBEPXHOCTH .

KoneuHo-anemeHTHast cxema MEXaHMYECKOH CHCTEMBl U3 ABYX COYAApSIO-
IIUXCS TeN “ONBITHBIN 00pa3zer KoHCTpyKIun YIID — 6oek” cocrout n3 21782 y3-
70B U 23128 snemeHTOoB. PazMep 351eMEHTOB MPU MOJEIUPOBAHUU YIIOPA COCTAB-
nser 100 — 400 mm, mpu monenupoBanun 6oitka — 50 MM, TIpU MOJENTHPOBaHUU
COTOBBIX TTAKETOB C MIECTUTPAHHBIMU sYeiKamMul — 15 MM, ocTainpHBIX dacTeil YIID
— 20 MMm.

I'pannyHbIe YCIIOBHS — HyJIEBbIE NEPEMEIICHUS] BCEX Y3JIOB HEHNOABHKHOTO
ynopa. HaganeHbie yCIOBHUS — y3JIOBBIE CKOPOCTH OOiika B HadadbHBIH MOMEHT
BpPEMEHHU.

CpaBHeHnHne pe3yJibTaTOB MaTeMATHYECKOr0 MOAeJIHMPOBAHHUS W KpIII-
TecTa. B COOTBETCTBHMHU C YCIOBHSMH KpAII-TECTa MPOBEACHO MaTEMaTHYECKOEe
MOJICITUPOBAHHUE YIPYTOIIACTHYECKOrO Ae(hOPMHUPOBAHUS KOHCTPYKIIMH OIBITHO-
ro obpasua YIID npu ynape Baronom-6oiikom maccoit M, = 40,6 T co ckopocTbio

V, =24,7KM/4 ¢ HCIONB30BaHMEM DPa3pabOTAHHOIO HAYYHO-METOAUYECKOrO

oOecrieueHns: 1 KOHEYHO-3JIEMEHTHOW MOJIEIH.

Cornacno crangapty EN 15227 [1] pesynbraThl MOJCIMPOBaHHS IMpoliecca
nepopmupoBanus YIID mpu ynape cUMTAIOTCS MPUEMIIEMBIMH, €CJIM TI0 MTOTam
CpaBHEHHS C Pe3yJIbTaTaMU KPAII-TeCTa yIOBIETBOPSIOTCS CIIEYIONINE KPUTESPHH:

— BenuuMHa padodero xona YIID, momydeHHast Ipyd MOAEIUPOBAHUH, MOKET
OTJINYATHCS OT HKCIIEPUMEHTAIBHO HAWICHHOTO 3HAUeHHsI MakcuMyM Ha 10 %;

— CpenHee 3HaYCHHE KOHTAKTHOTO YCHJIMS, KOTOPOE ONPEAENseTCs B pe3yabTare
MaTeMaTHYeCKOr0 MOAEIMPOBAHUA IO TPaduKy, JEMOHCTPUPYIOLIEMY 3aBUCUMOCTD
HepeMeIIeHNs] OT BETMYMHBI KOHTAKTHOTO YCHIIUS, MOXET OTJIMYAaThCsl OT CPEIIHEro
3HAYEHHs] KOHTAKTHOTO YCUITHS, HAlICHHOTO SKCTIEpUMEHTaIbHO, MakcuMyM Ha 10 %;

— TOJY4YEeHHOE B PE3yJIbTaTe MaTeMaTHUYeCKOr0 MOJCIHPOBAHHUS 3HAUYECHHUE
9HEPIUU CTOJIKHOBEHHMs, KOTOpas paccenBaercs npu aedopmanuu YIID, otnuua-
eTcs OT 3HaYeHHs, HAlJJEHHOT0 SKCIIEPUMEHTAIBHO, He Ooiee yem Ha 10 %;

— KpHBasi, ONPEALIISIONIas 3aBUCUMOCTh KOHTAKTHOTO YCHIIUS OT TI€pEMEILICHUS,
NOJTy4eHHas B X0Jie MOJIeMpoBaHusl npouecca nedopmuposanust YIID, umeer te xe
XapaKTEePUCTHKU, YTO U COOTBETCTBYIOIIAS KPHBAs, MOMYUYCHHAsK 3KCIEPUMEHTAIIBHO.
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Ipu npoBeneHNH JaHHOTO CPaBHEHMS JIOIDKEH UCTIONB30BATHCS (HIILTP HIDKHUX Ya-
ctoT Ha 180 I'11, 9T00BI yIaTUTh M3 BEIXOTHOTO CHTHAJIA BRICOKOYACTOTHBIC BCIICCKH.
CornacHo EN 15227 xopoiiasi coriacoBaHHOCTh SKCIIEPUMEHTATBHBIX Pe3yJbTa-
TOB W PE3yJAbTATOB MOJIETMPOBAHMS 3aBHCHUT, TJIaBHBIM 00pa30M, OT Ka4ecTBa YUCIICH-
HOM Moxenn. CBOMCTBA MAaTEpPHAIOB B MaTeMaTHUIECKON Mozenw IehOpMHPOBAHS
VYIID nipu ymape AOMHKHBI OTpaXKaTh pealbHOE MTOBEICHHUE UCTIONB3YEMBIX MAaTEPHAIIOB.
ITo xputepusim eBporeiickoro ctagaapra EN 15227 BBITOIHEHO CpaBHEHHE Pe-
3yJNbTAaTOB, TOJYYCHHBIX PACYETHHIM M AKCIEPUMEHTAIBHBIM MYyTSIMH Ha y4acTKe
pabouero xoxa (700 MmM) omeITHOTO OoOpasna YIID. dparMeHTsI KpaII-TeCTa U €To
KOHEYHO-3JIEMEHTHOTO MOJEJIUPOBAHUS IIPU PA3HBIX 3HAYCHUSIX IepeMeleHus Uy

BaroHa-0olika nokasaHsl Ha puc. 9.

g

U, =500 mm U, =700 mm

Puc. 9.

Ha puc. 10 npuBeneHsl TeOpeTHYECKUE W IKCIIEPUMEHTAIBHBIE THATPAMMBL,
XapakTepU3yIOUIfe 3aBUCMMOCTb KOHTaKTHOIO ycunus F OT mpomonbHOro mepe-
MemeHus: U,. YCTaHOBICHO, YTO PACXOXJICHHWE CPEIHHUX 3HAYECHUH KOHTAKTHOTO
yemmsa mexnay YIIO m BaroHom-0oiikom coctaBmsger 7 % (IIpH AOMYyCTUMBIX
10 %), a pacxoKJaeHHE 3HAYCHHUI SHEPTUHU, KOTOpas MOIJIOMAeTCs 3a cueT Aedop-
mauuu YIIO npu nepememennu U, = 700 MM, coctaBisieT 5 % (Ipu AOIMYyCTUMBIX
10 %).

Xopolee coOriacOBaHUE PE3YJIbTATOB pacdeTa M KpAII-TeCTa MOJITBEPKIACT
JOCTOBEPHOCTh PE3YJITATOB KOHEYHO-JIEMEHTHOTO MOJICJIIMPOBAHMS C TIOMOLIBIO
pa3paboTaHHOTO HAYYHO-METOANYECKOTO 00eceueHHS.
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Puc. 10

BeiBoasbl. BemonHer ananmm3 ocoOEHHOCTEH NPOBEACHHS IONHOPa3MEPHBIX
HATYpHBIX MCIBITAHUH KP3LI-3JIEMEHTOB Ha 0a3e eBpOICHCKOro craHaapra
EN 15227. Jlano ommncaHue eBpONEWCKIX UCTBITATENFHBIX IIEHTPOB, 0OecrednBa-
IOLIMX IPOBEICHNUE KPALI-TECTOB KeJIe3HOAOPOKHOM TexHUKH. IIpuBeneHo onwuca-
HHE ¥ OCHOBHBIE PE3YJIbTaThl BHIIOJHEHHOro BHepBrle i crpadn CHI' B ucmbita-
tenpHoMm nientpe TUV SUD Rail GmbH (Iepru, ['epManus) KpIIm-TecTa OMBIT-
Horo obOpasua YIIO, mpennasHadeHHOro AJsl MACCHBHOW 3aIlUTBHI CKOPOCTHOTO
[acCaXMPCKOrO JIOKOMOTHBA HOBOTO MOKoJeHHs. [1oydeHsl sKcriepuMeHTanbHbIe
IUarpaMMbl, XapaKTEePU3YIOIIUe 3aBUCUMOCTH KOHTAKTHOTO YCHJIMS U MOTJIOIIAe-
MOW PHEPruM OT MPOJOJIBHOIO NEpEeMEIIeHUs] BaroHa-0oWKa. YCTaHOBJIEHO, YTO
9HEPrOeMKOCTh KOHCTPYKIMH onbITHOrO oOpasua YIID ¢ pabouum xomom 700 MM
cocrapmsieT 0,75 MJx. Ha yuacTke pabodero xoJ/ia MakCUManbHas BEIMYHHA KOH-
TaKTHOTO ycwins He npeBbimaeT 1,8 MH, a ero cpeanee 3nauenue pasHo 1,1 MH.

PazpaboraHo Hay4HO-MeTOIMYECKOE obOecreueHue Al ONpeleNieHHus mapa-
MeTpoB YIID myrem pemieHus 3ajadyd TEOPHHM IUTACTUYHOCTH MpPH 33JaHHBIX
HAYaIbHBIX U IPaHUYHBIX YCIOBHUsIX. C HCIONB30BaHMEM pa3pabOTaHHBIX HAYyYHO-
METOANYECKOTO 00ecreueHnss 1 KOHEYHO-3JIEMEHTHOM MOJENM MPOBEACHO Mate-
MaTHYECKOE MOAEIMPOBAHUE YHPYrOIUIaCTHUECKOro Ae(GOpMUPOBaHHS KOHCTPYK-
UM onbITHOrO oOpasua YIIO npu yaape B COOTBETCTBUU C YCIOBUSMH BBITIOJIHEH-
Horo kpau-tecta. [lo kpurepusm eBponerickoro cranaapta EN 15227 BeinonHeHo
CPaBHEHHUE PE3YIbTATOB, OJYYEHHBIX PACUETHBIM U SKCIIEPUMEHTAIBHBIM IIyTAMU
Ha yyacTke pabouero xozxa (700 mm) ombiTHOTO 0Opasua YIID. Ycranosneno, 4ro
PacxoXkIEHUE CPETHUX PACUETHBIX U SKCIIEPUMEHTAIbHBIX 3HAUEHNH KOHTAKTHOTO
ycunus coctaBisieT 7 % mnpu pomycTtumbsix 10 %. PacdueTHoe M sKCnEepUMEHTallb-
HOE 3HaueHHs DHEPruH, KOTopas moriomaercs 3a cuer aedopmauuu YIIO Ha pa-
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6ogem xome 700 MM, COBHAmalOT C TOYHOCTHIO 70 5 %. Xopomas corjacoBaH-
HOCTh JKCIIEPHUMEHTAILHBIX PE3yJIbTaTOB M PE3YJIBTATOB MOJICIUPOBAHUS O/
TBEP)KAACT aJICKBATHOCTh pa3pabOTaHHON KOHEYHO-JIEMEHTHOW MOJICITH U JIOCTO-
BEPHOCTh PE3yJIbTATOB, MOJIYYaeMbIX C IOMOIIBI0 pPa3padOTAaHHOTO HAy4YHO-
METOJINIECKOT0 00eCTeYeHNSI.

1. EN 15227. Railway applications — Crashworthmess requirements for railway vehicle bodies. — Brussel :
European committee for standardization, 2008. — 37 p.

2. Carl F. B. Development of the crashworthy locomotive platform TRAXX: Operational needs, technical concept
and validation procedure / F.B. Carl, S. Schneider, W. Wolter // Passive Safety of Rail Vehicles 2013 :
Railway Research Network Proceedings of the 5th International Symposium “Passive Safety of Rail Vehicles
and Safe Interiors” in Berlin on 17 — 18 March 2005. — 2/2005. — Berlin : IFV Bahntechnik e.VV. — 2005. —
P.42 - 62.

3. Entwicklung der Kastenstruktur fiir die Lokomotive Voith Maxima 40CC. Design of the carbody structure for
the Voith Maxima 40CC locomotive / J. Foedtke, S. Schneider, R. Pfrommer and etc. // ZEVrail Glasers
Annalen. —2008. — Ne 132. — P. 292 — 303.

4. Prima Il — nokomotrBBI HOBOTO TOKONeH s // XKenesubie noporn mupa. — 2010. — Ne 12. — C. 17 — 25.

5. Vectron — a customer-optimized crash concept (Vectron — onTuMu3MpoBaHHast MO MOTPEOUTENS KPALI KOHIIE-
nust) [DnektporHsIit pecypc]. — Pexxnm nocryna :
http://www.mobility.siemens.com/mobility/global/en/interurban-mobility/rail-
solutions/locomotives/vectron/technology/modular-locomotive-concept/replaceable-front-
end/pages/replaceable-front-end.aspx

6. The EST crash buffer (EST kparu 6ydep) [DnexrporHsiii pecypc]. — Pexxum mgocryma :
http://www.crashbuffer.com/index.htm

7. Wasilewski L. Evolution of crash absorbing systems according to EN 15227 and according to real operation
conditions / L. Wasilewski // Passive Safety of Rail VVehicles 2013 : Railway Research Network Proceedings of
the 9th International Symposium “Passive Safety 2013 — Passive Safety of Rail Vehicles and Safe Interiors” in
Berlin on 21 — 22 February 2013. — 43/2013. — Berlin : IFV Bahntechnik e.V. — 2013. — P. 211 — 218.

8. Railway passive safety in Europe (IlaccuBHast 6€301acHOCTb Ha XKeJIE3HOLOPOXKHOM TpaHcropte EBporsr)
[Dnekrponnslit pecype]. — Pexxum gocryna
http://www.uic.org/cdrom/2008/02_globalview_india2/presentations/16.PassiveSafety Europe_Pereira.pdf

9. TOCT 32410-2013 MexrocynapCTBeHHbIH cTaHAapT. Kpaui-cucTeMsl aBapHiiHbIC HKEIE3HOTOPOKHOTO MO~
BIDJKHOI'O COCTaBa IJIsA IMMAaCCaXXUPCKUX IEPEBO30OK. Texuuueckue Tpe60BaHI/Iﬂ 1 METOIBI KOHTPOJIA. — M. : Cra-
upapruadopm, 2014. — 29 c.

10. Cobonesckass M. 5. OcHOBHBIE MOJIOKEHUSI KOHIIEMIMH ITACCHBHON 3alIUThI CKOPOCTHOTO IACCaKHMPCKOTO
noesfa mpu aBapuitHeix cronkHoBeHusix / M. B. Cobonesckas, C. A. Cupoma /| Texuudeckas MeXaHHKA. —
2015. - Ne 1. - C. 84 — 96.

11. Sobolevska M. Passive safety system of an electric locomotive for high-speed operation on the railways with
1520 mm gauge / M. Sobolevska, I. Telychko // Passive Safety of Rail Vehicles 2013 : Railway Research
Network Proceedings of the 9th International Symposium “Passive Safety 2013 — Passive Safety of Rail
Vehicles and Safe Interiors” in Berlin on 21 — 22 February 2013. — 43/2013. — Berlin : IFV Bahntechnik e.V. —
2013.-P. 63 -80.

12. ITatent Ha xopucHy mMonens 64978 Ykpaina, MITK B 61 G 11/00. IIpuctpiii a1 norimHaHHS eHepril yaapy /
Vwranoe B. @., Haymenxo H. 0., Tenuuxo I b. ma inw. — 0201104838 ; 3assn. 19.04.2011;
omy6u. 25.11.2011, bromn. Ne 22/2011. — 6 c.

13. Bombardier transport France Crespin Engineering Tests France (Crespin tect-uentp) [DnektponHsiii pecypc].
— Pexxum nocryna : http://www.eurailsafe.net/file.php?id=202

14. Bombardier Successfully Concludes First Passive-Safety Crash Tests on Spacium 3.06 (Ycmewso 3aBepiuu-
JUCh  TepBble  Kpam-tecThl  Spacium  3.06) [OmekrtpomHslit  pecypc]. — Pexum  goctyma
http://www.marketwired.com/press-release/bombardier-successfully-concludes-first-passive-safety-crash-tests-
on-spacium-306-ile-tsx-bbd.a-752923.htm

15. Presentation of the first Regio 2N train (IIpe3enranus nepsoro noezmaa Regio 2N) [Dnekrpounstii pecype]. —
Pexxum nocryna :
http://www.bombardier.com/content/dam/Websites/bombardiercom/Events/Supporting%20Documents/BT/bo
mbardier-transportation-20130924-press-kit-Regio-2N-Crespin-EN.pdf

16. Alstom Film Carte De Visite Reichshoffen (Busur ua Alstom B Reichshoffen) [3mexrpomnusiii pecypc]. —
Pexxum nocryna : https://www.youtube.com/watch?v=QZkxyGLFbwl&Iist=PLFSobSthzbUTQtpTvLbt-
SyOxG6rVJIkXZ&index=51

17. Sanecki H. Badania odpornosci zderzeniowej pojazdow szynowych / H. Sanecki // Seminarium, IK Warszawa,
8.05.2012 (MccnenoBanus yaaponpoOYHOCTH JKEIE3HOIOPOKHBIX TPAHCIIOPTHBIX CPEICTB) [DIeKTpOHHBIH pe-
cypc]. — Pexxum noctyna : http://www.ikolej.pl/fileadmin/user_upload/wydarzenia/Newsletter_Nol.pdf

18. Crash test kabiny V300 Zefiro. Predko$é: 38 km/h. Zmigréd (Kpam-Tect kabunsl V300 Zefiro) [DnekTpon-
HBIH pecypc]. — Pexxum nocryma : https://www.youtube.com/watch?v=M24h1MOVCrc

104


http://www.mobility.siemens.com/mobility/global/en/interurban-mobility/rail
http://www.crashbuffer.com/index.htm
http://www.eurailsafe.net/file.php?id=202
http://www.marketwired.com/press-release/bombardier-successfully-concludes-first-passive-safety-crash-tests-on-spacium-3o6-ile-tsx-bbd.a-752923.htm
http://www.marketwired.com/press-release/bombardier-successfully-concludes-first-passive-safety-crash-tests-on-spacium-3o6-ile-tsx-bbd.a-752923.htm
http://www.bombardier.com/content/dam/Websites%0b/bombardiercom/Events/Supporting%20Documents/BT/bombardier-transportation-20130924-press-kit-Regio-2N-Crespin-EN.pdf
http://www.bombardier.com/content/dam/Websites%0b/bombardiercom/Events/Supporting%20Documents/BT/bombardier-transportation-20130924-press-kit-Regio-2N-Crespin-EN.pdf
https://www.youtube.com/watch?v=QZkxyGLFbwI&list=PLFSobSthzbUTQtpTvLbt-SyOxG6rVJkXZ&index=51
https://www.youtube.com/watch?v=QZkxyGLFbwI&list=PLFSobSthzbUTQtpTvLbt-SyOxG6rVJkXZ&index=51
http://www.ikolej.pl/fileadmin/user_upload/wydarzenia/Newsletter_No1.pdf

19. TUV SUD Rail New Challenges in Railway Operations (TUV SUD Rail HOBBIE BBI30BEI B JKEIE3HOOPOKHBIX
nepeBo3kax) [DnekTpoHHbIi pecypce]. — Pexxum nocrtyma : https:/www.tuev-
sued.de/uploads/images/1417169050321070970779/tuev-sued-rail-new-challenges-in-railway-operations.pdf

20. JIykac B. A. Teopusi aBToMaTuueckoro ynpasienus / B. A. JIykac. — M. : Hexpa, 1990. — 416 c.

21. MmxeHepHbIe METOABI HCcIenoBanuil ynapHsix npoueccos / . C. bamyes, FO. B. I'onyoxos, A. K. E¢ppemos u
op. — M. : MamumHoctpoenue, 1977. — 240 c.

22. From engineering stress to true stress (OT yCIOBHBIX HANPSDKEHUI K UCTUHHBIM) [ DIEKTPOHHBIN pecypce]. —
Pexum nocryna : http://www.dynasupport.com/howtos/material/from-engineering-to-true-strain-true-stress

23. Krieg R. D. Implementation of a time independent plasticity theory into structural computer programs /
R. D. Krieg, S. W. Key // Vol. 20 of Constitutive equations in viscoplasticity: computational and engineering
aspects. — New York : ASME, 1976. — P. 125 — 137.

24. Caimonoc I1. C. ]lunaMuka Heynpyrux KOHCTpyKuuii : mep. ¢ anri. / I1. C. Caumonoc. — M. : Mup, 1982. —
224 c.

25. Cowper G. R. Strain Hardening and Strain Rate Effects in the Impact Loading of Cantilever Beams /
G. R. Cowper, P. S. Symonds // BrownUniv. : Applied Mathematics Report. — 1958. — P. 28.

26. O0en /. KoneuHble 2IeMHTBI B MEXaHUKE CIUIOWHBIX cpen / J]. Ooen. — M. : Mup, 1976. — 464 c.

27. I'onoposckuii Y. C. PagnoTexHudeckue e U CUTHAJEI | y4eOHUK st By30B / Y. C. onoposckuii. — M. :
Panwno u cBs3p, 1986. — 512 c.

MHCTHTYT TeXHUYECKON MEXaHUKU Tony4eno 23.05.2016,
HanuonaneHoi akagemun Hayk YKpauHbl U B oKoHUaTenbpHOM BapuaHTte 06.06.2016.
T'ocynapcTBEHHOr0 KOCMMYECKOTO areHTCTBA Y KPaUHBI,

JlHenpoIeTpoBCK

00O “TIpoeKTHO-KOHCTPYKTOPCKOE TIPOU3BOACTBEHHOE
npeanpustiae MIAC”,
JIHETpOIIETPOBCK

105


http://www.dynasupport.com/howtos/material/from-engineering-to-true-strain-true-stress

