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Ipu mpoexTHpOBaHUY MACCAKUPCKOTO BarOHa HOBOTO IOKOJEHUS HEOOXOAMMO IIPEIyCMOTPETh HaIHdue
HMHTErPUPOBAHHON B €r0 KOHCTPYKIIMIO CHCTeMbl raccuBHO# Oe3onacHoctu (CIIB), koTopas poimkHa odecreuuTsb
3aIUTy IaCCaXXHPOB H MepCoHaa IMoe3/ia Ipy Hanbollee BEpPOSTHBIX aBapUHHBIX CTONKHOBEHU:X. Llens uccueno-
BaHuWil — pa3paborka ycrpoiicts norowenus sHeprun (YII3), Bxomsiumx B CIIB CKOPOCTHBIX MacCa)KUPCKUX
BaroHOB HOBOTO IOKoJeHHsI Maccoif 50 — 64 T. B craThe B COOTBETCTBUH C TPEOOBAHHUSIMHU €BPOIEHCKOro CTaH-
napra mo maccuBHoOi 6ezonmacHoctH EN 15227 paccMOTpeHO CTOJIKHOBEHHE CO CKOPOCTBIO 18 KM/4 3TaJOHHOrO
roesza u3 4-X MacCaXUPCKHX BaroHOB C HEMOJBIKHBIM ITOJIOBHHHBIM BaroHoM. lcciemoBaHue AMHAMHUYECKOU
Harpy>Xe€HHOCTH II€PBOTO BaroHa 3TaJOHHOIO MOe3/a JUIs OINPEACNCHUS MHTErpaibHbIX mapamerpos YIID, B
YaCTHOCTH €r0 YHEPrOEMKOCTH, IIPOBEACHO B PAMKaX JHCKPETHO-MACCOBOH MaTeMaTHYecKoi Mozenu. HoBusHolt
3TOH MOJENH SBJISETCS YCOBEPLICHCTBOBAHME CUIJIOBOHM XapaKTEPUCTHKU B3aMMOJAEHCTBHS 3KMIIAXKEH C yd4eToM
paboTHl NOTIIOIIAONINX ANIapaTOB CABHIAEMBIX aBTOCLENHBIX ycTpoiicTB B YIID, a Tarke BO3MOKHOCTH BO3-
HUKHOBEHHUsI B KOHCTPYKIMAX JKHMIAXeH Imactudeckux aedopmauuil. B cTaThe mpuBeneHO Taxke ONMCAHHE
HOBOH KOHEYHO-3JIEMEHTHOH MOJeNu Iuactiudeckoro aedopmuposanus YIID mpu ynape, ¢ IOMOIIbIO KOTOPOI
paspaborana koHcTpykuus YII3 ¢ sneproemkoctsio 0,3 M/l u BbIOpansbl ee napamerpsl. [Ipemnoxennsie YIID
IpeHa3Ha4YeHbl Ul YCTAaHOBKH B KOHIIEBBIX YaCTSAX CKOPOCTHOTO ITACCaKMPCKOIO BaroHa HOBOT'O ITOKOJEHHMS
BMecTO Oy(epoB, UCIIONB30BABLIMXCS PaHEe VISl BHIOOPKH 3a30POB B KOHTYPE 3aLICIUICHUS CLETIOK.

Ipu mpoeKTyBaHHI MacaXKMPCHKOrO BaroHa HOBOTO MOKOJIHHS HEOOXiqHO mepeadavyuTH HasiBHICTH 1HTETr-
pOBaHOI B floro KOHCTPyKILio cuctemu nacusHoi 6e3neku (CIIB), sika noBHHHA 3a0€3MEeUNTH 3aXUCT IACAKUPIB 1
MepCOHANy Moi3/a MpU HAWOLIBII HMOBIPHUX aBapifiHUX 3ITKHEHHsX. Mera IOCTiIKEeHb — PO3poOKa MPUCTPOIB
norimuHaHes eneprii (II1E), mo Bxoxsats y CIIb mBUIKICHUX MacakKUPCHKUX BaroHiB HOBOTO ITOKOJIHHS Macolo
50 — 64 1. Y cTaTTi BiANOBIAHO 1O BHMOT €BPOIEHCHKOro cTaHAapTy 3 macuBHoi Oesmexu EN 15227 po3risiHyTo
3ITKHEHHSI 31 MBHUAKICTIO 18 KM/TOJI €TalOHHOrO 1oi3/1a 3 4-X MacaKMPChKUX BAaroHIB 3 HEPYXOMUM ITOJIOBHHHUM
BaroHoM. J{OCITi/UKeHHsT TUHAMIYHOI HABAHTA)XEHOCTI MEPIIOro BaroHa €TAJOHHOTO MOi3a sl BU3HAYCHHS HTe-
rpansux napamerpis II1E, 30kpema HOro eHEproeEMHOCTI, IPOBEACHO B paMKaxX AHCKPETHO-MacOBOI MaTeMaTH-
4yHOi Moneri. HoBu3HOMO wLi€i Mozeni € yIOCKOHATIeHHs CHIOBOI XapaKTePUCTHKH B3a€MOZIl eKiMaxiB 3 ypaxy-
BaHHAM POOOTH IMOIIMHAKOYMX alapariB 3CyBHHX aBTo3denHux mpucTpois i III1E, a TakoX MOXKINBOCTI BUHHK-
HEHHsI B KOHCTPYKLISAX eKiMaXiB IUIaCTHYHUX Aedopmamiil. Y cTaTTi HABEAEHO TAKOXK OMUC HOBOI CKiHYEHHO-
eneMeHTHoOI Mojieni mnactuaHoro aedopmysanas IIE npu ynapi, 3a 10moMororo skoi po3pobiieHo KOHCTPYKIIiF0
TII1E 3 eneproemuictio 0,3 M/l Ta o6pano i nmapamerpu. 3anpononosani [II1E npu3HauyeHO /Ui YCTAaHOBKH B
KIHIIEBUX YaCTHHAX IIBHIKICHOTO ITaca)KUPCHKOIO BaroHa HOBOTO NOKOMIHHS 3aMicTh OydepiB, IO BHKOPHUCTO-
BYB&JIMCh paHille A1 BUOIPKH 3a30piB B KOHTYPI 3a4UeIUICHHS 34EliB.

In the design of a new-generation coach the passive safety systems (PSS) should be integrated into its struc-
ture to protect passengers and a train staff at the most likely crash collision. The research purpose is to develop the
energy-absorbing devices (EAD) as the PSS elements for the new-generation high-speed coaches with a mass of
50 — 64 tons. The paper deals with a crash collision with a speed of 18 km/h between the reference train consist-
ing of four coaches and a stationary half-coach according to the EN 15227 European standard for passive safety.
A mathematical discrete-mass model has been used to study the dynamic response of the first coach of the refer-
ence train for finding the EAD integral parameters, in particular its energy consumption. The novelty of this mod-
el is the improvement of a power characteristic of interactions between the vehicles taking into accounts the oper-
ation of the absorhing devices of the shifted automatic couplers and the EADs and the possibility of plastic de-
forming the vehicles. The paper also presents a new finite-element model of the EAD plastic deformation at im-
pact. This model has been used to develop the EAD with energy intensity of 0.3 MJ, and its parameters have been
selected. These EADs are designed to locate in the end parts of a new-generation high-speed coach instead of the
buffers, which were previously used for sampling the gaps in the contour of couplers gearing.

Knwouesvie cnosa: ckopocmuoll naccaircupckuti noeso, npuyenHoll 6azow,
CMOIKHOGEHUE, CUCeMA NACCUBHOU 0e30NACHOCMU, YCMPOUCMBEO NO2N0WeHUs
9Hepauu.

BBe,[IeHI/Ie. B HACTOALICC BpECMs B YKpaI/IHe OCHOBHBIMU TCHACHIIUSAMU pa3BU-
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TUS JKEJIE3HOAOPOKHOIO TPAHCIIOPTA SBIISIOTCS YBEIMUEHUE CKOPOCTEH IBUIKEHUS
[I0€3/10B, OPUEHTALMSI Ha €BPOIECHCKYI0 MHTErpalvio U eBPOIEHCKUE CTaHAAPTHI,
HE00XOIUMOCTh OOHOBJIEHHUS IOABHUHOTO COCTaBa, B YACTHOCTH IACCAXKUPCKUX
BaroHoB. [Ipy MpoeKTHpOBaHMM MAcCaKMPCKOI'O BaroOHa HOBOT'O MOKOJIEHUS B €TO
KOHCTPYKLIMIO HEOOXOIMMO HMHTETPUPOBAaTh CHCTEMY IIaCCHUBHOH 0€30MacHOCTH
(CIIB). Ilpu aBapuiiHOM CTOJKHOBEHHH MOE€37a C TMPEMATCTBHEM B pE3yibTaTe
KOHTpoiupyemoro zaedopmupoBanus Bxomsumx B coctaB CIIb  cbemHBIX
ycTpoiicTB mornomenust dHepruu (YIID) mpoucXomuT CHWKEHHE MPOJOIBHBIX
YCWIMI U YCKOPEHUH, YTO MO3BOJISET MOBBICUTH 3aIIUTY MACCAKUPOB U MOE3THOM
Opurazapl, yMEHbIINTDH TsDKeNble nocuencTsus asapuu. CIIb nomkna oOecnieunts
3alIUTy MAcCaKUPOB M MEpPCOHAja Ioe3/a pyu HauboJiee BEpOSATHBIX aBapUNHHBIX
CTOJIKHOBCHHSX.

B crpanax EC oOecrmeuenne macCHBHON 0€30MacHOCTH KEIC3HOIOPOKHOTO
9KHUIaKa CKOPOCTHOI'O I0€3/1a SIBISIETCA 00S3aTENbHBIM M PErJaMEeHTHPYETCS C
2008 r. cranmaptom EN 15227 [1], KOTOpBIH CTal MOIIHBIM CTHMYJIOM W TpHUMeE-
POM JIJIST CO3TaHUsI HOPMAaTHBHON 0a3bl B YKpauHe.

B Hacrosiiee BpeMs maccuBHas 3aliuTa OOJBIIMHCTBA €BPOIEHCKHUX Macca-
XKHUPCKUX BaroHOB I10€310B JOKOMOTHBHOM TSrM, 00OPYIOBAaHHBIX pa3icibHBIMU
YAApPHO-TSTOBBIMH YCTPOWCTBAMM, OPTaHU30BaHA TaKUM 00pa3oM, YTO OCHOBHYIO
4acTh SHEPTHH IPU CTOJKHOBEHUSX C XKeJIE3HOJOPOKHBIM HOJBMKHBIM COCTaBOM
MOTJIOIIAOT Kparr-0ydepa [2 — 7].

TpaaULMOHHBIA TATOBBIA MOABMKHOM COCTaB JKEJE3HBIX JOPOT ¢ LIMPUHOU
kojen 1520 MM MMeeT psiA CyIMECTBEHHBIX OTIMYWHN (B yOApHO-TATOBBIX MpPHUOO-
pax, HOpMaTUBHBIX TPEOOBAHMAX HA €ro pa3pabOTKy | T. JI.) OT €BPOIMEHCKOTO T0-
JIBIDKHOTO COCTaBa, JJIsl KOTOPOTO yXe pa3padoTaHbl 3(pPeKTUBHBIE CHCTEMBI Iac-
CUBHOU 0€30I1aCHOCTH.

AHanu3 CyLecTBYIOIMX BapUAaHTOB [TACCUBHOM 3alIUThI ACCAXUPCKUX Baro-
HOB ¢ 00BEIMHEHHBIMU YAAPHO-TATOBBIMU PHUOOpaMH MOKa3aJl, YTO TaKas 3alluTa
npernoaaraeT UCIONb30BaHUE CIIBHIAEMbIX aBTOCLCMHBIX YCTpoicTB (push-back
coupler), YIID u jxepTBEHHBIX 30H B KOHIIEBBIX 4acTsX Baronos [8 — 10].

IIpobnema 0Ge30MAaCHOCTH KENE3HOJOPOKHBIX IKUIAKEH SIBISETCS aKTyalb-
HOit mpoGuiemoii Bo Bcem mupe [1 — 10]. I'epmanus, @pannus, SAnonus u CILIA
3aHUMAIOT JIMAMPYIOIINE MO3UIMK B PELICHUH 3TOH mpobiiembl. B eBpomerckux
CTpaHax TEOPETHYECKHE M IKCIIEPUMEHTAJIbHbIC UCCIIEAOBAaHUS M0 MACCUBHOW 3a-
LIMTE MOJBMXKHOIO COCTaBa aKTUBHO NMPOBOIATCA ¢ Hadasia 90-X ro0B MpOLLIOro
Beka. CyIeCTBeHHBIH BKJIaJ B PELIeHHE MPOOJIeMbl MACCUBHOW 3alLUTHI JKEJIE3HO-
JOPOXKHBIX JKUMNaKEH BHECHH CHEIUaTucThl Kommanuid Alstom, Bombardier
Transportation, Dellner, Siemens, Voith Turbo, Amtrak, PESA u psa apyrux
HAyYHBIX M MPOU3BOJICTBEHHBIX opranu3auuil. B Ykpanne ¢ opuenranueii Ha eB-
pometickmii ctanmapt EN 15227 paspaboraHa KOHIEMIUS ITACCHBHOM 3alUTHI
CKOPOCTHOT'O MACCaXKMPCKOTO MOEe3/1a PU aBapHIHBIX CTOJIKHOBEeHHsIX [11].

B nacrosee Bpemst Ha mpoctpaHcTBe kKosen 1520 MM HeoOXoaumo paspada-
THIBaTh METOJMKH, MO3BOJISIOMINE ITyTEM MAaTeMaTHYeCKOr0 MOJEIHPOBAHUS Olle-
HUTH TMHAMUYECKYIO Harpy>KeHHOCTh maccaxkupckoro Barona ¢ CIIb npu aBapuii-
HBIX CTOJIKHOBEHHUSX, ONPEACINTh MHTErpasibHble mapamerpsl YIID, paszpaboraTsh
€ro KOHCTPYKIHIO W BHIOpaTh €€ MapaMeTphl, KOTOpPbIE MO3BOJSIOT OOECHEeYUTh
BBINOJIHEHHE CLIEHAPUEB CTOJKHOBEHUI [TOE3IHOIO COCTaBa C MPEMATCTBUEM.

IocranoBka 3anauu. C 1enbio pa3paboTKH KOHCTpyKuuu YIID mmist cko-
POCTHOr0O NMacca)XMpPCKOr0 BaroHa HOBOI'O MOKOJIEHHSI MPOBEJEHBI MCCIEAOBAaHUSA
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JMHAMUYECKOW HATPY»KEHHOCTH BaroHa IMPH CTOJKHOBEHUH CO CKOPOCTBIO 18 KM/
STAJIOHHOTO TI0€3/1a C HEMOJBMXHBIM TIOJOBUHHBIM BaroHOM, YIIMPAIOIIAMCS B
CIUTOIIHYIO CTeHKY. B KauecTBe 3TaJOHHOTO MOe3/a WCIIONb3YeTCsl BAarOHHBIN CO-
craB (crer), chOpMHUPOBAHHBIN M3 4-X MAcCaXUPCKUX BaroHoB. Ilaccaxupckum
BaroHOM, TTOJIJIEKAIIIM OIIEHKE, SBIISIETCS TIEPBBIA BaroH CIIETa.

Paccmotpens! aBa BapmanTa (GOPMHUPOBAHHUS 3TATOHHOTO TMOE3/a: COCTaB W3
BaroHoB Maccoil 50 T ¥ cocTaB M3 BaroHOB Maccoil 64 T. Takoi BEIOOP ATAIOHHBIX
MOEe3/I0B OOBSCHSETCS TeM, 4To cornacHo cranmapty EN 15227 makcumanbHas
Macca eBpOITeHCcKOro BaroHa paBHa 50 T, HO Ha OTEUYECTBEHHOH >KEIIE3HOU JAOpore
¢ mmpuHOH Koner 1520 MM, Kak MpaBUIIo, SKCIDTYaTHPYIOTCS BarOHBI Maccoil 64 T.

Baronsl 3TamoHHOro moe3na OOOPYIOBAHBI CABHUTAEMBIMH 0€33a30PHBIMHU
cuenabiMu yeTpoiictBamu (bCY), mormomaromimu ammaparamu P-511 [12]. Kpome
ABTOCIICTTHBIX YCTPOMCTB, B MEXBAaroHHOM IIPOCTPAHCTBE BMeCTO OydepoB, mpes-
HA3HAYABIIINXCS paHee T BRIOOPKU 3a30pOB B KOHTYpPE 3alleIUICHHUS CLEMOK, pac-
nonokeHsl YIID. Baronsr maccoit 50 T obopymoBansl YIIO ¢ 3HEProeMKOCTHIO
0,25 MJIx, cpemuss cuina aedopmanuu Kaxmoro YIID cocrasmser 0,83 MH nHa
xonme 0,3 M. Barower maccoit 64 T obGopymoBansl YIID ¢ 3HEproeMKOCTHIO
0,3 M/Ix co cpenueit cunort 1 MH u nmedopmarueit 0,3 m. [lonoBuHHBIA Baros,
YIHPAIOIINICA B CIDIONIHYIO CTEHKY, 000pY/IOBaH B 3aBUCUMOCTH OT MacC BarOHOB
ucciaeayeMoro cuena coorsercrByromnmu YII9. Ilpeanonaraercs, 4ro miaactTuue-
ckre nedopmanuy B KOHCTPYKIIMH PaMbl BaroHa C 3allUTHBIMH YCTPOHCTBAMH
BO3HUKAIOT TpH npoonsHoM yermnu 3 MH [13], koTopoe OyaeM cuuTath A0Myc-
KaeMBbIM.

MartemaTuyeckasi MojJeJb aBAPUHHOIO CTOJKHOBEHHS 3TAJOHHOTO CO-
CTABA C HEMOABHM:KHBIM MOJOBHHHBIM BaroHoM. [[J1s vccieqoBaHus JUHAMHYE-
CKOH Harpy»XeHHOCTH KOHCTPYKIIMH BaroHOB ATAJIOHHOTO TOE€3/1a TIPHU €ro CTOJK-
HOBEHHH C TIOJIOBHHHBIM BaroHOM, YIMHUPAIOIIUMCS B CILTOIIHYIO CTEHKY, HCIIOJNb-
30BaHa JUCKPETHO-MAacCOBas MOJIENh C CHIIOBBIMU XapaKTEPUCTUKAMU MEKBaroH-
HBIX COEAMHEHMH, YYUTHIBAIOIIMMU oOopynoBanue BaroHoB BCY u VYIIO, Bo3-
MOKHOCTh BO3HHKHOBEHUS IIACTUYECKUX AeopMalvii B KOHCTPYKIIMSIX BaroHOB
[14 — 20]. CrutommHasi CTeHKa ¢ MOJOBUHHBIM BArOHOM HMHUTHPYETCS TBEPIBIM Te-
oM Ooibiroit Maccel (mopsiaka 8000 T), UMEIONUM J[Ba 3aIUTHBIX YCTPOWCTBA,
rapaMeTpbl KOTOPBIX COOTBETCTBYIOT BBIOpaHHBIM YIID 11 BaroHoB coOTBET-
CTByIOIIIEH Macchl. PacdeTHas cxeMa 3TaJlOHHOTO TOe3/la M Tperpajsl BeIOpaHa B
BUJIE OJTHOMEPHOMW IENOYKH TBEPIbIX TEN, COCTUHEHHBIX Ne(hOPMUPYEMBIMU dIIe-
MEHTaMH, U IpuBeZieHa Ha puc. 1.

=18 km/y , l

-~

Puc. 1

HoBu3Hy COCTaBISIOT IOJIyYEHHBIE pE3YyJibTaThl IO OLIEHKE IPOJOJIBHBIX
YCKOPEHHUI BArOHOB U YCHJIMM, BOSHUKAOIINX B MEKBATOHHBIX COEIUHEHUSX dTa-
JIOHHOTO IO€3/1a TIPU €T0 CTOJIKHOBEHUH C NPErpaoi, MO3BOJIAIOIUE PEKOMEHIO-
BaTh 00OpY/IOBaHUE MACCAKUPCKUX BAarOHOB PA3JIMYHOW MacChl KOHCTPYKIUSIMH
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YIID ¢ mapameTpamu, 0OSCIICUMBAIONIAMHU BBITTOJIHEHHE TpeOOBaHWI cTaHAapTa
EN 15227 mo paccMoTpeHHOMY CIIEHAPHIO CTOJKHOBCHUS.

Pe3yabTaThl HCCIe10BaHUS AUHAMHMYECKOH HArpPy:KeHHOCTH BAaroHOB C
CIIb npu cToJxkHOBeHUM. MakcnMabHbIE 3HAYCHNS yCUITHH, BOZHUKAIOIINX MIPH
CTOJIKHOBEHHH CO CKOPOCTHIO 18 KM/4 MeXIy MepBhIM BarOHOM 3TaJIOHHOTO IT0€3-
Jla ¥ TIPETPaioil 1 B MEXXBArOHHBIX COEAMHEHUSX, YCKOPEHUH dKUTaXKel mpu 060-
pynoBarunu BaroHoB YIID ¢ sneproemkoctsio 0,25 M/Ix (Bapuant 1) u 0,3 MJx
(BapumaHT 2) npuBeneHs B TaO. 1.

Tabmuma 1
Howmep MakcuManbHble 3HaYEHNS YCUIIUI U YCKOPEHUH
SKuitaxa, (BapmanT 1) (BapuaHT 2)
|
Macca Barona 50 T Macca Barona 64 T Macca Barona
64T
Si,MI_I ).(i'g Si,MI_I )‘(‘i’g Si,l\/H_I Xi'g
1 0,00 0,03 0,00 0,04 0,00 0,04
2 -2,34 3,90 -3,20 3,40 -3,09 3,10
3 -2,00 3,40 -3,28 2,70 -2,00 3,10
4 -2,00 2,50 -2,00 2,00 -2,00 2,50
5 -1,08 2,10 -1,01 1,60 -1,54 2,40
B 1abn. 1 i= 1 coorBercTByeT mperpaie, S; — 3HAUYCHHE MAaKCHMAIBHOTO

YCHJIHS B | -OM MEKBAarOHHOM COCIMHECHHH ITAIOHHOTO moe3na, X; — YCKOpeHHe

| -TO SKHIaxa.

Ha puc. 2 u puc. 3 npuBeneHsl rpadvkun M3MEHEHHS BO BPEMEHH YCHIIWH,
JICUCTBYIONIMX Ha TEPBbI BAaroH CIela cO CTOPOHBI MPEMSITCTBUsA (pHC. 2,3)) U B
COCTMHEHHH TIEPBOTO BaroHa O BTOPHIM (pHcC. 2,0)) MpU CTOJKHOBCHUH, U YCKO-
penuii mepBoro Barona ciiena (puc. 3). Pe3ynbTarthl COOTBETCTBYIOT BaphaHTy 1,
KOT'/Ia Macca KaXXI0ro BaroHa cremna paBHa 50 T u BaroHsl obopymoBansl YIIO ¢
sHeproeMkoctbio 0,25 MIx.

s cuena, Macca BArOHOB KOTOPOT'O COCTaBIsiET 64 T KaXJO0Tr0, HCIOIb30Ba-
Hue YIIO ¢ sneproemxoctsio 0,25 M/Ik NpUBOAXUT K BO3HUKHOBEHUIO CHJI, 3HaYe-
HUA KOTOpBIX IIPEBOCXOMAAT JAOINYCKaeMbld ypOBEHb, cocTapisiomuii 3 MH
(Tabmn. 1), n miactuyeckux nedopmaruii nopsaka 0,013 M B KOHCTPYKIUSIX TIEPBO-
ro BaroHa cuena u 0,018 M BToporo Barosa.

S,MH

S.1
-] 4 V
I -1
2 Y {
I i PP A P VORI I P 2 | ! 3 PR
00,10,20,30,40,50,60,708091,¢ 00,10,203040,5060,70,809 ¢, ¢
a) 0)

Puc. 2
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Puc. 3

Tak xak BaroHbl CKOPOCTHBIX I10€3/10B, IKCILUTyaTUPYEMBIX Ha KOJee IUPUHON
1520 MM, MOTYT UMeTh Maccy Ooibliie 64 T, TO MACCAKUPCKHUE BATOHBI JIOJIMKHBI
obopynoBaThcs TakuMu Y113, 9TOOBI IPH CTOIIKHOBEHWH CIieTa U3 4-X BaroHOB C
MIPeTpasioi, MpeACTaBICHHON OONBIION Maccoil, He BO3HHUKAJO MPOOJIBHBIX yCH-
JIMH, KOTOPbIE MPEBOCXOAAT AOIMYCKAEMbIE U MPUBOAAT K BOSHUKHOBEHHIO IJIACTHU-
yecKuX JedopMariii KOHCTpyKIui. Takue ycnoBHs BEIIOTHSIOTCS TIPH 000PYHO-
BaHWU MACCAXKUPCKUX BaroHOB, Macca KOTOPBIX COCTaBIseT 64 T U Ooee, yCTpoii-
cTBaMH rornomieHus suepruu Y119 ¢ sneproemroctsio 0,3 MIxk.

Ha puc. 4 — 6 moka3aHbl pe3yabTaThl, COOTBETCTBYIOIINE BapUaHTY 2, KOIaa
Macca KaXJoro BaroHa criena paBaa 64 T u Barons! o6opynosansl YIIO ¢ sHepro-
emkocTthio 0,3 MJIx.

S, MH — T
v F . MH

o fohub bbb bbbl )
-4 gy

00,10,20,30,40,50,60,70,80,9 ¢, c 0 0,10,20,30,40,50,60,70,80,9 t.c

a) 0)
Puc. 4

(L 4 F
ps, M

-1 4 0.00

-

! 0.0 "
0 0102030405060708091¢ 0 01 02 03 04 05 e

Puc. 5 Puc. 6

Ha puc. 4 u puc. 5 npuseneHsl rpadykid U3MEHEHHUs BO BPEMEHU YCHIIHH,
JICWCTBYIOIIMX Ha TIEPBBI BaroH CIena co CTOPOHBI MpensTcTBus (puc. 4,a)) u B
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COEMHEHNH ITEPBOTO BaroHa co BTOPBIM (puc. 4,0)) MpH CTOJIKHOBEHHWH CIENa C
Mperpaioi,  yCKOpeHui mepBoro Barona cuerna (puc. 5).
Ha puc. 6 mokazaHo u3MeHeHHE TPOJONBHON OCTaToYHOM nedopmanuu eps ,

BO3HUKAIOMIEH B KOHCTPYKITUHM MEPBOTO BaroHa CIiena, MaKCHMalbHOE 3HAUYEeHUE
kotopoit coctapmsier 0,006 M. Pe3ympTaThl COOTBETCTBYIOT BapHaHTy 2, KOTJa
Macca KaXJOoro BaroHa crena paBHa 64 T u BaroHsl o6opyzaoBansl YIID ¢ sHepro-
eMkocThio 0,3 M/[x.

AHanu3 MoydeHHBIX PEe3yIbTaTOB MOKA3al, YTO TP CTOJIKHOBEHUH CIIeTa U3
YeTHIPEX BaroHOB C MPETpasoil co CKOPOCThIO 18 KM/4 IJIsl BCeX PacCMOTPEHHBIX
MapaMeTpOB CHCTEMBI 3alIUTHBIE YCTPOICTBA, PACIIONOKEHHbBIE Ha TIEPBOM BaroHe,
MTOJTHOCTBIO Ie(OPMUPYIOTCSI.

3HaueHNs YCWIINNA, AEMCTBYIOMIMX Ha TEPBBI BaroH cIena co CTOPOHBI Tpe-
Tpajbl ¥ B TIOCTEAYIOMINX MEXBAarOHHBIX COSIMHEHUAX, HE TIPEBOCXOIAT Oy CKa-
€MBI YPOBEHb, B KOHCTPYKIIUSAX JKUIMAKEeH HE BOZHUKAIOT ITUIacTHYEeCKue nedop-
Marmu, npesocxozspe 0,05 m [1]. 3HaueHnss MaKCUMATBHBIX YCKOPEHHUHA KaK JUIs
ATAIOHHOTO T0e3/1a, c(hOPMHUPOBAHHOTO M3 BaroHOB Maccoit 50 T, 000pyTOBaHHBIX
YIID ¢ sneproemkocthio 0,25 M/, Tak W UIsi 3TaJOHHOTO Toe3na, chopMupo-
BaHHOTO W3 BAaroHOB Maccoil 64 T, 00OPYIOBaHHBIX 3aIIUTHBIMH yCTPOWCTBAMHU
VIID ¢ sueproeMkoctbio 0,3 Mk, HE MPEBOCXOAAT AOMYCKAEMOIr0, COCTABIISIO-
mero 5 g [1]. Takum o6pa3om, BaroHsl Maccoii 50 T MOTyT ObITH 0OOPY/IOBAHBI C
JIBYX CTOPOH 3alllUTHBIMU ycTpoiicTBamu YIID ¢ sneproemkoctsio 0,25 M/Ix. Ba-
TOHBI XKe Maccoit 64 T u Ooee 1enecoodpasHo odbopyaosats YIID ¢ sHeproeMko-
ctero 0,3 Mk, 9TOOBI HE BO3HHMKAJIM MPOAOJILHBIC YCHIIUS, 3HAYEHHUs] KOTOPBIX
MPEBOCXOJAT AOMYCKaeMble, M IUIACTHYECKHE JepOopMalui KOHCTPYKIMHA JKHIIa-
KEH.

Pazpaborka xoHcTpykuum YIID aas maccaxkumpcekoro Barona. Jlyis omnpe-
JeNicHHs TapamMeTpoB KOHCTpykimu YIID paspaboTaHa KoHIeENTyajbHAas aua-
rpamma ee aeopMHpPOBaHUS MPH ynape BaroHoM-0oiikom Maccoii M, =80 T co

cKopocThio V, = 36 KM/4 (COTJIacCHO pacueTHOMY CIIEHAPHUIO CTOJIKHOBEHHS T0e3/1a

C TPY30BBIM BaroHOM, KOTOPBI TIPEAyCMOTPEH EBPOIEHCKUM CTaHAapTOM
EN 15227 [1]). Dta auarpamma, T. €. 3aBUCHMOCTbh CPEHEr0 3HAYCHHUsI KOHTAKT-
HOro ycnnus Fep, BO3HUKarOEro Mex/y 00ikoM u KoHCTpyKumei YIID, ot npo-

JOJIBHOTO NepeMelieHus Uy, LeHTpa Macc 0olKa IpH yaape, IoKazaHa Ha puc. 7.
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Kak BUIHO W3 MpHUBEICHHONW nuarpaMMel, ipu Aedopmaruu YIID ¢ sHepro-
emkocThio 0,3 MJIx cpenHuii ypoBeHb KOHTAKTHOTO ycmuns cocTaBisier 1| MH Ha
yuactke 0 — 300 mMm.

KoHeuHo-31eMeHTHAasE MojAedb miaacTudeckoro aegopmupoBanus YIID
npu yaape. CoriacHO Hay4HO-METOAWYECKOMY obecnieuenuio [21 — 22] paspabo-
TaHa MaTeMaTH4YecKas MOJENb IUIACTUYECKOTO Ae(OPMUPOBAHHS KOHCTPYKIUH
VIID mnpu ypmape BaroHom-Ooiikom Maccoii M, =80T co ckopocTsio

V, = 36 km/4.
Cxema B3aumoeiictBus YIID ¢ OoiikoM mpH yrape rokasaHa Ha puc. 8.

Puc. 8

Koncrpykuust VIID pacrnonokeHa MeXIy HEMOABMKHBIM YIOPOM H TTOJIBHK-
HBIM OOHKOM.

HayuHo-MeTonuueckoe oOecleueHue BKIIOYAET CO3JaHHE C  IOMOIIBIO
CPEIICTB aBTOMATHU3WPOBAHHOTO KOHCTPYHUPOBAHHUSI TPEXMEPHOW reOMETPUYECKOM
MOJIEH HCCIeyeMON KOHCTPYKIIMK, UMIIOPTUPOBAHNE T€OMETPUIECKON MOJIEH B
MporpaMmy JJIsi pelIeHHs ¢ MOMOIIBI0 MeTOAa KOHEUHBIX 3JIEMEHTOB, CO3aHNE U
TECTUPOBaHHE KOHEYHO-3JIEMEHTHOM MaTeMaTH4YecKON MOJAENH, ONHMCHIBaroIIeit
IpOIIeCC MIACTHIECKOro AeGOopMUPOBaHUS KOHCTPYKIMU TP yaape, MpoBeAecHHE
pacdeToB, MOCTPOCHHE AUArpaMM (3aBUCUMOCTH KOHTaKTHOro ycunusi F u sHep-
run E  oT mpomosbHOro mepemenieHusi LEeHTpa Macc Oolika Up). KoneuHo-

3JIEMEHTHOE MOJEIMPOBAHUE BBIMOJIHACTCA C YUETOM I€OMETPHUUECKON U (u3nye-
CKOW HEeIMHEHHOCTEW, 3aBUCUMOCTU Ipeaesia TEKy4eCTH CTald OT CKOPOCTH Jie-
(hopmanyu, IepeMEHHOI0 KOHTAaKTHOTO B3aMMOJICHCTBUS MEXY JIEMEHTAMH pac-
CMaTpUBaEMON MEXaHHUYECKOU CUCTEMBI COYAAPSIOIINXCS TEN.

st monenupoBanus nedopMupoBanus KoHCTpykumu YIIO npu yaape paspabo-
TaHa TEOMETPHYECKasi MOJeNb, OO BUI KOTOPOH mpuBeneH Ha puc. 9 (pa3Mepsl
JTAaHBI B MM), U €e KOHEYHO-3JIeMeHTHas cxeMa (puc. 10).

H
> 2
L )
‘”0 3
\*'7
- -~

Puc. 9 Puc. 10

79



Koncrpykmmus YIIO cocrout 3 kKopoba B BHIIE MapauIeICUIIea ¢ YeThIPEeX-
CJIOMHBIM COTOBBIM MakeTOM BHYTpH. Kaxbiil c10i COTOBOTO MakeTa, COCTOSIIMMI
W3 COT MEPEMEHHOMN BBICOTHI C IIECTHTPAHHBIMH SYEHKAaMH, YCTAaHOBJICH HA JHa-
(hparmax, IpUKpEIUIEHHBIX K KOpoOy. TommuHs! cTeHoK KopoOa, mepeaHei u 3ai-
Hell TOpUeBbIX TIacTHH, AuadparM — 2 MM. COTOBBIH MAaKeT COCTOUT U3 COT Tepe-
MEHHOH IJIMHBI C MIECTUTPAHHBIMA suciikaMu. OH comepKuT 63 sdeiiku, U3 KOTO-
peix 33 saeiiku umetor mHy 80 MM, a 30 — mmuHY 90 MM. JITMHA CTOPOHBI TIIe-
cTurpanHoi cotoBoi stueiiku — 30 mm. TommuHa TacTuH, GOPMUPYIOMUX Iiie-
CTHTpaHHbIe COTOBBIE stueiiku — 0,7 MM. MeXIly COTOBBIM HMAaKETOM W MepeHeH
TOPLIEBOH MJIACTHHOM MPETyCMOTPEH 3a30P — S MM.

Marepnan xoHcTpykuuu YIID — cramp 081O. Ousunko-mMexaHWdYecKue mapa-
MeTphl MaTepuaia KoHCTpykuun YIID: mmotHocTs Matepuana p = 7,8-10% kr/m3;

moayib FOura E, =2,03-10° MlIla; npenen tekydectu o1 = 175 MIla; ko3 du-
mueHT [lyaccona p = 0,3; TaHreHIMAIBbHBIA MOAYJb Ha YYacTKE IUIACTHYECKOTO
nepopmupoBanus E; =589 MIla; kosdpdunmentsr ynpounenus craiu C = 205
u P =4,59; npenenbras miactnyeckas gepopmarms €, = 0,4.

Boex m ymop mpeacTaBisioT coOOH MapalieNumunenbl, pasMepbl KOTOPBIX
COOTBETCTBEHHO 1500x680x1000 MM 1000x400x400 mM.  Du3UKO-
MEXaHWYEeCKHe MapaMeTpbl Marepuaiga OoWka W ymopa: IUIOTHOCTh MaTephaia
p =7,8-10° kr/m*;, momyns FOura E, =2,1-10° MIla; ko>dpdunment Ilyaccona
u =03

Koneuno-anemMeHTHasi cxemMa MEXaHHYECKON CHUCTEMBI W3 JABYX COYIapsio-
muxcs ten “YIID — 6oex” cocrout u3 17039 anementoB u 16910 y3nor. Koneuno-
areMeHTHas cxema KoHcTpykiuu YIIOD comepxkut 15075 snementoB u 14976 ys3-
JIOB. Pa3Mep KOHCYHBIX 3JICMCHTOB IIPU MOACIUPOBAHUN COTOBLIX IIAKCTOB C IIC-
CTUTPaHHBIMH siueiikamMu — 15 MM, octanbHbIX yacterd YIID — 20 mm. Yop Moze-
mupyetcs 1280 aneMenTamu, o0I1iee KOJIMYECTBO y3JI0B B ero cxeme — 1701,

I'pannyHbIC YCIOBUS: HyJIEBbIE TIEPEMEICHHS BCEX Y3JIOB HETOIBIKHOT'O YIIOpa.

HauanbHble ycloBusi: CKOPOCTh TiepeMelleHusl y3ioB Ooiika Maccoit 80 T B
HayYaJbHBIH MOMEHT BpeMeHH paBHa 36 KM/4.

JedopmupoBanHoe cocTosiHMEe KOHCTPYKIMU YIID mpu pa3HbIX 3HAYEHUSX
MIPOI0JIHOTO TiepeMenieHus U, eHTpa Macc Ooiika mokaszaHo Ha puc. 11.

Ilony4yeHHast B pe3yjbTaTe pacueTa Juarpamma, XapakTepH3YIOoIlas 3aBUCH-
MOCTh KOHTaKTHOTO yCWIHs F OT mpojonpHOro mepemenieHust Uy, MOKa3aHa Ha
puc. 12, a nuarpamma 3aBUCUMOCTH 3Hepruu E , mornomaemoii npu aedopmupo-
BaHMM KOHCTpyKumu YIID, OoT mpoxoiabHOro mnepeMerieHus U, TIoKa3aHa Ha
puc. 13.

IIpu mocTpoeHun nuarpaMmsbl Ae(OpMUpPOBaHUS HCIIONB3YETCs (GUIBTP HUXK-
HUX 9acToT ¢ 9acTotoit cpe3a 180 I'ry [23]. [IpumeHeHne Takoro GUIIBTpa coriacy-
ercs ¢ TpeboBanusamu crangapra EN 15227 [1].

Kak BuAHO M3 auarpammbl, IPUBEJSHHONW Ha puc. 13, mpu BEIOpaHHBIX mapa-
MeTpax KoHCTpykuuH YIID ee sHeproemkocts coctasisier 0,3 Mk npu paboyem
xoge 300 mm. CormacHo puc. 12, cpenHuil ypOBEHb KOHTaKTHOTO YCHJIUS TIpH
0 < up <300 MM paBer 1 MH, 4T0 COOTBETCTBYET KOHIICTITYAIbHOW JHarpamme

nedopmupoBanus kKoHcTpykuuu Y113 nipu ynape (puc. 7).
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MakcuManbHEIH YpOBEHb KOHTAKTHOTO YCHJIMS C Y4eTOM (WIBTPAlUH HE
mpessimaer 1,3 MH. Takum o6pazom, npu nedopmanuu neyx YIID, ycraHoBieH-
HBIX Ha KOHIIEBOM YAacTH paMbl BaroHa, MOXET OBITH IIOTJIONICHA SHEPTHS
0,6 M/I:)x. MakcumanpHasi cuja, TEpeAaroInascs Ha paMy BaroHa, COCTaBJIsIeT
2,6 MH, T0 ecTh He TIpeBHIIIaeT AOMyCTUMOTO 3HadeHus 3 MH.

BriBoabl. JlaHa olleHKa TUHAMUYECKONW HArPYKEHHOCTH MACCaKUPCKUX Baro-
HOB HOBOTO IOKOJICHHSI C CUCTEMOM MacCUBHOI 0€30IaCHOCTH MPU CTOJIKHOBEHUH
3TaJIOHHOTO I0€311a U3 4-X MacCa)XUPCKUX BaroHOB C ITOJIOBUHHBIM BaroHOM, yIIU-
paroIuMcs B CIUIOIIHYIO cTeHKY. [IpoBeneHHbIe nccienoBaHus MOKa3aiu, YTo AT
BEITIONTHEHU TpeboBaHmii cranmapta EN 15227 pexomenmyercs maccakupckue
BaroHel Maccoir 50 T 006opymoBaTh C IBYX CTOPOH JABYMS 3aIlUTHBIMH yCTPOW-
cTBamHu ¢ sHeproeMkocTsio 0,25 — 0,3 M/Ix, a BaroHsl Maccoit 64 T — 3aUTHEIMU
ycTpoiicTBamu ¢ 3Heproemkocthio 0,3 M/Ix.

Pa3zpaboraHa KOHEYHO-3JIEMEHTHAs! MOJIENb IIACTUYECKOro Ae(opMupoBanus
YCTPOMCTBA MOTJIOIIEHHUS] SHEPTUH, COACPIKALIET0 COTOBbIE OJIOKHU, NIPU yAape I
orpenesieHs] MmapaMeTpoB KoHCTpykuuu YIID ¢ TpeGyemol 3HEProeMKOCTBHIO.
CornacHO pacueTHOMY CLICHAPHUIO CTOJKHOBEHHS IO€3[a C IPy30BBIM BaroHOM,
KOTOPBIN MpeaycMOTpeH eBpomneiickum cranmaptrom EN 15227 [1], paccmorpen
ynap BaroHom maccoii M, =80 T co ckopocthio Vy, = 36 km/u.

Ha ocHoBe mosTydeHHBIX pPe3yJbTaTOB KOHEUHO-3JIEMEHTHOTO MOICIIUPOBAHUS
paspabotana koHcTpykuus YIID ¢ sneproemkoctbio 0,3 M/Ix u onpenencHsl ee
napameTpsl. [Ipennoxkennsie YIID mpemHazHaueHBI 171 YCTAHOBKH B KOHIIEBBIX
4acTSIX CKOPOCTHOTO MAacCakKUPCKOT0 BaroHa HOBOTO TOKOJIEHHS C CUCTEMOM Mac-
CUBHOW 0€30MacHOCTH BMeCTO Oy(depoB, MCIIOJIb30BABIINXCS PaHEe I BHIOOPKH
3a30pOB B KOHTYpE 3alleTJICHHS CLEMOK.
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