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JIMHAMIYHI ITIPOIIECU Y MEXAHIYHIN
CUCTEMI TPAMBAA HIJ1 YAC 3ITKHEHHSA
3 HEPYXOMOIO ITIEPEIIKOJ0IO

Hamionansnuii yaiBepcutet «JIbBIBChbKa MOJITEXHIKA»

AHOTaWifA. Posensdacmobcsi mMamemMamuyHa mMooeib OUHAMIYHUX NPOYecis, SKI BUHUKAIOMb Y MeXAHIYHIU
cucmemi n’IMUceKYitino20 Mmpameas nio4ac 1020 3iMKHEHHs. 3 HEPYXOMOI0 JHCopcmKolo nepeuikodoro. Cexyii
Mpameast Ha PO3PAXYHKOGIU cxeMi NOOAHO K meepli mina 3 nooamausumu vacmuramu (eremenmamu), wo
3a3HAIOMb  NPYAHCHO-NIACTUYHO20 Oepopmysanns. Taki enemenmu maiomv. KpaiiHi cekyii cnepedy i 33a0y
MPAHCHOPMHO20 3ac00y, MOOMO, Y MICYSX, AKUMU MPAMBAL Modice YOapamucs 06 nepewkoody, yci cekyii — y
Micysix, AKUMU 80HU 3 €OHAHI 3 CYCIOHIMU ceKyiamu. JIisi 0eqhopMOBaAHUX HACMUH CeKYIl 3ACMOCOBAHO OLNIHITIHI
Xapakxmepucmuky npysiCcHO-NAACMUYHO20 depopmysants. Bionogiono 00 po3ensidysanozo cyenapiio, 66aicacmo,
wo neped 3IMKHEHHSIM 3 NepeuwiKoool0 YCi CeKyii MpaHCnopmHo2o 3aco0y pyxXaiomvcs NPIMONIHIIHO |
pisnomipro. Pospaxynox na yoapocmitikicms nojseac y 6U3HAYEHHI PO3MIPI6 VULKOOIICYBAHUX 30H HCUMMEBO20
npocmopy mpameas.

Ha pospaxynkoeux npuxiadax inocmpyemvcs 6RAUE MACU MPameds, WEUOKOCmI 1020 pyXy nepeo
BIMKHEHHAM, A MAKONIC XAPAKMEPUCTUK NPYICHO-NIACMULUHO20 O0eOpMy8anHs cekyiti Ha YOapoCMIUKICHb
MPAaHCnopmuo2o 3acoody.

Knwwuosi cnoea: bacamocexyivinuii  mpameati, OUHAMIYHULL Npoyec — 3IMKHEHHS, MamemMamuine
MOOeN08aANHs, YOApOCMItIKiCIb.

BignosigHo 10 eBpomeiicekoro crapmapry EN-15227 [3], B mporeci mpoekTyBaHHS,
BUTOTOBJICHHS 1 BBEJCHHS B EKCILIyaTallil0 TpaMBaiB, skl BimHOCAThCA a0 Kateropii C-1V
pPEHKOBUX TPAHCHOPTHUX 3aco0iB, HEOOXiTHO TMPOBOJAMWTH OINHKY  YAApOCTIHKOCTI
KOHCTPYKIIIA Ky30BIB 3a TIEBHHMH MPOCKTHUMHU CIIEHApIsIMU 31TKHEHb. J[0 Takux clieHapiiB
BIJTHOCATHCSI TOPIEBHA yoap pPyXOMOTrO TpamBas [0 HEPyXOMOMY, a TakKOX yJap
TPAHCIOPTHOTO 3ac00y 00 JKOPCTKY JOPOKHIO MEPEIKoay. Y pasi 3iTKHEHHs 3aCTOCYBaHHS
3raJIaHoro  CTaHIapTy 3a0e3ledye 3axHCT TacaXHpiB  CTBOPIOBAHMX  KOHCTPYKIIH
YAApOCTIHKUX TPAHCIOPTHUX 3acO0IB 32 paxyHOK 30€peKEHHS CTPYKTYPHOI ILTICHOCTI, a
TaKOX 3MEHIICHHSI PU3UKY TMEPEBUIICHHS YNOBUIbHEHb. KOHCTpyKIliHHI pileHHs Ta 1001p
XapaKTEPUCTHK €JEMEHTIB KOHCTPYKIIIM, IO CHpPsSMOBaHI Ha 3MEHIIEHHS HACIIAKIB
3ITKHEHHSI, CTAHOBIISITh MACUBHY O€3IEKY TPAHCIOPTHOTO 3acO0Yy.

OcCHOBHI TpyIHOII AOCTIIKEHHS yIApOCTIHKOCTI TPaHCIOPTHOrO 3acoly MOB’s3aHi 31
CKJIAJIHICTIO KOHCTPYKIIIT Ky30Ba, SIKM MOXE HAII4yBaTH ACKIIbKAa TUCSY CTPUIKHEBHX Ta
000JIOHKOBUX €JEMEHTIB, a TaKoXX 3 HEOOXIIHICTIO YpaxyBaHHsS MPYKHO-TUIACTUYHOTO
nehopMmyBaHHs JeTaneld, 10 MOTPAIUISIOTh y 30HH 3MHUHAHHS CEKIiH. Y 3B’S3Ky 3 IHM,
npoOieMi aHamizy HampyX)eHo-l1e(OpPMOBAHOTO CTaHy KYy30BIB TPAaHCIOPTHHUX 3aco0iB, ix
MII[HOCTI, )KOPCTKOCTI Ta YAApOCTIMKOCTI MPUAUISETbCA 3HaYHA yBara.

Tak, y mpaui [1] OLIHIOETBCS yIAPOCTIMKICTh 3aI3HUYHOTO MMACAKHPCHKOIO BaroHa
[UIIXOM MOJENIOBAHHS HOTO Hai3My Ha TBEPIY CTIHY 13 3aCTOCYBaHHSIM METOAY CKIHYCHHHX
€JIEMEHTIB Ta BUPOOJIAIOTHCS MPAKTHUHI PEKOMEHAAIIT 1[0/10 MiICHJICHHSI METATOKOHCTPYKIii
BaroHa. Y mpaili [2] mpoBOIATHCS TEOPETHYHI JOCTIIKEHHS YAapOCTIHKOCTI, MII[HOCTI i
BIOpaIlilfHUX BJIACTUBOCTEH MACa)KUPCHKOTO BaroHy, BUTOTOBJIEHOTO i3 CTalll, a TaKOX
BaroHy, KOHCTPYKI[iSl SIKOTO OJiep>KaHa IIIJISIXOM 3aMIHHM CTaJ€BUX €JIEMEHTIB Ha alIOMiHi€BI.
HaBoauthbcst ekcriepuMeHTallbHA TEpEeBIpKa PO3PaXyHKOBUX PE3yIbTATIB 1 BII3HAYAETHCS
BHCOKa TOYHICTh PO3pPaxyHKiB, BUKOHAHUX METOJOM CKIHUEHHUX €JEeMEHTIB. BcTaHOBIEHO,



0 OCTaTOYHA aOMiHi€EBa KOHCTPYKIIis, Bara siKoi BTPHYi MEHIIA BiJ| Baru CTajeBOi, Mae
[UJIKOM JIOMYCTHMIi XapaKTepUCTHKH >KOPCTKOCTL. Ha OCHOBI aHAIOTTYHOTO HiIXOAy y Ipari
[7] ouiHrOETHCS YAAPOCTIMKICTD 3aTI3HUYHOTO TPAHCIIOPTHOTO 3aCO0Y MUIIXOM aHAJI3y HOro
3ITKHEHHS 3 KOPCTKOIO CTIHOIO Ta MPOTIOHYETHCS HOBA KOHCTPYKIIiA KaOiHM Boxis. Y mparii
[4] posrnsmaerbess MeToaMKa omTUMI3alii Tomosorii, po3mipiB i (opmu epekTuBHOI
yIapOCTIMKOi paMHu BaroHa 3 OTIJISIIy HAa TapMOHI3aIlil0 PO3MOJALTY €Heprii MOTrIMHAHHA,
Oe3reKky macaxupiB, KOMQOPTAOEeNbHICTh TpaHCIOPTHOTO 3aco0y. OCHOBHI NPUHIMIHN
KOHIIEIIIiT TACUBHOTO 3aXUCTY MIBUIKICHUX MaCaKUPCHKUX MOT3AIB 3ali3HULB Kouii 1520 MM
B yMOBaX aBapiiHOTO 3ITKHEHHSI PO3TJISIAl0ThCs y mparii [6].

VY mparii [8] 3a 7oOMOT010 METOTy CKIHUEHHHUX SIIEMEHTIB PO3POOJICHO MO/ICITi )KOPCTKOTO
0ap’epHOTO 3ITKHEHHS TPAHCIOPTHUX 3acO0iB, BHUTOTOBJICHHX 13 THIIOBHX MaTepialiB:
BYIJIEIIEBOT CTali, HEpXaBiloyoi CTajl Ta allOMIHIEBOTO CIulaBy. Takl Marepiaiu
BUKOPUCTOBYIOTHCSI Y KOHCTPYKIIISIX Ky30BiB BaroHiB MeTpo. IlopiBHIOIOTBCS pi3HI peakiii
TPHOX MaTepiaiiB Mif 4yac 3ITKHEHHs. BIIMOBIMHO MO XapaKTEPUCTHK MOTOKIB MOTJIMHAHHS
eHeprii, MBUIKOCTI, Aeopmalii Ta CHJIM 3ITKHEHHS KOXHOIO TPaHCIOPTHOTO 3aco0y
3alpONOHOBAHO CIIBBIIHOIIEHHS MDK KO€(II€EHTOM TIOIJIMHAHHS €Heprii Ky30BOM Ta
Koe(DIillIEHTOM TOIVIMHAHHSA €Heprii MOro KIIOYOBUMHU KOMIIOHEHTaMHU. AHaNI3yIOThCS
NpUYMHA JeQOpPMYBaHHS KIIOYOBUX KOMIOHEHTIB. IlImsixoM BW3HAueHHsS XapaKTepHUX
napameTpiB, 10 ONMHUCYIOTh AUHAMIYHY dOPCTKICTh TPAHCIOPTHOTO 3ac00y, CTBOPEHO MOJIENh
7000BOTO 3ITKHEHHS TMOi3]a METPO 3 TMEPEemIKOJOK i3 BUKOPHUCTAHHAM 30CEPEINKCHHUX
napameTpiB. 3a3HaueHa MoJIelb 3a0e3medye MpoCTUid Ta ePEeKTUBHMIA KOHIICNTYaThbHUN METOT
MPOEKTYBaHHS O€3IMeKH 3aTI3HUIHOTO TI0i3/1a.

AKTyalibHi TUTaHHS TEOPil HEMPY)KHUX KOHCTPYKIIiH BUKIaIeH] y KHU3I [5].

VY nmaniii g0TMOBIAI PO3MISAAETHCS MaTeMaTHYHA MOJCNIb TWHAMIYHUX TIPOIIECIB, K1
BUHHUKAIOTh Y MEXaHIUHIA CHUCTEeMi I SITUCEKI[IHHOTO TpaMBas Tigdac HOTO 3ITKHEHHS 3
HEPYXOMOIO JKOPCTKOIO mepenikonoro. Cekilii TpamBas Ha po3paxyHKOBIA CXeMi MOJAHO SIK
TBEp/i TUIA 3 MOJATIMBUMH YacTHMHAMHK (SJIEMEHTaMH), IO 3a3HAIOTh MPYKHO-ITACTHYHOTO
nebopmyBaHHs. Taki el1eMEHTH MalOTh. KpaiHI CeKIlli crmepeny 1 33aQy TPaHCIOPTHOTO
3aco0y, TOOTO, y MICISIX, SKUMU TpaMBaidl MOXE yaapsaTHCsS 00 MEepemKoay; yci CeKuii — y
MICIISIX, SKHMH BOHM 3’€JIHaH1 3 CyCigHIMHU cekimisMu. [ nedopMOBaHMX YaCTHH CEKITIH
3aCTOCOBAHO OUTIHIMHI XapaKTEPUCTUKH TMPYKHO-TIACTHYHOTO nedopmyBaHHS. BimmoBigHo
JI0 pO3IJIAYyBaHOTO CLIEHAPII0, BBAXKAEMO, IO MEpe] 3ITKHEHHSIM 3 MEePeIIKOI0I0 yci CeKIlii
TPAHCIIOPTHOTO 3aco0y pyXawThCsAd MNPSAMONIHIMHO 1 piBHOMIpHO. Po3paxyHok Ha
yIapOCTIHKICTh MOJIATa€ y BU3HAUYEHHI PO3MIPIB YIIKO/HKYBAHUX 30H KHUTTEBOTO MPOCTOPY
TpamBasi.

Ha po3paxyHkoBHUX IpUKIIagax UTFOCTPYETHCS BIUIMB MAacH TpamBasi, IIBUJKOCTI HOro pyxy
nepesl 3ITKHEHHSIM, a TaKOX XapaKTePUCTUK MPYKHO-TIACTHYHOTO AeQOpPMYyBaHHS CEKI[iil Ha
yIapOCTIHKICTh TPAHCIIOPTHOTO 3ac00y.
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DYNAMIC PROCESSES IN THE MECHANICAL SYSTEM OF A TRAM DURING
COLLISIONWITH A FIXED OBSTACLE

Abstract. A mathematical model of dynamic processes that occur in a five-section tram mechanical system
during its collision with a stationary rigid obstacle is considered. The tram sections are represented as rigid
bodies with flexible parts (elements) that undergo elastic-plastic deformation in the computational scheme.
These elements include the end sections at the front and rear of the vehicle, that is., the areas where the tram
may collide with the obstacle, and all the sections where they are connected to neighboring sections. Bilinear
characteristics of elastic-plastic deformation are applied to the deformed parts of the sections. According to the
considered scenario, it is assumed that all sections of the vehicle move in a straight and uniform motion before
the collision with the obstacle. The calculation for impact resistance involves determining the dimensions of the
damaged zones in the tram's living space.

The influence of the tram's mass, its velocity before the collision, as well as the characteristics of elastic-
plastic deformation of the sections on the impact resistance of the vehicle, is illustrated through computational
examples.

Keywords: dynamic collision process, impact resistance, mathematical modeling, multi-section tram.
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