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STUDY OF BURDEN, STABILITY AND SAFETY OF MOVEMENT
OF MINE CARS WITH LOOSE AND FIRM MOUNTING OF WHEELS
MOWING ALONG A RAIL TRACK WITH BURRS

Heas. MccnenoBanue mporecca B3aWMOJSHCTBUS IIAXTHBIX BATOHOB CO CBOOOIHOW W JKECTKOW HacaJKOH Koyec Ha
0CSIX KOJIECHBIX T1ap U PEIbCOBOTO MyTH, MMEIOIIETO MPSIMOJIMHEHHBIE U KPUBOIMHEHHBIC YYACTKH C BEPTHKAIbHBIMU U
TOPU30HTAIBHBIMUA HEPOBHOCTSIMH, BIHSIHUE KOTOPBIX (POPMHUPYET COCTOSHHUE HATPY)KEHHOCTH, YCTOHYUBOCTH U 0€30-
MMACHOCTH JABMKCHHSI TPAHCIIOPTHBIX CPEICTR.

Metoaunka. CocTaBiicHbl MAaTEMAaTHYCCKUE MOJCIH ABMIKCHHS TPAHCIIOPTHBIX CPEICTB CO CBOOOIHON M KECTKOM
HACaJIKON KOJIEC HAa OCSAX KOJIECHBIX MHap IO PENbCOBOMY MYTH C PA3JIMYHBIMA HEPOBHOCTSMH C IMOMOIIbIO ypaBHEHHUN
Jlarpanxa BTOPOro pojia U PEIICHBI 33[[aui MMOJyYCHHs MOKa3aTeNiell HarpyKEHHOCTH, YCTOMYMBOCTHA M 0€30I1aCHOCTH
JIBHOKEHHMS 1IaXTHBIX BATOHOB.

Pe3yabTaThl. [IpoBeneHbl TEOPETHICCKHE HCCIICOBAHUS MMOKA3aTeIeH HArpy>KEHHOCTH, YCTOMYMBOCTH U Oe301ac-
HOCTH JBI)KCHUS MIAXTHBIX BarOHOB IO MPSIMOJIMHEHHBIM U KPUBOJMHEHHBIM YYaCTKaM PEIbCOBOTO MYyTH C OTCTYILIC-
HUSMH OT HOPMATHUBHBIX TPEOOBAaHUH B IKCILTyaTaIllH 110 NIMPUHE KOJICH H HEPOBHOCTSM B IUIAHE U MPO(UIIEC PEITbCO-
BBIX HUTEW. B pacyeTHBIX CXeMax HMCIOJIb30BaHa JKECTKas ¥ CBOOOIHAS HACAKA KOJIEC HA OCSAX KOJIECHBIX IMap, a TAKKe
pa3BeTBJICHHAs MHOTOMAacCOBasi CUCTEMa PENbCOBOTO IyTH (PEJbChl, IIMAbI, CKPEIUICHUS,, OCHOBAaHUE) C YMPYro-
JIICCUMATHBHBIMH YKECTKUMH U IAPHUPHBIMU CBsi3siMu. ONpeeneHo BIUSHUE TaPAMETPOB BEPTUKAIBHBIX U FOPU30H-
TaJIbHBIX HEPOBHOCTEM, a TAKKe YIIMPEHUE KOJEW Ha AWHAMUYECKHE MPOIECChl B3aUMO/ICHCTBYSI IAXTHBIX BarOHOB U
PEIbCOBOrO IMyTH. YCTAaHOBIIEHA CTENEHb TOYHOCTH PE3YJIbTATOB HCCIIEAOBAHMUII Tpoliecca B3aUMOJACHCTBUS NIPU UC-
M0JIb30BAHUH PA3JIMUHBIX PACUETHBIX CXEM U JIOMYLICHHUH s MOJBHKHBIX SJHUHUI] U PEIbCOBOTO MyTH.

Hayunasi HoBu3HA. OrnpeieiieHbl 3aBUCUMOCTH U3MEHCHHUST HArPY)KEHHOCTH, YCTOMYMBOCTH U O€30MaCHOCTH JBH-
JKCHHUS [IIAXTHBIX BArOHOB OT IMaPaMETPOB I'OPU30HTATIBHBIX U BEPTUKAIBHBIX HEPOBHOCTEH PEIbCOBBIX HUTEH B IPSMO-
JIMHEWHBIX M KPUBOJIMHEHHBIX y4acTKax PelIbCOBOTO MyTU. Y CTAHOBJICHO SIBJICHUE PE30HAHCa, 00YCIOBICHHOE OJIN30-
CTBIO YaCTOT BEIHY)KJICHHBIX KOJICOAHUI M 9acTOT COOCTBEHHBIX KOJICOAHU BaroHOB, a TAKXKE KPUTHICCKHE CKOPOCTH B
0e30macHOM pexume ABroKeHus. OnpeneneHbl IPaBUIIBHBIC CXEMBI H JOMYIICHUS IMOJBUKHBIX CIUHUII C YIETOM CBO-
OOIHOM 1 )KeCTKOW HACaJKU KOJIEC Ha OCSIX KOJICCHBIX Tap.

IpakTUyeckas 3HAYUMOCTb. [10JydeHHbBIE PE3yJIbTAThI UCCICIOBAHUI MOTYT OBITh HCIIOJIb30BaHbI ISl IOATOTOB-
KM HOPMAaTUBHO-TEXHHUYECKOM JOKYMEHTAIIMU HA CTPOUTENBCTBO, TEKYIIEE COJACPIKAHUE U PEMOHT PElIbCOBOIO MYTH C
Y4ETOM HOPMHUPOBAHHS JOIYCKOB Ha MMapaMeTpbl HIMPHUHBI KOJIEH, TOPU30HTAIBHBIX M BEPTUKAIBHBIX HEPOBHOCTEH, a
TaKke odecrnedeHus TpedyeMbIX MoKazaTesell Harpy)kKEHHOCTH, YCTOWYUBOCTH U 0€30MaCHOCTH JABMIKEHHS TIOE3/10B.

Ki1i0ueBble CJI0Ba: uaxmmubili peibcosblil Nymby, 8A2OHbL, HASPYHCEHHOCMb, YCMOUYUBOCTb, 6E30NACHOCb 08UdICe-
HUSL, MAMEMAMULECKOe MOOEIUPOSAHUE

Beenenne. IIpoTsKEHHOCTb NEHCTBYIOLIMX PENIBCO- MEHHBIX YYaCTKOB M IIaXTHOH MOBEPXHOCTH) IIAXT YK-
BBIX IIyTeH OCHOBHBIX BBIPaOOTOK (Oe3 yuera BTOpOCTe- pauHbl cocraiser 6onee 1500 kM, pu aTom 6omee 60 %
obuiero o0beMa Ipy30BbIX IEPEBO30K OCYIIECTBISETCS
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TBEpKIAeT MHEHHE O TOM, UTO OIPEACIBIIONINM I 0bec-
niedeHust ApeKTUBHOM pabOTHI LIAXT SIBJISETCS MPABHIb-
HBI BBIOOP KOHCTPYKIIMM IIaXTHOTO PEECOBOTO IYTH,
CTPEJIOYHBIX MEPEBOAOB U MOIBIKHOTO COCTAaBa C PaIo-
HaJIbHBIMH KOHCTPYKTUBHBIMU IMapaMeTpaMu, a TaKXKe Ka-
YECTBCHHBIM COCTOSAHUEM U TCKYIIIUM COACPIKAHUEM.

B nocnenue aecATHIeTHS YITyUIICHHIO XapaKTePUCTHK
MOJIBIDKHOTO COCTaBa, BKIIFOYAs JIOKOMOTHBBI, BarOHBI
CCKIIMOHHBIC TIOE3/1a, YIICJCHO OIPEICICHHOS BHUMAHUC
[1-6 u ap.]. OTO COCOOCTBOBAIO YBEIMYCHHIO CKOPOCTH
JBIDKEHMS 110e310B 10 5,0-7,0 M/c, yBeIMYeHHIo Tpy30-
MMOJBEMHOCTH, BMECTHMOCTH M MAaCCHl TPAHCIIOPTHBIX
cpenctB B 2,0-3,0 pasa. OmHako 3a yKa3aHHBIH IT€PHOJ
BPEMEHH B IyTEBOM XO3SIICTBE HE MPOHU3OIIO CYIIECTBEH-
HBIX M3MEHEHHH. 371eCh MOSBUIIOCH HECOOTBETCTBHE HECY-
1Ieil CroCOOHOCTH PENTLCOBOTO MYTH U CTPETIOYHBIX Iepe-
BOJIOB JICHCTBYIOIIUM Harpy3KaM OT IOJIBHKHOTO COCTaRA.

Co3zaBiiieecs MOJIOKEHHE TMPHBEIO K YBETHUCHHIO
3aTpar Ha IKCIUTyaTalllio, POCTY TpaBMaTW3Ma U Hapy-
ICHUSIM 0E30MacHOCTH pabOT Ha MIAXTHOM PEIbCOBOM
Tpancnopre [3—5 u ap.].

[IpuBeneHHbIC NaHHBIE OIPENEISIOT AKTYalbHOCTh
paboT, HampaBICHHBIX Ha TOBHIIMICHWE MPOYHOCTH, Ha-
JEKHOCTH B 0€30MacCHOCTH MAXTHOTO PEIbCOBOTO MYTH,
CTPEJIOYHBIX IIEPEBOJIOB, HA YCTPAaHEHNE HECOOTBETCTBHUS
WX TEXHHYECKOTO YPOBHS CYIIECTBYIOLIEMY ITOJIBHIKHO-
My COCTaBy, a TaKXe HEOOXOTUMOCTH Pa3pabOTKH HOp-
MaTUBHO-TEXHUYECKON AOKYMCHTAlIUMU Jid CTPOUTCIIb-
CTBa, TEKYIIETO COJICPYKAHUS U IKCILUTyaTaI[UH.

JIJist TOTOTOBKY K PELICHUIO 3THX 3a1a4 HeOOXOH-
MO MIPOBECTH UCCIICTIOBAHUE B3aUMOICHUCTBHSI PETLCOBO-
TO IyTH | MOJBIXHOTO COCTaBa, ONPEICIUTh HATPy KEH-
HOCTh, YCTOMYMBOCTH W 0O€301IaCHOCTh IBIDKEHHS IOJ-
BIDKHOTO COCTaBa IO PEIbCOBOMY ITyTH.

HccnenoBanue npoueccoB B3auMMOAECHCTBUS CPEACTB
IIaXTHOTO PEeIbCOBOTO TPAHCIIOPTA, BBIMOJIHEHHBIC
H.C. IlonsxoseiM, E.E. HoBukoBsim A.H. Beickpebiiem,
B.A. Ky3uenossm, JLII. JlagyTuso#i, B.B. MummuabM,
I1.M. [depxauem, K.A. 3ubapossiM, C.O. denopsueHko
U JIp., IPEUMYIIECCTBEHHO, OCHOBAHbI HA PaHEE HU3BECT-
HBIX METOJaX MEXaHHKH >KEJIE3HOJOPOKHOIO TpPaHC-
nopta, pazpaboranusix B.A. JlazapstHom, I'"M. Ilaxy-
HsaHueM, M.®. Bepuro, A.f. Koranom, E.M. Bpomobep-
rom, B.H. lanunoseim, C.B. Bepmunckum, .M. Yen-
HokoBelM, K.UII.  KoponeBeim, O.Il. EpmkoBbiM,
B.®. YukanoseiM, H.A. Paguenko, B.K. Taprom,
P.B. dykkunaru, E.Il. baoxuneiv, B.JI. laHoBHYEM U
Ip., TIIe MCIOJH30BAHBl PACUECTHBIE CXEMBI M JIOIyIIe-
HHUS C YYETOM JKECTKOT'O KpEIUICHHS KOJIeC Ha OCAX KO-
JIECHBIX TIap, YTO COOTBETCTBYET KOHCTPYKIMH JKEJIe3-
HOJOPOKXHBIX BAroHOB.

B omimune ot ene3HOMOPOKHOTO, B MOI3EMHOM PEilb-
COBOM TPAHCIIOPTE HA IBYXOCHBIX, YCTBIPEXOCHBIX BaroHax
Y CCKIMOHHBIX ITOE37IaX KOJeca UMEIOT CBOOOIHBIC TOBO-
POTHI Ha OCSIX KOJICCHBIX T1ap. [IpHHATHIC TOIMYIIIEHHS C HKe-
CTKOM HacaJIKoW KOJIEC ULl TOPHOI'O PEILCOBOIO TPAHCIIOP-
Ta HEKOPPEKTHBI MPU CYIIECTBOBAaHWN KOHCTPYKIIMH Baro-
HOB O CBOOOIHOM HacaJIKO! KOJIeC Ha OCSAX KOJISCHBIX TIap.

B BomonHeHHbIX panee paborax E.E. HoBuxosa,
JLIL. Jlagytunoi, A.H. Brickpebma, C.O. @enopsdeHko,
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B.B. IIponmBa u 1p. Ui UCCIEAOBAaHUS B3aUMOICUCTBUS
TIOJIBIKHBIX EIMHMI] U PEIECOBOTO IyTH TakkKe MPUHUMA-
JIFICh BO3MYIIEHUS OT BEPTUKAIBHBIX MOJIOTUX U CTYIIEH-
YaTBIX CTHIKOBBIX HEPOBHOCTEH, HO HEAOCTATOYHO MOJHO
MIPOBOJIMIIMCH UCCIIEIOBAHUSL C YYE€TOM TOPH30HTAIBHBIX
HepOBHOCTeﬁ, a TaKK€ HE YYUTBIBAJIMCh B PACUYCTHBIX
CXe€Max MHOTOMAacCOBBIE pa3J/ieNIbHbIE COCTaBIAIOIINE ITy-
TEBOH CTPYKTYPHI (PEIbCHI, IPOMEKYTOYHBIC PEIbCOBEIC
CKPEIUICHHS, A U ITO/IINATFHOS OCHOBAHHE).

Henpio paboOTH SBISIETCS HCCIICNOBAaHUE IIpOIIecca
B3aMMOJIEHCTBHS [IAXTHBIX BarOHOB CO CBOOOIHOM M JKECT-
KOM HacaJkoM KOJIEC Ha OCAX KOJIECHBIX Iap U PEIbCOBOIO
MyTH, IMEFOIIET0 NPSIMOJIMHEHHbBIE U KPUBOJIMHEHHBIE y4a-
CTK{ C BEPTUKAJIBHBIMH U TOPU3OHTAIBHBIMUA HEPOBHOCTSI-
MU C HCIIOJIb30BAHUEM MHOIOMAacCOBOM T'OJJOHOMHOH CHC-
TEMbI PEJILCOBOI'O IMYTHU W MOABUKHBIX €IMHULL, B3aUMOCBS-
3aHHBIX YIPYTOo-AUCCUIIATUBHBIMH, KECTKUMHU W LIapHHP-
HbIMH CBA35MHU B BepTl/IKaJ'leOﬁ H T OpPlSOHTaJ'lI)HOﬁ IJ10C-
kocTsix. OCHOBHBIMU 337auaMy paOOTHI SIBITIOTCS: OIICHKA
MPABIJIGHOCTH BBIOOpPA PacUETHBIX CXEM, JOIMYIICHUH H
METOJIOB UCCIIEAOBAHUI MPOLIECCOB B3aUMOJECHCTBHS MO/~
BIDKHBIX €IUHHI] W PEIBCOBOTO ITyTH; OIPEICIICHHE ITOKa-
3arenell Harpy>KEHHOCTH, YCTOWYMBOCTH M 0€30MacHOCTH
JIBFDKEHIIS IIAXTHBIX BarOHOB.

N310:xeHNe 0CHOBHOTO MaTepHaJia HccaeJOBaHUS.
Jlg mccnenoBaHus MpoLecca B3auMOJCHCTBUS IPHHSTHI
JIByXOCHBIC BaroHbBI C KECTKOM M CBOOOJHOM HacaIkoi
KOJIEC Ha OCAX KOJIECHBIX Iap. PenbCcoBbIM IyTh UMEET
MPSMOJIMHEWHBIE U KPUBOJUHEHHBIE YUAaCTKH C HEPOBHO-
CTSIMM PETIbCOBBIX HUTEH B TOPU30HTAIBHON M IHOIeped-
HOM MJIOCKOCTSIX.

PenbcoBoe TpaHCHOPTHOE CpPEACTBO MPEACTABICHO
MEXaHUYECKON CUCTEMOM, COCTOSILLEH U3 OTAENbHBIX TBEP-
JIBIX TEJT, BKIFOYAst Ky30B, OCH KOJIECHBIX T1ap, CBOOOIHO MITH
JKECTKO HACaKEHHBIE KOJieca, COCJUHEHHBIE —YIIPYTO-
JIICCUTIATUBHBIMH, JKECTKUMU WM IIAPHUPHBIMU CBS3SMH.
PenbcoBblil MyTh MOJ KaXKIbIM KOJIECOM IOIBHKHOM €Iu-
HUIBI TIPEICTABIICH LIEMOYKOH TBEPABIX Tl B BEPTHKAIb-
HOM U TIONEPEYHOM HAIPaBJICHUSX, COOTBETCTBYIOIIUX OC-
HOBHBIM €TI0 3JIeMEHTaM (PEeNbChI, TIPOMEKYTOUHBIC CKPETI-
JICHWS, IIIAJIbI U IIOAIIAJIBHOC OCHOBaHI/Ie), COCIMHCHHBIX
MEXITy COOOW YIPyro-AUCCHIIATUBHBIMU CBSI3SIMH. YUYHTHI-
BaJIOCh BSI3KOE COINPOTHUBIICHUE, NPONOPLUOHATBHOE OTHO-
CHUTEJILHOM CKOPOCTH NEPEMELLEHUS] TBEPAbIX TE, U CyX0e
TpeHue Mexay tenamu. Ha puc. 1 nokasana pacuetHas cxe-
Ma TPaHCTIOPTHOW CHCTEMBI IS IByXOCHOTO BaroHa CO CBO-
OOIHBIM BpAIICHIEM KOJIEC OTHOCHTENHFHO OCH KOJECHBIX
nap. B ciydae jkecTkoM Hacagku KOJEC Ha OCSIX KOJIECHBIX
nap IpHHIMAaeTcsl OOBEIIMHEHHE B OHO IIEJIOe Taphbl KOJIec
1 OCH KOJIECHOH mapsI (puc. 1, y3en 4, yzen b).

PaccMoTpeHb! Takke BapHaHThI, KOTJa PebCOBbIH My Th
MIPECTABJIEH OJHUM TBEPABIM TEJIOM B BEPTUKAJIBLHOM M
TMOTIEPEYHOM HAalpaBJICHUSIX, IPUCOCANHEHHBIM K KaXKIOMY
KOJIECY C IIOMOUIBIO YIPYTO-AUCCUNIATUBHBIX CBsi3el [7; 8].

Jnst cocraBiieHHs] MaTeMaTHYeCKUX MOJENeH, COOT-
BETCTBYIOIIUX IMPOLECCY IBHXEHHS BaroHOB IO PENIbCO-
BOMY ITyTH IIPOU3BOJIFHOIO OYEPTAaHUS B IJIAHE, HCIIOIb-

30BajlaCb OJHAa HEIOABWIXXHAA CHCTEMAa KOOpAWHAT

0&nd , a Ans Kaxzaoro TBEpPAOTo Tela UCCIeayeMoil Me-
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XaHUYECKOM CHUCTEMEI — IIO JABC TIOJABHIXHBIC CHCTCMBbI:
ecTecTBeHHas Oxyz M HCH3MEHHO CBA3AHHAS C TBEPIBIM
teiom Cx yz (puc. 2), B COOTBETCTBHH C paboTamu
H.A. Paguenko, A.4. Korana, M.®. Bepuro u ap.
ITonoxeHue Takod CHCTEMBbl KOOPAMHAT, MPUMEHM-
TENBHO K PHUC. 2, ONHCHIBACTCS OYTOBOM KOOPIUHATON
BJIOJIb OCH TyTH S , YIJIIOM J MEXIy KacaTellbHOH K
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OCH IIyTH W HETOABIKHON OCBHIO 0 €, yriioMm HakjioHa
¥, TIOBEPXHOCTH ITyTH B MONEPEYHON IIOCKOCTH BCIIE-
CTBHE BO3BBILLICHUS HApYKHOTO penbea /. Chepuueckoe
JBUKEHUE ONPEAEISETCS TPEMS YIJIaMU: W =W + ¥ ; @ ;
5=+ ¥, , ONPENENSAIOINMH TIOBOPOTHI TJIABHBIX LEH-
TpaJbHbIX Ocei Cx', Cy', Cz' OTHOCHTEIBHO HEMOIBUIK-
HOM CHUCTEMBI KOOPJIMHAT.

Puc. 1. Pacuemnas cxema mpancnopmuou cucmemsl co c60O00HbIM 8PAUEHUEM KOJLeC OMHOCUMENbHO Ocell KOIECHbIX
nap: a—euo cooxy; 6—e6uo ceepxy; 6—e6ud ¢ mopya, yzen A —anaguwlil U0 KoaecHol napul, yzei b —euo ceepxy
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Puc. 2. Cucmemul KoopOuHam 08UdNCeHUst 8a20HA. A — 0OWAsL CUCIEMA KOOPOUHAm, O — cxema 08UNCeHUs KOJIeCHOU napbl

JluneliHble mepeMeIleHUs Ky30Ba BaroHa o0o3Haue-
HBI Yepes x,,y,,z, » @ YIJIOBbIE —4epe3 y ¢ o - [locty-

naTeJIbHbIC MEPEMCIICHUA X, )Y, Z ONHUCBIBAKOT, COOTBCT-
CTBCHHO, NOACPruBaHus, OOKOBOI OTHOC U NnoAnpbIruBa-
HUs, a yrjibl IOBOPOTA ¥/, Q,ﬂ — BUWIIHUEC, TaJIOITUPOBaA-

HUE U OOKOBYIO KaUKy.

46

B kauecTBe 00OOIIEHHBIX KOOPAMHAT ¢, NPHHMMA-
JIMCh JINHEHHBIE B MOINEPEYHOM U BEPTHKAILHOM HAaIpaB-
JEHUSIX ), Z U YIJIOBBIE NEPEMEILCHHs o, @,)y TBEPABIX
TeJ, COOTBETCTBYIOIME BAaroHy (Ky30B M €ro XOJOBbIC
YacTH), U JTUHCHHBIC MIEPEMEIICHUS X, Y U Z TBEPABIX Tel,
COOTBETCTBYIOILIME PEITLCOBOMY ITyTH.
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Maremarnueckie MOJENH Tpolecca IBIKEHHUS UCCIIe-
JyeMbIX BaroHOB IOJYYEHBI C MOMOLIbIO ypaBHeHUH Jla-
rpaHka BTOpOro poza. B oOmem Bume ypaBHEHHS BIDKE-
HHA BaroHOB I10 pEJIbCOBOMY ITYTHU MPEACTABJICHBI B BUIC

D,+M,+®,=0,, v=(1,2,..,n),
roe D, 11, D, — middepeHmansHbIe OIepaToOpPhI, COOT-

BETCTBYIOLIME YpaBHEHUIM Jlarpanika BTOpOro poaa

=i.a_T_a_T , HV :a—H’ @V :a_®,
9g, 9q, 9q,

rae O, — 0000LIEHHbIE CUIIBL, COOTBETCTBYIOIIUE 0000-

LICHHBIM KoopauHaram q,, ; T, 11, @ — kuHeTH4YecKas u

MTOTEHINATIbHAS YHEPTUH, (PYHKITHS pacCesHHS.
le/l HpI/lHSITI)IX HNCXOOHBIX npeunocmnxax Bmpa)Ke-
Hus Dy, I1,, @, MOXHO MPEACTaBUTH B BUJIE

szf(m’lﬂqV’QV) ;
Hv :ﬁ(k’qv)-l—nh(qv) ’
D, = f.(B.4)+[(F.q,)

rae m,l — WHEPIUOHHBIE XapaKTEPUCTUKH (MaccChl U
MOMEHTHI MHEPIIMU) TBEPABIX TEJI CUCTeMBl; kK U [ —
K03()(PUIIMEHTHI ’KECTKOCTU YIPYTHX U BSI3KOCTH AWUCCH-
MaTUBHBIX 3JIEMEHTOB, COOTBETCTBCHHO, BAaroHa, Peib-
COB, 1NN M OCHOBaHHMS; [° — CHIJIBI CyXOro TPEHHS B
CBSI35IX MEXIY TBEPAbIMU TEJIAMH, COOTBETCTBEHHO, Ba-
FOHA, PENbCOB, LINAN W OCHOBaHwus; [7,(g,) — COCTaB-
JISIOIIAsl TOTEHIMAIBHON JHEPruu, OOYCIIOBJICHHAs W3-
MEHEHHEM BBICOTHI IIEHTPOB TSXKECTU TBEPIBIX TeN MpPHU
HEepeMELIECHUAX ¢, .

O0606uieHHbIe ciIbl O, ONpPEAEIUINCH Kak GyHKIMU

CHJI B3aNMOJICHCTBHS MEXOY KOJIECaMU U PEIIbCaMU Pnj .

F

nj
HapaBJICHUAX (37eCh 77 — HOMEp KOJISCHOH mapsl; j = 1,

»X,; B BEPTHKATILHOM, TONEPEIHOM H MPOJOTHHOM

2 — HOMep KoJieca 1-0if KOJIECHO! MaphI).
OTMETUM OTIMYUTENBHBIE OCOOCHHOCTH OIIpererne-

Hus cun P, F,,., X, 104 ciydaes cBOOOJHOU U XKe-

CTKOM HacaJK{ KOJIEC Ha OCH KOJIECHBIX map.

Cuibl P, , ASHCTBYIOWIME HA KOJIECA B BEPTUKAILHOM
HalpaBJeHUH, B OOMIMX CiIydyasx BBIYMCIISUINCH OAWHA-
KOBO U TPEJICTaBISUIM COOOH CyMMy CTaTHYECKHX W M-
HaMHUYECKUX CHJ, ONpENesIeMbIX 4Yepe3 THMHAMHYECKHe
MPOTHOBI W WX TPOW3BOTHBIC TIO BPEMEHH, depe3 Kodd-
(ULMEHTHI XXECTKOCTH M BA3KOCTH (MJIM CHJI CYXOTO Tpe-
HHS) JIEMEHTOB PECCOPHOTO IIO/IBEILIMBAHUSL.

Cunbl B3aMMOJCHCTBHS KOJEC C PENbCaMH B IIOIE-

PEYHOM HANpaBICHHH F), ONPENEISIINCh Kak CymMMa

CHJI TICEBJIOCKOJILKEHUSI B TIOMEPEYHOM HampaBIeHUH
YV, Hcul OOKOBOI'0 MaBJICHHs rPeOHEH KOJIeC Ha T'OJIOB-
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JI71s1 CBOOOIHOM HACAKH KOJIEC.
3nech U — CKOPOCTh PABHOMEPHOTO JBHUKEHUS TPaHC-

.k
TOPTHOIO CPECTBA; V,; — OTHOCHTEIIbHAs CKOPOCTh Iepe-

MEIIECHHS TOYEK KOHTAKTa KOJICC U TOJIOBOK PEIILCOB; 2d| —
paccTosiHEe MEXIy CPEIHUMHU KPyraMy KaTaHHsi KOJeC KO-
JIECHOM Taphbl; 7 — PauyC CPEHETO Kpyra KaTaHus KOJec;
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j(n/. — YIJIOBasi CKOPOCTb, 00YCIIOBIICHHAS! KPUBU3HOM MY TH,

TIO/T j-bIM KOJIECOM #1-Oi KOJIECHOM Maphl.

lopu3oHTaBPHBIE HEPOBHOCTH 3aaBAIACh B BHIE
CHUHYCOHWIBI FJTH KOCHHYCOHJBI, 2 BEPTHKAIBHBIE HEPOB-
HOCTH (BKITIOYAsi CTHIKOBEIE) — B BH/I€ KOCHHYCOUIBI, OT-
paHUYEHHOHN TMPOTSHKEHHOCTRIO B IpENeNiaX OJHOTO ee
TepHo/ia, WK CII0KHON HepoBHOCTH [8].

AHanmu3 pacyeTHBIX CXEM HCCIEIyeMOH PpebCOBOM
TPAHCHIOPTHOM CHCTEMBI MPOBEICH IO MOKAa3aTeNsIM, Xa-
PaKTEpU3yIOLUM Harpy>K€HHOCTh OT/EJbHBIX YacTeil Ba-
TOHOB " PECJILCOBOI'O IMYTH B BCPTUKAJIBHOM WU MONECPCU-
HOM HaIIpaBJICHUAX, a TAKKE I10 IOKa3aTC/IAM yCTOﬂ‘iH-
BOCTH M 0€30IaCHOCTH JIBHXKCHUS, BKIO4ast K03dduiu-
CHTBI YCTOWYMBOCTH OT O0E3rPYKUBAHUS KOJIEC Ky
YCTOMYMBOCTH OT CABUIA PEJbCOLUNAIBHON PELIETKH
kj; , 1 OT BKaTbIBaHUA KOJIEC HA peibebl k ;. . C o0l Lie-
JIBE0 UCIIOJNTb30BaHbI MAaKCHMAIBHBIC 3HAYCHHS CHII, JEHCT-
BYIOIIMX HAa KOJIECa, PECCOPHBIC KOMIUICKTHI M PEITbCOBBIC
HHUTH B BEPTHKAIHHOM U TIOTIEPEYHOM HaIpPaBIICHISIX (COOT-

BeICTBeHHO, P, 0 ., F. F oy 1 0,0, 0,0, ), @ TaKKe

TIOTepedHbIX ¢l Q. , ACUCTBYIOIMX Ha KOJIECHBIE MTapHl.

yn >

PaccMmoTpeHbl pe3ysbTaThl HCCIEIOBAHUN C y4EeTOM
HCTIOJIb30BaHUs MPEACTABJICHHBIX CXEM BaroHoB M pEJib-
COBOIO ITyTHU IIPYU JABHXKCHUU 110 IIPSIMOJIMHEMHOMY U KpHU-
BOJIMHEHHOMY Yy4YacTKaM IIyTH ¢ HEPOBHOCTSMH B BEPTH-
KaJIbHOM M IIOTIEpEeYHON IUIOCKOCTSX. JleTanbHple MCXOoa-
HbIC JaHHbIC W PAaCUCTHBIC XapPAKTEPUCTHKH TPAHCIIOPT-
HOU CHCTEMBI IIPHBEIICHBI B paboTe aBTOpa [§].

[lo pesynbraTaM HCCleOBaHUS COOCTBEHHBIX KOJIe-
OaHUI TPaHCIOPTHOM cUcTeMBI BaroHa tuma BI'-4,5-750
CO CBOOOHBIM BpaIeHHEM KOJIEC Ha OCSX KOJIECHBIX Hap
YCTaHOBJICHO, YTO ABM)KCHUE Ha MPSIMOJIMHEHHBIX y4acT-
Kax COIPOBOXIACTCS OBICTPO 3aTyXaloUIMMU Koyeba-
HHUSAMH, TO C€CThb ABUKXCHUC SBJISICTCA yCTOﬂ‘iMBbIM. Ha
KPHUBOJIMHEHHBIX Y4acTKax, JJIsi BATOHETOK CO CBOOOTHO
BpALIAIOIIMMICS Ha OCSIX KOJIECAMH, UMEIOT MECTO BECh-
Ma MHTEHCHBHBIE ME/IJICHHO 3aTyXarolie KojaeOaHus.

JIBmKeHue JBYXOCHOTO BaroHa C JKECTKO HACa)KEH-
HBIMH Ha OCH KOJIeCaMH Ha NPSIMOJHMHEHHOM Y4YacTKe
MYTH XapaKTepH3yeTCs MHTCHCHBHBIMU HapacTalOLIUMHU

Pr’m kH

L
\

20 i

KOJICOAHUSAMHE, T. €. [BIDKCHHE BaroHa HEYCTOWYHMBO H,
CJIE/IOBATENIbHO, BO3MOXHBI OOJBLIME TEPEMEIeHUsT U
CHJIbI B3aHMOJICHCTBHS MEXYy BaroHOM M AJIEMEHTaMH
penscoBoro mytd. Ha kxpuBoit (R=30,0 M) nBmkeHue
9TOr0 BaroHa Tak)e COIPOBOXKIAETCS KOJIeOaHUsIMHU, KO-
TOPBIC C TCHCHUEM BPEMCHHU 3aTyXalroT, npn6n14)1<a5101) K
MOKa3aTessiM CTAl[MOHAPHOTO PEXXUMA JABUKECHHS.

YcTaHOBIIEHO, UTO TIPH JKECTKOM Hacalke KOJIeC Ha OCh
(o cpaBHEHHIO CO CBOOOIHOW HACAJKOH KOJIEC) MMEET
MECTO 3HAYMTENHHO OOJblIee OTHOCHUTEIHEHOE HMPOCKAb-
3bIBaHHE, KOTOPOE TPH Pa3IMUIHBIX HAMPABICHUAX IOIE-
PEUHBIX CHII TCEBIOCKOIBKEHHS, ACHCTBYIOIMX HA KO-
JIeCHBbIE TIapbl HA KPHBOM, CIIOCOOCTBYET MX OTHOCHTEIb-
HOMY IIOTIEPEYHOMY MEPEMEILCHHIO B Pa3HbIE CTOPOHBI OT
ocu. [To3TOMy B pacHeTHbIX CXeMax IMOJTy4YeHbI pa3IHIHbIE
pe3ynbTathl. C KECTKOM HACaIKOM KOJIEC KOJIECHBIE Maphbl
YCTaHaBJIMBAIOTCSI B XOPAAIBHOE TIOJIOXKEHHE, a MPU CBO-
0OIHOW HACaJKe KOJIEC — B TOJIOKCHHUE, TIPHONIMKAIOIIee-
Csl K COCTOSIHMIO HanOOJIbLIEro nepekoca.

W3 mony4eHHBIX HaHHBIX CJIEQYeT, YTO KadecTBO
JIBIDKCHUSI BaroOHOB IO PEIBCOBOMY ITyTH JJIs 00enX
AHAJM3UPYEMBIX PACUETHBIX CXEM, CO CBOOOJHOM U *Ke-
CTKOHM HacaJKOH KOJIEC HAa OCH KOJIECHBIX Map, MO YCIO-
BUSIM YCTOWYMBOCTH M YCTAHOBHUBILIHUXCSI PEKUMOB IBH-
JKEHUSI MOXKET ObITh pasnu4uHbiM. [loaToMy mpu BeIOOpE
pacyeTHBIX CXEM U JIONYIIEeHUH HEOOXOAUMO YUUTHIBATH
KOHCTPYKTUBHBIE OCOOEHHOCTH, OOYCIIOBIICHHBIE Kpel-
JICHUEM KOJIEC Ha OCSX KOJIECHBIX Map. JTOT BBIBOA SIB-
JACTCA CYIIECTBECHHBIM, IMOCKOJIBKY B NPEAIICCTBYIOIIUX
MCCJIEJIOBaHUAX KOJIECA U OCH KOJIECHBIX Map MpeJlCcTaB-
JISUTACH OJTHAM TBEPJBIM TEIIOM.

Pe3ynbTaThl MPOBEACHHBIX HCCIICIOBAHUNA MTO3BOJISIOT
OLICHUTh JUHAMHUYECKHE XapPaKTEPUCTUKU JBYXOCHOTO
BaroHa NpH BBIHYXKICHHBIX KoOJieOaHUAX, OOYCIIOBICH-
HBIX TIEPHOIUUECKIMHU HEPOBHOCTSIMHU Iy TH.

Ha puc. 3 u 4 noka3aHbl XapaKTepHbIE 3aBUCUMOCTH
HAWOOJNBIINX BEPTUKAIBHBIX U MONEPEYHBIX CHII OT JJIH-
Hbl BEPTUKAIBHBIX HEPOBHOCTEH IJISI IPSIMOJIMHEHHBIX U
KPUBOJIMHEHHBIX YYaCTKOB IIyTH COOTBETCTBEHHO.

Ha pucyHkax BUAHO, 4TO HamOoJiee OMACHBIMHU SB-
JAKOTCA BCPTUKAJIBHBIEC HEPOBHOCTU, IMPOTAKCHHOCTHIO
l, =1,0-4,0 M 1 riry6unoit 4, 20,01 m.

lem KH
14l 111

M,
I )

Puc. 3. 3asucumocmu HauboOIbWUX BEPMUKATLHBIX U NONEPEUHbIX CUTL 63AUMOOCUCMEUsL KOAEC U PelbCO8 OM ONUHbI
B6EPMUKANLHBIX HEPOGHOCHIEL NPIMOIUHETHO20 YHACMKA NYMU: A — 6EPMUKATIbHbIE CUIbL; 6 — NONnepeyHble CUbL,
1, 2, 3, 4, 5 — enybuna sepmuxanvrou neposwocmu 0,005; 0,010, 0,015, 0,020; 0,025 m coomeemcmeeHHO

48

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2013, N2 2



TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWWWHOBYAYBAHHA

Ha puc. 5 u 6 mokazaHpl xapaKkTepHbIE 3aBHCHMOCTH
MaKCHMAJIbHBIX 3HAYCHUH BEPTHKAJIBHBIX M MOIEPEIHBIX

Harpy30K M KO3(D(HIMEHTOB yCTOMYMBOCTH kUGB U
kcumax OT MapaMeTpoB TOPU3OHTAIBHBIX HEPOBHOCTEH

MIPSIMOJIMHEHHOTO ITYTH TIPA CKOPOCTH ABWDKEHHUS 5 M/C.

Ha pucyHkax BHIHO, YTO HAIMYME TOPH3OHTAIBHBIX
HepoBHOcTer, mammHOM 1,0-10,0 M u ToryOmHOW OoIee
0,01 M, Ha TPSIMOIMHEHHBIX W KPUBOJMHEHHBIX y4YacTKax
IyTH TNPUBOIUT K 3HAUUTEIPHOMY YBEJIMYCHHIO MOKa3aTe-
JIed Harpy>KeHHOCTH, YCTOHYMBOCTH U O€30MacHOCTH JIBH-
JKEHU, a TIPU JUITMHE HEepOoBHOCTEH okojo 5,0 M umeer me-
CTO SIBJICHHE PE30HAHCa, PH KOTOPOM BCE MOKa3aTesl Co-
OTBETCTBYIOT MAaKCUMAJIbHBIM KPUTHYECKUM 3HAUECHHSIM.

B sTOoM ciydae yactoTa BBIHYXKIEHHBIX KOJICOaHHH,
paBHas ~ 1 repuy, O1M3Ka K 9aCTOTaM COOCTBEHHBIX KO-
nebaHmii OOKOBOTO OTHOCAa M OOKOBOW KadkH Ky30Ba

P;,, kH

W=
\

50
3

40 2
AN

1

30

20

10

BaroHa, paBHbIM =~ 1,1 repra. Bo3aMOXXHOCTh TIOSBIICHHS
pe30HaHCa MMEET MECTO TAKKE B ClIydae IBHKCHUS Ba-
roHa €O CKOpOCThIO 3,0 M/C MO MyTH C FOPU30HTATBHBIMA

U BEPTHKAJIbHBIMU HEPOBHOCTAMU [, =/, =3,0 M, T.€. B
ciy4ae, koraa v/[, =v (V— uyactora COOCTBEHHBIX KO-

nebanmii BaroHa). YacTtoTra BBIHYXIECHHBIX KOJeOaHMIA
Barosa 1o npsiMmor (0=3,0 m/c) n no kpusoit R=30,0 m
(v=4,0 m/c), npu [, = l['l =3,0 M, cocTaBIsieT, COOTBET-
crtBeHHo, 1,0 u 1,33 ', a yacTora cOOCTBEHHBIX Kojeha-
Uil — 1,1 m 1,4 T', 1. e. X pasnuane MEHAMAIBHO. [Ipn
3TOM HE oOecreunBaeTcs 0e30MMaCHOCTh ABUKCHUS HaKe
npyu HEOONBIINX 3HAYCHHUAX TITYOMHBI HEPOBHOCTEH AI; ,
a Ham0OoJsiee JIOKAJIbHBIC 3KCTPEMYMBI MMOKa3aTeseil pe-

JKUMOB ABUKXCHHA JIBYXOCHOI'O BaroHa le/l6ﬂl/I)KaIOTCSI K
PE30HAHCHBIM.

Qyina KH

Puc. 4. 3asucumocmu HaubOILUWUX BEPMUKANLHBIX U NONEPEUHLIX CUL 83AUMOOCUCTEUS KOJIeC U PelbCo8 Om ONUHbI
BEPMUKANLHBIX HEPOBHOCMEl KPUBOIUHEHHO20 YYACMKA NYMU: a4 — 6EPMUKAIbHbIE CUTbL, O — NONEPEYHbLEe CULbL;
1, 2, 3,4, 5 —enybuna eepmuranvroti neposuocmu 0,005, 0,010; 0,015, 0,020, 0,025 m coomeemcmeernHo
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Puc. 5. 3asucumocmu nauborbuux 3naueHuti 6EPMUKAIbHbIX HAZPY30K U KOIPDuyueHmos 0be3epyicusanius Koiec om
ONUHbL 20PUOHMAILHBIX HEPOBHOCMEU KPUBOIUHEUHO20 NYMU: a4 — HASPY3KU HA Kojdecd, O — HA penbesi;
6 — Ha ynpyaue 371eMeHmbl 8a20HemKU; 2 — Koaguyuenmol obesepysicusanus korec; 1, 2, 3, 4, 5, 6 —anybuna co-

pusoumanvrou Heposnocmu 0,005; 0,010; 0,015, 0,020; 0,030, 0,060 m coomsemcmeaenHo

AHaJIOTMYHbIE Pe3yJIbTaThl MOTYyYEeHBI TAKXKE IS ABYX-
ocHoro BaroHa BI'3,3-900 u 4eThIpexOCHOro pyJHUYHOTO
BaroHa. /X nBmkeHUe B SKCIUTyaTallUOHHOM JMANa3oHe
ckopocreii (0—7,0 M/c) ycTOWYMBO Kak Ha IPSIMOJIMHEHHBIX,
TaK ¥ KPUBOJIMHEHHBIX yJacTKax ITyTH.

CpaBHHUTENBHAS OLICHKA TIOKA3aTeled HarpykKeHHOCTH,
YCTOWYMBOCTH M OE30MIACHOCTH JIBMKEHHUS BATOHOB CO CBO-
OOHOI M KECTKOM HAacaJKOW KOJEC NPH BBIHYXKICHHBIX

ISSN 2071-2227, HaykoBui BicHuKk HIY, 2013, N2 2

KoJ1e0aHMsAX, OOYCIIOBJICHHBIX MEPUOANYECKMMH HEPOBHO-
CTAMHU IyTH, NOKA3bIBAET, YTO Pa3HUIA JocTUTaeT 35-66%
MO0 MOKa3aTeIsM HarpykeHHocTd U 35-61% mo moxasare-
JSIM  YCTOHYMBOCTH M 0O€30MacHOCTH JBWKEHHSI TOE3IIOB.
CrietoBatesbHO, pacyeTHBIE CXEMbI U JOIYIIEHHS TIPU HC-
CJIEZIOBAaHNH B3aMMOJICHCTBHS MOJIBIKHBIX SIMHHI] M Baro-
HOB JIOJDKHBI COOTBETCTBOBATh KOHCTPYKTHBHBIM OCOOEH-
HOCTSIM CPEJICTB PEIIbCOBOTO TPAHCIIOPTA.
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Puc. 6. 3asucumocmu Haubonvuwux 3HAYEHUL NONEPEUHbIX HASPY30K U KOdpduyuenma ycmoudugocmuy npu cosuee ny-
mu om ONUHbL 20PUSOHMATLHBIX HEPOSHOCMEN NPAMOTUHENH020 NYMU. d — HAZPY3KU HA Koleca, O — Ha penbeyl,
6 — Ha ynpyaue 31eMeHmbl 8d2OHemKU,; 2 — Koagguyuenmul ycmouuugocmu om cosuea nymu; 1, 2, 3, 4, 5, 6 —
enybuna eopuzonmanvuol veposnocmu 0,005, 0,010; 0,015, 0,020, 0,030; 0,060 m coomsemcmseeHHO

YCTaHOBIEHO TaKXe, YTO YBEIMYCHHE IIMPHHBI KO-
JIeu penbcoBoro myTu 6onee, yem Ha 0,025-0,035 M 3Ha-
YUTENBPHO YXY[AIIAeT MOKa3aTedW HarpyKeHHOCTH |
0€30IMaCHOCTH IBIKECHUS.

BrIiBOABI.

1. HUccnenoBaHsl mpolecchl B3aMMOJAEHCTBHS IIAXT-
HBIX BaroHOB CO CBOOO/IHOW M JKECTKOW HacaJlKoW KoJec
Ha OCSIX KOJIECHBIX Iap W PEJICOBOTO IYTH, NUMEIOIIETO
MIPSMOJIMHEHHBIE W KPUBOJIMHEHHBIE YYaCTKH C BEpPTH-
KaJbHBIMHU U TOPU30HTAIBEHBIMH HEPOBHOCTSMH.

2. OnpeneneHsl XapakTepHbIE 3aBUCHMOCTH M3MEHE-
HUS TIOKa3aTelell HarpyeHHOCTH, YCTOHYMBOCTH U
0€301MacHOCTH JABM)KEHHS LIAXTHBIX BaroHOB OT I1apa-
METPOB FOPU3OHTAIBHBIX M BEPTHKAIBHBIX HEPOBHOCTEH
pPEeIbCOBBIX HUTEH Ha MPSIMOJIMHEWHBIX U KPUBOJIMHEH-
HBIX Yy4JacCcTKax MMyTH.

3. Ilo moxa3aTemnsiM Harpy’>kKeHHOCTH U YCTOHUUBOCTH
JABMIKCHUS IBYXOCHOT'O BaroHa Han6onee OITIaCHBIMU SB-
JISIIOTCSl BEPTUKaJIbHbIE HEPOBHOCTH DPEIBCOBBIX HHTEH,
npoTsokeHHOCThIo 1,0—4,0 M u rryounoit 6onee 0,01 M,
Ha MPSIMOJIMHEHHBIX U KPUBOJIMHEWHBIX Y4aCTKax IyTH.

4. Hanwure ropU30HTANBHBIX HEPOBHOCTEW (AIHHON
1,0-10,0 M u ToryouHoit G6omee 0,01 M) Ha TpsIMOIIHEH-
HBIX ¥ KPMBOJHMHEWHBIX yJacTKax IyTH IPUBOAUT K 3Ha-
YUTEIbHOMY YBEIMYEHHIO TOKa3aTelneil HarpyKeHHOCTH,
YCTOMUYMBOCTH M GE30MaCHOCTU IBMKEHHMS, a TPH JUINHE
HEPOBHOCTEH 0KOJI0 5,0 M IMEET MECTO SIBJICHHE PEe30HaH-
ca, TIp¥ KOTOPOM BCE MOKA3aTeIH COOTBETCTBYIOT MaKCH-
MaJIbHbIM KPUTUYCCKHUM 3HAYCHUAM.

5. YcraHOBIEHO SsIBIIEHWE pe30HaHCa, OOYCJIOBJIEHHOE
OJIM30CTHIO YACTOT BBIHYKICHHBIX KOJICOaHMI M 4acTOT COO-
CTBEHHBIX KOJICOAHUH JBYXOCHBIX BarOHOB C OIPE/IEIICHHbI-
MH KPUTHYECKUMU CKOPOCTSIMU JBIDKEHHMS, 1€ COOTHOLLE-
HUSI CKOPOCTEN K JUIMHE TOPU30HTATIBHBIX HEPOBHOCTEN CO-
OTBETCTBYIOT YaCTOTEe COOCTBEHHBIX KOJIeOaHMI BaroHa.

6. Pa3Hnia B mokasateisix HarpyXKeHHOCTH, YCTOMW-
YMBOCTH M 0€30MaCHOCTH JBIKCHHUS BaroHa IPH pacueT-
HBIX CXE€MaX M JOMYyIICHUAX C )KeCTKOW U CBOOOIHON Ha-
cazikoi kojec coctaBisgeT 35—66 %. [loaTomy pacueTHble
CXEMbI, JOMYIIECHUA U MATEMATUYCCKUE MOJICIU TOJIKHBI

50

COOTBETCTBOBAaTh  KOHCTPYKTHBHBIM  OCOOEHHOCTSIM
CPEZICTB PEIbCOBOTO TPAHCIIOPTA.

7. Pe3ynbTaThl NCCIIEIOBAaHUI MOTYT OBITH HCIIONH30Ba-
HBI JUISI CO3JIaHMs CPEACTB IIAXTHOTO PEILCOBOTO TPAHC-
rnopra 1 nNOArOTOBKH HOpMaTHBHO-TeXHMHeCKOﬁ JOKYMCH-
TalluM Ha CTPOUTENBCTBO, TEKYIIlEe COAEPKAaHUE U PEMOHT
PENBCOBOIO ITyTH 110 KPUTEPHSAM JOITYCKOB ITUPHUHEI KOJIEH,

HepOBHOCTCﬁ u CKOpOCTefI JBWOKCHUA BarOHOB.
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Merta. [locmipkeHHST IPOLIECY B3a€EMOJIl IIAXTHHX
BaroHiB i3 BUIPHOIO H >KOPCTKOIO HAacaJKol KOJIC Ha
0CSIX KOJICHHX Iap Ta pedKoBOI KOJIil, 110 Ma€ MpsSMOITi-
HiffHI Ta KPUBOIIHIIHI NISHKA 3 BEPTUKAIBHUMH H TO-
PU30OHTANBHUME HEINHIHHOCTSAMH, BIDIMB SKUX (GOpPMYyeE
CTaH HaBaHTA)XEHOCTI, CTIHKOCTI Ta OE3MEeKH PyXy TpaH-
CIIOPTHUX 3aC00iB.

Metoauka. CxiiaJieHo MateMaTH4Hi MOJIeNi pyXy Tpa-
HCIIOPTHHX 3aC00iB 13 BUILHOIO ¥ JKOPCTKOKO HACAIKON0 KO-
JIiC Ha OCSIX KOJNICHHX Map MO peHKOBiH KOl 3 pi3HUMH He-
JIHIAHOCTSIMHU 3a JIOTIOMOT'O0 piBHSAHB Jlarpamka apyroro
POy Ta BHPIIIEHO 3aBJaHHS OTPMMAHHS IOKAa3HUKIB HaBa-
HTa)XEHOCTI, CTIHKOCTI i1 O€31eKn pyXy [IaXTHUX BaroHiB.

PesyabTtaTu. IlpoBeneHO TeopeTWYHi MOCIIHKEHHS
MTOKA3HUKIB HABAaHTAXXECHOCTI, CTIKOCTI Ta OE3MeKH pyxy
OIAXTHUX BaroHIB Ha NPSAMONIHIKHUX 1 KPUBOJIHIHHUX
IUITHKaX pPEHKOBOT KOl 3 BiICTyIIaMu Bl HOPMATHBHUX
BHMOT B €KCIUTyaTallil 3a IIHUPHHOIO KOJIi Ta HeNliHIHHOC-
TSAMH B IUIaHI ¥ npodini peiikoBUX HUTOK. Y PO3paxyH-
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KOBHX CXEMaX BHKOPHCTaHa YXOPCTKA Ta BiJIbHA HacaJKa
KOJIIC Ha OCSIX KOJIICHHX Tap, a TaKoX po3rajyxeHa 0a-
raroMacoBa CHCTeMa pPEeWKOBOi Koumii (pedku, MImaiy,
CKpIIICHHSA, OCHOBA) 3 MPYKHO-TUCHITATHBHUMH >KOPCT-
KUMH ¥ IIapHIPHUMH 3’ €JHAHHSIMHU.

Bu3HaueHO BIUIMB IapaMeTpiB BEPTHKAIBHUX 1 TOPHU-
30HTAILHUX HENIHIIHOCTEH, a TaKOXK PO3LIMPEHHS KOJIii
Ha JWHAMIYHI TPOIIECH B3a€MOJIl IIAXTHUX BAroHIB i
peiikoBoi kodii. BcraHOBIEHa CTYHIHB TOYHOCTI pe3yiib-
TaTIB JOCI/HKEHB MPOIECY B3a€MOJIIT IPU BUKOPHCTaHHI
PI3HUX PO3PAaXYHKOBHX CXEM 1 HOMYyLIEHb VISl PYXOMHX
OIMHUIB 1 PeHKOBOI KOIIi.

HaykoBa HoBM3Ha. Bu3HaueHO 3aJIe)KHOCTI 3MiHHU
HABaHTAXKEHOCTI, CTIMKOCTI Ta O€3MeKH pPyXy MIaXTHHX
BaroHIiB BiJ IapamMeTpiB TOPU3OHTAIBHHUX 1 BEPTHUKAJb-
HUX HENIHIIHOCTelH PeHKOBUX HUTOK Ha MPSIMOJIHIHHUX
1 KpUBOJIIHIMHUX AUISIHKAaX pelKoBoi koiii. BcranoBieHo
SIBUIIIC PE30HAHCY, 0OYMOBJICHE OJIM3BKICTIO YacTOT BH-
MYIIEHHX KOJIMBaHb 1 YacTOT BJIACHUX KOJIMBAaHb Baro-
HIB, @ TaKOX KPUTHYHI IIBUAKOCTI y O€3IIEYHOMY PEXH-
Mi pyxy. OOyMOBIIEHI NPaBWIBHI CXEMH Ta JOITYIICHHS
PYXOMHX OIMHHLB 3 YpaxyBaHHSAM BITBHOI 1 KOPCTKOI
HACaJK{ KOJIC Ha OCSX KOJIICHUX Tap.

[pakTnyna 3HauynmMicTb. OTpUMaHi pe3yabTaTH I0-
CIIDKEHbP MOXYTh OYTH BHKOPHCTaHI IUIS MiATOTOBKU
HOPMATHBHO-TEXHIYHOI MOKyMEHTalii Ha OyHiBHHIITBO,
MOTOYHE yTPUMAaHHS Ta PEMOHT PEHKOBOI KOJIii 3 ypaxy-
BaHHSM HOPMYBaHHs JIOIYCKIB Ha HapaMeTp IIMPHHU
KOJIi1, TOPU3OHTAIBHUX 1 BEPTUKAIBHUX HENHIHHOCTEH,
a TakoX 3a0e3rneveHHss HEOOXiJHMX MOKa3HHKIB HaBaH-
Ta)KEHOCTI, CTIHKOCTI 1 Oe3IeKn pyxXy MOTSATIB.

KurouoBi cnoBa: waxmna peiikosa konis, 6azomu,
HasawmasiceHicms, cmitikicmos ma 6esneka pyxy, mame-
Mamuyne MOOen08AHHs

Purpose. To study the interaction of the mine cars
with loose and firm mounting of wheels and the rail track
with straight and curved sections and vertical and hori-
zontal burrs affecting the state of burden, stability and
safety of transport vehicles.

Methodology. We have designed the mathematical
model of the movement of the vehicles with loose and firm
mounting of wheels on axles of wheelpairs along the track
with different burrs using the Lagrange equations of the
second kind and have solved the problem of obtaining in-
dicators of burden, stability and safety of mine cars.

Findings. We have carried out the theoretical studies
of indicators of burden, stability and safety of mine cars
movement along straight and curved sections of track
which have deviations from regulatory requirements to
the width of the track and horizontal and vertical burrs.
The calculation model considers vehicles with loose and
firm mounting of wheels and various rail track sections
(rails, rail sleepers, fasteners, base) with the elastic-
dissipative rigid and knuckle joints.

We have determined the influence of the parameters
of the vertical and horizontal burrs, as well as the broa-
dening of the rail track on the dynamic processes of inte-
raction between mine cars and the track. The accuracy
degree of the interaction process research results for dif-
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ferent design models and assumptions for the mobile
units and the track has been evaluated.

Originality. We have determined the relations be-
tween the parameters of horizontal and vertical burrs in
rails and the changes in burden, stability and movement
safety of the mine cars at straight and curved sections of
the rail track. We have discovered the resonance pheno-
menon caused by the proximity of the frequency of forced
and natural vibrations of cars and determined critical speed
for the safe mode of movement. We have determined the
right scheme and allowance for moving units with loose
and firm mounting of wheels on axles of wheelpairs.
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Practical value. The obtained results of the research
can be used to develop technical standards for construc-
tion, maintaining and repair of the rail track taking into
account valuation of allowances for the rail track width,
horizontal and vertical irregularities, and providing the
required burden, stability, and movement safety parame-
ters.

Keywords: mine track, mine car, burden, stability,
safety, mathematical modeling
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THE EMERGENCY SUPPORT MADE OF THERMOPLASTIC POLYMER
COMPOSITE FOR SAFE OPERATION OF PNEUMATIC-TIRED WHEEL
OF CARGO VEHICLE

Purpose. To develop the means of creation of thermoplastic polymer composites with long-term constructional
properties for safe operation of tire products.

Methodology. To achieve the goal we have used the empirical research methods (standard and model physical and me-
chanical test of the composites under long-term static and dynamic compression loads) in the laboratories of the Ukrainian
State University of Chemical Technology and VAT “Dniproshina” (Ukraine) and have conducted the microscopic laboratory
research in the National technical University of France (Sent-Etienne).

Results. We have considered the functional appropriateness to retrofit the traditional pneumatic-tired wheel with a
special emergency support to ensure the safety of cargo vehicles in case of pneumatic tires damage. According to mod-
ern requirements of resource saving and environment protection in creating new products or additional items to already
existing ones, the wheel running gear should retain acceptable level of its operational properties in the state of emergen-
cy rolling and repairability of damaged tires and have unlimited capacity for recycling. The research in the field of ma-
terials engineering allowed us to use the specially designed thermoplastic polymer composite for the emergency support
development instead of traditional rubber, which is unacceptable for this purpose. A special list of constructional and
technological properties allows us to avoid many problems of production, exploitation and processing, but require such
constructional solutions of emergency support which let us to avoid using reinforcing elements.

Originality. For the first time a test model has been suggested and a list of parameters and level of long-term construc-
tional properties have been defined for the material of emergency support of wheel running gear of cargo vehicle under
compressive load. We have defined the mechanism of combined mechanical and physical contact between fibrous filler
and polymer matrix, which gives us the possibility to make predictable changes of long-term constructional properties of
thermoplastic composite.

Practical value. The design of the thermoplastic polymer composite produced from fresh and secondary raw mate-
rials has been tested for its technological appropriateness for development of the emergency support for upgrading the
cargo vehicle wheel running gear with pneumatic tire 365/80R20 140K.

Keywords: safe movement, emergency support of wheel running gear, thermoplastic polymer composite

lications. It seems to be unwise to assess damages from
possible loss of human life and health in the traffic acci-
dents caused by the sudden damage of pneumatic tires
since this can be avoided by upgrading the traditional

An introduction, indicating article’s scientific
problem and analysis of the recent research and pub-
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