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o B3AHMO,Z:(EHCTBHH KOJIEC nOKOMOTl1BA C PEnbCAMI1 IlYTI1

EaXOJI.n;MHB.I1.

B pa60Te M3JIaraIOTC5I o606I1.I,eHHble CBe.n;eHM5I.n;aHHOMTeMbI Ha OCHOBe

aHaJIM3a HayqHbIX pa60T [1-15], rrOCB5III.I,eHHbIX B3aMMo.n;eilcTBMIO KOJIeCa M

peJIbca. YTOqH5IIOTC5I TeOpeTMqeCKMe rrOJIO)KeHM5I rrepexo.n;a OT KaqeHM5I K

CKOJIb)KeHMIOKOJIeCa B pe)KMMaX T5IrM M TOpMO)KeHM5I,rrpMQMHbI B03HMKHOBeHM5I

I03a KOJIeCB rrpou;eccax TOpMO)KeHM5IM .n;orrOJIHMTeJIbHbIX3HepreTMQeCKMX 3arpaT

rrpM .n;BM)KeHMMrro.n;BM)KHOrOCOCTaBaBCJIe.n;CTBMeTpeHM5Irpe6H51 KOJIeCa0 peJIbc.

PaccMarpMBaeTC5I .n;BM)KeHMeJIOKOMOTMBarro rrp5lMoMy ropM30HTaJIbHOMY

rryTM. IlpM KaQeHMM KOJIeCa rro peJIbcy rr5lTHO B3aMMo.n;eMcTBM5IrroBepxHocTM

KaTaHM5I KOJIeCa M rroBepxHocTM rOJIOBKM peJIbCa rrpMHMMaeTC5I a6COJIIOTHO

Herro.n;BM)KHO rrpM JII060M rrocTyrraTeJIbHOM CKOpOCTM rro.n;BM)KHOrO COCTaBa

(pMc.l). IlYTb rrocryrraTeJIbHOrO .n;BM)KeHM5Iu;eHrpa BpaIl.I,eHM5I «0» KOJIeCa

.n;MaMeTpoMDK, rrpM KaqeHMM rro peJIbcy, 3a O.n;MHrrOJIHbIM060pOT (360°) COCTaBMT

So = n· DK M 6y.n;eT paBeH peJIbCOBoMy rryTM sp, T.e.:

sp = n· DK•

Sp=nDK

Puc. 1. CxeMa «UlQZ060Z0» iJ6UJlCeHWl (lfuKllouiJa)

mOllKU 63aUMoiJeucm6U51 KOJleCa U peJlbCa 6 npolfecce iJ6UJlCeHWl

B peJICUMe XOJlocmozo xoi)a JlOKOMOmU6a, HaKOrrJIeHHa51KMHeTMQeCKa51

3HeprM5I .n;BM)KyIl.I,erOc5I rroe3.n;a 51BJI5IeTC5IMCTOQHMKOM CMJIbI MHepU;MM FH,

.n;eMcTByIOII.I,eMHa OCb KOJIeca. CMJIa MHepU;MMFH M BHeIIIH5I5I CMJIaCll,errJIeHM5IFeu
KOJIeCa M peJIbCa CmaH0651mC51 npUllUHOU KalleHWl lWJleC no peJlbCaM Ha 6b16eze.

Il5ITHO KOHTaKTa KOJIeCa M peJIbCa rrepeMeIl.I,aeTC5I rro peJIbcy C rrocTyrraTeJIbHOM

CKOpOCTbIO v KM/Q JIOKOMOTMBa.PaccMarpMBa5I B3aMMo.n;eMcTBMerroBepxHocTeM

o6o.n;a KOJIeCa M rOJIOBKM peJIbCa B pe)KMMe XOJlocmozo xoiJa JIOKOMOTMBa,

.n;orrycKaeM oTcyTcTBMe omHOCUmeJlbHOU 6eJlUllUHbl npOCKaJlb3b16aHU51 8xx O.n;HOM

rrJIOCKOCTMB3aMMo.n;eMCTBM5IOT .n;pyroM, Tor.n;a rrOJIyQMM:

8 = So -sp .100=~DK -n_·DK .100=0 %
xx Dsp n· K

B peJICUMe mRZU JlOKOMOmU6a rr5lTHO B3aMMo.n;eMcTBM5IrroBepxHocTeM

rOJIOBKMpeJIbCa M Kpyra KaTaHM5IKOJIeCaHaxo.n;51TC5IB Harrp5l)KeHHOM COCT05lHMM,

TaK KaK (mympeHHeu KaCaTeJIbHOH CMJIOH FK Ha o6o.n;e KOJIeCO cTpeMMTC5I



oTTorrKHyThcH OT perrhCa. BerrHqHHY BHyTpeHHeM KaCaTerrhHOM CHrrhI KOrreCa FK

peryrrHpyeT KOHTpOrrrrepOM MamHHHCT, npHBOMIll,HM B Heo6xo,ll,HMhIM pe)l(HM

THrH THrOBhIM 3rreKrpO,ll,BHraTerrh (pHc.2):

F = MT3lJ. .~

K R '
K

r,ll,e MT3lJ. - MOMeHT BpaIll,eHHH HKOpH THrOBoro 3rreKTpO,ll,BHraTerrH;

Z •• ~
J1 = -2!- - nepe,ll,aTOqHOe qHCrrO oceBoro pe,ll,yKTopa KorreCHOH naphI;

Zw

Z3K - qHCrrO 3y6heB 3y6qaTOrO Korreca Korrt:kHOM nap hI;

Zrn - qHCrrO 3y6heB Be,ll,yIll,eM meCTepHH;

R DK .. ~
K = - - pa,ll,HYC KOrreC KOJIeCHOHnaphI.

2

FK F"u
PUC. 2. CxeMa 06pa30BaHUR CWlbl mllZU KOJleCaMU JlOKOMOmUBa

BHyrpeHHeM KacaTerrhHOM CHrre Korreca FK npOTHBO,ll,eMcTByeT B KOHTaKTe

BHeUlHllll peaKTHBHaH CHJIa OT perrhca, Ha3hIBaeMaH CHrrOM Cll,enJIeHHH Fcu, KOTOpaH

He 3aBHCHT OT BorrH MamHHHCTa. MaKCHMarrhHaH BeJIHqHHa Fcu max onpe,ll,errHeTCH

no <popMyrre:

Fcumax = n.\If,
r.n.e n - Harpy3Ka (cHrra TH)I(eCTH) Korreca Ha perrhc; (Ha pHc.2 N - HOpMarrhHaH

CHrra (peaKll,HH) npoTHBo.n.eMCTB)'IOIll,aH Harpy3Ke OT perrhca Korrecy);

\If - K03<p<pHll,HeHT mpeHUR KatteHUR (Cll,enrreHHH) nHTHa B3aHMO,ll,eMCTBHHKOJIeCa H

perrhca.

YnpyrHe CBoMcTBa o6o,ll,a Korreca H peJIhCa, B 3aBHCHMOCTH OT BeJIHqHHhI

BHyTpeHHeM KacaTerrhHoM CHJIhI FK B pe:JICUMe mllZU H npOTHBO,ll,eMcTBylOIll,eM eM

CHrrhI Cll,enrreHHH FClll C03,ll,alOT CMeIll,eHHe ll,eHrpa B3aHMo.n.eMcTBHH Bnepeo

(+A1tDK) o6o,ll,a Korreca OTHOCHTerrhHO perrhca (pHC.3). B cyMMe 3TH

npOTHBo.n.eHcTBylOIll,He CHrrhI paBHhI HyrrlO (FK - Fcu = 0), HO HBJIHlOTCHnpHqHHOH

.n.eHCTBHHTHrOBOH CHJIhI F0 npHrrO)l(eHHOH K ll,eHTpy OCH 0 BpaIll,eHHH Korreca.
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PUC. 3. CxeMa ()6u:JICeHWl KOJleCa no peJlbcy 6pe:JICwwe m51Zu: V-

nocmynameJlbHa51 CKopocmb JlOKOMOmU6a KM/'1; ~p - C()6UZpeJlbCa om CUJlbl

m51ZU;N' - HOpMQJlbHa51peaKljU51 peJlbCa om Hazpy3Ku KOJleCa; A ' - CMeUjeHue

ljeHmpa 63awwo()eucm6U51 KOJleCa UpeJlbCa

TaKHM 06pa30M, IUITHO B3aHMo.n;eMcTBHjIKoneca H penhca CTaHOBHTCjI

rrpHqHHOM B03HHKHOBeHlfjI CHnbI TjlrH F 0 paBHOM FK H CHne cu;errneHHjI Feu.'
HarrpaBneHHOM OT u;eHTPa (0) Bparu;eHlfjI Koneca Ha YBenHqeHHe CKOpOCTHV

rrocTyrraTenhHoro .n;BH)KeHHjI nOKOMOTHBa. OTHOCHTenhHoe CKOnh)KeHHe

rrnOCKOCTeMB3aHMo.n;eMCTBHjI3a O.n;HH060POT Koneca H penhca B pe)KHMe TjlrH

nOKOMOTHBaMO)KHOBhlpa3HTh B cne.n;ylOru;eMBH.n;e:

8 = SK,T)Jra - Sp .100 = n· DK + A'n' DK -n' DK .100 = +A%
m~a D '

Sp n· K

r.n;e SK.T)Jra - pa3BepHYT~ nHHeMHaji BenHqHHa rrOBepXHOCTHKaTaHHjI Koneca B

pe)KHMe TjlrH rrpH rrocryrraTenhHOM rrepeMeru;eHHH u;eHTPa Bparu;eHHjI Ha

BenHqHHY So=Sp:

SK,THa = n· DK + A'n' DK M.

TIo pe3ynhTaTaM Hccne.n;OBaHHMyCTaHoBneHO, qTO ecnH 8T)Jra < 2 % , TO

Fo = FK = Feu. = II . \If H rrpH6nH)KaeTCjI K rrpe.n;eny CHnhI Cu;errneHHjI KOneCa H

penhca [13].
C YBenHqeHHeM KacaTenhHOMCHnhI 60nhIIIe peaKTHBHOMCHnhI cu;errneHHjI B

pe)KHMe TjlrH, T.e. FK> Feu. max, Koneco HaqHHaeT rrpOCKallh3hIBaTh OTHOCHTenhHO

penhca, T.e. rrpH 8T)Jra> 2 %. TIPH 3TOM, 060POThI Koneca YBenHqHBalOTCjI H He

COOTBeTcTBylOTqaCTOTe Bparu;eHHjI rrpH rrocTyrraTenhHOM CKOpOCTH.n;BH)KeHlfjI

nOKOMOTHBa. 3TOT 3<jJ<jJeKTHa3hIBaIOT «60KCOBaHHe» OT cnOBa 60KC (rrpH

rrepexo.n;e Konec rrapOB03a OT cu;errneHlfjI C penhcaMH B pe)KHM rrpOCKallh3hIBaHHjI

.n;hIIIma .n;BH~TCjI, rro.n;o6HO pyKaM 60Kcepa Ha pHHre, OTCIO.n;aTaKOM pe)KHM

rronyqHn Ha3BaHHe60KC06aHue) H C3Toro MOMeHTa.n;eMcTByeTCHna TjlrH:



Fa = FK = FclJ, = II .<p ,
r.n;e <p - K03Q:>Q:>HQHeHTmpeHUR CKOJlb:JICeHUR KOneCa OTHOCHTenhHO penhCa,

KOTOphlH: 3HaqHTenhHO MeHhllie K03Q:>Q:>HQHeHTampeHUR KalleHUR (CQerrneHH.H) \If,

rr03TOMY CHna T.HrH nOKOMOTHBa pe3KO CHH)KaeTC.H.
OTCIO.n;a BhITeKaeT 3aKOH JlOKOMOmU6HOU mR2U: KaCaTenhHa.H CHna T.HrH

,IJ;On)KHa6hITh MeHhllie HnH paBHa CHne cuerrneHH.H B pe)KHMe T.HrH, HnH

FK ~FclJ,'
KOTOphIM MallIHHHCT .n;on)KeH crporo c06nlO.n;aTh rrpH Be.n;eHHH rroe3.n;a.

TIepe.n; TOpMO)KeHHeM rroe3.n;, KaK rrpaBHno, Haxo.n;HTC.HB pe)KHMe BhI6era, a
nOKOMOTHB B pe)KHMe xonOCToro xo.n;a. Ha BhI6ere, OT HaKorrneHHOM
KHHeTHQeCKOM 3HeprHH rro.n;BH)KHOrO COCTaBa B rrpoQecce pe)KHMa T.HrH,
OTHOCHTenhHO KOHTaKTa B3aHMo.n;eMCTBM.HKoneca H penhca .n;eMcTByeT MOMeHT
Bpal.QeHH.H Koneca, KOTOphIM 6y.n;eT paBeH:

Map = FH ·RK,

r.n;e RK - pa.n;Hyc Koneca;
FH - BHyTpeHH.H.H CHna HHepQHH OT HaKorrneHHOM KHHeTHQeCKOM 3HeprHH rroe3.n;a,
.n;eMcTBylOl.Qa.H Ha OCh Koneca, KOTOpa.H 06eCrreQHBaeT Bpal.QeHHe Koneca rrpH
rrocTyrraTenhHOM .n;BH)KeHHHHa BhI6ere H MO)KeT 6hITh orrpe.n;eneHa rro Q:>opMyne:

F = ~W2\ = m·evi _V\2)

H ~ 2.~'

AW _ W _ UT _ mevi - v~) ~r.n;e Ll 2\ - 2 rr \ - 2 ' BenHQHHa H3MeHeHH.H KHHeTHQeCKOH 3HeprHH

rrpHBe.n;eHHoM* MaCChI rroe3.n;a m Ha orpe3Ke rryTH ~ H3MeHeHH.H CKOpOCTH
.n;BH)KeHH.HOT VI .n;oV2.

*flpU6eOeHHaJl Macca 3TO Macca c yqeTOM MHepUMOHHbIX BpaI:QaroI:QMXCSI Macc rrpM
rrocTyrraTeJIbHOM ,lJ;BM:>KeHMMrrOe3,lJ;a.

TIpH yrrpaBneHHH .n;BH)KeHHeM MallIHHHCT C03.n;aeT pe:HCUM mOpMO:HCeHUR

rroe3.n;a (PHcA). B rrpoQecce TOpMO)KeHH.H C)KaThIM B03.n;yX orrpe.n;eneHHhIM
.n;aBneHHeM (rro BhI60py MaIlIHHHCTa) rrocryrraeT B TOpM03HOM QHnHH.n;p, rrpH 3TOM
06pa3yeTC.H CHna IlITOKa TOpM03Horo QHnHH.n;pa (B rrpHBo.n;HMhIX rrO.HCHeHH.HX
KTI,l( paCCMarpHBaeMhIX MeXaHHQeCKHX CHCTeM He YQHThIBaIOTC.H):

1t ·d;1J,FTU = ~~- .p - Fan'
4

r.n;e p - perynHpyeMoe MallIHHHCTOM .n;aBneHHe C)KaTOrO B03.n;yxa, rro.n;aBaeMoro B
TOpM03HOM UHnHH.n;p rrpH TOpMO)KeHHH;
dTIJ, - ,IJ;HaMerp rrOpllIH.H TOpM03Horo UHnHH.n;pa;
Fon - CHna <<oTrrycKHoM rrpY)KHHhI» TOpM03Horo QHnHH.n;pa.
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Puc. 4. CxeMa CUJl, oeiicmeylOUfux Ha KOJleCOe peJICUMe mOpMOJICeHUR

Cl-ma IlITOKa TOpMo3Horo U;HJU1H.n.pa qepe3 TOpM03HyIO pbIqa)l(HYIO

rrepe.n.aqy rrpM)I(MMaeT TOPM03HYIO KOJIO.n.KYK KOJIecy CMJIOMK:
K =FTU 'Il,

3.n.eCh Jl - rrepe.n.aTOqHOe qMCJIO TOpM03HOM phIqa)l(HOM rrepe.n.aqM.

3a CqeT TPeHM}I CKOJIh)l(eHM}I, rrpM)I(aTOM TOpM03HOM KOJIO.n.KM 0 BpaI..QaIOI..QeeC}I

KOJIeCO CMJIOM (K) rrpM rrocTyrraTeJIhHOM .n.BM)I(eHMM JIOKOMOTMBa, B03HMKaeT

TOpM03HOM MOMeHT:

MT = BK ·RK,

r.n.e BK = K . <PK' BHyTpeHH}I}I KaCaTeJIhH~ CMJIa Ha o6o.n.e KOJIeCa OT .n.eMcTB~

TOpM03HOM KOJIO.n.KM, rrperr}ITCTBYIOI..Qa}I BpaI..QeHMIO KOJIeCa M 06Pa3YIOI..Q~

TOpM03HOM MOMeHT OTHOCMTeJIhHO OCM BpaI..QeHM}I;

<PK - K03<pqmU;MeHT TpeHM}I CKOJIh)l(eHM}I TOpM03HOM KOJIO.n.KM 0 BpaI..QaIOI..QeeC}I

KOJIeco.

TOpM03HOM MOMeHT HarrpaBJIeH rrpOTMB MOMeHTa BpaI..QeHM}I cBo6o.n.Horo KaqeHM}I

KOJIeCa rro peJIhcy Ha BhI6ere rrpM rrocTyrraTeJIhHOM .n.BM)I(eHMM, 06pa3y}I

TOPM03HYIO CMJIy BT B KOHTaKTe KOJIeCa M peJIhca:

BT = Feu'
M

r.n.e B
T

= __T = B
K

- BHyTpeHH}I}I KaCaTeJIhHa}I CMJIa Ha o6o.n.e, rrperr}ITCTBYIOI..Q~
RK

OTHOCMTeJIhHO BHelliHeM CMJIhI Cu;errJIeHM}I Feu B KOHTaKTe KOJIeCa M peJIhCa

CBo6o.n.HOMy KaqeHMIO rrpM TOpMO)l(eHMM. TaK KaK B KOHTaKTe KOJIeCa M peJIhCa

cyMMa CMJI BT - Feu = 0, OTHOCMTeJIhHO rr}ITHa KOHTaKTa (A) TOpM03HOM MOMeHT

06pa3yeT TOpM03HyIO CMJIy Bo, HarrpaBJIeHHyIO rrpOTMB MHepU;MOHHOM CMJIhI FH

rrocTyrraTeJIhHOrO .n.BM)I(eHM}I u;eHTpa OCM (0) BpaI..QeHM}I KOJIeca:

Bo = BT = BK = Feu'
YrrpyrMe CBOMCTBa KOJIeCa M peJIhCa, B 3aBMCMMOCTM OT BeJIMqMHhI

BHYTPeHHeM KaCaTeJIhHOM CMJIhI TOpMO)l(eHM}I (BT), C03.n.aIOT CMeI..QeHMe u;eHTPa

B3aMMo.n.eMCTBM}I o6o.n.a KOJIeCa OTHOCMTeJIhHO peJIhCa Ha3ao (-ArtDK) rrpM

rrocTyrraTeJIhHOM .n.BM)I(eHMM (pMc.5). Tor.n.a rrpM rrocTyrraTeJIhHOM rrepeMeI..QeHMM



Ha BenHqliHY (Sp) rrOBepXHOCTb 060,IJ;a KOneCa 3a O,IJ;HH060pOT rro penbcy rrpH

TOpMO:>KeHHHrrpO,IJ;enaeTrryTb:

SKTOPM = 7t. DK - ~. 7t. DK•
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Puc. 5. CxeMa CMeU/enUJl lJenmpa 63aUMooeucm6U5l KOJleCa U peJlbCa npu

mOpMO:JICenuu: ~p - C06U2 peJlbCa npu mOpMO:JICenUU; A' - CMeU/enue lJenmpa
63aUMooeucm6U5l KOJleCa u peJlbCa npu mOpMO:JICenUU

OTHOCHTenbHIDI BenHqHHa rrpocKanb3bIBaHH.H Koneca rro penbcy rrpH TOpMO:>KeHHH

orrpe,IJ;enHTC.HH3 BbIpa:>KeHH.H:

b
TOPM

= SKTOPM -sp .100= 7t·DK -~·7t·DK -7t·DK .100=-~%.
sp 7t ·DK

TIPH CHH:>KeHHHrrocTyrraTenbHoH CKOpOCTH rrOe3,IJ;a rrpH TOpMO:>KeHHH

YMeHbllIaeTC.H KHHeTHqeCKIDI 3HeprH.H, H, cne,IJ;OBaTenbHO,HHep~HoHHIDI CHna,

KOTOpa.HBO B3aHMO,IJ;eHcTBHHC cHnoH c~errneHH.H C03,IJ;aeTBpa~alO~HH MOMeHT

Koneca, a TOpM03HOH MOMeHT OCTaeTC.H rrpHMepHo Ha O,IJ;HOMypoBHe. B
pe3ynbTaTe rrpOHCXO,IJ;HTYMeHbllIeHHe qaCTOTbI Bpa~eHH.H Koneca OTHOCHTenbHO

He06xo,IJ;HMOH qaCTOTbI Bpa~eHH.H rrpH rrocTyrraTenbHoM ,IJ;BH:>KeHHHHa rryTH sp

rrO,IJ;BH:>KHOrOCOCTaBa Ha Bbl6ere. Cne,IJ;OBaTenbHo, HaqHHaeTC.H YBenHqeHHe

rrpOCKanb3bIBaHH.H rrpHMepHO ,IJ;O bTOPM = -2%, rrpH 3TOM TopM03Ha.H CHna

,IJ;OCTHraeTrrpe,IJ;ena rro c~errneHHIO Konec C penbcaMH. ~anbHeHllIee CHH:>KeHHe

CKOpOCTH ,IJ;BH:>KeHH.HrrOe3,IJ;a H KHHeTHqeCKOH 3HeprHH C03,IJ;aCT ycnoBHe

paBeHcTBa MOMeHTa BpaI.QeHH.HKoneca H TOpM03Horo MOMeHTa. C 3Toro MOMeHTa

rrOe3,IJ;CTaHOBHTC.Hm6epoblM meJlOM, ,IJ;BH:>KYI.QHHC.HrrocTyrraTenbHo rro penbcaM.

Koneca MrHOBeHHO rrpeKpa~alOT BpaI.QeHHe, rrpH 3TOM rr.HTHOKOHTaKTa Koneca

CKonb3HT rro penbCY, TO eCTb bTOpM= - 100%. TIpOHCXO,IJ;HTpe3Koro xapaKTepa

penaKCa~H.H (ocna6neHHe) CHnbI TOpMO:>KeHH.H.TIpeKpa~eHHe Bpa~eHH.H Konec

COrrpOBO:>K,IJ;aeTC.HCKOnb:>KeHHeM(103) rr.HTHa KOHTaKTa Konec OTHOCHTenbHO

rrOBepXHOCTH penbC C rrocTyrraTenbHOH CKOpOCTblO ,IJ;BH:>KeHH.HrrO,IJ;BH:>KHOrO

COCTaBa. IlpH 3TOM Ha rrOBepXHOCTH KpyroB KaTaHH.H Konec 06pa3YlOTC.H



nno~a,n,KH, Ha3hlBaeMhle nOJl3yHaMU. TIp0ll,eCC TOpMO)J(eHH}IBarOHa C 3anHChlO Ha

OCll,HnnOrpaMMe CHnhI TOpMO)J(eHH}I, CKOpOCTH ,n,BH)J(eHH}IBO BpeMeHH, 6hIn

nonyqeH rMhTOHOM (pHC. 6) H npoKoMMeHTHpoBaH B.n. KapBall,KHM [10] e~e B

1938 ro,n,y. B pe)J(HMax TopMo)J(eHH}I B3aHMo,n,eHcTBHeKoneca H penhca

V BT

KM/q KH

5 10 15 20 t, C
Puc. 6. J(uazpaMMa U3MeHeHWl mopM03HblX xapaKmepucmuK eaZOHa npu 103e

KOJleCHblX nap: 1 - CKopocmb eaZOHa npu mOpMO:JICeHUU; 2 - CKopocmb eaZOHa
npu 103e KOJleC; 3 - npeonOJlaZaeMaR cKopocmb eaZOHa 6e3 103a; 4 - mOpM03HaR

CUJla KOJleCHOUnapbl; 5 - cKopocmb KOJleCHOUnapbl, npu Komopou BT=FH

HallUHaemCR103, m.e.npeKpaUJeHue epaUJeHuR KOJleC npu nocmynameJlbHOM
OeU:JICeHUUeaZOHa.

Hccne,n,OBMH <1>. BapBenn, B. XeH,n,pHKc, M. ByaTo, B.M. Ka3apHHOB, B.r

I1Ho3eMll,eB, B.B. KphInOB, B.P. Aca,n,qeHKO H ,n,pyrHe. AHMH3 3THX

Hccne,n,oBaHHHno,n,TBep,n,Hn<paKTpenaKCall,HH TOpM03HOH CHnhI npH nepexo,n,e OT

KaqeHIDI Koneca K CKonh)J(eHHIO.

B pa60Tax B.P. Aca,n,qeHKO ,n,aHO6necT}I~ee ,n,OKa3aTenhCTBOnpeOeJlbHOU
CUJlbl mOpMO:JICeHUR e MOMeHm nepexooa om KalleHUR KOJleCa K CKOJlb:JICeHUIOno
penhcy. 3TO }lBneHHe Hcnonh3yeTc}I ,n,n}l IIonyqeHH}I HaHMeHhillHX TOPM03HhIX

nyTeH Ha CKOpOCTHOMno,n,BH)J(HOMCOCTaBeCOOTBeTCTBYIO~HMHycno)J(HeHH}lMH

<pPHKll,HOHHhIXTOPM03HhIX yCrpOHCTB, HanpHMep C HHepll,HOHHhIMH ,n,aTqHKaMH

M}I perynHpoBaHIDI TOPM03HhIX CHn, C ll,enhlO npeKpa~eHH}I 103a Konec H

nonyqeHH}I HaH60nee KopOTKoro TOpM03Horo rryTH.

B npOll,eCcax 60KCOBaHH}I(B pe)J(HMeT}lrH) H 103a (B pe)J(HMe TopMO)J(eHH}I)

B TOqKaX B3aHMo,n,eHCTBH}IKonec C penhcaMH ,n,eHcTByeTHe K03<p<pHll,HeHTrpeHH}I

KaqeHH}I (Cll,enneHIDI) - '11, a K03<P<PHll,HeHTTpeHH}I CKonh)J(eHIDI- <p, KOTOphIHno



BemfqHHe 3HaqHTeJIbHO MeHbllIe. XapaKTepHCTHKa B3aHMO,IJ;eMCTBH}I KOJIeCa H

peJIbCa B paCCMOTpeHHbIX pe)l(HMaX npe,IJ;CTaBJIeHa Ha pHC.?

Ha rpaqmKe no OCH a6C.QHCC, B npO.QeHTax, OTMeqaeTC}I CKOJIb)l(eHHe

nJIOCKOCTeM B3aHMO,IJ;eMCTBH}IKOJIeCa OTHOCHTeJIbHO peJIbCa B 3aBHCHMOCTH OT CHJI

pe)l(HMOB ,IJ;BH)I(eHH}I. IIo OCH Op,IJ;HHaT B nOJIO)l(HTeJIbHOM HanpaBJIeHHH

OTMeqaeTC}I BHyTpeHH}I}I KaCaTeJIbHa}l CHJIa FK o6o,IJ;a KOJIeCa, KOTOpOM ynpaBJI}leT

MaIlIHHHCT. 3TOM BHYTpeHHeM CHJIe npOTHBO,IJ;eMcTByeT BHellIH}I}I CHJIa FCQ peJIbCa

Ha KOJIeco.

pe)l\}i(M T}lrH

Fx<Fclj

FC1j
Br<Fclj

peiKHM TopMOiKeH.H}I B T

Puc. 7. CXeMa xapaKmepucmuK CUll 6 peJICUMax mR2U, mOpMOJICeHUR U XOJlOCm020

xooa JlOKOMOmU6a omHOCUmeJlbHO KOHmaKma 63aUMooeucm6Wl KOJleCa U peJlbCa

FC1j

t5 0%
J 0

B OTpH.QaTeJIbHOM HanpaBJIeHHH npOCKaJIb3bIBaHH}I HaHeceHbI 3HaqeHH}I

BHyTpeHHeM KaCaTeJIbHOM TOpM03HOM CHJIbI BT Ha o6o,IJ;e KOJIeCa, KOTOpOH

ynpaBJI}leT MallIHHHCT npH TOpMO)l(eHHH. BHyTpeHHeH TOpM03HOM CHJIe Br

npOTHBO,IJ;eMcTByeT BHellIH}I}I CHJIa OT peJIbCa FcQ• BHellIHHMH CHJIaMH Ha

nO,IJ;BH)I(HOM COCTaB MallIHHHCT ynpaBJI}lTb He MO)l(eT, TaK KaK OHH 3aBHC}lT OT

Harpy3KH KOJIeC Ha peJIbCbI H K03Q:>Q:>H.QHeHTaTpeHH}I B KOHTaKTax KOJIeC H

peJIbCOB.

B pe)l(HMe BbI6era CKOJIb)l(eHHe nJIOCKOCTeH B3aHMO,IJ;eHCTBH}I KOJIeCa H

peJIbCa Dxx 6JIH3KO HYJIIO. B pe)l(HMe T}lrH [13] BHaqaJIe Ha6JIIO,IJ;aeTC}I ynpyroe

(nOqTH JIHHeMHa}l 3aBHcHMoCTb) nOJIO)l(HTeJIbHOe CKOJIb)l(eHHe nJIOCKOCTH

B3aHMO,IJ;eMCTBH}I KOJIeCa OTHOCHTeJIbHO peJIbca. IIPH ,IJ;OCTH)I(eHHH BHyTpeHHeH

KaCaTeJIbHOM CHJIbI FK paBHoM BHelliHeM CHJIe C.QenJIeHH}I FCQ max B KOHTaKTe



Ha6mo.n.aeTCi[ Heynpyroe npOCKaJlb3bIBaHHe KOJIeCa OTHOCHTeJIbHO peJIbCa.

KaCaTeJIbH~ CHJIa Ti[rH FK, 6JIH3Kai[ MaKCHMaJIbHOH CHJIe CIJ,enJIeHHi[ Feu. max
COnpOBO)l(.n.aeTCi[ YBeJIHqeHHeM CKOJIb)l(eHHi[ nOBepXHOCTH KOJIeCa OTHOCHTeJIbHO

peJIbca. ECJIH KaCaTeJIbHai[ CHJIa Ti[rH npeBbIIIIaeT CHJIy CIJ,enJIeHHi[, T.e. FK >Feu.max,
npeKpaII.J,aeTCi[ .n.eHCTBHe K03Q:>Q:>HIJ,HeHTarpeHHi[ KaqeHHi[ ( CIJ,enJIeHHi[) \II H

HaqHHaeT .n.eHCTBOBaTb K03Q:>Q:>HIJ,HeHTTpeHHi[ CKOJIb)l(eHHi[ cp, no BeJIHqHHe

3HaqHTeJIbHO MeHbIIIe BeJIHqHHbI \II. MHTeHcHBHoe CKOJIb)l(eHHe KOJIeCa

OTHOCHTeJIbHO peJIbCa Ha3bIBaIOT 6oKcoBaHueM.

<DH3HqeCKai[ CYTb pe)l(HMa TOpMO)l(eHHi[ aHaJIOrHqHa pe)l(HMy Ti[rH. Pa3HHIJ,a

3aKJIIOqaeTCi[ B orpHIJ,aTeJIbHOM HanpaBJIeHHH CKOJIb)l(eHHi[ (OTOpM) KOJIeCa OT

KaqeHHi[ npH nocrynaTeJIbHOM .n.BH)I(eHHH H B 3aBHCHMOCTH OT BeJIHqHHbI

TOpM03HOH CHJIbI, BnJIOTb .n.o npeKpaII.J,eHMi[ BpaII.J,eHHi[, T.e. 3aKJlUHUBaHUR KOJIeCa

npM OTopM=-100%. 3TO HacTynaeT Tor.n.a, Kor.n.a FH cmaHOBumCR paBHou Bn T.e.

TOpM03HOH MOMeHT MrHOBeHHO MCKJIlOqaeT BpaII.J,eHHe KOJIeca. BCJIe.n.cTBHe

YMeHbIIIalOII.J,eHCi[ KHHeTMqeCKOH 3HeprMH H3-3a CHM)I(eHHi[ nocTynaTeJIbHOH

CKOpOCTH no.n.BH)I(HOrO COCTaBa npM TOpMO)l(eHHH HHepIJ,MOHH~ CHJIa CTaHOBMTCi[

MeHbIIIe TOpM03HOH CMJIbI. T .e. npeKpallf-eHue Bpallf-eHUR KOJleCa MO:JICem

npoU3oumu 2opmiJo paHbUle paBeHcmBa mopMo3HOU CUJlbl npeiJeJlbHOU BeJlUl.{UHbl

CUJlbl CijenneHUR. ~yrHMH CJIOBaMH, KpHTepHeM TOpM03HOH CHJIbI i[BJIi[eTCi[ He

CUJla CijenneHUR, a UHepijUOHHaR CUJla OT KHHeTMqeCKOH 3HeprHH noe3.n.a. IlpH

3TOM He BpaII.J,alOII.J,eeCi[ KOJIeCO CKOJIb3HT OTHOCMTeJIbHO peJIbCa (103) co

CKOpOCTblO nocrynaTeJIbHOrO .n.BH)I(eHHi[ noe3.n.a. B pe3YJIbTaTe 06pa3yeTCi[

nJIOII.J,a.n.Ka Ha nOBepXHOCTM Kpyra KaTaHHi[ KOJIeCa - nOJI3yH M 3HaqHTeJIbHO

YBeJIMqMBaeTCi[ nYTb TOpMO)l(eHHi[. CJIe.n.yeT OTMeTHTb, qTO .n.a)l(e npH CJIy)l(e6HoM

TOpMO)l(eHHM noe3.n.a .n.o nOJIHOH OCTaHOBKH npaKTMqeCKH Bcer.n.a 3aKaHqHBaeTCi[

1030M, T.e. npeKpaII.J,eHMeM BpaII.J,eHMi[ KOJIeC, TaK KaK MHepIJ,MOHHai[ CHJIa,

06eCneqMBalOII.J,~ BpaII.J,eHHe KOJIeC npM6JIH)I(aeTCi[ K HyJIIO, B TO BpeMi[, KaK

TOPM03H~ CMJIa npM 3TOM He YMeHbIIIaeTCi[. Ha nOBepXHOCTH KaTaHHi[ KOJIeC

no.n.BM)I(HOrO COCTaBa MO)l(HO 06Hapy)l(HTb MMKpOnOJI3yHbI.

)l,MaMerp rpe6HeH KOJIeCHOH napbI 60JIbIIIe .n.MaMeTpa Kpyra KaTaHMi[.

Il03ToMy KacaHHe rpe6Hil BHyrpeHHeH nJIOCKOCTH rOJIOBKH peJIbCa Bcer.n.a

COnpOBO)l(.n.aeTCi[ mpeHueM CKOJlb:JICeHUR HanpaBJleHHblM npomUB

nocmynameJlbH020 iJBU:JICeHUR(pMc.8), C03.n.aBai[ CHJIy conpOTHBJIeHMi[ .n.BM)I(eHHIO

3KMna)l(a. TaKoe i[BJIeHHe Ha6JIIO.n.aeTCi[ He TOJIbKO Ha KOJIeCaX JIOKOMOTHBa, HO H

KOJIeCaX BarOHOB noe3.n.a.

IlepeBo.n. peJIbCOBOH KOJIeH C 1524 MM Ha 1520 MM, 6e3 H3MeHeHHi[

pa3MepOB Q:>OpMHpOBaHHi[ KOJIeCHbIX nap, YMeHbIIIHJIO cB060.n.y KaqeHMi[ KOJIeC

IJ,MJIHH.n.pHqeCKOHqaCTblO 060.n.a M qaII.J,e rpe6eHb TpeTCi[ 0 BHyTpeHHlO1O



peJIbC
Puc. 8. CxeMa CWl 83aUModeucm8U5l 2pe6H5l KOJleCa 0 peJlbC npu d8UJlCeHUU

nnOCKOCThronOBKH penhca. 3TO npHBo~HT K HHTeHcHBHoMy H3HOCY rpe6HeH

KoneCHhIX nap H BHyrpeHHeH qaCTH ronOBOK penhc (pHc.9), qTO cOnpOBO)l(~aeTCX

YBenHqeHHeM pacxo~a 3HeprHH.

M3HOC

penbca
PUC. 9. CxeMbl npolfecca U3Hoca KOJleCa U peJlbCa 8 3KCnJlyamalfuu: a - H08020

6aHdaJICa C H08blM peJlbCOM; 6 - U3HoweHH020 6aHdaJICa C H08blM peJlbCOM; 8-

U3HoweHH020 6aHdaJICa C U3HOWeHHblM peJlbcoM[12]

I1TaK, paCCMOTpeHHoe B3aHMo~eHCTBHeKaqeHHX Koneca nOKOMOTHBano

penhCY, n03BonxeT onpe~enHTh 6e3pa3MepHOe qHCnO 8, xapaKTepH3ylOI..U;ee

B3aHMo~eHcTBHe KOHTaKTHpylOI..U;HXCXnnOCKOCTeHKaqeHHX Koneca H ronOBKH

penhca B pe)l(HMaX BhI6era, TxrH H TOpMO)l(eHHX.3KcnepHMeHTaJlhHhIMH OnhlTaMH

3Toro XBneHHX MHorHe Hccne~OBaTenH yCTaHoBHnH, qTO ecmf OTHOCHTeJIbHIDI



BemlqMHa rrpOCKaJIh3hIBaHM5l 8 COCTaBillIeT OKOJIO 10,011 MJIM 1%, TO KOJIeCO

HaXO,ll,MTC5l, B pe:>KHMe T5lrH MJIM TOpMO:>KeHHH BO B3aHMo,ll,eiicTBMH C peJIhCOM, B

rrpe.neJIax rrOqTM yrrpyroH .ne<p0pMall,MH.

TIepexo.n OT yrrpyroro B3aHMo.neHcTBH5l K CKOJIh:>KeHMIOKOJIeCa B rrpe.neJIax

0,01 <8<0,02, qTO COOTBeTcTByeT MaKCUMaJlbHOU CWle mJl2U MJIM rrpM -0,01>8>-
0,02 MaKCUMaJlbH020 mOpMO:JICeHUJl. ECJIH 8 CTaHeT 60JIhilie 0,02, TO 3TO

COCT05lHMe COOTBeTcTByeT 60KCOBaHHIO B pe:>KMMe T5lrM MJIM MHTeHcMBHoMy 8<-
0,02 3aMe.nJIeHMIO BrrJIOTh .no rrpeKpaIll,eHM5l BpaIll,eHM5l (8=-1) KOJIeCa rrpM

TOpMO:>KeHMM. B 3TMX COCT05lHM5lX B3aMMo.neHcTBM5l KOJIeCa M peJIhCa peaJIM3yeTC5l

MeHhllIa5l CMJIa T5lrM M TOpMO:>KeHM5l, TaK KaK rrpM TaKOM rrpOCKaJIh3hIBaHMM

rrpoMcxo.nMT rrepexo.n OT CMJI rpeHM5l Kal.feHUJl (Cll,errJIeHM5l) K 3HaqMTeJIhHO

MeHhllIMM (B 5 - 6 Pa3) 3HaqeHH51M CMJI rpeHM5l CKOJlb:JICeHUJl.

TaKMM 06pa30M, 6e3pa3MepHOe qMCJIO 8 xapaKTepM3yeT B3aMMo.neHcTBMe

KOJIeCa M peJIhCa B pe:>KMMaX T5lrM, BhI6era M TOpMO:>KeHMM. Orrpe,ll,eJIeHHOe

3HaqeHMe 8 B rroporOBOM (rrepexo.nHoM) pe:>KMMe .nJI5l CTaJIhHhIX KOJIeC M peJIhC,

paCCMaTpMBa5l rroporoBhIH pe:>KMM .nBM:>KeHM5l,KaK rrepexo.n K rrpOCKaJIh3hIBaHMIO

B3aMMo.neHcTBylOIll,MX rroBepxHocTeH KOJIeCa M peJIhCa, opMeHTMpOBOqHO paBHO

0,02. Bep05lTHO, 3TO qMCJIO rpe6yeT YTOqHeHM5l. HecoMHeHHo, qTO TaKoe qMCJIO

cyIll,eCTByeT M MO:>KeT6hITh MCrrOJIh30BaHO B T5lrOBhIX paCqeTaX M rrpoeKTMpoBaHMM

.nJI5l cOBepllIeHcTBOBaHH51 CMCTeM peryJIMpOBaHM5l pe:>KMMOB ,ll,BM:>KeHM5l rro

peJIhCOBoMy rryTM KOJIeC rro.nBM:>KHOrO COCTaBa.
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