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AHHOTAIIUA

Hean: [TpoBepuTs BOZMOKHOCTh MEPEKaThIBAHKS BarOHOB Yepe3 TOPMO3HbIE OalllMakd MPH MaHeBpax C Iie-
JbI0 00eCHeYnTh KOPPEKTHBIM pacdeT HEOOXOAMMOro YHcia TOPMO3HBIX OallIMakoB MpH ydeTe (PU3HMYSCKHX
XapaKTEePUCTUK 3aKPeIIsieMOro MOABMKHOTO COCTaBa M MapaMeTpoB MPOAOILHOrO npoduis myTH. MeToasl:
IIpumeHeHsl METObI MOAEIUPOBAHNS U aHaNU3a. MOAEIUPOBaHUE ABUKECHHSI BATOHHOIO OTLENA Iepes COo-
yAapeHneM OCHOBAHO Ha YMCIIEHHOM pelleHHH I ¢epeHInanbHOT0 ypaBHEHMs. AHalu3 BO3MOXXHOCTH
nepeKaTbiBaHUs BarOHOB Yepe3 TOPMO3HOH OalIMak IMPOBOTUTCS C SHEpreTUUeckor nmo3unuu. Pe3yasTarsl:
PaccmoTpeH npumep 13 3KCIITyaTallMOHHON MPAKTUKY: ABMKEHHE TPYIIBI U3 25 TPYKEHbIX LIUCTEPH, €€ COo-
yJapeHue co CTOsIIEeN Ha IyTH TpyIIoN TaKuX K€ TPYKEeHbIX LIUCTEpH, cocTosmen u3 41 Barona. [lpu tumo-
BBIX YCIJIOBUSIX MaHEBPOBOW pabOThI MPU MPOTAJIKUBAHUU JOKOMOTHBOM COCTaBa, 3aKPEIUIEHHOTO OaliMaka-
MU, TOJDKHO MPOUCXOIUTH CKOJIbKEHHE OarMaka mo peibey. OHaKo Ha MPaKTHKE BCTPEYAIOTCS CIIydal Tak
Ha3bIBAEMOT0 «IIPUBAPUBAHU» OalIMaKa K PebCy, TO €CTh PE3KOTo Bo3pacTaHus KOdQQHUIHUEHTa TPEHNUS, UTO
MPUBOJMT K NepEeKaThIBaHUIO Koseca yepe3 Oammak. [1okazaHo, 4TO B yCIOBHUSX MPOAABIMBAHMS BATOHHOTO
OTIIeMa JJOKOMOTUBOM BO3MOXHO IE€peKaThIBAHUE KOJIEeC Yepe3 TOpMO3HOH Oammak. IIpu ynape nepeckok ko-
Jiec BaroHOB 4epe3 OalIMaky B PaCCMOTPEHHBIX YCIOBHUAX MPEACTABISIETCS] MaJlOBEPOSITHBIM. BhIOTHEHHBIE
pacyeTsl OTHOCATCS K AByOOPTHBIM TOPMO3HBIM OalIMakaM, B ciiydae OAHOOOPTHBIX OaliMakoB MOBBHIIIAET-
Csl BEPOSATHOCTH €r0 BhIOpOCa MpH HaesZe Kojeca. YHCIIOBOI MpHMep pacCMOTPEH B MPEATNON0KEHUH, YTO
KoJIe0aHus KUAKOCTH B IIUCTEPHAX MPAKTUYECKOTO BIIHMSIHUS HA TUHAMHUKY JBHKEHUS MOABIKHOTO COCTaBa
IIPY MAHEBPOBBIX CKOPOCTAX OKA3aTh HE MOTYT, HO IIPU COYNAPECHUHU BBI3BIBAIOT PACCEMBAHUE KMHETHUYECKON
sHeprun. IlpakTdeckas 3HaYNMOCTh: [IpuBeIeHHBIN aHaIU3 [TO3BOJSET YTOUHUTH HOPMBI U CIIOCOOBI 3a-
KPEIUIEHUS TIOJBUXKHOIO COCTaBa IIPU MAHEBPAX HAa CTAHLIVM.

KaroueBnie ciioBa: Topmo3HO#M OaimiMak, BarOHHBIHM OTIIEN, MAHEBPOBasi padoTa, ypaBHEHHUE JIBUKCHUS, CKO-
POCTb COyAapeHUsl, SHEPT U OTIIETa.

BBenenue

Hecmotps Ha To, 4TO B OCTIEAHKE TO/IBI HA CTaH-
[UAX TIOSBWINCH CTAllMOHAPHBIE YCTPOWCTBA IS
NPETOTBPAIICHUS] CAMOTIPOM3BOJILHOTO yXOJla Baro-
HOB [1, 2], TopMO3HO# OarMak He TepSET aKTyab-
HOCTH, TaK KaK MO3BOJISET 3aKPEIUIATh MOJABMKHOM
COCTaB B JIIOOOM MecTe.

Pasnuunble BapHaHTBl YKIAAKH TOPMO3HBIX
OamMakoB paccMOTpeHbI B ctathe [3]. B pabote [4]

NPENIOKEHA aBTOMATU3UPOBaHHAs METOMKA pac-
4yeTa HOPM 3aKpEIUICHHS IOABMIKHOIO COCTaBa Ha
CTAHIMOHHBIX XKEJIE3HOAOPOXKHBIX IMYTAX C YYETOM
CKOpPOCTH U HampaBieHusl BeTpa. PesynbraThl KoM-
MBIOTEPHOTO0 MOJIETMPOBAHUS IMHAMUYECKOTO B3au-
MOJEHCTBHUS KOJIEC C YCTaHOBJICHHBIMU Ha PENbCax
TOPMO3HBIMU OallIMakaMu B HPOLECCE OCTAHOBKH
BaroHa rpy30BOro M10€3/1a C IPUMEHEHNEM CTaHIapT-
HBIX TOPMO3HBIX OaIlIMaKoB pUBEEHHI B pabote [S5].
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B crarbe [6] mpecTaBieHo pa3BUTHE METOAUKH pac-
4eTa HOPM 3aKpEIUIeHHS COUIEHEHHOTO U Pa3HOPO/I-
HOTO M0 JUTMHE TOABMKHOTO COCTaBa.

B oTnuume oT cTanmoHapHOro yropa TopMO3HOM
OamMak TIpecTaBiseT cnaboe MPensTCTBHE TPU
Hae3/le ¥ MOCIENYIONEM ABMKEHUU TPYIIbl Baro-
HOB, yIpaBisieMoil JokoMoTHBOM. [Ipu Oormbiiom
KOJIMYECTBE BaroHOB B TIPYIIE MAIIUHUCT B CHIY
3HAYUTEIbHOM €€ MacChl MOXKET JIaXKe HE 3aMETHUTb
yCTaHOBJIEHHbIE Ha MyTH OamMaku. Takue ciydau
HepeIKH B MaHEBPOBOH pabdoTe.

MonenupoBaHue IBHKEHUS BATOHHOTO
oTuena

Paccmorpum ¢ sHepreTHdecKoil MO3WIUMU BO3-
MOKHOCTh TIEPEKAaThIBAHHS BAroHOB 4epe3 TIPYIITy
TOPMO3HBIX OamMakoB. Takoi aHanmu3 ymoOHO
BBIIIOJIHUTh HA MPUMEPE, ABISIOLIMMCSA TUINYHBIM
B MAHEBPOBOM MPAKTHUKE.

[lepBoHayanbHO OLIEHUM CKOPOCTH JIBHKEHHS
TPYIIIBL U3 25 TPYKEHBIX LUCTEPH MEpes coyaape-
HHEM €€ CO CTOSIIEH Ha ITyTH IPYIIION TAKUX JKE Ipy-
’KEHBIX LUCTEpH, coctosiiieil u3 41 Barona. [locne
TOJTYKA JIOKOMOTHBA 25-BaroHHBIN OTIIET MpUOOpe-
TaeT CKOPOCTh Vo =1,5 mM/c u, IBUTasch MO YKJIOH
KPYTU3HOMU i = 2 %o, TPOXOAUT MYTh MEPEL COyaape-
HHeM L = 65 m.

Hcxonnble naHHbIE 1S pacyeTa CleqyoIue:

— Macca TpyxeHoi IucTepHbl m = 76,6 T;

— Macca Tpynnbl U3 25 rpyXeHbIX IUCTepH M =
=25-76,6=1915T;

— KOJIIMYECTBO ocel B otrene n =25 - 4 =100;

— YCKOPEHHE CUIIbl TSXKECTU C YYETOM MHEPLUH

BpalllCHUA KOJICC:

Mg
M +0,925n

’

g = . (g=9,81m/c%);

— OCHOBHOE YJIEJIbHOE COIPOTHBIICHHE JBHXKE-
HUIO BaroHoB B cooTBeTCTBUMH ¢ IIpaBunamu Tsro-
BbIX pacueToB [7] w =1 H/xH;

— CKOPOCTb MOIYTHOTO BeTpa V= 5 m/c.

VYpaBHeHHUE ABMXKEHUS OTIIENa uMeeT Bup [8]:
dav . 2
Vd_ +sign(V +V, cosB)w(V +V, cosP)” =

s

(D
e ' — CKOpOCTh BHKEHUS,

V. — ckopocTh BeTpa,
[} — yrom Mexy HampaBJIeHUEM BETpa M OChIO
MyTH, [0 KOTOPOMY JBWKETCS OTIEN (yroi
aTaKwu);
§ — TIPOWICHHBIA MyTh (IyroBas KOOpAWHATA,
0<s<L, L — nnuHa npobera oTLemna);
A, L— mapaMeTpsl, pacuiu(ppoBKa KOTOPBIX MPH-
BCJICHA HIDKE:

A=g'(i-

¢ — a3poaMHaMuuecKkuii kodphuueHt, T/m:

w-107), u=c/M,

_0,0667p i
T 287(273+1°) <

e ij — K03 QUIMEHT BO3LYIIHOTO CONPOTUBIIC-
HHS /-TO BaroHa;
S}. — IUIOM3Jb TIONEPEYHOTO CEYCHHS j-TO
BAroHa, M%;
p — atMoc(epHOe TaBICHKE, MM PT. CT.;
287 — ynenbHas ra3oBas MOCTOSHHAS IS BO3-
nyxa, Joi/(ir - K);
0,0667 — mnepeBomHOM KO3 duIMEHT (Macca
BAaroHa MPUHAMACTCS B TOHHAX);
© — pacueTHas TeMIeparypa Bo3uayxa, °C;
M — macca otmena.
@ynkuus sign(x) ompeneneHa cieayrmuM oopa-

30M +Lecmu V +V, cosf > 0;
sign(V +V, cosB)=< 0,ecmu V' +V, cosp = 0;
—1,ecnmu V+V, cosP <O0.

VYpaBuenue (1) pemiagoch YMCIECHHBIM METOIOM
IpU CNEIYIOMEM HadalbHOM yCiloBuM: V =V, =
= 1,5 m/c mpu ¢ = 0 — Bpems. Temneparypa Bo3ayxa
npuHsATa paBHoil 1° =+17 °C, armocdepHoe naBie-
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Puc. 1. 3aBECUMOCTB CKOPOCTHU 25-BaroHHOTO OTIIENA OT PacCTOSHUS TIpobera

Puc. 2. 3aBucUMOCTb MPONOKUTENBHOCTH JBUKEHHUS 25-BarOHHOTO OlieNa OT pacCTOsHUS podera

Hue p =760 mm pr. ct., p=20°, C_ = 0,96, §=9,8 M%.
KpuBass BpeMeHM OIpe/eieHa HHTErPHPOBAHHEM
CKOPOCTH:

Ipaduk CKOPOCTH  JBMIKEHHUS
25-BaroHHOTO OTIIENa MpUBEICH Ha puc. 1, a rpa-
(Gux BpemeHH IBWXEHUS — Ha puc. 2. Borumcie-

N3MCHCHUA

HHUS TIOKA3bIBAOT, YTO CKOPOCTh OTIIENa K MOMEHTY
cuermieHus cocrasuser 1,84 m/c, mmm 6,62 km/u,
9TO HAMHOTO MEHBIIIE JIOIYCTHMOM CKOPOCTH BXOJIa
Ha TOpMO3HOM Oammak (4,5 m/c, wim 16,2 km/4, 10
I'OCT 22235—76 [9]), TO ecTh CKOPOCTh coyaape-
HUS (CIEIJICHHS) BATOHOB HE MPEJICTABISET YIPO3bl
NepecKakiBaHus Koliec uepes OallMaky, Aaxe MpH

Haes3[e OTIena Ha OallMaku MpU OTCYTCTBHUHU CTO-
AIIMX BAaroHOB, TaK KaK HavajibHas CKOPOCTh CIIe-
MUBIIETOCS 66-BArOHHOTO OTIIENa Oy/IeT COCTABIATh
25/66 ckopOCTH, KOTOPYEO UMEI 25-BarOHHbIN OTIIETI
nepes] CoyapeHHeM.

Kunernueckas sHeprusi 25-BaroHHOro OTIENa
niepes1 CoylapeHrueM co CKopocThio 1,84 M/c paBHa:

MV? 1915-1,84
2 2

OHEpProeMKOCTh MONIOMAMOIINX aNNapaToB Ipy-

T = = 3, 24 M,Z[)K.

30BBIX BaroHOB cocTanisieT nopsizka 70 k. [Tormo-
maronye anmaparsl 41-BaronHoro otuena (81 mr.)
CII0COOHBI TOTIOTUTD 5,67 M ][k sHepruu.
Hexkotopas monst SHEpruu pacxomyercss Ha BO3-
Oy>kIeHue MPOONbHAIX KoeOaHui B chOpMUPOBaH-
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Puc. 3. Cxema KoHTaKTa Koyeca
C TOPMO3HBIM OalIMaKOM

HOM T10CJIe COyZapeHHst 66-BaroHHOM COCTaBe (JacTh
KUHETUYECKOW 3HEepruu 25-BaroHHOTO OTIera mepe-
XOIIUT B 3HEPTUIO TPOJOJTBHBIX BOJIH B XPeOTOBBIX
0asikax UCTEPH).
Kpome TOro, TmOCKONBKY TIEHTPHI TSKECTH
[UCTEPH HAXOMATCA BBIIE OCEH aBTOCIICIIOK,
B COCTaBe BO30YKIAIOTCSA CBSA3aHHBIC KOJICOAHUS
TIOJICPTUBAHMS M TAIOMHPOBAHKS (YaCTh TOCTYIIHB-
IIeH SHEPTHU TIEPEXOAUT B 3T Kosebanus). [Tomumo
3TOTO, TIOJIaras, 4TO OMpEeAeNeHHAs YacTh IUCTEPH
HE TIOJIHOCTBIO 3aIlOJHEHA >KUAKOCTBIO, CUMTAEM,
9TO HEKOTOPAs JIOJISl SHEPTUH TIEPEXOIUT B SHEPTHUIO
KOJIeOATENTbHBIX JIBHKCHUH KHUIKOCTH B YKA3aHHBIX
mucTepHax. YacTh SHEPTUU TaKkKe PaccemBaeTCsl Ha
BUOPAIUIO PEITHCOINAIBLHON PEIIETKU M 3eMJISTHOTO
nonoTHA. B Takux ycnoBusix Bcst SHEprus 25-BaroH-
HOTO OTIIEMa MOJHOCTHIO PACCEMBACTCS, U TIOCIIE COY-
JapeHus CIECTMBIINECS BATOHBI OCTAHABIMBAIOTCS.
OtieHuM Tereph CKOPOCTh 25-BarOHHOTO OTIIENA,
IpH KOTOPOM MOXKET HA4aThCs JIBHIKCHHE CICTIMB-
mmxcsi BaroHoB. Ecmu Bce ympyro-hpuKIMOHHBIE
armaparsl 41-BaroHHOTO HETOABMKHOTO OTIIENA Pac-
KPBITHI (BCE aBTOCIENKH OC)KUBAEMOTO 25-BaroH-
HOTO OTIIENa TPEANOIaratoTcsl 3aKphITHIMH) U CyM-
MapHOE paccesiHie YHEPrUy Ha BCE MEPEUHCICHHBIC
BUJIBI TOTEPB cocTasisieT 10 % oT ucxomHol sHepruy,
TO HaYaJIbHAS KUHETHICCKAS SHEPTHS JABIKYIICTOCS
oTIIena Jo/bkKHa cocTaBiiath 5,67 / 0,9 = 6,3 M]Ix,
YTO COOTBETCTBYET CKOPOCTH €r0 JIBWKEHUS 9,4 KM/,
Ecnu sxe mocrne cuernnienus rpymm BaroHOB 0CaXuBa-
HHE TIPOAOIIKACTCS, TO OMMCAHHBIE BHIIIE TUHAMIYC-

CKHE TIPOIIECChI HE TIPOUCXOIAT, a TOTEPU SHEPTHHU Ha
NPEOIONIEHUE BCEX COMPOTUBIIEHUI TIPH MOCTOSHHOM
CKOPOCTH JIBHJKEHHSI COCTaBa KOMIICHCHPYIOTCS 32
CYET PHEPTUH JIOKOMOTHBA.

OmpenenuM BeMYMHY JOMOJHUTENBHOTO YCH-
JUsl, KOTOpOe HEOOXOAUMO MPHIOKUTH CO CTOPOHBI
JIOKOMOTHUBA K NHCTCPHC, YTOOBI MEpCBaAIUTL €€
yepe3 OammMak. J{jis 3Toro paccMOTpuUM B3aUMOJIEH-
CTBHE KOJIECHOU mapbl u 6armaka (puc. 3).

W3 puc. 3 crenyer, 4to:

R—-h/2 0,5-0,1/2
R 0,5

cosoL = 0,9,

r7ie 1 — BBICOTA TOPMO3HOTO OalmMaka (KOJIOAKH);
R — pagnyc xoneca.
Orcrona

R—h/2
o= arccosTh/ =arccos0,9 =26°.

Hckomast cuma, KOTOpYrO CIEAyeT MNPHIOKUTD
JIOKOMOTHBY, YTOOBI IEPEBATUTH OHO KOJIECO 4-0CHOI
IIUCTEPHBI Yepe3 Oalmak, HailieM U3 BhIPaXKECHHUS:

F:q-tga:%-tga:

- J0000:081 1 60 = 45,81 kH.

3nech g = mg / § — Harpy3ka Ha korneco. J{ys nepe-
BAJIKK TpeX LUCTEpH 3Ta cuia coctaBut 45,81 - 3 =
=137,43 kH.

OmpenenuM  MHUHUMAJbHYI0 — KMHETHYECKYIO
SHEPTHI0 66-BATOHHOTO OTIIETIa, KOTOPOH OH AOKEH
obnajmarh Ui TOTO, YTOOBI «IEPECKOYUTH) Uepe3
5 GamMakoB, yCTaHOBJIEHHBIX C HAKATOM (COTIACHO
Wucrpykimu [10]).

VunTeiBas TO, YTO OAmIMaKk yCTAHOBICHHI Ha
OJIHOM HUTKE IyTH, IIEHTP TSKECTH OHOM LIUCTEPHBI
TpY TIepeBajke yepes OalMak JoKeH NPUTIOAHATHCS
Ha BbicoTy h/2. lloTeHumanvHas SHEprus OHOM
[UCTEPHBI YBETMYUTCS HA
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yIAEpKaHMs KOJIeCa OTHOCUTEILHO TOYKH IIEPEKATHI-
All, = Mgg' BaHU yepe3 OammMax.

Tak kak mATh TOPMO3HBIX OAaIIMaKOB yCTaHOB-
JIEHBI TIOJ TPEMS LIUCTEPHAMH, CyMMapHasi IOTEHIH-
anbHas SHEPrusl TPeX LUUCTEPH MPH TepeBalke uepes
OalIMaku COCTaBHT:

h
All=3mg—.
mg2

[Ipenebperas moTepsMu SHEPTHH MPH TTEPEBATIKE
OTIIETIOB Yepe3 OalllMaku, Ha OCHOBAHHMHM 3aKOHA
COXPaHEHHs SHEPTHU HMEEeM:

Vee h
M“?:fimg?
nim
v 3mgh_\/3-76600-9,81-0,1_
“ M 76600 66

66

=0,21 m/c.

Takum oOpazom, mnsd TepeBaKM dYepe3 MATh
TOPMO3HBIX OAaIlIMaKoOB, YJIOKEHHBIX C HAKaToOM,
66-BaroHHbI OTLEN JOKEH HWMETh CKOPOCTb
0,21 m/c (0,8 km/4) (Ipu cemu OarmMakax 3Ta CKO-
poctb coctaBut 0,24 m/c, nim 0,88 km/9).

OO0cyskaeHue pe3yJbTaTOB U BbIBOJbI
[Toy4yeHHbIe pe3yabTaThl MO3BOJSAIOT CETATh
BBIBOJI O TOM, YTO KMHETHYECKasi SHEPTUs COCTaBa
B PACCMOTPEHHOM TIPUMEPE BIIOJIHE MOXKET TIPEBHI-
marh NOTPeOHYIO JUIS TepPEeKaThIBaHUS 4yepe3 Oari-
MaK{ TIOTCHIMAIBHY0 DHEPIUI0, YTO MPHUBEICT
K TMEpeKaThIBAaHUIO KOJEC Yepe3 TOpMO3Hble Oar-
MaKy B YCIIOBHSIX MPOJAABIMBAHUS cOocTaBa. M Hao-
OOpOT, MEepPecKoK Koliec BArOHOB uepe3 OamiMaku
IpH ynape MPeCTaBIsAeTcsS B 3aJaHHBIX YCIOBHUSX
MaJIOBEpOSTHBIM. B0O3MOXKHO JIUIIb HE3HAYUTENBHOE
CKOJTb)KEHHUE TOPMO3HBIX OAIIIMAKOB TI0 PeJIbCy (103).
K TtakoMmy ke BBIBOJLY MOXHO HPHHTH IyTeM
COTIOCTABIICHHUS MEXaHUYECKUX MOMEHTOB C/BHUra/

VYenoBue 0TCyTCTBHS NIepeKaThiBaHus yepe3 Oali-
MakK UMEeeT BUJI:

M. <M,

e M, My — MOMEHT CIBHUIa U yAEPKUBAIOLIUN
MOMEHT COOTBETCTBEHHO.

M =F.(R-h), M,=qJ2Rh—-h*, (2)

rae [, — cuna Taru (Haxatus) JOKOMOTHBA,
g — Harpy3ka Ha koneco. MOMEHTBbI ompee-
JIEHbl OTHOCHMTEIBHO BEPXHEH TOUYKM KOJIOAKU
Oammaxka (puc. 3).
s k GammakoB u3 BbIpakeHHH (2) momyuyaem
yCJIOBHE HeTlepeKaThIBaHuUs KoJlec yepe3 OarimMaKu:

V2Rh—h* &
R-h 3
Jlnst paccMaTpuBaeMoro puMepa UMEEM: ¢, = g =

=94xH,R=0,5m,k=5,h=0,1 m. Torma F, <352,5 xH.
Cuna conpoTuBieHust 0T 66 BaroHoB COCTABUT:

Fr < q;- A3)

F, =0 -w=(76,6-66-9,81)-1,0=49,6 xH,

rae O — Bec oTIena.
Takum o6pa3oM, cymMMapHasi cuia COMPOTHBIIE-
HUS TIepeKaThIBAHUIO uepe3 OammMak paBHa:

F,+F, =352,5+49,6 ~ 402 kH,

YTO COCTABIISICT, HATIPUMEP, 1S TIOKOMOTHBa TOM7
75 % ot ero kacatenbHOU cuibl TArU (540 kH).

B HOpMasibHBIX yCIOBHUSX MPH MPOTAIKHUBAHUU
JIOKOMOTHBOM COCTAaBa, 3aKPEIUICHHOTO OaliMakamu,
JOJDKHO TPOMCXOJUTh CKOJNBXEHHE OamiMaka T1o
penbey. CyMMapHast cuiia TPeHUsI CKOJIbKEHUS! TIPU-
MEHHUTENHHO K MPUHATHIM UCXOIHBIM YCIOBUSIM TPH
OJIMHAKOBOI Harpy3ke Ha OCb COCTABUT:

Fp=f-q-k=0,17-94.5~80 kH,

rae f= 0,17 — koaduuuent TpeHus.
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Puc. 4. MunumanbsHas cuia TArd
B 3aBICHMOCTH OT BBICOTHI OaIliMaKa:
[ — TpyXeHas IIUCTepHa,
2 — MOPOXKHSAS IIUCTEPHA

Takum oOpazoM, cuiia TpeHUs B JJTAHHOM Clydae
OKa3bIBAaETCS NPUMEPHO B MATH Pa3 MEHbILIE CUIIBL,
TpeOyeMoii 171 epekaThiBaHus yepes Oarmak. Tem
HE MEHee B MAHEBPOBOM MPAKTHKE BCTPEYAIOTCS CITy-
Yay TaK Ha3bIBAEMOTO «IPHUBApHBAHHA» OaliMaka
K PeJbCy, TO €CTh Pe3KOro BO3pacTaHus Kod(hu-
I[IMEHTA TPEHUS, YTO U TMPUBOJKT K TTEPEKATHIBAHUIO
Koseca uepe3 Oarmax. O4eBUIHO, YTO BEPOATHOCTD
HiepeKaTbiBaHus Kojeca yepe3 OalIMak BO3pacTaeT
IpU HAIMYUM 3arpsA3HEHUH Ha €ro MOBEPXHOCTH
(Macio, Ma3yT, Iel U T. IL.).

Heo6xommMo OTMETHTb, YTO B MaHEBPOBOH TIpak-
THKE HEJb35 UCKIIF0YaTh CIIy4aeB MPUMEHEHUs pas3-
JIMYHBIX MOJENeH TOPMO3HBIX OAIlIMakoB ¢ pa3sHOM
BBICOTON Komonmku /. Ha puc. 4 mokazana 3aBu-
CUMOCTb IOTPeOHOM CHJIBI TATH JIOKOMOTHBA OT
BBICOTBI KOJIOAKM OalliMaka, MOCTPOEHHAs! COIVIACHO
dopmyne (3) s paccMarpuBaeMoro Ipumepa
(g = 94 xH, k = 5). [lnana3oH M3MEHEHWs BBICOTHI
KOJIOAKM TIPUHAT, Kak M B pabore [11], paBHBIM
20-180 mm. [Inst cpaBHEHHS Ha 3TOM K€ PUCYHKE
TI0Ka3aHa aHAJIOTNYHAs 3aBUCUMOCTb JUISl TOPOXKHEH
mcteprsl (¢ = 27 kH). B atom cirydae, kak BHHO,
PUCK Tepekara Koyieca uepe3 OallMak 3aMeTHO BO3-
pacTaer.

3aKiIoueHue

[IpuBeneHHBI aHANM3, OYEBUIHO, OTHOCUTCS
K IByOOPTHBIM TOPMO3HBIM Oarivakam. B cirydae omHo-
OOpTHBIX OalIMaKOB TMOBBIIIAETCS BEPOSTHOCTH HX
BbIOpOca npu Haezne. OTMETUM, 4TO KoeOaHusl JKHJI-
KOCTH B IIUCTEPHAX TPAKTHYECKOTO BIMSHUS HA JJUHA-
MUKY JBIKEHHS TIOBIDKHOTO COCTaBa MPU MaHEBPO-
BBIX CKOPOCTSIX OKa3aTh HE MOTYT, HO TIPH COyJapEHHH

BbI3BIBAIOT PACCCIHUC KHHETUICCKOM SHCPIrun.
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3aKPCIJICHUSA MOABHUKHOTO COCTaBa Ha CTAHIIMOHHBIX ITYTAX.

Securing Wagons During Shunting Operation
V. L. Smirnov, S. A. Vidyushenkov

Emperor Alexander I Petersburg State Transport University, 9, Moskovsky pr., Saint Petersburg, 190031,
Russian Federation
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588X-2025-2-300-307

Summary

Purpose: To assess the possibility of wagons rolling over the brake shoes during shunting operations, with the
aim of determining the number of brake shoes required, taking into account the physical characteristics of the
secured wagons and the parameters of the longitudinal profile of the track. Methods: The modelling and analysis
techniques were used. The simulation of the wagon cut movement before the collision was based on the numerical
solution of the differential equation. The possibility of wagons rolling over the brake shoe was analyzed from
the energy point of view. Results: The following example has been drawn from practical experience, namely,
the movement of a group of 25 loaded tank cars and its collision with a group of 41 similarly loaded tank cars
standing on the track. In a standard shunting operation, when a locomotive pushes a train secured by the shoes,
the shoes should slide along the rail. However, in practice, there are cases of the so-called “welding” of the shoe to
the rail. This is due to a significant increase in the coefficient of friction, which results in the wheel rolling over the
shoe. It has been demonstrated that when a locomotive exerts pressure on a wagon cut, the wagon wheels could
potentially roll over the brake shoe. In the event of an impact, it appears improbable that the wheels of the wagons
will jump over the shoes under the conditions considered. There is a possibility of slight sliding of the brake
shoes on the rail. The calculations performed are applicable to double brake shoes. In the case of single shoes,
there is an increased potential for the brake shoe to be discarded during the wheel impact. A numerical example
has been considered on the assumption that fluid fluctuations in tanks do not affect the dynamics of rolling stock
movement at shunting speeds. However, during the collision, these fluctuations cause the dissipation of kinetic
energy. Practical significance: The aforementioned analysis has enabled the establishment of clear standards and
procedures for securing wagons during shunting operations at the station.

Keywords: Brake shoe, wagon cut, shunting operation, equation of motion, collision velocity, wagon cut
energy.
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