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Urops AJIEKCAHOPOB

Igor C.ALEXANDROV

B cTatbe oueHuBaeTcs CBSI3b

Mexay ppUKLMOHHBIMU CUTaMU,
BO3HUKAIOLLMNMUN B KOHTaKTe KOJIeCHOM
napbl C pesib.CoOM 1 xapaKTepom
AOopoXkHOW kpuBoi. UccnepgoBaHne
BbIIMOJIHEHO Ha OCHOBE popMYyIibl
diinepa, KoTopasi yctaHaB/IMBaeT
3HepreTnyeckKoe COOTHOLLIEeHue

B nape KaHaT — uManHAap (KHeXT).
TeopeTu4eckuii aHain3, MO MHEHUIO
asTopa, foKa3blBaeT B TOM Yyucsie
nepcrnekTUBHOCTD IMPU OrpesesIeHHbIX
YyC/10BUSIX MOAYJIbHOM CXeMbl
KOMITJIEKTOBaHUS cocTaBa (CM.
nyénukaymnio aBTopa B npeasigyuem
Homepe «MT», 2013, N° 5

C y4eTOoM penaKkyMOHHOIro pe3ome

0 He0b6X0[4MMOCTH BCECTOPOHHETO
usy4yeHus Boripoca). Cratbss HOCUT
OpUrnHasibHbIi U BO MHOIOM
AVNCKYCCUOHHbIN XapaKTep.

KnroyeBbie crioBa: xene3Has opora,
KonecHasi napa, pesibc, KpuBas,
PPUKUNOHHBIE CWUJIbl, 9HEPIrOrnoTEPH,
¢dopmyna Svinepa.
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BOTNPOCHI TEGP

INBnxeHue noe3ana
Nno KPUBOWU: AONOJIHUTEJIbHbIE
3HepronorTepu

Anexcandpoe Heopv Koncmanmunoeus — 0okmop
mexHu1eckux Hayk, npogeccop Bonoeodckoeo eocydap-
cmeenHo20 yHugepcumema, Bonoeda, Poccus.

CEMHU MPU3HAHO, YTO IBUKEHME XKee3-

HOJOPOXHOTO COCTaBa MO KPUBOM

He 00XoauTcsl 6e3 TOMOJTHUTEIbHbBIX
9HEPTeTUYECKUX 3aTPaT U SIBJISIETCS IPUIMHON
MHTEHCUBHOTO M3HOCA KOJIECHBIX T1ap U TOJIOB-
KU peJibcoB. B cBsi3M ¢ aTM pa3paboTaHa HOp-
MaTUBHASI TOKYMCHTALIMS, peTJIAMCHTHUPYIOIIast
TpeOOBaHUS K YCTPOUCTBY KPUBBIX C YUETOM
CKOPOCTHOTO pekMMa 1 BHaa cocrtasa [1, 2].
B wacTHOCTM, UCTIONB3YIOT METOMMKU pacyeTa
MPEBBIIIEHNST BHEIITHETO pejibca, Oaromapst
yeMy KOMITEHCUPYETCsl 00KOBOE IECTBUE LIEH-
TPOOEXKHOI CUJTbI, BO3HUKAIOIIE TIPU TBUXKE-
HUU noe3/a 1o kpusoii. He BnaBasick B moapo6-
HOCTU pacyera 1o 3TUM METOIMKAM, PacCMO-
TPUM caM TIPUHLIAIT KOMITEHCAIIMN OOKOBOTO
BOB3/ICHCTBUSI HA SKUTIAXK LIEHTPOOEKHOM CHUITBI
3a CUET HAKJIOHA PEJIbCOBOTO TYTU B CTOPOHY
TOBOpOTAa.

Ha puc. 1 npencrasieHa cxema CuI, IeicT-
BYIOIIMX Ha SKUTTAX ITPH IBYKCHUH 110 KPUBOIA,
e F, — nentpoGexnas cuna (H), G — cuna
Tskectu akunaxa (H), R — pesynsrupyronias
cwa (H), ¢ — yron HakjoHa peIbcoBOTO IMyTH

(rpan).

I/ICHOJ'[BSYCM MN3BCCTHLIC (I)I/ISI/I‘ICCIG/IC 3aKO-
2
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Puc. 1. KomneHcaunst 60KOBOJi LeHTPOBEXHOIH
Ccubl 3a CHET HaKJIOHA PEJIbCOBOroO MyTU B CTOPOHY
nosopora: Fu— ueHTpobexHas cuna; G— cuna TsxecTn
akunaxa; R— pe3ynbTupyrowas cuna; ¢— pacyeTHbli
yros HakJ10Ha pesibcoBoro nyTu; L. T. — LleHTp TsxecTn
akunaxa.

Pic.1. Compensation of lateral centrifugal force by
inclination of rail track to the turn side: F, — centrifugal
force; G — gravity force of a coach; R — resultant force;

¢ — calculated degree of inclination of the rail track;

L. T. — center of gravity of a coach.

Macca aKurnaxa (Kr); v — CKOpoCTb ABVKEHMUS
(M/c); T — paguyc KpUBOi (M); g — yCKOpeHUe
cBOGOIHOrO mageHust (M/C’ ). Onpenessiem
HMCKOMYIO BEJIMUNHY ¢

2 V2
=arctg—.
g
Harnpumep, npu v =100 xm/4 (27,78 M/c) n
r=_800 M 1osydyaeM KOMITEHCUPYIOLLMI YTroa
HAKJIOHa PeJIbCOBOTO MyTH @ = 6°.

mv
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WTak, Mbl 130aBUIMCH OT OOKOBOTO JIEHCT-
BUSI LICHTPOOEKHOI crutbl. Kpome Toro, 3a cuer
KoHycHOCTH (1:20) ITOBepXHOCTH KaTaHS KOJIEC
HMCKJTI0YaeM Mx OyKCOBaHME B MoBopoTe (O:1a-
romapsi KOHyCHOCTH ITPH ABVKEHHUH B TTOBOPOTE
BHEIITHEE KOJIECO MMEET OOMBIIYI0 OKPYKHYIO
CKOPOCTB, YeM BHyTpeHHee [3]). OmHako peaitb-
HbIA MTHTEHCUBHBIM OOKOBOI M3HOC T'OJJOBKHU
pPeNIbCOB, YIOXEHHBIX Ha KPUBOJMHEWHBIX
yJacTKax, 1 U3HOC TpeOHel KoJieC CBUIETE b
CTBYIOT O TOM, UTO JTAaHHBIX MEPOIIPUSTUI SIBHO
HEI0CTaTOYHO (CM. puc. 2, 3).

WHTEeHCUBHBIN M3HOC TpeOHEeil 1 GOKOBOI
TIOBEPXHOCTHU TOJIOBKM PEJIbCa BIIOJHE O0BSI-
CHHM.

Ecmm ocHOBHas yacTh Kosreca, KOHTAKTUPYST
C PEIBCOM ITO TIOBEPXHOCTH KaTaHUSI, TIOJTyJaeT
OKPYXHYIO CKOPOCTh, OY€Hb OJIM3KYIO K TIepe-
HOCHOI CKOPOCTH KOJIECHOM Iapbl U B 3TOM
CJIy4yae CYUTY COIIPOTHBIICHMSI IBYDKEHIIO MOXK-
HO OLICHUTb BEJIMYMHOI KO3 (ULIMEHTA TPEHUS
KaveHMsI, TO TpeOeHb, KOHTAKTUPYIOIIMIA ¢ 60-
KOBOI1 TPaHbIO TOJIOBKH peJibca, UMEET OKPYXK-

MaKC, 33 M MUH, 25 Mt

Puc. 2. HopmaTusHblie Tpe6oBaHUs M0 U3HOCY rpebGHs
KOJIECHOW napsbl.

Pic. 2. Regulations> specifications on the wear and
tear of the wheel flange.

WK

Puc. 3. OcTpokoHeYHbIii HaKkaT rpe6Hs.

Pic. 3. Pointed rolling edge of the wheel flange.

HYIO CKOPOCTb, CYIIIECTBEHHO TPEBBIIIAIOIILYIO
TIEPEHOCHYIO CKOPOCTb KOJIECHOM Mapbl (puc. 4).
CrienoBaresibHO, B MOCIIEMHEM CITydae MEXIy
KOHTAaKTUPYIOIIUMU TeJIaMU BO3HUKAET TIPO-
CKaJIb3bIBAHNE, UTO y3Ke TIPUXOIUTCS OLICHUBATD
K02((OUILIMEHTOM TPEHUSI CKOJIbXKEHUSI.

CornacHo TpUOOTEXHUYECKUM HMCCIIeI0Ba-
HUSIM [4] K09(hDULIMEHT TPEHUST CKOTBKEHUST
Ha TOPSIIOK OO0JIbIIe, YeM KO3 (GUIIMEHT Tpe-
HUSI KQUeHUsT, YTO U OTIPENesIsSieT TPUINHY T10-
BBILIEHHOT'0 U3HOCA TpeOHEl 1 GOKOBOI rpaHu
TOJIOBKU peJTbca.

O MosiB/IEHUY AOTIOTHUTETHHOTO COMPOTUB-
JIEHUsI ABVDKEHUIO TI0e3/1a Ha KPUBOIA CBUJIE-
TEJbCTBYET TakKe ONIYTUMasl MOTPEOHOCTh
B YBEJIMYEHUH TATH JIOKOMOTHBA I10 CPABHEHUTO
C CWIOi TSITW TIPU ABVKEHUU TOTO e COCTaBa
Ha TIPSIMOJIMHEWHOM ydJacTke. EcrecTBeHHO,
BO3HUKAET BOTIPOC, ITOUEMY HEOOXOTUMO yBe-
JIMYMBATH MOIITHOCTh JIOKOMOTHUBA TSI COXpa-
HEHWs 33JIJaHHOTO CKOPOCTHOTO pexXuma
Ha KPUBOM, €CJTM Mbl KOMITEHCUPOBAJIN OOKO-
BYIO LIEHTPOOEKHYIO CUJTY U YCTpaHUIU OYyKCO-
BaHUE KoJiec. 3HAUUT, BCE XK€ UTO-TO He yuJIu?

CogepiiieHHO BepHO. HeyuteHHBbIM OKazai-
Cs1 BeChMa 3HAYMMBbIN (DaKTOp: TpU Tiepenave
TATOBOTO YCWJIMSI OT IOKOMOTHBA K KOJIECHBIM
rmapaM B KWHEMaTUUYECKON 1IeTu Toe3/1a Mpu
JIBUXKEHUU €TO 10 KPUBOU MPOUCXOAUT TPaH-
copMalrys IToToKa MOIITHOCTHY (KMHEMAaTHIe-
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Puc. 4. K 06bsicHeH1IoO u3MeHeHUs yC/1I0BUii CONpPOTUBIIEHUS ABUKEHUIO KoJleca
C y4eTOM oBepXHOCTU KOHTaKTa ¢ pesiscom: 1 — BHeLIHee Kosieco; 2 — ronoBka
pesnbca; A — obnacTe TpeHus Kayenus, B — o6nacte TpeHns ckonbxxeuusi; R o~
6okoBasi peakuusi pesibCOBOIo MyTu NPy ABYXEHUN 110 KPUBOW; F,cx— cvna ipexns
CKOJIb)X€HUSI B KOHTaKTe rpebeHb Kosieca — GOKOBasi rpaHb roJIOBKY pesibca.

Pic. 4. To the explanation of change of conditions of resistance to wheel motion
with the account for surface of a contact area: 1 — external wheel, 2 - rail head,
A — area of rolling friction, B — area of slipping friction, R o~ lateral reaction of rail

track during rolling in curves; FWCK

cKasl IIelb Toe3aa MoapoOHO paccMOTpeHa
B pabote [5]).

J1ns1 Hayajia OTMETUM, UTO IBVKEHE TToe3/1a
10 KPUBOI1 ¢ COXpaHEHHMEM 3aaHHOM (pacyeT-
HOIi) CKOPOCTH HEBO3MOXKHO B PEXKIME BbIOETa
1 TeM OoJiee B pexKnuMe TOpMOXeHUs. B aTux
CITy4asix IIPOMCXOIUT HETIPEPhIBHOE CHIDKEHHE
CKOPOCTH ABMXKEHMS COCTaBa, a 3HAUYUT — IIPO-
MagaeT ¥ KOMITEHCUPYIOIINiA 2(p(heKT HaKIoHa
penbcoBoro IyTu. bosee Toro, mo Mepe cHIKe-
HMSI CKOPOCTU HaKJIOH PEIbCOBOTO MYTH yKe
WUTpaeT OTpULIATEIbHYIO posib. OUeBUIHO, YTO
COXpaHEHME 3alIaHHOMU (pacueTHOI) CKOPOCTU
BO3MOXKHO JIMIITh MPU ABMXKCHUH T10e31a B pe-
JKMME TSITH, a 9TO HeN30eKHO MPUBOIUT K BO3-
HUKHOBEHUIO MHBIX (TOTIOTHUTEIBHBIX) OOKO-
BBIX CUJI, TIPOTUBOACICTBYIOIINX IBIKCHUIO
COCTaBa, BEIOMOT'O F'OJIOBHBIM JIOKOMOTHBOM.

Crnenyetr oOpaTUTh BHUMaHME Ha TO, YTO
CUJTBI peaKiIMK PEIbCOBOTO MyTH, O0eCTICUnBa-
oIII1e TIOBOPOT COCTaBa, ACHCTBYIOT CTPOTO
B TOPUBOHTAJILHOM TIJIOCKOCTU. DTO JeiCTBIE
COBEpIIIACTCS CO CTOPOHBI OOKOBOI TpaHU TO-
JIOBKU pejibca Ha TpeOeHb BHEIITHETO KoJieca,
repenacTcss MMEHHO yepe3 00J1acTh KOHTaKTa
«B» (puc. 4), Tne 1 BO3HUKAET, KaK yKa3aHo,
cu1a TpeHMsI cKosbkeHus1. HazoBeM atu gormor-
HUTEIbHBIC CUJIbI COITPOTUBICHYS TBIDKEHUIO
CHJIaMH BTOPOTO PoJa.

[losiBieHMe cut BTOPOTroO pofa He 3aBUCUT
OT CKOPOCTHOTO PEeXXMMa COCTaBa, TO €CTh OHU
BO3HUMKAIOT U IIPU ABMKEHUH T10€31a CO CKOPO-
CTBIO ITe1IeX0/a, KOTaa AeCTBUEM IICHTPOOCIK-
HOI1 CUJIBI MOXKHO TIpeHeOpedb. CaMoe MHTepe-
CHOE 3aKJTIOYaeTCs B TOM, UTO 3TH CUJIBI (B OT-
JINYME OT LIEHTPOOEXKHBIX) MBI HE MOXKEM
KOMIIEHCUPOBaTh HM HAKJIOHOM PEJIbCOBOTO
IyTH, HU KaKUM-JTN00 IPYTUM CITIOCOOOM, 10O,
YCTpaHUB UX, MBI UCKITIOYAEM 1 CaMy BO3MOX-
HOCTb ITOBOPOTa COCTaBa.

[IpryrHa BOZHMKHOBEHUSI CUJI BTOPOTO
pofia 3aKJTF0UaeTCs B CIACIYIOIIEM.
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— slipping friction force in the contact area of
wheel flange with lateral border of rail head.

Bexkrop Tarosoro yeunus P iokomorrsa
MOCTOSTHHO MEHSIET HaIlpaBJeHUE MO IJUHE
cocTaBa, OBIDKYIIErocs Mo KpUBOil (puc. 5).
WM3meHeHure HanpaBieHUs AECUCTBUS CUJIbI
MOXET OBITh BBI3BAHO TOJIBKO ACHCTBHEM IPYTOit
BHEILIHEN CWJIBbI, U IIPU 3TOM Tpolecce, 0e3-
YCJIOBHO, 3aTpauyMBaeTcsl aHeprusi. B naHHom
CJIlydae TaKOW BHEIIHEN CUJION SIBJISIETCS CUa
peakiuu R penpcosoro nytu. Co6cTBeHHO

TOBOPSI, TOBOPOT JTIOOOTO HA3eMHOTO TPAHCTIOP-
THOTO CPEJICTBA OCYIIIECTRIISIETCS 3a CUET peaK-
IIUU TOPOTH, W TOE3] B 9TOM OTHOIICHUN
HE SIBJISIETCS UCKITIOUEHUEM.

HomyctrM, 9TO MBI MMeeM coctaB 13 100
BaroHoB, KOTOPbIN comaepkuT 400 KonecHbIX
map. CrenoBaresibHO, BEKTOP TSTOBOTO YCVITHST
n3MeHUT cBoe HampasieHue 400 pa3. BT1o oco-
OEHHOCTb MEeXaHW3Ma IMOBOPOTA TI0E3/1a, KOTO-
pasi He xapaKTepHa IJisl IPYTUX Ha3eMHBIX
TPAHCIIOPTHBIX CPEICTB.

OueBUITHO, UTO TIPECTABISITh TpaHCOpMa-
IIUI0 TSITOBOTO ycwius P Kak MMCKPETHYIO
(hyHKIIMIO B 3aBUCUMOCTH OT KOJIMYECTBA KOJIe-
CHBIX Tap B COCTaBe HE MMEET cMbIciia. BrionHe
JIOITYCTAMO, TIPUMEHUB TIOHATHE OECKOHEYHO
MaJIbIX BEJINYMH, TPEICTaBUTh U3MeHeHue P
B BUJIE HETIPEPBIBHOM (DYHKIIMM B 3aBUCIMOCTU
OT JUTMHBI COCTaBa, IBMXKYIIETOCS 110 KPUBOIA.
B TakoMm ciyuae MOXXHO BOCTIONTB30BaThCS yXKe
pELIIeHHOM 3a1a4eit, MPeICTaBUB MOE31 B BUIE
KaHaTa, KOHTAKTUPYIOIIETO C YaCThIO IIMJINH-
JIPUYECKOM TTOBEPXHOCTU — KPUBOM PEJILCOBO-
TO ITyTH.

Benukwuii yaenstit JI. Ditiep ycTaHOBWIT, 4TO
TPU KOHTAKTE KaHaTa C [WJIMHAPUIECKON MO-
BEPXHOCTHIO (KHEXTOM) MEXIy CUJIOi P, HaTsI-
TMBAIOIIE KaHaT 3a OIMH KOHell, U cuioii Q,
YIEPXKUBAIOLLEH 3TOT KaHAT 3a APYroil KOHEL,
JIECTBYET COOTHOIIIEHUE (3HAMEHUTast (POpMy-
J1a Dittepa):

Q=P-e", 2



e (4 — KoahOUIMEHT TPeHUS TTOKOSI B TTape

TpeHUs (KaHaT-KHEeXT), & — yroJjl ooxBara Lu-

JIMHApa KaHaToM (pa).

3aBUCUMOCTH (2) YCTaHOBJIEHA [UIS HETIO-
BIDKHOTO COCTOSTHUSI CUCTEMBI.

IIpoBeaeM HEOOJNBIIYIO MAHUTTYISLIAIO
C JTAaHHOM CHUCTEMOM, BBIBEIEM €€ U3 CTaTU4e-
CKOT'O COCTOSIHUSI. DTO cAelaThb HECIOXHO,
JIOCTaTOYHO YMEHBIIUTD YACPXKUBAIOIILYIO CITY
Ha Hexoropyio BeanyuHy AQ . Torma KkaHar

MPUIIET B IBMDKEHUE OTHOCUTEILHO HETIOABIIK -
Horo kHexta. [Ip1 3TOM U3MEHSITCSI YCIIOBUSI
TpeHUs B Mape KaHaT-UWJIMHIP. A MMEHHO,
YMEHBILUTCS BeJIMYMHA KO3 uImeHTa Tpe-
HMSI, TaK KaK B COOTBETCTBUM C MCCIICIOBAHMS -
MM TOTO Xe Diliepa U COBPEMEHHOI HayKu
Tpuodooruu [4] koapdULUMEHT TpeHUS TOKOS
CYLLIECTBEHHO 00JIbIIEe KO(D(DUIIMEHTA TPEHUS
CKOJIBXKEHUST: f > Ly .

HpCI[CTaBI/IM HOBO€ COCTOAHHE CUCTEMBbI
B CJICOYIOIIEM BUJIE:

Q_Asz'e_ﬂma > Q_AQZQHB )
rac Q s — BEJIMYMHA YCUIINZ, 06ecne'II/IBaIOH_IaH

JIBVDKEHUE CHCTEMBI C [TOCTOSTHHOM CKOPOCTBIO.

Takum oOpa3om, BMECTO CTaTUYECKOM CU-
CTEMbI MbI TIOJTyY TN TIEPENaTOYHbII MEXaHU3M,
SHEePreTUYECKyIo 3(P(HEeKTUBHOCTh KOTOPOIO
MOXKHO OLIeHUTH ¢ moMolubto KITI (77), a ero,

KaK M3BECTHO, OIMPEAC/IAI0T OTHOIICHUEM HE-
KOI'o SHEPreTUICCKOro rnmoxkasarejisd Ha BbIXOIC
NepeaaToOYHOro MExaHn3Ma K aHaJIOTUYHOMY
SHEPreTUYCCKOMY ITOKa3aTe/JIt0 Ha €ro BXoaIe€.
B nannom CJIyda€ B KQ4€CTBE SHEPTETUYCCKUX
rokasaresiei NCIOJIb3YEM CUJTbL ng uP:

n=0,/P=1/e"". ©)

[pencrasnsercss yaIoOHBIM KHCITOJIb30BATh
M TAKYIO XapaKTePUCTUKY, KAK OTHOCUTETbHbIC
niotepu BTiepenaye: k =1-7 . Torma, pacrionaras

BEJIMYMHOM TATOBOTO yewuust P, Heobxomm-

mp >

MOTO TSI ABMIKEHUST ITOE3/1a Ha TIPSIMOM YJacT-
ke nytu (P, HaxommuTcst OGBIMHBIM TSATOBBIM

pacyeToM), MOXKHO OMpeAeIUTb BEIUUUHY J0-
MOJIHUTEILHOTO TsAroBoro yeuaus AP | tpe6ye-
MOTO JUTS TIPEOIOICHMST CHJT BTOPOTO pofa IIpu
JIBYDKEHUHA IO KPUBOI:

AP=KP, . 4)

HMcnonp3ysa mojsydeHHbIE 3aBUCUMOCTH,
norpoOyeM B MEPBOM MPUOIKEHUN OLIEHUTD

Puc. 5. UsmeHeHune BeKTOpa TIroBoro ycuans
JIOKOMOTUBA NPy ABWXEHWUU 110 KpNBoWi: P —
CyMMapHoe TAroBoe ycusine JI0KOMOTUBa C y4eTOM
AOMOJIHUTE/IbHBIX MOTEPL OT AEHCTBUS CUJT BTOPOIO
poaa; R 017 R 2 R g+ — QJIeMEHTapHble CUJIbl PeaKynu
pesibCoOBOro nyTu.

Pic. 5. Changing of vector of traction effort of
locomotive moving in the curve: P - total traction effort
of locomotive with the account for additional losses
caused by forces of second order; R , R 27 R..... -

elementary forces of reaction of’ rail tracﬁ.

Puc. 6. K pacyety
napameTpos,
onpeaensowmnx
BeJINYUHY CUT
BTOpPOro poaa.

Pic.6. To the
calculation of
parameters
determining
secondary forces.

BJIMSIHYE TTapaMeTPOB KPMBOI Ha yBEJIMYEHUE
SHEPreTUYECKUX 3aTpart IIPH ABMKEHUU TT0e3/1a
no KpuBoii. [TpumeM K03 GULMEHT TPeHUS
B KOHTaKTe TpeOeHb — OOKOBasi IIOBEPXHOCTh
rosioBku penbea i, = 0,15 (cormacho [4] Takas

BeJIMYMHA OTpeesisieT KO3MMUIIMEHT TPeHUS
CKOJIBKEHMSI CTaJIb T10 CTaJIN ).

JlomycTiM, 9TO ITOE3IT IBUKETCS 10 KPUBOIA
¢ ymioMm obxsata 7 /2 (puc. 6), B pesy/srare

pacuera roiydaem: 17 =0,7901; k=10,2099.

Terreps TIpeacTaBUM, YTO BMECTO ITOE€31a,
BEIOMOTO TOJIOBHBIM JIOKOMOTHUBOM, UCITOJTB3Y -
€TCsl cocTaB U3 IBYX Moayieit. Torma yroj 00-
XBaTa JUI KaXIOr0 MOIYJIS COCTaBUT 7 /4.

B pesynsrare pacuera momygaem: 77 =0,8889;
k=0,1111.

VBeMYMM KOJIMYECTBO MOIYJIeH B COCTaBe
noyetbipex — @ =7 /8  Tlonydaem: 17 =0,9428;
k=0,0572.

Ha puc. 7 npencraBieHbl pe3yJbTaThl pac-
yeTa B BUE rpapuKoB.
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Puc. 7. UsmeHeHne nokasareneii, xapakTepusyloLmx
BeJINYUHY CUJ1 BTOPOro poAa, B 3aBUCUMOCTH OT yria
ob6xBaTa npu ABMXEHUN cozraa O KPUBOIA:
1-n=(a);2- =(aa).

Pic.7. Changing of indices that characterize values of
forces of secondary order, in dependence on the angle
of contact during train moving in curve: 1 — 1] = (aag ;

2-k=(a).

BbIBoI 0YeBM/IEH: MOTOP-BaroHHasi cxeMa
COCTaBa MPaKTUYECKM CBOOOIHA OT BO3HUKHO-
BEHUsI CHJI BTOPOI'O Pojia.

[IpencraBneHHbIE MCCIENOBaHUS €Ille pa3
JIOKa3bIBAIOT MEPCIIEKTUBHOCTb MOIYJIbHOM
CXeMbl KOMIUIEKTOBAaHUsI cocTaBa U Headdek-
TUBHOCTD TSIKEJIOBECHBIX I'PY30BBIX ITOE3/I0B
C TOJIOBHBIM JIOKOMOTUBOM (cM. [5]).

ITokazaB 3aKOHOMEPHOCTH BO3HUKHOBE-
HMSI CUJI BTOPOTO pojia IPU ABVKEHMU TT0e3/1a

10 KPUBOI, aBTOP HE TIPETEH/IyeT Ha BHICOKYIO
JIOCTOBEPHOCTD TTOJTyYeHHBIX TM(POBBIX 3HA-
yeHMiA 77 ¥ K , TOCKOJIBbKY SIBIIEHIE TIPOCKAJIb-

3bIBaHUS HE PAaBHOLIEHHO a0COJIOTHOMY
ckoJbxeHn0. HeobxonMMbl sKcriepruMeHTab-
HbIE MCCIIEOBaHNS B OTHOIIIEHUN OTIpE/IeIie-
HUS (DAaKTUUECKOW BEIMUMHBI i, B ITape rpe-

O0eHb — OOKOBasl TPaHb rOJIOBKU peibCa.

M3mepeHue tTaHHOTO oKa3atesist He Tpedy-
€T U3TOTOBJIEHUS JOPOrOCTOSILUMX YCTAHOBOK.
DTO MOXET OBITh BEITIOJIHEHO B Pe3yJIbTaTe Ha-
TYPHBIX UCTIBITAHUM C UCITOJIb30BAHUEM IITAT-
HOW M3MEPUTEJIBHON araparypsbl.
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ABSTRACT

The article assesses relationship between friction forces
in the contactarea of wheelsetand rail and the features of
track curve. The study has been developed on the basis
of Euler formula that establishes a ratio of forces in a pair
rope — cylinder (capstan). Theoretical analysis argues
under certain conditions in favor of positive outlook of
modular trains (see also the article by the same author in
previous issue of Mir Transporta (World of Transport and
Transportation) Journal, 2013, Vol. 49, Iss. 5, pp.28-37
taking into account editorial remark on the necessity of
comprehensive study of the subject).

ENGLISH SUMMARY

Background. The motion of rail trains in curves causes
additional power losses and wear and tear of wheelsets
and rail heads. There are regulations that govern
construction of track curves providing for velocity and
train type [1, 2]. The methods to calculate the elevation
of exterior rail permit compensating lateral impact of
centrifugal force that influences train motion in curves.
The process of compensation with the help of inclination
of track to the turning side is described with the help of
pic. 1, formulas of physics laws (1). Inclination helps to
avoid impact of lateral centrifugal force and conicity of
the surface of wheels rolling permits to avoid slipping in
the curve. But the real intensive wear and tear of a rail
head and of a wheel flange (Pic. 2and 3) show that those
instruments are not sufficient to neutralize the negative
effect there-of.
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The process of wear and tear can be explained as
follows. The main part of the wheel, being in contact
with the rail on the rolling surface, receives peripheral
speed which is very close to transportation speed
of a wheel set, and the resistance of motion can be
evaluated through the value of the rate of rolling friction.
The wheel flange, which contacts lateral face of rail
head, has peripheral speed that considerably exceeds
transportation speed of wheelset(Pic.4). Consequently
the slipping arises between the bodies in contact and
this phenomenon has to be evaluated through sliding
friction rate.

According to tribological engineering studies [4] the
rate of sliding friction is by far higher than the rate
of rolling friction, and that is the reason for enlarged
wear and tear of wheel flange and lateral face of rail
head. The resistance to motion of the train in curves
causes necessity to increase the locomotive traction as
compared to traction at the straight track.

Objectives. The task s to find alternative solutions to the
problem of train motion in the curves besides increasing
traction forces of locomotive and to minimize power
losses.

Methods. The author focuses on the study of the process
of transmission of traction force from locomotive to
wheelsets during which the output flow is transformed.
The article considers train as a kinematic chain (it was
studied in [5]), using Euler formula and introducing the
notion of the forces of secondary order.



