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«Основы локомотивной тяги»

Тема урока: ,,Силы сопротивления движению поезда ”.

1. Спрямление профиля и плана пути.

2. Дополнительное сопротивление при трогании поезда с места.

3. Сопротивление от подвагонных генераторов пассажирского поезда.

4. Дополнительное сопротивление движению поезда от ветра.

5. Дополнительное сопротивление движению поезда от низкой температуры.
Задание №1: Написать конспект, выполнить рисунки с описанием их смыслового значения, и с определением всех их состовляющих;

Задание №2: Ответить на вопросы по теме лекции: 

1. Основные требования к спрямлению профиля и плана пути?

2. Определение дополнительного сопротивления при трогании поезда с места?

3. Определение дополнительного сопротивления движению поезда от подвагонных генераторов?

4. Определение дополнительного сопротивления движению поезда от ветра?

5. Определение дополнительного сопротивления движению поезда от низкой температуры?

Срок исполнения – 07.12.2021г.

Материал предоставить на электронную почту: Stepanov.mih.36@gmail.com
Работы принимаются в виде фотоконспекта.
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J11s NOBBILLIEHUS TOUHOCTU TATOBbIX PACY€TOB INPOU3BOAUTCS CNIPAM-
nerue npoduis U nJaHa rnyTi, Ha OCHOBE KOTOPOro COCTaBAsIETCS «Be-
IOMOCTL pacuyeTHOro npoduiist NyTu» B 00€ CTOPOHbLI IBHXEHUS. B pac-
qeTax JIBUXKEHMs 110€3/1a MPU MEPEXOJIE C OJIHOTO NEMEHTA NPOdus MyTH
Ha JIPYroi NpearnoaraeTcs, YT0 U3MEHEHWE CHJI NOMOJIHHTENBHOIO CO-
NPOTUBJIEHUS TPOUCXOJAUT MIHOBEHHO.

B 1eHCTBUTENILHOCTH XeE T0e3]]I UMEET ONPEAC/IEHHYIO JUIHHY, H NDH
JBHXXEHUM OT OJIHOrO 3JIEMEHTa NMPOMWis K APyromMy €ro COnpoOTHEACIHL
U3MEHSETCS MOCTENEHHO No Mepe ABUXeHusi. [TosTomMy, ymMeHbllIasd THCIO

3NEMEHTOB Npoduiis METOLAMU CNPSIMJIEHUS], NMOBLILIAIOT TOYHOCTD T51-
rOBbIX PACyeTOB. ;
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PaboThi TOKOMOTHBOM MM ABMXe-
HHMH 110 aeﬁmmnbﬂomy U CIIpsSiM-
JIEHHOMY npopuasm nytu. Ha kax- Puc. 4.14. Cxema cnipsmaenus
JIOM 37ieMeHTe podust paboTa pas- poQuns nyH

Ha MPOU3BEAECHMIO CHJT OCHOBHOTO U
AONOJHHUTENIBHOIO COMPOTUBIIEHUM ABMXEHHUIO M0OE314a Ha IUTHHY 2JIEMEH -
Ta. 9TU CWIbI PaBHBI YaebHBIM chiam (H/kH), yMHOXeHHBIM Ha Bec
noesna B KH. Hanpumep, (puc. 4.14) npu aBuXeHUH 10 1eiCTBHTE 15-
HOMY NpoduaIo Myt LMN ... P, cOCTOSILEMY M3 71 21EMEHTOB. TOKOMO-
TUB COBEpPLIAET PabOTy 1O MPEONOJIEHUIO CHJI OCHOBHOTO M JOMOTHH-
TENBHOIO COMPOTUBJIEHUIM IABUXEHMIO:
~(P+Q)[(w +i )S +(w +i )S2+...+(w +i )S

Qg 2 on

]

, KX,

t

rae §,, S, ., ..., S, — AnunHa snemenTa npoduns nyT (m);
iy, Iy, ..., [, — YKJIOH 351eMeHTa (%0);

s W — YIEJbHOE OCHOBHOE COMPOTHRICHHE ABHXCHHIO (H/xH):

Wor» Wo2 » -+ Won

0= Myg — Bec cocrasa (xkH);

P= Mpg — Bec nokomotusa (KH);

P+Q=(My+ Mp)g = Mg — see noesna (kH).

PabGora, copepuiaeMasi JJOKOMOTUBOM T1PH JIBHXCHMM 110 CIIPSIMICH -
HOMY npodWIIO NyTH i, WIMHOK 5, = §, + 5, + ... + 3§, pasna

Ac:Mg(w(h +lt).\(, (4.15)

Monaras, 410 A, = A, B BbipaxXennsx (4.14) u (4.15), n coxparus 00e
YACTU PABEHCTBA Ha BEC 10e31a Mg, nonyinm

[(w |+ )Sl-o—(wozﬂ )S +.. +( i ")s ”(Wuc ”;)Sc' (4.16)

YaeabHoe OCHOBHOE CONPOTURICHHE ABHKCHHIO TTOCULA W, 3ABHCHT
OT CKOPOCTH ABUACHUS. Ha Kaxiaom diemente npoduus CKoOpocTh
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TO TIONYYUM

BoiunTasi nosiydeHHble 3HAUEHMUsI U3 JIEBOU U NMpPaBOW YacTeit Bbipa-
XeHus (4.16) noayuum
. . . .’
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171 NG nn
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/
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CripssMJIeHHbIN YKJIOH paBeH OTHOLLUIEHUIO CyMM MPOU3BEACHUIA KaX-
10TO 3JIEMEHTA YKJOHA Ha €ro JUIMHY K IUIMHE CINPAMIISEMOro y4acTka.
3HAYEHUE i, MOXHO OIPEAETUTh TAKXKE UCXOMsl U3 BHICOTHI TOYEK KOH-
ua H wu Haqaﬂa H , cnpsimiisieMoro yyactka npoguis myTu:
) IOOO(HK—HH) | A
e SR (4.19)

C
[lpeanonoxeHue 0 IBUXKEHUHU C OAHON CKOPOCTHIO [10 3JIeMEHTaM pas-
JIMYHOU KPYTHU3HBI CIIPAMJISEMOI0O yyacTKa CO34a€eT NOorpeuHoOCTb B pac-
YyeTax, BO3pacTalollylo ¢ yBeJUYEHUEM pa3HMLibl B KPYTU3HE U JJIMHAX
3JIEMEHTOB CIpsSIMJIsIEMOro yyactka. YTob6bl HE AOMYCTUTH B pacyeTax
DONBIIKUX MOrpeLIHOCTEN MPU ONMPEAEIEHUU CKOPOCTU ABUXEHUS,
CMpPSIMJISITE MOXHO TOJIBKO OJIM3KHE 110 3HAYEHHUIO U 3HAKy 3JIEMEHTBI

npoduis. KayectBo cripssMIeHUs CYUTAETCS yuoaneTBopmenbmm, 3¢ _* i3

KaXIbl¥ 3JIEMEHT y4yaCTKa COOTBETCTBYET YC/IOBUIO

§ < 2000

k Ai
rae S — IUIMHA 371eMeHTa npoduis nytu (m);

= lic — i — aGconmoTHas pasHOCTL MexXy yKIOHAMMU ro
i "POBCPﬂemoro aneMeHTa (%o). Lt

) ¢ HETER

bonee TouHbie TaroBbIe pacueTsl naer METOA CNPSIMJIEHK
pa3paboTaHHbIi yyeHHBIMU H. U, Kaprawosbim u B.A.




[image: image4.jpg]BOH nonosune npownoro cronerys, KOTOpbie COPMYIMPOBAIIN Cliely-
10lline TpeGosanms k cnpsmaenuio npoduas nyTy:

— B Npeaenax craHuuu cnpsiMasith NPoduIb Heb3s:

— PACYETHBIN nogbeM CNPAMIISITL HEb3S:

— HEOOX0AMMO cripsiMASTH B npeaenax «paBHOBEJIMKOCTH IuioLIanei»
\IIPH Tpadpu4ecKoM pereHum 3anaun) — Ha JUHMeI CIPSIMJIEHUSI M N0/
JUHKUen (puc. 4.14). Mnowanm paBHOBEIUKOCTH OTPEAENSIIOTCS OPUEH-
THPOBOYHO — «Ha ras»;

= CIIPAMJISITD TOJILKO GJAM3KHUE MO 3HAYSHUIO U 3HAKYy 3JI€MEHTbI Mpo-
¢unsi. PasHocts BbicoTs yKIIOHOB CMPSIMJISIEMbBIX 2IEMEHTOB HE J10JIKHA
NnpeBbIATh 2 M;

= CIHPAMIIEHHE N0JIXKHO YNOBIETBOPSITH YCIOBHIO
A

+i -(:ti )
KC Ka
rac San ~ IUVIHHA AEUCTBUTEBHOTO 3JICMEHTA npouast, BXOASILLETO B CripsiMIsie-
MbI/ MPOGUAL C YUETOM CONPOTUBACHUS OT KPUBOII MJIaHA MYTH:
ixc = YKJIOH CIPSAMJICHHOIO y4yactkKa ¢ Y4ETOM COMPOTUBACHUS OT KPUBOM TNJIdHA;

Ign = YKJIOH ACHCTBHMTENBHOrO M1€MEHTA NPOMMUIS, BXOASLIETO B CIIPSIMIICH -
HbIH YYACTOK, C YYETOM COMPOTUBAEHHUS! OT KPUBbIX muiaHa, (%o).

(n

3 18

€)1}

; (4.20)

KoadduumeHT A HaxoasIT B 3aBUCUMOCTH OT [UIMHbI I€UCTBUTEb-
HOro aneMeHTa npodguis (S.M), BXOASILLETO B COPSIMJSIEMbIM npoguib
nymu, no tabiu. 4.2.

Tabauua 4.2
3uauenun KooPdHIUHENTA A B 3aBHCHMOCTH OT [IHHDbI 1€HCTBHTEILHOTO 3/eMeHTa

npodHaAs NyTH
>450 449350 | 349—250 | 249—150

1600 1000 800 400

Mpumep 2. MpousBecTH CNPAMICHHE 3aMaHHOTO (pHc. 4.15) npoduns u naaua

nytu meronom H.W. Kaprawosa, b.A. INasnosa.
Pewenue. Ha rpaHMuax 3M€MEHTOB MPOGDUIS BLIYUCISIOTCH KPACHBIC OTMETKH

U 3aHOCAT UX Ha puc. 4. 15.

\ Hanpuwmep. lMpuHMMaeM, 4TO Hy/leBOH KuloMeTp pacnojioxeH Ha 100 m Han
yposHem Mopf, T.C. H, = 100 m. lMepsbiit anemeHT (S; = 500 M) pacronoxeH Ha
;‘ mec i = 1,4 %o. Toraa B KOHLIE 3IEMCHTA «KpacHasi» OTMETKa
1,4-500

L HK=100+-m--=|00,7MMT.11.
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Cl1e10BaTENbHO, CIIPSIMICHHE BTOPOTO y4acTKa BbIMOAHEHO NPABHABHC
Ilanee cocrasasieTcsi «BeaoMocTh pacyeTHOro npoduisi» B 000MX Ha

ax (Tabn. 4.3).

CraHuus

A




[image: image8.jpg]ONOJIHUTE/ILHBIE CONPOTHBJICHUS
NpH TPOraHMM MOE3a C MecTa

MHOrOYUCAEHHBIMU UCCAEIOBAHUSAMU YCTAHORICHO. YTO CUIbI Tpe-
HUS B ﬂonmﬂnnukax OYKC NMpu TPOraHUM 10e31a OKa3bIBAIOTCS 6O JIbLE,
4eMm rnpu aB“mKeHMM ITO OOBACHSIETCS TEM, UTO BO BPEMsl CTOSIHKM Mala-
€T TMAPOAMHAMUYECKOE AABJIEHUE MACJISIHOIO KJIMHA, KOTOPbIH 00pa3sy-
CTCS MEXIY MOALIMITHUKOM M LLHEHUKON OCH 1pu JABMXeHUU. Ha crosinke
MOE3/1a TEMNJIOE MACIO CTEKAET € TUIOCKOCTEN B3aMMOICHCTBUS TTOMLIINII-
HUKA U OCH, & HAYAJI0 ABUXKEHUSI COITPOBOXKIACTCS MOJYCYXUM TPEHUEM B
MOAMITHUKAX OyKe. Ha BSIBKOCTb CMa3Ku CHJIbHO BIMSICT TeMIIepaTypa.
[1py NOHMXEHUM TEMIIEPATYPBI BA3KOCTb YBEIMYMBACTCS U BO3pPACTACT CO-
NPOTUBJICHHUE BPALLUEHHUIO KOJIEC NMOABHXHOIO coctaBa. Kpome Toro, Bo
BpeMsl CTOSIHKH NMPOUCXOMST CMSITHE METAJJIA U aiare3ms (CUerisieMOCTh)
B3aMMOIEMCTBYIOLLMX TJIOCKOCTEN B 30HE KOHTAKTA KOJIEC U PEJILCOB.

OcobeHHo OosiblIasi CUIa CONPOTUBJIEHUS TTPU TPOTAHUM BOZHUKACT
B MNOALUMITHUKAX CKOJILXEHUS, B POJIMKOBBIX TOJALLIMUITHHUKAX OHA CYIIEC-
CTBEHHO MeHbLE. CHila CONPOTUBIEHUST BO3PACTAET C YBCJINUCHUEM BPE-
MEHHU CTOSIHKH T10€3/1a.

B pesyabrate 9TMX NPUUUH COMPOTUBICHUE TPOraHMIO T10C3/Id ¢ Me-
CTa 3HAYUTEBHO MPEBLILIAET OCHOBHOE CONPOTUBIICHUE ABYKeHNIO. TTo-
ATOMY OHO 00s13aTeIbHO JTOJKHO ObITH YUTEHO [IPU OPravu3alinmn JIBn-

KCHUST TTOC3/10B.
JHAYEHMUS YACJABHOIO CONMPOTUBJICHMS TPOTAHUIO TTOCI/IA € MeECTa Ha
IOIMAAKE Onpeae/isiioTes 1no HSMIMpHiICcCKiM (popmyJiaM, peKOMCHILYC-

Mbim [TTP.

JLIst NOABHMXHOIO COCTABA HA POJIMKOBBIX HOAUIMITHIKAX

78() /
wP = ——, H/kH, (4.21)
™ (/ +70°
JUISE TOABMXKHOTIO COCTaBa Ha NMOJALLIMUITHUKAX CKOJILAKCHNSI
gex o 1420 by, (4.22)
R q +70
0

TAE @, ~ HATPYIKA, APUXOMALGACH Hia oany och (KH).

Eciu B COCTABE MOCIMA MMEIOTCH PA3HOTHITHBIC BATOHDI
CONPOTHURICHUE TIOCINA NPH TPOrAHUKW € MeCTA OrpeiesIeTes Kak Cpell-
HenIBeLeHHas BeTHIHHA:

, YAC/IBHOC
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} — noJjist BAroHOB € NOAWMWMHUKAMHU CKOJIbXCHUS.

Ipumep 3. OnpencauThb YACAbHOE IONOJHUTEALHOC CONPOTURACHUE NPUA TE
HHMM C MecTa coctasa, cocrositero u3 50 % uerbipexocHbIX rpy30BbiX BaroHos
MOMLIMMHHKAX CKOJNBXEHHUSI M 50 % — HAa pONMKOBbIX NMOAMMHUKAX W TIPH
HCH HArpy3Ke OT KONECHOW NMapbl Ha PENbChl [UISE BCEX BATOHOB ¢, = 210 K.

Pewerue.

|. YaenbHOE COMPOTHBICHUE MPH TPOraHUMU C MECTa BaroHos, 000
NOJHITHHKAMH CKOJIbXCHUS:

ox 08 LS S HAR

w
P 210+78

2. VacnbHOE CONMPOTHUBICHUE MPU TPOTAHMK C MECTa BaroHOB, 0OOPYC
NOAIMIMHUKAMH KAYEHHMS:

p 280
W =—
™ 210+70

3. YaenbHOE COMPOTHUBICHUE MPU TPOTAHUM C MECTA COCTaBa BAroHOB,
TOBAHHbIX PA3HOTUMHBLIMU OYKCOBBIMHU MOALIMITHUKAMMU:

w_=owP +Bw™=0,5-1,0+0,5-5,25=3,13 H/kH.
pY QY g

~1,0 H/xH.

4.8. ConporuBiieHHe OT NOABArOHHBIX l‘\eﬂepa'mm
NacCaXXKMpPCKOro noesaa

[Mpy CKOPOCTAX ABUXEHMSI MAcCaXUPCKOro moesna Goaee 20 &
CJIelyeT VYMThIBATh B TSTOBBIX pacyeTax yAeJibHOE NOTOJJIHUT
COMPOTUBIEHUE OT MOABATOHHBIX 3JIEKTPOT€HEPATOPOB, KOTOPbIE
HAOT BbIPA0ATHIBATb 3JIEKTPOIHEPIUIO VISl TMTAHUS 3JIEKTPOIIO]
TeJIE BaroHoB, 1o (popmyJie

1360 P
W = nr

Mnr qov
rie v — CKOpPOCTb ABUXEHUS (KM/Y);
g, — Harpy3ka oT KOJIECHO# mapbl Ha pesbcbl (KH/Ha ocb);
P, — cpeaHssi yCJIOBHasi MOUHOCTD NOABarOHHOIo reHepaTopa, npuxon
cs Ha OI.IHH BaroH noesnaa (KBT).

3HauyeHue P OﬂCﬂﬂeTCﬂ no ¢opmyine

'P Pnrnﬁx +(P i rx)nxs l{‘BT

n




[image: image10.jpg]e P, — MOUIHOCTb NOABAFOHHOTO NEHEPATOPA, PACXONYEMAS HA CAYKEOHME Hy & -
Abl, KOTOpas cocTamasicT B cpenxem 2 kBT ;
Mgy — IMCNIO NACCAXUPCKMX BATOHOB 6C3 KOHAMIMOHHPORAH S
| P',K — MOLIHOCTb, PaCXOAyemasi Ha KOHAMUMOHHPOBAHHE BO3IYXa, KOTOPAS CO-
CTaBAsicT B cpenHem 9 kBt;
Mgy — “MCJIO BaTOHOB C KOHAMUMOHMPOBAHMEM BO3IYXA:
n — obluee YUCIO0 BATOHOB B Noe3ae.

Tipumep 4. Onpenenuts yaenbHOE A0MONHHTEAbHOE COMPOTHRACHHE ABHXEHHIO
MacCaXMUpPCKOro Noe3/ia oT NOABATOHHBIX FEHEPATOPOB, cocTosiero U3 20 sBaroHos,
B TOM YMCae |12 BaroHoB ¢ ycTaHOBKaMM is KOHAWLHOHHPOBAaHUS Boiayxa. Cko-
POCTb IBUXCHUS — 50 KM/4, BEAMUMHA HATPY3KH Ha OCb g, = 151 kH.

Pewenue.

1. Ycnosuas CPCAHAS MOUWHOCTb MOABArOHHOIO rEHEPATOPA, NPHXOASILASCH Ha
OJWH BAroH noesaa, pasHa

n

, WP (P &P ; :
p - Lul Bt Bn, 28424912, o
n

VaeasHoe J0NOAHUTEABHOE CONPOTHBACHHUE ABHXCHHIO NMACCAXHPCKOro nocs
A4 OT NOABArOHHbLIX NEHEPATOPOB PABHO

1360 :
w =__JL=M:L34 H/kH

Ll q,v 151-50

4.9. JIonoHMTEIbHOE CONPOTHBIICHHE JIBHAXEHHIO Noe3/1a
oT BETpa

Berep yBeMuMBACT a3POAMHAMHYCCKOE CONPOTHRICHHE IBHXKYIILC
Mycsi noeaay. Eciv BeTep HanpapieH HABCTPEUY, TO CKOPOCTH 110¢ 11
cHuxaercs. Ilpy NONYTHOM BETPE CKOPOCTH MOEIAA YBEAHUMBACTCN
Moxa aeiicteuem GOKOBOTO BETPA NMPOUCXOAMT CABHT HKMILAKA 1101
BMXHOIo cocrasa, ¥ FPCGHM KOJIEC NPUXHUMAIOTCH K DOKOBOMH rpariu
penbca. Tlpy 9TOM BO3PACTAIOT CHIILI TPEHUS CKONLKCHMS 1IPH 1 i
MOl CTBUM KOJIECHBIX 11ap C PEIbCaMKA H obuiee CoNnpoOTHRACHMNE ABM

HKEHNIO.
YnpasieHus OAO PXAJL BBUACAHIN KEACIHOMOPOKHBIC YUACTRM, Ha

KOTOPBIX 110 MHOTOJIETHUM HAHHBIM METCOCAY XKD IS KaXA0I0 1epHoiL
roja AeucTByior BETPIA ONPEACHEHHONR CKOPOCTH M HANPARICHHA OTHO

CHTENBHO T1YTH. 2
HopMaTHBaMH ITTP pexoMenayeTcst YUHTHIBATE YACALHOC 101O1H I

TeNpHOE CONPOTHRACHNHE OF BETPA N1PH COCTARACHUH IPAhHKOR Annwe
Hus NOCIIOB.
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TOOOROM | OOROBOM ne |l)c cO Ll\()pOCTb’O 8""“]0 M/cwmemax oT 0 C-
HORHOTO CONPOTHRICHHS, YCTAHORICHHOE Ha ocnonaﬁnﬁ ucceaoBaHul ’

1 ONLITHLIX TOCYIOK, NPUBELCHO B a6k, 4.4,

NONOAHUTENLHOE COIl- u

CROPOCTh | norupnenne 8 % OT oc- | ki
WIDRCHES | yogroro npu CKOPOCTH AB HGBHOI‘O npu CKOJ

oA, KM/ BETPA, M/C noesaa, KM/ BETPA, M,

i - -_m

CKopocTh

Ty SAe, S
B nepeaasaeMbIX METEOCBOAKAX MOroAbl MPHHATHI ClE] 1

ML B CKOPOCTSIX BeTpa: c1abblil BeTep — A0 4 M/C; yMEPEHHBIN
8 \M/C: CHiIbHBIN — 10 14 M/c; yparaH — cBbiie 14 m/c.

4.10. /lonoiHuTe/IbHOE CONPOTHBJIEHHE IBHIKEHHIO I
OT HH3KOW 'remnep‘a'l‘yimT o “-“M

[Tpn HU3KOH Temnepartype MOBbILLIACTCS [UIOTHOCTL B
JTHYHBACTCH A9POAMHAMHYECKOEe H OCHOBHOE COT e
TPOMCXOIMT 3aryCTeHHE CMA3KH, YTO MPHBOAW
Hi1s1 B OYKCOBBIX H MOTOPHO-0CEBBIX MOMALINI :
SIBISICTCS 110C/1e JUTMTENbHBIX POCTOEB MOABHKHOTC

BOXIACTCS I0TONIHUTEIbHBIMM 3aTPaTaMH C ,Y
XOI0M SHepropecypcoB. B 3UMHUI nep
CHIKCHMS TPEHUS! B GYKCOBBIX IOMUUITHUKAX
MEHSIIOT CE30HHBIE CMA3KHU.

Ha xenesnbix noporax Poccuu

PATYPBI HAPYXHOrO BO3ayXa Hmaﬁr
HHIO noesa. 4

B T1TP npusonsres ye
THBACHHS IBUXEHHUIO Iy
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