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«Основы локомотивной тяги»

Тема урока: ,,Силы сопротивления движению поезда ”.

1. Классификация сил сопративлению движения.

2. Основное сопротивление движению поезда.

Задание №1: Написать конспект, выполнить рисунки с описанием их смыслового значения, и с определением всех их состовляющих;

Задание №2: Ответить на вопросы по «Классификации сил сопротивления движению» и «Основным сопротивлениям возникающим при движении поезда» 

Срок исполнения – 02.12.2021г.

Материал предоставить на электронную почту: Stepanov.mih.36@gmail.com
Работы принимаются в виде фото конспекта.
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4.1. Knaccudukauus CHJl CONPOTHBIEHHS ABHKEHHIO

JIBUXEHHE noe3aa COMpPOBOXAAECTCA AEHCTBUEM HEYNPABASEMbIX
BHYTPEHHUX W BHELLIHWUX CUJ1, HAMPABJEHHBIX MPOTHB €ro ABUXKEHUS. ITH
CWJIbl IPUHSITO pa3jinyath M0 peXUMaM W YCIOBUAM ABUXEHMS, M0 BU-
JlaM ¥ TUMNaM MOABUXHOIO COCTaBA.

[To peXuMaM U yCIOBUSIM IBUXEHHUS PA3NUYAIOT: 1) conpomuénerue
mpoeaxuro noe3oa ¢ mecma, 2) 0CHoO8Hoe conpomuenexue; 3) 0ononxHumens-
Hble ConpomuUBNeHUS.

Conpomuenenue mpoearuro noe3da ¢ mecma Ha3blBalOT COMpPOTHUBIIE-
HUE, KOTOPOe BO3HUKAET B MPOLIECCE Mepexoaa YacTel noesaa U3 cocro-
SIHUS TIOKOSI B COCTOsIHME ABMXefiusi, HAUMHAsi OT JOKOMOTHBA U KOH-
yasi MOCJ€AHUM BaroHOM. DTO COMPOTHUBJEHUE OrPAHUYEHO [0 BpPEME-
HU OEUCTBUSI U CYLLECTBEHHO OTJIMYAETCS IO CYTH OT CHMJ OCHOBHOTO
conporuBiaeHusi. [103TOMy OHO YUUTBIBAETCSl OTAEIbHO TP BbIMNOJHE-
HUM TSITOBBIX PacyeTOB.

OcHosHbIM conpomugneHuem Ha3blBalOT COBOKYMHOCTb FOPU30HTA/b-
HBIX CMJI, TTOCTOSIHHO OEMCTBYIOLUMX MPOTUB MOCTYMATEJbHOIO JBUXeE-
HHS MOABUXHOIO COCTaBa B [POLIECCE €r0 ABUXEHHUSI.

OcHosHoe conpomueneHue 08UNCEHUI0 N0KOMOMUBA, B 3aBUCUMOCTH OT
PEXUMOB BEAEHUSI MOe31a, NMOAPA3AE/SIOT HA COMPOTUBIEHUE [BUXE-
HUIO B PEXHUME TATM U COMPOTUBIEHUE B PEXUME XOJOCTOro X014, T.e.
NBUXEHUE O€3 TArM.

OcHosHoe conpomueéaeHue Pa3inyaeTcs TaKXe Mo BUAAM U TUIIaM Mo/d-
BUXHOTO COCTaBa: TEMJIOBO30OB, 3JIEKTPOBO30B, 3JEKTPONOE3N0B U M-
3€/1b-1I0€3/10B, BATOHOB C Pa3e/NIeHUEM MO YUCIY OCEH M TumaMm GyKco-
BbIX MOALIUITHUKOB.

Heynpaensemoimu 0OnoAHUMeNbHbIMU CONPOMUBNCHUSMU nOCMYnamens-
HOMY 08UNCEHUIO HA3BIBAIOTCSI 8peMEHHO NE€WCTBYIOLLME MOPU3OHTABHbIE
CUJIbI, BO3HUKAIOLLIUE Om npogus U nAaHa nymu, om noo0Ba2oHRbIX jexn-
pO2eHepamopos, 6empa, HU3KOU memnepamypsl 6030yxa N ApYrux NPHYHH.




[image: image2.jpg]Mo eAMHUIIAM N3MEPEHUSI BCE CONPOTUBICHMSE MOTYT ObITh A0ANBIC U
yoeavrvie. [Toaroe cONPOTURAEHUE TPEACTABISIET COOON CONPOTURIEHNE
JBUXEHHUIO [UISI BCETO JJOKOMOTUBA, BATOHA, COCTaBd, 110€344 U 0603Hd-
yaeTcs COOTBETCTBEHHO: LISt TIOKOMOTUBA B pexume Tsirn W), B pexume
xonocroro xona — Wi st cocrapa — W, noespa — W, = W, + W'
pexume Tsiru unu W, = W+ W' pexume Bbibera (xosoctoro xona)
Ha NPSIMOM TOPU3OHTAILHOM MYTH W U3MEPSIETCS B HHIOTOHAX.

YoenvHoe conpoTUBIEHKE NPEACTABSIET COOON CONPOTUBIEHUE [1BU-

XEHUIO, MPUITOXKEHHOE K €AMHMULIE BECA MOABUXHOIO COCTaBa U, COOT-
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w. = P—+é—u usmMepsiercsi B H/kH. B naHHOM ciyuae pasmepHOCTb

HE COKPALLlAETCsl, TAK KAK BEKTOPbI CUJIbl COMPOTUBIEHUS ABUXKEHHUIO B
H (HBIOTOHAX) HAIMpPaBJIEHbI MAPAJLIENbHO MOCTYNATEIbHOMY ABUXEHUIO,
a BEKTOpPbI CUJIbl Beca B KH (KMJIOHBIOTOHAX) HaMpaB/eHbl MEPNEHANKY-
JISIPHO.

4.2. OcHOBHOE CONMPOTHBJIEHHE JBHKEHHIO MOe3a

OCHOBHOE COMNPOTUBJIEHME MOCTYNaTebHOMY IBUXEHUIO BOSHUKAET
B pe3yJibTaTe: TPEHUsl B MOALLIMITHUKAX OYKC; OT COMPOTHUBIEHUS KauyeHHs
KOJIEC IO PeJibCaM; TPEHHS CKOJIbXEHMS KOJIEC M0 PeJibCaM; CONPOTUBIIE-
HMUS OT PACCENBAHMSI SHEPTUH IBUXEHMS N10€31a BEPXHMM CTPOECHHMEM MYTH
M MOABUXHBIM COCTaBOM; BO3AYLIHOIO COMPOTUBIEHUSI; COMPOTUBICHUS
3a cyeT paboThl MOMJIOLLAIOILMX aMNapaTOB aBTOCLIENOK COCTABa.

Conpomuenenue om mperus NOOWUNHUKOE OYKC KoAeCHbIX nap (PUC. 4.1).
MocTtynarenbHOE JBUXEHHE MOABUXHOIO COCTaBa COMPOBOXAETCS Ka-
YeHMeM KOJIEC M0 PESIbCaM, BpaLLEHWE KOTOPbIX BOZMOXHO 3a CUET cLen-
JIEHMA KOJIEC C PEbCAMM U MOALIMITHUKOB OCEi KoseCHbIX nap. Ot Tpe-
HMS B MOALIMITHUKAX GyKC BO3HUKAET cuja F;, KOTOpasi CO31aeT COonpo-

d
TUBJEHUE BPALLEHUIO KoJjieca. DTa cuiia 00pa3yeT MOMEHT Mn ] Fn 5
M, Fd
orkyna K, =—"-=—"—, KOTOpbI/ B KOHTAKTEe KOJIECA 1 Pe/IbCA CO3AAET
n RK DK

COMNPOTUBJIEHUE IBUXKEHUIO OT NMOALLIMITHUKA OYKCbl, OTHOCUTEIBHO KOH~-
takra A ueHTp ocu O nojiyyaer «BpaiatebHyio» cuiy K = K, Hanpas-
JIEHHYIO TIPOTUB CUJI TIOCTYNATENLHOTO ABMXKEHUS, DTa CUJla BOSHUKAET
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Puc. 4.1. ConpoTMBACHHUE ABHXEHUIO OT
TPEHUs NOAINIHUKOB ByKC:
M, — MOMEHT KaueHHMs Kojieca npu no-
CTYNaTe/bHOM ABMXCHHUHM (V) NOABHXHO-
ro cocrasa; M, = F d/2 — MOMEHT co-
MPOTURICHMS KAYCHHUIO KOJIECA OT CHITbI
TpeHus KayeHus nomumnHuka (F)) 6yk-
cu: K, = K, = F,, = M /0,5D, — cnna
CONPOTUBACHMSI IBUXEHUIO OT TPEHUS B
NOMWMNHUKE ByKCbl

Puc. 4.2. ConporusncHue ABHXCHHIO OT
KBNCHMS KOAECA NO PeALCAM:
K, — cuana conpoTHBACHMS NOCTYNATENb-
HOMY ABMMECHMIO OT KauecHMs Kojaeca no
penucam; A — cMeleHHe LeHTpa A B3a-
MMOACHCTBMS NIPM KauCHMM KoJeca No
peascam

C MOMEHTA HAANIA JIBUKEHUS T10/1-
BUXHOTO coctana. e penuunna 3a-
BUCHUT OT: KOHCTPYKIIUU TOIIITATI-
HUKA (CKOJILXEHUSI WU KAIEH WS ),
KOHCTPYKIIMU Hykcoporo yina
(yenocTHas1, 1noposikosast bykca);
KauecTBa cOOpPKU nMpu MOHTAaXE
6YKCOBOTO y3/1a; OT CMa3ku — ee
YUCTOTHI, KAYECTBA U KOJIMYECTBA;
TeMmrepatypbl 6YKCOBOro ysna u
MHOIMX APYruX (hakTOpOB.
Conpomuenenue om Ka4eHus
konec no peavcam (puc. 4.2). Ot
CTATUYECKOW HArpy3KH MOABUX-
HOTO COCTaBa KaXI/10€ KOJIECO Mpo-
ruGaer pesibC, a NpU JABUXKEHUH
BO3HMKAET «BOJIHA» MEPel KOJeca-
MU, KOTOPYIO KOJIECO «ITbITAETCS»
npeononets. U3 puc. 4.2 n coor-
HOLLIEHUsI BEKTOPOB CHJI_Orpene-

m
nsiercsi 3HauyeHue K, =——.Tlpu

BeJIMYMHE cMelleHust m = 0,2 MM,
D, = 1000 MM u cpenHei Be-
nuuuHe Harpy3ku [T = 100 xH
K, cocrasut 0,4 H/kH. [oaromy,
YeM TBEPXE IPYHT, Y€M MOLUHEE
peNbChl, TEM MEHbLUE WX M3Irub u
«BOJIHA» MEpPeN Koaecamu, T.e.
MEHbLLE CONPOTHBIEHHE OT Ka-
YeHUs KOJIEC MO penbcam, M Ha-
o6opor. B 3uMHee Bpems npu
HM3KHX TEMNEPATYpPax FPyHT,
peabehi M KONECA NOABHXHOIO
COCTABA CTAHOBATCH THEPXE, No-
ITOMY T4 COCTARSIOIIAS OCHOB-
HOTO CONPOTHRICHHS ABMXEHWIO
MeHbIe, YeM B AeTHWH nepuon
AKCIUIyaTaluu. A e
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Hus konec no peavcam (puc. 4.3). Muoro-
YUCICHHBIMM UCCNENOBAHUAMM YCTAHOB-
NEHO, YTO KoJieca NMOABUXHOIo cocTana
RJaMMOLlC“CTRyIOT C penbcaMu HE B mov-
Kax Kacauums, a Ha MOM(G()K(IX B BUJIE DJ1-
nunca (cm. puc. 4.3, 6). Tlpuuem, yem
MEHbLIIE IMAMETP U TBEPXE KOJIECO, TEM
MEHbIIIE NMATHO KOHTAKTA. ITsTHO KOH-
TAKTa 3aBUCUT M OT TBEPIOCTHU PEibCa
rpyHTa. Yem MeHblle nporubaeTcs penbe V
OT Harpy3KM KoJjieca, TeM MEHbLUE MATHO //
KOHTaKTa, ¥ Hao6opoT. B 1eHTpe nsitHa 7
KOHTAKTa BO3HMKAIOT HAMDONBIINE HA-  pyuc 4.3 ConporumncHue aBuxe-
NPSXEHUs, 3HAYEHUS KOTOPBIX MOTYT  Huio OT TPEHUS CKONbKEHUS KO-
MPEBLICUTH Mpeles TeKYYeCTH MeTaiia JIEC 110 penbeam:
pesbca M Kosieca. ITo NPUBOAMT K U3HO- @ — AMAMETPbi KPYroB KaTaHWs —
Cy PeNbCOB M KoJleC MOABUXHOTO cocta- D> Dis Dyi 6 — naTHO KoHTakTa
KoJieca C peabCoMm
Ba. B 3aBMCMMOCTH OT cTeneHM M3HOCa
pesnibca M KoJieca KOHTaKTHasl TUIOLIANKA MOXET MPUHUMATD Pa3IuyHyio
¢opMy — He TOJIbKO JUTUIICA, HO M KPYTa, MOJIOCKH.

[ATHO KOHTAKTa CYIECTBEHHO BJMSIET HA COMPOTUBJICHHE [ABHXE-
HMIO, TaK KaK MPYU MOCTYNaTeJIbHOM ABMXEHUU MOABUXHOIO COCTaBa
nepexaTbiBaHMsi KoJieC OyAyT COMPOBOXAATLCS TPEHUEM CKOJIbXEHUst
yacreii B3aMMOJEHCTBMS KOJIEC B MpeJesiax nsiTHa KOHTaKTa ¢ pejbca-
MM M3-32 Pa3HbIX AMAMETPOB NPOoduisi NOBEPXHOCTH KaYeHUs Kosec.
Kpome Toro, koneca xectko cBsizdaHbl ocblo. [TosTomy npu nocryna-
TENbHOM JIBUXKEHUN BO3HUKAET MPOCKA/Ib3bIBAHME ONHOrO Kojeca oT-
HOCUTENILHO /IPYroro, Tak Kak MyTH KaueHHUsl OTHOCUTENBHO NOCTyna-
TEALHOro NMyTH U3-3a PA3HOCTU IMAMETPOB KPYroB KaTtaHusi Gyayr pas-
HbIMU. ITOT 3PPeKT yeunmpaeTcs 3a CHET «BUISIHUSI» KONCCHOM napsl
BO BpPEMs ABUXEHUS OT OIHOrO pesibca K JPYromMy Aaxe Ha MpsiMbiX
y4acrkax nyru (puc, 4.4).

lNpu xayeHuu Koseca no pesibey KacateibHasi TOYKA Kpyra Katanus B
MOMEHT B3aUMOACHCTBHS C PeibcoM ABGCOIIOTHO HENONBKXKHA, T.e. ee
CKOPOCTL PaBHA HYJIO NPU 11060 noeTynaTe/IbHOH CKOPOCTH NOABHX-
Horo cocrara. Takoe xapakTepHo npu cBOGOLHOM KaeHNH TONLKO B pe-
KUME XOJIOCTOro xoa (Buibera) (puc. 4.5).
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Puc. 4.4, MepemewieHus (BUASIHUS) KOJNECHDBIX nap npu ABUXCHUU MOABUAHOTO
COCTaBa Ha MPSIMOM FOPU3OHTANILHOM MYTH:
20 — CyMMAapHbIii 3a30p MEXIY rpebHEM KOMEeCHOI napbl U BHYTPEHHEN KPOMKOU
TroN0BKH pesbea; ~30 M — Moaynepuos «BUsiHUs» KOACCHBIX Map MPU KauCHUU No
NpsSIMOMY TOPU3OHTANLHOMY MyTH

& A

0, 0,

Puc. 4.5. TpaekTopus (unknounna) Touku o6oaa NpyU KaYeHUM KoJsleca Mo pesibey:
0,, O, — HenoaABMXHbIE MOJOXEHUSI TOYKN 06012 B MOMEHT B3aMMOLEH CTBHUS
C PeabCOM MPU KaueHUH KoJieca

Ynpyrue cBoiictBa 0601a KOJIECa U pesibca B 3aBUCUMOCTH OT BE/M-
YMHBI KacaTeJIbHOW CHJIbl CO3[AI0T CMELIEHHWE LIEHTPA B3aUMOIEHCTBHS
eneped (+Am) obosa Kosieca OTHOCHTENbHO PEJIbCa B PEXMME TSATH MK
Hazad (—Am) B pexxume TOPMOXeHUsi (puc. 4.6, a, 6). Eciu kacatenbHast
CHJIa MPEBbILIACT PEAKTUBHYIO CUJIY CLIEMJIEHUS B PEXHUME TSATH, KOJIECO
HAYMHAET NPOCKA/Ib3bIBATDb, YBEJMUMBasi 000POThI, HE COOTBETCTBYIOLLME
44cToTe BpalleHMsl NPU MOCTYNAaTeIbHOM ABUXEHUH JJOKOMOTHBA, DTOT
3hdEKT Ha3bIBAIOT GOKCOBAHUEM.

B pexume TopmoxeHust. (cM. puc. 4.6, 6), Npu L0CTHXEHWUH Npeaena
1O CLEIVIEHMIO NTPOUCXOANUT YMEHbLUIEHHUE HACTOThI BPALLEHUS KOJIEC OT-
HOCHUTEJIbHO 44CTOThI BPALLIEHUS KOJIEC MPH NOCTYNATEIbHOM ABHXEHUKH
TOABUAHOIO COCTaBa HA BbIOEre, BIJIOTH /10 MOJIHOIO IPEKPALLEHUS Bpa~
LieHus Kosiec no pejbcam. Ipekpaiienne BpatlieHust KoJjec rnpu no-




[image: image6.jpg]Puc. 4.6. Ynpyroe nepemelueHue TouKH (LeHTpa A) B3aMMOACHCTBUA Kosleca U pebea:
a — B peXUMe THTH; 6 — B PeXUME TOPMOXKEHMUsI

CTynaTe/IbHOM ABMXEHUHM MOABUXHOINO COCTaBa (Ha3bIBAETCS /030M), CO-
NPOBOXIAETCH CKOJIbXEHUEM MATHA KOHTAKTa KOJIEC OTHOCHTEBHO MO-
BEPXHOCTH PeJibCOB, 00pa3sysi MIOLIAAKM HA NMOBEPXHOCTU KPYroB Kata-
HUS KOJEC, Ha3biBaeMble NOA3YHAMU.

IMpu 60KCOBaHMM M 103€ B TOYKAX B3aMMOLECTBHUS KOJIEC C peJibca-
MM OTCYTCTBYET CLEMUIEHME M MPOUCXOAUT CKOJNbXEHUE. XapaKTepuc-
THKA B3aMMO/IEACTBUSI KOJIECa M pesibCa B YKa3aHHbIX PeXMMax npea-
craBneHa Ha puc. 4.7. [To ocu abcunce OTMEYaeTcsl CKOJMbXEHHE TI0C-
KOCTe#t B3aMMOIENCTBUS KOJeca M pejibca B 3aBUCMMOCTH OT peXHMa
asuxeHus. B pexume Bbibera CKOJNbXEHHE MIOCKOCTEN B3IaUMONEHCTBHSA
Konieca u penbca S, pasHo' 0. B pexume Trn (Kak oTMEUanTH MHorue
uccaefoBaTenu) BHavyane Habmopaercs ynpyroe (JIMHeiHas 3aBUCH-
MOCTB) CKOJIBXEHUE MIOCKOCTEH B3aMMOACHCTBUSA KOJIECa U pesibea, YTo
cocrasnsier S, = 1 %. Ipu Q0CTMXEHUM KacaTeNbHOI cuabl F, pas-
HOM cubl cuenienus £, B KOHTaKTe HabiionaeTCsi HEynpyroe npo-
CKanb3blBAHWE KOJleca OTHOCHTENbHO pesbea. Tpu KacarenbHO#M cune
marn F,, 6AM3KOH K MaKCHMaNbHOIM cune cuerienus F, . BOIHHUKaeT
CKONbXEHHUE KO/IeCa OTHOCHTE/IbHO penbea S, = 2 %. Ecan kacarens-
Has CHAA TATY TIPEBBICHT CHIlY cuerienus, Te. F, > £, npexpawaercs
Aekcreue KOIPPUUMEHTA CLeTIeHUs Y H HAMHHAET AeHCTROBATH KO-~
QUUMEHT TPEHUS CKONILKEHUA (), KOTOPBIH CYLIECTBEHHO MEHbILE KO~
adpuumenta . NPOMCXOAUT MHTEHCHBHOE CKOJIBXEHHE KOS OTHO=
CUTEILHO PEJIbCa, KOTOPOE HA3LIBAIOT Ookcosanuem Koaeca.




