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3AJIAHUE J1-4
HJIOCKOHapaJIJIe.]ILHOC JABHUKCHUEC TBepHOFO TEJaAa

bapaban pamuyca R Becom P mmMeer mpoTouky (Kak y KaTyIIKH) paamyca
r=0,5R (puc.4.1,tabn. /- 4) K xoH1lam HaMOTaHHBIX Ha OapabaH HUTEH MPUIIOKEHBI

ITIOCTOSTHHBIE CHJIBI F1 " F2 , HaTIpaBJIEHUs] KOTOPBIX ompeaenstores yriom . Kpome

cui Ha Oapabane nelicTByeT mapa ¢ MomeHToM M. [lpu nBHXeHUH, HAUMHAIOIIUMCS
U3 COCTOSIHHSL TIOKOsi, OapabaH KaTuUTCS O€3 CKOJIbKEHHUS 10 IIEepPOXOBaTOM
HAKJIOHHOM TJIOCKOCTH C YIJIOM HakKjOHAa & TaK, KaKk MOKa3aHO Ha PUCYHKAX.

[IpeneOperasi CONpOTHMBICHUEM KA4YEHUIO, ONPENENIUTh 3aKOH JBUKEHUS
HeHTpa Macc Oapabana, T.e. Xc=f(t) , © HauMmeHblnee 3HaueHHE KOIPPHUIMCHTA
TpeHus fynin O MJIOCKOCTB, MPH KOTOPOM BO3MOXKHO KadyeHHUE 0€3 CKOJBKCHUS.
bapaban paccmaTpuBaTh Kak CIUIOIIHON OJHOPOIHBIN UIMHIpP paguyca R.

Vka3zanus. Ilpu pemenun 3agaum  JI-4  cieayeT  MCMOJIB30BaTh
auddepeHnranbHble YpaBHEHHs TUIOCKOMAapassieIbHOTO JIBHXKEHUSI TBEPAOIrO Teja.
[Ipu cocraBneHnn ypaBHEHHI cieayeT, BO W30eXaHUH OIMOOK B 3HAaKaX, HAlIPABUTh
KOOPJMHATHYIO OCh X B Ty CTOPOHY, KyJla IpeIoiaraeTcs HallpaBiICHUE JBUKCHHUS
neHTpa Macc Oapabana (touka C), W CUHTaTh IOJIOKUTEIHPHBIMA MOMECHTHI,
HaIpaBJICHHBIE B CTOPOHY BpamieHus Oapabana. Ecnu Qaxtuuecku HampaBieHHe
aBuwkeHust neHtpa C gBIAETCS APYTrUM, TO B pesyibrare moiayuutcs ac<O0 u
HaliieHHass BenuuuHa OyzaeT BepHoW. Cuily TpeHus, KOorja He SICHO, KyJa OHa
HaIpaBjeHa, MOXHO HAIMpPAaBIATH B IIOOYIO CTOPOHY.

Onpenensis HauMEHbIIee 3HaYeHUE Kod(PPuIueHTa TpeHus, IpU KOTOPOM
BO3MOXHO KaueHue 0€3 CKOJbXKEHUs, CIEAYET Yy4eCThb, YTO CUJIa TPEHUS HE MOXKET

Frel

OBITH OOJIBbIIIE TIPEACIIBHOM, T.€. YTO ‘FTP‘ < fN , otkyma f =——. CaenoBareiabHO
_ “:TP‘
foin = N OdeHb CYIIECTBEHHO, YTO BO BCE 3TH BBIPAKCHUS BXOASIT MOIYJIH CHJI

(MBI HE MHIIIEM ‘N‘, TaKk Kak B JaHHOH 3amgade He MokeT ObiThb N<O). Eciam npu

pacuerax moayuutcs Frp<O, TO 3TO O3Hauaer JuIilb, 4TO (aKTUUecKu cuia Frp
HarpaBJieHa B APYTYIO CTOPOHY.

IIpumep BoInmoHeHus 3aganus -4

bapaban (crutonmiHOW OJHOPOAHBIN IMIIMHAP) paguycoM R u Becom P
HAYMHACT KaTUTHCS 0€3 CKOJBKCHHS U3 COCTOSIHHS TIOKOS 110 HAKJIOHHOM TUIOCKOCTH
¢ yriom @. Ha 6apaban neficTByeT cuiia u mapa cuii ¢ MoMentom M (puc.4.2).

Hawo: P, F=08P, M=11PR, a=30°, [=30°.

Omnpenemutb: 1) Xc=f(t) - 3akoH nBMXeHUS 1eHTpa Macc Oapabana; 2) fiin
HaUMEHBIINKA KOIPQPUIIMEHT TpPEHUs, NPU KOTOPOM BO3MOXKHO KaueHue 0e3
CKOJIb)KEHUSI.



5 | \
@
1

x

G
F\
o 3
:




27

Ta6auma /(-4

Ne Ne a,° B ° Fi F M
BApUAHTA | PUCYHKA

1 1 30 60 0 0,4P 0

2 2 30 30 0,2P 0 0

3 3 0 30 0 0,2P 0,1PR
4 4 30 - 0 0 0,4PR
5 5 30 90 0,1P 0 0,2PR
6 6 0 60 0,3P 0,1P 0

7 7 30 0 0 0,3P 0,2PR
8 8 0 60 0,2P 0 0,3PR
9 9 30 90 0 0,2P 0,4PR
10 10 30 60 0,1P 0 0,3PR
11 1 30 60 0,4P 0 0
12 2 0 30 0 0,2P 0,3PR
13 3 30 30 0,2P 0,3P 0
14 4 0 60 0,1P 0 0,1PR
15 5 30 30 0 0,2P 0,4PR
16 6 0 90 0,1P 0 0,3PR
17 4 30 60 0,2P 0 0,4PR
18 8 30 30 0 0,1P 0,3PR
19 9 0 90 0,4P 0 0,1PR
20 10 30 60 0 0,3P 0,4PR
21 1 30 60 0,1P 0,2P 0
22 2 0 30 0 0,3P 0,5PR
23 3 30 90 0,1P 0 0,2PR
24 4 30 60 0 0,4P 0,1PR
25 5 30 30 0,2P 0 0,2PR
26 6 0 60 0,1P 0,2P 0
27 7 30 90 0,3P 0 0,1PR
28 8 30 60 0 0,1P 0,4PR
29 9 0 30 0,2P 0 0,1PR
30 10 30 90 0 0,4P 0,2PR

Pemenue.

bapaban coBepiraer ImiocKonapaieIbHOS ABM)KCHUE ITOJ JICHCTBUEM CHII.

—

P, F, N u Fp u momenra M. Tak xak HampaBi€HUE CWIbl TpeHUs Frp Ham

3apaHee HEM3BECTHO, BBIOMpaeM ero mnpous3BoiIbHO. Bridupaem ocu OX, Oy u
cocrapisieM auddepeHIuanbHpIe YpaBHEHHS TIOCKOMAPAIIETBbHOTO ABMKCHUS

IT]XC =2Fkx ’

mX. = F cosf + Psina + Fp

(1)



28

e =D Fy, . my. =N - Pcosa - Fsing ; (2)
. _ mR
lef =S Mg, (F) . —, €=FR-FpR-M . (3)

3a  MOJOXKHUTCIBHOE  HAIpaBlICHHE IS
MOMEHTOB TIPUHSATO HAIpaBJICHUE YIJIOBOM
CKOPOCTH (J T.€. B Ty CTOPOHY, Kyjaa Oymaer
Bpaliarbcs 0apabaH NpH ABMKCHUU IICHTPA OT
ocu Oy.

B cucremy ypaBuenuit (1), (2), (3)
BXOJAT IATh Hen3BeCTHHIX (X-, V¢, & Frp, N) .

Ho Tak kak yc=const=R , o y.=0 ,

CJIe0BATEILHO 0CTajI0Ch YeThIpe
Puc. 4.2 Hem3BecTHBIX (X, & Frp, N ). Jlna pemenns
3a1a4M HE00X0IMMO BOCITOJIb30BAThCS

COOTHOIIICHHEM M3 KMHEMAaTHKU. Tak Kak Touka B sBIsSE€TCSI MTHOBEHHBIM IIEHTPOM
CKOpPOCTEM, TO
Ve =X =aR , a: =% =aR=&R . (4)

1) Onpenenenne % = f(t).
Yool onpeaenuth X = f (t), UCKJIIOYKMM £ U3 ypaBHeHus (3), moacraBuB B Hero (4)

1 M
ErnXC:F_FTP_E - (5)

Hanee u3 (1) u (5) HCKITIOYHUM HEU3BECTHYIO CHIY Frp , 111 3TOrO CIIOKHUM OTACIIBHO
JIeBBIC U MPaBble YaCTH yPaBHEHUI

gmxc =F(1+COS,3)+ Psina—% ,
3 . S e
mec = 0,8P(1+ cos30 )+ Psin30" - 11P ,

gmxC = 0B9P

Otcroma, tak kak P=mg mnonyunm s ompenencuust Xc=f(f) cnenyromee
muddepeHanbHOe ypaBHEHHE

X =069 . (6)
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Wuterpupys ypaBHenue (6), momydnm
X. =06gt+C, |, X. =03gt° +Ct+C, . (7)
Ha ocHOBaHMM HayalIbHBIX YCIOBUM X (O) =0 , Xc(0)=0 u ypaBuenwuii (7) umeem

C]_:O ) C2=0 .
Takum o6pa30M IIOJIYYHM 3aKOH IBHXKCHHUA IICHTPA MacC

X. = 03gt? . (8)
2) Onpenenenne fin .

I[JI}I OIIpCACIICHNA f HCXOJHUM M3 TOI'O, YTO IIPpHU KAaUCHHUU 0e3 CKOJBKECHUS
Cujia TpCHUs JOJIDKHA YIOBJICTBOPATH HCPABCHCTBY

Frol< N . ©)

B (9) BxonsaT monynu cun. Benmnunny N Haxomuwm u3 (2), yuurtbiBas, uto Y. =0 .
[Tomyunm

N =Pcosa + Fsinfg=Pcos30" + 08Psin30° =127P . (20)

3nauenue Frp MoxHO Haiith u3 (5) ,moncraBuB B HeTO X- U3 (6).
ITomyunm

0,3mg=F—FTP—% , T.k. mMg=P, T0
_g_M _ _
Fp=F "R 03P=08P-11P-03P=-06P . (11)

3HaK yKa3bIBacT, YTO CHJIa IETP UMECT HalpaBjICHKE, IPOTUBOIOI0KHOES YKa3aHHOMY
Ha PUCYHKE.

[MoxcraBmss 3nHaueHuss Frp u N u3 paBencts (10)u (11) B HepaBenctBo (9),
nomyunm  0,6P <1,27Pf , orkyna f =047 .

CrnenoBarebHO HAWMMEHBIIUM KO3(DPHUIUEHTOM  TpPeHHs, HPH KOTOPOM
BO3MOXKHO KaueHue OapabaHa O0e3 ckonbxenus, Oyner f... = 047.



