alaHwne 0.10. NpumeHeHVe TeopeMbl 06 namenesanmn
KWHETUNYECKOW 3aHeprmum
K N3YUYEHUIO ABUMXKEHNS MEeXaHUYEeCKOW CUCTEMbI

4 ~exaH,Yeckaa cucTema noj AeiCTBMEM CU/ TSHKECTU MPUXOAUT B AW

M3 COCTOAHMA MNOKOA; HayanbHOe MNONOXKEeHMe CUCTEMbl MoKasaHo
1.3 ¢c N 154. YuuTbiBas TpeHUe CKONbXeHua Tena 1 (BapuaHThbl

[IET) ~ 8—12. 17—23, 23— 30) W CONPOTUBNEHME KayeHUO Tena
AO. (T ~rocqa ~ ~NonbXeHunsa (BapuaHTbl 2, 4, 6—9, 11, 13— 15, 20
. YUTEHUKN | M APYTMMW cUNaMun CONPOTUBNAEHUSA U MaccaMu

HUTE, NpegnonaraeMblXx HepacTSAXXMUMbIMU, ONpefennTb CKOpoOCTb Tena 1
B TOT MOMEHT, Korjga NpoWAeHHbIW MM MNyTb CTaHeT paBHbIM S.

B 3afjaHnu NpuUHATHLI chnepgytowme obo3HaveHua: mi, T2, T3, T4 —
Maccsl Ten 1, 2, 3, 4, R2, r2, R3, r3 — paguycbl 60AbWINX U ManblX
OKpY>XHOCTel; i2x, i3( — pagunycbl uHepuun Ten 2 U 3 OTHOCUTENbHO
ropusoHTanbHbIX OCeN, NPOXOAALWMNX Yepe3 UX LEeHTpbl TaXxecTwu; a, /? —
yrbl HaK/M0OHa MNNOCKOCTeW K TrOPU3OHTY; t — KoadduumeHT TpeHUsA
CKOMbXEHUSA; & — KOIPPULNEHT TPEHUA KayeHus.

Heobxoanmble Ans pelwleHUsa AaHHble NpuBegeHbl B Tabn. 47. Bnokn B
KaTKy, ANS KOTOPbIX pajguycbl MHepumum B Tabnuue He yKasaHbl, cHUTaTb
CMNNOLHBbIMW OAHOPOAHBLIMU LUANHAPAMMU.

HaknoHHble yyacTKW HUTeW napannenbHbl COOTBETCTBYIOLWWUM HaKAOH-
HbIM MNOCKOCTAM.

Mpumep BbINONHEHUS 3agaHwusa. [LaHo: mi — wmacca rpysa 1,
T2 = 2mi, T3 = mi, 7T4= 05TuKu T5= 20mb R2 = R3 = 12 cm)
m=0,5R2, r3 = 0,75/13, A5 = 20 cm, AB = | = 4R3, i = 8 cm,

i3j = 10 cm, a —30°, / = 0,1, S= 0,2 cM, S = 0,06m M. ConpoTuBneHne
KayeHNo Tena 2 He yuuTbiBaTb. LWWaTyH 4 cuntaTb TOHKUM OAHOPOAHBLIM
CTep)KHeM; KaToK 5 — 04HOPOAHbIW CNNOWHON unaMHap. Maccamu 3BeHa
BC3 u nonsyHa B npeHe6peub. Ha puc. 155, a nokaszaHa mMexaHu4deckas
cuctemMa B HavdanibHOM MONOXKEHUN.

Hantn vi — ckKopocTb rpy3a 1 B KOHEYHOM TMONOXKEHUMN.

PeweHne. MpuMmeHUM Teopemy 06 N3MEHEHUN KUHETUYECKOW 3Hepruu

CUCTEMbI:

T-To=£Af +5 > J, 1)
roe To 1 T — KWHeTWYecKasl 3HEPrusi CUCTEMbl B HayanbHOM W KOHeu-
HOM nonoXkeHusx; £ A f — cymma pa6oT BHELWHUX CUN, NPUNOXKEHHbIX
K CUCTEME, Ha MepemMelLeHUN CUCTEMbl U3 HAualbHOrO MOJOXKEeHUS B KO-
HeuHoe; YIM — cymMma paboT BHYTPEHHUX CWU/J CUCTEMbI Ha TOM >Xe
nepemMeLLEeHNN.

Ana paccmaTpuBaeMbiX CUCTEM, COCTOAWMUX K3 abCONKTHO TBEPAbIX
Ten, CoOeANHEeHHbIX HepacTAXUMbIMUN HUTAMU N CTEPXKHAMMU,

Tak Kak B HauyallbHOM TMOJIOXKEHUMN CUCTeEMa HaxoouTca B MoKoe, TO

o= 0.
CnepoBaTenbHO, ypaBHeHue (1) npuHUMaeT Bug

r=xs>2. 2)

Ana onpegeneHNs KNUHeTUYeCKOW aHeprumn [ v CyMMbl paboT BHeLIHUX
cun Hago n3o6pasnTb CUCTEMY B KOHEYHOM nonoxxeHuwm (puc. 155, 6, B).

Hanuwem KuHemaTM4yeCKue COOTHOLUEHUS MeXXAY CKOpPOCTAMWU U nepe-
MELLEHNSAMN TOYEeK CUCTEMbI, T. €. ypaBHEHUS CBA3el, Npu 3TOM CKOPOCTMU
M nepemMelleHnss Bblpa3uM COOTBETCTBEHHO 4Yepe3 CKOpPOCTU W Mepemelle-
HMA rpysa 1.

*
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Tabnuuya 47

MpumevaHue

Maccamu 3BeHbeB AB, BC v non-
3yHa B npeHe6peub

Maccoii Boguna npeHebpeub

Macchbl KaXXA0ro 13 YeTbIpex Konec
0MHaKOBbI

Maccoli Boguna npeHe6peyb
LLaTyH 3 paccMaTpuBaTb KaK TOHKWIA
0AHOPOAHbIV CTep>KeHb



CkopocTb ueHTpa macc C KaTka 2 paBHa ckKopocTu rpysa 1
VC2 = VI- (3)

Yrnosas CKOpPOCTb KaTKa 2, MIHOBEHHbIW LEHTP CKOPOCTel KOTOpOro
HaxoguTca B Touke P2,

W2 = VciKCIPi).
YuutbeiBasa (3), nonyuyum
U2 — Vi/Ft?. )
CkopocTb Toukun D KaTka 2

VD ~ ~-DPi,

VD = A4 N 2+ 1*)-
CkopocTb Toukm E 6noka 3 paBHa CKOpoCTM Toudkm D KkaTka 2:



VE = 1XBl3-

CnepoBatefibHO,
o (5),
w3r3 = +')-

Tak Kak

n2 = 2rr,
T0

:3r3 = 3/2vi,
oTKyaa
3vi
W3 = 2r3"' (6)

3ameHas B cpopmyne (6)

_ . _ dE
Ws = yy> vi- at
nonyynm
das _ 3 d»
dt ~ 2r» dt’
nunn )
d~3 = 27~ds-
Mocne NHTerpnpoBaHus (npwn HyneBbIX Ha4valbHbIX
yCnoBusix) n
— 2r3’ (7)

Korga rpy3 1 npoiigeT nyTb B = 0,06TT M, 610K 3 MOBEPHETCHA Ha yron

*

3 » 3 0,06<r T

~3 - 2rJ " 20,09

Mpn 3aTtom noBopoTe 6n10ka 3 Ha 180° ero Touyka Jlo neperger B
KOHeYHOoe nofoXXeHue A v waTtyH 4 M3 HayvalbHOro nosioXkeHusa A«Ba
nepegeTr B KOHe4HOe nonoxxeHue AB.

KaTok 5 nepemecTMTCA BNeBO Npu nosopoTe 6n1oka3 Ha yron n/2 un
BMNpaBo Npu noBopoTe6noKa ewe Ha N/2; 3HAYUTKOHEYHOENONOoXeHne

KaTKa 5 coBnanaetT C ero Ha4daJlbHbIM MOMIOXKEHNEM.

Taknm TpSoM , KOHe4dyHOe MNOKOJeHNe «e /1l CUCKMBbl ,MONHEe onpese-

NeBblUNCINMN KUHETUYECKYIO 3HEPTHIO CHCTEMbl » KOHEYHOM TMON0XEeH»,

KaK CYMMY KWHETUYECKUX 3Hepruii ten sy, >

T-T i+T3+ T3+ T*+ T* (8)

KuHeTunyeckaa 3Heprsa» rpysa 1. aHH*yuie™c» nocrtynarensHo,
Tx-m\v]/2. (9)
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KnHeTnyeckan aHeprma kKaTka 2, coBeplLliarullero njockoe ABWXKeHwUe,

r2=uné& a.+ do)

roe J2< — MOMEHT MWHepuMnMm KaTkKa 2 OTHOCUTENbHO ero npoAjosnbHOM
LeHTpanbHoOW ocu C2\

= mz2in. (11)

MopactaBnasa (3), (4), (11) B popmyny (10), nonyyaem

M=kl + A/ ]_'”:1‘['2(1+| ),,;. (12)

KnHeTnyeckasa aHeprus Tena 3, Bpauwjatwoweroca Bokpyr ocu OX,

T3 = (13)
roe J31 — MOMEHT WMHepumm 6noka 3 oTHOCUTenbHO ocu OX:
hx = mzi\x- (*4)

MopcTtaBnasa (e), (14) B dopmyny (13), nonydyaem
R="~1,(la)!=113], ;. (15)

KnHetnuyeckas aHeprua waTtyHa 4, coBeplUualLlero njiockKoe ABUXXeEHUE,

m _ m*Ci , >**“1

I J— 2 2
rae ben CKOpPOCTb LeHTpa macc C\ waTyHa 4; us — yrnosas CKOpOCTb
waTtyHa 4, — MOMEHT MHepuun waTtyHa OTHOCUTENbHO UEeHTpanbHOW

ocn C4.

Ona onpegeneHns ycd U M4 Hagem MNON0XKEeHWe MIHOBEHHOro LeHTpa
cKkopocTel waTyHa 4. TakK KakK CcKopocTum Toyek A n B B 3TOT MOMEHT
napannenbHbl, TO MFHOBEHHbI LEHTP CKOPOCTEA LWaTyHa 4 HaxoauTcs
B 6ECKOHEYHOCTU; cnefoBaTenbHO, yrioBasi CKopocTbllaTyHa B [AaHHbI
MOMEHT W4= 0, a CKOPOCTW BCeX ero ToyeknapanneibHbl U paBHbl
MeXxay coboi. Takmm 06pa3omMm, KMHeTMYecKas 3Heprus LwatyHa 4

F4a = mavEa/2, (16)
roe
*>C4=VA. @a7)
BpawjatenbHas CKOpPOCTb TOYKM A Tena 3
Y4 = UBR3, (18)
nnn c ydetom (14)
vn = 3/2R3Vi/r3-
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Mockonbky r3 = 37443, nonyuymm

VA = 2bl.

Mo (17)
vC4=Va, VC4=2vi. (19)

Mocne noactaHoBku (19) B (16) Bblpa)KeHUe KWUHETUYECKOW 3Hepruuv
waryHa 4 npuHumaeTt BUA

Fa = 1/2ma(2vi)2 = 2mdv | (20)

KnHeTnyeckasa aHeprua KaTka 5, coBepLialoLLero NNoCKoe ABUXKeHWe,

Tb = T 5Ycb/2 + Js(w]/2,

rge bCb — CKOPOCTb LeHTpa macc C$ kaTka 5 — MOMEHT uHepuuun
Katka 5 (0AHOPOAHOr0 CMANOWHOr0 UMAnHApa) OTHOCUTENbHO €ero ueH-
TpanbHOW npoaonbHoii ocu Cbi, N1{ = HIsA45/2; iIs — yrnosass CKOpPOCTb
KaTtka 5.

Tak KakK KaToK KaTuTcs 6e3 CKONbXXEeHWS, TO MIHOBEHHbIW LeHTp
CKOpOCTeli HaxoamTcs B Touyke P5. Moatomy

&5 = vcs/Rb-

CnepoBaTtensHo,

msic 5 IMRyct _ s 2
~ —2— + "242R§™~ 4 5 C5

Tak KakK 3BeHO BCs coBepwaeT nocTtynaTtenbHoe [ABUXXeHUe, TO

vcs- vb, HO vb = eea4 = 2i»i. 3HauuT, va = 2v\.
Mo3ToMy Bbipa>XeHMe KUHETUYECKOl 3Heprun Katka 5 npuHumaeT BUA

s = 3/4ms(2vi)2 = Zmbv[. (21)
KnHeTnueckas aHeprusa BcCeli MexaHUYeCcKolr cucteMbl onpegensieTcs no
copmyne (8) ¢ ydyetom (9), (12), (15), (20), (21):
T=m2vi/2 + m2(l + \Nt/R%)v\!2 + 3 /BT3r~/r! + 2mdvf + 3mbvf.

MopcTaBnss ctofga 3afaHHble 3HaYeHUst Macc, Mnojy4vaem

F=mw?(l+ 21+ iyi% ) + 9/4%|x/r] + 2+ 120)/2,
nnm
T = 129mivj/2. (22)

Haligpem cymmy pa6oT BCEX BHELWIHWUX CU/, NPUNOXKEHHbIX K CUCTEME,
Ha 3aflaHHOM ee nepemelleHUN. MoKa)keM BHeLlHWe CUMbl, NPUNOXKEHHbIE
K cucteme (puc. 155, B).

PaboTa cunbl Tsaxectn Gi

Ag, =Gihi= migssina. (23)
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Pab6oTa cunbl TpeHUs cKonbXeHusa FTp

Af,v = —FTps.
Tak Kak

Ftp = fNy = fGi cosa,
TO

Af,p= -/mips cosa. (24)
Pa6oTta cunbl Tsxkectn G2
Ag2 = (?r/lcz2 = mzpesina. (25)

Pab6oTta cun cuenneHmsa Fcu2, Fcus KaTkoB 2 M 5 paBHa Hyno, Tak Kak
3TN CUNblI MPUNOXKEHbI B MIHOBEHHbIX LEeHTpax CKOPOCTel 3TUX KaTKOB.
Pa6oTta cunbl TsXxectn G4

Aga= G ha,

roe Jica — BepTuKanbHOe nepemMelieHMe LeHTpa Tsa>kectu C\ waTtyHa 4
M3 HayanbHOro MONOXEHUA B ero KOHeyHoe nonoxxeHue (puc. 155, r):

he* = R3,
Aga= TnAgR 3. (26)

PaboTa napbl cua CONpoOTMBAEHUS KayeHUIO KaTka 5

AMc = -Mc<Pb, 27)
roe Me — SNi = 6G3 — MOMEHT napbl CUA COMPOTUBNEHUA Ka4dyeHU
KaTka 5, g8 — yron nosopoTa KaTka 5.

Tax KakK KaTok 5 kaTuTca 6e3 CKO/MbXEHWSA, TO Yron ero rnoesopoTa

= scb/Rb, (28)

roe scs — nepemeweHne ueHTpa TsXecTu Cs kKaTka 5.

B pgaHHOM npumepe pab6oTy napbl CUN COMPOTUBAEHUS BbIYUCIUM Kak
cymmy paboT 3Tol napbl NpuM KadYeHUM KaTka 5 BAeBO Mpu MoBOpoOTe
Tena 3 Ha yron /2 W KayeHuUu BNpaBo, Korga Teno 3 NoBepHeTCHA elle
Ha yron a/2.

MepemeweHne ueHTpa Ts>KecTu C$ KaTka 5 paBHO nepemMelLeHUO MNon-
3yHa B Bneso u Bnpaso:

*C5 = 2(BoB"). (29)

Onpegenum nepemeuieHne BgB ' npm nosopoTe Tena 3 Ha yron sa/2.
3a Hauyano oTcyeTa KoopAuHaTbl TOUKWU B BbibepeM HENOABUIXKHYHO TOYKY
K nnockocTtu (puc. 155, r). MNpwu 3TomM nosBopoTe Tena 3 waTyH wu3
nono>xeHnsa AoBo nepeiigeT B nonoxxeHue KB'. Torga

BOB'= KBO-KB"',
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KBo= KO + OBo = 13+ y/(AoBo0)2- (A0o0)2= R3+

KB'=1= 4R3.

CnepoBaTensHo,
(30)

BoB'= R3+ y/p- W ~1 = R3+ Y(413)2-N132- 4R3 = 0,88/3.

MoactaBnsas (30) B (29), a 3atem B (28), HaxoAMM MOMHbIWA Yyron

nosopota Katka 5:
s = 1,76R3/R3. (31)

Pa6oTa mapbl cun conNpoTUBNEHUS KaudeHUO Mo (27)

AMC = -<"n5£ «1,76A3/15- (32)

CymMma paboT BHELIHUX CU ONpeaennTcsa CroXXeHnem paboT, BblYUCAA-
evbiX Mo chopmynam (23)— (26) n (32):

migssina-fmigscosa+m2gssma+Tn4gR3-6mig |I,76R¥R5.

MoactaBnaa 3ajaHHble 3HayYeHUA Macc, nony4vyaem

N2 Af = niigs *sina - /cosa + 2sina+ & - —2°4~2~")1

mnn
= 1,51u»ipe. (33)

CornacHo Teopeme (2), npupaBHsieM 3HaudeHus T u JjAf, onpegensa-
ble no cpopmynam (22) un (33):
129 em iV2/2 = |,51mipe,

oTKyAa
Vi = 0,21 wm/c.



