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«[lepBoe, uto Opocaercsi B Tia3a NpH pac-
CMOTPEHUH ABHXKYILEHCS MaTepuu, 3TO B3a-
MMHasl CBSI3b OT/AEJNBHBIX TEJ MEXIY coOOH,
UX 00YCIIOBJIEHHOCTB JIPYT IPYTOM>.

@. DHeenvc. [uanexmuka npupoosi

1. OBIME NMOJIOKEHUSA

OO0me TeopeMbl TMHAMUKNA MEXaHUYECKON CUCTEMBI IIUPOKO
UCTIONB3YIOTCS JUTSI PEIICHUS 3a/1a4 WHKCHEPHOU MPAKTHKH.

Jis ycnemHoro NmpuUMEHEHHUsS! 3TUX TEOpeM HEOOXOAWMBI He
TOJILKO WX TIIATEJIbHAs MPOpadOTKa, HO U MPHOOPETEHNE HABBIKOB
UX NPUMEHEHHUs B KaXXIOM KOHKpETHOM ciydae. ClieoBaTeiabHoO,
KaXJIOMY CTYACHTY HEOOXOIMMO CaMOCTOSITEIHbHO PEIIUTh OIpesie-
JICHHBIA KOMIUIEKC 3a7ad. JTOT Habop 3a/ad MpeicTaBlieH B pac-
yéTHO-rpadudeckoit padore J[-2.

Meronuka pemeHus TUMOBBIX 3a/1a4 3aJaHusl PacCMaTpUBAECT-
Csl Ha KOHKPETHBIX MTPHMEPAX.

2. METOJINYECKHUE YKA3AHUSA K 3AJTAHUIO J1-2
2.1. O0beM 3aganus

3amanue BKIIOYAeT B ceOsl TUIIOBBIC 33aJla4d HA NPUMEHEHUE
0o0muUX TeopeM AWMHAMUKH K HCCIICOBAHWIO JIBI)KCHMSI MEXaHHUYe-
CKO# CHCTEMBI.

3amanne coctouT n3 30 BapuaHTOB, B KaXJIOM BapHaHTE MO 3
3a/a4n, a Kaxaas 3a7ada uMeeT 6 pa3IMyHbIX UCXOMHBIX JaHHBIX —
MOIBAPUAHTOB.

CTyaeHT J0KEeH CaMOCTOSATEIbHO PEUIUTh 3aa4ll OJHOTO U3
BapUaHTOB C YKa3aHHEM HOMeEpa MoABapHaHTa.

Jns ka0l 3a1a4u NMPUBEAEH YEPTEXK, MOSACHAIOUIMN 3aaH-
HYI0O MEXaHHYECKYI0 CHCTEMY, a HEOOXOAUMBIC ISl PEIICHHS JaH-
HBIC TPUBOJATCS B COOTBETCTBYIOIIEH TabmuIle moaBapruanToB. Te-
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J1a, COCTaBIIAIONINE CUCTEMY, MPOHYMepoBaHbl Iuppamu 1, 2, 3,...;
UX Macchl 0003Ha4YeHb! Kak M, M,, M, ,... COOTBETCTBEHHO, MaccaMu

HUTEH (TpOcoB, JIeHT) mpenedpeub. [Ipu onpeneneHnn 0CeBBIX MO-
MEHTOB MHEPLUH TeJ CIeIyeT CUNTATh UX OJHOPOTHBIMH, BOCIIOIb-
30BaBIIMCh CBOAHOM Tabnuuei. s Ten ciokHOW (OpMBI 3aJaHbI
OCEBBbIC PaJMyChl MHEPUUH Iy, iy, i5,.... BO BceX 3amauax TpeHUEM

CKOJIKCHHS, TPEHHEM KadeHUs M CONPOTHBIICHHEM BpAICHUIO B
NOIIMITHUKAX peHeOpeyb.

2.2. Conep:xanue 3aJaHUA

2.2.1.B niepBoii 3agaue BO Bcex HeUETHBIX BapuanTax (Ne 1, 3,
5 ..., 29) HeoOXOAMMO OINpPEACIUTh YpPAaBHECHHE JIBMIKCHHS
S, =S,(t) u ckopocts V, =V,(t) Tena 1, ncxons u3 3akoHa coxpa-
HEHMSI TIPOCKIMM KOJMYECTBa JBM)KEHUS HA OCh, U NPOBEPHUTH pe-
IIEHUE TPU MOMOILM 3aKOHA COXPAHEHHUs IOJIOKEHMSI LIEHTPa Macc
MEXaHUYECKON CUCTEMBI.

2.2.2.B mepBoii 3amaue BO BcexX u€THBIX BapuaHTax (Ne 2, 4,
..., 30) onpenenuTh CyMMapHy0 FOPU30HTAIBHYIO U BEPTUKAILHYIO
COCTaBJIAIOLIME PeaKUil ONop B 3aBUCUMOCTH OT BPEMEHH, UCIIOJIb-
3ysi TeopeMy 00 M3MEHEHHWH KOJIMYEeCTBA JIBUKECHHUS LIEHTPa Macc
CHCTEMBI, U IIPOBEPUTH PELICHHUE MPHU MOMOLIM TEOPEMBI O JBHXKE-
HUH LEHTPA MACC MEXaHHMYECKOW CUCTEMBI.

2.2.3.Bo BTOpOI 3a/1aue BO BCEX HEUETHBIX BapUaHTax OIpe-
JEIUTh YIIOBYIO CKOpocTh  Tena 1 mpu t =t,, ucnons3ys teopemy
00 M3MEHEHUM KHHETHYECKOTO MOMEHTa MEXaHHYECKOH CHUCTEMBI
OTHOCHTEJIBHO OCH.

2.2.4.Bo BTOpOIi 3a7aue BO BceX YETHBIX BapHaHTaX oIpenie-
JHTH YIJIOBYIO CKOPOCTh  Tena 1 ams moMeHTa Bpemenu t =t , uc-
XOJI1 M3 3aKOHA COXPAHEHUs KMHETHYECKOT0 MOMEHTa MeXaHu4e-
CKOM CHCTEMBI.

2.2.5.B Tperthbeii 3a1aue BO BceX HEUETHBIX BapHAHTAX:

a) BBIYHCIIUTH KHHETUUECKYIO SHEPTUI0 MEXaHH3Ma KaK (yHK-
LU0 CKOpocTH Tena 1,



0) ucxons U3 TeopeMbl 00 U3MEHEHUH KHHETUYECKOH SHEPTHH
MEXaHUYECKOH CUCTEMBI, OIpPENeIuTh CKopocTh V, Tena 1 B mo-
MEHT, KOIJa IPOMICHHBIN UM IIyTh paBeH S, .

2.2.6.B Tpertheii 3aaue BO BceX YETHBIX BapUAHTAX:

a) BBIYUCIUTDh KHHETHYECKYIO SHEPIHI0O MEXaHU3Ma Kak (yHK-
IIUIO YTJIOBOM CKOPOCTH ® U yTJia MOBOPOTa () BeIyIlero 3BeHa 1,

0) ucxo/s U3 TeOpeMbl 00 U3MCHEHHH KMHETHYESCKOM SHEPTUU
MEXaHUYECKOI CUCTEMBbI, OIIPEEIUTD YTIOBYIO CKOPOCTh @ 3BeHa 1
B TOT MOMEHT, KOTI'/la 3BeHO 1 moBepHeTCs Ha Yroi ¢ .

3. PEHIEHUE TUIIOBBIX 3AJIAY 3AJIAHUSA -2
3.1.3agaua 1

Jlnst penrenus 3agaun 1 (WETHBIC M HEYETHBIC BapUAHTHI) HC-
NOJIB3YIOTCA: TeopeMa 00 M3MEHEHHUU KOJIMYECTBa JIBUKECHUS MeXa-
HUYECKOW CHCTEMBI M TEOpeMa O IBHKEHUU LICHTPa MacC MEXaHNYe-
CKOM CHUCTEMBI, OZJHA U3 KOTOPBIX MCIIOJB3YyeTCs KaK IIPOBEpOYHAs
IIPABWJIBHOCTH ITOJIYYE€HHBIX PE3YJIbTaTOB.

[IpuBeném crpaBOYHBIM TEOpPETUYECKH MaTepuall, HeoOXo-
JUMBIN JUI PEILICHUS 3aJa4H.

BekropoM konudecTBa JBHKEHMS MAaT€pUaIbHOM TOYKU Ha-
3bIBACTCS IPOU3BEACHUE MACCBI M TOYKM HA BEKTOpP €€ CKOPOCTH

V,Te.
G=mv. (1.1)
BeKTOpoM KOJIMYECTBA JBMIKEHHS MEXaHHUUYECKOW CHCTEMBI
HA3bIBACTCA BCKTOPHAsA CyMMa KOJIMYCCTB IABUKCHHA BCCX TOYCK
(Ten) cucTeMmsl, T.€.

Q=2.0- 1.2)
KonuuecTBo ABM>KEeHHS TBEPAOrO Tejaa PaBHO MPOU3BEICHUIO
macchbl M Tena Ha aGCONIOTHYIO CKOPOCTB €ro LeHTpa mace V,



Q=M V.. (1.3)
Ero mpoekuuu Ha OCH 1€KapTOBOM CUCTEMBI KOOPAUHAT:
Q=M-V,, Q =MV, Q=M-V,. (1.4)

Teopema 00 M3MEHEHMM KOJNWYECTBA IBIDKCHHS MeXaHHYe-
CKOM cucTembl B tudepeHnnanbHoi popmMe UMEET BUI: npouU3600-
HAsL NO 8PeMEHU OM KOIUYeCmBa OBUNCEHUS CUCHEMbl PABHA 2e0-
mempuueckou cymme (21a8HOMY 8eKMOpY) 6cex OelcmyIowux Ha
cucmemy 6HewHUX Cu

@_ —e
S=XF (1.5)

[IpaBast yacTh 3TOM (HOPMYIBI — IJIABHBIA BEKTOP BCEX BHEIII-
HUX CHUJI, B YUCJIO KOTOPBIX BXOAST BCE AaKTHUBHBIC BHEIIHHE CUJIBI U
pEaKIUM CBA3ECH.

Teopema (5) B mpoekiusx Ha OCH JEKapTOBOM CHCTEMbI KOOP-
JTUHAT

&_ e de_ e sz_ e
LoYFL SO-YR, SE-YRL @9

3aKkoH COXpPaHCHUA IMPOCKIHWHU KOJIMYECTBA ABHIKCHUSA HA Ka-

KyI0-1100 0cb X (hopMynupyeTcs CIeAyIOLM 00pa3oM: eciu pag-
HA HYTI0 NPOEKYUs 2NIABHO20 BEKMOPA BCeX GHEUHUX CUN HA KAKYIO-

6o oco X, m.e. Yy Fe =0, mouz opmynsi (6) cnedyem
Q,= const .7

Maccoil MeXaHMYECKOM CHCTEMBI Ha3bIBACTCSI CymMMa Macc
BCEX TOYEK (TeIT), BXOIAIINX B CHCTEMY,

M=>m,. (1.8)

LlenTpoM Macc MEXaHUYECKON CUCTEMBI HA3bIBAETCS FE€OMET-
puueckas Touka C MpOCTPAHCTBA, KOOPAUHATHI KOTOPOM ompeaesis-
10TCsl pOpMYyIIaMH:

1 ] 1 ] 1
Xo =1y ZMX Yo = 2 MY o= 2 Mz (1.9)
B dopmymax (1.9) X, Y, Z, —KkoopauHaTsl K-if TOYKH Maccoi

mk HJIM KOOPAWHATHBI ICHTPOB MACC TCJI CUCTCMBI.



Teopema 0 IBUKEHHUM IIEHTPA MACC MEXAHUYECKOM CHCTEMBI
UMEET BUJI. YEHMP MACC MeXAHUYECKOU CUCeMbl OBUINCEMCsl KAK
MamepuantbHas MouKkd, Macca KOmopou pasHa macce ecell cucme-
Mbl, K KOMOPOU NPUIONHCEHbI 6CE BHEUIHUE CUTbL, 0eUCmeyiowue Ha
cucmemy

Ma =Y Fg, (1.10)
r7e 8. — YCKOpEHHE EHTPa MacC CHCTEMBI.

®opmyina (10) B IpoeKIHsIX Ha OCH JEKApPTOBOW CHCTEMBI KO-
OpJAHMHAT:
M% =>F,, My.=>F, MZ =>F, (1.11)

3nech X, VYe,Z. — NPOEKUUH YCKOPEHMs LIEHTpa MacCc MeXaHu4de-

CKOM CHCTEMBI Ha OCH KOOpAUHAT.
3aKOH COXpaHEHHs IBIDKCHHS IEHTpAa Macc B NPOCKIMH Ha
KaKyro-1m00 och X umeeT BuJ (cM. popmynst (1.11)):

ecu Y FRe =0, 10 V,, =const (1.12)
W €CIW B HaYaJbHBIM MOMEHT BPEMCHH CHCTEMA HaxoAauJIiaCb B I10-
koe, T.e. Vol = 0, 10 X, = X.° = const. (1.13)

3.1.1. Bagauya 1 (HeuéTHbIE BAPHAHTHI)

Hano: m, =10xr, m,=m,=2m,, m =10m,, R=20cwm,
r=10cm, | =40cm, @ =nt (pax), o =60°.

Mexanusm (puc. 1) mpeacraBiasiecT co0OW CHCTEMY, COCTOS-
1yt 13 craHuHbl 1 ¢ ned&nKoii, AByX rpy30B 2 U 3 U PYKOSTKH 4.

Macca cranunsl ¢ 1e6€akoil — M, Macchl rpy30B — M,,M,. Macca
pykositk — m,, ee mHa OD =1. R u r — paguycel 6apabaHoB

nebenku. PykosdTka Bpamaercs MpOTUB XOJa YaCOBOM CTPENKHU IO
3akoHy @ = @(t). B HaYaabHBI# MOMEHT BPEMEHH CHCTEMa HaXO.IH-



Jqach B COCTOSHHH TOKOSl. OTpEneiuTh ypaBHEHHE BHKCHHS
S, =S/(t) uckopocts V, =V, (t) cranuHsI.

Puc. 1

Pewenue. JIna penieHus: 3aga4vl MPUMEHUM TeOpemMy 00 u3-
MCHECHUHU KOJUYECTBA JIBUKCHUS MexaHnueckon cuctemsr (1.5).
BBeném gexapToByio cucteMy KOOpAUHAT X, Y.

Brenanmu CHJIaMHM, IPUIO0XKCHHBIMU K CHUCTCMEC, SBJIAIOTCS.

Bec P, cranunsl ¢ nedenxoit, Bec P, u P, rpy3os 2 u 3, Bec pykosit-

ku P, u HopmanbHas peakuus N HenoJBHKHOM MoBepxHOCTH. Bee
9TU CWJIBI HAIIPABIIEHbI BEPTUKAIBHO, U UX CyMMa IIPOEKLUI HA OCh

x pasua O, .e. Y Fe=N,—B,—Py—Py—Py=0 n, cnenosa-



TEJIHO, BBIMOJIHACTCS 3aKOH COXPAaHCHHS MPOCKIMH KOJINYECTBA
JBWKEHHS cUCTeMBbl Ha ock X (1.7): Q, = const
U3 sToii popmynsl crnenyert, uto Q, = Qf() , TIe Qf() — MPOCKITUS

KOJIMYECTBA ABMKCHHUS CHUCTEMBI Ha OCh X B HaydalbHBIA MOMEHT
BPEMCHH M, TaK KaK B 3TOT MOMCHT CHCTEMaA Oblla B IIOKO€, TO

Qg = 0. CnenoBarebHO, BO BCE BPEMsI JIBFIKCHUS
Q= .0 (1.14)
Cornacuo dopmyine (1.2) KOIMYECTBO IBHIKEHHS CHCTEMBI
paBHO

Qzél+éz+63+64- (1-15)
YuursiBas Beipaxkenue (1.3),
Q=mV;, Q=mV,, Q=mVs, Q,=my,.
B otux dopmynax V,,V,,V,,V, — aGcomioTHbie CKOPOCTH

nentpoB macc C,, C,, C,, C, ten cuctembl. Tak Kak LEHTPHI Macc
TEJl COBEPILAIOT CI0KHOE JBMKEHUE, IIPEJCTABICHHOE OTHOCHTEIb-
HBIM ¥ IEPEHOCHBIM JBHKEHHUAMH, TO
7 _\Jt L \Je 7 _\/" L \/e 7 _\/'  \/e 7 _\JT ,\/©
Vi=V| +Vy, V,=V,+V;], V;=V; +V;, V,=V,+V,.
Hupexcel I' 1 €0003HaYalOT OTHOCUTEIBbHYIO U IEPEHOCHYIO CKO-

pocTH 11eHTpoB Macc e 1, 2, 3, 4 cucTeMbl COOTBETCTBEHHO.
Hcxons us puc.l, nonyunm

\7:Le :\72e :\73e :\74e :\71’

dt
' do . r .
V; =V,; A—mr:E ;o Va=mr;, V; =mnr;
; ) | dol | ; |
V, =Vesr Ve Z_EE’ c4_“2’ \A :755-
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[Mpoeunpys (1.15)Ha och X, moaydum
Q, =10m,\V; + 2m,\V; — 2m,xtr coso + MV, — rrhgl sinnt,
oTKyna, yuutbiBas (1.14),

n(2r cosx+|—sinnt)
V, = T 2 . (1.16)

[ToacraBmsist unciioBsie ganubie B popmyny (1.16),monyanm
V, = 0,314+ 0,2sinmt (m/c).

3aKoH ABWIKCHUA CTAHWUHBI MOKHO OIIPCACIINUTL, HUCHOJIb3Yd

ds
1.16), V,=—2
(1.16),rze o

dt;

. .
ds, = Vdt, IZRFCOSOL Inlsmnt
0

o 30
(1.17)
2nrtcoso + 5 (L-cosnt)

3= 15

C yuerom uncnoBsiX gaHHbx S = 0,314 + 0,2(1— cosnt) (m).

Tak kak » Fo =0, TO TpOBepKy HAWIECHHBIX BEJIMYMH

S/ (t) u V,(t) MOXHO IIPOBECTH, HCHONB3YS 3aKOH COXPaHEHHMS J[BH-
YKCHHUS IIEHTpa Macc cucTemsl B Buje (1.13):

X. = X. = const
Cornacuo niepoii popmyie (1.9)

gzm@+%£+%£+mﬁ
M

MX + MpX + MyXs + MX,
M

(1.18)

XC:
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ITycts npu t = 0 KOOpAMHATHI IIEHTPOB Macc Ha OCb X MMEIOT
B X, X9, Xa, Xg, @ Xy, Xp, Xg, X,— T€ K€ BEMUUHBI IPH TIOBOPO-
T€ PYKOSTKH Ha yroi ¢ . Beipazum mocienHue KOOpAWHATHI Yepe3
CMEIEHUE S CTaHUHBI C YYETOM TOTr0, 4TO Ipy3bl 2, 3 U pyKosATKa 4
YYacTBYIOT B CJI0KHOM JBMkeHUU. LleHTpel Macc Ten 2, 3 u 4 B 1ie-
PCHOCHOM JIBUKCHHUU CMCCTATCS, KaK U CTAaHWHA, HAa BEJIIMYNHY S.I. .B

OTHOCUTCIIbHOM ABHXKXCHUHU 3TH TCJIa MOJYYAT HCKOTOPBIC MECPEME-
IOICHUA BOOJIb OCH X .
C y4eToM BBIIIECKAa3aHHOTO

=X +S, %=X%+S,

X3 = X9 +S — @rcosa, X4=X2+S_L—IE(1—COSTEI).

I
B atux dopmymax «@r COso» u «E (L-cosrt) » — orHoOCH-

TEIbHBIC CMEIICHUSI [ICHTPOB TSHKECTH TPy3a 3 U PYKOSATKH 4 COOT-
BETCTBEHHO BJIOJIb OCH X.

[MoacraBmsis 3nauenust koopauHat B popmyiy (1.13)c yuerom
(1.18)u BBIpakast oTTy#a S|, MOIydUM

2nrtcoso + |2 (L-cosnt)

3= 15

Cxopoctb ctanunsl V, nomydnm, nuddepenuupys (1.19)no

(1.19)

BPEMEHU:

n(2r cosmrlzsinnt)

V, = : 1.20
! 15 (1.20)

CpasuamBas (1.19)c (1.17)u (1.20) ¢ (1.16), yoexxnaemcs B
NPABUIILHOCTH PEIICHHS 3aa4H.

12



3.1.2. 3anaua 1 (4éTHbICe BAPHAHTHI)

Cratop 1, macca KOTOpOro paBHa M, NpPHUKpPEIUIEH K (QyHHa-
MeHTy 6oatamu A. Macca poropa 2 paBHa M, ero neHtp mMacc C,
CMelleH OTHOCHTEIBHO OCH BpaleHus Ha paccrosHue OC, =1. Po-
TOp Bparaercs 1o 3akony @ = @(t) .

Onpenenutb CyMMapHyl0 ¥ TOPU30HTAJIbHYIO COCTaBIISIOLINE

peakiuu onop A B 3aBUCUMOCTU OT BPEMEHHU.
2

Hano:  m =100xr, m, =20«r, (p:%pan, | =10c¢M.

[ —— ] i ——
A ,1i'f//{////////////////////// ,/r//f///
=X T Xa

Puc. 2

Pewienue. PaccMOTpyUM MEXaHHM3M, COCTOSIIIMNA W3 JBYX TEI:
craropa 1 u poropa 2. BHEIIHUMH CHJIaMH, TIPUIIOKEHHBIMHU K ATOM

cucreme, sBisitoTeA Beca Ten P, P, n peaknuu onop 4, cymMmapHsle
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COCTABJIAIOLIME KOTOPBIX OOO03HaueHbl uepe3 X, =X,+ X, Hu
Yo=Y, +Y,.

JlekapTOBYIO CUCTEMY KOOPAMHAT BBEAEM TaK, KaK MOKa3aHO
Ha puc. 2.

Jlnist pemieHust MOCTAaBJICHHOW 3a7a4ll MPUMEHUM TeopeMy 00

U3MCHEHHH KOJIMYECTBA JIBUKCHUS MEXaHUYECKOW CHCTEMBbI B MPO-
eKIuax Ha ocu koopauHat (1.6):

dQ
—<x_y"F°
el

dt v
[Ipoekiuu r1aBHOTO BEKTOPA BHEITHUX CUJI HA OCH X H Y
ZFki:XA’ Zij:YA_F?L_PZ’
TOrIa
d d
§XZXA’ ;y :YA_Pl_Pz'
VYpaBuenus (1.21) mo3BOJISIOT BBIYUCIUTH UCKOMbBIE PEAKIIUU
XA, Y, , €ClIH IpeABapUTENbHO YCTAaHOBUTH 3aBUCUMOCTh Q, U Qy

(1.21)

ot Bpemenn. CornacHo popmyie (1.2) Q =Q, +Q,. Tak kak cratop
HETIOJBMKEH, TO ero kosmuectBo nBikeHus Q, =0 wu, cnemosa-

temsro, Q=Q,. Cormacro (1.3) Q, =myV,, rae V, — ckopocts
IIeHTpa Macc poTopa. Ero npoexkunu Ha ocu:

Qx =MVy,, Qy = m2V2y’

Vo, =V,cos8p, rne V,=0-0C, n mz%:nt,
2
nt
otkyna V,, = nItCOS7 :
nt?
Ananornano, V,, =-V,sine=-xl tSin7 :
2 2

t .t
Torna QX:mantcos%, Qy:—mznltsm%.

Jlanee
14



dQ, nt> 5, . mt?

= | (cos— —t“rmSsin—),
myml 2 n 2)

dt
de 2 TCtz
al(sin— +t TCOoS—),
dt el 2 2 )
oTkyna corsacHo Gopmynam (1.21)
2 2
X, = myl (cos% —tznsin%), 122
. mt? nt?
Y, = P1+Pz—mznl(sm7+t ncos7). 123

[TpoBepKy TMONYIEHHOTO PEIICHHUS TPOBEIEM, UCITOIB3YSI TEO-
peMy O JBMDKCHHHU IICHTPAa MacC MEXaHMYECKOM CHCTEMBI B MPOCK-
usax Ha ocu koopauHat (1.11),

M =2Fe Mic=2F;.
Cormacuo puc. 2 Y Fo=X,, > Fg=YA-R-P,
otkyna Xa,=M ¥, YA=M V- +R +PR,. (1.24)
OmpenenuM KOOPAMHATBL X~ U Y IIEHTpa Macc MeXaHuue-
CKOU cHCTEeMBI Kak (pyHKIH BpeMeru. CornacHo ¢popmynam (1.9)
Mxc =MpX +MyX,, My = my; +myy,.
B atux ¢dopmynax X, Y; U X,, Y, — KOOPIHHATHI LICHTPOB
Macc cratopa U portopa, npudeM X =Y; =0 (Hauano cucTeMsl Ko-

opauHat). Torma Mx. = myX,, Myz =myy,.
_mt? nt?
B atux popmynax X, =1 smT, Y, =1 cosT.

JBaxxabl nuddepeHnupys moydeHHbIe BBIPaKEHHS O Bpe-
MEHU " y4uThiBast popmyisl (1.24),nonxyanm:

2 2
X, = myl (cos%—tznsin%), (125
. mt? nt?
Y, = P1+Pz—mznl(sm7+t ncos7). (126)
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CpasumBas (1.25)c (1.22)u (1.26)c (1.23),1puxoaum K BbI-
BO/ly, UTO 3a/1a4a pelIeHa IPaBUIIbHO.
[To/iCTaBIIsAs YKCIIOBBIC JaHHbIE, TOTYIUM

2 2
X, = 6,28(cos% - ntzsin%) (H);

2 2
\g=1176+62&smf%-+nﬁco§%q(H)

3.2. 3agaua 2

[Ipemnoxennble HUXKE 3aJa4d PEIIAIOTCS C MPUMEHEHUEM
TeopeMbl 00 M3MEHEHHWU KWHETHYECKOIO0 MOMEHTa MEeXaHWYeCKOM
CUCTEMBI IJIs1 HEYETHBIX BAapHUaHTOB, JIA qETHBIX — C MNPUMCHCHUCM
3aKOHa COXpaHEHHUS] KMHETUYECKOTr0 MOMEHTa MEXaHMYEeCKO#l cuc-
TEMBI.

[TpuBeném KpaTKue CBEACHUS U3 TEOPHH.

MomeHTOM KOIHMYECTBa JABUXKXCHUSA (KI/IHGTI/I‘IGCKI/IM MOMCECH-
TOM) MaTEpUAIBbHON TOYKH OTHOCHUTEIBHO HEKOTOpOro mentpa O
HAa3bIBACTCSI BEKTOPHOE MPOU3BEIACHUE paguyca-BEKTOpa TOUYKHU OT-
HOCHUTEJIBHO 3TOT0 LIEHTPa Ha BEKTOP €€ KOJINYEeCTBa IBUKCHUS

lo=F xmV = My(mV). (2.1)

Hanpasnenue Bektopa |, onpenensiercst mo npaBHIy BEKTOp-
HOTO TIPOM3BEICHUS. BEKTOpP |, HampaBleH NepHeHIUKYISPHO

IUTOCKOCTH, COJIepIKaIeil BEKTOPHI I | mv B Ty CTOPOHY, OTKYyJAa
KpaT4yalIuii MOBOPOT OT pajnyca-BeKTopa I K BEKTOPY KOJIWYECT-
Ba JIBUKEHUS IPOUCXOJUT MPOTUB XOJ1a YACOBOM CTPEIKH.

Moynb KHHETUYECKOTO MOMEHTA BBhIYHCIIsAETCS 10 hopmyie:

l, =mVrsin{ ; mV) =mvh, (2.2)

rac h — I1JICHO BCKTOpa KOJIMYECCTBA ABUXCHUA mV OTHOCUTCJIBHO
nentpa O.
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[Mpoeumpys (2.1) Ha ocH JAEKApTOBOM CHCTEMBI KOOPIHHAT,
MMOJIYYUM KUHCTUYCCKUC MOMCHTBI TOUKHU OTHOCHUTCIBHO ocen

l, =M, (mV), Iy:My(mV), l,=M,(mV). (2.3)
IToncunTarh KWMHETHYECKUMT MOMEHT TOYKH OTHOCHUTEIIHHO Ka-
KOH-1100 OCH MOXKHO TaK XK€, KAk MOMEHT CHJIBI OTHOCHUTEJIFHO OCH,
TO €CThb KHHETHUECKHII MOMEHT TOYKH OTHOCHTEIILHO KaKOM-TO OCH
Z paBEH B3SITOMY CO 3HAKOM ILIIOC WJIM MUHYC TTPOU3BEIAECHUIO MO-
JyJIsl MPOEKIMU BEKTOpa KOJIWYECTBA JABHUKCHUS mVnp Ha IIIOC-

KOCTB, IIEPIICHUKYJISIPHYIO OCH  Z, Ha IJIEYO 3TOM mpoekuuu MV,

OTHOCHUTENIBHO TOUKHU O MEPECEUEHUsI OCH Z C IUIOCKOCTBIO
|, =+mV,h. (2.4)
[Ipruem |,> O, ecam ¢ MOJOXHUTENHFHOTO HAIPABICHUS OCH
IIOBOPOT TeJIa MPOUCXOAUT NMPOTUB X0/ 4acoBOH crpenku u |, < OB
IIPOTUBHOM CIIy4ac.

KunernuyeckuM MOMEHTOM HJIM TJIaBHEIM MOMEHTOM KOJIH-
YCCTB JIBUIKCHUA MEXaHUYECKONH CHCTEMBI OTHOCHUTEIHLHO JaHHOI'O

LIEHTPa Ha3bIBaeTcsa BEKTOp L., paBHBIN BEKTOPHOI CyMMe KUHETH-

YCCKHUX MOMCHTOB BCCX TOYCK (Teﬂ) CHUCTCMBI OTHOCHUTCJIIBHO OTOI'O
e LEHTpa

Lo =2 Mo(mV,) =Dl xmV,. (2.5)

KuHEeTHYeCKEe MOMEHTBI CHCTEMBI OTHOCHTEIBHO KOOPIMHAT-

HBIX OCeil monyduM, mpoeuupys (5) Ha OocH JIEKapTOBOM CHUCTEMBI
KOOp/INHAT:

L= Z M x(rn(Vk)' I-y = Z M y(rn(Vk)! L, = Z M z(rn(Vk)' (2.6)
Ecnu TBepmoe Teno BpamaeTcs BOKPYT HEMOABUKHOM OCH Z C
YTJIOBOM CKOPOCTBIO (0, TO €r0 KNHETHYECKHUII MOMEHT OTHOCUTEIb-
HO 3TOH OCH pPaBEH
L, =J,0, (2.7)
rac 'JZ —MOMCHT MHCPUUU TCJIa OTHOCHUTCIILHO I[aHHOﬁ OCH.
3HaK KMHETUYECKOTO MOMEHTA OTHOCHUTEILHO OCH BpalICHUA
COBITAJIACT CO 3HAKOM YTJIOBOW CKOpoCTH. [Ipm BpamieHun mpoTuB
17



X0Jla YaCOBOM CTPEJIKM OH MOJIOXKHUTEJIEH, MO0 YaCOBOW — OTpHUIATE-
JIEH.

Teopema 00 H3MEHCHHHM KHHETHYECKOTO MOMEHTA CHCTEMBI
OTHOCHUTEIIEHO KaKOro-In0o 1eHTpa O UMeeT BUM: NPOU3800HAs NO
8peMeHu Om KUHeMmu4yecko20 MOMEHMA MEeXAHUYEeCKOU CUCTeMbl
OMHOCUMENbHO HenoosudicHo2o yenmpa O pasna 21a8HOMY MOMEH-
My GHEUIHUX CUTL CUCTEMbL OMHOCUMENbHO MO20 JHCe YEHMPA.

dL,

= IR, 28

B Heit Y M, (F’) — cymma MOMEHTOB BCeX BHEIIHHX CHII,

IMMPUIIOKCHHBIX K CUCTCME.

[Mpoeuupys (2.8) Ha ocu JaEKapTOBOM CHCTEMBI KOOPIHHAT,
MOJIYYHUM TCOPCMBI 06 U3MCHCHHU KHMHETHUYCCKUX MOMECHTOB OTHO-
CUTEJIBHO 3THUX OCEM:

dL —~ dL —~ dL =
th = Z Mx(er)’ d_ty = Z M y(er), d_tz = Z M z(er)- (2.9)
3aKOH COXpAHEHUS KHHETUYECKOr0 MOMEHTAa OTHOCHTEIBHO
KaKoW-1r00 OCH Z WMEEeT MECTO B CIIy4ae PaBEHCTBA HYJIO CyMMBbI
MOMEHTOB BCE€X BHEIIHUX CHJI OTHOCHUTEIBHO 3TOH OCH, T.C. NpHU

>M z(Ifke) =0 cormacho (2.9) KHHETHYECKUH MOMEHT CHCTEMBI OT-
HOCHTEIIBHO OCH €CTh KOHCTaHTa

L, =const (2.10)

3aBHCUMOCTH MEXy MOMEHTAMH WHEPIUH OTHOCUTEIHHO Ia-

paJIeNbHBIX OCEH Z U Z-, OJJHA U3 KOTOPBIX IPOXOAUT YEPE3 LEHTP

macc C (ueHTpaibHas OChb), BBIPAKACTCS C IOMOILIBIO TEOPEMBI
[ITerinepa— toiirenca

2
J,=J,+Md", (2.11)
rae J,o —MOMEHT HHEPLUU OTHOCUTENIBHO LIEHTPAIbHON OCH;

M —wmacca tena;
d —paccrosiHHE MEXTY OCSIMH.
MOMEHTBI MHEPLUH HEKOTOPBIX IIPOCTEUIINX OIHOPOIHBIX
TEJT PUBEICHBI B TAOJIHIIC.
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3.2.1. 3agaua 2 (He4éTHBIC BAPHAHTDI)

Hawo: m=m,=2kr, m =5kr, m, =40k,
a=8cm, d=10cm, M_ =20 (H M), t,=0lc.

MexaHu3M, TIPEACTABICHHBIA HA pUC. 3, COCTOUT W3 Bpallaro-
merocst Bana AB, Ha KOTOpOM XKECTKO 3aKperuieHsl JonaTku 1, 2 u
Oapaban 3, muametp kotoporo paBeH d . K O6apabaHy npHuKperieH ¢
noMoIIbio Tpoca rpy3 4. Ha Ban neiicTByeT MOMEHT CONPOTUBICHUS
BpaieHuto Bana M. Maccamu crepkHeil 5 u Tpoca npeHeOpeub.
JIBukeHre MexaHi3Ma HauaaoCh U3 COCTOSHUS MOKOS.

Onpenenuts yriaioByr CKOpOCTh @ Bamanpu t =t,.

< d —> 1
2 Ci“—‘ ______ 5 1
R v R _
A T c 3 Rs
152 |
l Mc T a
— (\ d [, | HE=—=----- >
77 ~ 4 | 77 X
A 4/3a 5 5 * B
3
2
a Cg‘ N "“)XZ 4
! _ ng
4
2a
Puc. 3

Pewienue. JIns pemienus 3a1a4d OIpUMEHUM TeopeMmy 00 H3-
MEHEHUM KHHETHYECKOIO MOMEHTA CHCTEMBI OTHOCHTEIBHO OCH
Bpamieaus X . CormacHo ¢popmysaam (2.9)
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d., =
= IMA(F), (2.12)

3pech » M, (Fg) — IIIaBHBI MOMEHT BCEX BHELIHMX CHJI OTHOCH-

TEIBHO OCH X.
Beruncnum mpaByro 4acTth 3TOM Qopmynbel. PaccraBum Bce
BHCIIHHUEC CHIIBI, I[eﬁCTBYIOHIHe Ha MEXaHW3M. DTUMH CHJIaMU 6y-

nyt: P, P,, P, P, —Bec ten cucremsl, M — cuibl CONPOTUBIIEHUS

BpaueHuto Bana u R,, Ry —peakiuu noqmmnHukoB 4 u B.
Tak KaKk EHTPBI TSHKECTH JIOMATOK OTCTOST OT OCH BpaICHHUS
Ha paBHBIX paccTosHUsX (2a) u ux Beca P u P, paBHBI, TO cymma

MOMEHTOB DTHUX CHJI OTHOCUTEIBHO OCH BpAICHUSA paBHA HYIIIO IIPU
Ar000M yrIie TIOBOPOTa Baja (MX MOMEHTHI UMEIOT MPOTHBOIIOJIONK-

Hble 3Haku). Momentsl cun P, R,, Ry oTHOcuTensHO ocu X paBHBI

HYJIIO, TaK KaK UX JIMHUU JEUCTBUS IEPECEKAIOT 3Ty OCb. MOMEHT

cumsr P2 M (P,) = % P,d. MomenT cun conporuBienust M. mpe-

IATCTBYET BpALIEHHIO Baja, MOTOMY €ro 3HaK OyJeT OTpHIaTelb-
HeIM: M =—-20.

OKoHYATENBLHO
ZMX(ﬁk)=%m4gd—2m. (2.13)

PaccMoTpuM Tereps JIeBYIO YacTh Beipaxkenus (2.12).

CornacHo (2.6) kuHeTnueckuii MOMEHT L, Bcex Tem Mexa-
HU3Ma OTHOCHUTEIBHO OCH X

Ly = Loy + Loy + Lay + Ly (2.14)

Kunetndeckne MOMEHTHI Bpamaromumxcs tei 1, 2, 3 corjiacHO

dopmyne (2.7)paBHbI
Ly = Ji@, Loy =Jdp0, Lgy=J50.

MowmenTsl uHepuuu Ji,, J,, BBIYHCINM, UCIIOIB3YS TEOPEMY

[Ireitnepa—T roiirenca (2.11):
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1 49
J. =J. ~+m(2a)’ =—ma’+4ma’ = —maZ.
1x = i + My (2a) 12”h my 12”&

1 73
Joy = Joyc + My (28)% = —mpa’ + 4ma’ = -—m,a’,
18 18
B stux gopmynax Jic M Jyc ONpEnensioTcs U3 TaOIMIbL.

Kunernueckuii MOMEHT rpy3a 4 moJcuuTaeM, UCHOIB3yd (Gopmyiy
(2.4):

rne V, =o—.
T2

Takum oOpazoM, KuHeTHYECKHH MOMEHT L, cormacuo (2.14)
paBeH

LX :(J1X+‘J2X+J3X+‘J4X)O‘):%AO‘)’ (215)

e A:Z:L—S;‘?n'nla2 +%(m3 +2m,)d?.

Moncranss (2.13)u (2.15)B dopmyny (2.12),momyunm aud-
dbepeHnransHoe ypaBHEHUE A O
1Ad—mzlmélgd -20.
2 dt 2
[Ipounterpupyem 310 auddepeHnraIbHOe YypaBHEHHE METO-
JIOM pa3JIeJIeHUs IEPEMEHHBIX
[ do _ 1jdt

1 1 1
Zln(gmAd —4dw) — Zln(gmAd) = Zt ,

at

OTKyJa o= % gmd(l-e*).

ITpu t =t; = Ol ¢ yrnoBas ckopocts ® = 602 ct.
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3.2.2. 3anaua 2 (4éTHbIC BAPHUAHTHI)

1 _
Jano: mz:Zml, S=ON=nt (M), a=4m,

R=3m, o,=1c’, t=4c.
MexaHnusM, MpeACTaBICHHBIA Ha pUC. 4, COCTOUT U3 Bpalllaro-
meiicss BOKPYT OCH Z IUIaTOPMBbI MAacCOi M, U TEIEKKU MacCou

M, , IBWXKYILIEHCSA B OTHOCUTEIBHOM JIBHM)KEHUH IO TyIre OKPYKHO-
ctu paguyca R: S=ON. B HauanbHBIii MOMEHT BPEMEHU ILIAT-
(dopma umena yrioByl CKOpOCTb ,. OmnpenenauTs yriioByl CKO-
pocTh ® BpameHus miargopmsel npu t =t;. ConporusieHuem Bpa-
IICHUIO MTpeHeOpeyb.

o— 2a

-@a-—’l Vﬁ

e 3a

Puc. 4
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Pewenue. [Ins pemieHnst 3ToM 3aga4vl BOCIOJIB3yEeMCSl TeOpe-
MoH 06 U3MCEHCHHNU KMHCTHNYCCKOI'O MOMEHTA CUCTEMbI OTHOCUTCIIb-
HO OCH BpallleHHus Z corjacHo Gopmyite (2.9)

T, (2.16)

rme Y M,(FS) — rnaBHBI MOMEHT BCeX BHENIHHMX CHIJI OTHOCH-

TEJNBHO OCH BpAILCHUA Z .
PaccraBuM Bce BHEIIHME CUIIBI, JEUCTBYIOILIHME HA CHUCTEMY:

cuiibl TsokecTH P, u P, — m1atdopMel U TeNEeKKHU COOTBETCTBEHHO;

R, 1 R; —peakuuu B noammnuuke 4 ¥ B NoANATHUKE B. MoMeH-

Thl 3TUX CHJI OTHOCUTCIIBHO OCH BpPAIICHUA Z PAaBHBI HYJIIO, TaK KakK
CUJIBI WJIM TMapalJICJIbHbI OCH, WM NCPECCKAIOT 3TY OCh. OTCIOI[a

crefyeT, 4To mpasas gacTh popmyis (2.16) > M, (F) =0 wu, cie-

JIOBATEIIbHO, BBIMOJIHACTCS 3aKOH COXPAHEHHS KHHETHYECKOTO MO-
MEHTa OTHOCUTEJILHO OCH BpallieHust Z U coriacho (2.10)

L, = L) =const. (2.17)
BoruucnuM HaganbHbIH KUHETUYECKUNA MOMEHT Lg CUCTEMBI C
yaeToM Gopmyisl (2.6):
I-Oz = ng + ng’ (2.18)
rae LY, n LS, —HauanbHble KMHETHUECKHE MOMEHTHI IIIAT)OPMEI U
TEJIEKKU COOTBETCTBEHHO.
IMpu t =0, S=0, To ecTh TeNneKKa HAXOAUTCS HA OCH Bpalle-
HUS, CKOpOCTh e€ paBHa O u, cienoBaTenbHO, ng =0. [Mnardpopma

BpaIllaeTCsl BOKPYT HEMOJBH)KHOM OCH Z M €€ KMHETHYECKUH MO-
MEHT OTHOCHTEIIHO O3TOW OCH, y4uThiBas Qopmyny (2.7), —

2 =J,m,, tae J;, — OCeBOl MOMEHT HHepIH rmiaTdopmer. Js

€ro BbIUMCIICHUST Bocmoib3yemcsi Teopemoil Illtelinepa— toitrenca
(2.11):

Jiz=d1c1 + rrlaz )
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rae Jj,c; — MOMEHT MHEpPUMH IUIaTGOPMBI OTHOCUTEIBHO IICH-

TpaJbHOM OCH Z; , IpoXondiiel uepe3 HeHTp Tsokectu C, miardop-

S o
Mbl. CoryacHO Ta0nMIe HAX0UM Jy,cq = érqa , TOrIa

0_9 .2 2_8 2
Ji; :grqa + ma :érqa .
Hoxcrapnsas LY, u L, B hopmymy (2.18),momnyumm
0o_8 .2
LZ == n'!l_a 0)0 .
3
Tenepp BerumciuM L, — KMHETHYECKUH MOMEHT CHCTEMBI B
IPOU3BOJIEHBIE MOMEHT BpeMeHH 1

L,=L,+L,,. (2.19)
Kunerndeckuit MoMeHT miaTdopMsbl coriacHo Gpopmyie (2.7):

le = leo‘) = :_83 mazo‘) "

Jns Beraucnenus L,, HEOOXOAMMO y4ecTb, YTO TEJIEKKA yda-
CTBYET B CIIOXHOM JBIDKCHUU U €€ aOCOJIIOTHAsS CKOPOCTb CKIIafbl-

BaeTCS M3 OTHOCHTEIBHOW CKOpOCTH V,

IO OTHOIICHWIO K IUIAT-

dopme U mepeHocHO# ckopocTH V, B JBMXKEHHM BMeECTE€ C ILIat-
dopmoii. U300pa3um Ha YepTeke MOJI0KEHUE TEICKKHA U €€ BEKTO-
pet V. u \7e cKkopocTeit B MOMeHT Bpemenu t (puc. 4). 13 yeprexa
BHJTHO, YTO

L,, =myV, -OE +m,V,-ON .
Tak xkax ZONC = ZCON :%—% " LONE:%,

10 ON = 2Rsin2.  OE = ONsin? = 2Rsin? 2,
2 2 2

1oV, =95, V,—0-ON=20-Rsin®, ¢=>=Ttct.
dit 2 R R
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Orcrona Ly, = 2mR(2Ro + n)sinzg.
Cornacuao gopmyie (2.19)
L, =gmla2m+ 2m,R(2oR + n)sinz%.

U3 ycnosus (2.17) onpeaeaumM HCKOMYIO YIJIOBYIO CKOPOCTh
® TUIaTGOPMBI

8ma’w, — 6mrRm, sin’ @
o= 2 (2.20)

8ma’ + 12R*m, sin’ %

[Moncrasnsis B popmyny (2.20) ucxoaHele NaHHBIC, MOTYYUM
o= 079c™.

Ecnu oTHOCHTENBHOE IBUKEHUE TEJICKKH IO Tyre OKPYXKHO-
CTH MPOTHBOIIOJIOKHO @, TO B yrciuTene popmyssl (2.20)cnenyer

3aMCHHUTD 3HAK <MHHYC>» Ha «IIJIFOC>.

3.3. 3agaua 3

Jns pewenus 3agaun 3 (UETHBIC W HEYETHBIC BApPUAHTHI) UC-
MOJIb3YyeTCsl TeopeMa 00 M3MEHEHUU KHMHETHYECKOM PHEepruu Mexa-
HUYECKON CUCTEMBI.

HeoOxoaumblii cripaBOYHBIA MaTepuai JjIs pelieHus dTOH 3a-
Ja4¥ MPEJICTABIICH HUXKE.

Kunerndeckast sHEpPTUs TOUYKHU MIPEACTaBICHA POopMyIIon

2
., mv
T'= :
2
rae M —mMacca To4ku, V. —e€ CKopocTb.
KI/IHGTI/I‘-IGCKEUI OHCPTHUA MEXAHUYECKOU CUCTEMBI — CyMMa Ku-

HETHUYECKHX YHEPrHil Bcex e€ Touek

T =z%. 3.1)

25



Kunernueckas sHeprus MEXaHUYECKOW CHCTEMBI, COCTOSIICH
W3 TBEPIBIX TEM,

mV.,°
Toy e, (3.2)

B KOTOpO#l V, — CKOpOCTh IIeHTpa Macc K-ro Terna.

Kunernyeckas sHeprus TBEpJIOro Teja MOACUYUTHIBAETCS B 3a-
BUCHMOCTHU OT BU/JIA €TI0 ABUKEHUS.
1. Ecnu Teno ABMKETCS MOCTyNaTeNbHO, TO €r0 KHHETHYeCKast
SHeprus
1 1

T=>-MV?=>-MV¢. 3.3
> > MVe (3.3)
B ¢opmyne (3.3) V. —ckopocTh IIeHTpa Macc Tena.

2. Ilpu BpaieHuu Tejla BOKPYT HEMOJBM)XHOM OCH €ro KHWHE-
TUYCCKas SHCPIrUust UMCCT BU

T :%szz, (3.4)

e JZ — MOMEHT MHEPLUU TeJa OTHOCUTEIBHO OCHU BpallleHUsA Z,
® — yIJIoBad CKOPOCTh.
3. B cnyqae IIJIOCKOT'O OBUXXCHUA TBepI[OFO TCJ1a KNHECTHUYC-
CKYIO SHEPIHI0 MOXKHO MOJCYUTATh 0 (hopmyIie
1 1
T ==MVZ +=J.07, (3.5)
2 2

B KOTOpOH V. — CKOpOCTh LIEHTpa Macc Tena, Jo — MOMEHT MHep-

I[UU TeJla OTHOCUTEIHFHO OCH, MTPOXOIAIICH Yepe3 LIEHTP Macc.
Teopema 00 M3MEHEHWM KMHETHYECKOW >HEPrUM MeXaHU4e-
CKOM CHCTEMBbI B MHTETpalbHOU (KOHEYHOH) (hopMe MMeeT BHI u3-
MeHeHue KUHeMmUu4ecKou dHepeul cucmembl npu HeKomopom KOHed-
HOM eé nepemewjeHuu pasHo cymme pabom 6HewHUXx U GHYMpeHHUx
Cusl, 0etucCmeyIowux Ha MOYKY CUCIEMDbL, NPU MOM nepemeueHul

e i
T-To=2A+2A. (3.6)
3,[[6013 To — KMHCTHUYCCKAasA SHCPrusd B HAYAJIBHOM ITOJIOKCHHU CHC-

TeMbl, T — B TeKylleM (KOHEYHOM) COCTOSTHHH, Z A’ —cymma pa-
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GOT BCEX BHEIIHUX CHJI, IPUJIOKEHHBIX K cHcTeMe, Y A — cymma
paboT Bcex BHYTPEHHUX CHIL.

B cimygae aGconroTHO TBEpAOTO Tena cymMma padoT BCeX BHYT-
pennux cun pasna 0,7.e. >, A, =0 u hopmyna (3.6) npumer By

e
T-T,=2A. (3.7)
B Tex cinyuasx, korga B Ha4aJabHbI MOMEHT BPEMEHHU CHUCTEMA
HaXOoJWJIach B COCTOSIHUU IIOKOs, €e KuHeTuueckas sHeprus 1, =0

¥ BeIpakeHue (3.7)npuodperer B

T=)YA. (3.8)
Jns Toro, utobsl ucmoiab3oBath Teopemy (3.7) wm (3.8), He-
00XO0AMMO MPaBUILHO BEIYUCIUTH PAOOTY CHUJIBL.
1. PaGota mo00¥ cuiibl paBHA HYJIIIO, €CIIH:
a) CUJIa TICPIICHIUKY/ISIPHA HAPABJICHUIO TICPEMECIIICHUS,
0) cuiia mpusiokeHa BCE BpeMs B HEMOJBH)KHOW TOUYKE WU
B TOYKAaX, CKOPOCTh KOTOPBIX PaBHA HYJIO B JaHHBIH MOMEHT Bpe-
MEHH, HAlPEMEpP, B MCHOBEHHOM IIEHTPE CKOPOCTEH TPH ITIOCKOM
JIBM)KCHUH TEJa.
2. PaboTa crIIBI TSHDKECTH [UTST TOUKHU

A(P) = +mgh. (3.9)
B dbopmyne (3.9) h —nepemerenue Touku mo BepTrkanu. Ec-

7u Touka omyckaercs, To A>0, eciiu mogaumaercs — A <0.
[ns TBEporo tena

A(P) = +mgh,, (3.10)
rae h. —mepemernienue neHTpa TSHKECTH Tea 110 BEPTHKAIH.

3. PaboTta cuiibl, TpHIIOKEHHON K TOYKE TBEPAOrO Tela, Bpa-
LIAIOLIEr0Cs BOKPYT HETIOABUKHOU OCH,
AM,)=M,0. (3.12)
®opmyna (3.11)monydeHa B peAnoNIoKeHUH, 9To M, — Mo-
MEHT CHJIBI OTHOCHUTEJIEHO OCH BPAICHUSI Z €CTh BEIUYMHA ITOCTO-
sHHadg, T.e. M, =const ¢ —yromx moBopora Tena, Ipu KOTOPOM BBI-
qucsieTcs: paboTa CHITHI.

27



4. PaboTa CuiIbl TPEHUS CKOJIBKEHUS UMEET BU/T
AF,,)=-F, -S=-1NS, (3.12)
rae f —xoaddunuent tpenus ckonbxkerus, N — HOpMasbHas pe-

aKIUs IIePOXOBATON MOBEPXHOCTU, S — MepeMeIleHre LeHTpa Ts-
JKECTH Teia.

3.3.1. 3agaua 3 (He4éTHbIE BAPHAHTHI)

Hawo: m =12m,, m, =8m,, m,=3m,, m, =10xr,
r,=8cm, R,=2r,, ,=6cm, R =2r,, i,=4cwm,
i;=6cm, f =01 a=60°, S=1wm.
3necs M, m,, m;, M, — maccel Ten cucremsl; I,, R,,r;, R, — pa-
auycsl Ten 2 U 3; 1,, 1, —ux paguycsl uaepiud, f —xosddunment
TPEHHSI CKOJIbKCHHUS.
B HavanbHBIN MOMEHT BPEMEHH MEXaHW3M HaXOJHJICS B CO-
CTOSIHMH TIOKOS.
Onpenenurs:
1) KMHETUYECKYIO SHEPIHI0 MEXaHW3Ma KakK ()YHKIIMIO CKOpPO-
ctu V, rpyzal T =T(V);
2) ckopocTh rpy3a 1, Korja MpOWIEHHBIA MM IyTh CTaHET
paBHBIM S .

Pewienue. Paccmorpum Mexanusm (puc. 5), coctosiumii u3 dye-
TBIPEX TEJl.
Cormacho (3.2)

T=T,+T,+T,+T, |, (3.13)
rae T,,T,, T;, T, —kunernueckas 3xeprus ten 1, 2, 3, 4.

Teno 1 ABMXKETCS MOCTYIATEIBHO, CIIEA0BATEIBHO, COTJIACHO
dopmye (3.3)

2

V.
T = mlzl wim T, = 6m,V,>.
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S,
yj

N

Puc. 5

3BeHo 2 Bpamaercs BOKpyr ocu O M, COTJIACHO BBIPAXKCHHIO
(3.4)
1
2
3Hasi paguyc MHEPIHHU i,, BBIYUCIHNM OCEBOW MOMEHT WHEp-
man: J, = myiz,
Beipazum yrioByro CKOpocTh ®, 4epe3 CKOPOCTh V.
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\Y, V,
A . . 1
(1)2:@, VA:Vl' (1)2:_.
YuureiBas 9T0, OKOHYATCJIbHO IMOJIYYUM
1
T, ==-m\V/>.
4

Teno 3 gBUXKETCS IJIOCKO ¥ O3TOMY coriacHo (3.5)
1 1
T3 = EmN; + E JC(D§ .

Omnpenenum o, 4yepe3 ckopocts V, . Tak kak Touka P sBiser-

. V,
Cs MIHOBEHHBIM I[IEHTPOM CKOPOCTEH 3BeHa 3, TO @, :D—'IDD;
V, V,
Vo =Va; Vg=o,6,; Vy=-2; DP=3r; o,=—1.
2 or,

Cxopocth Toukn C HaWAEM, 3Hasl MOJOKEHWE MIHOBEHHOTO

.. A
LEHTpa CKOpoCTel: Vi = gy =—.

6
HOI[CTaBI/IB 9THU 3HAUYCHUS, HOHY“IHM
1
T3 = E m4V12 .

Teno 4 nBuxkercs mocrtymnarelnbHO. Ero kuHernueckast sHep-
rust, cenys popmyie (3.3),

T, = % mV,.
3neck V, =V, =V—6l u T, =%m4v12.

HOI[CTaBI/IB 3HAa4YCHUA KHMHCTHYCCKHX 3HCpFHI>i TCJI CUCTEMBI B

(3.13),naiiném
457

T=— V2w T =634NV2 [Tk

Jns ompezneneHust ckopoctu V), Tpys3a, Korja OH HpOHAET
IyTb, paBHBII S, Bocmosb3yemcs Teopemoii (3.8)

30



T=)YA.
PaCCTaBI/IM BCC BHCIIIHUEC CUJIBI, HpI/IJ'IO)KeHHBIC K CUCTEMC. 3TO
Oyayt cuiel Tsbkect P, P, B, P,, HopManbHas peaxius moBepx-

—

Hoctd N,, cuna TpeHus ckoiwbkeHus Tena 1 mo mepoxoBaToi mo-
BEPXHOCTH Fmp, Xo, Yo —peakuuu B mapaupe O, S; — HaTsDKe-

HHE HUTH.
Hx cymma pabor:

> A =AR)+ARPR)+APR)+ARPR)+AF,,)+
+ A(Xo) + AlY,) + A(S).

Pabota cun P,, X, Y, paBHa HyJIt0, TaKk KaK OHHU MPHUIIOKEHBI

(3.14)

K HenoJBMXHOM Touke O. PaGora cuiibl HaTsSHKEHUS i paBHa HY-
J10, TaK KaK OHA IPHJIOKEHA B MTHOBEHHOM LIEHTpE cKopocTel P .
Pa6oty cun tsokectd Py, P, u P, Bbrumcimm, ucrons3sys hop-
myiy (3.10):
A(P) =mgh, rae h = Ssina, T.e. A(R)=12m,gS sino .

A(P,) = -m,gSc .
S. —nepeMeleHre eHTpa TsbKecTu Tena 3 o BepTukanu. Haiinem
V,
S U3 COOTHOIIEHHST —1 = i; S = i;
Ve & 6

_ 1 1
A(P3)=—gmggsl:—§ ,0S .

- - 1
A(R)=-mgs,; S,=%; A(Fz)=—gm4gsl-

PaboTy cumbl TpeHHs! CKOJIbXEHHS OIpPEIeIUM C TOMOIIbIO
dopmysr (3.12):

A(F,,)=-fmgcosa-S, rae N,=mcoso.
A(F,,)=-12fm,gcosa-S.

ITocie BRINOJTHEHHBIX BLIYUCIEHUIN
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> A =mg2sina—-—=-=- 12f cosa)S, =8943S [Ix.

[MpupasuuBas (3.13)u (3.14),cornacuo dopmysne (3.8) moy-
qUM
6347V, =89435,

oTkyma V,= %Si = 3,75\5 :

[Tpu S;=1m V; = 375wm/c.

3.3.2. 3agaua 3 (4éTHBIC BAPHUAHTHI)

Jlano: M =m;=m,=m=1kr,m, =2m,
OA=AB=CA=1=1m, M =100H ™, ¢ =30,

rae m, —Macca kpuBommna 1, m, —Macca maryHa 2, m, u m, —
Macchl moa3yHoB 3 ¥ 4, M — Bpamaromuii MOMEHT, NPUII0KCHHBIN
K kpuBowmny 1. J[BUykeHne MexaHU3Ma Ha4yajaoch U3 COCTOSIHUS I10-
kos (@ =0).

Ornpenenurs:

1) KMHETHYECKYIO PHEPIHI0 MEXaHW3Ma Kak (YHKIIMIO YIJIO-
BO CKOPOCTH (®, | yIJIa IOBOPOTA (p KPUBOIINIIA,

2) yrIoBy0 CKOpocTh @, npu ¢ = 30°.

Pewienue. PaccMoTpuM MeXaHM3M, H300paXeHHBIH Ha puc. 6,
COCTOSIINI U3 YETHIPEX 3BEHBEB.
Ero xunerndeckast sHeprusi, cienys Gopmyie (3.2),
T=T,+T,+T,+T,. (3.15)
Kunernueckast sHeprust Bpamiaromierocsi kpusommmna 1 co-

rinacto (3.4)

1 1
Tl :E‘]O(Dlz :Eml 20)12,
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Puc. 6

1 1
Tak Kak Jy=—ml?=>-ml? — MOMEHT HHEpLMH KPUBOIIKIA OTHO-
3 3

cuTenbHO ocu BpareHus O.
Kunernueckasi sHeprusi maryHa 2, COBEPIIAOIIETO IJIOCKOE
JIBH)KEHUE, MOKET OBITh MOACYUTAHA, MPUMEHsS hopmyiy (3.5):
1 1
T,=—mV; +=J,03,
2 2
1 2_2 12
rae V, — CKOpOCTb LIEHTpa Macc HaTyHa, J, = Emz4| = §ml
MOMEHT WHEPIHU OTHOCUTEIHHO IEHTPAIBLHOW OCH, MPOXOISIIEH
4yepes TOUKY A ¥ MePIeHAUKYIIPHON TUIOCKOCTH JIBUKCHHUS.

Bepazum V, 1 ®, 4epe3 yrioBylo CKOPOCTh 0, KPHBOIIUIIA.
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V, =, ¢ apyroii cTOpoHbI, y4uTHIBasi, 4T0 P — MrHOBECHHBI
LIEHTp cKopocTeii matyHa, V, = o,| u, ciempoBarensHo, M, = .

B pesynbTate

4
T, =—m’w?’.
2 3 1

[Mon3ynbl 3 1 4 IBUXKYTCS MOCTYIATENBHO, U UX KHHETHYECKAS
sHeprus, yunthiBas (3.3),
1 1
T, =§m3VBZ n T, :§m4vé.

Ckopoctu Vy u V. BbIpasuMm uepe3 ®,; U yrois moBopora ¢
KpHUBOILIXIIA
Vg =0, -BP=w,-2sing,
YuuTteiBas 3T0, HOTYyIUM:
T, = 2ml%w?sin’g,
T, = 2ml °w? cos ¢.
OKoOHYaTeNbHO

ngm ©;, Wi T:%cof. (3.16)

Jlig BBIYMCICHUS YIVIOBOM CKOPOCTH (0, KPHMBOILIMIA IIpU
¢ = 30° Bocnosb3yemcs Teopemoii (3.8):
T=>A.
PaccTaBum Bce BHEITHUE CHIIBI, JEHCTBYIONIME HA MEXaHU3M:

P, P,, B, P, —cuibl TshxecTH Tel;

X0, Yo —peakuuu B mapHupe O;

N,, N, —HOpMa/bHBIE pEaKLUU TIOBEPXHOCTEH.
[TonHast paGoTa 3THUX cUI
LAC= AR+ AR,) + ARy + AR + AM) + A(Xo) +

- - - (3.17)
+ A(Yo) + A(N3) + A(N,).

34



Pabora cunbl Tsokectd P, paBHa O, Tak Kak LEHTP TSAKECTH

Noj3yHa 3 HE IepeMeIlaeTcs BepTHKalbHO, padora cuil Xg, Yg
paBHa O B crly TOTO, YTO OHH NPHJIOKEHBI K HEMOIBIKHOW TOUYKE
O, pabota cun N;, N, taxxe paBHa O, HOTOMY YTO OHU HEPIEHAU-

KYJISIpHBI TIEpEMEIICHUsAM Mo3yHOB 3, 4. PaGOThI CHIT TSHKECTH BbI-
YHCIUM, HCob3ys Gopmyiy (3.10),a paboty MomeHTa — popmyIry
(3.11):

AP) =—'—2mgsin<p,
A(P,) = -2imgsing,
A(P,) = -2imgsing,
AM) = M.

B pesyabrare: Y. A; = Mo — 45imgsing =100p — 441sing (Ix).
[pupasuse (3.16)u (3.17),nony4unm

o, = \/2% (100p — 441sing) (c™).
Mpu ¢=30" o, = 295¢™.
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Ilpooonsicenue mao.
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Oxonuanue mao..
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