KoHTpoJIbHBIE 33/jaHUSA 10 TEOPEeTUYECKON MeXaHUKe
AJISA CTYAEHTOB 3a04HOM GOpPMBI 00yYEeHU
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1.HaitTv onopHble peakuum B onopax A 1 B 1 peakumu B wapHupe C. 1.HaiTv onopHble peakuum B onopax A 1 B 1 peakuwum B wapHupe C.
a(m) b(m) d(m) o B P (KH) F (kH) | g (kn/m)|M (kH*m) a(m) b(m) d(m) o B P (kH) F(kH) |q (kH/M)| M (kH*M)
2 3 4 0 0 10 6 2 3 | 2 3 4 0 30 10 6 2 1
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1.HaiiT onopHble peakuuu B onopax A u B 1 peakumu B wapHwupe C. 1.HaiiT onopHble peakuuu B onopax A 1 B u peakumu B wapHupe C.
a(m) b(m) d(m) o B P (KH) F (kH) | q(kn/m) |M(kH*m) a(m) b(m) d(m) a B P (kH) F (kH) | q(kH/m) | M(kH*Mm)
3 3 4 60 30 10 6 2 1 2 3 4 45 0 10 6 2 1
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1.HaitT onopHble peakuum B A 1 B 1 peakumm B ckonb3awwen 3agenke C.

1.HaiiT onopHble peakuuu B onopax A v B v peakumm s Du C.
a(m) b(m) d(m) o B P (KH) F (kH) | g(ku/m) [M(kH*M) a(m) b(m) d(m) o B P (kH) F (kH) | q(kn/m) | M(kH*Mm)
2 3 4 45 0 10 6 2 1 4 3 3 30 0 10 6 2 4
FFP
1.HaiTv onopHble peakuum B onopax A 1 B n peakumn 8 Du C. 1.HaitT onopHble peakuumn B onope A 1 peakumm B WwapHupax B,C,D.
a(m) b(m) d(m) o B P (KH) F (kH) | q(kn/m) | M(kH*m) a(m) b(m) d(m) a B P (kH) F (kH) | q(kH/m) | M(kH*Mm)
3 3 2 90 0 40 20 3 15 2 3 4 90 30 10 6 2 50
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1.HaiTv onopHble peakuum B onopax A n B 1 peakuuw B wapHupeC. 1.Hantv peakuwmu B onopax A, B 1 peakuuv B ckonb3swel 3agenke C.
a(m) b(m) d(m) a B P (kH) | F(kH) [ q(kH/m)|M(kH*m) a(m) b(m) d(m) a B P (kH) | F(kH) |q(kH/Mm)| M (kH*M)
6 3 4 30 0 10 6 2 50 3 2 3 30 -30 10 12 2 3

Onpenenntb ONOpPHbIE PEAKLUMU U PeaKLUN B COeaMHEHUMN.
[na pelweHuns 3aga4m Heob6XoAMMO NPOYUTATb MaBy 2 Kypca NeKumii.

Mpumep 3agaHMA NO cTaTUKeE.

MoCT cocTouT U3 ABYX YacTel, coegnHeHHbIX wapHupom C (Puc.1). JleBas onopa mMocTa — »KecTKasn
3agenKa (KoHcobHan onopa), NpaBas onopa — NOABMMKHbIN WAPHUP (KaToK). Bec Kaxpgoi yactu mocta P,
Harpyska 1 pa3mepbl MoKasaHbl Ha pucyHKe. OnpeaennTtb peakuum B onopax 1 8 coegmHeHnn C.

B 3azenke A Tpu HEU3BECTHbIX — [1BE COCTABAAOLLMX cubl Xy, Y4 U MOMEHT my, , B KaTke B HenssecTHas
no BennymHe cuna N, HanpasieHHas NepneHANKYAAPHO K HAKNOHHOM NIOCKOCTY.

[na Bcero mocta, Kak 1 ansa ntoboro Tena, MOXKHO HanUcaTb TPU YPaBHEHUA PAaBHOBECUSA, U3 KOTOPbIX
HalTW YeTbipe HEM3BECTHbIX HEBO3MOXHO, TO €CTb, Ha MepBbIl B3rNA4, CUCTEMA CTaTUYECKU Heonpeaenma.
PewnTb 3Ty, Kak, Bnpoyem, n nobyto Apyryto yuebHyto 3a4ady, NOMOraeT Haanune B KOHCTPYKLMK «cnaboro»
COefMHEHWA, NPU pasaesieHUN N0 KOTOPOMY AeNCTBME OAHOM YacTU KOHCTPYKLMM Ha APYryto ONUCbIBAETCA B
NJIOCKOM CNy4ae MeHee Yem TpemMA peakunamu. B gaHHoOM cnydae npu pasgeneHuto no wapHupy C nonyyaem
ABa Tena (puc.2a, 26), 414 KOTOPbIX MOXKEM HanMUcaTb Wecms ypaBHEHUIA PaBHOBECUSA C LIECMbIO
HeussecTHbIMKN Xy, Yy, my, N, Xc, Y.
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Ons yaobcTBa 3aMeHNM pacnpeaenieHHYH Harpy3sKy SKBUMBANEHTHOW cunoli Q, pasnoxum cuny F Ha

COCTaBaAaoWwmMe, napanniesibHble 0OCAM KOOPAUHAT U BbiNUWEM YPpaBHEHUNA PaBHOBECUA ANA OBYX TEN,
O6'be,EI,MHMB NUX B CUCTEMY:

E&t = X, + X + Fcosp = 0,
E*t =Y, + Y, — Fsinf — P = 0,
Mt =my —X;-6+Y,-5—P-2—Fsinf-3— Fcosf-6=0,
E&*t = =X, — Q — Ngsina = 0,
Ef*t = —Y¢ + Ngcosa — P = 0,
k ngt —

- = Ngcosa+5—Ngsina-6—Q-2—P-3—m=0.

OI'IOprIe TOYKHM NPU BblHNCNEHUN MOMEHTOB CeayeT BbI6MpaTb TaKUmM 06pa30M, ‘-ITO6bI, BO-NnepsBbIX,
YpaBHEHNE COOEPHKANTO MEHbLUEE HACNO HEN3BECTHDbIX, N1, BO-BTOPbIX, 1IETKO 6b110 Obl Haxo4uTb naeun cun. B

AaHHOM npumepe A4 Tena 6) B KauecTBe ONOPHOMN TOYKM B3ATa ToYKa C, YTO NO3BOAAET M3 NOCNEAHEro

ypaBHeHua HaiTn Npg, a BCe NpoYne HeM3BECTHbIe ONpeaenatoTcA Noc/ief0BaTeIbHO U3 OCTaBLUMXCA
YPaBHEHWIA.

MNocne onpegeneHnAa sCex HEN3BECTHbIX CieayeT caenatb NPoOBEPKY, KOTOPaA 3aKNKOYaETCA B NPOBEPKE

paBHOBECUA BCEM KOHCTPYKLUMU: [1aBHbIA BEKTOP U MOMEHT (OTHOCUTE/IbHO NPOU3BO/IbHON OMOPHOMN TOUKM)
0omHHbI 6bimb pasHsl HyMo (puc.3):

E&*t = X, + Fcosp — Q — Ngsina(= 0),
™t =Yy + Ngcosa — 2P — Fsinf (= 0)

MEXt = Ngcosa+5 — Ngsina-6 —Q-2—m+Fsinf-2+X,-6—Y,-5+my, (=0)

Fcosf




2. KuHeMaTHKa TOYKMU.
x = x,(t)

y = yi(t)
B momeHT BpemeHu t HaiTu BeKTOpbl ckopocTn V, yckopeHuna W, kacaTenbHyto (TaHreHUmManbHyto)

ypaBHeHMﬂ ABUXEHUA TOYKN UMEIOT BN, { , rAe NHOEKC k— HOMEpP BaphaHTa.

W, v HopmanbHyto W, cocTaBnatowwme ycKopeHus, pagnyc KpMBU3HbI TpaeKkTopum P.

BapuaHT x(t) y(t) MomeHT t
1 t?—1 2t 1
2 i T T 1 lky
t =t t =t
SLZ > C:)TS 5
3 Zsin§t+3 cosit—é} 2 I
4 t—t>+1 |2t—2t*-3 1 R®) AL W
5 P £ 2 a1 / o\
_ 3 2 - W
6 t°+1 3 > >
St 4 - d X
3 2 '
7 2 —4t t2 3 1
2
8 6 cos (— t) — 2| —3sin (— t) 3
t
9 t 2(1 - cosz) 2m
10 |1 t T
5 (1 — cos2t) )

[lna 0CO3HAHHOrO BbINOHEHWA 334aHNA cedyeT NpoYnTaTh rnasy 3 «Kypca Nekumnii No MexaHuke»
BcA KWNHEeMaTMKa TOUKM 3aK/II0UYEeHa B ABYX OnpeaesieHUaX:

drR - av .
Ve ==R, W —==R
- dt = — " dat
roe V. n W BeKkTOpbl CKOPOCTU U YCKOPEHUA, a R —BEKTOP NONIOXEHMA TOUYKMN B CUCTEME OTCHETa.
Ecnmn ncnonb3syetca cuctema KOopAMHAT C HENOABUKHBIMW B6a3NCHBIMUW BEKTOPaMK (KaK AeKapToBa

cuctema B 3ToM 3afaue), To anddepeHLMpyOTCA TONbKO KOOpAMHaThbl. [locnegoBaTenbHO HaxoAUM
BekTop ckopoctn V = xd; + yd, u Moaysb ckopoctu V = |Z| = x2+y?,

BEKTOP ycKopeHua n ero moayne W =Xd +yd,, W= ¥+ 5
KacaTesnbHoe yckopeHue — npoekuma W Ha HanpasneHune KacatenosHon: W, = W -1, roe eanHny-

HbI OPT KacaTeNIbHOM T ( C TOYHOCTbIO A0 3HaKa) MOXeT BbITb HanAeH Kak OTHOLLEHMe BEKTOpa

W-V __Xx+yy
V vV

KacCaTe/ibHOe YCKOpeHHUe BbIYNUCNAETCA KaK Npon3BoaHaA NO BpeMeHU OT Be/ZINYNHbI CKOPOCTU:
VZ

av 2 2
W, = I HopmanbHoe yckopenne W, = |[W<+—W,", paanyc KpususHol p = o

4 o
CKOPOCTM K ero Be/MunHe: T = . Takum obpasom, W, = . Opyroli cnocob —



3. KuHemaTuKa NAOCKOro ABUKEHUA.

[lnA 3a4,aHHOrO NONOXKEHUA KPUBOLIMMHO-WATYHHOrO MEeXaHNU3Ma BbIYMC/IUTL YI0BYHO CKOPOCTb W,
waTyHa AB, yrnoByt CKOPOCTb KoJieca w3 U CKOPOCTb TOYKK D.

Kna-1 |
MaccuB MCXOAHbBIX  AaHHbIX
NeBap OA AB h R Fi OmegaFi| EpsFi
1 1 3 0 1 30 1 2
2 2 4 1 1 45 2 4
3 3 5 -1 1 60 3 5
4 4 6 -2 1 90 4 8
5 2 5 1 1 120 5 -2
6 3 4 0 1 135 -1 0
7 2 3 1 1 180 1 1
8 2 4 1 1 -30 -2 2
9 3 6 0 1 90 6 3
10 2 5 2 1 -45 3 4
1 |Kunng | FFP
A
1 2
3
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OA AB h R Fi OmegaFi| EpsFi
1 5 0 2 30 1 1
[0)

[ns BbINONHEHMA 3TOro 3agaHuA Heobxoaumo npounTaTb naparpad 4.1 rnasbl 4 «KMHemaTUKa NA0CKOro
ABUXKEHUNA».
Bca KMHeMaTUKa TBepAO0ro Tena CBOAUTCA K OCHOBHOUI (hopmyne KUHeMamuKu meepdo20 mena
_ _ Bp
Ve=VatwxAB =V, + Vg,
Bp
rae Vg, —BpalaTenbHaa CKOPOCTb TOUKM B BOKPYT TOYKHU A , nepneHankynapHaa Kk AB.

OndodepeHumpoBaHmem 13 Hee nony4vaeTca Gopmyna Aaa YCKOPeHUI
Wp =W, +eXAB+wx (wxAB) = Wg + Wpy + Wg§, rae
Wi =eXx AB, Wg§=w x (w X 4B).
Mpy1 NNOCKOM [ABUMKEHMMN BEKTOPbI YII0BON CKOPOCTU W = (@ kK M yrnoBoro yckopeHua € = ¢k nepneHgmnky-
NAPHbI NNIOCKOCTU ABUMKEHUA. PackpbiBaa ABONHOE BEKTOPHOE NPOM3BELEHME, NOTYUUM
Wss=w x (@ X AB) = w(w - AB) — AB w? = —AB w?, Takkak @ L AB .



an peweHnn y‘-IE6HbIX 3a4a4 014 NI0CKOro ABUXXEHUA TaK Ha3biIBAEMbIM I'pad)oaHaﬂMTVlLIECKVIM CI'IOC060M,
Korga BblYUCNAKTCA BE/IMYNHDBI BEKTOPOB U OHU M306pa)KaI-OTCFI Ha PUCYHKe, yA06HO M306pa)+(aTb yrnosyto
CKOpPOCTb B BUAE prI'OBOl‘;I CTpEeNKH, I'IOKa3bIBaIOLLI,EI7I n3BectHoe nnbo npeanonaraemoe HanpasjaeHne Bpalle-
HWA TeNa.

sz(l)z'AB

CKopocTb TOYKM A Vy=Vo+w; X04 = w, X 0A, ee BennunHa V, = w, - 0A .
Yrnosyto ckopocTb manﬁa wZ_MCKOpOCTb TO4kM B Haligem, cnpoeunpoBaB BEKTOPHYIO dGopmyny
Vg = V4 + wy X AB Haocn XunY, yuuTtbigas npu stom, uto Vg, = 0.

{VBy =0=...

_ (camocTosTenbHo!)
Vix = oee e vve e

HEO6XO,£I,MMbIe Aana npoeunpoBaHUA 3Ha4YEHUA Sil’ll/) n COSl/) Nerko onpeaenarTca n3 pucyHka

siny = w , cosyp = /1 —sin?y.
YrnoByto CKOpPOCTb Ko/leca HalAeM C MOMOLLIbIO BCe TOMN e dopMybl, Bbibpas B KayecTse noatoca
MFHOBEHHbIN LeHTp ckopocTent koneca: Vg = Vp + w3 X PB = 0 + w3 X PB.
Ckopoctb Toukn D: Vp = Vp + w3 X PD = 0 + w3 X PD.



4, (DYHAaMEHTaJ'IbeIe 3dKOHbI MEXAaHHUKMWU.
Cnepyet npouuntaTtb naparpadnl 5.1, 5.1.2,5.2,5.2.8, 5.3 1 7.1.2 Kypca fnekyumu.

YpaBHEHUA NepBoro 1 BTOPoro GpyHAamMeHTaNbHbIX 3aKOHOB MOJIHOCTbIO ONUCLIBAIOT TPAHCNALMOH-
Hoe (nocTynaTesibHOE) M BpallaTeNbHOe ABUKeHUA Ntoboro, B TOM YMcne 1 TBEPAOTro Tena:.
Q = F¥' — nepsbiii ®3M, (D
K, = M$* — BTOpoiit ®3M. (2)
M3 3TMX 3aKOHOB cneayeT Teopema 06 U3MEHEHUN KUHETUYECKOWN SHEPrnmM (YacTHbIN cydan TpeTbe-
ro dyHAaMeHTaIbHOro 3aKoHa)
T = Next + Nint
?
NCNONb30BaHWE KOTOPOW NO3BONSAET BbICTPEE NONYYaThb PELLIEHME 331a4N O ABUNKEHUN CUCTEMbI.

4.1. IlnHaMHUKa TOYKH
Teno maccot m, NpUKpenIeHHOEe NPYKNUHON K HENOABUXKHOMN TOUKE, ABUNKETCA MO rafKon naoc-
KOCTW, 06pasyloLeit yron a ¢ ropusoHTOM, Nog, AeNCcTBMEM BO3MyLLalowen cunbl F = Fysin(pt).

B HauyabHbI MOMEHT TENO HAaX0AM/IOCb B MOKOE B MOJIOXKEHUN paBHOBecUA. HailTu
1) YacTtoTy 1 nepuoa cBob6OAHbIX KOebaHWi
2) YpaBHeHUA ABUMKEHUA Tena

FFP | - HIm, ka|a,lpaa | Fy,H . 1 i
M C [MonoxeHune
1 | 512 2 30 12 | 10 paBnosecn
2 50 2 45 30 8
3 180 45 90 6 30
4 12 3 90 1,5 21
5 0,196 0,1 60 3 18
6 0,392 0,8 30 4 8
7 2 2 0 2 11
8 0,75 3 30 4 6
9 12 3 0 5 16
10 4,5 2 45 0,5 17




4.2. IMHAaMHKaA NJIOCKOro ABU>KEeHU I

M(t)
D
A
B
1
Nesap| my| my| Ri| Ry| 1| p2 | @ M(t)
1 30 | 40 [010(0,35|0,25(0,30 (30| 1-0,2¢t?
2 2,5 | 50 |0,20|040|030|035|30| 1+0,1¢t2
3 40 | 40 |0,30|0,30 | 0,20 | 0,25 | 30 3—-02t
4| 50 | 60 |0,30|0,35|0,20(0,30 45| 4+0,2¢t2
5 6,0 | 70 | 0,200,330 (0,20 0,25 |30 | 5—0,25¢t2
6 40 | 60 | 015|040 | 0,25|0,30 | 45| 4 —0,25 ¢t2
7 2,0 | 50 |[0,25| 0,40 | 0,20 | 0,25 | 30 3+ t2
8 1,0 | 2,0 | 0,15 | 0,50 | 0,20 | 0,40 | 30 1+ 2t?
9 6,0 | 80 | 030|050|025[030(30| 5+0,1¢t2
10 3,0 | 10,0 | 0,15 | 0,40 | 0,20 | 0,35 | 30 24+ 2¢t2

K 6apabaHy nebeaku (1) npunoxeH momeHT M (t). BTopoit KOHeL, TpoCca HaMOTaH Ha BHYTPEHHUM
6apabaH Koneca (2), KoTopoe KaTuTca 6e3 NPOCKaNb3biBaHUA NO HAKNOHHOW NAOCKOCTU. bapabaH
nebesKu - 0AHOPOAHbBIV UMAVHAP; PAaANYC MHepLUMK Koneca Py, TO eCTb MOMEHT UHepPLIMK
I, = m, - p5. OnpeaenuTb 3aKoH BpalleHus nebearmn @, (t). B HauanbHbI MOMEHT cucTema bbina B
noKkoe. 3agayy pewunTb AByMa cnocobamu:

A) C nomolpbto pyHAaMeHTaNbHbIX 3aKoHoB (1) 1 (2)
B) C nomoLupbio Teopembl 06 U3MEeHEeHUU KMHETUYECKOM aHeprum (3).
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Mpumep npumeHeHUA Teopembl 06 U3SMEHEHUM KMHETUYECKOI SHEepruu.

C nomoulbio Teopembl 06 U3MEHEHUN KUHETUYECKOM 3Heprnn B AnddepeHumanbHol dopme
T = Nt + N coctaButb AnddepeHLmanbHoe ypaBHEHUE, ONUCbIBatOLLLEe ABUMXKEHMe cuctembl. Mpu
3aZaHHbIX M (t) 1 HaYaNbHbIX YCNOBUAX HAWTU 3TO ABUNKEHME.

&

3 |-

3a 0606LEeHHY0 KOOPAMHATY NPUMEM Yro/l NoBOpOTa NepBoro Tena ¢4. Coobwum cucteme
0606LLEeHHYI0 CKOPOCTb ()1 U BbIYUCIUM KMHETUYECKYIO SHEPTUIO
1, .9 1 2 1, .o 1 2
T —_ Ell(pl + Emsz + Elz(pz + Em3V3 .
KnHemaTtnyeckme COOTHOWEHUA UMEIOT BUA;

. Vb ¢1° Ry . ¢1° Ry .
¢2=E=Z—&’VA=(P2'R2=—’V3=VB= @2 b,

= — 2 2 r
roe obosHayeHo b = PB = \/Rz + 15 — 2Ry, cos(a + 5).
KuHeTuyeckas aHeprysa 3anucbiBaeTcs B BUAE
1., R? R? R? 1,
T== 2(I +my,—~+L—>5+m bz—l)z—a Z,
S P1\h 27, 2 4r2 30" 1Rz 2 a91
MOLLHOCTb BHYTPEHHUX BO3AENCTBMIA PaBHA HY/HO, TaK Kak HUTU HEPACTAXKMMbI, MOLLLHOCTb

BHELIHNX
NextéM'(leE)-l'ng'_VA-l'm&g'ZB'
nnn, cysetomg = g(—sinai+cosaj), V =%£,

Vs = (@2k) X PB = (@2k) X (=rycos @i — (Ry + 1y 5ina) j) = @2 ((Ry + 12 sin@) i =y cos a ),
. . R R . .
N = ¢ (M(t) —mygsina— —mszg— (R, sina + 1)) = Q,¢,,
1 2 2R, P11

roe koadpduumnenT Q(p NpPW CKOPOCTHK B Bblpa*KeHUN MOLLHOCTM Ha3blBatoT 0606LWeHHOoM cunoii.

3anucbiBas Teopemy B anddepeHumanbHo dopme, NoayYnm (aq’o’l - pr) @1 = 0, n, NOCKONbKY Teopema
cnpasea/iMBa ANs NobbiX ABUKEHUN,

ag; = Q<p-

B cnyuae, Koraa npuseeHHbI MHEPUMOHHbIA KosdduumeHT A = CONSt (Kak B saHHOM cayyae),

WHTErpupoBaHue ypaBHEHMA He Bbi3blBaeT TPYAHOCTEN.
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