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[TnaH nekyun
]

e YpaBHEHME OBMXKEHUS N paBHOBECUA TBEPAOOIo Tena.
e DBpauieHune Tena BOKpyr HeNOABUXXHOWU OCW.
e MomeHT nHepuun. Teopema [tonreHca-LLTenHepa.

o KunHeTnyeckas saHeprnsa BpallatoLleroca TBEpAOro Tena.
KnHetn4yeckasa aHeprmusi Tena rnpuv rninockom ABUMKEHUMN.

e [lpnMeHeHMe 3aKOHOB AMHAMMKN TBEPAOOro Tena:.
cKaTbIBaHME TeS1 C HAKITOHHOWU MJSIOCKOCTU, MasiTHUK
Makcsenna.

e [unpockonsl



Buabl ABuxxeHnsa TBepaoro tena.
[locTynaTenbHOe ABUXeHUe.

ABDCONTHO TBEPAOE TENO — 3TO TENOo, AepopmMmaunsimm KOTOporo B
YCNOBUSIX AaHHOM 3a4a4n MOXHO npeHebpeyb

nOCTyI'IaTeJ'IbHOG ABUXEHNE — 3TO TaKoe ABUXEHNE, NMPUN KOTOPOM
Telno nepemMeLllaeTcd rnapasjiesibHo CaMoMy cebe.

Bce Toukm Tena npn 3TOM NMET OANHAKOBYHO CKOPOCTb U
OrnncbiBarOT OAUHAKOBbIE TPAEKTOPUN, CMELLEHHbIE MO OTHOLUEHUIO

fIPYT K Apyry.
an/IMepr NOCTYNaTEJSIbHOIo ABUXEHUA.

cTperka komnaca, npu nepemMeLleHnm Komnaca B ropu3oHTanbHOM
MIOCKOCTH;

KabuHa Ha Kornece 0003peHUs



BpalluarenbHoe ABMXXeHne TBEepaoro
Tena.

o [lpn BpawaTtensHOM ABUXEHUN BCE TOYKM TeNa
OBWXKYTCHA MO OKPY>XXKHOCTAM, LLEHTPbl KOTOPbIX
riexkat Ha B NIOCKOCTN, NePreHanKynapHONn Ocu
BpaLLleHUs (OCb BpalLEHUA MOXET HaXoANTbLCA U
BHEe Tena).

e YINOBblE CKOPOCTU BCEX TOYEK W OQMNHAKOBHI.
W HanpasneHa BOOMNb OCU BpalleHns B
COOTBETCTBME C NpaBuriom bypaB4mka.

o JINHENHbIE CKOPOCTN TOYEK. V=W X I, Tae r —
paanyc-BeKTOp, NPoBeaAEHHbLIN N3 NI0OON TOYKNK
oCHW.



[Tnockoe ABMXeHUe TBepaOoro Tena
S

o Jltoboe ABMKeHne TBEPOOro Tena — 31o
cynepno3mumnga nocTynaTtenbHOro u
BpallaTenbHOro ABMXEHUMN.

s |_|pl/l NJ1OCKOM OBUWXEHNN BCE TOYKU TEJla
nepemMeLlaroTcHd B rnaparriesibHbiX NMITOCKOCTAX.

e [lpnmep NNockoro ABMKEHUSA — KadeHne
LuunmHapa.
CKOpOCTb KaxaoW TOYKM LuunuHapa:
V =V, + wXxr (v, — CKOPOCTb OCW)



BpalieHune TBepaoro tena BOKpyr
HenoaBUXHOU OCWU

e L —Zrmv —merz—Iw

o | = Zm r2=Jr?7dm — MOMEHT 1HepLN
TBEPAOrO TENa OTHOCUTENBHO OCU Z.

o Mz — Z-NMpoeKund MOMEeHTa BHELLUHUX CUTJI

e OCHOBHOE ypaBHEHME ANHAMUKN
BpaLlaTenbHOro ABMXXEHNS Terna BOKPYr

HenoaBMXHOW OCU
dew/dt =M



KnHetnyeckas aHeprus
BpaLlaloLlerocs TBepOoro tena.
PaboTta MmomMeHTa cun

o KnHeTnuyeckasi aHeprus Bpallatolierocs tena
K= Zmivi2/2 = 1/zzmi(ouri)2 = Izw2/2 = L22/2I =
2L w.

e B obwem cnyyae K =72 (Lw)

e Pabota BHelLHeW cusnbl Npy NOBOPOTE:
dA = (Fds) = Frdp = M_d¢



[Tnockoe ABMXeHUe TBepaOoro Tena
S

e [lnockoe gBmxeHme ectb cynepnosnyms
OBWXEHUSA LeHTpa Macc 1 BpallaTeribHOro B
cucTemMe LieHTpa macc

o [IBMXXEHME LieHTpa Macc onpeaensieTcs
BHELLHUMM cunamMm no 3akoHy HbloToHa.

e BpallatenbHoe ABmXeHne onpenensieTcs
MOMEHTOM BHELLHUX CUJT



CBonctBa MOMeHTa MHepLuUun

e MOMEHT nHepuun — ckansipHas aganTuBHas BENUYKHA.

e Teopema lNoureHca — LUtenHepa: MOMEHT nHepuum |
OTHOCUTESIbHO NPOU3BOSIbHOW OCU paBeH CyMME MOMEHTA
NHepuun IC OTHOCUTENbHO OCU, NapannensHoOn JaHHOUN K
npoxoasLien yepes LeHTp Macc, 1 Npon3BeaeHns Mmacchbl
Tena Ha KBaapaTt pacCTosiHUs a Ao LeHTpa macc: | =1+

ma?

e [lOKa3aTenbCTBO:
no Teopeme KeHura gns KUHETUYECKON SHEPTUM:
K=lw?/2=mv 2?2+ w2 =m(wa)’/2 + | w2 =
Y2 (ma® + 1 )w?= 1 =1_+ ma?



Teopema 0 B3aMMHO
nepneHANKYNApPHbIX OCAX

e MOMEHT MHepLUKMK NOCKOro Tena
OTHOCUTENBHO NPON3BOJSIBHON OCU Z,
nepneHgMKynapHOU ero niocKocTu, paBeH
CYMME MOMEHTOB OTHOCUTESNBHO ABYX
B3aMMHO NeprneHanKYrnapHbIX OCen X n 'y,
nexawinx B NiIOCKOCTU Tena u
nepecekatownxcsa c ocbto z: | =1 + Iy



MoMeHTbI MHepLuUn pasnnyHbIX Tes
<

e TOHKMI ODOpYyY, NonbIin UMNNMHAP (OTHOCUTESTIBHO OCU
cummeTpun): | = mr?

e [uck:|="%mr?

e TOHKNW ONMHHBIN CTEPXKEHD:

| = 1/12 mL? — oTHOCUTENbHO cCepeauHbi;
| = 1/3 mL? - oTHOCUTENbLHO KOHLUA

e [lnockun npsamoyronibHUK (Napannenenunen):
| = 1/12 m(a? + b?)

e Cdpepa: | =2/3 mr?

o Lap:|=2/5mr?

e Tonctbit uunuuap: | = %2 m(r? + R?)



CKkaTtbiBaHue C HAKNMOHHOU NNTOCKOCTHU

e C Kakmm yckopeHuem ckaTblBaeTca LUnUnnHap
(Kpyrnoe Tesnio) ¢ HakMoHHOM MNIIOCKOCTW.

e PelleHue:
ypaBHEHNE MOMEHTOB OTHOCUTENIbHO MIHOBEHHOM
ocu: |, dw/dt =M, =>1,a=M,r=
a = mgrsina/l, = gsina/(1 + | /mr)

e Tpyba: a = '~gsina

o CnnowHon umnuuap: a = 2/3 gsina

e [lonbin Wwap: a = 3/5 gsina

e CnnowHom wap: a = 5/7 gsina



Iounck MakcBenna
o]

e R=10cm; r=0,5 cm. C Kakmm yckopeHumnem
OnyCcKaeTcsi AUCK.

o PelleHune:
|, dw/dt =M, = |, dwr/dt =M, r=1,dv /dt =M, r=
3= mgr?/l, = g/(1 + R2/2r2) g/200 5 cm/c2



CBoOOAHbLIE ocu. TNaBHbLIE OCM.
oo

Ocb BpalleHus, HanpasneHmne KoTopon B
NPOCTPaHCTBE OCTAETCH HEN3MEHHbIM 0e3 eNCTBUS
Ha Heé BHEeLUHWX CUIl, Ha3biBaeTcs cBOOOAHOM OCbIO.

maBHbIe OCU - TPU CBOOOAHbLIX B3aUMHO
nepneHaUKYNApHbIX OCU, NpoxoasLue yepes
LLleHTp Macc.

[Npun BpaLLeHnmn Bokpyr rmasHou ocun L, = lw,
Lns nponssoneHor ocn: L= w, + Lw, + | w,
Bce ocun cummeTpum TBEPOOro Tena ABnsarTCS
rmaBHbIMW OCSAMWU NHEPLUN.



OcobeHHOCTM BpaLleHUA LWapoOBbIX,
CUMMETPUYHBbIX U aCUMMETPUYHbIX

G

e [NaBHbIMM Ha3bIBAOTCA MOMEHTbI MHEPLIMN OTHOCUTENBLHO
rmaBHbIX OCEeWN.

e LllapoBou Bonyok: I, =1, = 1,. Jltobasi ocb, npoxoasiias
yepes LeHTp Mmacc — cBobogHaga (wap, Ky0)

I, =1, # |, — CMMMETPUYHBIN BONMYOK (AMCK, CTEPXKEHb) — NPU
BHELUHEM BO3OENCTBUMN YCTONYMBO BpaLLlaeTCHa BOKPYr OCU C
Hanoonbwnm |

e | #1,#1, -acummeTpnyHbIM BONYOK (Napannenenunes) —
yCTON4MBO Bpallaetcs Bokpyrocencl  wnl .

e |=1cos’a+1,c08B +1,08%Y - MOMEHT NHEPLIUK
OTHOCUTENbLHO NPOU3BOSIbHOMN OCH.



['Mpockon
-

o [Mpockon — TBEPOOE TENO, OLICTPO
BpaLlatoLeecd OTHOCUTENIbHO OCY CUMMETPUMN.

 ['vpockonn4yeckoe npubnmxerve: L = | ,w nnu
cKopocTb npeueccun Q << w.

e YpaBHoBelleHHbIN rupockon (M = 0) coxpaHaeT
CBO€ HanpasneHue B NPOCTPaHCTBE.

e BbIiHyxaeHHas npeueccuda: M # 0 = dL = Mdt ©
LsinBd¢ = mga sinB dt = ckopocTb npeueccun Q)
= dg/dt = mga/l ,w — He 3aBMCUT OT yrna
HaKNoOHa OCK rmpockona.



[lpumeHeHUe rMpPoOCKoONnoB
-

e B Mopckon n aesna HaBuUrnymum:
’MPOropuU3oHT, TMPOKOMMAac — TMMpPOCKON B
KapgaHOBOM MNogBece COXpPaHSEeT CBOE
HanpaBleHmne.

o CTabunusauus apTUNNepucTcKoro cHapsaa
(B Hape3HOM opyaun) — BpaLlatoLLuiAcs
cHaps He KyBblpKaeTcs.



YcnoBue paBHoBecue TBEpPAOro Tena

Teno dbygeTt octaBaTbCs B MOKOE, ECINN:

.

PaBHOOeWUCTBYOLLAs BCEX CUT,
NPUNOXEHHbIX K TENy, paBHa HYIIO:
F=2F =0

CyMMapHbIN MOMEHT CUJT OTHOCUTESNBHO

060N TOYKN paBeH HYIIO:
M=2M =0



BpawieHue TBeppgoro tena. KnHeTuyeckas
JHeprus BpaLjaroLwierocsi Tena.

NocTynatenbHoOe ABUXEeHUE
V — NIMHENHAas CKOPOCTb

a = dv/dt — nuHenHoe
YCKOpEHUe

m — Macca

P = MV — UMMynbC

F - cuna

dp/dt = ma = mdv/dt = F
K = mv?/2 = p?/2m

dA = Fds

BpawaTtenbHoe ABUXeHUe

W — yrnoesasi CKOPOCTb

€ = dw/dt — yrnoBoe yckopeHue
| — MOMEHT UHepunmn

L = lw, — MOMEHT nmnynbca

M — MOMEHT cunbl

dL/dt = le = [dw/dt = M
K=lw?2 = L22/2I

dA = Mdg



