1.D)MpeameT AMHaMUKN. OCHOBHbIE NOHAT NS 1 ONpeaeneHnsi: Macca, MaT.T04YKa, cua.
2) Anddd.yp-a ABUXKEHNSA MAT . TOYKM B M0ONE LIEH T Pa/IbHON cubl. Popmyna BuHe.
1) Maccy HbtOTOH onpefensieT Kak KOMYecTBO MaTepuu, a KeNbBUH KakK KOIMYECTBO SHEPTUN.
MaT.TOYKON Ha3blBaeTCA MaTepuanbHOe Teno pasMepaMy KOTOPOro MpU WU3YYeHWW AaHHOro
[BWKEHNS MOXHO MpeHebpeYb.
Mart.Touka nMeeT Maccy.
Cunia — BEKTOpHas Be/IMueHa ornpeaensioLas Mepy B3aMMoAencTBUA MeXAY ABYMS TenaMmu.
2)
AnddepeHumansHoe ypaBHEHNE TPAEKTOPUM TOUKK B (hopme BuHe.
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2.1) 3-Hbl _MexaHuku [anenes-HbloToHA. WMHepumasbHas cUCTemMa oTcyeTa. 3ajauu
LVHaMUKN.

2) [IBM>KEHME MAT.TOYKN B NOMAE TATOTEHUS 3EMMN.
1)

I-n 3-H (3-H WHepuun): Mar.To4Ka COXpaHSeT COCTOSHME MOKOS WM PaBHOMEPHOro
MPAMOJIMHENHOI 0 ABMXKEHWSA [0 TEX NOP NOKa AeNCTBME APYrnX Ten He U3MEHUT 3TOr0 COCTOAHMS.
[1-n 3-H (OCHOBHOW 3-H ABWXeHMs): Moay/nb YCKOPEHUst MaT.TOYKM MPOMOPLMOHATIEH MOAY/HO
MPUNOXEHHON K Heil CU/bl, a HanpaB/eHne YCKOPEeHWs COBMafJaeT C HanpasfieHWeM [eiCTBMS Ha
Heé cunbl.
I11-1 3-H (3-H feiTBMS 1 NPOTUBOAENCTBUA): [1Be MaT.TOUKM AeNCTBYIOT APYr Ha Apyra ¢ cunamm
PaBHbIMM MO MOAY/MO W HarpaBNeHHble BAOMAb MPAMOA COEAEHSIOWIEA 3T TOYKM — B
NPOTUBOMOOXHbLIE CTOPOHbI.

CornacHo 3-Hy BCEMUPHOro TATOTEHWS cuna TATOTEHWS MPOMNOPLUMOHaTIbHA CUMe TAXECTH, T.e.
Macce TA I'OTGGLLI,EVI.

[anenein yctaHoBWA, ecnn CBOOOAHOE MafeHWe Ten MPOUCXOAUT B MYCTOTE W He [aneko OT
MOBEPXHOCTN 3eMn, TO OHO COBEPLLAETCA C OLHUM U TeM Xe yckopeHuem g-9,81 m/c"2 => u3
BTOPOro 3akoHa HbHTOHa.
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3agaym ANHaAMUKM.

[NepBaa 3afaya AMHAMWKKM COCTOMT B TOM, 4YTO 3Had 3aKOH OBMKEHNA U MacCy Mart.TOYKN

HEeOBXOAMMO HalTV CUbl [EACTBYIOLLME HA CBOGOAHYIO TOUKY UM PeaKLym CBA3eN, eC TOUKa He

CBO6OAHA; B MOCNEAHEM CMy4ae aKTUBHO Ae/CTBYIOLLME CUMbI JOMKHbI ObITb 33aHbl.

Bropaa 3agavya AMHAMWKKW. 3Has ,Cl,eVICTBleI.Ll,Vle Ha MaT.TOYKY CWJlbl, eé MacCCy, Hada/lbHOe

MOMOXXEHNE N CKOPOCTb OMPEAENThL 3aKOH [ABUKEHUSA MaT. TOUKU.




2)Ecnu Ha maT TouKy M fieiicTBYeT LeHTpanbHas cuna P, TO MOMEHT KO/IMYeCTBa ABVXXEHUS 3TOi
TOYKM LO OTHOCUTENBHO LUeHTpa cunbl O MOCTOSIHEH W TOYKa [JBVKETCA B MAOCKOCTU |,
nepneHaekynsapHoi Lo. B aTom cnyyae Lo=const

3.1) [AunddbepeHumanbHble yp-a ABMXKEHUS CBOOOAHOM M HECBOOOAHOW TOYKM B AeKap TOBbIX
KOOpAMHATaX 1 B MPOEKLIMAX HA OCK eCTECTBEHHOIO TPEXTPaHHUKA.

2) CoxpaHeHNe MOMEHT a KONMYECT Ba ABUXKEHUS MAT.TOYKN B CAYyYaE LLeH TPa/IbHOM CUJIbL.
CeKTOopHasi CKOPOCTb. 3aKOH NIoLLAIEN.

1) [Ans cB060AHON MaTepUanbHOM TOUKN.

B npoeKkuysx Ha ocy KoopamHaT: Ha ocu ecTeCTBEHHOIO TPEXTPaHHIKA:
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2) MOMEHTOM KONMYecTBa ABWKEHWUS MaTepuasibHOM TOYKM OTOHOCUTENIbHO LIEHTPa Ha3blBaeTCs
BEKTOP,MOAYNb KOTOPOro paBeH NpPOV3BEAEHWIO MOLYNA KOMMYECTBa [BWKEHMS Ha KpaTuaiilee
paccTosiHMe OT LeHTpa 40 JIMHUW JelCTBUA BEKTOPa KOMMYEeCTBa ABVKEHUS, NepreH4eKynsapHOro
MI0CKOCTU, B KOTOPOI NeXaT SIMHAM W HanpaBieHHbIV Tak, YTobbl rNsgs OT ero KOHua BUAETb
[BVDKEHVE, COBEPLUAIOLLLEECS MPOTUB YaCOBOW CTPESKM.

TEOPEMA: [Mpoun3BofHas N0 BpeMeHN OT MOMEHTa KONMYeCTBa JaymkKeHNUs MaTepuanbHOM TOUKM
OTHOCUTE/IbBHO HEKOTOPOro LIEHTpa paBHa TreOMETPUYECKOM CYyMMEe MOMEHTOB BCEX CW,
[ENCTBYIOLLMX Ha TOUKY.

4.1)[1Be OCHOBHbIE 33fayu AMHAMUKM AN MAT.TOYKW. PellleHMe MepBoi 3agavyn AUHAMUKK.
MNpurmep.
2)TeopeMa 06 W3MEHEHUW KMHETMWYECKOr0 MOMEHTA MEXaHWYEeCKON CUCTEMbI
OTHALIEHWNIO K HENOABM>KHOMY LIEHTPY U B €€ ABUXKEHWUW M0 0T HALLEHWNIO K LIEHTPY Macc.
1) MepBad 3afaya AVHAMWUKU COCTOUT B TOM, YTO, 3HasA 3aKOH ABVKEHWS M Maccy MaTepuasibHOM
TOYKWN HEOBXOAUMO HaNTW CUNbl AENCTBYIOLLME HA CBOBOAHYHO TOUKY UM PeakLun CBSA3M, eciu
TOYKa HecBo6oHa. B nocnegHeM ciyyae akTUBHO [eMCTBYIOLLME CUSIbl LO/MKHBI ObITb 3afaHbl.
BTopas 3agaya AVHAMUKW: 3Has [AENCTBYIOLUME Ha MaTepuasibHYyH0 TOYKY CW/bl, €€ Maccy,
HayalbHOe NOI0XKEHWE N CKOPOCTb ONPefenuTh 3aKOH ABMKEHNS MaTepUasibHOWM TOUKM.
PeLueHne nepBoii 3a4auu.
MycTb 3afaH 3aKOH ABVKEHUS MaTepuasibHON TOUKY B BUAE,
A TaK e eé paBHOAENCTBYHOLLAA 1 Macca m.
=,
H=1,0
H=1,0) NszefmAf 2P
3 onddepeHumansHOro ypaBHeHNS ABMXKEHUS MaTepUasibHOM TOUKM B
,EI,GK&pTOBOI7I CUCTeMe KOOPAMHAT CnefyeT, YTo:
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AHaNOrMYHO peLLaeTcs nepsas 3a4aya Ais CBOGOAHOM TOUKWM, KOrfa CB3U OTCYTCTBYIOT, a Mo
N3BECTHbLIM YPABHEHWSIM [BUKEHWS| HEOBXOAMMO HaliTV Ae/CTBYIOLIME HA TOUKY CUMbl. B 3TOM
cnyyae:

Mpumep.
["py3 Becom P nofHMMaeTCs BepTUKaIbHO BBEPX MO 3aKOHY

2
w( R, i) = L

NEREE DN
w( R, )= E
Cemi, REmQ) iy
2R L T T T
Z=mf,

OnpefennTb HaTAXKeHWe Tpocca.

JaHo: PeLueHne.
2 .
h=2C mx=T -P
2 at’
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2
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2)TEOPEMA: TNpowunsBogHast No BPEMEHW OT KMHETMYECKOrO MOMEHTa MeXaHWYECKON CUCTEMbI
OTHOCUTENIbHO HEeMoOABWXXHOIO LEHTpa paBeH [/1aBHOMY MOMEHTY BCEX BHELUHUX Cuf,
[ENCTBYIOLLMX Ha CUCTEMY OTHOCUTE/IbHO TOFO Xe LieHTpa.

5.1)PeleHue - 3an0a4m anHaMmukin. Mpumep.
2)Teopema 06 USMEHEHUWN KOIMYECT Ba ABUMKEHUSA TOYKN U cucTemMa B Andd.n KOHEYHOW

QOQMaX.

1)PeLleHne nepBoii 3a4aum.
MycTb 3afaH 3aKOH ABVKEHUS MaTepuasibHOM TOUKK B BULE,
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A TaK e eé paBHOAeCTBYHOLLAs 1 Macca m.
3 gnddepeHumansHOro ypaBHeHNS ABMXKEHNS MaTepUasibHOM TOUKM B
[leKapTOBOM CMUCTEME KOOPAMUHAT CriefyeT, uTo:
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m
N, =—-X+mx

m
N, ==Y +my
m
N, =-Z+mz

= X—mf;
N
0= _ —y=n,

cos(N, =<
(N, ) N

-z-nf,
N

cos(ﬁ,mi) =

cos(ﬁ, DR) =

AHaNOrMYHO peLLaeTcsa nepeast 3aada 15 CBO60AHOM TOUKM, KOrAa CBA3M OTCYTCTBYHOT, a Mo
M3BECTHbIM YPaBHEHMSIM [BVKEHUS HEOBXOAMMO HaliTV AECTBYHOLLME HA TOUKY CUAbl. B aTOM
Cnyvae:

XM R HOPHEF
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cos( R, j)= 2
JOED2 + (F) 4 ()
—0 — f
cos( R, k)= !
JOE)+ (1) + ()
Mpumep.
"py3 BecOM P nogHMMaeTCs BEPTUKa/IbHO BBEPX MO 3aKOHY
2
h = i
2
OnpepennTb HaTAXKEHWE Tpocca.
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JaHo: PeLueHne.
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2)TEOPEMA: TNponsBogHast No BPeMEHM OT KMHETMYECKOrO0 MOMEHTa MeXaHWYeCKOW CUCTEMbI
OTHOCUTENIbHO HEeMoOABWXXHOrO LEeHTpa paBeH [/1aBHOMY MOMEHTY BCEX BHELIHUX Cun,
[ENCTBYIOLLMX Ha CUCTEMY OTHOCUTENIbHO TOFO XKe LieHTpa.

2)3-H COXpaHeHUs KONMYECTBa BMKEHMS:

Ecnn reomeTpryeckasi CyMma BCEX BHELLHUX CUJT, MPUMOXEHHBIX K MeXaHW4ecKoii cucteme = 0, To
eé BEKTOp KO/MMYEeCTBa ABUXEHUS NOCTOsIHEH. Bocnonb3ayemcs andd).diopmoii TeopeMbl 06
M3MEHEHNW KONMMUECTBA [BVKEHNS MEXAHUUYECKOI CUCTEMBI.

.6) Ecnn anrebpanyeckas cymma NpoeKLmii Ha Kakyto 6o 0Cb BCEX AEMCTBYHOLLMX CUM CUCTEMBI
=0, TO NpoeKUus eé BeKTopa KOMNYeCTBa ABMKEHNA Ha 3TY OCb €CTb Be/IMYeHa NOCTOAHHasA.
6.1)PewieHne 11-i 3aga4ym AMHaMUKK. [10CTOSHHbIE UHTErpUPOBaHNS U UX ONpeJeneHns no
Ha4da/ibHbIM YcnoBusaMm. INpumep.

2)KMHETNYECKUIA MOMEHT MEXaHUYECKOM CUCTEMbI OTHOCU T €/IbHO LIEHTPa 1 OCH.
KrHeTMYecKnii MOMEHT TBEPAOro Tea BPpaLLaoLLLErocst 0 THOCU T E/IbHO OCW.
1)[ns peLeHns 3To 3afaym LenecoobpasHo BOCNOMb30BaTLCA ANPMd.yp-M1 MaT.TOUKM B BUAE:

N
0 = .
e

MocKonbKy AENCTBIE CUMbI M3BECTHbI, TO => M3BECTHbI 11 NPaBble YacTn 3TUX YP-I.

IHTErpupoBaHue X ABaX/bl N0 BPEMEHN NPUBOAWT UX K 3-M Yp-M COfiepXKallim 6 NPOV3BO/bHbLIM
MOCTOHHbIM:
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3Haye HUA 3TUX NOCTOAHHBLIX MOTYT ObITb NpocTOo HaVI,EI,EHbI C NMOMOLLbKO Hay.ycn., T.€. eCnn

U=t X=2, Y= Y5, 25 %, X=%0, Y= ¥,, Z= 20
N3BECTHO:

MofCTaBMB HaliAeHHbIe 3HAYEHNS B MOCTOSHHbIE MHTETPUPOBAHMA B 06LLIEe peLLeHne aAndid-x yp-i
MONYYNIN 3aKOH [BMKEHWS TOUKM:
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OTctofa =>, YTO MaT.TOuKa MOJ AENCTBUEM OJHOW 1 TO XKe CU/bl MOXET COBEpLUATh LieNbliA Knace
[BWKEHWIA ONpeaenéHHbIA HauanbHbIMM YCOBUSIMMN.
Hanpumep: ABVKeHWs CBOGOAHO MaT.TOUKM Nof, CUNaMy TSXKECTU — CEMEIICTB KPUBbLIX 2-T0

0’ 2.3
G=const

nopsaka.

HauasbHble YCNOBWSi MO3BONSAOT YUECTb BNMSHME Ha ABUXKEHWE MaT.TOUYKM CU/T [1e/iCBOBABLLNX Ha
HEeé 0 TOro MOMEHTa, KOTOPbI MPUHAT 3a HaYabHbINA,
2)3aKOH COXpaHeHUs KNHETUYECKOr0 MOMEHTa MeXaHNYeCKO CUCTEMbI:

1)Ecnun cymma MOMEHTOB OTHOCUTE/NBbHO AAHHOTO LIEHTPA BCEX BHELIHMX cun = 0, TO
KWHETUYECKNIA MOMEHT MeXaHWUYeCKOl CUCTEMbI COXPaHSIET MOAY/b U HanpaB/eHuWe B
MpoCTpaHCTBe

2)Ecnv cyMma MOMEHTOB BCEX AEMCTBYIOLLMX HA CUCTEMY BHELLHUX CU OTHOCUTENIbHO
HEKOTOpPOI ocK = 0, TO KMHETUYECKNIA MOMEHT MEXaHNYECKOI CUCTEMbI OTHOCUTENBHO 3TON OCK
eCTb BeNMYMHA MOCTOSHHAS.
UacTHble cnyyau:
CwucTema BpalLlaeTcst BOKPYr HENoABUXXHOI OCK B 3TOM C/lyvae KMHETUYECKUA MOMEHT
MEXaHNYECKOI CUCTEMbI =

Ly =Jyo

1 €C/IN CYMMa MOMEHTOB OTHOCMUTE/IbHO 3TOI OCW paBHa HY/Ho, TO
J,® = const

7.1)CB0O0OAHbIE KOMebaHMss MaT.TO4Yku. YacToTa W nepuos KonebaHui. AMNaMTyaa u
HavaslbHas (hasa.

2)[loTeHUMaNbHOE CWUMI0BOE MOMe W _cuioBas (WYHKUMS. Bblpa>KeHne MpoeKUMiA  CUMbI
NOT EHLUMANbHOIO NOAS C MOMOLLIbHO CUI0BO (DYHKLIMMN.
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8.1)3aTyxawLme KonebaHna MaT.TOoUYKN. Caydan anepmoanvyeckoro ABUM@KEHUS.
2)MOMEHT MHepuun TBEPAOr0 Tena OTHOCUTENbHO OCW  H0O60ro  Hanpas/eHUS.

LIeHTPpo6e>KHble MOMEH T bl MHEPLINN.

1)

X+ wix =0-3T0 ..yp —e(konebaTt .)
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e - M...yp — M...CBOOOAHLIM
..KonebaHnem ...MaT .TOYKM .

X = ABin(w,t + ) — yp — €...rapMOHNYECKOrO.
KonebaT...ABUDKEHNS... TOUKN.
A-amnneTyja...rapm.konebaH.

o — HavyanbHas...hasa.
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3TW BEMNYNHBIHA3LEHTP
MOMEHT bLMHEPLUN

9.1)BbIHY>KAEHHbIE KOebaHN MaT.TOYKN. Pe30HaHC.

2)KonnmyecTBO ABMXKEHUS MAT.TOYKN N MEXAHNYECKON CUCTEMbI. Bblpa>KeHne KOIMYecTBa
NBU>KEHNS MEXAHNYECKON CUCT EMbl YEPE3 MACCY CUCT EMbI M CKOPOCTb LIEH T pa Macc.
1)[BMKeHMEe MaT.TOYKM Ha3bIBAETCS BbIHY)KAEHHbLIM €C/IM Ha Psifly C BOCTaHaB/MBAtOLLEV CUOM Ha
Heé AelCTBYET BO3MYLLAOLLAsS CUna.

C uenblo ynpoLeHns byaem cumTaTb, YTO BO3MYLLAIOLLAsA CUMa M3MEHSETCA MO rapMOHUYECKOMY
3aKOHY.

F, = F, Bin( ot + ¢)
F
X2 =
m2yw
ABNeHMe CUNBbHOTO BO3pacTaHWsl aMMAUTYAbl NPW COBMAJEHMM YacTOTbl BO3MYLLAMOLLENA CUMbI C
4aCTOTOM COBCTBEHHbIX KOnebaHuii Ha3bIBaeTCA PE30OHAHCOM.

2) KonuuecTBOM [BVKEHWS MaT TOUYKWM Ha3blBAeTCs BEKTOP, MMEIOLMIA HanpaBfeHue BeKTopa
CKOPOCTW, N MOZY/b, paBHbIli NPOU3BEAEHNIO MACChl TOYKM M HA MOAY/b CKOPOCTU eé BUMXKEHUS V.
KonmuecTBOM [BUXEHUSI MEXAHWYECKO CUCTEMbI Ha3blBAETCS BEKTOP, PaBHbI/i FEOMETPUYECKON
cymme (rnaBHOMY BEKTOPY) KOMMYECTB ABUXKEHWS BCEX MaT TOYEK 3TOI CUCTEMBI.

10.1)Anddh.yp-5 MnocTynaTensLHoro [IBU>KEHUSA cyfiHa npu COMNPOTUBMEHUH,
MpPonopLUMOHaIbHOM CKOPOCT W.

2)MOMEHT KO/MYeCcTBa ABMXKEHNS MAT.TOYKN OTHOCUTENLHO LIEHTPA N OCWU.
D)Mpu ABMXKEHWUM TEN B XXUAKOCTU, CUNa TPEHNUS NPONOPLIMOHabHA NEPBOI CTENEHN CKOPOCTMU.

F =kv
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2)MOMEHTOM KO/MMYECTBA [IBVXKEHUS MaT.TOYKU OTHOCMTENbHO LIEHTPA Ha3blBAaeTCS BEKTOP,
MOAY/b KOTOPOrO = NPOW3BEAEHNIO MOAYNS KOMMYECTBA ABUXXEHMSA HA KpaTyaiillee paccTosiHMe OT
LeHTpa [0 NMHUM [eliCTBUSI BEKTOPA KOMMYECTBA ABMXKEHWS, |- NMIOCKOCTV B KOTOPOI nexat
YNOMUHAIOLLMECH IMHWWN W HanpaBeHHbI TaK, YTo Gbl FNAAS OT €ro KOHUA BUAETb ABMXKEHNE,
COBEpLUAtOLLLEeCs NPOTUB YaCOBOW CTPENKM.

MOMEHTOM KOMMYECTBA [JBVMXKEHUS MaT.TOUKM OTHOCUTENIbHO OCM Ha3blBaeTCs CKanspHas
BEIMYEHA = MPOM3BEAEHUIO TMPOEKLMM KONMYECTBA [BVKEHMS MAT.TOUKM Ha MIOCKOCTb
neprneHANKYNSPHYIO AaHHOW OCY 1 Ha KpaTyaiillee paccTOsiHME OT TOYKM MepeceyeHuns JaHHO ocu
C 3TOW NNOCKOCTbLIO 10 NPSMOIA, Ha KOTOPOIA NEXWT NpsiMasi BEKTOPa KOMIMUECTBa ABUXKEHMS.

11.1)Andd.yp-9 0THOCU T ENLHOIO ABVXXEHUA MaT.TO4YKW. [NepeHocHas n Kopronmcosa Cusbl

L, =+mV,h
MHEpPLN.

2)3-H coOXpaHeHMs KMHETNYECKOro MOMeH T a MexaHU4YeCcKon cUcTeMbl. [prmepbl.
1)BBefem 2 BeKTOpa

e =—mae; Pc = —mac
YMCNEHHO paBHbIe NPON3BEAEHUAM

ma,...M...ma,
W Hanpas/eHHbIe NPOTUBOMO/OXKHO YCKOPEHUSM

3T BEKTOPbI HA30BEM NEPEHOCHOI U KOPUOMMCOBOV CUNAMU UHEPLIMNA.
Andhd.yp-5 OTHOCUTENBHOTO ABUXEHUS MAT.TOUKM.

dnx=Y X, 40, +0,

%ﬂy = Y0, + 0,

O .

g’nz = ZZi +Hp_ + P,

2)a)Ecnn cymma MOMEHTOB OTHOCUTENbHO JaHHOIO LIEHTpa BCEX BHELUHMUX cui = 0, TO
KMHETUYECKMUIA MOMEHT MeXaHWYeCKON CUCTEMbI COXPaHSeT MOAY/b WU Harnpas/ieHne B
MPOCTPaHCTBe.

.6)ECniM cyMMa MOMEHTOB BCeX [e/CTBYOLLMX Ha CUCTEMY CU OTHOCUTENbHO HEKOTOPOI OCK =
0, TO KNHETUYECKNIA MOMEHT MEXaHNYECKON CUCTEMbI OTHOCUTENBHO 3TON OCY eCTb BeIMYMHA
MOCTOSHHAS.

YacTHbIV cnyyail:
CucTema BpaLLaeTcs BOKPYT HeMoABYKHOW ocu. B aTom cnyyae:

L, =Jo
 ecnim cymma MOMEHTOB OTHOCUTE/LHO 3TOI ocvt = 0, To:
J,w = const

Mpumep:
MnaTtdopma XXYKOBCKOro



13MeHAA NonoXKeHne pyK MOXXHO M3MEHWUTL YI/10BYK CKOPOCTb BPaLLeHUA CUCTEMBI.

12.1)NpUHLMN O THOCU T €/IbHOCT M KNACCUYECKOWN MexaHWKW. Cyvyan 0 THOCU T e/IbHOr0 MOKOS.
2)PaboTa CWabl _Ha KOHEYHOM _TMepemeLleHUN TOYKWM B MOTEeHLMaSbHOM _ MoJe.

MoTeHumanbHas aHeprust. Mpumepbl N0 T eHUMaIbHbIX CUA0BbLIX NOIEN.

1)HvKakue MexaHU4YecKue ABMIEHUS , NMPOUCXOJALLME B Cpefe, He MOryT 0OHapyXuTb eé

MPAMO/MHEHOr0 U PaBHOMEPHOIO NOCTYNaTeIbHOr0 ABUXEHNS.

B TOM cnyyae, Korga MaT TO4YKa HaxoAuTca B COCTOAHWW OTHOCWUTENIbHOTO MOKOS,
reoMeTpuyeckasl Cymma NpuaoXKeHHbIX K TOUKe CU U NePeHOCHO Cuibl HepLmmn pasHa 0.
2)TEOPEMA. Pa6oTa NOCTOSAHHOW CW/bl MO MOAY/KO W HanpaB/eHUIO CU/bl HA PE3YNbTUPYIOLLEM

rnepemeLLeHNN = anredbpanyeckoii cymme paboT 3TOW CU/bl Ha COCTaBASIOLLMX MepeMeLLEHNSX.

PaboTa cun, AeNCTBYIOLWMX Ha TOYKM MEXaHWUYECKOM CUCTEMbl B MOTEHUMaTbHOM M0/, paBHa
Pa3HOCTN 3HAYeHWI CUMOBON (PYHKLMM B KOHEYHOM W HaYa/lbHOM MOSIOKEHWUAX CUCTEMbI U He
3aBUCUT OT (POPMbI TPAEKTOPUM TOYEK 3TOW CUCTEMBI.

MoTeHUMaIbHasa 3Heprus CUCTEMbl B /IOOOM [JaHHOM eé MOMIOKEHUW = CyMMe paboT cun
NOTEHUMaNbLHOIO MoNsA, MPUIOXKEHHBLIX K €€ TOYKaM Ha nepemeLLeHUn CUCTEeMbl U3 [JaHHOro
MOMOXEHWNSA B HY/NEBOE.

[MprMepoM NOTEHLMANILHOTO CUI0BOrO MNONSA ABNAETCA rPaBUTaLMOHHOE none 3eMiu.

13.1)MexaHunyeckas cucrTema. Macca cucTemsl, LIeHTp Macc 1 ero KoopanHaTbl.
2)MowHocTb.  PaboTa ©M  MOLWHOCTbL _CWA, MPUIOXKEHHbIX K TBEpAOMY Teny,
BpaLLAOLLEMYCSt BOKPYT HEMOABUXKHOI OCHU.
1)MexaHWYecKON CUCTEMOA WAW  CUCTEMOM MaTepUaibHbIX TOYEK Ha3blBaeTcsl Takasd WX
COBOKYMHOCTb, NPV KOTOPOI W3MEHEHME MOMOXEHNA OAHOM M3 TOYEK BbI3bIBAET WM3MEHEHWE
MOMOXEHUSI BCEX OCTa/IbHbIX. [PMMEPOM MEXaHUYECKON CUCTEMbI MOXET CMY)XXKUTb N1t06as MallnHa
NN MEXaHWN3M, Te ABMXEHNE OT OAHMX YacTel MallWHbl UM MeXaHW3Ma NepeaaéTcs ¢ MOMOLLbHO
CBsi3e ApyrMMm uvactaM. TBépaoe Teno 6OydeM paccMaTpuBaTb KaK MEXaHUYECKYH) CUCTEMY,
paccTosHMS MeXAy TO4YKaMM KOTOPON Hem3MeHHbl. CUCTeMbl, OTBEYaloLiMe 3TOMY YCN0BUHO
Ha3bIBAKOTCA_HEN3MEHHbIMWU. CUCTEMO CBOOGOHbLIX TOYEK Ha3blBAETCA CUCTEMa MaTepuanbHbIX
TOYEK, [BMXKEHME KOTOPO He OrpaHNYMBAaETCA HUKAKMMMK CBSI3AMW, a OMpeaensieTcs TO/bKO
AEACTBYIOLLMMN Ha HUX cunamu. Mpumep- conHevHas cuctema. CUCTEMON HeCcBOBOAHbIX TOYEK
Ha3blBaeTCA CUCTEMA MaTepuaibHbIX TOYEK, ABWXKEHUA KOTOPbIX He OrpaHuyeHbl CBA3AMM.
Mpumep- cuctema 6710K0B (MonmcnacT)._Macca CUCTEMbI 3TO CyMMa Macc BCEX TOYEK, BXOAALLNX B
cuctemy. LLEHTPOM Macc MexaHWYeCKOl CUCTEMbl Ha3blBaeTCA TOYKa paAnyC-BEKTOP KOTOPOWA

n
_mr,

OTBEYaeT YCNOBMK [ _=-4""——, rhe r,r,r
m

paaunycCbl-BEKTOPbI MaTepuabHbIX TOYEK

-
m,,m,, m,. CnpoekTMpoBas 06e 4acT 3TOro paseHCcTBa Ha ocm OX, OY, OZ npAMOYronbHOM

CUCTEMbl KOOpPAMHAT, MOMYYMM BbIPOKEHWE, ONpefensiollee KOOPAMHATbl LIEHTpa Macc
MeXaHWYeCKOI CUCTEMI

X. m .y, m.z.
X :m A :Z—'y z, :L, roe X;,Y,, Z; - KoOopamHaTtbl TOYEK.
m m m

C
2)Mpefnonoxmm, 4To K TBEPAOMY Tefy, BpallaloleMycs BOKPYr HEMNoOABWMXKHOA ocn  Z,
MPUIOXEHbI BHEWHWe cunbl F, F,,.....F, . BbluMCIIMM CHaYaa afneMeHTapHyr0 paboTy OTAe/bHOM
cunbl F;, KOTOpas NpuoXeHa B TOUKe M., ONUCbIBAKOLLEN OKPYXHOCTb paguycom M K, =R,

Pa3noXum 3Ty Cuy Ha TpW COCTaBNsIOLLME, HanpaB/ieHHble MO €CTECTBEHHbLIM OCAM TPAeKTOPUM
TOUYkN M, F =F,+F,+F, . Onpegenum MOMEHT cunbl F; OTHOCWUTENILHO OCK Z KakK CyMMY



MOMEHTOB eé COCTaB/IAOLLMX OTHOCWUTE/IbHO 3TON OCW. B 06LLemM MOMEHT cuibl F, OTHOCWUTENbHO
ocn Z paBeH MOMeEHTY cunbl F,

Iz

KOTOpas NeXWT B MNJIOCKOCTW, NeprneHAuKyNspHon ocn Z
M, =F MK, =F_R . llpn anemeHTapHOM nepemMeLLieHnn Tena ero yroa nosopoTa @ rnosy4aet
npvipaLleHvie do, a Ayrosas KoopamHarta To4kn M, - npupawieHne ds, = Rde . Beluncamm paboty
cunbl F, Ha 3TOM MepemeLLeHnn Kak CymmMmy paboT Tpéx eé coctasndowmx. Pabota cun F,,F,

in?

MepreHanKynspHbIX BEKTOPY CKOPOCTM ToUKM M, , paBHa 0, NO3TOMY 3fieMeHTapHas paboTa cunbl
F. oA =F_ds =F_Rdp=M,,dp. SnemeHTapHas paboTa BCEX CUN, MPUNOXEHHBIX K TBEPLOMY

Teny OA= Z&A = Z M, dg = dgoz M, , rie M, =M, - [NaBHbli MOMEHT BHELUHUX CWN
OTHOCUTE/IbHO OCW BpaLleHns Z. Taknum 06pa3om oA = 25Ai =M,de , T.e. anemeHTapHas pabora

CUN, NPWUMOXEHHbIX K TBEPAOMY TeNy, BpallaloLleMycsi BOKPYr HEMOABWXHOW OCW, paBHa
MPOW3BEAEHUIO TNIaBHOTO MOMEHTA BHELLUHUX CUM OTHOCMTENIbHO OCK BPALLEHMS Ha MpUpaLLieHne

< o E oA dp _
yrna nosopoTa. MOLWHOCTb BbIYMCAAETCA MO cnefyroLein popmyne: N = e M 2 M,
14.1))Knaccmdmkaums cua, AencTBYOLINX Ha MeXaHWMYEeCKY CUCTEeMY: CWbl BHELLHWE W
BHYTPEHHWE, aKTUBHbIE N PEAKLINN CBSA3EN.
2)Pursmyecknin MassTHUK. ONbITHOE onpeaeeHne MOMEH T 0B MHEPLIMK Tef.
1)BHellIHWe cunbl- CUAbl, AEACTBYHOLLIME HA MaTepPUasibHYD TOYKY CUCTEMbI CO CTOPOHbI TN He
BXOASALLUMX B COCTaB JaHHOW MeXaHNYECKOW CUCTEMbI.
BHYTPEHHWE CUMIbI- CUMbI, AEACTBYHOLLME MEXAY MaTepuaibHbIMX TOYKaMUN JaHHOW MeXaHU4eCKOw
CUCTEMBI.
Cwvnbl 3aflaHHble MO YCMOBUKO 33JayM MNPUHATO HasblBaTb-_ aKTUBHLIMW cuaamMu. A CUNbl,
006YyCNOBNEHHbIE HANIMUNEM CBSA3N- PEAKLINAMU CBS3N.
2)_Dur3nyecknin MadATHWUK- TBEPAOE Teso, COBepLualolLee KonebaHusi BOKPYr FOPU30HTabHOM
HEno/BMXXHON OoCY Nof AeNCTBUEM TONbKO CUNbI TsHXKECTU. OCb BpalleHNs (nM3MUYECKOro MasTHMUKa
Ha3blBaeTCA- OCbt0 MpuBeca. O603HaAUMM @ Yron MeXAy BEePTMKalbHOM OCbH, NPOXOASALLEN Yepes
0Cb NpvBeca IMHUE, NPOXOAsLLEN NEPNEHANKYNAPHO OCK NPMBECA Yepe3 LIEHTP THXKECTH TouKy C.
I
G- Bec Tena. AnddepeHumanbHOe ypaBHeHNe Pr3NYeckoro madTHnka | ¢ = —Gdsing 3HaK «-» B
MpaBoOi YacTX MOCTaBMEH MOTOMY, YTO NPV NOBOPOTE MasiTHMKA B MONOXUTENIbHOM HarpaBneHUN
(T.e. MPOTUB 4acoBON CTPe/IKM) CWMa THKECTM XOYeT MOBEPHYTb MasTHUK B 06paTHOM

- Gd .
HanpaBneHun. @+ I—smgo =0 - 3TO ypaBHeHMe Ha3blBaeTCs AUDHEePeHLManbHbIM YpaBHEHNEM

KonebaHWin (Pr3nNYecKoro MasTHUKa.

5.1)MOMEHTbI _MHEPUMN CUCTEMbI M TBEPAOIO Tena OTHOCUTENbHO OCW, MoaKca WU
M/JI0CKOCTU. Paanyc nHepLnm.

2)3akoHbl Kenepa. 3aKoH BCEMUPHOI0 TAr0TEeHUS.
1)MOMEHTOM MHepuMn TBEPAOro Tena OTHOCWUTE/IbHO OCW Ha3blBAETCA CKa/liipHas BeN4YMHa,
paBHasi CyMMe MPOM3BEAEHNI MAcChbl KaXKA0 TOUKW Tea Ha KBapaT PacCTOAHMS OT 3TOW TOUKM [0
ocu.
MOMEHTOM MHepunn TBEPAOro Tena OTHOCUTE/IbHO NJIOCKOCTM Ha3bIBaeTCA CKasiApHaa BenymHa,
paBHas CyMMe NpOu3BeAeHMIA MacCbl KaKA0W TOUYKWN Tena Ha KBadpaT pacCTOSAHMIA OT 3TON TOYKM
[10 NIOCKOCTMW.
MOMEHTOM MHepuMn TBEPAOro Tesia OTHOCUTENIbHO Mostoca (NONAPHLIM MOMEHTOM MHepLMK)
Ha3bIBAETCA CKa/ispHas BENNYMHA, paBHas CyMMe MPOW3BEAEHUI MacChbl KaXAOW TOYKM Tena Ha




KBaJpaT pacCTosHMA OT TOYKM [0 3TOro nontoca. Pagnycom nHepuumn Tena OTHOCUTENbHO ,EI,&HHOVI

o [
OCWM Z Ha3blBaEeTCA JIMHENHAA BENNYNHA Re, onpependemas paBeHCTBOM Re = MZ, roe M- macca

CUCTEMBI.
2)3akoHbl Kennepa: 1. Bce nnaHeTbl COMHEYHOM CUCTEMbI ABVXKYTCA MO 3//IUMCY, B OLHOM U3

(hokycoB HaxogmTca ConHue. 2. CeKTOpHble CKOPOCTM PafuycoB BEKTOPOB M/1aHET, OTHOCUTENTbHO

CosiHua He 3aBUCAT OT BpeMeHW. 3. KBagpaTtbl NepnooB obpalleHns niaHeT OTHOCATCA Kak Kyobl

60NbLUMX NOMYOCENA.

3aKOH BCcemupHoro Tarotenms F . = MG

16. 1)OceBble MOMEHT bl MHEPLIMM OAHOPOAHOI0 CTEPXKHS, LMANHAPA, LLapa.

2)Teopema 06 M3MEHEHMUM MOMEHT @ KONNYECT Ba ABUXKEHUSA T OUKW.
2

ml
1)MOMEHT MHepuUUM OJHOPOAHOI0 TOHKOIO CTEPXKHS ICy ZH MOMEHT MHepuun oaHOPOAHOro

2 2
r- H 1
KDYrnoro uvavHapa I, = m(7+ﬁ) Monoro uunmugpa | :Em(Rl2 + R?) MomeHT

C,

2 2
0flHOpOJHOro wWapa | :ng

dL,
dt
2)ABVKEHMS| MaTepuasibHOM TOYKM OTHOCWUTENbHO LieHTpa: NPou3BoAHas MO BPEMEHWU OT MOMEHTa
KO/IMYECTBA ABVDKEHWSI MaTepuasibHOM TOUYKM OTHOCMTENbHO HEKOTOPOTO HEMOABVXKHOIO LIEHTpa
paBHa reOMETPUYECKOW CyMMe MOMEHTOB CW/, AENCTBYIOLMX Ha TOYKY, OTHOCWUTENIbHO TOrO e

LieHTpa.

=3 M, - 3T0 COOTHOLUEHME BbIDKAET TeopeMy OG W3MeHEHUN MOMEHTa KOo/nuecTsa

17.1)Teopema 0 MOMEH T ax MHEPLIMN O THOCUTENbHO NapaNeNbHbIX OCEN.

MOMEHT MHEPLMM TBEPAOIO Te€a OTHOCUTENLHO HEKOTOPOW OCY paBeH MOMEHTY MHEPLIUW TeNa
OTHOCUTENIbHO Napa/IeNIbHOM 0CK, MPOXOAALLEN Yepe3 ero LIEHTP Macc, CI0XKEHHOMY C
Nnpon3BeeHNnemM Macchl Te/ia Ha KBapaT PacCToAHNA Mexay ocamn. [lonycTum, 4YTo 3afaHa

ocb O, . [ins flokasaTenbCcTBa TeOPEMbl NPOBEAEM 3 B3ayMHO NepreHANKYNspHbIe 0CK, 13 KOTOPbIX

ocb C, napa/nnenbHa 3afaHHoii oct O, , a ocb C, NEXMT B NJIOCKOCTU NapanienbHbIx oceid C, n
O, . [ins BbIYNCNIEHNA MOMEHTOB MHEPLIMW TeNa OTHOCUTEbHO ocen C, u O, onycT!m u3
KaXzoi Touky M, paccmaTprBaemoro Tena neprneHankynapsl 1, n h Haocn C, n O, . Bbipasum

[/MHBI 3TUX NEPreHANKYNSPOB Yepe3 KOOPAMHATLI ITUX TOUEK:
r?=x’+y’,h?=x’=(y,—d)’ =r? +d* -2y,d (3aBucUMOCTb a). ONpeseNM MOMEHTHI
NHepLK Tena oTHocuTenbHo oceil C, n Oy & I = z mr?, I, = Z mh?* . MpyumeHnm

_ 2 2 _ E my o
3aBMCUMOCTb @) |, = Z mr? + z md 2dz my, (3aBUCUMOCTb 6), Y. = T W3 3TOi

(hopmy/ibl oYUM Z my, =my. T.K. Yy.=0,To0 Z my, =0. MoacTaBnss 3T0 3Ha4eHe B
M. — 2
PaBEHCTBO 6), NO/y4aeM 3aBMCUMOCTb, YCTaHOB/IEHHYIO Teopemoit: |, =1, +md



18.1)LIeH Tpo6e>XKHbIE MOMEHT bl _UHEPLMWN. DMIUNACOUI UHEPLIAN.
["naBHbIE OCU U IN1TaBHbIE MOMEHT bl MHEPLIUN.

2) AnddepeHumanbHble YpaBHEHMS] NOCTYNATe/1bHOr0 ABUXKEHUS U
BPALLLEHMS T ena BOKPYI HEMOABUXKHOWM OCH.
1)MOMEHT MHepuun TBEPLOro Tesla OTHOCUTENIbHO OCK V OnpefenseTcs
no opmyne

l, =Acog a+Bcog S+Ccos y—2DcosBcosy
—2Ecosycosx—2F cosxcosf
PaccMOTPUM M3MeHEHe MOMEHTa MHepLUK |, , MPOUCXOAALLEe MPU U3MEHEHWW HaMpaB/eHUs OCK

V T.e NpU N3MEHEeHUN YrnoB d, B, y. AN HarnsaHoro n3o6paXkeHns 3TOro M3MeHeHUs OTNI0XKMM Mo
ocy v oT Touki O oTpesok ON, AnnHa KoToporo - 1 BbIpasuM HanpassioLne KOCUHYChI

N

oC Vv uepe3 KoopauHaTbl X, Yy, z Toukm N u anvHy otpeska ON: COSO{ZOLN:X\/U;

cosﬁ:%: y\/w; cos;/:%zz\/w. MoacTaBUM COSO, COS[, COSYy B BbIpaXeHMe

|, = Acos® a + Bcos® +Ccos® y —2Dcos f*
*cosy —2Ecosycosa —2F cosa cos S

Ax? + By? + Cz? - 2Dyz - 2Ezx — 2Fxy =1. 3T0 ypaBHeHU1e ONpeaensaeT noBepxXHOCTb, M0 KOTOPOI

1
nepemeLLaetca Touka N, Npu M3mMeHeHUW HanpasieHUa ocu v npu ycnosun ON :T(dp-na 123).
\%

, noAcTaBunn pasgenunuM Ha |, nony4nnu

3T0 ypaBHeHVe NPeACTaBNSET CO60V YpaBHEHVE NOBEPXHOCTY BTOPOro nopsaka. 3Ta NOBEPXHOCTb
SIBNSIETCA 3NNMMNCOMAOM, T.K. PaccTosiHMSA OT BceX Touek N A0 Toukn O, onpegensieMble hopMysoi
123 Bcerfia KOHeYHbl. DTOT 3//IMNCONA Ha3bIBAETCS ANAUNCOMAOM MHepUMK. LIeHTp anamvnconaa
HaxoAUTCs B Hayane KOOpAMHAT. TpW OCY 3/MIMNCOMAA Ha3blBAaHOTCS [NaBHBIMU OCSMW MHEPLIW
Tena B Touke O, a MOMEHTbI MHEPLIMN OTHOCUTENBbHO 3TUX OCeli- [NTaBHbIMU MOMEHTaMW NHEPLINW.

BennunHel |, = Z myz |, = Z mzx |y = Z MX Y, Ha3blBalOTCA LEHTPO6EXHbLIMU
MOMEHTaMW UHepLMN COOTBETCTBEHHO OTHOCUTESIbHO OCEA Y N Z, Z N X, X N Y.
2)[1pn nocTynaTesbHOM ABVXKEHWM Tena BCE ero TOUKN ABMXKYTCA TakKXKe Kak U U ero LeHTp macc.

MoaTomy AudpepeHUManbHble  YPaBHEHWUS  [BWKEHMS  LiEHTpa MacC Tefla  SIBASKTCA
ondepeHUManbHbIMA - YPaBHEHMAMI  TOCTYNATeNbHOTO — [BVXKEHUs  TBEpAOro  Tena:

mx = Z X, =X €Yy W Z TaKue e ypaBHeHUss m- macca Tena, X.,Y.,Z. - KOOpAuHaThl LieHTpa

macc Tena X,,Y;,Z, - NPOeKLUWs BHELLHEN cunbl F Ha ocn koopamHat X,Y,Z — NpoeKLuy rnaBHoro

BEKTOpa BHELIHMX cun R Ha atu ocu. Mo anddepeHUManbHbIM YpaBHEHUSM NOCTYNaTeNbHOMo
[BWKEHVS MOXHO peLlaTh [1Ba OCHOBHbIX TWMa 3adady Ha NocTynaTeNbHOe ABUXEHVe TBEPAOro
Tena: 1) no 3aaHHOMY ABWXEHUIO TBEPAOro TeNla OnpeaenuTb rNaBHbIA BEKTOP, MPUIOXKEHHBIX K
HEMY CUN 2) Mo 3aaHHbIM BHELUHUM CUNaM, [JeCTBYIOLMM Ha TeNo, U Haua/bHbIM YC0BUSM
[ABVXEHUS HaXOAUTb KMHEMaTWuyeckue YPaBHEHWUS ABWXKEHUsS Tena, eClM W3BECTHO, YTO OHO
[BWKETCS NOCTYNaTe/NbHO.

YpaBHeHne |, ¢ = Z M, npefcrasnser cobon AuddepeHuUMansHOe  ypaBHEHWE BpalleHus
TBEPAOro Te/na BOKPYr HEMOABWMXKHOW ocu. Mo andidepeHumansHOMY YpaBHEHNIO MOXHO peLuaThb




cnegytolme 3agaun: 1) no 3afaHHOMY YpaBHEHUMIO BpalleHust Tena ¢ = f(t) W ero MomeHTy

MHEpUMK |, OnpeaensTb rNaBHbIi MOMEHT BHELUHWX CUA, AeNCTBYOWMX Ha Teno : M, =1, ¢ 2)
MO 3afjaHHbIM BHELUHUM CUIaM, MPUIOXKEHHBIM K Tefly, N0 HauYa/lbHbIM YC/OBUSM BPaLLEHUs ¢, , @,
W MO MOMEHTY MHEepUMK |, HAXOAMTb YpaBHEHVEe BpalleHus Tena ¢ = f (t) 3) onpefensiTb MOMEHT

nHepumn Tena |, OTHOCUTENILHO OCK BpaLleHns, 3Has BeNUUNHbI M, 1 ¢
19.1) AndhdbepeHuUMabHbIE YPABHEHUS ABUMKEHUS MEXAHUYECKOW CUCT EeMbI. T- Ma 0 IBUXKEHUN

LUeHTpa Macc CUCTEMbI.
2)[1BV>KEHMe Te/ B BO3AyXe MPU Ha/IMYUU CONPOTMUBEHUS, NPONOPLMOHAILHOIO KBagpaTy

CKOopocTMun.

“Re+R!
g"nz A
[T
P
MW =R +R
[l
D ------------ :-----_
MW, =R +R]
1)

3TN YpaBHEHWNA Ha3bIBalOTCA YPaBHEHNAMUN OBMXKEHUA MEXaH. CUCT. B BEKTP. Cb — Me.

Teopema: NpownssBeaeHne Maccehbl MeXaHWYeCKOol CUCTEMbI Ha YCKOp. €€ UeHTPa MacC = I/1. BEKTOPY
BCEX p,el‘/’ICTB Ha CUCT. BHelHMX cun. [laHHas Teopema MO3BONSAET rny6>Ke pacKpbITb 3Ha4YeHne
MaTep. TOYKMN N N3YyYEHUA JNHAMUKN €€ ABMXKEHUA.

2)

Mpw ABUXKEHMW TeN B ra3ax B YaCTHOCTU B BO3AyXe npu ckopocTn fo 300 M\c crna conpoTuBIEHUS
dv

NPOnopLMOHabHa KBapaTy CKOpoCTw, T.. rae x- const F, | = XV 2 mE =F-XVZ% Frp = XV ?

20.1)3aK0H CoOXpaHeHWs ABUYKEHUS LeHT pa Macc. IMpumepsl.
2)PeLlieHVe 3a0a4uu 0 ABUXKEHUN Tefa, 6poLIeHHOro Mo yriomM K FOPU30HTY.

1)

A) Ecnv rn. BEKTOP BHELUHUX CWUA, MPUIOXK. K MexaH. CUCT. BCe BpeMsi paBeH 0 TO ee LieHTp Macc
HaXOAMTCA B MOKOE WU/N ABVKETCA PABHOMEPHO U NPSMOSIMHENHO.

B) Ecnn npoekums rn. BeKTOpa BHELU. CU/ Ha KaKyk- HUOYAb HEMOABMXKHYKO OCb OCTaeTcs BCe
BpeMsi paBHbIM 0 TO M MPOeKUMs L. MacC MexaH. CUCT Ha 3Ty OCb ABVXETCA PaBHOMEPHO
MPAMOJIMHENHO.

PaccMOTpuM npumMep, KOTOPbIA NO3BO/MSET MPUMEHUTL T - My O ABWMX. LleHTpa macc: ABukeHue
Tena no ropusoHTa/IbHON LLIEepOX0BaTOW NOB - TW. [epeMeLleHne L. MacC Tesla NPOMCXOAUT 3a
CYET cuenneHnst mexay 00yBbt0 M MOBEPXHOCTbIO, T.e 3a CYET BHELHWX MO OTHOLLEHWIO K
4efloBeKY CWJ, TO BO3HUKAKOT 3TV CW/bl TOMbKO MPY COOTB. HAmNpsK. MYCKY/I0B Yesl0BeKa, UTO
CO3/a€eT NO3ULMIO ABVKEHUSA 3a CHET HUX, OLHAKO ec/n Obl CLeN/eHne OTCYTCTBOBa/10, TO Ye/IOBEK
He MOr 6bl MepemeLLaTbCs HaBepX.

- Fu

N

FVICTp

»
>



21.1) KuHeTunyeckKass 3HEPruUs MaTEePUAIbHOM  TOYKM U MEXAHWMYECKOW CUCTEMBI.
BblumcneHne KNHETUYECKON HEPTrM TBEPAOro Te/a B pa3NYHbIX C/IyYasix ero ABM>XKEHUS.

2)3aK0H COXPaHEHMS] KONMYECT Ba ABUXKEHNS MEXAHNYECKOM CUCT eMbI. [TprMepsbI.
1)KMHETNYECKOI 3Hepruein metep. T-KM Ha3blBaeTCA BeNMUMHA pPaBHas MOMOBUHE NPOW3BEAEHWS
€€ Maccbl Ha KBagpat CKOpoCTH:

m
2

T =

KnHeTnyeckoi SHGDFMEVI MEeXaHMNYecKol CUCTEeMbl Ha3blBaeTcs CyMMa KUHETUYECKUNX SHepI'VIVI
BCEX BXOAALLINX B HEE MaTEPUASIbHBIX TOYEK:

2)

Ecnn rnaBHbIA BEKTOP BCEX [AEWCTBYHOLUMX Ha CUCTEMY BHELHWUX cui paBeH 0, TO BeKTOp
KONMYecTBa ABVKEHUS CUCTEMbI €CTb BE/IMYMHA NOCTOSAHHAS.

Ecnm anrebpavyeckass cymMMa MpoOeKUMA Ha Kakyl-HMOYAb OCb BCEX [eNCTBYHOLMX Ha
MEXaHNYECKYH CUCTEMY BHELLHMX cun paBHa 0, TO NPOEKUMS BEKTOPa KONMYECTBa ABVXKEHMS Ha
3Ty OCb €CTb BE/IMUMHA NOCTOSHHasA.

22.1)9neMeHTapHass _paboTa Cwuibl, e aHaIMTMYEeCKOe Bblpa>kKeHne. PaboTa cuibl _Ha
KOHEYHOM NyTW. PaboTa cu/ibl TAXKECTM.

2)[ NaBHblE _OCWM_W_T[NaBHble _MOMEHTbl _MHepLUMK. CBOMCTBA [NaBHbIX OCEM W [NaBHbIX
LLeH T pa/ibHbIX 0CEN MHEPLIUN.
1)3nemeHTapHO paboTol cunbl F HasbiBaeTCs ckanapHoe npoussegeHne: A=(FAr), rae Ar BeKTop
3/IEMEHTAPHOr0 MNepeMeLleHnss TOYKKM, TMPUIOXKEHUA CWU/bl, NPOM3OLLEALIEro B pe3y/brare
AEACTBUSA CUMbI.
PaboTa Cubl Ha KOHEYHOM NepeMeLLIEHNI paBHa anredpanyeckolri CymMmMe ee paboT Ha OTAeNbHbIX
3MIEMEHTAPHbIX yYacTKax:

Mpun ABMKEHUM Tena No HemMpepbIBHON TPAeKTOPMM MOXHO NEPEnTn K npegeny Npu CTpeMIeHUN
ymncna y4acTKOB K 6ECKOHEUHOCTY U MOMYYUTD:

M M M

A= (dA = (Fdr = [(Xdx +Ydy + zd
Mjo J rJO(X y z)

2)MoCKONbKY ypaBHEHWe He COAePXUT KOOPAMHAT MepBOii CTereHu, TO ero LeHTP COBMajaeT C
HauanoM KoOpAMHAT. TPU 0CM CUMMETPUN 3NNNMCONAA WHEPLMU Ha3bIBAIOTCS — FNaBHbIMI OCAMMU
NHEPLN OTHOCUTENBHO TOUKM O, @ MOMEHT WHEPLMIN OTHOCUTENbHO OCell — FMaBHLIM MOMEHTOM
NHEpLMM.

Ecnn BbIGpaTb CUCTEMY KOOPAMHAT TaK, YTO Gbl OCM COBMafanM C FNaBHbIMU OCAMU MHEpLMK
MeXaH. CUCT, TO ypaBHeHe annmunca npumeT Bug: J x X + 17y Ya +1, 2% =1

Kax/oii ToYKe COOTB. CBOM 3MMWMC MHEPLMN W ECAM OH U3BECTEH, TO MOXHO HaliTU MOMEHT
NHEPLMM OTHOCUTENbHO /06O OCK, MPOXOASLLEl Yepes AaHHYIO TOUKY. DNMMCOMA, COOTB.



LEHTPY Macc Tefla Ha3blBAeTCs LEHTPa/bHbIM 3MIUNCOMAOM MHEPLMM, a ero OCM CUMMETPUU
[NaBHbIMMN LIEHTPAbHBIMU OCSMN UHEPLIW.

ECnn 13BECTHbI [NaBHbIE LIEHTPbI MOMEHTOB MHEPLIMK, TO MOXHO MOCTPOUTL LIEHTP 3M/MMNCOUA,
MHepUMK, a OTclofa crefyeT OnpefeneHue: MOMEHTOM WHEpLUUM OTHOCWUTENbHO /GO ocw,
NPOXoAsLLeli Yepe3 LEHTP Macc CUCTEMBbI.

23.1) PaboTa cu/bl YpyrocTm N CU/Ibl TArOTEHUS. PaboTa cui, NPUIOXKEHHbIX K TBEPAOMY
Teny, BpallatoLeMycsi BOKPYr HENOABUXKHOM OCU.

2)Teopema 06 M3MEHEHUN KMHETMYECKOIO MOMEHT A MEXaHMYECKON CUCT EMbl MO O THOLLEHWUIO
K LEHTpPY Macc.

ynp

X X
Ay =fP_dx=-cfxdx=-P. x/2
np max
J f
Pa6oTa CU/bl YNpYyrocTu.
PaboTa cuibl TATOTEHUS.

PaboTa cun Ha KOHEYHOM MepeMeLLieHNM paBHa NPOU3BEAEHNIO TNaBHOMO MOMEHTA BHELUHUX CUN
OTHOCUTE/IbHO OCY BpaLLIEHMs Ha KOHEYHOE M3MEHEHVE Yr/ia MoBopoTa Tefa.

" 1 1
=—[Fgdr =—fm -—
AI'FII' Jl' TAr rnO% rl E

2)A) OTHOCUTENIbHO HEMOoABWXHOIO LieHTpa [pon3BoAHass MO BPEMEHM OT KMHETUYECKOro
MOMeHTa OTHOCWUTENbHO HEMoABWXXHOIO LieHTpa paBHA rNaBHOMY MOMEHTY BCEX BHELLHWX CWf,
AENCTBYIOLLMX HA CMCTEMY OTHOCWUTE/IbHO TOrO Xe LeHTpa. b) OTHOCUTENbHO LIEHTPa CUCTEMbI
KOOpAMHAT, ABWXKYLLIMMCS MOCTYNnaTe/lbHO BMECTe C LIEHTPOM Macc. Mpon3BoAHas Mo BpeMeHn oT
KMHETNYECKOr0 MOMEHTA MEXaHWYEeCKOW CUCTEMbl, OTHOCUTENbHO LIEHTPA CUCTEMbl KOOPAMHAT,
ABVXYLLIMMCS NOCTYMNaTeNlbHO BMECTe C LIEHTPOM MaccC, paBHa r/laBHOMY MOMEHTY BCEX BHELLHMX
CWN, OTHOCUTENBHO LieHTpa Macc.

24.1)Teopema 06 N3MEHEHUWN KUHET MYECKOW IHEPTU MAT TOUYKU U MeEXaHUYECKOW CUCTEMbI B
anddep U KOHEYHOW hopmax.
2)1oTeHUNaIbHAsA 3HEpPrMsg MaT TOUYKUM U MexaH CUCTEMbl. [10BEPXHOCTb pPaBHOIO

norTeHunana.

1)TEOPEMA. /13mMeHeHne KMHETUYECKOI 3HEPTMN MeXaH CUCTEMbI Ha HEKOTOPOM MepeMeLLeHnmn =
CyMMe paboT BHELHWX W BHYTPEHHUX CW/, AENCTBYIOWMX Ha MaT TOYKM CUCTEMbl Ha 3TOM
nepemeLLeHuu.

Tz1 _Tzo = z A (AS)

KoHeuyHas dopma.

2) lMoTeHuMaibHas 3Heprus cUcTembl B NHOOOM AaHHOM €€ MONOXEHUU = CcymMMe paboT cun
MOTEHLMANBLHOTO MNONS, MPUIOXKEHHBbIX K €€ TOYKamM Ha MNepeMeleHUn CUCTEMbl U3 [aHHOIo
MOJIOXXEHWS B HYNEBOE.



Myctb U=U(X ,y ,2)- cuioBas PyHKLMS NONS.

M=r1(X, y, z)- NOTEHUMa/IbHAA 3HEPrns TOUKMN.

P =gradU = —gradn = ia—U+]a—U+Ea—U
0X ay 0z

YpaBHeHue MN( X, y, z) onpegensieT HEKOTOPYH MOBEPXHOCTb B MPOCTPAHCTBE, KOTOpast Ha3blBaeTCs
MOBEPXHOCTbIO PABHOIO MOTEHLMaNa UM 3KBUMOTEHLMaIbHOW MOBEPXHOCTbIO.

25.1)3aK0H __coXpaHeHust MEXaHNYECKON 3HEPrMn CUCTEMbI MNP [EACTBUM _Ha _Heé
MOTEHLMATbHbIX CU.

2)KonnmyecTBO ABMXKEHUS TOYKU UM MEXAHWYECKOW CUCTEMbI. ONEMEHTAPHbIA MMNYALC U
NMNYNbC CU/bI 38 KOHEYHbI NPOMEXKY T OK BPEMEHW.

1)Mpn  OBUXKEHUN MEXaHWYECKOl CUCTeMbl B CTaLMOHAPHOM MOTEHUMaNbHOM MOMe MosHas
MeXaHMYecKast 3HepPris CUCTEMbI MPU ABVKEHWI OCTAETCA HEM3MEHHOIA.

EK|/IH + EI'IOT = ConSt

2)KonM4yecTBOM [BVMKEHUS MaT TOYKM Ha3blBaeTCs BEKTOP, MMEIOLMIA HanpaBneHWe BeKTopa
CKOpPOCTM, U MOZly/b, PaBHbIVi MPOM3BEAEHNIO MAcChl TOYKM M Ha MOAY/b CKOPOCTY e BUXKEHNS V.
KonmuyecTBOM [BMXEHMSI MEXAHUYECKO CUCTEMbI Ha3bIBAETCS BEKTOP, PaBHbI/i FeOMETPUYECKON
cymMe (FlaBHOMY BEKTOPY) KOMMYECTB ABMXKEHUS BCEX MAT TOUEK 3TOI CUCTEMbI.

Ecnn nocTosiHHas No MOAY/HO U HanpaBieHUto cuna P felACTBYET TeueHMe NMPOMEXYTKA BPEMEHN

TO €€ NMNY/IbCOM 3a 3TOT NPOMEXYTOK BPEMEHWN ABNSAETCA BEKTOP



