12.01.21 r. TeopeTnueckas mexanuka. Jlekuus
Tema: Innamuka
3. JlunamMuka

3.1. OcHOBHBIE MOHATHS ¥ 3aKOHBI

Junamuxoti Ha3bIBAlOT pa3lie] MEXAaHHWKH, B KOTOPOM H3Yy4aeTcs JBU)KECHUE
MaTepUalbHBIX TEJ B 3aBUCHUMOCTH OT JEHCTBYIOIIMX HA HUX CHII.

Cucmema omcuema. 1Ipy MHOTMX TEXHHUYECKHUX pacdyeTax MOXKHO PUHUMATh 32
HETIOJBM)KHYIO BCSKYH), HEM3MEHHO CBS3aHHYI0 ¢ 3emuei. Cucremy oTcyera, IO
OTHOLIEHUIO K KOTOPOM BCsKas MaTepualibHas 4YacTHIA NOJ JACHCTBUEM B3aHMMHO
YPaBHOBEIICHHBIX CHJI COBEPINACT MPSMOJIMHEHHOE U PABHOMEPHOE JIBUJKCHHE,
Ha3bIBAIOT MHEPLIMOHHON CUCTEMOM OTCYETA.

OCHOBHBIE 3aKOHBI IUHAMHUKH.

1. 3akon unepyuu. MatepuasibHas TOYKa COXPAHAET COCTOSHUE IOKOS WU
PAaBHOMEPHOTO NPSIMOJIMHEWHOTO JIBHJKEHHS 10 TEX MOp, MOKa ACHUCTBUE APYrHX Tell
HE U3MEHHT 3TO COCTOSTHUE.

2. 3axon nponopyuonanrbHocmu cuibl U yckopeHus.. YckopeHue (a)

MaTepUaIbHOW TOYKHA MAacCoOu M IPONOPUMOHAIBHO ITPUIIOKEHHON K HEW CHIIE (]3)1/1

MMEET OJIMHAKOBOE C Hel HampapyieHue: ma =P .

3. 3axon pasencmea Oevicmeus u npomusooeticmsusi. BcIKoMy HEHCTBUIO
COOTBETCTBYET PABHOE U MPOTUBOIIOJIOKHO HAMPABICHHOE MPOTUBOICHCTBHUE.

4. 3akonm He3zasucumocmu Oevcmeusi cui. HECKOIbKO OJHOBPEMEHHO
NEUCTBYIOIIMX HAa MAaTepUAIbHYI0 TOYKY CHUJI COOOIIAIOT TOYKE TaKOe YCKOpPEHHE,

KaKoe cooOuIMIIa OBl eif OlHA CHIIa, PaBHAs HX TEOMETPHYECKOM cymme: ma =) P.

Macca. Maccoil MarepualibHOW 4YacTUlbl (Tella) Ha3bIBAIOT MEPYy €€
WHEPTHOCTH, YUCJICHHO BBIPAXKAIOIIYIOCS, OTHOIIICHUEM MOMYJIS CUJIbI, I€HCTBYIONICH
Ha 4acTUIly (TeJ0), U BBI3BAaHHOTO €10 YCKOpeHHsl. Macca MaTepraibHOM TOUKH (Telia)
(m) guciienHo paBHa oTHOMIEHHIO ¢e Beca (G) K yCKOpeHHUIo CBOOOIHOTO maaeHus (g):

m=G/qg.



Cucmema mexanuyeckux eounuy. CyIMECTBYeT JBE CHCTEMbI MEXaHUYCCKUX
equnull: mexrnuyeckas (MKI'CC), B KOTOpOil OCHOBHBIMU €IUHUIIAMU SBJISIIOTCSI METP
(M), xkunorpamm cuibl (KI') u cexynma (c). Egunuiei u3mMepeHuss Macchl B ITOM
cucteme Oyner 1 KF‘CZ/M, T. €. Macca, kotopoi cuia B 1 kI' cooOmiaer yckopenue 1
M/c? i usuueckan (Mexaynaponsas cucrema exuanr CH), B KOTOPOil OCHOBHBIMH
CIMHUIIAMH  W3MEPCHHUS MEXaHUYECKHUX BEIUYMH SBJSIOTCS MeTp (M), KHJIOTpaMm
Maccel (k) ¥ cekyHna (c). Emuauiia m3mMepeHus CWIbl - MPOU3BOAHAS eauHHIa - 1
aptotoH (H). 1 H - 510 cuna, coobuaromas macce B 1 kr yekoperue 1 m/c?> (1 H =1
Kr~M/c2). CootHouienne Mexay enuaunamu cuiibl B cucremax C u MKI'CC:
1x['=981H mwm 1H=0,102 xI'.

Knaccugpukayua cun. Cuinbl, JeHCTBYIONIME B MaTepUATBHON CHUCTEME,

nozxpasaensior Ha BHemnuue (F°) m BHyrpeHnme (F') mmm akTuBHBIE M peakiyu
cBszed. Kpome Toro mpu pemieHuu 3aqad JIMHAMHUKU PAcCMAaTpPUBAIOT CIIEIYIOIINE
MOCTOSIHHBIE WJIM ITIEPEMEHHBIE CUIIBI:

- cuna maxcecmu. JTO TOCTOsiHHAs cuna G, neicTByromas Ha Jr000e Tedo,
HaxoJsmIeecs: BOJIU3KM 3eMHOM MOBEPXHOCTH. MOAYJIb CUJIBI TSDKECTH PaBEH BECy Tea.
[Mon nevictBuem cunbl G sroboe Teno mpu CBOOOMHOM MajeHWM Ha 3eMiio (c
HEOOJIBIION BBICOTHI W B OC3BO3AYIIHOM IPOCTPAHCTBE) HMMEET OJHO M TO JKE
YCKOpEHHE (, Ha3blBAEMOE YCKOPEHHWEM CBOOOJHOTO TaJeHHs, a WHOrAa
YCKOPEHUEM CHJIBl TSOHKECTH. 3HAUCHHWE (J B Pa3HBIX MECTaX 3€MHOW TOBEPXHOCTH
Pa3IMYHO; OHO 3aBUCUT OT reorpadMyecKodl MIMPOTHI MECTa M BBICOTHI €r0 Haj
ypoBHeM mopsi. Ha yposre Mopst § =9,8156 m/c’. 13 BTOPOro ypaBHEHHS JUHAMUKH
cienyert, uro G=mg i m=G/g.

- cuna mpenusi. Tak Ha3bIBACTCS CHIJIA TPEHMSI CKOJBKEHUS, AeHcTBYOmas (mpu
OTCYTCTBMM KHJKOW CMa3KHM) Ha JBHXKYyIIeecs Teiao. Ee Moaynb ompeaensercs
paBernctBoM F=fN, e f - koapdunmenr TpeHus, KOTOPBI CYUTAIOT MOCTOSHHBIM; N
- HOpMaJIbHAs PeaKITHsl.

- cuna ynpyeocmu. JTa CUia 3aBUCUT OT TOJIOKEHHUA Tena. B yacTHOCTH, 11st
CHJIBI YIIPYTOCTH MPYXKUHBI P= ¢ “A, r1ie A - yanunenne (Wiu ckaTHe) IpyKUHBL, C -

k03 dunmenT xxectkocT npyxunsl (B cucreme CU uszmepsiercst B H/m).



- cuna 6a3k02o mpenus. Takas CwWia, 3aBHCSIIAs OT CKOPOCTH, AEHCTBYET HA
TEJIO TPH €ro MEIJICHHOM JBI)KEHHH B OUYCHb BS3KOH cpene (WM NpH HATMIHH
KHIIKOM CMa3KH) M MOXXET OBbITh BBIpaKeHa paBeHCTBOM R=uV, rae V - ckopocTh
Tena; 1 - KodhOUIMEHT COTPOTUBIICHHUSI.

- cuna uHepyuu. TakOW CUIOM HA3BIBAIOT TEOMETPHUUECKYHD CYMMY CHJI
POTUBOJCHCTBUS JIBIKYIICHCS MaTepUaIbHOW YacTHUIBl TejlaM, COOOIAIOIUM el

YCKOpEHHe, T. €. @ =—ma.

3.2. luddepeHnuabHbie YypaBHEHUs IBHKEHUA MATEPUATIBLHON TOYKHU

B 3aBucuMocTH OT croco0OB 3ajjaHusl ABMKEHHUS TOYKU, TUdPepeHinanabHbie
ypaBHEHUSI MOTYT OBITh:

—8 6eKMOpHOU hopme:

— d’r dv
ma=P=m—=m—-.
dt dt
—6 npoem;uﬂx HA OocU dekapmoeoﬁ cucmemsl Koopduﬂam:

mX':m%:PX; my:mﬁ:P; mZ:m%:PZ.
dt at "’ dt

—6 NPOEKYUAX HA eCmeCmeEeERHble OCU KoopduHam:

2

Juddepennmansubie ypaBHEHUS IBIKEHUSI HEC80O0OHOU MOYKU B BEKTOPHOM
dbopme:
ma =P +N;
B KOOpPAMHATHOU (hopme:
mX=P, +N,; my=PR, +N,; mZz=P,+N,,
rae N — paBHOAEHCTBYIOIIAS peaKlnil CBA3EH.
Huddepenunanbaple  ypaBHEHUS] OMHOCUMENbHO20 OBUJICEHUsT TOUYKU B

BEKTOPHOU popme:



ma, =P -ma, -ma_,
'€ de — YCKOPCHHUC IICPCHOCHOI'O JABMXKCHUS, dy — OTHOCHUTCIBHOC YCKOPCHHUE, dc —
yckopenue Kopuommuca.
ﬂee OCHOGBHbLE 3a0a4U OUHAMUKU MOYKU.
Ilepsas 3a0aua — 3Has MacCy TOYKM W YpaBHEHUSA €€ [IBIDKEHUS, HaANTH

paBHOHCﬁCTBYIOHIYIO IMPUIOKCHHBIX K TOYKC CHIIL. Ecau u3BecTeH 3aKOH JABHIKCHHUS

TOUKH B BEKTOpHOH ¢opme F=Tr(t), Torma a= e N3 ocHOBHOrO ypaBHEHUS

JMHAMUKY OIIpe/eNseM cury P =ma.

Bmopasa 3a0aua — 3Has TIpUIIOKEHHBIE K TOYKE CHJIBI, a TAaKKe ee Maccy M,
HAYaJIbHBIC TTOJIOKEHHSI 1 CKOPOCTb, OMPECIUTD 3aKOH JIBIKEHUS Touku. OOImui X011
pelieHre. COCTaBISIIOT  AuddepeHInanbHble  YpaBHEHHUS  JIBWKCHHS, JIBaXKIbI
UHTETPUPYIOT, OMPEAETSAIOT MTOCTOSHHBIE HHTETPUPOBAHMS U3 HAUYAJIbHBIX YCIOBUN U
MOJTy4at0T 3aKOH JBUKCHHS TOUKH.

[TpuMepHBIii adroOpyUT™M peLlIeHUs] BTOPO OCHOBHOM 3a7jaun JUHAMHUKHU TOUYKH.

1. BeiOpate Hauano otueta (Kak MpaBHJIO, COBMEIIAas €ro C HadalbHBIM
MOJIO)KCHUEM TOYKH).

2. TlpoBecTH KOOpAMHATHBIE OCH, HAIpaBiss UX, Kak MPaBUIO, B CTOPOHY
JBUKCHHUS.

3. 300pa3uTh ABMKYIIYIOCS TOYKY B MTPOU3BOJILHOM TOJIOKEHUHU (HO YTOOBI X
>0,y>0,2>0).

4. IIpunoXuTh K TOUKE BCE JEHCTBYIOLIME HA HEE CUIIBI.

5. 3anucaTh OCHOBHOE ypaBHEHUE TMHAMUKU MPUMEHUTENIbHO K JaHHOH 3a/1aye
B BEKTOPHOM BH/IC.

6. CrnpoekTHpoBaTh BEKTOPHOE ypaBHEHHWE Ha BBIOpAaHHBIE OCH, TO €CTh
3anucath AU pepeHnanbHble ypaBHEHUS ABIKEHUS TOUKH.

7. IlpeoOpazoBarh AuddepeHnanbible YpaBHEHUSI K BUIY, YAOOHOMY IS
MHTETPUPOBAHUSL.

8. 3anucaTh HavaJIbHBIC YCIOBHS.



9. JIBaxapl MPOUHTErpUPOBATh AU PepeHInanbHbe YPaBHEHUS U MOIyUYNUTh UX
oO11ue pemeHus.

10. OnpenennTs NOCTOSHHBIE UHTETPUPOBAHNS.

11. 3ammcatre yacTtHble perieHus auddepeHIaTbHbIX ypaBHEHUH, TO €CTb
[OJICTAaBUTh MOCTOSIHHBIE MHTETPUPOBAHUS B UX OOLINE PEIICHHUS.

12. Haiitu uckomble B 3a/jaye BEJIUYMHBI WM HUCCIEIOBAaTh IOJIyYEHHBIH

pe3ynbTar.

3.3. [IpsimoJsinHeliHbIe KOJIE0AHUA TOUYKHU

KonebarenbHoe ABMKEHUE MaTE€pUANIbHOW TOYKM MPOUCXOASAT MHPHU YCIOBUH,
€CJIM Ha TOYKY M, OTKJIOHEHHYIO OT noJioxkeHus nokos O (puc. 3. 1), neficTByer cuia
P, crpemsmascs BepHYTb TOYKy B OTO nonoxeHne. Cuna P Ha3bIBaeTCs

BOCCTaHaBJINBAroIIasi. HpI/IMepOM TaKOM CHUJIBI SBJISICTCS CUJIa YIPYTOCTH IIPYKHUHLI.

bonbiioe IIPAKTHYCCKOC 3HAYCHUC HMMCCT

cllyyad, Korja cwia P TponopLuOHaIbHa | X o Boccra
OTKJIOHEHHIO, T. €. P = - ¢X, Tne ¢ — % e LM X  HaBIIMB
KO3 GUILIMEHT >KECTKOCTU YIPYroro 3JIEMEHTa, P aromas
pasMepHocTh. H/M. cuia

Puc. 3.1 cTpemu

TCS BEPHYTh TOUKY B paBHOBECHOE Mosioxkenue O.

Paznuyaror  4yeThlpe  OCHOBHBIX  cCllydas  KoJie0aTeIbHOIO  JIBHYKCHHUS
MaTepUAIbHOM TOYKU: CBOOOJHBIE KOJeOaHus (IPOTEKAIOT TOJBKO MOJ JCHCTBHEM
BOCCTAHABJIMBAIONIEH CUJIBI); 3aTyXaroIlue KojieOaHus (COBEPIIAIOTCS MO ICUCTBUEM
BOCCTAaHABIUBAIOIICH CUJIBI M CUJIBI COTIPOTUBJICHUS); BRIHYKICHHBIC KoeOanus (1o
JNIEUCTBUEM BOCCTAHABJIMBAKOUIEH CHJIbI W CWJIbl TNEPUOJAYECKOTO Xapakrepa,
HA3bIBAEMOM BO3MYIIAIOUIEH CHIION); BBIHY)XJIEHHBIE KOJICOAHUSI C Y4YETOM CHJI
COIPOTHUBJICHUA.

Ce0600nb1e Konebanus mamepuanvrol mouxu. JluddepenHnuanpHoe ypaBHEHUE

CBOOOIHBIX KOJeOaHmii Toukn mMaccoit M mmeer Bum. X+Kk?x=0, rme k* =c/m, wim

npM  BepTUKaIbHBIX Kosnebanmsx Kk*=g/f , f, — cratuueckas nedopmanus



yIIPYTOTO 3JIEMEHTa, a obmiee pemeHue 3toro ypaBHenus: X =C, coskt+C, sinkt, rae
Ci=X% u C,=X,/k — mocrosHHbIe MHTEIpHpPOBaHMA. 31€Ch Xo U X, — HadaIbHOE

IMOJIOKCHHUC MW HadallbHAA CKOPOCTb TOYKH. O6mee YPaBHCHHUC MOXKHO TaKiKe

IpeNCTaBUTh B  BHAE TapMOHMYecKHX komeOammit X = Asin(kt+43), rume
X 2
A= x2+ (?0) — aMmIumTyga KoneOanwid; [ = arctg(kx0 / )'(0) — HavayibHas (¢aza

Kosiebanuii; K — kpyropast (IIMKJIMYECKas) 4aCTOTa KOJICOaHHIA.

[TpoMexyTOK BpeMeHH T, B TEYEHHE KOTOPOTO TOYKA COBEPINAET OJHO IOJTHOE
KoJieOaHMe, Ha3bIBAETCA IMEPUOJOM KojebaHuW u ompenensercss mo (opMmye
T =2x/k, a Benuuuna v=1/T — oOpaTHas nepuoay KojeOaHU Ha3bIBACTCS YaCTOTOM
KoJieOanuit u uzmepsercs B reprax (I'm).

3amyxarowue konebanus. B peadbHBIX YCIOBUSAX MaTepHalibHas TOYKa,
COBepIAoIIas KojaebaTelbHbIe TBUKEHHUS, UCIIBITHIBAET COMPOTHUBIICHUE JABUKECHUIO.
[IpakTueckoe 3HA4YeHWE WMEET Ciydald, Korja cuja CompoTuBiIeHus R

IIPONOPIMOHANIBHA CKOPOCTH, T. €. R =—zN . Eciu BBecTH 0603HaueHus 1/ m=2n
u c/m=k? To MoxHO momyunth xuddepeHIHaTbHOe YpPAaBHEHHE 3aTYXaOIINX
KOJIeOaHUM BIIOJIb OCH X B CIEIYIOUIEM BHJIC: X+2nX +k?x =0, HNuTerpupoBanue
3TOr0  ypaBHCHHWE MPUBOJAUT K OOImeMy pemeHuro g ciaydas  n<k:

X= e"“(C1 cosvk*+n*t+C,sinvk? + nzt) wm X =Ae "sin(vVk® +n’*t+ f), rne Cy;

C,; A; f — TOCTOSTHHBIE HHTETPUPOBAHUS.
JIBrkeHMe MaTepHallbHOM TOYKM TEpsieT KoJieOaTeNbHbI XapakTep |

CTAaHOBHUTCS allePUOIUICCKUM B CiTydae OOJBIIOr0 COMPOTUBIICHU, T. €. ipu N>K. [pu
n>k pemenme npuauMmaer Buy X = Ae "sh(vn’+k*t+ ), a mpu n=K momyuaem
Xx=e"(Ct+C,) mm x=e"[x, + (X, +nx )t].

Buinyoicoennvle konebanus (6e3 ywema conpomueienus). Takue KoleOaHUsI
COBEpIIIaeT MaTepualibHas TOYKa, Ha KOTOPYIO HAPSIy C BOCCTAHABIMBAIOIICH CHIION

JNEUCTBYET NEPUOJUYECKA M3MEHSIOMIASACS CHIIA, HA3bIBAEMAsI BO3MYILAIOIIECH CHIIOMN.

HpaKTI/I‘—IeCI(I/I BaXHbIM ABJISACTCA cnyqaﬁ, KOrJla BO3MyIIaronias Crujia U3MCHIACTCA I10



rapMOHHUYCCKOMY 3aKOHY, T. €. IIPOCKIM €€ Ha OCh X, HAIIPABJICHHYIO 110 TPACKTOPUH

TOYKH, ompenenserca kak: Q, = Hsin(pt+ ), roe H — MmakcuManbHbIiE MOAYIb, HIH

aMIUTUTY/1a, BO3MYIIAIOIICH CHJIBI; P — 9acTOTa M3MEHEHHUS BO3MYIIAIOIEH CHIIBI, O —
HayajgbHas ¢asa.

HuddepenunanbHoe ypaBHEHHE MABWXKCHHS TOYKM B OITOM cliydyae Oyner

mX=—-cx—Hsin(pt+5) mm X+k’x=hsin(pt+J), rae obosmaueno k’=c/m,
h=H/m. OOmee pemieHue HMeeT BUJ X:Asin(kt+ﬂ)+ﬁsin(pt+5). us

peuiCcHuA BHUIOHO, 4YTO KOJICOAHMSI TOYKH CJIaraloTcs M3. COOCTBEHHBIX KOJICOAHMH C

aMIUTUTYIOH A ® 4acTOoTOM K, BBIHYXKICHHBIX KOJCOaHHH C aMIUTUTYION
B=h/(k* — p*) u 9acToToii p.

Pe3zonanc. BeiHyX/1eHHbIe KoneOaHUsl P OTCYTCTBUHU CONPOTHUBIICHUS, KOTJa
p =K (4acrora BO3MymalOmield CHJIBI COBIAJaeT C YacTOTOM COOCTBEHHBIX

KOJieOaHMil), Ha3bIBA€TCA PE3OHAHCOM. OTO SBJICHHE OMNMCHIBAETCS YpaBHEHUEM

X=(h/2k)-t-sin( pt—z/2). Ammuryna >tux konebanuii B=ht/2p c TeueHmem

BpEMEHU HEOTPAaHUYCHHO BO3PACTaET.
3.4. 'eomeTpusi Mmacc

l[eHmp Macc Mexamuyeckoll Cucmemol. HCHTp MaCC CHCTCMBI TOYCK B

BEKTOPHOU popMe onpenensieTcs: Kak

e 2m
c— m !

B KOOPJIMHATHOM (hopme:

m. X my.
XC:ZmI X yC:zmlyl.

Z_Zmizi
cT g

rme m= Zmi — Macca CUCTEMBI; Xj, Vi, Zj — KOOpJAWHATHI Macc M;.

Momenmsl unepyuu XapaKTEPU3YIOT PACIIPEAECICHUE MAacC B Telax IPU HUX

BpamaTCJIbHOM ABHIKCHHU. BBII[CJIHIOT OCCBBIC, ITIOJIIPHBIC U I_[eHTpO6e)KHBIe MOMCHTBI



uHepIuu. boiiee HArIAIHO WX MOXKHO TPEICTABUTH VISl TUIOCKUX (HUTYp B CHCTEME
koopauHat XOY, puc. 3.2:
OceBble MOMEHTBI HHEPIIUU: y
2. 2
J,=>.my’; J, = mx.
[ToJsistpHBIA MOMEHT UHEPLIUM:
_ =2 2 \2 —
J,=>.mf, _Zmi(xi +Y; ) i Jo=J,+J,.
[{eHTpOoOEeKHBIN MOMEHT HHEPIIUHU:

Jyy =D mXYy,. Puc. 3.2

Ecnu neHTpoOexHble MOMEHTHI MHEPLIMM PABHBI HYJIO, TO OCH 3TOW CUCTEMBI
KOOPAMHAT HA3bIBAIOT IVIABHBIMU OCSIMH MHEpUUU. ECiIM OCh NMPOXOAUT Yepe3 LEHTP

MaccC, TO OCb Ha3bIBaACTCs HGHTp&J’IBHOﬁ.

Momenmul unepyuu npocmeuuux MoHKUX 0OHOPOOHBIX MmeJl

CrepkeHb Maccon M: Y y X
72__C
j - ml? _ml? '
v 3 ! yC 12 )

Tonkoe koJbilo (00pyd) Maccor M:

2

J, =mr?; szJyzm.
2
Kpyrusiid uck maccou m:
2 2
g =t L
2 4
IIpssmMoyrosbHas IjIacTuHa: y
2 2 a o
3 _mb”. 3, = ma_ 0 s
3 3
y
TpeyronpHUK: ‘
mb?® ma’ “_/o X
RRETE BT 2
PR PN




3.5. O01mme TeopeMbl IMHAMUKHA TOYKH ¥ CHCTEMbI

Konuuecmeo osusicenuss mouku u cucmemol. Mepon NBUNKEHUS MaTepUATbHOU
TOYKH WJIM MEXAHUYECKOU CHCTEMBI SBISETCA KOJIWYECTBO ABMKEHUA. JlJIs1 TOUKH 3TO
BEKTOpP, PaBHBIN MPOU3BEICHUIO MACcChl TOYKA M Ha BEKTOp ee ckopocTu: K =mV ,

JUIs MexaHmdeckoil cuctemsr: K =Y mV, mm depes uentp mace: K =mV, rae m —

Macca MEXaHM4eCKOM CUCTEeMBI, V. — CKOPOCTh IIEHTpa Macc.

B Mpoekiusx Ha OCH JEKapTOBOM CHCTEMBI KOOPIMHAT 3Ty MEpY JBIKCHHUS
moxkHo npeacrasuts kak: K =K i+K, j+Kk,, rie K, =mx, K, =my, K, =mz.

Hmnynvse cunvl €CTh Mepa ee JICHCTBHS BO BPEMEHH U XapaKTepu3yeT mepeiady
MaTEepHAIBLHON TOUKH MEXAaHUUYECKOTO JBMXKEHHUs CO CTOPOHBI JAECHCTBYIONIMX HA HeEe
Tl 3a JAHHBIA NPOMEKYTOK Bpemenu. Ormpenessercs Kak BEKTOp, PaBHBIM

NPOM3BEICHUIO CHJIBI HA BPeMs: /s MOCTOSHHON cuibl - S = Pt, s nepemeHHoi
t2

CHUJIBI 32 TPOMEXKYTOK BpeMeHH 13-t; - S = I Pdt.
t1

Koin4ecTBO JABWKEHUS W UMIIYJIbC CHJIBI HU3MEPSIOTCA B  OJIMHAKOBBIX
€IMHUIIAX, CBSA3b MEXY HUIMH YCTAHABIIMBAIOT JIBE TEOPEMBI.

Teopema 00 usmeneHUU KOAUYECMBA OBUINCEHUS MAMEPUATbHOU MOYKU.
M3MEHEHHE KOJIMUECTBA JIBUKEHUSI MaTepUaIbHON TOUKHU 32 KaKOM-IM00 MPOMEKYTOK
BpeMeHH (Hampumep, OoT t; 10 t)) paBHO MMITYJIBCY CHIIBI, ACHCTBYIOIIEH HA TOYKY 3a

TOT K€ IIPOMEKYTOK BPEMCHHU. m\72 - m\71 =S, WK B IPOEKIIUAX, HATPUMED, Ha OCh X:
mx, —mx, =3,.

Teopejwa 00 UBMEHeHUU KOoIUu4ecmeda OGUNCEHUS MEXAHUYEeCKOU CUucmembl.
HU3MCHCHHUEC KOJIMYECCTBA ABHKCHUA MEXAHUYECKOU CHCTEMbI (K:Zmi\Ti) 3a KaKou-
a100 TPOMEKYTOK BpeMeHH (Hampumep, oT t; 10 ;) paBHO reOMeTpHUYECKON CymMMe

HMITYJIbCOB BHCHIHUX CHII (Sie), IMPHUIJIOKCHHBIX K CHUCTCMC 3a TOT KC IMPOMCIKYTOK



BPEMEHHU: Kz—K:Zsie. AHaNOTUYHO TMpeAbIAYIIeH TeopeMe, 3Ty 3aBUCUMOCTb

MO>KHO MIPEICTaBUTh B MPOCKIIHUIX.
CrnenctBus u3 teopemsbl. Eciy BEeKTOpHas CymMMa BCEX BHEIIHMX CHJI (TJIaBHBIM
BEKTOp) 3a paccMaTpUBAEMBIM MPOMEXKYTOK BPEMEHHM paBHa HYJIO, TO KOJIMYECTBO
JIBMYKEHUSI MEXAaHUYECKOM CUCTEMBbI MOCTOSHHO. [lo100HOE 3aKioueHre CripaBeiIuBO
U JUIS IPOEKUMI HA HEMOJBHKHYIO OCb.
Teopema o oeudxcenuu yeumpa macc. lleHTp mMacc cUCTEMbI IBUKETCS Kak

MarepualibHasi TOYKa, B KOTOPOM COCpPEJOTOYEHAa Macca BCEM CHCTEMBI U K KOTOPOIl

NPUIOKEHB! BCe BHEIIHME CWIbl M¥e =Y P my. =Y Py mZ. =Y P;. B

Xi? yi?

BEKTOpPHOU opme: Ma, = Z I5I

CnenctBus U3 3TOM TeopeMbl. Ecii BEKTOpHAsi CyMMa BHELTHUX CHJI BCE BPEMs
paBHa HyJIO, TO LEHTP MAacC MEXaHUYECKON CHCTEMbl HAaXOJMUTCS B IIOKOE WIIU
JBIKETCS MIPSIMOJIMHEWHO U PABHOMEPHO. AHAJIOTUYHO U JUI POEKIUNA CUII U LIEHTPa
Macc Ha KaKyro-JIM00 HEMOJBHKHYIO OCh.

Momenm  konuuecmea Osudcenusi. ITO JUHAMHYECKas XapaKTEpUCTHUKa
MEXaHUYECKOTO JIBWJKCHHSI, YUYWTBHIBAIOIIAs IIOJIOKEHUE MAaTEpUaJIbHOM TOYKH I10
OTHOUIEHUIO K TAHHOMY LIEHTPY M BBIPAXKaeTCsl BEKTOPHBIM MPOU3BEAECHUEM pauyca-

BEKTOpa M KOJIMYECTBA ABM)KEHUS MaTepUalbHON Touku: L, =rxmV, a monynb

BekTOpa L, paBeH npousBeqeHMI0 BelumuuHbl MV Ha mmedo h Bektopa MV
oTHOcuTenbHO IeHTpa O. L, =mVh wmm B xoopaunatHO#l opme L, :m(y)'(—>q'/).
MoMeHT KOIM4ecTBa JBMKEHHSI OTHOCUTENIFHO OCH Z PaBEH NMPOU3BEACHHUIO TIPOSKIINU
BekTOpa MV Ha MIOCKOCTb, MEPIEHAUKYISPHYIO OCH Z, Ha IuIedo h; 3Toil mpoekiuu
no ocu: L, =mV,h.

Teopema 06 uzmeneHuu MOMEHMA KOAUYECMBA OBUNCCHUS MAMepuailbHol
mouxku. IIpon3BogHast IO BPEMEHH OT MOMEHTA KOJIMYECTBA ABMKCHHS MaTepUaTbHON
TOYKM OTHOCHUTEIIbHO HEKOTOPOTO HEMOJBHYKHOTO IEHTpa paBHA T'€OMETPUYECKOI
CyMM€ MOMEHTOB CHJI, JCUCTBYIOIIMX CHJI, OTHOCHUTEIBHO TOTO K€ IIEHTpa, T.C.
Ao g,
d °



Kunemuuecxuti momenm mexanuueckou cucmemvl OMHOCUMETbHO yenmpa u
ocu. KUHETHUYECKMM MOMEHTOM (I/IJII/I TJIaBHBIM MOMCHTOM KOJHMYCCTBA ABHKCHU
MEXAaHMYECKOM CHUCTEMbl OTHOCHUTEJIBHO HCHTpA, HAIIpUMCP TOYKH O) Ha3bIBAIOT
BCKTOp, paBHbIﬁ FGOMGTpH‘-IGCKOﬁ CyMMC€ MOMCHTOB KOJHMYCCTBA IABHKCHHSA BCCX

MaTepHaIbHBIX TOYEK CHCTEMBI OTHOCHTEIBHO 3TOro HenTpa: Ly =Y Ly =) FxmV,,

a OTHOCHTEIILHO OCH — OepeTcs anredpandeckas cymma: L, = Z L, .

TQOPQMCZ 00 UBMEHeHUU KUHEeMmUYeCcKo20 MOMEHMA MEeXAHUYEeCKOU CUCmeMbl.
HpOI/ISBOI[HaJI o0 BPCMCHHU OT KHHCTHYCCKOI'O MOMCHTA MEXaHUYECKOM CHCTEMBI

OTHOCHUTCJIIbBHO HCKOTOPOI'0 HCIOJABHIXHOI'O HEHTPA I'COMCTPHYCCKN paBHA I'JIABHOMY

MOMCHTY BHCHIHUX CHII Mg , I[GIZCTBYIOHIHX Ha 9Ty CHUCTEMY, OTHOCUTCJILHO TOI'O JKC

di,

HeHTpa, T.6. — % = > Mg.=M§, wim B mpoeKuusx Ha OCH KOOP/UHAT:

dL
ddI?ZZMii:ME; d—ty=2'\/|fy='v'§i dstZ:ZMii:Mze-

CruieicTBHE U3 TEOPEMBI. ECIIM TTIaBHBI MOMEHT BHELIHHUX CHJI OTHOCHUTEIBHO
HEKOTOPOrO HEMOJBMKHOTO LIEHTPA OCTAETCS BCE BPEMS PABHLIM HYJIO, TO
KUHETHYECKMH MOMEHT MEXAHUYECKOW CHCTEMBI OTHOCHUTENIBLHO STOIO LEHTPa
0CTaeTcs IOCTOSIHHBIM.

Ilee mepvi mexanuuecko2o Osudicenus. B IUHAMHMKE PacCMAaTPHUBAIOTCS JIBE
GopMBI  TIPeoOpa3oBaHUs MEXAHUYECKOTO JBMKEHHS MATEPHAILHOM TOYKHM WIIHA
CUCTEMBI TOYEK:

1) Mexannyeckoe ABMKEHHE TIEPEHOCUTCS C OJHOM MEXaHUUECKON CHUCTEMBI Ha

JIPYTYIO B KAYE€CTBE MEXAHUUYECKOIO ABUKEHUA. B 3TOM citydyae Mepoil MEXaHUYECKOTO

ABHJKCHUA  ABJIICTCA  BCKTOP  KOJIMYCCTBA  JIBHKCHHA  TOYKH K=mV 501051

Mexanndeckoi cuctembl K =mV., a Mepoil IeHCTBHS CHJIBI BBICTYNAECT HMMITYJIbC

CHJIBI S.

2) MexaHu4eckoe JBIKCHHE TPEBpaIiaeTcss B JpYyryio GopMy ABUKEHUS
mMaTepuu (B popMy MOTEHIMATBHOW IHEPTUU, TEIJIOTHI, AIEKTPUYECTBA T. [.). 3/1E€Ch
MEpPOW JIBUKEHMUSI BBICTYNAET KUHETHUYECKAs HSHEPrus, a MEPOU JAEHUCTBUS CHUJIBI

ABIIACTCA pa60Ta CHIJIBI.



Kunemuuecxas IHEpcuda mou4Ku U Cucmemabl. Kunetnueckoi BHGPFHGﬁ

MaTCpHaHLHOﬁ TOYKH HA3bIBAIOT IIOJIOBUHY IIPOM3BCACHUA MACChI M TOYKHU HA KBaApaT

mV 2

ee ckopoctu V: T = KuneTtnueckoil sHepruei CHUCTEMbl Ha3bIBAIOT CyMMY

mV.?
,

KMHETUYECKUX YHEPTUI BCEX TOUEK MEXAHUUYECKON CUCTEMBI, T. €. T = ZTi = Z

Ilpu nocmynamenvnom osudicenuu mena (puc. 3.3)

V

CKOpPOCTH BCCX TOYCK OJAHWHAKOBBLIC, Vi=V, IIO3TOMY \l_—|—>

mV? V2 V2
T:Z '2' :7 mi:m2 , TJIe M — Macca Tena.

Puc.3.3

Illpu epawenuu mena 60Kpye HENOOBUNCHOU OCU
CKOPOCTh KaKOM-TMOO TOYKM TeJia MOKHO BBIPA3UTh Kak

V., =or,, rae Ii — KpaTuaiilee pacCTOSHUE OT TOYKH 10

OCH BpallleHus; @ — YIJIOBasi CKOPOCTh Tena (puc. 3.4).

TOI‘I[& KHMHCETHNUYCCKAas QHCPIUA TEA.
2 2,2 2 2
T:Zmivi :Zmiwri :w_zm_'._z:‘]ca)
2 2 2 Y 2

2
rac ‘]C = Zm,r, — MOMCHT MHCPIHHU TCJIa OTHOCHUTCIBbHO

neHTpa BpaiieHust Touku C.

Ilpu  nnockom  Osuoswcenuu  mena  (puc.3.5):

2 2 (0)
mV J .o
T=—+-2%" e Vc — CKOPOCTh LIEHTPa Macc; J,c — i \é
2 2 &
MOMEHT HHEPIUM TENA OTHOCUTENBHO IIEHTPATLHON OCH  _
Puc. 3.5

Z, IPOXOASAIIEH Yepe3 UEHTP Macc.

Paboma cunvl. PaboTy MNOCTOSHHON CHUJIBI TIPU MPSMOJIMHEHHOM ABUKEHUU
BBIPAXKAIOT IPOU3BEACHUEM MOAYJISL CUJIBI HA BEIMYHMHY NEPEMELLIEHUS MaTEPUATIbHON
4acTHULBI S M HAa KOCHMHYC yrjla MEXIy HaIIpaBICHUEM CHJIbI U IEPEMEIICHUEM:

A=Pscosa. Eaununa padbotsl mxoyib (Ix=H-m).



Pa6ota cunsl F (puc. 3.6): A. =Fscose,

(F - nBmxymas cuna); = 'N Q
Pa6ora cuimer Q: A, =—-Qscosf - (Q - cuna W\ S \E
S
COMPOTUBJICHUS);
Puc. 3.6

Pa6ora cumsi N: A, =0, Tak kak a=90 .
Dnemenmapnas paboma cunvt. Ecin cuna mepemennas, Hanpumep P = f(s),

WIA JBWKCHHE KPUBOJWMHEHHOE, TO BBOAAT IIOHATHE JJIEMEHTApHOW pPaOOTHI:
dA=|5dF:PdSCOS(I5,\7):|5\7dt. DOnemeHTapHas paboTa CBsi3aHA C MPOSKIHUSIMH

cwIbl Ha ocu koopauHaT kak dA = Xdx+Ydy + Zdz. PaGora Ha KOHEYHOM ITyTH OT Sp
s2 o

710 S; paBHA CyMMe€ 3JIEMEHTApHBIX padoT A= I Pcos(P,V)-ds= I P dt.
sl S

Paboma cunvl, npunosicennou k 8pawaroujemycs meny. dIEMEHTapHas padoTa
CWJIBI, TPUJIOXKEHHOW K TEIy, 3aKpEeIUICHHOMY Ha HENOJBUXHOMW OCH, paBHa
IPOU3BEJCHUI0O MOMEHTA CUJIBI OTHOCUTEJIBHO OCH BpalleHUs] Ha OSCKOHEYHO Masbli

yroixt moBopota: dA=Md¢e. PaGoTa cuibl, IelCTBYIOIICH HA TEJNO TPU €ro MOBOPOTE

@2
Ha yTOJ OT @1 10 ¢, A= IMd(p. [Tpu M=const: A=Mg, (yron B paauaHax).

ol

Paboma cunvt msascecmu. ta paboTa He 3aBUCUT OT BU/IA TPACKTOPHUH IIEHTPA

TSDKECTH, @ 3aBHCUT OT U3MEHEHHUS €r0 TOJI0KEHHUS 0 BHICOTE M PaBHA MPOU3BEICHUIO
Beca Tena G Ha u3MeHeHHe BBICOTHI IIeHTpa Tshkect h: Ag==Gh.

Paboma cunvi  ynmpyeocmu. PabGota ympyroil cuibl paBHa TIOJIOBHUHE

cA
npousBeAeHus Ko (HUIIMEHTA )KECTKOCTH C Ha KBajapaT AedopManuu A: A= >

Paboma enympennux cun Ha mo00M MepeMelieHUu Tejaa paBHa HYJIIO.
Mowrnocms cunel. U3meHenue paboThl CHIIBI, OTHECEHHOE K €IMHUIIC BPEMEHH,
_ dA Pdr - _
Ha3bIBAIOT MOMIHOCTBIO cHiibl: N =—=——=P V. Ecnu nanpaBnenue cuwibl P u

dt  dt

ckopoctu V copmazator, To N=PV. i momenTa cunsl: N=Mo.



3a equnauiy momrHocTH B cucteme CU mpuammarot 1 Batt (Bt) = 1 Ix/c =
0,102 xrc-m/c. B cucreme MKI'CC 3a enuHUWITy MOIIHOCTH MPUHHUMAIOT 1 Krc-m/c.
KpoMe TOro, NPHHAMAIOT CIEAYIOLME eANHAIEl MommHoCcTH: 1 Kumosart (kBt) = 10°
Bt = 102 xrc-m/c = 1,36 nomaauHoi cunbl (J1.¢.); 1 nomanuHas cuia = 75 Kkre-M/c =
736 Br.

Cpagnenue cmpykmypol opmyn OuHAMUKU Ol  NOCMYNAMENbHO20 U

spawamenvbHo2o 08udicenusi meepoozo meaa (Tadm. 3.1)

Tabmura 3.1
Bungsl nBrxeHus
JlnHaMUYeCKHUE MEPBI
[ToctynarensHoe BpamarensHoe
YpaBHEHUE NBUKEHUS P =ma M =Je
PaGota A=Ps A=Mgp
MomHoCTh N=PV N=Mw
2 2
Kunetnueckas sHeprus T= m\2/ T= J%

Teopema 006 usmeHeHUU KUHEMUYECKOU OSHEPSUU MAMEPUATbHOU MOYKU:
W3MEHEHUE KUHETHUYECKOM SHEPrUM MaTEepUAIbHOM TOYKM Ha HEKOTOPOM €€
NEepeMENICHUH PaBHO aareOpandeckoil cymme padoT BcexX ACUCTBYIONIMX HA 9Ty TOUKY

5 =

KUHETHYECKasi YHEPTUs B KOHIIE U Havaie myTd; Vi u V, — CKOpOCTH TOYKU B HavaJie U

CHJI Ha DTOM Ke mepememnenun: T —T,=A nm YA tae TuTly-

KOHIIE ITIEPEMELIEHUS.

Teopema 06 u3meHeHUU KUHEMUYECKOU IHEPISUU MEXAHUYECKOU CUCEMbL:
W3MECHEHUE KWUHETUYECKOM DJHEPIMM MEXaHUYECKOM CHUCTEMbl Ha HEKOTOPOM
NepEMEILICHUH PAaBHO CyMME€ pa0OT BHENIHWX M BHYTPEHHUX CHJI, ACHCTBYIOIIMX Ha

MaTCpPUAJIBbHBIC TOUKH CUCTCMEBI HAa 3TOM IIEPEMCIICHUU T.C.



2 2
Z mi;/i Z mV;’ Z A+ Z A, Z mi;/i — KHMHETUYECKas DHEPIus

2 1

mV,?

CHUCTEMBI B IICPBOM €€ IOJIOXKCHUH, Z — KMHCTHUYCCKAA SHCPIrud CUCTCMbI BO

2

BTOPOM TIOJIOKEHUH, ZAf — paboTa BHEIIHUX CHII; ZAj — paboTa BHYTpPEHHHUX
cui. Takum oOpazom,
T,-T, :ZAf +ZN.
CyMMa paboT BHYTPEHHHUX CHJI TBEPAOIO Tejla Ha J0OOM MepeMeleHH paBHa

HYJIIO ZA‘ =0, crnemoBaTeNbHO, TSI TBEPAOrO TeEla IMOCIEAHEe YpaBHEHHE

npuaumaer Bun T, - T, = > A,

3.6. [loTeHUMAJILHASI YHEPTUA

Cunosoe none u cunogas ¢ymkyus. OOIACTh, B KAXKIOM TOYKE KOTOPOW Ha
MOMEIICHHYIO TyJla YaCTUILy JIEUCTBYET CHJIA, 3aBUCSIIAS OT MOJIOKEHUS (KOOPIMHAT)
ATOW TOYKM HA3bIBACTCS CHIIOBBIM MoyieM. CHIIOBOE T0JIe, CHITBI KOTOPOTO HE 3aBUCAT
OT BPEMEHHU, Ha3bIBACTCSI CTAIIMOHAPHBIM.

Ecmu cymectByer Takas ¢ynkmus U =U(X,Y,Z), oAHO3HAYHO 3aBUCAIIAS OT

KOOpAMHAT TOYCK CUCTEMBbI, UCPC3 KOTOPYIO IMMPOCKIWKU CHUJIBI HA KOOPAWMHATHBIC OCHU B

. ouU ouU ouU
KaKJI0M TOYKE T0Js BbIpaxawTcds kak X =—, Y=—, Z=—, TO Takoe
OX oy 0z
CTAIlMOHAPHOE CUJIOBOE T0JIE€ HA3bIBAIOT MOTEHIMATBHBIM, a QYHKINI0O U — CHIIOBOIA.
Brrunciaus AJIEMEHTAPHYIO paboty CHIIBI TaKOTO TI0JISL, oJIyqaem
ouU ouU ouU
dA= Xdx+Ydy + Zdz = > dx+—dy+ = dz=dU. Orcroga BHIHO, €CIIH CHJIOBOEC
X A

MOJIE SIBIIACTCS TOTEHIMAIBHBIM, AJIEMEHTapHas paboTa CWJI B ATOM IOJI€ paBHA
nojgHoMy auddepennuany cunoBoit ¢ynkuuu, T. €. dA=dU. PabGora cua moas Ha

KOHCYHOM IICPpEMCIICHUHN TOYCK MEXAaHUYECKOM CHCTEMBI M3 MOJOXKEHHSI 1 B



2
HOJOXKEHUEe 2 ompegenuTrcs Kak A, :J.((l))dU =U,-U,, 1. e. pabora cuiu,

JNEUCTBYIOUIMX HAa TOYKH MEXAHWYECKOW CHUCTEMBbl B IMOTEHUHAJIBHOM IIOJIE, PaBHA
Pa3HOCTU 3HAYEHM CHJIOBOM (YHKIMM B KOHEYHOM W HayaJlbHOM TOJOKEHMSIX
CUCTEMBI M HE 3aBUCHUT OT (DOPMBI TPAEKTOPHH TOUEK 3TOU CUCTEMBI.

Tomenyuanvnas suepeus (I1) cucTeMsl B JIFOOOM JTaHHOM €€ TIOJIOKEHUH PaBHA
CyMMe paboT CHJI MOTEHIUAIBLHOTO CHIJIOBOTO TOJIA, MPUJIOKEHHBIX K €€ TOYKaM Ha
MEPEMENIEHUN  CUCTEMBbl M3  JAHHOTO TOJIOKEHUS B  HYJEBOE.  3HAYUT

A ,=U,-U, =7I. D10 paBeHCTBO IOKAa3bIBACT, YTO IIOTCHLUAJbHAS DJHEPTUA

cuCTeMbl [/ OTIMYaeTCs OT CHUJIOBOM q)YHKLII/II/I U, B3SITOM CO 3HAKOM MHUHYC, Ha

nocrosiHHyo Bennuuny Ug. Ecou Up=0, 0 I7=-U =A .

HOWI@HZ/!MCUZbHCl}Z IHEpcUuA meia 6 noje Cujlbl mAddcecmu. B KOOpI[HHaTHOﬁ

cuctemMe Xyz nna cuibl TsokectH umeeM X=0, Y=0, Z=-G. CnenoBaTeiabHO
dA= Xdx+Ydy + Zdz =—Gdz =dU . HUuterpupys, noiaydaem U = —Joh Gz =-Gh wm

I[1=Gh, rne h — BeicoTa mogHsiToro tena secom G.
llomenyuanvnas snepeus ynpyaux snemenmos. YIpyras nepopmanus Tel
oOnagaeT NOTEHUHAIbHOW sHeprueil. Ecnu, Hampumep, npyXkuHa cxara (Wiu

pacTsHyTa) Ha BEJIUYHMHY A, TO TIPHU TMEPEXO0JI€ €€ B HEHANPSHXKEHHOE COCTOSTHUE CHUJjia

A y
YOPYTOCTH MOKET COBEPLIMTH paldoTy A:7. DTa CcrmocoOHOCTh  CKaTOM

(pacTaHyTOI) MPYXHUHBI COBEpLIATH PAOOTy SBISIETCS NOTEHIMAIBHOW HHEpruen
IPY>KUHBI.

3axon coxpanenus mexanuueckou dsuepeuu. llpu IBUKEHMM MeEXaHUYECKOU
CUCTEMBI 0[] IEHUCTBUEM CHJI, MMEIOIIMX MOTEHIHAN, YHEPIeTUYECKUE H3MEHEHUS
OIIPEAEIAI0TCA 3aBUCHMOCTSIMH T-T,=> A=U-U,=11,-11, OTKyJ1a
T+11=T,+11,, umu T+II=const. D10 03Ha4aeT, 4YTO NMPHU IBUKECHUU MEXAHUYECKOU

CUCTCMBbI B CTALIMOHAPHOM IIOTCHIHAJIBHOM IIOJIC IIOJIHAA MCXAHHYCCKasA OSHCPIUA

CHUCTEMBI IIPU JABUKEHUU OCTACTCA HEM3MEHHOU. Benmuuna T7T+// Ha3pBaeTCs MOJHOU



MEXaHMYECKOM DHEPTUEH, a CUCTEMA, Il KOTOPOW BBIITOIHAETCA 3aKOH COXPAaHEHMS

MEXaHUYECKON IHEPTHUH, - KOHCEPBATUBHOU CUCTEMOM.

3.7. AnddepeHunajibHOEe yPaBHEHHE BPALICHUSA TBEPAOI0 TeJIA BOKPYT

HEMOABUKHOM OCH.

Brpimie nokazaHo, 4TO g BpalalOMIEHCs TOYKHM BOKPYT OCH Z C YIJIOBOM
2
CKOPOCTBIO (» MOMEHT KOJMYeCTBAa [IBIXKEHUS paBeH L,=mV, -rr=mr’o, a

KUHETUYSCKUM MOMEHT LZ TBEPAOro TCjIa OTHOCUTCIBHO TON XK€ OCH ONpCaACIIACTCA

Kak L, :ZLiZ :Zmiriza): a)z mr’=wl,=@],, rae J, — MOMEHT MHEPLMH STOTO

L ,
TeJa OTHOCUTENBHO ocH Z. Tak Kak dL, :Z:MieZ =M;, rtorna %sz i

dt

J.p=M;.3nece M’ = Z M. - rIaBHBIIt MOMEHT BHEIIHHX CHJI OTHOCHTEIIBHO OCH Z.

Vpasuenne J,p=M; mnpeacraBmser coboil muddepeHunansHoe ypaBHEHHE

BpAlllCHUs] TBEPAOrO TejJa BOKPYI HENOABMXKHOW ocu. CpaBHMM 3TO ypaBHEHHE C
muddepeHIranbHbIM - YpaBHEHUEM TOCTYNATEIbHOTO JBW)KEHHUS TBEpPIOTO TeJa,
HarpuMep, BIOJb ock X: MX = X°. OueBHIHO, YTO MOMEHT MHEPIIMU TBEPIOIO TEja
IIPY BpaLaTEJIbHOM [IBW)KCHUM MMEET TO K€ 3HAYEHHE, YTO M Macca Tella IPU €ro
[IOCTyNAaTEJIbHOM  JIBUKEHWH: MOMEHT WHEpPUMU SBISETCS  XapaKTEPUCTHKON
MHEPTHOCTH TeJa IIPU BpalaTeIbHOM JABHKECHHH.

[Io nuddepennraibHOMY YpaBHEHHUIO BpaILEHUA Tela MOXHO pellaTh
CIIEAYIOIINE 3a1a4u:

1) mo 3a7aHHOMY ypaBHEHHIO BpAILCHUS (@ = f(t) U €ro MOMEHTY MHEpUUHU J,

OTPEIENIATh TJIaBHBI MOMEHT BHEIIIHUX CHJI, ACHCTBYIOIINX Ha TEJIO;

2) MO 3aJaHHBIM BHEIIHUM CHJIaM, NPUIOXKEHHBIM K Tely, 10 HadYalbHBIM
YCIOBHSIM (9 U o M TI0 MOMEHTY MHEPIHHU TeNa J, HaXOAWTh YpaBHEHHE BpAICHHUS
Tenma @ = f (t);

3) ompenenaTe MOMEHT MHEPUUHU Teda J, OTHOCHTEIILHO OCH BpalllCHHs, 3Has

BeJIMYUHBI M’ 1 ¢ .



3.8. OcHOBHBbIE MOJI0KEHUs U3 TEOPUH yaapa

Yoapom Ha3pIBalOT KPaTKOBPEMEHHOE B3aUMOJICHCTBUE TEJ, BBI3BIBAIOIIEE 32

HUYTOXKHO MaJlbIi IMPOMCIKYTOK BPCMCHHU PE3KOC H3MCHCHUC CKOpOCTGI?I HUX TOYCK.

Ecnu ynap npsimoit 1 ieHTpajibHbIN (T.
€. YIapHBIA HWMIYJIbC S TPOXOAWT ueped [ ..., 1o} .
LEH Macc u CKOpPOCTH TOYEK
P P Jo ynapa &)
MEePIICHIUKYJISIPHBI K MMOBEPXHOCTHU
CONPUKOCHOBEHMS Tel), TO Uil ABYX Tel
(puc. 3.7) uMnyJabC Ha CTaguu a) —> 0) s
Viap  6)

KaXXIoro Tejaa ¢ MaccaMu My U My OpUMET

Bux. m U -V,)=-S, m,(U -V,) =+S.

Otcrona OnpeaenseTcs VMITYJIbC
Tocrre yrapa 6)
mm, (V, -V
S=-4 o (V, =V5) U CKOpOCTH Tel —
m, +m,
Puc. 3.7
U:ml\/1+m2\/2
m, +m,

Yaap o cxeme a) — 6) mporekaer Mg aOCOTIOTHO KECTKUX TEJI U CUMTAETCS
HeynpyruMm. KoneuHast ckopocts Ten B 3ToM cirydae U. Jlnst ympyrux Ten mporecc
yaapa MpOTEKaeT IO CXeMe a) —> 0) —> 8) U B PE3yJIbTaTe Tella MOJydaloT KOHECYHBIC
ckopoctru U; m U, Ha crazuu 6) —>6) momydaem: m (U, —U)=-kS,
‘Ul -U 2‘

M _VZ‘

3aBUCUT OT YIPYIHuX CBOICTB COyaapArOmuxcsa TCl. Tak kak BHYTPCHHHNE CHIIBI HC

m,(U, -U)=+kS, rme k =

- KO3 PUITMESHT BOCCTAHOBJICHUS M €TI0 BEIMYMHA

U3MEHSIOT KOJIMYECTBA JBMXKEHUS CHUCTEMBI, TO 332 BCE BpeMs yJapa OHO OCTaeTcs
HEU3MEHHBIM, T. €. MV, + MV, =mU, + m,U,.
Teopema 06 uzmeHneHUU KUHEMUYECKO20 MOMEHMA MEXAHUYECKOU CUCTeMbl NpU

yoape: W3MEHEHHE KMHETHYECKOTO MOMEHTa MexaHuueckoit cuctembl (L, —LJ)



OTHOCHUTENIFHO JII00OT0 HEMOJBIKHOTO ILIEHTpa MpHU YyJape pPaBHO T€OMETPHUUYECKON
CyMME MOMEHTOB BCEX BHEUIHUX YIApPHBIX HMHYJIBCOBZMO (S°), IpUITOKEHHBIX K
TOYKaM CHUCTEMBI, OTHOCUTEJIBHO TOTO K€ LeHTpa. s Tena, Bpalaronierocss BOKpyT

. o __ ce
ocH Z, 5Ta 3aBucHMOCTb uMeet Bua: L, — L5 =D M, (S).

3.9. AHAJIMTHYECKAs MeXaHUKA

Knaccudukanus cBsizeii:

- 20/I0HOMHbIEe — ITO CBS3H, MIPU KOTOPBIX UX YpPaBHEHHUS MOTYT OBITh 3alMCaHbl
B BUJIE, HE COJIEPKAILMX IIPOU3BOJHBIX OT KOOPAUHAT;

- B IIPOTUBHOM CIIy4ae CBSI3U HA3bIBAIOT HE20J0OHOMHbIMU,

- €CJIM YPABHEHHE CBSI3U HE COACPKUT B SIBHOM BHUJE BPEMs, TO OHO Ha3bIBACTCS
CMAayuoHapHou,

- B IPOTHUBHOM CJIy4a€ — HeCMayuoOHaApHoUu,;

- CBfI3M, KOTOpPBHIE ONMUCBHIBAIOTCA C IIOMOLIBIO YPAaBHEHMS, Ha3bIBAKOTCS
yoeparcusarowumu ( IByXCTOPOHHUMH);

- CBS3U, KOTOpBIE OIIUCHIBAIOTCS C IIOMOILBID HEPABEHCTB, HAa3bIBAKOTCS
Heyoeporcusarouumu ( OMTHOCTOPOHHUMHU).

Uucino He3aBUCHMBIX MEXIYy CO0O0M Bapualuii KOOPJAWHAT TOYEK (BO3MOMKHBIX
MepeMenIeHN) MEXaHUYECKOM CHUCTEMbl Ha3bIBACTCA YUCAOM CmeneHeu c80000bl
CHUCTEMBL.

Obobwennvie KOOPOUHAMbL MEXAHUYECKOU CUCmeMbl — 3TO HE3aBUCHMBbIE
BEJIMYMHBI, 3aJAHUEM KOTOPBIX OJHO3HAYHO OINPEACISAIOTCS IMOJOKEHUE BCEX TOYEK
cucteMbl. [IJisi TOJIOHOMHBIX CHCTEM YHUCIIO HE3aBUCHMBIX 00O0OIIEHHBIX KOOPAHHAT (j)
MEXaHUYECKOW CUCTEMbl PAaBHO YMCIY CTENEeHEW CBOOObI ATOW CUCTEMBI.

[TpuHIUIIBI MEXAHUKHU.

IHpunyun /lanambepa ona mamepuanbHoOu moykuy: T€OMETpUUYECKas CyMMa BCeX

IMPHUJIOKCHHBIX K TOYKC CHII P

" ¥ CWJIbl MHepIuH @ 3TOH TOYKU PaBHBI HYIIO, T. €.



Zl3i+5 =0. 3aech ypaBHEHUSIM AMHAMUKU MO (popme mpuaaercs BUJ ypaBHEHHM

CTaTHKH.

Ipunyun Janambepa 0nsi Hec80000HOU MeXAHU4eCKOlU cucmemvl. B JFOOOU
MOMEHT BPEMEHU I BCIKON MEXaHWYECKOW CHCTEMbI T€OMETpUYECKas CyMMa BCeX
BHEIIHUX CWJI, pEaKkIuWh CBA3CA W CWJI HHEPUMHA paBHA HYIWO, T. €.
ZlS. +Z§| +Zc§l =0. AHAJIOTHYHO | IS MOMEHTOB, HAIIPUMEP, OTHOCUTEIBHO OCH
zz M+ M MB =0,

Ipunyun 603M04CHLIX Nepemewjenull. eClIM MEXaHWJeCcKasi CUCTEMa HaXOUTCS
B PaBHOBECUHU, TO TIPH JIFOOOM BO3MOKHOM MEPEMEIIIEHUU CUCTEMBbI CyMMa paboT Bcex
aKTUBHBIX CHJI PaBHA HYIIO: Zé‘Ae =0. 31ech cuWTaem, 4TO CBSI3U MEXaHUYECKOU
CUCTEMBI HJICANIbHBI, a TI0]] BO3MOYKHBIMHU TIEPEMEIIICHUSIMU TTOHIMAaEeM BOOOpakacMble
OCCKOHEYHO Majble TMEPEMEIICHHUS CHCTEMBI, JOMYyCKaeMble B JaHHOE MTHOBEHHUE
HAJIO)KCHHBIMU CBSI3SIMH 0€3 HapyIICHUS UX.

Ipunyun 603mouCHbIX CcKOpocmell. Il TOTO YTOOBl MEXaHWYeCKas CHCTEeMa
HaXOJuJIach B paBHOBECUU, HEOOXOAMMO U JIOCTATOYHO, YTOOBI BO3MOKHASI MOIIIHOCTh
BCEX aKTUBHBIX CHJI HA JTIOOBIX BO3MOYKHBIX CKOPOCTSIX ObLlIa paBHA HYJIIO: Z PV, =0.

Hpunyun  Janambepa-Jlacpansica (obwee ypasHenue OUHAMUKU). TIPH
JBKEHU MEXaHMYECKOW CHUCTEMBI CyMMa BO3MOJXKHBIX PaOOT aKTHUBHBIX CHJI U CHII

MHEpPIIMM Ha JIIOOBIX  BO3MOXKHBIX  IEPEMEIICHHSAX BCErJa paBHA  HYIIO:
Y (P +@)&; =0. Tawke npu HBIKCHMM MEXaHUYCCKOH CHCTEMBl CyMMa
BO3MOYKHBIX MOIIHOCTEH AaKTHBHBIX CHJI W CHJI MHEPIMH Ha JIOOBIX BO3MOXKHBIX
CKOPOCTSIX BCErJa paBHA HYIIO: Z:(ISI +®@)OV, =0, unm B OpPOEKLHAX Ha
koopauHatHbie ocn Y _[(X; + @, ) +(Y; + D)y, +(Z, + @)1 =0.

Obobwennas cuna Qj, coomseemcmeyowas 0606wenHol koopouname (j — 3TO
CKaJsipHas  BEJIWYMHA, OIpeaeiseMas OTHOIICHHEM  DJIEMEHTAapHOH  paboThI

I[eI‘/JICTBYIOHII/IX CHJI Ha IICPCMCIICHUC MEXaHUYECKOM CHUCTCMBI, BbI3BAHHOM

DJIEMEHTApHBIM IIPHUPAIIEHUEM KOOPAUHATHI (j, K BEIUYHUHE DTOro mpupameHus. Juns



. . = Oor.
CUCTEMBI C ] YHMCIOM CTeleHei cBoOobI monydaem Q, :Z:F’i —. Jlnsa cucremsl ¢
aq;
OJIHOM CTeneHbI0 cBOOOIBI Q = 0A/ K.
Ypasnenue Jlacpansxca emopoeo pooa: pa3HOCTb MPOU3BOJHOM 1O BPEMEHU OT

000OIIEHHOTO HWMIyJbCa M YacTHOW NPOU3BOAHOW OT KHUHETUYECKOM SHEpPruu

CUCTEMBI ~ TO  OOOOIIEHHOW  KOOpAWMHATE  paBHA  OOOOIICHHOW  CHIIE:

dfor)_ar
dt\oq, ) oq, "

Ypasnenue Jlacpanuoxca eémopozo poda O0asi KOHCEPBAMUBHBIX MEXAHUYECKUX

cucmem: d GT _a =—6H W d i —i=o, rne L=T —11 - ¢yHkuus
dt{ aq; ) aq, aq, dti oq; ) aq,

]

Jlarpanxa.



