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

3.1. OcHOBHBIC TOHATHA U 3AKOHDbI

Jlunamukoti Ha3bBIBAIOT pa3liell MEXaHUKH, B KOTOPOM H3ydaeTcs IABUKECHUE
MaTepUalbHBIX TEJ B 3aBUCHUMOCTH OT JEHCTBYIOIIMX HA HUX CHII.

Cucmema omcyema. Ilpy MHOTHX TEXHHUYECKUX pacyeTax MOKHO NPHUHUMATH 3a
HETIOJBM)KHYIO BCSKYH), HEM3MEHHO CBS3aHHYIO C 3Jemuieil. CucreMy orcuera, 1o
OTHOLIEHUIO K KOTOpPOM BCsKas MaTepualibHas 4YacTHIla MOJ JACHCTBUEM B3aWMHO
YPaBHOBEIICHHBIX CHJI COBEPINACT MPSMOJIMHENHOE U PABHOMEPHOE JIBUJKECHHE,
Ha3bIBAIOT MHEPLIMOHHON CUCTEMOM OTCYETA.

OCHOBHBIE 3aKOHBI IUHAMHUKH.

1. 3axon unepyuu. MarepuanbHas TOYKa COXPAHSAET COCTOSHUE IIOKOS WIN
PAaBHOMEPHOTO NPSIMOJIMHEWHOTO JIBHJKEHHS 10 TEX MOp, MOKa ACHUCTBUE APYrHX Tell
HE U3MEHHT 3TO COCTOSTHUE.

2. 3axon nponopyuonanvnocmu cunvl u yckopenus. Yckopenue (a)

MAaTEpUAIBHOW TOYKM MAacCOM M MPONOPUMOHAIBHO MPUIIOKEHHOM K HEU CHUIIE (1_3)1/1

MMeeT OJIMHAKOBOE C HEel HampasjieHue: ma =P .

3. 3axon pasencmea Oevicmsusi u npomugooeticmseus. BcCsIKoMy TeUCTBUIO
COOTBETCTBYET PABHOE U MPOTUBOIIOJIOKHO HAIPABICHHOE MPOTUBOICHCTBUE.

4. 3akonm Hezasucumocmu Oevicmeusi cui. HECKOIbKO OJHOBPEMEHHO
JICUCTBYIONUX Ha MAaTEPHAIBHYIO TOYKY CHJ COOOIIAIOT TOYKE TaKOE YCKOpPEHHE,

KaKoe cooOLIMIIa OBl eif O1HA CHIIA, PaBHAs HX TEOMETPHYECKOM cymme: ma =y P.

Macca. Maccoil MarepualibHOW 4YacTUlbl (Tella) Ha3bIBAIOT MEPY €€
WHEPTHOCTH, YUCJICHHO BBIPAXKAIOIIYIOCS, OTHOIICHUEM MOYJIS CUJIbI, ICHCTBYIOIICH
Ha 4acTUIly (TeJO), U BBI3BAaHHOTO €10 YCKOpeHHsl. Macca MaTepualibHOW TOUKH (Telia)
(M) guciienHo paBHa oTHOMIEHHIO ee Beca (G) K YCKOpeHHUIo CBOOOHOTO magaeHus (g):

m=G/qg.



Cucmema mexanuyeckux eounuy. CyIIECTBYET JIBE€ CHCTEMbl MEXaHUYECKUX
equnuil: mexuuyeckas (MKI'CC), B KOTOpOil OCHOBHBIMU €IUHUIIAMU SIBJISIIOTCSI METP
(M), xunorpamm cuiiel (KI) u cexkynaa (c¢). EnuHuneid uaMepeHus: Macchl B ITOM
cucteme Oymer 1 k[-c*/m, T. e. Macca, KoTopoii cuma B 1 kI cooGuiaer yckopenne 1
M/c? i usuueckan (MexayHaponsas cuctema eauani CH), B KOTOPOil OCHOBHBIMH
CAVMHUIIAMU  U3MEPEHMS] MEXAHMYECKUX BEJIMYUH SBISIIOTCA METp (M), KHIJIOTpaMM
Macchl (Kr) U cekyHnaa (¢). Enununa m3mepeHus CWiibl - IPOU3BOJHAA eIuHMIa - 1
aptoto (H). 1 H - 310 cuna, cooburaromas Macce B 1 kr yckoperne 1 m/c® (1 H=1
kr-m/c?). COOTHOIIEHNe Mexay equaunamMu cwibl B cuctemax CM u MKI'CC:
Ik[(=981H mwm 1H=0,102«I.

Knaccugpukayua cun. Cuinbl, JeHCTBYIONIME B MaTepUATBHON CHUCTEME,

nonpasaensor Ha BHemuue (F°) m BHyrpennue (F') mmm akTHBHBIE M peakiuu
cBszeil. Kpome Toro mpu permeHud 3agad JUHAMHKH PAacCMaTpPUBAIOT CIIEAYIONINE
MOCTOSTHHBIC WJIH TIEPEMEHHBIE CHITBI:

- cuna maxcecmu. IT0 TOCTossHHas cuia G, meicTByromas Ha Jr0boe Teo,
Haxozsmeecs BOIM3M 3eMHON MOBEPXHOCTH. MOyb CHITBI TSKECTH paBEH BeCy Tela.
ITon netictBuem cunbel G mgr00oe Telno mpu CBOOOJHOM TNajeHWHM Ha 3eMito (C
HEOONbIION BBICOTHI M B OE3BO3AYIIHOM MPOCTPAHCTBE) HMEET OJHO U TO XKe
YCKOpeHHEe (¢, Ha3blBa€MOE YCKOPEHHEM CBOOOJHOTO TMaJeHHs, a WHOIIa
YCKOPEHUEM CHJIbI TSKECTH. 3Hau€HUWE § B pa3HbIX MECTax 3€MHOW MOBEPXHOCTHU
pa3INYHO; OHO 3aBUCUT OT TeorpadUyecKol MMPOTHI MECTa M BBICOTHI €r0 Hal
ypoBHeM Mopsi. Ha ypoBHe mops g =9,8156 m/c’. U3 BTOPOTO YPAaBHECHUS JUHAMUKHU
cieayet, uro G=mg nim m=G/g.

- cuna mpenus. Tax Ha3pIBACTCS CHUJIa TPEHUSI CKOJIBKEHUS, JeCTBYIomas (pu
OTCYTCTBHM KHJIKOW CMa3KM) Ha JBUXKylleecs Teno. Ee monynp omnpexpensercs
paBerctBoM F=fN, rae f - koaduumenT TpeHus, KOTOPBIH CUUTAIOT MOCTOSIHHBIM; N
- HOpMaJbHas peaKiusl.

- cuna ynpy2ocmu. JTta CUiia 3aBUCUT OT MOJIOKEHUs Tena. B wactHocTH, s
CWJIBI YIIPYTOCTU NIPYXKUHBI P= ¢ ‘A, rae A - yaiuHeHue (Win cxxaTue) Npy>KUHbL; C -

koa(urmenT xxectkoctu npykunbl (B cucteme CU nzmepsiercst 8 H/m).



- cuna 6sa3k020 mpenus. Takas cuja, 3aBUCSIIAsE OT CKOPOCTH, ACHCTBYeT Ha
TEJO0 TPU €r0 MEJICHHOM JIBIDKCHHHM B OYCHb BS3KOW cpene (WU TpH HAIWYWU
KUJKOU CMa3Kh) M MOXKET OBITh BbIpakeHa paBeHCTBOM R=u'V, rme V - ckopocTh
Tena; 1 - KO3 UIUEHT COMPOTUBIICHHUS.

- cuna uHepyuu. TakOW CUIOM HA3BIBAIOT TEOMETPHUUECKYHD CYMMY CHJI
POTUBOJCHCTBUS JIBHIXKYIICHCS MaTepUallbHOW YacTHUIBl TellaM, COOOUIAoIuM e

yCKOpeHue, T. €. @ =—ma.

3.2. JuddepeHunaibHbie ypaBHEHUA IBUKEHU MAaTEPUAIBLHON TOYKHU

B 3aBUCHMMOCTH OT CIOCOOOB 3a/laHMs JABUKEHUSI TOUYKH, TU(depeHnaibHbie
YpaBHEHUSI MOTYT OBITh:
—6 86eKMOPHOU hopme:

I G A
ma=P=m—07r=m—.
dt dt

—6 NPpOEeKyusx Ha ocu dekapmoeoﬁ cucmemasl Koopduﬂam:

mxzm%:Px; my:mﬂ: P mZ:m%: P,.
dt dt dt
—6 NPOEKYUAX HA eCmeCmeEeERHble OCU Koopdunam:
2
ma, =m-—=~P,,
Jo
d’s _dVv

JuddepenunanbHble ypaBHEHUS! IBHXKEHUSI HEC80O0OHOU MOYKU B BEKTOPHOMN
dbopwme:
ma=P +N;
B KOOpAWHATHOU (popMe:
mX=P, +N,; my="PF,+N,; mz=P,+N,,
rae N — paBHOAEHCTBYIOIIAs peaKlnil CBA3EH.
JuddepeHunanbuble  ypaBHEHUSI OMHOCUMENbHO20 —O8UdCeHUsi TOYKUA B

BEKTOpHOU popme:



ma, =P —ma, - ma,,
'€ de — YCKOPCHHUEC IICPCHOCHOI'O JABMXKCHUS, dy — OTHOCHUTCIBHOC YCKOPCHHE, dc —
yckopenue Kopuommuca.
,ZZG@ OCHOBHbLE 3a0a4U OUHAMUKU MOYKU.
Ilepsas 3a0aua — 3Has MacCy TOYKM W YpaBHEHUSA €€ [IBIDKEHUS, HaANTH

PaBHOJICHCTBYIOIIYIO IPUJIOKEHHBIX K TOUKE CHJ. Eciau M3BECTEH 3aKOH JIBUYKEHUS
2o

TOYKM B BEKTOpHOH (opme [ =T(t), Torma éz#. W3 OCHOBHOIO ypaBHEHHUS

ITMHAMKKHM OIpesenseM cuny P =ma.

Bmopasa 3a0aua — 3Hasg TpUIIOKEHHBIE K TOYKE CHJIBI, a TAaKKe e€e Maccy m,
HayaJbHbIE MMOJOKEHUS U CKOPOCTh, ONPEIEIUTh 3aKOH JBMKEHHS TOUKH. OO X011
penieHre: CcocTaBisioT  AuddepeHuranbHble  YpaBHEHUS  JIBMOKCHMS,  JBaXKIbl
UHTETPUPYIOT, ONPEIEISIOT ITIOCTOSSHHBIE UHTETPUPOBAHUS W3 HAYAJIBHBIX YCIOBUH U
MOJIYYarOT 3aKOH JIBUKEHHS TOUKHU.

[IpuMepHBIii aITOPUTM PELIEHUS BTOPOM OCHOBHOM 3a/1a4dl JUHAMUKH TOYKHU.

1. BblOparh Hayano ortyera (Kak MOpaBWiIO, COBMENIash €ro ¢ HayalbHbIM
MOJIO’KEHUEM TOYKH ).

2. IIpoBecTH KOOpPJIMHATHBIE OCH, HAIpaBisAs MX, KaK IPaBUIO, B CTOPOHY
JIBUYKEHUS.

3. N300pa3uTh ABMKYIILYIOCS TOUKY B MPOU3BOJILHOM IOJIOKEHUU (HO YTOOBI X
>0,y>0,2>0),

4. IIpunoXuTh K TOUKE BCE NEUCTBYIOLINE HA HEE CUIIBL.

5. 3anucarb OCHOBHOE YpaBHEHHE JUHAMUKHA NPUMEHUTENIBHO K JAHHOM 3a7ade
B BEKTOPHOM BUJIE.

6. CopoeKkTHupoBaTh BEKTOPHOE YpaBHEHHE Ha BBIOpaHHBIE OCH, TO €CTh
3anucath AU pepeHnanbHbIe YpaBHEHUS IBUKEHUS TOUKH.

7. IlpeobOpazoBarh nuddepeHnraibHble YpaBHEHUS K BHAY, YJIOOHOMY s

WHTETPUPOBAHUS.

8. 3anucarb HAYAJIbHBIE YCIOBUSL.



9. IBaxapl mpouHTErpupoBath nuddepeHuanbaple ypaBHEHUS U MOTYYUTh UX
001111e peleHus.

10. OnpenenuTh NOCTOSIHHBIE UHTETPUPOBAHUS.

11. 3anucats yacTHble pemieHUS Iud(epeHInaNbHbIX ypaBHEHUH, TO €CTb
MOJICTaBUTh MOCTOSTHHBIE MHTETPUPOBAHMS B UX OOIIIME PEIICHMUS.

12. HaiiTu uckomble B 3aJa4€ BEIWYMHBI WA HUCCIEAOBATh ITOJTYYEHHbBIN

pe3yJbTar.

3.3. IllpsimosiuHeiiHbIe KOJIe0AHUSA TOYKHI

KonebarenbHoe ABMKEHUE MaTEPUAIBHOW TOYKM IMPOHUCXOAAT MPU YCIOBHH,
€CJIM Ha TOYKY M, OTKJIOHEHHYIO OT noJjioskeHus nokost O (puc. 3. 1), neiictByer cuna
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 . Boccra
OTKJIOHEHHIO, T. €. P = - ¢X, Tne ¢ — % — LM X  HaBIuB
KO3 GUILIMEHT >KECTKOCTU YIPYroro 3JEMEHTA, P aromas
pasmepHocTh: H/M. cujia

Puc. 3.1 cTpemu

TCS1 BEpHYTh TOUKY B paBHOBECHOE noJjoxenue O.

PaznuuaroT  4eThlpe  OCHOBHBIX  Cllyyass  KOJIEOQTENbHOTO  JBUIKCHHS
MaTepuaibHOW TOUYKH: CBOOOAHBIE KOJEOAHMs (IIPOTEKAIOT TOJBKO MOJA JEHCTBUEM
BOCCTAHABJIMBAIOIIEH CHUJIBI); 3aTyXarolIue KojieOaHus: (COBEPIIAIOTCS MO IEUCTBUEM
BOCCTAHABIIMBAIOLIEH CUJIBI U CHJIBI COTIPOTUBIICHUS); BBIHYKJCHHbBIE KOJIeOaHus (oA
JNIEUCTBUEM BOCCTAHABJIMBAIOUIEH CHJIBI W CUJIbl TEPUOAUYECKOTO XapakTepa,
HA3bIBa€MOM BO3MYIAIOUICH CHIION); BBIHY)XIIEHHBIE KOJICOAHMSI C Y4YETOM CHJI
CONPOTHUBJICHUS.

Ce0600nb1e Konebanus mamepuanvrol mouxu. JluddepenHnuanpHoe ypaBHEHUE
o v ) 2 2
CBOOOMHBIX KOJIEOAHMM TOUKM Maccoid M umeer Bua: X+Kk°x=0, rme K =c/m, wm

Npu  BepTUKANBHBIX Konebanusx k°=g/f f., — cratudeckas nmedopmarms

cm!



YIpPYyToro 3JeMeHTa, a odmiee penreHue 3toro ypasHenus: X =C, coskt+C,sinkt, rae
Ci=X% u C,=X,/k — mocrosHHbIE MHTEIpHpPOBaHMA. 37€Ch Xo U X, — Ha4aJIbHOE

IMOJTOKCHHUC W HadaJdbHAsA CKOPOCTb TOYKH. O6HICC YPAaBHCHHUC MOKHO TaKIKC

NpeACTaBUTh B  BHJ€ TapMOHHUYECKUX  KoJIeOaHMI X:ASin(kt +,b’), rmue

2
X . .
j — aMIUIMTyJa KOJIeOaHMIA; ,B:arctg(kxolxo) — HavanbpHasg (asa

koseOanuii; K — kpyropas (IIMKIIMYECKas) 4aCTOTa KOJICOAHHH.

[TpoMexyTOK BpeMeHH T, B T€YEHHE KOTOPOTO TOYKA COBEPINAET OJHO IOJTHOE
KoJieOaHMe, Ha3bIBAETCA IMEPUOJOM KojebaHuW u ompenensercss mo (opMmye
T =2x/k, a Benmuunna v=1/T — obpaTHas epHOy KOJICOAHUI HA3bIBAETCS YaCTOTOM
KoJebanuii u u3mepsiercs B repuax (I'm).

3amyxaowue Konebaumus. B peaNbHBIX YCIOBHSAX MaTepHUaibHas TOYKa,
COBepIIIaroNIas KoyieOaTebHbIC JABMKCHUS, UCITBITHIBACT COMPOTHBIICHUE BHKCHUIO.

[IpakTyeckoe 3HAUY€HWE HUMEET Cclydail, Korja cuwia conpoTtuBieHus R

IPOHOPLHOHANBHA CKOPOCTH, T. €. R =—zN . Ecitu BBecTH 0603Hadenus 4/ m=2n
u ¢c/m=K*, To MOXHO mONyunTh AUQGGhEPCHIHUATPHOS YPABHEHHE 3aTyXaIOLIUX
KOoJIeOaHUM BIIOJIb OCH X B CJIEAYIOIIEM BHUJIC: K+2nx+k?x=0. HNuTerpupoBanue
3TOr0  ypaBHEHHE MPUBOAAT K OOImIeMy pemeHur0 s ciaydas  n<k:

X = e*”‘(C1 cosvk? +n’t+C,sin vk* + nzt) wm X = Ae " sin(vk*+n’t+ f), rme Ci;

C,; A; f — IOCTOSTHHBIC MHTETPUPOBAHUSI.
JIBrokeHHMe MaTepuaabHOM TOYKH TepsAeT KojeOaTeabHBI XapakTep W

CTAHOBHTCS allepHOAMYSCKUM B CIydac OOJIBIIOrO CONMPOTUBJICHHMS, T. €. mpu N>K. [Ipu
n>k pemenne npmauMaer Bux X=Ae "sh(vn*+k*t+p), a mpu n=k momydaem
Xx=e"(Ct+C,) mm x=e"[x, + (X, +nx, )t].

Buvinyocoennvie konebanus (6e3 yuema conpomuenenus). Taxue koneOaHus
COBepIIIaeT MaTepralibHAs TOYKA, HA KOTOPYIO HapsAy ¢ BOCCTAHABIIMBAIOIICH CHIION

JNEUCTBYET NEPUOJNYECKA M3MEHSIOMIASACS CHIJIA, HA3bIBAEMAsI BO3MYILAIOIIEH CHIIOMN.

HpaKTI/IIICCKI/I BaXHBIM ABJISICTCA cnyqaﬁ, KOrjJga BO3MyIIaromasa CHujia U3MCHACTCA I10



rapMOHHUYCCKOMY 3aKOHY, T. €. IIPOCKIHA €€ Ha OCh X, HAIIPABJICHHYIO I10 TPACKTOPUH

TOYKH, ompenensercs kak: Q, =Hsin(pt+9), rne H — MakcumanbHBINH MOy, WM

aMIUTUTY/1a, BO3MYIIAIOIIEH CHJIBI, P — 9acTOTa M3MEHEHHUS BO3MYIIAIOIEH CHIIBI; O —
HayajgbHas Qasa.

HuddepenunanbHoe ypaBHEHHE ABIKCHHS TOYKH B 3TOM ciy4yae OyaeT

mX=—cx —Hsin(pt+J5) mm X+k*x=hsin(pt+5), rae o6osnaueno k’=c/m,
h=H/m. OOmee pemieHre HMEET BHI X:ASin(kt+ﬂ)+ﬁSin(pt+5). 3

pelIeHus] BUJIHO, YTO KOJIEOAHUsI TOYKU CIAaraloTcs HM3: COOCTBEHHBIX KOJIEOaHUU C

aMIUTUTYIOH A ® 4acTOoTOM K; BBIHYXKICHHBIX KOJICOAHMH C aMIUTUTYION
B=h/(k*— p°®) u gacToroii p.

Pe3zonanc. BeiHyX/1eHHbIe KoneOaHUs MPU OTCYTCTBUM COIPOTUBIICHUS, KOI/a
p~K(uacrora BO3MyIIAlOmIe CHJIBI COBIAJACT C YaCTOTOH COOCTBEHHBIX

KOJieOaHMil), Ha3bIBA€TCA PE3OHAHCOM. OTO SBJICHHE ONMCHIBAETCS YpPaBHEHUEM

X=(h/2k)-t-sin(pt—=/2). Ammuryma 3tux koacbanuii B=ht/2p c TeueHuem

BpEMEHU HEOTPAaHUYCHHO BO3PACTaET.
3.4. 'eomeTpus Mmace

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

BEKTOPHOU popMe onpenensieTcs: Kak

c 2 m
c—m’

B KOOpAMHATHOU (popMme:

m.X. my.
XC:zml i ’ yC:zmlyl.

7 = Zmizi
(O m !

rIe m= Zmi — Macca CUCTEMBI; Xj, Vi, Zj — KOOpJHWHATHI Macc M;.

Momenmul uHepyuu XapakTepU3yIOT pacIpeleleHue Macc B Tejlax MpPU UX

BpalaTCJIbHOM JIBUKCHUU. BBI,Z[@J'ISIIOT OCEBELIC, ITOJIAPHBIC U HCHTpO6C)KHBIC MOMCHTHBI



uHepIuu. boiiee HArMAIHO WX MOXXHO TPEICTABUTH VISl TUIOCKUX (UTYp B CHCTEME
koopauHat XOY, puc. 3.2:
OceBble MOMEHTHI UHEPIINH: y
2. _ 2
Jo=> my?; J, =Y mx’.
[lonspHBII MOMEHT UHEPLIUHU:
=2 2 2
Jo =D mF, =Zmi(xi +Yi ) wm Jo=J, +J,.
[{eHTpOOEKHBII MOMEHT WHEPITUH:

Jy =D MXY,. Puc. 3.2

Ecnu neHTpoOexHble MOMEHTHI MHEPLIMM PABHBI HYJIO, TO OCH 3TOW CUCTEMBI
KOOPAWHAT HA3bIBAIOT IVIABHBIMU OCSIMU MHEpPLUU. ECiIM OCh NMPOXOIUT Yepe3 LIEHTP

MaccC, TO OCb Ha3bIBaA€TCs HGHTp&J’IBHOﬁ.

Momenmul unepyuu npocmeuuux MoHKUX 0OHOPOOHBIX MeJl

CrepkeHb Maccon M: Y y X

I72__Ic

j - ml? | _ml? '
\% 3 4 yC 12 '

y
Tonkoe koJibiio (00pyd) Maccoit m: ﬂﬁ X
) mr? \!!
Jozmr ’ JX:Jy:—'
y
(o 2\
y

2
Kpyraeii quck maccon m:

2
LGP
2

IIpssmoyrosbHas ImjiacTuHa:

J :m_bz- J :m_az 0 a N X
X ) y :
3 3 y
TpeyroyibHUK: ‘
_mb? ] = ma? Q* 0 1y
X ! y ) 2
18 6 a a | f




3.5. O0mme TeopeMbl JMHAMHKHA TOYKH U CUCTEMBI

Konuuecmeo osusicenuss mouku u cucmemovl. Mepor NBUKEHUS MaTepUabHOU
TOYKH WJIM MEXAHUYECKOW CHCTEMBI SBJISETCA KOJIMYECTBO IBMKEHUA. JlJIsl TOUKH 3TO
BEKTOp, PAaBHBIN MPOU3BEACHUIO MACChl TOYKH M Ha BEKTOp ee ckopoctu: K =mV ,

JUTST MEXaHWYIECKOM cuctembl: K = Z:mi\Ti WJIM 9epes3 IenTp macc: K =mV,, roe m —

Macca MEXaHH4YECKOM CHCTeMBI, V. — CKOPOCTB LIEHTpa Macc.
B mpoekuusx Ha OCH JEKapTOBOH CHCTEMBI KOOPIHMHAT 3Ty MEpY JIBHIKCHUS
moxkHO mpencTauth Kak: K =K i +K j+Kk,, roe K, =mx, K =my, K, =mz.
Hmnynve cunbl CTh Mepa ee ASHCTBHS BO BPEMCHH U XapaKTepu3yeT mepeaady
MaTepHATbHOM TOYKH MEXaHHYECKOTO JBIKCHHUS CO CTOPOHBI JCHCTBYIOIIMX HAa HEe
Tel 3a JaHHBI HPOMEXYTOK BpemeHH. Ompenessercs Kak BEKTOp, paBHbIN

TIPOU3BEJICHUIO CHJIBI HA BpeMs: Ul TMOCTOSHHOM cuibl - S = Pt, 114 nepemeHHOi
t2

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

KonuyecTBO [BW)XKEHHMSI M UMIIYJIBC CHJIBI HU3MEPSAIOTCA B  OJUHAKOBBIX
€AMHUIAX, CBSI3b MEXAY HUMH YCTAHABIUBAIOT JIBE TEOPEMBI.

Teopema 006 u3meHeHUU KOIUYECMBA OBUIICEHUS MAMEPUATILHOU MOYKU!
M3MEHEHUE KOJIMYECTBA JIBMXKCHHSI MATEpUAIbHOM TOUKH 32 KaKOH-THM00 MPOMEKYTOK
BpeMeHU (Hanmpumep, ot t; 10 ;) paBHO UMMYJIBCY CHIIbI, IEUCTBYIOIIEH HAa TOYKY 3a

TOT %€ MPOMEXKYTOK BpeMeHu: MV, —mV, =S, UM B IPOEKLMAX, HAIPUMED, HA OCh X:
mx, —mx, =S,.

Teopema 06 u3meHeHUU KOAUYECMBA OBUNCEHUS MEXAHUYECKOU CUCHeMbl:
M3MEHEHHE KOJINYECTBA JIBUKEHUS MEXaHUYECKON CHCTEMBI (IZ :Zmi\Z) 3a KakKou-
7100 MPOMEKYTOK BpeMeHM (Hampumep, oT t; 10 t;) paBHO T€OMETPUUECKON CyMMe

HMITYJIbCOB BHCHIHUX CHJI (S_ie), IMPHUIIOKCHHBIX K CUCTCMC 3a TOT JKC ITPOMCIKYTOK



Bpemern: K, —K, =Y S°. AHaJOrMYHO TpeabIAyIIEH TeopeMe, STy 3aBUCHMOCTD
2 1 i

MOYHO MIPEJACTaBUTh B IPOCKIUAX.
CnenctBust u3 TeopeMbl. Eciiu BeKTOpHasi CymMMa BCEX BHEUIHUX CHUJI (TJIaBHBIN
BEKTOp) 3a paccMaTpHUBAEMBbIM MPOMEKYTOK BPEMEHH paBHA HYJIIO, TO KOJIUYECTBO
JBWKEHUSI MEXAHUYECKOW CUCTEMBI MTOCTOSHHO. [10/100HOE 3aKiTtoueHnEe CIpaBeaJIMBO
U JIJI IPOCKIUI HA HEMOIBHXKHYIO OCh.
Teopema o oeudxcenuu yewmpa macc. lleHTp Macc cCUCTEMbI ABUKETCS Kak

MarepualibHasi TOYKa, B KOTOPOIl COCPEOTOUECHA Macca BCEH CUCTEMBI M K KOTOPOil

NPUIOKEHBI BCE BHEIIHUE CHIBL MX. = Z P:; my. = Z P mz. = Z P:. B

Xi? yi?
BEKTOPHOIT opme: ma, = > _P.

CrnencTtBus U3 3TOM TeopeMbl. Eciin BEKTOpHAs CyMMa BHEIIHUX CUJI BCE BPEMs
paBHa HYJIO, TO LEHTP MacC MEXaHWYECKOW CHUCTEMBI HAXOAMUTCSA B IOKOE WM
JIBHUKETCS MIPSMOJIMHEWHO U PABHOMEPHO. AHAJIOTUYHO U JUIS POEKIUI CUJI U LIEHTpa
Macc Ha KaKyl0-TM00 HEMOABUKHYIO OCb.

Momenm  koauuecmea Osudicenus. ITO IOUHAMHMYECKAs XapaKTEPHUCTUKA
MEXaHUYECKOTO JBWIKCHHUs, YUYUTBHIBAIOIIAS IIOJIOXKEHUE MATEpUAIBbHONW TOYKHU II0
OTHOILECHUIO K JAaHHOMY LIEHTPY U BBIPAXKAETCs BEKTOPHBIM IIPOM3BEICHUEM paauyca-

BCKTOpa M KOJHUYCCTBA JABHKCHHUIA MaTCpHaHBHOfI TOYKH: EO =rx m\7, a MOAOyJb

BekTOpa L, paBeH TNpPOM3BENEHMIO BenMuuMHEI MV Ha mwiedo h Bektopa MV
oTHocuTenbHO HeHTpa O: L, =mVh wmmm B xoopmunatHo# dopme L, :m(yX—Xy).
MoMeHT KoIM4ecTBa JBUKEHHSI OTHOCUTEIHLHO OCH Z PaBEH MPOU3BEACHHUIO TIPOSKIINU
BekTOpa MV Ha MIOCKOCTh, MEPIEHANKYISPHYIO OCH Z, Ha TuIedo hj 3Toif mpoeKimu
no ocu: L, =mV.h..

Teopema 06 uzmeneHUU MOMEHMA KOAUYECBA OBUNCEHUS MAMEPUAIbHOU
mouxu. IIpon3BoiHas IO BPEMEHN OT MOMEHTA KOJIMYECTBA JIBIXKCHUSI MaTepUATbHON
TOYKH OTHOCHUTEIIbHO HEKOTOPOTO HEMOJBIKHOTO IIEHTpAa pPaBHA T'€OMETPHUYECKOM
CyMM€ MOMEHTOB CHJI, JACWCTBYIOUIMX CHJI, OTHOCHUTEIBHO TOTO >K€ IIeHTpa, T.e.

dL, —
—O M.
dt ©



Kunemuuecxuti momenm mexanuueckou cucmemvl OMHOCUMETbHO yenmpa u
ocu. KUHETHUYECKMM MOMEHTOM (I/IJ'H/I I'’'TaBHBIM MOMCHTOM KOJIMYCCTBA ABMXKXCHUA
MEXAaHMYECKOM CHUCTEMbl OTHOCHUTEJIBHO HCHTpA, HAIIpUMCP TOYKH O) Ha3bIBAIOT
BCKTOp, paBHbIﬁ FGOMGTpH‘-IGCKOfI CyMMC MOMCHTOB KOJMYCCTBA IABUKCHHUS BCCX
MaTCpUAJIbHBIX TOUYCK CHCTCMBI OTHOCHUTCIIBHO 9TOI'0O OCHTpPA.

Lo=> Lo =D FxmV,, a oTHocuTensHO ocH — Gepercs anreGpamdeckas CyMMa:

=YL,
TeopeMa 06 UBMEHEHUU KUHemudecKkoco MomeHma MeXCZHM’-lGCKOZZ cucmemsl.
HpOI/I3BO,Z[HaH 10 BPCMCHH OT KHHCTHYCCKOI'O MOMCHTA MEXAHUYECKOU CHCTEMBEI

OTHOCHTCJIIbBHO HCKOTOPOI'o HCIOABHIKHOI'O HCHTPA I'COMETPUYCCKH paBHA I'ITABHOMY

MOMCHTY BHCHIHUX CHIJI I\Woe ) I[CﬁCTBYIOH_II/IX Ha 9Ty CUCTEMY, OTHOCHUTCIIBHO TOI'O K€

IICHTpA, T.€. % => Mg.=M{, nim B IpoeKLusIX Ha OCH KOOPAMHAT:
dL dL dL
X=% M:=M?; —L =% M =M¢; t=>» M: =M,.
dt Z ix X dt Z iy y dt z iz z

CnencrtBue u3 TeopeMbl. ECiy TJIaBHBIM MOMEHT BHEIIHHUX CHUJI OTHOCHUTEJIBHO
HEKOTOPOTO HEMOJABMIKHOTO IIEHTpPa OCTAa€TCs BCE BpPEMS pPaBHBIM HYIIO, TO
KUHETUYECKUA MOMEHT MEXAHMYECKOW CHUCTEMbI OTHOCHUTEIIBHO JTOTrO IIEHTpa
OCTACTCs MOCTOSIHHBIM.

Ilee mepvl mexanuuweckoeo Osudicenus. B nuHaAMUKE paccMaTpUBArOTCS JIBE
dbopMbl MpeoOpa3oBaHUS MEXaHMYECKOTO JIBIDKCHHS MATEpUAIbHOW TOYKH WIIH
CHUCTEMBI TOYEK:

1) Mexannyeckoe ABMIKEHHUE TIEPEHOCUTCS C OJHOM MEXaHUUECKON CHUCTEMBI Ha

IPYTYIO B KAYE€CTBE MEXAHUUYECKOTO ABUKEHUA. B 3TOM ciiydyae Mepoii MEXaHUYECKOTO
JIBYDKCHUS  SIBJSICTCSA BEKTOP KOJMYEeCTBa JBWKeHUs Toukun K =mV  wum

MexaHuueckol cucteMbl K =mMmV., a Mepoil IeHCTBHS CHIIBI BBICTYHAET HMIIYJIbC

Cuiibl S.
2) MexaHn4ecKoe IBIKCHHUE IMPEBPAMACTCS B JAPYTYIO0 (OpMY IBHIKESHUS

Matepuu (B popMy MOTEHIIMATBHOW IHEPTUU, TEIJIOTHI, ANEKTpUUECTBa T. 1.). 3JECh



MEpOM JBWIKECHHsI BBICTYIIAET KWHETHYECKAas DHEPrus, a MEPOU JEHUCTBUS CHJIBI
ABJISIETCS pabOTa CHUJIBI.
Kunemuuecxas sunepeusi mouxku u cucmemsl. KuHeTHyeckol sHeprueu

MaTCpHaHLHOﬁ TOYKH HA3bIBAIOT NOJIOBUHY IPOU3BCIACHUA MACCHI M TOYKHU HA KBaApaT

mV 2

ee ckopoctu V: T = KuneTtnueckoil sHeprueil CHUCTEMbl Ha3bIBAIOT CyMMY

mV,

KHMHCTHYCCKHUX 3HepFI/Iﬁ BCE€X TOUYCK MEXaHHUYECKOU CHUCTCMBIL, T. C. T= ZTI = Z 5

Ilpu nocmynamenvnom osudicenuu mena (puc. 3.3)

V

CKOPOCTHM BCE€X TOYEK OJuHakoBble, V=V, mno3TOoMy 33—

m.V.2 2 2
T :Z '2' :72mi = m\z/ , TJIe M — Macca Tena.

<

Puc.3.3

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

Vi :a)ri , rae i — KpaTqaﬁmee PaCCTOAHUC OT TOYKH 0

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

Toraa KHHCTHYCCKAas1 QHCPIUA TCIAa:

2

eV ome’y’ o , Jow
T=2 75 =y ey

rac ‘]C = Zmil‘iz — MOMCHT MHCPIHHU TCJIa OTHOCHUTCIBbHO

LeHTpa BpameHus Touku C.

Ilpu  nnockom  osudcenuu  mena  (puc.3.5):

mve J.o
_ 2C + 202 , rie Ve — CKOpOCTh IEHTpa Macc; J,c —

MOMCHT HMHCPHHUHU TCJIa OTHOCHUTCIIBHO LICHTpElJ'IBHOﬁ ocHu

Z, IPOXOJAIIIEH Yepe3 LIEHTP Macc. Puc. 3.5

Paboma cunel. PaboTy NOCTOSHHOW CHUJIBI TIPU TNPSMOJIUMHEHHOM JIBUKEHUU

BbIPAXKAIOT IIPOU3ZBCACHUCM MOAYJIA CUJIbI HA BCIMYHMHY IMMEPEMCIICHUSA MaTCpHaHBHOfI



YacTUIIBl S M Ha KOCHUHYC yrila MEX]y HaIpaBICHUEM CHUJIbl U MEPEMEIICHUEM:
A=Pscosa. Epununa padots! mxoyib ([Ix=H-m).
Pa6ota cunsl F (puc. 3.6): A. =Fscose,

(F - nBmwxyiuas cuia); S VI,
PaGora cunbl Q1 A, =-Qscosf - (Q - cuma 1 |

COTPOTHUBJICHUS );

3 Puc. 3.6
Pabora cunsl N: A =0, Ttak xak a=90 .

Onemenmapnas paboma cunvl. Ecnu cuna nepeMeHHas, Hanpumep P = f(s),
WIA JIBIDKCHHWE KpPUBOJIMHEWHOE, TO BBOJAT TOHSATHE O3JEMEHTAPHOW pabOTHI:
dA=Pdr = Pdscos(P,V )= PVdt. DiementapHas paGoTa CBA3aHA C MPOCKIMIMH

cuiibl Ha ocu koopauHat kak dA = Xdx+Ydy + Zdz. Pabora Ha KOHEYHOM IyTH OT Sp
s2 o

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

Paboma cunvl, npunosicennou k spawarowemycs meny. dIEMEHTapHas padoTa
CWJIBI, TPUJIOXKEHHOW K TEIy, 3aKpPEeIUDICHHOMY Ha HENOJBUXHOMW OCH, paBHa
IPOU3BEJCHUI0O MOMEHTA CHUJIbI OTHOCUTEIBHO OCH BpalleHUsI Ha OECKOHEYHO MaJIbli

yroi moBopora: dA=Mdg. PaboTa cuiibl, 1efCTBYOMICH Ha TEJIO MPH €ro0 MOBOPOTE

@2
Ha YTOoJI OT @1 10 ¢: A= Jqua [Tpu M=const: A=Mg, (yron B paguaHax).

ol

Paboma cunvt msaoxcecmu. D1a paboTa HE 3aBHCUT OT BUJAa TPACKTOPHH IICHTpPA

TSHKECTH, @ 3aBHCUT OT U3MEHEHHS €r0 MOJI0XKEHHUS IO BHICOTE M paBHA MPOU3BEICHHIO
Beca Tena G Ha M3MeHEeHHe BBICOTHI IIeHTpa Tsukectu h: Ag=2Gh.

Paboma cunei  ynpyeocmu. Pabota ynpyroi cuibl paBHa IOJOBUHE

cA?
npou3BeieHUs Ko PHIMeHTa )KeCTKOCTH C Ha KBaapat acdopmaruu A: A= 7

Paboma enympennux cun Ha 1000M MEpEMEILIEHUH TeJla paBHA HYJIIO.



Mownocms cunel. U3smeHnenue paboThl CHIIBI, OTHECEHHOE K €IMHUIIC BPEMEHH,
HAa3bIBAIOT MOIIHOCTHIO CHIIBL: N = (21—? = Pd—(:r =P -V. Eciu HanpaBieHue cuisl P u
ckopoctn V coBmaznarot, To N=PV. JIna MmomenTa cusl: N=Mo.

3a enunuiy momHOCTH B cucteMe CU mpuammarot 1 Bartr (Bt) = 1 JIx/c =
0,102 xrc-mM/c. B cucreme MKI'CC 3a enuHUIly MOIIHOCTH IMPUHUMAOT 1 Krc-m/c.
Kpome TOro, MPHHHMAIOT CISAYIONHe eANHHUIBI MotHocTH: 1 kumoBatT (kBT) = 10°
Bt = 102 krc-m/c = 1,36 nomaaunoit cuibl (J1.c.); 1 momaguHas cuia = 75 Kre-M/c =
736 Br.

Cpasnenue cmpykmypvl @Gopmyn OUHAMUKU Ol NOCHYNAMENbHO20 U

spawjamenbHo20 08udceHusi meepoozo mena (Tabdi. 3.1)

Tabnuma 3.1
Bunasr nBrmxenns
JInHaMU4eCKHue Mepbl
[ToctynarenbHOE BpamarensHoe
YpaBHEHUE JBUKECHUS P=ma M =J¢g
Pabora A=Ps A=Mgp
MoutHocTh N=PV N=Mw
2 2
Kunertuueckas sHeprus T= % T= J%

Teopema 00 u3meHeHuUu KUHEMUUECKOU JHEeP2UU MAMePUualbHOU MOYKU.
U3MEHEHUE KHHETHYECKOW DSHEPrMM MAaTepUaJIbHOM TOYKM HAa HEKOTOPOM €€
MepeMEeNIeHNH paBHO anreOpandyeckoi cymme paboT Bcex ACMCTBYIOMIMX HA 3Ty TOUKY
mvy_mvy? _

5=

KHMHCTUYICCKAsl OHCPI'MA B KOHIIC U HAYAJIC ITYTH, Vl n V2 — CKOPOCTH TOYKH B HA4YAJIC U

CWJI Ha 9TOM e nepememenuu: | —T,=A wm ZA,, rne T u Ty —

KOHIIE IIEpEMEIICHUSI.
Teopema 06 usmeHeHuu KUHEMUYECKOU SHEPIUU MEXAHUUECKOU CUCTNeMbl:

W3MEHEHHE KHHETHUYECKOM OHCPIUHn MEXaHUYECKOM CHCTEeMBbl Ha HCKOTOPOM



NEepeMEeIEHNN PaBHO CyMMe paOOT BHEUIHMX M BHYTPEHHUX CHJ, JCHCTBYIOIIUX Ha

MaTCpHUAJIbHBIC TOYKHN CUCTCMbI Ha 3TOM IICPECMCIICHUU T.C.

v/ 2 V2 - A
ZmI;/I _ 2”2‘. i =ZA1e +ZAiJ, rIe Zm';/' — KHUHETHYECKast dDHEPIrus

2 1 1

2
mV.
CUCTCMEBI B HepBOM €€ II0JIOKCHUMU, Z% — KMHCTHNUYCCKAas 3HepFI/ISI CUCTCMBI BO
2

BTOPOM TIOJIOXKEHHH; Z A’ — paGota BreuHux cut; » A! — paGoTa BHYTPEHHHX CHIL.
Takum 06pazom,
T,-T,=) A +2ch-
Cymma paboT BHYTPEHHHX CHJI TBEPJIOTO Tejla Ha JIFOOOM IEepeMENIeHUH paBHA

HYJIIO ZA‘ =0, crenoBaTeNnbHO, JUISI TBEPJIOTO Tela MOCIEAHEE YpPaBHEHHE

npuHUMaeT Bug 1, — T, = Z A

3.6. lloreHuUaJIbHAS YJHEPTUS

Cunogoe none u cunosas ¢yukyus. O0OIACTh, B KKIOH TOYKE KOTOPOU Ha
MOMEIICHHYIO TyJla YaCTUILy JIEUCTBYET CHJIA, 3aBUCSINAS OT MOJIOKEHUS (KOOPAUHAT)
ATOM TOYKHU HA3bIBAETCS CHIIOBBIM MoJjieM. CHUIIOBOE T0JIe, CUIIbl KOTOPOTO HE 3aBUCAT
OT BPEMEHHU, Ha3bIBAETCS CTAlIMOHAPHBIM.

Ecmu cymectByer takas ¢yakius U =U(X,Y,Z), 0QHO3HAYHO 3aBUCHINAs OT

KOOpAWHAT TOYCK CUCTEMbI, UCPC3 KOTOPYIO IMPOCKIKWKU CHUJIBI HA KOOPAWMHATHBIC OCH B

. ouU ouU ouU
KaKJIOW TOYKe IOy BbIpaxkarorcss kak X =——, Y=—, Z=—, TO Takoe
OX oy 0z
CTAIllMOHAPHOE CHJIOBOE IT0JIC HA3BIBAIOT MOTCHIIMAILHBIM, a GYHKIUIO U — CHIIOBOM.
Brruncius 3JIEMEHTapHYIO paboty CHJIBI TaKOr'o T10JIs, MOJTy4aeM
ouU ouU ouU
dA= Xdx+Ydy + Zdz = > dx+—dy+ = dz=dU. Orcioga BUAHO, €CIH CHIIOBOE
X /4

IIOJIC ABJIACTCA IMOTCHOHUAJIIBHBIM, 3JICMCHTApPHAsA pa60Ta ChUlI B OTOM IIOJIC paBHaA

nojgHomy auddepentumany cuiaoBor Gynkmuu, T. €. JA=dU. Pabora cui mons Ha



KOHCYHOM TMCPEMCHICHUHN TOYCK MEXAaHWYECKOM CHCTEMBl M3 TOJOXKEHusS 1 B

2
HOJIOKEeHHe 2 ompeaenurcs Kak A, =J.((1))dU =U,-U,, 1. e. pabora cuin,

JNEUCTBYIOIIMX HA TOYKM MEXAHUYECKOW CUCTEMbl B MOTEHIMAIBLHOM IMOJIe, paBHA
Pa3HOCTH 3HAYCHUH CHJIOBOM (YHKIIMM B KOHEYHOM M HAYaJIbHOM ITOJIOKCHUSIX
CUCTEMBI M HE 3aBUCHUT OT (DOPMBI TPACKTOPHUH TOUEK STOU CUCTEMBI.

TIomenyuanvnas snepeusi (I) cucteMsl B JITOOOM JJAaHHOM €€ ITOJIOKCHUH PaBHA
cymMMe paboT CHUJI TOTEHIIMAIBHOTO CHJIOBOT'O IOJIS, MPHJIOKEHHBIX K €€ TOYKaM Ha
MEPEMEIIICHUN  CUCTEeMbl W3  JAaHHOTO  TOJIOKEHUS B  HyJEBOE. 3HAYUT

A ,=U,-U,=7I. DT0 paBeHCTBO IOKAa3bIBACT, YTO IOTCHLUUAJIbHAS DJHEPIUs
cucrteMbl [/ orinuyaercs OT CWIOBOM (QyHkuuu U, B34TOH CO 3HAKOM MHUHYC, Ha
noctosiHHyo Bennuuny Ug. Eciu Up=0, 10 [7=-U =A .

Ilomenyuanvnasn snepeus mena 6 nofe cuivl msdcecmu. B koopaMHATHON

cucteMe Xyz mua cuiabl TsokectH mmeeM X=0, Y=0, Z=-G. CnemoBaTeibHO
dA= Xdx+Ydy +Zdz =-Gdz =dU . Unrerpupys, nomnyuaem U =— Lh Gz =-Gh wm

IT=Gh, raoe h — Beicora mogusroro reina secom G.
llomenyuanvnas suepeusi ynpyeux s71emenmos. Yupyras aedopmarus Tenl
oOnagaeT NOTEHIHAIbHOW sHeprueil. Eciu, Hampumep, NpyKuMHa cxara (Wiau

pacTsHyTa) Ha BEJIUYMHY A, TO MPU MEPEXO0J/Ie €€ B HEHANPSIKEHHOE COCTOSHHUE CHJIA

et y
YOPYTOCTH MOKET COBEPIIUTH paldoTy A:7. OTa CcrmocoOHOCTh  CXKATOM

(pacTaHyTO#) MPYXKHUHBI COBEpIIATH PabOTy SBISETCS NOTCHLUHUATBHON 3HEprueit
HPY>KHHBI.

3axkon coxpanenus mexanuueckou dsuepeuu. llpu IBUKEHMM MeXaHUYECKON
CUCTEMBI TOJ IEHUCTBUEM CHWJI, UMEIOIIMX MNOTEHUHUAJ, YHEPreTHUECKUE H3MEHEHUS
OIIPENENAIOTCA 3aBHCUMOCTAMMU: T-T,= ZA =U-U,=11,-11, OTKyza
T+1I=T,+1l,, tmu T+I]=const. OTo 03Ha4aeT, 4TO MPHU JBU)KEHUU MEXaHUUYECKOU

CUCTCMBbI B CTALIMOHAPHOM IIOTCHIHAJIBHOM IIOJIC IIOJIHAA MCXAHHYCCKasd OHCPIUA

CHUCTEMbI MIPU JBUKCHUU OCTACTCS HEM3MEHHOW. Benmnuuna 7T+/1 Ha3bIBA€TCS MOJTHOU



MEXaHMYECKON DHEPrUeH, a CUCTEMA, I KOTOPOW BBIIIOJIHAETCS 3aKOH COXPaHEHUs

MEXaHUYECKON IHEPTHUH, - KOHCEPBATUBHOU CUCTEMOM.

3.7. AnddepeHunajibHOEe yPaBHEHHE BPALICHUSA TBEPAOI0 TeJIA BOKPYT

HEMOABHUKHOM OCH.

Brpimie mokazaHo, 4TO g BpalalOMIEHCs TOYKHM BOKPYT OCH Z C YIJIOBOM

2
CKOPOCTBIO ( MOMEHT KOJMYECTBA [JBWXKEHHA paBeH L,=mV, -r=mr’o, a
KMHETHUYECKUII MOMEHT L, TBepJoro Teia OTHOCUTEIHHO TOW K€ OCHU OMpEeeseTCs

kKak L, => L, =Y mrlo=0) mr’=wl,=¢l,, rae J, — MOMEHT HHEPLHH ITOrO

L .
TEJla OTHOCHUTENBHO OCH Z. Tak Kak aL, =ZM§ =M;, torma %:Mf 1

dt

J,p=M;.3nece M; = Z M: - rJIaBHBI MOMEHT BHEIIHHX CHJI OTHOCUTEIBHO OCH Z.

VpaBuenue J,p=M’ mnpexacraBiusier coboil auddepeHaIbHOoe ypaBHEHUE

BpAIllEHHs] TBEPJAOTO TeJlda BOKPYI HEMOJABHKHOW och. CpaBHMM 3TO ypaBHEHHE C
mubdepeHnanbHbIM - ypaBHEHUEM TOCTYMATENIBHOTO JIBM)KCHHS TBEPAOTO Tela,
HanpuMep, BIOJL ocH X: MX = X°. O4eBUAHO, YTO MOMEHT MHEPLUHM TBEPIOrO TENa
IIPY BpalaTeIbHOM JABHXKCHUHU MMEET TO JKE€ 3HAYEHHE, UTO U Macca Teja IPU €ro
IIOCTYIIATEJIbHOM  JBWJKCHUHU: MOMEHT MHEPLUMH SBIKIETCA  XapaKTEPUCTUKON
MHEPTHOCTH TeJIa ITPU BpallaTEIbHOM JBHKECHUH.

[To nuddepennraibHOMY ypaBHEHUIO BpallleHUs Tela MOXHO pelaTh
CIEAYIOLINE 3a1a4HU:

1) mo 3aJ7aHHOMY ypaBHEHHIO BPAILCHUS (@ = f(t) U €ro MOMEHTY MHEpUHUH J,

OIPEENIATh TJIaBHBI MOMEHT BHEIIHHUX CHJI, AEHCTBYIOIINX Ha TEJIO;

2) Mo 3aJaHHBIM BHEIIHUM CHJIaM, TPUIOKEHHBIM K TeNy, MO HadaJbHBIM
YCIAOBHSAM (g U o M 10 MOMEHTY MHEPLHUHU Tela J, HAaXOAUTh YPaBHCHHE BPAIICHUS
TeNA @ = f(t);

3) ompenensaTte MOMEHT MHEPIUHU Teida J, OTHOCHTEILHO OCH BPAIICHHMS, 3HAS

BeJMYMHBI M, 1 §.



3.8. OcHOBHBIC 0/10KEHUS U3 TEOPHHU yAapa

Yoapom Ha3pIBalOT KPaTKOBPEMEHHOE B3aUMOJICHCTBHE TEN, BBI3BIBAIOLIECE 3a

HUYTOXKHO MaJlbIi IMPOMCIKYTOK BPCMCHHU PE3KOC H3MCHCHUC CKOpOCTGﬁ HUX TOYCK.

Ecnu ynap npsimoit u 1ieHTpaabHbIH (T.
€. YIapHBIA HWMIYJIbC S TPOXOAWT ueped [ ..., 1o} .
LEHTP Macc u CKOpPOCTH TOYEK Tlo yiapa a)
MEePIICHIUKYJISIPHBI K MMOBEPXHOCTHU
CONPUKOCHOBEHMS TeN), TO JUIsl ABYX Tell “
(puc. 3.7) uMIysIbC Ha CTaguM @) —> 6) 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=—1 (Vi Vo) U CKOpOCTh Tel —
m, +m,
Puc. 3.7
U= mV, +m,V,
m, +m,

VYnaap mo cxeme a) —> 0) MPOTEKaeT i aOCOIIOTHO KECTKHX TEI M CUUTACTCS
HeynpyruM. KoHeuHass ckopocTs Tel B 9ToM ciaydae U. JIas ynpyrux Tel mporece
yaapa MpOTEKaeT Mo CXeMe @) —> 6) —> 8) W B pe3yabTaTe Tella MOIyYaroT KOHCUHBIE
ckopoctu U; m U, Ha cramuun  6) —>6) nomydaem: m (U, —U)=-kS,

U,-uU
m,(U, -U)=+kS, rae k = M - K03()(PUIUEHT BOCCTAHOBJICHHS U €T0 BEJIMYMHA

M _Vz‘
3aBUCHUT OT YIPYTUX CBOWCTB COyAapstOIUXcs Teld. Tak Kak BHYTPEHHUE CUIIbI HE
U3MEHSAIOT KOJIMYECTBA JBUXKEHUS CHCTEMBI, TO 3a BCE BPEMs yAapa OHO OCTaecTCs
HEU3MEHHBIM, T. €. MV, + MV, =mU, +mU.,.
Teopema 06 usmeHeHuU KUHEMUYECKO20 MOMEHMA MEXAHUYECKOU Cucmemvl npu

yOape: W3MEHEHHWE KHHETHYECKOTO MOMEHTa MexaHuueckoi cuctembl (L, —LQ)



OTHOCHUTENFHO JIIO0OT0 HEMOJBMXKHOTO ILIEHTpa MPH yAape PaBHO T€OMETPUYECKOI

CyMME€ MOMEHTOB BCEX BHEIIHUX YIAPHBIX HMHyHLCOBZI\WO (S°), NpHUIIOKEHHBIX K

TOYKAM CHCTEMBI, OTHOCUTEIILHO TOTO ke LeHTpa. /i Tena, Bpamaromerocs BOKpyT

. o __ Qe
OCH Z, 9T 3aBHCUMOCTb nMeeT Bux: L, —L) =) M, (Sf).

3.9. AHasinTHYeCKAs MEXaHHUKA

Knaccudukanus cszeit:

- 20/I0HOMHbIEe — ITO CBSA3M, MIPU KOTOPBIX UX YPaBHEHHUS MOTYT OBbITh 3alMCaHbI
B BHJIE, HE COJIEPKAILNX IIPOU3BOIHBIX OT KOOPJAUHAT;

- B IPOTUBHOM CJIy4ae CBSI3H HA3BIBAIOT HE20J0HOMHbIMU,

- €CJIM YPABHEHHUE CBSI3HM HE COJIEPKUT B IBHOM BHJIE BPEMs, TO OHO Ha3bIBACTCS
CMAYUOHAPHOU,

- B IPOTUBHOM CIIy4ae — HeCmayuoHapHou,

- CBSI3U, KOTOpBIE ONMUCBHIBAIOTCA C IIOMOIIBIO YpPAaBHEHUS, HAa3bIBAIOTCS
yoeparcusarowumu ( IByXCTOPOHHUMHU );

- CBsI3M, KOTOpBIE OIMCHIBAIOTCS C IIOMOIIBI0 HEPABEHCTB, HA3BIBAIOTCS
Heyoepaicusarouumu ( OTHOCTOPOHHUMHU).

Yuciio He3aBUCUMBIX MEXKIY COOOW Bapualuil KOOpJAUHAT TOYEK (BO3MOXKHBIX
NepeMELICHUI) MEXaHMYEeCKOM CHUCTEMbl Ha3bIBACTCS UYUCIOM CHeneHeu c80000bl
CUCTEMBI.

Ob606wennvie KOOpOUHAMbL MeXAHU4YecKou Ccucmemvl — 3TO HE3aBHCHUMbIC
BEJIMYMHBI, 3a[aHUEM KOTOPBIX OJHO3HAYHO ONPEIENSIOTCS IOJO0KEHUE BCEX TOYEK
cucTeMbI. J1Jis TOJIOHOMHBIX CUCTEM YHCIIO HE3aBHCUMBIX 00O0OIIEHHBIX KOOPIUHAT ()
MEXaHMYECKOM CUCTEMbI PaBHO YHUCIY CTETIEHENH CBOOObI 3TOM CUCTEMBI.

[TpyHUMITEI MEXAHUKH.

Ipunyun Jlanambepa ons mamepuanbHoU mo4Kku: TEOMETPUUECKas CyMMa BCEX

MPUWJIOKEHHBIX K TOUKE cuil P,

. W CUIbl MHEpUMHU D 3TOM TOYKHM PaBHBI HYJIO, T. €.



lei+(f =0. 3aech ypaBHEHUSIM AMHAMUKU MO (popme mpuaaercs BUJ ypaBHEHHM

CTaTHKH.

Ipunyun Janambepa 0nsi Hec80000HOU MeXAHUYECKOU cucmemvl. B JFOOOU
MOMEHT BPEMEHH JUIS BCIKON MEXaHWUYECKOH CHUCTEMBI T€OMETpPHUYECKas CyMMa BCEX
BHEITHMX CHJI, PEaKIUi CBs3ed W CWJI WHEPIMU paBHA HymIoO, T. €.
Z:ISI +Z§. +Z:q_'>I =0. AHaJIOTHYHO | ISl MOMEHTOB, HAIPUMEP, OTHOCUTEIIEHO OCH
2z ME L MP L MP =0,

Ilpunyun 603M0HCHLIX Nepemewjenull. eClIM MEXaHWIeCKasi CUCTEMa HaXOIUTCS
B PAaBHOBECHH, TO TIPH JIIOOOM BO3MOYKHOM ITEPEMEIIICHUN CUCTEMBI CyMMa pabdoT Beex
aKTUBHBIX CHJI paBHA HYJIIO: Z&Ae =0. 37ech cumMTaeM, YTO CBSI3U MEXaHHUYECKOU
CUCTEMBI HJCATbHBI, a TI0]] BO3MOKHBIMH TIEpEMEIICHUSIMEA TIOHUMaeM BOOOpakacMble
OCCKOHEYHO MaJlble IEePEMEIICHUs CUCTEMBI, JOIMyCKaeMble B JTaHHOEC MIHOBCHHE
HAJIO)KCHHBIMU CBSI3SIMH 0€3 HapYIICHUS UX.

Ipunyun 603moiCHbIX CcKOpocmeli: ISl TOTO YTOOBI MEXaHWYeCKas CHCTeMa
HAXOJMJIaCh B PAaBHOBECHH, HEOOXOIUMO M JIOCTATOYHO, YTOOBI BO3MOKHASI MOIITHOCTh
BCEX aKTHBHBIX CHJI Ha JIIOOBIX BO3MOYKHBIX CKOPOCTSIX ObliIa paBHA HYJIIO: Z PV, =0.

Hpunyun  Janambepa-Jlacpansica (obwee ypasHenue OUHAMUKU). TIPH
JBYMOKCHHHM MEXaHWYCCKOW CHCTEMBI CyMMa BO3MOXKHBIX PaOOT aKTUBHBIX CHJ U CHII

WHEpIMM Ha JIIOOBIX  BO3MOXKHBIX — IEPEMEIICHHMSIX BCErJa paBHA  HYIIO:
> (P +®)8 =0. Takke npH ABHKCHHM MEXAHHYECKOH CHCTEMBI CyMMa
BO3MOXKHBIX MOIIHOCTEH AaKTHBHBIX CHJ W CWJI HHEPIMH Ha IJIFOOBIX BO3MOXKHBIX
ckopocTsx Bcersa pasHa Hymo: > (P +@)6V, =0, wm B npoekuusx Ha
KoopauHaTHEIC ocH Y _[(X; + D, )5 + (Y; + @), +(Z, + @, )5z;1=0.

Oboowennas cuna Q; coomsemcmeyowas 0606wenHou koopouname Jj — 3TO
CKaJsipHasl  BEIMYMHA, OIpeneisieMas OTHOIICHHEM DJEMEHTAapHOH  paloThI

NEUCTBYIOIIMX CHUJ Ha TMEpEeMEIICHHUE MEXaHUYeCKOM CHCTEeMbl, BBI3BAHHOM

DJIEMEHTApHBIM IIPHUPAIICHUEM KOOPAUHATHI (j, K BEJIUYHUHE DTOro mpupameHus. Jusa



. . _oF
CHCTEMbI C ] YHCIIOM CTeNeHeil cBoOOABI moinydaeM Q; :Z:I:’i —-. JInsa cucremsl ¢
oq;
OJIHOM cTenenbio cBoboasl Q = 0A/ &.
Ypasnenue Jlacpansxca emopoeo pooa: pa3HOCTb MPOU3BOJHON 1O BPEMEHU OT

000OIIEHHOTO0 HWMIyJbCa M YacTHOW NPOU3BOAHOW OT KHUHETUYECKOW HHEPTUH

CUCTEMBI 1O  OO0OOIIEHHOW  KOoOpAWHATE  paBHA  OOOONIEHHOW  CHIIE:

dfar)_ar
dt\og, ) oq, "

Ypasnenue Jlacpanorca emopozo pooa 0151 KOHCEPBAMUBHBIX MEXAHUYECKUX

cucmem: d GT _a :_617 WIN d i —E:O, rne L=T —1I1 - bynkuus
dt{ aq; ) oq; aq. dt{ oq; ) aq,

]

Jlarpanxa.



