26.01.21 r. Teopetnueckas mexanuka. JIexius
Tema: InHamuka
3. IlmHaMHuKa

3.1. OcHOBHBIC TOHATHA U 3AKOHDbI

Junamuxoti Ha3bIBAIOT pa3fesl MEXaHUKU, B KOTOPOM H3Yy4aeTCs JBUKEHHUE
MaTepUalbHBIX TEJ B 3aBUCHUMOCTH OT JEHCTBYIOLIMX HA HUX CHUII.

Cucmema omcuema. IIpu MHOTMX TEXHUYECKHUX pacueTax MOXKHO IPUHUMATH 3a
HETIOJBW)KHYIO BCSKYIO, HEH3MEHHO CBs3aHHYI C 3emien. Cucremy oOTcuyera, Mo
OTHOLIEHUIO K KOTOPOM BCsIKasg MaTepuajbHas YacTUla IOJA JCHCTBUEM B3aUMHO
YPaBHOBEIICHHBIX CHJI COBEpPLIACT MPSMOJIMHEMHOE W PAaBHOMEPHOE JBHKEHUE,
Ha3bIBAIOT MHEPLIMOHHON CUCTEMOM OTCYETA.

OCHOBHBIE 3aKOHBI INHAMHUKH.

1. 3axon umepyuu. MarepuanpHas TOYKa COXpaHSIET COCTOSHHUE IIOKOS HWIIU
PAaBHOMEPHOTO NPSIMOJIMHEWHOTO JIBHXKEHUSI 0 TEX IMOP, MOKa JEHCTBUE IPYTUX TE HE
WU3MEHUT 3TO COCTOSIHUE.

2. 3axon nponopyuonanvmocmu cunel U yckopenus.. YckopeHue (a)

MAaTEPUAJIbHOW TOYKM MAacCoOM M IPONOPLMOHAIBHO MPUIOKEHHOM K HEU CHUIIE (1_))1/1

MMeeT OJIMHAKOBOE C HeW HampasiieHue: ma =P .

3. 3akon pasencmea Oeticmeuss u npomugooeticmsus. BcIkoMy HeHCTBHIO
COOTBETCTBYET PaBHOE M MPOTHUBOTIOIOKHO HAIIPABICHHOE MMPOTUBOICHCTBHE.

4. 3axon Hezasucumocmu  Oeticmeusi cui. HECKOIbKO OJHOBPEMEHHO
JICHUCTBYIONTUX HAa MAaTEPHAIbHYIO TOYKY CHJI COOOIIAIOT TOUKE TAKOE YCKOPEHUE, KaKOe

cooOIiIa OBl €if Of[HA CHITa, paBHAS HX TEOMETPHIECKOi cymme: ma = » | P.

Macca. Maccoii MatepualibHOWM 4acTHUIbI (TeIa) Ha3bIBAIOT MEPY €€ MHEPTHOCTH,
YUCJIEHHO BBIPAXKAIONIYIOCS, OTHOIIEHUEM MOIYJIS CHUJIbI, JACUCTBYIOIIEH Ha YaCTHUILY
(Tes0), W BBI3BAHHOTO €10 YCKOpPeHHs. Macca MarepuaibHOM Touku (Tema) (m)
YHCJACHHO paBHA OTHOIICHHIO ee Beca (G) K  yCKOpPEHHIO CBOOOIHOro majaeHus (g):

m=G/g.



Cucmema mexanuyeckux eounuy. CylIeCTBYeT IBE CHUCTEMbl MEXaHHYECKHUX
equnull: mexruueckass (MKI'CC), B KOTOpON OCHOBHBIMU €AMHULIAMHU SBIISIIOTCS METP
(m), kunorpamm cuitbl (KI7) u cekyHna (¢). Equnuiieit usMepeHust Macchl B 3TOM CUCTEME
oymer 1 xI'-c’/M, T. e. Macca, Kotopoii cmaa B 1 kI' coobmaer yckopenne 1 m/c’ n
Qusuuveckas (MexnynaponHas cuctema enununi CH), B koTopoit OCHOBHBIMU
CAVMHUIIAMU  U3MEPEHUS MEXAaHWYECKUX BEIMYMH SBJISIOTCS METp (M), KWJIOTpaMM
Macchl (Kr) U cekyHaa (c). Enunuiia msmepeHusi cuiibl - MPOU3BOJIHAS €auHUIA - 1
aptoto (H). 1 H - 310 cmia, coobmatomas Macce B 1 kr yekoperue 1 m/c? (1 H = 1
kr-Mm/c?). COOTHOIIEHNe Mexay equaunamMu cwibl B cuctemax CM u MKI'CC:
I1k['=981H mwm 1H=0,102«I.

Knaccugpukayua cun. Cunpl, ACHUCTBYIONIME B MAaTEPUAIBHOM CHUCTEME,

nozpasaensior Ha BHemnue (F°) m BHytpennme (F') mim akTuBHBIE M peakiuu
cBsa3eil. KpoMe TOro mpu pemieHud 3agad JUHAMUKH PacCMAaTPHUBAIOT CIIEAYIOIINE
MTOCTOSIHHBIC UJIU TIEPEMEHHBIC CHUIIBI:

- cuna maxcecmu. JTO TMoOcTosiHHAas cuia G, neicTByromias Ha Jir0oboe Teo,
HaxoJs1eecs BOJIM3M 36MHOW MOBEPXHOCTU. MOJyJib CUJIBI TSXKECTU PaBEH BECy Tea.
[Ton netictBuem cunbl G mr00oe Temo mMpu CBOOOJHOM TMajaeHWH Ha 3emio (C
HEeOOJIbIION BBICOTHI U B 0€3BO3AYIIIHOM IPOCTPAHCTBE) UMEET OJHO U TO K€ YCKOPEHHUE
g, Ha3bIBa€MOE YCKOPEHHEM CBOOOJHOTO TMAaJIeHUs, a HMHOTJa YCKOPEHUEM CHJIbI
TSOKECTH. 3HAUYEHUE J B Pa3HbIX MECTAX 36MHOM MOBEPXHOCTH PA3IUYHO; OHO 3aBHCHUT
OT Teorpauyeckoil MUPOTHl MECTa U BBICOTHI €ro Haja ypoBHeM Mopsi. Ha ypoBHe
Mopst § =9,8156 m/c®. VI3 BTOPOro ypaBHEHHS AMHAMEUKH CIeayer, 4T0 G=mg min
m=G/g.

- cuna mpenus. Tak Ha3bIBAETCS CUJIA TPEHUS CKOJIBKEHHMS, NEUCTBYIOMAs (Mpu
OTCYTCTBUM >KMJKOM CMa3Ku) Ha JABWXKylleecs Tteno. Ee Moaynb omnpenensiercs
paBenctBoMm F=fN, rae f - koadpunmenT TpeHus, KOTOPHIH CYUTAIOT OCTOSHHBIM; N -
HOpPMaJIbHAsI pEaKIIUsL.

- cuna ynpy2ocmu. Ta CUJIa 3aBUCUT OT MOJIOKEHUS Tesa. B wacTHOCTH, 151
CHJIBI YIIPYTOCTH NPYKUHBI P= ¢ -4, rae A - y/uinHeHue (Uiu cxaTue) Mpy>KUHBL; C -

ko3 uimeHT xxectkoctu npyxxunbl (B cucteme CU usmepsiercs B H/m).



- cuna 6a3K020 mpenus. Takas cuja, 3aBUCAIIAst OT CKOPOCTH, IEUCTBYET HA TEJIO
MPU €r0 MEJICHHOM JBIDKCHWU B OYCHB BS3KOW cpeie (WM MpU HAUTMYUU KUTKON
CMa3KH) M MOXET OBITh BbIpaxkeHa paBeHCTBOM R=u-V, rae V - ckopocth Tena; u -
KO2(DPUITUEHT COMPOTHBIICHHUS.

- cuna unepyuu. TakOW CHJIOM HA3bIBAIOT TE€OMETPUYECKYIO CYMMY CHJI
POTUBOJCHCTBUS JIBIKYIICHCS MaTepUaJbHOM YacCTHUIBl TejlaM, COOOMIAONIUM el

yCKOpeHue, T. €. @ =—ma.

3.2. Ju¢ppepeHunanbHble yPABHEHHUS ABHKEHUA MATEPUAIBHOH TOYKHU

B 3aBucumoctn oT crmoco6oB 3aJaHus IBHXKCHHUS TOYKH, I[I/I(l)(bepeHIJ;I/IaJIBHLIG
YpaBHEHUSI MOTYT OBITh:
—6 BeKMOPHOU hopme:
= dfr _adv
ma=P=m—=m—.
dt dt

—6 NPOEeKyusx Ha ocu 0ekapm060ﬁ cucmemsl Koopduﬂam:

mxzm%:Px; my:mﬂ:P; mzzmgsz.
dt dt "’ dt

—6 NPOEeKYUsX Had ecmecmeerHHble OCU Koopdunam:

2

Huddepenunanbhuble ypaBHEHUS! JBHKEHUSI HEC80000HOU mMOUKU B BEKTOPHOU
dhopme:
ma=P +N;
B KOOpJMHATHOU (popMme:
mX =P, +N,; my=PR, +N,; mZz=P, +N,,
rae N — paBHOAECTBYIOIIIAs peaKlnil CBA3EH.
HudbdepeHunanbuble  ypaBHEHUST OMHOCUMENbHO20  OBUMCEHUs TOYKH B

BEKTOPHOM (opme:



ma, =P -ma, -ma_,
I7I€ de — YCKOPEHUE NEPEHOCHOIO JIBWKEHUS; 8y — OTHOCHUTEIBHOE YCKOPEHHE; 8, —
yckopenne Kopuonca.
se ocnoeuvie 3a0auu OUHAMUKU MOYKU.
llepsas 3a0aua — 3Hasg Maccy TOYKM M YpaBHEHHS €€ IBUKEHUS, HAWUTH

paBHOHCﬁCTBYIOHlyIO IMPUIIOKCHHBIX K TOYKE CHIIL. Ecau u3BecTeH 3aKoH JABUOXKXCHUA

. o _dir
TOYKM B BEKTOPHOM Qopme r:r(t), TOTIa a:F' N3 0OCHOBHOTO ypaBHEHUS

JTMHAMHKH OTIpesieNsieM cury P =ma.

Bmopas 3a0aua — 3Has TpWIOKEHHBIE K TOYKE CHJIBI, a TakXKe ee maccy M,
HaYyaJIbHbIC TIOJIOKEHHUSI U CKOPOCTh, OMPENEIUTh 3aKOH JBUKEHUS TOUkH. OO xXox
pelieHrue:  COCTaBJAT  au(depeHINabHBIE  YPAaBHEHUS  JBIDKCHUS,  JABaXIbI
MHTETPUPYIOT, ONPEACIISIIOT MOCTOSHHbIE UHTETPUPOBAHMS U3 HAYAJIbHBIX YCIOBUU U
MOJIYYarOT 3aKOH JIBUKEHHS TOUKHU.

[IpuMepHBIi anTOPUTM PELIECHUS] BTOPOW OCHOBHOM 3a1a4¥l TMHAMUKHU TOYKH.

1. BwiOpaTe Hauano otuyera (Kak MPaBUIIO, COBMEMIAs €ro C HaYaJIbHBIM
MOJIO’KEHUEM TOUYKH ).

2. IIpoBecTn KOOpAWHATHBIE OCH, HAMNPABISAS WX, KaK MOPAaBUIO, B CTOPOHY
JBUKCHUSL.

3. M300pa3uTh IBUXKYIIYIOCS TOUYKY B TPOU3BOJILHOM MOJIOKEHUU (HO YTOOBI X >
0,y>01>0).

4. IIpunoXuTh K TOUKE BCE NEUCTBYIOLINE HA HEE CUIIBL.

5. 3anucaTh OCHOBHOE YpaBHEHUE JUHAMHUKU NPUMEHUTEIBHO K JaHHOU 3a/1a4ue B
BEKTOPHOM BUJIE.

6. CripoeKTUpOBaTh BEKTOPHOE YpaBHEHHE HA BHIOPAHHBIE OCH, TO €CTh 3aIUCATh
muddepeHnranbHbie YpaBHEHUS JBUKEHUS TOUKH.

7. IlpeobOpazoBarh auddepeHIManbHble YpaBHEHUS K BHAY, YIOOHOMY JUIs
MHTETPUPOBAHUS.

8. 3anucaTh Ha4aJbHbIE YCIOBHUS.



9. IBax1bl IPOUHTETPUPOBaATh AU epeHIInaIbHble YPaBHEHUS U MOJIYYUTh MX
o01111e peieHus.

10. OnpenenuTh NOCTOSIHHBIE UHTETPUPOBAHUS.

11. 3anmcarp yactHble pemieHus AudQepeHInanbHbIX ypaBHEHUH, TO €CThb
MOJICTaBUTh MOCTOSTHHBIE MHTETPUPOBAHUS B UX OOIIIME PEIICHHUS.

12. HaliTu uCKOMBIE B 3aJady€ BEJIMYHMHBI WJIM HCCIEIOBATH IOJYyYECHHBIN

pe3yJbTar.

3.3. IllpsimoJinHeiiHbIe KOJIe0AHUA TOYKHI

KosnebarenbHoe IBMKEHUE MAaTEpUATIbHON TOUYKU MPOUCXOSIT MPU YCIOBUHU, €CITU
Ha TOYKY M, OTKJIOHEHHYIO0 OT mojoxkenus nokos O (puc. 3. 1), nedictByer cuna P,
CTpeMsIlasicsi BEpHYTb TOYKYy B 3T0 nojoxeHue. Cuna P Ha3bIBaercs

BOCCTaHaBJIMBAromiasi. HpI/IMepOM TaKOM CHUJIBI SBJISICTCS CUJIa YIPYTOCTH IIPYKHUHEI.

bonbiioe IMPAKTHYCCKOC 3HAYCHUC HMMCCT

Cllyyald, Korja cuiaa P IponopuuOHAIbHA | X o Boccran
OTKJIOHEHHIO, T. €. P = - ¢X, Tone ¢ — % — LM X  aBimMBaro
KO3(PUILIMEHT KECTKOCTU YIPYroro 3JIEMEHTA, P Tas
pasmepHocTh: H/M. cujia

Puc. 3. 1 CTpeMHT

Csl BEpHYTh TOUKY B paBHOBECHOE MoJjioxkeHue O.

PaznuuatoT yeTsipe OCHOBHBIX CiTydasi K0Je0aTebHOTO ABMKEHUSI MaTepHUaTbHON
TOYKH:  CBOOOJHBIC  KoyieOaHusi  (IPOTEKAOT  TOJBKO  TOA  JIEUCTBUEM
BOCCTAHABJIMBAIOIEH CHUJIbI); 3aTyXaroIlue KojeOaHusi (COBEPIIAIOTCS MO JCHCTBUEM
BOCCTaHABIIMBAIOIICH CHJIBI MU CHJIBI CONIPOTHBIICHUS); BRIHYXICHHBIC KoieOaHus (1o
JEMCTBUEM BOCCTAHABJIMBAIOUIEH CHJIBI W CWIbl TEPUOAUYECKOTO XapakTepa,
HA3bIBA€MOM BO3MYUIAIOMIEH CUJION); BBIHYXJCHHbIE KOJIEOAHUSI C YYETOM CHII
CONPOTHUBJICHUS.

Ce0600muble Konebanus mamepuaivrou mouku. JuddepeHuaipsuoe ypaBHEHHE
. o v L2 2
cBOOOIHBIX KoJebaHuil Toukd Maccoil M umeeT BUx: X+K°X=0, rme kK“=c/m, unu

IpU BepTHKANbHBIX Konebanuax k> =g/ f . f., — craruueckas nedopmanus ynpyroro

cm?



aneMeHTa, a obmiee perreHue dtoro ypaBHenws: X =C, coskt+C,sinkt, rne C1=%p u
C, =X,/Kk — mocrosiHHBIE HHTErPUPOBaHHUS. 3/1€Ch Xg U X, — HadyaJIbHOE MOJIOKEHUE U

HavaJIbHas CKOPOCTb TOYKH. O6HI€€ YPaBHCHHUC MOJXHO TaKXXC IIPCACTABUTHL B BHUIC

. 2
. : X
rapMoHMYeckuX Konmebanmit X = Asin(kt +f), rone A= [xZ+ (?Oj — aMIUIATYy[a

KOJIeOaHU; ,Bzarctg(kxol)'(o) — HavanmbHas (aza konebanmii; K — Kkpyrosas

(TMKITMYecKast) 9acToTa KOJIeOaHmiA.

[IpomexxyTok BpeMeHH T, B T€UEHHE KOTOPOIrO TOYKA COBEPILAET OJHO IMOJHOE
KoJiebaHue, Ha3bIBaeTCs IEPUOIOM KoJieOaHui u onpenensercs o opmyne T =27/K,
a BenuuuHa v=1/T — oOpaTHas nepuoy KojeOaHUl Ha3bIBAETCS YACTOTOUM KOJeOaHUM 1
m3mepsiercs B repuax (I'm).

3amyxarowue konebanus. B peanbHBIX YCIOBUSIX MaTepuajbHas TOYKa,
COBEpIIAOIIas KoJeOaTeIbHbIC NBY)KCHHS, WCIBITBIBACT COMPOTHBIICHUE JBH)KCHHUIO.
[IpakThueckoe 3HaUY€HHME HMMEET Clydail, Korja cuja comnpoTuBieHus R

IPONOPIMOHATILHA CKOPOCTH, T. €. R =—zV . Eciu BBecTn 0603HaueHus 4/ M=2N u
c/m=k*, To MoxHO momyduTh gudEepeHINaTbHOe YPABHEHHE 3aTyXaIOIIMX
KoneGaHuii BIONL OcH X B choemytomeM Buje: X+ 2nX+k’x=0. HMaterpupopanue
3TOr0  ypaBHEHHE TMPHUBOAMT K OO0meMy pemieHuto s ciaydas  n<k:

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

C,; A; f — IOCTOSTHHBIE HHTETPUPOBAHUSI.
JIBroKeHre MaTepuaIbHOM TOYKH TepsAeT KoJieOaTeIbHBIM XapaKkTep U CTAHOBUTCS

ariepruoOMUECKUM B cliydae OOJBIIOrO compoTuBieHus, T. €. npu N>K. Ilpu n>k
pemenne npuAEMaer Bun X = Ae "sh(vn®+k’t+ ), a mpm n=k monyuaem
—nt —nt .
x=e""(Ct+C,) um x=e"[x, + (%, + nx, X].
Buinyoicoennvie rxonebanus (b6e3 yuema conpomuenenus). Takue KomeOaHUs
COBepIllaeT MaTepuajbHas TOYKa, HA KOTOPYIO Hapsay ¢ BOCCTaHABIWBAIOLICH CHIION

JNEUCTBYET NEPUOANYECKHA U3MEHSIOIIASACS CHUJIA, Ha3blBacMas BO3MYLIAIOUIECH CHJIOM.

HpaKTI/I‘—IeCKI/I Ba’XHBIM SBJISACTCA cnyqaﬁ, KOrJa BO3MyHIaromiasa Cujia U3MCHACTCA I10



rapMOHHUYECKOMY 3aKOHY, T. €. MPOCKIIMs €€ Ha OCh X, HAIPAaBJICHHYIO 10 TPACKTOPHH
TOYKH, ompezeisercs kak: Q, =Hsin(pt+9J), rae H — MakcuMaibHBIA MOIYJIb, WIN
aMIUTUTY/a, BO3MYIIAIOIICH CHJIBI; P — 4acTOTa U3MEHCHHS BO3MYILNAIONICH CHJIBI; O —
HavanbHas ¢asa.

HudbdepenunansHoe ypaBHEHUE JBWXKEHUS TOYKM B OTOM ciyyae Oyner

mX=—cx—Hsin(pt+35) mm X+k*x=hsin(pt+5), rae obGosnaueno k*=c/m,
h=H/m. OOmee peumicHHEe HMEET BHUJ X:Asin(kt+ﬂ)+ﬁsin(pt+5). U3

peuicHud BHAHO, YTO KOJICOAHHMSI TOYKH CJIAararoTcsl M3: COOCTBEHHBIX KOJICOAHMH C

aMIUTyIod A W 4actoTod K; BBIHYXIEHHBIX KOJICOAHMH C  aMIUIUTYI0U
B=h/(k*— p*) u yactoToii p.

Pezonanc. BeiHy)neHHbIe KOJ€OaHUS MPU OTCYTCTBHHM CONPOTUBIIEHUS, KOrJa
P = K (4acToTa BO3MYIIAIOIICH CHIIBI COBITAJIAET C YaCTOTOW COOCTBEHHBIX KOJICOAHUIN),

Ha3bIBACTCA PE30HaHCOM. 910 SABJICHHUC OITNCBhIBACTCs YpPaBHCHHUCM

Xx=(h/2k)-t-sin( pt—z/2). Ammauryga 3tux koiebanmii B=ht/2p ¢ TeueHuem

BpEMEHHU HEOTPAHUYCHHO BO3PaCTaeT.
3.4. I'eomeTpust Mmacc

lleHmp Macc MexaHu4ecKkou cucmemol. HCHTp MacC CUCTCMBI TOYCK B BCKTOpHOfI

dhopme onpenensieTcss Kak

e 2m
c—m’

B KOOpJMHATHOU (popMme:

mX; my; .
Xc:ZT' yC:Z_mv

7. = Zmizi
c m !

rae M=) M —Macca CHCTEMbI; X, Yi, Zi — KOOPAHHATHI Macc M.

Momenmul unepyuu  XapakTepHU3yIOT PACHPEACIICHHUE MacC B TellaX NpH HX

BpalaTCJIbHOM JIBHKCHUU. BBI,Z[CJ'ISHOT OCCBLIC, IIOJIAPHBIC U I_ICHTpO6e)KHBIC MOMCHTHBI



uHepruu. bonee HarISIMHO WX MOXHO TPENCTABUTH IS TUIOCKUX (UTYpP B CHUCTEME
koopauHat XOY, puc. 3.2:
OceBble MOMEHTHI MHEPIIMH: y
2. _ 2
J, = my’; J, =Y mx’.
[lonsspHBII MOMEHT UHEPLIUHU:
B -2 2 2 _
J,=>.mfF, _Zmi(xi +Y; ) wi Jo=J,+J,.
[{eHTpOOEKHBII MOMEHT WHEPITUH:

Jy =D MXY;. Puc. 3.2

Ecnu 1eHTpoOeXxHble MOMEHThI MHEPLIMH PaBHBI HYIJIO, TO OCHU 3TOW CHCTEMBI
KOODAMHAT HA3BIBAIOT TJIABHBIMU OCSMH MHEPLUHU. ECIM OCh NMPOXOIHUT 4Yepe3 LEHTP

MaccC, TO OCb Ha3bIBaACTCs HGHTpaHLHOﬁ.

Momenmbl uHepyuu npocmeux MoHKUX 0OHOPOOHBIX MmeJl

CrepskeHb Maccoit m: Y y X
1/2__[C
- ml? . _ml? l
o3 12 y
Tonkoe koJbio (00pyd) Maccoi m: ol \x
2
mr
J, =mr?; Jy=J,=—.
2
y
Kpyraeii quck maccou m: r
0) X
2 2
mr mr
JOZT, JX:Jy:T.
[IpssMOyroJibHAs NJIaCTUHA: y
mb? ma’ "
=5 = © x
y
TpeyronpHuK: 1
mb? ma’ 7 _/o X
X 18 ! y 6 \ fo)
PN




3.5. O0mue TeopeMbl IMHAMMKH TOYKH U CHCTEMBI

Konuuecmeo oeusicenus mouxu u cucmemol. Mepol NBHKEHUS MaTepUaTIbLHON
TOYKH WM MEXAHMYECKON CHCTEMBI SIBJISIETCS KOJIMYECTBO JABMKEHUSA. [ TOUKH 3TO
BEKTOP, PaBHBIN MMPOU3BEJACHUIO MacChl TOUYKKA M Ha BeKTOp ee ckopoct: K =mV | ms

MEXaHUYeCcKoM cucteMbl: K = Z:mi\7i WM "epe3 menTp macc: K =mV,, rae m — macca

MEXaHUYECKON CUCTEMBI, V. — CKOPOCTh LICHTPA Macc.
B mpoekuusax Ha OocH JEKapTOBOM CHUCTEMBI KOOPIHMHAT 3Ty MEPY IBWKCHUSA
MosxHo ipenctaputh Kak: K =K i+K j+Kk,, rie K =mx, K =my, K, =mz.

Hmnynvc cunvl €CTb Mepa €€ NEHCTBUS BO BPEMEHM M XapaKTepU3yeT Nepenady
MaTepUalbHOW TOYKM MEXAHWYECKOIO JIBHJKEHMSI CO CTOPOHBI JEHCTBYIOIIMX Ha Hee
Tl 3a JaHHBIM DPOMEXKYTOK BpeMmeHH. Ormpenensercs Kak BEKTOp, pPaBHBIN

MIPOM3BEIICHUIO CHJIBI Ha BpEeMS: IS MOCTOSIHHOW cwiibl - S =Pt, mama mepemenHon

t2
CHUJIBI 32 TPOMEKYTOK BpeMeHH ty-tp - S = Jﬁdt.
tl

Kosnm4ecTBO ABMXKEHUS U UMITYJIBC CUJIbI U3MEPSIIOTCS B OAMHAKOBBIX €IUHUIIAX,
CBSI3b MEK/J1y HUMU YCTaHABIIMBAIOT JBE TEOPEMBI.

Teopema 00 usmeHeHUU KOAUYECMBA OBUNCEHUS MAMEPUATILHOLU MOYKU!
M3MEHEHHE KOJIMUECTBa JBIKCHUS MaTEPUAIbHON TOYKM 32 KaKOW-THOO MPOMEKYTOK
BpeMeHU (Hampumep, ot t; 10 t;) paBHO UMITYJIbCY CHJIBI, AEHCTBYIOIIEH HA TOUKY 3a TOT

Ke TPOMEXYTOK BpeMeHu: MV, —mV, =S, MM B NpOEKUHMAX, HANPHMEP, HA OCh X:
mx, —mx, =S, .

Teopema 06 usMeneHuu KOAUHECMEA OBUICEHUS MEXAHUYECKOU CUCTEMbL:
M3MEHEHHE KOJMYECTBA JBMKEHHMS MEXaHHYECKOH CHCTEMBI (KzZmi\Z) 3a KaKoii-

7100 TPOMEXYTOK BpeMeHM (Hampumep, oT t; 10 t;) paBHO T€OMETPUYECKOH CyMMe

HMITYJIbCOB BHCHIHUX CHJI (S_ie), MMPHUIIOKCHHBIX K CHCTCMC 3a TOT KC IIPOMCIKYTOK



BpPEMEHHU: KZ—Klzzsie. AHaNOruYyHO MpPEIBIIYIIEH Teopeme, 3Ty 3aBUCUMOCTh

MO>KHO MIPEICTABUTH B IPOCKITUSX.
CnenctBust u3 TeopeMbl. Eciii BEeKTOpHas cymMma BCEX BHEIIHUX CWII (TJIaBHBIN
BEKTOp) 3a paccMaTpUBaEeMbli MPOMEXKYTOK BPEMEHH paBHA HYJIO, TO KOJIUYECTBO
IBMKCHUSI MEXaHMUECKON CUCTEMbI OCTOSIHHO. [1o100HO0€ 3aKiII0UeHHe CIIPaBeAIuBO U
JUTSI IPOEKIIUIA Ha HETIOABUKHYIO OCh.
Teopema o Osudicenuu yewmpa macc. LIeHTp Macc CHCTEMBbl IBUXKETCS Kak

MarepualibHasi TOYKa, B KOTOPOM COCpPEIOTOUYECHA Macca BCEU CHUCTEMBI U K KOTOPOM

NPUIOXKEHB! BCe BHEWIHME cuwibl MK, = » Pgi my. =D P mZ. => P;. B

BEKTOpHOIT popme: ma, = > P.

CnenctBus m3 3TOM TeopeMbl. Ecim BEKTOpHAs CyMMa BHEIIHMX CHJI BCE BPEMS
paBHa HyJI, TO LEHTP MacC MEXaHUYECKOW CHUCTEMBl HAXOAWUTCS B IIOKOE HWIIU
JABUKETCS MPSIMOJIMHEMHO U PaBHOMEPHO. AHAJIOTUYHO U JUIS MPOEKUUHA CHII M LIEHTpa
Macc Ha KaKyro-JI100 HEMOJBHKHYIO OCh.

Momenm  konuuecmea  OsudiceHusi. ITO  JHHAMUYECKash XapaKTEPUCTHKA
MEXaHUYECKOTO JIBM)KCHHS, YUMTHIBAIOIIASl MOJIOKEHUE MAaTepUaJbHON TOYKH 110
OTHOUIEHUIO K JaHHOMY LIEHTPY U BBIPa)XKaeTCsl BEKTOPHBIM MPOU3BEACHUEM panyca-

BEKTOpa M KOJMYECTBA JBHKECHUS MaTepUalbHOW Touku: L, =FxmV, a momymb

BekTOpa L, paBeH Ipom3BefeHMIO BemwuMHel MV Ha miedo h Bexropa MV
oTHOcUTeNbHO 1eHTpa O: L, =mVh wm B xoopaunatHO# dopme L :m(y)'(—xy).
MOMEHT KOJIMYEeCTBa JABM)KEHUSI OTHOCUTENIBHO OCU Z PaBEH MPOU3BEACHUIO MPOECKIUH
BexTopa MV Ha MIOCKOCTD, IEPHEHANKYISAPHYIO OCH Z, Ha IIedo0 Nj 3Tol MpoeKIuy 10
ocu: L, =mV;h,.

Teopema 06 usmeHeHUU MOMEHMA KOIUYECMBA OBUNCEHUS MamepualbHoOu
mouyku. 1Ipon3BoaHas MO BPEMEHU OT MOMEHTa KOJIMUYECTBA JABM)KCHUS MaTEepPHAIbHOM
TOYKA OTHOCUTEIFHO HEKOTOPOrO HEMOJIBHKHOTO IIEHTpa paBHA I'€OMETPUYECKOIl
CyMME MOMEHTOB CWJI, JCUCTBYIOIIUX CHJI, OTHOCHUTEIBHO TOTrO e IIeHTpa, T.C.

dL,
—0_M._.
dt ©



Kunemuuecxuti momenm mexanuueckot cucmembl OMHOCUMENbHO ueHmpa u ocu.
KunetnueckumMm MOMEHTOM (I/IJ'II/I I''IaBHBIM MOMCHTOM KOJHMYCCTBA JOBHKCHUA
MEXAaHUYECKOM CHCTEMbl OTHOCHTEIBHO LHCHTpA, HAIIPHUMCP TOYKH O) Ha3bIBAIOT
BCKTOp, paBHBIfI FCOMGTpH‘IGCKOfI CyMMC MOMCHTOB KOJHMYCCTBA JBHKCHHA BCCX

MaTepHabHBIX TOYEK CHCTEMBI OTHOCHTEIBHO 3TOT0 LeHTpa: Lo =Y Lo => FxmV,,
a OTHOCHTENLHO OcH — GepeTcs anrebpandeckas cymma: L, = > L.

TeopeMa 00 UBMEHeHUU KUHEeMmUYecKo20 MOMEHmMA MEXAHUYECKOU CUCHeEMDbI.
HpOH?)BOI[HaSI o BPCMCHHU OT KHHCTHYCCKOI'O MOMCHTA MEXAaHMYECKOM CHCTEMBI

OTHOCHUTCJIIbBHO HCKOTOPOI'0O HCIIOABMIKHOTO ILCHTpAa I'COMCTPUUYCCKHU pPaBHA I'JIABHOMY

e

MOMCHTY BHCIHIHHUX CHJI MO’ I[GﬁCTBYIOHIPIX Ha 3Ty CUCTCMY, OTHOCHTCIIbHO TOI'O KC

di o
IICHTpa, T.€. ab _ > Mg.=Mg, uim B IpOeKUMsX Ha OCH KOOP/MHAT:

dt

dL dL dL
X=NMg=M;; =M =M; =) M =M.
dt z IX X dt Z ly y dt Z

CJ'ICI[CTBI/IC N3 TCOPCMBI. Ecau rmaBHBIE MOMEHT BHEIIHMX CHJI OTHOCHTEIHLHO

HEKOTOPOTO HEIOJBWXKHOIO IIEHTPAa OCTaeTCsi BCE BPEMsI paBHBIM HYJI, TO
KUHETUYECKUM MOMEHT MEXAHUUYECKON CUCTEMBI OTHOCUTEIBHO 3TOTO LEHTPA OCTAETCS
MOCTOSIHHBIM.

Jee mepvl mexanuueckozco Oeudcenus. B OuUHaMHKe paccMaTpUBalOTCS JBE
dbopMbl mpeoOpa3oBaHUs MEXAHMYECKOIO JIBMXKCHHUS MATEpUAIbHOW TOYKH WIIU
CHUCTEMBI TOYEK:

1) Mexanndeckoe JBHKEHUE MEPEHOCUTCS C OJHOM MEXaHWYECKOW CUCTEMBI Ha

IPYTyHO0 B KAUECTBE MEXAHWYECKOTO BMKEHUA. B 3TOM cityyae Mepoil MEXaHUYECKOTO

ABHIKCHUA ABJIACTCSA BCKTOP KOJIHMYCCTBA ABHKCHUA TOYKHU K =mV wumm Mmexanndeckoi

cucteMbl K =MV, a Mepoii IeHCTBUS CUITBI BEICTYIIAET UMITYJIBC CHIIBI S.

2) MexaHnnueckoe JBIKEHHUE TMPEeBpalliaeTcs B APYryr (GopMmy HBUKEHUS
Marepuu (B (HopMy MOTEHIIMATBHOW SHEPTUH, TEIUIOTHI, JJICKTPUYECTBA T. 1.). 31€Ch
MEPOM JBWKCHHUS BBICTYIIAET KWHETUYECKAs DHEPIUs, a MEPOU JEHUCTBUS CHIIbI

SBJISIETCS] pa0OTa CHUJIBI.



Kunemuuecxas IHEpcUd  MmMOYKU U CUCNIEMDBL. Kunetnueckoi 3Hepr1/1e171

MaTCpHaHBHOﬁ TOYKH HA3bIBAIOT IIOJIOBHUHY IIPOM3BCACHHUA MACChI M TOYKHA HA KBaApar

mV ?

ee ckopoctu V: T = Kunernueckoil sHepruend CUCTEMBI Ha3bIBAIOT CyMMY

mV;*
2

KHMHCTHYCCKHUX BHGPFHﬁ BCE€X TOUECK MEXAaHHUYECKOU CHUCTCMEI, T. C. T= ZTI = Z

IIpu nocmynamenvrnom oeudicenuu mena (puc. 3.3)

m
CKOPOCTH BCEX TOYEK OJUHAaKOBbIE, V=V, mno3romy \—-|—V>
mV;? V? mv ?
T=)—"1=—">m-= , Tle M — Macca TeJa.
2 2 2
Puc.3.3

Ilpu epawenuu mena 60Kpye HeNOOBUNCHOU OCU
CKOPOCTh KaKOW-TMOO TOYKU TeJlda MOYKHO BBIPa3UTh Kak

Vi :C()ri , rae I — Kp&T‘-I&fIHIGG pacCTOAHUC OT TOYKH TO

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

TOFI[EI KHMHCTHYCCKAasi OHCPIUA TCJAa:

2

mV, mo’r’ o’ Joo
T:Z 2 :Z 2 :7zmiri2: C2 !

2
rac ‘]C = Zmil’i — MOMCHT MHCPLHUHU TCJIa OTHOCUTCIIBLHO

LeHTpa BpaieHust Touku C.

Ilpu  naockom  oOsudicenuu  mena  (puc.3.5):

T mv; N J 0
2 2

MOMCHT HMHCPpHOHUHU TCJIa OTHOCHUTCIBHO HGHTpaHBHOﬁ ocu

, Tiae Ve — CKOpoCTh MeHTpa Mace; J,c —

Z, IPOXOSAIIEH Yepes LEeHTP Macc.

Paboma cunvi. PaboTy MOCTOSTHHOW CWJIBI MPU TMPSIMOJIUHEHHOM JIBUKEHUHU
BBIPXKAIOT MPOU3BEICHUEM MOJIYJISI CHJIbI Ha BEJIMUUHY MEPEMEIICHUS MaTepPHATbLHOM
YaCTHIBI S M Ha KOCHHYC yIjla MEXAy HaIlpaBJICHHEM CHJIBI U TEPEMEIICHHEM:

A =Pscosa. Empununa padotsr mxoynb (Jx=H-m).



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

(F - nBIKYyImas cuna); >F\NJ'N Q
PaGora cuner Q: A, =—-Qscosf - (Q - cuma 0‘\ N b \;
S
COIIPOTHUBIICHUS);
Puc. 3.6

Pa6ota cuet N: A, =0, Tak xak 0=90
Dnemenmapnas paboma cunvi. Ecmu cua nepemennas, Hanpumep P = f(s), wm
JBWKEHHE  KPHBOIMHEHHOE, TO BBOJAAT IOHSATHE  OIEMEHTApHOH  paboTHI:
dA=Pdr = Pdscos(P,V )= PVdt. DnemenTapras pa6oTa cBA3aHa ¢ IPOCKIHAMH CHITbI

Ha ocu koopauHat kak JA = Xdx+Ydy+ Zdz. Pabora Ha KOHEYHOM ITyTH OT S; JIO Sp
s2 o

paBHaA CyMMe 3JIeMEHTapHbBIX paboT A= I Pcos(P,V)-ds= I P dt.
sl S

Paboma cunel, npunosxcennoii x epawarowemyca meny. DNeMeHTapHas pabora
CUJIBI, TPWIOKEHHOM K TNy, 3aKpEIUDICHHOMY HAa HENOJABWKHOM OCH, pPaBHa
MIPOU3BEJICHUI0O MOMEHTA CHJIbl OTHOCHUTEIBHO OCH BpalleHHs Ha OECKOHEYHO MaJibli

yroj noBopota: dA=Mdg. Pabota cuibl, 1eiCTBYIOIIEH HA TEJIO MPU €ro MOBOPOTE Ha

@2
YTOJd OT @1 10 ¢3. A= I Mde. ITpu M=const: A=Mgp, (yroa B paauaHax).

ol

Paboma cunvt mascecmu. Jta pabota HE 3aBUCUT OT BHUIA TPACKTOPHH IIEHTpPA

TSOKECTH, a 3aBHCHUT OT U3MCHEHHSI €0 TOJIOKEHHS TI0 BBICOTE U PaBHA MPOU3BEICHHIO
Beca Teta G Ha M3MEHEHUE BBICOTHI IIeHTpa TshkecTh h: Ag=+Gh.

Paboma cunvi ynpyeocmu. Pabota ynpyroi CHIiibl paBHa MOJOBUHE TPOU3BEACHUS

cA?
ko3¢ dHUIEeHTa )KECTKOCTH C Ha KBajapat aedopManuu A: A= 7

Paboma enympennux cun Ha 1000M MEpEMEILIEHUH TeJla paBHA HYJIIO.

Mownocmo cunvl. I3MeHeHHe pabOThl CUJIbI, OTHECEHHOE K €IMHUIIE BPEMEHU,

Ha3BIBAIOT MOIIHOCTBIO CHIJIBI: =—=——=P V. Eciu HanpaBnaenue cuinsl P u

ckopoctu V cosmagaior, To N=PV. Jlns momenTa cuibl: N=Mw.



3a equauy MottHocTH B cuctemMe CU mpuaumator 1 Bart (BT) = 1 JIx/c = 0,102
krc-m/c. B cucteme MKI'CC 3a enunuiy momHOCTH npuHUMaroT 1 krc-m/c. Kpome
TOT'0, IPUHUMAIOT CIICYIONINE €AUHUIIBI MOIHOCTU: 1 kunoBarT (kBT) = 10° Br =102
krc-m/c = 1,36 nomaauaoi cuisl (J1.c.); 1 momaaunas cuina = 75 kre-M/c = 736 BT.

Cpasnenue cmpykmypol  Gopmynr OuHAMuKU ONsl  NOCMYNAMENIbHO20 U

spawamenvro2o 08udicenus meepoozo meaa (Tadm. 3.1)

Tabmuma 3.1
Bune! nBukenus
JIlnHaMU4eCKHUe MepbI
[ToctynarenbHOE BpamarensHoe
YpaBHEHUE JBUKECHUS P =ma M =J¢g
PaGota A=Ps A=Mgp
MoutHocTh N=PV N=Mw
2 2
Kunernueckas sHeprus T= % T = J%

Teopema 006 u3meHeHuu KUHEMUYECKOU JHEPSUU MAMEPUATbHOU MOYKU:
W3MEHEHHE KUHETHYECKOW DHEPrud MaTepualbHOW TOYKM Ha HEKOTOPOM €€
NepeMENIeHNN PaBHO aJire0pandeckor CymMmme paboT BceX JACHCTBYIONIMX HA ATy TOUKY

5=

KHHETHYeCKasi SHEpPTrsl B KOHIIE U Hadaje myTH; Vi u V, — CKOPOCTH TOYKHM B Hauaje u

ZA, rne 7T n Ty —

CHJI Ha JTOM K€ nepememeHuu: | —T,=A wm

KOHIIE IIEPEMELIEHUS.

Teopema 06 u3meHeHUU KUHEMUYECKOU IHEPIUU MEXAHUYECKOU CUCmeMbl:
W3MECHEHWE KWUHETUYECKOM DSHEPIMM MEXaHWUYECKOM CHUCTEMBbl HAa HEKOTOPOM
MEPEMEIIICHUN PAaBHO CyMMeE pa0OT BHEIIHMX U BHYTPEHHUX CHUJ, JEHUCTBYIOIIUX Ha

MAaTCpUAJIbHBIC TOYKHU CUCTCMBI Ha 9TOM IICPCMCIIICHHUH T.C.

2 2 2
Z mi;/i _ Z r;ivi _ Z A° + Z Al Tre z m‘;/i — KHHETHYECKAst DHEPIHS
1

2 1

mV,?
2

CUCTCMBbI B IICPBOM €€ ITOJIOKCHHUMU, Z — KMHCTHUYCCKAsA SHEPIUusd CUCTEMBI BO



BTOPOM I10JIOKECHUH; Z A’ — paboTa BHELIHUX CHUIT; Z A' — paboTa BHYTpEHHHX CHIL.
Takum obpazom,
— e i
T T=Y A+ TA.
Cymma paOOT BHYTPEHHUX CHJI TBEPAOIO Teja Ha JIOOOM MepeMEIIeHUH paBHa

HYJIIO Z A' =0, crnenoBarensHO, A7 TBEPOTO Teja MOCICAHEE YPABHEHHE TPUHUMACT

Bug T,-T, =) A"
3.6. IloreHuuaJbHAs JHEPIrUs

Cunosoe none u cunosas @yukyus. OOIaCTh, B KKIOM TOYKE KOTOPOM Ha
MMOMEIICHHYIO TyJla YaCTHUILy JACHCTBYET CHJIA, 3aBUCAIIAS OT IMOJIOXKEHUS (KOOPIUHAT)
ATOM TOYKHM HA3BIBACTCS CHIJIOBBIM MoJieM. CHIIOBOE MOJIE, CHIIBI KOTOPOTO HE 3aBUCST OT
BPEMEHU, HA3bIBACTCS CTALIMOHAPHBIM.

Ecim cymectByer Takas ¢ynknus U =U(X,Y,Z), OJHO3HAYHO 3aBHCSINAsS OT

KOOpAMHAT TOYCK CHUCTCMbI, UCPC3 KOTOPYIO IPOCKIHNHN CHUJIbI HAa KOOPAWHATHBIC OCHU B

. ouU ouU ouU
KaKJI0M TOYKe ToJiI BbIpaxkaroTcs kKak X =——, Y=—, Z=—, TO TaKoe
OX oy 0z
CTallMOHAPHOE CHJIOBOE IMOJIC HA3BIBAIOT MOTEHIIMAIBHBIM, a GyHKmuio U — CHIIOBOM.
Berunciaus 9JIEMEHTAPHYO padory CHJIBI TaKOTO T10JI4, oJIy4acMm
ouU ouU ouU
dA= Xdx +Ydy + Zdz = ™ dx + dy + 5 dz=dU. Orcroma BHAHO, €CIH CHIOBOE
Z

1oJjie SIBJIIETCS TOTCHIMAIbHBIM, 3JCMEHTapHas paboTa CWJI B JTOM II0JIC pPaBHA
nosHoMmy guddepernunany cuioBord (ynkuuu, T. ¢. dA=dU. Pabora cui mojis Ha

KOHCYHOM IICPCMCHICHHUN TOYCK MEXaHUYECKOM CHCTEMBI W3 TIOJOXKEHHSI 1 B

2
MOJIOXKEHHE 2 Ompenenurcss Kak A, =J'((1))dU =U,-U,, 1. e pabora cun,

HCﬁCTBy}OHlHX Ha TOYKM MEXaAHUYECKOM CHUCTEMBI B IMOTCHOMUAJIBHOM IIOJIC, paBHA
pPasHOCTHU 3HAUCHUM CHJIOBOU (bYHKI_II/II/I B KOHCYHOM WM Ha4YaJIbHOM IIOJIOXKCHUAX

CUCTEMBI M HE 3aBUCHUT OT (DOPMBI TPAEKTOPHUH TOUEK ITOU CUCTEMBI.



TIlomenyuanvnas suepeus (I1) cucteMbl B JTFOOOM JaHHOM €€ ITOJIOKCHHH paBHA
CymMMe PaboOT CHUJT MOTEHIIMATHHOTO CHJIOBOTO TIOJIS, MPHJIOKEHHBIX K €€ TOYKaM Ha

IepEMELICHUH CUCTEMBI U3 JaHHOTO MOJ0KeHHs B HyleBoe. 3Hauut A , =U,—-U, =11.

OTO PaBEHCTBO IOKA3bIBAET, YTO MOTEHLMAIBHAS HEPrHsl CUCTEMBI [/ OTJIMYaeTcs OT
cunoBoit pyHkuuu U, B3sTOH cO 3HaKOM MUHYC, Ha MOCTOAHHYIO BenuuuHy Ug. Eciu
Uo=0,T0 I7=-U =A_,.

Ilomenyuanvrasn sHepeus mena 6 noie cuibl msaxcecmu. B KoopauHaTHOH

cuctremMe Xyz g cuiel Tsbkectn umeem X=0, Y=0, Z=-G. CnenoBaTenbHO
dA= Xdx+Ydy + Zdz =-Gdz =dU . Unrerpupys, noiaysaem U = —_[Oh Gz=-Gh wm

I[1=Gh, rne h — BeicoTa mogHsiToro Tena secom G.
Ilomenyuanvnas sHepeus ynpyaux a71emenmos. Yupyrasg aedopManus Tell
o0nazgaeT NOTEHUHATbHOM »sHepruei. Ecnu, Hampumep, MNpyXuHa cxara (AU

paCT}IHYTa) Ha BCIIMYHNHY )\4, TO IIpHU ICPCXOJAC €C B HCHAIIPAKCHHOC COCTOAHHUC CHJIA

2

yOPYrOCTA MOXKET COBEpPIIUTh PabOTy A=7. Orta crmocoOHOCTh  CXKATOH
(pacTaHyTO#) MPYXKUHBI COBEpPIIATh pPabOTy SIBISETCS TOTCHIMAIBHONW JHEpruei
MPY>KUHBI.

3axkon coxpanenus mexanuueckou sHepeuu. lIpy IBMKEHHMH MEXaHUYECKOU
CHUCTEMBI TIOJ JACHUCTBUEM CHJI, MMEKIOLIMX ITOTEHIMAJ, JHEPreTUUYECKUE H3MEHEHMS
OIIPENEIAIOTCS 3aBUCHUMOCTAMU: T-T,= ZA =U-U,=11,-11, OTKyJa
T+11=T,+11,, umn T+I/=const. D10 03HAa4YaeT, YTO IpPU ABMKEHUH MEXaHUYECKOH
CUCTEMBI B CTallMOHAPHOM IMOTCHIIMAJIBHOM TMOJIE TMOJHAs MEXAaHUYECKas JHEPrus
CHUCTEMBI MPU JBMKECHUM OCTACTCs HeM3MeHHOW. Bennunna 7+// Ha3bIBaeTCs MOJHOM

MEXAHUYECKON PHEpPrueH, a CUCTeMa, JJIsi KOTOPOW BBINMOJHAECTCA 3aKOH COXPAHEHHS

MEXaHUYECKON DHEPIUH, - KOHCEPBATUBHON CUCTEMOM.

3.7. IuddepeHunaibHOE yPABHEHUE BPALICHUS TBEP/AOI0 TeJIa BOKPYT

HEMOABUKHOM OCH.



Bpimie mokaszaHo, 4TO i BpaIlAOMIECHCS TOYKHM BOKPYT OCHU Z C YIJIOBOM

2
CKOPOCTBIO ( MOMEHT KOJM4YECTBAa JBWXKEHHUA paBeH L,=mV, -rr=mr o, a

KUHETUYSCKUM MOMEHT LZ TBEPAOro T€jia OTHOCUTCIBHO TOH K€ OCH OIpCACIIACTCA KaK

L, => L, =) mrfo=0d mr’=wl,=@),, rae J, — MOMEHT MHEPLHH ITOTO Tela

OTHOCHTEJIBHO OCH Z. Tak Kak aL, => M; =M;, Toraa % =M; wm J,=M;.

dt 2

3nece M = z M - riaBHBIH MOMEHT BHEIIHHX CHJI OTHOCHTEIHHO OCH Z.

VYpaBHenue J,pp=M; mpencraBiuser coboil auddepeHunanbHoe ypaBHEHHE

BpAIllEHHUsI TBEPAOTO TeJId BOKPYI HEMOABMKHONW OCH. CpaBHMM 3TO YpAaBHEHHE C
muddepeHIrnanbHbIM  YPAaBHEHUEM IOCTYNATEIbHOIO JABWKEHUS TBEPJOTO Tea,
HanpuMep, BAOJIb ock X: MX = X°. O4eBUIHO, YTO MOMCHT WHEPIMH TBEPIOTrO Teja
I[P BPAIIATENbHOM JBH)KEHUM MMEET TO K€ 3HAYEHWE, YTO M Macca Teja MPHU €ro
[IOCTYNIaTEJIbHOM ~ JIBMOKEHHHU: MOMEHT HWHEpPLUHUHU  ABIIETCA  XapaKTEPUCTUKOU
MHEPTHOCTH TeJla IIPU BpaLlaTEIbHOM JBHKCHUHU.

[lo nuddepeHuraIbHOMY YypaBHEHHIO BpallleHUs Tela MOXKHO pellaTh
CIIENYIOLIUE 3a0a4u:

1) mo 3aaHHOMY ypaBHEHUIO BpAlCHUS ¢ = f(t) U ero MOMEHTY MHepuuu J,

OIIPCACIIATD IJIaBHBIM MOMEHT BHELIHUX CHII, ,Z[CIZCTBYIOH.IHX Ha TCJIO,
2) II0 3aJaHHbIM BHCIOHHUM CHJIAM, IIPUIIOKCHHBIM K TCJIy, II0 Ha4YaJIbHBIM

YCJ_IOBI/IHM gDO nwgHnu 10 MOMeHTy I/IHepLII/II/I TCIJ1Aa Jz HaXOOIUThb ypaBHeHI/Ie Bpall[eHI/IH TCJ1Aa
o= f(t);
3) ompenensTh MOMEHT HMHEPLHMH Tejla J, OTHOCHTEIHLHO OCH BpAIlECHMs, 3Has

BENMUUHEI M 1 @ .

3.8. OcHOBHBIE MOJIOXKEHHUS U3 TEOPHH yaapa

Yoapom Ha3pIBalOT KpaTKOBPEMEHHOE B3aMMOJIEUCTBHE Tel, BbI3bIBAIOIIEE 32

HUYTOKHO MaJIblid MPOMEKYTOK BPEMEHU PE3KOE N3MEHEHUE CKOPOCTEN UX TOUEK.



Ecnu ygap npssMoi U HEHTpaibHbIN (T.
€. yIOapHBId HMMIYJIbC S MPOXOMUT dYepe3 [ ..., i | .. .
IICH MacC M CKOPOCTH  TOYEK
P P Jlo ynapa @)
HEePICHUKYJISPHBI K TIOBEPXHOCTH
CONPUKOCHOBEHHUS Tel), TO JJS JABYX Tel
(puc. 3.7) uMnyabC Ha CTaguu a) — 6) s
Viap  0)

KaXXIoro Tejaa ¢ MaccamMu Mp; U My OPpUMET

sy m (U -V))=-S, m,(U —-V,)=+S.

Orcroza OnpeessIeTcs MMITYJIbC
Tocre ynapa 6)
mm, (V, =V.
S=-1 o (Vs =V2) U CKOPOCTb Te€l —
m, +m,
Puc. 3.7
U - mV, + m,V,
m, +m,

Ynaap mo cxeme a)—> 6) MpoTeKaeT JJjisi aOCOJIOTHO KECTKHX TeI U CUUTACTCS

HeynpyruM. KoHeunast ckopocTh Ten B 3ToM ciydae U. Jlms ympyrux Ten mporiecc
ylapa IpoTeKaeT Mo CXeMe a) — 6) —>6) W B pe3yjbTare Teja MOJIy4aloT KOHCUYHbIC
ckopoctru U; m U, Ha cratun 0) —>6) momywaem: M (U, —U)=-kS,
‘Ul -u 2‘

M _VZ‘

3aBUCUT OT YIIPYTHUX CBOMCTB COydapsromuxcst TEJI. Tak kak BHYTPCHHHUEC CHJIbBI HC

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

- K02 (HHUIIMEHT BOCCTAHOBIICHHUS M €T0 BEJIMUMHA

M3MEHSIOT KOJMYECTBA JBHIKEHHS CHCTEMBI, TO 33 BCE BPEMs yJapa OHO OCTAeTcs
HEU3MEHHBIM, T. €. MV, +mV, =mU, + mU,.

Teopema 06 usMeHeHUU KUHEMUYecko20 MOMEHMA MEeXAHUYEeCKOU CUCTEMbL NpU
yoape: W3MEHEHHE KUHETUYECKOrO MOMEHTa MeXaHudeckoi cucrembl (L, —L2)
OTHOCHUTENBHO JIFOOOTO HEMOJBMXKHOTO IEHTPA MPU YAAPE PABHO TEOMETPUYECKOH

N (S
CyMME MOMEHTOB BCEX BHEIIHMX yHAapHbIX MMITYIbcoB » Mg (S), mpunokeHHBIX K
TOYKAM CHCTEMBI, OTHOCHTENLHO TOTO JKe IeHTpa. Jlisi Tena, BPaIlaroIerocs BOKPYT

. o _ Qe
OCH Z, 3Ta 3aBUCUMOCTb umeet Bu: L, —L, = Z M, (S).



3.9. AHAJIUTHYECKAS MEXaHUKA

Knaccudukanus cBsizeii:

- 20JIOHOMHbIE — 3TO CBA3M, IPU KOTOPBIX UX YPaBHEHUS MOTYT ObITh 3alIUCaHbI B
BUJIE, HE COJEPIKAIUX MPOU3BOJHBIX OT KOOPAUHAT;

- B IPOTUBHOM CJIy4ae CBSI3H HA3bIBAIOT HE20JI0OHOMHBIMU,

- €CJIM YPaBHEHHUE CBSA3U HE COAEPKUT B IBHOM BUJE BPEMS, TO OHO Ha3bIBAETCS
CMAYUOHAPHOU,

- B IPOTUBHOM CIIy4ae — HeCmayuoHapHou,

- CBS3U, KOTOpbIE OIKUCHIBAIOTCS C TIOMOIIBIO YpPAaBHEHUS, HAa3bIBAIOTCSA
yoeporcusarowumu ( AIByXCTOPOHHUMMU );

- CBSI3M, KOTOpbIE ONHUCHIBAIOTCA C TIIOMOIIbIO HEPABEHCTB, HAa3bIBAKOTCS
Heyoepacusarouwumuy ( OMTHOCTOPOHHUMH).

Uucino He3aBUCUMBIX MEXKIy cOOOM BapualMii KOOPJAWHAT TOYEK (BO3MOXKHBIX
MEepEMENICHUI) MEXAaHUYECKOW CHUCTEMBbl HAa3bIBACTCA UYUCIOM CmeneHel c80000bl
CUCTEMBI.

Obob6wennvie KOOpOUHAMbBL MEXAHUYEeCKOU Ccucmemvl — 3TO HE3aBUCHMBbIE
BEJIMYMHBI, 33JIaHUEM KOTOPBIX OJHO3HAYHO OMNPEACIISIIOTCS IOJOKEHUE BCEX TOYEK
cucTeMbl. JI7Is1 TOJIOHOMHBIX CHCTEM YHCJIO HE3aBUCHMBIX O0O0OIIEHHBIX KOOpAMHAT (j)
MEXaHUYECKON CUCTEMBbI PABHO YHCITy CTENIEHEN CBOOOABI ATOM CUCTEMBI.

[TpyHUMITBI MEXAHUKH.

Ipunyun [lanambepa 05 mamepuanrbHou mo4yKku: T€OMETPUYECKas CyMMa BCEX

IMPHUIIOKCHHBIX K TOYKC CHII P

. ¥ CHJIBl MHepuuMu @ 3TOW TOYKM PAaBHBI HYIIO, T. €.

ZI5i+5 =0. 31ech ypaBHCHHSIM TUHAMHUKU TI0 (opMe TPHUIACTCS BHUJI ypaBHEHUH
CTaTHKH.
Ipunyun Jlanambepa 0131 Hec60000HOU MeXaHuudeckou cucmemvl. B IHOOOH

MOMCHT BPCMCHH IJIA BCSIKOM MEXaHMYECKOM CHCTEMBI recoMCcTprUICCKasad CymMma BCCX

BHCIIHUX CHJI, pEaKkUMi CBSI3€M H CWJ MHEPUMM paBHA HYJIO, T. €.



> P+> R +> @ =0. AHajOrHYHO U JUIsl MOMEHTOB, HAIPUMEP, OTHOCHTENIBHO OCH
zz MP+M?P +MP =0.
TIpunyun 603MOJNCHbIX NepeMeujeHull; eCIIi MEXaHHYECKas CUCTEMa HaXOIUTCS B

pPaBHOBECHH, TO TpHU JIIOOOM BO3MOXKHOM MEPEMEIIEHUH CHUCTEMBI CyMMa pabOT Bcex
AKTUBHBIX CWJI paBHA HYJIIO: Zéﬁf =0. 3mechb cunMTaeM, YTO CBSI3M MEXaHHUECKOH

CUCTCMBI UACAJIbHLBI, 4 1104 BO3MOKHBIMH IICPCMCIICHUAMHN IIOHHUMAcM Boo6pa>1<aeMLIe
OECKOHEYHO MaJlble nepeMecicHusA CHCTCMbI, JOIIYCKACMBIC B JdHHOC MI'HOBCHHC
HAJIOKCHHBIMU CBA3SIMH 0€3 HapyHICHUA UX.

Hpum;un BO3MOIHCHBIX CKOpOCWlelZI I TOro YTOOBl MEXaHMYeCKas cHcTeMa
HaxoanjiaCb B PaBHOBCCHUM, HeO6XOI[I/IMO n 10CTAaTO4HO, yTOOBI BO3MOKHAS MOIIHOCTD

BCEX aKTHBHBIX CHJI Ha JIFOOBIX BO3MOKHBIX CKOpPOCTAX OblL1a paBHA HYIIIO: Z ISI\TI =0.

Ipunyun anambepa-Jlacpanica (oowee ypagnenue OuHaMuKu): pyu JIBUKECHUU

MEXaHUYECKOH CHCTEMBI CyMMa BO3MOXKHBIX pa0OT aKTHUBHBIX CHJI U CHJI MHEPLUU Ha
JOOBIX BO3MOXKHBIX IEPEMEIICHHX Beeraa pasHa Hymo: > (P +@,)d =0. Taxxe

IIpyu ABMKCHHUHA MEXaHMYECKOU CUCTEMBI CyYMMa BO3MOXKHBIX MOHJ;HOCTGﬁ AKTHUBHBIX CHJI

M CWJI UHEPUMM Ha JIOOBIX BO3MOXHBIX CKOPOCTSX BCErja paBHa HYIIIO:

Y.(P +@)oV, =0, WITN B IPOEKIHUSIX Ha KOOPJIUHATHBIC ocH
Z[(xi + ®ix)5xi + (Yi + @iy)é)/i + (Zi + ®iz)5zi] =0.

Obobwennas cuna Qj, coomsemcmeyiowas 06006wenHol kKoopouname (j — 3TO
CKaJlipHas  BCIIMYMHA, ONpelaeiaseMas  OTHOIICHHEM  JJIEMCHTapHOHW  pabOTHI
JACHCTBYIONUX CHJ Ha TICPEMCIICHHE MEXaHHYECKOHM CHCTEMBbI, BBI3BAHHOM
3JIEMEHTapHBIM IPUPAIIEHUEM KOOPAMHATHI (j, K BEIMYMHE 3TOr0 mpupaiieHus. s
CHCTEMBI C | YHCIIOM CTeNeHed cBOOOIBI momydaeM Q) :Z:F_’,ﬂ JIJIst cucTeMBI C

J

OJIHOM cTeneHbio cBoOoabI Q = 0A/ &.



Ypasnenue Jlacpanoica émopozo pooa: pa3HOCTh NPOU3BOJHON MO BPEMEHU OT

0000IIIEHHOTO UMITYJIbCa M YACTHOW MTPOU3BOJTHON OT KHHETUYECKON YHEPTHH CHCTEMBI

. . d[ oT oT
1o 0000IIEHHO# KOOpANHATE paBHA 000OIIEHHON CHIIE: atl 2a | 20 =
q;

Ypasnenue Jlacpanoca emopozo pooa 051 KOHCEPBAMUBHBIX MEXAHUYECKUX

s;j or on d LaLJ—a—L:O, rnie L=T—1711 - pyHxusa
j

oq;

d

cucmem: —
al

aq;

- = nim —
oq; aq. dt

J

Jlarpanxa.



