
Y!J-Yoo 

6 866 

COOftlllBHMR 
OtibBAMHBHHOro 

MHCTMTYTa 
RAB PH bl I 

MCCIBAOB8HMM 

AYtiHa 

P4-89-400 

n . 6oxHa4KH, 3.Kanyc4HK, H.KeMn4HHCKH 

0 C~CTEMAX MEABEAEBA 

B KnACC~4ECKO~ MEXAH~KE 

1989 



I 

B paooT/ 
1 / .E. B. Mep;aep;ea rroKa3an, qTo a OoilleM cnyqae 

narpam1maH ran11neeao-1rnaap11aHTHOii c11cTeMb1 caooOAHblX MaTep11-

anbHblX ToqeK HMeeT Bil/]; 

ti 

L "'-=;--M-- ➔ = T ~ J. K 1Jj· • vi( , 
J,k •1 

/1/ 

rp;e - cKopocTH ToqeK, MJ~ - a OoilleM Hep;11aroHanhHall MaT-

.[{Jrn Toro , qTOObl caeCTll / 1 / K ooblqHOMY p;11aroHanhHOMY Bllp;y 

L 1.._£!-M .... 2. 
= -r f=-i j Vj· , /2/ 

pacxop;HTCll Ha oonbrnHe paccTOl!HHH, HMeHHO 3TO p;ooaaoqHoe 11 

KamyllleecH ecTecTaeHHbIM· rrpep;rronomeH11e HCKnwqaeT acHKoro pop;a 

oopa30M, CllCTeMa ToqeK He cop;epml!T BHYTPll ceoll Hl!KaKoro BHYT

peHHero MexaHH3Ma ''3arr11paHHll" qacTHU, TaK HeOOXO/];llMOro B coape

MeHHblX TeOPllllX 3neMeHTaPHblX qacTHU, 

UenhID HaCTOHillero COOOillelrnH smnlleTCll OOOOilleHlle rrop;xop;a 

Mep;aep;eaa ll coep;HHeHHe ero C OOillllM IIO/];XOAOM K Oill!CaHHID m1epT

HblX CBOiiCTB Ten, p;nH KOTOPblX l!HePTHble MaCCbl He paBHbl llX ran11ne

eBblM MaccaM/Z/. HTaK, oyp;eM paccMaTpl!BaTh CllCTeMbl MaTep11anhHblX 

ToqeK, p;nll KOTOpblX peanH3YIDTCll cnep;yIDilllle COOTHOilleHllll Memp;y 

l!MrrynhCaMH II CKOPOCTHMH: 



r,1:1e rn,. j - rannneeBbl MaCCbl 'IaCTHU, t O - IlOKa IlPOll3B0flbHOe 

BpeMH, ,1:1nH KOTOporo peanH3YeTCH 06bI'IHOe COOTHOIIleHHe Me)l(,l:IY 

ttMnynhcoM H CKOPOCThIO/ 
21 , M j k - npott3BOnhHble MaccoBbie napa

MeTPbl, CHCTeMb1, ,l:lnH KOTOPblX HMeeTCH COOTHOIIleHHe /3/, ,l:lnH KpaT

KOCTll 6y,1:1eM Ha3bIBaTb 061I1l1Mll CllCTeMaMH Me,1:1Be,1:1eBa. 

EAHHCTBeHHblM cjm31I'IeCKllM llHCTPYMeHTOM, C IlOMOlllbIO KOTOPOro 

MO)l(eM YMellblllllTb KOflll'IeCTBO npOH3B0flbHblX MaCCOBblX napaMeTPOB 

,l:lflH 061111Ix CllCTeM Me,1:1ae,1:1~aa, HBflHIOTCH IlPIIHUHilbl CllMMeTPllll, npo

HBflHIOllllleCH B CllCTeMaX TO)l(,l:leCTBeHHblX qaCTIIU, Ecnll B CllCTeMe 

f',/ qaCTIIU . FH ll · k~H qacTHUbI TO)l(,l:leCTBeHHbI, TO ,1:1nH nnx 

B KnaccnqecKOll MeXaHHKe HMeeT MeCTO cne,1:1yro111ee TO)l(,l:leCTBO; 

PJ (;J~,--~ ~,- .. ;;K ... ;jN) = PK (J1••· ;;)( • .. ~ ... :JN). /4/ 

Tipe,1:1rrono)l(HM, 'ITO 3TO CBOllCTBO CllMMeTpllll coxpaHHeTCH ll ,1:1nH 

06111nx cttcTeM Me,1:1ae,1:1eBa, 0Ka3b!BaeTcH, 'ITO 3TO B03MO)l(HO TonhKO 

TOrAa, KOr,1:1a 

VYl,i ::.m, 

M ··-M 
AA - ' /5/ 

MjK = M1. j :t k, 

'ITO COOTBeTCTBY~T llHTYllTIIBHOMy IlOHHMaHHIO TO)l(,l:leCTBeHHOCTll qac

THU, HHTepecHO TO, 'ITO ,l:lnH TO)l(,l:leCTBeHHblX 'IaCTHU OCTaeTCH TOnb

KO O/:IHH MaccOBblil napaMeTp M1,oTBeTCTBeHHbiil 3a He,l:IHHaMtt'IeCKHe 

KOppenHUllll B CllCTeMax Me,1:1Be,l:leBa, 

Onpe,1:1enHH KHHeTH'IeCKyIO 3HeprHIO r KaK 6ttnHHeHHYIO ©OPMY 

HMrrynbCOB ll CKOPOCTeil, y,1:1oaneTBOPHIOIIIYIO ran1Ineeay 3aKOHY 

npeo6pa3oaaHHH 

2 

,, 

T~T'=T+- tJ ... -
2='Rf{ u. 
y• 

..., 
1 ~ ..... 2. 

-t -.£-m:u. 
2. J=1 ~ 

/6/ 

-/3,1:1ecb "R - IlOBOPOT ocefl KOOp,l:IHHaT, u. - CKOpOCTb 0,1:IHOtt CllCTe-

Mbl OTC'IeTa OTIIOCHTenhHO ,1:1pyrofl/, 3aKOHY coxpaHeHirn 

d.T " ......... 
- =. L- F'- . V'.· 
d..t f1 J J 

/7 I. 

II ,1:106aBO'IHOMY ycnOBIIIO OTCYTCTBIIH He,l:IHHaMil'IeCKIIX KOppenm.111fI 

B MOMeHT apeMeHH to , rronyqaeM. ,l:lfl51 K11HeTHlleCKOit 3Heprm1 CIICTe

Mbl TOJK.[leCTBeHHblX qacTHU Me,oBe,l:leaa cne,1:1y10mee Bbipa)l(eHite; 

,-J rJ 

T= m-M ~V'-l(to)+M LV'j'(+.)+M16.(t), 
2 j= 1 d ;J, J= 1 o 

r,1:1e 

/8/ 

N 

6. (I:)=~ [~-(t)• V'I< (t) 
J, k= I 

~- (to)· iJK (to)], /9/ 

Ycnoaue OTCYTCTBll51 KOppenHUIIH B MOMeHT to OCHOBa110 Ha TOM, 

'ITO B 3TOT MOMeHT o611.{a51 CBll3b HMnynbca co CKOpOCTllMH /3/ cao

.[ll!TC51 K 06bll!HOII CBll3H. TI03TOMY II Bbipa)l(eHI!e ,l:lnH KIIHeTUl!eCKOII 

3Hepr1IH KaK ©YHKUHll CKOPOCTII ,l:\Ofl)l(HO coBna,1:1aTb C 06bl'IHblM Bblpa-

)l(eHHeM. 

TionO)l(IITeflhHal! onpe,1:1eneHHOCTb Kl!HeTlll!eCKOii 31Iepr1111 HaKna

.[lb!BaeT .oaa ycnOBIIll, Bo-nepBblX, TaK )l(e,KaK II B cnyl!ae 0,1:IHOII 

.MaTep1I·anhHOfi TO'IKII/ 
2< IIHePTHall Mace a M 11e MO)l(eT npeBocxo.oHTb 

ranuneeaoii Maccbt rn. . Bo-BTOpblX, KoppenllUHOHHaH ©YHKUHH A ( t) 

.[l0fl)l(Ha 6b!Tb ©YIIKUIIeft DOCTOllHHOro 3HaKa. KOTOPbll! 3aBHCllT OT 

3HaKa Maccoaoro napaMeTpa M 1 . llocTOHHCTBO 3HaKa 6 (f}11aKna

/:lb!BaeT 0.[lHOCTOPOHHIOIO CBR3b ,onR CKOPOCTeii. TaKl!M o6pa30M, 
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He,[IHHaMH'leCKHe Koppenm.um' npHCYTCTBYIOIIIHe B CHCTeMax Me.i:1Be,[leBa' 

HMelOT xapaKTep HeronOHOMHhlX OAHOCTOPOHHHX CBll3eA. 

B 06111HX CHCTeMax MeABe,[leBa B03MOJKeH CHHrynl!pHbIA cny'laA, 

i:inll KOToporo i:ieTepMHHaHT MaTPHUW ( MiK) paBeH Hynw • .llnll cHcTeM 

.llBYX TOJK,l1eCTBeHHblX t:faCTHI.1 3TOT cnyqaA peanH3YeTCll TOr,[la, Kori:ia 

M1=±M /10/ 

H B pe3ynhTaTe B TaKHX CHCTeMax KPOMe ranHneeBOA MaCCbl npH

CYTCTBYeT TOnhKO OAHH HHePTHhlA MaCCOBblll napaMeTP • .llnll CHHrynl!p

HhlX CHCTeM Mei:iBe,l1eBa ypaBHeHHll .llBHJKeHHll 

?h. = Qt 

➔ 

I='. 
d 

/11/ 

He HMelOT OJ1H03Ha'lHOro perneHHll H HMeIOT CMb!Cn TOnhKO ,l1nll HeKOTO

PhlX KOH¢Hrypa11Hil i:ieACTBY!OIIIHX CHn. B t:faCTHOCTH, B cny'lae JlBYX Ten 

i:inll BepxHero 3HaKa B /10/ ypaBHeHHll JlBHJKeHHll i:inll KaJKi:ioro Tena 

HMelOT OAHHaKOBblll BH.!1 -M ur.L + a:1.,) F"', /12/ 

➔ 
r.i:1e Clj - ycKopeHHll 'laCTHU, H HMeIOT CMbICn TOnbKO i:inll 

- -F1 = Fi_. /13/ 

TaKHM o6pa30M, B CHHrynl!pHoil CHCTeMe .llBYX TOlK,l1eCTBeHHbIX t:faCTHI.1 

Mei:iBe,[leBa Ha o6e t:faCTHUbl MOrYT i:ieilcTBOBaTb TOnhKO O,l1HHaKOBbie 

CHnhl. B TaKHX CHCTeMax He MoryT ,[leilCTBOBaTb HHKaKHe BHYTPeHHHe 

CHnhl, TaK KaK Anll HHX BMeCTO /13/ AOnJKHO 6hlTh 

- ---i> 

Fi -Ft /14/ 
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I. 

YpaBHeHHe /12/ OITHChlBaeT TOnhKO JlBHJKeHHe ueHTpa Mace CHCTeMbl 

Mei:iBe,l1eBa • .llnll OITHCaHHll OTHOCHTenhHOro ,l1BHJKeHHll aeo6XOJ1HMO 

CHCTeMy ypaBHeHHil JlBHJKeHHll i:iononHHTh i:iononHHTenhHblMH ypaBHeHH

llMH, H3-3a OTCYTCTBHll KaKux-ntt6o BHYTPeHHHX cun 3TH i:iononau

TenhHhle ypaBHeHHll He MoryT, oi:iaaKo, HMeTh JlHHaMH'leCKOro xapaK

Tepa. 3TO 03Ha'laeT' '!TO OHH i:ionJKHhl 6bITh 3arrucaHbl TOnhKO C rro

MOlllhlO CKOPOCTeil H KOOPAHHaT 'laCTHU. E,l1HHCTBeHHhlM nHHeilHhlM ranH

neeBO-HHBapHaHTHbIM COOTHOlIIeHHeM, YJlOBneTBOPlllOIIIHM 3THM ycnOBHllM, 

l!BnlleTCll COOTHOlIIeHHe THITa 3aKOHa Xa66na 

i\te)-1ti_(t) = J-1 [~co-,ri.(f>]. /15/ 

nocKOnhKY BceneHHall l!BnlleTCll CHCTeMOl1 c TaKHM saKOHOM Xa66na/
3/, 

TO OTCIO,l1a B03HHKaeT 3aMaH'lHBall rHITOTe3a O TOM, '!TO HMeHHO 

BceneHHall B uenoM l!BnlleTCll CHHrynl!pHOl1 CHCTeMOil Mei:iBei:ieBa. 

.llnll HHJKHero 3HaKa B / 10/ ypaBHeHHll ,l1BHJKeHHll OITHCb_lBalOT 

TOnhKO OTHOCHTenhHOe ,l1BHJKeHHe, H CHCTeMa pearupyeT TOIIhKO Ha 

CHnhl, YJ10BneTBOplllOIIIHe ycnOBHIO /14/ . .llnll rronaoro OIIHCaHHll ABH

JKeHHll He06XOAHMbl B 3TOM cnyqae ,[I06aB04Hhle ypaBHeHHll .r1m1 ueHTpa 

Mace. Orrl!Th 3TH .r106aBO'lHble ypaBHeHHll He MoryT HMeTh ,[IHHaMH'lec

KOro xapaKTepa H ,[lnll H36eJKaHHll IIPOTHBOpe'lHll C rrepBhlM saKOHOM 

HhlOTOHa e,[IHHCTBeHHblM Bb!XO,[IOM llBIIlleTCll rrpe.r1nonoJKeHHe O CB060,[IHOM 

,[IBHJKeHHH ueaTpa Mace TaKOil CHCTeMbI Me.r1Be,[leBa. 

.llnll CHHrYIIllPHhlX CHCTeM Me.r1Be,I:1eBa CY111eCTBYeT oco6wil cny'lail 

m:2.M, .r1nn KOTOporo ttMeeTCll nuaei!Hoe coOTHOlIIeHtte MeJK.[IY HM

rrynhcaMH H CKOPOCT~MH B BH,[le 

-p1. .t f2. m ( V-1 :t J .. J ~ /16/ 
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rAe 3HaKH COBITaAaWT co 3HaKaMH B /10/ H 3aBHCHT OT Toro, onu

ChlBaeM CHCTeMy B QenoM unu TOnbKO OTHOCHTenbHOe ABHmeHHe Ten. 

B KamAOM H3 3THX cnyqaeB COOTHOWeHHH unu nonHoro, unu OTHOCHTenb

HOro HMITYnhca co CKOPOCTbW CHCTeMbI B QenoM unu OTHOCHTenbHOH 

CKOPOCTbW COBITaAaWT c o6wqHhlMH COOTHOWeHHHMH MexaHHKH, 
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