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B KJI3CCH~eCKOH MeXaHHKe P8CCM8TPHB8IDTC~ TPH P83H~X llOH~-

TH~ Mace~: HHePTHa~ Macca, TiaCCHBHa~ rpaBHTaUHOHH3~ M3CC3 H 

aKTHBHa~ rpaBHTaUHOHHa~ Macca. HecMoTP~ aa cymecTseHaoe pas-

llH'IHe 9THX TIOH~THH, npHpOAa OAH03H3'1HO Ollpenen~eT, 'ITO BCe 

OHH P3BHb/ l ~ H B pesyJibT3Te TIOH~THe M3CCbl. Ten peaJIHSyeTC~ 

B BHAe 0/];HOI'O CKaJI~pHOI'O napaMeTpa, KOTOPbiM B Kll3CCH"lleCKOH 

MeXaHHKe onpegen~eTC~ K3K ¢laKTOP npOTIOPUHOH3J1bHOCTH CHllbl 

ycKopeHHID/Z/. 

Uenh HaCTO~~ero coo6meHHR 

JIHTh e~e OAHO, BTIOJIHe He33BHCHMOe TIOH~THe M3CCbl., KOTOpyW 6YneM 

H83biB3Tb ranHneesoH Mac coM. HassaHHe 3TO onpasnaHo TeM, 'ITo 

ee onpeneneHHe cs~saHo c raJmneesbiMH saKoHaMH npeo6pasosaHH.\l 

,(lJI.\1 HMnynhC3 H KHHeTH'IeCKOt1 9HePI'HH TeJia C M3CCOH 1"11. , HMe!O-

II{HMH BHTJ,/
3 /; 

-> 
rn u.., /1/ 

/2/ 

l"Ae 'R·-OPTOI'OH3J1hH3.\l M3TPHU3, 0TIHCblB310IU3.\l TIOBOPOTbl oceH Koop

-> 
)~HH3T ,[(BYX CHCTeM OTC'IeTa, U. - OTHOCHTeJihH3.\l CKOPOCTb 3THX 

CHCTeM H 

i'-t = b /3/ 

onpenen~eT CTJ,BHI' '13COB, HCI10Jib3YeMbiX H36JI!O,lJ.3TeJIKMH, lKeCTKO 

CB.\l33HHbiX C 3THMH CHCTeM3MH OTCqeTa. CpaBHHB8.\l 33K0Hbl /1/ H /2/ 

C 38KOHOM npeo5pa30B8HH~ CKOPOCTet1 
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v-m---7 v't•'J='Rvit) + c;_, /4/ 

co CKOPOCTblO 

pltl= mv(t) /5/ 

~aKOHW /1/ H /2/ ~BJJHlOTCH cneACTBHHMH 38KOHa /4/.Ms ypaBHeHHH 

HhKJTOHa 

~= dt /71 

Tena. 

/1/ H /2/ HMelOT,OAH8KO,YHHBepcanhHMii XapaKTep H He 38BHCHT OT 

COOTHOllieHHii THTI8 /5/ H /6/. B AeHCTBHTeJibHOCTH 3TH 38KOHM 

Tipe06pa30B8HHH COBMeCTHO C ypaBHeHHHMH ABHmeHHH /7/ H 38KOHOM 

/8/ 

BOllPOC 06 o6~HX COOTHOilleHHHX Memny HMllYJibCOM H CKOPOCTblO, 

C OAHOii CTOPOHhl, H Melf{):(Y 9HeprHeH H HMllYJJbCOM - c .!lPYrOil:, 

npH KOTOpbJX cnpaaennHBbl saKOHhl npeo6pasoaaHJHJ /1/, /2/, /4/ 

H ypaaHeHHH ABHJI{eHHH /7/ H /8/. 
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Onpe,1J,€JHtH HHePTHY!O !'>JaCCY Tena M CT<'IHAaPTHb!M o6pa3oM, 

OOJ1Y<I3eM 113 /7/ C.lle,lJ,y!OUl€C .I:U1dxtJepeHl\H<lJlbHO€ COOTHOUI€HH€ M€iKiJ.Y 

HMilYJibCOM ~~ CKOPOCTbiO; 

191 

H3 KOTOPOlO BMeCTO /5/ CJI€,1J,YC1' o6mee COOTH0Ul€HI!€ BH)J,3 

p (t) = p (t.) t M [;;)(I)- ;;)(to)], 1101 

['.[1€ -1. 0 HBJH!€TCH llPOH3BOJibHO Bbt6paHHblM BpeMeHeM, TaKHM ttTO 

I 11 I 

a f 1 H }; l. 0603H34310T, COOTB€TCTB€HHO, H3ll3JlbHblii l1 KOH€4Hbl(l 

MOM€HTbl BP€M€HH L\1151 paCCMaTPHBaeMOr'O .QBHiK€HHH. 3H<l<!€HHe liM-

nyJibCa B MOMCH'r BpeM€Hiol 1; 0 HBJI5l€TC5l KOHCT8HTOrt HHTerpHpQB8.HIIH 

l1 MO)I{eT npHHHMaTb npoH3BOJihHbte 3118.'-!eHJH!. BeKTOP j5 ( i-0 ) , TaKHM 

06pa3oM, He o65l3<1T€J1bHO .[(O.Tl)I{€'H 5b!Tb napanneneH B€KTOPY {j (tt>) 

!lpiHHlM<lH, 01J,H3KO, H 31'0 IIP€JJ.TIOJ10)1{€f!He1 H3 /1/ ~~ /4/ nonyq<'leM 

p Uo) = m V Uo), 1121 

H COOTH0Ul€HH€ /10/ npHHHMaeT BHU 

pil:l= (m-M)vl<o)+Mv(n. 1131 

.[tJHI TOr'O 4T06bl CB€CTH /13/ K o5bl4HOMy COOTI\0Ul€1HIIO /5/1 HyJKHO 

.~:~o6asol!HO npe/lnOJIOJKHTh, ttTO ranHneesa Macca T€Jia m pasHa ei"O 

HH€PTHO~ Macce M . TaKoe paseHCTBO, o.o;HaKo, He cne.uyeT H3 

06\\llo\X l!PHHUHIIOB MeXaiHIKH, H TOJibKO 3KCll€PHM€HT MOiKeT 06 3TOM 
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CY.QWTb. Jl.r:tH Bhi51BJ1eHH.R 3KcnepHMeHTaJfbHb!X CJieD,CTBHfl B03MOlKHOf'O 

HepaaeHcTaa ranuneeaoB H HHePTHoH Mace Heo6xoD.HMo pa3pa60T3Tb 

KJ!3CCH<JeCKYIQ MeX3HHKY C 6onee 06ll\HM COOTHOUJCHHeM 1131. 

COOTHOJJ•eHHe /131 C m..=j:.M liP.RMO He DPOTI1BOPe4HT Hawefi 

HHTYHUHH. Jl.r:t.R CB060.QH0f'O ,QBHIKeHH.R 1}(t):V.(tc)11 1131 COBlla.D,a

eT C lSI. JlJJ.R HeCB000.0.HblX JJ:BHIKeHHfi H3 1131 C.'lC.O.YeT Henapas!JieJ!b-

HOCTb p(!) H iY(>) .QJJ.R t =f:t.,. JlnR He60J1bllmX ~rn.= 1'>'1.-M H B 

OKpeCTHOCTH -f.o T3Ka.R HenapannenbHOCTb MOIKeT 6bJTb TpY.D,HO H36J!IQ-

,ll3eMblM TOHKHM 3dJdJeKTOM H HY111HO 3H3Tb 1 K3K ero Bbl.RBHTb. KpoMe 

TOf'O, H3 1131 CI!eJJ:yeT, 4TO fU:) MOIKeT llPHHHM3Tb HeHYI!eBble 

3Ha4eHH.R n;nH apeMeH, npH KOTOpbix 'V£t)=0. C noMOU{biO cooTaeT-

CTByromero npeo6pa3oaaHJHJ ra;mneH acer.ua MO)!(HO n;o6HTbCH Toro, 

'-IT06bl B H81Iepen 33JJ:3HHOM MOMeHTe BpeMeHH CKOpOCTb HC4e3Jla. 

W3 3aKOHOB npeo6pa3oBaHHH 111 H 141 cneayeT, OD,HaKo, 4TO anA 

O,QHOBpeMeHHOf'O 11C'-Ie33HJHI HMfiYJibC3 He06XOJJ:HMO 3apaHee npe,QilOJJQ-

IKHTb, 'ITO m.:::M . TaKHM o6pa30M, npe,QDOJ"JO)KeHHC 0 paaeHCTBC m.=M 

51BJHieTC51 He3aBHC11Mb!M npeJJ,DOJlO)!(eHHeM MeX8HHKH. A eCJ!H T3K, TO 

:-.fOiKf/0 flOCTpOHTb H MCX8HHKY, B KOTOPOfi 3T0f'O npe,QllOJJOIKeJ-l/HJ HeT. 

JlJJH MeXaHHKI-1, fl KOTOpOJi BMCCTO 151 11MeeT MeCTO 6onec 06mee 

COOTHoweHHe I 131, Heo6xo.QHMO BHAOH3MeHHTb 11 Bblpa~KeHHe .QJJSI KHHe-

TH4eCKofi 3Hepf'HH. YIJ Tpex 3KBHBaJleHTHbiX B 06bi'·JJ!Ofi MCX3HI1l<e 

Bblp8)!(ef!Hfl 161 6e3 COOTHOWCHHH lSI IH1 OLJ;!IO He YJNBJJeTBOPJJeT 

OLUlOBpeMeHHO 11 :JaKoHY [Jpeo6pa3oaaH~HI 17 I, H 33KOHY coxpaHeHHH IBI. 

060HM 3THM Tpe6oBallJ.HI!>1 ynoaneTBOPHeT TOJlbKO JlHlleiiHaH KOM6HH3-

UHR 3THX BhlpaiKeHH~, KOTOpaJJ C HC00Jlb30B3HHeM COOTHOUJeHHR 1131 

HPHBOLJ;Wf K o;e,QyrouteMY BblpaiKefJHIO ,QJIJl KHHeTH'-IeCKOfi 3HCPI''fH1: 

/14/ 
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KOTOpoe H ~n~ CB060~H0f'O ~BH~eHH~ H ~llH rapMOHH'leCKOf'O ~BH*e

Hl.JSI c V 2
(t)::. w'V)i rrepexo~HT s o6bl4HOe .n.n~ MeXaHHKH Bblpa

*eaHe /6/. H3 Tpe60B8HH~ ITOllO*HTellbHOCTH T8K onpe.o.eneHHO~ 

KHHeTH'leCKOH 3HeprHH cne~yeT aepaseHCTBO 

/15/ 

osaa4aromee, 'lTO HHePTHa~ Macca Terra ae MO*eT rrpesocxo~HTh 

era ranHneesoll Maccbl. TaKHM o6pa3oM, npH cso6o~HOM ~BH*eHHH 

11 npH ram1neeehiX 6ycTax Terra MOJ«eT 6hiTh "THJKenhlM", a no~ ,ueii:cT-

BHeM CHIT - "nef'KHM". 

H3 /13/ H /14/ Clle~yeT, 4TO B MOMeHT ITOKOH Terra 06na~aroT 

B o6meM 11 11MITyiTbCOM
1

H KHHeTH4eCKOll 3HeprHell. Mel«~Y 3THMH se

ITH4HH8MH CymecTeyeT CBH3h; 

p! = 1 (m -M)'T'o /16/ 

MoMeHT speMeHH f 0 noKa ~:mnxeTC$1 npoH3BOflbHblM napaMeTpOM 

TeOPHJ.i. npH dlHKCHpOB8HHhiX H8'l8llhHblX H KOHe'<Hb!X YCITOB>-f$IX ~IT51 

~aHHOf'O .O.BH*eHHH ITOITY'l8eM1 T8KHM 06pa30MJHeO~H03H8'lHOe 3H84eHHe 

,[liTH KHHeTH'leCKOll 3HeprHH. DpHpo,ua scer,o;a, O~HaKO, Bbl6HpaeT 

T8KHe 3H8'leHH51 ITapaMeTpOB, ITpH KOTOphlX 3HeprH51 TlPHHHM8eT 3KCTpe

ManhHble 3Ha4eHH51. YcnosHe 3KCTpeManbHOCTH KHHeTH'leCKo£1 3HeprHH 

HMeeT 81-l.Q 

0. (t.). :;; (t,) = 0' 
/17/ 

I'.o;e Q: (t) - ycKopeaHe. 3TO ycnosHe OTHOCHTenhHO npeo6pa3osamdl: 

fanHJle51 HMeeT KOBapHaHTHblH BH,!l; TOJlbKO TOr~a, Kor~a OHO peanH3Y-

I 1 8/ 
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~ nm6oe ~pyroe speMH no saKOHY 

/19/ 

PemeH~H ycnos~H I 1 7 I, ~nH KOTOPblX HesepHo I 1 81, npeo6pasyJoTCH 

npH npeo6pasosaHHHX ranHnefl 6onee c.riOJKHbtM o6pasoM. OpHMepoM 

~BHJKeHHfl, B KOTOpOM YCJ10BHe 1181 3aBe~OMO He Y~OBJ18'l'BOPHeTCH, 

HB!1H8TCH ~BHlK8HHe B HOJ18 llOCTOHHHOfl CH.nbl, B 3TOM CJIY438 nonyqa-

eM CJie,ll.ylOUU1i1 33l<OH npeo6pa3083HJ.HI .QJlfl to 

u·'RF ---p;.- M /20/ 

113 l<OTOpOf'O CJJ8)lyeT, 4TO BpeMH io 11M88T .QHH3MH4eCJ<Hi.J: X3p3J<Tep, 

YcJJOBHH 1171 ~JJH 1181 )J)IH H81<0T0PblX CHCTeM MOf'YT HM8Tb 

He TOnhKO O.QHO P8lli8HI18. B T3KMX CIIY<J3HX llOJIY438M 6onhiJJe, 48M 

O.QHO B03MOJKH08 3H348Hl18 3H8Pf'HI1, Cl1CT8Mbl, }]J151 KOTOPbiX 3TO CJJy-

438TC51,MOlK8M H33B3Tb KB33HKB3HT0Bb!Ml1 Cl1CT8M3MH, T3K KaK ,[(JIH 

HHX llOJiy438M HeKOTOpbli.J: .QHCKP8THbli1 cneKTp 3HeprHH. Op~MepoM 

TaKOJ1 CHCTeMhl 51BJISI8TC51 rapMOHH48CKHi1 OCUHJIJISITOp, ,QJISI KOTOPOf'O 

HMeeM 6eCKOH84HOe 4HCJIO B03MOJKHblX 3Ha4eHHii ! 0 , ,Q3HHbiX dlopMynoH 

niT _, 
2w /21/ 

HO TOJibKO JlB3 B03MOJKHbiX 3H3<JeHHSI llOJIHOi-i 3H8Pf'HH, CB5133HHblX 

C00TH0ill8HH8M 

/22/ 

rp;e f '1 C0Bll3p;aeT C 06bi4HblM 3H348H~eM 3HeprHH OCUHJIJ151TOP3 • 

H3 /151 nonyqaeM, 4TO 
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/23/ 

TUl01M 05pa3oM, C TOtti<H 3peHHH HOBOft MexaHHKII, 06bltlHblfl OCUHJ1JHI-

TOP - 3TO OCHOB!!Oe COCTO>IHHe OCi\HJUUITOpa, HMeJOruerO crue O)l.HO 

B036y)!()l.eHHOe COCT051HHe. 0TOJK.QeCTBJ1515! 3TH ypOBHH C YPOBH51Ml1 

HUCTOHUJ,ero KB3HTOBOrO OCUHJ1J1HTOpa, llOJ1y'lJ8eM COOTtlOllieHHe 

ro.=3M. /24/ 
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