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B. B. Pa,ll,3HeBCKMM B CBoeM HaY"!HOM MCCJ1e,ll,OBaHMIf [1] c4>apMYJ1MpOBaJ1
M TpeTMpOBaJ1 np06J1eMY OTHOCMTeJ1bHOrO ,lI,BIDKeHM.SI,lI,BYX TeJ1 C MaccaMM m
H m1 B rOMoreHHOM c4>epMqHOM Tyqe nOCTOjiHHOM nJ10THOCTH ~ npH qeM jiBJ1ji-
lOTCji B3aMMHbIe BJ1HSIHHji MeiK,lI,y 3TMMM TeJ1aMM If qaCTMlI,aMM TyqM-CMJ1bI Tji-

rOTeHMSI HblOTOHa.
BeKTOpHOe ,lI,M4>4>epeHlI,MaJ1bHOe ypaBHeHIfe np06J1eMbI, BbIqMCJ1eHMe KOTO-

POM ,lI,aeT BeKTop r OTHOCMTeJ1bHOrO n0J10iKeHMSI MaCCbI m no OTHOIUeHMlO
K Macce m1 MMeeT 4>OPMY:
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ECJ1M ,lI,M4>4>epeHlI,MaJ1bHOe ypaBHeHIfe (1) HanMcaTb B 4>opMe:

(2)
.. [J.
r+-r=-kr

r3

TOr,ll,a BM,lI,HO, qTO np06J1eMY Pa,ll,3MeBCKoro MOiKHO nOHjiTb KaK np06JIeMY

B03MYIUeHHoro ,lI,BMiKeHMji KenJIepa, B KOTOpOM CHJIa B03MYIll,eHMji ,lI,aeTCji
B 4>opMe

(3) 8=grad R= -kr.

ABTOp B CTaTbe [2] ,lI,aJ1 4>OPMY ,lI,M4>4>epeHlI,MaJ1bHbIX ypaBHeHHM ,lI,J1ji
peIUeHHji 3TOH np06J1eMbI BOCn0J1b3YjiCb rpynnoM BeKTopHbIX 3J1eMeHTOB MMJIa-

HOBH'la ([3], [4]) H 4>OpMOM ,lI,H4>4>epeHlI,M1JIbHOrO ypaBHeHHSI ,lI,JIji BpeMeHHbIx ne-
peMeH Tex 3J1eMeHTOB, KOTopbIe ,lI,aJ1HM. MHJ1aHKOBHq([3], [4]) HE. llOnOBHq [5].
BOCnOJIb3YjiCb 4>OPMOMBeKTOpHOrO ,lI,M4>4>epeHlI,HaJ1bHOrOypaBHeHHji llOnOBHqa:

d[
- = [r8]
dt



2 ,l],. MHXaHJIOBH'I
-~ ~--~_._- ----

)J,JISI onpe)J,eJIeHHbIX BpeMeHHbIX nepeMeH BeKTOpa CeKTOpHOH CKOpOCnr aBTOp

Ha OCHOBe (3) nOKa3aJI, '�TO 1£= 1£0 (lIo BeKTOpHaSi nccToSlHHaSl), T.e. '�TO
ceKTOplfaJIbHaSi CKOpOCTb B np06JIeMe Pa)J,3IIeBcKoro SlBJISleTCSInocToSlHHOH KaK
BeKTopHaSi BeJIII'IIIHa, '�TO B nCCJIe.D,CTBIIII )J,aeT HenepeMeH'IHBYIO opIIeHTaIllilO
nJIOCKOCTII ;J;BII)KeHIISI B03MYllleHHOH MaCChI.

B HaCTOSlllleH CTaTbe 6Y)J,YT nOKa3aHbI HeKOTopbIe xapaKTepliCTliKII Bpe-
MeHHbIX nepeMeH neplireJIbHOrO BeKTopa :!) KaK BeKTopHoro :meMeHTa, KOTOpblH
BXO)J,IIT B )J,II<p<pepeHIIHaJIbHOe ypaBHeHIIe np06JIeMbI.

BeKTopHoe )J,II<p<pepeHIIIIaJIbHOe ypaBHeHIIe, xapaKTepII3YIOllJ,ee BpeMeHHbIe
nepeMeHbI B~KTopa :!) B <popMe, KOTOPYIO )J,aJI IlonoBII'I [5] BblrJISI)J,IIT TaK:

(4)
d:!)

- = [grad R, 1£]+ [b [r grad R]]
dt

Ha OCHOBe(3) :no ypaBHeHIIe )J,aeT:

d:!)
-dt-= -k [rl£]-[b [r, kr]](5)

HJIII:

(6)
d:!)

= k [1£r]
dt

HJIII:

(6')

C nOMOlllblO cyKIIeccIIBHoro )J,II<p<pepeIIIIHpoBaHliH nOCJIe)J,Hero ypaBHeHIISI
no BpeMeHII MbI HaXO)J,IIM:

(7)

BOCnOJIb3YSlCb BeKTOpHbIM )J,II<p<pepeHIIIIaJIbHbIM ypaBHeHIIeM (1) np06JIeMa
nOCJIe)J,Hero ypaBHeHHSI )J,aeT:

HJIII:
d2 >B k (

[L )~= -- -+kr [I£r],
dt2 r r2

T.e. nOJIb3YHCb (6'):
d2>B

+ ~
>B = -k >B.

dt 2 r3

BeKTOp >B npe)J,CTaBJIHeT CKOpOCTb BpeMeHHoro II3MeHeHHSI neplireJIbHOrO
BeKTopa CS. BeKTopHoe )J,II<p<pepeHIIIIaJIbHOe ypaBHeHIIe )J,JISI onpe)J,eJIHIISI BeK-

(8)
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Topa )B no $opMe TO )I(e t{TO H ypaBHeHHe (1) C Toii pa3HHu;eii, '�TO BMeCTO
BeKTopa nOJIO)I(eHHH r CTOHT BeKTOp )B CKOpOCTH nepeMeHbI nepHI'eJIbHOrO
BeKTopa.

M3 BeKTOpHOrO ,D,H$$epeHIJ;HaJIbHOrO ypaBHeHHH (8) MO)I(HO ,D,OiiTH H ,D,O
CJIe,D,YIOIl(erO pe3YJIbTaTa. BeKTopHbIM YMHO)I(eHHeM :noro ypaBHeHHH BeKTopoM
)B MbI HaXO,D,HM:

HJIH ~
[
)B

d)B

]
=o,

dt di
H3 '�ero CJIe,D,yeT

[
)B

dd~ ] = ~o

npH '�eM ~o nocToHHHbIii BeKTop.

Mcxo,D,H H3 ypaBHeHHH (9) MO)I(HO nOKa3aTb, '�TO BeKTop ~o HMeeT Ha-
npaBJIeHHe BeKTopa (£ T.e. CTOHTnepneH,D,HKYJIHpHOHa HenepeMeH'IHBOii ITJIOCKO-
CTH Op6HTbI B03MYIIJ;eHHoii MaCCbI. TaK KaK:

(9)

d'1J)B= -=k[(£r],
dt

TO C nOMOIIJ;blO ,D,H$$epeHIJ;HpOBaHHH no BpeMeHH MbI HaXO,D,HM:

d)B .
-=k[(£ r]
dt

d)B
H 3aMeHeHHeM )B H - H3 nOCJIe,D,HHX,D,BYXypaBHeHHii B (9) ITOJIyqaeTcH:

dt

T.e.:
[k [(£ r], k [(£ r]] = ~o

k2 [[(£ r], [(£in = ~o ,

k2 {(£ (t [(£ r])-i ((£ [(£r])} = ~o,
HJIH:

HJIH:

k2 (£ (r [(£ r]) = ~o ,

k2 (£ ((£ [r r])= ~o'

TaK KaK [r r] = (£ TO jlBJIHeTCH

T.e.
(10)

3TO 3Ha'lHT, '�TO BeKTop ~o HBJIHeTCH nOCTOHHHbIM, KOJIHHeapHbIM C BeKTopoM
ceKTOpHaJIbHOii CKOpOCTH, H HMeeT MO,D,YJI

(11)



4 .LJ;. MHXaHJIOBH1I

Ha OCHOBe pe3YJIbTaTa (10) MO)l(HO BeKTOpHbIH HHTerpaJI (9) npe)J;CTaBHTb
B 4>opMe:

(12)

'lTO 3HaqHT, qTO BeKTOpHbIH pe3YJIbTaT YMHO)l(eHH}I BpeMeHHOrO H3MeHeHH}I

nepHreJIbHOrO BeKTOpa ~ C BeKTOpOM CKOpOCTH :noro H3MeHeHH}I HBJI}leTC}I

nOCTOHHHbIM BeKTOpOM, npH 'leM ero MO)J;YJI no OTHomeHHIO K (11) HMeeT

3HaqeHHe:

HaKOHe~, ecJIH BeKTopHbIH H)J;eHTHTeT t:£= t:£ YMHO)l(HTb no BeKTopcKOMY

cnoco6y C
d~
-=k[t:£r]
dt

HJIH

[t:£ dd~] = k [t:£[t:£r] ],

[t:£
:~]=

k {t:£{t:£r)-r. C2},

HJIH, eCJIH t:£r = 0, TO

(13)

H3 'lero CJIe)J;yeT:

(14) r= -~ [
t:£

d~

]k C2 dt
I.e.

(14')
1

r= -- [t:£~].
kC2

ConOCTaBJIjI}I peJIH~HlO (6') H (14') MO)I(HO npHHTH K BbIBO,lJ,y, qTO 3aKOH-

HOCTb 4>YHK~HOHaJIbHOH 3aBHCHM OCTH BeKTopa ~ OT BeKTopa r }lBJIHeTC}I no

4>opMe H)J;eHTH'lHOH C TOH, C nOMoru;blO KOTOPOH Bblpa)l(eHa 3aBHCHMOCTb BeK-

Topa n03H~HH, KaK 4>YHK~HH BeKTopa ~ BpeMeHHoH nepeMeHbI nepHreJIbHOrO

BeXTopa. C TOqKH 3peHH}I MexaHHKH BeKTop BpeMeHHoH nepeMeHbI nepHreJIb-

Horo BeKTopa npe)J;cTaBJI}leT C060H Bparu;alOru;HHcSI MOMeHT BeKTopa n03H~HH

TOqKH C yrJIOBOH CKOpOCTblO k t:£ nOKa BeKTop n03H~HH }lBAAeTC}I Bparu;alOmHMC}I

MOMeHTOM BpeMeHHoH nepeMeHbI nepHreJIbHOrO BeKTopa C yrJIOBOH CKOpOCTblO

1
-- t:£.

kC2
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ECJm BBe,ll,eM BeKTOpHLIii 3JIeMeHT DHJIHMOBK'{a [6]

(15)

H eCJIH Y'ITeM pe3YJILTaT aBTopa [2] BLIpa)l(eHHLIH peJUIIUleii

d:IJ
=

dfM -~
(

G£
dfM

)G£,
dt dt C2 dt

BLIXO,ll,HT, 'ITO

(16)

M3 3Toro CJIe,ll,yeT

[G£~] = [G£ dd~
1

= [G£~*],

npH 'ieM ~* =
dfM . IIo3TOMY peJUIIJ,WI (14') ,lI,aeT

dt

(17) r= -~ [G£~*]
kC2

C nOMOIlJ,bIO KOTOpoii BLIpa)l(eH BeKTOp n03H1J,HH B03MYIlJ,eHHOii MaCCLI KaK

$YHKnHH BeKTopa ~* -- BpeMeHHoii nepeMeHLI BeKTopHoro 3JIeMeHTa fM.

ConOCTaBJIHH peJIRnHH

1 1
r = -- [G£~] H r= -- [G£~*]

kC2 kC2

nOJIY'IaeM
(17')

T.e.
(18')

[G£ ~*] = [G£~]

'ITO HarJIH,lI,HO H Ha OCHOBaHHH peJIHnHH

H3 qero npOHCXO,ll,HT:
dfM =d:IJ

+~
dT

G£,
dt dt C dt

Le.

dT
~* = ~ +n - G£

dt
0

KOTOpOC HBJIHeTCHH,lI,eHTH'IHLIMC (18), npH 'IeM A= ~ d T
(T-BpeMH npoxo,ll,a

C dt
CKB03b nepureJIHii).
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