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IIAPAMETPlI"tJECKOE YilPABJIEHlIE B 3A.n;A"tJE 0 CTABlIJI1I3AIJ,1I1I
 
KOCMlI"tJECKOf O AIIIIA PATA B MAf HlITHOM IIOJIE 3EMJIW
 

KOCMHqeCKHH annapar , 3 JIeKTpo,n:HH aMHqeCKH B3aHMo,n:eH cTBylOllJ,HH C MarHHT­

HblM nOJIeM 3eMJUl , HcnbITbIBaeT napancrpavecxae B03MYllJ,eHH5I, npH'leM napaxre-r­

psr KOCMWleCKoro annapara npe,n:CTaBJI5IIOT C060H ynpaanaesrsre KB33HnepHo,n:HQe­

CK He <PYHK~HH . TIP H HeKOTopbIX y CJIOBH5IX cyurecr ay ror aJIropHTMbI y npaaneana 

3JIe K T p o,n:H Ha M H QeCK H M H napaseerpaxm KOCMHQeCKOrO armapara, xoropsre n 03BO­

JI5IIOT pealIII30BaTb CHCTeMbl cTa6HJIH3a~HH yr.noeoro nOJIO)KeHH5I KOCMHQeCKOrO an­

napaTa. Y CTOHQHBOCTb cTa6HJIH3HpOBaHHOH opHeHTa~HH KOCMHQeCKOrO annapaTa 

nozrrnepacnaercs K aK aHaJ1HTWleCKH, TaK H p ac-rerava aa PC . 

1. Bnezreaae 

C~U1bI 3JIeKTp OA HHa MHQeCKOr O B3aHMOAeHCTBI-I5'l KOCMHQeCKOrO armapara C MarHHT­

HbIM nOJIeM 3eMJIH OKa3blBalOT cy utecr s eirn o e BJIH5l:HHe aa AHHaMHKy apautarern.noro 

ABH)KCHH5l: annapara aoxpyr ero uearpa Macc H MoryT HCnOJIb30BaTbC5l: npn nOCTpoeHHH 

CHCTeM ynpaanenaa opaearanaea KOCMU QeCKOrO annapara. 

Marnm-asre CHCTeMbI ynpaanenas MO:>KHO ycnenrno npHMeH5l:Tb aa AOJIro<pYHKuHOHH­

pyioumx KOCMHQeCKHX anrraparax BBH,IJ,y Toro, 'ITO 3TH CHCTeMbl ynpaerreana AOCTaTO'lHO 

npocrer , 06JIaAalOT BbrCOKOH HaAe:>KHOCTblO H He Tpe6YlOT pacxona paoo-iero TeJIa [1 , 2] . 
BMecTe C TeM MarHHTHble CHCTeMbr ynpaaneaus 06JIaAalOT <PYHKuHoHanbHoH ocofiea­

HOCTblO , OrpaHH'IHBalOllI,eH HX B03MO)KHOCTH no aanpaaneamo setcropa y n p a an a iouier o 

MOMeHTa . 

B [3] snepasre ony6JIHKOBaH MeTOA nonynaccasaoa cTa6 HJIU3 a U:HH KOCMH'IeCKorO an­

napara, ABH)KyllI,erOC5I no KenJIepOBOH xpyrosolt opfinre B reOM arHHTHOM nOJIe, OCHO­

BaHHbIH na HCnOJIb30BaHHH 3JIeKTpOAHHaMH'leCKOrO 3<p<peKTa BJIH5IHH51 rropeaueasrx CUJI, 

B03AeHcTBylOllI,HX na 3ap51:>KeHHylO 'laCTb rrOBepXHOCTH KOCMH'IeCKOrO annapara. .n;oKa­

3a HO, 'ITO nyreu ynpaanaejroro H3MeHeHH5l: panayca-aexropa Po uenrpa sapana KOCMH­

'IeCKOrO armapara OTHOCHTeJIbHO uerrrpa Macc KOCMH'IeCKOrO annapara MO:>KHO C03AaTb 

ynpaanaexrsnt MOMeHT JIOpeHu:eBbIX CHJI H HcnOJIb30BaTb ero B xaxecrae BOCCTaH aBJIH­

satotuero B OKpeCTHOCTH npsuoro nOJIO)KeHH5l: paBHOBeCH51 KOCMH'IeCKOrO annapara B 

op6HTanbHOll: CHCTeM e KOOPA HHaT. H Cn OJIb30 Ba HHe 3TOro MOMe HTa He rpeoyer p a cx on a 

KaKOrO-JIH60 paoo-rero aeurecrsa HCnO.lIHHTeJIbHbIM MexaHH3MOM, He rpeoyer npHBeAeHH5l: 

B ABH:>KeHHe KaKHX-JIH60 TeJl , HMelOllI,HX Maccy, OTJIH'IaeTC5I npOCTOTOH 3aKOH a ynpas­

JIeHH5I, HaAe:>KHOCTblO H 3 KOHOMH'IHOCTblO , flp eA JIO:>KeH onpenenenasia BapHaHT 3a KOHa 

y rrp aBJIeHH5I pazraycoa-aercroposr Po , p eaJIH3y lOllI, HH AaHHbIH MeTOA AJI5I Op6HT C He60JIb­

illHMH HaKJIOHeHH5IMH i H BblpO:>K,ll;alOllI,HHC5I AJI5I cpeAHHX H 60JIbillHX 3Ha'leHHH i. 

1 Pa60Ta BbInOJlHeHa npa q>HHaHCOBOH nozuiepxcxe POCCHHCKoro cPoH,n:a cPYH,n:aMeHTaJIbHbIX HCCJle­
,n:OBa.HHfi ( KO,n: npoexr a 05-01-01073) . 
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B HaCTOmn.eH pariore nOKa:: 

'mil npOH3BOJIbHOrO nO.ITmK:H1 

HHaT H npeA.ITmKeH HOBbIH 3 

K OHeHH 51MH. O AHaKO acnom­

C HaJIH'lHeM orpaHHQeHil51 no 

ro C ynoM51HYTbIM BbIllIe orp~ 
' ITO OTMe'leHHb1e HeAOCTa~KHI 
HOH 3 Jl eKTpOAl1Ha~mQeCKOH CYi 
H CIIOJIb:3ylOlll,eH OAHOBpeMeHH1 

IJ,eUbIX Cl1JI. flpeA.ITO)KeH TaK~ 
MWleCKoro a n n ap aTa , He BbD 

KOTopo,e cOAep",arta a ,a,co 

l 
2' 1 

P a CCMaTp HBaeTC51 KOCMH'j 

HOBCKOM ll,eHTpaJIbHOM rpaBl 

paAl1yca R. flp eAnO.ITar aeTC4 

3 a p 51A OM Q , paCnpeAe.ITeHHbi 

H CCJIe,IJ,yeTC51 Bpalll,aTe.IT~HO ~ 
Tpa Macc B Op6HTaJIbHOil CHi 

KOCMl1'leCKOrO annapare- 0(\ 

B CTOpOHy ABH)KeHH51, OC~ 

B l~O JIb pa,'l,Hyca-B8KTopa R l 
TeJIbHO ll,eHTpa 3eM.ITil 03' ~ 
CUCTeMbl KOOPAl1HaT OTHO? 

B Ka'leCTBe HHepll,HaJIbHOil I 
03 Z*(k*) KOTOpOH Han3aB1 
B BOCXOA5Illl,HH y3eJI opOHTb, 

a z: 

x* 

2 B p a60Te HcnOJlb3YlOTCl 



I, 
tayx 

/HHBep ClfT eT) 

:E 0 CTABHJIH3AIJ;IfH
 
OMnOJIE 3EMJIW
 

\ll.CI1cTBY IO!l..(HH C MarHHT­

~eHlUI , rrpH'feM napasrer-, 

IIlleMbl e KB a3HnepHO,LVI'fe_ 

a.J1rOpHTMbl ynpaBJIeHlHl 

mapar a, KOTOpble n03BO­

))I(e HlIll KOCMH'feCKOro an­

KOCMlI'feCKOro annapara
 
, PC.
 

recxoro arrnapaTa C MarHHT­

~ ,ll,IfHaMHKy BpaJJJ.aTeJIbHOro 

lJlb30BaTbC5l rrpn nOCTpoeHHH 

,reH}lTb na ,Ll,OJIro<PYHKU:HOHH­

~M bI y rrp aBJIeHH5l ,Ll,OCTaTO<rHO 

,acxO,ll,a paooxero TeJIa [1, 2J . 
T ¢ YHKU:HOHaJIbHOH oc06eH­

!llIO sexrop a y n p a BJI5lIOJJJ.e r o 

IWIf3aU:HH KOcMH<reCKoro arr­

reoMarHIfTHoM nOJIe, OCHO­

a BJlIf}lHlW JIOpeHu:eBbIX CHJI 

'lH':.eCKo r o annapaTa. ,nOKa~ 
la Po u errrpa 3ap5l,Ll,a KOCMH­

o arrrrapaTa MO)l(HO COJ,Ll,aTb 

'0 B xasecrns BOCCTaHaBJIH-

KOCMH"'leCKOro annapaTa B 

n l el-lTa He r p eoyer pacxO,Ll,a 

'OM, He rpeoyer npHBe,Ll,eHH5l 

rrp OCTOT0l1 3aKOHa ynpas­

!,lI,en eHHbIH BapHaHT 3aKOHa. 

MeTO,ll, ,ll,JI5l Op6HT C He 60JIb­

)OJlb WHX 3Ha"'leHHH i. 

lH,1\a cPYHAaMeHT3.JrbHbIX HCCJIe-

B HaCT05lJJJ.eH paoore nOKa3aHO, <rTO YKa3aHHbIH MeTO,Ll, MO)KeT 6bITb o 6 0 6 JJJ.eH aa CJIy­

<raH npOH3BOJIbHOrO nOJIO)KeHH5I KOCMH<reCKOrO a rma p ar a B Op6HTa.TIbHOH CHCTeMe KOOp­

,Ll,HHaT H npe,Ll,JIO)KeH HOBbIH 3aKOH ynpaBJIeHH5I, npHrO,Ll,HbIH ,l~J I 5I Op6HT C JIl0 6 bI MH Ha­

KJIOHeHH5IMH. O,Ll,HaKO HCnOJIb30BaHHe O,Ll,HOrO JIHIlIb MOMeHTa JIOpeHIJ;eBh IX CHJI CB5I3aHO 

C HaJIH<rHeM orpaaaxeaaa no HanpaBJIeHHIO sexropa ynpa.BJI5IIOJJJ.ero MOMeHTa , CXO,Ll,HO­

ro C ynOM5lHYTbIM esnue orpaaaseaaev HanpaBJIeHH5l ManIHTHoro MOMeHTa. TI o Ka3a HO, 

<rTO OTMe<reHHbIe He,Ll,OCTaTKH 06eHx CHCTeM ynpasnenaa HC<re3aIOT npn C03,Ll,amIH e,Ll,H­

HOH 3JIeKTpO,Ll,HHaMH<reCKOH CHCTeMbI ynpaaneana opHeHTaU:HeH KOCMH<reCKorO annapara, 

HCnOJIb3ylOJJJ.eH O,Ll,HOBpeMeHHO 06a BOCCTa.HaBJIHBalOJJJ.HX MOMeHTa - Ma r HHT HbI X H JIOpeH­

uensrx CHJI. TIpe,Ll,JIO)KeH TaK)I(e MexaHH3M ,Ll,e~m<pHpOBaHH·5l c06CTBeHHbIX KOJIe6aHHH KOC­

MH<reCKoro armapara, He BbIXo.ll.5lJJJ.HH aa p aMKH Tex <PYHKU:HOHaJIbHbIX B03MO)l(HOCTeH , 

x oropsre conepxcarca B ca MOH 3JIeKTp0,Ll,HH a MWleCKOH CHCTeMe ynpaanenna. 

2. fJIaBHhm MOMeOT aopeaneesrx eRJI 

PaCCMaTpHBaeTC5l KocMH<recKHH anrrapar, u etrrp Macc xoroporo ,Ll,BIf )l(eT C5l B HbIOTQ­

HOBCKOM u:eHTpaJIbHOM rpaBHTaU:HoHHoM norre 3eMJIH no xpyrosoa Kel1JIepOBOH Op 6 1-lTe 

pazmyca R. Ilpermorraraerca, <rTO KocMH<recKHI':i annapar c Ha 6 )KeH 3JIeKTpOcTaTH<recKHM 

3ap5l,Ll,OM Q, pacnpenerreausur no aexoropoxry 06'beMy V C rrJIOTHOCTblO o : Q = Jo dV . 
v 

I1cCJIe,LI,yeTC5l BpaJJJ.aTe.TIbHOe ,Ll,BH)I(eHHe KOCMH<reCKoro annapara OTHO CHTeJIbHO ero u:eH­

Tpa Macc B Op6lfTaJIbHOH CHCTeMe KOOp,Ll,HHaT2 C~Tj( (pHC. 1) C Ha<raJIOM B ueirrpe Macc 

KOCMH<reCKoro armapara, OCb C~(~) KOTOpOH nanpaanena no KaCaTeJIbHOH K op61ITe 

B CT Op OHy ,Ll,BH)I(eHH5l, OCb CTjUio) - rro HOpMaJIH K nJIOCKOC TH Op6HTbI, OCb C(((o) ­
- --+ ­

B,Ll,OJ1b panayca-aexropa R = 0 3C = R(o neurpa Macc KOCMWleCKoro a n n apara OTHOCH-

TeJIbHO uearpa 3eMJIH 0 3. I1cCJIe,Ll,OBaHHe npOBO,Ll,IfTC5l C ysero u BpaJJJ.eHH5l Op6HTaJIbHOH 

CHCTeMbI KOOp,Ll,HHaT OTHOCHTeJIbHO HHepU:HaJIbHOH CHCTe MbI C yrJIOBOH CKOp OCT b lO woo 
B xaxecrne HHepU:HaTIbHOH CHCTeMbl KOOp,Ll,HHaT npHHHMaeTC5l CH CTe ~Ia 03X. Y. Z. , OCb 

03Z. (k.) KOTOpOH a anpaanena no OCH c0 6CT BeHHo ro BpaJJJ.eHH5l 3 eMJI H, OCb 03 X .(f.) ­
B BOCXO,Ll,5lJJJ.HH y 3eJI Op6HTbl , a nJIOCKOCTb (X .Y.) c o s n anaer C rrJIOCKOCTblO sxaaropa. 

a 6 z. 
z 

Y. 

x.
 x 

Puc. 1. CUCTeMbl KOOp.n.HHaT . 

2 B pao ore HCn OJIb 3YIOTC51 npaaste A e Ka pTo Bb l rtpa xioyronaasre CHCTeMbl KOOPAulla T. 
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H CnOJIb3yeTc5I TaK)Ke )I(eCTKO CB5I3aHHa51 C KOCMHqeCKHM arm aparov CHCTeMa ero 

rJIaBHbIX rrenrpansnsrx ocert HHepU:HH C xyz (OpTbI f,), k) . O pHeHTaU:H5I Op6H'l'aJIbHOit 
CHCTeMbI KOOp,n:HHaT OTHOCHTeJIbHO CHCTeMbI 0 3X *Y. Z. onpe,n:eJI5IeTC5I sa OCHOBaHHH 
paB eHCTB 

to = - sin u & + cos u 0J, JO = cos i cos u ~~ - sin i iJo+ cos i sin u 0J ,	 (~~ J~ ('~n 
k~ = si n i cos u ~~ + cos i iJo + sin i si n u 0J, 

+ (R~Y (:3 
rzte i = (k., iio ) - HaKJIOHeHHe Op6HTbI; u = (f. , (~) - apry seenr urapo'rsr , npnxex; u = wot, 
rne Wo - Op6HTa.1bHa5I yrJIOBa51 CKOpOCTb ueu rpa Mac c KOCMHqeCKOr O annapara. I 

COScP iOpHeHTaU:HH oceti xyz OTHOCHTeJIbHO ocea ~T)( onpe,n:eJI5IeTC5I MaTpHu:eit A nanpas­
cos i sin cP c9 

JI5IIOW.HX KOCHlIyCOB a i , /3i' I i (i = 1,2, 3) TaK, "'ITO HMelOT MeCTO paseacraa r,n:e r = ( _sin i sin cP- 5 

~ = al f + a2)+ a 3k, iJo = /31f + /321+ /33 k, 0J = 11f + , 21 + 13k, 
eCJIH onpenena'rs opHeHTaU:HIO KOCMHqeCKOr O annapara B Op6lfTaJIbHOit ClfCTeMe KOOp,n:H­
HaT C novoun.ro "CaMOJIeTHbIX" y r JIOB ip , e,'Ij; (p HC. 1), TO 3JIeMeHTbI MaTplfU:bI A npasryr 
Blf ,n: 

al = cos'lj; cos e, a2 = - cos <p sin 'Ij; + si n <p cos 'Ij; sin e,
 
a 3 = sin <p si n 'Ij; + cos <p cos 'Ij; sin e, /31 = sin 'Ij; cos e,
 
/32= cos cp cos 'Ij; + si n <p sin 'Ij; sin e, /33 = - sin ip co« 'Ij; + cos <psin 'Ij; sin e,
 
11= -sine, 12 = si n e cos s , 13 = Cos<pCose. 

B npouecce ,n:BH)KeHH5I KOCMHqe CKOrO an n ap ar a OTHOCHTeJIbHO reOMarHHTHoro rrOJI5I 
B3aHMOJl,ei1cTBlf e aapazra sxpaaa C r eOMarHHTHbIM rrOJIeM npnaororr K B036y)K,n:eHlflO CHJI 

open ua. f.'1aBHbIH MOMeHT 3THX CHJI OTHOCHTeJIbHO nenrpa Macc KOCMHqeCKOrO an n a­ !vI = Q(xoi'+ 
para onpenen aerca rro <popMyJIe 

Mn = Jo ii »: (v x B)dV,
 

v
 

rne p - paaayc-sexrop 3JIeMeHTa dV sx paaa OTHOCHTeJIbHO uearpa Macc KOCMHqeCKOr O 
an rrap ar a, a V - CKOpOCTb ane xrea r a dV OTHOClfTeJlbHO reOMarHHTHorO rrOJI5I . B [4] noxa­
3aHO, "'ITO ,n:JI5I JII06blX peansusrx KOCMlfqeCKHX an nap ar os H TeM 60JIee ,n:JI5I annapar os, 3. BoCC'IaB 

<PYHKl.l,HOHHPYIOUl,HX B pe)KHMaX, 6JIH3KHX K opHeHTHpOBaHHoMy ,n:BH)KeHHIO, MOMeHT Mn 
MO)l(HO armpoxcu srapoaart, Bblpa)KeHHeM nVCTb 3a,ll.aHa upon 

- - T -	 c nCT ~M e KOOp,n:I1HaT HeI<(1) Mn = P x A (vc x B ), = Ao = const . B qaCTH( 

rne P Opo , Po = xof + Yo ) + zok = Q-l JapdV - paznryc-ae xrop nearpa aapxzia B Bblpa)KeHne (1), Ii a~ 
v B ROJIb B IlporpaMMHOll 

KOCMHqeCKOrO annap ara OTHOCHTeJIbHO ero uetrrpa Macc , 
JIl1aalOw.HM MOMeHTOM 

vc = R- W3 X R= R(Wo - W3 cos i ) &+ Rw3 sin i cos u iio	 )KeH yp,OBJleTBOP5lTb yc 
¢YRKl.l,l1H, To = kn AJ - CKOpOCTb nearpa srac c KOCMHqeCKOrO armapara OTHOCHTeJIbHO r eOMarHH THoro rroJI5I, 
¢opMynaM 

W3 = W3k. - yrJIOBa51 CKOpOCT'.> cy TOqHOr O Bpaw.eHH5I 3eMJIH . Mar-a nr noe none 3 eMJIH B 
3TOM cn y xae MO)l(H O CqHTaTb O,n:HOpO,n:HblM B 06beMe KOCMHqeCKOrO arm apara. II03To MY P; = kn(t) [c 
3Haq eHI1e B B (1) cosnan aer co 3Haq eHHeM B B uearpe Macc KOCMHq eCKOrO armapara. (2) Py = kn (t)[c 
BBO)l,51 B p ac cnorpenae se x 'rop t = A T (vc x B), npe)..l,CTaBI1M MOMeHT MJr B BH)..l,e	 P; = kn(t) [( 

Mn = P x t . GJTe OBaTeJIbHO, e 

MeRHTbC)l no 3aKoHY I 
TUKa 51 arm poxcn uaun a MOMeHTa M ,n:ony cTHMa npn He CJIHUlKOM MaJIbIX BeJIHqHHaX n	 HOCTH 3ap,aHHoro nOJ IpoI BBH,IJ:y npeHe6pe)l(I1MO MRJIOrO B 3TOM ca y-r ae BJIH5IHH5I xapaxr epa pacnp en en enua 

I 
I 
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11'leCKII M a rrrrap aTOM C 
- _ -	 UCTeM a er o aapa zra n o 06'beMy KOCMI1 '"1eCKOrO an napara a a ero jl, IIH a M I1K Y. B yc IO BI151X KBa,D;pynO.TIb­-:: k). Opu eHTa rtU51 opf 
r Z .... HTaJIbHOil: noro npI16JII1)KeHI1 51 reOMarH I1THOrO nOJI5I BeKTOp B onpe,~CJUl eTC5I n o <pOpMy JIC, n OJIy ­• • o rrpe,a;e.JI51eTC51 Ha OCHOBaHHU
 

'leliHoti B [4]
 

. sin i ifo +cos i sin u (~ , ~~) (R3)3( Si~U -C~su _~ ) r M (l ) +( B( R 2 c os U 2 sin U 0 

ryMeHT UlHPOTbI npU 'ieM + (R3)4 ( 2 S~n U -2~osu _~ ) rM(2)rT ( ~~~ ~) , u = wot 
KOCMH'ieCKoro anrrapa ' Ta. R 3 cosu 3sinu 0 \ 0 '
 

le.l\eJI51eTC51 MaTp u rteil: A
 
, ..., Han paB­
.101' MeCTO p a BeHc TB a cos¢ -sin ¢
 

r ,D;e r = ( c o sisin¢ c os i c o s ¢ S i~ i ) l ¢ - -r acoaon yron BOCXO,D;51l.l1,erO y3JIa,

0J = f l f + f 2J+ f 3 k, - s i n isin¢ - s ini cos ¢ cos z
 

B Op 6HTaJIb HOil: CHCTeMe KOOP,n;H ­
3h§ o 3JIeMeHTbi MaTp HIJ,b l A n 

PHMyT 
102

-392 - 292as 7jJ sin 11 , 
~ cos 11 , ~h § 

2 
I ep cos 7jJ +cos r.p sin 7/J si n 11 

- MYJIbTUrrOJIbHble TeH30 p b l l-ro H 2-ro paaroa , n p encra s 51IOI.lI,He C0 60H COOTBeTCTBe H­59.	 ' 
HO ,D;l1 rrOJIbHbIH 1I KBa,LI.pynOJIbHbIH M arHlITHhle MOM eHTbI, ssrpaacemrue -r epes raYCCOBbI 

K03<p<plIIJ,lIeHTbI 9: , hr;: [5] .
ICHTeJIb HO reOMarHuTHoro rrO JI51 

I I~P H B O,n;HT K B0 36Y)K,n;eHulO C ~JI ,LI,JI 51 Ha XO)K,D;eHlI5I npOeKIJ,lIH MOMeHTa M JI na OCH x, y, z npe,LI.C'l' a BH M (1) B BI1,D;e 

. p a Macc KOCMU'ieCKoro arrna-

B [3] noxasaao, '"ITO MOMeHT M .TI JIOpeHIJ,eBbIX CUJI 1\I0 )KeT 3IIU'"IUTeJl b IlO npe asrma r a rpa­

B I1Ta IJ,110HHb lH 11 .ap yr-a e B03MYl.ll,alOI.lI,lIe MO MeH TbI 11 MO)KeT lICnOJIb30Ba T b C}1 KaK BOCCTa­
no I.\eHTpa Macc KOCM H'"IeCKo r o 

) Mar HHTHo r o n OJI51 . D [4] HaBJI I1BalO l.lI,l1H MO MeHT B CI1CTeMe 0pl1eIITaIJ,lIl1 KOCM H'IeCKOr o a n nap a r a . 
B H r 6 nOKa ­

eM OJIee / J,JUf a n n a p a T OB 

-fHOMY .l\BlDK eHu lO, MOMeHT M; 3. BOCCTaBanJDfBlUOID;He KOMnOneHTbI yupaansnouno; MOMenTOB 

I1YCTb aaztana nporpaseanaa Opl1eHT aIJ,1I51 KOCM I1'"1eCKOr O a n nap ara B Op611TaJI b HOti 

cacr e xse KOOp,D;I1H aT nexoropsnr 3Ha'"lemieM M aTpl1 IJ,bI lIanpaBJImOII ~lIX KOCI1HyCOB A = 
a.n;HYC- BeKTOp IJ,eHTpa 3apH,n;a = A o = c onst . B '"Ia CTH OCTlI , MaT p l1IJ,a A o MO)KeT 6 bITb ei-~I1H lI '"I HOH . I10 jl,CTa Bm l5l A = A o 

B asrpaxc eaae (1), Ha H.n,eM Ta Kl1 e 3 HU'"IeH lI51 eexropa P, npn KOTOpbIX j\,[ 06p a Il\aeTC5I 

B HOJIb B rrporpaxuoroa oplleHTaIJ,1111 KOCMW leCKorO a nnapara , T.e . 51 BJUlCTC5I BOCCTa HaB­

I i cos u ifo	 m malOl.lI,l1M MOM eHTOM B oKpeCTHOCTI1 Opl1eHTaIJ,1111 A o . Q 'lCBI1)J,HO, '"IT O Be KTOp P ,!l;OJI­

)KeH y,D;OBJIeTBOp51Tb y CJIOBl1lO P = kJI~fa , r e kJI = kJI(t) - np0I1 3BOJIbHa51 CK aJI }IP Ha5I -e"'IbHO r eOMarHI1THOro n OJI51 

<pyHKIJ,I1 51 , To = kJIAJ (vc x B). I1PI1 3 TOM KOMnOHeH Tbl s e x 'ropa P OlIpe,LJ,eJI51IOTC5I noH. i'vIa r mlTHo e n OJIe 3 eM ' 
'ie JIU B <pop~I'yJI aMCKOm a n napaTa ITo" . JTOMy 

lCC KOCMI1 'ieC~oro annapaTa . ( Px = kJI(t )[a lOvC1)B( - /310 vc EB( + I l o(v CEB 1) - vC1JBE)], 
IlM MOMeHT lvIJI B Bu,a;e (2) Py = kJI(t) [a20vc 1)B( - /320vcEB ( + 120(v CE B ,/ - vCl)B E)], t P, = kJI(t )[a30vc l)B ( -/330vc EB( + 130(VCE B 1J - vC1J B E))· 

I 

I CJIe,D;OBaTeJIhHO, eCJIH K OOp,D;I1HaT bI IJ,eHTpa aa p a .aa K OCMlI '"IeCKOrO anna p ara 6 y,LI.yT 113­

MeH 5ITbC5I no a a x o n y (2), TO MO Me HT Mn 6y,LI.eT 51BJUITb CH BOCCTamWJII1Ba lO l.lI,llM B OKpeCT ­

HOCTli 3R,D;a HHOr O rrOJIO)K e HlI5I 1I MO)KeT 6bITb I1CrrOJIb3 0Ba H jI,. H rrOM ep)KRHlI5I 3a jl,a HHOll 
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I

c 

P I1C. 2. Bexropsr B 11 t . 

0 p l1eHTalJ,HI1 KOCM I1'1eCKOrO arma p ara, PaBeHcTBa (2) M O.IKHO p a c c a arpn s arr, K a K 3aKOH 

y n p a anen a s nOJIO.IKeHHeM u eurpa s apa n a ,lJ,JI5I oCYIlJ,eCTBJIeHI15I 3a,lJ,a H HOH Opl1eH T a lJ,11 11 

KOCMI1'1eCKO rO annapaTa.. 

B [6] 6bI.ITI1 p a CC'cII1T a HbI 3aBI1CI1MOCTI1 MaKCI1MaJIbHblX 3Ha 'cIeHI1H \.00\ (a CJIe,lJ,OB a T eJIb ­

HO, 11 I.PI ) ,lJ,JI5I p a3JII1'cIHbIX 3 Ha 'cIeHI1H rt apa xi erpoa Op 611T 11 nOKa3aHO, '11'0 1.50 I npl1HI1 Ma eT 

3Ha 'cIeH I15I, MaJIbl e no c paBHeH I1IO C p aasrepa xn« KOCMI1 'cIe CK OrO annapa r a I1JII1 Cp a BH I1M ble 

C HI1MI1 . IT0 3 T OMY n paKTW-IeCKa5I p e aJI l13a lJ,115I y npaBJIeHI15I o p nearau nea KOCMH'cIeCKorO 

a n napara C I1Cn OJIb30 BaHI1e M MOMeHTa JIO peHlJ,eBbIX CI1JI He BbI30 BeT npamranaam.n sr x 

T p y,n,HOCTeH . 1IcnoJIb30 B aHI1e 3Toro MOMeHTa He T pe6y eT pacxona KaKOrO- JI I160 p a o o -re r o 

Be IlJ,eCTBa I1CnOJIHI1TeJIbHbIM MeXa HI13MOM, He rpeo y er n pnaen eaaa B ,lJ,BI1)KeHl1e KaKI1X­

JII16 0 T eJI , I1MeIOIlJ,I1X M a c c y , OTJII1'cIa eTC5I npo cr o r oii 3aKOHa y n paaneana, Ha,n,e.IKHOCT b IO 

11 3KOHOM H '1HOCTbIO. 

O c 0 6 eHHo cTbIO CI1CTeM , I1Cn OJIb3Y IOIlJ,I1X MJj ,n,JI5I cTa 6 l1JIl13a lJ,1111 KOCMI1'cIeCKOrO a n na­

p a r a, 5IBJI5IeTC5I T O, 'cITO A1Jj o pTOrOHaJIeH sexropy T = vc x B 11 n03TOMY HeB03MO.IKHO 

C03 ;~aTb ynp aBJI5I IOIlJ,I1H MOMeHT .J1 0 peHlJ,eBbIX CI1JI, Ha npaBJIeHHbIH B,lJ,Onb sex .r o pa T. 
06paT I1M C5I K paCCMOTpeHI1IO MOMeHTa MarHI1TH bI X can MM . K a K 113BeCTHO, 3TOT 

MOMeHT 

(3) MM = f xB, 

rzre f - c06cTBeHHblH Mal'HI1TH bIH M OMeH T KOCMI1 'cIeCKOrO armapar a , M O.IKeT 6 bI T b I1C­

nonssoaaa ,lJ,n 5I cT a 6 l1nl13alJ,1111 y roroaoro n On O.IKeH 115I KOCMI1'cIeCKOrO arma para rryresr n po­

r pasomoro 113MeHeHI15I BenH'cII1HbI 11 Han paBJIeHI15I sexropa i. O ,n,Ha KO 113 (3) cneztyer, 

'cITO MO MeHT MarHI1THbIX c an o pTOrOHaJIeH sex-ro py B 11 n 0 3 T OMY HeB03MO.IKHO C03,lJ,aTb 

ynp aB, IT5IIOl.l.I,l1H MarHI1THbIH MOMeHT, nanpaanen n s nt B,lJ,O.ITb aexropa B.. 
ITo aHa.T1 0 rl1l1 C MOMeHTOM nopennen s rx CI1J1 BocCTa Ha BJII1BaIOl.l.I,l1H MOMeHT Mar HI1T HbI X 

CHJI M O.IKH O n pe,lJ,CTa BI1Tb B BI1f\e (3), r,lJ,e f = kMBo, Bo = A ri B, kM - He KOTopbIH 

K03<P<PI1lJ,l1eHT npOnOplJ,110 HaJIbHOCT I1.. 

Cpaeuas o rsre-rea asre n snne <PYHKlJ,110HaJIbHble oc06eHHocTI1 11 BbITeKaIOIlJ,l1e 113 HI1X 

He,lJ,OCTaTKI1 MarHI1T HblX CI1CTeM ynpaBJIeH I15I 11 CI1CTeM , I1Cn OJIb3YIOIlJ,HX M OMeHT MJj, ner­

KO 3 a M eT I1T b , 'cITO 31'11 He,lJ,OCTaTK I1 I1C'cIe3a IOT npn C0 3,lJ,a mlI1 e,lJ,lIHOH 3nCKTp 0,lJ,I1H aMII'cIe­

CK OH CI1CTeMbI y n p a anenus o p a eirr a u n en KOCM II'cIe CKOro armap ara , ncnorn.ayromea O,lJ,HO­

BpeMeHHO 06a BOCCTaHaBJII1BaIOIlJ,lIX MOMeHTa: MJj 11 MM. 
,!J,eHCT BI1T en b HO, He,lJ,OCT a T KI1 , 3aKnIO'cIaIOIlJ,l1eC5I B HaJIl1 'cIl1l1 TaKI1X n a npa a n eanti, B,lJ,Onb 

KOTO p bIX 6 bI.T10 B03MO.IKHO HeynpaBJI5IeM Oe a pauiea ne KOCMI1'cIeCK OrO annapara ( 31'11 Ha­

npaBJIeHII 5i - COOTBeTCTBeHHO B 11 T - n OK a 3aHbI na p n c . 2), cpasy I1C'cIe3aIOT rrpn 06'b ­

e,lJ,IIHeHIII1 1Y!.fl 11 MM B O,lJ,HOH 3neK TpO,lJ,I1lIaMlI 'cIe CKOH CI1CTeMe ynpaaneuas .. 
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8 1'0 06'b5iCH 5ieT C5i TeM , I 
Tenepb HeT TaKJil X HanpaB, 

KOCMl1'''IeCKoro armapar a­

4. )l,e r.mq)\~ 

B o c CTa Ha BJIJilBaIOrn;Jile I 
lJ,110Hl1pOBaHJil5i 3JIeKTpo,!!,~ 
JIOBOrO nOJIO)KeHJil5i KOOH 

T a J'\1/T" 06e C n8'-lJilBa~rn;e r l 
B oKpecT HOCT Jil yCTOH '1HBi 
BbI 6 0 p cnocooe c03,!!,aH Jil ~ 

xaHI13Ma ,!!,eMTICIlHPoBaHH! 

peIllI1Tb npn npaKTU'1eCKj 

ITp e,lJ,JIa r a eMa5i KOHIjel 

Ha 6a3e cOBMecTHoro Hcr 

3JIeKTP03 I1HaMI1'1eCKHMHI 

p 5I,lJ,Ka P H C0 6 cTBeHHbI 

,lJ,eMnqmpoBaHJil5I C06CTB~ 
Tex <PYHKlJ,110HaJIbH bI X ~ 

'1eCKO}! CHCT eMe ynpaB n~ 
I 

3aKOH H3MeHeHH5i BeKTq 

MeHTa M-
n . Hanp aBJIeHH 

I 

B 6 a30 BOIl CHcTeMe KOOp' 

BI15I ,lJ,JI5I n on o o p a HCKO' 

MOMeHTa MJl. BeJIH'1HHe I 
yrJIOM K BeKTOp y Wi, aa 

HI1MaJIbHorO 3Ha'1eHHH I 
y n p a BJ'l5IeMo ro sexropa 

nponOp lJ,HOHaJ1bHOCTII , I 

H aJIarae~ bIX n a ,!!,eMn<PI 

MeHTa MJl IIMeeT BH,!!, 

MJlJl. = hn(w 

- h (- IT2 
HJII1 M:I,J, = - n W 

A H aJI Or ll 'cIHbIM o6pa3o
 

M o r o 113MeH eH H5i BeKT(
 



-----
-----

lO)KHO paCCMa Tpl1BaTb KaK 3aKOH 

CTBJIeH!l 51 3a,£\aHHoH Opl1eHTau,1111 

·IX 3Ha'leHI1H IPo I ( a CJIe,ll,OBaTeJIb­

• 11 n OKa3aHO, "ITO IPo I rrpl1HHMaeT 

x xo r o annapaTa HJII1 Cp a BHI1MbI e 

:IIHR op HeHTa u,l1e ti KOCMH'IeCKOro 

JI He BbI30BeT IIPI1Hu,l1nl1aJJbHbIX 

r p acxo,ll,a KaKorO-J"m 6 0 pa60'iero 

np HBe,ll,eHI151 B ,ll,BI1)KeHl1e KaKHX­
'OHa , . y n p aBJIeHH5I, Ha,ll,e)KHOCTblO 

16HJI!l 3,:U,HH KOCMI1'ieCKOro anna, 
lie x B 11 rr03TOMY HeB03MO)KHO 

~BJIeHHbI ti B,ll,OJIb BeKTopa T. 
CH,1 !vIM. KaK 113BeCTHo, 3TOT 

fr o annapaTa, MO)KeT 6 bIT b I1C­

lIf 'lec.:<ora annapaTa nyTeM npo­

opa I . O ,n:HaKO 113 (3) CJIeAyeT, 

nosrovy He~ 03MO)KH O C03,ll,aTb 

[b BeKTopa B. 

~HBaIOLUI1 i1: MOMeHT MarHI1THbIX g _ T ­
o - Ao B , kM - HeKOTOpbIH 

flHOCT!l 11 BblTeKalOLUl1e lf3 HHX 

JO,1b3YIOLUI1X MOMeHT M­ JI , rrer-
If 11 e,n:I1HOH ::lJIeKTpO,Ll,HHaMI1'ie_ 

mapara, HCrrOJIb3yroLUei1 O,Ll,HO­

HI1 Ta KI1X HanpaBJIeHI1H , B,LI,OJIb 

\1If'leCKo r o a rr n a paTa (3 T H aa­

2), CPa3y HC'ie3alOT npn 06b­

'eMe y n p aB JIeHl151 . 

::lTO 06b5lCH5IeTC5I TeM, 'ITO BeKTOpbI B 11 T scerna 0pTOrOH aJJbHbI 11 , CJI e,£\OBaTenb HO, 

r enep» HeT TaKHX nanpaaneaaa, B,£\Onb KOTOpbI X B03MQ)KHO n eynpasnaevoe s p a m ea ne 

KOCMl1l.JeCKOrO annapara. 

4. .nel'tm qm pYIQIWfe KOMnOOeHTbI y npaBJUIJO IWfX MOMeOTO B 

BOCCTaHaBnl1BalOLUl1e MOMeHTbI MJI 11 MM 51 Bn5l1OTC5I OCHOBOH MeXaHI1:'lMa cPYH K­

U,110Hl1pOBaHH5I 3neKT p 0,£\I1HaMHl.JeCKOH CHCTeMbI y n p a a n e n a a . O ,.'l,Ha KO cr af..I.IH3 au,H5I y r­

nOBoro rrOnO)KeHH5I KOCMHl.Je CKOra annapara HeB0 3MO)KHa 6e3 11,e l>.m cPHp Y lOLUer o MOMeH­

Ta M,£\, ooecne-maaromero noraureane c06CTBeHHbIX Kone6aHHH xo cran-recxor-o a n nap ara 

B OKpeCTHOCTI1 YCTOHl.JHBOr O nOnO)KeHH5I p aBHOBeCH5I. I103TOMY, KaK OT Mel.JaeTC5I B [7], 
BbI60p cnocooa C03,£\aHH5I ,£\ervITIcPl1PYlOLUero MOMeHTa H paspaoorxa KOHKpeTHoro Me­

xaHH3M a ,£\eMrrcPHpoBaHH5I 51Bn5leT C5I O,£\HOH H3 OCHOBHbIX aaaa-r , xoropsre He06xo,£\l1MO 

pennrr s npn rrpaKTl1l.JeCKOH p eaITH3au,HH CH CTe M o p a ea r a u n a KOCMHl.JeCKOrO annapara. 

Ilpennaraenas x oauemma nocrpoeana 3JIeKTp0,£\l1HaMHl.JeCKOH CHCTeMbI yrrpaBJIeHH5I 

a a 6 a3e COB Me CTHor o l1CrrOJlb30BaHH5I .nopenueastx 11 MarHHTHbIX CHJI C y rr p a BJI5IeMbI M l1 

3JIeKT p o,£\l1HaMl1l.JeCKH MH napauerpaan - CTa THl.JeCKHM MOMeHTOM aapxna uepsoro n o­

panxa P H c0 6 cT BeHHbI M MarHl1THbIM MOMeHTOM f - rr03 BOJI5IeT oriecne-nrrs Me x aHH3M 

,£\eJ\llfIcPl1p OBa HI151 c 06cT Be HHbI x KOJIe6aHI1 H KOCMl1l.Je CKOrO a rrn a para He BbIXO)J,51 a a p aMKH 

Tex cPYHKU,110HaITbHbIX B0 3 M O)KHOCT eH, x o r o p s i e c o n ep xcar ca B caM OH 3.neKTpo,£\I1HaMH­

'ieCKOH CHCTeM e yrrpaBJIeHH5I. ,LI,eH CTB I1TeJI b HO, H CXO,£\51 H3 Tpe60BaHI151 nonofipari, TaKOH 

3aKOH 113MeHeHH5I sexropa P ,KOTOPbIH 06eCrre'iI1BaIT 6bI C03,£\aHHe COCTaBJI 5IlOLUeH M O­

MeHTa MJI, HanpaBJIeHHOH a a n oraureane yrnosoa CKOpOCTI1 C/ KOCMl1l.JeCKOr O armapara 

B 6 a30BOH CI1CTeMe Koop,£\I1HaT, wIO)KHO rrpe,II,JIO)KIITb CJIe,n:ylOLUl1e ,£\orrOJIHIITCJIbHbIe yCJIO­

BlI5I ,£\JI5I nonfiopa I1CKOMOro 3a KOHa: nponopuaoxansnocr» Bemf'iI1HbI ll,el\olfIcPl1pYlOLUer o 

MOMeHTa MJJ. BeJIH'iI1He y r JIOBOH CKOpOCTI1 W', HarrpaBJIeHHOCTb MOMeHTa 1\1,n non TyrrbIM 

y r JIOM K sex-ropy w', HaITH'il1e M aKCI1MaITbHOrO 3Ha'ieHI151 IMJJ. Inpn (M)J. , W' ) = 11" 11 Ml1­

HHM aITb HOr O 3Ha'ieHI151 IMJJ.I = 0 npn (MJJ., Wi) = 11" /2. Her pyznro 3aMeTI1Tb, 'iT O BbI60p 

yrrpaBJI5IeMOrO s ex rop a P B BH,n:e Q-I hJIw' X T, r,n:e hJI - HeKOTopbIH K03cPcPHu,HeHT 

nponopunoaam.aocra , otiecrre-raaaer BblfIOJIH eHl1e s cex rrepel.JHCJIeHHbIX asnue y CJIOlll1H , 

xanaraesrsix Ha ,ll,eM rrcPl1pYlOLUI1H MOMeHT. I1PI1 3TOM ,ll,I1CCl1rr a TI1BHa51 COCTaBJI5IlOLUa51 MO­

MeHTa MJI I1MeeT BH,ll, 

MJIJJ. = hJI (w' x T ) x T 

I1JII1 MJI,n = -hJI(w'T 2 
- T (w' . B)) = -hJITw', rne 

T; + T; -TxTy -TxTz )
 
T = -r.r; T; + T; --;TyTz2
 ( -TxTz - TyTz t; + Ty 

AHaJJorl1'iHbIM 0 6Pa30M peuraerca sonpoc 06 I1crrOJIb30BaHHI1 B03MO)KHOCTeH y n p a a n a e­

M o ra 113MeHeHI151 s exropa i ,ll,JI5I C0 3,L1,aHI151 ,LI,l1CCl1rr aTI1BHOH COCTaBJI 5IlOLUeH MOMeHTa MM: 

-BxBy 

B~ +B; 
-ByBz 
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1

.

Marpmrsr T H B HeOTpI1lJ,aT eJIb HbI. l10 3 T OM y MOMeH T bI M:n,IJ, H MM,IJ" BKJII O'-leH ­

nsre B COCTa B 3JleKT p O,lI,lIHa M I1'-leCKOH CHCT eMbl y n p a a n eaua , 6y,IJ,yT Bb13bIBa T b ,lI,I1CCllrr a ­ III (t) = v~ ~ B ~ + (t 
lJ,HIO s a ep r aa Bpa I lJ,a TeJIb HOr O ,n:mDKe HH 51 KOCMH'-leCKOrO arrrrapara OTHOCHTeJl b HO ero u ea­

ldt ) = 131(t) = - 1
Tpa Macc, otiecne-ma a a npOIJ,eCC cTa 6HJUl3aIJ,HH KOO H :I' l eCKOro armap a r a B OK p eCTHOCTH 

YCTOH QIIB Or O nOJIO)KeHH5I p a BHOBeCH 51 . 122(t ) = V~ T) B~ + (1 
TIpe,n:n O)KeHHa 51 KOHIJ,em J,lu r nOCTpOeHH5I 3JIeK T p o,n:HHaMJf1leCKOH CHCTeMbI y n p a BJIeH H51 123(t ) = ld t ) =Vc 

npnsomrr K Bbl60py ynpa BJI5IeMOrO aexr opa P = Qpo B BH ,n:e 
M M x = -bll(t)( k,1 

lv!t.fy = - b21 (t)(kjl 

lVJ,..Az = - b31(t)(k) 

a y n paans esro r o BeKTo p a i B BH,n:e 3,n:e Cb 

2 B2
bll (t ) =BT)+ ( , 

lr3(t ) = h1(t) = ­
b23(t ) = bdt) = -

Ilpn 3T OM ynpae.i a iounre MOM eHTbl j\,I JI H MM COOT Be TCTBeHHO npnxry'r BHA 

)l,HHa MlI '-leCKlIe y paBHeH 

(6)	 MJI = kJITo x T + hJI (w' x T ) x T , 

(7)	 MM = kM130 x 13 + hM(w' x B) x 13. 

5. M aTeMaTl£<IeCKOe 060CBOBaHHe MeTOAa y rrpaan eaaa	 hJll ll + 
H	 IlJIl12 + 

(=	 - wo(A- B+C)-
P a CCMOTpHM sonpoc 0 c Ta 6 HJIH3a IJ,HH KOCMWIeCKoro a n napar a B np51MOM n OJIO)KeHHH 

paBHOBeCH5I B Op6 HT aJI b HOH CHCT e Me xoopnnaar, T.e. B TaKOM er o n OJIO)KeHHH , npn KO­ w6(B - C) + k 
TOpOM OCH x , y , Z COBna ,lI,aIOT C OC5IMH ~ , T} , ( H , CJIeAOBaTeJlbHO, a1 = /32 = /3 = 1, M = kJll12 + 

(
W x = W z = 0, w y = Woo	 kJllJ3 + 

)J. 11¢ ¢ ep eHlJ,HaJI b Hb l e y paBHeH H5I BpaUJ,aTeJIbHOrO /'l,BI1)KeHH5I KOCMH'-leCKOrO a n napara x - s exrop C KOMrJOHeH1 
nOA ,lI,eHCTBHeM ynpaBJI5IIOUJ,HX M OMeHT OB (6), (7) CTP05lTC5I no cxerae 9 HJIepa·- TIyaccoHa: 

lIJ,ll~m OT <p, e,'l/J . 9 TOT BE 

,ll,el"lc TB ylOllJ,IlX a a KOCMli'H 

:t(JW) + W x (Jw) = MJI + MM'	 TIpe,ll,CTaBIlM MaTpliU.y 

(8)	 n OKOMnOHeHTHoro y cpena 

d~o t - ;' difo _ _ dCo - ­ill = <,0 x W - wo,>o , (it = T}o x w , ill = (0 xw +wo~o ,	 W 6(B - C)+kJlll 

M c p = kJll12cp +A 
( kJl l13cP+k 

rzte J = diag (A, B , C) - T eH 30p HHepIJ,HH KOCMH'-leCKOrO annapara B CHCTeM e KOOPAHHaT 

C x yz , W - a6COJIIOTHa51 y r n oea a CKOpOCTb KOCMH'-leCKOrO anna p a r a. 

2 B2\ TI P H paccnorpeaaa M aJIblX KOJIe6aHHH KOCMH'-leCKOrO a n n a p a r a B OKpeCTHOCTH n p a ­ lllep = (VeT) ~. 
M orO nOJIO)KeHli51 p a BHOBeCH51 Cn paBeAJIHBO u p e,Ll)l OJIO)KeHHe 0 MaJIOCTH yrJIOB <p, B, 7jJ H 

112cp = 121ep = 
HX npOH3Bo;J.HbIX rro BpeMeHH. TIP H 3TOM MOMeHTbl MJI , MM MoryT 6 bI T b p a3JIO)KeHbl B 

PH Abl no CT e n e H5IM 3T HX M aJI hlX BeJIH'-lHH . B pe3YJIbTaTe rrOJI yQHM HX n poex u a a C T O'-lHO ­ h2cp = (v~ T) Bl 
CTblO A O '-lJleHOB aroporo n Op51A Ka MaJIOCT li B BH,n:e 

123cp = 132ep= 

133ep = (vb~ ( BM.nx = -Ill (t)( kJI 'P + hJICP ) - 112(t )(kJI B+ hnB) - 113(t) (kn 'l/J + hJI ~ ), 
bll ep = ( B~) t ­

MJly = - 121(t)( kJI<P + hJI CP ) - 122(t )(kJI B+ hjlB) - 123(t)(kJI 'Ij) + hJI ~ ), 
122ep = (Bl) t JMJI z = - l31(t )(kJI <p + hJI CP) - l32 (t )(kJI B+ hJI B) -l33(t )(kJI 7jJ + hJI ~ ) , 
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I

>MeHTbi iVJ:fIJl. H M AfJJ" BKJIlO'feH­
r~e 

nem15I, 6Y~'yT BbI3bIBa T b zurccana­


) armapara OTHOCI1TeJIbHO ero uea­ lll (t ) = vbE B~ + (vc')BE- vcEB'))2, In(t ) = l21 (t) = VCEVc') B~ ,
 
secxoro a rrrr a p aTa B OKpeCT HOCTII
 l13(t ) = b (t) = - vc ')Br,(Vc EB') - vc')Bd, 

h2( t) = vb') B~ + (vc')BE- vCE BrY ,ia~U1'feCKofi: CHCTeM bI y rrpaBJIeHIUI 

B BI1~e h3(t) = l32(t ) = vcEB((vcE B') - vc')BE) , l33(t ) = Bb( (vbE+ vb')), 

MMx = - bll(t)(kM <P + hMep) - b12(t )(kM(} + hAi l ) - b13(t )(kM7/J + hM ~), 

MMy = -b21(t)(kM <P + hMep) - b22(t )(kM(} + hMB) - b23(t )(kM7/J + hM~) , 

MMz = - b3 1 (t)( kM<P + hMep) - b32(t )(k M(} + hMB ) - b33(t )(kM7/J + hM~) ' 

bll (t) = B~ + B~ , b12(t) = b21(t ) = - BEB,) , 

ldt) = l31(t ) = -BEB( , b22(t) = Bl + B~, 
'CTBeHHO rrpHMyT BI1~ b23(t) = b32(t ) = - B')B( , b33(t ) = Bl + B~ . 

,lJ,rlHa MH'fe CK l1e ypaBHeHI1SI 9fi:,rrepa (8) B MaTpH'fHofi: cPopMe IIpHMyT BH)l, 

rne 
~a ynpanJIeHHSl 

hJIlll +hMbll hJIll 2+h Mb12 WO(A - B + C )+ h JI l13+ h Mb13 ) 
H = hJIl12 + h u bv: hJIln + hubr: hJIl23 + h Afb23 , 

armapara B rrpSI Mo M rrOJlO)f{ eHIIH ( 
- wo(A - B + C )+ hJIl13+ h Mb13 hJIl23+hMbn hJIb3 + h Mb33 

TaKOM ero IIOJlO)f{eHHH, npn KO­
w~( B - C) + kJIlll + kMbli l-sil a + kM b12 kJIl13 + k ''vfb13 ))BaT eJlbHO, (Xl = /32 = 1'3 = 1, 

M = kJIll2 + kub v: ksi tzz + k Mbn kJIl23 + kMb23 ,
( 

kJIl13 + kMb 13 kJIl23 + k Mb23 w~ (B - A) + k JI l33 + kMb33
DKeHI1H KOCMI1'feCKOr o a rr rra p a Ta 

'C5I rro cxeMe 9fi:Jlepa - n y a ccoHa : X - BeKTOp C KOMrrOHeHTaMH X j (t , <p,(} , 7/J ) (j = W ), IIe.rrm le fi: lI bI ~1 06paJOM 3aBHCH­

rn;HMH 01' <P, (), 7/J. 91'01' BeKTOp CO~ep)l( HT TaK)I(e rrpoexrmn B03My rn:arO rn;HX MOMeHTOB , 

~efi:cTBYIOII..IJ1X n a KOCMH'feCKHH aIInap a r , HaIIpHMe p MOM eHT r p a BH Ta U;HOH HbIX CH.1I. 

rrp e~CTa.B HM MaT pHU;y M B BHl (e M = M ep+M(t ). 3 )l,eCb Mal'p Hu;a M cp - p e3YJIbTaT 

IIOKOMrrOHeHTHo r o ycpenneaas MUTp n U;bI M IIO BpeMeu H, T.e . 

(
 
W~ (B - C) + kJIll lcp+ k Mbllcp kJIl12cp+kMb 12cp kJIl l3cp+ k Mb13cp )
 

M cp= kJIl12cp + kMb l2cp kJjl22c p + k Mb22cp kJIl23cp + kMb23cp .
 
umapara B CHCTeMe KOOp,n:HHaT kJIl13cp+kMb13cp kJjl23cp +kMb23cp w~ (B - ,l~ ) + kJI l33cp+ k Mb33cp 
arrrra paTa. 

armapara B oKpecTHocTH npa­


~Ie 0 MaJIOCTH yrrros <P, e, 7/J H lllep = (vb1) Bl) , - 2vCE (vc ')BE B')), + vbE ( ( B~ ), + (B~) , ),
 
liM Mo ryT 6bITb Pa3JlO)f{eHbI B h 2ep = h lep = VCE (VC1) B~ ) " l13ep = h lep = (vb')BEB() , - VCf, (vc ')B') B( )" 
OJlY'fI1M HX rrpo e xmm C TO'fHO­

l22ep = (vb1)B€) , - 2vcdvc')BEB')), + vbE (B~ ) , + (vb ') B~) " 

l23ep = l32 ep = VCE(vCE (B')B( ), - (vc 1) BEBd,), 
)- l13 (t)(k.1 7/J + hn~ ) , l33ep = (vbf, ( B~ ) t + (vb') B~) , ) , 
: -l23(t)(k.JI7/J + hn~ ) , b ll ep = ( B~ ), + (B~) t ' b 12ep = b21ep = - (BEB'))" b 13ep = b31 ep = - (BEB( )t ,
 
-l33(t)(kn7/J + hn~ ) ,
 l22ep = (B€)t + (En" l23ep = l32ep = - (B')Bd " l33ep = (Bl ), + ( B~ ) , . 
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PaCCMOTPHMcaas ana ClICTEBbI'U1CmtM He06xo,n;HMble cpeznrae: 

(Bl) t = 1/4 [2 (g?)2sin2i + (1 + cos2 i)(( gD2 + ( hD2)l R~ R -6 + 
(10) JU)+H (l' 

+ 1/16 [50 ( g~)2 sin" i + 36 (sin" i + 8 cos2 i)(( h~)2 + ( g~)2) + 

3 a MeHHM B Hen MaTplluY M E+ 9 (- 9 sin" i + 20 sin2 i)(( h~)2 + (gD2)] R~ R-8 ,
 

(B;) t = 1/2 [((gD2 + ( h~ )2) sin2 i + 2(g?)2COS2 ilm R-6 +
 

+9/8[8(1 - cos4i)((g~ )2 + ( h~) 2) + (g~f sin2(2 i ) +
 

+ 2 (1 - 3 cos2i + 4 cos" i )( ( h~f + (g~ ) 2) ] R~R-8,
 

(BZ) t = ((1 + cos" i) ((g ~)2 + (h ~ )2) - g?h ~ sin(2i) + (g?)2 sin2 i) R~ R- 6 +
 

+ (81/ 16(3 cos" i + 2 cos2 i + 3 ) ( (g~ ) 2 + ( h~n +
 
+ 9/32 (11 + 27 cos" i - 30 cos2 i) ( g~)2 +
 
+ 81/16 (1 - 3 cos" i + 2 cos2i )) (( h~)2 + ( g~ f)) R~ R-8 ,
 

(Bf.H'I)t = 3/2 (g~ h~ - h~ gD cos(2i) R~R-7 ,
 

(B T/ Bd t = (-3/4 g?g~ (1 - 3 cos2i) cos i +
 

+ 3/4 (3 - 7 cos2 i)(h ~ h~ + g ~ g~ ) cos i + 3/ 2 g? h~ cos(2 i ) sin i)~R-7 ,
 

(B f. Bc,}t = - 1 /2g ~ g? sin iR~ R-6 ,
 

(vCT/ B f. HT/ )t = W3 sin2i cosi{- 1/ 4 [2 (g?f - (g ~ )2 - ( h ~ )2 ] R~ R-5 +
 

+ [- 9/4 (3 + cos2 i(g~)2 + ( h~)2) + 15/ 8 sin2 i(g~)2+ 

+ 9/8 (1 + 3 cos2 i ) ( ( h~ )2 + (g~)2)] R~ R -7} ,
 

(vc T/ BT/ Bc,} t = 0,
 

(vcT/ Bf,Bc,}t = 3/ 16w3 sirr' i[ (l + 3 cos2 i)g? g~ + g? h~ 3 s in( 2i) ­


- (7 + 9 cos2 i) (h~ h~ + g~ g~)l R~ R-7,
 

B 2 ) 9/4 0 I . 3 · R7 R-6(VCT/ ( t = - W3g1 g2 sm t 3 ,
 

(vb T/ Bl) t = 1/16w§[6(g? )2sin" i +
 
+ (1- 3 cos4 i + 2 cOS2 i )( (g~f + (hD2 )]R~R-4 +
 

+ w§(9/8 (-cos6i - 5 cos4i + 5 cos2i + l ) ( ( g~f + ( h~)2) +
 

+ 9/32 (9 cos" i - cos" i - 25 cos2i + 1 7)( ( h~ ) 2 + (g~ )2 ) +
 

+ 25/ 16 (- cos" i + 3 cos" i - 3 cos2i + 1 )(g~) 2 )R~R-6 ,
 

(vb T/ B~ ) t = 1/4w§[(g?)2 sin" i - 2h~g? sin3 i cos i +
 

4i+ (3 - cos - 2 cos2i )((gD2 + (hD 2 ) ] R~ R-4 + 

+ 9/64 [18 (- cos6 i - cos" i - 3 cos2i + 5 ) ( (g~ f + ( h~)2) + 
+ 18 (cos" i - cos" i - cos2i + 1 ) ( (h~ ) 2 + (g~f) + 

+ (- 9 cos" i + 15 cos" i - 11 cos2i + 5) (g~ )2]w§ R~ R- 6,
 

2 B B ) 1/ 8 2 I 0 . 3 · R6 R-4

(VCT/ f. (t = - w3g1gl sm t 3 , 

rne W3 = W3k* - yrnosas CKOpOCTb cy-ro-moro BpameHH51 3 eMnH , R3 - pan nyc 3eMlm. 

C llOMomblO 3aMeHbi 

XI = tP , X 2 = 8, 

CHcTeMy (10) MO)KHO npllBec 

(11) x = (N + M (t))x, 

H ll / (Awo) Hlj 
H21/ (Bwo) H 2; 

N= -
H31/ (CWO) 

-1 
H3: 

o 
o 

CHCTeMa x = Nx IlMI 
TonbKO -rorna, xorna ,n.enC1 
det (AI - N ) = 0 Henono/\< 
n ll3 llOKa3aJl , 'ITO cyuiecrt 
BbInOnHeHO 3TO ycnosne H, 

CTI3eHHblX 3Ha'IemtH MaTp 
T = const > O. 

CornacHO (8J BBe,n.eMB 

Ecna IIM(t) 1\ = mr 
(HnH (10)) aCHMnTOTR'IeC 
HemlHeH HOH CHCTeMbl (9 

Hll51X (9J. 

BbInOnHeH pan '1RCJlE 
HOH3neKTpo,n.I1HaMIl'leCI 
H Oll,eHKe B03MymaJOmeI 

3all,mt. 

52 



PaCCMOTpHM caaxana cHcTeM y JIHHeHHOrO rrpH6JIH)KeHH5I ypasneaaa (9): 

g! )2+ (h))2)JR~ R- 6+ 
i ) ((h~ ) 2 + (g~)2) + 
R3 

8W 8 
, 

!Cos2iJ~ W6 + 
sin2(2i)+ 

R§R-8a ' , 

tsin(2i) + ( g~)2 sin2 i ) R~ R- 6 + 
1~ ) 2 ) + 

g~)2)) R~W 8 , 
7 

- (g!? - (h))2 ]~ R-5 + 
/2i(gg)2+ 

g~ +g~ h~3 sin(2i) ­

4+
 

~)2 + (h ~)2) +
 
2+(gJ)2) +
 
2 ) R~W6 , 

+ 
)2 + (h~ ) 2 ) + 

h 
2R3 

8R-6 , 

C novouisro 3aMeHbI 

Xr =rp, x2 =B, X3='l/J , X4 =<P, X5=(} , 

cacreuy (10) MO)l{HO rrpHBe CT H K 6e3pa3MepHoMy BH,llJ' 

(11) X = (N + M (t))x , 

r,lie 

Hll / (AwO) H 1z/ (AwO) H13 / ( Awo) Mll / (AwO) M1Z /(AwO) M13 /( AwO) 
Hzr! (Bwo) Hzz/ (B wo) H23 / ( B wO) M21 / ( B wo ) Mzz/ (B wo) 1vfz3/( Bwo) 

N = ­ H3r! (CW O) 
- 1 

H32/ (CW O) 
0 

H3r! (CWo) 

0 
M3r!(CWo) 

0 
M3Z/ (CW o) 

0 
M 33 / (CW O) 

0 
0 -1 0 0 0 0 
0 0 - 1 0 0 0 

CHCT e M a x = Nx HM eeT orpamr-rea nsre pemenus na no.nyoca [0, +00) r orzia H 

TOJI bKO TO rna, KOr,L\a ,lieHCTBHTeJIbHble <faCTH xopnen xaparcrepacra-recxoro ypaBHe HH5I 

det(.\I - N ) = 0 HerrOJIO)KHTeJIb H bI. ITpoBe,lieHHbltt C nououn.ro 9 B l'vI <fHCJIeHHbIH ana­
JIH3 rrO Ka3aJI, <fTO cyuiecrsyer 06JIaCTb napan erpos HC3 H er o Op6HTbI , npn KOTOpbIX 

BbIITOJIHeHO 31'0 yC JIOBHe H , CJIe,L\OBaTeJIbHO, B 3T OH 06JIaCTH ,Il,e ttc TBHTeJIb Hb le qaCTH c06­

CT BeH H bI X 3HaqeHHH MaTpHU:bI N y,liOBJIeTBOp5I IOT HepaBeHCT Ba M O:j < - 7 , j = 1,6, 
7 = const > O. 

COrJIaCHO [8] BBe,lieM B paccuorpenae cPyHKU)11O 

n 7 
ECJIH IIM(t)11 max L: Imijl < -2 maxX(t) , TO HyJIeBOe p eiuemre CHCT eM bI (11) 

J i = l t ~O 

( H.ITH (10)) aCHM rrTOTH <feCKH YCTO H<fHBO [8]. CJIe,liOBaTe,J1bHO, HyJIeBOe pemeane HCXO,Il,HOH 

HemlHeH HOH CHCTeMbl (9) 6Y,L\eT YCTOH <fHBbIM n pa rr OCT05IHHO ,lie Hc T By lO lll,HX B03 M Ylll,e­

HH5I X [9] . 

6. 3aKJIIO'IeHHe 

B bIITOJIHeH paz; ' m CJIeHHbI X s xcrrepmcerrron rr o a HaJIH3Y 3cPcP eKTHBHoCTH npeano ac ea ­

HOH 3JIeKTp0 ,L\HHa M H<feCKOH CHCTeMbI yrr paBJIeHH5I o p HeHTaU:HeH KOCMWleCKoro ann a para 

H onenxe B03Mylll,alOlll,ero BJI H5IH H5I MOMeHTa r paBHTaU:HOHHbIX CH.IT na npou ec c cTa6HJIH­

3aU:HH . 
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Pac. 4, I'lpouecc cTa6 ilJI il3aL\ilil KOCMWleCKoro armapar a , 

Ha pa c, 3 npaaeziea a 0 6 JIaCTb 3Ha '-leH llH llHepIJ,llOHHbIX napa aerp os KOC1'.1ll '-leCKO rO 

annapar a 8 = B / A II c = C/ A , COOTBeTcTByIOllJ,a5l yC TOfl:'-lIlBOCTll npsxroro nOJIO)Ke­

Hll5l paBHOBeCH5l KOCMll '-le CKOr O anrra p ara ,D,JIH BbI6paHHblx cPHKcllpo BaHHblx n apauerpoa: 

R = 7 . 106 M , i = 1,5 p a n A = 103 xr . 1'.12 , Q = 10-3 K.'I. ch a 0 6 JIaC T b nOKa3bIBa eT, npn 

xax a x 3Ha<IeHllHX n apa v erpoa 8 II e rpaaarauao aasra M01'.1eHT He npensrrc r n y er npouec c y 

CTa6llJIll3alJ, llll KOCM H'-fe CKOr O armapar a B np5lMOM nOJIO)Ke Hlll1 p a a a o s ec a a . K a K Bll,D,HO 

H3 p HC. 3, OHa HBJIHeTC5l ,D,OCTaT O<IHO umpo x o a , '-lTO CBHl.l,eTeJIbCTBYCT 0 p aoo r o c n o c o oao­

CTlI npel.l,JIO)Ke HHOrO Me TOl.l,a npn TaKI1X 3H a ' IeHI1HX 8 11 E, xoropsie JIe)K(l.T aa npenena xia 

T peyrOJlbHHKa B eJIe IJ,KOr O (8 > 1, e < 1) [10]. 9 '1'0 osaa-raer, ' ITO l.l,aHHbIH MeTOl.l, upa sre­
HllM ,i],JIH TaKI1X KOCMll'IeCKH X armaparoa , xor opsre He Mor YT 6 b ITb cTa 611J11I311pOBaHbi C 

n OMOllJ,bIO MOMeHTa r paBH'raIJ,llOHHbIX CHJI. 

Ha p HC. 4 npaseuensr p e3YJIbTa Tb [ p a c -rero s aaryxaaa x KOJIe6aHHH KOC1'.1llqeCKorO 

a n napara B o K p eCTHOCT I1 c Ta6llJII13llpy eMor o n p a xior o n OJIO)KeHI1H paBH OBe CI1H non l.l,eH­
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-20, a 

P HC, 5, K one6 aHll51 ~ 

a o r o ynpaBJIeHJ151 , 

CT B11e1'.1 y n paBJlHlOllI,HX MOMel 

110 3 a KOHa 1'.1 (4) 11 (5) npa c 

11 ero Op 611TbI: R = 7 . 10
6 

C = 0,9. B xasecree Ha'laJIj 

e(O) = 0,2 pan, wx(O) =0,1 ~ 
C n JlOlllHOH JIHHHeH n OKa:j 

H O}! - e = B(u). 1'1 '3 rpa<p l1 ~ 
a n rrapar a npOIlCXO,D,HT ,D,OCTj 

Ha p u c . 5 npe,D,CTaBJIeIlb1 
1TbH1JICllHH Up H Tex )Ke Ha'l a.

6 b!JIll B3 HT bI cJIe,D"YIOI.U,l1e 3i 

IlO,D, ,D,CHCT BlleM B03MyI.U,alO 

6blcTpoe onpoK Ii,'J,bIBaHlle ~ 

IIbIX n apa1'.1eTpoB , n pa KOT 

y npaBJIHeMoro ,D,BH)KeHIi51 ( 
CpaBH eHHe r p a<pHKoB .1 

'-le CKoro annapare e,D,HHOII 

IlCn OJl b3 YIOllJ,eH O,D,HOBp e)'l e 

p e lllJ,eBb l x CllJl - II03BOJl5lC1 

J.J,BH)KeHHH. 

1.	 K 06aJl,e X1l:0 A. II. M arHlI' 

TaMil, M ,: M aulllHOCTpOI 

2,	 AJI,namo6 A .II., )1,paHo6 
-qe CI<ilX arrn apaT oB C Ma 

3,	 Tux ox oe A ,A . MeT Op; II< 

H OM n OJIe / / KOCMl1'l. Il 

4 ,	 fl empo 6 «r, TuX01t06 
l IIIK B ).l a r HHT HOM n om 

C. 81-91. 
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xoro arrrrapaTa. 

f bIX rrapaMeT p OB K OCMH 'IeCK Oro 

3T0 i1'fHBOCTH np5lMOrO rr OJJO)Ke­

x cP l1KCl1p OBa HHbI X rrapa MeT p o B: 

8m 06JIaCT b n OKa3bIBaeT, npn 

l1eHT He rrp err5lTc TBy e T npo u e c c y 

KeHI1II p a UHOBeCI151 . K aK BH,IJ,HO 

~TeJlb cTByeT 0 pa6 0 T o crro c 0 6H O­

KOTopble JIe)Ka T a a npe)J,e; !().MH 

3,eT, 'fTO ,IJ,aHHbl ii ~1 eTO,IJ, n pmae­

or y r 6 bITb cTa6IIJJIl3 I1pOBalIb I C 

HUH KOJJe6aHIIii KO CMIl'IeCKOrO 

nOlKe HH5I p a BH OBeCI151 nozr /.r;e ii ­

<p, '1', e 
2,0 r-------.---,----------,----,------,-, 
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o.s
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Puc. 5. Korrefiaana KOCMWfeCKoro armap ara rrpn OTCyTCTBll ll nonyrraccua­
noro ynpaanenns . 

CTBHeM yrrpaBJJ5IlOllJ,I1X MOMeHTOB (6) 11 (7), B KOT OpblX y n p aansnoume sercropsr M eH5I IOT C5I 

rro 3a KOHa M (4) 11 (5) n pu c rr enyrounrx 3 Ha 'ie HI151X n apa sr er p os KOCMI1 'ieCKOrO a rmapara 
2,11 ero Op 6 HTbI : R = 7 . 106 M , i = 1,5 pazr A = 103 xr . M Q = 10-3 K JJ, 0 = 0,95, 

E = 0,9. B x a x ecr ee Ha'iaJIbHbIX 3 Ha'ie HI1i1 BbI 6 p a lIbI <p(o) = 0.2 p an 'Ii'(0) = 0,2 p an 

B(O) = 0,2 pan wx(O) = 0,1 pa,IJ,/c, wy(O) = 1,1 pa,IJ,/ c, wz(O) = 0,1 pa [c. 
C rr JJOilIHOH JJI1Hl1 eH n o x aaa na 3aBI1CI1MOCTb <p = <p (u ), nyxxrapnoa - 'Ii' = 'Ii' (u), T O'Ie'I ­

HOi1 - e = e(u). lib r p aqiaxa BI1)J,HO, 'iTO n p o u ec c 3 a T y x a HI151 KOJJe6aHI1 i1 KOCMI1 'ieCKOrO 

ann a p ara rrpOI1CxO)J,I1T )J,OCTaTO'IHO 6 bICTpO. 

H a pHC. 5 rr p e)J,CTaBJJeHbI K OJJe6 aHH5I KOCMH 'IeCKOrO a n napara npa OT Cy T CT BHI1 ynpae­

JIeH H5I n pa Tex xce Ha'IaJIbHbIX YCJJOBI151X. B 3T OM cnys ae )J,JJ5I K o op)J,IIHa T n enrp a a a p a n a 

6bIJJ ll B3 51TbI CJJe,rryIOlIJ,l1e 3Ha'IeHI151: Xo = Yo = 0, Zo = 1 M . H 3 p IIC . 5 BII)J,HO, 'ITO 

n on )J,ei1:cT Bl1eM B0 3MyllJ,aIOllJ,erO BJJI151HI151 MOMeHTa r paBI1TaU;HOHHbI X ClIJJ rrpOHCXO)J,I1T 

6bICT p o e OrrpOKI1)J,bIBa H l1e KOCM H'ieCKOrO a n n a p a r a npu T ex »c e 3Ha'IeHH5IX I1HepU;liOH­

HbI X nap aver pos , n p n K OTO p bIX lIMeJJ MeCT O p e)KH M 3aTy x aIOllJ,I1X K OJJe6 a HliH B CJJy'Ia e 

yrrp a BJJ5IeMOrO ,IJ,BI1)KeHH5I (CM . pnc . 3). 
Cpaanenne r padnncoa a a pHC. 4 Ii 5 noxasus aer , 'ITO BB e)J,e HlfC B CI1CTCMY KOCMH­

'-leCKOrO armap ara e,IJ,HHOH 3JJeKTpO)J,HHaMH'IeCKOii CllCT e MbI yrrpaBJJeHH5I o p n earanaea , 

I1CrrOJJb 3 YlOllJ,ei1 O)J,HOBpeMeHHO 06a BOCCTaHaBJII1Ba lO llJ,H X M OMeHTa - M a r lI11TH bIX 11 JJO­

peanea srx CHJJ - rr 0 3BOJJ5Ie T a a xoporxoe BpeM5I )J,OCTH'Ib p e)KHMa cTa 6 11JJli311p OBa HHo r o 

,ll,BH)KeHI1 51 . 
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y n PABJIEH · 

Cmame« npedcmaenena Ie ny6'//'U1wv,UU "t ,//,eHO,M pedxonxe zuu JI.B. Panonopmosc.	 CPA1 
Pa3pa60TaH MeTOA YjITocTyIIlI.TIa B pen ax u mo 15.02.2007 

)KeHHH npa UCnOJIb30Bj 
per yJIHTopa ( I1 I1)J,-pe ~ 
p aMlI HMelOT TpH rJIaBI, 
BflHHeT aa APyrue HaIj 
aar » no Ka)KAoMY m, 
HOCTblO pa3pa60TaHHoj 
pOBaHlIe MaHunYJIHTO~ 

paM lI, npa 3TOM COOTBi 
ll.e psaa no KOJIe6aTeJ 
aor o perneulIH f UJIb6e 
oneparope ­

I 
Coapeuenaue MaHlmYj 

CT B a , o c ymeC'1'BJUIIOlIl,He ~ 

B y CJIOBH5IX 60JIblliOrO 'lW 

)J, HHa M H'leCKHH pac-t e 

HaC'1'05lmee BpeM5I paspaf 

IO'1'C5I B BH,ll.e C'1'ep)l<HeBbD 

nyJI5ITOp paCCMa'1'pHBaeTc 

,lW TlCHHb l e n a p a MeTp bI , '1" 

n OJIHHo M a :vm ,ll.OnoJ1HliTe 

Rhea . I1pH 3'1'OM nony-tai 
T PY,ll.HOCT5IM npa KOHCTP: 

B 1>ICli'1'b 6bICTpolieficTB HE 

HarpY)KeHHocTH . A :3'1'0 

lI li3 M a . I1P 0 'Y:HOC'1'HOi1: an: 
,.'.I,IlH a~IWlHoC '1'H no n ep ex 

lIn H B6 JIH3 li 3 a,n,aHHoll rn 

CT BH H . TaKHM 0 6pa30 . I , 

3a"l,a 'Y: H KOJIe6aHHn CJIO)l 

3 _l,D,a' I1I o n n IMH3au.lilI yl 

Pea.nuHbl e 3 a.n,a'IH o n 

COCT0 5lm HMH H3 HeCKOJlb 
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