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KOCMIIqECI(OIO AIIIIAPATA 3EMHbIX OEI'EKTOB

[POrr3BOJIbHOil KOH@I{rvPArII'rr4

AHoma4u.

IlpuseaeHb! oclto\m'rc amaa,I woder poeaHun

u nal%posaHvt cngmlwtoeoi cbenfitu rypomaN'
nttx u cta6oroumpacmlh$ o66etmoa c eHgJte'

ctutu gzto,bLvu c|opocmlrn u dur noeuweautt

aO|evmuaHocmu c6e ru c no oufbtu KA aucmal!-

4uounozo aououpotta us Sejtnu abrcotozo

fipocmpaltcmgeHHozo pa3peuellus c onmuro'

erreKmpo1ntbtttu .Navepa u.

K oaeehle cnoaa: cngmHu<oaas c.)e Ka' Qto'
pa3 epn'rc noasuMllbrc o66eL,mbl, npomttceHHbrc

wacmlru, sbtco*an parpewato4att cnoco6uocmt,

!.-rc6ar! exopocmb. !n\aei&ue opueHma4uPu.

Abstracl

The basic steps of satellile sumeg simulati g

anl planning of long and poorlg con-tast objects

toith nonzero angular 7)elocities for control elficien'

c! i crease of renote sensing spacecralt ()ith high

resohttion optoelectronic scanner are descibed.
Kevuor^: shtellite sumeg, smalt-sizetl mo|'ittg

objects, enended area, high resolu-tion, angular

o e lo cit!, attitade c ontr o I.

O Ma(apoB A.J].,

clreH c pa3rrnln Blrr(ot, 'Iro 4e6yer or

3 x .qHeii no 3 n Hcrerib (!
3a:rBara cr{a'rePa r iluarra3oHa yr_Iori nepcllarl-A.rlllBa-

Cl ylerov yc.roBrii o6"'raqlurcrLt crcrlr<a \roxcr
norpe6orarr erqc 5ojr;rre npcuerrrr,'rro rur 5o,rr'

rlHcrta 3ajlaq HcxPreNJrrcMo

B cyr{ecrByxruux ra py6eNou crcreuax 433
BbrcoKoii pa.3pe arcueii cnoco5rrocra aru llpo6''rcur,r

pe cnu qacntqHo (Ire(o'fopHc cnyfrrlJKr no3BorltIor

Brnro,'tnnl! cr,enlKy llporft Bonl,no oplreHruPouaHHttx

nprMorxrreiiiHblri rportxeHHttx ylacrnoe, ^ 
rrRxe

cl,cMl|y c yne.rrqcHxtrNJ uPcMcHci\'L irncro3ur{Iir)

Dcrx ralryrc cr,eMry npox3to/{Irrt E 
'rpoqccce

rc'pcnarLefirBaHxt Cf.e. c Hexyrreu {u irlj1oBt'tMu

cxopocr'trurl oprcnraltulr), ro vonuo m'r6upam otr

rxll:flrrrroe HanpaBJerl]te c(al rpouaHfit x 
'tstMarb

rporl3Bo,lHo pac o.(oxeHHue rrporfl(cnrrble yqa

crKr 3a o/(rH Bnro(, r.e. 6oncc oxeparrBno (prc 1)

KpoMe roro, cterlKa c Hc'llv"(eBblrfi )'rnolnvt
cKopocr'rrvtt llo3BoJner )'Bcrxqxr6 Bpcrl, 3(cl1o3x

urr (r. e. cHrMarn rla.rorcHrpac, HbIc u.'r cra6o

ocBcrqerrrft,Ie o6r,cluni).

O, I4B "'vI . rni\rr rr.r:r I'rl'oB:,rr' ir ihu;
cleNrl.]r ,lB,r1j1]oTcJl:

anrpoHcxManuq npor:nteuaolo o6rcxra,

Moeronoii A.K., Xopolruaor B.C.,

Oarurcecxlrii -A.,{., Ilolenb B.NI.66 CI]KO u.B.



pactre'f op6 .rar.rijHoro 
aBxrrcHfir crryrHxRa r.r

Ebr6oir Bxr(a cr,cNrr.ri r BperleHrr Br{rmqe,u, clre
MoqHoro npn6opa c yleroM 3:r"rlaHHoro noroolllrxcH
ra Ha(oxr'rcH!, (np p&Lrxsartur pL,,finMa <ic.reMKa c

pacqe.r yrr'roB oprcHrartilrl cr],rnnl{a, Qc6yc,
lrr,rx a.r]r c]cNrr(x 3aIaHHoro npolrxeHHoro o6beKra, c
y,rcror{ yffoB ycuxoBr.rl ca$foq|orD rpx6opa;

pacrrer yljIonhrx cKopocreri cnyrrtl1Ka Bo
BpeMr c[c]4nrl fi aHa-[[3 peafl,r3ycMocrrr c.berfi{x c
yqeroM xMeroqnxci{ orpaHrqeHnji Ha Berr.lqlHbr
yrnoR opxeH.rauxx r yrnoB6rx crcpocrel:i cxvrHrr(a;

rro4er'filpoBaHne cbeNfrax 3a.qatrHofo npoT,
xcHHofo o6beKra c yveroNr ,1(oro,rHn.rerblrr oa(
roPon (arrroclpepHaq peQpaKrrjlrj pc.rbeo MccrHo
(rlr x np.);

anar 3 lairrfilHUr cficrerfarlqccKxx 1] cityrraii
Hlrx norlcrlrHocrl]']r Ha roqHoc,r! onpclereHu' I{oop

rrHar crrrrbrx o6ber(1oB (noDerrHocrn ycraxoBr{n
c:belroliroro xpr6opa, norperrHocrn onpercneHrrl
op]lefilaqrx u trfccronoroxeHn, fiyrHrfia n ap.).

AnllpoficuMarlxr nporrxeHHoro 06r,eKra

/Iff anrporrcrMaqnn nporrxenror-o o6:b€Ma
.t(t), sararHoro y3rroBr,rMrroq(arnr Ha rtirprc, rc
ro rb'v" .r (!6 rc.Kr; r,rei J'lhp)nr ruir,,railn
c nocJrclyroq,INr crnaxri|atrrrcM (Mr'uMariHoe
(oj1rlqecrBo )Brrosbrx rotr€( o6aema npu]rfiro pau
H!r\l 6).

flopj{rolr xHrepro",rsruu OyHn(nu .t(r), 3a{al-

Hoii 6-10 3rtaqeHr.rxMx ao:rrrr f,...,1 r ro.*ax
to,...,tr coo, BercrrvtorqrNr HopMarr{3otal loii paBHo

rrepxori cen.e r.rpor, np[Be/leH Hn)Ite.

Ha raHrepEare (tf r, tt, rac 1<,< s +ynl{Irrj{ .t(t)
nHrepror'rripyercr norxHorf oM

S,(t) = a,.t' + b, t' + c, t+ d,,

11a,=-;F,,+;F.,

,t1a,=;!,t t,-:u. t.,,,

11,.--:p.t+'u.r -l -Ju, 
I

2 2 6' l-6P
,l,t^ta.=.p.t t. ;u. t,,' U,,. ;u, ).r
.. I(/,-6!.) l' '.

B SopMrua,x ruuc p" =0 u p, =0, a lrmoou-
u e, .Ll ! ..,.U, Hr\orrr.. iJ ypaB F x"t ! A DI
fri. u = 1rr,,...,r,].,/ = u...., ir

r e p - 398600.4 n/&, ; 4. - cpcaHr.rii p4aryc
Seunlt: c,0, c,n, r/,. 6epa:uepr';re xoatf(uqi'ctr-
ftrj 3aBucmqr.ie or OopMH r pacnpeAcneH r luccrr
3€Nrrr; P,,,(sinA) riprcocrxHH6re OyHrqur "rlc-]{aHApll opsAru n, rH4er.ca m; P,.(sinq) norrmo-
Mbr 

"rlexaHrpa roprll{a n; q, ).) reoqcHrp(yecxiLq
rxlpora u rpr{HEl1l{c(as /lo]rrora roIcnyrHfi(oroii
rorrKr,r (xpoeRrlfir noroxetrfft ICA. rla noBepxlocrr,
3eM r).
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@ynrunn J5(1) 3a,qacrca paBeHcT norl

5"(l) = s5(15)+ s;(rs) (l-rr)=
= sj(rs) I + (^ts(15) , s(rj ). fj ) =

= c6.t + d6

c, = s;(r,) =

= 3a, .t: + 2b, .t, + c,,

4 =.t5(r5) .r(15) r. -
= as.t; + b..t: + c. t5+4-c6.\.

@yHrcrLffi "t (l) 3aracrcq parcHcrBosr

s! (t) = s,(a ) + .t(r" ). (r - l,) =
= s(to).r+(.t,(t")-.ti(ro) r") =

- c".t + da

co = si(ta) = 3a,. t: + 2b, \ + q,

4 = s, (t ) - J'i(r"). t, =

= q.ti + b,.t: + c,.tr+ 4 c,

Pacuer op6nra,rr,uoro gBnxeulr cnyrHurca
(DopMa fpelcraBrreHrri noreHrtrjiLra no]i, ll{ro-

rcHrj{ 3eMna npml'Ira B B{rc pa3,qoxcHrn !o c(pc-
pxqecl(nnr QyHKqxfla, pe(oMcHAoBaHHaq Menqy-
HapoAHr,iM AcrponoMn.rec(uM Coro3oM

u-4+ltr:E+ !x

P,(sin 9) +
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ffi z/zou
MoAen! rBxxeHxr KA npeacrasrrena s H!4e

4r4rOePeHqxa.rbHLIx YPaBHcHut

rrepBoro noprar{a B ocqtrupylorqrx rxeN{eHr.x:

Ha.ranrHue yciroBxt ABlrxcHl1n Ha 
^{orleHr 

Bpe

neHr t0 E ocKyn'rpyrcLq x s,rlcMcHrax 3anxuyrcr:
Ao:A(tO; io:i(to; po-p(td; wJ:u(t ; qo:q1):
:e(to x @s((to); ha -h(t):e(tD x sil1((t').

di r cos(u)
;= - r-8"'

b =r,8,

8' -8; &:gd 80-8*,
IAe 

a(LU\8-=-6-t
co'll s n i a(At, cosi a(AU).

6a rroso - da - rcos q ar-

- cos, a(AU) coszsini A(AU)
6_ t.*,1 cq f roqr a aI-

Ar
: i E.'" l;l (,'+r)P" (sin 6) +

3ara'ja nporHosrpoBal j{ rEr-
xcHrr KA ! ]taxAllri MoMenr BpeMc-

Hn cBo4r'ncq I( qucrcHHoMy ]IHrefpll-
poBaHuro orcrer{bl arooepeHqraft-
nsrr ypaurremtii necroro aoplrana

rpn Haqax'rr x ycrroBlrtx xa 3aaaH-

Hbrii MoMenr lpeMeHlr lo- PelxeHlrc

crcrcMlr il OoepeHuranblbrx ypaB-

HeHrii ryoBo urcj{ no Nleroly PyHrc-

Ityrra 4 ropr{]ta-

An.' rtutr,x reproaoB rrpofHo3a

(ro Hec(orrr,Klrx cyroK) x !u3l{o(py-
rorr,x op6 r (Bbrcora ,ao 1000 I{It[- 

*ur* - 
" [[' 

-.)"^a> * \)- o 
L oero 

""r,>""],
ltk

t1t

1." = tr-,

aocraroqHo roqHoli tDr{ercq
Moaelr, SGP4, no:so,rsrolla:r pa6oraru c rtaua-'rlr*r-

uu ycxoRrtMr, npcrcr:rBxerrrtblMr B BriEe TI-E Qaii-
roB, OopMr'rp).eNrbrx cxcrevoii NORAD.

O[peaeneHre opfieHTalrnx cII}rrunr(a rlo aByM

BxoAHbrMn raH rMx J]urj{lorct:

- (oop.4lrHarrl onopHblx rot{e( B rp'{}rFF.Kot
cr{c'reNre Koop![Har (fCK) r.., y.,i zor, coorEer-

crByror{ux Hatrary u l.oHIIl, crpoKl, co/'iept{aqcx

y:"roryrc rouny o6r,enra (l:1, 2);

- (ooparnarbr oryrrrtca u fCI( r.," yci, ?.";

- reorpaQ .rccl{j.s aorrora ;r", rcoqelrrpFrecK:rt

runpom {p lr asr${yr 4 cllyrH!4I{4.

- ler-npbr BrJxpor,l r'/t or opr o j\ ro req B px-

6op ot " . "v, r{Lup-r/ r:rr (ncl(' V",' \i l2t.
BllxoaHbrMn aart1r6jMr{ sBrtmrce yr]Jlrl Rpc a,

rarrl.ax(a I'r pHc(axxJr cn]trHlrRa coorBer.rB.Hr()

CHa.rLra Br,r.rucx,rrcTcj{ Belropr.I tsr3l{poEaHnri

a<LU)

(1

-4.,Y"^-Y""'z"i-2.'J' M
- x^, g""- g*, z-,- z*l'.

a(au) rfi\ l,{?. )" aP"(sind)'ao 
)l-:-""1 ., co5o 

a' D- I

.\ A fl?c)' aP,(sino) ,r 4 l) | 
.^";=;' 1c""cos nz,.) -

+d- sin(zl)) I,

*i I [&f t,*on-1.'"r1,.

xk- cos(m\)+4. sin(n\) I,

:iD 
^L [i)""-""0"

a< u)
a\

n,-
] Juo 't,",t l, JuP,./ crs(D.in(r)8,.

ll ,\ v \ , I

)7 r/;pi|',,', rs fft+ J,r'.rur- pq) h 
t)c'e(itsintu)8")

IAE
I + q cos(,r) + isin(")

Jaecr, gJ, gr 8e npocxqxx cyMMapHoro !o3My'
qarontero yckop€Hrq rra ocn OCK; q = e cos(a),

L : e sl::,(o) - cocraBrqloqre Beloopa Jlart"laca

IlptrirerieHre nepeMennr,rx i B q BlIccro e u u
o6ycroBreHo ManHM 3ficqcHTprclrrerorl or{orrol{p-17-

roebrx op6nr KA I33.
Ilpoeqxr'r cyNrMapnoro lo3Myrlamuero yq.opc-

xur rpelcraBrqror co6or1 ycxopenu or cIlI6I lrpx-

3areir no A-l r 4.,2 nbFrrc"rjlmrct Hopr11rpo-

tsaxrllje BeRroDa Bx3upoRaHlre onopHr'lx roqc( ts

;rc, A-, --rr A-'
4,", 

^- 
|

Pacc.rtrHEamrcr 3naqeH*{ 3,'IcMcHroB r1arp]Iqbi

repexola Mrc(_orc.

5B

x( c,. sin(?rx) +d- cos(n\)).



sinXsina coslsilecosa

coslsina - sintr sin{pcosa

cosqcosa

3IIa.reHII-{ 3reMenroB Malp]rqln fiepexoAa or
fCK n OCK onpe4orarorcr cJreAyrorlnM o6paaoM:

M*.*. = Mtr",.".

IIo Marpnqe M-no"o r rcxropau nX " V'I
BbFrfic!'i'rorc-s Berclopa Blr3],tpoBanns ofiopHbx Totrefi
3 OCK too s ;"ft

V"i --M- 
", 

\v.., V"-" =lV.-.,.^xVI'

3areM BBoArrcr ABe rportK[ oproroxMr,HHx

i = nT'',i = v -*," xVI"" x 7*-,,, = iff- x 73,'-

if"uo=v-.bo=V"t XVd >\V"\,aa=V^. /Vd -

IIo BeKropaM u,o,a),uooa,rar cTporrcrr opro-
rollarnnt,IeMarprquBrB,

(t a' (,') fu; a ,r"\
',tD=lu- 1,. a"l,b"=14 4 ta.,

\u, a u,) \u: a; u;)

rAe BepxrflrMr,r rHIe(caMx o6o3Ha.reF6r cooreer-
crlyroque Koopar,rlraTrr BeroopoB.

3raqenfir 3reMenroB Malp"qut M,""*" = 6o

(1'-L j<3) Bu.'ucj.srorcq no 4'opw,1pM^ 
" 
o". -- A. A .

yDrbr r{peHa q, raEraxa r} lr pnlcKallrrr \r clIyr
rrr,{a 4r, laxHot nocjp roBaf.jbHocl rl oBopofoB
tsfiq']clrtroTcs no 3HatieHr,ttM SneMenTos MaTpnqH
M

o. --arctgfr.0- = arcsjnt". V_ - -arcrgh

Pac.rer fioopafiHar cfirrllr o6aerros
BxoAnfinn 

^arlHLllflr 
rBnrrorcq noryocn 3eMHo

ro a:r: rncou4a a n D; xoopanHarbr cnyrfirrxa B fCK
tdu ycnJ ?or; r{oop rHarr,r V,, Vs, V. aeltropa Brr3r,1po

naHrq u fCK Y.cx.

86 oAHI.IM]r IaHHbrMr ,iBrrx)rcr [xpora u
Aonrora Bl{3rpyeMo]l ro.nq g x 7".

A,u L\oxnerxe {oop rnafr. /. ? sxrrpJevoii
To.ffilr B fCX acfiorr]3yercr clcreMa napaMcrpree-
cKlfx ypaBHerflri fipsMoia v ennv cofil\a

g-9."=v"'t,
z-z =V t.

Anr peuelrlrr cncreMbr ypalHeHrrii ucroft3y,
erct lcB44parHoe],?aBrreHr,re

Kt'+Lr+M=0,

. -(=
b'+6'zx4+a'xA,

b'xB!+a'xli,

u =!*9. r.

v
A"=(A',

I6
t4
IA

lE l

ta
t=t*
l1:6

ttr

5

d

,1

tr
e
=
s
E
a

L4

,3
iJ
s
F

c

a
3
G

B 
" 

= 2 x (s - x Y; -,," x (3v)),

c 
" 

= rs *f - zg - xf; x, - . (Y"v)" @-),,

v
4=(;)',

n.=2"(,-,f,-,^*1!;,1,

c, = (z_)' -22*xLx 4, r(f;),<,^1".

TOqK'l Br,Frnc"']trcrcJl

s = s,, *f;"@ -,^1,

z= z- +f,x<x - "-).

F
n)

rn-

gr.

IPtr-

).

IIPo-

KoopArHarr,r Br.r3&pyeMoi

xo ibopMy.raM

Lr,tE - 4KM

2K

I43 Isyx BapnarrroB penrenua nr,r6rparor ror,
Koropfflr coorBercrayer irnHaMarl;HoMy paccrorHtrro
or cnyTnura ao Br,r3llpyeMol,r roqfir.

2/2011
sjnl,cosa coslsinqsina

cosl.sina - sinl.sinesina

-
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feoa$nqecHrc (oop IrHarL'I Rl{sllpycMoii ro'](ll

xpora I u ro.rrora 7, nblqrlcltl(rrct no itoopar1rra

raM t, ,, z Bllsl1pyeMoii T o'r(x ]r fCK no OopMvrrarl

Jlumepamgpa

I Ma3ro.toi,4. K. BottoauH B A Cry tIdrI'KaBAs

cleMr{a rporr)keHHbl-'r o66errToB // BicH I| /lrinpo'
rrcrp. yH rlr. PaKerHo l{ocMilrra rexHi(a. BIr ' 10,

't. 2. N 9/2.2006 t. - C.239-241.
2 luluza\on I. ff TexHororut cl'erfKx rrport_

*HIbr\ .6b.. o, lX I4r)( "po'rr \ro. ori r.r"
qryhoBo-|L'tr{ ' horrA. Hui, _,rTtun", x i '"
uoc>: 36. rc. - /1., 2007. - C 439.

3 Mn.n6oii & K. BojlowuL B. II' l'exHororrt
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Buaodtr
B xoEe rpon€AeEHux ncc",lcaotaHlrii 6lrnn r3l le

xbl HeAocrar(x cyrlecrBy(rlrfir MoAerrefi }lrlpaRtrreHut

IiA. ll33 npu cbeMK€, a rarcxe Er'IxorlHe1r arrarlll3

Brxflltlt ynpoucltuii lr rorye lHocrcn c}'r.rrccrr]yIt)-

nrtl MoAereii cr,cMKx rla 3OOeIfrI{BHocrb Pc errlre
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Ocn6"r u, r,r r, 11 r'ltud:r"jt cn

xr'r m,rcotcoii paapcuarorr(eri moco6Hocrx |r o6pa6otnn

no,l rrrrh \ laH rr,l3J ro,6 nr ,q ,. 6nrlrFfn
q cra .4olorlrmer'Mbl\ ll"{njIrc4ux Qaxropor, rcro
plte ]re yll1rnB;Lllfic! ryr pa3pa6orKe ]rpclbrlylulrx

KA (<,Clr.l-l>, <Orteau O>, <,E8)"tsat-1>).

NleT o.qlrKa rporyaNIMHoro ynpaBxelrrre opl{eHra-

qrcii KA /q33 BL'Ico(oro npocrlaHcrBcnnoro parpe

]Ilenrir ts xpo(eccc rlepe]IarrcrluBalrnt (1- e. c senv

irerbrrff yr.rotsr,fflf cRopocrtMil opxeH, aqxx) no3Bo_

lsel shl6rparr' onrlrra-rlnoe HanpatreHl{e crannpo-

xporfi Eox6llo paclLonoxrrrrl|Ie

nportr(elurhle yracrKx 3n olxrr rroq r. e fx,re€

RpoMc roro, cber{Ila c Helrl''relblrll yitrrot:llltl

cKopocrj{Nl no3Borrter }'Bcrluvlrr6 BpeMJr 3Kcno3 uxx

rr cxu\1a'b ]Iar1o(ox-|pacrHl.Ie ur'I claooocBcrqerlHHc

o6rcrrr,r (r. n- pexuu <,cheNl(a c Hanon.rre IeNIt).
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no BLx npeacmaeHu4iq sazofllo gox nid uma-rtfi! qaH-

a, u4o ga-nb4totumbca Ha WBa'I|I'HlOc aalh4tl-I'

npo4ec 6&n64n8arottr Ha nianpue cm6a.x a-

uuHo1gAirttoi npo-ttutnolocmi zq)ooaarlegoaoca
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H8 a ngaarli$ur onoma-1. (o qpa4ut npomazy'

6a La); onepa4ii, uto euxowrcmbcfl Ha6opo,l
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moeotc e 6n won aumpamon nemang a o4ttoi

t1ru uofta nyeaHHi E!6a b hoAonrceHoi Oop u.
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