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BU3YAJIIBHOE MOJEJMPOBAHUME JIBUXKEHUA KOCMHUYECKOI'O
AITITAPATA

OHUM U3 NEPCHEKTUBHBIX IyTeH PEeIIeHUs NPoOIeMbl 3aCOPEHHOCTH HU3KUX OKOJIO3EMHBIX OpPOMT Mpen-
CTaBIIETCSL CO3IaHUE CITyTHHKA, TOPMO3SILETO KpyIHbIEe (parMeHThl Mycopa IIpH MOMOIIX Iydka HOHOB. Pa3pa-
60TKa MOJENU AWHAMUKH MOJOOHOro CriyTHHKa Bexercs: B pamkax mpoekra LEOSWEEP 7-it Pamounoii Ipo-
rpamMmbl EC. Oco0eHHOCTh peann3aniy 9TOH MOZEIH 3aKII09aeTCs B HCIOIb30BaHUU CPEICTB BH3YalIbHOTO MO-
nenupoBanus. Llenbro Hacrosiied pabOThI SBISETCS CO3JAHME MOJEIN OPOMTAIBHOIO M YIVIOBOIO IBMIKEHHS
CIlyTHUKA W aHAaIH3 Hpo0JeM, BO3HUKAIOIUX NPH €€ pa3paboTKe CPEeACTBAMU BH3YaJIbHOTO MOJASTHPOBAHHS.
Pa3paboTrana Mozenb JBMXKEHMS CIIyTHHKA C y4€TOM BO3MYLICHHH, BHI3BAHHBIX HELCHTPAIbHOCTBIO IPAaBUTAIIU-
OHHOrO 1o 3emid, npurspkeHreM ComHna u JIyHsI, compoTuBiIeHHeM atMochephl U AaBICHHEM COJTHEYHOTO
u3nydenust. [Ipemioxken moaxo K Bepudukanuy mogoOHsIX Mozeneil. BbIsBIeHbI TPYIHOCTH B pealH3alii MO-
Jieell BOMYIIEHHI B paMKaX BH3YaJbHOTO IIOJXOAA K MOAEIMPOBAHHIO, H IIOKAa3aHbI IIyTH MPEOJONCHUS ITUX
TPYIHOCTEH.

OnHHUM 3 TEPCHeKTUBHUX MUBIXIB BHUPIMICHHS NOpOOJIEMH 3aCMIYEHOCTI HH3bKHX HABKOJIO3EMHHX OpOIT
BBQKAETHCSI CTBOPCHHS CYIYTHHKA, KU Oy/e raabMyBaTH BEJIHKI (parMeHTH CMITTS 3a JZOHOMOIOO IydKa io-
HiB. Po3po0ka Mozelti AUHAMIKU TaKOro CyIyTHHKA BeaeThest B pamkax npoekty LEOSWEEP 7-i Pamkooi IIpo-
rpamu €C. OcoOnuBicTh pearizarii miel Mozmelni moisrae y BUKOPHCTaHHI 3ac00iB Bi3yaJIbHOTO MOJENIOBAHHS.
Mertoio poGOTH € CTBOPEHHsI MOEi OpOITaIbHOTO 1 KYTOBOTO PyXy CYMYTHHKA i aHaIi3 mpobiieM, 1[0 BUHHKAIOTh
npu ii po3podii 3acobaMy Bi3yaJbHOTO MOZENIOBAaHHS. Po3poOieHO Mozenb pyxXy CyIMyTHHKAa 3 ypaxXyBaHHSM
30ypeHb, 110 BUKJIMKAHI BiXWJICHHSAM rpaBiTaliifiHOro moss 3emii BiJ LeHTpanbHOro, THkiHHIM Const i Micsrs,
OIIOpOM aTMoc(epu i THCKOM COHSYHOTO BHIIPOMIHIOBAaHHS. 3allpONOHOBAHO IMiAXiJx m0 Bepudikamii momiOHNX
Mozeneil. BusiBeno tpyaHouii B peamizanii Mozeneii 30ypeHs B paMKax Bi3yalbHOTO MiAXOLY A0 MOACIIOBAHHS,
Ta II0KA3aHO IULIXU [O0JIAHHS [IUX TPYIHOILIB.

The development of the satellite decelerating large space debris objects by the ion beam shepherd is one of
advanced ways for resolving the problem of low earth orbits debris. The development of a dynamic model of a
similar satellite is conducted for the EU funded FP7 LEOSWEEP project.

A special feature of this model is to use tools for visual modelling.

The work objective is to create a model of the orbital and angular satellite motion and analyze the problems
associated with its development by tools for visual modelling.

The model of the satellite motion is developed considering disturbances due to earth’s non-central gravita-
tional field, earth and lunar gravity, resistance due to atmosphere and solar radiation pressure.

The approach to verification of similar models is proposed. Difficulties associated with visual modelling for
realization of disturbance models and ways for obviating those difficulties are examined.

Knrouegvle cnosa: rocmuueckuii Mycop, 6U3VAIbHOE MOOEIUPOBAHUE,
LEOSWEEP, Xcos, opbumansroe 08udicerue CHymHUKA, Y2n080€e 08UNCEHUE.

[Ipoextr LEOSWEEP [1], BemonHseMbrit B pamkax 7-it Pamounoit [Iporpam-
Mbl EC, HampaBiieH Ha pelleHne akTyaJbHOW 3aJjaud OYMCTKH HU3KHUX OKOJIO3EM-
HBIX OpOHMT OT KocMHuueckoro mycopa. [Ipeamonaraercs, 4To 3TOro MOXKHO J0-
CTHYb TIpu noMolnu kocmuueckoro ammapara (KA) lon Beam Shepherd, koropsrii
OyJeT TOPMO3UTh KpYIHBIE (PParMEHTBI MycoOpa, BO3JCHCTBYS Ha HHUX IYYKOM
noHoB. Jlyist ynpasnenus asuxeHueM KA coszmaercs mporpammHoe obecrieueHne
Design Simulation Facility (DSF). B xone pa6or no cozganuto DSF B MHcTUTYTE
TEeXHUYECKON MexaHuWKu HanuoHanbHOW akaJeMuM HayK YKpauHbl U l'ocynap-
CTBEHHOTO KOCMHYECKOTO areHTCTBa YKpawWHBbl pa3padaThiBaeTcsl MOJEIb He-
ympasisiemoro nBmwkeHus KA.

[lo mpennoxeHUIo €BPOMEHCKUX MapTHEPOB pa3pabOTKa MOMAETH BeEAETCS
CpEJICTBAaMHU BH3YAJILHOTO MOJAETNpoBaHus. lIpuBiexaTenbHOCTh 3TOTO MOIXOZa
3aKJIFOYAETCSl B BO3MOYKHOCTH CO3JaHMs eANHOI Monenn AuHaMukn KA (Bkimouas
MOJIEH TaTYNKOB OPHUEHTAINH W WCTIOJHUTEIHHBIX OPraHOB), HE MCIONB3Yys Tpa-
JTUITMOHHOE TporpaMMupoBanue. lodydenHas TakuMm oO6pa3oM MOJENb CpeacTBa-
MU MTaKETOB BU3YAIHHOTO MOJCITHUPOBAHMS KOHBEPTHUPYETCS B MPOTPAMMHEIN KOJT
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Ha si3pike C, M 3aTeM 3TOT KOJ HCIOJIB3YETCs IIPH MPOTPAMMHUPOBAHHU MUKPOCXEM
cuctemsl yrpaieHus KA. Ilensto HacTosmel paboThI SBISETCS CO3MaHUE MOICTH
OpOHUTaIBFHOTO ¥ YTIIOBOTO ABMKEHUS KA ¢ yderoMm Bo3MyIIeHHA, BRI3BaHHBIX He-
LEHTPaJIbHOCTHIO TPABUTAIIMOHHOTO OIS 3emutu, nputsokeHneM Counana u JIyHEL,
COTIPOTHBJICHHEM aTMOC(EPHI U JIABJICHHEM COJTHEYHOTI'O M3IYYCHHs, a TAK)KEe aHa-
U3 TpoOIeM, BO3HUKAIOIMINX MPH pa3padoTKe TaKoH MOIENH CPEeACTBaMU BHU3Y-
AIBHOTO MOJIEITMPOBAHUSI.

BusyajibHoe MoaequpoBaHHe. Bu3yaabHBIM MOAEIMPOBAHUEM HAa3bIBACTCS
croco0 co3/aHns KOMITBIOTEPHON MOJIETH TUHAMHYECKOH CUCTEMBI B BHJIE CTPYK-
TYpHOW cXeMbl. [IpenMyIiecTBo BH3YyaJbHOTO MOJCIUPOBAHHS 3aKIOYACTCS B
BO3MOKHOCTH TIEPEHTH MPAKTHYECKH HEMOCPEACTBEHHO OT AU(QepeHIIHaTbHBIX
YpaBHEHHH, OIMCHIBAIOIINX TOBEICHNE CUCTEMBI, K €€ KOMIBIOTEPHON MOJIENH, HE
npuderas K mporpaMMHPOBAHUIO.

B kadecTBe HHCTpYMEHTa MOJICTTMPOBAHMS MCIIOIB30BaH PEJAKTOpP XCOS, BXO-
JSIIMN B MTAKET HAYYHBIX M TeXHHUYECKUX pacdyetoB Scilab [2 — 4]. ITocneanuit siB-
nsieTcsl CBOOOMHBIM KPOCCIUTaT(OPMEHHBIM TPOTPAMMHEIM 00ECTIEedeHHEM U pac-
MPOCTPAHAETCS C OTKPBITHIM HCXOAHBIM KOJOM IO JIMICH3HH, COBMECTHMOW C
GPL.

CucreMbl KOOPAMHAT U YpaBHeHMs JABHkeHust. [ ananu3a neuxkenns KA
BBEJIEM CJICAYIOIINE MIPaBble CUCTEMbI KOOPAUHAT.
[eonientpuyeckas uHepipaibHas cucteMa koopaunat (MCK), 3amannas mo-

J0KeHHeM 3KBaropa Ha smoxy J2000 (2000 r., suBaps 1, 12" UT1) [5]. Hauamo
cucrembl O Haxoautes B IeHTpe 3emuu. Och X HampaBlieHa B TOYKY BECEHHETO
PaBHOAEHCTBHS AAHHOHN 3I0XH; 0Ch Z — MEPIEHANKYISPHO IJIOCKOCTU 3KBATOpa
Kk CeBepHOMY IOJIFOCY MUpA.

I'puaBuuckas cuctema koopamnaat (I'CK), Bpamaromasicss BMecte ¢ 3emiieit.
Ee nauano orcuera O nHaxoautcs B ueHtpe 3emnn. Ocey OZ HampasieHa k Cesep-
HOMY IIOJIFOCY MHpa, a ocb OX JIEXUT B MIOCKOCTH CPEIHET0 IPUHBHUCKOTO Me-
puanana. Yron nosopora I'CK otHocurensHo MICK HasbpIBaeTcs CpeIHMM TpHH-
BHUCKHM 3BE€3/IHBIM BpeMeHeM ((popMyIibl [Uist ero pacuera cM. B [6]).

Opb6uranshas cucrema koopaunat (OCK), ciyxarias onopHo# npu uccieno-
BaHUM JBIDKEHUS CITyTHHKA OTHOCHTENbHO LeHTpa Macc. Llentp OCK naxoautcs B
LeHTpe mMacc cuyTHHKa. Och Z HampaBiieHa M3 LEHTPa MAacC CIIyTHUKA K LIEHTPY
3emiu. Ock Y HampasiieHa BIOJIb OTPHLATENFHOW HOPMaid K IJIOCKOCTH MIHO-
BeHHOU 0pOuThl KA (IpOTHBOMIONIOKHO €r0 MTHOBEHHOH YTIIOBOM CKOPOCTH).

Caszannas cucrema koopauHat (CCK) Ee nauano takxke pacrnonaraercsi B
LEHTPEe Macc CIYTHHKA; OChb X HampaBiieHa BIOJb MPOAOJIEHONW OCH CIyTHHKA IO
HaNpaBJICHUIO €r0 ABIKEHHS; OChb Z JIEXKHUT B INIOCKOCTH CUMMETPHH CIIyTHHKA,
COBITIA/IAIOLICH C IMJIOCKOCTHIO OPOUTHI M HApaBJIeHa BHU3, K 3eMIIe.

VYpaBuenus asuxeHus nenTpa Mmacc KA B ICK umerot Bug

|
S Y )

rae r =[X y Z]T — xoopaunatel KA B UCK; r z‘r' ‘; u =398600,4415 m%/c? —

rpaBUTALMOHHAs nocTosiHHas 3emn [7]; f' — cymma neiictyrommx Ha KA BO3-
MYIIAIOIINX YCKOPEHUH, paBHAas
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fl=fo +fg +fy +F, +,.

3):[CCB fr:C — YCKOpPCHHEC, BBI3BBAHHOC HCﬁCTBHCM HeHeHTpaHLHOﬁ qacTHu IIOJIA
TATOTCHUA 3CMJ'II/I; fsl , f|\|/| — YCKOpPCHUs, CBA3AHHLIC C MPUTAKCHUCM COHHHa n

. I gl
Jlynbr; yexkopenue f; BbI3BaHO conpornnennem nsmkenuio KA B atmocoepe; f

00YCIIOBJIEHO JaBJICHHEM COIHEYHOTO M3ITyICHHS.
VpaBHEHHS IBIKCHUS CITyTHUKA OTHOCHTEJIFHO IIEHTPA MacC B MPOCKIUAX Ha
ocu CCK 3amucpIBaloTCA CIEIYOINM 00pa3oM

og) Z(JB)_l(MB—mgl XJB‘”El)’ )

rae mE, — yraoBas ckopocTb KA otnHocurensHo MCK; unnekc B ykasbiBaeT Ha
TO, YTO BEKTOp B3AT B mpoekuusax Ha ocu CCK (Body Frame, cormacHo TepMUHO-
soruwu [6]); J B _ tensop uHepiun KA; M® — moment cun, neiictByronux Ha KA,
KOTOPBII B HallleM CJIy4ae paBeH

B B B B
M® =My + Mz + M.

3necn MS — I'paBUTALlMOHHBIA MOMEHT; ME — a’3pOIMHAMUYECKUN MOMEHT;

M,B) — MOMEHT CHJI CBETOBOTO JIaBJICHUS.
Opuenramst KA (CCK) ornocurensHo OCK ompenensercss KBaTepHUOHOM
UBo

Ogo =0o + iy + 02l +03i3 :[% Q1—3]T )

rae iy, iy, I3 — MHUMBIC €AUHHUIIBL.
KuHemaTnyeckre COOTHOIIEHHS, CBA3BIBAIOIINEC KOMIIOHEHTHI KBAaTEPHHOHA
B T
Opo C IMPOEKIMAMHU BEKTOPA Mpy =[®; ®, 3| Ha ocu CCK, 3anuceIBaroTcs
B BUJIE

1| —e'qL
g=>| ~@ W3 | &)

2 Jo®+ 013 X®

_ _ B
rae q=(go, ®=Wpgg .

BexTtop mgo yraoso# ckopoctu KA otHocurensHo OCK paBen
B B B
©®go =®p — Ago®o (4)
rane Agg — Matpuna nepexona or OCK x CCK

96 +0f -5 —a5  2(a, +Ge0s)  2(hGs —doUs)

Ago =| 2(040; —dol3) a5 —0f +0% —af  2(0,03 +9oqy) |- (5)
20005 +9o8z) 2005 -Go%) 9 —af —a5 +a3

Vrnosas ckopocts OCK ornocurensno MCK wgl BEIUUCIIAETCA KaK

51



0
®g) = —|r><v|/r2 ’

Ir|(e - v)/|rxv|

rae (cM. [6])

es=—r'/r,
e, =—(r' xv')/‘r' xv",
el =62 Xe3.

[Mepexon or UCK x CCK omuckiBaeTcst MaTpuIei

Agi =AgoPor s (6)

-
e Ao =[e; e, es].

Cucrema ypasaenwii (1) — (3), ¢ yuerom (4), onuchIBaeT OpOUTAIBHOE ABIKE-
Hue KA u IBHKEHHE OTHOCUTENBHO €ro LIEHTpa Macc.

JBu:KeHHe B LEHTPAJbLHOM moJe Tarorenusi. Ha puc. 1 npencrasiena qua-
rpamma Xcos, ONUCHIBaIONIasi MOAENb ABIKEHHUSI KA B LEHTpaTbHOM IOJIE TATO-
TEHUS.

-3 < = >. o

Central Gravity

Save data

Timer
Puc. 1

B 6moke Central Gravity (prc. 2a) BbIYHCISIETCS YCKOPEHHUE, BHI3BAHHOE JIEH-
CTBHEM LIEHTPAIBLHOTO TIOJIS TATOTEHHS (TIepBoe ciaraemoe B mpaBoid actu (1)). B
610ke Orbital Dynamics (puc. 26) BBIMOJHSETCS IBYXKPAaTHOE HHTETPUPOBAHHE
(cm. neByto gactsb (1)).

1=

MATMUL

=)

Expression:
(U1 +u2U2+u3"3) -1 .5)

Opo6uUTanbHoe ABHKeHUe

YckopeHne,

BbI3BaHHOe UeHTpanbHLIM NoneM TAroTeHUA 3emMnu
BEOJ,

- force_| (1,3 cymmapHoe yckopeHne, geicTeyiowee Ha KA & MCK.

BBOA,

-r_1(1,3): nonoxenue KA B NCK. BhLIBOJ;
-r_I(1,3) nonokeHne KA & MCK

BbiBOA; -v_ (1,3 ckopocTe KA B MCK
-f_cg_| (1,3) yckopeHWe LeHTRaneHoro NonA TaraTeHus & MCHK.

Puc. 2a Puc. 26
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Bimox Attitude Dynamics (puc. 3), B CBOIO ouepelb, COCTOUT M3 OJIOKOB
Dynamics, peanuzytomero ypasaenus (2), Kinematics, peanusyrormiero (3), u 610-
Ka BRIYUCIICHUS YTII0BOH ckopocTi KA otHOocuTensHO CCK (4).

-

{10 mB w BB
m_B

Dynamics

Kinematics

|

From w_Blto w_BO

Puc. 3

Kax Bumuo u3 puc. 1 — 3, BU3yasbHBIN TOIXOJ K MOJEIHPOBAHUIO TIO CYTH
npeacTaBisieT co0oi HU(POBYIO 3MYJSLHUIO aHAJOTOBBIX BBIYUCIUTEIBHBIX Ma-
IIVH.

Brimonnum pacuer opouransHoro apwkeHus KA npu cienyommx HayaabHbIX

3HAYCHHSX JJICMCHTOB OPOUTHI: OOJIBIINAS TOIYOCh OPOMTEI a=7178-10° M, JKC-
nentpucuter €=0,001, nakiaonenue i =9857°; monrora Bocxomsiero ysina Q,

apryMeHT Iepuress ®, U cpeaHss anoMmanuss M paBHBI Hyl0. Dmoxa cTapra: o

1 mapra 2015 r. ®opMysibl IS BRIYUCIICHUS ToJjiokeHUs U ckopoctu KA B MICK
0 DJIEMEHTaM ero OpOHTHI MPUBE/ICHBI, B 4aCTHOCTH, B [7]. OpOurta KA mokaszana
Ha puc. 4.

808 -

§e08 o~
406 o *
2606 o7

Z ad 0em0 "

-2e06 o~

-4e08 o~

-Be0B {7

-Be0f 4=

106 -Gels 000 Se05 1208
Y M

Puc. 4
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Mopaenau Bo3mymeHnmnid. [Ipenmnonoxum, 4To BO3MYIIIEHHE, CBSI3aHHOE C He-
LEHTPaIHHOCTHIO TIOJIS TATOTEHUS 3€MJIH, OTIMCHIBAETCSI BTOPOIl 30HAIBHOM rap-
MOHHKOM TTOJIs TATOTEHMUs [6]

2
3 R 2
fr:szjzz_EJz[r%j[T@J (1—5(§) )% ,

rae Ry = 6378,137-103M — DKBATOPHAIIBHBII paguyc 3eMin; J, = 1,082668355-10°3—
K03 PHUIHEHT BTOPOI 30HAIBHON TapMOHUKH [7].

Yckopenue, Ber3BaHHOE nputsbkeHueM Connua u JlyHsl, onucsiBaetcs Gop-
MYJIOH

rae i=S,M (ungekc S oGosnawaer Connne, M — Jlyny); u; — rpaBUTanuoH-

uele niocTosiHabie Connia U JIyHbI COOTBETCTBEHHO [7]; ri' — TMotoKeHne Hebec-
Horo tena B MCK. ®opmyinsl s onpenesneHus noyoxxkenui (3gemepun) ConHua u
JlyHbI ipUBEICHBI B [7].
ConpoTHBIIeHHE aTMOC(EPHI ONpenesieTcs mo Gopmyiie
| 1 A
fa=--Cp—p
2 m

112
ey, ()

Ve

rie Cp — x03hGHUUUEHT CONPOTHUBIEHHS; A — IJIOIAAb MUAEIEBOTO CEYEHUS

KA; m —wmacca KA; p — mnoTHOCTs aTmMOChepsl; €, = VI'r / V: , IpU4EM CKOPOCTh

KA otHOCHTENBHO aTMOC(hEpHI V,'r OmpeneNseTcs KaK
vl =v! - xr'
r— Og '

rle Og = 7,292115853-10'5pa;1/c — YIJIOBas CKOPOCTbH BpAILCHUS 3EMIIH.

JUsist onrcaHust INIOTHOCTH atMocepsl cyliecTByeT psa moaeiei [8]. B mpo-
CTEHIINX OIIEHOYHBIX PACUYETaX UCIIONB3YETCs MOJIENb SKCIOHEHIIHAIBHOTO YOBI-
BaHUs IIOTHOCTH [6].

Bripaxxenue mi1s yckopeHus, 00yCIIOBICHHOTO JTaBICHUEM COJTHEYHOTO U3ITY-
YeHWUsI, 3aIMCHIBACTCS B BH/IC

| A g 2
fo=—PsCgr——-AU", (8)

3
"

rie Pg =4,56-10° Ila — jaBieHHe CONHEYHOrO W3IYHEHHS Ha OpOUTE 3eMIIK;

Cr — k03¢ ¢uuuent coaHeyHoro nasineHus; AU — acTpoHOMHUuEcKas €JUHUIIA.
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Ilpu »TOM mpenmnonaraeTcs, 4ro HOopMallb K moBepxHocTH KA coBmamaer c
HarpasiaeHueM Ha CoJrHIIe.
Ycnosue Haxoxaenust KA B Tenn 3emiu 6€3 ydeTa OTyTCHH:

r' .egg <—r’-RZ ,

IJe €gg — CAMHUYHBIN BEKTOp, HanpaBiIeHHbIH oT 3emin k ConHiy [6].
['paBuTanuioHHBI MOMEHT, NeficTBytomuii Ha KA, mmeer Bup
B_3u B
Mg = —3nx J°n, 9)
r
rae N — Tperui cronden Marpunsl Agg (5).

[Tycte moBepxHOCTh KA mpencraBnsieT coboit cdepy. A3poaruHaMUIECKHiA
MOMEHT, JIelcTBYIONMI Ha Takoil KA, 3amuceIiBaeTcs Kak

M2 =rP xmf2, (10)

rae rf — BEKTOp HalpamjeHHs OT IieHTpa Macc KA K ero IeHTpy JaBICHHS; CO-

MIPOTUBJICHHUE aTMOC(EpBI ff BBIUHCIISCTCS B COOTBETCTBUHM C (7) U mpeoOpaszyer-
ca B CCK ¢ nomompio Ag, (6).

MOMEHT CHJI COJTHEYHOTO JaBJICHUS BBIYHCIIICTCS aHATornaHo (10) ¢ ucmoib-
30BaHHEM BBIpaKkeHUs (8)

B_, B B
Mp =ry xmf;.

B xadecTtBe mapaMeTpoB OPHEHTALMH ISl IPEACTABICHUS UCXOMHBIX JAHHBIX
U pe3yiabTaTOB pacueToB OyIeM HCIOIb30BaTh Yl ¢, O, \y — pPHICKaHHA, TaH-
raka ¥ KpeHa COOTBETCTBEHHO (pHC. 5), kKak OoJiee HATJsAHbIC B CPABHEHUH C KBa-

Tepuronamu. DopMyITBI TEpexoaa MKy KBATEPHHOHAMH W YIJIIAMH OPHUEHTAITHH
npuBeaeHs! B [6].

’J/‘.
4
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Ny "
'\ /] & 49
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Y N\ ¢ o
AN o / Q
\ \ \ 3 -
\\ \ 2y
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oCch AN
W\
Taurar<Ka \
| ‘-\
N\
X
Puc. 5
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PaccMmoTpuM KosieOaHus CITyTHHUKA B IJIOCKOCTH OPOWTHI 1O ICHCTBHEM Tpa-
BUTAIMOHHOTrO MOMeHTa (9). COOTBETCTBYIOIIAS MOJICIIb IpE/CTaBlicHa Ha puc. 6,
rpaduK KoebaHui o yrily TaHraka — Ha puc. /. B HadaabHBI MOMEHT BpEMEHH

yrisl opuentaimu pausl: @ =y =0°, 0=10". KOMIOHEHTbI TeH30pa UHEPLUH
KA pasubr: J,y =5kr/mM?, Jy, =8xr/m?, J,, =4xr/m’. KoppektHocTh pacuera

MMPOBCPACTCA CPABHECHUCM C U3BECTHBIM aHAJIUTUUCCKUM PCIICHHUEM [9]

/T
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Puc. 7

IMonuas moaens [10] mpencrasnena Ha puc. 8.
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Bepudukaiuio Mozienu yaoOHO BBIMONHATE, MPOBEPss KAXKIBIA OJIOK IO OT-
nensHOCTH. OIMH M3 BO3MOKHBIX MOJIXO0B 3aK/IIOUAETCS B CIIEAYIOIIEM: Olepa-
UM TPOBEpsieMoro OJOKa peanu3yoTcs B BUAE (QYHKIMH Ha KaKOM-THOO SI3bIKE
NPOTrPaMMHUPOBAHUS, 3aTEM BBHITIOJTHSCTCS MOJICTTMPOBAHKE PsiJia TECTOBBIX CITydaeB
C MOMOIIBIO MPOBEPSIEMOro OJIOKAa M €ro aHajora M CpaBHUBAIOTCS MOTyYCHHBIC
pe3ynbrathl. B makere Scilab 60ku MOKHO CO37aBaTh Kak Ha OJHOMMEHHOM SI3bI-
Ke TIPOrpaMMHUPOBAaHUs, TaK M Ha JIPYTUX s3bIKax, Bimtodast C u Fortran.

[IpuMeHeHne MakeToB BU3YaIbHOT'O MOJICITHMPOBAHUS CTAJIKUBAETCS C TPYAHO-
CTSIMU TIPH peajHu3alii MoJiesiell BO3MYIICHUH, BBIPayKaeMbIX TPOMO3JIKUME (op-
Mynamu. Tak, Mojienb TpaBuTaliMoHHOTrO 1o 3emnu JGM-3 cofepUT HECKOIIb-
KO JIECATKOB c(hepHUeCKHX rapMOHUK, a Mojaeidb EGM96 — Heckollbko cOTeH rap-
MoHHUK [7]. K Takum MOJeNsiM OTHOCATCS Tak)K€ MOJIEIh T€OMArHUTHOTO IO
IGRF (12-s1 Bepcusi Mojeiau COACPKUT 13 TapMOHHK) M COBPEMEHHBIC MOJEIH
wiotHOCcTH arMocdepsl, B uactHocth NRLMSISE-00 [6].

[Ipobnema peanu3zanyy NOAOOHBIX MOJIEINIEH CBSA3aHA C TEM, YTO BO3MOXXHOCTH
MaKETOB BU3yalbHOTO MOJICIMPOBAHMS B YaCTH CO3JAHMS I[UKJIOB M BBIMTOJHEHHS
PEKYPCUBHBIX OIepaliii BeChMa OrpaHUYeHbl. B 3TOM citydae Mojeny peanu3yoT-
Csl HA TPAJAUIIMOHHOM SI3bIKE MTpOorpaMMupoBanust (kak mpasuiio, Ha C uium Fortran),
Y UCTIONB3YIOTCS B MIAKETE BH3YAJILHOI'O MOJICIIUPOBAHMS B BUJIE TOTOBBIX OJIOKOB.
OtmeruMm, 9TO pazpaboTka Takux OJIOKOB OoJiee TPyHOEMKa 10 CPaBHEHHIO C pas-
paboTKOi#l MOoANpOrpaMM B TPAIUIIMOHHOM MPOTPAMMHUPOBAaHHUH, TaK Kak TpeOyeT
JIOTIONTHATENEHOTO y4YeTa CTaHAapToB ohopMileHHs OJOKOB JIJIsl KOHKPETHOTO Iia-
KeTa BU3yaJbHOTO MOEIHPOBAaHUS. B 3THUX YCIOBHSX MPEUMYIIECTBO MOTYYarOT
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T€ IaKEThI, KOTOPBIE YKe 00J1aar0T OOIUPHBIMU OHOIMOTEKaAMH FOTOBBIX 0JI0KOB.
Tak, B Scilab cymectsyer 6mbmuoreka CelestLab, peanusyromiast 60IBITHHCTBO U3
pacCMOTPEHHBIX BBIIlIE MoOJieNied Bo3MylleHUM. Ere omHOW mnpuBiieKaTeNIbHOU
CTOPOHOM MaKeTa SIBISIETCS HAIMYUE PYCCKON U YKPaUHCKOM JIOKaIU3aLUu.

BeiBoabl. Pa3paborana KOMITBIOTEpPHAS MOJIENh OPOUTAIBFHOTO M YTIIOBOTO
nBkeHns KA ¢ ydeToM BO3MyIeHUi, BBI3BAHHBIX HEIEHTPaIbHOCTHIO T'PaBHUTa-
MOHHOTO Mo 3emud, nputsokeHrneM CounHia u JIyHBI, COMpOTHBIEHHEM aTMO-
cdepbl U NaBIEHHEM CONIHEYHOTO M3Iy4eHHs. OCOOCHHOCTHIO MOJENH SBISETCS
TO, YTO OHA PeaJM30BaHA CPEICTBAMH BHU3yaJbHOTO MOAEITHUPOBAHUSA. DTO MO3BO-
JWJIO TIPAKTUYECKH HEMOCPEACTBEHHO IMEPEUTH OT MAaTeMaTHYeCKOTO OIHCAHUS
nBrkeHns KA K ero KOMIbIOTEpHOW MOAENH, MUHYS CTaIUI0 TPOTPaMMHUPOBAHUSI.
B To e Bpems, ycrex MPUMEHEHHUs TaKeTOB BU3yaJIbHOTO MOJISIIMPOBAHUS TECHO
CBS3aH C HAJIMYKMEM B HUX T'OTOBBIX peajlM3alMil psaa Mozaeneld Bo3MylueHui. 11o-
IOOHBIE MOJIETH MPUCYTCTBYIOT, B YaCTHOCTH, B cBOOOMHOM makete Scilab/Xcos,
YTO JIeTIaeT MPUBJIEKATEIBHBIM €T0 WCIOJIB30BaHUE UII MOJIEIHPOBAHUS JIBIDKE-
Husg KA.

PabGora BeimosHeHa mpu moanepikke 7th Framework Programme, mpoekt
LEOSWEEP (Improving Low Earth Orbit Security With Enhanced Electric Pro-
pulsion), Ne 607457.
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