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O6uwime uenn n 3aga4m Koaa

@ RuSat - Rapid Unified Satellite Aerodynamic Tool
(bbicTpast yHuuympoBaHHas cuctema
pacyeTa aspofMHAMMKMN CMYTHUKOB)

o [lpeaHasHayeH ANns KOMMIEKCHOW aBTOMAaTMU3aLMM NPOBEAEHNS
pacyetos AIX KA Ha ceobogHoMonekynsipHom (BbicoTbl bonee 200
KM) 1 nepexogHoM (BbicoTsl 50-200 KM) pe>xumax TedeHuii.

o OnTumusnpoBaH Asis NPOBELEHUSI CEPUi MHOFOMapaMeTPNHECKNX
pacyetos: >10 000 BapuaHTOB B OAHOM 3ajaHuu

@ Mcnonbzytotcsa:

@ Ha 3Tane KOHUEeNnTyaNbHOro npoekTuposaHms KA
o skcnnyaTtaumun KA Ha opbute
@ aHasn3a 3KOJIOrMyecKoii besonacHoCTy B cyvae aBapum
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Knaccbl mogennpyembix TedeHuin

o CeobogHomonekynsiproe (Kn = \/L — o0)
o [wnep3BykoBoe, namnHapHoe, KoHTuHyanbHoe (M > 5, Kn — 0)
@ [lepexopHoe oT cBOOOLHOMOMEKYASPHOTO K KOHTUHYasIbHOMY
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PexxnMbl TedeHnst n TpaekTopusi cnycka ¢ opbuTsl kancynsl "Cotoz”
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@ Bebicota. 1980-91
o WTMNM CO PAH, UATU, UHNNMaw, ...
BE5CM-6/EC-1035/EC-1046
B[], MmogynbHaa cTpykTypa
OyKBEHHO-LMPOBOI NOJSIL30BATENLCKUI MHTEPEC
@ Ramses (Rarefied Aerodynamics Modeling System for Earth Satellites)
1993-1995 r.
NTAM CO PAH, HTG (Fepmanus) gns ESA
Unix
o [pacbnyecknii nonb3oBaTenbCKNin nHTepdeiic

@ RuSat Bep.1. 1997-2007, NTNM CO PAH

o MHoronapameTtpudeckie 3agaHus

o [pacbnyecknii nonb3oBaTenbCkuii nHTepdelic
@ RuSat Bep.2. 2007-u.8., UTNM CO PAH

o VYpaaneHHblli 3anyck

o MHorononb3oBaTeNbHOCTb
o [padhmyecknii nonbsosaTenbCkuii nHTEpdeiic
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MaTtemaTuyeckue mogenu

CeobogHoMoNeKysipHOE TedeHmne
AspognHaMuYecKe HarpysKy Ha 3JeMEHTaPHYIO MJIOLLAAKY:

p = pit+pr
T = T;+Tr
MNagarowmii umnynse:
1
Pi/Goc = II(Seocos(0))

VTSE
1

T = $in(0)x(Ssccos(©
/G0 = g 5in(O)X(Socc05(0))
n(x) = zexp(—X2)+ﬁ(%+x2)(1+erf(x))
x(X) = exp(—X?) + VAX(1 + erf(X))
erf(z) = 2 i e_m2 dx

v Jo

OTpaXkeHHbIi UMMNYALC 3aBUCAT OT MOZE/N B3aUMOZLERCTBUS rasa C

MOBEPXHOCTLIO
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Mopenb B3aumopaencTBus ra3a C NOBEpPXHOCTbIO

o Makcsenn (Maxwell) pr=0py+(1—0)p;, 7=0
o LUadp-Lllambpe (Schaaf/Chambre)

_ DPi —DPr Ty — Tr
- 9
Di — Pw Ty — Tw

On

@ (Houunna) Nocilla

UT(@i) = Lo =1+ |:a'r + b, <2Sl - 1):|

T 2

Pi — Pw bi — Pw
@ [laBneHue Ha NoBepxHOCTb Npu Anddy3HOM OTpaXKeHnn

on(0;) =

Tw/TooX(SooCOS(@))

1
pw/Qoo = @
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MaTtemaTuyeckue mogenu

['Mnep3BykOBOE KOHTMHYyaNlbHOE TeYeHue
o MoauduunposarHas Teopus HeloToHa
o [lonyamnupuyeckune dopmyisbi
MepexopHoii pexxum: JlokanbHO MOCTOBasi cxeMa (MHXKEHEpPHbI MeToq)
P = DPFM- Bp + Pcont - (1 - Bp)
= TrM - Br 4+ Toont - (1 - B’T)

- Experiment
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Cnyckaembliii annapaTt AnosinioH
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YucnexHHble metoapbl

o MHTerpI/IpOBaHVIH NO NOBEPXHOCTMN
o YyeT 3aTeHeHUs1 NO 3aKOHaM FEOMeTpI/I‘-IeCKOﬁ ONTUKN

N
ERN
A\
DAY

@ Metoa npobHbix 4yactuy MonTte-Kapno

o CraTuctuyeckuii metog (MeaneHHee)
o Bonee koppekTHbIi aHann3 3aTeHeHuns
o Bonee koppekTHOe Bbl4MCIEHME CUl
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KoHuenuus

@ HeckosbKo BbIYNCANTENBbHBIX MOAYel
o [lapameTpusuposaHHas reoMeTpuyeckas Mofeb
o Knnent-Cepeep
Client {Jatabase Server Computation Server
@ MHorononb30BaTeNLHOCTb
@ OkonHblii nHTepdeiic (GUI)
o OnTumusauMa AN MHOFOBAPUAHTHBIX BXOAHbLIX AaHHbIX
@ "Bce Bknto4eHo"
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BcTpoeHHbIi pegakTop Mmogenei

@ [loanemeHTHOE onucaHmne
@ DJIeMEHTbI 0bBLEeAUHAIOTCA B KOMMTAYH4
@ KomnayHZ MOXeT MMEeTb NapaMeTpbl

Models
¢=0

Primitives

Compounds

A
i
fl WM/
{f{{“ﬁx

Nl

\\‘mgﬂw\\
A SN vavavave

z

Nms HwanasoH OnucaHne
R1 0< Rl < o Paguyc 1
R2 R1 < R2 < o0 Papuyc 2
L 0< L < oo Anuna

Phil 0 < Phil < 360 CermenT
Phi2 0 < Phi2 < 360 MosopoT
normal '+ or -’ Hopwmane

MpumuTtue «Konycy» WNepapxus mozeneii
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lNpumepbl reomeTpuyeckux mogenein

Mem,quapop,Haﬂ KOCMUN4YeCKana CTaHUuUA

:“fl"‘

Avristotel Envisat Expert Express Knunnep
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NMonb3oBaTtenbckuii nHTepdeic

Hle Windows Hep =

EE vEes «o /

\
{[Select Model and Module ‘an samsatfintegfm [Result 2 | '
I Viodel I
I ! Model: fTopics/Tests/samsat
I| ¥ B Topics Name ‘Dste ‘]ubs }‘ flop calTesta) . i
| _ " Module: integfm !
| D cylinders  apollo sat Dec.. 1 |2} |
| D Expert ceec satDec.. 0 | [ Job ‘ etiliz | !
I
I
! A krylov coneincyl  Sat Dec... 0 ; on o ‘ =
i Qrro O b Status new Jdone |
. ol SatDec.. 0 | [|v
i (@ sattelite pane AL W I
! a iplate_lx1 SatDec.. 14| [u Date 2005-10-2/2007-11-20 |
H I
! & Vastios s_gap satDec.. 1 | [} Host rain rain i
i s.gap2  SatDec.. 4 | [|v - i 3 ' O
p ef.area I
| s_shadow SatDec.. 1 [ \1 | CHOBHOG OKHO
! = b Reflength i 1 =
|
! shere  cmtbee.. o ||| cemerofgrauey [000 000 i 1-Menito,
i z- NICK(A) FI O :
i i I
R : z nk(a) Fio i 2-NHcTpymeHThI,
I|vame jobs | ras. |pescrption M Vmys] 7500 7500 !
i I
\lintegeont o 0 Integration, Continual Aer— s o o = 3— Mop'e}'l b,
!lintegeonte 2 90 Integration, Continual Ael !
i|integeont... 2 1 Integration, Continual Ae il 4_JO B+ R ES U LT
\|integeonth o o Integration, Continual Ae e w\nduw‘ i !
| I
|integcontn 0 0 Integration, Continual Ael i 5_ Mop' nn
ilintegeont... 0 0 Integration, Continual Aet Refresh ‘ GoTo ‘ Save to DB ‘ | y
I — I
| I
D | status | Model | command | user |RunHost| Date 6 I -F L
Hintegfma 0 0 Integration, | | ‘ ‘ ‘ ‘ ‘ i -1NTO Og
lintegfmea o P Integration 101 done ropics.. int_fm sasa_rain Tue ov... | |}
\lintegfmh 0 0 Integration, FreeMolecula 1
lintanfen_n a \ntenration g !
I
| I
I I
I I
| I
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3apaHue Ha pacyer

Job samsat/integfm
Model: [Topics/Tests/samsat . OCHOBH ble BI/Ip,bI pacquOB:
Module: integfm
1ob] jobries. @ kpyroebie (MaTpuua
100 345 101 napaMeTpOB)
Status dune database
Date 2005-10-21 18:30:03.2961 2007-11-23 2007-12-20 @ TpaeKTOpHble (J'I UCT
Host rain rain none
Aetarea B | 1 CBSI3aHHbIX MapaMeTpoB)
Ref.length 1 1 1
Center of gravity 000 gluts 000 ﬂapameTp MOXKET 6b|Tb 3a4aH:
z. NICK(A) FILEGhome/Sasa, 10.000000 0
Z+ Link{A) FILE(home/Sasa/ 10.000000 0O ] 4Ynciaom
VIm/s] 7500 7500 7500
s : 0 o @ cnuckom (nepevmciennem)
Mach 0 0 0
Alphaldeg] Nick(B) 10,20,30 0 Nick(B) 10,2 @ LMK/IOM
Betaldeg] Link(B) 0, 45,90 0 Link(B) 0,45,
T inflKI 1000 1000 1000 -
Mol.mass[amul 28 28 28 ° npOL‘MTaH n3 Cballl.ﬂa
cpicv 14 1.4 1.4
Temperature[K] - 300 -C 300 - 300 @ CBs3aH C Apyrum
Sigma(N) 10 1.0 £1.0 napaMeTpom
sigma(m) <10 1.0 €1.0
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OkHo pe3ynbraTtos, Bbibop cBovicTB

|
rMinimum and Maximum values
| | () Show (® Hide
F’EFE"\EIEFSI Resu\tsﬁable‘ Results/Graphics
Used in ! Show | Gr.Type ‘ Sort i Min | Max I Num ! Range ‘
Nociia L e o U o
VIm/s] 1,2 hide 0 0 0
5 2 hide 0 0 0
Mach 1.2 show 0 0 0
Alphaldeg] 1. 2 show A 0 30 5 [0:30]
Betaldeg] 1. 2 show P 0 20 4 [0:90]
TinflK] 1.2 hide 0 0 0
ol.mass[am 1. 2 hide 0 0 0
cpicy L2 hide 0 0 0
mperaturel 1. 2 hide 0 0 0
Sigma(N) 1.2 hide 0 0 0
sigma(m 1.2 hide 0 0 0
Cx 1,2 show F -0.05522726.234 |33 [-0.055222:2
Cv 132 show 0 0 0
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OkHo pe3ynbraToB, Tabnauuya pesynbtaTtoB

|
[|© @
Jobs | Parameters Resultsfl’able[ Resultstraphics]

Job l Mach ‘Alpha[deg]i Beta[deg]; Cx Cy Cz =

1 100 |11.532[JUU 10.000000 .U.UUUUUU .12‘705000 I2.4ZUZUU -0.0000C

2 1100 11.632000 10.000000 |0.000000 |12,736000 2.641000 |-0.0000¢

3 100 11.632000 10.000000 |0.000000 13503000 2.307800 -0.0000(

4 100 11.632000 10.000000 0.000000 13.664000 2.5895100 -0.0000C

5 100 11.632000 10000000 0000000 16,080000 2.673%900 -0.0000(

6 100 11.632000 10.000000 |0.000000 16160000 3.358100 -0.0000(

7 100 11.632000 10.000000 |0.000000 |17.808001 3.207700 |-0.0000C

8 3100 11.632000 10000000 |0.000000 18156000 3.279500 -0.0000(

9 100 11.632000 10.000000 0.000000 18.510000 3.521800 -0.0000C

10 1100 11.632000 10.000000 |0.000000 |1B.632989 3.891100 |-0.0000¢

11 100 11.632000 10.000000 |0.000000 (1B8.823989 3.562700 -0.0000(

12 100 11.632000 10.000000 0.000000 19.382999 3.154500 -0.0000C
13 100 11.632000 10000000 0.000000 19.417989 3.795000 |-0.0000( |

:_‘“ e L i _"_|>]
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Pesepc momenTa TaHraxa CA “Coto3”

@ PacueT KpyroBbIx XxapakTepUCTUK A/ pa3HbIX BbICOT
@ Ha BbicoTax Bbiwe 90 KM Kancyna CTaTUYeECKU HeycCToliumBa

@ [Mpoeepero MNCM (mapkepsbt)
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NpunynnHa pesepca

Mpuynna: PasHoe BausHue
Pa3peXeHHOCTN Ha JAaBfieHne u
TpeHue.

C YMEHbLUEHNEM BbICOTHI,
LaBJeHne NpakTUYECKU He
MEHSIETCS, TPEHNE YCTPEMIISETCS

K 0.

-0.00

-0.05

o~ Tlomuerit MoMeHT|
= [asrenne

~ Tpemie

-0.10 ~

80 90 100 110 120 130 H

BKnap, OABNE€HNA N TPEHNA B MOMEHT
TaHraxxa

@ DTO TUNWYHBIG NpUMep nNpumeHeHusi komnnekca RuSat:

o bbicTpo nonyuuts AIX,

@ MNpoaHaN3MpoBaTh N YTOYHNUTL CMOPHbIE MOMEHTbI DOJIee TOYHBIMU HO
bonee MegneHHbIMU METOAAMMU
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3aTonnenune cravyuu “Mup”

¥

@ Mup bbina nepeoii
MOZAYJ/IbHOI CTaHumei

@ CobpaHa Ha opbuTte B
1986-1996 rr.

Macca ~130 7.
Pazmepbl ~19 x 31 x 28 m.
OpbuTa 354 - 374 km.

Vnpaensiemblii cnyck
nnaHupoBancs B 1999.
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CueHapwuin 3aTonsieHUs

@ Tpwu sTana:

e Cnyck go BbicoTbl 200 kKM 3a cueT
AdPOANHAMUNYECKOTO TOPMOXKEHUS

o [epexop Ha opbuty 165 x 220 km
ABUTaTENAMUW yNpaB/ieHNA
Mporpecc-M1-5

o VYBoA € opbnTbl OCHOBHBLIMYU 1
yNpaBAsoWUMI SBATaTENAMM
Mporpecc-M1-5

@ [Ipobnemsi:
e Ha stane 1 Heobxogumo coxpaHuTb

1: Mporpecc-M1-5, opuenTauuio Mporpecc-M1-5
2: KeaHt-1, ABUraTeNsMU Brepes,.

3: Basoebliii 60K, e Heobxoanmo komneHcuposaThb
4: CnekTp, 5: Kpuctan, pa3BOpaYMBalOLLMii MOMEHT OT
6: Keant-2, 7: Mpupoga, conHeuybix batapein (CB)

*: HenoABUXHbIE @ Kak paseepryts CB 4T0bbI:

DJ1IEMEHTDbI o MI/IHI/IMVI3I/IpOBaTI> MOMEHT
o VBenmymTb CONDOTUBJIIEHNE 20/22



PesynbTart

9 CB, 8 nosuuwmii, 87 = 134217728. 1 pacyet/c = 4 ropa 3 mecaualll
Pewenne:

@ Boiuncnstores AOX “0" sapnanta Cj (sce CBb Bponb notoka)

Beiuncnsaiores AIX kaxoii ¢ Cb ans kaxpaoii j nosuuun Cj;

°
@ Boiuucnsiorea sknag: AC;; = Ci; — Cy

o AX nwoboii kombunauyum: Ci, = Cy + Y AC;;
@ [Npounssogutcs coptuposka no Cj,

Cx M
0 33.64 3.48
1 50.64 0.032

2 50.52 0.062
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Cnacunbo 3a BHumaHuel
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