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CucreMbI KOOpOIHMHAT

- Earth-Centered Equatorial — to describe spacecraft
movement.

* Vernal Equinox — a point where Sun earth-centered vector
moves from z <0 to z >0 set.
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CucreMbl KOOPpOHMHAT
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Target orbiting using impulses series

NepexoaHaa opbura

BoigeaeHue Ha ONOpHYO opbuty
(1-e sxknwoueHue M1 PB)

BoiseaexHue Ha uenesyo opbury
(4-e sknwuenuwe Ml Pb)
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NpomexyrouyHas opbura

BoiBeaeHue
Ha NEePEexXOAHYI OpouTy
(3-e sknwoyenue M/ PB)

OnopHas opbura

BuiseaeHue
H3 NPOMEXYTOUHYIO OpOUTyYy
FeocraumMoHapHan opbura (2-e sknwouenne Ml PB)

The booster launches a spacecraft with a booster block into a low orbit with an inclination of 51.4 °
Then, the accelerating block with a series of impulses in the direction of the orbital speed forms a
strongly elongated elliptical orbit so that its apogee is in the equatorial plane at the height of the
geostationary satellite (36 thousand km). The orbital velocity at the apogee decreases in proportion to
the distance, i.e. approximately 5 times, respectively, decreases the impulse of speed necessary to
“turn” this speed into the plane of the equator. The impulse for correcting the direction of speed is
combined with the second impulse for turning the elliptical orbit into a circular one.




ITepener Semis-JIyna

SIGNIFICANT EVENTS OF THE APOLLO 11 AND PROPOSED CONSTELLATION MISSION
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Apollo 11 mission events
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NB: This diagram is representative only

MNepexon c okono3emHoM opbuTbl Ha TpaekToputo 3emna-JlyHa 3200 m/c
MNepexon Ha OKONONYHHYIO OpOUTY 700 m/c
Mocagka Ha JlyHy 1800 m/c
CtapT c JlyHbl 1 BbIXOA4 Ha OKOJIONYHHYO OpbUTY 1800 m/c

Mepexon Ha OKONO3EMHY OpbuTy 650 m/c




IlaccuBrHasg maBuraiga

- PaccmatpuBaem KA ¢ onTudyeckuMuy gaTdnkamMu
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- Ectb coocrBernnasg CK KA

- Kasgperit matuuk padoraer B cBoeit CK




Optical axis




- Kasawiii ceHcop maeT BeKTop uaMepeHni [; (MJIx BEKTOp
B CHICTEM KOOPIMHAT CEeHCcopa HJIM ABa yIJja
HaIIpaBJICHU)

- ITapameTpsl OITHMU3AIINHT — IIIECTUMEPHBIH BEKTOP
cocrossHug (1, v)

. I[JIH Kaxa01r0 BEKTOpa COCTOAHHUA COCTaBJIdAEeM IIPOTHO3,
HCIIOJIB3Yd MOOeJIb IBHUKEHM A

Real (""target”) trajectory C)




- Mcmonp3yeM caeayoIIni KBaapaTUYHbIHA (PyHKITHOHAI
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MeToansr orTuMUu3aItum

- LMA (Meton Jlesenbepra-MapxsapaTa)

- WTepanmmoHHBIN IIpoIlece

Xk+1 = Xk T Dk

rze Py HaXO4UTCH U3 CJeAYIOLIEro COOTHOIEHHUA
U" G Ge) + we D = =] G f ()

* WJIN U3

(T @I G + ediagy™ )] @OPPe = —IT @O f ()
- U = 0- mapameTp peryaapu3aliuu.

- IIpumepsnl BbiOOpa Uy :

* VBenuuuBaem moka @ (x + p) < O (x)

@ (x)-P(x+p)
L(0)—-L(p) >0

* YBeamuyuBaeM IOKa Y =




YciaoBug octanoBa

OyHKIIMOHAJ MAJI0O U3MEHAETCI MeXKIy UTepalluIMu
(«IIpemesbHBIN» BAPUAHT — JOCTUIJIN CTAIITMOHAPHOMI

toukn ®'(x) = 2JT(x)f(x) = 0)

I[OCTI/II‘JII/I MaKCHMaJIbHOI'O KOJIMYEeCTBa I/ITepaHI/Iﬂ

JlocTuram MakcuMaJILHOTO BpeMEeHH pacyueTa
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< Antenna Control System v. 2.5.2 (28.02.2019) — X
File Manual Mode Settings
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Q On-board Navigation System v.1.2

Spacecraft State Vector Time
(Lunar (24.01.2020 4:01
| orbits/Lunar.tie
( / real Pos, km. real Vel, km./s det Pos, km. det Vel, km./s
Devices = o = o
494722 1.48234 494722 1.48234
Moon sensor
Quaternion Spacecraft frame => Device fram; ¥ vy Y vy
X = 0.00000; Y = 0.00000; Z = 0.00000; W = 1.00000; 36298 1.74641 -36208 1.74641
Error: 0.00083 deg.
Sun sensor vz z vz
Quaternion Spacecraft frame => Device frame: 1.56867 -32781.1 1.56867
=0.00000; ¥ = 0.70711; Z = 0.00000; W = 0.70711;
Error: 5.00000 deg. Errors
X Y z position, km
-1.15688e-09 2.56114e-09 1.06229€-09 3.00437e-09
v vy vz velocity, km./s
Settings -2.31148e-13 5.13589¢-13 1.82743-13 5.92113-13
Sat Devices Sun Moon
() Use Table Data _ () Use Table Data (O Use Table Data
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. _  _ _  _ _
NLSSolver load config | | Mission load config | | Add TLE Orbit | | Add devices | | Determine Position

Set default NLS parameters!
Configs are loaded
Optimization starts ...

Comp. in ECI (J2000) CS
SRR




Optimization starts ...

Comp. in ECI (J2000) CS

Start diff. in ECI = 33369.59017; 24171.22667;
21682.65496; dist = 46560.87706

Successful convergence.

Computation time: 5.634 s.

Iterations: 20

Func evals: 165

Initial cost: 3.23695e+06

Final cost: 1.46255e-23

Pos diff: 1.15688e-06; -2.56114e-06; -1.06229¢e-06,
m.

Pos diff lenght: 3.00437e-06 m.

Vel diff: 2.31148e-10; -5.13589¢-10; -1.82743e-10,
m./s.

Vel diff lenght: 5.92113e-10 m./s.

Max position diff, 24h: 3.13607e-05 m.

Max velocity diff, 24h: 7.41656e-10 m./s




HemHoro permam...
- OKN MI'Y

+ Camprit mostonoii paryabprer MI'Y;

+ 10 obpasoBaTeJIbHBIX IporpamMm (CIIeI[MaJInTeT, MAarucTpaTypa,
aCIIMPaHTypa);

* MesxamyHapogHbIE IIPOTPAMMEI;
* OTKPBITHI JII COTPYIHUIECTBA. \ -
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