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THE MAIN PRINCIPLES OF SPACECRAFT/SATELLITES

ATTITUDE STABILIZATION

I. Gravitational stabilization.

The principle of the gravitational stabilization is based on the property of
dumbbell shaped rigid bodies and spacecraft (SC) (fig.1) turn down along the

gravity force.

Fig.1 — Gravitational stabilization principle

The difference between the gravity forces applied to the dumbbell’s mass-
points causes to the torque initiation which is turned the dumbbell to the “vertical”

position. This position is stable equilibrium position.
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Satellites with different inertia moments (general inertia moments) have four
stable equilibrium positions corresponded to the coincidences of the SC’s

13

“maximal inertia axis” with the planet-radius-vector and the SC’s “minimal inertia
axis” with the normal to the orbit-plane. Certainly, the unstable position of the
dumbbell is possible — it corresponds to its coincidence with the tangent to the
orbit.

There are the following main tasks:

1. The changing of the SC’s inertia ellipsoid with the help of attachment of

long hollow rods with weights on the tips.
2. The damping of oscillations of the SC around its mass center near the

equilibrium position.

The damping of oscillations can be fulfilled with the help of additional
equipment for the energy dissipation (e.g. a toroidal zonary tank with a viscous
liquid) — the relative motion of the viscous liquid creates the fluid friction which
dissipates the oscillations’ energy. It is possible to use the D.E.Okhocimsky’s
scheme (fig.2) of the oscillation damping. This scheme of the satellite’s oscillation
damping works via elastic (springs #3 in fig.2) dissipative attachment of a second
body (paired bars #2 in fig.2) to the main satellite body (#1 in fig.2) by a spherical
linkage (point P in fig.2).



Fig.2 - D.E.Okhocimsky’s scheme of satellites stabilization

Also a quite effective damper can be realized based on the magnetic
principle. Such dampers are placed on free end points of the gravitation stabilizing
bar. The magnetic damper (fig.3) consist from two spheres (an internal and an
external sphere) separated by a layer of viscose liquid. The internal sphere contains
the magnet system. The external sphere is faced with diamagnetic bismuth. The
relative spheres centering is provided by the repel action of centering magnets and

the bismuth layer.
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Fig.3 — The magnetic damper

The linear magnet interacts with the geomagnetic field; this interaction leads to the
relative rotation of the spheres and the energy dissipation due to viscose friction
and Foucault currents.

Gyro-damping of the SC oscillation is possible. This type of dampers uses
the gyroscopes with viscous-elastic connections to the main satellite’s body; then
the relative rotation of the main body and gyroscopes creates the precession of
gyroscopes and corresponding energy dissipation in viscous-elastic connections.

Also in the purpose of the oscillations damping hysteresis bars can be
applied. In these cases the hysteresis bars are placed into SC. The hysteresis bars

interact with geomagnetic field and dissipate the oscillations energy.

Examples of the SC/satellites with gravitational stabilization

It is possible to present some examples of using the gravitational
stabilization in real spacecraft's missions.
1. «OREOL» SC; USSR; three-axial gravitational stabilization; lounched
21.09.1981. Length of the grvitational bar 17m; magnetic damper.
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Fig.4 - OREOL-3 SC

2. «COSMOS» (Intercosmos) SC; USSR; one-axis gravitational

stabilizations; length of gravitational bar 12m; magnet damper; 1982.

Fig.5 — Intercosmos-20

3. GEOS (Geodetic Earth Orbiting Satellites); USA; gravitatonal bar 15m;
magnet damper;
8



Fig.6 — GEOS

4. RAE (Radio Astronomy Explorer); USA; 1968.

STABILIZATION BOOMS
4" EACH 230 m 1.ONG

Fig.7 — RAE-1

5. EOLE; France (CNES); damping hysteresis bars; 1971.
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Fig.8-EOLE

I1. Aerodynamic stabilization.

The aerodynamic stabilization based on the aerodynamical properties of
SC/satellites' constructions and on the interaction with the remnant of the
discharged atmosphere (SC's altitudes between 200-600 km). This type of the
stabilization is used for support of the SC's position «along orbital motion». As an
example we can indicate the SC «Cosmos-149» (1967), which had the tail unit and

gyro-dampers.

Fig.9 — Cosmos-149 Fig.10 — Construction concept for

nanosatellite
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I11.  Spin (gyroscopic) stabilization.

The spin stabilization based on the gyroscopic proprery of rotating
bodies/SC/satellites.

Fig.11 — spin stabilized motion
It is the well-known fact that the rotation around big-inertia-axis is stable
even at presence dissipative forces — this corresponds to the «major-axis-rule».
If we place into SC the fast rotating stabilizing rotor then we need not make
spinup of the main SC's body which contains the antennas telescopes and other
equipment for monitoring/communication/investigation. This construction scheme

called as «dual-spin spacecraft/satellite» (DSSC).

Stator

Diameter:
2.81m (9 ft 3 in)

Overall Height

Rotor 7.62 m (25 ft)

.

Fig.12 — Dual-spin spcecraft constraction and real DSSC « TACSAT I»

Weight in orbit
645 kg (1424 Ib)

The dual-spin construction-scheme is quite useful in the practice during the
history of the space flights realization; and it is possible to present some examples
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of the DSSC, which was used in real space-programs (most of them are

communications dual-spin satellites and observing geostationary satellites).

This is the long-continued and well successful project “Intelsat” (the Intelsat II
series of satellites first launched in 1966) including the 8th generation of
geostationary communications satellites and the Intelsat VI (1991) designed and
built by Hughes Aircraft Company. Also one of the famous Hughes’ DSSC is the
experimental tactical communications dual-spin satellite TACSAT-1 which was
launched into synchronous orbit in 1969. The “Mecteosat”- project by European
Space Research Organization (initiated with the Meteosat-1 in 1977 and operated
until 2007 with the Meteosat-7) also used the dual-spin configuration spacecraft.
The spin-stabilized spacecraft with mechanically despun antennas was applied in
the framework of GEOTAIL (the collaborative mission of Japan JAXA/ISAS and
NASA, within the program “International Solar-Terrestrial Physics™) launched in
1992; the GEOTAIL spacecraft and its payload continue to operate in 2013.
Analogously the construction scheme with the despun antenna was selected for
Chinese communications satellites DFH-2 (STW-3, 1988; STW-4, 1988; STW-55,
1990). The well-known Galileo mission’s spacecraft (the fifth spacecraft to visit
Jupiter, launched on October 19, 1989) was designed by the dual-spin scheme. Of
course, we should indicate one of the world's most-purchased commercial
communications satellite models such as Hughes / Boeing HS-376 / BSS-376 (for
example, the “Satellite Business Systems” with projects SBS-1, 2, 3,4, 5, 6 / HGS-
5, etc.): they have spun sections containing propulsion systems, solar drums, and
despun sections containing the satellite’s communications payloads and antennas.
Also very popular and versatile dual-spin models are the Hughes” HS-381 (the
Leasat project), HS-389 (the Intelsat project), HS-393 (the JCSat project).

The DSSC usually is used for the attitude stabilization by the partial twist
method: only one of the DSSC's coaxial bodies (the «rotor»-body) has rotation at
the «quiescence» of the second body (the «platform»-body) — it allows to place

into the «platform»-body some exploratory equipment and to perform of space-
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mission tests without rotational disturbances. Moreover, one of the widespread
types of the DSSC is the axial DSSC, where the axisymmetric rotor is aligned with
the principal axis of the platform-body.

ANTENNA

ANTENNA
REFLECTOR

DFSPUN

TTTTTTT L
RADIATOR e i
WAVE TUBE
AMPLIFIER
CONTROL
TH

RUSTER (4] T —
" BATTERY
PAGK

lGOLAR CELL

ARRAYS

PROPELLANT .-
TANK 14

APOGEE KICK .~
MOTOR

HS 376
SPACECRAFT CONFIGURATION

Fig.13 — HS 376 scheme Fig.14 — HS-389 Fig.15 — HS-389
Intelsat-6 [Boeing] SDS-2 [NRQ]

The DSSC are usually placed into the orbit with zero relative rotor angular
velocity, and then a spinup engine provides an internal torque from the «platformy-
body to the «rotor»-body along the common rotation axis of the DSSC’s coaxial
bodies. The effect of the axial torque is to spin up the rotor and despin the
platform, thereby transferring all or most of the angular momentum to the rotor.
Usually the spinup torque is constant; also this torque is switched off right after the
angular momentum transferring. However, for maintaining of the constancies of
the rotor’s relative angular velocity the DSSC’s control system can form the
corresponding stabilizing internal torque. This scheme of the angular momentum
translation (from the platform-body to the rotor-body) is called as the classical

Spinup maneuver.

Analogously with the previous cases various dampers in the DSSC also are

used (magnetic dampers, hysteresis bars, spring-mass dampers, etc.).
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IV. Magnetic stabilization.

The magnetic SC stabilization usually is used in the framework of space
missions with investigation of the ionosphere, the Earth's radiation belts, the solar
wind in the Earth's magnetosphere. In such cases the spatial orientation and
corresponding stabilization along geomagnetic field's power lines is quite
applicable. This type of stabilization is realized based on the magnetic property of
the SC construction (with internal strong constant dipole magnets) and its
interaction with the geomagnetic field. Also into magnetic SC hysteresis rods can
be placed for the damping of the residual oscillations after SC separation from the
upper-stage of the rocket.

Many magnetic SC were placed into orbits (e.g. TRANSIT, INJUN, TTS,
ESRO, OSCAR-8, AZUR, EXQOS, MS-T3, «Intercosmos-14», MAGION, Munin,
etc.).

Also the magnetic stabilization can be used as preparation stages for other types
of stabilizations. In this case electromagnet systems used immediately after the
separation from rocket; and after achievements of equilibrium positions the SC

initiate its main stabilization scheme.

Thus, we have described the main types of the attitude stabilization of

SClsatellites at realizations of different space missions.
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MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

Cra0Ouim3anus ¥ ynpapjieHue NPOCTPAHCTBEHHBIM ABH/KEHHEM KOCMHYECKHUX ANNapaToB
3K3AMEHAIIMOHHBIN BUJIET Nel0

1. OcHoBHBIE CLTOCOOBI MHUIMALIMY TPOCTPAHCTBEHHOTO ABIKEeHN KA.

2. T'paBuTanmoHHas cTa0MIN3aIMs MPOCTPAHCTBEHHOTO moyioskeHust KA Ha opOuTe.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nell

1. Cucrema ypaBHeHUI IPOCTPaHCTBEHHOTO iBHkeHUs KA.

2. Ilpunuuns! remMnupoBaHus KoneOaHU| MpU CTAaOUIN3AMK YIIIOBOIO OJIO0XKEHHUS.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel2

1. TpuHnume! cTaOUIM3AUK IPOCTPAHCTBEHHOTO ABMKEHUS/onoxkeHus KA.

2. MaHeBp BBIBOJA KA ¢ JBOMHBIM BpalcHHUEM B CTa6I/IJ'II/I3I/IpyCMOe ITOJIOKCHHUC.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel3

1. AcmekThl rpaBUTAIMOHHON cxembl cTabumn3anuu KA.

2. Kunemarnueckuie mapaMeTphl OIMCAHUSI TPOCTPAHCTBEHHOW OPUEHTAITHH.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel4

1. Teopema 00 U3MEHEHNH KMHETUYECKOTO MOMEHTA CUCTEMBI U €€ IPUMEHEHUE JUIs
3aMMCcH TMHAMUYECKUX YpaBHEHHUU IBHKEeHHs KA.

2. MarnutHag cradunmszanusa KA.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel5

1. Tmpockommueckas ctabunuzanus KA.

2. Bompockl xaoTu3auu BO3MYIIEHHOTO IBHKeHNsT KA.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel6

1. Acnektsl npuMeHeHus: GyHKIHH MeTbHUKOBA 7S ONIPEeIeTICHHUS BO3MOKHOCTH
XaoTu3zanuu guHaMuku KA.

2. AxrtuBHag crabwimzamnus KA.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel7

1. Abnpoamnamuueckas ctabunuzanus KA.

2. MarnuTHOoe eMngupoBaHue KojaedbaHuil crabuasupyeMoro mnoyuoxeHus KA.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

CTaﬁl/I.]II/Il}aI[I/IH N YIIPABJICHUE NPOCTPAHCTBEHHBLIM ABUKCHUEM KOCMUYCCKUX anlnaparoB

3K3AMEHAIIMOHHBIN BUJIET Nel8

1. emndupoBanue kosebdaHuit ctabuimznpyemMoro aprxxeHust KA BSI3KuM TpeHueMm.
2. T'upockonmueckue ycTpoHcTBa yrnpaBieHus nojoxenuem KA

(rMpOAMHBI/TUPOCTAOUITH3ATOPHI).

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

Cra0Ouim3anus ¥ ynpapjieHue NPOCTPAHCTBEHHBIM ABH/KEHHEM KOCMHYECKHUX ANNapaToB
3K3AMEHAIIMOHHBIN BUJIET Nel9

1. Junamuueckue ypaBHeHUs ABMKeHUS KA ¢ JBOMHBIM BpalieHUEM.

2. ACHEKTHI UCIOJb30BaHMS CIIYTHUKOB-TCOCTAITUOHAPOB.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS 1 HAYKU
POCCUMCKOM ®EJEPALINN

®EJIEPAJIBHOE TOCYJJAPCTBEHHOE
BIOJ)KETHOE OBPA30OBATEJIbHOE YUPEX/IEHUE
BBICLIET'O [IPO®ECCUOHAJILHOI'O OBPA3OBAHISI 5
«CAMAPCKHI TOCYJAPCTBEHHBIN ADPOKOCMUYECKUI
YHUBEPCUTET UIMEHU AKAJIEMHUKA C.II. KOPOJIEBA
(HALIMOHAJIBHBIA UCCIEJIOBATEJILCKUI YHUBEPCUTET)» (CTAY)
Kadenpa kocMru4ecKoro ManmHOCTPOCHUS
Kypc

Cra0Ouim3anus ¥ ynpapjieHue NPOCTPAHCTBEHHBIM ABH/KEHHEM KOCMHYECKHUX ANNapaToB
3K3AMEHAIIMOHHBINA BUJIET Ne20

1. OcHoBHBIE CLTOCOOBI MHUIMALIMY TPOCTPAHCTBEHHOTO ABIKEeHN KA.

2. T'paBuTanmoHHas cTa0MIN3aIMs MPOCTPAHCTBEHHOTO moyioskeHust KA Ha opOuTe.

buner paccmoTtpeH u yTBepikeH Ha 3acenanuu kadeapsl KM

3aBenyromuit kadeapoit /Kupunua A.H./




MUHUCTEPCTBO OBPA3OBAHUS U HAYKU POCCUMCKON ®EIEPALINN
®EJEPAJILHOE FT'OCYJJAPCTBEHHOE BIOJKETHOE OBPA3OBATEJIBHOE YUPEXIEHUE
BBICIIETO TIPO®ECCUOHAJIBHOT'O OBPA3OBAHUS
«CAMAPCKNI I'OCYJAPCTBEHHBIN ADPOKOCMUYECKUN
YHUBEPCUTET UMEHU AKAJIEMHUKA C.I1. KOPOJIEBA
(HALIMOHAJIbHBIN UCCJIEJJOBATEJIbCKUM YHUBEPCUTET)»

(CTAY)

COTI'JIACOBAHO

VYrnpasaexnue 00pa3oBaTeIbHBIX IPOTPAMM

/ A.B. NopomuH /

n n 20 r.

YTBEPKJIAIO

[TpopexTop mo yueOHoi1 paboTe

/ B.H. Martsees /

" n 20 T.

PABOYAA ITPOI' PAMMA JUCHUIIJIMHBI

HaumenoBanue Moyist (JIMCIUIUIMHBIL)

CTa6I/IJII/I3aL[I/IH " YIIPABJICHUC TPOCTPAHCTBCHHBIM JIBUKCHUCM KOCMUYCCKHUX allllapaToOB

[{uki, B paMKax KOTOPOTO MPOUCXOJIUT
OCBOEHHE MOIYJIS (IUCITUTIIINHBI )

YacTte uKiIa

Kox yuebHoro nnana

M.2

161100.68-2013-O-11-2r

DaxyibTeT

Kadenpa

Kypc
CemMmectp
Jlexuuu (CJI)

Cemunapckue u npaktandeckue 3ausatus (CII)

JIaGoparopusie 3anstus (CJIP)

KonTpoas camocTosTenbHON paboThI /
WNuausunyansaslie 3ausatus (KCP / U3)

CamocrosrenbHag padora (CPC)
Bcero (Bcero ¢ px3amenaMn)

JICTATCIIbHBIC allllapaThl

KOCMHUYCCKOTO MAaIIMHOCTPOCHUA

10 (A)
36
36

0 DK3aMeH 10 (A)

0 3aueT

72
144



HaumenoBanue ctaHgapTa, HAa OCHOBaHMH KOTOPOT'O COCTaBJIeHa paboyas mporpamMma:

161100.68 Cucremsl ynpaBieHHsl IBU)KEHUEM U HaBUTALUS; YTB. IPUKA30M
Muno6pnayku ot 14.01.10 No28

CooTBeTcTBHE COAEpKaHUs padoyell MporpaMMbl, YCIOBHI €€ peanu3alu,
MaTEPHATBHO-TEXHUYECKON M yIeOHO-METOUIECKON 00eCeYeHHOCTH y4eOHOTO
npoluecca 1o AUCUUIUIMHE BCeM TpeOOBaHUAM IrOCYAapCTBEHHBIX CTaHAAPTOB
MOJITBEPKIAEM.

CocTaBUTENN:

K.T.H., oueHT JlopomH A.B.

(moAMKCH)

3aBemyromuii kadeapoi:

1.T.H., mpodeccop Kupumuna A.H.

(moAMKCH)

PaGouast nporpamma oOCykaeHa Ha 3aceJaHun Kadeaphl

KOCMHMYCCKOI'0O MallIMHOCTPOCHU A

[TpoTokos No ot " " 20 T.

Hanuuue ocHoBHOM uTepatypsl B (poHIax HayuHO-TexHUYeckor Oubamorexku (HTH)

MOATBEPKIAEM:

Hupextop HTh / /
(moamuce) (pacuudpoBKa MOAMUCH)

CorracoBaHo:

Jexan / /

(moamucek) (pacmugpoBKa MOIUCH)

29.10.2013 2 161100.68-2013-O-I1-2r



1 Heaun u 3agaun MoayJisi (IUCUUIIMHBI),
TPeOOBaHMSA K YPOBHIO OCBOCHUSA COJEPKAHMS

1.1 IlepeyeHb pa3zBuBaeMbIX KOMIIETEHIIMH
OK-12, OK-14, IIK-2, IIK-3, IIK-4, T1K-5, IIK-7, IIK-8, IIK-10, ITK-12, IIK-23
1.2 Hesaun u 3aaa4u n3ydyeHusi MOAYJIsl (IUCUMIIJIMHDI)

OcHoBHas 1eNb JUCUUIUIMHBI - CHOPMHUPOBATH Y CTYJIEHTOB HEOOXOJUMBbIE
KOMIETCHIINU (3HAHUS, YMEHHSI, HABBIKM M aKTHBHBIE/IESITETPHOCTHBIC Ka4eCTBa
MarvcTpa) AJsi MOJIeIMPOBaHMsI/aHaIN3a/CUHTE3a U3Y4aeMbIX MPOIIECCOB B IMHAMUKE
JBIKEHUS] KOCMUYECKUX allllapaToB.

JIeKOMITO3UIIKSA LEJH MIPEICTaBIsIeT CO00H CIeAyIOINe COCTaBHbIE YaCTH:

1.2.1. OcBoeHurE NPUKIAAHBIX ACIIEKTOB JUHAMUKHU TBEPAOTO TEJIa U CUCTEM TBEP/bIX.
1.2.2. IIpoBeneHune aHanu3a U CUHTE3a TMHAMUYECKUX IPOLECCOB U MPOCTPAHCTBEHHOIO
JBUKEHUSI KocMuueckux anmnapaTtoB (KA).

1.2.3. Ilouck onTUMaNbHBIX CXEM KOHCTPYKIIMOHHOM KoMIIOHOBKHM KA. 1.2.4.
MogenupoBanue (MaTeMaTHIECKOS/ MMHTAIIMOHHOE/HATypHOE) THHAMHUKH KA.

1.3 TpeOoBaHMsI K yPOBHIO MOATOTOBKH CTYAEHTA,
3aBepLINBIIEr0 U3y4YeHue JaHHOT0 MOAYJIsl (TUCUMILIUHBI)

CTYI[GHTBI, 3aBCPIIMBHINC U3YYCHUC IIaHHOI>'I JUCHUITIINHBI, JOJIZKHBI

3HATD:
-OCHOBHBIC METOJIbI U IIPUEMbI HAYIHOTO UCCIICIOBAHUS B IPUBS3KE K aHAIU3Y/CUHTE3Y
JTUHAMUKH, yIIpaBiIcHUs U cTabunuzanuu KA;

-OCHOBHBIC MIPUHIIAIIBI OTICAHUS TIPOIECCOB, MPOUCXOANTNX B TMHAMUKY, YIIPABICHUS
u ctabunmsanuu KA;

YMETB:
-OCYLIECTBIATh METOJOJIOTUYECKOEe 0OOCHOBAHNE HAYYHOT'O HCCIIE0BAHUS;

-COCTABJIATDb aICKBATHBIC MATCMATHYCCKHUC MOJACIIN JTUHAMHUYCCKHX IIPOLCCCOB;
-0CYIICCTBIIATD daHAJIUTHYICCKOC U YMCJICHHOC MOACIINPOBAHHC,

BJIaACTD.
-H606XOI[I/IMI)IMI/I HAaBbIKaMH HAYYHOI'O UCCJICAOBAHNA U CIrOpC3yJIbTAaTOB,
-MCTOAaMH YHCJIICHHOI'O MOI[GJ'II/I]DOBaHI/IH/aHaHI/IBa.

1.4 CBs3b ¢ npeAmecTBYOIAMHA MOAYJIAMU (IUCHUINIAHAMHU)

OcBoenue maTepuana JaHHOTO Kypca MpenoiaraeT BiajgeHue 6a30BbIMH
MaTEeMaTHYECKUMU U MEXaHUYECKUMU TUCIUTUIMHAMY, BKITtouas quddepeHnnansabie
YpaBHEHUS, TUHAMUKY TBEPJIOTO TeJla, TEOPHUIO YIIPABICHUS, a TAK)KE HaBBIKH
MPOrpaMMHUPOBaHUS B 00beMe y4eOHOTO MJIaHa COMYTCTBY

rolux 0akanaBpuaroB 1o HanpasieHsaM 161100 "Cucremsl ynpaBieHus IBUKEHUS U
Hapurauus" u 160400 "PakeTHble KOMIUIEKCH U KOCMOHABTHKA'".



1.5 CBa3b ¢ nocJjieylomuMu MOTYJISIMH (IUCIUIIMHAMH)

Martepuai Kypca JOJDKEH IOMOYb MATMCTPAHTaM aJallTUPOBATH JIJISL MCIIOJIB30BAHMS
BECh apCEHAJI MOJIYYEHHBIX K HACTOSAILIEMY MOMEHTY 3HaHHUI B pa3pe3e MpoBeACHUS
MaTEeMaTUYECKOTO MOJICIMPOBAaHUS/aHAIN3a/CUHTE3a U YUCIIEHHOTO AKCIIEPUMEHTA, UTO,
B IIEPBYIO OYepe/Ib, HAIPABICHO Ha 3P(PEKTUBHYIO MMOATOTOBKY K HAITMCAHUIO
MarucTepcKoOn AUCCEPTALIUN.

2 Conep:xanue padoyeit mporpaMmbl (MO1YJIs1)

Cemectp 1
CI10.25 BrruncnurensHbie SKCIIEPUMEHTHI B IUHAMUKE
M
BIDKEHUS U aBieHuu/cradounnzannu KA:
36 yacoB | AktuBHBIC 0,333 g yrip HH
| 3ET YUCJICHHOE MHTETPUPOBAHUE YPABHEHUM

MPOCTPAHCTBEHHOTO ABMXKEHUST KA

Buzyanuzanusi/anumariust JMHaAMUKA JTBUKCHUS
U cradbuwimzanmu KA

CIyTHHKHU-T€OCTAIlMOHAPHI: HA3HAYCHUE,
NutepaktuBHbie 0,333 | 0ocobeHHOCTH pabOThI, 0COOEHHOCTH PabOTHI,
PUMEPHI KOCMUYECKUX MUCCHN

KA ¢ 1BOVHBIM BpallleHUEM U
CIlyTHUKHU-THUPOCTAThl: HA3HAYEHHUE,
0COOEHHOCTH pabOThI, MPUMEPHI KOCMUUECKHUX
MUCCUU

MaremaTnueckue MOJEIN JUHAMHUKH JIBIUKCHUS

Tpanunuonssie 0,334 KA ¥ criyTHHKOB BOKpPYT LIEHTpa Macc

[IpyuHUIMIIBI TACCUBHOM CTAOMIN3AIINT
MIPOCTPAHCTBEHHOTO MOJIO)KeHUS KA n
CITyTHUKOB

Bormpochl 1 npUHIMIHATBHEIE CXEMBI
neMiupoBaHus KOJeOaHUH MpU peain3auu
crabmmmzanmu KA

AcnexTsl XxaoTusamu 1TnHaMuku KA u
CITYTHUKOB IIPX HAJIMYUU MAJIBIX BO3MYILICHUHN

CII 0,25 B
36 wacos | Axtusbie 0,333 BIYUCIIUTEIIBHBIE DKCIIEPUMEHTHI B TUHAMUKE
1 3ET KA

MoaenupoBaHue THPOCKONNYECKOM,
IPaBUTALIMOHHON W MAarHUTHOM CTaOUIU3aLMT

KA

MopenupoBaHue IPOIECCOB AeMIT(DUPOBAHUS

NurepaktuBusie 0,333 o
p ’ KoJiebaHuii npu crabunuzauu KA

Marematruueckoe MOJIeIMpOBaHUE, aHAIU3 U
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3 UHHOBALIMOHHBIC METOAbI 00yUeHM

1. Ucnonr3oBanue matematnueckux naketoB (Maple, MatLab) ana mogenupoBanus
JUHAMUKH JIBUKEHUS, yIipaBieHus U ctabunuzanuu KA.

2. CocraBieHue MpOrpaMm Ha sI3bIKaX BRICOKOTO YPOBHS, TPeAHA3HAYCHHBIX IS
MOJICITUPOBAHUS U BU3yallM3allui JUHAMUYECKHUX MPOIEeccoB U ABukeHust KA (B T.4. ¢
npuMeHeHreM texHojoruit OpenGL).

3. Ucnons3oBanue B yaueOHOM poliecce MHPOpMAIMOHHBIX MaTEPUATIOB
nHTepHeT-noptaia ELSEVIER.

4 TexHn4yeckue cCpeacTBa U MaTepuaILHOE o0ecriedyeHue
y4e0HOro npoiecca

[Ipennonaraercs UCIOJIB30BaAHUE:

-IPE3EHTAIIMOHHON MEJIMATEXHUKU M KOMIBIOTEPHBIX KiaccoB Kadeapsl KM u
MEKBY30BCKOI'O MEAUALICHTPA;

-noanucku CI'AY k pecypcam uznarensctB ELSEVIER u SPRINGER;
-yuebHo-1a00opaTopHOM 6a3bl kadeapsl KM.

5 YyeOHO-MeTOOMUYECKOE 00ecIIeueHue

5.1 OcHoBHas JiuTEpaTypa

1. Ctabunuzanus 1 ynpasiieHUE MPOCTPAHCTBEHHBIM JIBH)KEHUEM KOCMHYECKUX
annaparoB: [ DNEKTPOHHBINA PeCypC] :3JEKTPOH. y4EOHO-METOAMYECKUI KOMIUIEKC /
M-Bo o6pazoBanus u Hayku PD, Camap. roc. aspokocM. yH-T M. C. I1. Koponea (Harr.



UCCJE. YH-T); aBT.-cocT. A. B. JlopomiuH - DIeKTpOoH. TEKCTOBbIE U rpad. 1aH. -
Cawmapa, 2013. — 1 a11. ont. nuck (CD-ROM).

2. OnTumaneHOe ynpasieHue asmwkeHneM [Teker] : [yde6. mocoOue 1o rpyrie
HaIpaBJICHUH U cnienuanbHocTelt Mexanuku | / B. B. Anekcannpos, B. I'. BonTsHckui,
C. C. Jlemak [u np. ; Mock. roc. yH-T uM. M. B. Jlomonocogsa]. - M. : ®uzmatnut, 2005.
- 374 c. - (Knmaccuu

€CKUIl YHUBEPCUTETCKHUM yueOHUK / per. coBet: B. A. CanoBHuuwmii (npen.) u ap.). -
ISBN 5-9221-0401-2

5.2 JlononHuTebHAS JIUTEPATYPA

1. JletoB, Anekcaunap Muxainosud. J[nHamuka mosera u ynpasienue [Tekct] / A. M.
Jleros. - M. : Hayka, 1969. - 359 c. - 5.00 p., 1.27 p.

2. MaremaTnyecKkoe MOJICTIMPOBAHUE B HEJIMHEWMHON AUHAMUKE [ DIIEKTPOHHBIN pecypc] :
[y4aeb. mocoOue 1t By30B TTO HAMPABICHUSM U CIICUATBHOCTAM: "MaTtemaTtuka',
"IlpuknagHas matemaTuka u uadopmatuka", "Mexanuka"] / A. B. Jopomms ; denep.
areHTCTBO MO 00pPa30BaHUIO,

Camap. roc. aspokocm. yH-T uM. C. I1. Kopomnesa. - Onexrpon. aas. (1 ¢aiin : 3,19
Moaiit). - Camapa : U3a-Bo CI'AY, 2008. - on-line. - 3ari. ¢ TUTYy:. 3KpaHa. - JJIEKTPOH.
Bepcus ned. myonukaiuu. - [SBN 978-5-7883-0584-4 : 0.00ITapaienbHble U31aHUS:
nevyaTHbid aHasor : JlopomuH A. B. Marematndeckoe MOAETUPOBAHUE B HETMHEUHOM
AUHAMHUKE : [y4e0. mocobue Il By30B 110 HAMPABICHUSIM U CHICIIUAIBHOCTSIM:
"Matematuka", "[Ipuknannas matematuka u nuapopmaruka", "Mexanuka"] / A. B.
HopomuH. - Ca

mapa : 13x-Bo CI'AY, 2008. - 98 c. - ISBN 978-5-7883-0584-4 (1lIudpp CI'AY:6/11
696-329460)

3. Attitude Dynamics and Control of a Dual-Spin-Spacecraft, Gyrostat-Satellites and
Nanosatellites with Multyrotor Systems [9nextponnsiii pecypce] = lunamuka u
yIIpaBJIEHUE TPOCTPAHCTBEHHBIM JIBUYKEHUEM KOCMUYECKHX amapaToB U
HAHOCITYyTHUKOB C MHOTOPOTOPHBIMU TH

pockonuueckumu cuctemamu : Electronic Textbook / V. L. Balakin, A. V. Doroshin ;
The Ministry of Education and Science of the Russian Federation, Samara State
Aerospace University (National Research University), Flight dynamics and control
systems department. - Electronic text and graphic data (2,17 Mb). - Samara : [0. u.],
2012. - 1 sn1. ont. guck (CD-ROM). - 3ari. ¢ konteitHepa. - 0.00ITapaniensabie
u3nanus: DNeKTpoHHbIN aHanor : Balakin V. L. Attitude Dynamics and Control of a
Dual-Spin-Spacecraft, Gyrostat-Satellites and Nanosatellites with Multyrotor Systems :
Electronic Textbook / V. L. Balakin, A. V. Doroshin. - Samara, 2012 on-li

ne (ludp 629.78/B 18-630470)

5.3 D1eKTpPOHHBIE HCTOYHMKH U MHTEPHET PecypcChl

http://fla.ssau.ru/moodle/



http://www.elsevier.com

5.4 MeTonuyeckue yKasaHus U PpeKOMEHIALNH

3aHATHS IPOBOAATCS B (pOpME JIEKLMIA U MPAKTUYECKUX (CEMUHAPCKUX) 3aHATUi. Ha
JEKLIHSX U3JIararoTCs KJIFOUYEBBIE MOJ0KEHNS COOTBETCTBYIOLIEH TEMBI, IIPH 3TOM
KOHKPETHBIE PUMEPHI 110 ITON TeME pa30oUparOTCs Ha MPAKTUYECKUX
3aHATHSIX.OCBOEHUE Kypca MPEANOoaraeT CaMOCTOATEIbHYIO pabOoTy CTYICHTOB B
cieayromux popmax:

* KOHCIIEKTUPOBAHME JICKIIMIA;

* pa300p JEKIIMOHHOTO MaTepHaa;

* 3HAKOMCTBO C OCHOBHOW M JOIOJHUTEIIHOW JIMTEPATYPOM;

* IOJTrOTOBKA K MPAKTUYECKUM 3aHATHSAM IO JaHHOM TEME JIEKIIUH;

* IOJIrOTOBKA 0030pOB U pedepaToB 110 MPEII0KEHHBIM TEMaM.
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