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O nporpamme

OuyepeapHOM 3allyCK KOCMUUECKUX alnapaToB B paMKax PepeparbHOMN IleAeBOM IPOrpaMMBI
«'nobarbHas HaBUTAIIMOHHAA CUCTeMa» 3alAaHUpoOBaH Ha AeKabpb 2004 ropa. BriBepeHue Ha
op6uty AByx cinyTHUKOB « TAOHACC» u opHOro Mopudunuposansoro cnyrauka «TAOHACC-M»
OyAeT ocyllecTBAeHO ¢ KocMoapoMa balikoHyp pakeToii-HocuTeaeM «[IpoToH-K» ¢ pa3aroHHBIM
OAOKOM «AM»,

Program Overview

The regular satellite launch under the Federal Target Program «Global Navigation System» is
scheduled for December, 2004. Two GLONASS satellites and a modified GLONASS-M satellite will be

orbited aboard a Proton-K launch vehicle with the DM upper stage from Baikonur.
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OcCHOBHbIE uenu
depepanbHoOu
LeneBon NporpamMmb|
«MIOHACC»

3apaum
depnepanbHon
Leneson NporpamMmmbl
«JIOHACC»

T'robanbHast HaBUTAITMOHHAs ciyTHHKOBasA cucteMa (TAOHACC) npunsara

B 3KcnAyaTanuo B 1993 ropy. Kocmuueckue annapatel cucteMsl TAOHACC
CO3AAI0T TAOOAaABHOE PAAMOHABUTAIIMOHHOE IIOA€, YTO OTKPHIBAET BO3MOXK-
HOCTB OIIEPATUBHOT'O BLICOKOTOYHOI'O OIIPEAEAEHUS MECTOIIOAOKEHUS ITOTpe-

ouTenell Ha3eMHOTO, MOPCKOTI'O, BO3AYHIHOT'O 1 KOCMUYECKOI'O 6a3I/IpOBaHI/IH.

+ AAABHeMIIee pa3BuTHe U 3PHeKTUBHOe NCIIOAb30BaHNe TA0OaAbLHON HaBU-
ranuoHHoU cnyTHUKOBOU cucteMbl TAOHACC B nHTepecax COLIMaAbHO-
5KOHOMHUUYECKOTO Pa3BUTHUS CTPaHbl, 00eclieueHNs HalluOHAaAbHOM 6e30-
TacCHOCTH;

* coxpaHeHUe Poccuell AMAUPYIOIMIUX O3UIIUHN B 00OAACTU CIIyTHUKOBOM
HaBUTAIlMU 3a@ CUeT rapaHTUPOBAHHOTO IPEAOCTaBACHMS HaBUTAIJUOHHBIX

CHUTHAAOB OT€YeCTBEHHBIM U 3&py6e}KHLIM HOTpe6I/ITe}\ﬂM.

* CO3AAHUE U Pa3BUTHEe KOCMUUECKUX CPEACTB M Ha3eMHOU UH(PacTpyK-
TYPBI CIIyTHUKOBOM HAaBUTAIITMOHHOU CUCTEMBI;

* BOCIIOAHEHUE U MOAAEPIKaHUe OpOUTAABHOY IPYNIIUPOBKYU CUCTEMEI
IF'NOHACC na ypoBHe, obOecIleunBalollleM pellleHUe HaBUTALMOHHBIX
3aAa4 Pa3AMYHBIMU IOTPEOUTEAIMY;

* COBEepIIEeHCTBOBaHMeE reope3ndeckoro odecneuenus cucrteMel [AOHACC;

+ obecIleueHUe BBHITOAHEHUS MEeKAYHAPOAHBIX COTAAQIIEHUN U 0053aTeAbCTB
Poccuu B o6AaCTH CIYTHUKOBOM HaBUTAIUH, Pa3BUTHE MEKAYHAPOAHOTO
COTPYAHHMYECTBA B OOAACTH CITYTHUKOBOM HaBUTAIINN U YIaCTHE B MEJKAY-
HapOAHBIX IPOEKTaX;

* pa3zpaboTKa U IPOU3BOACTBO KOHKYPEHTOCIOCOOHON OTeueCTBeHHOH
HaBUTAIIMOHHOM IOTPEeOUTEABCKOH aNlllapaTyphl, CO3AaHNE YCAOBUY AN €€
BHEAPEHUS Ha POCCUMCKUU U MeXKAYHAPOAHBIM PBIHKH, NHUIIMUPOBaHUE
MaccoBOI0 CIIpoca Ha OTeueCTBeHHOe 060pyAOBaHUEe U YCAYTY CUCTEMEI
F'AOHACC;

*+ IOCTPOEHNEe HOBOU CTPYKTYPHI TeOAE3UUEeCKUX CeTel, pearn3yIoluX Ha
Tepputopuu Poccutickoit @epepalniiil BICOKOTOUHYIO €AUHYIO TeolleH-
TPUYECKYIO CHCTEMY KOOPAWHAT, ¥ IIOAAEPIKaHMe ee Ha YPOBHE COBpe-
MEeHHBIX U IePCIeKTUBHBIX TpeOOBAHUYU 9KOHOMUKH, HAyKU U OOOPOHEL
CTpaHBI IPU MaKCUMaAbLHOM UCIIOAB30BaHUM IIOTEHIHAaAA CYIIeCTBYIOIINX
TeOAe3UYEeCKUX CeTel;

* CO3AaHUe U pa3BUTHE HayYHO-TEXHUUECKOTO ¥ TEXHOAOTMYECKOTO 3aAeA0B
MM IEPCIIEKTUBHOM CIIYyTHUKOBOU HABUTAIIUOHHOM CUCTEMBL.

PeaJ\I/IBaHI/IH HpOI‘paMMH 00eCIIeunT NOBBINIIEHNE TOYHOCTUA 1 OIIePAaTUBHO-

CTH KOOPAMHATHO-BPEMEHHBIX OIIPEASACHUH IIIMPOKOTO Kpyra oTpeduTesei

— TMOTPEIIHOCTh OTIPEACACHUST KOOPAUHAT — 5 M,

— TIOTPEITHOCTH OITPEAEACHUST KOOPAMHAT B A epeHITHarAbHOM
pexxume — 0,3-1 M,

— ckopoct — 1 cm/c,

— BpeMeHU — He Ooaee 10 HAHOCEKYHA,

qTo 6yAeT COOTBETCTBOBATH MUPOBOMY YPOBHIO IIPEAOCTABASIEMBIX HaBUTAIM-

OHHBIX YCAYT.

Space Forces

Federal Space Agency

Baikonur Launching Site, December 2004
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Cuctema NOHACC

'roGanbHAs HABUTAIIMOHHAS CITyTHUKOBAS
cucTeMa — CHCTeMa ABOMHOTO UCIOAB30-
BaHUsA, o0ecledUBalOIlasa pelleHUe 3aAa4
MunucrtepctBa 060poHHE Poccurickot
Depepaliuu U rpa’kKAQHCKUX IIOTpeOUTENE.
Cryrauku cucteMsl TAOHACC dopmupyioT
HeIIpephIBHOE IT0A€ HaBUTAIIMOHHOTO CUTHAAQ,
Ha OCHOBAHUU KOTOPOTO C ITIOMOIIBIO IOPTATUB-
HBIX IPUEMHUKOB BO3MOKHO BBICOKOTOUHOE
onpepeAeHNe KOOPAUHAT U CKOPOCTHU ABUJKe-
HUS, @ TAaK)Ke NIPHUBSI3Ka K TOYHOMY BpEMEHH.

[TorHass opOUTaAbHAd TPyNNHUPOBKaA
TAOHACC copep>XUT 24 MITaTHBIX KOCMU-
YeCKHUX alllapaTa Ha KPYroBHIX OopOu-
TaxX C HaKAOHeHUeM 64,8° B Tpex opOUTaAb-
HBEIX IIAOCKOCTSIX II0 BoceMb KA B Ka>KAOH.
AOATOTBEI BOCXOASAIINX Y3A0B TPEX OPOUTAAD-
HBIX IIAOCKOCTEM Pa3AndaroTCd HOMUHAABHO
Ha 120°. [Tepuop obpallleHUs COYTHUKOB
T'AOHACC paBen 11 9 15 muH 44 ¢, a pacueT-
Has BbICOTA Kpyrosou op6utsl — 19100 kM
HaA IIOBEPXHOCTHIO 3eMAH. B Kakp0M opbu-
TaABHOM IINOCKOCTH BOoCceMb KA pa3HeCceHE! 110
apryMeHTy IIUPOTHL Yepe3 45°, U apryMeHThI
LIIUPOTHI BOCbMMU allllapaToB B TPeX OPOUTaAL-
HBIX IINOCKOCTSIX CABUHYTHL Ha + 15°. 3a BpeMsa
sKcnayaTanuu KA pearbHBIe IOAOKEeHUST
CIIyTHUKOB B I'PYIIIUPOBKE MOTYT OTAMYATHCS
OT HOMMHAABHEIX He OOAee yeM Ha *+ 5°.

[Mpuemauk FTAOHACC Ha NOABUXKHOM
00beKTe B ceaHCe HaBUTallUU IpUHUMAaeET
PaAMOCUTHAALI He MeHee YeM OT 4eThIpex
annapaToB, HaXOAAIINUXCS B 30He PaAUOBU-
AUMOCTHU. OTHU CUTHAABI UCIIOAB3YIOTCS AAS
U3MepeHUs TPeX Pa3HOCTeN AAABHOCTEHN U
TpexX pa3HoCTel papAMaAbHBIX CKOPOCTeU
06BbeKTa OTHOCUTEABHO UYeThHIpeXx almapa-
TOB. ITo pe3yAbTaTaM U3MepPEeHUN ONIPeAEAs-
IOTCSI TPU KOOPAUHATEL U TPU COCTABASIONITE
BEKTOpPa CKOPOCTH IOABHUIXHOTO OO'BEKT], a
TaK’Ke CMellleHUe IITKaAbl BpEMEeHH 00 beKTa
OTHOCHUTEABHO IIKAABl CUCTEMHBI.

Cy1ecTBeHHBIM CBOMCTBOM CITyTHUKOBOM
HaBUTAI[MOHHOW CHCTEMHEI SIBASIETCS IIPUH-
LUINAABHO He OrPaHUYEeHHOEe YHCAO ITOAB30-

BaTeAel, IOCKOABKY Ha3eMHas alnaparypa

Kocmopapom BalikoHyp, aekabpb 2004

IIoAb30BaTeAel He epepaeT PapAUOCUTHAABL
Ha CIIYTHHUKH, & TOABKO UX IPUHUMAaeT. JTa
>Ke 0COOeHHOCTh CUCTEMBI OO'BbICHIET OTCYT-
CTBUE IPSIMBIX PACXOAOB» Ha OOCAY>KHUBa-
HYE IIOAb30BaTeAeH, @ 3HAUUT, IOSIBASIETCS
BO3MOJKHOCTb 0€CIAATHOTO UCIIOAB30BaHUSA
HaBUTAIIMOHHOI'O CUTHAAA.

PapmonaBUTranmuoHHOE IIOAE CHCTEMEL
IF'NOHACC obGecneunBaer:

* TAOOAABHYIO aBTOHOMHYIO OIIePaTUBHYIO
HaBUTAIMIO IPU3EeMHEBIX ITOABUKHBIX
O00OBEKTOB;

* AOKaAbHYIO BEICOKOTOUYHYIO HaBHUTa-
IIUIO Ha3eMHBIX ITOABHUKHEIX 0O BEKTOB
Ha OCHOBe AuddepeHIIHaAbHBIX METOAOB
HaBUTAIIMU C IPUMeHeHNeM CTalliOHapHBIX
Ha3eMHBIX KOPPEKTUPYIOIIVIX CTaHITUL;

* BHICOKOTOYHYIO B3aUMHYIO Teope3nde-
CKYIO «IIPUBSI3KY» YAQAEHHBIX Ha3eMHBIX
O0OBEKTOB;

* B3aUMHYIO CUHXPOHM3alui0 CTaHAApP-
TOB YaCTOTHI ¥ BpeMeHU Ha YAAAEHHBIX
Ha3eMHBIX OOBEKTaX;

* HeOllepaTUBHYIO aBTOHOMHYIO HaBUTa-
IIUIO CPeAHEeOPOUTAABHBEIX KOCMUYECKUX
O0OBEKTOB;

* olIpepeAeHUe OpUeHTanuu o0beKTa Ha
OCHOBe papAuoOUHTepdepoMeTpUIeCcCKUX
U3MepeHUY Ha 06'bEKTe C MOMOIILIO
HaBUTAIIMOHHBIX PAAMOCUTHAAOB, IPUHU-
MaeMbIX pa3HeCeHHBIMU aHTeHHaMU.
Cnytuuku cuctemel TAOHACC rmenpe-

PBIBHO U3AYYalOT HaBUTAIIUOHHBIE CUTHAABL
ABYX THIIOB: HABUTAIIMOHHLIN CUTHAA CTaHAAPT-
Hol TouHocTH (CT) B pnanasone L1 (1,6 I'Tm)
1 HaBUTAIJMOHHBIM CUTHAA BEICOKOU TOYHO-
ctu (BT) B Amanmazonax L1 u L2 (1,2 I'T).
Wudopmaiiusg, npepocTaBAsIeMasi HABUTAITUOH-
HBIM curHaroM CT, poocTynHa BceM OTpebu-
TeASIM Ha IIOCTOSTHHOU U TAOOAABHOM OCHOBe U
obecreuyrBaeT IpU UCIIOAB30BAHUY IIPUEMHU-
K0B TAOHACC BO3MO>XKHOCTB OIIPEASAEHUS:

* TOPU30OHTAABHBIX KOOPAMHAT C TOYHOC-
Thi0 50-70 M (BeposiTHOCTL — 99,7%);

* BEPTUKAABHBEIX KOOPAUHAT C TOYHOCTHIO

70 M (BeposATHOCTL — 99,7%);

Space Forces

Federal Space Agency

The GLONASS global navigation satellite
system was put into operation in 1993.
GLONASS satellites generate a global
navigation field enabling to spot the location
of ground, sea, air and space-based users with

high accuracy and speed.

Main goals of the GLONASS Program are:
*to develop and use effectively the
GLONASS global navigation satellite
system to provide for Russia's social and
economical development and national
security;
» to keep Russia's leading role in satellite
navigation due to guaranteed providing of
navigation signals to Russian and foreign

users.

Tasks of the GLONASS Program

» to create and develop space means and
ground infrastructure for the satellite
navigation system;

» to recover and support the GLONASS
orbital grouping at the level allowing
to decide navigation tasks for different
users;

*to improve geodesic support of the
GLONASS system;

to fulfill the international agreements

.

and Russia's commitments in satellite
navigation, to expand the international
cooperation in satellite navigation and to

participate in international projects;

to develop and manufacture competitive
navigation consumer equipment, to make
conditions for its introduction in the
Russia's home and international markets,
to initiate mass demand for Russia's
equipment and services of the GLONASS
system;

+ to build a new architecture of geodesic
networks to implement the united precise
geocentric coordinates on Russia's
territory and support its operation at the
level corresponding to the modern and

forward-looking requirements of the

Baikonur Launching Site, December 2004

national economy, science and defense
with the maximum potential application

of the existing geodesic networks;

to give a good start to and develop further
scientific, technical and technological
aspects for the future satellite navigation
system.
The Program implementation ensures an
increase of the accuracy and efficiency of
coordinate-temporal spotting of great number
of users

* spotting error — 5m,

 spotting error in the differential rate —

0.3-1m,

- of speed — 1 cm/s,

« of time — not more than 10 nanoseconds.
Which will conform to the international

level of the rendered navigation services.
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* COCTaBASIIOUIUX BEKTOpPA CKOPOCTHU C
TOYHOCTHIO 15 cM/ ¢ (BeposiTHOCTE — 99,7%);
* TOYHOTO BPEMEHU C TOYHOCTHIO 0,7 MKC
(BeposiTHOCTE — 99,7 %).
3amycK IepBOro CIyTHUKA II0 IIporpaMMe
F'ANOHACC («Kocmoc-1413») cocTosacsa 12 ok-
Ts10ps1 1982 ropa. CucteMa 6bira OPUITHANBHO
NPUHATA B OKCIAyaTanuo 24 ceHTAOPA
1993 ropa pacnopsaxxenueM [Ipe3upeHTa
Poccutickoit Oepepanuu Ne 658-p1ic ¢ HEMIOA-

HOU KOMIIAEKTallel OpOUTAABHOU CTPYKTYPBI

IIPU YCAOBUU Pa3BePTHIBAHMS IITATHON OpoOU-
TaABHOM CTPYKTYDHI (24 ciryTHHKa) B 1995 roay.
IMocranoBaenueM [IpaBureabcTBa PO ot
7 mapTa 1995 r. Ne 237 OBIAM OpraHM30BaHbBL
paboTHI IO IOAHOMY pa3BepPThIBAHHUIO OpPOU-
TaAbHOU CTPYKTYPHI (24 ciyTHUKA), oOecIie-
YeHUIO CepUNHOTO NIPOU3BOACTBA HAaBUTa-
IIMOHHOW anlapaTypsl U IPeACTaBAEHHUIO
IF'ANOHACC B KadecTBe 3AeMeHTa MeXAyHa-
POAHOM rA0OaABHOM HAaBUTAITMOHHOM CUCTEMBL

AASI TPA)KAQHCKUX TOTPeOUTEeAEH.

3anonHeHHble opbuTanbHble
nosvumm

3anonHsemble opbuUTanbHbie HesanonHeHHble 0pbUTabHbIE
nosuummn r noauummn

GLONASS is a double-purpose global
navigation system designed to meet
requirements both of the Russian Ministry of
Defense and civil users. GLONASS satellites
generate coverage of continuous navigation
signal allowing to determine exact coordinates
and velocity by means of small portable
receivers, and exact timing.

Fully deployed GLONASS constellation
is composed of 24 regular satellites in three
orbital planes whose ascending nodes are 120°
apart 8 satellites are equally spaced in each
plane with argument of latitude displacement
of 45°. Besides, the planes themselves have 15°
argument of latitude displacement. Over the
operation time a real satellite position in the
constellation can differ from a designed one
notmore than 5°. GLONASS satellites operate
in circular 19100 km orbits at an inclination
angle of 64.8° and each satellite completes
orbital period in 11 hrs 15 min 44 sec.

GLONASS receiver automatically receives
navigational signals from at least 4 radio visible
satellitesand measures their pseudorangesand
velocities. Computer of GLONASS receiver
processes all the input data and calculates
three coordinates, three components of
velocity vector, and precise time.

One of the main features of the GLONASS
satellite navigation system is an unlimited
number of users as their ground equipment
doesn't transmit signals to the satellites, but
onlyreceives them. The same feature accounts
for lack of «direct costs» for users' servicing
and as a result the possibility to use navigation
signals for free.

Radio navigation coverage of the
GLONASS system makes possible:

» global autonomous operative navigation
of surface mobile objects;

« local high-precise navigation of surface
mobile objects based on navigation
differential methods using ground-based

correction stations;

* high-precise mutual geodesic affixment

of remote ground-based objects;

mutual frequency and time standards
synchronization at remote ground-based
objects;

* non-operative autonomous navigation of

mid-orbital space objects;

.

determining of object orientation on basis
of radiointerferometrical measurements
on the object by means of navigation radio
signals received by space-apart antennas.
The GLONASS system has two types
of navigation signals: standard precision
navigation signal (SP) (L1-band — 1.66 GHz)
and high precision navigation signal (HP)
(L1-band and L2-band — 1.2 GHz).

SP positioning and timing services are
available to all GLONASS civil users on a
continuous, worldwide basis and provide the
capability to obtain:

+ horizontal positioning accuracy within
57-70 meters (99.7% probability);

» vertical positioning accuracy within
70 meters (99.7% probability);

* velocity vector components measuring
accuracy within 15 cm/s (99.7%
probability);

» timing accuracy within 1 mks (99.7%
probability).

The first GLONASS satellite
(Kosmos-1413) was launched on October
12, 1982. The system was officially put
into operation incomplete on September
24, 1993 according to the Decree of the
President of the Russian Federation 658rps
provided that a full orbital structure (24
satellites) was deployed in 1995. The
Resolution of the Russian Government
dated March 7, 1995 No 237 proscribed to
deploy the full orbital structure, to provide
mass production of navigation equipment
and to present GLONASS as an element of
the international global navigation system

for civil users.

GLONASS System

®depepanbHag Lenesas nporpamma «[mobansHas HaBUraymMoHHasa cuctemar»
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KocMuueckue annapaTsl ceMenCTBa
«TANOHACC» («YparaH») AASL OTedeCTBEH-
HOM TA0OaABHOM HABUTAIMOHHOU CIYyTHU-
KOBOM CHCTEMBI OBIAU CIIPOEKTUPOBAHEI B
KOHCTpyKTOpckoM G6topo HITO npukrapHOM
mexaHuku (HITO TIM) B r. KpacHosapck-26
(?Keaesnoropck). Ao Hauara 1990-x rr. usro-
ToBAeHUd annapaTtoB «TAOHACC» Beaoch
TIPOM3BOACTBEHHBEIM 00bepuHeHueM «IToaeT»
(r. OMCK) IO KOHCTPYKTOPCKOM AOKYMEH-
TaIUUd U IIOA @BTOPCKUM HabAIOAeHUEM
HITO IIM. 3aTeM B CUAY 9KOHOMHUYECKUX
IPUYUH F'OAOBHOE IIPEATIPUSTHE BEPHYAOCH
K IIPaKTHKe CaMOCTOSTEABHOTO U3TrOTOBAE-
HUS CBOUX allllapaTOB, U BCe MOAEPHU3UPO-
BaHHBIe cryTHUKHU cucTteMbl « TAOHACC»
OTHBIHE IIPOU3BOAATCA TOABKO Ha HITO ITM.

B HacTOAmUNA MOMEHT 3KCIAYaTUPY-
1orca KA «FTAOHACC» AByX MopAuUKa-
nuii — cobcTBenHo 11D654 «TAOHACC»
U COYTHUKUA MOAUMDUIUPOBAHHOU CEPUU
«TAOHACC-M», IepBBIN U3 KOTOPBIX OBIA
3anylieH B Aekabpe 2003 r. OTu ABa anmnapara
OCHOBAHBI Ha CXOAHBIX IPOEKTHO-KOHCTPYK-
TOPCKUX PelIeHUAX U Ha o0Illled KocMuue-
CKOU IAaTdOpMe repMeTUYHOTO UCIIOAHEe-
Hus. OCHOBHBIE U3MEHEHHUS CBEAUCH, IIPEKAL
BCETo, K MOAM(UKAIIUY aHTEHHO-(PUAEPHOTO
YCTPOMCTBA, YBEAMYEHUIO IPOEKTHOI'O CPOKa
aKTUBHOTO CYILIEeCTBOBAHUS AO CeMU AeT U
BBEAEHUIO BTOPOM HAaBUTAI[MOHHOU YaCTOTHI
AAS TPAKAQHCKUX IIOAB30BaTEACH.

IMepcnekTuBubilt KA «TAOHACC-K» —
ammnapaT IPUHIUINAABHO HOBOY KOHCTPYK-
LIMM, OCHOBAHHBIN HAa HerepMEeTUYHOU IAAT-
dopmMe, YHUDUIUPOBAHHOU IO OCHOBHBIM
nokasaTeadaM ¢ naatdopmoit HITO [IM
«39xkcnpecc-1000», 1 OTHOCAIIUNCI K KAACCY

MAABIX KOCMHWYECKHUX allllapaTOB. AHHapaTLI

Kocmogpom BarikoHyp, aekabpb 2004

KocMmmarckmEe AMIAPATEL «TAOHACC» 1 «TAOHACC-M»
GLONASS SATELLITES

«TANOHACC-K» cyIecTBeHHO AeTUe CBOUX
IpeAlleCTBEHHUKOB, YTO o0ecredyuBaeT
3HAUYUTEABHYIO DKOHOMHMIO 3aTpaT Ha UX
AOCTaBKy Ha OpPOUTY U pacIIupseT AUala-
30H UCIIOAB3YEMEIX CPEACTB BHIBEAEHUS.
PacueTHBIM CPOK aKTUBHOI'O CyI]€CTBOBA-
HUuA yBeAndeH A0 10-12 AeT. BBepeHa TakKe
TPeThs «IPakAaHCKasi» yacToTa L-pnarmazoHa.
Ucnwertanua KA «FTAOHACC-K» naaHUupy-
eTcs HadaTh B 2007 T.

ITo annmaparTy «AaAbHEUN IepPCIeKTUBBI»
«TANOHACC-KM» K HacToseMy MOMEHTY
TOABKO (DOPMYAUPYIOTCS OCHOBHBIE IIPOEKT-

HEIe Tpe6OBaHI/IH.

Ha3Ha4yeHue u coctaB KA «JIOHACC»
B cocraBe rno6aAbHOM HaBUTAITMOHHOM
cucteMmbl TAOHACC kKocMUYecKHe annapaTh
BBITIOAHSIIOT CAEAYIOITVe DYHKITUN:
* U3Ay4YeHHeEe BBICOKOCTAaOMABHBIX PaAMOHA-
BUTAI[MOHHLIX CUTHAAOB;
* IpUeM, XpaHeHue U llepepada NudpoBoi

HaBUTAIIMOHHOW UH(MOPMalLuY;

dopMupoOBaHUe, OIIU(PPOBKA U IIepepada

CUTHAAOB TOYHOT'O BpEMEHH;,

PETPaHCASIUS UAU U3AYYEHUE CUTHAAOB
AAS IPOBEAEHUS TPaeKTOPHEIX U3Mepe-
HUH A KOHTPOASI ODOUTHI ¥ OIIPEAENEHUS

IIOIIPABOK K OOPTOBOM IIIKaAe BpEMEHH;

npueM U 00paboTKa pa30BEIX KOMaHA,

.

npueM, 3allOMUHAHUE U BBEIIOAHEHHE
BpeMeHHBIX IPOTPAaMM yIpaBAeHUS
peXxuMaMu PyYHKIIMOHUPOBAHUS CIYT-

HUKa Ha opoure;

dopMuUpOBaHUEe TeAeMeTPUUYECKOU
nHOpPMAIUU O COCTOSIHUYU OOPTOBOU
amnapaTyphl U Iepepada ee AAg obpa-
OOTKHU M aHaAU3a Ha3eMHOMY KOMIIAEKCY

YIPaBACHUS,

Space Forces

Federal Space Agency

GLONASS family («Uragan») was
designed for the Russian global navigation
satellite system at the Design Bureau of
NPO PM (Reshetnev Applied Mechanics
Research and Production Association) in
Krasnoyarsk-26 (Zheleznogorsk). Up to the
1990s GLONASS production had been carried
out by Polyot Production Association (Omsk)
under NPO PM's design documentation and
observation. Then, due to some economic
reasonsNPO PMstartedsatellitemanufacturing
in its own facilities, and at present all upgraded
GLONASS satellites are made there.

Nowadays, two modifications of
GLONASS satellites are under operation —
GLONASS 11F654 and updated GLONASS-M
satellites (First GLONASS-M satellite was
launched in December, 2003). These two
spacecrafts are based on similar design
solutions and a common hermetic space
platform. As to the changes, fist of all, antenna-
feeder devices were upgraded, the design
active lifetime was extended to 7 years and
second navigation frequency band for civil
users was introduced.

GLONASS-K is a future-technology
spacecraft of an absolutely new configuration
based on a non-hermetic platform which major
performances are unified with Express-1000
platform of NPO PM. GLONASS-K is
considered as a small spacecraft. It weights
considerably less than GLONASS satellites of
the previous generation which reduces costs of
its delivery to orbit and increases the number
of launch vehicles for its insertion. The design
active lifetime is expanded to 10- 12 years.
Third «civil» frequency of L-band is introduced.
GLONASS-K tests are scheduled for 2007.

AstoGLONASS-KMsatelliteofalong-term
prospect, up to the moment general project

requirements are under consideration.

GLONASS Functions and Configuration
Functions of the GLONASS satellite are:
» to beam high stable radio navigation

signals;

Baikonur Launching Site, December 2004

» to receive, store and transmit digital
navigation data;

+ to generate, numerilize and transmit exact
time signals;

+ toretransmit or beam signals for trajectory
measurements to control the orbit and
correct the onboard time scale;

+ to receive and process single commands;

+ to receive, store and execute temporary
control programs of satellite functioning
on orbit;

+ to generate telemetry data on the onboard
equipment and to transmit it for processing
and analysis to the ground control complex;

*to receive and implement codes/
commands of correction and phasing of
the onboard time scale;

* to generate and transmit a «malfunction
symptom» if important controlled
parameters are beyond standards.
GLONASS and GLONASS-M satellites

compose a cylindrical pressurized container
with an instrument unit, a frame of antenna-
feederdevices, orientationsysteminstruments,
solar arrays panels with drive mechanisms, a
propulsion unit and thermal control system
shutters with drive mechanisms.

The satellites are also equipped with
optical angular deflectors to calibrate radio
signals of measuring system by measuring
optical range to the satellite and to specify
geodynamic parameters of satellite moving
pattern. The angular deflectors are designed
as a unit which instantly tracks direction to
the Earth centre.

The onboard equipment includes:

Navigation complex supports the satellite
operation as a part of the GLONASS system.
The complex includes a synchronizer,
a navigation signal former, an onboard
computer, a navigation data receiver and a
navigation signals transmitter.

The synchronizer emits high-stable syncro-
frequences onto the onboard equipment,
forms and stores, corrects and delivers the

onboard time scale.

Proton-K — GLONASS, GLONASS-M
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CnyTHUKKN
«NIOHACC» n
«'JIOHACC-M>»

e IpUeM U BBIIOAHEHNE KOAOB/KOMaHA
KOppeKIuu u pa3upoBaHusi O0PTOBOU
IIIKaABI BpeMeHUY;

« dhbopMUpOBaHUe U Ilepepada «IIpU3HaKa
HEeUCIPaBHOCTU» IIPU BHIXOAE Ba>KHBIX
KOHTPOAMPYEMEIX MapaMeTpoOB 3a

TIPEeAEeABI HOPMHI.

Croyrauku «FTAOHACC»u«’AOHACC-M»
KOHCTPYKTUBHO COCTOST U3 IITUAUHAPU-
YeCKOTO repMOKOHTeMHepa ¢ npubop-
HBIM OAOKOM, paMbl aHTEHHO-(PUAEPHBIX
YCTPOUCTB, IPUOOPOB CUCTEMBI OPUEHTAINH,
naHeAeN COAHEUYHBIX OaTapel ¢ IPUBOAAMH,
OAOKa ABUTATEABHOM YCTAaHOBKH U >KAAIO3U
CHCTeMBI TEPMOPETYAUPOBAHUS C IPUBOAAMMU.

Ha cnyTHMKaX TakyKe YCTaHOBAEHBI OIITH-
YyecKHe YTOAKOBEIE OTpa’kaTeAH, IpeAHa3Ha-
YeHHBIe AAST KaAMOPOBKH PAAHMOCUTHAAOB U3Me-
PUTEABHOM CUCTEMBEI C IOMOIILIO U3MEePEeHUN
AAABHOCTH AO CITyTHHKA B OIITUYECKOM AMalla-
30He, a TaK’Ke A\ YTOUHEeHUs TeoAUHaMude-
CKUX ITapaMeTpOB MOAEAU ABUJKEHUS CITyT-
HUKa. KOHCTPYKTUBHO YTOAKOBBIE OTPaskaTeAr
hOpPMUPYIOTCS B BUAE OAOKQ, IIOCTOSTHHO OTCAe-
SKUBAIOIIETO HallpaBAeHYe Ha ITeHTP 3EeMAN.

B cocTaB 60pTOBOI annapaTypel BXOASAT:

HaBUTAITMOHHBINM KOMIIAEKC;

KOMIIAEKC YIIPDABACHUS,

CcucTeMa OpueHTalluu 1u CTa6I/IAI/ISaHI/II/I;

crcTeMa KOPPEeKITUY;

cHucTeMa TepMOPETryAnPOBaHUS;

CHCTeMa dAeKTPOCHaOKeHHU .
HaBurannoHHBIA KOMIIAEKC oOecIe-
ynBaeT PyHKIUOHUPOBAHUE COIYTHUKA B
cocraBe cucrembl TAOHACC. B ero cocraB
BXOASAT CUHXPOHHU3ATOP, POPMUPOBATEAD
HaBUTAIIMOHHBLIX PAAUOCUTHAAOB, OOPTO-
BOY KOMIIBIOTEP, IPUEMHUK HaBUTAITMOHHOU
UH(POPMAINN U TTePeAaTINK HaBUTAITMOHHBIX
PaAUOCUTHAAOB.

CHUHXPOHHU3ATOP BbIA@ET BEICOKOCTAOUAD-
HBble CUHXPOYacCTOTHI Ha OOPTOBYIO amlapa-
Typy, oOecnieunBaeT (GOPMUPOBAHUE, XpPaHe-
HHe, KOPPEKIIHUIO U BEIAQYY OOPTOBOM HIKAABI

BpPEMEHHU.

Kocmopapom BalikoHyp, aekabpb 2004

QopMUpoBaTEAb HABUTATTMOHHEBIX PAAUO-
CUTHaAAOB obOecliedynBaeT opMUpPOBaHUE
IICEBAOCAYYANHBIX (Da30MaHUITYAUPOBAHHBIX
HaBUTAIMOHHBIX PAAMOCUTHAAOB, COAEPIKa-
WX AAABHOMEPHBIN KOA ¥ HaBUTAITUOHHOE
cooOIeHue.

KoMnaekc ynpaBaeHus obeciiednBaeT
yIpaBAeHVE CUCTeMaMU CIIyTHUKA U KOHTPO-
AUPYeT IPAaBUABHOCTb UX (DYHKIJMOHUPOBA-
HUA. B cocTaB KOMIIAEKCa BXOAAT KOMaHAHO-
U3MepUTeAbHas CucTeMa, OAOK YIIPaBACHUS
OOpPTOBOM aNInapaTypoM U CUCTeMa TeAreMe-
TPUUECKOTO KOHTPOAS.

KomMaHAHO-m3MepuTEeAbHAS CUCTeMa
oGecrnmeunBaeT u3MepeHUe AAABHOCTHU B
3allpOCHOM peXkuMe, KOHTPOAL OOPTOBOM
IIKaABl BpeMeHH, yIIpaBAeHUe CUCTEMOH 110
pPa3oBBIM KOMaHAAM ¥ BpEMEHHBIM IIPOTPaM-
MaM, 3allMCh HaBUTAITMOHHOMN WH(POPMAIU B
OOPTOBOM HABUTAITMOHHBIN KOMIAEKC U IIepe-
AQ4y TeAEMETPUU.

BAok ypaBAeHUsT oOecliedunBaeT pacipe-
AeAeHVe IIUTAaHUS Ha CUCTEMBl ¥ IPpUOOPH
CIIYTHUKA, AOTMYECKYIO0 00pabOTKy, pa3MHO-
>KeHUe U YCUAeHNe Pa30BhIX KOMaHA,

CucreMa opueHTaluy U CTaOUAN3aL N
o6ecIeunBaeT yCIIOKOEHNE CIIyTHUKA IIOCAE
OTAEAEeHUS OT PAaKeThI-HOCUTEAS], HaYaAb-
HYIO OPHEeHTAaIuI0 COAHEeUYHBIX OaTapel Ha
CoOAHIle U TPOAOABHOW OCH CIYTHHMKA Ha
3eMATo. 3aTeM OCYIIeCTBASIETCS OpHUeHTalUs
TIPOAOABHOM OCH CITyTHHKA Ha IeHTP 3eMAU U
HalleABaHUe COAHeUYHBIX OaTapeii Ha CoAHIIe.
CucrteMa obecreunBaeT TakyKe CTaOUAU-
3aIMI0 CIIYTHUKA B IpPOIlecce KOPPEeKIuu
opOUTHL. B cucTeMe UCTIOAB3YIOTCS IPUOOD Ha
OCHOBe MH(PPaKpPacCHOTO IOCTPOEHUS MECT-
HOM BEPTHUKAAU (AAS OPUEHTAIIMM Ha IeHTP
3eMAU) U IpUbop AAS opueHTauy Ha COAHIIe.
[MorpeniHOCTh OPUEHTAIIUYN Ha IIEHTP 3eMAU
He XyXe 3°, @ OTKAOHEeHHe HOPMAaAHM K ITIOBEPX-
HOCTH COAHEUHOU GaTapeu OT HallpaBAECHUST
Ha CoaHIle — He Ooaee 5°. AAT MUHUMU3AITAN
BO3MYIIAIOIIUX BO3AENUCTBUN Ha ABUJKEHUE
IIeHTpa MaccC CIIyTHUKA, pPa3rpy3Ka ABHUraTe-

Ael MaxOBUKOB IIPOU3BOAUTCSA C IOMOUIBIO

Space Forces

Federal Space Agency

The navigation signals former forms
pseudorandom phase-manipulated navigation
radio signals containing range codes and
navigation messages.

Control complex controls satellite systems
and verifies their operational accuracy. The
complex includes a command & measurement
system, an onboard equipment control unit
and a telemetry control system.

The command & measurement system
measures the distance in a demand regime,
controls the onboard time

scale, the system of single

Baikonur Launching Site, December 2004

the direction to the Sun is maximum 5°. To
minimize disturbing influences on the motion
of satellite centre of mass, flywheel engines
are unloaded by means of magnetic core. The
propulsion unit serves as an instrument for
satellite dampening and stabilizing during
the delta-velocity maneuver. The attenuation
regime resulting in the angular velocities
bleedoff is turned on in the radio coverage
zone.

While the initial Sun orientation the

Proton-K — GLONASS, GLONASS-M

commands and short-term
programs, navigation data
recording to the onboard
navigation complex and
telemetry transmission.

The control unit allocates
power supply to satellite
systems and equipment,
supports logical processing,
multiplying and amplification
of single commands.

Orientation and
stabilization system dampens
thesatellite afterits separation
from the launch vehicle,
supports initial orientation of
solar arrays to the Sun and of
satellite longitudinal axis to
the Earth. Then it orients the
longitudinal axis to the Earth
centre and solar arrays to the
Sun. The system also stabilizes
the satellite during the
process of orbital correction.
The system includes an
instrument on the basis of IR
local vertical line for the Earth
orientation and an instrument
for the Sun orientation.
The Earth orientation is
in maximum error by 3°,

and the normal deviation

to solar array surface from
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MarHuTOIIPOBOAA. B KauecTBe MCIIOAHUTEAD-
HOTO OpTaHa IIPY OCYIeCTBACHUN YCIOKO-
€HMd U CTaOMAM3aIUU CIIyTHUKA BO BpeMs
BBEIAQYUM UMIIYAbCA KOPPEKIIUM UCIOAB3Y-
eTCsl ABUTaTeAbHas yCTaHOBKa. PesxuM ycmo-
KOEHHUS, B pe3yAbTaTe KOTOPOT'O IIPOMCXOAUT
ralnieHue yrAOBBIX CKOPOCTEM, BKAIOYAETCS B
30HE PaAOBUAVIMOCTH.

B pexume HavyaAbHOM OpUEHTAIMU Ha
CoaHIle OCYIIIeCTBASIETCS Pa3BOPOT CITyTHUKA
OTHOCHUTEALHO IIPOAOABHOU OCH C ITOMOIIBIO
YIPaBASIONIUX ABUTATEAEH-MaXOBUKOB AO
nosiBAeHus: CoAHIIA B IIOAe 3peHUs nTpubopa
opuenTanuu Ha CoAHIIe, KOTOPBIM YCTaHOB-
A€H Ha IIaHeAU COAHEUYHBIX OaTapel.

Pesxum opueHTaluu Ha 3eMAIO HaUWHaA-
eTCsl U3 IOAOKeHusT opueHTanuu Ha ConHIle
IIyTeM pa3BOpOTa COYTHHUKA C IOMOIbLIO
ABUTaTeAeH-MaXOBUKOB BAOAB OCH, OPDUEHTH-
poBaHHO!M Ha COAHITE, AO TOIBAEHUS 3EMAU B
IIOA€ 3peHUs MPUOopa OPUEeHTAIlMY Ha IeHTP
3eMAu. B mrraTHOM peskuMe 06ecriedYnBaeTCs
OpHMeHTAaIs OCU CITyTHHKA BMeCTe C aHTeH-
HaMHU Ha LEHTP 3eMAH C IOMOILIBIO YIIPABAS-
IOIIUX ABUTATEAEH-MaXOBUKOB II0 CUTHAAAM

c npubOpPOB OPUEHTALIUM Ha IEHTP 3eMAH,

Kocmopapom BalikoHyp, aekabpb 2004

a Tak Xe OpUeHTallus CONHEeUYHHIX OaTa-
pett Ha CoAHIle ITyTeM pa3BOpPOTa CIIyTHUKA
BMeCTe C COAHeUHBIMU 6aTapesiMU C IIOMO-
IBIO YIPaBASIIONIEro ABUTaTeAsI-MaXx0OBUKa
10 OAHOMY KaHaAy M pa3BOPOTOB IaHeAeH
OaTapel OTHOCUTEABHO KOpPIIyca CIIyTHHUKA
C IOMOIBIO IPUBOAA BpallleHUS COAHEU-
HBIX OaTapey IO APYTOMY KaHaAy IIO CUTHa-
AaM npubopoB opueHTanuu Ha CoAHILe.
B pe>xuMe opueHTaIUM liepep IPOBeAeHUEM
KOPPEKINHU U CTabUAN3anuy CIYTHUKA BO
BpeMs BEIAQUU UMIIYABCA KOPPEKIIUU OTCAe-
>XuBaHUe opueHTanuu Ha CoAHIle He TIPOU3-
BOAUTCS.

CucrteMa KoppeKuum obecrneuyuBaeT
IpUBeAeHHUe CIyTHHUKA B 3aAaHHOE IIOAOJKe-
HYe B IAOCKOCTH OPOUTHI U €r0 yAepsKaHue B
AAQHHBIX IIPeAeAax 1o apryMeHTy IIUPOTHL. B
COCTaB CUCTEMBI BXOAUT ABUTATeAbHAs yCTa-
HOBKQ, COCTOAIIAsA U3 24 ABUTaTeAel OpUEeH-
Tanum ¢ Tsaroi 10 r 1 AByX ABUTaTeAel KOppeK-
uuu c Taroi 500 r, 1 6AOK yIIpaBA€HUS.

CucrteMa TepMOPEeryAuPOBaHMUS IIPEA-
Ha3HaudyeHa AASL obeclieueHUsT HEOOXO-
AUMOTO TEIAOBOTO pe’kuMa CHyTHHKA.
PeryampoBaHue OTBOAA TeIlAa M3 TepMo-
KOHTelHepa OCYIIeCTBASIETCS C IIOMOIIbIO
KaAI03U, KOTOPBIEe OTKPBIBAIOT UAM 3aKPhI-
BaIOT PAAVAIIMOHHYIO IOBEPXHOCTh B 3aBU-
CHUMOCTH OT TeMIlepaTypel raza. OTBOA TellAa
OT IPUOOPOB OCYIIECTBASIETCS IIUPKYAUPYIO-
UM Ta30M C TIOMOIIIBIO BEHTUASITOPA.

CucreMa 3A€KTPOCHAOKEeHUSI BKAIO-
JaeT COAHeUHEBIe OaTapey, akKyMYyASITOPHEIe
OaTtapeu, OAOK aBTOMATUKU U CTaOUAM3AIIUN
Hanps>keHusa. HauaabHas MOITHOCTL COAHEU-
HBIX OaTapeit KA «TAOHACC» cocTaBasgeT
1600 BT, maotmaas naneaest — 17,5 m2 ITlpu
NIPOXO’KA€HUU CIIyTHUKOM TeHEBBIX y4aCTKOB
3eMAU U AyHBI IUTaHUE OOPTOBBIX CUCTEM
OCYIIIEeCTBASIETCS 38 CUYET aKKYMYASITOPHBIX
OaTapeli. Ix pa3pspHag eMKOCTb COCTaBASIET
70 A-q.

Ans oOecriedeHUsI HAAEKHOCTU Ha CIYT-
HUKe YCTaHaBAMBAIOTCA IO ABa UAU 11O TPU

KOMIIAN€KTa OCHOBHBIX 60pTOBI)IX CUCTEeM.

Space Forces

Federal Space Agency

satellite is turned around the longitudinal
axis by means of flywheel engines till the Sun
appears in the viewing field of the instrument
for the Sun orientation installed on the solar
arrays panels.

The satellite starts the Earth orientation
whenitisalreadyinthe Sun-oriented position.
It is turned around the Sun-oriented axis
by means of flywheel engines till the Earth
appears in the viewing field of the instrument
for the Earth orientation. At a normal mode
the satellite axis together with the antennas
is oriented to the Earth centre by means of
controlling flywheel engines according to
signals from the instruments for the Earth
orientation. The solar arrays are oriented
to the Sun by turning the satellite together
with the solar arrays by means of controlling
flywheel engine through one channel and
turning of arrays panels relatively to the
satellite core by means of solar arrays rotary
drive through another channel according
to signals from the instruments for the
Sun orientation. While orientation before
correction and stabilization of the satellite
during delta velocity maneuver there is no

checking of the Sun orientation.

Baikonur Launching Site, December 2004

Correction system adjusts the satellite to
the designed orbital position and maintains it
within the limits of argument of latitude. The
system includes a propulsion unit consisting
of 24 orientation engines with 10 g thrust, two
correction engines with 500 g thrust, and a
control unit.

Thermal control system is designed
to maintain necessary thermal conditions
of the satellite. Heat rejection from the
pressure container is regulated by means
of shutters which open or close the radiant
surface depending on gas temperature. Heat
is rejected from equipment by means of gas
circulating from the ventilator.

Electrical power system includes solar
arrays, accumulators, a unit of automatics and
voltagestabilization. Solararraysinitial capacity
constitutes 1,600 W, the panels area is 17.5 m?
When the satellite comes under the shadow of
the Earth or the Moon the onboard systems are
supplied by means of the accumulators. Their
discharge capacity is 70 A'h.

To ensure reliability the satellite is
equipped with two or three sets of main
onboard systems. GLONASS satellites control

is automated.

i:‘n i |
B ks
(T | |

Proton-K — GLONASS, GLONASS-M
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YnpasaeHue cunyrHukamMu «FTAOHACC»
OCYIIeCTBASIETCSI B aBTOMATU3UPOBAHHOM
pesruMe.

ITo nuaumnuatuse HITO IIM B cocTaBe

KOMII€HCAIITMOHHBIX I'PYy3-MAaKeTOB Ha CIIyTHH-

Kocmopapom BalikoHyp, aekabpb 2004

Kax «TAOHACC-M» UCIOAB3YIOTCSI aAIOMU-
HUEBBIe INACTUHBI HECKOABKUX CTAHAQPTHBIX
pa3MepoB, Ha KOTOPBIe HAHOCSTCS Pa3And-
HBle IaMsITHBIE U MeMOpHaAbHEIE TeKCTHI U

n300pa’kKeHusl.

«[JIOHACC» «[JIOHACC-M» «[JIOHACC-K»
(«Yparan») («Yparan-M») («Yparan-K»)

MepBbii 3anyck 1982 2003 2007 ~ 2015
OpHa «rpax- [Be «rpaxgaHckue»  Tpu «rpaxpaHckue»
e JaHCKas» YacToTa 4acToThI 4acTOTHI
Oxmpaemblit 06beM 3akasa 3wr (03.03.2004) 12 wr (03.03.2004) 0o 27 wr
3anyuieHo KA 79 (03.03.2004) 1 (03.03.2004)
[naHupyembli CpoK BLIBOAA
13 STy 2008 2013 2022
Macca, kr 1370 ~ 700
[vawmetp, M 1,3
. . Pa3pabotka TexHu-

JlnvHa ¢ pa3BepHyTOA LUTAHIoM 784 4ecKoro 3a1aHus!
LEITTA@EE) 1 BefeTcs ¢ 2002 .
LLinpuHa ¢ passepHyTbIMM 793
navensmu Cb, m D
TOYHOCTb BPEMEHHOTO CUrHaNa, C 3-5-107" 1-10°"
CpoK aKTMBHOIO 3-45 7 10-12
CYLLECTBOBAHMS, NET

Mo 3 KA Mo 6 KA

Mo 3 KA Ha PH «[potoH» nnn Ha PH «[poToH»

Cpencrea BuiBcAeHHA Ha PH «[poToH» no 1 KA um o 2 KA

Ha PH «Cot03-2» Ha PH «Cot03-2»

Space Forces

Federal Space Agency

Under NPO PM initiative, GLONASS-M

compensation payload mockups consist of

Baikonur Launching Site, December 2004

Proton-K — GLONASS, GLONASS-M

aluminum plates of several standard sizes with

different memorial texts and images.

GLONASS GLONASS-M GLONASS-K
_ (Uragan) (Uragan-M) (Uragan-k) | GLONASS-KM

First launch

Key features

Planned number of orders

Launched satellites

Designed date of deactivating
Mass, kg

Diameter, m

Length with unfolded
magnetometer, m

Width with unfolded solar
batteries, m

Timing accuracy, sec

Active service life, years

Launch vehicle

1982 2003
One «civil» Two «civil»
frequency frequencies
3 satellites 12 satellites
(03.03.2004) (03.03.2004)
79 (03.03.2004) 1(03.03.2004)
2008 2013
1,370
1.3
7.84
7.23
3-5-107"° 1-107"°
3-4.5 7
3 satellites aboard
3 satellites aboard LV LV Proton
Proton or one satellite

aboard LV Soyuz-2

2007 ~2015

Three «civil»
frequencies

Up to 27 satellites

2022

~700

Development of the
Statement of Work
started in 2002

10-12

6 satellites aboard
LV Proton
or 2 satellites aboard
LV Soyuz-2

A
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KocmMunyeckme Boncka

[ DdepepanbHOe KOCMUYECKOE areHTCTBO
«[poToH-K» — «[TIOHACC», «[TTIOHACC-M»

PAKETA-HOCUTEAD «I [POTOH-K»
PrOTON-K LAauNCH VEHICLE

Kocmopapom Balikonyp, aekabps 2004

Space Forces

Federal Space Agency

Baikonur Launching Site, December 2004

Proton-K — GLONASS, GLONASS-M

M

18 PakeTta-HocuTenb «[poToH-K»

Proton-K Launch Vehicle
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Kocmunyeckue Borcka

’ depepanbHoe KOCMUYECKOe areHTCTBO

«[poToH-K» — «[TIOHACC» «[TIOHACC-M>»

Kocmogpom BarikoHyp, aekabpb 2004

«ITpoTon» — pakera-Hocureab (PH) Takearoro kaacca c
BBICOKMMU 3HEPTETUYECKUMU U 3KCIAYyaTAIJMOHHBIMU XapakK-
TEPUCTUKaMH.

3anoutu 40-AeTHIOIO UCTOPHIO UCTIOAB30BaHUA «IIpoToHa»
B Ka4eCTBe KOCMUYECKOTO HOCUTEAS C IIOMOIIBIO 3TOM PaKeTEl
B KocMoc BbIBepAeHBI KA cepun «Kocmoc», «9Kpan», «Paayra»,
«TOpuU30HT», «IKCIpecc-A», «DRcIpecc-AM» almapaThl AAS
uccaepoBanus AyHel, Mapca, Benepsl, koMeTsl ['aaned, muA0-
TUpyeMble OpOUTarbHBIE CTAaHIIUY « CantoT» 1 « MUp» U BXOAA-
1IMe B UX COCTaB TS)KeAble CIlel[MaAu3UPOBaHHbBIE MOAYAN
«KBanT», «KBaHT-2», «KpucTtaanr», «Crnexktp», «[Ipupopa»,
OTI'b «3aps» u CM «3Be3pa» MeXAyHapOAHOM KOCMHYECKOH
CTQHIMU U APyTHe KOCMHYeCcKue OOBEeKTHL.

B macrosmee BpeMa «IIpoOTOH» aKTUBHO UCIIOAB3YeTCS
B peaAu3alluy 9HEeProeMKHUX OTeYeCTBEHHBIX IPOTpaMM,
a TaK)Ke KOMMepUeCKON AeITeAbHOCTH 110 BEIBEACHUIO CITYT-
HHMKOB WHOCTPAHHOT'O IIPOM3BOACTBA.

ChaepyeT oTMETHUTD, 4TO «[ITpOTOH» CIIOCOOEH AOCTABASATH
TIOAEe3HBIY IPy3 HEeIOCPEACTBEHHO Ha re0CTAIl[MOHAPHYIO
OpOUTY B 3aAAHHYIO TOUKY, YTO IIO3BOASIET BEIBOAUTE CITYT-
HHKH, He OCHallleHHbIE allOTeHBIM ABUTATEABHBIM MOAYAEM.

PH «ITpoTOH» BEIIIOAHEHA 110 CXEMe «TaHAEM» C IIoIleped-
HBIM AEA€HHEM CTylleHel. PakeTa 3KCIIAyaTUPYeTCs B TPeX-
¥ 4eTHIPEeXCTyIleHYaTOM (YeTBepTasi CTYylleHb — Pa3sTOHHBIN
6A0K) BapuaHTax. Ha Bcex CTyleHSIX yCTaHOBAEHBI OAHOKA-
MepHBIe MaplleBble JKUAKOCTHBIE PeaKTUBHEIE ABUTATEAU
(?KPA). Ha nepBBIX Tpex CTyIeHsIX PaKeThI-HOCUTEASI UCIIOAB-
3yeTcsl CAMOBOCIIAAMEHSIIoIeecs], C BLICOKOKUIISIITUMU KOMIIO-
HEHTaMU TOIIAUBO: OKMCAUTEAb — a30THBIN TeTpokcup (AT),
roprouee — HECUMMETPUUHBIN AuMeTUATHApPa3ud (HAMI).
Ang 3anycka cnyTHUKOB «TAOHACC» u « TAOHACC-M»
HUCIIOAB3YIOTCS Pa3rOHHBIE OAOKU « AM» uan «Bbpu3-M».

IlepBas CTynmeHb COCTOUT U3 IJ€HTPAABHOI'O U IIECTHU
OOKOBBEIX OAOKOB, PACIIOAOKEHHBIX CUMMETPUYHO BOKPYT
IMeHTpPaAbHOTO OAOKA, BKAIOUAIOIIEro B ce0s MepexXoAHbIHN
OTCeK, 0aK OKUCAUTEASI M XBOCTOBOY OTCeK. BOKOBBIE OAOKU 1O
KOHCTPYKITUM OAMHAKOBBL. Ka’KABIY M3 HUX COCTOUT U3 TIEPeA-
Hero OTCeKa, 6aKka roprovyero ¥ XBOCTOBOTO OTCEKA, B KOTOPOM
3aKpEeIAeH ABUTATEAD.

ABUTaTeAbHas yCTaHOBKA NePBOM CTyIeHU COCTOUT
13 IIeCTU aBTOHOMHBIX OAHOKaMepHBIX MapiieBbix 2KPA
PA-275 (co3panubix HITO «OHepromaii») co CTapTOBOM TATOM
6 x 1600 = 9600 kH. AAst ympaBAeHHUSI BEKTOPOM TSATH ABUTa-
TeAb C IIOMOIIBIO TEAPOIIPUBOAA MOJKET OTKAOHATHCS Ha YTOA AO
7 rpapycoB 30 MUHYT. OTO oOecliednBaeTCsI KpellAeHUueM ABUTra-

TeAs1 C IIOMOIIBIO uan(p B pafIOHe KPUTUYECKOTO CeYeHUsA KaMePHI.

Space Forces

The Proton heavy class launch vehicle
(LV) is characterized by high power capacity
and remarkable operational capabilities.

The list of payloads Proton delivered
to orbit includes Kosmos, Ekran, Raduga,
Gorizont, Express-A and Express-AM
satellites, spacecraft designed to explore
the Moon, Mars and Venus and the Halley
comet, Salyut and Mir manned space
stations and their integral heavy special
modules, such as Kvant, Kvant-2, Kristall,
Spektr, Priroda, and many more.

The Protonlaunchvehicleis currently used
for the implementation of power consuming
national programs and commercial launches
of foreign satellites.

Remarkably, the Proton launch vehicle is
able to deliver payloads directly into desig-
nated GSO points, thus making possible the
insertion of satellites which are not equipped

with an apogee propulsion unit.

Performance

LV Liftoff Mass, t

LV Dry Mass (including fairing), t
Overall Length (without upper stage), m
Maximum Diameter, m

Launching Site

Payload Capacity:

Low Earth Orbit Payload Mass (h = 200 km, i = 51.6°), t

Geostationary Orbit Payload Mass (h = 36,000 km, i = 0 + 0.25°), t

Transfer Orbit Payload Mass (h, = 36,000 km, h L= 5,500 km, i =7...25°), t

Lunar Departure Trajectory Mass, t
Mars Departure Trajectory Mass, t
Venus Departure Trajectory Mass, t

Payload Space available, m*

Baikonur Launching Site, December 2004

~700

53.65
42.34
74

Baikonur

20-22

up to 2.6
3.8-4.8
upto6.2
upto 5.0
upto5.4

45-78

Federal Space Agency '

Proton-K — GLONASS, GLONASS-M

Key LV Performance
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First Stage Engines

Baikonur Launching Site, December 2004

oxidizing gas afterburning consists of

Proton-K — GLONASS, GLONASS-M

A

initial rotation on the turbopump

pakeTbl-HOCUTENs Craprosas macca, T - 700 a chamber, a turbopump unit, a gas assembly. At first all the chambers
FaBapuTHBIE pa3Mepbl, M: The Proton first stage is equipped generator, automatic control units, develop half of nominal thrust and after
with 6 similar single-chamber liquid a tank pressurization system and other  the chamberoperationis checked, they
R e R s propellant jet engines. Initially the elements. The chamber is comprised of  start developing maximum thrust.
MaKCUMAIbHbI MaMeTp 74 RD-253 rocket engine developed by an injector and a body with corrugated  Thrust and mixture ratio are controlled
KoowORpOM 3anyora Baiioryp NPO Energomash between 1961 and IadapterandaribbedinnerngI.SphericaI during flight; tank presgurizgtion gases
1965 was used on the UR-500 ICBM in shape, the gas generator is cooled by  are also generated during flight.
Macca nonesHoit HarpysKk, T: first stage. the oxidizer. The gas generator receives  The engine shutdown is realized within
——— The RD-253 engine featuring a 70% c?f the propelllant and gengraltes two stages: first — thfa primary Igas
turbopump propellant feed system and gas with the following characteristics:  generator and pressurization devices
HU3KyIo okonosemHyto (h = 200 km, i = 51,6°) 20-22 780 K and 24 MPa. are cut off, second — the propellant
FeOOTaLMOADHYIOI( = 36000 kel i =10 £10.257] 1026 The engine is ignited by breaking flow.to the charpber ?s cut off and the
the pyromembranes at the cooling system is drained.
niepexotyto (h, = 36000 km, h, = 5500 k, i =7...25%) 38-48 turbopump unit inlet, following Since the beginning of the 90-s the
Ha OTI/IETHbIE TPAEKTOPUM: which the components are forced  Protonfirststage has been equipped with
inside the gas generator by the the RD-275 upgraded engine developed
K Tlyne 16,2 pressurant and hydrostatic fluid and manufactured on the basis of the
k Mapcy 105,0 column, self-ignite and impose RD-253 between 1987 and 1993.
06bem, NpenocTaBAseMbIii 1isi Pa3MELLEHIs NONE3HOIA Harpyaku, M° 45-78 Ground Thrust / Vacuum Thrust, kN 1,470 /1,635 1,600/ 1,750
Ground / Viacuum Thrust Specific Impulse, N-s/kg 2,796 /3,100 2,890 /3,160
Chamber Pressure, MPa 14.7 15.7
Apuratearb PA-275 ¢ TypGOHACOCHON BOKOBEIE GAOKU K II@eHTPAALHOMY GAOKY Mixture Ratio 27 2.67
CHUCTEMOM TONMAMBOIIOAQYM U AOKUTaHUEM  KPeMsATCs B MATH MecTax (mosicax). ABa Engine Dry Mass, kg 1,080 1,070
OKHCAUTEABHOTO Ta3a paboraeT Ha AT U  HIKHUX II0siCa UMEIOT HETIOABM>XHOE COEAM- Engine Maximum Diameter, mm 1,500 1,500
HAMT 1py COOTHOIIEHUN KOMIIOHEHTOB 2,67.  HeHHe, OCTaABHEIE — IMOABHJKHOE B IIPOAOAL- Engine Maximum Height, mm 2,720 3,050
AaBaeHue B KaMepe cropanusa — 15,7 MIla. HOM HallpaBAEHUU.
PO-253 — )KVI,IJ,KOCTHbefI’ peaKkTUBHbIN
- ABuratenb NepBON CTyNeHu
. . RD-253 — liquid propellant jet
engine of the first stage
The Proton is designed as a tandem launch “*:.
vehicle available in three- and four-stage L
options.
Rocket stages are powered by single-cham-
ber cruise liquid propellant engines. The first,
second and third stages are fueled by hypergolic
high temperature propellant components: nitro-
gen tetroxide (an oxidizer) and unsymmetrical
dimethylhydrazine (UDMH, a fuel).
The Proton launch vehicle consists of
three stages and a space head, the latter
22 PakeTta-Hocutenb «[poToH-K» Proton-K Launch Vehicle 23
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[Buratenu nepBow CTyneHU

Ha nepson ctyneHn PH «[lpotoH»
YCTaHOB/EHbI LLUECTb OOMHAKOBbIX aBTO-
HOMHbIX OffHOKamepHbIX XXP.
[MepBoHa4anbHO 3TO 6bIIM ABUraTenu
PO-253, paspabotaHHbie HIO «OHep-
romaw» B 1961-1965 rr. ans nepson
CTYNeHN MEXKOHTUHEHTanbHOM 6annu-
ctuyeckon paketsl (MBP) YP-500.

XXPO PO-253 nmeeT Typ60OHACOCHYHO
cucTeMy Mofayun TOMnuBa, BbIMOSIHEH
Nno cxeme C [OXWUraHWEM OKUCIUTENb-
HOro rasa M coCTOUT U3 Kamepbl, Typ-
6oHacocHoro arperata (THA), raso-
reHepaTtopa, CTPyMHOro npegHacoca
(3xekTopa), arperatoB aBTOMaTWKWK
1 Hagaysa 6aKoB, MPOYMX arperaTos.

Kamepa >XP[O copgepXuT opcyHOu-
HYI0 FOSIOBKY M KOPMNYC C OpeB6PEHHOWN
BHYTPEHHEN CTEHKOW U ropupoBaH-
HbIMM npocTaBkamn. THA copepxut
OBa TOMAMBHBLIX Hacoca C OBYXCTO-
POHHUMM BXOAAMM U OCEBYIO peak-
TUBHYIO TYPOVHY, PaACMONOXEHHYI0 Ha
AByx Banax. [asoreHepaTop umeeTt
chepuyeckylo opmy, oxnaxpaetcs
okucnutenem. B rasoreHepartop no-
cTtynaet okofio 70% Bcero Tonauea,
3[ecb BblpabaTbiBaeTcsa ra3 ¢ Temne-
patypon 780 K n gaBneHuem 24 Mlla.
3anyck JXP[L ocyuiectBnseTca ny-
TemM npopbiBa NMPOMEMOPaAH Ha BXO-
ne B Hacocbl THA, Bcnencteme 4ero
KOMMOHEHTbI TonnvMBa M3 6akoB Mog
JaBneHveM Hagpysa WU rmpgpocrtatuye-

Kocmopapom Balikonyp, aekabps 2004

CKOro ctonba >XWOKOCTU MonagarT B
rasoreHeparop v kamepy, rje camoBoC-
nnameHsTca. 3anyck B paboTy raso-
reHepaTtopa onepexaeTt 3anyck kame-
pbl, YTO O6ECMeYnNBaET MHTEHCUBHYIO
nepeoHavasnbHyto packpytky THA (ca-
Mo3anyck). [MepBoHa4anbHO Kamepbl
Bcex XKP[ (nepsow CTyneHu) BbIBOAAT-
CA Ha MPOMEXYTOYHYI0 CTYMeHb TAru
(50% oT HoOMWHaNbLHOW), a 3aTeMm, nocne
KOHTPOSIS1 UX HOPMAJIbHOIO BKIHOYEHUS
B paboTy, NepeBOAsATCA CUHXPOHHO Ha
MOMHYO TArY.

C Havana 90-x rogoB nepsas CTyrneHb
PH «[MpoToH» cTana KommnnekToBaTtb-
CA MOAEPHU3NPOBAHHbLIM ABUraTenem
P[-275, co3paHHbiM B 1987-1993 rr.
Ha ocHoBe P[-253.

Tsara Ha 3emne / B nyctote, kKH

YnenbHbiin uMnynbC T8rv Ha 3emne / B nyctote, H-c/kr
[lasnenue B kamepe, Mlla

COOTHOLLEHME KOMMOHEHTOB

Macca gsuratens (cyxas), kr

[lvameTp asurarensi, Mm

BeicoTa aurarensi, Mm

1470 / 1635 1600/ 1750
2796 / 3100 2890 /3160
14,7 15,7
2,7 2,67
1080 1070
1500 1500
2720 3050

BTopas cTyneHb UMeeT IJUAUHAPU-
YeCKylo POpPMY, COCTOUT U3 IEePEXOA-
HOTO, TOIAMBHOI'O ¥ XBOCTOBOTO OTCEKOB.
[MTepexOAHBIM OTCEK COEAUHSIET BTOPYIO
CTyIIeHb C TpeTbel. TONAUBHBIN OTCEK MIPEA-
CTaBASIEeT COOOY eAVHBIN OAOK 0AKOB ropio-
Yero U OKUCAUTEAS. AAST yMeHBbIIeHUS AAUHEL
CTyleHU O0aKu MMeIOT obllee MPOMeXKyTOU-
HOe AHHUIIe. XBOCTOBOU OTCEK BKAIOYAET
Kopnyc (000Ky), CHAOBOM KOHYC U 3allUT-
HBIN 9KPaH.

ABurateabHass yCTAHOBKA BTOPOH
CTyIeHHM COCTOUT U3 YeThIpeX OAHOTUII-
HBIX aBTOHOMHBIX MapuieBblx KPA: Tpex
PA-0210 u opuoro PA-0211. JKPA paspa-
6ortaHel B KBXA mop pyKOBOACTBOM
C. A. Kocb6epra. Ha purateae PA-0211, B

Space Forces

Federal Space Agency

can be equipped with an additional upper
stage.

The Proton first stage consists of a central
block containing the adapter, the oxidizer,
and the tail section and surrounded by six
lateral blocks.

All the lateral blocks are similar in design.
Each block includes the fore section, the fuel
tank and the tail section where the rocket
engine is fixed.

The first stage is powered by six RD-275
single-chamber cruise liquid propellant
engines developed and manufactured by
NPO Energomash under the guidance of
Chief Designer V. P. Glushko. The propulsion
unit develops 9,600 kN thrust at lift-off.
A hydraulic actuator enables maximum
thrust vector deflection to an angle of 7°30'.
The deflection is made possible by trunnion
attachment of the engine in the vicinity of the
chamber throat.

The RD-275 engine featuring a propellant
pump feed system and oxidizing gas after-
burning is fueled by nitrogen tetroxide and
unsymmetrical dimethylhydrazine at 2.67
ratio of the components.

The lateral blocks are attached to the
center block at five attachment areas (belts).
While two lower belts are attached rigidly,
others enable longitudinal motion through
their sliding joints.

The second, cylinder-shaped stage inclu-
des the adapter, the propellant section and
the tail section. The adapter section connects
the second stage and the third stage. The
propellant section is designed as a joint block
of the fuel and the oxidizer tanks featuring
common intermediate bottom to reduce
overall stage length. The tail section consists
of the shell (skirt), the load-bearing cone and
the protective shield.

The thruster facility of the second stage
includes four similar sustainer liquid propel-
lant engines: three RD-0210 engines and one
RD-0211 engine. The engines were designed
at the KBKhA Design Bureau for Chemical

Baikonur Launching Site, December 2004

Proton-K — GLONASS, GLONASS-M
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[Buratenun BTOPOW CTyrneHn

Ha BTOpyl CTyneHb pakeTbl-HOCU-
Tens «[poTOH» ycTaHaBnMBalTCA
YeTblpe OAHOTUMHbIX AaBTOHOMHbIX
Mapuwesbix XPO: tpn PO-0210 wn
ogHoro PO-0211. Oeuratenn paspa-
6oTaHbl B Kb xumun4yeckom aBTtomaTu-
kn (KBEXA).

OpHokamepHbii XKPLO PO-0210 BbI-
MOSIHEH MO 3aMKHYTOW CXEME C O0XM-
raHMEM OKUCIIUTENbHOrO reHepartop-
HOro rasa, ¢ O4HUM TYpP6OHACOCHbLIM

BXOQAT rasoreHeparop, TypboHacoc-
HbI arperart, CTpyWHble npegHaco-
Cbl (9XeKTopbl) 060MX KOMMOHEHTOB,
arperatbl perynvpoBaHus U ynpas-
NleHus.

Ha pBuratene P[-0211, B oTnu4ue
ot P[-0210, ycTaHOBMEHbI arperarthl
HapgoyBa 6akoB aHanornyHble arpe-
rataMm pBuratens nepBor CTyneHu
PO-253 — rasoreHepaTop Hapgyea
6aKa roproyero n cmMecuTens Hagayea
6aKa OKUCnUTENS.

[MepBoHa4yanbHas packpyTka TypouHsbl

MOCTapTEPOB M OCYLLECTBAAETCS CXa-
TbIM a30TOM 13 6OPTOBOro 6asIoHa.
3anyck XXP[ AByxcTyneH4atbl, Ha-
YnHaeTCs C npopkiBa nMpomemobpaH
Ha Bxofe B Hacocbl THA n npousso-
ONTCs Yepes npenBapuUTesibHY0 CTy-
neHb TArn.

B nonete aBuratenu BTOPOM CTYMNEHU,
Takxe Kak u PO-253, perynupytotcs
Nno TAre W COOTHOLUEHWUIO KOMMOHEH-
TOB B Kamepe.

BbiknioyeHne n ynpasneHve arpera-
TaMn aBToMaTukm aTux XXPL Takxe

Second Stage Engines

The Proton second stage is equipped
with four similar sustainer liquid pro-
pellant jet engines: three RD-0210 and
one RD-0211. These engines were
developed by the Design Bureau for
Chemical Automation.

The RD-0210 single-chamber liquid
propellant engine featuring oxidizing

Baikonur Launching Site, December 2004

gas afterburning consists of one
turbopump wunit, a gas generator,
ejectors, and control systems.

Unlike the RD-0210 the
RD-0211 is equipped with tank
pressurization devices similar
to those of the RD-253 - the
fuel tank pressurization gas
generator and the oxidizer tank
pressurization mixer.

arperaTom.

B coctaB pBuratens

THA npon3BoanTCSA C MOMOLLBIO MHEB-  @HAaNOrNYHbI.

Tara B nycrote, kH

YaenbHbln UMNyNbC Tarv B nyctote, H « c/kr

[laenenve B kamepe, MlMa
Macca gguratens, kr
[vametp furarensi, MM

BbicoTa iurarensi, Mm

otanune oT PA-0210, ycTaHOBAEHBI aHAAO-
ruuHble ¢ PA-275 arperaTsl HapAyBa OaKOB —

ra3oreHepaTop HapAyBa Oaka ropro4dero u

cMecUTeAb HapAyBa 0aka OKUCAUTeAs. Bece

588
3210
14,7
566 (582)
1470
2321

JKPA c moMo1bro nand 3akpenAeHsl B (hepme
U AONIYCKAIOT OTKAOHEHUE AFOOOTO U3 HUX Ha
YTABL A0 3 TpapycoB 15 MunyT. OTKAOHEHUEe
OCYII[eCTBASIETCS 3AeKTPOTUAPABANYECKUM
IIPUBOAOM.

TpeTns cTynieHb IMeeT HUAUHAPUUECKYIO
dopMy, COCTOUT U3 IPUOOPHOTO, TOIAUBHOTO
¥ XBOCTOBOT'O OTCEKOB.

ABuraTeAabHas ycTaHOBKaA (AY) TpeTbel
crynenu PA-0212 cocTouT u3 MmapueBoro
JKPA PA-0213 1 yeTBIpeXKaMepHOTO pyAe-
Boro pBuratead PA-0214. MapmeBsit 2KPA,
IO YCTPOUCTBY U paboTe aHAaAOTUUYEH ABUTa-
TeAlo PA-0211 BTOpOM CTylIEeHU U BASIETCS
ero MopuduKranuei.

Pa3zpereHne BTOPOU U TpeThel CTylIeHEN
IIPOMCXOAHUT 3a cUeT TATH pyAreBoro JKPA
TpeTbeM CTyIIeHH, 3allyCKaeMOTro AO BBIKAIO-
yeHuda maplreBelx JKPA BTOpOU CcTylleHH,
¥ TOPMOJKEHUSI BTOPOU CTYIeHU UMEIOIH-
MUCS Ha Hel HIeCThbIO IOPOXOBBIMU ABUTA-

TEeAdIMH.

PO-0210 — XXWAOKOCTHbIA peaKTUBHbIN
OBuraTesi BTOPOM CTYMNeHN

RD-0210 — liquid propellant jet

The turbine first spin-up is produced by
means of air starters and a nitrogen tank.
The two-stage engine ignition starts
from breaking the pyromembranes
in the turbopump unit inlet and is
realized during the first thrust stage.
Thrust and mixture ratio are controlled
during flight.

Cutoff and control procedures are
similar to those of the RD-253.

engine of the second stage

Automation by S. A. Kosberg's team. Unlike
RD-0210, the RD-0211 engine features tank
pressurization units similar to those of the
RD-275, specifically, the fuel tank pressurant
gas generator unit and the oxidizer tank
pressurantmixerunit. Allsecond stageengines
are trunnion-fixed in the stage structure, which
makes possible electrohydraulic deflection of
any to a maximum angle of 3°15'.

The rocket's third stage is a cylinder-
shaped structure that includes the equipment
bay, the fuel section and the tail section.

The propulsion unit of the RD-0212 third
stage consists of the RD-0213 sustainer liquid

propellant engine and the four-chamber

26
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Vacuum Thrust, kN 588
Vacuum Thrust Specific Impulse, N-s/kg 3,210
Chamber Pressure, MPa 14.7
Engine Mass, kg 566 (582)
Engine Maximum Diameter, mm 1,470
Engine Maximum Height, mm 2,327

RD-0214 steering engine. In terms of design

and operating principle, the sustainer engine

is similar to the RD-0211 engine of the second

stage: in fact, the 0213 version is a modifi-

cation of RD-0211.

The second stage and the third stage are
separated under the thrust load developed
Proton-K Launch Vehicle 27
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[BuratenbHas yctaHOBKa
TpeTben CTyNneHn

Ha Ttpetbio ctyneHs PH «[lpoToH»
ycTaHaBnmBaeTcs asurarensHas
yctaHoBka P[O-0212, cocToswas
M3  OJHOKaMepHoro  MapLueBoro
XPO PAO-0213 u  4eTbipexkamep-
Horo pynesoro XKPO PO-0214.
[BeuratensHas yctaHoBka paspaboTta-
Ha B KB xumMn4yeckor aBTomMaTuKu.
P0-0213 no ycTponcTBy 1 paboTe aHa-
NornyeH ABurartesnto BTOPON CTYMneHu
PO-0211 u aBnsetca ero moguduka-
uuen. C Lenbio pa3meLLeHns a1eMeH-
TOB pynesoro asuratens Ha PO-0213
(no cpaBHeHwuto ¢ PO-0211) nameHeHa
KOMMOHOBKa MOABOAALLMX Maruncrpa-
Jien n psga arperatos.
YeTbipexkaMepHbIA  pyneBon [fABura-
Tensb PAO-0214 BbINONHEH MO OTKPLITON
cxeme 6e3 [oXUraHns reHepaTopHoOro
rasa ¢ Typ60oHACOCHON CUCTEMOM MO-
nayu tonnuea. B coctas pgsurartens

Tara B nycrote, kH

YOenbHbI UMnynbC Taru B nyctote, H - c/kr
[laenenve B kamepe, MIa

Macca nsurarens (cyxas), kr

[vameTp fsuratensi, Mm

Beicota agurarensi, Mm

B KOHIIe aKTUBHOT'O y49aCTKa TPAeKTOpUNn

BxogAaT oguH THA, rasoreHepartop,
arperatbl ynpasfieHUss W nupocpea-
cTBa ANng ux cpabdatbiBaHus. BaxxHown
OTNINYUTENTbHON OCOBGEHHOCThLIO
P-0214 snaetcanpusog THA oT ABYX
OAHOBPEMEHHO paboTarLLnX ra30BbIX
TypouH. VIx nuTaHme ocyllecTensercs
pasnn4HbIMN reHeparopamu, OauH 13
KOTOPbIX BblpabaTblBaeT OKUCAUTENb-
HbI, @ APYron — BOCCTAHOBUTESNbHbIN
rasbl, KOTOpble 3aTeM MCMOJb3YoTCA
Ons HapaoyBa 6akoB CTYMNEHMW.

Kamepsbl XKP[] mMakcumanbHO pasHe-
CeHbl Mo AnameTpy CTyneHw u nopg-
BELLEHb! LapHWPHO Ha uandax. Ans
ynpasfieHus MoneToM CTYMNeHU Kame-
pbl MOFYT OTKJIOHATLCHA C NMOMO-

Kocmopapom Balikonyp, aekabpb 2004

HMXXHEro KOHWYECKOro pHula To-
NJMBHOIO OTCEKA.

3anyck XXP[1 ocyliecTBnseTca nytem
npopbiBa nNMpoMemoébpaH Ha Bxoge B
Hacocbl THA 1 npon3BoguTca B OOHY
CTYMNeHb C NepBOHaYasibHOM pacKpyT-
ko THA oT nupocTtapTtepa, nogatoLle-
ro NOpPOXOBble rasbl HA BOCCTAHOBU-
TENbHYIO TYPOUHY.

B nonete tara XXPL n cooTHoLueHne
KOMMOHEHTOB B rasoreHeparopax
nogaepXxuBarTcs MOCTOSAHHbLIMMU.
Bbikntovaetcsa gBurarenb B 0OgHY CTY-
neHb. [pu 3TOM UCNONbL3YETCA MNU-
POTEXHNYECKNA CMOCO6 YynpaBieHus
arperatramu aBTOMatuKu.

LLIblO 9NEKTPONPMBOAOB Ha Yrilbl
po 45 rpagycoB. OctanbHble
arperatbl pyneBoro psuratens
pacnonoXeHbl OKOJI0 Kamepbl
MapLuesoro gsurarens P-0213
M cBsi3aHbl C Kamepamu Tpy6o-
npoBojamu, uayLwumMiM BROJb

582 30,9
3200 2870
14,7 53
550 90
1470 3780
2327 524

PO-0212 — peuraTtensHasn
YCTaHOBKA TPETLEW CTYMEHN

RD-0212 — propulsion system of

Space Forces

Third Stage Propulsion System

The Proton third stage is equipped with
the RD-0212 propulsion system cons-
isting of the RD-0213 sustainer liquid
propellant jet engine and the RD-0214
four-chamber steering jet engine. The
propulsion system was developed
by the Design Bureau for Chemical
Engineering.

In terms of design and operating princi-
ple, the RD-0213 is similar to the
RD-0211 second stage engine: in fact,
the 0213 version is a modification of the
RD-0211. The layout of the feed lines
and devices was changed (as compa-
red to the RD-0211) in order to locate
the steering engine elements on the
RD-0213.

The RD-0214 four-chamber steering
engine (designed with no gas gene-
rator afterburning function) consists

Vacuum Thrust, kN 582
Vacuum Thrust Specific Impulse, N-s/kg 3,200
Chamber Pressure, MPa 14.7
Engine Mass, kg 550
Engine Maximum Diameter, mm 1,470
Engine Maximum Height, mm 2,327

Baikonur Launching Site, December 2004

of a turbopump unit, a gas generator,
control devices and separation pyrote-
chnics. The turbopump unit is powered
by two simultaneously operating gas
turbines. The latter are supplied with
power by two different generators, one
of them generates oxidizing gases and
the other generates reducing ones.
These gases are used for stage tank
pressurization.

To ensure thrust vector control, the
gimbal-mounted combustion cham-
bers are deflected by an electrical ac-
tuator to a maxi-
mum angle of 45
degrees. Other
steering engine
elements are mo-
unted near the
RD-0213 sustai-
ner engine cham-
ber and connec-

30.9
2,870
5.3
90
3,780

524

Federal Space Agency '

Proton-K — GLONASS, GLONASS-M

ted with the chambers by pipes located
along the lower conical bottom of the
fuel section.

The engine is ignited by breaking the
pyromembranes at the turbopump unit
inlet, following which the turbopump
unit is spinned up by means a com-
bustion starter supplying the reducing
chamber with explosive gases.

The engine thrust and mixture ratio are
maintained constant during flight. The en-
gine is cut off within one stage and uses
pyrotechnics to control automatic units.

mapireBsitt JKPA PA-0213 BeIKAIOUAETCSH, a
paboTaeT TOABKO PYAEBOU ABUTATEAb. TaKOU
NIPUHIUI TO03BOAgIeT O0Aee TOUHO oDecIie-
YUTH AOCTUXKeHHe TpeOyeMol KOHeUHOHU
ckopocTu. OTpereHue OpOUTAABHOTO OAOKA

OCYILE€CTBAAETCHA IIOCAE BBIKAIOUEHUSI PyAe-

the third stage

Boro aBurateas PA-0214. TTpu 3ToM TpeTbs
CTyIIeHb TOPMO3UTCS Y€THIPHMS IIOPOXOBBIMU

ABUTATEASIMMU.

by the third stage steering engine that ignites
before the second stage sustainer engines
are cut off, in the meantime, six powder
retroengines slow down the second stage.
The RD-0213 sustainer is cut off at the end of

the powered phase, leaving the steering engine

to operate alone. That solution enables greater
accuracy of the required final velocity of the stage.

After the RD-0214 steering engine is cut
off, the payload separates, while the third
stage is slowed down by firing four powder

rocket motors.
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OCHOBHbI€e
XapaKTepUCTUKHN
cTyneHen MepBas CTyneHs:
pakeTbl-HOCUTENA Craprosast Macca, T
Cyxast Macca, T
Lnvna, M

HavbonbLumii nonepeyHbIn pasmep, M
[vameTp LieHTpasibHOro 6510Ka, M
[vameTp 60koBOro 6:10Ka, M
[Buratenb
Konnyectso
KoMnoHeHTbI Tonmea:
oKucnuTenb
ropoyee

Tara Ha 3emne / B nycrote, kH

YaenbHbIn uMnynbe T9ru Ha 3emne / B myctoTe, H - c/kr

MpoponxuTensHOCTL paboTsl, €
Bropas cTyneb:
CraproBasi Macca, T
Cyxas macca, T
LnuHa, M
HavbonbLumii nonepeyHbIin pasMep, M
[lvametp TonMBHbIX 6akoB, M
[lBuratenbHas yCTaHoBKa
KomnoHeHTbI Tonmea:
oKvcauTenb
ropioyee
Tara B nyctore, kH

YaenbHbIA UMNyNbC TArv B nyctote, H « c/kr

MpoaonXMTENbHOCTL PaboThl, C
TpeTbsi CTyNEHb:
CraproBas Macca, T
Cyxasi Macca, T
LnvHa, M
HanbonbLumii nonepeyHblii pasmep, M
[yameTp TOn/MBHLIX 6aKoB, M
[lBuratenbHas ycraHoBka
KomnoHeHTb! Tonnmea:
oKMCnUTENb
ropioyee
MapLueBblit aBurarenb

Tara B nycrore, kH

YaenbHblii UMNyAbLC T9rv B nyctote, H « c/kr

lMpopomxuTensHoCTL paboTel, ¢
Pynesoit gBurarenb

Tara B nycrtore, kH

YaenbHblii UMnynbC Tarv B nyctote, H « c/kr

MPOAOMXMUTENLHOCTb PAGOTHI, C

Kocmopapom Balikonyp, aekabpb 2004

e e

4499
32,5
21,18
74
41
1,6
PLI-275

6 wr.

a30THbIA TeTpokeuy, (AT)
HECUMMETDPWYHBIA aumeTuaruapadnH (HAM)
1600 / 1750
2890 / 3160
130

172,1
12,1
17,05
41
41
PA-0210 (3 wr.) n PO-0211 (1 wr.)

AT
HAMT
588
3210
230

50,7
4,35
6,86
41
41
PA-0212

AT
HOMP
PO-0213
582
3210
1o 250
PO-0214
30,9
2870
1o 270

Space Forces

Federal Space Agency

Baikonur Launching Site, December 2004

Proton-K — GLONASS, GLONASS-M

Performance

Key Performance

First Stage:
Liftoff Mass, t
Dry Mass, t
Overall Length, m
Maximum Cross Dimension, m
Central Block Diameter, m
Lateral Block Diameter, m
Engine Type
Quantity
Propellant Components:
Oxidizer
Fuel
Ground Thrust / Vacuum Thrust, kN
Ground / Vacuum Thrust Specific Impulse, N-s/kg
Burn Duration, s
Second Stage:
Liftoff Mass, t
Dry Mass, t
Overall Length, m
Maximum Cross Dimension, m
Central Block Diameter, m
Engine Type
Propellant components:
Oxidizer
Fuel
Vacuum Thrust, kN
Vacuum Thrust Specific Impulse, N-s/kg
Burn Duration, s
Third Stage:
Liftoff Mass, t
Dry Mass, t
Overall Length, m
Maximum Cross Dimension, m
Central Block Diameter, m
Propulsion System Performance
Propellant Components:
Oxidizer
Fuel
Sustainer Engine
Vacuum Thrust, kN
Vacuum Thrust Specific Impulse, N-s/kg
Burn Duration, s
Steering Engine
Vacuum Thrust, kN
Vacuum Thrust Specific Impulse, N-s/kg
Burn Duration, s

449.9
32.5
21.18
7.4
4.1
1.6
RD-275
6 pcs.

nitrogen tetroxide (NT)
unsymmetrical dimethylhydrazine (UDMH)
1,600/ 1,750
2,890 /3,160
130

1721
121
17.05
4.1
4.1
RD-0210 (3 pcs.) and RD-0211 (1 pes.)

NT
UDMH
588
3,210
230

50.7
4.35
6.86
4.1
4.1
RD-0212

NT
UMDH
RD-0213
582
3,210
up to 250
RD-0214
30.9
2,870
up to 270

A
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«[poToH-K» — «[TIOHACC» «[JIOHACC-M»

PA3TOHHBIN BAOK «AM»
DM UPpPER STAGE

Barok «AM» nipepHa3HaueH AASI BHIBEAE-
HUI KOCMHUYECKHUX alllapaToB Pa3AuuYHOrO
Ha3HaUYeHHUs Ha BEHICOKOJ3AAUINTHYECKHUE,
BEICOKOKPYTOBEIE (B TOM YHCAE CTAlJMOHAP-
Hble) OPOUTHL U MeKIIAaHEeTHble TPAaeKTo-
puu. baok «AM» pazpaboTaH U IPOU3BO-
autca PKK «QHeprusa», 3KCIIAyaTUPyeTCd C
PH «ITpoTon» ¢ 1974 roaa, a ero IpoOTOTUII —
OA0K «A» — ¢ 1967 ropa.

BrlBepeHMe KOCMUUECKOTO anllapaTa Ha
reoCTallMOHAPHYIO OPOUTY OCYIEeCTBASIETCS
IO ABYX- UAM TPEXUMIIYABCHOM CXeMe B 3aBU-
CHUMOCTHU OT AOATOTHI TOUKU CTOSHUS KOCMU-
YeCKOTO annapara.

YupaBaeHUe ABUKeHUEeM 6A0Ka «AM» B
TIOAETE OCYIIECTBASIETCS Ha aKTUBHBIX y4acT-
KaxX MaplieBBIM ABUTaTeAeM, Ha IIaCCUB-
HBIX — ABUTAaTeABHOMN YCTAHOBKOM CTaOUAM-
3aIlUy U OPUEHTAIlUH.

Baok «AM» cocTouT us:

* MapIIeBOTO ABUTATEAS;

* ABYX ABUTAQTE€ABHBIX YCTA@HOBOK CcTabuAU-

3ally 1 OPUEeHTAIluu,

Kocmopgpom BarikoHyp, aekabpb 2004

* chepuueckoro 6aka OKUCAUTEAS;

* TOPOMAAABHOTO 6aKa roproyvero;

* IPUOOPHOTO OTCEKQ;

* annapaTypbl KOMAaHAHO-U3MEPUTEABHOTO
KOMIIAEKCQ;

* OTAEASIEMBIX B IIOAETE HUXKHETO U CPeA-
HETrOo IIePEXOAHUKOB.

BArok «AM» cymiecTByeT B AByX MOAM-
duUKanuaX: ¢ annapaTypol KoMaHAHO-U3Me-
PUTEABHOTO KOMIIAEKCA, Pa3MellaeMol B
nIpuGOPHOM OTCeKe, U O6e3 Hee, KOTAA AAL
pellleHUs 3apad YIIPaBA€HUS U U3MepeHUs
HCIIOAB3YeTCS 000PyAOBaHUE KOCMUYECKOTO
amnmapara.

MapuieBbit ABUraTeAb 11A58M saBAs-
eTCs IPeACTaBUTEAEM CeMeHCTBa KUCAO-
poaHO-yrAeBoAOPOAHEBIX JKPA, pa3paboTaH-
ubix HITO «Oueprus» (1970- 1973 rT.) Ars
Pa3roHHBIX OAOKOB, 00ECIIeYUBIINX PeaArr3a-
IIMIO OOABIIMHCTBA HAIlMOHAABHBIX IIPOIPAMM
HCCAEAOBAHHUS KOCMOCA.

KoMIIOHEeHTHI TOIIAUBA:

* OKMCAUTEAb — >XHUAKUHU KHCAODOA C
Temmepatypo or MunHyc 194°C po MmuHyC
177°C;

s TOpiIOUYee — HA(MTUA (KEPOCHUH) UAU
CUHTUH.

[MoaTBep>XKAEHHAS HAAEKHOCTb ABUTA-
Teas1 0,997 npu pooBepuTeAbHOM ypoBHe 0,9.
Ka>XABIM ABUTATEAb IPOXOAUT KOHTPOAb-
HBbIe UCTHBITaHUS 6e3 MepeboOpPKHU C UCIIOAD-
30BaHUEM IIPOIPECCUBHLBIX CPEACTB
AVATrHOCTUPOBAHUS TEXHUYECKOTO COCTO-
SHUA.

’KHUAKOCTHBIY pakKeTHBIM ABUTATeAb
11A58M paspabotan B HITO «DHeprus» moa
pykoBoacTBoM b. A. CokoaoBa. CepuiiHO
M3TOTaBAMBaeTCs Ha BopoHe>XCKOM MeXxaHU-

YEeCKOM 3aBOAE.

The DM upper stageisintended to delivera
variety of spacecraft options into highaltitude
elliptical or circular (including stationary)
orbits and interplanetary trajectories. The
DM upper stage designed and manufactured
by RSC Energia has flown on Proton launch
vehicles since 1974 when it replaced the
Block D upper stage, its predecessor, which
flew 1967-1974.

Satellite GSO insertions follow a two- or
three-pulse pattern, depending on the desired
longitude of the satellite's slot.

The following DM control options are
available: by the DM cruise engine — at
powered phase, or by the attitude stabilization
and control thrusters — at non-powered
mission phase.

The DM upper stage
includes:

Baikonur Launching Site, December 2004

1970 - 1973 to be used on upper stages that
made possible the implementation of most of
Russia's national space research programs.

The propellant components are:

» an oxidizer — liquid oxygen (LOX) at
subzero temperature between 194°C and
177°C;

+an fuel — naphthyl (kerosene) or
synthine.

With the engine's 0.997 proven reliability,
the inherent reliability factor is 0.9. Each
engine undergoes no overhaul tests using
verification techniques of advanced status.

The 11D58M engine was developed at
RSC Energia by a team of designers under the
guidance of B. A. Sokolov and manufactured
by the Mechanical Plant of Voronezh.

* cruise engine,
» two attitude stabilization
and control thrusters,
» sphere-shaped oxidizer
tank,
« toroidal fuel tank,
* equipment bay,
+ command and measure-
ment equipment,
» lower and middle adapt-
ers jettisoned in flight.
There are two DM design
options. One option contains
command and measurement
equipment placed inside the
equipment bay. The other
design option is used where
the control and measurement
functions are assigned to
satellite hardware; that option
includes no such equipment.
The DM upper stage
engine designated 11D58M
belongs to the family of
oxygen/hydrocarbon liquid

propellant jet engines

RSC Energia developed in

32
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Baikonur Launching Site, December 2004

CTapTOBBIM KOMIIAEKC IPeAHa3HaueH
AAS IIOATOTOBKHU K IIyCKaM U IPOBEAEHUS
NycKoOB pakeT-HocuTteaei «IlpoTtoH-K» 1
«ITpoToH-M>» € pa3AMYHBIMU KOCMUYECKUMU
roroBHBIMM yacTamu (KI'Y).

CrapToBBEIe KOMIIAEKCHI, Pa3BepPHYTEIE Ha
BaiikoHype, 06eCIeYnAn TyCKU O0AEe TPEXCOT
pakeT-HOCcUuTeAel tumna «[IpoToH» ¢ KocMuUe-
CKHMMHU alllapaTaMi BOEHHOI'0, HAPOAHOXO-
34UCTBEHHOIO ¥ HAy4YHOI'O Ha3HAYEeHUs.

CraproBuitt Komnaekc (CK) cocrout us

ABYX CTA@PTOBBIX IIAOIIAAOK, O6’BeAI/IHeHHI:>IX

CeThbI0 KOMMYHUKAIIUH, 1 001Iero Axs o6eux
TIAOIIAAOK KOMIIAEKCA COOPYKeHuH, obecIie-
YMBAIOIINX Ka’KAYIO M3 HUX CIKAThIMU ra3aMH,
BOAOM, dIAEKTPOIHEPTruel, XAaAOTeHTaMU AAS
TEePMOCTaTUPOBaHUS KOMIIOHEHTOB TOIIAMIBA 1
KOCMUYECKUX anapaToB. TeXHOAOTmYecKoe
o6opyaoBanue CK obecneunBaeT AOCTaBKY
PH ¢ KI'H ¢ TexHuMYeCKOTo Ha CTapTo-
BBIM KOMIIAEKC, YCTAHOBKY €e Ha IIyCKOBOe
ycrpoucTso (I1Y), npoBepeHUe 3AeKTpHUUe-
ckux nposepok PH u KI'Y, 3anpasky PH u
Pa3roHHOro OA0Ka KOMIIOHEHTaMU TONIAWUBA U
CORaTBIMU ra3aMu, HabOp TOTOBHOCTU ABHUTA-
TeAbHOM ycTaHoBKY PH u myck PH ¢ KI'4.

I[Moctpoenue CK oGecneuuBaeT AOCTa-
TOYHYIO aBTOHOMHOCTb KaXAOU CTapTOBOU
TIAOIIAAKH.

Arperatsl u cucteMbl CK, Bce TeXHOAO-
rudyeckue Ipolecchl IOATOTOBKHU K IIYCKY U
nycka PH co3paHBI ¢ yueTOM MaKCUMaAbHOM
6e30I1aCHOCTH OOCAY>KHUBAIOIIIETO TIePCOHAAA U
BBICOKOM 9KOAOTMYHOCTH IIPU SKCIIAYaTaI[UH.

B cocTtas TexHOAOITYECKOTO OOOPYAOBAHUSA

CK BXOAAT CAEAYIOIITIE CUCTEMBI X CPEACTBA:

TPAHCIIOPTHO-YCTAHOBOYHOE U ITYCKOBO€

00OpyAOBaHUE;

CpeACTBa O6CAY}KI/IBaHI/I${ PaKeTbI-HOCH-

TeAss 1 KOCMUYECKOM FTOAOBHOM YaCTH;

cpeactBa 3anpaBku PH u Pb « AM»;

ABTOMATU3MPOBAHHAA CUCTeMa yIIpaBAe-
HHUA TEXHOAOTHYECKHUM Ha3eMHBIM 060py-

poBanuem (HO);

cpeacTBa TepmocTaTupoBanusa PH u KI'Y;

CPEACTBa HEHUTPaAU3alUY TapOB U MPOAU-
BOB KOMIIOHEHTOB PAKeTHOTrO TOIIAWBA
(KPT);

CUCTeMa U3MepeHny;

CHUCTEMBI 'a30BOT'O KOHTPOA,;

CUCTEeMbI HpOTI/IBOHO}KapHOﬁ TEXHOAOT'U-

YeCKOM 3allIUTHI;

CcucTeMa Ha3eMHOTIO BAeKTpOCHGG)KeHI/IH

CIIenTOKaMu,

TEXHUIECKUE CUCTEMBIL.
TpaHCIOPTHO-YCTAHOBOYHOE U IIYCKOBOE
060pyAOBaHMe 006€eCIeYNBaOT TPAHCIOPTH-

poBky PH ¢ KT Ha CK, ycTaHOBKY paKeThl

The launching complex (LC) is intended
for pre-launch operations and launching the
Proton-K/M launch vehicle with various
payloads.

More than three hundred Proton launches
with military, civil and scientific spacecraft
occurred from the launch complexes,
constructed at Baikonur.

The LC consists of two launching pads,
connected by networks and structures
common for both sites and intended to
supply each of them with compressed gases,
water, electric power, and propellant and
spacecraft coolants. The LC technological
equipment is used for delivery of a launch
vehicle with a payload from the technical
complex to the launching site, its erection at
the launching pad, launch vehicle/payload
electric testing, launch vehicle/upper
stage fueling, and launch vehicle/payload
launching.

The LC design ensures self-sufficiency of
each launching pad.

The LC facilities and systems, as well as
all technological processes connected with
launch vehicle preparation and launching
were developed with due regard to ensure
maximum safety of maintenance personnel
and environment during operation.

The LC technological equipment incor-
porates the following systems and facilities:

* transportation, erection and launch
equipment;

» launch vehicle and payload service
facilities;

« fueling facilities;

e ground technological equipment
automated control system;

» thermal conditioning facilities;

« propellant decontamination facilities;

* measurement system,;

* gas monitoring systems;

« technological fire protection systems;

« ground power supply system.
The transportation, erection and launch

equipment is used for transportation, erection

CrtapToBbIi KOMNIIEKC

Proton Launching Complex



depepanbHoe KOCMUYECKOe areHTCTBO

KocmMunyeckme Boncka

«[poToH-K» — «[TIOHACC», «[TTIOHACC-M»

Ha [TY 1 ee BepTHUKaAU3aIUIO, TOACTBEIKOBKY
K pakeTe 3alIpaBOYHLIX U ADEHA)KHBIX KOMMY-
HUKAIUY, IAeKTPUUECKUX, TUAPABAMYECKUX
U Ta30BLIX Pa3beMOB, IPOBEAEHUE BCIIOMOTa-
TEABHBIX PaboT, IOATOTOBKY K ITYCKY U ITYCK
pakeTsl. B cocraB 060pyAOBaHUSI BXOAAT
CAeAylollyie OCHOBHEIE arperaThl:

* TPAHCIOPTHO-YCTAHOBOYHHLIN arperar;

* IOABEMHO-YCTaHOBOYHOE YCTPOMCTBO;

* IIyCKOBOE YCTPONCTBO.

CpeAcTBa OOCAY’)KUBAHUSA PAKETHI-HOCUTE-

ASI M KOCMUYECKOM T'OAOBHOM YacTu obecreum-
BAIOT AOCTYII OOCAY>KUBAIOIIero IepcoHana K
pa3Am4YHBIM 30HaM oOcaykuBarug PH u KI'Y.

B cocraB cpeaCTB O6CAYKUBAHUS BXOAAT:

+ arperaT ob6caykuBanus KI''d B ropusoH-

Kocmopapom Balikonyp, aekabps 2004

TaALHOM TTOAOJKEHUH;

« arperaT ob6cayxusanusg PH u KI'd B
BEPTUKAABHOM ITOAOKEHUMU.
3aIrpaBOYHBIECPEACTBACOCTOSITU3KOMITAGKCA

crucTeM, 00eCIeunBAIOIINX IIPHEM, XpaHeH!e 1

IIOAT'OTOBKY KOMIIOHEHTOB PAKETHOI'O TOIIAMBA

U CKaThIX Fa30B K 3allpaBKe U 3allpaBKy PaKeThl-

HOCUTEAS] U Pa3roHHOTO OAOKa «AM», a TaK)Ke

cauB KPT u3 6akos PH u PB «AM» nipu Heco-

CTOSIBIIIEMCS ITyCKe U X TIOBTOPHYIO 3alIPaBKy

(B cAy4ae HEOOXOAMMOCTH).

B cocTaB KOMIAeKCca 3alpaBOYHBIX

CPEACTB BXOAST:

» cucteMHl 3anpaBku PH okucauteaem u
TOPIOUNM;

* cucteMma cauBa octaTkoB KPT u3 pBura-

TeABHBIX YCTaHOBOK PH;

e cUcTeMa 3alpaBKu
COKaTBIMU Ta3aMy;

* cucreMa obeclIedyeHUA
COKaTBIMU Ta3aMy;

* CTaHUMS ra30CHaOKeHUs;

* CHCTeMa 3allpaBKU pa3roH-
HOro OAOKA JKUAKUM KUCAO-
poaoM;

* CcHCTeMa aBTOMaTUYeCKOT'0
yIpaBAEHUS TEXHOAOTHYE-
ckumu onepanuamu (AYTO).

CucreMa aBTOMAaTHUE-
CKOT'O YIPaBAEHUS TEXHO-
AOTHUYECKUMU OIeparusiMu
nmpepHa3sHaveHa AAS yIIpaB-
AEHUS arperaTaM¥ U CUCTe-
mamu CK, yuacTByIOIIUMH B
TIOATOTOBKE K ITYCKY U IIyCKe
paketsl. CucreMa UMeT ABYX-
YPOBHEBYIO CTPYKTYpYy. B
HUKHUU YPOBEHDb BXOAST
CHCTEMBI IIPSMOT0 yIIpaBAe-
HUS, @ B BEPXHUU — CHUCTeMa
IeHTPAaAN30BaHHOMU IIOATO-
TOBKY TEXHOAOTUYECKOTO
ob6opyaoBanusa CK, obecne-
YHUBaloOasi KOOPAMHAIIUIO
paboT BCceX CUCTeM IIPSIMOTO

YIIPpaBA€HUS.

Space Forces

Federal Space Agency

Baikonur Launching Site, December 2004
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«[poToH-K» — «[TIOHACC», «[TTIOHACC-M»

OCHOBHbIe
XapaKTepUCcTUKMU

Konuyectso :
CTapTOBbIX KOMM/IEKCOB
TEXHONOTMYECKMX CUCTEM (arperaTo) Ha opHoMm CK
B TOM YUCTIE MYCKOBbIX YCTPOWCTB

PaccTosiHve Mexay nyckoBbIMY YCTPOCTBAMM, M

yn paBJieHne NPeaCTapTOBbIMU OnepaLmnaMu

CTbIKOBKA FAPABANYECKUX, MHEBMATUYECKUX W ANEKTPUYECKMX
KOMMYHMKALWI K pakeTe

OTcTbiKoBKa KOMMYHWKaLmit OT 60pTa pakeTbl-HocUTensa

Bpems nogrotosku PH «[potou» ¢ KM, axm

MuHMMabHBIV MHTEPBAN MEXAY MyCKamu C OAHOI MyCKOBOM
YCTAHOBKM, CyT.

Kocmopapom Balikonyp, aekabps 2004

“

600

JAUCTAHLUMOHHOE, aBTOMATU4eckoe
(npw oTCyTCTBUM 06CNYXMBAIOLLErO NEPCOHaNA B APYIuX
COOPYXEHMSIX)

[IIMCTaHLMOHHAsA, aBTOMATMYECKas
XO0M PaKeTbl
3-4

He Gonee 20

CpeACTBa TEPMOCTATUPOBAHUS IIPEA-
Ha3Ha4YeHBl AN TepMocTaTupoBanus KPT,
sremeHTOB PH, pasronHoro 6aoka, KA n
COCTOSIT U3 CUCTEMEI TEPMOCTAaTUPOBAHUS
KPT PH 1 BO3AYIIIHOM 1 JKUAKOCTHOM CUCTEM
obecIeueHUs: TeMIIEPATyPHOIO peskKUMa.

CpeAcTBa HEMTPAAU3AIlUuY ITIaPOB U IIPOAU-
BOoB KPT npepHa3zHaueHbI AA UCKAIOUYEHUS
BPEAHOTO BO3AeNCTBUSA Ha OOCAYKHUBalO-
WY IepCOHAA ¥ OKPY’KAIOIIYIO CPEAY TapoB
U cAaydadHBIX IpoAnBoB KPT npu nposepae-
HUU paboT, CBI3aHHLIX C 3alIPaBKOM (CAUBOM)
pakeTel-HOcuTeAd KPT, a TakKe co BceMu
TeXHOAOTUUYECKUMU U NOATOTOBUTEABHBIMU
olepanusaMi Ha CUCTeMaX 3allpaBKH.

[TpepAyCMOTpPEHEl ABa BUAA CUCTEM
HeUTpaAMu3alluu: CUCTeMa HeUTpaAau3alnuu
napoB KPT u cuctema cbopa u HeMTpaAu3sa-
IIUH BO3MOXKHBIX TPOAUBOB KPT.

CucreMa u3MepeHUM IIpepAHa3HaueHa AN
c6opa, Ipeobpa3oBaHus, aBTOMaTUYeCKOHU
006pabOTKU, PEerucTpalu U IpepoCTaBACHUS
uH(popmManuu o paboTe arperaToB U CUCTEM

CTAPTOBOTO KOMIIAEKCQ, a TAKXXe AT u3Mepe-

Space Forces

Federal Space Agency

Baikonur Launching Site, December 2004

Proton-K — GLONASS, GLONASS-M

A

Key Performance
Performance

Quantity:
Launching Complexes
Technological Systems (units) at one Launching Complex
Launching Pads

Distance between Launchers, m

Pre-launch Operations Control

Coupling of Hydraulic, Pneumatic and
Power Supply Lines to the Rocket

Uncoupling of Service Lines from the Rocket
Proton LV and Payload Preparation Time, days

Minimum Turnaround Time between Launches, days

and checkoutofalaunchvehicle and a payload
at the launch complex, fueling and vent lines
coupling, power and gas supply coupling, and
hydraulic connectors coupling. It is also used
for launch preparation and launch vehicle
launching.

The equipment incorporates the following
main components:

« transportation/erection device;
+ erecting/mounting device;
« launcher.

Maintenance personnel have access
to various areas of the launch vehicle and
payload service facilities.

The service facilities incorporate:

» equipment for servicing the space payload
in the horizontal position;

« service tower for servicing launch vehicle/
plaload in the vertical position.

The fueling facilities incorporate a
complex of systems used for propellant
components and compressed gases storage
and preparation, launch vehicle and upper

stage fueling, tanks draining.

600

Remote, Automatic
(without maintenance personnel at other facilities)

Remote, Automatic

On the Move

3-4

20 at most

The fueling complex incorporates:
» launch vehicle oxidizer and propellant
filling systems;
+ propellant residuals draining system;
compressed gas charging system;
compressed gas supply system;

gas generation station;
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HUS ¥ PETUCTPAINU HEKOTOPBIX TTapaMeTpPOB
Ha3eMHOTO KOHTPOABHO-IIPOBEPOYHOTO 000PY-
poBanus PH B nmepuoa mpoBeAeHUsT TEXHOAO-
TMYECKUX OIIePAITUH 110 TIOATOTOBKE K ITyCKY U
nycka PH. Cucrema obecnieurBaeT cOop 1 0Opa-
60TKY MH(OPMAIUH OT AQTINKOB I10 OCHOBHBIM
rmapaMeTpaM (AaBAEHHUE, TEMIIEPATYPa, YTAO-
BBIe IlepeMellleHNs, BUOpalys, Harpy3Ku).
CucTeMbI Ta30BOTO KOHTPOAS IpeAHa3Ha-
YeHBI AT KOHTPOAS 3@ COCTOSTHHEM BO3AYIII-
HOU CpPEeABI B TOMEIEHUSIX, TA€ BO3MOKHBI

yreuku 1apoB KPT, a3oTa, reArss 1 KUCAOPOAQ,

nu CBOGBpeMEHHOﬁ BBIAQYU SAEKTPUUYECKUX,

Kocmopapom Balikonyp, aekabps 2004

CBETOBBIX U 3BYKOBBLIX CUTHAAOB O COCTOSTHUM
BO3AVIIHOM CPEABl B YKa3aHHBIX ITOMelle-
HUSAX C IJeAbIO IPeAYTIPeKAEHUSI OOCAY KUBA-
IOIIIero mepcoHana o6 onacHoCcTH. CUCTEMEBI
Ta30BOT'0 KOHTPOAS (PYHKIITMOHUPYIOT HEIpe-
PBIBHO Ha MPOTSI>KEHUU BCEero TeXHOAOTHUYe-
CKOTO IITMKAA IOATOTOBKY PH K mmycKy.
CucreMa IPOTHUBOIIOKAPHOMU TEXHOAOTH-
YeCKOU 3aIllUTHI IpeAHa3HayeHa AAS 3allUTh
PH, Haxoad1encsa Ha IyCKOBOM YCTPOUCTBE,
¥ TEXHOAOTMYECKOI'0 0O0OPYAOBAHUS CUCTEMBI
3alpaBKU rOPIOYUM OT CAyYalHO BO3HUKIINX
Bosropanuii. CucreMa obecreyuBaeT TyllIe-
HUe ITo)Kapa Ha CTapTOBOM
COOpY’KeHHUHU U B XPaHUAUIIEe
TOpIOYeTo.

CucreMa Ha3eMHOTO
3AeKTPOCHAabOKeHUd CIell-
TOKaMH IpeAHa3HaueHa AAS
obecneyeHUS IAEKTPOIIUTA-
HHeM IOCTOSHHBIM TOKOM
TeXHOAOTHMUYECKUX CHCTEM
CK, a Tak>Xe KOMIOAEKTOB
KOHTPOABHO-IIPOBEPOYHOTO
000pPYyAOBaHHUS PaKeTHI-HOCH-
TeAsl ¥ Pa3TOHHOTO GAOKaA.

O6opyaAOBaHUe CUCTEMBI
AyOAMpPOBaHHOE, UTO obecIe-
4uBaeT IoTpebuTenel Oeclie-
pebOoMHBEIM 3AeKTPOCHabXe-
HHUEM.

K ocHOBHEIM cOOpyXe-
HuaM CK oTHOCATCS:

* CTapTOBLIE COOPY>KEHUS;

* KOMAaHAHBIE ITYHKTEL;

+ xpanuauma KPT u cxaTeix
rasos;

* COOpY’XeHUS TePMOCTATHU-
poBaHus;

* COOpY’XKeHHUs HeUTparusa-
1Y 1apoB U TpoauBoB KPT;

* COOPYXeHUTd CUCTeMHI
9AEKTPOCHAOKEHUS;

* HACOCHAas CTAHIUS CUCTEMEL
MO>KapOTYILIEHUST;

* CTaHIUS ra30CHAOKEeHUS.

Space Forces

Federal Space Agency

supper stage filling
system;

»an automated control
system.

The ground technological
equipment automated control
systemisintendedtocontrol LC
facilities and systems involved
in launch preparation and
rocketlaunching. The systemis
based on a two-level principle.
The lower level incorporates
direct control systems, and
the upper level — the LC
technological equipment
centralized preparation system,
coordinating all direct control
systems operations.

The thermal conditioning
facilities are intended for
thermal conditioning of
propellant components, launch vehicle
hardware elements, upper stages and
spacecraft and consist of a launch vehicle
propellant components thermal conditioning
system and an air-liquid temperature control
system.

The propellant decontamination facilities
are intended to protect maintenance personnel
and environment from adverse effects of
vapors and spilt propellant components. Two
decontamination systems are provided: a
propellant vapors decontamination system and
a propellant spillage decontamination system.

The measurement system is intended for
facilities operation data acquisition, conver-
sion, automatic processing, recording and trans-
mission, as well as for launch vehicle data meas-
urement and recording (pressure, temperature,
angular deflection, vibration, loads).

The gas monitoring systems are intended
for air monitoring in rooms where propellant,
nitrogen, helium and oxygen vapor leaks
are likely to occur and to timely sound
the alarm. The gas monitoring systems

function continuously throughout the entire

Baikonur Launching Site, December 2004

technological cycle of the launch vehicle

preparation.

The technological fire protection system is
intended to protect the launch vehicle, mounted
onthelauncher, andfuelingsystemtechnological
equipment from accidental inflammation. The
system extinguishes fires occurring at the
launching site and propellant storage areas.

The ground power supply system is
intended to supply LC technological systems
and launch vehicle and upper stage test
equipment with DC power.

The equipment of this system is duplicated
therefore it provides no-break power supply.

The LC major facilities are:

+ launching site facilities;

» command posts;

» propellant components and compressed
gases storage areas;

+ thermal conditioning facilities;

» propellant spillage and vapors decon-
tamination facilities;

» power supply system facilities;

« a firefighting system pumping station;

* a gas supply station.

Proton-K — GLONASS, GLONASS-M
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«[poToH-K» — «[TIOHACC» «[TIOHACC-M>»

[ TPOrPAMMA BBIBEAEHMS
KOCMMYECKIMX ATIITAPATOB CEPUM «
ASCENT PROFILE

B HacTosmee BpeMs BHIBEAEHUE CIYT-
HUKOB «[AOHACC» Ha opOUTy OCylLeCT-
BAseTCsI paKeToM-HocuTeAaeM «[IpoToH» C
pasroHHBIM 6A0KOM «AM>» (B pekabpe 2003
ropa BIepBHIe AT BeIBepeHUsT KA HCIOAB-
3oBaaca Pb «Bpus-M») ¢ kocMopapoMa
Baiikoryp. OpAHOBPEMEHHO BEIBOAUTCS TPU
KA «TAOHACCH».

3aIryCcK KOCMHUYeCKHUX allllapaToB OCYIIeCT-
BASIETCSI TIO OTPabOTaHHOM CXeMe BLIBEACHUST
C UCIIOAB30BaHUEM LITATHBIX TPACCHI IOAETA
U paliOHOB NAAEHUS OTAEAIEeMBIX YacTeu
pakeTHI-HOCUTEASI. PallOHBI TaAEHUS OTAEAS-

roruxcs yacret PH npuBepeHbI Ha cxeMe.

Kocmogpom BarikoHyp, aekabpb 2004

[AOHACC»

HcnmoAab30oBaHME CTaHAAPTHOU Tpaek-
TOPHUU yIpoIlaeT pa3paboTKy IPOrpaMMBbl
BBIBEAEHUS U IPOBEAEHNE COOTBETCTBYIOMINX
pacueToB U aHAAW3a, YTO MOBBIIIIAET HAAETK-
HOCTB CHCTEMEI.

Ha HauaanbHOM 3Talle TepBhle TPU CTYIIeHN
pakeTsI-HOCUTeAS «[IpOTOH» BEIBOAAT OpOU-
TAAbHBIM OAOK, COCTOSIIIUM M3 Pa3rOHHOTO
6ar0Ka «AM», AByx ciiyTHUKOB «TAOHACC»
u opHoro cnyTHrKa «'’AOHACC-M» Ha onop-
HYIO opOouUTy. PacueTHBIe mapaMeTpHl ONOP-
HOM OPOUTHI IPUBEAEHEI B TaOAHIIE.

COpoc o0TekaTeAsd OCYUIeCTBASETCH

npubausuteabHo Ha 200 cekyHAe. BpeMs

Space Forces

Federal Space Agency

Atpresent GLONASS satellites are delivered
into orbit three at a time aboard Proton launch
vehicle (LV Proton) with the upper stage (DM US
or Breeze-M US) from Baikonur cosmodrome.

The satellites will be launched according
to the proven ascent profile using the standard
ascent trajectory and impact areas of the LV
jettisonable parts. The impact areas are listed in
the table.

Use of the standard ascent trajectory
simplifies ascent mission design and related
analysis, thereby increasing system reliability.

The LV Proton first three stages insert the
Ascent Unit composed of the DM upper stage,
two GLONASS satellites and one GLONASS-M
satellite into a 64.8° inclination parking orbit.
Parameters of the parking orbit are shown in the
table.

Payload fairing jettison typically occurs at
200 sec into flight. The fairing jettison is timed

to ensure that the fairing halves fall into the

Baikonur Launching Site, December 2004

appropriate impact areas. During the fairing
jettison process the longitudinal and cross
fairing joints clamps unlock, the fairing halves
are deployed by means of spring pushers, come
off the deployment nodes and fall apart.

Afterthethirdstagemainengine (preliminary
command) is shut down, the design injection
velocity is calibrated by means of the steering
engine.

When the design injection velocity is
gained, the LV control system shuts down
the steering engine, breaks off mechanical
connections between the third stage and the
upper stage and ignites breaking engines
to withdraw the third stage jettisonable
booster.

Further ascent is carried out by the DM
upper stage. The Ascent Unit transfers from
the parking orbit to the target orbit on a double
impulse scheme (two ignitions of the DM

upper stage main engine) via the transfer orbit.

TunoBas pacyeTHas
LuKnorpammva
noneta PH

Proton Launch
Sequence

OTneneHue nepeoii CTynexu
First Stage Separation
t=127.13s o

t=580.35s __ t=59281s B .
C6poc ronosHoro ] q‘,,T_i--' o = LH
obTexatens ) ﬁ“; o &
Payload Fairing Jettison o / e g
t=200.00 s ¢
OTaeneHne BTOPOA CTyNeHM
Second Stage Separation

t=2338.02s

\J

Bbiknio4eHre mapLuesoro
[JBuraTens TpeTben CTyneHu

Otnenenue opbutansHoro 6noka
Ascent Unit (AU) Separation

\

KaparanauHckas obnactb,
Pecny6nmka KasaxctaH,

MepBas cTyneHb

Yyactok Ne 148

FonoBHoi ob6Tekarenb
KaparaHauHckas o6nactb,
Pecnybnuka Kasaxcra,
Yuactok Ne 150

Bropas ctyneHb
Tomckast obnactb,
Poccuiickas denepauys,
Yuactok Ne 370

TpeTbs cTyneHb

Tuxoro okeaHa

Axsatopus

Proton-K — GLONASS, GLONASS-M

A

PanioHbl napeHusa
oTaenarowmxcs
yacten PH

LV Jettisonable Parts
Impact Areas
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BpemeHa
pa6oTbl Pb

Kocmopapom Balikonyp, aekabps 2004

__.r

1-e BKJ1. / BbIKN. 01.01.58,15/01.07.50,98 DopmypoBaHm1e NepexoaHoii opouTbI
2-e BKJ1. / BbIKII. 03.54.48,94 / 03.57.13,16 (opm1poBaHKe LIENEBOIi 0pOUTLI
Otaenexve KA 03.57.28,16 Otpaenenve KA ot Pb

cOpoca rTOAOBHOI'O 00TeKaTeAsl BLIOUpaeTcs
U3 YCAOBUS NONaAaHUSI CTBOPOK oOTeKa-
TeAsI B PallOHBI OTUYKAEHUS 110 Tpacce. [Tpu
cbpoce rorosBHOro ooTekaread ('O) cHauara
PacKpBIBAIOTCS 3aMKU IPOAOABHOTO U TIOTIe-
peuHoro cTEIKOB 'O, a 3aTeM CTBOPKHU C IIOMO-
1IbI0 IPYKUHHBIX TOAKaTeAel pa3BopayuBa-
IOTCSI, CXOAST C Y3AOB Pa3BOPOTa U YBOASATCS
B CTOPOHHI.

[Tocae BEIKAIOUEHUS MapIIeBOTO ABUTa-
TeAs TpeThbel CTYNleHU (IpeABapUTeAbHAs
KOMaHAQ) IPOMU3BOAUTCS KaANOPOBKA pacueT-
HOI CKOPOCTH BEIBEAEHHUS C IOMOIIIBIO pyAe-
BOT'O ABUTATEAS.

B MOMEHT AOCTHIKEHMS PaCueTHOU CKOPO-
CTHU BBIAAETCS FAaBHasd KOMaHAQ, IPU MOCTY-
IIA€HUU KOTOPOU BBIKAKOYAETCSA PYAEBOU
ABUTATEADb, Pa3phLIBAIOTCS MeXaHUUYeCKue
CBSI3U MEeXXAY TpeTbel CTyleHbIO U Pa3roH-
HBIM OAOKOM M 3aIlyCKAalOTCSI TOPMO3HBIE
ABUTATEAU AAST YBOAA OTAEAUBIIETOCS YCKO-
pUTeAsl TpeThbel CTYIeHM!.

AanpHellllee BEIBEAEHUE OCYI[eCTBAMI-
eTCs C IOMOIIBIO Pa3TOHHOTO 6A0KA «AM».
[TepeBop OpOUTAABHOTO OAOKA C OIIOPHOM
OpPOUTHI Ha IIeAEBYIO OCYIIIeCTBASIETCS IO ABYX-
UMIIyABCHOU CXeMe (ABa BKAIOUEHMS Maplile-
BOT'O ABUTATEAS Pa3rOHHOTro OAOKa «AM»)
C UCIIOAB30BaHUEM MEPEXOAHOU OPOUTHI.
TTapameTphl IeEpPeXOAHOM U IleA€BOM OpPOUT

NIPUBEAEHEI B TaOAUIIE.

IMocae oTAeAeHUSI YCKOPUTEASI TpeThbel
CTyIeHU HauMHaeTCsl padoTa yIPaBASIONIUX
PEeaKTUBHBIX MUKPOABUTaTEAEH Pa3TOHHOTO
OAOKa, KOTOpBle BHAYaAe 00eCIeuYnBaloT
AeMII(pUpOBaHHUE YTAOBLIX CKOPOCTeN opoOu-
TAaABHOT'O OAOKA IIOCAE OTAEAEHUS OT TPeThel
CTyIIeHH, a 3aTeM ero OpUeHTAI[UI0 U CTaOUAN-
3aIl{Io Ha BCEX yJacTKaxX CBOOOAHOTIO IToAeTa
(korpa MapIIeBBIM ABUTATEAD He pabOTaeT).

B npoijecce cBOGOAHOTO ITOAETA OPOUTAAD-
HOTO 6AOKa CHCTeMa YIIPaBA€HUS BBHIIIOAHSET
MaHeBPHI (Pa3BOPOTHI) OPUEHTAIIUY KOpIyca
OpOUTAABHOI'O OAOKA AASL OOecIieueHUsI HeoO-
XOAMMBIX YTAOB 3acBeTku KA. Kpome atoro
CHUCTeMa yIpaBAeHHUSI Pa3TOHHOTO OAOKA
BBIIIOAHSET IPOTPAaMMHBIE PA3BOPOTHI AAS
obecreyeHUsd HEOOXOAUMOUN OpUEHTAI NN
BEKTOPAa TATU MaplIIeBOTO ABUTATEAS IIEPEA
BBIAQUel UMITyABCOB AAS M3MeHeHUs llapaMe-
TPOB OPOUTHI, a TaKKe Tepep, oTaereHneM KA.

IMepeBOA Ka’KAOTO U3 TPEX KOCMUYECKUX
alnapaToB B 3aAaHHYIO TOUKY OPOUTAABHOM
IIAOCKOCTH IIPOU3BOAUTCS C MIOMOIIBIO CITYT-

HUKOBOU ABUTATEABHOM YCTAaHOBKU.

no nepuopy obpaLuerus 05¢
TouHoCTb .
npuBeaeHms 10 apryMeHTY LIMPOTI 1
B pabouyio
UCETAID I 1o akcueHTprcHTETY okorno 0,01

cocTaBnser

N0 HaKMOHeHNIo OpBUTL  okono 0,3°

napameTpbl
op6utsl KA

i = 64,85° + 0,038° i=64°48'58"
H= 195,56 km=£ 15km H=19137 km
H = 19137 km (R = 25508 km)
h = 165,64 kM =6km h =196 km

T=87,873 MuH£0,133 MuH

T=11415mun 44 c

Space Forces

Federal Space Agency '

Baikonur Launching Site, December 2004 Proton-K — GLONASS, GLONASS-M

__.r

“ Time from Lift-Off (h. m. s) Event Description

1st Ignition / Shutdown 01.01.58,15/01.07.50,98 Inserting into Transfer Orbit

2nd Ignition / Shutdown 03.54.48,94 / 03.57.13,16 Inserting into Target Orbit

Spacecraft separation 03.57.28,16

Spacecraft and Upper Stage Separation

Parameters of transfer and target orbits are listed
in the table.

After the third stage booster separation,
the upper stage control jet micro thrusters start
up. First, they dampen the Ascent Unit angular
velocities, and then maintain its attitude and
stabilization throughout the coast flight (the
main engine is shut down).

Duringits coast flight the Ascent Unit control
system performs a number of roll maneuvers to
ensure the required attitude of the Scent Unit
body. Moreover, the system executes program
roll maneuvers to ensure the necessary main
engine thrust vector attitude prior to orbit
changing burns and spacecraft separation.

Each of the three spacecrafts is placed to
the designed orbital position by means of the

satellite propulsion system.

revolution period 05s
The orbit latitude argument 1°
position
acciiacy eccentricity about 0.01
orbit inclination about 0.3°

Parking Orbit Transfer Orbit Target Orbit

i = 64.85 + 0.038° i = 64°48'58"
H = 195.56km 15 km H = 19,137 km
H = 19,137 km (R = 25,508 km)
h = 165.64km+6 km h =196 km

T=287.873m=0.133 m T=11h15mé4s
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Proton-K — GLONASS, GLONASS-M

«[poToH-K» — «[TIOHACC» «[[TIOHACC-M>» Kocmogpom BarikoHyp, aekabpb 2004 Baikonur Launching Site, December 2004

[AOHACC: PA3PEILIAS TTPOBAEMBI

In December 2004 Russia is planning

GLONASS: RESOLVING THE PROBLEMS

B pexabpe 2004 ropa Poccusg naanupyet
3aIyCTUTh OYePEAHON TPUIIAET CIIYyTHUKOB
«ITAOHACC» («YparaH») AAsl IOIIOAHEHHUS
OAHOM M3 KAIOUEBBIX CITYTHUKOBEIX IPYIIIIN-
poBOK cTpaHHL. M x0T ob1iee uncao KA B
3TOY IPYNNUPOBKE YBEAUUUTCS B Pe3YAb-
TaTe A0 14, 3TOro BCce paBHO OyAET HeAOCTa-
TOYHO AASI HEIIPEPBIBHOTO HABUTAIIMOHHO-
BpeMeHHOTO obOecneueHusd. TeMm He MeHee,
COT'AACHO ONNyOAVMKOBAHHBIM IIA@HAM POCCUM-
CKHMX BEAOMCTB, OTBEYAIOIINX 3@ PeaAn3alluio
nporpaMmbl, K 2010 roay MO>KHO paCCUMUTHI-
BaThb Ha AOCTHIKEHVE CTAaOMABHEIX DKCIIAyaTa-
ITUOHHBIX TTOKa3aTeAeH.

IMepsrIii 3anyck cnyTHUKOB « TAOHACC»
cocTosincs 12 okTsa6psa 1982 ropa, opHaKO Ha
IIAGHOBBIE ITOKAa3aTeAH TPYNIIHUPOBKA BHINIAA
TOABKOK 1993 roay. BTom ke ropy IIpesupeHT
EABIIMH TOATIMCAA YKa3 O BBOAE B OKCIIAYaA-
Tanuio [Ao6arbHON HaBUTALMOHHOMN CIYT-
HUKOBOU CHUCTEMBEI, COCTOSIen u3 12 Koc-
Mudeckux annaparos. K koHiy 1995 ropa B
pacYeTHBIN COCTaB I'PYNIUPOBKU BXOAUAO
24 cnytHuka. [To3’ke, mapaMeTphl CUCTEMBI
CYLIEeCTBEHHO AeTPapAUpPOBAAM — IIPEUMY-
IIeCTBEHHO B CUAY (PMHAHCOBBIX 3aTPYAHE-
HUM, KOTOPBIE He TO3BOASIAU CBOEBPEMEHHO
3aMEeHSTh BEHIIIEAIINE U3 CTPOSI CITYTHUKY CO
CPaBHUTEABHO HEOOABIIUM CPOKOM aKTHUB-
HOTrO cylecTBoBaHus. CeropHsI Ha opouUTe
HaxopuTcd 11 COYTHUKOB — «3aKOAAOBAHHOE
yucao» B ucropuu F'AOHACCa. «Brbl 3HaeTe,
MBI A@Ke CMeeMCsI — TOBOPUA 3aMEeCTUTEAD
pykoBoapuTeas:t PepeparbHOTO KOCMUUE-
cKoro areHTcTBa ['eopruii [ToAnlyK, BEICTY-
nasg B Mae Ha KoH(pepeHuu B Kopoarése —

Ka’KABIM TOA TPU CIIyTHUKA 3allyCKaeM, U B

5TOM TOAY 3aIlyCTHAH, @ CTOUM Ha IPOKAS-
To¥ nudpe —11 KA». Celtuac BCce yCUAUSI
npousBopuTers cnyTHukosB « TAOHACC»
(HTIO I'IM umM. PemteTHeBa) U APyrUx y4acT-
HUKOB IIPOEKTa HallpaBAeHBbl Ha IIPOAAEHHEe
CpoKa CAYXOBI anitapaToB. B HacTosmee
BpeMsa B HITO IIM HaxoASTCS B IPOU3BOA-
CTBOM AeBATh cIyTHUKOB «TAOHACC-M»
C YBEAMUYEHHEIM CPOKOM aKTHUBHOTO CyIIle-
CTBOBAHUS, a B IePCIEKTUBE IIPEANIOAATaA-
eTcsd NOsIBA€HUEe CepUM alllapaToB HOBOTO
nokorenuss «CAOHACC-K».

Ceropasamnporpamma«’ AOHACCx»cunraeTcs
BeChbMa Ba>XHOU AASL POCCUMCKON 3KOHO-
MUKU 1 000poHEL. B 2001 ropy ITpaBUTEABCTBO
NIPUHSANO COOTBETCTBYIOUIYI0 DepeparbHYIO
IleAeBYIO IPOrpaMMy, TeM CaMBbIM ypaBHSB
«'AOHACC» co BceMH OCTaABHBIMU I'Pa’KAQH-
CKMMU KOCMUUYECKHUMU IIporpaMmmamu (oobe-
AVHEHHBIMH B paMKax DepeparbHOM KOCMU-
4YeCKOU IIporpaMmsl). MIHTepecHO OTMETHUTB,
uyTOo MuHsKOoHOMpa3BuTusa Poccuu npuyuc-
rseT DepeparbHYIO [TEAEBYIO IPOTpaMMy
«I'noGanbHasi HABUTAIIMOHHASA CUCTeMa» K
porpaMMam I1o paspsay «HoBas skoHOMUKa».

QOepepanrbHasd IMeaeBasg nporpaMma
«I'nobarbHas HaBUTAIMOHHAS CUCTeMa» Ha
2004 rop BKAIOYAET B ce0s MATH MMOAIIPO-
rpaMM:

*» ObecneueHne PyHKIMOHUPOBAHUSI U
pasBurtus cucrembl TAOHACC.

* BHeApeHUe U UCIOAB30BaHUE CITyTHUKO-
BBIX HaBUTAIIMOHHBIX CUCTEM B UHTepe-
cax TPaHCIoPTa.

» MicmoAb30BaHUe CIIYyTHUKOBBIX HaBUTa-
IIMOHHBIX CUCTEM AASI Te0Ae3UUYeCKOTO

obecrnieuenus: reppuropuu Poccuu.

Martepuan noarotoBneH aHanuTUyeckoii cnyx6oit 000 «M3patenbcteo «PECTAPT»

to launch satellite triplet to replenish one
of the country's most important satellite
constellations. Proton/Block DM combination
will be used to launch three GLONASS
(or Uragan) spacecraft for the global
navigation system. That will make GLONASS
constellation total of 14 satellites — still not
enough for providing global round-the-clock
navigation and time service. However, the
persevering efforts of Russian government
agencies allow expecting achieving the
stable operational capability by the end of the
decade.

Since first GLONASS launch on October
12th, 1982, the constellation had achieved
the initial operation capability in 1993. The
same year President Boris Eltsin had ordered
to commission the Global navigation satellite
system consisting of 12 spacecraft for service.
By the end of 1995 there were nominal
24 spacecraft in the orbit, but later the system
would degrade due to the financial problems
preventing the timely replenishment of the
relatively short-living satellites. By now there
are «bewitched number» of 11 satellites
that had been achieved more than once in
GLONASS history. « We are launching three
satellites annually, — Federal Space Agency
officials say rather sarcastically — but there
still are eleven of them». The «Curse of
11 Uragans»' is caused by the sequential
failures of the spacecraft operating after the
design lifetime. Today's efforts of GLONASS
satellites' manufacturer Applied Mechanics
(NPO PM n.a. Reshetnyov) and other
GLONASS contractors are directed primarily
to increasing the satellites' design lifetime
to overcome «the curse of eleven». Nine
extended lifetime GLONASS-M spacecraft
are under production at Applied Mechanics,
while the new generation GLONASS-K is
under development.

GLONASS is considered of the great
importance for Russia's economy and defense.

In 2001, the dedicated Federal program was
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« PazpaboTKa, IOATOTOBKA IPOU3BOACTBA,
W3TOTOBAEHUE HaBUTAIIMOHHOTO 000Py-
AOBaHUS U allllapaTyphbl AT IPa’KAQHCKUX
ToTpeOUuTeAeH.

+ ObecrieyeHNe UCIIOAB30BAHUSA CIIyTHUKO-
BBIX HaBUTAIIUOHHBIX CUCTEM B UHTepe-
cax ClellMaAbHBIX IOTpeOuTeAel.

IIpu aTOM 003@HHOCTH IO pearu3aluu
O1LITT pacnpepeAeHBl MEXXAY HECKOABKUMU
NIPaBUTEABCTBEHHBIMHU BEAOMCTBaMH, a B Kaue-
CTBe «TOAOBHUMKOB» BEICTyTIaloT DepeparbHOE
KOCMHUYeCKOe areHTCTBO U MUHOOOPOHEI
Poccuu. IraHOBBEIHN 06BbeM (PUHAHCUPO-
BaHUg nporpaMmel B 2004 ropy cocTaBuA
2 227,5 MAH.pyOAei.

Heo6x0oAMMOCTbL YCKOPEHHOTO BBOAA B
crpont cucteMbel TAOHACC o6ycaoBA€HO, B
YaCTHOCTH, U TeM, YTO B HACTOsIlee BpeMs
B Poccuu pa3zpabaTheiBaeTcsl 3HaUUTEABHOE
KOAMYECTBO IPOEKTOB pPa3BUTUSI UHPPa-
CTPYKTYDPBI, KAIOUEBEIM 3A€MeHTOM KOTO-
PBIX SIBASIETCS HallMOHAABHAsl CUCTeMa CIIyT-
HUKOBOM HaBuranuu. Hanpumep, c Hauara

2000 ropa oTeueCcTBEHHOE >KEAE€3HOAOPOIK-

HOe BeAOMCTBO paboTaeT HaA CO3AaHUEM

Kocmopapom Balikonyp, aekabps 2004

MOOUABHOU IUPPOBOYU CUCTEMEl CBA3Y,
KOTOpas coepnHMAA OBl BCe moe3Aa, AOPOK-
Hble OpUTAABl U AucCHeTdepckue. Takag
cucTeMa AOAKHA (PYHKIIMOHUPOBATHL IPU
TECHOU KOOPAMHAIINY C CUCTEMOM CITYTHUKO-
BOM HaBUTalluM, 4YTO oOeclednBaeT BO3MOXK-
HOCTb Ilepepauy AQHHBIX O MECTOIIOAOKEeHUN
II0e3A0B U ADYTUX ABUJKYIIIVXCST OOBEKTOB Ha
cocepHUe C HUMU TPAHCIIOPTHBIE CPEACTBA C
IleAbIo 0OecIedeHUSI KOOPAWHATHOTO yIIpaB-
AeHUs ABMKeHUeM. Vcrioab3oBaHue cUrHaAa
aMepukaHCKOM GPS >kene3HOAOPOKHUKAM
He OYeHb HpPaBUTCA. Apyrol IpuMep Kpyl-
HOTO IIPOEKTa, ONMMPAIOIIerocs Ha CIIyTHH-
KOBYIO HAaBUTAIIMOHHYIO CUCTEMY — IIPOEKT
TPaHCCHUOUPCKUX KPOCCIOAIPHBIX aBUa-
nepeaeToB «CeBepHBEIY MocT». DTO yXKe
He TOBOPSI O COBPeMEHHOM BBICOKOTOUYHOM
OPY>KUU U NOPTAaTUBHBIX IPUEMHUKAX CIYT-
HUKOBOY HaBUTAIIUY, KOTOPBIMU MOTYT ITOAB-
30BaThCSI COAAATHL Ha oAe 604. [Tpu aToM
BBC PO, nanpumep, BLIHYXKAEHO UCIOAB30-
BaTh B CBOeN O0eBOY paboTe «TPa>kAQHCKUN»
curHanr GPS, nockoarky TAOHACC moka
HeOoOXOAUMYIO HEeIIPEPLIBHOCTL IOKPHLITUS
He oOecneunBaeT. CeropHda
pocCHUMCKHe TPAaHCIOPT-
HBle CaMOAETHl OCHAIleHbI
TOABKO npueMHuKamu GPS,
CepuUMNHO 3aKylIaeMBIMU
BOEHHO-TPAHCHOOPTHOU
aBuanueu. Mcrpebuream u
BEPTOAETBEI-IITYPMOBUKHU
TaK’Ke UCIIOAB3YIOT CUTHAALI
GPS, xoTs nmepuopudecKu
B IIe4aTHU O03BYUYMBAIOTCSHA
cyllecTBeHHBIe OllaCeHHusd,
BO3HUKAIOIIYE Ha 3TOT CUET
Y BOEHHBIX.

B aHOHCUPOBAHHBIX
CIIA nmaaHaxX MOAepHU3a-
nuu GPS Ha ocHOBe cIlek-
TPaAbHO pPa3jpeAeHHBIX
CUTHAAOB IPUBOASTCS TPHU
NPpUOPUTETHHIX HallpaBAe-

HUS — TPU «P» B UCIIOAB30-

Space Forces

Federal Space Agency

approved by the Government thus ranking
the global navigation system at the same level
with the whole set of remaining civilian space
programs that are governed by the other
Federal program — Federal Space Program.
The country's Ministry of Economical
Development counts «Global Navigation
System» among their «New Economy» federal
programs.

As for 2004, the Federal Program
«Global Navigation System» consists of five
subprograms:

» Ensuring GLONASS system operations
and development.

» Application and usage of the satellite
navigation systems for the transportation
support.

» Usage of the satellite navigation systems
for the Russia's territory surveying.

* Development, preproduction and manuf-
acturing of the navigation equipment for
the civilian users.

» Ensuring the satellite navigation systems'
usage in the interests of the special users.
The responsibility and funding are divided

between anumber of the government agencies
with Federal Space Agency and Ministry of
Defense playing the leading role. Planned
budget for 2004 made up about 2.23 billion of
rubles.

There are a lot of critical infrastructure
development projects that hardly relies on
space navigation. For instance, since early
2000's Russia's huge railway administration
is planning deployment of the digital mobile
communication system that would link all
trains, road brigades, etc. One of the key
requirements defining the outline of the
planned «railway mobile» is the necessity to
transmit global positioning data for trains and
othermoving objects between the neighboring
vehicles to provide for the coordinate-based
motion control. The same ideology laid the
basis of the advanced air navigation projects,
including, for one, the Northern Bridge

Siberian cross-polar routes. Not to mention

Baikonur Launching Site, December 2004

the contemporary military applications from
high precision missiles and bombs to handheld
satellite navigation receivers for the soldiers
in the field.

While satellite navigation is becoming
«must have» in the contemporary aviation and
GLONASS is still far from operative readiness,
the Russian Air Force has to rely on «open»
GPS signals. The military transport aircraft
are now equipped only with GPS receivers
that are procured in bulk. The fighters and
strike helicopters use GPS as well, but there
are strong concerns in this specific «user
community» about the service continuity.

The announced US plans for GPS
modernization based on new spectrally
separated signals quote «Three P's» set of
priorities for GPS military use — Protection
of friendly use, Prevention of adversary
exploitation and Preservation of civil use
outside area of operations. So the ghost of GPS
«Prevention» is the strong incentive for the
Russian military to insist on the accelerated
full-scale deployment of the domestic system.

No matter how «vital» is domestic satellite
navigation system for key federal users in
Russia, there is a number of stable «implicit»
issues that impede GLONASS development.
Of course, money issue is the key one.
Relatively inexpensive 11F654 spacecraft with
2to Syearslifetime required the annual Proton
launches to replenish the constellation. With
mass-manufactured and basically affordable
launchers such approach could work for some
time; as the launch rate decrease and the
launch vehicles cost significantly grow even
forthe «federal» customers, the replenishment
flights should be limited and/or transferred
to the cheaper launch options. Announced
plans for GLONASS-M and -K are to deal, in
particular, with this issue.

Recently rather unusual plans were
preliminary announced by Federal Space
Agency this July. During the negotiations
in Moscow Federal Space Agency head

Anatoly Perminov and Indian Space Research

Proton-K — GLONASS, GLONASS-M
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Bauuu GPS B BOEHHBIX IIeAIX — obeclieueHue
HUCMOAB30BaHUA 110 Ha3HavyeHUIo (Protection),
pepOTBpallleHUe BpaXAeOHOTo IpUMeHe-
Hug (Prevention) u coxpaHeHre BO3MOXXHO-
CTe¥ TPa’kAaHCKOTO IPYMEeHEeHHNs BHe ollepa-
TUBHOMU 30HHI (Preservation). Takum o6pa3zom,
NpU3paK '’UIOTEeTHYEeCKOTO «IIPeAOTBpallle-
HusI» ucnoAb3oBauusa GPS aBasgeTcs pArs
POCCHUMCKUX BOEHHBIX Cepbe3HBIM CTUMY-
AOM AASL TOTO, YTOOBI HACTauBaTh HAa OBICTPOM
¥ ITIOAHOM pa3BepPTHIBAHUU OTEUEeCTBEHHOU
CHUCTEMHI.

HecMoTps Ha oCTpPYyIO HOTPEeOHOCTE B
OTe4yeCTBEHHOM HABUTALLMOHHOM CIyTHHU-
KOBOM CHUCTeMe, CYLeCTByeT HECKOABKO
«YHAAMEHTAABHEIX» IIPOOAEM, 3aTPYAHSIO-
mux pazsutue IAOHACCa. And mopaepiKa-
HUS TPYNNHPOBKY OTHOCUTEABHO HEAOPOTUX
KA 110654 c akTUBHBIM CPOKOM CYIII€CTBO-
BAHUS OT 2 A0 5 AeT TpeOOBAAUCH €JKEeTOA-
Hble 3anycku PH «IlpoToH». YuuTneBasa
MaccOBOCTh npousBoAcTBa PH u B 1ieaom
npueMAeMEBle MaTepraAbHBIe 3aTPaTHhl, elfe
HEeCKOABKO AeT Ha3ap TaKoM MOAXOA MOT
oKazaThCcs npueMaeMBIM. OAHAKO KOTAA
KOAWYECTBO €KEeTOAHEBIX IYCKOB YMEHb-
LIIUAOCE, @ cToUMOCTb PH cymecTBeHHO
BO3POCAA AdXKe AT «(PepepParBHBIX» IOKY-
maTeAey, AAS BOCIIOAHEHUS IPYNINPOBKY
HY>XHBI CIYTHUKHU C OOABIIUM CPOKOM
aKTUBHOTO CYIeCTBOBAHUS, IO3BOASIONINE
UCIIOAB30BAaTh OOAEe DKOHOMUYHEIE CPEA-
cTBa BeIBepeHUsA. COOCTBEHHO, 3TU Tpebo-
BaHUS U CTaAU KAIOUEBBIMU IIPU pa3paboTKe
«'’ANOHACC-M» u «TAOHACC-Kn».

B uroae 2004 ropa BO BpeMsI MOCKOBCKHUX
IIeperoBopoB pyKoBopuTeAss DepeparbHOTO
KOCMHMYECKOT'O areHTCTBA U IIPEACEAATEAST
NupnicKOM OpraHuU3alud KOCMUYeCKUX
uccaepoBanuit (ISRO) cTOpOHBI COTAACUAUCH
PacCcMOTPEeTH IPOEKT II0 3aIyCKY HECKOABKHUX
KA «TAOHACC» nHAUNCKUMU pakKeTaMu
C UHAMMWCKOM TEepPUTOPUU. YUaCTHe UHANN-
CKOM IPOMEIMIAEHHOCTH ITO3BOAUAO OB HE
TOABKO CHU3UTH 3aTPATHl Ha BEIBeAeHUe, HO

U MOAKAIOYUTE a3UATCKYIO AePiKaBy K Macco-

Kocmopapom Balikonyp, aekabps 2004 5

BOMY IPOU3BOACTBY COBPEMEHHBIX AOCTYII-
HBIX IPUEMHUKOB AASI KOHEYHOTO ITIOAB30Ba-
TeAsd cucteMbl «TAOHACC» — a0 cux nop
3TO OCTAETCS BTOPBIM «CAAGBIM MECTOM»
CHUCTEMHI.

B auBape 1994 ropa poccuiickue BOeH-
HBble, KOTOPLIe BHaUaAe HECAU eAUHOANYHYIO
OTBETCTBEHHOCTE 3a pa3dpadbotky TAOHACCa,
BCKOpPe IIOCA€e 3asIBA€HUS O BBEA€HUU CUCTEMBI
B OKCIIAyaTanuio U yepe3 11 aAeT mocae 3amy-
CKa MepBOTO «YparaHa» BEIABUHYAU PSIA
IpeAAOKeHUU IO TPa’kKAQHCKOMY UCIIOAB30-
BaHUIO cucTeMbl. B cepepune 90-X HU OAHO
U3 NIPeAIPUATUN POCCUUCKON 3AEKTPOH-
HOM IIPOMBIIIAEHHOCTH He CMOTAO PeaAn3o-
BaTh KPYIHOMAacCHITaOHYIO IPONU3BOACTBEH-
HYIO TPOTPaMMYy II0 BBIIYCKY IPUEMHUKOB
HaBUTAIIMOHHOTO CUTHAAQ, 0COOEHHO NIPUHU-
Masl BO BHUMaHUe PacTYyIIyIO HONYAIPHOCTD
B MUpe aMepukaHcKkoi GPS, koTopas CUABHO
OorpaHMYMBaAa BO3MOJKHOCTH 3KcIopTa. [To
caoBaM ['eoprus INoaumyka, Poccust cobupa-
eTCsl peIIuThL HabOAeBIUIYIO TPOOAEMY HEeAO-
craTka npueMHBIX cTanuuy FAOHACC,
TEeCHO COTPYAHHYASA He TOABKO ¢ MHAMel, HO
u ¢ Kutaewm, fAnonuett u Esponoii. K 2005 ropy
0’KHAAEeTCS MOCTAaBKa HECKOABKUX AECITKOB
TBHICSTY IPUEMHUKOB, a K 2007 — HECKOABKUX
COTEH TBICSY.

OAHaKoO, paXke pacmoaarasi coBpe-
MeHHBIMU NOPTATUBHBIMU NPUEMHU-
kamu, TAOHACCy npupeTca KOHKYpPUpPO-
BaTh He ToABKO ¢ GPS, HO u c mocTenneHHO
pa3BUBAaIOMIENCd €eBPONEeNCKOU CUCTEMOU
Galileo. CarepyeT OTMETHUTH, YTO CETOAHSIII-
Hutt TAOHACC paccuuTaH Ha «MUPHOe
COCYIIeCTBOBaHMUE» C OGEUMH CUCTEMAMU.
HanpuMep, GOABIIMHCTBO CYLLEeCTBYIO-
mux npueMHEukoB FAOHACC npeacTas-
ASIIOT cCOOOM ABYXpe’KUMHBIE YCTPOMCTBA
GLONASS/GPS, cTpyKTypa HaBUTaI[MOH-
Horo curHaiaa cnyTHukosB «TAOHACC-M»
OyAeT popaboTaHa AASL obecliedeHHUs COBMe-
CTUMOCTHU C aMePUKAHCKOMN CUCTEMOH, a
COTPYAHMYECTBO B PeaAu3allui IPOrpaMMBbl

Galileo A0 cux TIOp HE CHATO C TOBECTKU AHS.

Space Forces

Federal Space Agency

e

Organization Chairman Sri G. Madhavan
Nair had agreed to explore «the option of
the Russian spacecraft launch by the Indian
launch vehicles». Later Federal Space Agency
would specify that there be plans for launching
some of the Russian GLONASS navigation
satellites «by the Indian launch vehicles from
India’s territory». Most possibly Russia plans
to link India to the GLONASS project as both
perspective marketplace and a partner for the
affordable state-of-the-art end user receivers'
manufacturing that is the known week point
of Russia's satellite navigation efforts.

The Russian military that had originally the
soloresponsibilityfor GLONASSdevelopment,
had issued the proposals for civilian use
of the system as late as in
January 1994, 11 years after
the first Uragan launch and
recently after the system
was ordered operational.
In the mid-1990's none of
Russian electronic industry
enterprises could afford the
challenging program for the
state-of-the-art GLONASS
receivers, especially taking
into account the growing
GPS competition effectively
preventing any export
options.However,inMay2004
Deputy head of the Federal
Space Agency in charge
for the space application
programs Georgy Polischuk
mentioned, in particular, that
Russia is going to resolve
the recognized issue of the
GLONASS subscriber units
deficit in close cooperation
with a number of foreign
countries including China,
Japan and European
countries. Polischuk said that
«it is seems» that they would

be able to supply some tens

Baikonur Launching Site, December 2004

of thousand receivers by 2005 and more than
one hundred thousands by 2007.

The implicit competitiveness problems
are another effectively incurable handicaps.
Even with the state-of-the art handhelds, the
Russian industry has to compete not only with
GPS, but also with the gradually deploying
European Galileo. It is worth to note, however,
that today's GLONASS has ties with both
systems. For instance, most of the existing
GLONASS receivers are GLONASS/GPS two-
mods, GLONASS-Msignalwill have additional
components especially intended to provide
GPS compatibility, and the plans for Russian

rocket and space industry participating in

Galileo projects still are «on the table».
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Proton-K — GLONASS, GLONASS-M

(DEAEPAAI)HOE KOCMMYECKOE ATEHTCTBO

FEDERAL SPACE AGENCY

®epeparbHOE KOCMHYECKOE areHTCTBO
SIBASIETCS (peAepPaAbHBIM OPTaHOM HUCIIOAHU-
TeAbHOU BAacTu Poccuiickoit Oepepaiinu,
OCYIIECTBASIIOIIM PYKOBOACTBO KOCMIUYECKOH
AEATeABHOCTBIO B MHTEPeCcax HayKH, TEXHUKH U
Pa3AUYHBIX chep IKOHOMUKU U 06eCIIeunBato-
IITUM PEaAN3aIliIo FOCYAAPCTBEHHOM IIOAUTHKY
B 00AACTU UCCAEAOBAHUS U UCIIOAB30BaHUS
KOCMHYEeCKOI'0 IIPOCTPAHCTBA B MUPHBIX IEASX,
paspaboTku u BrinoAHeHUuss DepeparbHOU
KOCMMYecKo nnporpamMmmsel Poccuu.

DepeparbHOE KOCMUYECKOE areHTCTBO
OIpeAeAeHO FOCYAQpPCTBEHHBIM 3aKa34u-
KOM II0O KOCMHUYECKOM TeXHUKe Hay4YHOI'O
U COIIMaAbHO-3KOHOMHUYECKOTO Ha3Haue-
HUS, @ TaK>Ke CO3aKa3YMKOM (COBMECTHO C
Muno60opoHb Poccuu) 1mo pakeTHO-KOCMU-
YeCcKOM TeXHUKe ABOMHOTO Ha3HaUeHMUS.

I'ANaBHOM IIeABIO A€ITEABHOCTH
DepeparbHOTO KOCMUYECKOTO areHTCTBA SIBASI-
eTcst obecneueHre 3PPeKTUBHOTO PelleHus
COIIMaABHO-2KOHOMMYECKUX 1 HAYYHBIX 3aAaY,
a TaK)Ke Pearmr3alius Me>XAYHaPOAHBIX UHTe-

pecos Poccuu kak KocMHUYecKomn AEP>KaBHhI.

The Federal Space Agency is a governing
body of the Russian Executive branch which
manages space exploration activities in the
interests of science, engineering and various
economy branches. The Agency implements
the Federal Space Program.

The Federal Space
Agency is a state customer
of space engineering for
scientific and civil purposes,
and a co-customer (in
association with the Ministry
of Defense) of dual-purpose
space equipment.

The Federal Space Agency
aims at providing effective
solutions of social, economic
and scientific problems aswell
as at realization of Russia's
international interests as a

spacefaring country.

POCKOCMOC

CoraacHo pacnops-
)KeHuio IIpaButeAabcTBa
Poccuiickoit ®Pepepanun
Ne1355-p ot 21 okKTA0OpPA
2004 ropa PepepanrbHOE
KOCMHYECKOe areHTCTBO
OIIPEAEAEHO FOCYAapPCTBEH-
HBIM 3aKa34YUKOM-KOOP-
AunHatopoMm depeparbHOI
HeAeBOM mMporpaMMBI
«I'roO0anbHast HABUTAI[MOH-

Hag cucreMar».

According to the
Governmental Resolution
of the Russian Federation
No1355-p dated October 21,
2004, Roscosmos is design-
ated as the state customer-
coordinator of the Federal
Target Program «Global
Navigation Systemn».

®depepanbHOe KOCMUYECKOE areHTCTBO
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COIAACHO PACTIOPSKEHMIO
[TeaBTEARCTBA Poccuiickor QEAEPALINM
Ne 1355-p ot 21 oktaspg 2004 roAA
FOC3AKASUMKAMM 110 DEAEPAABHOW
LIEAEBOV TTPOTPAMME «[AOBAABHAS
HABMIALIMOHHAS CYCTEMA» OTIPEAEAEHBL:

MunucrepcTBo 060poHbI PoccuiicKkomn
®epepanuu — pepreparbHBIN OpraH UCIOAHU-
TEeABHOMW BAQCTH, IPOBOAAIINM IOCYAQAPCTBEH-
HYIO IOAUTHUKY U OCYILECTBASIIOIIUM TOCyAap-
CTBeHHOe ylIpaBAeHHe B 06AaCTU OOOPOHHI,
a Tak>Xe KOOPAMHUPYIOUIUN AeITEeABHOCTh
deAeparbHBIX MUHUCTEDPCTB, UHBIX (hepe-
PaAbHBEIX OPraHOB UCIOAHUTEABHOM BAACTU
U OPTaHOB UCIOAHUTEABHOU BAACTU CyObEK-
ToB Poccuiickoit @epepanuu 1o Boupocam
OOOPOHEL.

depeparbHOE ar€HTCTBO BO3AYIIHOTO
TpaHcHopTa — (epeparbHBIM OPTaH MCIIOA-
HUTEABHOU BAQCTH, OCYLIECTBASIOIINN (DYyHK-
IIUY II0 OKAa3aHUIO FOCYAAPCTBEHHEIX YCAYT,
yIpaBAe€HUIO TOCYAAPCTBEHHBIM UMYIlle-
CTBOM M IIpAaBOIIPUMEHUTEeAbHbIe (DYHKIIUY B
cepe BO3AYIIHOIO TPAHCIOPTA U IPakpAaH-
cKo¥ yacTu EAMHOM cUCTeMBl OpTaHU3alun
BO3AYIIHOTO ABUYKEHUS.

depeparbHOE aT€HTCTBO MOPCKOIO U
pe4HOro TpaHCImopTa — beAepParbHBIN Oprad
HUCIOAHUTEABHOM BAACTH, OCYIIECTBASIIOIINN
(GDYHKIIUHU 10 OKa3aHUIO TOCYAAPCTBEHHBIX
YCAYT, IO yIIPABA€HUIO TOCYAAPCTBEHHBIM
UMYIIeCTBOM, a Tak’XKe IPaBONPHUMEeHUTEeADb-
HBle (PyHKOUU B chepe MOPCKOI'0 ¥ PeYHOTr0
TpaHCIOPTa, B TOM UHCAEe B OTHOIIEHUU
MOPCKUX PBIOHBIX IOPTOB B IIEASIX PA3BUTHS
TPAHCIOPTHOI'O KOMIIAEKCA.

depeparbHOE AOPOXKHOE areHTCTBO —
depeparbHBINM OpraH UCIOAHUTEABHOH
BAQCTH, OCYIECTBASIOMUN PYHKIUU 1O
OKAa3aHUIO0 TOCYAAPCTBEHHBIX YCAYT U yIIPaB-
AEHUIO TOCYAQPCTBEHHBIM UMYIIECTBOM B
chepe aBTOMOOUABHOTO TPAHCIIOPTA ¥ AOPOIK-
HOTO XO35IMCTBQ, B TOM UYHCAe B 0OAACTH y4eTa

depeparbHBIX @aBTOMOOUABHBIX AOPOT.

Kocmopapom BalikoHyp, gekabpb 2004

ACCORDING TO THE RESOLUTION
OF THE RussiAN FEDERATION
GoverNMENT No1355-p
DATED OcToBER 21, 2004, THE STATE
CUSTOMERS OF THE FEDERAL PROGRAM
«GLOBAL NAVIGATION SYSTEM» ARE:

Ministry of Defense of the Russian
Federation, a federal executive authority
to administer the state policy, to manage on
defense matters, and to coordinate activities of
the federal ministries, other federal executive
authorities and the executive authorities of
the RF entities on defense matters.

Federal Agency of Air Transport, a
federal executive authority undertaking
functions of public services rendering,
managing of federal property and law
enforcement duties in the field of air
transport and civil part of the Unified system
of air traffic administration.

Federal Agency of Sea and River
Transport, a federal executive authority
undertaking functions of public services
rendering, managing of federal property, and
law enforcement duties in the field of sea and
river transport, including sea fish ports for
transport complex development.

Federal Highway Agency, a federal
executive authority undertaking functions of
public services rendering and managing of
federal property in the field of motor transport
and highway-related services, including
federal highway registering.

Federal Railway Agency, a federal
executive authority undertaking functions
of public services rendering, managing of
federal property, and law enforcement duties
in the field of railway transport.

Federal Agency on Industry, a federal
executive authority undertaking functions
of public services rendering and managing
of federal property in the field of mechanical
engineering, metallurgy, chemical and

petrochemical industries, biotechnology,

Space Forces

Federal Space Agency

depeparbHOE ar€HTCTBO KE€AE€3HOAO-
POJKHOrO TpaHcnmopra — epeparbHBIN
OpraH UCIIOAHUTEABHOM BAACTH, OCYLIECTBAS-
IOIIUN PYHKIUY 110 OKA3aHUIO TOCYAAPCTBEH-
HBIX YCAYT, YIPaBACHUIO TOCYAQPCTBEHHBIM
UMYIIeCTBOM, a TaK>kKe IPaBONPUMEeHUTEAD-
HBle QYHKIIUU B chepe JKeAe3HOAOPOIKHOTO
TPAHCIIOPTA.

PepeparbHOE aT€HTCTBO O IPOMBIIIAEH-
HOCTU — (pepePaAbHBIN OPraH UCIOAHUTEAD-
HOM BAQCTH, OCYLIECTBASIOMUN (DYHKIIUU I10
OKa3aHUIO TOCYAAPCTBEHHBIX YCAYT, YIpaB-
AEHUIO TOCYAQPCTBEHHLIM UMYIIeCTBOM B
cdepe MalInHOCTPOESHUST, METAAYPTUIECKOH,
XUMHUUYECKOU, HePTeXUMUUYeCKOM, OUOTEXHO-
AOTUYECKOM, MeANITMHCKOM, AeTKOM, AeCHOH,
IIEAAIOAO3HO-OYMaskHOM U AepeBooOpadaTs-
Balolllel, aBUAIJUOHHOMN, CYAOCTPOUTEABHOH,
9AEKTPOHHOM IPOMBIIIIAEHHOCTH, IPOMBIIII-
AEHHOCTHU CPEACTB CBSI3H, PAAUOIIPOMEBIIIIAEH-
HOCTHY, IPOMBIIINEHHOCTU 60 pPUNacoB U
CcIeIMaAbHOM XUMUU, XUMUYECKOTO Pa3opy-
SKeHUSI, IPOMBIIIA€HHOCTH OOLIYHLIX BOOPY-
>KeHUMH, a TaK)XKe YIIOAHOMOYEeHHBIN (Haluo-
HaAbHBIN) opraH Poccutickoit Oepepanuu
ITO BHIMOAHEeHWI0O KOHBEHIIUM O 3amperre-
HUU pa3paboTKy, IPOU3BOACTBA, HAaKOIIAe-
HUS U IPUMeHeHUsI XUMIUIeCKOT0 OPY KU U
ero yHHYTOKeHuY 1 KoHBeHIINY O 3amperie-
HUU pa3paboTKy, IPOU3BOACTBA, HAaKOIIAe-
HUS 3allacoB 0AKTEPUOAOTUYECKOTO (OMOAO-
TUYeCKOT0) ¥ TOKCUHHOTO OPY KU U 006 UX
YHUYTOKEHUU.

depeparbHOE aTeHTCTBO IO IPOMBIIIAEH-
HOCTHY HaXOAUTCS B BeAeHUW MUHUCTEPCTBA
IIPOMBIIIAEHHOCTH U 9HepreTuku Poccuiickon
Depepanun.

PepeparbHas CAyKOa reoAe3U U KapTo-
rpaduu Poccun — depeparbHBIN OpraH
HUCIIOAHUTEABHOM BAACTH, OCYIECTBASIOMINN
CcleliiaAbHBIE (UCIIOAHUTEABHEBIE, KOHTPOAB-
HBle, HAA30PHBIE, Pa3pelluTeAbHEIE, Pery-
AUpYyIOIIUe U APyTrue) GYHKIUU B 0OAa-
CTU T€OAEe3UUYEeCKOU U KapTorpaduueckon
AESTeABHOCTH U HaMeHOBaHUM reorpaguye-

CKHUX OOBLEKTOB.

Baikonur Launching Site, December 2004

medicine, light, timber, pulp and paper,
woodworking industries, aircraft, shipbuil-
ding, electronic industries, communication
and radio industries, ammunition and special
chemicals industries, chemical disarmament,
conventional armaments industry, as well as
an authorized (national) body of the Russian
Federation to observe the Convention on the
Prohibition of the Development, Production,
Stockpiling and Use of Chemical Weapons
and on Their Destruction and the Convention
on the Prohibition of the Development,
Production and Stockpiling of Bacteriological
(Biological) and Toxin Weapons and on Their
Destruction.

Federal Agency on Industry is under
authority of Ministry of Industry and Energy
of the Russian Federation.

Federal Service of Geodesy and
Cartography of Russia, a federal executive
authority undertaking specific (executive,
control, supervision, permission, regulating,
etc.) functions in the field of geodesy and

cartography and naming of geographical

features.

Proton-K — GLONASS, GLONASS-M
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[ IPEATTPUATIASL, VYACTBYFOLIME B 3AITYCKE
LAUNCH PROGRAM PARTICIPANTS

KOCMMYECKME BOMCKA Poccum
RussiaN Space FORCES

KocMuueckue Boicka — POA BOMCK,
KOTOPBIM ITpeAHa3HaueH AAST 3aIUThHI Hallu-
OHAABHBIX UHTepecoB Poccuu B KocMuue-
CKOMU cpepe u noBuIIeHUA 3P PHEKTUBHOCTHU
IpUMeHeHUsI BOUCK (CHA) B IIeAdXx obeclieye-
HUSI OOOPOHEL 1 6€3011aCHOCTH TOCYAQPCTBA.

KocMmuyeckue Bolicka chOPMUPOBAHEI BO
ucnoaHenue pemenus Cosera be3onacHocTu
Poccuiickoit @epepanun ot 6 pepars 2001
ropa Ne 1 u Ykasa [IpesupenTta Poccuiickon
®epepariun ot 24 mapta 2001 ropa u ¢ 1 uroHS
3TOTO K€ TOAQ IPUCTYNHUAU K BEIIIOAHEHUIO
CBOMX 3aAau.

OCHOBHOM I1€AbI0O BOEHHO-KOCMUYE-
CKOM AESITEeABHOCTH SIBASIETCSI TapaHTUPOBAH-
HOe pereHune 3apa4 CAeP>KUBAHUS arpecCuu
npotuB Poccutickoit Mepeparum B KocMoce
¥ U3 KOCMOCA. DTOH IEABIO OTIPEACASIOTCS U
3apaun Kocmmueckux BOUCK: 1. obecrieuenme

BbICHIETO BOEHHO-TIOAUTUYECKOT'O PYKOBOACTBA

The Space Forces are a military branch
which sustains national interests of the Russian
Federation in space exploration and makes
more efficient use of the forces to ensure the
defense and security of the country.

The Russian Space Forces were formed
pursuant to the decision of the Security
Council of the Russian Federation # 1 dated
February 6, 2001 and the Russian President's
Decree dated March 24, 2001 to proceed to
their duties on June 1, 2001.

The main objective of military-space
activities is to restrain aggression against
the Russian Federation in space and coming
from space. This objective determines tasks

of the Space Forces: 1. to provide firsthand

Poccutickoit @epepariuu AOCTOBEPHOM HHAOP-
Malueln 06 oOHapy’KeHHU CTapTOB OAAAUCTH-
YeCKUX paKeT U IPeAyIpPeKAeHHUs O paKkeT-
HOM HAallapAeHUH; 2. obecIieueHrie He3aBUCUMOTO
AocTyta Poccun B KOcMOC 1 CBOOOABI ACHCTBUN
B KOCMHMUECKOM IIPOCTPAHCTBE, HEAOIyIlleHIe
AVICKPUMPHAITIOHHBIX ACHCTBUH APYTUX TOCY-
AAPCTB B OTHOILIEHNH POCCUMCKON KOCMUYECKOU
AeATeABLHOCTY; 3. pa3BepThIBaHME, IIOAAEP KaHNE
B YCT@HOBAEHHOM COCTaBe ¥ COCTOSTHUY ITOCTO-
STHHO AEMCTBYIOIINX OPOUTAABHBIX IPYIIIIMPOBOK
KA BoeHHOTO Ha3HaUEHUS U HA3eMHBIX CPEACTB
3arycka u yrupasaenuss KA B uHTepecax obecrre-
YeHHd BONCK (CHA) MH(OpMaliuel OT KocMude-
CKUX CPEACTB; 4. IPpOTUBOpakeTHas 00OPOHa,
3allluTa OTeYEeCTBEHHBIX KOCMUYECKHUX allra-
paToOB U KOCMUYECKUX PeCcypCcoB, HEAOyIIle-
HUe AUCKPUMUHAIIMOHHBIX AeICTBUMN ADYIUX
TOCYAQPCTB B OTHOLIEHUU POCCUNUCKON KOCMU-

YecKou AeATEABbHOCTH.

information on missilelaunchesdetectionand
missile attack warning to high military and
state officials of the Russian Federation; 2. to
ensure an independent access to and freedom
of action in the outer space for Russia, to bar
discrimination by other countries in relation
to the Russian space activities; 3. to develop
and support the fixed number and condition
of orbital groups of military spacecrafts and
ground facilities for spacecraft launch and
control to provide the forces with satellite
data; 4. to ensure anti-missile defense,
protection of national spacecrafts and space
resources, to bar discrimination by other
countries in relation to the Russian space

activities.

HayuyHo-npon3BoaCTBEHHOE 0ObepnHe-
HUe IPUKAAAHON MEeXaHUKU MUMEeHH aKape-
Muka M. @. Pemetnena (HITO IIM) —
BeAyIIass pOCCUMCKAas OpraHU3aIus Io
pa3paboTke KOCMHYECKUX KOMIAEKCOB
CBSI3M, TeAEBeIllaHUs, PETPAHCASAIINY, HaBU-
Tallu¥ U TeOAE3UH.

[MpeapnpusaTue ocHOBaHO B 1959 r. kak
Bocrounsniit puanar Ne 2 OKB-1 C. IT. Kopo-
AeBa. B 1964 r. npepApugaTUEM CO3AAQHEL U
YCIENIHO 3allyIleHbl IepBble COOCTBEHHEIE
00pasIibl PAKETHO-KOCMUYECKON TeXHUKU:
pakeTa-HOCUTEADb AeT'KOTO KAAacca U MaAble
HU3KOOPOUTAABHBIE CIYTHUKHU CEPUH
«Kocmoc». B paabHertiiiiem Ha HITO I'IM 6w1A0
co3paHo cBHIIIe 30 KOCMHUUYECKUX CUCTEM U
KOMIIAEKCOB. B Hallle BpemMs npepnpusiTre
OCTAeTCsI BEAYIIUM B OOAACTH CO3AQHUS KITOA,

KAIOY» U IIOAAEPIKAHUS B OKCIIAyaTalluM CITyT-

The Reshetnev Applied Mechanics Re-
search and Production Association (NPO PM)
is Russia's leading developer of space
complexes for communications, TV broad-
casting, retransmitting, navigation and
geodesy.

The enterprise was established in 1959 as
Eastbranch Ne2of S. P. Korolev Special Design
Bureau. In 1964 the enterprise developed and
successfully launched some space vehicles of
in-house design: a launch vehicle of light class
and small low-orbital satellites of Kosmos
family. Later on the NPO PM developed over
30 space systems and complexes. At present
this enterprise is a leading Russian company

in the field of development and maintenance

HUKOBBIX CUCTEM KOOPAUHATOMETPUIECKOTO
U TeAeKOMMYHUKAIIMOHHOTO Ha3HaueHusd Ha
BCEX OCHOBHBIX THUIIaX OPOUT — OT HUBKUX
KPYTOBBLIX U BBICOKOJAAUITUYECKUX AO
reocranioHapHbeIX. K HacToslleMy BpeMeHU
OCYIIIEeCTBAEHBI 3aIlyCKU U YCIEIHIHO UCIOAD-
3yl0Tcd Ha opOute cBrille 1000 CIyTHUKOB,
pa3paboTaHHBIX IPEAIPUATHIEM.

Ha TeKylInii MOMEHT B 3KCIAYyaTallul
HaxoAuUTCA 98 CIyTHUKOB, pa3pabOTaHHBIX
oO0bepUHEeHHEeM, 4TO Ha 68% ypoBAeTBOpSieT
NoTpeOHOCTU BHYTPEHHEero phIHKa CTPaHEL B
AQHHOM KOCMUYECKOU TEXHUKE.

HITO TIM cnoco6HO pellaTh 3apadu
yIpaBAeHUS COYTHUKaMU. B aTux measx B
cocTaBe oOobepvHeHuss nmeetcs LleHTp ympas-
AeHuda noaretamu (LYTT) KoMMepuecKUX CIyT-
HUKOB, o0ecleunBaloui padboTy ¢ 25 anna-

paTaMu OAHOBPEMEHHO.

of turnkey satellite-based systems for
positioning and tele-broadcasting from all
main types of orbits — low circular, highly
elliptical and geostationary orbits. By now
over 1000 satellites, developed by NPO PM,
are launched and successfully operated into
orbit.

Currently, 98 satellites developed by the
Association arein operation, which constitutes
68 percent of the domestic needs for the given
space hardware.

The Association is capable to ensure
control over satellites. For this purpose
the Association incorporates a commercial
satellites Mission Control Center providing

control of 25 spacecraft simultaneously.

Hayu4Ho-
NPoOu3BOACTBEHHOE
o6beguHeHune
NnpuKnNagHomn
MeXaHUKU UMEHU
aKajemMmmKa

M. ®. PewleTHeBa

The Reshetnev
Applied Mechanics
Research and
Production
Association
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NMponssopcTBeHHOE
obbeauHeHue
«Monet»

Polyot Production
Association

«[poToH-K» — «[TIOHACC» «[JTIOHACC-M>»

ITpousBoACTBeHHOe o6bepUHeHUE
«IToreT» — OAHO U3 KPYIHEUIINX ad3POKOC-
MHUYeCKUX IpeAnpusaTul Poccun — cospa-
BaAOCH KaK CAMOAETOCTPOUTEABHEIN 3aBOA,
Ha 6a3e TpeX MOCKOBCKHUX aBHa3aBOAOB,
3BAaKyUpPOBaHHBIX B I OMCK B HauaAe Bean-
Kou OTeuecTBeHHOMN BOMHEI (UIOAB 1941 1.).

3anpoiepmre ropsl 1O «[ToaeT» mpeBpa-
THUAOCH B @3POKOCMHUUYECKYIO KOPIOPAIUIO
C HINPOKUM AUANa30HOM IPOU3BOACTBA: OT
pakeT-HOCUTEAEN U KOCMUYECKUX alllapaToB
AO TOBApOB HAPOAHOI'O ITIOTPeOACHUS.

B Hauaae 60-x rr. o6 bepAUHEHUE TIepe-
IIAO K BEIIYCKY PAKETHO-KOCMHUYECKOU
TexHUKU. Ha cueTy npepnpuaTusa cepui-
HOe MPOU3BOACTBO CTPaTern4eCKUX paKeT
P-12, P-14, P-16. HauGoAee u3BecTHOE
uspeaune ITO «I[ToreT» — pakeTa-HOCH-
TeAab «KocMoc». C ucnoAb3oBaHHEM 3TOHU
PakeTsl IOCTPOEHEI U IIOAAEPFKUBAIOTCI AO
HaACTOSIero BpeMeH!U HaBUTAIIMOHHO-CBA3-

Has CUCTeMa B MHTepecax MOPCKOTO (PAOTa,

Polyot Production Association (PO Polyot)
is one of the largest aerospace enterprises in
Russia. This association was established as
an aircraft plant on the base of three Moscow
aircraft factories, evacuated to the town of
Omsk at the beginning of the Great Patriotic
War (July, 1941).

Over the years of its activity PO Polyot
becomes an aerospace corporation of wide
production range, from launch vehicles and
spacecraft to consumer goods.

At the beginning of 60-th the association
turned to production of rockets and space
vehicles. The enterprise masters the mass
production of strategic missiles R-12, R-14,
R-16. The most known product of PO Polyot
is the Kosmos launch vehicle. To present day
this rocket is used for creation and support of

navy-oriented navigation and communication

Kocmogpom BarikoHyp, aekabpb 2004

Me>KAyHapOoAHasl CUCTEMa IOMCKa U cllaca-
aust « KOCITAC-CAPCAT», BLIBEACHEI Ha
OpPGUTHEI MHOTOYNCAEHHBIE KOCMUYECKHEe
anmnapaThl Pa3ANYHOIO Ha3HAUeHU.

1O «IToreT» o6ArapaeT YHUKAABHBIMU
TEXHOAOTHSIMH 110 IPOU3BOACTBY KOCMHUYE-
CKUX alapaToB.

OCHOBHBIE HATTPABAECHUS ASSITEABHOCTH

+ pazpaboTKa 1 U3TOTOBAEHUE KOCMUYeC-

KHX alllapaToB MeXAYHAapOAHOH

cucTteMtl torcka u cracauust «KOCTTAC-

CAPCAT», cIyTHUKOB TAOOAABHOU HaBU-

ranuoHHOM cucteMbl «TAOHACCH»,

KOCMUUYECKHX allllapaToB KOMMYHUKAIIW-

OHHBIX CHUCTEM;

usroroBaeHue PH «Kocmocy;

pa3paboTKa u U3TOTOBAEHME rpa>kAaH-
CKOM aBUAIIMOHHOMN TeXHUKH: MHOTO-
IIeAeBOTO CPeAHEeMAaruCcTPAAbBHTO CaMo-
AeT AH-74 u ero mopudUKaIui; AeTKOTO
MHOTOIleAeBOro caMoAeTa AH-3 C pa3And-

HBIMU MOAM(UKAIUSIMU.

system, International Satellite System for
Search and Rescue COSPAS-SARSAT,
insertion a great number of various spacecraft
into orbits.

PO Polyot develops unique technologies
for space vehicle manufacturing.

Main directions of activity:

» development and manufacture of space
vehicle for International Satellite System
for Search and Rescue COSPAS-SARSAT,
satellites for GLONASS global navigation
system, spacecraft and communication

systems;

Kosmos launch vehicle production;

development and manufacture of civil
aircraft engineering: An-74 multi-purpose
medium-long range aircraft and its
modifications; An-3 light multi-purpose

aircraft with various modifications.

Space Forces

Federal Space Agency

locypapcTBeHHBIM KOCMHUYECKUN
Hay4YHO-ITPOU3BOACTBEHHEIHN I[eHTP UMEHU
M. B. Xpyauuena ('KHIIL] um. M. B. Xpy-
HU4YeBa) o6pa3oBaH YKa3oM [Ipe3upeHTa
Poccutickoit @®epepanuu oT 7 utoHs 1993 1.
Ha 0a3e KPyHNHeWIIUX NPOU3BOAUTEAEH
aBMAIIMOHHOMN U PAKETHO-KOCMHUUYECKOHN
TEeXHUKM — MaInHOCTPOUTEABHOTO 3aBOAA
umenu M. B. XpyHuueBa 1 KOHCTPYKTOPCKOI'O
61opo «CanaroT». OCHOBHOM IIEABIO CO3AQHUS
LlenTpa crano 00bepAMHEHNE HAYYHOTO U IIPOU3-
BOACTBEHHOTI'O IIOTEHIIHaAOB
ABYX IIPEAIIPUAATHN.

3A€eCh U3TOTaBAUBAAUCD
OaAAHCTHUYECKUEe paKeThl
cepuu YP-100, npoekTupo-
BAAVICh U CTPOUAUCH PAKeThI-
HocuTteAu «[TpoToH» (MOAH-
dukanuu «IIpoTtoun-K» u
«ITpoTor-M») m «PokoT»,
TSAXKEABI TPAHCIOPTHBIN
KOpaOAb CHaOKeHUsI, 0a30BBIN
OAOK M BCE MOAYAH KOMITAEKCA
«Mup», pyHKIIHOHAABHO-
IPy30BOM OAOK «3apsa» U
CAY>KeOHBIU MOAYAB «3BE3Aa»

At MKC (mpu Koomepanuu ¢

The Khrunichev State
Research and Production
Space Center (Khrunichev
GKNPTs) was established by the Presidential
Decree dated June 7, 1993. The Center was
based on the two largest aviation and space
manufacturers — the Khrunichev Machine-
Building Plant (established in 1916) and the
Salyut Design Bureau (established in 1951).
The creation of the Center was aimed at
combining scientific and productive potentials
of the two organizations.

The Center manufactured UR-100 ballistic
rockets, designed and constructed the Proton
(Proton-K and Proton-M) and Rockot launch

Baikonur Launching Site, December 2004

PKK «3Oueprus»). Kpome Toro, B LleHTpe 661A1
U3TOTOBAEHEL BCe OPOUTAABHEBIE CTAHITUY TUIIA
«CanroT» 1 «AAMas».

LlenTp ocyliecTBAsSIET KOMMepUecKUe 3ally-
CKH CIIYTHUKOB B paMKaX Me>XAYHAPOAHBIX
COBMeCTHBIX ITpealipusTyii International Launch
Services u Eurocot.

B macTtogmee Bpema B TKHIIL
um. M. B. XpyHuueBa pa3dpabaTeBa-
eTcs pakKeTa-HOCHUTEAb TSIJKEeAOTo KAaacca

«AHTrapa».

vehicles, the heavy class spaceship, the core

and all other modules of the Mir space station,
the Zarya Functional Cargo Module and the
Zvezda Service Module of the International
Space Station (inassociation with RSC Energia).
Besides the Center manufactured all Salyut and
Almaz orbital stations.

The Center performs commercial satellite
launches as a constituent company of
International Launch Services and Eurocot.

At present, the Khrunichev Space Center

develops the Angara heavy class launch vehicle.

Proton-K — GLONASS, GLONASS-M

A

rKHNY
uMm. M. B. XpyHuueBa

Khrunichev
State Research
and Production
Space Center

MpennpusTvsi, y4acTByoLLME B 3anycke
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~ PKK

ZHEPINST

PakeTHo-
KOCMU4eckas
Koprnopauus
«JQHeprua»

nmeHu C. IN. Koponesa

Korolev Rocket

Space Corporation

Energia

«[poToH-K» — «[TIOHACC» «[JTIOHACC-M>»

PakeTHO-KOCMHUUYecKasa KopHnopanus
«Dueprua» umenu C. I[1. KopoareBa sABASI-
eTCsl BeAYIIUM POCCUUCKUM IIPEAIIPUATHEM
IO CO3AQHUIO U 3KCIAyaTalluu MUAOTUPYe-
MOM KOCMHUYECKOMN TeXHUKH, COBPEMEHHBIX
CPeACTB BBIBEACHHUsI KOCMUYEeCKUX alllapaToB
Ha OPOUTY U CIIeIJUaAU3UPOBAHHBIX CIIyTHU-
KOBBIX KOMIIA€KCOB Pa3AMYHOIO Ha3HAUEHUS.

[TpepnpusTHe CTOSIAO Yy KCTOKOB IIPaK-
TUYeCKHU BCeX HallpaBAe€HUMU COBpeMEeH-
HOU KOCMOHABTHUKHU: Ha HeM OBIAM CO3AAHBI
NepBBIY UCKYCCTBEHHBIN CIIYTHUK 3€MAUN U
pakKeTa-HOCUTEABb, KOTOpas BEIBEAA eTro Ha
OpOUTY; 3A€Ch POAUAUCH IIPOEKTHI IEPBBIX
IUAOTUPYEMBIX KOCMUYEeCKUX Kopabarel
tumna «BocTtok», «Bocxopa», «Coro3»; Ipea-
NpUATHE YIaCTBOBAAO B IIEPBBIX 3aIyCKax
aBTOMATUYECKUX aIlllapaTos K AyHe U IIAaHe-
TaM COAHEYHOM CHCTeMBl, IEPBBEIX CIYTHU-
KOB AAS HaYYHBIX UCCAEAOBAHUM, IEPBEIX
CIIyTHUKOB CBA3U «MOAHUA-1» U CIIyTHUKOB
A€TaAbHOM (pOTOCHEMKHU 3€MHOMW IIOBEPX-
HOCTHU TUIIa «3€HUT», Ha HeM IPOBOAUANCH

pa6OTLI II0 CO3AAHHIO Op6I/ITaALHHX CTaH-

The KorolevRocket Space Corporation
Energia is Russia's leading organization
in development and operation of manned
spacecraft, modern launch systems
and various special-purpose satellite
systems.

This organization was one of the founders
of space engineering. It developed and
manufactured:

+ The first artificial Earth satellite and the
launch vehicle to place it in orbit.

+ First manned spacecraft — Vostok, Vos-
khod, and Soyuz.

« First research satellites.

« First communications satellites (Molniya)
and photography satellites (Zenit).

» The N-1 and Energia launch vehicles and

the Buran reusable spaceship.

Kocmogpom BarikoHyp, aekabpb 2004

nui cemerictBa « CarloT», MHOTOMOAYAB-
HOM CTAaHIUU «Mup», KpynHeUIINnX pakeT
H-1 1 «DHeprusa», opbUTarAbHOTO KOpabAsd
«Bbypan».

Kopnopanus « DHeprus» siBAsIeTCS TOAOB-
HBIM Pa3zpaboTYNKOM POCCUUCKOIO CerMeHTa
MKC u 60ABIIMHCTBA ero d3aeMeHToB. OHa
TIPOAOAYKAET aKTUBHYIO AeSITEABHOCTE B OOAa-
CTH CO3AaHUS PAKETHO-KOCMHYECKUX CPEACTB
BLIBEAEHUS TSAKEAOI'0, CPeAHEeTro U AeTKOT'o
KAraccoB. CepuMHO BEIIyCKaeMBI Pa3roH-
HBIY 6AOK TUIla «AM», cOBepIIUBIINI OOoAee
ABYXCOT yCIIEITHBIX IIOAETOB, OYAET UCIOAb-
30BaH U B PSIAE NEPCIHEKTUBHEIX IPOEK-
ToB. HanboAee 3HAUUTEABHBEIN CpEAU HUX
— NPoeKT «MOPCKOM cTapT», IpeAycMaTpUBa-
IOUINY CO3AaHMEe CPEACTB 3aIlyCcKa B KOCMOC
U3 3KBAaTOPHUAABHOM OOAACTU aKBAaTOPUU
MupoBoro okeaHa.

ApPyruM Ba>kKHBLIM HallpaBAeHUEM paboT
SBASETCS CO3AaHUe B COTpPyAHUUYeCTBe C
aMepUKaHCKUMU ITapTHepaMU HOBOTO ceMel-
CTBa COBPEMEHHBIX CITYyTHUKOB CBSI3U CEPUU

«Sman».

RSC Energia also designed the Salyut
orbital station and the Mir space station and
launched first spacecraft going to the Moon
and planets of the solar system.

The corporation is the head developer
of hardware elements for the Russian ISS
segment.

RSC Energia actively works in spacecraft
design. The production DM upper stage
which has successfully flown more than two
hundred times will be used in a number of
future projects. The Sea Launch Project which
is considered the most significant one is
intended to launch spacecraft from equatorial
ocean areas.

Another important project is devoted
to modern Yamal communication satellites

design in association with US partners.

Space Forces

Federal Space Agency

OTVTI «LIOHKW» co3AaHO B I[EASTX COBEP-
IIeHCTBOBAHUS U PA3BUTUS HA3€MHOU KOCMU-
yeCcKoW MHMPACTPYKTyphl Poccuu u ocymiect-
BASIET CBOIO AESITEABHOCTE 110 CAEAYIOUIUM
OCHOBHBIM HalTPaBAECHUSIM:

* IPOBeAEHUEe HAYYHO-UCCAEAOBATEAD-

CKHUX U ONBITHO-KOHCTPYKTOPCKHUX

paboT mo obecrneyeHUI0 KOCMUUYECKON

AEATEABHOCTH,

opraHu3zaIius padboT Ha OOBbEKTaxX Ha3eM-
HOM KOCMMYECKOM MH(PACTPYKTYPHI, B3au-
MopAelcTBUe ¢ MUHHCTEPCTBOM OOOPOHBI
Poccutickoit Oepepaniy, IPeAIPUITUIMUI

paKeTHO-KOCMH‘-IeCKOfI IIPOMBIININACHHOCTH;

obecrieyeHue 3allyCKOB KOCMHYECKHUX
annapartoB no MepeparbHON KOCMU-
YeCKOMW mporpaMMme, B HHTepecax
Muno6oponsl Poccuy, o nporpammam
HAYYHOTO ¥ MEXAYHAPOAHOI'O COTPYAHU-

4qyeCTBa,

OKa3aHHe yCAYT IIO IIOAT'OTOBKeE U 3allyCKYy

HOCUTeAeH 1 KOCMUYeCKUX allllapaToB,;

OopraHm3anus paboT 10 MOCTaBKaM KOCMU-
YeCKHX CPEeACTB (B TOM YHUCAE MEJKAY-
HapOAHOT'O IPOU3BOACTBA), KOMIIOHEH-

TOB PAKETHEBIX TOIIAUB, O60pYAOBaHI/I$I n

The Center for Ground-Based Space
Infrastructure Facilities Operation (FGUP
TsENKI) was established in order to improve
and develop Russian ground space infrastru-
cture. The general guidelines of the Center's
activity are as follows:

» Research, experimental and engineering
work in the sphere of space exploration.

+ Ground based space infrastructure
facilities supervision, cooperation with
the Russian Ministry of Defense and space
industry organizations.

» Spacecraft launching within the frame-
work of the Federal Space Program, and
programs of scientific and international
cooperation, and in the interests of the
Russian Ministry of Defense.

 Pre-launch and launch operations.

Baikonur Launching Site, December 2004

MaTepUaAbHBIX CPEACTB, oOeclieunBalo-
IIUX JKU3HEAESITEALHOCTH KOCMOADPOMOB;

* pa3paboTKa, BHeAPEeHUe U KCIAyaTalus
CHCTEM U CPEACTB CBSI3U ¥ MH(OPMaTU3aIIUN
DepeparbHOro KOCMIYECKOT'O aTeHTCTBa;

* OKazaHUe YCAYT CBS3H;

+ obecneueHue 3A€KTPOMarHuTHON COBMe-
CTUMOCTH PAANOIAEKTPOHHBIX CPEACTB
00BEKTOB Ha3eMHOM KOCMIYeCKOU uHGpa-
CTPYKTYPEL

» mpoBepeHUe paboT 1o ob6ecnedeHUIO
0e30IIaCHOCTU HaCceAeHHs, 3KOAOTUYe-
CKOMY MOHUTOPHUHTY COCTOSTHUS IIPUPOA-
HOM CpeABI, IOUCKY, 9BaKyalluu U YTUAN-
3anuu GparMeHTOB OTAEASIONIUXCS
JacTeyd pakeT-HOCUTeAel, obeclieueHUe
COOAIOAEHUS TPUPOAOOXPAHHOTO 3aK0-
HOAATEABCTBA Ha BBEPEHHBIX OOBEKTaX;

+ pazpaboTKa IporpaMM U METOAUK 3KCIIep-
THU3Bl KOCMUYECKUX CPEACTB U OObEK-
TOB KOCMUYeCKON UHPPACTPYKTYPHI 11O
BUAAM HaA30pa;

* yuacTue B paboTax IO yTUAU3AIUU
BOEHHOU TeXHUKU;

* OCyllleCTBA€HUE BHEITHedKOHOMUYeCKOM!

AEATEABHOCTH.

+ Space vehicles (including those of foreign
manufacture), propellant components,
and equipment shipping.

+ Launching sites maintenance.

+ Communications development and
operation.

+ Communications services.

+ Electromagnetic compatibility of ground
based space infrastructure facilities
electronics.

+ Population safety ensuring, environment
monitoring, evacuation and utilization of
LV jettisonable parts.

*Environment oriented laws and
regulations enforcement at space
infrastructure facilities.

» Development of programs and procedures

for space infrastructure facilities supervision.

Proton-K — GLONASS, GLONASS-M

A

-

LsHiITH

LleHTp akcnnyaTauuu
06bLEeKTOB Ha3eMHOM

KOCMU4YECKOMn
MHpacTPYKTYpbI

Yn. WenkuHa, a. 42,
r. Mockea, Poccus, 107996
Ten.: +7 (095) 631-82-89,
dakc: +7 (095) 631-93-24
E-mail: tsenki@rosaviakosmos.ru
www.tsenki.com

Center for Ground-
Based Space
Infrastructure
Facilities Operation

42 Shchepkina St.,
Moscow, 107996, Russia
Phone: +7 (095) 631-82-89,
Fax: +7 (095) 631-93-24
E-mail: tsenki@rosaviakosmos.ru
www.tsenki.com
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®defepanbHOe KOCMUYECKOe areHTCTBO

KocmMuyeckme Boncka

Apyrve y4acTHUKMN

pa60T no noaroToBke

M 3anycKy
KOCMMUYeCKOoro
annapara
«MMOHACC»,
«MMOHACC-M»

Other participants
of the GLONASS,
GLONASS-M
spacecraft
preparation and
launching

«[poToH-K» — «[TIOHACC», «[TIOHACC-M>»

KoHCcTpyKTOpCKOe 010p0 0011ero Mamm-
HOCTPOEHHSI — aBTOPCKUM HAA30P 3a 3KCIIAY-
aTaluey CTapTOBOTO KOMIIAEKCA, HaXOAAIIe-
rocs B BepeHUM MuHo60poHb Poccuu.

KB TXM — npoBOAUT IOATOTOBKY Ha3eM-
HOTO TEXHUYECKOTro 000PyAOBaHMS 3alIpaBOy-
HOM CTAHIIUY, 3alIPaBKy ABUTaTeAbHBIX yCTa-
HOBOK PB KOMITIOHEeHTaMu paKeTHOTO TOIIAUBA
U COKaTBIMU I'a3aMu.

OKB «BpiMmeA» — TPOBOAUT MOATO-
TOBKY Ha3eMHOTO OOOPYAOBAHUS TeXHUYE-
ckoro komnaekca PH, obecnieunBaeT paboTHL
no nopAroToBke PH u Pb Ha TexHumuYeckoM
KOMIIAEKCE.

KocmoTrpaHc — oGecneunBaeT BHYTPU-
KOCMOAPOMHEIE JKeAe3HOAOPOIKHEIE Tlepe-
BO3KU PAKEThI-HOCUTEAS, Pa3rOHHOTO OAOKA U
KOMIIOHEHTOB PaKeTHOI'O TOIIAMBA.

HUN XUMMAIII — oGecneynBaeT KpUo-
TeHHBIMU IPOAYKTAMU (FKUAKUU KUCAOPOA U
KUAKUM a30T) 3arryck PHu cokateiMurazamMm —
paboTel Ha TEXHOAOTUUYECKOM U CTapTOBOM
KOMIIAEKCaX, @ TaK)XKe IPOBOAUT UX PU3UKO-

XUMHWYECKHEe aHAAU3EIL.

Barmin Design Bureau for General
Engineering — designer supervision of the
launch complex which is under jurisdiction of
the Russian Ministry of Defense.

Design Bureau for Chemical Transport
Engineering — prepares ground-based
technical equipment of the refueling station,
fuels upper stage propulsion systems with
propellant components and compressed gases.

Vympel Experimental Design Bureau —
prepares ground-based technological
equipment of the launch vehicle technical
complex, provides for LV and US preparation
at the technical complex.

Kosmotrans — providesrail transportation
of launch vehicles, payload fairings, upper
stages and propellant components to the
launching site.

Scientific Research Institute for Chemical
Engineering — provides cryogenic products

(liquid oxygen and liquid nitrogen) for space

Kocmopapom BalikoHyp, gekabpb 2004

O®KII «baiikoHYp» — OpraHU3yeT B3auMO-
AEUCTBYE IPEATTPUSTUH IPOMBIIIIAEHHOCTH Ha
KOCMOAPOME IO IIOAT'OTOBKE U IPOBEAEHUIO
nycka PH, BKAIouas pa3paboTKy IPUKa30B
U PAcHOpSI’)KeHUM Ha UX IIPOBEAeHue, pa3pa-
O0OTKY rpa®UKOB IOATOTOBKHU COCTaBHBIX
gacter PH k mycky.

KocMmuueckue Boricka Poccun — nposo-
AAT IOATOTOBKY M 3aAeMCTBOBaHUE CPEACTB
U3MEePUTEABHOTO KOMIAEKCa KOCMOAPOMa U
Ha3eMHOI'0 aBTOMaTHU3UPOBAHHOI'O KOMIIAEKCA
yIIpaBAeHUs, UCIIOAb3YeMBIX AAST KOHTPOAS PH
Ha aKTUBHOM Y4aCTKe BbIBeAeHU: U oAeTa PB.

HITO MamuHOCTPOEeHUSA — IIPOBO-
AUT paboThl o oOecnedueHnIo 6e3omac-
HOCTH HaCeAeHUSs, IOUCKY, 9BaKyal[Uu U
YTUAU3AOUU (PPAarMEeHTOB OTAEAIIOMIUXCSA
yacTel PH B palioHax napeHUs IePBBIX ABYX
crynenelt, 'O Ha Tepputopuu Pecnyoauku
KazaxcTaHs.

ApMmuHUCTpanuys r. bankonyp — obecrne-
YUBaeT YHEPTO- U BOAOCHAOKeHNEe 0O'BLEKTOB
KOCMOAPOMA; OCYIIECTBASIET CTPOUTEABCTBO

aBTOMOOUABHBIX AOPOT.

rocket launches and compressed gases — for
technical and launching complexes, analyses
physical and chemical properties of these
materials.

Russian Space Forces — prepare and
operate launching complex measurement
facilities used for ground-based automatic
control monitoring during LV ascent and US
powered flight.

Baikonur Federal Space Center —
coordinates pre-launch and launch activities of
industrial enterprises, including formulation
of orders and instructions and scheduling of
space rocket component parts preparation.

Engineering Research and Production
Association — ensures population safety,
searches, evacuates and utilizes space rocket
jettisonable parts.

Baikonur-City Administration — supplies
launching site facilities with power and water;

builds automobile roads.
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