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Forthe first time in Russia , a
28-channel adaptive optlca]
system has provided spacecraft
Images.
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Note: there is some indication that the name “Russian Laser Center” (Poccutickuti nazepHulii yeump) has
also been used:

http://faip.vpk.ru/cgi-bin/uis/faip.cgi/G1/01/2006?fcp=136
®denepanbHas kocmuueckas rnporpamma Poccun va 2006 - 2015 roast

®deepanbHOE TOCYIAPCTBEHHOE YHUTapHOE Npeanpusatue "HaydHo-ucciaenoBaTebCKuil UHCTUTYT
MPEIU3UOHHOTO TTprbopocTpoeHus", r.MockBa

00BEKT TBOMHOIO Ha3HAYCHHMS - AJITACKUN ONTHKO-JIa3ePHBIN IIEHTp (MIepBOHAYAIBHOE Ha3BaHUE
Poccuiickuii 1a3epHslii LeHTp), c.CaBByIlIka, 3MEMHOIOPCKUI paiioH, ANTalCKUil Kpai.



Sourcebook Summary

The Scientific Research Institute of Precision Instrument Engineering has established a branch satellite
tracking facility called the Altay Optical-Laser Center (AOLTs) near the small Siberian town of Savvushka. The
center consists of two sites, one of which is now operational and the other of which is intended to go into
operation in or after 2010.

The present site has a laser rangefinder for precision orbit determination and, for the first time in
Russia, a telescope (60 cm aperture) there has been equipped with an adaptive optics system for high-resolution
imaging of satellites.

The second site will be equipped with a 3.12-meter satellite-imaging telescope generally similar to the
one the United States operates in Hawaii. Observations of sun-lit satellites will be conducted from ultraviolet
wavelengths through mid-wavelength infrared , with supplementary laser illumination being available at one or
more unspecified wavelengths. The specified angular resolution of the telescope is 0.044 arc seconds or 2.13e-7
radians, approximately the diffraction limit for the aperture in visible light.

Successful implementation of the AOLTs 3.12-meter system would allow satellites to be imaged with a
resolution of 25 cm or better out to a range of 1,000 km.



http://www.niipp-moskva.ru/index.php?option=com_frontpage&ltemid=1&lang=ru

Major implementation results

Altay Laser/ Optical

Center (lower site),

affiliated branch of
FSUE IPIE

Purpose:

Precision ranging and angular measurements of
navigation spacecraft for in-flight calibration of
radio-frequency measurement system

Parameters:
Ranging of spacecraft on orbits as high as 36,000 km, with an RMS of
0.3-0.5 cm; angular measurement accuracy - 2 arcsec.

Photometry of spacecraft with star magnitude up to 12-13; accuracy - 0.2
star magnitude units.

The site is located in Zmeinogorsk region of the Altay territory, allowing
observation of launchers starting from the Baikonur launching site.



http://www.niipp-moskva.ru/index.php?option=com_frontpage&Itemid=1&lang=ru
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OcHOBHbIE pe3ynbTaTkl AeATENBHOCTU

| AnNTanckKum ONTUKO-
nasepHbIN LEHTP
(HUXKHAR nnou.l.a.qua)|
dunuan ©rymn «HUU ni»

HasHa4yeHue:

npenHasHa4eH ANs BbICOKOTOYHbIX U3MEpPeHu i
OanbHOCTWU M YIMOBLIX KoopauHaTt KA ¢ uensio
3TanoHHUPOBaHWA OpOUT HaBUrALUMOHHBLIX KA K
NEeTHOW KanUDOpPOBKM WTATHLIX

paguoTexXH MYECKMX CUCTEM TPaeKTOPHbIX

M3M epeH WM.
MapameTpbl: :

AanbHomeTpuAa: anA KA c opoutamu o 36 000 km CKO HopManbHbIX

Tovek coctasnset 0,3-0,5 cM.; UaMmepeHUe YrNoBbIX KOOpPAUHAT:
norpelHocTs U3MepeHHA 2 yrn.c.;

thoTomeTpua: anA KA 12-13 3B.Benn., norpellHocTs He Sonee 0,2 3B.BeN.

AnNTauCKuid ONTUKO-Na3epHbli LeHTp pacnonoXeH B SMeHHOropcKoMm
paloHe ANTaucKoOro Kpas, B 30He NpAMOA BUAMMOCTH CTapTYIOWMX C
KocMoapomMma «BalikoHyp» pakeT-HocuTenen KA.
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Major implementation results
Ju-CMm-diameter wide-FOV observation and
measurrment system within the Altay L/O Center
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" Observation of GSO.




www.militaryphotos.net/forums/showthread.php?99988-Russian-Photos-%28updated-on-regular-basis%29/page2736



http://www.militaryphotos.net/forums/showthread.php?99988-Russian-Photos-(updated-on-regular-basis)/page2736
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http://www.econom22.ru/investment/federal programm/faip 2011.php

7 ['J1aBHOe ylpaB/ieHe 5SKOHOMUKU U UHBECTHIHI
& AJITAUCKOrO Kpas

Wudropmaumna ob obbekTax n MeEpoNpUATHAX ANTaNHCKOro KpPas, BKIIOYEHHbIX B dreiepanbHyl0 afipecHy0 HHBECTULIMOHHYHD NporpaMMy
Ha 2011 roa n Ha nnaHoBbIi nepuop 2012 n 2013 rogoB

Hudopmaria ob obsexrax 1 Meponpuatnax AnTalicKoro Kpad, BIIHOYEHHBIX B QeaepalsHyIO anpecHyo MHBeCTHIMOHHYo nporpaMmy Ha 2011 rog u Ha
nnaroesi nepuon 2012 1 2013 ropoe

TBIC. PYO.
BromsxeTHbIE ACCHTHOBAHNA
Cpox BEOma B
SKCTLTYATALTHED
Tonyuarens bromxetnsx | Enuunna wunm -
Haumenorasmne obserTa : A FULFLEL MomHocTs [Inaropeii nepuon
CpencTE H3IMEpPeHHT pazpaboTen
TIpPOEKTHOM 2011 rom
ACKyMERTaLHI 2012ron | 2013 rox
Bcero: 20343925 | 915800,0 | 458100,0
CrelIHATEHEI KOMILISKC
Pocrocmoc
OAO "Hayuuo-
Anralicsuii onTHEO- MIPOMZEOICTEeHHAT
- ] e
JHASEPHBI HERTP, KOPHOPAti LHETEMet | erp 1 2013 160 000,0 | 85 000.0 | 115 000.0
c.Caeeymra_ TIPELM3MOHHOT O
3MEMHOTOPCEIIT PAfTOH npubopocTpoeHua”, T.
Mockea

Sourcebook note: As of 2011-03-29, 1,000 rubles = 35.23 USD



http://www.econom22.ru/investment/federal_programm/faip_2011.php

http://doc22.ru/information/investiciiiinnovacii/1077

Bxox Ha cekpeTHbI 00BEKT pa3peniaercs...
31.05.2010

be3zob6naunoit HoubkO HaJ ceoM CaBBYIIIKA BRICOKO BUAATh. Jlaxe odeHb BbICOKO. Eciin moHagoOuTes — Tak Ha
40 teIcSTd KM. [19TH JTeT 371ech QYHKITMOHUPYET CEKPETHRIH 00BEKT KOCMUICKUX BOMCK Poccnn — Anraiickmii
ONTHKO-JIA3ePHBINA IEHTP, MOITHEHIIIUN JTa3epHBIH JIyd KOTOPOTO IMTOYTH B KPYTIIOCYTOYHOM PEKUME «OOPO3IUT
MIPOCTOPHI BeceneHHoy. 27 mast 2010 roga meHTpy NPUCBOSHO UMS HAIIETO 3eMJISIKa, JIETYNKAa-KOCMOHABTa
I'epmana Turosa.

B atom rogy ['epmany CrenanoBuay TutoBy uconausock 661 75 net. C MHUIIMATHBOM MPUCBOUTH LIEHTPY HMS
kocMoHaBTa Ne 2 BeicTynuia ¢eaepaibHas HayuyHo-nponsBoacTBeHHas Kopropanus «CHCcTeMbl IPELU3UOHHOTO
npuOOPOCTPOCHUS», B CTPYKTYPY KOTOPOTO BXOAUT ANTaiicKui ONTHKO-JIa3epHbIN 1eHTp. Maes Obuia
nmoj/iepkana ryoepHaTopoM ANTaiCKOTO Kpasi, KOMaHJI0BaHUEM KOCMUYeCKUM Bokickamu PD u pykoBOACTBOM
Pockocmoca. 27 mast Llentp B CaBByIlIKe MMOCETUIIN TeHEpaNbHbIN TupekTop Kopropatuu Opuit Poii,
npenacrasuteny PockocMoca u rydepHaTtop AnTaiickoro kpas Anekcannp Kapnus.

Nms I'.C. TuroBa AnTaiickuii ONTUKO-JIa3€pHBIN LIEHTP MOJYIHI HE TOJIBKO IOTOMY, YTO 3HAMEHHUTHII
KOCMOHABT - Halll 3eMJISIK ¥, KPOME TOTO, UMEET HEMOCPEICTBEHHOE OTHOLIEHHE K CO3/IaHUI0 KOCMHUYECKUX
Botick. Ho mpex e Bcero moromy, 4to, kak otMeTmit FOpwii Poii, reHepai-monkoBHUK aBuaruu I 'epman Tutos
CTOSITT Y ICTOKOB CO3JJaHHSI ¥ IPAKTUYIECKOTO TPUMEHEHHSI B KOCMOHABTHKE BEICOKOTOYHBIX KBAHTOBO-
ontuueckux cucteM. C 1974-ro mo 1991 rox I'epman CTenaHoBUY CIY>KHII B JOJKHOCTU MEPBOTO 3aMECTUTEIS
HavaspHUKa [ TaBHOTO yrpaBieHus kocMuueckux cpeacts Munoooponst CCCP, kypupoBai cdepy OmbITHO-
KOHCTPYKTOPCKOW M HAYYHO-UCCIIEA0BAaTENbCKOM AesaTenbHOCTH. Kpome Toro, I'. TUTOB BhIcTynaa oT
MuHOOOPOHBI B POJIM TEHEPATLHOTO 3aKa3uMKa HOBBIX KBAHTOBO-ONITHYECKUX CHCTEM. B ToM umciie
CTPOUTENBCTBA ONTUKO-Ta3€PHOrO LEHTpa B cesie CaBBylIka 3MEMHOTOPCKOTO paiioHa ANTalCKOro Kpasi.

CasBymika OblTa BEIOpaHa U3-3a CBOETO YHUKAIBHOTO PACIONIOKeHHs Ha KapTe Poccun. 3Ta MECTHOCTh
00JalaeT HAMITYYITUMH B CTPaHE aCTPOKIIMMATHYESCKUMU XapaKTepucTukamu. [Ipoiie roBops, 31ech 0oJbie,
4yeM rae 0b1 To HU Ob1I10 B Poccny comHeuHbIx mHEH (1 6€3001a9HBIX HOYEH) B TOAY. A 3TO TIIaBHOE yCIOBHE
paboTHI J1a3epHOTO 00OPYIOBAHHUS.

Kak npaBuio, HaOI0/IeHHE 32 KOCMHUYECKUMH 00bEKTaMU BeIeTCs HOUbk0. B CaBByIIIKe MPUTOAHBIX JUIS
HaOJIFOICHUS HOUeH B ro1 Habupaetcs 1o 240.

OOBEKT, HAIIOMHUM, CEKPETHBII, HO B 3TOT OCOOCHHBIN A€Hb (5-J1eTHE UeHTpa, nprcBoeHne eMy umenu 1.C.
TuroBa, 1a K TOMY K€ KOPIIOPALMHY B SIHBAPE UCIIOJIHUTCS 25 JIeT) BOCHHBIE IIYCTUIH B LICHTP )KYPHAJIUTOB
kpaeBbix CMU. He TobKO Ha TEPPUTOPHIO, HO M HA IIOMIAKY HA3€MHOM ONTHUKO-JIa3epHON CUCTEMBI
((HOJIC), rie ycTaHOBJIEH TEJNECKON TPAEKTOPHBIX M3MepeHHu auamerpoM 60 cM. [lanbHoCTh AecTBUS
nmazepHoro sy4da — ot 500 kM 10 40 ThICSY KM. TOYHOCTH KOOPIWHAT OOHAPYKEHHOTO KOCMUYECKOTO 00BEKTa —
o 1 cm.

Kcraru, cerogns Benetcs crpoutenibctBo Bropoit HOJIC, Ha miomake koroporo B 2011-2012 roxy Oynet
YCTaHOBIICH MOIITHEHIITHH TEIIECKOIT JUAMETPOM TIIaBHOTO 3epkana 3,12 M. Takoi Temeckomn M03BOJIUT IOTyIaTh
JeTaTbHbIe N300pakeHUs] 00HEKTOB.

- AnrTaiickuit OHTHKO—Ha3epHLIﬁ HOCHTP NpCaAHAa3HAUCH JIS PCIICHUS IIUPOKOI'o Kpyra 3aJia4, CBA3aHHbIX C
HCIIOJIb30BAHUEM M UCCJIICJOBAHUEM KOCMHUYECKOTO IPOCTPAHCTBA, B TOM YUCJIC 3aaa4, pCIIacMbIX
(Denepam,HHM KOCMHUYECKNM arcHTCTBOM B paMKaxX JCATCIIBHOCTH MeKareHTCKOTO KOOpAMHAIUOHHOI'O



KOMHTETA II0 KOCMHYECKOMY MYyCOpy. DTO OOHapy>KE€HHE U OIpeeIeHIe KOOPIUHAT (GparMeHTOB
KOCMUYECKOr0 Mycopa ¢ LeJIbI0 IPEAYNPEXICHUS 00 OIACHBIX COMMKEHHUIX 3THX (parMeHTOB €
JeificTByromMMH anmnapaTtamu, B ToM uncie ¢ MKC, - pacckasan xxypHanuctam HOpuii Poil.

- CeroHst KOCMOC CHITBHO 3aCOpEH, - pacKa3blBaeT HAYAILHUK HAYTHO-HCCIIEI0BATEILCKOTO OT/IENa IEHTpa
I'eopruii CumoHOB. — U 3TO HE TOIBKO OTPaOOTABIINE CBOE KOCMHYCCKHE aIapaThl, HO U WX OJIOKH, YaCTH,
00J10MKH, 00pa3yIoIuecs B pe3y/ibTaTe CTOIKHOBEHHUS CITYTHHKOB. DTOT KOCMUYECKHI MyCOp HEOOXOAUMO
KaTaJOTM3UpPOBaTh, B YACTHOCTH, YTOOBI 00ecrieunTh Oe30macHocTh kocMoHaBToB Ha MKC. Korpa, ycinoBHO
TrOBOPsI, KaKass-HUOY/Ib raiika JIBHIKETCS CO CKOPOCThIO 8 KM B CEKYH/Iy, OHAa CTAHOBUTCS OIACHOM ISt
MEXAYHAPOJHOM KOCMUYECKON CTaHIUU.

Kcratn, CuMOHOB — MeCTHBIN TTapeHsb, OapHaysern, okorums MI'TY nM. baymana u BepHyics Ha Anraii.
PaboToii B ONTHKO-Ta3€pHOM LIEHTPE yBIIEUEH, 3aHUMAeTC HayYHBIMH HCCIIeI0BaHUSAMH, IMUILIET JUCCEPTAIHIO.
3TO K TOMY, UYTO, 110 PACX0KEeMy MHEHUIO, TATAHTINBAsE MOJIOZEKb Ye3:KaeT U3 Kpast U OOJIbIIe yKe HEe
BO3BPAILIAETCH.

Anekcanap Kapnun, ry0epHaTop kpas:

- CerojHs 3HaMEHATEIBHBIN JIeHL. KpaeBoe 3akoHOIaTENbEHOE COOpaHue MOICPKAI0 UICIO
MIPUCBOEHUS ANTaliCKOMY ONTHKO-JIa3epHOMY LIeHTpy uMeHu ['epmana Turosa. 2010 rox — HempocToii B
uctopun Anraiickoro kpas. OH 03HaMEHOBaH IIEITBIM PSIIOM BXKHBIX JUIsI HAC COOBITHI. DTO ToJ 75-
netus co qas poxaeHus ['epmana CremanoBuua TutoBa, 310 ron 100-meTus co THS POXKACHHS €T0 OTIIA,
BBIIaroNIerocs neaarora-npocserurens Crenana [laBnoBuua TuToBa, megarornueckoe HacuaeIue
KOTOPOT'O MBI BCSYECKH MPOTIATaHINPyeM U BHEPSIEM.

Pemenune o mpucBoeHnn AnTalickoMy ONTHKO-J1a3epHOMY LieHTpy uMeHu I.C. TutoBa — 310 He
¢dopmanbHblii akT. Ha camom nienie oH HeceT B ce0e Iy0OKoe CHMBOJIMYECKOE collepKanue. Antaiickuii
Kpaif JOCTOIHO BIHcal ceOs B HICTOPHIO KOCMOHABTHKY CTPaHbI M MHpa. Y BEPEH, UTO IPUCBOCHUE
AnNTalicKOMy ONTHKO-JIa3epHOMY LIEHTPY MMEHH BBIJAIOIIETOCS YeJI0BeKa OyeT criocoOCTBOBATH TOMY,
YTO BCE 3a/1a41, KOTOPHIE CTABUT PYKOBOJICTBO CTpaHbl M PockocMmoc, OyayT pemarbesi Ha BBICIIEM
YpPOBHE.

Cepreii benoycos, unen Cosera @enepaunu OC PO ot AnTaiickoro kpas:

- PykoBoicTBO ONITHKO-TTA3€pHOTO IIEHTPA CETOAHS UAET Ha MOMYJISIPU3AIIHIO, ONPEACICHHYIO
OTKPBITOCTh 00beKTa. MIMeroIero, K CJI0BY CKa3aTh, TBOMHOEC Ha3HAYCHHE — 000POHHOE M IPaXIaHCKOE.

CeroaHs MHOTO JiefIaeTCsl B YaCTU MOJIEPHU3AIMU Hatlel apmuu. U 3aech OyzneT coopysxeH ere
OJIUH, COBpEMEHHEHIINI 0OBEKT — BTOpast ouepeb HeHTpa. Kak B HegaBHEM MPOILIIOM CTPOHUTENb, MOTY
CKa3aTb, YTO 3TO OUEHb CIOXKHBIH 00beKT. OOOpOHHBIE 00BEKTHI Beera ObUIH caMble CIIOKHBIE IS Hac,
crpouteneil. Ho Takue 0OBEKTHI CITy)KaT YKPETHICHUI0 000POHOCIIOCOOHOCTH HAIIEH poaMHBI. X04YeTCs
cKazaTh cracn00 koMaHmoBaHuio Kocmuueckux Bolick u PockocMoca. AnTalickue CTpOUTENN HEe
MOJBEIYT.

P.S. I'enepansnsiii mupekrop OAO «HIIK CII» FOpwuii Poii Bpyunn rydbepraTopy AnTaifickoro Kpas
Anexkcannpy Kapnauny Beiciiyro Harpany denepalbHOro KOCMUYECKOT0 ar€eHTCTBA — 3HAK «3a COeUCTBHE
KOCMHUECKOH eATENbHOCTI.
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ANTAlCKUI ONITUKO-JIA3ePHBIN HEHTP

Adnraiickuil ontuko-nazepHsiit neHTp (AOJIL]) cocTout U3 AByX HA3€MHBIX ONTHUKO-JIa3€PHBIX
cucreM (HOJIC) u 06bekT0B MHYPACTPYKTYPHI.

HupeKTop -
Lynoe EBreHnii AnexkcaHapoBuy

ITepass HOCIJI ¢ Tesneckonom, NMEIOLUM AUaMeTp I1aBHOro 3epkaia 0,6 M u Jia3epHbIM
IanbHOMEpoM, padoTarommM o Kocmuyecknm anmaparam Jlareos, ['monace n npyrumu,
OCHAIEHHBIMU JIa3epHBIMH peTpopediekropamu, BBeaeHa B 2004 roxmy.

Bropas 'OJIC [sic] OyneT uMeTh ONTHYECKHA TEJIECKOI JuaMeTpoM 3,12 M — Hadano 3KCIuTyaTaluu
2011 ron.

AOJIL npeaHa3HaveH I PEIICHUs IMPOKOTo Kpyra 3aj1a4, CBSI3aHHBIX C UCIOJIb30BaHUEM U
UCCJICIOBAaHHEM KOCMUYECKOTO MPOCTPAHCTBA, B TOM YHUCIIE pemaeMbix deeparbHbIM KOCMUYECKUM
areHTCTBOM B paMKax JIeITeIbHOCTH MeXareHTCeoro KOOpAMHAIMOHHOTO0 KOMUTETA 110
KOCMHUYECKOMY MYCOpY: OOHApy>KEHHE U OIpeIeJICHIE KOOPAUHAT (PparMeHTOB KOCMHUYECKOT0 Mycopa
B IEJIAX TPEIYNPESKICHUSA 00 OMACHBIX COMMKCHHSIX ATHX ()PArMEHTOB C JCHCTBYIONIMMHU arapaTamH,
B ToM uuciie ¢ MKC.


http://familyday.ru/index.php?option=com_content&view=article&id=116&Itemid=78

Teneckon TpaekTopHbIX U3Mepennit (TTU) B ykpbiTun

O6mmit Bua nmepBoit ouepean AOJIL]



OO6muit Bug Bropoit ouepenu (mpoekt) AOJIL]



http://admin2.vz.ru/news/2008/6/26/181397.html

B3IJ151]1

AENOBAA TA3ETA

Teneckor ais OTCIIEKUBAHUSA KOCMUYECKOTO MycOpa IOCTPOST Ha Altae
26 urons 2008, 18::30

Ha Anrae noctposar kpynHeimunid B Poccuu na3epHsblil TENECKOI 7151 OTCIEKUBAHUS KOCMUYECKOTO
Mycopa.

PockocMoc BBICTYITUT MHBECTOPOM CTPOUTENILCTBA BTOPOI ouepeu ANTaiiCKOro ONTHKO-JIa3epHOTO
ueHTpa - unuana HUW npeunsnonnoro npudopocrpoenus (Mocksa).

«9T10 OyHeT KpynHelmunii ga3epHblil Teneckon Ha Tepputopun Poccuiickoit denepannu. Pockocmoc
OyzeT BKJIabIBaTh CPEICTBA HE TOJIBKO B CTPOUTENIBLCTBO BTOPOM OUEpe/i, HO U B CO3IaHNE
UHGPACTPYKTYpPbl, 00YCTPOUCTBO M SKOJOTHUECKYIO 3aluTy o3epa KompiBaHCcKoe», - COOOIINIT B
yeTBepr Bulle-rydoepHarop Anraiickoro kpas bopuc Jlapun.

IIo c1oBaM HavaIbHHKA YIpaBJICHUA Anraiickoro Kpas 110 00eCIIeYCHUIO MCKAYHAPOAHBIX U
MCKPETUOHAIBHBIX CBsI3EH AneKcaana }KI/IJ'II/IHa, OEHTP NMpEAHA3HAYCH JJIA OTCIIC)KMBAHUA
TPACKTOPUHU KOCMHUYCCKOI'0O MYyCOpa, 06Hapy>1<eHH51 NOTCPABIINXCS CITYTHHUKOB.

«C BBO/IOM BTOPOTO JIa3€PHOI0 U3JTy4yaTellsl U BTOPOTO IPUEMHHUKA €TI0 IPOU3BOAUTEIBLHOCTh
YBEJIMYUTCS B JIBa pa3ay, - orMeTi1 JKuinH, 106aBuB, 4TO MOAOOHBIE CTAHIIMU CIIEKEHUS €CTh TOIBKO
B Y30eKkucTaHe U Ha YKpauHe, I03TOMY B POCCUHCKHI LIEHTp MOCTynaroT 3aka3bl qaxe u3 CIIIA.

AnTalicKUil ONTUKO-JIA3€PHBIN LEHTP CTPOUTCS B 3MEMHOTOPCKOM paliiOHE HETIOAAIEKY OT Cella
Capymiku. O0beM MHBECTHLIMN B CTPOUTENIHCTBO BTOPOM OUepeid MOKET COCTaBUTH 1,7 miipa pyOsen,
B CTPOUTENILCTBO MHPPACTPYKTYPHI - 1,3 Miapa pyOuieit.

HUU npeun3noHHOTo NpruOOpOCTPOSHHS ABISETCS OJHUM U3 CTPATErnYecKuX npeanpuituiit PO.
WucTuTyT 3aHUMaeTcs pa3paboTKOM, U3rOTOBICHHEM U ITOCTaBKOW KBAaHTOBO-ONTHYECKUX
MH(POPMALMOHHO-U3MEPUTENBHBIX CHCTEM JUIs Hy»k 1 MuHo6oponsl PO u Pockocmoca.

Anraiickuit OHTI/IKO-Ha3epHBII71 HCHTP OCHAIIICH TCJICCKOIIOM U 3aHUMACTCA NPOBCACHUCM
BBICOKOTOYHBIX I/ISMepeHI/Iﬁ AaJIbHOCTU M YTJIOBBIX KOOPAHMHAT KOCMHWYCCKHUX aIlapaToB € LOCIIbIO

YTOYHCHUSA UX 0p6I/IT.

06 s1oM coobmmaer «MTHTEpdaKcy.



http://www.szrf.ru/doc.phtml?op=1&nb=00 00&year=2009&iss id=184&doc 1d=22730

[IPABUTEJIbCTBO POCCUNCKON ®EJEPALINN
PACIIOPSIXEHUWE

ot 7 mas 2009 r. N 604-p
r. Mockaa

YTBepauTh MpHIaraeMele W3MEHEHHS, KOTOpPhIE BHOCSTCS B
pacniopspkenue IIpaBurensctBa Poccwmiickoit ®deaeparnun ot 31 gexabps
2008 r. N 2058-p (Cobpanue 3akoHOmaTenbcTBa Poccuiickoit denepanuu,
2009, N 3, cr. 426).

IIpencenarens IIpaBurenscrBa
Poccuiickoit ®enepanuu B.Ilytun

YTBEPX/IEHBI
pacmniopspkernreM [IpaBuTtenbpcTBa
Poccuiickoii @enepanuun

ot 7 masg 2009 r.

N 604-p

N3MEHEHU 4,
KOTOpBI€ BHOCATCA B pacnopsbkenue [IpaButennctBa Poccuiickont @enepaiyu
ot 31 nexabps 2008 r. N 2058-p

Mznoxurts pacnopsixkenue [IpaButennbctBa Poccuiickoit deaepaiiu ot
31 nexabps 2008 r. N 2058-p B creayromeid peIaKiTim:

"YTBEpAUTh NpUIIATaeMbI TEPEYCHb CTPOCK U OOBEKTOB IS
(enepanbHBIX rocyaapcTBeHHBIX HYxA Ha 2009 roa, ¢uHaHCHPYEMBIX 32
c4yeT OOJKETHBIX aCCHTHOBAHHI Ha OCYIIECTBIICHUE OFOKETHBIX MHBECTUIIUI
B O0BEKTHI KAITUTAJILHOIO CTPOUTEILCTBA MOCYIaPCTBEHHOW COOCTBEHHOCTH
Poccwmiickoii ®enepanii U OOBEKTH KaMUTAIBHOTO CTPOUTEIHCTBA
IOPUIMYECKUX JIUII, HE SBISIOMIMXCS TOCYIapCTBEHHBIMH WITH MYyHUITUTIATbHBIMH

YUPSKICHUSIMH ¥ TOCYJApCTBEHHBIMU WM MYHULMIAIBHBIMH YHUTAPHBIMH
MPENNpPUATHSIME, BKIIOYaeMble B ()eJepalbHYI0 aapecHYI0 HHBECTHIIHOHHYIO
IIporpamMmy.
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roCyIapCTBEHHOM coOcTBeHHOCTH Poccuiickoit denepartnii 1 00HEKTHI
KalUTaJIbHOTO CTPOUTENBCTBA IOPUAMYECKUX JIHILI, HE SBISIOLIUXCS
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MeTo/1pI KOMIIBIOTEPHOU TPadUKN ¥ HHIYITUPOBAHHOTO BUPTYAIHHOTO OKPYKCHHUS B 3aa4ax
00pabOTKN HEKOOPAMHATHON MH(DOPMAITUH

K.1.H., c.H.c. Anetun Bragumup Ilerposuu(1), k.¢.-M.H. AdanacseB Banepuit Onerosuu(3), 1.¢.-
M.H., po¢. Knmumenko Cranucnas Baagumuposuu (2), K.T.H., c¢.H.c. JlaBpos Bacunuiit Bacuibeuu(1),
Hosropoaues Jmutpuii JImutpuesnd(4), k.1.H. Peinaun FOpuii ['eopruesny(1)

Brmonneno npu noanepsxkke npoekra PODOU 05-07-90345

(1) OAO «MAK «Bomvmnen»», Pocenst;(2)HCcTUTYT U3uKo-TeXHUUECKOH nHpopmaTuku, Poccus;
(3)lenTp ympaBneHus mojaeTaMu U MoenupoBanus, Poccust; (4)MockoBCkuil (hU3HKO-TEXHUUECKHMA
HWHCTUTYT, Poccus;

AHHOTaIUA

M HTEHCUBHOE OCBOEHUE KOCMHUYECKOTO IPOCTPAHCTBA MOBBIIIAET AaKTYyaJIbHOCTD 33/1a4 PacliO3HaBaHUS
Y OLIEHKU COCTOSIHUSI KocMHuueckux anmnapaToB (KA) mo paanonokanroHHBIM U ONTHYECKUM CUTHAJIaM,
MOJTy4aeMbIX Ha3eMHBIMU HaOJII01aTeIbHBIMU CPEICTBAMHU (PaIU0IOKaTOPAMU U TEJIECKOTIaMH).
Pa3Butne koMIbloTepHON rpaKi U TEXHOJIOTUH BUPTYATbHOTO OKPYKEHHS MO3BOJISET UCIIONIb30BAaTh
COOTBETCTBYIOIIME METO/IbI HE TOJIBKO JUIS BU3YaJIM3alluH, HO U /ISl pEIIEHUs] U3BECTHON MPOOIeMbI
HEKOPPEKTHOM MOCTAaHOBKH OOpAaTHBIX 3a7a4 HAa OCHOBE MCIIOJIb30BaHMs HH(OPMALIUK O TPEXMEPHOU
dopme HabIOAaeMBIX 00BbEKTOB. B OKIIa1e mpecTaBieHa METO10JIOTUS TIOCTPOCHUS alTOPUTMOB
00paboOTKN CUTHAJIOB U MoJied (HEKOOpAUHATHON MH(GOPMAIIUHN) C TOUYKU 3pEHUS PEeLIeHHs 00paTHOM
3aJaun Ha 0a3e TEXHOJIOTUU KOMITBIOTEPHON IrpadMKu M MHAYLIMPOBAHHOTO BUPTYaIbHON

OKpYy KeHus.eHust TpexmepHoi Mojient MKC 1 onTHYeCKOTO peaibHOTO H300paXeHus

[deletia]

Jis uHTEpIIpeTalui U300pakeHuil B TUAIOTOBOM (MHTEPAKTUBHOM) peXUME pazpaboTaHa
NpoTpaMMa, TIO3BOJISTIONIAS 3arpyKaTh HHTEPIIPETUPYEMOe H300pakeHne (KaKk B BHJIE MUKCENIEH, TaK U
B IIpaKkTHYeCcKH 1000M rpadudeckom 2D dopmare) Ha 3anuui PoH padodero nomns (Background) u o
BEPX 3arpy’>KEHHOTO M300pakeHUs 3arpyXaTh TpEXMEpHYIO Mozelb KA B momympo3padHoM pekume
(ucnonp3yercs «anbha» kanan). Jlanee, U3MeHsIs B AUanore MaciTad ¥ OpUEHTALUIO TPEXMEPHOM
MOJIEITM MOKHO TIPOBECTH HHTEPIIPETAINIO ITOYUYSHHBIX ONTHYECKUX H300pakeHnit. Hiwke nmpuBeneHs!
WIITIOCTpaIys paboThl COOTBETCTBYIOIIUX MTPOrpamMm 1o oo6padoTke ontuueckux nzodpaxenuit MKC,
nosryaeHHbIX B 2006 . Ha KOC AOJIL] ¢ moMoIpto alanTUBHOM OMTHKH.
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http://femto.ru/ASC%20Femto%20Home%20Page.files/History%200t%20ASC%20Femto.htm
History of ASC "Femto" began in 1995 when the enterprise was founded in city of Radujny
[Raduzhnyy] by experts in the field of coherent optics. The main purpose for the creation of the
enterprise was to build a reasonable alternative to large highly specialized enterprises in the field of

complex systems of adaptive optics and a coherent location development.

October 17, 1995 - date of the state registration of Applied Science Center "Femto" as the society with
limited liability.

December 1996 - ASC "Femto" developed, manufactured and tested 400mm adaptive telescope with
closed loop control.

August 1997 - Experimental sample of universal adaptive optical system was developed and
manufactured. It was tested with 1100mm astronomy telescope.

July 1998 - ASC "Femto" manufactured the first adaptive system placed inside of the laser resonator (1
=1,06mcm)

October 1998 - Specialists of ASC "Femto" carried out experimental work with coherent system using
synthesis of the large receiving apertures.

January 1999 - Experimental sample of sharpness function matrix photosensor for aperture sounding
adaptive system was made.

June 1999 - The office of the enterprise has moved into Zelenograd (Moscow).

August 1999 - Successful experiments with informative adaptive system during observation of very
complex object (fragment of the forest in wind weather).

January 2000 - Successful computer simulation of multiconjugative closed loop operation with original
multilayer wavefront sensor was realized.

March 2000 - ASC "Femto" manufactured and delivered to Customer the first CO2-laser adaptive
system.

February 2001 - Successful experiments with receiving apertures synthesis were made at a distance
about Skm.

March 2002 - Experimental investigations of receiving apertures synthesis were made at a distance
about 1km with high level of atmospheric turbulence and aerosol density.

April 2002 - ASC "Femto" developed, manufactured and tested 32-channel laser adaptive system with
WES for infra-red radiation.

March 2003- ASC "Femto" started manufacturing of 3-conjugated adaptive system for 3m telescope.



http://femto.ru/index.htm

Projects
[deletia]
The multiconjugative adaptive system

To overcome the restriction connected with anisoplanatizm of a turbulent atmosphere is possible with
application of the so-called multiconjugative adaptive systems. The basic idea consists in the necessity
to compensate an atmosphere distortions not with one deformable mirror, but with the several mirrors
conjugating with different layers of an atmosphere along the light path.

The main problem is to create the effective sensor to carry out "multilayer" measurement of distortions.
The scheme of such sensor is developed in ASC "Femto". The tests and computer simulating confirm
its efficiency. Now manufacturing of 3-layers adaptive system for 3m telescope is in progress. This
system will have 384 control channel.
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Abstract

We report the results of an LDED effort to investigate new technologies for the
identification of small-sized (mm to cm) debris in low-earth orbit. This small-yet-
energetic debnis presents a threat to the mtegnity of space-assets worldwide and
represents significant secunity challenge to the international commoumity. We
present a nonexhaustive review of recent US and Fussian efforts to meet the
challenges of debris idenfification and remowval and then provide a detailed
description of joint US-Fussian plans for sensitive, laser-based imaging of small
debris at distances of mdreds of kilometers and relative velocities of several
kilometers per second. Plans for the upcoming expenmental testing of these
imaging schemes are presented and a preliminary path toward system infegration
15 identified.



Sample Russian Space Object Imaging Development Programs

The Fussian Space Agency, with the participation of Fussian Academy of Sciences institutes, is
developing varous space-chject-imaging capabiliies. Given that space debns remowval 1s a
common mternational concern, Russian and Sandia scientists have engaged m discussions
regarding potential collaborative efforts to develop and field a space-debns removal system. The
scope of these discussions and imifial studies has mcluded space debns detection. tracking,
ranging, targeting. imaging, and laser neuwfralization concepts. However, given the pivotal
importance of space object identification (Le. discriminating space debms wversus micro-
satellites), this report focuses on the imaging aspects of these collaborations. Specifically.
mecluded in the following sections are a descrption of the Sapsan imaging system concept,
space-object llumination comcepts, and potential space imaging approaches that matigate
atmosphenic irbulence degradation effects.

Meetings were conducted at the Altai Laser Optical site in Fussia in June-July 2008 with the
intent of touring the site, participating in ground-to-space laser ranging and space-object imaging
demonstrations, and to discuss options for developing a space-object imaging capability for
potential application in space-debris detection, identification, and removal. This site, which i3
adjacent to the village of Savvushka in the Zmeinogorsk region of the Altai temritory of Russia,
provides precision ranging and angular measurements of spacecraft. Key Fussian participants in
this meeting included Professor Victor Daniilovich Shargorodskiy (First Deputy to the General
Director at the Fussian Space Agency’s Science Fesearch Institute for Precision Instrument
Engineering (FSUE-IPIE). Moscow; nippamipp-moskva ), Evgenry Grnshin (FSUE-IPIE; e-
grshm@nupp-moskvaru). Sergey Novikov (IPIE.  Director of the Altm  Site;
sbn1302@rambler mu), Evgeniy Shulov (FSUE-IPIE; shulowig@nipp-moskvaru), Dr. Alexandﬂ'
Mikhailovich Sergeev (director of the non-linear optics division and deputy director of the
Fussian Academy of Sciences Institte of Applied Physics (IAF) in Nizhmy Novgorod:
ams@utp appl sel-nnov.nt). Dr. Oleg Valentinovich Klﬂag;l.u (a senior scientist of the Institute of
Applied Physics in Nizhny Novgorod, Russia, Expert in phase conjugation. nonlinear optics, and
laser physics;moeki@appl.sei-nnov.m), and Pavel Inshin (ASC Femto, Moscow; expert i

adaptive optics; inshinig femto ).



Figure 4: Photograph of the main meeting participants pictures at the entrance to the ranging and
imaging telescope radome at the Altal Laser Optical site

SAPSAN Imaging Concept

Dhunng discussions at the meeting, the Fussian team proposed the development of 2 new optical
ground station that would be designed for:

Autonomous detection as well as detection using ephemenis of low-orbit space objects;
Determination of angular coordinates and photometric characteristics of space objects;
Obtaining low-orbit space object images with near-diffraction-limited imaging under
sunlight illumimation conditions using an adaptive optics system;

Obtaming low-orbit space object mmages with near-diffraction-limited imaging using
concentrated laser fllumination of the space object. The concentrated laser would provide
higher illumination beam quality for improved day-night imaging.

To provide for autonomons detection, the system would need a wide field of view (1.e.. hmdreds
of square degrees) telescope that would continnously recrient the field of view along the
trajectory of the moving space object in a plecewise staring mode with overlapping mcremental
fields of view. Beyond detection, non-imaging photometrics data is needed to charactenize the
mmaged space object. Unlike an active spacecraft. space debms is not stabilized in space and it
rotates randomly under the influence of various forces (e.g., solar pressure, amospheric drag,



Table 1: Integral brighmess of space object in the visible band (star magnitdes).

Space object size, cm Angular
Distance, km 5 10 20 0 T:-jElﬂﬂtj;:' :El:
200 0.8 83 6.8 5.3 1.9
400 11.3 938 g3 6.8 1.0
200 12.8 11.3 0.8 g3 0.5
1,600 14.3 12.8 11.3 9.8 0.12
5,500 17.0 15.5 14.0 12.5 0.07
20,000 19.2 123 16.8 15.3 0.012
36,000 21.1 19.6 18.1 16.6 ~0.001

etc.) that cause rapid changes in the reflected sunlight flux. Measuring the time spectnum of
change in the light flux reflected from space debrs and solving the inverse problem to determine
the object parameters, cne can obtan estimates of the geometric charactenistics of space debris
even when angular dimensions of the observed debms are sizmificantly smaller than actual
resolution of the telescope. Though the photometric signal measured from the rapidly changing
3-D cnentation can typically help distingsh between debns and microsatellite, according to
Professor Shargorodskiy, Russian satellites are sometimes intentionally reoriented quickly or are
designed to rotate in a mamner that would provide a similar spectrum signature. As a result,
detailed imagery is needed to reliably identify and charactenize space objects.

Thiz proposed imaging system, called Sapsan (Fussian for Peregrine Falcom), would be
composed of the following three fimetional modules:

B An optical-system module for autonomous detection, angular coordinates measurement,
detailed imaging and concentrated illumination of the space object;

B A moduole for system control and space object information collection to support
cataloging and data storage;

B A support module that contains the full system infrastructure (e.g., timing, electronics,
etc.) to make the system elements an integrated operational capabality.

One challenge encountered by any proposed space cbject imaging system is the need for
sufficient ].l'E]ltLll'E to produce an image. In the reflected sumlight, space object bnghtmess drops
pmpnrtmna].l} as a fimction of (1/ d15tam:e‘} The brightness of sun-illuminated space objects can
be expressed in terms of star magnitudes using:

M, =50logL—50logd -2 5log[l{xsiné+cosélx—6/x)]+ C . (1)
where

L — distance to the space object, km,

d — space object diameter, cm,

8 — phase angle.

C — constant depending on space object shape and its albedo.



The 3rd term of equation (1) {(sinf)/'m+(cos8)(n-8)/m} is called the phase integral of the Lambert
surface of a sphere. The uncertainty m the albedo and phase integral of the space object is the
only reason for uncertamnty in the calenlation of its star magmitude. As a mule, the well-known
phase fimetion of the Moon, shown in reference [2]. 15 used to mitigate this uncertainty. The star
magnitude of space objects at any phase may be defined through the star magmitmde of the Moon
at zero phase M=-12.73. Setting the Moon albedo at 0.1 and using the angular diameter of the
Moon (0.57), we can compute the constant in formula (1) as C=1.8. Calculations of the integral
brightness of space objects using formmla (1) for the albedo of 0.1 and & = 07 versus typical
values of the parameters and range are presented in Table 1. The last column of the table
contains typical angular velocities for space objects at the miven orbital altitude.

The last two lines of table 1 show brighmess for the high-orbit space objects. On average, low-
orbit space object brightmess is two orders of magnitude (3 star magnitudes) brighter than high-
orbit one and the angular velocity of the low-orhit space objects is an order of magnitude higher
than the high-orbit ones.

Figure 5 shows the atmosphenic abscrption versus zemith angle, expressed in star magmitudes.
Figure 5 shows that detection of extremely weak reflected light signals from space objects at
zemith angles greater than 75° is not feasible due to large losses due to atmosphere absorption,
particularly as the atmosphere transparency decreases. This is one reason why telescopes are
frequently located in high-meuntain locations where the atmosphene transparency 1s higher (and
local light pollution is less).

Atmospheric absorption
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Figure 5: Atmospheric absorption losses (star magnitudes) encountered dunng space object
imaging at different zenith distances for two cases: a) p = 0.8 — nommal transparency of
atmosphere; b) p=0.7 — visible haze in atmosphers
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Figure 6: Attenuation of space object integral brightness as a fimction of the phase angle in
terms of star magnitudes

The dependence of the space object brightness attenmation on phase angle 15 shown m figure 6.
Observations of space objects at phase angles greater than 80° expenence attenuations of the
space object brighiness of more than one star magnitude and therefore are not feasible.

To address these dim space-object imaging challenges, the Sapsan system concept proposes the
use of a laser illumination system to overcome the imaging challenges created by the signal
attenuation and reliance on sunlight illumination. The details of the illuination system and its
nonlinear optical approach for concentrating the laser and mitigating turbulence effects are
discussed in later in this repor.

SAPSAN Imaging System Design

The Sapsan system consists of two telescopes. The first is a detection system used to locate
space objects. The second system, referred to as the informational chamnel, is used to
characterize a detected space object. The informational system operation would be fully
automated. The main characteristics of the system module for autonomous detection, angular
coordinate measurements, detailled imaging, and concentrated 1llumination of the space object
are as follows:



Table 2: SAPSAN imaging system characteristics

Working field of view of the system with 2 telescopes of G200 mm «Sapsan-

200s (soquire degrees). Used fo search for objects 1
Working field of view of the system with 2 telescopes of @125 mm «Sapsan- 300
12355 (seuare degrees).

Surveillance rate of the system with two telescopes «Sapsan-200w  (sq. 27 600
degree’hour) with 4 exposures at each point. g
Sensitivity of the system with two medinm telescopes «Sapsan-2000 (with

the night sky brighmess of 21™ per one square second of the celestial sphere) 13.1=

for space objects at 1300 km (comesponding to mimmum space object size
of 1.5 cm when using ephemens and 8.2 cm i random detection mode).
Sensitivity of the system with two telescopes «Sapsan-125» for space objects
at 400 km (corresponding to minimal space object size of | cm when using o™
ephemenis data and 14 cm in random object detection mode).

EMS measurement emror of the space object angular coordinates using the
aSapsan-200» two telescope systems.

FMS error of measurement of the space object angular coordinates using the
wSapsan-125» two telescope systems.

Working field of view of the system with informational lens @1000-1500
mm 4Sapsan-1000» (arc seconds). This is the region with the best 40-60
sensitivity — the full system field of view 15 larger.

Number of contrel zones in the flex mimor of the adaptive optics system

CAE) e e Tl miconn i & sk kbl s e deovine. it

Type of laser used for illummation {pulsed) mode, with diode
pumping

Power of the illumination laser (B 3-10

Laser wavelength (pm}) 1.03-1.07

Achievable angular resolution in the space object detalled Imaging mode and 0.1.0.2

minimnum size of the spot focused on space object surface (arc seconds)

To achieve an angular resclution of 0.1 arc seconds at the specified wavelength would require a
telescope diameter on the order of 26 m. Reducing the telescope diameter would increase the
mumimum achievable angular resolution.

The propoesed system would use a two telescope confisuration. The field of view of the system
with two lenses (@200 mm) is 2 * 8.50 degrees = £.50 degrees, which is sufficient for imaging
detected objects but which is not adeguate for detection of the fast-moving “falling™ space
objects. The angular speed of such low-orbit space objects is greater than 3 degreesisec.
Therefore, we propose to use a second system with two smaller lenses (G123 mm) to provide a
field of view of 2 = 30 deprees = 20 degrees. The combined field of wview of this dual
configuration system would be 2800 sq. degrees, thereby increasing the probability of obtammmg
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Figure 7: Mumal position of fields of view of 2 «Sapsan-200% and 2 «Sapsan-125» lenses. The
system with the larger field of view would have a sensitivity of 9m and the sensitivity of the
system with the smaller field of view 13 13m

the necessary number of measurements for the lowest crbit space objects. This dual field of
view configuration is illustrated in figure 3.

Figure 3 provides a fimetional layout of the proposed optical system for concentrating the laser
illumination on the space object and for acqunng detailed images of small objects under either
sunlight or concentrated laser illumination The blue lines in figure 4 define the path of the
sunlight reflected from the object to the primary mirrer, then fo the adaptive secondary mirror
that 15 used to compensate for the atmospheric distortions and system jitter, and to make some
phase comections. The secondary mirror can be moved in multiple directions.

The mage 15 sent from the detector to a personal computer (PC) to be used to control the laser
mirror. The deformable secondary flex mirror (deformed based on sunlight retum) performs the
pre-compensation of the outgoing laser. The laser is pulsed such that the beam 15 off when the
signal retums from the iluminated space object. The deformable secondary mimor (DMD)
follows the reflected sunlight signal and updates its shape accordingly. As designed, the laser
retum from the target is shifted so it will not pass through the mirror aperture to the visible band
detector. The spectral divider and the mimror below the DMD are dichroic mirrors. The flex
mirror conirel medule 15 a phase front detector.

The laser beamwidth control mirror will ikely have a dielectric coating and it will have a linuted
number of adaptive ophics modes so that in addition to pointing it can also perform some
adaptive focusing (mirror curvature) for use when illuminating and imaging larger space objects
(= 1 arcsec) or for focusing on specific areas of interest on a space object.
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Figure 8: System diagram illustrating the illumination concentration channel and the detailed
imaging channel using either sunlight or laser illumination

Figure 9 provides a more detailed design layout for the secondary mirror used to comect for
atmosphenic distorions. This murror will be actively cooled.

The secondary control mirror can be translated in three planes using piezo actuators. The
reflecting concave membrane 15 connected to 100 plezo actuators that can be moved 2-3 microns.
These actuators should provide the capability to control the mirror with accuracy better than one-
tenth of a wavelength with a response time in the feedback loop of no worse than 1 msee. The
brace shown in view A supports the secondary mirror. The three steel cups are pieze actuators
positioned in a triangular orientation with no center of mass motion.

The isoplanatic angle limited by the atmosphenic tuwrbulence differs based on various factors
including the telescope location. For example, at the Altai site they typically experience about 3
arc seconds of 1soplanatism in the visible region and about 10 arc seconds at a wavelength of 1
micron. Altemnately, at the Russian Miadanak Measurement Center (on top of 2750 m ligh
mountain) the isoplanatic angle 15 much better with typical values ranging from 20-30 arc
seconds.
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The intent of the system control and information collection module is:

Daily and cperational planning of sessions to search and observe space objects;
Implementation of the automatic cycle for search. detection. tracking of space objects,
formation of coordinate and non-coordinate measurements of space ohjects;

Logging and display of the results from functional checks of system hardware and
software;

Maintaining the frequency cataleg of the space object coordinate and non-coordinate
characteristics;

Archiving the obtained measurement information and the processed results.

The imntent of the support module 15 to provide

Provisiens for the necessary set of synch frequencies and time tags to the system (e.g.,
quartz standard system, coordination with Glonass);

Provisions for the necessary system meteorological data (pressure, humudity,
temperature;

Provisions for interaction between system’s hardware components by means of fiber-
optics communication system;

Telescope shelter — a tower with 2-leaf dome. foundation, power supply, data transfer,
utilifies on site.
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Figure 10: Sapsan system rendering

Figure 10 provides a rendering of the infegrated telescope modules in a smgle mount with an
enclosure. The lenses are the telescopes used to detect and characterize (informational lens)
space objects.

As identified above, adaptive optical elements are integrated into the Sapsan system. However,
additional concepts are under consideration. In terms of adaptive capabilities, Pavel Inshin (ASC
Femto, Moscow) is working on the development of a more advanced adaptive optics system that
would be used with a 3.12 m telescope. This fiture system would contain three adaptive optical
(AQY) systems that contain a total of 400 actuators. This system would treat the atmosphers as if
1t were three mdependent phase screens and then attempt to control the AQ systems to correct for
each of these three layers. These AQ systems will be operated using controlled laser
llumination and focusing to engineer glints which would act as point sources for the AQ control
system as opposed to stmictly relving on sunlight illumination and natural glints.



Application of highly sensitive nonlinear optical methods
for imaging space debris

Insufficient space-object light levels and atmosphenic turbulence effects preclude high gquality
day-mght imaging. As part of the Saspsan concept to detect and image small space objects, it is
proposed to use a low-energy laser illumination source and a highly sensitive receiver to collect
and amplify the light scattered from the object, combined with a phase conjugation appreach for
minimizing the laser energy requirements and for mifigating atmosphenc furbulence.  This
approach builds on the foundation research performed by Kulagin, Pasmanik and Shilov. !

The proposed optical-brightness amplifier consists of a traditional Nd-Glass laser amplifier and a
nonlimear ophecal amplifier. By amplifying the space-object-reflected illumination (a factor of
10" — 10" is achievable) it is possible to eliminate the challenges of imaging low light space
debris. By virtue of a nammow frequency reception band (~ 107 cm™ = 30 MHz) and the short

turn-on time (~ 0.33x- 107 5), we believe the Sapsan optical brightness amplifier concept should
allow us to detect and mmage space objects at any time of day, including under bright sunlight
conditions, presuming a view to the space debns is not completely occluded by clouds. The
problem may be formulated as follows. Laser radiation illuminates space within a given angle.
Part of this radiation 15 diffusively scattered by the hypervelocity space object and is intercepted
by a telescope receiving system and then registered on a CCD camera. In the receiving system,
light collected by the telescope is pre-amplified in the optical brightness amplifiers. After the
amplifiers, the level of useful signal should be sufficient to be recorded by ordinary means.

One of the key advantages of the optical brightness amplifiers is that they have nearly 100%
gquantum efficiency. In fact, the noise floor 1s about 2.5 photons, so the amplifier can begin to
respond to sigmals as low as 3 photons. Further, because of their namrow reception band (AR~
0.001A) and short reception time (~30 nanoseconds), background noise from the daytime sky
will be insignificant duning daytime operation of the system with optical amplifiers. Though the
amplifier can respond to as few as 3 photons, we consider the signal detected if the sigmal-to-
noise ratio 15 above six, which commesponds to our criterion for reliable signal detection. Further,
for providing sufficient resclution to image the contours of the space object, we believe the
number of images pixels should be no smaller than 100 (1.e., 10 = 10 mmage pixels). Hence,
when considenng images acquired with conventional imaging telescopes as opposed to our
proposed system with optical amplifiers. we believe that our system can provide higher
resolution. And in addition, the narmrow reception band and small tum-on time of the system with
optical amplifiers should be capable imaging any time of day, unlike a conventional charge-
coupled systemn.  Alse, the optical-bnightness amplifiers allow for the use of a muwch smaller
telescope aperture for the same amount of laser illumination energy. For example, calculations
show that for a 60-cm-diameter telescope, seven times less laser energy is required for a system
with optical amplification than for a system using a conventional cryogemcally cooled low-noise
CCD. Even less energy is needed when phase conjugation approaches, such as those discussed
below, are emploved.

The concentration of the space-object-reflected laser illumination is restricted by the influence of
turbulence. However, to keep the required laser energy sufficiently low for practical applications,
we must develop a way to quickly compensate for the dynamic tubulence effects. If the
llumination energy is fixed the dlumination pomting nmst be nammowed. Such illumination
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Figure 11: System schematic. IL — illumunation laser; LA — laser amplifier; MO — master
oscillator; BEFWM — Brillowin Enhanced Four-Wave-Mixing system

concentrating can be achieved by means of phase conjugation of scattered illumination using
nonlinear optical methods. If our nonlinear-optical receiver amplifies and conjugates the space
object signal, then as a result of double passage through the atmosphers turbulent distortions of
the reflected signal will be significantly compensated. As a result, the conjugated signal will be
concentrated on the space object to an accuracy that is determined not by the furbulent scattenng
angle (~107 rad), but by the receiving aperture of the nonlinear optical amplifier (eg., ~
5-107 rad for a 200-cm receiving aperture).

Space Object lllumination Operating Concept

The space-object-reflected illumination light is intercepted by the main mimor of a receiving
telescope (such as the Sapsan telescope) and 15 guided to the optical bnghtness amplhifiers. Upon
amplification in the optical amplifiers, the light 15 registered with a CCD camera. A control
system 15 used to fum on the optical bnghtmess amplifiers and adjust their reception frequency
band. Data for the control system are provided by an illumination laser (IL) and a rangefinder
(estimates moment of amival of the scattered radiation and its frequency). The optical brightness
amplifiers consist of three vmits: a laser amplifier (LA), a nonlinear optical amplifier and a pump
laser. To achieve the lowest level of noise in the optical brighiness amplifiers, the zain
coefficient in laser amplifiers must be about 10°. Sucha gain coefficient can be achieved in two
amplification stages. When creating the laser amplifiers, 1t 15 necessary to ensure that the value
of the gam coefficient 1s uniform over the whole field of view. The latter, in tum should be not
less than the angle of mitial llumination 8;=10"" which requires the use of optical repeaters. The
space object plane is projected by a lens onto the output face of the first laser amphifier. The
image is then transferred by a repeater from the output face of the first laser amplifier to the mput
of the second laser amplifier. Another repeater transfers images from the output face of the
second laser amplifier to the nonlinear optical amuplifier. The repeater is a confocal telescope.

The nonlinear optical amplifier is a Brillouin-enhanced four-wave mixing (BEFWM) amplifier
i1e., a third order nonlinear medmm that 1s active with respect to the Brillowin nonlinearity). For
such a medom to amplify signal light. 1t should be illununated simultaneously with the space-
object-reflected signal and by a powerful additional laser radiation pump. Typical nonlinear

medium elements are tefrachlondes such as CCls, GeCls, 5nCly, or perflucrooctane. Their
parameters are very similar (e.g., nonlimeanty factor ~ Fx107 em/W, hypersound relaxation time
~10~ sec). When the stimulated-Brillouin-scattering (SBS) cell is illuminated by a pulsed laser
with a pump of energy 1.5 J and duration of 20 naneseconds, the SBS lifier will amplify the
space-object-scattered light with a gain coefficient of approximately 10°. Therefore, the gam
coefficient of Light recerved from the space ohjectf_‘consisﬁng of combined gam in laser amplifier
and nonlinear optical amplifier, will be about 10°, which 15 quite adequate to record the signal
ona CCD.



[deletia]

Conclusions

Multiple ground to space telescope systems are under development in the United States and
Fussia to mmprove ground to space imaging capabilities. Unforfunately most of these efforts are
pursuing improved designs that follow relatively conventional approaches. One exception it the
Fussian work invelving the use of nonlinear optical methods for providing high guality space
object llumination, focused lighting to induce glints for use with adaptive optics systems, and
for improved imaging using phase conjugation. As a follow on to this study, vanants of the test
plans presented i this report will be conducted in calendar year 2009 to demonstrate proof of
concepts for the nonlmear optical techmigues for imaging and laser propagation through
atmosphene urbulence.
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['pymma: ABTOMAaTHYECKHE KOCMUYECKHE KOMILIEKCHI
3aKa3yuK: POCKOCMOC

BrinoaauTs: 2010 rox

3akas:

Coznanne aBTOMaTU3UPOBAHHBIX YKPBITHI 1 00€CTIeYMBAIOLINX U3MEPUTENIBHBIX CUCTEM AJITalicKOro
OITUKO-JIa3€pHOTr0 [IEHTpa HAOII0eHNS 32 KOCMUYECKMMHU 00BEKTaMU» B YaCTH CO3JJaHUs
AaBTOMATHU3HPOBAHHOTO YKPBITHUS AJIs TeJIeCKONa HHPOPMAIMOHHOT0 AuaMeTpoM 3,12 M ¢ cucteMaMu
THJIPONPUBO/Ia CTBOPOK U KIIMMATKOHTPOJIsE TYpOYJIEHTHOCTH B OJIMKHEH 30HE TeJecKora.

3aganue:

2.1.  Lens Bemmonnenus OKP

[{enbro pabOTHI SABISETCS: CO3AaHUE ABTOMATU3UPOBAHHOTO YKPBITUS ANTalCKOTO ONTHUKO-JIa3epPHOTO

[IEHTpa HAOIOICHHS 32 KOCMHUYSCKUMHU 00BEKTaMU, B IEIIAX 00eCIIeueHUS 3auThl Teneckomna TH-

3.12 M oT BHemIHUX ()aKTOPOB U ONTUMHU3AIMU PEKUMOB paOOTHI TEIECKOIA B IPOIECCE:

° perucTpaluu JeTanbHbIX n300paxkennid KA mo oTpakeHHOMY COTHEUHOMY U3ITyYEHUIO C
yrioBbiM pazpemennem 0,044 yri.cex. A pacro3HaBanus KA (B ToM 4uciie B aBapUHBIX
CUTYaIUsIX MPU OTCYTCTBUU PATUOCBSI3N);

® MOJIyYCHH ACTAJIbHBIX 1/1306pa>1<eH1/1171 KA ¢ JIA3€PHBIM IIOJACBETOM;,

° pacno3HaBanus cocTossHus KA u ompezenenus napaMeTpoB KOCMUYECKOTO Mycopa pa3MepoM
1o 20 cM Ha gaasHOCTH 36000 KM;

® MMPOBCACHNA MHOT'OIIAapaMETPHUICCKOI0 KOHTPOJIA KOCMHUYCCKUX 00BEKTOB B JAruara3oHe BOJIH OT
y.]'ILTpa(I)I/IOJ'IeTOBOI‘ 0 10 CpCAHCTO I/IH(I)paKpaCHOI‘ O Juaria3oHa.



Kpowme Toro, nensto OKP sBnsieTcs npoBeaeHue Ja3epHbIX U3MEPEHHUI mapaMeTpoB OpOUT
KOCMHMYECKHX allapaTtoB B COCTaBE MEKIYHAPOIHON CIIy:KOBI J1a3epHOM 1aTbHOMETPHH.

2.2. 3agauu Beinoaaenus OKP

2.2.1. UsroroBrieHne, MOHTaX U IyCKO-HaJIaJKa OMBITHOIO 00paslia aBTOMaTU3UPOBAHHOTO OallIeHHO-
noBopoTHOTo YKpbITUs (ABITY) nns teneckona undopmanuonsoro (THU) nuamerpom 3.12 m ¢
CHCTEMaMHM THJIPONPUBO/Ia CTBOPOK U KIIMMATKOHTPOJIA TypOyJIeHTHOCTH B OnvkHel 3one TH.

2.2.2. [IpoBeneHue a3epHbIX U3MeEpeHuil napamMeTpoB opOuT KA ¢ moMoIpio BBEIEHHBIX B COCTaBE
nepsoit ouepenu AOJIL kBanToBo-ontuueckux cpencts (KOC) u npyrumu KOC poccuiickoit
JIa3€pHOM CETH.

Konrtaktel:  Kocomamos Omner IletpoBuu  Tenedon: 631-97-54  dakc: 631-88-14
3asBku no:  09-03-2007 ata paccMmotpenus 3aaBok: 09-03-2007
Anpec: 107996, r. Mocksa, yi. lllenkuna, 1. 42

Ycnopus KOHKYpcCa:
3aKa3umk: q)ez[epanLHoe KOCMHUYECCKOEC arcHTCTBO.

AJipec opraHu3aluu: — yi. lllenkuna, 42, Mocksa, I'CII-6, 107996.
YrpaBiieHre aBTOMAaTHIECKUX KOCMUYISCKUX KOMITJICKCOB M CHCTEM
yrpaBiieHus, Ten. (495) 631-87-43.

3aka3 mpomnyckoB B denepanbHOe KOCMUYECKOE areHTCTBO ISl IPEACTaBUTENICH YIaCTHUKOB
pasMCIICHUA 3aKa30B, U3BABUBIIUX KCJIAHUEC ITPUHATh YH4aCTUE B ITPOLCAYPEC BCKPLITHUA KOHBEPTOB C
KOHKYPCHBIMH 3asiBKaMH Ha 3acefann KOHKYpCHON KOMHCCHH, OCYIIECTBIISETCS IO YKa3aHHOMY
tenedoHy 3a JBa JHs 10 3acenanus KornkypcHoi komuccnu (pasaen 5, m.5.1.3 «O0mux yclIoBUi ...».)
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Uudopmarmsa 06 06bexTax ANTaficKoro Kpas, BKTOYEHHEX B [lepedenb CTpoeK H 00bekTos ana denepambHeIX rocyaapcTBeHHEX Hys#a Ha 2008 rox, dumancupyeMeix

33 cyeT OHMKEeTHEX ACCHTHOBAHHH Ha OCYIIESCTENCHHE OHIHKETHEHIX HHESCTHINGE E 0OBEKTEl KalMTANBHOTO CTPOHTENBCTEA IOCYIApPCTEEHHOH CoOCTEEHHOCTH
Poccwickoii @enepamnt ErrodaeMelx B QAT

Hamvenosanme obserra Tonyuatens Cporu Enuuuia Tocynapcreennsie kanmtansseie|Cnpasoano 2007 rom
DHOHETHBIX CPEOCTE  |CTPOMTENE-CTEA|H3MEPEHIA, BIOMKEHNA (TBIC.pyDIeit) (TBIC. PYD.)
MOMHOCTE
2008 rox ‘2009 ron ‘2010 ron

PegepaTbHan KocMHYecKan mporpavma Pocenn ma 2008 - 2015 roge:

Anraticrart onTHEO-TazepHbl | DenepansHoe 2008 1 ryveroeodt| 78 100 650000
LIEHTP, c.CaseymKa. |rocynapcIBeHHOE KOMILIEKC
JMeHHOTOPCENEL paiior VHHTapHOe
mpeanpuatte "Hayuno-
HCCIIeN0OBATENE CEME
HMECTUTYT
MPEITHAMOHHOT O
mpubopocTpoerma’, T
Mocrea

2009-2015 2 59500 (50000

[LIOMaTEH/LIEHTP
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raseTa 6elxogMT ¢ 1 aHeapa 1924 roga

HAA 3BE3

Cy06o0Ta, 22 CenTs0ps 2007 rona
Boennslii kocMocC

Macurrad 3ana4 - KOCMA4YECKUN
50 net ycnexoB u mode;y

beceny Benu FOpuit UBAHOB,
Buranuit JEHVCOB.

[EXCERPTS]
Ha BOIIPOCHL ((KpaCHOﬁ 3BC34bI» OTBCUYACT HAYAJIbHUK I'maBHOTO MCIBITATEIIHLHOTO HEHTpa (I/ICHLITaHI/Iﬁ

U yrpaBiieHus kocmuueckumu cpeactsamu) umenu I.C. Turosa [T UI[HY KC] renepan-maiiop
Anexcanap 'OJIOBKO.

[deletia]

[Tponomxaercst co3gaHue pacIpeeICHHON aBTOMAaTU3UPOBAHHON CETH KBAHTOBO-OITUYECKUX CUCTEM,
YCTaHOBJICHHBIX Ha 00beKTax Kak KocMHUYecKuX BOWCK, TaK U APYruX BeAoMCTB. OCHOBHBIM
AIIEMEHTOM 3TOU CETH SIBJISIETCS MMyHKT cOopa, MpeaBapuTeIbHOW 00padoTK HHPOPMALIUU OT
KBaHTOBO-ONTHYECKUX CUCTEM. B HacTosimee BpeMs BBEACHA B ONBITHYIO SKCIUTyaTalllIO0 €ro BTOpas
ouepenb. Cozganue ANTaiiCKOro ONTHKO-JIa3€pHOrO LEHTPa ¢ UCIOJIb30BAHUEM COBPEMEHHBIX
MaTPUYHBIX I€TEKTOPOB, ONTHYECKUX aJalTHBHBIX CUCTEM B COYETAHHM C KPYMHOra0apUTHBIM
00BEKTHBOM H JIa3epHOMN MOJCBETKOM MTO3BOJIUT BECTH BCECTOPOHHUH aHAIN3 KOCMHUYECKUX OOBEKTOB
U, B YaCTHOCTH, NOCTUTHYTh naputera ¢ CIIIA B 001acTu MHOronapaMeTpuyeckoro KOHTPOJIsI Kak
KOCMHUYECKHX allapaToB, TaK U «KOCMHUYECKOTO MyCOpa».



http://www.zin.ru/labs/insects/hymenopt/personalia/Khalaim/2007-Altay/08a-kl-18.htm

Secret military object near Kolyvanskoe lake, 31.07.2007.



http://www.panoramio.com/photo/24680196

By Roman Vorobyev
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17 urons 2007T.
AMEPHUKAHIIbI PACCKA3AJIM O HAIINX YCIIEXAX
Teneckon B cenre CaBBYIIKH 3acek U c(hoTorpadupoBall aMepUKAHCKUH CITyTHHK-IIIITAOH.

Ha nponutoii Hezene B aMEpUKAaHCKOM €KEHEAEIbHOM JKypHaJle a3pPOKOCMHUYECKON IPOMBIIIIICHHOCTH
CILIA "ABHAHIIH YUK 3H]] CTIEHC TEKHOJIOKH" ObLIO paccKa3aHo O TOM, YTO PAaCHOI0KEHHBIA Ha
AnTae Teneckol cMOr ceNaTh BeChbMa JIeTallbHbIi poronopTpeT 15-TtonHOTrO cryTHHKa "Jlakpocc-2",
npuHayiexkamero HannonansHoMmy passensiBarenbHoMy ynpasieHuto CIIA. B xxypHane
OIyOJIMKOBAaHbl CHUMKH CITyTHHMKA, IIOJTY4YEHHBIE C IOMOIIBI0 0COO0N ONTHUKH, YCTAHOBJIEHHOMN B
ANTalickoM ONTUKO-JIa3epHOM LieHTpe (oOcepBaTopus B cene CaBByIIKM 3MEHMHOTOPCKOTO paiioHa). B
aMEepUKAaHCKOM KypHaJle CKa3aHO, YTO CITyTHUK HaXOAWJICA Ha OpOUTE BBICOTOM mpuMepHO 640 kM, a
HaKJIOHHAs JaJIbHOCTH 110 IMHUM BU3UPOBAHUS OT HEro /10 Teneckona mnpesblimana 800 kM.

AMepUKaHIbl OTMETUIIN, YTO CEKPETHBIE CIIYTHUKH PaJuoJIOKallMOHHOM pa3Benku cepuu "Jlakpocc" 20
JeT ObIIIM OKPY’KEHBI 3aBECOI TaifHBI, TAK YTO POCCUHCKOMY Ha3eMHOMY TEJIECKOITY YAAIOCh CAETIATh
YHUKAJIbHBIE Ka/IPBI.

B Poccun 06 sToMm nepBeiM pacckazaio areHTcTBo "UTAP-TACC", koppecrioHIeHT KOTOPOTro
IIPOYMTAT aMEPUKAHCKUM )KypHaL. OTMeTHM, 4To oOcepBaTopusi B CaBBYILIKaX CYMTAETCS CEKPETHBIM
00bekTOM. OJJHAKO aMEepUKaHIIaM OTIMYHO U3BECTHO, I1€ HAXOAUTCSI OOBEKT, KAKHE JOCTUTHYTHI
YCIIEXH.



http://www.amic.ru/news/?news_id=68508

23 anpenA 2007 r. (13:26)

CrasaTe kogek windows media vid {8.9M)

€8

I Buneopenoptau (wmv, 4,740, 2 MAH.)

B ImenHoropckon pafode oo 2010 ropa GyoeT OOCTPOEHA CTAHUMA CREMEHWA 33 KoCMUYeckumK ofbekTami. B Gnusafune MecAlsLl nNaHupyeTca
HayaTk CTPOMTENBCTEC BTOROA cuyepedw POCCHACKOID ONTMKO-NE38QHOI0 UEHTDE, PACNCNoXeHHOre Ha Gepery KonelBaHCKoro osepa. MogpofHocTi
COOTWAKT ¥YPHANWCTE TENENPOEKTa "Hallk HOBOCTH,

Heckonkko NeT Halag MUTenH cena Caeeyllka IMEeWHOTOpCKars paioHa 0a¥e He NOOo3peRand, 4To PANGM Ha Gepery
HWEOMWCHOMD G3BPa PAcNoNoWMTCA KOCMUYeCKMA oOBEekT OBCAHOTO HaaHayeHWA. C 2001 roga anTUKO-NazgpHeLI
LEHTRP ELINCAHAET 3akazcl MuHWCTEpPCTBa ODOPOHBI POCCHM, 3 Ha CEMOOHAWHWA - O8Hb EWE M TPa¥OaHCKHE.
Teneckon, pacnono¥eHHEll Ha TEPPUTOPHK LUEHTPAE, HANOMWHAET MHONMAHETHYID
CTAHUMKD M3 PaHTACTMYECKoro gunema. 3To NUWE NEPEAA QYEpEde CTPOMTENLCTEE,
a B 3tTom rogy GyOeT CoopyHEH TeMeckon B HECKOMbKG Pa3 NpeBccxodAlui
NP EsHNA.

CTROMTENLCTES ONTHEC-NA3EPHOTD UEHTRE NO3ECNWND PEWWTE SMEMHOTORCOKMY RAA0HY, 03 W KPaK B LEnom, cpazy
HECKOMLKD Npofinem: 3Heprocdecneyesa U TenediodHoi ceAan. Ceyac B UeHTPE padoTakT CTONUUHLIE YUEHKIE, HO
Ve B CKOPOM DyayWwem nnaHupyeTcA NoQroToEKa CeunanncToe QnA cTaHuM B yaeGHbx 33Be0eHAx Kpan.

Ha cTpoMTensCTE: ETOPCA ouepedn POCEBWMAKOCMOC NNaHMPyeT MHEECTMPOEATE B KPal 0Kono 1 munnuapga pydnen. Takse yacTe CpegcTe Oyger
BMOMEHA B PA3BUTHE COUMANLHOR chepel paiioHa.

Yuwe K 2010 rogy 20ecs GyOeT NOCTROEH UENLIA KOMONEKS oNTUKO-NA3epHOro UeHTpa. MpUeecTH B OACTENE NNAHUPYETCA HECKONLKO TENECKONOR
pPaanMYHOro guameTpa. Moka e Pocci NogofHe UEHTPOE ONA CNEXEHUA 33 KOCMUYECKMIMN 0TbeKTaMKN — BOUHNLE.

[Sourcebook note: As of 2008-04-20, the video report was available at
http://www.amic.ru/files/news/68508.wmv as 68508.avi]
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Ha AnTae nosiBUTCSI caMblil COBPEMEHHBI KOCMUYECKHI ONTUKO-JIA3€PHBII LIEHTP
29.03.2007 15:39

BAPHAVI, 29 mapta

(Kopp. AHH Cepreii [Tonos).

CrpoutenbcTBO BTOPOH 04epear pOCCUIHCKOIO ONTUKO-JIa3€pPHOT0 IIEHTpa Havalnoch Ha AJltae.
Pacrnionokutcsi oH Ha BepiinHe Topbl bosblas 3MeMHOropcKoro paiioHa, psSaoM C HbIHE
JEUCTBYIOLUM LIEHTPOM.

OTOT BONPOC, B YUCIIE IPYTUX, CBA3AHHBIX C MOBBIIIEHUEM 3()(HEKTUBHOCTH UCIIOIb30BAHUS
pe3yIbTaTOB KOCMUUYECKOM JeSITENbHOCTH, 00CYX1aeTcs B yeTBepr B Kanyre Ha 3acenanumn
IIpesnnuyma I'occoBera Poccun.

OnTHuko-na3epHbIil HEHTP Ha ANTae NpeAHa3HAuYEH I PELLIEHUS] MHOTOLIETIEBBIX 3a/a4d, B TOM YHCIIE,
JUTSL KOHTPOJISI BBITTOJIHEHUS. MEXTYHAPOIHBIX COTJalieHuil 00 UCTOIb30BaHUH OKOJIO3EMHOTO
KOCMHYECKOI0 IIPOCTPAHCTBA, PACIIO3HABAHUS HELITATHBIX CUTYaLlMi C OT€YECTBEHHBIMU
KOCMHWYECKMMHU annapaTaMmu, a TAKKE BBIITIOJTHEHUS TPACKTOPHBIX U3MEPEHUN KOCMUYECKHX aIlllapaToB
JUIS peLleHus 3a1a4 KOCMUYECKON Ie01e3uH, HaBUTalluu U T€OJUHAMUKH.

Kak coobmraer npecc-ciayx0a KpaeBoil aIMUHUCTPALMH, IO YPOBHIO OCHAIIEHUS TOT LEHTp OyneT
caMbIM coBpeMeHHBIM B Poccun. OO1m1asi CToMMOCTh MPOEKTa — OKOJIO 3 MIIpA. pyoneut. [Approximately
USD 8125,000,000] YacTb CpeaCcTB MpeanoaaracTcs BIOKHUTh B pa3BUTHE HHPPACTPYKTYpHI U
coIMabHON chpepbl 3MEMHOTOPCKOTO paiioHa: PeUb HIIET O CTPOUTEIHCTBE JOPOTHU K IICHTPY,
PEKOHCTPYKIIMU JETCKOTO 03[JOPOBUTENILHOTO jarepsi Ha o3epe CaBBYIIKH.

PaccmarpuBaercst BOIpOC O IPUCBOEHUN ONTUKO-JIA3EPHOMY LIEHTPY UMEHHU BTOPOI0 KOCMOHABTa
IUIaHeThl, ypokeHua Anras ['epmana Turosa. Kpome Toro, Biactu Anraiickoro kpasi 100MBaroTCs
COXpaHEHUs1 KOMIICHCALIMOHHBIX BBIIUIAT PETHUOHY, CBA3AHHBIX C IIPOBEICHUEM 3aIlyCKOB Ha
KocMozipoMe «baitkoHyp».

Ha Tteppuropun kpasi pacrosoKeHbl YeThIPE Y4acTKa MMaJeHUs OTACISIOMMXCS YaCTEN PaKeT U paKeT-
HocUTenel: B 3MenHoropckoM, TpeTbsikoBckoM U YapeiiickoMm paiioHax. Iloatomy mexy
aIMUHUCTpaIel AnTaiickoro kpas u PoccuiickiuM KOCMHUYECKUM areHTCTBOM B fekadpe 2005 roma
ObUT OAMKCAH IOTOBOP, MPEAYCMAaTPUBAIOIINI KOMIIEHCALIMOHHBIE BBIIJIATHI B OI0/KET ANTalCKOTo
Kpas 3a pa30BO€ HUCIIOIb30BaHUE PAaOHOB NajeHus. CyMMa KOMIIEHCALUN ONPENEIseTCS B
3aBUCHUMOCTH OT ILIOIIAN PallOHA MaIeHUs, BPEMEHH UCIIOIb30BAHMS U CTABKU HAJIOra Ha 36MIIIO.
OHaKo IOKa BOIIPOC € BHIIJIATAMH «IIOBHC B BO3IYXE» B CBA3M C YTPATOW CHIIbI cTaThh 9 3akoHa PO
«O mutate Ha 3eMino». AnTalickuil ryoepHaTop A.jekcanap Kapinun, kak coo0O1aer ero npecc-ciyxoa,
HaMepeH OOCYANTh U PEIIUTh ATy MPpodiIeMy B X0/ie 3acenanus [ occoBeTa.



http://www.asfera.info/news/social/2007/4/7/one-4055.html

29 mapra [2007]
09:28
Ha Auarae 0yaer padorarb caMblii cOBpeMeHHbIH B Poccun onTuKo-j1a3epHbIA HEHTP

«IToBbimeHne 3(pPeKTUBHOCTU UCTIONIB30BAaHMSI PE3YIBTATOB KOCMUYECKOHN IEATETbHOCTH B MHTEpPECAX
COLIMAJIbHO-9KOHOMUYECKOT0 pa3BuTus Poccuiickoit denepanumy - 3TOT BONPOC CEroHs 00Cyx)aaeTcs
B Kanyre Ha 3acenanuu npesuauyma ['occoBera Poccun. B Hem no npurnamenuto [Ipesunenta PO
Bnagumupa ITytuHa yyacTByerT riiaBa agMUHHCTpaluu AnTaiickoro kpas Anekcanap Kapnun.

OpauH 13 BaXXHBIX BOIPOCOB, Kacaloluxcst ANTaiicKoro kpas, - CTpOUTENIBCTBO B 3MENHOTOPCKOM
paiioHe BTOpoii ouepean POCCUIICKOro ONTHKO-JIa3epHOro HeHTpa. ONTUKO-TIa3epHbIN LICHTP B
3MEMHOTOPCKOM pailoHe IpeHa3Ha4YeH JUIsl pEIIeHNs] MHOTOIIENIEBbIX 33/1a4, B TOM YUCIIE JUIs
KOHTPOJISI BHIIOJIHEHUS MEKAYHAPOIHBIX COTAIEHUH 00 MCIIOIb30BaHUN OKOJI03€MHOTO
KOCMHUYECKOT'0 ITPOCTPAHCTBA, PACIIO3HABAHUS HEIITATHBIX CUTYAIMi C OTEUECTBEHHBIMU
KOCMHUYECKMMH aIlapaTaMy.

Eme OJHO HalpaBJICHUE ACATCIBHOCTH - BBIIIOJIHCHUEC MMPEHU3NOHHBIX TPACKTOPHBIX I/ISMepeHI/Iﬁ
KOCMHUYCCKUX alllapaToB AJId pCUICHUA 3aaa4 KOCMHUYECKOH I€oJ€C31MHn, HaBUTrallid 1 I'COAMHAMUKH.

B nacrosiiee Bpemst HUM npenusuonnoro npudopoctpoenus (r. MockBa) NpUCTYIHIIO K
CTPOUTENIBLCTBY BTOPOH OYEPENN ONTHUKO-JIA3€PHOTO LIEHTpa Ha BEpIIMHE ropsl bonbiuas B
3MenHoropckom paiione. [Ipu BeiOOpe MecTa CTpOUTENbCTBA CHEIUATIBbHON MEKBEIOMCTBEHHOM
KOMHMCCHEH yunuThIBajIcs psiji (PaKTOPOB, HAPUMEp, ACTPOKIMMATHYECKasi 00CTaHOBKaA.

ITo ypoBHIO OCHAIIEHUs ATOT LEHTp OyneT caMbIM coBpeMeHHbIM B Poccuu. O61mas cTouMoCTb
MPOEKTa — OKOJI0 3 MIIp pyOsieit. YacTh cpeicTB MPEAIoIaraeTcs BIOKUTh B pa3BUTHE
UHPPACTPYKTYPhI U COLUANBHOM chepbl 3MEMHOTOPCKOr0 pailoHa: peub UAET O CTPOUTENILCTBE JIOPOTH
K LEHTPY, PEKOHCTPYKIUH JAETCKOI0 030POBUTENBHOIO Jarepst Ha o3epe CaBBYILKH.

DTOT BOmpoc 00Ccyxaalics Ha BCTpeue reHepainbHoro aupexkropa HUM npennsmnonnoro



npubopoctpoenus (r. Mocksa) IOpwust Pos ¢ rmaBoit agmuHuCcTpanmu kpas Anexcanapom KapiuHbeiv B
KOHIIE IIPOLLJIOTO roja. B Hacrosiiee BpeMs paccMaTpUBAETCs BOIIPOC O MPUCBOEHUHU ONTHKO-
JIa3epHOMY LIEHTPY KMEHU BTOPOr0 KOCMOHABTA TUIAHETHI, Hamero 3emisika ['epmana Turosa. HoBeie
CTEH/Ibl, TOCBSIICHHBIE KOCMMUYECKOM TEMATHKE, YXKE MepelaHbl B €ro My3eil B cene [1oakoBHUKOBE
Kocuxunckoro paitona.



http://www.eng.altaiinter.info/news/?1d=130

Friday, July 20, 2007, 03:42 PM

A three meter mirror optical telescope will be set in 2009

A three meter mirror telescope will be set in village Savvushka, Zmeinogorskiy area, the Altai territory
in 2009. A new optical and laser centre works in that area.

This area in the Altai territory has been chosen for several reasons: over 200 clear nights a year in

Savvushka; the sky is exceptionally bright; the lake that is right in front of the observatory provides the
necessary effect for the space observation.
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K 2010 roxy B 3MerMHOTOPCKOM paiioHe ANTaCKOTO Kpast MMOCTPOSIT CTAHITUIO CIICKEHUS 3a
KOCMHYECKMMH 00beKTaMHu (BUIe0) [video link broken]

B 3meunoropckom paiione 10 2010 roma 6yaet 1ocTpoeHa CTaHIUS CISKEHUS 332 KOCMUYECKUMU
o0bekTaMu. B Ommkaiiime Mecsipl INIaHUPYETCsl HaYaTh CTPOUTENBCTBO BTOPOM ouepean
Poccuiickoro onTruko-1a3epHOTo EHTPA, pactoyiokeHHoro Ha Oepery KombsiBanckoro ozepa.
[ToapoOHOCTH COOOIIAOT XKypHAIUCTHI Tenenpoekra "Hamm HoBocTH".

Heckonbko et Hazapn xxurenu cena CaBBylika 3MEMHOTOPCKOIO paiioHa 1aXke He MOJ03PEBANIN, YTO
psioM Ha Oepery KHBOITUCHOTO 03epa PacIOIOKUTCS KOCMHUECKUI 00BEKT 1BOMHOTO Ha3HadeHus. C
2001 rosia onTHKO-J1a3epHBIN LIEHTP BBINOJIHACT 3aKka3bl MuHHCTEpcTBa 060poHBI Poccuu, a Ha
CErOJHSAIIHUMN - IEHb €1IE U IpakJaHCcKue. Teneckon, pacioioKEHHbI Ha TEPPUTOPUU LIEHTPA,
HAallOMHHAET MHOIUIAHETHYIO CTAHIMIO U3 (paHTAaCTHUECKOro GuibMa. JTO JMIIb epBast 04epe/ib
CTPOMTENIBCTBA, a B 3TOM IOy OYy/IeT COOPYKEH TEIECKON B HECKOJIBKO pa3 MPEBOCXOSAIINN TPEKHUH.



CTpOUuTENHCTBO ONMTHKO-JIa3€PHOTO IICHTPA MO3BOJIIIIO PEIIUTh 3MEMHOTOPCOKMY paiioHy, Ja U Kparo B
IIEJIOM, Cpa3y HECKOJBKO MpobiieM: sHeproodecredeHus u TenedonHoit cBs3u. Ceidac B 1ieHTpe
paboTaloT CTOJIMYHBIC YUEHBIE, HO YK€ B CKOPOM OYAyIlIeM TUIaHUPYETCs TIOATOTOBKA CIIEIUAIMCTOB
JJIs1 CTaHLIUU B y‘-Ie6HI)IX 3aBCACHUAX Kpasi.

Ha ctpoutensctBo BTOpO#i ouepenu PocaBrnakocMoc miiaHupyeT HHBECTUPOBATh B Kpaid 0koJio 1
MuIMapaa pyosei. Taxke yacTb cpelIcTB OyJIeT BIOKEHA B Pa3BUTHE COLUAIILHON C(ephl paiioHa.

Vaxe k 2010 roxy 31ech OyaeT MOCTPOEH LEblii KOMILIEKC ONTUKO-JIa3epHOro LeHTpa. [Ipusectu B
JeicTBUE TIIAHUPYETCSI HECKOJIBKO TEIECKONOB pa3nuyHoro nuamerpa. [Toka B Poccnn mogo6HbIx
LIEHTPOB IS CJIEKEHUS 32 KOCMUYECKUMHU 00bEKTaMH — €TUHHIIBI.



http://www.interfax.ru/r/B/exclusive/271.html?menu=37&id_issue=11710224

DKCKITIO3UB
10 ampenst 2007 rona, 13:44

ITepBslii 3aMecTUTEND TN1aBbl afiMuHUCTpanuu Anraiickoro kpas C.JIokres: "Crparerndeckoe
HalnpaBJieHUEe UHBECTULIMN Ha AJITae - peau3anus KpyMnHbIX MPOEeKTOB"

[EXCERPT]

W3BecTHO, 4TO B ANTaliCKOM Kpae CTPOUTCS ONTHKO-JIa3epHbIi HeHTp - punuan HUUW npeunsnonHoro
npuOOPOCTPOCHUS, KOTOPBIN OyneT paboTarh "Ha kocMoc". IIOHATHO, YTO OOBEKT 3aceKpeUeH, HO,
MOET OBITh, UTO-TO MOXKHO pacckas3aTh O HEM IMOMoapooHee?

AnTaiicKuil ONTHKO-JIa3epHBIA HEHTP CTPOUTCS] B 3MEMHOTOPCKOM paiioHe HETOAANIEKy OT cella
CaBymiku. Ero o0beKThI peiHa3HAuYEHBI [T PELICHNs MHOTOLIENIEBBIX 33/1a4 - 111 KOHTPOJIS
MEXJyHapOHBIX COTJIAIIEHUH MO UCIIOIb30BAHUIO OKOJI03EMHOI0 KOCMUYECKOTO IIPOCTPAHCTBA C
MIOMOIUIBIO MUCIOIb30BAaHUS HOBBIX TUIIOB KOCMUYECKHUX AINapaToB, PACIIO3HABAHUS HEIITATHBIX
chyauHﬁ C OTCUCCTBCHHBIMU KOCMHUYCCKUMMU allliapaTaMy U OIICHKU UX COCTOSAHUA, PCHICHUA 3aa1a4
IIPUKJIATHOTO XapakTepa u T.1.

B onruko-nazepHOM LEHTpPE NMPEAIIOIAraeTCs TAKKe IPOBEACHUE MEXKIYHAPOIHBIX CUMIIO3UYMOB, Ha
KOTOPBIX CIELHUATIUCTHI B 3TOM 001aCTH MOTYT 00CYK1aTh HACYIIHbIE TIPOOJIEMBI, CBSI3aHHBIE C
KOCMOCOM.

B sTOM rony B mposoinkeHne CTpOUTENBCTBA ONTUKO-JIA3€PHOTO LIEHTpa OyneT MHBeCTUpoBaHo 1,7
MIIpa pyoeit, eme 1,3 Mapa pyOsieit OyaeT HampaBJIeHO HA CTPOUTEIHCTBO K HeMy jgoporu. [lepBas
ouepeb ONTUKO-JIA3EPHOTO LIEHTPa YKe MOCTpOeHa, ceifuac crpoutcs Bropasi. B Poccun Takoro
YHHUKQJIBHOTO, COBPEMEHHOT'0 00bEKTa OOJIbIIIE HET.

[Sourcebook note: As of 2007-10-23, 1 milliard/billion rubles was approximately equal to
US$ 40,000,000.]



http://www.altairegion22.ru/rus/region_news/?news_1d=27033

Anexcanap Kapnun: Cepresnble nepcnekTiuBbl KocuxuHCKoro paiioHa CBs3aHbI C pa3BUTHEM
TypOu3Heca Ha Anrtae

9 anpens 2007 r. 08:05

Bo Bpems BcTpeun ¢ 0011ecTBEHHOCTBIO, CTaBIlEH 3aBepiieHneM padbodei nmoes3aku no Kocuxunckomy
palioHy, COBEPIICHHON 7 ampers, IJlaBa aIMUHACTpanuu AnTaickoro kpas Anekcanap Kapnun
0XapaKTepU30Bajl MEPCIEKTUBBI COLMAIBHO-2KOHOMUYECKOIO Pa3BUTHUS PalioHa, B TOM UHUCIIE
CBs3aHHBIE CO cepol TYPHUCTUYECKOTO OU3Heca.

PasroBop o nepcrekTuBax paiioHa, Kak U pabouyro Moe3aKy, ryoepHaTop Hadall ¢ 00CYXKACHUS
Omkaiiiero OyIylero yHMKaJlbHOTO FOCYJapCTBEHHOTO My3€HHOTr0 KOMITJIEKCa B celle
IToIKOBHMKOBO, XpaHAIIEro MaMsITh O BTOPOM KOCMOHABTE IUIaHeThl I 'epmane Turtose. B camoe
Omkaiiiee BpeMsi YKpersTcsi CBSI3U 3TOT0 My3esl U CTPOSIILErocst B 3MEUMHOTOPCKOM paiioHe
AnNTaliicKOro ONTHKO-Ja3€pHOTo HEeHTpa. « MBI yIeTUM OYeHb CEphe3HOe BHUMAHKE HAIllEeMy KPaeBOMY
My3€10, KOTOpbIil paboTaeT B [10IKOBHUKOBO. AJITaliCKHii ONTUKO-TTA3€PHBINA HEHTP — 3TO YHUKAIbHBIN
00BEKT TBOMHOTO Ha3HAYECHHS: 1 00OPOHHOTO, U MUPHOTO. CTPOUTEIHCTBO BTOPOI OUepear IEHTpa
HayaTo B 3MEMHOTOPCKE, CTOUMOCTh 3TUX paboT cocTaBiseT 1,3 mipx pyOieid, ux OyayT BHIIOIHSTD
aNTaliCKue CTpOUTENU. MBI BBIXOIUM C MPEMJIOKEHUEM O PUCBOEHNN eMy uMeHn ['epmana Turosa,
3TOT LIeHTp Oepet medcTBo Haa My3eeM B [TonkoBHHKOBO. MBI c/ieiaeM HOPMAaJIbHYIO JOPOTY,
MIOJIBEIEM I'a3 K ATOMY KOMILIeKcy. Iy Hac TeMa pa3BUTHs My3€sl U BKIIFOUEHHSI €T0 B yKe
CYILIECTBYIOIIME TOTOKK TypU3Ma OUYEHb BaXkHa», - 3asBWII Asnekcanap Kapiuh.
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YTBEPXKJIAIO

3aMeCTUTENb PYKOBOAUTEIIS
®denepallbHOr0 KOCMUUYECKOT0 areHTCTBA

10.M.Hocenxko
"o 2007 r.

KOHKYPCHAA JOKYMEHTAILINA

AJIS MPOBe/IeHNs] OTKPBHITOr0 KOHKYPCa HA MPaBo 3aKJII0YeHHUs!
rocyJapCTBEHHOI'0 KOHTPAKTA HA BbINOJHEHHE PadoT

«Co31aHue aBTOMATH3HPOBAHHBIX YKPBITHI M 00eclieYnBAIOIIHUX U3MEPHUTEJIbHBIX
CHCTEeM AJITAlCKOI0 ONTHKO-JIA3ePHOI0 EHTPa HA0/II0IeHNs 32 KOCMUYeCKUMHU
00beKTaM1» B YACTH CO31aHUS ABTOMATU3UPOBAHHOI0 YKPBITHS ISl TeJlecKONa



HH(OPMALMOHHOr0 JuamMeTpoMm 3,12 M ¢ cucTeMaMM rHAPONPUBO/IA CTBOPOK U
KJIMMATKOHTPOJIA TYpOyJIEHTHOCTH B OJIM:KHEH 30HE TeJIeCKOoIa

Hauaneauka YnpaBieHus aBTOMaTUYECKUX
KOCMHUYECKHX KOMILJIEKCOB U CUCTEM YIIPABJICHUS
A .E.Illunos

MOCKBA, 2007



I. U3BBEIIEHUE O ITPOBEJAEHUU OTKPBITOI'O
KOHKYPCA

®enepaibHOE KOCMHUYECKOE areHTCTBO — FOCYJapCTBEHHBIN 3aKa34MK (fanee — 3aka3urK) MpUriamnaer
K YYacTHIO B OTKPBITOM KOHKypC€ Ha IpaBO 3aKJIIOUYEHHUs TOCYJapCTBEHHOTO KOHTpakTa Ha
BBIMIOJITHEHUE ONBITHO-KOHCTPYKTOPCKOM paldoThl «Co31aHue aBTOMATU3MPOBAHHBIX YKPBITUH U
o0ecrneynBaroIuX U3MEPHUTENbHBIX CUCTEM AJNTAlCKOro ONTHUKO-JIA3€pPHOrO LIEHTpa HaOIIOAEHUS 3a
KOCMHUYECKUMH OOBEKTAMH» B 4YacTH CO3aJaHrd AaBTOMATU3UPOBAHHOTO YKPBITUA JId TCJICCKOIIa
UHPOPMALMOHHOrO JuamerpoM 3,12 M Cc cucTeMaMu THIPONPHUBOJA CTBOPOK M KIMMATKOHTPOJIS
TypOYJE€HTHOCTH B OJM>KHEN 30HE TEJIECKOMay.

IIpeamer koHTpaKTa:

Bremonnenne OKP: «Co3nanne aBTOMaTH3UPOBAHHBIX YKPHITUNA U 00ECTIEUUBAIONIUX W3MEPUTEIBHBIX
cucTeM AJNTANCKOTO ONMTHKO-JIa3epHOTO IIEHTpa HAOIIOIEHUS 32 KOCMUYECKUMH OOBEKTaMI» B YaCTH
CO3/IaHUs aBTOMATH3UPOBAHHOTO YKPBITUS JUIS Teleckorna WH(POPMAIMOHHOTO AuameTrpoM 3,12 M ¢
CUCTEMaMHU THAPONPUBO/IA CTBOPOK U KJIMMATKOHTPOJIS TypOyJIEHTHOCTU B OJIM)KHEHN 30HE TEIECKOIa.

Kpurepum oneHku 3asiBOK:

1. KauectBo pabor, ycuyr:

- KQUeCTBO Hay4YHO-TEXHHUYECKOI0 3aJieNa [0 MPEeAMETY KOHKYpCa;

- CTENEHb COOTBETCTBHS U MOJIHOTA PACKPBITHS OKUAAEMBIX PE3yIbTaTOB paOOTHI TPEOOBAHUSIM
TEXHUYECKOTO 33/1aHHUS;

- HaJM4ue B pa3pabOTKe MHHOBAIMH (IPUMEHEHHBIX U BHOBB CO3/1aBa€MBbIX ), TATEHTOCTIOCOOHOCTH
HTII n ee nHBECTULIMOHHAS IPUBJIEKATEIBHOCTb.

2. KBanudukanus yqacTHUKa KOHKypca:

- onbIT B mipoBeniennu anajgorndyHbix HUOKP unu Texnonorndeckux padot, npodeccuoHanbHas
peryTanus;

- KBaIU(pUKAIHs COTPYAHUKOB, B TOM YHUCIIE [0 TEMAaTUKE KOHKYypCa.

3. Cpoxku (mepuo/ibl) BEIOJIHEHHUS padoT, YCIIyT.

4. Ilena paGoTHI, yCIYT.

Cpoxku BeinonHeHus kontpakra: 2007-2010 roaer.

HauanpHas niena xontpakta: 113500 ThIC. pYO.

dunancupoBanue: penepanbhblii oromxket, 100 %.

[Tpedepentun: OU: 0 %, YUC: 0 %.

ObecnieueHne 3asBKU: HE TpeOyeTcs.

ObecnieueHne KOHTpaKTa: He TpeOyeTcs.

Hokymenranus: 0 pyo0.

VYcnoBusi BbIauM JOKYMEHTAIIMHM: TIO0 aJpecy 3aka3uuka, Ha oduiuanbHoM caiite Poccuiickoi
®enepanyn: www.zakupki.gov.ru ¥ Ha caifiTe 3aKa3uuKa: WWW.roscosmos.ru.

HNudopmanus o KOHKypcax:

[Tpuem 3asiBok: ¢ 5 geBpast mo 9 mapra 1o ajgpecy 3aKa3zduka.

Bckpeitue kouBepToB: 9 mapra B 10.00 no aapecy 3aka3zduka.

[Tonsenenune uroros: 20 MapTa Mo aApecy 3aKa3zvyuKa.

3aka34uk u ero ajapec:

3akazunx/CO/YO: OenepanbHOE KOCMUYECKOE areHTCTRO.

VYrnpaBneHuss aBTOMaTUYECKUX KOCMUYECKHX KOMILUIEKCOB M CUCTEM YIIPaBJICHUSI.
Anpec opraamzanuu: 107996, r. Mocksa, yn. [llenkuna, 1. 42.

Konraktaoe nuno: Koconanos Oxner [lerpoBuu

Tenedonsr: (495) 631-97-54, daxc: (495) 631-88-14


http://www.zakupki.gov.ru/

JonosHuTtenbHast ”HGoOpMaNus:
OreHka 3asgBOK OyeT NPOU3BOIUTHCS OAJUIBHBIM METOIOM.



II. ”AHOOPMALIMOHHASA KAPTA KOHKYPCA

1. |HauMmenoBanue 3a1<a3q1/11<a, CDCI[epaJ'IBHOC KOCMHYECKOE ar€cHTCTBO
KOHTaKTHas MHPOPMaIHs (manmee — Pockocmoc).
Anpec: 107996, r. Mocksa, yi. lllenkuna, 1. 42,
cait PockocMoca: www. roscosmos.ru
KonTaktHoe nuuo — Koconanos Oner IlerpoBuu
ten. (495) 631-97-54, dakc (495) 631-88-14
Cexperapb KonkypcHol KoMuUcCUH —
Cuzonenko Bagum HukomaeBuu
Ten. (495) 631-84-12,
dbakc (495) 631-88-14
2. |Bux u npemMer KOHKypca OTKpBITBIA KOHKYPC Ha pa3MmenieHue B 2007 rogy u B
MOCJIEIYIOIIUE TO/IbI TOCYJAPCTBEHHOTO 3aKa3a Ha
BoinojaHenne OKP no oty «Co3nanue
ABTOMATU3UPOBAHHBIX YKPBITHI U 00€CIIEYNBAIOIINX
U3MEPUTEIBbHBIX CUCTEM AJNTalCKOTrO ONTUKO-JIa3€PHOTO
LIEHTpa HaOJII0IeHHS 32 KOCMUYECKUMH OOBEKTaMI» B
YaCTH CO3/IaHUSI aBTOMATU3UPOBAHHOTO YKPBITHS JJIsI
TesnecKorna nHHOPMAIMOHHOTO quaMeTpom 3,12 M ¢
CHUCTEeMaMU THIPONPUBOAA CTBOPOK U KIMMATKOHTPOJIS
TypOYJEHTHOCTH B OJIM>KHEW 30HE TEJIECKOIay.
3. |Cpoxu BeimosnHenus pador OKP  [Hadano — mapt 2007 r.
(HUP) oKOH4YaHMEe — Aekadbps 2010 T.
4. |HavasibHas 11leHa KOHTPAKTA MO 113500 ThiC. pY6.
JOTY B PyOJIAX (B TEKyIIHX [Mopsimox GpopMupOBaHMs 1IEHBI KOHTPAKTA IIPHBECH B
LICHAX) m.1.4.2 «O6wux ycrosuii ....»
5. |Ucrounuk puHAHCUpPOBAHMS ®denepanbHbIi OOKET
6. |IIpaBOMOYHOCTH YYaCTHHUKOB B koHKypce MOXKET MPHUHSTH y4acTue JI000e IPUINIECKOe
pa3MeleHns 3aKa3a JIMIIO HE3aBUCHUMO OT Opl"aHI/I?)aHI/IOHHO-HpaBOBOﬁ d)OpMBI,
($hopMBI COOCTBEHHOCTH, MECTa HAXOKJICHUS 1 MECTa
MPOUCXOXKICHUS KanuTana.
7. |Obs3atenbHbie 1 (pazoen 1.6 « Obwux ycrosuii ...»)
JOTIOJTHUTENbHBIE TPEOOBAHUS K
YYaCTHUKY pa3MEILECHUS 3aKa3a
8. [oKyMeHTBI, BXOASIIME B COCTAB | YUYAaCTHHUK pa3MENICHHUs 3aKa3a MOJIAeT 3aiBKY B COCTaBE
3a5BKHM HAa y9acTHE B KOHKYPCE  |TOKYMEHTOB COTJIACHO pazoena 3 « O0uwux yciosuily ....
9. |Obecneuenue 3asBkU Ha ydacTue |OOecnedeHne 3asBKU Ha y4acTHE B KOHKYpPCE HE
B KOHKYpCE Tpedyercs.
10. |Cpok nomaum 3as1Bok Ha yyactue |00 10 gac. 00 MUH. MOCKOBCKOTO BPEMEHU



http://www.roscosmos.ru/

B KOHKYpCE

« 9 » mapra 2007r.

11.

Agnpec 1 IpeaOCTaBICHUS
KOHKYPCHBIX 3aBOK

107996, r. Mockaa, yi. lllenkuna, 1.42, ®enepanbHoe
KOCMHYECKOE areHTCTBO, YIIPaBJICHUE aBTOMATHICCKUX
KOCMHUYECKHX KOMIUIEKCOB U CUCTEM YIPaBIICHUS,
SKCIIEIULINS.

12.

Pazmep obecnieuenust yuactusi B
KOHKYypce

ObecrieueHre ydacTusi B KOHKypce He
IIpelyCMaTpUBAETCS

13.

Z[aTa BCKPBITHS KOHBEPTOB C
3asBKAMHU Ha Yy4aCTUC B KOHKYPCC

10 10 gac. 00 MUH. MOCKOBCKOTO BPEMEHHU

« 9 » mapra 2007r.

3asBKU HA y4acTHE B KOHKYpce OyIyT BCKPBIBATHCS TIO
azpecy:

107996, r. Mockga, yi. lllenkuna, 1.42, ®enepansHoe
KOCMHUYECKOE areHTCTBO, Y IIPaBJIICHUE aBTOMATHICCKUX
KOCMHUYECKHX KOMIUIEKCOB U CUCTEM YIpPaBIICHUS,

Ten. (495) 631-87-43.

3aka3 mpomyckoB B denepanbHoe KOCMUYECKOE areHTCTBO
JUTSL TIPEJICTAaBUTEIICH YYaCTHUKOB Pa3MEIICHUS 3aKa30B,
W3bSBHUBIINX JKEJAHUE TPUHSITH YIaCcTHE B TIPOIEAYpe
BCKPBITHS KOHBEPTOB ¢ KOHKYPCHBIMU 3asiBKAMH HA
3acenannu KOHKypCHOW KOMHCCHH, OCYIIIECTBIISIETCS 110
yKazaHHOMY TeJie(hOHy 3a JBa JHS JIO 3aCEIaHUs
Konkypcnoit komuccuu (pazaen 5, n.5.1.3 «O6wux
VCIOBULL ... »).

14.

Kputepuu onieHKH u
COIIOCTABJICHHUS 3asIBOK Ha
y4acTue B KOHKYpCe B
COOTBETCTBHH C 1. 5.4.2 «Obuux
yeaosu ... »

Jnst onpeneneHus ay4dinx yCI0BUA UCTIOJTHEHUS
KOHTPAKTOB, NPCIJIOKCHHBIX B 3aBKaX HA Y4aCTHC B
KoHKypce Komuccus ocyiecTBisieT oleHKy,
COTIOCTABJICHUE U PAHXUPOBAHUE 3aBOK M0 OAILTHLHOM
CUCTEME I10 CIEAYIOLUM KPUTEPUSIM:

1. KauectBo pabor, yciyr:

- KAaYeCTBO HAYYHO-TEXHUYECKOTO 3a/iefia 10 MPEaMETY
KOHKYypCa;

- CTETIEHb COOTBETCTBUS U IMOJTHOTA PACKPBITUS
0’KHJIaeMBIX Pe3yJIbTaTOB PabOTHI TPEOOBAHUSIM
TEXHUYECKOTO 3aaHHUS;

- HaTM4Yue B pa3paboTKe HHHOBAIMI (PUMEHEHHBIX U
BHOBb CO3J1aBacMbIX ), mareHrocrnocoonocts HTII u ee
WHBECTHUIIMOHHAS MTPUBJIEKATEIHHOCTb.

2. KBanudukanus yqacTHUKA KOHKypca:

- onbIT B poBeAeHnn aHaiorudyHbix HUOKP ninn
TEXHOJIOTHUECKUX padoT, mpodeccuoHabHas
pemnyTanus;

- KBATH(HUKAIHS COTPYAHUKOB, B TOM YHCJIE [0 TEMaTUKE

KOHKYpca.




3. Cpoxku (1mepHoibl) BBIOIHEHHS paboT, YCIIyT.
4. IleHa KOHTpaKTA.

Ipumeuanue: Memoouka pacuema Kpumepues
OYEHKU U PAHICUPOBAHUSL KOHKYPCHBIX 3AS60K
npugooumcs 6 pazoene 5, n. 5.4.2.1 « Obwux ycroguil

S

15. |Cpok 3aKiroueHus KOHTpaKTa I'ocynapcTBeHHBIN KOHTPAKT MEXAy MOOeaUTeNeM
KOHKypca 1 3aKa34rKOM JIOJIKEH OBITH MOJAIMKCAH B CPOK HE
meHee 10 naeit u He 6osee 20 mHER co AHS HOAMMCAHUI
MIPOTOKOJIA OLIEHKH U COTIOCTABJICHUS 3asiBOK HA yJacTHE B
koHkypce (pazaen 7, .. 7.1.1 u 7.1.2 «Obwux ycrnosuii ...
»)

16. |Pa3mep obecnieuenus ObecnieueHre NCIIOTHEHUS 0053aTEIBCTB 110 KOHTPAKTY HE

UCIIOJTHEHUSI 0053aTeNNbCTB 110 TpeOyercs.
KoHTpakTy. ®opmbl oOecrieueHus
UCIIOJTHEHUSI 0053aTEeNNbCTB 110
KOHTPAaKTy
17. |CBenenus o BaJoTe, BasmroTa — poccuiickuii py0iib

HCIIOJIB3YEMOM IS
(hopMHUpOBaHUS TICHBI
roCyJ1apCTBEHHOI'O0 KOHTPAKTa
Y PacyeToOB C UCTIOJIHUTETIEM
110 KOHTPAKTY

IIpoexm
T'OCYJAPCTBEHHBIN KOHTPAKT
Ha BBITIOJIHEHUE pa0OT IS TOCYIaPCTBEHHBIX HYXT

« » 200 r. No
denepalibHOE KOCMUYECKOE AareHTCTBO — TOCYJapCTBEHHBIM 3aka3uyuK, HMEHYEeMOE B
JanpHeHmeM «3aka3uuk», B Juie 3amecturens pykoBoautens Hocenko HOpust HBanoBuua,
JICUCTBYIOIIETO HA OCHOBAaHWM JIOBEPEHHOCTH pyKoBoauTens Pockocmoca oT «  » 200 1.
Ne , c OJTHOMN CTOpPOHBI, u

(HaI/IMCHOBaHI/IC HpCI[HpI/ISITI/IH-I/ICHOHHI/ITCHH)

MMEHyeMoe B JalibHeHeM «VcrioTHUTEeNbY, B JIUIIE ,




(moMKHOCTD, (haMuUIHsL, UM, OTYECTBO)

JICUCTBYIOIIETO HA OCHOBAHUH

, C IPyTOi CTOPOHBHI,

3aKIJIFOUMIIM HACTOSIIIIMN TOCYJapCTBEHHBIN KOHTPAKT (J1ajiee — KOHTPAKT) O HUKECIEAYIOLIEM:

1. IIpeameT KOHTpakTa

Ucnonnurens o00si3yeTcsi BBIMOIHUTH M CAATh 3aKa3zyMKy, a TOCIEIHUM O0O0s3yeTcsi MPUHATh U
OILJIATUTH CIIEAYIOIILYI0 PalbOTy:

OKP «Co3nmanue aBTOMAaTU3MPOBAHHBIX YKPBITHA M O0SCIICUMBAIOIINX U3MEPHUTEIBHBIX CUCTEM
ANTalCKOrO OMNTHUKO-JIa3epHOTO IEHTpa HAOMIOACHHS 332 KOCMHUYECKUMH OOBEKTaMH» B YacTu
CO3/IaHUs ABTOMATU3WPOBAHHOTO YKPBITHS I Teleckorna WH()OpMAHMOHHOTO auameTpoMm 3,12 M ¢
CHUCTeMaMHU THAPOTPUBO/IA CTBOPOK U KIMMATKOHTPOJIS TYpOyJIEHTHOCTH B OJIMKHEH 30HE TEIECKOIIa.

2. OcHoBaHME AJIs 3aKJIIOUEHUsl KOHTpakTa: PDenepanbHas KocMHuYecKas nporpamma Poccun Ha
2006-2015 rr. (pasmen 1), rocymapcTtBeHHBI 3aka3 Ha 2007 T., YTBEp)KICHHBI TOCTAaHOBJICHUEM
ITpaButensctBa PO ot 28.12.06 Ne 812-37, mpoTOKOI KOHKYpCHOU KoMuccuu Ne ot .

3. PaboTa Mo KOHTPakTy BBIMOJHSIETCS B MOJHOM COOTBETCTBHH C COTJIACOBAHHBIM CTOPOHAMHU
TEXHUUYECKUM 3a7aHueM (rpriioskenne Ne 1) u kaneH apHbIM ITAHOM TIPOBEICHUS pa0oT (TPUITOKCHHE
Ne 2), aBnsromuMucs HEOTHEMIIEMBIMHU YaCTIMU KOHTPAKTA.

Ortarnbl paboThl U CPOKH UX BBIOIHEHUS YKa3aHbl B KAJICHIAPHOM IUIaHE IIPOBECHUS paloT.

4. UcnionHuTenb BIpaBe TMOJ CBOIO OTBETCTBEHHOCTh BHOCHUTh H3MEHEHHS B pelIeHHE
TEXHUYECKHUX BOINPOCOB NPU CO3AAHUM HAYyYHO-TEXHUUYECKON TNPOAYKLMH, HalpaBiICHHbIE Ha
yIydllIeHHe €€ XapaKTepPUCTHUK, B METOJIWKHU U COJEp>KaHUE HCCIEAOBAHWUN M HCIBITAHUN, €CIIU 3TH
M3MEHEHUS HE MPOTUBOPEYAT YTBEP)KIEHHOMY TEXHUYECKOMY 3aJJaHUI0 U TPeOOBAHMUSAM KOHTpPAKTA.

5. HacTosimum ImyHKTOM CTOPOHBI COTIIACOBAJIA TIPOTOKOJI COTJIACOBAHUS IICHBI:

dukcupoBaHHAsS IIeHa KOHTpakTa ycTaHoBieHa B cymme 113500 Tteic. pyO. (cTO TpuUHAIUATH
MUWUIHOHOB TATHCOT THICSIY Py0.), B TOM 4HClie (PUKCHPOBAHHBIC IIEHBI MO ATalaM YCTAHOBJICHBI B
KaJICHJJApHOM IUIaHE MPOBEJCHUS PadoT.

6. Uctounuk prHAHCHMpPOBaHMS pabOT IO KOHTPAKTY:
lNocynapctBennsiii Oroxer Poccuiickoit @enepanuu pasaen 04, moapazaen 10, neneBas craThbs
pacxomoB 1003400, Bux pacxomoB — 196, axoHOMHYecKas kiaccudukarms 226.

7. Cpok nelcTBUSI KOHTPAKTa yCTaHABINBAETCS:
¢ mapta 2007 r. mo gexadbpp 2010 T.

8. JlomoTHUTENbHBIC YCIOBUS (B TOM 4Hcie yrouHeHnuss OOIuX yClI0BHH, YKa3aHHBIX B I1. 9).

8.1. 3aka3ymK MMeEeT MpaBO aBaHCHPOBATH PabOTHI MO JAHHOMY KOHTpakTy He meHee 40% oT
rofioBOro oovema (pruHaHCHPOBaHUSI.

8.2. Obs13aTenbcTBa O KOHTpakTy Ha 2008 roa v Mocieayroye rojibl BCTYNAT B CUITY TMOCIE
YTBEPXKJICHHS TOCYIapCTBEHHOTO 33aKa3a Ha COOTBETCTBYIOIIUH TOJI, MOJUICkKAT UCIIOJHEHUIO U OIiaTe
CO CTOPOHBI 3aKa3ylKa B 00bEeME BBIICICHHBIX CPEICTB IO MEpPE MX MOCTYILICHUS.

8.3. 3aka3uuKk BIIpaB€ B OJHOCTOPOHHEM IOPSJIKE M3MEHUTHh OOBEM BCEX IPENYCMOTPEHHBIX
KOHTPAaKTOM paboT, YCIyr B Ipeaenax, YCTaHOBJIECHHBIX 3aKOHOJATENbCTBOM, B CIIydae BBISBICHUS
MOTPEOHOCTH B JIONOJIHUTEIBHBIX paboTax, yclyrax, He IpeyCMOTPEHHBIX KOHTPAKTOM, HO CBSI3aHHBIX
c paboramu, yciayramu, NpeIyCMOTPEHHBIMH KOHTPAKTOM WJIM IPH IPEKPAIIeHUH TOTPEOHOCTH B
IpeyCMOTPEHHON KOHTPAKTOM dacTu paboT, ycuyr. Ilpu 3tom mo cormacoBanuto ¢ Vcnonnurenem
3aka34yMK BIpaBe M3MEHHUTH LIEHY TOCY/IapCTBEHHOTO KOHTPAKTa MPOMOPLIHOHAILHO 00hEMY YKa3aHHBIX
JOMIOJIHUTENbHBIX PaloOT, yCIyr MWiIM O00BbEMy yKa3aHHOM wacTH paboT, yclIyr B Ipejenax,



YCTAHOBJIEHHBIX 3aKOHOAATEIbCTBOM.
8.4. Cpoku OKOHYaHUS, LIEHbl U HOMEHKJIaTypa padoT MO OTAEIbHBIM 3TallaM MOTYT U3MEHSATHCA
Y YTOUHSTBCS IO COTJIACOBAHMIO MEXKIY 3aKazuyukoM M McronHuTeneM ¢ yuetoM 1.a. 8.2, 8.3.

9. llpyrue yclioBusi KOHTPAKTa ONpeaAemstoTcst «OOIUMEI YCIIOBUSIMHU TOCYIapCTBEHHBIX KOHTPAKTOB
(moroBopoB) denepaabHOr0 KOCMHUYECKOTO areHTCTBA HA CO3JaHUE HAYYHO-TEXHUYECKOW MPOTYKIIUI)
(OY-05), ygacte mepBasi, BTOpas, C KOTOPBIMH CTOPOHBI  O3HAKOMJIEHBI W TPUHUMAIOT HX K
MCIOJIHEHUIO TI0 HACTOSIEMY

[IpencraButens Mcnomaurens (11.10) [IpencraButens 3akazuuka

(moamuce, pamunus)
(moamuck, haMuwst)



KOHTpaKTy. YKazaHHble OOIIue YyCIOBHS SIBISIIOTCS HEOTHEMJIEMOM 4YacThIO KOHTpAaKTa U y CTOPOH
UMEIOTCSL.

10. CTopoHbI Ha3HAYaIOT CBOMMHU OQPHUIMAIBHBIMH MPEACTABUTEISIMH IO KOHTPAKTY C IPaBOM
pELIeHUs OTIEPAaTUBHBIX U TEXHUUYECKUX BOIIPOCOB B pAMKaX KOHTPAKTa:
OT 3aKa3umkKa —

(mOmKHOCTD, (hamMIITHSI, UMSI, OTYECTBO)
Tenedon daxc
Anpec 107996, r.Mocksa, yn. lllenknuna,42
ot Ucnonnurens —

(mOmKHOCTD, (hamMuITHsI, UMsI, OTYECTBO)
Tenedon daxc

11. FOpunndeckue aapeca CTOpOH M OAHKOBCKHUE PEKBU3HTHI:

3aka3zyukK

Anpec — @eznepanbHOE KOCMUYECKOE ar€HTCTBO

yi. lenkuna, 1. 42, r. Mocksa, Poccus, I'CII-6, 107966.
®akc — (095) 688-90-63, 975-44-67

bankoBckue pexkBu3utThl: PenepanbHoe kocMuueckoe areHtctBo MHH 7702361674 YOK M® PO
r.Mocksa, KIIIT 770201001
Ucnonauuresns

Anpec —

dakc —

baHKOBCKME PEKBU3UTHI

O0 W3MEHEHHHU IOPUIWYECKUX aJpecoB M OAHKOBCKUX PEKBH3UTOB 3aka3uvk u VcmomHuTenb
He3aMeUINTEeNbHO U3BELIAIOT APYT Apyra B TUCbMEHHOHN (opMe.

12. HacTosimuii KOHTPAKT COCTABJIEH M MOJIUCAH B JIBYX 3K3EMIUIAPAX, UMEIOIMIMNX OJUHAKOBYIO
IOPUIUYECKYIO CHITY, IO OJTHOMY 3K3eMIUTAPY s 3aKazuuka u McnonHurens.

Hcnonnurens 3akKa3unk
(1OJKHOCTD) (1OIKHOCTD)
(moanuck, haMuius) (moanuce, haMuiust)
«_» 200 r. «_» 2000 _r.

MII MII
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COI'JTACOBAHO
NCITIOJIHUTHJIb
Hupekrop HayuHoro nenrtpa
ONEPATUBHOIO MOHUTOPUHTA 3EMJIU

H.H.HoBukoBa
« » 2006 T.

OT « »

[Tpunoxxenne Nel

K TOCYZAapCTBEHHOMY KOHTPAKTy
2007r. Ne

YTBEPXKJIAIO

3amecTuTeNb PYKOBOJIUTECIIA
(Dez[epaanoro KOCMHNYCCKOI'O arcHTCTBAa

10.1.Hoceuko

(TToAmMCh, MHUIHAABL, (PaMUITHS)

« » 2007 r.

TEXHUYECKOE 3AIAHHUE

Ha BBINOJIHEHUE PA0OTHI

OKP «Co3nanuie aBTOMaTU3UPOBAHHBIX YKPBITHI U 00€CIIeYNBAIOIINX U3MEPUTEIbHBIX

cucTteM ANTaiCKOro ONTHKO-JIa3epHOro IIEHTpa HaOIr0IeHUs 32 KOCMUYECKUMHU
00BEKTaMU» B YaCTH CO3JaHHsI aBTOMAaTU3UPOBAHHOTO YKPBITHS JIJIsl TEJIECKOIIa
MHPOPMALMOHHOTO JUaMeTpoM 3,12 M ¢ cucTeMaMy THAPOIPUBOJIA CTBOPOK
U KJIIMMATKOHTPOJISl TYpOYJIEHTHOCTH B OJIMKHEN 30HE TEIEeCKOIa
(umudpp OKP «HKY KOCy)

HavanpHuk YnpasineHus
ABTOMATUYECKUX KOCMUYECKUX
KOMIUIEKCOB U CUCTEM YIPABJICHUS
®denepasbHOT0 KOCMHYECKOTO

ar¢HTCTBa

A E.Illunos

« » 2007 t.

Hauansauk CBOIHOTO yIpaBJeHUs

opranm3alimu KO CMUYECKOM JACATCIIBHOCTH

qbenepanLHor O KOCMHYECCKOI'0 arcHTCTBa

C.A.Ilonomapes
« » 2007 r.

l'ocynapcTBeHHBIN 3aKa34MK -

CDCIIepaJIBHOC KOCMHYCCKOEC ar¢cHTCTBO
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T"os10BHOM MCIOJTHUTENB-

(HaMMeHOBaHME NIPEATIPUSITHUS, OPraHH3aI1N )

T3 neicTByeT ¢ JOMOIHEHUSIMU:

1.

2.

(HOMEpa ¥ JaThI JOTIOJTHEHHIA)
Cnucok cokparnieHui
- aBTOMAaTH3UPOBAHHOE OAIICHHO-TIOBOPOTHOE YKPBITHE.
- aBTOHOMHBIC HCITBITAHHS.
- AnTalicKuil ONTUKO-JIA3€PHBIN IIEHTP.
- KOCMHUYECKHUH anmnapar.
- KBaHTOBO-OIITHYECKAS CUCTEMA.
- KOMIUIEKTYIOIIHAE 3JIEMEHTHI.
- HA3€MHBIN KOMIUIEKC yIIPaBJICHHUS.
- Ha3eMHas OINTHUKO-JIa3€pHast CUCTEMA.

- TeecKoI HH(OPMAMOHHBIN.



1.0CHOBAHME JIUIA BBIIIOJIHEHUSA PABOT. 3AKA3YUK U UCITIOJTHUTEJIN. CPOKH
HHPOBEJEHUSA PABOT

1.1.0KP «Co3smanue aBTOMaTM3MPOBAHHBIX YKPBITUH M OOECIEUMBAIOIIMX M3MEPHTENBHBIX CHCTEM
ANTalCKOro ONTHUKO-JIA3€PHOTO LIEHTpa HAOMIONEHHS 32 KOCMHYECKUMH OOBEKTAMH» B YacCTH
CO3/1aHMsI aBTOMAaTU3UPOBAHHOTO YKPBITHS I TejecKona MH(GOPMAIMOHHOTO JuameTpoM 3,12 m
C cHCTeMaMH TUAPOIPHBOJA CTBOPOK M KIMMATKOHTPOJS TypOyJE€HTHOCTH B OJIDKHEH 30HE
TEJIECKOIa

1.2.0OcHoBanue 1151 BHINONHERHS paGoT

«DepnepanbHast kocmuueckas nporpamma Poccun Ha 2006 — 2015 roas» pasaen 1, yrBepkaeHHas
noctanoByieHreM [IpaButensctBa Poccuiickont @enepanun ot 22.10.2005 r. Ne 635.

1.3.3akazuuk

®enepanpHOe KOcMUUeckoe areHTcTBO (PockocMmoc).
1.4.Cpox BbImonHeHus

Maprt 2007 roga — aexabps 2010 roza.

1.5.Hacrosimee  texmuueckoe 3amanme (T3)  sBIseTcs  OCHOBaHMEM IS 3aKJIIOUECHUS
roCy/1apCTBEHHOI'O0 KOHTPAKTA (JOMOJIHUTENBHBIX COTJIAIlIEHNI) Ha BHIIIOJHEHHE padoT.

2.I1EJIU U 3ATAYHA OKP

2.1.1ean Buimoanenus OKP

Lenbto paboOTHl SBISETCA: CO3AAHME ABTOMATH3UPOBAHHOTO YKPBITUS AJTalCKOTO OINTHKO-
Ja3€pHOTO IIEHTpa HAOJIO/IEHUSI 32 KOCMHUYECKUMHU OOBEKTaMU, B LIEISIX OOeCHedeHHUs 3allUThl
teneckona THU-3.12 M oT BHEmHUX (PAKTOPOB M ONTUMHU3ALUHN PEKUMOB pabOTHl TelecKoma B
porecce:

— PErHCTpalyy JETAIBHBIX H300pakeHni KA 1mo oTpa)keHHOMY COJIHEYHOMY H3ITYUEHHIO C
yraoBeIM pazpemienuem 0,044 yri.cek. i pacno3HaBanust KA (B ToM unciie B aBapuiHbBIX
CUTYaIlUsIX TPH OTCYTCTBUU PAIHOCBSI3N);

— MOJY4YCHH ACTAJIbHBIX I/I306pa)KCHI/II71 KA ¢ JIA3CPHBIM ITOJACBETOM;

— pacno3HaBaHus cocTosiHUS KA 1 onpeenenus nmapaMeTpoB KOCMUYECKOTO Mycopa pa3Mepom
1o 20 cm Ha gampHOCTH 36000 KM;

— TPOBEAEHUS MHOTOMAPAMETPUUYECKOTO KOHTPOJISI KOCMUYECKUX OOBEKTOB B JMANa30HE BOJIH OT
YIbTPaQHUOIETOBOTO 70 CPEAHETO MH(PAKPACHOTO JUATIA30HA.

Kpowme toro, nensio OKP sBnsercs npoBesieHue Ja3epHbIX U3MEPEHUHN TapaMeTpOB OpOUT

KOCMHMYECKHX amlapaToB B COCTaBE MEXYHAPOIHOM CIIyKObI Ja3epHON JaTbHOMETPHUH.



2.2.3anaun BpimoaHennss OKP

2.2.1. 3roroBiieHue, MOHTaX U MMyCKO-HAJIaJKa ONBITHOI'O 00pa3lia aBTOMaTU3UPOBAHHOTO
OammeHHo-11oBOpoTHOTO YKpbITUA (ABITY) ns teneckona uadopmarmonnoro (TH)
nuameTpoMm 3.12 M ¢ cucteMamu TUAPONPUBOAA CTBOPOK U KIMMAaTKOHTPOJIS
TypOyJieHTHOCTH B OnrokHei 3oue TH.

2.2.2. TlpoBenenue J1a3epHbIX U3MepeHuil nmapamerpoB opout KA ¢ momolpo BBEIEHHBIX B
coctase nepsoii ouepenu AOJIL] kBanToBO-onTHUeckuX cpencts (KOC) u npyrumu KOC
POCCHUICKOH JIa3€PHOU CETH.

3.TAKTUKO-TEXHUYECKHUE TPEBOBAHMUS K U3AEJIUAM
3.1.CocraB u3nenmii

3.1.1.B cocraB ABITY TH BXOasT:
- 3aKJIaHAS YaCTh;

— OCHOBAaHWE;

— HENOJBW)KHAS 4acTh,

— JIB€ PACKPBIBAIOIINECS HUKHUE U OJIHA BEPXHSA CTBOPKU;

— MEXaHWU3M PACKPBITHS (3aKPBITHSI) CTBOPOK YKPBITUS C TUAPOIPUBOAOM;

— aBapUUIHBINA IPUBOJ PACKPBITHSA (3aKPBITHSI) CTBOPOK YKPBITHS (C UCIOJIB30BaHUEM CUCTEMBI
aBToHOMHOTO 2HeprocHabkenus HOJIC TH);

— 3aKJIaJHble YaCTH JUIsl MOHTa)Ka yCTPOWCTBA BETPO3ALLUTHL;
— MECTHBIN MyJbT YIPaBIECHUS CTBOPKaMH YKPBITHUS;

—  BJIEKTPOOOOPYIOBaHUE;

— MEXaHU3Mbl (PUKCAIIUH CTBOPOK YKPBITHS;

— BCIIOMOTaTteabHOE 000pyAOBaHME AJis poBeacHus TexoocuyxuBanus TU u ABITY (B Tom
YHCclie YCTPOUCTBA I JEMOHTaXa U TPAHCIIOPTUPOBKH OIPaBhI TNIABHOTO 3€pKaa);

— DJIEMEHTHI CUCTEM KIIMMAaT-KOHTPOJIS IPUTOYHO-BBITSHKHON BEHTHWIIALIUN U
TEPMOpPETyJIUPOBAHUS;

— KOMIUIEKT KaOeJei;
— xomruiekT 3UII;

— KkomrutekT D/I.

3.2.Tpe6oBanus k AGITY TH

3.2.1.ABIIY TH npu packpbITHIX CTBOPKaX IODKHO O0ecrednBaTh 0030p TpyOe Teseckoma mpu
HaOJIIOZICHUH 32 00bEKTaMU BO BCel BepxHEH moirycdepe, HaunHas ¢ yIriioB MecTa He MeHee 5°.

3.2.2.Tabaputel ABITY TH 1upu 3aKkpbITHIX CTBOPKax JOJDKHBI OOECHEYMBATH IIOBOPOT
Bpamaromuxcs yacteit TU Ha npenenbHbIe yIiibl HAaBEACHUS U MPOBEICHUE BCEX BUIOB padoT,
IIPEyCMOTPEHHBIX HHCTPYKLUEHN 10 HKCIUTyaTalluy TEJIECKOIIA.



3.2.3.ABIlY mnpu 3aKpbITBIX CTBOPKax MOJ/DKHBI obecreunmBaTh 3amury TH oT 1psamoro
BO3/ICUCTBUS (PAKTOPOB BHELIHEH CPEIBI.

3.2.4 . Kouncrpykuus ABITY TU momkna o0ecnieunBaTh MOAAEPKAHUE 3aIaHHOTO TEMIIEPATYPHOTO
pekuMa, KOTOPbIi 00ecreunBaeTCsi CUCTEMOM IPUTOUYHO-BBITSYKHON BEHTUWISILIUEH C aKTUBHBIM
[IOJIOTPEBOM M OXJIaxaAeHueM Boznyxa. IIpu 3akpsiTeix cTBopkax ABIIY cucrema npurouHo-
BBITSDKHOM BEHTWIALMM JOJDKHA oOecledyuBaTh TEMIEpaTypy BO3AyXa B IOJAKYIOJIbHOM
NPOCTPAHCTBE MEpe]] HAadyajioM HaOIIOACHUH, OTIMYAIONIYIOCS OT TEMIIEpaTyphl HAPYKHOTO
BO3lyXa, HE OoJiee yeMm Ha 2 °C.

3.2.5.Bpems packpeitust (3akpbiths) ctBopok ABITY TU mraTHeIM TPUBOJOM JOJKHO OBITH HE
Oosee 5 MUH.

3.2.6.BpeMs packpbiTus (3akpbIThsi) cTBOpoK ABIIY apapuifHBIM IIPUBOAOM JOJDKHO OBITH HE
6omnee 10 MuH.

3.2.7.Bpems noarotoBku k pabore ABITY ¢ MOMEHTa 1OJa4M 3JIEKTPONUTAHMS JOJDKHO OBITH HE
6omnee 10 MuH.

3.2.8.Iuranue snektpoobopynoBanus ABIIY  HOKHO —OCYIIECTBIATHCS OT HCTOYHHKOB
ANIEKTpOodHEpruu Tpexdaznoro toka HampsokeHueM 380/220 B +10 wactoroii (50+0,2) I'iy ¢

[IYyX03a3€MJICHHOW HeWTpanbio. HopMbl kaduecTBa anekTpodHepruu - B coorBeTcTBuu ¢ ['OCT
13109-97.

3.3.TpeGoBanus paguodIeKTPOHHOM 3aIUTHI

He npenpsasustoTcs.
3.4.TpeGoBanue ;KHBY4ECTH M CTOMKOCTH K BHEIIHUM BO3IeCTBHSIM

3.4.1.ABITY TH npu 3aKpbITBIX CTBOPKax JOJ/DKHO BBLIEPKUBATH 0€3 OCTATOYHBIX Ae(popMaruii
KOHCTPYKIIUU BETPOBOM HAmop co cpemHed ckopocthio 37 M/c ¢ kodddummenTom
guHamMuugocty o OCT 92-9249-80.

3.4.2 .Okcnnyaranus ABITY TH no/mkHa 00€CIeYMBATHCS B YCIOBHAX:
— B JlMana3oHe TeMIIEpaTyp HapyXHOro Bo3ayxa oT Munyc 40 no + 35 °C;

— mocie npebsiBanus npu remnepatype 50 °C;

— mocie npedpiBanms npu temiepatype Munyc 50 °C;

— TIpHU OTHOCHTENIbHOM BIaxHOCTH 110 98 % mipu Temneparype 30 °C;
— IpU BO3ACUCTBUU BETPa CO CPEIHEH CKOPOCTHIO 110 37 M/C;

— npu armocdeproM aasinenuu 95,3 klla (715 mm pT.cT.);

— HWHTCHCUBHOCTH COJIHEYHOTO M3ITyYCHHs, COOTBETCTBYIONINM paiioHaM Poccuu mpu BrICOTE HaT
ypoBHEM Mops 710 650 M.

3.4.3.ABI1Y TU [0/KHO NIPOEKTHPOBATHCS KaK OOBEKT MOBBIIIEHHOW OTBETCTBEHHOCTH C YUETOM
€ro pasMelieHusi B paiioHe ¢ ceiicMuuHoCcThiO 7 OamioB. Paborocnocobnocts ABITY mocie



BO3/ICUCTBUS  CeHiCMHYECKMX KojeOaHMi HMHTEHCHBHOCTBIO J0 7 Oa/uloB  JIOJKHA
oOecrneunBaTbCs MPOBEIEHNUEM PETYIUPOBOYHBIX PalboT.

3.4.4.Tpe6oBanus B uactu croiikoctn ABIIY TH K BO3IEHCTBHIO MNOpakarommux (HakTopoB
SEPHOTO B3pbIBAa M OOBIYHBIX CPEACTB OOEBOTO BO3ACHCTBHA HE MPEIBSIBISIOTCS.
[Sourcebook note: whew!]

3.5.TpeGoBanns HagexnocTH

3.5.1.ABIIY TU COBMECTHO C ME€XaHU3MaMH pPACKPHITHsA (3aKPHITHA) CTBOPOK JOJDKHO
o0ecrieynBaTh BEPOSATHOCTh O€30TKAa3HON pabOTHI B 3aJaHHBIX YCIIOBHSIX SKCIUTyaTallid He
Menee 0,99 B reuenue 0,5 4 HENMPEPHIBHON paOOTHI C TIOCIEAYIOIIMMU TIepephIBaMH He MeHee 4
9 (IIOATBEPKIAETCS] pACUETOM).

3.5.2.Cpox cayx6s1 ABITY TU nomken 6biTh He MeHee 20 JIeT.
3.6.TpeGoBanusi 3proHOMHKH, 00MTAEMOCTH H TEXHHYECKOM ICTETHKH

3.6.1.KomnonoBka paGounx MecT, CpeactB obcmykuBanus u pemonta ABITY TH nomkHa
COOTBETCTBOBAThH TpeboBaHuaM u nonoxenusm ['OCT PB 20.39.309-98.

3.7.Tpe6oBanusi K DKCILUIyaTalWM, XPAHEHWIO, YA00CTBY TEXHHYECKOI0 OOCIY/KHBAHHUSA M
peMOHTA

3.7.1.TpeboBanus K OKCIUIyaTalMd, XPAHEHUIO, YyIOOCTBY TEXHMYECKOTO OOCTYKUBAHUA M
pemoHTa 10KHbI coorBeTcTBoBaTh OTT 2.1.19-87.

3.7.2.IlnanoBoe texumueckoe obcayxupanue (TO) ABITY THU m0mKHO NMPOBOAMTHECS HE PEXKE
OJTHOTO pa3a B MECHIII.

3.7.3.Koucrpykuus ABITY TU no/oKHA TPOEKTUPOBATHCS C YYETOM IIPOBEIECHHMS MOHTa)a Ha
BEpXHEN IUIomaAKe ANTalCKOro ONTHKO-JIa3€pHOro LEeHTpa. [ImaHMpoBKa M KOHCTPYKIIMS
ABITY TU nomxna obGecrniednBaTh NPOBEIECHHE PEMOHTHBIX paboT, B TOM YHCJIE CBA3aHHBIX C
YaCTUYHOU pa300pKoOil U COOPKOIl OTAEIBHBIX Y3JI0B U MEXaHU3MOB.

3.7.4.Hacocnas cranuus npuBoaa packpbiths ctBopok ABITY TH momkna ObITh 000pymZOBaHa
CUYETYHKOM, PETUCTPUPYIOIIUM KOJTHYECTBO YACOB €€ PadOoTHI.

3.7.5.B noakynonsaoMm upoctpanctBe ABITY TH 10mKHBI OBITH NPETYCMOTPEHBI PO3ETKH,
o0ecrieunBaroIue:

— IHTaHUE TPY30IIOABEMHOI0 MEXaHU3MA, IIEPEHOCHBIX CBETUIBHUKOB, KOHTPOJIBHO-
M3MEPUTENBHBIX TPUOOPOB Y HU3KOBOJIBTHBIX MAsNIBHUKOB OT HCTOYHUKOB AJIEKTPOCHAOKEHHUS;

— CBA3b ¢ oneparopamu TH,;

— CBA3b C MCAMIMHCKHMH U ITOKAPHBIMHA CJ'Iy>K6aMI/I.

3.7.6.B oKCIulyaTalMOHHOM JOKYMEHTAMU JOJDKHBI OBbITh TNPEAyCMOTPEHBI YKa3aHHUsA [0
TexHuueckomy oOcmykuBanuto ABITY TU. [leiictBus oOcmykuBatomiero nepconana npu TO



HE JIOJDKHBI TPUBOJUTh K BO3HUKHOBCHHIO aBAapPHMHBIX, MOKAPOOIACHBIX M OMACHBIX JIJIS
00CITy»KHMBAIOIIETro MePCOHANA CUTYaI[H.

3.7.7. JlomKHBI GBITH IPUHSATHL MEPHI Il YCTPAHEHHS BO3MOXKHOCTH HEMPABHMIILHOTO MOAKIIOYEHHS
Kabesneil ¥ MIJJaHTOB BO BpeMsl SKCIUTyaTalluu U TeXHU4Yeckoro oocmyxxuBanus ABITY TH.

3.7.8.Jlng mpoBeNeHUs TEXHMYECKOTO OOCIYKMBAaHHS IOJDKHA OBITH OOECIEYeHA BO3MOMKHOCTH
oTKpbITU cTBOpOK ABITY TU B moboii mociaenoBaTeabHOCTH (B COOTBETCTBUM C IPUHATHIM
AJITOPUTMOM YIIPABIICHHS) U C OCTAHOBKOH CTBOPOK Ha JIFOOOM yTJIe IIOBOPOTA.

3.7.9.1l0 BO3MOXHOCTH JOJKEH OBITH OOECIEYEH JOCTYH K OTAEIBHBIM COCTABHBIM YacTSIM U
anemeHnTam ABITY TU 6e3 neMoHTa)xa APYTUX €ro COCTaBHBIX YacTel.

3.7.10.Kommiektocts 1 cocraB 3UIT momkHBI 0OecreunBaTh TPEOOBAaHUS 10 HAIEKHOCTH,
npenbsaBiasiemslie kK ABITY THU, a takxke coorBeTcTBoBath TpeboBanusm 'OCT B 15.705-86.

3.7.11.ABIIY THU pomxuo ObiTh ykommiekroBano 3UII wu3 pacuera obecreueHus
paboTOCIIOCOOHOCTH B TEUEHUE BPEMEHU MEXIy MOocjeloBaTelbHbIMU nonoiaHeHusmu 3UIL.
[Tepuon nononuenus 3UII nomken O6bITh HE MeHee | rojia SKCIUTyaTalUu.

3.7.12.3anacuble yacT, MHCTPYMEHT U npuHaanexHoctd (3UII) DomKHBI OAPa3AensaThCs Ha IBa
KOMILJIEKTA: OJJUHOYHBINA U PEMOHTHBIH.

Onunounbrit komriekT 3UIT gomxken obecrieunBath skcruryatauio ABITY myTem:
- HpOBeIleHI/Ifl TCXHHUYCCKOI'O O6CJ'Iy>KI/IBaHI/I$I;
- yCTpaHeHI/ISI OTKA30B U HOBpe)KI[eHI/Iﬁ Ha MCCTC BKCHHyaTaHI/H/I.

PemonTHbiit koMmruiekt 3UIl momkeH cocTosTh U3 OOOPYAOBAaHUS MM W3 €ro OTAEIbHBIX
COCTaBHBIX YacTell B 00beMe, HeooxoanumoM s peMonta ABITY TH.

3.7.13.0punounsiii kommiekr 3UIT U 9KCIUTyaTalMOHHBIE JTOKYMEHTBI JOJDKHBI MOCTABIATHCS
komiuiekTHo ¢ ABITY THU.

3.8.TpeGoBanus TpancnopTadeLHOCTH

3.8.1.Uuctpykums no tpancnoprupoBanuio ABITY TU wiam €ro coCTaBHBIX 4acTel Ui MOHTakKa
JOJbKHA OBITh pa3paboTaHa 3aBOJOM-WU3TOTOBHUTENEM Ha craauu u3rotosieHus ABIIY u
cormacosana ¢ ®I'VII «HUU III».

3.8.2.ABIlY TU pomxuo orBedarsh TpeboBanusm OTT 1.1.4-98 mo ux TpaHCIOPTUPOBAHHUIO B
3aBOJICKOH YIaKOBKE YKeJIe3HOIOPOKHBIM, BOJHBIM U aBTOMOOMIIBHBIM TPAHCTIOPTOM.

3.8.3.IIpu TtpancnoptupoBanuu ABITY TU NOABMKHBIE M BPANIAIONIIMECS YACTH MOJDKHBI OBITH
HAJIE)KHO 3aCTOHOPEHEL.

3.8.4.TIpu tpancnioprupoBaruu ABITY TH kee3HOI0POKHBIM U IPYTHMMH BHIAMHU TPAHCIIOPTHBIX
CPEJICTB JIOJDKHBI YYMTHIBATHCS MAKCHMAIBHBIE 110 MOLYI0 KOO(Q(UIMEHTHI TIEPErPY30K, HE
TIPEBBIIAONINE TPEXKPATHBIX 10 JIFOOOMY M3 HANPABJIEHUHN UX JEHCTBUS.



3.9.TpeGoBanusi 6e30MACHOCTH M YKOJOTHYECKON 3aIHThI

3.9.1 Koncrpykuuss ABITY TU  gomkna obecneunBarh — O€30MACHOCTH  NPU  paboTax
00CITy’KMBAIOILET0 IepcoHaa MPH MOHTAXe, IKCILTyaTanuy, mnposeneHuu TO u peMoHTEe OT
HOPaXEHUs AJIEKTPUYECKMM TOKOM, JBIXKYIIMMUCS 4YacTAMH, BUOpauueid, aKyCTUYeCKUMHU
IIyMaMH{ U IPYTUMHU BPEIHBIMHU (PaKTOpaMu.

3.9.2.TpeboBanus no 6e30macHOCTH TpyAa 10kHBI cootBerctBoBath TOCT PB 20.39.309- 98.

3.9.3.Dnekrpoobopynosanre ABITY TU 10IKHO yIOBIETBOPATH TPEOOBAHMAM 0€30MACHOCTH B
coorBercTBUM ¢ «lIpaBuimamu ycrpoiictBa anektpoyctaHoBok» (I1YD), «IIpaBunamu
TEXHUYECKON JKCIUlyaTalluu 3JeKTpoycTaHOBOK mnorpedureneit» (I1T3), «IIpaBunamu
TEXHUKU 0€30MaCHOCTH IPU SKCIUTyaTalluy 3JIEKTPOyCcTaHOBOK noTpedureneit» (I1TH).

3.9.4 lunueunyanbHble CpeacTBa O€30IIACHOCTH OOCTYXKUBAIOIIETO TEPCOHANA JOJDKHBI OBIThH
PaCIIONIOKEHBI B HEMIOCPEICTBEHHOM OIM30CTH OT MECT UX MCTIOJIB30BAHUS.

3.9.5.01xka3 mob6oro »snementa ABIIY TU, ucue3sHOBEHHE, CHMKEHHE WJM IIOBBIIICHUE
HaNpsDKEHUS DJIEKTPOINMTAHUs [0 3HAYEHWW, BBIXOIAIIMX 3a JOMYCTUMBIE IMpENeibl He
JIOJ>KHBI IPUBOAUTH K aBAPUMHOW CUTYaIIMH.

3.9.6.Hp1/1 otka3e ABITY TU nomkna ObITh 0OecriedeHa BO3MOXKHOCThH MEPEBOJIa €r0 B UCXOIHOE
MOJIOKEHHUE.

3.9.7.ABI1Y THU nomxHO OBITH 00OPYAOBaHO YCTPOWCTBAMM CHUTHAIM3AIUM U OJOKMPOBKH,
CpabaTHIBAIOIUMH TIPH:
—  3AIUTHIPMBAHKH TIOJBMKHBIX YaCTEH YKPBITHS;

— noxaxojne noaBwxHbIX yacteit ABITY TU k npenenbHbIM yriaM moBOpoTa.

3.9.8.B cxeme 31eKTpoo6opyI0BaHHs JOKHBI OBITH IIPETYCMOTPEHEI 3aIUTHL:
—  «HyJeBas», UCKIIFOYAOIIAsk CaMOIIPOM3BOJIBHBIN 3aIlyCK JBHTaTes el HACOCHOM CTAHIMK
IPH BOCCTAHOBIEHUY MUTAHHUS HOCIIE €T0 OTKIIIOUCHHMS;

— OT IEeperpy3Ku Ha Bajy 3JiekTpoaurateneit ot cetu 380 B.

[Ipumeyanue — 3ammra KaOENbHBIX JIMHUW, MUTAIOMUX 3JekTpoobopynoBanue ABITY, ot
TOKOB KOPOTKOTO 3aMBIKaHHMsI M TMEPErpy30K JIOJDKHA O0OecrneunBaThCsi CpeICTBaMU
komiiekca HOJIC TH.

3.9.9.Iloaxynonsroe npocrpanctBo ABITY THU [0mkHO OBITH 0OOPYIOBAHO CBETUILHUKAMH,
00€CTIEUMBAIOIINMH OCBELIEHHE BCEX 30H 00CIYKUBAHUSL.

3.9.10.Cucrema ocsenienns 10mkHa (YHKIMOHUPOBATh M NMPU 0OECTOYECHHBIX CHUIIOBBIX LIEMAX U
MMETh OTACJIbHBIA BBIKJIIOYATENb JUJII OCBEUICHUS [OMEUICHUH [P TEXHHUYECKOM
00CITy’)KMBAaHUU U PEMOHTE 3aIIUTHOTO YKPBITHS.

3.9.11.KoncrpykrusHoe ucnonnenue siaexrpoodopynosanus ABITY TH 10MKHO HCKIHOYATh
CJIy4aiiHO€ IIPUKOCHOBEHUE K €r0 TOKOBEAYILIUM YaCTsIM.



3.9.12.Kopnyca snekTpruecKoii anmaparypbl, COAEpKalMe Leny o HanpsbkenueM 220/380 B,
JIOJKHBI OBITH OTMEUYEHBI YCIIOBHBIM 3HAKOM 3JIEKTPUYECKON OTACHOCTH.

3.9.13.B noakynonsaom mnpocrpanctse ABITY TU D0/mKHBI OBITH MIPELYCMOTPEHBI KPETIEHHUS IS
YCTAHOBKHU OrHeTymmuTesel tuma OY-5.

3.9.14 1isetoBoe 06o3Hauenue yacteii ABITY THU, omacHbIX IpH SKCIUIyaTallWH, IOJDKHO OBITh
BoInToHEeHO coryiacHo 'OCT 12.2.058-81.

3.9.15 Koncrpykuus ABIIY nomkna obOecrieuMBaTh OJOKMPOBKY HPHBOJA PACKPBITHS CTBOPOK
YKPBITUS TIPU MTPOBECHUH MPOPUIAKTUUECKUX U IPYTUX PAOOT HA YKPHITHH.

3.9.16.B uHCTpYKIMKU MO SKCIUTyaTAlluK JOJKHBI OBITH TIPUBEIEHBI TPEOOBAHUS K KBATM(pHUKALMN
0OCITYKMBAIOIIETO TIEPCOHANA, K €70 COCTABY M K MOPSIIKY MPOBEAEHHUS paboT.

3.9.17.B koucrpykimu ABITY TU 10/KHBI OBITH MPELYCMOTPEHBI CHEHMATBHBIE MEPHI 3alUTHI
COOpYXXEHHS U ero 000pyI0BaHUS OT MOPAKEHUs IIPH MPSIMOM IO JaHUHU MOJTHHH.

3.10.TpeGoBanus cranaapTU3anuu U yHUPHKAMH

B kouctpykuuu ABITY TU HeoOXoauMo MakCHMaiIbHO UCIIOJIBb30BaTh CEpUITHbIC, CTaHIaPTU30BaHHbIC
U YHU(ULIUPOBAHHBIE COCTABHBIE YaCTH, JETAIM U MaTepUabl.

3.11.TpeGoBanusi TEXHOJIOTHYHOCTH
ABITY TU nomxHO pa3pabaThIBaThCSI C YYETOM HCIIONB30BAaHMS MMEIOMIETOCS Ha 3aBOJAX-

U3TOTOBUTEJISX CTAHOYHOT'O 000PYAOBaHHUS, BOZMOKHOCTH M3TOTOBIICHUS TpeOyeMOi OCHACTKU U
MIPUMEHEHUS OTPA0OTAaHHBIX TEXHOJIOTUN U3TOTOBJICHUS KPYITHOTA0APUTHBIX U3/ICITHIA.

3.12.KoHCTpyKTHBHbIE TPEGOBAHUS
3.12.1.ABITY TH 10115HO OBITH BBITOJHEHO C HE3ABUCUMO PACKPHIBAIOLIUMUCS CTBOPKAMH.

3.12.2.Ha ocsax moBopota ctBopok ABITY TH n0imkHBI OBITh yCTAHOBIEHBI JATYUKH TTOJIOKEHUS,
MOKa3aHUsl KOTOPBIX JIOJKHBI [I€pelaBaThCs Ha IeHTpabHbIN mynbT ynpasiaenus HOJIC TU.

3.12.3.praBHeHI/Ie BCCMHU SBJICKTPOMEXaHHUYCCKUMU YCTpOﬁCTBaMI/I N UHAWKaIug HMX COCTOSAHUA
JOJIXKHBI oOecreunBaThCs Kak HCHTPAJIbHBIM TYJIbTOM YIIPABJIICHHUA TCJIICCKOIIOM, TaK U

MECTHBIM IIyJIbTOM YIIPABJICHHUsI CTBOPKAMH YKPBITHSI.

3.12.4 Mexanusmbl pacKpbITHsi (3aKpBITHsA) CTBOPOK JOJDKHBI OBITH CHA0XKEHbI aBAPMUHBIMH
npuBoaaMu. TUM MpUBOA BEIOMPAETCS HA ATAIle TEXHUYECKOTO IPOSKTUPOBAHUSI.

3.12.5.ABI1Y TU [0mKXHO HMETh KOHLEBHIE BHIKIIOYATENN JUIS BBIKIIOYEHHS HPUBOJIOB
PACKpPBITHS B KPATHUX MOJIOKEHUSX CTBOPOK YKPBITHS.

3.12.6.B ABITY TH nosKHbI ObITh TPELYCMOTPEHBI YCTPOUCTBA JUIi TOPMOKEHHS U YIEPIKAHUS



PaCKpBIBAOIINXCA CTBOPOK B aBapHﬁHLIX CUTyalusIX.

3.12.7 . Kounctpykuus ABITY TH nomkHa mnpemycMaTpuBaTh (DMKCALMIO CTBOPOK B 3aKPBITOM
TIOJIOXKEHHH.

3.12.8.B noaxynonsaoM npoctpanctee ABITY TU, 1is IpoBeneHUs TEXHUYECKOTO 00CITyKUBAHMS
TEJNECKOIa, JODKeH OBITh MPEIyCMOTPEH MOABEMHBIM MEXaHW3M TIpy30moabeMHOCThIO 0,5
TOHH.

3.12.9.Crenkn ABITY TW n0mKHBL OBITH BBIIOJIHEHBI C HErOPHOYEN  TEIIOM3OJIALMEM,
HO3BOJIAIONIEN TIPH HCIIOJB30BAHUM INTATHBIX YCTPOMCTB 00OrpeBa BO BpPEMSl MPOBEICHHS
TEXHUYECKOTO OOCIYKMBAaHMS TIOIEPKUBATh BHYTPH YKPBITUS TeMnepaTypy He Huke 10°C
IpY Hapy»XHOHU TeMIriepatype Bozayxa 1o MuHyc 40°C u ckopocTH BeTpa 10 25 M/c.

4. TPEBOBAHMUS K BUJIAM OBECIIEYEHUSA
4.1.TpeGoBanusi K METPOJIOrHYECKOMY 00€eCIe4eHHI0

4.1.1.Metponoruueckoe obecredenne pa3pabOTKH, NPOU3BOIACTBA, MCIBITAHUN (CO3MaHUA),

skciuryaTauu U peMoHTa ABIIY TU 10omkHO OCyIIEeCTBIATBCS B COOTBETCTBUU C
tpedoBanusimu 'OCT PB 1.1-96 u OTT 1.1.7-89.

4.1.2.UznoxeHre BOMPOCOB METPOJIOTHYECKOTO OOECTIEUEHHS M3JIENUH B OKCIUTyaTal[MOHHOM
JOKYMEHTAIH TOJDKHO cooTBeTcTBOBaTh TpeboBanusim 'OCT 2.601-95.

4.1.3.CoctaB  KOHTPOIMPYEMBIX (M3MEPSIEMBIX) IAPAMETPOB, HOMHUHAIbHBIE 3HAYCHUS |
JIOMyCKAEMBblE  OTKJIOHEHHMs JIOJDKHBI  OBITh  OOOCHOBaHBI M, TPH  HEOOXOIMMOCTH,
TIOATBEPIKIEHBI PACYETAMM.

4.1.4.Bux xoutpons (BHENIHWH, BCTPOEHHBIH, aBTOMATUYECKHH, aBTOMATU3MPOBAHHBLIA) U €T0O
3aJjauyl IOJKHBI OBITh OIIPECNIEHbl Ha 3Tale TEXHUUECKOro MPOEeKTUPOBAHHUS.

4.1.5.Ha oranax >KMU3HEHHOTO IMKJIA H3AEAMN JIOJKHBI  BBIIOJHATHCS TPEOOBAHUS IO
KOHTpousiennpuroaHoctH, ycranopiaeHusie 'OCT PB 20.39.309-98.

4.1.6.YcnoBus BBINOJHEHUS WM3MEPEHMI JOJKHBI COOTBETCTBOBATH YCIOBHMAM JKCILTyaTal[Md
U3IEIINN.

4.1.7.J10cTOBEPHOCTD KOHTPOJISI TEXHMYECKUX XapPAKTEPUCTHK M3JEIUH CUCTEMAaMU M CPEICTBAMU
KOHTpoJIs 1oJkHa ObITh He MeHee 0,95. [lepedueHb KOHTPOIUPYEMBIX TAPAMETPOB YTOUHATCS B
xoze paspabotku PK/I.

4.1.8.T'apanTuiteeii cpok CU, ycranosiennsix Ha ABITY TH, u Bxoasamux B coctaB 3UII, nomken
OBITH HE MEHEE TAPAHTHIHOTO CPOKA DKCIUTyaTAIIMU U3/IEITHS.



4.2.TpeGoBanus K IMATHOCTHYECKOMY 00ecredeHu o

4.2.1.T1pu skcrnyararmu ABITY TH momkeH 00ecnieunBaThCs MEPUOIMIECKHN (DYHKIIMOHAIBHBIH
KOHTpOJIb pabOTOCIIOCOOHOCTH U NEPUOJUYECKHI KOHTPOJIb OCHOBHBIX XapaKTEPUCTHK O€3
BBIBOJIA U3 PEKUMA IITaTHOM pabOTHI.

4.3.TpeGoBanusi K MATEMATHYECKOMY, IPOrPAMMHOMY H MHGOPMAIMOHHO-IHHIBHCTHYECKOMY
o0ecmeyeHuIo.

He npenbssnstorcs.
4.4.Tpe6oBanus K coIpblo, MaTepuaiam u K9

4.4.1.Marepuansl ¥ KOMIUIEKTYIOIIME M3/IENMs BBIOUPAIOTCS ¢ y4eToM TpeboBanmii m.10 u 11
I'OCT PB 20.39.309-98

4.4.2.B xoucrpykumuu ABIIY TU He ROMKHBI NPUMEHATHCA MaTEpHaIbl C IMOBBILIEHHOM
BOCILIAMEHSAEMOCTBIO.

4.4.3.]JlonnyckaeTcs TNPUMEHEHHE DIEMEHTOB M yCTPOWCTB HMHOCTPAHHOTO MPOM3BOJICTBA,
NPOIIEANINX CIEMIPOBEPKU, MPU YCIOBHU OOECTICEUEHHs TIPEANPUATUEM-U3TOTOBUTEIEM
Tpedyemoro konundectBa 3UIT Ha rapanTuiinblii cpok skcruryatauuu ABITY THU.

4.5.TpeGoBanusi K KOHCEPBALUH, YIAKOBKE H MAPKHPOBKE

4.5.1.KoncepBanysi, yIakoBKa M MapKUpPOBKa JOJDKHA BBINOJNHATECS B COOTBETCTBHHM  C
tpedoBanusamu nm. 15 u 16 'OCT PB 20.39.309-98.

4.5.2.Koncepsaius cocrapistonux yacreii ABITY TH 10/bKHA BBINOJHATHCS ¢ Y4ETOM CPOKOB M
YCIIOBHM XpaHEHUSI.

S.TPEBOBAHMUAA OBECHEYEHMSI PEKUMA CEKPETHOCTH, SAIIUTHI
I'OCYIJAPCTBEHHOU TAUHBI U SAIIIUTHI OT UTP ITPU BBINIOJIHEHUU OKP

He npenbsasustorcs.
6. TPEBOBAHUS K U3I'OTOBJIEHUIO ABITY

ABITY TU nomkHO M3roTaBIMBATLCS B COOTBETCTBUM ¢ pazpaboTtanHoit PK/I (u3nenne CM-688).
7.TPEBOBAHMUA K ITYCKO-HAJIAJJOYHBIM PABOTAM

[Tycko-Hananounble paboOThl JTOJKHBI OBITH NMPOBEACHBI B COOTBETCTBUU ¢ TpeboBanusmu PK]I,
pa3paboTaHHBIMU MHCTPYKIUSMU U METOJUKAMH.

8.9TAIIbI PABOT



N3rotoBneHue 37€MEHTOB KyMoJja: U3rOTOBJICHUS
cOOpPOK HIKHUX CTBOPOK (OKOHYAHHE M3TOTOBIICHHS),
cOOpKH BEpXHEH CTBOPKHU (HAYaJI0 U3TOTOBJICHUS).

(m. 3.1. T3).

[TpoBeneHue nazepHbIX U3MEPEHUN TapaMeTPOB OpPOUT
KA B cocTaBe MEKIyHApPOHOM CITYKOBI JIa3epHOIMA
nanpbHOMeTpuu (1. 2.2 T3).

HaumenoBanue 3ramna OTt4ueTHOCTH Hawano
OkoHuaHue
(mecsit, Tox)
1 2 3 4

1 | U3rortosnienne anementoB kynosa ABITY TU: Cekiun 01.2007
ctBopku Ne2 — 3aBepuieHue. MI3roroBieHne 31€MEHTOB Texanueckuit 12.2007
ocHoBanust ABITY TH. aKT
(m. 3.1. T3).

[TpoBenenue nazepHbIX U3MEPEHUN TApaMeTPOB OPOUT
KA B cocTaBe Mex1yHapOHOH CITyObI J1a3epHOM
nanpHoMeTpu (1. 2.2 T3).

2 | UsroroBneHne 0CHOBaHUs ONBITHOTO oOpasua ABITY 01.2008
TH B yactu: CTEHKU — 4 IT., KPOHIITEIHA — 3 TMIT. Texuuueckui 12.2008
N3roroBneHue 371€MEHTOB KyIoJja: U3rOTOBJICHUE aKkT
CcOOpPOK HMKHUX CTBOPOK (HAYaJI0 U3TOTOBJICHHUS ).

(m. 3.1. T3).

[IpoBeneHue Ma3epHBIX U3MEPEHUH TTapaMETPOB OPOUT
KA B cocTaBe Mex1yHapOJHOH CITyObI J1a3epHOI
nanpHOMeTpuu (11. 2.2 T3).

3 | UsroroBnenne ocHOBaHHA ONbITHOro oOpasua ABITY 01.2009
TH B wacTu: KpoHIITeHHA — 3 MIT., THAPOOOOPYIOoBaHMs | TeXxHHUeCKuit 12.2009
— 1 KOMILJIEKT. aKT




4 | U3roToBiieHne OCHOBaHMSI OMBITHOTO 0Opasma ABITY Texanueckuit 01.2010
TU B yacTu KpoHIITENHA — 3 IIT. aKT 12.2010
KonTponpuas coopka ocHoBanus ABITY THU,
pa3bopka u3Aenus u ero yrnakoBka. OTrpyska x/1
TpancnoptoM uzrotoBieHHoro ABITY TU u ee
ocHactku Ha AOJILI.

N3roToBiieHnE 31€MEHTOB KYITOJIa: U3TOTOBJICHHE
cOOpKM BepXHEW CTBOPKU (OKOHYAHUE M3TOTOBIICHHS).
(m. 3.1. T3).

[IpoBeneHue na3epHbIX U3MEPEHH TapaMeTpoB OPOUT
KA B cocTaBe MexXayHApOIHOM CITYXKOBI JTa3epHOM
JanbHoMeTpuu (1. 2.2 T3).

9.110PAJOK BBIIIOJIHEHUA U ITPUEMKMU I3TAIIOB PABOT.

[Topsimok BbeITIOJNIHEHHUST W cojepkanust pador — mo Ilomoxenuto PK-98 KT. Ilpuemka
BBINIOJIHEHHBIX  Pa0OT  OCYIIECTBJISETCS IMPEACTaBUTENIEM 3aka3uvka NpH [PEeAbSIBICHUN
TOCKOHTpaKTa, T3, KaJleHAapHOro IIaHa U OTUYETHBIX MaTepPUAIIOB.

10.BHECEHUE U3SMEHEHMWMH B T3.

Hacrosimee T3 MoeT mpu HEOOXOIMMOCTH YTOUHSATHCS IO COTIIALICHUIO ¢ 3aKa3UHUKOM.

Co cTopoHbI Co cTopoHBI
OopraHu3alui (MpeanpusITHII) - UCTIOHUTENEH rOCyapCTBEHHOTO 3aKa34yuKa (3aKa3uuKa)

Ot ®enepanbHOr0 KOCMUYECKOTO areHTCTBA

I'enepanbHbIii (TJ1aBHBII) KOHCTPYKTOP 3am. Ha4albHUKA CBOI[HOVFO YHOPpaBJICHUA
KOMILIEKCa (CHCTEMBI) OpraHu3aIi KOCMHUYECKON JCSITEITbHOCTH

(IOJKHOCTD, TIOJMUCH, UHUITUAIIBI, (PaMILITHS) (IOMKHOCTD, IOJNUCH, MHULIUATBI, (paMUIINs)

" " 200 " " 200 r.

Hauansauk otnena Ciyx0b1 6€30macHOCTH

(TOMKHOCTD, TTOAMKCH, HHUITHAIIBI, (haMUITHs)

" " 200 T

" " 200 T




[Tpunoxxenne Ne 2

K TOCYJJapCTBEHHOMY KOHTPAKTY

KAJIEHJAPHBIN IVIAH
HA BbINOJIHEHHE PA0OTHI 10 TOCYIaPCTBEHHOMY KOHTPAKTY
oT «__ » 200 r. Ne
JlokymeHT,
MTOATBEPXK- Hauano
No JTArOIIAMN OxoHuaHUEe Hena
HaumenoBanue stana JTana
JTana BBITTOJIHEHHE (mecsu,
pabot o roju) (TBIC. PYO.)
JTany
1 2 3 4 5
1. N3roroBieHue 3€MEHTOB KyToJia Texuuuec- 01. 2007 38 500,0
ABITY TU: Cexuuu crBopku Ne2 — KHMH aKT 12.2007
3aBepiieHue. M3roropieHune 31eMEHTOB
ocHoBanust ABITY TH.
(m. 3.1. T3).
[IpoBenenue 1a3epHbIX U3MEPEHUN
napameTtpoB opout KA B cocrase
MEXTYHAPOIHOH CITY:KOBI JTa3epHOI
nanpHOMeTpuu (1. 2.2 T3).
2. H3roroBieHne 0CHOBAHUS OIBITHOTO Texunuec- 01.2008 35 000,0
obpasma ABITY TU B wactu: cteHku — 4 KHUH aKT 12. 2008
IIT., KPOHIITEHA — 3 MIT.
N3rorosieHue 3J1eMEHTOB KyIOJa:
U3rOTOBJICHHE COOPOK HHYKHUX CTBOPOK
(mauano uzrorosnenus) (1. 3.1. T3).
[IpoBenenue azepHbIX U3MEPEHUN
napametpoB opout KA B coctase
MEXIYHAPOHOU CITY>KOBI JIa3epHOM
JansHOoMeTpuu (1. 2.2 T3).
3. H3roroBieHne 0OCHOBAHUS ONBITHOTO Texunuec- 01.2009 20 000,0
obpasmna ABITY TU B wactu: KUH aKT 12.2009
KpOHIITEWHA — 3 IIT.,
TUJIpO00OPYIOBAHUS — | KOMILIEKT.
H3roroBieHue 31€MEHTOB KyIoJa:
M3TOTOBJIEHHE COOPOK HIKHUX CTBOPOK
(OKOHYAHHE U3TOTOBJICHUS ), COOPKH
BEpXHEN CTBOPKHU (Haydajo
W3TOTOBIICHHUS ).
(m. 3.1. T3).




[IpoBenenue nazepHbIX U3MEPEHUN
napameTpoB opout KA B coctaBe
MEXIYHApOIHOM CITy:KOBI JTa3epHOI
nanpHOMeTpuu (1. 2.2 T3).

N3roTtoiieHre OCHOBAaHMSI OIIBITHOTO
obpasua ABITY THU B wactu
KpOHLITEHHA — 3 IIT.

KonTtponpHas cOopka oCHOBaHUSA
ABIIY TH, pazbopka u3aenus u ero
ymakoBka. OTrpy3Ka /1] TpaHCIIOPTOM
uzroroBiaeHHoro ABITY TU u ee
ocHactku Ha AOJIL.

W3roroBnenne 371eMEHTOB KyIoa:
U3rOTOBIIEHUE COOPKU BEPXHEI CTBOPKH
(OKOHYaHUE U3TOTOBJICHHUS).

(m. 3.1. T3).

[IpoBenenue 1a3epHbIX U3MEPEHUN
napameTtpoB opout KA B cocrase
MEXTYHAPOTHOH CITY>KOBI JTa3epHO
nanpbHOMeTpuu (11. 2.2 T3).

Texunuec- 01.2010 20 000,0
KHUH aKT 12.2010

O6wem punancupoBanus Ha 2007 rox -
O0bem ¢punancupoBanus Ha 2008 rox -
O6wem punancupoBanus Ha 2009 rox -
O0bem ¢punancupoBanus Ha 2010 rox -
Htoro na 2007 - 2010 rona -

Hcnonuurenns

(moxmuce, ®.1N.0.)

» 200 T

38 500,0 TeIC. pyOIIEii
35 000.0 TeIC. pyOIEH
20 000.0 ThIc. pyOIIEi
20 000.0 ThIC. pyOaei
113 500.0 ThIC. pyOnei

3aka3umk
(PykoBoauTens moipa3aelicHus - 3aKa3unKa)

(TOMKHOCTD)

(moxmuce, ©.1.0.)

«__» 200 r.
M.II.




http://www.stso.net/view/page.html?1d=107
Kondepenuus "Habdaroaenne okoso3eMHbIX kocMudeckux 00bekToB'" HABJIIOJATEJD 2008

I'opuakoBckuii C.H., I'puminn E.A., Konomies A.O., Hosuxos C.b., Cumonos I'.B., Ilapropoackuii

B.J.

PesynbTaThl HenbITAHMNA AaBTOMATH3UPOBAHHOTO KoMIuiekca TIIII-35 Asraiickoro onTuko-
JIA3epPHOI0 LEHTPa

OI'VIT «HUUW npenn3noHHOTO MPUOOPOCTPOSHUS

Kommnexe TIITI-35 npennazHayeH s OOHapyKEeHUs, U3MEPEHUS YTIIOBBIX KOOPAWHAT U OLEHKU
MHTErPAIbHOTO 0JIecKa BEICOKOOPOUTAIBHBIX KocMuyecknx 00bekToB (BOKO). Ontuueckas yacth
komiuiekca TIIII-35 — teneckon mupokoro mosist — 6bu1 pazpadotan u uzroronieH B 2005 rony B
OI'VII «HUU IIT». B 2006 rogy oH ObUT YCTaHOBJIEH Ha OOPHO-TIOBOPOTHOM YCTPOIMCTBE TelIeCKOIa
TpaekTopHbIx u3mepenuit (TTU) Anralickoro ontuko-nazepHoro nentpa (AOJIL). Xapakrepuctuku
TeJecKoma:

Ontuueckas cxema Cnedorra-Puxrtepa-TepeOmxka

JnameTp BXOAHOU anepTypsl 35 cM

®doxkanpHOE paccTosiHue 87,2 cM

IIponyckanue onruku 0,5

JuameTp rutockoro noJst 3penus 3,5°.B kayecTBe npueMHHUKA H300paskeHUs UCTIOIb3YeTCs
¢dotonpuemnoe ycrpoictso (PIIY) Ha ocnose I13C marpuis.

¥ Ok X X ¥

Xapakrepuctuku OIIY:

* @opmat matpuibl 4096x4096 nkc

* Pazmep nukcens 9 mxm winu 2,1”

* CnektpanbHblil ntuana3oH 480-750 um

* KBantoBas 3¢pdexruBHOCTH MaTpuib! 50%
* ymbl cunteiBaHus He 6osee 30 e

* JluHamudeckui auamnaszon 104

* Bpemst cunThIBaHuA Kajapa 2,3 ¢

* Jlmanazon skcrosunuii 0,02-1000 c.

B kauectBe BbruncnuTenbHbIX cpeacTtB komiuiekca TIHTI-35 ucnonp3oBaiuch 3 aBTOMaTU3UPOBAHHBIX
pabounx mecta (APM) — KOMIIBIOTEPHI CO CHEMATU3UPOBAHHBIM IIporpaMMHbIM obecrieuenueM (I10):

* APM ynpaBiieHus U CUUTHIBaHUS HHPOpMAIMH ¢ (POTONMPHUEMHOIO YCTPOKCTBA
* APM actpomeTrpudeckoit 00paboTku HHpopMaIu
* APM Gamnmuctudeckoil 00paboTku nH(popMauu

B mapre-oxTsa6pe 2006 r. ObutH IPOBEACHBI TTEPBbIE HAOIIOICHHS T€OCTAITMOHAPHBIX KOCMUYECKUX
00bexToB (I'CKO) na kommnekce TIHII-35. beutu monyueHs! cieaytonme pe3yinbTaThl:



TouHocTh onpeznenenus yrioBbix koopauHat 0,4"” (onenka LIKKIT)
CkopocTtb 0030pa reocrarmonapHoit oomactu 500 kB.rpaj./gac (Ipu HaBEJCHUHU TeJIECKOIa Mpu
MTOMOIIIHA OTIEpPaTOpa)

*  Tlponwumnaromas crocoOHocTs 6osee 18m npu 10-ceKyHIHOM SKCTIO3UIINH.

B 2007 rony B ®I'VII «HUU IIII» 6611 pa3paboTan u co3gaH aBTOMaTU3UpOoBaHHbIN komruieke TIITI-
35. OroT KoMIUTIeKC 0OecreunBaeT PyHKIIMOHUPOBAHHUE TEIECKOIA B aBTOMATUYECKOM PEXUME TIPH
NpOBEIEHUH 0030pa re0CTallMOHAPHOM 006J1aCTH KOCMUYECKOT0 IIPOCTPAHCTBA. BorunciaurenbHble
cpeactBa aBTomaTunpoBaHHoro komiiekca TIITI-35 — 4 APM, o0beiuHEHHBIX BHICOKOCKOPOCTHOM
onTtuueckoi cerbro. Kaxxapiii APM BBINIONHSAET y3KYIO 3aa4y:

1. APM mnanuposanus padort (IIP) — ocymecTBisieT npenBapurebHOE IUIAHUPOBaHUE padoT B
COOTBETCTBUM C ONTHUMAJIbHBIMU aJITOPUTMaMU CKaHUPOBAHUS T€OCTAIllMOHAPHON 001acTH, YIpaBIIsieT
BceM ocTaibHbIM [1O KoMIIIeKca U KOHTPOJIUPYET ero paboToCIIOCOOHOCTh, OPraHU3yeT BhIIAUy
uHpopMmariuu ¢ usmepenusimu Ha [IICUKOC.

2. APM ¢otonpuemnoro ycrpoiictsa (OIIY) — ocymectsisier ynpasnenue OIIY — oTkpeiTHeM u
3aKPBITHEM 2JIEKTPOMEXAHUYECKOTO 3aTBOPA, CUNThIBaHUEM curHaina ¢ [13C MaTpuiibl, 3anMChbiO Kaapa
B NIAMSTh.

3. APM actpomerpuueckoit 00padotku (AQO) — ocymiecTBiser npueM kaapos ¢ OIIY,
aCTPOMETPUYECKYI0 00pabOTKy KaJlpoB, TOMCK KOCMUYECKHUX 0OBEKTOB HA HUX, BbI1ady HH(DOpMAaIUH
00 oO6HapyxeHHBIX 00bekTax Ha APM OTU.

4.  APM o0pabotku TpaektopHbix u3mepenuii (OTH) — ocymiecTBiasieT 0OHOBIEHUE YaCTHOTO
katanora (UK) undopmanueii, nonydennoit ¢ [ICUKOC, npuem unpopmarmu o0 0GHapyKEHHbBIX
KOCMHUYECKHX 00BEKTaX, OTOXKIECTBICHNE U3MEPEHUN C YaCTHBIM KaTaJOrOM M3BECTHBIX KOCMUYECKUX
00BEKTOB, MPOU3BOAUT YTOUHEHHE OPOUT IO HOBBIM U3MEPEHUSIM, ITPU 0OHAPYKEHUH
HEKaTaJIOrM3UPOBaHHBIX 00BEKTOB BhIAAET 3anpoc Ha [1P s mpoBeneHus 10NOJTHUTENBHBIX
U3MEPEHUI U OCYIIECTBIISET MOCTPOECHUE OPOUT HEKATAIOTU3UPOBAHHBIX O0BEKTOB.

B Hos16pe-nexabpe 2007 r. aTomatuzupoBannblii komruieke THII-35 6but ucneitan Ha AOJIL. B
pe3ynbTaTe UCTIBITAHUNA OBUTH MOTYYEHBI CIEIYIOIINE Pe3yIbTaThI:

VYrpaBieHrne aBTOMaTU3UPOBAHHBIM KOMIUIEKCOM MOJKET OCYIIECTBISTHCS OJHUM OMEPATOPOM.
beuo monmydeno 6onee 5500 uzmepenuii, 6onee 90% nponum unentuduxanuto ¢ KO,
nH(popManus o KoTopbix conepxkutcs B UK.

*  Tlo HemIEHTU(PHUIMPOBAHHBIM U3MEPEHHSIM OBLIIO B aBTOMATHYECKOM peXHUME TIOCTPOEHO OoJiee
10 HoBBIX OpOUT KO.
Ckopoctb 0630pa coctaBmia 600 kB.rpaj./dac.
[Tepenaua nudopmannu ¢ uzmepenusimu Ha [ICUKOC ocymiectBnsiercss MeHee ueM uepes |
MUHYTY OCJIe OKOHYaHHUS ceaHca HaOII0IeHUH.

[TepBble ncnbITaHKS MOKA3alu, YTO aBToMaTu3upoBanHblid Kommieke TIHII-35 s dexktuBHO pemraer
3a/1auu 0OHAPYKEHMsI, OTIPECIICHHS] YTIIOBBIX KOOPAUHAT M olleHKH cpennero 6necka I'CKO.



http://www.stso.net/2007/docs/

Kondepenuns "Habnronenune oxo103eMHbIXx kocMuyecknx 00bekToB" HABJIIOJATEJID 2007

Jlokmnaziel pecTaBIeHHbIe yUaCTHUKaMHU Ha kKoH¢pepenuu Habmogarens 2007

[EXCERPT]

I'opuaxosckuit C.H., I'pumnn E.A., UnatoB A.I1., Jloces /I.B., HoBukos C.b., OpnoB A.C., CumoHOB
I'.B., Mapropoackwuii B.J{. (®I'YII "HUU T1I1") "Pe3ynpTaTsl nepBbIX HAOMIOASHUN
BBICOKOOPOUTATIBHBIX 00BEKTOB Ha Teneckomne mupokoro noist THIT-35 Anraiickoro ontuko-
JIa3epHOTO IIeHTpa".



http://www.sai.msu.ru/research/report 2006.html

OTYET
O HAYYHOMH JEATEJBHOCTH
IT'OCYAAPCTBEHHOI'O ACTPOHOMUMNYECKOI'O HHCTUTYTA um. ILK.ILITEPHBEPT A
MI'Y
3a 2006 rox

Vr1BepxkaeH YuenoiM coBetom 'TAUIII 18 ssuBaps 2007 r.
[EXCERPTS]

VII. HAYYHOE COTPYIHUYECTBO CO CTOPOHHMUMU OPT AHU3ALIMAMU.
MEXINCHUITVIMHAPHBIE ITPOEKTBI.

Hayunoe cotpyaauuecTBo ¢ HayuHo-uccnenoBaTeIbCKUM HHCTUTYTOM MPEIM3HOHHOTO
npubopoctpoenus: Poccuiickoro kocmudeckoro arearcrsa (OI'YIT HUUAIIIT) mo pa3paboTke
IpOTrpaMMHO-MaTeMaTHUYECKOro obecreueHus JUIsl HaOII0ACHNH KOCMUYECKUX aIllapaToB C IEIIbI0
TOYHOTO ompeneneHus ux koopaunat. H. pyk. - K.B.Kyumos. [IpoBogunuce HabmoeHus u oopabotka
HaOroeHuil B AnraiickoMm ontuko-naszepaom nearpe HUUIIIT (A.O.Konomnes). lns Antaiickoro
IIEHTpa U3roTOBJEH U ycTaHoBJeH Tesneckon 350 mm (I'.B.bopucon)

[deletia]

* 5. [TapameTpsl BpallleHUs] ¥ TPABUTALIMOHHOE T0JI€ 3€MJIH, IOCTPOEHUE CUCTEM KOOPAWHAT M KA
BPEMEHU

Pa3zpaboTka METOAMKH U IPOTrPAMMHO-MaTEMaTHUYECKOT0 00ecreueH sl MO3UIIMOHHBIX HAOII0ACHUI
JBIKYIINXCS 00BEKTOB Ha TEJIECKOIIE € albT-a3UMYyTHOH MOHTUPOBKOM. JIOCTUTHYTa TOYHOCTH OJTHOTO
HaOmronenus 0.3 - 0.5 cekyHabl {yrd. DTO YUCIO CTATUCTHUECKU HA-AEKHO: OATBEPIKIEHO HA OCHOBE
OKOJIO THICSIYM HAOJI0IEHNI HABUTAIIMOHHBIX CITyTHUKOB CHC-TeMbI | JTIoHacc B ANTaliCKOM ONTHKO-
nazepHoM nentpe OI'VII HUUIIIL. Meronuka BHEApEHa B HAPOJHOE XO35MUCTBO B PaMKax HAy4YHOI'O
coTpyaHuuectsa ¢ HayuHo-uccnenoBaTenbCKUM HHCTUTYTOM MPEU3NOHHOTO MPUOOPOCTPOCHHUS
Poccuiickoro kocmuueckoro arentcrsa. H.pyk. - n1.¢.-m.H. K.B.Kynmos. Ucnonuurenu: k.¢.-M.H.
B.H.Cemenmnos, Ben. nmk. A.O.Konomnés, Ben. nmk. A.JO.CokoroBa.



http://74.125.95.132/search?q=cache:4gNUGiiCdhgJ:www.altaienergo.ru/%3FPage%3D26+
%D0%A1%D0%B0%D0%B2%D0%B2%D1%83%D1%88%D0%BA%D0%B0+
%D1%86%D0%B5%D0%BD%D1%82%D1%80* &hl=en&ct=clnk&cd=23 & gl=us&client=firefox-a

26.12.2006 r. DHepreruueckoe xo3siicTBo punmnana «HOxHble anekTpuueckue cetn» OAO
«AnTaiipHEProy MOMOJIHUIOCH HOBOM MOJCTAHIIMEN U BHICOKOBOJIbTHOM JINHUEH

sumiinl
Forin el kel i

S I--' A -

Hakanyne [/[us snepreruka u HoBoro roga, 20 nekabpsi, mpousBeieH BBOJ B dKcuTyaranuio 10,4
KM HOBOTO JIBYXLIEITHOI'O Y4acTKa BbICOKOBOJIbTHOU JTMHUHU 110 kB «3Mennoropck — CaBBymika» u
«CasBymka — Kypbsi». A Takke IocTaBjeHa M0 Harpy3Ky IepBasi ouepeb HOBOM TpaH3UTHOM
TpaHnchopmaTopHoii nojactanuuu HanpspkeHueM 110/10 kB «CaBBymuHckas.

Kak pacckasan HauyansHuk OZIC FOOC bopuc ABIuHOB, 3aKa34MKOM JBYXLENHOro yyactka BJI-110
kB u [1C Boictynun ¢punuan OT'VII «<HUU II» «Antalickuii ONTUKO—Ia3epHBIM LIEHTP», MOHTaX
BbINOIHWIO 3A0 «KoHTakT-108».

JIuHuM 3neKTponepeiaun U MOACTaHIMSA NIepeanbl B SKCIuTyaTaiuio ¢punnany «HOxHble
anekrpuueckue cetn» OAO «Anraii Heproy. [lepconan KOOC npousBen npeanyckoByio HOATOTOBKY,
HaJjaKy o0opyHIoBaHMs, KOMIUIEKCHOE ONPOOOBaHNE, BKIIOUCHHE JIMHUHN 3JIEKTpONepeIadl U IepBOi
ouepenu [1C «CaBBymMHCKas» 101 HATPY3KY.

YeTkuM, rpaMOTHBIM, BBICOKOIPO(PECCHOHATBHBIM BBIIIOJTHEHUEM CBOEH padOThI IPH 3TOM
orianumiuck aucnerdep FOOC b.U. Ecunos, 31eKTpOMOHTEp 110 ONEPaTUBHBIM MEPEKIIOUCHHUSIM B
pacmpencetsix 3menHoropckoro POC B.®.bypasnes, nnxenepsl P3A B.M. Koxopun n A.f.Uyb6akos.
C BBO/IOM IIEepBOM OYeper HOBOM MOJICTAHLIMHU, OCHALLICHHOW HOBBIM COBPEMEHHBIM 000PYI0BaHHEM,
u Byx1enHoro ydactka BJI-110 kB 3HaunTeapHO MOBBICHIIACH HA/IGKHOCTD JIEKTPOCHAOKESHHUS
«ANTalCKOT0 ONTUKO—JIA3€PHOTO LIEHTPa», BEAYIIEro paboThl B 00J1aCTH KOCMUYECKHX HCCIIeI0BaHUH,
HaOJIOZICHUH 3a CITyTHUKAaMHU 3eMJIH, U oTpedureneit c. CaBByIka.

09.01.2007 aBtop: IIpecc-cmyxx6a. Haranss [lonosa. tenedon:77-36-46, 39-45-48



http://www.amic.ru/news/?news_i1d=61890

HoBas moacTanIms 1 BEICOKOBOJIBTHAS JIMHUA 3apadoTanu B paiioHe ¢. CaBByika AJNTaliCcKOro Kpast
26 nexabps 2006 r. (15:23)

Hakanyne /[ns sHeprerrka u HoBoro roaa, nmpousseneH BBoJ B dkcruryaTanuto 10,4 kM HOBOTo
JBYXIEMTHOTO y4acTKa BbICOKOBOJILTHOM MHKH 110 kB «3Mennoropck — CaBBymika» n «CaBByIlIKa —
Kypbst», a Takke moctapiieHa Mo HArpy3Ky Mepsasi ouepeib HOBOM TpaH3UTHOM TpaHcGopMaTOpHOU
nonctannuu HanpspkenueM 110/10 kB «CaBBymmmHcKkas», - cooOmiaet ceroaus, 26 nexkadpsi, mpeccd-
ciayx6a OAO «AnTaitaHEproy.

JluHuM 31exTponepesaun U MoJICTaHIMS MepeAanbl B dKCIuTyaTtanuio guinany «tOxHbie
anekrpuueckue cetn» OAO «Anraiisneproy. [lepconan FOOC npoussen npeanyckoByro NOATOTOBKY,
HaJIaJKy 000pyJI0BaHUsl, KOMIUIEKCHOE ONPOOOBAHNUE, BKIIFOUEHHE JIMHUH 3JIEKTpoIIepeauu v epBoi
ouepenu I1C «CaBBymmHCKas» M0 HArpys3Ky.

C BBOJIOM TEPBOIi OYEpEIN HOBOM MOJICTAHIINH, OCHAIIEHHOW COBPEMEHHBIM 000pYyI0BaHUEM, U
neyxmemnHoro ydactka BJI-110 kB 3HaunTeIhHO MOBBICHIIACH HAZEKHOCTD SJIEKTPOCHAOKEHHUSI
«ANTaCKOTO ONMTUKO-JIA3€PHOTO LIEHTPa», BEAYIIEro paboThl B 00JaCTH KOCMUYECKUX HUCCIIEIOBAHHH,
u motpebuTteneit c. CaBByIKa.



http://www.ilrscanberraworkshop2006.com.au/workshop/day3/Tuesday1415.pdf

PICOSECOND LASERS WITH RAMAN FREQUENCY
AND PULSEWIDTH CONVERSION FOR RANGE
FINDING

0Q.V. Kulagin, N.F. Andreev, A.M.Sergeev
Institute of Applied Physics, Nizhny Novgorod, Russia
E.A. Grishin
Institute for Precision Instrument Engineering, Moscow, Russia
M. Valley
Sandia National Laboratories, Albuguerque, USA




Altay Optical\Laser center

Institute for Precision Instrument Engineering







http://sib-price.ru/misc_news.php?from=1&nid=1603

PhHIFOK BEanan

25.12.2006 Ne 50

Mockosckuit HUU nperuznonroro npubdopoctpoerws 1o 2010 roxa mraHupyeT HHBECTHPOBATH OJTUH
MIIpA pyOJIeil B CTPOUTENBCTBO BTOPOM ouepeu cBoero (puiuana B AITaiicKoM Kpae - AnTaiickoro
OINTHKO-JIA3€PHOT0 LIEHTpa. DTH IJIaHbl ObUIM 03BYYEHBI B X0/1€ cocTosiBLIeHcs B bapHayie BcTpeun
rerepanbHoro aupekropa HUU IOpus Post ¢ ry6epnatopom AnTaiickoro kpas Ajnekcanapom
Kapnunusiv. HUM npeun3snoHHOro npubopocTpoeHus SBISETCS OJHUM U3 CTPATETHYeCKUX
npeanpustuil PO. MHcTuTyT 3aHMMaeTcs pa3pabOTKOM, U3rOTOBJIEHUEM U IOCTAaBKOW KBAHTOBO-
ONTUYECKUX UH(DOPMALIMOHHO-U3MEPUTENBHBIX CUCTEM [Tl HYXJT MuHoOopoHb! PO 1 denepanbHOro
KOCMHUYECKOI'0 areHTCTBa. AJNITaliCKUl ONTUKO-J1a3€PHBII LIEHTP OCHAILIEH TEJIECKOIIOM U 3aHUMAaEeTCs
IIPOBEJCHUEM BBICOKOTOYHBIX U3MEPEHHUN TaTbHOCTH M YTJIOBBIX KOOPAMHAT KOCMUYECKUX allapaToB
C LI€IbI0 YTOUHEHUS UX OpOUT.

Hctounuk: «OkcnepT-Cudupb»



http://www.bankfax.ru/page.php?pg=39623
Altay Daily Review 12-12-2006

AJTaliCKUil ry0epHATOP CAHKIMOHUPOBAJ PYKOBOAMTEII0 MOCKOBCKOIro nenrpa BIIK,
Pa3sBepHYBLIET0 3aKPbIThI KOCMUYECKHH KOMILIEKC B AJITaliCKOM Kpae, CTPOUTEIbCTBO ero
BTOPOH O4Yepenu.

I'enepanbhbiil tupextop @I'VII HUM npenusuonnoro npudopoctpoenus (Mocksa) FOpuit Poii B aTu
JTHU HaxonuTcs B AuntalickoM kpae. Ha BcTpeue ¢ rimaBoii aAMMHHACTpALMK Kpasi OH paccKasajil O HOBBIX
pa3palboTKax yupeKJIeHus, OJHOTO U3 BaXKHEUIINX CTPAaTErMuecKux NpeAnpusTuil ctpansl. CeronHs
UHCTUTYT, UMetotHid 20-JI€THUIO UCTOPHIO, AKTUBHO 3aHUMAETCS pa3pabOTKOM, U3TOTOBICHHEM U
MOCTaBKOW KBAaHTOBO-ONTHYECKUX HUHPOPMAITMOHHO-U3MEPUTEIBHBIX CUCTEM AJIsl HY 1 MHUHOOOPOHBI
P® u ®enepanbHOro kocMuueckoro areHTcTBa (PockocMoca), a Takxke ga3epHbIX OECIIPOBOAHBIX
JIMHUM CBSI3U KOCMMYECKOTO ¥ Ha3€MHOT'0 Oa3upoBaHUsI.

®dunran UHCTUTYTA - CO3/IaHHBIN HECKOJIBKO JIET Ha3a  "ANTalCKHU ONTUKO-Ta3epHBIN HEHTpP" -
HaXOJIUTCA B 3MEUHOTOPCKOM palioHe Kpasi, B IIEHTPE OAHOU U3 TYPUCTUUECKUX 30H - ['opHOI
KonwiBanu, Bo3ne o3epa KombiBanckoe (CaBymikn). ComepikaHue IeITeIbHOCTH IIEHTPa HE
orJlanaeTcsl.

Ha npomeneit 12 nexabpst BCTpeue, B KOTOPOH TakKe MPUHSIT ydacTUe MEePBbId 3aMeCTUTENh
r1aBel amMuHKCTpaIuu kpas Cepreit Jloktes, 00cyxaanoch gaipHeee nHPpacTpyKTypHOE
00yCcTpOICTBO HAYYHO-ITPOU3BOICTBEHHOTO LIEHTPA U MPHJIETAIOLINX K HEMY OOBEKTOB B
3MEHHOTOPCKOM parioHe. B HacTosiiee BpemMs UIIET pedb O CTPOUTEIHCTBE BTOPOW OUEPEaH
komriekca. Ha atu nenu 1o 2010 roga MHCTUTYT NpelM3MOHHOTO MPUOOPOCTPOSHUS IIJIAHUPYET
MHBECTHPOBATh Ha TeppUTOpUHN AnTaiickoro kpas okojo 1 mupa. pyoaeit. 1o ciosam KOpus Pos,
YacTh CPE/ICTB IUNIAHUPYETCS BIOKUTH B pa3BUTHE COLIMAIBHOM chepbl paiioHa - 1eTCKOro
037I0POBUTEIBHOTO Jarepst Ha o3epe CaBBYILKH, IPYTUX COLUATBHO 3HAYMMBIX OOBEKTOB.

Kpome toro, o0cy»xkaancst BONpoc 0 BO3MOKHOCTH Pa3MEIIEHUs Ha TEPPUTOPUN ANITaAHCKOro Kpas
pa3paboTaHHBIX UHCTUTYTOM CHCTEM OIepaTUBHOIO KOHTpoJs "Jlnaap", npeaHa3HaueHHBIX IS
oOHapyKeHHsI 0KapOB, B3PHIBOB, KPYITHBIX TEXHOTEHHBIX aBapHil.

Eme onna Tema - nonosiHeHne HOBBIMU SKCIIOHAaTaMu My3esl ['epmana TuToBa B €ro poJHOM celne
[TonxoBaukoBO KocuxuHckoro paiiona. MHCTUTYTOM OYyAyT nepenaHsl MEMOPUAIbHOMY MY3€l0
BTOPOr0 KOCMOHABTA IJIAHETHI HOBBIE CTEH/IbI, IOCBSIICHHBIE KOCMUYECKON TeMaTnke. OCHOBHOU
dona myses Obl1 chopmupoBan B 90-bie roabl. Celfyac B KOJUIEKIIMU XPAHUTCS OKOJIO 2 ThIC.
HKCIIOHATOB. E>KEroHO 3TOT YHUKAJIBHBIN My3€il KOCMOHAaBTHKH NOCEIIAIOT NMOpsAAKa 12 ThIC. 4eIOBEK.
IOpuii Poii oTmeTn, 4To paccMaTpuBaeTCsl BOIIPOC O IPUCBOCHUH NMeHU [ 'epmana Tutosa
AnTalickoMy ONITHKO-JIA3€pPHOMY IIEHTPY B 3MEMHOTOPCKOM paioHE.

KommenTtapun Hamero ynurtarens: JKutenb 3MEMHOTOpcka U3 ropoaa bapuayn
Psan neraneii: o3epo HazbiBaeTcst KonbiBaHCKUM, OHO JexXUT 0sin3 cena CaBymku(Ha okpanHe). Takum

o0pa3om, 1 y cefa, U y 03epa ecTh COOCTBEHHbIC UMEHA.
13:09 12-December-2006



http://www.ap.altairegion.ru/167-06/2.html

07 nrons 2006r.

Oner MUKYPOB, C. BAILIJIBIYEB (doto)

3MEMUHOI'OPCK CEI'O/IHA 11 3ABTPA

O YEM I'OBOPUJIA U3BUPATEJIN

Berpeua ¢ uzbuparensimu 1711 1emyTaTta JJr000ro ypoBHs - OyIb TO CEIBCKOTO WM CaMOTO BBICOKOTO -
(denepanbHOTO - BCeraa 3HAaUMMOe cOObITHE. Beb BaXKHO JIIOIIM HE TOJIBKO paccKa3aTh O
MpojieNiaHHoMi paboTe, HO M YCIBIIIATh UX MHEHHUE O TOW WM UHOM mpobieme. OO0 3TOM MbI
pasroBapuBainu c aemyratom ['ocaymsl oT maptuu "Exunas Poccus" Jleonnaom XBOMHCKUM,

HaIIpaBJIIsCh B 3MCI/IHOFOPCK.

HEMHOI'O O KOCMOCE

[To myTn MBI 3aexany Ha OJUH U3 3aKPBITHIX AJI POCTHIX TPAKIAaH OOBEKTOB - ANTalCKUN OMTHKO-
JIa3epHBIN IIEHTP, PacoNoKeHHBIN BOMM3H mocenka CaBBymika. B 910 Bpems TyT ObLIT TOCTh U3
MockBHI - TeHepallbHBIH TupekTop DenepalbHOro KOCMHYECKOTo areHTcTBa "HayuHo-
HCCJIeI0BATENbCKUI MHCTUTYT NMpenru3uoHHoro npudopoctpoenus’ KOpuii Poii. 1o ero cioBam, 31ech
KOHTPOJIUPYIOT TPACKTOPHUH MOJIETa PAKET, YTO CTAPTYIOT C KocMoapoma baiikoHyp, a Takxke
HCKYCCTBEHHBIX CITyTHUKOB 3¢MJIU. LIeHTp 3TOT - CTpOro CeKpeTHbIN, 1 MHOTOT0 He pacckaxenib. Ho
paayet 10, uto Poccus Hauana Gonee 00beMHOE PUHAHCHUPOBAHKE ITOM MPOTPaMMEBI. A 3HAYUT, HE
HCKITIOYEHO, YTO BCKOPE 3/1eCh Oy/IeT MOCTPOEH HOBBIN COBPEMEHHBIN 00BEKT, MTO3BOJISFOIIHI
OCYIIECTBIISATH KOHTPOJIb 32 OKOJIO3EMHBIM MPOCTPAHCTBOM.



[Address, telephone & fax numbers]

http://www.rao-ees.ru/ru/news/gold _pier/2006/altai/show.cgi?altai.htm

Ounmain "AnTaiiCKui ONTUKO-JIa3€pHBIA LEHTpP"

®DenepanbHOro Hay4YHO-IIPOU3BOACTBEHHOIO LIEHTPA

®enepanbHOro I'ocynapcTBEHHOr0 roCy1TapCTBEHHOIO YHUTAPHOTO npeanpusatus "'HayuHo-
UCCIIEIOBATEIbCKII HHCTUTYT MPELUU3NOHHOTO MpubOopocTpoeHus"

(punman "AOJI" OHIIL ®I'VIT "HUU TIIT")

658465, Ant. xpait, 3MenHoropckuii p-H, ¢. CaBByIka, yi. 3eneHas, 86

http://22reg.ru/catalog/detail 43890 0.htm

Anpec: 658465 Poccusi, Anraiickuit kpaii, CaBByIKa ceyo, 3MEMHOTOPCKHI paifoH, 3eneHas ynuia, /|
86,

Tenedonsr: +7(385-17)2-26-21

®axc: +7(385-17)2-26-21



http://faip.vpk.ru/cgi-bin/uis/faip.cgi/G1/0l/2006?reg=68

2006 rog gllrl

CTPOWKW M OB bEKTbI

CMELMAJIbHbIA KOMIUJTEKC 53500.000

CMNEUMANBbHBIA KOMMMEKC 53500.000

NMPOrPAMMHARA YACTB 53500.000

PenepanbHad KOCMHYECKAA NporpamMMa Poccknn Ha 2006 - 2015 roasb! 53500.000

Pockocmoc 53500.000
Pockocmoc 53500.000
denep rocygapcrT YHUTAp pegnpuaThe "Hay4yHo-HCCNEqOBATENLCKHA HHCTHTYT NPpeyx o npubopocTp ", r.Mockea 53500.000

oBBEKT ABCHHOMD HAZHAYEHHUA - ANTAWCKMIA ONTMKO-Na3epHEIR LUEHTP (NEPBOHAYaNEHOE Ha3BaHWe PoOCCMACKMIA NaZepHeli UeHTR), c.CaBBywWwKa, 3MEWHOrOPCKHUA

paioH, AnTaickuil kKpai 53500.000


http://faip.vpk.ru/cgi-bin/uis/faip.cgi/G1/ol/2006?reg=68

http://cddis.nasa.gov/Iw14/docs/papers/upgl4 _mbm.pdf

Status of the Russian Laser Tracking Network

ML.V. Baryshnikov, V.B. Burmistrov, V.D. Shargorodsky, V.P. Vasiliev
IPIE. Russia
Abstract

Brief description 1s given of the laser tracking network present status, as well as of further
development plans and intentions.

[EXCERPT]

Latitude: 51’}20 N  Longiude: 82°10°E
Regular operation started m July, 2004

Figure 4. Altay optical/laser ranging center

The main goals of laser tracking by Russian stations are

+

* > h

Estimation of the GLONASS ephemens and frequency/iime accuracy during the navigation system
operation period.

Upgrade of spacecraft motion models.

Better precision m Earth rotation parameter determunation.

Better precision of measurements for space geodesy and Earth gravity field parameter deternunation.
Angular and photometric monitoring of spacecraft m lugh elliptical orbits (including SC failure cases).
Failure-case backup of mucrowave SC tracking systems.

Participation in international SC laser tracking programs for geodesy and geophysics, as well as for
producing catalogues of SC and space debris.


http://cddis.nasa.gov/lw14/docs/papers/upg14_mbm.pdf

http://2004.novayagazeta.ru/nomer/2004/33n/n33n-s19.shtml

INAPUK NPUJIETEJI
Opuit CA®POHOB, Ham crnient. kopp., AnTaiickuil Kpait
17.05.2004

B nepeBne CaBByuike, rjae 12 jieT He NoJIy4aju 3apIuiaTy, 000CHOBAJICH YHUKAJIBHBIIH J1a3epHbIT
00beKT

CasBylika — cBeTyioe MecTo Ha kapte Poaunsl. B ron Ha ceno npuxoautcst 250 sICHBIX,
«ONTUYECKUX», HOueH. «KuBeM 311eCh, KaK B YEPHOU JBIPKE, — LIYTST )KUTENIU O poaHoi CaBBYIIIKE.
— JIBeHaauaTh JIET HE BUJEIM 3apIuiaTbDy. MOXKHO, KOHEUHO, CIIPOCUTD Y JKUTEJEH: «A UTO K€ BbI
nenaere?y, HO KUTEN PAcCKaKyT BOJOYHBIC OaHambHOCTH. Hy M — «CBUHBIO pacTum». U yTOHYTH
On1 Bceit CaBBYIIIKE B CUBYIIIHBIX Maciiax, €cJii Obl He00 HE CHU3O0IILIO. B TIIyXoi, Majao TPOHYTHIH
Kkpaii (1o bapnayna — 6 gacoB aBToOycoM) mpuexanu yueHbie u3 MockBbl. CTposiT AnTaickuit
ontuko-yazepubii eHTp (AOJIL). Bes tpynocnioco6nast CaBByniika mpeObIBaeT B HEKOTOPOM
HaANPSOKEHUH, BBI3BAHHOM OKHJaHHEeM xopoirero. Hanpumep, paboTsl 3a JEHBT .

Teneckon TpaeKTOPHBIX U3MEPEHUI HATOMUHAET HIJIEM OOJIBIIEr0JIOBOTO PHILaps, XOTs
CaBBy1lIka 30BeT €ro, kak codaky, [llapukom. Cunee ciryxe0HOE aBTO CUIIBHO KOCUT MO JDKHUII, XOTs
OHO U «ya3uk». «Ya3uk» npuBo3ur K [llapuky MomoabIX HAyYHBIX COTPYAHUKOB — Mpuny, ['omy u
Amnppes. Korga «ya3uk» ABHXKETCA IO Celly, 3I0pOBbIE, HO 0€3pa00THBIE CABBYIIMHIBI CMOTPAT Ha
HEro KaK-TO HEOJJOOPUTENIbHO. «Y HHX JI0Ma XKpaTh HEYET0», — OOBICHIET BOIUTENb, TOHUMAS
«ya3HK» Ha TOPKY.

Wpwuna, 'omra u AHnpeit — nosiHOIIeHHas Opurana, a MpuHa u AHapei — ere u cembsl, sTueiika
obmectBa. B 97-m roay 'oma ygauno Habmaronan komety Xeitny-bomy; mo Takomy noBojay ObL1
npuHAT B baymanky. Annpeit aBa roga padotan B ObDIle: B3su1 panbimBOMOHETYHKA, CACIIABIIIETO



MATHCOT pyOJiel Ha IBETHOM Kcepokce. Mpuna paboTana B coeperarenbHoit kacce. M Huuero tam He
B3sJIA.

Tenepb oHM TpU AHSA/YEpe3 TPU )KUBYT B TOCTEBOM JIOMHKE ONTHUKO-JIA3€PHOTO LeHTpa. JJoMuk —
B celle, a Teleckon — Ha oTmube, y KonbiBanckoro ozepa. B peakue vackl nocyra 6puraaup I'oma
UCIIOJHSAET Ha rUTape nojaoHe3 OruHbCKoro. TexHapu MbICIEHHO OTKIIOHSIFOTCS OT TPA€KTOPHBIX
u3MepeHuil (IproT Jierkoe muBo). Korga npyras Opurasa nepeaaer CMeHy, Ha CTOJIE MOXKHO
0oOHapyXUTh TporaTesnbHylo 3anucky: «Mpa, Bama peida B pakoBuHe. Eropy.

Korna yuensie BOpaceiBanu uneto [laprka B cenbckue Macchl, CaBByIlKa 00sach HACUET Kapria B
KosnbiBanckoMm o3epe. CyliecTByeT IPEBHEE aNTaCKOE MOBEPHE, YTO B TNIOXOH IKOJOTHUYECKON
00cTaHOBKE pbIOA MPUXOAUT B HETOAHOCTh. B CBSI3U € 3TUM JFOEH Myrajo CIOBO «JIa3ePHBIN.

Jlronu co3Baiy cxol. « QHEPrus B KaXKJIOM UMITYJIbCE HAIIUX J1a3epoB OyJeT COOTBETCTBOBATH
SHEPIrUH, U3Ty4aeMOU JaMIIOYKOi KapMaHHOTO GoHaps», — ropopuit aupexrop AOJIL] Eprenuit
['pumun yoeaurenbHble GakThl. «KOpoBbI epecTaHyT TOUTHCS!» — BBICKA3JIMCh U3 3aJ1a TIOXKUJIIbIE U
HE TaKoe NoBUAaBIINE JIIOAM. «Hamm n3Mepenus mo3BossT pemarhb 3aa4d KOCMUYECKOW HaBUTALNH,
reoJIe3Un U Fe0IMHAMUKH B TOM YMCIJIE — IIPOrHO3UPOBAHMSI 3€MIIETPSICEHUM, UTO A1 ANTas O4€Hb
aKTyallbHO», — ToBOpu ['puinH. «['epmaHIbl Kak B3AyMaloT KUHYTh 00MOY — Tak cpa3y Ha Hac», —
BBICKA3aJIMCh MOXKMIIbIE JI0IU. «/la mouyeMy ke Bbl Tak Jymaere?!» — ynuBisinuch yuensle. «lloromy
yto [llapuk y Hac. Ctparerudeckuit 00bexT. [lepBas mienp». M Toraa KT0-T0 MOCKOBCKHUI BCTal U
3aKkpblI 1ucKyccuto: «Cmotpute! ¥V Hac OyneT mocTaHoBIIEHHUE Mpe3uieHTa. Tak yTo gaBaiTe mydie
Ipyxuthy». C Tex nop CasBymika u [Hlapuk — npyxar.

B npouuiom roay cembio noBapa Banentunsl MuxaitioBHbI HacTUra Xopouiasi padbora.
BanentrHa MuxaiiaoBHa TOTOBUT B TOCTEBOM JIOMHKE, a CYIIPYT CTOPOXKUT JOMMK HOouaMHu. «MHe Bce
MOJIPYTH 3aBUIYIOT: O, Kakas Thl CHACTINBAs», — JAeNUTCs BanenTnna MuxailioBHa 11o gopore
JIOMOH.

ITo o6ounHam acanbra ryasoT 0a0yIIKy ¢ BHyKaMu Ha pykax. M MaMbl — ¢ 1eTbMH (Takke Ha
pykax). bnarocthas kaptuHa. Mup u nokoii napsrt B CaBBymike. «Y Hac AETCKHH CaJUK 3aKpbUIN», —
o0bsicHaeT BanentnHa Muxaiinosna. «JloOpslii eHb, yXe ¢ paboThI?» — C HECKPHIBAEMOM TOCKON
MIPUBETCTBYIOT NOBapuxy 6aOymiku u MaMbl. «Jla-a, ¢ paboTbl, 10OPHIH 1€HbY, — B3/IbIXaeT
Banentuna MuxaitnoBHa. Banentuna MuxaitnoBHa 3apabaThIBaeT YeThIpe THICSUU PYOIIeH, 1 MyX —
4yTh NMOMEeHbIIE. OHN — «MUJUIHOHITUKNY.

«Kopmitto msITephIX YeJI0BEK Ha 3apIijiaTy y9acTKOBOTO, — Ipu3HaeTcs Bianuvup Jlo6oB
(ITerpoBuu). — Ce0s 51 gaxe He cunTaroy. [leTpoBUY )KMBET y CaMOTO CKJIOHA TOPbI, HEJJATEKO OT
[[Tapuka, HO fOMa ero 3acTaTh CIOXKHO. [IeTpoBUY O TOPJIO B ONIEpaTUBHO-PA3BICKHON padoTte. «Harm
AHHCKUH, — JJaCKOBO OT3BIBAIOTCSI O HEM OJIHOCENbUaHe. — OIMSTh MOLIeN CAMOTOH MPOBEPSThH Y
Humenponuxuy. [lono3peBaemas JluMenponnxa 10CTUTIIA BHICOT B MPOU3BOICTBE IITYyTIOTO HAMKUTKA.
XoasT CIyXH, 4TO OHA JOOABJSET B HETO Kakue-To TadneTku. Hemb3s He BIACTh B COUYBCTBUE, BUIS
3abotsI [leTpoBuua.

— 3Ha4uT, 0OBACHSAIO CUTYALINIO, — YEKAaHUT CJIOBO yIOJIHOMOUYEHHBIH. — 3a nepBsiid kBapTan 2004
rojia... BUJaTh, BACOKOCHBIH I'OJI... CHATA JIMHUS IPOBOJIOB. YeThIpe (hakTa 3aperucTpupoBaHo.
bruto Tpu kpaxku MarasuHa — noimai xyiuka. Ceituac B mpousBojcTse. [llanky B3suim — xKymauk
Haiinen. HopkoBas. U nensru B cymme 2000 pyOieid B3sThI U3 LIKOJIBI, )KYJIUK Hal1eH.



VYKpaaeHHbIE KOMIIBIOTEPHI 11aC MOKa 3aBucau. [logo3peBaemslii ects... Bo3pacT rae-to B
npexaenax 23 ner.

[TerpoBuy — camblil cBeTJIBIN YenoBeK B npenenax CaBpymku. EMy B penenax nsatuaecsatd. OH
[IOHUMAET 30POBYIO IIYTKY B paMKaX IPUIUYUSL.

— Ilpuesxaer renepan, — BcriomuHaeT IlerpoBud. — CoOpai ¢ pa3HbIX paiilOHOB
ynosHOMO4YeHHBIX. [lomHrMaeT MeHs: «Y TeOsi CKoko HapkoMaHOB?». S roBopro: «Bocemby. «HazoBu
no umeHam!» S: «Omna-6ma-6mna-61a», — HazBal. «lIpucaxusaiirecs». [logaumaer on CaBueHKO
Huxonas Anekcenua: «Tak, mo paiiony ckoko HapkoMmaHoB?». OH: «JleBsHocToy. «IlodamunsHO
Ha3oBH!» OH Hayalsl Ha3bIBaTh... cCOMBaeTCs, OEAHBIN... A MBI ero Tojakaem: «CIbllb, TOMOLIb 3a1a
MONPOCH...». A OH 35100, Tonkaercs: «[Imen Bon! mmen BoH!». A Mbl emy: «Bo3bmu 50 Ha 50!»... OH
Mom4uT. .. ['enepan emy: «Tak, cagurecs... He B1ageen» 00CTaHOBKOM. .. ».

- OOcTaHOBKa y Hac B Kpaii Tshkenast, — nevyanutcs Banentuna MBanoBHa MIBaHOBa, 3aMTIi1aBbl
CaBBYIIMHCKON aAMUHUCTpaluu. — B ObiBIIeM coBxo3e umenu Tenbmana teneps OO0
«CasBymuHckoe». U Bee... Bee, 4To He yKpaiu, JII0AsM pajaiu B CUET 3apIIaThl — KOMY KOPOBY,
KOMY TeJICHKa, KoMy 3epHa memiok. 600 paboTtHukoB yBowin. Bee cerno...

— Panpie X0Th 3apriaTel He ObLIO, a JIFOAM BCE K€ 3aHITHI ObUIM — O MIIYNOCTAX He JyMalu, —
paccyxaaer noBapuxa Banentuna MuxaiinoBHa. — A ceifyac g uay 1 Aymaro: BOT HapeHb YKpaj
KoMIbIOTEp B 1IKosie. Ero poaurenu nepxat naceky. MaTh Bcerjja npuaeT B Mara3uH. .. 3HaeTe, caMm
00BIYHO Oepellrb MONMaNKH Koi10achl, MPUIIIsIbIBaeIbes. .. A oHa cpa3y Tpu nanku 6epet. Hy,
Ka3aJ10Cch Obl, 4ero eMy elle He XBaTano?

— 3a 2002 rox coBxo3 nepeunciauin 1 pyoas 34 komneiiku B [leHcnoHHBIN (HOHT, — TOBOPUT
EBrenus MIBaHoBHa, ObIBIIIast BOCIIUTATENBHUIA OBIBIIIETO IETCKOTO cajia. — MBI B cajl 3aX0/IuM,
TOJIBKO YTOOBI MBIIIEH BBITHATH... A BBI IOCMOTPUTE, CKOJIBKO KaKOW-HIOYAL cTopok Ha [llapuke
MOJTYYaeT. ..

benka nonnumaer Ha Illapuk npaByto 3aaHior0 Janmy. OHa — cobaka, 6enast KocTb. Kaxplii
kopMHuT benky: ctpoutenu, BO3BOJAIINE CIYKEOHYIO TOCTUHUILY, OXpaHHUKH, TexHapu. [llepcTh
ChITOM beku JIOCHUTCS Ha coliHLe. TexHapy B anmapaTHOM IUIAIAT B MOHUTOP. ['Iymno yxoauTs, koraa
He0o sicHoe. «B Mupe ecTh TOIBKO O/HA CTAaHIMSI, OJIM3Kas o BO3MOXKHOCTAM Hamemy AOJIL, —
ontuueckas ctanuus CHIA Ha octpoBe Maywu (I"aBaiin)», — pacckassiBaeT aupekrop ['pumva
EBrenuit Anexceesnd. B 2009 rony, nHeBaaneke ot [llaprka, Ha BepmmHe ropsl bosbmas ycTaHOBST
BTOPOH TEJIECKOIl C TUaMETPOM IJIaBHOTO 3epKajia Oojbie 3 MeTpoB (auamerp neiictByromiero — 0,6).

TexHapu Hajer0TCs, 4To ocTaHyTcs B mtare k 2009-my. benka, Hu Ha UTO He HazesACh, OeraeT K
KonbiBanckomy o3epy. Ha o3epe pacreT BoasHOM opex uniaum. PenukT Tpetuunoit ¢opsl. B
TPETUYHBIN NIEPUOJ BBIMEPJIN AUHO3aBPhI, NTEPOAAKTHIIN, UXTUO3aBPbI, IPOUYHE TUIIBL. Takoe 03epo
uHTepecHo TypuctaM. Typuctel OblTu Ob1 HHTEpecHB! CaBBYyIIKE, HO HET UH(PpacTpyKTypsl. [ToToMy
TYPHUCTHI TUKHUE. BbIOT OYTBUIKHM U MIUCAIOT B 03€PO. «AOCOMIOTHBIN BO3PACT IPAHUTOB 03epa
orieHuBaercs B 188—215 muiH net» — Hanmcano Ha nHGopmMarmoHHOM mute. «16.6.03.
MaHpbIKUHBD) — HalKCaHO Ha rpaHuTe. «Yero npunepriack?» — HalKMCaHO Ha JIHMIE pblbaka ¢
CHU3bIM, 0OBETpPEHHBIM HOCOM. beka XoueT monpuBETCTBOBATh CU30HOCOTO phlbaka. Eif ckydHo.
Henasno ncuesna peikast Ctpenka. MHorue rpemar fgaxe 1 Ha peidakos. [Togo3peBatot, yTo UM pbida
npuenach. «4To, yKycuTh Xouelib? — aorajapiBaeTcs peldak. — b.., HU X... HE yKycHIIb!».



YTOoTHOMOYEHHBIN HE MOXKET MIPUITH K pasrajike, KTo 3a0min Ctpenky. XoTs Mo JONTY CIYKObI
3HAET KXyl COOaKy:

— A, Panca MBanna! 3napacskTe... S mopaxaroch BamMu: 4TO BbI Kymaere?.. Uro? Xneba HeTy B
Marasute?.. A Tbl )KMBH OT neuu. [loMHuUIIb, KaK y TeOsI MaTh-TO MeKya?

Pauca NBanna nonekaet [lerpoBrya 1eTcTBOM:

— VY 0abku, y coceku, Mak O0b11 B oropoje. M onu (rmokaspiBaeT Ha [lerpoBuya) ¢ 6paTom HajmoMamu
Maky. A 6abka UXHUM POAUTENISIM Ha)kaloBaslack. A oToM 06alka, Typa, MblJIach B UXHEH OaHe.
Hy, onu et kapbuaa B okHo. He moapaccuntanun — u cBoro OaHio 6a-6ax! baOka, OeqHast,
BbICKOYMJIA B ucnioHeM. Kpumunoren 6bu1 [letpoBuu!

[leTpoBuu ynpibaeTcst Ha IKUPUHY yIIed. Y HEro MOHATHBIE, TOdyOble, Kak siflia Apo3a, riasa. Y
HEro — JIBO€ IMPUEMHBIX JeTel U ABoe cBouX. CTapiuuil ChIH CITYKWJI, a TeNepb — HUKY/AA He OepyT.
«XoTen X0Thb K ce0e B34Th B HallapHUKH, a IcuxoJior roBoput: «He-e! He oTomien neuxonorundeckmny.
A yxe roj npomen», — nepexunaet [lerposuu. I'ae yxx Tyt meutars o llapuke s coina. [lapuk
OyneT paciupsaThCs A7 TypUCTOB.

— MBpI HageeMcsl TPOBOIUTH SKCKYPCUH opranu3oBaHHbIM rpynnaM Ha AOJIL, xenatomux Oyner
o4eHb MHOTO! — Beput qupekrop ['pumne EBrennii AnexceeBu.

— Tyt Ha 03epe B npa3IHUK coOupaeTcs 10 ABYX Thicad MyOInKH, — paccka3biBaeT [lerpoBuu. — U3
HoBocubupcka, u3 Kemepona, u3 bapnayna. U Bce nanbiipl THYT. A y MeHsI HU OeH3MHa, HU4ero!..

Boun most «HuBay» ctourt... Bo3pMenns y keHbI JeHET — OCH3WHY 3alpaBullib... U mocie may3sr:

— A 161 ipue3xait jetoM. En manuieik u3 kapna?.. Y Hac Kapibl KPyTrible, Kak MOpocsTa.



http://shunter.webhost.ru/index.php?
file=1089391016&f=1&sel=3 &left=./info/artic/left. htm&main=./info/artic/main.htm

ABTtopcTBO: CBOOOIHBIN Kype #41 ot 9.10.2003

Jlazep B CaBByliKe.

Ha AnTae ycraHoBAT camblii 6oJbIon Teneckon B Poccun!

"CMepTHOCTh Terephb y HaC MOBBICUTCS, - paccykaaeT Oyxrantep anMuHucTpauu CaBBYIIKH, - BbI
YTO, TaM ke Jiazep moctaBst!" CTpOUTENIbCTBO YHUKATBLHOTO KOCMUYECKOTO IIEHTPa HAOIIOCHUH B
3MEMHOTOPCKOM paifoHe ANTalCKOro Kpasi BRI3BAJIO MHOTO MEPECYAOB.

[MoppoOuas undopmanus ans anraiickux CMU gonroe BpeMst octaBanach 3aKpbITOM:
"PocaBuakocmoc" u Mockosckuit HUUW npenu3anonHoro mpudopoCcTpOSHUS - OpraHu3allii Cephe3HbIe
U TIPOCTO TaK CJIOB, a YK TeM OoJiee eHeT U3 (penepanbHoro OrKeTa Ha BeTep He OpOcaroT.

"MBI HE XOTHM, YTOOBI XOJMJIM HUKOMY He HyKHBbIe cityxu'", -cka3an "CK" rinaBHBII KOHCTPYKTOD
AnTaiickoro ontuko-ia3zepHoro 1eHTpa Eprenunii ['pumun. Y X0Ts LeHTp y»Ke CTpouTcs O0JIbIe roa,
koppecnonieHThl "CK" oka3amuch nepBbIMHU, KTO CMOT Y3HATh MOAPOOHOCTH O 3aKPHITOM 00BEKTE.



Beuie 1 HEOBLTHIIE

WU neiictBUTENBHO, CITyXU XOA4T HeObIBaIbIe. B HEOOMbIIOM cene CaBByIKa, 4TO B CEMUICCATH
KUJIOMETpax OT 3MEMHOTOPCKa, MOXKHO OBLII0 cobupath GakTypy uist POIBKIOPHBIX CKa30K. Mo,
MpUeXaau MOCKBAYH, IOHACTPOUIIN YEr0-TO HEBUAAHHOTO JIOCENIE HaM, celibuanam. [lepen Hauanom
CTPOUTENHCTBA OBLIO COOpaHKE cela, Ha KOTOPOM PEeIIaioCh, pa3pelIuTh JIH CTPOUTH Takoi 00bekT. U
HECMOTPSI Ha TO YTO Pa3pelieHre 3TO OBLIO TaHO, CIYXU MPOI0HKAIIN TTOJI3TH.

OroMy XKe Jlazepy yKe MPUMUCHIBAIOT THbenb priObl B KosibiBaHCKOM 03epe B Onnkaiiiiee Bpems,
CJIETIOTY KOPOB M MHOTO€ JIpyroe. A U3 HeOOJIbIIONH CKBAXKUHBI, KOTOPYIO MPOOYPHIIU T€0I€3UCTHI BO
BpeMsl HCCIIeIOBaHNUs MTOUBHI, 110 CIIyXaM, TYT )K€ Havajia 0exaTh MUHEpalbHas BOJa, KOTOpas AOKHA
3aTonuTh CaBBYIIKY.

Cka3ka cka3Koi, HO MOCKBUYH JEHCTBUTENLHO MOCEIUIINCH B TITyOMHKE AJNTast U CTAIH €XKETHEBHO
€31IUTh K TOpe, YTO HEMOAAIEKY OT 3HAMEHUTOI'0 CaBBYIIKMHCKOTO 03epa. A BCKOpE TaM 3aKuIesa
cTpoiika. Jla u CTpOUTH OHM CTaJIM HE CKAa30YHBIN JIBOPEIl U 1axe He TypKoMIuieke (Mecta B CaBByIlIKe
YIUBUTEIBHO KPACUBBIE), @ UTO-TO OO0JIbIIOE, KPYTJIoe U OnecTdiee - "mapuk", Kak Ha3bIBalOT 00bEKT
B Celle.

[ToHATHO, YTO BCE 3TH MEPEUUCIICHHBIE BBIIIE CIIYXH - IUI0 BOOOPaXKEHHUs CeNb4aH, JUIsl KOTOPBIX
CTaJIO HACTOSIIUM MOTPSCEHUEM TO, UTO KTO-TO 3aMHTEPECOBAJICSI MECTOM HX KHUTEIHCTBA HE TOJIBKO
Ui otabixa. JIroau u3 MOCKBBI IpUEXat CIofla Cepbe3HO paboTaTh - CTPOUTH CTAHLIMIO CITyTHUKOBOTO
ciexeHus. A "4to-to Oonbloe U OnecTsmiee" -He YTO UHOE, KaK MepBbI yCTaHOBJICHHBIH 371€Ch
teneckon. CTaHIus yXKe MOoIy4duia Ha3BaHue - ANTalCKUI ONTUKO-JIa3€pHBIA LIEHTP.

Cubupckas BaxTa

[Toka nentp He paboraer. Beaercss CTpoUTENBCTBO TOCTHHUIL (O/IHA YK€ IMOYTH FOTOBA), ITOCTPOEHBI
anmnapaTHbIA LEHTP U OallHs, B KOTOPOM YCTAHOBIIEH TeJleCKON (TOT caMblil "mapuk").

Tpynsaru Ha "mapuke" - otoBcrony. M3 Mockssl, bapnayna, apyrux cubupckux ropojos. EcTs u oaun
MmecTHbIN. K yauBneHuio paboTHUKOB 1IeHTpa, B CaBBYIIKe 00OHApYKUIICS CaMOpPOIOK - Banepuit
Makapenxko. [Ipumen cam, monpocuicst pabotats. Bee ObuH MOpaskeHbI: OH CO MIKOJIBHBIMH 3HAHUSIMH
OepeT B pyKH MHCTPYKIIHMIO K JIFOOOMY armapaTy U y)Ke 4epe3 JIBa-TpH JIHS MPEKpacHo pa3zdupaercs,
KaK TOT YCTPOEH, MOXKET ¢ HUM padoTaTh U NMPU HaTOOHOCTH OTPEMOHTHPOBaTh. CIIy»KUT ceiuac
CaBBYIIMHCKHMH YyJJ0-UHXEHEP B ONTHUKO-JIa3€PHOM LIEHTpE TEXHUKOM. "[IpITaeMcst yroBOpuTh €ro
3a09YHO OKOHYUTH BY3, - paccKa3bIiBaeT oNTHK LeHTpa Cepreil 'opuykoBCKHil, - HO OH OTHEKUBAETCH,
TOBOPUT, 3/1€Ch JIETH, XO3IHUCTBO. A MMO-XOpOIIEeMy, OJTY4YH OH ceifuac 6a30BbIe 3HAHUS - BOOOIIIE
renueM Oymet".

Bce komanaupoBaHHbIE )KUBYT B OJTHOM U3 JIEPEBEHCKUX JJOMOB Ha YJIHIIE C KPACHUBBIM Ha3BaHHEM
3eneHas. 37iech pacnoaaralTcs U KaOMHETHI JUIs pabOThl, ¥ CIIAIHU, U KyXHS CO CTOJIOBOH,
Oyxrantepusi. MectHas aeBymika o umeHu Ol coBMeIIaeT JOKHOCTh TOPHUYHOM U noBapa. Korna
koppecnoneHTs! "CK" O6butn y Onu B TOCTSIX, OHA TOTOBHIIA OJIA/IbH.

['octununa psom ¢ "mapukom” Oynet paccuutana Ha 20 mect. JIroau, ciyxariue 37ech, JaBHO
MIPUBBIKIIM K pa0OTE BAXTOBBIM METOJOM BJIaJIM OT JIOMa, HACTPOMJIUCH Ha ATO €Ille BO BPEMsI yueObl.
Cpenu acTpoHOMOB, 0COO€HHO HabmtoaaTenel, OonpIie xeHuH. [Ipuunna npocra. CinexxeHue - 3To



OYEHb KPOIOTJIMBAs paboTa, CXoHas ¢ Bsa3aHueM. UToOb! ""BhIIaBIMBaTh" B HEOE HEOECHBIE OOBEKTHI,
CONPOBOXAATh X, U3MEPATDH YIJIbI, U BCE 3TO HE MO OJJHOMY JIECATKY pa3, HE y BCEX MYKUYHMH XBAaTAET
tepneHusi. B CaBByIike nMpue3KuM CIeMaINCTaM KUTh TOHPABWIIOCh. XOTh U TaJIeKO OT rOpoja, 3aTo
npupojia BoeOHas, U MECTHas efla MPUIILIach Mo BKycy. B MockBe 3a Takue AeHbId MPOAYKThI
TaKOr0 Ka4eCTBa HE KYIHIIIb.

ITox cTtBOpkamu Kymosa

Bce T0, 4TO OBLIO OCTPOEHO B MEPBYIO OYEPE/Ib, CBSI3aHO HEITOCPEICTBEHHO C paboToil Teneckona -
anmaparHasi ¥ OamHs. AnnapaTypbl IOKa HEMHOTO -CTOMKHU YIPAaBICHHS, KOTOPbIE YIIPaBIISIOT
JIBUTATEJIEM TEJIECKOIa, KOMIIBIOTEP YIPaBJIE€HUs, IPUOOPHbIE CTOUKH U MOHUTOPBI, HA KOTOPBIX
MO’KHO HaOJII0/1aTh CUTHAJIBI C TEJIeKaMep, YCTAaHOBJICHHBIX Ha Teseckone. CaM TeaecKon HaXOauTcs B
OarrHe ¥ He TpeOyeT MPUCYTCTBUS YeJI0BEeKa BO BpeMs pabOThI - BECh MTPOLIECC YIIPABICHUS
MNPOMCXOUT U3 alMapaTHOM, a JUIs ero 00CITyKUBAHHSI JOCTATOYHO BCETO JBYX OIEpPaTopoB.

B nieHTpe miaHupyeTcs ycTaHOBKA JIBYX TEJIECKOIOB, HO MOKA MPHUBE3EH TOJIbKO ouH. [1o mopore He
obommiock 6e3 ka3ycoB. "MHCTpyMEHT", Tak Ha3BIBAIOT MEXKIY COOO0M TEIECKON acCTPOHOMBI, BE3TTH
pa300paHHBIM B IEPEBSIHHBIX SIIIUKAX, HO KTO-TO HEAKKYPATHO MX YJIOXKWJI, U TEJIECKOB BO BpEMsI
noporu nopeausics. Craasa 60Ty, 4TO TOJIBKO KOPITYC, KOTOPBIH MOIaTaIN yXKe Ha MeCTe.

JUnist 5TOM MaXMHBI BCET/Ia CTPOSIT OTAENBbHOE IIOMElIeHue - OalHio. B qanHOM cityuae B Buze
"mapuka". Kopryc cienan npocTo - U3 HyTBIX OJIOC CTaIH, KOTOPBIE 3alIeHWIN U MTOKPACHIH
cepeOpsiHKOiA. Ha BepXHeM, TpeTheM 3Take OAlTHU yCTAaHOBJICH OH, CBATAS CBATHIX, - TEJIECKOII.
[Ipugem cTOUT OH HE MPOCTO Ha IOy, a IPUKPEIUICH K MOJI0i OETOHHOMI TpyOe, KoTopast
BMOHTHPOBaHA B CKaTy Jaxe riryoxe, ueM ¢pyHIaMeHT Oamau. "Mbl 60sUIHMCh, YTO TIOCIe
3eMIIETpsICEHUsI TpyOa MOXKET M0eXaTh BMECTE CO CKaJIOH, HO, K CYaCThIO, ATOTO HE CITyYHIJIOCH", -
pacckasbiBaeT Cepreit 'opuykoBCKuil.

Cepreii ycrpoun koppecnonaerTram "CK" Hebonbryro s3xckypcuto mo 6amnrae. [lepBoiii aTax -
nojicoOka, Ha BTOPOM B OJIKalIIMii Mecsll OyJeT yCTaHOBIIEHO Jla3epHOe 000pyI0BaHUE, HA TPEThEM
- TeneckoIl. KphlIia - pacKpbIBarOLUICS MTOJHOCTBIO IBYCTBOPYATHIN KyIoJI. B moMenennn - Hesspkui
ceT. Co3maercs cheMOuHyto Mmomaaky punsma "Kun-n3a-a3a". Omrymenunii npubapiseTcs, Koraa,
JIUKO CKpeXela, KyrmoJj pa3be3KaeTcs B pa3Hble CTOPOHBI, 3AJIMBast TUIOMIAAKY C TEJIECKOIIOM JTHEBHBIM
CBETOM.



Ha npunene - cnytHuku

Ha3zBanue Hamiero Teneckomna no-HaygyHomMy caep:xkannoe -TTH. Teneckon TpaeKTOPHBIX U3MEPEHUH.
Usrorosnen on B Cankr-IletepOypre B JIeHHHTpaICKOM ONTUKO-MEXaHUYECKOM OObETUHEHHH.
BonpmmHcTBO pOCCI/II\/’ICKI/IX 1 COBETCKHUX TCJICCKOIIOB IMPOU3BCACHBI MMCHHO TaM. KaMepLI CJIC)KECHUA
usroroBieHsl B MockoBckoM HUU npeninznonHoro npudopoctpoeHus. CTpOMIN €ro 4eThipe ¢
MMOJIOBUHOM roaa, 3aTeM MOHTHPOBAJIN B TCUCHUEC HECKOJIBKHUX MECAILICB, U BOT YK€ 0oJbIIIe roga uacTtr
OTJIaJKA.

[Tocne 15 okTsI6psi COCTOSITCS MEPBBINA ATAN CIAYH IEHTPA U MEKBEIOMCTBEHHBIC UCTIBITAHUS, TIIE,
CKOpee BCero, MOKET MPUCYTCTBOBATH U TyOepHaTop AnTaiickoro kpas Anekcanap Cypukos. K Tomy
BPEMEHH TEJIECKOI YK€ OyJeT HaBOUTHCS Ha PealibHbIe 0OBEKTHI, MMOTY4aTh U MepeaBaTh UX
koopauHathl B LlenTp ynpaBnenus moneramu. [loka uaet oTiiaaka, CrielHaIincTaM J0CTaTOYHO
tenedoHHOro Kabens, 9ToOkl mepeaaBaTh HHHOPMAIIHIO, HO TIOTOM 3THUM HE 000MIEIILCS - K ONTHKO-
Ja3epHOMY IIEHTPY MOJABOJAUTCS JIMHHSI ONTUKO-BOJIOKOHHOH CBSI3H.

K metreonabmroneHussM ANTalCKH ONITHKO-TIA3€PHBIN IIEHTp, Kak mucanu mectHpie CMU, Hukakoro
OTHOIIICHUs He uMeeT. Ero 3a7aua oueHb y3Kas - yTOYHEHHE OpOUT CITyTHHKOB, HAXOISIINXCS B
kocMmoce. C MOMOIIBI0 ONTHYECKHUX M JIA3EPHBIX CPENICTB CIEKEHUS 3TO MOKHO JENIaTh C TOYHOCTHIO 10
MULTUMETpa. JlenaTh 3T0 He0OX0IMMO, TOTOMY UTO C TEYEHHEM BPEMEHH KaXKaas- opOuTa
SBOJIIONUOHUPYET MO ISUCTBUEM TPABUTALIMA U MHOTHX JIpyruX ¢akTopoB. Ha ocHOBe ciemaHHbIX
HaOmronenuit u uamepenuit B L{YII MoryT npuHATH perieHre o KOppeKUuu OpOuTHI.

Hpyras uensb - 6e3onacHocTh. B HeOe MOCTOSHHO HAXOAATCS YyTh MEHBIIE MTOTYTOpa ThICSIY
(GYHKIMOHUPYIOMIMX 0OBEKTOB M OKOJIO TPUIATH THICSIY BCEBO3MOYKHBIX 00JIOMKOB (MX MPUHATO
Ha3bIBaTh KOCMUYECKUM MYCOpOM). M 3TO TOJIBKO T€, KOTOpbIe O(PHIINAILHO BHECEHBI B KATAJIOTH.
"Hampumep, Ha cranmuu "Mup", koraa oHa emie GyHKIHOHUPOBaIA, ObLT CiTydai, KOT/1a KYCOUYKH
KpackKH, OTJIETEBILINE OT KOPITyca, MPEBPATWINCH B TPAHYJIbl U PA3BUIIM TaKyl0 CKOPOCTb, YTO NMPOOHIU
B CTEKJIaX WJUTIOMHUHATOPOB TPEIIMHBI TTyOMHOU 10 1,5 MmmumeTpa, - pacckaszpiBaet Ceprei
['opuykoBCKUil. - A MOTEPSIHHBIM OOJT MOKET U BOBCE MPOITH HACKBO3b". OCTaBICHHBIE
HENWIOTHPYEMbI€ O0BEKTHI 3aIPOCTO MOTYT CTOJKHYTHCS C JCHCTBYIOLIUMH U MOBPEAUTH UX. UTOOBI
u30exaTh 1Mo100HOT0, 32 BCEM 3THM HYXKHO CIICAUTH.



Bropoii B mupe

AHaJIOTHYHBIE TTYHKTHI CIICKEHUS PACTIONOKEHBI 110 BCEH TEPPUTOPHH CTPAHBI HAYMHAS C 3aaHON
rpanuilbl U 3akanuuBas [Jansaum Boctoxkom n Kamuatkoid. Bech mup, kak ceTkol, yreikan umu. Ho
YHUKaJIHOCTh CaBBYITKMHCKOTO IIeHTpa OyAeT 3aKIF0UaThCs BO BTOPOM TEJIECKOIIEe C TPEXMETPOBBIM
3€pKaJIOM, KOTOpBI cMOHTHUPYIOT Kk 2010 rony.

Bonbmioit Teneckon OyneT yCTaHOBIIEH Ha ApYyroi ruiomaake - Ha rope bounbiias, Ha BeicoTe 362 MeTpa
HaJl ypOBHEM MOps. BBIMOIHATH 3TOT TenecKom OyIeT HEMHOXKKO Ipyrue (pyHKINHU, 4YeM TOT, UTO YKe
ycraHoBJieH. C HEro MO>XHO OyJIeT MMoJIyyaTh He TOJIBKO OYeHb TOYHYIO0 HHPOPMALIUIO O KOOPAWHATAX
U 1aJIbHOCTU OOBEKTOB, HO M KAUECTBEHHOE UX M300pa’keHue JaXke C IOCTAaTOUYHO YAaJIeHHBIX opout. 1
LEJNIBIO €ro OyayT APYrHe CIyTHUKH - T€, KOTOPbIe HaXOAATCs Ha 0oJiee BEICOKUX OpOHTaX U C
ITOMOIIBIO KOTOPBIX OCYIIECTBIISIFOTCS CBA3b U NIEpeiada TEIEBU3NOHHBIX CUTHAJIOB, a TAKXKE
pa3BeJbpIBaTEIbHbIE CIIYTHUKH, ITPEIHA3HAYECHHBIE JJI1 BOCHHBIX HYXKI.

Korna Bce 10 KOHIIa MOCTPOSIT, CMOHTUPYIOT OOJIBIIION TENECKOI, €IMHCTBEHHBIM OIDKANIIINM
AQHAJIOTOM AJITAaCKOMY LIEHTPY CJIeXKEHHs Oy/IeT aMepUKaHCKUH IIEHTP CIIyTHHUKOTO CIIEKEHHS Ha
octpoBe Mayw (I"aBaiin), T/1e CTOUT HECKOIBKO TEIECKOIOB, CAMBI OONBIION U3 KOTOPBIX C
nuametpom 3,5 metpa. [IpaBaa, ecth Ha 3emiie U 00siee KPYITHBIE TEJIECKOIbI, HO OHU CYTy00
aCTPOHOMUYECKHE U Y HUX COBCEM JIPYTUe 3aJlayi, HEXKEIIN y HAILIErO ONTUKO-JIa3epHOro NeHTpa. Tak
YTO HAIll TEJIECKOI B CBOeM pojie OyaeT BTopbiM B mupe! 1 nepBbim B Poccun!

Hopory k 03epy MOTyT EPEKPHITh

OcraBaica enie OQuH BOIIPOC, KOTOPBIM MHTEPECOBAI HAIIMX KOPPECIOHAECHTOB. [louemy i
CTPOMTENIbCTBA TAKOT'O BaKHOT'O B UCCIIEIOBATEIbCKUX MaciTabax 00beKkTa OblI BHIOpaH HMEHHO
Anraiickuii kpait? CriennanucTbl OOBICHIIOT 3TO UCKIIIOUNUTENBHO HAYYHBIMU (DaKTaMHU.

st ctpouTenbcTBa HAOMIOAATETEHON 00CcepBAaTOPUH HEOOXOIMMO MECTO C XOPOIINM aCTPOKINMATOM
- JIOJDKHO OBITh IOCTATOYHOE KOJMYECTBO SICHBIX HOYel B roay. [1o uccnenoBanusmM acTpoHOMOB, B
CasByuike ux nopsnaka 176. Bropoe ycinoBue - kauecTBo aTMoc(hepsl, MUHUMYM ee ApokaHus. Bee 3to
HE00XO0IMMO JJIsl TOT0, YTOOBI B XOPOIIYIO MOr0/y OJIY4aTh C TEIEeCKOIa YeTKHE N300paskeHHs Jaxe
MIpU OYEHBb OOJILIIIOM YBEJIWYEHUH. "5l HE MOTy CKa3aTh, UTO 3TO CaMO€ HICATbHOE MECTO, - TOBOPUT
Cepreii ['opuyKoBCKHIA, - HO OHO MOAXOIUT [0 MHOTHM IapaMeTpaM, K TOMY K€ OHO Ha
Bo3BbIIeHHOCTH". (Ha paBHUHE OoJbIINE TEIECKOIbI HE CTaBAT.)

Mo>xHo ObL10 TOCTpoUTh 06cepBaTopuio U B 'opaom Auntae. Henaneko ot I'opHo-AdnTaiicka ecTh
MeCTa JJaXke ¢ JTy4IIUM acCTPOKIMMATOM, HO OHM yJIaJI€Hbl OT HACEJIEHHBIX ITyHKTOB, a HA
CTPOUTENIBCTBO JOPOT YIUIO ObI HECKOJIBKO JIeT. CaBBYIIIKA e B 9TOM IIaHE UjeaIbHa - Jopora
PsIIOM, €CTh HAaCeNEHHbIH MyHKT, TJIe MOXHO IIOCTPOUTH 0azy.

Ho HeoxxumaHHBIN CIOPIpU3 MPENOHECIH... TypucThl. Hemonaneky naxoautcs bonbmioe Ko-
JBIBAHCKOE 03€PO - M3IIIO0JIEHHOE MECTO OTIBIXArOIMKX. M IeTOM IpH OTIIajKe TelnecKoma 0Ka3aioch,
YTO OHU MOTYT OY€Hb CHJIBHO J0CaxaaTh. [[puyem He B MIaHe TOOOMBITCTBA (XOTS CIIy4aaoch U
takoe). [To momto e3aaT aBTOMOOMIH, U UX (apsl 3I0POBO OCBEHIAIOT MECTO, TJI€ YCTAaHOBIICH
TEJECKOIL. DTO 3aMPOCTO MOXKET COPBaTh HAOMIOACHHUS - CBET OT (hap MOKET 3aCBETUThH N300pakeHue,



MOJTy4YE€HHOE € KaMep, TaK KaK OHU OY€Hb 4yBCTBUTENbHbIE. [[0aTOMY, KOT/1a IEeHTp 3apaboTaer,
NPUIETCS IPUHATH MEPHI - OTPAaHUYUTh KOJMUYECTBO TYPUCTOB JIMOO OpPraHU30BaTh MOABE3 K 03€py C
JIPYroil CTOPOHBI.

AnHa BAJH)L[E]U3A. 5
doto Axusl 3SANUKOBOMU.
CasBymika - bapnayi.

P.S. A onacHocTH [11s CeNbYaH JIMH3BI U J1a3epbl HEHTpa HUKAKoW He HecyT. 1 pagnanny HUKakod HeT.

Cnpaska "CK". B CaBBylike ycTaHaBIMBAIOT UMITYJILCHBIN JIa3ep 3€JI€HOT0 BeTa. MONIHOCTh 5 BartT,
C Y3KUM CHEKTPOM U3IY4YEHHUS U KOPOTKUMH UMITyJIbcaMu. OH OyAeT onpeseNaTh ¢ TOUHOCTBIO 10
CaHTHMETpa pacCTOsHUE 710 COYTHUKOB. BepxHuii nmpenen padboTs! iazepa - 40 ThICSY KMIIOMETPOB, TO
€CTb JI0 BEPXHET0 Mpejienia CTallioHapHbIX opOuT. Jlasep He BbIpabaThIBaeT paJHalliOHHOTO
U3TyYEeHHs], ONTACHOTO IS KU3HHU.



http://www.astronomer.ru/news.php?action=1&nid=85

- ACTPOHOMMA ¥ TENECKONOCTPOSHNE

ANA TEX, KTO HWE MOMKET pPaBHOJYyWHO CMOTPETHL Ha Hebo...

B AnraiickoM Kpae cTpOST YHUKaJIbHBIH KOCMUYECKUNA IEHTP HAOII0JeHUN

Teneckon TpaeKTOPHBIX U3MEPEHHUI ANTAaCKOTO ONTUKO-JIa3€PHOTO LEHTPA
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Ectp mpenmnonoxenue, uyto Oynet oprannzoBaHa noes3aka Ha HaOmoaeHus B CAO ¢ 17 o 27 centsa0ps
2006 roxa. Ye ecTh KeNarnife Ha 3Ty IOe3AKY, HO...

Y MeHs ecTb OoJiee HHTEPECHOE TIPETOKEHHE: s ObI XOTEN MoeXaTh Ha ANTalCKyl0 00cepBaTOPHUIO B
patione nepeBHu CaBByiika (psaoM ¢ ropoit bonbmas, 644 m). Tam ecTh Bce yCIoBUs ISl pa3MEICHUS
anmapatypsl, IpekpacHoe He0o, ypoBHsI Maiinanaka. B 3To BpeMs rofa BEpOsSTHOCTh HAOIIOJaTeIbHOM
norozsl 6mm3ka k 100%. EcTe rocTuHUIIA ¢ TUTaHHEM, CTOMMOCTH 0KoJi0 500 pyOneit B CyTKH.
EnuHcTBEHHOE HEYNOOCTBO, JITUTENLHOCTD MOE3]IKU U €€ CTOMMOCTh HECKOJIBKO OOJIbIIIAs YeM MOe3/IKa
B CAO. Ho B CAO onsiTh MOKHO MPOJIETETh ¢ HEOOM, UTO MOCeAHEE BpeMs ObIBACT BCE YaIlle U Yallle.

CronMocTts npoesaa Ha noesne oT Mocksel 10 baprayna 2500-2800 B Kyrie, BpeMs B IyTH 58 4acoB.
(Camonert okono 10000 B 06a koH1a, ety 4 ¢ HeOoabpIuM yaca)lIpu nmpuesae yepes noiavaca yxXoauT
pENCOBBIN aBTOOYC, KOTOPHIN uepes3 5.5 yacoB npuezxaeT B A.CaBBymika. [lanee 4 kM nemkom, Wiv Ha
MallgHe OT 00CcepBaTOPUH.

http://www.starlab.ru/showthread.php?t=5745&page=2

21.06.2006, 08:23 #12
KORO1

Lypy

Peructpanms: 22.04.2001
Anpec: Zelenograd
CooOmenus: 1,051

[To ymomuanuto

Crposiasicss o6cepBaTopus HaxoauTcs B 4.5 kM oT nepeBHr CaBByIIKa U peHauiexxut Poccuiickomy
HAy4YHO-HCCIIeI0BATeNIbCKOMY MHCTUTYTY KOCMHUYECKOTo npubopoctpoenus. [Ipenmnonaraercs Ha rope
bonbuias ycTaHOBUTH 3 METPOBBIN TEIECKOI, KOTOPBIN C€iYac yCIEeNIHO N3roTaBIMBAETCs CHIIaMU
JIOMO u JIsiTkapuHo. OCHOBHbBIE HAOTIOACHHUS : CITyTHUKH.

Ceituac Tam ectb: 60 cm nByxmenuckoBbiii Kaccerpen; 350 mm kamepa "a-nst Tepebmxk" (Bomocos-
HpI0TOH ¢ 0THOTMH30BBIM KOPPEKTOPOM, OH ke Cnedorr-Puxrep kak Ha oOcepBaropuu "Macrtep");
150 mm aByXMeHHCKOBBIN KaccerpeH; u nemaeTcst U CKopee BCero B CeHTA0pe OyaeT ycraHosieH 250
MM JBYXMEHUCKOBbIN KaccerpeH.
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ITo ymonmuanuro Re: CeHnTsOpbcKas moesika Ha HaOJt0IeHUS
ITpuser, komneru!

Mei Bole3kanu B CaBBYIIKY AJisi HAOMIOIEHUI Ha Heento B Hadane ceHTs0ps 2004r. CHadana
moObIBaNIM HA 00CEPBATOPHH, OUYEHb TOHPABIIIOCH. JIeHCTBUTEIFHO TOCTUHHUIIA M TYJILTOBAS CICITaHbBI
OuYeHb COBpeMeHHO. [IprueM CTpOUTEeThCTBO TaM aKTUBHO MPOI0JDKANOCH. Eciu He ommbarock BICOTa
oOcepBaTopuH HaJ YpoBHEM Mopst 385 M. B koHeYUHOM HTOTE J1arepb Mbl IOCTaBWIIN BBIIIE HA TOpE,
TaM 0koJ10 450 M nostydaercs. Y TBepkaaeTcs, 4To TaM okoisio 170 sicueix qHel B roay. [IpaBna Ha
CJICAYIOIINI JIEHb TTOCJIC HAIIETO MPUe3/ia, omes JJuBeHb. CHuenu B MallliHe TPYCTHBIE, CKYIIAIA OT
TOCKH OyThUIOUKY. Ha crenyrommuii [eHb pa3bsiCHUIOCH. B uTOre 1Mo moro/ie Noay4Yiioch IpUMepHO
MOJIOBMHA SICHBIX HOouel. HeoxkumanHo okazaock, 9To OBIBAIOT TaM JHEM Hecsia0bie BeTphl. Ha BTOpOi
JIEHb Y HAC BETPOM YPOHHUJIO TPEHOTY ¢ MOHTHUPOBKOM U ITOTHYJICS OJIMH U3 XOMYTOB JUISI KPEILJICHUS
ruja K Teneckomny. [locie 3Toro, moxoauB BOKPYT Jarepsi, BEHIOpaiu APYTyro HaOI01aTeIbHYIO
TUTOMIAJIKY B BeTpOBO# TeHu. [Ipunuiock ot cheMku B psiMoM Gokyce HeioToHa oTkazatbes. CHUMAIN
HaBECHBIM 000PY/I0BaHHEM, UCIIONB3YS TEIECKON B KauecTBe ruaa. Ho B 0HY M3 HOUEH BETEpPOK BCe-
TaKu JaBall 0 ceOe 3HATh.

Kcraru, He uckimo4eHo, 4to B paiioHe CaBBYIIKH KaKOH-TO 0COOBIH JOKaIbHBIH MUKPOKIMMAT. MBI
HECKOJIbKO Pa3 BUEIH, YTO 00JlaKa UK Y TOPU30HTA IJIOTHBIM ()POHTOM C IBYX CTOPOH, a HaJl HAMHU
Ob110 sicHOe He0o. Takoe peIKo BCTPETHUIIIb.

B cpennem, nymatro, morojia B 3To BpeMs TaM J0JkKHA ObITh Jiyutie. B centsope 2003 roga Mel
Bble3kanu Ha r.Cunroxa (1000m) nmpumepHo B S0kM K BOocTOKy oT CaBBYIIKH, TOT/1a IpeKpacHas
MIOr0JIa CTOsJIA - BCIO HEJENI0 HU 00J1auKa.

[To kpaiineit mepe Aiis Hatiero peruoHa (Antaii, 3amagnas Cubups) »Ti MecTa 6€3yCcIIOBHO Harnbolee
OJlaronmpuATHHI B TJIaHe acTpokiauMara. U mmpora tam okoino S1. [Image attachment on next
sourcebook page.]



http://www.starlab.ru/attachment.php?attachmentid=1036&d=1150893362



http://www.starlab.ru/attachment.php?attachmentid=1036&d=1150893362

http://www.starlab.ru/showthread.php?t=5745&page=2

21.06.2006, 23:21 #16
Oleg Chekalin
ABTOpUTET

Peructpamus: 05.10.2002
Anpec: Mocksa
CooOmrenns: 972

ITo ymomuanuto
Hukomaii, a 4To MEeCTHBINM HapOJ TOBOPUT MPO YpOBEHb TypOyneniuu B CaBBymike?

Onmer.
http://www.starlab.ru/showthread.php?t=5745&page=2
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ITo ymomnuanuro

Onner, 1ey0 B TOM, YTO Ha CTAHIIMU K MOMEHTY HAIIIETO TpHe3/ia TOJbKO YTO 3aKOHUMIINCH UCIIBITAHUS
U cAada 00bEKTa B DKCIUTyaTaIluio, Obljla OYeHb cephe3Has 3anapka. M3 HaydyHOro nepcoHana OblIo
TONIBKO 2 yenoBeka. OAuH MouTu cpaszy yexan B MOCKBy, a Apyroii xkuBeT B CaBByIIKE MOCTOSHHO, HO
3TO MOJIOJION MapeHb, OH TOJIBKO BXOAMI B Kypc Aena. Tak 9To 0cobo mopacnpamBaTh MECTHBIN
HapOJ HE MOTYyYUIIOCh.

S nymaro, 4TO y HUX MPAaKTHYECKU HE OBLIO BO3MOKHOCTH cOOpaTh Takue JaHHbIe. J[pyroii Bompoc,
BEJIMChH JIU TaKHe MCCIIeI0BaHUs PaHbIIE HAa CTaANM BbIOOpa MecTa?

HOCKOHBKy MPAKTUYCCKU BCA KOMaHa IIPUE3XKACT U3 MOCKBI)I, TO HOCUTCIIN I/IH(i)OpMaHI/II/I TaM.

Opranuzanys IeMCTBUTEIBHO BOEHHASA, TaM JICMCTBYET MPOIMyCKHAs cuctema. Mbl 3apaHee 3aKa3blBaIN
npornycka. Ho oxpana 6e3 coTpyaHuKa 00CepBaTOpPUH Ha TEPPUTOPHIO HE ITyCKAET.



http://www.starlab.ru/showthread.php?t=5745

http://www.starlab.ru/attachment.php?attachmentid=1033&d=1150866200

Kapra o6cepBatopuu psigom ¢ CaBBymikoit ropa bonbimas , 31ech 1 HaXOIUTCS 00CepBaTOPHSI.

[
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http://www.starlab.ru/attachment.php?attachmentid=1033&d=1150866200
http://www.starlab.ru/showthread.php?t=5745

http://www.starlab.ru/attachment.php?attachmentid=1034&d=1150866926
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Location of Gora Bol'shaya (51.34 N, 82.18 E) relative to Savvushka and Lake Kolyvan



[Shortly after this sourcebook was first posted at fas.org on 7 January 2008,
(http://www.fas.org/blog/secrecv/2008/01/sourcebook on_the_altay_optica.html)

the DigitalGlobe Quick Bird satellite was tasked to image the area on 11, 21 and 26 January. The
imagery of 21 January was obscured by clouds.]


http://www.fas.org/blog/secrecy/2008/01/sourcebook_on_the_altay_optica.html

http://sibir.rian.ru/culture/20031013/191582.html

B AnTaiickoM Kpae co31aeTcsl ONTHKO-JIA3ePHbIA HEHTP AJIA CJIEKEHHS 32 HCKYCTBEHHBIMHU
KOCMHMYECKMMH 00beKTAMH

13/10/2003

CTpouTenbCTBO YHUKAIBHOTO KOCMHUYECKOTO IIEHTpa HaOI0IeH i B 3MEMHOTOPCKOM paiioHe
AnTalickoro Kpasi 101roe BpeMsi HUKaK He ocBeranock. "PocaBuakocmoc" u MockoBckuit HUN
MPELIEH3UOHHOTO MPUOOPOCTPOSHUS - OPTaHU3AIUHU CEPhE3HbIE, BKIAILIBAIOT CPEACTBA U CTPOST 1O
mia”y, cooOmrmia razera "CBo6oaHbIHM Kypc'. "MbI HE XOTHUM, YTOOBI XOIUITU HUKOMY HE HY)KHBIE
ciayxu", - CKa3aJ riIaBHbIA KOHCTPYKTOP AJITaliCKOTO ONTHUKO-JIa3epHOTo LeHTpa EBrennii I'pummH.

CrpoutenbcTBO HIIET B HeOonbIoM cene CaBByIIKa, YTO B CEMUAECATH KUIIOMETPaxX OT 3MEHMHOTOpPCKa.
Kak pacckasbiBalOT MeCTHBIE KHUTEHU, CTPOAT HE CKA30UHBII IBOPEIl U Jake He TYpKOMILIEKC (MecTa B
CaBByIlIKe yIUBUTEIBHO KPACUBBIE), a YTO-TO OOJIBINIOE, KPYTJIoe U OiecTsmiee - "mapuk", Kak

Ha3bIBAIOT OOBEKT B cesie. A CTaHIMS YXKe MOoIy4yusia Ha3BaHue - ANTailCKuil ONTUKO-JIa3epHBIA LEHTP.

[Noctununa psgom ¢ "mapuxom" Oynet paccuntana Ha 20 mecT. Jlronu, ciayxarniue 37ech, JaBHO
MPUBBIKIIN K pab0OTE BaXTOBBIM METOJIOM BlaiH OT 1oma. Cpeau acTpOHOMOB, OCOOEHHO
HaOroAaTenei, Oopiie XeHIMH. Bee To, 9To OBIII0 MOCTPOCHO B MEPBYIO OYEPE/Ih CBSI3aHO
HETMOCPEICTBEHHO ¢ paboTol TesecKora - anmnaparHas 1 6amHs. B 1ieHTpe miaHupyeTcsl yCTaHOBKa
JIBYX TEIIECKOIIOB, HO TIOKA MMPUBE3EH TOJIBKO OJIUH - TEIIECKOI TPACKTOPHBIX U3MepeHuit. 3roToBieH
oH B Cankr-IlerepOypre B JICHUHTpaJCKOM ONTHKO-MEXaHUYECKOM OOBEIMHEHUN.

K MeTeonabmroieHusM ANTaiCKUI ONTHUKO-TIA3epPHBIN IIEHTp, Kak mucanu MectHbie CMU, HIKaKoOTO
OTHOIIIEHUsI He nMeeT. Ero 3a/1aua o4eHp y3Kasi - yTOUHEHHE OPOUT CITYTHUKOB, HAXOJISIIIIUXCS B
kocMoce. C MoMOIIbIO ONTUYECKUX U JIA3€PHBIX CPEACTB CIEKEHUS 3TO MOKHO JEJIaTh C TOYHOCTBIO J10
MWIJTUMETPA. AHAJIOTUYHBIE MTYHKTHI CIICKEHUS PACIIONOKEHBI M0 BCEH TEPPUTOPHUH CTPAHBI, HAUMHAS
C 3amaJiHoOM rpaHulibl ¥ 3akaHunBas Jlansaum Boctokom n KamuaTkoit.

Bosnb1ioit Teneckon OyneT ycTaHOBIIEH Ha APYroi IUIOmaake - Ha rope bosblas, Ha BeicoTe 362 MeTpa
HaJl ypOBHEM MOpsl. BBIMOMHITH 3TOT TeNecKom OyAeT HEMHOXKKO Jpyrue (QyHKIUHU, YeM TOT, UTO YKe
ycraHoBJieH. C HEro MO>KHO OyZIeT MOJTy4aTh HE TOJIBKO OY€Hb TOYHYIO HH(OPMAIHIO O KOOpIUHATAX
U 1aJIbHOCTU OOBEKTOB, HO M KAUECTBEHHOE UX M300pa’keHue AaKe C IOCTATOUYHO YJAJIEHHBIX OpOUT.



http://www.allrussia.ru/news/default.asp?
MaxValue=150&MinValue=121&vYear=2003&vMonth=10&vDay=15

15.10.2003 12:47:00

B Anratickom Kpac co3aacTCA OHTI/IKO-H%epHHﬁ LHEHTP JIA CICIKECHUS 3a NCKYCTBCHHBIMU
KOCMHYECKUMH 00bEKTaMHU

Kaxk coo6maer PUA "HoBoctu" - Cubupb, CTpOUTENBCTBO UET B HEOObIIOM cesie CaBBYIIIKa, YTO B
70 xunomeTpax ot 3MenHoropcka. CTaHIus y’Ke MoJlydnia Ha3BaHUeE - ANTaliCKUM ONTHKO-Ia3€PHbIN
HeHTp. 'ocThHULIA PsIIOM € LIeHTpoM OyzeT paccuntaHa Ha 20 mect. JIroau, ciykaniue 31ech, JaBHO
NPUBBIKIN K pab0Te BAXTOBBIM METOJIOM BAAH OT JoMa. Cpean acTpOHOMOB, OCOOEHHO
HaOroAaTenei, 6opiie XeHIMH. Bee To, 9To OBIII0 MOCTPOCHO B MEPBYIO OYEPE/Ih CBSI3aHO
HETOCPEACTBEHHO ¢ pabOTOH TeJecKora - anmnaparHas ¥ OamHs. B [eHTpe miaHupyercsi yCTaHOBKa
JIBYX TEJIECKOIOB, HO MIOKA MPUBE3€H TOJIBKO OJUH - TEJIECKON TPAeKTOPHBIX n3MepeHuil. 3rotosneH
oH B Cankr-IlerepOypre B JIeHUHIpaCKOM ONTHKO-MEXaHUYECKOM 00beanHeHnH. K
METEOHa0I0IeHUAM ANTalCKUI ONTHKO-TIa3€PHBIN IIEHTP HUKAKOTO OTHOILIEHUs! He uMeeT. Ero
3aja4a OYeHb y3Kasl - yTOUHEHHE OpOUT CIIyTHUKOB, HaXoAAIuXcs B Kocmoce. C MOMOIIbIo
ONTUYECKUX U Ja3€PHBIX CPEJICTB CIEKEHUS 3TO MOYKHO JIEJIaTh C TOYHOCTHIO 0 MUJUTUMETPA.
AHaJOrMYHBIE YHKTHI CIEKEHUS PACIIONOKEHBI IO BCEH TEPPUTOPUM CTPaHbl, HAUMHAS C 3alaJHON
rpaHuIlpl U 3akanduBas lansaum Bocrokom n Kamuatkoii. bosbioit Temeckon OyieT yCTaHOBJICH Ha
Jpyroy IuIomanke - Ha rope boinpmiasi, Ha BeicoTe 362 MeTpa HaJ ypOBHEM MOps. BBINOIHATE 3TOT
TEJIECKOI OYJIeT HEMHOXXKO Jpyrue (PyHKIIMH, 4YeM TOT, 4TO yke ycTaHoBiieH. C HETO MOXKHO Oy/eT
MOJy4aTh HE TOJBKO OYE€Hb TOUHYIO HH(OPMAIMIO O KOOPAUHATAX U AaJIbHOCTU O0BEKTOB, HO U
KaueCTBEHHOE UX M300pakeHHe J1aXke ¢ JOCTaTOYHO yAaJeHHBIX OPOUT.



http://www.pereplet.ru/news/index.cgi?id=10899

30.10.2002
14:39

Ha AnTae HaYaTo CTPOMTEIBHCTBO ONITHKO-1a3€PHOTO IEHTPA

CTpoutenbCTBO ANTalCKOTO ONTUKO-JIA3€PHOTO IEHTPA HAYAJIOCh B 3MEMHOTOPCKOM palioHe
Kpas HemojayieKy oT cena CaBylIKU. YHHMKaJIbHBIN Hay4HBIN LIEHTP BO3BOJAT IO 3aKa3y MOCKOBCKOIO
[{eHTpaabHOrO HAyYHO-UCCIIEI0BATENIBCKOTO HHCTUTYTA TPU KPYIMHEHIITNX CTPOUTENbHBIX
npeanpusTus Anras. CnenuanucTsl HeHTpa OyAyT U3y4aTh KOCMUYECKHE OOBEKTHI U
MeTeoposoruueckue siBnenus. [lonoousix nenTpoB B Poccun aBa: B [Ipumopse u [loamockoBse. Mx
CTpOST B MeCTax € BBICOKOW aTMOC(EepHON MPO3PaYHOCTHIO.

Kak coobumn koppecnionnienty MTAP-TACC rnaBHblii uHxeHep npoekra Hukonait 3aiiues,
B IIEHTpe OyZeT yCTaHOBJIEHO JIBa TeJecKoma: 00ybIIoN 1 Maiblifl. CTpOUTENBCTBO MAJIOr0O TeJIECKOIa
IUTAHUpYeTCs 3aBepIUTh K KoHIly 2003 rosna. bonbioi Teneckon ycTaHOBAT Ha BBICOKOTOPHOM
wiomaake. s 3Toro npuaeTcs NocTpouts Jopory. OKoso Kaxa0ro onTH4eckoro npudopa oyzaer
CO3/1aH alNapaTHbIM LIEHTP U BO3BEJIEHBI KUIIBIE TIOMEIIECHUS ISl YYEHBIX.
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OETEPAITBHOE KOCMUYECKOE ATEHTCTBO

Pa3nen cipaBouHuka: [Ipennpustus, Bxoadime B cTpykTypy Pockocmoca

Hazsanme:  OHIIL ®I'YII «<HUU [Ipeunsunonnoro [IpudopoctpoeHusn»

Anpec: Poccus, 111250, r. Mocksa, yia. ABuamoTopHas S3.

PykoBonurenu: I'enepasnbhblil nupexTop - Poit HOpuit ApceHTbeBuu.

['enepanbHbIll KOHCTPYKTOp, NMEPBBIA 3aMECTUTENHL T€HEpPaIBbHOTO TupekTopa - [llapropoackuii Buktop
JlanuumaoBuy.

Tenedon, daxc: +7 (095) 234-98-47, 234-98-46

E-mail: niipp@niipp-moskva.ru

Web-caii:  www.niipp-moskva.ru

JomnonuurenbHas uHGOpManus:

Uctopuueckas crnpaska OI'YII «HUU [I1» co3zgan B 1986 roay. C 1998 roga Bo ®I'VII «<HUUA I1ID»
COCpEA0TOUYEHBI pa3pabOTKU KBAHTOBO-ONTHUUYECKHUX CUCTEM U Ha HETO BO3JIO’KEHA OTBETCTBEHHOCTD 32
KOOPJIMHALIMIO UX BHEJAPEHHUS B PAKETHO-KOCMHYECKHE KOMIUIEKCHI BOEHHOI'O ¥ COLIMAIIbHO-
HYKOHOMUYECKOTO Ha3HAUCHUS, a TAKXKE 32 MEXKITYHAPOJTHOE COTPYAHIUECTBO B 3T0i obmactu. C 2001
rojia Ha UHCTUTYT BO3JI0KEHO HAyYHO-TEXHUUYECKOE PYKOBOJCTBO pabOTaMH MO CO3/1aHUIO0 KBAHTOBO-
ONTUYECKUX CUCTEM JIJIsI PAKETHO-KOCMHUYECKOM M aBUALIMOHHOM TEXHUKU. PacniopspkeHuem
ITpaButensctBa PD ot 10 deBpans 2004 r. Ne188-P ®I'VII «HUU IIIT» npucBoeH craTyc
®denepanbHOro Hay4yHO-IPou3BoACTBEHHOro 1eHTpa. OI'YII « HUU IIID» sBnsieTcs ronoBHOM
OpraHU3aLMEN MO CO3JaHNUI0 POCCUMCKON CETH ONTHKO-JIA3€PHBIX CTAHLIMM /17151 TPAEKTOPHBIX U
(GOTOMETPUICCKUX U3MEPEHUN KOCMHUECKUX O0OBEKTOB, YUACTBYET B BBIITOJHEHUH MEKTyHAPOTHBIX
reoIe3NYeCKiX U reo(U3NYECKUX CIIyTHUKOBBIX MPOTrpamMM JIa3epHOU JOKAIMU U IPECTABIISIET
uHTepeckl «PockocMocay B MexayHapoaHOH cityx0e nasepHoil nansHoMerpun ILRS. OI'VIT «HUU
[1IT» - u3BecTHas B HAYYHBIX KPYrax B Halllel CTpaHe U 3a pyOeoM opraHu3zaiusi, B KOTOpon
IIPOBEJCHBI TMOHEPCKUE HAYYHO-TEXHUYECKUE pa3paO0TKU CUCTEM M KOMILJIEKCOB Ha OCHOBE JIa3€pHOM
TEXHUKH, ONTUKU U CUCTEM BBICOKOTOYHOTO HaBeneHus. [Ipeanpustue ¢ onbITHO-
HKCIIEPUMEHTAJILHBIM 3aBOJIOM pactojaraercs Ha mioaad okoio 30000 kB.Mm, siBasieTCS
MHOTONPO(UIBHBIM HAyYHO-UCCIIE0BATEIHCKAM IEHTPOM, UMEET Ha/IeKHbIE CBA3H C HAyYHO-
HCCIIEN0BATEIbCKMMU LIEHTPAMU U 3aBOJaMU-U3rorosuressiMu Poccun, Ykpaunsl, benapycu,
VY36ekucrana, CILIA, I'epmanun, Utanmuu, BenukoOputanuu, ABctpanuu u 1pyrux crpad. CTpykTypa
- HayYHO-HCCJIEI0BATEIbCKUE OTAEIEHUS U OTAEIBL; - KOHCTPYKTOPCKUE OTIEIIbI; - HCIBITATEIbHAS
CcTeHI0Bas 0a3a; - ONMBITHO-3KCIIEPUMEHTAIBHBIN 3aBO; - (pryinan « ANTaliCKUN ONTUKO-JIa3ePHBII
nentp» OI'VII «HUMU II»; - punman OI'YIT «HUU II1» B r. Benukuit HoBropon; - pumman @I'YII
«HUWMU TIIT» B r. Cankt-IletepOypr; - dunman OI'YIT «HUU [I1» «Cranuus onTHYecKux
HabOmoieHnit « Apxbi3» B KapagaeBo-Uepkecckoit Pecyonke. OCHOBHBIC HAITPABIICHUS


http://www.niipp-moskva.ru/

JESITENIbHOCTH - JIa3epHBIE CUCTEMBI MIEpelauy IUPOKOIOIOCHON HHPOPMAIIMH KOCMUYECKOTO U
Ha3eMHOT0 0a3MpOBaHUS; - JIa3epHbIe OOPTOBBIE JATLHOMEPHI [T ONPEIEICHUsI TOYHOTO MacIITadba
TonorpadUYecKuXx CHUMKOB ITOBEPXHOCTH 3€MJIH; - JTa3€pPHbIE CUCTEMbI U3MEPEHHUS ITapaMeTPOB
COMKEHUS] KOCMUYECKUX alapaToB, B TOM YHUCIIE ISl CTHIKOBKH TPAHCIIOPTHBIX M MUJIOTHPYEMBIX
KOopaOlJieil; - ONTUKO-JIOKAlIMOHHbBIE CUCTEMbI OOHAPYKEHUS U OTIpEAETICHUS] KOOPAUHAT O0BEKTOB
HaOroHus BuaMoro v MK-anana3zoHoB 17151 UCTIBITAHUNA CPECTB PAKETHOTO BOOPYKEHHUS U
ABUAIMOHHOM TEXHUKHU; - KOCMMYECKHUE CUCTEMbI PETUCTPAlMU KOOPAUHAT U MapaMeTPOB IN100aTbHBIX
Ype3BbIYAHBIX CUTYallU; - KBAHTOBO-ONTUYECKNE CUCTEMBI IPELU3NOHHBIX U3MEPEHUI TapaMeTPOB
JBUKEHHSI KOCMUYECKUX 0OBEKTOB; - KBAHTOBO-ONTUYECKUE CUCTEMBI JIJISl TIOTYUESHHS
MHOTOIapaMeTPUIECKON HEKOOPIMHATHOM HH(OPMAIIUHU O JTIOOBIX CTIEIUATEHO KOHTPOIUPYEMBIX, a
Takke aBapuiiHbIX KA ¢ 11en1po ux uaeHTu(uKanuy, KOHTPOJIS COCTOSHUS U KaTaJlOTU3alluy; -
Ha3eMHbI€ KBAHTOBO-ONITUYECKHE KOMIIIEKCHI 9KOJIOTMYECKOI0 MOHUTOPHUHIA M KOHTPOJIS COAEPKAHUS
BPE/IHBIX BELIECTB B aTMOC(EpPE, B YACTHOCTH MPH TEXHOTCHHBIX aBapUsAX UM BOCHHBIX JEHCTBUSIX.
VYyacTtre B KOCMUUECKHMX IIporpammax U npoekrax HannonansHbie nmporpammsl: @enepaibHas
KocMuuecKkas nporpamma, @enepanbHas LeneBas nporpamma «I'mobanbHasi HABUTAIIMOHHAS CUCTEMAY,
«METEOP-3M», «Jlapemy, «Moxaeny». Mexnynapoansie nporpammsl: LAGEOS, GPS,
STARLETTE, STELLA, AJISAL IlepcnektuBnbie nporpammbl: «I'EO-MK-2», GALILEO, Criosat,
Goce.



http://www.niipp-moskva.ru/index.php?option=com_content&task=view&id=1&Itemid=1&lang=ru
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OCHOBHOI Hay4HO-UCCJIEJOBATEIBCKOTO U KOHCTPYKTOPCKOI'O COCTaBa MHCTUTYTA CTall
kosutektuB JazepHoro oraenenus PHUUN KII /Poccuiickuii nayuno-ucciedogamenbckuii uHcmumym
KOCMUYecKo2o npubopocmpoenus], KoTopoe B JalbHeHmeM Obl10 IpeoOpa3oBaHO B TOCYIapCTBEHHOE
yHUTapHOE npennpusiTiue «KBaHTOBO-ONTHYECKHUE CUCTEMBD) C Mepeiadeil MPOU3BOICTBEHHBIX
riomazaeit okoio 30 000 KB. M . C COOTBETCTBYIOIIUM UMYIIECTBOM.

Pacnopsoxennem Munrocumyiectsa Poccun ot 13 oksi6ps 1998 roga Ne 1318-p
TOCY/IapCTBEHHOE YHUTApHOE Mpeanpusitie « KBaHTOBO-ONTHYECKHE CHCTEMBD» OBLIO MPUCOEANHEHO K
HWU TIIL.

[Ipukazom I'enepanbHoro nupexropa Poccuiickoro aBualiuOHHO-KOCMUYECKOT0 areHTCTBa OT 3
nexadps 2001 r . Ne142, cornacoBanusiM ¢ Muno6oponst Poccun, @I'VIT «HUU II1» onpeneneno
TOJIOBHOM OpraHu3aIyeil mo pa3padoTke KBAaHTOBO-ONTUYECKUX CUCTEM U UX BHEIPEHUIO B PAKETHO-
KOCMHUYECKHE U aBUALMOHHBIE KOMIUIEKCH BOGHHOT'O M COLIMAJIBHO-KOHOMHYECKOIO Ha3HAYCHHUS, a
TaKXke M0 MEXTyHAPOJAHOMY COTPYIHUYECTBY B 3TOM 00JACTH.

Otum xe npukazom InaBusiil koHCTpyKTOp PI'VII « HUU IIIT» Bukrop lanunnosuy
[apropoackuii Obu1 Ha3HAYeH [ eHepaTbHBIM KOHCTPYKTOPOM KBAHTOBO-ONTUYECKUX CUCTEM ISt
PaKETHO-KOCMUYECKOM U aBUALIMOHHOW TEXHHUKH.

B ¢espane 2004 roga OI'VII «HUU II1» nomyunio craryc depepanbHOro HAyIHO-
MIPOU3BOACTBEHHOTO IIeHTpa. HemHoro no3anee, B aBrycre 2004 roxa, Yka3om IIpesunenta PO
Ne1009 OT'VII «HayuHo-rccne10BaTeNbCKIl HHCTUTYT MPEIM3HOHHOTO PUOOPOCTPOCHUSD ObLI
BKJIFOYEH B IIEPEYEHb CTPATETMUECKUX NMPEANPHUITHI CTPaHBI.



[IpennpusiTie TMHAMUYHO Pa3BUBACTCS, U TOJIBKO 3@ MPOIIEIINE MATh JIET POCT OOIIEro
o0BbeMa paboT yBenuumuiICcs OoJiee ueM B YeThIpe pasa.

B 2004 rony 06beM HayYHO-HUCCIIEIOBATENLCKON, HAYYHO-TEXHUYECKOW U IKCIIEPUMEHTATHHON
JesATeIbHOCTH cocTaBmi 6oiee 70% o01miero o0beMa BBITIOHIEMBIX PabOT, U C IEITbIO TIOBBIIICHUS
3¢ (HEeKTUBHOCTH YIIPaBIICHUSI HAYYHOU JEATENbHOCTHIO HAa MPEANPUSTHH CO3/IaH TTOCTOSIHHO
JIEHCTBYIOINY HayYHO-TEXHUYECKUIN COBET.

OcHoBHbIE pabOThI MPEANPUATHUS IO CO3AAHUIO CUCTEM U KOMILIEKCOB OTHOCSITCS K YUCITY
BaXHEUIINX paboT, BKIFOUEHHBIX OT/IEIBbHOM cTpoKoii B ['ocynapcTBeHHBI 000POHHBIN 3aKa3 U
I'ocynapcTBeHHYO IPOrpaMMy BOOPYKEHUS.

3aka3uMKaMU CUCTEM U KOMILIEKCOB, CO3/IaBAEMBIX IIPEANPUATHEM, SBIIFOTCS 3aKa3bIBAOIINE
yrnpasiienus: Muno6oponsl Poccun, denepanbsnoe kocmuueckoe areHTctso, MUC Poccun u
[TpaButenscTBO roposna Mocksel. Kpome Toro, npeanpusiTue BITOJIHAET pa0OThI IO CO3/AaHUIO
CUCTEM, BXOJAIIUX B COCTAB KOHEYHBIX U3/EIHMI, CO31aBacMbIX I €eHepaIbHBIMU IIPOU3BOAUTEIISIMU
(HITO IIM um. Pemetnera, LICKb «IIporpeccy» r.Camapa, MUIL', PKK «Dueprus» u np.

Ha npennpusituu ocymecTBaseTCs MOJTHBIN [IUKIT CIEIUATU3UPOBAHHOTO MPOLECCA CO3AaHUS
KBaHTOBO-OIITUYECKUX CUCTEM. B cOCTaB mpeanpusTus BXOIAT HAYYHO-UCCIEN0BATEIbCKUE

OTACJICHHA, BKIIIOYAOIHUE KOHCTPYKTOPCKUE OTACIIbI, 0HBITHO-E)KCHepI/IMeHTaJ'IBHHﬁ 3aBO/,
HCIIbITAaTCIbHAaA CTCHIOBAs 63.38., H YCTBhIPC NHOTOPOJHHUX (I)I/IJII/IaHa.

OmnbiTHO-3KcTiepuMeHTanbHBIH 3aBoj DIV «HUU IIT» (0O33) sBrsercs KIOYEBbIM 3BEHOM
B pa3pabOTKe U CO3/1aHUU MEPCIEKTUBHBIX KBAHTOBO-ONTUYECKUX HH(POPMALIMOHHO-U3MEPUTETBHBIX
cucreM. O3O3 nMeeT BHICOKOTOYHOE U BBICOKOTEXHOJIOTUYHOE 000pyI0BaHKE JJIsi METAIII000paboTKH,
00pabOTKN ONTUYECKUX MAaTEPHAJIOB, HAHECEHUS ONITUYECKUX MOKPBITHIL, a TAaKkKe BBICOKOTOUHYIO
KOHTPOJIbHO-U3MEPUTEIbHYIO anmnaparypy. CoBpeMeHHOe 000pyA0BaHUE JaeT BO3MOXKHOCTb
JIOCTUTATh BHICOKOTO KauecTBa, KaK MPH MOJIHON 00paboTKe OTAENbHBIX JeTalel, Tak U Ipu
U3rOTOBJICHUU MAJIbIX U CPETHUX CEPHIA.



Y4yacToK BAKYYMHOI'0 HANIbIJIEHUS] ONTHYECKUX MOKPBITHIA



[IpenmnpusiTre pacnonaraeT yHUKaIbHOW CTEHA0BOM 0a30i A UCTIBITAHUI Ha3€MHBIX CHCTEM
Ja3epHOM CBS3U, OOPTOBBIX JA3€PHBIX CUCTEM JIaJIbHOMETPHH, Ja3€PHBIX PETPOPE(ICKTOPHBIX CUCTEM
U ApyruMHu. J[Ba cTeH]1a BKIIOYEHBI B TOCPEECTP:

- komriekcHbIi ontrueckuil crenn (KOC) — komummmupyromas cuctema, uMeromas oKycHoe
paccrostaue 17 M, cBeTOBOM AuameTp | M, pacrmosararomascsi Ha BUOPOHU30IUPOBAHHOM
byHaamMeHTHOM OJI0KE;

- CTeHJ JJI1 UCIBITAaHUS MEXKCIYTHUKOBBIX JIa3epHBIX CHCTEM Tepefadd uHbopMaluu —
MMEET B CBOEM COCTaBE MPELU3HOHHYIO ONTHYECKYI0 CUCTEMY C YIJIOBBIM paspemieHueM 0,1 yri. cexk,
a TaKKe MOHIKEHHBIM YPOBHEM BUOPOM3OIISAIIMOHHBIX IITYMOB.

CTeHJI AJISA UCTIBITAHUA MEKCITYTHUKOBBIX JIA3€PHBIX CUCTEM NEepeaadn I/lH(l)OpMaI[I/II/I

B cocTaBe mpeanpusaTHs CO3IaHbBI U JEHCTBYIOT YeThIpe (prithaa, 4To mo3BOJISET
MCIIOJb30BaTh HAYYHO-TEXHUYECKUH U MPOU3BOICTBEHHBIN MOTEHIIMAT PETHOHOB AJIsl CO3/IaHUs U
ucnoerranguiit KOC.

- @unman B ropoae Benukuit HoBropoa paspabaThiBaeT M M3rOTaBIMBAET CUCTEMBI
BUICOHAOIOIEHUS U PErHCTPAaLluy MH(DOPMALIUK I aBUALIUU, TEJIEBU3MOHHBIX TPUEMHUKOB JUISI
OTNITUKO-JIOKALMOHHBIX CUCTEM 0030pa, OOHAPYKEHHS U COMIPOBOXKACHUS OOBEKTOB B BO3IYIITHOM H
KOCMHMYECKOM IPOCTPAHCTBE;

- ®Ouman «MHcTUTYT NnasepHoi ¢pu3ukn» B ropoae Cankr-IlerepOypre co3nan s
pa3paboOTKH U IOCTaBKH OOPTOBBIX M Ha3eMHBIX m3nmydateneit st KOC kocMuueckoro u
ABHALMOHHOTO HAa3HAYCHHS,

- dunnan « AnTaliCKU ONTUKO-TIa3€pPHBIN LIEHTP», PACIONIOKEHHbIN B 3MEMHOTOPOIACKOM
paiioHe AnTaiickoro Kpas, 00ecrieunBaeT MPOBEJACHIE UCITBITAHNN, TEXHUIECKYIO TOTOBHOCTb,
MOJIEPHU3AIUIO U SKCIUTyaTaluio AJITaliCKOrO ONTUKO-JIa3€pHOro LEHTPA;



- Gunmman «CTaHIus ONTHYECKUX HAOII0IEHNN « APXBI3» OCYIIECTBIISET HATYPHYIO OTPaOOTKY
OIITUKO-JIA3€PHBIX CPEJICTB HAOIOIEHHIH KOCMUYECKIX O0OBEKTOB U MOJTyYSHHsI BHICOKOTOYHBIX
TPACKTOPHBIX U3MEPEHNN;

[Sourcebook note: this is apparently the former Kosmoten (Kocmoman ) satellite observing station. ]

JIMHAMUYHBIA POCT NPEANPUATHS JOCTUTAETCS BHICOKON KBaIM(UKALUEN U TPYIOM
COTPYJHHUKOB, UIMEIOIIUX MHOTOJIETHUH OMBIT CO3/1aHUS U YCIIEIIHOIO BHEJAPEHUS B PAKETHO-
KOCMHUYECKYIO TEXHUKY MPHOOPOB, CUCTEM U KOMILIEKCOB, pa3padOTaHHBIX HA OCHOBE MPUMEHEHHUS
MIPELIU3HUOHHBIX ONTHKO-MEXAaHUYECKUX, JA3EPHBIX, AIEKTPOHHBIX U PAIUOTEXHUUECKUX TEXHOJIOTHN. B
KOJUIEKTHUBE OOJIbIIOE YHCI0 PAOOTHUKOB, HMEIOLIUX BBHICOKYIO YUEHYIO CTETEHb, BhICIIEE U
cnenuanbHoe obpasoBanue. brarogaps puHaHCOBOM yCTOMYMBOCTH M YCTICIIHBIM NTEPCIIEKTUBAM
npeanpusatus, B Hactosmuidi MoMeHT Bo OI'YIT «HUU I1I1» oxgra u3 caMbIX BRICOKUX 3apaOOTHAS IUIaT
B oTpaciu (Ha HOsIOpb 2006 T . cpennss 3apaboTHast miara coctasuia 21 170 py6.), uTo mo3BoJsieT
COXpPAaHSTh U COBEPUICHCTBOBAThH KaJIpOBbIH noTeHIual. [IpoBoantcs cepbe3Hast paboTta Mo MOMCKY U
IIPUBJICYEHHIO TAJAHTJIMBBIX BHITYCKHUKOB BY30B — crienuancToB Mo ONTHKE, SIEKTPOHUKE,
MHGOPMAIIMOHHBIM M YIPABISAIONIMM CUCTEMaM, TporpaMMupoBanuio. Ha cymiecTByeT coBeT MOJIOIbIX
CHEIMAIMCTOB, YUEHBIN COBET IO 3alIUTE TUCCEPTALMI, ACTIUPAHTYPA.



http://www.prime-tass.ru/news/show.asp?id=728275&ct=news

B.Ilytun uckmounn HUUW npenusnonHOro nprubOpoCTpOCHUS U3 EPEUHs CTpaTerHuecKux
MIpEeANPUATHN

MOCKBA, 22 oxts16ps. /TIPAUM-TACC/. Ipesunent Poccun Bnaguvup [TyTHH CBOMM yKazoM

uckIrouyn HayuHo-rccnenoBaTenbCKuii HHCTUTYT MPEIU3HOHHOTO MPUOOpOocTpoeHus /T MockBa/ u3
MEPEYHsI CTPATETHIECKUX MPEINPUATHN U CTPATETUYECKUX aKIIMOHEPHBIX 0OIIECTB, YTBEPKICHHOTO
yka3zoMm ot 4 aBrycta 2004 r N1009. O6 3ToMm coobmuna cerofHs mpecc-ciy:k0a riaaBbl TOCY1apCcTBa.
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Appendix B

US Adaptive Optics Satellite Imaging Telescopes

[The reported 3.12-meter telescope at the Altay Optical-Laser Center will presumably use technologies
similar to those the US has employed for satellite imaging with large telescopes in Hawaii and New
Mexico.]
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ASTRONOMY:
Adaptive Optics
Roger Angel and Bob Fugate*

About 400 years ago, Galileo discovered moons orbiting around Jupiter just like the planets around the
sun. This remarkable verification of the Copernican theory was made possible by the invention of the
telescope, which enabled detail to be seen that is invisible to the unaided eye. By grinding and
polishing his own lenses from high-quality glass, Galileo reached the fundamental limit to image
sharpness set by the wave nature of light, called the diffraction limit. In this limit, image resolution is
proportional to telescope (or eye) diameter and inversely proportional to wavelength. However, as
bigger lenses were made, astronomers found that images do not get any sharper beyond about 20 cm
because of atmospheric blurring. For example, they could see no surface details on Jupiter's moons.
This limit was only overcome about 10 years ago with the launch of the Hubble Space Telescope
(HST). Its 2.4-m-diameter mirror increases the HST's sharpness by a factor of 10 compared with the
best ground-based telescopes, and its many discoveries illustrate the power of sharper images to
revolutionize our understanding of astronomy and cosmology.

But astronomers hunger for even sharper images. Larger telescopes in space are being planned.
NASA's Next Generation Space Telescope (NGST), with a diameter of 8 m, is about a decade away
from reality and will focus primarily on infrared wavelengths, where its resolution will be similar to
HST's in visible light. Its advantage will come from its operation at cryogenic temperatures, enabling a
huge increase in infrared sensitivity compared to ground instruments. An alternative approach aims to
obtain images at visible wavelengths that are several times sharper than HST's with the use of ground-
based telescopes. The new generation of 6- to 10-m telescopes is finally overcoming atmospheric
blurring with the use of adaptive optics.

To understand how the blurring can be removed, we must first understand its origin. The undistorted
wave crests from a star are flat, like long straight rollers coming to shore from the ocean. When such
waves are reflected by the telescope's mirror, they become spherically curved and each converging
crest increases in amplitude to yield a sharp local disturbance at the sphere's center, the image. (To
visualize this, think of a movie of ripples spreading from a stone dropped in a pond, run in reverse.) But
waves passing through air get bent out of shape. Light is slowed down by an amount that depends on
the atmosphere's density, which varies from place to place, especially in regions where warm and cold
air meet in a turbulent boundary. A roller that has passed through such regions arrives at the telescope
with parts of the wave lagging behind, whereas other parts have moved ahead. For apertures larger than
20 cm, the wave is typically distorted so much that it is no longer coherent across the aperture. At the
focus, the wave energy is spread out into a larger region where the displaced crests and troughs form a
region of choppy waves. We see an extended region of speckles that continually reform as air currents
eddy about and the wave distortion changes shape.

Sharp images can be recovered from "movies" of these speckles by a technique called speckle



interferometry. Each frame is just a fraction of a second long, just long enough to freeze the rapid
motion. Computer processing of many frames can yield images of bright objects at the telescope's full
diffraction limited resolution, as long as the structure is relatively simple (see figure, above left).

Adaptive optics is a far more powerful technique, with the potential to image complex faint objects at
the theoretical resolution limit. The idea, first set out by Babcock (1), is to restore the waves to their
original form before they converge to the focus. This is done by reflecting them from a mirror whose
surface is quickly bent to give equal but opposite distortion. In a region where the waves have moved
faster through the air and have gotten ahead, the mirror surface is pulled back, so as to bring the
reflected waves back into line. It is essential that the wavefront measurements and corresponding
changes in mirror shape are made very quickly, before the atmospheric conditions causing the
distortion change significantly.

For many years, technical difficulties severely limited practical applications of adaptive optics. But
enormous progress has now been made. By 1982, the United States Air Force was operating the
Compensated Imaging System with 168 correctors on a 1.6-m telescope in Hawaii to get sharper
images of sunlit artificial satellites, and established the Starfire Optical Range (SOR) in New Mexico to
further develop adaptive optics technology (2).

Most present-day adaptive optics systems work at infrared wavelengths because the longer wavelengths
relax speed and accuracy requirements. But today's best systems can recover diffraction-limited images
of bright objects even at the short wavelengths, which give the sharpest resolution for given aperture.
The Seasat satellite images shown on the previous page was obtained at 0.8 mm (just beyond visible
red light) with the 3.5-m telescope at Starfire. Its correcting mirror is bent by 1000 actuators, updating
the complex distortion 1500 times per second. The infrared image of Io shown on the previous page
was taken with the 10-m Keck telescope, which has an adaptive optics system used primarily for
infrared imaging.

Current telescopes are limited to targets not much fainter than can be seen with the unaided eye
because of the need for the fast, accurate wavefront measurement. Light is detected in the form of
quanta of fixed energy (photons) that arrive at random. If an object is so faint that no photons or only a
few are detected in the short time the turbulent distortion is "frozen" in an image, then the necessary
accuracy is not achieved. However, it may be possible in such cases to use light from a brighter
surrogate source whose waves pass through the same turbulence and are similarly distorted. In this
way, extrasolar planets, whose existence so far is known only from indirect starlight measurements,
may become accessible to direct imaging. Like Galileo's moons--but 100 million times fainter--
extrasolar planets should appear adjacent to the adaptively corrected images of their bright parent stars

(3).

For most interesting faint objects, however, there will be no nearby stellar surrogate. Here, a needle-
sharp laser searchlight can be used to create an artificial guide star. Laser light scatters from air
molecules by the same process of Rayleigh scattering that makes the sunlit sky appear blue. A
telescope looking up a scattering column from right beside the laser will see the column as a star. This
original concept of generating an artificial star was proven at Starfire in experiments conducted in 1983
and was successfully used to correct star images at the 1.5-m telescope there in early 1989. The laser
was focused 10 to 12 km above the telescope, where the air is still dense enough to scatter the laser
light. A difficulty arises for large telescopes because laser guide star waves will not follow the same



path as starlight to all parts of a large aperture. Thus they give an incorrect measure of wavefront error,
especially when there is much turbulence at high altitude. For an artificial star to work for an 8-m
telescope, it needs to be at a distance of 100 km or more. Even though there is essentially no air to
scatter the laser light at that height, it is possible to scatter light from a very tenuous layer of sodium
atoms. These will strongly scatter yellow laser light like a thin mist, provided that the wavelength is
tuned precisely to the atomic resonance.

Experiments have proven the feasibility of sodium frequency lasers (see lower figure). Low-power (~3
W), continuous-wave commercial dye lasers at the University of Arizona's MMT telescope have been
shown to scatter efficiently (4) and are employed in experimental astronomical systems today. Higher
power (10 to 25 W) pulsed dye laser systems have been built by Lawrence Livermore National
Laboratory and tested at Lick Observatory for future use at the Keck facility, but their pulse format is
not optimal to maximize signal return (5). Both types of dye lasers require significant attention and
maintenance.

One of the biggest future challenges is to develop and engineer lasers capable of exciting bright sodium
guide stars. Solid state laser technology looks the most promising for providing a reliable, high-power
system at a price that is affordable for purchase and operation for the current generation of 6- to 10-m
telescopes.

The next improvement in resolution, requiring larger aperture, will come when adaptive optics is
applied to the Large Binocular Telescope (LBT). This unique instrument, now under construction for
operation in 2004, has two side-by-side 8.4-m mirrors, like a pair of binoculars. Adaptive correction
capability is built into the telescope's secondary mirrors. The corrected beams will be combined such
that the wave crest from the 23-m wide aperture arrives in phase at a common focus. The resulting
sharpening in one dimension has been simulated for lo, based on an original Galileo spacecraft image
(see upper figure, part A). Full high-resolution images will be recovered from separate images taken at
different angles during the night by virtue of Earth's rotation. From three images like those in part A,
Keith Hege has been able to recover the image quality of a full 23-m aperture by deconvolution (6)
(part B). Using laser guide stars to correct both apertures, the LBT will image galaxies in formation in a
deep field with 10 times the resolution of HST's deepest field.

Given the enormous potential of very large aperture telescopes with adaptive correction, both Europe
and the United States are considering new instruments with apertures of 30 to 100 m. The atmospheric
turbulence at different heights in a column above the huge mirror will be sampled by natural and laser-
generated light waves passing through at different angles. Very fast "movies" of Rayleigh scattering
from short laser pulses traveling up through the column should yield good turbulence measurements,
when analyzed by the technique of tomography developed for medical imaging (7). Correction will
then be possible for appreciable fields of view as well as for individual objects.

So far, there don't seem to be any showstoppers. Thanks to adaptive optics, one of the oldest scientific
instruments_the ground-based optical telescope looks set for a continued leading role in astronomical
discovery.
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Adaptive optics blends the best of electronic and optoelectronic technologies
Military & Aerospace Electronics July, 2004
By John Keller

Powerful optics and the Earth's atmosphere are a bad mix. The atmosphere is turbulent, ever mixing,
and varies drastically in temperature; as a result it can bend and distort beams of light. The same
properties that give the nighttime stars a romantic twinkle, give optical engineers fits because
atmospherics can turn pinpoints of light into fuzzy blobs.

At relatively short ranges, or where precise optical resolution is not a major concern, this phenomenon
matters hardly at all. Yet at long distances — particularly where precision is crucial — atmospheric
distortion can be a showstopper in areas such as astronomy, covert surveillance, and long-range lasers.
The problem is akin to sitting on a boat and trying to see objects lying on the bottom of a lake. Even in
perfect conditions, details can disintegrate into a blurry mess.

The drive to overcome the effects of optical distortion from the atmosphere has driven scientists to
some radical solutions, the most notable of which is perhaps the Hubble Space Telescope. To avoid the
drawbacks of atmospheric distortion, NASA experts simply remove the telescope from the atmosphere
and park it in Earth orbit. This approach is effective, yet monumentally expensive and difficult to
maintain.

Another effective approach, however, offers to keep scientists well within the atmosphere — often
keeping their feet firmly planted on the ground — while circumventing the forces of atmospherics. This
approach is called adaptive optics, and it uses advanced sensors, actuators, and intensive digital
processing to correct for atmospheric distortion just like a pair of glasses corrects for astigmatism.

The Airborne Laser

One of the most dramatic and visible applications of adaptive optics is the U.S. Air Force Boeing
Airborne Laser, otherwise known as the ABL, which is designed to detect enemy ballistic missiles in
boost phase and destroy them in flight with the beam from a high-energy chemical oxygen iodine laser
aboard a converted 747 jumbo jet. The laser is from the Northrop Grumman Space Technology division
(formerly TRW) in Redondo Beach, Calif.

Without adaptive optics, such a precise operation would be impossible because of the ranges involved.
The atmosphere would blur the high-power laser beam and throw it off target, rendering it harmless to
incoming ballistic missiles. Not only does adaptive optics keep the laser pointed accurately, but it also
helps focus the deadly beam from 1.5 meters in diameter down to a lethal point of light.

A surrogate of the first fully integrated flight turret ball for the Airborne Laser program is shown being
prepared for end-to-end Beam Control/Fire Control system integrated testing. The Beam Control/Fire
Control system will accurately point and fire the laser with sufficient energy to destroy the missile
while it is still in the highly vulnerable boost phase of flight.



Adaptive optics is one of the Airborne Laser's chief enabling technologies, says Dr. Robert Q. Fugate,
senior scientist for atmospheric compensation, and technical director of the Starfire Optical Range at
the U.S. Air Force Research Laboratory Directed Energy directorate at Kirtland Air Force Base, N.M.
"You need adaptive optics to focus and concentrate a laser through atmospheric turbulence, you
absolutely need adaptive optics; don't leave home without it," he says.

"The atmosphere causes the beam to spread out because of phase distortions," Fugate says. "Think of
the waves of a laser beam. When the wave leaves aperture of the beam director, it is essentially flat and
smooth; the rays converge as they travel." Yet that beam changes as it passes through atmospheric
turbulence and temperature changes, which can slightly change the speed of the light beam. "Now I
have a bumpy wavefront, and the wave becomes blurred," he says.

The Lockheed Martin Space Systems division in Sunnyvale, Calif., is responsible for laser systems
aboard the ABL aircraft. "There are things in the atmosphere, or thermal effects in our optics, that
distort the beam," says Paul Shattuck, technical director for the Airborne Laser project at Lockheed
Martin Space Systems. "It's like astigmatism when you get blurred vision."

To counteract the influence of the atmosphere on the high-power laser, Shattuck and his team use a
deformable mirror that is 1.5 meters in diameter to correct for atmospheric distortion as the beam fires.
The result is a three-to-five-second burst from the high-power laser that concentrates its beam on the
fuselage of a missile in flight.

The laser beam will burn a hole in the missile's skin, rupture the fuel tanks, and essentially blow the
missile out of the sky. It sounds reasonably straightforward, but it is far from simple, and adaptive
optics play a central role. "We use a somewhat classic approach to adaptive optics pioneered by people
in the astronomical community, and adapted that to the airborne laser," Shattuck says.

Real-time processing

"Adaptive optics senses in real time; bumpy surfaces change hundreds of times per second," Fugate
says. "Adaptive optics senses instant by instant what is the path that the wave will go through, and then
bends a mirror to take the bumps out."

At the heart of the airborne laser's adaptive optics is the deformable mirror from Xinetics Inc. in
Devens, Mass. Before the mirror does its work, however, it needs to know exactly how to compensate
for the constantly changing atmospheric distortion to focus its beam and keep it on target.

To do that, the laser system uses a low-power laser literally to reach out and touch the atmosphere to
determine its characteristics. "We want to determine what are the errors in our system, so we send an
illuminator — another laser — all the way to the target, and we do that thousands of times a second,"
Shattuck explains.

The information from the illuminating laser comes into a wavefront sensor subsystem from Lockheed
Martin, which maps out the atmospheric distortion. "We lay a grid on top of the beam; that's what a
wavefront sensor does," Shattuck says. "Then we send that information through a bunch of software
algorithms and sample the entire path that the high-energy laser will go through."



This is where the deformable mirror comes in. The deformable mirror has a very thin single-crystal
silicon face sheet. On the back it has actuators about one-half inch long and about as big around as a
pencil. The actuators are made from piezoelectric material, so current flowing through them makes the
actuators expand or contract.

"They are all bonded to the back of the mirror in a grid pattern that is aligned with the wavefront
sensor," Shattuck explains. "You take the deformable mirror and adjust it to where it is equal and
opposite those distortions, so it corrects for itself.

"The best analogy is if I give my glasses to someone with perfect vision, they can't see out of them. But
my glasses have equal and opposite distortion to my eyes," Shattuck says. "In the Airborne Laser, we
take a beam and predistort it, and then send it through the atmosphere. If you picture optics, the beam
you send out will be a flat wavefront, and all the energy is in phase. It's like 20-20 vision."

Computer-intensive

That approach sounds easy in theory, but in practice it is where much of the system's advanced
electronic and optoelectronic technologies come to bear. Sampling and compensating for atmospheric
distortion "is one of the most processor-intensive applications that we do," Shattuck says.

To begin, a high-speed optical-fiber interconnect moves information from the laser illuminator to a
wavefront sensor for sampling. That interconnect is a Fibre Channel network called FibreXpress from
Systran Corp., a Curtiss-Wright company in Dayton, Ohio.

Next, that information goes directly to high-speed digital processors, which preprocess the data and
moves it through a software algorithm called a reconstructor. The reconstructor determines the "shape"
of the atmosphere at any given moment, based on feedback from the laser illuminator.

For the high-speed digital processor, Lockheed Martin uses a high-speed multiprocessor from Mercury
Computer Systems In Chelmsford, Mass., which uses the Race++ processor interconnect to link a
series of motherboards and daughter cards. "It is a very scalable system," Shattuck says. "We just plug
into more chips as we need to expand." The Mercury processor uses as many as 84 PowerPC G4
microprocessors — about 20 of which are allocated to wavefront control, Shattuck says.

After processing in the reconstructor, information then goes into a control algorithm that determines
how to manipulate the actuators on the deformable mirror. Then signals flow through a series of
digital-to-analog converters (D-As) and move as electric current to the various actuators. This process
happens in the blink of an eye. "You know ahead of time what will happen to a flat wave as it goes
through the atmosphere, and you put the opposite as it goes through a laser telescope, and it causes the
beam to be focused," Fugate says.

Lockheed Martin experts measure samples of the laser energy from the Airborne Laser program's High
Energy Laser and Multi-Beam [lluminator Laser to ensure proper wavefront, jitter, and pointing
control. Pictured above, an engineer checks the alignment of one of the Low Energy Laser optics at the
Lockheed Martin Space Systems division at its Sunnyvale, Calif., campus.

The Airborne Laser is one of the most visible military and aerospace programs that involve adaptive
optics, yet there are many more applications of this technology either in practice or on the horizon.



Astronomical applications

Perhaps the chief use of adaptive optics today is for astronomy — particularly for deep-space
exploration — adaptive optics in the future, experts say, may help sharpen the focus of long-range
reconnaissance sensors, improve the focus and increase the range of laser communications systems,
and is even expected to enhance laser eye surgery.

"You could use adaptive optics any time you have a need to control light," Fugate says. "There might
be an applicability to laser communications. Think of fiber optics, and there might be times when you
might want to do free-space communications with a laser because you can get a higher data rate.
Commercial companies build these devices for laser links between buildings, or across a harbor or
something like that. The military will be interested in that, also, as time goes on."

One of the nation's centers of excellence in adaptive optics is the Air Force Starfire Optical Range in
New Mexico, which Fugate oversees and uses to develop optical wavefront-control technologies. This
range has a 3.5-meter telescope, which is one of the largest telescopes in the world equipped with
adaptive optics designed for satellite tracking. The range also has a 1.5-meter telescope and 1-meter
beam director.

The Starfire Optical Range's adaptive-optics mirror is more than twice the size of the deformable
mirror aboard the Airborne Laser, and its computing power is far more complex.

"On our 3.5-meter telescope at Kirtland, we have about 800 lenselets that we use to sample the
direction that the light is traveling," Fugate says. "Then we put those 800 spots of light on a 2-D focal-
plane array. We want these spots to be in a perfectly organized grid."

When any of the 800 points of light fall out of perfect alignment, an error signal tells the deformable
mirror's actuators to move the straying points of light back on axis. "We are trying to straighten out the
wavefront," Fugate says. "The actuators bend the surface of the mirror to give it bumps, valleys, and
dips to match those in the wavefront."

Fugate explains that while the computational power of the Starfire Optical Range is intense, it is not a
limiting factor. "You have to do everything in parallel," he says. "At our system here we have 1,000
processors running in parallel, programmed to do one job, and that is matrix multiplication."

Gigabytes per second

"We send gigabytes of data through this processor per second," Fugate continues. "We have to read
pixels out of a camera, do computations to generate directions for these lenselets, and reconstruct with
matrix multiplications or some other algorithm. We update the mirror thousands of times per second."

Not only is the Starfire Optical Range an optical laboratory, but it has turned into a computing
laboratory, as well. "We designed and built the processors here." Historically, Fugate and his team have
used dedicated digital signal processors (DSPs) for adaptive-optics processing, but lately are
experimenting with field-programmable gate arrays (FPGAs) to get the most from the system.

The range's adaptive-optics computing uses 16-bit fixed-point processing, and a 40-bit accumulator. "It
is rather memory intensive," Fugate says. Converting signals from analog to digital, and back into



analog very quickly is an extremely important part of the process to update the mirror thousands of
times each second.

The range's 3.5-meter mirror has 941 actuators — about three times the number on the Airborne Laser,
and each actuator can move up and down about an inch. The system's 16-bit digitizers help these
actuators give the mirror very fine control, he says.

Looking forward, deformable mirrors are not the only way to keep light focused through the turbulent
atmosphere. These mirrors are expensive, can be difficult to maintain, and take a lot of space. As
alternatives, scientists are investigating technologies such as microelectromechanical systems (MEMS)
and transmissive liquid-crystal devices to help bring down costs and shrink the size of adaptive optics.

New optical technologies

"There is a lot of new technology coming along that involves different devices for wavefront
correctors," Fugate says. Many applications for the kinds of adaptive-optics systems that these
technologies will yield are also on tap for the future.

MEMS technology potentially will yield small mirrors made of many microscopic independently
adjustable mirrors that could function digitally in much the same way as the Airborne Laser's
deformable mirror, Fugate says. "MEMS will bring lower cost and more availability because they are
cheaper to make, and have broad applicability to other applications," he says.

Transmissive liquid-crystal arrays also have promise. "If you make a liquid crystal so it has pixilated
areas, and apply an electric field to change the optical path length of that crystal, you can put a small
bump in the wavefront," Fugate says.

Adaptive optics is a crucial enabling technology for the future U.S. Airborne Laser, pictured above in
an artist's rendition. Adaptive optics compensates for turbulence and temperature differences in the
Earth's atmosphere to enable a weapons-grade laser to shoot down incoming ballistic missiles.

One area where relatively small and inexpensive adaptive optics systems could be most useful is laser
eye surgery. "Adaptive optics is starting to sneak into human vision," Fugate says. "Lasik is eye
surgery with a laser to improve your vision. Up to now it has used a simple formula to do that, but with
adaptive optics people are now capable of measuring the higher-order distortions in your eye lens."

Experts could use the fine measurement of distortions in an eye lens "as a recipe to alter the shape of
the lens in your eye," Fugate says. "It would give people better-quality vision."

Research opportunities

At least one pressing need for adaptive-optics research currently involves long-range infrared cameras
operating in the 1- to 2-micron light wavelength. "Lots of cameras operate in the visible light spectrum,
but if we need to do infrared tracking, we need to do work in that spectrum," Fugate says. "There is not
much of a commercial market here."



When it comes to adaptive optics for infrared, "performance is important; we have to have low noise
and a high frame rate in the thousands of frames per second range," Fugate says. Noise levels should be
no greater than 10 electrons of read noise per pixel, and greater than 80 percent quantum efficiency —
or the fraction of photons converted to electronics, he says.

Perhaps more beneficial to scientists even than the Airborne Laser is what adaptive optics offers to
advanced astronomy. "Adaptive optics is revolutionizing ground-based optical astronomy," Fugate
says. "There are 15 or so 8-meter telescopes in the world now, and there are plans to build 30-meter
telescopes and even a 100-meter telescope. It makes no sense to do that without adaptive optics
because the atmosphere limits the size of your telescope to about 8 inches."

Some scientists have speculated that advanced adaptive optics in the future could render obsolete the
space-based telescopes such as the Hubble, which has a 2.4-meter telescope. "The Hubble Space
Telescope is successful because there is no atmosphere, and that allows you to obtain a perfect image,"
Fugate says.

Without atmosphere, the diameter of the telescope determines its resolution. "If I had a telescope in
space, the larger I make that telescope the more resolution and finer detail I can see," Fugate says.

Realistic expectations

Despite the advantages of adaptive optics, placing telescopes in space brings more to science than focus
and resolution.

"Adaptive optics will not render the Hubble obsolete," Fugate says. "The next James Webb telescope
will look at wavelengths that don't get through the atmosphere. It will be far from the Earth, in orbit
around the Sun, where it is very cold. Scientists could look at the very faint infrared type objects in the
universe because the thermal background will be incredibly low, and that's not something we can do on
Earth."

The James Webb Space Telescope (JWST), which is set to launch in August 2011, is to be an orbiting
infrared observatory that will take the place of the Hubble Space Telescope to study the universe at the
previously unobserved epoch of galaxy formation. It will be able to see through dust to witness the
birth of stars and planetary systems.

Still, Fugate says some of today's space images taken from adaptive-optics telescopes on Earth "are
better than what Hubble can do, in visible light; they can eliminate the limits of the atmosphere."

Might some of the new technologies on the horizon for adaptive optics render the large and expensive
deformable mirrors obsolete? That might be a possibility for some applications, but not likely for
weapons-grade laser control and for astronomy, Shattuck says.

"I believe the deformable mirrors we have will be around for a long time because you can get a bigger
stroke, and change the shape by a larger amount," Shattuck says. "The deformable mirror moves more
than what MEMS does. MEMS are etched silicon and can only move in fractions of a micron. Our
wavelengths are 1.315 microns, so ideally I want to correct for errors that might be multiple
wavelengths, and want multiple microns of change." He suggests, however, that MEMS may offer laser
and astronomical applications some degree of fine control.



As for liquid-crystal adaptive optics, Shattuck says laser control and astronomy might not be its best
use. "With liquid crystal, you send the beam through it, and by changing the characteristics of the
liquid, you change the index of refraction, or the way light is reflected, and can correct the wavefront.
That works quite well for smaller beams, and with beams with less power, but I don't believe they will
get to where you could use them with a high-energy laser."
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Starfire/AEOS Adaptive Optics

The purpose of the Advanced Electro-Optical System (AEOS) Adaptive Optical (AOQ) System is to
dynamically compensate for atmospheric turbulence. so that vastly improved image quality is
achieved in telescope ohsemvations. The AEOS adaptive optical system is located directly beneath
the 3.6 meter telescope that is part of the system being developed for the AEOS facility at the Air
Force Maui Optical Station (AMOS) on Mt. Haleakala. Maui, Hawaii. Coude optics in the telescope
transfer the £150 prad telescope FOV in the waveband from 0.5 to 5 pm to the AD system

Operated/controlled by a single person. the AD system will dynamically correct the wavefront

errors and deliver this corrected wavefront to a visible sensor located in the AQ optical bench or to

one of the seven experiment rooms. Capability to bypass the AD system is provided. Relay optics
AT

a Hartmann wavefront sensor (WFS), tracker, and a deformahble mirror are located on the thermally
controlled. kinematically supported optical bench

Observational targets will include both satellites and astronomical objects. The design has provided
for growth to further enhance performance. Additional users. including astronemers. will have the
corrected optical beam available for their instruments. Pre-planned product improvement for the
entire observatory has been fully incorporated into the AD system.

Some specifications of the system
+ 941 channels, 2500 frames/sec

+ 200 Hz closed loop correction
handwidth

+ Laser guide star compatible
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HIGH-RESOLUTION SATELLITE IMAGERY
FROM THE SOR 3.5 m TELESCOPE

Uncompensated and Compensated Images of Satellite Seasat at 1000 Km Range
Taken by SOR 1.5 m Telescope with 447 Channe! Adaptive Cotics

The extremely high resolution of images collected by the Directed Energy Directorate’s Starfire
Optical Range (SOR) 3.5 m telescope and adaptive optics system demonstrates unprecedented
atmospheric compensation capabilities for both imaging and laser weapons. Real-time compensated
images show resolutions very near the theoretical limit of the telescope, enabling improved imaging
performance for space surveillance and satellite diagnostics. The adaptive optics capabilities
demonstrated are vital for effective laser weapons.



Air Force Research Laboratory
Wright-Patterson AFB OH

Accomplishment

Modifications to the SOR’s 941-channel adaptive optics system and telescope control systems
produced significant improvements in atmospheric compensation performance. Images of low-earth
orbit satellites showed resolutions very near the diffraction limit of the telescope (theoretical
performance limit based on aperture size). This represents nearly complete elimination of atmospheric
turbulence effects as well as correction of optical system flaws.

Background

The SOR is an advanced optical research site, located at Kirtland AFB, New Mexico, to develop
advanced optical wavefront control technologies. Research focuses on field experiments in adaptive
optics to compensate for the effects of atmospheric turbulence upon lasers and imagery. This
technology is key for both real-time space imaging and a variety of laser weapons applications.

Equipment includes three major optical mounts: a 1.0 m beam director, a 1.5 m telescope, and a 3.5 m
telescope, all capable of tracking low earth orbit satellites. The 3.5 m telescope, equipped with a 941-
channel adaptive optics system, is currently the largest and highest performance atmospheric
compensation system in the world. The 3.5 m telescope/adaptive optics combination is highly
successful, producing images of stars and satellites with resolutions approximately 65 times better than
normal images.

Directorate researchers designed and integrated the adaptive optics system in-house at the SOR using a
941-actuator deformable mirror. Xinetics Corporation built the mirror.
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Advanced Electro-Optical System

Background. The Advanced Electro-Optical System (AEOS) is a 3.67-meter telescope space
surveillance system specifically designed to improve the means of collecting, and the quality of, space
data at the Maui Space Surveillance Complex facility in Hawaii. Primarily intended for Department of
Defense space surveillance missions, the telescope is also used by scientific and academic astronomy
communities from across the United States.

The origins of AEOS began in the middle of the 1980s. At that time, the Air Force was trying to
develop a groundbased laser antisatellite capability. Maui appealed to AEOS planners for several
reasons. Its maritime location, coupled with its 10,000-foot altitude, clear visibility, and location near
the equator, made Haleakala a very stable environmental candidate. Taken together, these advantages
made the site superb for routine observation of space objects. Work in support of the Western Test
Range out of Vandenberg Air Force Base, California, and Barking Sands Missile Range on Kauai
Island, Hawaii, and restricted airspace in this part of the Pacific Ocean also enhanced the site’s ability
to meet its mission. The existing facilities at the Maui Space Surveillance Complex included the 1.6-
meter telescope, 1.2-meter twin telescopes, Laser Beam Director, Beam Director/Tracker, and the
Ground-based Electro-Optical Deep Space Surveillance System, as well as a proximity to the Maui
High Performance Computing Center, made Maui even more attractive.

Therefore, the AEOS would optimize Maui Space Surveillance System research and
development capabilities, as well as improve the quality of images taken from the ground of space
objects. With the support of Hawaii’s senior United States senator, Honorable Daniel K. Inouye, who
was an important member of several Senate committees, AEOS could help Hawaii transition from a
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tourism-based economy to a high-technology-based economy.

AEOS mission. When the program started, AEOS’ mission was to support space test and
tracking missions for U.S. Space Command. In the past, radar-based imaging techniques had been
favored by U.S. Space Command over electro-optical methods. However, electro-optical systems could
produce photographic images, while radar could not. These photographic images were more amenable
to the human eye than those produced through radar signatures. Benefits expected from the AEOS and
enhanced Maui Space Surveillance System included mission payload assessment and space object
identification for Air Force Space Command, adaptive optic research for the Air Force Research
Laboratory, and use by government agencies and the national and international astronomy
communities.

In the fall of 1995, the AEOS retained its research and development mission for Air Force
Materiel Command, while its Air Force Space Command mission had evolved into three main areas:
space intelligence, space tracking, and space control. Space tracking called for detecting and tracking
objects in space, which led to the development of metrics of space objects for the catalog that the Air
Force developed for the nation. Space control demanded high-resolution imagery as well as good
signature data to ensure positive identification of an object in space. In addition, space debris, laser
experimentation, and atmospheric science work would also be performed out of the AEOS. The Air
Force Research Laboratory had a Memorandum of Agreement with the University of Hawaii for
cooperative research in astronomy.

AEOS description. At the center of the AEOS is the 3.67-meter telescope, which is the largest
in the Department of Defense. The telescope’s mirror is of the thin meniscus variety, and offers
significant improvements (approximately two-and-a-half-fold) in resolution over what the existing
Maui Space Surveillance System mounts could achieve before AEOS. This resolution improvement
meant smaller, dimmer objects in space could be seen more clearly after AEOS became operational.

Telescope. The 3.67-meter telescope was constructed by Contraves USA, which is located in
Pittsburgh, Pennsylvania. The company also fabricated the mirror for the telescope.

AEOQOS’s design optimizes its ability to track satellites. Therefore, AEOS is able to slew up to 18
degrees per second in the azimuth direction. This allows the telescope to follow a very fast moving
low-earth orbit satellite. The 120-ton telescope has a 1-milliradian field of view at the bent Cassegrian
[sic] position, and a 0.3-milliradian field of view in the coude labs.

Facility/Dome. Like the 3.5-meter telescope at Kirtland Air Force Base, New Mexico, the
AEOS is housed in a domed structure that connects to laboratory space. The dome was contracted to
COMSAT RSI, based in Fairfax, Virginia. The 40,000-square-foot AEOS facility features a centralized
coude room, located in the basement of the facility directly below the telescope. The adaptive optics
reside in this coude room, and distribute the light to one of seven optics experiment suites built
concentrically around the coude room. The architects for the facility are Hawaii-based Gima-
Yoshimori-Miyabara. Facility construction was handled by Kiewit Pacific and overall responsibility for
construction management at the site rested with the U.S. Army Corps of Engineers, Honolulu
Engineering District.
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Sensors. There are three mission sensors associated with AEOS. The first sensor is a long-wave
infrared imager which produces spatially resolved thermal images of space objects. Hughes Aircraft
Company of El Segundo, California, fabricated this imager. The second sensor, a radiometer,
contracted to Mission Research Corporation of Santa Barbara, California, is a multi-spectral sensor
instrument ranging from visible through the very-long-wave infrared spectral range.

The third sensor is a visible imaging camera constructed as part of the adaptive optics system
built by Hughes Danbury Optical Systems. Requirements for these sensors derived from stated Air
Force Space Command requirements.
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Adaptive Optics. The Air Force Research Laboratory awarded the adaptive optics contract to
Hughes Danbury Optical Systems, Danbury, Connecticut, on August 22, 1994. This system has very
broad system applications. It features a closed loop bandwidth capability up to 200 hertz. This allows
both military and civilian users to meet their needs: military users slewing across the sky use the higher
bandwidths, while civilians, staring at a point in the sky, use the lower bandwidths. The adaptive optics
package also includes a deformable mirror with 940 actuators. This is the largest such mirror made, and
also the greatest number of actuators on a single such mirror.

Observatory Control System. The Observatory Control System is a command, control,
communication, and data system that integrates and connects the various elements of AEOS. In
addition, this system provides for physical and electronic security for all the AEOS assets. Because this
system is highly interoperable and well integrated throughout the Maui Space Surveillance System, the
Laboratory program office and Air Force Space Command have coordinated closely to develop the
specifications for this upgrade. This allows for the Laboratory to require a standardized data format as
part of the contract, which allows new equipment brought to the facility in the future to be readily
integrated with the Observatory Control System. The Observatory Control System contract was



awarded to Rockwell Power Systems, later renamed Rocketdyne Technical Services, which is also the
site contractor at Maui.

Support Contractors. Other contractors were involved with AEOS as well. The University of
Hawaii, for example, built one of the instruments AEOS uses for astronomical applications. Lincoln
Laboratory has provided technical support, particularly in relation to the adaptive optics and the sensors
for the AEOS. In Albuquerque, the Air Force Research Laboratory’s Directed Energy Directorate is
supported by Pantera Consulting, a small business that provides scientific and technical advisory
engineering support. Logicon RDA, another Albuquerque-based system engineering and technical
advisory company, has provided AFRL support on the telescope, the adaptive optics system, system
engineering, sensors and the Observatory Control System. Rocketdyne Technical Services, also
provides support to the Air Force Research Laboratory for system engineering, integration and test.

AFRL

(Current as of July 2002)
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Appendix C

Adaptive Optics Implementation at the
European Southern Observatory
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Controlling the World’s Largest Telescope in Real Time Using NI LabVIEW with
Multicore Functionality

NI News

November 4, 2008

For a size comparison, two humans and a car stand next to the E-ELT.
The M1 primary mirror, which is 42 m in diameter, features segmented
mirror construction.

Author(s):
Jason Spyromilio - European Southern Observatory

The Challenge:
Using commercial off-the-shelf (COTS) solutions for high-performance computing (HPC) in active and
adaptive optics real-time control in extremely large telescopes.

The Solution:

Combining the NI LabVIEW graphical programming environment with multicore processors to

develop a real-time control system and prove that COTS technology can control the optics in the
European Extremely Large Telescope (E-ELT), which is currently in the design and prototyping
phases.

"NI engineers proved that we can, in fact, use LabVIEW and the LabVIEW Real-Time Module to
implement a COTS-based solution and control multicore computation for real-time results."

The European Southern Observatory (ESO) is an astronomical research organization supported by 13
European countries. We have experience developing and deploying some of the world’s most advanced



telescopes. Our organization currently operates at three sites in the Chilean Andes — the La Silla,
Paranal, and Chajnantor observatories. We have always commanded highly innovative technology,
from the first common-user adaptive optics systems at the 3.6 m telescope on La Silla to the
deployment of active optics at La Silla’s 3.5 m New Technology Telescope (NTT) to the integrated
operation of the Very Large Telescope (VLT) and the associated interferometer at Paranal. In addition,
we are collaborating with our North American and East Asian partners in constructing the Atacama
Large Millimeter Array (ALMA), a $1 billion (USD) 66-antenna submillimeter telescope scheduled for
completion at the Llano de Chajnantor in 2012.

The next project on our design board is the E-ELT. The design for this 42 m primary mirror diameter
telescope is in phase B and received $100 million (USD) in funding for preliminary design and
prototyping. After phase B, construction is expected to start in late 2010.

Grand-Scale Active and Adaptive Optics

The 42 m telescope draws on the ESO and astronomical community experience with active and
adaptive optics and segmented mirrors. Active optics incorporates a combination of sensors, actuators,
and a control system so that the telescope can maintain the correct mirror shape, or collimation. We
actively maintain the correct configuration for the telescope to reduce any residual aberrations in the
optical design and increase efficiency and fault tolerance. These telescopes require active optics
corrections every minute of the night, so the images are limited only by atmospheric effects.

Adaptive optics uses a similar methodology to monitor the atmospheric effects at frequencies of
hundreds of hertz and corrects them using a deformed, suitably configured thin mirror. Turbulence
scale length determines the number of actuators on these deformable mirrors. The wave front sensors
run fast to sample the atmosphere and transform any aberrations to mirror commands. This requires
very fast hardware and software.

Controlling the complex system requires an extreme amount of processing capability. To control
systems deployed in the past, we developed proprietary control systems based on virtual machine
environment (VME) real-time control, which can be expensive and time-consuming. We are working
with National Instruments engineers to benchmark the control system for the E-ELT primary
segmented mirror, called M1, using COTS software and hardware. Together we are also exploring
possible COTS-based solutions to the telescope’s adaptive mirror real-time control, called M4.

M1 is a segmented mirror that consists of 984 hexagonal mirrors, each weighing nearly 330 1b with
diameters between 1.5 and 2 m, for a total 42 m diameter. In comparison, the primary mirror of the
Hubble Space Telescope has a 2.4 m diameter. The single primary mirror of the E-ELT alone will
measure four times the size of any optical telescope on the earth and incorporate five mirrors.

Defining the Extreme Computational Requirements of the Control System
In the M1 operation, adjacent mirror segments may tilt with respect to the other segments. We monitor

this deviation using edge sensors and actuator legs that can move the segment 3 degrees in any
direction when needed. The 984 mirror segments comprise 3,000 actuators and 6,000 sensors



The system, controlled by LabVIEW software, must read the sensors to determine the mirror segment
locations and, if the segments move, use the actuators to realign them. LabVIEW computes a 3,000 by
6,000 matrix by 6,000 vector product and must complete this computation 500 to 1,000 times per
second to produce effective mirror adjustments.

Sensors and actuators also control the M4 adaptive mirror. However, M4 is a thin deformable mirror —
2.5 m in diameter and spread over 8,000 actuators (Figure 4). This problem is similar to the M1 active
control, but instead of retaining the shape, we must adapt the shape based on measured wave front
image data. The wave front data maps to a 14,000 value vector, and we must update the 8,000 actuators
every few milliseconds, creating a matrix-vector multiply of an 8 by 14 k control matrix by a 14 k
vector. Rounding up the computational challenge to 9 by 15 k, this requires about 15 times the large
segmented M1 control computation.

We were already working with NI on a high-channel-count data acquisition and synchronization
system when they began working on the math and control problem. NI engineers are simulating the
layout and designing the control matrix and control loop. At the heart of all these operations is a very
large LabVIEW matrix-vector function that executes the bulk of the computation. M1 and M4 control
requires enormous computational ability, which we approached with multiple multicore systems.
Because M4 control represents 15 3 by 3 k submatrix problems, we require 15 machines that must
contain as many cores as possible. Therefore, the control system must command multicore processing.
This is a capability that LabVIEW offers using COTS solutions, making a very attractive proposition
for this problem.

Addressing the Problem with LabVIEW in Multicore HPC Functionality

Because we required the control system engineering before the actual E-ELT construction, the system
configuration could affect some of the construction characteristics of the telescope. It was critical that
we thoroughly test the solution as if it were running the actual telescope. To meet this challenge, NI
engineers not only implemented the control system, but also a system that runs a real-time simulation
of the M1 mirror to perform a hardware-in-the-loop (HIL) control system test. HIL is a testing method
commonly used in automotive and aerospace control design to validate a controller using an accurate,
real-time system simulator. NI engineers created an M1 mirror simulator that responds to the control
system outputs and validates its performance. The NI team developed the control system and mirror
simulation using LabVIEW and deployed it to a multicore PC running the LabVIEW Real-Time
Module for deterministic execution.

In similar real-time HPC applications, communication and computation tasks are closely related.
Failures in the communication system result in whole system failures. Therefore, the entire application
development process includes the communication and computation interplay design. NI engineers
needed a fast, deterministic data exchange at the core of the system and immediately determined that
this application cannot rely on standard Ethernet for communication because the underlying network
protocol is nondeterministic. They used the LabVIEW Real-Time Module time-triggered network
feature to exchange data between the control system and the M1 mirror simulator, resulting in a
network that moves 36 MB/s deterministically.

NI developed the full M1 solution that incorporates two Dell Precision T7400 Workstationss, each with
eight cores and a notebook that provides an operator interface. It also includes two networks — a



standard network that connects both real-time targets to the notebook and a 1 GB time-triggered
Ethernet network between the real-time targets for exchanging I/O data (Figure 5).

As for system performance, we learned that the controller receives 6,000 sensor values, executes the
control algorithm to align the segments, and outputs 3,000 actuator values during each loop. The NI
team created this control system to achieve these results and produced a telescope real-time simulation
in actual operation called “the mirror.” The mirror receives the 3,000 actuator outputs, adds a variable
representative of atmospheric disturbances such as wind, executes the mirror algorithm to simulate M1,
and outputs 6,000 sensor values to complete the loop. The entire control loop is completed in less than
1 ms to adequately control the mirror (Figure 6).

The benchmarks NI engineers established for their matrix-vector multiplications include the following:

* LabVIEW Real-Time Module with a machine with two quad-core processors,using four cores and
single precision at 0.7 ms

* LabVIEW Real-Time Module with a machine with two quad-core processors, using eight cores
and single precision at 0.5 ms

The M4 compensates for measured atmospheric wave form aberrations, and NI engineers determined
the problem could only be solved using a state-of-the-art, multicore blade system. Dell invited the team
to test the solution on its M1000, a 16-blade system (Figure 7), and the test results were encouraging.
Each of the M1000 blade machines features eight cores, which translates into the fact that engineers
distributed the LabVIEW control problem onto 128 cores.

NI engineers proved that we can, in fact, use LabVIEW and the LabVIEW Real-Time Module to
implement a COTS-based solution and control multicore computation for real-time results. Because of
this performance breakthrough, our team continues to set benchmarks for both computer science and
astronomy in E-ELT implementation, which will further scientific advancements as a whole.

For more information on this case study, please contact:

European Southern Observatory
Karl-Schwarzschild-Strasse 2
D-85748 Garching bei Miinchen
Tel: +49 89 320060

Fax: 3202362

E-mail: information@eso.org
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