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K Bomnpocy 00 3¢ppexTuBHOCTH
KPYNHOTa0APUTHBIX ONTHYECKUX TEJIECKOINOB

npod., a.1.H. CoiueB B. B.}” *viktorsychev@list
MITY um. HD. Bbaymana, Mocksa, Poccus

Pa3paboTka u peannzamus IPOCKTOB KPYITHOTA0APUTHBIX ONTHYCCKUX TEIECKOIOB KaK y HAC, TaK U 3a
PyOEKOM MIPOUCXOIMIO Ha OCHOBE PA3IMIHBIX KOHIICIIIIUHA MOCTPOSHHS. B Ka)XXIoM M3 STHX IPOEKTOB
HEM30€KHO peIlajuch TNPOONEMBI ONTUMH3AINN TEXHUYECKHX XapaKTEPUCTHK U IapaMeTpoB
KOHCTPYKIIMM M amnmapaTypbl Teyeckomna. KIloueBbIMH W3 HHUX SIBISUIMCH XapaKTEPUCTUKU U
napaMeTpbsl HECYIIero Kopiyca (OMOpHO-IIOBOPOTHOTO YCTPOWCTBA), KPYMHOTabOapUTHOW ONTHUKH
TEJIECKONa W CHUCTEM aBTOMATUYECKOrO YIPABJIEHUS CUJIOBBIMU M MPELM3MOHHBIMU NPUBOJAMU B
CHCTEME aJIalITUBHOM KOpPEeKIuU n300pakeHus. Beeraa cTosut BOmpoc - Kakyro KOHIICTIIIHIO BEIOPATS.
B crathe mpeayioKeH KOMIUICKCHBIA KPUTEPHA, MO3BOJISIFOIIUI HE TOJBKO OLECHHUTH 3()()EKTUBHOCTH
KpYIMHOTa0APHUTHBIX ONTHYECKUX TEJIIECKOIOB, HO U CPaBHUTH MEKAY COOOW WX KOHIENTYalbHBIH U
TEXHOJIOTHYECKUAH YPOBEHb C TOYKH 3pPCHUS MONTydeHust nHpopMmanuu. [IpeniokeH HOBBIA TEPMHUH —
WHBapUaHT HWH()OPMATHBHOCTH, XapaKTepPH3YIOUIMA WH(OPMATHBHBIE BO3MOXKHOCTH BBIOpAaHHOM
KOHIICTIIUN W PEANM3YIOIEeH TEXHOJIOTHH. DTO IMO3BOJHUT H30€XKaTh HEOMpPaBIAHHBIX OCIOXHEHUH
TEXHUYECKHUX PEIICHHA, OIMIMOOYHBIX AKIEHTOB M JHIIHMX MaTECPHAIBHBIX 3aTpaT MpH pa3paboTke

HPOEKTA.

KaioueBble ciioBa: KpynmHOraOapuTHBIE ONTHYECKHE TEJECKOMbI, KOIPGHUIMEHT WHBAPHUAHTHOCTH,

WHBapHaHT UHOOPMATUBHOCTH, AU(PPAKLIUOHHOE N300paKEHHUE TOUKU

BBeaeHue

[IpobmemMamMu co3aHusT CYNEPTENIECKONOB S5 TOKONCHHS (25-MeTpoBOro M OOJBIINX
pa3MepoB) YUEHbIE U MHKEHEPbl Hauall 3aHUMaThCs ke B Hayasie 90-X roj1oB MpoLUIOro Beka,
KOTJ[a Pa3BOPAvYUBAIOCH MPOSKTUPOBAHNE U CTPOUTEIHCTBO YETBEPTOTO MOKOJIECHUS ONTUYECKUX
teneckonoB 10-meTpoBoro knacca. B mocnennue roapr XX Beka, KOr/ia peain3anusi OCHOBHBIX
MPOEKTOB TENIECKOMOB YETBEPTOTO TOKOJEHHS BCTyNWIa B 3aBepliaminyio ¢asy, OSTU
WCCIICIOBAaHMS HAuald paCHIUPATBCS W YIIIyonsaTbes. HeB3upas Ha CIOXKHOCTH CTOSIIHX
mpo0OsieM Beliel 3a MPEeAoKEHUSIMHU M0 25-METPOBBIM TEJIECKOMAaM IMOCIEI0BAIA aBAHIIPOCKTHI
TeJecKonoB ¢ aneprypoit 50 metpos, u naxe 100 metpos [1,2,4,6].

B nHamieit ctpane nepBoe MpeyioKeHUe 0 MPOEKTY 25-METPOBOr0 TEJIECKONAa OTHOCUTCS
eme ko BpemeHam CCCP [11]. Ognako comepkarenbHas paboTa Hadangach TOJabKo B 1992 rony,

Korjaa tpems ¢enepaibHbIMU BEIOMCTBAaMH — MHUHHCTEPCTBOM OOOPOHHOM MPOMBINIIEHHOCTH,
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MunucrepctBom Hayku U PAH Oputo mpunsito «CoBMecTHOE pemieHHe O HEeO0OXOIMMOCTH
coznanust OObenuHeHHOW Poccuiickoil acTpoHOMHUYECKOH o0cepBaTopuu M OCHAICHHH €€
COBpeMeHHBIMU HHCTpyMeHTamu 10...25 merpoBoro kinaccos», a B HIIO «Actpodusuka» 06610
copMUpOBaHO  OTJAENbHOC  HampaBieHHe  ucciegoBanuit - «KpynHoraGaputHOe
TEJIECKOIIOCTPOCHUE Ha OCHOBE CPEJCTB alallTUBHOM ONTUKI».

OCHOBHOH 11e7bI0 pabOT OBLIO MOCTABIEHO NpOBeJIeHHE (YHIAMEHTAJIbHBIX HAy4HO-
HCCIIEIOBATENIbCKUX U HPUKIAJHBIX OINBITHO-KOHCTPYKTOPCKUX PabOT, a TakXke MpOBEIEHHUE
TEXHOJIOTUYECKUX  MCCIEJOBAHUM, HAIpPaBICHHbIX HAa  CO3JaHME KpYHHOrabapUTHOIO
aCTPOHOMMYECKOIO aJalTUBHOIO TEJIECKONA C COCTaBHBIM IJIABHBIM 3€pKanoM 25 M Ha 0Oase
OTEYECTBEHHBIX TEXHOJOTH, TTO3BOJISIOIIUX MPEBBICUTH CYIIECTBYIOIINE MUPOBBIE Pa3pabOTKH

10 TCXHUYCCKUM XapPaKTCPHUCTUKAM U CHU3UTD 3aTPAaThl U CPOKH HA €T0 U3IrOTOBJICHUC.

1. Kputepuu oueHKU 3¢ PeKTUBHOCTH KPYNHOTAGaAPUTHBIX ONTHUYECKUX
TE€JIECKOIOB.

Pa3BuTtne paboT Mo CoO34aHHUI0 KPYHMHOraOapuTHOrO aJallTUBHOTO ACTPOHOMUYECKOTO
TEJIeCKOIa Ha OCHOBE BHIOPAHHOM OTEUECTBEHHOM KOHIICTILIUU TEJIECKOIA C COCTABHBIM IJIaBHBIM
3epkaom (ACT-25) HeuszOexHO ymupaercs B NPOOJIEMbl ONTUMHU3AIMHU TEXHUYECKHX
XapaKTepUCTHK U MapaMeTpOB KOHCTPYKLMHU U amnnapaTypsl Teseckona. KiroueBbIMu SBISIFOTCS
XapaKTepUCTUKU M TapaMeTpbl HECYHIero Kopiyca (OMOpHO-MOBOPOTHOIO YCTPOMCTBA),
KpPYIMHOTa0apUTHON ONTUKU TEJIECKOINa M CHCTEM aBTOMAaTHYECKOTO YIPaBIEHUS CHIOBBIMU U
NPENU3UOHHBIMY MTPUBOAaMH. FIMEHHO OHM ONpeNeNsT AalbHEeUunii ycrnex Beert pabotsi [8-10].

OpHako BCTaeT BOIPOC: Kak OLEHUBATh 3((EKTHUBHOCTh TAKUX TEJIECKOIOB, MO KaKUM
KpUTEpUSIM, KaK OLIEHUTh 1€]1ecOo00pa3sHOCTh TOTO WJIM HHOTO TPOEKTa aJarTUBHOIO
KpynHorabaputHoro Teneckona [4,7]. OneHuBaTh Mo pa3pemaroiieil crnocoOHOCTH, ITOTO SBHO
HezpocTtatoyHo. [lo BennuuHe yrioBoro moist — Toxe Bpsad Ju. Hy a MoxeT ObITh 1O 3BE31HON
BenuunHe. Bee 9TH Kputepun CBsi3aHbl MEXIy c000i. YiydiieHre 0JJHOro U3 3TUX MMapaMeTpoB
Hen30eXHO MPUBOAUT K YXYALIECHUIO OCTalbHbIX. OUeBUIHO, TYT HYK€H HEKH 000OLICHHBIN
KpUTEpUH, YYWUTHIBAIOLIMI BCcEe MapaMeTpbl U OCOOEHHOCTH KOHIEMIMH TOCTPOEHUs
KpynmHOrabapuTHOro Tejeckona. TakoBBIM MOXET CIYXKUThb KpPUTEPHH HH()OPMATHBHOCTH
TEJIECKOIA.

Takol kpuTepuil MOKET OTBETUTH Ha BAJKHBIM BOIPOC: HACKOJIBKO TOT WJIM MHOW MPOEKT
CO3/1aHHs KpyHHOrabapuTHOro Teneckona 3((EeKTHUBEH 10 CPaBHEHHUIO C OCTAIbHBIMH U
HACKOJIBKO B CBSI3M C 3TUM LI€J€c000pa3Ha ero peaan3alius.

[lepBUYHO OCHOBHBIE ONTHYECKHE MapaMeTpbl ObLIM ompejaeieHbl Hamu Ooznee 10 jer
Hazaa (TCII-25). K HacrosmeMy BpeMEHM B MHUPE TOSBHWICA PSAJl MPOCKTOB TEJIECKOIMOB C

napameTpamu O6Ju3kuMu K mpoekty ACT-25.
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2. CpaBHUTEeJ/IbHBIA aHAJ/IU3 MPOEKTOB Te1ecKonoB. Koadpdunuent
MHBApPUAHTHOCTH.

[IpoBenemM CpaBHUTENBbHBIM aHANW3 HMEIOLIUXCS MPOEKTOB. s 3TOro BOCHONB3yeMCS
npemioxkeHHsiM eme B 40-x romax Bomocoeim [[.C.[12] Tak Ha3piBaeMbIM «KO3(PHUIIMEHTOM

HWHBApUAHTHOCTH» peFI/ICTpI/IpyIOH_II/IX OIITUYCCKUX CUCTEM, OHpeI[eJ'ISII-OI_HI/IM nux ,Z[O6pOTHOCTI>
.I:
tgW \ /—100
C=———,
n

3neck C — ko pULMeHT MTHBAPUAHTHOCTH,

1)

W — yrioBoe mose 00beKTHBA TEIECKONa B YIIIOBBIX MHHYTAX,

f — doxycHoe paccTosiHIE B MM,

N — 3HAMEHATENTb OTHOCUTEIILHOTO OTBEPCTHSI OOBEKTHBA TEIECKOIA.

B tabmume u Ha rpaduKax TMPEJCTAaBICHbI OCHOBHBIC MapaMeTphbl MPOCKTHPYEMBIX

TEJIECKOTIOB U pacUeTHBIC 3HAUCHHSI KO PHUIIMEHTa HHBAPUAHTHOCTH.

Ta0nuna 1.
DokycHOE 3HaMeHaTelb VYrioBoe
Ne D riaBHOTO Koadpdrmment
Teneckon paccrosiaue f, OTHOCHTEIILHOTO oje
n/m 3epKaia, M WHBAPUAHTHOCTH
M OTBEPCTHUS N w
1 4.2 M Anrnus 4.2 13,5 3,2 30’ 0,0326
3,6M @panius,
2 3,6 14,0 3.8 1° 0,056
Kanana

3 Keck 10,0 17,5 1,75 30 0,068
4 1,8 x 6 M3T 1,8x6 4,94 2,72 4 0,0031
5 TCII-25 25 37,5 1,5 5 0,0194

6 ACT-1200 1,2 12,0 10 5 0,016

7 ACT-10 10 15,0 1,5 30 0,073

8 Gemini 8,0 15,5 1,5 30 0,093

9 OWL 100,0 150 15 3 0,0232
10 CELT 30,0 45,0 1,5 20 0,0848
11 EURO-50 50,0 42,5 0,85 4 0,029
12 GSMT 30,0 30,0 1,0 20 0,1

11’ 0,0467
13 VLOT 20,0 20,0 1
6’ 0,0254

14 ACT-25 25,0 37,5 1,5 10’ 0,0367
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0.12
B GSMT
0.1
M Gemini
0.08 W CELT
mACT-10
0.06 m Keck
m3,6m
0.04 VLOT
ACT-25
0.02
4,2 m
0

Puc. 1. I'papamms TeneckoroB 1o BeanInHe K03 uImeHTa HHBapHaHTHOCTH.

N3 mpencraBneHHBIX JaHHBIX (Tabn.1 w puc.l) BuAHO, YTO pa3dpOC BEIUYUH
Kod(QuIreHTa WHBApUAHTHOCTH BeCbMa BeNWK, oH konebmercs ot 0,0031 (M3T) mo 0,1
(GSMT), .. B 30 pa3s. Jlyumum B 3To# rpamanuu (cMm. puc.l) TemeckonoB sBisiercs GSMT.
OnHaKo 3TO CBUAETENBCTBYET TOJIBKO O TOM, uTO onTHueckas cucrema GSMT mydmmas gucro
TEOPETHYECKH, TaK KaK TEXHOJIOTMYECKHE CIIOKHOCTH peaNN3alyu JITAaHHOW ONTHYECKOU
CHCTEMbl HE IO3BOJIAT JIOCTUTHYTh HEOOXOAMMOrO KadecTBa HM300pakeHHs IMpH 3aJaHHbIX
napamerpax Teneckona. B 3ToM cimyyae OyaeT MMeTh MECTO 3HAYMTEIbHAs MOTEps MOJE3HOH
uHpopMaluu.

KoadduurenT MHBapMaHTHOCTH HE MO3BOJISIET y4YeCTh KOPPEKIMOHHBIE BO3MOXKHOCTH
ONTUYECKON CHCTEMBI, a TIOTOMY HENPUTOJCH JUIS OIECHKH A(PGEKTHBHOCTH ONTHUYECKUX
KpyNHOTrabapUTHBIX TEJIECKOIOB MO MPU3HaKy HHPOpMaTUBHOCTH [3,5].

Kak BugHo u3 ¢opmynsl (1) yBennueHwe ko3(pQPUIMEHTa MHBAPUAHTHOCTH 3a CYET
TOBBILIIEHUS CBETOCUIIBI 00beKkTHBa Teneckona a0 1,0 + 0,85 Brieyer 3a coboil pe3koe CHIKEHUE
MOJTy4aeMOro KauecTBa H300pakeHusl.

MOXHO C JOCTaTOYHOH YBEpEHHOCTHIO TOBOPHTH O TOM, YTO HYXHOE KadecTBO
uzobpaxenus B teneckonax CELT u GSMT (D = 30 M) MoxeT ObITh TIOCTUTHYTO JIUIIb B Y3KOM
CTIIEKTPAILHOM JHaIa30He MPU MCIOJIB30BAHUN JIMH30BBIX KOPPEKTOPOB M CPEACTB alalTHBHOM
KOPPEKIMH N300paskeHHs, UYTO MPUBENET K MOTepe HH(HOPMAIIHH.

Wtak, Ko>QPUINEHT MHBAPUAHTHOCTU KaK KPUTEPHH A(PPEKTUBHOCTH HE MOXKET OBITh
UCTOJIb30BaH, T.K. HE YUUTHIBACT PeaJbHOE KaueCTBO N300paKeHHsI, JaBAEMOTO TEJIECKOTIOM.

[TosTomy B kadecTBe KpuTepusi 3PHEKTUBHOCTH KPYIMHOrabapuUTHOIO TENEeCKONa MOT Obl
BBICTYIIUTh KPUTEPUH, OCHOBAHHBIM Ha ero WH(GOPMATHBHOCTH, T.€. HAa KOJINYECTBE

nH(pOpMaLIUK, KOTOPOE MOXKHO MOJIYYUTh Ha BBIXOJIE TEJIECKOMa.

Hayka u o6pazosanune. MI'TY um. H.D. baymana 104



http://technomag.bmstu.ru/

3. Kputepuit 3¢ peKTUBHOCTH KPYyNHOTA60APUTHBIX ONTHYECKUX TEJIECKOMOB.
WHBapuaHT UHPOPMATHBHOCTH.

BBenem HOBOE MOHATHE «MHBAPUAHT MH(MOPMATUBHOCTHY, BKJIIOUYAIOIININ B C€0s1 OCHOBHBIE
NIEPBUYHbBIE ONTUYECKUE MTapaMeTphl TEJIECKOIA, OT KOTOPBIX 3aBUCUT KOJIMYECTBO MH(pOpMALUU
Ha BBIXOZAE Teneckoma. UTto Takoe «MHBapHaHT»? IDTO CIOBO IMPOU3OILIO OT JIATHHCKOTO
«invariantis»- HeusMmeHstoumiics. MHBapuaHT MHPOPMATHBHOCTH — O3TO KOMIUICKCHBIH
M0Ka3aTelb, XapaKTePU3YIOIIUKA CIOCOOHOCTh ONTUYECKOT0 TEJIECKOIA U3BIEKAaTh HH(POPMAITUIO
13 WHGOPMAIMOHHOTO TPOCTPAHCTBA, 3aBUCALIMA OT IMEPBHYHBIX IapaMEeTPOB BBHIOpAaHHOU
OINTUYECKOM CUCTEMBI U SBJISIOLIUIICS HEU3MEHHOM BETMYUHON JIs JaHHOTO TEJIECKOIIa.

B pabortax [1,11] OblI0 mOKa3aHO, YTO MPH YBEJIMYEHUH TUAMETpa TJIaBHOTO 3epKaia
TEJIeCKOINa, HapsAAy C POCTOM IOTOKA, MOCTYHAIOIIEro Ha BXOJ TEIECKOIa, PacTyT M MOTEpH,
CHIDKAIOIIME MH(POPMALMOHHYIO €MKOCTh H300pa)keHHs, AaBaeMoro TeneckonoM. IIpuuem,
MOTEpH pacTyT ObICTpee, YeM IMOTOK Ha BXOJE MPU YBEIMYCHUHU AraMeTpa. BMecTo Toro, 4To0b!
MOJTYYHUTh BBIMTPHINI B POCTE MOJTy4aeMoil WH(POPMALIUU, MBI, HA000POT, TepsieM WH(POPMAIIHIO.
B pabore ObIT mpemIOKEH [AuMana3oH TOJE3HBIX 3HAYEHUH JUAMETPOB TEJIECKOIOB,
OTIpEIENIIEMBIX JIOMYCTUMBIM YXYIIICHHEM KadecTBa U300pakeHusl. A JOMyCTUMOE YXYIIICHNE
KayecTBa M300pakeHHsT oOecrieuyuBaeTcs BbIOPAHHONM KOHILEMIUEH MOCTpOeHHs TelecKkona u
CYIIECTBYIOIIMM YpOBHEM TexHosioruu. Ha cerogHsmHuil AeHb HauOONBIIMKA JuaMeTp
TEJIeCKOINa He TOJDKEH IMpeBbIaTh 25 MeTpoB. Bee uto Oosbliie — HelenecooOpasHo U sSBIsSETCS
(uHAHCOBON «Pa3BOJKOI» CIIOHCOPOB MJIM KaK y HAaC TOBOPSAT «ACHBI'H Ha BETEPH.

[TocMOTpHM, HACKOJIBKO O3TH pPAcCyXACHUs CIpaBeUIMBBL. Bocmoibp3yeMcsi BHOBb
BBEJICHHBIM WHBAPUAaHTOM HH()OPMATUBHOCTH.

JIOCTaTOuHO OUYEBUAHO YTBEpPXkJAEHHUE, YTO 4eM Oosblie quamerp D 3epkana Tejeckomna,
gyeM OoJIblile €ro YIrioBOe MoJie W M 4eM OoJIblIe MPONYCKaHUE ONTHYECKON CUCTEMBI Ty, TEM
OosblIee KOIMYECTBO MH(OPMAIIMM MOKHO MOJIYYHUTh Ha BBIXO/IE TEJIECKOTIA.

Ecnu npuHsTh, YTO ONTHYECKas CUCTeMa Teleckona AU(PaKIMOHHOIO KadecTBa, TO
MOJKHO CUHTATh CIIPABEUINBBIM BBIPAKEHUE

_ TomrTD%tg?w A
$reop = = 5z @

T€  $peop — MHBAPUAHT HHQPOPMATMBHOCTH ONTHYECKOTO TENECKONA JU(PAKIMOHHOTO
KadecTBa,

Tonr - KOXPOUIIUEHT MPOMYCKAaHUs OMTUYECKON CHCTEMBI TEIECKOIa, XapaKTepHU3yIOIUi
noTepu MHPOPMAITUN B ONTUIECKON CUCTEME,

D — nuameTp rmaBHOTO 3epKalia TelleCKona B MeTpax,

W — yrioBoe mosie B pajguaHax,

A — ITMHA BOJTHBI U3TYYCHHSI,

03 — yrJioBas BeJIMUMHA AUPPAKLUOHHOTO U300paKeHUs TOYKHU JUTSt JTAHHOM
ONTUYECKON CUCTEMBI.

A
IloacraBuB 3HaueHUE 55 = 1,22 5

B opmyiy (2) u mpousBe s HECIOXKHBIE apuPMETHISCKHE JEHCTBUS, TOTYIMM OKOHYATEIHLHO
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_ 4r2
Ereop = 0,545T, D*tg“W/A ()
EcrecTBeHHO, 4TO peabHbIi NHBAPUAHT HHPOPMATUBHOCTH §yen, ONTUYECKOTO TEIECKOTIA

OyzeT BO MHOIO pa3 MEHbIIE, T.K. PEalIbHBI pa3Mep H300paKCHUS TOYKU W3-332 BIUSHHS
2
pa3nuaHbIX (hakTOpoB OyaeT Oobiie Mu(PaKIIMOHHOTO.

éTeop
gpean T g2’ 4)
52
rae K% = — 9 _ KBajpar NPEBBILICHUS PEANbHOTO H300PaXKEHHS TOUKU Hal JUPPAKIIHOHHBIM,
pean
852 = 3™ 52 — peanbHblil c i 0
pean =107 —p peHEKBAIPATUUECKU pa3Mep H300paKeHHs TOUKU HpH

JCUCTBHHU I—THIX UCKAXKAIOMINX (PAKTOPOB

TeJlecKomna, a E_,p

cal

[lo cymectsy, ETeop XapaKkTepU3yeT pPaIllMOHAIBHOCTh KOHIIENTYaJIbHOTO IMOCTPOCHUS

— TEXHOJIOTUYHOCTH pCaiM3allii IPOCKTa TCJICCKOIIa MO0 KPUTCPHUIO €ro

MH(POPMATUBHOCTH.
Tenmeps paccMoTpuM  Te MPOEKTHl  TEIECKOTIOB MO3UIMN  WHBApUaHTA
uHGOPMATHBHOCTH.
Tab6auna 2.
IIponyckanue VYrioBoe
Ne D K*
Teneckon TIABHOTO OINITHYECKO Tose E”“’Op E”pea”
/I 3epKaia, M
CUCTEMBI, Tyy; W
1 4,2 M AHTIIHS 4,2 0,6 30 15399 2 3849
3,6M @ ,
2 M PaRIIA 3,6 0,5 60’ 28033 3 3114
Kananma
3 Keck 10,0 0,5 30’ 412510 5 16500
4 1,8 x 6 M3T 1,8x6 0,3 4’ 178 5 7
5 TCII-25 25 0,2 5 191595 7 3910
8 ACT-1200 1,2 0,4 5’ 2 5 0,08
9 ACT-10 10 0,5 30’ 412510 5 16500
10 Gemini 8,0 0,3 30’ 101378 6 2816
11 OowWL 100,0 0,1 3 1765800 12 12262
12 CELT 30,0 0,1 20’ 2970064 8 46407
13 EURO-50 50,0 0,1 iy 981000 9 12111
14 GSMT 30,0 0,1 20’ 2970064 8 46407
11’ 178560 7 3644
15 VLOT 20,0 0,1
6’ 50401 6 1400
16 ACT-25 25,0 0,6 10’ 2148465 2 537116
* ) — manbosee BEPOATHAS BEIMYMHA, BO3MOKHBI YTOUHEHHS.
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3500

3000 B GSMT
mCELT
2500 - ® ACT-25
mOWL
2000 1 ® EURO-50
W Keck |
1500
= ACT-10
mTCN-25
1000
VLOT
m Gemini
500
0

Puc. 2. I/IHBapI/IaHT I/IH(I)OpMaTI/IBHOCTI/I Pa3INIHBIX KOHHCHHI/Iﬁ TIOCTPOCHUA prHHOl"a6apI/ITHI)IX TCICCKOIIOB

600000
500000 -
B ACT-25
400000 - o GSMT
= CELT
300000 - m Keck
= ACT-10
200000 mOwL
= EURO-50
100000
0

A)

Hayka u o6pazosanune. MI'TY um. H.D. baymana 107



http://technomag.bmstu.ru/

50000
B GSMT
45000 -
m CELT
40000 -
m Keck
35000 + B ACT-10
30000 - = OWL
25000 - m EURO-50
20000 - TCM-25
15000 - 42m
VLOT
10000 -
3,6m
5000 -
Gemini
0 _

B)
Puc. 3. IHBapuaHT HHPOPMATHBHOCTH PA3INYHBIX TEXHOJIOTHH peaTn3aniil KPYIHOrabapUTHBIX TEJIECKOMOB.

A) — s mpoexToB ¢ 1 mo7, B) — as mpoekTos co 2 mo 12.

W3 npeacraBneHHbIX MaTepraioB (Tada.2 u puc.2,3) MOXKHO CJeJIaTh OY€Hb HHTEPECHBIE U
Ba)XKHBIE BBIBOJBI. OKa3bIBaETCsI KOHIENITYaJbHO JIYYIIMMH SIBISTIOTCS TpH Teneckomna: GSMT,
CELT u ACT-25. Ilpuuem, o nadopmaruHoct ACT-25 npeBocxomutr GSMT u CELT Gonee,
yeMm B 10 pas, a cymectByromuii Keck-teneckon — B 30 pa3. OTcroa HanpammBaeTcsi BBIBOJ:
BbIToAHee peanuszoBaTth oauH ACT-25, yem nemate 10 GSMT wmm CELT. Eme pas
MOJITBEPIKAAETCS BBIBOJ, CAeMaHHbIil aBTopoM B Mapte 2000 roaa [11], 3akiroyaromniuiics B TOM,
YTO CO3/aBaTh TEJIECKOIBl HA3EMHOTO 0a3MpOBaHUSI C TUAMETPOM TJIABHOTO 3epKajia oosiee 25 M
JUISL PETUCTpalUU HM300pakeHUN Ype3BbIYaHO YAAJEHHBIX ACTPOHOMHUYECKHX OOBEKTOB HE
HMMeEET 3/IpaBOro cMbIcia. A co3gaHue Teneckonos ¢ nuamerpamu oT 30 1o 100 M, kak 3TO BUIHO
U3 pacyeToB, HE JaeT HUKAKUX MPEUMYILECTB Mepes TeIeCKONaMi MEHbILEro TuaMeTpa, a JIHILb

Ype3BbIUAITHO YCIOXKHAET U YIOPOKAET MPobdIemy.

4. 3aK/IloueHue.

BBenenrne HOBOro MOHATUS HWHBapHaHTa HHPOPMATHUBHOCTU MJs KPYyHMHOrabapUTHBIX
ONTUYECKUX TEJIECKONOB IO3BOJIMJIO IO- HOBOMY B3IVITHYTh Ha caM IpoLecc pPa3paboTKu
CJIOKHBIX OITHUKO-JIEKTPOHHBIX KOMIUIEKCOB. MHBapuaHT WH(GOPMATUBHOCTH KaK KpUTEpUH
3G (HEKTUBHOCTH 1a€T BO3MOKHOCTh OLIEHKU U CPAaBHEHMS Pa3IMYHBIX TEXHUUYECKUX pEIICHUH Ha
JTare MOMCKa ONTHUMAJIBHBIX MyTEH MOBBIIIEHNS THPOPMATUBHOCTH TEJIECKOIOB.

WuBapuanT HMHPOPMATUBHOCTH OTKPBIBAET JOPOTY HOBBIM TEXHOJOTMSAM B YacTH
WCIIOJIb30BAHUS JIETKUX M KECTKMX KOHCTPYKUUH, NMPELU3UOHHBIX HEPACCTPAUBAEMBIX CHUCTEM
KOHTPOJII NPOCTPAHCTBEHHOI'O IIOJIOKEHHS ONTUYECKUX DIIEMEHTOB, IMPOCTBIX M HAIEXKHBIX

aIalITUBHBIX CPEJICTB KOPPEKIIMH UCKaKEHUH, BCEMY TOMY, UTO MOJIOKEHO B OCHOBY pa3paboTKu
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U co3aaHus mpoekTa cynepreneckona ACT-25.

Kpome Toro, 4ro BecbMa CyIIECTBEHHO, HHBApUAHT MH(OPMATHBHOCTU 3aKPOET OPOTY
3a0JIy’)KJICHUSAM B YacTH BO3MOXKHOCTH YBEJIMYECHHUS KOJHMYECTBA HMH(POPMALUHU IyTEM
YBEJIMYEHUS uaMeTpa 3epKaja TeJIecKona U 0CBOOOJUT HAyYHO-TEXHUYECKYIO OOIIECTBEHHOCTD
OT HEeYIaYHbIX [IPOEKTOB U HEONPABIAHHBIX MaT€pPHUaIbHbIX 3aTparT.
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To create large-size optical telescopes, various design concepts have been used. Each con-
cept inevitably faced the challenge to optimize technical characteristics and parameters of the
telescope. There was always a question: what concept to choose, how to estimate efficiency of
such telescopes and by what criteria and how to estimate expediency of this or that project of the
large-size telescope. It is, obviously, insufficient to make a resolution-based estimation. An esti-
mate by the angular field size is inappropriate too. Well, it may be also an estimate by the stellar
magnitude. All these criteria are related to each other. Improvement of one of these parameters
inevitably leads to deterioration of the others. Obviously, the certain generalized criterion con-
sidering all parameters and features of the design concept of the large-size telescope is necessary
here. As such can serve the criterion of informational content of the telescope.

The article offers a complex criterion allowing not only to estimate efficiency of large-size
optical telescopes, but also to compare their conceptual and technological level among them-
selves in terms of obtaining information.

The article suggests a new term, i.e. the informational content invariant to characterize in-
formative capacities of the chosen concept and of the realizing technology. It will allow us to
avoid unjustified complications of technical solutions, wrong accents in designing and excess
material inputs when developing the project.

The informational content criterion-based analysis of the existing projects of large-size
telescopes has been convincingly shown that, conceptually, there are three best telescopes,
namely: GSMT, CELT, and ACT-25. And, in terms of informational content, the ACT-25 is 10
times more than GSMT and CELT, and the existing Keck-telescope exceeds by 30 times. Hence,
it is hard to escape a conclusion that it is more favourable to implement one ACT-25, than to do
10 GSMT or CELT. Once again the conclusion drawn by the author in March, 2000 [11] is con-
firmed: there is no common sense to create telescopes of land basing with a diameter of the main
mirror more than 25 m to register images of extremely remote astronomical objects. And crea-
tion of telescopes with diameters from 30 to 100 m, as it is seen from calculations, does not give
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any advantages over telescopes of smaller diameter, and only extremely complicates and raises
the price of a problem.

It is shown that introduction of new concept of an invariant of informational content for
large-size optical telescopes will allow to have a new look at the development process of compli-
cated optic-electronic complexes. The informational content invariant as a criterion of efficiency
enables an assessment and comparison of various technical solutions at the stage of search for
optimum ways of increasing informational content of telescopes.

Besides, and it is quite essential, the invariant of informational content will disable the
misapprehension regarding a possibility to increase amount of information by increasing a mirror
diameter of the telescope and will prevent the scientific-and technological community from un-
successful projects and unjustified material inputs.

In the early 1990’s when design and implementation of the fourth generation of optical
telescopes of a 10-meter class were under development scientists and engineers already started
being engaged in problems of creating the super telescopes of the 5-th generation (25-meter and
more). In recent years of the XX century when implementation of the main projects of telescopes
of the fourth generation entered the finishing phase, these researches started extending and going
deep. Despite the complicated problems the offers of 25-meter telescopes were followed by the
avant-projects of telescopes with an aperture of 50 meters, and even 100 meters:

- influence of laser radiation on design elements and propagation medium and, as conse-
quence, the back action of design elements and propagation medium on the transmitted radiation
wave-front;

- lack of a basic source of radiation on the laser radiation wavelength, which is necessary
for the adaptive correction methods to be applied to distorted wave-front;

- inherent only in laser systems additional distorting factors available in transmitting sys-
tems.

Such distorting factors are as follows:

* length of optical path because of spacing necessary for a high-power laser source with a
large number of the consistent optical elements;

« thermal self-influence of powerful laser radiation in the channel of radiation transporta-
tion before its input in the forming optical system;

* instability of spatiotemporal characteristics of laser radiation source itself, which worsens
passing radiation conditions both in an optical path and in the free atmosphere;

« thermal heterogeneity and thermal deformations.

It is shown that adaptive systems are distinguished from active optics by the fact that cor-
rection of the radiation wave-front distortions occurs in real time on the entire set of the distort-
ing factors (not only on influence of the atmosphere) with the speed much exceeding action of
distortions. Thus, the quality correction is assessed according to criterion of quality of primary
image.
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Thus, correction continuously considers information on the current spatial, temperature,
temporary, and justified parameters of the optical system, providing quality maintenance of the
image under conditions of distorting factors.

The main postulates of adaptive correction are formulated and offered.

Postulates represent the set of statements and provisions allowing us to realize effective
remedies of adaptive correction of distortions.

It is also shown what real opportunities are open by using methods and means of adaptive
optics in effective application of laser radiation power and what ways allow us to solve these
tasks. First of all, it is:

- forming a system of assumptions and minimizing the distortions in the optical path,
which includes, actually, a laser resonator, a channel for transportation of powerful laser radia-
tion with beam-deflecting mirrors to form the telescope with a compound main mirror;

- forming the efficiency criteria of adaptive optical systems;

- multi-loop system for adaptive correction of distortions.

The paper discusses test results of transporting powerful laser radiation in the horizontal
pathway and shows visual appearance of forming optical system of the test complex bench.

It is convincingly proved that the use of offered postulates in development or moderniza-
tion of optical complexes ensures the minimum level of residual distortions and the overall per-
formance of adaptive optics.

The offered postulates of adaptive correction of radiation wave-front and a positive experi-
ence of their use in full-scale optical complexes will substantially reduce terms and costs in cre-
ating effective aids to watch remote objects, as well as to form and supply the energy to the
space objects for its various use such as power supply, communication, fight against space de-
bris, ensuring asteroid safety, etc.

It is possible to draw a conclusion that the state of domestic optical science, its potential in
creation of adaptive means to provide formation and transportation of powerful laser radiation,
and results of theoretical and pilot studies, encourage a reasonable hope for future creating a
multi-purpose highly effective large-size optic-electronic facility.
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