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OAO «flbiITKaPNHCKNA 3aBO0a ONTNUECKOro creKkaa»

(OcHosan B 1939 ropy)

OAOQ «JIbITkKapuHCKUIA 3aBOA ONTUYECKOTO
CTekNa» SBNSETCH YHUKANbHBIM, MHOrOMpo-
GWIbHBIM  MPEANPUATUEM ONTUHECKOW MpO-
MblluneHHocT  Poccuiickon  ®epepauun.
JI30C ceropHs - 310 eLLe 1 OQHO W3 KPYNHEN-
Wwux npeanpusaTuii EBponbl. 3a roasl CBOEro
CYLIECTBOBAHNS 3aBOA, AOCTUT MUPOBOrO
YPOBHS Ka4eCTBa BbiMycKaemoil npoaykumu. B
HacTosiLiee Bpems JI30C - npuaHaHHbIA Inaep
Poccun B Npon3BOACTBE OMTMYECKMX MaTe-
pWasoB M ONMTMYECKMX NPUOOPOB ANS pa3nuny-
HbIX 06/1aCTEN HAyKN M TEXHUKM.

JI30C nMeeT Hay4HO-TEXHUYECKUI LigHTp B s
no pa3paboTke HOBbIX TEXHOMOrWiA, HOBbIX 5&5 T ELR
BMOOB NPOAYKUMM W CNELManusupoBaHHbIe P
HayYHO-NPOM3BOACTBEHHBIE KOMMIIEKChI:

- ONTMYECKMX MAaTepuanoB, BKIOYaAs
BapKy OMTMYECKOrO0 CTEKNa, M3rOTOBNEHWE
3arOTOBOK M BOJIOKOHHO-OMTUYECKUX SNEMEH-
TOB;

- ONTMKO-MEXAHUYECKUX WU OMTUKO-3J1EK-
TPOHHbIX NPMOOPOB PA3NIMYHOTO HA3HAYEHMS;

- KpynHOrabapuTHOW ONTWKM, BKIKOYas
JINH30BbIE KOCMUYECKME 1 a3podoTorpaduye-
CcKvie 00BbEKTUBEI, @ TakXe KpynHorabaputHble
3epkasna KOCMMYECKOro U Ha3emMHoro 6asvpo-
BaHWS;

YHUKanbHble W3[eNnus, CO3MaHHbe Ha
J130Ce, dyHKUMOHMPYIOT B HACTOSILLEE BPEMS
BO MHOrMX 006CepBaTopusix, NPUHALIEXALLMX
MUPOBOMY COOOLLECTBY.

(e s

Lvtkarino Optical Glass Factory, JSC
(based In 1939)

Lytkarino optical glass factory, JSC is the unique, versatile enterprise in the optical industry of the Russian Federation. LZOS is
one of the largest enterprises in Europe. It took years for LZOS to reach a world degree of quality of its products.

Now LZOS - the recognized leader in manufacturing of optical materials and optical devices for various areas of a science and
techniques in Russia.

Today LZOS has powerful scientific and technical center working out on the new technologies, new kinds of production and spe-
cialized research-and-production complexes:

- Optical materials, including cooking of optical glass and fiber-optical elements;

- Optiks-mechanical and optiks-electronic devices of different functionalities;

- Large-sized optics, including lens for space and aero photographic lenses, and also large-sized space and astronomical mirrors;

As a result, of our efforts, our unique products created factory, are maintained in many observatories worldwide.
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ACTDOCHTaﬂfI@ Nnapyrne ontTnuecKne MmartTepnanbl aans
N3roTopacrHnsa aCctPOHOMNUECCKNX N KOCMNUECCKNX 3ebKan

Astrositall® and other optical materials for fabrication
of astronomical and space mirrors

Iloozomoexa omaumoii 3a2omoexu 3epkaia ouamempom 6 M K CUMAAIUIAUUU
Preparation of mold 6m diameter mirror blank for ceramization

YunTbiBasi HAKOMMBLLMIACS 3HAYUTENbHBIA HAY4YHO-TEX-
HUYECKMIA M NPOM3BOACTBEHHbINA NOTEHLMAN, HA Npeanpusa-
TUM BbINIO CO3[aHO YHUKAIBHOE MO CBOEMY TEXHUYECKOMY
OCHALLIEHNIO NPOM3BOACTBO NO M3rOTOBNEHNIO KPYNHOraba-
PUTHBIX OMTUYECKMX ETANEN, BKIIOYAIOLLEE:

— obopynoBaHne nans HaBapa 3aroTtoBOK U3

ACTpOCVITaHﬂa® CO-115M;

— obopynoBaHue ans  00ecneyeHus reoMeTpuye-
CKWUX pa3MepoB C TONHOCTbIO A0 10 MKM Ha 3aroToBkax
avametpom Ao 6000 mwm;

— o0opynoBaHue an M3rOTOBNEHWS U aBTOMA-
TM3MPOBAHHOTO GOPMOOOPA30BAHMS MOBEPXHOCTEN  Kpyn-
HOrabapuTHbIX 0ONErYeHHbIX OMTUYECKMX AeTanen npo-
M3BOMbHOM KOHUrypauum auametpom 1o 6000 mMm.

Considering all accumulated fair scientific and produc-
tion potential, in the factory there was established the
unique well-equipped manufacturing facilities for large-size
optical components fabrication, including:

— equipment for melting of AstroSitall® CO-115M
blanks;

— equipment for treatment of the geometrical
dimensions up to 10 um on blanks with diameters up to
6000mm;

— equipment for manufacturing and computer con-
trolled figuring and shaping of a surface of large-size and
lightweight optical components of free configuration with
the diameter up to 6000 mm.

LYTKARINO OPTICAL GLASS FACTORY
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[Ina Npou3B0oaCTBa 3epkan aCTPOHOMUYECKOTO 1 KOCMMU-
YECKOTO Ha3HAYeHWs MOMYYWN LIMPOKOE PacrpOCTPaHeHue

marepuan ACTpOCVITaJ'Iﬂ®. ACTpOCVITaJ'Iﬂ® npeaHasHavyeH
ONst U3OENUIA, B KOTOPbIX HE AO0MYCKAETCS U3MEHEHME NINHEN-
HbIX Pa3MepPOB U GOPMbI MOBEPXHOCTU NPU U3MEHEHUM TEM-
neparypbl.

ACTpOCVITaJ1H® — 3T0 CTEK/IOKepaMU4ECKMin MaTepuan,
COCTOSILLWN U3 2-X OCHOBHbIX a3 — CTEKNOBUAHON CBS3KM M
AVCNEPCUMOHHO-PACNPENENEHHbIX B HEW KPUCTAINOB, 00pa3o-
BaHHbIX B pe3y/bTaTe CreuuanbHoi TePpMUMYECKOn 06paboTku
crekna. CpegHuin kK03OUUMEHT JMHENHOTO TEPMMYECKOrO
pacwwpenmns 0 = 1.0 107 K-1 B anana3oHe Temneparyp OT
-60°C po +60°C.

AstroSitall® is widespread material for manufacturing of

mirrors for astronomy and space. AstroSitall® is designed for
products which are not allowed to change any linear size and
surface form while temperature changing.

) AstroSitall® s a crystalline glass which has two main
Oxaaxncoenue omaumoi 3ac0mosKl sepraia neped  phases — vitreous bond and dispersed in it crystals which are

; cumanausauuen _ formed by special thermal glass processing. Average coeffi-
Cooling of mold mirror blank before ceramization ot of linear thermal expansion 0 = 1.0+ 107 K-1 at the tem-

perature range of -60°C to +60°C.

VYcTalHOBKa anst onpeaeneHns
O0OdAHOPOAHOCTHN B NMAOCKON ONTH-=
UEeCKOHN 3arotToBke On3-400

AnanaTomeTp MN30C aans
namepecHng KTApP

LZOS Dilatometer for CTE testing

Mounting for testing of the
homosgenceity in flat optical blank
oPZ-400
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Tounocmo onpedeaenusa KT/IP 5x10-9°C-1
Jluanason xonmpoaa KT/IP +5x10-7 °C-1
(keapu, cumann) Tounocmo onpedeaenusa 00HopoOHOCmU Mamepuaia
CTE testing accuracy 5x10-9°C-1 _ ( +.2) 10-6
CTE testing range *5x10-7 °C-1 (quartz, Sitall) The homogeneity testing accuracy (1 +2)10-°
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OSpPpa3tbl OGNCrYCHHDLIX 3éPKan anameTPnomor1ao0o 6 m
Samples of mirrors with diameter from 1im to Gm

Bmopuunoe 3epraio meaecxkona VISTA ouamempom 1240 mm
Secondary mirror of VISTA telescope with diameter 1240mm
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Dpeseposanue 06.1e24erHOl CIMPYKMYpPbL
Milling of light weighted structure

Yuacmok ghpeszeposanus co cmankamu ¢ KOMNbIOMEPHLIM
ynpaegaenuem
Milling workshop with computer-controlled machines

Ona dpesepoBaHns  KOHOUIypaumm U CTPYKTYpbI
KpYNHOrabapuTHbIX ONTUYECKMX [eTaneii MCnonb3yercs
NpeumsvoHHoe 000pyAOBaHUE C NPOrpamMMHbIM yripaBne-
HMEM, MO3BONSIOLLEE NOAYYMTL OBNEryeHHble 3ar0TOBKM
OnTUYECKMX aeTanen amametpom a0 6000 MM C TOYHOCTbIO
uarotoBneHns Ao 10 MKM M C pasnnyHOI CTPYKTYpPOM
obneryexus.

3eprano kocmuneckozo meaeckona ouamempom 1700 mm
Space telescope mirror with diameter 1700mm

Obneauermoe 3eprato ouamenpom 1. c odneeerem oo 70%
Light weighted mirror with diameter Im with light weight rate up to 70%

3epkaao meaeckona BTA duamempom 6000 mm
BTA telescope mirror Diam. 6000mm

In order to mill a shape and a structure of large-size
optical elements, there is used a precision equipment with
computer controlled process, allowing to receive light-
weight blanks for optical components with diameter up to
6000 mm, accuracy of 10 um and various lightweight
structures.

LYTKARINO OPTICAL GLASS FACTORY
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OGnerueHHbIC 3éPKana, N3IroTosneHHbié MCTOAO0OM
ACKTPOAQAreéanoHHoOro coeanHenrns

Light weighted mirrors produced by ithe method of eleciro
adhesive coniunction

Ilodeomoeka mpexcaoiinozo 3epkaia K cOeOUHEeHUI0 8 MpexcAOUHYI0 KOHCINPYKUUIO Obaezuennblii KAPKAc COCMABHO20
Preparation of three layers mirror for integration in an unitary construction 3epraaa duamempom 1600 mm

Lightweight frame of 1600 mm integrated
mirror

B OAO J1I30C, ¢ yyeTom 60MbLIOrO OMbiTa MO U3r0TOB-
NEHMIO  KPYNHOrabapuTHbIX 3epKkasi, BeayTcs paboTbl Mo
CO3[AHMI0 MHOrOCNOMHbIX 0BMErYyeHHbIX acTpo3epkan Ha
OCHOBE TEXHONOTMM 3NEKTPOAAreaVoHHOT0 COeAMHEHMS, a
TaKXe C MUCMONb30BAHUEM HETPAAULIMOHHBIX MaTepUaoB,
TakuX Kak CaMOCBSA3aHHbI kapobupa, KpeMHUS.

TexHONorus 3NeKTPOAAre3MOHHOTO COBAMHEHUS NO3-
BOJISIET MOJy4aTb MHOrOC/OMHbIE 3epkana AMaMETPOM [0
2000 MM, cocTosiume U3 06NerYeHHoro kapkaca 1 nokpoB-
HbIX N1aCTUH. [IaHHAs KOHCTPYKLWS CYLLLECTBEHHO MOBbILLIA-
€T XECTKOCTb 3epKaJl.

Obaezuennoe 3epKaao, u32onoB.1eHHOe Memoo0oM IAeKmpo-
adee3uonHo20 coeouHeHus
Light weighted mirror fabricated with electro-adhesive con-
nection techniques

Considering the large experience in the manufacturing of large-size mirrors, LZOS carries out the works on creating
of multilayer lightweight astronomical mirrors on the base of electro-adhesive connection techniques with using of non-
traditional materials like self-bonded silicone carbide.

The electro-adhesive connection technique allows obtaining multilayer mirrors with diameter up to 2000mm, con-
sisting of a lightweight frame and covering plates. This construction considerably increases the stiffness of the mirrors.
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OSOoODPYAOBaAHNEG A0Sl OGPASOTKN 3epPKan
Machines for mirrors treatment
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Ilpouszeodcmeennulii 3a1 ¢ 060pydosanuem 0131 00paA6OMKU ACIPOHOMUMECKUX U KOCMUMECKUX 3ePKal
Workshop hall with equipment for figuring of astronomical and space mirrors
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Texnoaoeuneckuii KOHMPOab 6 20PU3OHMAILHOU cXeMe 3epKaia duamempom 2,6 Mempa HA NOBOPOMHOM CMo4e CMAHKA
Technological test of 2.6m mirror in horizontal set-up on a turntable table of the machine

—
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Ilpouecc waugposru 3epxara duamempom 6 mempoe bTA na cmanre KY-1684/1M
Polishing of 6 m mirror for Bolshoi Azimuthal Telescope on polishing machine KU-168ADM

®opmo0bpa3oBaHme KpynHOrabapUTHbIX OMTUYECKUX Figuring of the large-size optical elements with diame-
netaneii anametpom ao 6000 mm npoussoautcs B Tepmo-  ter up to 6000 mm is made in a thermostatically controlled
CTaTMpOBaHHOM nomelLeHnn. [ina HopmanibHbix pexumoB  room. Normal conditions of high precision optical compo-
NOJIMPOBKI BbICOKOTOYHbIX ONTUYECKUX AAETANIEN B ONTUYE-  pants polishing are provided at temperature of 21+10C in

CKOM 3ase nopaepxvBaetca Temneparypa 21+19C. the optical room.
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Dunuwnas 00600ka 3epxaia ouamempom 3.7m na cmanxe A-4000
Final polishing of & 3.7m mirror on AD-4000 CNC machine

Cmanox C/[-1000 0as purumnoii do6ooxu 3epxaa duamempom do 1.3m
CD-1000 CNC machine for final polishing of mirrors up to diam.1.3m

9
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Buo ucnstmameasvnozo cmenda YBK-6/70 ¢ éaxyymuposanmnvim onmuteckum mpaxKmom
¢ naowiadxu Ha evicome 72 mempa
View of the test set YBK-6/70 with evacuated optical path from the site on the height of 72 m

[Jng NpoBefeHNs TEXHONMOMMYECKOr0 U aTTeCcTaLMOH- For the technological and certification testing of large-
HOr0 KOHTPONS KPynHOrabapuTHbIX OMTUYECKUX AeTanen  Size optical components with diameter up to 6000 mm and
avameTtpom o 6000 mm u pagmycom Kpuem3Hbl paboyein  working surface radius of curvature of 10+70 m test set
nosepxHoct 1070 M wmcnonb3yetcs wucnbiTatenshbin — YBK-6/70 is used.

komnnekc YBK-6/70.
BbICOTA KAMEPbI.......ccvvveeeeireeeesiireeeenns 70 m Chamber height......... Jerreeeaaannnnneeeeeaaannnes 70m
OBBLEM KAMEPbI.......veevveeeerreareereaneennes 1600m3 Chamber volume..........ccccccevveeieeniennne 1600m3

10
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YcrtaHoBKa MNyvu-2.5

KoMnaeKkc npeaHasHaueH 4asl NOHHO-AYUEGBOHN NONNPOBKN
KDPDYNMHOrrascapNTHDLIX ONTNUECCKNX ACTANCA ANaMeTPOM 40 2.5 Mm

Installation “Luch-2.5"

Installation is intended for ion-beam polishing of large size optical
blanks with the diameter till 2.5 M

OCHOBHbIE TEXHWYECKWUE NAPAMETPbI
YCTAHOBKM «Jlyy-2.5»

JnameTtp 0bpabatbiBaeMon aetanu 2500 mm
| paboyee JaBNneHne B TEXHONOTMYECKON
3l xamepe 1.33x10-3 Ma
- TOYHOCTb Ynpasnsemoro ot 9BM
- MO3ULMOHNPOBAHMS UCTOYHMKA MOHOB 0.01 mm/40"
N TUN UCTOYHMKA VOHOB XonnoBckoro Tma
: JMAaMETP MCTOYHWUKOB OHOB 100 mm, 200 Mm
8 ra3 pabouei cpeqpl,
. :I pacxop, rasa cmM3/c aproH, oo 20
: . AVaMeTp My4ka MOHOB HA MOBEPXHOCTY
S| ommweckoit getanm, Mm ot 50 o 150
LB dopma obpabatbiBaemoli nnockas, cdepuyeckas,
MOBEPXHOCTH acdepuyeckas,
BbIMyKJ1asi, BOrHyTas
KOHOUrypaLysi BHELLHETO NepuMeTpa NPOM3BO/IbHAs
matepuan 0bpabarbiBaemoii CTEKNIOKEpaMMKa,
Jetanu MNaBNeHbIA KBapLL,

onTmnyeckoe CTekno

MAIN TECHNICAL PARAMETERS OF THE
INSTALLATION «LUCH-2.5»

Diameter of blanks for treating 2500 mm

Operational pressure in the technological

chamber 1.33x10-3 Pa

Positioning accuracy of the ion source

controlled by computer 0.01 mm /40"

Type of ion source Hall type

Diameter of ion sources 100 mm
200 mm

Operating fluid, gas flow rate cm3/sec argon, till 20

Diameter of ion beam on optical blank

surface, mm from 50 to 150 mm

Shape of the treated surface flat, spherical, aspherical,
convex, concave

Configuration of the external perimeter arbitrary
Material of the treated blank glass-ceramic,
fused silica, optical glass

11
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BakvvMmHbin cteHa KIrco
NcnbiTaTeabiHbIn BaKVVMHDLINA CTEHA aast nHTepdhepeHUuNnoHHOro

KOHTPOMNS ONTNKO-2ACKTPOHHDbIX CNCTEM

Large size optical vacuum bench KGSO

Vacuum test bench for interferometric testing
of optoelecironic svstems

OCHOBHbIE TEXHUYECKUE NAPAMETPbI

CTEH[A:
rabapuTbl BaKyyMHOI kamepbl & X H, v 2832 x 9830
Macca YCTaHOBKU, Kr 16000
00beM BaKyyMHOIi kamepbl, M3 60,3
0CTaTO4HOE AaBEHME, CO3AABAEMOE
B Kamepe < 102 mm.pT.CT.

norpeLHocTb ontnyeckoro Tpakta (BOC) < A/40 CKO;
avameTp 3payka koHTponupyemoii cuctembl < 1900 mm;
JUIMHA ONTUYECKOWA CUCTEMDI < 6000 mm;
Yron OpUEHTALIMKU ONTUYECKOI 0CK

KONIMMaTopa OTHOCUTENBHO rOPM30HTa

MpW NPOBEAEHUN KOHTPOAS 0°, 90°

MAIN TECHNICAL PARAMETERS OF THE BENCH:

Overall dimensions of the vacuum

chamber & x H, mm 2832 x 9830
Weight of the installation, kg 16000
Volume of the vacuum chamber, m3 60,3
Residual pressure, generated

in the chamber < 10-2 mm of mercury
Error of testing in the vacuum chamber < A/40 RMS error
Clear aperture of the testing system < 1900 mm
Length of the optical system < 6000 mm
Angle of orientation of the collimator

optical axis 00, 900
relative to the horizon while testing

12
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Jins pasrpy3kv ONTUYECKUX AeTaneii B npoLiecce 06paboT-
KV 1 TEXHOJIOMMYECKOrO KOHTPOS UCTONb3YETCH raMMa CTEH[I0B
W Pasrpy304HO6A3MPOBOYHBIX TEXHOMOMMYECKUX OMpaB MeM-
OpaHHO-NHEBMATUYECKOTO TWUMA, B KOTOPbIX MCMONb3YeTCs
cucTemMa  aBTOMATWYECKOro MOAAepXaHus  napameTpoB
HaCTPOWKW NPX U3MEHEHUW BHELLIHUX BO3EMCTBMI (aTmocdep-
HOe [1aB/eHve, TeMneparypa).

Ha crapum npengaputensHoro  ¢opmoobpa3oBaHus
MOBEPXHOCTEN MOCKUX, CHEPUIECKNX 1 acdHepryeckmnx onTmye-
CKWX [ETaIeN UCMOSb3YIOTCS CTaHKM C KITaCCUYECKON KuHemarm-
KO IBVDXEHMS! MOJTHOPA3MEPHBIX MUHCTPYMEHTOB, MHCTPYMEHTa-
Macku, MasibiX MHCTPYMEHTOB MY PETYLLIW.

JInq  BbICOKOTOYHOM [I0BOAKM MOBEPXHOCTEN OMTUYECKUX
petanen avamerpom 100 -+ 6000 MM 1CNIONb3YIOTCS aBTOMATU3M-
poBaHHble cTaHkm mopenv Al (AO-1000, CA-1000, A-2000,
AL1-4000, KY-168A0M), ynpasnsiemble OT KOMMbOTEPA.

[ns KOHTpONS POPMbI MOBEPXHOCTU B PEaSIbHOM MacLuTa-
0e BpeMEHU MCMOMb3YeTC KOMIMJIEKC N0 aBTOMATU3MPOBAHHOM
06paboTke MHTEPdEpOrpamm, NPeaCTaBNSOLLMIA COD0I LMPPO-
BYIO BIAEOCKCTEMY 00pabOTKM CHrHana M300paxeHus nHTepde-
porpammbl. OH BK/touaeT 610K GOTOINEKTPUYECKON perucTpa-
wm Ha M3C marpuue pasmepom oo 10 meranmkcenei.

Yemanoexa monkozo adanmugnozo 3epxaia ouamenmpom
3300 mm Ha mexnoao2unecKyo onpagy
Installation of thin 3300 mm adaptive mirror
on technological cell

———

Ilpouecc gpunumnoii noaupoerku vicokomounozo 3epkata na cmanke A/-2000, ynpasasemom Komnvromepom
Final polishing of high-precision mirror on computer controlled polishing machine AD-2000

To support and stabilize optical components surface at processing and testing stages the set of vibration-isolated test bench-
es and technological supporting mounts of membrane-pneumatic type, including automated maintenance of adjustment param-
eters while changing of environment factors (atmospheric pressure, temperature) is used.

At the stage of a preliminary surface shaping of flat, spherical and aspherical optical elements, machines with classical motion
kinematics of full-size, small (at retouching) and mask tools are used.

For high precision finishing of optical surfaces on 100+-6000 mm optical components computer controlled polishing machines of
AD series (AD-1000, CD-1000, AD-2000, AD-4000, KU-168ADM) are used.

For real time surface shape test there is used an automated interferogram processing system, being a digital video system
for interferogram picture signal processing The system includes a unit for photoelectric recording with 10 megapixels CCD marix.

13



JIBITKAPUHCKHI 3ABOJ] OIITUYECKOI'O CTEKJIA

n3o0c=£r1z0s

CpeacrBa KOHTPONSI N TexHonornst hopmMmoosopasoBalHns
Testing means and fisguring techniaues

Dunuwnas noauposxa 3epxasa ouamempom 3700 mm
Ha cmamKe ¢ KOMNBIONEPHbIM YNpasieHuem
Final polishing of 3700 mm mirror on the computer-controlled
polishing machine

Camvuii 6oavwoii 6 Eepone
JO0D-umumamop 3epxaaa
Largest CG H-imitator of mirror
in Europe

JI0D-koppexmop 601106020
dponma
CGH for mirror testing

lporpaMMHbIA KOMMAEKC COLEPXWUT KOMMEKT Mof-
NporpaMM PasfNYHOrO0 Ha3HayeHusl, 0OeCcneyMBalOLLIMX
NpoBeAeHNe aBTOMATU3MPOBAHHOTO TEXHOOrMYECKOro
npouecca, pacyeT Tonorpagum ONTUYECKON MOBEPXHOCTM
no pesynbTataMm MHTEPPEPEHLMOHHOTO KOHTPOAS, pacyet
Cbema Marepumana 3afaHHbIM HabopoM NONMPOBANIbHIKOB,
pacyeT TPAEKTOPMM ABUXEHMS NOMPOBANILHUKOB NO JeTa-
NN, pacyeT KOPPEKTUPYIOLLMX TEXHONOrMYECKUX MapameT-
pOB, ONTUMM3ALMIO NpoLiecca GopMO0OPa30BaHNS, BbIBOL,
YNPaBASIOLLMX MPOrPaMMm A1t KOMMbIOTEPHOO YNPaBneHns
ABWXEHMEM MONMPYIOLLEr0 MHCTPYMEHTA.

OAO J130C uncnonb3yeT camble COBPEMEHHbIE CPEACTBA
KOHTPOJIS OMTMKK, BKITKONAIOLLME MaLuvHbI 3D, nasepHbiii Tpe-
Kep, CMCTEMbI NO3WLIMOHMPOBAHNS C MCMONb30BAHWUEM rekca-
MOM0B, KOMMIEKT MHTEP(EPOMETPOB C ANIEMEHTAMM MUKPO-
nogmay dupmbl STANDA, uHTEepdepoMETpbl C JIMH30BLIMM
koppekTopamu npoussoactea OAO JI30C n [J03-koppekTo-
pamu Npom3BoACcTBa WHCTMTYTA aBTOMATUKN W 3NIEKTPOMET-
pum CO PAH, coBpemeHHOe nporpaMmHoe obecrieyerune ans
00paboTkn MHTEPdEPOrpaMM M 1S OMTUYECKMX PaCcyeToB,
BK/t04as nporpammy ZEMAX. U 310 nvLib KpaTkuii nepeyeHb
MMEtoLLIErocst 000PYIOBAHMS W TEXHOMOTUIA.
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Mawuna 3D KUM-1400 045 uzmepenus ghopmot
NOGEPXHOCIMU 3ePKAAQ UAU AUH3bL
3D Device KIM-1400 for testing of mirror/ lens surface

Jlun3zoeniil Koppexmop

IOcmupoelca ONMu4ecKux 31eMeHmoe ¢

04151 KOHMPOAS 3epKai 6Heoce6oll acghepuKoli ¢ ucno1b306anuem
Lens corrector for 2ekcanooa u aazeprozo mpexepa APIT3
mirror testing Off-axis aspherical optical elements adjustment

by means of hexapod and laser tracker APIT3

Software contains some various purpose subroutines
providing computer controlled technological process, cal-
culation of optical surface map by the results of interfer-
ence testing, calculation of material removal with a pre-
scribed set of polishing tools, calculation of mechanical tra-
jectory of the polishing tools along the element, calculation
of correcting technological parameters, optimization of
shaping process, control programs to drive polishing tools.

LZOS utilizes the most modern means of testing of
optics, including 3D machines, laser tracker, positioning
systems with use of haxapads, set of intereferometers with
elements of micro actuators of STANDA firm, interferome-
ters with lens correctors of LZOS production and CGH-cor-
rectors made by institute of automatics and electrical
metrology, state-of-the-art software for interferogram pro-
cessing and for optical designs including ZEMAX software.
And this is only the brief list of available equipment and
technologies.

LYTKARINO OPTICAL GLASS FACTORY
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Hanconee BaxHDLIC BbIMOAHEGHHDLIE aCTPOHOMNUEGCKNE NPOCKTDLI
3epKkana TeanaeckonoB TTL, LCO, NOA, VST

The most important accomplished astronomical proijects of the

telescopes mirrors for TTL, LCO, NOA, VST Proijecis

—

i
I
|

: e T— ] '
. R, rAL
IIpedeapumeavnas noauposxa 3epxaia VST Dunumnas noaupoera sepkasa VST Kanmoeanue 3epxana
oduamempom 2650 mm ouamempom 2650 mm Mirror handling tool
Preliminary polishing of diam. 2650mm Final polishing of diam.2650mm
VST mirror VST mirror

Yemanoexa 3eprasa meaeckona VST
Ha MeXHOA02UMECKYI0 Onpagy
Installation of VST telescope mirror
on technological cell

OAO N30C wuaroToBun 7 raBHbIX 3epkan ¢ runepbonmye-
CKOI NOBEPXHOCTLIO auameTpom 2050 MM (F/3, achepriHocTb 20
MKM) 1 5 BTOPUYHBIX 3epKkan auameTpoM 645 mm (F/2.5, acde-
PUYHOCTb 12 MKM) Anst poBOTU3MPOBAHHBIX TENIECKONOB NPOEKTOB
TTL (Telescope Technologies Limited, BenukobputaHus) u Las
Cumbres Observatory Global Telescope Network (LCOGT, CLLIA,
Benukobputahms). Ha Bcex 3epkanax Obinia nosyyeHa KOHLEHTpa-
s 3Heprum Ha oc  80% B KpPYXKE paccesHus OuameTpoM
meHee 0.2". RMS noBepxHOCTM 3epkasi MeHee 9 HM.

N3rotoBneHo rnaBHoe U BTOPUYHOE 3epkana Teneckona
NOA (Astronomical Institute - National Observatory of Athens,
lpeums) amamerpom 2280 mm (F/2.3) n 753 mm (F/2) cootser-
CTBEHHO. [MaBHOe 3epKao MMEET KOHLIEHTPALWIO SHEPTUM Ha
ocu 80% B kpyxke meHee 0.2" n RMS noBepxHocTh MeHee 9 HM.

N3rotoBneHbl rnaBHOE M BTOPUYHOE 3epkaiia Teneckona
VST (VLT Survey Telescope, Osservatorio Astronomico di
Capodimonte Napoli) anametpom 2650 mm (F/1.8) n gvamet-
pom 938 mm (F/2.3) ¢ achepuyHocTbio 0kosio 100 MKkM Ha 060mx
3epkanax. B 2002-2006 rogax M3rotoBNEHO BTOPOE MOAoOHOe
3epkano.

Bce 3epkana nsrotosneHbl 13 ActpoCutanna®

Yemanoeka 3epraia meae-
ckona VST ¢ konmelinep
VST telescope mirrors instal-
lation into the container
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Po6omusupoeannvie meaeckonst ouamempom
2050 mm c 3epraramu JI30C
Robotic telescopes with the mirrors diameter
2050mm using LZOS

LZOS manufactured 7ea. primary mirrors with hyperbolic
surface diam.2050mm (F/3, asphericity 20 um) and 5ea. sec-
ondary mirrors diam.645mm (F/2.5, asphericity 12 um) for
robotic telescopes for TTL (Telescope Technologies Limited) and
Las Cumbres Observatory Global Telescope Network (LCOGT,
USA - Great Britain). On that mirrors Encircled Energy80% in the
spot with diam.0.2” was obtained. The mirror surface RMS is less
than 9nm. The primary and the secondary mirrors of NOA tele-
scope (Astronomical Institute - National Observatory of Athens,
Greece) with diam.2280mm (F/2.3) and 753mm (F/2) corre-
spondingly. The primary mirror has Encircled Energy on axis 80%
in the spot less than 0.2” and RMS surface less than 9nm.

There is produced the primary and secondary mirrors of
VST telescope (VLT Survey Telescope, Osservatorio Astronomico
di Capodimonte Napoli) &32650mm (F/1.8) and 938mm (F/2.3)
with asphericity about 100um on both mirrors. In 2002-2006
years the second similar mirror was produced also.

All the mirrors are produced of Astrositall®.
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TPeTNUHOe 3éPKano Teneckona GRANTECAN
GRANTECAN Telescope tertiary mirror

Ilpedeapumenvnas waughoska 3epxasa M3
M3 mirror preliminary polishing

Teaeckon GRANTECAN
GRANTECAN telescope

Konmpoas 3epxasa M3
M3 mirror testing
- ]
5

3epkaao M3 na onpase
M3 mirror into cell

OAO 130C wn3rotosun nnockoe 3epkano M3 ¢ annun-
THYeCKoi KoHUrypauuein ¢ pasmepom oceir 1520x1073
MM ans ucnaxekoro teneckona GRANTECAN. [ing KOHTpo-
N9 NNOCKOW NOBEPXHOCTM AAHHOTO 3epkana paspaboTaH
CMOHTMPOBAH CheLmabHblii BEPTUKANbHbIA CTEHT, NO3BO-
NAIOWMIA  KOHTPONMPOBATL 3epkano B cxeme Puuim-
KommoHa nop, aByms yrnamu nafieHns rnaBHoro nyya.

B npouecce popmoobpa3oBaHmst M KOHTPOSS UCMOSb-
30Ba/laCb CMCTEMA Pa3rpy3kn 3epkana, W3roTOBJIEHHas
¢dupmoii AMOS (Benbrus).

16

LZOS manufactured the flat surface of M3 mirror for
the GRANTECAN Project. The mirror has an elliptical con-
figuration and axial dimensions of 1521mm x 1073mm. The
special vertical test bench is designed and installed intend-
ed for testing of flat surface of this mirror. This test bench
allows testing the mirror in Ritchey — Common layout at two
30° and 60° angles of incidence of a main beam.

The support system produced by AMOS (Belgium)
company was used during the mirror surface figuring and
testing.

LYTKARINO OPTICAL GLASS FACTORY
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NM3rotToBnéHNe 3arotToBoK CrmeHToB rnaBHoro
3ePKana TenecKkona SALT

Fabrication of SALT telescope sub-mirrors
substrate blanks

H32omosaenue ceemennog 21a8Ho20 3epKaia
Primary mirror sub-mirrors blanks fabrication

Daemenmol 24a6H020 3epKaia YCMano64eHblL 6 Me1ecKon
Primary mirror elements are installed into telescope

OAO NI30C nocraBun 96 WweCTUrpaHHbIX CErMEHTOB
n3 ActpoCutanna® pns COCTaBHOrO rNaBHOrO 3epkania
Teneckona SALT (Southern African Large Telescope). Bce
CEerMeHTbl 3epkana ObUiM YCTaHOBNEHbI B TENECKON B Mae
2005 ropa. Pasmepsl cermenta — 1100 MM no avaroHanu,
TOJILLMHA 35 MM.

[ins ero yCnewHoro BbINONHEHNs Obinn pa3paboTaHbl
W N3rOTOBNEHbI MHTEPDEPEHLMOHHBIE ANNATOMETPLI HOBO-
ro NokoneHuns, 06GecneynBaloLLMe NOrpeLiHoOCTb M3Mepe-
HuiA KTP He 6onee 5 x10- rpag C-1. Mpwu atom, oaHOpoa-
HocTb KTP, namepenHas no 18-t obpasuam, B3ATbIM 13
Pa3/MYHBIX YY4aCTKOB 3ar0TOBKM, HE NPEBbILLANA N0 pa3ma-
Xy 3HayeHns 15 x10° rpag C- .

17

Ilpuemra 3azomoeox ¢ 0A0 JI30C
Blanks acceptance in LZOS

96 substrate segments from AstroSitall® for SALT
Telescope (Southern Africa) are supplied by LZOS.

All segmented sub-mirrors composing the Primary
mirror were installed by May 2005 year. Substrate seg-
ments size along diagonal is 1100 mm, thickness is 55 mm.

In order to meet successfully SALT CTE specification
the new generation interference dilatometers were devel-
oped and manufactured. They ensured CTE measuring
error of no more than 5 x 109 K-1. The CTE homogeneity at
18 measured points of a blank is not more than 15 x 10-9
K-1.

LYTKARINO OPTICAL GLASS FACTORY
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N3roToBneéHNE 3aroTOBOK N CEGrmeHTOB 3épKan
Teneckona LAMOST

LAMOST telescope sub-mirrors and blanks fabrication

Konmpoas ceemenma 3epxana c aun3oi
Duzo 6 cmende KOHMPoIsL
Testing of the mirror segment with Fizeau
lens into test bench

Konmpoaws aunzot Du3zo co chepuneckum
amanounsim 3epraiom (21200 mm)
Fizeau lens testing with the spherical reference mirror (21200 mm)

OAOQ JI30C wm3roToemn 26 3arotoBok U3 ActpoCutanna® ans
nnactHbl Limuara M, npoekra LAMOST (MHorouenesoi Lwmipo-

KOYrofbHbIA  CTIEKTPOCKOMMYeckmii Teneckorn, Large Sky Area
Multi-Object Spectroscopic Telescope) v BbinonHun paboTsl No
obpabotke 40 cermeHToB 3epkana Mb, M3roTOBNEHHbIX M3 MaTe-
puana Zerodur® ¢upmbl LLloTT. Teneckon SBAseTCA CneLmanbHom
oTpaxatoweir cuctemon Llmmara. LAMOST coctout w3 AByX
KpYNHOrabapuTHbIX CErMEHTHbIX 3epka: nnactuna LLimuara M, 1

chepuyeckoe rnasHoe 3epkano Ms. Pasmepsl My — okono 5.7 M

X 4.4 M, OHO COCTOWT 13 24 LIECTUIPaHHBIX CErMEHTOB 3epKana.
Paamepbl MB — 0k0110 6.7 M X 6 M, OHO COCTOMT 13 37 LIECTMIPaH-
HbIX CErMEHTOB 3epkana. [1ns M3roToBNEHMS CErMEHTOB AAHHOIO
3epkaiia paspaboTaHa cneumanbHas TexHonorus obpaboTku K
KOHTpONIA. [1ns KOHTPONS GOPMbl MOBEPXHOCTM CETMEHTOB Obin
M3rOTOBMEH MHTEPhEPOMETP Tvna PU30 C 3TaNOHHOI cdhepuye-
CKOVi MOBEPXHOCTLIO pagnycom 40 m.
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O6wuii 6ud meaeckona LAMOST
¢ 3epkasamu JI30C
General view of LAMOST telescopes
with LZOS sub-mirrors

LZOS has fabricated 26ea. blanks of Astrositall® for M,

Shmidt plate of LAMOST Project (Large Sky Area Multi-Object
Spectroscopic Telescope) and completed works on treatment of
40 segments of Mb mirror, made of Zerodur® material of Schott
company. The telescope is the special reflecting system of Shmidt.
LAMOST consists of two large size segment mirrors: M, Shmidt
plate and Primary spherical Ms mirror. M, mirror has size about

5.7m x 4.4m and consists of 24hexagonal segmented mirrors. Mg
mirror has size about 6.7m x 6m and consists of 37hexagonal seg-
mented mirrors. For manufacturing of segments of Me mirror the
special figuring and testing technology was developed. In order to
test the segments surface figure there was Fizeau lens interferom-
eter with reference spherical mirror having radius 40m was pro-
duced.

LYTKARINO OPTICAL GLASS FACTORY
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NMaeHoOe 3éPKano Teaeckona VISTA
VISTA telescope primary mirror

Kaaccuueckas noauposka 2aagnozo 3epraia
Classical polishing of Primary mirror

Tpancnopmupoexa eomosozo 3epxaia
Handling of the finished mirror

Tloauposka 21aeH020 3epKaia c KOMNLIOMEPHLIM YNPAGACHUEM
Primary mirror polishing on computer-controlled machine

Ilepevie cnumxu ¢ HK-ouanazone (cnpasa). Caeea cHUMOK 6
eudumom duanasone
The first images in IR-range (right) and in visual range (left)

OAO N130C BbinonHMn paboTbl MO M3rOTOBNEHMIO
ontuku ans npoekta VISTA (Visible and Infrared Survey
Telescope for Astronomy).

VISTA - 0030pHbIin Teneckon, pabotaioLmii B MHppa-
KPacHOM [AMana3oHe BOJH, U OH SIBNFETCS KPYNHEALWUM B
MUpE TENECKOMNOM-KapTorpadom 3Be3AHOM0 Heba.

[maBHoe runepbonuyeckoe 3epkano u3 Zerodur®
umeet anametp 4100 mm 1 paguyc KpuBu3Hbl okono 8094
MM, acpepuyHOCTb 0K0s0 881 MkMm.

g
s AT ES

Onmuueckue 2.1emeHmblL 6 meseckone
Optical elements in telescope

LZOS has completed the works for production of optics
for VISTA Project (Visible and Infrared Survey Telescope
for Astronomy).

VISTA is a survey telescope working at infrared wave-
lengths and is the world’s largest telescope dedicated to
mapping the sky.

The primary hyperbolic mirror made of Zerodur® has
diam. 4100mm and Radius of curvature about 8094mm,
asphericity is about 881pum.

LYTKARINO OPTICAL GLASS FACTORY
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BTopnuHoe 3epKano Tteaeckona VISTA
VISTA telescope secondary mirronr

Oopatormia cobepb! XiH01a 015 KOHIMPOIA GIIOPUMHO0 3ePRAaIA.

O6wuii 6ud obaezuennozo 3epraia ﬂﬂmwmmmﬁwm .
General view of light weighted mirror Hindle sphere rectmentfor testing of the secondary mirvor with dian.
2420mm and Radlius 2510mm
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Yemanoexa yzna emopunnoeo 3epkaia 6 6epmuKaibHbLi cneno KOHmpoas co cepoti Xunoaa
Installation of Secondary mirror assembly into vertical the test bench with Hindle sphere

Y3eqa emopuuroeo 3epraia 6 20pu30HMAIbHOL cXxeme
Secondary mirror assembly in horizontal layout

BropuyHoe 3epkano VISTA  u3rotoBneHo u3 VISTA secondary mirror is produced of Astrositall®, its
ActpoCutanna®, ero avametp 1241 mm, acdepuyHocts  diameter is 1241mm and the asphericity is about 364pm

0k0/10 364 MKM, YTO He MMeeT aHanoroB B Mupe ans aaH-  that has no analogues in the world for this class of mirrors.
HOrO K/1acca 3epkasl.
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OnNnTNnuecKast CNCTéMa TeaecKkona MdpaviHrodepa
(oocepBaTopPns vHinBepcntetar. MmoHxeH)

Optical system of Fraunhofer Telescope
(LMU Observatory, Munich)

Ilpuemra 2aasnoeo 3epkasa
@ 2100 mm)
Primary mirror acceptance
@ 2100 mm)

Bmopuunoe 3epraio
Secondary mirror

3aBeplueHa 006paboTka KOMMIEKTa ONTMKM HOBOO
TENeckona, KOTOpblii YCTaHOBAEH B aCTPOHOMMUYECKON
obcepsatopum Ha rope Wendelstein B BaBapckux Anbnax
6113 MioHxeHa.

[maBHoe 3epkano Teneckona auametpom 2100 mm
UMeeT runepbonnyeckyto Gopmy ¢ OTKIOHEHNEM OT chepbl
(achepnyHOCTbLIO) B 65 MKM.

BropuuHoe runepbonuyeckoe 3epkano auameTpom
710 MM KOHTPOAMPOBAIOCH B BEPTUKAZIbHOM CTEHAE CO
BCMOMOrarteNibHoi Chepon aAMaMeTpoM 2 M, HeoOX0aUMON
QNS KOHTPONS IaHHOr0 3epkania. OHO MMeeT achepUYHOCTb
38 Mkm.

TpetnyHoe 3epkano C MIOCKoi paboyent MoBepx-
HOCTbIO MMEET 3NIMNTUYECKYIO KOHPMIypaLuio ¢ pa3mepa-
My oceii 714 Ha 510 mm.

21

Konmpoas mpemuunozo 3eprasa
testing of tertiary mirror

LZOS completed the polishing of the set of optics of
the new telescope that installed in the astronomical obser-
vatory on Wendelstein mountain in Bavarian Alps near
Munich.

Primary mirror of telescope diam 2100mm has the
hyperbolic shape with deviation from sphere (asphericity)
equals to 65um.

The secondary hyperbolic mirror diam.710mm was
tested in the vertical test bench with the auxiliary sphere
having 2m diameter necessary for testing of this mirror. It
has the asphericity 38um.

The tertiary mirror with flat working surface has the
elliptical configuration with sizes of axes 714mm x 510mm.

LYTKARINO OPTICAL GLASS FACTORY
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MoaepiHnzauns 3epkana boabworo Teaeckona
AznmytTaabHoro (bTA)

Upgrading of Big Azimuth Telescope Mirror (BTA)

—

Ob6wuii 6ud meaeckona bTA
General view of BTA telescope

Tpancnopmuposexa 3eprasa bTA 6 040 JI30C
04151 peKoHCmpYyKuuU
BTA mirror transportation to LZOS for repair

Ilepeducaorxauyus 6 memposoeo 3eprara bTA ¢ kopnyc Nel6
Handling of BTA 6meter mirror to warehouse No.16

3a 30-netHuin nepuop, akcntyaTauun Teneckona bTA ero
3epKasio AMamMeTpoM 6 M HECKOJbKO pa3 MepenoKpbIBanoCh, YTo
MPMBENO K CYLIECTBEHHOMY MOBPEXAEHWIO MOBEPXHOCTHOTO
Cros, ero Koppo3uu, 1, BCIEACTBME 3TOMO, K MOTEPE OTpaxalo-
Ler crnocoBbHOCTM 3epkana Ao BennyuHbl nopsaka 70 %. Kpome
TOr0, JOCTUHYTOE KayecTBO (OPMbl MOBEPXHOCTW [NABHOMO
3epkasna B MOMEHT ero 06paboTki COCTAaBMIO MO YrNIOBOMY pa3-
petwehmio - 0.6". B TeyeHne AaHHOrO BPEMEHU TEXHOJIOTMYECKMIA
npouecc popmMoobpa3oBaHmMs MOBEPXHOCTEN aCTPOHOMMYECKMX
ONTMYECKMX [IETANEeN BbILIEN HA CYLIECTBEHHO HOBbIA YPOBEHD,
JOCTUraemMoe KayecTBO OTKNOHEHWI (OpMbl MOBEPXHOCTEN OT
TEOPETNYECKON MOBBICUIOCH HA MOPSAOK, 32 CYET aBTOMATH3A-
UMM M MOAEPHN3ALMM MPOU3BOACTBA U KOMMbIOTEPHOTO YNpaB-
neHms. Taioke CYLIECTBEHHO YNyYLIMIACh MexaHnyeckas 6asa u
TEXHONOrKS 06N1EerYeHns 1 pasrpysku 3epka C MCMOJIb30BAHNEM
COBPEMEHHOM0 KOMMbIOTEPHOrO 000PYA0BAHMS.

Takum 06pa3oM, yuUTbIBas YHUKQIbHOCTb AAHHOMO MHCTPY-
MEHTA U, B TO XE€ BPEMS, U3HOC FTABHOTO 3epkasa TeNeckona,
[ COXPAHEHUS! M MOBbILLEHNS 3pdEKTMBHOCTU M paboTocmo-
CODOHOCTM Teneckona BO3HMK/IA HE0bXoauMOCTb OOHOBNEHUS,
PEMOHTA M PEKOHCTPYKUMM [NIABHOTO 3epkana Teneckona. B
HacTOsLLEe BPEMS TEXHOOTMS: pOPMOOOPA30BaHNS 1 Pasrpy3km
3epkaiia MO3BONSET CYLIECTBEHHO YNYHWMTL €ro OMTUYECKUe
XapaKTepucTuku [0 TpebOBaHWA MO YrIOBOMY Pa3PELLEHMIO
meHee 0.2 yrnoBbIX CEKYHA,

22

Ilpouecc waughoexu u noaupoeru sepxara bTA
BTA mirror grinding and polishing process

For 30 years period of BTA telescope performance its mir-
ror with diameter 6m was re-coated several times that resulted in
significant damage of the mirror surface, its corrosion and due to
that to loosing of the mirror reflecting capabilities up to the value
in the level of 70%. Besides the achieved quality of the primary
mirror figure by the date of its 0.6” per angular resolution.
During this time the technological process of astronomical opti-
cal parts surfaces figuring was improved significantly to new lev-
els owing to automatics and production modernization and com-
puter monitoring. Also the mechanical base and technologies of
light weigtening and supporting of the mirrors were enhanced
using the modern computer equipment.

Thus considering the unique status of this instrument and at
the same time tear and wear conditions of Telescope Primary
mirror in order to keep and enhance the effectiveness and per-
formance of the telescope there was a necessity to renew, repair
and reconstruction of the telescope primary mirror. At present
the figuring technology and the mirror supporting allow improv-
ing significantly its optical parameters up to requirements per
angular resolution less than 0.2 arc seconds.

LYTKARINO OPTICAL GLASS FACTORY
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MeXayHapoaHbI@ NPOGKTDLI C YUACTNEGM
OAO '"MbITKAPNHCKNNA 3aBO4 ONTNUGCKOIo cteKkna”

International Proiecis for fabrication of astronomical optics
completed by Lytkarino Optical Glass Factory, JSC.

Project
Parameters of optical parts

ITpockr,
ITapamerpsl onTuyeckux aeranei

3akazumnk
Customer

Ton
Nzroros-
J€HUs,
Year of
manu-
facture

& 1050 mm parabolic mirror

IMapaGonuyeckoe 3epkano & 1050 Mmm

T'epmanus
Germany

1994

& 1040mm flat mirror for Carl Zeiss
Jena

ITnockoe 3epkaiio & 1040 MM

T'epmanms,
Germany

1995

Optical system for Newton Telescope:
M1 mirror @408mm,
M2 mirror @80mm.

Omnruyeckasl cucreMa JJisl TeJIeCKoma
HproToHa:
M1 @408 mm, M2 D80 mm.

T'epmanust
Germany

1995

Optical system for Cassegrain
Telescope: M1 mirror @630mm,
M2 mirror @192mm.

OnTHueckasl cucTema Jisl TeJIecKona
Kaccerpena:
M1 9630 mm, M2 @192 mmMm.

T'epmanus
Germany

1995

Flat mirrors & 365 mm & < 320 mm
made of Zerodur material

ITnockue 3epkaiia 365 MM u
320mmMm u3 Iepoaypa

1I'epmanus
Germany

& 1048 x 170 mm parabolic mirror

ITapabosiueckoe 3epKayio
A31048x170 mm

CIIA
USA

Kattamia Observatory: Secondary
mirror 3498 mm of Zerodur substrate

BropuuHoe 3epkaiio & 498 mm u3
Lleponypa nns obcepBaTopun
Korramus

Eruner
Egypt

Max Planck Institute: Hyperbolic
mirror &1230mm of Zerodur

I'mnepbonnydeckoe 3epkano & 1230
MM u3 Lleponypa nna Uuctutyrta
Makca ITnmanka MPI

T'epmanusa
Germany

Cassegrain optical system for
Z520mm telescope

Onrnueckas cucrema Kaccerpena s
Tesieckona & 520 MM

Hranus
Italy

1997

Two sets of optical mirrors:
Flat multisided mirror with max. side
A508mm, spherical mirror &470mm

JBa KOMILJIEKTA 3ePKal:
IInockoe MHOrorpasHoe,
MakcuMasbHasi ctopoHa & 508 mm,
chepuueckoe & 470 mm

Kuraii
China

1997-1998

RGO Project: Two 22050mm
hyperbolic mirrors

ITpoext RGO
2 runepbonnyeckux 3epkana 92050
MM

AHrIUS

UK, England

1997-1998

Optical system for NOA telescope:
Primary mirror &2280mm,
Secondary mirror &753mm,

OrnTHyeckasi CHCTeMa TSl TeJecKona
NOA: I'naBHoe 3epkaiio & 2280 mm,
Bropuunoe 3epkasio & 753 mm,

I'penus
Greece

1998-2000

Lens corrector,
Reflecting mirrors: ¥190x39mm,
163x113x24mm

JIMH30BBII KOPPEKTOP,
IIpenomisiromue 3epkana: 3190x39
MM, 163x113x24 mm

I'penus
Greece

2000

The 3™ Optical system for TTL
Telescope:
&2050mm Primary mirror, £645mm
Secondary mirror, Lens corrector

3-s OnTuyeckasl cUcTeMa st
Teneckona TTL:
I'naBHOe 3epkaio £2050 MM,
BropuuHoe 3epkaiio J645 mm,
JIuH30BbIA KOPPEKTOP

AHIIINA,
England

1999-2000

Optical system for VST Telescope:
&2650mm Primary mirror, £¥9938mm
Secondary mirror, Lens corrector

Ornrrnyeckasi cucrema JUisl TeJIeCKoIa
VST: I'naguoe 3epkaio & 2650 mwm,
Bropuunoe 3epkaiio & 938 mwm,
JIMH30BBIA KOPPEKTOP

Hranust
Italy

1998-2001

& 1060 mm parabolic mirror for
Bohemia

[MapabGonuyeckoe 3epxano & 1060 mm
st boremun

I'epmanus
Germany

Optical system for STELLA Telescope

OnTHyccKas cucTeMa JJisl TCJIcCcKona

['cpmanus
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of Zerodur:
21220mm Primary mirror, £455mm
Secondary mirror, 350 x 250 mm
Tertiary mirror

STELLA u3 Lleponypa:
I'naBHOE 3epkano & 1220 mm,
Bropuunoe 3epkaiio & 455 mm,
Tpetruynoe 3epkano & 350x250 mm,

4™ Optical system for TTL Telescope:
Primary mirror J2050mm, Secondary
mirror J645 mm

4-s OnTUuyeckast cucreMma Jiist
teneckona TTL:
I'naBHOE 3epkano & 2050 mm,
Bropuunoe 3epkasio & 645 mm,

AHrnus

England

2001-2002

Set of mirrors for Beijing Observatory:
Flat mirror & 1050mm, Sphere mirror
& 1220mm

Kommnnext 3epkan nis [lexunckoit
oOcepBaropuu: [nockoctb & 1050 MM,
Coepa D 1220 mm

Kwuraii
China

2001-2002

Telescope optical system & 315mm
Primary mirror

Onruyeckas cucTeMa TeJlecKona ¢
IaBHBIM 3epKasioM J 315 MM

Kopes
South Korea

2001-2002

1050mm Parabolic mirror for EOST
Company

TTapa6omoun P1050 mm ans EOST

CIIOA
USA

2000-2002

Ritchey-Chrétien optical system with
& 630mm Primary mirror for
Halfmann firm

Ontunueckas cuctema Puun-Kpersena
C TUIABHEBIM 3epKajioM & 630 MM st
Halfmann

Hranus
Italy

2001-2002

&1300mm flat mirror in cell.
Changchun Institute of Optics and Fine
Mechanics and Physics.

ITnockoe 3epkano &1300 MM B onpase,
YyHb4YHbCKHH HHCTUTYT ONTHUKH,
TOYHOW MEXaHWKN W QU3INKH

Kurait
China

2001-2002

Optical collimator with focal length
30m, reflecting mirrors:
Z1250mm flat,
1100mm parabola,
@188mm hyperbola,
J135mm flat.

For KAKT Project

OnTHYecKrii KOJUTMMATOP ¢ (GOKYyCOM
30 M, oTpaxkaeMble 3epkaa:
ITnockocts &1250 MM,
[Mapadona & 1100 mm
I'unepb6ona & 188 MM ,
ITnockocte & 135 Mm
ITo nmpoexty KAKT

Kuraii
China

2000-2003

Optical system of Schmidt telescope:
Spherical mirror J600mm, Schmidt
plate @424mm, two lenses & 150mm,
Flat plate & 140mm.

Onruyeckas CUCTeMa TelecKoIla
HImuara:
cepuueckoe 3epkaiio J600 mm,
mnactua [Hmunra @424 mm,
2 nmuH3bI D150 MM,
miockas miuactuia 2140 Mm

Eruner
Egypt

2001-2003

&560mm concave spherical mirror

Borayrtoe cepuycckoe 3epKaio
D560 mm

Benbrus
Belgium

2002-2003

M3 Tertiary flat elliptical mirror
21521x1073mm.
GRANTECAN Telescope in Canaries

Tpetuunoe miockoe 3epkaao M3
@1521x1073 mmM Teneckona
GRANTECAN nHa Kanapckux o-Bax

HWcnanns
Spain

2001-2004

Flat mirror &1020mm into the cell.
Changchun Institute of Optics and Fine
Mechanics and Physics

TInockoe 3epkano 1020 MM B onpase,
YyHpUYHBCKMI MHCTUTYT OITHKHU,
TOYHONH MEXaHUKH U (PU3UKH

Kuraii
China

2002-2004

Set of optical mirrors:
&512mm Primary mirror,
J127mm Secondary mirror.

KommnuiekT 3epkat:
I'naBHoe 3epkano & 512 mm,
Bropuunoe 3epkano & 127 mm.

Kuraii
China

2003-2004

< 1000 x 109 mm Parabolic mirror.
Beijing Observatory

ITapa6oanueckoe 3epkano 1000 x
109 MM myis [lekuHCKOH 00CepBaTOpUHU

Kuraii
China

2002-2004

2 sets of lightweighted optical mirrors
in cells:
?346mm spherical mirror,
A662x312mm flat mirror

2 xoMIuIeKTa 0OJIerYeHHbIX 3epKaJl B
ompaBax:
Coepuueckoe D346 mm,
IInockoe 3662x312 Mm

Kuraii
China

2002-2005

@2650mm Primary mirror replica.
VST telescope.

I'maBHOe 3epkano N2 &2650 MM mist
Teneckona VST

2002-2005

Primary Segment Mg mirror with total
& 6.5meter for LAMOST Telescope
(40 hexagonal regular sub-mirrors of

Zerodur material with diagonal length

1100mm)

I'maBHOE cocTaBHOE 3epkano Mb
nrameTpom 6.5m teneckona LAMOST
(40 cerMeHTOB C pa3MepoM M0
nuaronany 1100mMm)

2002-2006

Two J1800x250mm spherical mirrors
for Cassegrain telescopes in Andenes,

2 cpeprueckmx 3epkana J1800mm
q7s KaccerpeHOBCKHUX TEJIECKOMNOB B

'epmanus
Germany

2003-2005
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Norway

Aunene, Hoprerus

840 x 214mm off-axis parabolic mirror

BHeoceBoe mapaboiH4ecKoe 3epKajio
840 x 214MMm

2003-2005

1m vacuum solar telescope, Yunnan.
Set of mirrors:

1000 x 153mm M1 primary mirror,
& 266 x 45mm M2 secondary mirror,
246 x 45mm M3 tertiary mirror,
72 x 48 x 11mm M4 mirror

KommnekT 3epkain asis 1M BakyyMHOTo
COJIHEYHOro tejieckona, FOHHaHb:
M1 & 1000 x 153 mm
M2 5 266 x 45 MM
M3 & 246 x 45 mm
M4 72 x48 x 11 mm

2004-2006

1350 x 169mm Primary mirror
For EOST company

I'naBuoe 3epkano P1350x169 mm
EOST komnaHus

ABcTpanus
Australia

2005-2007

@960mm spherical mirror into cell for
SUNO telescope

Cdepurueckoe 3epkano J960MM B
onpase st teneckona USNO

ABcTpanus
Australia

2006-2007

Optical system for VISTA Telescope:
Primary mirror @4 100mm made of
Zerodur material.
Secondary mirror &1241mm made of
Sitall CO-115M material.

OrnrHyecKkas cHCTeMa JUIsl TeJIeCKomna
VISTA:
I'naBnoe 3epkaio J4100mm u3
Leponypa,
Bropuunoe 3epkano J1241mm
curajia

loTnanaus
Scotland
UK

2002-2006

3ea. ©2050 x 170mm Primary mirrors,
4ea. @645 x 110mm Secondary mirrors
made of Sitall CO-115M for 2m
robotic astronomical telescopes of
Telescope Technologies Limited, UK
& Las Cumbres Obscrvatory

3wt naBHeIX 3epkrana & 2050 MM u
41T BTOPUYHBIX 3epKana & 645 MM
un3 Cutasia CO-115M st 2mMeTpoBbIX
TEJIECKOIOB-POOOTOB ISt
Telescope Technologies Limited, UK
& Las Cumbres Observatory, USA

CIIA —
AHIIUSA
USA - UK

2006-2008

600mm Primary parabolic light
weighted mirror in cell

Ob6uneryenioe napadoanyecKoe
[JIaBHOE 3€PKaIo
&600 MM B ompaBe

IOAP
South Africa

2006-2009

2.4m Thai National telescope:
&2400x150mm Primary hyperbolic
mirror and &540x70mm secondary
mirror.

OnTrueckas cucrema teneckona TNT
I'mnep6onunueckoe rimaBHOe 3epKalio
2400x150 Mmm
H BTOpHYHOE 3epKayio & 540x120 MM

ABcCTpanus
Australia

2006-2008

COREX Project set of optics:
Primary mirror &2040mm,
Secondary mirror &6 13mm

KoMnieKT onTUKY JJISL IPOEKTa
COREX:
T'naBHOe 3epkano 2040 MM,
BropuuaHoe 3epkaiio J613 mm

Poccusi-
Slnonus
Russia -
Japan

2006-2008

Primary mirror @3700 mm and
Secondary mirror @980mm for DOT
telescope of ARIES Institute

I'maBHOe 3epkano D3700 MM u
BTOpPUYHOE 3epkaiio P980 mm st
Teneckorna DOT uactuTyTa ARIES

benabrus,
HNuanusa
Belgium —
India

2008-2011

24 sets of mirrors for Las Cumbres
Observatory Global Telescope
Network (LCOGTN):
Primary mirror: @1040mm,
Secondary mirror: @345mm

24 xomrnekTa 3epkan jus ['nodankHoe
cetu teneckonor Las Cumbres
Observatory (LCOGTN):
I'naBHOe 3epkano: guamerp 1040 Mmm
Bropuunoe 3epkano: nuametp 345 MM

CIIIA
USA

2008-2012
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KpynHorasapntTHbie ANH30BbIC OGbEGKTNBDLI

Large size lens obiectives

Kpynnozabapummnpie aun3ogie 006exmuest 013 KOCMU4ECKoOl annapamypol
Large dimensions objective lenses for space facilities

Ha npepnpustuv co3paHa YHWKanbHas MpPOWU3BOA- The factory has the unique manufacturing capacities
CTBeHHasi 6a3a 1 HakoNNEeH HayyHO-TEXHUYECKuiA noTeHum-  and has accumulated the scientific and technological
an n onbIT pa3paboTku 1 M3roToBNEHUs kpynHorabapuTHbix  potential and experience of development and producing of
nuH30BbIX 00bekTMBOB (KIJ10) ang wmpokoro cnektpa koc-  large-size objective lenses for wide range of space vehicles
MMWYECKMX annapaToB [AMCTaHUMOHHOrO 3oHampoBaHusi  of Earth remote sensing (high resolution and wide band
3emnn (BbiCOKOAETANbHAs M LUMPOKOMONocHas MynbTu-  multispectral survey of the Earth surface).

CnekTpasibHasi CbeMka 3eMHOM MOBEPXHOCTH).
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Onmuueckas ckamvss FOCKb-77 043 konmpoaa KIJIO
Testing bench YuSKB-77 for testing of large-size objective lenses

3. Rosorgribii Pyl
LR T

. WHGOEK0N

2. PoroxAMEn

13. CETHA ¢ nopcaiT
. Jipnuno

15. Bisponsassonn

Ob6sexmue nocaednezo noxoaenusn «Axmunuii-4A0»
Objective lens of the last generation «Aktiniy-44G»

Co3paHHOe Npou3BOACTBO MO3BOSET BbiMyCKaTh Npe- The established manufacturing allows producing large-
OENbHbIE MO CBOMM ONTO-TEXHMYECKMM U rabaputHbiM  Size objective lenses with maximal possible optical and
XapakTepucTukam KpynHorabapuTHbie NMH30BbIE 00bekT-  technical characteristics for different types of space vehi-

Bbl N1 Pa3/IN4YHbIX TUMOB KOCMMYECKMX anmnapaTos. cles.

MapameTpbl KPynHOrabapuTHbIX JIMH30BbLIX OOBEKTY- Parameters of the large-size objective lenses are as
BOB: follows:

- ceToBble anameTpbl — 200...650 mwm; - clear apertures — 200...650 mm;

- dokycHble pacctogHus — 1000...4000 mm; - focal distances — 1000...4000 mm;

- CKO B® — He 6onee 0,05A. - RMS error of the wave front — not more than 0,05A.
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1eemocunmesuposanroe uzobpaxicenue co cnymuuxa «Memeop-M»
Colored synthesize image taken from the satellite “Meteor-M”

Ha 6a3e npou3BoACTBA KPYNHOrabapuUTHBIX IMH30BbIX
00bLEKTMBOB Ha MPeAnpUsSTM CO3[aHO NPOWU3BOLACTBO U B
cotpynHuyectse ¢ OAO «Poccuitckne KOCMUYECKUE CUCTE-
Mbl» OCBOEH BbIMYCK OMTUKO-MEXaHU4ECKMX 6710KOB Npewy-
3MOHHbIX CKAHMPYIOLLWX 3epKal MHOrO30HA/bHBIX CKaHU-
PYIOLLWMX YCTPOICTB annaparypbl AMCTAHLMOHHOMO 30HAM-
poBaHus 3emnn MeteocnyTHuka «Meteop-M» u reocra-
LWOHAPHOr0 METEOCNYTHMKA «INEKTPO-J1».

Base on production of large size lens objectives there
was established in the factory and in cooperation with JSC
«Russian Space Systems» was mastered the fabrication of
optical — mechanical assemblies of high-precision scanning
mirrors of multi zonal scanning devices of the apparatus of
the distance exploring of Earth of the meteorological satel-
lite «<Meteor-M» and geostationary meteorological satellite
«Electro-L».

Crumox co cnymuuxa «aexmpo-Jb» FOcmupoexa ckanupyrouwieeo 3epxaaa 0aa cnymuuxa
Image from satellite “Electro-L’ «Iaexmpo-Jb
Scanning mirror adjustment for “Electro-L’ satellite

- [abapuTbl ckaHupytoLmx 3epkan no 240 x 360 Mm - Dimensions of scanning mirrors are 240x360mm
- CKO BonHoBoro ¢poHTa 0,05A - RMS wavefront 0.5
- CTabunbHOCTb OCM CKAHUPOBAHUS He Xyxe 1 Y. MUH. - Stability of scanning axis is = angular 1’
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Mo 3akasy LieHTpa noarotoBkm KOCMOHABTOB M. 10.A. Ta-
rapuHa Ha OAO JI3OC cos3maHa cneuuanvaupoBaHHas
annaparypa HabnoaeHus u otorpaduposaHna 3emnm u3
KocMoca. 910 OUHOKYNSPHLIA NPMOOP, NO3BONAIOLLMIA
HabmoaaTb 3eMHYID MOBEPXHOCTb UM NPOM3BOAUTL €€
BMEOCbEMKY, HAaxoasdCb Ha KOCMWYECKOW CTaHuuuM, a
Takke umdpposas oTokamepa, NO3BONSIOLLAS NPOU3BO-
auTb doTorpadupoBaHme 3eMnm C paspeLleHnemM Ha MecT-
HOCTH [0 3 M.

Annapatypa JI30C wucnonb3oBanacb Ha CTaHLMSIX
«Mup» n MKC.

Under the order of Cosmonauts training center named
by Yuri A. Gagarin LZOS, JSC developed the special appli-
cation viewing and photography equipment for taking pic-
tures of Earth from space. This is the binocular device that
allows observing earth surface and recording of its images
from a space station. Also LZOS, JSC developed the digital
photo camera that allows photographing of Earth with its
surface resolution up to 3m.

LZOS devices were used on the space stations “MIR” g
and International Space Station. Jemuuxu-xocmonasmut Iadaaxa I M, Kopzyn B.I. ¢ IIIIK

um.FO.A. Iazapuna na ucnsimanusx yughposoii homorxamepot
Pilot-cosmonauts G.1. Padalka and V.G. Korzun in cosmonauts

training center named of Yuri A.Gagarin at testing of digital
photo camera

Jemyux-xocmonaem Kopsyn B.I. ¢ ounokyaspuoim npubopom na cmanvuu «Mup»
Pilot-cosmonaut V.G. Korzun with the binocular device at space station “MIR”
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Ha npepgnpustun B pamkax cotpyaHuyectea ¢ OAQ
«HMNK «CMM» B mHTepecax MuHoOGOpOHbI M Pockocmoca
C03[aHO MPOM3BOACTBO KPYMNHOrabapuTHbIX 3epKasbHO-
JIMH30BbIX 0OBEKTVBOB [/ OMTUKO-3NEKTPOHHBIX KOMINEK-
COB HAa3eMHOr0 1 MOPCKOro 6a3upoBaHNs, NpeaHa3HaYeH-
HbIX AN HabNIOAeHUS U uccnenoBaHus HebecHbIX 00b-
€KTOB.

XapakTepucTuKn KpynHOrabapuTHbIX 3epKaibHO-/IMH-
30BbIX 00bEKTUBOB:

- ceeToBou auametp — 280...750 mMm;

- dokycHble paccTosHus — 500...3000 mm;

- KOHLIeHTpaums aHeprum — 6onee 80% B Kpyxke ana-
metpom 0,01 mm.

Obeexmue KM-120 oasa nazemnozo
KOMN.1eKca caexHceHust
KM-120 objective for ground base complex
of tracking guidance system

n3o0c=£r1z0s

In LZOS factory in a framework of cooperation with
Science-production corporation “Precision Instrumentation
Systems” for Ministry of Defense and Roskosmos there was
founded the production facilities for large-size mirror-lens
objectives for optical — electronics units of ground and
marine basement intended for observation and investiga-
tion of celestial objects.

The parameters of these objectives:

- clear aperture is 280 .... 750mm;

- focal length is 500 .... 3000mm;

- Encircled Energy is more than 80% in a spot
0.01mm.

Coopra ob6sexmuea KM-120
KM objective assembling process

Oo6sexmue 9/2500 045 onmuko-31eKmpoHH020 KOMRAEKCA HAOAI00eHuUs
9/2500 objective for optical — electrical observation complex

30
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Ilpouzsodcmeo o6sexmueo6-anoxpomamos
Apochromatic lenses production

(S

Teaeckon c o6sexmusom-anoxpomamom, uzzomoesentovim ¢ OA0 JI30C
Telescope with apochromatic lens manufactured in LZOS, JSC

Ha ocHOBe YHMKaNbHBIX CrieumanbHO paspaboTaHHbIX
MapoK CTEKON CO3AaHO NPOM3BOACTBO OOBEKTWBOB-ANO-
XPOMAToB 11 TENECKONOB NIOOUTENLCKOI M NoNynpodec-
CMOHAIbHON aCTPOHOMMUM.

O6bekTMBbI 00ECNEYMBAIOT UACAbHYIO LIBETOKOPPEK-
L0 1 AMdPaKLMOHHOE Ka4eCTBO U300paXeHUs (CpeaHek-
BaApaTUYECKOE OTKIOHEHUE BOJIHOBOrO (POHTA MeEHee
1/30 mAMHBI BONHBI).

3a bonee yem AECATUNETHUIA Nepuof NPOM3BOACTBA
0CBOeHO 6onee 20 Moaenein 0OLEKTUBOB.

Base upon the unique specially developed glass types
there were mastered the production facilities of the apoc-
hromatic lenses for amateur telescopes and semi-profes-
sional astronomy.

The objectives ensure ideal color correction and dif-
fraction quality of an image (round mean square deviation
of wavefront less than 1/30 wavelength).

For more than 10 years of production LZOS, JSC mas-
tered more than 20 models of apo lenses.

LYTKARINO OPTICAL GLASS FACTORY
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