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1. Introduction

Clear optical inorganic glass is the basic material for fabrication
of lenses, prisms, plates and other components of optical devices
and systems that receive, transmit and transform optical radiation.

Through the use of various chemical compounds in their
compositions, optical glasses possess great diversity of optical and
other physic-chemical properties, which enables creating of optical
systems with high degree resolution of image transmission.

JSC Lytkarino Optical Glass Factory (JSC LZOS) is one of the largest
in Europe and has more than 70-year of experience in production of
the whole range of glasses applied in optical instrument engineering.

The factory delivers its products both to Russian and CIS
companies and to the countries of Europe, South and North America,
Asia and Africa.

High quality of produced glass is ensured by advanced technology,
use of high—purity raw materials and standardization of tolerances
for basic parameters of optical glass.

The glass, in accordance with customer’s request, is delivered as
blocks, plates or pressed blanks close in shape and size to finished
items.

The catalogue’s mission is to familiarize our usual and potential
customers with nomenclature and basic properties of glasses

produced by JSC LZOS, tolerances for quality parameters, forms
of supply, in order to help our customers make a reasonable and
economically viable selection of required products.

1.BBeneHue

OnTuyeckoe becLiBETHOE HEOPraHUYeCKOe CTEK/O0 SBASETCS OCHOB-
HbIM MaTepuasnoM ANs U3rOTOBNEHMS IH3, NPU3M, MNACTMH U APYTUX
[leTanei onTu4eckMx NpubopoB M CUCTEM, MPUHUMAIOLLMX, Nepeaa-
IOLLUMX U TPAHCHOPMUPYIOLLMX ONTUUECKOE U3TyUEHME.

bnarogaps ncnonb3oBaHMio B COCTaBaX PasanMyHbIX XMMUYECKMX
COeAMHEHMIA onTUYeckue cTekna obnaaatoT MHOroobpasmnem onTu-
YECKMX M ApYrMX GU3MKO-XMMUYECKMX CBOMCTB, YTO MO3BONIAET CO3-
[laBaTb OMTUYECKME CUCTEMDI C BLICOKOI CTEMEHbIO pa3peLueHus ne-
penaun u306paxeHus.

AO «JlbiITkapuHCKMiA 3aBoa, onTuyeckoro cteknay (AO J130C) -
OfMH M3 KpynHeiwmx B EBpone, umeet 6onee yeM 70-n1€THUIA OMbIT
Npou3BOACTBA BCE HOMEHKNATYPbI CTEKON, NPUMEHSEMbIX B ONTHU-
4eckoM NpubopPOCTPOEHMUH.

3aB0oA, NOCTaBASET CBOK MPOAYKLMIO Kak npeanpuatnam Poccum
n CHI, Tak v B cTpaHbl EBponbl, FOxHoM 1 CeBepHoii AMepuku, A3un
n Abpuku.

Bbicokoe KauecTBo NpoM3BOAMMOrO CTekNa obecneynBaeTcs nepe-
[I0BO¥ TeXHONOTMEN, PUMEHEHUEM BbICOKOUYMCTBIX CbIPbEBbIX MaTe-
p1anoB ¥ HOPMMPOBAHMEM [OMYCKOB Ha OCHOBHblE NapaMeTpbl on-
TUYECKOro CTekna.

CTeKn0 NO KenaHuto 3aKasynka nocTaBnsieTcs B BuAe 610KoB, nia-
CTUH WAX 3aroTOBOK—NPEeCcoBOK, 6n3knx no Gpopme 1 pasmepam Kk
roTOBOW AeTaNu.

Katanor ctaBuT 3aaaqy 03HaKOMWUTb HALLMX TPAAMULIMOHHBIX U MO-
TeHUMasbHbIX MOKynaTenei ¢ HOMEHKNATYPOii M OCHOBHBIMM Xapak-
TepucTKamm ctekon, Bbinyckaembix AO J130C, ponyckamu Ha noka-
3aTenu Kauectsa, GOPMONi MOCTABKM, C LIeNbI0 OKa3aHUs MoMOLLM
nokynaTensim B NpaBUNbHOM M 3KOHOMUYECKM LieNecoobpasHOM Bbl-
60ope HeobX0AMMOW UM MPOAYKLMM.

11
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2. Optical Properties

The basic optical properties of optical glass are:

Refractive index n is defined as the ratio of velocity of propagation
of electromagnetic radiation in air to the velocity of its propagation
in glass. The refractive index depends on the radiation wavelength.

Refractive index n, for wavelength 546,07 nm of mercury spectral
line e is set as the basic refractive index of optical glass of specific
type (in compliance with ISO 7944-84). This line is in the green
part of spectrum in the area of maximum sensitivity of human eye.

The catalogue gives values of n for wavelengths of different
spectral lines of chemical elements within the range from 404,7
to 706,5 nm.

Values of refractive index refer to glass, which underwent fine
annealing (soaking temperature corresponds to viscosity of 10
dPa-s, cooling rate is 2,5 deg/h). Refractive index measurement is
carried out at temperature 20£3°C and pressure, which was brought
to the atmospheric one - 760 mm Hg.

Mean dispersion. Glass dispersion properties are characterized
by the value of mean dispersion, which represents the difference
of refractive indices for two wavelengths located relatively far
from each other. The difference of refractive indices ng—nc: for
wavelengths 479,99 and 643,85 nm of cadmium spectral lines F'

and C' bordering the visible region of spectrum (ISO 7944-84) is
considered as the basic mean dispersion.
Dispersion coefficient
n-1
V=
n,-n,

where n, and n; are refractive indices for wavelengths bordering
some spectral range, and n, is refractive index for wavelength
located inside the range.

The following value as the basic dispersion coefficient also
known as Abbe value (ISO 7944-84) is accepted

ne-l
ve:n -n
F '

2. OnTMUYecKne NocTosiHHbIE

OCHOBHbIMU OMTUYECKUMU MOCTOSIHHLIMU OMTUYECKOrO CTekna
ABNSIOTCS:

MokasaTtenb npenomneHus N oNpefenseTcs Kak OTHOLIEHME CKO-
POCTM PacrpoCcTpaHeHUs 3NeKTPOMArHUTHOTO U3NyYeHNs B BO3AyXe
K CKOPOCTM €ro pacnpocTpaHeHus B ctekne. [lokasatenb npenomne-
HUS 3aBMCUT OT I/IMHbI BOJTHBI U3TyHYEHMS.

B KauecTBe OCHOBHOrO MOKa3aTens NpesoMAEHUs ONTUYECKOro
cTekna KoHKpeTHoM Mapku B cootBeTcTBum ¢ MCO 7944-84 ycraHoB-
NeH nokasatesib NpenoMneHns N, ANs A7MHbI BONHbI 546,07 HM cnek-
TPaNbHOM NIMHWUK PTYTK €. 3Ta IMHWUA PacroNOXeHa B 3e/1eHOMN Ya-
CTM CneKTpa cBeTa B 061acTU MaKCMMyMa YyBCTBUTENbHOCTU 11a3a
yenoseka.

B kaTanore faHbl 3HaYe€HWS N ANS LIMH BOH Pa3/IMYHbIX Cnek-

TPanbHbIX IMHUIA XMMUYECKUX INEMEHTOB B AnanasoHe 404,7-706,5 HM.

3HayeHus nokKasaTens NpenoMIeHUs OTHOCATCS K CTeKNY, NpoLues-
LIeMY TOHKWIA OTXKMT (TEMNEepaTypa BbiAEPXKM COOTBETCTBYET BA3KOCTM
108 nalla-c,ckopocTb oxnaxaeHus 2,5 rpaa/u). MIameperue nokasare-
NS npenoMneHus ocyliectensetcs npu temnepatype 20£3°C v npu-
BeeHHOMY K aTMocdepHoMy AaBneHunto 760 MM pT.CT.

CpenHss aucnepcus. [IMcnepcroHHble CBOMCTBA CTeKNa Xapak-
TepU3YIOTCS BENMYMHOI CPefHeil Aucnepcuu, npeactaBisioLeit

pa3HOCTb NokKasaTenei npenomMneHus ans AByx OTHOCUTENbHO Aa-
NeKo OTCTOSLMX ANMH BOSH. B KayecTBe OCHOBHOM cpesHei aucnep-
CMM NPUHATA Pa3HOCTb MoKa3aTenen NpenoMieHua Ny —N¢: AN IMH
BONH 479,99 1 643,85 HM cnekTpanbHbIx K F' u C' kagMus, orpa-
HU4YMBAIOLLMX BUAMMYIO YacTb cnekTpa (MCO 7944-84).
Koadduument aucnepcum
n -1
n,-n,

V=

rae Ny 1 Nz — NoKasaTeny NpenoMieHus Ans UIMH BOJH, OrpaHu-
UMBAIOLLMX KaKO -6 AManasoH CnekTpa,a Ny — nokasaTenb npe-
JIOMIEHNS A1 [/IMHBI BOJTHDI, PACMO/NOXKEHHO BHYTPU AManasoHa.

B kauecTBe 0CHOBHOIO KO3 dULMEHTA AUCNEPCUM, HA3bIBAEMOTO
Tawke yncnom Abbe (MCO 7944-84) npunsat

n -1
ve=n -n
F' C'
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3. Secondary Spectrum

The value of relative partial dispersion P, is equal to the ratio
of partial dispersion in area A, — ly to mean dispersion ng: — N

n -n
P =Ty
W7 -,

As noted by Abbe, if you plot the values of relative partial
dispersions P, , versus dispersion coefficient v, calculated for the
same wavelengths, it turns out that for most of the glass types, the
points lie close to some straight line, called "Normal line".

The tangent of slope angle T of this line is expressed in the form
of equation:

e P-P
g1 =7
ex” vey

In the catalogue, it is accepted that the “Normal line” is defined
using values Pxy and P, , 1 v, of glasses K-18 and ®-13.
The optical parameters of these glass are given in Table No.1.

Table No.1
Glass
K-18 60,15 1,697 0,4811 0,5086 1,223

The necessary condition for an apochromatic objective secondary
spectrum AS correction is that the difference of glasses relative
partial dispersions should be minimum and the value tg T should
be close to zero.

This is only possible when there are glasses with "abnormal”
properties with parameters off the "Normal line". Such glasses are
called "special” and are marked as separate types in the catalogue.

The catalogue gives deviations of relative partial dispersions
and dispersion coefficients off the "Normal line" for four areas of
spectrum in UV and visible regions.

3. BropuuHbIii cnekTp

BennumHa oTHOCHTeNbHOI YacTHO! aucnepcum Py paBHa oTHOwe-
HMIO 4aCTHOM AMCNEpPCUM Ha yuacTke A, — Ay K CpeaHert aucnep-
M N> — N

n -n
P =Ty
W7 -,

Kak 3ameyeHo AB6e, ecnn HaHECTM Ha AuarpamMmy 3aBUCUMOCTb
3HaYeHMI OTHOCUTENbHBIX YAaCTHbIX Aucnepcuit Py, ot koagpduuneH-
Ta IMCNEePCUM 'V, , PACCUMTAHHbIX ANS OAHUX U TeX e A/IMH BOJH, TO
06Hapy>XMBaETCH, YTO A1 BONBLUMHCTBA CTEKON TOUKM NexaT 61n3ko
K HEKOTOPOWA NPSIMOW JIMHUM, HA3bIBAEMOM KHOPMANIbHOM.

TaHreHc yrna T Hak/NOHa 3TOM MPAMOM BblpaXaeTcs B BUAE
ypaBHeHUs: P-P
tet = x—vy—

ex” Vey

B KaTanore npuHATO, 4TO KHOpPManbHas» NpsMas onpenensercs no
3HaueHmsm Py, 1 v, crekon Mapok K-18 u @-13.
OnTnyeckne xapakTepuCTUKM 3TUX CTEKON AaHbl B mabnuye Ne1.

Tabnuya N°1

P, , Hayyactkax

K-18 60,15 1,697 0,4811 0,5086 1,223

[ins ucnpasneHus BTopuyHoro crektpa AS o6bekTMBa-anoxpo-
MaTa HeobX0AMMbIM YCOBUEM ABNSETCS TO, 4TOBbI PA3HOCTb OTHOCK-
TeNbHbIX YACTHBIX AMCNEPCUIA CTEKON BbiNa HOMUHANBHOI W 3Haue-
Hue tg T 6AM3KUM K HynHo.

3TO BO3MOXHO TO/bKO MPK HAZMYUM CTEKON, UMEIOLLMX aHOMasb-
Hble» CBOMCTBA C XapaKTePUCTUKAMU, He NEXALUMMKU Ha KHOPMab-
HOW» NpAMON. Takue CTekna NoMyYnnm HasBaHue «ocobbiX» 1 Bblae-
NleHbl B KaTanore B OTAENbHbIE TUMbI.

B kaTanore npuBefeHbl OTKNOHEHUS OTHOCUTENbHBIX YaCTHBIX AMC-
nepcuit n Ko3hGULUMEHTOB AUCNEPCUM OT KHOPMATbHOM» NPSMON ANs
YeTblpex y4acTkoB crekTpa B YO 1 BMAMMOIt obnactsx.

Mapka
cTekna

15
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4. Designation System and Classification of Glasses

Colorless optical glasses are divided into two groups: Flints and
Crowns. At present, glasses with n, > 1,60 and v, < 50,0 are classified
as "Flints’, glasses with n, < 1,60 and v, > 55,0 — as "Crowns".

Colorless optical glasses are classified to groups depending on
the values of refractive index and dispersion coefficient.

A type is assigned to glasses of a certain group of various
chemical composition and optical parameters. Type designation
contains literal name of glass group and number. In addition, a six-
figure code, in which the first three figures correspond to the three
figures after point of the value of refractive index n,, the last three
figures — to the three figures of dispersion coefficient v,.

For example: T®-5 or 762273 is glass of group Dense Flint, which
is number five in this type, refractive index is 1,7617, dispersion
coefficient is 27,32.

Names and designations of colorless optical glasses according to
the Russian standards are listed in Table No.2.

For ease of glasses groups and types choice the Abbe-diagram is
plotted with the coordinate axes n, and v,. Glasses of each type are
placed on the diagram field in strictly limited areas, except glasses
of OK and O® types, which can be in different areas of the diagram
field.

Table No.2

Glass type ort designation

Phosphate Crown OK
Crown K
Dense Crown TK

Special (with special dispersion path) Crown oK

k0
Barium Flint BD

© DemeBamFit  TO
Light Flint no

S R0
Dense Flint T

© BwabemeRmt  do
Special (with special dispersion path) Flint (o[}

—-lll
A

4. Cuctema 0603HaueHuii U KnaccuduKkauma ctekon

Onuyeckue 6ecLBETHbIE CTEKNA AENST HA ABE MPYNMbl: GMHTbI U KPOHBI.
B HacTosiee Bpems K «DnnHTaM» OTHOCAT CTekna ¢ N, > 1,60 1 v, < 50,0;
K «KpOHaM» — cTexna c, < 1,60 n v, > 550.

Ormnueckue BecLiBeTHble CTeka KnaccudULIMPYIOTCS MO TUMaM B 3aBUCH-
MOCTU OT 3HQUEHMIA NOKA3ATENS MPENOMEHNS U KOIDDULIMEHTA AUCTIEPCUN.

Mapka Np1cBanBaAETCS CTEK/IaM OMPELENEHHONO THMa, UMEOLLMM PazNny-
HbIA XMMUYECKUI COCTaB M OMTUYecKue XapakteprcTuki. O6o3HaueHme Map-
K1 COBEPXUT GyKBEHHOE HAMMEHOBAHWME TUMa CTEKNA, MOPSAKOBbIM HOMEP.
1151 0603HaYEHMS MapOK CTEKNA MCMONb3YHOT TaloKE KOZ, NPEACTABNSOLLMIA
€oB0i LIECTU3HAYHYIO LIMPY, B KOTOPOIA NepBble TpU Lindpbl COOTBETCTBYHOT
TpeM umdpaM Nocie 3ansToit 3HaUeHKs Nokasatens NpeoMIeHma N, , BTo-
pble Tp1 — Tpem uydpaM Ko3hdULMEHTa AMCNEPCUM V.

Hanpumep: T®-5 111 762273 — CTek10 TMNA TSHKENbIA MHT, UMetoLLee
NSTbIA HOMEp B 3TOM Ture, NokasaTeNb npenomienus 1,7617, koadduumeHt
ovcnepcnn 27,32.

HanmeHoBaHMs 1 0603HaueHMs TUMOB GECLIBETHBIX OMTUYECKMX CTEKON B
COOTBETCTBUM CO CTaHAapTaMy Poccum npueeaeHsbl B mabiuue N22.

[ins yno6crBa BbIGOPA TMMOB M MApOK CTEKON CTPOUTCS avarpamma A6oe B
KOOpAMHaTaX 1, V.. CTekna KaXaoro TMna pacronaraioTcs Ha nose auarpam-
Mbl Ha CTPOTO OrPaHMUYeHHBIX Y4aCTKaX, 33 UCK/todeHreM crekon Tna OK
1 O®, KOTOpbIe MOTYT HAXOAWTLCS HA Pa3HbIX YHACTKaX Mo/s AMarpamMMbl.

Tabnuya N°2

HaumeHoBaHue TMNa crekna ‘ KpaTKOE o0603HaueHune

®DocdaTHbIN KPOH

KpoH K
TsHKeNblA KPOH TK

Ocobblit (c 0c06bIM X040M AUCMEPCUM) KPOH oK
ke
bapuToBbIit GAMHT BD
I
Jlerkuit GanHT no
S e 0
Taxenblit GAMHT TD
L Gepameniomer 0
0Ocobbliit (c 0cobbIM X0[0M AUCNEPCHUM) GAUHT (e]0)

17
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5. Physico-Chemical Properties

5.1 Light Transmission

Internal (pure) spectral transmittance T;; is defined as the ratio
of output radiation flux @, to the input flux ®;;. losses from
reflection from boundary surfaces being excluded.

ex)

Ty = ®

in}

The catalogue presents values of T;, for glass thickness 10 mm at
wavelengths 400 nm. These values are the mean ones for numerous
melts of this glass type and correspond to category 4 by attenuation
coefficient (transmittance) of Table No.6. For some melts, they can
deviate from mean values to larger or smaller values. If a customer
requires having larger transmission, it should be specified when
ordering.

Integral internal transmittance for white light T, of a source of
standard type A (T = 2856 K) is defined using attenuation coefficient
W, which is the value inverse to the distance, at which radiation flus

from light source of type A is 10 times reduced due to absorption
and scattering by glass.

T, = 10" where 1 is glass thickness.
Normalized values of attenuation coefficient m, and integral

internal transmittance for white light T, are given in Section
"Standardized Indices of Glass Quality".

5. du3nKo-xuMmuueckne cBOMCTBa

5.1 CBeTonponyckaHue

CneKTpanbHbli KO3PGULMEHT BHYTPEHHETO (HUCTOrO) NPOMYCKaHMs
T;;, ONpefenseTcs Kak OTHOLIEHWE BbIXOAALLEro NoToKa U3/TyYeHuns
D,; K BXoaswemMy notoky ®; ;. lp1 3ToM noTepun Ha OTpaxeHus OT
rPaHNYHbIX MOBEPXHOCTEN UCKITHOHEHbI.

B kaTtanore npencrasneHbl 3Ha4eHNs Ty AN TONWMHDBI cTekna 10
MM B 0671aCTU A/IMHbI BOMHBI 400 HM. 3TU 3HaYeHMS SBNSIOTCS Cpea-
HUMM 13 MHOXECTBa BapOK AaHHOM MapKM CTeKNa M COOTBETCTBYHOT
KaTeropuu 4 no nokasarento ocnabneHus (koabuumeHTy npony-
CKaHus) mabauybl N°6. Ins OTAENbHBIX BAPOK OHWM MOTYT OTK/OHSTb-
€S OT CPEHMX B CTOPOHY 60/bLUIMX UM MEHbLUMX 3Ha4eHUi. Mpu xe-
NaHUKM nokynaTtens umeTb 6onbluee nponyckaHue HeobxoanMo 3To
orosapvBaTh Npyu 3aKase.

MHTerpanbHbil KO3GOULMEHT BHYTPEHHErO NPONyCcKaH1a Ans
6enoro cseta T, CTaHOAPTHOro UctoyHuka Tuna A (T = 2856 K)

onpeenseTcs no nokasatento ocnabneHus W,, npeactaBsioweMy
co60/1 BeNNYMHY, 06paTHYI0 PaCcCTOSIHMIO, HA KOTOPOM MOTOK U3/Tyue-
HUS UCTOUHMKA CBeTa TUNa A ocabnsieTcs B pesynbTaTe NOroLeHUs
1 paccevBanus B ctekne B 10 pas.

T, =10™ rae 1 - TonwmHa crekna.

HopmupyeMble 3HaueHMs nokasatenst 0cnabneHust i, U uHTe-
rpanbHoro KoahdUUMEHTa BHYTPEHHErO NponycKaHWs ansa 6enoro
CBeTa T, NpuBeLeHb! B pasaene «<HopMupyeMble nokasarenu kaue-
CTBa CTeKnar.

—-lll
A
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5.2 Glass resistance to radiation

Under exposure to high radiation, most optical glasses get colored
(darken), light transmission decreases to a certain level depending
on the radiation dose and chemical composition.

Glass resistance to radiation is defined by optical density
increment AD per 1 cm of glass thickness at exposure to gamma
rays radiation dose 10* and 10° P from Co60 source.

AD = DoﬁJl. - DO

By their optical and physico-chemical properties, radiation-
resistant glasses practically do no differ from their basic glass
analogues.

To designate radiation-resistant glass, figure 100 or 200,
depending on the level of resistance, is added to the sequential
number of basic glass type.

For example, radiation-resistant glass ®-1 is designated ®-101.

Those types of optical glasses, which have radiation-resistant
modifications, are marked with sign *in the catalogue.

5.3 Mechanical Properties

Density o (g/cm3) is the ratio of glass mass to its volume.

Relative hardness with respect to grinding Hj, is defined as
the ratio of the volume of glass of type K-8 ground with loose
abrasive to the volume the given glass type ground under the same
conditions. Value H, is the manufacturing criterion of glass removal
rate during grinding.

Strength properties of glass as construction material is
characterized by standard parameters: modulus of elasticity E
and shear modulus G, connected with each other by correlation
E = 2G(1+p), where w is the coefficient of lateral deformation
(Poisson’s ratio).

Photoelastic properties. Glass photoelasticity is characterized by
constants C; and C,, which express increment of glass refractive
index values for light rays polarized in the directions parallel and
perpendicular to the direction of stress equal to 10° Pa, as well
as by the stress-optical coefficient B = C; — C,. Stress optical
coefficient B defines the difference of rays optical paths in glass
and characterizes birefringence caused by stress 10° Pa.

5.2 YcTOMYMBOCTb CTEKON K BO3AEHCTBUIO PaAUALUOHHOIO
nsny4eHus

Mpu BO3LENCTBUM XKECTKOTO PafMaLMOHHOMO U3Ny4YeHUs 6OMbLINH-
CTBO ONMTUYECKMX CTEKON OKPALUMBAKOTCS (TEMHEIOT), yMEHbLLIAETCS
CBeTONnponyckaHue A0 ornpeneneHHOro 3Ha4eHus, 3aBUcsLLEero ot
[,03bl PAAMALIMM U XMMUYECKOTO COCTaBa.

YCTOMUMBOCTb CTEKON K BO3AENCTBUIO PAAUALIMOHHOTO U3TyYEHUS
XapaKTepusyeTcs npupalleHmMeM onTyeckoi nnotHoctn AD Ha 1
CM TO/LLMHbI CTEeKNa Npu 0b6ay4eHuUn [0301 raMma-nyyen 10*1 10°
P oT uctouHmka kobanbt-60.

AD = Doﬁn. - DO

Mo onTuyeckMM xapakTepucTukam 1 GU3MKO-XMMUYECKUM CBOW-
CTBaM pafnaLMOHHO-CTOMKME CTeKNa NPaKTUYECKM He OT/IMYAIOTCS OT
CBOMX aHANIOrOB OCHOBHbIX CTEKOS.

[ins 0603HaueHWs paanaLIMOHHO-CTOMKOrO CTekNa K NopsiAKoBo-
My HOMepy MapKK OCHOBHOrO cTekna aobasnsercs undpa 100 nan
200 B 3aBUCMMOCTM OT CTEMEHU YCTOMYMBOCTH.

Hanpumep, paanaumoHHo-cToitkoe ctekno ®-1 o6o3Havaetcs
®-101.

Te MapKu ONTUYECKOro CTEKNA, Y KOTOPbIX UMEIOTCH pafnaLIMoH-
HO-CTOViKMe MOANMUKALIMM, OTMEYEHDI B KaTalore 3HakoM *

5.3 MexaHuueckue cBOMCTBa

MnotHocTb @ (r/CM3) — OTHOLLEHWE MacChl CTeKNa K ero obbemy.

OTHocHTeNbHas TBepAoCTb Mo colwnmdosbisaHmio Hy onpenenser-
€ KaK oTHoLeHKne obbeMa colunndoBaHHOro cBo6oAHbIM abpa3nBoM
crekna Mapku K-8 K 06beMy cTekna AaHHOI Mapku, colMpoBaHHOMY
B Tex ke ycnosusix. 3Hauenmne Hy siBnsietcs TexHonornyeckmm kpure-
pUEM CKOPOCTU CbeMa CTeKNa Npu WANDOBAHUM.

MpoyHOCTHbIE CBOMCTBA CTEK/A KaK KOHCTPYKLIMOHHOMO MaTepua-
N1a XapaKTepu3ytoTcsl CTaHAAPTHBIMU NapaMeTPaMu: MOAYNEM YNpyro-
cv E v mogyneM cagura G, CBSI3aHHbIMM MeXy COB60# COOTHOLIEHM-
em E = 2G(1+p), roe p — ko3dduumeHT nonepeyHoi aedopmaumm
(koacbduumeHT MyaccoHa).

®doToynpyrue cBoicTa. DOTOYNPYrocTb CTEKNA XapaKTepusyeTcs
totoynpyrumu nocrosiHHbiMU C; 1 C,, Bbipaskatowmmm npupale-
HUWE 3HaYeHMUI NoKa3aTens NpenoMIeHNs CTekna 4/1s yyeii ceta, no-
NSIPU30BAHHbIX B HAMPABEHUSIX NapannebHOM U NepneHanKynsp-
HOM [IeMCTBUIO HaNpsKeHWUs paBHOroO 10° MMa, a TakKe oNTUYECKUM
Koapduumentom Hanpskerns B = C; — C,. Ontnueckuit koaddu-
umneHT Hanpsbkenus B onpenenset pasHoctb onTuyeckoro xoaa ny-
Yeii B CTEK/IE U XapaKTepu3yeT AByNyYenpenoMIeHNe, BO3HUKatoLLee
npu HanpskeHun 10° Ma.
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5.4 Thermal Properties

Thermal linear expansion coefficient o characterizes relative
elongation of glass sample heated by 1°C.

Value o changes varies depending on the temperature range,
inside which it is measured.

The catalogue gives values of o for temperature range from —60
to +20°C and from +20 to +300°C.
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5.5 Chemical Resistance

Two indices of glasses chemical resistance are set:

e resistance of component polished surface to the influence of
humid atmosphere without water vapor condensation (~85%
relative humidity);

« resistance to staining agents: neutral water, weak-acidic and
alkaline aqueous solutions.

According to their resistance to humid atmosphere (mildew
danger) silicate optical glasses are divided into the following groups:
A — without risk of mildew, b — intermediate group, B — with risk
of mildew.

Most optical glasses belong to group A.

According to their staining resistance, optical glasses are divided
into the following groups: I — non-susceptible to staining, IT — of
mean susceptibility to staining, III — susceptible to staining, IV
— non-resistant glasses, which necessarily require deposition of
protective coatings.

For each glass type, the catalogue gives groups of chemical
resistance to humid atmosphere and staining.

5.4 TepMuueckue cBoicTBa

TemnepaTtypHblit KO3 GHULMEHT IMHEIAHOTO pacluMpeHus (., Xapak-
TepusyeT OTHOCUTENbHOE YANMHEeHWe obpasiia cTekna Npu Harpesa-
Hum ero Ha 1°C.

3HaueHune 0 M3MEHSAETCS B 3aBUCMMOCTM OT AManasoHa Temne-
paTypbl, B KOTOPOM OH U3MepPSIETCS.

B kaTanore faHbl AaHHble Ol NS AManasoHa TemMnepatyp oT —60
0 +20°Cw ot +20 o +300°C.

5.5 XuMnueckas ycroitumsoctb

YcTaHoBNeHbI iBa NOKa3aTeNsi XMMUYECKOM YCTOMUYMBOCTU CTEKON:

* YCTOMYMBOCTb NONMPOBAHHOM NOBEPXHOCTU A€TaNMN K BO3AENCTBUIO
BNIAXHOW aTMocdepbl 6e3 kKoHaeHcaummn napos (~85% oTHocK-
TeNbHOM BNAXHOCTH);

* YCTOMYMBOCTb K AEMCTBMIO MATHAOLWMX areHTOB: HEMTPaNbHOM
BO/le, C1IabOKMUCNBIM U LLENOYHBIM BOLHBIM PAacTBOPaM.

Mo ycToiMYMBOCTM K BO3LEMCTBUIO BNAXHOM aTMocdepbl (HaneTto-
0MacHOCTM) CUAMKATHbIE ONTUYECKME CTeKNa AeNSTCH Ha rpynrbl:

A - HEHa}'IeTOOI'IaCHbIE,B - I'IpOMe)KyTO‘-leIe,B — HaneToonacHble.

BONbLIMHCTBO ONTUYECKMX CTEKOS OTHOCUTCA K rpyrne A.

Mo yCTOMYMBOCTM K LEMCTBUIO NATHAOLWMX areHTOB ONTUYEeCKUe
crekna aenstcs Ha rpynnbl: I — nenatHaowmecs, IT — cpennen nar-
Haemoctw, III — narHatowpmecs, IV — Hectoiikve crekna, TpebytoLme
06513aTeNbHOT0 MPUMEHEHMS 3ALMTHBIX MOKPbITUIA.

B kaTanore, Ans Kaxaov Mapkv CTekna, AaHbl rpynmnbl XMMUYECKo
YCTOMYMBOCTY K BNAXKHOM aTMOCdepe W NATHAEMOCTY.
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6. Standardized Indices of Quality

Optical characteristics indicted in the catalogue are nominal. Glasses
of actual melts can have some deviations from nominal values
within the set tolerances.
Standardized indices of optical glass quality:
« refractive index deviation An, and dispersion coefficient
deviation Av, from nominal values;
« variation of refractive index in a batch of blanks;
« glass optical homogeneity;
« light attenuation coefficient (integral transmittance);
« birefringence;
« striae;
« bubbles.
A system of tolerances is set for each of the above indices.

6.1 Refractive Index, Abbe

Five quality categories are standardized with the following allowable
deviations An, and Av, from nominal values (table No.3).

Table No.3

2 3 03
4 10 0,8

Standard glass shall have refractive index reliably measured in
the fourth decimal place.

6.2 Variation of n, in a Batch of Blanks

It is characterized by the maximum difference An, in the supplied
batch of blanks. Four classes by n, are set (table No.4).
Table No.4

Class An,,1-10*
b 0,5

r Within the category indicated when ordering

6. HopMupyeMble nokasaTtenu KauyecTsa

YkazaHHble B KaTanore onTUYECKUE XapaKTEPUCTUKMU SBNSIKOTCS HO-
MUHanbHbIMK. CTekna hakTUYeCKMX BapOK MOTYT UMETb OTKNIOHEHUS
OT HOMWHA/bHbBIX 3HAYEHUIA B Npeaenax yCTaHOBMEHHbIX LOMYCKOB.
HopmupyeMble nokasartenu kayectBa ONTUHECKOrO CTeKNa:
OTK/IOHEHMe NokasaTens npenomneHns An, 1 KoshduuUmeHTa anuc-
nepcuu AV, OT HOMUHASTbHBIX 3HAYEHNIA;
OLHOPOAHOCTb NOKa3aTens NpenoMeHUs B MapTUM 3aroToBoK;
OnTUYecKas OiHOPOAHOCTb CTEKNA;
nokasatesb 0cnabnenns cseta (Ko3QOULMEHT UHTErPaNbHOIO
nponyckaHus);

* [ByNyYenpenomieHue;

* B6eCCBUNbHOCTD;

* My3bIpHOCTb.
Mo KoMy M3 3TUX MokasaTesnei yCTaHOBEHa CUCTEMA AOMYCKOB.

6.1 Mokasartenb npenomneHns, KoahpUUUEHT aucnepcumn

HopMUpytoTCs NaTb KaTeropuin KayecTea co CIeAyWMMU A0NYCTU-
MbIMM OTK/IOHEHMAMM AN, U AV, OT HOMUHANbHbIX 3HAUEHMI (Ma-
6nuya N23).

Tabnuya N°3

2 3 03
4 10 038

CTaHaapTHOE CTEKNO AO0/KHO UMETb MoKasaTeNb NpenoMieHus,
[l0CTOBEPHO M3MEPEHHDIM B YETBEPTOM 3HAKe NOCIE 3ansTou.

6.2 OaHOPOAHOCTb MO N, NAPTUM 3aroTOBOK

XapakTepusyercsi HaubosbLuel pasHuLeit An, B NocTaBasieMoi
napT1M 3aroTOBOK. YCTaHOBEHO YeTbipe Knacca no N, (mabauya N°4).
Tabnuua N°4

Knacc An,, 110
B 0,5

r B npepenax kateropuu, ykasaHHoi npu 3akase

25




26

6.3 Optical Homogeneity

Optical homogeneity of glass and other optical materials is
understood as homogeneity of refractive index in a volume of
material and can be characterized by the maximum difference of
values n for different areas of component.

Homogeneity disturbance can be caused by chemical and physical
inhomogeneities.

Chemical inhomogeneities are striae, which appear during
glass melting and processing, and are conditioned by variations in
chemical due to incomplete melting or volatilization of some of
the components, erosing of glass melting furnace walls and poor
homogenization of melt.

Striae are transparent vitreous inclusions in the form of threads,
cords or knot-like formations with threads split off from them.

Physical inhomogeneities are caused by residual stresses
and structural inhomogeneities in glass. Stress in glass causes
birefringence.

Measurement of refractive index value across blank field is a
difficult and labor-consuming process, which requires precision
quality of surfaces machining and applying of complex devices.
Therefore, in practice, indirect methods of homogeneity estimation
via setting of a strict system of tolerances for striae and birefringence

are used, which ensures high level of optical homogeneity for
supplied glass.

Blanks meant for fabrication of optical components for high-
accuracy objectives of collimators, micro lithography, measuring and
astronomical devices, whose system residual wave aberrations have
values comparable with distortions induced by glass inhomogeneity,
are tested by interference methods judging by the wave-front
distortion after passing of a light beam through the blank. For such
components, the requirements to optical homogeneity are specially
stipulated when ordering.

Glass categories according to their refractive indices are listed in
Table No.5.

Difference of refractive indices Al
(not more)

Category of homogeneity

refractive index in blank volume, 1

6.3 OnT4eckas 0AHOPOAHOCTb

OnTuyeckasi OAHOPOAHOCTb CTEKNA M APYTUX OMTUYECKUX MaTepua-
NIOB PacCMaTpPUBAETCS Kak OAHOPOAHOCTb NOKa3aTeNs NpenoMaeHus
no o6beMy MaTepu1ana U MoxeT 6bITb XapakTepu3oBaHa MakcuMarb-
HOM pasHULelt 3HaUYeHUI N AN Pa3aIMUHBIX 30H AeTanu.

HapyLueHne 0AHOPOAHOCTU MOXET BbiTb BbI3BAHO XMMUYECKUMMU
1 GU3NYECKUMU HEOAHOPOLHOCTAMM.

XuMmUyeckme HeOAHOPOAHOCTU — CBUNW, BO3HMKAIOLLME B MPoLiec-
ce Bapku v BbIpaBoTKu cTekna 1 06yC/OBNEHbIE HEMOCTOSIHCTBOM XM-
MMYeCKOro COCTaBa 13-3a HEeMpoBapa UM yNeTyunBaHUs OTAENbHbIX
KOMMOHEHTOB, pa3beaaH1s CTEHOK CTeK/I0BapEeHHOro COCyAa U nio-
X0Vt rOMOreHW3aLmM1 pacnnasa.

CBunu npencTaBnsioT coboi Npo3payHble CTek006pasHble BKIO-
YeHWs B BUAE HUTEN, NONOC UK Y3N0BaTbix 06pa30BaHMii C OTX0A-
MMM OT HUX HUTAMM.

MpuymnHOM HU3MYECKMX HEOAHOPOAHOCTEN ABNSETCS HaNUuKe B
CTeK/e OCTaTOUHbIX HAMPSHKEHWIA U CTPYKTYPHBIX HEOAHOPOAHOCTEN.
HanpsikeHue B cTek/e Bbi3bIBAET NOSBNEHWE ABYNYYENPENOMNEHUS.

M3MepeHue HenocpenCcTBEHHOTO 3HaueHMs NokasaTens npenome-
HMS! MO MO 3arOTOBKM — MPOLLECC CIOXHBINA 1 TPYA0EMKUiA, Tpebyto-
LLUMIA NPELM3MOHHOrO KayecTBa 06paboTKu NOBEPXHOCTEN U NpuMe-
HeHus CNoXHOro npubopHoro obopyaosaHums. [1oaToMy Ha npakTuke

MCMOMb3YIOT KOCBEHHbIE METOAbI OLIEHKM OAHOPOAHOCTM NyTEM yCTa-
HOB/IEHUSI KECTKOW CMCTEMbI AOMYCKOB Ha 6ECCBUNBHOCTL U ABYNY-
YenpenoMeHue, YTo 06eCNeYMBAET BbICOKYHO OMTUYECKYHO OLHOPOA-
HOCTb MOCTaBNSEMOrO CTeKNa.

3aroToBKM, NpeaHa3HaYeHHbIe A U3rOTOBIEHWS ONTUYECKUX fe-
Tanei BbICOKOTOUHbIX 06bEKTMBOB [/151 KONAUMATOPOB, MUKPOIUTO-
rpacdum, U3MepUTENbHBIX U aCTPOHOMUYECKUX NPUBOPOB, y KOTOPbIX
0CTaTO4HbIE BONHOBbIE abeppaLm CUCTEMbI UMEIOT 3HAUYEHMS, COU3-
MepUMble C UCKAKEHUSIMU, BbI3bIBAEMbIMU HEOAHOPOAHOCTbIO CTEKNa,
NpOBEPSIOT UHTEPDEPEHLMOHHBIMIU METOAAMM MO UCKAXKEHMIO BON-
HOBOTO GPOHTA NPU NPOXOXAEHMM CBETOBOTO My4Ka Yepes 3aroTos-
Ky. lns nopobHbix aetaneit TpeboBaHMs K ONTUYECKOM OAHOPOAHO-
CTW OroBapuBaloTcs 0cobo Npu 3akase.
Kareropwm crena no nokasatento npenomieHns npyeeneHbl B mabnuue N25.

Kateropus oaHopoaHoCTH
0 NoKasaTenio NpenoMaeHus

Pa3HocTtb nokasarenei I'IDSJ'I{CIMI'IGHMR
B o6beMe 3arotosku, 1-10™ (He 6onee)
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6.4 Integral Attenuation Coefficient, transmittance

According to glass integral attenuation coefficient m, eight
categories are set for source A, which are characterized by limit
values listed in table No.6.

Table No.6
Attenuation

attenuation coefficient
coefficient Mas cm’!

Category by

Transmittance T, | Transmittance T,
in 1 cm layer in 2,5 em layer

0,0005-0,0009 0,999-0,998 0,997-0,995

0,0018-0,0025 0,996-0,994 0,990-0,985

0,0036-0,0045 0,992-0,990 0,980-0,974

0,0066-0,0130 0,985-0,970 0,963-0,928

6.5 Birefringence

According to birefringence, five categories are set, which are
characterized by the difference of beam paths at wavelength 550 nm,
measured in place and direction shown in table No.7.

Table No.7

Birefringence at edge,

Category by birefringence ‘ nm/cm (not more)

2 6
4 15

6.4 UHTerpanbHblit nokasaTenb ocnabnenus,
K03 dUUMEHT NnponycKaHus

Mo nHTerpanbHOMy nokasatento ocnabneHns cTekna Wy A1 UCTou-
HUKa A YCTaHOBNEHbI BOCEMb KaTeropuid, xapakTepusyemblx Npeaenb-
HbIMU 3Ha4YEHMAMM, yKasaHHbIMK B mabnuye N26.

Tabnuya N°6

Mokasarens KoadpduumeHt KoadduumeHt
nokasartento Oc”aG”eH”“ nponyckaHus T, (PEIELELLE T
ocnabnexus ny om! g cnoe 1 em B CNloe 2,5 cM

2 0,0005-0,0009 0,999-0,998 0,997-0,995

0,996-0,994 0,990-0,985

Kateropus
no

0,0018-0,0025

0,0036-0,0045 0,992-0,990 0,980-0,974

0,0066-0,0130 0,985-0,970 0,963-0,928

—-lll
A

6.5 [iBynyuenpenomnenue

Mo ABynyyenpenomMneHnio YCTaHOBNEHbI NSTb KaTeropuii, xapakTe-

pY3yeMbIX Pa3HOCTbIO XOAa NyYeit Npu AnnHe BoaHbl 550 HM, u3me-

psieMoii B MecTe 1 HanpaBieHuK, ykazaHHoM B mabauue No7.
Tabnuya N°7

Kateropus [iBynyyenpenomneHu1e no Kpato,
ABYNYYENpenoMneH1o

HM/cm (He 6onee)
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6.6 Striae

Optical glass is tested for striae by shadow method, which allows
visual detecting of striae on the screen when viewing in a set
direction or estimating them by method of comparison with certified
test samples of 1 and 2 categories by striae.

Depending on the directions of glass viewing, two classes are set:
A — testing in two mutually-perpendicular directions;

B — testing in one set direction.

If it is not specially stipulated in the order, block glass is tested in
the direction perpendicular to the lower and upper block surfaces.
Blanks and pressed blanks are tested in working direction.

Prisms testing conditions are specially stipulated.

Terms of delivery of blanks with 100 mm are specified when
ordering.

6.7 Bubbles

Bubbles in glass and inclusions equated to them as well as knot-
like striae get formed during melting.

Bubbles are classified by class setting allowable total area of
cross-section of bubbles with size more than 0,05 mm in 100 cm® of
glass. Bubbles with size less than 0,05 mm are disregarded.

Table No.8

Class of bubbles

When ordering blanks of large sizes (more than 500 mm) quantity
and size of bubbles shall be specified. The catalogue lists classes
of bubbles, which can be ensured as the highest for the given glass
type.

6.6 beccBUnbHOCTL

OnTUYecKoe CTeKNO KOHTPONUpYeTCcs Ha 6eCCBUIbHOCTb TEHEBbIM
METO/,0M, NO3BONSIOLMM BU3YaNbHO OBHAPYXWUTb CBUIU Ha 3Kpa-
He NpY NpoCcMOTpe B 33[jaHHOM HanpaBieHUM UK OLIEHUTb UX Me-
TOLOM CPaBHEHMS C aTTeCTOBAHHLIMM KOHTPONbHbIMK 06pasLlamm 1
1 2 KaTeropuit 6eccBMIbHOCTY.

B 3aBMCMMOCTM OT HanpaeneHuit NPoCMoTpa CTekna ycTaHoBe-
Hbl AiBa Knacca:

A — KOHTpO/b B ABYX B3aMMHO-NePNeHANKYNSPHbIX HanpaBneHUsX;
B — KOHTpONb B 0HOM 3alaHHOM HanpaBieHNM.

Ecnu 370 cneumnanbHo He OroBOpeHo B 3akase, 6104HOe CTekno
KOHTPONMPYETCS B HanNpaBieHUM, NEPrEeHAUKYNAPHOM HIKHEN U
BepxHeil MOBEPXHOCTAIM 610Ka. 3aroToBKM, NPECCOBKM KOHTPONUPY-
loTCs B paboyeM HanpasneHnu.

[lns np13M ycnoBms KOHTPOS OroBapmBatoTcs 0cobo.

Ycnosus noctaBku nNo 6eCCBUABHOCTM 3aroTOBOK TONLUMHOI Gonee
100 MM oroBapuBaKOTCs NpU 3aKase.

6.7 My3bIpHOCTL

[My3bipu B CTEKNE U MPUPABHEHHbIE K HUM BKITHOYEHUS U Y3/10BblE
CBWAM 06pasytoTcs Npu Bapke CTeKNa.

[My3bIpHOCTb KNaccUULMpyeTCs rpynmnow, ycTaHaBnuBatoLLei Ao-
NyCTUMYIO CYMMapHYH N0LWab CeYeHUi ny3bipeit ¢ pa3mMepom 60-
nee 0,05 MM B 100 cm® cTekna. MMy3bipu ¢ pasmepom mMeHee 0,05 MM
BO BHMMaHMe He NPUHUMAIOTCS.

Tabnuya N°8
CyMMapHas nnowanb ceveHnin

nysbipeii B 100 em® crekna, mm?
(CEGIER)

Tpynna nysbipHoCTH

Mpu 3akase 3aroToBoK 60nblKnx rabaputos (6onee 500 MM) ko-
JIMYECTBO M pa3Mep BK/IKOYEHWIT OroBapUBALOTCS Npu 3akase. B kata-
flore yKasaHbl rpynbl ny3bIpHOCTH, KOTOpble MOTYT GbiTb 06ecneye-
Hbl KaK HauBbICLLME A1 CTeKNa AaHHOM MapKu.
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7.Forms and Terms of Delivery

Optical glass in delivered as:

* blocks;

« plates;

« rods of rectangular and round section;
e pressed blanks from molten glass;

« pressed blanks from cut rods.

Glass is delivered in compliance with the drawings and
specifications agreed with the customer. When ordering one should
follow values of optical and other physic-chemical glass parameters,
categories and classes of quality indices. It is desirable to show in the
drawings, besides blank’s dimensions, the dimensions of a finished
item and working direction of a beam path. For blanks, the finished
items from which have only part of their surface area operable, the
clear working area should be shown.

A delivered batch consists of blanks of one name and size
produced from glass of the same type and supplied with one
certificate.

7. Bup, v ycnoBus NoCTaBKu

OnTUyecKoe CTEKIO NOCTABNISAETCA B CIeAYIOLEeM Buae:
* 6104YHOE CTEKNO;

e MAacTUHbI;

* WTabWK NMPAMOYrOALHOTO U KPYT/IOro CEYEHMS;
 MPECCOBKM W3 XMAKOM CTEKNOMACChI;

* MPECCOBKM U3 HApe3OK.

CTekno NoCcTaBisSeTcs Mo COMMACOBAHHBIM C 3aKa34MKOM yepTe-
XaM U TeXHUYeCcKuM ycnosusaMm. MNpu 3akase cneayeT pyKoBOACTBO-
BaTbCSl 3HAYEHWUSMU ONTUYECKMUX U APYrUX DUIUKO-XMMUYECKUX
XapaKTepUCTUK CTEKNA, KAaTEropUsAMMU U KNaccaMu nokasarenen Ka-
yecTBa. B uepTexax, KpomMe pasMepoB 3aroToBKM, CieayeT yKasblBaTb
pa3Mepbl roToBOM AeTanu, paboyee HanpaBneHue xoaa nyyeid. ns
3aroToBOK AeTanei, paboTalolmx He BCel NNoLaabko, AOMKHA ObiTb
yKa3aHa cBeToBas paboyas 30Ha.

MocTaBnsiemMas NapT1s COCTOUT U3 3aroTOBOK OAHOTO HaWMEHOBa-
HUS U pa3Mepa, U3roTOB/IEHHbIX U3 CTEK/IA OAHOW MapKu U COMPOBO-
KAAEMbIX OHUM MaCNopTOM.
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7.1 Blocks and Plates

They are delivered as moulded annealed blocks of random shape
and sizes with treated and untreated surfaces.
The maximum sizes of one block are as follows (length x width x
thickness), mm:
« for glass of the types K-8,K-108,K-208, ®-8, ®-108, T®-5, Td-
105, Td-200 — 1000x1000x200 mm or 1300x1300x100 mm;
« for glass of the types JIK, BK, K®, b®, 10, ®, TO-4, TH-104, TO-
10,T®-110,0d-1,0h-101 — 1000x1000x100 mm;
« for glass of the types TK,CTK (except CTK-9), TB® 600x500x70 mm;
« for glass of the type OK-4 — discs of diameter up to 200 mm,
thickness up to 50 mm.

Delivery of blocks in the form of round discs of diameter and
thickness not exceeding the maximum above stated sizes is possible.

Technical requirements for block glass blanks with treated
surfaces are stated in Table No.9.

Manufacturing bevels — from 1,5 to 3,0 mm, as agreed.

At edges and on overall size surfaces chips and digs up to 2,0%
of the maximum edge length (of the surface) and depth of not more
than 5 mm are allowed.

Plates of random shape and sizes with thickness 10 mm and more
can be delivered according to the agreed technical specifications.

Table No.9

Maximum side sizes (diameter), mm

Technical
requirements up to 400 400-600 more than 600
Overall
dimensions

tolerances,mm

Operation
surfaces 0,3% of length

parallelism 0,2% of length

7.1 Bno4yHoe CTEKNO, NNACTUHbI

lMocTaBnseTcs B BUAE OTAUTLIX GIOKOB, MPOLLEALIMX OTKUT, C Heobpa-
60TaHHbIMU 1 06PaBOTaHHBIMU NMOBEPXHOCTAMM.
Hanbonblume pasmepbl 6710KOB CTEKNA (A/IMHA X LUMPUHA X TONLLMHA), MM:

* nns Mapok crekon K-8, K-108, K-208, ®-8, ®-108, TO-5, Th-

105, Td-200—1000x1000x200 MM nnm 1300x1300x100 Mm;

« ans crekon Mapok J1K, BK, K®, b®, J1d, ®, Td-4, TdO-104, TO-10,

TP-110,00-1,0P-101—-1000x1000x100 Mm;
« ans crekon Mapok TK, CTK (kpome CTK-9), TBO—600x500x70 mMm;
* ang crekna Mapku OK-4—paucku auametpom go 200 MM, Ton-
WwuHoi ao 50 Mm.

Bo3MoxHa noctaBka 6104HOMO CTekNa B BUAE KPYITIbIX AUCKOB C
[IMaMeTPOM W TONLLMHOM, He MPeBbILLAIOLLMMYU YKa3aHHbIX Hanbonb-
LIMX pa3MepoB.

TexHuueckve TpeboBaHMS K 3aroToBkam M3 61104HOr0 cTekna ¢ 06-
paboTaHHbIMKU NOBEPXHOCTAMU NpUBeAeHbl B mabauuye N29.

Mdacku TexHonornyeckme — ot 1,5 o 3,0 MM, o cornacoBaHuio.

CKonbl U BbIKO/IKM AOMYCKAKOTCS Ha KPOMKaX M rabapuTHbIX Mo-
BEepXHOCTSX A0 2,0% MakCcMManbHOM ANMHBI KPOMKM (MOBEPXHOCTH)
rnybuHoi He Bonee 5 MM.

MnacTuHbl nocTaBnstoTcs 10601 GOpMbl U pa3sMepoB C TONLLMHO
10 MM 1 6onee No COrNAaCoBaHHbIM TEXHUYECKUM YCIOBUAM.

Tabnuua N°9

TexHuueckue Hawnbonblume pasmepsbl CTOPOH (AMAMETP), MM

MEEBEERTE 400-600 Gonee 600

Jonyckun Ha
rabaputHble
pasmepbl, MM

Mapannens-
HOCTb paboumx 0,3% AnuHbI 0,2% AnuHbl
noBepXHoCTe
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7.2 Rods of Rectangular and Round Section
Blanks of this type are produced from molten glass in the form of rods of . A
round and rectangular section with length up to 750 mm. ;
Surface of round rods is smooth, thermally polished. ”
Rods and tiles of rectangular section have on their surfaces which are in
contact with the cooler, "swaging" prints due to fast cooling of hot molten
glass during casting.
We produce:
« round rods of diameter up to 30 mm, diameter tolerance is * 0,2 mm;

« rods and tiles of rectangular section with size from 20 x 10 mm to 100
x 15 mm with maximum section area 160 mm?.

36

7.2 LTabuK npAMOYroNbHOro M KpYI/Ioro ceveHus

3aroToBKwM 3TOrO TMMa U3roTaBIMBALOTCS B BUAE LUTAGUKOB KPYrOro U NpsiMo-
YroNbHOrO CeveHuit AanHol Ao 750 MM 13 pacniaea crekna.

MoBepXHOCTb KPYrbIX LUTABUKOB rNafKas, TEpMUYECKM MONMUPOBAHHAS.

LLITabuKK 1 NAUTKM NPSIMOYrONbHOMO CEYEHUs UMEKOT Ha NMOBEPXHOCTAX,
COMPMKACAOLLMXCS C XONOAMNBHUKOM, ClIefibl KKOBAaHHOCTU» M3-3a BbICTPOro
OX/IAXKAEHUS rOpsYelt CTEKNOMACChI NpY OT/IMBE.

Bbinyckatotcs:

* Kpyrble WTabuku anametpom ao 30 MM, fonyck Ha auametp * 0,2 Mm;

o WTAbWKM M NAKUTKA NPSMOYToNbHOro ceyeHus paamepom ot 20 x 10 MM

0o 100 x 15 MM ¢ HanbonbLuei nnouaabio cevyeHns 160 MM,

§

—-lll
A
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7.3 Pressed Blanks from Molten Glass

Blanks that are close in sizes and configuration to the finished items
are produced by pressing into a mould from molten glasses of types
JIK, K, BK, TK, CTK, ®, b®, TO, ND.
Technical requirements to pressed blanks:
« diameter (side of rectangular blank) from 15 to 70 mm;
« thickness of a pressed blank for lens blanks is not less than 3
mm, for plates blanks — 4 mm;
« ratio of diameter or diagonal of a pressed blank to its thickness:
from 15:1 to 1,25:1;
« ratio of a rectangular blank length to its width is not more
than 3:1;
« blank surfaces in contact with mould have "swaging" prints with
depth 0,15 — 0,2 mm.
Limit deviations of pressed blanks dimensions are listed in Table
No.10.

Diameter or length of

the largest side,
mm

15-35

Table No.10

Limit deviations, mm

Length of the
largest side

£0,5

£04

—-lll
A

7.3 MpeccoBKM U3 XKMAKOI CTEKNOMACChI

3aroToBKM, N0 KOHGUIypaLmm 1 pasmMepam 6113K1e K pasMepam ro-
TOBOM Ai€Ta/nu, U3roTaBNMBaEMble NpeccoBaHWeM B GOpMy U3 pacnna-
Ba crekon Tunos JIK, K, BK, TK, CTK, @, D, Td, NdD.
TexHuueckue TpeboBaHUS K NPeccoBKaM:
¢ AuameTp (CTOpOHa NpSIMOYronbHOW 3aroToBku) oT 15 Ao 70 MM;
 TO/LLUMHA NPECCOBKMU HE MeHee 3 MM /15l 3aroTOBOK JINH3, 4 MM
— [N 3ar0TOBOK MNACTUH;
* OTHOLUEHME AMAMETPA MM AMATOHANM NPECCOBKU K €€ TONLUM-
He ot 15:1 no 1,25:1;
© OTHOLLIEHME AJIMHbI NPSMOYTONbHOW MPECCOBKM K e WWHMPUHE
He 6onee 3:1;
* Ha MOBEPXHOCTSIX 3aroTOBKM, CONPUKACAOLLMXCS C HOPMOH, UMe-
10TCS CNeabl KKOBaHOCTU» rnybuHoi 0,15 — 0,2 MMm.
MpenenbHble OTKIOHEHUS pa3MepoB NPeccoBOK NpuBeaEHbI B mad-
onuue N°10.

Tabnuua N°10

I'Ipeu,eanble OTK/IOHEHUA, MM

JICES
Haubonbluen TonwuHa
CTOPOHbI

[uameTp unm anuna
HanbonbLLeit CTOPOHBI,
MM

[uametp

15-35 £0,5
50-70
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7.4 Pressed Blanks from Cut Rods

Cut rods are parts of glass of rectangular or cylindrical shape with
mass equal to the blank mass. After heating up to the softening
temperature, glass is pressed to the necessary shape. Pressed blanks
undergo fine annealing.

Blanks of lenses, plates, prisms with mass from 2 to 2000 g are
produced by pressing from cut rods.

Limit deviations of blanks dimensions depending on their
diameter or length of the largest side are listed in Table No.11.

Table No.11

Limit deviations, mm

Clearness in the middle
of spherical surface when
testing with a radius gauge,
Thickness mm

Deviations from flatness
of plane surfaces, mm
(not more than)

Diameter or length of the

R R i Length of the largest

Diameter -
side

1o 20 03 0,5 04
+0,5
+1,5
50 - 80 £0,5 05 10 0,6
120-150 £1,0 1,0 15 1,0

7.4 MpeccoBKM U3 HApe30oK

Hape3sku — 370 Kycku cTeknia NpsiMOyrofbHOM UAW LMAMHAPUYECKON
$hopMbI € Maccoi, paBHOM Macce 3arotoBku. Mocne Harpesa Ao Tem-
nepaTypbl pa3MsiryeHust CTEKIO NMPeccytoT, NpuaaBas Heobxoaumyto
dopmy. OTnNpeccoBaHHbIe 3aroTOBKM NOABEPrakoTCs TOHKOMY OTXKMTY.

MpeccoBaHWeM M3 Hape30oK MOyYatoT 3aroTOBKM JIMH3, NNACTUH,
npu3m Maccoii ot 2 fo 2000 r.

MpepenbHble OTKIOHEHUS pa3MepoB 3aroTOBOK B 3aBUCMMOCTU
OT iaMeTpa uu pasmepa HanbosbLueit CTOPOHbI NpUBEAEHbI B ma-
6nuue N°11.

Tabnuya N°11

I'Ipeneanble OTKJIOHEHUA, MM

ﬂl4aMeTp Wnu gnnHa
HanbonbLueit CTOPOHbI, MM o
[nvHa Hanbonbluen

Mamer
A P CTOPOHbI

no 20 +0,3

50 - 80 0,5

120-150 10 £10

TonwmHa

MpocseT B cepeanHe
cepuryeckoit NoBEPXHOCTU
npu KOHTposie pagnycHbiM

wabnoHoM, Mm

OTknoHeHue
OT NNOCKOCTHOCTH
NA0CKMX NOBEPXHOCTEMN,
MM (He 6onee)

+1,5
-0,5

41




7.5 Minimum Size of Blank Batch
Blank pressing processes require carrying out of work on moulds Blanks DIET iy o i
fabrication and mastering of pressing modes, therefore these
processes are economical only when producing of a certain
minimum blanks batch. Minimum batch sizes for blanks delivered
in the form of pressed ones are listed in Table No.12.

When ordering a less quantity the blanks are produced by cold
cropping: sawing of glass with a diamond disc, drilling and other Pressed blanks from i =55
methods of machining EthEm ¢Es 5 =710

42

Table No.12

mum bat
pcs.

40000
20000

7.5 MuHMManbHble pasMepbl NapTUM 3aroToBOK

lMpoueccbl npeccoBaHMs 3aroToBoK TpebytoT npoBefeHMs paboTsbl No
M3roTOB/IEHNI0 POPM M OTPaBOTKE PEXMMOB NPECCOBAHMS, MOITOMY
3TV NpoLLeCChl LenecoobpasHbl TONbKO NPU U3rOTOBNEHMM onpene-
JIEHHOM MUHUMANbHOW NapTUM 3aroToBOK. MUHUManbHble 06beMbI
napTMK 3aroToBOK, NOCTaBNSIEMbIX B BUAE NPECCOBOK, NPUBEAEHDI B
ma6nuue N212.

Mpwu 3aKase MeHbLUEro KONMYeCcTBa 3aroTOBKM M3roTOBAAIOT-
€S METOLAMM XONOAHOM pasAenku: pacnuanBaHMeM cTekna anmas-
HbIM [IMCKOM, BbICBEP/IMBAHMEM M APYrMMM CnocobaMmu MexaHuye-
cKovi 06paboTku.

MuHMManbHbI 06beM
HanboNbLIas CTOPOHa,

3aroToBKkM

peccoBkyM M3 XnaKon
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7.6 Periodicity of Glass Melting

In compliance with the analysis of demand for glass and incoming
orders all glasses are divided into four groups according to their
melting periodicity:

I — continuously glasses melted;

II — glasses melted regularly at specified intervals;

III — seldom melted glasses;

IV — very seldom melted glasses.

Glasses of groups I and II constitute more than 98% of the total
amount of clear optical glass production.

Under special agreement with a customer, glasses with indices
different from the ones stated in the catalogue can be produced.

The list of glass types, their designations, main optical
characteristics and melting periodicity group are shown in the table:

7.6 Yactota Bapok cTekna

B cOOTBETCTBMM C aHANM30M NOTPEGHOCTH B CTEK/IE M NOCTYMNAOLWM-
MM 33aKa3aMu BCe CTeKa NOAPA3AENsIoTCs Mo YacToTe BapKM Ha Ye-
Tbipe rpynmbi:

I — NOCTOSHHO M3roTaBNMBaEMbIE CTEKNA;

II — cTekna, perynsipHoO U3roTaBMBaEMble YEPE3 OnpeneneHHble
NpPOMEXYTKWU BPEMEHMU;

IIT — penko u3rotasnnBaeMble CTekNa;

IV — oueHb peaKo U3roTaBaMBaeMble CTeKNa.

Crekna rpynn I v II coctaBnsiot 6onee 98% Bcero o6bema Bbiny-
cka 6ecLBETHOrO OMTUYECKOrO CTEKNA.

Mo oTAenbHOM AOrOBOPEHHOCTU C 3aKa34MKOM MOTYT 6bITb MU3ro-
TOB/EHbI CTEKNA C MOKA3ATENAMMU, OT/IMUAIOLUMMUCS OT YKa3aHHbIX B
KaTanore.

MepeyeHb Mapok cTekor, UX 0603HaYeHUs, OCHOBHbIE ONTUYECKHe
XapaKTePUCTUKM U Fpymnna YacToTbl BapKu yKasaHbl B Tabauue:
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©Shvabe |
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ONTUYECKOE CTEK/O
OPTICAL GLASS
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Mapka

crekna
G253 ] ; 706,5 656,3 480, 4358 4047

JNIK-3* 489699  1,487464 70,03 0,006960  1,489118 69,87 0,006986 1485307 1492648 1495963  1,49900 1,49900

NIK-5* 480655 1,478166 65,59 0,007290  1,479902 65,47 0,007334 1474590 1475904 1483601 1487065  1,49024

XuMuyeckas yCTonumBoCTb T
a, (107°1/K) i
emical resistance ynn

4acToThI Mapka
" sapKw cTekna
K narna- K BnaxHi

DKHOM
OLWUM aTMocdepe oK Glass

areHTam a7 5 5 o
: : ER [ - o | gy | S

Staining resistance
resistance

Group3  GroupA 480 O 034/ +0, 0058/ +0, 0022/ 0, 0019/ 86 246 0,996

Goupl GowpA - 0910/ 00010/ 00012/ 40002/ o 0973

NK-7* 485662  1,482866 66,32 0,007280  1,484608 66,20 0,007330 1480613 1488302 1491739  1,49490 1,49490

48

Group 1 Group A 585 -0, 009/ -0, 0025/ -0, 0012/ +0, 0004/
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a, (1071/K) TomiE

Mapka emical resistance 4acToThI Mapka

cTekna " = Bapku cTekna
K narna- K BnaxHoii

Glass 1oLMM atMochepe Group b¥ Glass

type 706,5 656,3 480,0 435,8 4047 areHTam Weather i-F’ g-F’ = - g0n0°C 201300°C . g?rr'ﬂoedl't?,',y type
Staining resistance 9
resistance

K-14" 517604 1514775 60,64 0008490 1516807 6037 0008566 1510692 1512184 1521160 1525259  1,52906 Groupl  GroupA 545 0910/ 00012/ 00003/ -00010/ 64 78 253 0988 v K-14
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Mapka
cTekna

Glass

BK-6" 542594  1,539982 59,67 0,009050  1,542136 59,38 0009145  1,535647 1537226  1,546802 1551204 155529

XuMnyeckas ycroiumBoCTb

@, (1071/K)
emical resistance fpynna
4acToTbl Mapka

, . BapKu crekna
K natHa- K BnaxHoii p

HOLWUM atMocdepe Glass

areHTam o o e
Weather 2 O g0720°¢ ®y20300°C E?'n'?e‘{'tﬁ'é/ type

Staining resistance
resistance
Group 4 Group A

550 -0, 009/ +0, 0011/ +0, 0010/ -0 01/ 0991

BK-10* 571558 1,568891 56,05 0,010150  1,571309 55,79 0,010273 1564064 1565821 1,576567 1581543  1,58620

52

Goup3 | GroupA | 570 0018/ -00006/ | +0.0008/ | -0.0020/ 0978 BK-10
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Mapka
cTekna

Glass

TK-4* 614556  1,611198 55,82 0,010950  1,613812 55,55 0011067  1,606008 1,607892 1,619476 1,624861  1,62987

K-9 620538  1,617202 54,05 0,011420 1,619926 53,76 0,011531  1,611820 1,613761 1,625838 1,631483  1,63675

TK-13 606604  1,603890 60,63 0,009960  1,606263 60,38 0,010039  1,599114 1,600851 1,611376 1,616211  1,62068

TK-16" 615581 1,612694 58,35 0,010500  1,615192 58,09 0,010589  1,607696 1,609499 1,620601 1,625734  1,63049

TK-20" 625564  1,622097 56,71 0010970  1,624702 56,43 0011080  1,616881 1618769 1,630373 1,635746  1,64074

TK-23" 592610  1,589188 61,24 0,009620  1,591471 61,98 0,009692 1584564 1,586242 1,596403 1,601042  1,60532

54

emical resistance

K natha- K BnaxHon
HOLWUM atMochepe

Weather
Staining resistance

areHTam

resistance

Group 3 Group A

TK-13

TK-16

TK-20

Group 3

Group 3

Group 3

Group 3

Group 3 Group A

Group A

- il

Group A

+0,5 +1,4 +1,5
-------

Group A

Group A

-----—-------

TK-23

@, (1071/K)

0420/300°C

Tpynna
4acToTbl
Ba DKH

penodlclty

of melting

11T

Mapka
cTekna

55




Mapka
cTekna

Ng-Nc
Glass

656,3 480,0 4358 4047

K-8 707494  1,703125 49,69 0,014150  1,706497 49,41 0,014298  1,696490 1,698877 1,713847 1,720921  1,72755

CTK-12* 695548  1,692012 55,01 0,012580  1,695010 54,81 0012698  1,685999 1,688176 1,701485 1,707590  1,71328

CTK-19* 748502 1,744132 50,42 0,014756  1,747646 50,21 0,014915  1,737123  1,739667 1,755281 1,762531  1,76929

56

XuMnyeckas ycroiumBoCTb

@, (1071/K)
emical resistance

Mapka
K natha- K BnaxHoi EEPK“ cTekna

OLWUM aTMocdepe Glass
arenrav Weather i-F eF = L 60/20°C ©420/300°C - g?rrlnoedllt%ty =
Staining resistance 9

resistance

eroun G oo 0023/ 00007/ 00005/

Group 3 Group A 640 -0 056/ -0 0066/ -0 0022/ +0 0018/ 0975 CTK-12

Group 4 Group A 620 '0_'(5)562/ '0’_05022/ '0’_0‘?%4/ +0/ 02019/ 51 0,954 CTK-19

57

CTK
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K natha- K BnaxHon
HOLWUM atMochepe

areHTam

. Weather
Staining resistance
resistance

Tpynna
4acToThI Mapka
Bapku cTekna

Group, b_%/ Glass
periodicity type
of melting

©4207300°C
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@, (1071/K) TomiE

Mapka 4acToTbl Mapka

crekna " Ba me cTekna
K Bna;

4 1oLLM anMocdepe orx
Glass areHTam Glass

706,5 656, 4800 4358 4047 a ——— o F' g Y o 0 perodicty | Bpe

€ f meltin
Staining resistance of melting
resistance

KD-4° 520587 1518179 5895 0008790 1520270 5872 1524785 1513957 1515494 1524785 1529049 153302 Groupl  GroupA 0022 000 ‘00002/ 63 0989

K®-7 520509 1517590 5145 0010120 1520005 50,88 0010209 1512837 1514550 1525249 1530324  1,53512 Group 1 [ GroupA' | 5201 [ #0014/ [+0.0008/1 00005/ (£-0,0004/ 0967 1
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Mapka
cTekna

Glass

®-4 551537  1,548091 53,95 0,010160  1,550505 53,66 0010259  1,543290 1,545023 1,555768 1,560806  1,56553

B®-7* 582536 1,579595 53,86 0,010760  1,582159 53,56 0,010863  1,574527 1,576360 1,587736 1,593071  1,59805

BD-11 625528  1,622305 53,14 0011710  1,625092 52,84 0011827  1,616797 1,618781 1,631167 1,636984  1,64242

bd-13* 643480  1,639618 48,27 0,013250  1,642766 4797 0013418  1,633423  1,635657 1,649688 1,656354  1,66268

bd-21* 618398 1,614132 40,03 0,015340 1,617772 39,75 0015542  1,607095 1,609604 1,625857 1633797  1,64142

4MBOCTD T
a, (10" 1/K) i
emical resistance [OLE]
4acToThI Mapka

K naTHa- K BnaxHoi sap»\n @)

OLWUM aTMocdepe oK b Glass
STEHTEM ] \yeather " = L & 0 3?%"5&5’}" type
Staining resistance g
resistance

Gand | Gl 0008/ 00004/ 00008/ 00015/ 0984

Group 1 Group A 560 -0, 318/ -0 0004/ +0, 0013/ +0, 0006/ 68 0,981

Goup3  GroupA 605 09/ 00002/ 00008/ -0.0077/ 0,962 BO-11

Group3  GroupA 000 AN IGO0 LIRS 000 AR 007 0925 1 BO-13

Groupl  GroupA 475 O °°4/ 0, 0002/ -0, 0001/ 0 0003/ 0964 1 5d-21
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Mapka
cTekna

Glass

b®-27 610437  1,606821 43,97 0,018740 1,610095 43,67 0,019005 1,600440 1,602726 1617338 1624392  1,63112

64

a, (1071/K)

K BnaxxHoit Bapku
OLWUM aTMocdepe Group by
reHTam = o B > . Todich

arenta Weather a 8 E Qg0/20°C OL20/300°C 0 g?rrlnoedllt%ty

Staining resistance 9

resistance

-0,007/ -0,0005/  +0,0006/  -0,0008/ 0,978 it

B B B 07 03 +1,1 11 - - -

Mapka
cTekna

Glass
type

b®-27
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Mapka
cTekna

Glass

type
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K natha- K BnaxHon
HOLWUM atMochepe

areHTam

. Weather
Staining resistance
resistance

Tpynna
4acToTbl
Bapku

Group b
periogici¥y

Q20/300°C i
L420/300°C of melting

Mapka
cTekna

Glass
type

67
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Xumuyec YCTOM4MBOCTb 7
a, (107°1/K)
Mapka

emical resistance
cTekna

Mapka
K natha- K BnaxHoi EEPK“ cTekna
Glass 10LLMM atMocdepe

Glass
type ; b X ! b ArEATAM | Weather oF g Dz B 0 gmoedlg;}v type
Staining resistance 9
resistance

0- 582408 1578423 41,11 0014070 1581756 4083 0014247 1571940 1574255 1589157 1596409 160336 Group1  Groupb = ey Sy '00002/ 71

N®-10 551456 1548105 4587 0011950 1550940 4557 0012090  1,542552 1,544537 1557193 1563284  1,56911 Groupl  GroupA '0003/ *00015/ ° '°°°°3/ 0,949 N®-10

NO-12 543446 1540207 4487 0012040 1543062 4455 0012185 1534620 1536623 1549373 1555569 156151 Groupl  Group A SO0 20 00 20 O ARG 1005

0,968 No-12
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Mapka
cTekna

‘Eﬁfj ! g 7065 6563 480,0 4358

®-2* 621364  1,616547 36,61 0,016840  1,620543 36,35 0017072  1,608870 1,611596 1,629444 1638267  1,64680

6" 607377  1,603239 3794 0,015900  1,607015 37,68 0016115  1,595961 1,598556 1,615404 1,623668  1,63164

®-13* 624361 1,620048 36,34 0,017060  1,624083 36,07 0017281  1,612275 1,615036 1,633109 1,642054  1,65069
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XuMnyeckas ycroiumBoCTb

a, (1071/K)

emical resistance
Mapka
K natha- K BnaxHoi EEPK“ cTekna
OLWUM aTMocdepe Glass
arenrav Weather i-F eF = L 60/20°C ©420/300°C - g?rrlnoedllt%ty =
Staining resistance [¢]
resistance

Gowpl GowpA - 090/ 00004/ 00008/ 00003

Groupl  GroupA 0007/ 00044/ 00008/ 0000/ 0979

Group 1 Group A 0,964
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Mapka
cTekna

Glass

-2 678320  1,672680 32,23 0,020870  1,677617 31,99 0,021193  1,663256 1,666602 1,688736 1,699831  1,71068

Th-4" 746280  1,740024 28,16 0,026280  1,746231 27,95 0,026687  1,728309 1732434 1,760311 1,774548  1,78860

TP-7* 734281 1,728222 28,33 0,025700  1,734294 28,12 -1,48842 1716746  1,720791  1,748051 1,761954 177566

TO-10* 814252 1,806274 25,37 0,031780  1,813767 2517 0032321 1792210 1797156 1,830887 1,848338 186571
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YMBOCTD

@, (1071/K)

Tpynna
4acToThI Mapka
Ba DKH cTekna

emical resistance

K narna- K BnaxHoii
H0LUNM atMochepe e b Glass
areuTam Weather i-F - gonoec 000 0 gg;oedlg;}v type
Staining resistance 9

resistance

Goup2  GroupA 440 TGOS/ 00011/ +0.0002/ -0.0001/ 74 0,903

Growp3  GroupA 10042/ 400038/ 100006/ 00007/ 0822

Group 3 Group A 390 +0 042/ +0 00'7’5/ +0 0003/ - 0,887

Group 3 Group A +0, 076/ +0, 0065/ +0, 0014/ -0, 0009/ 0,610 To-10
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656,3 480,0 4358 404,7

-4 654432 1,650632 43,46 0,014970  1,654190 43,24 0015127  1,643585 1,646135 1,661996 1,669506  1,67664
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a, (1071/K)

Mapka
X enax sapxm cTekna
OLWUM aTMocct:epe Glass
arenram Weather i-F eF = ©60/20°C ©420/300°C N g?rrlnoedllt%ty B
Staining resistance 9
resistance

Group 4 Group A 485 -0 056/ -0 0084/ -0 0036/ +0, 0043/ 44 0927
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Takxe AO 130C usrotasnueaer:

JSC LZOS also produces:

M3penusa us Cutanna CO-115M

Items from Sitall CO-115M
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CneuwanbHble cTekna

Glasses with special properties

LLBeTHble cTekna

Colored glasses

AKTUBHbIE 3N1E€MEHTbI

Active elements

_Z

BonokoHHas onTuka

Fiber optics
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AKuMoHepHoe 061ecTBo
«JIbITKAPUHCKMIA 3aBOJ, ONTUUECKOTO CTEK/Ia»

Joint-Stock Company
"Lytkarino Optical Glass Factory”

140080, Poccuiickas Mepepaums,
MockoBckas 06nactb, r. JIeiTkapuHo, yn. lNapkosas, 4. 1

Parkovaya, 1, Lytkarino, Moscow region, Russian Federation, 140080

Ten./Phone: +7 (495) 552-32-95, +7 (495) 552-15-20
®akc/Fax: +7 (495) 552-12-66
E-mail: info@!zos.ru, office@lzos.ru
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