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New possibilities are proposed for using the basic
test plates (BTP) to solve two pressing problems
in modern optical technologies — improving
methods and means of metrological support for
monitoring optical elements and increasing the
productivity of manufacturing lenses and mirrors
with spherical working surfaces. The solution

to the first problem is based on the use of a
reference set including a couple of BTP (convex
and concave) and a reference on-axis computer-
generated hologram optical element (CGHOE).
To solve the second problem, it is proposed

to use the BTP as reference masters with the
subsequent production of copies of submatrices
of specified sizes from them using precise
replication.

Key words: basic test plates, reference set, on-axis
computer-generated hologram optical element,
master, precise replication, polymer composition,
serial and mass production

Article received: 13.02.2020
Article accepted: 20.02.2020

INTRODUCTION

In modern domestic and foreign optical production, a
paradoxical situation is emerging. On the one hand,
the classical “block” technology of serial production
of lenses and mirrors with spherical surfaces is still
being used using working test plates (WTP) for the
technological control, in the manufacture of which
control test plates (CTP) or BTP are still used [1, 2]. At
the domestic enterprises that have traditional optical
production, over many years of practice, a huge number
of BTP of various standard sizes [3] has accumulated
with the highest optical quality of spherical work
surfaces.



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
N METROLOGY AND CERTIFICATION
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

BBEAEHUE

B coBpeMeHHOM OTe4eCTBeHHOM U 3apybe>KHOM OIITH-
YeCKOM IIPOM3BO/CTBe CKIbIBAETCS IapPaZiOKCaIbHAs
cutyauus. C ofHOM CTOPOHEI, O CUX IIOp COXPaHseTcs
KIacCHYecKas 0I04Hasi TeXHOJIOTHS CePUIHOIO IIpo-
M3BOJCTBA JIMH3 U 3epKal O chepHUueCKUMU I10BEPX-
HOCTSIMU C IIPUMeHeHHeM MJI1 TeXHOJIOTHYecKOro
KOHTpoJIs pabounx mpobHeix crekon (PIIC), IIpu U3ro-
TOBJIEHUH KOTOPBIX [0 CHUX IIOP MCIIO/IB3YIOTCSI KOH-
TporbHBIe ITpobHBble cTekna (KIIC) mau OIIC (1, 2]. Ha
OTeueCTBEHHBIX MNPeANpHUITHSIX, HMEIOIINUX Tpafu-
LIHOHHOe OITHYeCKoe IIPOHM3BOJCTBO, 3a MHOTOJIeT-
HIOIO ITPaKTHKY HAKOIIM/IOCh OIPOMHOE KOIHYeCTBO
OIIC pasnUYHBIX TUIIOPAa3MePoB [3] ¢ BBICOYAHIIUM
ONTHYECKHM KaueCTBOM cdepuueckux pabounx
IIOBEPXHOCTEH.

C Ipyroil CTOPOHBI, OBICTPO PacTeT OISl OITHYe-
CKHX 3JIeMEHTOB, U3rOTaB/IHBAeMBbIX Ha COBPEMEHHBIX
IIPEelIM3UOHHBIX OINTHYECKUX CTAaHKax C YHCIOBBIM
[IporpaMMHEIM yIpasieHueM (YIIY), a Takke IyTeMm
ropsiuero IpecCOBaHUSI U MOJ/UIMPOBaHUs [1, 4-6] 6e3
HICII0/Tb30BAHUSI IPOOHBIX CTEKOI.

B HacTosIlee BpeMsl B MUpe HabnogaeTcss TeHJeH-
LMl pOCTa IPUMEHEHUsSI KOHTAKTHBIX (IIpoduioMe-
TPhI) M 6eCKOHTAaKTHBIX (MHTepdepoMeTphl) CPencTB
HM3MepeHUI [Js obeclledyeHHs] TeXHOIOTHYECKOIo
M aTTeCTAllMOHHOIO KOHTPOJSl IpoLeccoB $opmoo-
Opa3oBaHHsl ONTHYECKUX IIOBepxHOCTem [1, 2, 5-8].
ITostomy mpumeHenue OIIC orpaHHYMBAETCI HMIHU
HCKII0YaeTcs BOBCe, TaK Kak paboume mpobHEIe
CTeKk/Ia INPH HeoOXOAMMOCTH MOTYT OBITb H3TOTOB-
JIEHBI HEIIOCPeACTBEHHO, 6e3 wucronbp3oBaHusa KIIC
u OIIC. AKTyanbHasi mpobreMa HpU NpHMeHeHHHU
KOHTaKTHBIX M 6eCKOHTAKTHBIX CPe[CTB M3MEepeHUM
Ha 3TaIle MaCIOpPTHU3aLMK IOTOBBIX M3[EeNIHH - OTCYT-
CTBHE HMX MeTpOJIOTHYecKoro obecredeHHUs (Kaau-
OpoBKa U II0BepKa) B TpebyeMoM [IHaIla30He ONTHYe-
CKHX IapaMeTpoB. AHaJOTMYHas CUTyalllsl MMeeT
MeCTO U B 3apyOesKHBIX TPAJUIIMOHHBIX ONTHYECKHX
IIPOM3BOJICTBAX.

MOCTAHOBKA 3AAA4YN

dTasoHHBIN Habop B coctaBe mapsl OIIC mepBOro
KJacca TOYHOCTH U IePBOM TPYHIIBl CONPSIKEHUS
C BBIOPAaHHBIM HOMHUHQJIBHBIM 3HadeHHeM pajguyca
KPUBHU3HEI B [Hara3oHe oT 1 10 40 M COBMeCTHO C 3Ta-
JIOHHBIM OCeBBIM CHHTE3UPOBAHHBIM I'OJIOTPAMMHBIM
OIITHUYeCKUM 31eMeHTOM (CLOI) OTKPBIBa€T BO3MOXK-
HOCTbH PeLIeHHUsI ITOH IIPobIeMBl.

Cinenyer oTMeTHTh, 4TO OIIC HM3roTaB/IKMBAIOTCI
BCerJa TOJBKO IIapaMH (BBIIIYKJIOE M BOTHYTOe),
B COOTBETCTBUHU C TpPeGOBaHUAMH [2] C BBICOKHUM
KJIaCCOM COIIPSDKeHHS, TapaHTHUPYIOIIHUM OLMHAKO-

=

On the other hand, the share of optical elements
manufactured on modern precision optical
machines with numerical control (CNC), as well
as by hot molding and sagging [1, 4-6] without the
use of test plates, is rapidly growing.

Currently, there is a growing trend in the world
in the use of contact (profilometers) and non-
contact (interferometers) measuring instruments
to ensure technological and certification control of
the processes of forming optical surfaces [1, 2, 5-8].
Therefore, the use of BTP is limited or eliminated
altogether, since working test plates, if necessary,
can be made directly, without the use of CTP and
BTP. An urgent problem when using contact and
non-contact measuring instruments at the stage of
certification of finished products is the lack of their
metrological support (calibration and verification)
in the required range of optical parameters. A
similar situation takes place in foreign traditional
optical industries.

SETTING OF THE PROBLEM

The reference set consisting of an BTP pair of the
first accuracy class and the first pair of mates
with the selected nominal value of the radius of
curvature in the range from 1 to 40 m together
with the reference on-axis computer-generated
hologram optical element (CCHOE) opens up the
possibility of solving this problem.

It should be noted that BTP are always made only
in pairs (convex and concave) in accordance with
the requirements of [2] with a high conjugation
class that guarantees the same radii of curvature
of convex and concave surfaces. The “lapping’
technology used in this case guarantees the
spherical shape of their working surfaces (convex
and concave), and also ensures the equality of their
radii of curvature [9]. Note that the manufacture of
BTP requires highly qualified opticians.

In this case, the reference on-axis CGHOE is
calculated, manufactured and certified [10, 11]
based on the actual value of the radius of curvature
of this pair of BTP, previously measured using
the control on-axis CCHOE [1, 12]. The peculiarity
of measuring the radii of curvature of spherical
surfaces with the help of CCHOE is that it is
not the radius itself that is measured, but its
deviation from the nominal value reproduced by
such CGHOE.

The on-axis CCHOE used in the +1st diffraction
operating orders is equivalent to both a convex
and concave BTP with a given nominal radius of
curvature.

’
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BOCTb PafiMyCOB KPHBH3HBI BBIIYKIOM M BOIHYTOH
[IOBEPXHOCTeH. TexHOJOTUs IMPUTHpA, HCIONb3ye-
Masl IIpH 3TOM, TapaHTHUpPyeT CGepUYHOCTH HOPMBI
MX pabovyMX ITOBEPXHOCTEH (BBIIIYKJIOHM K BOTHYTOM),
a Takke obecrieyrBaeT PaBeHCTBO HX PafHyCOB KPH-
BU3HBI [9]. OTMeTUM, UTO IJs1 usroTtoBiaeHus OIIC
TPebYIOTCSI  CHelMalHCThI-OINTHUKU  BbICOYAMIIEH
KBa/TUQUKALIKH.

B maHHOM c/lydae 3TaJoHHBIM oceBou CIO3 pac-
CYMTBIBAETCS, H3TOTABIMBACTCI M IIaCIOPTHU3Y-
etcs (10, 11] ucxons u3 GaKTHUUeCKOro 3HaUeHHUS Paiu-
yca KpUBH3HBI JaHHOU Mapbl OIIC, mpenBapHTelIbHO
M3MEPEHHOI0 C IIOMOIIBI0 KOHTPOJIBHOIO OCEBOTO
CTro3 [1, 12]. OcobeHHOCTb U3MepeHHsl PafiUyCOB KPH-
BH3HBI chepHUeCcKUX [TI0BEPXHOCTEH C ImoMolipio CI'O3
COCTOUT B TOM, YTO U3MepseTcs He CaM PaJuyc, a ero
OTK/IOHEeHHe 0T HOMHHAJIBHOI'O 3Ha4yeHHs, BOCIIPOM3-
BoAuMOro tTakum CI'oa.

OceBort CI'OJ, ucmonp3yeMblil B *1-x paboumx
nopsaAKkax OUQpaKUMH, 5SKBUBAJIEHTeH OJHOBpe-
MEHHO U BBIIYKJIOMY, ¥ BorHyToMy OIIC ¢ 3aiaHHBIM
HOMMHAJIBHBIM PaiHyCOM KPHBH3HBI.

CXEMA PELLEHWNA

[lo-BUAMMOMY, MO IIPOBeJeHHs II0BEPOYHO-
Ka/IUOpPOBOYHBIX PaboT IenecoobpasHO HKCIIONB30-
BaTh 3Ta/IOHHBIM HAbop B COCTaBe HECKONBbKHX IIap
OIIC u cootBercTByIOIMX CI'OD B IIpemenax Ouaria-
30Ha HOMHHAQIBHBIX 3HAaYeHHWH H3MepsieMBIX pPaJH-
yCOB KPHUBHU3HBI. Heobxomumoe KOJIHYECTBO 3JIe-
MEHTOB B COCTaBe 3TaJIOHHOro Habopa ompefenseTcs
THUIIOM II0BepsSeMOro CpefCcTBa HM3MepeHHH U [OIy-
CTUMBIMH IIOTPEeIIHOCTSIMH HM3MepeHHH B 33JaH-
HOM [ualia3’oHe pafudyCcoB KPHUBH3HBI H CTPeIOK
nporyuba ONTUYEeCKHX IIOBEPXHOCTEH BpalleHHS.

B 4YacTHOCTH, /[Jis BBHIIIOJIHEHMS IIOBEPKH KOH-
TaKTHOTO IIpodpHIOMETpa MOXKHO HCIIOJIb30BaTh TPHU
- a7 nap OIIC m3 3TanoHHOro Habopa B Ipenernax
pabouero nuamasoHa HM3MepeHHs CTPelIKd ITporuba
npopuaoMeTpa, a Takke GOpPMBI IMPOPUIIS OITHYE-
CKHUX ITOBEPXHOCTEH BpallleHus. Pa3sHOCTh U3MepeHHU I
pamuycoB KPHUBM3HBI BBIIIYKJIOro KM Boruyroro OIIC
IUIs1 KOKAOHM IIaphl, a Takoke OTK/IOHEeHHe HX H3Me-
PEeHHBIX IPOQUIIeH OT OKPY>KHOCTH, OUeBUIHO, OyleT
XapaKTepHU30BaTh TOYHOCTHBIE IIapaMeTphl II0Bepsie-
MOTO IIpodHIOMETPA.

Jliss  BBINIOJIHEHMS I10BEPOYHO-KaJTHOPOBOYHBIX
pabor wuHTepdepoMeTPUUECKOM M3MepUTeIbHOMN
amnmapaTypsl, [OCTpOeHHOM Mo cxeMe ®H30 HIH
TBaiiMaHa-TpuHa, MO-BUAMMOMY, TaKXKe [0CTa-
TOYHO Tpex - mATH map OIIC M COOTBETCTBYIOLIMX
Cro3. C moMouLIbIO BBHIIIYKIOTO M BOTHYTOTO 3TAJIOH-
HeiX OIIC um sTajoHHOro ocesoro CI'O2J, wHcronb3ye-
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SOLUTION SCHEMA

Apparently, for verification and calibration work, it
is advisable to use reference set of several pairs BTP
and related CGHOE within the range of nominal
values of the measured radii of curvature. The
required number of elements in the reference set is
determined by the type of the measuring instrument
to be verified and the permissible measurement errors
in a given range of radii of curvature and deflection
arrows of the optical surfaces of revolution.

In particular, to perform verification of a contact
profilometer, it is possible to use on three to five pairs
of BTP from the reference set within working range of
measuring the profilometre deflection arrow, as well
as the profile shape of the optical surfaces of revolution.
The difference in the measurements of the radii of
curvature of the convex and concave BTP for each pair,
as well as the deviation of their measured profiles
from the circle, will obviously characterize the accuracy
parameters of the verified profilometer.

Apparently, three to five OPS couples and related
CCHOE are also sufficient to carry out calibration
and calibration work on interferometric measuring
equipment constructed according to the Fizeau
or Twyman-Green scheme. Using the convex and
concave reference BTP and the reference on-axis
CCHOE used in the zlIst operating orders, four
interferograms for each of the nominal radius of
curvature are obtained and decoded. Thus, up to
20 interferograms can be recorded and decoded,
each of which characterizes the deviation of the
wave-front formed in the working branch of the
interferometer from a given spherical shape [7], which
is an exhaustive quantitative characteristic of wave
aberrations of verified interferometric measuring
equipment. At the same time, the measured
deviations of the radii of curvature of the spherical
surfaces of the convex and concave reference BTP
and the radii of curvature of the geometric wave
front reconstructed by the standard SHOE in the
tlst orders uniquely characterize the accuracy of
the measuring system of this interferometer.

The proposed technical solution will make it
possible to calibrate and verify measuring instruments
for the radii of curvature of spherical surfaces, and
interferometers (optional) according to local and general
errors of the controlled wave-front, which, in turn,
will improve the methods and means of metrological
support for the needs of optical technologies.

DISCUSSION
An equally important and urgent problem of modern
optical technology is the need to increase the
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MoOro B +l-M pabouux IOpsAKax, IONY4aloT K pac-
K PPOBLIBAIOT YeThipe HHTepPeporpaMMBbl [Jis
KaKI0ro HOMHHaJIA pajryca KpUBU3HBI. TaKUM o6pa-
30M, MOXeT OBITh 3aperHCTPHPOBAHO M pacuudpo-
BaHO 1o 20 uHTepdeporpaMm, KaKmas U3 KOTOPBIX
XapakTepH3yeT OTKJIOHEeHMEe BOJTHOBOIO ¢poHTa, $op-
MupyeMoro B pabouell BeTBU HHTepdepomeTpa, OT
3alaHHON chepuyueckor GopMbl [7], UTO sBIsIETCS
HCYepIIbIBAONIe KOJIHYeCTBeHHON XapaKTepHUCTH-
KON BOJIHOBBIX abeppanuii rosepsieMOX HHTepdepo-
MeTPHYeCKON H3MepHUTe/NbHOM allapaTypel. BMmecTe
C TeM HM3MepeHHble OTKJIOHeHHUS PaJluyCOB KPUBH3HbI
cpepHUeCKHX [IOBEPXHOCTEH BBIIYKJIOIO K BOTHYTOI'O
3TaqoHHBIX OIIC M paguycoB KPUBM3HBI F€OMETPH-
YeCKOro BOJHOBOIO QPOHTAa, BOCCTAHOBIEHHOIO 3Ta-
JOHHBIM CI'OD B +1-M IOpsiAKaX, OOHO3HAYHO XapaK-
TEPU3YIOT TOYHOCTh H3MEPHTE/IbHOM CHCTeMBI 3TOrO
UHTepdepoMeTpa.

[IpenioskeHHOe TeXHHYECKOe pellleHHe 0becriequT
BO3MOXKHOCTb KaJIHOPOBKU U IOBEPKU CPEICTB H3Me-
PeHHIl pafHyCcoB KPHUBHU3HBI ChepHUeCKHUX I10BEpX-
HOCTel, a UHTepdepOoMeTpoB (IOIOIHUTEIBHO) ~ II0
MeCTHBIM U 06muM ommubKkaM KOHTPOTHPYeMOIo
BOJIHOBOI'O QPOHTA, YTO, B CBOK OYepenb, I03BOJIUT
yCOBEPILEHCTBOBATh METOIObl U CpPeACTBAa METPOJIOTH-
yecKoro obecriedyeHUs /15 IIOTPeOHOCTEl ONITHYECKUX
TEXHOJIOTHH.

OBCY)XOEHWUE

He MeHee BasKHOM M aKTya/IbHOM ITpobeMOM COBpe-
MEHHOH OITHYEeCKON TeXHOJIOTHH SB/ISeTCI Heobxo-
OHUMOCTb IIOBBIIIEHUS IIPOM3BOAUTENBHOCTH CEPUM-
HOIO M MaCCOBOIO H3rOTOBJIEHMS JIMH3 M 3epKajl Co
chepuyecKUMU PabOUNMU TOBEPXHOCTSIMH.

OLleHKH II0Ka3bIBAIOT, YTO CebecTOMMOCTh IIPO-
necca dopmoobpa3oBaHHus chepHUUECKUX II0BEPX-
HOCTeHM IIpY OJOYHOM TEXHOJOTHH U IIPH IIOMOIIH
OIITUYECKHUX CTAaHKOB C YIIY ocTaeTcs BBICOKOM. I1o3-
TOMY IpaKTU4ecKas peanu3alys BO3MOXKHOCTEH
bopM00bpa30BaHUS ONTUYECKUX PAbOUMX IOBEPXHO-
cTert n060M GOpPMBI, B TOM YHCIe U CchepHUUecKUX,
MeTOAOM IIPelJM3MOHHOU pelUKAllUUd Ha OCHOBE
KCII0/Ib30BAHUSI MAJIOYCa[OYHBIX ITOJIMMEPHBIX KOM-
no3uLMi [13] mo3BosieT CyIecTBeHHO IOBBICHUTD IIPO-
HM3BOAUTEIBHOCTD 110 CPAaBHEHHIO C IIPUMEHSIeMbIMHU
Ha IIpaKTHUKe MeTOAAMH U peasin30BaTh, B YaCTHOCTH,
KOHBEHEepHBIN NPUHUUII PpopMooOpa3oBaHUsI, IIPH-
yeM B JAHHOM Cjy4ae [JOCTaToueH J1abOopaHTCKUI
ypoBeHb PAaOOTHUKOB.

BBICBOOOSKAAIONIYIOCS ITPH 3TOM MHOTOTBICSYHYIO
6asy mmeromuxcs OIIC mpeasaraeTcs KCIIONb30BaTh
B KayeCTBe 3TAJIOHHBIX MacTep-MaTpHL B IIpolecce
peanusaly TEeXHOJOTHH IIPelM3UOHHOM peIlIhKa-

productivity of serial and mass production of lenses and
mirrors with spherical working surfaces.

Estimates show that the cost of the process of
forming spherical surfaces with “block” technology
and using optical CNC machines remains high.
Therefore, the practical implementation of the
possibilities of shaping optical working surfaces of
any shape, including spherical, by the method of
precise replication based on the use of low-shrink
polymer compositions [13] can significantly increase
productivity compared to the methods used in practice
and realize, in particular, the conveyor principle
of shaping, moreover, in this case, the laboratory
assistant level of workers is sufficient.

It is proposed to use the thousands of available BTPs
that are released at the same time as reference masters
in the process of implementing precise replication
technology [13] for mass and mass production of lenses
and mirrors with spherical working surfaces. In this
case, the most important and most expensive stage
is the manufacture and certification of the primary
master a priori already performed with the highest
accuracy [2] and does not require additional costs.

At the first stage, the traditional “block” technology
and CNC optical machines under these conditions are
mainly proposed to be used to produce lens and mirror
blanks with finely ground, medium and low precision
work surfaces. In the future, to increase productivity,
these same operations can be performed using the
technology of hot molding or sagging.

At the stage of the final shaping of the spherical
working surfaces of lenses and mirrors, submatrices of
specified sizes are used as part of the implementation
of the precise replication process [13]. Moreover, these
copy-submatrices are also made by precise replication
with BTP, performing the function of reference
masters.

This approach opens up the possibility of realizing
the presented proposal with minimal costs for the
preparation of serial and mass production of spherical
optical elements. It is important to note that in this
case, as experimentally established in our practice, the
cleanliness class and roughness parameters of replicated
surfaces practically coincide with the corresponding
parameters of the working surfaces of the masters,
and the retention of elements of replicated optics, in
particular in heated rooms, exceeds 15 years. Note that
the replication process has a low probability of damage
to the working surfaces of the masters (in this case,
BTP) due to the lack of solid abrasive particles in the
used polymer compositions, as well as the simplicity
of the organization of “clean” production due to the
compactness of the technological equipment used. It
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uuu [13] A cepUHHOTO M MaCCOBOTO ITPOM3BOACTBA
JIMH3 U 3epKaJl co chepruiecKUMHU PabouUMU MTOBEPX-
HOCTSIMH. B JaHHOM C/Iydae CaMbIM BaKHBIH U CAMBIM
JNOPOTOCTOSIMIUI 3TaIl — U3TOTOB/IEHHE M aTTecTallus
[IepBUYHOM MacTep-MaTpHIbl allpHOPH Y>Ke BBIIIOJ-
HeH C BbICOYAMIIEH TOYHOCTBIO [2] u He Tpebyet
JOIOIHUTEe/IBHBIX 3aTpaT.

Ha mnepBoM 3Tare TpagHUILIMOHHYIO 67109HYI0 TeXHO-
JIOTHIO 1 ONITHYecKHe CTaHKU ¢ YIIY B 3THX YCIIOBHSIX
B OCHOBHOM IIPe/JIaraeTcsl MCIIONb30BaTh /IS IIOMY-
YeHHS 3arOTOBOK JIMH3 U 3epKaJl C TOHKOLIIH(OBAH-
HBIMHU PabouM MU I1OBEPXHOCTSIMU CpelHel 1 HU3KOM
TOYHOCTH. B IepclieKTHBe [J1s1 yBelIHMUeHUs IIPOU3BO-
OUTETbHOCTH 3TH ’Ke OIePallud MOKHO BBIIIOJIHSTh
M IIpH IIOMOIIM TeXHOJIOTMH TOpsidero IIpecCOBaHHUS
HJIA MOJJIMPOBaHHS.

Ha »srame okoHYaTenbHOro GopMoob6pa3oBaAHHUS
cheprueckux pabodurx ITOBEPXHOCTEH JMH3 U 3epKall
IIPUMEHSIIOTCST KOITMU-CyOMaTpHUIIBl 3aJaHHBIX pa3Me-
POB B paMKax peaJIM3alliU Ipoliecca Ipeliu3uOHHON
perinKkauuu [13]. IIpydyeM 3TH KOIKMH-CyOMaTpHILBI
M3rOTAaB/IMBAIOTCS TakkKe IIyTeM MPelH3HOHHOU
pertukanuu ¢ OIIC, BBIITOTHAKOIMX QYHKIHIO 3Ta-
JIOHHBIX MacTep-MaTpHII.

Takol IoAxof, OTKPhIBaeT BO3MOXKHOCTb peasiH3a-
LMK IpelCTaBJIeHHOr0 IPelJIOKeHUSI C MHUHHMaJIb-
HBIMH 3aTpPaTaMH Ha IIOATOTOBKY CEPHIHOLO M Mac-
COBOTO IIPOM3BOJCTBA CPepHUYeCKHX OINTHYeCKHX
3/IeMeHTOB. Ba’kHO OTMeTHUTb, UTO IPH 3TOM, KakK
YCTaHOBJIEHO B Halllen IIPaKTHKe 3KCIIepUMeHTA/IBHO,
K/IaCC YUCTOTHl U MapaMeTphl MIepOXOBATOCTH PeIlIN-
LIMPOBAaHHBIX II0BEPXHOCTeM IIPaKTH4YeCKH COBIIa-
IAI0T C COOTBETCTBYIOIIMMM IIapaMeTpaMM pabodux
[IOBEPXHOCTeH MacTep-MaTpHl], a COXPaHIeMOCTb
3/IeMEHTOB PeIlIMLPOBAHHOM ONTHUKH, B YaCTHOCTHU
B YC/IOBHSIX OTAIUIMBAaeMBbIX [IOMeIleHU I, IPeBbIIIaeT
15 ymer. OTMeTHM, YTO IIPOLIECC PeIIMKALIMH OT/IH-
YJaeTcs HH3KOM BePOSTHOCTBIO IIOBpPeXAeHHs pabo-
YHX [IOBEPXHOCTEH MacTep-MaTpHULL (B JAaHHOM Cy4ae
OIIC) BBUAY OTCYTCTBHSI B HCIIO/Ib3yeMbIX IIOJTMMep-
HBIX KOMIIO3HUIIUSIX TBEPABIX abpa3suMBHBIX YaCTHII,
a TaKKe IIPOCTOTBl OPraHM3alLMK «YKCTOrO» IIPOH3-
BOJCTBA B CHJIy KOMIIAKTHOCTH MCIIOJIb3yeMOIrO Tex-
HOJIOTHUYecKkoro obopymoBaHMsI. BecbMa IO/I€3HBIM,
C TOYKHU 3peHHUsl pPaclIMpeHHUs JHala3oHa (QyHKIIHO-
HQJIBHBIX BO3MOXKHOCTEH PeIUIMIIMPOBAHHEIX OIITH-
YeCKHX 3JIeMEHTOB M KOMIIOHEHTOB, B YaCTHOCTH
OAMHOYHBIX JIUH3 U CKIeeK-AybeToB, SIBISETCS IIPH-
MeHeHHe B IIpoLlecCe PeIIMKALlMK TOHKHUX KOppeK-
THUPYIOIIMX C/I0eB, NpelBapUTe/IbHO HAaHOCHMBIX Ha
pabourie MOBepXHOCTH 3aroTOBOK [14].

Takum obpasoM, peanu3salys JAaHHBIX IIPemJio-
SKeHHUM II0 HCII0AB30BaHUI0 OIIC [/ BBIIOTHEHHS
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is very useful, from the point of view of expanding the
range of functional capabilities of replicated optical
elements and components, in particular, single lenses
and double-glued glues, to use thin adjustment layers
preliminarily applied to the workpiece surfaces during
replication [14].

Thus, the implementation of these proposals on
the use of BTPs to perform additional and previously
inappropriate functions with their help opens the way
to solving urgent and interrelated problems:

« providing calibration and verification of
measuring instruments used in optical technology
for the control of spherical surfaces, based on the
manufacture and use of reference sets containing
the required number of BTP and corresponding
reference axial CGHOE for nominal values of the
radii of curvature, while the required number
of reference sets to meet the needs of domestic
metrological services can be made by replication
using the method of precise replication from
primary reference BTP and CGHOE;

« increase productivity and guarantee the identity of
the spherical surfaces of optical elements; in this
case, the entire accumulated BTP base can be used
as reference masters, and the traditional “block”
technology and modern CNC optical machines
can be used more rationally for shaping lens and
mirror blanks with spherical working surfaces
of medium and low accuracy, moreover, precise
replication does not require the involvement of
highly skilled workers and can be implemented in
a conveyor form.

CONCLUSION

From the foregoing, it can be concluded that it is
advisable to organize a branch bank of reference BTP of
the first accuracy class and a high conjugation group
that contains all their nomenclature provided for by the
standard [3] (2712 pairs of convex and concave spherical
BTP). This will ensure the unity of measurements and
control in the industry of the basic optical parameters
of spherical surfaces.

At the same time, we propose to use the same bank
at the same time as a bank of reference masters when
organizing serial and mass production of lenses and
mirrors with spherical working surfaces using precise
replication methods [13, 14].

And all this as a whole, apparently, is inevitable,
will lead to a significant change in the infrastructure
of modern optical production, which will become
significantly more productive, naturally, provided that
itis staged and as a result of the implementation of the
corresponding research and experimental work.



C UX IIOMOIIBIO JOIIOJTHUTENBHBIX M paHee He CBOM-
CTBEHHBIX UM QYHKIIHMH OTKPBIBAEeT IIYTh K PelleHHUI0
AKTYaJIBHBIX M B3AaHMMOCBSI3AHHBIX ITpobieM:

« obecriedeHHs KaTHOPOBKHU U IIOBEPKH CPEeACTB
M3MepeHHU!, IIPUMeHsIeMbIX B OIITHYeCKOH TeX-
HOJIOTHHU IpPU KOHTpoje cPepUUecKUX I10BEPX-
HOCTel, Ha OCHOBE M3TOTOBJIEHUS U IIpHUMe-
HeHHUs STUIOHHBIX HabOpoOB, COmEepsKAIIUX
HeobxoprMoe KonudecTBo OIIC M COOTBETCTBY-
IOIIUX 3TAJOHHBIX oCeBBIX CI'OD mis pasHBIX
33J]aHHBIX HOMHHA/IBHBIX 3HaYeHHUH PaJHyCOB
KPHUBU3HBI, IIPU 3TOM TpebyeMoe KOIHYECTBO
3TAJIOHHBIX HabopoB it obecriedyeHus MOTpeb-
HOCTeH OTedyeCTBEeHHBIX MeTPOJIOTHUYECKUX
CIy>k6 MOKeT OBITH H3TOTOBJIEHO IIyTeM THpPa-
SKMPOBAaHHSI MeTONOM IpeLH3HOHHOM peIliu-
KallMH C IepBUYHBIX 3TaloHHBIX OIIC u Cr'O3;

* TIOBBIUIEHHS IIPOM3BOLUTEIBPHOCTH U obecrie-
YeHHs FapaHTUU HAEHTUYHOCTH CHephUYecKUX
[IOBEPXHOCTEN ONTHUYECKUX 3/eMeHTOB; IIpHU
3TOM MOKET OBbITB 33/IeHICTBOBaHA BCSI HAKOIIEH-
Hasg 6asa OIIC B KayecTBe STAJIOHHBIX MacTep-
MaTpHUI], a TPaAUIMOHHAS OJ0YHAs TEXHOJIO-
TUs U COBPeMeHHBbIe OIITHYeCKHe CTaHKHU ¢ YIIY
MOTYT OBITH KCIIO/IB30BaHbl O0jlee pallOHATbHO
Iu1si GopMo06pa30BaHUs 3arOTOBOK JIMH3 U 3€p-
Kal co chepuUeCKUMU PabOYUMHU I1OBEPXHO-
CTSIMH CpelHeH M HH3KOHM TOYHOCTH, IIpHUYeM
IpoLlecC MPeLH3HMOHHOMN PeIlIMKallkuyd He Tpe-
OyeT mpuBIedeHUs] PAOOTHHUKOB BEICOKOM KBaJIH-
buKanuU 1 MOsKeT OBITH peasr30BaH B KOHBEH-
epHOU dopMe.

BbIBO/,

VI3 HM3/1I0’)KeHHOro MOXKHO Ce/aTh BBIBOA O IIejieco-
06pa3HOCTH OpTraHU3AIUU OTPACieBOro OaHKa 3Ta-
noHHBbIX OIIC IepBOro Kjacca TOYHOCTH M BBICOKOH
TPYIIIBl COMPSDKeHHS, COAepsKalllero BCIO IIpPefyCcMO-
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TPeHHYIO CTaHAApTOM [3] ux HOMeHKIATypy (2712 map
BBIITYKJIBIX U BOTHYTHIX chepudeckux OIIC). ITo obe-
CIIeYMT eAUHCTBO M3MEePeHHH U KOHTPO/IS B OTPAaciIu
OCHOBHBIX OITHYECKHX IapaMeTpoB cheprueckux &
[IOBEPXHOCTEH.

BMecTe ¢ TeM 3TOT >Ke 6aHK OJHOBPEMEHHO IIpef-
JlaraeM HCII0Ib30BaTh U KaK OaHK 3TaJIOHHBIX MacTep-
MaTpHUL IIPH OPraHHU3aLlUH CEPUHHOIO0 U MaCCOBOTO
IIPOM3BOJCTBA JIMH3 U 3epKaJl o chepruuecKUMHU pabo- 10,
YUMH IIOBEPXHOCTSIMH MeTOAAMH IPeLiM3HOHHOMN
pervIuKanuu (13, 14].

A Bce 3TO B ILleJIOM, II0-BUAMMOMY, HeH36eXHO,
IIpUBeleT K 3HAYUTeTbHOMY H3MeHeHHI0O HHdpa- 2
CTPYKTYPBl COBPEMEHHOIO OIITHYeCKOro IIPOH3-
BOZICTBA, KOTOpOe CTaHeT CyllecTBeHHO 6ojee mpo- 1.
H3BOJUTEIBHBIM, eCTeCTBEHHO IIPH YCJIOBHU
IIOCTAHOBKU K B pe3y/bTaTe BBIIIOJIHEHUS COOTBET-
CTBYIOIIMX HAay4HO-HCC/IefOoBaTe/bCKUX K OIBITHO- 14,
TeXHOJIOTHUYeCKUX paborT.
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onruyeckas CPI'/ePO3UTA: peHTreHOBCKasl
@ R pednekToMeTpHsA, KapTa TPEeTH BCero Heba!
- MeTpPOJIOTHSA

PERM2020

H CEHCOpHKa 2020 OpbutanbHas — obcepBaTo-
pus «CnekTtp-PI» oTmevaer
BaXKHbIM 3Tam — MOCTpOeHa
OfHa TpeTb peHTreHOBCKOM
KapTbl BCero Heba. Konnye-
CTBO 3aperncTpmpoBaHHbLIX
PEHTreHOBCKMX NCTOYHUKOB
Ha POCCUMCKOM MOJIOBUHE
31O KkapTbl (16,7% Bcero
Heba) npesbiwaeTr 95000.
JInwb ogHa wectasa nx 4acTtb
6bl1a 3a4eTeKTMpoBaHA HeMeuKMM CiyTHUKOM ROSAT Ha eawH-
CTBEHHOM B MMpE MNOJIHOM PEHTreHOBCKOM KapTe Heba, NoJly4eHHOM
B Aanekom 1990 roay.

B lMepmun coctoutca Il mexayHapoaHasa
KOHGpepeHUMa «OnTuyeckas pednekrTo-
MeTpusa, MeTpoaormns n ceHcopuka 2020».
3TO eAMHCTBEHHAs B Mupe KoHbepeHUMS,
06beAMHSAIOWAA NPAaKTUKOB U TEOPeTUKOB,
paboTalowmx B 0651aCTU MUCCe[0BaHUS
obpaTHOro paccessHMsi B pasfiMYHbLIX Cpe-
hax, onTUYeCKMX BOJIOKHAX, MHTerpasbHO-
ONTUYECKUX U  OBBEMHbIX 31emMeHTax
M BOMJIOLWLAIOWMX CBOU Pa3paboTKM B CeH-
COPHDbIX 1 METPOJIOTUYECKUNX PELLUeHUSIX.

yuri.al.konstantinov@ro.ru http://press.cosmos.ru
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IBF 200, 450, 600, 800, 1200

O’AGTBMH WNOHHO-NYYeBON KoppexkTupoekK (IBF — lon
Beam Figuring) MenoneayioTes Ans yeTpaHeHus
OLMBOK CMTUHECKUX NOBEPXHOCTEW Nocne
MEXaHW4ecKon 0BpaboTKK NP U3roTOBNEHUN
neraneis, X NPEeensHoN reOMETPUHECKON
TOHHOCTW. TOHHOCTL pe3ynsTaros paboTsl CUCTEM
MDHHo-nyl-teEoM KOPPEeKTUROBKK cocTasngaeT A/200
(2,5 + 3 HM), 4YTO NEXKWT Ha NPefene BOZMOXHOCTEN

COBPEMEHHbIX CPEACTB U3MepeHust.

IBS 1400 HT, 1400 HP, 1600 HP

C NomMoLLbIO YCTAaHOBOK MOHHO-My4eBoro
HanbIIeHWs HaHOCAT NPEUM3NOHHBIE NOKPLITUE,
COCTOALLWME U3 COTEH cnoes. BakyyMHLIE YCTaHOBKK
cemencrea |IBS obecneyveaoT paBHOMEPHOCTE B
npegenax £0,25% Ha nognoxkax guametpom 350
MM Ha nnaHeTapHoM gepxartene U < £0,5% Ha
OAMHOYHBIX NOANCMHKKAX guameTpom go 600 mm.
MaTepuans! cnoes, Bnuakne no hruan-HecKum
CBOWCTBaM K MacCuBHOMY, obecneqmsaioT
MOKPLITUAM BbICOYAWULLYIO NAZEPHYIO NPOYHOCTD,
koapuUmMeHT oTpaxeHna Beilue 89,999% v
notepu 8 npegenax 10 ppm.

HELIOS 400, 800, 1200

HanbumTeneHble yCTaHOBKM MarHeTPOHHOro Tuna
(PARMS) obecnevnsatoT HaHeCeHWe MHOMOCTIOMHBIX
NOKPLITUA BONLLLION NNOTHOCTU U3 aTOMapPHbIX
CNoes OKCWOB C BhiCOYaWLLEW paBHOMEPHOCTBLIO U
BOCMNPOU3BOANMOCTLIO. [103BONAOT NPOM3BOANTL
CBETOOUNLTPBL! C YHUKANBHBIMIW ONTUKO-
MEXaHMYECKMMW XapakTepucTUKamii Ha AeTanax
OnameTtpom oo 300 mMm. PasHOMEPHOCTL U
BOCMPOU3BOAMMOCTE TONWMH HAHOCUMBIX
MOKPLITUIA NEXxUT B npeagenax +£0,5%

SYRUSpro 700, 1100, 1350, 1500, 1950, 2100, 2800
BakyymHble yCTaHOBKW 3NeKTPOHHO-NYYeBoro Tvna
C WOHHO-NNAa3MEHHbLIM aCCUCTUROBaHWEM K
ABTOMaTUHECKOW CUCTEMO NEAaMOoro onTuHecKoro
KOHTpOnA. Vicnonk3aykoTes Ana NpovssoacTsa
MHOMOCNOWHLIX HEPABHOTONLLMHHBLIX NOKPLITAR.
ONTUMANEHO KOMMNEKTYIOTCA B COOTBETCTBUMN C
NPOW3BOACTBEHHBIMW 38ia4amu 3aKasquka. BHe
3aBMCUMOCTI OT AWamMeTpa BakyyMHOW Kamepbl
obecneqnBaloT paBHOMEPHOCTb W BOCMPOM3BOOMW-
MO-CE"I"E: TONWWH HEHOCHUMBIX HDKDbITMl«"E B npenenax
+1 ,5 (+]
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