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PaccmoTpeHbl OCHOBHbIe 3Tarnbl pa3BUTUS TEXHOJI0MUN
N3roToB/IEHNSI OCEBbIX CUHTE3UPOBAHHbIX
rosiorpaMMHbIX ONTUYECKUX S/IEMEHTOB U 061acTu
NX NpUMeHeHnsa B ONTUYECKOM Npon3BOACTBE

M NpU60OPOCTPOEHUM, B HACTHOCTU, AJ1S KOHTPOS
acdepunyeckux NOBEpXHOCTEN, AJ1s1 KOHTPOS
FOCTUPOBKU LLEHTPUPOBAHHbIX MHOFOKOMMOHEHTHbIX
OonTUYeCKMUX CUCTEeM, BK/KoYas AByx3epKaJsibHble
cUcTeMbl ONTUYECKUX Tesneckonos Tuna KaccerpeHa
1 Puun-KpetbeHa. NMpeactaBneHo o6opyaoBaHue
ANA N3roToBJIeHUA 0CEBbIX CUHTE3UPOBAHHbBIX
ro/IorpaMMHbIX ONTUYECKUX 3/IeMEHTOB.

CeBble CHHTe3HMPOBAaHHBIE TIO0JOrpaMMHBIE
onThveckrde 3neMeHTH (CT'O3) - BaskHasA
COCTaBISIOMAS 3MeMeHTHOM 6a3pl coBpe-

MEHHOTO OIITUYEeCKOr0 U OITHKO-3JIeKTPOHHOIO IIPH-

6opocTpoeHHsi. OHU BBIIONHAIOT QYHKUUU 1160

06pasLoBbIX ONTHYECKUX 3JIeMEHTOB KM KOMIIEHCa-

TOPOB (KOHTPO/JBHO-AHArHOCTHYECKasl allIapaTypa),

nubo CHUJIOBBIX ONTHYECKHUX 3IeMEeHTOB (la3epHas

ONTHKA, KOPPEKTOPBl XPOMAaTH4YeCKUX abeppanui).

[IprMeHeHHe COBPeMEHHOH allapaTyphl pa3Iny-

HOTO HasHaueHUs, colepkamer CIOD pesko BO3-

pocio. 3To - $OTO- M BHALOONTHKA, KOHTPOIHHO-

IOCTHPOBOYHbBIE YCTAHOBKH, OITHUYECKHE CHCTEMBI

3alMCH M CYMTBIBAaHUS LUPpPOoBOM HHPOPMaILHH,

OpyXellHBle MpHUIleAbl. Pacmupuiacs pabouuni

CIIeKTPAIbHBIN [JHAIla30H, YBEJTHYHIUCh 06BeMEI

M3TOTOBJIEHHMS aIlllapaTypel U ee HOMEHKJaTypa.

Okasajoch, 4YTO HCIIONB30BaHMe CI'O3 pacumupser

TOPH30HTHl ONTHUKO-QH3HNYECKHUX H3MepPeHHH B 3KC-

IepUMeHTa/IbHOM ra30JHMHaMHKe - B 06/1aCTH TeHe-

BBIX U HHTepepeHLIMOHHBIX NPUOOPOB BHU3yaslH3a-

LMK a30BBIX IOTOKOB B a9POJHMHAMUYECKUX TPybax
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PART II
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A.Melnikov,

OJSC "NPO "State Institute of Applied Optics",
Kazan, gipo@telebit.ru

Main stages of on-axis computer-generated hologram
optical elements production technology development
and their areas of use in optic industry and instrument
making, namely, for control of non-spherical surfaces,
adjustment control of centered multi-component
optical systems, including two-mirror optical telescope
systems of Cassegrain and Ritchey-Chretien types were
studied in the current article. Equipment for on-axis
computer-generated hologram optical elements is
presented herein.

n-axis computer-generated hologram optical

elements (CCHOEs) - is a critical component

of the element base of modern optical and
optoelectronic instrument making. They serve as,
either, standard optical elements and compensators
(diagnostic equipment), or force optical elements
(laser optics, chromatic aberrations correction). Use of
various present-day equipment which contains CCHOEs,
like photo and video optics, control and adjustment
devices, optical systems of digital information
recording and reading, weapon sights, have increased
drastically. Working spectrum, production scale and
range have widened. It turned out that the use of
CCHOEs opens new horizons in terms of opticophysical
measurements in experimental gas dynamics - shadow
and interference instruments of gas flow visualization
in wind tunnels and ballistic tracks in a work-field up
to 1000 mm. Use of CGHOEs widens the possibility of
creating collimator objectives with 400 to 1000 mm
diameter and relative aperture up to 1:2.

When following history of on-axis CGHOEs
development, it is possible to split it into three relative
stages. During the first stage basic principles of wave
fields’ transformation with help of on-axis diffracting
structures were defined and experimentally verified (A.
Fresnel, 1816; D. Rayleigh, 1871; Ch. Soret, 1875).
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K ba/UTHCTHYeCKUX Tpaccax B pabouem Ione pasme-
poMm mo 1000 mM. Hcmonb3oBaHue CI'O3 OTKpPBIBAET
HOBBIe BO3MOKHOCTH CO3[JaHHUS OOBEKTHBOB KOJIJIH-
maTopoB guaMeTpom 400-1000 MM M OTHOCHUTE]Ib-
HBIM OTBEepCTHEM 10 1:2.

[IpocneskuBass UCTOPHUIO pa3sBUTHA oceBbiXx CI'O3,
MOKHO YC/JIOBHO pas[e/IMTh ee Ha TPH 3Tama. B pam-
Kax IIepBOro 3tama 6putH cHOPMY/IHPOBAHBL U IOJ-
TBePKAEHBl 3KCIIEPUMEHTAJbHO OCHOBOIIOJIATal0-
e IPUHIIUIIBL ITpeobpa3oBaHUs BOMHOBBIX IT0JIEH
C IIOMOILBI0 OCeBBIX AUPPAKILHOHHBIX CTPYKTYP
(0.®penens, 1816 rox; [.Panen, 1871; I11.Cops, 1875).

Bropoll sTal, B 1Ie/J0M, CBSI3aH C IIMOHEPCKUMHU
paboramu P.Byza [1]. OH, paKTH4UeCKH, HU3TOTOBHII
IepByIo pesbedHO-Ha30ByI0 OMHAPHYIO TOJIOrpaMMy
C BBICOKOH AUGPAKIIMOHHOMN 3P PeKTUBHOCTHIO B TOH-
KOM ITpO3pavyHOM CJIO€ >Ke/IaTHHBI, HaHeCeHHOM Ha
CTeKJISIHHYIO IOMAJIOKKY. TonmuHa cios (mocie sKc-
IIOHUPOBAHHUS U IIPOsIBIeHHUsI) obecrieurBasaa CABUT
das3el Ha BeJIMYMHY TT MeXKIY COCeIHHUMHU QpeHesieB-
CKMMH 30HaAMH.

Ha TpeTrbeM 3Tare 6bUTH pa3paboTaHBI HOBBIE TeX-
HOJIOTHHU MonydeHUst CTOJ. OHU 0becreumIv STUM
3/leMeHTaM IIMpPOKoe IIPHMeHeHHe Ha IIpaKTHKe
B OITUYECKOM TEeXHOJOTMU M B OITHUKO-3JIeKTPOH-
HOM MPUOOPOCTPOEHUH. BaKHEHIIMMHU AOCTHKe-
HUSIMHU 5Talla CTaIH AeMOHCTPALKs BO3MOXKHOCTEH,
ompeneneHue IenecoobpasHOCTH U 0OOCHOBaHHE
YCIOBHH MpPeAIOYTUTe/IbHOI0 MPHMeHEeHHS OCeBBIX
CI'O2. 2neMeHTHl HA4vaJlM HCIOJAb30BaTh [Jis KOH-
Tpoinsi achepUyecKUX IIOBEPXHOCTEHM KU IOCTHPOBKHU
LIeHTPUPOBAHHBIX OINTHYECKHX CHCTeM, B YacCTHO-
CTH [BYX3epKa/JIbHBIX TeJIeCKOIIOB, B TOM YHMCJIe KOC-
MudYecKkoro 6a3upoBaHus. B mepBrIx paboTax, 3apy-
Oe>XHBIX M OTeYeCTBEHHBIX, OBUIM pacCMOTpPEHBI
pasHoobpa3Hble IyTH CHHTe3a 31eMeHToB. B pabo-
Tax [2, 3] onucaHbl BapUaHTHI IPUMEHEeHUS O0CeBBIX
CHHTe3HMPOBaHHBIX ToJOrpaMM, B [4] - BHeoceBBIX,
CHHTe3UpyeMbIX MeTomoM JlomaHa (A.W.Lohmann),
B TOM 4Yucje onucaHbl CI'OD, co3maHHBIE METOLOM
doronurorpadpuu ¢ dororpadpuUecKMM yMeHbIIe-
HHEM PaCUeTHOIo royiorpaduueckoro mons, 6wuIu
IIpe/iCTaBJIeHbl Pe3y/IbTaThl UCCIeOBAHUEI 06pas1oB
JIleMOHCTPAILIMOHHBIX 3JeMeHTOB - KHMHOodopmoB [3].
K nuoHepckuM paboTram, B KOTOPHIX Oblna IIpofe-
MOHCTPHMPOBaHa BO3MOKHOCTH M IIOKa3aHa LieJieco-
06pa3sHOCTh NPUMEHEeHHUS CHHTEe3HPOBAHHBIX IO0JIO-
rpaMM A1 KOHTPo/s achepruvueCKHUX IMOBEPXHOCTEH
(AII), oTHOCATCS PaboTHI 110 BHEOCEBOM royorpaduu
[4] 1 110 OCceBBIM romorpaMmam [2, 5-8J.

CiemyeT OTMeTHTH, UTO pacyeT BHEOCEBBIX IOJIO-
rpaMM 3aHHMMaJ 3HA4MTeJbHO (Ha HeCKOJIBKO IIOPSiI-
KoB) 6osbpIle BecbMa AOPOTOCTOSIIIETO B Te TOZBI
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The second stage is, as a whole, associated with
R. Wood’s pioneer works [1]. He, actually, made a first
relief-phase binary hologram with a high diffraction
efficiency in a thin gelatinous layer applied to a glass
substrate. Layer’s thickness (after its exposing and
developing) ensured a skew by 1 value between adjacent
Fresnel zones.

During a third stage new technologies of obtaining
CGHOEs were developed. They ensured wide practical
use of these elements in optical technologies and
optoelectronic instrument making. The most important
accomplishment of this stage was the demonstration
of possibilities, definition of practicability and
justification of preferential use of on-axis CCHOEs.
Elements started to get used for non-spherical surfaces
control and adjustment of centered optical systems,
such as, two-mirror telescopes, including space-based
ones. In initial native and foreign works various ways
of element synthesis were studied. Works [2, 3] describe
variants of application of on-axis computer-generated
holograms, work [4] - of off-axis ones, synthesized using
the method of A.W. Lohmann, including description
of CGHOEs, created using photolithography method
with photographic reduction of estimated holographic
field and presentation of research results of kinoform
demonstration element samples [3]. Pioneer works
which demonstrated a possibility and justified the
use of computer-generated holograms to control non-
spherical surfaces (NSS) include both works on off-axis
holography [4] and on on-axis holograms [2, 5-8].

It is worth mentioning that estimation of off-axis
holograms took considerably more (by several orders)
computing time using electronic computers, which
was quite expensive back then, than estimation of
according on-axis holograms.

Further development history of diffracting optics
confirmed apparent advantages of on-axis CGHOEs,
which include simplicity of estimation, production
and certification. On-axis CGHOEs proved to be more
preferable for practical optical and optoelectronic
instrument making. In present time only on-axis
CCHOEs are used as standard optical elements and
optical compensators.

Estimation of on-axis CCHOEs is based on the idea of
a "diffracted” ray. We assume the Malus-Dupin theorem
and an inverse theorem of Levi-Civita formulated
for reflection and refraction of light are also true for
diffracted rays [9]. It is appropriate to summarize both
these theorems as: "Any two geometrical wavefronts
(any two wave surfaces) can be converted into one
another using one reflection, refraction or diffraction".
However, non- fulfillment of a tautochronism
condition in this case assumes obvious difficulties in
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MalIMHHOIO BpPeMeHH Ha 3J1eKTPOHHO-BBIUHC/IH-
TeJIbHBIX MallMHAaX, YeM PacyeT COOTBETCTBYIOLIMX
0CeBBIX TOJIOTPaMM.

JlanbHeHIIasi HCTOPHUS Pa3BUTUS OUPPAKIIH-
OHHOM OITHKH IIOATBEpPAH/IA HECOMHEHHBIE IIpe-
umytrectBa oceBelX CI'O3, K KOTOPHIM OTHOCSITCS
IIPOCTOTA UX pacueTa, MU3rOTOBIEHHUS U aTTeCTalHU.
OceBple CT'O3 oxa3zanuch 6omee IpefIIOYTHUTE/BHEL
IJ151 TPaKTH KU OIITHUYeCKOr0 M OIITUKO-3/IeKTPOHHOI0
pubOpOCTpOeHHUsI. B HacTosIee BpeMsi B KadeCTBe
06pa3IoBBIX ONITHYECKUX 3/I€MEHTOB M OINTHYECKHX
KOMIIEHCATOPOB HCIIONIB3yIOTCSI UCKJIIOYUTEBHO Oce-
Bble CTO3.

Pacuer oceBpix CI'O3 0CHOBaH Ha IIpeICTaBIeHHH
o "mudparupoBaBueM’ nyde. IlosaraemM, 4TO Teo-
peMa Manoca-[lronuHa U obparHast Teopema JleBU-
Yuputa, cPOpMyIHpPOBAHHBIE /IS CJydaeB OTpaske-
HUS U IIpeJIOMJIEHHS CBeTa, CIPaBeIJIMBBI TaKKe
U 1151 UParupoBaHHEIX ydel [9]. B 06obuieHHOM
BuJe obe 3TH TeopeMbl Liesecoobpa3sHO H3JIOKHUTh
B BHJe: "[lBa NM0OBIX TeOMeTPHUUYECKHUX BOJHOBBIX
dpoHTa (nBe n106ble BOTHOBbIE IIOBEPXHOCTH) MOXKHO
IlepeBeCTH JIPYr B JPyra C IOMOIIBIO OHOIO OTpaske-
HUsI, IPeJIOMJIEHUS WU AubparupoBaHus’. OqHAKO
OTCYTCTBHe BBIIIOJIHEHUS YCIOBUS TayTOXPOHH3Ma
B JAHHOM C/ly4ae IpeAIlonaraeT o4eBUIHbIe TPYA-
HOCTH peanu3alliuu MpUHIMNA [lolireHca-OpeHens.
[Ipeske BCero, 3TO KacaeTCs IOHSITHUS "BOTHOBOM
GPOHT", KOTOPBIK B JAHHOM Cjyd4ae ClefyeT IOHH-
MaTh TOJBKO KaK IIOBEPXHOCTb, OPTOTOHAJIBHYIO
K gudparupoBaHHEIM 1ydaM ('TeoMeTpUYeCKUN"
BOJIHOBOM OPOHT). "IlnaToi” 3a 3TO SBISIOTCS BBICO-
Kue TpebOoBaHHS K MOHOXPOMAaTHYHOCTH HCIIONb-
3yeMOro MCTOYHMKa H3/1ydeHHUs. 3afada pacyeTa
CrO2 CcOCTOMT B TOM, YTOOBI OIlpele/INTh KOOPOH-
HATBHI 110J10C (KoJIell) HHTeppepeHIIMOHHON KapTHUHBI,
KoTopasi ob6pa3oBaack 65l B IJIOCKOCTH TOJIOI PAaMMBI
B pe3y/IbTaTe CyIepro3ULIMHU 06BeKTHOM U OIIOPHOK
BOJMH, 3aJaHHBIX aHaJIuTH4eckd [9, 10]. s pac-
yeTa CHUHTe3UPOBAHHBIX TOJIOTPAMM HCIIOIb3yeTCsl
BbIpaskeHHe

Al (p)=A(m£1/2Q), @

roe Al (p) - pa3sHOCTh OITHYECKOrO IYTH OIOPHOM
1 00beKTHOM BOJIH Ha KpasxX M-H UHTepdepeHIHOH-
HOM MOJIOCH], A - pabouas mIHMHA BOMHBI, Q - CKBaXK-
HOCTb (COOTHOIIeHHe MeK1y IepHoJOoM IIOBTOPeHU s
Y I PUHOM I10JIOCHI (IITPHXA) 0ToOpaskaeMoy HHTEep-
bepeHIIMOHHON KapTUHEI). IIpU pacyeTe CHHTE3UPO-
BaHHOM TOJIOTPaMMBbl HaXOAAT KOOPAHHATHI KpaeB
p*m KOKA0M M-H HHTepdepeHIIMOHHOL II0/I0CHI.

B Havase 60-x rogoB XX Beka B [ocygapCcTBeHHOM
MHCTUTyTe HpHKJIafgHoH ontuku (FMIIO) - Torma
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realizing the principle of Huygens-Fresnel. Primarily,
it applies to the "wavefront" definition which, in this
case, should be interpreted only as a surface orthogonal
to diffracted rays ("geometrical" wavefront). "Payment"
for this are high requirements for monochromaticity
of the used emanation source. The goal of CGHOEs
estimation is determining coordinates of interference
figure bands (rings) which would form on a hologram’s
surface as a result of a superposition of an object and a
reference wave which are defined analytically [9, 10]. To
estimate computer-generated holograms a following
expression is used:

Al (p) =\ (m £1/2Q), 4))

where Al (p) - difference between optical paths of
the reference wave and the object wave at the edge of
the m-th interference band, A - working wavelength,
Q - on-off time ratio (correlation between the period
of iteration and the width of the band (groove) of
the displayed interference figure). When estimating a
computer-generated hologram edge coordinates p*,, of
each m-th interference wave must be determined.

At the early sixties of the XX century the State
Institute of Applied Optics (CIPO), at that time being
Kazan department of the S.I. Vavilov State Optics
Institute, started research supervised by Kamil
Sabirovich Mustafin on devising a technology of
obtaining CGHOEs. The goal was in solving a problem
of non-spherical optics control and a series of tasks
on large-dimension optical instruments making
based on the research. An important scientific and
methodological role in formation and development of
this aspect of CGHOESs was played by RAN academician
Yuri Nikolayevich Denisyuk.

It should be mentioned that CIPO initially tested
two methods of manufacturing of on-axis CCHOEs -
using a focused light beam, and using a "cutter".
Practical implementation showed that the "cutting tool"
method of CCHOEs manufacturing has a number of
considerable advantages (in terms of spatial frequency,
size etc.). A considerable factor, which positively
influenced the method’s development was availability
of a closed technological cycle of ruled diffraction
gratings production in GIPO, with own equipment
for diamond cutter sharpening, vacuum sputtering of
thin metallic reflecting layers and with experience of
operating conventionsl ruling engines.

The first computer-generated hologram in GIPO was
produced in 1969 on a lathe with a triangular cutting
tool made of pobedit [5]. Estimated width of ring-
shaped Fresnel zones in this case was ensured by proper
"dipping" of the cutting tool into aluminum substrate,
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Ka3saHCKOM ¢unuane loCcymapCTBeHHOTO ONTHYe-
ckoro MHCTUTYTa uM. C.H.BaBujoBa - IoA pyKo-
BofcTBOM Kamuisi CabupoBrua MycTadrHa ObpLIN
HadaThl MCCIeIOBAaHHS IO CO3LAHUIO TeXHOJIOTHH
nonydeHus CIO2. Lenbio 6b1I0 pelleHHe Ha OCHOBE
ee pa3paboTku mpobiemMbl KOHTPOIsS achepruuecKkor
ONTHKHU M PpsAfa 3afad KPYHIHOrabapHUTHOIO OIITH-
YyecKkoro NnpubopocTpoeHHUsi. BaskHasi Hay4dHO-METO-
Ju4Yeckas pojib B CTAHOBJIEHHUH M PAa3sBUTHH 3TOrO
HampabieHUs B [MIIO mpMHamIeskUT aKaJeMHKY
PAH IOpuio HukonaeBuuy JleHHUCIOKY.

Ocobo ciaenyetr oTmMeTuTh, 4To B I'HMIIO wu3Ha-
YaJIbHO 6bLIM OIpo6OBaHEI JBAa METOAA H3rOTOBIIE-
Hus oceBbIX CI'O3 - ¢ MOMOIIBI0 CPOKYCHPOBAHHOIO
CBETOBOTO IIyuKa K MeTofoM 'pesna’. IIpakTHKa
II0Ka3aja, 4TO MeTof 'pe3na”’ B TeXHOJOTHH H3Tro-
ToBJIeHUs CI'OD MMeeT paf CyIeCTBEHHBIX [IPeHMY-
mecTB (II0 IIPOCTPAaHCTBEHHOM YacToTe, pasMepaMm
u 1p.). CymecTBeHHBIM GaKTOpoM, O1arompusTHO
IOBJIMABIIMM Ha pasBUTHE MeTOJa, CTaJI0 Halu-
yhe B I'MIIO 3aMKHYTOr0 TeXHOJIOTHYeCKOro IHK/Ia
M3TOTOBJIEHM I HaPe3HBIX JTUPPAKIIMOHHBIX PeIleToK
C COOCTBEHHBIMHU yYaCTKaMH 3aTOYKH aJIMa3HBIX
pe3LoB, BAKYYMHOIO HaIlbl/ICHHUSI TOHKKUX MeTaJljIH-
YeCKHX OTPa’kaTe/JIbHbIX C/I0€B M OIBITOM 3KCILIyaTa-
LMY KJIACCHYECKHUX JTeTUTeIbHbIX MallKH,

B T'MIIO camas mepBasi CHHTe3HMpPOBaHHAs [0JIO-
rpaMMa 6bl7a U3roToBJeHa B 1969 rogy Ha TOKAapHOM
CTaHKe C IIOMOLIBI0 IT06EIHUTOBOrO pe3lja TPeyrosb-
Horo npoduss (5. PacueTHasi MHPHUHA KOIbLEBBIX
dpeHeneBCKUX 30H B HAHHOM CJydae obecredrBa-
J1ach COOTBETCTBYIOUIUM "yIiybneHHeM" peslia B IIOJ-
JIOKKY M3 a/TIOMUHUS, IIJIOCKas paboyasi IOBepXHOCTh
KOTOpPOH 6blIa MpefBapuUTeNbHO CPOPMHPOBAHA Ha
TOM >Ke CTaHKe. Ee MaKCHMMajbHas IIPOCTPAHCTBEH-
Has vacTtoTa 30 MM’l, mudpakumoHHas 3bbeKkTHUB-
HOCTb ~3% (AaMIIMTyAHas rojorpaMma). Pacuer
CTPYKTYPBl 3TOHM FOJIOTPaMMBI TOI/Ia IIPOH3BOAKIICS
BPYUHYIO C IOMOIIbI0 apudmMomeTpa "Mepcemec”.

Co3gaHHe OCHOBHOI'O TEeXHOJIOTHMYecKoro obopy-
OoBaHUS s usrorosjaeHuss CI'O3 B TMIIO Havanock
B KOHIIe 1960-X rozmoB paspa60TKH MaKeTa [IeJIuTe/lb-
HOI'0 YCTPOMCTBA, OCHOBAHHOIO Ha HCIIONb30BaHUH
aJIMa3HOro pesla. MaxkeT MMeJjI TOPU30HTAIbHYIO 0Ch
BpallleHHWs IIINUHAENS /I KpPeIlJIeHUS IIOAJIOKKHU
Cro3 (puc.l). Pe3uenepskaTesnb C IIOMOIIBIO IJIACTUH-
YaTOH IPYKHHBI M 3JeKTPOMarHurta obecledunBa
HaHeCeHHe KOJIbLeBBIX IITPUXOB Ha a/IIOMHUHHPOBAaH-
HYI0 pabouyio IToBepXHOCTH IIOAI0KKU CLOD. B sToM
MakeTe U B IIOC/IEeAYIOUIUX ITOKOJIEHHSAX KPYLOBBIX
JelUTelbHBIX MAIIMH OB peann30BaH IPHUHIUII
"HecyIneH" MPOCTPAHCTBEHHOM YaCTOTHI. To eCTh Kask-
OyI0 pacuyeTHYIO Helpo3pauHylo (HeoTpaskalollyio)

=

Puc.1. Mepsbili makem ycmpoticmaa 0As 0mobpakeHus
CMpyKkmypbl 0cesoli CUHMe3UposaHHol 2o0nozpammbl (FTNMO,
1969)

Fig. 1. The first prototype of a device for manufacturing of
on-axis computer-generated hologram structure (GIPO, 1969)

flat working surface of which was previously formed
using the same lathe. Its maximum spatial frequency
was 30 mm-1, diffraction efficiency ~3% (amplitude
hologram). Estimation of the hologram’s structure
was, at the time, performed manually using "Mercedes'
calculating machine.

Production of the basic technological equipment for
CGHOEs manufacturing in GIPO started in late 1960s
with developing of a prototype of a diamond tool-based
ruling device. The prototype had a horizontal spindle
rotation axis for CCHOE substrate fixing (Fig.l). A
cutting tool chuck with help of a plate-like spring and
an electromagnet ensured ruling of annular grooves
to aluminized work surface of CCHOE substrate. In
this prototype and in following generations of circular
ruling engines a principle of a "bearing" spatial
frequency has been implemented. That is, every
estimated non-transparent (non-reflective) zone of a
hologram was represented by a group of “elementary"
non-transparent zones with a permanent pitch; a
"bearing" spatial frequency was created - an equivalent
of the "bearing" frequency in radiophysics (Fig.2) [7].

Further development of these technologies ensured
the possibility of obtaining relief phased binary
CCHOEs with diffraction efficiency up to 40% by
removing these "elementary" zones [10].

In mid 1970s GIPO and Leningrad optomechanical
association (LOMO) jointly planned and manufactured
a circular ruling engine MDA-9 for cutting CGHOEs
with up to 230 mm diameter (Fig.3), protected by an
Invention Certificate for a "Ruling engine" invention [11].
In MDA-9 device’s structure the spindle rotation axis
for CCHOE substrate fixation was vertically oriented.
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=

30HY rojorpaMMsl oTobpaskana rpymma "jneMeHTap-
HBIX' HeIIPO3PauHBIX 30H C IIOCTOSHHBIM ILIarOM, CO3-
IaBajach "Hecymasl MPOCTPAHCTBEHHAsI YacToOTa -
5KBHUBAJIEHT "'Hecymlen" B paguodusuke (puc.2) [7].
JlanpHelIIee Pa3sBUTHE HA3BAHHBIX TEXHOJIOIHH
obecrie4ynio BO3MOXKHOCTb IIOJIy4eHHUS PpeabedHO-
da3oBeIx brHapHEIX CI'OD ¢ fUPPAKIIMOHHON 3ddek-
TUBHOCTBIO 10 40 % IyTeM yAalIeHHUS 3TUX "dJIeMeH-

TapHBIX" 30H [10].

B cepenune 1970-x rogoB ['MIIO u JIeHUHIpaacKoe
OIITHKO-MeXaHH4YecKoe obbenuHeHHe (JIOMO)
COBMECTHO CIPOeKTHPOBAJKM MU  HM3TOTOBHUIIH
KPyroByIO [eNHTeJbHYI MaluHy MJIOA-9 nna
Hape3aHusi CTOD guamerpom Ao 230 MM (puc.3),
3aIIHINEHHYI aBTOPCKMM CBHUETEIBCTBOM Ha H30-
bpetenue "[lenurtensHas MamuHa" [11]. B KOHCTPYK-
LMK MalMKUHB MJIA-9 oCh BpallleHHU s IIITUHARIS O
KperuieHUs HOMJIOKKU CI'OD opreHTHpOBaHA Bep-
THKa/lbHO. KpyroBsas genuTenbHas MalminHa MJA-9
yIpaBsiach JIOTUYECKUM 3/JeKTPOHHBIM 610KOM
CO CTapT-CTOIHBIM CUHTBHIBAIOIIHM YCTPOLCTBOM;
HOCUTeNb MHOOpMaUuHuu - bymaskHasi mepdoneHTa
C JAHHBIMHU O KOOPAMHATAX OMYCKaHHUSA U IIOAbeMa
aJIMa3HOTO pe3na.

B koHie 1990-x romoB B I'MIIO 6blya co3maHa
Kpyrosas fenuTenbHas MamuHa MJ/IA-10 Ha ocHoBe
KCIIO/Ib30BAHUSA IIhe303JIeKTPHUYECKOr0 IIPHBOAA
IIPOJIOJIHOTO IepeMelleHHs JeIUTeIbHON KapeTKH
(puc.4). YopaBieHHe IIPOLIECCOM Hape3aHUs CIPyK-
Typel CI'OD 3mech OCYLIECTBIAIOCh C IIOMOIIBIO
IIepCOHAJIPHOTO KOMIIbOTepa. MamuHa MJA-10
[103BOJISeT H3rOTaB/IHBaTh Kpyrosele CI'O3 nmua-
MeTpoM [0 230 MM M IPOCTPaHCTBEHHOM 4YacTo-
Tod mo 2000 MM Ha MOMJIOKKAxX C IIJIOCKUMHU
Y BBIITYK/IBIMH Pab0YHMHU ITIOBEPXHOCTSIMH, a TAKKE ~
uunuHApudeckue CI'O3 pasmepamu g0 70x100 M.
[TorpemHocTh $OPMUPOBAHUS 3aJaHHOM BOTHOBOU
IIOBEPXHOCTH [0 0,05\, rme mJIWHa BOJHBI A=0633
HM, IIpU HauboJbIIel MPOCTPAHCTBEHHOH YacTOTe
10100 mm™L.

Panee, B camoM Hauaje 1990-x romor, B I'MIIO
6pL1a paspaboTaHa Kpyropas AelHUTelbHAss MAIlHHA
MATI-500 pgnga Hapesanud CIO3 [guaMeTpoM
go 500 MM, OBa 06pa3ua KOTOpOI;I OBIIM UM3TOTOB-
neHBl Ha 3aBofe "ApceHan” (KueB). OmHa M3 3THX
MamuH (puc.5) 1993 romy 6bl/1a riocTaBneHa B TUIIO.
B HacToslee BpeMs OHa MOAEPHU3UPYETCS O
usrorosyeHus: CI'O3 guaMeTpoMm A0 600 MM.

Taxske 6blIM pa3paboTaHBl MeTOIbl KOHTPOJIS
OIITHYEeCKOT0 KauecTBa oceBbix CI'O3 [9, 10], ocHOBaH-
Hble Ha HCIIOIb30BAHHH:

*  HM3MEPHUTEJBHOIO0 MHKPOCKOIIAa M KOHTPOJIBHBIX

KOJIell;
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Puc.2. Cmpykmypbl 20/102pamm ¢ “3nemeHmapHbimu” Henpo-
3pAaYHbIMU 30HAMU: A = C KOAbUEBbIMU 30HAMU; 6 — C NPSIMO-
AUHELHbIMU 30HAMU

Fig. 2. Structures of holograms with "elementary" non-
transparent zones: a — with ring-shaped zones; b - with
straight zones

Circular ruling engine MDA-9 was controlled by an
electronic logical unit with a start/stop reader element;
paper punched tape with data regarding coordinates of
diamond cutter lowering and lifting was used as a data
carrier.

In late 1990’s a circular ruling engine MDA-10
was created in GIPO based on using a piezoelectric
longitudinal blank carriage drive (Fig.4). Control of
CCHOE structure cutting process was performed with
a PC. MDA-10 device allows manufacturing of circular
CGHOEs with up to 230 mm diameter and spatial
frequency up to 2000 mm? on substrates with flat
and convex work surfaces, and cylindrical CGHOEs

Puc.3. Kpyzosas denumenbHas mawuHa MAA-9 (MO,
JIOMO, 1976)
Fig. 3. Circular ruling engine MDA-9 (GIPO, LOMO, 1976)
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* BCIIOMOTAaTe/JIbHOM (aTTecTYIOLIeH) CHHTe3Hpo-
BaHHOH TOJIOTPaMMBl C y4eTOM IOTPelIHOCTel
IIOJ/IOKKH Y HaHeCeHHU s IITPUXOBOM CTPYKTYPHL.
Heobxomumo 6p110 0b6ecreuyuTh OTedeCcTBeH-

HOMY OIITMYeCKOMY IIPOM3BOAUTE/II0 BO3MOKHOCTD

CO3[,aBaTh ONTHYeCKHEe JeTalu C achepruyecKUMHU

noBepxHOCTAMHU. IlosTtomy B THIIO Ha IIpoTsSXKe-

HHUH HEeCKOJBKUX JeCsTHIeTHH Beld HCC/IeJ0OBaHUS

II0 CO3JAHMIO METOAOB M CPeIACTB KOHTPOJISL TaKHX

IIOBEPXHOCTEH. Pe3yIpTaToM CTana pa3paboTka Ha

OCHOBe HCIonb30BaHUsl CIOD wmesnoro psiga 6a3oBEIX

ONTHYECKHUX CXeM JJisi KOHTPOJISL KayecTBa OITHYe-

CKuX acdepHyecKHX IOBEPXHOCTEeH B IIpoliecce MX

dopmoobpaszoBaHus, a Takke KOHTPO/IS KauecTBa

JTMH30BBIX OIITUYECKHUX CUCTEM Ha ITPOMESKYTOUHBIX

Y QUHHUITHOM CTafUSIX UX CO0PKHU (PHC.6).
HexoTopble M3 HHMX HCIIOJIb30BaJIMCh [JISI KOH-

Tpoasi achepUyecKHUX IIOBePXHOCTell Ha ONTHYe-

CKHUX MPeIIpUATHAX OTpaciau: KasaHCKOM OIITHKO-

MexaHuYyeckoM 3aBoge (KasaHb), HOBOCI/I61/IPCKOM

npubopoctporutensHoM 3aBofe (HoBocubupck),

3aBoge "ApceHan" (Kues), JIBITKAaPUHCKOM 3aBojie

OIITHYeCKOro cTekaa (JIBITKApUHO, MOCKOBCKas

obnacts), JIEHHUHTPAaACKOM OITHKO-MexaHHYe-

ckoM obvenuHeHuu (CaHkT-IleTepbypr), B HayuHo-

KCCIeJ0BaTe/IbCKOM MHCTHUTYTe KOMIIJIEKCHBIX UCIIbI-

TAaHUM ONTHKO-3/1eKTPOHHBEIX IpH6opoB (COCHOBBIM

6op, JleHuHTpazAckas obnacts) U [ocymapcTBeHHOM

onTH4YeckoM HMHCTUTyTe UM. C.HM.BaBunosa (CaHKT-

[Tetepbypr). [ NpaKTUYeCKOM peaNH3alMU 3THUX

cxeM KoHTpons B [MIIO 6puin paspaboTaHBbl clie-

LIMaJbHble YCTAaHOBKM - Trojiorpapuyeckre acoe-

pometprl Tuma AI-2, AI-3, AT-4 u ACI, HeCKOJIBKO

3K3eMIIIIPOB OBLIM M3TOTOBJIEHBl M IIOCTaBJIeHBI

Ha Pp4f NpefIpHsITHH OTedeCTBEHHOM OITHYeCKOH

IIPOMBILIJIEHHOCTH. Ha O0CHOBe 3THUX YCTaHOBOK

B LleHTpaJbHOM KOHCTPYKTOpcKoM 6iopo "®OTOH"

(Kazaup) 6pUTH pa3paboTaHBl IJIsI CEPUMHOTO IIPO-

n3BonCcTBa npudbopel UOK-451 u HPK-454, KkoTophle

BBIIIOJTHAIOT QYHKI MU OIMMCAHHBIX BBIIIE YCTAHOBOK

tuna Al u ACT. Tonorpaduveckun achepomerp HPK-

451 saBiseTCs MepeHOCHBIM U IIpefHa3sHayeH /i

6eCKOHTAKTHOIO KOHTPOJSI C HHTepdepoMeTpHue-

CKOM TOYHOCTBIO OIITUYECKHUX [10BEPXHOCTEL BTOPOIO

Y BBICIIEro IopsiiKa C AHaMeTpaMHu Ao 12000 MM [1d

BOTHYTHIX ¥ 10 500 MM IJ15 BBIIIYK/IBIX OIITUYECKHX

JeTajed. YHHBepcajabHas rojorpapudeckas ycTa-

HoBKa HM®K-454 gBnseTcs CTAaLlMOHAPHOM U IIpefHa-

3HayeHa [/ KOHTPOJIS:

* dopMBbl achepuyYeCKHUX [IOBEePXHOCTeH
n0b0oro ImoOpsAKa CO CBETOBBIM JHaMETPOM
mo 150 MM, acpepuyHOCTRIO OO 3000 MKM,
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Puc.4. Kpyzoeas deaumenbHas mawuHa MAA-10 (FTM1MNoO, 1997)
Fig. 4. Circular ruling engine MDA -10 (GIPO, 1997)

with dimensions of up to 70x100 mm. Inaccuracy of a
specified wave surface forming does not exceed 0.05\
where wavelength A = 633 nm with maximum spatial
frequency of 100 mm™.

Earlier, at the beginning of the 1990s, a circular
ruling engine MDG-500 was developed in GIPO for
cutting CGHOEs with up to 500 mm diameter, two
units of which were manufactured at "Arsenal” (Kiev)
plant. One of these devices (Fig.5) was delivered to
CIPO in 1993. It is currently undergoing renovation
for CCHOEs manufacturing with diameter up to
600 mm.

Also, methods of optical quality control of on-axis
CGHOE:s [9, 10] were developed based on the use of:

+ measuring microscope and control rings;

« additional (certifying) computer-generated
hologram with consideration of substrate and
groove structure ruling inaccuracies.

Puc.5. Kpyzosas deanumenbHast mawuxda MA-500 (FAMO,
"ApceHan", 1993)
Fig. 5. Circular ruling engine MDG -500 (GIPO, "Arsenal”, 1993)
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FpafijieHTOM acPepuyHOCTH OO0 30 MKM/MM,
IIOTPeLIHOCTh KOHTPos 0,03 MKM;

*  GOpMBI M M3MepeHHs PaJUuyCoB KPUBH3HBL Ccde-
pUYeCKHX U LHUIHHIPUYECKHX IIOBEPXHOCTeM
CO CBETOBBIM JUaMeTpoM 4o 200 MM M AHuamaso-
HOM PaJKyCoB KPUBU3HEI OT + 100 10 100000 mMm.
ITpakTHYecKye IIPUMepbl Ipe[CTaBIeHbl UHTep-

deporpammaMu H 3neMeHTaMH CIOD ¢ MX Kpat-

KHMH OCHOBHBIMH XapaKTepUCTHKaMHu (puc.7-9). ToT

¢dakT, uto B 1981 romy Ha JIBITKAapUHCKOM 3aBoje

ONTHYEeCKOro CTeKJa crenuanucramu THIIO 6bin

[IpoBeJleH KOHTPOJb BOTHYTOIO I1apabosnyecKoro

3epKaja JUaMeTpoM 2,6 M Ha OCHOBE MCIIO/Ib30Ba-

Husl oceBoro CI'OD paspaborku T'MIIO, moATBEPK-

JaeT ycrex BHeJPeHHUS B IPOHU3BOACTBO IOJIOrpaMM-

HBIX ONTHYECKHUX 3JIEMEeHTOB. HO 3TH IpHUMepsl He

OTPAaHMYMBAIOT KPYI 3aJa4, pelllaeMbIX C IIOMOIIbIO

oceBbIx CI'O3. Hapsioy ¢ HUMM JaHHBIHM KJIacC rojo-

FPaMMHBIX OIITHUYECKHUX 37IeMEHTOB TaK>Ke UCIIONb3Y-

eTCs /11 KOHTPO/IS BeJIMUMHBI IelleHTPHPOBKH JIMH3

(10], mist M3MepeHHUSI PafHUyCcOB KPUBU3HBI I chHepH-

YeCKHX W UH/IHHAPHUYECKHX II0BePDXHOCTeH OIITH-

YeCKHUX JeTanel, B BHUJe KHUHOOOPMOB, A4 BH3ya-

JIM3aLMK Ta30BbIX I[IOTOKOB B a3pOAMHAMHYECKHX

Tpybax U 6a/UIMCTHUYECKUX Tpaccax, AJIs 'pacIinpe-

HUs' U "CKaTus' paboder ClieKTpaJIbHOM 06acTH.
ITorpemHoCcTh KOHTPOJIS BEeJIMYUHBL [eLeHTPH-

POBKM JIMH3 He mpesBbinaeT 10 MkM. IIpu KoHTpoIIe

¢ moMoubio CI'O3 pagrycoB KPUBU3HEI CHepUYeCKUX

[IOBEPXHOCTEM NMPOobHBIX cTeKoI [12] (Arama3oH u3Me-

PeHU I PafuycoB KPUBH3HBI T 0T +250 10 +100 000 MMm)

obecrieqrBaeTCsl IOIPEUIHOCTD IO 1-My KJIacCy TOY-

HocTu (FOCT 2786-82 "Ctekna mpobHBIe O IIPO-

BEPKH PaAHYCOB ¥ GOPMBI CHepUUECKUX OIITUYECKHX

IIOBepXHOCTeM. TexXHHYeCcKHe yC/IOBHUS'). DTO II03BO-

JseT OLeHHUTDb IIpefe/ibHOe OTK/JIOHEeHHEe pPajHuycoB

KPHUBHU3HBI C BelHWYHUHOU *0,02% B AMaAIla30He HUX

HOMMHAJIBHBIX 3HaUeHUH oT 250 7o 1000,0 MM (BKJIIO-

YUTEeJIPHO) U C BeTUYUHON (+0,021/1000)% nisi panu-

ycoB KpuBH3HBI CBhilIe 1000,0 MMm. IIpyu u3MepeHHUU

PaZuycoB KPHUBHU3HBI LMJIHMHAPUYECKHUX IIOBEPXHO-

CTeH ONTHYEeCKHUX [eTa/ller, B YaCTHOCTH LIMJIHH-

JPHUYeCKHX 3epKaji, C IIOMOIIbI0 ofHOMepHBIX CI'OD

[9, 10] nuama3oH H3MepeHUM PajHycoB KPUBH3HBI

M I[OTPelIHOCTbh MX M3MePeHHI aHa/JIOTUYHBI BelH-

YHMHAM, XapaKTepHBIM IIPpH KOHTpoJie ChepruUecKuX

[IOBEPXHOCTEH.

CI'O3, BhHIIIOJIHEHHBIE B BHUOe KHHOPOPMOB

(c mepexomom oT 6MHAPHON GOPMBI IITPHUXOB C AUD-

PaKLHMOHHON 30deKTHUBHOCTHIO 35-40% K MHOIO-

ypOBHeBOM C AUGPAKLHOHHOH 3)PeKTHUBHOCTHIO

85-90%, a B mpeieie - K IHU/I000Pa3HOM C ITpe/le/IbHON

OUOPaKIUOHHON 3 deKTHUBHOCTBIO Oomee 95% [13]),

i

Puc.6. bazosvie 8apuaHmbl NPUHUUNUAAbHbIX KOHMPOAbHbIX
cxem ¢ CFO3: 1- MOHOXpoMamuyeckul moveyHbil UCMOYHUK
ceema; 1" — u306pa>keHue MOHOXPOMAMUYECKO20 MO4e4HO20
ucmo4Huka ceema; 2 - CrO3; 3 - mecmupyemasi demanp, 4 -
8cnomozamenbHas onmudeckas 0emanb

Fig. 6. Basic variations of principal control schemes with
CGHOE: 1-monochromatic punctual light source; 1" - image
of a monochromatic punctual light source; 2 - CGHOE; 3 -
tested component; 4 - subsidiary optical component

It was necessary to provide local optical
manufacturers with possibilities to produce optical
components with non-spherical surfaces. Due to that,
research was being conducted in GIPO for several
decades on creating methods and means of control
of such surfaces. As a result, a series of basic optical
schemes based on CCHOEs use was developed for
quality control of optical non-spherical surfaces during
their forming, and, also, quality control of lens-based
optical systems on intermediate and final stages of
their manufacturing (Fig.6).

Some of them were used for controlling non-
spherical surfaces on optic industry enterprises: Kazan
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SIBJISIIOTCS a/IBTePHATHBHBIM CpPefiCTBOM KOpPpeKLIMH
XpoMaTH4ecKUX abeppallMil JTHMH30BBIX LIeHTPHUPO-
BaHHBIX CHCTeM (06BeKTHUBOB). ITO 0COOEHHO LIEHHO
anst YO- u HMK-obnacTei crekTpa B CHIy OrPaHH-
YeHHOM HOMEHKJIATyphl ONTHYECKHUX MaTepHa’oB,
[IpO3payHbIX B 3TOM JAHalia3oHe. IlogyepkHeM, 4YTO
BII€PBbIE (1957 rom) Ha 3Ty YHHUKAJIPHYIO BO3MOXXHOCTh
KCIIONB30BaHU S JUPPAKIIMOHHBIX CTPYKTYP YKa3all
1 000CHOBAII ee HCIONb30BaHHUe [.Ciirocapes [14].

Hcmonb3oBaHue OUPPAKIHOHHBIX CTPYKTYP
B KayeCcTBe OCHOBHBIX OOBEKTHBOB MM KOMIIEHCA-
TOPOB B 06beKTHO BeTBHU rojIorpadpuyeckKuX CUCTEM
HHTeppepeHIIMOHHbIX IIPHUOOPOB II03BONSIET BH3ya-
JIM3UPOBATh ra30Bble IIOTOKH B a3pPOAMHAMUYECKUX
Tpybax M 6aMHUCTHYeCKUX Tpaccax [15]. BKatoueHMe
rOJIOTPAMMHBIX OOBEKTHBOB B 3THU CHCTEMBI IIpH-
JaeT UM HOBBle CBOKMCTBA, YIyd4Ilas TeXHHU4YeCcKHe
ImapaMeTphl COBpPEMEHHBIX CHUCTEM OITHUKO-QH3HUe-
CKHX H3MepeHHH: yBeJIHYHBas JHaMeTp H3ydae-
MOT0 Ta30BOro Ioroka ¢ 230 mo 1000 MM u obecrieuu-
Bas IIpe/ie/IbHO BBICOKHE 3HAYeHMsI OTHOCHTEIBHOIO
OTBEPCTHUS, AOCTUTAEeMOro B OOBEKTHBAX KOJJIHMA-
Topos (oT 1:3,5 1o 1:2 1 maske mo 1:1).

[TopTaTUBHBle HAabOpEl OUPPAKLHMOHHBIX 3JIe-
MeHTOB 06eCreYrBalOT HAISAHYIO AeMOHCTPALIHIO
OTZAeNbHBIX abeppalLiuii B yue6HBbIX Liensax. Hanmpumep,
yuebHO-HcCIeoBaTenbCKUi Habop CTOD-pernuk [16]
comepkUT "Oe3abeppallHOHHYIO" CHHTE3UPOBAHHYIO
rosorpaMmHYyo 1uH3y (CIJI), nunuHagpudeckyio CII,
CIJI-Top, CUHTE3UPOBAaHHBIN TOJOTPAMMHBIN HUMHU-
TaTop (CTH) cheprueckux abeppaluii 3 U 5-T0 OpSiA-
KoB, CI'HM coepuueckux abeppamuil 5-ro mopsnxa,

] ‘% ONTUYECKUE YCTPOMNCTBA M CUCTEMbI I

Puc.7. Vinmepgepozpammbl, noAy4eHHble npu npou3600-
CM8eeHHOM KOHMPOAe 802HYM020 2UunepboAU4ecK020 3epkand
duamempom 1,64 m (JIbimkapuHcKul 3800 0NMuUY4ecko2o
cmekaa, 1978): a — Ha4anbHas cmadus popmoo6pazo8aHus;
6 — npomexxymoy4Has cmaousi ¢opmoobpa3o8aHus; 8 — cma-
oust do800KuU

Fig. 7. Interferograms obtained during production control of
a concave hyperbolic mirror with 1.64 m diameter (Lytkaryno
Optical Glass Plant, 1978): a - initial formation stage;

b - intermediate formation stage; ¢ - finishing stage;

Opto-Mechanical Plant(Kazan), Novosibirsk Instrument
Making Plant (Novosibirsk), Arsenal Plant (in Kiev),
Lytkaryno Optic GClass Plant (Lytkaryno, Moscow
Region), Leningrad optomechanical association (St.
Petersburg), Optoelectronic Instruments Complex
Testing Research Institute (Sosnovyy Bor, Leningrad
Region) and in the S.I.Vavilov’s State Optics Institute
(St. Petersburg). To practically implement these control
schemes special devices were developed in GIPO -
holographic aspherometers of AG2, AG-3, AG-4 and ASG
types; several units were manufactured and supplied
to various enterprises of local optic industry. Based
on these devices, IFK-451 and IFK-454 instruments

interferogram at the certification stage of the toric mirror

Puc.8. KoHmpoAb 802HymMo20 mopu4ecko20 3epkana u3 6eckucAopodHol medu ¢ paduycamu Kpugu3sHel 10,5 m u 21 m
(Mo, 2009): a - Cro3; 6 — uHmepdepozpamma Ha cmaduu ammecmayuu Mopu4eckozo 3epKaa
Fig.8. Control of concave toric mirror made of oxygen-free copper with curve radii 10.5 m and 21 m. (GIPO, 2009): a - CGHOE; b -
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CTH a6eppau1/1171 CHHYCOUJAJIIBHOIO BUIA (O BCeX
37IeMeHTOB 3Toro Habopa CBeTOBOK AHaMeTp 35 MM,
pabodas mIKHA BOTHBL paBHA 633 HM U JUPPAKIIHOH-
Has 93 PeKTUBHOCTD ~40%).

KpaTko pacCMOTpPHM HCIIONb30BaHHE OUGPaAKLIM-
OHHBIX 3JIEMEHTOB [/ 'PacIIMpeHHs M "CKaTHUS'
pabouerlt criekTpanbHOH obnactH (9, 17]. CyTh MeTozAa
peryinpoBaHHs CIeKTPaJbHOH CeJeKTHBHOCTH
penbedHO-Pa30Beix CTOD (HOCTHIKEHUSI BBHIPABHU-
BaHHS 3aBHCHUMOCTH AUPPaKLHOHHON 3deKTHB-
HOCTH OT JJIMHBI BOJIHBI B IIpefiesiax Bcero pabodero
CIIeKTPaJIbHOIO JHAIla30Ha) COCTOUT B Iofbope IByX
[IPO3payHbIX MaTepHasioB C OIpele/leHHbBIMH pas-
TUYHUSMH 3aBUCHMOCTH HX IIOKa3aTe/eHd IIpeoM-
JIeHHs OT JJIMHBI BOJAHBI. DTOT METOJ peasin3yeTcs
3a CYeT:

e IIPUMeHEeHHS CHHYCOHJAIbHOU penbedHO-da3o-
BOM MOAYISLMH, KOTLAa TOJIOTPAMMHBEIK 37e-
MeHT IIpeACTaBisieT coboil ABe coeqHHEHHBIE
BCTPeUHO PaboYMMHU IOBEPXHOCTIMHU das3o-
Bble TOJIOTPaMMBl 1 M 2 ¢ HNPOTHUBOGA3ZHBEIMU
CTPYKTYpaMH, BBIIIOJTHEHHBIMU B MaTepHaiax
C pa3sHBIMH IIOKa3aTeJIAMU IIPEJIOMJIEHUS 1 U 11,
(puc.10a);

+ mozxbopa cHCTeMBbl ABYX OHMHApHBIX rojorpaMm 1
U 2, COMUHEHHBIX IIPO3PAYHBIM CKIEMBAKIIHNM
MaTepHaaoM 3 C IIoKasaTejeM IIPeJIOMJIeHHS I3
(puc.106);

* MCIIOJIb30BAHHS OJHHOYHOH TOJIOTPAMMEI 2, coe-
OHUHeHHOM 4Yepes IIPo3pavyHylo cpely 1 c mokasarte-
JleM IIpe/IOM/IeHHUS I, C 3aIIMTHOM IVIaCTUHKOM 6
C II0Ka3aTesieM IIpeaoMJIeHUd 0, (puc.10B).
Pa3sHOoCTe Pa3 MeXAy JydyamMu 4 U 5, IPOXOns-

IIMMH Ha PAaCCTOSSHUM IIOJIOBUHBI II€PUOLA pesibed-

HOM CTPYKTYPBl APYI OTHOCHUTEJBHO IPyra, MOKHO

3aIMCaTh B BUJe

A¢p=(2m/N)h[n,(A)-n;(A)]. )

MakcuMaabHOe 3HadyeHHe JUPPAKIHOHHOU
3 deKkTuBHOCTH N(A)=1,,, AOCTUTAETCS IPU Pa3HO-
cTu a3 A, BeIMYNHA KOTOPOU 3aBUCUT OT GOPMBI
MHUKpopenbeda. Tak, HaIpUMep, B clydae CUHYCOH-
nanpHOM GopMbl (puc.10 a) A$p=1,85 pan, npu 3ToM
Haubonpmas 3¢PeKTUBHOCTH B 1-M mopsifke JUPPaK-
LMWK paBHA ~34%. [l CTyIIeH4YaTOH JByXypPOBHEBOMU
bopMbl pebeda IpU CKBaKHOCTH, PaBHOMU 2 (CM.pHC.
106, 10B), A =1,57 pan u N, =40,5%.

M3 nprBeleHHOTO COOTHOLIEHHUS (2) CefyeT: AJist
TOro, 4Tobbl pacmMupuUTh pabodyio 0671acTh CIEKTpa
CrO3, HeobxomuMoO o0cCIabuTh (B Hmeane — MCKIIIO-
YMTh) 3aBHCHMOCTb Pa3sHOCTH ¢a3 A¢ OT AJTHUHBI
BOJTHBI A. JTO HOCTUTAeTCS IyTeM HCIIOTb30BAHMUS
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Puc.9. 30HHas nnacmuHa, duamemp 500 mm, pokycHoe pac-
cmosiHue 12 M 051 paboyeli dAUHbI 80AHbI 633 HM (U320mo8-
AeHa Ha 0eaumenbHol mawuHe MAT-500; TNIO, 1993)

Fig. 9. Zone plate, diameter - 500 mm, focal distance -12 m
for a work wavelength of 633 nm (manufactured on a ruling
engine MDG-500; GIPO, 1993)

were developed at "PHOTON" Central Design Office

(Kazan) for mass production, which perform functions

of aforementioned AG and ASG type devices. IFK-451

holographic aspherometer is transportable and is used
for contactless control of second- and top-order optical
surfaces with diameters up to 12,000 mm for concave
and up to 500 mm for convex optical components with
interferometric precision. Universal holographic device

IFK-454 is stationary and is designed for control:

« of form of non-spherical surfaces of any order with
light diameter up to 150 mm, non-sphericity up to
3000 pm, non-sphericity gradient up to 30 pm/mm,
control inaccuracy 0.03 pm;

« of form and measurement of curve radius of
spherical and cylindrical surfaces with light
diameter up to 200 mm and curve radius range of
+100 to +100,000 mm.

Practical examples are presented as interferograms
and CGHOE components with their summarized
specifications (Fig.7-9). The fact that, in 1981 at
Lytkaryno Optic Class Plant GIPO specialists
conducted control of concave parabolic mirror with
2.6 m diameter based on on-axis CGHOE developed by
GIPO, proves success of holographic optical elements
application in production. But these examples do
not restrict the range of tasks which can be solved
using on-axis CGHOEs. Apart from them this class
of holographic optical elements is also used for lens
decentralization value control [10], for estimating
curve radius r of spherical and cylindrical surfaces
of optical components, as kinoforms for gas flow
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TAKOM I1aphl OIITHUYECKUX MATEPUAJIOB, IJIsI KOTOPBIX
3aBHCHUMOCTH (3) Pa3HOCTH UX II0Ka3aTeseH IIpesioM-
JeHUsl OT [JIMHBI BOJHBI H3MEHSETCS ITPOIOPIIH-
OHAJIBHO [JIHHE BOJHBI B paboyeM CII€KTPaIbHOM
JHrarasoHe

n,(A)-ny(N) =a;A+b,. 3)

roe a, u b, - mapameTpel, ompepensieMble OITHYe-
CKMMH CBOMCTBAMH BBIOPAaHHBIX MaTepHUaJIOB, ITPH-
yeM >KeJIaTelIbHO, 4TOObI B pabodert 0671acTH CIek-
Tpa a;A>>b,. Beicota h penbepa CIOD BhIOHpaeTcs
M3 IIPUBEJNEHHOI0 BBIIIe COOTHOIIEHHsS (2) IJs
AP (A=A (Ay), THE Ay - IIUHA BOJIHBI, IIPU KOTO-
POH JOCTHUTAETCS Ty, -

B ToM ciyd4ae, ecaid OfHA TrojorpaMma IIOTy-
YeHa Ha OCHOBe TBepPAOTeSbHOI0 MaTepHasa, BTOpas
MosKeT OBITH BBIIIOJIHEHA IIyTeM 3aIlo/IHeHU s penbed-
HOM CTPYKTYPHL IIePBOM TOJIOTPAMMEBI KUIKHUM IIPO-
3pavyHBIM MaTepPHAJIOM C IIOCAeAYIOIIMM OTBEpKIe-
HHeM, HallpUMep IyTeM IIOIHMMepHu3alrdu. Moxer
OBITH HCIIOIB30BAH U He3aTBePAeBAIOIINI MaTepHall,
TOTJA OH JOJIKEH OBITh 3arepMeTH3HPOBAaH MPO3pad-
HOM IIJIACTHUHOM 6 (puc.10B). Eciu obe ronorpaMmel,
obpasyronire CI'O3, BHIIIOTHEHBI U3 TBEPAOTENbHBIX
OIITUYeCKUX MaTepHasoB, OHH MOIYT OBITh coemu-
HeHBl C IIOMOINBIO IIPO3PAYHOIO CKJIEHBAIOIIEro
BellecTBa.

J71s peanu3allMd PacCMOTPEHHOIO0 MeTola pac-
mupeHus pabodell crekTpanbHOM obmactu CrO2D
HeobxonuMo 06ecredyuTh BO3MOKHOCTH (OPMUPO-
BaHHUS paCUeTHBIX PpelibedHO-YA30BEIX CTPYKTYP
rOJIOTPAaMM B Pa3/IMUYHBIX ONTHYECKHX MaTepHaaxX
C MMPOKHUM [HAIla30HOM 3HAueHHUH IIOKas3aTels
IIpeJIOMJIeHHUS U JUCIIEPCHH.

B kavecTBe IIpuMepa CPaBHHUM pacyeTHBIE HOP-
MHUPOBAHHBIE 3aBHCHMOCTH OUOPAKLIMOHHOMN
3¢ PEeKTUBHOCTH OT AJIUHBI BoJHBI 4J1s1 CTOJ, BBIIIOII-
HEHHOr0 M3 IIapbl ONTHYECKHUX KPHUCTAIOB 'dTO-
PUCTBIN JTUTHUN — QTOPUCTHIM Oapui’, U Oy "KOH-
TposnbHOro" obpasua CLOD, BBIIIOTHEHHOTO TOIBKO
M3 OJHOro MarepHana - ¢ropucroro bapus. ITU
ONTHYeCKHe MaTepHalbl HMeIOT XOpollee IIPOILYy-
CKaHHe B majbHell HHQpPaKpacHON oOIacTH CIek-
Tpa. IIpH ONTHMAJBHOM AJIMHE BOJIHBI 4 MKM IS
coctaBHOro CI'O3 rinybuHa penseda paBHa 18,6 MKM,
a nist CTOD u3 propucToro bapus raybrHa penbeda -
4,4 MxM. PacdeTsl mokasanu, 4To pabodasi obmacTs
CIIeKTPa COCTABHOU TIOJIOIPAMMBI IIPOCTHPAETCS
B guarasoHe 3,1 - 10 MKM; y "ogquHOYHOro" ke CLO3
OHa B 7 pa3 yxe: 3,5 - 4,5 MkM. Kak BUAHO, IIPOHC-
XOIMUT CyIIecTBeHHOe pacuIhpeHHe pabouen cIek-
TpanbpHOM obnactu CLO3, mpenHa3HAYEeHHOH IS
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Puc.10. Memod pacuwupeHus paboyell cnekmpanbHol 06Aa-
cmu peavepHo-¢pazospix CFOI: a - cUHycoudanbHast MooyAs-
uus, 6 u 8 — cmyneHyamas mooyasuus

Fig. 10. Method of expansion of a work spectrum region of
relief phased CGHOEs: a - sinusoidal modulation, b and ¢ -
graded modulation

visualizing in wind tunnels and ballistic tracks, for
"expansion” and "compression” of a work spectrum
region.

Inaccuracy of lens decentralization value control
doesn’t exceed 10 pm. In case of spherical surface curve
control of a sample glass [12] using CCHOE (curve radius
measuring range r - +250 to +100,000 mm), allowable
inaccuracy is ensured according to precision class 1
(GOST2786-82"Sample glass for spherical optical surfaces
form and radius verification. Technical conditions").
This allows to estimate maximum deviation of curve
radii with +0.02% value within the range of their rated
values of at least 250 to 1000 mm (inclusive) and with
the value of (+ 0.02r/1000)% for curve radii larger than
1000 mm. When measuring curve radii of cylindrical
surfaces of optical components, namely, of cylindrical
mirrors, using one-dimensional CCHOEs [9, 10] the
range of curve radii alteration and inaccuracy of their
measuring are similar to values which are typical
when controlling spherical surfaces.
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paboTsI Ha IpOITyCKaHUe, IIPU IIOAXOASIEeM ITofbope CGHOEs in form of kinoforms (with transition

IIaphl ONITHYECKUX MAaTepPHAJIOB. from binary groove form with diffraction efficiency

B HEKOTOpBIX C/lydYasiXx BbICOKas cIekTpanbHas || of 35 to 40% to multi-level form with diffraction
ce/leKTUBHOCTh CTO3 MokeT ObITH BeCbMa II0JIe3HO efficiency of 85 to 90%, and, within limits, to
ucronbp3oBaHa. Tak, Hampumep, B ¢okycupyromux |l serrated form with limited diffraction efficiency
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Puc.1. Onmuueckas cxema ycmpoticmea 0As tocmuposKu 08yx3epkanbHbix meaeckonos KaccezpeHa u Puyu-KpembeHa npu
nomMouwLu cucmembl Mpex COOCHbIX CUHMEe3UPOBAHHbIX 20A02pamm: 1 - aasep; 2 — apokanbHas cucmema, 3 — céermoodenumen;

4 - nnockoe 0NOpHOe 3epkano; 5, 14 — pokycupyrouiue 0bsekmusbl; 6 — CFO3, codep>kauiuli aBmoKoAAUMALUOHHYH CUHMe3Upo-
BAHHYI0 20N102pAMMY 7, CUHME3UPOBAHHYIO 20A02PAMMY-KOMNEHCAmop 8 U CUHME3UPOBAHHYIO 20/102paMMYy-KoMneHcamop 9;
10 - 8mopuyHOe 3epkano meaeckona c ompaxarowel acepuyeckoli nosepxHocmpto 11, 8epuiuHA KOMopol pacnonoXeHa

8 mouke O,; 12 - 2aaéHoe 3epKano meneckona c ompaxxarouieli acdepu4eckol noeepxHoCcMpio 13, 6epuiuHa KOmMopou pacnono-
»KeHa 8 moyke O;; 15 — nepedarowias kamepa, 16 — MOHUMOP, A — C8emAWASICS MOUKA (moyeyHbIli LCMOYHUK ceema), copmupo-
8aHHAs 06vexmueom 5 8 e20 pokanbHol naockocmu; A',, A'yy, A, — A8MOKOAAUMAYUUOHHbIE U306PAXKeHUSs c8emsuwielicss moqKu A,
copMUPOBAHHbIE COOMBEMCMEEHHO A8MOKOAAUMAULUOHHOL 20/102pAMMOLI 7, 20A02pAMMOLI-KOMNEHCAmopom 8 CO8MeCmHO

c ompaxkarouieli nogepxHocmeto 11 8mopuyHozo 3epkana 10, 20/02pammoli-KoMNeHcamopom 9 co8mMecmHo ¢ ompaxcatoueli
nogepxHOCMblo 13 2A08HO20 3epKand 12; A, — ONOpHAs CBeMAWLASICS MOYKA, CYOPMUPOBAHHAS 06BEKMUBOM 14 6 €20 OKANBHOU
naockocmu npu GoKycupo8aHuu NapannenbHoz0 Ny4Ka Ay4vel, 0mpaXxeHH020 0m NA0CK020 3epKanda 4; mouku A", Ao, A"\, =
U306pa>keHus 8 GokanbHoOL NAOCKOCMU 06BeKmusa 14 asmoKoAAUMAUUOHHbIX MoYeK A, Ao, A

Fig. 11. Optical scheme of a device for two-mirror Cassegrain and Ritchie-Chretien telescope adjustment using a system of

three on-axis computer-generated holograms: 1~ laser; 2 - non-focal system; 3 - light divider; 4 - flat supporting mirror; 5, 14 -
focusing objectives; 6 - CGHOE which contains auto collimating computer-generated hologram 7; computer-generated
compensating hologram 8 and computer-generated compensating hologram 9; 10 - secondary mirror of the telescope with

a reflective non-spherical surface 11, peak where point O, is located; 12 - primary mirror of the telescope with a reflective non-
spherical surface 13, the peak of which is located at point O;; 15 - transmitting camera, 16 - display; A - a luminous point
(punctual light source), formed by an objective 5 on its focal surface; A',, A',,, A';, — auto collimating images of a luminous point
A formed by an auto collimating hologram 7, by a compensating hologram 8 jointly with a reflective surface 11 of the secondary
mirror 10 and by a compensating hologram 9 jointly with a reflective surface 13 of the primary mirror 12; Ao - reference luminous
point formed by the objective 14 on its focal surface when focusing a parallel light beam reflected from the flat mirror 4; points
A", A", A", —images of auto collimating points A, A',,, A", on a focal surface of objective 14
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cucrteMax, paboraromux B OrpaHHYEHHOM CIIeK-

Tpa/IbHOM AHalla30He B YCJIOBHSX BBICOKOIO YPOBHSI

(OHOBBIX 3aCBETOK (B YaCTHOCTH, COJTHEUHO- CJIemnkie”

OIITUYEeCKUe CUCTeMBl B 00JIacTU IJIMH BOMH 250-

350 HM), 3TO CBOMCTBO TrOoJIOTPaMM II03BOJISET CyIle-

CTBEHHO yBEeJIMYUTH OTHOIIeHHEe "CUIHal-PoH" Ha

BxoZe GOTOIIpHeMHOI0 YCTPOMCTBA.

"C>karme” pabouen crexTpasbHON obnactu CrO3J
MO>XKHO OCYIIIeCTBMTH ITyTeM [9]:

+ mozxbopa mapsl ONTUYECKHUX MAaTepPHAJIOB, Y KOTO-
PBIX Pa3HOCTB [TOKa3aTesiell IIpeIoM/IeHH s YMeHb-
HIaeTCsl C POCTOM J/IMHBI BOJIHBI; IIPU 3TOM, 4eM
OpICTpee OHa yMeHBIIIAeTCs, TeM JIy4lIle;

* peanM3allMd 3aBHCHUMOCTH AHPPaKIMOHHOHU
30 deKTUBHOCTH CTyIreH4aThIX CIOD OT rybuHbI
$a30BOM MOAYISLHUK IIyTeM 3HAYHTEIbHOTO
"I03MPOBAHHOr0" yBeJMYeHHUs INyOHUHB MHKPO-
penrveda.

[71s IprMepa IpoaHalU3upyeM CeMeHCTBO CIIeK-
TPaJbHBIX KPHUBBIX AUGPAKLHUOHHON 3PPeKTHBHO-
CTH 8-ypoBHero mpoimyckalomero CI'O3, paccunuTaH-
HOe B AHalla30He AJHUH BojaH oT 400 go 900 HM a4
Pa3HBIX 3HAa4YeHHUH INyOHHBEI dasoBoro penbeda H:
ot H'=\, mo H'=33)\,, rme \,=632,8 um; H' =H(n-1);
n=1,5146. 175 3TOro ceMelCcTBa KPHUBBIX XapaKTePHO,
YTO C M3MeHeHHeM JJIMHBI BOJIHBI JUPPAKIMOHHAS
3@ PeKTHUBHOCTD IIPOXOUT Yepes psijl UepeAyoIIIXCs
BTOPUYHBIX MaKCUMYMOB U MHHHMYMOB, LIMPHHA
KOTOPBIX [10C/IeIOBATE/IPHO YMEHbIIAeTCsI C yMeHbllle-
HHUeM AJIMHBI BOJIHEL. [I03TOMy, ey CyliecTBYyeT BO3-
MOKHOCTh GOPMHPOBAHHUS HOCTATOYHO 'TIyboRUX"
MHUKPOCTPYKTYP, TO I/ 3aJaHHOM [JIHMHBI BOJHBI
MOXKHO JOCTHYb MHOTOKPAaTHOTO YMeHBIIeHHUS TI0/IY-
IIMPHUHBL. B JaHHOM IprMepe — IPUOIH3UTENIBHO Ha
nopsimoK. IIpu 3ToM, omHaKko, HeobxoguMmo obecrie-
YUTh IOJABJIEHHE 'MApPa3sUTHBIX BTOPUYHBIX Mak-
CHMYMOB IIPOITYCKaHHS C/IeBa U CIIPaBa OT 3aJaHHO
OJIUHBI BOJIHBI. TaKUM 06pa30M, Cr'O3 B maHHOM
ciydae crocobeH BBIMOTHSITH OJHOBPEMEHHO [IBe
GYHKLIMH: ONTHYECKOro KoppekTopa (Mnu ¢okyca-
TOpa) U I10JI0COBOT0 CIIeKTPAIBbHOI0 QUIBTPA.

HHTepecHO PacCMOTPeTh 3BOJIIOLIMI0O TEPMHHOJIO-
ruu B obmactu oceBbix CIOJ: 30HHAs IJIACTHHKA
®penens (mractuHKa Copa), 30HHAs IIaCTHHA Panes,
30HHasi penpedHOo-dasoBasg OHHapHaAs IJIaCTHHA
Bynma, romorpamma Tabopa, 30HHBIe (a3oBble IIa-
cTuHbl CniocapeBa (IJIAaCTHHA HMeeT ITHI000pa3-
HBIU NpoduIb GpeHeleBCKUX 30H, pacyeT KOTOPBIX
[IPOM3BOAUTCS B COYEeTAHUU C METONOM IIOCTPOeHU s
0671eTueHHBIX COCTABHBIX IMH3, U I103BO/ISIeT CTPOUTD
eIUHCTBeHHOe H300paskeHHe IpefiMeTa B MOHOXPO-
MaThdeckoM cBeTe [19]) u TymopoBcKoro (IJIacTHHA —
‘cTymeHdYaTtas JHMH3a', MNpeAcTaBisomas coboi

i1

of 95% [13]) are an alternative means of correction

of chromatic aberrations of lens centered systems

(objectives). This is especially valuable for UV and IR

spectrums due to a limited list of materials which

are transparent within these spectrums.

We must stress that this unique possibility
of diffracting structures’ use was initially (1957)
pointed out and justified by G.Slyusarev [14].

Use of diffracting structures as basic objectives
or compensators in the object branch of interference
instrument holographic systems allows visualizing
of gas flow in wind tunnels and ballistic tracks
(15]. Inclusion of holographic objectives into these
systems gives them new properties, improves
technical parameters of modern opto-physical
measurement systems: it increases diameter of
studied gas flow from 230 to 100 mm and ensures
maximum values of relative apertures reached in
collimator objectives (from 1:3,5 to 1:2 and even to
1:1).

Portable diffracting element kits provide visual
demonstration of separate aberrations for training
purposes. For example, a training and research set
of CCHOE-replicas [16] consists of a "non-aberrant”
synthesized holographic lens (SHL), cylindrical SHL,
SHL-tor, synthesized holographic simulator (SHS)
of spherical aberrations of orders 3 and 5, SHS of
spherical aberrations of 5-th order, SHS of sinusoidal
aberrations (for all elements of this set the light
diameter is 35 mm, work wavelength is 633 nm and
diffraction efficiency is ~40%).

As a summary of diffracting elements’ use for
"expansion” and "compression” of a work spectrum
region [9, 17] we will remind about its main point.
Method of spectral selection regulation of relief
phase CCHOEs (alignment of diffraction efficiency
relation to wavelength within the whole work
spectrum range) is in selecting two transparent
materials with certain difference of their refraction’s
relation to wavelength. This method is implemented
with the help of:

+ use of sinusoidal relief phase modulation,
when a holographic element consists of two phase
holograms 1 and 2 with anti-phase structures,
which are connected via contrary work surfaces
and made using materials with different refraction
values n; and n, (Fig. 10 a);

« selection of a system of two binary holograms 1 and
2, connected using transparent adhesive material 3
with refraction value n; (Fig. 10 b);

« use of a single hologram 2, connected using
transparent medium 1 with refraction value n, to a
protective plate 6 with refraction value n, (Fig. 10 c).
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KOMOMHALM0 IUIacTHHB CllocapeBa U OOBIYHOM
TOHKOM JIMH3BI C HEKOTOPOM OIITHUYeCKOM CHJIoH [19]),
HCKYCCTBEHHasl TojorpamMma (3TOT TePMHUH IIpefsio-
KeH crenuanucraMu THIIO [5]; 0OH HCIIONIb30BAJICS
B HAay4YHO-TeXHHYECKHUX Iy6IMKAIMAX IO BCTYILIe-
Hus B cuny FOCT 24865.1-81 "Tonmorpagus 1 rouorpa-
duyeckre MeTOABl KOHTPOJISL KadecTBa. TepMHHBI
[ OIpefelleHUs'), MAIIMHHAs roJorpaMma, CHH-
TeTH4YecKas rojorpaMma, LKUQpoBas rojorpamma,
KOMIIBIOTEpPHAS TrOoJioTpaMMa, CHHTe3UpPOBaHHasd
rojiorpaMma (3ToT TepMHH TaK>Ke IIpe/IJIOKeH CIely-
anuctamu [HUIIO, 3aMeHHBIIMH C 1981 roga TepMUH
"MCKyCcCTBeHHasi rojorpamMma’) U KHHOPOPM-TOJIO-
rpamMma [9, 18, 19]. B HacTosilllee BpeMsl B oTeue-
CTBeHHOM HAay4HO-TeXHHYeCKOH JIMTepaType YTBep-
OUJICS TEPMHH "CHHTe3MPOBAHHBI TOJOrPAMMHBIH
ontu4yeckur 31eMeHT’ (CTO3), KOTOPOMY COOTBET-
CTByeT aHIVIMMCKHUM aHajlor - 'computer-generated
hologram optical element (CCGHOE)".

PoccuHcKHe rojgorpadpuyeckue IIKOJIBI:
B JlenuHrpaje (CaHKT-TleTepbypre) - }0.H. [leHHCIOK
M, IOYTH C CaMoro Hadana, M.A.TaH c coTpya-
HHKaMH, M3 HHUX Opexzae Bcero, A.D.Ilepsees;
B Kasamm - K.C.Myctapun, A.D.Beno3épos
u A.BJIykKMH C COTPpyOHHMKAMH, IIpeX[e BCero,
P.A.PajpuxoB u H.II.JlapuoHoB; B KymbbimeBe
(Camape) - B.A.Coridpep ¢ coTpyAHHUKAMHU; B IleH3e -
[.M.Tpelicyx C cOTpygHHMKaMH; B HoBocubupcke -
B.II.KOpOHKEeBHUY U, IPAKTHYECKHU C CAMOI0 Hayasa,
A.T.Ilonemyk ¢ COTPYAHUKAMHU ~ BBIIIOTHHIN OCHO-
BoOIlOJIarapmue paboTsl MO0 MNPUHLHUIIAM pacdeTa,
BOIIPOCAM M3LOTOBJIEHM S, aTTeCTAallUHM M IIPaKTH-
YeCcKOMY IIpUMeHeHHI0 oceBbIXx CLO3 (KuHOOP-
MOB) M IPOJO/KAIOT Pa3sBUTHE 3THUX HaIlpaBIeHHH
B HaCToslllee BpeMs B MHTepecaxX pasBUTHS pas3jinvy-
HBIX OTpac/ied HayK{ U TeXHUKH U chepsl ob6pasoBa-
Hus (9, 10, 15, 18-20].

OcobeHHO cileflyeT OTMETUTb KOMIIIEKC HAy4HO-
TeXHOJOTHUYeCKUX PpaboT C MIKMPOKUM MpPaKTHUe-
CKHMM IIpMMeHeHHeM, BBIIIOJIHeHHBIX B MHCTUTYyTe
ABTOMATHUKH M 3/MeKTpoMeTpuu CHOHUPCKOTo OTAe-
nenus PAH (HoBocubupck) B.II.KopoHKeBHYeM
u A.T.TloyelyKoM C COTPYAHUKaMHU. OTIMUYHTe/IbHOU
0C06eHHOCTBIO 3TOM TEXHOJOTHH H3rOTOBIeHUS
CIO3 gBnsercs HpHMeHeHHe KOMIIbIOTePHO-yIIpaB-
7151eMOoro cPOKYyCHPOBAHHOTO JIa3€pHOIo Iy4Ka, $op-
MHUPYIOIIET0 3ajaHHYI0 TUPPAKIIMOHHYIO CTPYKTYPY
B TOHKOCJIOHHBIX CBETOYYBCTBUTE/JBHBIX ITOKPEI-
tusx [21]. Haubonpmun guamerp CI'OD, U3roTaBIU-
BaeMBbIX I10 9TOH TeXHOJIOTUH, JOCTUIaeT 300 MM.

B Hacrosimee Bpems B OAO "HIIO T'MIIO" pa3pa-
6aTBIBAIOTCSl aKTya/lbHBIE [JIsSi COBPEMEHHOIO Tejle-
CKOIIOCTPOEHHSI MeTOABl M YCTPOMCTBA KOHTPOJS
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Phase difference between two rays 4 and 5, which
pass at the distance of a half of a period of a relief
structure from each other can be presented as

A¢p=(2m/N)h[n,(A)-n;(A)]. )

Maximum value of diffraction efficiency n(A)=n,,.,
isreached in case of phase difference Ay, the value of
which depends on the form of a micro relief. Thus, for
example, in case of a sinusoidal form (Fig. 10a) A¢$=1.85
rad, at the same time, maximum effectiveness in the
I-st order of diffraction is ~34%. For a graded bimodal
relief type and an on-off ratio of 2 (see Fig. 10b, 10c),
A¢=1.57rad and n,,, =40.5%.

As it results from the proportion presented above
(2): to widen the work region of the CCHOE spectrum,
it is necessary to weaken (ideally - to eliminate)
dependence of phase difference A¢ from wavelength A.
This is achieved by using such pair of optical materials
for which dependence (3) of their refraction value
difference from the wavelength changes proportionally
to the wavelength in the work spectrum range

n,(A)-n;(A) =a;A+Dby. (3)

where a; and b, are parameters defined by optical
characteristics of chosen materials, in which
connection, it is advisable to have a;A >> b, within the
work region of the spectrum. The height of CCHOE
relief h is chosen from the abovementioned proportion
) AP(N) = Adgp(Ag), where A is a wavelength with
which hmax is reached.

In case one hologram is made using solid-state
material, the second one can be made by filling the
relief structure of the first hologram with a transparent
liquid material with subsequent solidification, for
example, by polymerization. Non-solidifying material
can also be used, in that case it must be sealed by a
transparent lamina 6 (Fig.10 c). Both these holograms,
which form CCHOE, are made from solid-state optical
materials and can be combined using transparent
adhesive.

To implement the presented method of CCHOE
spectral work region widening it is necessary to provide
the possibility of estimated relief phase holographic
structure formation in various optical materials with a
wide range of refraction and dispersion values.

As an example we will compare estimated
normalized dependence of diffraction efficiency from
wavelength for a CCHOE made from a pair of optical
crystals "fluoric lithium - fluoric barium" and for a
"reference” sample of a CCHOE made from only one
material - fluoric barium. These optical materials have
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IOCTUPOBKM 3€pKa/IbHBIX LeHTPHUPOBAHHBIX OITHYE-
CKHUX cucTeM. OOUH K3 TaKUX MeTOHOB [22], paspa-
60TaHHBIN Ha OCHOBe HCII0JIb30BaHUS CI'O ¢ TpeMst
OCEeBBIMH COOCHBIMHU MeXJy COO0OM IOCTHPOBOY-
HBIMH CHHTE3HPOBAHHBIMH TOJIOTPAMMAaMM, H3IrO0-
TOBJIEHHBIMHU Ha o6ILIed MOoOJIoKKe, obeciedyrBaeT
KOHTPOJIb IOCTUPOBKHU JBYX3ePKaJbHBIX TeJIECKOIIOB
KaccerpeHa u Puun-KpeTheHa. OITHYeCKasl cXeMa
YCTPOMCTBA [J1s1 IIPOBeJIeHHsI 3TON IOCTUPOBKHU H30-
6paxkeHa Ha puc. 11, rme CT'O3 6 COmep>KUT CTPYK-
TYpPhl TPeX CUHTE3HPOBAHHBIX ToJorpamMMm 7, 8 u 9,
LIEHTPOM CHMMETPHUH KOTOPBIX SIBseTCd To4uKa O,.
IIpu 5TOM rosorpaMMbl 8 M 9 HMEIOT KOJIbLeBhble
aneprypel. Ilpgamas JHHHUSA, OpOXoAsdlas depes
ToukH O, 1 O; MepreHIUKYISPHO K pabouert moBepx-
HocTu CI'O3 6, ABIsIeTCS OCBIO CHMMETPHHU TOJIO-
rpamm 7, 8 1 9. OHa 3a7jaeT ONTHUYECKYI OCh YCTPOU-
CTBa, KOI'/la CBETSLIASICS TOUKA (TOUeuHbIH HCTOUYHHK
CcBeTa) A BbIBefleHa Ha [JaHHYI0 OCb CHMMeTPHH.
JTO OCYIIeCTBJISAETCS TOrAa, KOTJa IOCPeICTBOM
JTMHENHBIX CMeLleHUH M yIJIOBBIX IIOBOpPoTOB CI'O2
6 C TIOMOIIBI0 AaBTOKO/I/TMMALIMOHHOM IOJIOTPAMMEBI 7
IIOy4al0T aBTOKOJJIMMAIIMOHHOe K306paskeHHe A',
CBeTsIeNcs TOYKU A. B 3Tom cydae u CT'O3 6 6ynet
YCTAHOBJIEHO Ha 3aZaHHOe PACCTOSHHE a OTHOCH-
Te/IbHO MOHOXPOMAaTHYeCKOr0 TOYEeYHOr0 HCTOYHH KA
cBeTa A. CHHTe3sHMpOBaHHas rojorpaMma 8 aBjseTcs
roJ0rpaMMOM-KOMIIEHCATOPOM U CAY>KHUT IJI51 KOH-
TPOJIsL YCTAHOBKM BTOPHUYHOIO 3epkajna 10 Ha pac-
ctosiHue d, oT CI'O3 6 U IOCTUPOBKU €TI0 B 3TOM I10JI0-
SKeHHHU B II0IIePeYHOM HallpaBJIeHHHU K ONTH4YeCKOM
0CH, a TaK>Ke I10 YTy K Hell. CHHTe3:UPOBaHHAas I0JI0-
rpaMma 9 Tak>Ke SIBJISIeTCS TOJI0rPAMMOMH-KOMIIEHCa-
TOPOM M CJIYKUT JJIsL KOHTPOJISL yCTAHOBKH IJIABHOIO
3epKasa 12 Ha pacctosHUU d; 0T CTOD 6 U IOCTHPOBKHU
€ro B 3TOM II0JIOKEHUH B [IOIIePeYHOM HaIllpaBJIeHUU
K OIITUYeCKOM OCH U IO YINIy K Hel. Ha cTaguu CHUH-
Te3a rojorpaMm 7, 8 U 9 BEIOMpPAIOTCS OTpPe3KH a, d,
d, u d;; mpH 3TOM IpHHHMaeTCS YCI0BHE, YTO CYMMa
BeJTUYUH OTpe3koB d;, d, u d; momkHA 6BITH paBHA
3alaHHOMY paccTossHUI0O d MeXAy BepmHHamu O,
U O; achepryecKUX IIOBEPXHOCTEH IJIaBHOI'O U BTO-
puYHOro 3epKaji Tejaeckoma. IIpu mpoBegeHHH MIPO-
11ecca ICTUPOBKHU 3epKaJl Teleckora Heobxommo Ha
KOHEYHOH CTaJ UM IOCTUPOBKH IOJyIUTh ABTOKOJLIH-
MAaLIMOHHBIE U300paskeHUs A';, A'jy; A'}, CBETSILEHCS
TOYKH A. KOHTPOJIKMPOBATH I3TOT ITPOLIECC MOXKHO
IyTeM HaOnIofeHHs Ha 5KpaHe MOHHUTOpa 16 H30-
6paskeHHUH 3THX TOUeK COBMECTHO C M306paskeHHeM
OIIOPHOM TOYKU A, U 3aTeM COBMeIIeHHS HUX MeXIy
cobori. KOHTPOIHUPOBaTh MAHHBIM IPOLIECC MOXKHO
M II0 MHTepepeHLIMOHHBIM KapTHHaM, Habmona-
eMBIM TaK)Ke Ha 3KpaHe MOHHTOpa 16. HacTponky
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a good transmission in far infrared spectrum region.

With optimal wavelength of 4 pm for a composite

CGHOE, relief depth is 18.6 pm and for fluoric barium

CGHOE relief depth is 4.4 pm. Estimations show

that spectrum work region of a composite hologram

stretches from 3.1to 10 pm; "singe" CCHOE, on the other

hand, has this region 7 times narrower - from 3.5 to 4.5

pm. It shows that there is a considerable widening

of a spectrum work region of a CGHOE, intended for
transmission, in case of proper optical material pair
selection.

In some cases high spectral selectiveness of CCHOEs
can be used quite efficiently. Thus, for example, in
focusing systems which work in a limited spectral
range in conditions of a high level of background
illumination (in particular, solar-blind optical systems
in wavelength regions of 250-350 nm), this property
of holograms allows for a considerable increase of
a "signal/background" ratio at the input of a photo
receptor.

"Compression” of a spectrum work region of CCHOEs
can be done the following way [9]:

« selection of a pair of optical materials the
difference of refraction values of which decreases
with wavelength increase; at the same time, the
faster it decreases - the better;

 realization of graded CCHOESs diffraction efficiency
dependence from the phase modulation depth by
means of a considerable "dosed" micro relief depth
increase.

For example, we will analyze the flock of
spectral curves of diffraction efficiency of a level 8
transmitting CGHOE, estimated within wavelength
range from 400 to 900 nm for different phase relief
depth values H: from H* = A, to H* = 33)\,, where
A\, = 632.8 nm; H* = H(n - 1); n = 1.5146. This flock
of curves is characterized by the fact, that, with
wavelength alteration, diffraction efficiency passes
a row of alternating maximums and minimums,
width of which sequentially decreases with decrease
of wavelength. Due to that, if there is a possibility of
forming of sufficiently "deep” microstructures, then,
for the specified wavelength a multiple half-width
decrease can be achieved. In the current example -
approximately by an order of magnitude. At the same
time, however, it is necessary to ensure suppression
of "parasitic" secondary transmission maxima to the
left and to the right of the specified wavelength. Thus,
the CGHOE in this case can perform two functions at
the same time: of an optical corrector (or a focuser)
and of a band spectral filter.

It is interesting to study terminology evolution
in the area of on-axis CGHOEs: Fresnel zone plate
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Puc.12. Ycmpolicmeo KOHMpoAs oCMuposKU 3epKan meAeckond: a — onmuyeckas cxema: 1- aAasep,; 2 - koraumamop; 3 - ceemo-
deaumenb 8 8UOe NpU3MbI-Kyba, 4 — N0Aynpo3pauHeili cAoll; 5 — onopHoe 3epkano; 6, 13 = pokycupyrouiue 0bvekmuabl; 7 — dua-
¢pazma; 8 — nnockocmp duagpazmel, cosMeLLeHHAs € 3a0Hell POKaAbHOU NAOCKOCMbIo 06BeKmMuBa 6; 9 — 8MopuUYHOE 3epKano
meneckona; 10 — KoAbu,esas asMmoKoAMUMAUUOHHAS 20n02pamma; 11 — KoAbL,esas 20A102pamma-KomneHcamop, 12 - 2AasHoe
3epkano meaeckona; 14 - no3uyUOHHO-4y8cmeumenbHoe GomonpuemHoe ycmpolcmeo; 15 — 6A0K 0mobpaxkeHus U 06pabomku
UH@opmauuu, 16 - ceemo4yscmeumenbHas naowadka gomonpuemHozo ycmpoticmea, O, — dekapmoed cucmema KoOpoUHam
C Ha4anom e gepuiuHe O, ompaxcarouieli N08epxXHOCMU 2AaéH020 3epkand; O, - 8eplilHa ompa)carouieli N08epxXHOCMu 6mopuy-
HO020 3epKanad; p — paduyc cepeduHbl i-U KOAbUEe80U 30Hbl 8 CMPYKMypax CMUPOBOUHbIX CUHME3UPOBAHHbIX 20A02pamm 10 u 1;
6 - 8MOpUYHOe 3epkano 9 meAeckona ¢ KCMUPOBOYHBIMU CUHME3UPOBAHHbIMU 20A02pamMmamu 10 u 11 (ppoHmanbHbili 8ud)

Fig. 12. Adjustment control device for telescope mirrors: a - optical scheme: 1~ laser, 2 - collimator; 3 - light divider in the form of
acubic prism; 4 - semi-transparent layer; 5 - supporting mirror; 6,13 =focusing objectives; 7 - diaphragm; 8 — diaphragm surface
combined with a rear focusing surface of the objective 6; 9 — secondary mirror of the telescope; 10 - ring-shaped auto collimating
hologram; 11 - ring-shaped compensating hologram; 12 - primary mirror of the telescope; 14 - position-sensitive photo receptor;
15 - information output and processing unit; 16 - light-sensitive area of the photo receptor; O, - Cartesian coordinates system
startin in O, peak of the reflective surface of the primary mirror; O, — a peak of the reflective surface of the secondary mirror;

p - radius of the middle area of the i-th ring-shaped zone in structures of computer-generated adjustment holograms 10 and 11;

b - secondary mirror 9 of the telescope with computer-generated adjustment holograms 10 and 1 (frontal view)
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Ha 3KpaHe MOHHTOpa 16 M300pakeHHUM TOYeK HIIH
MHTePOePeHUMOHHBIX II0JI0C OCYILEeCTB/SIOT IIPO-
IDOTBHBIM CMellleHHeM KaMepsl 15. B pabore [22] moka-
3aHO, YTO AAHHBIHM MeTOJ, MOXKeT OBITh HCII0/Ib30BAH
Y IIPU IOCTUPOBKe TejecKkora Kaccerpena ¢ poxrycom
dmca-lllynere.

BTopoil MeTon, CAYXallUH MAJAs1 KOHTPOIL
IOCTUPOBKHM [ BYX3€pKaJIbHBIX CHCTEM TeJjecKo-
noB KaccerpeHa v Puuyu-KpeTbeHa, OCHOBaH Ha
KCIIONIb30BAHUM [BYX OCEBBIX CHHTE3HPOBaHHBIX
rojiorpaMM, HaHOCHMBIX Ha paboueil (BBIIYKJIO)
IIOBEPXHOCTH BTOPHUYHOTO 3epKajia TeJjieckola
COOCHO MesKIy cobor U 6OKOBOM LIMJIMHAPUYECKON
[IOBEPXHOCTbIO BTOPUYHOIO 3epKajna [23]. B aTom
cay4dae oCh CUMMETPUM CHUHTE3HPOBAaHHBIX IOJIO-
rpaMM COBHafaeT C OCbI0 CHMMETPHH acdepudye-
CKOH IMOBEPXHOCTH BTOPUYHOIO 3epKaja TejecKoma
(morpemHOCTh HECOBIAJeHMs YKa3aHHBIX OCeH
CHUMMETPUH MOKeT COCTAaBJISITh He Oojlee HECKOIb-
KHX MHKpoMeTpoB). OfHa M3 3THX TOJOTPAMM
SIBJISIeTCSl aBTOKO/UIMMAaLIMOHHOM M CHAYXKHUT [JIs1
IOCTUPOBKM BTOPHYHOIO 3€pKajia OTHOCHUTEJIbHO
TOYEYHOI'0 MCTOYHHKA CBeTA, a Apyras — ABISeTCH
rOJI0rpaMMOM-KOMIIEHCATOPOM H CJIYKHT JAJISI OCTH-
POBKHM IJIaBHOI'O 3€pKajia TeJieCKoIla OTHOCHUTE/IbHO
BTOPHUYHOIO 3epKana. Obe CUHTe3HPOBaHHBIE T0JIO-
rpaMMBbl KMMEIOT KOJIbLI@Bble aIlepTYyPhl M MOIYT
HAaHOCHUTBCSI B KpaeBOM 30He BTOPHYHOIO 3epKaja
BHE ero CBeTOBOI'0 JHaMeTpa.

Ha pwuc.12a mpepacraBieHa OITHYecCKas cxema
YCTPOHMCTBA [ peajHd3allMHd MeToJa KOHTPOJIS
IOCTUPOBKHM [IByX3€pKa/IbHBIX TEJIECKOIIOB Ha OCHOBE
HCII0JIb30BAHUS TAaKUX romorpaMmm. Ha puc.12 6 u3zo-
Opa>keHO BTOPHUUYHOe 3epKasio 9 TejecKkoma C ABYMs
KOJIBLIEBBHIMH CHUHTE3MPOBAHHBIMH T0OJIOTPAMMAaMH,
PaCIIO/IO)KeHHBIMU B KPaeBOH 30He BTOPHUYHOIO 3ep-
Kaua. CienyeT OTMeTHUTD, YTO IOCTHPOBOYHBIE I'0JI0-
rpamMsel 10 1 11 MOryT HaHOCUTHCS U B L@HTpalb-
HOM 30He CBETOBOI'O JHaMeTpa BTOPUYHOIO 3epKaja
9, eC/IM MX H3TOTABIHBATH [JIs JJUHBI BOTHEL A,
MeHbIIek KOPOTKOBO/JHOBOK TPaHMIIBl CIeKTpPasb-
HOrO JMala3oHa, B KOTOPOM paboTaeT TejlecKoIl
(HampuMep, TeJecKOIbl It MHpaKpacHoH obia-
CTH cIekTpa). Takoe pacmosokeHHe IOCTUPOBOU-
HBIX TOJIOIPAMM OTKPBIBAET BO3MOKHOCTH KOHTPOJISA
IOCTUPOBKM JaHHBIM METOJOM M KOCMHUYECKHX TeJe-
CKOIIOB B ITpoliecce UX paboTsl Ha opbuTe.

TakuM o6pa3oM, B [JAaHHOM CTaThe IIOKa-
3aHO, YTO Ha OCHOBEe HCIIO/Jb30BaHHS oceBriX CI'O3
pa3paboTaHBI:

* KOMIIJIEKC MPelU3HUOHHBIX METOJO0B U CPe[CcTB

JUISL OCYINEeCTB/IEHHSI KOHTPoIs GOPMBI M Kaue-

CTBa pa3Hoobpa3HBIX BUIOB achepUUecKUX (B TOM
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(Soret plate), Rayleigh zone plate, Wood relief phase
binary zone plate, Gabor hologram, Slyusarev
phase zone plates (the plate has a serrated profile
of Frenel zones, estimation of which is performed
in combination with light composite lens forming
method and allows to create a single image of an
object in a monochromatic light [19]) and Tudorovskiy
plates (the plate is a "graded lens", a combination of
a Slyusarev plate and a conventional thin lens with
a certain optical force [19]), artificial hologram (this
term has been proposed by GIPO engineers [5]; it was
used in scientific and technological works until GOST
24865.1 - 81 "Holography and holographic methods
of quality control. Terms and definitions" came into
force), machine-made hologram, synthetic hologram,
digital hologram, computer hologram, computer-
generated hologram (this term, which replaced the
term "artificial hologram" in 1981, was also proposed
by GIPO engineers) and kinoform hologram [9, 18,
19]. Currently, a term "computer-generated hologram
optical element”" (CCHOE) gained a foothold in
native scientific and technological literature which
corresponds to its English counterpart - "computer-
generated hologram optical element” (CCHOE).

Russian holographic schools: in Leningrad (St.
Petersburg) - Y.N.Denisyuk and, nearly from the start -
M.A. Gun with colleagues, primarily - A.F.Perveyev;
in Kazan - K.S.Mustafin, A.F.Belozyorov and
A.V.Lukin with colleagues, primarily - R.A.Rafikov
and N.P.Larionov; in Kuybyshev (Samara) - V.A.Soyfer
with colleagues; In Penza - G.L.Creysuch with
colleagues; in Novosibirsk - V.P.Koronkevich and,
practically from the beginning, A.G.Poleschuk with
colleagues, have carried out fundamental works
on estimation principles, manufacturing issues,
certification and practical use of on-axis CCHOEs
(kinoforms) and still continue to develop these schools
for the sake of development of various branches of
scientific, technological and educational fields [9, 10,
15, 18-20].

Itisworth mentioning of a complex of scientificand
technological works with a wide practical use carried
out in the Institute of Automation and Electrometry
of Siberian Branch of RAN (Novosibirsk) by V.P.
Koronkevich and A.G. Poleschuk with colleagues. A
distinctive feature of this CCHOE manufacturing
technology is use of computer-controlled focused
laser beam which forms the specified diffracting
structure in thin-layered light-sensitive coatings [21].
The biggest CCHOE diameter manufactured using
this technology reaches up to 300 mm.

Currently, OJSC "NPO GIPO" develops methods
and devices for mirrored centered optical systems
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Yucle LUINHIPUYECKUX, TOPUUYECKHX) MOBepX-

HOCTEH OITHYeCKUX JeTallel;

* MeToABl KOHTPOJISI IOCTUPOBKHU LIeHTPHPOBAHHBIX
JIMH30BBIX U 3€pKaJbHBIX CHUCTEeM, B TOM YHCJIe
I ByX3epKa/JbHBIX CUCTEM Te/1eCKOIIOB;

e pa3Hoobpa3Hble MPHUIOKEHUS [ PpelleHUs
NPaKkTUYeCKHUX 3a/lad KaK B ONTHUYECKOM IIPOH3-
BOJCTBe U IIpUOOPOCTPOEHHUH, TaK U B 0bpa3oBa-
TeJIbHOU cdepe.

OceBpie CT'O3 gaBasg0TCA 6A30BBIMU 3JIeMEHTAMU
LISl CO3IAHUs IepPCIIeKTHUBHBIX CPeJCTB KOHTPOJS
IOCTUPOBKH [ BYX3epKa/bHBIX CHCTEM TeJeCKOIIOB
KOCMHYECKOro 0asUpoBaHUS U ONTHYECKUX CUCTEM
KPyIIHOTabapuTHBEIX 06BeKTHBOB HHTepdepeHIHOH-
HBIX IIpUOOPOB [JIsl MPOBeJeHHs OITHKO-QH3HYe-
CKHX UCC/IeTOBAHHH.
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adjustment of current importance for modern
telescope production. One of such methods [22]
developed based on use of CCHOEs with three
on-axis computer-generated adjusting holograms
manufactured on one joint substrate ensure
adjustment control of two-mirror Cassegrain and
Ritchey-Chretien telescopes. Optical scheme of the
adjustment device is shown on Fig. 11, where CCHOE
6 contains structures of three computer-generated
holograms 7, 8 and 9 center of symmetry of which
is the point O,. At that, holograms 8 and 9 have
ring-shaped apertures. A straight line which passes
through points O, and O; transversely to CGHOE 6
work surface is a symmetry axis of holograms 7, 8 and
9. It assigns the optical axis of the device when the
luminous point (punctual light source) A is brought
to this symmetry axis. This is performed when, by
the means of linear displacement and angular turns
of CCHOE 6 with help of auto collimation hologram
7 automatic collimation image A'7 of the luminous
point A is obtained. In this case CGHOE 6 will also
be positioned at the specified distance a towards the
monochromatic light source A. Computer-generated
hologram 8 is a compensating hologram and serves
to control the secondary mirror assembly 10 located
at the distance d, from CGHOE 6 and its adjustment
in this position transversally to the optical axis and
angularly to it. Computer-generated hologram 9 is
also a compensating hologram and serves to control
the primary mirror assembly 12 at the distance d,
from CCHOE 6 and its adjustment in this position
transversally to the optical axis and angularly to
it. During the stage of synthesis of holograms 7, 8
and 9 sections a, d;, d, and d; are selected; at the
same time, a condition is accepted that the sum of
d;, d, and d; section lengths must be equal to the
specified distance d between the peaks O, and O,
of non-spherical surfaces of the primary and the
secondary mirrors of the telescope. When conducting
adjustment process of the telescope mirrors, at the
final adjustment stage it is necessary to obtain auto
collimating images A’,, A}, A}, of the luminous
point A. This process can be controlled by monitoring
16 images of these points on a display jointly with
an image of a control point Ao and their subsequent
connection to one another. Setup of 16 images of
points or interference bands on the display is made by
longitudinal movement of the camera 15.

Study [22] shows that this method can be used
when adjusting Cassegrain telescope with Epps-
Shulte focus.

The second method for adjustment control of two-
mirror systems of Cassegrain and Ritchey-Chretien
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telescopes is based on using two on-axis computer-
generated holograms applied to a (convex) work
surface of a secondary mirror of the telescope on-axis
with a side cylindrical surface of the secondary mirror
[23]. In this case, a symmetry axis of computer-
generated holograms concurs with a symmetry axis
of a non-spherical surface of the secondary mirror of
the telescope (inaccuracy of non-concurrence of these
axes can make up no more than several micrometers).
One of such holograms is auto collimating and serves
for adjustment of the secondary mirror relatively
to a punctual light source, and the second one is a
compensating hologram and serves for adjustment
of the primary mirror of the telescope relatively to
the secondary mirror. Both computer-generated
holograms have ring-shaped apertures and can be
applied to the edge zone of the secondary mirror
outside of its light diameter.

Fig. 12 a shows an optical scheme of a device for
implementing of a control method for two-mirror
telescope adjustment based on the use of such
holograms. Fig. 12 b shows a secondary mirror of the
telescope 9 with two ring-shaped computer-generated
holograms located at the edge zone of the secondary
mirror.

It is worth noting that adjustment holograms
10 and 11 can be also applied to the central zone of
the secondary mirror 9 light diameter in case they
are manufactured for a wavelength A which is less
than a short-wave border of a spectral range the
telescope works in (for example, telescopes for the
infrared region of the spectrum). Such positioning of
adjustment holograms opens up a possibility to also
control adjustment of space-based telescopes during
their work on the orbit using this method.

Thus, the current article shows that following
methods have been developed, using on-axis
CGHOEs:

e a complex of precision methods and means to
conduct control of forms and quality of various
types of non-spherical (including cylindrical,
toric) surfaces of optical components;

 control methods of adjustment of centered lens and
mirror systems, including two-mirror telescope
systems;

 various applications for solving practical tasks in
both optic industry and instrument making, as
well as in educational field.

On-axis CGHOESs are basic elements for promising
means of adjustment control of two-mirror space-
based telescope systems and optical systems of large-
dimension objectives of interference instruments for
opto-physical research. [ |





