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B paHHOM paboTe paccMaTpuBaeTCsl YCTPOMCTBO AJiS 3anucy ronorpapuyecknx AudpakLUMoHHbIX
pewertok (FAP) B UMNyY/IbCHOM Nasepe, KOTOPOe MO3BOJIAET NOBbICUTb UX TOYHOCTb U AUDPAKLMOHHYIO
3¢ deKTUBHOCTL Ans Yero B MHTepdepomMeTpe Ans 3anucy peLleTok AOMOJIHUTENbHO BBEAEH BTOPOW
MCTOUYHUK KOFePEHTHOr0 M3/lyYeHUsl — UMIMYJIbCHbIN J1a3ep, PacrnosioXKeHHbIN Ha ero BXoAe U onTu4Yecku
CBSAI3aHHbIN C HAM. DTO YCTPAHSAET HEO6X0AMMOCTb C/IeXEeHUs 32 KOPPeKLMSMU BO BpeMs 3aCBETKU B CUY
MaJIOCT1 BE/IMYUHDI JJ/TUTE/IBHOCTU BPeMeHU 3acBeTKU. C 3TOM Lie/ibio B OMTO3/IEKTPOHHYIO CXeMY BBeEeH
6/10K CMHXPOHM3ALMK, BbIXOH, KOTOPOro CBSi3aH CO BTOPbIM MCTOYHMKOM KOFepeHTHOro Mu3JjlyvyeHus
MMIMY/IbCHOTO AeNCTBUS, a BXOZA, — C UCTOYHMKOM MepeMeHHOro Hanps>XeHUsl ONTO3/IeKTPOHHOM CXeMbl.

This paper deals with a device for holographic diffraction gratings (HDG) recording using a pulse
laser, which makes it possible to increase the accuracy of grating and its diffraction efficiency. For
this purpose use was made of the interferometer for recording gratings and an optically connected
second source of coherent radiation located at the input. Such configuration eliminates the need
to track corrections during illumination due to a short exposure period. A synchronization unit
was introduced into the optoelectronic circuit which output was connected to the second source
of pulsed coherent radiation, and the input - to the AC voltage source of the optoelectronic circuit.

BBEAAEHUE

Tonorpaduueckue gudpakioHHble penteTku (IIP)
KCITIOJIb3YIOTCS B PA3/IMYHBIX M3MEPUTE/IbHBIX CHUCTe-
Max - IaTYMKAX JIMHEHMHBIX U yIJIOBBIX [lepeMellleHHUH,
JJIMHOMEpaX, MHOTOKOOPAMHATHBIX M3MePHUTETbHBIX
MaIIMHAX ~ K [T03BOJISIIOT II0/Ty4aTh ropaszo bosee BbICO-
KYIO TOYHOCTb U paspelieHHe, HesKeIH IIPH UCIT0/Ib30Ba-
HUU CUCTeM Ha 6a3e TpaJHULIMOHHOM OIITUKH.

OTO CBA3aHO C TeM, YTO B HACTOsIIee BpeMs K M3Me-
PUTENbHBIM CHCTeMaM IPeIbIBISIOTCS Bce boree
BbICOKHe TpeboBaHHs. [Toka3aTenu MeTaanoobpa-
baTeIBaroniero 060pyoBaHHUS He MOJHOCTHIO OTBe-
YaloT PacTYyLIMM 3alpocaM, B CBSI3U C ueM Heobxo-
OMMO ITOBBIIIeHME TOYHOCTYU M3TOTOBJIEHHS JeTa-
nen MallMH. TexHHM4YeCKHUH YPOBeHb M Ka4deCTBO

[IPOAYKL MU B CTAHKOCTPOEHUH BO MHOTOM 3aBUCHUT
OT CMEeXXHBIX OTPacjer, IOCTABISIOMUX KOMIIJIEK-
TYIOLIHe U3/le/IKsI, B TOM YHC/Ie U OIITUYeCKHe HU3Me-
pUTeNIbHBIE YCTPOUCTBA.

B cTaTbe paccMaTpHUBAIOTCS BOIIPOCHI IIOBBIIIE-
HUSI METPOJIOTHYEeCKON TOYHOCTH U3MePHUTETbHBIX
CUCTEM 3a CUeT UX OCHAILeHUS BbICOKOIIPeLiM3HOH-
HBIMH JAaTYHMKaMH4 Ha 6a3e TJIP.

HACTPOMKA UHTEP®EPOMETPA J/151 3ANUCH TiP

IIpy 3a0KCH rojorpaduyecKou penleTKH C IIOMOIIBIO
HHTepdepoMeTpa BHaYaJIe HACTPAUBAIOT HHTepde-
POMETP C IIOMOIIIBIO0 HEIIPEePBIBHOIO Jla3epa, a 3aTeM
OCYILLIECTBJISIOT €€ 3alMCh C IIOMOIIbI0 UMITYIbCHOIO
nasepa.

1 ITMNC - NabopaTtopus ronorpapuieckmx MHGOPMaLMOHHbIX M U3MepUTebHbIX cncteM, HULL "KypyaToBckmin MHCTUTYT' = MUAD, r. FatimnHa / LHIMS,
Laboratory of Holographic Information and Measurement Systems, NRC "Kurchatov Institute" — PYAF, Gatchina.
2 CaHKT-MeTepbyprckunii yHUBEPCUTET KMHO U TeneBuaeHns "KUT" / St. Petersburg State University of Film and Television.
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Yron MexxIy IJiedaMH HHTepdepoMeTpa BeIOU-
paeTcsi B 3aBUCHMOCTH OT He0bOXOJMMOM 4aCTOTBHI
[OP. Insg onpeneneHus ¢pa3oBEIX CABUIOB KCIIOb-
3yeTcst pa3oBasi MOAY/ISILUS CBETOBBIX IIY4KOB [1].
BennuyunHa pa3sHocTd a3 B MHTepbepeHMOHHOM
nose (MII) Aplk u Ap2k onpenensercst oTonpruem-
HHUKaMHU, PACIOJIOKEHHBIMU Ha IPSMOM, Mapal-
JTeNbHON HaIpaBleHHUIO caBUra ({) BOJIHOBOTO
¢ponTa. [lagamniag Ha pelIeTKy KBa3HIIJIOCKas
BOJIHA OLHOTO M3 IIJIeY UHTeppepoMeTpa U3MeHseT
dasy HII Takum obpa3oM, 4To ero pasoBoe pacipe-
JleJleHHe SBJISIeTCSI TOUHBIM OoToOpaskeHHeM dpaszo-
BOTO pacmpefeneHus ¢as majgarmliell BoJHBL. ITO
das3oBoe pacrpeneseHye IIpeBpallaeTcs U B pacmpe-
JlleJleHHe aMIIIMTYA B MHTepdepeHIIHOHHOM IIoJIe.
Takum o6pa3om, Ha BeIXoJe uHTepbepomeTpa dop-
MHPYeTCsl KBa3HUIIPOCTasl BOJTHA S C KOMIIJIEKCHOU
AMIIMTY/IOM:

S (x,y) =5, (x,y) exp [if (x, y)I, (1

rae S, (x, y) - ammiutygHoe, a f(x, y) - asoBoe pac-
Ipefie/ieHKe BOJIHBI.

YcTpoucTBo A4 3anucu IJIP B KMIYJIbCHOM
Jlasepe MOKa3aHO Ha pHcC.2. JIyu S (1) coxpaHseT CBOIO

JINHEMHbIV y4acToK
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Puc.1. PacnpedeneHue pasHomMepHOCMU uHmepgpepeHUUOHHbIX N0-
/0C 8 8bIX0OHOU anepmype uHmepdepomempa npu Ax=100 mm
Fig.1. Distribution of the interference bands uniformity in the out-
put aperture of the interferometer at Ax=100 mm

KOTePEeHTHOCTh U UHTePPepHUPyeT CO BTOPHIM Maga-
IOIIMM JIYy4YOM, CO3[aBass HHTeppepeHIMOHHYIO
KapTHHY.

JaHHBIN HHTepdepoMmeTp GOPMUPYET Ha BhIXOe
HII KOMIIJIEKCHY 0 aMIIIUTYAY:

INTRODUCTION
Holographic diffraction grids (HDG)
are used in different measuring
systems, such as linear and angu-
lar displacement sensors, length
meters and multi-coordinate mea-
suring systems, and make it possible
to obtain higher accuracy and reso-
lution compared with the systems
based on traditional optics.
Nowadays, the ever increasing
requirements are applied to the mod-
ern measuring systems. Moreover,
the characteristics of metalwork-
ing equipment do not fully respond
to the growing demands, so, it is
imperative to improve quality of the
machine parts manufacture. The
state of the art and product quality
in machine-tool industry depends
much on the related branches that
produce component parts, includ-
ing optical and measuring devices.
In this paper, we consider problems

of metrological accuracy of the mea-
suring systems equipped with high
precision HDG-based sensors.

ADJUSTMENT OF AN
INTERFEROMETER FOR THE HDG
RECORDING

While recording using an interfer-
ometer it should first be adjusted
with a continuous laser and, after
this, recording is carried out with a
pulse laser.

An angle between the interfer-
ometer arms is chosen depending
on the necessary HDF frequency.
Phase modulation of light beams
is used to detect phase shifts [1].
The phase difference value in the
interference field (IF) Aplk and
A2k are determined by photode-
tectors placed along the line par-
allel to wave front shift (¢). When
a quasilinear wave of an inter-
ferometer arm falls upon a grid,

it changes the IF phase in such
a way that its phase distribu-
tion is the precise copy of the fall-
ing wave phase distribution. This
phase distribution also trans-
forms in the amplitude distribu-
tion in the interference field too.
So, a quasilinear wave S of a com-
plex amplitude is formed in the
interferometer output:

S(x,y) =S, x,y explif x, y)l, 1

here S, (x, y) - amplitude distribu-
tion, f (x, y) - phase distribution of a
wave.

The device for HD recording using
a pulse laser is shown in Fig.1. The
laser ray S (1) preserves its coherence
and interference with the second
ray, thereby forming the interfer-
ence pattern.

This interferometer forms the
complex amplitude in an IF output:
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Sypux X, V)=aS(x,y)+bS(x+,y). (2)
HHTeHCHBHOCTD UII ompeensgeTcs BeIpaskeHHUEeM:

I(x,y,t)=|expilf(x,y)+arga()]+
+expilf(x+, y)+argb®]? = (3)
=2{1+cos [f (x+ {, y) - f (x, y) +c(O]},

rfAe X, Y - KOOPAHHATH B BBIXOLHOM IIJIOCKOCTH
MIOJIJIOKKH, - BeJIMYHHA CABUTA BLOIb ocH OX, a
u b (2) - KomIIekCHBIe QYHKILUHU, OIIpefesieMble
peabHOM ONTHKOM, UCII0b3yeMOM B HHTepdepome-
Tpe. [l/s cydasi AUHAMHYEeCKOro peskuMa paboTsl
HHTepdepoMeTpa a U b ABASA0OTCA QYHKIHUIMU
BpeMeHH.

HutencuBHOCTD UII oripeensieTcs BEIpa>kKeHHEeM:

1(x,y,t)=|lexpilf (x, y)+arg a(t)] +
+expilf(x+ ¢, y)+arg bv)]* = @
=2{1+cos [f (x+ T, y) - f (x, y)+c®)]},

rae c(t) =arg b(t) - arg a(v).

Ecnu ¢ynkumsa c(t) B (3) MeHSeTCS 110 TMHEMHOMY
3aKOHY, TO B Kak/I0M To4uKe MUII MHTeHCUBHOCTb U3Me-
HSIeTCSl 110 TAapMOHHUYECKOMY 3aKOHY C YaCTOTOM
V= /2.

Pa3sHOCTb dpa3 MeXXAy CUTHa/IaMH B [IBYX TOUKaX
HII (X, yo) ¥ (X, y) MOSKHO 3aIIKCaTh B BUJE:

Ad, (%, ¥; Xo, yo) = L (x+ G, y) ~ £ (x, y)] - (5)
- [f(xo+¢, yo) — £ (X, Y9l

Sy prix x, Y)=a S (x, Y) + Q)

+bS(x+,y). formula:

IF intensity is described by the

U3 (5) BuaHO, uTo QyHKUUSI Ad, (X, V; Xo, Vo) HHBA-
pHaHTHa K npeobpasoBanuio pyHkuuu f (x, y)
BHJA:

f(x, y)=f(xq, yo) +c(x)+g (y)+d, (6)

rae c 1 d - IpoOU3BONIbHBIE IIOCTOSIHHBIE, a g (y) -
IpOM3BOAbHAS QYHKIIHS.

PekyppeHTHOe BBIPaskeHHe (4) MOKHO IIPUBECTH
K COOTHOUIEHHMIO /ISl 3HaUeHU N QyHKUUH f (X, y)
B PsIZie TOUeK, PACIIOIOKEHHBIX C IEPHUOJOM {, BLOJb
ocu OX:

f(x,+n¢,y) =ZI(: Ad, (%ot kL, y; X0, Y0 )+
+ [f(Xo +erO) - f(Xo’YO)] / C}HZ + f(Xo’y),

)

rmen=1, 2....N;, N, = &, D, - amepTypa moas BLOIb
ocu OX. §

Ompenenum ¢pyHkuuio f (xy, y) (5). 75 aToro ocy-
IeCTBUM CABUT BOJIHOBOIO GppoHTA BIOIb ocH OY,
TO eCTh IePIeHJUKYJIIPHO HAallpaBJIeHHUIO [1ePBO-
HayYaJIbHOro CABMTa. I10 aHAIOTMH C BHILIEH 310~
SKeHHBIM 3HaueHUs PyHKUUU f (X,, y) B psize Touek
C IIepPHOMIOM |l MOSKHO 3aIlHMCaTh B BUJE:

f(x,y, +mp) =ZZ;1{A¢Y(XO,yO +H X, Vo) +
+[£ (%Yo +1) = £ (X0, yo)] / pImp +£ (x4, ¥0),

raem=1, 2....Ny, Ny = D/, D, - anepTypa mosns BAOIb
ocu OVY.

Ady (x, y; Xo, Yo) =
=[fx+ ¢ y)-f(x, Y]~ (5)
- £ (xo+G, yo) — £ (%, yo)l.

IF intensity is defined by the
formula:

I(x,y,t)=expilf(x, y)+arga(®) +
+expilf(x+, y)argb®l]?= 3)
=2{1+cos [f (x+{, y)=

=f(x, y)+c(©)]},

here x, y - coordinates in outer sub-
strate plane, - shift along OX axis,
a and b (2) - complex functions
dependent on real optics used in
the interferometer. In the dynamic
mode of the interferometer opera-
tion a and b are time functions.
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I(x,y, t)=|lexpilf(x,y)+
+arga()] +expilf (x+ ¢, y) +
+arg b(D)]]2=2{1 + (4)
+cos [f (x+ ¢, y) - f(x, y)+c®]},

here c(t)=arg b(t) - arg a(v).

If the function c(t) in (3)
changes according to the lin-
ear law, the intensity changes
according to the harmonic law at
each point of IF with a frequency
of v=w/2m.

The phase difference between
the signals in two points of IF (x,,
yo) and (x, y) can be written as:

It is clear from (5), that the
function A¢, (x, y; X4, Yo is
invariant to transformation of
the function f (x, y) described as:

f(x, y)=1(xq, yo) + ©)
+c(x)+g(y)+d,

here c and d - arbitrary con-
stants,
g (y) - arbitrary function.

The recurrent expression (4)
can be reduced to the relation for
the values of f function (x, y) in
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U3 ypaBHeHU! (7) 1 (8) MOSKHO 3aIIHCaTh obI1iee BbIpa-
SKeHHe 115 3HaueHU N QyHKuuH f (x, y) Ha ceTKe To4ueK
C IIepHOIAMU (U i

£(x, +18,y, + mp)= 31 AP, (%, +KEXy,Y,) +

©)
+ZZ‘;1A¢y(x0,y0 +15X,,Y0) +Cn¢+Comp+ d,
rae C = [f (xo+¢, yo) ~ £ (Xg, Y1/ ¢, Cy = [f (Xg+yo+p) — £ (%,
Yol / 1, d=1(Xy, yo), 2 AP 11 A, (7) HECYT mHPOpMaLHIO
0 KpUBU3HE BOJIHOBOI'O POHTA U U3MEPSIOTCS HeIlo-
CpenCcTBeHHO B ITpoLiecce sKCIieprMeHTa. [IocTossHHEIe
C;, C, 1 d MOKHO OIIpefeIuTh TOIBKO U3 IPAHUUHBIX
YCJIOBUI, KOTOpBle OyIyT 3aZaBaTh OIOPHYIO IJIO-
CKOCTb CpaBHeHHU . IIpy 3ToM Haubosiee IIPaBHIIBHBIM
IIpeaCcTaB/IgeTCs UCII0b30BaHHe IPAHUYHBIX YCJI0-
BUH, 1P KOTOPBIX UMeeT MeCTO COBIIafeHHe HadaJlb-
HBIX ¥ KOHEUHBIX IT0JI0C Hccieayemoro MII.
PacripeneneHue HHTeHCUBHOCTHU MII MOSKHO 3amM-
CaTh B BUJE:

I(x,y,t)=2{cos[f (x+(,y)-f(x,y)+Q(x,y,0)]}, (10)

rmeQ(x,y, )=arga(x,y,t)—argb (x,y, ), Qx,y, ) = Q (x,
y)+c (1), Q (X, y) - 4IeH, ONMUChIBAIOIINK da30Bble HCKa-
SKeHH I, BHOCHIMble HHTepYepOMeTPOM.

OLIMBKW ONPEAENEHNS ®A30BOI'0 PACINPEAE/IEHUA UM
IIpu ompepeneHUU $pa30BOTO pacHpeseleHHUS
HWIl BO3HHKAIOT CUCTeMaTHYeCKHEe U CJIIydau-
Hble omubku. IlepBrle 06ycnoBIeHBl BEI6OpPOM
caMoOro MeTofa, BTOpPble BO3HUKAIOT B IIpoliecce
3KCIIepHMEHTA.

a number of points located with
the period ¢ along X axis:
f(x,+nd,y)=
=3 A, (X KG, Y5 X0, Yo )+
+[f(x, +¢,y,) - f(x,,¥,)]
/ Onl + f(x,,y),

)

heren=1,2....N,, N, = &, D, - field

points with a period y, it is pos-
sible to write down:
f(Xo,Yo +1’1’1p) =
o LA (X0, Yo +15 X0, Yo) +
+ [f (XoYo +H)~ f (%0, Y0 )]/
fimp+ £ (X, Y,),

here m = 1, 2...Ny, Ny = D/,

®da3oBas omubKa AQ IpeIoKeHHOI0 MeTOoHa CBS-
3aHa c omubKaMu, obycIoBIeHHBIMU abeppanusiMu
HCII0/Ib3yeMOM OIITHYeCKOM CUCTeMBI [2-3]:

AQ, = AQ(x)/dx u {=hsin2a/Vh* -sina (1)

[2cos’a(n? - sin‘a ) +

AQa(x)=dQ§(){

d
+1/2(sin%2)]/ (n? -sin*a)**}hdx,a ,

(12)

rae h u n - TonmuHA U IOKa3aTesnb PeIOMIEHHUS
COOTBETCTBeHHO. EC/IM KadyecTBO OINTHKH TaKOBO,
4yto AQ(x)/dx<1 AcMm, To mpu dx<0,1 MM u Aa<5° TO
|AQ(x) |max<)\/ 100.

MOSKHO TaK>Ke OLIeHUTb BeJIMUUHY JUCIIEPCHHU An,
(9) xapaKTepH3yOIyI0 HEPAaBHOMEPHOCTD pacIipesesie-
HU s nonoc UIT:

An=% (N-1) /N (B, - B,)-

‘%ZE(A% - Ady)], (13)

Tak Kak BeJUUHHBI Ay, U Ad,, (10) u3MepsoTCs
Y BXOIST ONMHAKOBO B 06a Il/leya, TO OHU UMEIOT OfU-
HaKOBYIO JUCIIEPCUIO 0, U C y4eTOM CpeJiHEeKBaApa-
THYeCKOM OMMOKH U II0 pe3yabTaTaM 10 M3MepeHU I
(m=10) 3HaYeHUN Pa3HOCTH da3 AP; MesKIy ONHUMHU
Y TeMH >Ke TOUKaMH MBI OKOHYATe/TbHO IOy YK M:

0,9 =200 (14

f(XO +nZvyO + mp.) =
= 3 AP, (%, +KT;x0,y0) +

+ Z:(EIAdPY(XO’YO +|1;X0,Y0) +
+Cn¢+Cmp+d,

9)

®)
where C; = [f (xo+, yo) ~ f (Xo, Vo)1 / {,
Co=[f (Xo+yo+p) ~£(xo, yo)l / 1, d =
f(Xo, yo), and A, and A, (7) include
information about the wave front

aperture along OX axis. §

Let’s make a definition of
function f (x,,y) (5). In order to do
this, we make a shift of the wave
front along OY axis, perpendicu-
lar to the initial shift direction.
Similar to the above, the func-
tion f (x,, y) values in a series of

Dy - field aperture along the OY
axis.

Using the expressions (7) and
(8), it is possible to write down
the general expression for the
values of f (x, y) function in
the point net with the periods
Cand p:

curvature and are measured dur-
ing the experiment. The constants
C,, C,and d can be determined only
from boundary conditions which
form the support plane of compari-
son. In doing so, it seems the most
correct to use such boundary condi-
tions where there is a coincidence
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25

Puc.2. Onmo3snekmpoHHas cxema 0as 3anucu F'AP. 1, 2 - na-
3epbl HENPepbI8HbIU U UMNYAbCHbIU, 3 — 0eAumeAb ny4Ka;
4,5, 6 - 3epkana, 7, 8 — nosopomHbie cmoasl; 9, 10, 11, 12 -
AUH3bI; 13, 14 - duappazmbl; 15 — n00A0XKKA CO c8emo4ys-
cmeumenbHbiM cnoem; 16 - pewemka; 17 — 6A0K CUHXPOHU3A-
uuu; 18, 19 - pomonpuemHuku; 20 = UCMOYHUK NOCMOSIHHO=
20 HanpskeHus; 21 — 2eHepamop nepemMeHH020 HANpsKeHusl;
22 - 610K KOMMYMauuu u ynpasnaenus; 23, 24 - cenekmugHble
ycunumenu; 25 - pazomemp

Fig.2. Optoelectronic circuit for recording HDG. 1, 2 - conti-
nuous and pulsed lasers; 3 - beam divider; 4, 5, 6 — mirrors;
7, 8 — turntables; 9, 10, 11, 12 - lenses; 13, 14 - diaphragms;
15 - substrate with a light-sensitive layer; 16 - grid; 17 - syn-
chronization unit; 18, 19 - photodetectors; 20 - DC voltage
source; 21 - DC generator; 22 - control unit; 23, 24 - selective
amplifiers; 25 - phase meter

Tak Kak B HameM ciaydae S<2m/300, N=6,
Oy < 5,107 pm, To cymMapHas ommubKa (11) He mpeBsI-
maeT BeJIMYKUHY 3,107 pm.

JlJ151 OLIeHKH Ka4eCTBa HHTephepeHIIMOHHOTO II0JISI
BBeZleM QYHKIIHIO

Q. = {An} max {An}min’ (15)

CNyXKaIyl HHTErpajJbHOM XapaKTepUCTHU-
KoM abeppanub Teneckomuyeckux cucrtem (TC)

HAHO MHOVCTPHA Tom 14 Ne 5 2021

Y XapaKTepHU3UPYIOLIYI0 MaKCHMaJIbHOe OTKJIOHEHHe
dyHKUUM pacnpeneneHus mouoc UII oT ugeanbHO
PaBHOMEPHOTO pacIpe/ieneHus (puc.l).

3AMACDH rAP C NOMOLLbIO UMMY/IbCHOI O JIA3EPA
BribpaHHBIe 3HaUeHUSI KOPPEKL UK B Ja/IbHeHIIeM
[OAJEeP>KHUBAIOTCSA TeMH >Ke C [IOMOIIbIO IIOCTOSH-
HOT0 HaIlpsikeHU s 6/10Ka 20 10 CAaMOM 3aCBEeTKH I1ep-
Boro y4acTka [JIP. [Toc/e 3TOro 3amycKaoT oT 610Ka
yIpaB/leHHUd U KOMMYTallUX UMITYJIbCHBIN HCTOY-
HHK KOTePEHTHOTO HU3JIYYeHHUS 2 CHHXPOHUMIIY/Ib-
coM oT 6si0Ka 19 /151 3aCBETKU PerUCTPHUPYIOLIETO
cnos. JIUTeNIbHOCTh CBETOBOTO MMIIY/IbCa MCTOY-
HHKa KOTepeHTHOI0 HM3/yuyeHHUs nmopsaaka 108 ¢, uro
HaMHOI'0 MeHbIIe, YeM JJIMTeJIbHOCTDh 3aCBETKH,
OCyIIIeCTBJISIeMOM B HeIIpePEIBHOM JIa3epe.

CHHXPOMMIIY/IBC AJISL 3aIlyCKa MMIIY/JIbCHOTO
KMCTOYHHKA KOTePEHTHOTO U3/Iy4YeHU I MOKHO CPop-
MHUPOBATh B 6JI0Ke CHHXPOHHU3ALUH 19 (PHC.2), KOTO-
PBII KOHCTPYHPYeTCs 10 M3BeCTHBIM IIPUHIIMIIAM.
B/IOK CMHXPOHH3AL MU CONEPKHUT HUPPepeHIH-
PYIOIIYIO IeIlb 151 06pa30BaHUS OTPHUILIATETBHOTO
MMIIY/JIbCa II0 CIaAy IMHUI006pa3sHOTO MMIIYIbCA.
®opMHUPOBaTE/Ib II0/IOKHUTEABHOIO 3ayCKAKILLT0
MMIIy/bCa Ha TpUrrepe "IIMuUATA" COmEPKUT CXeMy
peryiupylomen 3agepKk1u Ha ofHOM Bubpartope,
BKJIIOYAIOIIYIO PEryasaTop 3aeP;KKH Ha [IepeMeHHOM
COIIPOTHBJIEHHH, a TAKIKe COAEPKUT NUdPepeHIIupY-
IOIYIO LIEIIOYKY 3aJHero GpoHTa CUTHajIa OT CXeMBbI
3a/lep>KKU U cxeMy GOPMUPOBAHU A UMIIY/IbCa 3aIly-
cka. IToaToMy 3a CTO/Ib KOPOTKOE BpeMs Ha KapTUHe
MHTepOepeHLIMOHHOTO 110715, KOIIHUPYeMOro Ha CUH-
Te3UPyeMyIo pelleTKy, He CKa3blBAIOTCSA HUKAKHE
BHeIIHHe U BHYTPeHHHUEe GaKTOPHI THUIIA BUOpAIIUi
U gebopMalui MeXaHUYeCKUX y3/I0B, U II0O3TOMY
BBOJMMEBIE 10 Hayajia 3aCBeTKH KOPPeKLHHU COXpa-
HSIOT C BBICOKOM TOYHOCTBIO CBOe 3HaUeHHe U BO
BpeMsl CaMOHU 3acBeTKH. CHHXPOHMMIIY/ILC OT TeHe-
paTopa rmepeMeHHOTr0 HallpsikeHUs 21 CIYy>KUT "orop-
HBIM' HMIIYJIbCOM JIJISI OIIpefie/leH sl M0JIOKeHHU S
MYyapoOBOH IT0JIOCHI B IIPOCTPAaHCTBe. HeobxomuMmele
3HaueHH S A MOKHO IIOTYUHUTH C IIOMOIIbIO 610Ka
KOMMYTAallUHU U YIpaBleHUs 22, KOTOPbIH YIIPaB-
nsgeT GOTOMETeKTOPOM, CUTHAJIBI C KOTOPOTO yepes
CeJIeKTHBHBIC YCUJIUTe/IH 23 U 24 TIogaloTcsa Ha daso-
MeTp 25. Tlocsie 3TOro 3amycKaT oT 6710Ka yIpaBie-
HHUS UMIIYJbCHBIM UCTOYHHUK KOTepeHTHOTI0 H3J/Iy4e-
HUS IS 3aCBeTKHU pelleTKU. brarogapss KOPOTKOMY
BpeMeHH 3aCBeTKH BeJIMUMHBI KOppeKUHH A coxpa-
HSIOT CBOIO BeJIMYHHY.

ITocse 3aCcBeTKH MOKHO OCYIIeCTBUTh IIepemMme-
IleHHe KapeTKH K 3aIllHCaTh BTOPOM y4acTok [JIP.
B pesynbraTe HemapasiJe/IbHOIO IIepeMelleHus
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IITPUXHU 3aMIMCAHHOTO IIEPBOTO yYacTKA U3MEHUIIH
CBO€ II0JIOKEHKE OTHOCUTEIBHO TUHUI HHTepdepeH-
LIOHHOTO 107151, KOTOpbIe ByyT KOIIMPOBAThCS HA BTO-
poM yuacTke. C 3TOM Lie/IbI0 BBOASITCSI COOTBETCTBYIOLIHE
KoppekLuu. [oc/ie BBoAA KOPPEKIIUI ITPOU3BOJUTCS
3acBeTKa BTOPOTO y4acTKa pelleTKH IIyTeM ouepej-
HOTO 3aIyCKa MMIIYIbCHOIO HCTOYHHKA KOTePeHTHOI0
H3y4YeHUs 6e3 C/IeskeHHU s 33 KOPPEKIUSIMU BO BpeMsi
3aCBeTKH. LIMKJI IIOBTOPSIETCS IO CHHTe3a pelleTKH
HeoOX0OMMOU IJIUHBL.

3KCMEPUMEHTAJIbHDIE PE3Y/IbTATDI

1. Abeppaliuy pea/IbHBIX IMH30BBIX CUCTEM, IPUMeHsie-
MBIX B MHTepdepoMeTpe, CBSI3aHbl C HeTOYHOCTBIO UX
06paboTKH, BBI3BIBAIOT HECHMMeTPHIHBIE HCKasKe-
HUSI BOJIHOBBIX QPOHTOB M He MOT'YT OBITh yCTPaHEHBI
[IPaBU/IBHBIM HX PaCIIO/IOKeHHeM BJIOJb ITyYKOB.

2. 3erizeneBckue abeppallui: KOMa, JUCTOPCHS, ACTUL-
MaTH3M K KPUBH3HA II0/1S1 33aBUCST OT OPHeHTAIluH
610Kka 4] B MHTepdepoMeTpe.

3. Cpepuyeckre abeppallvy [t HAEHTHUHBIX TeJIeCKO-
MHMYeCKUX CUCTeM Ha BeJIMYKHY Q He BIUSIOT B CUY
KX OIMHAKOBOCTH B JIBYX Il/IeYax.

4. Abeppauuu peanbHbIx TC, cBI3aHHBIe ¢ UX 06paboT-
KOI, He MOT'YT OBITb YCTPaHEHEL.

Vicrionp3oBaHMe IIpe/lJIO’KeHHOI0 MeTOZa [T03BOJIHIIO
IIOJTYYUTh PABHOMEPHOE pacIipe/le/leHHe HHTepdepeH-
LIMOHHBIX To10c HII He xy>ke A/100 1 3amucaTh roo-
rpaduyeckye peneTKy, UCIoab3yeMble B ronorpadu-
YeCKUX CHCTeMax JIMHEeNHbIX [TIepeMelleHu [5], 0671a-
Jarollre BEICOKOM TOYHOCTBIO U pa3pellleHHeM BIIJIOTh
nol1HM.

of the initial and finite bands of the

[IpenioskeHHOe YCTPOMCTBO I103BOJISIeT IIOBBICHUTH
TOYHOCTH CHHTE3HPYeMO¥ PellleTKH U ee JUPAKIIHOH-
HYI0 50 PeKTHBHOCTE 3a CUeT:

* OTCYTCTBHUS HeOOXOMUMOCTH CIesKeHHUSI 3a KOPPeKI[H-
SIMU BO BPeMsI 3aCBETKH B CHJIY MAJIOCTH BeJTHUHUHBI
JJITUTEeIBHOCTU BpeMeHH 3aCBeTKH;

* OTCYTCTBHUS "'MEpPTBOrO BpeMeHH", CBS3aHHOTIO
C BBIK/IIOYeHHeM MOAY/ISILIUH I1epefi 3aCBeTKOH U Heob-
XOAMMOTO [J151 IPUHSTHS 3epKaIOM CTALIOHAPHOTO
II0JIOSKEHHU S, 32 KOTOpOe KOPPeKILIMU He MOJAI0TCS
KOHTPOJIIO U BOCCTAHOBJIEHUIO;

* OTCYTCTBHS IIpOLiecca BKIIOYEHHUS U BBIKIIOYEHUS
MOZY/ISIIUH CO BCeMH OTPHLIATeIbHBIMU I10C/Ie/ICTBH-
SIMH, UCXOOSAIIMMU K3 HEro;

* BIIepBble TakKe OBUIM CO3/IaHBI IMHEHNHBIE aBTOMA-
THU3UPOBAHHBIE CUCTEMBI 0C060 BBICOKOM TOYHOCTH:
JIMHEHMHBIe JaTYUKH 0 1 M C TOYHOCTBIO +0,3 MKM,
a Takke JJIMHOMePEHI rosnorpaduyeckue (AT) ¢ gau-
HaMmu: 30, 100, 200, c Tou”ocTtamu 0,1/0,2/0,3 MKM,
C paspemeHyeM 0 10 HM U BBIIIE U CO CKOPOCTHIO
H3MepeHHUs 10 500 mMm/c.

BbIBO/bI

[IpemyIosKeHHBIN MeTOJ, IIPUTOAeH /ISl UCCIIeJOBAHHUS
CTeIleHH [IepPUOLHYHOCTH PacIIpesie/ieHUs HHTepde-
PeHLIMOHHBIX I10JI0C T0JIOTPadHUIeCcKOro 2-Ty4eBOro
HHTepdepoMeTpa.

B pesynbraTe MpoBeJeHHBIX HCCIeOBAHUI, KaK
BH/THO M3 BBIIIIe IIpHUBeieHHoro rpaduka (prc.l) paBHo-
MepHOTO pacIipeie/ieHHU s I10JI0C, MOKHO OITpelleTHUTh
da3oBoe paciipeneneHue HHTePEPEHLIMOHHBIX I10I0C
Y OTBIOCTHPOBATh HHTEPhepoMeTp TAKUM 06pa3oM, UTo

here h and n - thickness and refrac-

studied IF.
The IF intensity distribution can
be formulated as follows:

I(x,y,t)=2{cos [f(x+, y) - 10)

-fx,y)+Qx,y, O,
here O (x, y, )=arg a (x, y, t) - arg
bx,y,0,QK,y, ) =Q(x, y)+c ©,
Q (x, y) - the member describing
phase distortions that appeared due
to the interferometer.

ERRORS IN DETECTION OF THE IF
PHASE DISTRIBUTION

The systematic and random
errors occur while detecting the

IF phase distribution. The first
ones connected with choos-
ing the method, and the sec-
ond ones occurring during the
experiment.

The phase error AQ of the pro-
posed method is associated with
the errors caused by aberrations
of the optical system used [2-3]:

AQ, = AQ(x)/dx u
C{=hsin2a/Vh* -sina (1D

AQu(x)= [2cos’

d Q(x){
dx
(m*-sin‘a) +1/2(sin%2)]/ (12)

/(n?-sin’a)*?}hdx,a,

tion indices, accordingly. If the
optics quality is such that AQ (x)/
dx<1N/cm, and dx<0,lmm, and
Aa<5°, we have [AQ(X) ;,,<A/100.

Itis also possible to estimate the
magnitude of dispersion An, (9)
characterizing the non-uniformity
of the IF bands distribution:

d
An=—— (N-n)/
/ Nz:; (Aq)zk B Aq)m) - (13
R T (A Ay,

Since the values A¢;, and Ad,y
(10) are measured and included
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OBOPYAOBAHMUE A/19 HAHOUHAYCTPUM

PaBHOMEPHOCTD HX paciipesiesieHusI 6yIeT He Xyske 2 HM
Ha y4acTke B100 MM.

[To3TOMy MOKHO CHe/JaTh BBIBOJ, UTO OCHOBHBIE
IIOTPELIHOCTH CBS3aHBI C HETOYHOCTBIO 06paboTKuU
OIITHYeCKUX 3/IeMEHTOB HHTepbepoMeTpa.

B citydae Masibix abeppalivil ONITHYECKUX 37IeMEeHTOB
3HaueHHe HOPMHPOBAHHOIM MHTEHCUBHOCTH B IIeHTpe
aIepTypsl BOJTHOBOI'O IIy4YKa IIPAKTHYECKH He 3aBUCUT
OT IIPUPOABI abeppaliui U OTIMYAeTCs OT UeaIbHOTO
C/1y4yas Ha BeJIMUYHHY, IIPOIIOPLIMOHAIBHYIO CPeJHEeKBa-
IPaTUYHOM JepopMaLiii BOTHOBOIO PPOHTA.

[IoBhIIIEHHAS METPOJOrUYecKass TOYHOCTh [P
[I03BOJIUT CO3/1aBaTh BHICOKOIIPELIM3HMOHHEIe JATUYUKU
Ha KX 6a3e U [IONHSATH YPOBEHb COBPeMEHHBIX H3MepH-
TeJIbHBIX CCTEM.
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in the same way in both arms, they
have the same dispersion o, and,
taking into account the standard
error and according to the results of
10 measurements (m=10) the values
of the phase difference A¢; between
the same points, we finally obtain:

d _ /2n(N-n)
Sy VT W

As in our case S <2m/300, N=6,
Oy, < 5.1073 pm, the total error (11)
does not exceed 3.102 pm.

To assess the interference field
quality, we introduce a function:

Q={An}y,~ {An)yy, (15)

that is the integral characteristics of
the aberration of telescopic systems
(TS) and characterizes the maximum
deviation of the IF band distribution
function from the perfectly uniform
distribution (Fig.1).

HDG RECORDING USING A PULSE LASER
The selected correction values are
further supported by the constants
using a direct voltage unit 20 to the

illumination of the first section of
the HDC. After that, the pulse source
of coherent radiation 2 is triggered
from the control and switching unit
by a synchropulse from block 19 for
the illumination of the recording
layer. The duration of the light pulse
source of coherent radiation is about
1078 s, which is much smaller than
the duration of the illumination car-
ried out in a continuous laser.

The synchropulse to launch a pulse
source of coherent radiation can be
formed in the synchronization unit 19
(Fig.1), which is constructed accord-
ing to the well-known principles.
The synchronization unit contains a
differentiating circuit for the forma-
tion of a negative pulse for the decay
of the saw-shaped pulse. A positive
trigger generator based on a Schmitt
trigger contains an adjusting delay
circuit per a vibrator, which includes
a delay controller based on a variable
resistor, and also contains a differen-
tiating circuit of the rear front of the
signal from the delay circuit and the
launch moment forming scheme.
Therefore, no external and internal
factors like vibration and deformation
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of mechanical nodes may not impact,
for such a short time, the image of the
interference field copied onto the syn-
thesized grid, and that is why they
are administered before illumination
of the correction, and retain their
value with high accuracy during the
illumination itself. The synchropulse
from the variable voltage generator 21
serves as a "reference” pulse to deter-
mine a position of the moiré band in
space. The required values of A} can
be obtained using the switching and
control unit 22, which commutes the
desired photodetector which signals
are fed to the phazometer 25 via selec-
tive amplifiers 23 and 24. Afterwards,
the pulse source of coherent radiation
is triggered to illuminate the lattice.
Due to a short exposure time of the
correction value, Ad retains its value.

After illumination, it is possible to
move the carriage and record the sec-
ond section of the HDG. As a result of
non-parallel strokes movement of the
recorded first section, they changed
their position relative to the lines of
the interference field, which will be
copied in the second area. For this
purpose, appropriate corrections are
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introduced. After entering the cor-
rections, an illumination of the sec-
ond grid section is performed by the
next start of the pulse source of coher-
ent radiation without tracking cor-
rections during the illumination. The
cycle is repeated until the grid of nec-
essary length is synthesized.

EXPERIMENTAL RESULTS

1. Aberrations of the real lens sys-
tems used in the interferometer
are associated with inaccuracy of
their processing, cause asymmet-
ric distortion of wave fronts and
cannot be eliminated by their cor-
rect location along the beams.

2. The Zeidel aberrations: coma, dis-
tortion, astigmatism and cur-
vature of the field depend on the
orientation of the TS [4] in the
interferometer.

3. Spherical aberrations, for the
identical telescopic systems do not
affect the Q value because of their
similarity in both arms.

4. Aberrations of the real TS related
to their processing may not be
eliminated.

Application of the proposed
method made it possible to obtain a
uniform distribution of the interfer-
ence bands (IB) no worse than A/100
and record the holographic grids
used in the holographic systems of

linear movements [5] with high accu-

racy and resolution up to 1 nm.

The proposed device allows of
increasing accuracy of the synthe-
sized grid and its diffraction effi-
ciency due to:

« the lack of need for adjustment of
corrections during the illumina-
tion due to the smallness of the
value of the illumination time;

« thelack of "dead time" associated
with turning off the modulation
before illumination. which is nec-
essary for the mirror to adopt a
stationary position, during which
the corrections may not be con-
trolled and restored;

« thelack of the process of turning
on and off the modulation with all
ensuing negative consequernces;

« for the first time the linear auto-
mated systems of a particularly
high accuracy were also cre-
ated: linear sensors up to 1 meter
with an accuracy of + 0.3 pm, as
well as holographic length (HL)
with lengths: 30, 100, 200, accu-
racy 0.1/0.2/0.3 pm, with a res-
olution of up to 10 Nm and above
and at a measurement speed up to
500 mm/s.

CONCLUSIONS
The proposed method is suitable for
studying a degree of periodicity of

the interference bands of the holo-
graphic 2-radiation interferometer.

As a result of the studies, as can
be seen from the above graph (Fig.2)
of the uniform distribution of the
bands, it is possible to determine the
phase distribution of the interfer-
ence bands and adjust the interfer-
ometer in such a way that the uni-
formity of the band distribution will
not be worse than 2 nm on a plot of
100 mm.

Therefore, it can be concluded that
the main errors are associated with
inaccuracy of processing the optical
elements of the interferometer.

In the case of small aberrations of
optical elements, the value of nor-
malized intensity in the center of
the wave beam aperture is practi-
cally independent of the aberration
nature, and differs from the ideal
case by the magnitude, proportional
to the range of the wave front.

Increased metrological accuracy of
the HDG will allow to develop high-
precision sensors on their base and
bring the modern measuring sys-
tems to a higher level. [ |
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