ISSN 0868-5886

VIIK 535.4

PU3UKA ITPUBOPOCTPOEHUA

HAYYHOE IIPUEOPOCTPOEHUE, 2024, mom 34, Ne 1, c. 30-36

© E. E. Maiiopos, I'. A. Kocrun, T. A. Yepusk, H. E. Bapanos, 2024

NMPUMEHEHUE KOHAIMPABJIEHHOW CXEMBI 3AININCH
HHTEP®EPOI'PAMM JJIS1 ONPEJEJIEHUS NNEPEMEIIEHUS
OBBEKTA TI'OJIOTPA®HYECKON MHTEP®EPEHIIMOHHOM

YCTAHOBKOU

Pabota nocesinieHa ucciea0BaHuIo IepeMeneHnii 00bEeKTOB METOJIOM rojorpaduueckoil HHTEpGHEepOMETPHHU IO KO-
HaIpaBJICHHOHN cxeMe. MeTo/bl KOTePEeHTHON ONTHUKU 3aHUMAalOT BaXKHOE MECTO B ONTHUECKUX MU3MEPEHHSX, H OJI-
HUMH U3 CaMbIX BBICOKOMH(OPMATHBHBIX M BHICOKOTOUHBIX METOIOB SIBJISFOTCS METOJbI TOJIOrpapuuecKor HHTEP-
(depomeTprH, TIOATOMY JaHHas padoTa aKTyalbHa W MEPCIeKTHBHA. B cTaThe mocTaBieHa elh U 3aJa4H, a TaKKe
ompeneseHbl 00BEKT U METOJ| UCCIIeoBaHMs. [IpuBeeHB BHEIIHUI BU, ONTHYECKAs CXeMa M TEXHHYECKHE mapa-
METPHI SKCIICPUMEHTAIBHON roiorpaduuecKoil HHTepPEpEeHIIMOHHON ycTaHOBKH. [Toka3aHbl HHTEp()EpPEHITMOHHBIC
TIOJISL i1l Pa3IMIHBIX BUJIOB JIBIKCHUH, a TaK)KE CXeMa BOCIIPOU3BEICHUS WHTEPHEPOTrpaMMBI TIOCIE 3aIMMCAHHBIX
nepeMenieHuit 00bekTa. [lomydeHsl pe3ynbTaThl MepeMenieHnil n3oopakeHust 00bekTa mo ocu X Ha 100 MKM u 1o
ocu Z Ha 150 MKM U BBIYHCIICHA OTHOCUTEIIbHAS MIOTPEIIHOCTh ONPENCIICHUs d,, U d,, KOTOpas He TpeBbIaet 5%.

Ka. cn.: natepdeporpamma, KOHaNpaBiIeHHas cxema, poTorpaduuecKkre BHICOKOpa3peIaronie IIaCTHHKH,
(hoKabHAas! IUTOCKOCTH JIMH3bI, OTHOCUTENIbHAS TIOTPELTHOCTh, MHTEP(EpEeHIMOHHAS TT0JI0Ca

BBEAEHUE

B Hacrosimee BpemMsi OrpOMHOE  BHHMAaHHE
YICNSIETCS Pa3BUTHIO BBICOKOTEXHOJIOTHYHBIX METO-
JIOB M TEXHUYECKUX CpEINCTB u3MepeHud [1, 2].
Hayuno-uccrnenoBaTenbcKkue OpraHU3alldd, IICHTPHI
BBIHYXK/ICHBI TTOCTOSHHO COBEPIIEHCTBOBATH U pa3-
BHUBAaTh HAy4YHYO ba3y 3KCIIEPUMEHTATIBHBIX
WCCIICIOBAaHUN, YTOOBI HE OTCTaBaTh OT MHPOBOTO
Hay4HO-TEeXHHUYECKOTo mporpecca [3, 4]. CymectByeT
MTUPOKHA KJIACC METOJOB M TEXHUYECCKUX CPEICTB
KOHTPOIISI, JMAaTHOCTUKH WCCIEAYEMBIX OOBEKTOB
u cpen. OnmHO W3 BEOyIMMX MECT 3aHUMAIOT
ONTHYECKHE METOJIBI U CPEACTBA N3MEPEHHI.

OT TOoro, Ha KakOM OJTame pPa3BUTHUS HAXOJATCS
METOJIbl M CpPEACTBa HCCIEIOBAHUN W U3MEPEHUM
(TOYHOCTh, YYBCTBUTEIBHOCTD, TUAIIa30H U3MEPECHUH ),
3aBUCHUT JIOCTOBEPHOCTH PE3yJILTAaTOB JKCIICPUMEHTA,
a TaKKe eCTeCTBEHHOCTh TPEICTaBICHUS OKpPY-
JKarorero mupa [5, 6]. M3 Bcex cCymecTBYONIUX
METOJIOB W3MEPEHHWH OJHWMH H3 CaMBIX TOYHBIX
SIBJISIIOTCS ~ ONITHYECKHE W ONTHUKO-DJIEKTPOHHBIC
METOJBI M CPENICTBA, a MMEHHO METOABI KOTEPEHTHOM
OITHKH.

W3 HaydHBIX IUTEPaTypHBIX UCTOYHHKOB H3BECTHO,
YTO YYBCTBUTEIBHOCTh U TOYHOCTH U3MEPEHUH y ITHUX
METOJIOB HAXOMIATCSI Ha YyPOBHE JUIMHBI  BOJIHBI
U3IYYEHUs U UMeI0T auanas3oH oT 1500 mxm 10 0.1 Mkm
[7, 8]. Cpean METOIOB KOTEPEHTHOM ONTHUKHU BaXKHOE
MECTO  3aHUMAIOT  METONBI  TroJiorpaduIecKoit
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nHTEp(hEepOMETprN, KOTOPBIE SBISIOTCA  BBICOKO-
MHPOPMATHUBHBIM M BBICOKOTOYHBIM HMHCTPYMEHTOM
roTydeHus: HHopMaIuu.

Metonsl  rojorpaduyeckoil  MHTEphEpPOMETPUU
MTO3BOJISTIOT MCCIIE0BATh CTATUCTHYCCKUE W TUHAMU-
YECKUE MPOIIECChl, CPABHUBATH BOJIHOBBIC MPOIECCHI
B pa3HbIC MOMEHTHl BPEMCHH, IIOJyYaTh JaHHBIE
0 Ipolecce B KOJIUYECTBEHHON M KAaueCTBEHHOW WH-
TEPIPETAINH, TTO3BOJIIOT BOCIPOU3BOIUTE TPEXMEP-
Hy!0 BUjeokonuto [9, 10].

C pa3BuUTHEM 3IEKTPOHUKH U KOMITBIOTEPHBIX TEX-
HOJIOTHH Y ONTHYECKUX M ONTHUKO-3JIEKTPOHHBIX TIPH-
0OpOB M KOMIUIEKCOB TOSBHJIACh BO3MOXHOCTH YBE-
JUYUTh TOYHOCTh M YYBCTBUTEIHHOCTH W3MEPCHHIA
B HECKOJIBKO ZecaTkoB pa3 [11, 12]. BaxHocTh Takux
npuOOpPOB ¥ KOMILJICKCOB 3aKJIFOYAETCS B TOM, 4YTO
OHM JAI0T HArJSITHOCTh, HAJIEXKHOCTh U YyOeIUTeINb-
HOCTh u3MepeHusM. [losTomy 3T mpUOOPHI M KOM-
TJIEKCHI TIPUMEHSIOTCS B OOJIBITUHCTBE €CTECTBEHHO-
Hay4YHBIX M HAYYHO-TEXHUYECKUX HAampaBlICHUH,
B TEXHHMYECKOH, MEIUIMHCKOM H OHOJIOTMYECKOH
MIPaKTHUKE.

[IpencraBnsier WHTEpPEC H3YUCHHE METPOJIOTHYE-
CKUX BO3MOXHOCTEH Tosorpadudeckoil nHTephepeH-
IIMOHHOM YCTAHOBKH JIJIsl MCCIeIOBaHus UHTEpdepo-
rpaMM.

Lenb paboTsl cocTosyia B IPUMEHEHHH KOHAIPAaB-
JIEHHOW CXEMBI 3alicu WHTEpQeporpaMM s OIpe-
JICNICHUST 3JIEMEHTApHOTO CMEIIEHUsT Tosorpaduye-
CKO¥ nHTep(EePEHIIMOHHON YCTaHOBKOM.
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IHOCTAHOBKA 3ATAYHN

3anucath WHTEPPEpPOrpaMMbl Ha IUIACTHHKAX BBI-
COKOTO pa3pemicHus] TPU CMEIICHUH ITOBEPXHOCTH
ob0wekra Bronms ocu OX u Brons ocu OZ. IlpoBectn
aHaM3  BOCIPOW3BEACHHOW  HMHTeppEpEeHINOHHON
KapTUHBI 151 TUIOCKOCTH XZ.

OBBEKTHI U METO/J UCCJIEJOBAHUSA

B kauecTBe 00BEKTa HCCIENOBAaHUS HCIOIb30BAI-
cs pparmeHT oTpaxareins Ha ocHoBe Si0,+H,0+Zn0O,
¢ pazMepaMu 3anuchiBaromei miockoctu 90 x 90 M.
Jnsa nonydenns uHTEpPEpOrpaMM MPUMEHSITUCH TJa-
CTHHKHA  (oTrorpadMuecKue  BBICOKOpa3peIIaAONIne
[1OI'-04 Ha ocHOBEe OWXPOMHPOBAHHOTO S>KEIATHHA
¢ pazmepamu 102 % 102 mm.

DKcnepuMeHTallbHas Tosiorpaduieckas HHTepde-
PEHLMOHHAsT YCTaHOBKA HCIIOJIB3YETCS AJISL MCCIEHO-
BaHHS MHTEPPEPESHINOHHONW KapTUHBI C MHTEpQepo-
TPaMMBl, T/Ie TPOU3BEICHA 3aMHUCh B Pa3HbIE MOMEHTHI
BPEMEHH JIa3€pHBIM H3IYyYCHUEM OrpaHHYEHHOH
anepTypsl. BHenHMI BU yCTaHOBKY MOKAa3aH Ha puc. 1.
HHTepdepeHIMOHHbIE TOJIOCH] ONPEACIAIOTCSl yCTa-
HOBKOH, KaK W B KIACCHYECKOM TOJIOrpaduuecKoM
unTephepomerpe [13-15].
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Ha puc. 2 npencraBiena ontudeckas cxema 3alu-
chu uHTepdeporpaMM IO KOHATPABICHHOH CXeMe.
B »sKcmepuMeHTe HMHTEHCHBHOCTH B OOBEKTHOM
W ONOPHOM KaHanax ObUIM B OTHOmmIeHWH 1 : 3, u u3-
MEHSTh MX BO3MOXXKHO OBUIO TIO TOJIIPU3AIIOHHOMY
MIPU3HAKY.

Puc. 1. Bremnnii BUI SKCIEPIMEHTAIEHOW YCTaHOBKH

Puc. 2. OnTHyeckas cxema 3KCIIEPHMEH-
TaJbHOW YCTAaHOBKH.

1 — ucToyHuK U3NydeHus; 2, 6, 12 — onrtu-
yeckue orcekarenu; 3, 9, 13, 16 — 3epkana;
4, 7, 14 — mNoayBOJHOBBIE MIACTUHBI, 5 —
MOJIAPU3ALIMOHHBINA CBETOJICIUTEND; 8, 15 —
KOJLTUMATOPhI; 10 — HccaemyeMblii OOBEKT;
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11 — uHTepdeporpamma
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Ta6u. Texauueckue mapaMeTpsl

HcTounuk usnydenus

JInuHa BOJTHBI U3TYUYEHHS, MKM
Jlnana3oH n3MepeHnit CMEIEHUH, MKM
ArnepTypa ocBeLEHUS], paJl

HOI‘pCH.IHOCTI: HBMCpCHHﬁ, MKM

He-Ne — nazep (JI['-79)
0.6328

1500...0.01

0.1

0.001

CBeToBOW My4YOK OT MCTOYHHUKA KOT'€PEHTHOTO H3-
JTydeHusd 1, npoiiast CBeTOBOM OTCEKaTeNb 2 U Momnanas
Ha 3epkaio 3, Qokycupyercs Ha HOISIPU3ALUOHHOM
ceerogenutene 5. CBETOAEIUTENDb 5 Pa3BOAUT CBETO-
BOM Iy4OK B OOBEKTHBIH M ONMOPHBIA KaHAJbI, TAC JIy-
YW Yepe3 MOJIYBOJHOBBIC TUTACTUHEI 7 U 14 momanaror
B KOJUTMMATOPHI KaHaJoB u3MepeHuil 8§ u 15. B 00b-
eKTHOM KaHaJle JIy4, [oTaas Ha 3epKayio 9 u oTpaxa-
ACh OT HEro, OCBELIAET UCCIIEAYEMbIH OOBEKT U peru-
ctpupyet ero Ha 11 (II®I-04). B omopHom kanane
CBETOBOI Iy4OK HarpaBisieTcsl Ha 3epkaino 16, oTpa-
JKasCh OT Hero, nonagaer Ha 11 (I1DI-04).

TexHuuecKkue nmapameTpbl IKCIIEPUMEHTAIHLHON yC-
TAHOBKHU NPHUBEJICHBI B TabJHIIE.

Puc. 3. MaTepdepeHIMOHHbBIE TIONS UTS PA3TUIHBIX BHIIOB JBH-
JKCHHH.
a — aBmwxkeHue o0bekTa BA0aL ocu X Ha 100 MKkM; 6 — JBHIKE-
HHe 00beKTa BIOIL ocH Z Ha 150 MKM

SKCHHEPUMEHTAJIBHBIE PE3YJIBTATHI

B mpomecce skcnepumenra ObIIM  3alUCaHBI
unrepdeporpammbl  Ha  [IDPI-04  uccnemyemoro
00beKTa, TAe OOBEKT MEpeABHTalcs BIOIb OCH X
U BHOJL OCH /. VYKa3zaHHBIE BHUILI JBUKEHUS
nokazanel Ha puc. 3. Ilepemenienusi oObekTa ocy-
LIECTBJISINCh TIOCPEACTBOM YCTPOMCTBA € MHKPO-
METPHUYECKUMH TOABWXKKaMH. [lpu 3amucu 0O0BEKT
OCBEMIAJICS 110 HOPMaIX K IOBEPXHOCTHU. 3allMCAHHOE
UHTEePPEPEHLIMOHHOE T0JIe aHATU3UPOBAJIOCH IS
wiockocT XZ. MHTepdepeHunoHHas KapTUHA IS
TAKOr'0 BHJA JBYDKEHHS JIOKAJIU3yeTcsa U HaOJII0qaeTcst
B (DOKaIBHOM IJIOCKOCTH JIUH3BI ¢ (hOKycoM f.

Puc. 4. Cxema BocmpousBeneHHS HHTEpQEpo-
TpaMMBIL.

S" — BoccTaHaBIMBAKOWMIL JIyd; P — 3amnucas-
Hoe m3oOpaxenue; H — IIPI'-04; L — cobu-
paromas JIuH3a
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Paccmompum osurcenue uccinedyemozo oovekma
6006 ocu X.
B stom ciywae d, = d, = 0, Torna

0="d s 0, (1)

A
rae A — AJMHA BOJHBI M3MYy4YeHHus; d, — BEIUYHHA
CMeIeHus1 00beKTa BAONb OCU X; Fp, — BEJIWYHMHA,
XapaKTepHU3yIoasi HallpaBJieHuEe HAOIOJIEHUS BIIOJb
ocu X; ¢, — (ba30Bblil CIBUI, 00YCIOBIEHHBIA Ha-

[IPaBJICHUEM OCBEILECHUS 00BEKTA.
Cyuerom (1) pans HampaBieHHS HaAOIIOJCHHUS
(puc. 4), XxapakTepu3yeMoro yriioM o = ¢, IMEEeM

2r .
[0} Zde sina, —@,,

rJie Yroj ¢ OTCUMTBHIBACTCS OT HOPMANU K BEKTOPY
CMEIICHUSI.
B cootBetcTBUM C puc. 4:

2r .
0, =7dx sino, —@,.

Ecnu  u3oOpakeHue mnepemeniaeTcss Ha  OJIHY
nHTEp(HEPEHIINOHHYIO TI0JIOCY:
A
Ap=¢,—¢p=2r, d =— —
sina, —sing,
JUTSL MAJIBIX O
sina, —sina, ®Q, — o, =—-,
f
rae X, — paccTOsHHE MEXIy MHTep(epeHIMOHHBIMU
nosiocami;, f — hoKycHOE paccTOsTHHUE TMH3BL
Torna
Af
d =—. 2)
Xi
Ilpu  nepemewienuu  uzobparxcenus o00veKma
HO HOpMATU O 000UX HANPAGIEHUIL:
2
@, =—d_cosa, —@,,
A
2r
@, =——d_ cosa, =@, .
A
Ecmm  wm3obpakeHne mepememaercs Ha OOHY

UHTEPPEPEHUNOHHYIO MI0JIOCY, TO

J - A

° cosa, —cosq,
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Hrak, npu ¢, , COOTBETCTBYIOIIEMY HAIpPaBJICHHIO
Ha TIIEHTP NEpPBOTO KOJbIla WHTep(HEePEHIINOHHON
KApTUHBI, ¥ MaJIOM ¢ IIOJIy4aeM:

2

2
a,

d

z

Hannyo QopMyly MOXHO TPEICTaBUTh Hepes3
paadyc TIepBOTO KOJIbLIa HMHTEpPEeporpaMMbl 7y,
HaOmogaeMoll B (DOKAIBHOM IUIOCKOCTH  JIMH3BI
¢ dhoxycowm f:

12
24
d

z

)

Ha mnpaktuke 111 u3MepeHMs NepeMelleHuit
UCTIONIL3YIOT MSATh MHTEP(PEPEHIUOHHBIX TOJIOC WIH
KOJIell, W JUId pacyera IEPEeMEIICHUN MPUMEHSIOT
CJIEAYIOIINE COOTHOIIECHUS:

SAf
d,=—o0s, 4)
A
X
104
2
d =f"—, (5)
Is
e A, — IMHEHHOE mnepeMenieHre B (DOKANILHON
IIJIOCKOCTH JIMH3HEI.
B :-)KCHepI/IMeHTe B KAa4eCTBC HE3aBUCHUMOTI'O

METO/Ia M3MEPEHUM NPUMEHSUICS NaTUUK JMHEHHBIX
nepememiennit IMUIT ¢ neHoW JeneHus IIKAIbI
1 MKM.

[Tony4yennsle pe3ynbTaThl NepeMelIeHud H300pa-
KeHus: o0bekTa Mo ocu X Ha 100 MKM W mo ocu Z
Ha 150 MKkM moka3aHsl Ha puc. 5. 3Mepenust npoBo-
JWIIACH TOTOYEYHO IOCPEJCTBOM IEPEMEIICHUS HH-
TepdeporpaMMbl B cBOei mIIockocTH Ha 90 MM.

Hccnenosanne nmokasano, 4TO BETUYMHBI MOTPEIL-
HOCTell &, W O, 3aBUCST OT HETOYHOCTU CUeTa IIOo-

noc Oy. [loatomy, cornacHo (4) u (5), moryuum

fA 2172
6x=A—5N, 0, = 7 Oy -

X 5

(6)

Eciu N = 5 u norpeurHoct oy = 0.25, u3 (4), (5)
u (6) ciaemyeT, 9YTO OTHOCUTEIbHAS MOTPEITHOCTh OIl-
penenenus d,, M d, He TipeBbImaeT 5%, KaK U MOKa3a-
HO Ha puc. 5.

3AK/JIIOYEHUE

C mosBnenneM rojorpadudeckor naTephepomer-
pHUH B HAYYHOW MPAKTHKE ObUIM JOCTUTHYTHI OOJIbIINE
yCIIeXH B 3aIllUCH, BOCIPOM3BEJCHUU U ONTHYECKOMN
00paboTKe nHTEpEeporpamMm.
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Puc. 5. DxcriepuMeHTaIbHbIE PE3yIbTaThl N3MEPEHHH MepeMENICHNI N300pakeHHsT 0OBEKTa IO OCSIM.
a — nepeMelnenne Boib ocu X Ha 100 MkM; 6 — nepemMerieHre B1oib ocu Z Ha 150 MKMm.
W3mepenus cenanbl HOTOUYEYHO MOCPEACTBOM MepeMenieH st nHTepdeporpaMmbl B CBOEH MIIOCKOCTH Ha 90 MM

B pabote momyueHsl 3KCTIEpUMEHTAIbHBIE PE3YIIb-
TaTHl TepeMelleHi N300pakeHus: 00beKTa 1Mo ocu X
Ha 100 MxM 1 o ocu Z Ha 150 mxMm. Onpenenen na-
paMeTp, KOTOPBIH BHOCUT OCHOBHOM BKJIAJ B IOT-
pPELIHOCTh M3MEpEHU mepemMelnenuil. Jlana xomude-
CTBEHHAsl MHTEPIIPETAlUs WHTEP(HEPCHIIMOHHOTO TIO-
JIsl, BOCIIPOU3BEJICHHOIO JIa3ePHBIM JIy4oM ¢ (OTO-
rpadu4eckoil  BBICOKOpa3pelIaonieil  IUIaCTHHKHU
[1dI-04.
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RECORDING SCHEME TO DETERMINE THE MOVEMENT
OF AN OBJECT USING A HOLOGRAPHIC INTERFERENCE

INSTALLATION

E.E. Maiorovl, G. A. Kostinz, T. A. Chernyakz, N. E. Baranov’

'Saint Petersburg State University of Aerospace Instrumentation (GUAP), Saint Petersburg, Russia
2Saint Petersburg State University of Civil Aviation named after Chief Marshal of Aviation A.A. Novikov,

Saint Petersburg, Russia

The work is devoted to the study of object movement using the method of holographic interferometry ac-
cording to a codirectional scheme. This work is relevant and promising because coherent optics methods play a
significant role in optical measurements, and holographic interferometry methods are among the most highly
informative and high-precision approaches. The article sets the goal and objectives as well as defines the object
and method of research. The appearance, optical scheme. and technical parameters of an experimental holo-
graphic interference installation are given. Interference fields for various types of movements are shown, as well
as a scheme for reproducing an interferogram after recording object movements. The results of moving the ob-
ject image along the X axis by 100 microns and along the Z axis by 150 microns were obtained, and the relative
error of determining d, and d., which does not exceed 5%, was revealed.
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INTRODUCTION

Currently, great attention is paid to the develop-
ment of high-tech methods and technical measuring
instruments [1, 2]. Research organizations and centers
are forced to constantly improve and develop the
scientific base of experimental research in order to
keep up with global scientific and technological
progress [3, 4]. There is a wide class of methods and
technical means for monitoring and diagnosing the
objects and media under study. Measurement tools
and optical techniques hold a prominent position.

The stage of development of the methods and
means of research and measurement (accuracy, sensi-
tivity, measurement range) affects the reliability of the
experimental results as well as the naturalness of the
representation of the surrounding world [5, 6]. Of all
existing measurement methods, some of the most ac-
curate are optical and optoelectronic methods and
means, namely coherent optics methods.

It is known from scientific literature that the sensi-
tivity and measurement accuracy of these methods are
at the level of the radiation wavelength and have a
range from 1500 um to 0.1 pm [7, 8]. Among the me-
thods of coherent optics, holographic interferometry
methods occupy an important place, they are a highly
informative and highly accurate tool for obtaining in-
formation.

Holographic interferometry methods allow one to
study statistical and dynamic processes, compare
wave processes at different points in time, receive da-
ta about the process in quantitative and qualitative
interpretation, allow you to reproduce a three-
dimensional video copy [9, 10].

With the development of electronics and computer
technology, optical and optoelectronic devices and
complexes have the opportunity to increase the accu-
racy and sensitivity of measurements several tens of
times [11, 12]. The importance of such devices and
complexes lies in the fact that they provide clarity,
reliability, and persuasiveness to measurements.
Therefore, these devices and complexes are used in
most natural sciences, technical areas, and medical
and biological practice.

The metrological capabilities of a holographic in-
terference setup for the study of interferograms are an
interesting area of research.

The purpose of the work was to use a codirectional
scheme for recording interferograms to determine the
elementary displacement with a holographic interfe-
rence installation.

FORMULATION OF THE PROBLEM

Record interferograms on high-resolution plates
when the object surface is displaced along the OX axis

and along the OZ axis. Analyze the reproduced inter-
ference pattern for the XZ plane.

OBJECTS AND METHOD OF RESEARCH

The object of study was a fragment of a reflector
based on SiO,+H,0+Zn0O, with recording plane di-
mensions of 90 x 90 mm. To obtain interferograms,
high-resolution photographic plates T1®I'-04 with di-
mensions 102 x 102 mm based on dichromated gelatin
were used.

An experimental holographic interference setup is
used to study the interference pattern of an interfero-
gram, which was recorded by laser radiation of a li-
mited aperture at different times. The appearance of
the setup is shown in Fig. 1.

Fig. 1. Appearance of the experimental setup

The interference fringes are set by the installation,
as in a classical holographic interferometer [13—15].

Fig. 2 shows the codirectional optical scheme for
recording interferograms. In the experiment, the inten-
sities in the object and reference channels were in the
ratio 1:3, and it was possible to change them accord-
ing to the polarization feature.

Fig. 2. Optical diagram of the experimental se-
tup.

1 — radiation source; 2, 6, 12 — optical cutters;
3,9, 13, 16 — mirrors; 4, 7, 14 — half-wave
plates; 5 — polarization beam splitter; 8, 15 —
collimators; 10 — object under study; 11 — in-
terferogram

The light beam from the coherent radiation source
1, after passing the light cutter 2 and hitting the mirror
3, is focused on the polarization beam splitter 5. The
beam splitter 5 separates the light beam into the object
and reference channels, where the rays enter the col-
limators of measurement channels 8 and 15 through
half-wave plates 7 and 14. In the object channel, the
beam, falling on mirror 9 and reflecting from it, illu-
minates the object under study and records it on 11
(IT®I-04). In the reference channel, the light beam is
directed to mirror 16, reflects from it, and hits 11
(TIPI-04).

The technical parameters of the experimental setup
are given in the table.

Tab. Technical specifications




EXPERIMENTAL RESULTS

During the experiment, interferograms were rec-
orded on I1®I-04 of the object under study, where the
object moved along the X axis and along the Z axis.
These types of motion are shown in Fig. 3. The mo-
tion of the object was carried out using a device with
micro-metric movements. During recording, the ob-
ject was illuminated normal to the surface. The rec-
orded interference field was analyzed for the XZ

Fig. 3. Interference fields for various types of
movements.

a — movement of the object along the X axis by
100 pm; 6 — object movement along the Z axis
by 150 um

plane. The interference pattern for this type of motion
is localized and observed in the focal plane of the lens
with focus f.

Let's consider the movement of the object under
study along the X axis.
In this case d. = d, = 0, then

2
0=""d. 1, =, (1)
A
where A is the radiation wavelength; d, is the amount
of displacement of the object along the X axis; 7y, is
a value characterizing the direction of observation
along the X axis; ¢, is phase shift due to the direction
of illumination of the object.
Taking into account (1) for the observation direc-
tion (Fig. 4), characterized by the angle o = a;, we
have
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q)l Zde Sln(Xl _(DO s

where angle o is measured from the normal to the
displacement vector.

Fig. 4. Scheme for reproducing an interferogram.
S" — reconstruction beam; P — recorded image;
H—TI®r-04; L — collecting lens

According to Fig. 4:
2r .
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If the image moves by one fringe:
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where X, is the distance between the interference
fringes; f'is the focal length of the lens.
Then
Af
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When moving an object image along normal to
both directions:

2
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If the image moves by one interference fringe, then

A
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So, for a,, corresponding to the direction to the

center of the first ring of the interference pattern, and
for small o we obtain:

_2
@

d

z

This formula can be represented in terms of the ra-
dius of the first ring of the interferogram r;, observed
in the focal plane of a lens with focus f:
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In practice, five interference fringes or rings are
used to measure displacements, and the following
formulas are used to calculate displacements:

5Af

d ==—, 4

A (4)
102

d =f"—, (5)
£

where A is linear displacement in the focal plane of

the lens.

In the experiment, a IMUI linear displacement in-
dicator with a scale division of 1 um was used as an
independent measurement tool.



The obtained results of moving the object image
along the X axis by 100 um and along the Z axis by
150 pm are shown in Fig. 5. Measurements were car-
ried out point by point by moving the interferogram in
its plane by 90 mm.

Fig. 5. Experimental results of measuring the
movement of an object image along the axes.

a — movement along the X axis by 100 um; 6 —
movement along the Z axis by 150 pm.
Measurements are made point by point by moving
the interferogram in its plane by 90 mm

The study showed that the magnitude of the errors
6, and 6, depend on the inaccuracy of counting of
the bands Jy. Therefore, according to (4) and (5), we
obtain
2
o =25N, 5=2fﬂ“5N. (6)

x z 2
A, s

If N =5 and errors oy = 0.25, it follows from (4),
(5) and (6) that the relative error in determining d,,
and d. does not exceed 5%, as shown in Fig. 5.

CONCLUSION

With the advent of holographic interferometry in
scientific practice, great advances have been made in
the recording, reproducing, and optical processing of
interferograms.

The work obtained experimental results of moving
the image of an object along the X axis by 100 um and
along the Z axis by 150 um. The parameter that makes
the main contribution to the error in displacement
measurements has been determined. A quantitative
interpretation of the interference field reproduced us-
ing a laser beam from a high-resolution photographic
plate [1dI'-04 is given.



