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INPUMEHEHUE UHTEPOEPOMETPUMN CABUT'A I KOHTPOJIA
YIJIOBOI'O CMEHIEHMA IMMOBEPXHOCTHN OBBEKTA

Hacrosmas paboTta mocBsilmeHa UCCIEAOBaHNIO pa3pab0oTaHHOW MHTEP(HEPEHIIMOHHON YCTAHOBKH KOHTPOJIS yIJIO-
BBIX CMEIIEHHH TOYEK MOBEPXHOCTH OOBEKTa Ha BHICOKOPA3pELIAOIIMX roJjorpaduyeckux IuiacTuHKax. MeToabl
rosorpaduueckoii HHTEP(HEPOMETPHUH SIBISIFOTCSI BHICOKOTOYHBIMHM M BBICOKOMH(OPMATHBHBIMU METOJIAaMH M3Mepe-
HUH U MO3BOJIAIOT MPOBOAUTE MCCIIEOBAHUS MPOIECCOB KaK B CTaTHKE, TaK U B JUHAMUKE, U3Y4aTh IIOBEPXHOCTH
BBICOKOIIOJIMPOBAaHHbIE U Ipy0oii (opMbI (IIEPBOTro, BTOPOro Kiacca LIEPOXOBATOCTH), BECTH KOHTPOJb BOJHOBBIX
MOJIEH, CYIECTBOBABIINX B Pa3HOE BPEMs, a TAKXKe MOJIy4aTh JAHHBIE SKCIIEPUMEHTA B KOJMYECTBEHHOM M KayecT-
BEHHOM acliekTax. B paboTe oneHeH mar HHTEpEPEHIIMOHHBIX MOJIOC U MPOBEICHUS N3MEPEHNH, MPEAIoKeHa
METOJIMKa YCTPAaHEHHUS] HAKIIOHHBIX CMEIICHUH MOBEPXHOCTH M IpHBEJCHA (PyHKIMOHAIBHASA CXeMa Pa3pabOTaHHOTO
ycrpoiicTa. [losydeHo BbIpaskeHHE JUIl MHTEP(EPEHINOHHBIX MOJIOC, PA3IMIMMBIX HA ()OHE ONTHYECKOTO HIyMa,

JUIA TIPOBEACHUSA PEAJIbHOIO SKCIICPUMEHTA.

Kniouegvie crnosa: nHTepdepoMeTpus cliBUra, rojiorpaguyeckas riacTHHKA, ONTHYECKUH 1IyM,
UHTEpEPEHIIMOHHBIC MOJIOCHI, ONTHYECKUE AIEMEHTHI, (DOKYCHOE PAacCTOSHHE, YIIIOBOE CMEIICHUE, TMHEHHOEe

cMeleHne, tuadparma

BBEJAEHUE

Wsmepenue Bceraa SBISUIOCH MO3HAHUEM MaTepu-
QIIBHOTO MHpA, €ro 3aKOHOMEPHBIX CBS3€H, HaXOIH-
MBIX B IPUPOJIE, HAOIIOIaeMbIX OOBEKTOB U SIBJICHUH.
PeanmpHbIE MOJENHM TPOIECCOB, OKPYXKAIOIIUX Hac,
OBUTH TIOJTydEHBI U OIMCaHBI B MpOIECcCe MCCIIea0Ba-
HUM 00BEKTOB U cpell Onaronaps OypHOMY Pa3BUTHIO
MeTo0B m3MepeHnii. CoOBpeMEHHBIE JIOCTIDKEHUS
HayKd M TEXHUKUA HEpa3pblBHO CBS3aHBI C U3Mepe-
HUSAMH, T.K. W3MEPEHUS YCTaHABIMBAIOT KOJIWYECT-
BEHHBIE COOTHOILIEHHS, 3aKOHOMEPHOCTH CBOWCTB
u3y4aeMbIx 00bekToB. [loaToMy pasBHTHE HayYHBIX
HampaBJIeHH BCErga CBSI3aHO C  HM3MEPEHUSIMHU.
OT NOPOTOBOH YYBCTBHTEIBHOCTH, TOYHOCTH U3MeEpe-
HUH 3aBUCHT pealibHas KapTHHA OKPYXKAIOIIEro Hac
mupa [1-3].

HoBele  cmocoObl, METOOWKH, METOIBI  JUIA
uccleioBaHusi 0OBEKTOB, Cpei, IMPOLECCOB BCeraa
CIOCOOCTBYIOT ~ TOABEMY  TIPOU3BOACTB  [4—6].
Onrtryeckne W3MEpeHHs] BCET/ia 3aHUMAalll BeIyIHe
MecTa B TOJYYEHHM 3HAYMMBIX JaHHBIX  JUIS
METPOJIOTHYECKOTO obecnieyeHus, MeTUIUHEI,
omntu4yeckoro mpudopoctpoeHus u T.4. [7-10]. Ux
qyBCTBUTEIBHOCTh M TOYHOCTh HAXOJATCS Ha YPOBHE
JUIMHBL ~ BOJHBI  HCIIOJB3YeMOTO U3ITyYeHHUS.
A coBpeMeHHbIE ONTHKO-UH()OPMAIMOHHBIE CHCTEMBI
U TEXHOJIOTHH, B KOTOPBIX HCIIONB3YIOTCS HOBEUIIast
SNIEKTPOHMKA W KOMITBIOTEPHI, MO3BOJIIOT M3MEPATh
C TIOBBIIICHHOW TOYHOCTHIO M YYBCTBUTEIBHOCTBHIO,
B JICCATKHU Pa3 MPEBHIAIOIINMEI TOYHOCTh H YyBCTBH-
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TCJIBHOCTH KJIACCHYECKHUX OIITHYCCKUX METOA0B
n cpeacts [10—13]. Xoreroce OBl OTMETHTH
YHUKQJIbHBIE CBOMCTBAa ONTHYECKUX H3MEPEHUH —
HarjiIsiAHOCTb, y6eI[I/ITCJ'II>HOCTI) U HAACKHOCTD.

CymectByeT OO0NBIIOE KONHYECTBO ONTHYECKHX
METOJIOB H3MEPEHUI, HO HanboJIee BOCTPEOOBAHHBIMHU
B 9TOM HaIlpaBJICHUH SIBISIOTCS METObl KOT€PEHTHOM
ONTUKH, a WMMEHHO METOJABI ToJorpaduvecKoi
naTepdepomerpun  [14, 15]. Meroner  romorpa-
¢uueckoii UHTEPPEPOMETPUH SBISIOTCS BBICOKOTOY-
HBIMHA u BI)ICOKOI/IH(l)OpMaTI/IBHI)IMI/I METOAaMU
M3MEepEeHHA. DKCIIEPUMEHTATOPHI OTMEUAIOT TOT (haKT,
YTO OHHU TO3BOJAIOT TIPOBOAUTH HCCJICAOBAHUA
MIPOILIECCOB KaK B CTATHKE, TAK U B JMHAMUKE, U3y4aTh
MOBEPXHOCTH  BBICOKOIIOJIMPOBAaHHBIE H  Tpy0oii
¢hopMBI (TIEpBOTO, BTOPOTO Kjacca IIEpOXOBATOCTH),
BECTU KOHTPOJIb BOJIHOBBIX HOHGI\/'I, CYHICCTBOBABIINX
B pa3HOEe BpeMs, a TakkKe I[0JydaTb JaHHbIE
9KCHEPUMEHTa B KOJIMYECTBEHHOM M KadeCTBEHHOM
acIeKTax [16, 17]. [ToaTomy OTNITHYECKUE
HCCIIEIOBAHUS M U3MEPEHNUS 3aHUMAIOT BEAYyILUE MEC-
Ta B HAYKC U TCXHUKE.

Ha cerompammamii neHs B Tonorpaduveckoi
WHTEPPEPOMETPUN AOCTHTHYTHI OONBIINE YCIEXH
B METOJaX perucTpauudu u300paKeHWH, aHaju3e
MOJYYEHHBIX PE3YyJIbTAaTOB JKCIEPHUMEHTa, a TaKXKe
B onTHyeckod  00paboTke  ronorpaduyeckux
n3o0paxenuit 18, 19]. AHanu3 HayYHOU TUTEPATYPHI
MOKas3all, 4TO pelieHbl BOMIPOCH! KECTKUX TpeOOBaHUI
K CTaOMJIBHOCTH T'€OMETPHUM CXEM BOCIIPOU3BEACHUS
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n300paKeHUH, HACTPOWKH  WHTEPPEPEHIMOHHBIX
II0JIOC B TEXHUKE JIByXOIIOPHOM rojorpaguu.

ITOCTAHOBKA 3AJJAYN

B Hacrosmeit paboTe wWHTEpeC MpPEICTaBIIACT
WCCIIEIOBaHNE pPa3padOTaHHOTO WHTep(hEepEeHIINOH-
HOTO YCTpPOMCTBAa KOHTPOJIS YIJIOBBIX CMEIIECHUN
paccessHHOM CBETOBOU BOJIHBL.

Lenp paboTel cocTosna B MpUMEHEHUH HHTepQe-
POMETpUM CABHUra Uil W3MEPEHHUs] OTKJIOHEHHH IO-
BEPXHOCTH 00BEKTA OT MEPBOHAYAILHOI'O COCTOSIHHUS.

Ouenuth mar MHTEPYEPEHIHMOHHBIX MOJOC IS
npoBecHUsT u3MepeHuid. IIpennoxute METOIUKY
YCTPAHCHUA HAKJIOHHBIX CMGHIGHI/II‘/'I MMOBEPXHOCTU
U TpuBecTH (QYHKIHMOHAIBHYIO CXEMY YCTpOMCTBa.
[Monyunts BBIpaxkeHue uisd MHTEP(HEPEHIMOHHBIX TO-
JI0C, pa3IUYUMBIX HA (JOHE ONTHYECKOro HIyMa.

OBBEKT U METO/] UCCJIEJIOBAHUI

OOBexTOM uccnenoBaHusi Obula pa3paboTaHHas
uHTepEepeHIOHHas ycTaHOBKa. DyHKIMOHAIbHAS
CX€Ma YCTaHOBKM MpHUBEJEHA Ha pUCYHKe. JlaHHas
YCTaHOBKaA IMO3BOJIACT YCTPAHATH M3MCHCHUSA BOJIHO-
BBIX (DPOHTOB OT HETIAKHX TTOBEPXHOCTEH, 3anKcaH-
HBIX Ha roJIorpaMM€ B pa3Hbl€ MOMCHTLI BPECMCHU.

Jnist BBIABIICHUSI JaHHBIX 00 W3MEHEHHOW MOBEPX-
HOCTH HCHOJb30BaICAd HHTEP(EPEHIHMOHHBI METOx
HACTPaMBaeMOro CIIBUTA.

B ornuume or kiaccuueckux HHTEPHEpOMETPOB
(Teaiimana — I'puna, Hprorona, ®uzo u T.1.)
B CcABUTOBOW wuHTepdhepomeTpun (MHTEPHEPOMETPHI
Meptu, XKamena, casur mo cxeme MaiikenbcoHa
W T.J.) HET HEOOXOJMMOCTH HCIIOJIB30BATh HEKOTOPBIH
ONTUYECKHUI dIeMeHT — JTalioH. MHTepdepomerpus
CABUI'a HIMPOKO UCTOJIB3YETCA IJId U3YyUCHUS OITHUYC-
CKUX JeTajlell, CUCTEM, a TaKKe MPH KOHTPOJIE MOTO-
KOB 1 Juddy3un B ra3ax v KHUIKOCTSIX.

WnTepdepeHnMOHHBIE  METOL  HACTpaUBaeMOTO
caBura u padboTa COOTBETCTBYIONIUX MPUOOPOB OCHO-
BaHa Ha CJI0KCHUH BOJHOBBIX (DPOHTOB, MOTYYAEMBIX
13 ofHOTO NeOpMUPOBAHHOTO (PpOHTA, T.€. MPH He-
OOJIBIIIOM CMEIIEHHH HMCKaXCHHOTO (POHTA BOJIHBI
U NOJY4YEHUH MHTeP(EPEHIIMOHHON CTPYKTYPhI MEX-
Iy HUM W UCXOJIHBIM BOJHOBBIM ()poHTOM. B nuama-
30HE HAJOXXEHUS ITUX BOJHOBBIX ()POHTOB BO3HUKAET
uHTEeppepeHnnonHas kapTuHa. CABHUT WM CMEIIEHUE
MOJKET OBITh Pa3HOTO XapakTepa (pagualbHBIM, TOBO-
POTHBIM, OOKOBBIM M 3€PKaJIbHO WJIM LIEHTPAIBHO pPe-
BEPCUBHBIM). OJKCIEPUMEHTATOPHl OTMEYAIOT, YTO

rmosTydeHHasi HHTepepeHITNOHHAs CTPYKTypa OOKOBO-
TO C/ABUTA J]aeT BO3MOXKHOCTBH C BBICOKOW TOYHOCTBHIO
MPENICTABIATh Pa3MBITOCTh M300pakeHus (pacoxy-
CHUPOBKY).

Puc. Peanmzarust nHTEphEpEeHIMOHHOTO METO/1a HACTPAaUBAEMOTO C/IBHUTA.
P, — wncxomHoe monoXkeHHE TOYEK MOBEPXHOCTH, P, — OTKIOHEHHOE MOJ0XKEHHE TOYEK
nosepxHoctH, L, u L, — onruueckue anemenTsl, | — unTepdepomerp capura, D — nuadparma,

V| 1 V,— BBIXOJIHbIE CBETOBBIE BOJIHBI, dy —

BEJIMYMHA JINHEHHOTO CMEIISHHS
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B stom meTozne mosBisSeTCST BO3MOXHOCTBH IMOJY-
4aTh OTJIIMYHBIE OT KJIACCHYECKUX MHTEp(epeHINOH-
HBIX CTPYKTYp MHTepEpPEHLINOHHBIE KapTUHBI C yue-
TOM TEPEKPEecTHOH HHTepHEepOMETPUU. DTOT METO[
MIPHUBIIEKAET CBOEH MallOi YyBCTBUTEIHHOCTHIO K BHO-
paumsM, IpocT B JKCIUTyaTalluy, a MpUOOpHI, pean-
30BaHHbIE Ha 3TOM METOJE, MMEIOT OTHOCHTEIBHO
MaJlble Pa3Mepsbl.

OKCIIEPUMEHTAJIBHBIE PE3YJIbTATDBI

Jtobot 3KCTIIEpUMEHT HaJ[ CIOXHOW ITOBEPXHO-
CTBIO TIPAKTHYECKH BCETZa COIPOBOXKAAETCS M3MEHe-
HUSMH TIOJIOKEHUSI TOYEK ITOBEPXHOCTH — BBICOTHI
HEPOBHOCTEH MNpOQUIs U CpeaHeapu(MeTHIecKOro
otkyioHeHus npoduiist. [Ipu HEOOIBIIIOM OTKIIOHEHUHU
TOYEK IMMOBEPXHOCTH BHE IUIOCKOCTH WHTEp(hEepeHIH-
OHHAasl CTPYKTypa H300pakeHUs JIMOO CTaHOBUTCS
CWIIBHO Pa3MBITOH, 1u00 BooOIIe mcue3aeT Ha (oHe
ontuueckoro myma. Korna Toukn moBepxXHOCTH 00b-
eKTa OTKJIOHSIOTCS Ha OMpPEACNICHHBIH YTOJl ¥, TO pac-
CUMTATh IIAr WHTEP(EpPEHIHMOHHBIX TOJIOC MOKHO
o cieaytomien hopmyre:

X = (1)

rne x;— mar, A — JJIMHa CBETOBOW BOJIHBI, ¥ — YIOJI
OTKJIOHEHHS TOYEK IMOBEPXHOCTH OT HMCXOJHOIO CO-
CTOSIHHMS.

B oakcnepumenTe otkioHeHue Obuio 10 MM
ma 1 oM, A=0633 Mxm u y=10" paxg,
a x; = 0.633 MM. DTO O3HAYAET, YTO IIPU TAKOM 3HAUE-
HHUM IIara UHTePPEPeHLHOHHBIX M0JIOC MTOJIOCHI MPO-
cTo OyZAeT HEeBO3MOXKHO Pa3IM4YUTh Ha (POHE ONTHYE-
CKOT0 IIyMa.

B pabore mpuMeHHIM WHTEPPEPEHIMOHHBIH Me-
TOJ HacTpamBaeMoOro CcJBUTa JJIi KOMIIEHCAIUH
OTKJIOHEHHS TOYEK [TIOBEPXHOCTH.

Ha puc. npuBeaeHa peanusanust JaHHOTO METOA.

Ha BrIcokopa3zpemarorieii roorpapuaeckoil mia-
CTHHKE OBUIM 3alKcaHbl JiBa TOJIOKEHHs HM300paxkKe-
HUI oBepXHOCTH 00BbeKTa. Ha puc. BuJeH yroi y npu
OCBEIICHUH MOBEPXHOCTH B nosioxkeHusix P u P,. Omn-
THYEeCKUi 3meMeHT L, mpeoOpasyer yrioBoe OTKIIO-
HEHUE B JIMHEHHOE cMmelieHue d,, a uHTephepOMETp
capura | M3MeHsieT BEJWYMHY 3TOr0 OTKJIOHEHHMS,
KOMIIEHCUPYS TEM CaMbIM HakKJIOH noBepxHocTH. Ilo-
3TOMY MOSIBIIIETCS BO3MOKHOCTH JIMOO M3MEHSTH B3a-
UMHOE PACXOKICHUE BBIXOAHBIX CBETOBBIX BOJNH V|
U V,, 100 MOJHOCTBIO YCTPAHITh OTKIOHEHUE TOYEK
MTOBEPXHOCTH OOBEKTA.

JIJis BEJNIMYMHBI JTMHEWHOTO CMEIICHUS d; MOXHO
MOJYYHTh pacueTHylo Gopmyny, 3Has (okycHoe pac-
CTOSIHHE f ONITHYECKOTO dJieMeHTa L, ¥ u yron ocse-
IIeHHS TOBEPXHOCTH 6:

d, = f(1+cos0)y. 2)

Orta (opMyna MMOKa3bIBaeT B3aUMOCBS3b ¥ H ds.
Huadpparma D BeIENsieT YacTh TMOBEPXHOCTH
npu CABUIC 3AIIMCAHHOI'O I/I306pa)KCHI/I§I MMOBEPXHOCTU
Ha rojorpamme. Pasmep BbIpe3a Ha nuadparmMe BbI-
nelsieT 001acTh MOBEPXHOCTH, a MPOTPAMMHOE 00eC-
MEYeHUE CIYXKHUT, YTOOBI NPEICTABIATh Ha JKpaHe
JWCIUIes CpelHee 3HAauYeHHE BEKTOpa CMEUICHUSI.
MakcumanbHblii pa3Mep CMELIEHUs TOYEK BbIpe3a
Ha quadparme nomkeH OBITH B IMpenenax rpagucHTa
BeKTOpa cmemnleHusi. Mrak, KOHTpacTHas CTpPYKTypa
nHTep(EePEeHIIMOHHON KapTHHBI OYAeT pazandnMa IpH
ycioBud, korga (i + 1)-a mosioca npu dp., He Oyaer
MEPEKPBIBATHCS i-i TONOCON MPH dpin (dimax ¥ dinin —
MaKCuMaJibHass U MUHUMaJIbHasA BECJIMYHUHbBI CMCIICHUA
TOYEK BBIPE3a).

HOC—)TOMy JOJIDKHO BBIITOJHATBHCS COOTHOIIICHUEC:

zZA@+1) >ﬁ
d d

max min

) €)

rae z — paccrosHue ot auadparmel D 1o ¢ortonpu-
€MHOTO YCTPOWCTBA, dyax U dyin — MaKCUMalbHAs
M MHHHMMAJIbHasl BEJIMYMHBI CMEIICHHUS TOYeK, [ —
MOPSZIOK HHTEP(EPEHIIMOHHOMN MOJIOCHL.

Hraxk,

. dmin
I1=p—),

p A
dmax = dmin + TD’

rae B — yron HaOmoaeHus, A/dy;, — yrioBoil nepu-
Ol TOJIOC, T — OTKJIOHEHHE MOBEPXHOCTH, D —
pasMep menu Ha auadparme. MakCUMaNbHBIA pa3Mep
menu avapparMbl OMUCHIBACTCS CIEAYIONINM BbIpa-
KEHUEM:

A
D . <-—T.

Ecnu BbruncisieMblil pa3Mep LIETW MEHBIIE 1IENH
Ha auadparme, TO ONTHYECKHH IIyM HMEeT MaKCH-
MaJbHOE 3HAa4YeHHe. A 3HAYUT, 3TOT pa3Mep Oyner
OrpaHUYCH BEJIMYMHOM OIITHYECKOIO myMa U UHTEP-
(hepeHnOHHAs KapTHHA OYyJeT IMETh MaKCHMaIbHBIH
KoHTpacT upud, , >1.22d .

Ilpuy  xoHCTpyHpOBaHMHM WHTEP(EPEHIIMOHHBIX
YCTPOMCTB cABHra JOCTaTOYHO TOAO0OpaTh TaKyro
mens Ha Auadparme, 9ToOBI MOYKHO OBLIO BH3yalbHO
HaOIOaTh YEeTKWH KOHTPAcT WHTEPPEepEHIMOHHBIX
0JIOC.

3AKIIIOYEHUE

B pabote npuBeneHo onmcanue WHTEPGHEPEHIINOH-
HOT'O YCTPOMCTBA CHIBHUTIa JJI1 U3MEPEHUS] CMEUIEHUU

HAYYHOE [NPUBOPOCTPOEHMUE, 2026, Tom 36, Ne 1
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TOYEK TOBEPXHOCTH OOBEKTa OT MCXOIHOTO COCTOS-
Hus. PaccMOTpeHa MeToaMKa YCTpaHEHHs YIJIOBBIX
OTKJIOHEHHH MTOBEPXHOCTH CIIOKHOM (OPMBI B METO/IE
rojorpaduueckoil nHTEpPepomeTpun. IlomydeHo BbI-
paxernne (1) ans mara MHTEPHEPEHITMOHHBIX MOJIOC
IpU yCIOBUSX, MIPUBEJCHHBIX B pabote. JlaHO BbIpa-
JKeHue (2) ansd TUHEWHOTO CMEIeHUs, KOTOpoe IIo-
3BOJISIET pacCUMTaTh YIJIOBOE CMEIIEHHE TOYEK IO0-
BEPXHOCTH O0BEKTA MO BEJIMYMHE JTMHEHHOTO CMEIIIe-
Hus. BeiBeneHo cooTHomieHue (3) A CymecTBOBa-
HUsSI WHTepPEpEeHIIMOHHBIX monoc. JlaHHas paboTa
MIPEJICTABISIET WHTEPEC Ui ONTHYECKOTO MPHOOpO-
CTPOCHMsI, B YaCTHOCTH, rojiorpaduyeckoii uatepde-
pOMETpHH.
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APPLICATION OF SHEAR INTERFEROMETRY TO CONTROL
THE ANGULAR DISPLACEMENT OF AN OBJECT'S SURFACE

E. E. Maiorov

Saint-Petersburg State University of Aerospace Instrumentation (SUAI), Saint Petersburg

The present work is devoted to the study of an interference control system for the angular displacement of
object surface points on high-resolution holographic plates. Holographic interferometry methods are highly ac-
curate and highly informative measurement methods and make it possible to study processes both in statics and
dynamics, can examine highly polished and rough surfaces (of the first and second roughness classes), monitor
wave fields that existed at different times, and obtain experimental data in quantitative and qualitative aspects.
The paper evaluates the pitch of interference fringes for measurements, suggests a method for eliminating in-
clined surface displacements, and provides a functional diagram of the developed device. The expression is ob-
tained for interference fringes distinguishable against the background of optical noise for conducting a real ex-
periment.

Keywords: shift interferometry, holographic plate, optical noise, interference fringes, optical elements, focal length, angular
displacement, linear displacement, aperture

otrazhayushchikh objektov [Interferometry of diffusely re-
flecting objects]. Saint Petersburg, ITMO Publ., 2014.
195 p. (In Russ.).

69

REFERENCES 10. Maiorov E.E., Prokopenko V.T., Ushveridze L.A. [Dy-
namic parameters optimization for trigger type optical-

. Hart H. Einfiihrung in die Messtechnik, 5th ed. Berlin, probe]. Nauchno-tekhnicheskii vestnik informatsionnykh
Verlag Technik Publ., 1989, 379 p. (Russ. ed.: Khart Kh. tekhnologii, mekhaniki i optiki [Scientific and technical
Vvedeniye v izmeritel'nuyu tekhniku. M.M. Gel’man journal of information technologies, mechanics and op-
(transl.). Moscow, MIR Publ., 1999. 389 p.). tics], 2012, no. 2 (78), pp. 13-16. URL:

. Klaassen K.B. Electronic measurement and Instrumenta- https://www.elibrary.ru/item.asp?id=17755116 (In Russ.).
tion. S.M. Gee (transl. from Dutch). Cambridge, Cam- 11. Maiorov E.E., Prokopenko V.T., Ushveridze L.A. [Calcu-
bridge University Press Publ., 1996, 335 p. (Russ. ed.: lation of scanning parameters of the interferometric sys-
Klaassen K.B Osnovy izmereniy. Elektronnyye metody tem for controlling the shape of diffusely reflecting ob-
i pribory v izmeritel'noy tekhnike. Moscow, Postmarket jects]. Pribory [Instruments], 2012, no. 7 (145),
Publ., 2000. 350 c.). pp. 23-25. URL:
URL.: https://libcats.org/book/1238419 https://www.elibrary.ru/item.asp?id=17910855 (In Russ.).

. Lyachnev V.V., Siraya T.N., Dovbeta L.I. Fundamen- 12. Ivanova T.A., Kirillovsky V.K. Proyektirovaniye
tal'nyye osnovy metrologii [Fundamental principles of me- i kontrol" optiki mikroskopov [Design and control of mi-
trology]. St. Petersburg, Elmor Publ, 2007. 420 p. croscope optics]. Leningrad, Mashinostroenie Publ., 1983.
(In Russ.). 231 p. (In Russ.).

. Malakara D. (ed.). Opticheskii proizvodstvennyi kontrol'. 13. Maiorov E.E., Prokopenko V.T., Sherstobitova A.S. [In-
AN. Sosnov (transl.). Moscow, Mashinostroenie Publ., vestigating an optoelectronic system for interpreting holo-
1985. 340 p. (In Russ.). graphic interferograms]. Opticheskii zhurnal [Journal

. Kreopalova G.V., Lazareva N.L., Puryaev D.T. Opti- of Optical Technology], 2013, vol. 80, no. 3, pp. 47-51.
cheskiye izmereniya [Optical measurements]. Moscow, URL:  https://opticjourn.ru/ru/abstract/2013-80-3-47-51.
Mashinostroenie Publ., 1987. 264 p. (In Russ.). (In Russ.).

. Dukhopel LI, Fedina L.G. [Interference methods and de- 14. Prokopenko V.T., Mayorov E.E., Mashek A.C., Tsygan-
vices for monitoring the correctness of the shape of spher- kova G.A., Abrahamyan V.K., Zaitsev Yu.E., Khaida-
ical surfaces]. Optiko-mekhanicheskaya promyshlennost' rov A.G., Khaidarov G.G. [Application of cross-shear in-
[Optical-mechanical industry], 1973, no. 8, pp. 50-55. terferometry in holography for control of geometric para-
(In Russ.). meters of diffuse-reflecting surfaces]. Izvestiya vysshikh

. Zakharyevsky A.N. Interferometry [Interferometers]. uchebnykh zavedeniy. Priborostroenie [Journal of Instru-
Moscow, Oborongiz Publ., 1952. 296 p. (In Russ.). ment Engineering], 2017, vol. 60, no. 4, pp. 331-339.

. Kolomiytsev Yu.V. Interferometry [Interferometers]. Le- DOLI: 10.17586/0021-3454-2017-60-4-331-339. (In
ningrad, Mashinostroenie Publ., 1976, 295 p. (In Russ.). Russ.).

. Prokopenko V.T., Maiorov E.E. Interferometriya diffuzno ~ 15. Kostin G.A., Chernyak T.A., Mayorov E.E. [Experimental

study of a phase-measuring installation for processing
specklograms). Izvestiya Tul'skogo gosudarstvennogo un-
iversiteta. Tekhnicheskie nauki [News of Tula State



70

16.

17.

E. E. MAMIOPOB

University.  Technical  sciences], 2023, vol. 4,

pp- 109—-112. (In Russ.).

URL: https://www.elibrary.ru/item.asp?id=53964277
Maiorov E.E. [On the issue of measurement error in shear
interferometry]. Sh. Dokl. 4 Vserossiiskoi nauchnoi konfe-
rentsii "Modelirovanie i situatsionnoe upravlenie kachest-
vom slozhnykh sistem" [Proc. 4 All-Russ. conf. "Model-
ling and situational quality management of complex sys-
tems"], St. Petersburg, SUAIL 2023, pp. 61-64. URL:
https://elibrary.ru/itzldp. (In Russ.).

Mayorov E.E., Arefyev A.V., Khokhlova M.V., Da-
gaev A.V., Guliev R.B., Tayurskaya 1.S. [Experimental
determination of the elementary displacement in the de-
veloped optoelectronic control system of holographic ob-
jects]. Izvestiya Tul'skogo gosudarstvennogo universiteta.
Tekhnicheskie nauki [News of Tula State University.

Contacts: Maiorov Evgeniy Evgen'evich,
majorov_ee@mail.ru

HAVYYHOE ITPUBOPOCTPOEHMUE, 2026, Tom 36, Ne 1

18.

19.

Technical sciences], 2022, vol. 12. pp. 200-205. URL:
https://www.elibrary.ru/item.asp?id=50128359 (In Russ.).

Mayorov E.E., Fedorenko A.G., Khokhlova M.V., Khai-
darov G.G., Guliev R.B., Dagaev A.V. [The possibility of
using two-frequency radiation and a shift interferometer to
implement optical heterodication in holographic interfe-
rometry]|. Izvestiya Tul'skogo gosudarstvennogo universi-
teta. Tekhnicheskie nauki [News of Tula State University.
Technical sciences], 2022, vol. 8, pp. 51-56. URL:
https://www.elibrary.ru/item.asp?edn=adycaw (In Russ.).

Maiorov E.E., Cherniak T.A., Kostin G.A. [Application of
highly sensitive photographic materials based on silver
halides to study the effect of deviations of specklogram
substrates on measurement results]. Pribory [Instruments],
2023, no. 5 (275), pp. 51-54. URL:
https://elibrary.ru/item.asp?id=54266626. (In Russ.).

Article received by the editorial office on 26.12.2025



INTRODUCTION

Measurement has always been a means of under-
standing the material world, its lawful relationships in
nature, and observable objects and phenomena. Real
models of the processes surrounding us have been ob-
tained and described through the study of objects and
environments thanks to the rapid development of
measurement methods. Modern advances in science
and technology are inextricably linked to measure-
ment, as measurements establish quantitative relation-
ships and patterns in the properties of the objects be-
ing studied. Therefore, the development of scientific
fields is always linked to measurement. The real pic-
ture of the world around us depends on the threshold
sensitivity and accuracy of measurements [1-3].

New methods, techniques, and technology for
studying objects, environments, and processes always
contribute to the development of production [4-6].
Optical measurements have always occupied a leading
place in obtaining significant data for metrological
support, medicine, optical instrumentation, etc. [7—
10]. Their sensitivity and accuracy correspond to the
wavelength of the radiation used. Modern optical in-
formation systems and technologies, utilizing cutting-
edge electronics and computers, enable measurements
with increased accuracy and sensitivity, tens of times
greater than those of classical optical methods and
instruments [10-13]. It is worth noting the unique
properties of optical measurements: clarity, persua-
siveness, and reliability.

There are a large number of optical measurement
methods, but the most in-demand in this area are co-
herent optics methods, specifically holographic inter-
ferometry [14, 15]. Holographic interferometry me-
thods are highly accurate and highly informative mea-
surement methods. Experimenters note that they ena-
ble the study of both static and dynamic processes, the
investigation of highly polished and rough surfaces
(first and second roughness classes), the monitoring of
wave fields that existed at different times, and the ac-
quisition of quantitative and qualitative experimental
data [16, 17]. Therefore, optical research and mea-
surements occupy a leading position in science and
technology.

Today, significant advances have been made in ho-
lographic interferometry in image recording methods,
the analysis of experimental results, and the optical
processing of holographic images [18, 19]. An analy-
sis of the scientific literature has shown that the strict
requirements for the stability of image reproduction
circuit geometry and the adjustment of interference
fringes in dual-support holography have been re-
solved.

PROBLEM STATEMENT

The present study focuses on the investigation of a
developed interference device for monitoring angular
displacements of a scattered light wave.

The objective of the study was to use shear interfe-
rometry to measure deviations of an object's surface
from its original state.

To estimate the pitch of interference fringes for
measurements. To propose a method for eliminating
oblique surface displacements and provide a function-
al diagram of the device. To obtain an expression for
interference fringes discernible against background
optical noise.

RESEARCH OBJECT AND METHOD

The object of study was the developed interference
setup. The functional diagram of the setup is shown in
the figure. This setup allows for the elimination of
wavefront variations from rough surfaces that are rec-
orded on a hologram at different points in time.

To identify data on the modified surface, a tunable
shear interference method was used.

Fig. Implementation of the tunable shear interference
method.

P, is the initial position of the surface points, P, is
the deflected position of the surface points, L, and L,
are optical elements, I is the shearing interferometer,
D is the diaphragm, V| and V, are the output light
waves, d is the linear displacement

Unlike classical interferometers (Twyman-Green,
Newton, Fizeau, etc.), in shearing interferometry
(Merty, Jamin, Michelson-type interferometers, etc.),
there is no need to use a specific optical element—a
standard. Shearing interferometry is widely used to
study optical components and systems, as well as to
monitor flows and diffusion in gases and liquids.

The tunable shear interference method and the op-
eration of the corresponding instruments are based on
the summation of wavefronts obtained from a single
deformed front, i.e., when there is a slight shift of the
distorted wavefront, and the formation of an interfe-
rence structure between it and the original wavefront.
An interference pattern arises in the overlapping range
of these wavefronts. The shift or displacement can be
of various types (radial, rotational, lateral, and mirror-
or centrally reversible). Experimenters note that the
resulting lateral shift interference structure makes it
possible to accurately represent image blur (defocus).

This method makes it possible to obtain interfe-
rence patterns different from those obtained with clas-
sical interference structures by taking into account



cross-talk interferometry. This method is attractive
due to its low sensitivity to vibrations, ease of use, and
the devices implemented used are relatively small.

EXPERIMENTAL RESULTS

Any experiment on a complex surface is almost
always accompanied by changes in the position of
surface points—the height of profile irregularities and
the average arithmetic deviation of the profile. With a
small deviation of surface points out of plane, the in-
terference structure of the image becomes either very
blurred or completely disappears against the back-
ground of optical noise. When surface points on an
object deviate by a certain angle y, the pitch of the
interference fringes can be calculated using the fol-
lowing formula:

X = ey

where x;is the pitch, 4 is the wavelength of light, and
y is the angle of deviation of the surface points from
the initial state.

In the experiment, the deviation was 10 pm per 1
cm, A = 0.633 um, y = 10-3 rad, and x; = 0.633 mm.
This means that with such a fringe pitch, the fringes
will simply be impossible to distinguish against the
background optical noise.

In this study, we used an interference method of
adjustable shift to compensate for the deviation of sur-
face points.

The figure shows an implementation of this me-
thod.

Two positions of the object's surface images were
recorded on a high-resolution holographic plate. The
figure shows the angle y when the surface is illumi-
nated at positions P; and P,. Optical element L; con-
verts the angular deviation into a linear displacement
d;, and the shearing interferometer I varies the magni-
tude of this deviation, thereby compensating for the
surface tilt. This makes it possible to either change the
mutual divergence of the output light waves V; and V,
or completely eliminate the deviation of the object's
surface points.

A calculation formula for the linear displacement
d can be obtained using the focal length f of the opti-
cal element L, y, and the surface illumination angle 6:

d, = f(1+cos0)y. 2)

This formula shows the relationship between y and
ds;. Diaphragm D isolates a portion of the surface
when the surface recorded image is shifted on the ho-
logram. The size of the aperture cutout isolates the
surface area, and the software displays the average
displacement vector on the display screen. The maxi-
mum displacement of the aperture cutout points must

be within the gradient of the displacement vector.
Thus, the contrast structure of the interference pattern
will be discernible provided that the (i + 1)th fringe at
dmax does not overlap the i-th fringe at dyi, (dmax and
dpmin are the maximum and minimum displacements of
the cutout points).

Therefore, the following relationship must be satis-
fied:

ZA@I+1) >Z_M
d d

max min

; 3)

where z is the distance from the aperture D to the pho-
todetector, dm.x and dpi, are the maximum and mini-
mum values of the point displacement, and i is the
order of the interference fringe.

So,

. dmin
I1=p—,

p A
dmax = dmin + TD’

where S is the observation angle, 4/d,,;, is the angular
period of the fringes, 7 is the surface deviation, and D
is the aperture slit size. The maximum slit size is de-
scribed by the following expression:

D <ir,

If the calculated slit size is smaller than the slit on the
aperture, then the optical noise is at its maximum.
Therefore, this size will be limited by the optical
noise, and the interference pattern will have maximum
contrastat &, >1.22d_ .

When designing interference shift devices, it is suf-
ficient to select a slit on the aperture such that a clear
contrast of the interference fringes can be visually ob-
served.

CONCLUSION

This paper describes an interference shift device
for measuring the displacement of object surface
points from their original state. A technique for elimi-
nating angular deviations on complex surfaces using
holographic interferometry is considered. Expression
(1) is derived for the pitch of interference fringes un-
der the conditions described in the paper. Expression
(2) is given for the linear displacement, which allows
one to calculate the angular displacement of object
surface points based on the magnitude of the linear
displacement. Relation (3) is derived for the existence
of interference fringes. This work is of interest for
optical instrumentation, particularly holographic inter-
ferometry.





