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Po3risiHyTO ZBa OCHOBHI MiIX0u /0 peatizawil npoleayp MOKPOKOBOro Ta IUIaBHOrO (a3o-
BUX 3CYyBIB OJHOIO 3 IPOMEHIB y IBONPOMEHEBOMY ONTHYHOMY iHTepdepomerpi. Po3pobieHo
(a3o3cyBHHI MPUCTPIH, KMl BUKOPUCTOBYIOTh JJIs peaiizauii MeToay TPUKPOKOBOI (a303cyB-
HOi iHTepdepomMeTpii 3 [BOMA TOBUTEHUMH ()a30BHMH 3CyBaMH OMOPHOTIO MPOMEHS B MEXaX Ky-
toBoro intepsainy (0, ). IIpuctpiii MicTuTh (a303CcyBHHUI EIEMEHT Ta SICKTPOHHHUI OJIOK IIIaB-
HOTO JIiHIHHOTO MepeMilieHHs (a303CyBHOro eneMenTa B inteppepomerpi. Onucano NpUHUMI Aii
MaKeTa MPUCTPOIO Ta HABEIEHO CXEMY EKCIIEPUMEHTAIbHOI YCTaHOBKH, IOOYI0BaHOI HA OCHOBI
inrepdepomerpa Traiimana—I'pina, a1 hopMyBaHHs, peecTpallii Ta onparoBaHHs iHTepdepor-
pam. 3’sicoBaHO, 110 3a HETPUBAJIO] eKCHo3ullii iHTepdeporpam, BiTHOMICHHS SIKUX 0 4acy 3poc-
TaHHs HAampyrd B KyToBomy intepBaii (0, m) He nepeBuuryoTs 0,06, GyHKIis nepeaaBaHHs MO-
IyJsnil iHTepdeporpamu, 3apeecTpoBaHOl 3a IIABHOTO (ha30BOro 3CYBY OIOPHOTO IPOMEHS, HE
BifIpi3HseThCA B QYHKIIT mepepaBanHs MOIy LIl iHTepdeporpaMu, OTPHUMAHOI 32 ITOKPOKOBO-
o 3CyBY (a3u.

Kniouosi cnosa: ¢dazoscyBHa intepdepomerpis, (Ga3o3cyBHHUI eneMeHT, iHTepdeporpama,
(bYHKIS TIepeaaBaHHs MOIYJISLIIT.

OcraHHIMH POKaMH JOCSTHYTO 3HAYHUX YCIHIXIiB Y PO3POOJICHHI HOBUX BUCOKOC(DEKTHB-
HHUX METOIB 1 3ac00iB ONTH4YHOI iHTEepdepoMeTpii AJIst JOCIiIKEHHS TOBEPXOHb PI3HOMAaHIT-
HHUX MarepiayiB Ta BUpoOiB. IHTEHCHBHUI PO3BUTOK KOT'€pEHTHOI 1 HEKOTepEeHTHOI iHTepdepo-
MeTpii 3yMOBIICHHH BEIHKOK iH(QOPMAIIfHOIO €MHICTIO ONITHYHUX CHUTHANIB, IMapajebHICTIO
OTIpAIlIOBaHHA Ta peecTparii OaraToBUMIpHMX iHPOPMALIHHINX MAaCHBIB, TOCATHEHHSAMH Yy
CTBOPCHHI HOBHX 3aco0iB  peecrpamii 300pakeHb, yIOCKOHAJICHHSIM  IPOrPaMHO-
NITOPUTMIYHOTO 3a0€3MeYCHHS I OnpaIioBaHHs iHTepdeporpam [1-4].

Cepen HOBiTHIX MeroniB (a3zo3cyBHOI iHTephepomerpii (DP3I) po3pi3HAIOTE YacoBy i
mpocTopoBy. Y wacosiit @31 s BigTBOpEeHHS (a30BOi Mamu 06’ €KTa TOCIiHKEHHS HE00XiTHO
y JBONPOMEHEBOMY iHTep(hEPOMETPI BBECTHU JIEKiNbKA PO3HECEHUX Y uaci (a3oBuX 3CYBiB J;
G=1,2, .. J) MbX ONOPHUM i TIPEAMETHIM XBIWJIHOBIUMH (HpOHTaMH. Y MIACYMKY B KOXKHIH
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Toulli iHTepdeporpamu GopMyeThCS 3MIHHUHN Y 4Yaci CHTHAI, ¥ SKOMY 3aKOJIOBaHi BCi pi3HUII
(a3 Mix OMOPHHUM 1 PEAMETHUM MPOMEHAMH, O (GOPMyBAIUCh BUKOHAHHSM J (ha30BUX 3CY-
BiB, 3a3BHYAii, OIOPHOTO XBHILOBOrO (poHTy. ChopMoBaHy (ha30By MaIy JIETKO IEPETBOPHUTH
B Mally ONTHYHUX Pi3HUIb XOAY Y ABOX Iuledax iHrepdepomerpa. ¥ npocroposiit @31 3cynyri
3a (azoro iHTepheporpamu 06’ €KTa TOCTIIHKEHAS a00 PO3HOCSITH Y IIPOCTOpi, 800 CHHTE3YIOTh
Ha oCHOBI oxHieil iHTepdeporpamu [1-4]. Ockinbku mast mpoctopoBoi D3I HOCTATHRO JHIIIE
onHi€ei peectpauii iHTephepeHLiitHOT KapTHHHU, TO ii BUKOPUCTOBYIOTh IIiJ| 4ac JOCIIIKEHHS
LIBHAKOIUIMHHUX HPOLECIB, 30KpeMa, 3a IIBUKOI 3MiHH HOJIOKEHHS ITOBepXHi 00’ exTa. OqHaK
po3ninbpHa 34aTHICTh pocTopoBoi D3] Ha TOPsIIOK HIDKYA, HiXK YyacoBoi. ToMy It mpeTanbHi-
LIOTO 1 TOYHIIIOr0 aHamizy penabediB Ta npodiiiB HOBEPXHI 3aCTOCOBYIOTH YacoBy D3I.

3anpornoHOBaHO /1Ba OCHOBHI MiJXOAX JI0 peaizaiii mpoueaypu (pa3oBUX 3CYBIB y 4aco-
Biit @3I [1, 4, 5]. 3rigHo 3 nepumM, 3cyBu (a3 BinOyBarOThes MOKPOKOBO. YacoBuii cTprubOKo-
HoniOHu 3CyB O; AN KOKHOTO j-r0 KPOKY MOYKHA BUKOHYBATH SK OTOPHHM, TaK i MPEeaMeT-
HUM MPOMEHSIMH, OJTHAK TEXHIYHO MPOCTille i HajilHime — onopHuM. Takuii miaxix norpedye
cTpubkononionoi 3mMiHK (asosux 3cysis ;. Ilicisa KoxkHOro crpubka (asy BUHMKAIOTh MeXa-
HiuHI ocimsinii ¢azoscyBHoro enementa (O3E), siki 3aracaroTh yIpoAOBXK JESIKOTO MPOMIKKY
vacy. [l ociuiAmii CpuYMHSIOTh HEKOHTPOJIbOBaHI KOJIMBAHHS J3epKajia a0 IHIIOTO ONTHY-
HOTO eJIeMEHTa, sIKMi Oe3nocepelHb0 BUKOHYE (pa3oBHii 3CyB, YHACTIJOK YOO PO3MIp IIbOTO
3CYBY 3MIHIOETBCS 3 4aCOM. 3a3Ha4YCHI OOCTaBHHU CYTTEBO CHOBUIBHIOIOTH MPOIEIYPY PEECT-
parii cepii inTepdeporpam 3 dasosumu 3cyBamu J;. Ha puc. 1, a mokasaHo giarpamu cTpuoko-
noi0HOI 3MiHM (a3n # IHTEHCHBHOCTI MiKcena MaTpudHoro QoromnpuiiMaya, BiANOBITHO, Y
MOKPOKOBOMY (pa303CyBHOMY airoputmi. Y apyromy minxoni ¢azoBuii 3cyB O mpomeHs 3poc-
Tae HeNnepepBHO B yaci (3a3BU4ai, 3a JIIHIHHUM 3aK0oHOM) 3a nogaBanHs Ha ®3E Hanpyru, 1o
nocTiHO 3pocrtae. Toxai KoXHY iHTEpdeporpaMmy peecTpyroThb YIPOJIOBXK JESIKOTO 4acOBOTO
npomixky A,. Ha puc. 1, 6 300paxeHo giarpamy 1uiaBHoT 3MiHK (a3u Ta IHTEHCHBHOCTI MiKce-
Jla MaTpu4yHOro (OTONpHUiiMaya, BiAMOBIHO, Y (a303CyBHOMY aJrOPUTMI 3 HOTUpMa iHTErpo-
BaHMMH (pa30BHMH 3CyBaMHU. B aHTIIOMOBHI stiTepaTypi Takuii miaxin Ha3uBaroOTh “integrating-
bucket (IB) method” [1,5]. ToMy Ha3uBaTUMEMO HOTO METOIOM YaCOBOTO iHTETPYBaHHS iHTEP-
(eporpamu 3a maBHOrO (a3zoBoro 3cyBy, abo IB-meromom.

3a Manux 3HaueHb A, IB-MeToa MpakTHYHO HE MOCTYMAETHCS MEpel] METOJIOM MOKPOKO-
BOro (IMCKpETHOTO) 3cyBY (ha3u. BogHouac BiH Mae CyTTEBY IepeBary, sika IoJIsira€ B TOMY,
o0 3a IUTAaBHOTO 3CYyBY (a3W XBWIIBOBOTO (POHTY BiOparliii, moB’s3aHHX 3 MEXaHIYHIMH
KOJIMBaHHSAMH (a303CyBHOTO €JI€MEHTa ITiJ 9ac HOro pamToBOi 3ymHHKH, Hema. L{g mepeBara
0coOJIMBO BaXKJIMBA MiJ yac MBHUIKOI peectpauii cepii iHTepdepeHIiHHNX KapTHH, OCKUIbKH
TYT TMOXUOKH, CIIPMYMHEH] BUITQAKOBUMH OCHWIIALISAMH (a303CyBHOTO €IEeMEHTa Micis Horo
3YIUHKH, HEe BIUTMBATUMYTH Ha 3apeecTpoBaHi iHTEpdeporpam.

VY dazoscyBHOMY iHTEpdepomMeTpi HeoOxinHO 3abe3neuntn KaniopyBanus ®3E, ske na-
BaJio O 3MOry BUKOHYBATH 3CyB (pa3u OIOPHOTO NMPOMEHs Ha 3aJaHuil KyT. Y OinbinocTi ¢aso-
3CYBHUX aJTOPHUTMIB yCi MOCHIZOBHI 3CyBU (ha3 € OJHAKOBUMH i CTaHOBIATH 27/J. Jlns Bin-
TBOpEHHS 00’€KTa 3 HU3HKUM piBHEM 3aBaj NoxuOka no3unionyBaHHs O3E Ha moBwHHA mepe-
BUIYBAaTH JECATHX YACTOK Ipagyca. ToMy TOYHICTH (pa30BOro 3CyBY € OJHUM i3 BH3HAUajb-
HUX MapaMeTpiB I KoMepuiiiHux ¢azo3cyBHux npuctpoiB (D3I1), cepen skux HalbOiblIe
noummpeni 1’ e3oesektpuuHi (I13E). Pospizuastors nBa tunum I13E @311 [6]. [Tepmuuit 3a6e3me-
4ye JiHIHHY 3aJeKHICTh NEepeMillleHHs BiJ IMOJaHOi HANPYTH 3aBISKHA CHCTEMi KEepyBaHHA 3
3aKPUTHUM 3BOPOTHHMM 3B’S3KOM 1 J]a€ 3MOTY JOCUTh TOYHO BU3HAYMTH 3aaHui (a3oBuUii 3cyB.
Jlist npyroro xapakTepHa HelliHiliHa 3aJIe)KHICTh MepeMIILleHHs] BiJl HaIpyTH 1 BiH He 3a0e3re-
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gye Takol TOYHOCTI, Ak mepmmid. OgHak HaBiTe D31 Apyroro THIy MAalOTh OCHUTH BHCOKY
BapTICTh.

CporofiHi po3po0JIeHO HU3KY JBO- 1 TPHKPOKOBHX (ha303CYBHUX METOJIB 1 allTOPUTMIB, Y
SKUX (a3oBi 3CyBH € JOBUIBHHMH B IEBHOMY KYyTOBOMY iHTepBalli (Hanpukiazn, Bix 0 go m) [7—
9]. Ans ixHpOoi peamnizarii He moTpibHe kamiOopyBanHs D3E i, oTke, BUKOpUCTAaHHS KaliOpoBa-
nux komepuiitnux O3I1. 1106 kepyBatu Hekaniopoanum O3E mix uac peectparii inTepdepo-
rpam 3 JIOBUIBHUM 3CYyBOM (pa3u ONOPHOTO MPOMEHs, JOCTaTHBO JIHIIe BUKopuctaru IB-meton
Ta pO3pOOHTH NPOTpaMy I'eHepyBaHHS 4aCOBUX IHTEpBaNiB peecTpalii 3 JOBUIBHUMU MOMEH-
TaM¥ IXHBOTO 3amycKy mif gac nepeminienns O3E.
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Puc. 1. IIpuxnagu nokpokoBoro (a) 1 miaBHOro (6) 3CyBiB a3y 11 4acoBOro (a303cyBHOTO aAITOPUTMY.

Just peanizanii inpopmaniiftHoi TexHouorii TpukpokoBoi ®31 3 nBoma noBinbHUMHU (a3o-
BHUMH 3CyBaMH OIIOPHOTO ITPOMEHS B Mexxax Kyrosoro iHTepsaiy (0, m) [9, 10] ctBopeHo maker
®3I1, mo mictuth O3E 3 mpuKpinieHHnM 10 HBOTO A3EPKaIOM Ta eIEKTPOHHUHA OJIOK TIIAaBHOTO
niniiiHoro nepemitieHds M3E (puc. 2). 3aBasiku CTBOPEHOMY MakeTy MO)KHA BUKOPHUCTOBYBa-
Tu [B-MeTon a1 aBTOMAaTUYHOI peecTpailii TppoX iHTepdheporpam 00’€KTa MOCIIIKESHHS, 110
BiJIPI3HSIFOTBCS MK COOOO JIHIIE JOBITFHUMHU (Pa30BUMU 3CyBaMH XBHJIBOBOTO ()POHTY OTIOP-
HOTro poMeHs. Enexrponnanit 6110k kepye rmraBHUM 3cyBoM D3E i3 m3epkanom, sskuil yBOISTH
y IUIeYe ONOPHOro mpoMeHst Gpazo3cyBHOro iHTephepoMeTpa, modya0BaHOro 3a cxemoro Traii-
Mmana—['pina. [TnaBuuii 3cyB @3E i3 n3epkasioM cnpuunHse 1aBHUN (a30BUil 3CYB XBUILOBO-
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ro (pOHTY OIOPHOTO MPOMEHs. BIIoK-cxema MakeTa eleKTPOHHOTO OJIoKa 300pakeHa Ha pHC.
3. Jiarpamu ruiaBHOT 3MiHH (ba3u Jyisi IBOX JOBUIBHUX (Ciinux) (a3oBUX 3CYBIB MOKa3aHi Ha

138

puc. 4.

Puc. 2. Maker enexTpoHHOTO O10Ka.

I'eneparop IATI(ungposnii- - IMizcnmwoeau
AHAJTOTOBHII
nepeTBoprBaY) ‘
PazoicyBHHI
dopmyBay eJieMeHT
iMIy/IbCiB ITundgpora
3ANYCKY KaMepa B
iHTepdpepomeTpi

IIporpamui mepemuradi

Puc. 3. Biok-cxema MakeTa.

[puniun aii MakeTa mojsrae B moaaHHi miaBHoi Hanpyru Ha ®3E, 1mo npusBoauTh 10
foro nedopmariii, 30kpema, 3MiHH PO3MipiB. 3aBIIKH LIEOMY A3€pKaJlo, IPUKPIILUICHE 10 TOPLS
®3E, nepecyBa€eThCs, a OTIOPHUHN XBUIBOBUH (PpOHT, skwii y iHTephepomerpi Tralimana—I pina
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najgae Ha J3epKajlo NEepIeHIUKYSIPHO 10 HOTo IUIOIIMHY, 32 MepeMillleHHs A3epKaia Ha Bil-
cTaHb O/ mepecyBaeThCsl Ha BificTaHb 26/, TOOTO BiOyBa€eThCs MiIaBHA 3MiHa a3y XBUILOBOTO
¢dponty d¢=4n(d/)/A, ne A — HOBXMHA XBUIII BUIIPOMIHIOBAaHHS JIa3epa B iHTEphepoMeTpi.
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Puc. 4. liarpamu miaBHOi 3MiHM a3y U1 IBOX JTOBUIBHHX (ha30BHX 3CYBIB.

I'eneparop dopmye imMIrynbcH Ui y3rokeHoi podoT uupo-aHaJIoroBoro nepeTBopro-
Baua (LIAII) i popmyBaua imMITynbeiB [uIsl 3ammycKy nugpoBoi kamepu B iHTepdepometpi Traid-
MaHa-[ piHa, sika peecTpye iHTEepdeporpaMu IOCTiIKYBaHOTO 00’€KTa y BHXINHIN IUIOMIMHI
inrepdepomerpa. Imnynbsc 1udpoBoro koxy GopMyeThesi y reHeparopi 3a JIOMOMOTO0 MO/Ii-
JpHUKIB YacToTu. 1IAIl mepeTBOprO€e iMITyJIbCH IIU(YPOBOT0O KOIY HA MUJIKOMOIOHY aHAJIOrOBY
Harpyry B Mexax Bix 0 mo 12 B. IMunkononiony nanpyry micnst I{AIT nmogarots Ha migcuimio-
BadY, y IKOMY BiIOyBaeThCs 11 3TIaKyBaHHS, MIICHICHHS i 0Opi3aHHS IMIKH IS TOCSITHEHHS
JIUIIE OHOTO UKJY IUTaBHOI 3MiHM Hampyrd. [maBHa 3MiHA HANPYTH Ha BUXOJI HiJACHIIOBaYa
Mae miamas3oH Bix 0 10 48 B. Hampyry 3 migcwitoBaya monaroth Oesmnocepentbo Ha O3E. Im-
IyJIbCH 3aIlycKy 3 (opMyBaya IMITYJIBCIB TaKOX HaIXOIATh Ha MPOTpaMHi IepeMuKadi, sKi
BCTAaHOBJIOIOTh MOMEHT 3aIllyCKy. 3aBISKH IhOMY IepeMimeHHs m3epkara y D3E cun-
XPOHI3y€eTbCs 3 4acoM 3ammycky upoBoi Biseokamepu. DopMyBad IMIYJBCIB CTBOPIOE
IMITyJIbCH JIJTSL 3aIyCKy ITU(PPOBOI BificoKaMepH, L0 peecTpye iHTepdeporpamu. MomeHTH
3aIlyCKy 33/1a€ OIIepaTop 3a JOIIOMOTOI0 MPOTrPaMHUX MEePEeMUKaUiB.

Jns hopMyBaHHS, peecTparii Ta MOAAIBIIOTO ONPAIIOBAHHS iHTepdeporpaM MeBHOI Mi-
JISTHKY TIaIKo1 a00 HAHOIIOPCTKOI MOBEPXHI 3pa3ka po3po0IeHO eKCIIEPUMEHTANBHY YCTaHOB-
Ky, mo0OyZioBaHy Ha OCHOBI iHTepdepomerpa TBaiimana—I'pina (puc. 5). Bona micture O3II,
mo cxianaerses 3 [13E O3E 7, npukpiruieHoro 1o Hporo n3epkana 4 ta 61oka kepyBaHHA (da-
303CYBHHUM €JIEMEHTOM &, CeliabHUi KOHIYKTOP JUI TOYHOTO ITO3ULIOHYBAaHHS U yTpPUMaH-
Hs IOCIIKyBaHOTro 3paska, 1udposy [133-kamepy 6 (SONYXCD-SX910 Fireware Camera) i
IIK 2 myst onpairoBanHs iHTepdeporpaM ta mody10BH 300paXkeHb peibedy MOBEPXHI 3a PO3-
pobnenoro iHdopmaniiiHolo TexHosorieo TpukpokoBoi @31 3 nBOMa MOBLTBHUMHK (DAa30BHMHU
3cyBaMH OIOPHOTO IpoMmeHs [9]. B ycTaHOBII BHKOPHUCTaHO OJHOMOIOBHIA Ta30BH Ja3ep
JITH-215 (moBxuHa XBIJII BUIPOMiHIOBaHHA A = 633 HM, moTyxHicTs — 50 MBT). Ilix gac ¢o-
pMyBaHHS iHTepdeporpam 3 JOBUIBHUMH 3CyBaMH (a3 o = O, — 0 1 031 = 03 — oy 3 OoKa
KepyBaHHA 8 Ha (a303CyBHHH eneMeHT 7 mojaBanu Hampyry Uy, y mexax 0 < U, < 24 B,
YHaCIIiI0K 4oro (opMyBaJli OIIOPHHIH My4OK, 3CYHYTHH 3a (pa30r0 BiTHOCHO CBOT'O MOYaTKOBO-
ro crany o; = 0 Ha KyTH 0 i 0t3; Bixg 0 10 7.
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Yac monmanns mnaBHOi Hanpyru Ha ©O3E moxkHa perymoBaT B Mexkax Bin 0,2 mo 90 c.
3Ha4u IPOMDKOK Hacy A, 3a SIKHi peecTpyroTh iHTepdeporpamy 3a JI0MOMOro MaTpHYHOTO
(oToceHcopa, MOXKHA OLIIHUTH, SIK BIUTMBa€e (pyHKIIs MepeaaBaHHs MOAYJSLIT Ha 11 3MiHY 10-
PiBHSIHO 3 iHTEp(eporpamolo, 3apeecTpOBaHOIO 3a IOKPOKOBOTO 3CcyBY (a3u. Sk Binomo, GyH-
JTAMEHTANbHE PIBHSIHHS UIA OXHOXBIIIHOBOI dacoBoi @31 mix wac mmaBHOTO (ha30BOTO 3CYBY
OMOPHOTO XBUJILOBOTO (DPOHTY, TOOTO PIBHSIHHS, SIKE OIHMCYE MPOCTOPOBHUI PO3MOJLI iHTEH-
cuBHOCTeil /(x,)) B iHTepdeporpami, Mae Takui Burisy [1]:

I(x,y)= I’(x,y)+I"(x,y)y(A,)cos[go(x,y)+6(t)] , (1)

e I'(x,y) = I(x,y) + I(x,y) — cepenns (¢poHOBA) IHTEHCHBHICTH iHTEepdEeporpamMu y OyIb-sIKiit
Toulll momuHu (x,y); 1,(x,y), 1,(x,y) — IHTEHCUBHOCTI MPEMETHOT Ta ONOPHOT XBUIIb; Y(X,y) =
=y,(x,)) — y,(x,y) — mykaHa (aza XBHILOBOTO QPOHTY; ,(X,)) — po3noaia a3 y npeamMeTHo-
My XBHIBOBOMY (DPOHTI; \,(x,y) — po3noain (as y onopHil XBuii; 1" (x,y) =21, (x,y)1, (x,y) —

¢GyHKIiS BUAHOCTI; O(f) — yacoBUi (a30BUil 3CYB OMOPHOTO MpoMeHs; Y(A,) — QYHKIS mepe-
nmaBaHag Moy il (PIIM). 3aznaunmo, mo PIIM mis raBHOTO 3CyBY (ha3u Ma€ BUTIISA

v(A,)=sinc(A, /2), (2)

e sinc(u)=sinu/u, a s NOKpokoBoro 3cyBy (asu y(A,)=1.

Puc. 5. ExcriepuMenTaibHa ycTaHOBKa U1 GOPMYBaHHS, peecTpalii Ta onpamtoBanHs iHTepdeporpam:
1 — po3mmupeHuii nasepHuil mydok (A = 633 HM); 2 — CBITIONOAINBHUK; 3 — 3aKPHBY; 4 — A3€pKao B ILIedi
oropHoro npomeHs inteppepomerpa Tralimana—I 'pina; 5 — 00’exTuB; 6 — nuppoBa kamepa; 7 — ha303cyBHUI
I’ €30KepaMiuHU elIeMeHT; § — 60K KepyBaHHS (pa303CYBHHM HPHCTPOEM; 9 — 06’ €ekT; /() — KOHTYKTOD;
11 — nocnijpkyBaHa AIsIHKA MTOBEpXHI 00°ekTa; /2 — koMm toTep.

Jlerko moBecTwH, o0 3a MamuXx 3Ha4eHb A, BrutuBy ®IIM Ha BUXiTHHUI CUTHAT MPAKTHIHO
Hema. Hanpuknaz, 3a masuoi 3minu 0(¢) g A, = 90° maemo y = 0,9, a nuist A, = 45° onepxye-
Mo y = 0,97 [5]. Axmo wamamrysatu ®3I1 Tak, 00 Yac IIABHOTO 3POCTAHHS HAIPYTH, IO
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nepecyBae ®3E Bix 0 go 180°, cranosus T = 3 ¢, a wac peecrpauii j-1 inTepdeporpamu 1; =
=0,18 ¢, To y mpomy Bumaaky y = 0,9985, To0To y mpakTU4HO He Bifpi3HAEThCS Big OIIM mis
NOKPOKOBHX 3CyBiB (asu. OTxe, 3a BinHomenHa p= 1/ T <0,06 Higkoi pizanui mix OIIM s
IUIABHOTO 1 TOKPOKOBOTO 3CyBiB (ha3 HeMae.

Ha puc. 6-8 moka3zano Tpu iHTepdeporpaMu Iiockoi HaHOIOPCTKOT OBEPXHI, Mepia 3
SKUX oTpuMaHa 6e3 noxanns Hanpyru (0 B), npyra — 3a vanpyru 12 B, a Tpers — 3a Hanpyru
20 B. Ilix gac eKkcepuMeHTy Yac IUTaBHOTO 3pocTaHHs Hampyru 7 = 3,0 ¢, a yac eKCIO3mIii
7;= 0,001 c. 3rizHo 3 dopmynoro (2) maemo y = 1,00, To6to PIIM st mnaBHOrO 3CyBY (hasu
32 TAKUX MaJIMX €KCIIO3UIIIH € TaKUM, SIK 1 JJIs1 TOKPOKOBOTO 3CYBY.

Puc. 6. U=0 B. Puc. 7. U= 12 B. Puc. 8. U=20B.

OTxe, po3pobneno D3I st IaBHOTO MEPEMIIIEHHST OTTOPHOTO MPOMEHs y (azo3cys-
HOMY iHTepdepomMeTpi. 3aBASIKH CTBOPEHOMY MpPHCTPOro, mo MicTuTh O3E Ta enekTpoHHMHA
OJOK [UIA HOTO IIAaBHOTO JIIHIMHOTO MEepeMIleHHs, pealli3oBaHO MeToa TpukpokoBoi D3I 3
JOBUIBHUMH (ha30BUMH 3CyBaMH omopHoro mnpomens. Onucano npuHnun podotu D311 y
¢dazo3cyBHOMY iHTepdepomeTpi TBailimana—I piHa. 3’siCOBaHO, IO 3a HETPUBAIOI SKCIO3HUIIIT
iHTepdeporpam (u < 0,06) ixus OIIM 3a mmaBHOro (GazoBOro 3CyBy OHNOPHOTO IIPOMEHS HE
BinpizHsieTscs Bix MIID 3a mOKpOKOBOTO 3CyBY (ha3m.
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DEVELOPMENT OF PHASE-SHIFTING DEVICE FOR IMPLEMENTATION

OF THREE-STEP INTERFEROMETRIC METHOD WITH ARBITRARY PHASE

SHIFTS OF REFERENCE WAVE
L. Muravsky'?, A. Drymalyk', G. Gaskevych', I. Stasyshyn'
'Karpenko Physico-Mechanical Institute of the NAS of Ukraine,

5 Naukova str., 79060 Lviv, Ukraine
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’Lviv Polytechnic National University
Stepan Bandera str., 12, 79000 Lviv, Ukraine

Two basic approaches to the implementation of procedures of a wavefront stepwise and
smooth phase shifts in a two-beam optical interferometer are considered. Advantages and lacks of
both procedures are analyzed. It is noted that the smooth phase shift procedure removes the
oscillations of a phase shifting element (PSE) that occur during the stepwise procedure. A phase-
shifting device that is used to realize the three-step phase shifting interferometry (PSI) method
with two arbitrary phase shifts of the reference wave within the angular interval (0, m) is
developed. This device does not need the calibration procedure, because the three step PSI
method allows defining any phase shift angle by calculating the correlation coefficient between
two recorded interferograms. The correlation coefficient can be considered as a normalized scalar
product of two interferograms that can be represented by centered multidimensional vectors or as
a cosine of a phase shift angle between these vectors. Therefore, the developed device is much
simpler and cheaper than its calibrated prototypes. It contains a PSE consisting of a piezoelectric
transducer (PZT) and a mirror attached to the PZT, and an electronic unit for smooth linear
motion of the mirror in the reference beam of the interferometer. Basic characteristics of the
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developed electronic unit are considered. The operating principle of the phase-shifting device
electronic unit is to provide the smooth rising voltage supply initiated a smooth change of the
PZT size. Therefore, the mirror attached to the PZT also moves smoothly. The PSE is located in
the reference beam of the two-beam interferometer. If the reference beam in the interferometer
enters the mirror in the direction perpendicular to the plane of the mirror, the beam wavefront
moves to a distance twice that of the mirror. To verify the reliability of the developed phase-
shifting device, we have elaborated the experimental setup dedicated for formation, registration
and processing of interferograms of test surfaces and based on the Twyman-Green interferometer
architecture. In this setup, the three-step PSI method with arbitrary phase shifts of a reference
wave is fulfilled by recording of three interferograms during smooth phase shift of the mirror
attached to the PZT. Comparative analysis of stepwise and smooth phase shift procedures for
interferograms recording in the experimental setup has shown that their modulation transfer
functions (MTFs) are similar for small exposures of interferograms. In particular, it is shown that
for interferogram’s small exposure times, whose ratio to the voltage increase time in the angular
interval (0, ) does not exceed 0.06, the MTF of the interferogram recorded with the smooth
phase shift of the reference beam does not differ from the interferogram MTF obtained by
stepwise phase shift.

Key words. phase shifting interferometry, phase shift, phase shifting element, interferogram,
modulation transfer function.



