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Y3rOJpKEHHS TapaMeTpiB ix KOMIIOHEHTIB. [TinBuieHHs e(PeKTUBHOCTI JOCAra€ThCS 32 PaXyHOK BUKOPHCTAHHSI B
KOT€PEHTHMX ONTUYHUX CIIEKTPOAHAII3aTOPAX BXiJHOTO TPAHCIIAPAHTA Y BUIJISAi IPOCTOPOBO-4aCOBOTO
IVCKPETHOTO MOMYJISITOPA CBIiTJIa | MAaTPUYHOTO NPUMMaya BUIIPOMIHIOBAHHS. Y3rOI KEHHS [IapaMeTpiB
MOJyJsITOpa, Pyp'e-00’eKTUBA i MATPUYHOrO NIpUiMava BUNIPOMIHIOBAHHS I03BOJIMIIM TIOKPALIUTH TEXHIUHI

XapaKTEPUCTUKMA KOTEPEHTHUX ONTUYHUX CIIEKTPOaHai3aTopiB. Kpurepiem e(peKTUBHOCTI € 3aIPONOHOBaHI



napameTpu (TeXHiYHi XapaKTepPUCTUKM) KOT€PEHTHUX ONTUYHUX CIIEKTPOaHali3aTopiB: poboumii fiana3oH
IIPOCTOPOBUX YaCTOT; IPOCTOPOBA CMYTa MPOIyCKaHHS; TPOCTOPOBE CIIEKTPAJIbLHE PO3LiNeHHs. Y aucepTanii Ha
OCHOBI cKassipHOi Teopii sudpakuii Gpenesst IpoBeeHO aHali3 IOIIUPEHHS KOTEPEHTHOrO CBIiTJ/Ia Yyepes
y3araJlbHeHy ONTUYHY CUCTEMY KOTEPEHTHOTO ONTUYHOTO CIIEKTPOAHANI3aTOPa, IKa CKIAAA€ThCs i3 1a3epa,
BXiIHOTO TPaHCIIapaHTa, (Pyp’e-06'€eKTUBA i MATPMYHOTrO MIPUIIMaYa BUIIPOMiHIOBaHHS. [IpoBesieHi fociiKeHHs
MEeTOJMYHOI IOXMOKY BUMipIOBaHHS IPOCTOPOBOI YaCTOTH CIIEKTPA CUTHAJIY 32 JOIIOMOT0I0 KOT€PEHTHOTO
CIIEKTpOaHaslizaTopa oKasajy, o BinoMi GopMyiy, sKi 3aCTOCOBYIOTbCS [1J151 BUBHAYEHHS [IPOCTOPOBOI YaCTOTH,
CIIpaBeJIMBI TiZIbKY 1151 TapakcianabHOi 0671acTi. PO3po6sieHO HOBUIT METO/I PO3PAXYHKY BiTHOCHOI TOXUOKHY,
3aCTOCYBaHHSI SIKOTO Ha IIPUKJIAZ] 331aHOTO CIIeKTpOoaHali3aTopa 1okasarno, o HabamkeHHs: OpeHesist B Meskax
kyTa gudpaxuii Big 0° go 10° 3abe3nevye BiiHOCHY [10XUOKY MeHIy 3a 1,5% . OBrpyHTOBAHO, 1110 BUKOPUCTAaHHS Y
M(PPOBUX KOTEPEHTHUX ONTUYHUX CIIEKTPOAHAI3aTOPax MaTPUYHUX IIPUCTPOIB BBOAY i BUBOAY ONTUYHUX
CHTHAJIIB J03BOJISIE AOCIIKYyBATH i 06POGIISITH IBOBUMIpHI OIITUYHI CUTHAJIH, SKi 3MiHIOIOTBCS B IIPOCTOPI i 9aci.
OpHak Lie BUMarae rnepeTBOPeHHs! BXiIHOTO i BUXiIHOrO CUTHaJy B AUCKPETHY L(poBy GpopMmy, 10 CIIOTBOPIOE
IIPOCTOPOBUIA CIIEKTP CUTHAJy Ha BUXO[i IM(PPOBUX KOTEPEHTHUX ONITUYHUX CIIEKTpOoaHasizaTopis. [
IOCJIiIPKEHHS TaKUX CIIOTBOPEHb OYyJI0 PO3p006JIeHO Pi3NKO-MaTeMaTUYHy MOZEb [U(PPOBUX KOT€PEHTHUX
ONITUYHUX CIIEKTPOAHAJIi3aTOPIB i 3aIIPOIIOHOBAHO MOJIeJli OKPEMUX iX KOMIIOHEHTiB. O6I'PYHTOBAaHO BUOID
OCHOBHUX XapaKTepUCTUK KOT€PEHTHUX CIIEKTPOAHai3aTOPiB Ta pO3P0O06JIEHO METOAM PO3PAXYHKY LIMX
XapaKTEPUCTUK. PO3IJISIHYTO METOIM PO3PaXyHKY XapaKTEPUCTHK KOT€PEHTHUX ONITUYHHUX CIIEKTPOAHAJi3aTOPiB,
KOJIM y SIKOCTi BXiIHOTO TeCT-00’eKTa 06PAaHO HEMPO30PUIl €KPaH 3 MPSIMOKYTHUM OTBOPOM. JlOCTiIKEeHHS
XapaKTepPUCTUK KOTePEHTHUX ONITUYHUX CIIEKTPOaHasli3aTopiB [10Ka3aso, 1o pobounii giana3zoH IPOCTOPOBUX
4acTOT 0OMEXY€EThCs IapaMeTpaMU ONITUYHOI CUCTEMHU KOT€PEHTHUX ONITUYHMX CIIeKTpoaHasizaropiB. Ha ocHOBI
PO3po6JIeHOI Pi3nKO-MaTeMATUYHOI MO e [U(POBUX KOTEPEHTHUX ONTUYHUX CIIEKTPOAHai3aToPiB
OOIPYHTOBAaHO OCOGJIMBOCTI BUKOPMCTAaHHS MAaTPUYHUX MOZYJISITOPIB CBIiT/a, a came: 1. Po3mnomin aMmiiTyau nomus y
IIJIOLIMHI CIIEKTPaIbHOTO aHali3y KOT€PEHTHUX ONTUYHUX CIIEKTPOAHAali3aTOPIB sIBJIsSlE COOOI0 PEe3yJIbTaT CyMHU
IV(ppaKLiiHUX MAaKCUMYMIB, SIKi 3aJ1€XXaThb Bifl IPOCTOPOBOrO CIIEKTPa 300pa’KEHHS], IO CIIOTBOPEHU iMITyJIbCHUM
BiZII'YKOM CIIeKTpoOaHasizaTopa. [10105)KkeHHSI MaKCMMYyMiB BU3HAYa€ThCS NIEPIOLOM MAaTPUYHOI CTPYKTYPU
IIPOCTOPOBOrO-MOJYJISITOPA CBITJIA, iX IIMPHUHA — PO3MIPOM MOAYATOpPA. 2. MiHIMasbHI CIIOTBOPEHHS [IpU
BMMIipIOBaHHI CIIEKTpa 300pa’KeHHsI OyAyTb y TOMY BUIIAAKY, KOJIX Y GOPMYBaHHI PO3IOAINY aMIUIITyiU 1107151 B
IJIOLIMHI aHai3y NpUMAaE y4acThb TIBKY MAKCHMYMU HYJIbOBOTO NOPSAKY s MiATBEPAKEHHS PE3yJIbTaTiB
[IPOBEIEHNX TEOPETUIHUX JNOCIIiIPKEHb KOT€PEHTHUX ONITUYHUX CIIEKTPOaHai3aTopiB 0yJI0 po3p0o6JIeHO i CTBOPEHO
J1abopaTOPHUIL CTEH, ONITUYHOTO CIIeKTPOaHasi3aTopa, IKUi 103BOJIMB ITPOBECTH TaKi AOCiIKeHHs: BUMipIOBaHHS
po3Ioziny iHTEeHCUBHOCTI CBiT/Ia B AU(PaKLiliHill KapTyHi, sKa c(POPMOBaHA TECT-00'€KTOM; BU3HAYEHHS
BiATIOBiTHOCTI 110J105keHHS AUPPaKLiHNX MAaKCUMYMIB B IIJIOLMHI CIIEKTPAJIbHOTO aHali3y iX IPOCTOPOBil YacTOTi;
BUMIpPIOBaHHS CIIEKTPIiB TECT-00 EKTIB, OTPMMAaHUX 3 BUKOPUCTAHHSIM JIBOX JIa3epiB 3 Pi3HUMU JTOBKMHAMU XBUJIb;
BMMIipIOBAaHHS y3arajbHEHUX XapakKTEePUCTUK KOT€PEHTHUX ONITUYHUX CIIEKTpOaHaisaTopis. HaBeneHi
€KCIIepUMEHTAJIbHO OTPUMaHi 1u(pakuUiliHi KAPTUHY Bif] TeCT-00'€KTIB Y BUIVISIA] LIiIMHU, KPYIJIo0i Aiadpparmu,
IrdpakuifiHOi rpaTKy, BUMIPIOBaHHS iHTEHCUBHOCTI SIKUX MiATBEPAUIN PE3yJIbTaTH TEOPETUYHOTO MOJIE/IIOBaHHSI.
OTpHMaHO NIPOCTOPOBI CIIEKTPH MIPO30POi ABOBUMIPHOI CTPYKTYPH, JOCIIIIKEHHS SIKUX O3BOJISIE BUBHAYUTU
cepelHi po3MipH i AUCIIEPCio pO3MipiB KOMIPOK TKaHMHU. Takuil METO, MOXKE 3HANTH MIXPOKE BUKOPUCTAHHS Y
TEKCTUJIbHIN poMucioBocTi. OTpuMaHi y gucepTatii pe3yibTaTi JOCIiIpKeHb O0yiu Bukopucrani Ha KIT CIIB

«ApceHainy, o MifTBEePIyKyETHCSI aKTOM BIIPOBAIKEHHS.

2. The thesis is devoted to the decision of a scientific problem of increase of efficiency of coherent optical
spectrum analyzers which are a part of optical systems of information processing, by coordination of parameters
of their components. The increase in efficiency is achieved through the use in coherent optical spectrum analyzers
of the input transparency in the form of a space-time discrete light modulator and a matrix detector. The
harmonization of the parameters of the modulator, Fourier lens and matrix detector allowed to improve the
technical characteristics of coherent optical spectrum analyzers. The criterion of efficiency is the proposed
parameters (technical characteristics) of coherent optical spectrum analyzers: operating range of spatial



frequencies; spatial bandwidth product; spatial spectral resolution. The dissertation, based on the Fresnel scalar
theory of diffraction, analyzes the propagation of coherent light through a generalized optical system of a coherent
optical spectrum analyzer, which consists of a laser, an input transparent, a Fourier lens and a matrix detector.
Researches of the methodological error of measuring the spatial frequency of the signal spectrum using a coherent
spectrum analyzer have shown that the known formulas used to determine the spatial frequency are valid only for
the paraxial region. A new method for calculating the relative error was developed, the application of which on the
example of a given spectrum analyzer showed that the Fresnel approximation within the diffraction angle from 0 °
to 10 ° provides a relative error of less than 1.5%. It is substantiated that the use in digital coherent optical
spectrum analyzers of matrix devices of input and output of optical signals allows to investigate and process two -
dimensional optical signals which change in space and time. However, this requires the conversion of the input
and output signal into a discrete digital form, which distorts the spatial spectrum of the signal at the output of
digital coherent optical spectrum analyzers. To research such distortions, a physico-mathematical model of digital
coherent optical spectrum analyzers was developed and models of their individual components were proposed.
The choice of the main characteristics of coherent spectrum analyzers is substantiated and methods of calculation
of these characteristics are developed. Methods for calculating the characteristics of coherent optical spectrum
analyzers, when an opaque screen with a rectangular hole is chosen as the input test object, are considered. The
research of the characteristics of coherent optical spectrum analyzers showed that the operating range of spatial
frequencies is limited by the parameters of the optical system of coherent optical spectrum analyzers. On the basis
of the developed physical and mathematical model of digital coherent optical spectrum analyzers the peculiarities
of using matrix light modulators are substantiated, namely: 1. The distribution of the field amplitude in the plane of
spectral analysis of coherent optical spectrum analyzers is the result of the sum of diffraction maximum that
depend on the spatial spectrum of the image, which is distorted by the pulse response of the spectrum analyzer.
The position of the maximum is determined by the period of the matrix structure of the spatial modulator of light,
their width - the size of the modulator. 2. Minimal distortions in the measurement of the spectrum of the image
will be in the case when in the formation of the distribution of the field amplitude in the plane of analysis involves
only maximum of zero order. To confirm the results of theoretical researches of coherent optical spectrum
analyzers, a laboratory stand of optical spectrum analyzer was developed and created, which allowed to conduct
the researches: measured the distribution of light intensity in the diffraction pattern formed by the test object;
determining the correspondence of the position of diffraction maximum in the plane of spectral analysis to their
spatial frequency; measuring the spectrum of test objects obtained using two lasers with different wavelengths;
measurement of generalized characteristics of coherent optical spectrum analyzers. The experimentally obtained
diffraction patterns from test objects in the form of a slit, a round diaphragm, a diffraction grating, the intensity of
which was confirmed by the results of theoretical modeling. The spatial spectrum of a transparent two-
dimensional structure are obtained, the research of which allows to determine the average sizes and variance of
the dimensions of tissue cells. This method can be widely used in the textile industry. The research results
obtained in the dissertation were used at SDPSE Arsenal, which is confirmed by the act of implementation.
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