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1. TTonsipusaniiiHo-¢azoBa CTPYKTYPHICTh JIa3epHUX 00'€KTHUX I10JIiB i AiarHOCTUKA ONITUYHOI aHi30Tpomii
NOJIIKPUCTAIiYHOI CKJIa[0BOi (pa30BO-HEONHOPIAHUX LIapiB.

2. Polarization-phase structure of laser object fields and polycrystalline component optical anisotropy diagnostics
of phase-inhomogeneous layers.

Pedepar:

1. Y nuceprauii po3po6sieHo i GizuiHO 06IPYHTOBAHO KOMILJIEKC HOBITHIX, JIOTIYHO B3a€MOIIOB'I3aHUX JIa3€PHUX
METO/IiB 6aratonapaMeTpUyHOro KOpeJsLiifHOro, OoJspU3aLiliHOro Ta NOoJISpU3aLiiHO-iHTepdepeHIiITHOTO
IeTeKTYBaHHS 00'€KTHUX MMOJIiB (pa30BO-HEOQHOPITHUX APIB 3 ONTUYHO aHiI30TPOITHOIO MOTiKPUCTATIYHOIO
apXxiTeKTOHIKOI0. BiH 3a6e3neuye MOXK/IMBICTD BiATBOpEHHS Ta (a30Boi ceseKiii Mar a3umyTa i eJIinTU4YHOCTI
napuiaJbHUX KOMIIOHEHT MOJISIpU3aLitHO-HEOJHOPIAHOTO noJis, s1Ki chOopMOBaHi akTaMu po3CisiHHS Pi3HOi
KpaTHOCTI. Lle 103B0JIsI€ 3MEHIINUTY CITIOTBOPIOKOYMI BIUJIMB NETOJISPU3allii i BULIINTY NapLiasibHi OJspU3aLiiHi
Marny KOMIIOHEHT I10J151 3 HU3bKOIO 260 OJMHUYHOIO KPATHICTIO CBITJIOPOCISIHHS. YIOCKOHAJIEHO MAaTEMaTUIHY

MOJI€JIb OIUCY PO3CiI0OBaHHS KOTEPEHTHOTO BUIIPOMIHIOBAaHHS LIEMEHTHUM TiCTOM y Npoueci rigparauii. [lokazano,



110 3aMiHa aHCaMOJIIO IEMEHTHUX YaCTOK BUMAIKOBOi (POPMHU Ta BiJIIOBiTHOTO PO3NOAiNY Ha CPeprdHi YaCTKU
€KBiBaJICHTHOTO JliaMeTPy B paMKaxX TaKOr'O CaMOT0 PO3MOily He Belle€ 10 CIIOTBOPEHHS pe3yJbTartiB. [lokasaHo, mo
daykTyalii po3nopiny 3Mo/e1bOBAaHOIO CIIEKJI-T10JIs1, OTPUMAHOTO 32 PaxyHOK I paKLii KorepeHTHOTo
BUIIPOMIHIOBaHHS Ha aHCaMOJIi cpepMYHUX YACTOK, TIOB’s13aHi 3 Iepebirom OCHOBHUX €TalliB Ipolecy GOpMyBaHHS
MOJIIKPUCTAIYHUX CTPYKTYP. BiANoBinHI eTany 3Moe1b0BaHi IJIIX0M 3MiHU B Yaci PO3MipiB PO3CiI0I04nX
YaCTMHOK Ta iX BiZlHOCHOTO NIOKa3HUKA 3aJI0MJIEHHS, SIKi BiloOpakaloTh YTBOPEHHSI HACUUYEHOT'O PO3UUHY
KPUCTAJIOTipaTiB 3 Oro NoAasblIo KpUcTaisalieto. Y HabIMKeHHi JIiHIHOTO Ta LUPKYJISIPHOrO

I BOIIPOMEHE3aJIOMJIEHHSI 6i0710TYHOTrO (Pa30BO-HEOIHOPIZHOTO APy, PO3PO6IEHO aHATITUYHY MOAEIb i
yCTaHOBJIEHO (Pi3nyHi 3aKOHOMIpHOCTI npolieciB GopMyBaHHS MMOJSIPU3ALIHOI CTPYKTYpH (Mal a3umyTa i
€JIIMTUYHOCTI) OJHOKPATHO Ta 6araTOKPaTHO PO3CiSIHUX CKIaA0BUX 06’ €EKTHOTO 110J1s1 Pa30BO-HEOIHOPITHUX LIAPiB 3
pi3HoIO iepapxiero (PibpusipHa i napeHxiMaTO3Ha) NOJIIKPUCTAJIIYHOI apXiTEKTOHIKM. Y paMKax CTaTUCTUYHOTO
aHasi3y pe3yJbTaTiB ossipu3aliiiHoi inTepdepomeTpii Man a3umyTa noJisspu3allii 6i070riYHUX TKAHUH
YCTAaHOBJIEHO 3HAYHI IHTE€PBaJIN 3MiHM BEJIMYMHU LEHTPAJIbHUX CTATUCTUYHNX MOMEHTIB, SIKi XapaKTepU3yI0Th MaIu
a3uMyTa NoJISIpU3allii MiKpOCKOMiYHMX 300pakeHb 6i0JI0riYHUX 1apiB - y MexXax Bif, 3 1o 20 pasiB. AHaIOTiuHi
JOCJIIPKEHHST Mall eJIINITUYHOCTI NOJISIpU3allii BUSIBUIY NI€PEBAry BeJIMYUHY CTaTUCTUYHUX MOMEHTIB 3-TO Ta 4r0
MOPSIIKIB, SIKi BiZJ[TOBiZAIOTh aCUMETPIi Ta €KCLIeCy KOOPAUHATHUX PO3MO/iJiB BEJIMYNHY €JIINTUYHOCTI NOJISIpr3aliii,
HaJl cepenHiM i pucnepciero. [IponeMOHCTPOBAHO 3aJIEXKHICTD iX BEJIMYUHY Bif CTaHy MOJISpU3allii 30HIyI040Tr0
JIa3€pHOro BUIIPOMIHIOBaHHA — B MesKax — Bif, 3 1o 10 pasiB. OnepskaHi pe3ysbTaTy [IOKJIaJAEHO B OCHOBY
METOJI0JIOTI] IIarHOCTUYHOI O 3aCTOCYBAHHS METOLIB BEKTOP-TIaPaMETPUYHOTO i MOJISIpU3aALiNHO-
inTepdepeHuiiHoro kaprorpadyBaHHs 6ioJIoriYHUX WapiB 111 AudepeHiaNbHOI 1iarHOCTUKY HEKPOTUYHUX i
MaTOJIOTIYHMX 3MiH TKAaHUH OpraHiB JIOAUHU: MioKapy, — “imemiuHa xBopoba cepiis (IXC) - rocTpa KopoHapHa
HegocTatHicTb ((KH)"; maTka - “no6posikicHi (Mioma) — 37105KiCHI (KapLMHOMA)” IyXJIMHY; IPOCTaTa — “3J/105KiCHi
IyXJIMHY (aleHOKapLXHOMA) 3 pi3HUM (cepenHim, 3+4 i Hu3bkum 4+4) crynenem audepeHiialii 3a mKaaomo
I'nicona”. Jlnis Bcix TUIIB [1aTOJIOTii YCTaHOBJIEHO HAMOIIbII YYTAMBI 10 3MiH Mall a3UMyTa M eJIiNTUYHOCTI
noJiApu3alLii CTaTUCTUYHI MOMEHTHU 3-TO 1 4-TO MOPsAKiB. BUSABIEHO HACTYIIHI MaKCUMaJlbHi PiBHI TOYHOCTI
nvdepeHnLiagbHOI OiarHOCTUKY MATOJIOTIYHUX CTaHIB 6i0JI0TiYHNX TKAHUH: MioKapyh, - BinMiHHUN 95,8%; MaTKa -
nyxe nobpui 92,8%; npocrara - nodpuii 88,5%. [locinkeHa epeKTUBHICTb BeliBIeT-aHai3y [OSpU3aLiiHO-
¢$a3oBUx Mar a3uMyTa i1 eJNTUYHOCTI Nossipu3aliii 306paskeHb 6i0JI0TiYHMX TKAHUH. Y paMKax CTaTUCTUYHOTO
aHaJIi3y BUSIBJIEHI 1iarHOCTUYHI PiBHI MaKCHMaJIbHOI TOYHOCTI AudepeHLialii pi3HUX NaTOJIOriYHMX CTaHiB: MiOKapy,
- “IXC - ’'KH” - Bigminnauii piBenb 100%; jiereneBa TkaHuHa - “actma - ¢i6po3” - BimminHuii piBeHs 100%; mpocrara
- “37105KiCcHI MyxJIMHU (aleHOKapLUHOMA) 3 pi3HUM (cepelHiM, 3+4 i Hu3bkuM 4+4) cryreneM gudepenuianii 3a
mkanoio ['micona” - BigminHui 96,7%-100% piBeHb TOYHOCTI.

2. In the dissertation, a complex of the latest, logically interconnected laser methods of multiparameter
correlation, polarization and polarization-interference detection of object fields of phase-inhomogeneous layers
with optically anisotropic polycrystalline architecture was developed and physically substantiated. This provides
the possibility of reproducing and phase selection of maps of azimuth and ellipticity of partial components of the
polarization-inhomogeneous field, which are formed by scattering acts of different multiplicity. This allows to
reduce the distorting effect of depolarization and to select partial polarization maps of field components with low
or unit multiplicity of light scattering. The mathematical model describing the scattering of coherent radiation by
cement paste during hydration has been improved. It has been shown that replacing an ensemble of randomly
shaped cement particles with a corresponding distribution by spherical particles of an equivalent diameter within
the same distribution does not distort the results. It has also been demonstrated that fluctuations in the
distribution of the simulated speckle field, obtained due to the diffraction of coherent radiation on the ensemble of
spheres, are associated with the main stages of the formation of polycrystalline structures. These stages have been
modeled by varying the size of the scattering particles over time and their relative refractive index, which simulate
the formation of a saturated crystallohydrate solution and its subsequent crystallization. In the approximation of
linear and circular birefringence of a biological phase-inhomogeneous layer, an analytical model was developed
and the physical regularities of the formation processes of the polarization structure (azimuth and ellipticity maps)



of single and multiple scattered components of the object field of phase-inhomogeneous layers with different
hierarchies (fibrillar and parenchymatous) of polycrystalline architects. As part of the statistical analysis of the
results of polarization interferometry of the polarization azimuth maps of biological tissues, significant intervals of
change in the value of the central statistical moments that characterize the polarization azimuth maps of
microscopic images of biological layers have been established - within 3 to 20 times. Analogous studies of
polarization ellipticity maps revealed the advantage of 3rd and 4th order statistical moments, which characterize
the asymmetry and excess of coordinate distributions of polarization ellipticity values over the mean and variance.
The dependence of their value on the state of polarization of the probing laser radiation has been demonstrated -
in the range of 3 to 10 times. The obtained results form the basis of the methodology of the diagnostic application
of the methods of vector-parametric and polarization-interference mapping of biological layers for the differential
diagnosis of necrotic and pathological changes in tissues of human organs: myocardium - "ischemic heart disease
(CHD) - acute coronary in-sufficiency (ACF)"; uterus - "benign (myoma) - malignant (carcinoma)" tumors; prostate
- "malignant tumors (adenocarcinoma) with different (medium, 3+4 and low 4+4) degrees of differentiation
according to the Gleason scale." For all types of pathology, statistical moments of the 3rd and 4th orders most
sensitive to changes in the azimuth maps and polarization ellipticity were established. The following maximum
levels of accuracy of differential diagnosis of pathological conditions of biological tissues were revealed:
myocardium - excellent 95.8%; uterus - very good 92.8%; prostate - a good 88.5%. The effectiveness of wavelet
analysis of polarization-phase maps of azimuth and ellipticity of polarization of images of biological tissues was
investigated. As part of the statistical analysis, the diagnostic levels of the maximum accuracy of differentiation of
various pathological conditions were found: myocardium - "ICH - GKN" - an excellent level of 100%,; lung tissue -
"asthma - fibrosis" - excel-lent level 100%; prostate - "malignant tumors (adenocarcinoma) with different (medium,
3+4 and low 4+4) degrees of differentiation according to the Gleason scale" - an excellent 96.7%-100% level of
accuracy.
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