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HaBenmeHo 1 mpoaHami30BaHO TEOPETUYHI BIIOMOCTI, MIOJIO: MOJEIHLHOTO
Miosep-MaTpuyHOTrO OMHMCAHHS CYKYMHOCTI (DI3MYHMX MEXaHI3MIB KpHUCTaIIB 3
JHIAHUM 1 UUPKYJISIPHUM JBONPOMEHE3IOMJIEHHSIM 1 AUXPOI3MOM; 3aCTOCYBaHHS
nudepeHIliaTbHOTO MATPUYHOTO MPEACTABICHHS MOJSPU3AIIAHOT 1 JENOIIPU3aiHOT
CKJIaJI0BUX MaTrpuli Miojuiepa ONTUYHO aHI30TPOIHOI apXITEKTOHIKM IIapy M’ SKOi
Marepii; peanizauli MOIApU3aALIAHO-THTEPPEPEHIIIMHUX MPUHUHUIIIB MOLIAPOBOrO
nudepeHIiaIbHOT0 MATPUYHOTO CKaHyBaHHSA 00’ €KTHHUX TMOJIIB 010J0TIYHUX TKAaHUH.
Bu3HaueHO aHaMITHUYHI QJTOPUTMU PEKOHCTPYKIIi KOOPAMHATHHX PO3MOMILIIB
CepelHIX 3HayeHb 1 (UIyKTyallil BEJIWYMHU MapaMeTpiB MEPIOJAMYHOI CTPYKTYpH
¢$a30BOi Ta aMILTITYIHOT aHI30TPOIIi MOJIKPUCTATIYHOI apXITEKTOHIKH O10JIOTTYHHX
TKAHHH 32 BIATBOPEHUMU MOJSIpU3ALIHHO-1HTEpPEPEHUIMHUMHI ManaMu MapiiialbHUX
eJeMeHTIB qudepeHIiiaabHuX MaTpuils 1-ro 1 2-ro nopsankiB. Ha ocHoBi po3po06ieHoi
Mojeni audepeHianbsHoro MIouiep-MaTpUYHOTO  PO3KIIAAy €KCIePUMEHTAIbHO
BH3HAUYEHA CyKYMHICTh HOBUX 00’ €KTUBHHX J1aTHOCTUYHO-AKTyaJIbHUX CTATUCTHYHUX
1 BeHBIET (hiI3MUHUX B3a€EMO3B’SI3KIB MK CTPYKTypHUMH ((DiOpmiisipHa TKAHUHA HUPKH
1 MapeHXIMaTO3HA JIEreHeBa TKAHWHA) 1 TATOJOTTYHUMU (AOOPOSIKICHA KICTA I€YHUKA 1
HepePaKoBHil  €HIOMETPio3) MOP(OJOTIYHUMHU 1 TOMOJNIOTIYHMMHK jAedekTamMu -
TpanchopMaIisiMd 1  CTaTUCTUYHUMHU MOMEHTaMH  1-4-TO  TOPSAKIB, IO
XapaKTEPU3yIOTh 3MIHUA MOJSPU3ALINHO-IHTEpdEPEHIIIHHO BIATBOPEHUX MOIIAPOBUX
PO3MO/IUIIB MaPIiaAIbHUX €JIEMEHTIB AudepeHITIaTbHIX MATPHUIlh 1-TO 1 2-T0 TOPSIKIB
1 3aJI©KHOCTEN aMIUTITY]l BEMBIET KOEQILIEHTIB TaKUX Mall JJid PI3HUX MacIiTaliB
MHAT ¢ynkii.

JuceprarniitHa poOoTa MICTUTh HOBHM 1 CHCTEMHHH MIiAXiJ J0 PO3B’SI3aHHS



aKTyaJdbHOI ~ HAyKOBOi ~ Ta  NPAKTUYHOI  mpoOiaeMu  (GI3BUYHUX  OCHOB
OararonmapamMeTpuyHOi Ja3epHOi OloMemuyHOI Bi3yaumi3allii TOMOJIOTIYHUX e(EeKTIB
MePIOIUYHOT CTPYKTYPH O10JOTIYHUX KPHUCTATIB 3 PO3POOKH KOMITJIEKCHOI CHCTEMH
00’€KTUBHHMX KpUTEpliB MIoiep-MaTpUUHOTO MOJISPU3ALIAHOTO MOHITOPUHTY 3MiH
CTAaTHUCTUYHOI 1 MAacCIITaOHO-CEIEKTHUBHOI (BEHMBIET) CTPYKTypH KOOPAUHATHUX
PO3IOJIIIB CEpeHIX 3HaueHb 1 (IIyKTyaliil BelIWuMHM TapameTpiB ¢a3oBoi Ta
aMILTITYIHOT aHI30TPOIIi MOJIKPUCTATIYHOT apXiTEKTOHIKH O10JIOTIYHUX TKaHUH 3a
BIJITBOPEHUMHU TOJISIPU3ALIHHO-IHTePPEPEHIIIHHUMHU CHEKI-ManaMyd MapiialbHUX
€JIEMEeHTIB Tu(epeHIlIaIbHIX MaTPHUIlb 1-TO 1 2-T0 MOPSAIKIB, @ TAKOXK Y BU3HAYCHHI Ta
KJIHIYHOMY 3aCTOCYBaHHI CYKYITHOCTI 00’€KTHBHMX MapKepiB OpI€HTALIWHUX 1
¢$azoBUX 3MIH CTPYKTYpd ONTHUYHO aHI30TPONMHOI apXITEKTOHIKK O10JIOTTYHHUX
npenaparis.

VY nocnigkeHH1 BUKOPUCTOBYBAJIUCA HACTYITHI METOJIH:

1. Enincomerpis.
2. [Honsipuszaniiino-iHTepPepeHIITHMIA:
o [Tonsipuzaniiino-BiadiasTpoBaHi 1HTEphEPEHIIIHHI KAPTUHU CIIEKII-TTOJIS

B TUIOIIMHI MIKPOCKOITIYHUX 300paeHb TICTOJOTIYHUX 3Pi31B 010JIOMYHUX TKAHUH.
3. [udposoi rojorpadiyHOi pEeKOHCTPYKITIi:
o Anroputmiude tudpose 2D BiATBOpEHHS PO3MOAUTIB KOMIUIEKCHUX

aMILTITY]] 00’ €KTHOTO TIOJISI.

4. @Pa30BOro CKaHyBaHHS

o [TomrapoBi po3moALIN TOJISI KOMIUIEKCHUX aMILTITYI.

5.  HudepenuiansHoro Mrosuiep-MaTpu4HOro KaprorpadyBaHHs

o AnropuTMIYHAa  PEKOHCTPYKLis  Mam  MapUiaibHUX  €JIEMEHTIB

nudepeHIiiaabHOoi MaTpulll 1-To opsaKy.

o AnTOopuTMIYHA ~ PEKOHCTPYKIlS ~ Mam  MapiiaJbHAX  €JIEMEHTIB
nudepeHIiaabHOlI MaTpuLll 2-TO TOPAIKY.

o ANTopUTMIYHA PEKOHCTPYKINSE Mal CepeaHIX 3HayeHb JIHIHHOTO 1
[UPKYJISIPHOTO TBOITPOMEHE3ATIOMIICHHS Ta AUXPOi3MY.

o AnTopuTMIYHA PEKOHCTPYKIliS Man (PIIyKTyaridi BEIMYUHU JIHIHHOTO 1

LHUPKYJISIPHOTO IBOIIPOMEHE3AJIOMIICHHS T IUXPOi3MY.



) OOuncClieHHS CTaTUCTUYHUX MOMEHTIB 1-ro — 4-r0 MOpsAKiB, SKi
XapaKTepu3ylTh MalM CepefHiX 3HadeHb mnapameTpiB ¢(a30BOi 1 aMIUIITYIHOT
aH130TPOMIl HATUBHUX MpemnapariB 010JIOTTYHUX TKAHUH.

) OOuncClieHHS CTaTUCTUYHUX MOMEHTIB 1-ro — 4-r0 MOpsAKiB, SKi
XapaKTepu3yTh Manu (QUIyKTyarlidi BEJIMYMHHM TapaMeTpiB (a3oBOi 1 aMIUTITYHOT
aH130TPOMIl HATUBHUX MpemnapariB 010JIOTTYHUX TKAHUH.

o BeiiBner po3kiag Mam cepeAHiX 3HA4YeHb 1 (UIYKTyalriil BeTU4YMHU
napaMeTpiB (a3oBoi Ta aMILNTYJIHOI aHI30TPOIIi Ta OOYMCICHHSA CTAaTHCTUYHHUX
MOMEHTIB 1-TO — 2-T0 MOPSIAKIB, SIKI XapaKTepU3yIOTh PO3MOALUINA BETUYUHN aMILTITY]
BeUBIET-KOe(DIIIEHTIB Ha pi3HUX MaciTadax ckanyrodoi MHAT ¢ynkiii.

ExcniepuMeHTansHO anpoOOBaHO TMOJIApU3aIliiiHO-1HTep(PEepEeHIIMHUI METO
mudepeHianbHoro  Mroiep-MaTpUYHOTO  KapTorpadyBaHHA — MOJIApU3ALITHUX
napaMmeTpiB CHEKJI MOJIIB ONTHUYHOI aHI30TPOMHOI MOJIKPUCTATIYHOI apXiTEeKTOHIKU
mapiB M’sIKOi mMaTepii 3 HUPPOBUM TOJOrpapiYHUM BIITBOPEHHSIM IMMOIIAPOBUX Marl
napijajgbHUX €JEMEHTIB JU(EepeHLIATbHUX MaTpulb 1-ro 1 2-ro MopsaKy
FICTOJIOTIYHUX 3pi3iB QIOpUIIIpHUX (HUPKA) 1 MAPEHXIMATO3HUX (JIereHeBa TKaHWHA)
010JIOTIYHUX TKaHHUH 3 PI3HOIO MOP(OJIOTIYHOIO OY10BOIO.

2. 3 oxaepaHUX PpE3yJbTATIB CTATUCTUYHOTO aHANI3y Mam MapiiaibHUX
€JIEeMEHTIB Ju(depeHllaJbHuX MaTpHllb |-ro0 TOpSAJKY TICTOJIOTIYHHMX 3pi3iB
(G10pHIIApHOT TKAHUHU HUPKHU YCTAHOBJIEHO BIIMIHHICTB Bi HYJISI BCIX LEHTPAJIbHUX
CTATUCTUYHHX MOMEHTIB 1-T0 — 4-T0 MOPSKIB 1 BUSBICHO CIICHAPIi 3MIHH 1X BETUYUHA
B Iipolieci HUPpoBOro (HhazoBoro CKaHyBaHHS CIEKII MO KOMIUIEKCHUX aMILTITY/.

3. 3 onepxkaHUX pe3yJbTaTIB CTATUCTUYHOTO aHai3y Mall MapiiaJbHuX
eJIeMeHTIB audepeHIliaIbHuX MaTpHilb |-T0 TOPSAJKY TICTOJIOTIYHHMX 3pi3iB
MapeHX1MaTO3HOI JIEr€HEBOI TKAHUHKU YCTAHOBJIEHO HE3HAUYHI TOMOJOTIYHI 1e(eKTH 1
MOJISIpU3AIliHI  TIPOSIBU CTPYKTYPHOI aHI30TpoOMmii y TOPIBHSIHI 13 PO3MOIiIaMu
napameTpiB XipadbHOI aH130TPOITIi.

4. Anani3 CTaTUCTMYHUX JAHUX PO MOUIAPOBI MamM ONTUYHOI aHI30TPOMil
TICTOJIOTIYHUX 3pi3iB TKAHWHM HUPKU BUSBUB HAWOIIBII YYTIWBI MapKepu —
CTaTUCTUYHI MOMEHTH BHUILIUX TOPSJIKIB, Kl XapaKTePU3YIOTh aCUMETPI0 1 €KCIIeC

PO3MOIUIIB JIIHIMHOTO JIBOIMTPOMEHE3AJIOMIICHHS 1 TUXPOI3MY.



5. AHaji3 CTaTUCTUYHUX JaHUX IPO IMOIIAPOBlI Malu ONTHYHOI aHI30TPOIIi
FICTOJNOTIYHUX 3pi3iB JIETEHEBOI TKAHWHU BUSBHB HAWOUIbLI YYTIMBI MapKepu —
CTATUCTUYHI MOMEHTH BHUIIUX TOPSAKIB, Kl XapaKTePU3YIOTh aCUMETPII0 1 eKcIec
PO3MO/LIIB [UPKYJISPHOTO ABOIMPOMEHE3ATIOMIICHHS 1 IUXPOi3MYy .

6. HaBeneno pe3ynbTaTy BEHBIET aHAII3Y aJTOPUTMIYHO BIATBOPEHUX METOAOM
noJsipu3aniitHo-iHTepdepeHiiiHoro  audepeHiiaibHoro  Mrojep-MaTpUIHOTO
kaptorpadyBaHHs  Mall  CEpPeAHIX 3HA4eHb JIHIKHOTO 1  HUPKYJISAPHOTO
JIBOTIPOMEHE3AJIOMJICHHS ~Ta  JUXPOI3My  MOJIKpUCTamiyHoi  GiOpuispHoi 1
MapeHXIMaTO3HO1 apXITEKTOHIKM HATHMBHUX TICTOJIOTIYHUX 3pi3iB M K01 Marepii
HUPKH 1 JIETEHEBOI TKAHUHHU.

7. BusBneno, mo ansi GiOpuisipHOi apXITEKTOHIKHM M’SKOi MaTepii TKaHWHH
HUPKU YCTaBJIEHO CTaTUCTUYHY IepeBary (I3UYHMX MEXaHi3MIB CTPYKTYPHOI
amizorpomii (LB(m,n)),(LD(m,n)) }iOpuuIIpHEX MeEpEK ONTUYHO OJHOBICHHX
O10JIOTIYHUX KPUCTATIB HAJ ONTHUYHO AKTUBHUMH XIPAJbHUMH MOJICKYJISIPHUMU
npoteiHoBuMH KoMmiutekcamu (CB(m,n)),(CD(m,n)). HaBmaku, a1 ONTHYHO
aHI30TPOMHOI MApEeHXIMU M’ SKOi MaTepii JIEreHeBOI TKAaHWUHHU IEPEBAKHUMU
MEXaHI3MaMH ONTHYHOI AaHI30TPOMii € IHUPKYJISPHE JABOINPOMEHE3AIOMIICHHS 1
IUXPOi3M XipaJIbHUX MOJIEKYJISIPHUX MPOTETHOBUX KOMILIEKCIB.

8. CucremMatn3oBaHi MaTepiaiu eKCIEPUMEHTAIBHUX Pe3yJIbTaTIB Ta (PI3UYHOTO
OOTpYHTYBAaHHSI ~ JIarHOCTUYHOTO  3aCTOCYBaHHS  METOAY  MOJISIpU3aIliiiHO-
iHTEepepeHIiiiHoro audepeHuianbHoro Mroiiep-MaTpUYHOTO KapTorpadyBaHHS
ONTHYHO aHI30TPOIMHOI aPXITEKTOHIKH IIIapiB M’ SKOi MaTepii penpoayKTUBHOI cepu
IHKH — TICTOJIOTTYHUX 3pi3iB O10ICIi MATKH.

9. PosrnsiHyTO €(EeKTHBHICT, Ta BHU3HAYE€HA TOYHICTh JudepeHIliaaIbHOl
TIarHOCTUKHU JOOPOSKICHUX 1 TEepeIpaKkoBUX CTaHIB TKAHWHH CHIOMETpIS 3
BUKOPUCTAHHSM CTATUCTUYHOIO aHAJI3y aJTOPUTMIYHO BIATBOPEHUX Mall CEPEeIHIX
3HAYEHb APAMETPIB JIHIHHOTO 1 IIUPKYJISIPHOTO IBOIIPOMEHE3AJIOMIICHHS 1 TUXPOi3ZMy
ONTHYHO aHI30TPOIHOI APXITEKTOHIKHA PENPE3CHTATUBHUX BUOIPOK 3pa3KiB HATUBHUX
TICTOJIOTIYHUX 3P131B CTIHKM MATKH.

10. VYcTaHOBJIEHO  KOPENAIi0  eKCIEePUMEHTAIbHUX  JTaHUX  METOMIY

noJyigpu3aiiitHo-inTepdepenuiinoro  audepenuianbHoro  Miojuiep-MaTpuYHOro



kKapTorpadyBaHHs 3pa3KiB HATUBHHUX TICTOJIOTIYHUX 3Pi31B €HJAOMETPisl 000X THUMIB 1
(i3uyHOrO0 OOTPYHTYBAHHS MOJSPU3ALINHUX MPOSBIB MATOJOTTYHUX CTaHIB ONTUYHO
aH130TPOMHOI MOJIKPUCTATIYHOT apXITEeKTOHIKH:

o [EHTpadbHI CTAaTHUCTUYHI MOMEHTH 1-T0 — 2-TO0 TOpAIKYy, SKi
XapaKTEPU3yIOTh CEPEIHE 1 AUCTICPCIF0 KOOPAUHATHUX PO3IMOALUTIB CepeaHIX 3HAUCHb
nmapameTpiB CTPYKTYPHOI aHI30TpOIii 3pa3KiB €HIOMETPII0 Yy TMepeIpakoBOMY CTaHi
3pocTarTh y Mexkax Bia 1,28 no 1,38 pasis;

o OpPOTUJICKHA  TEHJCHIS  CIOCTEPITaeTbCsl ISl LIEHTPaJIbHUX
CTaTUCTUYHUX MOMEHTIB 3-r0 1 4-ro MOPSAKIB, SKI XapakTEpU3ylOTh aCHUMETPIIO 1
€KCIIeC KOOpJMHATHUX PO3MOJUIIB CEepeHIX 3HAYeHb MMapaMeTpiB CTPYKTYPHOI
aHI30TPOINIi 3pa3KiB €HJOMETPIIO Yy MEePeIPaKOBOMY CTaHI — MA€ MICII€ 3MEHIIICHHS
CepeIHbOCTAaTUCTUUHUX BEJIMYMH y Mexax Bia 1,47 o 1,55 pasis;

o HalOUIbII YYyTJIMBUM [0 NATOJOTIYHHUX HNEPEAPAKOBHX 3MIH ONTHYHO
aHI30TPOIHOI XIPaJbHOI CKJIAJOBOI apXITEKTOHIKM HATHUBHUX TICTOJOTIYHUX 3pI3iB
€HJOMETpIA BUSBHMBCS LEHTPAJIbHUN CTATUCTUYHUN MOMEHT 4-TO MOPSAKY, SKHMA
XapaKTEepU3y€e TOCTPOTY MKy CYKYIMHOCTI KOOPJMHATHUX PO3IMOALIB CEepeaHIX
3HaYeHb MapaMeTpiB MUPKYJSIPHOTO IBOMPOMEHE3ATOMIICHHS 1 JUXPOi3My — HOTO
BEJMYHHA SIKOTO 3pocTtae 10 1,34 pasis.

11. V pamkax iHQOpMaliifHOTO aHai3y [IarHOCTUYHUX MOKJIMBOCTEH
noJisipu3aliiHo-iHTepepeHuiftHoro nomapoBoro audepeHuiaibHoro  Mromep-
MATPUYHOTO KapTorpadyBaHHS YCTAaHOBJIEHO HACTYMHI MaKCHMaJlbHI PiBHI
30a71aHCOBAHO1 TOYHOCTI JIETEKTYBaHHS MEPeIpakOBUX CTaHIB EHIOMETPIA:

. xopommii (Ac((LB)) = %) i myxe xopoumii (Ac({LB,6 = 7T/8))) =
94,7%) piBHi;

o  sazoinbHuii (Ac({LD)) = %) i xopoumii (Ac({LD, 6 = T /g)) = 89,5%)
piBHI;

e  3a0BiIbHMIL (Ac({CB)) = 78,9%; Ac({CB,0 = T/g)) = 84,5%)
piBEHb;

) He3a0BUILHAN (Ac({CD)) = 73,7%; Ac((CD,G = 7T/S)) = 78,9%)

piBEHb.



12. Pe3ynpTaTd CTaTUCTHYHOTO aHaji3y JiHiAHMX posmoaimiB  A(ug, b)
BUIIAJKOBUX 3Ha4YeHb aMILTITYau A (U, ) Be#BIIeT KOediIlieHTIB U, morrapoBux (6) mam
cepennix ({ )) 3Hauenp crpykrypuoi ((LB(m,n)),(LD(m,n))) i xipaibHoi
((CB(m,n)),{(CD(m,n))) anizorpomii 3pa3KiB HATUBHUX TICTOJIOTIYHUX 3Pi3iB M’SIKOI
MaTepii ~ TKaHUHU CHIOMETPIis IPOJEMOHCTPYBAIN KOPETISIII0 M1XK
EKCIIEPUMEHTATFHIUMHE PE3yJIbTaTaMHt i BUCHOBKAMU (i3UYHOTO aHATi3y:

o JIns  anropuTMIYHO BIJTBOPEHUX TMOIMIAPOBUX TOIOrpadiyHUX Marl
(OA(m,n)) cepeanix 3HAYCHb JIHIHHOTO 1 IUPKYJISIPHOTO JBOIPOMEHE3ATIOMIICHHS 1
muxpoismy (LB(m,n)),(LD(m,n)),(CB(m,n)),(CD(m,n)) BeNInIMHNA CTATUCTUIHUX

napameTpiB  Z;(a) 1 Z,(a) € imgMBiZyadbHMMH Ha BCiX Maciirabax a
. . -b
coneroHonoio6H0i MHAT ¢ynkii M (XT)

o Crartuctuuny nepeBary (pi3MgyHUX MEXaHI13MIB NEPIOJIMYHOI CTPYKTYPHOL
amizotpomii (LB(m,n)),(LD(m,n)) GiOpWUIIpHUX MEpPEX ONTHYHO OJHOBICHHX
O10JIOTIYHUX KpPUCTAJIB HAJ ONTHUYHO AKTUBHUMH XIPAJIBHUMH MOJIEKYJIIPHUMU
IPOTCTHOBHMH KOMILIEKCAMH (CB(m,n)),(CD(m,n)), -
Z1,,((LB(m,n)), (LD (m,n)})) > Z;,({CB(m,n)),(CD(m, n))).

) JI71s1 BUMAIK1B 30BHIIIHBO F€HITAILHOTO €HJAOMETPI03Yy Ma€ MicClie 3HAaUHE
301TBIIICHHS 3HAYEHb IICHTPATBHUX CTATUCTHYHUX MOMEHTIB 1-ro Z; T (y 1,38 — 1,51
pasu) i 2-to Z, T (y 1,42 — 1,98 pasu), MopsaKiB, sIKi XapaKTePU3YIOTh CEPEIHE 1
JTUCTIIEPCII0 JIHIMHUX 3aJIeKHOCTEH BEIMYMHU aMIUTITyJAH BEWBIET KOE(IIIEHTIB

A(uy, b) Tonorpadiunux marm ($Ha3oBoi i aMIUTiTy 1HOI aHizoTtporii (OA(m, n)) Ha BCix
S —b
maciTabax a conetonononionoi MHAT dyukmii M (XT)

13. IndopmariiitHuii aHami3 3 BUKOPUCTAHHSIM CYKYITHOCTI J1arHOCTUYHHX
MapkepiB Z;.,((OA)) BUABMB HACTYTIHI PiBHI 30aMaHCOBAaHOI TOYHOCTI JuepeHianii
3pa3KiB eHIOMETpis 3 Tpynu 1 1 rpymu 2:

o Ac((LB(m,n))) = 100% - BinMiHHMIT piBEHb;

o Ac((LD(m,n))) = 94,7% - BigMiHHMIi PiBEHb;

o Ac({(CB(m,n))) = 89,5% - my»xe XOpOIIHii PiBEHD;

o Ac({(CD(m,n))) = 84,2% - xopoiuuii piBeHb.



Kuarwuosi cioBa: ontuka, jaszep, MoJsApu3allisi, KpPUCTal, TOIOJIOTIUHI JAeeKTH,
nepioguyHa CTPyKTypa, poscioBaHHs, (asza, cmeks, wmaTtpuus Miomepa,

EMIICOMETpIs, TTIBKA, CTATUCTUYHI MOMEHTH, TUXPOi3M, ONITUYHA J1arHOCTHUKA.

ABSTRACT

Mikirin lvan. "Muller polarization-correlation matrices of polycrystalline
networks of soft matter objects" — Qualification scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy, specialty 104 Physics and
Astronomy. Yuriy Fedkovych Chernivtsi National University, Chernivtsi, 2026.Thesis
for the degree of Doctor of Philosophy in the field of Physics and astronomy

Theoretical information is presented and analysed regarding: the model Miiller
matrix a description of the set of physical mechanisms underlying crystals exhibiting
linear and circular birefringence and dichroism; the application of a differential matrix
representation of the polarisation and depolarisation components of the Mueller matrix
of the optically anisotropic architectonics of a layer of soft matter; the implementation
of polarisation-interference principles of layer-by-layer differential matrix scanning of
object fields of biological tissues. Analytical algorithms have been determined for the
reconstruction of coordinate distributions of mean values and fluctuations in the values
of the parameters of the periodic phase structure and amplitude anisotropy parameters
of the polycrystalline architectonics of biological tissues based on reconstructed
polarisation interference maps of partial elements of differential matrices of the 1st and
2nd orders.

Based on the developed model of differential Miiller matrix decomposition, a set
of new objective diagnostically relevant statistical and wavelet physical relationships
between structural (fibrillar kidney tissue and parenchymal lung tissue) and
pathological (benign ovarian cyst and precancerous endometriosis) morphological and
topological defects — transformations and statistical moments of 1-4 orders,
characterising changes in the polarisation-interference-reproduced layer-by-layer
distributions of partial elements of differential matrices of the 1st and 2nd orders and

dependencies of the amplitudes of wavelet coefficients of such maps for different



scales of the MHAT function.

The dissertation contains a new and systematic approach to solving the topical
scientific and practical problem of the physical principles of multi-parameter laser
biomedical imaging of topological defects in the periodic structure of biological
crystals by developing a comprehensive system of objective criteria for Miiller-matrix
polarisation monitoring of changes in statistical and scale-selective (wavelet) structures
of coordinate distributions of mean values and fluctuations in the magnitude of phase
and amplitude anisotropy parameters of polycrystalline architectonics of biological
tissues based on reproduced polarisation-interference speckle-maps of partial elements
of differential matrices of the 1st and 2nd orders, as well as in the determination and
clinical application of a set of objective markers of orientation and phase changes in
the structure of optically anisotropic architectonics of biological preparations.

The following methods were used in the study:

1. Ellipsometry
2. Polarisation interference:
o Polarisation-filtered interference patterns speckle-field in the plane of
microscopic images of histological sections of biological tissues.
3. Digital holographic reconstruction:
e Algorithmic digital 2D reproduction of complex amplitude distributions of
the object field.
4. Phase scanning
o Layer-by-layer distributions of complex amplitude fields.
5. Differential Miiller matrix mapping

e Algorithmic reconstruction of maps of partial elements of a 1st order

differential matrix.

e Algorithmic reconstruction of maps of partial elements of a second-order

differential matrix.

e Algorithmic reconstruction of maps of average values of linear and circular

birefringence and dichroism.

e Algorithmic reconstruction of maps of fluctuations in linear and circular

birefringence and dichroism.



e Calculation of statistical moments of the 1st to 4th orders, which characterise
maps of average values of phase and amplitude anisotropy parameters of
native biological tissue preparations.

e Calculation of statistical moments of the 1st to 4th orders, which characterise
maps of fluctuations in the values of phase and amplitude anisotropy
parameters of native biological tissue preparations.

e Wavelet decomposition of maps of average values and fluctuations in the
magnitude of phase and amplitude anisotropy parameters and calculation of
statistical moments of the 1st and 2nd orders, which characterise the
distributions of the magnitudes of wavelet coefficients at different scales of
the scanning MHAT function.

An experimental validation the polarisation-interference method of differential
Miiller matrix mapping of polarization parameters field speckle of optical anisotropic
polycrystalline architectonics of soft matter layers with digital holographic
reproduction of layer-by-layer maps of partial elements of differential matrices of the
1st and 2nd order of histological sections of fibrillar (kidney) and parenchymal (lung
tissue) biological tissues with different morphological structures.

2. The results of statistical analysis of maps of partial elements of first-order
differential matrices of histological sections of fibrillar kidney tissue showed that all
central statistical moments of the first to 4th orders were found to be different from
zero, and scenarios for changes in their values during digital phase scanning of the
complex amplitude speckle field were identified.

3. The results of statistical analysis of maps of partial elements of first-order
differential matrices of histological sections of parenchymal lung tissue revealed
insignificant topological defects and polarisation manifestations of structural
anisotropy compared to the distributions of chiral anisotropy parameters.

4. Analysis of statistical data on layer-by-layer maps of optical anisotropy of
histological sections of kidney tissue revealed the most sensitive markers — statistical
moments of higher orders that characterise the asymmetry and excess of linear
birefringence and dichroism distributions.

5. Analysis of statistical data on layer-by-layer maps of optical anisotropy of



histological sections of lung tissue revealed the most sensitive markers — statistical
moments of higher orders that characterise the asymmetry and excess of circular
birefringence and dichroism distributions.

6. The results of wavelet analysis of algorithmically reproduced by the
polarisation-interference differential Miiller matrix mapping of maps of average values
of linear and circular birefringence and dichroism of polycrystalline fibrillar and
parenchymal architectonics of native histological sections of soft kidney and lung
tissue.

7. It has been found that for the fibrillar architectonics of the soft tissue of the
kidney, a statistical preference for physical mechanisms of structural anisotropy has
been established. (LB(m,n)),(LD(m,n)) fibrillar networks of optically uniaxial
biological crystals over optically active chiral molecular protein complexes
(CB(m,n)),(CD(m,n)). Conversely, for optically anisotropic parenchyma of soft lung
tissue, the predominant mechanisms of optical anisotropy are circular birefringence
and dichroism of chiral molecular protein complexes.

8. Systematised materials of experimental results and physical justification of
the diagnostic application of the polarisation-interference differential Miiller matrix
mapping method of optically anisotropic architectonics of soft tissue layers of the
female reproductive sphere — histological sections of uterine biopsy.

9. The effectiveness and accuracy of differential diagnosis of benign and
precancerous conditions of the endometrial tissue were examined using statistical
analysis of algorithmically reproduced maps of average values of linear and circular
birefringence and dichroism parameters of optically anisotropic architectonics of
representative samples of native histological sections of the uterine wall.

10. A correlation has been established between experimental data obtained using
the polarisation-interference differential Miiller matrix mapping method on samples of
native histological sections of both types of endometrium and the physical justification
of polarisation manifestations of pathological conditions in optically anisotropic
polycrystalline architectonics:

o the central statistical moments of the 1st and 2nd order, which characterise

the mean and variance of the coordinate distributions of the mean values of the



parameters of structural anisotropy of endometrial samples in a precancerous state,
increase by a factor of 1.28 to 1.38;

o the opposite trend is observed for the central statistical moments of the 3rd
and 4th orders, which characterise the asymmetry and excess of the coordinate
distributions of the mean values of the parameters of structural anisotropy of
endometrial samples in a precancerous state — there is a decrease in the average
statistical values within the range of 1.47 to 1.55 times;

The central statistical moment of the 4th order, which characterises the sharpness
of the peak of the set of coordinate distributions of the mean values of the parameters
of circular birefringence and dichroism, was found to be the most sensitive to
pathological precancerous changes in the optically anisotropic chiral component of the
architectonics of native histological sections of the endometrium. Its value increases to
, Which characterises the sharpness of the peak of the set of coordinate distributions of
the mean values of the parameters of circular birefringence and dichroism — its value
increases to 1.34 times.

11. As part of the information analysis of the diagnostic capabilities of
polarisation-interference layer-by-layer differential Miiller matrix mapping, the
following maximum levels of balanced accuracy in detecting precancerous conditions
of the endometrium have been established:

e good (Ac({LB)) = %) and very good (Ac({LB,6 =T/g))) = 94,7%)
levels;

o  satisfactory (Ac({LD)) = %) and good (Ac({LD,6 =T/g)) = 89,5%)
levels;

o  satisfactory (Ac({CB)) = 78,9%; Ac({CB,6 =T/g)) = 84,5%) level,

e  unsatisfactory (Ac({CD)) = 73,7%; Ac({CD,8 =T/g)) = 78,9%)
level.

12. Results of statistical analysis of linear distributions A(u,b) random
amplitude values A(u, ) wavelet coefficients u; layered (8) maps of averages ({ ))
structural values ((LB(m,n)),{LD(m,n))) and chiral ((CB(m,n)),{CD(m,n)))
Anisotropy of native histological sections of soft endometrial tissue demonstrated a



correlation between experimental results and physical analysis conclusions:

o For algorithmically reproduced layer-by-layer topographic maps
(OA(m,n)) mean values of linear and circular birefringence and dichroism
(LB(m,n)),(LD(m,n)),(CB(m,n)),(CD(m,n)) values of statistical parameters

Z,(a)iZ,(a) are individual at all scales of the soliton-like MHAT function M (%)

o Statistical advantage of physical mechanisms of periodic structural
anisotropy (LB (m,n)),{(LD(m,n)) fibrillar networks of optically uniaxial biological
crystals over optically active chiral molecular protein  complexes
(CB(m,n)),{CD(m,n)), - Z1,,({LB(m,n)),(LD(m,n))) >
Z1,;,({CB(m,n)),(CD(m,n))).

o In cases of external genital endometriosis, there is a significant increase in
the values of the central statistical moments of the 1st Z; T (1.38-1.51 times) and 2nd
Z, T (by 1.42-1.98 times), orders characterising the mean and variance of linear
dependencies of the amplitude of wavelet coefficients A(uy, b) topographic maps of
phase and amplitude anisotropy (OA(m, n)) at all scales a solute-like MHAT function
m(=2)

13. Information analysis using a set of diagnostic markers Z;.,((OA)) revealed
the following levels of balanced accuracy in differentiating endometrial samples from
group 1 and group 2:

o Ac((LB(m,n))) = 100% - excellent level;

o Ac({(LD(m,n))) = 94,7% - excellent level;
e Ac({(CB(m,n))) = 89,5% - very good level,
o Ac({CD(m,n))) = 84,2% - good level.

Keywords: optics, laser, polarisation, crystal, topological defects, periodic
structure, scattering, phase, speckle, Mueller matrix, Ellipsometry, film, statistical
moments, dichroism, optical diagnostics.
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