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VY nuceprauiiiHii poOOTI y3arajJibHEHO Ta HAyKOBO OOIPYHTOBAHO CHUCTEMY
“OTHOTOYKOBHUX” 1 “JBOTOUYKOBUX’ MAapaMETPIB L0 XapaKTEPU3YIOTh MOJISIpU3aLINHI Ta
KOPENAIiHHI XapaKTePUCTHKH JIA3€PHOTO BUIIPOMIHIOBAHHS, 110 3a3HAE TIEPETBOPCHHS B
ONTUYHO AaHI30TPOMHMX OIOJIOriYHKMX MIapax. B mnojanplioMy Taki Mapu HaMH
PO3MIISIIAOTLCSA, SK ONTHYHO aHI30TPONHI JIEriApaToOBaHl MOJIKPUCTAIIYHI PiIUHA
M’sikoi Martepii. Takuil miaxig 3abe3nedye MOKIUBICTH YHI()IKOBAHOIO PO3IIISIY
ITUPOKOTO CIEKTPY HATHBHUX TICTOJIOTTYHHMX 3pi3iB OlOJOTIYHUX TKaHWH, K CHCTEM
JET1IPaTOBaHUX MOJIKPUCTATIYHUX IUTIBOK PiAMH M’gKkoi Matepii. TeopeTudHo
OoOTpyHTOBaHA MOJICIb TOJAPU3AIHHO-KOPEIAIIHHOTO  “mBOTOYKOBOTO”  CTOKC-
MapaMeTPUYHOrO OMHCAaHHS OO €KTHUX TMOJIB 3pa3KiB JETiapaTOBaHUX IUIIBOK
010JI0T1YHMX TKAaHUH, 3 PI3HOIO 1€pApXi€l0 ONTHYHO aHI30TPOMHOI apXiTekToHiku. Ha
OCHOBI pO3p00OJIEHOT MOJIelli  €KCIePUMEHTAIbHO BH3HAYCHA CYKYITHICTh HOBHX
00’€KTUBHUX J1arHOCTUYHO-aKTYaJIbHUX a3MMYTaJIbHO-IHBAPIaHTHUX MOJIIPU3aALIHHO-
KOPENAINHNX, BEUBIET 1 MymbTU(pakTaTbHIX CTOKC-TTapaMeTPUIHUX B3a€EMO3B’ SI3KiB
MDK CTpYKTypHHMH ((iOpwisipHa JepMa IIKipW 1 TapeHXiMaTo3HA Celie3iHKa) 1
MATOJIOTIYHUMU (aJleHOMa 1 aJeHOKapIMHOMA MPOCTaTH) 3MiHAMU 1 CTATUCTUYHUMHU
MOMEHTaMH 1-4-r0  TOpPSAAKIB, M0 XapaKTepHU3ylTh 3MIHH TOJSIpU3AIiitHO-
iHTep(epeHiHHO BIATBOPEHUX MOIIAPOBUX TOMOrpa(iuHUX PO3MOJALIIB BETUYUHU
MOAYJs 1 apryMeHTa 4-mapaMmerpy “aBOTOYKOBOro” BekTopa (CTOKCa, PO3MOJLIIB
aMIUTITYl BelBieT KoediuieHTIB Ha pi3Hux Macmrabax MHAT ¢ynkmii, a Takox
MYJIbTH(QPAKTATLHAX ~CIEKTPIB  MOJSPU3AMIMHO-KOPEIAIMHAX MaIl MPOTETHOBUX

GIOpUIApHUX MEpEeX MOCHIKYBAaHUX 3pa3KiB JIErIPaTOBAHUX IUTIBOK O010JIOTTYHUX
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TKaHUH.

Po6oTa npononye HOBHI CUCTEMHUH MIJXIJ A0 BUPILIEHHS aKTyaJlbHOI HAYKOBO-
MPaKTHYHOT Tpo0IeMHy (PI3MIHUX OCHOB JTIa3epHOI O10MEMYHO1 Bi3yasri3allii, 110 IMoJIsarae
y CTBOPEHHI CHCTEMH OO0 €KTUBHHMX KpHUTEpIiiB, sIKI JO3BOJATh 3/1HCHIOBATH
MOJISIPU3AII HHO-KOPEIIAMIMHIN CTAaTUCTUIHUN MOHITOPHUHT TOJISIPU3AIIHHAX TIPOSBIB
3MIH KOPEJIAIMIHHOI, MacmTaOHO-CEIEKTUBHOI (BEHBIIET) 1 MacmTaOHO-CaMOIOXiOHOT
(MynbTH(QPAKTAIBHOT)  Y3TOJUKEHOCTI  MOJIIPU3ALIMHO-KOPEISIINHUX  BEKTOp-
nmapaMeTPUYHUX Marm MOP(OJOTIYHOT Ta MOJEKYJISIPHOI CTPYKTYPH JETiIpaTOBaHUX
MOJIIKPUCTATIYHUX TIUIIBOK OIOJIOTITYHUX TKAHWH Yy BHU3HAUYE€HHI Ta KIIHIYHOMY
3aCTOCYBaHHI CYKYIHOCTI OO0’€KTMBHMX MapKepiB Opi€HTaUldHUX 1 ()a30BUX 3MiH
CTPYKTYPH ONITHYHO aHI30TPOMHOI apXITEKTOHIKHM 010JI0TIYHUX TperapariB.

VY nocnigkeHH1 BUKOPUCTOBYBAIMCS HACTYTIHI METOM:

1.  baratokanampae CTOKC-IONSIpUMETpUYHE KapTorpadyBaHHS (Ha30BO-
HEOJAHOPITHUX 00’ €KTHUX TOJIIB.

2. bararokananmpae CTOKC-KOpelmoMeTpu4He KapTtorpadyBaHHsS (a30Bo-
HEOJAHOPITHUX 00’ €KTHUX TOJIIB.

3. BeiiBieT po3kiaa Manu MOAY/S 1 apryMeHTa “‘TBOTOYKOBHX IapaMeTpiB
BekTopa CTOKca Ta OOYMCIEHHS CTATUCTUYHMX MOMEHTIB 1-ro — 2-ro mopsiaky, ILIo
XapaKTEPU3YIOTh PO3MOJAUIA BEIWYMHU aMIUIITY] BEWBIET-KOS(DIIEHTIB 3 PI3HUMHU
Macmrtabamu ckanyrodoi MHAT ¢ynkii.

4.  Bu3HayeHHsS CKEJIETOHY MAaKCUMyMIB MOJIyJs aMIUNTYyJ BeHBieT-
Koe(irieHTiB 1 00UMCIeHHS MYJIBTH(QPAKTATLHAX CIICKTPIB MAIK MOIYJIS 1 apryMeHTa
“IBOTOYKOBHX’ MapameTpiB BekTopa CTOKca 00’ €KTHOTO IO 0107I0TIYHUX TKAHWH.

3. Po3paxyHOK CTaTUCTUUYHHUX MOMEHTIB 1-ro — 4-ro mnopsaaky, U0IO
XapaKTEPU3YIOTh PO3MOIUIN MapialbHUX (paKTAILHAX PO3MIPHOCTEH TOJIPU3AIliitHO-
KOpeJALIMHUX Mal MOJYJS 1 apryMeHTa “IIBOTOYKOBUX mapaMmeTpiB Bekropa CTokca
00’ €KTHOTO TTOJIST O10JIOTIYHUX TKAHHH.

6. [TonspuzauiiiHo-iHTepdepeHiliiiHe nomapoBe KapTorpapyBaHHs 00’ €KTHUX

IOJIIB.



7. Hudpose 2D dDyp’e anropurMmiuHe BIATBOPEHHS 1 MOKPOKOBE (ha3oBe
CKaHYBaHHS PO3MOJILTY KOMIUIEKCHUX aMIUTITY]] 00’ €KTHOTO MOJIsi O10JI0TTYHUX TKAHUH.

8. BeiiBieT poskmaag Moayss 1 apryMeHTa IOIIapOBHUX Mall “‘ABOTOYKOBHX
napameTpiB BekTopa CTOkca Ta OOUYMCIEHHS CTaTUCTUYHMX MOMEHTIB 1-ro — 2-1o
TIOPSIZIKY, SIKI XapaKTepHU3yOTh PO3IMOAUIA BETUIHHHN aMILIITY/T BEHBIET-KOSDIIIEHTIB 3
pizEMME MacmTabamu ckanyrouoi MHAT dynakmii.

9.  BusHaueHHS CKENETOHY MAaKCHUMYMIB MOIYJIS aMIUTITyl BEUBIET-
Koe(irieHTiB 1 00YHUCIICHHS MYJbTH(PPAKTATLHUX CHEKTPiB ()a30BUX MOIIAPOBUX MaIl
MOAYNA 1 apryMeHTa “IBOTOYKOBUX mapameTpiB BekTopa CTokca 00’€KTHOTO MOJIs
010JIOTTYHUX TKAHHH.

[TpoBeneno momnspusamiitHo-iHTepdepeHIIiifHe nomapoBe kaprorpadyBaHHs (3a
JIOTIOMOT'OI0 HAKJIAJIaHHS OMOPHOT XBUJI1) Mall YETBEPTOro MapameTpy MOJIpU3aLiiHoO-
KOPENAIIHHOTO BEKTOpPa MIKPOCKOIMYHMX 300paykKeHb HAOOPY AETiIpaTOBAaHUX ILIiBOK
010JIOTIYHMX TKAHMH SKI BIAPIZHSIOTHCA APXITEKTOHIKOIO ONTUYHO aHI30TPOMHOI
MTOJTIKPUCTAIYHOT KOMITOHCHTH.

BuxopucroBytoun 1u¢poBy ronorpadiuHy  MOMIAPOBY  PEKOHCTPYKIIIO
KOOPJMHATHOTO PO3MOAUTY KOMILIEKCHOI aMIUTITYIH 00’ €KTHOTO TIOJIS aJITOPUTMIYHO
OJIepKaHi MamnM BUMAJKOBUX 3HAYEHb BEIMYMHH MOJIYJS YETBEPTOrO IMapamerpy
NOJIAPU3ALIHHO-KOPEISILIMHOIO  BEKTOpa  MIKPOCKOMIUYHUX  300paXkeHb  3pas3KiB
GiOpmIsIpHUX (IepMa MIKIpH) 1 MapeHXiMaTO3HUX (CeJIe31HKa) JACTiIpaTOBaHUX IUTIBOK
010JIOTTYHUX TKAHHH.

YcTaHOBIEHO BCi  aITOPUTMIYHO BIATBOPEHHI IIOIIAPOBI  MOJSPH3AIIHHO-
KOpEJALifiHI Mamu MOAyns dYeTBepToro mnapamerpy |[Si2|(m X m) aABOTOYKOBOrO
BekTopa CTOKCa MIKPOCKOMIYHOIO 300pa)KE€HHS 3pa3KiB JIEpMH IIKIPU Ta CENE31HKH €
KOOPJMHATHO 1 ToriorpadiyHO HEOTHOPI THUMH.

HInsixoM CTaTUCTUYHOTO aHaNi3y alTOPUTMIYHO BiITBOPEHHX KOOPAMHATHUX
PO3MOMUTIB  BUMAJAKOBUX 3HAYCHb BEIUYMHH MOXYJS YETBEPTOTO IMapamMeTpy
MOJISIPU3AIIHHO-KOPEIIAIIIMHOTO  BEKTOpa  MIKPOCKOMIYHUX  300paKeHb  3pa3KiB
¢G10punsspHuX (AepMa HIKIpH) 1 MapeHXIMaTo3HUX (Cese3iHKa) AETiApaTOBaHUX ILUIIBOK

O10JIOTTYHUX TKAHWH BUABIICHO:



o 3HaYeHHs BCiX CTATUCTUYHHUX MOMEHTIB 1-ro — 4-ro MOpSAKY, IO
ONHUCYIOTh KOOPANHATHI PO3MOALIN BETHYNHU MOAYAA SK; ,(M X ) MiKpOCKOMiYHOTO
300pa)keHHS TOJIKPUCTAIIYHUX TUTIBOK ASPMH IIKIPH BiAMIHHI BT HYJIS.

o BenuuvHM CTaTHCTMYHUX MOMEHTIB BHIIUX TOPSAKIB, IO OMHCYIOTH
ACUMETPII0 Ta €KCIEC PO3IMOIIIIB BETUIHMHN MOIYJIS |SK1‘2|(m X M) MIKPOCKOIIIYHOTO
300paKeHHS 3pa3KiB JIEPMHU IIKIPH 1 CEJe31HKHW, 3HAYHO OUTBIN y TOPIBHSAHI 13
3HAYEHHSIMU CEPEIHBOTO 1 TUCTIePCli TAKKX PO3MOALIIB - Z 3;4(|S K, |) > Zl;z(|SK1’2 |)

[InsxoM HakgagaHHS ABOX BEKTOPHHMX XBWIb 1 HUGPOBOro rojorpapiaHoro
BiJITBOPCHHS KOOPJAMHATHUX PO3IMOLIIB BUIIAKOBUX 3HAYEHb apryMEHTa YETBEPTOTO
nmapamMeTpy IMOJSPU3AMIMHO-KOPEAIIMHOTO BEKTOpa MIKPOCKOIIYHUX 300pa’kKeHb
3pa3kiB OaraTomapoBUX (IOPWISPHUX 1 MAPEHXIMATOZHUX MOMIKPUCTAIIYHUX IUTIBOK
010JI0TIYHUX TKAHWH BUSBIICHO:

o [NicTorpamu po3MoOIiIiB BEIMYUHN apTYMEHTY YE€TBEPTOTO KOPEISIIHHOTO
napametpy Arg(Si?)(m X n) nBoToukoBoro BekTopa CTOKCa € acUMETPUYHUMH
BIJIHOCHO TOJIOBHOTO €KCTpeMyMa (JIOKaji3allisi eKCTPEeMyMIiB y pi3HUX (a30BUX

IJIOIIMHAX TPUIAJAE Ha Jianma3oH BiJ n/S hi (o) 7T/ 4) 1 XapaKTepU3YIOTbCS JOCTATHBO

IIMPOKUM Jialla30HOM 3MiHYM BUNaAKOBHX 3Hauenb 0 < Arg(Si?) < m.

HInsixoM CTaTUCTUYHOTO aHaNi3y alTOPUTMIYHO BiITBOPEHHX KOOPAMHATHUX
PO3MOJITIB BHUITAIKOBUX 3HAYEHb BEIUYMHM apTyMEHTa 4YETBEPTOrO IapamMeTpy
NOJIAPU3ALIHHO-KOPEISILIIMHOIO  BEKTOpa  MIKPOCKOMIYHUX  300paXkeHb  3pa3KiB
GiOpwsIipHUX  (mepMa  IIKipH) 1 MMapeHXIMaTO3HHUX (Ceje3iHKa) OararomapoBHX
aHI30TPOITHUX MOJTIKPUCTATIYHUX ITIBOK 010JI0TIYHUX TKAHWH YCTAHOBJICHO:

. I[To wmipi 3menmenas ({) BenmuumHH (Ha30BOro CckaHyBaHHS  (Uy)
ANTOPUTMIYHO BIATBOPEHOTO PO3MOJLTY KOMIDIEKCHHUX AaMIUTITYJ] KOT€PEHTHOTO
00’ €KTHOTO TOJISI 3pa3KiB JIEPMH LIKIPU Ta CEJIE31HKU MAa€ MICLie HACTYIHUN CLEHapii
3MiHH CTATHCTUUHUX ApaMeTpiB - Zz.4(Arg(Si?)) T 1 Zy2(Arg(Si2)) .

MacmTabHO  CCICKTUBHHMM  BEWBJIET 1  MYJbTH(QPAKTAIbHUNA  aHAI3

noiApu3aiiiHo-Kopensaniitaux ~ Man  moxayas  |SKi%|(m Xn)  MikpocKoOmiuHHX



300paXkeHb JET1IpaTOBaHUX IUTIBOK O10JI0TTYHUX TKaHHUH 3 (PiOpMIIIpHOIO (1epMa LIKIPH)
1 IapeHXIMaTO3HOIO (Celie31HKa) apXITEKTOHIKOIO MOMTIKPUCTATIYHOT CKIIaJ]0BOT BUSIBUIIM:

o HasBHICTb Yy BCIX (a30BUX IMepepi3ax [ PO3BUHEHOIO CKEJIETOHY
JBOMIPHUX Mall BEHBJIET KOE(]IIli€HTIB — HEMEPEPBHUX y MeXaxX PI3HHUX MacIITadiB
coneroHono1ioHoi MHAT ¢ yHKIii miHIN eKcTpeMyMiB aMILTITY T BeWBIIeT-KOe(iIlieHTIB
nojspu3aLiiHo-kopensauiinoi Manu |SK;?|(m X m) CyKymHOCTI BEKTOPHHX XBHIIb
PO3CISSTHHOTO KOTE€PEHTHOTO MOJIs;

CraTMCTHYHHMI aHaJi3 TOJIAPHM3ALIHHO-KOPEIAIiHEMX Man Monyas |SKi2|(m X
M) Y4ETBEPTOrO MapaMeTpy IBOTOYKOBOTO BekTopa CTOKCA MIKPOCKOMIYHUX 300paeHb
JET1IpaTOBaHUX IUTIBOK OIOJNOrIYHUX TKaHUH 3 (QiOpwisipHOIO (AepMa WIKIpH) 1
MapeHXxiMaTo3HOIO (CeNe3iHKa) apXiTEKTOHIKOKO MOJIIKPUCTAIIYHOT CKIa0BOI BUSBUB:

o nepeBary BEJIMYMHU CTATUCTUYHUX MOMEHTIB BHIIUX TMOPSJIKIB, IO
OIKCYIOTh ACUMETPIt0 Z;_3 Ta eKciec Z;—, po3noainiB F (h) maprianbHux QpakTaibHUX
posmipHOcTeii h; monspusamiitno-kopensmiitnux Man |SK1?|(m X n) y Bcix ¢asoBux
nepepizax MIKpOCKOIIYHUX 300paKeHb JEriipaTOBAHUX IUTIBOK O10JOTIYHUX TKAHUH Y
HOPIBHAHI 3 BEIMYMHAMU CTATUCTHYHUX MOMEHTIB 1-10 1 2-ro MOpaiKiB - Zj_3.4 >
Zicip.

MacmtabHO ~ CeneKTMBHMM  BeMBieT 1 MyJabTU(paKTaIbHUM  aHami3
noJApM3aLiiHO-KOpenaiiauXx ~Man  aprymenta Arg(Si?)(m Xn) uereproro
napamMeTpy  JBOTOYKOBOro  Bekropa  CTokca  MIKPOCKONIYHHMX  300pa)<eHb
JET1IpaTOBaHUX TIUNBOK OIOJOrIYHUX TKAaHUH 3 PI3HUMH  (I3UKO-XIMIYHUMHU
BJIACTUBOCTAMH - (GiOpWISApHOIO (IepMa INKipW) 1 TMapeHXiMaTO3HOIO (Cene3iHKa)
apXITEKTOHIKOIO MOJIKPUCTATIYHOI CKJIaJIOBOT TPOJIEMOHCTPYBAJIU:

o MOCJIIJOBHE (31 3MEHIICHHSIM BEJTMYMHU NapaMeTpy (pa3oBOro CKaHyBaHHS
Ui ) 3BY)KCHHS Jlialla30Hy 3MIHM BJIIACHUX 3HAYEHBb BEIIMYMH MAaPIaIbHAX (PpaKTaTbHUX
posmipHOCcTed h; MynbTH(pakTanbHUX CriekTpiB F(h) monspusaiiiHO-KOPEsIiHIX
man Arg(Si?) (m X n) BimHOCHO IOKai3alii TONOBHOTO ekcTpeMyma (OCHOBHOI

(dbpakTambHOT PO3MIPHOCTI).



CratucTUyHMIA  aHaii3  MOJAPU3ALIMHO-KOPENALIMHUX  Mam  apryMeHra
Arg(S}?)(m X n) deTBeproro mapameTpy JBOTOYKOBOro Bekrtopa CTokca
MIKPOCKOTIYHUX 300paK€Hb ONTHUYHOT aHI30TPOII11 JEriIpaTOBAaHUX ITIBOK 010JIOTTYHUX
TKaHUH 3 QiOpwisApHOIO (mepMa INKIpU) 1 TapeHXiMaTO3HOIO  (Cele3iHKa)
apXiTEKTOHIKOIO MOJIKPUCTAIIYHOI CKJIaJJOBOi BUSBUB:

o MTOCITIIOBHE 30UTBIIEHHS (31 3MEHIIIEHHSM BEJIMYUHU MapaMmeTpy (Ha3oBOTo
CKaHyBaHHS [ ) TEepeBard BEIUYMHU CTATUCTMYHHX MOMEHTIB BHIIUX MHOPSAKIB, IO
OIKCYIOTh ACUMETPIt0 Z;—3 Ta eKciiec Z;—, po3noaiiis F (h) mapiiiaabHuX (GpakTaibHIX
posmipHOCTeli  h;  nongpusauiiiHo-kopensmiiinoi  mamu  Arg(S;?) (m X n)
MIKPOCKOTIYHUX 300pa)Ke€Hb JIET1IPATOBAHUX IIIBOK O10J0TTYHUX TKaHUH y MOPIBHSHI
3 BEJIMYMHAMH CTATUCTHYHHUX MOMEHTIB 1-r0 1 2-10 NOPAIKIB - Zj=3.4 > Z;=1.7.

CucremaruzoBaHi 1 (I3MYHO TNpoaHaAII30BaHl PE3yJAbTaTH J11arHOCTUYHOTO
3aCTOCYBaHHS METO/TiB TOJIIPU3AI[I HHO-KOP IS HHOTO KaprorpadyBaHHS
MIKPOCKOITIYHHX 300pakeHb IMOIKPUCTAIYHOI CKJIAJIOBOI OIOJIOTTYHMX TKaHWUH IS
nudepeHIianbHol  11arHOCTUKU TOOPOSIKICHUX (aneHoma) 1 3I10SIKICHUX
(ageHOKapIIMHOMA) TyXJIUH MPOCTATH.

JIst MIKpOCKOIIYHUX 300pa’keHb 3pa3KiB O10MCii aJleHOMU 1 aJeHOKapIIMHOMU

ITOPUTMIYHO BIATBOPEHS IHTErpaibHI Ta MOIIAPOBI MAIH 1 FICTOIPaMU PO3MOILTIB:

. Moayas uerBepToro mapamerpy |SKi?| monspuzamiifHO-KOpenIiifHOro
BEKTOPA;
. aprymenta  4eTBeproro  mapamerpy Arg(Si?)  nonspusauiiino-

KOPEJAIIHHOTO BEKTOPA;
o .. . co ‘o 12

o BeHBIIET-KOCDIII€HTIB MOspU3aliitHo-kopensuinaux mMan |SK,“|(m X n)
i Arg(54%) (m x n);

o MyJAbTU(paKaTbHUX  CHEKTPIB  MOJSAPHU3ALINHO-KOPEISLIHHUX — Mal

12 : 12

|ISK;#|(m x n) i Arg(S,°) (m X n).

Busnaueni Ta ¢i3uyHO mpoaHai30BaHl (LUISIXOM MOPIBHSHHS 3 METOAaMH Ha

ocHOBI MaTpuili Mroiiepa i Mmatpuili [[>koHca) 1iarHOCTUYHO aKTyajdbHI B3a€EMO3B’ I3KU



MiX CTATUCTHYHUMM TapaMeTpaMK TOJIIpH3aLiiHo-Kopensaiiux man |SKi2|(m X n)
i Arg(S3?) (m X n) i naTONOriYHUMH CTAHAMH IyXJIUH IPOCTATH.

KuarouoBi cioBa: niarHoctuka, nossipusaiiis, iHTepdepeHIisi, KOrepeHTHICTb,
KOpensIiiHa ONTHKA, PO3CISHHSA CBITJIA, MOJSAPUMETPIs, aHI30TpOIis, Troiorpadis,
HaKJTaJlaHHS JBOX XBHJIb, MaTpHIlst J»oHca, MaTpuist Mromiepa, 610JI0TidHI KpUCTaH,

OTOpHA XBUJIS,, BEKTOPHI XBUIII.
ABSTRACT

O. Saleha. Polarization correlometry of phase inhomogeneous object fields of
polycrystalline films of biological fluids.

Thesis on search for the Doctor of Philosophy degree in specialty 104 — Physics
and Astronomy. — Yuriy Fedkovych Chernivtsi National University, Ministry of
Education and Science of Ukraine, Chernivtsi, 2026.

A set of “single-point” and “two-point” polarization and correlation parameters of
laser radiation fields transformed by optically anisotropic biological layers has been
generalized and substantiated. In the following, we consider such layers as optically
anisotropic dehydrated polycrystalline soft matter fluids. This approach provides the
possibility of a unified consideration of a wide range of native histological sections of
biological tissues as systems of dehydrated polycrystalline films of soft matter fluids. A
theoretically substantiated model of the polarization-correlation “two-point” Stokes-
parameter description of object fields of dehydrated films of biological tissues with
different hierarchies of optically anisotropic architectonics has been developed. Based on
the proposed model, a set of new objective diagnostically relevant azimuth-invariant
polarization-correlation, wavelet, and multifractal Stokes-parameter interrelations
between structural (skin dermal fibrillar tissue and parenchymal spleen tissue) and
pathological (prostate adenoma and adenocarcinoma) changes and the statistical moments
of the 1st—4th orders has been experimentally determined. These moments characterize
changes in polarization-interference reconstructed layer-by-layer topographic
distributions of the magnitude and argument of the 4th parameter of the “two-point”

Stokes vector, distributions of wavelet coefficient amplitudes at different scales of the
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MHAT function, as well as multifractal spectra of polarization-correlation maps of
protein fibrillar networks in dehydrated films of the studied biological tissue samples.

The dissertation presents a new and systematic approach to solving an important
scientific and practical problem concerning the physical foundations of laser biomedical
imaging through the development of a comprehensive system of objective criteria for
polarization-correlation statistical monitoring of polarization manifestations of changes
in correlation, scale-selective (wavelet), and scale-self-similar (multifractal) coherence of
polarization-correlation vector-parameter maps of morphological and molecular
structures of biological tissues. This enables the determination and clinical application of
objective markers of orientational and phase changes in the structure of optically
anisotropic architectonics of biological specimens.

The following methods were used in the study:

1. Multichannel Stokes polarimetric mapping of phase-inhomogeneous object
fields.

2. Multichannel Stokes correlometric mapping of phase-inhomogeneous object
fields.

3. Wavelet decomposition of the magnitude and argument maps of the “two-

point” Stokes vector parameters and calculation of the 1st—2nd order statistical moments
characterizing the distribution of wavelet coefficient amplitudes at different scales of the
scanning MHAT function.

4. Determination of the skeleton of maxima of wavelet coefficient amplitudes
and calculation of multifractal spectra of the magnitude and argument maps of the “two-
point” Stokes vector parameters of the biological tissue object field.

5. Calculation of Ist—4th order statistical moments characterizing the
distributions of partial fractal dimensions of polarization-correlation maps of the

magnitude and argument of the “two-point” Stokes vector parameters of biological tissue

object fields.
6. Polarization-interference layer-by-layer mapping of object fields.
7. Digital 2D Fourier algorithmic reconstruction and stepwise phase scanning

of complex amplitude distributions of the biological tissue object field.
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8. Wavelet decomposition of the magnitude and argument of layer-by-layer
maps of the “two-point” Stokes vector parameters and calculation of Ist-2nd order
statistical moments characterizing the distributions of wavelet coefficient amplitudes at
different scales of the scanning MHAT function.

0. Determination of the skeleton of maxima of wavelet coefficient amplitudes
and calculation of multifractal spectra of phase layer-by-layer maps of the magnitude and
argument of the “two-point” Stokes vector parameters of biological tissue object fields.

Polarization-interference (using a reference wave) layer-by-layer mapping of the
fourth parameter maps of the polarization-correlation vector of microscopic images of
dehydrated films of biological tissues with different architectonics of the optically
anisotropic polycrystalline component was performed.

By digital holographic layer-by-layer reconstruction of coordinate distributions of
complex amplitudes of the object field maps of random values of the magnitude of the
fourth parameter of the polarization-correlation vector of microscopic images of
dehydrated films of fibrillar (skin dermis) and parenchymal (spleen) biological tissues
were algorithmically obtained.

All algorithmically reconstructed layer-by-layer polarization-correlation maps of
the magnitude of the fourth parameter |S1?|(m X n) of the two-point Stokes vector of
microscopic images of dehydrated films of dermis and spleen were found to be
coordinate- and topographically inhomogeneous.

Statistical analysis of reconstructed coordinate distributions of random values of
the magnitude of the fourth parameter of the polarization-correlation vector of
microscopic images of dehydrated films of fibrillar (skin dermis) and parenchymal
(spleen) tissues revealed:

o The values of all statistical moments of the 1st—4th orders characterizing
coordinate distributions of the magnitude SK; ,(m X n) of microscopic images of dermal
dehydrated films differ from zero.

o Higher-order statistical moments characterizing asymmetry and kurtosis of

magnitude distributions |SK1,2|(m X n) of the microscopic image of skin dermis and
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spleen samples are significantly greater than the mean and variance values:
Z3.4(|SK12|) > Z1,,(|SK12])-

Mixing of two vector waves and subsequent digital holographic reconstruction of
coordinate distributions of random values of the argument of the fourth parameter of the
polarization-correlation vector of microscopic images of dehydrated films of multilayer
fibrillar and parenchymal polycrystalline films of biological tissues revealed:

o Histograms of distributions of the argument of of the fourth correlational
parameter of the two point Stokes vector Arg(S;?)(m X n) are asymmetric relative to
the main extremum (localized within n/5 to m/4 in different phase planes) and
characterized by a wide variation range 0 < Arg(Si?) < m.

By means of statistical analysis of algorithmically reconstructed coordinate
distributions of random values of the argument of the fourth parameter of the polarization-
correlation vector of microscopic images of samples of fibrillar (skin dermis) and
parenchymatous (spleen) multilayer anisotropic polycrystalline films of biological
tissues, it was established that:

o As the value of phase scanning (u;) decreases (]), the algorithmically
reconstructed distribution of complex amplitudes of the coherent object field of the skin
dermis and spleen samples exhibits the following scenario of changes in statistical
parameters - Z3.,(Arg(Si?)) T i Zy,,(Arg(Si?)) L.

Scale-selective wavelet and multifractal analysis of the polarization-correlation
maps of the modulus |SK1?|(m X n) of microscopic images of dehydrated films of
biological tissues with fibrillar (skin dermis) and parenchymatous (spleen) architectonics
of the polycrystalline component revealed:

o The presence, in all phase sections py,, of a well-developed skeleton of two-
dimensional maps of wavelet coefficients — continuous across different scales of the
soliton-like MHAT function — forming lines of extrema of the amplitudes of the wavelet
coefficients of the polarization-correlation map |SKi?|(m X n) of the vector waves of

scattered coherent field.
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Statistical analysis of the polarization-correlation maps of the modulus
|SK}?|(m X n) of the fourth parameter of the two-point Stokes vector of microscopic
images of dehydrated films of biological tissues with fibrillar (skin dermis) and
parenchymatous (spleen) architectonics of the polycrystalline component revealed:

o The predominance of higher-order statistical moments, which characterize
the asymmetry Z;_; and kurtosis Z;—, of the distributions F(h) of the partial fractal
dimensions h; of the polarization-correlation maps |[SK;?|(m x n) in all phase sections
of microscopic images of dehydrated films of biological tissues, compared with the values
of the first- and second-order statistical moments - Z;_3.4 > Z;—1.,.

Scale-selective wavelet and multifractal analysis of the polarization-correlation
maps of the argument Arg(S3?)(m X n) of the fourth parameter of the two-point Stokes
vector of microscopic images of dehydrated films of biological tissues with various
physic-chemical properties of fibrillar (skin dermis) and parenchymatous (spleen)
architectonics of the polycrystalline component demonstrated:

o A consistent (with decreasing value of the phase scanning parameter p)
narrowing of the range of variation of the eigenvalues of the partial fractal dimensions h;
of the multifractal spectra F(h) of the polarization-correlation maps Arg(S;?) (m x n),
relative to the localization of the main extremum (the principal fractal dimension).

Statistical analysis of the polarization-correlation maps of the argument
Arg(S}?)(m x n) of the fourth parameter of the two-point Stokes vector of microscopic
images of opticaly anisotropic dehydrated films of biological tissues with fibrillar (skin
dermis) and parenchymatous (spleen) architectonics of the polycrystalline component
revealed:

o A consistent increase (with decreasing value of the phase scanning parameter
Ur) in the predominance of higher-order statistical moments characterizing the
asymmetry Z;_; and kurtosis Z;—, of the distributions F(h) of the partial fractal
dimensions h; of the polarization-correlation map Arg(S+?) (m X n) of microscopic
images of dehydrated films of biological tissues, compared with the values of the first-

and second-order statistical moments - Z;—3.4 > Z;=1.,.
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The results of diagnostic application of polarization-correlation mapping methods
for microscopic images of the polycrystalline component of biological tissues were
systematized and physically analyzed for differential diagnosis of benign (adenoma) and
malignant (adenocarcinoma) prostate tumors.

For biopsy samples of adenoma and adenocarcinoma, integral and layer-by-layer
maps and histograms of distributions were algorithmically reconstructed for:

o The magnitude of the fourth parameter |SK;?| of the polarization-correlation
vector;

. The argument of the fourth parameter Arg(Si?);

° Wavelet coefficients of polarization-correlation maps |SKi?|(m x n) and
Arg(S;®) (m xn);

° Multifractal spectra of polarization-correlation maps |SKi?|(m x n) and
Arg(S¥) (m x n).

Diagnostically relevant relationships between statistical parameters of
polarization-correlation maps |SKi?|(m X n) and Arg(S}?) (m X n) and pathological
states of prostate tumors were identified and physically analyzed. A comparison is given
with methods based on the Muller matrix and the Jones matrix

Keywords: diagnostics, polarization, interference, coherence, correlation optics,
light scattering, polarimetry, anisotropy, holography, two-wave mixing, Jones matrix,

Mueller matrix, biological crystals, reference wave, vector waves.
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