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Among the numerous biomedical diagnostic applications of soft tissue structure, Mueller matrix polarimetry of
the optical anisotropy of biological tissues plays an important role. Various systems of Mueller matrix polarimetry
have been developed to solve these diagnostic problems. The work is aimed at using the method of layer-by-layer
polarisation-interference mapping of dehydrated blood films to determine new objective criteria (markers) for min-
imally invasive differential diagnosis of thyroid pathology. A comparative analysis of the effectiveness of methods
of multifractal processing of polarisation ellipticity maps of digital microscopic images of supramolecular protein
networks of polycrystalline blood fractions was carried out in order to determine new objective criteria (markers)
for digital laser histological differential diagnosis of thyroid pathology. The results of the statistical analysis of the
data of the polarisation-interference mapping method with digital holographic reproduction of phase maps of the
polarisation azimuth were determined. From a biophysical point of view, the results correlate well with the model
representations and prognostic scenarios of pathological changes in the polycrystalline structure of supramolecular
networks of blood phases of donors and patients from different study groups. In this case, the algorithmically re-
constructed layer maps a(3,m,n) are "devoid" of the distorting effect of the depolarised background and are almost
uniquely related to the optically anisotropic properties of the polycrystalline structure of blood fractions. Therefore,
as the concentration of chiral optically active structures increases ("normal - nodular goiter - autoimmune thyroid-
itis - papillary cancer"), the dynamics of changes in the mean and variance of layer-by-layer distributions of the
polarisation azimuth a(8,m,n) increases in comparison with the data of integrated polarisation mapping of digital
microscopic images of blood phases. As a result of the study, the most optimal markers of the method of integrated
polarisation mapping of azimuths of polarisation of digital microscopic images of blood phases were identified and
a good level (~87%-89%) of balanced accuracy of differential diagnosis of thyroid pathologies was established. The
results of polarization-interference mapping of microscopic images with digital holographic reproduction of lay-
er-by-layer coordinate distributions of random values of the azimuth of blood phase polarization are presented and
analysed within the framework of the statistical approach.
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The design of the optical model of the supramolec-
ular polycrystalline structure of the thyroid blood cell
consists of the following blocks:

1. The supramolecular polycrystalline structure of
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treatment of certain acute surgical diseases, prediction
of their course and prevention of complications”, state
registration number 0121U110501.

Introduction.

Optical methods of diagnostics of various biological
tissues and visualisation of their optically anisotropic
structure (fibrillar networks, optically active molecular
domains) occupy a prominent place due to their high
informational content and the possibility of multifunc-
tional photometric, spectral, polarisation, correlation)
monitoring [1-4].

The fundamental results obtained in the framework
of Mueller matrix microscopy (MMM) [5-8] of biological
tissues are promising for applied clinical and preclinical
studies of the polycrystalline structure of biological tis-
sues. In particular, it has been demonstrated that Muel-
ler microscopy of gastric biopsies can obtain quantitative
optical parameters to characterise the evolution of gas-
tric tissue from a healthy state through inflammation to
cancer [9-11].

the thyroid blood cell is an optically anisotropic struc-
ture formed by optically active globulin molecules and
needle-like birefringent albumin molecules.

2. Formative elements (erythrocytes, monocytes,
leukocytes) that are optically active in the volume of the
blood facies form distributed (mx n — a set of pixels of
a digital camera) rotations of the polarisation plane a or
polarisation azimuth maps a(m, n)) coordinately.

3. The statistical structure of the polarisation azi-
muth maps a(m, n) is determined by the concentration
of protein chiral molecules and does not depend on
their coordinate distribution in the volume of the thy-
roid blood facies.

The aim of the study.

Determination of new objective criteria (markers)
for minimally invasive differential diagnosis of thyroid
pathology using the method of layer-by-layer polarisa-
tion-interference mapping of dehydrated blood films.

Object and research methods.

The structural and logical scheme of polarisation-in-
terference mapping is presented in table 1.
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Brief description of the groups of pa-

Table 1 - Block diagram of polarisation-interference mapping

tients and study objects. Four groups of
donors and patients were studied:

Unit for optical formation of thyroid irradiating agent and reference

coherent laser radiation

1. Control group 1 — healthy donors
(51 patients).

Unit for the formation of circularly polarised states of irradiating thyroid
preparations and reference coherent laser radiation

2. Study group 2 — patients with nod-
ular goitre (51 patients).
3. Study group 3 — patients with au-

Unit for projecting a polarising laser microscopic image of a thyroid biological
preparation into the plane of a digital CCD camera

toimmune thyroiditis (51 patients).
4. Study group 4 — patients with pap-

Unit for optical mixing of microscopic images of a thyroid biological preparation

and a reference coherent beam

illary cancer (51 patients).
The objects of study were dehydrat-

Unit for formation of interference distribution of digital microscopic image
of thyroid gland preparations in the plane of digital CCD camera

ed blood films (facies).
Table 2 shows the optical and geo-

Unit for polarisation analysis of interference distribution of digital microscopic
image of thyroid gland preparations in the plane of digital CCD camera

metric parameters of the study objects.
Research results and their discus-

Unit for digital registration of polarisation-filtered coordinate intensity distributions|
of interference microscopic images of thyroid gland preparations

Computer storage unit for polarisation-filtered coordinate intensity distributions
of interference microscopic images of thyroid gland preparations

sion.
The results of experimental lay-
er-by-layer polarisation mapping of

maps (fragments (1)) and histograms (fragments (2)) of
distributions ((m, n)) of the polarisation azimuth a(§, m,
n) of digital microscopic images of blood phases are pre-
sented in a series of fragments of fig.

As in the case of the analysis of the integrated po-
larisation azimuth maps, we have revealed the polar-
isation structure of polarisation azimuths in the phase
plane of digital microscopic images of blood samples of
all studied groups of healthy donors and patients (fig.,
fragments (1)).

The main difference is the fact that all layer-by-layer
polarisation maps a($, m, n) are “devoid” of the scat-
tered depolarised background and represent discrete
domains of coordinate inhomogeneous distributions of
the azimuth value of laser electromagnetic oscillations.

Table 2 — Optical and geometric parameters
of blood facies

Blood facies
Geometric thickness, d, um 25+0,33
Attenuation coefficient, 0,18+0,04
Degree of depolarisation, A, % 25-32

The quantitative probabilistic structure a(9, m, n) is
illustrated by a set of histograms (fig., fragments (2)) of
distributions of random values of the polarisation azi-
muth a at points (m, n) of the phase plane (9) of digital
microscopic images of supramolecular polycrystalline
networks of blood phases.

Within each group of blood facies samples, the deter-
mined histograms have a significant range of changes in
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Figure — Layer-by-layer polarisation maps a(m, n) (fragments (1)) and histograms (fragments (2)) of the distributions of the polarisation
azimuth value of digital microscopic images of blood facies of donors and patients from the study groups.
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Table 3 — Statistical parameters of polarisation azimuth
maps of phase digital microscopic images of blood phases
of donors and patients with different thyroid pathology

of albumin and plasma globulin and of the formed
elements in the dehydrated blood film. Quantita-
tively, this is illustrated by a distinct “shift” towards

higher values of the main extremes of the histo-

G Group 1 Group 2 Group 3 Group 4 A . )
roup (51 samples) | (51 samples) | (51 samples) | (51 samples)| grams of distributions of random variables of the
Average, SM, | 0,91+0,047 | 1,380,067 | 1,53+0,081 | 1,870,097 | azimuth of polarisation of layer maps a(9, m, n) of
o, digital microscopic images of blood phases from all

Dispersion, SM,

0,52+0,029 | 0,61+0,034 | 0,68+0,038 | 0,71+0,041

groups (fig., fragments (2)). At the same time, the

<0,001; p,, .., <0,001

pik p12'13'14

range of changes in the values of the azimuths of

laser polarisation in the set of digital pixels remains

practically the same within all representative sam-
ples of experimental samples of dehydrated films

from the control and three experimental groups.

Asymmetry, SM,| 1,39+0,12 | 1,03:0,077 | 0,89+0,053 | 0,710,038
P Puoise <0,05; Posaa34 0,05

Excess, SM, | 1,94%0,14 | 1,68+0,096 | 1,410,083 | 1,14+0,067
P Pisis10 S0.001; Py, ., <0,001

The experimental trends of pathological chang-

random values of the azimuth a of polarisation (0<sasmn)
and, more distinctly than for integral distributions, indi-
vidually localised extrema a___ - fig., fragments (2).
Comparison of the coordinate and probabilistic
structure of the layer-by-layer maps of the polarisation
azimuth a8, m, n) of supramolecular albumin-globulin
polycrystalline networks of experimental samples of
blood fractions revealed a more distinct tendency of
consistent increase from the control group to the set of
experimental groups 2 (nodular goiter); 3 (autoimmune
thyroiditis) and 4 (papillary cancer) of increasing optical
activity of the polycrystalline network of protein crystals
Table 4 — Balanced accuracy of differential diagnosis
of thyroid pathology by statistical analysis of
azimuth polarisation maps of phase digital
microscopic images of blood facies

Average, SM,

a=93 a=94 a=95
b=9 b=8 b=7
Ac,=91,2% Ac,.=92,1% Ac,,=93,1%
a=89 a=90 a=91
b=13 b=12 b=11
Ac,.=87,3% Ac,, =88,2% Ac,,=89,2%

Dispersion, SM,

a=85 a=88 a=89

b=17 b=14 b=13
Ac,=83,3% Ac,.=86,3% Ac,,=87,3%

a=82 a=82 a=83

b =20 b =20 b=19
Ac,.=80,4% Ac,,= 80,4% Ac, = 81,4%

Asymmetry, SM

3

a=93 a=93 a=94
b=9 b=9 b=8
Ac,=91,2% Ac,.=91,2% Ac,,=92,1%
a=89 a=89 a=90
b=13 b=13 b=12
Ac,.=87,3% Ac,, =87,3% Ac,, =88,2%
Excess, SM,
a=93 a=94 a=95
b=9 b=8 b=7
Ac,,=91,2% Ac,.=92,1% Ac,,=93,1%
a=89 a=90 a=91
b=13 b=12 b=11
Ac,.=87,3% Ac,, =88,2% Ac,,=89,2%

es in the polycrystalline structure of supramolecu-
lar networks of blood facies were analysed in the
statistical approach — table 3.

Statistical analysis of the data of digital holographic
reproduction of layer-by-layer maps of the polarisation
azimuth a(8, m, n) of digital microscopic images of blood
phases of the control and experimental groups revealed
a consistent statistical increase in the mean of the aver-
age polarisation azimuth:

o A sequential (from control group 1 to experimen-
tal groups 2, 3 and statistically significant (p, <0.001) in-
crease in the average statistical value of the 1st statistical
moment (mean) SM, of the layer-by-layer polarisation
distributions a($, m, n) within individual representative
samples from 0.91 to 1.87.

e The value of the 2nd statistical moment (variance)
SM,, which characterises the standard deviation of
random values of the polarisation azimuth in the lay-
er-by-layer distributions a(9, m, n), ranges from 0.52
to 0.71 and is statistically significant only for detecting
pathology (p,, ., , <0,05), but not for its differentiation
(p23;24;34 > 0'05)'

e The maximum diagnostic sensitivity to changes in
the statistical structure of layer maps a(89, m, n) of the
polarisation azimuth is provided by the SM_ asymmetry
and SM, excess, which characterise the asymmetry and
sharpness of the peak of coordinate distributions of ran-
dom values of the angle of rotation of the laser polari-
sation plane in the phase planes of digital microscopic
images of polycrystalline supramolecular networks of
blood facies.

o The asymmetry of SM (3, a) varies statistically sig-
nificantly (p,<0.001) within a wide range of eigenvalues
from 0.71 to 1.39.

o The SM (a) kurtosis similarly varies statistically sig-
nificantly (p,<0.001) in the range from 1.14 to 1.94.

The results of the statistical analysis of the data of
the polarisation-interference mapping method with
digital holographic reproduction of phase maps of the
polarisation azimuth from the biophysical point of view
are well correlated with the model representations and
prognostic scenarios of pathological changes in the
polycrystalline structure of supramolecular networks of
blood facies of donors and patients from different ex-
perimental groups. In this case, the algorithmically re-
constructed layer maps a(9, m, n) are “devoid” of the
distorting effect of the depolarised background and are
almost uniquely related to the optically anisotropic prop-
erties of the polycrystalline structure of blood fractions.
Therefore, as the concentration of chiral optically active
structures increases (“normal — nodular goiter — auto-
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immune thyroiditis — papillary cancer”), the dynamics
of changes in the mean and variance of layer-by-layer
distributions of the polarisation azimuth a(8, m, n) in-
creases in comparison with the data of integrated polar-
isation mapping of digital microscopic images of blood
phases — table 3. Against this background of statistical
changes, the dynamics of changes in the statistical mo-
ments of the 3rd and 4th orders, which characterise the
asymmetry and kurtosis of algorithmically reconstructed
layer maps a(8, m, n), proved to be much more sensitive
— intergroup differences between the values of these
statistical parameters reach 1.5-1.95 times.

The results of information analysis of the data of
the method of polarisation-interference mapping with
digital holographic reproduction of layer-by-layer maps

« “normal — papillary cancer” Ac, (SM,;SMs;SMa) ~
92,1% — 93,1% — “very good” level.

2. Differential diagnosis:

¢ “nodular goiter — autoimmune thyroiditis”

Ac, (SM ;SMs,SMa) ~ 87% — 89% — “good” level;
¢ “nodular goitre — papillary cancer”
Ac,,(SM ;SMs;SMa) ~ 88% — 89% — “good” level;

« “autoimmune thyroiditis — papillary cancer”
Ac,(SM ;SMs;SMa) ~ 88% — 89% — “good” level.

Conclusions.

1. The most optimal markers of the method of inte-
gral mapping of azimuthal polarisation maps of digital
microscopic images of blood facies were identified and
a good level (~87%-89%) of balanced accuracy of differ-

of polarisation azimuths of digital microscopic images
of blood facies (table 4) revealed a significant increase
in the sensitivity of this method compared to integrated
polarisation mapping (table 3) and demonstrated the
following levels of accuracy in the differential diagnosis
of thyroid pathologies:

1. Diagnostics of thyroid pathology (control group
1.1 and the aggregate of all study groups “1.2 — 1.4”):

 “normal — nodular goitre” Ac,,(SM ;SMs;SMa) ~
91,2% —92,1% — “very good” level;

¢ “normal-autoimmune thyroiditis”
Ac, (SM ;SMs;SMa) ~ 91,2% — 92,1% — “good” level;

ential diagnosis of thyroid pathologies was established.

2. The results of polarisation-interference mapping
of microscopic images with digital holographic reproduc-
tion of layer-by-layer coordinate distributions of random
values of the azimuth of blood facies polarisation are
presented and analysed within the statistical approach.

Prospects for further research.

We consider it expedient to conduct a multifractal
analysis of polarisation maps of ellipticity of microscopic
images of blood facies for the differential diagnosis of
thyroid pathology.
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Ceped yucneHHUx biomeOdu4yHux 0ia2HOCMUYHUX 30CMOCY8AHb CMPYKMypU M’AKOI pe4osuHu saxcause micye
nocidae Mionnep-mampuyHa noaapumempia onMuUYHoi aHizomponii 6iono2iyHUX MKAHUH. [na peanizauii
nocmasneHux diaeHOCMUYHUX 3a800Hb PO3p0obsieHo pi3HOMaHIMHI cucmemu Mronnep-mampu4Hoi noaapumempii.
Poboma cnpamMosaHa HA  BUKOPUCMOHHA Memody nowaposoz20  noaapusayiliHo-iHmepgepeHyiliHo2o
KapmoeapagysaHHsA 0e2idpamosaHuXx Nai80K KPosi 3 Memor 8U3HA4YeHHS HOBUX 06’ eKmuUBHUX Kpumepiie (Mapkepis)
Mas0iH8a3uBHOI dugepeHyianeHoi diaeHocmuku namosnoeii wumonodibHoi 3an03u. posedeHo nopieHAMAbHUU
aHani3 eghekmusHocmi memodie MyabmuppakmansHoi 06pobku mMan eainmu4yHocmi rnoaapusayii yugpposux
MIKpOCKOMiYHUX 306paxceHb HAOMoneKyasapHUX binKosux mepexc mnoaikpucmaniyHux ¢ayili Kposi 3 memoro
BU3HAYEHHA HOBUX 06’€eKmusHUX Kpumepiie (Mapkepis) yugposoi nasepHoi 2icmosnoziyHoi dugepeHyianbHol
diaeHocmuku namosnozii wyumomnodibHoi 3as103u. BusHayeHi pe3ynbmamu cmamucmuYyHo20 aHAANi3y OGHUX Memooy
nonspusayiliHo-iHmepgepeHyiliHo2o Kapmozpagy8aHHA 3 Yugposum 20a02papiyHUM 8i0MEBOPEeHHAM (ha3osux
Man asumyma noaspusauii. 3 6ioghizu4Hoi MoYKu 30py 00epicaHi pe3yanbmamu dobpe Kopenrorme i3 HagedeHUMU
MOOesIbHUMU YABAEHHAMU | MPO2HOCMUYHUMU CUEHAPIAMU Mamoso2iYHUX 3MiH MOoAIKpucmaniyHoi cmpykmypu
HaoOMorneKynsapHUX mepexx ¢ayili kKposi OoHopie i nauieHmie 3 pi3HUX 00CAiOHUX epyn. Y O0aHomy 8uradKky
anz2o0pummivyHo 8iomeopeHi nowaposi manu a(d,m,n) “nosbassaeHi” cromeopioY020 8MaAU8Y 0enoAapPU308aHO20
hOHY i MPAKMUYHO OOHO3HAYHO 0B8’A3QHI (3 ONMUKO AHI30MPOMNHUMU B8/1ACMUBOCMAMU MOAIKPUCMANIYHOT
cmpykmypu ¢ayil Kposi. Tomy Mo Mipi HOPOCMAHHA KOHUEHMPAyii XipaneHUX OMMUYHO AKMUBHUX CMPYKmMyp
(“Hopma — 8y3no8uli 306 — aymoimyHHUl mupeoidum — nanindapHuli pak”) 3pocmae OUHAMIKA 3MiHU cepedHbo20
i ducnepcii nowaposux po3nodinie azumyma noaapusauii a(9,m,n) y NopieHAHHI i3 O0aHUMU iHMe2paabHO20
nonspu3ayiliHo2o KapmoepagysaHHA YUGPOBUX MIKPOCOKMiIYHUX 306paxeHb ¢ayili Kposi. B pesynbmami
00cnidmeHHA susasneHo Halbinbw OnNMUMAAbHIM MapKepu mMemoody iHMezpasnbHo20 KapmozpagysaHHA mar
a3umymis noaapu3ayii yugposux MiKpoCKoniYHUX 306paxceHsb auili Kposi i ycmaHoesneHo xopowuli pieeHs (~87%-
89%) 36anaHcosaHoi mo4yHocmi dughepeHyianbHoi diaeHoCMuUKU namosoaili ujumonodibHoi 3an03u. lpedcmaeneHi
i NpoaHani308aHI y Mexax cmamucmu4yHoz2o mioxody pe3yaemamu noAspusayiliHo-iHmepgepeHyiliHo2o
Kapmoapagy8aHHA MIKPOCKOMIYHUX 306paxceHs 3 UYupposUM 207102pAQiYHUM 8i0MBOPEHHAM MOWApPo8UX
KOOpOUHAMHUX po3ro0dinie 8UNAOKOBUX 3HAYEHb 8eAUYUHU a3UMyma rnoaapu3ayii payili Kposi.
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Knw4oei cnoea: nonspusauiliHe kapmozpagysaHHs, ¢auii kposi, ujumonodibHa 3an03a, ey3nosuli 306,

naninapHul pax.

38’A30K ny6niKauii 3 Nn1aHOBMMMU HayKOBO-A0CNIg-
HUMU poboTamu.

Cratta € ¢parmeHTom HOP Kadegpu xipyprii Nol
BYKOBMHCbHKOrO [AeprKaBHOroO MeAWYHOro YyHiBepcuTe-
Ty: «Po3p0o6Ka, 06rpyHTYBAHHA i BNPOBaAKEHHA HOBUX
nigxoais A0 AiarHOCTUMKM i NiKyBaHHA AEAKUX FOCTPUX
XipypriyHMX 3axBOpPIOBaHb, MPOrHO3yBaHHA ix nepebiry
Ta NpodinakTUKM ycKknagHeHb», N2 aeprkpeectpauii —
0121U110501.

Bctyn.

OnNTUYHI MeToaM AiarHOCTUKM PiSHOMAHITHUX Biono-
CTPYKTYpU (dibpunsipHi mepexKi, oNTUYHO aKTUBHI MO-
NIeKyNApPHi AOMEHM) MOoCiAatoTb YinbHe Micue 3aBAAKM
BUCOKil iHGOPMATUBHOCTI Ta MOMKIMBOCTI HaraTodyHK-
LioHanbHOro GOTOMETPUYHOTO, CMEKTPasbHOro, Mons-
pu3aLiiftHoro, KopenauinHoro). MoHiTopuHry [1-4].

dyHoameHTanbHi pe3ynbTaTi, OTPMMaHi B pamKax
MtonnepoBoi maTpuuHoi mikpockonii (MMM) [5-8] 6io-
NOTIYHUX TKaHWH, € NEPCNEKTUBHUMMU ANA NPUKNALHUX
KNHIYHUX | LOKMIHIYHUX AOCAIAMKEeHb NOAIKPUCTANIYHOI
CTPYKTYpM Bi0NOriYHMX TKAHWH. 30Kpema, NpoaemOH-
CTPOBAHO MOX/IMBICTb OTPUMAHHSA KiIbKICHUX ONTUYHUX
NMOKAa3HUKIB [/1A XapaKTEePUCTUKU €eBONIOLIT TKaHMHMU
LUNYHKA BiJ, 340P0OBOroO CTaHy Yepes 3anaseHHA A0 pakKy
3a 4ONOMOrO MiKpocKonii Mioniepa b6ionTaTiB WyHKa
[9-11].

[un3aiH onTMYHOI Mogeni HaZMONEeRyAAPHOI noni-
KpUCTaniyHoi CTpyKTypu dauii KpoBi wmMTonoaibHoi 3a-
/1031 CKNAZAETLCA 3 HACTYNHUX BA0KIB:

HagmonekynsipHa nonikpuctaniyHa cTpykTypa dauii
KpoBi WwutonoaibHoi 321031 ABAsSE COBOO ONTUYHO aHi-
30TPOMHY CTPYKTYPY, AKA YTBOPEHA ONTUYHO aKTUBHUMM
MONEKYNaMM rnobyniHy Ta ronyacTMmm 4BonpomMeHesa-
NIOMNOUYUMMU MONEKYNAMM aSIbOYMIHY.

dopmeHi enemeHTU (epUTPOLUTU, MOHOLUTK, Neit-
KOLMTN) € ONTUYHO aKTUBHMMM B 06’emi dauji Kposi
bopMytoTb KOOPAMHATHO po3nogineHi (mx n — cykyn-
HicTb MiKceni® undppoBoi Kamepu) NOBOPOTU MOLLMHU
nonapwusauii & abo manu asumyTa nonsipusauii a(m, n)).

CTaTUCTUYHA CTPYKTypa man asmmyTa nonapusauii
a(m, n) BU3HAYAETbCA KOHLLEHTPALLiEI BIIKOBUX Xipaib-
HUX MOEKYN | He 3aN1eXNTb Bif, iIXHbOro KOOPANHATHOTO
po3nogainy 8 06’emi dauii KpoBsi WUTONOAI6HOI 327103M1.

MerTa gocnigKeHHs.

Bu3HauyeHHA HOBUX 06’EKTUBHUX KpuTepiiB (MapKe-
piB) ManoiHBasnBHOI AndepeHLianbHOI AiarHOCTUKK Na-
ToNOriT WUTONOAIGHOT 3371031 3 BUKOPUCTAHHAM MeToay
MoLwapoBoro MnoaspusalinHo-iHTepdepeHLiiHoro Kap-
TorpadyBaHHA AerifapaToBaHUX NAIBOK KPOBI.

06’eKT i meTOAM AOCNIAXKEHHA.

CTPYKTYpHO-/MI0TiYHA  cXema  MoAApu3aLiMHO-iH-
TepdepeHUiiHOro KaptorpadyBaHHA npeacTaB/ieHa B
Tabn. 1.

KopoTKa xapaKTepucTUKa rpyn XBopux i 06’eKTiB Ao-
cnigxkeHHA. [ocnigKyBannca 4oTMpw rpynu OOHOPIB i
XBOPWX MALLIEHTIB:

1. KoHTponbHa rpyna 1 — 3goposi goHopu (51 naui-
€HT).

2. llocnigHa rpyna 2 — nauieHTn 3 By3/10BUM 3060M
(51 naujieHT).

3. JocnigHa rpyna 3 — nawieHTM 3 ayTOIMyHHUM TUpe-
oiantom (51 nauieHT).

4. NlocnigHa rpyna 4 —nauieHTM 3 NaninApHUM PaKoM
(51 nauieHT).

O6’ekTamn OOCNIAXKEHHS CAyryBanu AerigpaTtoBaHi
naisku (dauii) Kposi.

Y 1abnuui 2 npeacTtaBaeHi ONTUKO-reoMeTpUYHi na-
pameTpu 06’eKTiB AOCNIANKEHHA.

Pe3ynbTati AocnigKeHHs Ta ix 06roBopeHHs.

Ha cepii ¢parmeHTiB puc. npeacraBieHi pesynbraTn
€KCNepPMMEHTANIbHOTO  MOLWIApPOBOr0  NOAAPU3aLLiHO-
ro KaptorpadysaHHa man (pparmeHTtn (1)) i rictorpam
(bparmeHTu (2)) posnoainis ((m, n)) BEANUMHK a3umyTa
nonapmsauii a(d, m, n) unbpoBUX MIKPOCKOMNIYHUX 30-
6paxkeHb daLiin Kposi.

AK i y BUNAgKy aHanNisy iHTerpanbHUX man asmmyTa
nonspusauii HaMy BUABMEHO NOAAPMU3ALLINHY CTPYKTYpP-
HiCTb a3MmyTiB nonapusauii y ¢asosii naowmHi umdpo-
BMX MIKPOCKOMiIYHMX 300parkeHb 3paskiB daLiit Kposi
BCiX 4OCNigXKEHUX Fpyn 340P0BUX AOHOPIB | XBOPUX Ma-
uieHTiB (puc., dpparmeHTu (1)).

[onoBHO BigMiHHICTIO € PpaKT TOro, L0 YCi NOLIAPOBI
nonapusauinHi manu a8, m, n) “nosbasneHi” poscisaHo-
ro A4enonapmnsoBaHoro GoHy i ABNATb CO6O0 ANCKPETHI
AOMEHI KOOpANHATHO-HEO4HOPIAHI PO3MNoAiNM BEANYN-
HUW a3MMyTa N1a3ePHUX eNEKTPOMArHITHUX KO/IMBAHD.

KinbKicHO MMoOBIpHiCHY CTpyKTypy a8, m, n) into-
CTPYE CYKYMHicTb rictorpam (puc., dpparmeHtun (2)) pos-
noAinis BUNAAKOBUX 3HAYEHb BEAMYMHWU aA3MMyTa «
nonspusauii y Toukax (m, n) dasosoi naowmHm () und-
POBUX MIKPOCKOMIYHMX 306parkeHb HAZMONEKYNAPHUX
NoAIiIKPUCTaNiYHNX mepex daLiit Kposi.

Y mexKax KOXKHOI rpynu 3paskKis ¢aLii KpoBi BU3Ha-
YeHi rictorpamm BONIOAIHOTb 3HAYHMM Aiana3oHOM 3MiHU
BMMaAKOBMNX 3HAaYEHb BEIMYMHM a3nmyTa a nonapusadii
(O<asm) Ta 6inblWw BUPA3HO HiXK A9 iHTErpasibHUX PO3no-
A4iniB iHOMBIAYaNbHO /JIOKANi30BaHUMU EKCTPeEMyMamu

.~ pUC., dparmeHTH (2).

CniBCTaBNEHHS KOOPAMHATHOI Ta MMOBIpHicHOI
CTPYKTYpM MOLLAPOBMX Man asumyTa nonapusauii s,
m, n) HaAMONEKYAAPHUX anbbyMiH-r100yNiIHOBMX MO-
NIKPUCTANIYHUX MepeX eKCnepuMeHTaNbHUX 3pasKis
dauit KpoBi BUABMB GiNbll BUpPa3HYy TEHAEHLiO NOCAi-
[OBHOTO Bif, KOHTPOJIbHOI rPyNn A0 CYKYNHOCTI AOCAi4-
HUX rpyn 2 (By3noBuii 306); 3 (ayToiMyHHUI TUpeoianT) i
4 (naninapHuUIA pak) 3poCTaHHA ONTUYHOI aKTUBHOCTI MO-
NiKpUcTaniyHoi mepexi BiNKoBUX KpUCTaniB anbbymiHy i
rnobyniHy naasmu i opmeHUx eneMeHTIB y Aerigparto-
BaHil naiBLi KpoBi. KinbKicHO Le intocTpye BUpasHe “3mi-
weHHA” B 6iK 6iNblWMX 3HAYEHb OCHOBHUX EKCTPEMYMIB
ricrorpam po3noAinis BUMNALKOBUX BENNYMH aA3MMYyTa
nonapusauii nowaposux man a(d, m, n) umdpoBux mi-
KPOCKOMiYHMX 306parkeHb daLilii KpoBi 3 ycix rpyn (puc.,
¢dparmenTn (2)). Npu upbomy AianasoH 3MiHM 3HAYeEHb
a3MMyTIiB NONApM3aLii Na3epPHUX KOMBAHb Y CYKYMHOCTI
nikcenis LMPpPOBOI 3a/IMWAETLCA NPAKTUYHO OAHAKOBUM
y MeXax BCiX penpeseHTaTUBHMX BUOIPOK eKcnepumeH-
TaNbHMX 3Pa3KiB AerigpaToBaHUX NAIBOK 3 KOHTPOABHOI i
TPbOX AOCAIAHUX FPYH.

BuasneHi ekcnepumeHTanbHi TeHAEHUiT naTonoriy-
HUX 3MiH MONIKPUCTANIYHOI CTPYKTYPU HagMONEeKynap-
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HUX MepeXK PaLilt KpoBi MpoaHani3oBaHi
Yy Mexax CTaTUCTMYHOro nigxogy — Ta-
6nuya 3.

CTaTUCTUYHWUIA aHanNi3 JdaHux uuno-
poBOro rosnorpadiyHoro BiATBOPEHHA
NnoLwapoBMx Man asumyTta nonApusauii
a8, m, n) uMdpPoBUX MIKPOCKOMIYHUX
306parkeHb daLii KpOBi KOHTPOLHOI Ta
CYKYMHOCTi ZLOCNIAHWX Fpyn BUABMB:

e [ocnigoBHe (Big, KOHTPOJbHOI
roynu 1 go pocnigHux rpyn 2, 3 i 4)
CTaTUCTUYHO AOCTOBipHe (pl_k <0.001)
3pOCTAHHA  CepefHbOCTATUCTUYHOI Y
MEMaX OKpemux penpe3eHTaTUBHUX
BMBIPOK BENUYMHM 1-rO CTAaTUCTUYHOIO

Ta6bauusa 1 — CTpyKTypHO-N10riYHa cXxema NonApu3aLiiHo-
iHTepdepeHLiiiHoro KapTorpadysaHHA

BA0OK oNTMYHOTro popmMyBaHHA OMPOMIHIOYOro NpenapaTu WuTonoaibHoi 3a103u i
OMOPHOrO KOTePEeHTHOTO /1a3ePHOro BUNPOMIHIOBAHHA

Bnok dbopmMmyBaHHA LUPKYASAPHO NOAAPU30BAHMX CTAHIB OMPOMIiHIOIOHYOro Npenapa-
TU WMTONOAiI6HOT 3271031 | ONMOPHOIO KOFrepPeHTHOrO 1Ia3ePHOI0 BUNPOMIHIOBAHHSA

BNIOK NPOEKTYBaHHA NONAPU3ALLIAHOIO 1a3EPHOTO MIKPOCKOMIYHOTO 306parKeHHs
bionoriyHoro npenapaty WMTONoAi6HOI 331031 B NAOWMHY undposoi CCD kamepu

BNOK ONTUYHOrO 3MillyBaHHA MiKPOCKONIYHOro 306parkeHHA bionoriyHoro
npenapary WuTonoAibHoi 321031 Ta ONOPHOTO KOFrePEHTHOTO NMyYKa

Bnok popmyBaHHA iHTepdepeHLiiHOro po3nosiny umMdpoBoro MiKpockoniyHoro
306pakeHHs npenapaTis WMTOoNoAibHOI 321031 B NAoWMHI undposoi CCD Kamepwn

Bnok nonsapusauiinHoro aHanisy iHTepdepeHLiiHoro posnoainy unoposoro
MiKPOCKOMiYHOro 306pakeHHA npenaparis WUTONOAiIGHOT 3371031 B NIOWMHI

undposoi CCD kamepu

MOMeHTY (cepefHboro) SM, nowaposmux
nonapusaliHmMx posnoginis a9, m, n)
Big 0,91 oo 1,87.

Biok umdpoBoi peecTpaliii nonapusaLiiHo BigdinbTpoBaHUX KOOPAUHATHUX
pOo3noAiniB iIHTEHCMBHOCTI iHTepbepeHL,iMHOro MIKPOCKOMNIYHOTO 306paXkeHHs

npenaparis WwmTonoAibHoi 3a103n

e BennunHa 2-ro ctaTUCTMYHOrO mo-
MeHTy (gucnepcii) SM,, aka xapaktepu-
3yE CepeaHbOKBaApPaTUYHUIA  PO3KUA

BNIOK KOMN'IOTEPHOTO HAKONUYEHHSA NONAPU3ALINHO BiAdINIBTPOBAHMX
KOOPAMHATHUX PO3NOLI/NIB iIHTEHCMBHOCTI iHTepdepeHLiiHOro MiKpocKoniyHoro

306pakeHHn Npenaparis WMTONoAiI6GHOT 33103K

BMMAZKOBUX 3HAYEHb a3nMyTa NONApPU-

3auii y nowaposux posnoginax a(d, m, n) KonuBaeTbCA
y mexax Big, 0,52 go 0,71 i € CTaTUCTUYHO AOCTOBIPHOKO
NNWeHb ANA BUABNEHHA NATONOrIT (p12;13;14 <0,05), a He
ana it andepeHuiauii (pB;ml_34 > 0,05).

e MaKcumanbHy AiarHOCTUYHY YYTAMBICTb 40 3MiH
CTAaTUCTUYHOI CTPYKTYPU NOLIApOBMX man a(9, m, n) a3u-
MyTa nonspusaLii matoTb acumetpia SM, Ta ekcuec SM,
AKi XapaKTepusylTb aCMMETPUYHICTb i FOCTPOTY MiKy
KOOPAMHATHUX PO3MNOAiNIB BUNAAKOBMX 3HAYEHb Beau-
YMHKM KyTa MOBOPOTY M/IOLWMHM NoNApu3aLii n1azepHoro
BUMPOMIHIOBaHHA Yy $a30BMX NaoWMHaxX LMbpoBUxX mi-

Tabnuua 2 — ONTUKO-reomMmeTpPUYHi NnapameTpu

dauiit Kposi
®auii Kposi
leomeTpuyHa TOBLWHa, d, um 250,33
KoediuieHT ocnabneHHs, 0,18+0,04
CtyneHb aenonapusauii, A, % 25-32

KPOCKOMIYHNX 306paykeHb NONIKPUCTaNiYHUX HagMmone-
KYNAPHUX MeperK daLiit KpoBi.

o Acumetpia SM (9, a) CTaTUCTUHYHO [OCTOBIPHO
(piks0.00I) 3MIHIOETLCA Y LWMPOKUX MEXKaX BAACHUX 3HaA-
yeHb Big 0,71 po 1,39.

Jlonopn

By3noBuii 300

N{a)

[NE

1]

1] —= X, pm 1000

(1)

0,510

2

= Na)
1
LS
2 o5
e 0 a
0 — X, pm 1000 o 1] 0,57 kL
(1} 2

AyTOIMyHHHMI TPHPEOITHT

Ianmiasapuuii pak

N{c)

[NE]

1000 ©

0 —= X, pm

(1)

0,51
(2)

Nt}

SIE]

1000 ©

0 — X, pm

1)

05T

(2

PucyHok - Mowaposi nonspmsauiitHi manu a(m, n) (bparmenTu (1)) i ricrorpamu (dpparmeHTu (2)) po3noginis BeAUUUHM a3MMyTa Nonsapu-
3auii umdpoBux MmikpocKoniuHUxX 306parkeHb dauii KPoBi AOHOPIB | XBOPMX NALLIEHTIB 3 AOCAIAHUX rpyn.
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Tabnauysa 3 — CTaTUCTUUYHI NapameTpu Mman asumyTa nons-
pu3auii pasosux LUPPOBUX MIKPOCKONIYHUX 306parkeHb
dauiii Kposi goHOpIB i NaLieHTIB 3 pi3HOIO NaTonorieto

wmronopmibHoi 3a103Kn

TYPU HAZAMONEKYAAPHUX MepeK daLiii KpoBi OHO-
piB i NALEHTIB 3 Pi3HUX AOCAiAHUX rpyn. Y AaHOMmy
BUNAAKY aATOPUTMIYHO BiATBOPEHI NOWapOBi Manu
a(8, m, n) “no3baBneHi” cnOTBOPIOOYOro BMAUBY

[AenonsipnsoBaHoro GoHy i MPakTUYHO OfHO3HAY-

lpyna 1 lpyna 2 lpyna 3 lpyna 4 ; .. .
lpyna (51 3pasok) | (51 spasok) | (51 3pasok) | (51 apasok) | HO MOB HSaHI. 13 OI'ITVI.KO ?HISOTpOI‘IHVIMVI ullsnacm_-
Cepeare, SM, | 0,91+0,047 | 1,38£0,067 | 1,53+0,081 | 1,87+0,097 | BOCTAMM NONIKPUCTANIHHOT CTPYKTYPU daLliit KPOBI.
P Tomy no mipi HAPOCTaHHA KOHUEHTpaLii XipaJbHUX
ik

[Owucnepcia, SM,

0,52+0,029 | 0,61+0,034 | 0,68+0,038 | 0,71+0,041

ONTUYHO aKTUBHUX CTPYKTYP (“Hopma — By3noBuii

<0,001; p,, ,, ., <0,001

pik p12'13'14

306 — ayTOIMYHHWI TUPeOoigUT — NaninAapHMiA pak”)
3POCTa€E AMHaAMIiKa 3MiHM cepeaHboro i gucnepcii

Acumertpia, SM,

1,39+0,12 | 1,03+0,077 | 0,89+0,053 | 0,71%0,038

MoLLapoBUX PO3MNOoAiNIB asumyTa nonspusauii o,

Pi Pioa314 <0,05; P32034 <0,05

m, n) y NOPiBHAHHI i3 AaHWUMM iHTErpasbHOro nons-

Ekcuec, SM,

1,94+0,14 | 1,68+0,096 | 1,41+0,083 | 1,14+0,067

pu3auiiiHoro KaptorpadyBaHHA LMOPOBUX MiKpO-

<0,001; p,, ,, ., <0,001

pik p12;13;14

COKMiYHMX 306paxkeHb daLiit KpoBi — Tabauua 3.
Ha ubomy ¢OHi CTaTUCTUYHUX 3MiH 3HAYHO bifbLu

e EKcuec SMA(a) aHaNOrYHMM YMHOM CTAaTUCTUYHO
LOCTOBIpHO (pik50.001) 3MIHIOETbCA Y Mexax Bia 1,14 no
1,94.

Br3HauveHi pe3ynbTaT CTaTUCTUYHOIO aHaNi3y AaHUX
MeToAy MNonapu3aLinHo-iHTepdepeHLiiHOro KapTtorpa-
¢dyBaHHA 3 uMdpoBUM ronorpadiyHMm BiATBOPEHHAM
$basoBMX Man a3umyTa nonspusadii 3 6iodisMUHOT TOUKK
30pYy OZep)KaHi pe3ynbTaTv fo6pe KOpentowTb i3 HaBe-
LEHUMWU MOAENbHUMW YABIEHHAMM | MPOrHOCTUYHUMU
CLLeHapiAMM NATONONYHUX 3MiH NONIKPUCTANIYHOI CTPYK-

Tabnuua 4 — 36anaHcoBaHa TOUHicTb AudepeH-
uianbHOI AiarHoCTUKM NaTonorii wurtonogibHoi
3a/103U 33 CTaTUCTUYHUM aHANi30M Man asumyTa
nonapwusauii pasosux uMPpPoBUX MiKPOCKOMIYHUX
306pakeHb dauiit KpoBi

CepeaHe, SM,

a=93 a=94 a=95
b=9 b=8 b=7
Ac,=91,2% Ac,.=92,1% Ac,,=93,1%
a=89 a=90 a=91
b=13 b=12 b=11
Ac,.=87,3% Ac,, =88,2% Ac,,=89,2%

Aucnepcis, SM,

a=85 a=88 a=89
b=17 b=14 b=13
Ac ,=83,3% Ac ,=86,3% Ac,,=87,3%
a=82 a=82 a=83
b=20 b=20 b=19
Ac,.=80,4% Ac,,=80,4% Ac,,=81,4%

AcumeTpia, SM

3

a=93 a=93 a=94
b=9 b=9 b=8
Ac,=91,2% Ac . =91,2% Ac,,=92,1%
a=89 a=89 a=90
b=13 b=13 b=12
Ac,.=87,3% Ac,, =87,3% Ac., =882%
Ekcuec, SM,
a=93 a=94 a=95
b=9 b=8 b=7
Ac,,=91,2% Ac,.=92,1% Ac,,=93,1%
a=89 a=90 a=91
b=13 b=12 b=11
Ac, =87,3% Ac,, =88,2% Ac,,=89,2%

YYT/IMBOIO BUABMIACA AMHAMIKA 3MiH CTaTUCTWY-
HUX MOMEHTIB 3-10 i 4-ro NOpPAAKIB, AKi XapaKTepu3yoTb
ACMMETPIO Ta eKCLLeC a/ITOPUTMIYHO BiATBOPEHMX NOLUa-
poBux Man a8, m, n) — MixXrpynosi BiAMiHHOCTi Mix Be-
JIVMMHAMM BKA3aHUX CTAaTUCTUYHUX MapameTpiB AKMMMU
pocaratotb 1,5-1,95 pasis.

Pe3synbTtatn iHGOpMaLitHOro aHanisy gaHux metoay
nonspusalinHo-iHTepdepeHLuiiHoro KapTtorpadyBaHHA
3 uMbpoBMM ronorpadiyHNM BiATBOPEHHAM NOLLIAPOBUX
Man asumyTiB noaapusauii umMdpoBUX MiKPOCKOMIYHUX
306pakeHb dauin Kposi (Tabnuua 4) BUABUAM CyTTEBE
NigBULLEHHA YYTIMBOCTI AaHOr0 MeToAy Y MOpPIBHAHI 3
iHTerpanbHUM  nonApu3auiiHUM  KapTorpadyBaHHAM
(tabnuusa 3) i NnpofeMOHCTPYBaAM HACTyMHI PiBHI Tou-
HOCTi gudepeHLUianbHOi AiarHOCTUKM MATONOrIN LWNUTO-
noaibHoi 3an03u:

1. [iarHocTvka naTonorii wuTonoAibHoi 3an03u
(KoHTponbHa rpyna 1.1 i cyKynHicTb BCix AocnaigHux rpyn
“1.2-1.4"):

o “HOopma — By3/10BMi1 306" Ac,,(SM ;SMs;SMa) ~
91,2% —92,1% — “py»e xopownit” piBeHb;

¢ “HOpPMa-ayToiMyHHUI TUpeoignT”

Ac, (SM ;SMs;SMa) ~ 91,2% — 92,1% — “xopoLwunii”
piBEHb;

« “Hopma — naninapHui pak” Ac,,(SM ;SMs;SMa) ~
92,1% — 93,1% — “ny»Ke xopowunin” pieHb.

2. AndepeHuianbHa giarHocTuKa:

« “By3/10BUI1 306 — ayTOIMYyHHUI TUpeoignT”
Ac,,(SM ;SMs;5Ma) ~ 87% — 89% — “xopoLunii” piseHb;

« “By3710BUI1 306 — naninapHuii pak”

Ac,,(SM ;SMs;5Ma) ~ 88% — 89% — “xopowwnii” piseHb;

¢ “ayTOIMYHHWI TUPEOIAWT — NaninApHuii pak”
Ac,,(SM ;SMs;SMa) ~ 88% — 89% — “xopowwnii” piseHb.

BucHoBKM.

1. BuABNEHO HalbiNbll ONTUMANbHIM MapKepu me-
ToAy iHTEerpanbHOro KaptorpadysaHHA Man a3uMyTiB Nno-
napwmsauii uMdpPoBUX MiKPOCKOMIYHNX 306parkeHb dalLliit
KpOBi i yCTaHOB/IEHO XOPOLWKIA piBeHb (~“87%-89%) 36a-
JTAHCOBAHOI TOYHOCTI ANdEepeHL,iaNbHOI AiarHOCTUKK Na-
TONOTiN WuTonoAibHoi 3an03u.

2. MNpepacTaBneHi i NpoaHani3oBaHi y mexax cTaTuc-
TUYHOTO Migxody pes3yabTaTv NOAApPU3aLIMHO-IHTEpP-
depeHuiiHoro KapTorpadyBaHHA MIKPOCKOMIYHMX 30-
6paxkeHb 3 undposum ronorpadiyHUM BiATBOPEHHAM
NOLWapoBMX KOOPAMHATHUX PO3MNOAINIB BUMALKOBUX
3HayeHb BEIMYMHUM a3nmyTa nonapusadii dauin Kposi.

MepcnekTMBM NOAANBLUNX AOCNIAKEHD.

BBa)KaeEMoO 3a [JOUiNbHE NPOBECTU MyNbTUDPAK-
Ta/NbHUI aHani3 NoNApPM3aLINHUX Man eninTUYHOCTI Mi-
KpPOCKONiYHMX 306parkeHb dauiii KpoBi gns andepeHLi-
aNbHOI AiarHOCTUKM NATONOrii LWMUTONOAIOHOT 3a103M.
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NONAPU3ALINHE KAPTOrPA®YBAHHA TA CTATUCTUYHUIA AHANI3 NOLLIAPOBUX MAIM A3UMYTIB NONA-
PU3ALLIT MIKPOCKOMNIYHUX 30BPAXEHb ®ALLIA KPOBI B AUGEPEHLIA/BHIA AIATHOCTULI 3AXBOPIHOBAHb
WMTONOAIEHOI 3AN03U

Binookui O. B., Binooxuﬁ B.B., npOHﬂeB n.B., npOHﬂeB B B.
aHI30TpOI'IHOI CprKTypm (dibpunapHi Mmepexki, ONTUYHO aKTUBHI MOJIEKYNAPHI AOMEHM) NocigaloTb YiNbHe Micue
3aBAAKM BMCOKIN iHGOPMATUBHOCTI Ta MOXKAMBOCTI 6araTodyHKLiOHaNbHOrO GOTOMETPUYHOIO, CNEKTPASIBHOTO, NO-
NAPU3aLINHOIO, KOPeNALiNHOro). MOHITOPUHTY

Mema. BCTaHOBUTU AOLLINbHICTb BUKOPUCTAHHA NONAPM3ALIMHOIO KapTorpadyBaHHA Ta CTaTUCTUYHOIO aHanily
NoLLapoBMX Man asMMyTiB NosApmusaLii MiKpockonivyHMx 306paxkeHb daLiii KpoBi B AndepeHLianbHili giarHocTmui
3aXBOPIOBaHb LWMTONOAIBHOI 3271031

06’ekm i memoou. O6’eKTamun AocnigKeHHa cnyryBanu gerigpaTtoBaHi naisBku (dauii) Kposi. [loHopiB i XxBOpMX
naLieHTIB po3noAineHo Ha YoTupu rpynu: 1. KoHTponbHa rpyna 1 —3a0posi goHopw (51 naujieHT). 2. JocnigHa rpyna
2 — nauieHTM 3 By3nioBUM 3060Mm (51 nauieHT). 3. JocnigHa rpyna 3 — nNauieHTn 3 ayToiMyHHUM Tupeoigntom (51
nauieHT). 4. JocnigHa rpyna 4 — nauieHTv 3 NaninapHUm pakom (51 nauieHT).

Pe3ynemamu 00cnidiceHHA. BU3HauYeHi pe3ynbTaTi CTaTUCTUYHOIO aHani3y AaHUX MeToAy NoNnApu3aLinHo-iH-
TepdepeHLintHoro KaptorpadysaHHs 3 undpoBum rosiorpadiyHUMm BigTBOPEHHAM Ha30BMX Man asMmyTa Nonspm3a-
Ljii 3 6iodisnyHOI TOUKM 30py ofepKaHi pe3ynbTaTv fo6pe KopentoTb i3 HaBeAEHUMU MOAENbHUMUN YABNEHHAMM
i MPOrHOCTUYHMMM CLEHAPIAMM NATONOFIYHUX 3MiH NONIKPUCTANIYHOI CTPYKTYPU HAZAMONEKYNAPHUX MepexK daui
KPOBIi AOHOPIB | NALEHTIB 3 Pi3HMX ZOCAigHUX rpyn. Y gaHOMY BMMAAKY aJIfOPUTMIYHO BiATBOPEHI NOLWApPOoBi manu
a(8, m, n) “no3basneHi” cNnOTBOPIOOYOro BM/MBY AenoNAPU30BaHOro GpOHY i NPaKTUYHO O4HO3HAYHO MOB’A3aHi i3
ONTUKO aHi30TPOMHMMM BAACTUBOCTAMMU NONIKPUCTANIYHOI CTPYKTYpK daLit Kposi. TOMy No Mipi HAPOCTaHHS KOH-
LeHTpaL,ii XipanbHUX ONTUYHO aKTUBHUX CTPYKTYP (“HOopma — By310BUMIA 306 — ayTOIMYHHUIA TUPEOIAUT — NaniNAPHNIA
pak”) 3pocTae gMHaMiKa 3MiHM cepeaHboro i Ancnepcii NowapoBmxX Po3noAinis asumyTa nonspusauii a8, m, n) y
NOPIBHAHHI i3 AaHMMM iHTEerpanbHOro NoaspusauiiHoro KaptorpadyBaHHA LMOPOBUX MIKPOCOKMIYHMX 306parkeHb
dauin kposi. Ha ubomy GOHi CTaTUCTUYHMX 3MiH 3HAYHO BiflbLL YYTIMBOI BUABMIACA AMHAMIKA 3MiH CTaTUCTUYHUX
MOMEHTIB 3-ro i 4-ro NopAAKiB, AKI XapaKTepu3yoTb aCMMETPIO Ta eKCL,EeC aIfOPUTMIYHO BiATBOPEHMX MOLLIAPOBUX
man a8, m, n) — MiXrpynosi BiAMIHHOCTI Mi>K BENMYMHAMM BKa3aHMUX CTaTUCTUUYHMX NAapPaMeTPiB AKUMK AOCAraloTb
1,5-1,95 pasis.

BucHosKu.

1. BuaABneHo Hanbinblw oNTMManbHIM MapKepu MeToay iHTerpasibHoro KaptorpadyBaHHA Man a3aMMyTiB NOAAPK-
3aLii uMPPOBUX MiIKPOCKOMiIYHMX 306parkeHb daLLiii KPOBI | yCTaHOBAEHO XOPOLWNi piBeHb (~87%-89%) 36anaHcoBa-
HOT TOUYHOCTI AndepeHLianbHOI AiarHOCTUKKX NaToNOrIN WKTONOoAiI6HOI 3a01031.
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2. NpepacTaBneHi i NpoaHanizoBaHi y MeXKax CTaTUCTUYHOTO NiAX0AY Pe3ynbTaTh Nonspu3aLiiHo-iHTepdepeHLin-
HOro KapTorpadysBaHHA MiIKPOCKONIYHUX 306parkeHb 3 LMdpoBMM ronorpadiuyH1m BiATBOPEHHAM NOLLIAPOBUX KOOP-
OMHATHUX PO3NOAiNiB BUNAAKOBMX 3HAYEHb BEMYMHM a3uMyTa nonapm3aLii dauiit Kposi.

Knro4oBi cnoBa: nonapusauinHe KaptorpadysaHHa, pauii Kposi, wutonoaibHa 3ano3a, By3/108MiA 306, naninsap-
HWI pak.

POLARIZATION MAPPING AND STATISTICAL ANALYSIS OF LAYER MAPS OF POLARIZATION AZIMUTHS OF MI-
CROSCOPIC IMAGES OF BLOOD FACES IN THE DIFFERENTIAL DIAGNOSTICS OF THYROID GLAND DISEASES

Bilookyi O. V., Bilookyi V. V., Proniaiev D. V., Proniaiev V. V.

Abstract. Introduction. Optical methods for diagnosing various biological tissues and visualizing their optically
anisotropic structure (fibrillar networks, optically active molecular domains) occupy a prominent place due to high
informativeness and the possibility of multifunctional photometric, spectral, polarization, correlation). monitoring

Aim. To establish the expediency of using polarization mapping and statistical analysis of layer-by-layer maps of
polarization azimuths of microscopic images of blood facies in the differential diagnosis of thyroid gland diseases

Object and methods. Dehydrated films (facies) of blood served as the objects of the study. Donors and sick
patients are divided into four groups: 1. Control group 1 — healthy donors (51 patients). 2. Research group 2 —
patients with nodular goiter (51 patients). 3. Research group 3 — patients with autoimmune thyroiditis (51 patients).
4. Research group 4 — patients with papillary cancer (51 patients).

Research results. The determined results of the statistical analysis of the data of the method of polarization-
interference mapping with digital holographic reproduction of phase maps of the polarization azimuth from a
biophysical point of view, the obtained results correlate well with the given model representations and prognostic
scenarios of pathological changes in the polycrystalline structure of the supramolecular networks of blood facies
of donors and patients from different research groups. In this case, the algorithmically reproduced layer-by-layer
maps a8, m, n) are “deprived” of the distorting effect of the depolarized background and are almost unambiguously
related to the optically anisotropic properties of the polycrystalline structure of the blood facies. Therefore, as the
concentration of chiral optically active structures increases («normal — nodular goiter —autoimmune thyroiditis —
papillary cancer»), the dynamics of changes in the average and dispersion of the layer-by-layer distributions of the
polarization azimuth a(8, m, n) increases in comparison with the data of integral polarization mapping of digital
microscopic images of blood facies. Against this background of statistical changes, the dynamics of changes in the
statistical moments of the 3rd and 4th orders, which characterize the asymmetry and excess of the algorithmically
reproduced layer-by-layer maps a(8, m, n), turned out to be much more sensitive —intergroup differences between
the values of the specified statistical parameters, which reach 1.5 — 1.95 times.

Conclusions.

1. The markers of the method of integral mapping of polarization azimuth maps of digital microscopic images
of blood facies were found to be the most optimal markers and a good level (~¥87%-89%) of balanced accuracy of
differential diagnosis of thyroid pathologies was established.

2. The results of polarization-interference mapping of microscopic images with digital holographic reproduction
of layer-by-layer coordinate distributions of random values of the magnitude of the azimuth of the blood facies
polarization are presented and analyzed within the statistical approach.

Key words: polarization mapping, blood facies, thyroid gland, nodular goiter, papillary cancer.
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