




133

Îðèã³íàëüí³ äîñë³äæåííÿ

UDC 616.366-002:616.379-008.64]:616.36-008.8-085

 N.V. Pashkovska, Yu.F. Marchuk, A.G. Ushenko, 2013

N. V. Pashkovska
Yu. F. Marchuk
A. G. Ushenko
Bukovyna state medical university,
Chernivtsy
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Abstract. The research is focused on the analysis of potentiality of
diagnostics and differentiation of cholelithiasis of patients with chronic
cholecystitis and diabetes mellitus type 2 by means of new technique of
polarization correlometry of human bile layers laser images. The
techniques of laser polarimetry diagnostics of optical anisotropic structure
have become widely spread among optical diagnostic methods of human
biological tissues. A number of techniques of early diagnostics and
differentiation of pathological changes in biological tissues structure,
connected with their degenerative-dystrophic and oncological changes
were developed. Biological fluids are much more accessible for direct
laboratory analysis if compared with traumatic techniques of the biological
tissue biopsy. In terms of the above mentioned the task of searching new
additional parameters for laser diagnostics of biological fluids’ optical
anisotropic structure appears to be topical. There was investigated a new
technique of estimating the structure of laser images based on measuring
coordinate distributions of mutual polarization degree is suggested that
characterizes the homogeneity of optically isotropic and optically
anisotropic components in biochemical composition of bile. The statistical
(mean, dispersion, asymmetry and excess), correlation (correlation area of
distribution of mutual polarization degree values) and fractal (dispersion of
extremes of log-log dependencies of power spectra of mutual polarization
degree values distribution) criteria of polarization-correlation diagnostics
of cholelithiasis latent course and its stages differentiation on the
background of chronic cholecystitis, diabetes mellitus type 2 and complex
pathology are determined and substantiated.
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Introduction
Among the methods of optical diagnostics of human

biological tissues the techniques of laser polarimetry
diagnostics of their optical anisotropic structure
became widely spread [1-18].

The main information for these methods is obtained
from coordinate distributions of polarization azimuths α
(x,y) and ellipticity β (x,y) (polarization maps) with the
following correlation (auto- and mutually correlation
functions [3, 4]) and fractal (fractal dimensions [1, 8, 17,
18]) analysis.

As a result, several techniques of early diagnostics
and differentiation of pathological changes in biolo-
gical tissue (BT) structure with their degenerative,
dystrophic and oncological changes were developed.

Besides, there is a widely spread group of optically
anisotropic biological objects, for which the tech-
niques of laser polarimetry diagnostics are not effi-
cient enough. Optically thin (attenuation coefficient
τ≤0,1) layers of different biological fluids (bile, urine,
liquor, synovial fluid, blood plasma, etc.) belong to
such objects. Biological fluids are much more

accessible for direct laboratory analysis if compared
with traumatic techniques of the BT biopsy.

Material and methods
Optically, bile is a multicomponent phase-inho-

mogeneous fluid containing three basic fractions (Fig. 1).
Optically isotropic fraction – optically homoge-

neous micellar solution (I – Fig. 1a) with a small
number of cylindrical epithelium cells, leukocytes,
leukocytoids, mucus.

Optically anisotropic fraction – liquid-crystalline phase
(A – Fig. 1a) consisting of the ensemble of liquid crystals
of three types: needle crystals of fatty acids (CFA–Fig.1b),
crystals of cholesterol monohydrate (CCM–Fig.1c);
crystals of calcium bilirubinate (CCB – Fig.1d).

Optically crystalline fraction – solid crystalline
phase formed due to dendritic and disclination
mechanisms of crystallization.
At transmission of a laser wave through the layer of
such a complex phase inhomogeneous fluid the
following mechanisms of its parameters transformation
are realized (Fig. 2).
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Í.Â. Ïàøêîâñüêà, Þ.Ô. Ìàð÷óê, O.Ã. Óøåíêî
Ðåçþìå. Äàíà ðîáîòà ñïðÿìîâàíà íà äîñë³äæåííÿ ìîæ-

ëèâîñòåé ä³àãíîñòèêè ³ äèôåðåíö³àö³¿ õîëåë³ò³àçó íà òë³ õðî-
í³÷íîãî õîëåöèñòèòó òà öóêðîâîãî ä³àáåòó òèïó 2 øëÿõîì
âèêîðèñòàííÿ íîâîãî ìåòîäó ïîëÿðèçàö³éíî¿ ñåëåêö³¿ ëàçåð-
íèõ çîáðàæåíü øàð³â æîâ÷³ ëþäèíè. Ñåðåä ìåòîä³â îïòè÷íî¿
ä³àãíîñòèêè á³îëîã³÷íèõ òêàíèí ëþäèíè øèðîêî ðîçïîâñþä-
æåííÿ íàáóëè ìåòîäè ëàçåðíî¿ ïîëÿðèìåòðè÷íî¿ ä³àãíîñòè-
êè ¿õ îïòèêî-àí³çîòðîïíî¿ ñòðóêòóðè. Ó ðåçóëüòàò³ ðîçðîáëå-
íà íèçêà ìåòîäèê ðàííüî¿ ä³àãíîñòèêè òà äèôåðåíö³àö³¿ ïà-
òîëîã³÷íèõ çì³í ñòðóêòóðè á³îëîã³÷íèõ òêàíèí, ïîâ’ÿçàíèõ ç
¿õ äåãåíåðàòèâíî-äèñòîðîô³÷íèìè òà îíêîëîã³÷íèìè çì³íà-
ìè. Á³îëîã³÷í³ ð³äèíè çíà÷íî á³ëüø äîñòóïí³ø³ äëÿ áåçïîñå-
ðåäíüîãî ëàáîðàòîðíîãî àíàë³çó ó ïîð³âíÿí³ ³ç òðàâìàòè÷íè-
ìè ìåòîäàìè á³îïñ³¿ á³îëîã³÷íèõ òêàíèí. Âðàõîâóþ÷è äàíèé
ôàêò, àêòóàëüíèì º ïîøóê íîâèõ äîäàòêîâèõ ïàðàìåòð³â ëà-

çåðíî¿ ä³àãíîñòèêè á³îëîã³÷íèõ ð³äèí, ¿õ îïòèêî-àí³çîòðîï-
íî¿ ñòðóêòóðè. Çàïðîïîíîâàíî íîâèé ìåòîä îö³íþâàííÿ
ñòðóêòóðè ëàçåðíèõ çîáðàæåíü íà îñíîâ³ âèì³ðþâàííÿ êîîð-
äèíàòíèõ ðîçïîä³ë³â ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿, ÿêèé õà-
ðàêòåðèçóº îäíîð³äí³ñòü îïòèêî-³çîòðîïíîãî òà îïòèêî-àí³çîò-
ðîïíîãî êîìïîíåíò³â ó á³îõ³ì³÷íîìó ñêëàä³ æîâ÷³. Óñòàíîâëåí³
òà îá´ðóíòîâàí³ ñòàòèñòè÷í³ (ñåðåäíº, äèñïåðñ³ÿ, àñèìåòð³ÿ, òà
åêñöåñ), êîðåëÿö³éí³ (êîðåëÿö³éíà ïëîùà ðîçïîä³ë³â çíà÷åíü
ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿) ³ ôðàêòàëüí³ (äèñïåðñ³ÿ åêñòðå-
ìóì³â log-log çàëåæíîñòåé ñïåêòð³â ïîòóæíîñòåé ðîçïîä³ë³â
çíà÷åíü ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿) êðèòåð³¿ ïîëÿðèçàö³é-
íî-êîðåëÿö³éíî¿ ä³àãíîñòèêè ëàòåíòíîãî ïåðåá³ãó õîëåë³ò³àçó
³ äèôåðåíö³àö³¿ ñòàä³é õðîí³÷íîãî õîëåöèñòèòó, öóêðîâîãî ä³à-
áåòó òèïó 2 òà ïîºäíàííÿ ïàòîëîã³é.
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âîçìîæíîñòåé äèàãíîñòèêè è äèôôåðåíöèàöèè õîëåëèòèàçà
íà ôîíå õðîíè÷åñêîãî õîëåöèñòèòà è ñàõàðíîãî äèàáåòà òèïà
2 ïóòåì èñïîëüçîâàíèÿ íîâîãî ìåòîäà ïîëÿðèçàöèîííîé
ñåëåêöèè ëàçåðíûõ èçîáðàæåíèé ñëîåâ æåë÷è ÷åëîâåêà.
Ñðåäè ìåòîäîâ îïòè÷åñêîé äèàãíîñòèêè áèîëîãè÷åñêèõ
òêàíåé ÷åëîâåêà øèðîêîå ðàñïðîñòðàíåíèå ïîëó÷èëè ìåòîäû
ëàçåðíîé ïîëÿðèìåòðè÷åñêîé äèàãíîñòèêè èõ îïòèêî-
àíèçîòðîïíîé ñòðóêòóðû. Â ðåçóëüòàòå ðàçðàáîòàí ïåðå÷åíü
ìåòîäèê ðàííåé äèàãíîñòèêè è äèôôåðåíöèàöèè ïàòîëî-
ãè÷åñêèõ èçìåíåíèé ñòðóêòóðû áèîëîãè÷åñêèõ òêàíåé,
ñâÿçàííûõ ñ èõ äåãåíåðàòèâíî-äèñòðîôè÷åñêèìè è îíêî-
ëîãè÷åñêèìè èçìåíåíèÿìè. Áèîëîãè÷åñêèå æèäêîñòè
çíà÷èòåëüíî áîëåå äîñòóïíûå äëÿ íåïîñðåäñòâåííîãî
ëàáîðàòîðíîãî àíàëèçà â ñðàâíåíèè ñ òðàâìàòè÷åñêèìè
ìåòîäàìè áèîïñèè áèîëîãè÷åñêèõ òêàíåé. Ó÷èòûâàÿ äàííûé
ôàêò, àêòóàëüíûì ÿâëÿåòñÿ ïîèñê íîâûõ äîïîëíèòåëüíûõ
ïàðàìåòðîâ ëàçåðíîé äèàãíîñòèêè áèîëîãè÷åñêèõ æèä-
êîñòåé, èõ îïòèêî-àíèçîòðîïíîé ñòðóêòóðû. Ïðåäëîæåí
íîâûé ìåòîä îöåíèâàíèÿ ñòðóêòóðû ëàçåðíûõ èçîáðàæåíèé
íà îñíîâå èçìåðåíèÿ êîîðäèíàòíûõ ðàñïðåäåëåíèé ñòåïåíè
âçàèìíîé ïîëÿðèçàöèè, êîòîðûé õàðàêòåðèçèðóåò îäíî-
ðîäíîñòü îïòèêî-èçîòðîïíîãî è îïòèêî-àíèçîòðîïíîãî
êîìïîíåíòîâ â áèîõèìè÷åñêîì ñîñòàâå æåë÷è. Îïðåäåëåíû
è îáîñíîâàíû ñòàòèñòè÷åñêèå (ñðåäíåå, äèñïåðñèÿ, àñèì-
ìåòðèÿ è ýêñöåññ), êîððåëÿöèîííûå (êîððåëÿöèîííàÿ
ïëîùàäü ðàñïðåäåëåíèÿ çíà÷åíèé ñòåïåíè âçàèìíîé
ïîëÿðèçàöèè) è ôðàêòàëüíûå (äèñïåðñèÿ ýêñòðåìóìîâ log-
log çàâèñèìîñòåé ñïåêòðîâ ìîùíîñòåé ðàñïðåäåëåíèé
çíà÷åíèé ñòåïåíè âçàèìíîé ïîëÿðèçàöèè) êðèòåðèè
ïîëÿðèçàöèîíî-êîðåëÿöèîíîé äèàãíîñòèêè ëàòåíòíîãî
òå÷åíèÿ õîëåëèòèàçà è äèôôåðåíöèàöèè ñòàäèé õðîíè-
÷åñêîãî õîëåöèñòèòà, ñàõàðíîãî äèàáåòà òèïà 2 è ñî÷åòàííûõ
ïàòîëîãèé.
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