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Ðåçþìå. Äîñë³äæåííÿ ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿ ëàçåðíèõ
çîáðàæåíü á³îëîã³÷íèõ òêàíèí ìîæíà âèêîðèñòîâóâàòè äëÿ
ä³àãíîñòèêè îð³ºíòàö³éíî¿ áóäîâè äâîïðîìåíåçàëîìëþþ÷èõ
ñòðóêòóð ¿õ ô³ç³îëîã³÷íî íîðìàëüíèõ òà ïàòîëîã³÷íî çì³íåíèõ
àðõ³òåêòîí³÷íèõ ñ³òîê.

Êëþ÷îâ³ ñëîâà: ñòóï³íü âçàºìíî¿
ïîëÿðèçàö³¿, ì’ÿçîâà òêàíèíà
ì³îêàðäà.

Âñòóï
Äëÿ àíàë³çó ïîëÿðèçàö³éíî-íåîäíîð³äíèõ ïîë³â

çàïðîïîíîâàíî ï³äõ³ä Äîãàð³ó [1], â ÿêîìó êîðåëÿ-
ö³ÿ ì³æ ñòàíàìè ïîëÿðèçàö³¿ (α, β) îá’ºêòíîãî
ïîëÿ â ð³çíèõ òî÷êàõ (r1, r2)  ç àìïë³òóäàìè U(r1),
U(r2) ðîçãëÿäàºòüñÿ ÿê ñòóï³íü âçàºìíî¿ ïîëÿðè-
çàö³¿ V2(r1, r2):

Ìåòà äîñë³äæåííÿ
Äîñë³äèòè ä³àãíîñòè÷í³ ìîæëèâîñò³ 2D-ðîç-

ïîä³ë³â ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿ çîáðàæåíü
ì’ÿçîâî¿ òêàíèíè ì³îêàðäà äëÿ äîêë³í³÷íî¿ ä³àãíî-
ñòèêè äåãåíåðàòèâíî-äèñòðîô³÷íèõ çì³í ¿¿ ñòðóê-
òóðè.

Ìàòåð³àë ³ ìåòîäè
Îá’ºêòîì äîñë³äæåííÿ âèñòóïàëè “îïòè÷íî

òîíê³” (êîåô³ö³ºíò îñëàáëåííÿ τ≤0.1) ã³ñòîëîã³÷í³
çð³çè ô³ç³îëîã³÷íî íîðìàëüíî¿ òà äèñòðîô³÷íî
çì³íåíî¿ ì’ÿçîâî¿ òêàíèíè ì³îêàðäà. Ìåòîäèêà
çàìîðîæóâàííÿ òîíêèõ øàð³â á³îëîã³÷íèõ òêàíèí
äî “àçîòíèõ” òåìïåðàòóð çàáåçïå÷óâàëà ïðàê-
òè÷íî ïîâíó ³äåíòè÷í³ñòü ¿õ ìîðôîëîã³÷íî¿ ñòðóê-
òóðè in vivo òà in vitro.

Ìîðôîëîã³÷íà àðõ³òåêòîí³÷íà ñòðóêòóðà ì’ÿ-
çîâî¿ òêàíèíè ôîðìóºòüñÿ êâàç³âïîðÿäêîâàíèìè
ïó÷êàìè äâîïðîìåíåçàëîìëþþ÷èõ ì³îçèíîâèõ
ô³áðèë òà âîëîêîí ³ç ïîêàçíèêîì äâîïðîìåíåçà-
ëîìëåííÿ  ∆n=1.5õ10-3 [3].

Ðàíí³ (äîêë³í³÷í³) äåãåíåðàòèâíî-äèñòðîô³÷í³
çì³íè ì’ÿçîâî¿ òêàíèíè ìîðôîëîã³÷íî ïðîÿâëÿ-
þòüñÿ ïðè íåçì³ííîìó ð³âí³ äâîïðîìåíåçàëîìëåí-
íÿ ó ðàçîð³ºíòîâóâàíí³ ì³îçèíîâèõ ô³áðèë òà âîëî-
êîí ó ìåæàõ ìîíîîð³ºíòîâàíèõ ïó÷ê³â ì’ÿçîâî¿
òêàíèíè.

Ðèñ. 1 äåìîíñòðóº îïòè÷íó ñõåìó âèì³ðþâàí-
íÿ ñóêóïíîñò³ êîîðäèíàòíèõ ðîçïîä³ë³â ³íòåíñèâ-
íîñòåé çîáðàæåííÿ á³îëîã³÷íèõ òêàíèí.

Îñâ³òëþâàííÿ ïðîâîäèëîñÿ êîë³ìîâàíèì ïó÷-
êîì (∅=104ìêì) Hå-Nå ëàçåðà (λ=0.6328 ìêì)
1. Ïîëÿðèçàö³éíèé îñâ³òëþâà÷ ñêëàäàâñÿ ç
÷âåðòüõâèëüîâî¿ ïëàñòèíè 3, 5 ³ ïîëÿðèçàòîðà 4.
Ïîëÿðèçàö³éí³ çîáðàæåííÿ á³îëîã³÷íèõ òêàíèí ç
äîïîìîãîþ ì³êðîîá’ºêòèâà 7 ïðîåêòóâàëàñÿ â
ïëîùèíó ñâ³òëî÷óòëèâî¿ ïëîùàäêè (800õ600)
CCD êàìåðè 10, ÿêà çàáåçïå÷óâàëà ä³àïàçîí âèì-
³ðþâàíü ñòðóêòóðíèõ åëåìåíò³â á³îëîã³÷íèõ òêà-
íèí òàêèõ ìàñøòàá³â 2 ìêì - 2000 ìêì.

Ðîçðàõîâóºòüñÿ ïîëÿðèçàö³éíà ìàïà çîáðàæåí-
íÿ á³îëîã³÷íî¿ òêàíèíè, âèêîðèñòîâóþ÷è êîîðäè-
íàòí³ ðîçïîä³ëè àçèìóò³â òà åë³ïòè÷íîñòåé [2]:

- êîîðäèíàòè ñóêóïíîñò³ m õ n ï³êñåë³â öèôðî-
âî¿ êàìåðè 10; I(r) - êîîðäèíàòíèé ðîçïîä³ë ³íòåí-
ñèâíîñò³ çîáðàæåííÿ á³îòêàíèíè, âèì³ðÿíèé CCD
êàìåðîþ 10 (áåç àíàë³çàòîðà 9); I(0) (r); I (90) (r) -
ìíîæèíè ³íòåíñèâíîñòåé, ùî âèì³ðþþòü ïðè àíà-
ë³çàòîð³, ïëîùèíó ïðîïóñêàííÿ ÿêîãî îð³ºíòóþþòü
ï³ä êóòàìè ∅ = 00, ∅ = 900; I min (r); - ìíîæèíè
ì³í³ìàëüíî¿ òà ìàêñèìàëüíî¿ ³íòåíñèâíîñò³, ùî
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âèçíà÷àþòü îáåðòàííÿì ïëîùèíè ïðîïóñêàííÿ
àíàë³çàòîðà íà êóò ∅ â ìåæàõ ∅ = 00 - 1800.

Äàë³ ðîçðàõîâóþòüñÿ êîîðäèíàòí³ ðîçïîä³ëè
ôàçîâèõ çñóâ³â ä(r) òà ñòóï³íü âçàºìíî¿ ïîëÿðè-
çàö³¿ çîáðàæåíü á³îëîã³÷íî¿ òêàíèíè:

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Íà ðèñóíêó 2 ïðåäñòàâëåí³ êîîðäèíàòí³ ðîçïî-

ä³ëè çíà÷åíü ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿ òà
ã³ñòîãðàìè ¿õ ðîçïîä³ëó, âèçíà÷åí³ ç êðîêîì äèñê-
ðåòèçàö³¿ ∆r = 1 ï³êñåëü äëÿ ëàçåðíèõ çîáðàæåíü
ô³ç³îëîã³÷íî íîðìàëüíî¿ òà äåãåíåðàòèâíî-äèñò-
ðîô³÷íî çì³íåíî¿ ì’ÿçîâî¿ òêàíèíè.

Àíàë³ç îäåðæàíî¿ ³íôîðìàö³¿ âèÿâèâ, ùî ðîçïî-
ä³ëè 2D[V2(∆ri)]   çîáðàæåíü çðàçê³â çäîðîâî¿ á³î-
ëîã³÷íî¿ òêàíèíè ñôîðìîâàí³ ïåðåâàæíî ä³ëÿíêà-
ìè ç ìàêñèìàëüíî ñêîðåëüîâàíèì ñòàíàìè ïîëÿ-
ðèçàö³¿ V2 (∆ri) -> 1   (ðèñ. 2 à). Íà öå âêàçóº ãî-
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ëîâíèé åêñòðåìóì â³äïîâ³äíèõ ã³ñòîãðàì W [V2

(∆ri)] (ðèñ. 2 â). Êîîðäèíàòí³ ðîçïîä³ëè ñòóïåíÿ
âçàºìíî¿ ïîëÿðèçàö³¿ çîáðàæåíü äåãåíåðàòèâíî-äè-
ñòðîô³÷íî çì³íåíèõ çðàçê³â á³îëîã³÷íèõ òêàíèí
ñôîðìîâàí³ îáëàñòÿìè, äëÿ ÿêèõ çíà÷åííÿ ñòóïåíÿ
âçàºìíî¿ ïîëÿðèçàö³¿ çì³íþþòüñÿ â øèðîêèõ ìåæàõ
(0≤V2 (∆ri)≤1) (ðèñ. 2 á). Â³äïîâ³äí³ ¿ì ã³ñòîãðàìè
W [V2 (∆ri)] õàðàêòåðèçóþòüñÿ âåëèêîþ ê³ëüê³ñòþ
åêñòðåìóì³â ³ áëèçüê³ äî ð³âíîéìîâ³ðíèõ (ðèñ. 2 ã).

Çì³íè êîîðäèíàòíèõ ðîçïîä³ë³â ñòóïåíÿ âçàºìíî¿
ïîëÿðèçàö³¿ ëàçåðíèõ çîáðàæåíü á³îëîã³÷íèõ òêàíèí
ð³çíîãî ô³ç³îëîã³÷íîãî ñòàíó õàðàêòåðèçóþòü ñòà-
òèñòè÷í³ ìîìåíòè 1-4 ïîðÿäê³â, íàâåäåí³ â òàáëèö³.

Ïîð³âíÿëüíèé àíàë³ç ñòàòèñòè÷íèõ ìîìåíò³â
1-4-ãî ïîðÿäê³â ðîçïîä³ë³â çíà÷åíü V2 (∆ri) ëàçåð-
íèõ çîáðàæåíü ô³ç³îëîã³÷íî íîðìàëüíî¿ òà ïàòîëî-
ã³÷íî çì³íåíî¿ ì’ÿçîâî¿ òêàíèíè äåìîíñòðóº íà-
ñòóïíå:

Çì³íà îð³ºíòàö³éíî¿ ñòðóêòóðè àðõ³òåêòîí³êè
äèñòðîô³÷íî¿ ì’ÿçîâî¿ òêàíèíè íàéá³ëüø âèðàçíî
âèÿâëÿºòüñÿ â çá³ëüøåíí³ (ó 3-4 ðàçè) àñèìåòð³¿
êîîðäèíàòíîãî ðîçïîä³ëó ñòóïåíÿ âçàºìíî¿ ïîëÿ-
ðèçàö³¿ â³äïîâ³äíîãî ëàçåðíîãî çîáðàæåííÿ.

Âèñíîâîê
Ñòàòèñòè÷íèé àíàë³ç êîîðäèíàòíèõ ðîçïîä³ë³â

ñòóïåíÿ âçàºìíî¿ ïîëÿðèçàö³¿ ëàçåðíèõ çîáðàæåíü
ì’ÿçîâî¿ òêàíèíè ì³îêàðäó âèÿâèâ åôåêòèâí³ñòü
ä³àãíîñòè÷íîãî âèêîðèñòàííÿ äëÿ äîêë³í³÷íî¿ ä³àã-
íîñòèêè äåãåíåðàòèâíî-äèñòðîô³÷íèõ çì³í ¿¿
ñòðóêòóðè. Íàéá³ëüø ÷óòëèâèìè äî çì³íè îð³ºí-
òàö³é îïòè÷íèõ îñåé äâîïðîíåçàëîìëþþ÷èõ
ô³áðèë º àñèìåòð³ÿ ðîçïîä³ëó ñòóïåíÿ âçàºìíî¿
ïîëÿðèçàö³¿, ¿¿ çíà÷åííÿ, ùî õàðàêòåðèçóþòü çîá-
ðàæåííÿ ïàòîëîã³÷íî çì³íåíèõ òêàíèí, â³äð³çíÿ-
þòüñÿ â³ä çíà÷åíü, ùî õàðàêòåðèçóþòü çîáðàæåí-
íÿ çäîðîâèõ òêàíèí, ó äåê³ëüêà ðàç³â.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
Ðîçãëÿíóò³ “ãðàíè÷í³” âèïàäêè òðàíñôîðìàö³¿

áóäîâè îïòè÷íî àí³çîòðîïíèõ ô³áðèë íà ïðèêëàä³
ì’ÿçîâî¿ òêàíèíè ïîâíîþ ì³ðîþ íå îõîïëþþòü
âñå ð³çíîìàí³òòÿ àðõ³òåêòîí³÷íèõ ñòðóêòóð á³îëî-
ã³÷íèõ òêàíèí ³íøèõ òèï³â, ùî îá’ºêòèâíî ïîòðå-
áóº ðîçøèðåííÿ (âàð³àö³¿) âåëè÷èíè ³íòåðâàë³â äèñ-
êðåòèçàö³¿ ∆ri.
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Ðåçþìå. Èññëåäîâàíèå ñòåïåíè âçàèìíîé ïîëÿðèçàöèè

ëàçåðíûõ èçîáðàæåíèé áèîëîãè÷åñêèõ òêàíåé ìîæíî èñïîëü-
çîâàòü äëÿ äèàãíîñòèêè îðèåíòàöèîííîãî ñòðîåíèÿ äâîëó-
÷åïðåëîìëÿþùèõ ñòðóêòóð èõ ôèçèîëîãè÷åñêè íîðìàëüíûõ
è ïàòîëîãè÷åñêè èçìåíåííûõ àðõèòåêòîíè÷åñêèõ ñåòîê.

Êëþ÷åâûå ñëîâà: ñòåïåíü âçàèìíîé ïîëÿðèçàöèè, ìû-
øå÷íàÿ òêàíü ìèîêàðäà.

DEGREE OF MUTUAL POLARIZATION OF
MYOCARDIUM TISSUE LASER IMAGES

Ye. G. Makhrova
Purpose. Degree of mutual polarization of laser images of

biological tissues can be used to diagnose the orientational bire-
fringent structure of their physiologically normal and pathologi-
cally changed architectonic nets.

Design/approach. The study objects were “optically thin”
histological sections of physiologically normal and dystrophic
changed muscle myocardium tissue. For the analysis of polarization-
inhomogeneous fields an approach, proposed by Dohariu, in which
the correlation between the states of polarization (α,β) of the object
field in different points (r1, r2) with the amplitudes U(r1), U(r2)   is
considered as the degree of mutual polarization V2(r1, r2). Change of
coordinate distributions of degree of mutual polarization of laser
images of biological tissues of different physiological state are char-
acterized by statistical moments of 1-4 orders.

Conclusion. Statistical analysis of coordinate distributions
of degree of mutual polarization of laser images of muscle myo-
cardium tissue showed the effectiveness of diagnostic use for
preclinical diagnosis of degenerative changes in its structure.
Most sensitive to changes in orientation of the birefringent fibrils
optical axes are asymmetry of distribution of the degree of mu-
tual polarization, its values that characterize abnormal tissue
images differ from the values that characterize healthy tissue
images in several times.

Êey words: degree of mutual polarization, myocardium tissue.
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