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Ðåçþìå. Ðîáîòà ñïðÿìîâàíà íà äîñë³äæåííÿ ìîæëèâîñòåé
Ìþëëåð-ìàòðè÷íî¿ ä³àãíîñòèêè ëàçåðíî¿ àí³çîòðîï³¿ äâîïðîìå-
íåâîçàëîìëþþ÷èõ ìåðåæ á³îëîã³÷íèõ òêàíèí ëþäèíè. Âèçíà÷åíî
âçàºìîçâ’ÿçêè ì³æ ñòàòèñòè÷-íèìè ìîìåíòàìè 1-4-ãî ïîðÿäê³â ³
ôðàêòàëüíèìè ðîçì³ðíîñòÿìè, ÿê³ õàðàêòåðèçóþòü êîîðäèíàòí³
ðîçïîä³ëè åëåìåíò³â ìàòðèö³ Ìþëëåðà òêàíèí ó íîðì³ ³ ïðè
àòðåç³¿ ñòðàâîõîäó íîâîíàðîäæåíèõ.

Êëþ÷åâ³ ñëîâà: ëàçåðíà ïîëÿðèìåò-
ð³ÿ, ñòðàâîõ³ä, íîâîíàðîäæåí³.

Âñòóï
Ñåðåä ð³çíîïëàíîâèõ íàïðÿìê³â îïòè÷íî¿ ä³àã-

íîñòèêè ñòðóêòóðè ôàçîâî-íåîäíîð³äíèõ øàð³â
çíà÷íèé ðîçâèòîê îòðèìàëà Ìþëëåð-ìàòðè÷íà
ïîëÿðèìåòð³ÿ ëàçåðíî¿ àí³çîòðîï³¿ á³îëîã³÷íèõ òêà-
íèí ëþäèíè [1-3]. Âåêòîðíèé ï³äõ³ä äî äîñë³ä-
æåíü ìîðôîëîã³÷íî¿ ñòðóêòóðè òà ô³ç³îëîã³÷íîãî
ñòàíó ñòâîðèâ ôóíäàìåíò, çîêðåìà, äëÿ ðîçâèòêó
ìîäåëüíèõ óÿâëåíü ïðî áóäîâè á³îëîã³÷íèõ òêà-
íèí. Á³îëîã³÷íà òêàíèíà ðîçãëÿäàºòüñÿ ÿê äâîõ
êîìïîíåíòíà àìîðôíî-êðèñòàë³÷íà ñòðóêòóðà-
ìàòðèöÿ. Àìîðôíà êîìïîíåíòà – æèðè, ë³ï³äè,
íåñòðóêòóðîâàí³ á³ëêè, òîùî º ïîëÿðèçàö³éíî-³çîò-
ðîïíà (îïòè÷íî íåàêòèâíà). Êðèñòàë³÷íà êîìïî-
íåíòà – êîëàãåíîâ³ á³ëêè, ì³îçèí, òîùî – º ïðîñòî-
ðîâî çîð³ºíòîâàíèìè äàîïðîìåíåçàëîìëþþ÷èìè
ïðîòå¿íîâèìè ô³áðèëàìè. Ìåòîä ïîëÿðèçàö³éíî¿
â³çóàë³çàö³¿ àðõ³òåêòîí³÷íî¿ ñòðóêòóðè á³îëîã³÷íî¿
òêàíèíè ð³çíîãî ìîðôîëîã³÷íîãî òèïó äîçâîëÿº
âïðîâàäèòè ñòàòèñòè÷íèé àíàë³ç êîîðäèíàòíèõ
ðîçïîä³ë³â ïîëÿðèçàö³éíèõ ïàðàìåòð³â ïîë³â ðîçñ-
³ÿíîãî ëàçåðíîãî âèïðîì³íþâàííÿ [4-6].

Ìåòà äîñë³äæåííÿ
Ðîçðîáêà ìåòîäó Ìþëëåð-ìàòðè÷íî¿ ä³àãíîñ-

òèêè îïòèêî-àí³çîòðîïíî¿ ñòðóêòóðè òêàíèí îðãàí-
³çìó ëþäèíè ³ âèçíà÷åííÿ ñòàòèñòè÷íèõ ³ ôðàê-
òàëüíèõ êðèòåð³¿â òðàíñôîðìàö³¿, îáóìîâëåíî¿ ïà-
òîëîã³÷íèìè çì³íàìè, à ñàìå àòðåç³ºþ ñòðàâîõî-
äó â íîâîíàðîäæåíèõ.

Ìàòåð³àë ³ ìåòîäè
Çà äîïîìîãîþ çàìîðîæóþ÷è ì³êðîòîìà ÌÇ-2,

çà êëàñè÷íîþ ìåòîäèêîþ, âèãîòîâëÿëèñÿ ã³ñòî-
ëîã³÷í³ ïðåïàðàòè òîâùèíîþ 20±2 ìêì äëÿ ïî-

äàëüøî¿ âåðèô³êàö³¿ ä³àãíîçó. Äëÿ àíàë³çó ëàçåð-
íèõ ïîëÿðèìåòðè÷íèõ çîáðàæåíü îáðàí³ çðàçêè â
íîðì³ ³ ïðè àòðåç³¿ ñòðàâîõîäó òðóï³â íîâîíàðîä-
æåíèõ. Ê³ëüê³ñòü ïðåïàðàò³â 37.

Â îñíîâó äèôåðåíö³þâàííÿ îïòè÷íèõ âëàñòèâî-
ñòåé òêàíèí ó íîðì³ òà çà àòðåç³¿ ñòðàâîõîäó ïî-
êëàäåíà ìîäåëü, ùî õàðàêòåðèçóºòüñÿ ñòàòèñ-
òè÷íèì òà ôðàêòàëüíèì àíàë³çîì Ìþëëåð-ìàò-
ðè÷íèõ çîáðàæåíü.

Êëàñèô³êàö³ÿ êîîðäèíàòíèõ ðîçïîä³ë³â ïðîâî-
äèëàñÿ â³äïîâ³äíî äî íàñòóïíèõ êðèòåð³¿â:

- Zi,k (õ,y) – ôðàêòàëüí³ àáî ñàìîïîä³áí³, çà
óìîâè ç=const (êóòè íàõèëó) â ìåæàõ äâîõ-òðüîõ
äåêàä çì³íè ãåîìåòðè÷íèõ ðîçì³ð³â d ;

- Zi,k (õ,y) – ìóëüòèôðàêòàëüí³, çà óìîâè íàÿâ-
íîñò³ äåê³ëüêîõ ïîñò³éíèõ êóò³â íàõèë η=const;

- Zi,k (õ,y) – ñòàòèñòè÷í³ àáî âèïàäêîâ³, çà óìî-
âè η    const ó âñüîìó ³íòåðâàë³ çì³íè d.

Ôðàêòàëüíèé àíàë³ç ðîçïîä³ë³â çä³éñíþºòüñÿ
øëÿõîì çíàõîäæåííÿ ëîãàðèôì³÷íèõ çàëåæíîñòåé
log J (Zik) – log d-1 – ñïåêòð³â ïîòóæíîñò³ J(Zik):

Çàëåæíîñò³ log J(Zik) – log d-1 àïðîêñèìóâàëèñü
ìåòîäîì íàéìåíøèõ êâàäðàò³â â êðèâ³ Ô(η) äëÿ
ïðÿìèõ ä³ëÿíîê, ÿêèõ âèçíà÷àëèñÿ êóòè íàõèëó ³
â³äïîâ³äíà ¿ì ôðàêòàëüíà ðîçì³ðí³ñòü D=3 - tg η.

Ñòàòèñòè÷í³ ìîìåíòè 1-4-ãî ïîðÿäê³â, ÿê³ õà-
ðàêòåðèçóþòü ðîçïîä³ëè, ðîçðàõîâóºòüñÿ ç³
ñï³ââ³äíîøåíü [3, 5]:
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Íà ðèñ. 1 íàâåäåíà îïòè÷íà ñõåìà ïîëÿðèìåò-
ðà äëÿ âèì³ðþâàííÿ êîîðäèíàòíèõ ðîçïîä³ë³â åëå-
ìåíò³â ìàòðèö³ Ìþëëåðà àáî Ìþëëåð-ìàòðè÷íèõ
çîáðàæåíü.

Îñâ³òëåííÿ çðàçê³â òêàíèí ñòðàâîõîäó ïðîâîäè-
ëîñÿ ïàðàëåëüíèì (r = 2 õ 103 ìêì) ñëàáî³íòåíñèâ-
íèì (W = 5 ìÂò) ïó÷êîì He-Ne ëàçåðà (λ = 0,6328
ìêì). Ïîëÿðèçàö³éíèé îñâ³òëþâà÷ ñêëàäàºòüñÿ ç
÷âåðòüõâèëüîâèõ ïëàñòèíîê 5 ³ 8 ³ ïîëÿðèçàòîðà 4,
ùî çàáåçïå÷óº ôîðìóâàííÿ ëàçåðíîãî ïó÷êà ç äî-
â³ëüíèì àçèìóòîì ³ åë³ïòè÷íîñò³ ïîëÿðèçàö³¿.

Äîñë³äæóâàíèé çðàçîê òêàíèíè ñòðàâîõîäó ïî-
ñë³äîâíî çîíäóþòü ëàçåðíèì ïó÷êîì ³ç íàñòóïíè-
ìè òèïàìè ïîëÿðèçàö³¿: ë³í³éíà ç àçèìóòàìè 0°,
90°, +45°, ë³âà ³ ïðàâà öèðêóëÿö³¿. Ïîëÿðèçàö³éí³
çîáðàæåííÿ çà äîïîìîãîþ ì³êðîîá’ºêòèâ ïðîåê-
òóâàëèñÿ â ïëîùèíó ñâ³òëî÷óòëèâî¿ ïëîùàäêè
(ï³êñåë³â) CCD-êàìåðè 10. Àíàë³ç ïîëÿðèçàö³éíèõ
çîáðàæåíü çä³éñíþºòüñÿ çà äîïîìîãîþ ïîëÿðèçà-
òîðà 4 ³ ÷âåðòüõâèëüîâî¿ ïëàñòèíêè 8, ÿê³ ô³êñó-
þòüñÿ â êîìï’þòåð³ 11.

Ðîçðàõóíîê åëåìåíò³â ìàòðèö³ Ìþëëåðà äîñë-
³äæóâàíèõ çðàçê³â ïðîâîäèòüñÿ â³äïîâ³äíî ç íà-
ñòóïíèì àëãîðèòìîì:

Ïîçíà÷åííÿ:
I0 – ³íòåíñèâí³ñòü ëàçåðíîãî âèïðîì³íþâàííÿ,

ÿêå ïðîéøëî êð³çü ñï³ââ³ñí³ àíàë³çàòîð òà ïîëÿðè-
çàòîð (00);

I90 – ³íòåíñèâí³ñòü ëàçåðíîãî âèïðîì³íþâàííÿ,
ÿêå ïðîéøëî êð³çü ñõðåùåí³ àíàë³çàòîð òà ïîëÿðè-
çàòîð (900);

I45 – ³íòåíñèâí³ñòü ëàçåðíîãî âèïðîì³íþâàííÿ,
ÿêå ïðîéøëî êð³çü àíàë³çàòîð òà ïîëÿðèçàòîð, ÿê³
ïîâåðíóò³ íà êóò 450 îäèí â³äíîñíî îäíîãî;

I135 – ³íòåíñèâí³ñòü ëàçåðíîãî âèïðîì³íþâàííÿ,
ÿêå ïðîéøëî êð³çü àíàë³çàòîð òà ïîëÿðèçàòîð, ÿê³
ïîâåðíóò³ íà êóò 1350 îäèí â³äíîñíî îäíîãî;

       – ³íòåíñèâí³ñòü ëàçåðíîãî âèïðîì³íþâàí-
íÿ ç ïðàâîþ” öèðêóëÿö³ºþ;

        – ³íòåíñèâí³ñòü ëàçåðíîãî âèïðîì³íþâàí-
íÿ ç “ë³âîþ” öèðêóëÿö³ºþ;

S1: S2: S3: S4 - 1-é, 2-é, 3-é òà 4-é ïàðàìåòðè
âåêòîðà Ñòîêñà;

Z i,k – åëåìåíòè ìàòðèö³ Ìþëëåðà.
Ïðåäìåòîì ñòàòèñòè÷íîãî òà ôðàêòàëüíîãî

àíàë³çó áóëè òðè òèïè Ìþëëåð-ìàòðè÷íèõ çîáðà-
æåíü Zi,k (m õ n) òêàíèí ñòðàâîõîäó ëþäèíè ð³çíî-
ãî ô³ç³îëîã³÷íîãî ñòàíó.

Ïåðøèé òèï – êîîðäèíàòí³ ðîçïîä³ëè ä³àãî-
íàëüíèõ åëåìåíò³â ìàòðèö³ Ìþëëåðà Z22,33 (m õ

n), ùî õàðàêòåðèçóþòü ñòóï³íü ïåðåòâîðåííÿ àçè-
ìóòà ïîëÿðèçàö³¿ ëàçåðíîãî õâèë³ êîëàãåíîâèìè
âîëîêíàìè òêàíèí, îïòè÷í³ â³ñ³ ÿêèõ îð³ºíòîâàí³ â
äâîõ âçàºìíî ïåðïåíäèêóëÿðíèõ â³äïîâ³äíî. Ó
öüîìó ñåíñ³ òàê³ ìàòðè÷í³ åëåìåíòè íàçèâàºìî
“îð³ºíòàö³éíèìè”.

Äðóãèé òèï – êîîðäèíàòí³ ðîçïîä³ëè ä³àãîíàëü-
íîãî ìàòðè÷íîãî åëåìåíòà Z44 (m õ n), âåëè÷èíà
ÿêîãî âèçíà÷àºòüñÿ ôàçîâèìè çðóøåííÿìè ì³æ
îðòîãîíàëüíèìè êîìïîíåíòàìè àìïë³òóäè ëàçåð-
íîãî õâèë³, ùî âèíèêàþòü çà ðàõóíîê äâîïðîìåíå-
çàëîìëåííÿ êîëàãåíîâèõ âîëîêîí òêàíèí. Ó öüîìó
ñåíñ³ äàíèé åëåìåíò ìàòðèö³ Ìþëëåðà áóäåìî
íàçèâàòè “ôàçîâèì”.

Òðåò³é òèï – êîîðäèíàòí³ ðîçïîä³ëè íåä³àãî-
íàëüíèõ åëåìåíò³â ìàòðèö³ Ìþëëåðà Z22,33 (m õ
n), ùî õàðàêòåðèçóþòü ìåõàí³çìè âçàºìíèõ ïåðå-
òâîðåíü ë³í³éíî¿ ïîëÿðèçàö³¿ â åë³ïòè÷íó, ³ íàâïàêè.
Òàê³ ìàòðè÷í³ åëåìåíòè íàçèâàºìî “îð³ºíòàö³éíî-
ôàçîâèìè”.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Äîñë³äæåííÿ áóäîâè ñò³íîê ñòðàâîõîäó âèêîíó-

âàëè â ä³ëÿíö³ àòðåç³¿, ïðåàòðåòè÷íîãî (ïðîêñè-
ìàëüíîãî) òà ïîñòàòðåòè÷íîãî (äèñòàëüíîãî) ñåã-
ìåíò³â. Çì³íè àíàòîì³÷íî¿ áóäîâè ñò³íêè ñòðàâî-
õîäó ïðè àòðåç³¿ ëîêàë³çóþòüñÿ íå ò³ëüêè â ä³ëÿíö³
àòðåç³¿, àëå é îõîïëþþòü ñóì³æí³ ñåãìåíòè ñòðà-
âîõîäó ïðåàòðåòè÷íîìó (ïðîêñèìàëüíîìó) (ðèñ.
2). Ñòóï³íü çì³í áóäîâè ñòðàâîõîäó çàëåæèòü òà-
êîæ â³ä ä³ëÿíêè, äå ëîêàë³çîâàíà àòðåç³ÿ. Ó ïðåàò-
ðåòè÷íîìó ñåãìåíò³ ñòðàâîõîäó âèÿâëÿþòüñÿ
ìíîæèíí³ îçíàêè äåêîìïåíñàö³¿ ïðèñòîñóâàëüíèõ
ìåõàí³çì³â: çíà÷íà ã³ïåðòðîô³ÿ ì’ÿçîâî¿ îáîëîíêè
ñòðàâîõîäó, îñîáëèâî ¿¿ öèðêóëÿðíîãî øàðó, âèòîí-
÷åííÿ ñëèçîâî¿ îáîëîíêè ç äåñêâàìàö³ºþ ¿¿ åï³òå-
ë³þ. Äèñòðîô³÷í³ çì³íè áóäîâè íàéá³ëüøå âèðà-
æåí³ â ä³ëÿíö³ ïðåàòðåòè÷íîãî ñåãìåíòó ³ àòðåç³¿
ñòðàâîõîäó. Äëÿ àòðåç³¿ ñòðàâîõîäó ïðèòàìàííèé
êðàí³îêàóäàëüíèé ãðàä³ºíò ñòóïåíÿ àíàòîì³÷íèõ
çì³í, òîáòî, ÷èì âèùå ð³âåíü óðàæåííÿ ñòðàâîõî-
äó, òèì á³ëüø ³ñòîòí³ çì³íè àíàòîì³÷íî¿ áóäîâè
éîãî. Ó ä³ëÿíö³ àòðåç³¿ ñïîñòåð³ãàþòüñÿ òàê³ äèñ-
òðîô³÷í³ çì³íè: ìíîæèíí³ âîãíèùà ô³áðîçó òà íå-
êðîçó, ðîçøàðóâàííÿ îáîëîíîê ñòðàâîõîäó, äåñê-
âàìàö³ÿ åï³òåë³þ ñëèçîâî¿ îáîëîíêè, ðîçøèðåííÿ
ñóäèí ï³äñëèçîâî¿ îñíîâè ç ìíîæèííèìè åêñòðà-
âàçàòàìè, âòîðèíí³ ÿâèùà çàïàëüíîãî õàðàêòåðó.
Ì’ÿçîâà îáîëîíêà ñòðàâîõîäó çàçíàëà ïîâíîãî
ô³á-ðîçíîãî ïåðåðîäæåííÿ. Ó êîëîâîìó ì’ÿçîâî-
ìó øàð³ ñïîñòåð³ãàºòüñÿ çíà÷íà ê³ëüê³ñòü ô³áðîá-
ëàñò³â, ë³ìôîöèòàðíà òà ïîë³ìîðôíîêë³òèííà
³íô³ëüòðàö³ÿ. Êðîâîíîñí³ ñóäèíè êèøêè ð³çêî ðîç-
øèðåí³, ñïîñòåð³ãàºòüñÿ àäãåç³ÿ åðèòðîöèò³â, ïî-
âíå âèñíàæåííÿ êîìïåíñàòîðíèõ ìåõàí³çì³â. Ïî-
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ñòàòðåòè÷íèé ñåãìåíò ñòðàâîõîäó õàðàêòåðè-
çóºòüñÿ ìíîæèííèìè äèñòðîô³÷íèìè çì³íàìè â
óñ³õ îáîëîíêàõ: ñëèçîâà îáîëîíêà â ñòàí³ íàáðÿêó,
ó äåÿêèõ ä³ëÿíêàõ â³äøàðîâàíà, ì’ÿçîâà îáîëîíêà
ïîòîíøåíà, ñïîñòåð³ãàºòüñÿ çìåíøåííÿ ðîçì³ð³â
ì³îöèò³â ïðè ¿õ çá³ëüøåíí³ ê³ëüêîñò³.

Ðåçóëüòàòè äîñë³äæåíü êîîðäèíàòíî¿ (Zi,k (m õ
n) – ë³âà êîëîíêà), ñòàòèñòè÷íî¿ (ã³ñòîãðàìè h Zi,k

(m õ n) – öåíòðàëüíà êîëîíêà) ³ ôðàêòàëüíî¿ (ëî-
ãàðèôì³÷í³ çàëåæíîñò³ log J(Zik) – log d-1 – ïðàâà
êîëîíêà) ñòðóêòóðè Ìþëëåð-ìàòðè÷íèõ çîáðà-
æåíü íîðìàëüíî¿ ä³ëÿíêè ñòðàâîõîäó íàâåäåí³ íà
ðèñ. 3, à ä³ëÿíêè ñòðàâîõîäó íà ðèñ. 4.

Ó òàáëèö³ íàâåäåí³ ñòàòèñòè÷í³ äàí³ åëåìåíò³â
ìàòðèö³ Ìþëëåðà ñò³íîê ñòðàâîõîäó â íîâîíà-
ðîäæåíèõ.
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Îðèã³íàëüí³ äîñë³äæåííÿ

Ä³àãíîñòè÷íî ÷óòëèâèìè º åëåìåíòè ìàòðèö³
Ìþëëåðà 3-ãî ³ 4-ãî ïîðÿäê³â, ÿê³ çá³ëüøóþòüñÿ â
ïðåàòðåòè÷íîìó ñåãìåíò³ ³ â îáëàñò³ àòðåç³¿ ñòðà-
âîõîäó íîâîíàðîäæåíèõ â 3,34 ³ 6,44 ³ â 1,75 ³ 3,23
ðàçà â³äïîâ³äíî.

Âèñíîâîê
Äèôåðåíö³éîâàí³ ëàçåðí³ ïîëÿðèìåòðè÷í³ çîá-

ðàæåííÿ ñò³íîê ñòðàâîõîäó â íîðì³ òà ïðè àòðåç³¿.
Âèçíà÷åí³ âçàºìîçâ’ÿçêè ì³æ ñòàòèñòè÷íèìè ìî-
ìåíòàìè 1-4-ãî ïîðÿäê³â ³ ôðàêòàëüíèìè ðîçì³ð-
íîñòÿìè, ÿê³ õàðàêòåðèçóþòü êîîðäèíàòí³ ðîçïîä-
³ëè åëåìåíò³â ìàòðèö³ Ìþëëåðà.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
Äîö³ëüíî äîñë³äèòè ìåòîäîì ëàçåðíî¿ ïîëÿðè-

ìåòð³¿ ñòðóêòóðó ñô³íêòåð³â ñòðàâîõîäó â íîâîíà-
ðîäæåíèõ.

Ë³òåðàòóðà. 1.Îñíîâè ïîëÿðèìåòð³¿. Âåêòîð-ïàðàìåò-
ðè÷íà ä³àãíîñòèêà ïàòîëîã³÷-íîãî ñòàíó á³îëîã³÷íèõ òêàíèí
ëþäèíè / Óøåíêî Î.Ã., Áîé÷óê Ò.Ì., Ïåðåñóíüêî Î.Ï. òà
³í.– ×åðí³âö³: ×åðí³âåöüêèé íàö.. óí-ò, 2010. – 576 ñ.
2.Birefringence characterization of biological tissue by use of
optical coherence tomography / M.J. Everett, K. Shoenenberger,
B.W. Colsto, L B. [et al.] // Opt. Lett.– 1998. – Vol. 23. – P.
228-230, 3.De Boer J.F. Review of polarization sensitive
optical coherence tomography and Stokes vector determination
/ J.F. de Boer, T.E. Milner // J. Biomed. Opt. – 2002. – Vol. 7. –
P. 359-371. 4.Ushenko A.G. Laser Polarimetry of Biological
Tissue: Principles and Applications / A.G. Ushenko, V.P.
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Pishak // In Handbook of Coherent-Domain Optical Methods:
Biomedical Diagnostics, Environmental and Material Science.
V.V. Tuchin, Ed. Boston: Kluwer Academic Publishers, 2004. –
Vol. I. – P. 93-138. 5.Statistical and Fractal Structure of
Biological Tissue Mueller Matrix Images / O.V. Angelsky, A.G.
Ushenko, Yu.A. Ushenko, V.P. Pishak // In Optical Correlation
Techniques and Applications, O.V. Angelsky, Ed. Washington:
Society of Photo-Optical Instrumentation Engineers, 2007. – P.
213-266. 6.Statistical, Correlation, and Topological
Approaches in Diagnostics of the Structure and Physiological
State of Birefringent Biological Tissues / O.V. Angelsky, A.G.
Ushenko, Yu.A. Ushenko [et al.] // In Handbook of Photonics
for Biomedical Science, V.V. Tuchin, Ed. USA: CRC Press,
2010. – P. 21-67.

ÈÑÏÎËÜÇÎÂÀÍÈÅ ËÀÇÅÐÍÎÉ ÏÎËßÐÈÌÅÒÐÈÈ
ÄËß ÀÍÀËÈÇÀ ÑÒÐÓÊÒÓÐÛ ÁÈÎËÎÃÈ×ÅÑÊÈÕ

ÒÊÀÍÅÉ

Î.Ï.Àíòîíþê, Ò.Í.Áîé÷óê, À.Ã.Óøåíêî, À.Â.Äóáîëàçîâ
Ðåçþìå. Ðàáîòà íàïðàâëåíà íà èññëåäîâàíèå âîçìîæíîñ-

òåé Ìþëëåð-ìàòðè÷íîé äèàãíîñòèêè ëàçåðíîé àíèçîòðîïèè
äâóëó÷åïðåëîìëÿþùèõ ñåòåé áèîëîãè÷åñêèõ òêàíåé ÷åëîâå-
êà. Îïðåäåëåíû âçàèìîñâÿçè ìåæäó ñòàòèñòè÷å-ñêèìè ìî-
ìåíòàìè 1-4-ãî ïîðÿäêîâ è ôðàêòàëüíûìè ðàçìåðíîñòÿìè,
õàðàêòåðèçóþùèõ êîîðäèíàòíûå ðàñïðåäåëåíèÿ ýëåìåíòîâ
ìàòðèöû Ìþëëåðà òêàíåé â íîðìå è ïðè àòðåçèè ïèùåâîäà
íîâîðîæäåííûõ.

 Êëþ÷åâûå ñëîâà: ëàçåðíàÿ ïîëÿðèìåòðèÿ, ïèùåâîä,
íîâîðîäæåíûå.

USING LASER POLARIMETRY TO ANALYZE THE
STRUCTURE OF BIOLOGICAL TISSUES

Î.P.Antoniuk, T.M.Boichuk, A.G.Ushenko, A.V.Dubolazov
Purpose. The development of a method of Mueler-matrix

diagnostics of the optico-anisotropic tissue structure of the hu-

man body and the determination of statistical and fractal criteria
of a transformation in healh caused by atresia of the esophagus
in newborns.

Design. A basis, in particular, for the development of model
concepts of biological structures has been created by the vector
approach to a morphological structure investigation. A biological
tissue is considered as a two – component amorphous-crystal-
line structure-matrix. The amorphous component – fats, lipids,
unstructurized proteins, etc. is polarizationally isotropic. The
crystal component – collagenic proteins, myosin, etc. are spa-
tially oriented birefringent protein fibril networks.

Findings. On the basis of Mueller-matrix diagnostics of la-
ser anisotropy for birefringent networks of the human biological
tissues interrelationships between the statistical moments of the
1st-4th orders and fractal dimensions, characterizing the coordinate
distributions for the Mueller-matric elements of tissues in a nor-
mal condition and in the region of atresia, as well as in the proxi-
mal and distal segments of the esophagus have been determined.

Conclusion. Laser polarimetric images of the esophageal
walls in health and with atresia have been differentiated. The sta-
tistical moments and fractal dimensions characterize the coordi-
nate distributions of the Mueller-matrix elements. Diagnostically
sensitivity are the Mueller-matrix elements of the 3rd-4th orders.

Originality. Using Mueller-matrix diagnostics, the statisti-
cal and fractal analysis of polarization images, the criteria for the
oesophagus in health and diseate have been established pathologi-
cal in newborns.

Key words: laser polarimetry, oesophagus, newborns.
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