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Ðåçþìå.  Äîñë³äèâøè îñîáëèâîñò³ êðèñòàë³÷íî¿ ïîáóäîâè

ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â ïëîä³â ëþäèíè 5-10 ì³ñÿö³â

âíóòð³øíüîóòðîáíîãî ðîçâèòêó ìåòîäîì ñòîêñ ïîëÿðèìåò-

ðè÷íîãî êàðòîãðàôóâàííÿ íàìè âïåðøå çàïðîïîíîâàíî ìåòîä

ñòîêñ ïîëÿðèìåòðè÷íîãî ñòàòèñòè÷íîãî àíàë³çó ì³êðîñêîï³÷íèõ

çîáðàæåíü ¿õ ã³ñòîëîã³÷íèõ çð³ç³â. Âèâ÷åíî îñíîâí³ âçàºìîçâ'ÿçêè

ì³æ çì³íàìè íàáîðó ñòàòèñòè÷íèõ ìîìåíò³â 1-ãî - 4-ãî ïîðÿäê³â,

ÿê³ õàðàêòåðèçóþòü êîîðäèíàòí³ ðîçïîä³ëè ïàðàìåòðà ñòóïåíÿ

êðèñòàë³çàö³¿ òà îñîáëèâîñòÿìè ÷àñîâî¿ ïðîñòîðîâî¿ ñòðóê-

òóðèçàö³¿ ðå÷îâèíè îêîðóõîâèõ ì'ÿç³â ïëîäà ð³çíîãî ïåð³îäó

ðîçâèòêó - íàéá³ëüø ÷óòëèâèìè âèÿâèâñÿ ñòàòèñòè÷íèé ìîìåíò

1-ãî ïîðÿäêó ç íàñòóïíèì ä³àïàçîíîì çì³íè âëàñíèõ çíà÷åíü

{ΔZ
1
(S
4
)=2,41.

ÑÒÎÊÑ ÏÎËßÐÈÌÅÒÐÈ×ÍÅ
ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÊÐÈÑÒÀË²×ÍÎ¯
ÏÎÁÓÄÎÂÈ ÐÅ×ÎÂÈÍÈ
Ã²ÑÒÎËÎÃ²×ÍÈÕ ÇÐ²Ç²Â ÎÊÎÐÓÕÎÂÈÕ
Ì'ßÇ²Â ÏËÎÄ²Â ËÞÄÈÍÈ

Êëþ÷îâ³ ñëîâà: ïë³ä, îêîðó-

õîâèé ì'ÿç, î÷íà ÿìêà, ñòîêñ

ïîëÿðèìåòð, ïàðàìåòð

êðèñòàë³çàö³¿, âåêòîð Ñòîêñà,

ñòàòèñòè÷íèé ìîìåíò.

Âñòóï

Äîñë³äæåííÿ º ôðàãìåíòîì ïëàíîâî¿ êîìï-
ëåêñíî¿ ì³æêàôåäðàëüíî¿ íàóêîâî-äîñë³äíî¿
ðîáîòè êàôåäð àíàòîì³¿ ëþäèíè ³ìåí³ Ì.Ã.
Òóðêåâè÷à (çàâ. - ïðîô. Á.Ã. Ìàêàð), àíàòîì³¿,
òîïîãðàô³÷íî¿ àíàòîì³¿ òà îïåðàòèâíî¿ õ³ðóðã³¿
(çàâ. - ïðîô. Þ.Ò. Àõòåì³é÷óê) Áóêîâèíñüêîãî
äåðæàâíîãî ìåäè÷íîãî óí³âåðñèòåòó "Çàêîíî-
ì³ðíîñò³ ïåðèíàòàëüíî¿ àíàòîì³¿ òà åìáð³îòî-
ïîãðàô³¿. Âèçíà÷åííÿ ñòàòåâî-â³êîâèõ îñîáëèâîñ-
òåé áóäîâè ³ òîïîãðàôîàíàòîì³÷íèõ âçàºìîâ³ä-
íîøåíü îðãàí³â òà ñòðóêòóð â îíòîãåíåç³ ëþäèíè",
¹ äåðæàâíî¿ ðåºñòðàö³¿ 0110U003078.

Äîñë³äèâøè îñîáëèâîñò³ îð³ºíòàö³éíî¿ ïîáóäî-
âè ã³ñòîëîã³÷íèõ çð³ç³â ïàðàîðá³òàëüíî¿ êë³òêîâèíè
òà îêîðóõîâèõ ì'ÿç³â [3-4] ââàæàºìî çà äîö³ëüíå
ïðîâåñòè âèâ÷åííÿ îñîáëèâîñòåé êðèñòàë³÷íî¿
ïîáóäîâè ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â
ìåòîäîì ñòîêñ ïîëÿðèìåòðè÷íîãî êàðòîãðà-
ôóâàííÿ. Äàíà ðîáîòà º àêòóàëüíîþ â êëþ÷³
âèâ÷åííÿ ïðîáëåìè çíèæåííÿ ïåðèíàòàëüíî¿
çàõâîðþâàíîñò³ òà ñìåðòíîñò³, âðàõîâóþ÷è
íåìîæëèâ³ñòü ¿¿ âèð³øåííÿ áåç ïîãëèáëåíîãî
âèâ÷åííÿ ïåð³îä³â åìáð³îãåíåçó ³ ðàííüîãî ôåòî-
ãåíåçó ç âèêîðèñòàííÿì ñó÷àñíèõ ìåòîä³â äîñë³ä-
æåííÿ, ÿê³ â á³ëüøîñò³ âèçíà÷àþòü ïîäàëüøèé
ðîçâèòîê ïëîäà òà íîâîíàðîäæåíîãî [2]. Âàæëèâî
âñòàíîâèòè ìîðôîëîã³÷í³ îñîáëèâîñò³ ðîçâèòêó ³
ñòàíîâëåííÿ òîïîãðàôîàíàòîì³÷íèõ âçàºìîç-
â'ÿçê³â ñòðóêòóð î÷íîÿìêîâî¿ ä³ëÿíêè â ïðåíà-
òàëüíîìó îíòîãåíåç³ ëþäèíè ÿê ç ìåòîþ âèâ÷åííÿ

ô³ç³îëîã³÷íî¿ íîðìè, òàê ³ äèôåðåíö³éíî¿ ä³àãíîñ-
òèêè ïàòîëîã³÷íèõ ïðîöåñ³â [1].

Ìåòà äîñë³äæåííÿ

Âèâ÷èòè îñîáëèâîñò³ êðèñòàë³÷íî¿ ïîáóäîâè
ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â ó ïëîä³â 5-
10 ì³ñÿö³â âíóòð³øíüîóòðîáíîãî ðîçâèòêó ìåòî-
äîì ñòîêñ ïîëÿðèìåòðè÷íîãî êàðòîãðàôóâàííÿ.

Ìàòåð³àë ³ ìåòîäè

Äëÿ îïèñàííÿ òîïîãðàô³÷íî¿ ñòðóêòóðè êëà-
ñè÷íèõ ì³êðîñêîï³÷íèõ çîáðàæåíü ìè âèêîðèñòàëè
ïîëÿðèçîâàíå ëàçåðíå âèïðîì³íþâàííÿ ç íàñ-
òóïíèì îá÷èñëåííÿì íàáîðó ïàðàìåòð³â ìàòåìà-
òè÷íîãî âåêòîðà Ñòîêñà, ÿêèé íàéá³ëüø ³íôîðìà-
ö³éíî ïîâíî õàðàêòåðèçóº îð³ºíòàö³éíó òà ïîë³ê-
ðèñòàë³÷íó ïîáóäîâó á³îëîã³÷íèõ ïðåïàðàò³â [5-7].
Äëÿ îá'ºêòèâíî¿ õàðàêòåðèñòèêè êîîðäèíàòíèõ
ðîçïîä³ë³â ó ïëîùèí³ á³îëîã³÷íîãî ïðåïàðàòó ïàðà-
ìåòð³â âåêòîðà Ñòîêñà îá÷èñëþâàëèñÿ çà ñòàí-
äàðòíîþ ïðîãðàìîþ MATLAB 6 ñòàòèñòè÷í³
ìîìåíòè 1-ãî - 4-ãî ïîðÿäê³â. Ñåðåä íàáîðó
ïàðàìåòð³â âåêòîðà Ñòîêñà ìè îáðàëè êîîðäè-
íàòíèé ðîçïîä³ë çíà÷åíü ÷åòâåðòîãî ïîðÿäêó â
òî÷êàõ ì³êðîñêîï³÷íîãî çîáðàæåííÿ á³îëîã³÷íîãî
ïðåïàðàòó, ÿêèé íåñå íàéá³ëüø ïîâíó ³íôîðìàö³þ
ïðî ïîë³êðèñòàë³÷íó ïîáóäîâó éîãî ðå÷îâèíè.
Çíà÷åííÿ S

4
=1 â³äïîâ³äàþòü ì³í³ìàëüíîìó ñòó-

ïåíþ êðèñòàë³çàö³¿. Çíà÷åííÿ S
4
=0 â³äïîâ³äàþòü

ìàêñèìàëüíîìó ñòóïåíþ êðèñòàë³çàö³¿. Ó ïîäàëü-
øîìó ïàðàìåòð S

4
 áóäåìî íàçèâàòè "ïàðàìåòðîì
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Êë³í³÷íà òà åêñïåðèìåíòàëüíà ïàòîëîã³ÿ Òîì XI²²,  ¹3 (49), 2014

êðèñòàë³çàö³¿" ìîðôîëîã³÷íî¿ ïîáóäîâè á³îëî-
ã³÷íîãî ïðåïàðàòó. Âèì³ðþâàííÿ êîîðäèíàòíèõ
ðîçïîä³ë³â (äâîâèì³ðí³ ìàñèâè çíà÷åíü ó ïëîùèí³
çðàçê³â) ïàðàìåòð³â âåêòîðà Ñòîêñà âèêîíóâàëîñÿ
ó ðîçòàøóâàíí³ (ðèñ. 1) ñòàíäàðòíîãî ñòîêñ ïîëÿ-
ðèìåòðà [8-11].

ïðîì³íþâàííÿ çðàçê³â 6 ïðîâîäèëîñÿ ïàðà-
ëåëüíèì (∅=2x103μm) ñëàáêî ³íòåíñèâíèìè
(W=5,0 mW) ïó÷êàìè He-Ne (λ

1
=0,6328μm) ³ He-

Cd (λ
2
=0,405μm) ëàçåð³â 1. Ïîëÿðèçàö³éíèé îïðî-

ì³íþâà÷ ñêëàäàâñÿ ç ÷âåðòü õâèëüîâî¿ ïëàñòèíêè

3 òà ïîëÿðèçàòîðà 4. Çîáðàæåííÿ çðàçê³â 6 çà äî-
ïîìîãîþ ïîëÿðèçàö³éíîãî ì³êðîîá'ºêòèâó 7 (Nikon
CFI Achromat P, ôîêóñíà â³äñòàíü - 30 ìì, àïåð-
òóðà - 0.1, çá³ëüøåííÿ - 4x) ïðîåêòóâàëîñÿ ó ïëî-
ùèíó ñâ³òëî÷óòëèâî¿ ïëîùèíêè CCD-êàìåðè 10
(The Imaging Source DMK 41AU02.AS, mono-
chrome 1/2" CCD, Sony ICX205AL (progressive
scan); ðîçä³ëüíà çäàòí³ñòü - m õ n = 1280x960;
ðîçì³ð ñâ³òëî÷óòëèâî¿ ïëîùèíêè - 7600x6200ìêì;
÷óòëèâ³ñòü - 0.05 lx; äèíàì³÷íèé ä³àïàçîí - 8 bit;
SNR - 9 bit, â³äõèëåíí³ ôîòî÷óòëèâî¿ õàðàêòå-

ðèñòèêè â³ä ë³í³éíî¿ íå á³ëüøå 15 %). Ïîëÿðè-
çàö³éíèé àíàë³ç çîáðàæåíü çðàçê³â 6 â³äáóâàâñÿ çà
äîïîìîãîþ ÷âåðòü õâèëüîâî¿ ïëàñòèíêè 8 òà ïî-
ëÿðèçàòîðà 9.

Îá÷èñëåííÿ ïàðàìåòðó êðèñòàë³çàö³¿ S
4
 ó ìå-

æàõ êîæíîãî ï³êñåëÿ öèôðîâî¿ êàìåðè 10 â³äáóâà-
ëîñü çà äîïîìîãîþ ôîðìóëè              .  Òóò    -
³íòåíñèâíîñò³ ïåðåòâîðåíîãî îá'ºêòîì âèïðî-
ì³íþâàííÿ, ùî ïðîéøëî êð³çü ïðàâî ( ) ³ ë³âî (  )
öèðêóëÿðíî ïîëÿðèçîâàíèé ô³ëüòð 8, 9 [5].

ßê îñíîâíèé àíàë³òè÷íèé ³íñòðóìåíò äëÿ îö³-
íþâàííÿ ðîçïîä³ë³â îð³ºíòàö³éíîãî ïàðàìåòðó

S
2
 (m x n)âèêîðèñòîâóâàëèñÿ ñòàòèñòè÷í³ ìî-

ìåíòè ïåðøîãî (Ζ
1
), äðóãîãî (Ζ

2
), òðåòüîãî (Ζ

3
) ³

÷åòâåðòîãî (Ζ
4
) ïîðÿäê³â, ÿê³ îá÷èñëþâàëèñÿ çà

òàêèìè àëãîðèòìàìè [8]

äå N - ê³ëüê³ñòü åëåìåíò³â äèñêðåòèçàö³¿, ùî
âèçíà÷àºòüñÿ ÷èñëîì ï³êñåë³â ñâ³òëî÷óòëèâî¿
ïëîùàäêè CCD-êàìåðè.

Ï³ä ñòàòèñòè÷íèì ìîìåíòîì ïåðøîãî ïîðÿäêó
áóäåìî ðîçóì³òè ñåðåäíº çíà÷åííÿ âèïàäêîâèõ
âåëè÷èí êîîðäèíàòíèõ ðîçïîä³ë³â ïàðàìåòð³â âåê-
òîðà Ñòîêñà.

Ï³ä äèñïåðñ³ºþ (ñòàòèñòè÷íèé ìîìåíò äðóãîãî
ïîðÿäêó) âèïàäêîâî¿ âåëè÷èíè áóäåìî ðîçóì³òè
ì³ðó ðîçêèäó äàíî¿ âèïàäêîâî¿ âåëè÷èíè, òîáòî ¿¿
â³äõèëåííÿ â³ä ìàòåìàòè÷íîãî î÷³êóâàííÿ.

Ðèñ. 2. Äâî- (ôðàãìåíò (1)) òà òðèâèì³ðíèõ

(ôðàãìåíò (2)) ðîçïîä³ë³â ³ ã³ñòîãðàìà (ôðàãìåíò (3))

ðîçïîä³ë³â ïàðàìåòðó êðèñòàë³çàö³¿ S
4 
 ã³ñòîëîã³÷íèõ

çð³ç³â îêîðóõîâîãî ì'ÿçà (5 ì³ñÿö³â). Ïîÿñíåííÿ â

òåêñò³

Ðèñ. 1. Îïòè÷íà ñõåìà ñòîêñ ïîëÿðèìåòðà. Ïîÿñíåííÿ ó òåêñò³

Àñèìåòð³ºþ íàçèâàþòü âåëè÷èíó (ñòàòèñ-
òè÷íèé ìîìåíò òðåòüîãî ïîðÿäêó), ÿêà õàðàê-
òåðèçóº â³äõèëåííÿ â³ä íîðìàëüíîãî ðîçïîä³ëó
âèïàäêîâî¿ âåëè÷èíè

Ï³ä åêñöåñîì (ñòàòèñòè÷íèé ìîìåíò ÷åòâåð-
òîãî ïîðÿäêó) áóäåìî ðîçóì³òè ì³ðó ãîñòðîòè "ï³-
êó" ðîçïîä³ëó âèïàäêîâî¿ âåëè÷èíè.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ

Íà ðèñ.2 - ðèñ.4 ïðèâåäåíî ðåçóëüòàòè äîñ-
ë³äæåíü êîîðäèíàòíèõ äâî- (ôðàãìåíòè (1)) òà
òðèâèì³ðíèõ (ôðàãìåíòè (2)) ðîçïîä³ë³â ³ ã³ñòî-
ãðàì (ôðàãìåíòè (3)) ðîçïîä³ë³â ïàðàìåòðó êðèñ-
òàë³çàö³¿   ïîëÿðèçàö³éíî â³äô³ëüòðîâàíèõ ì³êðîñ-
êîï³÷íèõ çîáðàæåíü ã³ñòîëîã³÷íèõ çð³ç³â îêîðó-
õîâèõ ì'ÿç³â ïëîä³â íà ð³çíèõ åòàïàõ ðîçâèòêó. Ó
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Ðèñ. 3. Äâî- (ôðàãìåíò (1)) òà òðèâèì³ðíèõ

(ôðàãìåíò (2)) ðîçïîä³ë³â ³ ã³ñòîãðàìà (ôðàãìåíò (3))

ðîçïîä³ë³â ïàðàìåòðó êðèñòàë³çàö³¿  S
4 
 ã³ñòîëîã³÷íèõ

çð³ç³â îêîðóõîâèõ ì'ÿç³â (7 ì³ñÿö³â). Ïîÿñíåííÿ â òåêñò³

Ðèñ. 4. Äâî- (ôðàãìåíò (1)) òà òðèâèì³ðíèõ

(ôðàãìåíò (2)) ðîçïîä³ë³â ³ ã³ñòîãðàìà (ôðàãìåíò (3))

ðîçïîä³ë³â ïàðàìåòðó êðèñòàë³çàö³¿  S
4
 ã³ñòîëîã³÷íèõ

çð³ç³â îêîðóõîâîãî ì'ÿçà (9 ì³ñÿö³â). Ïîÿñíåííÿ â

òåêñò³
òàáë. íàâåäåí³ äàí³ ÷àñîâîãî ìîí³òîðèíãó
õðîíîëîã³÷íèõ çàëåæíîñòåé âåëè÷èíè ñòàòèñ-
òè÷íèõ ìîìåíò³â 1-ãî - 4-ãî ïîðÿäê³â, ÿê³ õàðàê-
òåðèçóþòü êîîðäèíàòí³ ðîçïîä³ëè ïàðàìåòðó
êðèñòàë³çàö³¿ S

4
, âèçíà÷åíîãî äëÿ ñåð³¿ ã³ñòî-

ëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â ïëîä³â ð³çíîãî
ïåð³îäó ðîçâèòêó.

Ïîð³âíÿëüíèé àíàë³ç ñòîêñ ïîëÿðèìåòðè÷íîãî
âèì³ðþâàííÿ ïàðàìåòðó S

4
ñåð³¿ ïîëÿðèçàö³éíî â³ä-

ô³ëüòðîâàíèõ ì³êðîñêîï³÷íèõ çîáðàæåíü ã³ñòî-
ëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â (ðèñ. 2 - ðèñ. 4)
âèÿâèâ íàñòóïí³ îñîáëèâîñò³ äèíàì³êè çì³íè ñòó-
ïåíÿ êðèñòàë³çàö³¿ íà ð³çíèõ åòàïàõ ðîçâèòêó
ïëîäà:

- Íà âñ³õ åòàïàõ ðîçâèòêó ïëîäà âèñîê³
çíà÷åííÿ ïàðàìåòðó êðèñòàë³çàö³¿ S

4
, âèçíà÷åíîãî

øëÿõîì ïîëÿðèçàö³éíî¿ ô³ëüòðàö³¿ ì³êðîñêîï³÷íèõ

çîáðàæåíü (ñï³ââ³äíîøåííÿ (1)) ó ìåæàõ ïëîùèíè
ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â (ðèñ. 2 - ðèñ.
4, ôðàãìåíòè (1),(2)). Äàíèé ôàêò âêàçóº íà ìàê-
ñèìàëüíó êðèñòàë³çàö³þ ðå÷îâèíè äàíî¿ á³îëî-
ã³÷íî¿ òêàíèíè. Åêñïåðèìåíòàëüíî öå âèïëèâàº ç
òîãî, ùî íàéá³ëüø ³ìîâ³ðíèìè çíà÷åííÿìè äî
ïåð³îäó ðîçâèòêó 5-6 ì³ñÿö³â º çíà÷åííÿ S

4
=0.2, ÿê³

â³äïîâ³äàþòü çíà÷íîìó ð³âíþ êðèñòàë³çàö³¿.
- Á³ëüø ï³çí³é åòàï (â³ä 8 ì³ñÿö³â äî 10 ì³ñÿö³â)

òðàíñôîðìàö³¿ ô³áðèëÿðíèõ ìåðåæ îêîðóõîâèõ
ì'ÿç³â âèÿâèâ ôîðìóâàííÿ ìàêñèìàëüíîãî ð³âíÿ
êðèñòàë³çàö³¿. Òàêå òâåðäæåííÿ ³ëþñòðóº çðîñ-
òàííÿ âåëè÷èíè ñåðåäíüîãî ñòàòèñòè÷íîãî
ìîìåíòó 1-ãî ïîðÿäêó ðîçïîä³ëó âèïàäêîâèõ
çíà÷åíü ïàðàìåòðó êðèñòàë³çàö³¿ S

4
 =0.15  ³  S

4
 =

0.45 (äèâ. ðèñ. 2 - ðèñ. 4, ôðàãìåíòè (2)). Âèÿâ-

Òàáëèöÿ

Ñòàòèñòè÷í³ Z
i=1;2;3;4

 ïàðàìåòðè, ùî õàðàêòåðèçóþòü êîîðäèíàòí³ ðîçïîä³ëè

ïàðàìåòðà êðèñòàë³çàö³¿ S
4
(m x n)  ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â ïëîä³â ð³çíîãî

ïåð³îäó ðîçâèòêó

Параметри 5 місяців 6 місяців 7 місяців 8 місяців 9 місяців 10 місяців 

1
Z  0,17 0,21 0,28 0,33 0,37 0,41 

2
Z  0,23 0,21 0,19 0,17 0,16 0,14 

3
Z  0,29 0,33 0,39 0,41 0,43 0,49 

4
Z  0,58 0,66 0,73 0,75 0,79 0,83 

 ëåíà òåíäåíö³ÿ ñòàòèñòè÷íî¿ òðàíñôîðìàö³¿ êîîð-
äèíàòíèõ ðîçïîä³ë³â ñòóïåíÿ êðèñòàë³çàö³¿ ï³äò-
âåðäæóº çðîñòàííÿ ïðîñòîðîâîãî âïîðÿäêóâàííÿ
ô³áðèëÿðíèõ ñ³òîê îêîðóõîâèõ ì'ÿç³â.

- Ó ìåæàõ ñòàòèñòè÷íîãî àíàë³çó ïîëÿðè-
çàö³éíî â³äô³ëüòðîâàíèõ ì³êðîñêîï³÷íèõ çîáðà-
æåíü åâîëþö³þ ìîðôîëîã³÷íîãî âïîðÿäêóâàííÿ

ïîáóäîâè ô³áðèëÿðíî¿ ñ³òêè îêîðóõîâèõ ì'ÿç³â
³ëþñòðóþòü ã³ñòîãðàìè ðîçïîä³ë³â âèïàäêîâèõ
çíà÷åíü ïàðàìåòðó êðèñòàë³çàö³¿  S

4
, ÿê³ íàâåäåíî

íà ñåð³¿ ðèñ. 2 - ðèñ. 4, ôðàãìåíòè (3). Ïîð³â-
íÿëüíèé àíàë³ç òàêèõ çàëåæíîñòåé âèÿâèâ òåí-
äåíö³þ çñóâó ëîêàë³çàö³¿ åêñòðåìóì³â ã³ñòîãðàì
N(S

4
)  çðàçê³â ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâîãî

Îðèã³íàëüí³ äîñë³äæåííÿ
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ì'ÿçà â ä³ëÿíêó á³ëüøèõ çíà÷åíü S
4
. Íà ðàíí³õ

åòàïàõ (5-7 ì³ñÿö³â) ãîëîâí³ åêñòðåìóìè ëîêà-
ë³çîâàí³ â ä³ëÿíö³ S

4
 =0.35 ÷ 0.2. Íà ï³çí³õ åòàïàõ

(8-10 ì³ñÿö³â) ðîçâèòêó ïëîäà çñóâàþòüñÿ ó ä³-
ëÿíêó S

4
 =0.35 ÷ 0.45. Äàíèé ôàêò ï³äòâåðäæóº

çíà÷íó êðèñòàë³çàö³þ ðå÷îâèíè îêîðóõîâèõ ì'ÿç³â.
- Ìîí³òîðèíã ÷àñîâî¿ çì³íè ñòàòèñòè÷íèõ ìî-

ìåíò³â 1-ãî - 4-ãî ïîðÿäê³â, ÿê³ õàðàêòåðèçóþòü
ðîçïîä³ëè ñòóïåíÿ êðèñòàë³çàö³¿ ã³ñòîëîã³÷íèõ
çð³ç³â îêîðóõîâèõ ì'ÿç³â âèÿâèâ çðîñòàííÿ âñ³õ
ïàðàìåòð³â - Z

1
↑, Z

2
↑, Z

3
↑, Z

4
↑, ÿê³ õàðàêòå-

ðèçóþòü ñåð³þ ã³ñòîãðàì   - òàáë.
Ïîð³âíÿëüíèé àíàë³ç îäåðæàíèõ äàíèõ ïðî

êîîðäèíàòí³ ðîçïîä³ëè ïàðàìåòðà êðèñòàë³çàö³¿ S
4

ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â ïëîä³â ð³ç-
íîãî ïåð³îäó ðîçâèòêó (äèâ. òàáë.) âèÿâèâ òàê³
ê³ëüê³ñí³ â³äì³ííîñò³ ì³æ çíà÷åííÿìè ñòàòèñ-
òè÷íèõ ìîìåíò³â Z

i
(q)  äëÿ ðîçãëÿíóòîãî ÷àñîâîãî

(5 ì³ñÿö³â - 10 ì³ñÿö³â) ³íòåðâàëó ðîçâèòêó îêî-
ðóõîâèõ ì'ÿç³â ïëîäà.

ßê âèäíî, ñòðóêòóðèçàö³ÿ òà ôîðìóâàííÿ
îð³ºíòàö³éíî¿ óçãîäæåíîñò³ ô³áðèëÿðíî¿ ìåðåæ³
îêîðóõîâèõ ì'ÿç³â âçàºìîïîâ'ÿçàí³ ³ç çðîñòàííÿì
çíà÷åíü âñ³õ ñòàòèñòè÷íèõ ìîìåíò³â 1-ãî - 4-ãî
ïîðÿäê³â, ÿê³ õàðàêòåðèçóþòü êîîðäèíàòí³ ðîç-
ïîä³ëè ïàðàìåòðà êðèñòàë³çàö³¿   äîñë³äæåíèõ ã³ñ-
òîëîã³÷íèõ çð³ç³â.

Íàéá³ëüø ÷óòëèâèìè äî çì³íè ñòóïåíÿ êðèñ-
òàë³çàö³¿ ðå÷îâèíè îêîðóõîâèõ ì'ÿç³â ïëîä³â ð³çíîãî
ïåð³îäó ðîçâèòêó âèÿâèâñÿ ñòàòèñòè÷íèé ìîìåíò
1-ãî ïîðÿäêó, ÿêèé õàðàêòåðèçóº êîîðäèíàòí³ ðîç-
ïîä³ëè ïàðàìåòðà   ïîëÿðèçàö³éíî â³äô³ëüòðîâàíèõ
ì³êðîñêîï³÷íèõ çîáðàæåíü â³äïîâ³äíèõ á³îëîã³÷íèõ
ïðåïàðàò³â î÷íî¿ ÿìêè.

Âèñíîâêè

Âïåðøå çàïðîïîíîâàíî ìåòîä ñòîêñ ïîëÿðè-
ìåòðè÷íîãî ñòàòèñòè÷íîãî àíàë³çó ì³êðîñêî-
ï³÷íèõ çîáðàæåíü ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ
ì'ÿç³â ïëîä³â ð³çíîãî ïåð³îäó ðîçâèòêó òà çàñòî-
ñîâàíî îá'ºêòèâíèé ñòàòèñòè÷íèé àíàë³ç (îá÷èñ-
ëåííÿ ñòàòèñòè÷íèõ ìîìåíò³â 1-ãî - 4-ãî ïîðÿä-
ê³â) êîîðäèíàòíèõ ðîçïîä³ë³â ïàðàìåòð³â âåêòîðà
Ñòîêñà. Âïåðøå çàïðîïîíîâàíî àíàë³òè÷íèé
ïàðàìåòð îö³íþâàííÿ ìîðôîëîã³÷íî¿ ïîáóäîâè
íàáîðó á³îëîã³÷íèõ ïðåïàðàò³â î÷íî¿ ÿìêè ïëîä³â
ð³çíîãî ïåð³îäó ðîçâèòêó - ïàðàìåòð ñòóïåíÿ
êðèñòàë³çàö³¿. Åêñïåðèìåíòàëüíî äîñë³äæåíî
êîîðäèíàòí³ ðîçïîä³ëè ïàðàìåòðà ñòóïåíÿ
êðèñòàë³çàö³¿ ã³ñòîëîã³÷íèõ çð³ç³â îêîðóõîâèõ ì'ÿç³â

ïëîä³â ð³çíîãî ïåð³îäó ðîçâèòêó. Âèÿâëåíî îñíîâí³
âçàºìîçâ'ÿçêè ì³æ çì³íàìè íàáîðó ñòàòèñòè÷íèõ
ìîìåíò³â 1-ãî - 4-ãî ïîðÿäê³â, ÿê³ õàðàêòåðèçóþòü
êîîðäèíàòí³ ðîçïîä³ëè ïàðàìåòðà ñòóïåíÿ êðèñòà-
ë³çàö³¿ òà îñîáëèâîñòÿìè ÷àñîâî¿ ïðîñòîðîâî¿
ñòðóêòóðèçàö³¿ ðå÷îâèíè îêîðóõîâèõ ì'ÿç³â ïëîä³â
ð³çíîãî ïåð³îäó ðîçâèòêó - íàéá³ëüø ÷óòëèâèìè
âèÿâèâñÿ ñòàòèñòè÷íèé ìîìåíò 1-ãî ïîðÿäêó ç
íàñòóïíèì ä³àïàçîíîì çì³íè âëàñíèõ çíà÷åíü
{ΔZ

1
(S

4
)=2.41.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü

Ââàæàºìî çà äîö³ëüíå äîñë³äèòè ã³ñòîëîã³÷í³
çð³çè çîðîâîãî íåðâà ïëîä³â 5-10 ì³ñÿö³â âíóòð³ø-
íüîóòðîáíîãî ðîçâèòêó äëÿ âñòàíîâëåííÿ ¿õ îð³ºí-
òàö³éíî¿  òà êðèñòàë³÷íî¿ ïîáóäîâè.

Ë³òåðàòóðà. 1. Îë³éíèê ².Þ. Îá´ðóíòóâàííÿ ëàçåðíîãî
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Ðåçþìå. Èññëåäîâàâ îñîáåííîñòè îðèåíòàöèîííîãî
ñòðîåíèÿ ãèñòîëîãè÷åñêèõ ñðåçîâ ãëàçîäâèãàòåëüíûõ ìûøö
ïëîäîâ ÷åëîâåêà 5-10 ìåñÿöåâ âíóòðèóòðîáíîãî ðàçâèòèÿ
ìåòîäîì ñòîêñ ïîëÿðèìåòðè÷åñêîãî êàðòîãðàôèðîâàíèÿ
íàìè âïåðâûå ïðåäëîæåí ìåòîä ñòîêñ-ïîëÿðèìåòðè÷åñêîãî
ñòàòèñòè÷åñêîãî àíàëèçà ìèêðîñêîïè÷åñêèõ èçîáðàæåíèé èõ
ãèñòîëîãè÷åñêèõ ñðåçîâ. Èçó÷åíû îñíîâíûå âçàèìîñâÿçè
ìåæäó èçìåíåíèÿìè íàáîðà ñòàòèñòè÷åñêèõ ìîìåíòîâ 1-ãî - 4-
ãî ïîðÿäêîâ, êîòîðûå õàðàêòåðèçèðóþò êîîðäèíàòíûå
ðàñïðåäåëåíèÿ ïàðàìåòðà ñòåïåíè êðèñòàëëèçàöèè è îñî-
áåííîñòåé âðåìåííîé ïðîñòðàíñòâåííîé ñòðóêòóðèçàöèè
âåùåñòâà ãëàçîäâèãàòåëüíûõ ìûøö ïëîäîâ ðàçíûõ ïåðèîäîâ
ðàçâèòèÿ - íàèáîëåå ÷óâñòâèòåëüíûì îêàçàëñÿ ñòàòèñòè-
÷åñêèé ìîìåíò 1-ãî ïîðÿäêà ñî ñëåäóþùèì äèàïàçîíîì
èçìåíåíèÿ ñîáñòâåííûõ çíà÷åíèé  {ΔZ

1
(S
4
)=2.41.

Êëþ÷åâûå ñëîâà: ïëîä, ãëàçîäâèãàòåëüíàÿ ìûøöà,
ãëàçíàÿ ÿìêà, ñòîêñ ïîëÿðèìåòð, ïàðàìåòð êðèñòàëëèçàöèè,
âåêòîð Ñòîêñà, ñòàòèñòè÷åñêèé ìîìåíò.

STOKES POLARIMETRIC MAPPING OF THE
CRYSTAL STRUCTURE OF THE SUBSTANCE IN THE

HISTOLOGICAL SECTIONS OF OCULOMOTOR
MUSCLES OF THE HUMAN FETUSES

O.V. Sobko, I.Y. Oliinyk, 1O.G. Ushenko

Abstract. Objective. It is impossible to solve the
problem of perinatal morbidity and mortality without
advanced study of embryogenesis and early feto-
genesis periods. Having examined the features of
orientation structure of paraorbital tissue of his-
tological sections [3, 4], we consider it expediet to
study the features of crystal structure of histological
sections in the oculomotor muscles of 5-10 months
old human fetuses at their Stokes polarimetric map-
ping.

Material and methods of research. To
describe the topographic structure of classical
microscopic images of oculomotor muscles sections
in 5-10 months old fetuses, we used polarized laser
radiation with the following calculation of
mathematical Stokes vector parameters, which
characterize position finding and polycrystalline
structure of biologicals in the most informative and
complete way. Whithin the stokes vector parameters
we have chosen the coordinate distribution of values
S
4
 (of the 4th order), in the dots of microscopic image

of biological preparation, which bears the most
complete information about polycrystalline structure
of its substrance. The values S

4
=+1 correspond to

the minimum crystallization degree. The values S
4
=0

correspond to the maximum crystallization degree.
We measured coordinate distributions (two-
dimensional file masses of values in the samples
plane) of Stokes vector parameters in the location of
a standard Stokes polarimeter.

Results. The comparative analysis of the findings
concerning to coordinate distribution of crystallization
parameter  S

4
 of the substance in histological sections

of the fetal oculomotor muscles at different stages of
growth detected the following quantitative diffe-

rences between the values of statistical moments
Z
i
(q)  for the time (5-10 months) period of the fetal

oculomotor muscles growth:

 As it as seen, the structurization and formation of
the position finding coordination of oculomotor
muscles tissue fibrillar net and are interrelated with
an increase of values of all statistical moments of the
1st - 4th orders, which characterize the coordinate
distributions of the crystallization S

4
 parameter of the

histological sections under study.
The statistical moment of the first order, which

characterizes the coordinate distributions of S
4
 para-

meter of the filtered microscopic images of the cor-
responding biologicals of the eye pit by means of
polarization proved to be the most sensitive to the
change of the crystallization degree in the substance
of the fetal oculomotor muscles at different stages of
growth.

Conclusions. We were the first to suggest the
method of Stokes polarimetric statistical analysis of
histological sections of microscopic images of eye pit
oculomotor muscles in the fetuses at different stages
of their growth and to use objectively statistical
analysis (calculation of the 1st - 4th orders statistical
moments) of coordinate distributions of the Stokes
vector parameters. For the first time analytical
parameter for evaluation of the morphological
structure of biologicals in the fetal eye pit at different
stages of growth - the parameter of crystallization
degree. Was suggested we have explored by means
of an experiment the parameter coordinate dist-
ributions of crystallization degree in the fetal oculo-
motor muscles histological sections at different stages
of growth. We have revealed the main interrelations
between the changes in statistical moments of the 1st

- 4th orders, characterizing coordinate distributions of
the crystallization degree parameter, and the features
ofhoer's spatial structure of the tissue substance in
the fetal oculomotor muscles at different periods of
the development - the statistical moments of the 1st
order, with the consequent range of values change
{ΔZ1(S4)=2,41 proved to be the most sensitive.

Key words: fetus, oculomotor muscle, eye pit,
Stokes polarimeter, crystallization parameter, Stokes
vector, statistical moment.

Bukovinian State Medical University (Chernivtsi)

1Yu. Fedkovych National University (Chernivtsi)

Clin. and experim. pathol.- 2014.- Vol.13, ¹3 (49).-P.171-175.

Íàä³éøëà äî ðåäàêö³¿ 01.08.2014

Ðåöåíçåíò – ïðîô. Â.Ò. Áà÷èíñüêèé

 © Î.Â. Ñîáêî, ².Þ. Îë³éíèê, Î.Ã. Óøåíêî 2014

Îðèã³íàëüí³ äîñë³äæåííÿ



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset -5.24, 836.33 Width 9.60 Height 7.42 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         274
         AllDoc
         559
              

       CurrentAVDoc
          

     -5.2364 836.3273 9.6 7.4182 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1c
     Quite Imposing Plus 2
     1
      

        
     3
     263
     262
     263
      

   1
  

 HistoryList_V1
 qi2base





