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Â ïîñëåäíèå äåñÿòèëåòèÿ â íåéðîõèðóð-
ãèè ñòàëè àêòóàëüíûìè ñòåðåîòàêñè÷åñêèå
îïåðàöèè íà ãëóáîêèõ ñòðóêòóðàõ ìîçæå÷êà
[1–5]. Íàðÿäó ñ ðàçâèòèåì òåõíèêè ïðîâåäåíèÿ
ñòåðåîòàêñè÷åñêèõ îïåðàöèé, ïðîäîëæàåòñÿ
èíòåíñèâíîå èçó÷åíèå òîïîãðàôî-àíàòîìè-
÷åñêèõ âçàèìîîòíîøåíèé ïîäêîðêîâûõ ÿäåð
ìîçæå÷êà [6, 7], ÿâëÿþùèõñÿ îáúåêòîì ñòåðåî-
òàêñè÷åñêèõ âîçäåéñòâèé [8–11]. Ðàçðàáàòû-
âàþòñÿ ìåòîäû âèçóàëèçàöèè ãëóáîêèõ ñòðóê-
òóð ìîçæå÷êà, ñïîñîáñòâóþùèå âûÿâëåíèþ
âîçìîæíûõ ïàòîëîãè÷åñêèõ ïðîöåññîâ [12–14].

Ìàòåðèàë è ìåòîäû. Èññëåäîâàíèå ïðî-
âåäåíî íà 160 ïðåïàðàòàõ ìîçæå÷êà ëþäåé,
óìåðøèõ â âîçðàñòå îò 20 äî 99 ëåò âñëåäñòâèå
çàáîëåâàíèé, íå ñâÿçàííûõ ñ ïîðàæåíèåì
ñîñóäèñòîé è öåíòðàëüíîé íåðâíîé ñèñòåì, ñ
ïîìîùüþ ïðîãðàììíîãî îáåñïå÷åíèÿ Borland
Delphi v.7.0 ñ èñïîëüçîâàíèåì API OpenGL è
ìåòîäà ñòàòèñòè÷åñêîãî àíàëèçà.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Äëÿ ïëà-
íèðîâàíèÿ ñòåðåîòàêñè÷åñêèõ îïåðàöèé íà
ÿäðàõ ìîçæå÷êà íåîáõîäèìî íåïîñðåäñòâåí-
íîå îòîáðàæåíèå îáúåìíûõ äàííûõ ýòèõ ÿäåð
íà îñíîâå âîêñåëüíîé ìîäåëè, ïîçâîëÿþùåé
ñ âûñîêîé òî÷íîñòüþ âèçóàëèçèðîâàòü èõ è
âíóòðåííèå ñòðóêòóðû ìîçæå÷êà. Êðîìå òîãî,
íåîáõîäèìî èñïîëüçîâàíèå ìåòîäîâ ñåãìåí-
òàöèè äëÿ ïðåîáðàçîâàíèÿ ïðîñòîé ïîëóòî-
íîâîé âîêñåëüíîé ìîäåëè â îáîáùåííóþ âîê-
ñåëüíóþ ìîäåëü, ñîäåðæàùóþ èíôîðìàöèþ

î ïðèíàäëåæíîñòè ýëåìåíòîâ îáúåìà êîíê-
ðåòíîé ñòðóêòóðå ìîçæå÷êà è åãî ÿäåð.

Ïðåäâàðèòåëüíûì ýòàïîì âèçóàëèçàöèè
âîêñåëüíîé ìîäåëè ÿâëÿþòñÿ ïðåîáðàçîâàíèÿ
ñèñòåì êîîðäèíàò, âêëþ÷àþùèå ïðåäñòàâëå-
íèå ìîäåëè â ëîêàëüíûõ âíóòðèìîçãîâûõ
êîîðäèíàòàõ, îòîáðàæåíèå ìîäåëè â ñèñòåìå
êîîðäèíàò îïåðàöèîííîãî ïîëÿ è ïðîåöè-
ðîâàíèå â ñèñòåìó êîîðäèíàò ýêðàíà (îáëàñòè
âûâîäà), ðèñ. 1.

Âèçóàëèçàöèÿ âîêñåëüíîé ìîäåëè îñó-
ùåñòâëÿåòñÿ c ïîìîùüþ ìàòðè÷íûõ ïðå-
îáðàçîâàíèé â îäíîðîäíûõ êîîðäèíàòàõ. Ïî
ðåçóëüòàòàì ðàáîòû íà ÿçûêå ïðîãðàììèðî-
âàíèÿ ðàçðàáîòàíî ïðîãðàììíîå îáåñïå÷åíèå,
ïîçâîëÿþùåå îñóùåñòâëÿòü âèçóàëèçàöèþ
âîêñåëüíîé ìîäåëè.

Äëÿ âèçóàëèçàöèè èññëåäóåìûõ îáúåê-
òîâ è ïðîâåäåíèÿ ïîñëåäóþùåãî ýòàïà àâòîìà-
òèçèðîâàííîé ñòàòèñòè÷åñêîé îáðàáîòêè èçî-
áðàæåíèÿ ñåðèéíûõ ñðåçîâ ìîçæå÷êà (ñ øà-
ãîì 1,0 ìì), âûïîëíåííûõ è îêðàøåííûõ
ñîãëàñíî [3], îöèôðîâûâàëèñü (ïåðåâîäèëèñü
â öèôðîâóþ ôîðìó) ñ ïîìîùüþ îïòè÷åñêîãî
ñêàíèðîâàíèÿ ñ ðàçðåøàþùåé ñïîñîáíîñòüþ
600 dpi è ñîõðàíÿëèñü â ðàñòðîâîì ôîðìàòå
BMP (bitmap). Ñåãìåíòàöèÿ èçîáðàæåíèé äëÿ
îïðåäåëåíèÿ ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê
èññëåäóåìûõ îáðàçîâàíèé ïðîâîäèëàñü â ïî-
ëóàâòîìàòè÷åñêîì ðåæèìå ñ ïîìîùüþ ïðåä-
âàðèòåëüíîé âûñîêî÷àñòîòíîé ôèëüòðàöèè
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äëÿ îáîñòðåíèÿ êîíòóðîâ è ïðèìåíåíèÿ ôèëü-
òðà, àíàëîãè÷íîãî îïåðàöèè Trace Contour
ïðîãðàììû Adobe Photoshop ñ ïîñëåäóþùåé
êîððåêöèåé ïîëó÷åííûõ ðåçóëüòàòîâ. Çàòåì
îñóùåñòâëÿëàñü ðàçìåòêà ñèñòåìû ñòåðåî-
òàêñè÷åñêèõ êîîðäèíàò [9, 15–17].

Äëÿ âîññîçäàíèÿ ãåîìåòðè÷åñêèõ ôîðì
èññëåäóåìûõ îáúåêòîâ ðàñòðîâûå êîíòóðíûå
èçîáðàæåíèÿ ñå÷åíèé èññëåäóåìûõ ñòðóêòóð
îáðàáàòûâàëèñü ìåòîäîì ëîôòèíãà ñå÷åíèé
âäîëü çàäàííîé òðàåêòîðèè (ðèñ. 2), ÷òî ïîç-
âîëèëî ñîçäàòü îáúåìíûå ðåêîíñòðóêöèè èñ-
ñëåäóåìûõ îáðàçîâàíèé [18–20].

Ïî ðåçóëüòàòàì ðàáîòû ðàçðàáîòàíî ïðî-
ãðàììíîå îáåñïå÷åíèå, ïîçâîëÿþùåå îñó-
ùåñòâëÿòü ìíîãîðàêóðñíóþ âèçóàëèçàöèþ
âîêñåëüíîé ìîäåëè. Äàííûé ïðîãðàììíûé
ïðîäóêò ñîñòîèò èç ÷åòûðåõ ìîäóëåé:

• ìîäóëü äâóõìåðíîé îáðàáîòêè, ïîçâî-
ëÿþùèé ïðîâîäèòü ñòàíäàðòíûå ïðîöåäóðû
êîððåêöèè è ôèëüòðàöèè èçîáðàæåíèé òîìî-
ãðàôè÷åñêèõ ñðåçîâ;

• ìîäóëü ïîñòðîåíèÿ îáúåìíîé ìîäåëè, â
êîòîðîì ïðîèñõîäèò âèçóàëèçàöèÿ èññëå-
äóåìîãî îáúåêòà íà îñíîâå ïîëóòîíîâîé âîê-
ñåëüíîé (îò Volume pixel – ýëåìåíò îáúåìà)
ìîäåëè, ïðåäñòàâëÿþùåé ñîáîé ñòðóêòóðó,
êàæäûé ýëåìåíò (âîêñåëü) êîòîðîé õàðàê-
òåðèçóåòñÿ êîîðäèíàòàìè è èíòåíñèâíîñòüþ
â øêàëå ñåðûõ òîíîâ;

• ìîäóëü âûïîëíåíèÿ ãåîìåòðè÷åñêèõ ïðå-
îáðàçîâàíèé (ïåðåíîñ, ìàñøòàáèðîâàíèå,
âðàùåíèå) íàä 3-ìåðíûìè îáúåêòàìè;

• ìîäóëü èíòåðàêòèâíîé îáðàáîòêè è ñî-
çäàíèÿ îáîáùåííîé âîêñåëüíîé ìîäåëè,
â êîòîðîì âûïîëíÿþòñÿ ñåãìåíòàöèÿ îáúåì-

Ðèñ. 1. Èëëþñòðàöèÿ ðàáî÷åãî îêíà ïðîãðàììû äëÿ ìíîãîðàêóðñíîé âèçóàëèçàöèè âîêñåëüíîé
ìîäåëè ìîçæå÷êà

Ðèñ. 2. Èëëþñòðàöèÿ ëîôòèíãà ñåðèéíûõ àíàòîìè÷åñêèõ ñðåçîâ ìîçæå÷êà
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íîé ìîäåëè è ðåíäåðèíã îòîáðàæàåìûõ
ñòðóêòóð.

Ïðîãðàììà îáëàäàåò ëåãêî îñâàèâàåìûì
äîñòóïíûì èíòåðôåéñîì è ïðîñòà â èñïîëü-
çîâàíèè.

Äëÿ âûïîëíåíèÿ ñòàíäàðòíûõ ïðîöåäóð
3-ìåðíîé âèçóàëèçàöèè ïðèìåíÿåòñÿ
ïðèêëàäíîé ïðîãðàììíûé èíòåðôåéñ API
OpenGL, ïðåäñòàâëÿþùèé ñîáîé íàáîð áè-
áëèîòå÷íûõ ôóíêöèé äëÿ âûïîëíåíèÿ ãðà-
ôè÷åñêîãî âûâîäà. Â ðåçóëüòàòå èç ðàçðà-
áîòàííîé ïðîãðàììû âûçûâàþòñÿ ôóíêöèè
ãðàôè÷åñêîé áèáëèîòåêè Open GL, êîòîðûå
óïðàâëÿþò âûâîäîì äàííûõ â áóôåð êàä-
ðà, à çàòåì íà óñòðîéñòâî ãðàôè÷åñêîãî âû-
âîäà.

Ïðîãðàììíûé èíòåðôåéñ Open GL ïðåä-
íàçíà÷åí äëÿ âûïîëíåíèÿ ñëåäóþùèõ áàçî-
âûõ ôóíêöèé:

• îïèñàíèÿ ïðèìèòèâîâ (òî÷êè, îòðåçêè
ïðÿìûõ, ìíîãîóãîëüíèêè, ó÷àñòêè êðèâûõ
ëèíèé è êðèâîëèíåéíûõ ïîâåðõíîñòåé);

• çàäàíèÿ àòðèáóòîâ (öâåò, ìåòîä çàêðàñêè,
ñòåïåíü ïðîçðà÷íîñòè);

• ìàíèïóëèðîâàíèÿ âèäàìè (ðåæèìû ïðî-
åêòèðîâàíèÿ, îòñå÷åíèå, óäàëåíèå ñêðûòûõ
ïîâåðõíîñòåé);

• ãåîìåòðè÷åñêèõ ïðåîáðàçîâàíèé (ïå-
ðåíîñ, ñäâèã, ìàñøòàáèðîâàíèå, ïîâîðîò);

• ââîäà ãðàôè÷åñêîé èíôîðìàöèè (âçàèìî-
äåéñòâèå ñ ìàíèïóëÿòîðàìè, äèãèòàéçåðàìè,
ïëàíøåòàìè è ò. ï.);

• óïðàâëÿþùèõ (ìåõàíèçìû âçàèìîäåé-
ñòâèÿ ñ îïåðàöèîííîé ñèñòåìîé).

Òàêèì îáðàçîì, ðàçðàáîòàíî ïðîãðàììíîå
îáåñïå÷åíèå, ïîçâîëÿþùåå îñóùåñòâëÿòü ìíî-
ãîðàêóðñíóþ âèçóàëèçàöèþ âîêñåëüíîé ìîäåëè.

Äàííûé ïðîãðàììíûé ïðîäóêò ñîñòîèò èç
÷åòûðåõ ìîäóëåé è ïðåäíàçíà÷åí äëÿ âûïîë-
íåíèÿ ñëåäóþùèõ ôóíêöèé: îïèñàíèÿ ïðèìè-
òèâîâ, çàäàíèÿ àòðèáóòîâ, ìàíèïóëèðîâàíèÿ
âèäàìè, ãåîìåòðè÷åñêèõ ïðåîáðàçîâàíèé, ââî-
äà ãðàôè÷åñêîé èíôîðìàöèè è äëÿ óïðàâëÿ-
þùèõ ôóíêöèé.
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Ä.Ì. Øèÿí
ÁÀÃÀÒÎÐÀÊÓÐÑÍÀ Â²ÇÓÀË²ÇÀÖ²ß ÂÎÊÑÅËÜÍÎ¯ ÌÎÄÅË² ÌÎÇÎ×ÊÀ ÒÀ ÉÎÃÎ ßÄÅÐ

Çà ðåçóëüòàòàìè äîñë³äæåííÿ, ïðîâåäåíîãî íà 160 ïðåïàðàòàõ ìîçî÷êà ëþäåé ó â³ö³ â³ä 20
äî 99 ðîê³â, ðîçðîáëåíî ïðîãðàìíå çàáåçïå÷åííÿ, ùî äîçâîëÿº çä³éñíþâàòè áàãàòîðàêóðñíó
â³çóàë³çàö³þ âîêñåëüíî¿ ìîäåë³. Äàíèé ïðîãðàìíèé ïðîäóêò ñêëàäàºòüñÿ ç ÷îòèðüîõ ìîäóë³â ³
ïðèçíà÷åíèé äëÿ îïèñó ïðèì³òèâ³â, çàâäàííÿ àòðèáóò³â, ìàí³ïóëþâàííÿ âèäàìè, ãåîìåòðè÷íèõ
ïåðåòâîðåíü, ââåäåííÿ ãðàô³÷íî¿ ³íôîðìàö³¿, êåðóþ÷èõ ôóíêö³é. Ïðîãðàìà ìàº ïðîñòèé ó âè-
êîðèñòàíí³ òà äîñòóïíèé ³íòåðôåéñ.

Êëþ÷îâ³ ñëîâà: òîìîãðàô, âîêñåëüíà ìîäåëü, ñòåðåîòàêñèñ, ÿäðà ìîçî÷êà, ìîçî÷îê.

D.N. Shiyan
MULTI-ANGLE VISUALIZATION OF THE VOXEL MODEL OF CEREBELLUM AND ITS NUCLEI

The study was performed on 160 specimens of the cerebellum of people aged from 20 to 99 years. As
a result of the study the software allowing carrying out multi-angle visualization of the voxel model was
developed. This software product consists of 4 modules: primitive function description, attributes tasks,
functions of manipulating views, geometric transformations, introduction graphic information, control
functions. The program has an accessible and easy to use interface.

Key words: MRI, voxel model, stereotaxis, nucleus of cerebellum, cerebellum.
Ïîñòóïèëà 15.02.16
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