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Ââåäåíèå. Ïðè âûïîëíåíèè îïåðàòèâíûõ âìåøàòåëüñòâ íà êîñûõ ìûøöàõ 
ïðèõîäèòñÿ ìàíèïóëèðîâàòü â çîíå çàäíåãî ïîëþñà ãëàçíîãî ÿáëîêà, ÷òî 
ñîçäà¸ò ðÿä íåóäîáñòâ è óãðîæàåò îñëîæíåíèÿìè. Âàæíî ìèíèìèçèðî-
âàòü îáú¸ì èíñòðóìåíòàëüíûõ ìàíèïóëÿöèé â ýòîé çîíå. 
Öåëü. Ïðè âûïîëíåíèè îïåðàöèé íà êîñûõ ìûøöàõ ñ ðàçäåëüíîé ðåãóëÿöèåé 
ôóíêöèé ðåöåññèÿìè íèæíåé êîñîé ìûøöû èñïîëüçîâàòü íåïðÿìîå èçìåðå-
íèå äîçèðîâàíèÿ îïåðàöèé íà êîñûõ ìûøöàõ ïóò¸ì ïðèìåíåíèÿ êîìïüþòåð-
íîé ïðîãðàììû äëÿ ðàñ÷¸òà êîîðäèíàò îáúåêòîâ íà ïîâåðõíîñòè ìîäåëè 
ãëàçíîãî ÿáëîêà. 
Ìàòåðèàë è ìåòîäû. Ïðîâîäèëîñü îïðåäåëåíèå íà ïîâåðõíîñòè ìîäåëè 
ãëàçíîãî ÿáëîêà òî÷êè, êóäà ïëàíèðîâàëîñü ôèêñèðîâàòü êîñóþ ìûøöó, 
ëîêàëèçàöèè ýòîé òî÷êè îòíîñèòåëüíî äâóõ ëåãêî äîñòóïíûõ îðèåíòèðîâ. 
Òàêèìè îðèåíòèðàìè ñëóæèëè ìåñòà ïðèêðåïëåíèÿ ïðÿìûõ ìûøö. Íà ãëà-
çó áîëüíîãî òî÷êà íîâîé ôèêñàöèè êîñîé ìûøöû îïðåäåëÿëàñü ñ ïîìîùüþ 
óêàçàííûõ îðèåíòèðîâ. 
Ðåçóëüòàòû. Ñîçäàí áåçîïàñíûé ìåòîä íåïðÿìîãî èçìåðåíèÿ äîçèðîâàíèÿ 
îïåðàöèé íà êîñûõ ìûøöàõ. Ïðåäëîæåííàÿ êîìïüþòåðíàÿ ïðîãðàììà ïî-
çâîëÿåò òî÷íî äîçèðîâàòü îïåðàöèè íà âåðíåé è íèæíåé êîñûõ ìûøöàõ áåç 
ðèñêà îñëîæíåíèé, ñîêðàùàåò âðåìÿ îïåðàöèè è ïðåáûâàíèå ïàöèåíòà ïîä 
íàðêîçîì. 
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of the eyeball model 
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Introduction. In performing surgical interventions on the oblique muscles we have 
to manipulate in the area of the posterior pole of the eyeball causing a number of 
inconveniences and threatening by complications. It is important to minimize the 
scope of instrumental manipulations in this area. 
Purpose. While performing operations on the oblique muscles with different reg-
ulation functions there is used indirect measurement of operation dosage on the 
oblique muscles by using computer programs for calculation of the object coordi-
nates on the on the surface of the eyeball model. 
Material and methods. There was made a determination of the point on the model, 
on which the oblique would be fixed and localization of this point regarding two 
easily approachable orientation points. The sites of attachment of straight muscles 
were such orientation points. These orientation points helped to determine the 
point of new fixation of the oblique muscle on the patient’s eye. 
Results. There was developed a safe method of indirect measurement of operation 
dosage on the oblique muscles. The proposed computer program allows to dose ex-
actly the operations on the inferior and superior oblique muscles without any risks 
of complications, shorten the operation time and anesthesia of the patient. 
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Âñòóï. Ïðè âèêîíàíí³ îïåðàòèâíèõ âòðó÷àíü íà 
êîñèõ ì’ÿçàõ äîâîäèòüñÿ ìàí³ïóëþâàòè â çîí³ çà-
äíüîãî ïîëþñà î÷íîãî ÿáëóêà. Ì³ñöÿ ïðèêð³ïëåííÿ 
êîñèõ ì’ÿç³â äî ñêëåðè äóæå âàð³þþòü â ïëàí³ òî-

ïîãðàô³¿, ôîðìè òà ïðîòÿæíîñò³ çîíè ïðèêð³ïëåí-
íÿ [11, 19]. Îñîáëèâî íåçðó÷íèìè º çàäí³ âàð³àí-
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òè ïðèêð³ïëåííÿ êîñèõ ì’ÿç³â. Ùîá äîáðàòèñÿ äî 
ì³ñöü ïðèêð³ïëåííÿ êîñèõ ì’ÿç³â äî ñêëåðè â òàêèõ 
âèïàäêàõ, äîâîäèòüñÿ ïîïåðåäíüî â³äòèíàòè â³ä 
ì³ñöÿ ïðèêð³ïëåííÿ âåðõí³é ïðÿìèé ì’ÿç (ïðè îïå-
ðàö³¿ íà âåðõíüîìó êîñîìó) àáî çîâí³øí³é ïðÿìèé 
ì’ÿç (ïðè îïåðàö³¿ íà íèæíüîìó êîñîìó). Ó âèïàä-
êàõ, êîëè íà îñòàíí³õ ì’ÿçàõ íå ïëàíóºòüñÿ îêðå-
ìå âòðó÷àííÿ (ðåöåñ³ÿ ÷è ðåçåêö³ÿ) òàêèé ïåðåòèí 
âêðàé íåáàæàíèé, îñê³ëüêè, âðàõîâóþ÷è îïåðàö³þ 
íà êîñîìó ì’ÿçîâ³, ðîáèòü íåìîæëèâèì áåç ðèçèêó 
ñåðéîçíèõ óñêëàäíåíü îïåðàö³þ íà «ïîòð³áíîìó» 
ïðÿìîìó ì’ÿçîâ³ öüîãî æ îêà. Îôòàëüìîõ³ðóðãó 
äîâîäèòüñÿ çìèðèòèñü ³ç ïðîãíîçîâàíîþ çàëèø-
êîâîþ äåâ³àö³ºþ ³ ïåðåíåñòè ïîâíå ¿¿ óñóíåííÿ íà 
íàñòóïíèé åòàï õ³ðóðã³÷íîãî ë³êóâàííÿ. Êð³ì òîãî, 
ôîðñîâàí³ ïîâîðîòè î÷íîãî ÿáëóêà, îñîáëèâî, ñó-
ïåðàääóêö³ÿ ïðè âòðó÷àíí³ íà íèæíüîìó êîñîìó 
ì’ÿçîâ³, çàãðîæóþòü ð³çíèìè óñêëàäíåííÿìè ÷åðåç 
ìîæëèâ³ñòü òðàâìóâàííÿ ñêëåðè, çîðîâîãî íåðâà òà 
ñóäèí, áåç ãàðàíò³¿ âèâåäåííÿ çîíè ïðèêð³ïëåííÿ 
íèæíüîãî êîñîãî â îïåðàö³éíå ïîëå [16, 18]. Óÿâ-
ëåííÿ ïðî òå, ùî ÿâëÿº ñîáîþ îïåðàö³éíå ïîëå ïðè 
ðîáîò³ â çîí³ ïðèêð³ïëåííÿ íèæíüîãî êîñîãî ì’ÿçà, 
äàþòü ìàë. 1–2. 

Ïðè çàäíüîìó âàð³àíò³ ïðèêð³ïëåííÿ êîñèõ 
ì’ÿç³â äî ñêëåðè, ó äåÿêèõ âèïàäêàõ íàâ³òü ï³ñëÿ ïå-
ðåòèíó â³äïîâ³äíèõ ïðÿìèõ ì’ÿç³â, à áåç ïåðåòèíó 
îñòàíí³õ ó á³ëüøîñò³ âèïàäê³â, ÷è íå íàéá³ëüøîþ 
ïðîáëåìîþ º âèì³ðþâàííÿ âåëè÷èíè ìàéáóòíüî¿ ðå-
öåñ³¿ êîñîãî ì’ÿçà. ²ñíóþ÷èé ³íñòðóìåíò (öèðêóëü-
âèì³ðþâà÷) â ñèëó ñâîº¿ ôîðìè, âàæêî ï³ä êîíòð-
îëåì çîðó âñòàíîâèòè â ì³ñö³ ïðèêð³ïëåííÿ êîñîãî 
ì’ÿçà äî ñêëåðè. Áåç êîíòðîëþ çîðó, ïî òàêòèëüíèì 
â³ä÷óòòÿì «íà ³íñòðóìåíò³», öå ïðîñòî íåáåçïå÷íî, 
îñê³ëüêè ëåãêî ìîæíà òðàâìóâàòè ãîñòðèì ê³íöåì 
öèðêóëÿ îòî÷óþ÷³ òêàíèíè. Ñïðîáè âèêîðèñòàòè 
ð³çí³ äóãîïîä³áíî âèãíóò³ âèì³ðþâà÷³ âàæêî íàçâà-
òè âäàëèìè: ¿õ êðèâèçíà ÷àñòî íå â³äïîâ³äàº êðè-
âèçí³ ñêëåðè êîíêðåòíîãî ïàö³ºíòà, à ê³íåöü òåæ 
ìîæå òðàâìóâàòè îòî÷óþ÷³ òêàíèíè. Ìàòåìàòè÷íå 
ìîäåëþâàííÿ, êîìï’þòåðíà òåõí³êà ç â³äïîâ³äíèì 
ïðîãðàìíèì çàáåçïå÷åííÿì âñå øèðøå âèêîðèñòî-
âóºòüñÿ â ìåäèöèí³ â ò. ÷. ³ â ñòðàá³çìîëîã³¿ [5, 6, 12, 
13, 14, 15, 17]. Õ³ðóðã³ÿ êîñîîêîñò³ îäíà ç ìîæëèâèõ 
³ íåäîñòàòíüî îñâîºíèõ ñôåð ¿õ çàñòîñóâàííÿ. 

Ìåòà. Ðîçðîáèòè áåçïå÷íèé ìåòîä íåïðÿìî-
ãî âèì³ðþâàííÿ ì³ñöÿ ô³êñàö³¿ êîñèõ ì’ÿç³â â õîä³ 
õ³ðóðã³÷íîãî âòðó÷àííÿ øëÿõîì âèêîðèñòàííÿ 
êîìï’þòåðíî¿ ïðîãðàìè äëÿ ðîçðàõóíêó êîîðäèíàò 
îá’ºêò³â íà ïîâåðõí³ ìîäåë³ î÷íîãî ÿáëóêà. 

Ìàòåð³àë ³ ìåòîäè 
Íàìè óäîñêîíàëåíî ðÿä îïåðàö³é íà êîñèõ ì’ÿçàõ ç ðîç-

ä³ëüíîþ ðåãóëÿö³ºþ ôóíêö³é. Ñåðåä íèõ âèêîíóâàëèñÿ: ÷àñò-
êîâ³ òåíåêòîì³¿ ç ðåöåñ³ÿìè âåðõíüîãî êîñîãî ì’ÿçà (Ïàòåíò 
Óêðà¿íè 61559À ç ïð³îðèòåòîì â³ä 03.03.2003) [4, 8] òà ÷àñò-
êîâ³ ì³îåêòîì³¿ ç ðåöåñ³ÿìè íèæíüîãî êîñîãî ì’ÿçà (Ïàòåíò 
Óêðà¿íè 25164À ç ïð³îðèòåòîì â³ä 01.08.96) [1, 7]. 

Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü ä³¿ îêîðóõîâèõ ì’ÿç³â 
íà î÷íå ÿáëóêî ëþäèíè, ÿêà äîçâîëÿº âèçíà÷àòè ìîìåíòè 
ñèë, ùî ä³þòü íà ïîâåðõíþ î÷íîãî ÿáëóêà â çîí³ ïðèêð³ïëåí-
íÿ îêîðóõîâèõ ì’ÿç³â [2, 3, 5, 10, 11] ³ ÿêà ðîçðàõîâóþòüñÿ 
çà ôîðìóëàìè: 

         i i i i iMx F y z F z y , 

      i i i i iMy F x z F z x ,  (1) 

         i i i iMz F x y F y x  

äå   ,    ,   i i iMx My Mz  — ìîìåíòè ñèë ä³¿ ì’ÿçó â äàí³é òî÷ö³, 
  , ,i i iF x F y F z  ïðîåêö³¿ âåêòîðó ñèëè, ùî ä³º â i-é òî÷ö³, íà îñ³ 

â³äïîâ³äíî¿ ñèñòåìè êîîðäèíàò, à   ,  ,  i i ix y z  òî÷êè ïðèêð³-
ïëåííÿ ì’ÿçà â ò³é æå ñèñòåì³. 

Âåêòîðè ñèë òÿãè îêîðóõîâèõ ìÿç³â â ïåðâèíí³é ïîçèö³¿ 
ïîãëÿäó âèçíà÷àþòüñÿ ÿê: 

       (( ) ( ) ( ) )i i i i i i i i i i i i i i iF y C B z i A z x C j x B A y k t Ko   (2) 

äå , ,i j k  — áàçèñí³ âåêòîðè, , ,i i ix y z  — êîîðäèíàòè òî÷êè 
ïðèêð³ïëåííÿ ì’ÿçà, , ,i i iA B C  — êîåô³ö³ºíòè, ùî âèçíà÷à-

þòüñÿ êóòîì íàõèëó âåêòîðà äî êîîðäèíàòíèõ ïëîùèí, it  — 

Ìàë. 1. Âèãëÿä îïåðàö³éíîãî ïîëÿ â çîí³ ïðèêð³ïëåííÿ íèæ-
íüîãî êîñîãî ì’ÿçà. 

Ìàë. 2. Ñõåìà îïåðàö³éíîãî ïîëÿ â çîí³ ïðèêð³ïëåííÿ íèæ-
íüîãî êîñîãî ì’ÿçà. Öèôðàìè ïîçíà÷åíî: 1 — íèæí³é êîñèé 
ì’ÿç; 2 — â³äòÿòèé çîâí³øí³é ïðÿìèé ì’ÿç; 3 — ãà÷îê, ùî íà-
òÿãóº íèæí³é êîñèé ì’ÿç; 4 — ãà÷îê óïåðòèé â ì³ñöå ïðèêð³-
ïëåííÿ íèæíüîãî êîñîãî ì’ÿçà. 
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íîðìóþ÷èé ìíîæíèê, ÿêèé ïðèâîäèòü äîâæèíó êîæíîãî 

âåêòîðà äî îäèíèö³, iKo  — ìíîæíèê, ùî äîçâîëÿº ìàí³ïó-
ëþâàòè äîâæèíîþ âåêòîðà. Ïðè ïîâîðîòàõ îêà íîâ³ êîîðäè-
íàòè âåêòîð³â âèçíà÷àþòüñÿ ÿê 

  1
i iF A F ,  (3) 

äå 1A  — ìàòðèöÿ, îáåðíåíà äî ìàòðèö³ ïåðåòâîðåííÿ êî-
îðäèíàò A. 

Ìàòåìàòè÷í³ ðîçðàõóíêè ³ ïîáóäîâà ãðàô³ê³â ïðîâîäèëè-
ñÿ â ïðîãðàì³ Mathcad 2000. 

Ñòâîðåíî êîìï’þòåðíó ïðîãðàìó äëÿ ðîçðàõóíêó êîîð-
äèíàò îá’ºêò³â íà ïîâåðõí³ ìîäåë³ î÷íîãî ÿáëóêà [6, 9]. Ïðî-
ãðàìà äîçâîëÿº: âèçíà÷àòè äåêàðòîâ³ ³ ñôåðè÷í³ êîîðäèíàòè 
äîâ³ëüíî¿ òî÷êè íà ïîâåðõí³ ìîäåë³ î÷íîãî ÿáëóêà; âèçíà÷à-
òè äåêàðòîâ³ êîîðäèíàòè ³ç â³äîìèõ ñôåðè÷íèõ êîîðäèíàò; 
âèçíà÷àòè êóòè ïîâîðîòó íàâêîëî êîæíî¿ ç îñåé òðèâèì³ðíî¿ 
äåêàðòîâî¿ ñèñòåìè êîîðäèíàò, ïðè îáåðòàíí³ îêà, ÿêå çà-
äàºòüñÿ çì³íîþ êîîðäèíàò ïåâíî¿ òî÷êè. Ïðîãðàìà äîçâîëÿº 
âèçíà÷àòè òàêîæ â³äñòàí³ ì³æ äâîìà òî÷êàìè íà ïîâåðõí³ 
î÷íîãî ÿáëóêà ïî õîðä³ ³ ïî äóç³ ó â³äíîñíèõ (â ðàä³óñàõ î÷íî-
ãî ÿáëóêà) ³ â àáñîëþòíèõ (ìì) îäèíèöÿõ [6, 9]. 

Ïðîãðàìà áóëà âèêîðèñòàíà ó 11 ïàö³ºíò³â â³êîì â³ä 3 äî 
16 ðîê³â. Ó 4 ³ç íèõ âèêîíàíî ÷àñòêîâ³ òåíåêòîì³¿ ç ðåöåñ³ÿìè 
âåðõíüîãî êîñîãî ì’ÿçà (5 îïåðàö³é), ó 7 — ÷àñòêîâ³ ì³îåêòî-
ì³¿ ç ðåöåñ³ÿìè íèæíüîãî êîñîãî ì’ÿçà (10 îïåðàö³é). 

Ðåçóëüòàòè 

Ñòâîðåíà íàìè ïðîãðàìà äëÿ ðîçðàõóíêó êîîð-
äèíàò îá’ºêò³â íà ïîâåðõí³ ìîäåë³ î÷íîãî ÿáëóêà [6, 
9] âèêîðèñòàíà äëÿ ³íòðàîïåðàö³éíîãî óòî÷íåííÿ 
çàïëàíîâàíèõ ïåðåì³ùåíü êîñèõ ì’ÿç³â íà ïîâåðõí³ 
î÷íîãî ÿáëóêà ïðè òðóäíîùàõ ïðÿìèõ âèì³ð³â ñòàí-
äàðòíèì öèðêóëåì-âèì³ðþâà÷åì. 

Äëÿ âèð³øåííÿ çàäà÷ ³íòðàîïåðàö³éíîãî íåïðÿ-
ìîãî âèì³ðþâàííÿ ïåðåì³ùåíü òà óòî÷íåííÿ äîçó-
âàííÿ çàïëàíîâàíèõ îïåðàö³é (íàïðèêëàä, ðåöåñ³é) 
êîñèõ ì’ÿç³â ïðîãðàìà ïðàöþº íàñòóïíèì ÷èíîì. 
Ï³ñëÿ çàïóñêó ïðîãðàìè ç’ÿâëÿºòüñÿ ðîáî÷å â³êíî 
ç çîáðàæåííÿì ìîäåë³ î÷íîãî ÿáëóêà ³ç íàíåñåíîþ 
íà éîãî ïîâåðõíþ êîîðäèíàòíîþ ñ³òêîþ ñôåðè÷íî¿ 
ñèñòåìè êîîðäèíàò ç êðîêîì 5° òà îñÿìè òðèâèì³ð-
íî¿ äåêàðòîâî¿ ïðÿìîêóòíî¿ ñèñòåìè êîîðäèíàò. Íà 
ïîâåðõí³ ìîäåë³ çîáðàæåíî òàêîæ îñíîâí³ àíàòî-
ì³÷í³ äåòàë³: çîíè ïðèêð³ïëåííÿ îêîðóõîâèõ ì’ÿç³â 
òà ìåæ³ ðîã³âêè [6, 9]. 

Àëãîðèòì ðîáîòè ïðîãðàìè (äèâ. ìàë. 3). 
Ó â³äïîâ³äíå â³êíî íåîáõ³äíî ââåñòè ðàä³óñ îêà â 

ì³ë³ìåòðàõ (ïîçíà÷åíî öèôðîþ 1 íà ìàë. 3). Íà ìî-
äåë³ î÷íîãî ÿáëóêà âèêîðèñòîâóþòü òî÷êè Ì (÷åð-
âîíèé êîë³ð, ë³âà êëàâ³øà «ìèø³») ³ Ì´ (æîâòèé êî-
ë³ð, ïðàâà êëàâ³øà «ìèø³»). 

Ïðè ðîáîò³ ç íèæí³ì êîñèì ì’ÿçîì òî÷êó Ì 
òðåáà âñòàíîâèòè â çîí³ ïðèêð³ïëåííÿ íèæíüîãî 
êîñîãî ì’ÿçà (ïîçíà÷åíî öèôðîþ 3 íà ìàë. 3). Òî÷-
êó Ì´ íåîáõ³äíî âèâåñòè â ì³ñöå, êóäè ïëàíóºòüñÿ 
ïåðåñàäèòè íèæí³é êîñèé ì’ÿç (ïîçíà÷åíî öèôðîþ 
4 íà ìàë. 3). Ïðè öüîìó â³äñòàíü ïåðåì³ùåííÿ âè-
çíà÷àºòüñÿ ïî õîðä³ ó â³äïîâ³äíîìó â³êí³ (ïîçíà÷åíî 
öèôðîþ 2). 

Êîëè òî÷êà ïåðåñàäêè íèæíüîãî êîñîãî ì’ÿçà 
âèçíà÷åíà íà ìîäåë³, íåîáõ³äíî âèçíà÷èòè ëîêàë³-
çàö³þ ö³º¿ òî÷êè â³äíîñíî ëåãêî äîñòóïíèõ â îïåðà-
ö³éíîìó ïîë³ äâîõ îð³ºíòèð³â (äèâ. ìàë. 4). Òàêèìè 
îð³ºíòèðàìè º íèæí³é êðàé ïðèêð³ïëåííÿ çîâí³ø-
íüîãî ïðÿìîãî ì’ÿçà ³ ëàòåðàëüíèé êðàé íèæíüîãî 
ïðÿìîãî ì’ÿçà. Íà ìîäåë³ òî÷êó Ì òðåáà âñòàíîâèòè 
â çîí³ ïðèêð³ïëåííÿ íèæíüîãî êðàþ çîâí³øíüîãî 
ïðÿìîãî ì’ÿçà (ïîçíà÷åíî öèôðîþ 4 íà ìàë. 4). Ïðè 

Ìàë. 3. Ðîáî÷å â³êíî ïðîãðàìè äëÿ ðîçðàõóíêó êîîðäèíàò 
îá’ºêò³â íà ïîâåðõí³ î÷íîãî ÿáëóêà. Öèôðàìè ïîçíà÷åíî: 
1 — ðàä³óñ î÷íîãî ÿáëóêà â ìì; 2 — â³äñòàíü ïî õîðä³ ì³æ 
òî÷êàìè Ì ³ Ì´; 3 — òî÷êà Ì â çîí³ ïðèêð³ïëåííÿ íèæíüîãî 
êîñîãî ì’ÿçà; 4 — òî÷êà Ì´ â ì³ñö³, êóäè ïëàíóºòüñÿ ïåðå-
ñàäèòè íèæí³é êîñèé ì’ÿç. 

Ìàë. 4. Ðîáî÷å â³êíî ïðîãðàìè äëÿ ðîçðàõóíêó êîîðäèíàò 
îá’ºêò³â íà ïîâåðõí³ î÷íîãî ÿáëóêà. Öèôðàìè ïîçíà÷åíî: 
1 — ðàä³óñ î÷íîãî ÿáëóêà â ìì; 2 — â³äñòàíü ïî õîðä³ ì³æ 
òî÷êàìè Ì ³ Ì´; 3 — òî÷êà Ì´ â ì³ñö³, êóäè ïëàíóºòüñÿ ïåðå-
ñàäèòè íèæí³é êîñèé ì’ÿç; 4 — òî÷êà Ì âñòàíîâëåíà â ì³ñö³ 
ïðèêð³ïëåííÿ íèæíüîãî êðàþ çîâí³øíüîãî ïðÿìîãî ì’ÿçà; 
5 — òî÷êà Ì âñòàíîâëåíà â ì³ñö³ ïðèêð³ïëåííÿ ëàòåðàëüíîãî 
êðàþ íèæíüîãî ïðÿìîãî ì’ÿçà. Âèì³ðþâàííÿ çà äîïîìîãîþ 
òî÷îê Ì ³ Ì´ çä³éñíþþòüñÿ ïîñë³äîâíî ³ íà öüîìó ìàëþíêó 
óìîâíî ñóì³ùåí³. 



Âîïðîñû êëèíè÷åñêîé îôòàëüìîëîãèè

 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 6, 2013 29

öüîìó òî÷êà Ì´ çàëèøàºòüñÿ íà ïîïåðåäíüîìó ì³ñ-
ö³, òîáòî, â ì³ñö³ çàïëàíîâàíî¿ ïåðåñàäêè íèæíüîãî 
êîñîãî ì’ÿçà (ïîçíà÷åíî öèôðîþ 3 íà ìàë. 4). Ïðè 
öüîìó â³äñòàíü ì³æ òî÷êàìè Ì ³ Ì´, ÿêà ÿâëÿº ñî-
áîþ äèñòàíö³þ ïî õîðä³ ì³æ ì³ñöåì çàïëàíîâàíî¿ 
ïåðåñàäêè íèæíüîãî êîñîãî ì’ÿçà ³ ïåðøèì îð³ºí-
òèðîì, âèçíà÷àºòüñÿ ó â³äïîâ³äíîìó â³êí³ (ïîçíà÷å-
íî öèôðîþ 2 íà ìàë. 4). 

Íàñòóïíèì êðîêîì º âèçíà÷åííÿ íà ìîäåë³ â³ä-
ñòàí³ â³ä ì³ñöÿ çàïëàíîâàíî¿ ïåðåñàäêè íèæíüîãî 
êîñîãî ì’ÿçà äî äðóãîãî îð³ºíòèðà, òîáòî, ëàòåðàëü-
íîãî êðàþ íèæíüîãî ïðÿìîãî ì’ÿçà (ïîçíà÷åíî 
öèôðîþ 5 íà ìàë. 4), êóäè ³ âñòàíîâëþºòüñÿ òî÷êà 
Ì. Ïðè öüîìó òî÷êà Ì´ ïðîäîâæóº çàëèøàòèñÿ íà 
ïîïåðåäíüîìó ì³ñö³, òîáòî, â ì³ñö³ çàïëàíîâàíî¿ 
ïåðåñàäêè íèæíüîãî êîñîãî ì’ÿçà (ïîçíà÷åíî öèô-
ðîþ 3 íà ìàë. 4). ²íôîðìàö³ÿ ïðî â³äñòàíü ç÷èòó-
ºòüñÿ ó â³äïîâ³äíîìó â³êí³ (ïîçíà÷åíî öèôðîþ 2 íà 
ìàë. 4). 

Äâà îñòàíí³ âèì³ðþâàííÿ çà äîïîìîãîþ òî÷îê Ì 
³ Ì´ çä³éñíþþòüñÿ ïîñë³äîâíî, ïðîòå, äëÿ åêîíîì³¿ 
ì³ñöÿ òà á³ëüøî¿ íàãëÿäíîñò³, óìîâíî ñóì³ùåí³ íà 
ìàë. 4. 

Âèçíà÷èâøè çà äîïîìîãîþ ìîäåë³ â³äñòàíü ïî 
õîðä³ äî âêàçàíèõ äâîõ îð³ºíòèð³â, ñòàíäàðòíèì 
öèðêóëåì-âèì³ðþâà÷åì â îïåðàö³éíîìó ïîë³ íà ïî-
âåðõí³ îêà ïàö³ºíòà çíàõîäèìî òî÷êó (öå ïåðåòèí 
äâîõ äóã ç öåíòðàìè â òî÷êàõ-îð³ºíòèðàõ, ÿêèìè 
ñëóãóþòü íèæí³é êðàé ïðèêð³ïëåííÿ çîâí³øíüîãî 
ïðÿìîãî ì’ÿçà ³ ëàòåðàëüíèé êðàé íèæíüîãî ïðÿìî-
ãî ì’ÿçà), äî ÿêî¿ áóäå ô³êñîâàíèé ïåðåñàäæóâàíèé 
íèæí³é êîñèé ì’ÿç. 

Ïðè ðîáîò³ ç âåðõí³ì êîñèì ì’ÿçîì òðåáà ä³ÿòè 
àíàëîã³÷íî: òî÷êó Ì òðåáà âñòàíîâèòè â çîí³ ïðè-
êð³ïëåííÿ âåðõíüîãî êîñîãî ì’ÿçà, à òî÷êó Ì´ íåîá-
õ³äíî âèâåñòè â ì³ñöå, êóäè ïëàíóºòüñÿ ïåðåñàäèòè 
ñóõîæèëëÿ âåðõíüîãî êîñîãî ì’ÿçà. Ïîäàëüø³ ä³¿ 
â³äð³çíÿþòüñÿ â³ä âèùåîïèñàíèõ ëèøå òèì, ùî îð³-
ºíòèðàìè ñëóãóþòü ìåä³àëüíèé êðàé ïðèêð³ïëåííÿ 
âåðõíüîãî ïðÿìîãî ì’ÿçà ³ âåðõí³é êðàé ïðèêð³ïëåí-
íÿ âíóòð³øíüîãî ïðÿìîãî ì’ÿçà. Âèçíà÷èâøè çà äî-
ïîìîãîþ ìîäåë³ â³äñòàíü ïî õîðä³ äî öèõ îð³ºíòèð³â 
ñòàíäàðòíèì öèðêóëåì-âèì³ðþâà÷åì, â îïåðàö³é-
íîìó ïîë³ íà ïîâåðõí³ îêà ïàö³ºíòà ëåãêî ìîæíà 
çíàéòè òî÷êó íà ñêëåð³, äî ÿêî¿ áóäå ô³êñîâàíå ïå-
ðåñàäæóâàíå ñóõîæèëëÿ âåðõíüîãî êîñîãî ì’ÿçà. 

Îáãîâîðåííÿ 

Çàòðàòè ÷àñó íà âèêîðèñòàííÿ ïðîãðàìè ï³ä ÷àñ 
îïåðàö³é ñòàíîâèëè 5–7 õâèëèí. Âðàõîâóþ÷è, ùî 
çàòðàòè ÷àñó äëÿ âèâåäåííÿ ì³ñöü ïðèêð³ïëåííÿ êî-

ñèõ ì’ÿç³â â îïåðàö³éíå ïîëå, îñîáëèâî ïðè çàäí³õ 
âàð³àíòàõ ¿õ ïðèêð³ïëåííÿ, í³ÿê íå ìåíø³, à òðàâìà-
òè÷í³ñòü îïåðàö³é ïðè âèêîðèñòàíí³ ïðîãðàìè çíà-
÷íî çìåíøóºòüñÿ — âèãðàø î÷åâèäíèé. Îñîáëèâî 
â³í ñòàº ïîì³òíèì, êîëè çãàäàòè, ùî âèêîðèñòàííÿ 
ïðîãðàìè äîçâîëÿº â³äìîâèòèñü â³ä äîäàòêîâîãî ïå-
ðåòèíó îäíîãî ç ïðÿìèõ ì’ÿç³â, ôàêòè÷íî, äîäàòêî-
âî¿ îïåðàö³¿. 

Ìîæå âèíèêíóòè ïèòàííÿ: ÿê ìîæíà áóòè âïåâ-
íåíèì, ùî òî÷êà ïðèêð³ïëåííÿ êîñîãî ì’ÿçà íà 
ìîäåë³ â³äïîâ³äàº òàê³é ó äàíîãî õâîðîãî? Àäæå çíà-
õîäèìî ìè ¿¿ ³íñòðóìåíòîì, âîíà «òîíå» â îòî÷óþ-
÷èõ òêàíèíàõ, çîðîâèé êîíòðîëü ìàéæå â³äñóòí³é. 
ßê ñâ³ä÷èòü íàø äîñâ³ä, ñòðóêòóðè, ðîçì³ùåí³ íà 
ïîâåðõí³ çàäíüî¿ ï³âêóë³ î÷íîãî ÿáëóêà íà øèðîò³ 
ìåíø³é çà 75°, äîñòóïí³ çîðîâîìó êîíòðîëþ áåç äî-
äàòêîâîãî ïåðåòèíó ïðÿìèõ ì’ÿç³â. Á³ëüø âèñîêî-
øèðîòí³ îá’ºêòè áåç äîäàòêîâîãî ïåðåòèíó ïðÿìèõ 
ì’ÿç³â îãëÿäó íåäîñòóïí³. Â³äîìî, ùî íèæí³é êî-
ñèé ì’ÿç ïðè êðàéíüîìó çàäíüîìó âàð³àíò³ ïðèêð³-
ïëåííÿ íå ìîæå çíàõîäèòèñÿ íà øèðîò³ á³ëüø³é çà 
85° [11]. Òîìó øèðîòó çàäíüîãî êðàþ ïðèêð³ïëåííÿ 
íèæíüîãî êîñîãî (ïðè íåäîñòóïíîñò³ éîãî çîðîâî-
ìó êîíòðîëþ) ìîæíà ââàæàòè ð³âíîþ 80°. Îñê³ëüêè 
ïðè ðàä³óñ³ î÷íîãî ÿáëóêà 12 ìì â³äñòàíü ïî õîðä³ 
ì³æ ïóíêòàìè, ùî çíàõîäÿòüñÿ íà îäíîìó ìåðè-
ä³àíîâ³ ³ ìàþòü ð³çíèöþ ïî øèðîò³ â 5°, ñòàíîâèòü 
áëèçüêî 0,96 ìì, ïîìèëêà íå áóäå ïåðåâèùóâàòè 
1 ìì. Òàêà ïîìèëêà âèÿâëÿºòüñÿ íà ð³âí³ òî÷íîñò³ 
âèì³ðþâàííÿ öèðêóëåì-âèì³ðþâà÷åì. 

Äîäàòêîâîþ ñôåðîþ âèêîðèñòàííÿ çàïðîïîíî-
âàíî¿ íàìè ïðîãðàìè ìîæå áóòè êîíòðîëü ïðÿìèõ 
³íñòðóìåíòàëüíèõ âèì³ðþâàíü. Òàêà íåîáõ³äí³ñòü 
ìîæå âèíèêíóòè ó âèïàäêàõ âåëèêèõ ðåöåñ³é (â ò.÷. 
³ ðåöåñ³é ç åêòîì³ÿìè) êîñèõ ì’ÿç³â, êîëè ï³ñëÿ â³ä-
òèíàííÿ êîñîãî ì’ÿçà, çîíà éîãî ïðèêð³ïëåííÿ «õî-
âàºòüñÿ» â ãëèáèí³ ðàíè. Ïðè öüîìó äóæå çðó÷íî âè-
ÿâëÿºòüñÿ ëîêàë³çóâàòè ì³ñöå íîâîãî ïðèêð³ïëåííÿ 
ì’ÿçà çà äîïîìîãîþ îïèñàíîãî âèùå ñïîñîáó. 

Âèñíîâêè 

1. Ñòâîðåíî áåçïå÷íèé ìåòîä ðîçðàõóíêó íå-
ïðÿìîãî âèì³ðþâàííÿ ïðèêð³ïëåííÿ êîñèõ ì’ÿç³â 
øëÿõîì âèêîðèñòàííÿ êîìï’þòåðíî¿ ïðîãðàìè äëÿ 
ðîçðàõóíêó êîîðäèíàò îá’ºêò³â íà ïîâåðõí³ ìîäåë³ 
î÷íîãî ÿáëóêà. 

2. Çàïðîïîíîâàíà êîìï’þòåðíà ïðîãðàìà äîçâî-
ëÿº òî÷íî ëîêàë³çóâàòè ì³ñöå ïðèêð³ïëåííÿ íèæ-
íüîãî òà âåðõíüîãî êîñèõ ì’ÿç³â áåç ðèçèêó âèíèê-
íåííÿ óñêëàäíåíü òà çíà÷íî ñêîðî÷óº ïåðåáóâàííÿ 
ïàö³ºíòà ï³ä íàðêîçîì. 



Âîïðîñû êëèíè÷åñêîé îôòàëüìîëîãèè

30 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 6, 2013  

Ë³òåðàòóðà 

1. Åì÷åíêî Â. È. ×àñòè÷íàÿ ìèîýêòîìèÿ ñ ðåöåññèåé 
íèæíåé êîñîé ìûøöû / Â. È. Åì÷åíêî // Îôòàëüìîë. 
æóðí. — 2000. — ¹ 4. — Ñ. 49–52. 

2. ªì÷åíêî Â. ². Ïðî ä³þ îêîðóõîâèõ ì’ÿç³â íà î÷íå ÿáëó-
êî ëþäèíè ïðè âèâåäåíí³ îñòàííüîãî ç ïåðâèííî¿ 
ïîçèö³¿ ïîãëÿäó / Â. ². ªì÷åíêî, Í. Ã. Êèðèëàõà // 
Îôòàëüìîë. æóðí. — 2007. — ¹ 5. — Ñ. 47–53. 

3. ªì÷åíêî Â. ². Ïðî ä³þ îêîðóõîâèõ ì’ÿç³â íà ëþäñüêå 
îêî ïðè ïàòîëîã³¿ îêîðóõîâîãî àïàðàòó / Â. ². ªì÷åíêî, 
Í. Ã. Êèðèëàõà // Îôòàëüìîë. æóðí. — 2008. — ¹ 1. — 
Ñ. 19–23. 

4. ªì÷åíêî Â. ². ×àñòêîâà òåíåêòîì³ÿ âåðõíüîãî êîñî-
ãî ì’ÿçà ç ðåöåñ³ºþ / Â. ². ªì÷åíêî // Îôòàëüìîë. 
æóðí. — 2004. — ¹ 6. — Ñ. 62–65. 

5. Êèðèëàõà Í. Ã. Ìàòåìàòè÷íà ìîäåëü ä³¿ îêîðóõîâèõ 
ì’ÿç³â ïðè îáåðòàííÿõ îêà / Í. Ã. Êèðèëàõà // Â³ñíèê 
Çàïîð³çüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó. Ô³çèêî-
ìàòåìàòè÷í³ íàóêè. — 2008. — ¹ 1. — Ñ.83–91. 

6. Êîìï’þòåðíà ïðîãðàìà äëÿ ðîçðàõóíêó êîîðäè-
íàò îá’ºêò³â íà ïîâåðõí³ î÷íîãî ÿáëóêà ëþäèíè / 
Â. ². ªì÷åíêî, Ä. Â. Êóõàðåíêî, Í. Ã. Êèðèëàõà [òà ií.] 
// Îôòàëüìîë. æóðí. — 2008. — ¹ 4. — Ñ. 49–52. 

7. Ïàò. 25164À Óêðà¿íà, ÌÏÊ A 61 F 9/00. Ñïîñ³á îïå-
ðàòèâíîãî ë³êóâàííÿ êîñîîêîñò³ ïî Â. ². ªì÷åíêó 
/ ªì÷åíêî Â. ². (Óêðà¿íà); çàÿâíèê ³ âëàñíèê 
ªì÷åíêî Â. ². — 96083093 ; çàÿâë. 01.08.96 ; îïóáë. 
25.12.98, Áþë. ¹ 6. 

8. Ïàò. 61559A Óêðà¿íà, ÌÏÊ A 61 F 9/007 Ñïîñ³á 
îïåðàòèâíîãî ë³êóâàííÿ êîñîîêîñò³ ïî ªì÷åíêó 
/ ªì÷åíêî Â. ². (Óêðà¿íà); çàÿâíèê ³ âëàñíèê 
ªì÷åíêî Â. ².. — 2003 031872 ; çàÿâë. 03.03.2003 ; 
îïóáë. 17.11.2003, Áþë. ¹ 11. 

9. Ïàò. 37269 UA, ÌÏÊ A 61 B 3/00, G 09 B 23/00. Ñïîñ³á 
ðîçðàõóíêó êîîðäèíàò îá’ºêò³â íà ïîâåðõí³ ìîäåë³ 
î÷íîãî ÿáëóêà / Êóõàðåíêî Äìèòðî Âîëîäèìèðî-
âè÷ (UA), Ìîñüïàí Âëàäèñëàâ Îëåêñàíäðîâè÷ (UA), 
ªì÷åíêî Â³êòîð ²âàíîâè÷ (UA); âëàñíèê Êóõàðåí-

êî Äìèòðî Âîëîäèìèðîâè÷. — u 2008 06807 ; çàÿâë. 
19.05.2008; îïóáë. 25.11.2008, Áþë. ¹ 22. 

10. Ïðî ä³þ îêîðóõîâèõ ì’ÿç³â íà î÷íå ÿáëóêî ëþäèíè â 
ïåðâèíí³é ïîçèö³¿ ïîãëÿäó / Â. ². ªì÷åíêî, Í. Ã. Êè-
ðèëàõà, Â. Î. Ìîñüïàí [òà ií.] // Îôòàëüìîë. æóðí. — 
2007. — ¹ 2. — Ñ. 50–56. 

11. Òîïîãðàô³ÿ ïîâåðõí³ ëþäñüêîãî îêà â ñôåðè÷í³é 
ñèñòåì³ êîîðäèíàò / Â. ². ªì÷åíêî, Â. Î. Ìîñüïàí, 
Ñ. Î. Ëèòîâ÷åíêî [òà ií.] // Îôòàëüìîë. æóðí. — 
2005. — ¹ 5. — Ñ. 75–80. 

12. Buchberger M. Computerunterstützte Diagnose und 
Therapie von Augenmotilitätsstörungen / M. Buchberger 
// Spektrum Augenheilkd. — 2008. — B. 22. — ¹ 4. — 
S. 266–269. 

13. Buchberger M. Ein biomechanisches Modell der Augen-
motilität / M. Buchberger // Spektrum Augenheilkd. — 
2002. — B. 16. — ¹ 4. — S. 176–182. 

14. Buchberger M. An Ophthalmologic Diagnostic Tool us-
ing MR Images for Biomechanically-based Muscle Vol-
ume Deformation / M. Buchberger T. Kaltofen // Proc. 
SPIE — 2003. — V. 5032, — P. 60–71. 

15. Construction and Application of an Object-oriented Com-
puter Model for Simulating Ocular Positioning Defects / 
M. Buchberger, T. Kaltofen, S. Priglinger [et al.] // Spektrum 
Augenheilkd. — 2003. — B. 17. — ¹ 4. — S. 151–157. 

16. Helveston E. M. Atlas of Strabismus Surgery / 
E. M. Helveston ; — St. Louis — Toronto — Princeton : 
The C. V. Mosby Company, 1985. — 395 p. 

17. Koene A. R. Eye Mechanics And Their Implications For 
Eye Movement Control / Koene A. R. — Helmholtz Insti-
tuut, 2002–123 p. 

18. Ocular Perforation and Phthisis Bulbi Secondary to Stra-
bismus Surgery / D. J. Apple, G. R. Jones, J. J. Reidy // 
J. Pediatr. Ophthalmol. Strabismus. — 1985. — V. 22. — 
¹ 5. — Ð. 184–187. 

19. Sachsenweger R. Augenmuskellähmungen / Sachsenwe-
ger R. — Leipzig: VEB Georg Thieme, 1966. — 463 s. 

Ïîñòóïèëà 15.05.2013 

References 

1. Yemchenko VI. Partial myectomy with the recession of the 
inferior oblique muscle. Oftalmol Zh. 2000; 4: 49–52. In 
Ukrainian. 

2. Yemchenko VI, Kirilakha NG. The effects of oculomotor 
muscles on the human eyeball in its derivation of primary 
positions of sight. Oftalmol Zh. 2007; 5: 47–53. In Ukrai-
nian. 

3. Yemchenko VI, Kirilakha NG. The effect of oculomotor 
muscles on the human eyeball in oculomotor apparatus 
pathology. Oftalmol Zh. 2008; 1:19–23. In Ukrainian. 

4. Yemchenko VI. Partial tenectomy of the upper oblique 
muscle with recession. Oftalmol Zh. 2004; 6: 62–5. In 
Ukrainian. 

5. Kirilakha NG. A mathematical model of the oculomotor 
muscles during rotations of the eye. Visnyk Zaporizkogo 
natsionalnogo universitetu. Physics and Mathematics. 
2008; 1: 83–91. In Ukrainian. 

6. Yemchenko VI, Kukharenko DV, Kirilakha NG et al. Soft-
ware to calculate the coordinates of objects on the surface 
of the human eyeball. Oftalmol Zh. 2008; 4: 49–52. In 
Ukrainian. 

7. Yemchenko VI. Pat. 25164À Ukraine, ÌPÊ A 61 F 9/00. 
The method of surgical treatment for strabismus by VI 
Yemchenko (Ukraine); applier and owner Yemchenko 
VI — 96083093; appl. 01.08.96; publ. 25.12.98, Bul. ¹ 6. 

8. Yemchenko VI. Pat. 61559A Ukraine, ÌPÊ A 61 F 9/007 
The method of surgical treatment for strabismus by VI 
Yemchenko (Ukraine); applier and owner Yemchenko 
VI — 2003 031872 ; appl. 03.03.2003; publ. 17.11.2003, 
Bul. ¹ 11. 

9. Kukharenko DV, Mospan VO, Yemchenko VI. Pat. 37269 
UA, ÌPÊ A 61 B 3/00, G 09 B 23/00. Method of calculat-
ing the coordinates of objects on the surface of the eyeball 
model; owner — Kukharenko DV — 2008 06807; appl. 
19.05.2008; publ. 25.11.2008, Bul. ¹ 22. 

10. Yemchenko VI, Kirilakha NG, Mospan VO et al. The effects 
of oculomotor muscles on the human eyeball in its deriva-
tion of primary positions of sight. Oftalmol Zh. 2007; 2: 
50–6. In Ukrainian. 

11. Yemchenko VI, Mospan VO, Litovchenko SO et al. The 
human eye surface topography in spherical coordinates. 
Oftalmol Zh. 2005; 5: 75–80. In Ukrainian. 



Âîïðîñû êëèíè÷åñêîé îôòàëüìîëîãèè

 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 6, 2013 31

12. Buchberger M. Computerunterstützte Diagnose und The-
rapie von Augenmotilitätsstörungen. Spektrum Augen-
heilkd. 2008; 22(4): 266–9. 

13. Buchberger M. Ein biomechanisches Modell der Augen-
motilität. Spektrum Augenheilkd. 2002; 16(4): 176–82. 

14. Buchberger M, Kaltofen T. An Ophthalmologic Diag-
nostic Tool using MR Images for Biomechanically-based 
Muscle Volume Deformation. Proc. SPIE. 2003; 5032: 
60–71. 

15. Buchberger M, Kaltofen T, Priglinger S et al. Construction 
and Application of an Object-oriented Computer Model 

for Simulating Ocular Positioning Defects. Spektrum Au-
genheilkd. 2003: 17(4): 151–7. 

16. Helveston EM. Atlas of Strabismus Surgery. St. Louis — To-
ronto — Princeton: The C. V. Mosby Company; 1985. 395 p. 

17. Koene AR. Eye Mechanics And Their Implications For 
Eye Movement Control. Helmholtz Instituut; 2002. 123 p. 

18. Apple DJ, Jones GR, Reidy JJ. Ocular Perforation and 
Phthisis Bulbi Secondary to Strabismus Surgery. J. Pediatr. 
Ophthalmol. Strabismus. 1985: 22(5): 184–7. 

19. Sachsenweger R. Augenmuskellähmungen. Leipzig: VEB 
Georg Thieme; 1966. 463 p. 

Received 15.05.2013 


