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Âñòóï. Äîñë³äæåííÿ ðåàêö³é ëþäñüêîãî îðãàí³ç-
ìó íà á³ëü º ñêëàäíîþ, ùå íå ïîâí³ñòþ âèð³øåíîþ 
ïðîáëåìîþ. Íà ñüîãîäí³øí³é äåíü, â óìîâàõ êë³í³êè 
ïåðåâàæíî çàñòîñîâóþòü ñóá’ºêòèâí³ ìåòîäè îö³íêè 
áîëþ, ÿê³ çà ñâîºþ ïðèðîäîþ º âåðáàëüíî – çíàêîâè-
ìè: â³çóàëüíî – àíàëîãîâà, â³çóàëüíî-ðàíãîâà, âåð-
áàëüíî – ðàíãîâà øêàëè òà ³íø³ [1]. Îäíàê, ïàö³ºíòè 
ìîæóòü ïî-ð³çíîìó îö³íþâàòè ñâî¿ â³ä÷óòòÿ, ùî âè-
íèêàþòü ïðè ïîÿâ³ áîëüîâîãî ñèíäðîìó. Öå â çíà÷í³é 
ì³ð³ çàëåæèòü â³ä ¿õ ïñèõîåìîö³éíîãî ñòàíó [4, 7]. 
Ïðè ñòðåñ³, ùî íåð³äêî ñóïðîâîäæóºòüñÿ ïðèãí³÷åí-
íÿì, òðèâîãîþ, ñòðàõîì, äåïðåñ³ºþ õâîð³ íåàäåê-
âàòíî îö³íþþòü á³ëü – îäí³ ìîæóòü çàíèæóâàòè éîãî 
âïëèâ, ³íø³ – ñõèëüí³ ã³ïåðáîë³çóâàòè. Öå óñêëàäíþº 
ðåàëüíó îö³íêó ³íòåíñèâíîñò³ áîëþ, òîìó çíà÷íà 
óâàãà ïðèä³ëÿºòüñÿ ðîçðîáö³ îá’ºêòèâíèõ ìåòîä³â 
éîãî ä³àãíîñòèêè – àëãîìåòðè÷íèì, ÿê³ âðàõîâóþòü 
¿¿ êîìïîíåíòè: ñåíñîðíèé, âåãåòàòèâíèé, ðóõîâèé, 
ïñèõîåìîö³éíèé. ²íôîðìàòèâíèì ìåòîäîì âèâ÷åí-
íÿ âåãåòàòèâíî¿ ðåàêö³¿ ëþäèíè º ïóï³ëîìåòð³ÿ – ä³à-
ãíîñòèêà ðîçì³ð³â ç³íèö³ îêà [5, 8]. ßê â³äîìî, ï³äâè-
ùåííÿ àêòèâíîñò³ ñèìïàòè÷íî¿ ³ííåðâàö³¿ âèêëèêàº 
ðîçøèðåííÿ ç³íèöü, òîä³ ÿê ¿õ çâóæåííÿ ñâ³ä÷èòü ïðî 
ï³äâèùåííÿ òîíóñó ïàðàñèìïàòè÷íî¿. Ïñèõîåìîö³é-
íà íàïðóãà, ñòðàõ, áîëüîâ³ ïîäðàçíèêè âèêëèêàþòü 
ðîçøèðåííÿ ç³íèö³ (ñèìïòîì Ïàððî-Ðîáåðòñîíà) 
[9]. ßê îá’ºêò âèâ÷åííÿ íàìè áóâ âèáðàíèé ç³íè÷íèé 
ðåôëåêñ, ÿê íàéá³ëüø äîñòóïíèé îá’ºêò, «â³äêðèòèé» 
äëÿ ïðÿìîãî íå³íâàçèâíîãî äîñë³äæåííÿ ñòàíó öåí-
òðàëüíî¿ íåðâîâî¿ ñèñòåìè (ÖÍÑ). Ðåàêö³ÿ ç³íèöü íà 
áîëüîâèé ïîäðàçíèê º áåçóìîâíèì ðåôëåêñîì, íå-
ï³ääàòëèâèì êîíòðîëþ ç áîêó êîðè ãîëîâíîãî ìîçêó, 
à çíà÷èòü, ³ ñâ³äîìîñò³. Â òîé æå ÷àñ öå óí³êàëüíèé ³ 
÷óòëèâèé ³íäèêàòîð øèðîêîãî ñïåêòðó ô³ç³îëîã³÷íèõ 
ïðîöåñ³â, çàëåæíèõ â³ä ñòàíó ñèìïàòî-ïàðàñèìïà-
òè÷íîãî áàëàíñó. Ïåðåâàãîþ ïóï³ëîìåòð³¿, íà â³äì³íó 

â³ä á³ëüøîñò³ òðàäèö³éíèõ ìåòîä³â, º íå ò³ëüêè ðåàë³-
çàö³ÿ îá’ºêòèâíî¿ ³ ê³ëüê³ñíî¿ îö³íêè ôóíêö³îíàëüíî-
ãî ñòàíó âåãåòàòèâíî¿ íåðâîâî¿ ñèñòåìè (ÂÍÑ), à é 
ìîæëèâ³ñòü ñêðèí³íãîâîãî äîñë³äæåííÿ ïñèõîô³ç³î-
ëîã³÷íîãî ñòàíó õâîðèõ. Ðåàë³çàö³ÿ öüîãî ìåòîäó äî-
ñë³äæåííÿ ç âèêîðèñòàííÿì àäåêâàòíèõ ï³äõîä³â äî 
ê³ëüê³ñíî¿ îö³íêè ôóíêö³îíàëüíîãî ñòàíó ÂÍÑ øëÿ-
õîì ðåºñòðàö³¿ îêóëîäèíàì³÷íèõ ïàðàìåòð³â, áåç-
óìîâíî, º àêòóàëüíîþ, áî ñïðÿìîâàíà íà âèð³øåííÿ 
âàæëèâîãî çàâäàííÿ êë³í³÷íî¿ ìåäèöèíè – îö³íêó ³í-
äèâ³äóàëüíèõ îñîáëèâîñòåé ðåãóëÿòîðíèõ ïðîöåñ³â 
îðãàí³çìó ëþäèíè â óìîâàõ áîëüîâîãî ñòðåñó. 

Ìåòà äîñë³äæåííÿ. Ðîçðîáèòè îá’ºêòèâíèé 
åêñïðåñ-ìåòîä ä³àãíîñòèêè áîëüîâî¿ ðåàêö³¿ ëþäèíè 
øëÿõîì ðåºñòðàö³¿ ç³íè÷íîãî ðåôëåêñó çà äîïîìî-
ãîþ êîìï’þòåðíî-ïðîãðàìíîãî çàáåçïå÷åííÿ. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äëÿ îòðèìàííÿ 
â³äåîïîòîêó ³ç çîáðàæåííÿì îêà â óìîâàõ ðåàëüíîãî 
÷àñó âèêîðèñòàíî çàãàëüíîäîñòóïíèé åëåêòðîííèé 
ïîðòàòèâíèé ì³êðîñêîï Sigeta Gam–01(Òàéâàíü), 
ÿêèé ï³äêëþ÷àºòüñÿ äî íîóòáóêà ÷åðåç USB ³íòåð-
ôåéñ. Â³äåîðÿä, ÿêèé íàäàºòüñÿ åëåêòðîííèì ì³-
êðîñêîïîì, ñêëàäàºòüñÿ ç ïîñë³äîâíîñò³ êàäð³â ³ç 
çîáðàæåííÿì îêà. Êàäðè íàäõîäÿòü ³ç ÷àñòîòîþ 20 
êàäð³â/c, ùî äîçâîëÿº âèì³ðþâàòè ä³àìåòð ç³íèö³ 
êîæíèõ 500 ìñ. Äëÿ âèçíà÷åííÿ ä³àìåòðó ç³íèö³ îêà 
çä³éñíþâàâñÿ ¿¿ ïîøóê ó â³äåîïîòîö³, òîáòî âîíà âè-
ä³ëÿëàñÿ ïîì³æ äðóãîðÿäíèõ îá’ºêò³â (³íøèõ ÷àñòèí 
ëþäñüêîãî îêà). Çîêðåìà, ç³íèöÿ ³ñòîòíî â³äð³çíÿ-
ºòüñÿ çà ÿñêðàâ³ñòþ â³ä ðàéäóæíî¿ îáîëîíêè. Çíà-
÷åííÿ ãðàä³ºíòà íà ¿¿ ìåæ³ (îêðóæíîñò³) º á³ëüøèìè 
â³ä ïîêàçíèê³â ö³º¿ âåëè÷èíè â ðàéäóæí³é îáîëîíö³. 
Öå äàëî çìîãó øóêàòè ç³íèöþ ÿê òåìíèé êðóã íà ñâ³ò-
ëîìó çîáðàæåíí³. Áóëî çàñòîñîâàíî á³íàðèçàö³þ (³í-
äåêñóâàííÿ çîáðàæåííÿ ç ïàë³òðîþ ³ç äâîõ êîëüîð³â) 
êàäðó, äëÿ â³äîêðåìëåííÿ òåìíèõ (ç³íèöÿ) òà ñâ³òëèõ 
(ðàéäóæêà) ÷àñòèí îêà. Ç ìåòîþ ïîêðàùåííÿ òî÷-
íîñò³ ðîçï³çíàâàííÿ ç³íèö³ çàïðîïîíîâàíî àëãîðèòì 
ïîøóêó êðóãà íà áàç³ òåîðåìè Ôàëåñà ñòîñîâíî ïðÿ-
ìîêóòíîãî òðèêóòíèêà, âïèñàíîãî â êîëî [6]. Öÿ òå-
îðåìà ñòâåðäæóº, ùî ã³ïîòåíóçà ïðÿìîêóòíîãî òðè-
êóòíèêà, ÿêèé âïèñàíèé ó êîëî, º ä³àìåòðîì öüîãî 
êîëà, à ¿¿ ñåðåäèíà º öåíòðîì êîëà. 

Àëãîðèòì ñêëàäàºòüñÿ ç íàñòóïíèõ êðîê³â: 
1. Á³íàðèçàö³ÿ çîáðàæåííÿ (äëÿ ³ñòîòíîãî â³äñ³-

þâàííÿ äðóãîðÿäíèõ îá’ºêò³â íà çîáðàæåíí³). 
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2. Ïîøóê áàçîâèõ òî÷îê çà ìàñêàìè (òîáòî âèä³-
ëåííÿ òî÷îê, ÿê³ ïîòåíö³éíî º êðàÿìè êðóãà ó ð³çíèõ 
÷âåðòÿõ). 

3. Âèçíà÷åííÿ öåíòðó êðóãà òà éîãî ä³àìåòðó. 
4. Äëÿ ñòâîðåííÿ ÿêîìîãà ãíó÷ê³øîãî ïðîãðàì-

íîãî ïðîäóêòó, âèð³øåíî ðåàë³çóâàòè éîãî îá’ºêòíî 
îð³ºíòîâàíîþ ìîâîþ ïðîãðàìóâàííÿ – C#, âèêî-
ðèñòîâóþ÷è ñåðåäîâèùå ïðîãðàìóâàííÿ Microsoft 
Visual Studio 2012 [3]. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ó 
ïðîöåñ³ á³íàðèçàö³¿ ïî÷àòêîâå çîáðàæåííÿ, ùî ìàº 
âåëèêó ê³ëüê³ñòü ð³âí³â ÿñêðàâîñò³, ïåðåòâîðþºòüñÿ 
â ÷îðíî-á³ëå çîáðàæåííÿ, ï³êñåë³ ÿêîãî ìàþòü ò³ëüêè 
äâà çíà÷åííÿ – 0 ³ 1. Á³íàðèçàö³ÿ çîáðàæåííÿ äóæå 
âàæëèâà ñêëàäîâà àëãîðèòìó, àäæå íà äàíîìó åòàï³ 
ïðîâîäèòüñÿ ïîä³ë çîáðàæåííÿ íà îêðåì³ çîíè. Çîíè, 
³ç çíà÷åííÿì ï³êñåë³â 1, ìîæóòü áóòè ÿê øóìàìè, òàê 
³ øóêàíîþ ç³íèöåþ îêà. Ñåðåä ³ñíóþ÷èõ ñïîñîá³â ïî-
ðîãîâî¿ îáðîáêè çîáðàæåííÿ âèáðàíî á³íàðèçàö³þ ç 
ïîäâ³éíèì îáìåæåííÿì. Öåé ìåòîä á³íàðèçàö³¿ ïðè-
éìàº çîíè ç ñåðåäí³ì ð³âíåì ÿñêðàâîñò³ ï³êñåë³â, ÿê 
øóìè òà ñòîðîíí³ îá’ºêòè, à çîíè ç âèñîêèì òà íèçü-
êèì ð³âíåì ÿñêðàâîñò³ ï³êñåë³â ââàæàþòüñÿ çîíàìè â 
ÿêèõ ðîçì³ùåíèé øóêàíèé êðóã (ç³íèöÿ). Ïàðàìåòðè 
á³íàðèçàö³¿ çàäàº êîðèñòóâà÷, â çàëåæíîñò³ â³ä çî-
âí³øíüîãî îñâ³òëåííÿ. Âíàñë³äîê ïðîöåñó á³íàðèçà-
ö³¿ îòðèìóºòüñÿ çîáðàæåííÿ, íà ÿêîìó ÷³òêî âèäíî äå 
ìîæå áóòè ðîçì³ùåíèé øóêàíèé êðóã. Ï³ñëÿ òîãî, ÿê 
çîíè, ÿê³ ïîòåíö³éíî ìîæóòü áóòè øóêàíèì êðóãîì, 
âèä³ëåí³, ïðîâîäèòüñÿ ïîøóê áàçîâèõ òî÷îê çà ìàñ-
êàìè (ðèñ. 1). Âäàºòüñÿ îòðèìàòè ÷îòèðè ìíîæèíè 
êîîðäèíàò òî÷îê, ÿê³ ìîæíà ñõåìàòè÷íî çîáðàçèòè 
òàê:

Äëÿ âèçíà÷åííÿ öåíòðó êðóãà òà éîãî ä³àìåòðó 
âèêîðèñòîâóºòüñÿ àëãîðèòì, ïîáóäîâàíèé íà òåî-
ðåì³ Ôàëåñà. Öÿ òåîðåìà ñòâåðäæóº, ùî ã³ïîòåíóçà 
ïðÿìîêóòíîãî òðèêóòíèêà, ÿêèé âïèñàíèé â êîëî, º 
ä³àìåòðîì öüîãî êîëà, à ¿¿ ñåðåäèíà º öåíòðîì êîëà 
(ðèñ. 2). 

Òàêèì ÷èíîì, ïåðåáðàâøè âñ³ áàçîâ³ òî÷êè, îòðè-
ìóºòüñÿ íîâà ìíîæèíà éìîâ³ðíèõ öåíòð³â êðóãà, òà 
éîãî ä³àìåòð³â. Ïðè ÷îìó øóêàíèé öåíòð êðóãà áóäå 
â òî÷ö³, äå íàñè÷åí³ñòü éìîâ³ðíèõ öåíòð³â íàéá³ëüøà. 

Ðîçðîáëåíî çðó÷íèé êîðèñòóâàöüêèé ³íòåðôåéñ. 
Ãîëîâíå â³êíî ïðîãðàìè óìîâíî ïîä³ëåíî íà 4 îá-
ëàñò³: 1. Îáëàñòü â³äîáðàæåííÿ â³äåî³íôîðìàö³¿. 
Â âåðõíüîìó ïðàâîìó êóò³ ö³º¿ îáëàñò³ ðîçì³ùåíí³ 
êíîïêè, îäíà ç ÿêèõ ïðèçíà÷åíà äëÿ âèêëèêó ä³àëî-
ãîâîãî â³êíà â ÿêîìó ìîæíà âèáðàòè îäèí âèä³â ïî-
ñòà÷àëüíèê³â â³äåîïîòîêó (êàìåðà àáî â³äåîôàéë). 
Ïðè íàòèñêàíí³ íà äðóãó êíîïêó, êîðèñòóâà÷ó íàäà-
ºòüñÿ ìîæëèâ³ñòü íàëàøòóâàòè ïàðàìåòðè á³íàðèçà-
ö³¿, äèðåêòîð³þ äëÿ çáåðåæåííÿ â³äåîïîòîêó, òîùî. 
2. Îáëàñòü ïóï³ëîãðàìè, äå âèâîäèòüñÿ ãðàô³ê çì³íè 
ðîçì³ðó ç³íèö³ îêà â ÷àñ³. Òóò òàêîæ º êíîïêè äëÿ çáå-
ðåæåííÿ ïóï³ëîãðàìè, òà íàëàøòóâàííÿ ¿¿ ïðåäñòàâ-
ëåííÿ (êîë³ð êðèâî¿, äîâæèíà ÷àñîâî¿ îñ³, òîùî). 3. 
Îáëàñòü â³äîáðàæåííÿ ÷èñëîâèõ äàíèõ, äå ïîäàíî 
ïîòî÷í³ ÷èñëîâ³ ïîêàçíèêè â³äõèëåííÿ àìïë³òóäè ïó-
ï³ëîãðàìè òà â³äõèëåííÿ ä³àìåòðó ïðè ÿêîìó ìîæíà 
ââàæàòè, ùî á³ëü – íàÿâíà. 4. Îáëàñòü óïðàâë³ííÿ 

ïðîãðàìîþ. Â í³é ì³ñòÿòüñÿ êíîïêè «ñòàðò/ïàóçà» 
– äëÿ çàïóñêó àíàë³çó â³äåîïîòîêó òà òèì÷àñîâî-
ãî éîãî ïðèçóïèíåííÿ ç ìîæëèâèì â³äíîâëåííÿì. 
Êíîïêà «ñòîï» – äëÿ îñòàòî÷íî¿ çóïèíêè ðåºñòðàö³¿ 
â³äåî ïîòîêó, ³ çáåðåæåííÿì éîãî â â³äåîôàéë ïðè 
áàæàíí³ êîðèñòóâà÷à (ðèñ. 3). 

Ðèñ. 1. Òî÷êè, çíàéäåí³ çà ìàñêàìè. 

Ðèñ. 2. Ïðèêëàä ïîøóêó öåíòðà êðóãà. 

Ïðèì³òêà: Â³äð³çîê P
1 

P
2
 º ã³ïîòåíóçîþ ïðÿìîêóòíîãî òðèêóòíèêà 

âïèñàíîãî â êîëî. 
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Ïåðø³ òðè ñåêóíäè ï³ñëÿ çàïóñêó àíàë³çó â³äåîïîòîêó â³äáó-
âàºòüñÿ ï³äðàõóíîê ñåðåäíüîãî ä³àìåòðó ç³íèö³, îñê³ëüêè â³í çà-
ëåæèòü â³ä îñâ³òëåííÿ òà åìîö³éíîãî ñòàíó ëþäèíè. Ïðè öüîìó 
íà ïóï³ëîãðàì³ íå â³äîáðàæàºòüñÿ í³ÿêà ³íôîðìàö³ÿ. Ñåðåäí³é 
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5. Êóöàëî À. Ë. Ïóïèëëîìåòðèÿ â êà÷åñòâå ìåòîäà ýêñïðåññ-äèàãíîñòèêè íàðêîòè÷åñêîé èíòîêñèêàöèè : àâòîðåô. äèññ. 
íà ñîèñêàíèå ó÷åíîé ñòåïåíè êàíä. ìåä. íàóê : ñïåö. 19. 00. 10 « Ïñèõèàòðèÿ» / À. Ë. Êóöàëî. – Ñàíêò-Ïåòåðáóðã, 
2004. – 20 ñ. 

Ðèñ. 3. ²íòåðôåéñ ðîçïðàöüîâàíîãî ïðîãðàìíîãî çàñîáó. 

Ðèñ. 4. Ïðîâåäåííÿ ïóï³ëîàëãîìåòð³¿ ó ñòîìàòîëîã³÷íîãî õâîðîãî. 

ä³àìåòð ââàæàºòüñÿ ä³àìåòðîì ç³íèö³ â 
ñòàí³ ñïîêîþ, ³ ñàìå ïî â³äíîøåííþ äî 
íüîãî ïðîðàõîâóºòüñÿ ïîòî÷íå â³äõèëåííÿ 
ä³àìåòðó. Ðîçïðàöüîâàíèé êîìï’þòåðíî-
ïðîãðàìíèé çàñ³á äîçâîëÿº ãðàô³÷íî ðå-
ºñòðóâàòè â óìîâàõ ðåàëüíîãî ÷àñó òðèâà-
ë³ñòü òà ³íòåíñèâí³ñòü çðîñòàííÿ àìïë³òóäè 
ïóï³ëîãðàìè (ðîçøèðåííÿ ç³íèö³) ó â³äïî-
â³äü íà ä³þ çîâí³øí³õ àëãîãåííèõ âïëèâ³â. 
Ìåòîäèêà ïóï³ëîàëãîìåòð³¿ ïðîâîäèòüñÿ 
íàñòóïíèì ÷èíîì: ìîäåëþºòüñÿ áîëüî-
âèé ñòðåñ çà äîïîìîãîþ «òóðí³êåòíî¿» 
ïðîáè Òðóññî ó ìîäèô³êàö³¿ Á³ëåöüêîãî 
Î. Â. øëÿõîì ìåõàí³÷íî¿ êîìïðåñ³¿ ïíåâ-
ìàòè÷íîþ ìàíæåòêîþ ïëå÷à, òèñê ó ÿê³é 
óòðèìóºòüñÿ íà 50 % âèùå, í³æ ñèñòîë³÷-
íèé àðòåð³àëüíèé óïðîäîâæ 5 õâèëèí [2]. 
²íòåíñèâí³ñòü íàíåñåíîãî áîëüîâîãî ñòè-
ìóëó ïàö³ºíòàìè îö³íþºòüñÿ çà öèôðîâîþ 
ðåéòèíãîâîþ øêàëîþ áîëþ. Îäíî÷àñíî çà 
äîïîìîãîþ êîìï’þòåðíî¿ ïðîãðàìè ïðî-
âîäèòüñÿ ðåºñòðàö³ÿ òà öèôðîâà îáðîáêà 
ïîêàçíèê³â ç³íè÷íîãî ðåôëåêñó. Ðîçïðà-
öüîâàíà ìåòîäèêà åêñïðåñ-ä³àãíîñòèêè 
âåãåòàòèâíî¿ ðåàêö³¿ ëþäèíè íà áîëüîâèé 
ñòðåñîð óñï³øíî ïðîéøëà àïðîáàö³þ â 
óìîâàõ ñòîìàòîëîã³÷íî¿ êë³í³êè íà 50 äî-
áðîâîëüöÿõ (ðèñ. 4). Âèÿâëåíî ¿¿ âèñîêó 
³íôîðìàòèâí³ñòü. 

Âèñíîâêè. Çà äîïîìîãîþ êîìï’þ-
òåð íî-ïðîãðàìíîãî çàáåçïå÷åííÿ ðîç-
ïðàöüîâàíî åêñïðåñ-ìåòîä ä³àãíîñòèêè 
ç³íè÷íîãî ðåôëåêñó ó â³äïîâ³äü íà ä³þ áî-
ëüîâîãî ñòðåñîðà. Øëÿõîì ãðàô³÷íî¿ ðå-
ºñòðàö³¿ òà öèôðîâî¿ îáðîáêè îòðèìàíèõ 
äàíèõ ñòàëî ìîæëèâèì îá’ºêòèâíî îö³íèòè 
â óìîâàõ ðåàëüíîãî ÷àñó âåãåòàòèâíó ðå-
àêö³þ ëþäèíè íà á³ëü. Äîñòóïí³ñòü çàïðî-
ïîíîâàíîãî ñïîñîáó àëãîìåòð³¿ äîçâîëÿº 
éîãî çàñòîñîâóâàòè ó ïîâñÿêäåíí³é êë³í³÷-
í³é ïðàêòèö³. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³-
äæåíü. Ðîçïðàöüîâàíèé åêñïðåñ-ìåòîä 
îá’ºêòèâíî¿ îö³íêè íîöèöåïòèâíî¿ ðåàêö³¿ 
ëþäèíè ìîæå áóòè øèðîêî çàñòîñîâàíèé 
äëÿ ä³àãíîñòèêè áîëüîâî¿ ÷óòëèâîñò³ ó ñòî-
ìàòîëîã³÷íèõ ³ õ³ðóðã³÷íèõ õâîðèõ ï³ä ÷àñ 
ïðîâåäåííÿ ñåäàòèâíî¿ é àíòèáîëüîâî¿ 
òåðàï³¿, òà ÿê êðèòåð³é åôåêòèâíîñò³ ïðî-
âåäåíîãî ë³êóâàííÿ. 
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ÐÎÇÐÎÁÊÀ ÅÊÑÏÐÅÑ-ÌÅÒÎÄÓ Ä²ÀÃÍÎÑÒÈÊÈ ÁÎËÜÎÂÎ¯ ÐÅÀÊÖ²¯ ËÞÄÈÍÈ
Ìîêðèê O. ß., Çàïëàòèíñüêèé Â. Î. 
Ðåçþìå. Â ñó÷àñí³é ìåäèöèí³ çíà÷íà óâàãà ïðèä³ëÿºòüñÿ ðîçðîáö³ îá’ºêòèâíèõ ìåòîä³â ä³àãíîñòèêè 

áîëüîâî¿ ðåàêö³¿ ëþäèíè – àëãîìåòðè÷íèì, ÿê³ âðàõîâóþòü ¿¿ êîìïîíåíòè: ñåíñîðíèé, âåãåòàòèâíèé, ðóõî-
âèé, ïñèõîåìîö³éíèé. ²íôîðìàòèâíèì ìåòîäîì âèâ÷åííÿ âåãåòàòèâíî¿ ðåàêö³¿ º ïóï³ëîìåòð³ÿ – ä³àãíîñòèêà 
çì³í ðîçì³ð³â ç³íèö³ îêà. Ïåðåâàãîþ ïóï³ëîìåòð³¿, íà â³äì³íó â³ä á³ëüøîñò³ òðàäèö³éíèõ ìåòîä³â, º íå ò³ëüêè 
ðåàë³çàö³ÿ îá’ºêòèâíî¿ ³ ê³ëüê³ñíî¿ îö³íêè ôóíêö³îíàëüíîãî ñòàíó âåãåòàòèâíî¿ íåðâîâî¿ ñèñòåìè (ÂÍÑ), à é 
ìîæëèâ³ñòü ñêðèí³íãîâîãî äîñë³äæåííÿ ïñèõîô³ç³îëîã³÷íîãî ñòàíó â óìîâàõ áîëüîâîãî ñòðåñó. Áóëî ïîñòàâ-
ëåíî ìåòó ðîçðîáèòè îá’ºêòèâíèé åêñïðåñ-ìåòîä ä³àãíîñòèêè áîëüîâî¿ ðåàêö³¿ ëþäèíè øëÿõîì ðåºñòðàö³¿ 
ç³íè÷íîãî ðåôëåêñó çà äîïîìîãîþ êîìï’þòåðíî-ïðîãðàìíîãî çàáåçïå÷åííÿ. Äëÿ â³çóàë³çàö³¿ çîáðàæåííÿ 
ç³íèö³ îêà â óìîâàõ ðåàëüíîãî ÷àñó âèêîðèñòàíî åëåêòðîííèé ïîðòàòèâíèé ì³êðîñêîï, ÿêèé ï³äêëþ÷àºòüñÿ 
äî êîìï’þòåðà ÷åðåç USB ³íòåðôåéñ. Çà äîïîìîãîþ ðîçïðàöüîâàíîãî êîìï’þòåðíî-ïðîãðàìíîãî çàáåçïå-
÷åííÿ ñòàëî ìîæëèâèì ïðîâîäèòè åêñïðåñ-ä³àãíîñòèêó âåãåòàòèâíî¿ ðåàêö³¿ ëþäèíè (ç³íè÷íîãî ðåôëåêñó) 
íà ä³þ áîëüîâîãî ñòðåñîðà â óìîâàõ ðåàëüíîãî ÷àñó. Ìåòîäèêà àëãîìåòð³¿ áóëà àïðîáîâàíà íà 50 äîáðî-
âîëüöÿõ â óìîâàõ ñòîìàòîëîã³÷íî¿ êë³í³êè. Âèÿâëåíî ¿¿ âèñîêó ³íôîðìàòèâí³ñòü. Äîñòóïí³ñòü çàïðîïîíîâàíî-
ãî îá’ºêòèâíîãî ìåòîäó ä³àãíîñòèêè áîëþ äîçâîëÿº éîãî çàñòîñîâóâàòè ó ïîâñÿêäåíí³é êë³í³÷í³é ïðàêòèö³. 

Êëþ÷îâ³ ñëîâà: áîëüîâà ðåàêö³ÿ ëþäèíè, ç³íè÷íèé ðåôëåêñ, ïóï³ëîàëãîìåòð³ÿ, êîìï’þòåðíî-ïðîãðàìíå 
çàáåçïå÷åííÿ. 
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ÐÀÇÐÀÁÎÒÊÀ ÝÊÑÏÐÅÑÑ-ÌÅÒÎÄÀ ÄÈÀÃÍÎÑÒÈÊÈ ÁÎËÅÂÎÉ ÐÅÀÊÖÈÈ ×ÅËÎÂÅÊÀ 
Ìîêðèê O. ß., Çàïëàòèíñêèé Â. Î. 
Ðåçþìå. Â ñîâðåìåííîé ìåäèöèíå çíà÷èòåëüíîå âíèìàíèå óäåëÿåòñÿ ðàçðàáîòêå îáúåêòèâíûõ ìåòî-

äîâ äèàãíîñòèêè áîëåâîé ðåàêöèè ÷åëîâåêà – àëãîìåòðè÷íûì, êîòîðûå ó÷èòûâàþò åå êîìïîíåíòû: ñåíñîð-
íûé, âåãåòàòèâíûé, äâèãàòåëüíûé, ïñèõîýìîöèîíàëüíûé. Èíôîðìàòèâíûì ìåòîäîì èçó÷åíèÿ âåãåòàòèâíîé 
ðåàêöèè ÿâëÿåòñÿ ïóïèëëîìåòðèÿ – äèàãíîñòèêà èçìåíåíèé ðàçìåðîâ çðà÷êà ãëàçà. Ïðåèìóùåñòâîì ïóïèë-
ëîìåòðèè, â îòëè÷èå îò áîëüøèíñòâà òðàäèöèîííûõ ìåòîäîâ, ÿâëÿåòñÿ íå òîëüêî ðåàëèçàöèÿ îáúåêòèâíîé 
è êîëè÷åñòâåííîé îöåíêè ôóíêöèîíàëüíîãî ñîñòîÿíèÿ âåãåòàòèâíîé íåðâíîé ñèñòåìû (ÂÍÑ), íî è âîçìîæ-
íîñòü ïðîâåäåíèÿ ñêðèíèíãîâîãî èññëåäîâàíèÿ ïñèõîôèçèîëîãè÷åñêîãî ñîñòîÿíèÿ â óñëîâèÿõ áîëåâîãî 
ñòðåññà. Áûëà ïîñòàâëåíà öåëü ðàçðàáîòàòü îáúåêòèâíûé ýêñïðåññ-ìåòîä äèàãíîñòèêè áîëåâîé ðåàêöèè 
÷åëîâåêà ïóòåì ðåãèñòðàöèè çðà÷êîâîãî ðåôëåêñà ñ ïîìîùüþ êîìïüþòåðíî-ïðîãðàìíîãî îáåñïå÷åíèÿ. 
Äëÿ âèçóàëèçàöèè èçîáðàæåíèÿ çðà÷êà ãëàçà â óñëîâèÿõ ðåàëüíîãî âðåìåíè èñïîëüçîâàí ýëåêòðîííûé 
ïîðòàòèâíûé ìèêðîñêîï, êîòîðûé ïîäêëþ÷àåòñÿ ê êîìïüþòåðó ÷åðåç USB èíòåðôåéñ. Ñ ïîìîùüþ ðàçðà-
áîòàííîãî êîìïüþòåðíî-ïðîãðàììíîãî îáåñïå÷åíèÿ ñòàëî âîçìîæíûì ïðîâîäèòü ýêñïðåññ – äèàãíîñòèêó 
âåãåòàòèâíîé ðåàêöèè ÷åëîâåêà (çðà÷êîâîãî ðåôëåêñà) â îòâåò íà äåéñòâèå áîëåâîãî ñòðåññîðà â óñëîâèÿõ 
ðåàëüíîãî âðåìåíè. Ìåòîäèêà àëãîìåòðèè àïðîáèðîâàíà íà 50 äîáðîâîëüöàõ â óñëîâèÿõ ñòîìàòîëîãè÷å-
ñêîé êëèíèêè. Îíà ïîêàçàëà âûñîêóþ èíôîðìàòèâíîñòü. Äîñòóïíîñòü ïðåäëîæåííîãî îáúåêòèâíîãî ìåòîäà 
äèàãíîñòèêè áîëè ïîçâîëÿåò åãî ïðèìåíÿòü â ïîâñåäíåâíîé êëèíè÷åñêîé ïðàêòèêå. 

Êëþ÷åâûå ñëîâà: áîëåâàÿ ðåàêöèÿ ÷åëîâåêà, çðà÷êîâûé ðåôëåêñ, ïóïèëëîàëãîìåòðèÿ, êîìïüþòåðíî-
ïðîãðàìíîå îáåñïå÷åíèå.  
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The Development of the Rapid Method of Diagnosis of Human Reaction to Pain 
Mokryk O. Y., Zaplatynsky V. O. 
Abstract. Introduction. The research of the human reactions to pain is a complex process. This problem is not 

solved completely yet. Nowadays, subjective methods of evaluating pain are being mainly used in the clinic. By na-
ture these methods are verbal-symbolic: visual analogue, visual rank and verbal rank scales and others. However, 
the patients may diversely assess their feelings that arise with the appearance of pain. It largely depends on their 
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emotional condition. People having stress that is often accompanied by depression, anxiety, fear, oppression can’t 
adequately assess pain: some may underestimate its influence, others tend exaggerating. This reality complicates 
the assessment of pain intensity, that’s why much attention is paid to the development of the objective methods of 
its diagnosis, in particular, to those that consider sensory, motional, autonomic, and psycho-emotional components 
of pain. 

Pupillometry (diagnosis of pupil diameter) is an informative method for studying human autonomic responses. 
It is known that increased activity of the sympathetic innervation causes dilated pupils, while narrowing them testi-
fies about the increasing of parasympathetic tone. Psycho-emotional tension, fear, painful irritants cause mydriasis 
(Parrot–Robertson-symptom). We have chosen pupillary reflex (the most accessible object «open» for the direct 
noninvasive research of the central nervous system [CNS]) as the object of study. The reaction of pupils to painful 
aggravator is an unconditioned reflex that is not controlled by the cortex and therefore by the consciousness. At the 
same time, this reaction is a unique and sensitive indicator of a wide range of physiological processes dependent on 
the condition of sympathetic-parasympathetic balance. The advantage of pupillometry, in contradistinction to the 
majority of traditional methods, is in the implementation of the objective and quantitative assessment of the func-
tional condition of the autonomic nervous system (ANS). Moreover, there is also a wide range of preferences while 
administering pupillometry as the screening method of investigation of psychophysiological status. 

No doubt, the realization of this mode of research using adequate approaches to the quantitative evaluation 
of the functional condition of the ANS by registering eye dynamic parameters is actual, because it is aimed at the 
solution of the important task of clinical medicine – estimation of the individual peculiarities of the condition of the 
regulatory processes of human body in the circs of painful stress. 

Considering the above, we set the goal to work out the objective rapid method of diagnosis of human reaction to 
pain by registering pupillary reflex via computer software. 

Materials and methods of research. 30 volunteers participated in the experiment. The reactions of the autonom-
ic nervous system (ANS) to painful stress were explored in those people. The stress was modeled with the help of 
Trousseau’s test modified by A. V. Beletsky (2005). Pneumatic cuff was put on the shoulder, the pressure in the cuff 
was being increased and maintained 50 % more, than systolic blood pressure, during 5 minutes. While the incentive 
of pain was being brought in, the patients were evaluating their feels by numeric rating scale of pain. Simultane-
ously, we were observing the dynamics of enlargement of the pupil by calculating its diameter, velocity and duration 
of this process. We have used portable electronic microscope Sigeta Gam – 01 (Taiwan) to get video stream with the 
image of the eye in a real-time. The device was connected to the laptop through USB. 

Video series fixed by the microscope consist of the sequence of frames with the effigy of the eye. The frames 
arrive with the frequency of 2° Cadres per second that allows to measure diameter of the pupil every 500ms (0,5s). 

The pupil stands out among the other parts of the human eye on the images of the video stream that helps to 
gauge its diameter. In particular, the pupil differs substantially from the iris in brightness, namely the gradient value 
on the circumference (the border of the pupil) is greater than the gradient value of the iris. This peculiarity allowed 
to search the pupil as the dark circle on the effigy. We have applied the binarization of the frame to dissever the 
black (the pupil) and the light (the iris) parts of the eye. In order to improve the accuracy of the identification of the 
pupil we have worked out the algorithm of the searching of the gyre on the basis of Thales’ theorem. This theorem 
affirms that the hypotenuse of a right triangle inscribed in a circle is the diameter of the circle and the midpoint of 
the hypotenuse is the center of the circle. The algorithm consists of the following steps:

The binarization of the image (to separate the secondary objects from the main one on the effigy). 
The search of the basic dots by masks (namely, the allotment of the points that are potentially the edges of the 

gyre in the sundry quarters). 
The determination of circle’s center and diameter. 
We have made the decision to choose object oriented programming language – C # to create versatile software. 
The convenient user interface was elaborated by programming environment – Microsoft Visual Studio 2012. 
Results of the research. Computer software tool that graphically records the duration and the intensity of the 

amplitude’s growth of the pupillogram (mydriasis) under the influence of external factors has been worked out by 
means of mathematical processing of the video images of the pupil. This software tool was used to develop the 
modes of pupillometry. The developed rapid method of diagnosis of autonomic human response to pain stressor 
has successfully undergone approbation in the dental clinic that gave us a lot of beneficial information. 

Conclusion. The developed rapid method of the objective evaluation of the nociceptive human response can be 
widely applied to diagnose pain. 
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