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Ñó÷àñíîþ òåõíîëîã³ºþ øâèäêîãî âèì³ðþâàííÿ 
õàðàêòåðèñòèê êë³òèí, ¿õí³õ îðãàíåë ³ ïðîöåñ³â, ÿê³ 
ó íèõ â³äáóâàþòüñÿ, º ïðîòî÷íà öèòîìåòð³ÿ. Âîíà º 
åôåêòèâíèì ï³äõîäîì äî âèð³øåííÿ áàãàòüîõ âàæ-
ëèâèõ çàâäàíü ìåäèöèíè, á³îëîã³¿ êë³òèíè òà êë³òèí-
íî¿ ³íæåíåð³¿. Äîñÿãíåííÿ â îáëàñò³ ôëóîðåñöåíòíèõ 
áàðâíèê³â, ðîçâèòîê ëàçåðíèõ ³ êîìï’þòåðíèõ òåõíî-
ëîã³é, ñòâîðåííÿ åôåêòèâíîãî ïðîãðàìíîãî çàáåç-
ïå÷åííÿ ïðèçâåëè äî øèðîêîãî âèêîðèñòàííÿ äàíî¿ 
òåõíîëîã³¿ â ìåäè÷í³é ³ á³îëîã³÷í³é ïðàêòèö³. 

Ïðîòî÷íà öèòîìåòð³ÿ – ìåòîä äîñë³äæåííÿ äèñ-
ïåð ñíèõ ñåðåäîâèù â ðåæèì³ ïîøòó÷íîãî àíàë³çó 
åëåìåíò³â äèñïåðñíî¿ ôàçè çà ñèãíàëàìè ñâ³òëîðîç-
ñ³þâàííÿ ³ ôëóîðåñöåíö³¿. Îñíîâà ìåòîäó ïîëÿãàº ó: 
1) âèêîðèñòàíí³ ñèñòåìè ã³äðîôîêóñóâàííÿ, ÿêà çà-
áåçïå÷óº ïðîõîäæåííÿ êë³òèí ó ïîòîö³ ïîîäèíö³; 2) 
îïðîì³íåíí³ êë³òèíè ëàçåðíèì âèïðîì³íþâàííÿì; 
3) ðåºñòðàö³¿ ñèãíàë³â ñâ³òëîðîçñ³þâàííÿ ³ ôëóîðåñ-
öåíö³¿ â³ä êîæíî¿ îêðåìî âçÿòî¿ êë³òèíè â êë³òèíí³é 
ñóñïåíç³¿ ç³ øâèäê³ñòþ äî 3000 êë³òèí â ñåêóíäó [10]. 

Ô³çè÷í³ âëàñòèâîñò³ êë³òèí (ðîçì³ð ³ öèòîïëàç-
ìàòè÷íà ãðàíóëÿðí³ñòü) ìîæóòü áóòè âèì³ðÿí³ íà 
áóäü-ÿê³é îêðåì³é íåôàðáîâàí³é êë³òèí³. Êë³òèíè 
òàêîæ ìîæóòü áóòè ïîì³÷åí³ ñïåöèô³÷íèìè áàðâíè-
êàìè, ùî çàôàðáîâóþòü ÄÍÊ, ÐÍÊ àáî á³ëîê, àáî 
ö³ëèì íàáîðîì ôëóîðîõðîì-êîí’þãîâàíèõ àíòèò³ë, 
ñïðÿìîâàíèõ äî ìåìáðàííèõ ³ âíóòð³øíüîêë³òèííèõ 
êîìïîíåíò³â êë³òèí. Â õîä³ àíàë³çó âðàõîâóºòüñÿ ÿê 
ð³âåíü ôëóîðåñöåíö³¿ õ³ì³÷íèõ ñïîëóê, ùî âõîäÿòü äî 
ñêëàäó êë³òèíè (àóòîôëóîðåñöåíö³ÿ), òàê ³ âíåñåíèõ 
ó çðàçîê ïåðåä ïðîâåäåííÿì ïðîòî÷íî¿ öèòîìåòð³¿. 

 Ñóñïåíç³þ ïîïåðåäíüî çàáàðâëåíèõ ôëóîðåñö³-
þþ÷èìè áàðâíèêàìè êë³òèí ï³ä òèñêîì ïðîãàíÿþòü 
÷åðåç êàï³ëÿð. Êë³òèíè, ï³äõîïëåí³ ïîòîêîì ð³äèíè, 
øèêóþòüñÿ îäíà çà îäíîþ, óòâîðþþ÷è «ëàíöþæîê». 
Òàê ðåàë³çóºòüñÿ ïðèíöèï ã³äðîäèíàì³÷íîãî ôîêó-
ñóâàííÿ, çàâäÿêè ÿêîìó ñòâîðþþòüñÿ óìîâè ëàì³-
íàðíîãî ïîòîêó áåç ïåðåì³øóâàííÿ ñóñïåíç³¿ êë³òèí 
ç îáò³êàþ÷îþ ð³äèíîþ. Êîëè òàêèé ñòðóì³íü ïåðåòè-
íàº ñôîêóñîâàíèé ëàçåðíèé ïðîì³íü, òî â òî÷ö³ ïå-
ðåòèíó ïîòîêó ³ ïðîìåíÿ îäíî÷àñíî âèÿâëÿºòüñÿ, ÿê 
ïðàâèëî, ò³ëüêè îäíà êë³òèíà, ùî äîçâîëÿº óíèêíóòè 
àðòåôàêò³â, ïîâ’ÿçàíèõ ç ð³çíîþ â³ääàëåí³ñòþ êë³òèí 
â³ä òî÷êè ïåðåòèíó ëàçåðíîãî ïðîìåíÿ ç ïîòîêîì. 

Ó âèì³ðþâàëüí³é êàìåð³ ïðèëàäó ìîëåêóëè äåÿ-
êèõ êë³òèííèõ ñòðóêòóð, ïåðåòèíàþ÷è ïðîì³íü ìîíî-
õðîìíîãî ëàçåðà, ïîãëèíàþòü ñâ³òëî ïåâíî¿ äîâæèíè 
õâèë³ ³ ïåðåõîäÿòü â çáóäæåíèé ñòàí. Ïîâåðòàþ÷èñü 
÷åðåç êîðîòêèé ÷àñ â ïî÷àòêîâèé ñòàí, êë³òèíè âè-
ïðîì³íþþòü êâàíòè ñâ³òëà ç ³íøèìè äîâæèíàìè 
õâèëü. Öå âòîðèííå âèïðîì³íþâàííÿ, ùî ìàº ñòðî-
ãî âèçíà÷åí³ äëÿ êîæíîãî âèäó êë³òèí àáî ¿õ ñòðóêòóð 
äîâæèíè õâèëü, ïðîõîäÿ÷è ÷åðåç îïòè÷íó ñèñòåìó 
ïðèëàäó ðåºñòðóºòüñÿ ôîòîåëåêòðîííèì ïîìíîæó-
âà÷åì, ÿêèé ïåðåòâîðþº éîãî â åëåêòðè÷í³ ñèãíà-
ëè, çðó÷í³ äëÿ êîìï’þòåðíî¿ îáðîáêè òà çáåð³ãàííÿ 
³íôîðìàö³¿. 

Ó ìîìåíò ïåðåòèíó êë³òèíîþ ëàçåðíîãî ïðîìåíÿ 
äåòåêòîðè ô³êñóþòü: 1) ðîçñ³þâàííÿ ñâ³òëà ï³ä ìàëè-
ìè êóòàìè (â³ä 1° äî 10°), îòðèìàíà õàðàêòåðèñòèêà 
âèêîðèñòîâóºòüñÿ äëÿ âèçíà÷åííÿ ðîçì³ð³â êë³òèí; 
2) ðîçñ³þâàííÿ ñâ³òëà ï³ä êóòîì 90°, ùî äîçâîëÿº 
ðîáèòè âèñíîâêè ïðî ñï³ââ³äíîøåííÿ ÿäðî / öèòî-
ïëàçìà, à òàêîæ ïðî íåîäíîð³äí³ñòü ³ ãðàíóëÿðí³ñòü 
êë³òèí; 3) ³íòåíñèâí³ñòü ôëóîðåñöåíö³¿ ïî äåê³ëüêîõ 
êàíàëàõ ôëóîðåñöåíö³¿ (â³ä 2 äî 18-20) – äîçâîëÿº 
âèçíà÷èòè ñóáïîïóëÿö³éíèé ñêëàä êë³òèííî¿ ñóñïåí-
ç³¿ òà ³í.; 4) ïîëÿðèçàö³þ ôëóîðåñöåíö³¿ ³ ÷àñ ïðîëüî-
òó ÷àñòêè, ùî äîçâîëÿº îö³íèòè ñòóï³íü â’ÿçêîñò³ êë³-
òèííèõ ìåìáðàí, ÿêà çì³íþºòüñÿ â çàëåæíîñò³ â³ä ¿õ 
ôóíêö³îíàëüíîãî ñòàíó, à òàêîæ ñòóï³íü àñèìåòðè÷-
íîñò³ êë³òèí ÷è äîñë³äæóâàíèõ îðãàíåë. 

Äâà àáî òðè ôëóîðåñöåíòíèõ ñèãíàëè, êîæåí ç 
ÿêèõ ñâ³ä÷èòü ïðî ðåàêö³þ îäíîãî ìàðêåðà ç³ ñïå-
öèô³÷íèì ðîçï³çíàâàíèì àíòèãåíîì, ìîæóòü áóòè 
çàô³êñîâàí³ ðàçîì ç ñèãíàëàìè ïåðåäíüîãî (FSC-
forward scatter) ³ á³÷íîãî ðîçñ³þâàííÿ (SSC-side 
scatter) ñâ³òëà. Ñèãíàëè ðîçñ³þâàííÿ ñâ³òëà, ùî 
õàðàêòåðèçóþòü ðîçì³ð êë³òèíè (FSC), à òàêîæ öè-
òîïëàçìàòè÷í³ ³ ìåìáðàíí³ îñîáëèâîñò³ (SSC), 
ïîâ’ÿçóþòü ðåçóëüòàòè ôëóîðåñöåíòíîãî àíàë³çó ç 
ìîðôîëîã³÷íî ïåâíèìè ïîïóëÿö³ÿìè. 

Ìóëüòèïàðàìåòðè÷íèé àíàë³ç ïðîòî÷íî¿ öèòî-
ìåòð³¿ äîçâîëÿº çìåíøèòè íåîáõ³äíèé îáñÿã á³îëî-
ã³÷íîãî ìàòåð³àëó (äî 100 ìêë), ÷àñ ïðîáîï³äãîòîâêè 
³ ôàêòè÷íîãî àíàë³çó (ñåêóíäè) çà ðàõóíîê âèñîêî¿ 
øâèäêîñò³. Ïåðåâàãîþ ìåòîäó òàêîæ º ìîæëèâ³ñòü 
àíàë³çó âåëèêî¿ ê³ëüê³ñòü êë³òèí (äî 108 êë³òèí); âè-
ì³ðþþòüñÿ ïàðàìåòðè ð³äê³ñíèõ êë³òèí; â³äáóâàºòüñÿ 

 © Ìèêèòþê Î. Þ. 

ÓÄÊ 535. 36/. 37:57. 085. 2:61

Ìèêèòþê Î. Þ. 

ÏÐÎÒÎ×ÍÀ ÖÈÒÎÌÅÒÐ²ß: Ô²ÇÈ×Í² ÎÑÍÎÂÈ ÒÀ ÏÐÀÊÒÈ×ÍÅ 

ÇÀÑÒÎÑÓÂÀÍÍß Ó ÌÅÄÈÖÈÍ² ² Á²ÎËÎÃ²¯ 

Áóêîâèíñüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò (ì. ×åðí³âö³)



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 2, Òîì 1 (118) 215

ÌÅÒÎÄÈ ² ÌÅÒÎÄÈÊÈ

îá’ºêòèâíå âèì³ðþâàííÿ ³íòåíñèâíîñò³ ôëóîðåñöåí-
ö³¿. Ìîæëèâîñò³ àíàë³çó ðåçóëüòàò³â çá³ëüøóº âèêî-
ðèñòàííÿ ñòàòèñòè÷íèõ ³ ìàòåìàòè÷íèõ ìîäåëåé. 

Ìåòîäîì ïðîòî÷íî¿ öèòîìåòð³¿ äîñë³äæóþòüñÿ 
òàê³ çðàçêè: êðîâ; ê³ñòêîâèé ìîçîê; ë³êâîð; ñóãëîáî-
âà, ïëåâðàëüíà òà àñöèòè÷íà ð³äèíè; ñóñïåíç³éîâàí³ 
êë³òèíè òêàíèí. 

Ðîçãëÿíåìî îñíîâí³ îáëàñò³ çàñòîñóâàííÿ ìåòî-
äó â ìåäè÷í³é ³ á³îëîã³÷í³é ïðàêòèö³. 

Îñíîâíèì çàâäàííÿì ïðîòî÷íî¿ öèòîìåòð³¿ â ³ìó-
íîëîã³¿ º ³ìóíîôåíîòèïóâàííÿ íîðìàëüíèõ ³ ïàòîëî-
ã³÷íèõ ³ìóíîêîìïåòåíòíèõ êë³òèí, âèçíà÷åííÿ ôàãî-
öèòàðíî¿ àêòèâíîñò³, âíóòð³øíüîêë³òèííèõ öèòîê³í³â, 
âíóòð³øíüîêë³òèííèõ á³ëê³â, ïðîë³ôåðàòèâíî¿ àêòèâ-
íîñò³, äîñë³äæåííÿ êë³òèííîãî öèêëó, îö³íêà êë³òèí-
íî¿ öèòîòîêñè÷íîñò³. Íàéá³ëüøà ê³ëüê³ñòü äîñë³äæåíü 
çà îñòàííº äåñÿòèð³÷÷ÿ ñòîñóâàëàñÿ ñèñòåìè âðî-
äæåíîãî ³ìóí³òåòó. Âèêîðèñòàííÿ ìîíîêëîíàëüíèõ 
àíòèò³ë, êîí’þãîâàíèõ ç ð³çíèìè ôëóîðîõðîìàìè, 
ïðèçâåëî äî ðîçâèòêó áàãàòîïàðàìåòðè÷íîãî àíàë³-
çó ³ çíà÷íî ñïðîñòèëî ðîáîòó ôàõ³âö³â â ä³àãíîñòèö³ 
ð³çíèõ ïîðóøåíü ³ìóííî¿ ñèñòåìè [5, 8]. 

Ïðîòî÷íà öèòîìåòð³ÿ â îíêîëîã³¿ – öå ê³ëüê³ñíèé 
àíàë³ç âíóòð³øíüîêë³òèííèõ êîìïîíåíò³â (ÄÍÊ); àíà-
ë³ç ñòàä³é êë³òèííîãî öèêëó; âèÿâëåííÿ àíåóïëî¿äíî-
ãî êëîíó òà âèçíà÷åííÿ éîãî ïðîë³ôåðàòèâíî¿ àêòèâ-
íîñò³; âèçíà÷åííÿ ñïåöèô³÷íèõ ìàðêåð³â; ìîí³òîðèíã 
ïàö³ºíò³â, ùî âõîäÿòü äî ãðóïè ðèçèêó; îö³íêà ñòàíó 
³ìóííî¿ ñèñòåìè, ùî ïîëÿãàº ó îö³íö³ êë³òèííî¿ ëàíêè 
³ìóí³òåòó òà îö³íö³ ôóíêö³îíàëüíî¿ ñïðîìîæíîñò³ ³ìó-
íîêîìïåòåíòíèõ êë³òèí [6,12]. 

Ó ñó÷àñíèõ íàíîíåéðîòåõíîëîã³ÿõ º íàäçâè÷àé-
íî ïåðñïåêòèâíèì âèêîðèñòàííÿ ìàãí³òíèõ íàíî-
÷àñòèíîê äëÿ òðàíñïîðòóâàííÿ á³îëîã³÷íî àêòèâíèõ 
ðå÷îâèí ³ ë³ê³â äî êë³òèí-ì³øåíåé ó ðàç³ çîâí³øíüîãî 
ìàí³ïóëþâàííÿ òà â ïðîòèïóõëèíí³é òåðàï³¿. Ìåòîäà-
ìè ïðîòî÷íî¿ öèòîìåòð³¿ òà ôîòîííî¿ êîðåëÿö³éíî¿ 
ñïåêòðîñêîï³¿ äîñë³äæóºòüñÿ çâ’ÿçóâàííÿ íàíî÷àñ-
òèíîê ç íåðâîâèìè òåðì³íàëÿìè òà òðîìáîöèòàìè. 
Ðîçì³ð ÷àñòèíîê ó ïðåïàðàòàõ âèçíà÷àëè çà ïðÿìèì 
(FS), à öèòîïëàçìàòè÷íó ãðàíóëÿðí³ñòü – çà á³÷íèì 
(SS) ñâ³òëîðîçñ³þâàííÿì [2]. 

Â öèòîëîã³¿ ìåòîä âèêîðèñòîâóºòüñÿ äëÿ âèçíà-
÷åííÿ öèòîìîðôîëîã³÷íî¿ ïðèíàëåæíîñò³ êë³òèíè; 
îö³íêè àêòèâíîñò³ âíóòð³øíüîêë³òèííèõ ôåðìåíò³â; 
âèçíà÷åííÿ åêñïðåñ³¿ ïîâåðõíåâèõ àíòèãåí³â; äëÿ 
àíàë³çó ñòàä³é êë³òèííîãî öèêëó; âèì³ðó ô³ç³îëîã³÷-
íèõ ïàðàìåòð³â êë³òèíè – âíóòð³øíüîêë³òèííîãî pH, 
êîíöåíòðàö³¿ â³ëüíèõ ³îí³â Ca2+, ïîòåíö³àëó çîâí³ø-
íüî¿ êë³òèííî¿ ìåìáðàíè [4]. Ïðîòî÷íà öèòîìåòð³ÿ 
âèêîðèñòîâóºòüñÿ äëÿ âèâ÷åííÿ òðàíñìåìáðàííîãî 
îáì³íó ³îí³â êàëüö³þ â ì³òîõîíäð³ÿõ, íàïðèêëàä äëÿ 
âèÿâëåííÿ çì³í ì³òîõîíäð³àëüíîãî ïîòåíö³àëó òà 
ð³âíÿ àêòèâíèõ ôîðì êèñíþ òîùî. Òàêîæ ìåòîä âè-
êîðèñòîâóºòüñÿ äëÿ âèâ÷åííÿ îáì³íó ³îí³â Ca2+ â ³çî-
ëüîâàíèõ ì³òîõîíäð³ÿõ [1]. 

Ãåìàòîëîã³ÿ âèêîðèñòîâóº äàíèé ìåòîä äëÿ àíà-
ë³çó ñóáïîïóëÿö³éíîãî ñêëàäó êë³òèí ïåðèôåðè÷íî¿ 
êðîâ³; ï³äðàõóíêó ðåòèêóëîöèò³â, àíàë³çó òðîìáî-
öèò³â çà ñïåöèô³÷íèìè ìàðêåðàìè; äèôåðåíö³éíî¿ 
ä³àãíîñòèêè ë³ìôîïðîë³ôåðàòèâíèõ çàõâîðþâàíü ³ 

ðåàêòèâíèõ ë³ìôîöèòîç³â; ä³àãíîñòèêè ãîñòðèõ ëåé-
êîç³â; îö³íêè ì³í³ìàëüíî¿ ðåçèäóàëüíî¿ õâîðîáè. 

Ìåòîä ïðîòî÷íî¿ öèòîìåòð³¿ â ôàðìàêîëîã³¿ 
ñòâîðþº ìîæëèâîñò³ äëÿ âèì³ðó åêñïðåñ³¿ ìàðêåð³â, 
àêòèâíîñò³ âíóòð³øíüîêë³òèííèõ ôåðìåíò³â; âèçíà-
÷åííÿ ñòàä³é êë³òèííîãî öèêëó â ðàìêàõ âèâ÷åííÿ ìå-
õàí³çì³â âïëèâó ð³çíèõ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí 
íà êë³òèííîìó ð³âí³. 

Ïðîòî÷íà öèòîìåòð³ÿ øèðîêî çàñòîñîâóºòüñÿ 
äëÿ âèÿâëåííÿ â äîñë³äæóâàíèõ çðàçêàõ áàêòåð³àëü-
íèõ, ãðèáêîâèõ ³ âëàñíèõ êë³òèí îðãàí³çìó ëþäèíè (â 
ê³ëüêîñò³ 10-100 øòóê â 1 ìë êðîâ³); äëÿ âèçíà÷åííÿ 
÷óòëèâîñò³ ì³êðîîðãàí³çì³â äî àíòèáàêòåð³àëüíèõ 
ïðåïàðàò³â. Ï³ääàí³ âïëèâó àíòèá³îòèê³â ì³êðîîðãà-
í³çìè (in vivo àáî in vitro) ïîð³âíþþòü ç êîíòðîëüíèìè 
çðàçêàìè òîãî æ øòàìó äëÿ âñòàíîâëåííÿ ¿õ æèòòºç-
äàòíîñò³, à òàêîæ çì³í â íóêëå¿íîâèõ êèñëîòàõ, á³ë-
êàõ, îáîëîíö³ êë³òèí ³ ³í., ùî äîçâîëÿº îö³íèòè ñòó-
ï³íü åôåêòó àíòèá³îòèêà ³ òî÷êó ïðèêëàäàííÿ éîãî ä³¿. 

Âèñîêó ÷óòëèâ³ñòü ìåòîäó çàáåçïå÷óº âèêîðèñ-
òàííÿ ìîíîêëîíàëüíèõ àíòèò³ë, ïîì³÷åíèõ ôëóîðåñ-
ö³þþ÷îþ ðå÷îâèíîþ. 

Ìåòîä äîçâîëÿº ïðîâîäèòè ìîí³òîðèíã ñòàíó â³-
ðóñíîãî ïðîöåñó ó Â²Ë-³íô³êîâàíèõ ïàö³ºíò³â ³ ìîæå 
âèêîðèñòîâóâàòèñÿ äëÿ êîíòðîëþ åôåêòèâíîñò³ ïðî-
âåäåíî¿ òåðàï³¿ [9]. 

Ïðîòî÷íà öèòîìåòð³ÿ òàêîæ ìîæå áóòè âèêîðèñ-
òàíà â îáëàñò³ á³ëêîâî¿ ³íæåíåð³¿ äëÿ ³äåíòèô³êàö³¿ 
âàð³àíò³â êë³òèííî¿ ïîâåðõí³ á³ëêîâî¿ ìîëåêóëè. 

Ïðîòî÷íà öèòîìåòð³ÿ ìîæå áóòè âèêîðèñòàíà 
äëÿ âèì³ðþâàííÿ îêñèäàòèâíîãî ñòðåñó â ñîìàòè÷-
íèõ êë³òèíàõ ó ðîá³òíèê³â, åêñïîíîâàíèõ äî çâàðþ-
âàëüíîãî ïèëó, òà äëÿ ³íøèõ âèðîáíè÷èõ ñåðåäîâèù. 
Ðàõóâàííÿ ³íäåêñó îêñèäàòèâíîãî ñòðåñó º êîðèñíèì 
äëÿ ïåðåäáà÷åííÿ íàñë³äê³â çàõâîðþâàíü òà äëÿ âè-
çíà÷åííÿ åôåêòèâíîñò³ ïðîô³ëàêòè÷íèõ çàõîä³â [11]. 

Ó á³îëîã³¿, çîêðåìà â ðîñëèííèöòâ³ (ñ³ëüñüêîìó 
ãîñïîäàðñòâ³), ìåòîä âèêîðèñòîâóþòü äëÿ âèçíà÷åí-
íÿ ïëî¿äíîñò³ êë³òèí, àíàë³çó ñòàä³é êë³òèííîãî öèêëó, 
àíàë³çó ³ ñîðòóâàííÿ ïðîòîïëàñò³â. Ó ìîðñüê³é á³îëî-
ã³¿ ìîæóòü áóòè ïðîàíàë³çîâàí³ îá’ºìè ³ ðîçïîä³ë ôî-
òîñèíòåçó ïëàíêòîíó [3]. 

Âàæëèâèì º êîíòðîëü åêîëîã³÷íîãî ñòàíó ïðè-
ðîäíèõ åêîñèñòåì, çîêðåìà ïîë³äèñïåðñíèõ âîä-
íèõ ñåðåäîâèù, ÿê³ º ñêëàäîâîþ ÷àñòèíîþ çíà÷íî¿ 
ê³ëüêîñò³ îá’ºêò³â ïðèðîäíîãî ïîõîäæåííÿ. Ïîë³äèñ-
ïåðñí³ âîäí³ ñåðåäîâèùà – ñêëàäí³ ïîë³äèñïåðñ-
í³ ñèñòåìè, ùî âêëþ÷àþòü ó ñåáå ÷àñòèíêè ð³çíèõ 
òèï³â, ðîçì³ð³â ³ ôîðìè, ÿê³ çíàõîäÿòüñÿ ó çàâèñëîìó 
ñòàí³ â êîëî¿äíèõ ðîç÷èíàõ òà ïåðåáóâàþòü ó ñêëàä-
í³é âçàºìîä³¿. Ö³ ÷àñòèíêè ïåðåâàæíî º á³îëîã³÷íèìè 
êë³òèíàìè òà ¿õ àãëîìåðàòàìè. Ñêàíóþ÷à ïðîòî÷íà 
öèòîìåòð³ÿ äîçâîëÿº âèçíà÷àòè ðîçì³ð ³ ïîêàçíèê 
çàëîìëåííÿ îêðåìèõ ÷àñòîê ³ òèì ñàìèì ñïðèÿº ¿õ 
³äåíòèô³êàö³¿ [7]. 

Ïîÿâà íîâèõ íàïðÿìê³â ó ïðîòî÷í³é öèòîìåòð³¿, 
íàïð., ïðîòî÷íî¿ öèòîåíçèìîëîã³¿, â³äêðèâàº øèðî-
ê³ ïåðñïåêòèâè äëÿ ïîäàëüøî¿ ³äåíòèô³êàö³¿ ïîøêî-
äæåíèõ àáî çì³íåíèõ êë³òèí ³ äîçâîëÿº ïðèéìàòè 
àäåêâàòí³ ð³øåííÿ ùîäî åôåêòèâíîãî ë³êóâàííÿ âè-
ÿâëåíèõ ïàòîëîã³÷íèõ çì³í. 
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Ìèêèòþê Î. Þ. 
Ðåçþìå. Ó äàí³é ñòàòò³ ðîçãëÿíóòî ô³çè÷í³ ïðèíöèïè ìåòîäó ïðîòî÷íî¿ öèòîìåòð³¿ òà ïîêàçàíî ìîæëè-

âîñò³ äàíîãî ìåòîäó äëÿ ìåäè÷íî¿ ³ á³îëîã³÷íî¿ íàóêè. Ìåòîä º åôåêòèâíèì ïðè âèð³øåíí³ âàæëèâèõ çàâäàíü 
ìåäèöèíè, á³îëîã³¿ êë³òèíè òà êë³òèííî¿ ³íæåíåð³¿. Äàíî ïåðåë³ê çðàçê³â, ùî äîñë³äæóþòüñÿ ìåòîäîì ïðîòî÷-
íî¿ öèòîìåòð³¿ ó ìåäèöèí³. Ïîêàçàíî ïåðåâàãè äàíîãî ìåòîäó. Ðîçãëÿíóòî îñíîâí³ îáëàñò³ çàñòîñóâàííÿ ìå-
òîäó ó ìåäèêî-á³îëîã³÷í³é ïðàêòèö³. 
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ÖÈÍÅ È ÁÈÎËÎÃÈÈ
Ìèêèòþê Î. Þ. 
Ðåçþìå. Â äàííîé ñòàòüå ðàññìîòðåíû ôèçè÷åñêèå ïðèíöèïû ìåòîäà ïðîòî÷íîé öèòîìåòðèè è ïîêàçàíû 

âîçìîæíîñòè äàííîãî ìåòîäà äëÿ ìåäèöèíñêîé è áèîëîãè÷åñêîé íàóêè. Ìåòîä ýôôåêòèâåí ïðè ðåøåíèè 
âàæíûõ çàäà÷ ìåäèöèíû, áèîëîãèè êëåòêè è êëåòî÷íîé èíæåíåðèè. Äàí ïåðå÷åíü îáðàçöîâ èññëåäóåìûõ 
ìåòîäîì ïðîòî÷íîé öèòîìåòðèè â ìåäèöèíå. Ïîêàçàíû ïðåèìóùåñòâà äàííîãî ìåòîäà. Ðàññìîòðåíû 
îñíîâíûå îáëàñòè ïðèìåíåíèÿ ìåòîäà â ìåäèêî-áèîëîãè÷åñêîé ïðàêòèêå. 

Êëþ÷åâûå ñëîâà: ïðîòî÷íàÿ öèòîìåòðèÿ, ìåäèöèíà, áèîëîãèÿ. 
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Flow Cytometry: Physical Fundamentals and Practical Applications in Medicine and Biology
Mykytiuk O. Yu. 
Abstract. This article describes the physical principles of flow cytometry and the potential of this method for 

medical and biological sciences. Flow cytometry is a modern technology quickly measuring the characteristics 
of cells and their organelles and processing all events occur in them. The method is effective in solving important 
problems of medicine, cell biology and cell engineering. 

Flow cytometry – method of research of biological cells in the single stream subjected to laser radiation which 
records scattered light and fluorescence signals from each individual cell at a rate of up to 3000 cells per second. 

Secondary radiation having well-defined for each type of the cells or structures wavelengths passes through 
the optical system of the device and is recorded by a photomultiplier tube which converts it into electrical signals 
suitable for computer processing and storing information. 
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The analysis of light scattered at low angles (1° to 10°) is used to determine the size of the cells; registration of the 
scattered light at an angle of 90° gives an indication of the correspondence between the nucleus/ cytoplasm, as well 
as the heterogeneity and granulation of cells. Subpopulations of cell suspensions are determined on a fluorescence 
intensity of 2 fluorescence channels 18-20. 

Light scattering signals characterizing the size of the cells, as well as the cytoplasmic and membrane 
characteristics associated with fluorescence analysis results in morphologically defined population. 

Multiparametrical flow cytometry analysis allows to reduce the required volume of biological material to a 100 
ul, time of sample preparation and analysis. Actual analysis of large number of cells (up to 108 cells) is performed 
simultaneously. An objective measurement of the fluorescence intensity is carried out. 

Blood; bone marrow; liquor; articular, pleural and ascitic fluids. suspended cells and tissues can be investigated 
by flow cytometry. 

Immunology, oncology, cytology, hematology are main fields of the method application. The method is also used 
in pharmacology. 

Flow cytometry is used to detect bacterial, fungal, and own human cells in the samples, in determination of 
microorganisms sensitivity to antibiotics, as well as allows you to monitor the status of the viral process in HIV-
infected patients. 

The method used to determine the ploidy of cells, cell cycle analysis stages, analysis and sorting of protoplasts in 
biology, particularly in agriculture and plant breeding. It is possible to analyze a volume and distribution of plankton 
photosynthesis in marine biology. Flow cytometry is used to monitor the ecological state of natural ecosystems by 
determining the size and refractive index of the individual particles in aqueous media and thus contributes to their 
identification. 

The emergence of new trends in flow cytometry, for example flow cytoenzymology, opens up broad prospects 
for further identification of damaged or altered cells. 

Keywords: flow cytometry, medicine, biology. 
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