
Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 3, Òîì 2 (123)332

ÑÏÎÐÒÈÂÍÀ ÌÅÄÈÖÈÍÀ

Ðîáîòà âèêîíóâàëàñÿ çã³äíî òåìè çâåäåíîãî ïëàíó 
íàóêîâî-äîñë³äíî¿ ðîáîòè ó ñôåð³ ô³çè÷íî¿ êóëüòóðè 
³ ñïîðòó íà 2011 – 2015 ðð. 2.22 «Ðîçðîáêà êîìïëåê-
ñíî¿ ñèñòåìè âèçíà÷åííÿ ³íäèâ³äóàëüíî-òèïîëîã³÷íèõ 
âëàñòèâîñòåé ñïîðòñìåí³â íà îñíîâ³ ïðîÿâó ãåíîìó» 
(¹ äåðæ. ðåºñòðàö³¿ 0111U001729) òà òåìè 2.35 «Êðè-
òåð³¿ îö³íêè ôóíêö³îíàëüíîãî ïîòåíö³àëó ñïîðòñìåí³â 
âèñîêîãî êëàñó» (¹ äåðæ. ðåºñòðàö³¿ 0114U001482).

Âñòóï. Äîñë³äæåííÿ ìîëåêóëÿðíèõ ìåõàí³çì³â ³ çà-
êîíîì³ðíîñòåé àäàïòàö³¿ äî ô³çè÷íèõ íàâàíòàæåíü 
º áàçèñîì ï³äâèùåííÿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ ³ ñòà-
íîâèòü àêòóàëüíó ïðîáëåìó ô³ç³îëîã³¿ òà ñïîðòèâíî¿ 
ìåäèöèíè. Ô³çè÷íà ïðàöåçäàòí³ñòü ó ñïîðò³ çàáåçïå-
÷óºòüñÿ øèðîêèì ñïåêòðîì ôåíîòèïîâèõ îçíàê, êîæíà 
ç ÿêèõ ïðåäñòàâëÿº ñîáîþ ³íòåãðàö³éíèé êîìïëåêñ 
àíàòîì³÷íèõ, á³îõ³ì³÷íèõ òà ô³ç³îëîã³÷íèõ ñèñòåì ³ çà-
ëåæèòü â³ä êîìá³íàö³¿ ñïàäêîâèõ ôàêòîð³â òà ÷èííèê³â 
íàâêîëèøíüîãî ñåðåäîâèùà [4, 8]. 

Çàâäÿêè áóðõëèâîìó ðîçâèòêó ìîëåêóëÿðíî-ãå-
íåòè÷íèõ ìåòîä³â ïðîòÿãîì îñòàíí³õ äâîõ äåñÿòèë³òü 
âñòàíîâëåíî, ùî ³íäèâ³äóàëüí³ â³äì³ííîñò³ ó ñòóïåí³ 
ðîçâèòêó ô³çè÷íî¿ ïðàöåçäàòíîñò³ îáóìîâëåí³ ãåíå-
òè÷íèìè ïîë³ìîðô³çìàìè. Çàðàç â³äîìî 214 àóòîñî-
ìàëüíèõ, 18 ì³òîõîíäð³àëüíèõ ãåí³â òà 7 ãåí³â íà Õ õðî-
ìîñîì³, ïîë³ìîðô³çìè ÿêèõ àñîö³éîâàí³ ç ðîçâèòêîì 
³ ïðîÿâîì ô³çè÷íèõ ÿêîñòåé ëþäèíè, à òàêîæ ìîðôî-
ôóíêö³îíàëüíèìè îçíàêàìè ³ á³îõ³ì³÷íèìè ïîêàçíèêà-
ìè, ùî çì³íþþòüñÿ ï³ä âïëèâîì ô³çè÷íèõ íàâàíòàæåíü 
ð³çíî¿ ñïðÿìîâàíîñò³ [5]. 

Çà îñòàíí³ 19 ðîê³â, ó ðåïë³êàòèâíèõ äîñë³äæåííÿõ 
âñòàíîâëåíî 155 ãåíåòè÷íèõ ìàðêåð³â (ðîçòàøîâàíèõ 
íà âñ³õ õðîìîñîìàõ òà mtDNA) àñîö³éîâàíèõ ç³ ñòàòó-
ñîì ñïîðòñìåí³â, ç íèõ 93 – ó âèäàõ ñïîðòó ç âèìîãàìè 
äî ïåðåâàæíîãî ðîçâèòêó âèòðèâàëîñò³ òà 62 – ó øâèä-
ê³ñíî-ñèëîâèõ âèäàõ [3]. Çà îñòàíí³ äâà ðîêè øëÿõîì 
ïîâíîãåíîìíîãî ñåêâåíóâàííÿ àôðîàìåðèêàíñüêèõ, 
ÿìàéñüêèõ, ÿïîíñüêèõ òà ðîñ³éñüêèõ ñïîðòñìåí³â 
(GWASs) áóëî âñòàíîâëåíî 41 ç öèõ ìàðêåð³â. Çà íà-
ÿâí³ñòþ âåëè÷åçíîãî îáñÿãó ôàêòè÷íî¿ ³íôîðìàö³¿ ïðî 
àñîö³àö³þ ïåâíèõ âàð³àö³é ãåí³â ³ç ðîçâèòêîì ô³çè÷íèõ 
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ÿêîñòåé, ïðàêòè÷íî â³äñóòí³ äàí³ ïðî ôóíêö³îíàëüíå 
çíà÷åííÿ ïåâíèõ ïîë³ìîðô³çì³â. 

Äîñÿãíåííÿ ñòàòóñó åë³òíîãî ñïîðòñìåíà – öå 
êîìïëåêñ âèïðîáóâàíü, ùî âèìàãàþòü âçàºìîä³¿ âå-
ëèêî¿ ê³ëüêîñò³ ôàêòîð³â, òîìó ëèøå êîìá³íîâàíèé 
âïëèâ ïåâíèõ ãåíåòè÷íèõ âàð³àíò³â ìîæå ïîÿñíèòè 
³íäèâ³äóàëüí³ âàð³àö³¿ ïðîÿâó ô³çè÷íî¿ ïðàöåçäàòíîñ-
ò³. Ê³ëüê³ñòü ãåí³â, ÿê³ ïðåòåíäóþòü íà «çâàííÿ» ãåí³â, 
ùî ñïðèÿþòü ñïîðòèâí³é ïðàöåçäàòí³ñò³ òà ìîæóòü âè-
êîðèñòîâóâàòèñÿ ó ïðàêòèö³ ï³äãîòîâêè ñïîðòñìåí³â, 
çðîñòàº ùîðîêó [6]. 

Ïèòàííÿ ðîçâèòêó ô³çè÷íî¿ ïðàöåçäàòíîñò³ ò³ñíî 
ïåðåïëåòåíå ç ïðîáëåìàìè ñïîðòèâíîãî äîáîðó. 
Çðîñòàííÿ ñïîðòèâíèõ ðåêîðä³â, çàãîñòðåííÿ êîíêó-
ðåíö³¿ íà ì³æíàðîäí³é àðåí³ âèìàãàþòü ìàêñèìàëüíî¿ 
îð³ºíòàö³¿ ñèñòåìè ï³äãîòîâêè ñïîðòñìåí³â íà ³íäèâ³-
äóàëüí³ çä³áíîñò³ òà çàäàòêè ñïîðòñìåí³â ï³ä ÷àñ äî-
áîðó òà îð³ºíòàö³¿ íà âñ³õ åòàïàõ áàãàòîð³÷íîãî âäî-
ñêîíàëåííÿ [1]. Íåçâàæàþ÷è íà ñó÷àñí³ ïðîãðåñèâí³ 
òåõíîëîã³¿, ùî âèêîðèñòîâóþòüñÿ ó ñïîðòèâíîìó äî-
áîð³, åêîíîì³÷í³ òà äåìîãðàô³÷í³ òðóäíîù³, íåäîë³êè 
êðèòåð³¿â äîáîðó, íåîáõ³äí³ñòü ¿õ äèôåðåíö³àö³¿ òà ñïå-
ö³àë³çàö³¿ äëÿ îêðåìèõ îáðàíèõ âèä³â ñïîðòó, âèìà-
ãàþòü óäîñêîíàëåííÿ îðãàí³çàö³éíèõ îñíîâ ñèñòåìè 
äîáîðó. Ìîëåêóëÿðíî-ãåíåòè÷íà ä³àãíîñòèêà ìîæå 
³ñòîòíî ï³äâèùèòè åôåêòèâí³ñòü ñïîðòèâíî¿ îð³ºíòà-
ö³¿ òà äîáîðó, äîïîìîãòè â îïòèì³çàö³¿ òðåíóâàëüíîãî 
ïðîöåñó ³ ôàðìàêîëîã³÷íî¿ ï³äòðèìêè ñïîðòñìåí³â, 
ïðîô³ëàêòèö³ ð³çíèõ çàõâîðþâàíü, ïîâ’ÿçàíèõ ç ïðî-
ôåñ³éíîþ ä³ÿëüí³ñòþ ñïîðòñìåí³â.

Íåçâàæàþ÷è íà âåëèêó ê³ëüê³ñòü äîñë³äæåíü, ³ñ-
íóþ÷³ ïðîáëåìè, à ñàìå: íåâåëèêèé ðîçì³ð âèá³ðîê 
á³ëüøîñò³ ãðóï ñïîðòñìåí³â, âèêîðèñòàííÿ íåïðÿìèõ 
ìåòîä³â äîñë³äæåííÿ, íåâ³äòâîðþâàí³ñòü ðåçóëüòà-
ò³â â ð³çíèõ åòí³÷íèõ ãðóïàõ, íåîáõ³äí³ñòü âðàõóâàííÿ 
ïîòåíö³àëüíî¿ ðîë³ åï³ãåíåòè÷íèõ ôàêòîð³â, ôàêòîð³â 
çîâí³øíüîãî ñåðåäîâèùà òà ì³æãåííî¿ âçàºìîä³¿ íå 
äîçâîëÿþòü ñòâåðäæóâàòè ïðî îñòàòî÷íå âèçíà÷åííÿ 
ôóíêö³îíàëüíîãî çíà÷åííÿ ïîë³ìîðô³çì³â ãåí³â äëÿ 
ô³çè÷íî¿ ïðàöåçäàòíîñò³ òà ïðî ñòâîðåííÿ ÷³òêî¿ ä³à-
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ãíîñòè÷íî¿ ñèñòåìè ñïàäêîâî¿ ñõèëüíîñò³ äî âèñîêî¿ 
ô³çè÷íî¿ ïðàöåçäàòíîñò³ [3, 7, 8]. 

Ìåòà äîñë³äæåííÿ – ñòâîðåííÿ àëãîðèòìó ìîëå-
êóëÿðíî-ãåíåòè÷íî¿ ä³àãíîñòèêè ô³çè÷íî¿ ïðàöåçäàò-
íîñò³ ó ñïîðò³ íà îñíîâ³ âèçíà÷åííÿ ìîëåêóëÿðíî-ãå-
íåòè÷íèõ ìàðêåð³â.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. äî äîñë³äæåí-
íÿ áóëî çàëó÷åíî 611 îñ³á, ç ÿêèõ 285 ñïîðòñìåí³â 
ð³çíèõ âèä³â ñïîðòó òà 326 îñ³á, ÿê³ íå çàéìàþòüñÿ 
ñïîðòîì. Ó â³äïîâ³äíîñò³ äî õàðàêòåðó ô³çè÷íèõ íà-
âàíòàæåíü ãðóïà ñïîðòñìåí³â áóëà ïîä³ëåíà íà òðè 
ï³äãðóïè: I – âèäè ñïîðòó ç ïåðåâàæíèì ïðîÿâîì âè-
òðèâàëîñò³ (n = 110), ²² – âèäè ñïîðòó, ç ïåðåâàæíèì 
ïðîÿâîì øâèäêîñò³/ñèëè (n = 110), ²²² – âèäè ñïîðòó 
ç ïîºäíàíèì ïðîÿâîì ÿêîñòåé âèòðèâàëîñò³ òà ñèëè/
øâèäêîñò³ (n = 65). 

Âèçíà÷åííÿ àäàïòàö³éíèõ ðåàêö³é êàðä³îðåñ-
ï³ðàòîðíî¿ ñèñòåìè (ÊÐÑ) íà ô³çè÷í³ íàâàíòàæåí-
íÿ. Äîñë³äæåííÿ ðåàêö³é êàðä³îðåñï³ðàòîðíî¿ ñèñ-
òåìè îðãàí³çìó íà ô³çè÷í³ íàâàíòàæåííÿ ïåðåâàæíî 
àåðîáíîãî õàðàêòåðó åíåðãîçàáåçïå÷åííÿ ïðîâîäè-
ëîñÿ ç âèêîðèñòàííÿ ìåòîä³â åðãîìåòð³¿, ñï³ðîìåòð³¿ 
òà ãàçîàíàë³çó. Ïîêàçíèêè ãàçîîáì³íó âèçíà÷àëèñÿ çà 
äîïîìîãîþ ãàçîàíàë³çàòîðà MetaMax. Òåñòîâ³ ô³çè÷-
í³ íàâàíòàæåííÿ ïðîâîäèëè íà ãðåáíîìó åðãîìåòð³ 
Concept II» (USA) òà íà òðåäì³ë³ «LÅ-200» (German). 
Ìåòîäîì òðàíñòîðàêàëüíî¿ ðåîãðàô³¿ âèçíà÷àëèñÿ 
ïîêàçíèêè öåíòðàëüíî¿ ãåìîäèíàì³êè. Ïàðàìåòðè 
êðîâîîá³ãó ó âåðõí³õ òà íèæí³õ ê³íö³âêàõ ðåºñòðóâàëè 
çà äîïîìîãîþ ïðèëàäó ReoCom-Professional. Åõîêàð-
ä³îãðàô³÷íå äîñë³äæåííÿ ïðîâîäèëîñÿ íà óëüòðàçâó-
êîâîìó ñêàíåð³ Hewlett Pachard Sonos 5500.

Äîñë³äæåííÿ ñõâàëåíî Êîì³òåòîì ç á³îìåäè÷íî¿ 
åòèêè ²íñòèòóòó ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ 
Óêðà¿íè. Òåñòóâàííÿ ñïîðòñìåí³â ïðîâîäèëîñÿ ï³ñëÿ 
äíÿ â³äïî÷èíêó ïðè ñòàíäàðòèçîâàíîìó ðåæèì³ õàð÷ó-
âàííÿ òà ïèòíîãî ðåæèìó. Îáñòåæóâàí³ áóëè îá³çíàí³ 
ïðî çì³ñò òåñò³â ³ äàëè çãîäó íà ¿õ ïðîâåäåííÿ. Ïðè îá-
ñòåæåíí³ ñïîðòñìåí³â äîòðèìóâàëèñü çàêîíîäàâñòâà 
Óêðà¿íè ïðî îõîðîíó çäîðîâ’ÿ ³ Õåëüñèíñüêî¿ äåêëà-
ðàö³¿ 2000 ð., äèðåêòèâè ªâðîïåéñüêîãî òîâàðèñòâà 
86/609 ñòîñîâíî ó÷àñò³ ëþäåé ó ìåäèêî-á³îëîã³÷íèõ 
äîñë³äæåííÿõ.

Äëÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó âèêîðèñ-
òîâóâàëè çðàçêè ÄÍÊ, îòðèìàí³ øëÿõîì çàáîðó åï³-
òåë³àëüíèõ êë³òèí ðîòîâî¿ ïîðîæíèíè. ÄÍÊ âèä³ëÿëè 
çà äîïîìîãîþ íàáîðó ðåàêòèâ³â DiatomTM DNA Prep 
(Biokom, Ðîñ³ÿ). Ïðè âèêîðèñòàíí³ ìåòîäà ÏËÐ áóëà 
ïðîâåäåíà äåòåêö³ÿ íàñòóïíèõ ïîë³ìîðô³çì³â: Ò-786Ñ 
ïîë³ìîðô³çìó ïðîìîòîðó ãåíà eNOS, G894T ïîë³ìîð-
ô³çìó 7-ãî åêçîíó ãåíà åNOS, I/D ïîë³ìîðô³çìó ÀÑÅ, 
Ñ1744Ò ïîë³ìîðô³çìó 12 åêçîíó ãåíà HIF1A, Pro

12
Ala 

ïîë³ìîðô³çìó ãåíà PPARG, G2528C ïîë³ìîðô³çìó 7-ãî 
³íòðîíà ãåíà PPARA, Ala

203
Pro ïîë³ìîðô³çìó ãåíà 

PPARGC1B, G1355A (Gly
422
Ser) ïîë³ìîðô³çìó ãåíà 

ELN, Ñ-1306Ò ïîë³ìîðô³çìó ïðîìîòîðó ãåíà ÌÌÐ2, 
À

1
/À

2
 ïîë³ìîðô³çìó ãåíà DRD2, R/X ïîë³ìîðô³çìó ãåíà 

ÀÑTN3. Â³ðîã³äí³ñòü â³äì³ííîñòåé ó ðîçïîä³ë³ âèá³ðîê 
âèçíà÷àëè çà êðèòåð³ºì 2 (Ï³ðñîíà). 

Ïîêàçíèêè ðåàêö³¿ ÊÐÑ íà ô³çè÷í³ íàâàíòàæåííÿ 
áóëè ïåðåâ³ðåí³ íà íîðìàëüí³ñòü çà äîïîìîãîþ òåñòó 
Øàï³ðî-Â³ëê. Ãîìîãåíí³ñòü äèñïåðñ³é áóëà ïðîàíàë³-
çîâàíà çà äîïîìîãîþ òåñòó Ë³âàéíà ç íàñòóïíèì ïðî-

âåäåííÿì äèñïåðñ³éíîãî àíàë³çó (ANOVA). ç ìåòîþ âè-
ÿâëåííÿ ôóíêö³îíàëüíèõ çâ`ÿçê³â ì³æ ïîë³ìîðô³çìàìè 
ãåí³â òà ïîêàçíèêàìè ðåàêö³¿ ÊÐÑ áóâ âèêîðèñòàíèé 
ìåòîä ìíîæèííîãî ðåãðåñ³éíîãî àíàë³çó, â ðåçóëüòàò³ 
ÿêîãî îòðèìàí³ ë³í³éí³ â³äíîñíî íåçàëåæíèõ ïàðàìå-
òð³â ìîäåë³ ïîë³íîì³àëüíîãî âèãëÿäó. Äëÿ ìîäåëþâàí-
íÿ òà àíàë³çó ìåæãåííèõ âçàºìîä³é âèêîðèñòîâóâà-
ëè ìåòîä áàãàòîôàêòîðíîãî çìåíøåííÿ ðîçì³ðíîñò³ 
(MDR, Multifactorial dimentionality reduction) òà êëàñ-
òåðíèé àíàë³ç.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Àíà-
ë³ç ðîçïîä³ëó ÷àñòîòè çóñòð³÷³ ãåíîòèï³â òà àëåëåé ãåí³â 
ó âèá³ðêàõ ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó òà êîíòð-
îëüí³é ãðóï³ äîçâîëèâ âèÿâèòè ïåâí³ çàêîíîì³ðíîñò³, 
ùî äîçâîëÿþòü âèêîðèñòîâóâàòè âèâ÷åí³ ïîë³ìîðô³ç-
ìè ó ÿêîñò³ ãåíåòè÷íèõ ìàðêåð³â ñïàäêîâî¿ ñõèëüíîñò³ 
äî çàíÿòü ñïîðòîì. ç 11 äîñë³äæóâàíèõ ïîë³ìîðô³çì³â 
ò³ëüêè Ñ1744Ò ïîë³ìîðô³çì ãåíà HIF1A, Ò-786Ñ ïîë³-
ìîðô³çì ïðîìîòîðó ãåíà eNOS òà Pro

12
Ala ïîë³ìîð-

ô³çì ãåíà PPARG â³ðîã³äíî àñîö³éîâàí³ ç³ ñòàòóñîì 
ñïîðòñìåíà, ùî â³äîáðàæàº ð³âåíü ô³çè÷íî¿ ïðàöåç-
äàòíîñò³.

×àñòîòà Pro/Pro ãåíîòèïó Pro
12
Ala ïîë³ìîðô³çìó 

ãåíà PPARG â ãðóï³ ñïîðòñìåí³â, ÿê³ ñïåö³àë³çóþòüñÿ 
â âèäàõ ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³, âèùà 
çà ÷àñòîòó ó êîíòðîëüí³é ãðóï³ òà ãðóï³ ñïîðòñìåí³â 
øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó íà 12,5 % (ð

 2
 = 0,01) 

òà 21,8 %(ð
 2

 = 0,005). Pro-àëåëü ñïðèÿº ðîçâèòêó âèñî-
êî¿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ â âèäàõ ñïîðòó ç ïåðåâàæ-
íèì ïðîÿâîì âèòðèâàëîñò³, à Ala-àëåëü – â øâèäê³ñíî-
ñèëîâèõ âèäàõ ñïîðòó.

Ñ/Ñ-ãåíîòèï Ñ1744 Ò ïîë³ìîðô³çìó ãåíà HIF1A â³-
ðîã³äíî (ð

2 = 0,03) ïåðåâàæàº â ãðóï³ ñïîðòñìåí³â, 
ÿê³ ñïåö³àë³çóþòüñÿ ó âèäàõ ñïîðòó ç ïåðåâàæíèì 
ïðîÿâîì âèòðèâàëîñò³. Ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ 
äî ï³äâèùåííÿ ÷àñòîòè Ñ-àëåëÿ â ãðóïïàõ ñïîðòñìå-
í³â ç âèùîþ êâàë³ô³êàö³ºþ â âèäàõ ñïîðòó ç ïåðåâàæ-
íèì ïðîÿâîì âèòðèâàëîñò³. ×àñòîòà Ò-àëåëÿ ïåðå-
âàæàº â ãðóï³ ñïîðòìåí³â øâèäê³ñíî-ñèëîâèõ âèä³â 
ñïîðòó. Âñå âèùå íàâåäåíå äîçâîëÿº ñòâåðäæóâàòè, 
ùî Ñ-àëåëü Ñ/Ò ïîë³ìîðô³çìó ãåíà HIF1A ñïðèÿº ðîç-
âèòêó âèòðèâàëîñò³.

×àñòîòà Ò-àëåëÿ òà Ò/Ò ãåíîòèïó Ò-786Ñ ïîë³ìîð-
ô³çìó ãåíà eNOS ó ãðóï³ ñïîðòñìåí³â â³ðîã³äíî ïåðå-
âàæàþòü ïîêàçíèêè êîíòðîëüíî¿ ãðóïè (Ð

ãåíîòèïó
 = 0,035, 

Ð
àëåëÿ

 = 0,03). ×àñòîòà Ò/Ò-ãåíîòèïó ó ñïîðòñìåí³â øâèä-
ê³ñíî-ñèëîâèõ âèä³â ñïîðòó íà 20 % (Ð 

2 = 0,003) ïåðå-
âèùóº ÷àñòîòó â êîíòðîëüí³é ãðóï³ ³ íà 18,2 %(Ð

2 = 0,05) 
â ãðóï³ âèä³â ñïîðòó ç ïåðåâàæíèì ïðîÿâîì âèòðèâà-
ëîñò³, ùî ñâ³ä÷èòü ïðî òå, ùî Ò-àëåëü º ñïðèÿòëèâîþ 
äëÿ ðîçâèòêó âèñîêî¿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ â ñïîð-
ò³ â ö³ëîìó, ³ îñîáëèâî, ó øâèäê³ñíî-ñèëîâèõ âèäàõ 
ñïîðòó.

G-àëåëü G2528C ïîë³ìîðô³çìó 7-ãî ³íòðîíó ãåíà 
PPARA ñïðèÿº ðîçâèòêó ô³çè÷íî¿ ïðàöåçäàòíîñò³ 
ó ñïîðò³. ×àñòîòà G/G-ãåíîòèïó ó ñïîðòñìåí³â ïåðå-
âèùóº ÷àñòîòó â êîíòðîëüí³é ãðóï³ íà 7,2 %. Ñïîñòå-
ð³ãàºòüñÿ òåíäåíö³ÿ äî çá³ëüøåííÿ ÷àñòîòè G-àëåëÿ 
ç³ çá³ëüøåííÿì ñïîðòèâíî¿ êâàë³ô³êàö³¿ ó âèäàõ ñïîðòó 
ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³;

Pro-àëåëü Ala
203
Pro ïîë³ìîðô³çìó ãåíà PPARGC1B 

ñïðèÿº ô³çè÷í³é ïðàöåçäàòíîñò³, îñîáëèâî â âèäàõ 
ñïîðòó ç ïåðåâàæíèì ïðîÿâîì âèòðèâàëîñò³. 
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G1355A ïîë³ìîðô³çì ãåíà ELN, àñîö³éîâàíèé 
ç æîðñòê³ñòþ ñóäèí, âïëèâàº íà ïðàöåçäàòí³ñòü 
ñïîðòñìåí³â, ÿê³ ñïåö³àë³çóþòüñÿ ó âèäàõ ñïîðòó ç ðîç-
âèòêîì âèòðèâàëîñò³. ×àñòîòà ð³äê³ñíîãî À-àëåëÿ, ùî 
ïðèçâîäèòü äî ï³äâèùåííÿ æîðñòêîñò³ ñóäèí â ãðóï³ 
ñïîðòñìåí³â, ÿê³ çàéìàþòüñÿ âèäàìè ñïîðòó ç ïåðå-
âàæíèì ðîçâèòêîì âèòðèâàëîñò³ çíèæåíà. Âèçíà÷åí-
íÿ C-1306T ïîë³ìîðô³çìó ãåíà ÌÌÐ2,àñîö³éîâàíîãî 
ç³ ñòàíîì ì³æêë³òèííîãî ìàòðèêñó, ìîæå ñâ³ä÷èòè ïðî 
ð³âåíü äåñòðóêö³éíèõ ïðîöåñ³â îïîðíî-ðóõîâîãî àï-
ïàðàòó ³ ìàº âàæëèâå çíà÷åííÿ ïðè äîáîð³ äî øâèä-
ê³ñíî-ñèëîâèõ âèä³â ñïîðòó. Ò/Ò ãåíîòèï àñîö³éîâàíèé 
ç³ ñõèëüí³ñòþ äî ðîçâèòêó âèñîêî¿ ô³çè÷íî¿ ïðàöåç-
äàòíîñò³ ó øâèäê³ñíî-ñèëîâèõ âèäàõ ñïîðòó. Íàéá³ëüø 
âèñîêà ÷àñòîòà Ò-àëåëÿ â ãðóï³ ñïîðòñìåí³â, ÿê³ ñïå-
ö³àë³çóþòüñÿ â ëåãêîàòëåòè÷íèõ ìåòàííÿõ (41,7 %). 

Àíàë³ç ðåçóëüòàò³â âèÿâèâ âèñîêó ÷àñòîòà ð³äê³ñíî-
ãî À

1
/À1 ãåíîòèïó çà

 
À

2
/À

1
 ïîë³ìîðô³çìîì ãåíà DRD2 

â ãðóï³ ñïîðòñìåí³â, ÿê³ çàéìàþòüñÿ ºäèíîáîðñòâàìè, 
ùî ìîæå ñâ³ä÷èòè, ïðè ñïðèÿòëèâ³ñòü äàíîãî ãåíîòè-
ïó â òèõ âèäàõ ñïîðòó, äå øâèäêî çì³íþºòüñÿ ñèòóàö³ÿ, 
³ íåîáõ³äíî ìàòè âèñîêèé ð³âåíü êðåàòèâíîñò³.

Cïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî çá³ëüøåííÿ ÷àñòîòè 
íîñ³¿â D-àëåëÿ ãåíà ÀÑÅ ñåðåä ñïîðòñìåí³â, ÿê³ ñïåö³-
àë³çóþòüñÿ ó øâèäê³ñíî-ñèëîâèõ âèäàõ òà çðîñòàííÿ 
÷àñòîòè I/I-ãåíîòèïó â ãðóïàõ ñïîðòñìåí³â ç âèñîêîþ 
ñïîðòèâíîþ ìàéñòåðí³ñòþ â âèäàõ ñïîðòó ç ïåðåâàæ-
íèì ðîçâèòêîì âèòðèâàëîñò³, ùî ñâ³ä÷èòü ïðî ñïðè-
ÿòëèâ³ñòü àëåëåé öüîãî ãåíà äëÿ äîñÿãíåííÿ âèñîêî¿ 
ô³çè÷íî¿ ïðàöåçäàòíîñò³ (²-àëåëÿ â âèäàõ ñïîðòó ç ïå-
ðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³, à D-àëåëÿ â øâèä-
ê³ñíî-ñèëîâèõ âèäàõ ñïîðòó). 

Âñòàíîâëåíî, ùî R-àëåëü ãåíà ACTN3 º ñïðèòëè-
âèì äëÿ çàíÿòü ñïîðòîì, à ãåíîòèï R/R ñïðèÿº äî-
ñÿãíåííþ âèñîêèõ ñïîðòèâíèõ ðåçóëüòàò³â ó øâèä-
ê³ñíî-ñèëîâèõ âèäàõ ñïîðòó; ÷àñòîòà ÕÕ-ãåíîòèïó 
ó ñïîðòñìåí³â çíà÷íî íèæ÷à, í³æ â êîíòðîëüí³é ãðóï³, 
à â âèäàõ ñïîðòó ç âíåñêîì àåðîáíîãî ìåõàí³çìó ðå-
ñèíòåçó ÀÒÔ á³ëüøå 75 % ñïîðòñìåíè ç ÕÕ-ãåíîòèïîì 
â³äñóòí³.

Äîñë³äæåííÿ ïîêàçíèê³â ãàçîàíàë³çó äîçâîëèëî 
âñòàíîâèòè âïëèâ ïîë³ìîðô³çì³â ãåí³â íà àåðîáí³ çä³-
áíîñò³ ó âèäàõ ñïîðòó ç ïåðåâàæíèì ðîçâèòêîì âèòðè-
âàëîñò³. Îäèí ç êîìïîíåíò³â àåðîáíî¿ ïðîäóêòèâíîñò³ 
º àåðîáíà ïîòóæí³ñòü; ùî õàðàêòåðèçóºòüñÿ âåëè÷è-
íîþ ìàêñèìàëüíîãî ñïîæèâàííÿ êèñíþ ³ çàëåæèòü â³ä 
êîìïëåêñó 6 ïîë³ìîðô³çì³â ó êîìá³íàö³¿ ç ³íäèâ³äóàëü-
íèìè ïîêàçíèêàìè (ñòàòü, êâàë³ô³êàö³ÿ, âèä ñïîðòó). 
Äàí³ ôàêòîðè îáóìîâëþþòü 71 % ðîçñ³þâàííÿ âåëè÷è-
íè VO

2max
. Âñòàíîâëåíà àñîö³àö³ÿ ïîîäèíîêèõ ïîë³ìîð-

ô³çì³â íà ð³çí³ õàðàêòåðèñòèêè àåðîáíèõ ìîæëèâîñòåé 
îðãàí³çìó êâàë³ô³êîâàíèõ ñïîðòñìåí³â: I/D ïîë³ìîð-
ôèçì ãåíà ÀÑÅ àñîö³éîâàíèé ç ìàêñèìàëüíîþ àåðîá-
íîþ ïîòóæí³ñòþ (ð = 0,029), Ò/Ñ ïîë³ìîðô³çì ãåíà eNOS 
àñîö³éîâàíèé ç åôåêòèâí³ñòþ ëåãåíåâî¿ âåíòèëÿö³ÿ 
äëÿ óòèë³çàö³¿ Î

2
 ç ïîâ³òðÿ 9ð = 0,04); G/C ïîë³ìîðô³çì 

ãåíà PPARA àñîö³éîâàíèé ç ô³çè÷íî¿ ïðàöåçäàòí³ñòþ 
íà ð³âí³ ïîðîãó àíàåðîáíîãî îáì³íó (ð = 0,009).

Â íàøèõ äîñë³äæåííÿõ ìåòîäîì ÓÇÄ ñåðöÿ ïðè 
äîñë³äæåíí³ ñòàíó ñåðöÿ ñïîðòñìåí³â, ÿê³ ñïåö³àë³-
çóþòüñÿ â ëåãêîàòëåòè÷íèõ ñòðèáêàõ, âñòàíîâëåíî, 
ùî ó ñïîðòñìåí³â ç D/D-ãåíîòèïîì ïîêàçíèêè ñåðöÿ 
â íîðì³, íà â³äì³íó â³ä îñ³á ç ²/² -ãåíîòèïîì. Âêàçàíèé 

ôàêò ìîæå ñâ³ä÷èòè, ùî ó ñïîðòñìåí³â ç ²/² – ãåíîòè-
ïîì àäàïòàö³ÿ äî ðîáîòè øâèäê³ñíî-ñèëîâîãî õàðàê-
òåðó, íà â³äì³íó â³ä îñ³á ç D/D-ãåíîòèïîì â³äáóâàºòüñÿ 
íåàäåêâàòíî. Òîáòî, D/D-ãåíîòèï ñïðèÿº àäåêâàòí³é 
àäàïòàö³¿ äî ðîáîòè øâèäê³ñíî-ñèëîâîãî õàðàêòåðó. 

Ïðè äîñë³äæåíí³ âïëèâó ïîë³ìîðô³çì³â ãåí³â íà ïà-
ðàìåòðè ãåìîäèíàì³êè ñïîðòñìåí³â ó ñòàí³ â³äíîñíîãî 
ì’ÿçîâîãî ñïîêîþ áóëî âñòàíîâëåíî, ùî íàéá³ëüøèì 
âïëèâîì íà ïîêàçíèêè ãåìîäèíàì³êè õàðàêòåðèçó-
ºòüñÿ ïîë³ìîðô³çì ãåíà HIF1A, ïîë³ìîðô³çì ãåíà ÀÑÅ 
òà PPARG Íàéìåíøèé âïëèâ âèÿâèëè ïîë³ìîðô³çìè 
ãåí³â PPARA, ACTN3, ELN. Ïîë³ìîðô³çì ãåíà HIF1A 
â³ðîã³äíî âïëèâàº íà ïîêàçíèêè êðîâîíàïîâíåííÿ 
òà ïåðèôåð³éíîãî îïîðó ñóäèí ÿê åëàñòè÷íîãî òàê 
³ ì’ÿçîâîãî òèïó. Ñ/Ñ – ãåíîòèï çà ãåíîì HIF1A ó ñòàí³ 
â³äíîñíîãî ì’ÿçîâîãî ñïîêîþ ñïðèÿº çá³ëüøåííþ 
êðîâîòîêó ÿê â öåíòðàëüíèõ òà ïåðèôåð³éíèõ ñóäèíàõ 
òà çìåíøåííþ ïåðèôåð³éíîãî îïîðó ñóäèí. I/D ïîë³-
ìîðô³çì ÀÑÅ çä³éñíþº âïëèâ íà ïåðèôåð³éíèé îï³ð 
òà òîíóñ ñóäèí. ²/²-ãåíîòèï ñïðèÿº á³ëüø íèçüêîìó ïå-
ðèôåð³éíîìó îïîðó ñóäèí, ó ïîð³âíÿíí³ ç ãåíîòèïîì 
D/D. Ãåíîòèï Pro/Pro çà ãåíîì PPARG, ñïðèÿº âèùèì 
ïîêàçíèêàì ÓÎ, Ó², ÕÎÊ, ×ÑÑ, Ñ², ïîêàçíèêàì ðîáîòè 
ë³âîãî øëóíî÷êó, åëàñòè÷íîñò³ âåëèêèõ àðòåð³é, àëå 
íèæ÷èì ïîêàçíèêàì ÇÏÎÑ òà ÏÏÎÑ (ð < 0,05). Ñòðóê-
òóðí³ ÷èííèêè áàçàëüíîãî òîíóñó ñóäèí º á³ëüø ãåíå-
òè÷íî äåòåðì³íîâàíèìè, í³æ ì³îãåíí³.

Ïðè çàñòîñóâàíí³ ìåòîä³â ìóëüòèôàêòîðíîãî àíà-
ë³çó âñòàíîâëåíî, ùî ñïàäêîâà ñõèëüí³ñòü äî âèä³â 
ñïîðòó, ùî ñòàâëÿòü âèìîãè äî ïðîÿâó ñèëè òà âèòðè-
âàëîñò³, ôîðìóºòüñÿ çà ðàõóíîê âçàºìîä³¿ àëåëüíèõ 
âàð³àíò³â ÷îòèðüîõ ïîë³ìîðô³çì³â ãåí³â: ²/D ïîë³ìîð-
ô³çìó ãåíà ÀÑÅ ³ Ò-786Ñ ïîë³ìîðô³çìó ãåíà åNOS, 
R577X ïîë³ìîðô³çìó ãåíà ACTN3, G2528C ïîë³ìîð-
ô³çìó 7-ãî ³íòðîíó ãåíà PPARA (ïðîãíîñòè÷íà ö³íí³ñòü 
ñòâîðåíî¿ ìîäåë³ 64 %). Ñïàäêîâà ñõèëüí³ñòü äî øâèä-
ê³ñíî-ñèëîâèõ âèä³â ñïîðòó âèçíà÷àºòüñÿ êîìá³íàö³-
ºþ àëåëüíèõ âàð³àíò³â øåñòè ïîë³ìîðô³çì³â: ²/D ïîë³-
ìîðô³çìó ãåíà ACE, Ò-786Ñ ïîë³ìîðô³çìó ãåíà åNOS, 
R577X ïîë³ìîðô³çìó ãåíà ACTN3, G2528C ïîë³ìîðô³ç-
ìó 7-ãî ³íòðîíó ãåíà PPARA, Pro

582
Ser ïîë³ìîðô³ç-

ìó ãåíà HIF-1, Pro
12
Ala ïîë³ìîðô³çìó ãåíà PPARG 

(ïðîãíîñòè÷íà ö³íí³ñòü ñòâîðåíî¿ ìîäåë³ 65 %).

Îö³íêà ñõèëüíîñò³ äî îáðàíîãî âèäó ñïîðòó

Âèçíà÷åííÿ çàãàëüíî¿ ñõèëüíîñò³ 
äî ãðóïè âèä³â ñïîðòó 

çà ê³ëüê³ñòþ ñïðèÿòëèâèõ àëåëåé

Îö³íêà ôóíêö³îíàëüíî¿ âàæëèâîñò³ ïîë³ìîðô³çìó 
äëÿ äàíî¿ ãðóïè âèä³â ñïîðòó

Ðèñ. 1. Ñõåìà îö³íêè ñïàäêîâî¿ ñõèëüíîñò³ 
äî çàíÿòü ð³çíèìè âèäàìè ñïîðòó.
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Íà îñíîâ³ àíàë³çó ïîøèðåííÿ ÷àñòîòè ãåíîòèï³â 
òà àëåëåé ð³çíèõ ïîë³ìîðô³çì³â ð³çíèõ ãåí³â â âèá³ðêàõ 
ñïîðòñìåí³â, ÿê³ çàéìàþòüñÿ ð³çíèìè âèäàìè ñïîðòó, 
íà îñíîâ³ âèä³ëåííÿ ñïðèÿòëèâèõ òà íåñïðèÿòëèâèõ 
àëåëåé äëÿ ðîçâèòêó íåîáõ³äíèõ ô³çè÷íèõ ÿêîñòåé, 
òà ¿õ àñîö³àö³¿ ç ð³âíåì ð³çíèõ ôóíêö³îíàëüíèõ ïîêàç-
íèê³â, âðàõîâóþ÷è âíåñîê ïîë³ìîðô³çì³â ó ðîçâèòîê 
ôåíîòèï³â íàìè áóëî ñòâîðåíî òðüîõåòàïíó ñèñòåìó 
îö³íêè ñïàäêîâî¿ ñõèëüíîñò³ äî ðîçâèòêó âèñîêî¿ ô³-
çè÷íî¿ ïðàöåçäàòíîñò³ (ðèñ. 1). 

Ïåðøèé åòàï ïîëÿãàº ó âèçíà÷åííÿ çàãàëüíî¿ 
ñïàäêîâî¿ ñõèëüíîñò³ äî òðüîõ ãðóï ñïîðòó, ïîä³ëåíèõ 
çã³äíî õàðàêòåðó ìåõàí³çì³â åíåðãåòè÷íîãî çàáåçïå-
÷åííÿ ì’ÿçîâî¿ ä³ÿëüíîñò³ òà îñíîâíèõ õàðàêòåðèñòèê 
âèêîíàííÿ òðåíóâàëüíèõ òà çìàãàëüíèõ íàâàíòàæåíü 
(õàðàêòåð, òðèâàë³ñòü òà ³íòåíñèâí³ñòü âèêîíàííÿ ô³-
çè÷íèõ âïðàâ). äî ïåðøî¿ ãðóïè ìè â³äíåñëè âèäè 
ñïîðòó ç ïåðåâàæíèì ïðîÿâîì âèòðèâàëîñò³ (àêàäå-
ì³÷íå âåñëóâàííÿ, ëèæí³ ãîíêè; á³ã íà äîâã³ òà ñåðåä-
í³ äèñòàíö³¿); äî äðóãî¿ – âèäè ñïîðòó, ç ïåðåâàæíèì 
ïðîÿâîì øâèäêîñò³/ ñèëè ( âåðòèêàëüí³ ³ ãîðèçîíòàëü-
í³ ëåãêîàòëåòè÷í³ ñòðèáêè, ìåòàííÿ, á³ã íà êîðîòê³ äèñ-
òàíö³¿) äî òðåòüî¿ – âèäè ñïîðòó ç ïðîÿâîì çì³øàíèõ 
ÿêîñòåé (âèòðèâàë³ñòü, ñèëà/ øâèäê³ñòü) (ºäèíîáîð-
ñòâà, õóäîæíþ ã³ìíàñòèêó, â³òðèëüíèé ñïîðò). 

Äðóãèé åòàï ´ðóíòóºòüñÿ íà ðåçóëüòàòàõ ôóíêö³-
îíàëüíèõ äîñë³äæåíü òà ¿õ íàñòóïíîãî ìàòåìàòè÷íî-
ãî àíàë³çó ïîáóäîâ³ ðåãðåñ³éíèõ ìîäåëåé òà âðàõîâóº 
âíåñîê ïîë³ìîðô³çì³â ó ðîçâèòîê ³íôîðìàòèâíèõ ïî-
êàçíèê³â ô³çè÷íî¿ ïðàöåçäàòíîñò³. 

Ïðè îö³íö³ ïåðñïåêòèâíîñò³ äèòèíè â òîìó ÷è ³íøî-
ìó âèä³ ñïîðòó, òðåáà îïèðàòèñÿ íà àíàë³ç ô³ç³îëîã³÷-
íèõ ïðîöåñ³â àäàïòàö³¿ äî ô³çè÷íèõ íàâàíòàæåíü â êîí-
êðåòíîìó âèä³ ñïîðòó, òîìó äëÿ êîæíîãî âèäó ñïîðòó 
íåîáõ³äíî ñòâîðþâàòè ñâîþ ñèñòåìó îö³íêè ñïàäêîâî¿ 
ñõèëüíîñò³. Êð³ì òîãî, çíà÷óù³ñòü êðèòåð³¿â ïîâèííà 
çì³íþâàòèñÿ ó çàëåæíîñò³ â³ä çàäà÷ åòàïó áàãàòîë³ò-
íüîãî âäîñêîíàëåííÿ (òàáë.).

ßêùî íà ïåðâèííîìó òà ïîïåðåäíüîìó åòàïàõ 
äîáîðó ³íôîðìàö³ÿ ïðî ìîëåêóëÿðíî-ãåíåòè÷í³ ìàð-
êåðè ìîæå ìàòè âèð³øàëüíå çíà÷åííÿ (ñõèëüí³ñòü 
äî çàíÿòü ñïîðòîì, âèá³ð âóçüêî¿ ñïåö³àë³çàö³¿), 
òî íà íàñòóïíèõ åòàïàõ ¿¿ âàæëèâ³ñòü çíèæóºòüñÿ, 
îñê³ëüêè ïðèðîäí³ ñõèëüíîñò³ º ëèøå îñíîâîþ äëÿ 
ïðîÿâó ô³çè÷íèõ ÿêîñòåé. Íà öèõ åòàïàõ çðîñòàº âàæ-
ëèâ³ñòü äàíèõ ïðî ³íäèâ³äóàëüíó â³äïîâ³äü îðãàí³çìó 
íà ò³ ÷è ³íø³ íàâàíòàæåííÿ, äëÿ êîðåêö³¿ ïåäàãîã³÷íîãî 
ïðîöåñó, äëÿ ïðîãíîçóâàííÿ ðåçóëüòàò³â, äëÿ â³äáîðó 
äî çìàãàíü òà ó çá³ðí³ êîìàíäè.

Îö³íêà ñõèëüíîñò³ äî âèä³â ñïîðòó ç ïåðåâàæíèì 
ðîçâèòêîì âèòðèâàëîñò³: îñîáè ç ê³ëüê³ñòþ áàë³â â³ä 
0 äî 24 – íèçüêà ñõèëüí³ñòü, â³ä 25 äî 46 – ïîì³ðíà 
ñõèëüí³ñòü, â³ä 47 äî 70 – âèñîêà ñõèëüí³ñòü. Îö³íêà 
ñõèëüíîñò³ äî øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó: â³ä 
î äî 25 – íèçüêà ñõèëüí³ñòü, â³ä 26 äî 62 – ïîì³ðíà 
ñõèëüí³ñòü, â³ä 63 äî 80- âèñîêà ñõèëüí³ñòü äî øâèä-
ê³ñíî-ñèëîâèõ âèä³â ñïîðòó. 

Îö³íêà ñõèëüíîñò³ äî âèä³â ñïîðòó ç ç³ ïðî-
ÿâîì çì³øàíèõ ÿêîñòåé: îñîáè ç ê³ëüê³ñòþ áàë³â â³ä 
0 äî 24 – íèçüêà ñõèëüí³ñòü, â³ä 25 äî 46 – ïîì³ðíà 
ñõèëüí³ñòü, â³ä 47 äî 70 – âèñîêà ñõèëüí³ñòü.

Òðåò³é åòàï, îñíîâàíèé íà îñîáëèâîñòÿõ ñïåö³-
àëüíî¿ ïðàöåçäàòíîñò³ îáðàíîãî âèäó ñïîðòó, âèçíà-
÷àº ñõèëüí³ñòü äî äîñÿãíåííÿ âèñîêî¿ ñïîðòèâíî¿ ðå-
çóëüòàòèâíîñò³ ó êîíêðåòíîìó âèä³ ñïîðòó.

Çàãàëüíèé àëãîðèòì ï³äðàõóíêó ñïàäêîâî¿ ñõèëü-
íîñò³ âêëþ÷àº ñóìó áàë³â: çàãàëüíèé áàë ñõèëüíîñò³, 
áàë ïåðøîãî åòàïó, áàë äðóãîãî åòàïó, àáî (-) áàë 
ôóíêö³îíàëüíî¿ çíà÷óùîñò³ ïîë³ìîðô³çìó, ðîçïîä³ë 
àëåëüíèõ âàð³àíò³â ÿêîãî â³ðîã³äíî â³äð³çíÿºòüñÿ ó âè-
ñîêîêâàë³ô³êîâàíèõ ñïîðòñìåí³â äàíîãî âèäó ñïîðòó. 
Çíàê «—» îçíà÷àº, ùî äëÿ äàíî¿ ãðóïè  ñïðèÿòëèâèì 
º ð³äê³ñíèé àëåëü äàíîãî ïîë³ìîðô³çìó.

Óçàãàëüíåíèé âïëèâ ïîë³ìîðô³çì³â ãåí³â íà ô³-
çè÷íó ïðàöåçäàòí³ñòü ïðåäñòàâëåíî íà ðèñ. 2, 3.

Òàáëèöÿ 

Âèêîðèñòàííÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó íà ð³çíèõ åòàïàõ ñïîðòèâíîãî äîáîðó

Åòàï äîáîðó Çàâäàííÿ Âèä ³íôîðìàö³¿

Ïåðâèííèé
Âñòàíîâëåííÿ ñõèëüíîñò³ äî çàíÿòü ñïîðòîì,

âèá³ð âèäó ñïîðòó.

Àíàë³ç ïîë³ìîðô³çì³â ãåí³â (ãåíåòè÷í³ ìàðêåðè îñíîâíî¿ 
ãðóïè); ï³äðàõóíîê ñóìàðíîãî áàëó;

àíàë³ç ïîë³ìîðô³çì³â, ùî êîäóþòü âëàñòèâîñò³ íåðâîâî¿ 
ñèñòåìè;

àíàë³ç ïîë³ìîðô³çì³â ãåí³â, ùî ñïðèÿþòü ðîçâèòêó 
çàõâîðþâàíü.

Ïîïåðåäí³é
Âèá³ð âóçüêî¿ ñïåö³àë³çàö³¿, âñòàíîâëåííÿ 
ìîæëèâîñò³ äî ïåðåíåñåííÿ ³íòåíñèâíèõ 

òðåíóâàëüíèõ òà çìàãàëüíèõ íàâàíòàæåíü.

Ïîë³ìîðô³çìè ãåí³â;
ð³âåíü åêñïðåñ³¿ ãåí³â íà ô³çè÷í³ íàâàíòàæåííÿ ð³çíîãî 

õàðàêòåðó.
Åï³ãåíåòè÷í³ ôàêòîðè.

Ïðîì³æíèé
Âñòàíîâëåííÿ ñõèëüíîñò³ äî ïåðåíåñåíü 

ìàêñèìàëüíèõ íàâàíòàæåíü
Ð³âåíü åêñïðåñ³¿ ãåí³â íà ô³çè÷í³ íàâàíòàæåííÿ 

ìàêñèìàëüíî¿ ïîòóæíîñò³ (êðèòè÷íî¿), öÄÍÊ

Îñíîâíèé
Êîðåêö³ÿ ïåäàãîã³÷íîãî ïðîöåñó. 

Ï³äâèùåííÿ åôåêòèâíîñò³ ôàðìêîðåêö³¿.

Ïîë³ìîðô³çìè ãåí³â, ùî ñïðèÿþòü óòèë³çàö³¿ 
êñåíîá³îòèê³â,

Ïîë³ìîðô³çìè ãåí³â, ùî ñïðèÿþòü àêòèâíîìó 
âêëþ÷åííþ â ìåòàáîë³çì ôàðìàêîëîã³÷íèõ ïðåïàðàò³â

Çàêëþ÷íèé

Âñòàíîâëåííÿ ôàêòîð³â ï³äòðèìàííÿ âèñîêî¿ 
ñïîðòèâíî¿ ïðàöåçäàòíîñò³ 

Âèÿâ çä³áíîñòåé äî çáåðåæåííÿ äîñÿãíóòèõ 
ðåçóëüòàò³â, ñõèëüíîñò³ äî ñïîðòèâíîãî 

äîâãîë³òòÿ.

Âñòàíîâëåííÿ ð³âíÿ åêñïðåñ³¿ ãåí³â, ùî êîäóþòü 
íåñïðèÿòëèâ³ ôàêòîðè. Äîâæèíà òåëîìåð òà àêòèâí³ñòü 

òåëîìåðàçè



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 3, Òîì 2 (123)336

ÑÏÎÐÒÈÂÍÀ ÌÅÄÈÖÈÍÀ

Ðèñ. 2. Ôóíêö³îíàëüíèé åôåêò ïîë³ìîðô³çì³â ãåí³â íà ô³çè÷íó ïðàöåçäàòí³ñòü 
ó øâèäê³ñíî-ñèëîâèõ âèäàõ ñïîðòó

íèçüêèé ôóíêö³îíàëüíèé åôåêò ñåðåäí³é ôóíêö³îíàëüíèé åôåêò ñèëüíèé ôóíêö³îíàëüíèé åôåêò

Ðèñ. 3. Ôóíêö³îíàëüíèé åôåêò ïîë³ìîðô³çì³â ãåí³â íà ô³çè÷íó ïðàöåçäàòí³ñòü 
ó âèäàõ ñïîðòó ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³ 

íèçüêèé ôóíêö³îíàëüíèé åôåêò ñåðåäí³é ôóíêö³îíàëüíèé åôåêò ñèëüíèé ôóíêö³îíàëüíèé åôåêò

Ñåðöåâî-ñóäèííà 
ñèñòåìà

ÀÄàïòàö³ÿ äî ã³ïîêñ³¿ Ì’ÿçîâà òêàíèíà ÂÍÄ Ñïîëó÷íà òêàíèíà

Ñåðöåâî-ñóäèííà 
ñèñòåìà

Îáì³í æèð³â 
³ âóãëåâîä³â

Îáì³í æèð³â 
³ âóãëåâîä³â

Îáì³í æèð³â 
³ âóãëåâîä³â

Ñïîëó÷íà òêàíèíà

Ò(eNOS) Ò(HIFIA) R (ACTN3) A1 (DRD2) G (ELN)

Ò (eNOS) C (HIFIA) R (ACTN3) A2 (DRD2) G (ELN)

Ñåðöåâî-ñóäèííà 
ñèñòåìà

ÀÄàïòàö³ÿ äî ã³ïîêñ³¿ Ì’ÿçîâà òêàíèíà ÂÍÄ Ñïîëó÷íà òêàíèíà

Ñåðöåâî-ñóäèííà 
ñèñòåìà

Îáì³í æèð³â 
³ âóãëåâîä³â

Îáì³í æèð³â 
³ âóãëåâîä³â

Îáì³í æèð³â 
³ âóãëåâîä³â

Ñïîëó÷íà òêàíèíà

I (ACE) G (PPARA) Pro (PPARG) Pro (GC1B) C (MMP2)

âèñîêèé 
ð³âåíü NO, 
âàçîäèëÿ-

òàö³ÿ

çá³ëüøóºòüñÿ 
ñò³éê³ñòü 

êë³òèí 
äî ã³ïîêñ³¿

ñèíòåç 
-àêòèíèíó 3, 

âèñîêà 
ì’ÿçîâà 

àêòèâí³ñòü

çíèæåíà 
ñïîð³äíåí³ñòü 

ðåöåïòîð³â 
äî äîôàì³íó

âèñîêà âèñîêà 
åëàñòè÷í³ñòü åëàñòè÷í³ñòü 

àðòåð³éàðòåð³é

âèñîêèé ð³âåíü âèñîêèé ð³âåíü 
ÀÃ ²²², ÀÃ ²²², 

âàçîêîíñòð³êö³ÿâàçîêîíñòð³êö³ÿ

ïîâ³ëüíå ïîâ³ëüíå 
îêèñëåííÿ îêèñëåííÿ 

æèðíèõ êèñëîò æèðíèõ êèñëîò 
ó, ï³äâèùåíà ó, ï³äâèùåíà 
âèòðèâàë³ñòü âèòðèâàë³ñòü 

ì’ÿç³âì’ÿç³â

ï³äâèùåíà 
÷óòëèâ³ñòü 
äî ³íñóë³íó 

òà óòèë³çàö³ÿ 
ãëþêîçè, 

øâèäêèé ð³ñò 
ì’ÿçîâî¿ ìàñè

çíèæåíèé çíèæåíèé 
ðèçèê ðîçâèòêó ðèçèê ðîçâèòêó 

îæèð³ííÿ, îæèð³ííÿ, 
çá³ëüøåííÿ çá³ëüøåííÿ 

ê³ëüêîñò³ ÌÕ, ê³ëüêîñò³ ÌÕ, 
ñèìóëÿö³ÿ ñèìóëÿö³ÿ 

àíã³îãåíåçóàíã³îãåíåçó

øâèäêå 
ðîçùåïëåííÿ 

êîëàãåíó IV

âèñîêèé 
ð³âåíü NO, 

âàçîäèëÿòàö³ÿ, 
ïîêðàùåíå ÌÕ 

äèõàííÿ

âèñîê³ àåðîáí³ 
çä³áíîñò³, 

âèñîêà ÌÑÊ

ñèíòåç ñèíòåç 
-àêòèíèíó 3, -àêòèíèíó 3, 

âèñîêà âèñîêà 
ì’ÿçîâà ñèëàì’ÿçîâà ñèëà

ï³äâèùåíàñ-
ïîð³äíåí³ñòü 
ðåöåïòîð³â 

äî äîôàì³íó

âèñîêà âèñîêà 
åëàñòè÷í³ñòü åëàñòè÷í³ñòü 

àðòåð³éàðòåð³é

íèçüêèé ð³âåíü íèçüêèé ð³âåíü 
àíã³îòåíçèíó ²², àíã³îòåíçèíó ²², 
âàçîêîíñòð³êö³ÿâàçîêîíñòð³êö³ÿ

³íòåíñèâíå ³íòåíñèâíå 
îêèñëåííÿ îêèñëåííÿ 

æèðíèõ êèñëîò æèðíèõ êèñëîò 
ó, ï³äâèùåíà ó, ï³äâèùåíà 
âèòðèâàë³ñòü âèòðèâàë³ñòü 

ì’ÿç³âì’ÿç³â

ï³äâèùåíà 
àêòèâí³ñòü 

ãåí³â 
æèðîâîãî 
îáì³íó, 

ï³äâèùåíà 
âèòðèâàë³ñòü

çíèæåíèé çíèæåíèé 
ðèçèê ðîçâèòêó ðèçèê ðîçâèòêó 

îæèð³ííÿ, îæèð³ííÿ, 
çá³ëüøåííÿ çá³ëüøåííÿ 

ê³ëüêîñò³ ÌÕ, ê³ëüêîñò³ ÌÕ, 
ñèìóëÿö³ÿ ñèìóëÿö³ÿ 

àíã³îãåíåçóàíã³îãåíåçó

ïîâ³ëüíåðîç-ïîâ³ëüíåðîç-
ùåïëåííÿ ùåïëåííÿ 

êîëàãåíó IVêîëàãåíó IV

D (ACE) C (PPARA) Ala (PPARG) Pro (GC1B) T (MMP2)
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Âèñíîâêè. Ðîçðîáëåíî àëãîðèòì ìîëåêóëÿðíî-ãå-
íåòè÷íî¿ ä³àãíîñòèêè âèçíà÷åííÿ ñïàäêîâî¿ ñõèëüíîñò³ 
äî ðîçâèòêó âèñîêî¿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ ó ð³çíèõ 
âèäàõ ñïîðòó, îñíîâàíèé íà àíàë³ç³ ïîë³ìîðô³çì³â ãåí³â, 
ùî ñë³ä âèêîðèñòîâóâàòè ó êîìïëåêñ³ ç ïåäàãîã³÷íèìè 
òà ³íøèìè ìåòîäàìè ó ïðîöåñ³ äîáîðó ñïîðòñìåí³â. 
Âñòàíîâëåíî åòàïè âèçíà÷åííÿ, êðèòåð³¿ îö³íêè, áàëüíó 
ñèñòåìè îö³íêè, îö³íåíî çíà÷åííÿ êîæíîãî ç ïîë³ìîð-
ô³çì³â ïðè âèçíà÷åíí³ ñïàäêîâî¿ ñõèëüíîñò³ äî 7 îáðà-
íèõ âèä³â ñïîðòó (àêàäåì³÷íå âåñëóâàííÿ, ëèæí³ ãîíêè, 
ñòðèáêîâ³ âèäè ëåãêî¿ àòëåòèêè, ìåòàííÿ, á³ã íà êîðîòê³ 
äèñòàíö³¿, ºäèíîáîðñòâà, â³ò ðèëüíèé ñïîðò).

Äî ïåðåâàã ñòâîðåíî¿ ñèñòåìè íàëåæàòü îäíîðàçîâå 
ïðîâåäåííÿ çàáîðó ÄÍÊ ³ âèêîðèñòàííÿ ö³º¿ ³íôîðìàö³¿ 
íà ïðîòÿç³ âñüîãî ÷àñó ï³äãîòîâêè ñïîðòñìåíó òà âñüîãî 

æèòòÿ; íå³íâàçèâí³ñòü ìåòîäó äîñë³äæåííÿ; ìîæëèâ³ñòü 
îíîâëåííÿ òà ðîçøèðåííÿ ìåòîäó ï³ñëÿ îòðèìàííÿ 
íîâèõ íàóêîâèõ äàíèõ (â³äêðèòòÿ íîâèõ çíà÷óùèõ ïî-
ë³ìîðô³çì³â); äàº ³íôîðìàö³þ ïðî ñèëüí³ òà ñëàáê³ ñòî-
ðîíè ôóíêö³îíàëüíèõ ìîæëèâîñòåé îðãàí³çìó. Òî÷í³ñòü 
ìåòîäó çàëåæèòü â³ä ïîòóæíîñòåé òà ìîäåðí³çàö³¿ íàó-
êîâîãî îáëàäíàííÿ, â³ä ê³ëüêîñò³ ïðîàíàë³çîâàíèõ ïîë³-
ìîðô³çì³â ãåí³â òà ¿õ ôóíêö³îíàëüíîãî çíà÷åííÿ.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ñòâîðå-
íèé ìåòîä êîìïëåêñíî¿ ìîëåêóëÿðíî-ãåíåòè÷íî¿ ä³à-
ãíîñòèêè âèçíà÷åííÿ ñïàäêîâî¿ ñõèëüíîñò³ äî çàíÿòü 
ñïîðòîì ìîæëèâî ðîçøèðþâàòè çà ðàõóíîê çá³ëüøåííÿ 
ñïåêòðó äîñë³äæóâàíèõ ïîë³ìîðô³çì³â, îòðèì àííÿ àñî-
ö³àö³é ç ôóíêö³îíàëüíèìè ïîêàçíèêàìè òà äèôåðåíö³þ-
âàííÿ äëÿ ð³çíèõ âèä³â ñïîðòó.
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Ðåçþìå. Ô³çè÷íà ïðàöåçäàòí³ñòü ó ñïîðò³ çàëåæèòü â³ä êîìá³íàö³¿ ñïàäêîâèõ ÷èííèõ òà ÷èííèê³â íàâêîëèø-

íüîãî ñåðåäîâèùà. Âïëèâ ïåâíèõ ãåíåòè÷íèõ âàð³àíò³â ìîæå ïîÿñíèòè ³íäèâ³äóàëüí³ âàð³àö³¿ ïðîÿâó ô³çè÷íî¿ 
ïðàöåçäàòíîñò³. Ìåòà äîñë³äæåííÿ – ñòâîðåííÿ àëãîðèòìó ìîëåêóëÿðíî-ãåíåòè÷íî¿ ä³àãíîñòèêè ô³çè÷íî¿ ïðàöåç-
äàòíîñò³ ó ñïîðò³. 

Îáñòåæåíî 611 îñ³á, ç ÿêèõ 285 ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó òà 326 îñ³á, ùî íå çàéìàþòüñÿ ñïîðòîì. Ìî-
ëåêóëÿðíî-ãåíåòè÷í³ ìàðêåðè âèçíà÷àëèñÿ ó ÄÍÊ ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿. Àíàë³ç ðîçïîä³ëó 
÷àñòîòè ãåíîòèï³â òà àëåëåé ïîë³ìîðô³çì³â ó äîçâîëèâ âñòàíîâèòè àñîö³àö³þ ïîë³ìîðô³çì³â ãåí³â HIF1A, eNOS 
òà PPARG ç³ ñòàòóñîì ñïîðòñìåí³â. Äîñë³äæåíî îñîáëèâîñò³ àäàïòàö³¿ êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè ñïîðòñìåí³â 
ç ð³çíèìè ãåíîòèïàìè. Ðîçðîáëåíî àëãîðèòì ìîëåêóëÿðíî-ãåíåòè÷íî¿ ä³àãíîñòèêè âèçíà÷åííÿ ñïàäêîâî¿ ñõèëü-
íîñò³ äî ðîçâèòêó âèñîêî¿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ ó ð³çíèõ âèäàõ ñïîðòó. 

Êëþ÷îâ³ ñëîâà: ô³çè÷íà ïðàöåçäàòí³ñòü, ìîëåêóëÿðíî-ãåíåòè÷í³ ìàðêåðè, ïîë³ìîðô³çìè ãåí³â. 
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Ðåçþìå. Ôèçè÷åñêàÿ ðàáîòîñïîñîáíîñòü â ñïîðòå çàâèñèò îò êîìáèíàöèè íàñëåäñòâåííûõ ôàêòîðîâ 

è îêðóæàþùåé ñðåäû. Âîçäåéñòâèå îïðåäåëåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ ìîæåò îáúÿñíèòü èíäèâèäóàëüíûå 
âàðèàöèè ïðîÿâëåíèÿ ôèçè÷åñêîé ðàáîòîñïîñîáíîñòè. Öåëü èññëåäîâàíèÿ – ñîçäàíèå àëãîðèòìà ìîëåêóëÿð-
íî-ãåíåòè÷åñêîé äèàãíîñòèêè ôèçè÷åñêîé ðàáîòîñïîñîáíîñòè â ñïîðòå.

Îáñëåäîâàíî 611 ÷åëîâåê, èç êîòîðûõ 285 ñïîðòñìåíîâ ðàçëè÷íûõ âèäîâ ñïîðòà è 326 ÷åëîâåê, íå çàíè-
ìàþùèõñÿ ñïîðòîì. Ìîëåêóëÿðíî-ãåíåòè÷åñêèå ìàðêåðû îïðåäåëÿëèñü â ÄÍÊ ìåòîäîì ïîëèìåðàçíîé öåï-
íîé ðåàêöèè. Àíàëèç ðàñïðåäåëåíèÿ ÷àñòîòû ãåíîòèïîâ è àëëåëåé ïîëèìîðôèçìîâ ïîçâîëèëè óñòàíîâèòü àñ-
ñîöèàöèþ ïîëèìîðôèçìîâ ãåíîâ HIF1A, eNOS è PPARG ñî ñòàòóñîì ñïîðòñìåíîâ. Èññëåäîâàíî îñîáåííîñòè 
àäàïòàöèè êàðäèîðåñïèðàòîðíîé ñèñòåìû ñïîðòñìåíîâ ñ ðàçíûìè ãåíîòèïàìè. Ðàçðàáîòàí àëãîðèòì ìîëå-
êóëÿðíî-ãåíåòè÷åñêîé äèàãíîñòèêè îïðåäåëåíèÿ íàñëåäñòâåííîé ïðåäðàñïîëîæåííîñòè ê ðàçâèòèþ âûñîêîé 
ôèçè÷åñêîé ðàáîòîñïîñîáíîñòè â ðàçëè÷íûõ âèäàõ ñïîðòà. 

Êëþ÷åâûå ñëîâà: ôèçè÷åñêàÿ ðàáîòîñ ïîñîáíîñòü, ìîëåêóëÿðíî-ãåíåòè÷åñêèå ìàðêåðû, ïîëèìîðôèç-
ìû ãåíîâ.
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Complex Molecular-Gene tic Diagnostics of Physical Performance in Sports
Drozdovskà S.B.
Abstract. The study of molecular mechanisms and patterns of adaptation to physical activity is the basis of enhanc-

ing physical performance and the actual problem of physiology  and sports medicine. Physical performance in the sport 
is provided of wide range of phenotypic traits and depends on the effective combination of hereditary and environmental 
factors. Only the co mbined impact of certain genetic variants may explain individual variations manifestation of physical 
performance. Despite the great interest of scientists to this problem, a comprehensive approach to the us e of molecular 
genetic markers in determining predisposition to high sports performance is not used. The aim was to create an algo-
rithm for molecular genetic diagnostics of physical performance in sport by determining molecular genetic markers.

The study involved 611 people, including 285 athletes of different sports and 326 persons without any competi-
tive sport experience. Athletes Group was divided into three subgroups: I – endurance-oriented athletes (n = 110), II – 
speed / power-oriented athlets (n = 110), III – athletes engaged in sports with combined endurance and strength/speed 
(n = 65). Determination of physical performance was measured by maximum level of oxygen consumption (VO

2max
) and 

capacity of loading (Wmax) under test loads with incremental endurance, as well as intensity of loading at the level of anaerobic 
threshold (W

Thr
). Treadmill «LÅ-200» ( (Germany) and rowing ergometer Concept – II (USA) were used for loading.

Genomic DNA was isolated from oral epithelial cells .The Ò-786Ñ polymorphism of the promoter of åNOS gene as 
well as I/D polymorphism of ÀÑÅ gene, Ðãî/Ala polymorphism of PPARG gene, G/C polymorphism of PPARA gene, 
Pro582Ser polymorphism (C/T) of HIF1 gene, and Ala203Pro polymorphism of PPARGC1B gene G894T polymor-
phism 7th exon (eNOS), G1355  A (Gly422  Ser) polymorphism (ELN), C  T-1306 polymorphism promoter (MMR2), 
A/A2 polymorphism (DRD2), R/X polymorphism (ACTN3) were identified using the method of polymerase chain reac-
tion (PCR), with a subsequent analysis of the restriction length fragments. Analysis of the distribution frequency of gen-
otypes and alleles of studied polymorphisms in groups of athletes and the control group suggests that the C1744  T 
gene polymorphism HIF1A, T-786  C polymorphism of eNOS gene promoter and Pro12 Ala PPARG gene polymor-
phism associated with the status of an athlete, reflecting the level of physical efficiency. The analysis of the obtained re-
sults has shown both single and combined effect of the gene polymorphisms on the aerobic capacity. I/D polymorphism 
of the ACE gene is associated with maximal aerobic power (p = 0.029), T/C polymorphism of eNOS gene associated 
with lung ventilation efficiency for utilization of O

2
 from the air (p = 0.04); G/C polymorphism gene PPARA associated 

with physical performance at the threshold of anaerobic metabolism (p = 0.009). The algorithm of molecular genetic 
diagnostics determining hereditary predisposi  on to high physical performance in different sports, based on the analy-
sis of polymorphisms of genes was created. Stages of definition, evaluation criteria, scoring system evaluation as-
sessed value of each of polymorphisms in determining genetic predisposition to 7 selected sports were established 
(rowing, skiing, jumping, throwing, sprint, martial arts, sailing)

Keywords: physical capacity, molecular genetic markers, gene polymorphisms.
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