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Ðàáîòà âûïîëíÿëàñü â ñîîòâåòñòâèè ñ ÍÈÐ 
«Çäîðîâüåñáåðåãàþùàÿ òåõíîëîãèÿ ïîâûøåíèÿ 
ýôôåêòèâíîñòè òðåíèðîâî÷íîé è ñîðåâíîâàòåëüíîé 
äåÿòåëüíîñòè êâàëèôèöèðîâàííûõ ñïîðòñìåíîâ», 
¹ ãîñóäàðñòâåííîé ðåãèñòðàöèèé 0114U001532. 

Âñòóïëåíèå. Ñåãîäíÿ íå âûçûâàåò ñîìíåíèé ïî-
çèòèâíîå âëèÿíèå ãèïîêñèè, â òîì ÷èñëå, â óñëîâèÿõ 
ãîðíîé ïîäãîòîâêè, íà ôóíêöèîíàëüíûå âîçìîæíî-
ñòè îðãàíèçìà ñïîðòñìåíîâ âûñîêîé êâàëèôèêàöèè 
è ïîâûøåíèå ðåçóëüòàòèâíîñòè èõ ñîðåâíîâàòåëüíîé 
äåÿòåëüíîñòè. Èíòåðåñ èññëåäîâàòåëåé ê ïðîáëåìå 
àêêëèìàòèçàöèè ê óñëîâèÿì ñðåäíåãîðüÿ ñâÿçàí ñî 
çíà÷èòåëüíûì óìåíüøåíèåì ïàðöèàëüíîãî äàâëå-
íèÿ êèñëîðîäà âî âäûõàåìîì âîçäóõå, ÷òî ïîçèòèâíî 
âëèÿåò íà ðàáîòîñïîñîáíîñòü, ïåðåíîñèìîñòü íàãðó-
çîê, äåÿòåëüíîñòü ôóíêöèîíàëüíûõ ñèñòåì îðãàíèçìà 
ñïîðòñìåíà. Íå ìåíåå âàæíûìè îïîñðåäîâàííûìè ýð-
ãîãåííûìè ôàêòîðàìè ÿâëÿþòñÿ ñíèæåíèå àòìîñôåð-
íîãî äàâëåíèÿ è ïëîòíîñòè âîçäóõà, âòîðîñòåïåííûìè 
– ñèëû ãðàâèòàöèè, óìåíüøåíèå âëàæíîñòè âîçäóõà, 
ïîâûøåííàÿ ñîëíå÷íàÿ ðàäèàöèÿ, ïîíèæåííàÿ òåì-
ïåðàòóðà è äð. Àäàïòàöèÿ ê òàêîé ñðåäå ïðåäñòàâëÿåò 
ñîáîé ñëîæíóþ èíòåãðàëüíóþ ðåàêöèþ, â êîòîðóþ âî-
âëåêàþòñÿ, â ïåðâóþ î÷åðåäü êàðäèîðåñïèðàòîðíàÿ è 
êðîâåòâîðíàÿ ñèñòåìû, âíåøíåå äûõàíèå è ãàçîîáìåí 
[5, 26]. 

Ïðè èçó÷åíèè ìåõàíèçìîâ àäàïòàöèè ê ãèïîêñèè 
â ïîñëåäíèå ãîäû ïðèñòàëüíîå âíèìàíèå óäåëÿåòñÿ 
ñïåöèôè÷åñêîìó áåëêîâîìó ôàêòîðó, èíäóöèðîâàí-
íîãî ãèïîêñèåé – HIF-1 (Hypoxia inducible factor), êî-
òîðûé ðåãóëèðóåò âàæíûå ýíåðãåòè÷åñêèå è ìåòàáî-
ëè÷åñêèå ïðîöåññû è ñîñòîèò èç α- è β-ñóáúåäèíèö. 
Ïðè ãèïîêñèè ïðîèñõîäèò îáðàçîâàíèå òðàíñêðèï-
öèîííîãî àêòèâíîãî êîìïëåêñà è ýêñïðåññèÿ HIF-1-
çàâèñèìûõ ãåíîâ-ìèøåíåé, ê ÷èñëó êîòîðûõ îòíî-
ñÿòñÿ êîíòðîëèðóþùèå ñèíòåç ýðèòðîïîýòèíà (ÅÐÎ), 
ôàêòîðà ðîñòà ýíäîòåëèÿ ñîñóäîâ (VEGF), ôåðìåíòîâ 
ãëèêîëèçà, öåðóëîïëàçìèíà, NO-ñèíòàçû è ìíîãèõ 
äðóãèõ áåëêîâ, îáåñïå÷èâàþùèõ ìåòàáîëè÷åñêóþ 
àäàïòàöèþ ïðè ñíèæåíèè äîñòóïíîñòè êèñëîðîäà [8, 
22, 23]. Â îðãàíèçìå ñïîðòñìåíà HIF1α ÿâëÿåòñÿ ïåð-
âè÷íûì òðàíñêðèïöèîííûì ôàêòîðîì îòâåòà íà ãè-
ïîêñèþ, àêòèâèðóÿ ãëèêîëèç è àíãèîãåíåç [16]. 

Òðåíèðîâêè â óñëîâèÿõ âûñîòíîé ãèïîêñèè ñîïðî-
âîæäàþòñÿ óñèëåíèåì àêòèâíîñòè HIF-1α, óâåëè÷åíè-
åì óðîâíÿ ìÐÍÊ ìèîãëîáèíà, VEGF, ãëèêîëèòè÷åñêèõ 
ôåðìåíòîâ; îòìå÷àåòñÿ òàêæå ïîâûøåíèå ïëîòíîñòè 
êàïèëëÿðîâ è ìèòîõîíäðèé. Ïîêàçàíî ïîëîæèòåëü-
íîå âëèÿíèå âûñîòû íà ìàêñèìàëüíîå ïîòðåáëåíèå 
êèñëîðîäà (V02

max) è ìûøå÷íóþ ìàññó òåëà [24]. 
Ïðè ýòîì êðèòè÷åñêè âàæíîé äëÿ ñêåëåòíûõ ìûøö è 

êðîâåíîñíûõ ñîñóäîâ â óñëîâèÿõ ãèïîêñèè (îñòðîé 
èëè äëèòåëüíîé) ÿâëÿåòñÿ HIF-1α-çàâèñèìàÿ àêòèâà-
öèÿ ýêñïðåññèè ãåíà VEGF – ãëàâíîãî àíãèîãåííîãî 
ôàêòîðà, îòâå÷àþùåãî çà ðîñò íîâûõ êðîâåíîñíûõ 
ñîñóäîâ [9]. Îäíàêî, ðàáîòû ïî èçó÷åíèþ ñîäåðæàíèÿ 
VEGF è HIF-1α ó ñïîðòñìåíîâ ïðè òðåíèðîâêàõ â óñëî-
âèÿõ ãîðíîé ãèïîêñèè ìàëî÷èñëåííû è íîñÿò â îñíî-
âíîì êîíñòàòèðóþùèé õàðàêòåð îòíîñèòåëüíî óâå-
ëè÷åíèÿ èõ êîíöåíòðàöèè ïî ñðàâíåíèþ ñ èñõîäíûì 
óðîâíåì [17, 18, 21]. 

Íå ìåíåå âàæíûì ïîêàçàòåëåì, êîòîðûé îòðàæà-
åò íàñûùåíèå îðãàíèçìà êèñëîðîäîì, ÿâëÿåòñÿ ÅÐÎ 
– êëþ÷åâîé ðåãóëÿòîð ýðèòðîïîýçà [12]. Â óñëîâè-
ÿõ íîðìîêñèè ôèçè÷åñêèå íàãðóçêè ìàêñèìàëüíîé è 
ñóáìàêñèìàëüíîé ìîùíîñòè ïðàêòè÷åñêè íå âëèÿþò 
íà óðîâåíü ÅÐÎ, îäíàêî, ãèïîáàðè÷åñêàÿ ãèïîêñèÿ 
ïðèâîäèò ê óâåëè÷åíèþ åãî ñîäåðæàíèÿ óæå ÷åðåç 
1-2 ÷àñà ïðè ïðåáûâàíèè íà âûñîòå 1500-3000 ì [20]. 
Õîòÿ ïðÿìîå âëèÿíèå HIF-1α íà óðîâåíü ÅÐÎ ïîêàçà-
íî âî ìíîãèõ èññëåäîâàíèÿõ, íî ìåõàíèçìû, êîòîðûå 
ïðèâîäÿò ê óâåëè÷åíèþ êîëè÷åñòâà êëåòîê êðàñíîé 
êðîâè ïðè ôèçè÷åñêèõ íàãðóçêàõ è òðåíèðîâêàõ â 
ãîðàõ, îêîí÷àòåëüíî íå èçó÷åíû [10, 15, 25]. 

Öåëü ðàáîòû çàêëþ÷àëàñü â ôîðìèðîâàíèè àë-
ãîðèòìà èñïîëüçîâàíèÿ ìàðêåðîâ èíäèâèäóàëüíîé 
àäàïòàöèè êâàëèôèöèðîâàííûõ ñïîðòñìåíîâ ê òðåíè-
ðîâêàì â óñëîâèÿõ ñðåäíåãîðüÿ. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Â èññëåäî-
âàíèÿõ ó÷àñòâîâàëè ïðåäñòàâèòåëè öèêëè÷åñêîãî 
âèäà ñïîðòà ñ àýðîáíûì îáåñïå÷åíèåì ìûøå÷íîé 
äåÿòåëüíîñòè (÷ëåíû ìóæñêîé ñáîðíîé êîìàíäû 
Óêðàèíû ïî ëûæíûì ãîíêàì, n = 12, ñðåäíèé âîç-
ðàñò 25,3 ± 6,9 ëåò) íà ñïåöèàëüíî-ïîäãîòîâèòåëü-
íîì ýòàïå ïîäãîòîâèòåëüíîãî ïåðèîäà. Çàáîð êðîâè 
äëÿ èññëåäîâàíèé îñóùåñòâëÿëè óòðîì íàòîùàê èç 
ëîêòåâîé âåíû â êîëè÷åñòâå 7 ìë äî íà÷àëà è íåïî-
ñðåäñòâåííî ïî îêîí÷àíèè òðåíèðîâîê â ñðåäíåãîðüå 
ïðîäîëæèòåëüíîñòüþ 17 äíåé (âûñîòà íàä óðîâíåì 
ìîðÿ 2050 ì; áàçà Áåëüìåêåí, Áîëãàðèÿ). Íà ìîìåíò 
îáñëåäîâàíèé ñïîðòñìåíû áûëè çäîðîâû è íå ïðåäú-
ÿâëÿëè æàëîá. Ñîäåðæàíèå HIF-1α, VEGF, ÅÐÎ, à òàêæå 
êîðòèçîëà è òåñòîñòåðîíà â ñûâîðîòêå îïðåäåëÿëè 
èììóíîôåðìåíòíûì ìåòîäîì ñ èñïîëüçîâàíèåì ñî-
îòâåòñòâóþùèõ òåñò-ñèñòåì («Abcam», Âåëèêîáðè-
òàíèÿ; «Sigma», ÑØÀ, «ÂåêòîðÁåñò», Ðîññèÿ). Èçìå-
ðåíèå êîíöåíòðàöèè óêàçàííûõ ôàêòîðîâ ïðîâîäèëè 
íà ôîòîìåòðå «Sunrise» (Tecan, Àâñòðèÿ). Òàêæå ðàñ-
ñ÷èòûâàëè èíäåêñ àíàáîëèçìà (ÈÀ) êàê ñîîòíîøåíèå 
òåñòîñòåðîí/êîðòèçîë100 %. Äëÿ ñðàâíåíèÿ èçó÷àëè 
ñîäåðæàíèå ïåðå÷èñëåííûõ ïîêàçàòåëåé â ñûâîðîòêå 
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êðîâè ïðàêòè÷åñêè çäîðîâûõ ìóæ÷èí (n = 10, ñðåäíèé 
âîçðàñò 25,4 ± 3,5 ëåò), íå çàíèìàþùèõñÿ ñïîðòîì. 

Ïðîâîäèëè òàêæå îöåíêó ïîêàçàòåëåé ãåìàòîëî-
ãè÷åñêîãî ãîìåîñòàçà (ýðèòðîöèòû, ãåìîãëîáèí, ãå-
ìàòîêðèò, ñðåäíèé îáúåì ýðèòðîöèòîâ, àáñîëþòíàÿ 
è ñðåäíÿÿ êîíöåíòðàöèÿ ãåìîãëîáèíà â ýðèòðîöèòå, 
àíèçîöèòîç) íà àâòîìàòè÷åñêîì ãåìàòîëîãè÷åñêîì 
àíàëèçàòîðå «ERMA ÐÑÅ-210» (ERMA Inc., ßïîíèÿ) ñ 
ïðèìåíåíèåì àóòåíòè÷íûõ ðàñõîäíûõ ìàòåðèàëîâ. 

Äëÿ ñòàòèñòè÷åñêîé îáðàáîòêè äàííûõ èñïîëüçî-
âàëè ïàêåò ïðèêëàäíûõ ïðîãðàìì STATISTICA. Ïîëó-
÷åííûå äàííûå àíàëèçèðîâàëè íà ñîîòâåòñòâèå çà-
êîíó íîðìàëüíîãî ðàñïðåäåëåíèÿ Øàïèðî-Óèëêà. 
Äîñòîâåðíîñòü èçìåíåíèé ïîêàçàòåëåé îïðåäåëÿëè ñ 
ïîìîùüþ êðèòåðèÿ Ôèøåðà [2]. 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Íà ïåðâîì ýòàïå èññëåäîâàíèé îïðåäåëÿëè ñòàí-
äàðòíûå ãåìàòîëîãè÷åñêèå ïàðàìåòðû, à òàêæå 

Òàáëèöà 1 

Âëèÿíèå òðåíèðîâîê â óñëîâèÿõ ñðåäíåãîðüÿ íà 
ïîêàçàòåëè ãåìàòîëîãè÷åñêîãî ãîìåîñòàçà èíäåêñ 

àíàáîëèçìà ñïîðòñìåíîâ 

Èññëåäóåìûå
ïîêàçàòåëè

Ýòàïû îáñëåäîâàíèÿ
Ðåôåðåíòíûå

çíà÷åíèÿäî íà÷àëà ïî îêîí÷àíèè

Ýðèòðîöèòû, 1012ë-1 4,8 ± 0,2 5,2 ± 0,3* 3,86-5,03

Ãåìîãëîáèí, ãë-1 142 (142; 
153)

154 (147; 164) 124,8-167,13

Ãåìàòîêðèò, % 39,1 ± 2,6 43,2 ± 2,2 38-50

Ñðåäíèé îáúåì 
ýðèòðîöèòîâ, ôë

80,2 ± 1,7 76,8 ± 1,5* 79-88

Àáñîëþòíàÿ êîíöåíòðà-
öèÿ ãåìî ãëîáèíà â 
ýðèòðîöèòå, ïã

26,0 ± 1,42 29,7 ± 0,83* 24-32

Ñðåäíÿÿ êîíöåíòðàöèÿ 
ãåìî ãëîáèíà â 
ýðèòðîöèòå, ãäë-1

34,9 ± 1,1 36,8 ± 3,5 30-38

Àíèçîöèòîç, % 14,4 ± 0,42 15,1 ± 0,21 äî 14

Òåñòîñòåðîí, íìîëüë-1 21,43 ± 2,77 26,1 ± 6,38 ìóæ. 4,5-35,4

Êîðòèçîë, íìîëüë-1 568,5 (422; 
848)

874,91 (421; 
1160)

óòðî 109-690

Èíäåêñ àíàáîëèçìà, % 4,41 ± 1,26 3,63 ± 1,49 3-8

Ïðèìå÷àíèå: * – äîñòîâåðíî â ñðàâíåíèè ñ äàííûìè ó ñïîðòñìåíîâ äî íà÷àëà 

òðåíèðîâîê â ñðåäíåãîðüå (ð˂0,05). 

Òàáëèöà 2 

Äèíàìèêà ñîäåðæàíèÿ HIF-1α, VEGF è ÅÐÎ ó 
ñïîðòñìåíîâ ïîä âëèÿíèåì òðåíèðîâîê â óñëîâèÿõ 

ñðåäíåãîðüÿ

Èññëåäóåìûå
ïîêàçàòåëè

Äîíîðû
Ýòàïû îáñëåäîâàíèÿ 

äî íà÷àëà ïî îêîí÷àíèè 

HIF-1α, íãìë-1 0,45 ± 0,31 0,85 ± 0,25* 1,09 ± 0,27

VEGF, ïãìë-1 38,8 ± 10,6 90,0 ± 3,46* 97,75 ± 3,11**

ÅÐÎ, ìÌÅìë-1 19,20 ± 2,3 22,0 (11,1; 49,85) 55,94 (19,04; 96,32)

Ïðèìå÷àíèå: *– ð < 0,05 â ñðàâíåíèè ñ äàííûìè ó äîíîðîâ; **– ð < 0,05 â 

ñðàâíåíèè ñ äàííûìè ó ñïîðòñìåíîâ ïî îêîí÷àíèè òðåíèðîâîê. 

èíäåêñ àíàáîëèçìà, îòðàæàþùåãî ñòåïåíü 
àäàïòàöèè îðãàíèçìà ê ôèçè÷åñêèì íàãðóç-
êàì (òàáë. 1). 

Ó ñïîðòñìåíîâ ïîñëå òðåíèðîâîê â óñëî-
âèÿõ ñðåäíåãîðüÿ íàáëþäàåòñÿ ðîñò ÷èñëà 
ýðèòðîöèòîâ, çíà÷èòåëüíîå óâåëè÷åíèå êîí-
öåíòðàöèè ãåìîãëîáèíà, ÷òî ñîãëàñóåòñÿ ñ 
äàííûìè ëèòåðàòóðû [20]. Õîòÿ äîñòîâåðíûõ 
îòëè÷èé ñîäåðæàíèÿ ãåìîãëîáèíà, ââèäó âû-
ðàæåííûõ èíäèâèäóàëüíûõ êîëåáàíèé ýòîãî 
ïîêàçàòåëÿ, óñòàíîâèòü íå óäàëîñü, ó 25 % 
ëûæíèêîâ ïî îêîí÷àíèè òðåíèðîâîê óðîâåíü 
ãåìîãëîáèíà ïðåâûøàë 160 ãë-1, ÷åãî íå íà-
áëþäàëîñü íè ó îäíîãî ñïîðòñìåíà äî íà÷à-
ëà òðåíèðîâîê. Òàêæå îòìå÷åíî äîñòîâåðíîå 
ñíèæåíèå ñðåäíåãî îáúåìà ýðèòðîöèòîâ, 
÷òî êîìïåíñèðîâàëîñü ïîâûøåíèåì àá-
ñîëþòíîé êîíöåíòðàöèè ãåìîãëîáèíà â 
ýðèòðîöèòå (ð ˂ 0,05) è îïîñðåäîâàííî îáóñ-
ëîâèëî óëó÷øåíèå êèñëîðîäòðàíñïîðòíîé 
ôóíêöèè êðîâè [19]. 

Ïðè èçó÷åíèè ÈÀ áûëà îòìå÷åíà òåíäåí-
öèÿ ê åãî ñíèæåíèþ. Ýòî ìîæåò óêàçûâàòü 
íà òî, ÷òî ó÷åáíî-òðåíèðîâî÷íûå ñáîðû â 
óñëîâèÿõ ñðåäíåãîðüÿ, õàðàêòåðèçóþùèåñÿ 
âûñîêîé ñòðåññîðíîñòüþ, óõóäøàþò ñîîò-
íîøåíèå êàòàáîëè÷åñêèõ è àíàáîëè÷åñêèõ 
ïðîöåññîâ â îðãàíèçìå, ïîñêîëüêó, ñîãëàñíî 
äàííûì ëèòåðàòóðû, ñíèæåíèå ÈÀ ìåíåå 3 % 
ÿâëÿåòñÿ îäíèì èç ïðèçíàêîâ ïåðåòðåíèðî-
âàííîñòè [7]. 

Ìíîãî÷èñëåííûå ðàáîòû ïî îïðåäåëå-
íèþ óðîâíÿ HIF-1α ïðîâåäåíû àâòîðàìè ñ 
ïîìîùüþ ñîîòâåòñòâóþùèõ òåñò-ñèñòåì ñ 
èñïîëüçîâàíèåì ëèçàòîâ ðàçëè÷íûõ êëåòîê 
(ëåéêîöèòîâ, êëåòîê òêàíè ëåãêèõ, ïî÷åê, 
ïå÷åíè, ìûøö), â áîëüøåé ÷àñòè – â ýêñïå-
ðèìåíòå. Íàìè æå áûëè ïðîâåäåíû èññëåäî-
âàíèÿ óêàçàííîãî ôàêòîðà íåïîñðåäñòâåííî 
â ñûâîðîòêå êðîâè. Ïîäîáíûå èçó÷åíèÿ ïðî-
âîäèëîñü è äðóãèìè àâòîðàìè, ñ èñïîëüçî-
âàíèåì òåõ æå òåñò-ñèñòåì, ÷òî è â íàøåé 
ðàáîòå, íî ó áîëüíûõ ñ ðàçëè÷íûìè ïàòîëî-
ãèÿìè [3, 4, 14], à òàêæå ó êîðåííûõ æèòåëåé 

âûñîêîãîðüÿ [11] äëÿ óòî÷íåíèÿ èçìåíåíèé â òå÷åíèå 
òîãî èëè èíîãî ïàòîëîãè÷åñêîãî èëè ôèçèîëîãè÷åñêî-
ãî ïðîöåññà. 

Ïðîâåäåííûå íàìè èññëåäîâàíèÿ ïîêàçàëè, ÷òî 
äî íà÷àëà ñðåäíåãîðíîé ïîäãîòîâêè ñîäåðæàíèå èç-
ó÷åííûõ ïîêàçàòåëåé â ñûâîðîòêå êðîâè ñïîðòñìåíîâ 
õàðàêòåðèçóåòñÿ çíà÷èòåëüíûìè èíäèâèäóàëüíûìè 
êîëåáàíèÿìè, à êîíöåíòðàöèè VEGF è HIF-1α ó ñïîð-
òñìåíîâ äîñòîâåðíî âûøå (ð < 0,05) ÷åì ó ïðàêòè÷å-
ñêè çäîðîâûõ (äîíîðû) ëèö (òàáë. 2). 

Ïîä âëèÿíèåì òðåíèðîâîê â ñðåäíåãîðüå ó ëûæíè-
êîâ âîçðàñòàåò ñîäåðæàíèå âñåõ èññëåäîâàííûõ ïî-
êàçàòåëåé; äîñòîâåðíûì ïîâûøåíèåì õàðàêòåðèçóåò-
ñÿ VEGF (ð < 0,05). Âûðàæåííûå â ðàçëè÷íîé ñòåïåíè 
èçìåíåíèÿ êîíöåíòðàöèè èññëåäóåìûõ ïîêàçàòåëåé 
ñïîðòñìåíîâ, êîòîðûå òðåíèðîâàëèñü â ñðåäíåãîðüå, 
ÿâëÿþòñÿ àäàïòàòèâíûì îòâåòîì íà ñíèæåíèå ñîäåð-
æàíèÿ êèñëîðîäà â îêðóæàþùåé ñðåäå è, îäíîâðå-
ìåííî, òåîðåòè÷åñêîé îñíîâîé äëÿ èñïîëüçîâàíèÿ 
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òàêîé ìåòîäîëîãèè óâåëè÷åíèÿ ôèçè÷åñêîé ðàáîòî-
ñïîñîáíîñòè ÷åðåç àêòèâèçàöèþ ïðîöåññîâ àíãèî-
ãåíåçà è ýðèòðîïîýçà áåç èíòåíñèôèêàöèè òðåíèðî-
âî÷íûõ íàãðóçîê è èñïîëüçîâàíèÿ äîïîëíèòåëüíûõ 
ôàðìàêîëîãè÷åñêèõ ñðåäñòâ. 

Ïîâûøåíèå êîíöåíòðàöèè VEGF ñâèäåòåëüñòâó-
åò îá óëó÷øåíèè êðîâîîáðàùåíèÿ ïóòåì óâåëè÷åíèÿ 
ïëîòíîñòè êàïèëëÿðîâ òêàíåé îðãàíèçìà [13], â òîì 
÷èñëå è â ìûøå÷íûõ âîëîêíàõ, è ìîæåò ðàññìàòðè-
âàòüñÿ êàê àäàïòèâíûé ìåõàíèçì ïðè äëèòåëüíîì âîç-
äåéñòâèè ãèïîêñèè. Ðàçðàñòàíèå ñîñóäèñòîé ñåòêè 
ñîçäàåò äîïîëíèòåëüíûå ðåçåðâû äëÿ ñíàáæåíèÿ îð-
ãàíîâ êèñëîðîäîì è ýíåðãåòè÷åñêèìè ðåñóðñàìè, ÷òî 
î÷åíü âàæíî äëÿ âèäîâ ñïîðòà ñ ïðåèìóùåñòâåííî 
àýðîáíûì îáåñïå÷åíèåì ìûøå÷íîé äåÿòåëüíîñòè. Â 
òî æå âðåìÿ óâåëè÷åíèå åìêîñòè ñîñóäèñòîãî ðóñëà 
ñíèæàåò åãî îáùåå ñîïðîòèâëåíèå, ïðèâîäèò ê çà-
ìåäëåíèþ êðîâîîáðàùåíèÿ â îòäåëüíûõ ñîñóäàõ íà 
ôîíå îäíîâðåìåííîãî óâåëè÷åíèÿ êðîâîñíàáæåíèÿ 
ðàáîòàþùèõ ìûøö [21]. 

Ó÷èòûâàÿ ïîëó÷åííûé áîëüøîé äèàïàçîí êîëåáà-
íèé äàííûõ ïðè îöåíêå óðîâíÿ óêàçàííûõ ôàêòîðîâ, 
÷óâñòâèòåëüíûõ ê íåäîñòàòêó êèñëîðîäà, ñïîðòñìå-
íû ïî ïîêàçàòåëÿì êîíöåíòðàöèè HIF-1α â ñûâîðîòêå 
êðîâè áûëè ðàçäåëåíû íà äâå ãðóïïû; ² èç êîòîðûõ ñî-
ñòàâèëè ñïîðòñìåíû ñ èñõîäíûì óðîâíåì óêàçàííîãî 
ôàêòîðà âûøå 1,0 íãìë-1, ²² ãðóïïó – ñ ñîäåðæàíèåì 
ôàêòîðà îò 0,51 äî 0,81 íãìë-1. Äî íà÷àëà òðåíèðîâîê 
ïîêàçàòåëè HIF-1α, VEGF è ÈÀ äîñòîâåðíî îòëè÷àëèñü 
ó ñïîðòñìåíîâ ïåðâîé è âòîðîé ãðóïï (ð˂0,05). Äî-
ñòîâåðíûõ îòëè÷èé ñîäåðæàíèÿ ãåìîãëîáèíà íå áûëî 
óñòàíîâëåíî (òàáë. 3). 

Ïîñëå òðåíèðîâîê â ñðåäíåãîðüå ó ñïîðòñìåíîâ 
²² ãðóïïû îòìå÷àëñÿ áîëåå âûñîêèé óðîâåíü VEGF ïî 
ñðàâíåíèþ ñ ðåçóëüòàòàìè â ² ãðóïïå (ð˂0,05). Õîòÿ 
äîñòîâåðíûõ îòëè÷èé êîíöåíòðàöèè ãåìîãëîáèíà 

óñòàíîâèòü íå óäàëîñü, îäíàêî ìîæíî 
îòìåòèòü, ÷òî ïî îêîí÷àíèè òðåíè-
ðîâîê ó 3 èç 8 ñïîðòñìåíîâ ²² ãðóïïû 
(37,5 %) ñîäåðæàíèå óêàçàííîãî ïî-
êàçàòåëÿ ïðåâûøàåò 160 ãë-1, ÷åãî íå 
íàáëþäàëîñü ó ëûæíèêîâ ² ãðóïïû. Ïðè 
ýòîì ÈÀ ñïîðòñìåíîâ ²² ãðóïïû ïîñëå 
òðåíèðîâîê áûë íèæå 3 %, â îòëè÷èå 
îò ñïîðòñìåíîâ ² ãðóïïû, ÷òî ðàñöå-
íèâàåòñÿ íàìè êàê îäèí èç ïðèçíàêîâ 
ïåðåòðåíèðîâàííîñòè. 

Âûñîêèå êîíöåíòðàöèè ÅÐÎ ïîñëå 
òðåíèðîâîê â óñëîâèÿõ ñðåäíåãîðüÿ 
áûëè îòìå÷åíû ó ñïîðòñìåíîâ îáåèõ 
ãðóïï: 58,57 ìÌÅìë-1 (îò 19,04 äî 
96,32 ìÌÅìë-1) è 68,25 ìÌÅìë-1 (îò 
36,22 äî 90,50 ìÌÅìë-1). Îäíàêî ïðè 
àíàëèçå ïðèðîñòà óêàçàííîãî ïîêàçàòå-
ëÿ áûëî îòìå÷åíî, ÷òî îí çíà÷èòåëüíåå ó 
ïðåäñòàâèòåëåé ²² ãðóïïû: ó 4 èç 8 ñïîð-
òñìåíîâ ïðèðîñò óðîâíÿ ÅÐÎ áûë âûøå 

Òàáëèöà 3 

Çíà÷åíèÿ VEGF è ãåìîãëîáèíà (Hb) ó ñïîðòñìåíîâ 
ïîñëå òðåíèðîâîê â ñðåäíåãîðüå â çàâèñèìîñòè îò ñî-

äåðæàíèÿ HIF-1α 

Èññëåäóåìûå
ïîêàçàòåëè

Ãðóïïû ñïîðòñìåíîâ è ýòàïû îáñëåäîâàíèÿ

² ãðóïïà (n = 4) ²² ãðóïïà (n = 8)

äî íà÷àëà
ïî îêîí÷à-

íèè
äî íà÷àëà ïî îêîí÷àíèè

HIF-1α, íãìë-1 1,14 ± 0,08 1,26 ± 0,06 # 0,68 ± 0,12 * 1,03 ± 0,31

VEGF, ïãìë-1 88,0 ± 3,46 95,75 ± 2,5 # 91,0 ± 3,21 * 98,71 ± 2,25 **

Ãåìîãëîáèí, ãë-1 143,25
(129; 150)

150,25
(140; 156)

130,0
(121; 151)

153,71 
(131; 165)

Èíäåêñ 
àíàáîëèçìà, %

4,37 ± 1,17 3,86 ± 2,11 # 3,09 ± 0,92 * 2,79 ± 0,52

Ïðèìå÷àíèå: # – äîñòîâåðíî â ñðàâíåíèè ñ äàííûìè òîé æå ãðóïïû äî íà÷àëà 

òðåíèðîâîê (ð˂0,05); * – äîñòîâåðíî â ñðàâíåíèè ñ äàííûìè ² ãðóïïû äî íà÷àëà 

òðåíèðîâîê (ð˂0,05); ** – äîñòîâåðíî â ñðàâíåíèè ñ äàííûìè ² ãðóïïû ïî îêîí÷àíèè 

òðåíèðîâîê (ð˂0,05). 

60 ìÌÅìë-1, ÷åãî íå íàáëþäàëîñü íè ó îäíîãî ëûæ-
íèêà ² ãðóïïû. Àññîöèàöèè ñ äðóãèìè ïîêàçàòåëÿìè 
ãåìàòîëîãè÷åñêîãî ãîìåîñòàçà ó ñïîðòñìåíîâ îáåèõ 
ãðóïï íå âûÿâëåíî. 

Îáúÿñíèòü ìåõàíèçìû, îïîñðåäóþùèå òàêóþ äè-
íàìèêó ïîêàçàòåëåé â îáåèõ ãðóïïàõ ñïîðòñìåíîâ, 
äîñòàòî÷íî ñëîæíî, ÷òî áåçóñëîâíî, òðåáóåò äàëü-
íåéøèõ èññëåäîâàíèé. Îäíàêî èçâåñòíî, ÷òî óðîâåíü 
HIF-1α â îðãàíèçìå ÿâëÿåòñÿ ãåíåòè÷åñêè äåòåðìè-
íèðîâàííûì [1]. Òàêæå ñóùåñòâóþò äàííûå î ðàçëè÷-
íîé óñòîé÷èâîñòè ê ãèïîêñèè äîáðîâîëüöåâ-äîíîðîâ, 
êîòîðûå èçíà÷àëüíî îòëè÷àþòñÿ ïî ñîñòîÿíèþ ïàðà-
ìåòðîâ êðàñíîé êðîâè, ôóíêöèîíàëüíîé àêòèâíîñòè 
èììóííîé ñèñòåìû è âûðàæåííîñòè ðåàêöèè íà ãè-
ïîêñè÷åñêèå òðåíèðîâêè [6]. Âåðîÿòíåå âñåãî, êâà-
ëèôèöèðîâàííûå ñïîðòñìåíû òàêæå èìåþò ðàçíóþ 
óñòîé÷èâîñòü ê ãèïîêñèè îêðóæàþùåé ñðåäû è ôèçè-
÷åñêèì íàãðóçêàì â òàêèõ óñëîâèÿõ, à ñîîòâåòñòâåííî, 
è ðàçëè÷íûå àäàïòàöèîííûå ìåõàíèçìû. 

Âûâîäû. Èñïîëüçîâàíèå ïðåäëîæåííîãî àëãî-
ðèòìà îïðåäåëåíèÿ êîìïëåêñà ñîâðåìåííûõ ïîêàçà-
òåëåé ïîçâîëÿåò îõàðàêòåðèçîâàòü ôóíêöèîíàëüíîå 
ñîñòîÿíèå îðãàíèçìà ñïîðòñìåíà, îïðåäåëèòü èíäè-
âèäóàëüíûå îñîáåííîñòè åãî ðåàêöèè íà ãèïîêñèþ 
ãîð, è, ñëåäîâàòåëüíî, îöåíèòü íåîáõîäèìûå ñðîêè 
òðåíèðîâîê â óñëîâèÿõ ñðåäíåãîðüÿ ïðè èñïîëüçî-
âàíèè ïîäîáíîé òåõíîëîãèè ñòèìóëÿöèè ôèçè÷åñêîé 
ðàáîòîñïîñîáíîñòè ñïîðòñìåíîâ. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé çà-
êëþ÷àþòñÿ â óãëóáëåíèè èçó÷åíèé ïîâûøåíèÿ èíäè-
âèäóàëüíîé îöåíêè õàðàêòåðèñòèê, óêàçûâàþùåé íà 
ïðèñïîñîáèòåëüíûå ðåàêöèè ñî ñòîðîíû ïðîöåññîâ 
àíãèîãåíåçà è ýðèòðîïîýçà â äèíàìèêå òðåíèðîâîê 
â ñðåäíåãîðüå, à òàêæå ïî èõ îêîí÷àíèè äëÿ ðåøåíèÿ 
âîïðîñà î ñðîêå ïîäâåäåíèÿ ñïîðòñìåía ê ïèêó ñïîð-
òèâíîé ôîðìû. 

Ëèòåðàòóðà
1. Àõìåòîâ È. È. Ìîëåêóëÿðíî-ãåíåòè÷åñêèå ìàðêåðû ïðåäðàñïîëîæåííîñòè ê ðàçëè÷íûì âèäàì ñïîðòà /  È. È. Àõìå-

òîâ // Ó÷åíûå çàïèñêè óíèâåðñèòåòà èì. Ï. Ô. Ëåñãàôòà. – 2010. – T. 7, ¹ 65. – Ñ. 3–6. 

2. Ëàíã Ò. Êàê îïèñûâàòü ñòàòèñòèêó â ìåäèöèíå: ðóêîâîäñòâî äëÿ àâòîðîâ, ðåäàêòîðîâ è ðåöåíçåíòîâ / Ò. Ëàíã, Ì. Ñåñèê. – 

Ì. : Ïðàêòè÷åñêàÿ ìåäèöèíà, 2011. – 480 ñ. 



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 2, Òîì 4 (121) 293

ÑÏÎÐÒÈÂÍÀ ÌÅÄÈÖÈÍÀ

3. Ëåâèíà À. À. Ðåãóëÿöèÿ ãîìåîñòàçà êèñëîðîäà. Ôàêòîð, èíäóöèðîâàííûé ãèïîêñèåé (HIF) è åãî çíà÷åíèå â ãîìåîñòàçå 
êèñëîðîäà / À. À. Ëåâèíà, Þ. È. Ìàìóêîâà, À. Á. Ìàêåøîâà [è äð.] // Ïåäèàòðèÿ – 2009. – Ò. 87, ¹ 4. – Ñ. 92–97. 

4. Ìàêåøîâà À. Á. Äèíàìè÷åñêîå îïðåäåëåíèå β-ýíäîðôèíà ó ãåìàòîëîãè÷åñêèõ áîëüíûõ / À. Á. Ìàêåøîâà, Þ. È. Ìàìóêî-
âà, À. À. Ëåâèíà [è äð.] // Òåðàïåâòè÷åñêèé àðõèâ – 2012. – ¹ 7. – Ñ. 22–25. 

5. Ïëàòîíîâ Â. Í. Ïåðèîäèçàöèÿ ñïîðòèâíîé ïîäãîòîâêè. Îáùàÿ òåîðèÿ è åå ïðàêòè÷åñêîå ïðèìåíåíèå / Â. Í. Ïëàòîíîâ – 
Ê. : Îëèìï. ëèò-ðà, 2013. – 624 ñ. 

6. Ñåðåáðîâñüêà Ò. Â. Âì³ñò ãåìîïîåòè÷íèõ ñòîâáóðîâèõ êë³òèí ó êðîâ³ òà îñîáëèâîñò³ ³ìóííîãî ñòàòóñó ëþäåé ç ð³çíîþ ñò³é-
ê³ñòþ äî ã³ïîêñ³¿ / Ò. Â. Ñåðåáðîâñüêà, ². Ñ. Í³êîëüñüêèé, Ë. ². Òàðàíóõà [òà ³í.] // Ô³ç³îë. æóðí. – 2012. – Ò. 58, ¹ 3. – Ñ. 9–17. 

7. Òàéìàçîâ Â. À. Ñèíäðîì ïåðåòðåíèðîâàííîñòè ó ñïîðòñìåíîâ: ýíäîãåííàÿ èíòîêñèêàöèÿ è ôàêòîðû âðîæäåííîãî èììó-
íèòåòà / Â. À. Òàéìàçîâ, È. À. Àôàíàñüåâà // Ó÷åíûå çàïèñêè óíèâåðñèòåòå èì. Ï. Ô. Ëåñãàôòà. – 2011. – Âûï. 12, ¹ 82. 
– Ñ. 24-30. 

8. Airley R. Hypoxic regulation of glucose transport, anaerobic metabolism and angiogenesis in cancer: novel pathways and targets 
for anticancer therapeutics / R. Airley, A. Mobasheri // Chemotherapy. – 2007. – Vol. 53. – P. 233–256. 

9. Breen E. Skeletal muscle capillarity during hypoxia: VEGF and its activation / E. Breen, K. Tang, M. Olfert [et al.] // High Alt. Med. 
Biol. – 2008. – Vol. 9, ¹ 2. – P. 158–166. 

10. Chapman R. F. Individual variation in response to altitude training / R. F. Chapman, J. Stray-Gundersen, B. Levine // Appl. Physiol. 
– 1998. – Vol. 85. – P. 1448–1456. 

11. Guan W. Serum levels and significance of HIF-1α and HIF-2α in healthy Tibetan and Han residents at different altitudes / W. Guan, 
X. Li, Y. Yang [et al.] // Zhonghua Yi Xue Za Zhi. – 2013. – Vol. 93, ¹ 38. – P. 3057–3059. 

12. Jelkmann W. Erythropoietin / W. Jelkmann // J. Endocrinol. Invest. – 2003. – Vol. 26, ¹ 9. – P. 832–837. 
13. Jia Z. Z. Correlations between serum hypoxia inducible factor-1α, vascular endothelial growth factor and computed tomography 

perfusion imaging at pre-and post-TACE in patients with primary hepatic carcinoma / Z. Z. Jia, Y. Q. Huang, Y. L. Feng, 
G. M. Jiang // Zhonghua Yi Xue Za Zhi. – 2013. – Vol. 93, ¹ 19. – P. 1472–1475. 

14. Liang J. Serum tumor markers, hypoxia-inducible factor-1α HIF-1α and vascular endothelial growth factor, in patients with non-
small cell lung cancer before and after intervention / J. Liang, Y. Qian, D. Xu [et al.] // Asian Pac. J. cancer Prev. – 2013. – Vol. 
14, ¹ 6. – P. 3851–3854. 

15. Mairbäurl H. Red blood cells in sports: effects of exercise and training on oxygen supply by red blood cells / H. Mairbäurl // Front. 
Physiol. – 2013. – Vol. 12, ¹ 4. – Ð. 332–326. 

16. Mason S. The role of HIF-1 in hypoxic response in the skeletal muscle // S. Mason, R. Johnson // Adv. Exp. Med. Biol. – 2007. 
– Vol. 618. – P. 229–244. 

17. Ogata T. Effects of genetic variations in HIF-1α on physiological response to hypoxia / T. Ogata, K. Tokizawa, S. Kajikawa, 
I. Muraoka // Sports Science Research. – 2011. – Vol. 8. – P. 296–305. 

18. Pialoux V. Oxidative stress and HIF-1 alpha modulate hypoxic ventilatory responses after hypoxic training on athletes / V. Pialoux, 
J. Brugniaux, N. Fellmann [et al.] // Respir. Physiol. Neurobiol. – 2009. – Vol. 167, ¹ 2. – P. 217–220. 

19. Robach P. The role of haemoglobin mass on VO(2)max following normobaric ‘live high-train low’ in endurance-trained ath-
letes / P. Robach, C. Siebenmann, R. A. Jacobs [et al.] // Br. J. Sports Med. – 2012. – Vol. 46, N 11. – P. 822-827. 

20. Sawka M. N. Blood volume: importance and adaptations to exercise training, environmental stresses, and trauma/sickness / 
M. N. Sawka, V. A. Convertino, E. R. Eichner [et al.] // J. Med. Sci. Sports Exerc. – 2000. – Vol. 32, ¹ 2. – P. 332–348. 

21. Schuler B. HIF-1 and the adaptation of man to high altitude / B. Schuler, C. Lundby, M. Gassmann // Schweizerische Zeitschrift 
für “Sportmedizin und Sporttraumatologie”. – 2005. – Vol. 53, ¹ 2. – P. 82–87. 

22. Semenza G. L. Transcriptional regulation of genes encoding glycolytic enzymes by hypoxia-inducible factor 1 / G. L. Semenza, 
P. H. Roth, H. M. Fang [et al.] // J. Biol. Chem. – 1994. – Vol. 38. – P. 23757 – 23763. 

23. Semenza G. L. Hypoxia-inducible factors in physiology and medicine / G. L. Semenza // Cell. – 2012. – Vol. 148, ¹ 3. – 
P. 399–408. 

24. Vogt M. Molecular adaptations in human skeletal muscle to endurance training under simulated hypoxic conditions / Ì. Vogt, 
À. Puntschart, J. Geiser [et al.] // J. Appl. Physiol (1985). – 2001. – Vol. 91, ¹ 1. – P. 173–182. 

25. Voss S. Variability of serum markers of erythropoiesis during 6 days of racing in highly trained cyclists / S. Voss, Ì. Alsayrafi, 
Ð. Bourdon [et al.] // Int. J. Sports Med. – 2014. – Vol. 35, ¹ 2. – P. 89–94. 

26. Wilber R. L. Application of altitude/hypoxic training by elite athletes / R. L. Wilber // Med. Sci. Sport Exerc. – 2007. – Vol. 39, 
¹ 9. – P. 16110–1624. 

ÓÄÊ 796. 015. 57. 04:616. 155. 1-007. 1
ÌÀÐÊÅÐÈ ÀÄÀÏÒÀÖ²¯ ÊÂÀË²Ô²ÊÎÂÀÍÈÕ ÑÏÎÐÒÑÌÅÍ²Â ÄÎ ÑÅÐÅÄÍÜÎÃ²ÐÍÎ¯ Ã²ÏÎÊÑ²¯
Âèííè÷óê Þ. Ä. 
Ðåçþìå. Ó ñòàòò³ âèâ÷åíî âïëèâ òðåíóâàíü â óìîâàõ ñåðåäíüîã³ð’ÿ íà âì³ñò ó ñèðîâàòö³ êðîâ³ ³íäóêîâàíîãî 

ã³ïîêñ³ºþ ôàêòîðà HIF-1α, ôàêòîðà ðîñòó åíäîòåë³þ ñóäèí (VEGF) ³ åðèòðîïîåòèíó (EPO) ó ñïîðòñìåí³â, ùî ñïå-
ö³àë³çóþòüñÿ â ëèæíèõ ãîíêàõ. Ïîêàçàíî, ùî ïiñëÿ òðåíóâàíü ó ñïîðòñìåí³â ç ïî÷àòêîâîþ êîíöåíòðàö³ºþ HIF-1α, 
íèæ÷îþ çà 1,0 íãìë-1, ñïîñòåð³ãàºòüñÿ á³ëüø âèñîêèé ð³âåíü VEGF, á³ëüø çíà÷íèé ïðèð³ñò êîíöåíòðàö³¿ EPO â 
ïîð³âíÿíí³ ç³ ñïîðòñìåíàìè, ó ÿêèõ âèõ³äíèé ð³âåíü HIF-1α áóâ âèùèé çà 1,0 íãìë-1. Ðîçãëÿíóòà ìîæëèâ³ñòü âè-
êîðèñòàííÿ çàçíà÷åíèõ ïîêàçíèê³â ÿê ìàðêåð³â ³íäèâ³äóàëüíî¿ àäàïòàö³¿ äî òðåíóâàíü â óìîâàõ ã³ïîêñ³¿ ã³ð. 

Êëþ÷îâ³ ñëîâà: òðåíóâàííÿ â óìîâàõ ñåðåäíüîã³ð’ÿ, HIF-1α, àíã³îãåíåç, åðèòðîïîåç, àäàïòàö³ÿ. 
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ÌÀÐÊÅÐÛ ÀÄÀÏÒÀÖÈÈ ÊÂÀËÈÔÈÖÈÐÎÂÀÍÍÛÕ ÑÏÎÐÒÑÌÅÍÎÂ Ê ÑÐÅÄÍÅÃÎÐÍÎÉ ÃÈÏÎÊÑÈÈ 
Âèííè÷óê Þ. Ä. 
Ðåçþìå. Â ñòàòüå èçó÷åíî âëèÿíèå òðåíèðîâîê â óñëîâèÿõ ñðåäíåãîðüÿ íà ñîäåðæàíèå â ñûâîðîòêå êðîâè 

èíäóöèðîâàííîãî ãèïîêñèåé ôàêòîðà HIF-1α, ôàêòîðà ðîñòà ýíäîòåëèÿ ñîñóäîâ (VEGF) è ýðèòðîïîýòèíà (EPO) 
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ó ñïîðòñìåíîâ, ñïåöèàëèçèðóþùèõñÿ â ëûæíûõ ãîíêàõ. Ïîêàçàíî, ÷òî ïîñëå òðåíèðîâîê ó ñïîðòñìåíîâ ñ íà-
÷àëüíîé êîíöåíòðàöèåé HIF-1α, íèæå 1,0 íãìë-1, íàáëþäàåòñÿ áîëåå âûñîêèé óðîâåíü VEGF, áîëåå çíà÷èòåëü-
íûé ïðèðîñò êîíöåíòðàöèè EPO ïî ñðàâíåíèþ ñ ñïîðòñìåíàìè, ó êîòîðûõ èñõîäíûé óðîâåíü HIF-1α áûë âûøå 
1,0 íãìë-1. Ðàññìîòðåíà âîçìîæíîñòü èñïîëüçîâàíèÿ óêàçàííûõ ïîêàçàòåëåé â êà÷åñòâå ìàðêåðîâ èíäèâèäó-
àëüíîé àäàïòàöèè ê òðåíèðîâêàì â óñëîâèÿõ ãèïîêñèè ãîð. 

Êëþ÷åâûå ñëîâà: òðåíèðîâêè â óñëîâèÿõ ñðåäíåãîðüÿ, HIF-1α, àíãèîãåíåç, ýðèòðîïîýç, àäàïòàöèÿ. 
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Markers of Adaptation of Skilled Athletes to Altitude Hypoxia 
Vinnichuk Yu. D. 
Abstract. Introduction. Today it is known a positive affect altitude hypoxia on the functionality and improve the 

competitive activity of the skilled athletes. Systems approaches to adaptation in altitude training, which is to analyze 
the adaptive mechanisms of compensatory resources, raising the resistance to the stressors action at various levels, as 
well as the search for new criteria for evaluating and predicting physical performance – some of the current issues of 
medical and biological aspects of elite sport. The influence of hypoxia on the organism leads to the activation of several 
cellular mechanisms that compensate for a limited availability of cellular oxygen. Hypoxia-inducible factor-1α (HIF-1 α) 

is an oxygen-regulated transcriptional activator, controls a number of gene that are implicated in various cellular 
functions including glycolysis, cell proliferation and differentiation. Also one of the cellular mechanisms is to increase 
the expression of a subset of hypoxia-inducible genes is the vascular endothelial growth factor (VEGF). VEGF expression 
is critically important for skeletal muscle angiogenesis. With the increased expression of HIF-1 associated synthesis of 
erythropoietin (EPO) – a key regulator of erythropoiesis. Although altitude training appears to be effective for improved 
performance, there is an individual difference in the extent of adaptation to hypoxia. 

The aim of the present work was to form the algorithm of markers individual adaptation to altitude training of skilled 
athletes. 

Materials and methods. We observed 12 skilled skiers, members of all-Ukraine team, before and 17 days after 
altitude training. Quantitative content of serum level of HIF-1α, VEGF, ÅÐÎ, ñîrtisol and testosterone examined by 
ELISA using sets of reagents firm “VectorBest” (Russia). The contents of oxygen-sensitive factors and hormones were 
measured with the photometer “Sunrise” (Tecan, Austria). We also calculated the ratio of the contents of testosterone 
to cortisol (index of anabolism). Hematology homeostasis was assessed on automatic hematology analyzer “ERMA 
PCE-210”. 

Results. The findings showed an increased the number of erythrocytes, a significant increase of hemoglobin con-
centration after altitude training. Also significantly reduced of mean cell volume and increased of mean cell hemoglobin 
which indirectly indicates improvement of blood oxygen-transport properties. The index of anabolism is showing a ten-
dency to decrease. Also has been shown that after altitude training level of VEGF in skiers was increased (p˂0,05). The 
serum levels of HIF-1α and EPO had tendency to increase. It should be noted that in healthy donors who are not actively 
involved in sports, levels of HIF-1α and EPO were lower (p˂0,05) than those of athletes. 

Considering the significant variation in the individual dates, skiers were divided into two groups in the initial level 
(before altitude training) of HIF-1α. The first group includes athletes who HIF-1α levels was less than 1,0 ngml-1 (from 
0,51 ngml-1 to 0,81 ngml-1), the second group includes athletes who HIF-1α levels was higher than 10 ngml-1. Before 
the start of training serum levels of HIF-1α, VEGF and index of anabolism were significantly different in athletes first and 
second groups (p˂0,05). After altitude training in athletes who had initial level of HIF-1α less than 1,0 ngml-1 observed 
higher VEGF levels (98,71 ± 2,25 pgml-1), a significant increase of EPO concentration (more than 60,0 mUml-1) com-
pared with the athletes whose have initial level of higher than 1,0 ngml-1 (95,75 ± 2,5 pgml-1 and less than 20,0 mUml-

1 respectively). 
Conclusion. Definition of such a modern markers allows us to characterize the functional state of an athlete, to de-

termine the individual response to altitude hypoxia and the necessary terms of training for the formation of the physical 
workability stimulation technology. 

Keywords: altitude training, HIF-1α, angiogenesis, erythropoiesis, adaptation. 
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