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Îäèííàäöàòè çäîðîâûì äîáðîâîëüöàì (8 æåíùèíàì è 3 ìóæ÷èíàì) â âîçðàñòå îò 20
äî 27 ëåò áûëî ïðîâåäåíî 2 ñåðèè áèîëîãè÷åñêîé îáðàòíîé ñâÿçè ïî 7 ñåàíñîâ â êàæ-
äîé ñ âðåìåííûì èíòåðâàëîì â 3 ìåñÿöà äëÿ èçó÷åíèÿ åå âîñïðîèçâîäèìîñòè â àëãî-
ðèòìå ìåòðîíîìèçèðîâàííîãî äûõàíèÿ ïîä êîíòðîëåì ïàðàìåòðîâ âàðèàáåëüíîñòè ñåð-
äå÷íîãî ðèòìà. Óñòàíîâëåíî, ÷òî áèîôèäáåê íà îñíîâå ïðåäëîæåííîãî àëãîðèòìà âîñ-
ïðîèçâîäèì êàê ïî ãðóïïå â öåëîì, òàê è ó êàæäîãî çäîðîâîãî äîáðîâîëüöà èíäèâè-
äóàëüíî, ÷òî ïîçâîëÿåò íàõîäèòü äëÿ êàæäîãî èñïûòóåìîãî ñâîè ïàðàìåòðû ìåòðîíî-
ìèçèðîâàííîãî äûõàíèÿ, êîòîðûì îí ìîæåò ñëåäîâàòü äëÿ óëó÷øåíèÿ ñîñòîÿíèÿ ñèñ-
òåì ðåãóëÿöèè â äàëüíåéøåì áåç ñïåöèàëüíîãî îáîðóäîâàíèÿ.
Êëþ÷åâûå ñëîâà: áèîëîãè÷åñêàÿ îáðàòíàÿ ñâÿçü, ìåòðîíîìèçèðîâàííîå äûõàíèå,
âàðèàáåëüíîñòü ñåðäå÷íîãî ðèòìà, ðåãóëÿòîðíûå ñèñòåìû.

Ñ.À.Ñ. Áåëàë, À.Ë. Êóëèê, À.Â. Ìàðòûíåíêî, Í.È. ßáëó÷àíñêèé, 2012

Áèîëîãè÷åñêàÿ îáðàòíàÿ ñâÿçü (áèîôèä-
áåê) èçó÷àåòñÿ ñ 60-õ ãã. ÕÕ â. êàê ñðåäñòâî
ëå÷åíèÿ è ïðîôèëàêòèêè çàáîëåâàíèé ñåðäå÷-
íî-ñîñóäèñòîé, ïèùåâàðèòåëüíîé, íåðâíîé è
äðóãèõ ñèñòåì [1, 2]. Â ïîñëåäíèå ãîäû èí-
òåðåñ ê íåé âîçðîñ áëàãîäàðÿ ïîÿâëåíèþ êîì-
ïàêòíûõ óñòðîéñòâ è ïðîãðàììíîãî îáåñïå-
÷åíèÿ äëÿ ðåàëèçàöèè ïðîöåäóðû â ðàçëè÷-
íûõ ñôåðàõ äåÿòåëüíîñòè (ìåäèöèíà, áîëü-
øîé ñïîðò, ñòðåññ-ìåíåäæìåíò è ò. ä.) [2].

Â ðàáîòàõ [3, 4] ìû ïîäòâåðäèëè ýôôåê-
òèâíîñòü áèîôèäáåêà â êîíòóðå ìåòðîíîìè-
çèðîâàííîãî äûõàíèÿ, à â [4] ïîêàçàëè, ÷òî
ëó÷øåé åãî ðåàëèçàöèåé ÿâëÿåòñÿ àëãîðèòì,
ñòàðòóþùèé ñî ñâîáîäíîãî äûõàíèÿ ïîä êîí-
òðîëåì ïàðàìåòðîâ âàðèàáåëüíîñòè ñåðäå÷-
íîãî ðèòìà (ÂÑÐ).

Öåëüþ íàñòîÿùåé ðàáîòû ñòàëî èññëå-
äîâàíèå âîñïðîèçâîäèìîñòè áèîëîãè÷åñêîé

îáðàòíîé ñâÿçè ó çäîðîâûõ äîáðîâîëüöåâ â
àëãîðèòìå ìåòðîíîìèçèðîâàííîãî äûõàíèÿ
ïîä êîíòðîëåì ïàðàìåòðîâ ÂÑÐ. Áûë âû-
áðàí àëãîðèòì ïîèñêà îïòèìàëüíîé ÷àñòîòû
ìåòðîíîìèçèðîâàííîãî äûõàíèÿ ïðè ñòàðòå
ñî ñâîáîäíîãî äûõàíèÿ êàê áîëåå ýôôåêòèâ-
íûé [4].

Îáúåêò è ìåòîäû. Îäèííàäöàòè çäî-
ðîâûì äîáðîâîëüöàì (8 æåíùèíàì è 3 ìóæ-
÷èíàì) â âîçðàñòå îò 20 äî 27 ëåò áûëî ïðî-
âåäåíî 2 ñåðèè ïî 7 ñåàíñîâ áèîôèäáåêà â
êàæäîé ñ âðåìåííûì èíòåðâàëîì â 3 ìåñÿöà
ìåæäó íèìè (ïåðâàÿ ñåðèÿ — ìàé 2011 ã., âòî-
ðàÿ — ñåíòÿáðü 2011 ã.).

Ñîñòîÿíèå ðåãóëÿòîðíûõ ñèñòåì îðãàíèç-
ìà îöåíèâàëè íà îñíîâàíèè ïàðàìåòðîâ ÂÑÐ,
ïîëó÷åííûõ ïðè çàïèñè ÝÊÃ â I ñòàíäàðòíîì
îòâåäåíèè ñ ïîìîùüþ êîìïüþòåðíîãî äèà-
ãíîñòè÷åñêîãî êîìïëåêñà «CardioLab 2009»
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(«ÕÀÈ-Ìåäèêà»), ÷àñòîòà äèñêðåòèçàöèè
ñèãíàëà ñîñòàâëÿëà 1 êÃö, ïðîäîëæèòåëü-
íîñòü ñêîëüçÿùåãî áóôåðà — 1 ìèíóòà, äëè-
òåëüíîñòü çàïèñè — 7 ìèíóò [3]. ×àñòîòó äû-
õàíèÿ çàäàâàëè âñòðîåííûì ïðîãðàììíûì
ìîäóëåì «Biofeedback», êîòîðûé àâòîìàòè-
÷åñêè àíàëèçèðîâàë ïàðàìåòðû ÂÑÐ è ïðè íå-
îáõîäèìîñòè ïåðåìåùàë äûõàòåëüíûé ïèê â
äðóãóþ îáëàñòü àòòðàêöèè.

Ñ ïîìîùüþ áûñòðîãî ïðåîáðàçîâàíèÿ
Ôóðüå âñå çàïèñè áûëè ðàçäåëåíû íà îäíî-
ìèíóòíûå èíòåðâàëû, â êîòîðûõ îöåíèâàëè
ìîùíîñòü ìåäëåííûõ (V) — äî 0,05 Ãö, ñðåä-
íèõ (L) — 0,05–0,15 Ãö è áûñòðûõ (H) —
áîëüøå 0,15 Ãö ÷àñòîò [5, 6]. Ïîëó÷åííûå ïà-
ðàìåòðû ÂÑÐ ïðåîáðàçîâûâàëè â äâóìåðíóþ
êîîðäèíàòíóþ ïëîñêîñòü ñ îñÿìè L/H è
V/(L+H), îòâå÷àþùèìè ñèìïàòîâàãàëüíîìó
è íåéðîãóìîðàëüíîìó áàëàíñàì ðåãóëÿöèè.

Íà÷àëîì îòñ÷åòà ñëóæèëè çíà÷åíèÿ ôèçèî-
ëîãè÷åñêîé íîðìû óêàçàííûõ áàëàíñîâ êàæ-
äîãî èñïûòóåìîãî â ñîîòâåòñòâèè ñ äàííû-
ìè [5], ÷òî ïîçâîëÿëî îöåíèâàòü ðàññòîÿíèå
D ìåæäó òåêóùèì è îïòèìàëüíûìè çíà÷å-
íèÿìè ïàðàìåòðîâ ÂÑÐ ÷åëîâåêà.

Êà÷åñòâî áèîôèäáåêà îöåíèâàëè íà îñ-
íîâàíèè çíà÷åíèé îïòèìàëüíîñòè (Î), ÷óâ-
ñòâèòåëüíîñòè (S), ýôôåêòèâíîñòè (E) è èí-

òåãðàëüíîãî ïîêàçàòåëÿ BQI [3]. Çíà÷åíèÿ
O, S, E äëÿ ïîêàçàòåëåé D, L/H è V/(L+
H) ðàññ÷èòûâàëè ñ ïîìîùüþ ïðîãðàììû
MathCAD 15.

Ñòàòèñòè÷åñêóþ îáðàáîòêó ðåçóëüòàòîâ
ïî êàæäîìó èñïûòóåìîìó ïðîâîäèëè â ïðî-
ãðàììå Microsoft Excel 2003. Â òàáëèöû çà-
íîñèëè äàííûå ñðåäíèõ çíà÷åíèé (M) è ñòàí-
äàðòíûõ îòêëîíåíèé (sd) O, S, E äëÿ ïîêàçà-
òåëåé D, L/H è V/(L+H) ïî âñåì çàïèñÿì êàæ-
äîãî èñïûòóåìîãî. Äîñòîâåðíîñòü ðàçëè÷èé
BQI ìåæäó ïåðâîé è âòîðîé ñåðèÿìè îïðå-
äåëÿëè ñ ïîìîùüþ U-êðèòåðèÿ Ìàííà–Óèò-
íè, â êàæäîé èç ñåðèé â äèíàìèêå — ñ ïîìî-
ùüþ Ò-êðèòåðèÿ Óèëêîêñîíà.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Èçìåíå-
íèÿ BQI ïî âñåì èñïûòóåìûì 1-é è 2-é ñå-
ðèé çà 7 ñåàíñîâ áèîôèäáåêà ïðåäñòàâëåíû
íà ðèñóíêå.

Ïîäòâåðæäåíèåì âîñïðîèçâîäèìîñòè
áèîôèäáåêà ñëóæàò ïðàêòè÷åñêè îäèíàêî-
âûå çíà÷åíèÿ BQI íà 1, 3, 5 è 7-ì åãî ñåàí-
ñàõ è îòñóòñòâèå äîñòîâåðíûõ ñòàòèñòè÷åñ-
êèõ ðàçëè÷èé íà 2, 4 è 6-ì ñåàíñàõ ìåæäó
ñåðèÿìè.

Îöåíêó âîñïðîèçâîäèìîñòè áèîôèäáåêà
ïî êàæäîìó èñïûòóåìîìó ìîæíî ïîëó÷èòü
èç äàííûõ â òàáëèöå, â êîòîðóþ çàíåñåíû

Èçìåíåíèÿ BQI ïî âñåì èñïûòóåìûì íà 7 ñåàíñàõ áèîôèäáåêà 1-é è 2-é ñåðèé ïðè ñòàðòå àëãîðèò-
ìîâ ïîèñêà îïòèìàëüíîé ÷àñòîòû ìåòðîíîìèçèðîâàííîãî äûõàíèÿ ñî ñâîáîäíîãî äûõàíèÿ: ð>0,05:
* íà ñåàíñàõ 1-é è 2-é ñåðèé ïðîòèâ èñõîäíûõ çíà÷åíèé; † íà ñîñåäíèõ ñåàíñàõ 1-é è 2-é ñåðèé;
‡ ìåæäó 1-é è 2-é ñåðèÿìè íà òåêóùåì ñåàíñå
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ñðåäíèå çíà÷åíèÿ è ñòàíäàðòíûå îòêëîíåíèÿ
O, S, E äëÿ ïîêàçàòåëåé D, L/H è V/(L+H).

Ó 10 èñïûòóåìûõ ñðåäíèå çíà÷åíèÿ Î, S,
E äëÿ D, L/H è V/(L+H) â 1-é è 2-é ñåðèÿõ
ïðàêòè÷åñêè íå ðàçëè÷àëèñü äðóã ñ äðóãîì è
â öåëîì ïî ãðóïïå, íàõîäÿñü â çîíå ôèçèîëî-
ãè÷åñêèõ íîðì äëÿ ïîëà è âîçðàñòà. Òîëüêî ó
1 èñïûòóåìîãî âî 2-é ñåðèè íàáëþäàëîñü
çíà÷èòåëüíîå îòêëîíåíèå OD îò îïòèìàëü-
íîãî ïîêàçàòåëÿ (–16,52±13,08 ïðîòèâ 5,08±
13,80 â 1-é ñåðèè) çà ñ÷åò ïîêàçàòåëÿ OL/H
(–85,02±89,81 ïðîòèâ –49,54±50,42 â 1-é ñå-
ðèè). Ïðè÷èíîé ìîæåò ñëóæèòü ñíèæåíèå âî
2-é ñåðèè çíà÷åíèé E êàê ïî âåòâÿì L/H
(0,98±0,02 ïðîòèâ 0,99±0,01) è V/(L+H)
(0,10±0,12 ïðîòèâ 0,39±0,49), òàê è â ñèñòåìå
â öåëîì (0,06±0,16 ïðîòèâ 0,22±0,23).

Íåñìîòðÿ íà øèðîêîå ïðàêòè÷åñêîå èñ-
ïîëüçîâàíèå áèîôèäáåêà [7–9], â òîì ÷èñëå
è â àëãîðèòìàõ ìåòðîíîìèçèðîâàííîãî äû-
õàíèÿ è ïàðàìåòðîâ ÂÑÐ, ìû íå íàøëè ðà-
áîò, â êîòîðûõ èçó÷àëàñü áû åãî âîñïðîèçâî-
äèìîñòü.

Ðåçóëüòàòû íàøåãî èññëåäîâàíèÿ ïîêàçà-
ëè âîñïðîèçâîäèìîñòü áèîôèäáåêà â àëãîðèò-
ìå ìåòðîíîìèçèðîâàííîãî äûõàíèÿ ïîä êîíò-
ðîëåì ïàðàìåòðîâ ÂÑÐ ñ èíòåðâàëîì â 3 ìå-
ñÿöà êàê ïî ãðóïïå â öåëîì, òàê è ïî êàæäîìó
èç çäîðîâûõ äîáðîâîëüöåâ çà èñêëþ÷åíèåì
îäíîãî. Ýòî ïîçâîëÿåò ñ÷èòàòü áèîôèäáåê
âàæíûì èíñòðóìåíòîì âìåøàòåëüñòâà è êîð-
ðåêöèè ñîñòîÿíèÿ ðåãóëÿòîðíûõ ñèñòåì îðãà-
íèçìà ÷åëîâåêà ïðè ðàçíûõ ñîñòîÿíèÿõ è â ðàç-
íûõ óñëîâèÿõ æèçíè.

Ñðåäíèå çíà÷åíèÿ Î, S, E ïîêàçàòåëåé D, L/H è
,лоп,огомеутыпси№

тсарзов
)тел(

яиреС
D

O S E

02,.неж,1 я�1 08,31±80,5 53,0±71,1 32,0±22,0

я�2 80,31±25,61– 45,0±62,1 61,0±60,0

72,.жум,2 я�1 70,2±13,1– 72,0±17,0 40,0±20,0

я�2 44,1±84,0– 32,0±18,0 81,0±90,0

12,.жум,3 я�1 35,3±72,1– 13,0±97,0 91,0±21,0

я�2 69,3±68,1– 24,0±16,0 20,0±10,0

02,.неж,4 я�1 65,2±76,0– 92,0±97,0 60,0±30,0

я�2 63,2±70,0– 92,0±28,0 62,0±91,0

02,.неж,5 я�1 12,2±62,3– 73,0±30,1 20,0±10,0

я�2 30,3±95,3– 72,0±98,0 62,0±51,0

22,.жум,6 я�1 65,9±97,5– 84,0±72,1 41,0±60,0

я�2 70,6±51,3– 64,0±68,0 80,0±50,0

02,.неж,7 я�1 65,4±42,7– 23,0±40,1 00,0±00,0

я�2 48,0±36,0– 42,0±17,0 62,0±12,0

02,.неж,8 я�1 86,2±49,1– 63,0±96,0 31,0±51,0

я�2 39,0±53,1– 33,0±66,0 42,0±82,0

02,.неж,9 я�1 75,1±12,0– 82,0±96,0 32,0±93,0

я�2 33,3±92,0– 82,0±38,0 72,0±63,0

02,.неж,01 я�1 47,2±67,1– 44,0±56,0 90,0±50,0

я�2 66,2±99,1– 93,0±78,0 90,0±30,0

02,.неж,11 я�1 70,2±84,1– 03,0±57,0 91,0±01,0

я�2 71,7±08,2– 04,0±28,0 41,0±80,0

хесвялдеендерС
хымеутыпси

я�1 51,3±08,1– 22,0±78,0 21,0±01,0

я�2 56,4±89,2– 71,0±38,0 11,0±41,0
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V/(L+H) ó çäîðîâûõ äîáðîâîëüöåâ (M±sd)
H/L )H+L(/V

O S E O S E

24,05±45,94– 55,1±22,7 10,0±99,0 05,1±02,1– 48,0±77,0 94,0±93,0

18,98±20,58– 99,0±05,6 20,0±89,0 47,0±56,1– 63,0±35,0 21,0±01,0

39,2±40,2– 48,1±30,5 24,0±47,0 69,0±69,1– 61,0±92,0 01,0±01,0

36,1±99,0– 09,2±54,6 80,0±49,0 48,0±42,2– 62,0±34,0 61,0±11,0

54,8±65,3– 98,0±86,6 20,0±99,0 66,0±79,1– 74,1±09,0 13,0±62,0

72,3±08,1– 77,0±83,5 73,0±48,0 35,0±06,2– 90,0±02,0 70,0±90,0

00,4±82,1– 96,2±98,4 92,0±28,0 69,0±48,1– 12,0±73,0 41,0±21,0

03,5±88,1– 91,3±84,5 34,0±47,0 69,0±45,1– 98,0±56,0 92,0±32,0

31,4±74,4– 75,0±08,5 10,0±99,0 72,0±24,2– 90,0±82,0 70,0±60,0

69,8±38,8– 35,1±58,5 40,0±79,0 95,0±34,2– 11,0±91,0 60,0±50,0

97,42±92,52– 53,2±69,5 63,0±58,0 25,0±17,2– 71,0±22,0 01,0±60,0

01,61±11,01– 78,0±49,5 71,0±29,0 07,0±77,1– 02,0±93,0 41,0±91,0

36,42±59,52– 20,2±57,5 03,0±88,0 25,0±26,2– 61,0±32,0 40,0±30,0

43,1±49,0– 16,2±02,6 83,0±58,0 11,1±88,1– 36,0±06,0 92,0±62,0

08,8±70,5– 00,1±34,6 70,0±79,0 28,0±51,2– 23,0±34,0 91,0±61,0

01,3±56,1– 38,1±77,6 10,0±99,0 94,0±30,2– 71,0±53,0 90,0±21,0

94,2±53,2– 83,1±83,6 00,0±00,1 05,0±96,1– 83,0±76,0 13,0±72,0

91,9±56,5– 30,2±50,6 20,0±99,0 51,1±99,1– 03,0±14,0 61,0±41,0

18,5±30,4– 67,0±45,6 10,0±99,0 45,0±08,2– 11,0±22,0 60,0±50,0

66,5±40,5– 30,1±97,5 70,0±49,0 26,0±72,2– 02,0±63,0 21,0±31,0

55,3±23,3– 26,1±12,5 73,0±48,0 26,0±24,2– 55,0±34,0 60,0±80,0

18,65±49,42– 70,1±65,5 73,0±48,0 16,0±26,2– 13,0±94,0 11,0±21,0

94,51±35,11– 47,0±99,5 90,0±19,0 94,0±61,2– 42,0±44,0 21,0±41,0

87,42±53,31– 54,0±00,6 80,0±19,0 73,0±90,2– 51,0±24,0 60,0±41,0

Óñòîé÷èâîñòü äèíàìèêè BQI ó çäîðîâûõ
äîáðîâîëüöåâ â áèîôèäáåêå ïîçâîëÿåò íàé-
òè äëÿ êàæäîãî èñïûòóåìîãî ñâîè ïàðàìåò-
ðû ìåòðîíîìèçèðîâàííîãî äûõàíèÿ, êîòîðû-
ìè îí ìîæåò ïîëüçîâàòüñÿ â ïîñëåäóþùåì
áåç ñïåöèàëüíîãî îáîðóäîâàíèÿ.

Âûâîäû
1. Áèîôèäáåê â êîíòóðå ìåòðîíîìèçèðî-

âàííîãî äûõàíèÿ ïîä êîíòðîëåì ïàðàìåòðîâ
âàðèàáåëüíîñòè ñåðäå÷íîãî ðèòìà ñ èíòåð-
âàëîì â 3 ìåñÿöà âîñïðîèçâîäèì êàê ïî ãðóï-
ïå â öåëîì, òàê è ïî êàæäîìó çäîðîâîìó äîá-
ðîâîëüöó.

2. Âîñïðîèçâîäèìîñòü áèîôèäáåêà â êîí-
òóðå ìåòðîíîìèçèðîâàííîãî äûõàíèÿ ïîä êîí-
òðîëåì ïàðàìåòðîâ âàðèàáåëüíîñòè ñåðäå÷-

íîãî ðèòìà ñ óñòîé÷èâîé äèíàìèêîé BQI ïî-
çâîëÿåò íàõîäèòü äëÿ êàæäîãî èñïûòóåìîãî
ñâîè ïàðàìåòðû ìåòðîíîìèçèðîâàííîãî äû-
õàíèÿ, êîòîðûì îí ìîæåò ñëåäîâàòü äëÿ óëó÷-
øåíèÿ ñîñòîÿíèÿ ñèñòåì ðåãóëÿöèè â äàëü-
íåéøåì áåç ñïåöèàëüíîãî îáîðóäîâàíèÿ.

3. Âîñïðîèçâîäèìîñòü áèîôèäáåêà â êîí-
òóðå ìåòðîíîìèçèðîâàííîãî äûõàíèÿ ïîä êîí-
òðîëåì ïàðàìåòðîâ âàðèàáåëüíîñòè ñåðäå÷-
íîãî ðèòìà ïîçâîëÿåò ðåêîìåíäîâàòü åãî â
øèðîêóþ ïðàêòèêó.

Ïåðñïåêòèâíîñòü èññëåäîâàíèÿ. Ïðåä-
ñòàâëÿåò èíòåðåñ èçó÷èòü âëèÿíèå ïðåäëîæåí-
íîé ìåòîäèêè áèîôèäáåêà â ëå÷åíèè ïàöèåí-
òîâ ñ çàáîëåâàíèÿìè ðàçëè÷íûõ ñèñòåì è îð-
ãàíîâ, à òàêæå â ñïîðòèâíîé ïðàêòèêå.
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S.À.S. Belal, A.L. Kulik, A.V. Martynenko, M.I. Yabluchanskiy
REPRODUCIBILITY OF BIOFEEDBACK IN HEALTHY VOLUNTEERS IN THE PACED BREATHING
ALGORITHM UNDER THE CONTROL OF HEART RATE VARIABILITY PARAMETERS

Eleven healthy volunteers (8 women and 3 men) aged from 20 to 27 years  were conducted 2 series
of biofeedback with 7 sessions each with a time interval of 3 months for the study of its reproducibility
in the paced breathing algorithm under the control of heart rate variability parameters. It was found, that
biofeedback on the basis of the proposed algorithm is reproducible in the group as a whole and for each
healthy volunteer individually, which allows us to find own parameters of paced breathing for each
person and they can follow to improve the regulatory systems in the future without special hardware.

Key words: heart rate variability, biofeedback, paced breathing, regulatory systems.
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