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Äàííàÿ ðàáîòà ÿâëÿåòñÿ ôðàãìåíòîì ÍÈÐ êàôå-
äðû àíåñòåçèîëîãèè è èíòåíñèâíîé òåðàïèè ÃÓ «Äíå-
ïðîïåòðîâñêàÿ ìåäèöèíñêàÿ àêàäåìèÿ ÌÇ Óêðàèíû» 
«Ðàçðàáîòêà íîâûõ ñòðàòåãèé àíåñòåçèîëîãè÷åñêîãî 
è ïåðèîïåðàöèîííîãî îáåñïå÷åíèÿ â ðàçëè÷íûõ îò-
ðàñëÿõ õèðóðãèè è âàðèàíòîâ èíòåíñèâíîé òåðàïèè 
êðèòè÷åñêèõ è òåðìèíàëüíûõ ñîñòîÿíèé ñ îïðåäåëå-
íèåì íîâûõ íàïðàâëåíèé çàìåñòèòåëüíîé è âîññòàíî-
âèòåëüíîé òåðàïèè ïðè èñïîëüçîâàíèè ñèñòåì æèçíå-
îáåñïå÷åíèÿ», øèôð ²Í.06.14. 

Âñòóïëåíèå. Îðãàíèçì ÷åëîâåêà ïðåäñòàâëÿåò 
ñîáîé ìíîãîêîìïîíåíòíóþ ñèñòåìó, â êîòîðîé êàæ-
äûé êîìïîíåíò è çàâèñèò îò âñåõ îñòàëüíûõ, è ñàì 
îêàçûâàåò âëèÿíèå íà âñå îñòàëüíûå êîìïîíåíòû. 
Âñëåäñòâèå áîëüøîãî êîëè÷åñòâà ýëåìåíòîâ, îò êî-
òîðûõ çàâèñèò òà èëè èíàÿ ôóíêöèÿ îðãàíèçìà, ïîêà-
çàòåëè, êîòîðûå îòðàæàþò ñîñòîÿíèå ýòîé ñèñòåìû, 
ÿâëÿþòñÿ èíòåãðàëüíûìè. Ýòî ïðåäîïðåäåëÿåò ñëîæ-
íîñòü êàê èõ òðàêòîâêè, òàê è èõ ñðàâíåíèå.

Æèâîé îðãàíèçì õàðàêòåðèçóåòñÿ ïîñòîÿííûì èç-
ìåíåíèåì ôóíêöèîíàëüíîãî ñîñòîÿíèÿ åãî ñèñòåì. 
Ñìûñëîì ýòèõ äèíàìè÷åñêèõ èçìåíåíèé ÿâëÿåòñÿ 
àäàïòàöèÿ îðãàíèçìà ê èçìåíÿþùèìñÿ óñëîâèÿì 
âíåøíåé ñðåäû. Èç ýòîãî ñëåäóåò, ÷òî ïîêàçàòåëè ñî-
ñòîÿíèÿ ëþáîé ñèñòåìû îðãàíèçìà ÿâëÿþòñÿ àêòó-
àëüíûìè òîëüêî â ìîìåíò èõ ðåãèñòðàöèè, ò.ê. îòðà-
æàþò ñîñòîÿíèå ñèñòåìû èìåííî â ýòîò ìîìåíò. Ýòî 
íåîáõîäèìî ó÷èòûâàòü ïðè îöåíêå ñîñòîÿíèÿ ñèñòåì 
îðãàíèçìà.

Ïðè ïðîâåäåíèè êëèíè÷åñêèõ èññëåäîâàíèé òðà-
äèöèîííîå îòíîøåíèå ê ïîêàçàòåëÿì, õàðàêòåðèçó-
þùèì ôóíêöèè ñèñòåì îðãàíèçìà, îñíîâûâàåòñÿ íà 
ðåãèñòðàöèè îäíîìîìåíòíîãî çíà÷åíèÿ. Ïðè ýòîì 
ðåãèñòðàöèÿ áîëüøèíñòâà ïîêàçàòåëåé ïðîâîäèòñÿ, 
êàê ïðàâèëî, íå ÷àùå îäíîãî ðàçà â ñóòêè, â òî âðåìÿ, 
êàê ðÿä ïîêàçàòåëåé ñèñòåìû ãîìåîñòàçà çà ñóòêè 
ïðåòåðïåâàåò ìíîãîêðàòíûå êîëåáàíèÿ âîêðóã çíà-
÷åíèÿ, êîòîðîå, ñîáñòâåííî, è îòðàæàåò ðåàëüíîå ñî-
ñòîÿíèå èçó÷àåìîé ñèñòåìû. Ïîñêîëüêó ÷àñòîòà òàêèõ 
êîëåáàíèé ïðåâûøàåò ÷àñòîòó èçìåðåíèé, â îïðåäå-
ëåííîì ñìûñëå òàêèå êîëåáàíèÿ ìîãóò áûòü íàçâàíû 
âûñîêî÷àñòîòíûìè.

Ñ öåëüþ óìåíüøåíèÿ âëèÿíèÿ ñóòî÷íûõ êîëåáà-
íèé àêòèâíîñòè ñèñòåì îðãàíèçìà, êàê ïðàâèëî, ðåãè-
ñòðàöèÿ ïîêàçàòåëåé ïðîâîäèòñÿ â îäíî è òî æå âðåìÿ 
ñóòîê. Îäíàêî, ýòîò ïðèíöèï íå èñêëþ÷àåò âëèÿíèÿ íà 
óðîâåíü èíòåãðàëüíîãî ïîêàçàòåëÿ ìíîæåñòâà äðóãèõ 
ôàêòîðîâ, âûçûâàþùèõ âûñîêî÷àñòîòíûå êîëåáàíèÿ 
ýòîãî ïîêàçàòåëÿ.

Ñòàòèñòè÷åñêèé àíàëèç äàííûõ, èìåþùèõ âûñîêóþ 
÷àñòîòó êîëåáàíèé ìåæäó ïåðèîäàìè ðåãèñòðàöèè, 
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ìîæåò ïðèâåñòè ê íåâåðíûì âûâîäàì. Âûäåëÿþò äâà 
âèäà ñòàòèñòè÷åñêèõ îøèáîê: 1) çàâåäîìî ëîæíûå 
äàííûå, ðåçóëüòàòû àíàëèçà êîòîðûõ òàêæå çàâåäîìî 
ëîæíû; 2) ëîæíûå ðåçóëüòàòû, êàê ñëåäñòâèå íåïðà-
âèëüíîãî èñïîëüçîâàíèÿ ñòàòèñòè÷åñêîãî èíñòðóìåí-
òàðèÿ [1, 4]. Ïîñêîëüêó çíà÷åíèå, âçÿòîå â îïðåäåëåí-
íûé ìîìåíò âðåìåíè, ìîæåò îòêëîíÿòüñÿ îò ñðåäíåé 
âåëè÷èíû ïîêàçàòåëÿ íà çíà÷èòåëüíóþ âåëè÷èíó, òî 
îíî ìîæåò ñ÷èòàòüñÿ èñõîäíî ëîæíûì, à çíà÷èò âûçû-
âàòü îøèáêó ïåðâîãî òèïà, êîòîðóþ íåâîçìîæíî èäåí-
òèôèöèðîâàòü, ïîñêîëüêó èñõîäíîå çíà÷åíèå èñòèííî 
íà ìîìåíò ðåãèñòðàöèè.

Ñóùåñòâóåò çíà÷èòåëüíûé ðÿä ïóáëèêàöèé, îïè-
ñûâàþùèõ ïðàâèëà ïðîâåäåíèÿ ñòàòè÷åñêîãî àíàëèçà 
áèîìåäèöèíñêèõ äàííûõ, íàèáîëåå ÷àñòûå îøèáêè 
è ìåòîäû èõ óñòðàíåíèÿ [3]. Òàê, îäíèì èç ìåòîäîâ 
óñòðàíåíèÿ îøèáêè, ñâÿçàííîé ñ íåîäíîðîäíîñòüþ 
èñõîäíûõ äàííûõ ÿâëÿåòñÿ ìåòîä ñòàíäàðòèçàöèè 
[2, 5], îäíàêî îí êàñàåòñÿ íåîäíîðîäíîñòè ñîñòàâà 
ãðóïï, à íå êîëåáàíèé ïðèçíàêà.

Öåëüþ äàííîãî èññëåäîâàíèÿ áûëî èçó÷åíèå 
âëèÿíèÿ âûñîêî÷àñòîòíûõ êîëåáàíèé ïðèçíàêà íà ðå-
ãèñòðèðóåìîå çíà÷åíèå, ðàçðàáîòêà ìåòîäèêè êîð-
ðåêöèè âîçìîæíûõ èñêàæåíèé ðåàëüíîé âåëè÷èíû 
ïîêàçàòåëÿ è îáðàáîòêè äàííûõ, èìåþùèõ âûñîêèé 
óðîâåíü èñêàæåíèÿ.

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Â èññëåäîâà-
íèè ïðèíèìàëè ó÷àñòèå 10 áîëüíûõ ïîñëå ïëàíîâûõ 
õèðóðãè÷åñêèõ âìåøàòåëüñòâ íà îðãàíàõ áðþøíîé ïî-
ëîñòè. Èññëåäîâàíèå ïðîâîäèëîñü ñ èñïîëüçîâàíèåì 
ïðèêðîâàòíîãî ìîíèòîðà, îáåñïå÷èâàþùåãî àâòîìà-
òè÷åñêîå èçìåðåíèå àðòåðèàëüíîãî äàâëåíèÿ íåèíâà-
çèâíûì ñïîñîáîì ÷åðåç ðàâíûå ïðîìåæóòêè âðåìåíè. 
Èíòåðâàë ìåæäó èçìåðåíèÿìè ñîñòàâëÿë 1 ÷àñ. Äëÿ 
àíàëèçà âûáðàíû çíà÷åíèÿ ñèñòîëè÷åñêîãî àðòåðè-
àëüíîãî äàâëåíèÿ, êàê îäíîãî èç íàèáîëåå ðàñïðî-
ñòðàíåííûõ ïîêàçàòåëåé, õàðàêòåðèçóþùèõ ñîñòîÿíèå 
áîëüíîãî. Ïîëó÷åííûå çíà÷åíèÿ îáðàáàòûâàëèñü ñ ïî-
ìîùüþ ïàðàìåòðè÷åñêèõ ìåòîäîâ ñòàòèñòèêè (ANOVA) 
ñ èñïîëüçîâàíèåì òàáëè÷íîãî ïðîöåññîðà ïðîãðàìì-
íîãî êîìïëåêñà LibreOffice.org, âåðñèÿ 4.3.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Âñå ïîëó÷åííûå äàííûå ïðåäñòàâëåíû â òàáëèöå 1. 
Àíàëèç ïîëó÷åííûõ çíà÷åíèé ïðîâîäèëñÿ ïî ñëåäó-
þùåé ñõåìå: 1) ñðàâíèâàëèñü çíà÷åíèÿ ïîêàçàòåëÿ, 
çàðåãèñòðèðîâàííûå â îäíî è òî æå âðåìÿ; 2) âû-
÷èñëÿëîñü çíà÷åíèå ñðåäíåé âåëè÷èíû, ñòàíäàðòíîé 
îøèáêè è îøèáêè ñðåäíåãî çíà÷åíèÿ ïîêàçàòåëåé, 
çàðåãèñòðèðîâàííûõ â îäíî è òî æå âðåìÿ, ó îäíîãî 
áîëüíîãî è ó âñåé âûáîðêè áîëüíûõ.
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Ïðè ïðîâåäåíèè êëèíè÷åñêèõ èññëåäîâàíèé òðà-
äèöèîííî ñèñòîëè÷åñêîå ÀÄ ðåãèñòðèðóþò â îäíî è òî 
æå âðåìÿ, íàïðèìåð, â 8:00. Êàê ñëåäóåò èç òàáë. 1, 
â ýòî âðåìÿ ïîêàçàòåëü ñèñòîëè÷åñêîãî ÀÄ ó ðàçíûõ 
áîëüíûõ êîëåáàëñÿ îò 110 ìì ðò.ñò. äî 140 ìì ðò.ñò.. 
Ïðè ýòîì, ñðåäíåå çíà÷åíèå ïîêàçàòåëÿ ñîñòàâèëî 
126,50±6,70 (SD=10,81) ìì ðò.ñò. Â òî æå âðåìÿ, íà-
ïðèìåð, ó áîëüíîãî ¹1, ó êîòîðîãî ñèñòîëè÷åñêîå ÀÄ 
â 8:00 áûëî ìàêñèìàëüíûì ñðåäè çàðåãèñòðèðîâàí-
íûõ (140 ìì ðò.ñò.), ñðåäíèé ïîêàçàòåëü çà ñóòêè áûë 
ðàâåí 123,96±2,77 (SD=6,91) ìì ðò.ñò., à ó áîëüíîãî 
¹3, ó êîòîðîãî ñèñòîëè÷åñêîå ÀÄ â òî æå âðåìÿ áûëî 
ìèíèìàëüíûì ñðåäè çàðåãèñòðèðîâàííûõ (110 ìì 
ðò.ñò.), ñðåäíèé ïîêàçàòåëü çà ñóòêè áûë ïðàêòè÷åñêè 
íà òîì æå óðîâíå – 123,54±3,84 ìì ðò.ñò. (SD=9,61).

Íî åñëè áû èññëåäîâàòåëü èçìåðèë ñèñòîëè÷å-
ñêîå ÀÄ ó òåõ æå äâîèõ áîëüíûõ ñïóñòÿ âñåãî ëèøü 
÷àñ, îí ïîëó÷èë áûë àáñîëþòíî îäèíàêîâûå çíà÷åíèÿ 
– 120 ìì ðò.ñò.. Ïðè ýòîì, èçìåíåíèÿ ïîêàçàòåëåé ó 
âñåõ áîëüíûõ ïðèâåëè áû ê òîìó, ÷òî ñðåäíåå çíà÷å-
íèå è îøèáêà ñðåäíåãî òàêæå ñóùåñòâåííî îòëè÷à-
ëèñü áû – 124,00±2,85 ìì ðò.ñò. (SD=4,59).

Â äàííîì ïðèìåðå ðàçíèöà ìåæäó ïîëó÷åííû-
ìè ñðåäíèìè çíà÷åíèÿìè ñ ó÷åòîì äîâåðèòåëüíûõ 
èíòåðâàëîâ íåñóùåñòâåííà, îäíàêî, åñëè âçÿòü ïî-
êàçàòåëè, çàðåãèñòðèðîâàííûå â 16:00 è â 23:00, òî 
ïîëó÷èì 127,00±4,18 ìì ðò.ñò. è 120,00±2,92 ìì ðò.
ñò. ñîîòâåòñòâåííî. Ïðè ýòîì íèæíÿÿ ãðàíèöà ïåðâîãî 
è âåðõíÿÿ ãðàíèöà âòîðîãî äîâåðèòåëüíîãî èíòåðâà-
ëà ïåðåñåêàþòñÿ âñåãî ëèøü íà 0,1 ìì ðò.ñò., ÷òî ïðè 

Òàáëèöà 1

Óðîâíè ñèñòîëè÷åñêîãî àðòåðèàëüíîãî äàâëåíèÿ 
ó áîëüíûõ çà âåñü ïåðèîä íàáëþäåíèÿ (24 ÷àñà)

÷àñ
Íîìåð áîëüíîãî

 ¹1 ¹2 ¹3 ¹4 ¹5 ¹6 ¹7 ¹8  ¹9 ¹10

1 120 120 120 110 120 110 130 120 110 140
2 120 125 140 120 120 110 130 120 110 140
3 125 120 130 120 125 110 130 120 120 130
4 130 125 130 120 125 110 130 120 120 130
5 120 125 120 125 125 110 130 120 120 130
6 110 120 110 125 120 120 140 120 120 130
7 120 125 120 120 120 120 140 130 140 140
8 140 125 110 120 125 120 140 115 130 140
9 120 125 120 130 125 120 130 120 120 130

10 130 120 110 130 130 120 130 120 120 120
11 130 125 120 140 130 120 130 120 120 120
12 120 125 130 125 130 120 130 120 130 120
13 120 130 140 125 120 120 130 110 130 120
14 125 125 140 130 120 120 140 120 120 120
15 130 130 120 130 120 120 130 120 120 130
16 1 40 130 120 120 130 130 130 120 120 130
17 120 125 120 120 120 110 125 120 120 120
18 120 125 110 120 120 120 125 120 130 120
19 125 125 110 130 130 120 120 130 120 120
20 120 125 125 120 140 120 120 120 120 120
21 130 120 130 120 130 120 120 120 110 130
22 120 125 130 120 120 120 120 120 120 120
23 120 120 130 120 120 120 120 1 20 110 120
24 120 120 130 110 120 120 130 120 110 120

àíàëèçå ðàçíûõ ãðóïï îáû÷íî òðàêòóåòñÿ êàê ïî÷òè 
äîñòîâåðíàÿ ðàçíèöà.

Óðîâåíü ñèñòîëè÷åñêîãî àðòåðèàëüíîãî äàâëåíèÿ 
ÿâëÿåòñÿ ðåçóëüòàòîì âëèÿíèÿ ðàçëè÷íûõ ôàêòîðîâ 
íà äåÿòåëüíîñòü ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû, ïî-
ýòîìó åãî êîëåáàíèÿ ó êàæäîãî áîëüíîãî â êàæäûé 
îòäåëüíûé êîíêðåòíûé ìîìåíò âðåìåíè èíäèâèäó-
àëüíû, à çíà÷èò íå ìîãóò áûòü ñïðîãíîçèðîâàíû äëÿ 
ãðóïïû áîëüíûõ.

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä, ÷òî áûñòðî-
èçìåíÿþùèåñÿ ïîêàçàòåëè ãîìåîñòàçà íå äîëæíû 
ó÷èòûâàòüñÿ ïî ðåçóëüòàòàì åäèíè÷íûõ èçìåðåíèé. 
Ïðè ìàëîì îáúåìå âûáîðêè êîëåáàíèÿ áûñòðîèçìå-
íÿþùåãîñÿ ïîêàçàòåëÿ äîëæíû êîìïåíñèðîâàòüñÿ 
÷àñòîòîé åãî ðåãèñòðàöèè. Ïðè ýòîì â êà÷åñòâå çíà÷å-
íèÿ, ñîîòâåòñòâóþùåãî äàííîìó ýòàïó èññëåäîâàíèÿ, 
î÷åâèäíî, áîëåå êîððåêòíî èñïîëüçîâàòü ñðåäíåå 
çíà÷åíèå âñåõ èçìåðåíèé, ïðîâåäåííûõ íà äàííîì 
ýòàïå.

Â ñâÿçè ñ òåì, ÷òî âîçìîæíû çíà÷èòåëüíûå êîëå-
áàíèÿ èññëåäóåìîãî ïîêàçàòåëÿ äàæå â òå÷åíèå îãðà-
íè÷åííîãî âðåìåíè åãî ðåãèñòðàöèè, ïðè ñðàâíåíèè 
ïîêàçàòåëåé ðàçíûõ ãðóïï èëè îäíîãî è òîãî æå ïî-
êàçàòåëÿ âíóòðè ãðóïïû, íî íà ðàçíûõ ýòàïàõ, íåîá-
õîäèìî ó÷èòûâàòü òàêîé ïàðàìåòð êàê êîýôôèöèåíò 
èçìåí÷èâîñòè (âàðèàöèè) ïîêàçàòåëÿ (Cv) – îòíîøå-
íèå ñðåäíåãî êâàäðàòè÷íîãî îòêëîíåíèÿ ïîêàçàòåëÿ ê 
åãî ñðåäíåìó àðèôìåòè÷åñêîìó çíà÷åíèþ, âûðàæåí-
íîå â ïðîöåíòàõ. Ñ÷èòàåòñÿ, ÷òî çíà÷åíèå Cv íèæå 5% 
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ñîîòâåòñòâóåò íèçêîé èçìåí÷èâîñòè ïðèçíàêà, îò 5% 
äî 10% – ñðåäíåé, à âûøå 10% – âûñîêîé.

Àíàëèç òàáëèöû èñõîäíûõ çíà÷åíèé ñ ïîìîùüþ 
êîýôôèöèåíòà èçìåí÷èâîñòè ïîêàçàòåëåé ïîêàçàë 
ñëåäóþùåå. Èçìåí÷èâîñòü ïðèçíàêà ó ðàçíûõ áîëü-
íûõ êîëåáàëàñü îò 2,57% ó áîëüíîãî ¹2 äî 7,78% ó 
áîëüíîãî ¹3. Êîýôôèöèåíò èçìåí÷èâîñòè â öåëîì âî 
âñåé ãðóïïå ñîñòàâèë 5,72, ÷òî ìîæåò áûòü ðàñöåíåíî 
êàê âàðèàáåëüíîñòü ñðåäíåé âûðàæåííîñòè.

×åì ìåíüøå èçìåí÷èâîñòü ïðèçíàêà, òåì âûøå 
êà÷åñòâî ñòàòèñòè÷åñêîãî ñðàâíåíèÿ ïîêàçàòåëåé 
ðàçíûõ ãðóïï èëè âíóòðè ãðóïïû íà ðàçíûõ ýòàïàõ. 
Äëÿ ïîâûøåíèÿ êà÷åñòâà àíàëèçà ìîæíî âîñïîëüçî-
âàòüñÿ ñëåäóþùèìè ïðèåìàìè: 1) óäàëèòü èç òàáëèöû 
ïðåäåëüíûå çíà÷åíèÿ; 2) çàìåíèòü ïðåäåëüíûå çíà-
÷åíèÿ, ïîëó÷åííûìè ñ èõ ó÷àñòèåì, ñðåäíèìè àðèô-
ìåòè÷åñêèìè âåëè÷èíàìè. Äîïóñòèìîñòü ïðèìåíåíèÿ 
òàêèõ ïðèåìîâ èñõîäèò èç òîãî, ÷òî äàííûå çíà÷åíèÿ 
ìîãëè áûòü ïðîïóùåííûìè, à çíà÷èò ê íèì ìîã áûòü 
ïðèìåíåí ïðèíöèï çàìåùåíèÿ ïðîïóùåííûõ çíà÷å-
íèé. Ðåçóëüòàòû ïðèìåíåíèÿ ýòèõ ïðèåìîâ îòðàæåíû 
â òàáëèöå 2.

Àíàëèç ñòàòèñòè÷åñêèõ ïîêàçàòåëåé, ïîëó÷åííûõ 
â ðåçóëüòàòå êîððåêöèè èñõîäíîé ìàòðèöû äàííûõ, 
ïîçâîëÿåò ñäåëàòü âûâîä, ÷òî äàæå ïðîñòîå óäàëåíèå 
ïðåäåëüíûõ çíà÷åíèé â äàííîì èññëåäîâàíèè ñíè-
æàåò ñòåïåíü èçìåí÷èâîñòè äî íèçêîé. Ýòî êàñàåòñÿ 
íå òîëüêî ïîêàçàòåëåé âñåé ìàòðèöû, íî è äàííûõ ïî 
êàæäîìó áîëüíîìó â îòäåëüíîñòè (òàáë. 3).

Â ñëó÷àå, êîãäà ïîñëå çàìåùåíèÿ ïðåäåëüíûõ çíà-
÷åíèé êîýôôèöèåíò èçìåí÷èâîñòè ïðèçíàêà âñ¸ åù¸ 
âûøå 5%, íåîáõîäèìî ëèáî çàìåñòèòü ñëåäóþùèå 
ïðåäåëüíûå çíà÷åíèÿ, ëèáî âîîáùå èñêëþ÷èòü ïî-
ëó÷åííîå ó äàííîãî ñóáúåêòà èññëåäîâàíèÿ ñðåäíåå 
çíà÷åíèå èç ãðóïïû, ââèäó êðàéíåé èçìåí÷èâîñòè ïî-
êàçàòåëÿ, ïðè÷èíû êîòîðîé íå èçâåñòíû èëè íå ìîãóò 
áûòü óñòðàíåíû.

Òàêèì îáðàçîì, ïðè ñòàòèñòè÷åñêîé îáðàáîòêå 
äàííûõ èññëåäîâàíèé, âêëþ÷àþùèõ äèíàìè÷åñêè èç-
ìåíÿþùèåñÿ ïîêàçàòåëè, ïðè ó÷åòå òàêèõ ïîêàçàòåëåé 

Òàáëèöà 2

Ñòàòèñòè÷åñêèå ïîêàçàòåëè ïðè êîððåêöèè èñõîäíûõ äàííûõ

Ïîêàçàòåëü
Èñõîäíàÿ ìàòðèöà 

äàííûõ
Ìàòðèöà äàííûõ áåç 

ïðåäåëüíûõ çíà÷åíèé

Ìàòðèöà äàííûõ ñ çàìåùåíèåì 
ïðåäåëüíûõ çíà÷åíèé èñõîäíûìè 

ñðåäíèìè
Ñðåäíåå àðèôìåòè÷åñêîå 123,33 123,27 123,22
Ñòàíäàðòíîå îòêëîíåíèå 7,05 4,46 4,33
Äîâåðèòåëüíûé èíòåðâàë 2,82 1,78 1,73
Êîýôôèöèåíò èçìåí÷èâîñòè 5,72 3,62 3,51
Îøèáêà ñðåäíåãî àðèôìåòè÷åñêîãî 1,44 0,9 1 0,88

Òàáëèöà 3

Êîýôôèöèåíò èçìåí÷èâîñòè ó áîëüíûõ áåç êîððåêöèè è ñ êîððåêöèåé èñõîäíûõ äàííûõ

Âèä ìàòðèöû Íîìåð áîëüíîãî

¹1 ¹2 ¹3 ¹4 ¹5 ¹6 ¹7 ¹8 ¹9 ¹10

Èñõîäíàÿ 5,58 2,57 7,78 5,35 4,33 4,32 4,93 3,12 6,23 6,01

Áåç ïðåäåëüíûõ çíà÷åíèé 3,51 2,57 4,85 3,47 3,49 1,96 3,47 2,59 3,50 4,05

Ñ çàìåùåíèåì ïðåäåëüíûõ 
çíà÷åíèé ñðåäíèìè

3,28 2,57 4,05 3,24 3,42 1,95 3,22 2,54 3,09 3,76

íà êîíêðåòíîì ýòàïå íåîáõîäèìî â êà÷åñòâå ðåãè-
ñòðèðóåìîãî ïàðàìåòðà ïðèíèìàòü ñðåäíþþ àðèô-
ìåòè÷åñêóþ âåëè÷èíó, ïîëó÷åííóþ èç ñåðèè çàìåðîâ 
ñ êîððåêöèåé èñõîäíûõ çíà÷åíèé â ñëó÷àå, åñëè êîýô-
ôèöèåíò èçìåí÷èâîñòè â ýòîé ñåðèè ïðåâûøàåò 5%. 
Ïðèìåíåíèå òàêîé ìåòîäèêè ïîçâîëèò óâåëè÷èòü òî÷-
íîñòü èññëåäîâàíèÿ çà ñ÷åò ñíèæåíèÿ âëèÿíèÿ âûñî-
êî÷àñòîòíûõ êîëåáàíèé ïðèçíàêà. Êðîìå òîãî, àíàëèç 
ïðè÷èí âûñîêî÷àñòîòíûõ êîëåáàíèé ïðèçíàêà íà îò-
äåëüíûõ ýòàïàõ èññëåäîâàíèÿ ìîæåò ïîìî÷ü â âûÿâ-
ëåíèè ôàêòîðîâ, âëèÿþùèõ íà òå÷åíèå çàáîëåâàíèÿ è 
èñõîä, êîòîðûå ðàíåå óïóñêàëèñü èç âíèìàíèÿ.

Âûâîäû.
Îäíîìîìåíòíàÿ ðåãèñòðàöèÿ ïîêàçàòåëåé, ÷àñòî-

òà èçìåíåíèÿ êîòîðûõ çíà÷èòåëüíî ïðåâûøàåò ÷àñòî-
òó ðåãèñòðàöèè, ìîæåò áûòü èñòî÷íèêîì îøèáî÷íûõ 
ñóæäåíèé î ñîñòîÿíèè äèíàìè÷åñêè èçìåíÿþùåéñÿ 
ñèñòåìû.

Óìåíüøèòü îøèáêó èçìåðåíèÿ òàêèõ ïîêàçàòåëåé 
ìîæíî çà ñ÷åò ïîëó÷åíèÿ ñðåäíåé àðèôìåòè÷åñêîé 
ñåðèè èçìåðåíèé íà êàæäîì ýòàïå ðåãèñòðàöèè. Ïðè 
ýòîì, ÷åì áîëüøå èçìåðåíèé ïðîèçâåäåíî, òåì òî÷-
íåå ñðåäíÿÿ àðèôìåòè÷åñêàÿ îòðàæàåò ðåàëüíîå ñî-
ñòîÿíèå ñèñòåìû.

Ïàðàìåòðû ñ âûñîêîé ñòåïåíüþ èçìåí÷èâîñòè, 
îïðåäåëåííîé ñ ïîìîùüþ êîýôôèöèåíòà èçìåí÷è-
âîñòè, äîëæíû èñêëþ÷àòüñÿ èç èññëåäîâàíèÿ ââèäó 
òîãî, ÷òî îíè âíîñÿò ñóùåñòâåííóþ îøèáêó â ïîëó÷åí-
íûé ðåçóëüòàò.

Ñíèçèòü ñòåïåíü èçìåí÷èâîñòè ìîæíî çà ñ÷åò èñ-
êëþ÷åíèÿ ïðåäåëüíûõ çíà÷åíèé èëè çàìåùåíèÿ èõ 
ñðåäíåé àðèôìåòè÷åñêîé, ïîëó÷åííîé ïîñëå èñêëþ-
÷åíèÿ ïðåäåëüíûõ çíà÷åíèé.

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. 
Äàëüíåéøåå èññëåäîâàíèå âëèÿíèÿ âûñîêî÷àñòîòíûõ 
ôëóêòóàöèé ïðèçíàêà íà åãî ðåãèñòðèðóåìóþ íà êîí-
êðåòíîì ýòàïå âåëè÷èíó ìîæåò áûòü ñîñðåäîòî÷åíî 
êàê íà ðàçðàáîòêå ìåòîäîâ âûÿâëåíèÿ ôàêòîðîâ, âû-
çûâàþùèõ ýòè ôëóêòóàöèè, òàê è íà ôîðìóëèðîâêå 
ïðàâèë ðåãèñòðàöèè òàêèõ ïðèçíàêîâ.
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ÓÄÊ 311.21;.214:57.03:51-76
ÑÒÀÒÈÑÒÈ×ÍÈÉ ÀÍÀË²Ç Á²ÎÌÅÄÈ×ÍÈÕ ÏÎÊÀÇÍÈÊ²Â, ÙÎ ÄÈÍÀÌ²×ÍÎ ÇÌ²ÍÞÞÒÜÑß
Êð³øòàôîð À.À.
Ðåçþìå. Ç ìåòîþ âèçíà÷åííÿ âïëèâó äîáîâèõ êîëèâàíü ïîêàçíèêà íà äîñòîâ³ðí³ñòü éîãî ð³âíÿ, 

çàðåºñòðîâàíîãî â ÿêîñò³ åòàïíîãî ïîêàçíèêà êë³í³÷íîãî äîñë³äæåííÿ, òà ðîçðîáêè ìåòîä³â êîðåêö³¿, ÿê³ äîçâî-
ëèëè á âðàõîâóâàòè ö³ êîëèâàííÿ, ó 10 õâîðèõ ïðîòÿãîì äîáè ùîãîäèííî ðåºñòðóâàëè ñèñòîë³÷íèé ÀÒ. Âèÿâè-
ëîñÿ, ùî ó îêðåìèõ õâîðèõ êîëèâàííÿ ÀÒ ïðîòÿãîì äîáè áóëè äîñèòü âèðàæåíèìè (êîåô³ö³ºíò âàð³àö³¿ ñòàíî-
âèâ äî 8%), ùî ìîæå ñïîòâîðþâàòè ðåçóëüòàò ïðè ðåºñòðàö³¿ â çàëåæíîñò³ â³ä ÷àñó ðåºñòðàö³¿. Çàïðîïîíîâàíà 
ìåòîäèêà êîðåêö³¿ äàíèõ, ùî ðåºñòðóþòüñÿ íà åòàï³ êë³í³÷íîãî äîñë³äæåííÿ, øëÿõîì áàãàòîðàçîâî¿ ðåºñòðàö³¿ 
ïîêàçíèêà ç âèêëþ÷åííÿì êðàéí³õ çíà÷åíü, àáî çàì³íè ¿õ íà ñåðåäí ³ âåëè÷èíè ó âèïàäêó, çíà÷íî¿ âàð³àáåëüíîñò³ 
ïîêàçíèêà. Øòó÷íå çìåíøåííÿ âàð³àáåëüíîñò³ ïîêàçíèêà ç ðåºñòðàö³ºþ â ÿêîñò³ åòàïíîãî ïîêàçíèêà ñåðåäíüî¿ 
âåëè÷èíè îçíàêè, äàº ìîæëèâ³ñòü óíèêíóòè ïîìèëîê â ïîäàëüøîìó ñòàòèñòè÷íîìó àíàë³ç³.

Êëþ÷îâ³ ñëîâà: á³îìåäè÷íà ñòàòèñòèêà, êë³í³÷í³ äîñë³äæåííÿ, óñóíåííÿ ïîìèëîê ðåºñòðàö³¿ ïîêàçíèê³â.

ÓÄÊ 311.21;.214:57.03:51-76
ÑÒÀÒÈÑÒÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÄÈÍÀÌÈ×ÅÑÊÈ ÈÇÌÅÍßÞÙÈÕÑß ÁÈÎÌÅÄÈ×ÍÈÕ ÏÎÊÀÇÀÒÅËÅÉ
Êðèøòàôîð À.À.
Ðåçþìå. Ñ öåëüþ îïðåäåëåíèÿ âëèÿíèÿ ñóòî÷íûõ êîëåáàíèé ïîêàçàòåëÿ íà äîñòîâåðíîñòü åãî óðîâíÿ, çà-

ðåãèñòðèðîâàííîãî â êà÷åñòâå ýòàïíîãî ïîêàçàòåëÿ êëèíè÷åñêîãî èññëåäîâàíèÿ, è ðàçðàáîòêè ìåòîäîâ êîððåê-
öèè, êîòîðûå ïîçâîëèëè áû ó÷èòûâàòü ýòè êîëåáàíèÿ, ó 10 áîëüíûõ â òå÷åíèå ñóòîê åæå÷àñíî ðåãèñòðèðîâàëè 
ñèñòîëè÷åñêîå ÀÄ. Îêàçàëîñü, ÷òî ó îòäåëüíûõ áîëüíûõ êîëåáàíèÿ ÀÄ â òå÷åíèå ñóòîê áûëè äîñòàòî÷íî âû-
ðàæåííûìè (êîýôôèöèåíò âàðèàöèè ñîñòàâèë äî 8%), ÷òî ìîæåò èñêàæàòü ðåçóëüòàò ïðè ðåãèñòðàöèè â çà-
âèñèìîñòè îò âðåìåíè ðåãèñòðàöèè. Ïðåäëîæåíà ìåòîäèêà êîððåêöèè äàííûõ, ðåãèñòðèðóåìûõ íà ýòàïå êëè-
íè÷åñêîãî èññëåäîâàíèÿ, ïóòåì ìíîãîêðàòíîãî èçìåðåíèÿ ïîêàçàòåëÿ ñ èñêëþ÷åíèåì êðàéíèõ çíà÷åíèé èëè 
çàìåíîé èõ íà ñðåäíèå âåëè÷èíû â ñëó÷àå, çíà÷èòåëüíîé âàðèàáåëüíîñòè ïîêàçàòåëÿ. Èñêóññòâåííîå óìåíüøå-
íèå âàðèàáåëüíîñòè ïîêàçàòåëÿ ñ ðåãèñòðàöèåé â êà÷åñòâå ýòàïíîãî ïîêàçàòåëÿ ñðåäíåé âåëè÷èíû ïðèçíàêà, 
äàåò âîçìîæíîñòü èçáåæàòü îøèáîê â äàëüíåéøåì ñòàòèñòè÷åñêîì àíàëèçå.

Êëþ÷åâûå ñëîâà: áèîìåäèöèíñêàÿ ñòàòèñòèêà, êëèíè÷åñêèå èññëåäîâàíèÿ, óñòðàíåíèå îøèáîê ðåãèñòðà-
öèè ïîêàçàòåëåé.

UDC 311.21;.214:57.03:51-76
STATISTICAL ANALYSIS OF DYNAMICALLY CHANGING BIOMEDICAL DATA
Krishtafor A.A.
Abstract. The human body is a multi-component system wherein each component depends on all the others, and 

itself has an effect on all other components. A living organism is characterized by constant changes in the functional 
status of its systems for a dynamic adaptation to changing environmental conditions. This implies that any indicators of 
its system are relevant only at the time of their registration, because reflects the system state at that moment. Usually 
in clinical studies indicators check no more than once a day, while a number of indicators of homeostasis per day 
undergoes repeated fluctuations around the value. Since the frequency of the oscillation exceeds the measurement 
frequency, in a certain sense, these fluctuations can be called high-frequency. The aim of this study was to investigate 
the effect of high-frequency oscillations of indicators for the registered value, development of methods of correction of 
possible distortions of the real value of the indicator and data with a high level of distortion.

Material and methods. The study involved 10 patients after elective surgery for abdominal organs. The study was 
conducted using a bedside monitor that provides automated non-invasive blood pressure measurement method at 
regular intervals. The values obtained were processed using parametric statistical methods (ANOVA) in a spreadsheet 
software package LibreOffice.org, ver. 4.3.

Results and discussion. In clinical studies traditionally systolic blood pressure were recorded at the same time, 
such as 8:00. In our study at this time systolic blood pressure in different patients ranged from 110 mmHg up to 140 
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mmHg. Thus, the average value of the index was 126,50±6,70 (SD = 10,81) mmHg. At the same time, for example, 
the patient No.1 had the systolic blood pressure maximum at 8:00 among registered (140 mmHg), the average per 
day = 123,96±2,77 (SD = 6 91) mmHg and the patient No.3 had systolic blood pressure at the same time minimal 
among registered (110 mmHg), the average per day was almost the same level – 123,54±3,84 mmHg (SD = 9,61). 
But if researchers would measure systolic blood pressure in the same patients after only an hour, he was received 
exactly the same values in both – 120 mmHg. Thus, changes indices of all patients would lead to the fact that the mean 
and error of mean values would also significantly different to – 124,00±2,85 mmHg (SD = 4,59). In this example, the 
difference between the mean values obtained with the confidence intervals is negligible, however, if we take the figures 
registered at 16:00, and at 23:00, we get 127,00±4,18 mm Hg and 120,00±2,92 mm Hg respectively. The lower limit 
of the first and the second upper limit of the confidence interval crossed by only 0,1 mm Hg and can be treated as 
significant difference. Thus, we can conclude that the rapidly changing parameters of homeostasis must not be taken 
into registered data as the results of single measurements and should be compensated frequency of its registration. 
And as the value corresponding to this phase of the study is more correct to use the average of all measurements taken 
at this stage.

Due to the fact that there are significant fluctuations of the rate even for a limited time its registration, if one compares 
the different groups, or the same rate within the group, but at various stages, we must consider this option as the 
coefficient of variation (Cv). The analysis of the reference values by means of coefficient of variability of indicators 
showed that variability of the sign at different patients fluctuated from 2,57% at the patient No.2 to 7,78% at the 
patient No.3. The variability coefficient in general in all group was 5,72 that can be regarded as variability of middle 
expressiveness. The variability of the sign is less, the quality of statistical comparison of indicators of different groups 
or in group at different stages is higher. For improvement of quality of the analysis it is possible to use the following 
receptions: 1) to remove extreme values from the table; 2) to replace extreme values, received with their participation, 
arithmetic averages. The admissibility of application of such receptions recognizes that these values could be passed, 
so the principle of replacement of the passed values could be applied to them.

The analysis of the statistics received as result of correction of the initial data, allows to conclusion, what even simple 
removal extreme values in this research reduces a degree of variability up to low. In case of when after replacement of 
extreme values the factor of variability of the sign still above 5%, is necessary to replace following extreme values or to 
exclude received at the given subject of research average value from group, in view of extreme var iability of a parameter 
which reasons are not known or cannot be eliminated.

Application of such technique will all ow to increase research accuracy due to decrease influence of high-frequency 
fluctuations of the indicator. Besides of that, the analysis of th e reasons of high-frequency fluctuations of the indicator 
at separate investigation phases can help with identification of the factors influencing the course of a disease and an 
outcome which were missed from attention earlier.

Conclusions. One-stage registration of indicators, change which frequency cons iderably exceeds registration 
frequency, can be a source of wrong judgments about a condition of dynamically changing system. It is possible to 
reduce the error of measurement of such indicators due to receiving an arithmetic average of measurements series at 
each stage of registration. Thus, the more measurements  it is performed, the arithmetic average is more exact reflects 
a real condition of system. Parameters with high degree of the variability defined by variability coefficient must be 
excluded from research in view of the fact that they bring an essential mistake i n the received result.  It is possible to 
lower variability degree at the expense of an exception of extreme values or replacement their by arithmetic average, 
received after exception of extreme values.

Keywords: biomedical statistics, clinical trials, elimination of registration error data.
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