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ÏÐÎÃÍÎÇÈÐÎÂÀÍÈÅ ÈÑÕÎÄÀ ÍÅÄÎÑÒÀÒÎ×ÍÎÑÒÈ
ÊÐÎÂÎÎÁÐÀÙÅÍÈß, ÈËÈ Î ÏÎËÜÇÅ ÀÍÀËÎÃÈÉ Â ÌÅÄÈÖÈÍÅ
Ñòàòüÿ ïîñâÿùåíà ìåòîäàì ïðîãíîçèðîâàíèÿ è êîíòðîëÿ èíòåíñèâíîé òåðàïèè íåäîñòà-
òî÷íîñòè êðîâîîáðàùåíèÿ íà îñíîâå îöåíêè ýíåðãåòè÷åñêèõ ïîêàçàòåëåé êðîâîîáðà-
ùåíèÿ. Ðàçðàáîòàíû ïðîãíîñòè÷åñêèå êðèòåðèè òå÷åíèÿ íåäîñòàòî÷íîñòè êðîâîîáðà-
ùåíèÿ. Ïðèìåíåíî ýëåêòðîäèíàìè÷åñêîå ìîäåëèðîâàíèå ðàáîòû ñèñòåìû êðîâîîáðà-
ùåíèÿ, â ðåçóëüòàòå êîòîðîãî ââåä¸í ðÿä íîâûõ ïàðàìåòðîâ ñèñòåìû êðîâîîáðàùåíèÿ,
îïðåäåë¸ííûõ ó çäîðîâûõ ëèö, ïðè ñåðäå÷íîé, ñîñóäèñòîé è ãèïîâîëåìè÷åñêîé íåäî-
ñòàòî÷íîñòè. Óñòàíîâëåíî, ÷òî èíòåãðàëüíûé ýíåðãåòè÷åñêèé ïîêàçàòåëü êðîâîîáðàùå-
íèÿ – öèðêóëÿòîðíûé ðåçåðâ (ÖÐ) – ó çäîðîâûõ ëèö ñîñòàâëÿåò (617±145) ìÂò/ì2, ïðè
ñåðäå÷íîé íåäîñòàòî÷íîñòè – îò (184±58) äî (367±86) ìÂò/ì2, ïðè ñîñóäèñòîé íåäîñòà-
òî÷íîñòè – îò (202±65) äî (384±77) ìÂò/ì2, ïðè êðîâîïîòåðå 40 % ÎÖÊ è áîëåå – ìåíåå
50 ìÂò/ì2. Ýíåðãåòè÷åñêèå ïàðàìåòðû ñèñòåìû êðîâîîáðàùåíèÿ ïîçâîëÿþò ïðîãíîçè-
ðîâàòü èñõîä èíòåíñèâíîé òåðàïèè íåäîñòàòî÷íîñòè êðîâîîáðàùåíèÿ. Óðîâåíü ÖÐ íèæå
100 ìÂò/ì2 ÿâëÿåòñÿ îïàñíûì è ñ âûñîêîé âåðîÿòíîñòüþ ïðåäñêàçûâàåò íåáëàãîïðèÿò-
íûé èñõîä íåäîñòàòî÷íîñòè êðîâîîáðàùåíèÿ.
Êëþ÷åâûå ñëîâà: ýíåðãåòèêà êðîâîîáðàùåíèÿ, ñåðäå÷íàÿ íåäîñòàòî÷íîñòü, ñîñó-
äèñòàÿ íåäîñòàòî÷íîñòü, ãèïîâîëåìèÿ.

Âñòóïëåíèå
Âîïðîñ î ïðîãíîçèðîâàíèè ðåçóëüòàòîâ

ëå÷åíèÿ ëþáûõ çàáîëåâàíèé è ñîñòîÿíèé, â
òîì ÷èñëå è íàðóøåíèé êðîâîîáðàùåíèÿ, îá-
ëàäàåò íåïðåõîäÿùåé àêòóàëüíîñòüþ. Óæå
äàâíî îòìå÷åíî [1], ÷òî ïðåäñêàçàòü èñõîä
íåäîñòàòî÷íîñòè êðîâîîáðàùåíèÿ, ñ òîé èëè
èíîé òî÷íîñòüþ, ìîæíî òîëüêî ïðè ó÷¸òå ìíî-
ãèõ ïàðàìåòðîâ ñèñòåìû êðîâîîáðàùåíèÿ
(ÑÊ) â êîìïëåêñå, ïîñêîëüêó êàæäûé èç íèõ
çàâèñèò îò äðóãèõ è ìîæåò íàõîäèòüñÿ íà íå-
èñ÷èñëèìîì êîëè÷åñòâå óðîâíåé (äàæå åñëè
ïîêàçàòåëåé òîëüêî, íàïðèìåð, 6, è êàæäûé èç
íèõ ìîæåò íàõîäèòüñÿ òîëüêî, ñêàæåì, íà äâóõ
óðîâíÿõ, êîëè÷åñòâî âîçìîæíûõ ñî÷åòàíèé
äîñòèãàåò ïî÷òè 500 ìèëëèîíîâ!). Ïðåäïðè-
íÿòî ìíîæåñòâî ïîïûòîê íàéòè íåáîëüøîå
êîëè÷åñòâî (â èäåàëå – îäèí) ïîêàçàòåëåé, êî-
òîðûõ áûëî áû äîñòàòî÷íî äëÿ èñ÷åðïûâà-

þùåé îöåíêè äåÿòåëüíîñòè òîé èëè èíîé ñè-
ñòåìû îðãàíèçìà, â òîì ÷èñëå è ÑÊ. Ìû ïî-
ëàãàåì, ÷òî òàêîìó òðåáîâàíèþ â íàèáîëü-
øåé ìåðå óäîâëåòâîðÿþò ýíåðãåòè÷åñêèå õà-
ðàêòåðèñòèêè ÑÊ êàê ñîñòàâíîé ÷àñòè ñèñòå-
ìû òðàíñïîðòà êèñëîðîäà (ÑÒÊ). Ïðè ýòîì
íàäî ó÷èòûâàòü, ÷òî ëþáàÿ æèâàÿ ñèñòåìà,
íå èñêëþ÷àÿ îðãàíèçì ÷åëîâåêà, ÿâëÿåòñÿ ÷à-
ñòè÷íî îòêðûòîé îòãðàíè÷åííîé îò âíåøíåé
ñðåäû ôèçè÷åñêîé ñèñòåìîé [2]. Îñíîâíàÿ
÷àñòü ïîòðåáëÿåìîé îðãàíèçìîì ýíåðãèè ðàñ-
õîäóåòñÿ íà ïîääåðæàíèå åãî íèçêîé ýíòðî-
ïèè, ò. å. íà ñîõðàíåíèå âûñîêîé óïîðÿäî÷åí-
íîñòè åãî ýëåìåíòîâ [3–6]. Ñàìà ÑÊ, îñíîâ-
íîé çàäà÷åé êîòîðîé ÿâëÿåòñÿ ñíàáæåíèå òêà-
íåé ýíåðãåòè÷åñêèìè íîñèòåëÿìè, äëÿ ñâîåé
ðàáîòû òàêæå òðåáóåò ýíåðãèè, ïîýòîìó íå-
îáõîäèì êîìïëåêñíûé àíàëèç ýíåðãåòèêè è
êðîâîîáðàùåíèÿ è îðãàíèçìà â öåëîì.
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Ïðåäñòàâëåííûå âûøå ïðåäïîñûëêè îï-
ðåäåëèëè öåëü íàøåãî èññëåäîâàíèÿ: ðàçðà-
áîòàòü è ââåñòè â êëèíè÷åñêóþ ïðàêòèêó ýíåð-
ãåòè÷åñêèå õàðàêòåðèñòèêè ñèñòåìû êðîâî-
îáðàùåíèÿ, êîòîðûå ìîãëè áû îáúÿñíèòü äàâ-
íî ïîëó÷åííûå è äî ñèõ ïîð íåîáúÿñí¸ííûå
ýêñïåðèìåíòàëüíûå äàííûå è ñëóæèòü êðèòå-
ðèÿìè ïðîãíîçà èñõîäà íàðóøåíèé êðîâîîá-
ðàùåíèÿ è êîíòðîëÿ ýôôåêòèâíîñòè èõ èíòåí-
ñèâíîé òåðàïèè.

Ìàòåðèàëû è ìåòîäû
Äëÿ àíàëèçà ýíåðãåòèêè ÑÊ ìû ïðèìåíèëè

ìåòîä ýëåêòðîäèíàìè÷åñêîãî ìîäåëèðîâàíèÿ,
îñíîâûâàÿñü íà òîì, ÷òî îñíîâíûå çàêîíû ýëåê-
òðî- è ãèäðîäèíàìèêè èìåþò îäèíàêîâûé âèä:

ãäå I – ñèëà òîêà,  – ýëåêòðîäâèæóùàÿ ñèëà
(ÝÄÑ) èñòî÷íèêà ýëåêòðè÷åñêîé ýíåðãèè, U –
ýëåêòðè÷åñêîå íàïðÿæåíèå (ðàçíîñòü ýëåêò-
ðè÷åñêèõ ïîòåíöèàëîâ), R – ýëåêòðè÷åñêîå ñî-
ïðîòèâëåíèå öåïè, r – âíóòðåííåå ñîïðîòèâ-
ëåíèå èñòî÷íèêà ýëåêòðè÷åñêîé ýíåðãèè, P –
ìîùíîñòü ýëåêòðè÷åñêîãî òîêà, Ur – íàïðÿ-
æåíèå, ïàäàþùåå íà èñòî÷íèêå ýëåêòðè÷åñ-
êîé ýíåðãèè, Pr – ìîùíîñòü, òåðÿåìàÿ íà èñ-
òî÷íèêå ýëåêòðè÷åñêîé ýíåðãèè, Q – ñåðäå÷-
íûé âûáðîñ (ÑÂ),  – «êðîâîäâèæóùàÿ» ñèëà
(ÊÄÑ), RSC – îáùåå ïåðèôåðè÷åñêîå ñîñóäè-
ñòîå ñîïðîòèâëåíèå (ÎÏÑÑ) ñèñòåìíîãî êðîâî-
îáðàùåíèÿ, rh – âíóòðåííåå ãèäðîäèíàìè÷åñ-
êîå ñîïðîòèâëåíèå ìèîêàðäà (èñòî÷íèêà ãå-
ìîäèíàìè÷åñêîé ýíåðãèè), PQ – ìîùíîñòü
êðîâîòîêà (ÌÊÒ), pSC – ñèñòåìíîå ïåðôóçè-
îííîå äàâëåíèå (ÑÏÄ), ò. å. ðàçíèöà ìåæäó ñðåä-
íèì (ýôôåêòèâíûì) àðòåðèàëüíûì è öåíò-
ðàëüíûì âåíîçíûì äàâëåíèåì, ph – äàâëåíèå,
ïàäàþùåå íà ìèîêàðäå, Ph – ìîùíîñòü êðî-
âîòîêà, òåðÿåìàÿ íà ìèîêàðäå.

Äàâíî ÿâëÿåòñÿ äîêàçàííûì, ÷òî ìàêñè-
ìàëüíóþ ìîùíîñòü îò èñòî÷íèêà ýëåêòðî-
ýíåðãèè ìîæíî ïîëó÷èòü â ñëó÷àå R = r, êîýô-
ôèöèåíò ïîëåçíîãî äåéñòâèÿ (ÊÏÄ) ïðè ýòîì
ðàâåí 50 %. Òî æå îòíîñèòñÿ è ê ãèäðîäèíà-
ìè÷åñêîìó êîíòóðó, èçìåíåíèå ñîïðîòèâëåíèÿ
êîòîðîãî âëèÿåò íà ïîëåçíóþ ìîùíîñòü èñ-
òî÷íèêà ýíåðãèè. Ýòî äàâíî ïîäòâåðæäåíî
ýêñïåðèìåíòàëüíî â îïûòàõ íà èçîëèðîâàííîì
ïåðôóçèðóåìîì ñåðäöå [7], îäíàêî ðåçóëüòàòû
ýòèõ îïûòîâ äî ñèõ ïîð íå îáúÿñíåíû.

Ñóòü ýêñïåðèìåíòîâ òàêîâà. Ïðè ïîñòîÿí-
íîì ÑÂ íà ôîíå ïîâûøåíèÿ ÑÏÄ (è ÎÏÑÑ)
ïîëåçíàÿ ìîùíîñòü ìèîêàðäà, ò. å. ÌÊÒ, ðàñ-

ò¸ò â òîé æå ñòåïåíè, ÷òî è ïîòðåáëåíèå ýíåð-
ãèè ìèîêàðäîì (îöåíèâàåòñÿ ïî ïîòðåáëåíèþ
êèñëîðîäà ìèîêàðäîì), ÊÏÄ ìèîêàðäà íå
ìåíÿåòñÿ. Ïðè ïîñòîÿííîì ÑÏÄ íà ôîíå ðî-
ñòà ÑÂ (è ñíèæåíèè ÎÏÑÑ) òàêæå ïîâûøà-
åòñÿ ÌÊÒ, íî ïîòðåáëåíèå ýíåðãèè ìèîêàð-
äîì óâåëè÷èâàåòñÿ íåçíà÷èòåëüíî, ò. å. ÊÏÄ
ìèîêàðäà ðàñò¸ò. Ïðè ïîñòîÿííûõ ÑÂ è ÑÏÄ
íà ôîíå ñíèæåíèÿ óäàðíîãî îáú¸ìà (ÓÎ) ÊÏÄ
ìèîêàðäà çíà÷èòåëüíî ñíèæàåòñÿ. Ýëåêòðî-
äèíàìè÷åñêîå ìîäåëèðîâàíèå ýêñïåðèìåí-
òàëüíûõ ñèòóàöèé ïîçâîëÿåò îáúÿñíèòü ïîëó-
÷åííûå ðåçóëüòàòû.

Ìîäåëü ÑÊ çäîðîâîãî ÷åëîâåêà èçîáðà-
æåíà íà ðèñ.1, à. Ïðè ðîñòå ÎÏÑÑ âêëþ÷à-
þòñÿ ýíåðãåòè÷åñêèå ðåçåðâû ìèîêàðäà, êî-
òîðûì íà ìîäåëè ñîîòâåòñòâóþò äîïîëíèòå-
ëüíûå èñòî÷íèêè ýíåðãèè, âêëþ÷àåìûå ïîñëå-
äîâàòåëüíî, ñîîòíîøåíèå âíóòðåííåãî è âíåø-
íåãî ñîïðîòèâëåíèé íå ìåíÿåòñÿ, ÊÏÄ îñòà-
¸òñÿ ïîñòîÿííûì. Ïðè íåäîñòàòî÷íûõ ðåçåð-
âàõ ìèîêàðäà (ñåðäå÷íàÿ íåäîñòàòî÷íîñòü,
ðèñ.1, á) ðîñò ÎÏÑÑ íå ïðèâîäèò ê àäåêâàò-
íîìó ðîñòó ÑÏÄ, ÑÂ ïàäàåò.

Ìîäåëü ðåàêöèé ÑÊ çäîðîâîãî ÷åëîâåêà
ïðè ñíèæåíèè ÎÏÑÑ ïðåäñòàâëåíà íà ðèñ.2, à.
Âíóòðåííåå ñîïðîòèâëåíèå ìèîêàðäà ïàäàåò
(ìîùíîñòü ðàñò¸ò) â áîëüøåé ñòåïåíè, ÷åì
ÎÏÑÑ, ÑÂ è ÊÏÄ ðàñòóò, ÑÏÄ íå ìåíÿåòñÿ.
Åñëè ïàäåíèå ÎÏÑÑ íàñòîëüêî âåëèêî, ÷òî ìèî-
êàðä íå â ñîñòîÿíèè àäåêâàòíî ïîâûñèòü ñâîþ
ìîùíîñòü (ïîíèçèòü ñâî¸ âíóòðåííåå ñîïðî-
òèâëåíèå), ÑÏÄ è ÑÂ ïàäàþò (ðèñ. 2, á).

Ãèïîâîëåìèÿ – ñîñòîÿíèå, êîòîðîå ïîëíî-
ñòüþ íå ìîæåò áûòü îïèñàíî ñ ïîìîùüþ ýëåêò-
ðîäèíàìè÷åñêîé àíàëîãèè, òåì íå ìåíåå, â íå-
êîòîðîé ñòåïåíè ýòî âîçìîæíî. Ñíèæåíèþ
ÎÖÊ ìîæíî ïîñòàâèòü â ñîîòâåòñòâèå óìåíü-
øåíèå êîíöåíòðàöèè íîñèòåëåé ýëåêòðè÷åñêîãî
çàðÿäà â öåïè (íàïðèìåð, ñíèæåíèå êîíöåí-
òðàöèè ñâîáîäíûõ ýëåêòðîíîâ â ìåòàëëè÷åñ-
êîì ïðîâîäíèêå). Ýòî îçíà÷àåò ïîâûøåíèå
ñîïðîòèâëåíèÿ (ýëåêòðè÷åñêîãî èëè ãèäðîäè-
íàìè÷åñêîãî). Îäíàêî â ñëó÷àå ÑÊ âñòóïàþò
â äåéñòâèå çàêîíû, àíàëîãà êîòîðûì â ýëåê-
òðîäèíàìè÷åñêîé ìîäåëè íåò. Åñëè íà ôîíå
ãèïîâîëåìèè èìåþòñÿ ÿâëåíèÿ ñîñóäèñòîé
íåäîñòàòî÷íîñòè è îðãàíèçì íå â ñîñòîÿíèè
ïðèâåñòè â ñîîòâåòñòâèå îáú¸ì ñîñóäîâ îáú¸-
ìó êðîâè (ñîñóäû ñïàäàþòñÿ), òî ÎÏÑÑ âîç-
ðàñò¸ò èç-çà óâåëè÷åíèÿ ïëîùàäè êîíòàêòà
êðîâè ñ ñîñóäèñòîé ñòåíêîé, åñëè æå îáú¸ì
ñîñóäîâ áóäåò ïðèâåä¸í â ñîîòâåòñòâèå îáú¸-
ìó êðîâè, òî èõ ðàäèóñ óìåíüøèòñÿ, ÷òî òàêæå
óâåëè÷èò ÎÏÑÑ (ïðîïîðöèîíàëüíî ÷åòâ¸ðòîé
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ñòåïåíè ðàäèóñà) [8]. Â ïîñëåäíåì ñëó÷àå ÑÏÄ
áóäåò ïîääåðæèâàòüñÿ âîçðîñøèì ÎÏÑÑ, à
ìèîêàðä áóäåò âûíóæäåí åãî ïðåîäîëåâàòü,
ïðè ýòîì â ñâÿçè ñî ñíèæåíèåì âåíîçíîãî âîç-
âðàòà óïàä¸ò ÓÎ, ÷òî áóäåò êîìïåíñèðîâàòü-
ñÿ ïîâûøåíèåì ×ÑÑ. Ýòî âûçîâåò ïàäåíèå
ÊÏÄ ìèîêàðäà è óâåëè÷åíèå ïîòðåáíîñòè ìèî-
êàðäà â êèñëîðîäå. Â çàâèñèìîñòè îò ñîîòíî-
øåíèÿ ñòåïåíè ãèïîâîëåìèè è âîçìîæíîñòåé
êîìïåíñàòîðíûõ ìåõàíèçìîâ ïðîèçîéä¸ò áî-
ëåå èëè ìåíåå âûðàæåííîå ïàäåíèå ÑÏÄ, ÑÂ
è ÌÊÒ. Ìîäåëü ðåàêöèé ÑÊ ìîæíî îòðàçèòü
òàê, êàê ïîêàçàíî íà ðèñ. 3.

Îáèëèå â ýòîé ìîäåëè ïåðåêëþ÷àòåëåé è
êíîïîê, êîëè÷åñòâî ñî÷åòàíèé ïîëîæåíèé êî-

òîðûõ ÷ðåçâû÷àéíî âåëèêî (êàæäûé èç 17 êîì-
ìóòàöèîííûõ ýëåìåíòîâ ìîæåò íàõîäèòüñÿ â
äâóõ ïîëîæåíèÿõ, çíà÷èò îáùåå êîëè÷åñòâî
ñî÷åòàíèé – ÷óòü ìåíüøå 34! (÷èñëî ñ 38 íó-
ëÿìè!) – îòðàæàåò ìíîãîôàêòîðíûé õàðàêòåð
àóòîðåãóëÿöèè êðîâîîáðàùåíèÿ âîîáùå è ïðè
ãèïîâîëåìèè â ÷àñòíîñòè, êîíå÷íûé æå ðåçóëü-
òàò îïðåäåëÿåòñÿ åäèíñòâåííûì ðåàëèçîâàí-
íûì âàðèàíòîì, îïðåäåëèòü êîòîðûé ìîæíî
òîëüêî ïóò¸ì íåïîñðåäñòâåííîãî èññëåäîâà-
íèÿ. Òåì áîëåå óäèâèòåëüíî, õîòÿ è îáúÿñíè-
ìî, ÷òî èç âñåõ íàðóøåíèé êðîâîîáðàùåíèÿ
íàèëó÷øèì îáðàçîì ýâîëþöèîííî ñôîðìèðî-
âàëèñü ìåõàíèçìû êîìïåíñàöèè èìåííî ãèïî-
âîëåìèè.

Ðèñ. 1. Ýëåêòðîäèíàìè÷åñêàÿ ìîäåëü ñåðäå÷íîé íåäîñòàòî÷íîñòè
áà

Ðèñ. 2. Ýëåêòðîäèíàìè÷åñêàÿ ìîäåëü ñîñóäèñòîé íåäîñòàòî÷íîñòè
à á
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Äëÿ áîëåå ïîëíîãî àíàëèçà ýíåðãåòè÷åñêîé
ýôôåêòèâíîñòè êðîâîîáðàùåíèÿ íåîáõîäèìû
ïîêàçàòåëè, ïîêàçûâàþùèå ñîîòíîøåíèå ýíåð-
ãèè, çàòðà÷èâàåìîé ìèîêàðäîì íà ïîääåðæà-
íèå äâèæåíèÿ ÎÖÊ, è ýíåðãèè, ïîòðåáëÿåìîé
òêàíÿìè. Äëÿ ýòîé öåëè ìû ââåëè äâà ýíåðãå-
òè÷åñêèõ ïàðàìåòðà, êîòîðûå ìû íàçâàëè êèñ-
ëîðîäíûé ðåçåðâ (ÊÐ, OR) è öèðêóëÿòîðíûé
ðåçåðâ (ÖÐ, PQR) [9]. ÊÐ ïîêàçûâàåò ñòåïåíü
ñîîòâåòñòâèÿ ñíàáæåíèÿ òêàíåé êèñëîðîäîì
èõ ïîòðåáíîñòÿì â í¸ì, ÖÐ ÿâëÿåòñÿ èíòåã-
ðàëüíûì ïîêàçàòåëåì ýíåðãåòèêè êðîâîîáðà-
ùåíèÿ è ðàâåí ïðîèçâåäåíèþ ÌÊÒ è ÊÐ.

Èíôîðìàòèâíîñòü ââåä¸ííûõ ïîêàçàòåëåé
áûëà íàìè ïðîâåðåíà ó áîëüíûõ ñ ðàçíûìè
âèäàìè íåäîñòàòî÷íîñòè êðîâîîáðàùåíèÿ.
Ïîêàçàòåëè ÑÊ ïðè ñåðäå÷íîé íåäîñòàòî÷-
íîñòè íàìè áûëè èçó÷åíû ó ïàöèåíòîâ ñ îñ-
òðûì êîðîíàðíûì ñèíäðîìîì (ÎÊÑ), ïðè ñî-
ñóäèñòîé íåäîñòàòî÷íîñòè – ó áîëüíûõ,
ïîäâåðãøèõñÿ îïåðàöèÿì ïî ïîâîäó äåãåíå-
ðàòèâíûõ çàáîëåâàíèé ïîçâîíî÷íèêà ïîä ñó-
áàðàõíîèäàëüíîé àíåñòåçèåé (ÑÀ) â ïîëîæå-
íèè íà æèâîòå, ïðè ãèïîâîëåìèè – ó ïîñòðà-
äàâøèõ ñ ïîâðåæäåíèåì ñåëåç¸íêè, ñîïðîâîæ-
äàþùèìñÿ êðîâîïîòåðåé.

Äåâÿíîñòî øåñòü ïàöèåíòîâ ñ ñåðäå÷íîé
íåäîñòàòî÷íîñòüþ íà ôîíå ÎÊÑ áûëè ðàç-
äåëåíû íà 2 ãðóïïû â çàâèñèìîñòè îò ñòåïåíè
ñíèæåíèÿ ÑÑÌ, îïðåäåë¸ííîé ïî ôðàêöèè âû-
áðîñà (ÔÂ): ãðóïïà 1 (n=60) – ïàöèåíòû ñ ÔÂ
>40 %, ãðóïïà 2 (n=36) – ïàöèåíòû ñ ÔÂ<40 %.

Øåñòüäåñÿò ïÿòü ïàöèåíòîâ, ïåðåí¸ñøèõ
ñóáàðàõíîèäàëüíóþ àíåñòåçèþ (ÑÀ) â ïîëî-
æåíèè íà æèâîòå, áûëè ðàçäåëåíû íà 2 ãðóïïû
â çàâèñèìîñòè îò óðîâíÿ ïðîãíîñòè÷åñêîãî èí-
äåêñà íåñòàáèëüíîñòè ãåìîäèíàìèêè (ÏÈÍÃ)
[10]. Ãðóïïó 1 (n=40) ñîñòàâèëè áîëüíûå ñ
ÏÈÍÃ <0,5, ãðóïïó 2 (n=25) – áîëüíûå ñ ÏÈÍÃ
>0,5. ×åðåç 20 ìèí ïîñëå ïîâîðîòà íà æèâîò
23 èç 25 ïàöèåíòàì ãðóïïû 2 äëÿ ïîääåðæà-
íèÿ ÑÏÄ ââîäèëñÿ ôåíèëýôðèí â äîçå (5,88±
2,79) ìêã/êã.

Ðåàêöèè ÑÊ ïðè ãèïîâîëåìèè ìû èññëåäî-
âàëè ó ïàöèåíòîâ ñ êðîâîïîòåðåé, âîçíèêøåé
âñëåäñòâèå òðàâìàòè÷åñêîãî ïîâðåæäåíèÿ ñå-
ëåç¸íêè. Îáñëåäîâàííûå áîëüíûå áûëè ðàç-
äåëåíû íà 4 ãðóïïû (n1=n2=n3=10, n4=4) â çà-
âèñèìîñòè îò ñòåïåíè êðîâîïîòåðè, îïðåäå-
ë¸ííîé ïî Ï.Ã. Áðþñîâó [2]. Êðîâîïîòåðÿ ó
áîëüíûõ ãðóïïû 1 íå ïðåâûøàëà 20 % ÎÖÊ,
êîíöåíòðàöèÿ ãåìîãëîáèíà (Hb) áûëà íå íèæå
100 ã/ë, ÀÄ â íîðìå; ïàöèåíòû ãðóïïû 2 ïåðå-
íåñëè êðîâîïîòåðþ â 30 % ÎÖÊ, Hb îò 70 äî
100 ã/ë, ÀÄ ñíèæåíî óìåðåííî; êðîâîïîòåðÿ
áîëüíûõ ãðóïïû 3 äîñòèãàëà 40 % ÎÖÊ, Hb
îò 50 äî 70 ã/ë, ÀÄ ñèñòîëè÷åñêîå íå âûøå
65 ìì ðò. ñò.; â ãðóïïå 4 êðîâîïîòåðÿ ïðåâû-
øàëà 40 %.

Ðåçóëüòàòû
Ó áîëüíûõ ñ ïåðâè÷íîé ñåðäå÷íîé íåäî-

ñòàòî÷íîñòüþ íà ôîíå ÎÊÑ ÑÏÄ, ÌÊÒ è ÊÐ
áûëè ñíèæåíû, ïðè÷¸ì ïðè èñõîäíîé ÔÂ>40 %
ñíèæåíèå áûëî âûðàæåíî â ìåíüøåé ñòåïåíè.
Ýòè èçìåíåíèÿ îïðåäåëèëè óðîâåíü ÖÐ: ïðè
ÔÂ<40 % îí áûë ðàâåí (184±58) ìÂò/ì2, ïðè
ÔÂ>40 % – (367±86) ìÂò/ì2.

Îáñëåäîâàííûå áîëüíûå çàòåì ïîäâåð-
ãëèñü àîðòîêîðîíàðíîìó øóíòèðîâàíèþ. Ïîñ-
ëåîïåðàöèîííàÿ ÈÂË ó áîëüíûõ ñ èñõîäíîé
ÔÂ>40 % ïðîäîëæàëàñü (162,7±33,6) ìèí, èñ-
êóññòâåííîå êðîâîîáðàùåíèå (ÈÊ) ïîñëå ñî-
ãðåâàíèÿ – (13,8±1,4) ìèí, ïðè ÔÂ<40 % – ñî-
îòâåòñòâåííî (215,4±41,1) è (24,7±2,4) ìèí.
Äëèòåëüíîñòü ÈÂË è ÈÊ ïîñëå ñîãðåâàíèÿ
âûñîêî êîððåëèðîâàëà ñ èñõîäíûì ÖÐ, êîýô-
ôèöèåíò êîððåëÿöèè íàõîäèëñÿ â ïðåäåëàõ
(-0,71-0,89)±(0,12-0,05).

Ýíåðãåòèêà êðîâîîáðàùåíèÿ ïðè ïðîâåäå-
íèè ÑÀ â ïîëîæåíèè íà æèâîòå çàâèñåëà îò èñ-
õîäíîãî ðåæèìà êðîâîîáðàùåíèÿ, îïðåäåë¸í-
íîãî ñ ïîìîùüþ ÏÈÍÃ. Ñ ïîìîùüþ ôåíèëýô-
ðèíà óäàëîñü ïîääåðæàòü óðîâåíü ÓÏÑÑ áîëü-
íûõ ãðóïïû 2 íà óðîâíå ãðóïïû 1, îäíàêî ÌÊÒ,
ÊÐ è, ñëåäîâàòåëüíî, ÖÐ ïðè ýòîì â ãðóïïå 2
áûëè äîñòîâåðíî íèæå: ÖÐ â ãðóïïå 1 ñîñòàâèë
(384±77) ìÂò/ì2, â ãðóïïå 2 – (202±65) ìÂò/ì2.

Ðèñ. 3. Ýëåêòðîäèíàìè÷åñêàÿ ìîäåëü
ãèïîâîëåìèè
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Îáú¸ì êðîâîïîòåðè íà ÖÐ âëèÿë ñëåäóþ-
ùèì îáðàçîì: ïðè ìèíèìàëüíîé êðîâîïîòåðå
îí ñîñòàâèë (229±93) ìÂò/ì2, ïðè ïîòåðå äî
30 % ÎÖÊ – (180±41), 40 % ÎÖÊ – (47±25),
áîëåå 40 % – ìåíåå 40 ìÂò/ì2. Âñå ïàöèåíòû
ãðóïï 1 è 2 âûæèëè, â ãðóïïå 3 â ðàííåì ïîñëå-
îïåðàöèîííîì ïåðèîäå óìåðëî 3 èç 10 ïàöèåí-
òà, â ãðóïïå 4 – 2 èç 4. Ó âñåõ óìåðøèõ áîëüíûõ
ÖÐ áûë íèæå 50 ìÂò/ì2.

Îáñóæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ
Ïåðâè÷íàÿ ñåðäå÷íàÿ íåäîñòàòî÷íîñòü.

ÔÂ ìîæíî ðàññìàòðèâàòü êàê ñïîñîáíîñòü
ìèîêàðäà ïîä÷èíÿòüñÿ çàêîíó Ôðàíêà-Ñòàð-
ëèíãà è êàê ìåðó ÊÄÑ ìèîêàðäà è åãî ýíåðãå-
òè÷åñêèõ ðåçåðâîâ. Ïðè ÔÂ<40 %, êîãäà ñíàá-
æåíèå òêàíåé ýíåðãèåé çíà÷èòåëüíî ñíèæàåò-
ñÿ, íàáëþäàåòñÿ âûðàæåííûé ðîñò óäåëüíîãî
ïåðèôåðè÷åñêîãî ñîñóäèñòîãî ñîïðîòèâëåíèÿ
(ÓÏÑÑ), ïðåîäîëåòü êîòîðîå ó ìèîêàðäà íå
õâàòàåò ýíåðãåòè÷åñêèõ ðåçåðâîâ, â ðåçóëü-
òàòå ÷åãî ÓÎ ïàäàåò. Ïàäåíèå ÓÎ êîìïåíñè-
ðóåòñÿ ïîâûøåíèåì ×ÑÑ, ÷òî, êàê óêàçàíî
âûøå, ñíèæàåò ÊÏÄ ìèîêàðäà. Ýòà êîìïåí-
ñàöèÿ, îïÿòü-òàêè â ñèëó íåäîñòàòî÷íîñòè
ýíåðãåòè÷åñêèõ ðåçåðâîâ ìèîêàðäà, ÷òî ïîä-
òâåðæäàåòñÿ íèçêèì ÖÐ, îêàçûâàåòñÿ íåäî-
ñòàòî÷íîé, è ñåðäå÷íûé èíäåêñ (ÑÈ) ïàäàåò.

Ïåðâè÷íàÿ ñîñóäèñòàÿ íåäîñòàòî÷-
íîñòü. Ïðåæäå âñåãî íåîáõîäèìî îòìåòèòü,
÷òî ó ïàöèåíòîâ, ïîäâåðãøèõñÿ ÑÀ â ïîëîæå-
íèè íà æèâîòå, íå áûëî ïîâðåæäåíèÿ ìèîêàð-
äà, à èìåëèñü ëèøü åãî èíäèâèäóàëüíûå îñî-
áåííîñòè, â îïðåäåë¸ííîé ñòåïåíè îòðàæàå-
ìûå ñ ïîìîùüþ ÏÈÍÃ. Êðîìå òîãî, ïàöèåí-
òàì ãðóïïû 2 äëÿ ïîääåðæàíèÿ ÑÏÄ (òî÷íåå –
ÓÏÑÑ) ââîäèëñÿ 1-àäðåíîìèìåòèê ôåíèë-
ýôðèí. Ñ åãî ïîìîùüþ ÓÏÑÑ óäàëîñü ïîä-
äåðæèâàòü íà òîì æå óðîâíå, ÷òî è ó ïàöèåí-
òîâ ãðóïïû 1, áëàãîäàðÿ ÷åìó è ÑÈ ñóùåñòâåí-
íî íå ðàçëè÷àëñÿ ìåæäó ãðóïïàìè, õîòÿ ìèî-
êàðäó áîëüíûõ ãðóïïû 2 äëÿ ýòîãî ïðèøëîñü
ïîâûñèòü ×ÑÑ èç-çà ñíèæåíèÿ ÓÎ. Ñàìîñòîÿ-
òåëüíûå êîìïåíñàòîðíûå ðåàêöèè ïàöèåíòîâ
ãðóïïû 2 â êîìáèíàöèè ñ ÿòðîãåííî ìîäóëè-
ðîâàííûìè (1-àäðåíîìèìåòèê) íå ñìîãëè
ïîääåðæàòü ÑÏÄ íà óðîâíå áîëüíûõ ãðóïïû 1,
â ðåçóëüòàòå ÷åãî ÌÊÒ è ÊÐ â ãðóïïå 2 áûëè
äîñòîâåðíî íèæå, ÷åì â ãðóïïå 1. Íåëüçÿ èñ-
êëþ÷èòü, ÷òî ñíèæåíèå ÊÐ â ãðóïïå 2 ñâÿçà-

íî ñ óõóäøåíèåì ìèêðîöèðêóëÿöèè âñëåä-
ñòâèå èñïîëüçîâàíèÿ 1-àäðåíîìèìåòèêîâ,
õîòÿ ÓÏÑÑ è ÑÈ ìåæäó ãðóïïàìè íå ðàçëè-
÷àëèñü. Âîçìîæíî è òî, ÷òî ýòî ñâÿçàíî ñ øóí-
òèðîâàíèåì êðîâîòîêà ÷åðåç àðòåðèîëî-âåíó-
ëÿðíûå øóíòû, â ñâÿçè ñ ÷åì àðòåðèîâåíîç-
íàÿ ðàçíèöà â ñîäåðæàíèè êèñëîðîäà ìîæåò
áûòü íîðìàëüíîé è ïðè ñåðü¸çíîé ãèïîêñèè
òêàíåé [1]. Ïîäîáíàÿ ìûñëü âûñêàçàíà åù¸
â 1965 ãîäó C. Roy è J. Kinney: íåäîñòàòî÷-
íîñòü êðîâîîáðàùåíèÿ âûðàæàåòñÿ íå òîëü-
êî â ñíèæåíèè îáùåãî êðîâîòîêà, íî è â ïàòî-
ëîãèè ðàñïðåäåëåíèÿ êðîâîòîêà, èíîãäà íà-
ñòîëüêî ñëîæíîì, ÷òî âîçìîæíî ñî÷åòàíèå
óäîâëåòâîðèòåëüíîãî îðãàííîãî è ñèñòåìíî-
ãî êðîâîîáðàùåíèÿ ñ ãëóáîêèìè ìåòàáîëè-
÷åñêèìè ðàññòðîéñòâàìè [1]. Ýòî èëëþñòðè-
ðóåòñÿ è íàøèìè ðåçóëüòàòàìè.

Èçó÷åíèå ýíåðãåòèêè êðîâîîáðàùåíèÿ ïðè
êðîâîïîòåðå äàëî âîçìîæíîñòü îïðåäåëèòü
ãðàíè÷íûé óðîâåíü ÖÐ, íèæå êîòîðîãî îí ñòà-
íîâèòñÿ íåñîâìåñòèìûì ñ æèçíüþ. Ïî íàøåé
îñòîðîæíîé îöåíêå ìîæíî ñ÷èòàòü, ÷òî óðî-
âåíü ÖÐ íèæå 100 ìÂò/ì2 ÿâëÿåòñÿ îïàñíûì
è îòðàæàþùèì âûñîêóþ âåðîÿòíîñòü ëåòàëü-
íîãî èñõîäà, ïðè óðîâíå íèæå 50 ìÂò/ì2 ìîæ-
íî ãîâîðèòü î íåîáðàòèìîì øîêå, ëåòàëüíîñòü
äîñòèãàåò ïðàêòè÷åñêè 100 %.

Âûâîäû
1. Ýëåêòðîäèíàìè÷åñêîå ìîäåëèðîâàíèå

ôóíêöèîíèðîâàíèÿ ñèñòåìû êðîâîîáðàùåíèÿ
â ðàçíûõ óñëîâèÿõ ïîçâîëÿåò óãëóáèòü ïîíè-
ìàíèå ìåõàíèçìîâ å¸ àóòîðåãóëÿöèè.

2. Àóòîðåãóëÿöèÿ êðîâîîáðàùåíèÿ â ðàçíûõ
óñëîâèÿõ ÿâëÿåòñÿ ìíîãîôàêòîðíûì è òðóäíî-
ïðåäñêàçóåìûì ïðîöåññîì è ìîæåò áûòü îöå-
íåíà òîëüêî ïðè ó÷¸òå ðàçëè÷íûõ ñî÷åòàíèé
åãî êèíåòè÷åñêèõ è äèíàìè÷åñêèõ ïîêàçàòåëåé.

3. Ýíåðãåòè÷åñêèé àíàëèç ôóíêöèîíèðîâà-
íèÿ ñèñòåìû êðîâîîáðàùåíèÿ ïîçâîëÿåò ïðî-
èçâåñòè èíòåãðàëüíóþ îöåíêó ýôôåêòèâíîñ-
òè àóòîðåãóëÿöèè êðîâîîáðàùåíèÿ è å¸ êîð-
ðåêöèè, à òàêæå ïðîãíîçèðîâàòü èñõîä èíòåí-
ñèâíîé òåðàïèè íåäîñòàòî÷íîñòè êðîâîîáðà-
ùåíèÿ. Óðîâåíü ïðåäëîæåííîãî ïîêàçàòåëÿ –
öèðêóëÿòîðíîãî ðåçåðâà – íèæå 100 ìÂò/ì2

ÿâëÿåòñÿ îïàñíûì è ñ âûñîêîé âåðîÿòíîñòüþ
ïðåäñêàçûâàåò íåáëàãîïðèÿòíûé èñõîä íåäî-
ñòàòî÷íîñòè êðîâîîáðàùåíèÿ.
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Ê.Ã. Ìèõíåâè÷, Þ.Â. Âîëêîâà, Ñ.À. Ëóöèê
ÏÐÎÃÍÎÇÓÂÀÍÍß ÂÈÕÎÄÓ ÍÅÄÎÑÒÀÒÍÎÑÒ² ÊÐÎÂÎÎÁ²ÃÓ, ÀÁÎ ÏÐÎ ÊÎÐÈÑÒÜ ÀÍÀËÎÃ²É
Â ÌÅÄÈÖÈÍ²

Ñòàòòÿ ïðèñâÿ÷åíà ìåòîäàì ïðîãíîçóâàííÿ òà êîíòðîëþ ³íòåíñèâíî¿ òåðàï³¿ íåäîñòàòíîñò³ êðîâî-
îá³ãó íà îñíîâ³ îö³íêè åíåðãåòè÷íèõ ïîêàçíèê³â êðîâîîá³ãó. Ðîçðîáëÿëè ïðîãíîñòè÷í³ êðèòåð³¿ ïåðå-
á³ãó íåäîñòàòíîñò³ êðîâîîá³ãó. Çàñòîñîâóâàëè åëåêòðîäèíàì³÷íå ìîäåëþâàííÿ ðîáîòè ñèñòåìè êðî-
âîîá³ãó, â ðåçóëüòàò³ ÿêîãî ââåäåíî ðÿä íîâèõ ïàðàìåòð³â ñèñòåìè êðîâîîá³ãó, âèçíà÷åíèõ ó çäîðî-
âèõ îñ³á, ïðè ñåðöåâ³é, ñóäèíí³é òà ã³ïîâîëåì³÷í³é íåäîñòàòíîñò³. Âñòàíîâèëè, ùî ³íòåãðàëüíèé åíåð-
ãåòè÷íèé ïîêàçíèê êðîâîîá³ãó – öèðêóëÿòîðíèé ðåçåðâ (ÖÐ) – ó çäîðîâèõ îñ³á ñòàíîâèòü (617±
145) ìÂò/ì2, ïðè ñåðöåâ³é íåäîñòàòíîñò³ – â³ä (184±58) äî (367±86) ìÂò/ì2, ïðè ñóäèíí³é íåäîñòàò-
íîñò³ – â³ä (202±65) äî (384±77) ìÂò/ì2, ïðè êðîâîâòðàò³ 40 % ÎÖÊ ³ á³ëüøå – ìåíøå 50 ìÂò/ì2.
Åíåðãåòè÷í³ ïàðàìåòðè ñèñòåìè êðîâîîá³ãó äîçâîëÿþòü ïðîãíîçóâàòè ðåçóëüòàò ³íòåíñèâíî¿ òåðàï³¿
íåäîñòàòíîñò³ êðîâîîá³ãó. Ð³âåíü ÖÐ íèæ÷å 100 ìÂò/ì2 º íåáåçïå÷íèì ³ ç âèñîêîþ éìîâ³ðí³ñòþ ïðî-
ðîêóº íåñïðèÿòëèâèé ðåçóëüòàò íåäîñòàòíîñò³ êðîâîîá³ãó.

Êëþ÷îâ³ ñëîâà: åíåðãåòèêà êðîâîîá³ãó, ñåðöåâà íåäîñòàòí³ñòü, ñóäèííà íåäîñòàòí³ñòü, ã³ïî-
âîëåì³ÿ.

K.G. Mykhnevych, Yu.V. Volkova, S.A. Lutsik
PREDICTING THE OUTCOME OF CIRCULATORY FAILURE, OR THE USE OF ANALOGIES IN MEDICINE

The article offers a method for predicting the outcome and monitoring of intensive therapy of circulatory
failure based on the assessment of energy parameters of blood circulation. Development of prognostic
criteria for the course of circulatory failure. Electrodynamic modeling of the circulatory system has been
applied, as a result of which a number of new parameters of the circulatory system have been introduced
and a new look at the known ones is presented. The reference values of the proposed energy indicators
have been determined in the study of blood circulation in 30 healthy volunteers. It has been found that the
integral energy parameter of blood circulation – circulatory reserve (CR) – in healthy individuals is (617±
145) mW/m2. In heart failure on the background of acute coronary syndrome and ejection fraction not
more than 40 % CR is (184±58) mW/m2, over 40 % – (367±86) mW/m2, in vascular failure, requiring the
correction of 1-agonists – (202±65) mW/m2, in the absence of this – (384±77) mW/m2, in blood loss
40 % of BCV and more – less 50 mW/m2. The level 100 mW/m2 is dangerous and reflects the high
probability of death, 50 mW/m2 is incompatible with life. Electrodynamic modeling of the functioning of
the circulatory system in different conditions allows us to deepen the understanding of the mechanisms of
its autoregulation. Autoregulation of blood circulation in different conditions is a multi-factorial and difficult-
to-predict process and can only be evaluated by taking into account various combinations of its kinetic
and dynamic indicators. Energy analysis of the functioning of the circulatory system allows to make an
integral assessment of the effectiveness of autoregulation of blood circulation and its correction, as well
as to predict the outcome of intensive therapy of circulatory insufficiency. A CR level below 100 mW/m2

is dangerous and predicts an adverse outcome of circulatory failure with a high probability.
Keywords: circulatory energy, heart failure, vascular failure, hypovolemia.
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