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РЕЗЮМЕ

Öåëü ðàáîòû – ðàçðàáîòêà ñïåöèàëèçèðîâàííîãî ïðîãðàììíîãî îáåñïå÷åíèÿ, ïîçâîëÿþùåãî 
âîññîçäàâàòü êîíòðîëèðóåìóþ âèðòóàëüíóþ ñðåäó ñ âîçìîæíîñòüþ ôèêñàöèè ïàðàìåòðîâ äâèæåíèÿ 
÷åëîâåêà äëÿ îöåíêè è ðåàáèëèòàöèè äâèãàòåëüíûõ íàðóøåíèé ó ïàöèåíòîâ ñ èøåìè÷åñêèì èíñóëüòîì 
(ÈÈ) ãîëîâíîãî ìîçãà

Ìàòåðèàëû è ìåòîäû. Äëÿ îöåíêè âëèÿíèÿ âèçóàëüíûõ ñòèìóëîâ, âîññîçäàííûõ ïðè ïîìîùè ñèñòåìû 
äîïîëíåííîé ðåàëüíîñòè íà äâèãàòåëüíóþ ôóíêöèþ, ðàçðàáîòàíî ïðîãðàììíîå îáåñïå÷åíèå, 
âèçóàëèçèðóþùåå äàííûå íà î÷êàõ äîïîëíåííîé ðåàëüíîñòè è ïîçâîëÿþùåå îáðàáàòûâàòü äàííûå, 
ïîëó÷àåìûå ñ ñåíñîðîâ çàõâàòà äâèæåíèé. Èññëåäîâàíèå ïðîâîäèëîñü íà áàçå êàôåäðû íåâðîëîãèè 
è íåéðîõèðóðãèè, êàôåäðû ìåäèöèíñêîé è áèîëîãè÷åñêîé êèáåðíåòèêè ÑèáÃÌÓ â 2018–2019 ãã. 
Ðàçìåð âûáîðêè ñîñòàâèë 59 ïàöèåíòîâ ñ îñòðîé ÈÈ ãîëîâíîãî ìîçãà â áàññåéíå ñðåäíåé ìîçãîâîé 
àðòåðèè. Êóðñ ìîòîðíîé ðåàáèëèòàöèè ñ ïðèìåíåíèåì òåõíîëîãèè äîïîëíåííîé ðåàëüíîñòè ñîñòàâèë 
10 äíåé. Äëèòåëüíîñòü îäíîé òðåíèðîâêè – 60 ìèí.

Ðåçóëüòàòû. Ìîòîðíàÿ íåéðîðåàáèëèòàöèÿ ó ïàöèåíòîâ ñ ïàðåçàìè âåðõíèõ êîíå÷íîñòåé ìåòîäîì 
äîïîëíåííîé ðåàëüíîñòè ïîçâîëÿåò äîáèòüñÿ óëó÷øåíèÿ äâèãàòåëüíûõ íàâûêîâ. Àíàëèç òî÷íîñòè 
äâèæåíèé ïîêàçàë, ÷òî ïî ìåðå óâåëè÷åíèÿ êîëè÷åñòâà òðåíèðîâîê, ó ïàöèåíòîâ óâåëè÷èâàåòñÿ 
òî÷íîñòü ñëåäîâàíèÿ çàäàííîé òðàåêòîðèè. Âûÿâëåíî äîñòîâåðíîå óâåëè÷åíèå êîëè÷åñòâà 
çàâåðøåííûõ äâèæåíèé ñ êàæäîé ïîñëåäóþùåé òðåíèðîâêîé, ÷òî ñâèäåòåëüñòâóåò îá óâåëè÷åíèè 
ñêîðîñòè âûïîëíåíèÿ çàäàíèÿ ñ òå÷åíèåì âðåìåíè ðåàáèëèòàöèè, à òàêæå î ñîêðàùåíèè ïåðèîäà 
îòäûõà ìåæäó âûïîëíÿåìûìè ïîäõîäàìè âî âðåìÿ îäíîé òðåíèðîâêè.

Çàêëþ÷åíèå. Ðàçðàáîòàííîå ñïåöèàëèçèðîâàííîå ïðîãðàììíîå îáåñïå÷åíèå ïîçâîëÿåò âîññîçäàâàòü 
êîíòðîëèðóåìóþ âèðòóàëüíóþ ñðåäó ñ âîçìîæíîñòüþ ôèêñàöèè ïàðàìåòðîâ äâèæåíèÿ ÷åëîâåêà. 
Ìåòîä ïðèìåíÿëñÿ äëÿ ðåàáèëèòàöèè äâèãàòåëüíûõ íàðóøåíèé ó ïàöèåíòîâ ñ ÈÈ ãîëîâíîãî ìîçãà 
è ïàðåçàìè âåðõíèõ êîíå÷íîñòåé. Ïî ðåçóëüòàòàì èññëåäîâàíèÿ âûÿâëåíî äîñòîâåðíîå óâåëè÷åíèå 
òî÷íîñòè äâèæåíèé, à òàêæå óâåëè÷åíèå âûíîñëèâîñòè, ÷òî ñâèäåòåëüñòâóåò îá ýôôåêòèâíîñòè 
èñïîëüçóåìîãî ïîäõîäà â ïðîöåññå ìîòîðíîé íåéðîðåàáèëèòàöèè.

Êëþ÷åâûå ñëîâà: èøåìè÷åñêèé èíñóëüò, íåéðîïëàñòè÷íîñòü, íåéðîðåàáèëèòàöèÿ, íåéðîòåõíîëîãèè, 
ðåãèñòðàöèÿ äâèæåíèé, äâèãàòåëüíûå íàðóøåíèÿ, âèäåîçàõâàò, íåéðîííàÿ ñåòü, ïðîãðàììíîå 
îáåñïå÷åíèå.
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èíòåðåñîâ, ñâÿçàííûõ ñ ïóáëèêàöèåé íàñòîÿùåé ñòàòüè.
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ABSTRACT 

Objective. Development of a specialized software complex that creates a controlled virtual environment as 
well as to capture and calculate the movement data in the process of rehabilitation. 

Materials and methods. To evaluate the impact of visual stimuli created using the augmented reality 
system on the motor function, a software was developed that visualizes data via augmented reality glasses 
and processes data obtained from motion capture sensors. The study was conducted at the Department of 
Neurology and Neurosurgery and the Department of Medical and Biological Cybernetics of Siberian State 
Medical University in 2018–2019. The sample included 59 patients with acute ischemic cerebral stroke in 
the middle cerebral artery. The course of motor rehabilitation using augmented reality technology was 
ten days. The duration of one training session was 60 minutes.

Results. Motor neurorehabilitation of patients with paresis of the upper extremities using augmented 
reality makes it possible to improve motor skills. Analysis of the accuracy of movements showed a 
significant increase in the value of the spectral criterion with an increase in the number of trainings, which 
indicates a decrease in the number of unnecessary movements during the main task. A significant increase 
in the number of completed movements with each subsequent training was revealed. This indicates a rise 
in the speed of the task over the course of rehabilitation, as well as reduction of the rest period between 
the attempts performed during one training session.

Conclusion. The developed specialized software recreates a controlled virtual environment with the ability 
to register the parameters of human movement. The method was used for rehabilitation of motor disorders 
in patients with ischemic stroke of the brain and paresis of the upper extremities. The results of the study 
revealed a significant increase in the accuracy of movements, and a rise in endurance, which indicates the 
effectiveness of the approach in motor neurorehabilitation.

Key words: ischemic stroke, neuroplasticity, neurorehabilitation, neurotechnology, motion registration, 
motor impairment, video capture, neural network, software.
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ВВЕДЕНИЕ

Íà êà÷åñòâî æèçíè ÷åëîâåêà áîëüøîå âëèÿíèå 
îêàçûâàåò åãî ñïîñîáíîñòü ýôôåêòèâíî çàíèìàòü 
îïðåäåëåííîå ïîëîæåíèå â ïðîñòðàíñòâå è ýêî-
íîìè÷íî âûïîëíÿòü áèîìåõàíè÷åñêèå äâèæåíèÿ. 
Êîîðäèíàöèîííûå ñïîñîáíîñòè è ôóíêöèîíè-
ðîâàíèå îïîðíî-äâèãàòåëüíîé ñèñòåìû ÷åëîâåêà 
èãðàþò îãðîìíóþ ðîëü êàê â ïîâñåäíåâíîé, òàê è 
â ïðîôåññèîíàëüíîé äåÿòåëüíîñòè.

Ñîãëàñíî äàííûì ýïèäåìèîëîãè÷åñêèõ èññëå-
äîâàíèé, íåâðîëîãè÷åñêèå ðàññòðîéñòâà âõîäÿò 
â òðîéêó ëèäåðîâ ñðåäè íàèáîëåå ðàñïðîñòðà-
íåííûõ çàáîëåâàíèé â ìèðå. Ïîäàâëÿþùåå áîëü-
øèíñòâî íåâðîëîãè÷åñêèõ çàáîëåâàíèé õàðàêòå-
ðèçóþòñÿ ðàññòðîéñòâîì ôóíêöèé äâèæåíèÿ è 
ðàâíîâåñèÿ. Â ìèðîâîé ñòðóêòóðå çàáîëåâàåìî-
ñòè îñîáîå ìåñòî çàíèìàåò èøåìè÷åñêèé èíñóëüò 
(ÈÈ) ãîëîâíîãî ìîçãà. Èøåìè÷åñêèé èíñóëüò 
ÿâëÿåòñÿ ãëàâíîé ïðè÷èíîé èíâàëèäèçàöèè òðó-
äîñïîñîáíîãî íàñåëåíèÿ è ëèö ïîæèëîãî âîç-
ðàñòà [1]. Çàáîëåâàíèå ìîæåò ñîïðîâîæäàòüñÿ 
äâèãàòåëüíûìè, êîîðäèíàòîðíûìè, ñåíñîðíûìè è 
êîãíèòèâíûìè íàðóøåíèÿìè, à òàêæå ñíèæåíèåì 
ñïîñîáíîñòè âûäåðæèâàòü ôèçè÷åñêóþ íàãðóç-
êó [2]. Ïàðåçû êîíå÷íîñòåé ÿâëÿþòñÿ îäíèì èç 
íàèáîëåå èçíóðèòåëüíûõ ïîñëåäñòâèé èíñóëüòà 
è îñíîâíûì íàðóøåíèåì ñîöèàëüíîé è áûòîâîé 
àäàïòàöèè, ëåæàùèì â îñíîâå ôóíêöèîíàëüíîé 
íåäååñïîñîáíîñòè ïîñëå ÈÈ. 

Ðåàáèëèòàöèÿ ïîñëå èíñóëüòà íàïðàâëåíà ïðå-
æäå âñåãî íà óìåíüøåíèå äâèãàòåëüíûõ íàðóøå-
íèé. Ýôôåêò äîñòèãàåòñÿ ïîñðåäñòâîì ôóíêöèî-
íàëüíîé ðåîðãàíèçàöèè ãîëîâíîãî ìîçãà, êîãäà â 
âîññòàíîâëåíèè óòðà÷åííûõ äâèãàòåëüíûõ ôóíê-
öèé ó÷àñòâóþò íåçàòðîíóòûå èíñóëüòîì ó÷àñòêè 
ãîëîâíîãî ìîçãà. Â îñíîâå ýòîãî ýôôåêòà ëåæèò 
ôèçèîëîãè÷åñêèé ìåõàíèçì – íåéðîïëàñòè÷íîñòü 
[3]. Âîññòàíîâëåíèå êîíòðîëÿ íàä ïàðåòè÷íîé ðó-
êîé ÿâëÿåòñÿ îäíîé èç öåëåé ìîòîðíîé ðåàáèëè-
òàöèè, ïîçâîëÿþùåé ïàöèåíòàì ñàìîñòîÿòåëüíî 
çàíèìàòüñÿ ïîâñåäíåâíîé äåÿòåëüíîñòüþ, âîññòà-
íîâèòü íàâûêè ñàìîîáñëóæèâàíèÿ [4]. 

Äîïîëíåííàÿ ðåàëüíîñòü (ÄÐ) – òåõíîëîãèÿ, 
ïîçâîëÿþùàÿ ñîçäàâàòü è àññîöèèðîâàòü âèð-
òóàëüíûé ñëîé èíôîðìàöèè ñ êàêèì-ëèáî ìàð-
êåðîì, îáúåêòîì â ðåàëüíîì ìèðå ïðè ïîìîùè 
êîìïüþòåðíûõ òåõíîëîãèé [5]. Èñïîëüçîâàíèå 
ñåíñîðíûõ ñòèìóëîâ, âîññîçäàííûõ ïðè ïîìîùè 
ñèñòåìû äîïîëíåííîé ðåàëüíîñòè, èãðàåò ðîëü äî-
ïîëíèòåëüíîãî èíñòðóìåíòà äëÿ ìîòîðíîé íåéðî-
ðåàáèëèòàöèè. Ñ òî÷êè çðåíèÿ áåçîïàñíîñòè äëÿ 
ïàöèåíòà, ïðèìåíåíèå äîïîëíåííîé ðåàëüíîñòè 
áîëåå ïðåäïî÷òèòåëüíî ïî ñðàâíåíèþ ñ âèðòóàëü-

íîé ðåàëüíîñòüþ. Ýòî ñâÿçàíî ñ òåì, ÷òî ÷åëîâåê, 
ñòðàäàþùèé íåâðîëîãè÷åñêèì çàáîëåâàíèåì, íå 
òåðÿåò êîíòðîëü íàä îêðóæàþùèì ïðîñòðàíñòâîì 
è ëåã÷å ïåðåíîñèò òðåíèðîâêó. Áûëî ïðîâåäåíî 
èññëåäîâàíèå, â êîòîðîì ñðàâíèâàëàñü ñêîðîñòü 
âûïîëíåíèÿ çàäà÷ ñ ó÷åòîì òî÷íîñòè äâèæåíèé 
ó ãðóïïû çäîðîâûõ äîáðîâîëüöåâ. Ïðè èñïîëü-
çîâàíèè óñòðîéñòâà ââîäà ñ òðåõìåðíûì ïîçèöè-
îíèðîâàíèåì, ÷èñòî âèðòóàëüíàÿ ñðåäà (ÂÐ) óâå-
ëè÷èâàëà âðåìÿ âûïîëíåíèÿ çàäà÷è â ñðåäíåì íà 
22,5% ïî ñðàâíåíèþ ñ äîïîëíåííîé ðåàëüíîñòüþ. 
Òàêæå â óñëîâèÿõ ÄÐ ó îáñëåäóåìûõ íàáëþäà-
ëîñü áîëåå àêòèâíîå äâèæåíèå ãîëîâû â ïðîöåññå 
âûïîëíåíèÿ çàäà÷, ÷òî ìîæåò ñâèäåòåëüñòâîâàòü 
î áîëåå êîìôîðòíîé îðèåíòàöèè â ïðîñòðàíñòâå 
[6]. Ñîãëàñíî âûäâèíóòîé íàìè ãèïîòåçå, ýôôåê-
òèâíîñòü íåéðîðåàáèëèòàöèè âî ìíîãîì çàâèñèò 
îò ìîòèâàöèè ïàöèåíòà è ïðàâèëüíîãî âûïîëíå-
íèÿ óïðàæíåíèé, îñíîâàííûõ íà ìíîãîêðàòíîì 
ïîâòîðåíèè. Â ñëó÷àå ÄÐ òî÷íîñòü è ñêîðîñòü 
âûïîëíåíèÿ çàäàíèÿ íàïðÿìóþ âëèÿþò íà îöåí-
êó ïàöèåíòîì ñîáñòâåííûõ âîçìîæíîñòåé. Â ýòîì 
ñëó÷àå äîñòèæåíèå îïðåäåëåííîãî ðåçóëüòàòà 
ìîòèâèðóåò áîëüíîãî ê äàëüíåéøåìó âûïîëíåíèþ 
çàäàíèé. Âàæíûì àñïåêòîì òàêæå ÿâëÿåòñÿ êîì-
ôîðòíàÿ îðèåíòàöèÿ â îêðóæàþùåì ïðîñòðàí-
ñòâå áåç äîïîëíèòåëüíûõ ñòðåññîâûõ ôàêòîðîâ, 
âûçâàííûõ èçîëÿöèåé çðèòåëüíîãî àíàëèçàòîðà, 
êàê ýòî ïðîèñõîäèò â óñëîâèÿõ ÂÐ.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâèëàñü ðàç-
ðàáîòêà ñïåöèàëèçèðîâàííîãî ïðîãðàììíîãî 
îáåñïå÷åíèÿ (ÏÎ), ïîçâîëÿþùåãî âîññîçäàâàòü 
êîíòðîëèðóåìóþ âèðòóàëüíóþ ñðåäó ñ âîçìîæ-
íîñòüþ ôèêñàöèè ïàðàìåòðîâ äâèæåíèÿ ÷åëîâåêà 
äëÿ îöåíêè è ðåàáèëèòàöèè äâèãàòåëüíûõ íàðó-
øåíèé ó ïàöèåíòîâ ñ ÈÈ ãîëîâíîãî ìîçãà.

МАТЕРИАЛЫ И МЕТОДЫ
Äëÿ îöåíêè âëèÿíèÿ âèçóàëüíûõ ñòèìóëîâ, 

âîññîçäàííûõ ïðè ïîìîùè ñèñòåìû äîïîëíåííîé 
ðåàëüíîñòè íà äâèãàòåëüíóþ ôóíêöèþ, òðåáîâà-
ëîñü ðàçðàáîòàòü ÏÎ, âêëþ÷àþùåå âèçóàëèçà-
öèþ äàííûõ íà î÷êàõ äîïîëíåííîé ðåàëüíîñòè 
Epsonmoveriobt-300 è îáðàáîòêó äàííûõ, ïîëó÷à-
åìûõ ñ ñåíñîðîâ çàõâàòà äâèæåíèé LeapMotion è 
MicrosoftKinect. Ðàçðàáîòàííûé êîìïëåêñ ñîñòî-
èò èç òðåõ îñíîâíûõ ÏÎ (ðèñ. 1):

1. ÏÎ RehabAR ïðåäíàçíà÷åíî äëÿ âèçóàëèçà-
öèè äàííûõ ïàöèåíòó, óñòàíàâëèâàåòñÿ íà îïåðà-
öèîííóþ ñèñòåìó Android 5.1 î÷êîâ äîïîëíåííîé 
ðåàëüíîñòè EpsonMoveriobt-300. ÏÎ ïðåäíàç- 
íà÷åíî äëÿ ôîðìèðîâàíèÿ îáðàòíîé ñâÿçè, âè-
çóàëèçàöèè óïðàâëÿåìîé âèðòóàëüíîé ñöåíû è 
ïîäâèæíîé ìîäåëè ïàöèåíòà. Â äàííîì ÏÎ ðå-
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àëèçîâàíî ÷åòûðå âèäà çàäàíèé äëÿ íåéðîðåàáè-
ëèòàöèè (ðèñ. 2): 

à) çàäàíèå 1 – òî÷íîñòü. Ïàöèåíò âûïîëíÿåò 
çàäàíèå â ïîëîæåíèè ñèäÿ. Ñöåíà ïðåäñòàâëåíà 
êóáèêàìè äâóõ öâåòîâ (êðàñíûé è ÷åðíûé) ñ âûáî-
ðî÷íîé íóìåðàöèåé. Ïàöèåíò ïîî÷åðåäíî íàæèìà-
åò íà êóáèêè, âûïîëíÿÿ ðàçãèáàòåëüíûå äâèæåíèÿ 
â ïëå÷åâîì è ëîêòåâîì ñóñòàâàõ. Êàæäûé ðàç ïîñëå 
íàæàòèÿ ïàöèåíò âîçâðàùàåò âåðõíþþ êîíå÷íîñòü 
â èñõîäíîå ôèçèîëîãè÷íîå ïîëîæåíèå. Óïðàæíå-
íèå ïðåäíàçíà÷åíî äëÿ ðàáîòû ìûøö ïëå÷åâîãî 
ïîÿñà è âåðõíåé êîíå÷íîñòè, òðåíèðîâêè ñèëû è 
òî÷íîñòè äâèæåíèé. Çàäàíèå ìîæåò áûòü óñëîæíå-
íî çà ñ÷åò äîáàâëåíèÿ êîãíèòèâíîé òðåíèðîâêè –  
íàæèìàòü êóáèêè ïî ïîðÿäêó ñîãëàñíî íîìåðó;

á) çàäàíèå 2 – ñòàòèêà. Ïàöèåíò âûïîëíÿåò 
çàäàíèå â ïîëîæåíèè ñèäÿ. Âèðòóàëüíàÿ ñöåíà 
ïðåäñòàâëÿåò ñîáîé îêðóæíîñòü ñ âïèñàííûì 
â íåå òðåóãîëüíèêîì. Ïðè âûïîëíåíèè çàäàíèÿ 
ãåîìåòðè÷åñêèå ôèãóðû â ðåçóëüòàòå âçàèìî-

äåéñòâèÿ ñ âèðòóàëüíîé ìîäåëüþ ðóêè ïàöèåí-
òà ìåíÿþò öâåò ñ êðàñíîãî íà çåëåíûé. Áîëüíîé 
ïðîâîäèò óêàçàòåëüíûì è ñðåäíèì ïàëüöàìè, ñëî-
æåííûìè âìåñòå, ïî êîíòóðó îêðóæíîñòè, çàòåì 
ïî êîíòóðó òðåóãîëüíèêà ïî ÷àñîâîé ñòðåëêè è 
ïðîòèâ íåå. Óïðàæíåíèå èìååò âûñîêèé óðîâåíü 
ñëîæíîñòè ïðîõîæäåíèÿ, ïîçâîëÿåò òðåíèðîâàòü 
ðåöèïðîêíîå âçàèìîäåéñòâèå ìûøö ïðè ñòàòè-
êî-äèíàìè÷åñêîé íàãðóçêå;

â) çàäàíèå 3 – êèñòü. Ïàöèåíò âûïîëíÿåò çàäà-
íèå â ïîëîæåíèè ñèäÿ. Âèðòóàëüíàÿ ñöåíà ïðåä-
ñòàâëåíà ïðîíóìåðîâàííûìè øàðàìè êðàñíûõ è 
÷åðíûõ öâåòîâ. Ïàöèåíò ïîî÷åðåäíî ñîâåðøà-
åò çàõâàò è ñæèìàíèå øàðîâ, ñíà÷àëà êðàñíûõ, 
çàòåì ÷åðíûõ. Óïðàæíåíèå ïðåäíàçíà÷åíî äëÿ 
ðàáîòû ìûøö êèñòè, ðàçâèòèÿ ôóíêöèîíàëüíûõ 
âîçìîæíîñòåé ïàëüöåâ ðóê, ôîðìèðîâàíèÿ ïðà-
âèëüíîãî çàõâàòà. Çàäàíèå ìîæåò áûòü óñëîæíå-
íî çà ñ÷åò äîáàâëåíèÿ êîãíèòèâíîé òðåíèðîâêè – 
çàõâàò øàðîâ ñîãëàñíî íîìåðó íà ïîâåðõíîñòè;

Ðèñ. 1. Ôóíêöèîíàëüíàÿ ñõåìà ðàáîòû ïðîãðàììíîãî êîìïëåêñà äëÿ îöåíêè è ðåàáèëèòàöèè äâèãàòåëüíûõ íàðó-
øåíèé ó ïàöèåíòîâ ñ èøåìè÷åñêèì èíñóëüòîì ãîëîâíîãî ìîçãà

Fig. 1. Functional diagram of the software complex for assessment and rehabilitation of motor disorders in patients 
with ischemic stroke 

Ðèñ. 2. Èíòåðôåéñ âèçóàëèçàöèè äàííûõ äëÿ ïàöèåíòà, ðàçëè÷íûå âèäû çàäàíèé:   

 a – òî÷íîñòü; b – ñòàòèêà; c – êèñòü; d – ðàâíîâåñèå

Fig. 2. Data visualization interface for the patient, various types of tasks: a – accuracy; b –  statics; c – fist; d – balance

a      â

ñ      d
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ã) çàäàíèå 4 – ðàâíîâåñèå. Ïàöèåíò âûïîëíÿåò 
çàäàíèÿ â ïîëîæåíèè ñòîÿ. Õîäüáà íà ìåñòå, ïî 
âèðòóàëüíîé äîðîãå, ïàöèåíò âðåìÿ îò âðåìåíè 
âûïîëíÿåò øàã ÷åðåç ïðåïÿòñòâèå è îäíîâðåìåí-
íî çàõâàòûâàåò ðóêàìè ïðîëåòàþùèå ìèìî íåãî 
îáúåêòû. Óïðàæíåíèå ïðåäíàçíà÷åíî äëÿ ôîðìè-
ðîâàíèÿ ïðàâèëüíîãî íàâûêà õîäüáû, ïîääåðæà-
íèÿ ðàâíîâåñèÿ è ïðåîäîëåíèÿ ïðåïÿòñòâèé ïðè 
õîäüáå.

2. ÏÎ RehabDT – ïðåäíàçíà÷åíî äëÿ êîíòðîëÿ 
ïðîöåññà ðåàáèëèòàöèè âðà÷îì, óñòàíàâëèâàåòñÿ 
íà ïåðñîíàëüíûé êîìïüþòåð ñ îïåðàöèîííîé ñè-
ñòåìîé Windows 10. ÏÎ ðåàëèçóåò ðÿä ôóíêöèé: 
ïðèåì äàííûõ î ïîëîæåíèè òåëà è êîíå÷íîñòåé îò 
ñåíñîðîâ áåçìàðêåðíîãî âèäåîçàõâàòà; âèçóàëèçà-
öèþ êîìïüþòåðíîé ìîäåëè ïàöèåíòà; ïåðåäà÷ó ïî 
ëîêàëüíîé ñåòè äàííûõ î ïîëîæåíèè òåëà ïàöèåí-
òà íà î÷êè äîïîëíåííîé ðåàëüíîñòè; ïðèåì ïî ëî-
êàëüíîé ñåòè äàííûõ î âçàèìîäåéñòâèè ïàöèåíòà 
ñ âèðòóàëüíûìè îáúåêòàìè; ïðèåì ïî ëîêàëüíîé 
ñåòè äàííûõ î ïîëîæåíèè ãîëîâû ïàöèåíòà (ïî 
ãèðîñêîïè÷åñêèì äàò÷èêàì î÷êîâ äîïîëíåííîé 
ðåàëüíîñòè); âèçóàëèçàöèþ âèðòóàëüíîãî îêðóæå-
íèÿ â âèäå ñöåíû ñ îáúåêòàìè âçàèìîäåéñòâèÿ íà 
ïåðñîíàëüíîì êîìïüþòåðå; çàïèñü ôàéëà ñ êîîð-
äèíàòàìè äâèæåíèÿ ïàöèåíòà. 

3. ÏÎ RehabCS äëÿ õðàíåíèÿ, ïîäãîòîâêè è 
îáðàáîòêè äàííûõ çàõâàòà äâèæåíèé. Äàííîå ÏÎ 
ðåàëèçîâàíî êàê web-ïðèëîæåíèå, ðàçìåùåííîå 
â ëîêàëüíîé ñåòè.  Ñ åãî ïîìîùüþ îñóùåñòâèìà 
âîçìîæíîñòü ñòðóêòóðèðîâàííîãî õðàíåíèÿ, ðàç-
ìåòêè è àâòîìàòèçèðîâàííîé îáðàáîòêè äàííûõ 
âèäåîçàõâàòà äâèæåíèé.

Äëÿ ðàçðàáîòêè ìåòîäà îöåíêè êà÷åñòâà 
äâèæåíèé èñïîëüçîâàëàñü ïëàòôîðìà RStudio 
1.2.1335. Â êà÷åñòâå êðèòåðèÿ îöåíêè ïðèìåíÿ-
ëèñü ñëåäóþùèå êðèòåðèè: îáùåå êîëè÷åñòâî çà-
âåðøåííûõ äâèæåíèé (çàâåðøåííîå çàäàíèå) çà 
îäíó ïðîöåäóðó è ìàêñèìàëüíàÿ äëèòåëüíîñòü 
âûïîëíåíèÿ ñåðèè çàäàíèé çà îäèí ïîäõîä áåç 
îòäûõà. Â êà÷åñòâå êðèòåðèÿ, õàðàêòåðèçóþùåãî 
âàðèàáåëüíîñòü äâèæåíèé ïðè ñëåäîâàíèè çàäàí-
íîé òðàåêòîðèè, áûë ïðåäëîæåí ñïåêòðàëüíûé 
êðèòåðèé. Äëÿ åãî ðàñ÷åòà èñïîëüçóåòñÿ îêîííîå 
ðàçëîæåíèå òðàåêòîðèè äâèæåíèÿ â ðÿä Ôóðüå. 
Ðàçìåð îêíà ïðåîáðàçîâàíèÿ îïðåäåëÿåòñÿ âðå-
ìåíåì íà÷àëà è îêîí÷àíèÿ âûïîëíåíèÿ äâèæåíèÿ 
ïî çàäàííîé òðàåêòîðèè. Âû÷èñëÿåòñÿ íîðìèðî-
âàííîå îòíîøåíèå ìîùíîñòè îñíîâíîé ãàðìîíè-
êè ñïåêòðà ê îñòàëüíûì ãàðìîíèêàì, êîòîðûé 
è ðàññìàòðèâàåòñÿ êàê õàðàêòåðèñòèêà òî÷íî-
ñòè ñëåäîâàíèÿ îñíîâíîé òðàåêòîðèè äâèæåíèÿ. 
Ñòàòèñòè÷åñêóþ îáðàáîòêó ïîëó÷åííûõ äàííûõ 
ïðîâîäèëè ñ èñïîëüçîâàíèåì ïðèêëàäíîãî ïðî-

ãðàììíîãî ïàêåòà R-system. Ïðîâåðêó íà íîð-
ìàëüíîñòü ðàñïðåäåëåíèÿ ïðèçíàêà îïðåäåëÿëè ñ 
ïîìîùüþ W-òåñòà Øàïèðî – Óèëêà. Ïðîâîäèëñÿ 
îïèñàòåëüíûé è ñðàâíèòåëüíûé àíàëèç. Ââèäó íå-
íîðìàëüíîãî ðàñïðåäåëåíèÿ ïîêàçàòåëåé îïèñà-
òåëüíûé àíàëèç âêëþ÷àë îïðåäåëåíèå êâàðòèëåé. 
Ñðàâíèòåëüíûé àíàëèç äëÿ çàâèñèìûõ ïîêàçàòå-
ëåé îñíîâûâàëñÿ íà îïðåäåëåíèè äîñòîâåðíîñòè 
èõ ðàçíèöû ïî êðèòåðèþ Âèëêîêñîíà äëÿ ïàðíûõ 
ñëó÷àåâ è ïî êðèòåðèþ Ôðèäìàíà äëÿ ìíîæå-
ñòâåííîãî ñðàâíåíèÿ. Êðèòè÷åñêèé óðîâåíü çíà-
÷èìîñòè ð ïðè ïðîâåðêå ñòàòèñòè÷åñêèõ ãèïîòåç 
â èññëåäîâàíèè ïðèíèìàëñÿ ðàâíûì 0,05.

Èññëåäîâàíèå ïðîâîäèëîñü íà áàçå êàôåäðû 
íåâðîëîãèè è íåéðîõèðóðãèè, êàôåäðû ìåäèöèí-
ñêîé è áèîëîãè÷åñêîé êèáåðíåòèêè ÑèáÃÌÓ â 
2018–2019 ãã.  Ðàçìåð âûáîðêè ñîñòàâèë 59 ïàöè-
åíòîâ ñ îñòðûì èøåìè÷åñêèì èíñóëüòîì ãîëîâ-
íîãî ìîçãà â áàññåéíå ñðåäíåé ìîçãîâîé àðòå-
ðèè.  Âûðàæåííîñòü íåâðîëîãè÷åñêîãî äåôèöèòà 
è ôóíêöèîíàëüíîå ñîñòîÿíèå íåðâíîé ñèñòåìû 
îöåíèâàëè ñ èñïîëüçîâàíèåì ìåæäóíàðîäíûõ 
êëèíè÷åñêèõ øêàë, ïî äàííûì ýëåêòðîôèçèîëî-
ãè÷åñêîãî è íåéðîâèçóàëèçàöèîííîãî èññëåäîâà-
íèÿ. Êóðñ ìîòîðíîé ðåàáèëèòàöèè ñ ïðèìåíåíèåì 
òåõíîëîãèè äîïîëíåííîé ðåàëüíîñòè ñîñòàâèë 10 
äíåé. Äëèòåëüíîñòü îäíîé òðåíèðîâêè – 60 ìèí. 

РЕЗУЛЬТАТЫ И ИХ ОБСУЖДЕНИЕ
Ñ òî÷êè çðåíèÿ îöåíêè óðîâíÿ âçàèìîäåéñòâèÿ 

ìûøö ñãèáàòåëåé è ðàçãèáàòåëåé âåðõíåé êîíå÷-
íîñòè íàèáîëåå èíôîðìàòèâíûì ÿâëÿåòñÿ çàäà-
íèå «còàòèêà». Êîëè÷åñòâåííûå õàðàêòåðèñòèêè, 
îïèñûâàþùèå äèíàìèêó èçìåíåíèÿ äâèãàòåëüíîé 
àêòèâíîñòè â ïðîöåññå òðåíèðîâêè ðóêè ñ ïàðå-
çîì ïðåäñòàâëåíû â òàáëèöå.

Èñõîäÿ èç ïðåäñòàâëåííûõ äàííûõ, î÷åâèäíî, 
÷òî ìîòîðíàÿ íåéðîðåàáèëèòàöèÿ ó ïàöèåíòîâ ñ 
ïàðåçàìè âåðõíèõ êîíå÷íîñòåé ìåòîäîì äîïîë-
íåííîé ðåàëüíîñòè ïîçâîëÿåò äîáèòüñÿ óëó÷øåíèÿ 
äâèãàòåëüíûõ íàâûêîâ. Àíàëèç òî÷íîñòè äâèæå-
íèé ïîêàçàë, ÷òî ïî ìåðå óâåëè÷åíèÿ êîëè÷åñòâà 
òðåíèðîâîê ó ïàöèåíòîâ óâåëè÷èâàåòñÿ òî÷íîñòü 
ñëåäîâàíèÿ çàäàííîé òðàåêòîðèè (p = 0,032). 
Âûÿâëåíî äîñòîâåðíîå óâåëè÷åíèå êîëè÷åñòâà 
çàâåðøåííûõ äâèæåíèé ñ êàæäîé ïîñëåäóþùåé 
òðåíèðîâêîé (p = 0,002), ÷òî ñâèäåòåëüñòâóåò îá 
óâåëè÷åíèè ñêîðîñòè âûïîëíåíèÿ çàäàíèÿ ñ òå÷å-
íèåì âðåìåíè ðåàáèëèòàöèè, à òàêæå î ñîêðàùå-
íèè ïåðèîäà îòäûõà ìåæäó âûïîëíÿåìûìè ïîä-
õîäàìè âî âðåìÿ îäíîé òðåíèðîâêè. Ïîâûøåíèå 
ôèçè÷åñêîé âûíîñëèâîñòè ïîäòâåðæäàåò ñòàòè-
ñòè÷åñêè çíà÷èìîå óâåëè÷åíèå ìàêñèìàëüíîé äëè-
òåëüíîñòè âûïîëíåíèÿ ñåðèè çàäàíèé (p = 0,012)  
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ïðè ñðàâíèòåëüíîì àíàëèçå ïåðâîé è äåñÿòîé 
òðåíèðîâîê.  Íà ðèñ. 3 ïðèâåäåíû ïðèìåðû òðà-
åêòîðèè äâèæåíèÿ ïðè âûïîëíåíèè çàäàíèÿ «ñòà-

òèêà» íà 1- è 10-é äåíü íåéðîðåàáèëèòàöèè, êî-
òîðûå ïîêàçûâàþò, ÷òî ïðîèñõîäèò óâåëè÷åíèå 
äëèòåëüíîñòè âûïîëíåíèÿ çàäàíèÿ áåç îòäûõà.

Ò à á ë è ö à  
Ta b l e

Âû÷èñëÿåìûå ïàðàìåòðû, îòðàæàþùèå äèíàìèêó èçìåíåíèÿ äâèãàòåëüíîé àêòèâíîñòè â ïðîöåññå òðåíèðîâêè ðóêè  
ñ ïàðåçîì, Me [Q1; Q3]

Calculated parameters reflecting the dynamics of changes in motor activity when training the hand with paresis, Me [Q1; Q3]

Ïàðàìåòð
Parameter

1-é äåíü
Day 1

2-é äåíü
Day 2

3-é äåíü
Day 3

4-é äåíü
Day 4

5-é äåíü
Day 5

6-é äåíü
Day 6

8-é äåíü
Day 8

10-é äåíü
Day 10

 p
1–10

Çíà÷åíèå ñïåêòðàëüíîãî 
êðèòåðèÿ
Spectral criterion

0,94
[0,74;
0,96]

0,95
[0,7;0,97]

0,96
[0,88;
0,96]

0,96
[0,71;
0,97]

0,95
[0,94;
0,96]

0,95
[0,92;
0,96]

0,96
[0,93;
0,97]

0,96
[0,95;
0,97]

0,032

Êîëè÷åñòâî çàâåðøåííûõ 
äâèæåíèé
Number of completed move-
ments

23
[9; 30]

28
[12; 30]

34
[20; 38]

45
[39; 49]

46
[38; 52]

50
[39; 55]

53
[45; 58]

55
[34; 59]

0,002

Ìàêñèìàëüíàÿ äëèòåëüíîñòü 
âûïîëíåíèÿ ñåðèè çàäàíèé, c
Maximum duration of a suc-
cession of tasks, sec

25
[10; 32]

27
[12;
30]

35
[19;
40]

38
[20;
44]

37
[22;
48]

43
[30;
49]

43
[33;
50]

45
[38;
68]

0,012

ВЫВОДЫ
Â ïðîöåññå âûïîëíåíèÿ íàñòîÿùåãî èññëåäîâà-

íèÿ ðàçðàáîòàíî ñïåöèàëèçèðîâàííîå ÏÎ, ïîçâî-
ëÿþùåå âîññîçäàâàòü êîíòðîëèðóåìóþ âèðòóàëü-
íóþ ñðåäó ñ âîçìîæíîñòüþ ôèêñàöèè ïàðàìåòðîâ 
äâèæåíèÿ ÷åëîâåêà. Ðàçðàáîòàííîå ÏÎ ïðèìåíÿ-
ëîñü äëÿ îöåíêè è ðåàáèëèòàöèè äâèãàòåëüíûõ 
íàðóøåíèé ó ïàöèåíòîâ ñ ÈÈ ãîëîâíîãî ìîçãà è 
ïàðåçàìè âåðõíèõ êîíå÷íîñòåé. Ïî ðåçóëüòàòàì 
èññëåäîâàíèÿ âûÿâëåíî äîñòîâåðíîå óâåëè÷åíèå 
òî÷íîñòè äâèæåíèé, à òàêæå óâåëè÷åíèå âûíîñ-
ëèâîñòè, ÷òî ñâèäåòåëüñòâóåò îá ýôôåêòèâíîñòè 
èñïîëüçóåìîãî ïîäõîäà â ïðîöåññå ìîòîðíîé 
íåéðîðåàáèëèòàöèè.

ЛИТЕРАТУРА / REFERENCES
1. Truelsen T., Piechowski-Jóźwiak B., Bonita R., Mathers C.,  

Bogousslavsky J., Boysen G. Stroke incidence and prev-
alence in Europe: a review of available data. Eur. J. 
Neurol. 2006; 13 (6): 581–598.  DOI: 10.1111/j.1468-
1331.2006.01138.x. 

2. Bleyenheuft Y., Gordon A.M. Precision grip in congenital 

and acquired hemiparesis: similarities in impairments and 
implications for neurorehabilitation. Front. Hum. Neuro-
sci. 2014; 8: 459. DOI: 10.3389/fnhum.2014.00459.

3. Richards L.G., Stewart K.C., Woodbury M.L., Senesac C., 
Cauraugh J.H. Movement-dependent stroke recovery: a 
systematic review and meta-analysis of TMS and fMRI 
evidence. Neuropsychologia. 2008; 46 (1): 3–11. DOI: 
10.1016/j.neuropsychologia.2007.08.013.

4. Pollock A., Farmer S.E., Brady M.C. et al. Interventions 
for improving upper limb function after stroke. Co-
chrane Database Syst. Rev. 2014; (11): CD010820. DOI: 
10.1002/14651858.CD010820.pub2

5. Burke J., McNeill M., Charles D., Morrow P., Crosbie J., 
McDonough S. Augmented reality games for upper-limb 
stroke rehabilitation: 2010 Second International Confer-
ence on Games and Virtual Worlds for Serious Applica-
tions. Braga, Portugal: IEEE, 2010: 75–78. DOI:  10.1109/
VS-GAMES.2010.21.

6. Krichenbauer M., Yamamoto G., Taketom T., Sandor C., 
Kato H. Augmented reality versus virtual reality for 3D 
object manipulation. IEEE Transactions on Visualiza-
tion and Computer Graphics. 2018; 24 (2): 1038–1048. 
DOI: 10.1109/TVCG.2017.2658570.

Ðèñ. 3. Ïðèìåð òðàåêòîðèè äâèæåíèÿ ðóêè ñ ïà-
ðåçîì â ïðîöåññå âûïîëíåíèÿ çàäàíèÿ «ñòàòè-
êà» íà 1- è 10-é äåíü òðåíèðîâêè (îäíî äåëåíèå 

– îäèí äåöèìåòð)

Fig. 3. An example of a trajectory of a hand with 
paresis in the process of completing the “statics” 
task on days 1 and 10 (one division – one decimeter)

Бюллетень сибирской медицины. 2019; 18 (4): 136–142



142

Authors information
Tolmachev Ivan V., PhD, Associate Professor, 

Department of Medical and Biological Cybernetics, SSMU, 
Tomsk, Russian Federation. ORCID iD 0000-0002-2888-5539.

Alifirova Valentina M., DM, Professor, Head of 
Department of Neurology and Neurosurgery, SSMU, Tomsk, 
Russian Federation. ORCID iD 0000-0002-4140-3223.

Kazakov Stanislav D., Resident, Department of Neurology 
and Neurosurgery, SSMU, Tomsk, Russian Federation. 
ORCID iD 0000-0001-9818-5549.

Koroleva Ekaterina S., PhD, Associate Professor, 
Department of Neurology and Neurosurgery, SSMU, Tomsk, 
Russian Federation. ORCID iD 0000-0003-1911-166X.

(*)  Tolmachev Ivan V., e-mail ivantolm@mail.ru.

Received 10.10.2019 
Accepted 12.11.2019  

Сведения об авторах
Òîëìà÷åâ Èâàí Âëàäèñëàâîâè÷, êàíä. ìåä. íàóê, äî-

öåíò, êàôåäðà ìåäèöèíñêîé è áèîëîãè÷åñêîé êèáåðíåòè-
êè, ÑèáÃÌÓ, ã. Òîìñê. ORCID iD 0000-0002-2888-5539.

Àëèôèðîâà Âàëåíòèíà Ìèõàéëîâíà, ä-ð ìåä. íàóê, 
ïðîôåññîð, çàâ. êàôåäðîé íåâðîëîãèè è íåéðîõèðóðãèè, 
ÑèáÃÌÓ, ã. Òîìñê. ORCID iD 0000-0002-4140-3223.

Êàçàêîâ Ñòàíèñëàâ Äìèòðèåâè÷, îðäèíàòîð, êàôåäðà 
íåâðîëîãèè è íåéðîõèðóðãèè, ÑèáÃÌÓ, ã. Òîìñê. ORCID 
iD 0000-0001-9818-5549.

Êîðîëåâà Åêàòåðèíà Ñåðãååâíà, êàíä. ìåä. íàóê, äî-
öåíò, êàôåäðà íåâðîëîãèè è íåéðîõèðóðãèè, ÑèáÃÌÓ, ã. 
Òîìñê. ORCID iD 0000-0003-1911-166X.

(*)  Òîëìà÷åâ Èâàí Âëàäèñëàâîâè÷, e-mail ivantolm@
mail.ru.

Ïîñòóïèëà â ðåäàêöèþ 10.10.2019
Ïîäïèñàíà â ïå÷àòü 21.11.2019

Вклад авторов
Òîëìà÷åâ È.Â., Àëèôèðîâà Â.Ì., Êàçàêîâ Ñ.Ä., Êîðî-

ëåâà Å.Ñ. – ðàçðàáîòêà ïðîãðàììíîãî îáåñïå÷åíèÿ, àíà-
ëèç è èíòåðïðåòàöèÿ äàííûõ, îáîñíîâàíèå ðóêîïèñè è 
ïðîâåðêà êðèòè÷åñêè âàæíîãî ñîäåðæàíèÿ.

Authors contribution
Tolmachev I.V., Alifirova V.M., Kazakov S.D., Koroleva 

E.S. – development of the software complex, analysis and 
interpretation of the data, justification of the manuscript and 
critical revision of the manuscript for important intellectual 
content. 

__________________________

Бюллетень сибирской медицины. 2019; 18 (4): 136–142

Толмачев И.В., Алифирова В.М., Казаков С.Д., Королева Е.С. Разработка программного комплекса для оценки и реабилитации


