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Â íàñòîÿùåå âðåìÿ â ìèðå àêòèâíî ðàçâèâàåòñÿ àëüòåðíàòèâíàÿ ýíåðãåòèêà, îñíîâàííàÿ íà ñîë-
íå÷íîé ýíåðãèè è ýíåðãèè âåòðà. Ïðè÷èíà ýòîãî – î÷åâèäíûå ïðèçíàêè ãëîáàëüíîãî ïîòåïëåíèÿ, 
âåðîÿòíî âûçâàííîãî âûáðîñàìè ïàðíèêîâûõ ãàçîâ – ïðîäóêòîâ ñæèãàíèÿ îðãàíè÷åñêîãî òîïëè-
âà. Ïðîèçâîäñòâî ýëåêòðè÷åñêîé ýíåðãèè íà ñîëíå÷íûõ è âåòðîâûõ ýëåêòðîñòàíöèÿõ, â îòëè÷èè 
îò òðàäèöèîííûõ òåïëîâûõ ýëåêòðîñòàíöèé, íå ïðèâîäèò ê âûáðîñó â àòìîñôåðó ïàðíèêîâûõ ãàçîâ. 
Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ ïîòåíöèàë âåòðÿíûõ ýëåêòðîñòàíöèé â óñëîâèÿõ öåíòðàëüíîé 
çîíû Åâðîïåéñêîé ÷àñòè Ðîññèè, íà ïðèìåðå Êàëóæñêîé îáëàñòè. Ïðè íàïèñàíèè ñòàòüè áûëè èñ-
ïîëüçîâàíû îòêðûòûå êëèìàòè÷åñêèå äàííûå METAR ìåòåîðîëîãè÷åñêîé ñòàíöèè Ìåæäóíàðîäíî-
ãî àýðîäðîìà «Êàëóãà» èì. Ê.Ý. Öèîëêîâñêîãî (KLF). Èñïîëüçîâàëèñü äàííûå î ñðåäíåé ñêîðîñòè 
âåòðà çà òðåõ÷àñîâûå ïðîìåæóòêè âðåìåíè â òå÷åíèe îäíîãî ãîäà. Áûë ïðîâåäåí àíàëèç ñêîðîñòè 
âåòðà – ïîñòðîåí ãðàôèê âåðîÿòíîñòè íàáëþäåíèÿ òîé èëè èíîé ñêîðîñòè âåòðà, êîòîðûé ïîêàçàë, 
÷òî ñðåäíÿÿ ñêîðîñòü âåòðà â Êàëóæñêîé îáëàñòè ñîñòàâëÿåò ïîðÿäêà 2…4 ì/ñ. Ïðîèçâåäåí ðàñ÷åò 
ãåíåðàöèè ýëåêòðè÷åñêîé ýíåðãèè ñåðèéíûì âåòðîãåíåðàòîðîì ìàëîé ìîùíîñòè, îïðåäåëåí êî-
ýôôèöèåíò èñïîëüçîâàíèÿ óñòàíîâëåííîé ìîùíîñòè ÊÈÓÌ = 7 %. Óñòàíîâëåíî, ÷òî Êàëóæñêàÿ îá-
ëàñòü îáëàäàåò íèçêèì âåòðîýíåðãåòè÷åñêèì ïîòåíöèàëîì. Ïîëó÷åíèå ýëåêòðîýíåðãèè íà îñíîâå 
âåòðà â óñëîâèÿõ Êàëóæñêîé îáëàñòè âîçìîæíî, íî ðàñ÷åòû ïîêàçàëè, ÷òî ñðîê îêóïàåìîñòè òàêèõ 
ýíåðãîóñòàíîâîê â óêàçàííûõ óñëîâèÿõ äàæå áåç ó÷åòà çàòðàò íà óñòàíîâêó, âñïîìîãàòåëüíîå îáî-
ðóäîâàíèå è òåõíè÷åñêîå îáñëóæèâàíèå âåòðîãåíåðàòîðà ñîñòàâëÿåò îêîëî 30 ëåò. Â ðåçóëüòàòå 
ïðîâåäåííîãî èññëåäîâàíèÿ áûë ñäåëàí âûâîä îá îòñóòñòâèè ýêîíîìè÷åñêîé öåëåñîîáðàçíîñòè 
ýêñïëóàòàöèè ìàëîìîùíîñòíûõ âåòðÿíûõ ýëåêòðîñòàíöèé â óñëîâèÿõ öåíòðàëüíîé çîíû Åâðîïåé-
ñêîé ÷àñòè Ðîññèè.
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Ââåäåíèå
Òðàäèöèîííàÿ ýíåðãåòèêà áàçèðóåòñÿ íà èñ-

ïîëüçîâàíèè óãëåâîäîðîäíîãî òîïëèâà – óãëÿ, 
ïðèðîäíîãî ãàçà, íåôòè. Îäíèì èç êîìïî-
íåíòîâ ïðîäóêòîâ ñãîðàíèÿ óãëåâîäîðîäíûõ 
òîïëèâ ÿâëÿåòñÿ óãëåêèñëûé ãàç, îòíîñÿ-
ùèéñÿ ê êàòåãîðèè ïàðíèêîâûõ. Ñóììàðíûé 
îáùåìèðîâîé îáúåì âûáðîñîâ ïàðíèêîâûõ 
ãàçîâ ñîñòàâëÿåò áîëåå 30 ìëðä òîíí [1], ÷òî, 
ïî ìíåíèþ ðÿäà èññëåäîâàòåëåé, ÿâëÿåòñÿ ïðè-
÷èíîé êëèìàòè÷åñêèõ èçìåíåíèé [2]. 

Â íàñòîÿùåå âðåìÿ â ñâÿçè ñ î÷åâèäíûìè 
ïðèçíàêàìè ãëîáàëüíîãî ïîòåïëåíèÿ ìåæäó-
íàðîäíûìè îðãàíèçàöèÿìè ðàçðàáîòàíû ìåðû 
ïî ñäåðæèâàíèþ êëèìàòè÷åñêèõ èçìåíåíèé, âû-

çâàííûõ ãëîáàëüíûì ïîòåïëåíèåì [3]. Â ðàìêàõ 
ýòèõ ìåð ðåêîìåíäîâàíî ÷àñòè÷íîå çàìåùå-
íèå òðàäèöèîííîé óãëåâîäîðîäíîé ýíåðãåòè-
êè íà ýíåðãåòèêó, îñíîâàííóþ íà èñïîëüçîâà-
íèè òàêèõ âîçîáíîâëÿåìûõ ýíåðãîðåñóðñîâ 
êàê ýíåðãèÿ ñîëíå÷íîãî èçëó÷åíèÿ è ýíåðãèÿ 
âåòðà. Ïðîèçâîäñòâî ýëåêòðè÷åñêîé ýíåðãèè 
íà ñîëíå÷íûõ è âåòðîâûõ ýëåêòðîñòàíöèÿõ â îò-
ëè÷èè îò òðàäèöèîííûõ òåïëîâûõ ýëåêòðîñòàí-
öèé íå ïðèâîäèò ê âûáðîñó â àòìîñôåðó ïàðíè-
êîâûõ ãàçîâ. Ðàçâèòèå ýíåðãåòèêè, îñíîâàííîé 
íà èñïîëüçîâàíèè âîçîáíîâëÿåìûõ ýíåðãîðå-
ñóðñîâ, âîçâåäåíî â ðÿä âàæíåéøèõ ãîñóäàð-
ñòâåííûõ çàäà÷ è íàøëî ïîääåðæêó íà ïðàâè-
òåëüñòâåííîì óðîâíå, â òîì ÷èñëå â ÐÔ [4].
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Òåõíèêî-ýêîíîìè÷åñêèé àíàëèç ýôôåêòèâíîñòè âåòðîýëåêòðîñòàíöèè ìàëîé ìîùíîñòè 

â êëèìàòè÷åñêèõ óñëîâèÿõ öåíòðà Åâðîïåéñêîé ÷àñòè Ðîññèè

Öåëü èññëåäîâàíèÿ
Â íàñòîÿùåé ðàáîòå ïðîâåäåí ïðåäâàðè-

òåëüíûé òåõíèêî-ýêîíîìè÷åñêèé àíàëèç ýêñ-
ïëóàòàöèè ÂÝÑ â êëèìàòè÷åñêèõ óñëîâèÿõ 
öåíòðà Åâðîïåéñêîé ÷àñòè Ðîññèè íà ïðèìåðå 
Êàëóæñêîé îáëàñòè, êàê îäíîé èç òèïè÷íûõ 
äëÿ äàííîãî ðåãèîíà. 

Ìåòîäû è ñðåäñòâà ïðîâåäåíèÿ 
èññëåäîâàíèé
Â íàñòîÿùåå âðåìÿ âî âñåì ìèðå âåäåòñÿ àê-

òèâíîå ñòðîèòåëüñòâî âåòðÿíûõ ýëåêòðîñòàí-
öèé (ÂÝÑ). Çà ïîñëåäíåå äåñÿòèëåòèå îòìå÷åí 
òðåõêðàòíûé ïðèðîñò òàêèõ ãåíåðèðóþùèõ 
ìîùíîñòåé – ñ 200 ÃÂò â 2010 ãîäó äî 600 ÃÂò 
â 2019 ãîäó. Â ÐÔ òàêæå ââåäåíî â ýêñïëóàòà-
öèþ íåñêîëüêî âåòðîïàðêîâ, âåäåòñÿ ñòðîèòåëü-
ñòâî íîâûõ. Äî 2023 ãîäà çàïëàíèðîâàí ââîä 
äî 900 ÌÂò íîâûõ ãåíåðèðóþùèõ ìîùíîñòåé.

Â îñíîâå ðàáîòû ÂÝÑ ëåæèò âåòðîãåíåðà-
òîð – óñòðîéñòâî, êîòîðîå ïðåîáðàçóåò ýíåð-
ãèþ âåòðà â ýëåêòðè÷åñêóþ ýíåðãèþ. Èçâåñòíû 
âåòðîãåíåðàòîðû ðàçíûõ òèïîâ [5]: 

– êðûëü÷àòûå âåòðîãåíåðàòîðû èìåþò ãî-
ðèçîíòàëüíóþ îñü âðàùåíèÿ, à ïëîñêîñòü 
âðàùåíèÿ âåòðîêîëåñà ïåðïåíäèêóëÿðíà íà-
ïðàâëåíèþ ïîòîêà âåòðà. Êîýôôèöèåíò èñ-
ïîëüçîâàíèÿ ýíåðãèè âåòðà äîñòèãàåò  = 0,46. 

– ðîòîðíûå âåòðîãåíåðàòîðû èìåþò âåðòè-
êàëüíóþ îñü âðàùåíèÿ, ò.å. âåòðîêîëåñî äâè-
æåòñÿ ïî íàïðàâëåíèþ ïîòîêà âåòðà. Êîýô-
ôèöèåíò èñïîëüçîâàíèÿ ýíåðãèè âåòðà â íèõ 
äîõîäèò äî  = 0,18.

– áàðàáàííûå âåòðîãåíåðàòîðû èìåþò ãîðè-
çîíòàëüíóþ îñü âðàùåíèÿ ïåðïåíäèêóëÿðíóþ 
íàïðàâëåíèþ âåòðà. Êîýôôèöèåíò èñïîëüçîâà-
íèÿ ýíåðãèè âåòðà äîõîäèò äî  = 0,10. 

Â èäåàëüíîì âåòðîãåíåðàòîðå, â êîòîðîì 
îòñóòñòâóþò ïîòåðè, êîýôôèöèåíò èñïîëü-
çîâàíèÿ ýíåðãèè âåòðà íå ìîæåò ïðåâûøàòü 
 = 0,593 [6]. Êðûëü÷àòûå âåòðîãåíåðàòîðû 
èìåþò êîýôôèöèåíò èñïîëüçîâàíèÿ ýíåð-
ãèè âåòðà íàèáîëåå áëèçêèé ê ýòîìó ïðåäåëó, 
÷òî è îáóñëàâëèâàåò èõ ïðåèìóùåñòâåííîå 
ðàñïðîñòðàíåíèå.

Îñíîâíûìè òåõíèêî-ýêîíîìè÷åñêèìè ôàê-
òîðàìè, îïðåäåëÿþùèìè öåëåñîîáðàçíîñòü 
ñòðîèòåëüñòâà ÂÝÑ, ÿâëÿþòñÿ ñêîðîñòü è ïî-
ñòîÿíñòâî âåòðà â êîíêðåòíîé ìåñòíîñòè – òàê 
íàçûâàåìûé âåòðîýíåðãåòè÷åñêèé ïîòåíöèàë. 
Îïòèìàëüíûì óñëîâèåì äëÿ ñòðîèòåëüñòâà 
âåòðîýëåêòðîñòàíöèé ñåãîäíÿ ñ÷èòàåòñÿ íàëè-
÷èå ïîñòîÿííî äóþùèõ ñî ñêîðîñòüþ 9…12 ì/ñ 

âåòðîâ. Èíòåãðàëüíûå îöåíî÷íûå äàííûå 
ïî ñðåäíåãîäîâîé ñêîðîñòè âåòðà õîðîøî èç-
âåñòíû è äîñòóïíû [7]. Îäíàêî áîëüøóþ ïðàê-
òè÷åñêóþ öåííîñòü èìååò áîëåå äåòàëüíàÿ 
èíôîðìàöèÿ, äàþùàÿ ôàêòè÷åñêèå äàííûå, 
ïðèâÿçàííûå ê êîíêðåòíîìó ìåñòîðàñïîëîæå-
íèþ, îäíàêî ïîëó÷èòü åå íåïðîñòî è íåäåøå-
âî – îíà òðåáóåò äëèòåëüíîãî íåïðåðûâíîãî 
ìîíèòîðèíãà ñêîðîñòè âåòðà.

Äëÿ ôàêòè÷åñêîé îöåíêè âåòðîýíåðãåòè÷åñêî-
ãî ïîòåíöèàëà èñïîëüçîâàëèñü îòêðûòûå äàííûå 
î ñêîðîñòè âåòðà, ïðåäîñòàâëÿåìûå METAR 
(Meterological Aerodrome Report)– àâèàöèîííûì 
ìåòåîðîëîãè÷åñêèì êîäîì äëÿ ïåðåäà÷è äàííûõ 
î ôàêòè÷åñêîé ïîãîäå íà àýðîäðîìå [8]. 

Â METAR äîñòóïíû äàííûå î ñêîðîñòè 
âåòðà ñ èíòåðâàëîì ðåãèñòðàöèè 3 ÷àñà. Çàìåð 
ñêîðîñòè âåòðà îñóùåñòâëÿåòñÿ íà âûñîòå 
10 ì, äàííûå óñðåäíÿþòñÿ çà äåñÿòèìèíóòíûé 
ïåðèîä, ïðåäøåñòâóþùèé ñðîêó ðåãèñòðàöèè. 
Â äàííîì ñëó÷àå èñïîëüçîâàëèñü ìåòåîðî-
ëîãè÷åñêèå äàííûå äëÿ àýðîïîðòà «Êàëóãà» 
èì. Ê.Ý. Öèîëêîâñêîãî (KLF) çà 2019 ãîä [9]. 
Ìåòåîðîëîãè÷åñêèå óñëîâèÿ è ðåëüåô ìåñò-
íîñòè â ðàéîíå àýðîïîðòà òèïè÷íû äëÿ öåíòðà 
Åâðîïåéñêîé ÷àñòè Ðîññèè. 

Ðåçóëüòàòû òåõíèêî-
ýêîíîìè÷åñêîãî àíàëèçà
Âûïîëíåííûé àíàëèç äàííûõ METAR ïî-

çâîëèë ïîñòðîèòü ðàñïðåäåëåíèå ÷àñòîòû íà-
áëþäåíèÿ òîé èëè èíîé ñêîðîñòè âåòðà â ðàñ-
ñìîòðåííîì ðàéîíå, êîòîðîå ïðåäñ òàâëåíî 
íà ðèñ. 1.

Ðèñ. 1. Ðàñïðåäåëåíèå ÷àñòîòû íàáëþäåíèÿ 
ñêîðîñòè âåòðà

Óñòàíîâëåíî, ÷òî îñðåäíåííàÿ ñêîðîñòü 
âåòðà èçìåíÿëàñü îò 0 äî 13 ì/ñ ñ ïîðûâàìè 
äî 16 ì/ñ. Ïðåîáëàäàëè âåòðà îò 1 äî 4 ì/ñ, 
ñðåäíÿÿ ñêîðîñòü âåòðà ñîñòàâèëà 2,4 ì/ñ. 
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in the climatic conditions of the center of the European part of Russia

Íà îñíîâàíèè ýòèõ äàííûõ âåòðîïîòåíöè-
àë Êàëóæñêîé îáëàñòè ìîæíî îõàðàêòåðèçîâàòü 
êàê íèçêèé, îäíàêî ñóùåñòâóþò âåòðîãåíåðàòîðû, 
àäàïòèðîâàííûå ê òàêîé íèçêîé ñêîðîñòè âåòðà.

Äëÿ ïðîâåäåíèÿ òåõíèêî-ýêîíîìè÷åñêîãî 
àíàëèçà öåëåñîîáðàçíîñòè ýêñïëóàòàöèè ÂÝÑ 
áûë âûáðàí êðûëü÷àòûé âåòðîãåíåðàòîð ìàëîé 
ìîùíîñòè 48Â1/1,5 êÂò LOW WIND [10]. Âå-
òðîãåíåðàòîð èìååò äèàìåòð êîëåñà 2,8 ì è ðàñ-
ïîëàãàåòñÿ íà ìà÷òå âûñîòîé 9 ì. Íîìèíàëü-
íàÿ ìîùíîñòü âåòðîãåíåðàòîðà N

íîì
= 1 êÂò. 

Ñòîèìîñòü òàêîãî âåòðîãåíåðàòîðà îêîëî 
100000 ðóá. Ïàñïîðòíàÿ õàðàêòåðèñòèêà âåòðî-
ãåíåðàòîðà ïðåäñòàâëåíà íà ðèñ. 2.

Ìàêñèìàëüíûé êîýôôèöèåíò èñïîëüçîâà-
íèÿ ýíåðãèè âåòðà äëÿ ðàññìîòðåííîãî âåòðî-
ãåíåðàòîðà ñîñòàâëÿåò  = 0,12…0,13. 

Èñïîëüçîâàííûå ìåòåîðîëîãè÷åñêèå ñâåäå-
íèÿ î ñêîðîñòè âåòðà è õàðàêòåðèñòèêà âåòðî-
ãåíåðàòîðà, àïïðîêñèìèðîâàííàÿ ïîëèíîìè-
íàëüíîé çàâèñèìîñòüþ, ïîçâîëèëè ïðîèçâåñòè 
ðàñ÷åò âîçìîæíîé ôàêòè÷åñêîé ýíåðãîãåíåðà-
öèè çà 2019 ã. ïî ôîðìóëå:

 
1

( ) 3
n

i
i

W p c


 Ô ,

ãäå n = 1204 – êîëè÷åñòâî òðåõ÷àñîâûõ èíòåð-
âàëîâ, íà ïðîòÿæåíèå êîòîðûõ ñêîðîñòü âåòðà 
ñ÷èòàëàñü ïîñòîÿííîé è ðàâíîé çàðåãèñòðèðî-
âàííîé; p(c

i
) – ìîùíîñòü ýëåêòðîãåíåðàòîðà 

ïðè çàðåãèñòðèðîâàííîé ñêîðîñòè âåòðà, êÂò·÷.
Êîëè÷åñòâî ôàêòè÷åñêîé ïðîèçâåäåííîé 

ýëåêòðîýíåðãèè ñîñòàâèëî áû  W
Ô
 = 638,6 êÂò·÷. 

Ïîòåíöèàëüíàÿ âûðàáîòêà ýëåêòðîýíåðãèè 
ñ ïîëíîé çàãðóçêîé óñòàíîâëåííîé ìîùíîñòè 
çà òî æå êîëè÷åñòâî òðåõ÷àñîâûõ èíòåðâàëîâ 
íàõîäèòñÿ ïî ôîðìóëå:

W
Ï
 = N · 24 · n,

ãäå n  = 365 – êîëè÷åñòâî äíåé â 2019 ãîäó.

Ìàêñèìàëüíîå êîëè÷åñòâî ïðîèçâåäåííîé çà 
ãîä ýëåêòðîýíåðãèè ñîñòàâëÿåò W

Ï
 = 8760 êÂò·÷.

Çíàÿ ôàêòè÷åñêèå è ïîòåíöèàëüíî âîçìîæ-
íûå îáúåìû ýëåêòðîýíåðãèè, ðàññ÷èòàëè êîýô-
ôèöèåíò èñïîëüçîâàíèÿ óñòàíîâëåííîé ìîù-
íîñòè (ÊÈÓÌ) ïî ôîðìóëå:

WK
W

 Ô
È

Ï

.

ÊÈÓÌ ñîñòàâèë K
È
 = 0,07 (7 %).

Êîýôôèöèåíò èñïîëüçîâàíèÿ óñòàíîâëåí-
íîé ìîùíîñòè â ðàññìîòðåííîì ñëó÷àå êðàéíå 
íèçîê.

Âûâîäû
Ïðèíèìàÿ ñòîèìîñòü ýëåêòðè÷åñêîé ýíåð-

ãèè 5 ðóá./(êÂò·÷) [11], ñðîê îêóïàåìîñòè âå-
òðîãåíåðàòîðà, äàæå áåç ó÷åòà çàòðàò íà åãî 
óñòàíîâêó, âñïîìîãàòåëüíîå îáîðóäîâàíèå 
(àêêóìóëÿòîðíóþ óñòàíîâêó, ñèñòåìó ðåãóëè-
ðîâàíèÿ è àâòîìàòèêè è ò.ï.) è òåõíè÷åñêîå îá-
ñëóæèâàíèå, ìîæíî îöåíèòü â 30 ëåò, ÷òî çíà-
÷èòåëüíî áîëüøå åãî ñðîêà ñëóæáû. Óñòàíîâêà 
òàêîãî âåòðîãåíåðàòîðà â ðàññìîòðåííûõ óñëî-
âèÿõ îïðàâäàíà òîëüêî â ñëó÷àå îñòðîé íåîá-
õîäèìîñòè, ïðè ïîëíîé íåäîñòóïíîñòè äðóãèõ 
èñòî÷íèêîâ ýëåêòðîýíåðãèè. 

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî óâåëè÷åíèå 
åäèíè÷íîé ìîùíîñòè âåòðîãåíåðàòîðà íåçíà-
÷èòåëüíî óëó÷øàåò åãî òåõíèêî-ýêîíîìè÷å-
ñêèå õàðàêòåðèñòèêè â çàäàííûõ óñëîâèÿõ.

Ó÷èòûâàÿ áîëüøîé ñðîê îêóïàåìîñòè âå-
òðîãåíåðàòîðà è îòíîñèòåëüíóþ äîñòóïíîñòü 
öåíòðàëèçîâàííûõ ýëåêòðîñåòåé â ðàññìî-
òðåííîì ðåãèîíå, ìîæíî ñäåëàòü ïðåäâàðè-
òåëüíûé âûâîä îá îòñóòñòâèè ýêîíîìè÷åñêîé 
öåëåñîîáðàçíîñòè ýêñïëóàòàöèè ìàëîìîù-
íîñòíûõ ÂÝÑ â óñëîâèÿõ öåíòðà Åâðîïåéñêîé 
÷àñòè Ðîññèè. 

Ðèñ. 2. Õàðàêòåðèñòèêà âåòðîãåíåðàòîðà 48Â1/1,5 êÂò LOW WIND
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Nowadays, the world is actively developing alternative energy based on solar energy and wind energy. 
The reason for this is the obvious signs of global warming, probably caused by the emissions of green-
house gases - products of combustion of fossil fuels. The production of electrical energy at solar and 
wind power plants, unlike traditional thermal power plants, does not lead to the emission of greenhouse 
gases into the atmosphere. This article examines the potential of wind power plants in the central zone 
of the European part of Russia, using the example of the Kaluga region. The open climatic data METAR 
of the meteorological station of the Kaluga International Aerodrome named after Konstantin E. Tsiolk-
ovsky (KLF) was used when writing the paper. Authors used data on the average wind speed for three-
hour intervals over one year. An analysis of the wind speed was carried out and a graph of the probability 
of observing one or another wind speed was built. The graph showed that the average wind speed in the 
Kaluga region is about 2 ... 4 m/s. The calculation of the generation of electrical energy by a serial 
low-power wind generator was made, the coefficient of utilization of the installed capacity of the ICUM = 
7% was determined. It has been established that the Kaluga region has a low wind energy potential. It is 
possible to obtain electricity from wind in the Kaluga Region, but calculations shown that the payback 
period for such power plants under these conditions, even without taking into account the costs of instal-
lation, auxiliary equipment and maintenance of the wind generator, is about 30 years. As a result of the 
study, it was concluded that there is no economic feasibility of operating low-power wind power plants in 
the central zone of the European part of Russia.
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