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Èññëåäóþòñÿ ñåçîííûå èçìåíåíèÿ âûñîòíîãî ðàñïðåäåëåíèÿ ñêîðîñòè âåòðà â ðàéîíå îç. Áàéêàë äëÿ 

Áàéêàëüñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè Èíñòèòóòà ñîëíå÷íî-çåìíîé ôèçèêè ÑÎ ÐÀÍ â ñâÿçè ñ çàäà÷åé 

ðàçðàáîòêè àäàïòèâíîé îïòè÷åñêîé ñèñòåìû Áîëüøîãî ñîëíå÷íîãî âàêóóìíîãî òåëåñêîïà. Ïðîàíàëèçèðîâàíû 

äàííûå ðåàíàëèçà NCEP/NCAR ñ 1948 ïî 2016 ã. Ðàññ÷èòàíû ñðåäíèå è ìåäèàííûå çíà÷åíèÿ, ïåðâûé è òðå-
òèé êâàðòèëè ïðîôèëåé ñêîðîñòè âåòðà äî âûñîòû 32,5 êì äëÿ êàæäîãî ìåñÿöà. Âîññòàíîâëåí ñåçîííûé õîä 
âûñîòû òðîïîïàóçû. Ïðåäëîæåíà ìîäåëü ïðîôèëÿ ñêîðîñòè âåòðà, îñîáåííîñòüþ êîòîðîé ÿâëÿåòñÿ ó÷åò ñêî-
ðîñòè âåòðà íà óðîâíå 200 ãÏà êàê àñòðîêëèìàòè÷åñêîãî ïîêàçàòåëÿ êà÷åñòâà èçîáðàæåíèé. 

 

Êëþ÷åâûå ñëîâà: àñòðîêëèìàò, ñêîðîñòü âåòðà, àäàïòèâíàÿ îïòèêà; astroclimate, wind speed, adaptive optics. 

 

Ââåäåíèå 
 

Çíàíèå âåðòèêàëüíîãî ðàñïðåäåëåíèÿ ñêîðîñòè 
âåòðà ÿâëÿåòñÿ âàæíûì äëÿ ñîçäàíèÿ ýôôåêòèâíûõ 
àäàïòèâíûõ îïòè÷åñêèõ ñèñòåì àñòðîíîìè÷åñêèõ òå- 
ëåñêîïîâ. Ãðàäèåíò ñêîðîñòè âåòðà ñïîñîáñòâóåò ôîð- 
ìèðîâàíèþ òóðáóëåíòíîñòè â àòìîñôåðå, à ïðèçåìíûé 

âåòåð ìîæåò ïðèâîäèòü ê âèáðàöèÿì êîíñòðóêöèè òå- 
ëåñêîïà è, êàê ñëåäñòâèå, ê äðîæàíèþ èçîáðàæåíèÿ. 
Âûñîòíûé ïðîôèëü ñêîðîñòè âåòðà îïðåäåëÿåò òðå-
áîâàíèÿ ê ðàáî÷åé ïîëîñå ÷àñòîò àäàïòèâíûõ îïòè-
÷åñêèõ ñèñòåì ÷åðåç òàêèå ïàðàìåòðû, êàê âðåìÿ êî-
ãåðåíòíîñòè èëè ÷àñòîòà Ãðèíâóäà [1]. Íà ñåãîäíÿø-
íèé äåíü áîëüøîå âíèìàíèå óäåëÿåòñÿ ðàçðàáîòêå 
ìåòîäîâ ïðîãíîñòè÷åñêîé àäàïòèâíîé îïòè÷åñêîé êîð- 
ðåêöèè àòìîñôåðíûõ ôëóêòóàöèé ñ èñïîëüçîâàíèåì 
èíôîðìàöèè î ñêîðîñòè âåòðà äëÿ êîìïåíñàöèè âðå-
ìåííîé çàäåðæêè ñèñòåì àäàïòèâíîé îïòèêè [2, 3]. 
  Àðõèâíûå äàííûå ðåàíàëèçîâ ïðèìåíÿþòñÿ  

â èññëåäîâàíèÿõ âûñîòíîãî ðàñïðåäåëåíèÿ ñêîðîñòè 
âåòðà âî âñåõ êðóïíûõ çàðóáåæíûõ àñòðîíîìè÷åñêèõ 
îáñåðâàòîðèÿõ [4–14]. Â [8, 9] áûëî ïðåäëîæåíî 
èñïîëüçîâàòü çíà÷åíèå ñêîðîñòè âåòðà íà óðîâíå 
200 ãÏà (V200) â êà÷åñòâå ïàðàìåòðà äëÿ îöåíêè ïðè- 
ìåíèìîñòè ñèñòåì àäàïòèâíîé îïòèêè. Êîððåëÿöèÿ  
 

____________  

* Ëèäèÿ Àäîëüôîâíà Áîëüáàñîâà (sla@iao.ru); Âëà-
äèìèð Ïåòðîâè÷ Ëóêèí (lukin@iao.ru); Ïàâåë Ãàâðèëîâè÷ 
Êîâàäëî (kovadlo2006@rambler.ru); Àðòåì Þðüåâè÷ Øè-
õîâöåâ (artempochta2009@rambler.ru). 

ýòîé âåëè÷èíû ñ àñòðîíîìè÷åñêèì êà÷åñòâîì èçî-
áðàæåíèÿ áûëà óñòàíîâëåíà òàêæå ñ èñïîëüçîâàíèåì 
äàííûõ àðõèâîâ ðåàíàëèçîâ äëÿ ðÿäà êðóïíûõ àñ-
òðîíîìè÷åñêèõ îáñåðâàòîðèé [8–14]. 

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû 
èññëåäîâàíèÿ ñåçîííûõ èçìåíåíèé âûñîòíîãî ðàñïðå- 
äåëåíèÿ ñêîðîñòè âåòðà, âêëþ÷àÿ V200, ïî äàííûì 
ðåàíàëèçà NCEP/NCAR íàä Áàéêàëüñêîé àñòðîôè-
çè÷åñêîé îáñåðâàòîðèé (ÁÀÎ) Èíñòèòóòà ñîëíå÷íî-
çåìíîé ôèçèêè (ÈÑÇÔ) ÑÎ ÐÀÍ. Ýòè èññëåäîâà-
íèÿ èìåþò íåïîñðåäñòâåííîå ïðèêëàäíîå çíà÷åíèå  

â ñâÿçè ñ çàäà÷åé ðàçðàáîòêè àäàïòèâíîé îïòè÷åñêîé 

ñèñòåìû äëÿ Áîëüøîãî ñîëíå÷íîãî âàêóóìíîãî òåëå-
ñêîïà (ÁÑÂÒ) ñ ðàçìåðîì àïåðòóðû 1 ì, ÿâëÿþùåãî-
ñÿ ãëàâíûì èíñòðóìåíòîì ÁÀÎ. 

 

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ 
 
Â ðàáîòå èñïîëüçîâàëèñü äîñòóïíûå äàííûå àð-

õèâà áàçû ðåàíàëèçà NCEP/NCAR. Ýòî ñîâìåñòíûé 
ïðîåêò NCEP (National Centers for Environmental 
Prediction – Íàöèîíàëüíûé ìåòåîðîëîãè÷åñêèé öåíòð 
ÑØÀ) è NCAR (National Center for Atmospheric 
Research – Íàöèîíàëüíûé öåíòð ÑØÀ èññëåäîâàíèÿ 

àòìîñôåðû), îáîçíà÷åííûé êàê Reanalysis Project – 
«Ïîâòîðíûé àíàëèç», ïî ñîçäàíèþ àðõèâîâ ãëî-
áàëüíûõ àòìîñôåðíûõ ïîëåé â ïîääåðæêó ïîòðåá-
íîñòåé â èññëåäîâàíèè è òåêóùåãî êîíòðîëÿ êëèìà-
òà [15]. Áàçà âêëþ÷àåò ðåçóëüòàòû àññèìèëÿöèè 
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ðàäèîçîíäîâûõ, ñàìîëåòíûõ, ñïóòíèêîâûõ è äðóãèõ 
äàííûõ â óçëàõ ðåãóëÿðíîé ñåòêè 2,5 × 2,5° ïî çåì-
íîìó øàðó ñ 1948 ã. ïî íàñòîÿùåå âðåìÿ. Â àðõèâå 

áàçû ðåàíàëèçà NCEP/NCAR äîñòóïíû äàííûå  

î ñîñòàâëÿþùèõ ñêîðîñòè âåòðà äëÿ îñíîâíûõ èçî-
áàðè÷åñêèõ ïîâåðõíîñòåé â àòìîñôåðå ÷åðåç êàæäûå 
6 ÷ íà 17 óðîâíÿõ äàâëåíèÿ: 1000, 925, 850, 700, 
600, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 
10 ãÏà. 

Áàéêàëüñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ 
ÈÑÇÔ ÑÎ ÐÀÍ ðàñïîëîæåíà íà áåðåãó îç. Áàéêàë 
(51°50′ ñ.ø., 104°55′ â.ä.) [16]. Ïðè óñðåäíåíèè  

èñïîëüçîâàëèñü äàííûå ÷åòûðåõ áëèæàéøèõ óçëîâ 

ñåòêè ñ êîîðäèíàòàìè 50°00′ ñ.ø., 102°50′ â.ä.; 
50°00′ ñ.ø., 105°00′ â.ä.; 52°50′ ñ.ø., 102°50′ â.ä.; 
52°50′ ñ.ø., 105°00′ â.ä. Óñðåäíåíèå âûïîëíÿëîñü çà 
ñóòêè, à çàòåì ìåñÿö, òàêèì îáðàçîì áûëî ïîëó÷åíî 
ñâûøå 10 òûñ. çíà÷åíèé. 

 

Ñåçîííûå âàðèàöèè âûñîòíîãî 
ðàñïðåäåëåíèÿ ñêîðîñòè âåòðà 

 

Âûñîòíûé ïðîôèëü ñêîðîñòè âåòðà îïðåäåëÿåò 
òðåáîâàíèÿ ê âðåìåííû′ ì õàðàêòåðèñòèêàì àäàïòèâ-
íîé îïòè÷åñêîé ñèñòåìû àñòðîíîìè÷åñêîãî òåëåñêî-
ïà ÷åðåç âðåìÿ êîãåðåíòíîñòè àòìîñôåðû èëè ÷àñ-
òîòó Ãðèíâóäà [1] ñëåäóþùèì îáðàçîì: 
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çàâèñèìîñòü ñòðóêòóðíîé õàðàêòåðèñòèêè ïîêàçàòåëÿ 
ïðåëîìëåíèÿ; Vwind(h) – âûñîòíûé ïðîôèëü ñêîðî-
ñòè âåòðà. Âåòåð âëèÿåò íà äâà ïàðàìåòðà: èíòåíñèâ-
íîñòü è âðåìåííó′þ ÷àñòîòó ôëóêòóàöèé âîëíîâîãî 

ôðîíòà. Èíòåíñèâíîñòü òóðáóëåíòíîñòè, õàðàêòåðè-
çóåìàÿ ïðîôèëåì 

2( ),
n

Ñ h  çàâèñèò îò ýíåðãèè ïðîöåññà 
è óâåëè÷èâàåòñÿ ñî ñêîðîñòüþ âåòðà. Âðåìåííà′ÿ ïî-
ëîñà ïðîïóñêàíèÿ âîëíîâîãî ôðîíòà ëèíåéíî âîç-
ðàñòàåò ñ óâåëè÷åíèåì ñêîðîñòè âåòðà. 

Íà ðèñ. 1 ïðåäñòàâëåíû âûñîòíûå ïðîôèëè ñêî-
ðîñòè âåòðà äëÿ êàæäîãî ìåñÿöà, óñðåäíåííûå çà ïå-
ðèîä ñ 1996 ïî 2016 ã. Âåòðîâîé ðåæèì íàä ÁÀÎ 

ôîðìèðóåòñÿ ïîä âîçäåéñòâèåì øèðîòíîé öèðêóëÿ-
öèè è ìåñòíûõ ôèçèêî-ãåîãðàôè÷åñêèõ óñëîâèé. Èõ 

ñïåöèôèêà îáóñëîâëåíà ìåñòíûìè ñâîéñòâàìè öèð-
êóëÿöèè àòìîñôåðû, ôîðìèðóþùåéñÿ ïîä âëèÿíèåì 
àêâàòîðèè Áàéêàëà è ãîðíîé ñèñòåìû. Äàííûå ðèñ. 1 
óêàçûâàþò íà ñåçîííîñòü âåðòèêàëüíîãî ðàñïðåäåëå-
íèÿ ñêîðîñòè âåòðà íàä ÁÀÎ. Íàèáîëåå ñëàáûå âåòðà 
õàðàêòåðíû äëÿ ëåòíèõ ìåñÿöåâ, à íàèáîëåå ñèëü-
íûå – äëÿ çèìû íà âñåõ ðàññìàòðèâàåìûõ âûñîòàõ. 
Âåðòèêàëüíûå ðàñïðåäåëåíèÿ ñêîðîñòè âåòðà äî âû-
ñîòû 10 êì èìåþò ïîäîáíûé õîä ñ ñåíòÿáðÿ ïî ìàé. 
Ïðè ýòîì äëÿ ëåòíèõ ìåñÿöåâ ñêîðîñòü âåòðà íà ýòèõ 
âûñîòàõ ñóùåñòâåííî ìåíüøå. Âûøå 10 êì ìîæíî 
âûäåëèòü íåñêîëüêî òèïîâ âûñîòíîé çàâèñèìîñòè: 
çèìíèé ïåðèîä (ñ íîÿáðÿ ïî ôåâðàëü), òåïëûé  

(ñ ìàÿ ïî àâãóñò), à òàêæå çàâèñèìîñòè, õàðàêòåð-
íûå äëÿ ìàðòà è îêòÿáðÿ, äëÿ àïðåëÿ è ñåíòÿáðÿ. 
  Ðèñ. 2 ïîêàçûâàåò ñòàòèñòèêó ñêîðîñòè âåòðà ïî 
âûñîòàì äëÿ êàæäîãî ìåñÿöà îòäåëüíî çà âåñü äîñ-
òóïíûé ïåðèîä ñ 1948 ïî 2016 ã. Ýòî ðàññ÷èòàííûå 
ìåäèàííûå çíà÷åíèÿ (âòîðîé êâàðòèëü), íèæíèé 
êâàðòèëü ñîîòâåòñòâóåò 25-ìó êâàíòèëþ, à âåðõíèé – 
75-ìó. Îòìåòèì, ÷òî èíòåðêâàðòèëüíûé ðàçìàõ ÿâ-
ëÿåòñÿ õàðàêòåðèñòèêîé ðàçáðîñà ðàñïðåäåëåíèÿ 
 

 

 
Ðèñ. 1. Ñðåäíèå ïðîôèëè ñêîðîñòè âåòðà äëÿ êàæäîãî ìåñÿöà, ðàññ÷èòàííûå ïî äàííûì ðåàíàëèçà NCEP/NCAR 
  ñ 1996 ïî 2016 ã. 
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Ðèñ. 2. Ìåäèàííûå çíà÷åíèÿ ñêîðîñòè âåòðà (ñïëîøíûå êðèâûå), ïåðâûé è òðåòèé êâàðòèëè (ïóíêòèðíûå êðèâûå) 
  äëÿ êàæäîãî ìåñÿöà, ðàññ÷èòàííûå ïî äàííûì ðåàíàëèçà NCEP/NCAR ñ 1948 ïî 2016 ã. 

 
 

âåëè÷èíû è àíàëîãîì äèñïåðñèè. Âìåñòå ìåäèàíà  
è èíòåðêâàðòèëüíûé ðàçìàõ ìîãóò áûòü èñïîëüçî-
âàíû âìåñòî ìàòåìàòè÷åñêîãî îæèäàíèÿ è äèñïåðñèè 
â ñëó÷àå ðàñïðåäåëåíèé ñ áîëüøèìè âûáðîñàìè ëè-
áî ïðè íåâîçìîæíîñòè âû÷èñëåíèÿ ïîñëåäíèõ [17]. 
  Àíàëèç äàííûõ ðèñ. 2 ïîêàçûâàåò, ÷òî äëÿ çèì-
íèõ ìåñÿöåâ èíòåðêâàðòèëüíûé ðàçìàõ íàèáîëüøèé 

è îí óâåëè÷èâàåòñÿ ñ âûñîòîé. Äëÿ ëåòíèõ ìåñÿöåâ 

åãî âåëè÷èíà, íàîáîðîò, óìåíüøàåòñÿ ñ âûñîò ∼ 15 êì. 

Âûñîòíàÿ çàâèñèìîñòü ñêîðîñòè âåòðà èìååò ïîäîá-
íûé õîä äëÿ çèìíåãî âðåìåíè ãîäà, ëåòíåãî, à òàêæå 
â àïðåëå, ìàå è ñåíòÿáðå. Ìåñÿö ñ ñàìîé áîëüøîé 
ñêîðîñòüþ âåòðà – íîÿáðü, à ñàìàÿ íèçêàÿ ñêîðîñòü 
âåòðà íàáëþäàåòñÿ â èþíå è èþëå. 

Òàêèì îáðàçîì, ñ ó÷åòîì âåòðîâîãî ðåæèìà ÁÀÎ 
íàèáîëåå áëàãîïðèÿòíûìè ìåñÿöàìè äëÿ ôóíêöèî-
íèðîâàíèÿ ñèñòåìû àäàïòèâíîé îïòèêè ÿâëÿåòñÿ òå-
ïëûé ïåðèîä, îñîáåííî èþíü è èþëü. Ñóùåñòâåííîå 
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óâåëè÷åíèå ïîëîñû ÷àñòîò àäàïòèâíîé îïòè÷åñêîé 
ñèñòåìû òåëåñêîïà ìîæåò ïîòðåáîâàòüñÿ â çèìíèé 

ñåçîí, à çíà÷èò, òðåáîâàíèÿ ê áûñòðîäåéñòâèþ ýëå-
ìåíòîâ àäàïòèâíîé îïòèêè è ñèñòåìû â öåëîì ìîãóò 
ñòàòü òðóäíîäîñòèæèìûìè. 

Êàê âèäíî èç ðèñ. 1 è 2, ïðîôèëè ñêîðîñòè 
âåòðà èìåþò ìàêñèìóì íà óðîâíå ñòðóéíîãî ïîòîêà 
(200 ãÏà). Â ðåçóëüòàòå ìîãóò ïîÿâëÿòüñÿ ñëîè òóð-
áóëåíòíîñòè íà âûñîòàõ 9–12 êì. Íàèáîëåå ýôôåê-
òèâíàÿ êîððåêöèÿ èñêàæåíèé îïòè÷åñêîãî èçëó÷åíèÿ, 
âûçûâàåìûõ ïîäîáíûìè ñëîÿìè, âîçìîæíà ñ ïîìî-
ùüþ ìíîãîñîïðÿæåííîé ñèñòåìû àäàïòèâíîé îïòè- 
êè, èñïîëüçóþùåé íåñêîëüêî äåôîðìèðóåìûõ çåðêàë 
è äàò÷èêîâ âîëíîâîãî ôðîíòà. Äîêàçàòåëüñòâà ìíî-
ãîñëîéíîé ñòðóêòóðû òóðáóëåíòíîñòè, ñîçäàâàåìîé 
ñäâèãîì âåòðà íà âûñîòàõ 10 êì, ìîæíî íàéòè â [18]. 
Òîëùèíà òóðáóëåíòíûõ ñëîåâ, ïî îöåíêàì àâòî- 
ðîâ [18], ñîñòàâëÿåò ïîðÿäêà 2,5 êì. 

Èíòåðåñíû ïîâåäåíèå âûñîòíîãî ïðîôèëÿ ñêî-
ðîñòè âåòðà â çèìíèé ïåðèîä íàä ÁÀÎ, êîãäà îò-
ñóòñòâóåò ÿâíûé ìàêñèìóì, è óâåëè÷åíèå ñêîðîñòè 
âåòðà ñ óðîâíÿ 180 ìáàð (âûñîòà 12 êì íàä óð. ì.). 
Ïðè ýòîì âåëè÷èíó ñêîðîñòè âåòðà íà óðîâíå 
200 ãÏà V200 áûëî ïðåäëîæåíî èñïîëüçîâàòü êàê 
àñòðîêëèìàòè÷åñêèé ïàðàìåòð äëÿ îöåíêè ïðèìåíè-
ìîñòè ñèñòåì àäàïòèâíîé îïòèêè â ñâÿçè ñ îáíàðó-
æåííîé êîððåëÿöèåé ñ àñòðîíîìè÷åñêèì êà÷åñòâîì 
èçîáðàæåíèÿ äëÿ êðóïíûõ àñòðîíîìè÷åñêèõ îáñåð-
âàòîðèé [5, 7, 8]. 

Â íàøåé ðàáîòå âïåðâûå ïðîàíàëèçèðîâàíû 

äàííûå î V200 äëÿ ÁÀÎ êàê àñòðîêëèìàòè÷åñêîì 
ïàðàìåòðå. Ïîýòîìó â ïåðâóþ î÷åðåäü âûïîëíåíî 

ñðàâíåíèå ñ ñåçîííûì õîäîì àñòðîíîìè÷åñêîãî êà÷å-
ñòâà èçîáðàæåíèÿ. Òðàäèöèîííî â àñòðîíîìè÷åñêèõ 
íàáëþäåíèÿõ äëÿ îöåíêè êà÷åñòâà èçîáðàæåíèÿ 
èñïîëüçóåòñÿ áåçðàçìåðíûé ïàðàìåòð FWHM (Full 
Width at Half Maximum) – øèðèíà ôóíêöèè ðàç-
ìûòèÿ òî÷êè íà ïîëîâèíå ìàêñèìóìà â óãëîâûõ 
ñåêóíäàõ, îïðåäåëÿåìûé ïðèáëèæåííîé ôîðìóëîé 
 

 
0

FWHM 0,98 ,
r

λ
≈  (2) 

ãäå r0 – ïàðàìåòð Ôðèäà. 
Íà ðèñ. 3 ïðåäñòàâëåíû V200 è FWHM (2) íà 

îñíîâå èçìåðåíèé ïàðàìåòðà Ôðèäà äàò÷èêîì âîë-
íîâîãî ôðîíòà Øýêà–Ãàðòìàíà àäàïòèâíîé îïòè÷å-
ñêîé ñèñòåìû ÁÑÂÒ ÁÀÎ [19]. Èõ ñðàâíåíèå ñâèäå-
òåëüñòâóåò î ñâÿçè àñòðîíîìè÷åñêîãî êà÷åñòâà èçîáðà- 
æåíèÿ è ñêîðîñòè âåòðà íà óðîâíå 200 ãÏà, à çíà÷èò, 
ïîçâîëÿåò èñïîëüçîâàòü ýòó âåëè÷èíó êàê àñòðîêëè- 
ìàòè÷åñêèé ïîêàçàòåëü êà÷åñòâà èçîáðàæåíèé äëÿ  

ÁÀÎ. Îòìåòèì, ÷òî ëåòî è îñåíü õàðàêòåðèçóþòñÿ 
íàèëó÷øèì êà÷åñòâîì èçîáðàæåíèÿ. 

 

Ðèñ. 3. Ñåçîííûé õîä ñêîðîñòè âåòðà íà óðîâíå 200 ãÏà 
ïî äàííûì ðåàíàëèçà NCEP/NCAR è àñòðîíîìè÷åñêîãî 
êà÷åñòâà èçîáðàæåíèÿ, ðàññ÷èòàííîãî èç èçìåðåíèé ïàðà-
ìåòðà Ôðèäà äàò÷èêîì âîëíîâîãî ôðîíòà Øýêà–Ãàðòìàíà 
  àäàïòèâíîé îïòè÷åñêîé ñèñòåìû ÁÑÂÒ èç [19] 

 

Â òàáëèöå ñóììèðóþòñÿ ñòàòèñòè÷åñêèå äàííûå: 
ñðåäíåå è ìåäèàííîå çíà÷åíèÿ, ñðåäíåêâàäðàòè÷å-
ñêîå îòêëîíåíèå (ÑÊÎ) ñêîðîñòè âåòðà íà óðîâíå 
200 ãÏà. 

Àíàëèç ñòàòèñòè÷åñêèõ äàííûõ ïîêàçûâàåò, ÷òî 
íàèáîëåå ñèëüíûå âåòðà íà óðîâíå 200 ãÏà ïîÿâëÿ-
þòñÿ çèìîé, íàèáîëåå ñëàáûå – ëåòîì. Ñ îêòÿáðÿ  
ïî àïðåëü ñðåäíèå çíà÷åíèÿ ñêîðîñòè âåòðà ëåæàò  

â äèàïàçîíå 19– 21 ì/ñ. Åå óìåíüøåíèå íà÷èíàåòñÿ  

â ìàå è ïðîäîëæàåòñÿ äî èþëÿ, ñ àâãóñòà ñêîðîñòü 
óâåëè÷èâàåòñÿ. Ìèíèìàëüíûå ñðåäíèå çíà÷åíèÿ 
íàáëþäàþòñÿ ëåòîì (0–12 ì/ñ), à ìàêñèìàëüíûå – 
çèìîé (â ñðåäíåì íå áîëüøå 25 ì/ñ). Ìåñÿö ñ íàè-
ìåíüøèìè çíà÷åíèÿìè V200 – èþëü (10 ì/ñ), ñàìàÿ 

áîëüøàÿ ñêîðîñòü âåòðà íàáëþäàåòñÿ â íîÿáðå 
(22 ì/ñ). Ïðè ýòîì âåëè÷èíû ñêîðîñòè âåòðà íà 

óðîâíå 200 ãÏà äëÿ âñåõ ñåçîíîâ ñóùåñòâåííî íèæå 
èçâåñòíûõ äàííûõ ìèðîâûõ àñòðîíîìè÷åñêèõ îá-
ñåðâàòîðèé [10]. Ãèñòîãðàììà ðàñïðåäåëåíèÿ ñêîðî-
ñòè âåòðà íà óðîâíå 200 ãÏà, ðàññ÷èòàííàÿ ïî äàí-
íûì ðåàíàëèçà NCEP/NCAR çà 1948–2016 ãã. äëÿ 
ÁÀÎ, ïðåäñòàâëåíà íà ðèñ. 4. 

Ìîæíî îáíàðóæèòü áèìîäàëüíîå ðàñïðåäåëå-
íèå, ñâèäåòåëüñòâóþùåå î äâóõ ðåæèìàõ ñ ìàêñèìó-
ìàìè 12 è 22 ì/ñ, âåðîÿòíî, ñîîòâåòñòâóþùèõ çèì-
íåìó è ëåòíåìó ñåçîíàì. 

Ñêîðîñòü âåòðà íà ýòîé âûñîòå ÷àñòî ñâÿçûâà-
þò cî còðóéíûì òå÷åíèåì, îïðåäåëÿåìûì êàê óçêàÿ 
çîíà ñèëüíîãî âåòðà â âåðõíåé òðîïîñôåðå, îãðà- 
íè÷åííàÿ ñâåðõó òðîïîïàóçîé. Âûñîòà òðîïîïàóçû 
íàä ÁÀÎ áûëà îöåíåíà ïî äàííûì ðåàíàëèçà 
NCEP/NCAR (ðèñ. 5). Ïîëó÷åííûå çíà÷åíèÿ ïîä-
òâåðæäàþò ñåçîííûå èçìåíåíèÿ âûñîòû òðîïîïàóçû 
 

 
Ñòàòèñòèêà ñêîðîñòè âåòðà íà óðîâíå 200 ãÏà ïî äàííûì ðåàíàëèçà NCEP/NCAR  

â 1948–2016 ã. íàä ÁÀÎ 

Ìåñÿö 
Ïàðàìåòð, ì/ñ 

I II III IV V VI VII VIII IX X XI XII 

Ñðåäíåå çíà÷åíèå 19,49 19,33 20,13 19,92 17,39 11,77 10,82 13,98 16,18 19,52 21,41 20,48

Ìåäèàííîå çíà÷åíèå 19,86 19,59 20,21 19,78 17,44 11,38 10,54 13,46 16,48 19,63 21,36 20,61

ÑÊÎ 3,88 3,90 3,49 4,17 3,95 3,98 4,29 5,11 4,08 4,07 3,65 3,17 
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Ðèñ. 4. Ðàñïðåäåëåíèå ñêîðîñòè âåòðà íà óðîâíå 200 ãÏà, 
ðàññ÷èòàííîå ïî äàííûì ðåàíàëèçà NCEP/NCAR ñ 1948 
  ïî 2016 ã. 

 

 
Ðèñ. 5. Âûñîòà òðîïîïàóçû íàä ÁÀÎ ïî äàííûì ðåàíàëèçà 
  NCEP/NCAR 

 
íàä ÁÀÎ. Ñàìàÿ íèçêàÿ òðîïîïàóçà íàáëþäàåòñÿ 
çèìîé, ñàìàÿ âûñîêàÿ – ëåòîì, ïðè ýòîì èçìåíåíèå 
V200 èìååò ïðîòèâîïîëîæíóþ òåíäåíöèþ. 

Â öåëîì ðåçóëüòàò àíàëèçà äàííûõ ñêîðîñòè 
âåòðà íà óðîâíå 200 ãÏà ñâèäåòåëüñòâóåò î ïîâûøåí-
íûõ òðåáîâàíèÿõ ê ñèñòåìå àäàïòèâíîé îïòèêè â çèì- 
íèé ïåðèîä. 

 

Ìîäåëü âûñîòíîé çàâèñèìîñòè 
ñêîðîñòè âåòðà íàä ÁÀÎ 

 

Ïðè ðàçðàáîòêå ñèñòåì àäàïòèâíîé îïòèêè íà 

íà÷àëüíîé ñòàäèè ïðîåêòèðîâàíèÿ íåîáõîäèìî èñ-
ïîëüçîâàòü ìîäåëüíûå çàâèñèìîñòè ïðîôèëÿ òóðáó-
ëåíòíîñòè è ñêîðîñòè âåòðà. Ñëåäóÿ ðàáîòå [20], 
äëÿ ñðåäíåãî ïðîôèëÿ ñêîðîñòè âåòðà ìû ïðèìåíèëè 

ìîäåëü Ãðèíâóäà – ìîäåëü ñ ãàóññîâûì ðàñïðåäå-
ëåíèåì è ïèêîâîé ñêîðîñòüþ âåòðà âáëèçè òðîïî-
ïàóçû: 
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ãäå Vwind(h) – âûñîòíûé ïðîôèëü ñêîðîñòè âåòðà; 
vground – çíà÷åíèÿ ñêîðîñòè âåòðà ó ïîâåðõíîñòè 
çåìëè; vT – çíà÷åíèÿ ñêîðîñòè âåòðà â òðîïîñôåðå 
íà óðîâíå 200 ãÏà; HT – âûñîòà âåðõíåé ãðàíèöû 
òðîïîñôåðû; LT – òîëùèíà òðîïîïàóçû. 

Îòìåòèì, ÷òî øèðîêî èñïîëüçóåìàÿ â àäàïòèâ-
íîé îïòèêå ìîäåëü Áàôòîíà ÿâëÿåòñÿ åå ÷àñòíûì 
ñëó÷àåì: 
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 (4) 

Èñïîëüçóÿ ÷èñëîâûå äàííûå äëÿ òåïëîãî ñåçî-
íà, ïðåäñòàâëåííûå âûøå, è äàííûå ïðèçåìíûõ 
èçìåðåíèé (ðèñ. 6), ïîëó÷èì ñëåäóþùåå âûðàæåíèå: 

 

2
2

2
wind

2

( 11450)
( ) 1,1 10,45exp .

6465
V

⎡ ⎤⎧ ⎫ξ −⎪ ⎪
ξ = + −⎢ ⎥⎨ ⎬

⎪ ⎪⎢ ⎥⎩ ⎭⎣ ⎦
 (5) 

 

 

Ðèñ. 6. Ðàñïðåäåëåíèå ïðèçåìíîé ñêîðîñòè âåòðà ïî äàí-
íûì ïðèçåìíûõ èçìåðåíèé âáëèçè ÁÑÂÒ ÁÀÎ ñ ïîìîùüþ 
  óëüòðàçâóêîâîé ìåòåîñòàíöèè 

 

Äàííûå ïðèçåìíûõ èçìåðåíèé ñêîðîñòè âåòðà, 
ïðåäñòàâëåííûå íà ðèñ. 6, áûëè ïîëó÷åíû âáëèçè 

ÁÑÂÒ ÁÀÎ â òåïëûé ïåðèîä ñ ïîìîùüþ àâòîìàòè-
çèðîâàííîãî óëüòðàçâóêîâîãî ìåòåîðîëîãè÷åñêîãî 

êîìïëåêñà «Ìåòåî-2» [21]. 
Íà ðèñ. 7 ïîêàçàíû âûñîòíûé ïðîôèëü ñêîðî-

ñòè âåòðà, ðàññ÷èòàííûé ñ èñïîëüçîâàíèåì ïðåäëî-
æåííîé íàìè ìîäåëè (4), è óñðåäíåííûå äëÿ ëåòíå-
ãî ñåçîíà çíà÷åíèÿ ñêîðîñòè âåòðà ïî äàííûì ðåà-
íàëèçà NCEP/NCAR. Âèäíî óäîâëåòâîðèòåëüíîå 
ñîãëàñèå ìåæäó ìîäåëüíûìè äàííûìè è äàííûìè 
NCEP/NCAR. 
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Ðèñ. 7. Ïðîôèëü ñêîðîñòè âåòðà, ðàññ÷èòàííûé ïî ïðåäëî- 
æåííîé ìîäåëè, è äàííûå ðåàíàëèçà NCEP/NCAR (òî÷êè) 
  äëÿ ëåòíåãî ñåçîíà 

 
Ïîä÷åðêíåì, ÷òî ñêîðîñòü âåòðà â âèäå (3)–(4) 

âõîäèò â ìîäåëü ñòðóêòóðíîé õàðàêòåðèñòèêè ïîêàçà-
òåëÿ ïðåëîìëåíèÿ Õàôíàãåëÿ–Âîëëè, êîòîðàÿ, â ñâîþ 

î÷åðåäü, îïðåäåëÿåò ðÿä ïàðàìåòðîâ àäàïòèâíûõ 
îïòè÷åñêèõ ñèñòåì, ðàáîòàþùèõ â àòìîñôåðå. 

 

Çàêëþ÷åíèå 
 

Ïðåäñòàâëåí àíàëèç ñåçîííûõ âàðèàöèé âûñîò-
íîãî ïðîôèëÿ ñêîðîñòè âåòðà äî âûñîò ∼ 31 êì íàä 
Áàéêàëüñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèé ÈÑÇÔ 
ÑÎ ÐÀÍ ïî äàííûì ðåàíàëèçà NCEP/NCAR çà 
1948–2016 ãã. Ïðåäëîæåíà ìîäåëü ïðîôèëÿ ñêîðîñòè 

âåòðà, îñîáåííîñòüþ êîòîðîé ÿâëÿåòñÿ ó÷åò ñêîðî-
ñòè âåòðà íà óðîâíå 200 ãÏà (V200) êàê àñòðîêëè-
ìàòè÷åñêîãî ïîêàçàòåëÿ êà÷åñòâà èçîáðàæåíèé. Âû-
ÿâëåíû ñåçîííûå îñîáåííîñòè â âåðòèêàëüíîì ïðî-
ôèëå ñêîðîñòè âåòðà íàä ÁÀÎ. Íàèáîëåå âûñîêèå 
çíà÷åíèÿ ñêîðîñòè âåòðà íàáëþäàþòñÿ â õîëîäíûé 
ïåðèîä, íàèáîëåå íèçêèå – ëåòîì. Àíàëîãè÷íûå 
èçìåíåíèÿ èìåþò ìåñòî äëÿ àñòðîêëèìàòè÷åñêîãî 
ïàðàìåòðà V200 è ïðîòèâîïîëîæíûå – äëÿ âûñîòû 

òðîïîïàóçû íàä ÁÀÎ. Ìåñÿö ñ íàèìåíüøèìè çíà÷å-
íèÿìè V200 – èþëü (10 ì/ñ), à ñàìàÿ áîëüøàÿ ñêî-
ðîñòü âåòðà íàáëþäàåòñÿ â íîÿáðå (22 ì/ñ). Ïðè 
ýòîì íàèáîëåå ñèëüíûå âåòðà îáû÷íî îáíàðóæèâàþò-
ñÿ ìåæäó 9 è 12 êì, ýòîò ñäâèã âåòðà ìîæåò ñîçäà-
âàòü äîïîëíèòåëüíûé ñëîé òóðáóëåíòíîñòè â îáëàñòè 
òðîïîïàóçû. Ñî÷åòàíèå âûñîêèõ çíà÷åíèé ñêîðîñòè 
âåòðà è èíòåíñèâíîñòè òóðáóëåíòíîñòè â çèìíèé 
ïåðèîä ìîæåò íàëàãàòü ïîâûøåííûå òðåáîâàíèÿ íà 
÷àñòîòó ñèñòåìû àäàïòèâíîé îïòèêè ÁÑÂÒ, ñäåëàâ 
åå ðàáîòó ìåíåå ýôôåêòèâíîé â õîëîäíûé ñåçîí.  

 
Íàèáîëåå áëàãîïðèÿòíûìè ìåñÿöàìè äëÿ ôóíêöèî-
íèðîâàíèÿ ñèñòåìû àäàïòèâíîé îïòèêè ñ ó÷åòîì âåò-
ðîâîãî ðåæèìà ÁÀÎ ÿâëÿþòñÿ èþíü è èþëü è òåïëûé 
ïåðèîä â öåëîì. 
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Seasonal changes in the altitude distribution of wind speed in the lake Baikal region for the Baikal Astro-
physical Observatory of the ISSP SB RAS are studied in connection with the task of developing an adaptive 
optics system of the Large Solar Vacuum Telescope. The data of NCEP/NCAR in the period 1948–2016 are 
analyzed. Average and median values, first and third quartiles of the wind speed profiles to an altitude of 
32.5 km are calculated for each month of the year. The seasonal variations in the tropopause height are ob-
tained from NCEP/NCAR data. A model for the wind speed profile is suggested. A feature of the model is the 
consideration of wind speed at 200 hPa as an indicator of the quality of astronomical images. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


