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ÈÇÌÅÐÅÍÈÅ ÂÅÐÒÈÊÀËÜÍÎÃÎ ÏÐÎÔÈËß ÒÅÌÏÅÐÀÒÓÐÛ ÑÊÐ-ÊÀÍÀËÎÌ  
ÑÒÀÍÖÈÈ ËÀÇÅÐÍÎÃÎ ÇÎÍÄÈÐÎÂÀÍÈß ÀÒÌÎÑÔÅÐÛ 
 
 

Íà îñíîâå ñðàâíåíèÿ èíòåíñèâíîñòåé äâóõ ó÷àñòêîâ ñïåêòðà âðàùàòåëüíûõ ëèíèé ñïîíòàííîãî êîìáèíà-
öèîííîãî ðàññåÿíèÿ (ÑÊÐ) íà ìîëåêóëàõ àçîòà èçìåðåí âåðòèêàëüíûé ïðîôèëü òåìïåðàòóðû äî âûñîòû 
14,5 êì. Äàíà îöåíêà ïîãðåøíîñòè îïðåäåëåíèÿ ïðîôèëÿ òåìïåðàòóðû â çàâèñèìîñòè îò âûñîòû. Ýêñïåðèìåí-
òàëüíî ïîäòâåðæäåíû ïðèíÿòûå ïðè ïðîåêòèðîâàíèè ñòàíöèè ëàçåðíîãî çîíäèðîâàíèÿ îöåíêè âîçìîæíîñòè 
èçìåðåíèÿ òåìïåðàòóðû ÑÊÐ-ìåòîäèêîé äî âûñîò ðàñïîëîæåíèÿ òðîïîïàóçû. 

 
 

Êàê èçâåñòíî [1], òåìïåðàòóðà âîçäóõà ìîæåò áûòü èçìåðåíà íà îñíîâå ñðàâíåíèÿ èíòåíñèâíîñòåé 
äâóõ ó÷àñòêîâ ñïåêòðà âðàùàòåëüíûõ ëèíèé ñïîíòàííîãî êîìáèíàöèîííîãî ðàññåÿíèÿ (ÑÊÐ) íà ìîëå-
êóëàõ àçîòà. Ïðè ýòîì èñïîëüçóåòñÿ òåìïåðàòóðíàÿ çàâèñèìîñòü èíòåíñèâíîñòè îò êâàíòîâîãî ÷èñëà. 
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ãäå Â = 1,9895; J — âðàùàòåëüíîå êâàíòîâîå ÷èñëî. 

Ëèäàðíûé ýõîñèãíàë â ñ÷åòå ôîòîíîâ äëÿ âûäåëåííîãî ó÷àñòêà âðàùàòåëüíîãî ÑÊÐ âûãëÿäèò 
ñëåäóþùèì îáðàçîì: 
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ãäå Ñ — àïïàðàòíàÿ ïîñòîÿííàÿ, âêëþ÷àþùàÿ ÷èñëî èçëó÷åííûõ ôîòîíîâ; (H) — ãåîìåòðè÷åñêèé 
ôàêòîð; êð ( )J H — îáúåìíûé êîýôôèöèåíò ðàññåÿíèÿ íàçàä äëÿ âðàùàòåëüíîãî ÑÊÐ ñ êâàíòîâûì âðà-

ùàòåëüíûì ÷èñëîì J; T(, H) – îáúåìíûé êîýôôèöèåíò ïðîïóñêàíèÿ; H – âûñîòà; Nø — ôîí. 
Ñðàâíåíèå èíòåíñèâíîñòåé äâóõ ó÷àñòêîâ âðàùàòåëüíîãî ÑÊÐ ïîçâîëÿåò èñêëþ÷èòü âëèÿíèå íå-

ñòàáèëüíîñòè èñòî÷íèêà èçëó÷åíèÿ, èñêàæàþùåå âëèÿíèå ãåîìåòðè÷åñêîãî ôàêòîðà è âëèÿíèå àòìî-
ñôåðíîãî ïðîïóñêàíèÿ. Òîãäà ñ ó÷åòîì (1) è (2) ïîëó÷èì 
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ãäå R — îòíîøåíèå äâóõ ñèãíàëîâ; ,  — àïïàðàòíûå ïîñòîÿííûå, çàâèñÿùèå îò âûáîðà ó÷àñòêîâ 
âðàùàòåëüíîãî ÑÊÐ; Ò — òåìïåðàòóðà. Îòêóäà ìîæíî ïîëó÷èòü âûðàæåíèå äëÿ òåìïåðàòóðû 
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Òàêèì îáðàçîì, îïðåäåëåíèå âåðòèêàëüíîãî ïðîôèëÿ òåìïåðàòóðû îïèðàåòñÿ íà îïòèìàëüíûé 
âûáîð ó÷àñòêîâ âðàùàòåëüíîãî ÑÊÐ ñ ðàçíûìè âðàùàòåëüíûìè êâàíòîâûìè ÷èñëàìè. Ïðè ýòîì, êàê 
ïîêàçûâàþò ðàñ÷åòû [2], ÷óâñòâèòåëüíîñòü R ê òåìïåðàòóðå äîñòèãàåò 1,5—2% íà ãðàäóñ. 

Èç (3) ìîæíî ïîëó÷èòü îöåíêó ïîãðåøíîñòè òåìïåðàòóðû: 
 

2

,
T R

T
R


 


 (5) 

 

ãäå 
 

R = 




R

N
ñ1

2

2N
ñ1
+ 




R

N
ñ2

2

2N
ñ2
+ 




R

N
ø1

2


2
N

ø1
+ 





R

N
ø2

2


2
N

ø2
 (6) 

 

çäåñü Nc = N—Nø — êîëè÷åñòâî ñèãíàëüíûõ îòñ÷åòîâ. 
Ïîëàãàÿ ñòàòèñòèêó ïðèíèìàåìûõ ôîòîîòñ÷åòîâ ïóàññîíîâñêîé', ò.å. 2Nc = Nñ è 2Nø = Nø, èç 

(6) ïîëó÷èì 
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Îáîçíà÷àÿ âêëàä øóìà â ñèãíàë êàê 
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ïðåîáðàçóåì (5) ê áîëåå óäîáíîìó âèäó 
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ÑÊÐ-êàíàë ñòàíöèè ëàçåðíîãî çîíäèðîâàíèÿ îðãàíèçîâàí ïî êîàêñèàëüíîé ñõåìå [3]. Ëàçåðíîå 

èçëó÷åíèå íàïðàâëÿåòñÿ âäîëü îïòè÷åñêîé îñè ïðèåìíîé àíòåííû íà îñíîâå ïàðàáîëè÷åñêîãî çåðêàëà 
ñ äèàìåòðîì 2,2 ì. Ýòî ïîçâîëÿåò ñîêðàòèòü òåíåâóþ çîíó äî 500 ì. Â òî æå âðåìÿ èç-çà áîëüøîãî 
ôîêóñíîãî ðàññòîÿíèÿ ïðèåìíîãî çåðêàëà (10 ì) 

Äåéñòâèå ãåîìåòðè÷åñêîãî ôàêòîðà òàêîâî, ÷òî íà èíòåðâàëå âûñîò 1–10 êì äèíàìè÷åñêèé äèàïà-
çîí ñèãíàëà ñíèæàåòñÿ ïðèìåðíî â 50 ðàç, ÷òî ÿâëÿåòñÿ âåñüìà áëàãîïðèÿòíûì ôàêòîðîì, òàê êàê 
óñòðàíÿåò îïàñíîñòü ïåðåãðóçêè ñ÷åò÷èêîâ ôîòîíîâ ïðè ðåãèñòðàöèè ñèãíàëîâ îò íèçêî ðàñïîëîæåí-
íûõ ñëîåâ àòìîñôåðû. 
 

 
 

 
 

Ðèñ. 1. Ïðîôèëü ýõîñèãíàëà äëÿ J = 6 Ðèñ. 2. Ïðîôèëü òåìïåðàòóðû: ñïëîøíîé ëèíèåé —
 ìîäåëüíûé ïðîôèëü ïî ÃÎÑÒ 24631-81 

 
Äèàãðàììà íàïðàâëåííîñòè ïðèåìíîé àíòåííû èìååò øèðèíó 3  10–4 ðàä, ÷òî îáåñïå÷èâàåò âûñî-

êóþ ïðîñòðàíñòâåííóþ ñåëåêöèþ ôîíà. Äâîéíîé ìîíîõðîìàòîð âûäåëÿåò äâà ó÷àñòêà ñïåêòðà, öåíòðû 
êîòîðûõ ñîîòâåòñòâóþò âðàùàòåëüíûì êâàíòîâûì ÷èñëàì J = 6 è J = 14. Ïðè ýòîì ïîäàâëåíèå ôîíà 
íåñìåùåííîé ÷àñòîòû ñîñòàâëÿåò îêîëî 108 ðàç. 

Â êà÷åñòâå ïåðåäàò÷èêà èñïîëüçóåòñÿ ëàçåð ËÒÈ-411 ( = 532 íì; E = 50 ìÄæ; f = 14 Ãö). 
Ïðîôèëü ýõîñèãíàëà ÑÊÐ êàíàëà ñ J = 6, ïîëó÷åííûé 26.12.91 ã., èçîáðàæåí íà ðèñ. 1. Ñèãíàë 

ïðîñëåæèâàåòñÿ äî âûñîòû îêîëî 35 êì. Âðåìÿ èçìåðåíèÿ ñîñòàâèëî 15 ìèí, ïðîñòðàíñòâåííîå ðàç-
ðåøåíèå 480 ì. 

Íà ðèñ. 2 ïðåäñòàâëåí ïðîôèëü òåìïåðàòóðû, ïîëó÷åííûé â ñîîòâåòñòâèè ñ âûðàæåíèåì (4), ïðè 
ýòîì ïàðàìåòðû  è  óòî÷íÿëèñü ñ ïîìîùüþ ìîäåëüíîãî ïðîôèëÿ ïî ÃÎÑÒ 24631—81. Óòî÷íåííûå 
âåëè÷èíû äëÿ  è  ñîñòàâèëè  = 1042,3 è  = —2,436. Ñðàâíåíèå ïîêàçûâàåò õîðîøåå ñîâïàäåíèå 
èçìåðåííîãî ïðîôèëÿ ñ ìîäåëüíûì. 

Íà ðèñ. 3 ïîêàçàíà çàâèñèìîñòü ñòàòèñòè÷åñêîé îöåíêè ïîãðåøíîñòè ïðîôèëÿ òåìïåðàòóðû îò âûñî-
òû. Ïîêàçàíî, ÷òî äî âûñîòû 5 êì èçìåðåíèå îñóùåñòâëÿëîñü ñ ìåòåîðîëîãè÷åñêîé òî÷íîñòüþ 0,5 ãðàä. 
Òàêèì îáðàçîì, ýêñïåðèìåíòàëüíî ïîäòâåðæäåíû ïðèíÿòûå ïðè ïðåêòèðîâàíèè ñòàíöèè ëàçåðíîãî çîí-
äèðîâàíèÿ îöåíêè âîçìîæíîñòè èçìåðåíèÿ òåìïåðàòóðû ÑÊÐ-ìåòîäèêîé äî âûñîò ðàñïîëîæåíèÿ òðîïî-
ïàóçû. Ïðè ïîâûøåíèè íà ïîðÿäîê ñðåäíåé èçëó÷àåìîé ìîùíîñòè ëàçåðà, ÷òî òåõíè÷åñêè îñóùåñòâèìî, 
îïåðàòèâíîñòü, ïðîñòðàíñòâåííîå ðàçðåøåíèå è òî÷íîñòü èçìåðåíèé äî âûñîòû 15 êì ìîãóò áûòü ñóùåñò-
âåííî óëó÷øåíû. Êðîìå òîãî, ïîÿâèòñÿ âîçìîæíîñòü îöåíêè òåìïåðàòóðû íà âûñîòàõ 2025 êì. 
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Ðèñ. 3. Ïðîôèëü îöåíêè ñòàòèñòè÷åñêîé ïîãðåøíîñòè îïðåäåëåíèÿ òåìïåðàòóðû îò âûñîòû 
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Vertical profile of the atmospheric temperature up to 14.5 km has been measured using the ratio of intensities of 
two portions of pure rotational Raman spectra of molecular nitrogen and oxygen excited by pulsed radiation of the 
second harmonic Nd : YAG-laser. An estimate of the error of temperature determination as a function of altitude is 
presented. The experimental results presented in the paper well confirm the assessments of the possibility of acquiring 
temperature profiles with the Raman-lidar channel made when projecting the construction of the lidar station. 


