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Îçîí ÿâëÿåòñÿ ñèëüíåéøèì îêèñëèòåëåì, ïîýòîìó êîíòðîëü ñîñòîÿíèÿ îçîíîñôåðû – îäíà èç âàæíåé-

øèõ çàäà÷ îáåñïå÷åíèÿ áåçîïàñíîñòè æèçíè è çäîðîâüÿ ÷åëîâåêà. Äëÿ èññëåäîâàíèÿ îçîíà ñóùåñòâóåò ðÿä 
ìåòîäîâ, ñðåäè êîòîðûõ îñîáîå ìåñòî çàíèìàåò ëèäàðíûé ìåòîä äèñòàíöèîííîãî îáíàðóæåíèÿ è èäåíòèôè-
êàöèè ñ èñïîëüçîâàíèåì ñåëåêòèâíîãî ïîãëîùåíèÿ ëàçåðíîãî èçëó÷åíèÿ, îáëàäàþùèé ìàêñèìàëüíîé ÷óâñòâè-
òåëüíîñòüþ. Â ÈÎÀ ÑÎ ÐÀÍ ðåøèëè çàäà÷ó êîíòðîëÿ âñåé îçîíîñôåðû íàä Òîìñêîì ñ ïîìîùüþ îáúåäèíåíèÿ 
äåéñòâóþùèõ ëèäàðíûõ ñèñòåì – òðåõ ëèäàðíûõ ñèñòåì Ñèáèðñêîé ëèäàðíîé ñòàíöèè è ìîáèëüíîãî îçîíî-
âîãî ëèäàðà – â íîâûé ëèäàðíûé êîìïëåêñ äëÿ çîíäèðîâàíèÿ îçîíà â ðàñøèðåííîì äèàïàçîíå âûñîò îò 0,1 
äî 45 êì. Êîìïëåêñ ïîçâîëÿåò èññëåäîâàòü îçîíîñôåðó ìåòîäîì äèôôåðåíöèàëüíîãî ïîãëîùåíèÿ è ðàññåÿ-
íèÿ, à òàêæå àýðîçîëüíûå ïîëÿ ìåòîäîì îäíîêðàòíîãî óïðóãîãî ðàññåÿíèÿ. Â ëèäàðíîì êîìïëåêñå èñïîëü-
çóþòñÿ Nd:YAG-ëàçåðû ôèðì SOLAR è LOTIS TII, XeCl-ëàçåð ôèðìû Lambda Physik, à òàêæå ïðèåìíûå 
òåëåñêîïû ñèñòåìû Êàññåãðåíà äèàìåòðîì 0,35 ì è Íüþòîíà äèàìåòðîì 0,5 ì. Ëèäàðû ðàáîòàþò â ðåæèìå 
ñ÷åòà ôîòîíîâ è ðåãèñòðèðóþò ñèãíàëû ñ ïðîñòðàíñòâåííûì ðàçðåøåíèåì îò 1,5 äî 160 ì íà äëèíàõ âîëí 
çîíäèðîâàíèÿ 299/341 íì íà âûñîòàõ ∼ 0,1–12 è ∼ 5–20 êì, à òàêæå íà äëèíàõ âîëí 308/353 íì â äèàïàçî-
íå âûñîò ∼ 15–45 êì. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû âîññòàíîâëåíèÿ âåðòèêàëüíîãî ïðîôèëÿ êîíöåíòðà-
öèè îçîíà. Âïåðâûå â Ðîññèè âûïîëíåíû èçìåðåíèÿ îçîíà îò ïðèçåìíîãî ñëîÿ äî 45 êì íà áàçå íîâîãî ëè-
äàðíîãî êîìïëåêñà, ñôîðìèðîâàííîãî èç òðåõ ëèäàðîâ. Ðåçóëüòàòû ðàáîòû ëèäàðíîãî êîìïëåêñà ìîãóò áûòü 
èñïîëüçîâàíû äëÿ êîððåêòèðîâêè êâàçèòðåõëåòíåé ìîäåëè âåðòèêàëüíîãî ðàñïðåäåëåíèÿ êîíöåíòðàöèè îçî-
íà è àýðîçîëÿ, äëÿ ñîïîñòàâëåíèÿ ëèäàðíûõ è ñïóòíèêîâûõ äàííûõ, îöåíêè âëèÿíèÿ êëèìàòîîáðàçóþùèõ 
ôàêòîðîâ íà àòìîñôåðó Çàïàäíîé Ñèáèðè. 

 

Êëþ÷åâûå ñëîâà: àòìîñôåðà, ëàçåð, ëèäàð, ëèäàðíîå çîíäèðîâàíèå, îçîí; atmosphere, laser, lidar, lidar 
sensing, ozone. 

 

 

Ââåäåíèå 
 

Ìàëûå ãàçîâûå ñîñòàâëÿþùèå àòìîñôåðû, ê êî-
òîðûì îòíîñÿòñÿ âîäÿíîé ïàð, óãëåêèñëûé ãàç, îçîí, 
îêèñëû àçîòà è ñåðû, óãàðíûé ãàç è öåëûé ðÿä äðó-
ãèõ, ÿâëÿþòñÿ îïòè÷åñêè àêòèâíûìè êîìïîíåíòàìè 
àòìîñôåðû è îêàçûâàþò áîëüøîå âîçäåéñòâèå: íà 

ïîãîäîîáðàçîâàíèå, çàãðÿçíåíèå âîçäóøíîãî áàññåé-
íà èíäóñòðèàëüíûìè âûáðîñàìè, òðàíñôîðìàöèþ 

ñîëíå÷íîãî èçëó÷åíèÿ, ðàñïðîñòðàíåíèå îïòè÷åñêèõ 
âîëí [1]. Îñíîâíûå êëèìàòîîáðàçóþùèå ôàêòîðû  

ñ òî÷êè çðåíèÿ ðàäèàöèîííîãî áàëàíñà àòìîñôåðû – 
îáëà÷íûå è àýðîçîëüíûå ïîëÿ, à òàêæå ïàðíèêîâûå 
ãàçû, ïðåæäå âñåãî îçîí è ãàçîâûå ñîñòàâëÿþùèå   
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îçîíîâûõ öèêëîâ [1]. Ïðèìåðíî 85% îçîíà ðàñïî-
ëîæåíî íà âûñîòàõ ñòðàòîñôåðû îò 15 äî 45 êì. Îí 
ðåãåíåðèðóåò èç ìîëåêóëÿðíîãî êèñëîðîäà ïîñðåä-
ñòâîì ïðèñîåäèíåíèÿ ê åãî ìîëåêóëå àòîìàðíîãî êè-
ñëîðîäà ïîä âîçäåéñòâèåì óëüòðàôèîëåòîâîãî (ÓÔ) 
èçëó÷åíèÿ Ñîëíöà. Äëÿ èññëåäîâàíèÿ ýòîãî ãàçà ñó-
ùåñòâóåò ðÿä ìåòîäîâ, ñðåäè êîòîðûõ îñîáîå ìåñòî çà- 
íèìàåò ìåòîä äèôôåðåíöèàëüíîãî ïîãëîùåíèÿ [2, 3], 
îáëàäàþùèé íåîáõîäèìîé ÷óâñòâèòåëüíîñòüþ äëÿ 
êîíòðîëÿ êîíöåíòðàöèè ãàçîâûõ êîìïîíåíò. 

Â çíà÷èòåëüíûõ ïðîñòðàíñòâåííûõ ìàñøòàáàõ 
è â îòíîñèòåëüíî ìàëûå ñðîêè âåðòèêàëüíîå ðàñïðå-
äåëåíèå îçîíà (ÂÐÎ) âîññòàíàâëèâàþò íà îñíîâå 
äàííûõ äåéñòâóþùèõ ëèäàðíûõ ñòàíöèé, ðàñïîëî-
æåííûõ ïî âñåìó ìèðó, íàïðèìåð âõîäÿùèõ â ñî-
ñòàâ ñåòè NDACC (Network for the Detection of 
Atmospheric Composition Change) [4]. Îòäåëüíî 
ñòîèò îòìåòèòü ëèäàðíûå ñèñòåìû íà ìîáèëüíûõ 

ïëàòôîðìàõ, òàêèå êàê TOLNet (Tropospheric Ozone 

Lidar Network) [5], êîòîðûå, êàê ïðàâèëî, ðàáîòàþò 
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â ãðóïïå â ðàìêàõ èññëåäîâàòåëüñêèõ êàìïàíèé. 
Èñïîëüçîâàíèå ëèäàðîâ ïîçâîëÿåò ïðîâîäèòü ñîïîñ-
òàâëåíèÿ ñî ñïóòíèêîâûìè ïðèáîðàìè, êîãäà ñðàâ-
íåíèÿ ñ ýòàëîíîì (îçîí-çîíäîì) äëÿ âàëèäàöèè íå-
äîñòóïíû. 

×àñòü äåéñòâóþùèõ ïî âñåìó ìèðó ëèäàðíûõ 
ñòàíöèé îõâàòûâàåò ñòðàòîñôåðó, òðîïîñôåðó è ïðè- 
çåìíûé ñëîé: Arctic Stratospheric Observatory 

(AStrO), Êàíàäà [6]; Àôèíû, Ãðåöèÿ [7]; Ïåêèí, Êè- 
òàé [8, 9]; ñò. Eureka, Êàíàäà [10]; Öåíòð êîñìè÷å-
ñêèõ ïîëåòîâ Ãîääàðäà (GSFC), ÑØÀ [11, 12]; Õå- 
ôåé, Êèòàé [13, 14]; ñò. Lauder, Íîâàÿ Çåëàíäèÿ [15]; 
 

îáñåðâàòîðèÿ Ìàóíà-Ëîà (MLO), Ãàâàè, ÑØÀ [16]; 
îáñåðâàòîðèÿ Ìàéäî, îñòðîâ Ðåþíüîí, Ôðàíöèÿ [17, 
18]; îáñåðâàòîðèÿ Âåðõíåãî Ïðîâàíñà (OHP), Ôðàí- 
öèÿ [19, 20]; Öóêóáà, ßïîíèÿ [21, 22]; Òðîèöê, 
Ðîññèÿ [23]; Ñòîëîâàÿ ãîðà (TMF), ÑØÀ [24, 25]; 
Ñèáèðñêàÿ ëèäàðíàÿ ñòàíöèÿ (ÑËÑ) Òîìñê, Ðîñ- 
ñèÿ [26, 27]; Âëàäèâîñòîê, Ðîññèÿ [28]; îáñåðâàòî-
ðèÿ Yangbajing, Êèòàé [29]. Äëÿ ïîëó÷åíèÿ èí-
ôîðìàòèâíûõ äëèí âîëí çîíäèðîâàíèÿ îçîíà âñå 
ïðåäñòàâëåííûå â òàáë. 1 ëèäàðíûå ñèñòåìû èñ-
ïîëüçóþò ÿ÷åéêó âûíóæäåííîãî êîìáèíàöèîííîãî 
ðàññåÿíèÿ (ÂÊÐ). 
 

 

Ò à á ë è ö à  1  

Îñíîâíûå õàðàêòåðèñòèêè äåéñòâóþùèõ ëèäàðíûõ ñèñòåì 

Ñòàíöèÿ  
èëè ãîðîä 

Êîîðäèíàòû Ëàçåð 
Äëèíà âîëíû 
íàêà÷êè, íì 

ÂÊÐ-
ÿ÷åéêà 

Ïàðû äëèí 
âîëí, íì 

Âûñîòíûé 
äèàïàçîí, êì 

Ïîãðåøíîñòü, 
% 

Äèàìåòð 
çåðêàëà, ì 

AStrO [6] 
80° ñ.ø., 
86° ç.ä. 

XeCl 308 H2 308/353 10–35 5–30 1 

Àôèíû [7] 
37,97° ñ.ø., 
23,71° â.ä. 

Nd:YAG 266 D2 
266/289 
289/299 
289/316 

0,5–2,7 
10 
35 
65 

0,25 

Ïåêèí [8, 9] 
39,90° ñ.ø., 
116,39° â.ä. 

Nd:YAG 
XeCl 

Nd:YAG 

266 
308 
355 

D2 

H2 

– 

289/299 
308/355 

0,15–3 
10–35 

10 
5–30 

0,4 
0,2 

Eureka [10] 
80° ñ.ø.,  
86° ç.ä. 

Nd:YAG  266 CO2 
276/287 
287/299 

0,5–1,8 
0,5–3,5 

10 
10 

0,2 

GSFC [11, 12] 
37,1° ñ.ø., 
76,39° ç.ä. 

Nd:YAG 
XeCl 

Nd:YAG 

266 
308 
355 

D2 
H2 
– 

289/299 
308/355 

1,5–12 
10–50 

16–19 
5–30 

0,45 
0,76 

Õåôåé [13, 14] 
31,82° ñ.ø., 
117,22° â.ä. 

Nd:YAG 
XeCl 

266 
308 

H2 
D2 

CH4 

308/353 
299/288 
289/308 

18–40 
0,5–2 
4–18 

5–30 
10 
25 

0,3 
0,62 

Lauder [15] 
45,0° þ.ø., 
169,7° â.ä. 

XeCl 308 H2 308/353 10–48 5–30 0,6 

MLO [16] 
19,5° ñ.ø., 
155,6° ç.ä. 

XeCl 
Nd:YAG 

308 
355 

H2 
– 

308/353 15–55 5–30 1 

Ìàéäî [17, 18] 
21° þ.ø., 
55° â.ä. 

Nd:YAG 
XeCl 

Nd:YAG 

266 
308 
355 

D2 
– 
– 

289/316 
308/355 

6–17 
15–45 

20 
5–30 

4 øò. – 0,5 

OHP [19, 20] 
43,94° ñ.ø., 
5,71° â.ä. 

Nd:YAG 
XeCl 

Nd:YAG 

266 
308 
355 

D2 
– 
– 

289/316 
308/355 

3–14 
15–45 

10 
5–20 

4 øò. – 0,4 
1 øò. – 0,53 

Öóêóáà [21, 22] 
36,05° ñ.ø., 
140,13° â.ä. 

Nd:YAG 
XeCl 

Nd:YAG 
XeF 

266 
308 
355 
351 

CO2 
 

D2 

276/287 
287/299 
308/355 
308/351 
308/339 

0,4–3 
3–10 
15–45 
10–45 
10–45 

3–9 
3–9 
5–30 
5–30 
5–30 

0,25 
0,6 
1 
1 
2 

Òðîèöê [23] 
54,09° ñ.ø., 
61,57° â.ä. 

KrF 
XeCl 

248 
308 

H2 
D2 

277/308 
292/308 

0,5–4,5 
4–10 

15 
30 

0,6 

TMF [24, 25] 
34,4° ñ.ø., 
117,7° ç.ä. 

Nd:YAG 
XeCl 

Nd:YAG 

266 
308 
355 

D2 
H2 
H2 

289/299 
308/353 

3–18 
15–50 

7–14 
5–30 

0,91 
0,9 

ÑËÑ [26, 27] 
56,50° ñ.ø., 
85,00° â.ä. 

Nd:YAG 
Nd:YAG 

XeCl 

266 
266 
308 

H2 
H2 
H2 

299/341 
299/341 
308/353 

0,1–12 
5–20 
15–45 

8–25 
6–18 
5–35 

0,35 
0,5 

Âëàäèâîñòîê [28] 
43,3° ñ.ø., 
132° â.ä. 

XeCl 308 H2 308/353/331 5–40 2–30 0,6 

Yangbajing [29] 
30°5′ ñ.ø., 
90°33′ â.ä. 

Nd:YAG 
XeCl 

266 
308 

D2 
H2 

289/299 
308/355 

5–10 
8–19 
19–32 
32–50 

<
 30 

<
 30 

<
 30 

>
 30 

4 øò. – 1,25 
4 øò. – 0,21 
1 øò. – 1 
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Êàê âèäíî èç òàáë. 1, ëèäàðíûå ñèñòåìû âêëþ-
÷àþò â ñåáÿ êàê ýêñèìåðíûå ëàçåðû äëÿ çîíäèðîâà-
íèÿ ñòðàòîñôåðíûõ âûñîò, òàê è òâåðäîòåëüíûå 
ãåíåðàòîðû êîãåðåíòíîãî èçëó÷åíèÿ äëÿ îõâàòà òðî-
ïîñôåðû. Èçìåðåíèÿ ïðîâîäÿòñÿ ëèøü â îòäåëüíûõ 
âûñîòíûõ äèàïàçîíàõ. Êðîìå ÑËÑ, íè îäíà èç ñó-
ùåñòâóþùèõ ñòàíöèé íå ïîçâîëÿåò ïîëó÷èòü íåïðå-
ðûâíûé ïðîôèëü îçîíà äî âûñîòû 45 êì. ÑËÑ ïî-
çâîëÿåò êîìïëåêñíî èçó÷àòü ïðîöåññû, ïðîòåêàþ-
ùèå âî âñåì îçîíîâîì ñëîå. 

Öåëü ðàáîòû – òåñòèðîâàíèå óíèêàëüíîãî äëÿ 
Ðîññèè ëèäàðíîãî êîìïëåêñà ÑËÑ, ñïîñîáíîãî èñ-
ñëåäîâàòü îçîíîñôåðó íàä Òîìñêîì â âûñîòíîì 
äèàïàçîíå îò 0,1 äî 45 êì. 

 

Ëèäàðíûå ñèñòåìû 
 

Äëÿ èçó÷åíèÿ îñîáåííîñòåé ÂÐÎ â âåðõíåé òðî-
ïîñôåðå – ñòðàòîñôåðå, îñîáåííî â îáëàñòè ëîêàëè-
çàöèè îçîíîâîãî ñëîÿ, è îòñëåæèâàíèÿ åãî ñåçîííîé 
èçìåí÷èâîñòè ñîçäàí ëèäàð íà äëèíàõ âîëí 
299/341 è 308/353 íì [26] (ðèñ. 1). Îí ïîçâîëÿåò 
ïîëó÷àòü äàííûå î ñîñòîÿíèè îçîíîâîãî ñëîÿ â äèà-
ïàçîíå âûñîò îò ∼ 5 äî ∼ 45 êì. 

Ëèäàðíûé êîìïëåêñ ÑËÑ èñïîëüçóåò îäèí òåëå-
ñêîï è äâà èìïóëüñíûõ ëàçåðà (ýêñèìåðíûé XeCl è 
Nd:YAG). Â çàâèñèìîñòè îò öåëè çîíäèðîâàíèÿ – 
ñòðàòîñôåðíûé îçîí (308/353 íì) èëè òðîïîñôåð-
íûé îçîí (299/341 íì) – ýêñïåðèìåíòàòîðàìè óñòà-
íàâëèâàåòñÿ ñîîòâåòñòâóþùàÿ îïòèêà â êþâåòå 
ñïåêòðàëüíîé ñåëåêöèè. 

Äëÿ ïîêðûòèÿ íåîõâà÷åííûõ ëèäàðíûì êîì-
ïëåêñîì ÑËÑ âûñîò è èññëåäîâàíèÿ îñîáåííîñòåé  
 

ÂÐÎ â âûñîòíîì äèàïàçîíå ∼ 0,1–12 êì, à òàêæå 
îòñëåæèâàíèÿ ñåçîííîé èçìåí÷èâîñòè è èçó÷åíèÿ 
âëèÿíèÿ ïðîöåññîâ ñòðàòîñôåðíî-òîðîïîñôåðíîãî îá- 
ìåíà íà ïðèçåìíûé ñëîé äåéñòâóåò ìîáèëüíûé ëè-
äàð ñ äëèíàìè âîëí çîíäèðîâàíèÿ 299 è 341 íì [27]. 
Òàêîé ìîáèëüíûé ëèäàð – åäèíñòâåííûé â Ðîññèè. 
Íà ðèñ. 2 ïîêàçàíà åãî áëîê-ñõåìà. Îñíîâíûå òåõ-
íè÷åñêèå õàðàêòåðèñòèêè íîâîãî îçîíîâîãî ëèäàð-
íîãî êîìïëåêñà ïðèâåäåíû â òàáë. 2. 

Äëèòåëüíîñòü èçìåðåíèÿ ñòðàòîñôåðíîãî îçîíà 
ëèäàðíûì êîìïëåêñîì ÑËÑ ñ ïðîñòðàíñòâåííûì 
ðàçðåøåíèåì 50 ì ñîñòàâëÿåò ∼ 30–40 ìèí. Ïðîöåññ 
çàìåíû îïòèêè êþâåòû ñïåêòðàëüíîé ñåëåêöèè äëÿ 
ïðèåìà îáðàòíîðàññåÿííîãî èçëó÷åíèÿ èç àòìîñôå-
ðû íà äðóãîé ïàðå äëèí âîëí çîíäèðîâàíèÿ ïðîèç-
âîäèòñÿ çà 5 ìèí. Âðåìÿ èçìåðåíèÿ îçîíà íà äëè-
íàõ âîëí 299/341 íì ñ ïðîñòðàíñòâåííûì ðàçðåøå-
íèåì 10 ì ñîñòàâëÿåò ∼ 40 ìèí. Ñòàðò çîíäèðîâàíèÿ 
òðîïîñôåðû ìîáèëüíûì ëèäàðîì ñîâïàäàåò ñî ñòàð-
òîì ðàáîòû ëèäàðíîãî êîìïëåêñà ÑËÑ ïîñëå åãî 
ïåðåñòðîéêè íà äëèíû âîëí 299/341 íì. Äëèòåëü-
íîñòü çàïèñè îäíîãî ôàéëà ìîáèëüíîãî ëèäàðà  
ñ ïðîñòðàíñòâåííûì ðàçðåøåíèåì 1,5 ì – 5 ìèí. 
Ïåðâûå èçìåðåíèÿ ïðîâîäÿòñÿ ñòðàòîñôåðíûì ëè-
äàðîì, ðàáîòàþùèì íà äëèíàõ âîëí 308/353 íì. 
Äàëåå âåäóòñÿ èçìåðåíèÿ òðîïîñôåðû ìîáèëüíûì  
è ñòàöèîíàðíûì ëèäàðàìè, ðàáîòàþùèìè íà äëèíàõ 
âîëí 299/341 íì. Êàê ïðàâèëî, ëèäàðíûå èçìåðå-
íèÿ íà÷èíàþòñÿ â 16:00–19:00 ïî Ãðèíâè÷ó (GTM) 
â óñëîâèÿõ áåçîáëà÷íîãî íåáà. Îáùåå âðåìÿ ëèäàð-
íûõ èçìåðåíèé âñåé îçîíîñôåðû ∼ 1,5 ÷. Íàïðèìåð, 
11.04.2023 ã. îáùåå âðåìÿ èçìåðåíèé ñîñòàâèëî 1 ÷ 
49 ìèí, 23.04.2023 ã. – 1 ÷ 27 ìèí. 

 

 

Ðèñ. 1. Áëîê-ñõåìà ëèäàðíîãî êîìïëåêñà ÑËÑ: 1 – ñèãíàë óïðàâëåíèÿ áëîêàìè ÔÝÓ; ÔÝÓ – ìîäóëè ôîòîýëåêòðîííûõ 
óìíîæèòåëåé; Nd:YAG è XeCl – ëàçåðíûå èñòî÷íèêè; Ë – ëèíçû; H2 – ÂÊÐ-ÿ÷åéêà ñ âîäîðîäîì; ÏÇ – ïîâîðîòíûå çåðêàëà; 
Ò – ïðèåìíûé òåëåñêîï, ñîáðàííûé ïî ñõåìå Íüþòîíà, ñ ïðèåìíûì çåðêàëîì äèàìåòðîì 0,5 ì; ÏÄ – ïîëåâàÿ äèàôðàãìà; 
ÊÑÑ – êþâåòà ñïåêòðàëüíîé ñåëåêöèè ñ ÔÝÓ; ÑïÇ – ñïåêòðîäåëèòåëüíîå çåðêàëî; ÈÔ – èíòåðôåðåíöèîííûå ôèëüòðû; 
Ó-Ä – óñèëèòåëè-äèñêðèìèíàòîðû; ÂÁÏ – âûñîêîâîëüòíûå áëîêè ïèòàíèÿ; ÑÔ – ñ÷åò÷èê ôîòîíîâ PHcount6/2; ÔÒ – 
  ôîòîòðàíçèñòîð; ÂÁÏ – âûñîêîâîëüòíûé áëîê ïèòàíèÿ; ÔË – ôîêóñèðóþùàÿ ëèíçà; ÊË – êîëëèìèðóþùàÿ ëèíçà 
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Ðèñ. 2. Áëîê-ñõåìà ìîáèëüíîãî îçîíîâîãî ëèäàðà: H2 – ÂÊÐ-ÿ÷åéêà ñ âîäîðîäîì, îáîðóäîâàííàÿ ëèíçàìè; ÇÊ – çåðêàëü-
íûé êîëëèìàòîð; Ò – ïðèåìíûé òåëåñêîï, ñîáðàííûé ïî ñõåìå Êàññåãðåíà ñ ãëàâíûì çåðêàëîì äèàìåòðîì 0,35 ì; ÊÑÑ – 
êþâåòà ñïåêòðàëüíîé ñåëåêöèè, îáîðóäîâàííàÿ ëèíçàìè; ÑïÄ – ñïåêòðîäåëèòåëüíîå çåðêàëî; ÑÔ – ñ÷åò÷èê ôîòîíîâ 
PHCOUNT_4Å; ÑÂ – ñâåòîâîä äëÿ çàïóñêà ñ÷åò÷èêà ôîòîíîâ; Êîìïüþòåð – ïåðñîíàëüíûé  êîìïüþòåð äëÿ ñáîðà 
   è õðàíåíèÿ ïîëó÷àåìîé èíôîðìàöèè 

 

Ò à á ë è ö à  2  

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè íîâîãî îçîíîâîãî ëèäàðíîãî êîìïëåêñà 

Ïàðàìåòð Ìîáèëüíûé ëèäàð Ëèäàðíûé êîìïëåêñ ÑËÑ 

Ïåðåäàò÷èê SOLAR QX 500 LOTIS TII LPX-120i 
Äëèíà âîëíû èçëó÷åíèÿ ëàçåðà, íì 266 266 308 
Ñèñòåìà îõëàæäåíèÿ Âîçäóøíàÿ Âîäÿíàÿ Âîäÿíàÿ 
Ýíåðãèÿ èìïóëüñà, ìÄæ äî 25 äî 25 äî 200 
Äàâëåíèå â ÿ÷åéêå âûíóæäåííîãî êîìáèíàöèîííîãî 
ðàññåÿíèÿ ñ âîäîðîäîì, àòì 

2 2 10 

Äëèíà âîëíû çîíäèðîâàíèÿ, íì 299/341 299/341 308/353 

×àñòîòà ñëåäîâàíèÿ, Ãö (ñîîòâ. λ) 20/20 15/15 100/100 

Äëèòåëüíîñòü èìïóëüñà, íñ 10 5–6 25–27 

Çåðêàëüíûé êîëëèìàòîð Ïÿòèêðàòíûé (× 5) – – 

Ðàñõîäèìîñòü, ìðàä 0,2 0,5 2,5 

Ïðèåìíèê Òåëåñêîï Êàññåãðåíà Òåëåñêîï Íüþòîíà 
Äèàìåòð çåðêàëà, ì 0,35 0,5 
Ôîêóñíîå ðàññòîÿíèå, ì 0,7 1,5 

Ñ÷åò÷èê ôîòîíîâ PHCOUNT_4Å PHcount6/2 
Êàíàëû ïðèåìà, øò. 4 2 
Êàíàëû ðåãèñòðàöèè ïåðåïîëíåíèÿ, øò. 4 2 
Ñêîðîñòü ñ÷åòà, ÌÃö íà êàíàë 200 200 
Âõîäíîé èìïåäàíñ, Îì 50 50 

Ñèíõðîíèçàöèÿ 
Transistor Transistor Logic (TTL) 

ñèãíàë ñ ÷àñòîòîé äî 10 êÃö  
ëèáî îïòè÷åñêèé ñèãíàë 

Îïòè÷åñêèé ñèãíàë 

Ïðîñòðàíñòâåííîå ðàçðåøåíèå, ì 1,5–150 10–160 
Èíòåðôåéñ ñâÿçè ñ ïåðñîíàëüíûì êîìïüþòåðîì Ethernet, Wi-Fi Ethernet 

Âûñîòíûé äèàïàçîí, êì ∼
 0,1–12 5–20 15–45 

ÔÝÓ Hamamatsu H12386-210, 2 øò. R7207-01, 2 øò. 
 

 



 

 Ëèäàðíûé êîìïëåêñ äëÿ êîíòðîëÿ îçîíîñôåðû íàä Òîìñêîì 805 
 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Ñ ïîìîùüþ ñîçäàííîãî íàìè ëèäàðíîãî êîì-
ïëåêñà â àïðåëå 2023 ã. áûë âûïîëíåí ðÿä íàòóðíûõ 

èçìåðåíèé îçîíîñôåðû íàä Òîìñêîì ñ ïðîñòðàíñò-
âåííûì ðàçðåøåíèåì 50 ì. Èçìåðåíèÿ ïðîâîäèëèñü 
â áåçîáëà÷íûå äíè â íî÷íîå âðåìÿ. Íà îñíîâå äàí-
íûõ ýêñïåðèìåíòà ðåøåíà îáðàòíàÿ çàäà÷à è âû-
ïîëíåíî âîññòàíîâëåíèå ïðîôèëåé êîíöåíòðàöèè 
îçîíà. Ìåòîäîì îäíîêðàòíîãî óïðóãîãî ðàññåÿíèÿ 
âîññòàíàâëèâàåòñÿ îòíîøåíèå ðàññåÿíèÿ, êîòîðîå 
èñïîëüçóåòñÿ â àýðîçîëüíîé êîððåêöèè,  ïðèìåíå-
íèå êîòîðîé äåòàëüíî ïðåäñòàâëåíî â ðàáîòå [30]. 
Ðåçóëüòàò îáúåäèíåíèÿ òðåõ ëèäàðíûõ ñèñòåì ïðè 
èçìåðåíèè âåðòèêàëüíîãî ðàñïðåäåëåíèÿ êîíöåí-
òðàöèè îçîíà â âèäå ïðîôèëÿ ñ ïîãðåøíîñòüþ âîñ-
ñòàíîâëåíèÿ, à òàêæå ìîäåëü Êðþãåðà [31] ïðåä-
ñòàâëåíû íà ðèñ. 3. Ïîãðåøíîñòü âîññòàíîâëåíèÿ 
ðàññ÷èòûâàëàñü ïî ìåòîäèêå èç ðàáîòû [32]. Ïðè-
ìåð âîññòàíîâëåííîãî ïðîôèëÿ îòíîøåíèÿ ðàññåÿ-
íèÿ ïîêàçàí íà ðèñ. 4. 

 

 
Ðèñ. 3. Âîññòàíîâëåííûå ïðîôèëè âåðòèêàëüíîãî ðàñïðåäå- 
ëåíèÿ êîíöåíòðàöèè îçîíà: 17:06–18:55 11.04.2023 ã. (à), 
  16:29–17:56 23.04.2023 ã. (á) 

 
Ðèñ. 4. Âîññòàíîâëåííûé ïðîôèëü îòíîøåíèÿ ðàññåÿíèÿ 
íà îñíîâàíèè äàííûõ èçìåðåíèé ìîáèëüíîãî ëèäàðà 
  11.04.2023 ã. 

 

Êàê âèäíî èç ðèñ. 3, âîññòàíîâëåííûé ïðîôèëü 
îçîíîñôåðû áëèçîê ê ìîäåëè Êðþãåðà. Îòäåëüíûå 
ó÷àñòêè âîññòàíîâëåííûõ ïðîôèëåé ïðîäîëæàþò 

ñîñåäíèå, ÷òî äîêàçûâàåò ýôôåêòèâíîñòü îáúåäèíå-
íèÿ òðåõ ëèäàðíûõ ñèñòåì â îäèí ëèäàðíûé êîì-
ïëåêñ. Ðàíåå ìû ñîïîñòàâèëè ëèäàðíûå è ñïóòíèêî-
âûå äàííûå Aura, MetpOp íà âûñîòàõ ñòðàòîñôåðû 

(15–45 êì) è âåðõíåé òðîïîñôåðû – ñòðàòîñôåðû 
(5–20 êì) [33]. Ðåçóëüòàòû ñîïîñòàâëåíèÿ ïîêàçàëè 
õîðîøåå ñîãëàñîâàíèå ëèäàðíûõ è ñïóòíèêîâûõ 
äàííûõ äëÿ îáîèõ ñïóòíèêîâ. 

 

Çàêëþ÷åíèå 
 

Äëÿ ðåøåíèÿ çàäà÷è êîíòðîëÿ îçîíîñôåðû â âû-
ñîòíîì äèàïàçîíå îò 0,1 äî 45 êì ñîçäàí íîâûé ëè-
äàðíûé êîìïëåêñ íà áàçå îáúåäèíåíèÿ òðåõ ëèäàð-
íûõ ñèñòåì ÑËÑ è ìîáèëüíîãî ëèäàðà, êîòîðûé 
ïîçâîëÿåò ïîëó÷àòü ëèäàðíûå ñèãíàëû ñ ïðîñòðàí-
ñòâåííûì ðàçðåøåíèåì îò 1,5 äî 160 ì. Ïîãðåø-
íîñòü èçìåðåíèé âåðòèêàëüíîãî ðàñïðåäåëåíèÿ êîí-
öåíòðàöèè îçîíà èçìåíÿåòñÿ îò 7,8% íà âûñîòå 
0,1 êì äî 22% íà âûñîòå 12 êì, â äèàïàçîíå 12–
20 êì ïîãðåøíîñòü óâåëè÷èâàåòñÿ îò 8,1 äî 17% è 
îò 4,1 äî 9% íà âûñîòàõ 16–45 êì. Òàêîé ëèäàðíûé 

êîìïëåêñ ïî èçìåðåíèþ îçîíà ÿâëÿåòñÿ óíèêàëüíûì 
óñòðîéñòâîì äëÿ êîíòðîëÿ îçîíîñôåðû â Òîìñêå. 
Ðåçóëüòàòû íàòóðíûõ ýêñïåðèìåíòîâ ïîäòâåðæäàþò 

åãî ýôôåêòèâíîñòü. 
 

Ôèíàíñèðîâàíèå. Ðàáîòà âûïîëíåíà ïðè ïîä-
äåðæêå ÐÍÔ (ãðàíò ¹ 21-79-10051, https://rscf. 
ru/project/21-79-10051/). 
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A.A. Nevzorov, A.V. Nevzorov, N.S. Kravtsova, O.V. Kharchenko, Ya.O. Romanovskii. Lidar complex 
for monitoring the ozonosphere over Tomsk. 

Ozone is a strong oxidizer, so monitoring the state of the ozonosphere is one of the most important tasks 
in ensuring the safety of human life and health. There are a number of methods for studying ozone, among 
which a special place is occupied by the lidar method of remote detection and identification using selective ab-
sorption of laser radiation due to its has maximal sensitivity. V.E. Zuev Institute of Atmospheric Optics, Sibe-
rian Branch, Russian Academy of Sciences solved the problem of monitoring the entire ozonosphere over Tomsk 
by combining existing lidar systems: three measuring systems of the Siberian Lidar Station and a mobile ozone 
lidar. Lidars are designed to study the ozonosphere using the method of differential absorption and scattering, 
as well as to study aerosol fields using single elastic scattering. The systems are based on SOLAR and LOTIS 
TII Nd:YAG lasers, a Lambda Physik laser, and receiving Cassegrain (0,35 m diameter) and Newton (0,5 m di-
ameter) telescopes. Lidars operate in the photon counting mode and record lidar signals with a spatial resolu-
tion of 1.5 to 160 m at probing wavelengths of 299/341 nm in the altitude ranges ∼ 0.1–12 km and ∼ 5–20 km, 
and 308/353 nm in the altitude range ∼ 15–45 km. By combining three measuring systems, a full-scale experi-
ment of lidar sensing of the atmosphere in Tomsk was carried out. The result of retrieval of the vertical profile 
of ozone concentration is presented. For the first time in Russia, lidars have covered the entire ozonosphere. 
The lidar complex sounding results will be used in the network of Roshydromet stations, in adjusting the quasi-
three-year model of the vertical distribution of ozone concentration and aerosol, in comparison of lidar and sat-
ellite data, and in assessing the influence of climate-forming factors in Western Siberia. 

 
 


