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Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ôèëàìåíòàöèè ôåìòîñåêóäíûõ ëàçåðíûõ èìïóëüñîâ ïðè íàëè-

÷èè â íà÷àëå òðàññû ðàñïðîñòðàíåíèÿ ñëîÿ ñî ñëó÷àéíî-íåîäíîðîäíûì ïîêàçàòåëåì ïðåëîìëåíèÿ, ôîðìè-
ðóåìûì ïîòîêîì ãîðÿ÷åãî âîçäóõà, íàïðàâëåííîãî ïåðïåíäèêóëÿðíî íàïðàâëåíèþ ðàñïðîñòðàíåíèÿ èçëó÷å-
íèÿ. Ïîêàçàíî, ÷òî äàííàÿ ìåòîäèêà ïðèíóäèòåëüíîãî èíèöèèðîâàíèÿ íåîäíîðîäíîñòåé â ïîïåðå÷íîé ýíåð-
ãåòè÷åñêîé ñòðóêòóðå ëàçåðíîãî ïó÷êà ïðèâîäèò ê ôîðìèðîâàíèþ âûñîêîèíòåíñèâíûõ ñâåòîâûõ ñóáïó÷êîâ, 
êîòîðûå, â îòëè÷èå îò ñëàáîèíòåíñèâíûõ óçêèõ ïó÷êîâ, íå «ðàñïëûâàþòñÿ» íà êîðîòêèõ äèñòàíöèÿõ çà ñ÷åò 
áîëüøîé äèôðàêöèîííîé ðàñõîäèìîñòè, à ñîõðàíÿþò ìàëûé äèàìåòð, à ñëåäîâàòåëüíî è èíòåíñèâíîñòü íà 
ïðîòÿæåííûõ òðàññàõ, çà ñ÷åò ðåàëèçàöèè êåððîâñêîé íåëèíåéíîñòè â ñðåäå. Òàêîå ïðåäâàðèòåëüíîå ñåãìåí-
òèðîâàíèå ìîùíîãî ëàçåðíîãî èçëó÷åíèÿ ïðèâîäèò ê êðàòíîìó óâåëè÷åíèþ êîëè÷åñòâà âûñîêîèíòåíñèâíûõ 
ñëàáîðàñõîäÿùèõñÿ ñâåòîâûõ êàíàëîâ, õàðàêòåðíàÿ èíòåíñèâíîñòü êîòîðûõ äîñòàòî÷íà äëÿ ðåàëèçàöèè 
äâóõôîòîííîãî ïîãëîùåíèÿ â îáúåìå ÷àñòèö àýðîçîëÿ, ÷òî â ñâîþ î÷åðåäü ñóùåñòâåííî óâåëè÷èâàåò âåëè÷è-
íó ðåãèñòðèðóåìîãî ïî ëèäàðíîé ñõåìå ñèãíàëà ôëóîðåñöåíöèè. Êðîìå òîãî ïîêàçàíî, ÷òî ñôîðìèðîâàííûé 
â íà÷àëå îïòè÷åñêîé òðàññû òóðáóëåíòíûé ñëîé ïîçâîëÿåò ïîâûñèòü ýôôåêòèâíîñòü ãåíåðàöèè èç îáëàñòè 
ôèëàìåíòàöèè ÒÃö-èçëó÷åíèÿ äî 1,5 ðàç çà ñ÷åò ôîðìèðîâàíèÿ ìíîæåñòâà õàîòè÷íî ðàñïîëîæåííûõ ôèëà-
ìåíòîâ, ÿâëÿþùèõñÿ ðåçóëüòàòîì ñëó÷àéíûõ âîçìóùåíèé ýíåðãåòè÷åñêîãî ïðîôèëÿ îïòè÷åñêîãî ïó÷êà. 

 

Êëþ÷åâûå ñëîâà: ôåìòîñåêóíäíûé ëàçåðíûé èìïóëüñ, òóðáóëåíòíîñòü, ëàçåðíàÿ ôèëàìåíòàöèÿ, ïëàç-
ìà, àýðîçîëü, äâóõôîòîííî-âîçáóæäåííàÿ ôëóîðåñöåíöèÿ, óãëîâîå ðàñïðåäåëåíèå, ãåíåðàöèÿ ÒÃö-
èçëó÷åíèÿ; femtosecond laser radiation, filament, turbulence, aerosol. 

 
Ââåäåíèå 

 

Çàäà÷à äèñòàíöèîííîãî ëàçåðíîãî âîçáóæäåíèÿ ñâå÷åíèÿ èíôîðìàòèâíûõ ñïåêòðàëüíûõ ëèíèé è ïîëîñ 
äëÿ äèàãíîñòèêè ñðåäû [1], ëèáî ãåíåðàöèè ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ â âíå îïòè÷åñêîãî äèàïàçîíà, íà-
ïðèìåð â òåðàãåðöîâîì [2], ÿâëÿþòñÿ àêòóàëüíûìè âî ìíîãèõ ïðèêëàäíûõ àñïåêòàõ. Â îáîèõ ñëó÷àÿõ îäíîé 
èç âàæíûõ çàäà÷ ÿâëÿåòñÿ ïîâûøåíèå ýôôåêòèâíîñòè ïðåîáðàçîâàíèÿ ýíåðãèè ëàçåðíîãî èçëó÷åíèÿ. Ðàáîòà 
ïîñâÿùåíà ðåøåíèþ èìåííî ýòîé çàäà÷è. Ïðèíöèïèàëüíàÿ ñõåìà ýêñïåðèìåíòà ïî ôëóîðåñöåíöèè âîäíîãî 
àýðîçîëÿ ñ äîáàâëåíèåì êðàñèòåëÿ óðàíèí (0,4 ã/ë) ïðè äâóõôîòîííîì ïîãëîùåíèè ãèãàâàòòíûõ ëàçåðíûõ 
èìïóëüñîâ â óñëîâèÿõ ñåãìåíòàöèè ïó÷êà ñ èñïîëüçîâàíèåì ñëîÿ ñ íåîäíîðîäíûì ïîêàçàòåëåì ïðåëîìëåíèÿ 
ñðåäû ïðåäñòàâëåíà íà ðèñ. 1à. Ïðîâåäåííûå íàìè ðàíåå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî âëèÿíèþ òóð-
áóëåíòíîñòè íà ôèëàìåíòàöèþ ëàçåðíîãî ïó÷êà [3] ïîêàçàëè, ÷òî óñòàíîâêà «òóðáóëåíòíîãî ýêðàíà» â îïòè-
÷åñêèé òðàêò ðàñïðîñòðàíåíèÿ ìîùíîãî ëàçåðíîãî èçëó÷åíèÿ ïðèâîäèò, çà ñ÷åò ñôîðìèðîâàííûõ íåîäíîðîä-
íîñòåé ïîêàçàòåëÿ ïðåëîìëåíèÿ ñðåäû, ê ïåðåðàñïðåäåëåíèþ èíòåíñèâíîñòè â ïîïåðå÷íîì ñå÷åíèè ïó÷êà, ÷òî 
èíèöèèðóåò ôîðìèðîâàíèå âûñîêîèíòåíñèâíûõ ñâåòîâûõ êàíàëîâ êàæäîé èç ýòèõ íåîäíîðîäíîñòåé. Äëÿ èñ-
ñëåäîâàíèÿ ãåíåðàöèè òåðàãåðöîâîãî èçëó÷åíèÿ èç îáëàñòè ôèëàìåíòàöèè ôåìòîñåêóíäíûõ ëàçåðíûõ èì-
ïóëüñîâ áûëà èñïîëüçîâàíà ñõåìà, ïðåäñòàâëåííàÿ íà ðèñ. 1, á. Â êà÷åñòâå èñòî÷íèêà ëàçåðíîãî èçëó÷åíèÿ 
òàêæå èñïîëüçîâàëñÿ ëàçåðíûé èñòî÷íèê Ti:Saphire (1). Ôåìòîñåêóíäíûå èìïóëüñû ôîêóñèðîâàëèñü ñôåðè-
÷åñêèì çåðêàëîì (3) ñ ðàäèóñîì êðèâèçíû 200 ñì â ëàáîðàòîðíûé âîçäóõ, ãäå èñïûòûâàëè ôèëàìåíòàöèþ  
ñ îáðàçîâàíèåì ïëàçìåííîé îáëàñòè, êîòîðàÿ ñëóæèëà èñòî÷íèêîì ÒÃö èçëó÷åíèÿ. Äëÿ óñèëåíèÿ ÒÃö ãåíå-
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. ðàöèè â îáëàñòü ãåîìåòðè÷åñêîãî ôîêóñà, ò.å. â êîíåö îáëàñòè ôèëàìåíòàöèè, ïîäàâàëîñü ñòàòè÷åñêîå ýëåê-

òðè÷åñêîå ïîëå ñ íàïðÿæåíèåì äî 5 êÂ. Èñïîëüçîâàëèñü ñôåðè÷åñêèå ýëåêòðîäû (5), óäàëåííûå äðóã îò äðó-
ãà íà ðàññòîÿíèå 6 ìì. Íà ðèñ. 2 ïðåäñòàâëåíû ñíèìêè ïîïåðå÷íîé ñòðóêòóðû ëàçåðíîãî ïó÷êà áåç òóðáó-
ëåíòíîãî ýêðàíà (à) è ïðè åãî óñòàíîâêå (á). 

 

1 2 3

4

7

5

8

3*

6

 
à 
 

 
á 

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòîâ ïî ãåíåðàöèè ñâå÷åíèÿ àýðîçîëÿ (à) è ãåíåðàöèè ÒÃö èçëó÷åíèÿ èç îáëàñòè ôèëàìåíòàöèè 
(á). 1 – ëàçåð Ti:Saphire (λ = 800 íì, t = 60 ôñ, E = 40 ìÄæ,  = 10 Ãö; d = 2,5 ñì), 2 – ïðîìûøëåííûé ôåí TESLA TH-
2200, 3 – ãåíåðàòîð àýðîçîëÿ Âóëêàí-3, 3* – ãåíåðàòîð àýðîçîëÿ GoldFogger SF-720, 4 – êîëëèìàòîðíàÿ íàñàäêà ñâåòîâî-
äà, 5 – ñâåòîâîä, 6 – ñïåêòðîìåòð Maya-2000Pro, 7 – íîóòáóê, 8 – ãåëèé-íåîíîâûé ëàçåð «jds uniphase» 4 ìÂò (à);   
1 – ëàçåð Ti:Saphire (λ = 800 íì, t = 60 ôñ, E = 40 ìÄæ,  = 10 Ãö; d = 2,5 ñì), 2 – ïðîìûøëåííûé ôåí TESLA TH-2200, 
3 – ôîêóñèðóþùåå çåðêàëî (f = 100 ñì – ÷èñëîâàÿ àïåðòóðà NA = 0,025), 3* – f = 150 ñì (NA = 0,0167), 4 – îáëàñòü 
ôèëàìåíòàöèè, 5 – ýëåêòðîäû, 6 – èñòî÷íèê ïèòàíèÿ âûñîêîãî íàïðÿæåíèÿ, 7 – äàò÷èê ÒÃö èçëó÷åíèÿ (ÿ÷åéêà Ãîëåÿ) 
   Tydex-1D, 8 – íàáîð ôèëüòðóþùèõ ýëåìåíòîâ, 9 – íîóòáóê, 10 – CCD-êàìåðà «Andor Clara» (1392*1040 ïèêñåëåé) (á) 

 

  
à                                                          á 

Ðèñ. 2. Ïîïåðå÷íàÿ ýíåðãåòè÷åñêàÿ ñòðóêòóðà ëàçåðíîãî ïó÷êà áåç òóðáóëåíòíîãî ýêðàíà (à) è ñ íèì (á) 
 
Äëÿ ðåàëèçàöèè äàííîãî ìåõàíèçìà â ñõåìå ïðåäóñìîòðåí ãåíåðàòîð íåîäíîðîäíîñòè ïîêàçàòåëÿ ïðå-

ëîìëåíèÿ ñ ïåðåìåííîé òåìïåðàòóðîé íàãðåâàòåëüíîãî ýëåìåíòà (2). Â íàøèõ ýêñïåðèìåíòàõ ãåíåðàòîð (2) 
óñòàíàâëèâàëñÿ íà ðàññòîÿíèè 10 ñì îò ïó÷êà, òîëùèíà òóðáóëåíòíîãî ñëîÿ ñîñòàâëÿëà 2 ñì. Íà ðèñ. 3à 
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. ïðåäñòàâëåí ãðàôèê óâåëè÷åíèÿ êîëè÷åñòâà èíòåíñèâíûõ êàíàëîâ â ëàçåðíîì ïó÷êå â çàâèñèìîñòè îò òåìïå-

ðàòóðû íàãðåâàòåëüíîãî ýëåìåíòà äëÿ äâóõ ýíåðãèé ôåìòîñåêóíäíîãî èìïóëüñà. Âèäíî, ÷òî îáå êðèâûå íà 
ãðàôèêå âûõîäÿò íà óðîâåíü íàñûùåíèÿ ïðè òåìïåðàòóðå íàãðåâàòåëÿ  400 îÑ, ÷òî ñîîòâåòñòâóåò òåìïåðà-
òóðå âîçäóõà â ïó÷êå  160 Ñ. Ïðè ýòîì âàæíî îòìåòèòü, ÷òî âêëþ÷åíèå òóðáóëåíòíîãî ýêðàíà ïðèâîäèò 
áîëåå ÷åì ê 10-êðàòíîìó óâåëè÷åíèþ êîëè÷åñòâà èíòåíñèâíûõ êàíàëîâ â ïó÷êå. Äëÿ ãåíåðàöèè àýðîçîëÿ èñ-
ïîëüçîâàëèñü ýëåìåíòû (3) è (3*) ñõåìû íà ðèñ. 1, à. Ðàñïðåäåëåíèå ÷àñòèö ïî ðàçìåðàì, èçìåðåííîå äàò÷è-
êîì OPC-N3, à òàêæå îáðàáîòàííîå ñ èñïîëüçîâàíèåì ïðîãðàììíîãî îáåñïå÷åíèÿ öèôðîâîãî ìèêðîñêîïà 
«Ìèêìåä-6 ËÎÌÎ», ïðåäñòàâëåíî íà ðèñ. 3, á. 
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à                                                          á 

Ðèñ. 3. Çàâèñèìîñòü êîëè÷åñòâà èíòåíñèâíûõ êàíàëîâ â ïó÷êå îò òåìïåðàòóðû íàãðåâàòåëüíîãî ýëåìåíòà (à); ðàñïðåäåëå- 
  íèå ÷àñòèö ïî ðàçìåðàì äëÿ ãåíåðàòîðà Âóëêàí-3 (êðèâàÿ 1) è ãåíåðàòîðà GoldFogger (êðèâûå 2, 3) (á) 

 

 

à 
 

á 
 

Ðèñ. 4. Ñíèìêè ñâå÷åíèÿ ìåëêîäèñïåðñíîãî (à) è êðóïíîäèñïåðñíîãî àýðîçîëÿ (á) â ïîëå ëàçåðíîãî èìïóëüñà.  
  Ñòðåëêà – íàïðàâëåíèå ðàñïðîñòðàíåíèÿ èçëó÷åíèÿ 

 
Íà ñíèìêå ðèñ. 4, à ñëåâà âèäíî çåëåíîå ñâå÷åíèå àýðîçîëÿ ñ êðàñèòåëåì ïðè îáëó÷åíèè èçëó÷åíèåì 

áëèæíåãî ÈÊ äèàïàçîíà, ñïðàâà – ñâå÷åíèå ýêðàíà, ðàñïîëîæåííîãî çà àýðîçîëüíûì ñëîåì. Âèäíî, ÷òî 
äâóõôîòîííàÿ ôëóîðåñöåíöèÿ àýðîçîëÿ îñóùåñòâëÿåòñÿ â ñôîðìèðîâàííûõ â ñå÷åíèè ïó÷êà èíòåíñèâíûõ 
êàíàëàõ. Êðàñíûé öâåò ñâå÷åíèÿ íà ýêðàíå îáóñëîâëåí êåððîâñêèì óøèðåíèåì ñïåêòðà èìïóëüñà  
ñ λ = 800 íì â âûñîêîèíòåíñèâíûõ êàíàëàõ â âèäèìóþ îáëàñòü. Íà ðèñ. 5 ïðåäñòàâëåíû ñïåêòðû ñâå÷åíèÿ 
àýðîçîëÿ äëÿ ñëó÷àåâ ñ òóðáóëåíòíûì ýêðàíîì è áåç íåãî. Âèäíî, ÷òî ïîñòàíîâêà òóðáóëåíòíîãî ñëîÿ íà ïó-
òè ôåìòîñåêóíäíîãî èçëó÷åíèÿ, ÷òî âûçûâàåò ïðîñòðàíñòâåííîå ñòðóêòóðèðîâàíèå ìîùíîãî ïó÷êà, ïðèâîäèò 
ê óâåëè÷åíèþ èíòåíñèâíîñòè ôëóîðåñöåíöèè êàïåëü. Ýòî ñâÿçàíî ñ òåì, ÷òî ñòðóêòóðèðîâàííîå èçëó÷åíèå 
ñîçäàåò ëó÷øåå çàïîëíåíèå îáëàñòè âçàèìîäåéñòâèÿ ñ àýðîçîëüíîé ñòðóåé ìíîãî÷èñëåííûìè ñâåòîâûìè êàíà-
ëàìè, çà ñ÷åò ÷åãî àýðîçîëüíûé îáúåì äàåò áîëåå ñèëüíóþ ôëóîðåñöåíöèþ ïî ñðàâíåíèþ ñ ïó÷êîì ãàóññîâ-
ñêîãî ïðîôèëÿ, ò.å. áåç òóðáóëåíòíîãî ýêðàíà. Ñòåïåíü ïîâûøåíèÿ íåëèíåéíîé ýìèññèè àýðîçîëüíûõ ÷àñòèö 
çà ñ÷åò òóðáóëåíòíîñòè â ëàçåðíîì ïó÷êå (â öåíòðå ïîëîñû ôëóîðåñöåíöèè óðàíèíà 520 íì) ñîñòàâëÿåò ïðè-
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. ìåðíî 20% äëÿ ìåëêîäèñïåðñíîãî àýðîçîëÿ è 30% äëÿ áîëåå êðóïíûõ ÷àñòèö. Ýòî îáñòîÿòåëüñòâî îòêðûâàåò 

ïåðñïåêòèâû ê ïîâûøåíèþ ÷óâñòâèòåëüíîñòè è ñåëåêòèâíîñòè ìåòîäîâ îïðåäåëåíèÿ ìàëûõ êîíöåíòðàöèé 
âåùåñòâ ïî ìåòîäèêå ôåìòîñåêóíäíîé ôëóîðåñöåíòíîé ñïåêòðîñêîïèè ïðè èñïîëüçîâàíèè ñïåöèàëüíûì îáðà-
çîì ñòðóêòóðèðîâàííîãî ëàçåðíîãî èçëó÷åíèÿ. Ðåçóëüòàòû èçìåðåíèé óãëîâîãî ðàñïðåäåëåíèÿ ôëóîðåñöåí-
öèè ïîäêðàøåííûõ âîäíûõ êàïåëü ïîêàçàíû íà ðèñ. 5, á. 
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Ðèñ. 5. Ñïåêòðû ôëóîðåñöåíöèè âîäíîãî àýðîçîëÿ ñ óðàíèíîì ñ Ò-ñëîåì è áåç íåãî (ìåëêîäèñïåðñíûé àýðîçîëü ñì. ðèñ. 4, à) 
(à); óãëîâàÿ äèàãðàììà ôëóîðåñöåíöèè âîäíîãî àýðîçîëÿ â ïîëå ôåìòîñåêóíäíîãî èçëó÷åíèÿ äëÿ ìåëêîäèñïåðñíîãî  
  àýðîçîëÿ áåç òóðáóëåíòíîãî ñëîÿ (êâàäðàòû) è ñ Ò-ñëîåì (êðóãëûå òî÷êè), T = 200C (á) 

 
Âèäíî, ÷òî óãëîâàÿ äèàãðàììà â öåëîì èìååò êâàçèäèïîëüíóþ ôîðìó ñ âûðàæåííîé àñèììåòðèåé â íà-

ïðàâëåíèÿõ âïåðåä-íàçàä. Ìàêñèìóì ýìèññèè íàáëþäàåòñÿ â äèàïàçîíå óãëîâ ïðèìåðíî 160–170 ãðàäóñîâ 
îòíîñèòåëüíî íàïðàâëåíèÿ âîçäåéñòâèÿ ôåìòîñåêóíäíîãî èìïóëüñà. Èçìåðåííàÿ ôîðìà ðàñïðåäåëåíèÿ õà-
ðàêòåðíà êàê äëÿ ìåëêîäèñïåðñíîãî àýðîçîëÿ, òàê è äëÿ è êðóïíîäèñïåðñíîãî. Ñòåïåíü àñèììåòðèè âïåðåä-
íàçàä äîñòèãàåò äâóõ ðàç ïî èíòåíñèâíîñòè ñèãíàëà ôëþîðåñöåíöèè äëÿ ìåëêîäèñïåðñíîãî òóìàíà è ïî÷òè 
òðåõ ðàç äëÿ êðóïíîäèñïåðñíîãî.  

Óñòàíîâêà òóðáóëåíòíîãî «ýêðàíà» â îïòè÷åñêèé òðàêò ðàñïðîñòðàíåíèÿ ìîùíîãî ëàçåðíîãî èçëó÷åíèÿ 
ïðèâîäèò, çà ñ÷åò ñôîðìèðîâàííûõ íåîäíîðîäíîñòåé ïîêàçàòåëÿ ïðåëîìëåíèÿ ñðåäû, ê ïåðåðàñïðåäåëåíèþ 
èíòåíñèâíîñòåé â ïîïåðå÷íîì ñå÷åíèè ïó÷êà (ñì. ðèñ. 2, à, á), ÷òî èíèöèèðóåò ôîðìèðîâàíèå ñòàõîñòè÷å-
ñêîé ìíîæåñòâåííîé ôèëàìåíòàöèè íà ýòèõ íåîäíîðîäíîñòÿõ. Äàííîå îáñòîÿòåëüñòâî ïîçâîëÿåò ïðåäïîëî-
æèòü, ÷òî îáëàñòü ôèëàìåíòàöèè ñôîêóñèðîâàííîãî ëàçåðíîãî ïó÷êà, ïðè íàëè÷èè òóðáóëåíòíîãî ñëîÿ  
(Ò-ñëîÿ), ñóùåñòâåííî èçìåíèòñÿ, ÷òî äîëæíî îòðàçèòñÿ íà ãåíåðàöèè ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ â òåðà-
ãåðöîâîé îáëàñòè èç ïëàçìåííîãî ôèëàìåíòà. Íà ðèñ. 6, à ïðåäñòàâëåíà çàâèñèìîñòü àìïëèòóäû ÒÃö ñèãíàëà 
îò ýíåðãèè ëàçåðíîãî èìïóëüñà äëÿ ñëó÷àåâ áåç Ò-ñëîÿ è ñ Ò-ñëîåì. Âèäíî, ÷òî «âêëþ÷åíèå» ýêðàíà ñ íåîä-
íîðîäíûì ïîêàçàòåëåì ïðåëîìëåíèÿ ñðåäû ïðèâîäèò ê óâåëè÷åíèþ ýôôåêòèâíîñòè ãåíåðàöèè ÒÃö èçëó÷åíèÿ 
èç ïëàçìû ôèëàìåíòà íà  30–40%. Äàííîå óâåëè÷åíèå ìîæíî ñâÿçàòü ñ óâåëè÷åíèå êîëè÷åñòâà ôèëàìåíòîâ, 
÷òî ïîäòâåðæäàþò ñíèìêè îáëàñòè ôèëàìåíòàöèè, à òàêæå ñðàâíåíèå ñ ðåçóëüòàòìè, ïîëó÷åííûìè â [4], 
ïðåäñòàâëåííûìè íà ðèñ. 6, á. 
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 настоящая работа

 

à á

Ðèñ. 6. Çàâèñèìîñòü àìïëèòóäû òåðàãåðöîâîãî ñèãíàëà îò ýíåðãèè ëàçåðíîãî èìïóëüñà áåç Ò-ñëîÿ è ñ Ò-ñëîåì (íîðìèðîâêà  
  íà ìèíèìóì ÒÃö ñèãíàëà) (à) è çàâèñèìîñòü àìïëèòóäû òåðàãåðöîâîãî ñèãíàëà îò êîëè÷åñòâà ôèëàìåíòîâ (á) 
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 Òàêèì îáðàçîì, ïðîâåäåííûå íàìè èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïðåäâàðèòåëüíîå ñåãìåíòèðîâàíèå 

ìîùíîãî ëàçåðíîãî èçëó÷åíèÿ çà ñ÷åò ïðîõîæäåíèÿ èì ñëîÿ ñî ñëó÷àéíî-íåîðäíîðîäíûì ïîêàçàòåëåì ïðå-
ëîìëåíèÿ â ôîðìå íàãðåòîé ñòðóè âîçäóõà, ïðèâîäèò çà ñ÷åò ðàçâèòèÿ ìåëêîìàñøòàáíîé ñàìîôîêóñèðîâêè  
ê ôîðìèðîâàíèþ â ïó÷êå ìíîæåñòâà âûñîêîèíòåíñèâíûõ ñëàáîðàñõîäÿùèõñÿ ñâåòîâûõ êàíàëîâ (ïîñòôèëà-
ìåíòîâ). Õàðàêòåðíàÿ èíòåíñèâíîñòü ýòèõ ïîñòôèëàìåíòîâ îêàçûâàåòñÿ äîñòàòî÷íîé äëÿ ðåàëèçàöèè äâóõôî-
òîííîãî ïîãëîùåíèÿ â îáúåìå ÷àñòèö àýðîçîëÿ, ÷òî â ñâîþ î÷åðåäü ñóùåñòâåííî óâåëè÷èâàåò (â 1,8 ðàçà) 
âåëè÷èíó ðåãèñòðèðóåìîãî ïî ëèäàðíîé ñõåìå ñèãíàëà ôëóîðåñöåíöèè. Êðîìå òîãî ïîêàçàíî, ÷òî ýôôåêòèâ-
íîñòü ãåíåðàöèè ÒÃö ñèãíàëà ëàçåðíûìè ôèëàìåíòàìè ìîæåò áûòü ïîâûøåíà ïðèáëèçèòåëüíî â 1.5 ðàçà, 
åñëè íà ïóòè îïòè÷åñêîãî ïó÷êà ðàçìåñòèòü òîíêèé ñëîé íàãðåòîãî âîçäóõà, êîòîðûé âíîñèò ñëó÷àéíî-
íåîäíîðîäíûå âîçìóùåíèÿ â ôàçó îïòè÷åñêîãî ïîëÿ è èíèöèèðóåò ñòîõàñòè÷åñêóþ ôèëàìåíòàöèþ ñèëîâîãî 
ïó÷êà. 
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D.V. Apeksimov, P.A. Babushkin, Yu.E. Geints, A.M. Kabanov, V.K. Oshlakov, A.V. Petrov,  

E.E. Khoroshaeva. The effect of local heterogeneities of the medium along the propagation path of high 
power femtosecond laser pulses on the generation of electromagnetic radiation at shifted wavelengths. 

The report presents the results of studies of filamentation of femtosecond laser pulses in the presence at 
the beginning of the propagation path of a layer with a randomly inhomogeneous refractive index formed by a 
stream of hot air directed perpendicular to the direction of radiation propagation. It is shown that this tech-
nique of forced initiation of inhomogeneities in the transverse energy structure of a laser beam leads to the for-
mation of high-intensity light sub-beams, which, unlike low-intensity narrow beams, are not blurring at short 
distances due to the large diffraction divergence, while maintaining a small diameter and, consequently, inten-
sity over long distances due to the implementation of Kerr nonlinearity in the medium. Such preliminary seg-
mentation of high-power laser radiation leads to a multiple increase in the number of high-intensity slightly di-
vergent light channels, the characteristic intensity of which is sufficient to realize two-photon absorption in the 
volume of aerosol particles, which in turn significantly increases the magnitude of the fluorescence signal de-
tected by the lidar circuit. In addition, it is shown that the turbulent layer formed at the beginning of the opti-
cal path makes it possible to increase the efficiency of THz radiation generation from the filamentation region 
by up to 1.5 times due to the formation of a multitude of randomly arranged filaments resulting from random 
perturbations of the energy profile of the optical beam. 
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