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1 Èíñòèòóò îïòèêè àòìîñôåðû èì. Â.Å. Çóåâà ÑÎ ÐÀÍ 

634055, Òîìñê, Ðîññèÿ, ïë. Àêàäåìèêà Çóåâà, 1 
2 Ðîññèéñêèé óíèâåðñèòåò òðàíñïîðòà 

127994, Ìîñêâà, Ðîññèÿ, óë. Îáðàçöîâà, 9, ygeints@iao.ru, mov@iao.ru   
 

Ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåííûõ èññëåäîâàíèé ðàñïðîñòðàíåíèÿ ìîùíûõ ôåìòîñåêóíäíûõ ëàçåð-
íûõ èìïóëüñîâ â ðåæèìàõ ñàìîôîêóñèðîâêè è ôèëàìåíòàöèè â ãàçàõ ïðè âàðüèðîâàíèè äàâëåíèÿ ñðåäû. 
Òàêîé ïîäõîä ïîçâîëÿåò èñïîëüçîâàòü ðåçóëüòàòû, ïîëó÷åííûå â ëàáîðàòîðíûõ óñëîâèÿõ ñ àíîìàëüíî âûñî-
êèì äàâëåíèåì íà ðàññòîÿíèÿõ â íåñêîëüêî ìåòðîâ, äëÿ ìàñøòàáèðîâàíèÿ íà ðåàëüíûå àòìîñôåðíûå òðàññû 
ïðîòÿæåííîñòüþ â ñîòíè ìåòðîì ïðè íîðìàëüíîì äàâëåíèè. Ïðàêòè÷åñêàÿ çíà÷èìîñòü ýòèõ èññëåäîâàíèé 
ñâÿçàíà ñ äèñòàíöèîííîé äèàãíîñòèêîé êîìïîíåíò àòìîñôåðû è äîñòàâêîé ýíåðãèè íà ïðîòÿæåííûõ òðàññàõ 
â àòìîñôåðå. Ñ òî÷êè çðåíèÿ ïðîâåäåíèÿ ÷èñëåííûõ ðàñ÷åòîâ ýòîò ïîäõîä òàêæå èìååò ñâîè äîñòîèíñòâà, 
ïîñêîëüêó ïîçâîëÿåò ñîêðàòèòü âðåìÿ ïðîâåäåíèÿ âû÷èñëåíèé è óìåíüøèòü òðåáóåìûå âû÷èñëèòåëüíûå 
ìîùíîñòè. ×èñëåííîå ìîäåëèðîâàíèå ïðîâîäèëîñü äëÿ ñëó÷àåâ ðàñïðîñòðàíåíèÿ ìîùíûõ ôåìòîñåêóíäíûõ 
èìïóëüñîâ òèòàí-ñàïôèðîâîãî ëàçåðà â ðåæèìàõ ñàìîôîêóñèðîâêè è ôèëàìåíòàöèè â óñëîâèÿõ 64-êðàòíîãî 
óâåëè÷åíèÿ äàâëåíèÿ âîçäóõà. Äåòàëüíî ðàññìîòðåíî ôîðìèðîâàíèå ìíîãîôîêóñíîé ñòðóêòóðû îáëàñòè ôè-
ëàìåíòàöèè, êîòîðîå îñîáåííî íàãëÿäíî ïðîÿâëÿåòñÿ â ýòèõ óñëîâèÿõ.  

  

Êëþ÷åâûå ñëîâà: ôåìòîñåêóíäíûé ëàçåðíûé èìïóëüñ, íåëèíåéíûé ôîêóñ, ñàìîôîêóñèðîâêà, ôèëà-
ìåíòàöèÿ, ãàç ïîâûøåííîãî äàâëåíèÿ, ñòðóêòóðà ëàçåðíîãî ïó÷êà; femtosecond laser pulse, nonlinear focus, 
self-focusing, laser filamentation, pressured gas, laser beam structure. 

 
Ââåäåíèå 

 

Ïðîâåäåíèå àòìîñôåðíî-îïòè÷åñêèõ èññëåäîâàíèé íà îñíîâå ïîñëåäíèõ äîñòèæåíèé íåëèíåéíîé ôåìòî-
ñåêóíäíîé ëàçåðíîé ôèçèêè ïîçâîëèëî ïîëó÷èòü îðèãèíàëüíûå è ïåðñïåêòèâíûå ðåçóëüòàòû. Â ÷àñòíîñòè, 
áûëè ïîêàçàíû âîçìîæíîñòè äèñòàíöèîííîé äèàãíîñòèêè àýðîçîëüíî-ãàçîâûõ êîìïîíåíò àòìîñôåðû, ýôôåê-
òèâíîé äîñòàâêè ýíåðãèè íà ïðîòÿæåííûõ òðàññàõ, «ðàçðÿäà» ãðîçîâûõ îáëàêîâ. Èõ ðåàëèçàöèÿ îñíîâàíà íà 
ÿâëåíèÿõ ñàìîôîêóñèðîâêè è ôèëàìåíòàöèè [1] ìîùíûõ óëüòðàêîðîòêèõ ëàçåðíûõ èìïóëüñîâ. 

Ïîñëå ñîçäàíèÿ ôåìòîñåêóíäíûõ ëàçåðîâ [2] áûëè èññëåäîâàíû ðàçëè÷íûå àñïåêòû, ñâÿçàííûå ñ ýòèìè 
ÿâëåíèÿìè [3–5]. Â òîæå âðåìÿ íåêîòîðûå âîïðîñû, ñâÿçàííûå ñ ïðàêòè÷åñêèì èñïîëüçîâàíèåì ñàìîôîêó-
ñèðîâêè è ôèëàìåíòàöèè ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ â àòìîñôåðå, îñòàþòñÿ íå äî êîíöà 
èçó÷åííûìè. Ïðè÷èíà ýòîãî çàêëþ÷àåòñÿ â ñëîæíîñòè è äîðîãîâèçíå ïðîâîäèìûõ íàòóðíûõ ýêñïåðèìåíòîâ 
íà ïðîòÿæåííûõ òðàññàõ, îãðàíè÷åííîñòè ëàáîðàòîðíûõ óñëîâèé è êîëîññàëüíûõ âû÷èñëèòåëüíûõ ðåñóðñàõ, 
òðåáóåìûõ äëÿ ïðîâåäåíèÿ ÷èñëåííîãî ìîäåëèðîâàíèÿ. Äîïîëíèòåëüíûìè ôàêòîðàìè, êîòîðûå îñëîæíÿþò 
ïðîâåäåíèå êàê íàòóðíûõ, òàê è ÷èñëåííûõ èññëåäîâàíèé, ÿâëÿþòñÿ áîëüøàÿ ïðîòÿæåííîñòü àòìîñôåðíûõ 
òðàññ, òóðáóëåíòíûé õàðàêòåð ñðåäû ðàñïðîñòðàíåíèÿ èçëó÷åíèÿ è âàðèàòèâíîñòü ãåîìåòðèè ðàññìàòðèâàå-
ìîé çàäà÷è (íàïðèìåð, ãîðèçîíòàëüíûå, âåðòèêàëüíûå, íàêëîííûå òðàññû) è íà÷àëüíûõ ïàðàìåòðîâ ëàçåðíî-
ãî èçëó÷åíèÿ. Âñå ýòî ñäåëàëî âîñòðåáîâàííûì ñîçäàíèå íîâåéøèõ ïîäõîäîâ äëÿ ðåøåíèÿ óïîìÿíóòûõ ïðàê-
òè÷åñêèõ çàäà÷.  

Â ÷àñòíîñòè, â ïîñëåäíèå ãîäû [6, 7] àêòèâíî ðàçâèâàþòñÿ ïîäõîäû íà îñíîâå âàðüèðîâàíèÿ äàâëåíèÿ  
â ñðåäå ðàñïðîñòðàíåíèÿ ìîùíûõ ôåìòîñåêóíäíûõ ëàçåðíûõ èìïóëüñîâ. Îäíà èç ïðè÷èí ýòîãî – âîçìîæ-
íîñòü ìàñøòàáèðîâàíèÿ ðåçóëüòàòîâ, ïîëó÷åííûõ â ëàáîðàòîðíûõ óñëîâèÿõ, íà ðåàëüíûå ïðîòÿæåííûå àò-
ìîñôåðíûå òðàññû [8]. Ñ òî÷êè çðåíèÿ ïðîâåäåíèÿ ÷èñëåííûõ ðàñ÷åòîâ ýòîò ïîäõîä òàêæå èìååò ñâîè äîñòî-
èíñòâà, ïîñêîëüêó ïîçâîëÿåò ñîêðàòèòü âðåìÿ ïðîâåäåíèÿ âû÷èñëåíèé è óìåíüøèòü òðåáóåìûå âû÷èñëèòåëü-
íûå ìîùíîñòè. Îñíîâíîé àêöåíò â ïðîâîäèìûõ íà íàñòîÿùåå âðåìÿ èññëåäîâàíèÿõ â ðàìêàõ óêàçàííûõ 
ïîäõîäîâ ñäåëàí íà èçìåíåíèè ñïåêòðàëüíûõ õàðàêòåðèñòèê èçëó÷åíèÿ, à âîò äèíàìèêà ïðîñòðàíñòâåííîé 
ñòðóêòóðû ëàçåðíîãî ïó÷êà â ýòèõ óñëîâèÿõ îñòàåòñÿ ìåíåå èçó÷åííîé. Â ýòîé ñâÿçè íà ñåáÿ îáðàùàþò îñî-
áîå âíèìàíèå ñëåäóþùèå ôàêòîðû, îïðåäåëÿþùèå ýôôåêòèâíîñòü ðàñïðîñòðàíåíèÿ ìîùíîãî ôåìòîñåêóíäã-
íîãî ëàçåðíîãî èçëó÷åíèÿ â àòìîñôåðå: óïðàâëåíèå ôîðìèðîâàíèåì ñòðóêòóðû ôèëàìåíòîâ è ïëàçìåííûõ 
êàíàëîâ â çàäàííîé òî÷êå òðàññû, à òàêæå ñíèæåíèå ðàñõîäèìîñòè ïó÷êà ïðè ðàñïðîñòðàíåíèè íà ïðîòÿæåí-
íûõ òðàññàõ. 
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×èñëåííîå ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî 
èçëó÷åíèÿ ïðè ôèëàìåíòàöèè â ãàçàõ ïîä äàâëåíèåì 

 

Â êà÷åñòâå ìîäåëè ðàñïðîñòðàíåíèÿ ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ â îïòè÷åñêîé ñðåäå 
èñïîëüçîâàëîñü ýôôåêòèâíîå (èíòåãðèðîâàííîå ïî âðåìåíè) íåëèíåéíîå óðàâíåíèå Øðåäèíãåðà (ÍÓØ) äëÿ 
îãèáàþùåé îïòè÷åñêîãî ïîëÿ. Ìàòåìàòè÷åñêîå îïèñàíèå íåëèíåéíîãî ðàñïðîñòðàíåíèÿ ìîùíîãî ôåìòîñå-
êóíäíîãî ëàçåðíîãî èçëó÷åíèÿ ïðè ãåíåðàöèè ëàçåðíîé ïëàçìû è ôèëàìåíòàöèè â ðàìêàõ òàêîé ðåäóöèðî-
âàííîé 3D ìîäåëè ÍÓØ ïîäðîáíî ðàññìîòðåíû â [9–12]. Â ÷àñòíîñòè, â [10–12] êðîìå îñíîâíûõ ñîîòíî-
øåíèé, èñïîëüçóåìûõ â ðàìêàõ ýòîé ìîäåëè, ðàññìàòðèâàåòñÿ âîïðîñ àäåêâàòíîñòè åå ïðèìåíåíèÿ ïî ñðàâ-
íåíèþ ñ ïîëíîé (3D+1) ìîäåëüþ ÍÓØ. Àíàëèç è ñðàâíåíèå ðåçóëüòàòîâ, ïîëó÷åííûõ â [10–12] äëÿ ïîëíîé 
(3D+1) è ðåäóöèðîâàííîé 3D ìîäåëåé ÍÓØ, ïîêàçàëè õîðîøåå ñîãëàñèå ðåçóëüòàòîâ ìîäåëèðîâàíèÿ.  

Â ðàìêàõ ýòîãî èññëåäîâàíèÿ ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èç-
ëó÷åíèÿ ñ äëèíîé âîëíû  = 800 íì ïðîâîäèëîñü äëÿ ïó÷êîâ ñ íà÷àëüíûì ðàäèóñîì R0, âàðüèðóåìûì â äèà-
ïàçîíå îò 0,5 äî 2 ìì (ïî óðîâíþ å1), è îòíîñèòåëüíîé ïèêîâîé ìîùíîñòüþ  = P0/Pcr – îò 1 äî 24. Çäåñü 
P0 – ïèêîâàÿ ìîùíîñòü â èìïóëüñå, Pcr = 3,2 ÃÂò [1] – êðèòè÷åñêàÿ ìîùíîñòü ñàìîôîêóñèðîâêè. Äàâëåíèå 
ñðåäû ð èçìåíÿëîñü îò 0,25 äî 16 àòì. Âûáîð ïàðàìåòðîâ îñíîâàí íà óñëîâèè ýêâèâàëåíòíîñòè, ïîëó÷åííîì 
â [8] ïðè ðàññìîòðåíèè ðàñïðîñòðàíåíèÿ ìîùíîãî ëàçåðíîãî èçëó÷åíèÿ â ãàçàõ ñ îòíîñèòåëüíûìè äàâëåíèÿ-
ìè 1 è 2: 1LR1 = 2LR2. Çäåñü 2

1,2 0 0 1,2 2RL n k R  – äëèíà Ðýëåÿ äëÿ äâóõ ïó÷êîâ ñ ðàäèóñàìè R1 è R2. Îò-
ìåòèì, ÷òî ïîä ýêâèâàëåíòíîñòüþ â [8] ïîíèìàåòñÿ ðàâåíñòâî õàðàêòåðíûõ ìàñøòàáîâ ïðîÿâëåíèÿ íåëèíåé-
íûõ ïðåîáðàçîâàíèé ïðîñòðàíñòâåííî-âðåìåííîé ôîðìû îïòè÷åñêîãî èìïóëüñà. Â ðåçóëüòàòå ïîëó÷àåòñÿ, ÷òî 
íåîáõîäèìî îáåñïå÷èòü âûïîëíåíèå ñëåäóþùåãî ñîîòíîøåíèÿ:  2 2

1 2 2 1R R   . 

Íà ðèñ. 1 ïîñòðîåíà çàâèñèìîñòü ïëîòíîñòè ïëàçìû e, íîðìèðîâàííîé íà ìàêñèìàëüíîå çíà÷åíèå e_max, 

îò äèñòàíöèè ðàñïðîñòðàíåíèÿ z, íîðìèðîâàííîé íà äëèíó Ðýëåÿ LR ïó÷êà. Ñîïîñòàâëåíèå êðèâûõ, ïðåä-
ñòàâëåííûõ íà ðèñ. 1, ñ ðåçóëüòàòàìè [13] äåìîíñòðèðóåò âîçìîæíîñòè óïðàâëåíèÿ ñòðóêòóðîé îáëàñòè ôè-
ëàìåíòàöèè çà ñ÷åò âàðüèðîâàíèÿ äàâëåíèÿ ñðåäû ðàñïðîñòðàíåíèÿ. 

 

 
Ðèñ. 1. Çàâèñèìîñòü ïëîòíîñòè ïëàçìû îò äèñòàíöèè ðàñïðîñòðàíåíèÿ â íîðìèðîâàííûõ êîîðäèíàòàõ. Êðèâàÿ 1 ïîñòðîåíà  
  äëÿ p = 0,25 àòì, R0 = 2 ìì,  = 16; êðèâàÿ 2 – p = 1 àòì, R0 = 1 ìì, η = 4; êðèâàÿ 3– p = 4 àòì, R0 = 0,5 ìì,  = 1 

 
Îòìåòèì, ÷òî ïðè ðàçëè÷íîì äàâëåíèè óäàåòñÿ ñôîðìèðîâàòü ïëàçìåííóþ îáëàñòü ðàçëè÷íîé ïðîòÿæåí-

íîñòè ïðè ñîõðàíåíèè åå ñïëîøíîñòè (ïðîäîëüíîé íåïðåðûâíîñòè). Áîëåå äåòàëüíîå èçó÷åíèå ïðîñòðàíñò-
âåííûõ õàðàêòåðèñòèê îáëàñòè ôèëàìåíòàöèè ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ ïîêàçàëî 
ôóíäàìåíòàëüíîå îòëè÷èå ðàññìàòðèâàåìûõ ñëó÷àåâ. Îíî ñîñòîèò â ðàçíîì õàðàêòåðå ïðîòåêàíèÿ îñíîâîïî-
ëàãàþùåãî ïðîöåññà, êîòîðûì ÿâëÿåòñÿ ôîðìèðîâàíèå íåëèíåéíûõ ôîêóñîâ. Åãî ðîëü â ñòàíîâëåíèè ñîâðå-
ìåííîé òåîðèè ñàìîôîêóñèðîâêè è ôèëàìåíòàöèè ìîùíîãî óëüòðàêîðîòêîãî ëàçåðíîãî èçëó÷åíèÿ ìîæíî 
ïðîñëåäèòü â [1, 14–16]. 

 
Ôîðìèðîâàíèå ìíîãîôîêóñíîé ñòðóêòóðû ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî 

èçëó÷åíèÿ â ãàçàõ ïîä äàâëåíèåì 
 

Äëÿ äåòàëüíîãî èçó÷åíèÿ ôîðìèðîâàíèÿ íåëèíåéíûõ ôîêóñîâ ïðè ðàñïðîñòðàíåíèè ìîùíîãî ôåìòîñå-
êóíäíîãî ëàçåðíîãî èçëó÷åíèÿ ïðè âàðüèðîâàíèè äàâëåíèÿ ãàçà ðàññìîòðèì ðèñ. 2. 

Ñðàâíåíèå ïðîôèëåé ïó÷êà ïðè ðàçëè÷íîì äàâëåíèè íà ðèñ. 2 ïîêàçûâàåò, ÷òî ýòîò ïàðàìåòð ìîæåò 
áûòü èñïîëüçîâàí äëÿ óïðàâëåíèÿ ôèëàìåíòàöèåé ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ è ôîðìè-
ðîâàíèÿ çàäàííîé ñòðóêòóðû ïëàçìåííûõ çîí íà îïðåäåëåííîì ðàññòîÿíèè îò íà÷àëà òðàññû, ÷òî âàæíî äëÿ 
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à ðåøåíèÿ ïðàêòè÷åñêèõ çàäà÷. Òàêæå íà ñåáÿ îáðàùàåò âíèìàíèå òîò ôàêò, ÷òî ñ óâåëè÷åíèåì äàâëåíèÿ ãàçî-
âîé ñðåäû ìåíåå âûðàæåííîé ñòàíîâèòñÿ ðîëü íåëèíåéíîñòè. 

  

 

â 

á

à 

Ðèñóíîê 2 –Ïðîäîëüíûé ïðîôèëü ïó÷êà äëÿ p = 0,25 àòì, R0 = 2 ìì, η = 16 (à); p = 1 àòì, R0 = 1 ìì, η = 4 (á);  
   p = 4 àòì, R0 = 0,5 ìì, η = 1 (â) 

 
Óãëîâàÿ ðàñõîäèìîñòü ïó÷êà ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ â ãàçàõ 

ïîä äàâëåíèåì 
 

Êàê óæå îòìå÷àëîñü âûøå, ñíèæåíèå ðàñõîäèìîñòè ïó÷êà ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷å-
íèÿ ïðè ðàñïðîñòðàíåíèè íà ïðîòÿæåííûõ àòìîñôåðíûõ òðàññàõ ÿâëÿåòñÿ âàæíîé çàäà÷åé. Îäèí èç ñïîñî- 

 

 
Ðèñ. 3. Çàâèñèìîñòü íîðìèðîâàííîé óãëîâîé ðàñõîäèìîñòè ïó÷êà îò äàâëåíèÿ â ñðåäå ðàñïðîñòðàíåíèÿ äëÿ ïó÷êîâ  
  ñ ðàçëè÷íîé ïèêîâîé ìîùíîñòüþ 
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áîâ åå ðåøåíèÿ – ôîðìèðîâàíèå ïîñòôèëàìåíòîâ [17, 18], êîòîðûå õàðàêòåðèçóþòñÿ â ðàçû è äàæå íà ïîðÿ-
äîê ìåíüøåé óãëîâîé ðàñõîäèìîñòüþ ïî ñðàâíåíèþ ñî âñåì ïó÷êîâ. Êðîìå ýòîãî, ýòè êàíàëû îáëàäàþò  
áîëüøîé ïðîòÿæåííîñòüþ è âûñîêîé èíòåíñèâíîñòüþ, à âîò èõ êîëè÷åñòâî â ïó÷êå ñèëüíî îãðàíè÷åíî 
[18, 19]. Ïðè ðàñïðîñòðàíåíèè øèðîêèõ ëàçåðíûõ ïó÷êîâ (ñàíòèìåòðîâîãî è áîëåå ðàäèóñà) è ìîùíîñòè 
ëàçåðíîãî èçëó÷åíèÿ ïîðÿäêà òåðà- è ïåòàâàòò óñèëèâàåòñÿ ñòîõàñòè÷åñêèé õàðàêòåð ìíîæåñòâåííîé ôèëà-
ìåíòàöèè, ÷òî ïðèâîäèò ê äåñòàáèëèçàöèè ïàðàìåòðîâ ïó÷êà, è â ÷àñòíîñòè åãî óãëîâîé ðàñõîäèìîñòè . Íà 
ðèñ. 3 âèäíî, ÷òî îíà âîçðàñòàåò â óñëîâèÿõ ïîâûøåíèÿ äàâëåíèÿ â ñðåäå ðàñïðîñòðàíåíèÿ è ñîêðàùåíèÿ 
ïèêîâîé ìîùíîñòè â èìïóëüñå. Íà ðèñ. 3. 0 – äèôðàêöèîííàÿ ðàñõîäèìîñòü âñåãî ïó÷êà. Õàðàêòåð çàâèñè-
ìîñòè íîðìèðîâàííîé óãëîâîé ðàñõîäèìîñòè îò ìîùíîñòè ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè â [20].  

 
Çàêëþ÷åíèå 

 

Ðåçóëüòàòû ÷èñëåííîãî ìîäåëèðîâàíèÿ ðàñïðîñòðàíåíèÿ ìîùíûõ ëàçåðíûõ èìïóëüñîâ ôåìòîñåêóíäíîé 
äëèòåëüíîñòè ïðè ðåàëèçàöèè ñàìîôîêóñèðîâêè è ôèëàìåíòàöèè êîëëèìèðîâàííîãî èçëó÷åíèÿ â ãàçàõ ïîêà-
çàëè âîçìîæíîñòè ôîðìèðîâàíèÿ ìíîãîôîêóñíîé ñòðóêòóðû è óïðàâëåíèÿ ðàñõîäèìîñòüþ ïó÷êà â óñëîâèÿõ 
âàðüèðîâàíèÿ äàâëåíèÿ ñðåäû ðàñïðîñòðàíåíèÿ. Â ðàìêàõ çàêîíîâ ìàñøòàáèðîâàíèÿ ýòè ðåçóëüòàòû ïëàíè-
ðóåòñÿ èñïîëüçîâàòü äëÿ ïðîãíîçèðîâàíèÿ ðàñïðîñòðàíåíèÿ ìîùíîãî ôåìòîñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ 
íà ðåàëüíûõ àòìîñôåðíûõ òðàññàõ ïðîòÿæåííîñòüþ â ñîòíè ìåòðîì è áîëåå.  

 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèÿ âûïîëíåíû ïðè ôèíàíñîâîé ïîääåðæêå ÐÍÔ (¹ 24-12-00056). 
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Y.E. Geints, O.V. Minina. Multifocal structure of high-power femtosecond laser radiation during fila-

mentation in pressured gases. 
The results of numerical simulation of self-focusing and filamentation of high-power femtosecond laser 

pulses with varying pressure of the gas medium in which the radiation propagates are presented. The use of this 
approach is associated with the possibility of using the results obtained in laboratory conditions with abnor-
mally high pressure at distances of several meters for scaling to real atmospheric paths hundreds of meters long 
at normal pressure. The practical significance of these studies is the possibility of remote diagnostics of atmos-
pheric components and delivering energy along extended paths in the atmosphere. This approach also has its 
advantages in carrying out numerical calculations, since it allows reducing the time of calculations and decreas-
ing the required computing power. The modeling is carried out for cases of propagation of high-power femtosec-
ond laser pulses in the self-focusing and filamentation mode under conditions of increased pressure (by 64 
times). The formation of the filamentation multifocal structure is considered in detail. This case is much in evi-
dence under conditions of increased pressure of the propagation medium. The angular beam divergence is esti-
mated for cases of different peak pulse power with varying gas pressure of the propagation medium. 
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