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Èññëåäóåòñÿ ãåíåðàöèÿ ÒÃö-èçëó÷åíèÿ â ïðîöåññå ôèëàìåíòàöèè. Ðàññìàòðèâàåòñÿ âîçìîæíîñòü óâåëè-

÷åíèÿ ýôôåêòèâíîñòè ãåíåðàöèè òàêîãî èçëó÷åíèÿ â îäíîöâåòíîì ðåæèìå ôèëàìåíòàöèè, âîçáóæäàåìîãî  
â âîçäóõå ëàçåðíûìè ïó÷êàìè, èìåþùèìè îæåðåëüíûé àìïëèòóäíûé ïðîôèëü. Ïðåäëîæåíà ñòàöèîíàðíàÿ 
ìîäåëü ãåíåðàöèè ÒÃö-èçëó÷åíèÿ, ïîçâîëÿþùàÿ èññëåäîâàòü çàâèñèìîñòü ýôôåêòèâíîñòè ïðåîáðàçîâàíèÿ 
ëàçåðíîãî èçëó÷åíèÿ â ÒÃö-èçëó÷åíèå îò àìïëèòóäíîãî ïðîôèëèðîâàíèÿ ïó÷êîâ íàêà÷êè. Ïîêàçàíî, ÷òî 
ðàçáèåíèå èçëó÷åíèÿ ïî ñóáàïïåðòóðàì ïîçâîëÿåò óïðàâëÿòü ýíåðãèåé ÒÃö-èçëó÷åíèÿ. Ìåòîäîì ãåíåòè÷å-
ñêîãî àëãîðèòìà íàéäåí îïòèìàëüíûé êëàññ îæåðåëüíûõ ïó÷êîâ. Ðåçóëüòàòû èññëåäîâàíèÿ âàæíû äëÿ ðàç-
âèòèÿ òåõíîëîãèé äèñòàíöèîííîé ãåíåðàöèè ÒÃö-èçëó÷åíèÿ â ãàçîâûõ ñðåäàõ. 

 

Êëþ÷åâûå ñëîâà: îäíîöâåòíàÿ ãåíåðàöèÿ ÒÃö-èçëó÷åíèÿ, ôèëàìåíòàöèÿ, êîðîíîîáðàçíûå ëàçåðíûå 
ïó÷êè, ãåíåòè÷åñêèé àëãîðèòì; single-color THz radiation generation, filamentation, corona-shaped laser beam, 
genetic algorithm. 

 
 

Ââåäåíèå 
 
Ãåíåðàöèÿ òåððàãåðöîâîãî (ÒÃö) èçëó÷åíèÿ â âîç- 

äóõå â ðåæèìå îäíîöâåòíîé ôèëàìåíòàöèè âàæíà  
â çàäà÷àõ àñòðîôèçèêè è ëèäàðíîãî çîíäèðîâàíèÿ 
àòìîñôåðû [1, 2]. Ïðàêòè÷åñêè âàæíûìè ÿâëÿþòñÿ 
ýôôåêòèâíîñòü ïðåîáðàçîâàíèÿ è ýíåðãåòèêà ãåíå-
ðèðóåìîé ÒÃö-âîëíû. Òðèâèàëüíûé ìåòîä ïîâûøå-
íèÿ ýíåðãåòèêè ÒÃö-èçëó÷åíèÿ çà ñ÷åò óâåëè÷åíèÿ 
ìîùíîñòè èçëó÷åíèÿ íàêà÷êè èìååò î÷åâèäíûå ôè-
çè÷åñêèå îãðàíè÷åíèÿ. 

Â ðàáîòå [3] áûë ïðåäëîæåí è ýêñïåðèìåí-
òàëüíî ðåàëèçîâàí ìåòîä óâåëè÷åíèÿ ýíåðãåòèêè 
ÒÃö-èçëó÷åíèÿ íàëîæåíèåì ôàçîâîé ìàñêè, ðåàëè-
çóåìîé ïîñðåäñòâîì ïðîïóñêàíèÿ èçëó÷åíèÿ ÷åðåç 
íàáîð ëèíç íà îïòè÷åñêóþ âîëíó íàêà÷êè. Ðåøåíèå 
çàäà÷ îïòèìèçàöèè äëÿ ïðîôèëèðîâàííûõ ïó÷êîâ 
òðåáóåò ñîçäàíèÿ àäåêâàòíîé ôèçè÷åñêîé, ìàòåìà-
òè÷åñêîé è êîìïüþòåðíîé ìîäåëè ñ äîñòàòî÷íîé 
ñêîðîñòüþ ðåàëèçàöèè, êîòîðàÿ äîñòèãàåòñÿ, êàê 
ïðàâèëî, ëèøü â íàòóðíîì ýêñïåðèìåíòå (ñì. [4, 5]). 
×èñëåííûå ðåàëèçàöèè ìîäåëèðîâàíèÿ ãåíåðàöèè 
ÒÃö-èçëó÷åíèÿ â ðåæèìå îäíîöâåòíîé ôèëàìåíòà-
öèè, îñîáåííî äëÿ àòìîñôåðíûõ òðàññ, ñ èñïîëüçî-
âàíèåì ïîïóëÿðíûõ óðàâíåíèé è àëãîðèòìîâ èõ  
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ðåøåíèÿ (íàïðèìåð, UPPE – Unidirectional Pulse 
Propagation Equation [6, 7]) â íàñòîÿùåå âðåìÿ îò-
ñóòñòâóþò â ñèëó íåðåàëèñòè÷íî áîëüøèõ âû÷èñëè-
òåëüíûõ çàòðàò. 

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåí óïðîùåííûé 
ïîäõîä ê ìîäåëèðîâàíèþ ãåíåðàöèè ÒÃö-èçëó÷åíèÿ, 
àíîíñû êîòîðîãî áûëè ïðåäñòàâëåíû â ðàáîòå [8]. 
Íàø ìåòîä ïîçâîëÿåò ïðîâåñòè îïòèìèçàöèþ àì-
ïëèòóäíîãî ïðîôèëÿ äëÿ ãåíåðàöèè ÒÃö-èçëó÷åíèÿ. 
Ïîäîáíûå çàäà÷è îïòèìèçàöèè äîâîëüíî ýôôåêòèâ-
íî ðåøàþòñÿ ìåòîäàìè ìàøèííîãî îáó÷åíèÿ, â ÷à-
ñòíîñòè ìåòîäîì ãåíåòè÷åñêîãî àëãîðèòìà (ÃÀ) [9]. 
  Öåëü íàñòîÿùåé ðàáîòû – ôîðìóëèðîâêà è îïè-
ñàíèå óïðîùåííîé ýôôåêòèâíîé ìîäåëè ôîðìè- 
ðîâàíèÿ ÒÃö-èçëó÷åíèÿ â îäíîöâåòíîì ðåæèìå ôè-
ëàìåíòàöèè, à òàêæå ïîèñê îïòèìàëüíûõ ïðîôèëåé  
íà îñíîâå ýòîé ìîäåëè, îïòèìèçèðóþùèõ âûõîä 
ÒÃö-èçëó÷åíèÿ. 

 

Ñòàöèîíàðíîå ïðèáëèæåíèå 
 

Â ñîîòâåòñòâèè ñ [9] äèôôåðåíöèàëüíàÿ èíäè-
êàòðèñà ìîæåò áûòü âûðàæåíà ÷åðåç èíòåãðàëüíûé 
âêëàä â ñïåêòðàëüíóþ ïëîòíîñòü ïðîäîëüíûõ òîêîâ 
â ôèëàìåíòàõ â âèäå 
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ãäå r⊥ – âåêòîð ïîïåðå÷íîé êîîðäèíàòû; jz – ïëîò-
íîñòü òîêîâ â ñïåêòðàëüíîé ôîðìå â çàâèñèìîñòè  
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îò ÷àñòîòû ω; z – ïðîäîëüíàÿ êîîðäèíàòà, âäîëü 

êîòîðîé ðàñïðîñòðàíÿåòñÿ ëàçåðíîå èçëó÷åíèå. Ó÷-
òåì, ÷òî òîê â ôèëàìåíòàõ ïîðîæäàåòñÿ ïðîäîëüíîé 

êîìïîíåíòîé ëàçåðíîãî ïîëÿ Uz(ω, r⊥, z) çà ñ÷åò 
ýôôåêòîâ ðàäèàëüíîãî ðàäèàöèîííîãî äàâëåíèÿ  
è ïîíäåðîìîòîðíûõ ñèë [9, 10]: 

 0( , , ) ( , , ).z zj z i U z⊥ ⊥ω = ε ω ωr r    (2) 

Çäåñü â ñîîòâåòñòâèè ñ [11] ëàçåðíîå ïîëå, ïîðîæ-
äàþùåå ïðîäîëüíîå äâèæåíèå òîêîâ âî âðåìåííîì 
ïðåäñòàâëåíèè, îïðåäåëÿåòñÿ âûðàæåíèåì 
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ãäå ωpe – ïëàçìåííàÿ ÷àñòîòà; νe – ÷àñòîòà ñòîëêíî-
âåíèÿ ýëåêòðîíîâ â ïëàçìå; IL – èíòåíñèâíîñòü ëà-
çåðíîãî èçëó÷åíèÿ. Ñ ó÷åòîì òîãî, ÷òî âðåìÿ ìåæäó 
ñòîëêíîâåíèÿìè ýëåêòðîíîâ â ïëàçìå ìíîãî ìåíüøå 
äëèòåëüíîñòè èìïóëüñîâ, ò.å. 2 ,L e LI I

τ
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,e peν ωÜ  âçÿâ èíòåãðàë ïî ÷àñòÿì, ìîæíî óïðî-
ñòèòü âûðàæåíèå (3): 
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Èç ñîîòíîøåíèÿ 2

0/( )pe e ee mω = ρ ε  ñëåäóåò, 
÷òî âåëè÷èíà Uz ïðîïîðöèîíàëüíà ïëîòíîñòè ïëàç-
ìû ρe. Èñïîëüçóÿ óðàâíåíèå äëÿ ïëàçìû â ìîäåëè 
ìíîãîôîòîííîé èîíèçàöèè [12], ìîæíî çàïèñàòü 
âûðàæåíèå äëÿ ρe: 
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ãäå ρe0 
– ÷èñëî íåéòðàëüíûõ ìîëåêóë (äëÿ âîçäóõà 

îáû÷íî ó÷åò âêëàäà àçîòà è êèñëîðîäà ñ÷èòàåòñÿ 
÷åðåç ñóììó ïàðöèàëüíûõ âêëàäîâ). Êîýôôèöèåíò 
m-ôîòîííîé èîíèçàöèè îïðåäåëÿåòñÿ ñîîòíîøåíèåì 
W[I] = ηMPII

m. 
Äëÿ íàõîæäåíèÿ ïîëÿ U â çàäà÷àõ íåëèíåéíîé 

îïòèêè øèðîêî èñïîëüçóåòñÿ íåñòàöèîíàðíîå óðàâ-
íåíèå Øðåäèíãåðà, ðåøåíèå êîòîðîãî òðåáóåò ñó-
ùåñòâåííûõ âû÷èñëèòåëüíûõ çàòðàò. Ïîýòîìó çà-
÷àñòóþ îãðàíè÷èâàþòñÿ ñòàöèîíàðíûì íåëèíåéíûì 
óðàâíåíèåì Øðåäèíãåðà (ÍÓØ) [11]. Ïîñëåäíåå  
â öåëîì ïîçâîëÿåò îïèñûâàòü îñíîâíûå çàêîíîìåð-
íîñòè íåëèíåéíîãî ðàñïðîñòðàíåíèÿ ëàçåðíîãî èç-
ëó÷åíèÿ â ðàçëè÷íûõ ñðåäàõ, ÷åì è âûçâàíî åãî 
øèðîêîå ïðèìåíåíèå. 

Ïóñòü îãèáàþùàÿ èìïóëüñà â îáëàñòè ôèëà-
ìåíòîâ èìååò âèä 

 ( , , ) ( , ) ( ),f fU z t U z q t⊥ ⊥=r r  (6) 

ãäå qf(t) – âðåìåííîé ïðîôèëü ëàçåðíîãî èçëó÷å-
íèÿ â ôèëàìåíòå. Äëÿ óïðîùåíèÿ çàäà÷è äàííûé 
ïðîôèëü ÷àñòî ðàññìàòðèâàþò â âèäå ãàóññîâîé 
ôóíêöèè [13]. Ïîëå Uf áóäåì èñêàòü, èñïîëüçóÿ 
ÍÓØ ñëåäóþùåãî âèäà: 
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k – âîëíîâîå ÷èñëî íà 

îñíîâíîé äëèíå âîëíû, n2 – êîýôôèöèåíò ïðè êó-
áè÷íîé íåëèíåéíîñòè, êîòîðàÿ ïðèâîäèò ê ýôôåêòó 
ñàìîôîêóñèðîâêè èçëó÷åíèÿ (ñ ó÷åòîì ïàðàìåòðà 
ôîðìû α, ñì. [13]); 2

0pl 2 ,kε = − γ  γ – ýôôåêòèâíûé 
êîýôôèöèåíò ïðè äåôîêóñèðîâêå â ïëàçìå, îáðàçî-
âàííîé â ðåçóëüòàòå ìíîãîôîòîííîé èîíèçàöèè [13]; 
αpl = 2νk0, ν – ýôôåêòèâíûé êîýôôèöèåíò ïðè íå-
ëèíåéíîì ïîãëîùåíèè, ñâÿçàííûé ñ ýôôåêòîì ìíî-
ãîôîòîííîé èîíèçàöèè â ïëàçìå; m = 8 â ñîîòâåòñò-
âèè ñ [13]. 
  Êîððåêòíîå ÷èñëåííîå ðåøåíèå äàííîãî óðàâ-
íåíèÿ, ïîçâîëÿþùåå ñîõðàíèòü ïîëíûé íàáîð èíòå-
ãðàëîâ äâèæåíèÿ, áûëî ðåàëèçîâàíî ïîñðåäñòâîì 

ðàçíîñòíîé ïîëóíåÿâíîé ñõåìû [14, 15]. Èç ñîîòíî-
øåíèé (6) è (5) ñëåäóåò, ÷òî ñòàöèîíàðíîå ïðèáëè-
æåíèå çàêëþ÷àåòñÿ â îòîæäåñòâëåíèè ñ òî÷íîñòüþ 
äî ìíîæèòåëÿ, îïðåäåëÿåìîãî ôîðìîé qf(t), çàâè-
ñèìîñòè ïëîòíîñòè ïëàçìû îò âåëè÷èíû ëàçåðíîãî 
ïîëÿ wf â ñòåïåíè m â âèäå 
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Ñ ó÷åòîì ñîîòíîøåíèé (1)–(3) íàéäåì îêîí÷à-
òåëüíîå âûðàæåíèå äëÿ èíäèêàòðèñû, óñðåäíåííîé 
ïî îáëàñòè ôèëàìåíòàöèè: 
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ãäå Lf – äèñòàíöèÿ îêîí÷àíèÿ ôèëàìåíòàöèè. Ýòî 
ñîîòíîøåíèå ñîâìåñòíî ñ (7) ïîçâîëÿåò îöåíèâàòü 
ïàðàìåòðû ãåíåðàöèè ÒÃö-èçëó÷åíèÿ â çàâèñèìîñòè 
îò íà÷àëüíîãî ïðîôèëÿ ëàçåðíîãî èçëó÷åíèÿ. 

Ôàêòè÷åñêè èìåííî ýòó âåëè÷èíó, ÿâëÿþùóþ-
ñÿ ôóíêöèîíàëîì ïðîôèëÿ íà÷àëüíîãî ïîëÿ, ïàðà-
ìåòðèçóåìîãî êîíå÷íûì ÷èñëîì ïàðàìåòðîâ êëàññà, 
ìû è áóäåì îïòèìèçèðîâàòü â çàäàííîì êëàññå íà-
÷àëüíûõ ïðîôèëåé. 

 

Ãåíåòè÷åñêèé àëãîðèòì è ðåçóëüòàòû  

åãî ðåàëèçàöèè 
 
Ïðè ðåàëèçàöèè ÃÀ íàì âñåãäà íóæíî îãðàíè-

÷èâàòüñÿ êîíå÷íûì âàðèàíòîì âîçìîæíûõ íà÷àëü-
íûõ ïðîôèëåé ïó÷êîâ. Â íàñòîÿùåé ðàáîòå ìû îã-
ðàíè÷èìñÿ êëàññîì êîëëèìèðîâàííûõ ñîîñíûõ êî-
ðîíîîáðàçíûõ ïó÷êîâ [16, 17]. Ïðîôèëü ïó÷êà ïðè 
ýòîì çàäàåòñÿ êàê íàáîð ãàóññîâûõ ïó÷êîâ 
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ãäå nr = 5 – ÷èñëî êîëåö. Ðàññòîÿíèå ìåæäó êîëü- 
öàìè ñëó÷àéíî è óäîâëåòâîðÿåò ñîîòíîøåíèþ  
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n R  ïðèíàäëåæèò äèàïàçîíó îò 1 äî 5, 

ò.å. 0/( ) [1, 2, , 5];j rR n Rδ ∈%
K  R0 âûáèðàëîñü ðàâ- 

íûì 5 ìì. ×èñëî ãàóññîâûõ ïîäïó÷êîâ íà êàæäîì 
êîëüöå òàêæå ñëó÷àéíî è ëåæèò â äèàïàçîíå 

 [1, 2, , 20].phn ∈% K  

Íîðìèðîâàííûå àìïëèòóäû ïó÷êîâ /j nA A%  ñëó-

÷àéíû è ïðèíàäëåæàò äèàïàçîíó [1, 2, …, 20], ãäå 
An – íîðìèðóþùèé ìíîæèòåëü, îïðåäåëÿåìûé óñ-
ëîâèåì íàõîæäåíèÿ âñåõ íà÷àëüíûõ ïðîôèëåé íà 
ýíåðãåòè÷åñêîé ïîâåðõíîñòè 

 0 0w d P⊥ =∫ r   (9) 

(P0 – ìîùíîñòü èçëó÷åíèÿ), êàê è âåëè÷èíà ïîëÿð-
íîãî óãëà 

 0 2 / ;
jljl phnθ = θ + π% % %  0 /(5 ) [0,1, , 5].

jl
θ π ∈% K  

Íàêîíåö, ðàçìåðû ñóáàïåðòóð âûáèðàëèñü â äèà- 
ïàçîíå 

 ( )/ 2 ( ) [1, 2, , ].j jr j R jδ ∈%% K  

Ìàòåìàòè÷åñêè ìû ìîæåì çàïèñàòü ïîñòàíîâêó 
çàäà÷è îá îïòèìèçàöèè ôóíêöèîíàëà (8) êàê ïîèñê 
óñëîâíîãî ñóïðåìóìà sup [ ],D

ω
σ  ãäå óñëîâèå ýêñòðå-

ìàëè äîëæíî óäîâëåòâîðÿòü ñîîòíîøåíèþ (9). Çäåñü 
D – íàáîð ïàðàìåòðîâ îïòèìèçàöèè, ïåðå÷èñëåí-
íûõ âûøå, ó íàñ èõ ÷åòûðå. Â êàæäîì ïîêîëåíèè 
âûáåðåì ïÿòü ïðåäñòàâèòåëåé, ñëåäîâàòåëüíî, ïîë-
íûé ãåíîòèï ïîêîëåíèé áóäåò õàðàêòåðèçîâàòü íàáîð 

èç 20 ÷èñåë, êîòîðûé îáîçíà÷èì D. Â òåðìèíàõ ãåíå-
òè÷åñêîãî àëãîðèòìà âåëè÷èíà 

ω
σ  è áóäåò ôèòíåñ-

ôóíêöèåé, ò.å. öåëåâîé ôóíêöèåé, êîòîðóþ ìû áó-
äåì îïòèìèçèðîâàòü. Íàì áóäåò óäîáíåå ðàáîòàòü  
ñ íîðìèðîâàííîé âåëè÷èíîé. Ïîýòîìó ìû ââåäåì 
ôèíòåñ-ôóíêöèþ äëÿ äàííîãî íà÷àëüíîãî ïðîôèëÿ 
ïó÷êà êàê âåëè÷èíó ÒÃö-ýíåðãèè, âûäåëèâøåéñÿ çà 
âåñü ïðîöåññ ôèëàìåíòàöèè, íîðìèðîâàííîé íà âå-
ëè÷èíó ÒÃö-ýíåðãèè, âûäåëèâøåéñÿ äëÿ ãàóññîâîãî 
ïó÷êà ðàäèóñîì R0 (ðèñóíîê à). 

 

 
Ñõåìà ðåàëèçàöèè ÃÀ: à – ðåøåíèÿ äëÿ ãàóññîâîãî ïó÷êà – çàâèñèìîñòü îò äèñòàíöèè ðàñïðîñòðàíåíèÿ ìàêñèìàëüíîé 
èíòåíñèâíîñòè, Âò/ñì2, (÷åðíàÿ êðèâàÿ) (ëåâàÿ øêàëà â ëîãàðèôìè÷åñêèõ ìàñøòàáàõ) è ÒÃö-ýíåðãèè (èíäèêàòðèñû, óñ-
ðåäíåííîé ïî îáëàñòè ôèëàìåíòàöèè), ôîðìèðóåìîé â ïðîöåññå ðàñïðîñòðàíåíèÿ, íîðìèðîâàííîé íà ñâîå ïîñòôèëàìåíòà-
öèîííîå çíà÷åíèå (êðàñíàÿ êðèâàÿ); á – ãåíåðàöèÿ íà÷àëüíîãî ýëèòàðíîãî îòáîðà ñ ãåíîòèïîì Del ìåòîäîì óñå÷åíèÿ [18] 
ïî óðîâíþ 2 (ñ ó÷åòîì íîðìèðîâêè íà ðåøåíèå, ïîëó÷åííîå äëÿ ãàóññîâà ïó÷êà); ïîêàçàíû íà÷àëüíûå ïðîôèëè, ãåíåðèðî-
âàííûå ñëó÷àéíûì îáðàçîì â ïðîöåññå ãåíåðàöèè ïåðâè÷íîãî æèçíåñïîñîáíîãî (ýëèòàðíîãî ïîêîëåíèÿ); â – ðåàëèçàöèÿ 
ÃÀ ñ ñåëåêöèåé íà îñíîâå ìåòîäîâ îòæèãà (ÌÎ); â öåíòðå ïðåäñòàâëåíà çàâèñèìîñòü ôèòíåñ-ôóíêöèè îò ÷èñëà ýïîõ ðåàëè-
çàöèè ÃÀ; âíèçó ïðèâåäåí ïðèìåð ðåàëèçàöèè îïòèìàëüíîãî ïîêîëåíèÿ ñ Dop (ñì. öâåòíîé ðèñóíîê íà ñàéòå http:// 
  iao.ru/ru/content/vol.37-2024/iss.12) 
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Èç ðèñóíêà âèäíî, ÷òî ñàìûå ïðîñòûå âàðèàí-
òû îæåðåëèé â ôîðìå êîëüöà, çàïîëíåííîãî ãàóññî-
âûìè àïåðòóðàìè, îêàçûâàþòñÿ íàèáîëåå ýôôåê-
òèâíûìè äëÿ ãåíåðàöèè ÒÃö-èçëó÷åíèÿ. Îòñóòñòâèå 
áîëüøîãî ÷èñëà êîðîí ìîæíî îáúÿñíèòü òåì, ÷òî 
èçáûòî÷íàÿ ïðîñòðàíñòâåííàÿ íåîäíîðîäíîñòü ïó÷-
êà áóäåò ïîðîæäàòü è ÷ðåçìåðíóþ äèôðàêöèîííóþ 
ðàñõîäèìîñòü ïó÷êà, ñëåäîâàòåëüíî, è ïëàçìû áóäåò 
ìåíüøå. Åñëè ÷èñëî ñóáàïåðòóð ñëèøêîì ìàëî, òî 
ýòî ìîæåò ïðèâîäèòü ê ðàííåìó íà÷àëó ôèëàìåíòà-
öèè è ïðåæäåâðåìåííîìó ðîñòó äèôðàêöèîííîé 
ðàñõîäèìîñòè, îáóñëîâëåííîìó íåëèíåéíûì ïîãëî-
ùåíèåì [15]. Ôàêò ïðîÿâëåíèÿ ïðè ýòîì âûäåëåí-
íîé ìîíîñòðóêòóðû â ôîðìå îäíîãî êîëüöà ìåíåå 
î÷åâèäåí. 

Çàìåòèì, ÷òî â îïòèìàëüíîé ïîïóëÿöèè ñîõðà-
íÿåòñÿ äîñòàòî÷íîå ãåíåòè÷åñêîå ðàçíîîáðàçèå ïî 

ðàçìåðàì êîëüöåâûõ ñòðóêòóð, ýòî ìîæåò áûòü ïî-
ëåçíûì, òàê êàê ðàçìåð ïó÷êà ÿâëÿåòñÿ îäíèì èç 
âàæíûõ ýëåìåíòîâ êîíòðîëÿ ðàñïîëîæåíèÿ èñòî÷-
íèêà ÒÃö-èçëó÷åíèÿ. Ñòåïåíü îáùíîñòè ýòîãî ÷èñ-
ëåííîãî ðåçóëüòàòà ïîêà íå ÿñíà è òðåáóåò äàëü-
íåéøåãî èññëåäîâàíèÿ. 

 

Çàêëþ÷åíèå 
 

Â íàñòîÿùåé ðàáîòå áûëà ïðåäëîæåíà ýôôåê-
òèâíàÿ ñòàöèîíàðíàÿ ìîäåëü ãåíåðàöèè ÒÃö-èçëó- 
÷åíèÿ â îäíîöâåòíîì ðåæèìå, ïîçâîëÿþùàÿ îáúÿñ-
íèòü ýêñïåðèìåíòàëüíûå äàííûå è ïîëó÷èòü ïðåä-
ñêàçàòåëüíûå ðåçóëüòàòû. Íà îñíîâå ïðåäëîæåííîé 
ýôôåêòèâíîé ñòàöèîíàðíîé ìîäåëè äëÿ ÷àñòíîãî 
ñëó÷àÿ àìïëèòóäíîãî ïðîôèëèðîâàíèÿ òèïà îæå-
ðåëüíûõ ïó÷êîâ íàéäåí êëàññ îïòèìàëüíûõ ïó÷êîâ. 
Îêàçàëîñü, ÷òî îæåðåëüå ñ îäíèì êîëüöîì ïðåäñòàâ-
ëÿåò íàèáîëåå îïòèìàëüíóþ êîíôèãóðàöèþ â øèðî-
êîì äèàïàçîíå âàðüèðóåìûõ ïàðàìåòðîâ íà÷àëüíîãî 
ïðîôèëÿ. Èìåííî òàêàÿ êîíôèãóðàöèÿ ïó÷êîâ ïî-
çâîëÿåò äîáèòüñÿ îïòèìàëüíîãî ïðåîáðàçîâàíèÿ 

ýíåðãèè èçëó÷åíèÿ â ÒÃö-èçëó÷åíèå. Çàìåòèì, îä-
íàêî, ÷òî íàøà ìîäåëü íå ó÷èòûâàåò ýôôåêòîâ ðå-
àáñîðáöèè ÒÃö-èçëó÷åíèÿ â ïëàçìå, íî ïðè äîñòà-
òî÷íîé ïëîòíîñòè ôèëàìåíòîâ, äîñòèãàåìîé, íàïðè-
ìåð, ïðè ëèíåéíîé ôîêóñèðîâêå èçëó÷åíèÿ, èìåííî 
ýòè ýôôåêòû ìîãóò ñóùåñòâåííî ïîâëèÿòü íà ðå-
çóëüòàòû ýêñïåðèìåíòà [8]. 

Òàêèì îáðàçîì, ïîäõîä òðåáóåò ðàñøèðåíèÿ  
äëÿ ñëó÷àåâ, êîãäà ïðîÿâëåíèå ýôôåêòîâ ðåàáñîðá-
öèè ñóùåñòâåííî, íàëè÷åñòâóþò ìåòîäû ôàçîâîãî 

óïðàâëåíèÿ (ôîêóñèðîâêà ðàçëè÷íûìè òèïàìè ëèíç 

è çàêðó÷èâàíèå ïðîôèëÿ) ïó÷êîì, à òàêæå êîãäà 
ïðîÿâëÿåòñÿ òóðáóëåíòíîñòü ñðåäû. Âëèÿíèå âñåõ 

ýòèõ àñïåêòîâ òðåáóåò äàëüíåéøåãî èññëåäîâàíèÿ. 
 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèå âûïîëíåíî  
â ðàìêàõ ãîñçàäàíèÿ ÈÎÀ ÑÎ ÐÀÍ. 
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A.D. Bulygin. Optimization of THz radiation generation by air laser profiling using genetic algorithm. 
The paper investigates the generation of THz radiation in the filamentation process. The possibility of in-

creasing the generation efficiency of terahertz (THz) radiation in a single-color filamentation mode excited  
in air by laser beams with necklace amplitude profile is considered. A stationary model of THz radiation gene- 
ration is proposed, which allows us to study the dependence of conversion efficiency on the amplitude profiling 
of pump beams. It is shown that the partitioning of radiation over subapertures allows controlling the energy of 
THz radiation. The optimal class of gorget beams is found by the genetic algorithm method. The results of this 
work are important for the development of technologies for remote generation of THz radiation in gaseous media. 
 

 
 


