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Ôîðìóëèðóåòñÿ òåîðåìà Ïîéíòèíãà äëÿ ñëàáîíåëèíåéíûõ ñðåä ñ ïîãëîùåíèåì â óñëîâèÿõ ñàìîâîçäåéñò-
âèÿ ìîíîõðîìàòè÷åñêèõ âîëí. Ðàññìîòðåí àíàëîã çàêîíà Áóãåðà â êðûëüÿõ ñïåêòðàëüíûõ ëèíèé ñðåä ñ íåëè-
íåéíîñòüþ êóáè÷åñêîãî òèïà. Ïîêàçàíî, ÷òî ïðè áîëüøèõ îïòè÷åñêèõ òîëùàõ (ïîðÿäêà íåñêîëüêèõ åäèíèö) 
ðàçëè÷èå ñ êëàññè÷åñêîé ôîðìîé íîñèò íåïðèíöèïèàëüíûé õàðàêòåð. 

Ñòàâèòñÿ âîïðîñ îá ýêñïåðèìåíòàëüíîì îïðåäåëåíèè íåêîòîðûõ íåëèíåéíûõ ïîñòîÿííûõ. 
 
 

1. Óðàâíåíèÿ ïîëÿ â èçîòðîïíîé íåìàãíèòíîé ñðåäå, â êîòîðûõ âûäåëåíà çàâèñèìîñòü îò âðåìåíè 
â âèäå ìíîæèòåëÿ exp (—it), óäîâëåòâîðÿþò óðàâíåíèÿì â ôîðìå, íå çàâèñÿùåé îò âðåìåíè [1]: 
 

 (1) 
 

ê = /c, L — äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü. 
Ëèíåéíûå óðàâíåíèÿ (1) ïðè äîñòàòî÷íî áîëüøèõ ïîëÿõ ìîãóò áûòü ïåðåïèñàíû â ôîðìå 

 

 (2) 
 

Óðàâíåíèÿ (2) îïèñûâàþò ñàìîâîçäåéñòâèå ïëîñêèõ ìîíîõðîìàòè÷åñêèõ âîëí; åñëè ðàññìàòðèâàåòñÿ 
ïåðâàÿ íåèñ÷åçàþùàÿ ïîïðàâêà ê L, çàâèñÿùàÿ îò èíòåíñèâíîñòè ïîëÿ («êóáè÷åñêèå» ñðåäû), òî ïî-
ñëåäíåå óðàâíåíèå èìååò âèä 
 

 (3) 
 

Ïðåäïîëàãàåòñÿ, ÷òî 
 

 (4) 
 

 — êîìïëåêñíàÿ ôóíêöèÿ; 2 — â îáùåì ñëó÷àå òàêæå êîìïëåêñíàÿ âåëè÷èíà. Ïðåäïîëàãàåòñÿ òàê-
æå, ÷òî ïîëÿ ëîêàëüíî ïîïåðå÷íû; â ïðèáëèæåíèè ãåîìåòðè÷åñêîé îïòèêè * * ,    S E H E H S  

S — âåêòîð Ïîéíòèíãà (íåîáõîäèìûå ìíîæèòåëè â ñèñòåìå åäèíèö CGSE îïóùåíû); grad S = –2ê0iS 
(ñîîòíîøåíèå ñëåäóåò èç òåîðåìû Ïîéíòèíãà äëÿ âåêòîðà Sn, n — åäèíè÷íûé âåêòîð íàïðàâëåíèÿ 
âåêòîðà Ïîéíòèíãà, divn = 0); L = m2, m = n+ii — êîìïëåêñíûé ïîêàçàòåëü ïðåëîìëåíèÿ. 

Íàðÿäó ñ îïðåäåëåíèåì (4) íåëèíåéíîãî ýëåêòðè÷åñêîãî ïîëÿ îïðåäåëÿåòñÿ ñ ïîìîùüþ (2) íåëè-
íåéíûé ìàãíèòíûé âåêòîð 
 

 (5) 
 

Èç (1)–(3) ñëåäóåò óðàâíåíèå äëÿ ôóíêöèè ; â [2] ïðèâåäåíû ðåøåíèÿ ýòîãî óðàâíåíèÿ äëÿ êðûëüåâ 
ñïåêòðàëüíûõ ëèíèé. Â íàñòîÿùåì ñîîáùåíèè îíè èñïîëüçóþòñÿ äëÿ èçó÷åíèÿ çàòóõàíèÿ ìîíîõðîìà-
òè÷åñêîãî èçëó÷åíèÿ â ñëàáîíåëéíåéíûõ ñðåäàõ. 

2. Ñôîðìóëèðóåì òåîðåìó Ïîéíòèíãà äëÿ ýôôåêòîâ ñàìîâîçäåéñòâèÿ â ìîíîõðîìàòè÷åñêîì ïîëå. 
Èñïîëüçóÿ îïðåäåëåíèÿ ýëåêòðè÷åñêîãî (4) è ìàãíèòíîãî (5) íåëèíåéíûõ ïîëåé, äëÿ âåêòîðà Ïîéí-
òèíãà ìîæíî ñîñòàâèòü êîìáèíàöèþ 
 

 
 

è äàëåå, èñïîëüçóÿ ôîðìóëû âåêòîðíîãî àíàëèçà, 
 

 
 

Ñëîæåíèå ïîñëåäíåãî âûðàæåíèÿ ñ åãî êîìïëåêñíûì ñîïðÿæåíèåì ïðèâîäèò ê âûðàæåíèþ 
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 (6) 
 
Èñïîëüçóÿ â (6) ñîîòíîøåíèå divS = –S èç ëèíåéíîé òåîðèè ( — êîýôôèöèåíò ïîãëîùåíèÿ, 
 = 2ê0i), îêîí÷àòåëüíî èìååì 
 

 (7) 
 
èëè, äëÿ êóáè÷åñêèõ ñðåä, 
 

 (8) 
 
Â (8) íèæíèé çíàê îòíîñèòñÿ ê óìåíüøåíèþ ýôôåêòèâíîãî êîýôôèöèåíòà ïîãëîùåíèÿ è ñâÿçàí, ñëå-
äîâàòåëüíî, ñ ÷àñòè÷íûì ïðîñâåòëåíèåì ñðåäû. Ñîãëàñíî [2] ýòîò ñëó÷àé ñâÿçàí ñ ðåøåíèåì óðàâíå-
íèÿ äëÿ ôóíêöèè  â ôîðìå ãèïåðáîëè÷åñêîãî ñåêàíñà. 

3. Êàê è âûøå, äëÿ íåëèíåéíîãî âåêòîðà Ïîéíòèíãà ìîæíî íàïèñàòü 
 

 
 

Ðàñêðûâ äàëåå âûðàæåíèå â ôèãóðíûõ ñêîáêàõ, áóäåì èìåòü 
 

 (9) 
 

 (10) 
 

Çäåñü òî÷êîé îáîçíà÷åíà ïðîèçâîäíàÿ ôóíêöèÿ  ïî àðãóìåíòó; äàëåå ïðèâåäåí ÿâíûé âèä âûðà-

æåíèÿ (10). Òàêèì îáðàçîì, èíòåíñèâíîñòü ïîëÿ äîëæíà îïðåäåëÿòüñÿ íå âåëè÷èíîé 2E  (êàê â [2]), 

íî âåêòîðîì Ïîéíòèíãà (9). Âûÿñíèì äàëåå âëèÿíèå ïîïðàâêè Ð íà êâàäðàò àìïëèòóäû ïîëÿ è ïîêà-
æåì, ÷òî ýòîé ïîïðàâêîé, âîîáùå ãîâîðÿ, ïðåíåáðåãàòü íåëüçÿ. 

Ïðèìåíèâ ïðè âû÷èñëåíèè (10) ïðèåìû, îïèñàííûå â [2], ìîæíî íàïèñàòü: 
 

 
 

Ñîãëàñíî 12] äëÿ Jm2 =  < 0 ,
2

th

    
1

,
2

C      = n/i,  = – = –z (îïòè÷åñêàÿ òîëùà) 

 

 
 
ãäå S0 — èíòåíñèâíîñòü ïîëÿ, âõîäÿùåãî â ñðåäó; À — àìïëèòóäíûé ìíîæèòåëü; Ñ — àääèòèâíàÿ 
ïîñòîÿííàÿ; z — äèñòàíöèÿ. 

Îòìåòèì, ÷òî çàòóõàíèå èçëó÷åíèÿ îïèñûâàåòñÿ íèñõîäÿùåé âåòâüþ ôóíêöèè sech  . Äëÿ âåêòîðà 
Ïîéíòèíãà èìååì 
 

 (11) 
 

Ïðè  = 0 (âõîä â ñðåäó) 
 

 (12) 
 

Ïðè Ñ = 0 èìååì th0 = 0, ïîýòîìó âåëè÷èíà  ñòàíîâèòñÿ îòðèöàòåëüíîé. Äîáèòüñÿ óñëîâèÿ  > 0 
ìîæíî ëèøü ïðè óñëîâèè Ñ  0. Èìåííî, íåîáõîäèìî ïîòðåáîâàòü 
 

 (13) 
 

×åðåç ñîîòíîøåíèå (13) çàâèñèìîñòü îò âõîäÿùåãî â ñðåäó ïîëÿ Å0 ïåðåíîñèòñÿ íà àääèòèâíóþ ïîñòî-
ÿííóþ Ñ. Òàáë. 1 ïîêàçûâàåò, êàê âûáîð ýòîé àääèòèâíîé ïîñòîÿííîé ñâÿçàí ñ íîðìèðîâî÷íîé ïîñòî-
ÿííîé À ïðè n = 1 (è ÷åðåç ýòó ïîñòîÿííóþ—ñ âåëè÷èíîé íà÷àëüíîãî ïîëÿ Å0). 
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Êàê ñëåäóåò èç òàáëèöû, çàâèñèìîñòü (13) åñòü êðèâàÿ ñ ìèíèìóìîì. Ìû èíòåðïðåòèðóåì âåëè-
÷èíó Ñ  1, ñâÿçàííóþ ñ ýòèì ìèíèìóìîì, ñ ìàêñèìàëüíûì ïîëåì Å0, äîïóñòèìûì äëÿ ïðèìåíåíèÿ 
ìîäåëè êóáè÷åñêîé ñðåäû â [2]. 

Ïðè Ñ > 1 âåëè÷èíà Å0 ïàäàåò è  ïðè Ñ t 5 ïîëíîñòüþ ñîîòâåòñòâóåò ñòàíäàðòíîìó çàêîíó îñ-
ëàáëåíèÿ èçëó÷åíèÿ ïî Áóãåðó. 

Íàïðèìåð, ïðè Ñ = 1 èìååì: 
 

 (14) 
 

Ïðè áîëüøèõ îïòè÷åñêèõ òîëùàõ (   ïîðÿäêà íåñêîëüêèõ åäèíèö) 
 

 
 

ïîýòîìó 
 

 (15) 
 

ïðè áîëüøèõ àìïëèòóäàõ (ìåíüøèõ S0) ÷èñëåííûé ìíîæèòåëü â (15) óìåíüøàåòñÿ. Ïðè äîñòàòî÷íî 
ìàëûõ S0 ìèíèìàëüíîå çíà÷åíèå ïðåäýêñïîíåíöèàëüíîãî ìíîæèòåëÿ áëèçêî ê 1. Íàïðèìåð, 
 

 (16) 
 
Òàêèì îáðàçîì, èç âûðàæåíèÿ äëÿ  ñëåäóåò, ÷òî ïîòîê ýíåðãèè â ñðåäå (n, i, 2) çàâèñèò íå òîëüêî 
îò àìïëèòóäû ïîëÿ, íî è îò ôàçîâîé õàðàêòåðèñòèêè ïîëÿ. Ïðè Im2 < 0 èìååò ìåñòî, ÷àñòè÷íîå ïðî-
ñâåòëåíèå ñðåäû. 

4. Àíàëîãè÷íîå ðàññìîòðåíèå ïðîòèâîïîëîæíîãî çíàêà â (8) çàñòàâëÿåò îáðàòèòüñÿ ê ðåøåíèþ 
äëÿ ôóíêöèè  â ôîðìå cosech  (Im2 > 0). Çäåñü 
 

 
 

è ìîæíî íàïèñàòü 
 

 
 

Íà âûõîäå â ñðåäó ( = 0) 
 

 
 

Ñîîòâåòñòâóþùèå îöåíêè çàâèñèìîñòè Ñ îò A ïðè n = 1 è  ( = 0) = S0 äàíû â òàáë. 2. 
 

Ò à á ë è ö à  2  
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Çäåñü òàêæå ìîæíî óêàçàòü ïîñòîÿííóþ Ñ  1, ñ êîòîðîé ñâÿçàíî ìàêñèìàëüíîå çíà÷åíèå ïîëÿ Å0, 
äîïóñòèìîå äëÿ ïðèìåíèìîñòè ìîäåëè êóáè÷åñêîé ñðåäû. Ïðè óìåíüøåíèè ïîëÿ Å0 (ò.å. ñ âîçðàñòàíèåì 
âåëè÷èíû À) çàêîí îñëàáëåíèÿ èçëó÷åíèÿ ñëåäóåò ñòàíäàðòíîé ôîðìå ýêñïîíåíöèàëüíîãî çàòóõàíèÿ. 

Êàê è âûøå, ðàññìîòðèì ñëó÷àé Ñ = 1. Ïðè áîëüøèõ   
 

 
 

 (17) 
 

çäåñü ïðåäýêñïîíåíöèàëüíûé ìîíîæèòåëü < 1, â ñîîòâåòñòâèè ñî çíàêîì ïëþñ â (8). Ïðè Ñ = 5 
 

 (18) 
 

Âîîáùå çíàê âåëè÷èíû Im2 è åå çíà÷åíèå äîëæíû îïðåäåëÿòüñÿ èç êîíêðåòíîé ïîñòàíîâêè çàäà÷è 
[3]. 

Íåîáõîäèìî îòìåòèòü, ÷òî êðîìå îáñóæäàåìîé çäåñü çàäà÷è î çàòóõàíèè èçëó÷åíèÿ èíòåðåñ ïðåä-
ñòàâëÿåò äðóãîé àñïåêò ýòîé çàäà÷è, ñâÿçàííûé ñ íàáëþäåíèåì ïàðàìåòðîâ ñïåêòðàëüíûõ ëèíèé è 
âîçìîæíîñòüþ ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ ïîñòîÿííîé 2. 
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Å . V .  L u g i n . Poynting Theorem and Radiation Extinction in Weakly Nonlinear Media. 
 

A formulation of the Poynting theorem for the case of weakly nonlinear absorbing media under the conditions 
when a self-action of monochromatic waves occurs is given. An analog of the Bouger’s law for the absorption lines’ 
wings of a medium with the cubic type nonlinearity is discussed. It is shown that at large optical thickness (of the 
order of units) the deviations from the classical description are of nonprinciple character. 

The problem is formulated on experimental determination of some nonlinearity constants. 


