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Â ðàáîòå èññëåäóåòñÿ âîçìîæíîñòü ñîçäàíèÿ ìàêðîñêîïè÷åñêîãî èñòî÷íèêà ñæàòîãî ñâåòà íà îñíîâå ëàçå-
ðà ñ âíóòðèðåçîíàòîðíîé ãåíåðàöèåé âòîðîé ãàðìîíèêè. Ïîêàçàíî, ÷òî èçëó÷åíèå òàêîãî èñòî÷íèêà ìîæåò 
ïðèâîäèòü ê ïîäàâëåíèþ äðîáîâîãî øóìà ôîòîðåãèñòðàöèè îñíîâíîé âîëíû. 

 
 

Èçâåñòíî, ÷òî â íåêîòîðûõ ïðèáîðàõ ñâåðõ÷óâñòâèòåëüíîé ëàçåðíîé ñïåêòðîñêîïèè, íàïðèìåð 
ÂÐËÑ-ñïåêòðîìåòðàõ, äîñòèãíóòà ïðåäåëüíàÿ ÷óâñòâèòåëüíîñòü, êîòîðàÿ îãðàíè÷èâàåòñÿ ëèøü ñïîí-
òàííûì øóìîì ëàçåðíîãî èñòî÷íèêà [1, 2]. Â äàííîé ðàáîòå èññëåäóåòñÿ ñõåìà èñòî÷íèêà ñæàòîãî 
ñâåòà ñî ñíèæåííûìè êâàíòîâûìè ôëóêòóàöèÿìè èíòåíñèâíîñòè. Èçëó÷åíèå ôîðìèðóåòñÿ âíóòðè îá-
ùåãî ðåçîíàòîðà, êóäà íàðÿäó ñ àêòèâíîé ëàçåðíîé ñðåäîé ïîìåùåí ïðîçðà÷íûé íåëèíåéíûé êðè-
ñòàëë, ïðåîáðàçóþùèé ïîëå íà ÷àñòîòå ëàçåðíîãî èñòî÷íèêà (ËÈ)—îñíîâíàÿ âîëíà (ÎÂ)—âî âòîðóþ 
ãàðìîíèêó (ÂÃ). Ïîêàçàíî, ÷òî òàêîé èñòî÷íèê ìîæåò ãåíåðèðîâàòü ñæàòûé ñâåò ÎÂ è ÂÃ. 
 

1. Ïîëóêëàññè÷åñêîå îïèñàíèå ÂÃÂÃ 
 
Ïðîöåññ ãåíåðàöèè ÂÃ â ðåçîíàòîðå ëàçåðà (ÂÃÂÃ) áóäåì îïèñûâàòü ñëåäóþùåé ñèñòåìîé óðàâíåíèé 
[3]: 
 

 (1) 

 
 

ãäå α1,2 — áåçðàçìåðíûå àìïëèòóäû âîëí ÎÂ è ÂÃ â ðåçîíàòîðå; γ1,2 — ðåçîíàòîðíàÿ øèðèíà; g —
 êîýôôèöèåíò íåëèíåéíîé ñâÿçè ÎÂ è ÂÃ; ê è β — õàðàêòåðèçóþò óñèëåíèå è íàñûùåíèå ÎÂ â àê-
òèâíîé ëàçåðíîé ñðåäå. 

Ôîðìàëüíîå ðåøåíèå äëÿ α2 èìååò âèä 
 

 (2) 
 
Ïîñëå èíòåãðèðîâàíèÿ (2) ïî ÷àñòÿì ïîëó÷èì 
 

 (3) 
 

Ïîäñòàâèâ â (3) ïðàâóþ ÷àñòü óðàâíåíèÿ äëÿ α1 èç (1), ãäå âìåñòî íåèçâåñòíîé α2 âîñïîëüçóåìñÿ ðå-
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 (5) 
 
Çàïèøåì ïåðâûå äâà ÷ëåíà (4) â âèäå 
 

 (6) 
 
Çàìåòèì, ÷òî ïðè óñëîâèè 
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 ÿâëÿåòñÿ õîðîøèì ïðèáëèæåíèåì äëÿ ÂÃ. Â óñëîâèÿõ óñòîé÷èâîé îäíî-

âðåìåííîé ãåíåðàöèè ëàçåðà è ÂÃ íåòðèâèàëüíîå ðåøåíèå äëÿ 
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Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ: 
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íî, ÷òî â îòñóòñòâèå ÂÃÂÃ ñóùåñòâóåò îïòèìàëüíàÿ ðåçîíàòîðíàÿ øèðèíà îïò
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ïðåîáðàçîâàíèÿ âî ÂÃ ñâÿçàí ñëåäóþùèì îáðàçîì ñ ïàðàìåòðàìè ñèñòåìû: 
 

 (10) 
 

Ðàññìîòðèì ñëó÷àé, êîãäà èçëó÷åíèå íà ÷àñòîòå ω çàïåðòî â ðåçîíàòîðå (γ1 = 0) è âñå ïðåîáðàçóåòñÿ 
âî ÂÃ. Äëÿ òîãî ÷òîáû îïèñûâàåìàÿ ñèñòåìà ãåíåðèðîâàëà ÂÃ â îïòèìàëüíîì ðåæèìå, íåîáõîäèìî 

âûïîëíåíèå óñëîâèÿ îïò

2 1 .γ = γ  Îòñþäà ñëåäóåò, ÷òî ηmàõ = 0,5. Èñõîäÿ èç (1), çàïèøåì óðàâíåíèå äëÿ 
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n = α  è íà åãî îñíîâå — ëèíåàðèçîâàííîå óðàâíåíèå äëÿ v (n = n0 + v; v n n0): 

 

 (11) 
 

 (12) 
 

Ïðè η = 0 âûðàæåíèå (12) ïåðåõîäèò â èçâåñòíîå äëÿ ñêîðîñòè çàòóõàíèÿ ôëóêòóàöèé ÷èñëà ôîòîíîâ, 
ãåíåðèðóåìûõ ëàçåðîì [4]. 
 

2. Êâàíòîâîå îïèñàíèå ÂÃÂÃ 
 
Ñòàòèñòè÷åñêèå ñâîéñòâà èçó÷àåìîãî íàìè èñòî÷íèêà ñâåòà áóäåì àíàëèçèðîâàòü íà îñíîâå óðàâíåíèÿ 
Ôîêêåðà—Ïëàíêà (ÓÔÏ) äëÿ ïîëîæèòåëüíî îïðåäåëåííîé ôàçîâîé ïëîòíîñòè Ãëàóáåðà 
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Àíàëèç ïîëóêëàññè÷åñêîé ñèñòåìû óðàâíåíèé (1) ïîçâîëÿåò íàì â (13) ïðèìåíèòü îïåðàöèþ 
àäèàáàòè÷åñêîãî èñêëþ÷åíèÿ ïåðåìåííûõ [4]. Â ïîëó÷åííîì óðàâíåíèè ïåðåéäåì ê ïîëÿðíîé ñèñòåìå 

êîîðäèíàò .
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Ψ0. Ïîýòîìó ìîæíî ñ÷èòàòü, ÷òî ôëóêòóàöèè v = n—ï0, δΨ = Ψ—Ψ0, çàäàâàåìûå ρ
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ýòîãî, à òàêæå ïðåäïîëîæåíèÿ î íåçàâèñèìîñòè àìïëèòóäíûõ è ôàçîâûõ ôëóêòóàöèé, ò.å. ρ

αα
 = RΦ, 

íà îñíîâå óðàâíåíèÿ (13) ïîëó÷èì ëèíåàðèçîâàííîå óðàâíåíèå äëÿ R: 
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Çäåñü âûðàæåíèå äëÿ Γ1 èìååò âèä (12). Ïðèìåì âî âíèìàíèå ñâÿçü 2 2
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Îòìåòèì, ÷òî â îòñóòñòâèå ÂÃÂÃ, ò. å. ïðè η = 0, (16) ïåðåõîäèò â èçâåñòíîå âûðàæåíèå äëÿ ëàçåðà 

áåç òåõíè÷åñêèõ øóìîâ [4]. Â ïðîòèâîïîëîæíîì ñëó÷àå, ò. å. ïðè 1
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ÂÃÂÃ) ñæàòèå ÎÂ âíóòðè ðåçîíàòîðà ìîæåò äîñòèãàòü ïðåäåëüíîãî çíà÷åíèÿ δ1 = —0,5. Äëÿ âû÷èñ-
ëåíèÿ δ2 áóäåì èñõîäèòü èç îïåðàòîðíîãî àíàëîãà ñèñòåìû (1). Ðåøåíèå äëÿ 

2
€a  îñóùåñòâëÿåòñÿ ïî 

ñõåìå (4)—(9). Ýòî ïîçâîëÿåò îïðåäåëèòü δ2: 
 

δ2 = 4ηδ1. (17) 
 
Èç [7] ñëåäóåò, ÷òî âîçìîæíî ïîäàâëåíèå äðîáîâîãî øóìà â íèçêî÷àñòîòíîé îáëàñòè ñïåêòðà ìîùíî-
ñòè ôîòîòîêà, ò.å. ïðè Γ2 n Ω2. Åñëè Ω → 0, òî 
 

 (18) 
 
Ïîäñòàâèì (12) â (18) è çàïèøåì âûðàæåíèå â ñêîáêàõ èç (18) êàê 
 

 (19) 
 

Ïðè ðåàëüíûõ ïàðàìåòðàõ èñòî÷íèêà è ïðèåìíèêà (q ≈ 0,9; η = 25%; γ2/γ1 = 5; I0 = 10) 1—ê = 0,12, 
ò.å. äðîáîâîé øóì ôîòîðåãèñòðàöèè ÎÂ ñíèæàåòñÿ íà 12%. 

Ïðîâåäåííîå òåîðåòè÷åñêîå èññëåäîâàíèå ïîçâîëÿåò ñäåëàòü âûâîä î âîçìîæíîñòè ñîçäàíèÿ ìàê-
ðîñêîïè÷åñêîãî èñòî÷íèêà ñæàòîãî ñâåòà íà îñíîâå ëàçåðà ñ ÂÃÂÃ. Èçëó÷åíèå òàêîãî èñòî÷íèêà ìîæåò 
ïðèâîäèòü ê ïîäàâëåíèþ äðîáîâîãî øóìà ôîòîðåãèñòðàöèè ÎÂ. 

Â çàêëþ÷åíèå àâòîð áëàãîäàðèò Â.Í. Ãîðáà÷åâà çà ïîëåçíîå îáñóæäåíèå çàòðîíóòûõ âîïðîñîâ è 
Å.Ï. Ãîðäîâà çà êîíñòðóêòèâíûå çàìå÷àíèÿ. 
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A . I .  Z h i l i b a . Quantum Fluctuations in the Laser with the Intracavity Frequency Doubling. 
 

The paper presents a theoretical analysis of a possibility to create a macroscopic source of squeezed states of light 
using a laser with the intracavity frequency doubling. It is shown in the paper that the emission of such a light source 
can yield a suppression of the detector’s shot-noise at the fundamental frequency. 


