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Ïîêàçàíî, ÷òî ïðåäåëüíàÿ ÷óâñòâèòåëüíîñòü ðàññìàòðèâàåìîãî àáñîðáöèîííîãî ñïåêòðîìåòðà â äâà ðàçà 
âûøå ïî ñðàâíåíèþ ñî ñïåêòðîìåòðîì, â êîòîðîì îñíîâíîé èñòî÷íèê øóìà — ïóàññîíîâñêèé øóì ïîòîêà çîí-
äèðóþùèõ ëàçåðíûõ ôîòîíîâ (åñòåñòâåííûå ôëóêòóàöèè èíòåíñèâíîñòè). 

 
 

Ïðåäåëüíàÿ ÷óâñòâèòåëüíîñòü è òî÷íîñòü èçìåðèòåëüíûõ óñòðîéñòâ, èñïîëüçóþùèõ ëàçåðû, îïðå-
äåëÿþòñÿ óðîâíåì åñòåñòâåííûõ ôëóêòóàöèé èíòåíñèâíîñòè. Â [1—3] çàðåãèñòðèðîâàíî ïîäàâëåíèå 
øóìà ôîòîòîêà íèæå äðîáîâîãî óðîâíÿ â çàìêíóòîé îïòîýëåêòðîííîé ñèñòåìå, âêëþ÷àþùåé ëàçåð ñ 
îòðèöàòåëüíîé îáðàòíîé ñâÿçüþ. Â ñâÿçè ñ ýòèì íåîáõîäèìî ðàññìîòðåòü âîçìîæíîñòè ïðèìåíåíèÿ 
äàííîé îïòîýëåêòðîííîé ñèñòåìû, íàïðèìåð, â êà÷åñòâå îñíîâû äëÿ àáñîðáöèîííîãî ñïåêòðîìåòðà. 
 

 
 

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà ñïåêòðîìåòðà: 1 — ïåðåñòðàèâàåìûé ëàçåð; 2 — ïîãëîùàþùàÿ ÿ÷åé-
êà; 3 — ôîòîäåòåêòîð; 4 — ðåãèñòðèðóþùåå óñòðîéñòâî; 5 — äèôôåðåíöèàëüíûé óñèëèòåëü 

 
Îïðåäåëèì ïðåäåëüíóþ ÷óâñòâèòåëüíîñòü àáñîðáöèîííîãî ñïåêòðîìåòðà íà áàçå îïòîýëåêòðîííîé 

ñèñòåìû ñ îáðàòíîé ñâÿçüþ ôîòîïðèåìíèê — íàêà÷êà (ðèñ. 1). Äëÿ ýòîãî ðàññìîòðèì òðåõóðîâíåâóþ 
ìîäåëü ðàáîòû ëàçåðà (ðèñ. 2). Îñíîâíàÿ îñîáåííîñòü ñõåìû âîçáóæäåíèÿ è ãåíåðàöèè àêòèâíîé ñðå-
äû ëàçåðà; êàæäûé ôîòîýëåêòðîí íàêà÷êè ðàçìåíèâàåòñÿ íà ôîòîí èíäóöèðîâàííîãî èçëó÷åíèÿ; ðå-
ëàêñàöèÿ ñ óðîâíÿ 3 íà óðîâåíü 1 îòñóòñòâóåò. Áóäåì îïèñûâàòü ïîâåäåíèå ôîòîíîâ è ôîòîýëåêòðîíîâ 
ñëåäóþùåé ñèñòåìîé ñòîõàñòè÷åñêèõ ñêîðîñòíûõ óðàâíåíèé: 
 

 
 

 (1) 
 
ãäå n — ïëîòíîñòü ÷èñëà ôîòîíîâ â ðåçîíàòîðå ëàçåðà; i — ôîòîòîê; Ñ — ñêîðîñòü âûõîäà ôîòîíà èç 
ðåçîíàòîðà ëàçåðà; ð—Cout n =  —  ðåçóëüòèðóþùàÿ íàêà÷êà àòîìîâ àêòèâíîé ñðåäû ëàçåðà, ãäå ð — 
âíåøíÿÿ íàêà÷êà; q — êâàíòîâàÿ ýôôåêòèâíîñòü ôîòîïðèåìíèêà; Cout — ñêîðîñòü ïðèáûòèÿ ôîòîíîâ íà 
ôîòîïðèåìíèê; F, f — ñëó÷àéíûå ëàíæåâåíîâñêèå ñèëû. Ñîãëàñíî êîðïóñêóëÿðíîé òåîðèè ôîòîäåòåêòè-
ðîâàíèÿ óðàâíåíèÿ (1) äîïîëíÿþòñÿ êîððåëÿöèîííûì ñîîòíîøåíèåì [4] out(0) ( ) ( ).f f qC n     

Åñëè áû âñå ãåíåðèðóåìûå ëàçåðíûå ôîòîíû áåç ïîòåðü äîñòèãàëè ôîòîäåòåêòîð è ñî ñòîïðîöåíò-
íîé ýôôåêòèâíîñòüþ ðàçìåíèâàëèñü íà ôîòîýëåêòðîíû, ò. å. C = Cout, q = 1, à òàêæå îòñóòñòâîâàëè 
ïîòåðè ôîòîýëåêòðîíîâ â öåïè îáðàòíîé ñâÿçè, òî ñóùåñòâîâàëî áû áàëàíñíîå ñîîòíîøåíèå 
 

.n i p Cn    (2) 
 
Ïîäîáíîå áàëàíñíîå ñîîòíîøåíèå âîçíèêàåò è ïðè èçó÷åíèè ñòàòèñòèêè ôîòîíîâ, ãåíåðèðóåìûõ ëàçå-
ðîì ñ ðåãóëÿðèçîâàííîé íàêà÷êîé [5]. Ïðè âûøåîãîâîðåííûõ óñëîâèÿõ ñëó÷àéíûå ñèëû â óðàâíåíèÿõ 
(1) ñâÿçàíû ñîîòíîøåíèåì F0 = —f0. Íîëü â èíäåêñå F, f ïîä÷åðêèâàåò, ÷òî ýòî ñîîòíîøåíèå âåðíî 
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òîëüêî â îïðåäåëåííûõ âûøå ïðèáëèæåíèÿõ. Ýòî îáñòîÿòåëüñòâî ïîçâîëÿåò íàì â îïèñàíèè ïîâåäåíèÿ 
ôîòîíîâ è ôîòîýëåêòðîíîâ èñïîëüçîâàòü ñëåäóþùóþ ñèñòåìó óðàâíåíèé: 
 

 
 

 
 

 (3) 
 
Îòìåòèì, ÷òî ïðè Cout = C, q = 1 ñëåäóåò, ÷òî f1 = f2 = 0. 

Â êîíå÷íîì èòîãå íàñ èíòåðåñóåò ÷óâñòâèòåëüíîñòü äàííîãî àáñîðáöèîííîãî ñïåêòðîìåòðà. Äëÿ 
ýòîãî íà îñíîâå (3), ïîñëå ëèíåàðèçàöèè, íàéìåì ñïåêòð ìîùíîñòè ôîòîòîêà 
 

 
 

 (4) 
 

ãäå ћ    B out(Im cth / 2 ) / .ê T qC ni  

Êîððåëÿòîð 1 1(0) ( )f f


  îïðåäåëÿåòñÿ èç ôëóêòóàöèîííî-äèññèïàöèîííîé òåîðåìû [6], êîòîðàÿ 

ñâÿçûâàåò ýòîò êîððåëÿòîð ñ êîýôôèöèåíòîì ïîãëîùåíèÿ Ñ  Imi è ñðåäíèì ÷èñëîì òåïëîâûõ ôî-
òîíîâ cth ћ/2/êÂÒ ñîîòíîøåíèåì 
 

 
 

Ñëó÷àéíàÿ ñèëà f2 ó÷èòûâàåò èñòî÷íèê øóìà, ñâÿçàííûé ñ íåèäåàëüíîñòüþ ôîòîäåòåêòîðà q < 1. 
Êîððåëÿöèîííûå ñâîéñòâà äëÿ f2 ñëåäóþùèå: 2 2 out(0) ( ) (1 ) ( ),f f q q C n      [7]. 

Ïîñëåäíåå ñëàãàåìîå â (4) îòðàæàåò òåïëîâîé øóì ôîòîòîêà. 
 

 
 

Ðèñ. 2. Ñõåìà âîçáóæäåíèÿ è ãåíåðàöèè ðàáî÷èõ óðîâíåé ëàçåðà 
 

Îòêëèê ôîòîòîêà íà ñòàöèîíàðíîå îñëàáëåíèå ïîòîêà ôîòîíîâ, ïðîøåäøèõ ÷åðåç ïîãëîùàþùóþ 
ÿ÷åéêó, èìååò ñëåäóþùèé âèä: 
 

 (5) 
 
ãäå   (Ñ/Ñ)2,  = Cout/C. Íà îñíîâå (4) è (5) íàéäåì ìèíèìàëüíî îáíàðóæèâàåìîå çíà÷åíèå min 
èç óñëîâèÿ ñèãíàë/øóì = 1: 
 


min

 = 














[(1 – ) + q]

2

1 + q  + 
/C

2

1 + q /(qC
out n

–
)  +[(1 – q) +f

3

2
/qC

out n
–

] (1 + q)/qC
out n

–
) f . (6) 

 
Èç (6) ñëåäóåò, ÷òî íàèáîëüøàÿ ÷óâñòâèòåëüíîñòü ñïåêòðîìåòðà áóäåò ïðè ñëåäóþùèõ ïàðàìåòðàõ 

îïòîýëåêòðîííîé ñõåìû: q = 1,  = 1 è óñëîâèè: 2
3 out2 /f qC n  n 1, 2/C2 n 1. 

Òàêèì îáðàçîì, ïðåäåëüíàÿ ÷óâñòâèòåëüíîñòü àíàëèçèðóåìîãî ñïåêòðîìåòðà â äâà ðàçà âûøå ïî 
ñðàâíåíèþ ñî ñïåêòðîìåòðîì, ãäå îñíîâíîé èñòî÷íèê øóìà — ýòî øóì èäåàëüíîãî ëàçåðà (ïóàññîíîâ-
ñêèé øóì ôîòîíîâ). 

Â çàêëþ÷åíèå îòìå÷ó, ÷òî âîïðîñ î ïðåäåëüíî îáíàðóæèâàåìîì çíà÷åíèè ïîãëîùåíèÿ â àáñîðá-
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öèîííîì ñïåêòðîìåòðå íà îñíîâå ëàçåðà ñ îòðèöàòåëüíîé îáðàòíîé ñâÿçüþ îáñóæäàëñÿ â [8], íà îñíîâå 
äðóãèõ ïðåäïîëîæåíèé ïðè çàïèñè èñõîäíûõ ñîîòíîøåíèé. 
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A . I .  Z h i l i b a . Limiting Sen-sitivity of an Absorption Spectrometer Based on the Use of an OptoElec-
tronic System with a Negative Feedback. 
 

It is shown in this paper that the limiting sensitivity of the absorption spectrometer under consideration is two 
times higher than that of a specrtometer in which the main source of noise is the Poisson noise of a laser photons flux 
(natural fluctuations of the intensity). 


