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Â âèäå àíàëèòè÷åñêîé ôîðìóëû óñòàíîâëåíû óñëîâèÿ ïðèìåíèìîñòè çàêîíà Áóãåðà–Ëàìáåðòà–Áåðà 
äëÿ àýðîçîëüíûõ îáëàêîâ ñ ÷àñòèöàìè, äèàìåòðû êîòîðûõ íàìíîãî ïðåâûøàþò äëèíó âîëíû ôîòîíîâ. Îöå-
íèâàþòñÿ ïîïðàâêè ê ýòîìó çàêîíó, îáóñëîâëåííûå äèôðàêöèîííûì ðàññåÿíèåì è ãåîìåòðèåé èçìå-
ðèòåëüíîãî ïðèáîðà. Ïîëó÷åííàÿ ôîðìóëà ïîëåçíà äëÿ îáðàáîòêè îäíîêðàòíûõ îïûòîâ, êîòîðûå ïî êàêèì-
ëèáî ïðè÷èíàì íåëüçÿ ïîâòîðèòü. 
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ùåíèÿ, çàêîí Áóãåðà–Ëàìáåðòà–Áåðà, ãåîìåòðè÷åñêàÿ îïòèêà, äëèíà ñâîáîäíîãî ïðîáåãà, äèôðàêöèÿ; light 
scattering, optical density, scattering phase function, aerosol, absorption coefficient, Bouguer–Lambert–Beer 
law, geometrical optics, mean free path, diffraction. 

 

 

Ââåäåíèå 
 

Èçìåðåíèÿ ïàðàìåòðîâ îáëàêîâ àýðîçîëåé  
ôîòîìåòðè÷åñêèìè ìåòîäàìè (ñì., íàïðèìåð, [1–11]  
è ðèñ. 1) îñíîâàíû íà çàêîíå Áóãåðà–Ëàìáåðòà–
Áåðà, ñîãëàñíî êîòîðîìó èíòåíñèâíîñòè ïàðàë-
ëåëüíîãî ìîíîõðîìàòè÷åñêîãî ïó÷êà ñâåòà I0 è I, 
èñïóùåííîãî èñòî÷íèêîì T è äîøåäøåãî äî ïðèåì-
íèêà D ïðè ðàññòîÿíèè L ìåæäó íèìè, ñâÿçàíû 
ñîîòíîøåíèåì  
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– ñðåäíÿÿ äëèíà ñâîáîäíîãî ïðîáåãà ôîòîíîâ  
â îáëàêå. Ïîäðàçóìåâàåòñÿ, ÷òî àýðîçîëè ðàçáèòû 
íà ãðóïïû A = 1, 2, …, G â ñîîòâåòñòâèè ñ èõ ðà-
äèóñàìè RA, nA – êîíöåíòðàöèÿ àýðîçîëÿ âèäà À    
 ____________  
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A A A= Rσ γ π  –ýô-
ôåêòèâíîå ñå÷åíèå ðàññåÿíèÿ ñâåòà êàïëåé âèäà À; 
S – óäåëüíàÿ ïîâåðõíîñòü àýðîçîëüíûõ ÷àñòèö, ò.å. 
ñóììàðíàÿ ïëîùàäü ïîâåðõíîñòè àýðîçîëåé â åäè-
íèöå îáúåìà îáëàêà, èìåþùàÿ ðàçìåðíîñòü 1/ì;  
γA è γ – êîýôôèöèåíòû íåâèäèìîñòè êàïåëü. 

 

 
Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà îïòðîíà äëÿ èçìåðåíèÿ 
óäåëüíîé ïîâåðõíîñòè àýðîçîëüíûõ ÷àñòèö â îáëà- 
êå äèñïåðãèðîâàííîé æèäêîñòè: T – èñòî÷íèê ôîòîíîâ  
ñ êðóãëûì îêíîì ðàäèóñîì ρ0, D – ñâåòîïðèåìíèê ñ âõîä-
íûì îêíîì òîãî æå ðàäèóñà. Ïàðàëëåëüíûé ìîíîõðîìàòè- 
  ÷åñêèé ïó÷îê ñâåòà äâèæåòñÿ âäîëü îñè z 

 
Â äàííîé ðàáîòå ðå÷ü èäåò î ÷àñòî âñòðå÷àþ-

ùèõñÿ íà ïðàêòèêå îáëàêàõ ñ áîëüøèìè êàïëÿìè 
äèàìåòðîì 

 ,d λ�   (3) 

ãäå λ – äëèíà âîëíû ñâåòà. Â ýòîì ñëó÷àå ïðèìå-
íèìû çàêîíû ãåîìåòðè÷åñêîé îïòèêè, ñîãëàñíî êî-
òîðûì õàðàêòåð óãëîâîãî ðàññåÿíèÿ ñâåòà êàïëÿìè 
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(èíäèêàòðèñà ðàññåÿíèÿ) íå çàâèñèò îò èõ ðàäèó-
ñîâ, åñëè íå ïðèíèìàòü âî âíèìàíèå äèôðàêöèîí-
íîå ðàññåÿíèå, êîòîðîå â ðàññìàòðèâàåìûõ íàìè 
ñëó÷àÿõ íåñóùåñòâåííî (ñì. íèæå). 

Âîïðîñ î ïðèìåíèìîñòè çàêîíà (1) íå âîç-
íèêàåò â òåõ ñëó÷àÿõ, êîãäà èìååòñÿ âîçìîæ- 
íîñòü ïðåäâàðèòåëüíûõ êàëèáðîâî÷íûõ èçìåðåíèé  
èëè ñðàâíåíèÿ ïîãëîùåíèÿ â èññëåäóåìîì îáðàçöå  
ñ êàêèì-òî ñòàíäàðòíûì ïîãëîùåíèåì, äëÿ êîòîðîãî 
âåëè÷èíà S çàðàíåå èçâåñòíà. ×àñòî íè òî íè äðó-
ãîå íåâîçìîæíî, ïîýòîìó äëÿ îáðàáîòêè ðåçóëüòà-
òà èçìåðåíèÿ íåîáõîäèìî çàðàíåå èìåòü ïðåäñòàâ- 
ëåíèå î ïðèìåíèìîñòè çàêîíà (1).  

Íà ðèñ. 2 ïðèâåäåíû ðåçóëüòàòû îäíîãî èç òà-
êèõ íàøèõ îïûòîâ. Äàííûå ñíèìàëèñü ñ äâóõ óñ-
òàíîâëåííûõ â ðàçíûõ ìåñòàõ ëàçåðíûõ àíàëèçà-
òîðîâ àýðîçîëåé («îïòðîíîâ»), îïèñàííûõ â [12]. 
Çíà÷åíèÿ S áûëè íàéäåíû ïî èçìåðåííûì çíà-
÷åíèÿì I0/I ñ èñïîëüçîâàíèåì ôîðìóë (1) è (2). 
Îäíàêî ñðàçó æå âîçíèêàåò âîïðîñ: êàê, ãëÿäÿ  
íà ðèñ. 2, ïîíÿòü, ïðèìåíèì ëè áûë äëÿ îáðàáîòêè 
äàííûõ çàêîí Áóãåðà–Ëàìáåðòà–Áåðà?  

 

 
Ðèñ. 2. Çàâèñèìîñòü îò âðåìåíè óäåëüíîé ïîâåðõíîñòè S  
â îáëàêå äèçåëüíîãî òîïëèâà, ïîëó÷åííîãî ïóòåì èìïóëü-
ñíîãî äèñïåðãèðîâàíèÿ. Êðèâûå 1 è 2 ïîëó÷åíû â ðàçíûõ 
  òî÷êàõ îáëàêà 

 
Â ðàáîòàõ [5, 11] äëÿ îáëàêà èç êîíêðåòíîãî 

âåùåñòâà è äëÿ êîíêðåòíîé èçìåðèòåëüíîé óñòàíîâ-
êè ýìïèðè÷åñêèì ïóòåì óñòàíîâëåíû ãðàíèöû ïðè-
ìåíèìîñòè ôîðìóëû (1). Ýòè ãðàíèöû, îäíàêî, ñî-
îòâåòñòâóþò êîíêðåòíûì óñëîâèÿì îïûòîâ [5, 11]. 
Â ïðîèçâîëüíîì ñëó÷àå íåîáõîäèìî èìåòü ñîîòâåò-
ñòâóþùèé êðèòåðèé â àíàëèòè÷åñêîì âèäå. Íàì  
íå óäàëîñü îòûñêàòü òàêîé êðèòåðèé â èìåþùåéñÿ 
ëèòåðàòóðå ïî ðàññåÿíèþ ñâåòà. Åãî íàõîæäåíèå  
è ÿâëÿåòñÿ öåëüþ ñòàòüè. 

Âåðîÿòíîñòü óõîäà ôîòîíà èç îñíîâíîãî ïîòîêà 
ïîñëå ïðîõîæäåíèÿ ïóòè dL ðàâíà dL/l, ïîýòîìó 
èíòåíñèâíîñòü ëó÷à èçìåíÿåòñÿ íà âåëè÷èíó dI = 
= −IdL/l, îòêóäà è ñëåäóåò ôîðìóëà (1). Óøåäøèå 
ïîñëå ïåðâîãî ðàññåÿíèÿ èç ëó÷à ôîòîíû ìîãóò èñ-
ïûòàòü åùå îäíî èëè íåñêîëüêî àêòîâ ðàññåÿíèÿ  
è ïîñëå ýòîãî âñå-òàêè ïîïàñòü â ñâåòîïðèåìíèê. 
Òàêèì îáðàçîì, âîçíèêàåò ïåðâûé âîïðîñ: êàê  
âèäîèçìåíÿåò çàêîí (1) ïåðåðàññåÿíèå ôîòîíîâ  
íà êàïëÿõ? Âòîðîé âîïðîñ: ÷åìó ðàâåí ïàðàìåòð γA, 
êîòîðûé ïîêàçûâàåò, íàñêîëüêî ïîëíîå ýôôåêòèâíîå 
ñå÷åíèå ðàññåÿíèÿ ôîòîíîâ σA íà êàïëå îòëè÷àåòñÿ 

îò åå ãåîìåòðè÷åñêîãî ñå÷åíèÿ 2

A?Rπ  Â ëèòåðàòóðå  

â ïðåäåëüíîì ñëó÷àå (3) ðåêîìåíäóåòñÿ èñïîëüçî-
âàòü γA = 2 [1, 10], ïîñêîëüêó ðàññåÿíèå ïðîèñõîäèò 
êàê â ðåçóëüòàòå ãåîìåòðè÷åñêîãî îòðàæåíèÿ è ïðå-
ëîìëåíèÿ ëó÷åé, òàê è â ðåçóëüòàòå äèôðàêöèè ñâå-
òà íà êðàÿõ êàïåëü. Îäíàêî äëÿ áîëüøèõ êàïåëü 
õàðàêòåðíûé óãîë äèôðàêöèè χd ∼ λ/d ìàë, ïîýòîìó 
äèôðàêöèÿ ïðèâîäèò ê óõîäó ôîòîíà èç ëó÷à òîëü-

êî â òîì ñëó÷àå, êîãäà d ,Dχ > ϕ
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D

L

ρϕ ∼  – õà-

ðàêòåðíûé óãîë, ïîä êîòîðûì âèäíî îêíî ñâåòîïðè-
åìíèêà. Äàííîå óñëîâèå âûïîëíÿåòñÿ ïðè áîëüøèõ 
äëèíàõ L, êîãäà íàáëþäàþò, íàïðèìåð, àòìîñôåð-
íûå ÿâëåíèÿ. Â ëàáîðàòîðíûõ èëè ïîëåâûõ èç-
ìåðåíèÿõ ñïðàâåäëèâî ïðîòèâîïîëîæíîå óñëîâèå 

0
.

d
L

ρ
λ

�  Ïðè ýòîì äèôðàêöèÿ íå ïðèâîäèò ê ïîòåðå 

ëó÷åé, ÷òî ñîîòâåòñòâóåò γA = 1. Íèæå áóäåò ïîêà-
çàíî, ÷òî â ðåàëüíîì ïðèáîðå ýòîò ïàðàìåòð íå ðà-
âåí åäèíèöå, õîòÿ è áëèçîê ê íåé: îí çàâèñèò  
îò ïîêàçàòåëÿ ïðåëîìëåíèÿ n ñâåòà â âåùåñòâå 
êàïåëü, à òàêæå îò îòíîøåíèÿ ρ0/L.  

 

Ðàñïðîñòðàíåíèå ëó÷åé â îáëàêå 
èäåàëüíî îòðàæàþùèõ àýðîçîëåé 

 

Ðàññìîòðèì ñëó÷àé ïîëíîãî è èçîòðîïíîãî îò-
ðàæåíèÿ ëó÷åé îò êàïåëü, êàê åñëè áû îíè ñîñòîÿëè 
èç èäåàëüíî ïðîâîäÿùåãî ìàòåðèàëà, ÷òî ñîîòâåòñò-
âóåò n = ∞. Â ýòîì ñëó÷àå γA = γ = 1.  

Èñïóùåííûé ñâåò ïåðåñåêàåò îáúåì èçìåðè-
òåëüíîãî ïðèáîðà çà ìàëîå ïî ñðàâíåíèþ ñ õàðàê-
òåðíûì âðåìåíåì ñóùåñòâåííîãî èçìåíåíèÿ ðàñïî-
ëîæåíèÿ êàïåëü âðåìÿ:  

 02
,

d

L

c V

ρ
�  

ãäå c – ñêîðîñòü ñâåòà; Vd – õàðàêòåðíàÿ ñêîðîñòü 
êàïåëü. Ïî ýòîé ïðè÷èíå êàïëè ìîæíî ñ÷èòàòü íå-
ïîäâèæíûìè. 

×èñëî ôîòîíîâ â ýëåìåíòå îáúåìà d3r, ëåòÿùèõ 
â íàïðàâëåíèè òåëåñíîãî óãëà dΩ

n, ðàâíî δN = 
= F(r, n, t)dÃ, ãäå dÃ = d3rdn, F(r, n, t) – ôóíêöèÿ 
ðàñïðåäåëåíèÿ ôîòîíîâ, n – åäèíè÷íûé âåêòîð, íà-
ïðàâëåííûé âäîëü èõ äâèæåíèÿ, r – ðàäèóñ-âåêòîð 
äàííîãî ýëåìåíòà îáúåìà. Êèíåòè÷åñêîå óðàâíåíèå 
äëÿ ôóíêöèè ðàñïðåäåëåíèÿ ôîòîíîâ F(r, n, t) èìååò 
âèä [1–6, 8–11]: 
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ãäå χ – óãîë ðàññåÿíèÿ, ò.å. óãîë ìåæäó âåêòîðàìè n′ 
è n; G(cos χ) – èíäèêàòðèñà ðàññåÿíèÿ ëó÷à íà êàï-
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(â ðàññìàòðèâàåìîì â ðàçäåëå ñëó÷àå G(x) = 1); 
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J(r, n, t) – èñòî÷íèê ôîòîíîâ. Ïåðâîå ñëàãàåìîå  
â ïðàâîé ÷àñòè (4) îïèñûâàåò óõîä ôîòîíîâ ñ íà-
ïðàâëåíèÿ. Âåëè÷èíà J(r, n, t)dÃdt ïðåäñòàâëÿåò ñî-
áîé ÷èñëî ôîòîíîâ, èñïóñêàåìûõ (â ñëó÷àå J < 0 – 
ïîãëîùàåìûõ) â ýëåìåíòå îáúåìà d3r çà âðåìÿ dt  
â òåëåñíûé óãîë dΩ. 

Ðàññìîòðèì òî÷å÷íûé èñòî÷íèê, èñïóñêàþùèé 

I0 ôîòîíîâ â åäèíèöó âðåìåíè â ïîëîæèòåëüíîì 

íàïðàâëåíèè îñè z, êîòîðîå îïðåäåëÿåòñÿ åäèíè÷íûì 

âåêòîðîì 

�:z  ( ) ( ) ( ) ( )3

0 �, , = .J t I δ δ −r n r n z  Ïî îïðåäåëå-

íèþ äëÿ ïðîèçâîëüíîé ôóíêöèè óãëîâ g(n) âûïîë-

íÿåòñÿ ñîîòíîøåíèå ( ) ( ) ( )= .
n

d g z g zδ −
�

n n  
Ñ ó÷åòîì ñòàöèîíàðíîñòè ∂F(r, n, t)/∂t = 0 óðàâ-

íåíèå (4) ïðèíèìàåò âèä 
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Ïëîòíîñòü ïîòîêà ôîòîíîâ çàäàåòñÿ âåêòîðîì 

 ( ) ( ) ( )1 2= = + ,
n

d F , cΩ
�

j r r n n j r j   (6) 

 ( ) ( )1 0=
n

I d cn zΩ δ − ×
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j r n  
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exp
= exp ,
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id p z
z z I

icp l

−� �× δ θ
� �Λ � �π�
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ρ   (7) 

ãäå θ(z ≥ 0) = 1 è θ(z < 0) = 0. Ââåäåíà äâóìåðíàÿ 
ñîñòàâëÿþùàÿ ρ òðåõìåðíîãî ðàäèóñ-âåêòîðà r = 
= (ρ, z), ïåðïåíäèêóëÿðíàÿ îñè z. Äàëåå, 
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4
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+
n

d f p
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Ïðè óñëîâèè 

 = 1
r r

c l

Λ
� �� (9) 

îñíîâíîé âêëàä â èíòåãðàë (8) ïðîèñõîäèò îò ñèí-
ãóëÿðíîñòè ïîäûíòåãðàëüíîãî âûðàæåíèÿ ïðè p = 0. 
Ñ ó÷åòîì ýòîãî îáñòîÿòåëüñòâà ïîëó÷àåì 

 ( )2 0 3
= 1+ exp .

4
I O

lr

� �−� �� �

� 	
 �� π � �� �� �

r r
j r �� (10) 

Ñëàãàåìîå (7) â ôîðìóëå (6) îïðåäåëÿåò çàêîí 
Áóãåðà–Ëàìáåðòà–Áåðà è îïèñûâàåò ôîòîíû, íå 
èñïûòàâøèå ñòîëêíîâåíèé ñ êàïëÿìè è äîøåäøèå 
äî ñâåòîïðèåìíèêà. Â ñâîþ î÷åðåäü, j2(r) ñîîòâåòñò-

âóåò ôîòîíàì, êîòîðûå èñïûòàëè 1
r

l
�  ñòîëêíîâåíèé 

ñ êàïëÿìè, ïîñëå ÷åãî îíè «çàáûâàþò» ñâîå íà÷àëü-
íîå íàïðàâëåíèå è íà÷èíàþò ðàñïðîñòðàíÿòüñÿ ðàâ-
íîâåðîÿòíî ïî âñåì íàïðàâëåíèÿì. Èíòåðåñåí âî-
ïðîñ î ñðåäíåé ñêîðîñòè V äâèæåíèÿ ýòîãî ðàñøè-
ðÿþùåãîñÿ äèôôóçèîííûì îáðàçîì îáëàêà ôîòîíîâ. 
Ïîñêîëüêó â èíòåãðàëû, ïîäîáíûå (8), îñíîâíîé 
âêëàä âíîñèò îáëàñòü p ∼ 1/r (r ∼ L), òî èç (9) çàêëþ-

÷àåì, ÷òî 1.
pc c l

r r
=

Λ Λ
∼ �  Òîãäà äëÿ ïëîòíîñòè ðàñ-

øèðÿþùåãîñÿ ôîòîííîãî îáëàêà â òî÷êå r ïîëó÷àåì: 
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Ñîãëàñíî (6), (7) è (10), ïîëíûé ïîòîê ôîòî-
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Èç ïðèâåäåííîãî òî÷íîãî ðåøåíèÿ çàêëþ÷àåì, 
÷òî ïåðåðàññåÿíèåì ôîòîíîâ ìîæíî ïðåíåáðå÷ü ïðè 
óñëîâèè 
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.
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I

I L

ρ
�   (11) 

Òåïåðü ïðèáëèæåííî ó÷òåì ïîãëîùåíèå ñâåòà  
â âåùåñòâå êàïåëü. Â ñïëîøíîì âåùåñòâå, èç êîòî-
ðîãî ñîñòîÿò êàïëè, èíòåíñèâíîñòü ëó÷à ñâåòà çàòó-
õàåò ïî çàêîíó exp(−kDz), ãäå kD – êîýôôèöè- 
åíò ïîãëîùåíèÿ ôîòîíîâ â ñïëîøíîì âåùåñòâå.  
Ýòî çíà÷èò, ÷òî ó èíòåíñèâíîñòè óïîìÿíóòîãî  
âûøå ðàñõîäÿùåãîñÿ ñôåðè÷åñêîãî îáëàêà ïîÿ- 
âèòñÿ äîïîëíèòåëüíûé ìíîæèòåëü exp(−ξkDL), ãäå 

3

A

A

A

4
=

3

R
n

� �πξ � �
� �

� �

�  – äîëÿ îáúåìà, çàíÿòîãî êàïëÿìè. 

Ñ ó÷åòîì (11) ïîëó÷àåì óñëîâèå ïðèìåíèìîñòè çà-
êîíà Áóãåðà–Ëàìáåðòà–Áåðà â îêîí÷àòåëüíîì âèäå:  



 

 Î ïðèìåíèìîñòè çàêîíà Áóãåðà–Ëàìáåðòà–Áåðà äëÿ îöåíêè êîýôôèöèåíòà ïîãëîùåíèÿ ëó÷åé ñâåòà… 947 
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exp .
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Âûðàæåíèå (12) áûëî ïîëó÷åíî äëÿ ïðåäåëüíî-
ãî ñëó÷àÿ (9). Ïðè r l<

�

 ëåâàÿ ÷àñòü (12) çàâåäîìî 
ïðåâîñõîäèò ïðàâóþ, ïîýòîìó (12) ñïðàâåäëèâî è ïðè 
îòêàçå îò (9).  

 

Îáñóæäåíèå ðåçóëüòàòîâ 
 

Â êà÷åñòâå ïðèìåðà ïðèìåíåíèÿ ôîðìó- 
ëû (12) îáñóäèì äàííûå, ïðèâåäåííûå, â ÷àñòíî-
ñòè, íà ðèñ. 2. Òèïè÷íûå ïàðàìåòðû îïòðîíîâ òà-
êîâû: 

 L = 30 ñì, ρ0 = 0,7 ñì, 
2

40

2
10 .

2L

−ρ
∼   (13) 

Äëÿ âñåõ èñïîëüçîâàííûõ íàìè äèñïåðãèðóåìûõ 
æèäêîñòåé âûïîëíÿëîñü ñîîòíîøåíèå exp(−ξkDL) ≈�
≈ 1. Èç (12) è (13) çàêëþ÷àåì, ÷òî çàêîí (1) ñïðà-
âåäëèâ ïðè äëèíå ñâîáîäíîãî ïðîáåãà ôîòîíîâ 

3l >
�

 ñì, ÷òî ñîîòâåòñòâóåò 1S <
�

 cì−1. Ñîãëàñíî 
ðèñ. 2 õàðàêòåðíûå äëÿ îïûòà çíà÷åíèÿ ñîñòàâëÿëè 

1 11 ì =0,01 ñì ,S
− −

∼  ÷òî ïîäòâåðæäàåò ïðåäïîëîæå-
íèå î ïðèìåíèìîñòè çàêîíà (1), ïðèíÿòîå ïðè îá-
ðàáîòêå äàííûõ, ïðèâåäåííûõ íà ðèñ. 2. 

Óñëîâèå (11) áûëî ïîëó÷åíî äëÿ äîïóñêàþùåãî 
àíàëèòè÷åñêîå ðåøåíèå ñëó÷àÿ èäåàëüíî îòðàæàþ-
ùèõ êàïåëü, ÷òî ñîîòâåòñòâóåò ïîêàçàòåëþ ïðåëîì-
ëåíèÿ ñâåòà n = ∞. Ïðîâåðêà ïðèìåíèìîñòè óñëî-
âèÿ (12) ê ðåàëüíûì æèäêîñòÿì áûëà ïðîâåäåíà 
íàìè ïî ìåòîäó Ìîíòå-Êàðëî. Ðåçóëüòàòû ïðåä-
ñòàâëåíû íà ðèñ. 3. Èíäèêàòðèñû ðàññåÿíèÿ ñâåòà 
íà êàïëÿõ áûëè ðàññ÷èòàíû â ïðèáëèæåíèè ãåîìåò-
ðè÷åñêîé îïòèêè ïî ìåòîäó ðàáîò [2, 10]. Â îïòðîíå 
ñ ïàðàìåòðàìè (13) ðàññ÷èòûâàëèñü òðàåêòîðèè  
 

 
Ðèñ. 3. Çàâèñèìîñòü âåëè÷èíû I0/I îò LS/4 â îáëàêå  
èç æèäêèõ àýðîçîëåé ñ ïîêàçàòåëåì ïðåëîìëåíèÿ n = 1,5 
  (äèçåëüíîå òîïëèâî, áåíçèí, êåðîñèí, ìàçóò) 
 

∼ 105 ôîòîíîâ, ÷òî îáåñïå÷èâàåò îòíîñèòåëüíóþ ïî-
ãðåøíîñòü â íàéäåííîé âåëè÷èíå I0/I ïîðÿäêà 

51/ 10  0,3%.∼  

Îïûòó, ïðåäñòàâëåííîìó íà ðèñ. 2, ñîîòâåò-
ñòâóåò çíà÷åíèå LS/4 ∼ 0,1, êîòîðîå, êàê âèäíî  
èç ðèñ. 3, çàâåäîìî ïîïàäàåò â îáëàñòü ïðèìåíèìî-
ñòè çàêîíà Áóãåðà–Ëàìáåðòà–Áåðà. Èç íàêëîíà 
ïðÿìîé, îïèñûâàþùåé ïîëó÷åííóþ ïðè ðàñ÷åòå çà-
âèñèìîñòü, ñëåäóåò, ÷òî êàïëÿì ñ n = 1,5 è îïòðîíó 
ñ ïàðàìåòðàìè (13) ñîîòâåòñòâóåò γ = 0,92. Äëÿ âî-
äÿíîãî îáëàêà (n = 1,33) ðàñ÷åò äàë çíà÷åíèå γ = 
= 0,87. Îòëè÷èå γ îò åäèíèöû îáúÿñíÿåòñÿ òåì îá-
ñòîÿòåëüñòâîì, ÷òî ôîòîíû, ïðîíèçûâàþùèå êàïëþ 
âáëèçè åå öåíòðà, ìåíÿþò íàïðàâëåíèå ñâîåãî äâè-
æåíèÿ ëèøü íà ìàëûé óãîë è ïîýòîìó âñå-òàêè ïî-
ïàäàþò â îêíî ñâåòîïðèåìíèêà. 

 

Çàêëþ÷åíèå 
 

Îñíîâíûì ðåçóëüòàòîì äàííîé ñòàòüè ÿâëÿåòñÿ 
ñîîòíîøåíèå (12). Îíî îïðåäåëÿåò äîïóñòèìûå çíà-
÷åíèÿ îïòè÷åñêèõ ïëîòíîñòåé lg(I0/I), ïðè êîòîðûõ 
óäåëüíóþ ïîâåðõíîñòü S àýðîçîëåé â îáëàêå ìîæíî 
íàõîäèòü, ïðèìåíÿÿ çàêîíà Áóãåðà–Ëàìáåðòà–
Áåðà (1). Óñëîâèå (12) ïîëåçíî â òåõ ñëó÷àÿõ, êî-
ãäà ïî êàêèì-ëèáî ïðè÷èíàì íåâîçìîæíû ïîâòîð-
íûå îïûòû.  
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A.V. Zagnitko, N.P. Zaretsky, L.I. Menshikov, P.L. Menshikov. On the applicability of the Beer–
Lambert–Bouguer law for estimating the absorption coefficient of light rays in a cloud of dispersed liquid. 
 

The conditions for applicability of the Bouguer–Lambert–Beer law for aerosol clouds with particles much 
larger than the photon wavelength are derived in the form of an analytical formula. The corrections to this law 
due to diffraction scattering and the geometry of a measuring device are estimated. The resulting formula is use-
ful for processing single experiments that cannot be repeated for some reason. 
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