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Â ñòàòüå òåîðåòè÷åñêè èññëåäóþòñÿ õàðàêòåðèñòèêè óçêîãî çîíäèðóþùåãî îïòè÷åñêîãî ïó÷êà, ðàñïðî-
ñòðàíÿþùåãîñÿ â ñðåäå ïðè ñëàáîì íàñûùåíèè ðåçîíàíñíîãî ïîãëîùåíèÿ. Íà îñíîâå áåçàáåððàöèîíèîãî ïðè-
áëèæåíèÿ ïîëó÷åíî àíàëèòè÷åñêîå ðåøåíèå äëÿ ôóíêöèè âçàèìíîé êîãåðåíòíîñòè âòîðîãî ïîðÿäêà çîíäè-
ðóþùåãî èçëó÷åíèÿ. Ïðîàíàëèçèðîâàíî ñîâìåñòíîå âëèÿíèå ïðîñòðàíñòâåííûõ íåîäíîðîäíîñòåé êîýôôèöè-
åíòà ïîãëîùåíèÿ è ïîêàçàòåëÿ ïðåëîìëåíèÿ ñðåäû íà õàðàêòåðèñòèêè îïòè÷åñêîãî çîíäèðóþùåãî ïó÷êà, óç-
êîãî ïî ñðàâíåíèþ ñ ïîïåðå÷íûì ëèíåéíûì ðàçìåðîì ïó÷êà èíòåíñèâíîãî ëàçåðíîãî èçëó÷åíèÿ. Ïîëó÷åíû 
óñëîâèÿ, ïðè êîòîðûõ âîçìîæíî èçìåðåíèå ïàðàìåòðîâ ïîãëîùàþùåé ñðåäû ïî ðåãèñòðàöèè ñìåùåíèÿ èçî-
áðàæåíèÿ ëàçåðíîãî çîíäèðóþùåãî ïó÷êà çà ôîêóñèðóþùåé ëèíçîé. 

 
 

Ïðè ðàñïðîñòðàíåíèè èíòåíñèâíîãî ëàçåðíîãî ïó÷êà â íåëèíåéíîé ñðåäå èíäóöèðóåòñÿ ïðîñòðàí-
ñòâåííàÿ íåîäíîðîäíîñòü ïîêàçàòåëÿ ïðåëîìëåíèÿ ñðåäû [1—2]. Ýòà íåîäíîðîäíîñòü ïîêàçàòåëÿ ïðå-
ëîìëåíèÿ ïðîÿâëÿåòñÿ êàê â ñàìîâîçäåéñòâèè èíòåíñèâíîãî ëàçåðíîãî ïó÷êà, òàê è ïðè ðàñïðîñòðàíå-
íèè â çîíå âîçäåéñòâèÿ ïðîáíîãî çîíäèðóþùåãî èçëó÷åíèÿ [1—4]. Â óñëîâèÿõ òåïëîâîãî ñàìîâîçäåé-
ñòâèÿ ïðîèñõîäèò èçìåíåíèå äåéñòâèòåëüíîé ÷àñòè ïîêàçàòåëÿ ïðåëîìëåíèÿ, ò. å. ìåíÿþòñÿ ðåôðàê-
öèîííûå ñâîéñòâà ñðåäû [1—2]. Â [3, 4] ïîêàçàíî, ÷òî èíôîðìàöèþ îá èçìåíåíèè ïàðàìåòðîâ ñðåäû 
ïðè òåïëîâîì ñàìîâîçäåéñòâèè ìîæíî ïîëó÷èòü èç èçìåðåíèÿ ñìåùåíèÿ èçîáðàæåíèÿ çîíäèðóþùåãî 
ëàçåðíîãî ïó÷êà çà ôîêóñèðóþùåé ëèíçîé. Èçâåñòíî [5, 6], ÷òî ïðè ðåçîíàíñíîì ñàìîâîçäåéñòâèè 
èçëó÷åíèÿ íà ñðåäó èçìåíÿåòñÿ êàê ðåôðàêöèîííàÿ ÷àñòü ïîêàçàòåëÿ ïðåëîìëåíèÿ, òàê è êîýôôèöè-
åíò ïîãëîùåíèÿ ñðåäû. Àíàëîãè÷íàÿ êàðòèíà íàáëþäàåòñÿ òàêæå ïðè ðàñïðîñòðàíåíèè èíòåíñèâíîãî 
ëàçåðíîãî èçëó÷åíèÿ â àýðîçîëüíîé ñðåäå [2]. Â äàííîé ñòàòüå òåîðåòè÷åñêè èññëåäóþòñÿ õàðàêòåðè-
ñòèêè óçêîãî çîíäèðóþùåãî ïó÷êà, ðàñïðîñòðàíÿþùåãîñÿ â ñðåäå ïðè ñëàáîì íàñûùåíèè ðåçîíàíñíî-
ãî ïîãëîùåíèÿ. Ïîëó÷åíû óñëîâèÿ, ïðè êîòîðûõ âîçìîæíî èçìåðåíèå ïàðàìåòðîâ ïîãëîùàþùåé ñðå-
äû ïî ðåãèñòðàöèè ñìåùåíèÿ èçîáðàæåíèÿ ëàçåðíîãî çîíäèðóþùåãî ïó÷êà çà ôîêóñèðóþùåé ëèíçîé. 

Ðàññìîòðèì ãàç äâóõóðîâíåâûõ ìîëåêóë â ïîëå äâóõ âñòðå÷íûõ âîëí ñ ãàóññîâñêèì ðàñïðåäåëå-
íèåì èíòåíñèâíîñòè ÷àñòîòû ω, îäíà èç êîòîðûõ íàñûùàåò ñðåäó, à äðóãàÿ ÿâëÿåòñÿ çîíäèðóþùåé. 
Ïðè ìàëûõ íàñûùåíèÿõ çîíäèðóþùàÿ âîëíà áóäåò ðàñïðîñòðàíÿòüñÿ â ñðåäå ñ äèýëåêòðè÷åñêîé âîñ-
ïðèèì÷èâîñòüþ [7, 8] 
 

 (1) 
 

ãäå 

 
 

ñ — ñêîðîñòü ñâåòà; κ0 — êîýôôèöèåíò ëèíåéíîãî ïîãëîùåíèÿ; I — èíòåíñèâíîñòü íàñûùàþùåé âîë-

íû íà îñè ïó÷êà; Is — èíòåíñèâíîñòü íàñûùåíèÿ; 2 2
y zρ = +  — ðàññòîÿíèå äî îñè íàñûùàþùåãî 

ïó÷êà;à0 — ðàäèóñ íàñûùàþùåãî ïó÷êà; Γ — îäíîðîäíàÿ øèðèíà ëèíèè; δ — îòñòðîéêà ÷àñòîòû îò 
öåíòðà ëèíèè. Ïðè ïîëó÷åíèè âûðàæåíèÿ (1) äëÿ äèýëåêòðè÷åñêîé âîñïðèèì÷èâîñòè ñðåäû èñïîëüçî-
âàíû ñòàíäàðòíûå ôîðìóëû òåîðèè âîçìóùåíèÿ òðåòüåãî ïîðÿäêà ïî íàïðÿæåííîñòè ýëåêòðè÷åñêîãî 
ïîëÿ (I n Is), â êîòîðûõ óñðåäíåíèå ïî ñêîðîñòÿì âûïîëíåíî â äîïëåðîâñêîì ïðåäåëå. Ñîîòíîøåíèå 
äàâëåíèÿ ãàçà è ðàäèóñîâ ñâåòîâûõ ïó÷êîâ òàêîâî, ÷òî óäàðíîå óøèðåíèå ìíîãî ìåíüøå äîïëåðîâñêî-
ãî, íî ìíîãî áîëüøå ïðîëåòíîãî. 

Ðàñïðîñòðàíåíèå çîíäèðóþùåé îïòè÷åñêîé âîëíû â íàñûùåííîé ñðåäå îïèñûâàåòñÿ ïàðàáîëè÷å-
ñêèì óðàâíåíèåì [1, 2, 7, 8]: 
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ãäå k = ω/ñ = 2π/λ, λ — äëèíà âîëíû îïòè÷åñêîãî èçëó÷åíèÿ; 
2 2

y z
⊥

∂ ∂
Δ = +

∂ ∂
 — äâóìåðíûé îïåðà-

òîð Ëàïëàñà. Ñîîòâåòñòâóþùåå óðàâíåíèå ôóíêöèè âçàèìíîé êîãåðåíòíîñòè âòîðîãî ïîðÿäêà 
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Â óðàâíåíèè (3) ïåðåéäåì ê ïðèîñåâîìó ïðèáëèæåíèþ, ò.å. ïðè ρ1, ρ2 n a0 èç (1) è (3) ïîëó÷èì 
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Ðàññìîòðèì ðàñïðîñòðàíåíèå ãàóññîâñêîãî çîíäèðóþùåãî ïó÷êà ñ íà÷àëüíûì ðàñïðåäåëåíèåì âè-
äà 
 

 (5) 
 
ãäå Å0 — àìïëèòóäà çîíäèðóþùåãî ïó÷êà; à — íà÷àëüíûé ðàäèóñ çîíäèðóþùåãî ïó÷êà; R0 —
 íà÷àëüíàÿ êðèâèçíà âîëíîâîãî ôðîíòà ïó÷êà çîíäèðóþùåãî èçëó÷åíèÿ. 

Ðåøåíèå óðàâíåíèÿ (4) ñ ãðàíè÷íûì óñëîâèåì (5) áóäåì èñêàòü â ïàðàìåòðè÷åñêîé ôîðìå: 
 

(6) 

 

ãäå f(x), g(x), S(x) è ϕ(x) — íåèçâåñòíûå ôóíêöèè. 
Ïîäñòàâèâ (6) â (4), ïîëó÷èì ñëåäóþùóþ ñèñòåìó óðàâíåíèé: 
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ñ ãðàíè÷íûìè óñëîâèÿìè 
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Ïðè ðàñïðîñòðàíåíèè êîãåðåíòíîãî îïòè÷åñêîãî èçëó÷åíèÿ (ϕ(x)⏐x=0 = 0) ðåøåíèå ÷åòâåðòîãî 
óðàâíåíèÿ ñèñòåìû (7) òðèâèàëüíî: ϕ(õ) = 0. Ïðè ýòîì óñëîâèè ñèñòåìà óðàâíåíèé (7) ïðèìåò âèä 
 

 (8) 
 

Òî÷íîãî àíàëèòè÷åñêîãî ðåøåíèÿ ñèñòåìà óðàâíåíèé (8) íå èìååò. Ðåøåíèå ñèñòåìû óðàâíåíèé 
(8) áóäåì èñêàòü ïóòåì ðàçëîæåíèÿ ôóíêöèé g(x) è S(x) â ðÿä ïî õ. Äàííîå ðåøåíèå ïðèìåíèìî äëÿ 
òðàññ çîíäèðîâàíèÿ, ìåíüøèõ äëèíû äèôðàêöèè (x < ka2), íà÷àëüíîãî çíà÷åíèÿ êðèâèçíû âîëíîâîãî 
ôðîíòà ïó÷êà çîíäèðóþùåãî èçëó÷åíèÿ (x < R0) è âåëè÷èíû ëèíåéíîãî ìàñøòàáà çàäà÷è, õàðàêòåðè-
çóþùåãî âëèÿíèå äèàôðàãìèðóþùåãî ýôôåêòà íà ðàñïðîñòðàíåíèå îïòè÷åñêîãî èçëó÷åíèÿ 
(x < Fg < Fë). Òîãäà ñ ó÷¸òîì ãðàíè÷íûõ óñëîâèé ðåøåíèå ñèñòåìû óðàâíåíèé (8) çàïèøåòñÿ ñëåäóþ-
ùèì îáðàçîì: 
 

 (9) 
 

Àíàëèç ïîëó÷åííîãî ðåøåíèÿ (6), (9) ïîêàçûâàåò, ÷òî ïðè ðàñïðîñòðàíåíèè çîíäèðóþùåãî ïó÷êà 
â çîíå âîçäåéñòâèÿ íà ñðåäó ïðè íàñûùåíèè ïîãëîùåíèÿ èç-çà äèàôðàãìèðóþùåãî ýôôåêòà ïðîèñõî-
äèò óìåíüøåíèå ðàäèóñà çîíäèðóþùåãî ïó÷êà è ïîÿâëÿåòñÿ äîïîëíèòåëüíîå èñêðèâëåíèå âîëíîâîãî 
ôðîíòà ïó÷êà. Ïðè÷åì, äîáàâêà ê S(õ) èç-çà äèàôðàãìèðóþùåãî ýôôåêòà èìååò îòðèöàòåëüíûé çíàê, 
ò.å. ýôôåêò ïîäôîêóñèðîâêè ïó÷êà ïðîòÿæåííîé ìÿãêîé äèàôðàãìîé ïðèâîäèò ê ïîÿâëåíèþ äîïîëíè-
òåëüíîé ðàñõîäèìîñòè îïòè÷åñêîãî èçëó÷åíèÿ. Äëÿ ñëó÷àÿ êîëëèìèðîâàííîãî (R0 = ∞) çîíäèðóþùåãî 
ïó÷êà ñ ka2/x > 1 ðàäèóñ à(õ) è êðèâèçíà âîëíîâîãî ôðîíòà R(x) = k/S(x) îïðåäåëÿþòñÿ ñëåäóþùè-
ìè ñîîòíîøåíèÿìè: 
 

 (10) 
 

 (11) 
 

Èç ôîðìóë (10)—(11) ñëåäóåò, ÷òî âëèÿíèåì ïîäôîêóñèðîâêè çîíäèðóþùåãî ïó÷êà ïðîòÿæåííîé 
äèàôðàãìîé ìîæíî ïðåíåáðå÷ü ïðè âûïîëíåíèè ñëåäóþùèõ óñëîâèé: 
 

 (12) 
 

ãäå Ω = ka2/x — ÷èñëî Ôðåíåëÿ ïåðåäàþùåé àïåðòóðû çîíäèðóþùåãî ïó÷êà. 
Èòàê, ïðè âûïîëíåíèè óñëîâèé (12) èçìåðåíèÿ êðèâèçíû âîëíîâîãî ôðîíòà óçêîãî çîíäèðóþùå-

ãî ïó÷êà (íàïðèìåð, ïî ïåðåôîêóñèðîâêå åãî èçîáðàæåíèÿ çà ôîêóñèðóþùåé ëèíçîé [3, 4]) ïîçâîëÿ-
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þò îïðåäåëèòü ôîêóñíîå ðàññòîÿíèå íàâåäåííîé ëèíçîïîäîáíîé ñðåäû Fë. Çíàíèå ôîêóñíîãî ðàññòîÿ-
íèÿ íàâåäåííîé ëèíçîïîäîáíîé ñðåäû Fë è êîýôôèöèåíòà íåëèíåéíîãî íàñûùåííîãî ïîãëîùåíèÿ  κ 
(èçìåðÿåìîãî ïî îáùåìó îñëàáëåíèþ çîíäèðóþùåãî ïó÷êà (9)) ïîçâîëÿåò îïðåäåëèòü êîýôôèöèåíò 
ëèíåéíîãî ïîãëîùåíèÿ κ0 è èíòåíñèâíîñòü íàñûùåíèÿ Is. 

Àâòîð ïðèçíàòåëåí Þ.Í. Ïîíîìàðåâó çà ïîëåçíîå îáñóæäåíèå çàòðàãèâàåìîãî â ñòàòüå âîïðîñà. 
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I . P .  L u k i n . Influence of Spatial Inhomogeneities of the Absorption Coefficient and Refractive Index of a 
Medium on Bending of Sounding Radiation. 
 

The paper presents a theoretical investigation of characteristics of a narrow sounding beam propagating through a 
medium with a weak saturation of the resonance absorption. An analytical solution for the mutual coherence function 
of the second order has been obtained for sounding radiation based on the use of nonaberrational approach. Joint ef-
fect of spatial inhomogeneities of the absorption coefficient and refractive index of the medium on the characteristics 
of the wave front of a sounding beam which is narrow compared to cross-sectional size of a high power laser beam. 

The conditions are determined under which it is possible to measure parameters of the absorbing medium by 
measuring the sounding beam image displacements behind the focusing lens. 


