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�èñ. 1. Ñõåìà óðîâíåé1. Òåîðåòè÷åñêèé �îðìàëèçìÄëÿ îïèñàíèÿ âçàèìîäåéñòâèÿ ïðîáíîãî ïîëÿ ãàììà-êâàíòà ñ ¾ãàììà-îïòè÷åñêîé¿ ñðåäîé, íàõîäÿùåéñÿ ïîä âëèÿíèåì óïðàâëÿþùåãî �×-ïîëÿ, âîñïîëü-çóåìñÿ �îðìàëèçìîì Ìàêñâåëëà-�îí Íåéìàíà [3℄. Áåç îãðàíè÷åíèÿ îáùíîñòè áó-äåì ñ÷èòàòü, ÷òî ñðåäà ÿâëÿåòñÿ àíñàìáëåì ì¼ñáàóýðîâñêèõ ÿäåð 57Fe ñ ðàâíî-âåñíîé çàñåëåííîñòüþ ÿäåðíûõ óðîâíåé, êîòîðûé íàõîäèòñÿ â ìàãíèòíîé ìàòðèöå.Ñîîòâåòñòâóþùàÿ ñèñòåìà óðàâíåíèé äëÿ êîìïîíåíò îãèáàþùåé ïîëÿ (âîëíîâîé�óíêöèè) åäèíè÷íîãî ãàììà-êâàíòà ap â áàçèñå êðóãîâûõ ïîëÿðèçàöèé (p = ±1)è ìàòðè÷íûõ ýëåìåíòîâ îãèáàþùåé ìàòðèöû ïëîòíîñòè σge , îïèñûâàþùèõ ýâîëþ-öèþ ñèñòåìû ¾àíñàìáëü ÿäåð ñ ìíîãîóðîâíåâîé ñòðóêòóðîé îñíîâíîãî è âîçáóæ-ä¼ííîãî ñîñòîÿíèÿ + �×-ïîëå¿, èìååò âèä:
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(1)Çäåñü µ � êîý��èöèåíò ÿäåðíîãî ðåçîíàíñíîãî ïîãëîùåíèÿ; ∆γ = ωγ − ω0 � äî-ïëåðîâñêèé ñäâèã (ðàññòðîéêà) ÷àñòîòû ïàäàþùåãî ãàììà êâàíòà; Ĥ � ãàìèëüòî-íèàí ñâåðõòîíêîãî âçàèìîäåéñòâèÿ; C(g, M, e) , D
(1)
Mp(θ, ϕ) � êîý��èöèåíòû Êëåá-øà ��îðäàíà è ìàòðèöû âðàùåíèÿ ñîîòâåòñòâåííî [4℄.Êàê ïðàâèëî, â ìàãíèòíûõ ìàòåðèàëàõ ñâåðõòîíêîå âçàèìîäåéñòâèå ÿâëÿåòñÿÔåðìè-êîíòàêòíûì, è ñëåäîâàòåëüíî, èçîòðîïíûì. Ïîýòîìó åñëè âíåøíåå ïîñòîÿí-íîå ìàãíèòíîå ïîëå H0 íàïðàâëåíî âäîëü Z , ãëàâíîé îñè òåíçîðà �ÝÏ, à îñöèëëè-ðóþùåå �×-ïîëå Hrf = H0
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x]) áóäåò îïèñû-âàòü ñòðóêòóðó ñâåðõòîíêèõ ïîäóðîâíåé îñíîâíîãî è âîçáóæä¼ííîãî ñîñòîÿíèé ÿä-ðà 57Fe âî âðàùàþùåéñÿ ñèñòåìå êîîðäèíàò. Íåòðóäíî çàìåòèòü, ÷òî êîãäà ÷àñòîòà�×-ïîëÿ ñîâïàäàåò ñ ðàññòîÿíèåì ìåæäó ñâåðõòîíêèìè ïîäóðîâíÿìè â âîçáóæä¼í-íîì ñîñòîÿíèè (Ω = ωe
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(βe)−d � �óíêöèÿìè Âèãíåðà. ×òî êàñàåòñÿ îñíîâíîãî ñîñòîÿíèÿ ÿäðà,òî ñ äîñòàòî÷íîé ñòåïåíüþ òî÷íîñòè ãàìèëüòîíèàí H ′(g) ÿâëÿåòñÿ äèàãîíàëüíûì.2. Àíàëèç è ðåçóëüòàòûÏóñòü ãàììà-îïòè÷åñêàÿ ñðåäà ñ ãåîìåòðè÷åñêîé òîëùèíîé L ÿâëÿåòñÿ ¾îïòè÷å-ñêè¿ òîíêîé (µL ≪ 1). Â ýòîì ñëó÷àå óðàâíåíèå (4) èìååò àíàëèòè÷åñêîå ðåøåíèå,ñîãëàñíî êîòîðîìó êàæäàÿ êîìïîíåíòà ap îãèáàþùåé ïîëÿ (âîëíîâîé �óíêöèè)ïðîøåäøåãî ÷åðåç îáðàçåö ãàììà-êâàíòà ÿâëÿåòñÿ ñóììîé ñîîòâåòñòâóþùåé êîì-ïîíåíòû îãèáàþùåé ïîëÿ ïàäàþùåãî êâàíòà |ainc
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p > .Åñëè èñòî÷íèê èñïóñêàåò íåïîëÿðèçîâàííîå ãàììà-èçëó÷åíèå, òî çàâèñèìîñòüâåðîÿòíîñòè ïðîõîæäåíèÿ ãàììà-êâàíòà ÷åðåç îáðàçåö îò Φ â ÷èñòîì âèäå ìîæíîïðåäñòàâèòü â ñëåäóþùåì âèäå:
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. (6)Ýòîò ðåçóëüòàò ìîæíî èíòåðïðåòèðîâàòü ñ ¾îïòè÷åñêîé¿ òî÷êè çðåíèÿ ñëåäó-þùèì îáðàçîì. Ñîãëàñíî Áëþìó è Êèñòíåðó [2℄ âîëíîâóþ �óíêöèþ |Ap > ãàììà-êâàíòà ñ ÷àñòîòîé ωγ è êðóãîâîé ïîëÿðèçàöèåé p , ïðîøåäøåãî ÷åðåç ¾ãàììà-îïòè÷åñêóþ¿ ñðåäó ñ òîëùèíîé L, ìîæíî ïðåäñòàâèòü â âèäå
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¾�ÀÌÌÀ-ÎÏÒÈ×ÅÑÊÈÅ¿ ÑÂÎÉÑÒÂÀ Ñ�ÅÄÛ. . . 45Çäåñü n̂ � îïåðàòîð ïîêàçàòåëÿ ïðåëîìëåíèÿ, ÷üè ìàòðè÷íûå ýëåìåíòû ðàâíû:
npp′ = δpp′ + χpp′ . (8)Äèàãîíàëüíûå ýëåìåíòû ìàòðèöû npp′ ÿâëÿþòñÿ êîý��èöèåíòàìè ïðåëîìëåíèÿäëÿ ëåâî- è ïðàâîïîëÿðèçîâàííûõ êîìïîíåíò ãàììà-èçëó÷åíèÿ, à íåäèàãîíàëüíûåýëåìåíòû îïðåäåëÿþò ñìåøèâàíèå ïîëÿðèçàöèîííûõ êîìïîíåíò â îáðàçöå.Åñëè ïîòîê ïàäàþùèõ ãàììà-êâàíòîâ íåïîëÿðèçîâàí è èìååò ÷àñòîòíîå ðàñ-ïðåäåëåíèå, îïèñûâàåìîå ëîðåíöèàíîì f(ωγ) = (γ/2π)/[(ωγ − ω0γ)2 − (γ/2)2] , òîâåðîÿòíîñòü ïðîõîæäåíèÿ ãàììà-êâàíòà ÷åðåç îáðàçåö âû÷èñëÿåòñÿ îáû÷íûì ñïî-ñîáîì ïî �îðìóëå Pγ =
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dωγf(ωγ) . . . ýêâèâàëåíòíî óñðåäíåíèþ < . . . >t0 â(5). Èç âûðàæåíèé (5) è (9) ñëåäóåò, ÷òî
< χpp >ωγ

= bpp/k, (10)ïîýòîìó ðåàëüíàÿ ÷àñòü bpp îïðåäåëÿåò äèñïåðñèþ, à ìíèìàÿ ÷àñòü � ïîãëîùåíèåãàììà-êâàíòà ñ ïîëÿðèçàöèåé p â ¾îïòè÷åñêîé¿ ñðåäå, à ñêîðîñòü ïåðåíîñà ýíåðãèèîïðåäåëÿåòñÿ âûðàæåíèåì
v(p)

gr =
c

1 + Im bpp/k + c∂ Re bpp/∂∆γ
. (11)Íåòðóäíî çàìåòèòü, ÷òî àìïëèòóäà ðàññåÿíèÿ âïåð¼ä bpp ÿâëÿåòñÿ ñóììîé ïîëî-æèòåëüíîé ñòàöèîíàðíîé ÷àñòè (M = M ′ ) è çíàêîïåðåìåííîé, çàâèñÿùåé îò �àçû�×-ïîëÿ Φ (M 6= M ′ ). Ïîýòîìó, âàðüèðóÿ Φ , ìîæíî íàéòè óñëîâèÿ ÝÌÈÏ, ïðèêîòîðûõ Re bpp = Im bpp = 0 , à ∂ Re bpp/∂∆γ ïðèîáðåòàåò ìàêñèìàëüíîå çíà÷åíèå.Åñòåñòâåííî, ÷òî ýòè óñëîâèÿ áóäóò òàêæå çàâèñåòü îò ïàðàìåòðîâ ïðîáíîãî ïîëÿãàììà-êâàíòà (∆γ , p, Θ, φ). 3. ÎáñóæäåíèåÏóñòü ðåçîíàíñíûé ãàììà-êâàíò ñ ïîëÿðèçàöèåé p ðàñïðîñòðàíÿåòñÿ â ìàãíèò-íîé ñðåäå 57Fe, óäîâëåòâîðÿþùåé óñëîâèÿì (2)�(3), âäîëü íàïðàâëåíèÿ, ñîâïàäà-þùåãî ñ Y � ãëàâíîé îñüþ òåíçîðà �ÝÏ (Θ = π/2, phi = π/2), è â îòñóòñòâèåðàäèî÷àñòîòíîãî ïîëÿ âîçáóæäàåò, íàïðèìåð, ÿäåðíûé ïåðåõîä |1/2 >g↔ |1/2 >e(∆γ ∼ ω1/2,1/2 = 1

2 (ωe
hf − ωg

hf )). Òîãäà ïðè Γ = γ ïîêàçàòåëü ïðåëîìëåíèÿ nppîïðåäåëÿåòñÿ âûðàæåíèåì
n11 = n−1−1 ≈ 1 +

3

4

µ

k
/(∆γ − ω1/2,1/2 + iΓ),÷òî ñîîòâåòñòâóåò âçàèìîäåéñòâèþ ãàììà-êâàíòà ñ äâóõóðîâíåâîé ðåçîíàíñíîéñðåäîé. Â ýòîì ñëó÷àå ðåàëèçóåòñÿ ñòàíäàðòíàÿ ñèòóàöèÿ � ìèíèìóì äèñïåðñèè(Re bpp = 0), ìàêñèìóì å¼ ïðîèçâîäíîé (∂ Re bpp/∂∆γ ) è ìàêñèìóì ïîãëîùåíèÿ(Im bpp ) ïðè óñëîâèÿõ òî÷íîãî ðåçîíàíñà (∆γ = ω1/2,1/2 ) äëÿ ïðîáíîãî ïîëÿ ãàììà-êâàíòà (ðèñ. 2).Ñèòóàöèÿ ìåíÿåòñÿ êàðäèíàëüíûì îáðàçîì, åñëè íà ìàãíèòíóþ ñðåäó äåéñòâó-åò ðàäèî÷àñòîòíîå ïîëå â ñõåìå êðîññèíãà � àíòèêðîññèíãà ÿäåðíûõ óðîâíåé. Òàê,
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�èñ. 2. Ìíèìàÿ è ðåàëüíàÿ ÷àñòè êîý��èöèåíòà ïðåëîìëåíèÿ äëÿ äâóõóðîâíåâîé ¾ãàììà-îïòè÷åñêîé¿ ñðåäû
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�èñ. 3. Ìíèìàÿ è ðåàëüíàÿ ÷àñòè êîý��èöèåíòà ïðåëîìëåíèÿ â ðåæèìå ÝÌÈÏåñëè ÷àñòîòà �×-ïîëÿ ïðèáëèæàåòñÿ ê ÷àñòîòå ßÌ�-ïåðåõîäîâ â âîçáóæäåííîìñîñòîÿíèè (Ω = ωe
hf ), òî ïîêàçàòåëü ïðåëîìëåíèÿ [6℄ áóäåò îïèñûâàòü ¾ãàììà-îïòè÷åñêèå¿ ñâîéñòâà óæå ïÿòèóðîâíåâîé ðåçîíàíñíîé ñðåäû, ãäå ÷åòûðå áëèçêî-ðàñïîëîæåííûõ ¾îäåòûõ¿ ïîäóðîâíÿ âîçáóæä¼ííîãî ñîñòîÿíèÿ ÿäðà ðàñïîëîæåíûíà ðàññòîÿíèè ωe

rf/2 äðóã îò äðóãà.Ñîîòâåòñòâåííî, ðåæèì ýëåêòðîìàãíèòíî-èíäóöèðîâàííîé ïðîçðà÷íîñòè ðåàëè-çóåòñÿ ïðè óñëîâèÿõ Φ = 0 , ωe
rf = 1.69 Γ äëÿ ãàììà-êâàíòîâ ñ ïðàâîé êðóãîâîéïîëÿðèçàöèåé è Φ = π , ωe

rf = 1.69 Γ äëÿ ãàììà-êâàíòîâ ñ ëåâîé êðóãîâîé ïî-ëÿðèçàöèåé (ðèñ. 3). Âûõîä èç ðåæèìà ÝÌÈÏ è äîñòèæåíèå ãðóïïîâîé ñêîðîñòèìàêñèìàëüíîãî çíà÷åíèÿ ïðîèñõîäèò ïðè ωe
rf = 0.58 Γ (ðèñ. 4).Çàêëþ÷åíèåÒàêèì îáðàçîì, ïîêàçàíî, ÷òî ðàäèî÷àñòîòíîå ïåðåìåøèâàíèå ñâåðõòîíêèõ ïîä-óðîâíåé ìîæåò áûòü èñïîëüçîâàíî äëÿ íàáëþäåíèÿ ý��åêòà ýëåêòðîìàãíèòíî-èíäóöèðîâàííîé ïðîçðà÷íîñòè è ¾çàìåäëåíèÿ¿ ãàììà-êâàíòîâ â ìíîãîóðîâíåâîé¾ãàììà-îïòè÷åñêîé¿ ñðåäå. Åñëè åñòåñòâåííûé ðàäèîàêòèâíûé èñòî÷íèê èñïóñêà-åò íåïîëÿðèçîâàííîå èçëó÷åíèå èëè èçëó÷åíèå ñ îäíîé êðóãîâîé ïîëÿðèçàöèåé,òî ïðè ðàñïðîñòðàíåíèè ãàììà-êâàíòà â ¾îïòè÷åñêè¿ òîíêîé ñðåäå åãî ïîëÿðèçà-öèîííîå ñîñòîÿíèå íå èçìåíÿåòñÿ. Â ýòèõ ñëó÷àÿõ óñëîâèÿ äëÿ ýëåêòðîìàãíèòíî-èíäóöèðîâàííîé ïðîçðà÷íîñòè áóäóò íàèáîëåå ïðîñòûìè, òàê êàê íå çàâèñÿò îòý��åêòîâ èíòåð�åðåíöèè ïîëÿðèçàöèîííûõ ñîñòîÿíèé ãàììà-êâàíòà. Ïîýòîìó ¾çà-ìåäëåíèå¿ è ¾óñêîðåíèå¿ ãàììà-êâàíòà â ¾ãàììà-îïòè÷åñêîé¿ ñðåäå îïðåäåëÿþòñÿ
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�èñ. 4. Ìíèìàÿ è ðåàëüíàÿ ÷àñòè êîý��èöèåíòà ïðåëîìëåíèÿ ïðè óñëîâèè âûõîäå èçðåæèìà ÝÌÈÏëèøü èçìåíåíèåì ïàðàìåòðîâ �×-ïîëÿ, ÷òî ìîæíî èñïîëüçîâàòü, íàïðèìåð, äëÿêîíòðîëèðóåìîé �èëüòðàöèè íåïîëÿðèçîâàííîãî èçëó÷åíèÿ. Ñ óâåëè÷åíèåì ¾îï-òè÷åñêîé¿ ïëîòíîñòè ñðåäû ý��åêòû ìíîãîêðàòíîãî ðàññåÿíèÿ âïåð¼ä è ñîïóò-ñòâóþùèå èì ý��åêòû èíòåð�åðåíöèè ïîëÿðèçàöèîííûõ ñîñòîÿíèé ïðèâåäóò êíîâûì óñëîâèÿì äëÿ ÝÌÈÏ è ãîðàçäî áîëüøåìó ¾çàìåäëåíèþ¿ ãàììà-êâàíòà, ÷òîÿâëÿåòñÿ ïðåäìåòîì ñëåäóþùåé íàøåé ðàáîòû.�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå �îññèéñêîãî �îíäà �óíäàìåí-òàëüíûõ èññëåäîâàíèé (ïðîåêò � 05-02-16567).SummarySh.Sh. Bashkirov, V.Yu. Lyubimov, N.V. Polyakov, E.A. Popov. Gamma optial propertiesof an medium at the mixing of the hyper�ne sublevels of an exited state.With use the propagation of the resonant gamma-quantum in an magneti medium withM�ossbauer nulei 57Fe under in�uene of the external radio-frequeny �eld as an example itis shown the possibility to observe the e�et of the eletromagnetially indued transparenyin gamma optis. Ëèòåðàòóðà1. Sully M.O., Zubairy M.S. Quantum Optis. � Cambridge: Cambridge University Press,1997.2. Blume M., Kistner O.C. Resonant absorption in the presene of Faraday rotation //Phys. Rev. � 1968. � V. 171, No 2. � P. 417�425.3. Popov E.A. Coherent response in the forward diretion to the almost stepwise-pulse //J. Phys.: Condensed Matter. � 1996. � V. 8, No 29. � P. 5483�5489.4. Rose M.E. Elementary theory of angular momentum. � N. Y.: John Willey&Sons In.,1957.5. S'heeren G., Neyens G., Nowen R., Coussement R., van den Bergh M., Boolhand P.Nonreiproity of gamma emission and absorption due to quantum oherene at nulear-level rossing // Phys. Rev. Lett. � 1993. � V. 71, No 12. � P. 1824�1827.6. Samartsev V.V., Popov E.A., Yanvarev E.A. The in�uene of an external radio-frequeny�eld on the resonane propagation of a short gamma-ray pulse in an optial multilevelmedium // Laser Physis. � 1998. � V. 8, No 6. � P. 1240�1244.
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