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ÓÄÊ 539.1+539.2+538.955�ÀÑÑÅßÍÈÅ ÂÏÅ�ÅÄ ÌÅÑÑÁÀÓÝ�ÎÂÑÊÎ�ÎÈÇËÓ×ÅÍÈß ÍÀ ÒÎËÑÒÛÕ ÏÎ�ËÎÒÈÒÅËßÕÂ ÓÑËÎÂÈßÕ ßÌ� ÍÀ ÂÎÇÁÓÆÄÅÍÍÎÌÑÎÑÒÎßÍÈÈ ßÄ�ÀÝ.Ê. Ñàäûêîâ, Â.Â. Àðèíèí, Â.Þ. ËþáèìîâÀííîòàöèÿÂ ðàáîòå èññëåäîâàíî ÿâëåíèå ðåçîíàíñíîãî ðàññåÿíèÿ ìåññáàóýðîâñêîãî èçëó÷åíèÿâ íàïðàâëåíèè âïåðåä (�Â) íà òîëñòûõ ïîãëîòèòåëÿõ ñ ìàãíèòíûì ïîðÿäêîì. Ïðåäïî-ëàãàåòñÿ âîçáóæäåíèå îáðàçöà ðåçîíàíñíûì ðàäèî÷àñòîòíûì (�×) ïîëåì (âûïîëíÿþòñÿóñëîâèÿ ßÌ� íà âîçáóæäåííîì ñîñòîÿíèè ÿäðà). Êîíêðåòíûå ðàñ÷åòû ïðèâåäåíû äëÿìåññáàóýðîâñêîãî èçîòîïà 57Fe. Ïîêàçàíî, ÷òî ðåçîíàíñíîå �×-ïîëå ïðèâîäèò ê îáðàçî-âàíèþ ñàòåëëèòîâ â ñïåêòðå �Â, àíàëîãè÷íî ðàññìîòðåííîìó ðàíåå ñëó÷àþ âîçäåéñòâèÿíà îáðàçåö óëüòðàçâóêîì èëè íåðåçîíàíñíûì �×-ïîëåì. Îáíàðóæåíî òàêæå ÿâëåíèå �×-èíäóöèðîâàííîé ÷àñòè÷íîé ïðîçðà÷íîñòè ñðåäû, òî åñòü óâåëè÷åíèå èíòåíñèâíîñòè ïðî-øåäøåãî ÷åðåç îáðàçåö ìåññáàóýðîâñêîãî èçëó÷åíèÿ ñ ðîñòîì àìïëèòóäû �×-ïîëÿ.Êëþ÷åâûå ñëîâà: ðàäèî÷àñòîòíàÿ ìåññáàóýðîâñêàÿ ñïåêòðîñêîïèÿ, ðàññåÿíèå âïå-ðåä ìåññáàóýðîâñêîãî èçëó÷åíèÿ, äâîéíîé ãàììà-ìàãíèòíûé ðåçîíàíñ.ÂâåäåíèåÅùå â 90-å ãîäû XX â. áûëè ïðîâåäåíû ìåññáàóýðîâñêèå èññëåäîâàíèÿ ïî ñõåìåðàññåÿíèÿ âïåðåä (�Â) íà òîëñòûõ îáðàçöàõ, ïîäâåðæåííûõ âîçäåéñòâèþ âíåøíåãîïåðèîäè÷åñêîãî ïîëÿ. Â ñïåêòðàõ �Â, èçìåðåííûõ íà îáðàçöàõ èç íåðæàâåþùåéñòàëè â ðåæèìå âîçäåéñòâèÿ óëüòðàçâóêà (ÓÇ), áûëè îáíàðóæåíû ñàòåëëèòû [1�5℄,àíàëîãè÷íûå ðàíåå èçâåñòíûì ÓÇ-ñàòåëëèòàì â ñïåêòðàõ ïîãëîùåíèÿ [6℄. Â [5℄áûëà ïðåäëîæåíà òåîðåòè÷åñêàÿ ìîäåëü �îðìèðîâàíèÿ ñïåêòðîâ �Â ñ ó÷åòîì âîç-äåéñòâèÿ íà îáðàçåö ÓÇ. Ýòà ìîäåëü àäåêâàòíî îïèñûâàëà ñòðóêòóðó ýêñïåðèìåí-òàëüíî íàáëþäàåìûõ ñàòåëëèòîâ è îáíàðóæåííîå â ýòèõ óñëîâèÿõ óâåëè÷åíèå èí-òåíñèâíîñòè ïðîøåäøåãî ÷åðåç îáðàçåö èçëó÷åíèÿ ñ ðîñòîì èíòåíñèâíîñòè çâóêà.Äðóãîé ñïîñîá ïåðèîäè÷åñêîãî âîçäåéñòâèÿ íà îáðàçåö � ýòî íàëîæåíèå íà íåãîðàäèî÷àñòîòíîãî (�×) ïîëÿ. Ñëåäóåò ðàçëè÷àòü ìàãíèòîñòðèêöèîííûé è ìàãíèòî-äèíàìè÷åñêèé ìåõàíèçìû âîçäåéñòâèÿ �×-ïîëÿ íà ìàãíèòíûé îáðàçåö. Â ïåðâîìñëó÷àå �×-ïîëå âîçáóæäàåò â îáðàçöå ÓÇ, è îæèäàåìûå èçìåíåíèÿ ìåññáàóýðîâ-ñêèõ ñïåêòðîâ âî ìíîãîì ñõîæè ñ ý��åêòàìè, îáíàðóæåííûìè â [1�6℄. Ìàãíèòî-äèíàìè÷åñêèé ìåõàíèçì, â ñâîþ î÷åðåäü, ìîæíî ðàçäåëèòü íà äâà òèïà. Ïåðâûé ��×-ïåðåêëþ÷åíèå ïîëÿ íà ÿäðå � ðåàëèçóåòñÿ îáû÷íî â ìàãíèòîìÿãêèõ ñèñòåìàõ,÷òî ïðèâîäèò òàêæå ê �îðìèðîâàíèþ ñàòåëëèòíîé ñòðóêòóðû ñïåêòðîâ ïîãëîùå-íèÿ è �Â [7�10℄. Êðîìå òîãî, ïåðåêëþ÷åíèå ïîëÿ ÿâëÿåòñÿ ïðè÷èíîé �×-êîëëàïñàìàãíèòíîé ñâåðõòîíêîé ñòðóêòóðû ñïåêòðîâ ïîãëîùåíèÿ ïðè äîñòàòî÷íî áîëüøèõ÷àñòîòàõ �×-ïîëÿ. Ìàãíèòîäèíàìè÷åñêèé ìåõàíèçì âòîðîãî òèïà ìîæåò âîçíèê-íóòü â ìàãíèòíûõ ñèñòåìàõ ñ âûðàæåííîé àíèçîòðîïèåé ïðè óñëîâèè ðàâåíñòâà÷àñòîòû âíåøíåãî �×-ïîëÿ ÷àñòîòå ðåçîíàíñíûõ ñïèíîâûõ ïåðåõîäîâ ìåññáàóýðîâ-ñêîãî ÿäðà. Ýòîò ñëó÷àé èçâåñòåí êàê ðåæèì ßÌ� â ìåññáàóýðîâñêîé ñïåêòðîñêî-ïèè èëè ðåæèì äâîéíîãî ãàììà-ìàãíèòíîãî ðåçîíàíñà (Ä�Ì�). Âåñüìà èíòåðåñíûå143



144 Ý.Ê. ÑÀÄÛÊÎÂ È Ä�.òåîðåòè÷åñêèå ðåçóëüòàòû, ïîëó÷åííûå â ðàìêàõ ýòîé ìîäåëè äëÿ ñïåêòðîâ ïî-ãëîùåíèÿ [11, 12℄, áûëè ïîäòâåðæäåíû ýêñïåðèìåíòàëüíî [13, 14℄. Ïðåäìåòîì ðàñ-ñìîòðåíèÿ íàñòîÿùåãî ñîîáùåíèÿ ÿâëÿåòñÿ òåîðåòè÷åñêàÿ ìîäåëü �îðìèðîâàíèÿìåññáàóýðîâñêîãî ñïåêòðà �Â â óñëîâèÿõ ßÌ� íà âîçáóæäåííîì ÿäåðíîì óðîâíå.Ýòó ðàáîòó ìîæíî ðàññìàòðèâàòü êàê ëîãè÷åñêîå ïðîäîëæåíèå íàøåé íåäàâíåéðàáîòû ïî ìîäåëèðîâàíèþ ñïåêòðà �Â ñ ó÷åòîì �×-ïåðåêëþ÷åíèÿ ïîëÿ íà ÿäðå[10℄. Êàê è â [10℄, îáúåêòîì èçó÷åíèÿ ÿâëÿþòñÿ òàêæå çàêîíîìåðíîñòè ïðîõîæäåíèÿìåñáàóýðîâñêîãî èçëó÷åíèÿ ÷åðåç òîëñòóþ ðåçîíàíñíóþ ñðåäó (57Fe).1. Òåîðåòè÷åñêàÿ ìîäåëüÄëÿ àíàëèçà �×-ý��åêòîâ ïðè ïðîõîæäåíèè ìîíîõðîìàòè÷åñêîé ãàììà-âîëíû
E0(y, t) exp(i(kγy−ωt)) ÷åðåç ðåçîíàíñíóþ ñðåäó èñïîëüçóåì êëàññè÷åñêîå óðàâíå-íèå

∂E0 (y, t)/∂y = −2πJ0(y, t)/c, (1)ãäå J0(y, t) � ìåäëåííî ìåíÿþùàÿñÿ àìïëèòóäà ïëîòíîñòè òîêà ïåðåõîäà J(y, t) äëÿñèñòåìû ìåññáàóýðîâñêèõ ÿäåð. Òàêîé ïîäõîä óæå ïðèìåíÿëñÿ ðàíåå äëÿ âû÷èñëå-íèÿ ñïåêòðîâ �Â ñ ó÷åòîì ÓÇ-êîëåáàíèé [5℄ è �×-ïåðåêëþ÷åíèÿ [10℄. Ïðåäñòàâèì
J(y, t) êàê èíòåãðàë â k-ïðîñòðàíñòâå

J(y, t) = (2π)−3

∫
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∑
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. (3)Çäåñü èñïîëüçóþòñÿ ñîñòîÿíèÿ îïðåäåëåííîé ïðîåêöèè äëÿ ÿäåðíîãî ñïèíà |M〉è |m〉 è ââåäåíû îïåðàòîðû ýâîëþöèè ÿäðà â âîçáóæäåííîì (e) è îñíîâíîì (g)ñîñòîÿíèÿõ̂
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 , Ĥe,g

1 (t) = Ĥ0 + Ĥe,g
hf (t), (4)ãäå Ĥ0 è Ĥe,g

hf (t) � ãàìèëüòîíèàíû ñâîáîäíîãî ÿäðà è ñâåðõòîíêîãî âçàèìîäåé-ñòâèÿ. Îïåðàòîðîì V̂a(t) = iω−1ĵ∗(kγ)E0(ya, t) exp i(kγ ra − ωt) â (3) ïðîèçâîäèòñÿó÷åò âçàèìîäåéñòâèÿ ÿäðà ñ ãàììà-�îòîíîì ñ âîëíîâûì âåêòîðîì kγ . Ý��åêò�×-ïîëÿ ñ ÷àñòîòîé Ω ñâîäèòñÿ ê èçìåíåíèÿì â (3) è (4); îíè ñâÿçàíû ñ òåì, ÷òîñâåðõòîíêîå âçàèìîäåéñòâèå ïðèîáðåòàåò ïåðèîäè÷åñêóþ çàâèñèìîñòü îò âðåìåíè
Ĥe,g

hf (t) = Ĥe,g
hf (t + T ) , T = 2π/Ω . Â ðåæèìå ßÌ� íà âîçáóæäåííîì óðîâíå ÿä-ðà (57Fe) ãàìèëüòîíèàí Ĥe

hf (t) îïèñûâàåò çååìàíîâñêîå âçàèìîäåéñòâèå ÿäåðíîãîñïèíà ñ ïîñòîÿííûì è âðàùàþùèìñÿ ïåðïåíäèêóëÿðíûì ý��åêòèâíûìè ïîëÿìè,à Ĥg
hf (t) ñ áîëüøîé òî÷íîñòüþ ñâîäèòñÿ ê ñòàöèîíàðíîìó çååìàíîâñêîìó âçàèìî-äåéñòâèþ. Îïåðàòîðû ýâîëþöèè Ûe,g(t, t′) â ýòîì ñëó÷àå îïðåäåëåíû â [11, 12℄.Ñòàöèîíàðíàÿ �×-äèíàìèêà ÿäåðíîãî ñïèíà â ïîãëîòèòåëå ïðèâîäèò ê ïåðèî-äè÷åñêîé çàâèñèìîñòè àìïëèòóäû ïðîõîäÿùåé �óðüå-êîìïîíåíòû èçëó÷åíèÿ ìåññ-áàóýðîâñêîãî èñòî÷íèêà îò âðåìåíè, òî åñòü E0 (y, t′) =

∑
n

cn (y) exp(−iΩnt′) , ñ ãðà-íè÷íûì óñëîâèåì cn (0) ∼ δn0/(ωs − ω + iΓ/2) äëÿ ëîðåíöåâîé �îðìû èçëó÷åíèÿ



�ÀÑÑÅßÍÈÅ ÂÏÅ�ÅÄ ÌÅÑÑÁÀÓÝ�ÎÂÑÊÎ�Î ÈÇËÓ×ÅÍÈß. . . 145èñòî÷íèêà. Ýòî ïîçâîëÿåò íàì ðàçëîæèòü îáå ÷àñòè óðàâíåíèÿ (1) â ðÿä Ôóðüå ïî
Ω è ïðèðàâíÿòü êîý��èöèåíòû ïðè îäèíàêîâûõ ãàðìîíèêàõ. Ââîäÿ èíäåêñ ïîëÿ-ðèçàöèè ãàììà-âîëíû σ , ïîëó÷èì íà îñíîâå (1) ñèñòåìó óðàâíåíèé

∂cn
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∑
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A∆(β)σBσ′∆(ϑ)C exp(iϕ(n − n′))

i(ωa − ω + aeM̃ − n′Ω − Em1
+ EM ′′ − iΓ/2)(2Ig + 1)

, (6)ãäå ∆(β) = d1†
M ′′−n+n′−m1,σ(β)d1

M ′′−m1,σ′(β) , ∆(ϑ) = d
3/2

M ′′−n+n′,M̃
(θ)d
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M̃,M ′′
(θ) ,

B = C(m1, M
′′ − n + n′ − m1, M

′′ − n + n′)C(m1, M
′′ − m1, M

′′) � êîìáèíàöèèýëåìåíòîâ ìàòðèö âðàùåíèé è êîý��èöèåíòîâ Êëåáøà ��îðäîíà; êîý��èöèåíò
A = −σ0N0fL−MΓ/4 ; σ0 � ìàêñèìàëüíîå ñå÷åíèå ïîãëîùåíèÿ, N0 � êîíöåíòðà-öèÿ ìåññáàóýðîâñêîãî èçîòîïà, fL−M � �àêòîð Ëýìáà �Ìåññáàóýðà. Ïàðàìåòð ωaçàäàåò ïîëîæåíèå ëèíèè ïîãëîòèòåëÿ, çíà÷åíèå ae â ðåæèìå ßÌ� åñòü ae =
=

√
(ωe

0 − Ω)2 + Ω2
R = ΩR , ΩR � ÷àñòîòà �àáè �×-ïîëÿ, β = π/2 ; óãîë θ çàäàåòíàïðàâëåíèå ðàñïðîñòðàíåíèÿ ãàììà-èçëó÷åíèÿ îòíîñèòåëüíî íàïðàâëåíèÿ ïîñòî-ÿííîãî ïîëÿ íà ÿäðå. Ñèñòåìà óðàâíåíèé (5) îïèñûâàåò ïðîöåññ ãåíåðàöèè ñàòåë-ëèòîâ ìåññáàóýðîâñêîãî èçëó÷åíèÿ ïî ìåðå åãî ïðîõîæäåíèÿ ÷åðåç ïîãëîòèòåëü âðåæèìå ßÌ�.Âû÷èñëåíèå ñïåêòðîâ �Â íà îñíîâå ñèñòåìû óðàâíåíèé (5) âêëþ÷àåò â ïåðâóþî÷åðåäü âû÷èñëåíèå ìàòðèöû Gnn′

σσ′ , äàëåå ÷èñëåííîå ðåøåíèå ýòîé ñèñòåìû, ïîðÿ-äîê êîòîðîé ïîäáèðàåòñÿ òàêèì, ÷òîáû îáåñïå÷èòü ñõîäèìîñòü ðåøåíèÿ. Àëãîðèòìâû÷èñëåíèÿ ñïåêòðà �Â (ýìèññèîííîãî ñïåêòðà çà ïîãëîòèòåëåì òîëùèíû y ) ïîàíàëîãèè ñ [10℄ ìîæåò áûòü ïðåäñòàâëåí ñîîòíîøåíèåì
I (ω′, y, ωs, ωa) ∼ Γ/2π

∑

n

[
(ωs − ω′ + nΩ)2 + (Γ/2)2

]−1
×

×
∣∣∣{exp (G (ωa, ω′ − nΩ, ϕ) y)}n0

∣∣∣
2

ϕ
(7)Ýòîò ñïåêòð ïîäâåðãàåòñÿ ñâåðòêå ñ �óíêöèåé �îðìû ëèíèè àíàëèçàòîðà

ϕA (ω′, ω̃A) , ïðåæäå ÷åì ñîïîñòàâèòü åìó ýêñïåðèìåíòàëüíûé ñïåêòð �Â
Iexp (ω̃A, y, ωs, ωa) ∼

∫
dω′I (ω′, y, ωs, ωa)ϕA (ω′, ω̃A) (8)Èíòåãðèðîâàíèåì(8) (èëè (7)) ïî ω̃A (èëè ïî ω′ ) è ïðåäñòàâëåíèåì ðåçóëüòàòàêàê �óíêöèþ ωs , ìîæåò áûòü ïîëó÷åí ñïåêòð ïîãëîùåíèÿ. Íàïðèìåð,

Wabs (ωs, ωa, y) ∼

∫
dω̃A Iexp (ω̃A, y, ωs, ωa) =

∫
dω′I (ω′, y, ωs, ωa) . (9)2. �åçóëüòàò è èõ îáñóæäåíèåÂëèÿíèå ßÌ�-ïåðåõîäîâ ìåæäó ñïèíîâûìè óðîâíÿìè ÿäðà íà �îðìó ìåññáàóý-ðîâñêèõ ñïåêòðîâ ïîãëîùåíèÿ è �Â íîñèò ñïåöè�è÷åñêèé õàðàêòåð. Â ýòîì ñëó÷àå(âðàùàþùååñÿ �×-ïîëå) �îðìèðóåòñÿ ñèñòåìà êâàçèýíåðãåòè÷åñêèõ (îäåòûõ) ñïè-íîâûõ ñîñòîÿíèé è â ñïåêòðå ïîãëîùåíèÿ íåò ðàçäåëåíèÿ íà îñíîâíîé ñïåêòð èñàòåëëèòû, êàê â ÓÇ-ñïåêòðàõ ïîãëîùåíèÿ. Â ñïåêòðàõ �Â ñëåäóåò îæèäàòü îñíîâ-íóþ ëèíèþ è ñàòåëëèòû, íî ÷èñëî ñàòåëëèòîâ áóäåò êîíå÷íî (â ñëó÷àå 57Fe îíî
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�èñ. 1. Ñïåêòðû ïîãëîùåíèÿ è èíòåíñèâíîñòè ñàòåëëèòîâ. Ïåðïåíäèêóëÿðíàÿ ãåîìåòðèÿ(θ = π/2), ΩR = 2 , ωe

0 = 30 , (à) Te = 1 , (á) Te = 50 . Ñïëîøíàÿ ëèíèÿ � ïîëíàÿ èíòåí-ñèâíîñòü ïðîøåäøåãî èçëó÷åíèÿ (ñïåêòð ïîãëîùåíèÿ), ïóíêòèðíàÿ � ñóììàðíàÿ èíòåí-ñèâíîñòü âñåõ ñàòåëëèòîâ, òî÷å÷íàÿ � èíòåíñèâíîñòü ëèíèè èñòî÷íèêà. Çäåñü è äàëåå âñåïàðàìåòðû óêàçàíû â åäèíèöàõ åñòåñòâåííîé øèðèíû ãàììà-ïåðåõîäà Γðàâíî 3). Ýòî îáóñëîâëåíî òåì, ÷òî â ðåæèìå ßÌ� ñîñòîÿíèÿ ÿäåðíîãî ñïèíà (ñî-ñòîÿíèÿ Ôëîêå) îáðàçóþò êîíå÷íîå ìíîæåñòâî. Êðîìå òîãî, ðàñïîëîæåíèå ñàòåëëè-òîâ îòíîñèòåëüíî îñíîâíîé ëèíèè áóäåò çàâèñåòü îò íàñòðîéêè ÷àñòîòû èñòî÷íèêàíà êîíêðåòíûé çååìàíîâñêèé óðîâåíü âîçáóæäåííîãî ñîñòîÿíèÿ ÿäðà. Íàïîìíèìòàêæå, ÷òî êàæäûé çååìàíîâñêèé ïåðåõîä èìååò ñîáñòâåííóþ ïîëÿðèçàöèþ. Åñëèèçëó÷åíèå îò èñòî÷íèêà èìååò ïîëÿðèçàöèþ, îòëè÷íóþ îò ñîáñòâåííîé ïîëÿðè-çàöèè äàííîãî ïåðåõîäà, òî èçëó÷åíèå ñ äîïîëíèòåëüíîé ïîëÿðèçàöèåé íå ïîãëî-ùàåòñÿ, òî åñòü òàêîé ïîãëîòèòåëü âûñòóïàåò êàê ïîëÿðèçàòîð. Âû÷èñëåíèÿ ïî�îðìóëàì (7) è (8) îáíàðóæèâàþò îæèäàåìûå îñîáåííîñòè ñïåêòðîâ �Â â óñëî-âèÿõ ßÌ�. Îòìåòèì, ÷òî âñå íàøè ÷èñëåííûå ðàñ÷åòû ñïåêòðîâ ïîãëîùåíèÿ è �Ââûïîëíåíû áåç ó÷åòà ýëåêòðîííîãî ïîãëîùåíèÿ.Âëèÿíèå �×-ïîëÿ íà ñïåêòðû �Â è ïîãëîùåíèÿ ñóùåñòâåííûì îáðàçîì çàâè-ñèò îò ý��åêòèâíîé òîëùèíû ïîãëîòèòåëÿ Te = σ0N0fLMy . Ïðè ìàëûõ òîëùèíàõïîãëîòèòåëÿ (Te ≤ 1) ðàñ÷åòû ñïåêòðà ïîãëîùåíèÿ ïî �îðìóëå (9) ïðèâîäÿò ê èç-âåñòíîìó ðåçóëüòàòó [11, 12℄ (ñì. ðèñ. 1, à). Â ýòîì ñëó÷àå ñïåêòð �Â, âû÷èñëåííûéïî �îðìóëå (7), ñîñòîèò èç îäíîé (îñíîâíîé) ëèíèè, òî åñòü ñàòåëëèòíàÿ ñòðóêòóðàýìèññèîííîãî ñïåêòðà ïðàêòè÷åñêè íå çàìåòíà. Ïðè óâåëè÷åíèè ý��åêòèâíîé òîë-ùèíû ïîãëîòèòåëÿ ðîëü ñàòåëëèòîâ âîçðàñòàåò, íà ðèñ. 1, b ïîêàçàíà çàâèñèìîñòüèíòåãðàëüíîé èíòåíñèâíîñòè, ïðèõîäÿùåéñÿ íà äîëþ ñàòåëëèòîâ, îò ÷àñòîòû ëè-íèè èñòî÷íèêà ïðè Te ≈ 50 ; çäåñü æå ïðåäñòàâëåí ñïåêòð ïîãëîùåíèÿ, êîòîðûéïîäâåðæåí óøèðåíèþ áëàãîäàðÿ ý��åêòó òîëùèíû. Èç ðèñóíêà âèäíî, ÷òî íàè-áîëåå ý��åêòèâíàÿ ãåíåðàöèÿ ñàòåëëèòîâ èìååò ìåñòî íå ïðè òî÷íîé íàñòðîéêåëèíèè èñòî÷íèêà íà çååìàíîâñêèå ïåðåõîäû, à ïðè íåêîòîðîì îòêëîíåíèè îò ðå-çîíàíñà. Íà ðèñ. 2 ïðåäñòàâëåíû ñïåêòðû �Â äëÿ íàèáîëåå îïòèìàëüíûõ ðåæè-ìîâ. Åùå â [5℄ áûë îáíàðóæåí ý��åêò âîçðàñòàíèÿ èíòåíñèâíîñòè ðàäèàöèîííîãîêàíàëà â ñïåêòðå �Â, ïðè ïðîõîæäåíèè èçëó÷åíèÿ ÷åðåç ñðåäó, ìîäóëèðîâàííóþÓÇ. Ñõîæèé ý��åêò áûë èçó÷åí ïîçæå, â ðàáîòå [10℄, íà îñíîâå àíàëèçà ñïåêòðîâðàññåÿíèÿ, èçìåðåííûõ â óñëîâèÿõ �×-âîçìóùåíèÿ ìàãíèòíîãî îáðàçöà. Çàêîíî-ìåðíîñòè, îáíàðóæåííûå â óïîìÿíóòûõ ðàáîòàõ, ïîäòâåðæäàþòñÿ è íàøèìè ðàñ-÷åòàìè. Íà ðèñ. 3, à ïðåäñòàâëåíà çàâèñèìîñòü ïîëíîé èíòåíñèâíîñòè ïðîøåäøåãîèçëó÷åíèÿ îò òîëùèíû ïðè ðàçëè÷íûõ çíà÷åíèÿõ àìïëèòóäû �×-ïîëÿ. Ñèñòåìàóðàâíåíèé (5)�(9) ïîçâîëÿåò íàì òàêæå îïèñàòü ïðîöåññû ïðåîáðàçîâàíèÿ ïîëÿðè-çàöèè èçëó÷åíèÿ ïî ìåðå åãî ïðîõîæäåíèÿ ÷åðåç ðåçîíàíñíóþ ñðåäó. Íà ðèñ. 3, b,
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�èñ. 2. Òèïè÷íûé ñïåêòð �Â: θ = π/2 , Te = 100 , ΩR = 2 , ωe

0 = 30 , (à) ωs = −62 , (á)
ωs = −52
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�èñ. 3. (à) Çàâèñèìîñòü ïîëíîé èíòåíñèâíîñòè ïðîøåäøåãî ÷åðåç îáðàçåö èçëó÷åíèÿîò åãî ý��åêòèâíîé òîëùèíû. Èñòî÷íèê íàñòðîåí íà ïåðâóþ ëèíèþ (ωs = −71.36), θ =

= π/2 , ωe

0 = 30 ; (á) ïîëÿðèçîâàííûé èñòî÷íèê (σ = +1) íàñòðîåí íà ïåðâóþ ëèíèþ,(ωs = −71.36), θ = π/2 , ωe

0 = 30 , ΩR = 2 . Ñïëîøíàÿ ëèíèÿ � ïîëíàÿ èíòåíñèâíîñòü ïðî-øåäøåãî èçëó÷åíèÿ, ïóíêòèðíàÿ � èíòåíñèâíîñòü ïðîøåäøåãî èçëó÷åíèÿ ñ ïîëÿðèçàöèåé
σ = +1 , òî÷å÷íàÿ � ñ ïîëÿðèçàöèåé σ = −1íàïðèìåð, îòðàæåíî èçìåíåíèå ïîëÿðèçàöèîííîãî ñîñòîÿíèÿ èçíà÷àëüíî ïîëÿðèçî-âàííîãî èçëó÷åíèÿ â çàâèñèìîñòè îò òîëùèíû. Íà ðèñ. 4 ïðåäñòàâëåíû ðåçóëüòàòûðàñ÷åòà èíòåíñèâíîñòè ïðîøåäøåãî èçëó÷åíèÿ íà îñíîâíîé ÷àñòîòå è èíòåãðàëüíîéèíòåíñèâíîñòè ñàòåëëèòîâ â çàâèñèìîñòè îò òîëùèíû ïîãëîòèòåëÿ ïðè ðàçëè÷íûõçíà÷åíèÿõ àìïëèòóäû �×-ïîëÿ. Ñëåäñòâèåì êîíå÷íîñòè ìíîæåñòâà êâàçèýíåðãå-òè÷åñêèõ ñîñòîÿíèé ÿâëÿþòñÿ îñöèëëÿöèè ñóììàðíîé èíòåíñèâíîñòè ñàòåëëèòîâñ èçìåíåíèåì òîëùèíû ïîãëîòèòåëÿ (ñì. ðèñ. 4).Çàêëþ÷åíèåÍàìè ïðîâåäåí òåîðåòè÷åñêèé àíàëèç ñïåêòðà �Â, �îðìèðóåìîãî ïðè ïðîõî-æäåíèè ìåññáàóýðîâñêîãî èçëó÷åíèÿ ÷åðåç òîëñòûé ïîãëîòèòåëü â ðåæèìå ßÌ�-ïåðåìåøèâàíèÿ åãî ÿäåðíûõ ñïèíîâûõ ñîñòîÿíèé. Ïîêàçàíî, ÷òî â ýòîì ñëó÷àåñïåêòð �Â ñîäåðæèò, ïîìèìî îñíîâíîé ëèíèè, ñàòåëëèòû íà ÷àñòîòå �×-ïîëÿ,êàê ýòî ðàíåå íàáëþäàëîñü â óñëîâèÿõ ñîçäàíèÿ â ïîãëîòèòåëå ÓÇ-ïîëÿ [1�5℄ èëèðåæèìà ïåðåêëþ÷àþùåãîñÿ ïîëÿ íà ÿäðå [10℄. Â ðàáîòå èñïîëüçóåòñÿ òåîðåòè÷å-ñêàÿ ìîäåëü �îðìèðîâàíèÿ ñïåêòðîâ �Â [10℄, ìîäè�èöèðîâàííàÿ ñ ó÷åòîì îñî-áåííîñòè ðàññìàòðèâàåìîãî çäåñü ìåõàíèçìà �×-âîçäåéñòâèÿ (ßÌ�) íà ïîãëîòè-òåëü. Ýòà ìîäåëü ïîçâîëÿåò òàêæå ïðîâîäèòü áîëåå àäåêâàòíóþ èíòåðïðåòàöèþ
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�èñ. 4. Íàñòðîéêà íà 1-þ ëèíèþ (ωs = −71, 36), θ = π/2 , ωe

0 = 30 . (à) ΩR = 2 , (á) ΩR = 5 .Ñïëîøíàÿ ëèíèÿ � ïîëíàÿ èíòåíñèâíîñòü ïðîøåäøåãî èçëó÷åíèÿ (ñïåêòð ïîãëîùåíèÿ),ïóíêòèðíàÿ � ñóììàðíàÿ èíòåíñèâíîñòü âñåõ ñàòåëëèòîâ, òî÷å÷íàÿ � èíòåíñèâíîñòü ëèíèèèñòî÷íèêàý��åêòîâ ÷àñòè÷íîãî ïðîñâåòëåíèÿ ñðåäû ïî îòíîøåíèþ ê ìåññáàóýðîâñêîìó èç-ëó÷åíèþ, ðàññìîòðåííûõ â ïîñëåäíèå ãîäû [15, 16℄.�àáîòà ÷àñòè÷íî ïîääåðæàíà �ÔÔÈ (ïðîåêò � 11-02-00896-à).SummaryE.K. Sadykov, V.V. Arinin, V.Yu. Lyubimov. Forward Sattering of M�ossbauer Radiationby Thik Absorbers under NMR Conditions in an Exited Nulear State.This work deals with the resonant sattering of M�ossbauer radiation in forward diretionby a thik absorber with magneti order. We propose an exitation of the absorber by aresonant radiofrequeny �eld (provided NMR ondition in the exited nulear state is ful�lled).We made onrete alulations for the M�ossbauer isotope 57Fe and found that the resonantradiofrequeny �eld auses the formation of satellites in the forward sattering spetra,analogously to the ase of satellites exited by an ultrasound or a nonresonant radiofrequeny�eld. We also deteted the phenomenon of radiofrequeny-indued partial transpareny of themedium, i.e., the inrease in the intensity of the M�ossbauer radiation transmitted through theabsorber, aompanied by the inrease in the radiofrequeny �eld amplitude.Keywords: radiofrequeny M�ossbauer spetrosopy, forward sattering of M�ossbauerradiation, double gamma-magneti resonane.Ëèòåðàòóðà1. Asher J., Cranshaw T.E., O'Connor D.A. The observation of sidebands produed whenmonohromati radiation passes through a vibrated resonant medium // J. Phys. A: Math.Nul. Gen. � 1974. � V. 7, No 3. � P. 410�419.2. Tsankov L.T. The spetrum of Mossbauer radiation passed through a vibrating resonantmedium // J. Phys. A: Math. Gen. � 1980. � V. 13, No 9. � P. 2959�2967.3. Tsankov L.T. Resonant and non-resonant amplitude modulation of Mossbauer gamma-quanta // J. Phys. A: Math. Gen. � 1980. � V. 13, No 9. � P. 2969�2974.4. Tsankov L.T. Experimental observations on the resonant amplitude modulation ofMossbauer gamma rays // J. Phys. A: Math. Gen. � 1981. � V. 14, No 1. � P. 275�281.5. Shvydko Yu.V., Smirnov G.V. Enhaned yield into the radiative hannel in Raman nulearresonant forward sattering // J. Phys.: Condens. Matter. � 1992. � V. 4, No 10. � P. 2663�2685.
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