
18 Âåñòíèê Ìîñêîâñêîãî óíèâåðñèòåòà. Ñåðèÿ 3. Ôèçèêà. Àñòðîíîìèÿ. 2006. � 5�ÀÄÈÎÔÈÇÈÊÀÓÄÊ 550.388.2 ÔËÓÊÒÓÀÖÈÈ ÀÌÏËÈÒÓÄÛ È ËÓ×ÅÂÎ�Î ÂÅÊÒÎ�ÀÂ Ï�ÈÁËÈÆÅÍÈÈ ÌÀ�ÊÎÂÑÊÎ�Î Ï�ÎÖÅÑÑÀÎ.Ê. Âëàñîâà�), Ë.È. Ïðèõîäüêî(êà�åäðà �èçèêè àòìîñ�åðû)�àññìîòðåíû �ëóêòóàöèè ëó÷à è àìïëèòóäû âîëíû âäîëü ëó÷à â ñëó÷àéíîéâ ñðåäíåì îäíîðîäíîé ñðåäå â ïðèáëèæåíèè ãåîìåòðè÷åñêîé îïòèêè. �åøåíèå çàäà÷èîñíîâàíî íà ïðåäñòàâëåíèè ïðîöåññà ðàññåÿíèÿ â âèäå äèíàìè÷åñêèõ ñòîõàñòè÷åñêèõóðàâíåíèé òèïà óðàâíåíèÿ Ëàíæåâåíà. Â ïðåäïîëîæåíèè, ÷òî ðàäèóñ êîððåëÿöèè�ëóêòóàöèé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ìàë ïî ñðàâíåíèþ ñ ðàññòîÿíèåì,ðàññåÿíèå ìîæíî ðàññìàòðèâàòü êàê ïðîöåññ Ìàðêîâà è ïåðåéòè îò äèíàìè÷åñêèõóðàâíåíèé ê óðàâíåíèþ Ýéíøòåéíà�Ôîêêåðà [1℄. Â ðåçóëüòàòå ðåøåíèÿ óðàâíåíèÿÝéíøòåéíà�Ôîêêåðà ïîëó÷åíà ïëîòíîñòü âåðîÿòíîñòè ïîëîæåíèÿ è íàïðàâëåíèÿëó÷à è àìïëèòóäû âîëíû.�åøåíèå çàäà÷è äè��óçèè ëó÷à ñ ïîìîùüþ ïðåä-ñòàâëåíèÿ �ëóêòóàöèîííîãî ïðîöåññà ìàðêîâñêèìðàññìàòðèâàëîñü â öåëîì ðÿäå ðàáîò (ñì., íàïð.,[1�3℄), îäíàêî äëÿ ïîëíîãî îïèñàíèÿ ðàññåÿíèÿâîëíû íåîáõîäèìî ó÷åñòü è �ëóêòóàöèè àìïëèòóäûâäîëü ëó÷à.�àññìîòðèì óðàâíåíèå ýéêîíàëà è óðàâíåíèå ïå-ðåíîñà äëÿ àìïëèòóäû íóëåâîãî ïðèáëèæåíèÿ ãåî-ìåòðè÷åñêîé îïòèêè [4℄(rr')2 = ", (1)2(rr'rrA) +A�'= 0, (2)ãäå A � àìïëèòóäà, ' � �àçà âîëíû, ïîëå èìååòâ êàæäîé òî÷êå ñòðóêòóðó ïëîñêîé âîëíûu = Aeik'," = n2 � äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ñðå-äû, êîòîðóþ ïðåäñòàâèì â âèäå ñóììû ðåãóëÿðíîéè ñëó÷àéíîé ñîñòàâëÿþùèõ" = "0 + "f .Óðàâíåíèþ ýéêîíàëà (1) ýêâèâàëåíòíû óðàâíåíèÿëó÷à [4℄ drd� = S, d(nS)d� =rrn, (3)ãäå S � åäèíè÷íûé âåêòîð êàñàòåëüíîé ê ëó÷ó,êîòîðûé äëÿ ñðåäû â ñðåäíåì èçîòðîïíîé ÿâëÿåòñÿòàêæå è íîðìàëüþ ê �àçîâîìó �ðîíòó, � � äëèíàäóãè, ïðîéäåííîé ëó÷îì,S = rr'p" . (4)

Óðàâíåíèå ïåðåíîñà (2) ìîæíî çàïèñàòü â âèäåäèíàìè÷åñêîãî ñòîõàñòè÷åñêîãî óðàâíåíèÿ äëÿ àì-ïëèòóäû. Èç îïðåäåëåíèÿ (4) ñëåäóåòrr'= Sp", �'= div �Sp"� .Ó÷èòûâàÿ, ÷òî SrrA= dA/d� , ïîëó÷èì âìåñòî (2)dAd� =� A2p" �p" divS+ Srr"2p"� . (5)Ïðåäñòàâèì òåïåðü óðàâíåíèÿ (3), (5) â âèäåäèíàìè÷åñêèõ óðàâíåíèé âèäàdkids = vi(k, s) + fi(k, s), (6)ãäå vi(k, s) � äåòåðìèíèðîâàííûå, à fi(k, s) �ñëó÷àéíûå �óíêöèè. Åñëè ñëó÷àéíûå �óíêöèèîáëàäàþò ñëåäóþùèìè ñâîéñòâàìè: 1) fi(k, s) �ãàóññîâî ñëó÷àéíîå ïîëå â ïðîñòðàíñòâå (k, s);2) hfi(k, s)i = 0, 3) hfi(k, s)fk(k0, s0)i = 2Æ(s � s0) ��Fik(k,k0, s), òî ïëîòíîñòü âåðîÿòíîñòè äëÿ ñèñòå-ìû (6), ò. å. �óíêöèÿPs(x) = hÆn(k(s)� x)i(çäåñü k(s) � ðåøåíèå (1), ñîîòâåòñòâóþùåå îïðåäå-ëåííîé ðåàëèçàöèè f(k, s), à óñðåäíåíèå ïðîâîäèòñÿïî ìíîæåñòâó âñåõ ðåàëèçàöèé f ), óäîâëåòâîðÿåòóðàâíåíèþ Ýéøòåéíà�Ôîêêåðà�Ps(x)�s + ��xk f[vk(x, s) +Ak(x, s)℄Ps(x)g �� �2�xk�xl [Fkl(x, x, s)Ps(x)℄ = 0. (7)Â óðàâíåíèè (7) ââåäåíî îáîçíà÷åíèåAk(x, s) = ��Fkl(x, y, s�xl �y=x .�) Öåíòð ãèäðî�èçè÷åñêèõ èññëåäîâàíèé.



Âåñòíèê Ìîñêîâñêîãî óíèâåðñèòåòà. Ñåðèÿ 3. Ôèçèêà. Àñòðîíîìèÿ. 2006. � 5 19Äëÿ ðåàëüíûõ çàäà÷ êîððåëÿöèîííàÿ �óíêöèÿ íåóäîâëåòâîðÿåò óñëîâèþ Æ-êîððåëÿöèè, â ýòîé ñâÿçèïîä Fkl(x, y, s) ñëåäóåò ïîíèìàòü âåëè÷èíóFkl(x, y, s) = sZ0 Bkl(x, y, s, s0)ds0. (8)Äëÿ áîëüøèõ ïî ñðàâíåíèþ ñ ðàäèóñîì êîððåëÿöèès , s� s0 , ìîæíî èñïîëüçîâàòü �îðìóëóFkl(x, y) = 12 1Z�1 hfk(x, s)fl(y, s0)ds0. (9)Äëÿ ïðåäñòàâëåíèÿ óðàâíåíèé (3), (5) â âèäåóðàâíåíèÿ (6), êàê ïîêàçàíî â ðàáîòå [1℄, ñëåäóåòîò ïåðåìåííîé � ïåðåéòè ê ïåðåìåííîé z , âäîëüêîòîðîé ïåðâîíà÷àëüíî íàïðàâëåí ëó÷, èíà÷å óñëî-âèå 3 íå ìîæåò áûòü âûïîëíåíî. Ýòîò ïåðåõîäòðåáóåò îãðàíè÷åíèÿ �ëóêòóàöèé íàïðàâëåíèÿ ëó÷à,à èìåííî: hS2?i � 1. (10)Èç ðåøåíèÿ çàäà÷è äè��óçèè ëó÷à [1℄ ñëåäóåò, ÷òî(10) ìîæíî ïðåäñòàâèòü â âèäå"2f zr0 � 1, (11)ãäå r0 � ðàäèóñ êîððåëÿöèè �ëóêòóàöèé íåîäíîðîä-íîñòåé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè.Ïîìèìî ïåðåõîäà îò � ê z , êàê ïîêàçàíî â ðà-áîòàõ [3, 2℄, äëÿ çàïèñè óðàâíåíèé ëó÷à â âèäå (6)öåëåñîîáðàçíî âîñïîëüçîâàòüñÿ ìåòîäîì ïîñëåäîâà-òåëüíûõ ïðèáëèæåíèé. Ïîñêîëüêóz� r0, (12)òî èç íåðàâåíñòâà (11) ñëåäóåò"2f � 1, (13)è äèýëåêòðè÷åñêóþ ïðîíèöàåìîñòü ìîæíî çàïèñàòüñëåäóþùèì îáðàçîì:" = "0 +�"�,�� 1. (14)Èòàê, ïåðåéäåì â óðàâíåíèÿõ (3) îò äëèíû äóãèê êîîðäèíàòå z , âäîëü êîòîðîé ïåðâîíà÷àëüíî íà-ïðàâëåí ëó÷, è ïðåäñòàâèì ðåøåíèå â âèäå ðÿäàïî ñòåïåíÿì � . Ñ òî÷íîñòüþ äî O(�2) ïîëó÷èìóðàâíåíèÿ, îïèñûâàþùèå äè��óçèþ ëó÷à [2℄:dr?dz = S?, dS?dz = �2"0rr?"�, (15)ãäå r? = r?fx, yg, S? = S?fSx ,Syg .Îñòàíîâèìñÿ ïîäðîáíåå íà ïîëó÷åíèè äèíàìè÷å-ñêîãî óðàâíåíèÿ òèïà óðàâíåíèÿ Ëàíæåâåíà (6) äëÿàìïëèòóäû âîëíû èñõîäÿ èç âûðàæåíèÿ (5).Êàê è â ñëó÷àå ðåøåíèÿ çàäà÷è äè��óçèè ëó÷à,ïåðåõîäèì ñíà÷àëà îò äëèíû äóãè � ê êîîðäèíàòå z ,âäîëü êîòîðîé ïåðâîíà÷àëüíî íàïðàâëåí ëó÷:dAdz =� A2p"q1� S2? �Srr"2p" +p" divS� . (16)

Î÷åâèäíî, ÷òî âûðàæåíèå (16) òàêæå ñïðàâåäëè-âî, åñëè âûïîëíåíî óñëîâèå (10). Äàëåå âîñïîëü-çóåìñÿ ìåòîäîì ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé,ïðåäïîëàãàÿ, ÷òî ìàëûì �ëóêòóàöèÿì äèýëåêòðè-÷åñêîé ïðîíèöàåìîñòè (13) ñîîòâåòñòâóþò ìàëûå�ëóêòóàöèè àìïëèòóäû è ëó÷à:A= A0 +�A� +O(�2),r? = r?0 +�r?� +O(�2),S? = S?0 +�S?�+O(�2).Ïîëó÷èì èç (16) â íóëåâîì è ïåðâîì ïðèáëèæåíèèïî � óðàâíåíèÿ äëÿ àìïëèòóäûdA0dz = 0,dA�dz =� A04"0 ��"��z + 2"0 divS?�� .Óìíîæàÿ âòîðîå óðàâíåíèå íà � è ñêëàäûâàÿñ ïåðâûì, ïðåäñòàâèì óðàâíåíèå äëÿ àìïëèòóäûñ òî÷íîñòüþ äî O(�2):dAdz =��A04"0 �"��z � A02 div S?. (17)Âûðàæåíèå äëÿ divS? ïîëó÷èì èç ðåøåíèÿ ëó÷å-âûõ óðàâíåíèé (15)S? = �2"0 zZ0 rr?"� dz,òîãäà divS? = �2"0 zZ0 ��2"��x2 + �2"��y2 �dz.Â ðåçóëüòàòå äèíàìè÷åñêîå óðàâíåíèå äëÿ àìïëèòó-äû èìååò âèädAdz =��A02"0 8<:12 �"��z + zZ0 ��2"0��x02 + �2"0��y02 �dz09=; (18)Óðàâíåíèå (18) âìåñòå ñ óðàâíåíèÿìè (15) ìîæíîïðåäñòàâèòü êàê ñèñòåìó óðàâíåíèé òèïà óðàâíå-íèÿ Ëàíæåâåíà, åñëè ââåñòè ñëó÷àéíûé ïÿòèìåð-íûé ïðîöåññ k = kfx, y,Sx ,Sy,Ag â ñîîòâåòñòâèèñ îáîçíà÷åíèÿìè (6). Äàëåå ñëåäóåì âûøåîïèñàí-íîé ñõåìå ïåðåõîäà îò äèíàìè÷åñêîãî óðàâíåíèÿê óðàâíåíèþ Ýéíøòåéíà�Ôîêêåðà äëÿ ïëîòíîñòèâåðîÿòíîñòè ðåøåíèÿ k(z) ñèñòåìû (15), (18). Êî-ý��èöèåíòû óðàâíåíèÿ Ýéíøòåéíà�Ôîêêåðà äëÿïåðâûõ ÷åòûðåõ êîîðäèíàò ñëó÷àéíîãî ïðîöåññàk = k(x, y,Sx ,Sy,A) óæå áûëè ïîëó÷åíû â [1,2℄:vSx = Sx, vSy = Sy, FSx = FSy = D = p��2"2�4"20r0 ,(19)10 ÂÌÓ. Ôèçèêà. Àñòðîíîìèÿ. � 5



20 Âåñòíèê Ìîñêîâñêîãî óíèâåðñèòåòà. Ñåðèÿ 3. Ôèçèêà. Àñòðîíîìèÿ. 2006. � 5ãäå D � êîý��èöèåíò äè��óçèè ëó÷à ïðè ðàñïðî-ñòðàíåíèè â ñëó÷àéíîé â ñðåäíåì îäíîðîäíîé ñðåäå.Îñòàåòñÿ âû÷èñëèòü êîý��èöèåíòû, ñâÿçàííûåñ àìïëèòóäîé.Â ñîîòâåòñòâèè ñ (6) è (18) vA = 0. Íàéäåìêîý��èöèåíò FAA ïî �îðìóëàì (8), (9):FAA(x, y, z) == �2A204"20 zZ0��12 �"��z + zZ0 ��2"0��x02 + �2"0��y02 �dz0��� �12 �"0��z0 + z0Z0 ��2"00��x002 + �2"00��y002�dz00��dz0. (20)Ïðåäñòàâèì (20) â âèäå ñóììû èíòåãðàëîâ:FAA = �2A204"20 �14 I1 + 2I2 +2I3 + 2I4� .Äàäèì îïðåäåëåíèÿ è âû÷èñëèì ýòè èíòåãðàëû.I1 = zZ0 ��"��z �"0��z0 �dz0 = D"2�E zZ0 �2��z�z0 dz0,ãäå �(r� r0) = "�(r)"�(r0)"2�� �óíêöèÿ êîððåëÿöèè íåîäíîðîäíîñòåé äèýëåê-òðè÷åñêîé ïðîíèöàåìîñòè. Ïðåäïîëàãàÿ äàëåå, ÷òîíåîäíîðîäíîñòè èçîìåðíû è � = �(r2) = ��(x� x0)2++ (y� y0)2 + (z� z0)2� [5℄, âû÷èñëèì ñîîòâåòñòâóþ-ùèå ïðîèçâîäíûå�2��z�z0 =�4 d2�d(r2)2 (z� z0)2� 2 d�dr2 .Ïóñòü �óíêöèÿ êîððåëÿöèè èìååò âèä ãàóññîèäû� = e�r2/r20 ,r0 � îïðåäåëÿåò ðàäèóñ êîððåëÿöèè íåîäíîðîäíî-ñòåé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè. ÒîãäàI1 = 2"2�0�� 4r40 1Z0 e�r2/r20 r2 dr + 2r20 1Z0 e�r2/r20 dr1A= 0,ïîñêîëüêó âû÷èñëÿòü êîý��èöèåíòû óðàâíåíèÿÝéíøåéíà�Ôîêêåðà ñëåäóåò â òî÷êå x= y, ãäåx = x0, y = y0.�àññìîòðèì òåïåðü èíòåãðàë I2I2 = zZ0 *0��"0��z0 zZ0 �2"00��x002 dz001Adz0+ .Ââîäÿ îòíîñèòåëüíûå êîîðäèíàòû x0 � x00 = x,y0�y00 = y, z0�z00 = z è êîîðäèíàòû öåíòðà òÿæåñòè

12(x0 + x00) = x0, 12(y0 + y00) = y0, 12(z0 + z00) = z0 ,ïîëó÷èì I2 = "2� zZ0 dz021Z0 �3��z�x2 dz.Â âûáðàííûõ ïåðåìåííûõ � = �(x2 + y2 + z2) è,ñëåäîâàòåëüíî,�3��x2�z (x = y = 0) = 4e�r2/r20 rr40 .Â ðåçóëüòàòå I2 = 4"2� zr20 .Èíòåãðàë I3 èìååò âèäI3 = zZ0 dz0* zZ0 �2"0��x02 z0Z0 �2"00��x002 dz0 dz00+== "2� zZ0 dz0 z0Z0 dz0 � 21Z0 �4��x4 dr.Ïîñêîëüêó �4��x4 (x = y = 0) = 12e�r2/r20 1r40 , òîI3 = 12z2"2�r40 1Z0 e�r2/r20 dr = 6"2�p�z2r30 .Ïîñëåäíèé èíòåãðàëI4 =* zZ0 dz0 zZ0 �2"0��x02 z0Z0 �2"00��y002 dz0 dz00+âû÷èñëèì, ïðîèçâîäÿ òå æå îïåðàöèè, ÷òî è ïðèâû÷èñëåíèè äâóõ ïðåäûäóùèõ:I4 = "2� zZ0 z dz � 20�1Z0 �4��2x�2y dr1Ax=y=0 == "2�z2 4r40 1Z0 e�r2/r20 dr = 2"2�p�z2r30 .Òàêèì îáðàçîì, êîý��èöèåíò FAA óäîâëåòâîðÿåòñëåäóþùåìó âûðàæåíèþ:FAA = 2�2A20"2�"20  zr20 + 2p�z2r30 !== 2�2A20"2�"20r0 " zr0 + 2p�� zr0�2# .Ïîñêîëüêó äîëæíî áûòü âûïîëíåíî óñëîâèå (12),òî ïåðâûì ÷ëåíîì â êâàäðàòíûõ ñêîáêàõ ìîæíîïðåíåáðå÷ü. Â èòîãå ïîëó÷èìFAA = �2"2�p�"20r0 � 4A20� zr0�2 = DA,



Âåñòíèê Ìîñêîâñêîãî óíèâåðñèòåòà. Ñåðèÿ 3. Ôèçèêà. Àñòðîíîìèÿ. 2006. � 5 21èëè DA = DA20 � 16(z/r0)2 , ò. å. äè��óçèÿ àìïëèòóäûçíà÷èòåëüíî áîëüøå, ÷åì äè��óçèÿ íàïðàâëåíèÿëó÷à (16).Íåòðóäíî ïîêàçàòü íà ïðèìåðå âû÷èñëåíèÿFASx(x, y, z) = � zZ0 ��2A04"20 �"��x ��2412 �"0��z0 + z0Z0 ��2"00��x002 + �2"00��y002�dz0035dz0�,÷òî êîý��èöèåíòû óðàâíåíèÿ Ýéíøòåéíà�ÔîêêåðàFASx = FASy = 0, ïîñêîëüêó ñîîòâåòñòâóþùèå ïðîèç-âîäíûå� �2��x�z0�x=x0 , y=y0 = 0, � �3��2xi�xj�xi=xj=0 = 0,ãäå xi, xj = x, y.Òàêèì îáðàçîì, óðàâíåíèå Ýéíøòåéíà�Ôîê-êåðà äëÿ ïëîòíîñòè âåðîÿòíîñòè ðåøåíèÿ ñèñòåìû(15), (18) ñ ó÷åòîì (19) èìååò âèä�Pz(r?,S?,A, z)�z + S?rr?Pz = D�S?Pz +DA�2Pz�A2(21)ñ íà÷àëüíûìè óñëîâèÿìèPz=0(r?,S?,A) = Æ(r?) Æ(S?) Æ(A�A0).Äëÿ ðåøåíèÿ óðàâíåíèÿ (21) âîñïîëüçóåìñÿ ìå-òîäîì ðàçäåëåíèÿ ïåðåìåííûõ è ïðåäñòàâèì ðåøå-íèå â âèäå Pz(r?,S?,A) = V (r?,S?)U (A). ÒîãäàV (r?,S?) óäîâëåòâîðÿåò óðàâíåíèþ�V�z + S?rr?V = D�S?V , V (z= 0) = Æ(r?)Æ(S?),ðåøåíèå êîòîðîãî ïðè âûáðàííûõ íà÷àëüíûõ óñëî-âèÿõ õîðîøî èçâåñòíî [6, 1℄:V (r?,S?) == 34�2D2z4 exp(� 1D "S2?z � 3S?r?z2 + 3r2?z3 #). (22)Î÷åâèäíî, ÷òî U (A) óäîâëåòâîðÿåò óðàâíåíèþ è íà-÷àëüíûì óñëîâèÿì:�U�z = DA�2U�A2 , U (z= 0) = Æ(A�A0), (23)ãäå DA = DA(z) = 16DA20(z/r0)2 .�åøåíèå óðàâíåíèÿ (23) ïîëó÷åíî â ðàáîòå [7℄:U (A) = 1�4� zR0 16DA20� zr0 �2 dz�1/2�� exp � (A�A0)24 zR0 16DA20� zr0 �2 dz!=

= p3h64�D�A20� zr0 �3i1/2 exp � 3(A�A0)264D�A20� zr0 �3!, (24)ãäå D� = Dr0 =p��2"2�/(4"20).Èòàê, ïîëó÷åí ñîâìåñòíûé çàêîí ðàñïðåäåëåíèÿ�ëóêòóàöèé ëó÷à è àìïëèòóäû âäîëü ëó÷à. Ôëóêòó-àöèè àìïëèòóäû íå çàâèñÿò îò �ëóêòóàöèé ïîëîæå-íèÿ è íàïðàâëåíèÿ ëó÷à. Äèñïåðñèÿ àìïëèòóäíûõ�ëóêòóàöèé ðàâíà(A�A0)2 = 323 D�A20� zr0�3 .Ïîâåäåíèå äèñïåðñèè àìïëèòóäû îïðåäåëÿåòñÿ îò-íîøåíèåì (z/r0)3. Ïîñêîëüêó äëÿ ïåðåõîäà îòäèíàìè÷åñêèõ óðàâíåíèé ê óðàâíåíèþ Ýéíøòå-éíà�Ôîêêåðà íåîáõîäèìî âûïîëíåíèå îãðàíè÷åíèé(10), (12), òî èç ðåøåíèÿ (22) ñëåäóåò, ÷òî �ëóê-òóàöèè ïîëîæåíèÿ ëó÷à îãðàíè÷åíû ïðîéäåííûìðàññòîÿíèåì ãîðàçäî ñëàáåå �ëóêòóàöèé íàïðàâëå-íèÿ [1℄, à èìåííî r2?� z2.Äèñïåðñèÿ àìïëèòóäíûõ �ëóêòóàöèé, êàê ñëåäóåòèç ðåøåíèÿ (24), îãðàíè÷åíà, î÷åâèäíî, åùå áîëååñëàáûì óñëîâèåì (A�A0)2� z2r20 .Çàìåòèì, ÷òî âûðàæåíèÿ äëÿ äèñïåðñèè �ëóê-òóàöèé àìïëèòóäû â ïðèáëèæåíèè ãåîìåòðè÷åñêîéîïòèêè ïîëó÷åíû äðóãèìè ìåòîäàìè â ðàáîòàõ [4, 5℄è èìåþò òîò æå õàðàêòåð çàâèñèìîñòè îò âåëè-÷èíû z/r0 , ÷òî è â íàñòîÿùåé ðàáîòå. Óêàæåìòàêæå, ÷òî â [8℄ âåëè÷èíà äèñïåðñèè àìïëèòóäíûõ�ëóêòóàöèé ïðîïîðöèîíàëüíà ïåðâîé ñòåïåíè z/r ,÷òî ñóùåñòâåííî îòëè÷àåòñÿ îò ïðèâåäåííûõ âûøåðåçóëüòàòîâ.Ëèòåðàòóðà1. Êëÿöêèí Â.È., Òàòàðñêèé Â.È. // Èçâ. âóçîâ. �àäèî-�èçèêà. 1971. 14, � 5. Ñ. 707.2. Âëàñîâà Î.Ê. �àçâèòèå ìåòîäà äè��óçèè ëó÷à è ðå-øåíèå íåêîòîðûõ çàäà÷ ðàññåÿíèÿ. Äèññ. ... êàíä.�èç.-ìàò. íàóê. Ì�Ó, �èçè÷åñêèé �àêóëüòåò, 2004.3. Êîìèññàðîâ Â.Ì. // Èçâ. âóçîâ. �àäèî�èçèêà. 1966. 9,� 2. Ñ. 292.4. �ûòîâ Ñ.Ì., Êðàâöîâ Þ.À., Òàòàðñêèé Â.È. Ââåäå-íèå â ñòàòèñòè÷åñêóþ ðàäèî�èçèêó. ×. II. Ñëó÷àéíûåïîëÿ. Ì., 1978.5. ×åðíîâ Ë.À. Âîëíû â ñëó÷àéíî-íåîäíîðîäíûõ ñðåäàõ.Ì., 1975.6. Ôåéíáåðã Å.Ë. �àñïðîñòðàíåíèå âîëí âäîëü çåìíîéïîâåðõíîñòè. Ì., 1961.7. ×àíäðàñåêàð Ñ. Ñòîõàñòè÷åñêèå ïðîöåññû â �èçèêåè àñòðîíîìèè. Ì., 1947.8. �óñåâ Â.Ä., Êóíèöûí Â.Å. // Äîêë. �ÀÍ. 2000. 372,� 4. C. 476. Ïîñòóïèëà â påäàêöèþ25.11.0511 ÂÌÓ. Ôèçèêà. Àñòðîíîìèÿ. � 5


