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 , z 2 (�1,1)g ñ êðàåâûìèóñëîâèÿìè["�1 rotH ,n℄j�Q = 0, (�H ,n)j�Q = 0, (2)ãäå äèýëåêòðè÷åñêàÿ è ìàãíèòíàÿ ïðîíèöàåìîñòè íåçàâèñÿò îò êîîðäèíàòû z . Óñëîâèÿ ñîïðÿæåíèÿÿíà ïîâåðõíîñòÿõ ðàçðûâà äëÿ êðàòêîñòè âûïèñû-âàòü íå áóäåì. Ñ÷èòàåì, ÷òî âûïîëíåíû óñëîâèÿ0 < "1 6 "(x, y) 6 "2 , 0 < �1 6 �(x, y)6 �2 , ãðàíèöà îá-ëàñòè �
 êóñî÷íî-ãëàäêàÿ.Áóäåì èñêàòü ðåøåíèÿ âèäà H = H(x, y)eiz . Ïîä-ñòàâëÿÿ H â óðàâíåíèå (1) è ñîêðàùàÿ íà eiz , ïîëó÷à-åì ñïåêòðàëüíóþ çàäà÷ó äëÿ óðàâíåíèÿAH + iBH + 2CH � k2�H = 0, (3)ãäå A= rot? "�1 rot? 00 � div? "�1 grad?! ,B = 0 grad? "�1� div? "�1 0 ! , C = "�1 00 0!ñ ñîîòâåòñòâóþùèìè ãðàíè÷íûìè óñëîâèÿìè (ñì. (2)).Ïîä îïåðàòîðàìè rot? , div? , grad? ïîíèìàåìrot?A? = ��xAy � ��yAx, rot? �= ��y�ex � ��x�ey,

grad? �= ��x�ex + ��y�ey, div?A? = ��xAx + ��yAy.Â ðàáîòàõ [3, 5℄ ðàññìîòðåíà ñïåêòðàëüíàÿ çàäà÷àäëÿ ñèñòåìû óðàâíåíèé� grad? ��1 div?B?� k2"B?� ik" rot?Ez =�2��1B?,� ik rot? "B?� div? "grad? Ez =�2"Ez (4)ñ êðàåâûìè óñëîâèÿìè(B,n)j�
 = 0, Ezj�
 = 0.Çàäà÷à äëÿ ñèñòåìû óðàâíåíèé (4) ñâîäèòñÿ ê ñïåê-òðàëüíîé çàäà÷å äëÿ îïåðàòîðíîãî ïó÷êà ÊåëäûøàÂ ðàáîòàõ [3, 5℄ äîêàçàíà ïîëíîòà ñèñòåìû êîðíåâûõâåêòîðîâ çàäà÷è äëÿ óðàâíåíèÿ (4) â ïðîñòðàíñòâåV = �B? 2 H0(div), Ez 2 
W 12 ,(��1B?, rot? �)L2(
) + ik("Ez,�)L2(
) = 0 8� 2 
W 12 	.Â íàñòîÿùåé ðàáîòå áóäåò ïîêàçàíî, ÷òî èç ïîëíîòûñèñòåìû ñîáñòâåííûõ âåêòîðîâ fB?n,Ezng ñëåäóåò ïîë-íîòà ñèñòåìû ñîáñòâåííûõ âåêòîðîâ Hn êâàäðàòè÷íî-ãî ïó÷êà (3) äîïîëíåííûõ âåêòîðîì (0, 0, 1) â ïðî-ñòðàíñòâå L2(
). Äëÿ óïðîùåíèÿ çàäà÷è ñ÷èòàåì, ÷òîïðèñîåäèíåííûå âåêòîðû îòñóòñòâóþò (íàïðèìåð, íåòêðàòíûõ ñîáñòâåííûõ çíà÷åíèé).Óòâåðæäåíèå 1. Ñèñòåìà ñîáñòâåííûõ âåêòîðîâçàäà÷è (4) ïîëíà â ïðîñòðàíñòâå �A? 2 L2 , Az 2 L2 ,(��1A?, rot�)L2(
) + ik("Az,�)L2(
) = 0 8� 2 
W 12 	 .Ïóñòü A? 2 L2(
). Òîãäà A? äîïóñêàåò ïðåäñòàâëå-íèå A? = �grad? + rot?�, (5)ãäå  2W 12 ,� 2 
W 12 . Äîêàçàòåëüñòâî ïîäîáíîãî óòâåð-æäåíèÿ ñëåäóåò èç òåîðåìû Æèðî��àâüÿðà. �àññìîò-ðèì ñïåêòðàëüíóþ çàäà÷ó ïîèñêà  n 2W 12 , óäîâëåòâî-ðÿþùèõ óðàâíåíèþ(�grad? , grad? �)L2(
) = �( ,�)L2(
) 8 � 2 
W 12 . (6)Ñèñòåìà ñîáñòâåííûõ âåêòîðîâ  n ïîëíà â ïðîñòðàí-ñòâå W 12 . Âåêòîðû B?n = �grad? n óäîâëåòâîðÿþòóñëîâèþ B?n 2 H0(div) è óðàâíåíèþ(��1B?, rot? �)L2(
) + ik("Ez,�)L2(
) = 0 8 � 2 
W 12 .



ÒÅÎ�ÅÒÈ×ÅÑÊÀß È ÌÀÒÅÌÀÒÈ×ÅÑÊÀß ÔÈÇÈÊÀ 25Îòñþäà ñëåäóåò, ÷òî âåêòîð �grad? ìîæíî ïðèáëè-çèòü ñêîëü óãîäíî òî÷íî ïî íîðìå ïðîñòðàíñòâà L2ýëåìåíòàìè ïðîñòðàíñòâà V .Ýëåìåíò � 2 
W 12 óäîâëåòâîðÿåò óðàâíåíèþ(��1 rot? �, rot? �)L2(
) =�ik("Ez,�)L2(
) 8� 2 
W 12 .Ýëåìåíò Ez ïðèáëèçèì ïî íîðìå ïðîñòðàíñòâà L2ýëåìåíòîì EzN 2 
W 12 . Èç óðàâíåíèÿ äëÿ îïðåäåëåíèÿ�N 2 
W 12(��1 rot? �N , rot? �)L2(
) =�ik("EzN ,�)L2(
) 8� 2 
W 12ïîëó÷èì, ÷òî âåêòîð ��1 rot? �N ñêîëü óãîäíî òî÷íîïðèáëèæàåò ïî L2 -íîðìå âåêòîð ��1 rot? � . Îòñþäàñëåäóåò, ÷òî âåêòîð f��1 rot�N ,EzNg ïðèáëèæàåò âåê-òîð f��1 rot?�g ïî L2 -íîðìå.Òàêèì îáðàçîì, ýëåìåíòû ïðîñòðàíñòâà�A? 2 L2, Az 2 L2,(��1A?, rot�)L2(
) + ik("Az,�)L2(
) = 0 8� 2 
W 12 	ìîæíî ïðèáëèçèòü ïî íîðìå ïðîñòðàíñòâà L2 âåêòîðà-ìè ïðîñòðàíñòâà V . Ïîñêîëüêó ñèñòåìà ñîáñòâåííûõâåêòîðîâ çàäà÷è (4) ïîëíà â V , òî ýëåìåíòû ïðîñòðàí-ñòâà V ìîãóò áûòü ïðèáëèæåíû ïî L2 -íîðìå ñîáñòâåí-íûìè âåêòîðàìè çàäà÷è (4). Ñëåäîâàòåëüíî, ýòà ñèñòåìàâåêòîðîâ ïîëíà è â óêàçàííîì ïðîñòðàíñòâå.Óòâåðæäåíèå 2. Ñèñòåìà âåêòîðîâ H?n ïîëíàâ ïðîñòðàíñòâå L2(
) .Ñèñòåìà âåêòîðîâ fB?n,Ezng , ïîëíà â ïðî-ñòðàíñòâå �A? 2 L2 , Az 2 L2 , (��1A?, rot�)L2(
) ++ ik("Az,�)L2(
) = 0 8 � 2 
W 12 	 . Òàêèì îáðàçîì, èçóñëîâèÿ(��1B?n,A?)L2(
) + ("Ezn,Az)L2(
) = 0 8n,ãäå (��1A?, rot? �)L2(
) + ik("Az,�)L2(
) = 0 8 � 2 
W 12 ,ñëåäóåò A= 0. Âåêòîð ��1A? 2 H(rot). Îáîçíà÷àÿ

A1 = ��1A? è ó÷èòûâàÿ, ÷òî Ezn = ik"�1 rot?H? ,Az = ik"�1 rotA1 , óñëîâèå ïîëíîòû ñèñòåìû âåêòîðîâfB?n,Ezng ïðåäñòàâèìî â âèäå(�H?n,A1)L2(
) + 1k2 �"�1 rot?H?n, rot?A1�L2(
) = 0 8 n.Èç íåãî ñëåäóåò A1 = 0. Òàêèì îáðàçîì, ñèñòåìàâåêòîðîâ H?n ïîëíà â ïðîñòðàíñòâå H(rot). Îòñþäàñëåäóåò åå ïîëíîòà â L2 . Èç ïîëíîòû ñèñòåìû âåêòî-ðîâ H?n â (L2)2 ñëåäóåò ïîëíîòà ñèñòåìû âåêòîðîâfH?n, 1in div?H?ng , fH?n,� 1in div?H?ng â ïðîñòðàí-ñòâå (L2)3 . Äåéñòâèòåëüíî, ñóììà âåêòîðîâ, îòëè÷à-þùèõñÿ çíàêîì Hz -êîìïîíåíòû, ðàâíÿåòñÿ âåêòîðàìfH?n, 0g , ðàçíîñòü f0, div?H?ng . Óñëîâèå(Hn,A)L2(
) = 0 8 n,ãäå A2C1 , ïðèâîäèò ê óñëîâèÿì(H?n,A?)L2(
) = 0 8 n,(div?H?n,Az)L2(
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