
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 426, 2014 Ç.÷. í. âÁÂÉÞï ëïüææéãéåî�å ÷ïúâõöäåîéñ ÷ïìîù,âåçõýåê ÷äïìø òåâòá õðòõçïçï ëìéîáðÏÓ×ÑÝÁÅÔÓÑ ÓÔÏÌÅÔÉÀ ÓÏ ÄÎÑ ÒÏÖÄÅÎÉÑ ç. é. ðÅÔÒÁÛÅÎÑ1. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞÉðÕÓÔØ Õ�ÒÕÇÉÊ ËÌÉÎ Ï�ÉÓÙ×ÁÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×ÁÍÉ:0 6 y 6 l; l = onst > 0; −∞ < z < +∞ (1)÷ÅËÔÏÒ ÓÍÅÝÅÎÉÑ w ÚÁ×ÉÓÉÔ ÏÔ ×ÒÅÍÅÎÉ ÇÁÒÍÏÎÉÞÅÓËÉÍ ÏÂÒÁÚÏÍ:w(x; y; z; t) = u(x; y; z)e−i!t; ! = onst > 0; (2)×ÎÕÔÒÉ ËÌÉÎÁ ×Ù�ÏÌÎÑÀÔÓÑ ËÌÁÓÓÉÞÅÓËÉÅ ÕÒÁ×ÎÅÎÉÑ ÄÉÎÁÍÉÞÅÓËÏÊ ÔÅ-ÏÒÉÉ Õ�ÒÕÇÏÓÔÉ:Lu+ !2u = −
m� Æ(x− x0; y − y0)Æ(z);L = a2 graddiv(: : : )− b2 rot rot(: : : ); (3)ÇÄÅ � { �ÌÏÔÎÏÓÔØ ÓÒÅÄÙ, a É b { ÓËÏÒÏÓÔÉ �ÒÏÄÏÌØÎÏÊ É �Ï�ÅÒÅÞÎÏÊ×ÏÌÎ, Æ { ÄÅÌØÔÁ ÆÕÎË�ÉÑ äÉÒÁËÁ, m = onst { ×ÅËÔÏÒ, ÈÁÒÁËÔÅÒÉÚÕ-ÀÝÉÊ ×ÅÌÉÞÉÎÕ É ÎÁ�ÒÁ×ÌÅÎÉÅ ÓÏÓÒÅÄÏÔÏÞÅÎÎÏÊ ÓÉÌÙ, �ÒÉÌÏÖÅÎÎÏÊ ×ÔÏÞËÅ (x0; y0; z = 0).åÓÔÅÓÔ×ÅÎÎÏ �ÒÅÄ�ÏÌÏÖÉÔØ, ÞÔÏ ÔÁËÏÊ ÉÓÔÏÞÎÉË ËÏÌÅÂÁÎÉÊ �ÏÒÏ-ÄÉÔ ËÒÏÍÅ ×ÏÌÎ ÄÒÕÇÏÊ �ÒÉÒÏÄÙ ÔÁËÖÅ É ËÌÉÎÏ×ÙÅ ×ÏÌÎÙ. îÁÛÁ �ÅÌØ{ ÎÁÊÔÉ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ËÏÜÆÆÉ�ÉÅÎÔÙ ×ÏÚÂÕÖÄÅÎÉÑ. íÙ �ÒÅÄ�ÏÌÏ-ÖÉÍ, ÞÔÏ ×ÓÅ ×ÏÌÎÙ ËÒÏÍÅ ËÌÉÎÏ×ÙÈ �ÒÉ √x2 + y2 + z2 → +∞ ÂÕÄÕÔÚÁÔÕÈÁÔØ. íÙ ÂÕÄÅÍ ÉÎÔÅÒÅÓÏ×ÁÔØÓÑ ÌÉÛØ ËÌÉÎÏ×ÏÊ ×ÏÌÎÏÊ (ÅÅ ÄÌÑËÒÁÔËÏÓÔÉ ÍÙ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ÒÅÂÒÏ×ÏÌÎÏÊ), ÂÅÇÕÝÅÊ × ÓÔÏÒÏÎÕ ×ÏÚ-ÒÁÓÔÁÀÝÉÈ z, �ÒÅÄ�ÏÌÁÇÁÑ, ÞÔÏ �ÒÉ z > A = onst > 0 ×ÏÌÎÁ ÉÍÅÅÔ×ÉÄ: ue = 	(x; y; x0; y0)eikz ; k = onst > 0; (4)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: Õ�ÒÕÇÉÊ ËÌÉÎ, ËÏÜÆÆÉ�ÉÅÎÔ ×ÏÚÂÕÖÄÅÎÉÑ, ÔÏÞÅÞÎÙÊ ÉÓÔÏÞ-ÎÉË ËÏÌÅÂÁÎÉÊ, ËÌÉÎÏ×ÁÑ ×ÏÌÎÁ.òÁÂÏÔÁ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ òææé 14-01-00535á.7



8 ÷. í. âáâéþÇÄÅ ×ÅËÔÏÒ 	 Ë×ÁÄÒÁÔÉÞÎÏ ÉÎÔÅÇÒÉÒÕÅÍ �Ï x, y:
∫∫
 |	|2 dxdy < +∞:úÄÅÓØ 
 ÏÂÌÁÓÔØ 0 < y < lx < +∞ { ÓÅÞÅÎÉÅ ËÌÉÎÁ �ÌÏÓËÏÓÔØÀ z = 0.ðÏÄÓÔÁ×ÌÑÑ ×ÙÒÁÖÅÎÉÅ(4) × ÕÒÁ×ÎÅÎÉÅ Lu+ !2u = 0, �ÏÌÕÞÉÍ:L(ik)	+ !2	 = 0; (5)L(ik) { Ï�ÅÒÁÔÏÒ ×ÉÄÁ a2 graddiv(: : : ) − b2 rot rot(: : : ), ÇÄÅ ÄÉÆÆÅÒÅÎ-�ÉÒÏ×ÁÎÉÅ ��z ÓÌÅÄÕÅÔ ÚÁÍÅÎÉÔØ ÕÍÎÏÖÅÎÉÅÍ ÎÁ ik. �ÁËÕÀ ÖÅ ÚÁÍÅ-ÎÕ ÓÌÅÄÕÅÔ ÓÄÅÌÁÔØ É × ËÒÁÅ×ÙÈ ÕÓÌÏ×ÉÑÈ. ëÁË �ÏËÁÚÁÎÏ × ÒÁÂÏÔÅ [4℄,�ÒÉ ÌÀÂÏÍ k > 0, ÓÕÝÅÓÔ×ÕÅÔ ÓÏÂÓÔ×ÅÎÎÁÑ ×ÅËÔÏÒ-ÆÕÎË�ÉÑ Ï�ÅÒÁÔÏÒÁL(ik), ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÎÅËÏÔÏÒÏÍÕ ÓÏÂÓÔ×ÅÎÎÏÍÕ ÞÉÓÌÕ !2(k). �ÁËÉÍÏÂÒÁÚÏÍ: 	 = �(x0; y0)'(x; y): (6)úÄÅÓØ ' ÎÏÒÍÉÒÏ×ÁÎÎÁÑ ( ∫∫
 |'|2dxdy = 1) ÓÏÂÓÔ×ÅÎÎÁÑ ×ÅËÔÏÒ-ÆÕÎ-Ë�ÉÑ, Á � { ÉÓËÏÍÙÊ ËÏÜÆÆÉ�ÉÅÎÔ ×ÏÚÂÕÖÄÅÎÉÑ.2. òÅÂÒÏ×ÏÌÎÁ { ×ÏÌÎÁ ÂÅÚ ÄÉÓ�ÅÒÓÉÉüÔÏÔ ÆÁËÔ ÈÏÒÏÛÏ ÉÚ×ÅÓÔÅÎ (ÓÍ. ÎÁ�ÒÉÍÅÒ ÇÌÁ×Õ 10 ËÎÉÇÉ [1℄ ÉÒÁÂÏÔÕ [5℄). ðÒÉ×ÅÄÅÍ × ÕÄÏÂÎÏÊ ÄÌÑ ÄÁÌØÎÅÊÛÅÇÏ ÆÏÒÍÅ ÓÏÏÔ×ÅÔÓÔ×Õ-ÀÝÉÅ ÓÏÏÔÎÏÛÅÎÉÑ. ðÏÌÏÖÉÍ × ÆÏÒÍÕÌÅ (5) k = 1. ðÕÓÔØ '1(x; y))ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÎÏÒÍÉÒÏ×ÁÎÎÁÑ (∫∫
 |'1(x; y)|2dxdy = 1) ÓÏÂÓÔ×ÅÎÎÁÑ×ÅËÔÏÒ-ÆÕÎË�ÉÑ: L(i1)'1 + !21'1 = 0: (7)ðÏÌÏÖÉÍ '(x; y) = k'1(kx; ky). ïÞÅ×ÉÄÎÏ, ÞÔÏ '(x; y) ÎÏÒÍÉÒÏ×ÁÎÏ ÉÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÒÁ×ÎÅÎÉÀ (5), ÅÓÌÉ !2 = k2!21. óÞÉÔÁÑ k ×ÏÌÎÏ×ÙÍÞÉÓÌÏÍ, �ÒÉÄÅÍ Ë ÄÉÓ�ÅÒÓÉÏÎÎÏÍÕ ÓÏÏÔÎÏÛÅÎÉÀ!(k) = k!1 ⇔ k = k(!) = !!1 ; (8)ÏÔËÕÄÁ d!dk = !1 = onst É ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ÞÁÓÔÏÔÙ, ÞÔÏ ÍÏÖÎÏ ÉÎÔÅÒ-�ÒÅÔÉÒÏ×ÁÔØ ËÁË ÏÔÓÕÔÓÔ×ÉÅ ÄÉÓ�ÅÒÓÉÉ Õ ÒÅÂÒÏ×ÏÌÎÙ. �ÁËÉÍ ÏÂÒÁÚÏÍ,ÆÉÚÉÞÅÓËÉÊ ÓÍÙÓÌ !1 { ÓËÏÒÏÓÔØ ÒÅÂÒÏ×ÏÌÎÙ. üÔÕ ÓËÏÒÏÓÔØ ÍÙ ÂÕÄÅÍÏÂÏÚÎÁÞÁÔØ ve(ve = !1 > 0).



ï ëïüææéãéåî�å ÷ïúâõöäåîéñ ÷ïìîù 93. ðÒÅÄ×ÁÒÉÔÅÌØÎÙÅ �ÏÓÔÒÏÅÎÉÑðÒÅÄ�ÏÌÁÇÁÑ, ÞÔÏ æÕÒØÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ �Ï z ËÏÍ�ÏÎÅÎÔ ×ÅËÔÏÒ-ÆÕÎË�ÉÉ u(x; y; z) × ÓÍÙÓÌÅ ÏÂÏÂÝÅÎÎÙÈ ÆÕÎË�ÉÊ 1 ÚÁËÏÎÎÙ, ÉÍÅÅÍU(x; y; x0; y0; k; !) := +∞
∫

−∞

u(x; y; z; x0; y0; !)e−ikzdz; (9)u(x; y; z; x0; y0; !) = 12� +∞
∫

−∞

U(x; y; x0:y0; k; !)eikzdk (10)îÅ ÓÔÒÅÍÑÝÅÊÓÑ Ë ÎÕÌÀ �ÒÉ z → ±∞ ×ÏÌÎÅ ue (ÓÍ. (4)) , ÂÕÄÅÔ ÓÏÏÔ-×ÅÔÓÔ×Ï×ÁÔØ ÓÉÎÇÕÌÑÒÎÏÓÔØ �Ï k ×ÅËÔÏÒ { ÆÕÎË�ÉÉ U . ÷ÙÑÓÎÉÍ,ÞÔÏÜÔÏ ÚÁ ÓÉÎÇÕÌÑÒÎÏÓÔØ.óÞÉÔÁÑ, ÞÔÏ ÒÅÂÒÏ×ÏÌÎÁ �ÒÉ z > A = onst > 0 ÉÍÅÅÔ ×ÉÄ (4), ÇÄÅk = k0(!) = onst > 0, ÒÁÓÓÍÏÔÒÉÍ ÉÎÔÅÇÒÁÌ:+∞
∫A uee−ikzdz =	 +∞

∫A ei(k0−k)zdz = 	 limB→+∞

B
∫A e(k0−k)zidz	(−i)ei(k0−k)Ak − k0 = (−i)	 1k − k0 = : : : ; (11)ÇÄÅ ÔÏÞËÁÍÉ ÏÂÏÚÎÁÞÅÎÏ ÒÅÇÕÌÑÒÎÏÅ ÓÌÁÇÁÅÍÏÅ. ðÒÅÄÅÌ �ÏÎÉÍÁÅÔÓÑ ËÁË�ÒÅÄÅÌ × �ÒÏÓÔÒÁÎÓÔ×Å ì. û×ÁÒ�Á S′. éÔÁË, ÒÅÂÒÏ×ÏÌÎÅ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔÓÉÎÇÕÌÑÒÎÏÓÔØ (11), �ÒÉÞÅÍ ÆÕÎË�ÉÑ 1k−k0 �ÒÉ ×ÅÝÅÓÔ×ÅÎÎÙÈ k �ÏÎÉ-ÍÁÅÔÓÑ ËÁË limImk→−0 1k−k0 .4. æÏÒÍÕÌÁ ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÁ ×ÏÚÂÕÖÄÅÎÉÑðÒÅÏÂÒÁÚÕÑ �Ï æÕÒØÅ �ÒÁ×ÕÀ É ÌÅ×ÕÀ ÞÁÓÔÉ ÕÒÁ×ÎÅÎÉÑ (3), ÍÙ �Ï-ÌÕÞÉÍ ÕÒÁ×ÎÅÎÉÅ ÄÌÑ U :L(ik)U + !2U = −Æ(x− x0; y − y0))m� : (12)U ÂÕÄÅÔ ÔÁËÖÅ ÕÄÏ×ÌÅÔ×ÏÒÑÔØ É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍ ËÒÁÅ×ÙÍ ÕÓÌÏ×É-ÑÍ. ÷Ó�ÏÍÉÎÁÑ, ÞÔÏ U ÉÍÅÅÔ ÓÉÎÇÕÌÑÒÎÏÓÔØ �ÒÉ k = k0 = k(!) = !ve ,1u(x; y; z) ÅÓÔÅÓÔ×ÅÎÎÏ ÓÞÉÔÁÔØ ÏÇÒÁÎÉÞÅÎÎÏÊ �ÒÉ z → ±∞, �ÏÜÔÏÍÕ ËÏÍ�ÏÎÅÎ-ÔÙ u(x; y; z) ÍÏÖÎÏ ÓÞÉÔÁÔØ ÏÂÏÂÝÅÎÎÙÍÉ ÆÕÎË�ÉÑÍÉ z ËÌÁÓÓÁ S′ ì. û×ÁÒ�Á.



10 ÷. í. âáâéþÏ�ÉÓÙ×ÁÅÍÕÀ ÆÏÒÍÕÌÏÊ (11), �ÏÌÕÞÉÍ �ÒÉ k, ÂÌÉÚËÉÈ Ë k = k0 = !ve ,k 6= k0: (L(ik) + !2)( −i	k − k(!) +	0 + (k − k(!))	1 + : : : ))= −Æ(x− x0; y − y0)m�	 = �(x0; y0)'(x; y) (13)úÄÅÓØ k(!) = !ve { ÔÁËÏÅ k, �ÒÉ ËÏÔÏÒÏÍ !2 Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÙÍ ÞÉ-ÓÌÏÍ Ï�ÅÒÁÔÏÒÁ L(ik). îÁ�ÏÍÉÎÁÅÍ, ÞÔÏ ' { ÎÏÒÍÉÒÏ×ÁÎÎÁÑ ÓÏÂÓÔ×ÅÎ-ÎÁÑ ×ÅËÔÏÒ ÆÕÎË�ÉÑ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÓÏÂÓÔ×ÅÎÎÏÍÕ ÞÉÓÌÕ !(k) =kve. ðÒÉ k → k(!) × �ÒÅÄÅÌÅ �ÏÌÕÞÁÅÍ:limk→k(!) [(−i)	(!2 − !2(k))k − k(!) + (L(ik) + !2(k))	0]= −Æ(x− x0; y − y0)m� : (14)ðÏÌØÚÕÑÓØ ÆÏÒÍÕÌÏÊ (8), ÒÁ×ÅÎÓÔ×Ï (14) ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ×ÉÄÅ:i'2ve!	(x0; y0) + (L(ik) + !2(k))	0 = −Æ(x− x0; y − y0)m� (15)õÍÎÏÖÁÑ (15) ÓËÁÌÑÒÎÏ Ó�ÒÁ×Á ÎÁ ', ÉÎÔÅÇÒÉÒÕÑ �Ï 
 (ÓÍ. ÒÁÚÄÅÌ 1),�ÏÌØÚÕÑÓØ ÎÏÒÍÉÒÏ×ÁÎÎÏÓÔØÀ ' É ÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÓÔØÀ Ï�ÅÒÁÔÏÒÁL(ik), �ÏÌÕÞÁÅÍ 2ive!�(x0; y0) = −'∗(x0; y0)m� : (16)ú×ÅÚÄÏÞËÁ ÏÚÎÁÞÁÅÔ ËÏÍ�ÌÅËÓÎÏÅ ÓÏ�ÒÑÖÅÎÉÅ.éÚ ÓÏÏÔÎÏÛÅÎÉÑ (16) ÓÌÅ-ÄÕÀÔ ÆÏÒÍÕÌÙ ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÁ ×ÏÚÂÕÖÄÅÎÉÑ:�(x0; y0) = i('∗;m)2ve!� (17)É ÄÌÑ ÄÌÑ ÒÅÂÒÏ×ÏÌÎÙ:w = ue−i!t = '(x; y) i('∗(x0; y0);m)2ve!� e−i!(t− zve ); (18)ÇÄÅ ' = k'1(kx; ky) k = !ve .
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