
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 451, 2016 Ç.é. ÷. áÎÄÒÏÎÏ×äéæòáëãéñ îá õúëïí ëïîõóå ðòé ëïóïíðáäåîéé
§1. ÷×ÅÄÅÎÉÅðÒÉ ÒÁÓÓÍÏÔÒÅÎÉÉ ÚÁÄÁÞ ÄÉÆÒÁË�ÉÉ ÎÁ ËÏÎÕÓÅ × �ÅÒ×ÕÀ ÏÞÅÒÅÄØÉÓÓÌÅÄÕÅÔÓÑ ×ÏÌÎÁ, ÒÁÓÈÏÄÑÝÁÑÓÑ ÏÔ ×ÅÒÛÉÎÙ [1℄, �ÏÓËÏÌØËÕ ÓÞÉÔÁÅÔÓÑ,ÞÔÏ ÏÓÔÁÌØÎÙÅ ËÏÍ�ÏÎÅÎÔÙ �ÏÌÑ ÍÏÖÎÏ Ï�ÉÓÁÔØ × ÒÁÍËÁÈ ÌÕÞÅ×ÏÇÏÍÅÔÏÄÁ [2℄. ïÄÎÁËÏ ×ÂÌÉÚÉ ×ÅÒÛÉÎÙ ËÒÉ×ÉÚÎÁ �Ï×ÅÒÈÎÏÓÔÉ ×ÅÌÉËÁ, ÞÔÏÍÏÖÅÔ �ÒÅ�ÑÔÓÔ×Ï×ÁÔØ ÉÓ�ÏÌØÚÏ×ÁÎÉÀ ÆÏÒÍÕÌ ÌÕÞÅ×ÏÇÏ ÍÅÔÏÄÁ ÄÌÑÏÔÒÁÖ£ÎÎÏÊ ×ÏÌÎÙ. ÷ ÓÌÕÞÁÅ ÕÚËÏÇÏ ËÏÎÕÓÁ ÜÔÁ ÏÂÌÁÓÔØ Õ×ÅÌÉÞÉ×ÁÅÔÓÑÉ ÜÆÆÅËÔÙ �ÒÏÔÅËÁÀÝÉÅ × ÎÅÊ ÍÏÇÕÔ ÂÙÔØ ÓÕÝÅÓÔ×ÅÎÎÙ.÷ ÓÔÁÔØÅ ÉÓ�ÏÌØÚÕÅÔÓÑ �ÏÄÈÏÄ, ÒÁÚÒÁÂÏÔÁÎÎÙÊ ÄÌÑ Ï�ÉÓÁÎÉÑ Ñ×ÌÅ-ÎÉÑ ÄÉÆÒÁË�ÉÉ ÎÁ ÓÉÌØÎÏ ×ÙÔÑÎÕÔÙÈ ÔÅÌÁÈ, ÓÍ., ÎÁ�ÒÉÍÅÒ, [3,4℄. óÌÕ-ÞÁÊ �ÁÄÅÎÉÑ ×ÄÏÌØ ÏÓÉ ËÏÎÕÓÁ ÂÙÌ ÒÁÓÓÍÏÔÒÅÎ × [5℄.

§2. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞÉ É �ÒÅÄ�ÏÌÏÖÅÎÉÑ÷ ÓÔÁÔØÅ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÚÁÄÁÞÁ ÄÉÆÒÁË�ÉÉ ÎÁ ÕÚËÏÍ ËÒÕÇÏ×ÏÍËÏÎÕÓÅ �ÒÉ �ÁÄÅÎÉÉ �ÌÏÓËÏÊ ×ÏÌÎÙ �ÏÄ ÍÁÌÙÍ ÕÇÌÏÍ Ë ÏÓÉ. ÷×ÅÄ£Í�ÉÌÉÎÄÒÉÞÅÓËÕÀ ÓÉÓÔÅÍÕ ËÏÏÒÄÉÎÁÔ (r; �; z) É ÚÁÄÁÄÉÍ �Ï×ÅÒÈÎÏÓÔØËÏÎÕÓÁ × ×ÉÄÅ r = � z; z > 0: (1)ðÁÒÁÍÅÔÒ � ÉÍÅÀÝÉÊ ÓÍÙÓÌ ÔÁÎÇÅÎÓÁ ÕÇÌÁ �ÒÉ ×ÅÒÛÉÎÅ, ÓÞÉÔÁÅÍ ÍÁ-ÌÙÍ. îÉÖÅ ÍÙ ÂÏÌÅÅ ÔÏÞÎÏ ÕËÁÖÅÍ ÈÁÒÁËÔÅÒ ÜÔÏÊ ÍÁÌÏÓÔÉ.÷ ÁËÕÓÔÉÞÅÓËÏÍ ÓÌÕÞÁÅ ×ÏÌÎÏ×ÏÅ �ÏÌÅ �ÏÄÞÉÎÑÅÔÓÑ ÕÒÁ×ÎÅÎÉÀ çÅÌØ-ÍÇÏÌØ�Á
△U + k2U = 0 (2)É ËÒÁÅ×ÏÍÕ ÕÓÌÏ×ÉÀ äÉÒÉÈÌÅU = 0; r = �z > 0 (3)ÉÌÉ îÅÊÍÁÎÁ �U�r − ��U�z = 0; r = �z > 0: (4)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ×ÙÓÏËÏÞÁÓÔÏÔÎÁÑ ÄÉÆÒÁË�ÉÑ, ÕÚËÉÊ ËÏÎÕÓ, ËÏÓÏÅ �ÁÄÅÎÉÅ.5



6 é. ÷. áîäòïîï÷ðÁÄÁÀÝÁÑ �ÌÏÓËÁÑ ×ÏÌÎÁ × �ÉÌÉÎÄÒÉÞÅÓËÏÊ ÓÉÓÔÅÍÅ ËÏÏÒÄÉÎÁÔ (r; �; z)ÉÍÅÅÔ ×ÉÄ U i = exp (ikz 
os � + ikr sin � 
os�) :úÄÅÓØ � { ÕÇÏÌ ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍ ×ÅËÔÏÒÏÍ É ÏÓØÀ ËÏÎÕÓÁ. äÁÌÅÅ ÂÕÄÅÍÎÁÚÙ×ÁÔØ � ÕÇÌÏÍ �ÁÄÅÎÉÑ É ÓÞÉÔÁÔØ ÅÇÏ ÍÁÌÙÍ.÷×ÉÄÕ ÓÉÍÍÅÔÒÉÉ ÚÁÄÁÞÉ ÒÅÛÅÎÉÅ ÕÄÏÂÎÏ ÉÓËÁÔØ × ×ÉÄÅ ÒÑÄÁ æÕÒØÅU = +∞
∑m=0Um 
os(m�): (5)÷ ÓÌÕÞÁÅ ÏÓÅ×ÏÇÏ �ÁÄÅÎÉÑ, �ÒÉ � = 0, ÒÑÄ (5) Ó×ÏÄÉÔÓÑ Ë ÏÄÎÏÍÕ ÞÌÅÎÕU0, ËÏÔÏÒÙÊ ÂÙÌ ÉÓÓÌÅÄÏ×ÁÎ × [5℄. ÷ ÓÌÕÞÁÅ �ÁÄÅÎÉÑ �ÏÄ ÕÇÌÏÍ, ÇÁÒÍÏ-ÎÉËÉ æÕÒØÅ ÍÏÖÎÏ ÓÔÒÏÉÔØ �Ï-ÏÔÄÅÌØÎÏÓÔÉ.äÉÆÒÁË�ÉÏÎÎÁÑ ËÁÒÔÉÎÁ ÉÚ×ÅÓÔÎÁ. ðÏÌÅ ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅÓÕ�ÅÒ�ÏÚÉ�ÉÉ �ÁÄÁÀÝÅÊ ×ÏÌÎÙ, ×ÏÌÎÙ ÏÔÒÁÖ£ÎÎÏÊ ÏÔ �Ï×ÅÒÈÎÏÓÔÉ ËÏ-ÎÕÓÁ É ÓÆÅÒÉÞÅÓËÏÊ ×ÏÌÎÙ, ÒÁÓÈÏÄÑÝÅÊÓÑ ÏÔ ÅÇÏ ×ÅÒÛÉÎÙ. íÙ ÂÕÄÅÍÒÁÓÓÍÁÔÒÉ×ÁÔØ �ÏÌÅ ×ÂÌÉÚÉ �Ï×ÅÒÈÎÏÓÔÉ. îÁ ÂÏÌØÛÉÈ ÒÁÓÓÔÏÑÎÉÑÈ ÏÔ×ÅÒÛÉÎÙ ËÏÎÕÓÁ ÏÓÎÏ×ÎÏÊ ×ËÌÁÄ ÄÁ£Ô ÓÕÍÍÁ �ÁÄÁÀÝÅÊ É ÏÔÒÁÖ£ÎÎÏÊ×ÏÌÎ, �ÒÉÞ£Í ÏÂÅ ÜÔÉ ×ÏÌÎÙ ÍÏÇÕÔ ÂÙÔØ Ï�ÉÓÁÎÙ × ÒÁÍËÁÈ ÌÕÞÅ×ÏÇÏ ÍÅ-ÔÏÄÁ. ðÒÉ �ÒÉÂÌÉÖÅÎÉÉ ÔÏÞËÉ ÎÁÂÌÀÄÅÎÉÑ Ë ×ÅÒÛÉÎÅ ÌÕÞÅ×ÏÊ ÍÅÔÏÄ�ÅÒÅÓÔÁ£Ô ÒÁÂÏÔÁÔØ, ÔÁË ËÁË ÒÁÄÉÕÓ ËÒÉ×ÉÚÎÙ �Ï×ÅÒÈÎÏÓÔÉ ÓÔÁÎÏ×ÉÔ-ÓÑ ÓÒÁ×ÎÉÍ Ó ÄÌÉÎÏÊ ×ÏÌÎÙ. ðÒÉ ÅÝ£ ÂÏÌØÛÅÍ �ÒÉÂÌÉÖÅÎÉÉ Ë ×ÅÒÛÉÎÅËÏÎÕÓÁ Õ×ÅÌÉÞÉ×ÁÅÔÓÑ ×ËÌÁÄ ×ÏÌÎÙ, ÉÄÕÝÅÊ ÏÔ ×ÅÒÛÉÎÙ.íÙ ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ �ÒÏÍÅÖÕÔÏÞÎÕÀ ÏÂÌÁÓÔØ, × ËÏÔÏÒÏÊ ÌÕÞÅ-×ÏÊ ÍÅÔÏÄ ÕÖÅ ÎÅ�ÒÉÍÅÎÉÍ, ÎÏ ×ËÌÁÄ ×ÏÌÎÙ ÏÔ ×ÅÒÛÉÎÙ ÅÝ£ ÎÅ ÓÕÝÅ-ÓÔ×ÅÎÅÎ. éÔÁË, �ÕÓÔØ ÜÔÁ ÏÂÌÁÓÔØ ÈÁÒÁËÔÅÒÉÚÕÅÔÓÑ ÎÅËÏÔÏÒÙÍ ÒÁÓÓÔÏ-ÑÎÉÅÍ Z ÏÔ ×ÅÒÛÉÎÙ. ÷×ÅÄ£Í × ÜÔÏÊ ÏÂÌÁÓÔÉ ËÏÏÒÄÉÎÁÔÙ (�; �) ÔÁË,ÞÔÏ







z = Z (p−1=3 − �2p) �;r = Zp−2=3�√�; (6)ÇÄÅ p = kZ { ÂÏÌØÛÏÊ �ÁÒÁÍÅÔÒ ÚÁÄÁÞÉ.÷ ËÏÏÒÄÉÎÁÔÁÈ (�; �) �Ï×ÅÒÈÎÏÓÔØ ËÏÎÕÓÁ ÚÁÄÁ£ÔÓÑ ÕÒÁ×ÎÅÎÉÅÍ� = �0;ÇÄÅ �0 Ï�ÒÅÄÅÌÑÅÔÓÑ ÉÚ Ë×ÁÄÒÁÔÎÏÇÏ ÕÒÁ×ÎÅÎÉÑp−2=3√�0 = �(p−1=3 − �02p)



äéæòáëãéñ îá õúëïí ëïîõóå ðòé ëïóïí ðáäåîéé 7É �ÒÉÂÌÉÖ£ÎÎÏ �0 ≈ p2=3�2:âÕÄÅÍ ÓÞÉÔÁÔØ �ÁÒÁÍÅÔÒ � ÎÁÓÔÏÌØËÏ ÍÁÌÙÍ, ÞÔÏp1=3� = O(1): (7)ðÒÅÄ�ÏÌÏÖÉÍ ÁÎÁÌÏÇÉÞÎÙÍ ÏÂÒÁÚÏÍ, ÞÔÏp1=3� = # = O(1): (8)ïÔÍÅÔÉÍ, ÞÔÏ × ËÁÞÅÓÔ×Å ÈÁÒÁËÔÅÒÎÏÇÏ ÒÁÚÍÅÒÁ Z ÍÏÖÎÏ ÂÙÌÏ ÂÙ×ÚÑÔØ ×ÅÌÉÞÉÎÕ Z = k−1�−3. ÷ ÜÔÏÍ ÓÌÕÞÁÅ p−1=3 = �, �0 ≈ 1.
§3. ðÁÒÁÂÏÌÉÞÅÓËÏÅ ÕÒÁ×ÎÅÎÉÅðÒÉ �ÒÅÄ�ÏÌÏÖÅÎÉÑÈ (7), (8) �ÏÌÅ U ÍÏÖÅÔ ÂÙÔØ Ï�ÉÓÁÎÏ × ÒÁÍËÁÈ�ÒÉÂÌÉÖÅÎÉÑ �ÁÒÁÂÏÌÉÞÅÓËÏÇÏ ÕÒÁ×ÎÅÎÉÑ. ðÏÌÏÖÉÍUm = exp(ip2=3�) um(�; �): (9)âÕÄÅÍ ÓÞÉÔÁÔØ ÞÔÏ ÆÕÎË�ÉÑ ÏÓÌÁÂÌÅÎÉÑ un ÚÁ×ÉÓÉÔ ÏÔ Ó×ÏÉÈ ÁÒÇÕÍÅÎ-ÔÏ× ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÅ �Ï ÎÉÍ ÎÅ ÍÅÎÑÅÔ ÁÓÉÍ-�ÔÏÔÉÞÅÓËÉÊ �ÏÒÑÄÏË ×ÅÌÉÞÉÎÙ �Ï �ÁÒÁÍÅÔÒÕ p. íÏÖÎÏ �ÏËÁÚÁÔØ, ÞÔÏÆÕÎË�ÉÑ u �ÒÅÄÓÔÁ×ÉÍÁ × ×ÉÄÅ ÁÓÉÍ�ÔÏÔÉÞÅÓËÏÇÏ ÒÑÄÁ �Ï ÏÂÒÁÔÎÙÍÓÔÅ�ÅÎÑÍ p1=3, ÏÄÎÁËÏ ÍÙ ÏÇÒÁÎÉÞÉÍÓÑ ÌÉÛØ ÒÁÓÓÍÏÔÒÅÎÉÅÍ ÓÔÁÒÛÅÇÏÞÌÅÎÁ, ÄÌÑ ËÏÔÏÒÏÇÏ ÓÏÈÒÁÎÉÍ ÏÂÏÚÎÁÞÅÎÉÅ um.ðÒÏ×ÏÄÑ ÎÅÓÌÏÖÎÙÅ ×ÙËÌÁÄËÉ, �ÏÌÕÞÉÍ �ÁÒÁÂÏÌÉÞÅÓËÏÅ ÕÒÁ×ÎÅÎÉÅ� �2um��2 + �um�� + i2�2 �um�� + i2�um − m24� um = 0: (10)úÄÅÓØ É ÄÁÌÅÅ ÎÉÖÎÉÍÉ ÉÎÄÅËÓÁÍÉ ÏÂÏÚÎÁÞÅÎÙ �ÒÏÉÚ×ÏÄÎÙÅ.õÒÁ×ÎÅÎÉÅ (10) ÄÏ�ÕÓËÁÅÔ ÒÁÚÄÅÌÅÎÉÅ �ÅÒÅÍÅÎÎÙÈ. þÁÓÔÎÏÅ ÒÅÛÅÎÉÅ×ÙÒÁÖÁÅÔÓÑ ÞÅÒÅÚ �ÉÌÉÎÄÒÉÞÅÓËÉÅ ÆÕÎË�ÉÉ Zm():1� exp(

−��)Zm (ei�=4√2��) : (11)úÄÅÓØ � { �ÁÒÁÍÅÔÒ ÒÁÚÄÅÌÅÎÉÑ �ÅÒÅÍÅÎÎÙÈ. âÕÄÅÍ ÉÓËÁÔØ ÒÅÛÅÎÉÅÚÁÄÁÞÉ × ×ÉÄÅ ÓÕ�ÅÒ�ÏÚÉ�ÉÉ ÞÁÓÔÎÙÈ ÒÅÛÅÎÉÊ (11)um = 1� +∞
∫0 exp(

−��)
m(�)
×

{Jm (ei�=4√2��)+Rm(�)H(1)m (ei�=4√2��)} d�: (12)



8 é. ÷. áîäòïîï÷úÄÅÓØ ÆÕÎË�ÉÉ 
m É Rm ÄÏÌÖÎÙ ÂÙÔØ Ï�ÒÅÄÅÌÅÎÙ ÉÚ ÕÓÌÏ×ÉÑ ÓÛÉ-×ÁÎÉÑ Ó �ÁÄÁÀÝÉÍ �ÏÌÅÍ É ÉÚ ÇÒÁÎÉÞÎÏÇÏ ÕÓÌÏ×ÉÑ (3) ÉÌÉ (4). áÎÁ-ÌÉÚÉÒÕÑ �Ï×ÅÄÅÎÉÅ ÞÁÓÔÎÙÈ ÒÅÛÅÎÉÊ �Ï �ÅÒÅÍÅÎÎÏÊ � ÍÏÖÎÏ ÏÔÏÖÄÅ-ÓÔ×ÉÔØ × (12) ÓÌÁÇÁÅÍÏÅ Ó ÆÕÎË�ÉÅÊ âÅÓÓÅÌÑ Ó �ÁÄÁÀÝÉÍ �ÏÌÅÍ ××ÉÄÕÒÅÇÕÌÑÒÎÏÓÔÉ ÒÅÛÅÎÉÑ �ÒÉ � = 0, Á ÓÌÁÇÁÅÍÏÅ Ó æÕÎË�ÉÅÊ èÁÎËÅÌÑ{ Ó ÏÔÒÁÖ£ÎÎÏÊ ×ÏÌÎÏÊ, ËÏÔÏÒÁÑ ÄÏÌÖÎÁ ×ÅÓÔÉ ÓÅÂÑ ËÁË ÕÈÏÄÑÝÁÑ ÏÔ�Ï×ÅÒÈÎÏÓÔÉ ×ÏÌÎÁ. �ÏÇÄÁ ÆÕÎË�ÉÑ 
m(�) ÄÏÌÖÎÁ ÂÙÔØ Ï�ÒÅÄÅÌÅÎÁ ÉÚÕÓÌÏ×ÉÑ ÓÛÉ×ÁÎÉÑ Ó �ÁÄÁÀÝÅÊ �ÌÏÓËÏÊ ×ÏÌÎÏÊ, Á ÆÕÎË�ÉÑ Rm(�) Ï�ÒÅ-ÄÅÌÑÅÔÓÑ ÉÚ ÇÒÁÎÉÞÎÏÇÏ ÕÓÌÏ×ÉÑ. óÏÏÔ×ÅÔÓÔ×ÅÎÎÏ ÄÌÑ ÕÓÌÏ×ÉÊ äÉÒÉÈÌÅÉ îÅÊÍÁÎÁ ÉÍÅÅÍRDm = − Jm (ei�=4√2��0)H(1)m (ei�=4√2��0) ; RNm = −
_Jm (ei�=4√2��0)_H(1)m (ei�=4√2��0) ; (13)ÇÄÅ ÔÏÞËÏÊ ÏÂÏÚÎÁÞÅÎÁ �ÒÏÉÚ×ÏÄÎÁÑ ÆÕÎË�ÉÉ.

§4. ï�ÒÅÄÅÌÅÎÉÅ ÆÕÎË�ÉÉ 
m(�)çÁÒÍÏÎÉËÁ Ó ÎÏÍÅÒÏÍ m �ÁÄÁÀÝÅÊ ×ÏÌÎÙ, ÏÞÅ×ÉÄÎÏ, ×ÙÒÁÖÁÅÔÓÑÆÏÒÍÕÌÏÊ U im = 2im exp (ikz 
os �) Jm(kr sin �):ðÏÓÌÅ �ÅÒÅÈÏÄÁ Ë ËÏÏÒÄÉÎÁÔÁÍ (�; �) É ×ÙÄÅÌÅÎÉÑ ÂÙÓÔÒÏÇÏ ÍÎÏÖÉÔÅÌÑ× ÓÔÁÒÛÅÍ �ÏÒÑÄËÅ �Ï p �ÏÌÕÞÉÍ:uim = 2im exp(

−i#2 + �2 �) Jm (#�√�) : (14)úÄÅÓØ ××ÉÄÕ ÍÁÌÏÓÔÉ ÕÇÌÁ � �ÒÏÉÚ×ÅÄÅÎÙ ÚÁÍÅÎÙ
os � ≈ 1− 12�2; sin � ≈ �:íÏÖÎÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ ÆÕÎË�ÉÑ uim, Ï�ÒÅÄÅÌ£ÎÎÁÑ ÆÏÒÍÕÌÏÊ (14)ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ �ÁÒÁÂÏÌÉÞÅÓËÏÍÕ ÕÒÁ×ÎÅÎÉÀ (10) É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, ÍÏ-ÖÅÔ ÂÙÔØ �ÒÅÄÓÔÁ×ÌÅÎÁ × ×ÉÄÅ (12) 
 Rm ≡ 0. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÆÕÎË�ÉÑ
m(�) ÎÁÈÏÄÉÔÓÑ ÉÚ ÉÎÔÅÇÒÁÌØÎÏÇÏ ÒÁ×ÅÎÓÔ×Á1� +∞
∫0 exp(

−��)
m(�)Jm (ei�=4√2��) d� = uim: (15)



äéæòáëãéñ îá õúëïí ëïîõóå ðòé ëïóïí ðáäåîéé 9÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÆÏÒÍÕÌÏÊ 6.615 ÉÚ [6℄:+∞
∫0 e−�xJm (2�√x) Jm (2
√x) dx = 1�Im (2�
� ) exp(

−�2 + 
2� ) :(6:615)óÒÁ×ÎÉ×ÁÑ Å£ Ó (15), �ÏÌÏÖÉÍ� = 1� ; � = ei�=4√�2 ; 
 = ei�=4 #√2ÏÔËÕÄÁ ÎÁÊÄ£Í 
m(�) = 2Jm (ei�=4#√2�) : (16)
§5. �ÏË ÎÁ �Ï×ÅÒÈÎÏÓÔÉäÌÑ ÚÁÄÁÞÉ ÄÉÆÒÁË�ÉÉ ÎÁ ÁËÕÓÔÉÞÅÓËÉ Ö£ÓÔËÏÍ ËÏÎÕÓÅ ×ÙÞÉÓÌÉÍ�ÏÌÅ ÎÁ �Ï×ÅÒÈÎÏÓÔÉ. ðÏÄÓÔÁ×ÌÑÑ × (12) ÎÁÊÄÅÎÎÙÅ ×ÙÒÁÖÅÎÉÑ ÄÌÑ 
mÉ RNm É ÕÞÉÔÙ×ÁÑ ×ÙÒÁÖÅÎÉÅJm(x) _H(1)m (x) − _Jm(x)H(1)m (x) = 2i�xÄÌÑ ×ÒÏÎÓËÉÁÎÁ, �ÏÌÕÞÉÍum(�; �0) = 4e5�i=4�� +∞

∫0 e−�=� Jm (ei�=4#√2�)_H(1)m (ei�=4√2��0) d�√2��0 :ðÅÒÅÊÄ£Í Ë ÎÏ×ÏÊ �ÅÒÅÍÅÎÎÏÊ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑt = √2��0:�ÏÇÄÁ u(�; �0) = A(2�0�; #√�0 ; �) ; (17)ÇÄÅ A(�; �; �) = 12A0(�; �) + +∞
∑m=1Am(�; �) 
os(m�); (18)Am(�; �) = 8e5�i=4�� +∞

∫0 e−t2=� Jm (ei�=4�t)_H(1)m (ei�=4t) dt: (19)



10 é. ÷. áîäòïîï÷éÌÉ, ×ÏÚ×ÒÁÝÁÑÓØ Ë ÉÓÈÏÄÎÙÍ �ÁÒÁÍÅÔÒÁÍ ÚÁÄÁÞÉU = exp(ip2=3�)A(2p2=3�2�; �� ; �) : (20)÷ ÓÌÕÞÁÅ ÁËÕÓÔÉÞÅÓËÉ ÍÑÇËÏÊ �Ï×ÅÒÈÎÏÓÔÉ ËÏÎÕÓÁ ×ÙÞÉÓÌÉÍ ÚÎÁÞÅ-ÎÉÅ ÎÏÒÍÁÌØÎÏÊ �ÒÏÉÚ×ÏÄÎÏÊ �ÏÌÑ ÎÁ �Ï×ÅÒÈÎÏÓÔÉ. éÍÅÅÍ�U�n ∣

∣

∣

∣�=�0= 2p2=3√�0Z� �U(�; �0)�� =k� exp(ip2=3�)B(2p2=3�2�; �� ; �); (21)ÇÄÅ B(�; �; �) = 12B0(�; �) + +∞
∑m=1Bm(�; �) 
os(m�); (22)Bn(�; �) = − 16i��2 +∞

∫0 e−t2=� Jm (ei�=4�t)H(1)m (ei�=4t) t dt: (23)÷ ÓÌÕÞÁÅ m = 0 ÆÏÒÍÕÌÙ (19){(23) ÓÏÇÌÁÓÕÀÔÓÑ Ó �ÏÌÕÞÅÎÎÙÍÉÒÁÎÅÅ × [5℄.
§6. þÉÓÌÅÎÎÏÅ ÉÓÓÌÅÄÏ×ÁÎÉÅ ÆÕÎË�ÉÊ A É BðÒÉ ×ÙÞÉÓÌÅÎÉÉ ÆÕÎË�ÉÊ Am(�; �) É Bm(�; �) ×ÏÓ�ÏÌØÚÕÅÍÓÑ �ÒÏ-ÇÒÁÍÍÁÍÉ ÉÚ ÂÉÂÌÉÏÔÅËÉ IMSL [7℄, ÄÌÑ ÞÅÇÏ ×ÙÒÁÚÉÍ �ÒÏÉÚ×ÏÄÎÕÀ_H(1)m (ei�=4t) = e−i�=4mt H(1)m (ei�=4t) −H(1)m+1 (ei�=4t) ;�ÏÓÌÅ ÞÅÇÏ �ÅÒÅÊÄ£Í Ë ÍÏÄÉÆÉ�ÉÒÏ×ÁÎÎÙÍ ÆÕÎË�ÉÑÍ âÅÓÓÅÌÑJm (ei�=4t) = imIm (e−i�=4t) ; H(1)m (ei�=4t) = 2�im+1Km (e−i�=4t) :÷ ÒÅÚÕÌØÔÁÔÅ �ÏÌÕÞÉÍAm(�; �)= 4(−1)m� +∞

∫0 e−t2=� Im(e−i�=4�t)t dtmKm(e−i�=4t)−e−i�=4tKm+1(e−i�=4t) ; (24)Bm(�; �) = 8(−1)m�2 +∞
∫0 e−t2=� Im (e−i�=4�t)Km (e−i�=4t) t dt: (25)ðÒÉ ÂÏÌØÛÉÈ � ×ÙÞÉÓÌÅÎÉÅ ÉÎÔÅÇÒÁÌÏ× (24), (25) ÏÓÌÏÖÎÅÎÏ ÔÅÍ ÏÂ-ÓÔÏÑÔÅÌØÓÔ×ÏÍ, ÞÔÏ �ÏÄÙÎÔÅÇÒÁÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ ÓÎÁÞÁÌÁ ÎÁÒÁÓÔÁÅÔ,Á ÌÉÛØ ÚÁÔÅÍ ÎÁÞÉÎÁÅÔ ÜËÓ�ÏÎÅÎ�ÉÁÌØÎÏ ÕÂÙ×ÁÔØ. äÌÑ ËÏÍ�ÅÎÓÁ�ÉÉ
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òÉÓ. 1. æÕÎË�ÉÑ A(�; �; �).

òÉÓ. 2. æÕÎË�ÉÑ B(�; �; �).ÜÔÏÇÏ ÒÏÓÔÁ ÍÏÖÎÏ ÄÅÆÏÒÍÉÒÏ×ÁÔØ ËÏÎÔÕÒ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ × ËÏÎÔÕÒ[0; t∗℄ ∪ [t∗; t∗ +∞), �ÒÏÈÏÄÑÝÉÊ ÞÅÒÅÚ ÓÅÄÌÏ×ÕÀ ÔÏÞËÕt∗ = 12e−i�=4�(� + 1):þÉÓÌÅÎÎÙÅ ÚÎÁÞÅÎÉÑ |A| É |B| × ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ � �ÒÅÄÓÔÁ×ÌÅÎÙ ÎÁÒÉÓ. 1 É 2 ÄÌÑ � = 0:5, 1:0 É 1:5. úÎÁÞÅÎÉÑ �ÒÉ � = 180◦, ÔÏ ÅÓÔØ ÎÁÓÔÏÒÏÎÅ ËÏÎÕÓÁ ÏÂÒÁÝ£ÎÎÏÊ × ÓÔÏÒÏÎÕ �ÁÄÁÀÝÅÊ ×ÏÌÎÙ, ÄÁÎÙ Ó�ÌÏÛ-ÎÙÍÉ ÌÉÎÉÑÍÉ, �ÒÉ � = 90◦ { ÛÔÒÉÈÏ×ÙÍÉ Ó ÄÌÉÎÎÙÍ ÛÔÒÉÈÏÍ, Á



12 é. ÷. áîäòïîï÷�ÒÉ � = 0◦ { Ó ËÏÒÏÔËÉÍ ÛÔÒÉÈÏÍ. úÎÁÞÅÎÉÑ �ÏÌÕÞÅÎÙ × ÒÅÚÕÌØÔÁÔÅÓÕÍÍÉÒÏ×ÁÎÉÑ 30 ÄÌÑ � = 0:5, 40 ÄÌÑ � = 1:0 É 70 ÞÌÅÎÏ× × ÒÑÄÁÈ (18)É (22). éÎÔÅÇÒÉÒÏ×ÁÎÉÅ �ÒÏ×ÏÄÉÌÏÓØ Ó ÛÁÇÏÍ Æt = 0:05. ÷ÅÒÈÎÉÊ �ÒÅ-ÄÅÌ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ × (24), (25) ÚÁÍÅÎÑÌÓÑ ÚÎÁÞÅÎÉÅÍ 125.
§7. úÁËÌÀÞÅÎÉÅ÷ ÒÁÂÏÔÅ �ÏÓÔÒÏÅÎ ÓÔÁÒÛÉÊ ÞÌÅÎ ÁÓÉÍ�ÔÏÔÉËÉ ÄÉÆÒÁË�ÉÏÎÎÏÇÏ �Ï-ÌÑ ×ÂÌÉÚÉ �Ï×ÅÒÈÎÏÓÔÉ ÕÚËÏÇÏ ËÏÎÕÓÁ ÎÁ ÒÁÓÓÔÏÑÎÉÑÈ z �ÏÒÑÄËÁ k−1�−2ÏÔ ×ÅÒÛÉÎÙ. ëÁË ÉÚ×ÅÓÔÎÏ × ÚÁÄÁÞÅ ÄÉÆÒÁË�ÉÉ �ÌÏÓËÏÊ ×ÏÌÎÙ ÎÁ ËÏÎÕ-ÓÅ ÉÍÅÀÔÓÑ 4 ÂÅÚÒÁÚÍÅÒÎÙÈ �ÁÒÁÍÅÔÒÁ. üÔÏ ÕÇÏÌ �ÒÉ ×ÅÒÛÉÎÅ ËÏÎÕÓÁ�, ÕÇÏÌ �ÁÄÅÎÉÑ �, ÒÁÓÓÔÏÑÎÉÅ ÄÏ ×ÅÒÛÉÎÙ k� É ÕÇÏÌ �, ÉÚÍÅÒÑÅÍÙÊ ÏÔ�ÌÏÓËÏÓÔÉ �ÁÄÅÎÉÑ. ðÏÌÕÞÅÎÎÙÅ ÆÏÒÍÕÌÙ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ × ÓÌÕÞÁÅÕÚËÏÇÏ ËÏÎÕÓÁ �ÏÌÅ × ÓÔÁÒÛÅÍ �ÏÒÑÄËÅ Ï�ÒÅÄÅÌÑÅÔÓÑ ÔÒÅÍÑ �ÁÒÁÍÅÔÒÁ-ÍÉ: �ÁÒÁÍÅÔÒÏÍ � = k��2, ÏÔÎÏÛÅÎÉÅÍ ÕÇÌÁ �ÁÄÅÎÉÑ Ë ÕÇÌÕ ËÏÎÕÓÁ �=�É ÕÇÌÏÍ �. ìÉÔÅÒÁÔÕÒÁ1. ÷. í. âÁÂÉÞ, äÉÆÒÁË�ÉÑ �ÌÏÓËÏÊ ×ÏÌÎÙ ÎÁ ÕÚËÏÍ ËÏÎÕÓÅ × ÓÌÕÞÁÅ ÕÓÌÏ×ÉÑ äÉ-ÒÉÈÌÅ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 218 (1994), 3{11.2. ëÉÒ�ÉÞÎÉËÏ×Á î.ñ., ðÏ�Ï× í.í. ìÕÞÅ×ÏÊ ÍÅÔÏÄ × ÚÁÄÁÞÅ ÄÉÆÒÁË�ÉÉ �ÌÏÓËÏÊ×ÏÌÎÙ ÎÁ \ÔÏÎËÏÍ" ËÏÎÕÓÅ Ó ÍÁÌÙÍ ÕÇÌÏÍ �ÒÉ ×ÅÒÛÉÎÅ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ.ðïíé 409 (2012), 49{54.3. I. V. Andronov, High-frequen
y Asymptoti
s for Di�ra
tion by a Strongly ElongatedBody. | Antennas and Wireless Propagation Letters, IEEE, V. 8 (2009), p. 872.4. é. ÷. áÎÄÒÏÎÏ×, äÉÆÒÁË�ÉÑ ÎÁ ÓÉÌØÎÏ ×ÙÔÑÎÕÔÏÍ ÔÅÌÅ ×ÒÁÝÅÎÉÑ. | áËÕÓÔ.ÖÕÒÎ. 57, ×Ù�. 2 (2011), 147{152.5. é. ÷. áÎÄÒÏÎÏ×, ä. âÕÛ, äÉÆÒÁË�ÉÑ ÎÁ ÕÚËÏÍ ËÒÕÇÏ×ÏÍ ËÏÎÕÓÅ ËÁË ÎÁ ÓÉÌØÎÏ×ÙÔÑÎÕÔÏÍ ÔÅÌÅ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 393 (2011), 12{22.6. é. ó. çÒÁÄÛÔÅÊÎ, é. í. òÙÖÉË �ÁÂÌÉ�Ù ÉÎÔÅÇÒÁÌÏ×, ÓÕÍÍ, ÒÑÄÏ× É �ÒÏÉÚ×Å-ÄÅÎÉÊ, í. æÉÚÍÁÔÌÉÔ, 1963, 
. 1108.7. IMSL Math/Library, Spe
ial Fun
tions, Visual Numeri
s, 1994.Andronov I. V. Di�ra
tion by a narrow 
one at skew in
iden
e.The s
alar problem of plane wave di�ra
tion by a narrow 
one is 
on-sidered. The angle of the 
one � and the angle of in
iden
e are assumedto be small and the �eld is studied in a boundary layer near the surfa
e atsu
h distan
es z from the 
one tip that kz ∼ �−2. The paraboli
 equation
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