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÷ ÒÁÂÏÔÅ �ÒÅÄÌÁÇÁÅÔÓÑ ÍÅÔÏÄ ÄÌÑ �ÏÌÕÞÅÎÉÑ ÁÓÉÍÔÏÔÉËÉ ÄÌÑ ÚÁÄÁÞÉ ÄÉÆÒÁË�ÉÉ ÎÁ ÔÅÌÅ,ÒÁÚÍÅÒÙ ËÏÔÏÒÏÇÏ ÍÁÌÙ �Ï ÓÒÁ×ÎÅÎÉÀ Ó ÄÌÉÎÏÊ ×ÏÌÎÙ �ÁÄÁÀÝÅÇÏ �ÏÌÑ × �Ï�ÅÒÅÞÎÏÍ ÎÁ-�ÒÁ×ÌÅÎÉÉ É ×ÅÌÉËÉ × �ÒÏÄÏÌØÎÏÍ. òÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÓÌÕÞÁÊ ÚÁÄÁÞÉ äÉÒÉÈÌÅ. ÷ Ñ×ÎÏÍ ×ÉÄÅ�ÏÌÕÞÅÎÙ ×ÙÒÁÖÅÎÉÑ ÄÌÑ ÔÏËÁ É ÄÉÁÇÒÁÍÍÙ ÎÁ�ÒÁ×ÌÅÎÎÏÓÔÉ × ÇÌÁ×ÎÏÍ �ÒÉÂÌÉÖÅÎÉÉ.
ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÄÉÆÒÁË�ÉÑ, ÚÁÄÁÞÁ äÉÒÉÈÌÅ, ËÒÁÅ×ÁÑ ÚÁÄÁÞÁ ÄÌÑ ÕÒÁ×ÎÅÎÉÑ çÅÌØÍ-ÇÏÌØ�Á, ÁÓÉÍ�ÔÏÔÉËÁ ÔÏË, ÄÉÁÇÒÁÍÍÁ ÎÁ�ÒÁ×ÌÅÎÎÏÓÔÉ.
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1 ÷×ÅÄÅÎÉÅòÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ ÄÉÆÒÁË�ÉÉ ÌÕÞÅ×ÏÇÏ �ÏÌÑ ÎÁ ÉÄÅÁÌØÎÏÏÔÒÁÖÁÀÝÅÍ ÔÅÌÅ 
. äÌÑ Ï�ÒÅ-ÄÅÌÅÎÎÏÓÔÉ ÒÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ ÚÁÄÁÞÉ äÉÒÉÈÌÅ:(� + k2)u = 0 in R3=
 (1)u = 0 on S (2)�u�r − iku = o(1r ) for r → ∞ (3)ÇÄÅ S ÇÒÁÎÉ�Á ÔÅÌÁ 
âÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ ÒÁÚÍÅÒÙ ÔÅÌÁ ÍÁÌÙ �Ï ÓÒÁ×ÎÅÎÉÀ Ó ÄÌÉÎÏÊ ×ÏÌÎÙ × �Ï�ÅÒÅÞÎÏÍÎÁ�ÒÁ×ÌÅÎÉÉ É ×ÅÌÉËÉ × �ÒÏÄÏÌØÎÏÍ ÎÁ�ÒÁ×ÌÅÎÉÉ, Ô.Å.ka >> 1 (4)kd << 1 (5)ÇÄÅ k ×ÏÌÎÏ×ÏÅ ÞÉÓÌÏ �ÁÄÁÀÝÅÇÏ �ÏÌÑ, 2a ÄÌÉÎÁ ÔÅÌÁ, d ÍÁËÓÉÍÁÌØÎÙÊ ÄÉÁÍÅÔÒ �Ï�Å-ÒÅÞÎÏÇÏ ÓÅÞÅÎÉÑ.âÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ �ÁÄÁÀÝÅÅ �ÏÌÅ Ñ×ÌÑÅÔÑ �ÌÏÓËÏÊ ×ÏÌÎÏÊuin = exp (ikx)ÇÄÅ k = (k1; k2; k3) - ×ÏÌÎÏ×ÏÊ ×ÅËÔÏÒ, x ∈ R3=
.éÚ×ÅÓÎÏ, ÞÔÏ ÚÎÁÞÅÎÉÅ ×ÏÌÎÏ×ÏÇÏ �ÏÌÑ u ×ÙÒÁÖÁÅÔÓÑ ÞÅÒÅÚ ÚÎÁÞÅÎÉÅ ÔÏËÁ 	() ÎÁ ÇÒÁÎÉ�ÅÔÅÌÁ: u(x) = uin(x)−  ∫S exp ikRR 	(x′)dS (6)ÇÄÅ R =| x− x′ |, 	() = [�u�n]n=0ÔÏË ÎÁ ÇÒÁÎÉ�Å ÔÅÌÁ,  = 1=2�.îÅÉÚ×ÅÓÔÎÙÊ �ÏËÁ ÔÏË 	 ÍÏÖÅÔ ÂÙÔØ ÎÁÊÄÅÎ ÉÚ ÉÎÔÅÇÒÁÌØÎÏÇÏ ÕÒÁ×ÎÅÎÉÑ:uin(x) =  ∫S exp ikRR 	(x′)dS (7)ÇÄÅ x ∈ S.2 áÓÉÍ�ÔÏÔÉËÁ ÔÏËÁéÎÔÅÇÒÁÌØÎÏÅ ÕÒÁ×ÎÅÎÉÅ (7) ÄÏ�ÕÓËÁÅÔ ÔÏÞÎÏÅ ÒÅÛÅÎÉÅ ÌÉÛØ ÄÌÑ �ÒÏÓÔÅÊÛÉÈ ÓÌÕÞÁÅ×, ËÏ-ÇÄÁ ÇÒÁÎÉ�Á ÔÅÌÁ ÉÍÅÅÔ �ÒÏÓÔÕÀ ÇÅÏÍÅÔÒÉÞÅÓËÕÀ ÆÏÒÍÕ (ËÒÕÇÏ×ÏÊ ÂÅÓËÏÎÅÞÎÙÊ �ÉÌÉÎÄÒ,ÛÁÒ É Ô.Ä.), �ÏÜÔÏÍÕ ÏÓÏÂÕÀ ×ÁÖÎÏÓÔØ �ÒÉÏÂÒÅÔÁÀÔ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÅ ÍÅÔÏÄÙ ÄÌÑ ×ÙÞÉ-ÓÌÅÎÉÑ ÔÏËÁ. ÷ÏÚÍÏÖÎÏ �ÏÌÕÞÅÎÉÅ ÁÓÉÍÔÏÔÉËÉ × ÓÌÕÞÁÅ, ËÏÇÄÁ ÒÁÚÍÅÒÙ ÔÅÌÁ ÍÁÌÙ (ÄÌÉÎÎÏ-×ÏÌÎÏ×ÁÑ ÁÓÉÍ�ÔÏÔÉËÁ)ÉÌÉ ×ÅÌÉËÉ (ËÏÒÏÔËÏ×ÏÌÎÏ×ÁÑ ÁÓÉÍ�ÔÏÔÉËÁ) �Ï ÓÒÁ×ÎÅÎÉÀ Ó ÄÌÉÎÏÊ×ÏÌÎÙ �ÁÄÁÀÝÅÇÏ �ÏÌÑ . ÷ÏÚÍÏÖÅÎ ÅÝ£ ÔÒÅÔÉÊ ÓÌÕÞÁÊ, ËÏÇÄÁ ÁÓÉÍÔÏÔÉËÁ ÍÏÖÅÔ ÂÙÔØ�ÏÌÕÞÅÎÁ × Ñ×ÎÏÍ ×ÉÄÅ, Á ÉÍÅÎÎÏ ÓÌÕÞÁÊ, ËÏÇÄÁ ×Ù�ÏÌÎÑÀÔÓÑ ÕÓÌÏ×ÉÑ(4,5).÷ÒÁÂÏÔÅ ÒÁÓÓÍÁ-ÔÒÉ×ÁÅÔÓÑ ÉÍÅÎÎÏ ÜÔÏÔ ÓÌÕÞÁÊ.éÔÁË, ÓÞÉÔÁÅÍ, ÞÔÏ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ (4,5). âÕÄÅÍ ÔÁËÖÅ3







�ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ �Ï×ÅÒÈÎÏÓÔØ ÔÅÌÁ Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÏÊ (�ÒÏÉÚ×ÏÄÎÙÅ ÏÇÒÁÎÉÞÅÎÙ É ÉÚÍÅ-ÎÀÔÓÑ ÎÅ ÓÌÉÛËÏÍ ÂÙÓÔÒÏ)�Ï×ÅÒÈÎÏÓÔØÀ ×ÒÁÝÅÎÉÑ.òÁÚÏÂßÅÍ ÉÎÔÅÇÒÁÌ × (7) ÎÁ ÔÒÉ ÓÌÁÇÁÅÍÙÈ × ÓÏÏÔ×ÅÔÓÔ×ÉÉ Ó ÆÏÒÍÕÌÏÊ:exp (ikR)R = 1R + i sin(kR)R − 1− os(kR)R (8)�ÏÇÄÁ ÉÎÔÅÇÒÁÌØÎÏÅ ÕÒÁ×ÎÅÎÉÅ (7) ÚÁ�ÉÛÅÔÓÑ × ÓÌÅÄÕÀÝÅÍ ×ÉÄÅ:uin(x) = [∫S 1R	(x′)dS + i ∫S sin (kR)R 	(x′)dS −
∫S 1− os(kR)R 	(x′)dS℄ (9)÷×ÅÄÅÍ ÄÅËÁÒÔÏ×Ù ËÏÏÒÄÉÎÁÔÙ ÔÁË,ÞÔÏÂÙ ÏÓØ z ÂÙÌÁ ÎÁ�ÒÁ×ÌÅÎÁ ×ÄÏÌØ ÏÓÉ ×ÒÁÝÅÎÉÑ, ÁÏÓÉ x É y ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ �Ï�ÅÒÅË. �ÏÇÄÁ ÎÁ ÇÒÁÎÉ�Å S ÂÕÄÕÔ ×Ù�ÏÌÎÑÔØÓÑ ÕÓÌÏ×ÉÑ:


| z |< a; | x |< d | y |< déÍÅÅÍ: uin(x) = exp (ikx) = exp (ik3z)[1 +O(kd)℄ (10)÷×ÅÄÅÍ Ä×Á ËÏÜÆÆÉ�ÉÅÎÔÁ ÄÌÑ �ÒÏÄÏÌØÎÏÇÏ É �Ï�ÅÒÅÞÎÏÇÏ ÍÁÓÛÔÁÂÏ×:M = ka; " = kd (11)÷ ÄÁÌØÎÅÊÛÅÍ ÂÕÄÅÔ �ÏËÁÚÁÎÏ, ÞÔÏ �ÅÒ×ÙÊ ÞÌÅÎ × �ÒÁ×ÏÊ ÞÁÓÔÉ ÉÎÔÅÇÒÁÌØÎÏÇÏ ÕÒÁ×ÎÅÎÉÑ(9) Ñ×ÌÑÅÔÓÑ ÏÓÎÏ×ÎÙÍ É ÄÁÅÔ ÇÌÁ×ÎÙÊ ÞÌÅÎ × ÁÓÉÍ�ÔÏÔÉËÅ ÔÏËÁ.òÁÓÓÍÏÔÒÉÍ ÉÎÔÅÇÒÁÌØÎÏÅ ÕÒÁ×ÎÅÎÉÅ:exp (ik3z) =  ∫S 1R	(x′)dS (12)ïÞÅ×ÉÄÎÏ, ÞÔÏ ÆÕÎË�ÉÑ 	() Ñ×ÌÑÅÔÓÑ �ÒÏÉÚ×ÏÄÎÏÊ �Ï ÎÏÒÍÁÌÉ ÎÁ ÇÒÁÎÉ�Å ÒÅÛÅÎÉÑ ÚÁ-ÄÁÞÉ äÉÒÉÈÌÅ ÄÌÑ ÕÒÁ×ÎÅÎÉÑ ìÁ�ÌÁÓÁ:�u = 0 in R3=
 (13)u = 0 on S (14)ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÔÏÞËÁ ÎÁÂÌÀÄÅÎÉÑ ÎÁÈÏÄÉÔÓÑ ÎÅ ÓÌÉÛËÏÍ ÂÌÉÚËÏ Ë ×ÅÒÛÉÎÁÍ ÔÅÌÁ:k(a− | z |) ≫ kd (15)ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ S0(z) ÂÅÓËÏÎÅÞÎÙÊ �ÉÌÉÎÄÒ Ó ÓÅÞÅÎÉÅÍ ÒÁ×ÎÙÍ ÓÅÞÅÎÉÀ ÇÒÁÎÉ�Ù ×ÔÏÞËÅ z. òÁÓÓÍÏÔÒÉÍ ÉÎÔÅÇÒÁÌØÎÏÅ ÕÒÁ×ÎÅÎÉÅ:exp (ik3z) =  ∫S0(z) 1R	0(x′)dS (16)�ÏË 	0 ÅÓÔØ �ÒÏÉÚ×ÏÄÎÁÑ �Ï ÎÏÒÍÁÌÉ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ (13,14) Ó ÇÒÁÎÉ�ÅÊ S0(z). åÇÏ ÍÙ�ÏÌÕÞÉÍ, ËÁË �ÒÅÄÅÌ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ äÉÒÉÈÌÅ ÄÌÑ ÕÒÁ×ÎÅÎÉÑ çÅÌØÍÇÏÌØ�Á �ÒÉ k�→ 0. üÔÏÒÅÛÅÎÉÅ ÉÚ×ÅÓÔÎÏ:.u(r; ') = ek3z ∞
∑m=0[Jm(k′r) − Jm(k′�)H(1)m (k′�)H(1)m (k′r)℄ os(m') (17)4







ÇÄÅ k′ - �Ï�ÅÒÅÞÎÏÅ ×ÏÌÎÏ×ÏÅ ÞÉÓÌÏ k′ = √k2 − k23 .ïÞÅ×ÉÄÎÏ, ÞÔÏ × ÇÌÁ×ÎÏÍ �ÒÉÂÌÉÖÅÎÉÉ ÒÅÛÅÎÉÅ ÎÅ ÂÕÄÅÔ ÚÁ×ÉÓÉÔØ ÏÔ ', Ô.Å ÎÁÍ �ÏÎÁ-ÄÏÂÉÔÓÑ ÔÏÌØËÏ ÓÌÁÇÁÅÍÏÅ �ÒÉ m = 0. ðÒÉ | x |≪ 1 ÉÍÅÅÍ:J0(x) = 1 +O(x)H(1)0 (x)) ∼ 2i� ln(x2 )�ÏÇÄÁ ÉÚ (17) �ÏÌÕÞÉÍ: u(r; ') ∼ eik3z[1− ln(k′r)ln(k′�) ℄ïÔÓÀÄÁ ÄÌÑ ÔÏËÁ × ÇÌÁ×ÎÏÍ �ÒÉÂÌÉÖÅÎÉÉ �ÏÌÕÞÁÅÍ ÆÏÒÍÕÌÕ:	0(s) = [�u�r ℄r=� ∼ eik3z 1� ln(k′�) (18)ïÞÅ×ÉÄÎÏ, ÞÔÏ �ÒÉ ×Ù�ÏÌÎÅÎÉÉ ÕÓÌÏ×ÉÊ (4,5)É (15) ÒÅÛÅÎÉÅ ÉÎÔÅÇÒÁÌØÎÏÇÏ ÕÒÁ×ÎÅÎÉÑ(12) × ÇÌÁ×ÎÏÍ �ÒÉÂÌÉÖÅÎÉÉ ÂÕÄÅÔ ÓÏ×�ÁÄÁÔØ Ó ÒÅÛÅÎÉÅÍ ÕÒÁ×ÎÅÎÉÑ (16).2 ÷ ÓÌÕÞÁÅ, ËÏÇÄÁ ÔÏÞËÁ ÎÁÂÌÀÄÅÎÉÑ �ÒÉÂÌÉÖÁÅÔÓÑ Ë ÏÄÎÏÊ ÉÚ ×ÅÒÛÉÎ ÔÅÌÁ ÆÏÒÍÕÌÁ (18)ÄÌÑ ÔÏËÁ �ÅÒÅÓÔÁÅÔ ×Ù�ÏÌÎÑÔØÓÑ. òÁÓÓÍÏÔÒÉÍ ÜÔÏÔ ÓÌÕÞÁÊ ÏÔÄÅÌØÎÏ. áÓÉÍ�ÔÏÔÉËÁ ÔÏËÁÍÏÖÅÔ ÂÙÔØ �ÏÕÞÅÎÁ, ËÁË �ÒÅÄÅÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÚÁÄÁÞÉ ÄÉÆÒÉË�ÉÉ ÎÁ �ÁÒÁÂÏÌÏÉÄÅ×ÒÁÝÅÎÉÑ, ËÏÇÄÁ ka → ∞ É ÔÏÞËÁ ÎÁÂÌÀÄÅÎÉÑ ÂÌÉÚËÁ Ë ×ÅÒÛÉÎÅ (0; 0;−a). ðÕÓÔØ ÉÍÅÅÔÓÑ�ÁÒÁÂÏÌÏÉÄ, ÚÁÄÁÎÎÙÊ ÕÒÁ×ÎÅÎÉÅÍ:x2 + y2 − 2bz − b2 = 0ÚÄÅÓØ É ÄÁÌÅÅ ÂÕÄÅÍ �ÉÓÁÔØ z ×ÍÅÓÔÏ z+ a− b. ÷×ÅÄÅÍ ÒÁÓÔÑÎÕÔÙÅ �ÁÒÁÂÏÌÉÞÅÓËÉÅ ËÏÏÒÄÉ-ÎÁÔÙ (u; v; '). äÅËÁÒÔÏ×Ù ËÏÏÒÄÉÎÁÔÙ ×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ ÎÉÈ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:x = 1k√uv os('); y = 1k√uv sin('); z = 1k (u− v) (19)ïÂÌÁÓÔØ, × ËÏÔÏÒÏÊ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÚÁÄÁÞÁ Ï�ÒÅÄÅÌÑÅÔÓÑ ÕÓÌÏ×ÉÑÍÉv > v0 = kb; 0 < u <∞éÚ×ÅÓÔÎÏ , ÞÔÏ ÚÁÄÁÞÁ äÉÒÉÈÌÅ ÄÌÑ ÕÒÁ×ÎÅÎÉÑ çÅÌØÍÇÏÌØ�Á ÎÁ �ÁÒÁÂÏÌÏÉÄÅ ÄÏ�ÕÓËÁÅÔÒÁÚÄÅÌÅÎÉÑ �ÅÒÅÍÅÎÎÙÈ É ÍÏÖÅÔ ÂÙÔØ �ÏÌÕÞÅÎÏ ÔÏÞÎÏÅ ÒÅÛÅÎÉÅ × ×ÉÄÅ ËÒÁÔÎÙÈ ÒÑÄÏ× ÉÌÉÉÎÔÅÇÒÁÌÏ× ÏÔ ÎÅËÏÔÏÒÙÈ Ó�Å�ÉÁÌØÎÙÈ ÆÕÎË�ÉÊ, �Ï×ÅÄÅÎÉÅ ËÏÔÏÒÙÈ ÉÚÕÞÁÌÏÓØ × ÌÉÔÅÒÁ-ÔÕÒÅ. ÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÎÅËÏÔÏÒÙÍÉ ÆÏÒÍÕÌÁÍÉ. ðÕÓÔØ:û = U(u)V (v)eis' (20)æÕÎË�ÉÉ U; V Ñ×ÌÑÀÔÓÑ ÒÅÛÅÎÉÑÍÉ ÓÌÅÄÕÀÝÉÈ ÏÂÙËÎÏ×ÅÎÎÙÈ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÈ ÕÒÁ×-ÎÅÎÉÊ: ud2Udu2 + dUdu − (u4 − s24u + t2)U = 0 (21)v d2Vdv2 + dVdv − (v4 − s24v − t2)V = 0 (22)ÇÄÅ t �ÁÒÁÍÅÔÒ ÒÁÚÄÅÌÅÎÉÑ. 5







äÌÑ ÔÏÇÏ ÞÔÏÂÙ �ÏÓÔÒÏÉÔØ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ (1-3)× �ÁÒÁÂÏÌÉÞÅÓËÉÈ ËÏÏÒÄÉÎÁÔÁÈ ÓÌÅÄÕÅÔÓÎÁÞÁÌÁ �ÒÅÄÓÔÁ×ÉÔØ �ÁÄÁÀÝÅÅ �ÏÌÅ × ×ÉÄÅ ÒÁÚÌÏÖÅÎÉÑ �Ï ÆÕÎË�ÉÑÍ, �ÒÅÄÓÔÁ×ÌÑÀÝÉÍÒÅÛÅÎÉÑ ÕÒÁ×ÎÅÎÉÊ (21,22). íÙ ÒÁÓÓÍÁÔÒÉ×ÁÅÍ ÓÌÕÞÁÊ, ËÏÇÄÁ �ÁÄÁÀÝÅÅ �ÏÌÅ Ñ×ÌÑÅÔÓÑ�ÌÏÓËÏÊ ×ÏÌÎÏÊ: uin = eik(xsinÆ+z os Æ) = e 12 (u−v) os Æ+√uv sin Æ os' (23)÷ [1℄ �ÒÉ×ÏÄÉÔÓÑ ÜÔÏ ÒÁÚÌÏÖÅÎÉÅ:uin = 12� sin Æ ∫ ∞


−∞


[ (u; 0; t) (v; 0;−t) + 2 ∞
∑s=1 is (u; s; t) (v; s;−t)os(s')℄(tg Æ2)itdt (24)ÇÄÅ ÆÕÎË�ÉÑ  (u; s; t) ÒÅÛÅÎÉÅ ÕÒÁ×ÎÅÎÉÑ (21) ËÏÎÅÞÎÏÅ �ÒÉ u = 0 (u; s; t) = �(s+ 1 + it2 )�(u; s; t) (25)�(u; s; t) = u s2 e−iu2�( sÉ2 )�( s+1−it2 ) ∫ 10 eiuzz s−1+it2 (1− z) s−1−it2 dz (26)òÅÛÅÎÉÅ ÚÁÄÁÞÉ äÉÒÉÈÌÅ ÄÌÑ �ÁÒÁÂÏÌÏÉÄÁ ×ÒÁÝÅÎÉÑ ×ÙÇÌÑÄÉÔ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:û(u; v; ') = 12� sin Æ ∫ ∞


−∞


∞
∑s=0 s (u; s; t)[ (v; s;−t)−  (v0; s;−t)�1(v0; s;−t)�1(v; s;−t)℄os(s')(tg Æ2)it℄dt(27)ÇÄÅ s = 1 ÄÌÑ s = 0 É s = 2 ÄÌÑ s > 0,ÆÕÎË�ÉÑ �1(u; s; t) ÅÓÔØ ÒÅÛÅÎÉÅ ÕÒÁ×ÎÅÎÉÑ (21), ÉÍÅÀÝÅÅ �ÒÉ ÂÏÌØÛÉÈ u ÍÎÏÖÉÔÅÌØexp(iu=2), ÜÔÏ ÒÅÛÅÎÉÅ ÍÏÖÅÔ ÂÙÔØ ×ÙÒÁÖÅÎÏ ÞÅÒÅÚ ÒÅÛÅÎÉÅ �(u; s; t) ÕÒÁ×ÎÅÎÉÑ (21), ÒÅÇÕ-ÌÑÒÎÏÅ �ÒÉ u = 0�1(u; s; t) = i�sin(s�)e−t�2 [ e−i s�2�(−s+1−it2 ) �(u; s; t)− 1�( s+1−it2 )�(u;−s; t)℄ (28)îÁ�ÏÍÎÉÍ, ÞÔÏ ÍÙ ÚÁÎÉÍÁÅÍÓÑ ÎÁÈÏÖÄÅÎÉÅÍ ÁÓÉÍ�ÔÏÁÔÉËÉ ÚÁÄÁÞÉ (1-3), ËÏÇÄÁ ×Ù�ÏÌ-ÎÑÀÔÓÑ ÕÓÌÏ×ÉÑ (4,5), Ô.Å., ËÏÇÄÁ ÔÅÌÏ ÉÍÅÅÔ ÓÉÌØÎÏ ×ÙÔÑÎÕÔÕÀ ÆÏÒÍÕ. íÙ ÈÏÔÉÍ ÎÁÊÔÉÔÏË ÎÁ ÇÒÁÎÉ�Å ×ÂÌÉÚÉ ×ÅÒÛÉÎÙ ÔÅÌÁ É ÄÌÑ ÜÔÏÊ �ÅÌÉ ÍÙ ÒÁÓÓÍÁÔÒÉ×ÁÅÍ ÚÁÄÁÞÕ ÄÉÆÒÁË-�ÉÉ ÎÁ �ÁÒÁÂÏÌÏÉÄÅ ×ÒÁÝÅÎÉÑ ËÁË ÍÏÄÅÌØÎÕÀ. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ �ÏÎÑÔØ ÈÁÒÁËÔÅÒ �Ï×ÅÄÅÎÉÑÔÏËÁ ×ÂÌÉÚ ×ÅÒÛÉÎÙ, ÎÁÍ ÎÁÄÏ ÉÚÕÞÉÔØ ÒÅÛÅÎÉÅ (28) �ÒÉ ÍÁÌÙÈ u . òÁÚÌÁÇÁÑ ÜËÓ�ÏÎÅÎÔÕ×(26) × ÒÑÄ �Ï ÓÔÅ�ÅÎÑÍ , �ÏÌÞÉÍ ÓÌÅÄÕÀÝÅÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ ÆÕÎË�ÉÉ �()�(u; s; t) = e−iu2 u s2 1�(s+ 1)F (s+ 1 + it2 ; s+ 1; iu); (29)ÇÄÅ F () - ×ÙÒÏÖÄÅÎÎÁÑ ÇÉ�ÅÒÇÅÏÍÅÔÒÉÞÅÓËÁÑ ÆÕÎË�ÉÑF (�; ; x) = 1 + � x1 + �(�+ 1)( + 1) x21 · 2 + :::; (30)ðÏÌÕÞÉÍ Ï�ÅÎËÕ ÄÌÑ ÆÕÎË�ÉÉ  (u; s; t) �ÒÉ ÍÁÌÙÈ u. úÁÍÅÔÉÍ, ÞÔÏ × �ÅÒ×ÏÍ �ÒÉÂÌÉÖÎÉÉÔÏË ÎÅ ÂÕÄÅÔ ÚÁ×ÉÓÅÔØ ÏÔ ' É ÓÌÅÄÏ×ÁÔÅÌØÎÏ ÍÏÖÎÏ ÏÇÒÁÎÉÞÉÔØÓÑ �ÅÒ×ÙÍ ÞÌÅÎÏÍ × (27) �ÒÉs = 0. éÚ (25) É (26 ) �ÏÌÕÞÁÅÍ ÓÄÕÄÕÀÝÕÀ Ï�ÅÎËÕ ÄÌÑ ÆÕÎË�ÉÉ  (u; 0; t) (u; 0; t) = e−iu2�( 1+it2 ) [1 + 1 + it2 iu+O((tu)2)℄ (31)6







þÔÏÂÙ �ÏÌÕÞÉÔØ Ï�ÅÎËÕ ÄÌÑ ÆÕÎË�ÉÉ�1(u; s; t) �ÒÉ ÍÁÌÙÈ u ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÆÏÒÍÕÌÏÊ(28). ëÏÇÄÁ s → 0 ×ÏÚÎÉËÁÅÔ ÎÅÏ�ÒÅÄÅÌÅÎÎÏÓÔØ ÔÉ�Á 0=0. òÁÚÌÏÖÉÍ ÆÕÎË�ÉÉ, ×ÈÏÄÑÝÉÉ ×(28)× ÒÑÄ �Ï ÓÔÅ�ÅÎÑÍ s Ó ÓÏÈÒÁÎÅÎÉÅÍ Ä×ÕÈ �ÅÒ×ÙÈ ÞÌÅÎÏ×. äÌÑ ÆÕÎË�ÉÉ �(u; 0; t) ÉÚ (26)�ÏÌÕÞÁÅÍ: �(u; s; t) = e−iu2 u s2 1�(s+ 1) [1 + s+ 1 + it2(s+ 1) iu+O((tu)2)℄ (32)éÍÅÅÍ: �(x + s) = �(x) + 	(x)s+O(s2) (33)ÇÄÅ 	() - �ÓÉ-ÆÕÎË�ÉÑ üÊÌÅÒÁ (	(1) = −C �ÏÓÔÏÑÎÎÁÑ üÊÌÅÒÁ) �ÏÇÄÁ ÉÚ (28) É (32) �ÏÌÕÞÁÅÍ:�1(u; s; t) = [ln(u2 )− C + tu2 ℄ (u; 0; t)	(1 + it2 ) +O(s) (34)îÁÍ ÎÕÖÎÏ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÔÏËÁ ÎÁ ÇÒÁÎÉ�Å.éÚ (27) ÎÁÈÏÄÉÍ:	0(u; v) = [�û�v ℄v=v0 ∼ 12� sin Æ ∫ ∞


−∞


 (u; 0; t)�1(v0; 0;−t)W ( ; �1)v=v0(tg Æ2)it℄dt (35)ÇÄÅ W ( ; �1) = ��v (v; 0; t)�1(v; 0;−t)−  (v; 0; t) ��v �1(v; 0; t) (36)ðÏÌÕÞÉÍ Ï�ÅÎËÕ ÄÌÑ ÷ÒÏÎÓËÉÁÎÁ ÆÕÎË�ÉÊ  (); �1(), ÄÌÑ ÜÔÏÇÏ ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÁÓÉÍ�ÔÏ-ÔÉÞÅÓËÉÍÉ ÆÏÒÍÕÌÁÍÉ, Ó�ÒÁ×ÅÄÌÉ×ÙÍÉ ÄÌÑ ÂÏÌØÛÉÈ t (u; 0; t) ∼ �(1 + it2 )J0(√2ut); (37)�1(u; 0; t) ∼ �e−t�2�( 1−it2 )H(1)0 (√2ut); (38)õÞÉÔÙ×ÁÑ (31) É (34), Á ÔÁËÖÅ,ÞÔÏddzJ0(z) = −J1(z) (39)ddzH(1)0 (z) = −H(1)1 (z) (40)J0(z)H(1)1 (z)− J1(z)H(1)0 (z) = − 2i�z (41)�(12 + iz)�(12 − iz) = �osh�z (42)ÄÌÑ ÷ÒÏÎÓËÉÁÎÁ �ÏÌÕÞÉÍ ÓÌÅÄÕÀÝÕÀ Ï�ÅÎËÕ:W ( ; �1) ∼ �2(1 + it2 )[J ′0(√2tv)H(1)0 (√2tv)−J0(√2tv)H(1)′0 (√2tv)℄√ t2v = �2(1 + it2 )√t�v (43)÷ÉÄÎÏ, ÞÔÏ ÉÎÔÅÇÒÁÌ (35) ÂÙÓÔÒÏ ÓÈÏÄÉÔÓÑ, �ÏÓËÏÌØËÕ �ÏÄÙÎÔÅÇÒÁÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ ÜËÓ�Ï-ÎÅÎ�ÉÁÌØÎÏ ÕÂÙ×ÁÅÔ �ÒÉ t→ ∞. 7







�ÏÇÄÁ, ÕÞÉÔÙ×ÁÑ (31) É (34) �ÒÉ ÍÁÌÙÈ u �ÏÌÕÞÉÍ ÓÌÅÄÕÀÝÕÀ Ï�ÅÎËÕ ÄÌÑ ÔÏËÁ ÎÁ ÇÒÁ-ÎÉ�Å: 	0(u) ∼ eik3z kv ln(kv) (44)ÇÄÅ v = v0 = kb -�ÒÉ×ÅÄÅÎÎÏÅ ÆÏËÕÓÎÏÅ ÒÁÓÓÔÏÑÎÉÅ �ÁÒÁÂÏÌÏÉÄÁ, - �ÏÓÔÏÑÎÎÁÑ.3.ðÏËÁÖÅÍ, ÞÔÏ ×ÔÏÒÏÊ É ÔÒÅÔÉÊ ÞÌÅÎÙ × (9) ÄÁÀÔ �Ï�ÒÁ×ËÉ Ë ÇÌÁ×ÎÏÍÕ ÚÎÁÞÅÎÉÀ ÄÌÑÔÏËÁ, Ï�ÒÅÄÅÌÑÅÍÏÍÕ ÆÏÒÍÕÌÁÍÉ (18)É (44). óÎÁÞÁÌÁ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÔÏÞËÁ ÎÁÂÌÀÄÅÎÉÑÎÅ ÂÌÉÚËÁ Ë ×ÅÒÛÉÎÁÍ ÔÅÌÁ, ÔÏÇÄÁ, �ÏÄÓÔÁ×ÌÑÑ ×ÙÒÁÖÅÎÉÅ (18) × (9), �ÏÌÕÞÉÍ:
∫S sin (kR)R 	0(x′)dS = 2�ln � ∫ a


−a eik3z′ sin (k | z − z′ |)
| z − z′ | dz′ = 1ln(k�) (45)òÁÓÓÍÏÔÒÉÍ ÔÒÅÔÉÊ ÉÎÔÅÇÒÁÌ Á (9):


∫S 1− os(kR)R 	0(x′)dS 2�ln � ∼
∫ a
−a eik3z′ 1− os (k | z − z′ |)


| z − z′ | dz′ = 2ln(k�) (46)áÎÁÌÏÇÉÞÎÙÅ Ï�ÅÎËÉ ÍÏÖÎÏ �ÏÌÕÞÉÔØ É ÄÌÑ ÓÌÕÞÁÑ, ËÏÇÄÁ ÔÏÞËÁ ÎÁÂÌÀÄÅÎÉÑ �ÒÉÂÌÉÖÁ-ÅÔÓÑ Ë ×ÅÒÛÉÎÅ ÔÅÌÁ. �ÁËÉÍ ÏÂÒÁÚÏÍ ÍÙ ×ÉÄÉÍ, ÞÔÏ ×ÔÏÒÏÊ É ÔÒÅÔÉÊ ÞÌÅÎÙ × (9) ÂÕÄÕÔ�Ï�ÒÁ×ÏÞÎÙÍÉ.3 äÉÁÇÒÁÍÍÁ Î�ÒÁ×ÌÅÎÎÏÓÔÉúÎÁÑ ÁÓÉÍ�ÔÏÔÉËÕ ÔÏËÁ, ÍÏÖÎÏ ÎÁÊÔÉ ÁÓÉÍ�ÔÏÔÉËÕ ÄÉÁÇÒÁÍÍÙ ÎÁ�ÒÁÌÅÎÎÏÓÔÉ. ëÁË É�ÒÅÖÄÅ ×ÏÚØÍÅÍ ÄÅËÁÒÔÏ×Õ ÓÉÓÔÅÍÕ ËÏÏÒÄÉÎÁÔ Ó ×ÅÒÛÉÎÏÊ × ÏÂÌÁÓÔÉ 
,ÔÁË ÞÔÏ ÎÁ ÇÒÁÎÉ�Å×Ù�ÏÌÎÑÀÔÓÑ ÕÓÌÏ×ÉÑ
| z |< a; | x |< �; | y |< �÷ÏÚØÍÅÍ ÔÏÞËÕ ÎÁÂÌÀÄÅÎÉÑ ÄÏÓÔÁÔÏÞÎÏ ÄÁÌÅËÏ ÏÔ ÔÅÌÁ 
x0 = (x0; y0; z0)÷ÔÏÒÕÀ ÔÏÞËÕ x ×ÏÚØÍÅÍ ÎÁ ÇÒÁÎÉ�Å ÔÅÌÁ. òÁÓÓÔÏÑÎÉÅ ÍÅÖÄÕ ÔÏÞËÁÍÉ ÂÕÄÅÔ ÒÁ×ÎÏ:R =| x− x0 |= √(x− x0)2 + (y − y0)2 + (z − z0)2õÞÉÔÙ×ÁÑ ÕÓÌÏ×ÉÑ (4,5), ÄÌÑ �ÒÉ×ÅÄÅÎÎÏÇÏ ÒÁÓÓÔÏÑÎÉÑ kR �ÒÉ kR ≫ 1 �ÏÌÕÞÉÍ ÒÁÚÌÏÖÅÎÉÅ:kR = kR0 + kz os  + kx os�+ ky os� + kz22R0 + ::: (47)ÇÄÅ �; �;  ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ ÕÇÌÙ ÍÅÖÄÕ ÎÁ�ÒÁ×ÌÅÎÉÅÍ �ÁÄÁÀÝÅÇÏ �ÏÌÑ É ÏÓÑÍÉ x; y; zòÁÓÓÅÑÎÎÏÅ �ÏÌÅ ×ÎÅ ÔÅÌÁ 
 �ÒÉ kR ≫ 1 Ï�ÒÅÄÅÌÑÅÔÓÑ ÄÉÁÇÒÁÍÍÏÊ ÎÁ�ÒÁ×ÌÅÎÎÏÓÔÉA(�; '). us = u− uin ∼ eikR0R0 A(�; ') (48)úÁÍÅÎÑÑ kR ÎÁ ×ÙÒÁÖÅÎÉÅ (47) É ÕÞÉÔÙ×ÁÑ (6), �ÏÌÕÞÉÍ:A(�; ') = ∫S eikz′	(xdS (49)8







÷ �ÒÅÄÙÄÕÝÅÊ ÇÌÁ×Å ÂÙÌÏ �ÏËÁÚÁÎÏ, ÞÔÏ ÔÏË ÄÌÑ ÚÁÄÁÞÉ (1-3) × ÇÌÁ×ÎÏÍ �ÒÉÂÌÉÖÅÎÉÉÓÏ×�ÁÄÁÅÔ Ó ÔÏËÏÍ ÄÌÑ ÚÁÄÁÞÉ (13,14)A() = ∫S eikz′ os 	0(x′)dS (50)ÇÄÅ ÆÕÎË�ÉÑ 	0() Ï�ÒÅÄÅÌÑÅÔÓÑ ÆÏÒÍÕÌÏÊ (18) ×ÎÅ ÏËÒÅÓÔÎÏÓÔÉ ×ÅÒÛÉÎ É ÆÏÒÍÕÌÏÊ (44) ×ÏËÒÅÓÔÎÏÓÔÉ ×ÅÒÛÉÎ. éÍÅÅÍ: A() ∼ ∫S eikz′ (os +os Æ)F ()dS (51)çÌÁ×ÎÙÊ ×ËÌÁÄ × ÉÎÔÅÇÒÁÌ ÄÁÅÔ ÓÌÕÞÁÊ, ËÏÇÄÁ ÎÁ�ÒÁ×ÌÅÎÉÅ ÎÁÂÌÀÄÅÎÉÑ ÓÏ×�ÁÄÁÅÔ ÓÎÁ�ÒÁ×ÌÅÎÉÅÍ ÏÔÒÁÖÅÎÎÏÇÏ ÌÕÞÁ, Ô.Å. ËÏÇÄÁos  = − os Æ (52)÷ ÜÔÏÍ ÓÌÕÞÁÅ ÍÙ �ÏÌÕÞÁÅÍ : A() ∼ A0 = ∫S F ()dS (53)÷ÅÌÉÞÉÎÁ A0 Ï�ÒÅÄÅÌÑÅÔÓÑ ÇÅÏÍÅÔÒÉÅÊ ÔÅÌÁ É × ÓÌÕÞÁÅ ÇÌÁÄËÏÊ ÇÒÁÎÉ�Ù × ÇÌÁ×ÎÏÍ �ÒÉ-ÂÌÉÖÅÎÉÉ Ï�ÒÅÄÅÌÑÅÔÓÑ ÆÏÒÍÕÌÏÊ:A0 ∼
∫ a
−a ln−1(k�(z))dz (54)ÇÄÅ �(z) ÒÁÄÉÕÓ ËÒÉ×ÉÚÎÙ �Ï�ÅÒÅÞÎÏÇÏ ÓÅÞÅÎÉÑ ÇÒÁÎÉ�Ù × ÔÏÞËÅ (0; 0; z)îÁÊÄÅÍ ËÒÁÅ×ÕÀ ×ÏÌÎÕ, ÎÁ�ÒÉÍÅÒ ÏÔ ×ÅÒÛÉÎÙ (0; 0;−a)÷ �ÒÅÄÙÄÕÝÅÊ ÇÌÁ×Å ÍÙ ÒÁÓÓÍÁÔÒÉ×ÁÌÉ ×Ï�ÒÏÓ �ÏÌÕÞÅÎÉÑ ÔÏËÁ, ËÏÇÄÁ ÔÏÞËÁ �ÒÉÂÌÉ-ÖÁÅÔÓÑ Ë ×ÅÒÛÉÎÅ ÔÅÌÁ ÎÁ �ÒÉÍÅÒÅ ×ÙÒÁÖÄÁÀÝÅÇÏÓÑ �ÁÒÁÂÏÌÏÉÄÁ ×ÒÁÝÅÎÉÑ.ðÏÌÕÞÉÍ ÄÌÑÜÔÏÇÏ ÓÌÕÞÁÑ ××ÙÒÁÖÅÎÉÅ ÄÌÑ ËÒÁÅ×ÏÊ ×ÏÌÎÙ. äÌÑ ÜÔÏÇÏ ×ÏÓ�ÏÌØÚÕÅÍÓÑ �ÁÒÁÂÏÌÉÞÅÓËÉÍÉËÏÏÒÄÉÎÁÔÁÍÉ (19). ðÏÌÕÞÉÍ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÜÌÅÍÅÎÔÁ �ÌÏÝÁÄÉ × ÜÔÉÈ ËÏÏÒÄÉÎÁÔÁÈ:dS = √EG− F 2 (55)ÇÄÅ E = x2u + y2u + z2u = 14(vu + 1) (56)G = x2' + y2' + z2' = uvk2 (57)F = xux' + yuy' + zuz' = 0 (58)�ÏÇÄÁ ÉÚ (49), ÕÞÉÔÙ×ÁÑ (18,44) É (56,57), �ÏÌÕÞÉÍ:A() ∼ I1 + I2 (59)I1 = e− 12 iv os Æ2kv ln(v) ∫S1 e 12 iu(os +os Æ)√(vu + 1)uvdud' (60)I2 = ∫S2 eiz(os +os Æ)	0()dS (61)9







ÇÄÅ S1 ÞÁÓÔØ �Ï×ÅÒÈÎÏÓÔÉ ÎÁ ËÏÔÏÒÏÊ ×Ù�ÏÌÎÑÅÔÓÑ ÕÓÌÏ×ÉÅ u ≪ 1, S2 -ÏÓÔÁÌØÎÁÑ ÞÁÓÔØÇÒÁÎÉ�Ù. úÁÍÅÔÉÍ, ÞÔÏ ÚÄÅÓØ É ÄÁÌÅÅ v = v0 = kb ÇÄÅ b ÆÏËÕÓÎÏÅ ÒÁÓÓÔÏÑÎÉÅ �ÁÒÁÂÏÌÏÉÄÁÉ ××ÉÄÕ (5) ×Ù�ÏÌÎÑÅÔÓÑ ÕÓÌÏ×ÉÅ kb≪ 1.òÁÓÓÍÏÔÒÉÍ �ÅÒ×ÙÊ ÉÎÔÅÇÒÁÌ (60). ðÏÄÉÎÔÅÇÒÁÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ' âÅÒÑÉÎÔÅÇÒÁÌ �Ï ', �ÏÌÕÞÉÍ ÄÌÑ ÎÅÇÏ ÓÌÅÄÕÀÝÅÅ ×ÙÒÁÖÅÎÉÅ:I1 = �e− 12 iv os Æk ln(v) ∫ U0 e iu2 (os +os Æ)√1 + uvdu (62)ÇÄÅ U - ×ÅÌÉÞÉÎÁ ÕÄÏ×ÌÅÔ×ÏÑÅÔ ÕÓÌÏ×ÉÀ U ≪ 1. ïÅ×ÉÄÎÏ, ÞÔÏ ÄÌÑ ÉÎÔÅÇÒÁÌÁ I1 ÉÍÅÅÔ ÍÅÓÔÏÏ�ÅÎËÁ: I1 = O(Uk ) ≪ 1 (63)òÁÓÓÍÏÔÒÉÍ ×ÔÏÒÏÊ ÉÎÔÅÇÒÁÌ (61). ðÏÓËÏÌØËÕ ÏÂÌÁÓÔØ ÏÔÄÁÌÅÎÁ ÏÔ ×ÅÒÛÉÎÙ ÄÌÑ ÔÏËÁÍÏÖÎÏ ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ ÆÏÒÍÕÌÏÊ (18). �ÏÇÄÁ, ÕÞÉÔÙ×ÁÑ ÞÔÏ:dS ∼ �(z)d'dz (64)É ÂÅÒÑ ÉÎÔÅÇÒÁÌ �Ï ' �ÏÌÕÞÉÍ:I2 ∼ 2� ∫ 2a0 eikz(os +os Æ) 1ln k�(z)dz (65)ðÏÓËÏÌØËÕ ÉÍÅÅÔ ÍÅÓÔÏ ÕÓÌÏ×ÉÅ ka ≫ 1, ÉÎÔÅÇÒÁÌ (65) ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÓÏ×�ÁÄÁÅÔ ÓÏÓÌÅÄÕÀÝÉÍ ÉÎÔÅÇÒÁÌÏÍ: I2 ∼ 2� ∫ 2a0 e−kz(os +os Æ) 1ln(k�(z − a))dz (66)åÓÌÉ ÕÇÏÌ ÎÁÂÌÀÄÅÎÉÑ ÎÅ ÂÌÉÚÏË Ë ÎÁ�ÒÁ×ÌÅÎÉÀ ÏÔÒÁÖÅÎÎÏÇÏ ÌÕÞÁ, ÚÎÁÞÅÎÉÅ ÉÎÔÅÇÒÁÌÁÏ�ÒÅÄÅÌÑÅÔÓÑ ÓÌÅÄÕÀÝÅÊ ×ÅÌÉÞÉÎÏÊ:I2 ∼ 2�k(os  + os Æ)B1 (67)ÇÄÅ B1 = k� ∫ 2a0 e−kz� 1ln(k�(z − a))dz; (68)×ÅÌÉÞÉÎÁ, Ï�ÒÅÄÅÌÑÅÍÁÑ ÇÅÏÍÅÔÒÉÅÊ ÔÅÌÁ, � = os  + os Æ. íÏÖÎÏ �ÏËÁÚÁÔØ, ÞÔÏ ÄÌÑ ÇÌÁÄ-ËÉÈ ÔÅÌ ×ÅÌÉÞÉÎÁ B1 ÉÍÅÅÔ Ï�ÅÎËÕ B1 ≪ 1 �ÁËÉÍ ÏÂÒÁÚÏÍ ÄÉÁÇÒÁÍÍÁ ÎÁ�ÒÁ×ÌÅÎÎÏÓÔÉËÒÁÅ×ÏÊ ×ÏÌÎÙ Ï�ÒÅÄÅÌÑÅÔÓÑ ÆÏÒÍÕÌÏÊ:A1 ∼ 2�k(os  + os Æ)B1 (69)åÓÌÉ ÓÒÁ×ÎÉÔØ ÜÔÕ ×ÅÌÉÞÉÎÕ Ó ×ÅÌÉÞÉÎÏÊ ÄÉÁÇÒÁÍÍÙ ÎÁ�ÒÁ×ÌÅÎÎÏÓÔÉ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÊÏÔÒÁÖÅÎÎÏÊ ×ÏÌÎÅ (54), ÔÏ ×ÉÄÉÍ, ÞÔÏ ÏÎÁ ÂÕÄÅÔ × ka ÒÁÚ ÍÅÎØÛÅ.ó�ÉÓÏË ÌÉÔÅÒÁÔÕÒÙ1. ÷. á.æÏË, ðÒÏÂÌÅÍÙ ÄÉÆÆÒÁË�ÉÉ É ÒÁÓ�ÒÏÓÔÒÁÎÅÎÉÑ ÜÌÅËÔÒÏÍÁÇÎÉÔÎÙÈ ×ÏÌÎ. óÏ-×ÅÔÓËÏÅ ÒÁÄÉÏ. íÏÓË×Á. 1970. 10






