
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 426, 2014 Ç.÷. ç. æÁÒÁÆÏÎÏ×, î. ÷. ÷ÏÝÉÎÎÉËÏ×, å. ç. óÅÍÅÎÏ×Áîåëï�ïòùå óïï�îïûåîéñ íåöäõ÷ïìîï÷ùíé óæåòïéäáìøîùíé éóæåòéþåóëéíé æõîëãéñíé÷×ÅÄÅÎÉÅ÷ ÎÁÓÔÏÑÝÅÅ ×ÒÅÍÑ ×ÏÌÎÏ×ÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ ÞÁÓÔÏ ÉÓ-�ÏÌØÚÕÀÔÓÑ �ÒÉ ÒÅÛÅÎÉÉ �ÒÏÂÌÅÍÙ ÒÁÓÓÅÑÎÉÑ ×ÏÌÎ ÎÅÓÆÅÒÉÞÅÓËÉÍÉ,× ÏÓÏÂÅÎÎÏÓÔÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ ÞÁÓÔÉ�ÁÍÉ [1{4℄. óÌÅÄÕÅÔ ÏÔÍÅÔÉÔØ,ÞÔÏ ÓÆÅÒÏÉÄÁÌØÎÁÑ ÍÏÄÅÌØ ÎÅÓÆÅÒÉÞÅÓËÉÈ ÞÁÓÔÉ� Ñ×ÌÑÅÔÓÑ ÏÄÎÏÊ ÉÚÎÁÉÂÏÌÅÅ �ÏÄÈÏÄÑÝÉÈ �ÒÉ ÒÁÓÓÍÏÔÒÅÎÉÉ ÍÎÏÇÉÈ �ÒÉËÌÁÄÎÙÈ ×Ï�ÒÏ-ÓÏ× × ÒÁÚÎÙÈ ÏÂÌÁÓÔÑÈ { ÆÉÚÉËÅ ÁÔÍÏÓÆÅÒÙ É ÏËÅÁÎÁ, ÒÁÄÉÏÆÉÚÉËÅ,ÂÉÏÆÉÚÉËÅ, ÁÓÔÒÏÆÉÚÉËÅ É Ô.Ä. îÁÉÂÏÌÅÅ ÓÌÏÖÎÙÍÉ Ñ×ÌÑÀÔÓÑ ÚÁÄÁÞÉÒÁÓÓÅÑÎÉÑ ÎÅÏÄÎÏÒÏÄÎÙÍÉ, ÔÏÞÎÅÅ ÓÌÏÉÓÔÙÍÉ ÞÁÓÔÉ�ÁÍÉ. ÷ �ÏÓÌÅÄÎÅÍÓÌÕÞÁÅ �ÒÉÍÅÎÅÎÉÅ ÓÆÅÒÉÞÅÓËÏÇÏ ÂÁÚÉÓÁ ÄÌÑ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ ÉÍÅÅÔÓÕÝÅÓÔ×ÅÎÎÙÅ ÏÇÒÁÎÉÞÅÎÉÑ, Ó×ÑÚÁÎÎÙÅ Ó ÆÏÒÍÏÊ ÓÌÏÅ× [5℄. äÌÑ ÓÌÏÉ-ÓÔÙÈ ÓÆÅÒÏÉÄÏ× ÜÔÉ ÏÇÒÁÎÉÞÅÎÉÑ ÕËÁÚÁÎÙ × ÒÁÂÏÔÅ [6℄. ÷ ÞÁÓÔÎÏÓÔÉ,ÄÌÑ Ä×ÕÈÓÌÏÊÎÙÈ ËÏÎÆÏËÁÌØÎÙÈ (ÓÏÆÏËÕÓÎÙÈ) ÓÆÅÒÏÉÄÏ× ÍÅÔÏÄ ÒÁÓ-ÛÉÒÅÎÎÙÈ ÇÒÁÎÉÞÎÙÈ ÕÓÌÏ×ÉÊ (Extended Boundary Condition Method,EBCM) ÉÍÅÅÔ ÏÂÌÁÓÔØ �ÒÉÍÅÎÉÍÏÓÔÉ a=b < √2 + 1, ÇÄÅ a É b { ÂÏÌØ-ÛÁÑ É ÍÁÌÁÑ �ÏÌÕÏÓÉ ×ÎÅÛÎÅÊ ÏÂÏÌÏÞËÉ ÞÁÓÔÉ�Ù. ÷ ÔÏ ÖÅ ×ÒÅÍÑ ÂÁÚÉÓ,ÓÏÓÔÁ×ÌÅÎÎÙÊ ÉÚ ×ÏÌÎÏ×ÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ, ÎÁÉÂÏÌÅÅ �ÏÌÎÏÕÞÉÔÙ×ÁÅÔ ÆÏÒÍÕ ÒÁÓÓÅÉ×ÁÔÅÌÅÊ. ÷ ÓÌÕÞÁÅ ËÏÎÆÏËÁÌØÎÙÈ ÓÌÏÉÓÔÙÈÓÆÅÒÏÉÄÏ× ÉÓ�ÏÌØÚÏ×ÁÎÉÅ ÓÆÅÒÏÉÄÁÌØÎÏÇÏ ÂÁÚÉÓÁ ÄÁÅÔ ÈÏÒÏÛÉÅ ÒÅ-ÚÕÌØÔÁÔÙ ÄÌÑ Ä×ÕÈÓÌÏÊÎÙÈ É ÍÎÏÇÏÓÌÏÊÎÙÈ ÞÁÓÔÉ� ËÁË �ÒÉ �ÒÉÍÅ-ÎÅÎÉÉ ÏÂÏÂÝÅÎÎÏÇÏ ÍÅÔÏÄÁ ÒÁÚÄÅÌÅÎÉÑ �ÅÒÅÍÅÎÎÙÈ [7{10℄, ÔÁË É �ÒÉ�ÒÉÍÅÎÅÎÉÉ å÷óí [11℄. äÌÑ ÎÅËÏÎÆÏËÁÌØÎÙÈ (ÎÅÓÏÆÏËÕÓÎÙÈ) ÓÌÏÉ-ÓÔÙÈ ÓÆÅÒÏÉÄÏ× �ÒÉÍÅÎÅÎÉÅ ÓÆÅÒÏÉÄÁÌØÎÏÇÏ ÂÁÚÉÓÁ ÄÌÑ ÞÉÓÌÅÎÎÙÈÒÁÓÞÅÔÏ× [12℄ ÂÙÌÏ �ÒÉÎ�É�ÉÁÌØÎÏ ÚÁÔÒÕÄÎÅÎÏ ÏÔÓÕÔÓÔ×ÉÅÍ �ÏÄÈÏÄÑ-ÝÉÈ ÓÏÏÔÎÏÛÅÎÉÊ, Ó×ÑÚÙ×ÁÀÝÉÈ ×ÏÌÎÏ×ÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ ×ÒÁÚÎÙÈ ÓÉÓÔÅÍÁÈ ËÏÏÒÄÉÎÁÔ.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ, ÒÁÓÓÅÑÎÉÅ Ó×ÅÔÁ, ÍÎÏÇÏÓÌÏÊÎÙÅ ÎÅ-ÓÏÆÏËÕÓÎÙÅ ÓÆÅÒÏÉÄÙ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ ÆÉÎÁÎÓÏ×ÏÊ �ÏÄÄÅÒÖËÅ íÉÎÏÂÒÎÁÕËÉ òæ × ÒÁÍËÁÈ ËÏÎ-ËÕÒÓÎÏÊ ÞÁÓÔÉ ÇÏÓÚÁÄÁÎÉÑ çõáð × 2014-16 ÇÇ. É ÇÒÁÎÔÁ òææé 13-02-00138.203



204 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷á÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ÒÁÓÓÍÁÔÒÉ×ÁÀÔÓÑ ÎÏ×ÙÅ ÓÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ ×ÏÌ-ÎÏ×ÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ É ÓÆÅÒÉÞÅÓËÉÍÉ ÆÕÎË�ÉÑÍÉ, Á ÔÁËÖÅ ÍÅÖ-ÄÕ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ ÆÕÎË�ÉÑÍÉ × Ä×ÕÈ ÒÁÚÎÙÈ ÓÉÓÔÅÍÁÈ ËÏÏÒÄÉÎÁÔ,ÉÍÅÀÝÉÈ ÏÂÝÅÅ ÎÁÞÁÌÏ É ÏÂÝÕÀ ÏÓØ ×ÒÁÝÅÎÉÑ. ïÂÓÕÖÄÁÀÔÓÑ ÏÂÌÁ-ÓÔÉ �ÒÉÍÅÎÉÍÏÓÔÉ �ÏÌÕÞÅÎÎÙÈ ÆÏÒÍÕÌ. òÅÚÕÌØÔÁÔÙ ÔÅÓÔÏ×ÙÈ ÞÉÓÌÅÎ-ÎÙÈ ÒÁÓÞÅÔÏ× �ÏËÁÚÙ×ÁÀÔ ×ÙÓÏËÕÀ ÜÆÆÅËÔÉ×ÎÏÓÔØ ÎÁÊÄÅÎÎÙÈ ÓÏÏÔ-ÎÏÛÅÎÉÊ, ÏÓÏÂÅÎÎÏ ÄÌÑ ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ, ÓÏÄÅÒÖÁÝÉÈ ÒÁÄÉÁÌØÎÙÅÆÕÎË�ÉÉ 1-ÇÏ ÒÏÄÁ. ÷ ÞÁÓÔÎÏÓÔÉ, ÒÁÓÓÍÏÔÒÅÎÙ ÓÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕÓ�ÌÀÓÎÕÔÙÍÉ É ×ÙÔÑÎÕÔÙÍÉ ×ÏÌÎÏ×ÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ ÆÕÎË�ÉÑ-ÍÉ, ÓÏÄÅÒÖÁÝÉÍÉ ÒÁÄÉÁÌØÎÙÅ ÆÕÎË�ÉÉ 1-ÇÏ É 2-ÇÏ ÒÏÄÏ×. ðÏÌÕÞÅÎ-ÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ ÎÅÏÂÈÏÄÉÍÙ ÄÌÑ ÒÅÛÅÎÉÑ �ÒÏÂÌÅÍÙ ÒÁÓÓÅÑÎÉÑ ×ÏÌÎÎÅÓÏÆÏËÕÓÎÙÍÉ ÍÎÏÇÏÓÌÏÊÎÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ ÞÁÓÔÉ�ÁÍÉ.
§1. óÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ ÉÓÆÅÒÉÞÅÓËÉÍÉ ÆÕÎË�ÉÑÍÉ÷×ÅÄÅÍ ÓÆÅÒÉÞÅÓËÕÀ ÓÉÓÔÅÍÕ ËÏÏÒÄÉÎÁÔ (r; �; '), ËÏÔÏÒÁÑ Ó×ÑÚÁÎÁ ÓÄÅËÁÒÔÏ×ÏÊ ÓÉÓÔÅÍÏÊ (x; y; z) ÓÔÁÎÄÁÒÔÎÙÍ ÏÂÒÁÚÏÍ:x = r sin � os';y = r sin � sin';z = r os �: (1)ëÒÏÍÅ ÔÏÇÏ, ××ÅÄÅÍ Ä×Å ÓÆÅÒÏÉÄÁÌØÎÙÅ ÓÉÓÔÅÍÙ (�j ; �j ; '), ËÏÔÏÒÙÅÉÍÅÀÔ ÏÂÝÅÅ ÎÁÞÁÌÏ ËÏÏÒÄÉÎÁÔ ÓÏ ÓÆÅÒÉÞÅÓËÏÊ É ÄÅËÁÒÔÏ×ÏÊ ÓÉÓÔÅ-ÍÁÍÉ É Ó×ÑÚÁÎÙ Ó �ÏÓÌÅÄÎÅÊ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ [13℄:x =dj2 (�2j − fj)1=2(1− �2j )1=2 os';y =dj2 (�2j − fj)1=2(1− �2j )1=2 sin';z =dj2 �j�j ; (2)ÇÄÅ dj { ÆÏËÕÓÎÙÅ ÒÁÓÓÔÏÑÎÉÑ, fj = 1, �j ∈ [1,∞), �j ∈ [{1, 1℄, '
∈ [0, 2�) ÄÌÑ ×ÙÔÑÎÕÔÙÈ, ÎÏ fj = −1, �j ∈ [0,∞), �j ∈ [{1, 1℄, ' ∈[0, 2�) ÄÌÑ Ó�ÌÀÓÎÕÔÙÈ ËÏÏÒÄÉÎÁÔ. úÁÍÅÔÉÍ, ÞÔÏ ÁÚÉÍÕÔÁÌØÎÙÊ ÕÇÏÌ 'ÏÄÉÎ É ÔÏÔ ÖÅ ×Ï ×ÓÅÈ ËÏÏÒÄÉÎÁÔÎÙÈ ÓÉÓÔÅÍÁÈ, ÔÁË ËÁË ËÏÏÒÄÉÎÁÔÎÙÅ�Ï×ÅÒÈÎÏÓÔÉ (ÓÆÅÒÏÉÄÙ) �j = �0j ; (3)



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 205× ÏÂÅÉÈ ÓÉÓÔÅÍÁÈ ÉÍÅÀÔ ÎÅ ÔÏÌØËÏ ÏÂÝÉÊ �ÅÎÔÒ, ÎÏ É ÏÂÝÕÀ ÏÓØ ÓÉÍ-ÍÅÔÒÉÉ, ÓÏ×�ÁÄÁÀÝÕÀ Ó ÏÓØÀ z ÄÅËÁÒÔÏ×ÏÊ ÓÉÓÔÅÍÙ. ïÂÏÚÎÁÞÉÍ ÂÏÌØ-ÛÉÅ É ÍÅÎØÛÉÅ �ÏÌÕÏÓÉ ÓÆÅÒÏÉÄÏ× × �ÅÒ×ÏÊ ÓÉÓÔÅÍÅ ÞÅÒÅÚ a1 É b1, Á×Ï ×ÔÏÒÏÊ { a2 É b2. äÌÑ ËÏÎÆÏËÁÌØÎÙÈ (ÓÏÆÏËÕÓÎÙÈ) ÓÆÅÒÏÉÄÁÌØÎÙÈÓÉÓÔÅÍ ÉÍÅÅÔ ÍÅÓÔÏ ÒÁ×ÅÎÓÔ×Ïa21 − b21 = (d12 )2 = (d22 )2 = a22 − b22; (4)�ÒÉ ÜÔÏÍ ×ÓÅ ËÏÏÒÄÉÎÁÔÎÙÅ ÓÆÅÒÏÉÄÙ Ñ×ÌÑÀÔÓÑ ÌÉÂÏ ×ÙÔÑÎÕÔÙÍÉ,ÌÉÂÏ Ó�ÌÀÓÎÕÔÙÍÉ. ÷ ÏÂÝÅÍ ÓÌÕÞÁÅ ÎÅÓÏÆÏËÕÓÎÙÈ ÓÉÓÔÅÍ ÏÄÎÁ ÉÚ ÎÉÈÍÏÖÅÔ ÂÙÔØ ×ÙÔÑÎÕÔÏÊ, Á ÄÒÕÇÁÑ { Ó�ÌÀÓÎÕÔÏÊ.÷ÏÌÎÏ×ÙÅ ÓÆÅÒÉÞÅÓËÉÅ ÆÕÎË�ÉÉ, �ÏÌÕÞÁÀÝÉÅÓÑ ÒÁÚÄÅÌÅÎÉÅÍ �ÅÒÅ-ÍÅÎÎÙÈ × ×ÏÌÎÏ×ÏÍ ÕÒÁ×ÎÅÎÉÉ × ÓÆÅÒÉÞÅÓËÏÊ ÓÉÓÔÅÍÅ ËÏÏÒÄÉÎÁÔ, ÍÏÖ-ÎÏ ÚÁ�ÉÓÁÔØ × ×ÉÄÅ	(1)mn(k;~r)	(3)mn(k;~r) = jn(kr)h(1)n (kr) Pmn (os �) osm'; (5)ÇÄÅ k { ×ÏÌÎÏ×ÏÅ ÞÉÓÌÏ, jn(kr) É h(1)n (kr) ÓÆÅÒÉÞÅÓËÉÅ ÆÕÎË�ÉÉ âÅÓÓÅÌÑÉ çÁÎËÅÌÑ �ÅÒ×ÏÇÏ ÒÏÄÁ, Pmn (os �) { �ÒÉÓÏÅÄÉÎÅÎÎÙÅ ÆÕÎË�ÉÉ ìÅÖÁÎ-ÄÒÁ Ó ÎÏÒÍÉÒÏ×ÏÞÎÙÍ ÍÎÏÖÉÔÅÌÅÍ Nmn(0) = √ 22n+1 (n+m)!(n−m)! . äÒÕÇÏÊÎÁÂÏÒ ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ �ÏÌÕÞÁÅÔÓÑ, ÅÓÌÉ ÚÁÍÅÎÉÔØ osm' ÎÁ sinm'.÷ÏÌÎÏ×ÙÅ ×ÙÔÑÎÕÔÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ, �ÏÌÕÞÁÀÝÉÅÓÑ ÒÁÚ-ÄÅÌÅÎÉÅÍ �ÅÒÅÍÅÎÎÙÈ × ×ÏÌÎÏ×ÏÍ ÕÒÁ×ÎÅÎÉÉ × ×ÙÔÑÎÕÔÏÊ ÓÆÅÒÏÉÄÁÌØ-ÎÏÊ ÓÉÓÔÅÍÅ ËÏÏÒÄÉÎÁÔ, ÚÁ�ÉÓÙ×ÁÀÔÓÑ × ×ÉÄÅ	(1)mn(; ~r)	(3)mn(; ~r) = R(1)ml (; �)R(3)ml (; �) Sml(; �) osm'; (6)úÄÅÓØ R(1);(3)ml (; �) { ×ÙÔÑÎÕÔÙÅ ÒÁÄÉÁÌØÎÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ�ÅÒ×ÏÇÏ É ÔÒÅÔØÅÇÏ ÒÏÄÁ, Sml(; �) { ×ÙÔÑÎÕÔÙÅ ÕÇÌÏ×ÙÅ ÓÆÅÒÏÉÄÁÌØ-ÎÙÅ ÆÕÎË�ÉÉ Ó ÎÏÒÍÉÒÏ×ÏÞÎÙÍ ÍÎÏÖÉÔÅÌÅÍ Nml() , �ÁÒÁÍÅÔÒ  =k d2 [13℄. ÷ÏÌÎÏ×ÙÅ Ó�ÌÀÓÎÕÔÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ ÍÏÖÎÏ �ÏÌÕ-ÞÉÔØ ÉÚ ×ÙÔÑÎÕÔÙÈ, ÅÓÌÉ ×Ù�ÏÌÎÉÔØ ÆÏÒÍÁÌØÎÕÀ ÚÁÍÅÎÕ  → (−i),� → i�.óÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍÉ ×ÙÔÑÎÕÔÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉÆÕÎË�ÉÑÍÉ É ÓÆÅÒÉÞÅÓËÉÍÉ ÆÕÎË�ÉÑÍÉ, ÓÏÄÅÒÖÁÝÉÍÉ ÒÁÄÉÁÌØÎÙÅ



206 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷áÆÕÎË�ÉÉ 1-ÇÏ �ÏÒÑÄËÁ, ÂÙÌÉ �ÒÉ×ÅÄÅÎÙ × ÍÏÎÏÇÒÁÆÉÉ [14℄:R(1)mn(; �)Snm(; �) = ∞
∑l=m il−n dmnl−m() jl(kr)Pml (os �); (7)jn(kr)Pmn (os �) = ∞

∑l=m il−n(Nmn(0)Nml() )2 dmln−m()R(1)ml (; �)Slm(; �); (8)ÇÄÅ dmnr () { ËÏÜÆÆÉ�ÉÅÎÔÙ ÒÁÚÌÏÖÅÎÉÑ ÆÕÎË�ÉÉ Sml(; �) × ÒÑÄ �ÏÆÕÎË�ÉÑÍ ìÅÖÁÎÄÒÁ Pml (�). ïÔÍÅÔÉÍ, ÞÔÏ × ÍÏÎÏÇÒÁÆÉÑÈ [13, 14℄ ×ÆÏÒÍÕÌÅ (7) ÉÍÅÅÔÓÑ Ï�ÅÞÁÔËÁ, Ó×ÑÚÁÎÎÁÑ Ó ÏÔÓÕÔÓÔ×ÉÅÍ ÍÎÏÖÉÔÅÌÑil−n.äÌÑ ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ, ÉÍÅÀÝÉÈ ÏÓÏÂÅÎÎÏÓÔØ × ÎÁÞÁÌÅ ËÏÏÒÄÉÎÁÔ,ÎÏ ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÈ ÕÓÌÏ×ÉÀ ÉÚÌÕÞÅÎÉÑ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ, Ô.Å. ÄÌÑ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ, ÓÏÄÅÒÖÁÝÉÈ ÒÁÄÉÁÌØÎÙÅ ÆÕÎË�ÉÉ ÔÒÅÔØÅÇÏ ÒÏÄÁR(3)ml(; �) É h(1)l (kr), ÒÁÎÅÅ �ÒÉ×ÏÄÉÌÉÓØ ÌÉÛØ ÎÅËÏÔÏÒÙÅ ÉÎÔÅÇÒÁÌØÎÙÅÓÏÏÔÎÏÛÅÎÉÑ.ïÂÒÁÔÉÍÓÑ Ë ÒÁÚÌÏÖÅÎÉÑÍ ÆÕÎË�ÉÉ çÒÉÎÁ × Ó×ÏÂÏÄÎÏÍ �ÒÏÓÔÒÁÎ-ÓÔ×Å × ÓÆÅÒÏÉÄÁÌØÎÏÊ É ÓÆÅÒÉÞÅÓËÏÊ ÓÉÓÔÅÍÁÈ ËÏÏÒÄÉÎÁÔ [13,14℄:exp ik|~r − ~r ′|4�|~r − ~r ′| = ik2� ∞
∑m=0 ∞

∑l=m(2− Æ0m)R(1)ml (; �<)R(3)ml (; �>)
× �Sml(; �) �Sml(; �′) osm('− '′)= ik2� ∞

∑m=0 ∞
∑l=m (2− Æ0m) jl(kr<)h(1)l (kr>)

× �Pml (os �) �Pml (os �′) osm('− '′); (9)ÇÄÅ Æ0m = 1 �ÒÉ m = 0 É Æ0m = 0 �ÒÉ m 6= 0, ËÒÏÍÅ ÔÏÇÏ �< =min(�; �′); �> = max(�; �′) É r< = min(r; r′); r> = max(r; r′). úÄÅÓØ�Pml (os �) = N−1ml (0)Pml (os �) É �Slm(; �) = N−1ml ()Slm(; �) { ÎÏÒÍÉ-ÒÏ×ÁÎÎÙÅ ÕÇÌÏ×ÙÅ ÆÕÎË�ÉÉ. ÷ ÓÉÌÕ ÏÒÔÏÇÏÎÁÌØÎÏÓÔÉ ÔÒÉÇÏÎÏÍÅÔÒÉ-ÞÅÓËÉÈ ÆÕÎË�ÉÊ ÉÍÅÅÍ
∞
∑l=mR(1)ml (; �<)R(3)ml (; �>) �Sml(; �) �Sml(; �′)= ∞

∑l=m jl(kr<)h(1)l (kr>) �Pml (os �) �Pml (os �′): (10)



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 207�Å�ÅÒØ ÉÓ�ÏÌØÚÕÅÍ Ó×ÑÚØ (7) ÍÅÖÄÕ ÒÅÇÕÌÑÒÎÙÍÉ × ÎÁÞÁÌÅ ËÏÏÒÄÉÎÁÔ×ÏÌÎÏ×ÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉ É ÓÆÅÒÉÞÅÓËÉÍÉ ÆÕÎË�ÉÑÍÉ:R(1)ml (; �<)Sml(; �′) = ∞
∑n=m in−l dmln−m() jn(kr<)Pmn (os �′); (11)ÇÄÅ �ÒÅÄ�ÏÌÁÇÁÅÔÓÑ, ÞÔÏ ÏÄÎÏ×ÒÅÍÅÎÎÏ ×Ù�ÏÌÎÑÀÔÓÑ Ä×Á ÎÅÒÁ×ÅÎÓÔ×Á�′ < � É r′ < r. ðÏÓÌÅ �ÏÄÓÔÁÎÏ×ËÉ ÓÏÏÔÎÏÛÅÎÉÑ (11) × ÒÁ×ÅÎÓÔ×Ï (10),ÕÞÉÔÙ×ÁÑ ÏÒÔÏÇÏÎÁÌØÎÏÓÔØ ÕÇÌÏ×ÙÈ ÆÕÎË�ÉÊ {jn(kr<)Pmn (os �′)}∞n=m,�ÏÌÕÞÉÍ ÉÓËÏÍÕÀ ÆÏÒÍÕÌÕh(1)n (kr>) Pmn (os �)= ∞

∑l=m in−l(Nmn(0)Nml() )2 dmln−m()R(3)ml (; �>)Sml(; �); (12)Ô.Å. ÁÎÁÌÏÇ ÓÏÏÔÎÏÛÅÎÉÑ (8) ÄÌÑ ÒÅÇÕÌÑÒÎÙÈ ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ.áÎÁÌÏÇÉÞÎÏ, ÅÓÌÉ ÉÓ�ÏÌØÚÏ×ÁÔØ ÓÏÏÔÎÏÛÅÎÉÅ (8)jl(kr<)Pml (os �′)= ∞
∑n=m in−l(Nml(0)Nmn())2 dmnl−m()R(1)mn(; �<)Smn(; �′); (13)ÔÏ �ÏÓÌÅ ÅÇÏ �ÏÄÓÔÁÎÏ×ËÉ × ÒÁ×ÅÎÓÔ×Ï (10) ÎÁÊÄÅÍR(3)mn(; �>)Smn(; �) = ∞

∑l=m in−l dmnl−m()h(1)l (kr>)Pml (os �); (14)Ô.Å. ÁÎÁÌÏÇ ÆÏÒÍÕÌÙ (7).åÓÌÉ ÓÒÁ×ÎÉÔØ ÓÏÏÔÎÏÛÅÎÉÑ (7) É (8) Ó ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍÉ ÆÏÒÍÕ-ÌÁÍÉ (14) É (12), ÔÏ ×ÉÄÎÏ, ÞÔÏ ÏÔÌÉÞÉÅ ÎÁÂÌÀÄÁÅÔÓÑ ÔÏÌØËÏ × ÚÎÁËÅÓÔÅ�ÅÎÉ ÍÎÉÍÏÊ ÅÄÉÎÉ�Ù, Ô.Å. ÍÎÏÖÉÔÅÌØ il−n × �ÅÒ×ÏÍ ÓÌÕÞÁÅ ÚÁ-ÍÅÎÑÅÔÓÑ ÎÁ ÍÎÏÖÉÔÅÌØ in−l ×Ï ×ÔÏÒÏÍ. ðÒÉÎÉÍÁÑ ×Ï ×ÎÉÍÁÎÉÅ ÓÏ-ÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ ÒÁÄÉÁÌØÎÙÍÉ ÆÕÎË�ÉÑÍÉ ÔÒÅÔØÅÇÏ É �ÅÒ×ÏÇÏ ÒÏ-ÄÁ R(3)mn(; �) = R(1)mn(; �) + i R(2)mn(; �), ÍÏÖÅÔ �ÏËÁÚÁÔØÓÑ, ÞÔÏ ÕÒÁ×ÎÅ-ÎÉÑ (7) É (14) ÎÅ ÓÏÇÌÁÓÕÀÔÓÑ ÄÒÕÇ Ó ÄÒÕÇÏÍ. òÁÚÌÉÞÉÅ ÄÌÑ ÆÕÎË�ÉÊR(1)mn(; �) Ó×ÏÄÉÔÓÑ Ë ÚÁÍÅÎÅ × �ÏÌÕÞÅÎÎÏÊ ×ÙÛÅ ÆÏÒÍÕÌÅ (7) ÚÎÁËÁÍÎÉÍÏÊ ÅÄÉÎÉ�Ù: i → (−i). ÷ ÄÅÊÓÔ×ÉÔÅÌØÎÏÓÔÉ, �ÏÄÏÂÎÁÑ ÚÁÍÅÎÁ ÎÅÍÅÎÑÅÔ ÒÅÚÕÌØÔÁÔ, ÔÁË ËÁË ÒÁÚÎÏÓÔØ ÉÎÄÅËÓÏ× (n−l) ÏÂÑÚÁÔÅÌØÎÏ ÞÅÔÎÁ× ÓÉÌÕ ÒÁ×ÅÎÓÔ×Á dmnl−m() = 0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ. ó ÕÞÅÔÏÍ �ÒÉ×ÅÄÅÎ-ÎÙÈ ×ÙÛÅ ÚÁÍÅÞÁÎÉÊ ÓÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙ-ÍÉ É ÓÆÅÒÉÞÅÓËÉÍÉ ÆÕÎË�ÉÑÍÉ, ÓÏÓÔÏÑÝÉÍÉ ÉÚ ÒÁÄÉÁÌØÎÙÈ ÆÕÎË�ÉÊ



208 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷áj-ÇÏ ÒÏÄÁ É ÎÏÒÍÉÒÏ×ÁÎÎÙÈ ÕÇÌÏ×ÙÈ ÆÕÎË�ÉÊ, ÍÏÖÎÏ �ÅÒÅ�ÉÓÁÔØ ÓÌÅ-ÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:R(j)mn(; �) �Snm(; �) = ∞
∑l=m il−n Nmn(0)Nml() dmnl−m() �(j)l (kr) �Pml (os �); (15)�(j)n (kr) �Pmn (os �) = ∞
∑l=m il−nNmn(0)Nml() dmln−m()R(j)ml(; �) �Slm(; �); (16)ÇÄÅ �(j)n (kr) { ÒÁÄÉÁÌØÎÁÑ ÓÆÅÒÉÞÅÓËÁÑ ÆÕÎË�ÉÑ j-ÇÏ ÒÏÄÁ, Ô.Å. ÆÕÎË�ÉÑâÅÓÓÅÌÑ, îÅÊÍÁÎÁ ÉÌÉ çÁÎËÅÌÑ 1-ÇÏ ÉÌÉ 2-ÇÏ ÒÏÄÁ.äÌÑ ÉÓÓÌÅÄÏ×ÁÎÉÑ ÏÂÌÁÓÔÅÊ ÓÈÏÄÉÍÏÓÔÉ ÎÁÊÄÅÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÊ(ÂÅÓËÏÎÅÞÎÙÈ ÒÑÄÏ×) ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍÉ ÆÕÎË�ÉÑÍÉ ÎÅÏÂÈÏÄÉÍÏ ÚÎÁÔØÁÓÉÍ�ÔÏÔÉËÉ �ÒÉ ÂÏÌØÛÉÈ ÚÎÁÞÅÎÉÑÈ ÉÎÄÅËÓÁ ËÁË ËÏÜÆÆÉ�ÉÅÎÔÏ×, ÔÁËÉ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÕÇÌÏ×ÙÈ É ÒÁÄÉÁÌØÎÙÈ ÆÕÎË�ÉÊ. óÎÁÞÁÌÁ �ÒÉ×Å-ÄÅÍ ÁÓÉÍ�ÔÏÔÉËÉ ËÏÜÆÆÉ�ÉÅÎÔÏ× [4℄ (ÓÍ. ÔÁËÖÅ [13,14℄):1) r 6 n−mdmnr () = ( 216)n−m−r2 �(n+m+r+12 ) dmnn−m()�(n−m−r2 + 1)�(n+ 12 ) [1 +O( 1n)] ; (17)2) r > n−mdmnr ()=(−216 ) r−n+m2 �(n+ 32 ) dmnn−m()�( r−n+m2 + 1)�(n+r+m+32 ) [1+O(1r)] ; (18)ÇÄÅ dmnn−m() = 1 +O( 1n) : (19)áÓÉÍ�ÔÏÔÉËÉ ÒÁÄÉÁÌØÎÙÈ ÓÆÅÒÉÞÅÓËÉÈ ÆÕÎË�ÉÊ ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÉÔØÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ [14℄:jn(kr) = 2nn!(2n+ 1)! (kr)n [1 +O( 1n)] ; (20)h(1)n (kr) = (2n)!2nn! (kr)−(n+1) [1 +O( 1n)] : (21)



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 209óÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÁÓÉÍ�ÔÏÔÉËÉ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ ÉÍÅÀÔ×ÉÄ [4℄Smn(; �) = Pmn (os#) [1 +O( 1n)]= nm√ 2�n sin# os((n+ 12)#− m�2 − �4)[1 + O( 1n)] ; (22)
R(1)mn(; �) = (� +√�2 − f2√�2 − f )

12 jn( 2(� +√�2 − f))
×
[1 +O( 1n)]= (� +√�2 − f2√�2 − f )

12 n!(2n+ 1)![(� +√�2 − f)]n
×
[1 +O( 1n)] ; (23)

R(3)mn(; �) = (� +√�2 − f2√�2 − f )
12 h(1)n ( 2(� +√�2 − f))

×
[1 +O( 1n)]= −2i(� +√�2 − f2√�2 − f )

12 (2n)!n! [(� +√�2 − f)]−(n+1)
×
[1 +O( 1n)] ; (24)

ÇÄÅ os# = � É # ∈ [0; �℄. ïÔÍÅÔÉÍ, ÞÔÏ ÓÏÏÔÎÏÛÅÎÉÑ (17){(18) É (22){(24) Ó�ÒÁ×ÅÄÌÉ×Ù ËÁË ÄÌÑ ×ÙÔÑÎÕÔÙÈ, ÔÁË É ÄÌÑ Ó�ÌÀÓÎÕÔÙÈ ÓÆÅÒÏÉ-ÄÁÌØÎÙÈ ÆÕÎË�ÉÊ.âÅÓËÏÎÅÞÎÙÅ ÒÑÄÙ ÂÕÄÅÍ ÁÎÁÌÉÚÉÒÏ×ÁÔØ Ó �ÏÍÏÝØÀ �ÒÉÚÎÁËÁ äÁ-ÌÁÍÂÅÒÁ. óÈÏÄÉÍÏÓÔØ ÓÏÏÔÎÏÛÅÎÉÊ ÄÌÑ ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ �ÅÒ×ÏÇÏ ÒÏ-ÄÁ, Ô.Å. ÓÏÄÅÒÖÁÝÉÈ ÒÁÄÉÁÌØÎÙÅ ÆÕÎË�ÉÉ 1-ÇÏ ÒÏÄÁ, ÏÞÅ×ÉÄÎÁ ÚÁ ÉÓ-ËÌÀÞÅÎÉÅÍ ÍÎÏÖÅÓÔ×Á ÏÓÏÂÙÈ ÔÏÞÅË { ÆÏËÕÓÎÏÇÏ ÏÔÒÅÚËÁ ÄÌÑ ×ÙÔÑ-ÎÕÔÙÈ É ÆÏËÕÓÎÏÇÏ ËÒÕÇÁ ÄÌÑ Ó�ÌÀÓÎÕÔÙÈ ÆÕÎË�ÉÊ.



210 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷áäÌÑ ×ÏÌÎÏ×ÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ 2-ÇÏ ÒÏÄÁ ÒÑÄ (15) ÓÈÏÄÉÔÓÑ�ÒÉ ÕÓÌÏ×ÉÉ 24l2 16l44l2 (kr)2 = (d=2)2r2 < 1: (25)�ÁËÉÍ ÏÂÒÁÚÏÍ, ÚÄÅÓØ ÓÈÏÄÉÍÏÓÔØ ÉÍÅÅÔ ÍÅÓÔÏ ×ÎÅ ÛÁÒÁ Ó �ÅÎÔÒÏÍ ×ÎÁÞÁÌÅ ËÏÏÒÄÉÎÁÔ É ÒÁÄÉÕÓÏÍ ÒÁ×ÎÙÍ �ÏÌÏ×ÉÎÅ ÆÏËÕÓÎÏÇÏ ÒÁÓÓÔÏÑÎÉÑd=2. äÁÎÎÙÊ ÒÅÚÕÌØÔÁÔ ×�ÏÌÎÅ ÓÏÇÌÁÓÕÅÔÓÑ Ó ÒÁÓ�ÏÌÏÖÅÎÉÅÍ ÏÓÏÂÙÈÔÏÞÅË ÒÁÄÉÁÌØÎÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ 2-ÇÏ ÒÏÄÁ. äÌÑ ×ÏÌÎÏ×ÙÈÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ 3-ÇÏ É 4-ÇÏ ÒÏÄÏ× �ÏÌÕÞÁÀÔÓÑ ÔÅ ÖÅ ÒÅÚÕÌØ-ÔÁÔÙ.äÌÑ ×ÏÌÎÏ×ÙÈ ÓÆÅÒÉÞÅÓËÉÈ ÆÕÎË�ÉÊ 2-ÇÏ ÒÏÄÁ ÒÑÄ (16) ÓÈÏÄÉÔÓÑ�ÒÉ ÕÓÌÏ×ÉÉ24l2 16l4l2 2 (� +√�2 − f)2 = 4
(� +√�2 − f)2 < 1: (26)äÁÎÎÏÅ ÕÓÌÏ×ÉÅ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ×ÎÅÛÎÏÓÔÉ ×ÙÔÑÎÕÔÏÇÏ ÉÌÉ Ó�ÌÀÓÎÕÔÏ-ÇÏ ÓÆÅÒÏÉÄÁ, ÓÕÍÍÁ �ÏÌÕÏÓÅÊ ËÏÔÏÒÏÇÏ ÒÁ×ÎÁ ÆÏËÕÓÎÏÍÕ ÒÁÓÓÔÏÑÎÉÀa + b = d. äÌÑ ÜÔÏÇÏ ÓÆÅÒÏÉÄÁ ÂÏÌØÛÁÑ É ÍÅÎØÛÁÑ �ÏÌÕÏÓÉ ÒÁ×ÎÙa = 54 d=2 É b = 34 d=2, Á ÏÔÎÏÛÅÎÉÅ �ÏÌÕÏÓÅÊ ÒÁ×ÎÏ a=b = 5=3 ≃ 1:67.õÓÌÏ×ÉÑ ÄÌÑ ÒÁÄÉÁÌØÎÏÊ ËÏÏÒÄÉÎÁÔÙ ÉÍÅÅÔ ×ÉÄ � > 1:25 ÄÌÑ ×ÙÔÑÎÕ-ÔÙÈ É � > 0:75 ÄÌÑ Ó�ÌÀÓÎÕÔÙÈ ÆÕÎË�ÉÊ.

§2. óÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍÉ ÓÆÅÒÏÉÄÁÌØÎÙÍÉÆÕÎË�ÉÑÍÉ, Ï�ÒÅÄÅÌÅÎÎÙÍÉ × ÒÁÚÎÙÈ ÓÉÓÔÅÍÁÈËÏÏÒÄÉÎÁÔ÷×ÅÄÅÍ ×ÅËÔÏÒÙ~u(1)(k) = {u(1)l (k)}∞l=m = {iljl(kr) �Pml (os �)}∞l=m; (27)~v(1)() = {v(1)l ()}∞l=m = {ilR(1)ml (; �) �Slm(; �)}∞l=m; (28)Á ÔÁËÖÅ ÍÁÔÒÉ�ÙD1() = {dnl;1()}∞n; l=m = {Nml(0)Nmn() dmnl−m()}∞n; l=m (29)D2() = {dnl;2()}∞n; l=m = {Nmn(0)Nml() dmln−m()}∞n; l=m (30)



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 211ïÔÍÅÔÉÍ ÏÞÅÎØ ×ÁÖÎÏÅ Ó×ÏÊÓÔ×Ï ×ÅËÔÏÒÁ ~u(1)(k) { ÏÎ ÚÁ×ÉÓÉÔ ÔÏÌØËÏÏÔ ×ÏÌÎÏ×ÏÇÏ ÞÉÓÌÁ k É ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ÆÏËÕÓÎÙÈ ÒÁÓÓÔÏÑÎÉÊ dj (ÉÌÉ ÏÔ�ÁÒÁÍÅÔÒÏ× j), ËÏÔÏÒÙÅ ÏÔÌÉÞÁÀÔÓÑ ÄÒÕÇ ÏÔ ÄÒÕÇÁ × ÒÁÚÎÙÈ ÓÆÅÒÏ-ÉÄÁÌØÎÙÈ ÓÉÓÔÅÍÁÈ ËÏÏÒÄÉÎÁÔ. ÷ ÔÏ ÖÅ ×ÒÅÍÑ ×ÅËÔÏÒÙ ~v(1)(j) ÄÏ�ÏÌ-ÎÉÔÅÌØÎÏ �ÒÉ×ÑÚÁÎÙ Ë Ï�ÒÅÄÅÌÅÎÎÙÍ ÓÆÅÒÏÉÄÁÌØÎÙÍ ÓÉÓÔÅÍÁÍ, �ÒÉÜÔÏÍ 1 = kd1=2 É 2 = kd2=2, Á ×ÏÌÎÏ×ÏÅ ÞÉÓÌÏ k ÉÓ�ÏÌØÚÕÅÔÓÑ ÏÄÎÏÉ ÔÏ ÖÅ. æÏÒÍÕÌÙ (7){(8), Ó×ÑÚÙ×ÁÀÝÉÅ ×ÏÌÎÏ×ÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÉÓÆÅÒÉÞÅÓËÉÅ ÆÕÎË�ÉÉ, ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:~v(1)() = D1() ~u(1)(k): (31)~u(1)(k) = D2() ~v(1)(): (32)�Å�ÅÒØ ÑÓÎÏ, ÞÔÏ ÍÁÔÒÉ�Á ÉÚ ÓÏÏÔÎÏÛÅÎÉÑ (32) ÂÕÄÅÔ ÏÂÒÁÔÎÏÊ, ÎÏ ÏÎÁÏÄÎÏ×ÒÅÍÅÎÎÏ Ñ×ÌÑÅÔÓÑ ÔÒÁÎÓ�ÏÎÉÒÏ×ÁÎÎÏÊ, Ô.Å.D2() = D−11 () = DT1 (); (33)úÁÍÅÔÉÍ, ÞÔÏ ËÒÉÔÅÒÉÅÍ �ÒÁ×ÉÌØÎÏÓÔÉ ÒÁÓÞÅÔÁ ÜÔÉÈ ÍÁÔÒÉ� ÍÏÇÕÔÓÌÕÖÉÔØ ÓÏÏÔÎÏÛÅÎÉÑD1() ·DT1 () = I; DT1 () ·D1() = I; (34)ÇÄÅ I { ÅÄÉÎÉÞÎÁÑ ÍÁÔÒÉ�Á. òÁ×ÅÎÓÔ×Ï ÅÄÉÎÉ�Å ÄÉÁÇÏÎÁÌØÎÙÈ ÜÌÅÍÅÎ-ÔÏ× × �ÅÒ×ÏÍ ÒÁ×ÅÎÓÔ×Å ÏÞÅ×ÉÄÎÏ, ËÁË É ÒÁ×ÅÎÓÔ×Ï ÎÕÌÀ ÜÌÅÍÅÎÔÏ× ÓÎÅÞÅÔÎÏÊ ÓÕÍÍÏÊ ÉÎÄÅËÓÏ×. ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ ÄÒÕÇÉÈ ÒÁ×ÅÎÓÔ× ÎÅÔÒÉ-×ÉÁÌØÎÁ.óÏÏÔÎÏÛÅÎÉÑ (31){(33) �ÏÚ×ÏÌÑÀÔ ÎÁÊÔÉ Ó×ÑÚØ ÍÅÖÄÕ ×ÏÌÎÏ×ÙÍÉÓÆÅÒÏÉÄÁÌØÎÙÍÉ ÆÕÎË�ÉÑÍÉ × Ä×ÕÈ ÒÁÚÎÙÈ ÓÉÓÔÅÍÁÈ:~v(1)(2) = D1(2) ~u(1)(k) = D1(2) ·DT1 (1) ~v(1)(1)= �(2; 1) ~v(1)(1); (35)ÇÄÅ ××ÅÄÅÎÁ ÎÏ×ÁÑ ÍÁÔÒÉ�Á, ÜÌÅÍÅÎÔÙ ËÏÔÏÒÏÊ ×ÙÞÉÓÌÑÀÔÓÑ �Ï ÆÏÒ-ÍÕÌÅÆmnl(2; 1) = N−1mn(2) N−1ml (1) ∞
∑s=m dmns−m(2) dmls−m(1) N2ms(0): (36)åÓÌÉ ××ÅÓÔÉ ×ÅËÔÏÒÙ~u(3)(k) = {u(3)l (k)}∞l=m = {ilh(1)l (kr) �Pml (os �)}∞l=m; (37)~v(3)() = {v(3)l ()}∞l=m = {ilR(3)ml (; �) �Slm(; �)}∞l=m; (38)



212 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷áÔÏ ÓÏÏÔÎÏÛÅÎÉÑ ÁÎÁÌÏÇÉÞÎÙÅ (31){(32) É (35) ÓÌÅÄÕÅÔ �ÅÒÅ�ÉÓÁÔØ ××ÉÄÅ ~v(3)() = D1() ~u(3)(k): (39)~u(3)(k) = D2() ~v(3)(): (40)É ~v(3)(2) = �(2; 1) ~v(3)(1): (41)üÌÅÍÅÎÔÙ ÍÁÔÒÉ�Ù �(2; 1) �Ï-�ÒÅÖÎÅÍÕ ×ÙÞÉÓÌÑÀÔÓÑ �Ï ÆÏÒÍÕÌÅ(36).âÏÌÅÅ �ÏÄÒÏÂÎÏ ÓÏÏÔÎÏÛÅÎÉÑ (35) É (41), Ó×ÑÚÙ×ÁÀÝÉÅ ÍÅÖÄÕ ÓÏ-ÂÏÊ ×ÏÌÎÏ×ÙÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ × Ä×ÕÈ ÒÁÚÎÙÈ ÓÉÓÔÅÍÁÈ, ÍÏÖÎÏ�ÒÅÄÓÔÁ×ÉÔØ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:R(1)mn(2; �2) �Smn(2; �2)= ∞
∑l=mÆ(m)nl (2; 1) il−nR(1)ml (1; �1) �Sml(1; �1); (42)R(3)mn(2; �2) �Smn(2; �2)= ∞
∑l=mÆ(m)nl (2; 1) il−nR(3)ml (1; �1) �Sml(1; �1); (43)ÇÄÅ 1 = kd1=2 É 2 = kd2=2 × ÓÆÅÒÏÉÄÁÌØÎÙÈ ÓÉÓÔÅÍÁÈ (�1; �1; ') É(�2; �2; ').óÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ Ó×ÑÚÁÎÙ Ó ÒÁÚÎÙÍÉ ÓÉÓÔÅÍÁÍÉ, ÎÏ ×ÙÞÉ-ÓÌÑÀÔÓÑ × ÏÄÎÏÊ É ÔÏÊ ÖÅ ÔÏÞËÅ. ÷ ÓÉÌÕ ÜÔÏÇÏ Ó�ÒÁ×ÅÄÌÉ×Ù ÓÌÅÄÕÀÝÉÅÓÏÏÔÎÏÛÅÎÉÑ:

(d22 )2 (�22 − f2 + f2�22) = r2 = (d12 )2 (�21 − f1 + f1�21); (44)d22 �2�2 = z = d12 �1�1; (45)åÓÌÉ ÉÚ×ÅÓÔÎÙ ËÏÏÒÄÉÎÁÔÙ ÔÏÞËÉ × �ÅÒ×ÏÊ ÓÉÓÔÅÍÅ �1 É �1, Á ÔÁËÖÅÆÏËÕÓÎÙÅ ÒÁÓÓÔÏÑÎÉÑ d1 É d2, ÔÏ ËÏÏÒÄÉÎÁÔÙ ÔÏÞËÉ ×Ï ×ÔÏÒÏÊ ÓÆÅÒÏ-ÉÄÁÌØÎÏÊ ÓÉÓÔÅÍÅ ÍÏÖÎÏ ×ÙÞÉÓÌÉÔØ �Ï ÓÌÅÄÕÀÝÉÍ ÆÏÒÍÕÌÁÍ:�2 =√ (~r2 + f2) +√(~r2 + f2)2 − 4f2~z22 ; �2 = ~z�2 ; (46)ÇÄÅ ××ÅÄÅÎÙ �ÁÒÁÍÅÔÒÙ ~z = �1�1 d1d2 É ~r2 = (�21 − f1 + f1�21)(d1d2 )2. óÔÏ-ÉÔ ÎÁ�ÏÍÎÉÔØ, ÞÔÏ �ÁÒÁÍÅÔÒÙ f1 É f2 �ÒÉÎÉÍÁÀÔ ÚÎÁÞÅÎÉÑ 1 ÉÌÉ (-1)× ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ ÔÏÇÏ, Ñ×ÌÑÀÔÓÑ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ËÏÏÒÄÉÎÁÔÙ ×Ù-ÔÑÎÕÔÙÍÉ ÉÌÉ Ó�ÌÀÓÎÕÔÙÍÉ. ëÒÏÍÅ ÔÏÇÏ, Ó�ÒÁ×ÅÄÌÉ×Ï ÓÏÏÔÎÏÛÅÎÉÅ



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 213d1d2 = 12 , ÔÁË ËÁË ×ÏÌÎÏ×ÏÅ ÞÉÓÌÏ k ÎÅ ÄÏÌÖÎÏ ÉÚÍÅÎÑÔØÓÑ �ÒÉ �ÅÒÅÈÏÄÅÏÔ ÏÄÎÏÊ ÓÉÓÔÅÍÙ Ë ÄÒÕÇÏÊ.äÌÑ ×ÏÌÎÏ×ÙÈ Ó�ÌÀÓÎÕÔÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ ×ÓÅ ÒÁÓÓÕÖÄÅ-ÎÉÑ �ÏÌÎÏÓÔØÀ ÁÎÁÌÏÇÉÞÎÙ É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÒÅÚÕÌØÔÁÔÙ ÌÅÇËÏ �Ï-ÌÕÞÉÔØ, ÅÓÌÉ ÓÄÅÌÁÔØ ÓÔÁÎÄÁÒÔÎÕÀ ÚÁÍÅÎÕ d → −id,  → −i É � → i�.äÌÑ ÏÂÓÕÖÄÅÎÉÑ ÏÂÌÁÓÔÅÊ ÓÈÏÄÉÍÏÓÔÉ ÒÑÄÏ× (42){(43), ÎÅÏÂÈÏÄÉ-ÍÏ ÎÁÊÔÉ ÁÓÉÍ�ÔÏÔÉËÕ ÍÁÔÒÉÞÎÙÈ ÜÌÅÍÅÎÔÏ× Æ(m)nl (2; 1) �ÒÉ ÂÏÌØÛÉÈÚÎÁÞÅÎÉÑÈ ÉÎÄÅËÓÁ l. ÷ ÜÔÏÍ ÓÌÕÞÁÅ ÇÌÁ×ÎÙÊ ×ËÌÁÄ × ÓÕÍÍÕ (36) ÄÁÀÔÓÌÅÄÕÀÝÉÅ ÓÌÁÇÁÅÍÙÅ:Æmnl(2; 1) = N−1mn(2) N−1ml (1)
×

l
∑s=n dmns−m(2) dmls−m(1)N2ms(0) [1 +O(1l)] : (47)óÌÁÇÁÅÍÙÅ ÄÁÎÎÏÇÏ ÒÑÄÁ Ñ×ÌÑÀÔÓÑ ÚÎÁËÏ�ÅÒÅÍÅÎÎÙÍÉ (ÓÍ. (17){(18)),�ÒÉ ÜÔÏÍ ÏÎÉ ÓÎÁÞÁÌÁ ×ÏÚÒÁÓÔÁÀÔ ÄÏ ÎÏÍÅÒÁ (r+m)= 2221+22 l[1+O( 1n)],Á ÚÁÔÅÍ ÕÂÙ×ÁÀÔ. ï�ÅÎËÁ ÜÌÅÍÅÎÔÁ Æmnl(2; 1) Ï�ÒÅÄÅÌÑÅÔÓÑ ÓÌÁÇÁÅÍÙÍÓ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍ ÎÏÍÅÒÏÍ. ðÒÉ ÓÒÁ×ÎÅÎÉÉ Ä×ÕÈ ÍÁÔÒÉÞÎÙÈ ÜÌÅÍÅÎ-ÔÏ× × �ÒÅÄ�ÏÌÏÖÅÎÉÉ, ÞÔÏ ÏÎÉ Ï�ÅÎÉ×ÁÀÔÓÑ ÓÌÁÇÁÅÍÙÍ Ó ÏÄÉÎÁËÏ×ÙÍÎÏÍÅÒÏÍ, �ÏÌÕÞÉÍÆmnl+2(2; 1)Æmnl(2; 1) = 214[l(l+ 1)− (m+ r)(m + r + 1)℄ [1 +O(1l)]= 21 + 224l2 [1 +O(1l)] : (48)ó ÕÞÅÔÏÍ ÁÓÉÍ�ÔÏÔÉË (23){(24) ÄÌÑ ÒÁÄÉÁÌØÎÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË-�ÉÊ ÍÏÖÎÏ ÓÄÅÌÁÔØ ×Ù×ÏÄ Ï ÔÏÍ, ÞÔÏ ÒÑÄ (42) ÄÌÑ ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ1-ÇÏ ÒÏÄÁ ÓÈÏÄÉÔÓÑ ×ÓÅÇÄÁ ÚÁ ÉÓËÌÀÞÅÎÉÅÍ ÏÓÏÂÙÈ ÔÏÞÅË, Á ÒÑÄ (43) ÄÌÑ×ÏÌÎÏ×ÙÈ ÆÕÎË�ÉÊ 2-ÇÏ ÒÏÄÁ ÓÈÏÄÉÔÓÑ �ÒÉ ÕÓÌÏ×ÉÉ (ÓÍ. ÔÁËÖÅ (26))
(� +√�2 − f)2 < 4(21 + 22)21 : (49)



214 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷á�ÁÂÌÉ�Á 1. ÷ÙÞÉÓÌÅÎÉÅ ×ÏÌÎÏ×ÙÈ ×ÙÔÑÎÕÔÙÈ ÓÆÅÒÏ-ÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ Ó �ÁÒÁÍÅÔÒÁÍÉ m = 1, 2 = 1:0,�2 = 1:1, �2 = 0 �ÒÉ ÉÓ�ÏÌØÚÏ×ÁÎÉÉ ÓÏÏÔÎÏÛÅÎÉÊ (42){(43) É ×ÏÌÎÏ×ÙÈ ×ÙÔÑÎÕÔÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊÓ �ÁÒÁÍÅÔÒÁÍÉ m = 1, 1 = 2:0, �1 = 1:0259142, �1 = 0.n ÓÏÏÔÎ. (43) R(1)mn(2; �2) �Smn(2; �2) R(2)mn(2; �2) �Smn(2; �2)1 ÓÌÅ×Á 1.2948694-01 -2.5926922+001 Ó�ÒÁ×Á 1.2948694-01 -2.5926896+003 ÓÌÅ×Á 3.4299837-03 -4.9885247+013 Ó�ÒÁ×Á 3.4299837-03 -4.9885643+015 ÓÌÅ×Á 2.4381878-05 -4.8853263+035 Ó�ÒÁ×Á 2.4381878-05 -4.8852136+037 ÓÌÅ×Á 8.0343568-08 -1.1204602+067 Ó�ÒÁ×Á 8.0343568-08 -1.1204646+069 ÓÌÅ×Á 1.5524193-10 -4.6332151+089 Ó�ÒÁ×Á 1.5524193-10 -4.6347574+0811 ÓÌÅ×Á 1.9828416-13 -3.0137219+1111 Ó�ÒÁ×Á 1.9828416-13 -3.0087565+11÷ ÚÁËÌÀÞÅÎÉÅ ÏÔÍÅÔÉÍ, ÞÔÏ ÒÁÓÈÏÄÑÝÉÅÓÑ ÒÑÄÙ ÄÌÑ ×ÏÌÎÏ×ÙÈ ÆÕÎË-�ÉÊ 2-ÇÏ ÒÏÄÁ ÔÅÍ ÎÅ ÍÅÎÅÅ ÍÏÖÎÏ ÉÓ�ÏÌØÚÏ×ÁÔØ ÄÌÑ ÞÉÓÌÅÎÎÙÈ ÒÁÓ-ÞÅÔÏ×, �ÏÓËÏÌØËÕ ÏÎÉ ÓÈÏÄÑÔÓÑ "ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ" (ÂÏÌÅÅ �ÏÄÒÏÂÎÏ ÓÍ.[13, 14℄, Á ÔÁËÖÅ ÔÁÂÌ.1{2).æÏÒÍÕÌÙ (42){(43) ÂÙÌÉ ÉÓ�ÏÌØÚÏ×ÁÎÙ ÄÌÑ ÞÉÓÌÅÎÎÙÈ ÒÁÓÞÅÔÏ× ÓÕÄ×ÏÅÎÎÏÊ ÔÏÞÎÏÓÔØÀ ×ÏÌÎÏ×ÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ × Ä×ÕÈ ÒÁÚ-ÎÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÓÉÓÔÅÍÁÈ (ÓÍ. ÔÁÂÌ.1{3). ïÔÍÅÔÉÍ, ÞÔÏ �ÒÉ ×ÙÞÉ-ÓÌÅÎÉÉ ×ÙÔÑÎÕÔÙÈ ÒÁÄÉÁÌØÎÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ �ÒÉÍÅÎÑÌÓÑÁÌÇÏÒÉÔÍ, ÉÚÌÏÖÅÎÎÙÊ × ÓÔÁÔØÅ [15℄. ëÏÌÉÞÅÓÔ×Ï ÓÌÁÇÁÅÍÙÈ × ÓÕÍÍÁÈ×ÙÂÉÒÁÌÏÓØ ÒÁ×ÎÙÍ N = 40. òÁÓÞÅÔ ËÏÏÒÄÉÎÁÔ × ÓÆÅÒÏÉÄÁÌØÎÏÊ ÓÉ-ÓÔÅÍÅ Ó ÉÎÄÅËÓÏÍ 1 �ÒÏ×ÏÄÉÌÓÑ Ó �ÏÍÏÝØÀ ÆÏÒÍÕÌ (46), �ÒÉ ÜÔÏÍ �ÁÒÁ-ÍÅÔÒ 1 É �ÁÒÁÍÅÔÒÙ ×ÔÏÒÏÊ ÓÉÓÔÅÍÙ ÚÁÄÁ×ÁÌÉÓØ ÚÁÒÁÎÅÅ. òÅÚÕÌØÔÁÔÙÒÁÓÞÅÔÏ× �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ ×ÏÌÎÏ×ÙÅ ÆÕÎË�ÉÉ 1-ÇÏ ÒÏÄÁ ×ÙÞÉÓÌÑÀÔÓÑÓ ÏÞÅÎØ ×ÙÓÏËÏÊ ÔÏÞÎÏÓÔØÀ. �ÏÞÎÏÓÔØ ÒÁÓÞÅÔÏ× ×ÏÌÎÏ×ÙÈ ÓÆÅÒÏÉÄÁÌØ-ÎÙÈ ÆÕÎË�ÉÊ 2-ÇÏ ÒÏÄÁ ÚÎÁÞÉÔÅÌØÎÏ ÍÅÎØÛÅ. üÔÏ Ó×ÑÚÁÎÏ Ó ÔÅÍ, ÞÔÏ



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 215�ÁÂÌÉ�Á 2. ÷ÙÞÉÓÌÅÎÉÅ ×ÏÌÎÏ×ÙÈ ×ÙÔÑÎÕÔÙÈ ÓÆÅÒÏ-ÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ Ó �ÁÒÁÍÅÔÒÁÍÉ m = 1, 2 = 1:0,�2 = 1:3, �2 = 0 �ÒÉ ÉÓ�ÏÌØÚÏ×ÁÎÉÉ ÓÏÏÔÎÏÛÅÎÉÑ (42){(43) É ×ÏÌÎÏ×ÙÈ ×ÙÔÑÎÕÔÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊÓ �ÁÒÁÍÅÔÒÁÍÉ m = 1, 1 = 2:0, �1 = 1:0828204, �1 = 0.n ÓÏÏÔÎ. (43) R(1)mn(2; �2) �Smn(2; �2) R(2)mn(2; �2) �Smn(2; �2)1 ÓÌÅ×Á 2.2351149-01 -1.2728840+001 Ó�ÒÁ×Á 2.2351149-01 -1.2728840+003 ÓÌÅ×Á 8.9090450-03 -1.2389176+013 Ó�ÒÁ×Á 8.9090450-03 -1.2389176+015 ÓÌÅ×Á 1.0899585-04 -6.4205268+025 Ó�ÒÁ×Á 1.0899585-04 -6.4205261+027 ÓÌÅ×Á 6.5080972-07 -7.8726762+047 Ó�ÒÁ×Á 6.5080972-07 -7.8726780+049 ÓÌÅ×Á 2.3189024-09 -1.7426747+079 Ó�ÒÁ×Á 2.3189024-09 -1.7426800+0711 ÓÌÅ×Á 5.4976226-12 -6.0688892+0911 Ó�ÒÁ×Á 5.4976226-12 -6.0686631+09×ÙÞÉÓÌÅÎÉÑ ÜÔÉÈ ÆÕÎË�ÉÊ �ÒÏ×ÏÄÉÌÉÓØ ×ÎÅ ÏÂÌÁÓÔÉ ÓÈÏÄÉÍÏÓÔÉ ÓÏÏÔ-×ÅÔÓÔ×ÕÀÝÉÈ ÒÑÄÏ×. ëÒÏÍÅ ÔÏÇÏ, × ÜÔÉÈ ÓÌÕÞÁÑÈ ÎÁÂÌÀÄÁÅÔÓÑ ×ÅÓØÍÁÓÕÝÅÓÔ×ÅÎÎÏÅ �ÏÎÉÖÅÎÉÅ ÔÏÞÎÏÓÔÉ ÉÚ-ÚÁ �ÏÔÅÒÉ ÂÏÌØÛÏÇÏ ÞÉÓÌÁ ÚÎÁ-ÞÁÝÉÈ �ÉÆÒ. ïÔÍÅÔÉÍ, ÞÔÏ × ÓÌÕÞÁÑÈ, ËÏÇÄÁ ÓÌÅ×Á É Ó�ÒÁ×Á × ÓÏÏÔÎÏ-ÛÅÎÉÑÈ (42){(43) ÓÔÏÑÔ ÌÉÂÏ ×ÙÔÑÎÕÔÙÅ, ÌÉÂÏ Ó�ÌÀÓÎÕÔÙÅ ×ÏÌÎÏ×ÙÅÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ ÔÏÞÎÏÓÔØ ÒÁÓÞÅÔÏ× �ÒÉÍÅÒÎÏ ÏÄÉÎÁËÏ×Á. åÓ-ÌÉ ÖÅ Ó�ÒÁ×Á É ÓÌÅ×Á ÎÁÈÏÄÑÔÓÑ ÒÁÚÎÙÅ ×ÉÄÙ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË-�ÉÊ, ÔÏ ÔÏÞÎÏÓÔØ ÎÅÓËÏÌØËÏ ÓÎÉÖÁÅÔÓÑ (ÓÍ. ÔÁÂÌ.3). ÷ �ÅÌÏÍ, ÍÏÖÎÏËÏÎÓÔÁÔÉÒÏ×ÁÔØ, ÞÔÏ ÒÅÚÕÌØÔÁÔÙ ÞÉÓÌÅÎÎÙÈ ÒÁÓÞÅÔÏ× �ÏÄÔ×ÅÒÖÄÁÀÔÔÅÏÒÅÔÉÞÅÓËÉÅ ×Ù×ÏÄÙ.



216 ÷. ç. æáòáæïîï÷, î. ÷. ÷ïýéîîéëï÷, å. ç. óåíåîï÷á�ÁÂÌÉ�Á 3. ÷ÙÞÉÓÌÅÎÉÅ ×ÏÌÎÏ×ÙÈ Ó�ÌÀÓÎÕÔÙÈ ÓÆÅÒÏ-ÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ Ó �ÁÒÁÍÅÔÒÁÍÉ m = 1, 2 = 1:0,�2 = 1:0, �2 = 0 �ÒÉ ÉÓ�ÏÌØÚÏ×ÁÎÉÉ ÓÏÏÔÎÏÛÅÎÉÑ (42){(43) É ×ÏÌÎÏ×ÙÈ ×ÙÔÑÎÕÔÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊÓ �ÁÒÁÍÅÔÒÁÍÉ m = 1, 1 = 2:0, �1 = 1:2247449, �1 = 0.n ÓÏÏÔÎ.(43) R(1)mn(−i2; i�2) �Smn(−i2; �2) R(2)mn(−i2; i�2) �Smn(−i2; �2)1 ÓÌÅ×Á 3.3256780-01 -7.8528916-011 Ó�ÒÁ×Á 3.3256780-01 -7.8527041-013 ÓÌÅ×Á 1.2209301-02 -6.0887965+003 Ó�ÒÁ×Á 1.2209301-02 -6.0865233+005 ÓÌÅ×Á 1.7800805-04 -2.4250935+025 Ó�ÒÁ×Á 1.7800805-04 -2.4191264+027 ÓÌÅ×Á 1.3317250-06 -2.3180293+047 Ó�ÒÁ×Á 1.3317250-06 -2.2931008+049 ÓÌÅ×Á 6.0201820-09 -4.0049247+069 Ó�ÒÁ×Á 6.0201820-09 -3.8629202+06ìÉÔÅÒÁÔÕÒÁ1. S. Asano, G. Yamamoto, Light sattering by spheroidal partile. | Appl. Opt., 14(1975), 29{49.2. N. V. Voshhinnikov, V. G. Farafonov, Optial properties of spheroidal partiles.| Astrophys. Spae Si., 204 (1993), 19{86.3. V. G. Farafonov, A uni�ed approah, using spheroidal funtions, for solving theproblem of light sattering by a axisymmetri partiles.| J. Math. Si., 175 (2011),698{723.4. V. G. Farafonov, Appliation of non-orthogonal bases in the theory of light satter-ing by spheroidal partiles. | In: Light Sattering Reviews 8. A. A. Kokhanovsky(ed), Berlin: Springer-Praxis, (2013), 189{266.5. A. Vinokurov, V. Farafonov, V. Il'in, Separation of variables method for multilay-ered nonspherial partiles. | JQSRT, 110 (2009), 1356{1368.6. ÷. ç. æÁÒÁÆÏÎÏ×, ÷. â. éÌØÉÎ, ï �ÒÉÍÅÎÉÍÏÓÔÉ ÓÆÅÒÉÞÅÓËÏÇÏ ÂÁÚÉÓÁ ÄÌÑ ÓÆÅ-ÒÏÉÄÁÌØÎÙÈ ÓÌÏÉÓÔÙÈ ÒÁÓÓÅÉ×ÁÔÅÌÅÊ. | ï�Ô. É Ó�ÅËÔÒ., 115 (2013), 836-843.7. T. Onaka, Light sattering by spheroidal grains.| Ann Tokyo Astron. Observ., 18(1980), 1-54.8. V. G. Farafonov, N. V. Voshhinnikov, V. V. Somsikov, Light sattering by a ore-mantle spheroidal partile. | Appl. Opt., 35 (1996), 5412{5426.9. I. Gurwih, M. Kleiman, N. Shiloah, A. Cohen, Sattering of eletromagneti radi-ation by multilayered spheroidal partiles: reursive proedure. | Appl. Opt., 39(2000), 470-477.



îåëï�ïòùå óïï�îïûåîéñ íåöäõ ÷ïìîï÷ùíé 21710. I. Gurwih, M. Kleiman, N. Shiloah, D. Oaknin, Sattering by an arbitrary multi-layered spheroid: theory and numerial results. | JQSRT, 79-80 (2003) , 649-653.11. V. Farafonov, N. Voshhinnikov, Light sattering by a multilayered spheroidal par-tile. | Appl. Opt., 51 (2012), 1586{1597.12. Y. Han, H. Zhang H, X. Sun, Sattering of shaped beam by an arbitrarily orientedspheroid having layers with non-onfoal boundaries. | Appl. Phys., B 84 (2006),485{492.13. ÷. é. ëÏÍÁÒÏ×, ì. é. ðÏÎÏÍÁÒÅ×, ó. à. óÌÁ×ÑÎÏ×, óÆÅÒÏÉÄÁÌØÎÙÅ É ËÕÌÏÎÏ×-ÓËÉÅ ÓÆÅÒÏÉÄÁÌØÎÙÅ ÆÕÎË�ÉÉ. í., îÁÕËÁ, (1976).14. K. æÌÁÍÍÅÒ �ÁÂÌÉ�Ù ×ÏÌÎÏ×ÙÈ ÓÆÅÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ. í., ÷ã áî óóóò,(1962).15. î. ÷. ÷ÏÝÉÎÎÉËÏ×, ÷. ç. æÁÒÁÆÏÎÏ×, ÷ÙÞÉÓÌÅÎÉÅ ×ÙÔÑÎÕÔÙÈ ÒÁÄÉÁÌØÎÙÈ ÓÆÅ-ÒÏÉÄÁÌØÎÙÈ ÆÕÎË�ÉÊ Ó ÉÓ�ÏÌØÚÏ×ÁÎÉÅÍ ÒÁÚÌÏÖÅÎÉÑ ñÆÆÅ. | ö÷íÉíæ, 43(2003), 1353{1363.Farafonov V. G., Voshhinnikov N. V., Semonova E. G. Some relationsbetween the spheroidal and spherial wave funtions.We �nd new relations between the spheroidal and spherial wave fun-tions as well as between the spheroidal funtions related to di�erent spher-oidal oordinate systems. The systems should have a ommon origin ofoordinate and a ommon symmetry axis of oordinate surfaes. The ap-pliability ranges of the relations obtained are disussed. Numerial testalulations have demonstrated the high eÆieny of the relations in par-tiular those for wave funtions inluding the radial funtions of the �rstkind. As a partiular ase we onsider the relations between the prolateand oblate spheroidal wave funtions inluding the radial funtions of the�rst and seond kinds. These relations are neessary to solve the lightsattering problem for nononfoal layered spheroidal partiles.ðÏÓÔÕ�ÉÌÏ 23 ÓÅÎÔÑÂÒÑ, 2014 Ç.çÏÓÕÄÁÒÓÔ×ÅÎÎÙÊ ÕÎÉ×ÅÒÓÉÔÅÔÁÜÒÏËÏÓÍÉÞÅÓËÏÇÏ �ÒÉÂÏÒÏÓÔÒÏÅÎÉÑ,ÕÌ. â. íÏÒÓËÁÑ, Ä. 67, 190000,óÁÎËÔ-ðÅÔÅÒÂÕÒÇ, òÏÓÓÉÑE-mail : far�aanet.ru


