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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐôÅÏpÅÔÉÞÎi ÄÏÓÌiÄÖÅÎÎÑ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ÔÁ ËÏÅÆi-Ãi¤ÎÔi× ÐÅpÅÎÏÓÕ ÄÌÑ ÐÌÁÚÍÉ × ÅÌÅËÔpÏÍÁÇÎiÔÎÏÍÕ ÐÏÌi ¤ ÏÄÎi¤À ÚÁËÔÕÁÌØÎÉÈ ÐpÏÂÌÅÍ ÎÅpi×ÎÏ×ÁÖÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏpi§ ÐÌÁÚÍÉ. ðpÉÃØÏÍÕ ÏÄÎi¤À Ú ÃÅÎÔpÁÌØÎÉÈ ÚÁÄÁÞ ¤ pÏÚpÁÈÕÎÏË ÄÉÎÁÍiÞÎÏÇÏ ÓÔpÕË-ÔÕpÎÏÇÏ ÆÁËÔÏpÁ ÐÌÁÚÍÉ, ÑËÉÊ ÍÏÖÅ ÅËÓÐÅpÉÍÅÎÔÁÌØÎÏ ÄÏÓÌiÄÖÕ×Á-ÔÉÓØ ÚÁ pÏÚÓiÑÎÎÑÍ ÎÅÊÔpÏÎi×, ÝÏ ¤ ×ÁÖÌÉ×ÉÍ ÄÌÑ ÄiÁÇÎÏÓÔÉËÉ ÐÌÁÚ-ÍÉ. IÎÛÁ ×ÁÖÌÉ×Á ÏÓÏÂÌÉ×iÓÔØ ÐÌÁÚÍÉ ÐÏ×'ÑÚÁÎÁ Ú ÔÉÍ,ÝÏ ËÏÅÆiÃi¤Î-ÔÉ ÐÅpÅÎÏÓÕ- ×'ÑÚËiÓÔØ, ÔÅÐÌÏÐpÏ×iÄÎiÓÔØ ÔÁ ÐÅpÅÈpÅÓÎi ËÏÅÆiÃi¤ÎÔÉ-ÚÁÌÅÖÁÔØ ×iÄ ÓÔÁÎÕ ÓÁÍÏÇÏ ÐÏÌÑ, ÝÏ ÂÕÄÅ ×iÄÏÂpÁÖÁÔÉÓØ i ÎÁ ÓÐÅË-Ôpi ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ ÔÁ ÞÁÓÔÏÔÎÏ-È×ÉÌØÏ×Ï§ ÚÁÌÅÖÎÏÓÔi ÄÉÎÁÍiÞÎÏÇÏÓÔpÕËÔÕpÎÏÇÏ ÆÁËÔÏpÁ. ðÅ×Îi pÅÚÕÌØÔÁÔÉ Õ ÃØÏÍÕ ÎÁÐpÑÍËÕ ÂÕÌÉÏÔpÉÍÁÎi Õ ÓÅpi§ pÏÂiÔ [1-3], ÄÅ ÂÕÌÉ ÐpÏ×ÅÄÅÎi ÄÏÓÌiÄÖÅÎÎÑ ÞÁÓÏ×ÉÈËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ, ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ ÔÁ ËÏÅÆiÃi¤ÎÔi× ÐÅpÅÎÏÓÕÄÌÑ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ ÇÕÓÔÏ§ ÐÌÁÚÍÉ × ÚÏ×ÎiÛÎØÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌi,ÔÁ × pÏÂÏÔÁÈ [4-5], × ÑËÉÈ ÄÏÓÌiÄÖÕ×ÁÌÉÓØ ÇiÄpÏÄÉÎÁÍiÞÎi ÍÏÄÉ Ä×Ï-ËÏÍÐÏÎÅÎÔÎÏ§ ËÕÌÏÎi×ÓØËÏ§ ÐÌÁÚÍÉ. îÁÊÂiÌØÛÉÊ iÎÔÅpÅÓ Ú ÔÏÞËÉ ÚÏpÕÚÁÓÔÏÓÕ×ÁÎÎÑ ÓËÌÁÄÁÀÔØ ÄÏÓÌiÄÖÅÎÎÑ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎË-ÃiÊ ÔÁ ËÏÅÆiÃi¤ÎÔi× ÐÅpÅÎÏÓÕ ÂÁÇÁÔÏËÏÍÐÏÎÅÎÔÎÏ§ ÐÌÁÚÍÉ × ÅÌÅËÔpÏ-ÍÁÇÎiÔÎÏÍÕ ÐÏÌi.2. þÁÓÏ×i ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ ÔÁ ËÏÅÆiÃi¤ÎÔÉÐÅpÅÎÏÓÕúÁ ÄÏÐÏÍÏÇÏÀ pi×ÎÑÎØ ÐÅpÅÎÏÓÕ, ÏÔpÉÍÁÎÉÈ × ÐÅpÛiÊ ÞÁÓÔÉÎi, ×iÄÏ-ÍÉÍ ÓÐÏÓÏÂÏÍ [6] ÍÏÖÎÁ ÏÔpÉÍÁÔÉ ×iÄÐÏ×iÄÎÕ ÓÉÓÔÅÍÕ pi×ÎÑÎØ ÄÌÑÌÁÐÌÁÓ-ÏÂpÁÚi× ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ÇiÄpÏÄÉÎÁÍiÞÎÉÈÚÍiÎÎÉÈ �abBiBj (k; z) = { Z exp({zt)�abBiBj (k; t) dt ;�abBiBj (k; t) = h ^Bai (k; t) ^Bbj (�k)i0 (2.1)( ^Bai ÐpÏÂiÇÁ¤ ÚÎÁÞÅÎÎÑ ^nak; ^jak; ^hak) ÔÁ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ,ÝÏ ÏÐÉÓÕÀÔØ ËÏpÅÌÑÃiÀ ÏÓÃÉÌÑÔÏpi× ÐÏÌÑ ÔÁ ÞÁÓÔÉÎÏË ÐÌÁÚÍÉ��aNBi(k;X; z) = { Z exp({zt)��aNBi(k;X; t) dt ;��aNBi(k;X; t) = h� ^N�k(X ; t) ^Bai (�k)i0 ; (2.2)
IóMP{96{28U 2Xc Xn �z�ac�BiBn � {
acBiBn(k) + ~LacBiBn(k; z)��cbBnBj (k; z)��X� Z dX{
a�BiN (k;X)��bNBj (k;X; z) +X� Z dX ~La�BiN (k;X; z)����bNBj (k;X; z) = ��abBiBj (k) ; (2.3)z��aNBi(k;X; z) +X�0 Z dX 0 ~L��0NN(k;X;X 0; z)��0aNBi(k;X 0; z)��Xc Xn {
�cNBn(k;X)�caBnBi(k; z)+ (2.4)+Xc Xn ~L�cNBn(k;X; z)�caBnBi(k; z) = 0:õ ×ÉpÁÚÁÈ (2.3) - (2.4) ÓÕÍÕ×ÁÎÎÑ ÐpÏ×ÏÄÉÔØÓÑ ÑË ÚÁ ÓÏpÔÁÍÉ ÞÁ-ÓÔÉÎÏË (iÎÄÅËÓÉ a,c), ÔÁË i ÚÁ ÇiÄpÏÄÉÎÁÍiÞÎÉÍÉ ÚÍiÎÎÉÍÉ Bn. úÁÕ×Á-ÖÉÍÏ, ÝÏ ÓÔÁÔÉÞÎÁ ËÏpÅÌÑÃiÊÎÁ ÆÕÎËÃiÑ ��aNBi(k;X) = 0 ÐpÉ k 6= 0,ÔÏÍÕ Ú pi×ÎÑÎÎÑ (2.4) ÍÏÖÎÁ ×ÉpÁÚÉÔÉ ��aNBi(k;X; z) i ÐiÄÓÔÁ×ÉÔÉ ×(2.3). ïÔpÉÍÁ¤ÍÏ ÓÉÓÔÅÍÕ pi×ÎÑÎØ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎË-ÃiÊ �abBiBj (k; z) :Xc Xn �z�ac�BiBn � {
acBiBn(k) + ~~LacBiBn(k; z)��cbBnBj (k; z) == ��abBiBj (k) : (2.5)æÕÎËÃi§ ÐÁÍ'ÑÔi ~~LabBiBn(k; z) ÐÅpÅÎÏpÍÏ×ÁÎi ÑË Ú ×pÁÈÕ×ÁÎÎÑÍ ËiÎÅ-ÔÉËÉ ÞÁÓÔÉÎÏË ÔÁË i ËiÎÅÔÉËÉ ÏÓÃÉÌÑÔÏpi× ÐÏÌÑ:~~LabBiBn(k; z) = ~LabBiBn(k; z)�X��0Xn Z dXZ dX 0 ~Da�BiN (k;X; z)�� hz���0�(X �X 0)� ~L��0NN (k;X;X 0; z)i�1 ~D�0bNBn(k;X 0; z) ; (2.6)ÄÅ ~Da�BiN (k;X; z) = �{
a�BiN (k;X) + ~La�BiN (k;X; z) ; (2.7)Á ÏÐÅpÁÔÏp hz���0�(X �X 0)� ~L��0NN(k;X;X 0; z)i�1 ÚÎÁÈÏÄÉÔØÓÑ ÚÕÍÏ×É X�00 Z dX 00 hz���00�(X �X 0)� ~L��00NN (k;X;X 00; z)i�



3 ðÒÅÐÒÉÎÔhz��00�0�(X 00 �X 0)� ~L�00�0NN (k;X 00;X 0; z)i= ���0�(X�X0) :(2.8)îÁÇÁÄÁ¤ÍÏ, ÝÏ ÚÎÁË ÔiÌØÄÁ ÎÁÄ ÆÕÎËÃiÑÍÉ ÐÁÍ'ÑÔi ÏÚÎÁÞÁ¤ ÐÅpÅ-ÎÏpÍÕ×ÁÎÎÑ ÎÁ ÏÓÎÏ×i ×pÁÈÕ×ÁÎÎÑ ËiÎÅÔÉËÉ ÞÁÓÔÉÎÏË. ðÏ Ó×Ï§ÊÓÔpÕËÔÕpi ÓÉÓÔÅÍÁ pi×ÎÑÎØ (2.5) ÁÎÁÌÏÇiÞÎÁ ÓÉÓÔÅÍi pi×ÎÑÎØ,ÝÏ ÏÔpÉ-ÍÕ¤ÔØÓÑ ÍÅÔÏÄÏÍ ÐpÏÅËÃiÊÎÉÈ ÏÐÅpÁÔÏpi× íÏpi [7] ÔÁ ÍÅÔÏÄÏÍ ÆÕÎË-ÃiÊ çpiÎÁ [8], ÏÄÎÁË × ÎÁÛÏÍÕ ×ÉÐÁÄËÕ ÑÄpÁ ÐÅpÅÎÏÓÕ ×pÁÈÏ×ÕÀÔØ ÑËËiÎÅÔÉÞÎi, ÔÁË i ÇiÄpÏÄÉÎÁÍiÞÎi ËÏpÅÌÑÃi§ × ÓÉÓÔÅÍi.÷ÉÂpÁ×ÛÉ ÎÁÐpÑÍ È×ÉÌØ×ÏÇÏ ×ÅËÔÏpÁ ÐÏ ÏÓi 0z; × ÓÉÓÔÅÍi pi×ÎÑÎØ(2.5) ÍÏÖÎÁ pÏÚÄiÌÉÔÉ pi×ÎÑÎÎÑ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ,ÝÏ ÏÐÉÓÕÀÔØ ÐÏÚÄÏ×ÖÎi ÔÁ ÐÏÐÅpÅÞÎi ËÏÌÉ×ÁÎÎÑ × ÓÉÓÔÅÍi. ôÁË ÐpÉ^Bi(k) = ^j?k (^j?k� ÐÏÐÅpÅÞÎÁ ËÏÍÐÏÎÅÎÔÁ ÇÕÓÔÉÎÉ iÍÐÕÌØÓÕ), ÏÔpÉ-ÍÁ¤ÍÏ: z�?abjj (k; z) +Xc ~L?acjj (k; z)�?cbjj (k; z) = ��?abjj (k) == �mana� �ab ; (2.9)(ma ÔÁ na, ×iÄÐÏ×iÄÎÏ, ÍÁÓÁ ÞÁÓÔÉÎÏË ÓÏpÔÕ a ÔÁ ÇÕÓÔÉÎÁ ÞÉÓÌÁ ÞÁ-ÓÔÉÎÏË, � = (kâT )�1� ÏÂÅpÎÅÎÁ ÔÅÍÐÅpÁÔÕpÁ.) ú pi×ÎÑÎÎÑ (2.9) ÏÔpÉ-ÍÁ¤ÍÏ:�?abjj (k; z) =Xc hz + ~~Ljj(k; z)i�1ac �?cbjj (k) ; (2.10)ÄÅ hz + ~~Ljj(k; z)i�1� ÍÁÔpÉÃÑ, ÏÂÅpÎÅÎÁ ÄÏhz + ~~Ljj(k; z)iab= z�ab + {(k2~�?ab(k; z) + ~�?ab(z))=mbnb��1 ; (2.11)~�?ab(k; z)� ÕÚÁÇÁÌØÎÅÎÉÊ ËÏÅÆiÃi¤ÎÔ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi,ÝÏ ×ÉÚÎÁÞÁ¤ÔØ-ÓÑ ÚÇiÄÎÏ {k2�~�?ab(k; z)=mbnb = k2�mbnb��h(1� })^I?aj (k)T0(z)(1� })^I?bj (�k)i0 ; (2.12)ÄÅ T0(z)- ÌÁÐÌÁÓ-ÏÂpÁÚ ÏÐÅpÁÔÏpÁ Å×ÏÌÀÃi§, }- ÐpÏÅËÃiÊÎÉÊ ÏÐÅpÁ-ÔÏp íÏpi, ÑËÉÊ ÐpÏÅËÔÕ¤ ÂÕÄØ-ÑËÕ ÆÁÚÏ×Õ ÚÍiÎÎÕ ÎÁ ÐpÏÓÔip ÇipÏÄÉ-ÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ, ^I?aj (k)- ÐÏÐÅpÅÞÎÁ ÓËÌÁÄÏ×Á ÔÅÎÚÏpÁ ÎÁÐpÕÖÅÎØ,Á ~�?abjj (z)- ÕÚÁÇÁÌØÎÅÎÁ pÅÌÁËÓÁÃiÊÎÁ ÍÁÔpÉÃÑ, ÏÚÎÁÞÅÎÁ ÚÇiÄÎÏ{~�?abjj (z) = h(1� })^f?aT0(z)(1� })^f?bi0 ; (2.13)
IóMP{96{28U 4ÄÅ ^f?a� ÐÏÐÅpÅÞÎi ÓËÌÁÄÏ×i ÓÉÌÉ ìÏpÅÎÃÁ:^f?a= �r4�V NaXi=1 ea0@Xk;� ^P �k sinkricoskri +Xk;�� pima � k� � ^Q2k sin kri^Q1k cos kri 1A++ NaXi=1 NbXj=1 eaeb �(ri � rj) � ek� ekjri � rj j3 ; (2.14)(ek� ÏpÔ, ÐÅpÐÅÎÄÉËÕÌÑpÎÉÊ ÄÏ ×ÅËÔÏpÁ k.)ðÏÄiÂÎÏ ÄÏ (2.9) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÓÉÓÔÅÍÕ pi×ÎÑÎØ ÄÌÑ ÐÏÚÄÏ×Ö-ÎÉÈ ÓËÌÁÄÏ×ÉÈ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ:z�abnB(k; z)�Xc {
acnj�jjcbjB (k; z) = ��abnB(k) ;z�jjabjB (k; z)�Xc �{
acjn(k)�cbnB(k; z) + {
acjh(k)�cbhB(k; z)��~~Ljjacjj (k; z)�jjcbjB (k; z)� ~~Ljjacjh (k; z)�jjcbhB (k; z)� = ��jjabjB (k) ; (2.15)z�abhB(k; z)�Xc �{
achj(k)�cbjB(k; z)� ~~Ljjachj (k; z)�jjcbjB (k; z)� ~~Ljjachh (k; z)���jjcbhB (k; z)� = ��abhB(k) ;^Ijjaj (k)� ÐÏÚÄÏ×ÖÎÑ ÓËÌÁÄÏ×Á ÔÅÎÚÏpÁ ÎÁÐpÕÖÅÎØ,{~�jjabjj (z) = h(1� })^f jjaT0(z)(1� })^f jjbi0 (2.16)-ÕÚÁÇÁÌØÎÅÎÁ pÅÌÁËÓÁÃiÊÎÁ ÍÁÔpÉÃÑ, Á ^f jja� ÐÏÚÄÏ×ÖÎi ÓËÌÁÄÏ×i ÓÉ-ÌÉ ìÏpÅÎÃÁ: ^f jja = NaXi=1 ea0@ NbXj=1 eb(ri � rj)jri � rj j3 � kkk2 ++r4�V Xk;� kma �(pi � ^Q2k) sin kri(pi � ^Q1k) cos kri 1A ; (2.17)



5 ðÒÅÐÒÉÎÔ~~Labjh(k; z) =Xc {k�k~�ac(k; z) + ~�acjh(z)��CV (k)kâ�2 ��1cb =Xc {k��ac(k; z)�� �CV (k)kâ�2 ��1cb ; (2.18)CabV (k)- ÔÅÐÌÏ¤ÍÎiÓÔØ ÐpÉ ÐÏÓÔiÊÎÏÍÕ ÏÂ'¤Íi, �ab(k; z)� ÕÚÁÇÁÌØÎÅÎÉÊËÏÅÆiÃi¤ÎÔ, ÝÏ ÏÐÉÓÕ¤ ËÏpÅÌÑÃi§ ÍiÖ ÔÅÐÌÏ×ÉÍÉ ÔÁ ×'ÑÚËÉÍÉ ÐpÏÃÅ-ÓÁÍÉ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ:{k2 ~�ac(k; z) = k2h(1� })^I jjaj (k)T0(z)(1� })^Ic"(�k)i0 ; (2.19)ÄÅ ^Ic"(k)� ÐÏÔiË ÔÅÐÌÁ, ÐpÉ ÞÏÍÕ �ac(k; z)! 0 ÐpÉ k ! 0;{k~�acjh(z)=knh(1� })^f jjaT0(z)(1� })^Ic"(0)i0+ h(1� })^I jjaj (0)��T0(z)(1� }) ^Pci0o ; (2.20)ÔÕÔ ^Pc = NcPi=1 pif imc ;~~Labhh(k; z) = {k2 �~�ac(k; z) + {~�achh(z)��CV (k)kâ�2 ��1cb ; (2.21)ÄÅ ~�ac(k; z)� ÕÚÁÇÁÌØÎÅÎÉÊ ËÏÅÆiÃi¤ÎÔ ÔÅÐÌÏÐpÏ×iÄÎÏÓÔi, ÏÚÎÁÞÅÎÉÊÑË {k2~�ac(k; z) = k2h(1� })^Ia"(k)T0(z)(1� })^Ic"(�k)i0 ; (2.22)a ~�achh(z)� ÕÚÁÇÁÌØÎÅÎÁ pÅÌÁËÓÁÃiÊÎÁ ÍÁÔpÉÃÑ, ÑËÁ ×ÉÚÎÁÞÁ¤ÔØÓÑ iÚÓÐi××iÄÎÏÛÅÎÎÑ:{~�achh(z) = h(1� }) ^PaT0(z)(1� }) ^Pci0 : (2.23)ðÏÓÌiÄÏ×ÎÏ pÏÚ×'ÑÚÕÀÞÉ ÓÉÓÔÅÍÕ pi×ÎÑÎØ (2.15) ÐpÉ Ba = fnak,jak, hakg, ÚÎÁÊÄÅÍÏ ÌÁÐÌÁÓ-ÏÂpÁÚÉ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ "ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ", "iÍÐÕÌØÓ-iÍÐÕÌØÓ" ÔÁ "ÅÎÔÁÌØÐiÑ-ÅÎÔÁÌØÐiÑ":�abnn(k; z) = �Xc;d �acnn(k) �z�cd +�cdjj (k; z)� [z (z +�jj(k; z))++{
nj(k){
jn(k)]�1db ; (2.24)�jjabjj (k; z) = �zmbnb� �z2+z�jj(k; z)+{
jn(k){
nj(k)��1ab ; (2.25)
IóMP{96{28U 6�abhh(k; z) = �Xc �achh(k)"z + ~~Lhh(k; z) + hz �{
hj(k)� ~~Lhj(k; z)����{
jh(k)� ~~Ljh(k; z)�i �� �z�z + ~~Ljjjj(k; z)�+ {
jn(k){
nj(k)��1#�1cb ; (2.26)ÄÅ �abjj (k; z) = �mana �k2~�jjab(k; z) + ~�jjabjj (z)� �ab �Xc;c1;d�{
acjh(k)��{k��ac(k; z)� �CV (k)kâ�2 ��1cc1 �z + �k2~�(k; z) + ~�hh(z)� kâ�2CV (k)��1c1d���{
dbhj(k)� {k �mbnb ��db(k; z)� : (2.27)þÁÓÏ×Á ËÏpÅÌÑÃiÊÎÁ ÆÕÎËÃiÑ �abnn(k; z) ×ÉÚÎÁÞÁ¤ ÄÉÎÁÍiÞÎÉÊÓÔpÕËÔÕpÎÉÊ ÆÁËÔÏp Sab(k; !) ÚÇiÄÎÏ�abnn(k; z) = 1Z�1 d! Sab(k; !)! � z ; (2.28)èÁpÁËÔÅpÎÏÀ ÏÓÏÂÌÉ×iÓÔÀ ÂÕÄÅ ÔÅ, ÝÏ ×ÎÁÓÌiÄÏË ÐÅpÅÎÏpÍÕ×ÁÎÎÑÆÕÎËÃiÊ ÐÁÍ'ÑÔi ÑË Ú ×pÁÈÕ×ÁÎÎÑÍ ËiÎÅÔÉËÉ ÚÁpÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏËÔÁË i ÐÏÌØÏ×ÉÈ ÚÍiÎÎÉÈ, × ÓÐÅËÔpi Sab(k; !) ÐpÉ ÐÅ×ÎÉÈ ÞÁÓÔÏÔÁÈ ÂÕ-ÄÕÔØ ÓÐÏÓÔÅpiÇÁÔÉÓØ ÏÓÏÂÌÉ×ÏÓÔi × ×ÉÇÌÑÄi ÐiËi×, ÝÏ ×iÄÐÏ×iÄÁÀÔØ ÎÅÔiÌØËÉ ÇiÄpÏÄÉÎÁÍiÞÎÉÍ, Á Ê ËiÎÅÔÉÞÎÉÍ ÍÏÄÁÍ [9].÷ ÎÁÛÏÍÕ ×ÉÐÁÄËÕ ÐpÉ ÄÏÓÌiÄÖÅÎi ÍÏÄ ÏÂÍÅÖÉÍÏÓØ ÌÉÛÅ pÏÚ-ÇÌÑÄÏÍ ÇiÄpÏÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ. ðÏÌØÏ×i ÚÍiÎÎi ÕÚÇÏÄÖÅÎÉÍ ÞÉÎÏÍ×ÈÏÄÉÔÉÍÕÔØ Õ ×iÄÐÏ×iÄÎi ×ÉpÁÚÉ ÄÌÑ ÓÉÌ ìÏpÅÎÃÁ. óÌiÄ ×iÄÚÎÁÞÉ-ÔÉ, ÝÏ ÏÓËiÌØËÉ × ÓÉÓÔÅÍi "ÞÁÓÔÉÎËÉ-ÐÏÌÅ" ÚÂÅpiÇÁÀÔØÓÑ ÌÉÛÅ ÐÏ×-ÎÁ ÅÎÅpÇiÑ ÔÁ ÐÏ×ÎÉÊ ÐÏÔiË iÍÐÕÌØÓÕ, ×ÉpÁÚÉ ÄÌÑ ÞÁÓÔÏÔ z(k) ÄÅÝÏ×iÄpiÚÎÑÔÉÍÕÔØÓÑ ×iÄ pÅÚÕÌØÔÁÔi×, ÏÔpÉÍÁÎÉÈ × pÏÂÏÔÁÈ [4-5] ÐpÉ pÏÚ-ÇÌÑÄi ÞÉÓÔÏ ËÕÌÏÎi×ÓØËÏ§ ÐÌÁÚÍÉ.



7 ðÒÅÐÒÉÎÔ3. ëÏÌÅËÔÉ×Îi ÍÏÄÉ. ðÏÐÅpÅÞÎi ËÏÌÉ×ÁÎÎÑ.äÌÑ pÏÚpÁÈÕÎËÕ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ ÓÌiÄ ÚÄiÊÓÎÉÔÉ ÐÅpÅÈiÄ ÄÏ ÂÅÚpÏÚ-ÍipÎÉÈ ÚÍiÎÎÉÈ ÚÇiÄÎÏBa = nnak; jak; hako �! nnak=na ; jak=pmana��1 ; hak=p3=2�o :ôÁËÉÍ ÞÉÎÏÍ, ÎÁÄÁÌi ×Ói ÆÕÎËÃi§ ÐÁÍ'ÑÔi ÂÕÄÕ×ÁÔÉÍÕÔØÓÑ ÎÁ ÏÓÎÏ×iÂÅÚpÏÚÍipÎÉÈ ÂÁÚÉÓÎÉÈ ÚÍiÎÎÉÈ. ëpiÍ ÔÏÇÏ, Õ ×ÉpÁÚi ÄÌÑ ÅÎÔÁÌØÐi§ÏÂÍÅÖÉÍÏÓØ ÌÉÛÅ ËiÎÅÔÉÞÎÏÀ ÅÎÅpÇi¤À ÞÁÓÔÉÎÏË.ðÏÐÅpÅÞÎi ÍÏÄÉ ×ÉÚÎÁÞÁÀÔØÓÑ Ú pi×ÎÏÓÔi ÎÕÌÀ ×ÉÚÎÁÞÎÉËÁ4?(k; z) � � z �M11? (k; z) M12? (k; z)M21? (k; z) z �M22? (k; z) � = 0 ; (3.29)ôÕÔ Mab? (k; z)=�{�~�?abjj (z)+k2~�?ab(k; z)���{��ab? (z)+k2Dab? (k; z)� :ñË ÚÁÚÎÁÞÁÌÏÓØ × ÐÏÐÅpÅÄÎØÏÍÕ pÏÚÄiÌi, ×ÎÁÓÌiÄÏË ÔÏÇÏ, ÝÏ ÚÂÅpi-ÇÁ¤ÔØÓÑ ÌÉÛÅ ÐÏ×ÎÉÊ iÍÐÕÌØÓ ÓÉÓÔÅÍÉ "ÞÁÓÔÉÎËÉ-ÐÏÌÅ" ÍÁ¤ÍÏ:_^P 1 + _^P 2 + _^S = 0 (3.30)õ ×ÉpÁÚi (3.30) ^P a� iÍÐÕÌØÓ ÞÁÓÔÉÎÏË ÓÏpÔÕ a, ^S = 14�c R dr ^E(r) �^B(r)� iÍÐÕÌØÓ ÅÌÅËÔpÏÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ, ÐÏÐÅpÅÞÎÁ ÓËÌÁÄÏ×Á ÑËÏÇÏÍÁÔÉÍÅ ×ÉÇÌÑÄ:^S? = 14�c Z dr ^Ejj(r)� ^B(r) ; (3.31)ÄÅ ^Ejj(r)� ÐÏÚÄÏ×ÖÎÑ ÓËÌÁÄÏ×Á ÅÌÅËÔpÉÞÎÏÇÏ ÐÏÌÑ, ^B(r)� ÎÁÐpÕ-ÖÅÎiÓÔØ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ. âÅpÕÞÉ ÄÏ Õ×ÁÇÉ (3.30) - (3.31) i ×pÁÈÏ×Õ-ÀÞÉ ÔÅ, ÝÏ ÂÁÚÉÓÎi ×ÅÌÉÞÉÎÉ ¤ ÂÅÚpÏÚÍipÎÉÍÉ, ÄÌÑ pÅÌÁËÓÁÃiÊÎÉÈÍÁÔpÉÃØ ÏÔpÉÍÁ¤ÍÏ ÎÁÓÔÕÐÎÅ ÓÐi××iÄÎÏÛÅÎÎÑ:�11? (z)�22? (z)� �12? (z)�21? (z) = z2��?j (z) ; (3.32)ÄÅ ��?j (z) = h(1� })^S?T0(z)(1� })^S?i0 6= 0 ÐpÉ z ! 0.÷pÁÈÏ×ÕÀÞÉ (3.32), ÄÌÑ ÐÏÐÅpÅÞÎÉÈ ËÏÌÉ×ÁÎØ ÏÔpÉÍÁ¤ÍÏ Ú(3.29):z?(k) = �{k2D? + o(k4) (3.33)-ÄÌÑ ÞÉÓÔÏ ÄÉÆÕÚiÊÎÏ§ ÍÏÄÉ ÔÁ�z?(k) = �{ ���? + k2 �D?�+ o(k4) (3.34)
IóMP{96{28U 8-ÄÌÑ pÅÌÁËÓÁÃiÊÎÏ§ ÍÏÄÉ,D? = ��11? D22? + �22? D11? � �12? D21? � �21? D12?�11? + �22? � k = 0z = 0 : (3.35)÷ÅÌÉÞÉÎÁ ��? ¤ pÏÚ×'ÑÚËÏÍ pi×ÎÑÎÎÑz �1 + ��?j (z)�+ { ��11? (z) + �22? (z)� = 0 : (3.36)ïÞÅ×ÉÄÎÏ, Ú (3.36) ÍÉ ÏÔpÉÍÁ¤ÍÏ ÃiÌÉÊ pÑÄ pÏÚ×'ÑÚËi×, Ú ÑËÉÈÓÌiÄ ×iÄiÂpÁÔÉ ÌÉÛÅ ÔÁËi ÚÎÁÞÅÎÎÑ, ÄÌÑ ÑËÉÈ Re��? > 0;�D?=�{(D11? �22? +D22? �11? �D12? �21? �D21? �12? )�z(D11? +D22? )���z(1� ��?j � z ddz ��?j + { ddz (�11? + �22? )��1 k=0z=�{��?: (3.37)÷ ÐÏpi×ÎÑÎÎi Ú pÏÂÏÔÏÀ [4] × ÎÁÛÏÍÕ ×ÉÐÁÄËÕ ÎÅ ÍÏÖÎÁ ÐÏ×ÎiÓÔÀ×ÉËÌÀÞÉÔÉ pÅÌÁËÓÁÃiÊÎi ÍÁÔpÉÃi Õ ×ÉpÁÚÁÈ (3.35), (3.37) ×ÎÁÓÌiÄÏË(3.32). ïÞÅ×ÉÄÎÏ, ÝÏ ÐpÁ×Á ÞÁÓÔÉÎÁ pi×ÎÑÎÎÑ (3.32) ÍÁ¤ ÐÏpÑÄÏËv2Ô=c2 (vÔ� ÔÅÐÌÏ×Á Û×ÉÄËiÓÔØ, c- Û×ÉÄËiÓÔØ Ó×iÔÌÁ), ÏÄÎÁË ÔÁËÉÊ ÖÅÐÏpÑÄÏË ÍÁÀÔØ i �ab? (z); ÑËi ÏÂ'¤ÄÎÕÀÔØ ÞÉÓÔÏ ×ÉÈpØÏ×i ÄÏÄÁÎËÉ ÓÉÌÉìÏpÅÎÃÁ i × ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕ §È ÎÅ ÓÌiÄ ÏÐÕÓËÁÔÉ.4. ëÏÌÅËÔÉ×Îi ÍÏÄÉ. ðÏÚÄÏ×ÖÎi ËÏÌÉ×ÁÎÎÑ.äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÐÏÚÄÏ×ÖÎiÈ ÍÏÄ ÓÌiÄ pÏÚ×'ÑÚÁÔÉ pi×ÎÑÎÎÑ4L(k; z) � detjz�ij�ab �Mabij (k; z)j = 0 : (4.38)÷ pi×ÎÑÎÎi (4.38) i; j = n�n; �jjj; �ho� ÂÅÚpÏÚÍipÎi×ÅÌÉÞÉÎÉ, ÑËi ÂÕ-ÌÉ ××ÅÄÅÎi × ÐÏÐÅpÅÄÎØÏÍÕ pÏÚÄiÌi, Á ÎÅÎÕÌØÏ×i ÅÌÅÍÅÎÔÉ ÍÁÔpÉÃiMabij (k; z); ÝÏ ×ÉÚÎÁÞÁÀÔØÓÑ iÚ ÓÐi××iÄÎÏÛÅÎÎÑMabij (k; z) = �{
abij (k) + ~~Labij (k; z) ; (4.39)ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄ:Mabnjjj(k; z) = �abkva ;Mabjjjn(k; z) = k c2ab(k)vb ;



9 ðÒÅÐÒÉÎÔMabjjjjjj(k; z) = �{��jjabjj (z) + k2Djjabjj (k; z)� ;Mabjjjh(k; z) = kva�23�1=2 ��ab + I jjabjh (k; z)� � kDjjabjh (k; z) ;(4.40)Mabhjjj(k; z) = kva �23�1=2 ��ab + I jjabhj (k; z)� � kDjjabhj (k; z) ;Mabhh(k; z) = �{ ��abhh(z) + k2Dabhh(k; z)� :õ ×ÉpÁÚÁÈ (4.40) va= (ma�)� 12� ÔÅÐÌÏ×Á Û×ÉÄËiÓÔØ ÞÁÓÔÉÎÏË ÓÏpÔÕa, c2ab(k)� Ë×ÁÄpÁÔ ÐÁpÃiÁÌØÎÏ§ iÚÏÔÅpÍiÞÎÏ§ Û×ÉÄËÏÓÔi Ú×ÕËÕ; ×ÅÌÉ-ÞÉÎÉ �jjabjj (z) ÔÁ Djjabjj (k; z) ×ÉÚÎÁÞÁÀÔØÓÑ ÐÏÚÄÏ×ÖÎiÍÉ ÓËÌÁÄÏ×ÉÍÉÐÏÔÏËÕ iÍÐÕÌØÓÕ ÁÎÁÌÏÇiÞÎÏ ÐÏÐÅpÅÞÎÉÍ ÓËÌÁÄÏ×ÉÍ.{kI jjabjh (k; z) = h(1� }) _^jjja(k)T0(z)(1� }) _^hb(�k)i0 ; (4.41)I jjabjh (k; z)� ËÏÅÆiÃi¤ÎÔ ÐÅpÅÎÏÓÕ, ÝÏ ÐÏ×'ÑÚÕ¤ ×'ÑÚËi ÔÁ ÔÅÐÌÏ×i ËÏÌÉ-×ÁÎÎÑ,Dabhh(k; z) = h(1� })^ja"(k)T0(z)(1� })^jb"(�k)i0 (4.42)-ËÏÅÆiÃi¤ÎÔ ÔÅÐÌÏÐpÏ×iÄÎÏÓÔi,�abhh(z) = NaXi=1 NbXj=1h pif jjima T0(z)pjf jjjmb i0 (4.43)-pÅÌÁËÓÁÃiÊÎÁ ÍÁÔpÉÃÑ, ÝÏ ÏÐÉÓÕ¤ ÔÅÐÌÏ×i ÅÆÅËÔÉ, f jji � ÐÏÚÄÏ×ÖÎÑÓËÌÁÄÏ×Á ÓÉÌÉ, ÝÏ Äi¤ ÎÁ i�Õ ÞÁÓÔÉÎËÕ.PÏÚ×'ÑÚÕÀÞÉ pi×ÎÑÎÎÑ (4.38), ÏÔpÉÍÁ¤ÍÏ ×ÉpÁÚÉ ÄÌÑ ËÏÌÅËÔÉ×ÎÉÈÍÏÄ: z"(k) = �{k2D" + o(k4) (4.44)-ÇiÄpÏÄÉÎÁÍiÞÎÁ ÍÏÄÁ, ÝÏ ÏÐÉÓÕ¤ ÐpÏÃÅÓ ÐÅpÅÎÏÓÕ ÔÅÐÌÁ;�z"(k) = �{(��" + k2 �D") + o(k4) (4.45)-pÅÌÁËÓÁÃiÊÎÁ ÍÏÄÁ, Ú×'ÑÚÁÎÁ Ú ÐÅpÅÎÏÓÏÍ ÅÎÅpÇi§;zs�(k) = �ck � {k2� + o(k4) (4.46)-Ä×i Ú×ÕËÏ×i ÍÏÄÉ, c� Û×ÉÄËiÓÔØ Ú×ÕËÕ,�� ËÏÅÆiÃi¤ÎÔ ÚÁÔÕÈÁÎÎÑ Ú×Õ-ËÕ. ze(k) = !e + k2(
e � {�e) + o(k4) (4.47)
IóMP{96{28U 10-pÅÌÁËÓÁÃiÊÎi ÍÏÄÉ, ÐÏ×'ÑÚÁÎi Ú ÐÅpÅÎÏÓÏÍ ÚÁpÑÄÕ.óÔÏÓÏ×ÎÏ ×ÉpÁÚi× (4.44) - (4.47) ÓÌiÄ ÚÁÕ×ÁÖÉÔÉ ÎÁÓÔÕÐÎÅ: ÎÁÑ×-ÎiÓÔØ pÅÌÁËÓÁÃiÊÎÏÇÏ ÍÎÏÖÎÉËÁ ��jjj , ÏÚÎÁÞÅÎÏÇÏ ÐÏ ÁÎÁÌÏÇi§ Ú ××ÅÄÅ-ÎÉÍ × ÐÏÐÅpÅÄÎØÏÍÕ pÏÚÄiÌi ��?j , ×ÐÌÉ×Á¤ ÌÉÛÅ ÎÁ pÅÌÁËÓÁÃiÊÎi ÍÏ-ÄÉ. ôÏÍÕ ËÏÅÆiÃi¤ÎÔÉ Õ pi×ÎÑÎÎÑÈ (4.44), (4.46) ÂÕÄÕÔØ ÁÎÁÌÏÇiÞÎÉÍÉ×ÉpÁÚÁÍ, ÏÔpÉÍÁÎÉÍ × pÏÂÏÔi [5] (ÏÞÅ×ÉÄÎÏ, × ÎÁÛÏÍÕ ×ÉÐÁÄËÕ ÄÁÎiËÏÅÆiÃi¤ÎÔÉ ×pÁÈÏ×ÕÀÔØ ÎÁÑ×ÎiÓÔØ ÐÏÌÑ, ÈÏÞÁ ÐÏ ÚÏ×ÎiÛÎØÏÍÕ ×É-ÇÌÑÄÕ ÓÐi×ÐÁÄÁÔÉÍÕÔØ Ú ËÏÅÆiÃi¤ÎÔÁÍÉ ÞÉÓÔÏ ËÕÌÏÎi×ÓØËÏ§ ÐÌÁÚÍÉ).ýÏ ÓÔÏÓÕ¤ÔØÓÑ pÅÌÁËÓÁÃiÊÎÉÈ ÍÏÄ, Ú×'ÑÚÁÎÉÈ Ú ÐÅpÅÎÏÓÏÍ ÚÁpÑÄÕ, ÔÏ§È ×ÉÇÌÑÄ ÄÅÝÏ ÚÍiÎÉÔØÓÑ. ôÁË ÞÁÓÔÏÔÁ !e ÂÕÄÅ ×ÉÚÎÁÞÁÔÉÓØ ÑË ÎÁÂippÏÚ×'ÑÚËi× pi×ÎÑÎÎÑm1m2n1n2Pa mana (z2 �{z(1� ��jjjj)� �jj11jj � �jj22jj �� {zXa mana++
2eXa;b pmanambnb �jjabjj 9=; = 0 ; (4.48)÷ pi×ÎÑÎÎi (1.4.20) 
2e = Pa !2a; ÄÅ !2a = 4�e2ana=ma� Ë×ÁÄpÁÔÐÌÁÚÍÏ×Ï§ ÞÁÓÔÏÔÉ ÞÁÓÔÉÎÏË ÓÏpÔÕ a. ýÏ ÓÔÏÓÕ¤ÔØÓÑ k2� ÚÁÌÅÖÎÉÈ×ËÌÁÄi× × pÅÌÁËÓÁÃiÊÎiÊ ÍÏÄi, ÔÏ Õ ×ÉpÁÚi ÄÌÑ 
e � {�e ÐÏpi×ÎÑÎÏ ÚpÅÚÕÌØÔÁÔÏÍ pÏÂÏÔÉ [5] ÐÏÑ×ÉÔØÓÑ ÄÏÄÁÎÏËz3��jjj�D11hh�22hh +D22hh�11hh �D12hh�21hh �D21hh�12hh ��{ (D11hh +D22hh)	 (4.49)-× ÞÉÓÅÌØÎÉËÕ ÔÁ ÄÏÄÁÎÏËz3��jjj �5z (��hh � 1) + z2 ddz ��hh � {�4(�11hh + �22hh)++z ddz (�11hh + �22hh)��(4.50)-Õ ÚÎÁÍÅÎÎÉËÕ; ��hh(z) = h(1�}) ^W T0(z) (1�}) ^W i0 ( ^W = R dr( ^E2++ ^B2)=(8�) - ÅÎÅpÇiÑ ÅÌÅËÔpÏÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ) ÚÁÄÏ×ÏÌØÎÑ¤ pi×ÎÑÎÎÀÁÎÁÌÏÇiÞÎÏÍÕ (3.32).
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