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;m^_f�jZaebqZlv�kemqZb��hkgh\ghc��dh]^Z� ��� ≠≠
QP

DE ���b�ijh�
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�
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�
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jZkkfZljb\Zxlky�mkeh\by�ij_^_evghc�mklhcqb\hklb��l�_��Zkbfilhlbq_�

kdhc�mklhcqb\hklb�fgh]hqe_gZ�� ������� VSVTV4 εε += ��ijb�kdhev�m]h^�
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<�hkgh\ghf�kemqZ_�g_jZ\_gkl\h��������Z�ke_^h\Zl_evgh�b�jZ\ghkbevgh_�

������jZkkfZljb\Zxlky� �ijb� �≥ω �b�khhl\_lkl\_ggh� �≤[ ��\�djblbq_�

kdhf�−�ijb� �>ω �b� �<[ . 
Hij_^_eyy�fgh]hqe_g� ��[* �dZd 
 

��
�

���� ['
N

[$[* +=                                 (1.8) 
 

b�mqblu\Zy��qlh� ��� >[' �\�g_djblbq_kdhf�kemqZ_�ijb� �≤[ �b�\�djb�

lbq_kdbo�kemqZyo�ijb� �<[ ��^Ze__�[m^_f�jZkkfZljb\Zlv�g_jZ\_gkl\h 
  

������� >−= [%[*[ θπ                             (1.9) 
 

ijb� �≤[ �\�hkgh\ghf�kemqZ_�b�ijb�� 0<x �\�djblbq_kdbo�kemqZyo�\f_�

kl_�k�mkeh\byfb� ������dZd�jZ\ghkbevgmx�ihebghfbZevgmx�nhjfm�mk�

eh\by������� 
G_h[oh^bfh�hl\_lblv�gZ�\hijhk��kms_kl\mxl�eb�agZq_gby�\_s_�

kl\_ggh]h�iZjZf_ljZ�θ ��ijb�dhlhjuo�g_jZ\_gkl\h�������\uihegy_lky"�

Ijb�iheh`bl_evghf�hl\_l_�gZ�wlhl�\hijhk�ke_^m_l�aZdexq_gb_�h[�Z[�

khexlghc�mklhcqb\hklb�g_ebg_cghc�kbkl_fu�>���@� 
AZf_qZgb_����Imklv� ��[I  −�dZdhc�eb[h�fgh]hqe_g�b� �� I−ρ  − 

qbkeh�\k_o�_]h�jZaebqguo�\_s_kl\_gguo�hljbpZl_evguo�dhjg_c��Lh�

]^Z� g_h[oh^bfh_� b� ^hklZlhqgh_� mkeh\b_� _]h� iheh`bl_evghklb� ijb�

�<[ �fh`gh�aZibkZlv�\�\b^_ 
 

���� >−I �����beb�� ��� >−∞I ),     ���� =− Iρ              (1.10) 
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Djhf_�lh]h��^ey�\k_o�kemqZ_\�ijb� −∞→x �bf__f 
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������� �

� +−= Q[D['    ,                               (2.5) 
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ijb� �−< QP , �−= QP �khhl\_lkl\_ggh� 
Ba�khhlghr_gby�������ke_^m_l 
 

��� >−∞* .                                         (2.10) 
 

GZr�ZgZeba�gZqg_f�kh�ke_^mxs_]h�hq_\b^gh]h�ml\_j`^_gby�^ey�

hkgh\gh]h�b�i_j\h]h�djblbq_kdh]h�kemqZ_\� 
E_ffZ��?keb�kms_kl\m_l�θ ��ijb�dhlhjhf�g_jZ\_gkl\h�������\u�

ihegy_lky��lh�\�hkgh\ghf�kemqZ_�� ���� ≠T ) 
 

����� � >+= NDDE*
QQP

;                                (2.11) 
 

^ey�\k_o�jZaebqguo�\_s_kl\_gguo�hljbpZl_evguo�dhjg_c� �������� =L
L

β , 
fgh]hqe_gZ� ��[%  
 

������������ => L*
L

β                                  (2.12) 
 

�^ey�\k_o�jZaebqguo�\_s_kl\_gguo�hljbpZl_evguo�dhjg_c� �������� =L
L

γ , 
fgh]hqe_gZ� ��[*  
 

�����������beb����������� =>=< L%L%
LL

γγ .              (2.13) 
 

>ey�^Zevg_cr_]h�ijbf_f��qlh� ������������ �� ==<+ βββ L
LL

. 
AZf_qZgb_����Mkeh\b_��������\uihegy_lky�\�h^ghf�b�lhevdh�\�

h^ghf�ba�kemqZ_\� 
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1.  ��[% �\�bgl_j\Ze_� ����−∞ �agZdZ�g_�f_gy_l� 
��� dhjgb� �������� =L

L
γ �� jZkij_^_e_gu� ih� l_f� bgl_j\ZeZf� ���

� LL
ββ + , 

����`���̂∈L ��\�dhlhjuo� ��[% �bf__l�h^bg�b�lhl�`_�agZd� 
>ey�m^h[kl\Z�nhjfmebjh\hd�Ze]_[jZbq_kdbo�djbl_jb_\�\uihe�

g_gby� k\hckl\� fgh]hqe_gh\� \\_^_f� ke_^mxsb_� h[hagZq_gby�� Imklv�

����� [K[I  −�g_dhlhju_� �fgh]hqe_gu��Lh]^Z� ��� +− KIρ  −�qbkeh�\k_o�
jZaebqguo� \_s_kl\_gguo� hljbpZl_evguo� dhjg_c� �������� =L

L
ξ ��fgh]h�

qe_gZ� ��[I ��^ey�dhlhjuo�� ������������ => LK
L

ξ  ��� −− KIρ  −�qbkeh�\k_o�
jZaebqguo� \_s_kl\_gguo� hljbpZl_evguo� dhjg_c� �������� =L

L
ξ ��fgh]h�

qe_gZ� ��[I ��^ey�dhlhjuo�� ������������ =< LK
L

ξ  
AZf_qZgb_�����<�wlbo�h[hagZq_gbyo�b�h[hagZq_gbyo�aZf_qZgby���

mkeh\by����������������e_ffu�fh`gh�aZibkZlv�khhl\_lkl\_ggh�\�\b^_ 
 

������ %*% −+− = ρρ                                 (2.14) 

����� −−− = %** ρρ ���beb���� ������ +−− = %** ρρ              (2.15) 
 

JZ\_gkl\Z����������������fh]ml�[ulv�ijh\_j_gu�k�ihfhsvx�Ze]hjblfh\�

h[h[s_ggh]h�f_lh^Z�JZmkZ�>�@� 
���:e]_[jZbq_kdb_�djbl_jbb�Z[khexlghc�mklhcqb\hklb��JZk�

kfhljbf�\gZqZe_�hkgh\ghc�kemqZc��Imklv� VL
L

��������� =β , −�\k_�jZaebq�
gu_�\_s_kl\_ggu_�hljbpZl_evgu_�dhjgb�fgh]hqe_gZ� ��[% �b� �

�
=β . 

JZkkfhljbf�nmgdpbx� ������ �ijb�g_jZ\_gkl\Zo� �������� �������� ��������<�

hdj_klghklb�dZ`^h]h�dhjgy�fgh]hqe_gZ� ��[% �nmgdpby� ��[5 �g_h]jZ�

gbq_gZ��b�\�dZ`^hf�bgl_j\Ze_� � �������������
�

−=+ VL
LL

ββ ,
  
g_h]jZgbq_g�

gu_� agZq_gby� wlhc� nmgdpbb� h^gh]h� agZdZ�� Ke_^h\Zl_evgh�� nmgdpby�

bf__l� wdklj_fZevgu_� agZq_gby� �ohly� [u� h^gh�� ��


ξ55 = �� ]^_�

���
� LL

ββξ +∈ � y\ey_lky�dhjg_f�mjZ\g_gby� ��� =′ [5 �� l�_��dhjg_f�fgh�

]hqe_gZ 
 

����������� [%[*[%[*[( ′−′=                           (3.1) 
 

Wdklj_fZevgu_� agZq_gby� nmgdpby� ��[5 � bf__l� lZd`_� \� bgl_j\Ze_�

���
V

β−∞ �ijb� �−< QP �b��\hafh`gh��ijb� �−= QP .  
 <\_^_f�\�jZkkfhlj_gb_�djbl_jbZevgu_�agZq_gby�nmgdpbb� ��[5 . 
D�gbf�hlg_k_f�\k_� __�wdklj_fZevgu_� agZq_gby��hij_^_ey_fu_�\k_fb�

\_s_kl\_ggufb� hljbpZl_evgufb� dhjgyfb� �������� =L
L

ξ � fgh]hqe_gZ�

��[( ��Z�lZd`_�\�kemqZ_� �−= QP �agZq_gb_��������<u^_ebf��^\Z�kemqZy��

���fgh]hqe_g� ��[% �\�h[eZklb� �<[ �agZdZ�g_�f_gy_l��l�_��eb[h�g_�bf__l�

\_s_kl\_gguo�hljbpZl_evguo�dhjg_c��eb[h�bf__l�lZdh\u_�\k_�lhevdh�

q_lghc�djZlghklb�����fgh]hqe_g� ��[% ��f_gy_l�agZd�\�h[eZklb� �<[ . 
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AZf_qZgb_���� �<�kemqZ_���ijb� ��� >[% , �<[ �kms_kl\m_l�gZb�

f_gvr__�agZq_gb_� +
PLQ

5

 
nmgdpbb� ��[5 ��l�_��gZbf_gvr__�ba�\k_o�djb�

l_jbZevguo�agZq_gbc���Z�\�kemqZ_���– ��� <[% , �<[   −�gZb[hevr__�

agZq_gb_� −
PD[

5

 
nmgdpbb� ��[5 ��l�_��gZb[hevr__�ba�\k_o�djbl_jbZevguo�

agZq_gbc�� 
<�kemqZ_���\�h[eZklb� { }���_� ><=+ [%[; ��h[t_^bg_gbb�bgl_j�

\Zeh\� iheh`bl_evghklb� fgh]hqe_gZ� ��[% �� kms_kl\m_l� gZbf_gvr__�

agZq_gb_� +
PLQ

5 �nmgdpbb� ��[5 ��l�_��gZbf_gvr__�ba�\k_o�djbl_jbZevguo�

agZq_gbc�\�h[eZklb� +; ���Z�\�h[eZklb� { }���_� <<=− [%[; ��h[t_^bg_�

gbb�bgl_j\Zeh\� �hljbpZl_evghklb� �fgh]hqe_gZ� ��[% ,  −�gZb[hevr__�

agZq_gb_� −
PD[

5 �nmgdpbb� ��[5 ��l�_��gZb[hevr__�ba�\k_o�djbl_jbZevguo�

agZq_gbc�\�h[eZklb� −; ). 
L_i_jv�h[jZlbfky�d�i_j\hfm�djblbq_kdhfm�kemqZx��>ey�g_]h�kh�

]eZkgh�khhlghr_gbyf�������agZq_gb_� ���5 �dhg_qgh��ihkdhevdm�\uihe�

gy_lky� mkeh\b_� ij_^_evghc� mklhcqb\hklb� �
�

>−QP
DE ��� <� bgl_j\Ze_�

����
�

β � d� djbl_jbZevguf� agZq_gbyf�nmgdpbb� ��[5 � hlg_k_f� dZd� wdk�

lj_fZevgu_� __� agZq_gby�� lZd�b� agZq_gb_� ���5 ��<�hklZevghf�\k_�kdZ�

aZggh_�^ey�hkgh\gh]h�kemqZy�hlghkblky�b�d�i_j\hfm�djblbq_kdhfm� 
:gZeba� g_jZ\_gkl\Z� ������ ihke_� kdZaZggh]h� \ur_� fh`_l� [ulv�

\uiheg_g� Ze]_[jZbq_kdbfb�f_lh^Zfb� k�ihfhsvx� ke_^mxs_c� l_hj_�

fu� 
L_hj_fZ��Imklv� jZkkfZljb\Z_lky� hkgh\ghc� b� i_j\uc� djblbq_�

kdbc�kemqZb�b�\uiheg_gu�g_h[oh^bfu_�mkeh\by����������������^ey�g_�

jZ\_gkl\Z��������Lh]^Z�����?keb� ��[% �g_�f_gy_l�agZd�ijb� �<[ ��lh�^ey�

\uiheg_gby�g_jZ\_gkl\Z�������g_h[oh^bfh�b�^hklZlhqgh 
 

+<
PLQ

5θ �ijb� ��� >[% , { }�������� =∉ L[
L

β                        (3.2) 
 

b 
−>
PD[

5θ ��ijb� ��� <[% , { }�������� =∉ L[
L

β ;                      (3.3) 
 

���?keb� ��[% �f_gy_l�agZd�ijb� �<[ ,�lh�^ey�\uiheg_gby�g_jZ\_gkl\Z�
������g_h[oh^bfu�b�^hklZlhqgu�g_jZ\_gkl\Z 
  

�
PLQPD[

+− << 55 θ                                         (3.4) 
 

>hdZaZl_evkl\h� i��� l_hj_fu�� Imklv� ��� >[% � ijb� �<[ ,  

{ }�������� =∉ L[
L

β ��G_h[oh^bfhklv��Imklv� +
PLQ

5 � gZbf_gvr__� agZq_gb_�

nmgdpbb�\�h[eZklb� { }���_� ><=+ [%[; �b�wlh�agZq_gb_�^hklb]Z_lky�\�
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lhqd_�


[ ��Ijb� �−< QP �lhqdZ�


[ �y\ey_lky�\gmlj_gg_c�lhqdhc�bgl_j�

\ZeZ� ����−∞ �� Ijb� �−= QP � \hafh`gh� −∞=


[ , =+
PLQ

5 =−∞��5  
NED

��
�−= ��<�lhf�b�^jm]hf�kemqZ_�khhl\_lkl\_ggh�bf__f 
 

[ ] [ ]θθπ −=−= +
PLQ

�������� 5[%[5[%[ , 
 

[ ]θεπ −+= ������


[5[%[ , 
 

]^_� [� kdhev�m]h^gh�[ebadh�d� −∞=


[ �b� �→ε �ijb� −∞→[ ��Hlkx^Z�

ke_^m_l�g_h[oh^bfhklv�g_jZ\_gkl\Z� +<
PLQ

5θ . 
>hklZlhqghklv��Ke_^m_l�ba�g_jZ\_gkl\Z 
 

[ ] [ ]θθπ −≥−= +
PLQ

�������� 5[%[5[%[  
 

^ey�\kydbo� { }�������� =∉ L[
L

β .    
KemqZc� � ��� <[% �ijb� �<[ , { }�������� =∉ L[

L
β �jZkkfZljb\Z_lky�

ZgZeh]bqgh� 
AZf_qZgb_� ��� ?keb� fgh]hqe_g� ��[% � g_� bf__l� hljbpZl_evguo�

dhjg_c��lh�mkeh\b_��������kgbfZ_lky��mkeh\b_��������\uihegy_lky��G_�

h[oh^bfuf� b� ^hklZlhqguf� mkeh\b_f� \uiheg_gby� g_jZ\_gkl\Z (1.9) 
hdZau\Z_lky�mkeh\b_� ��������?keb�fgh]hqe_g� ��[% �bf__l�hljbpZl_ev�

gu_�dhjgb��gh�g_�f_gy_l� agZd�ijb� �<[ ��lh�g_h[oh^bfufb�b�^hklZ�

lhqgufb�mkeh\byfb�\uiheg_gby�g_jZ\_gkl\Z�������hdZau\Zxlky�mkeh�

\by���������\�hkgh\ghf�kemqZ_���������� 
>hdZaZl_evkl\h�i���l_hj_fu��G_h[oh^bfhklv��Imklv� �−< QP  

b�� ke_^h\Zl_evgh�� agZq_gby� −+
PD[PLQ

� 55 � ^hklb]Zxlky� ijb� g_dhlhjuo�

dhg_qguo� [ ′  b� [ ′′  khhl\_lkl\_ggh��Bf__f� 
 

[ ] �����������
PLQ

θθπ −′=−′′=′ +5[%[5[%[  

[ ] �����������
PD[

−−′′=−′′′′=′′ 5[%[5[%[ θθπ  
 

?keb�g_jZ\_gkl\h� ������ \uihegy_lky�� lh�hgh�\uihegy_lky�b�ijb�mdZ�

aZgguo� agZq_gbyo� � [[ ′′′� �� � AgZqbl�� �
PLQ

>−+ θ5 � b� �
PD[

>− −5θ �� l�_�  
bf__l�f_klh�(3.4). 

>hklZlhqghklv��Imklv�\uihegy_lky�g_jZ\_gkl\h��������Lh]^Z�^ey�

\kydh]h� [ �� lZdh]h� qlh� ��� >[% �� bf__f�

[ ] ������������
PLQ

>−>−= + θθπ 5[%[5[%[ �>ey�\kydh]h� [ ��lZdh]h�qlh�

0)( <xB ��bf__f� [ ] ������������
PD[

>−>−= − θθπ 5[%[5[%[  
>ey�agZq_gbc� �������� == L[

L
β ��\�kbem�mkeh\by��������g_jZ\_gkl\h�������

lZd`_�\uihegy_lky� 
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Imklv�l_i_jv� �−= QP �b�h^gbf�ba�qbk_e� −+
PD[PLQ

� 55 �hdZau\Z_lky�

ij_^_evgh_� agZq_gb_� NED5
��

��� −=−∞ �� Imklv�� gZijbf_j��

���
PLQ

−∞=+ 55 �Wlh� hagZqZ_l�� qlh� ijb� ^hklZlhqgh� [hevrhf� ih� Z[kh�

exlghc� \_ebqbg_� [ ′  [m^_f� bf_lv  ε+=′ +
PLQ

�� 5[5 �� ]^_� �→ε � ijb�

−∞→′[ ��Lh]^Z� [ ] ����������
PLQ

θεθπ −+′>−′′=′ +5[%[5[%[ ��>ey� [ ′′ , 

lZdh]h� qlh� −=′′
PD[

�� 5[5 � [m^_f� bf_lv�� dZd� b� ij_`^_��

������
PD[

θπ −′′>′′ −5[%[ �� Hlkx^Z� ihemqZ_f� g_h[oh^bfh_� mkeh\b_�

εθ +<< +−
PLQPD[

55 �� Z� ba� g_]h� b� g_jZ\_gkl\h� ������ ihkdhevdm� �→ε  
ijb� −∞→′[ �� >hklZlhqghklv� g_jZ\_gkl\Z� ih^l\_j`^Z_lky� ij_`gbf�

h[jZahf��:gZeh]bqgh�jZkkfZljb\Z_lky�b�kemqZc� ��
PD[

−∞=− 55 ��Z�lZd�

`_�i_j\uc�djblbq_kdbc�kemqZc��dh]^Z�\�dZq_kl\_�agZq_gbc� −+
PD[PLQ

� 55  
\uklmiZ_l�agZq_gb_� ���5 ��L_hj_fZ�^hdZaZgZ� 

AZf_qZgb_����?keb�mkeh\b_��������g_�\uihegy_lky��lh�g_�\uihe�
gy_lky�b�mkeh\b_��������?keb�\uihegy_lky�mkeh\b_��������lh�\uihegy_l�

ky�b�mkeh\b_�������� 
>_ckl\bl_evgh�� imklv� mkeh\b_� ������� g_� \uihegy_lky� b� γγ ′′′�  

dhjgb�fgh]hqe_gZ� ��[* ��lZdb_�qlh� ������� <′′>′ γγ %% ��<�khhl\_lkl�

\mxsbo�bgl_j\ZeZo�iheh`bl_evghklb�b�hljbpZl_evghklb�fgh]hqe_gZ�

��[% �[m^_f�bf_lv�^ey�wdklj_fZevguo�agZq_gbc�nmgdpbb� ��[5 �g_jZ�

\_gkl\Z� ����� =′≤′ γξ 55 � b� ����� =′′≥′′ γξ 55 �� Ke_^h\Zl_evgh��

���
PLQ

≤′≤+ ξ55 �b� ���
PD[

≥′′≥− ξ55 ��AgZqbl�g_jZ\_gkl\h� ������g_�\u�

ihegy_lky� 
Imklv�l_i_jv�\uihegy_lky�g_jZ\_gkl\h� �������Lh]^Z�^ey�wdklj_�

fZevguo�agZq_gbc�nmgdpbb� ��[5 �\�g_dhlhjhc�iZj_�bgl_j\Zeh\�iheh�

`bl_evghklb�b�hljbpZl_evghklb�fgh]hqe_gZ� ��[% �khhl\_lkl\_ggh�[m�

^_f�bf_lv� ���� ξξ ′′>′ 55 ��Wlh�hagZqZ_l��qlh�\�wlbo�bgl_j\ZeZo�g_�km�

s_kl\mxl� h^gh\j_f_ggh� dhjgb� γ ′b� γ ′′ fgh]hqe_gZ� ��[* �� l�d�� \�ijh�

lb\ghf�kemqZ_�ihke_^g__�g_jZ\_gkl\h��g_�bf_eh�[u�f_klZ� 
BlZd��hkgh\ghc�b�i_j\uc�djblbq_kdbc�kemqZc�jZkkfhlj_gu��H[�

jZlbfky�l_i_jv�dh�\lhjhfm�djblbq_kdhfm�kemqZx� 
AZf_qZgb_� ��� <h� \lhjhf� djblbq_kdhf� kemqZ_� g_jZ\_gkl\h�

������� >−= [%[*[ θπ g_�\uihegy_lky�ijb�\kydhf�dhg_qghf� �θ ��l�d��

\� kbem� khhlghr_gbc� ������ bf__f� ijb� �−→[  =��[π  
���

�
<+= − [RD[E

QP
�� ihkdhevdm� � �

�
>−QP

DE � ih� mkeh\bx� ij_^_evghc�

mklhcqb\hklb� 
Ijb�\kydhf�dhg_qghf� �<[ �hgh�\uihegy_lky�ijb� +∞→θ �dZd�

g_jZ\_gkl\h� ������ >− [%[* θ � lh]^Z� b� lhevdh� lh]^Z�� dh]^Z�
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����� << [[% ��Wlh�ijb\h^bl�d�mkeh\bx� �]^_���� ><− εε% �b�kdhev�

m]h^gh� fZeh� �� qlh� \uihegy_lky� ih� mkeh\bx� ij_^_evghc� mklhcqb\h�

klb���b� 
��� =− %ρ . 

<f_kl_�k�mkeh\byfb�ij_^_evghc�mklhcqb\hklb�b�mkeh\b_f� ∫
±∞

∞=
�

��σψ  

ihemqZxlky�^hklZlhqgu_�mkeh\by�Z[khexlghc�mklhcqb\hklb�^ey�\lh�

jh]h�djblbq_kdh]h�kemqZy�>�@� 
AZf_qZgb_����MdZ`_f�ijhkl_crb_�kemqZb�\uiheg_gby�mkeh\bc�

l_hj_fu�� >ey� kjZ\g_gby� Ze]_[jZbq_kdbo� k\hckl\� khhl\_lkl\mxsbo�

fgh]hqe_gh\�kh�k\hckl\Zfb�fh^bnbpbjh\Zggh]h�qZklhlgh]h�]h^h]jZ�

nZ� \hkihevam_fky� khhlghr_gbyfb� ���������5H ['[*NM: =+ω , 
���������,P ωωω −=−= [['[%M: �� Imklv� \� hkgh\ghf� kemqZ_�

���� >* �� Imklv� �� I
L

−ρ  –� qbkeh� \k_o� \_s_kl\_gguo� hljbpZl_evguo�

dhjg_c�djZlghklb� i ��G_jZ\_gkl\h�������\uihegy_lky�\�dZ`^hf�ba�kem�

qZ_\�� �� ���� =− %ρ  2. ������������
��

=++≠ −−− %%% ρρρ � b�

������ %*% ρρ =+−  3. ���� =− *ρ  4. ������������
��

=++≠ −−− *** ρρρ    

b�eb[h� ����� *%* −+− = ρρ ��eb[h� ����� *%* −−− = ρρ .  
>hdZ`_f� �wlh�ml\_j`^_gb_��<�kemqZ_���fgh]hqe_g�� ��[% �khojZ�

gy_l� � agZd� ijb� �<[ � �fh^bnbpbjh\Zgguc� ]h^h]jZn� =��5H  ωM:  

∞<≤== ωωωωω ����,P��,P���5H  M:M:M: �g_�i_j_k_dZ_l� �\_s_�

kl\_ggmx� hljbpZl_evgmx� ihemhkv��� <� kemqZ_� �� fgh]hqe_g� ��[% � g_�

f_gy_l�agZd�b�\uihegy_lky�mkeh\b_� ��������fh^bnbpbjh\Zgguc�]h^h�

]jZn�g_�i_j_k_dZ_l��\_s_kl\_ggmx�hljbpZl_evgmx�ihemhkv��Z�_]h�lhq�

db� dZkZgby� k� ihemhkvx� jZkiheh`_gu� kijZ\Z� hl� lhqdb� ���
�

� M
N

− ��� <�

kemqZ_���fgh]hqe_g� ��[* �khojZgy_l�agZd�ijb� �<[ ��Z�l�d�� ��� >−∞* , 
lh� ��� >[* , �<[ � �fh^bnbpbjh\Zgguc�]h^h]jZn�jZkiheh`_g� �p_eb�

dhf�kijZ\Z�hl�ijyfhc� N: ��5H −= ���Mkeh\b_��������\uihegy_lky��Ijb�

baf_g_gbb� agZdZ� ��[% � lZd`_� \uihegy_lky� mkeh\b_� ������ �� l�d�� h^gb�

wdklj_fZevgu_� agZq_gby�
��

��
��

ξ
ξξ

%

*
5 = �iheh`bl_evgu��Z�^jm]b_�hljb�

pZl_evgu��khhl\_lkl\_ggh�ijb�� ��� >[% �b� ��� <[% ). 
GZdhg_p�� \� kemqZ_� �� fgh]hqe_g� ��[* � g_� f_gy_l� agZd�� l�_��

��� ≥[* , �<[ ��<�kbem�lj_lv_]h�mkeh\by�lh]^Z�\uihegy_lky�b�mkeh\b_�

��������fh^bnbpbjh\Zgguc�]h^h]jZn�fh`_l�i_j_k_dZlv�\_s_kl\_ggmx�

hkv�b��jZkiheZ]Zykv�kijZ\Z�hl�ijyfhc� N: ��5H −= ��khijbdZkZ_lky�k�
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g_c�eb[h�\�\_jog_c��eb[h�\�gb`g_c�ihemiehkdhklb���?keb� ��[%  f_gy_l�
agZd�� lh� \� kbem� lj_lv_]h� mkeh\by� lZd`_� ke_^m_l�� qlh� eb[h�

����
PD[PLQ

<= −+ 55 �eb[h� ���
PD[PLQ

=> −+ 55 ��>_ckl\bl_evgh��imklv��gZ�

ijbf_j�� � ����� *%* −+− = ρρ �� Wlh� hagZqZ_l�� qlh� ^ey� \kydh]h� dhjgy�

��[*  ��������� =< L
L

γ �bf__f� ��� >
L

% γ ��<� l_o�bgl_j\ZeZo� � ���
� NN

ββ + , 
]^_� 0)( >xB � fgh]hqe_g� ��[* � fh`_l� bf_lv� dhj_gv� b� ihkdhevdm�

��� ≥[* �� lh� b� ��� ≥[5 ��Ke_^h\Zl_evgh�� \� lZdbo� bgl_j\ZeZo� wdklj_�

fZevgu_�agZq_gby� ��� ≥ξ5 ��ijbq_f��jZ\_gkl\h�gmex�bf__l�f_klh�ijb�

gZebqbb�dhjgy� �q_lghc�djZlghklb���<�bgl_j\ZeZo��]^_� ��� <[% ��fgh�

]hqe_g� ��[* �dhjg_c�g_�bf__l���Ke_^h\Zl_evgh��a^_kv� ��� <ξ5 ��<�blh�

]_�ihemqZ_f��qlh� ���
PD[PLQ

<= −+ 55 ��:gZeh]bqgh_�jZkkm`^_gb_�bf__l�

f_klh�b�\�kemqZ_� ����� *%* −−− = ρρ . 
LZdbf�h[jZahf��mkeh\by�l_hj_fu�\uihegyxlky�\h�\k_o�q_luj_o�

mdZaZgguo�kemqZyo� 
AZf_qZgb_����Imklv�jZkkfZljb\Zxlky�fgh]hqe_gu� ��[I �b� ��[K . 

Bf__l�f_klh� ke_^mxs__� ml\_j`^_gb_�� ^ey� lh]h�� qlh[u�bf_eb�f_klh�

jZ\_gkl\Z��h^gh�ba�gbo� 
 

������������ IKIIKI −−−−+− == ρρρρ                   (3.5) 
 

g_h[oh^bfh�b�^hklZlhqgh��qlh[u�fgh]hqe_gu�� ��[I �b� ��[K �g_�bf_eb�

h[sbo�hljbpZl_evguo�dhjg_c�b�\uihegyebkv�khhl\_lkl\_ggh�jZ\_gkl�

\Z�^ey�bg^_dkZ�Dhrb 
 

��
��

��
�����

��

��
�� �� I

[I

[I
[KI

[I

[I
[K ,, −

∞−
−

∞−
−=

′
=

′
ρρ .        (3.6) 

 

>_ckl\bl_evgh��<�kbem�hij_^_e_gby�bg^_dkZ�Dhrb�>���@ 
 

�������
��

��
��� −−+−

∞−
−=

′
KIKI

[I

[I
[K, ρρ                  (3.7) 

 

djhf_�lh]h�hq_\b^gh 
 

���������� IKIKI& −−−+−− =++ ρρρρ , ������� [K[IGH>[& = . (3.8) 
 

Ba�jZ\_gkl\��������������ke_^mxl�jZ\_gkl\Z 
 
 
 

��

��
���������� �

[I

[I
[K&IKI ,

′
+−=

∞−
−−+− ρρρ ,               (3.9) 
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��

��
���������� �

[I

[I
[K&IKI ,

′
−−=

∞−
−−−− ρρρ ,            (3.10) 

Z�ba�gbo�–�jZkkfZljb\Z_fh_�ml\_j`^_gb_� 
AZdexq_gb_�� KemqZb�� hlf_q_ggu_� \� aZf_qZgbb� ��� fh]ml� [ulv�

ijhZgZebabjh\Zgu�k�ihfhsvx�h[h[s_gguo�Ze]hjblfh\�JZmkZ� -�=mj�
\bpZ� �>���������@���\�hkgh\_�dhlhjuo�h^gZ�b�lZ�`_�hkgh\gZy�\uqbkeb�

l_evgZy�ko_fZ��<�g__�\\h^ylky�bkoh^gu_�^Zggu_�\�aZ\bkbfhklb�hl�j_�

rZ_fhc� aZ^Zqb�−�\�\b^_�^\mo�aZ^Zgguo�kljhd�lZ[ebpu�JZmkZ�beb�aZ�
^Zgghc� fZljbpu� =mj\bpZ�� Ih� we_f_glZf� khhl\_lkl\mxsbo� lZ[ebp�

JZmkZ�beb�fbghjZf�khhl\_lkl\mxsbo�fZljbp�=mj\bpZ�fh]ml�[ulv�\u�

qbke_gu� qbkeZ� ,...2,1),(),( =−− iff iρρ �� agZq_gb_� bg^_dkZ� Dhrb��

������ [K[I,
∞−

�b� �����GH>�� [K[I[& = � ^ey� \kydhc�iZju�fgh]hqe_�

gh\� ����� [K[I . 
<�blh]_�ZgZeba�g_jZ\_gkl\Z� ������\�kemqZyo�aZf_qZgby���\uihegy_lky�

kjZ\gbl_evgh�ijhklhc�h[jZ[hldhc�bkoh^guo�^Zgguo�−�kh\hdmighklb�
dhwnnbpb_glh\�fgh]hqe_gZ� ��VT �b�fgh]hqe_gZ� ��VS . 

<�h[s_f�kemqZ_�khojZgy_lky�jhev�h[h[s_gguo�Ze]hjblfh\�JZm�

kZ-=mj\bpZ�\�_]h�b^_glbnbdZpbb�b�Ze]_[jZbq_kdbo�ko_fZo�ZgZebaZ��gh�
djhf_� lh]h� \hagbdZ_l�� \hh[s_� ]h\hjy�� g_h[oh^bfhklv� hij_^_e_gby�

\_s_kl\_gguo� hljbpZl_evguo� dhjg_c� fgh]hqe_gh\� b� khhl\_lkl\mx�

sbo�agZq_gbc�jZpbhgZevghc�nmgdpbb� 
Ihemq_ggu_�j_amevlZlu�ijb^Zxl�ehdZevgmx�nhjfm�qZklhlghfm�

djbl_jbx�Z[khexlghc�mklhcqb\hklb� 
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