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<��F��;Z`_gh\��B��:��Mebldh 

ISSN 0203–3755��>bgZf��kbkl_fu��������<ui���� 110 

.0,

,

,

2

33333333

33333333

=
∂

∂
∂

∂=
∂

∂
∂

∂+
∂
Ψ∂−=+=

∂
Ψ∂+

∂
∂=−=

zt

U

z

z

U
e

z
eE

z
e

z

U
cEec

zzz

zS
zz

S
z

zE
zz

E
z

'

('

(

ρσ

εε

σ

                  (3) 

 
A^_kv� ( )tzUz , , ( )tzz ,(  –�khhl\_lkl\_ggh�khklZ\eyxsb_�f_oZgb�

q_kdbo�i_j_f_s_gbc�b�^_nhjfZpbc�\�gZijZ\e_gbb�hkb� oz; ( )tzEz , �b�

( )tzz ,Ψ � dhfihg_glZ� \_dlhjZ� gZijy`_gghklb� b� kdZeyjguc� ihl_gpbZe�

we_dljbq_kdh]h� ihey�� ρ –� iehlghklv� iv_ahd_jZfbq_kdh]h� fZl_jbZeZ��
Ec33 –�fh^mev�mijm]hklb�ijb�gme_\hf�we_dljbq_kdhf�ihe_�� 33e  –�iv_ah�

fh^mev�� 6

��
ε  –�^bwe_dljbq_kdZy�ijhgbpZ_fhklv�ijb�gme_\hc�^_nhjfZ�

pbb�� t  –�dhhj^bgZlZ�\j_f_gb� 
Ba�mkeh\by�jZahfdgmlhklb�we_dljh^h\�����b�jZ\_gkl\�����ke_^m_l�

ijhihjpbhgZevghklv�f_oZgbq_kdbo�gZijy`_gbc� zσ ��^_nhjfZpbc� z( �b�

gZijy`_gghklb�we_dljbq_kdh]h�ihey� zE ��AgZqbl��hlukdZgb_�g_ba\_kl�

guo� ih� khhlghr_gbyf� ���–���� k� mq_lhf� gZqZevghc� g_gZ]jm`_gghklb�
k\h^blky�d�j_r_gbx�ba\_klgh]h�\hegh\h]h�mjZ\g_gby�lhesbgguo�dh�

e_[Zgbc�kehy 
 

2

2

22

2 1

taz
zz

∂
∂=

∂
∂ σσ

                                         (4) 

 

LZdbf� h[jZahf�� ijb� f]gh\_gghf� f_oZgbq_kdhf� gZ]jm`_gbb�

kehy�hl�_]h�]jZg_c�gZqgml�jZkijhkljZgylvky�bfimevku�f_oZgbq_kdbo�

gZijy`_gbc� 00 σσ −=∆=z � kh� kdhjhklvx� khijy`_gghc� ijh^hevghc�

\hegu� ( )2
33 1 t
E kca −= ρ , ( ( )6(

W
FHHN

����

�

��

�

��

� ε+=  –�d\Z^jZl�lhesbggh]h�

dhwnnbpb_glZ�we_dljhf_oZgbq_kdhc�k\yab�� 
<�fhf_gl�\j_f_gb� aht 21 = �bfimevku�ijhc^ml�lhesbgm�kehy�b�

_]h�khklhygb_��gZ�hkgh\Zgbb����–����oZjZdl_jbam_lky�agZq_gbyfb 
 

02∆=zσ ,  ( ) E
tz ck 330
212 ∆−=( ,  330

22 ekE tz ∆−= ,  0=z'         (5) 
 

<�wlhl�fhf_gl��dh]^Z�jZaghklv�ihl_gpbZeh\�f_`^m�we_dljh^Zfb�

[m^_l�gZb[hevr_c 

( ) ( ) 0
33

24 ∆⋅⋅=−=Ψ−=Ψ
e

h
khzhz t  

 

ijhba\_^_f�f]gh\_gguc�jZajy^�–�dhjhldh_�aZfudZgb_�kehy� 



D�l_hjbb�we_dljbq_kdh]h�jZajy^Z 

ISSN 0203–3755��>bgZf��kbkl_fu��������<ui. 15 111 

M^_evgZy���kgbfZ_fZy�k�_^bgbqghc�iehsZ^b��wg_j]by�wlh]h�jZa�

jy^Z��\uqbke_ggZy�ih�nhjfme_�ijhklh]h�dhg^_gkZlhjZ��[m^_l�jZ\gZ 
 

( ) ( ) 2
0

33

221 14 ∆⋅⋅−=
Ett

c

h
kkW                                (6) 

 

Z�ihe_�\� keh_� k� aZfdgmlufb�we_dljh^Zfb� � 0≠z' ��\�i_j\uc�fhf_gl�

ihke_�jZajy^Z� 01 += tt �gZ�hkgh\Zgbb���������������–�lZdbf 
 

( ) ( )
( ) .12;0

;12;,12

33033
2

1,1,

330
2

1,0
2

1,

E
tzz

E
tztz

cekE

ckhzk

∆⋅−==

∆−=<∆−=

'

(σ
         (7) 

 

Ihke_^mxs__�\hegh\h_�^\b`_gb_�hij_^_ey_lky�f]gh\_ggh�\ha�

gbdZxs_c�jZaghklvx�gZijy`_gbc�gZ� ]jZgyo� ����b�\h�\gmlj_ggbo� ����

lhqdZo�kehy��l�_��agZq_gb_f 
 

( ) ( ) 0
2

0
2

01 2112 ∆−−=∆−−∆=∆ tt kk .                       (8) 
 

Hlf_lbf��qlh�ihke_�wlh]h�jZajy^Z�\�hlebqbb�hl�kemqZy��hibkZg�

gh]h�\�jZ[hl_�[5]��ijb� 5,02 =tk �^Zevg_cr__�^\b`_gb_�kehy�hlkmlkl\m_l� 
Ij_^iheZ]Zy�� qlh� ihke_� ijh[hy� we_dljh^u� [m^ml� jZahfdgmlu��

j_r_gb_�mjZ\g_gbc�����bs_f�\�\b^_ 
 

( )( ) ( )( )
( )( ) ( )( ).,,,

,,,,
1

1,
1

1
1,

1
1,

tztzEE

tztz

zzzzz

zzzzzz

'''

(((

+==

+=+= σσσ
             (9) 

 

LZd�dZd�kjZam�ihke_�jZajy^Z�^hihegbl_evgh]h�ihey�� ( )1
zσ , ( )1

zσ , ...)  
g_�[ueh��lh�^ey�g_]h�kijZ\_^eb\u�khhlghr_gby����–�����AgZqbl��ihke_�
jZafudZgby� we_dljh^h\� � 01 += tt ��hl� ]jZg_c�kehy�ijhc^ml�bfimevku�

( )
1

1 ∆=zσ �b�\�fhf_gl�\j_f_gb� ahahtt 4212 =+= �^hihegbl_evgh_�ih�

e_�klZg_l�ke_^mxsbf 
 

( ) ( ) ( )
( ) ( )

����

�����

�

���

��

���

��

�

�

=∆⋅−=

∆⋅−=∆=

]W]

(

W]]

HN(

FN

'

(σ
                     (10) 

 

Z�jZaghklv�ihl_gpbZeh\�–�gZb[hevr_c 
 

( ) ( ) ( ) 0
33

22
0

33

2 2144 σ
e

h
kk

e

h
khzhz ttt −=∆⋅⋅=−=Ψ−=Ψ .        (11) 

 



<��F��;Z`_gh\��B��:��Mebldh 

ISSN 0203–3755��>bgZf��kbkl_fu��������<ui���� 112 

H[uqgh�ihke_�i_j\h]h�jZajy^Z�ijh\h^bfhklv�bkdjh\h]h�ijhf_�

`mldZ�g_dhlhjh_�\j_fy�hklZ_lky�qmlv�\ur_�q_f�^h�jZajy^Z��Ihwlhfm�

fh`_l�gZklmiblv�ijh[hc�gZ�jZaghklb�ihl_gpbZeh\������ 
M^_evgZy�wg_j]by�wlh]h�jZajy^Z�[m^_l�jZ\gZ 
 

( ) ( ) 2
1

33

222 14 ∆⋅⋅−=
Ett

c

h
kkW ,                             (12) 

 

Z�ihe_�kjZam�ihke_�jZajy^Z�� 02 += tt ) –�lZdbf 
 

( ) ( )
( ) .12;0

;12;,12

33133
2

1,2,2,

331
2

1,2,1
2

1,2,

E
tzzz

E
tzztzz

cekE

ckhzk

∆⋅−+==

∆−+=<∆−+=

''

((σσ
 

 

DZd�b�ihke_�i_j\h]h�jZajy^Z�^Zevg_cr__�^\b`_gb_�kehy�hkms_�

kl\ey_lky�ih^�^_ckl\b_f�jZaghklb�gZijy`_gbc� 
:gZeh]bqgh�ihklmiZy�^ey�n -h]h�jZajy^Z�ihemqbf� 
 

( ) ( ) ( ) �

��

�

�
����� σ

Q

W

Q

QWQ
NN −−=∆−−=∆ +

− ; 
 

( ) ( ) 1
33

24 −∆⋅⋅=−=Ψ−=Ψ nt e

h
khzhz ,      0200 −=−= ahntt ; 

 

( ) ( ) ( )( ) En

tttnEtt
n chkkk

c

h
kkW 33

2
0

222222
1

33

22 211414 σ
−

− −−=∆⋅⋅−= ; 

 

( ) ( ) ( )[ ] �

��

�

�

��� ������ σσσ
Q

W

Q

QWQ]Q]
NN −−+−=∆−+= −

−− , 
 

( ) ( ) ( )[ ]
(

Q

W

Q

(

Q

WQ]Q]

F
N

F
N

��

���

��

��

��� ������
σ−−+−=∆−+= −−

−(( ; 

 

0, =nzE  
 

( ) ( ) ( )[ ]
(

Q

W

Q

(

Q

WQ]Q]

F
HN

F
HN

��

�
��

��

��

�
��

�

��� ������
σ⋅−−+−=∆⋅−+= −−

−''  

 

Ij_^_evgu_�agZq_gby�ihey�� ∞→n , 02 >tk ��klZgml�ke_^mxsbfb� 
  

Ez
c33

0σ−=( ,   0σσ −=z ,    0=zE ,    
Ez

c

e

33

033σ−='        (14) 

 

Kmffbjmy�wg_j]bb�\k_o�jZajy^h\��gZoh^bf 
 



D�l_hjbb�we_dljbq_kdh]h�jZajy^Z 

ISSN 0203–3755��>bgZf��kbkl_fu��������<ui. 15 113 

( )
E

n

n

c

h
WW

33

2
0

1

σ== ∑
∞

=
                              (15) 

 

�Dhg_qguc� j_amevlZl�� ij_^klZ\e_gguc� nhjfmeZfb� ������ ����� \�

hlebqbb�hl�aZ^Zqb�ih\lhjguo�jZajy^h\�klZlbq_kdb�k`Zlh]h�iv_ahkehy�

[5]��g_�aZ\bkbl�hl�\_ebqbgu�dhwnnbpb_glZ�we_dljhf_oZgbq_kdhc�k\yab�
�DWFK���KmffZjgZy�wg_j]by�b�oZjZdl_jbklbdb�ihey�a^_kv�ijbgbfZxl�

agZq_gby�\� 2−
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^Zgghc� jZ[hlu� fh]ml� bkihevah\Zlvky� ^ey� bkke_^h\Zgby� ih\lhjguo�

jZajy^h\�ex[uo�h^ghhkgh�^_nhjfbjm_fuo�iv_ahwe_f_glh\� 
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 –�mijm]Zy�ih^Zleb\hklv�ijb�gme_\hf� we_dljbq_kdhf�
ihe_�� 33d  –�iv_ahwe_dljbq_kdZy�ihklhyggZy�� 33k  –�ijh^hevguc�dhwn�
nbpb_gl�we_dljhf_oZgbq_kdhc�k\yab� 

:gZebabjmy�ihemq_ggu_�j_amevlZlu�aZf_lbf��qlh�\ukhdhwnn_d�

lb\gu_�khklZ\u�kh�agZqbl_evguf�agZq_gb_f�DWFK��b^_Zevguc�\Zjb�

Zgl� 5,02 =k ��ke_^m_l�bkihevah\Zlv�\�]_g_jZlhjZo�]^_�lj_[m_lky�ihem�

q_gb_�\ukhdbo�gZijy`_gbc�b�]^_�ihke_^mxsbc�\hegh\hc�ijhp_kk�g_�

`_eZl_e_g�� LZd� ^ey� kl_j`gy� \ukhlu� fh 05,02 = �� d_jZfbdZ� khklZ\Z�

4−PZT  [7] ( 47,02
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0 10 fg=σ  
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fZdkbfZevgZy� jZaghklv� ihl_gpbZeh\�� ihy\eyxsZyky� ihke_� i_j\h]h�

jZajy^Z��khklZ\bl� %6≈ �hl�\_ebqbgu������ 
Ijb�fZeuo� agZq_gbyo�DWFK� jZaghklv� ihl_gpbZeh\� b� wg_j]by�

jZajy^h\� hl� ihke_^mxs_]h� d� ij_^u^ms_fm� m[u\Z_l� g_agZqbl_evgh��

LZd�^ey�kl_j`gy�khklZ\Z� SCd  [7]  ( 069,02
33 ≈k ��jZaghklv�ihl_gpbZeh\�

\lhjh]h� jZajy^Z� khklZ\ey_l� %86≈ � hl� \_ebqbgu� i_j\h]h�� Z� ^ey� kehy�
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( 024,02
33 ≈k ) %95≈ �� Ihwlhfm� ^ey� ihemq_gby� g_kdhevdbo� bkdjh\uo�
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i_q_gby�gZ^_`ghklb�\�aZ`b]Zgbb�]Zah\uo�kf_k_c��ke_^m_l�ih^[bjZlv�

d_jZfbdm�k�fZeuf�agZq_gb_f�DWFK� 
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