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gZy bgl_jn_j_gpby kms_kl\_ggh aZljm^gy_l ZgZeba ^Zgguo wdki_jbf_glh\ ih ^bgZ�

fbq_kdhfm jZajmr_gbx ieZklbg k ^_n_dlZfb� 
 >ey hibkZgby gZijy`_ggh - ^_nhjfbjh\Zggh]h khklhygby �G>K� lj_of_jghc
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]_lbq_kdZy fh^_ev nhjfbjh\Zgby ahgu ih\ur_gguo gZijy`_gbc �AIG� \ h[eZklb
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k\h[h^guo ih\_joghkl_c ieZklbgu gZ gZijy`_ggh - ^_nhjfbjh\Zggh_ khklhygb_

p_gljZevghc qZklb h[jZapZ� 
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qbke_ggh]h�fh^_ebjh\Zgby�G>K�kiehrghc�lj_of_jghc�ijyfhm]hevghc�

ieZklbgu�b�ihi_j_qgh]h�k_q_gby�[_kdhg_qgh]h�ijyfhm]hevgh]h�iZjZee_�

e_ibi_^Z� ijb� kbff_ljbqghf� �^\moklhjhgg_f�� ^bgZfbq_kdhf� gZ]jm`_�

gbb�bo�ebg_cgh�gZjZklZxs_c�\h�\j_f_gb�gZ]jmadhc� 
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Nhjfbjh\Zgb_ gZijy`_ggh-^_nhjfbjh\Zggh]h khklhygby  

 OZjZdl_jghc�hkh[_gghklvx�ihemq_gguo�\hegh\uo�ihe_c�y\ey_lky�

gZebqb_�\�p_gljZevghc�qZklb�ieZklbgu��^ey�gZqZevguo�fhf_glh\�gZ]jm�
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Nhjfbjh\Zgb_ gZijy`_ggh-^_nhjfbjh\Zggh]h khklhygby  

Ijb�bfimevkghf�gZ]jm`_gbb�lhgdhc�ieZklbgu�\�mkeh\bb� G>>λ  
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gZ�^ebl_evghklv�bfimevkZ��\uiheg_gb_�dhlhjh]h�h[_ki_qb\Z_l�kijZ\_^�

eb\hklv�ijb[eb`_gby�lhgdhkl_ggh]h�we_f_glZ��Ijb�wlhf�nhjfmeu�����–
����hklZxlky�kijZ\_^eb\ufb�^ey�\hegh\h]h�iZd_lZ��ihkdhevdm�ij_^iheZ�

]Z_lky�hlkmlkl\b_�^bki_jkbb�b�\�kbem�ijbgpbiZ�kmi_jihabpbb�\k_�kbeh�

\u_�b�wg_j]_lbq_kdb_�iZjZf_lju�\�wlbo�khhlghr_gbyo�gZoh^ylky�kmffb�

jh\Zgb_f� ih� \k_f� ]Zjfhgbq_kdbf� khklZ\eyxsbf� gZ]jm`Zxs_]h� bf�
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GZebqb_�m�lj_of_jghc�dhg_qghc�ieZklbgu�k\h[h^guo�lhjp_\uo�]jZ�

g_c�ijb\h^bl�d�lhfm��qlh�hl�gbo�\�p_gljZevgmx�qZklv�ieZklbgu�\�dZ`�

^uc�fhf_gl� \j_f_gb� ijboh^yl�iZju�b^_glbqguo�ih� Zfieblm^guf� oZ�
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 <� kemqZ_� ijhba\hevgh]h� ^bgZfbq_kdh]h� gZ]jm`_gby� ^ey� ex[uo�

agZq_gbc�qZklhl�iehkdbo�\heg��\oh^ysbo�\�\hegh\hc�iZd_l�gZ]jm`Zxs_�

]h�bfimevkZ��fh`gh�gZclb��kh]eZkgh�>�@����^hklZlhqgh�fZemx�hdj_klghklv�

\[ebab�\_jrbgu�lj_sbgu�
PLQ

λ<<U ��]^_�ihe_�gZijy`_gbc�[m^_l�d\Zab�

klZlbq_kdbf��b�iehlghklv�mijm]hc�wg_j]bb�hij_^_ey_lky�\ujZ`_gb_f������

<�lh�`_�\j_fy��[eZ]h^Zjy��dhg_qghklb�kdhjhklb�jZkijhkljZg_gby�mijm]bo�

\heg��jZaf_ju�AIG��dhg_qgu��Ke_^h\Zl_evgh��iehlghklv�wg_j]bb�\�AIG�

m[u\Z_l�hl�agZq_gby� G9G:
6
� �\�h[eZklb�\_jrbgu�lj_sbgu�^h�gmey�gZ�

]jZgbp_� Rr = � ih� aZ\bkbfhklb�� hij_^_ey_fhc� kdhjhklvx� gZ]jm`_�

gby ��Wσ� ��dhwnnbpb_glhf� ν �b�iheyjguf�m]ehf�θ . 
 Ijb�^bgZfbq_kdhf�gZ]jm`_gbb�\_ebqbgZ� G9G: � �^he`gZ�m[u\Zlv�

k�m\_ebq_gb_f�jZkklhygby� U �[uklj__��q_f�\�klZlbd_���<�lh�`_�\j_fy��ih�

dZaZl_ev�kl_i_gb� U �g_�fh`_l�ij_\urZlv�_^bgbpm��ihkdhevdm�wlh�ijb\_�

^_l�d�jZkoh^bfhklb�bgl_]jZeZ��hi_^_eyxs_]h�\_ebqbgm�kmffZjghc�ihe�

ghc�\gmlj_gg_c�wg_j]bb�\�AIG��Ihwlhfm�\�kemqZ_�^bgZfbq_kdh]h�gZ]jm�

`_gby� ij_^eZ]Z_lky� aZibkZlv� \ujZ`_gb_� ^ey� \_ebqbgu� G9G: � � \� ke_�

^mxs_f�\b^_� 
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 Nmgdpby� ),,,( σνθαα �r= �^he`gZ�[ulv�[_ajZaf_jghc�b�m^h\e_l\h�

jylv�jy^m�mkeh\bc� 
1) 1>α -� mkeh\b_� [he__� [ukljh]h� m[u\Zgby� dVdW / ih� kjZ\g_gbx� k�

G9G:
6
� ; 

2) 1→α �ijb�� ∞→→ tr ,0 ��bkoh^y�ba�ijbgpbiZ�khhl\_lkl\by�� 
3) ∞→α ijb� Rr → ��bkoh^y�ba�dhg_qghklb�jZaf_jh\�AIG� 
<�k\yab�k�wlbf�nmgdpbx�α �aZibr_f�\�\b^_� 
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 <\_^_ggZy�a^_kv�[_ajZaf_jgZy�nmgdpby� ��� WM σ� �^ey�m^h\e_l\hj_gby�

mkeh\bc����-����^he`gZ�[ulv�lZdhc��qlh[u� 0lim =
∞→

j
σ�

; .lim
0,

∞=
→∞→

j
t σ�

�<�i_j�

\hf�ijb[eb`_gbb�fh`gh�aZ^Zlv 
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]^_� N -�qbkeh\hc�dhwnnbpb_gl��σ�~  -�wnn_dlb\gZy�kdhjhklv�gZ]jm`_gby�\�
bgl_j\Ze_�\j_f_gb�hl���^h��� W : 
 

( ) ( ) ( )∫ ∑ −≈= +
W

L

L

LL

W
GWW

W
�

�� �
�a σ

σ
σσσ

σ
σ ���                         (13) 

 

Hlf_lbf��qlh�\�kemqZ_�ebg_cgh�gZjZklZxs_c�gZ]jmadb� σσ �� =a . 
 <u[jZggZy� \� lZdhf� \b^_�nmgdpby� M � bf__l� ijhklhc�nbabq_kdbc�

kfuke�dhwnnbpb_glZ�^bgZfbqghklb�gZ]jmadb��GZ]jm`_gb_�y\ey_lky��d\Z�

abklZlbq_kdbf��_keb� NM >> �� lh�_klv�\_ebqbgZ�gZ]jmadb��dhlhjZy�fh`_l�

[ulv� ^hklb]gmlZ� aZ� oZjZdl_jgh_� \j_fy� kbkl_fu� ����
�� 5

F/=τ � ijb� wn�

n_dlb\ghc�kdhjhklb�gZ]jm`_gby��fgh]h�f_gvr_�kms_kl\mxs_c�\�̂ Zgguc�

fhf_gl�\_ebqbgu� ��Wσ ��Q_f�[eb`_�\_ebqbgZ�
�

aτσ� �d�agZq_gbx� ��Wσ ��l_f�\�

[hevr_c�kl_i_gb�^bgZfbq_kdbf�klZgh\blky�gZ]jm`_gb_� 
 L_i_jv�k�mq_lhf�������ihemqbf�\ujZ`_gb_�^ey�\_ebqbgu�wg_j]bb�\�

AIG�^ey�kemqZy�ebg_cgh�gZjZklZxs_c�gZ]jmadb� 
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]^_��������������������������������� ( ) ( )∫
−

Φ=
π

π

θθνµθν .,, dA  

 

AZf_lbf��qlh�\uqbke_gb_�dhgklZglu� A�k�ihfhsvx�ijb\_^_ggh]h�bgl_�

]jZeZ� �\hafh`gh�lhevdh�ijb�mkeh\bb�lhqgh]h�j_r_gby�g_klZpbhgZjghc�

^bgZfbq_kdhc�aZ^Zqb�h�^bnjZdpbb�bfimevkZ�jZkly`_gby�gZ�lj_sbg_�dh�

g_qghc�^ebgu� 
 <_ebqbgZ� wg_j]bb�: �� kdhgp_gljbjh\Zgghc� \� ahg_� ih\ur_gguo�

gZijy`_gbc�d�fhf_glm�\j_f_gb� W ^ey�kemqZy�ebg_cgh�gZjZklZxs_c�gZ�

]jmadb� ���� WW σσ �= hij_^_ey_lky�ihemq_gguf�\�>�@�\ujZ`_gb_f� 
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IjbjZ\gb\Zy������b������gZc^_f�agZq_gb_�
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 JZkkfhljbf� qZklguc� kemqZc� klZlbq_kdh]h� gZ]jm`_gby�� LZd� dZd�

d\ZabklZlbq_kdbf��y\ey_lky�gZ]jm`_gb_�ijb� FRQVW=σ� ��ihkdhevdm�ex[h_�

baf_g_gb_�kdhjhklb�gZ]jm`_gby�\uau\Z_l�^bgZfbq_kdh_�i_j_jZkij_^_�

e_gb_�gZijy`_gbc�\�h[eZklb�\_jrbgu�lj_sbgu���lh�klZlbq_kdh_�gZ]jm�

`_gb_�y\ey_lky�ij_^_evguf�kemqZ_f�d\ZabklZlbq_kdh]h�ijb�� �→σ� ��Wlh�

hagZqZ_l��qlh�\j_fy�gZ]jm`_gby� ∞→W ��Ijb�wlhf�g_h[oh^bfh�\uiheg_�

gb_�mkeh\by� ( ) S
t

t σσ
σ

=
∞→→ ,0

lim
�

��]^_�
6

σ  -�klZlbq_kdh_�gZijy`_gb_� 

Ijh\_^y� ij_^_evguc� i_j_oh^� d� klZlbd_� \� \ujZ`_gbb� ������ihem�

qbf� 
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H^gZdh� \� kemqZ_� klZlbq_kdh]h� jZkly`_gby� wlh� \ujZ`_gb_� �����

^he`gh�ijbgylv�\b^� 
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Ihwlhfm�khihklZ\e_gb_�\ujZ`_gbc� �����b� �����iha\hey_l�hij_^_�
eblv�dhgklZglm�:: 

��
�

�� ν−=$                                          (19) 

 

 KijZ\_^eb\hklv� \ujZ`_gbc� ������ ����-����� gm`^Z_lky� \� wdki_jb�
f_glZevghc�ijh\_jd_��Ijb�wlhf�g_h[oh^bfh�mqblu\Zlv��qlh�wdki_jbf_gl�

ijh\h^blky�gZ�h[jZapZo�\�\b^_�ieZklbg�dhg_qguo�jZaf_jh\��ijb�jZkly�

`_gbb�dhlhjuo�gZjy^m�k�]_g_jbjm_fufb�\�gbo�iehkdbfb�kbff_ljbqgu�

fb�\hegZfb�jZkrbj_gby�h[jZamxlky�lZd`_�\hegu�jZa]jmadb�hl�k\h[h^�

guo� ih\_joghkl_c� ieZklbgu�� bkdZ`Zxsb_� bkoh^gh_� gZijy`_ggh_� kh�

klhygb_��Gh��dZd�mdZau\Zehkv�\ur_�\�i����\�p_gljZevghc�qZklb�dhg_qghc�

ieZklbgu�dZkZl_evgu_�gZijy`_gby�[m^ml�jZ\gu�gmex�b�khhlghr_gb_ (2) 
hklZ_lky� kijZ\_^eb\uf�� _keb� ih^� \_ebqbghc� ν � ihgbfZlv� g_dhlhjmx�

nmgdpbx�hl�\j_f_gb� ��Wνν =′ : 
��

σνσ ′= . 
 Bkihevah\Zgb_�nmgdpbb� ν ′ �iha\hey_l��g_�\^Z\Zykv�\�qj_a\uqZcgh�
keh`guc�ZgZeba�fgh`_kl\_gghc�bgl_jn_j_gpbb�\heg�jZa]jmadb��iml_f�

\g_k_gby� khhl\_lkl\mxsbo�baf_g_gbc� \� khhlghr_gb_� ������i_j_ibkZlv�

\ujZ`_gb_�^ey�wg_j]bb��ihklmiZxs_c�\�AIG��hdheh�^hklZlhqgh�fZehc��\�

kjZ\g_gbb�k�rbjbghc�h[jZapZ��lj_sbgu� 
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]^_� xxσ  -�^_ckl\mxs__�ghjfZevgh�d�[_j_]Zf�lj_sbgu�gZijy`_gb_�\�gZ�

]jm`Zxs_f�bfimevk_� 
 <ujZ`_gb_�^ey�\_ebqbgu� IK �\�h]jZgbq_gghf�h[jZap_��ZgZeh]bq�

gh_�������ijbf_l�\b^� 
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 G_h[oh^bfZy�  ̂ ey  �gZoh`^_gby  �DBG� ih^ugl_]jZevgZy �nmgdpby� 
   ( ) ( )νννσε ′−′+= 21 22

xxt hij_^_ey_lky� qbke_ggh-wdki_jbf_glZevguf� 
f_lh^hf� 
 

3. F_lh^bdZ�b�j_amevlZlu�wdki_jbf_glZ� 
 H[jZapu�^ey� wdki_jbf_glh\�ba]hlZ\eb\Zebkv�\�\b^_�ijyfhm]hev�

guo�ieZklbg�jZaf_jhf� H  ����ff�� L ���ff�� d  ��ff��<�k_j_^bg_�ieZ�
klbg��iZjZee_evgh�dhjhldhc�klhjhg_�\uihegyeky�ijhibe�^ebghc�

�
/  = 10 

ff�k�jZ^bmkhf�ijb�\_jrbg_�
�
U � ���fdf��bfblbjmxsbc�gZqZevgmx�lj_�

sbgm��>ey� ba]hlh\e_gby� h[jZaph\� bkihevah\Zebkv� hilbq_kdb� qm\kl\b�

l_evgu_� fZl_jbZeu� ihebf_lbef_lZdjbeZl� �IFF:�� b� hl\_j`^_ggZy�

wihdkb^gZy�kfheZ��W>-���FL=N:�� 
 JZ\ghf_jgh�jZkij_^_e_ggZy�bfimevkgZy�gZ]jmadZ�ijbdeZ^u\ZeZkv�

d�dhjhldbf� �L ���ff��klhjhgZf�h[jZapZ�ih�ghjfZeb�d�hkb�lj_sbgu�k�

ihfhsvx�^\mo�lbih\�gZ]jmahqguo�mkljhckl\�>���@��Bo�bkihevah\Zgb_�ih�

a\hebeh�hkms_kl\blv�bfimevkgh_�jZkly`_gb_�ieZklbgu�k�lj_sbghc�eb[h�

aZ�kq_l�kbe�we_dljhfZ]gblgh]h�\aZbfh^_ckl\by��ijb�bkihevah\Zgbb�^ey�

gZ]jm`_gby� we_dljbq_kdhc� wg_j]bb�� aZiZk_gghc� \� gZdhibl_evguo� dhg�

^_gkZlhjZo���eb[h�aZ�kq_l�kbeu�^Z\e_gby�]Zah\��ijb�bkihevah\Zgbb�wg_j�

]bb�^_lhgZpbb�\aju\qZlh]h�\_s_kl\Z��� 
<ukhdhkdhjhklgZy��[_kdhglZdlgZy�b�[_aug_jpbhggZy�j_]bkljZpby�

ihe_c� gZijy`_gbc� \� h[eZklb� \_jrbgu� lj_sbgu� \� \b^_� dZjlbg� ihehk�

bahojhf�\uihegyeZkv�gZ�iheyjbaZpbhggh-^bgZfbq_kdhc�mklZgh\d_�>�@�k�
ihfhsvx� dZf_ju� KNJ-�F�� <� nbdkbjh\Zgghc� lhqd_� h[jZapZ� �

��
� \[ ) 

hkms_kl\eyeZkv�nhlhwe_dljhggZy�j_]bkljZpby�\_ebqbgu�fZdkbfZevgh]h�

dZkZl_evgh]h�gZijy`_gby� ��
PD[

Wτ �\�gZ]jm`Zxs_f�bfimevk_� 
 Wdki_jbf_glZevgZy� aZ\bkbfhklv� ����

��PD[
W\[τ � bkihevah\ZeZkv� \�

qbke_gghf� �j_r_gbb�aZ^Zqb�h�^bgZfbq_kdhf�jZkly`_gbb�jZkkfZljb\Z_�

fhc�ieZklbgu�k�p_gljZevghc�lj_sbghc�^ey�hij_^_e_gby�\_ebqbgu�ghj�

fZevgh]h� jZkly]b\Zxs_]h� gZijy`_gby� ����� W+[
[[

±=σ �� ^_ckl\mxs_]h�

gZ�lhjp_\u_�ih\_joghklb�ieZklbgu��<�dZq_kl\_�gme_\h]h�ijb[eb`_gby�

^ey�qbke_ggh]h�jZkq_lZ�iheZ]Zeb� 
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Jbk� �� >bgZfbdZ jhklZ dhwnnbpb_glZ bgl_gkb\ghklb gZijy`_gbc ijb kbff_ljbq�

ghf bfimevkghf jZkly`_gbb ieZklbgu k p_gljZevghc lj_sbghc� � ∆ – qbke_gguc

jZkq_l�
∗  – ^Zggu_ wdki_jbf_glZ� � – ZgZeblbq_kdbc jZkq_l�� 

 

qlh�khhl\_lkl\m_l�jZa\blbx�\�ieZklbg_�bkdexqbl_evgh�kbkl_fu�iehkdbo�

ijh^hevguo� \heg� jZkrbj_gby�� Ihke_� gZoh`^_gby� \_ebqbgu�

),2/( tHxxx ±=σ �fh^_ebjh\Zehkv�gZijy`_ggh-^_nhjfbjh\Zggh_�khklhy�
gb_�kiehrgh]h�h[jZapZ�l_o�`_�jZaf_jh\��gZ]jm`_ggh]h�wlbf�`_�bfimev�

khf�jZkly`_gby��Ihemq_ggu_�\�qbke_gghf�jZkq_l_�^Zggu_�hlghkbl_evgh�

h^ghjh^gh]h�gZijy`_ggh]h�khklhygby�\�p_gljZevghc�qZklb�ieZklbgu�ih�

a\hebeb�hij_^_eblv�\_ebqbgu� ��Wν ′ �b� )(txxσ ��g_h[oh^bfu_�^ey�gZoh`�

^_gby�nmgdpbb� )(tε �b�\uqbke_gby�bgl_]jZeZ�������<j_f_ggu_�aZ\bkbfh�

klb�DBG��ihemq_ggu_�wdki_jbf_glZevguf�iml_f�ba�ZgZebaZ�dZjlbg�ih�

ehk�bahojhf�\[ebab�\_jrbgu�lj_sbgu�b�\uqbke_ggu_�\�khhl\_lkl\bb�k�

������ijb\_^_gu�gZ�jbkmgd_��� 
Ke_^mxs__� ba� jbkmgdZ� �� khhl\_lkl\b_� l_hj_lbq_kdbo�b� wdki_jb�

f_glZevguo�^Zgguo�iha\hey_l� k^_eZlv� \u\h^�h�^hklh\_jghklb�ij_^eh�

`_gguo�ij_^klZ\e_gbc� 



X� :� R_\eydh\� X� :� DhklZg^h\� :� G� Ju`Zdh\� B� ?� Rbih\kdbc 

 <�aZdexq_gb_�ke_^m_l�hlf_lblv��qlh�jZa\bluc�\�gZklhys_c�jZ[hl_�

ih^oh^�d�hibkZgbx�ijhp_kkZ�nhjfbjh\Zgby�G>K� \[ebab� lj_sbgu�ih�

a\hey_l� 
1) ihemqblv�dhfiZdlgu_�ZgZeblbq_kdb_�\ujZ`_gby��hibku\Zxsb_� �gZ�

ijy`_ggh-^_nhjfbjh\Zggh_� khklhygb_� b� wg_j]_lbq_kdb_� ihlhdb�

\[ebab�\_jrbgu�klZpbhgZjghc�lj_sbgu�ijb�ijhba\hevghf�bfimevk�

ghf�gZ]jm`_gbb� 
2) k�_^bguo�ihabpbc�ih^hclb�d�hibkZgbx��^bgZfbq_kdbo��b�klZlbq_kdbo�

ijhp_kkh\�ojmidh]h�jZajmr_gby� 
3) knhjfmebjh\Zlv�dhebq_kl\_gguc�djbl_jbc�jZaebqby�f_`^m�^bgZfb�

q_kdbf�b�d\ZabklZlbq_kdbf�gZ]jm`_gb_f�klZpbhgZjghc�lj_sbgu� 
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