
ZLxL_̀ S{_̀ P\�\_PL̀V�aX{NMxV

PLxxVdhXVW�RS{TNxVW�̀ScxLexVW�axLPS{_V̀ S̀


�	��
�
�,
��.

�"35��2'(*.".*��3*34'.�

'-',4201034"8"//:

J@K@EF;?�B�KILYDLUEIZ�4�-�4@K@SE@=CR

Ul~nq|prqyz�a�qyz��|lpz��P�yyt��vzoz�pq|rlnyzoz

~q�y��yzoz��y�nq|}t~q~���v�yln�lw�ytu�{z}�mytv�pw�

}~�pqy~�n�qyq|oq~t�yt��}{q��lw�yz}~qu

P�yyt���PR̀ a�	���



2

aRX��
	��		

N_a�|qrtxlxt�}t}~qx�qwqv~|z{z}~l�lyy���xln���{z}�mytv�

�v�O�̀q|q�vqnt���-�P�yyt����PR̀ a��	�����-		��}��av|��xznz��

P�yln�lw�yzx��{z}�mytv��pl�~�}��slolw�yl��l|lv~q|t}~tvl�}t}~qx�

ln~zxl~tsznlyzoz��{|lnw�yy���yz|xlw�ytxt�|qrtxlxt�{|zxt}wznt��qwqv�

~|t�yt��xq|qr��Rq~lw�yz�|zsow�pl�~�}��xl~qxl~t�yl�{z}~lyznvl�~l�xzpq�

w�nlyy��slpl���{|lnw�yy���v�}~��qwqv~|t�yz��qyq|o����vzx{qy}l����|qlv�

~tnyt��ylnly~lrqy��~l�qwqv~|z}{zrtnlyy��n��xznl��pq���t~��{z~�ryz}~��

n�qyq|oz}t}~qxl���xlnzp�~�}���t}qw�y��{|tvwlpt�|zsnG�s�nlyy���t��slpl��

Rw��}~�pqy~�n�qyq|oq~t�yt��}{q��lw�yz}~qu�nt�t��yln�lw�yt��

slvwlp�n���z�ntn�l�~��pt}�t{w�y��ESyq|oq~t�y��{�p}t}~qxt�N_à ]�
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~zm~z�}t}~qxl��}y���yq�wt�q�}lxl�{z�}zm���l�n�z~z�qyy���y�t��qwqxqy~�n��

�z��~nz|��~��szny��y��}q|qpznt�q��Uzny��y��}q|qpznt�q�sp�u}y���
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n{wtn�yl�}t}~qx���l�n�}nz���q|o��}t}~qxl�n{wtnl��yl�szny��y��}q|qpznt�

�q��et}wz�~lvt��n{wtn�n�mqsxqryq��lwq�n|l�zn�nl~t�}w�p�~�w�vt�~���n�p��vt��

}�~~�nz�slwqrt~��}~ly�}t}~qxt�

]|zxt}wzn��qwqv~|t�y��xq|qr���l}~z�ntp�w��~��n�zv|qx��}t}~qx��

qwqv~|z{z}~l�lyy���Q|lyt���x�r�yq��~l�szny��y�x�}q|qpznt�qx��qwqv�

~|zqyq|oq~t�yz��}t}~qxz� ���~vz�n}~lyznw��~�}��n�vzryzx��vzyv|q~yz�

x��nt{lpv���Lyzp��nzyl�xzrq�{|z�zpt~t��q|qs�|zsG�py�nl����z�n}~lyznwq�

ytu�yl�rtntw�yzx��nnzp���{qo�w�nlyy��sm�prqyy��yl�oqyq|l~z|l��

qwqv~|z}~ly��u��vzx�~l����w�y�u�qwqv~|z{q|qpl��rtntw�yt��xq|qr�{zsyl�

�l�~�}��yl�|�ny���yl{|�ot�n�n�swl��}t}~qx�qwqv~|z{z}~l�lyy����z�}w�p�

|zsow�pl~t���v�n{wtnt��szny��y�zoz��}q|qpznt�l��U��y�z��}~z|zyt�

yl�ny�}~���yl{|tvwlp��n�}t}~qx��qwqv~|z{z}~l�lyy��}{zrtnl��n���v���xl�~��

yqw�y�uy��nzw�~-lx{q|y���l|lv~q|t}~tv���}{|t�ty���{z�n��nt�t��

ol|xzy�v�n�xq|qrl��qyq|oz}t}~qxt���z�xzryl�|zsow�pl~t��v�n{wtn�}t}~q�

xt�yl�szny��y��}q|qpznt�q��̀lvq��nt�q�{|tnq|~l���nlo��wt�q�~zp���vzwt�

nzyz�}�{|znzpr��~�}��n�p�twqyy�xt�n�p�yz|x�{zvlsytv�n��vz}~��

qwqv~|zqyq|o���lmz�{q|qmz�xt�n�|zmz~��}t}~qx�ln~zxl~tvt��}�~~�ntxt�n~|l�

~lxt�{z~�ryz}~����~�p�

_~ly�}t}~qxt�z��y��~�}��{l|lxq~|lxt�}~ly����z��~nz|��~��nqv~z|�

{l|lxq~|�n�}~ly���P{wtn�szny��y�zoz�}q|qpznt�l��yl�}t}~qx��ylstnl�~�}��

n�zplxt�}t}~qxt�~l��l|lv~q|ts��~�}��{l|lxq~|lxt�n�zp���Pzyt�m�nl�~��

~lvtxt���z��{|lnw��~����~nz|���t�nqv~z|��{|lnw�yy���~l�~lvtxt���z�sm��

|��~���P{wtn�}t}~qxt�yl�szny��y��}q|qpznt�q�ylstnl�~�}��nt�zplxt�

}t}~qxt���n�p{zn�pyz��l|lv~q|ts��~�}��{l|lxq~|lxt�nt�zp��

]l|lxq~|lxt�}~ly��}t}~qxt�qwqv~|z{z}~l�lyy���xzr�~��m�~t�{l|l�

xq~|t����|qrtx���}~|�xt�w�y�u��yl{|�ot�n�n�swl���{z~�ryz}~���vzq�����y~t��

{z~�ryz}~���l�~lvzr�{l|lxq~|t�}�qxt��vzq�����y~t�~|ly}�z|xl������q�znt���

]̀��{l|lxq~|t�ylp�uyz}~��zv|qxt��qwqxqy~�n�qwqv~|t�yz��xq|qr���

d�wq}{|�xznly��n{wtnt�szny��y�zoz�}q|qpznt�l���{|lnw�yy� �-��q��|qo��

w�nlyy��n�p{luzv�yl�~|ly}�z|xl~z|l���qy~|�n�rtnwqyy���n�|qs�w�~l~���z�

oz���wq}{|�xznlyz�sx�y��~�}��yl{|�ol�n�{|zxt}wzn�u�xq|qr���]|tvwlpzx�

sm�|qyy����lnl|�uy��{z�vzprqyy���n�rtntw�yt��xq|qrl���n�|qs�w�~l~���vt��
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sx�y��~�}��yl{|�ot�n�n�swl��}t}~qxt�qwqv~|z{z}~l�lyy���{z~�ryz}~����z�

}{zrtnl�~�}��zv|qxtxt�ylnly~lrqyy�xt�

_{|z�qyq���nwqyy��{|z�}t}~qx��xzryl�szm|lst~t�|t}�yvzx��|t}��

1.1.

WJzJUNZzQ�KQ]VLY�

Y = ( y1 y2...yl)

WJzJUNZzQ�K]VLY�

YWzJKSùTTj
X = ( x1 x2...xn)

OIYzNTTj
U = ( u1 u2...uk)

H�n�H�s�F�r�Ñ

WJzJUNZzQ�XZJTY�XQXZNUQ
Z = ( z1 z2...zm)

GVKTùÇTN�XNzNLVKQ̂ N

{t}��	�	��Psl�xzp���}t}~qxt�~l�szny��y�zoz�}q|qpznt�l

L}y���}��l}ytu�yl�vzntu�xq~zp�pz}w�prqyy��}t}~qx�-�}t}~qxytu�

lylw�s���vtu��ntvz|t}~zn��~�}��pw��pz}w�prqyy��}t}~qx�qyq|oq~tvt��]�p�

}t}~qxytx�lylw�szx�|zs�x��~�}��n}q}~z|zyy���}t}~qxl~tsznlyq��{zm�pznl�

yq�yl�z}yzn��{qnyzoz�ylmz|��{|lntw �ntn�qyy��}vwlpyzoz�zmG�v~l�n���wzx��

|lszx��s�n}����}�v�{y�}~��uzoz�}vwlpyt��szny��y���~l�ny�~|��y���snG�sv�n��

�vq�{|znzpt~�}��pw��nt�nwqyy��xzrwtnz}~qu�{zv|l�qyy����yv��zy�nlyy��

��zoz�zmG�v~l�

Zzryl�ntp�wt~t�~lv��z}yzny��q~l{t�}t}~qxyzoz�lylw�s��

-�{z}~lyznvl�slpl�����z|x�w�nlyy��xq~t�pz}w�prqyy��

-�}~|�v~�|tsl����}t}~qxt��wzvlw�sl����}t}~qxt�~l�ntsyl�qyy�����

szny��y�zoz�}q|qpznt�l�

-�{zm�pznl�xzpqw���

-�pz}w�prqyy��xzpqw���n�|qs�w�~l~���vzoz�nt�nw��~�}��{znqp�yvl

zmG�v~l���z�xzpqw��~�}���n�|�syt���xznl��~l�{|t�|�syt��}~lyl��

szny��y�zoz�}q|qpznt�l�~l�}lxzoz�zmG�v~l�

	�
��a{|lnw�yy�
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�-.� )<++:�-�4#�4<)#/-.:*, �+&'� -)& �,"+<;=�/&/0#*&�+��<+61��:(&'�

+�-.� )#+&'�+��%*<+1�-, #"<+(&�,/0�++8,=� �-,0.<�+,*1�+�-.:*(1 �̀lvtx�

�tyzx��{|z�q}��{|lnw�yy��|qlw�s��~�}���w��zx�nsl�xzp���pnz��}t}~qx��~�����

�z��{|lnw��~�}���zmG�v~��{|lnw�yy� ��~l�~������vl�vq|����}�mG�v~��{|lnw�yy��

lmz�{|t}~|�u��{|lnw�yy� ��_�v�{y�}~���t��}t}~qx�����}t}~qxz���{|lnw�yy��

\mG�v~zx��{|lnw�yy��xzrq�m�~t�}t}~qxl�m�p�-�vz��{|t|zpt��

}z��lw�yl��~|�pzntu�vzwqv~tn�{�p{|t�x}~nl��vlp|t�}w�rmt�ozwznyzoz�

qyq|oq~tvl ��~q�y��yl��}vwlpyl�~q�yzwzo��yl��}~lyznvl���zv|qxtu�xq�

�ly�sx ��m�zwzo��yl��rtntu�z|oly�sx�lmz�uzoz��l}~tyl ��xqsnlrl��t�yl����

|�syzxly�~ytu��l|lv~q|���}y��~��slolw�y��{|ty�t{t��{|lnw�yy���txt�

zmG�v~lxt��d��zm}~lntyl�pzsnzwtwl�{�P�yq|��n�	����|z���ntsyl�t~t�

v�mq|yq~tv���v�yl�v��{|z��{|lnw�yy���]|qpxq~zx������yl�vt�}~lwl�slolw�yl�

~qz|����{|lnw�yy��yq�{znG�slyl�mqs{z}q|qpy�z�y��s�zpy����{|tvwlpyz��ol�

w�ss���lwq�n�~zu�rq��l}�nzyl�xzrq�m�~t�sl}~z}znlyl�pz�m�p�-�vz��s�yt��

xlum�w���{z�t|qy��ntpt��{|lnw�yy���q�

-�vzz|ptyl����-��{|lnw�yy���xq~l��vzoz�n��sozprqyy��{|z�q}�n�n�

|�syt��qwqxqy~l���{�p}t}~qxl� �zmG�v~l��{|lnw�yy��

-�|qo�w�nlyy��-��{|lnw�yy���xq~l��vzoz�n�slmqs{q�qyy��mwts�vz}~��{z�

~z�yt��syl�qy��zpy����lmz�pqv�w�vz��vzz|ptyl~�zmG�v~l��{|lnw�yy��pz����

slplyt��syl�qy��

-�}~lm�w�sl����-�|qo�w�nlyy���xq~l��vzoz�n�slmqs{q�qyy��{z}~�uyz}~��

syl�qy��vzz|ptyl~���z��{|lnw��~�}���yl�slplyzx��{|zx�rv���l}��

-�qv}~|qxlw�yq��{|lnw�yy��-��{|lnw�yy���xq~l��vzoz�n�pz}�oyqyy��qv�

}~|qx�x��slplyzoz�{zvlsytvl��vz}~�����yv��zy�nlyy��zmG�v~���{|lnw�yy��

-�z{~txlw�yq��{|lnw�yy��-��{|lnw�yy���xq~l��vzoz�n�slmqs{q�qyy��qv�

}~|qxlw�yzoz�syl�qyy��{zvlsytvl��vz}~���{|lnw�yy���v�w�v�}yz��z��yvt�

�vz}~���{|lnw�yy� �

\{~txlw�yq��{|lnw�yy��xzrq�sp�u}y�nl~t}��wt�q�n��xznl���vzwt�

xzrwtntu�lw�~q|yl~tnytu�ntm�|�|��qy���]|t|zpyz�n���zx��nt{lpv��mlrl�

~t���zm��{|lnw�yy��ntvzy�nlwz}��yluv|l�tx��tyzx��xqzm��pyz���xznz��

|qlw�sl����z{~txlw�yzoz��{|lnw�yy����yl�ny�}~��xq~t��{|lnw�yy���Pzyl�{z�
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ntyyl�xl~t�v�w�v�}y��z��yv����ntow�p��v|t~q|����{|lnw�yy���sl��vtx�xzryl�

{z|�ny�nl~t�|�sy��nl|�ly~t��{|lnw�yy��

Ul�v|t~q|����{|lnw�yy��|qrtxlxt�n�qwqv~|t�y�u�xq|qr��xzr�~��m�~t�

{|tuy�~��|�sy����yzp��yln�~����}�{q|q�wtn���{zvlsytvt���z�xl�~���v�

~q�y��ytu�~lv���qvzyzx��ytu�sx�}~��yl{|tvwlp�

-�n~|l~t�lv~tnyz��{z~�ryz}~��~l�qyq|o���

-�ylp�uy�}~��qwqv~|z{z}~l�lyy��zv|qxt��}{zrtnl��n�qwqv~|zqyq|o���

-��smt~zv�n�p�yts�vz���vz}~��qwqv~|zqyq|o���

-�{z~�ry�}~����z�}{zrtnl�~�}��n�ozptyt�xlv}txlw�yt��ylnly~lrqy��

qyq|oz}t}~qxt�

-�|qlv~tnyl�{z~�ry�}~��~l�qyq|o�����z�}{zrtnl�~�}��

X|t~q|�u��{|lnw�yy��{zntyqy�m�~t��z|xlw�sznlytu���ntow�p��

��yv��zylw�yz��slwqryz}~����z�ylstnl�~�}����w�zntx���yv��zylwzx��l�n�

~qz|���z{~txlw�yzoz��{|lnw�yy��m�w���{z�t|qytx���~q|x�y�{zvlsytv�

�vz}~���{|lnw�yy��

Rw��ptylx��yt��zmG�v~�n��pq�{z~|�myz�slmqs{q�t~t�{qnytu���p�

~|l�v~z|���{|z�q}���{zvlsytv��vz}~���{|lnw�yy������yv��zylwzx�ntp��

�� ��
 �J F t Z t t d t
t

t

� $ X , ,
1

2

 ,                      (1-1) 

pq��,�-  n-x�|ytu�nqv~z|��{|lnw�yy���-- m-x�|ytu�nqv~z|�{l|lxq~|�n�}~ly��

}t}~qxt��?�-���l}����-�}vlw�|yl���yv�����?1 -�{z�l~vzntu�xzxqy~��l}���?2 -

v�y�qntu���pw��slpl���{|lnw�yy��qwqv~|t�ytx�|qrtxzx�-�yq���v}znlytu �

xzxqy~��l}���

]zvlsytv��vz}~��{zntyqy�xl~t���st�ytu�sx�}~���vtu�pw��vzryz��

vzyv|q~yz��slpl���|�sytu�

Ptvzylyy���{|lnw�yy��xzrwtnq�{|t�yl�nyz}~��n�pzxz}~qu���v��{zpl�

�~�}��}t}~qxz��|�ny�y��}~ly���Pt�zp��t�s�~zoz���z�qyq|oq~t�y��zmG�v~t�

xl�~��ptylx��ytu��l|lv~q|��}~ly�zmG�v~l��{|lnw�yy��z{t}��~�}��}t}~qxz��

pq�q|qy��uyt��|�ny�y��ntp��

�� �� ��
 ��
�

x t

t
f X t Z t t i ni

i� �, , , , , . . . , ,1 2                ( 1 - 2 )           

pq���Ai -�vzx{zyqy~l�nqv~z|l�,�
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P�|qlw�yt��slpl�l��yl�vzx{zyqy~t�nqv~z|�n��{|lnw�yy��,�~l�}~ly��-�

ylvwlpl�~�}��zmxqrqyy���̀zx���{|lnw�yy��{zntyyz�ntvzy�nl~t}��n�xqrl��

pz{�}~txt��syl�qy��,~l�-.

P�slolw�yzx��nt{lpv��slpl�l�z{~txlw�yzoz��{|lnw�yy���z|x��

w��~�}��~lvtx��tyzx��Rlyz�

	 �|�ny�yy��}~ly��zmG�v~l��{|lnw�yy��

2) }t}~qxl�zmxqrqy����z�n}~lyznwqyl�yl�sx�yy��}~ly��~l��{|lnw�yy��

]z~|�myz�sylu~t�~lv��slwqryz}~��,�? ��{|t��vt��{zvlsytv��vz}~��

�{|lnw�yy��pz}�ol��xlv}txlw�yzoz�lmz�x�y�xlw�yzoz�syl�qyy��

{zsnG�svt�slpl���z{~txlw�yzoz��{|lnw�yy��xzr�~��m�~t�sylupqy��~l�

vtxt�xl~qxl~t�ytxt�xq~zplxt�

	 �nl|�l��uytx��t}wqyy�x�


 �{|ty�t{zx�xlv}tx�x��]zy~|�o�yl�

� �ptylx��ytx�{|zo|lx�nlyy�x�

� �xl~qxl~t�ytx�{|zo|lx�nlyy�x�

kv�z�~q�y��yl�}t}~qxl�{z~|qm����{|lnw�yy��sl�mlol~�xl�v|t~q|��xt��

~z�~lv��z{~tx�sl��uy��slpl���}w�p�n�pyq}~t�pz�mlol~zv|t~q|�lw�yt��

_t}~qxt��{|lnw�yy��xzr�~��m�p�nl~t}��sl�{|ty�t{lxt�

�qy~|lw�sznlyz�� �{|lnw���z�� }t}~qxt� �}t}~qxl� s� zpy����

{�p}t}~qxz����z�ntvzy�����yv����{|tuy�~~��|��qy� �

pq�qy~|lw�sznlyz���{|lnw���z��}t}~qxt��}t}~qxt�s�pqv�w�vzxl�yqsl�

wqrytxt�}t}~qxlxt���z�ntvzy��~����yv����{|tuy�~~��|��qy� �

��|l|���yz���{|lnw���z��}t}~qxt��{�p}t}~qxl�{|tuy�~~��|��qy�������

}t}~qxt�|zs{zp�wqyl�sl�pqv�w�vzxl�{�p{z|�pvznlytxt�|�ny�xt��vzrytu�s�

�vt��ntvzy����l}~ty����yv��u�{|tuy�~~��|��qy� �

Ptm�|�~�����t��y�z��}t}~qxt��{|lnw�yy��ntvzy��~�}��yl�q~l{��{|zqv�

~�nlyy���N_a�

Ul�~q�y��yz��|qlw�sl������{|lnw�yy���xzrq�ntvzy�nl~t}���v�ln~zxl�

~tsznlyq�~l���ln~zxl~t�yq�

P�}t}~qxl��ln~zxl~t�yzoz��{|lnw�yy��-��{|lnw�yy��ntvzy��~�}��ntv�

w��yz�~q�y��ytxt�sl}zmlxt�mqs�mqs{z}q|qpy�z����l}~��w�ptyt��{zw��w��



14

ptyt�snzpt~�}��pz�~zoz���zm�}{|zqv~�nl~t�}t}~qx���{|lnw�yy���sxzy~�nl~t�

~l�ylwlozpt~t�����ntvzy�nl~t�|qowlxqy~y��~l�|qxzy~y��|zmz~t�

Nn~zxl~tsznly��}t}~qxt��{|lnw�yy��-�w�ptyz-xl�tyy��}t}~qxt��n�

�vt��w�ptyl�mq|q�mqs{z}q|qpy����l}~��n�{|z�q}���{|lnw�yy���b�yv����

�{|lnw�yy��{qnytx��tyzx�|zs{zp�w��~�}��x�r�w�ptyz��~l�S\Z�

Q\_̀ ����%%�-�%�pl��~lvq�ntsyl�qyy��ln~zxl~tsznlytx�}t}~qxlx��

� 0,*�0&%, �+��/&/0#*��-�4#�/&/0#*���7,�/()�"�;08/:�%�-#./,+�)1�0��

(,*-)#(/1�%�/,�< �� 0,*�0&%�4<=�',!,�"<:)8+,/0<��:(��.#�)<%1;�<+2,.�

*�4<'+1�0#3+,),!<9� &(,+�++:�1/0�+, )#+&3�21+(4<' �kv�z�}t}~qxl�

ln~zxl~ts�����yv�����{|lnw�yy���~z��q�ln~zxl~tsznlyl�}t}~qxl��{|lnw�yy��
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	���Ly�z|xl����n�N_a

]|tuy�~~��|��qy��s��{|lnw�yy��xzrwtnq�wt�q�yl�z}yzn���y�z|xl����

{|z�}~ly�zmG�v~l��{|lnw�yy��~l�szny��y�zoz�}q|qpznt�l��Rw��ptylx��yt��

}t}~qx��y�z|xl��������yv������l}����~zx��{z~|�myz�{q|�zpt�yz�

lylw�s�nl~t�}~ly�zmG�v~l��{|lnw�yy���~l�vz|qv~�nl~t�nqv~z|��{|lnw�yy��

_w�p�n�px�~t~t���z����y�z|xl�����vl��xl��nwl}~tnz}~��pz��ntpvz��

sx�yt��yl{|tvwlp��nqwt�tyt�{z~�ryz}~qu�~l�}~|�xt�n�w�y�����syl�qyy��yl�

{|�o���n�swl����~lvq��y�q��dq�n�pm�nl�~�}���yl{|tvwlp��n�p{zn�pyz�pz�sx�yt�

ylnly~lrqyy�� }{zrtnl��n� qwqv~|t�yz�� qyq|o��� nyl}w�pzv� ntxzo�

~q�yzwzo��yzoz�{|z�q}���kv�z�pw��|zsnG�s�nlyy��slpl����{|lnw�yy��

yqzm��pyl�}lxq�����y�z|xl�����~z�nzyl�{zntyyl�vzryzoz�|ls��{zyznw�nl�

~t}����n�p{zn�pl~t�syl�qyy�x�{l|lxq~|�n���z�n}~lyzntwt}��yl�xzxqy~�

{|tuy�~~��|��qyy���̀lvl��y�z|xl�����yzp��ylstnl�~�}��z{q|l~tnyz��

Ly�l��l}~tyl��y�z|xl�����yln{lvt��xl��nwl}~tnz}~��yqsx�yyz}~��{|z�

~�ozx�~|tnlwzoz�{|zx�rv���l}��~l�ylstnl�~�}��yqz{q|l~tnyz���xl{|tvwlp��

s�yqzm��pyz���y�z|xl����pw���{|lnw�yy��qwqv~|t�ytx�|qrtxzx��~l�����l}~t�

yl���z�}~z}��~�}��{l|lxq~|�n�}�qxt��}�qxl��qwqv~|t�yt��sG�pyly���~q�y��y��

�l|lv~q|t}~tvt� n}~lyznwqyzoz� qwqv~|zzmwlpylyy� �� slwt�l�~�}��

yqsx�yyz��yl�{|z~�s��~|tnlwzoz��l}���̀zx��yq�wzo��yz�nnzpt~t����vzryzoz�

|ls��slyznz��vzwt�syl�zpt~�}�����wq}{|�xznlyq�|��qyy���l�}w�p��}vz|t}~l�

~t}��xzrwtn�}~��S\Z��pz�smq|�olyy���y�z|xl�����̀lvl��y�z|xl����nnz�

pt~�}���wt�q�zpty�|ls�~l�smq|�ol�~�}��n�}{q��lw�yz�z|oly�sznlyt���luwl���

pz��vt��n�|ls��{z~|qmt�xzryl�slnrpt�snq|y�~t}����z~|txl~t�yqzm��py��

�y�z|xl�����P}��xyzrtyl�~lvt���luw�n�ylstnl�~�}��mlsz��plyt��

P�N_a��}y���{zy�~~���y�z|xl����~l�plyt����+2,.*�4<:�-�4#

 <",*,/0<��:(<� �"�+&'�*,*#+0�*,$108�-,%+�5&0&/8�+��-.&'+:0,*1

.<6#++<��<�0&*�/�*&*�+��-, #"<+4<�/&/0#*& ���+<�-�/1(1-+</08� <",*,/0#'��

7,�%�#.<!�908/:� �-�*�:0<������<�:(<� �"�+&'�*,*#+0�+# &(,.&/0, 1�

908/:��Rly��xzr�~��}~l~t��y�z|xl�����{|t�mqs{z}q|qpy�zx�����

ntvz|t}~lyy��n�lwoz|t~x���{|lnw�yy��
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\�qntpyz���z�sx�y�xzr�~��slsylnl~t�~lvzr���ply���xl{|tvwlp���l}�

n�p��l}��n�|qs�w�~l~��|zsnt~v��xq|qr��xzrq�sx�y�nl~t}��}�qxl��n�

|qs�w�~l~��sx�yt�}~|�x��vz|z~vzoz�slxtvlyy���xzrq�n}~lyznw�nl~t}���y�q�

vzx�~l��uyq�zmwlpylyy���n�slwqryz}~��n�p�sx�yt�~q�yzwzo��yzoz�{|z�q}���

xzr�~��sx�y�nl~t}��{q|q|�st�{|zn�pytv�n�yl�zv|qxt��w�y����

qwqv~|zxq|qr����~�p��P�~lvt��nt{lpvl��ntytvl��{z~|qml�{|znq}~t�

n�p{zn�py��nt{|lnwqyy��n�mls��plyt���̀lvl�p�����z�yl{|lnwqyl�yl�ntvzyly�

y��nt{|lnwqy��n�mls��plyt���pz{znyqyy�����pzpl~vzntxt�n�pzxz}~�xt��nt�

w��qyy��sl}~l|�wt���ylstnl�~�}��nqpqyy�x�mlst�plyt���{zmz~l�{z�yl{zn�

yqyy��mlst�plyt��{z~|�myz���y�z|xl�����ylstnl�~�}��}~nz|qyy�x�mlst�

plyt���dtxt���yv���xt�ylp�wqy��}��l}y��}t}~qxt��{|lnw�yy��mlsz��plyt��

�_aOR �pw��{q|}zylw�yt��S\Z�ylum�w���n�pzxtxt���~lv���3��(��LLL�

PLUS,  FOXBASE,  CLIPPER,  Fox-Pro.

Ly�z|xl������z�ntvz|t}~zn��~�}��pw��|zsnG�s�nlyy��slpl���

�{|lnw�yy���xzryl�|zsow�pl~t�~lvzr�s�~z�vt�sz|�����pz}~zn�|yz}~���Lyzp��

n}���y�z|xl����lmz�����l}~tyl�{zpl�~�}��n�pq~q|x�yznlyzx��ntow�p���Rq�v��

vzx{zyqy~t��y�z|xl����sl�}nz���{|t|zpz��xzr�~��xl~t�}~z�l}~t�ytu��l�

|lv~q|���z~|tx��~�}����ntow�p���yl{|tvwlp��slvzy�n�|zs{zp�w��lmz�zv|qxt��

uzoz��l|lv~q|t}~tv��_q|qp�~lvt�����l|lv~q|t}~tvt�ylp�uyz}~��qwqv~|z{z�

}~l�lyy���Ly�z|xl������z�}~z}��~�}���yl{|tvwlp��{q|}{qv~tnt�|zsnt~v��

qwqv~|t�yz��xq|qr��xl��qwqxqy~�yqntsyl�qyz}~��

�X|�x��y�z|xl�����{q|ntyyz����vl�zpq|r��~�}��mqs{z}q|qpy�z�n�p�

pl~�tv�n�lmz�sy�xl�~�}��s�ntx�|�nlw�yt��{|twlp�n���q���n~z|tyyl����v��z~�

|tx��~���w��zx�{q|q|zmvt�{q|ntyyz���̀lvz���y�z|xl�������{l|lxq~|t�

|zs{zp�w��nt{lpvznt��nqwt�ty���v��z~|tx��~��zm|zmvz��}~l~t}~t�yzoz�

xl~q|�lw��
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	���cl|lv~q|y��lwoz|t~xt�z{~txlw�yzoz��{|lnw�yy��qwqv~|t�ytxt�

|qrtxlxt

�)!,.&0*�1-.� )<++:�-�4#�/1(1-+</08�-.� &)��%��:(&*&�+��,/+, <�

<+2,.*�4<=�-.,�*#01�1-.� )<++:��-.,�/0�+�,��;(0��1-.� )<++:��-.,�

%�1.995<� -)& &�%<�/0,.,+&�%, +<6+8,!,�/#.#", &7�� &%+�5�;08/:�.<6#+�

+:�%�1-.� )<++:���,�-,/)<", +</08�0�(&3�.<6#+8 

{zsow�yqxz�xzrwtn��lwoz|t~xt��{|lnw�yy����z�xl�~��|�sy��~q�y��y��

|qlw�sl�����~l�{z~|qm��~��|�sy��sl��l|lv~q|zx��y�z|xl����

Nwoz|t~x�zpyzv|zvznzoz�pq~q|x�yznlyzoz��{|lnw�yy�

Nwoz|t~x�pzsnzw���ntsyl�t~t�nqv~z|��{|lnw�yy��pw��n�pzxzoz�{|z�

�q}���d�w�zntu���yv��zylw��z|x��~�}��~lvtx��tyzx���z�z{t}���nq}��{|z�

�q}�n���wzx���{qs�w�~l~zx�|zsnG�sv��slpl�����pq~q|x�yznlytu�nqv~z|��

|qlw�sl�����vzoz�{zw�{����|qrtx�n���wzx���{zmz~l�lwoz|t~x��{zvlslyl�yl�

|t}��	�
��_�~~�nl�{q|qnlol�lwoz|t~x��n�~zx����z�n�y�|qlw�s��~�}����ntow�p��

yqvq|znlyzoz�{|t}~|z����vtu�vzy}~|�v~tnyz�slnrpt��{|z}~��tu�n�p�vq|z�

nlyzoz��S�qv~tnytx�lwoz|t~x�nt�nw��~�}��n�~t��nt{lpvl���vzwt�{l|lxq~|�

�{l|lxq~|t ���z���{|lnw��~�}���sx�y��~�}��n�yqsyl�yt��xqrl��

p\ùTRJ�N[NRZQKTVXZù
VZzQUJTVMV�zVOKhjORY�
yNJSùOJ\ùj�YWzJKSùTTj�

yVOzJ]YTVR
KNRZVzJ
YWzJKSùTTj

GIùz�ZJ�KKNLNTTj
TNVI]ùLTVe
ùT[VzUJ\ùe

{t}��	�
��Owzv-}�qxl�lwoz|t~x��zpyzv|zvznzoz�pq~q|x�yznlyzoz�lwoz|t~x�

]|tvwlpzx��{|lnw�yy��sl�plytx�lwoz|t~xzx����{|lnw�yy��|qrtxzx�

yl{|�ot�n�qwqv~|t�y�u�xq|qr���w��zx��}~lyznvt�n�p{zn�pyz��
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|qo�w�nlw�yz��n�p{luvt��q�znz��̀]��kv�n�pzxz���q�zn��̀]�}{z|�prqy��}t}�

~qxz��{q|qvw��qyy��n�polw�rqy��mqs�sm�prqyy���]OU ����sx�yl�{zwzrqyy��

|qo�w�nlw�yz��n�p{luvt�xzrq�n�pm�nl~t}��wt�q�{|t�sy�~~��ylnly~lrqyy��

~|ly}�z|xl~z|l��̀ zx��~lvtu�}{z}�m��{|lnw�yy��yl{|�oz��n�xq|qr��

ntvz|t}~zn��~�}���vzwt�sx�yl�{l|lxq~|�n�|qrtx���n�pm�nl�~�}��n��yqnqwt�

vt��xqrl������{zw�ol���n�y�n�~zx����z�ntmt|l�~�}���l�{z~�x�|qlw�s��~�}��

{qnyl�|qo�w�nlw�yl�n�p{luvl�yl�~|ly}�z|xl~z|l����vl�slmqs{q����

{z~|�mytu�|�nqy��yl{|�ot�n��}���n�swl��xq|qr��pw��n}���{q|q~ty�n��l}��

Nwoz|t~x�mlol~zv|zvznzoz�pq~q|x�yznlyzoz��{|lnw�yy�

Nwoz|t~x�mlol~zv|zvznzoz�pq~q|x�yznlyzoz��{|lnw�yy��{q|qpml�l��

ntvzylyy��n�{qny��xzxqy~t��l}��vz|qv����nqv~z|l��{|lnw�yy��n�snG�sv��s�

~tx���z�vq|znly��{l|lxq~|t�����yv������l}���Xz|qv������wq}{|�xznlyzoz�

n{wtn��{z~|�myl�{|t��{|lnw�yy��n�ptylx��yt��}t}~qxl��s�nqwtvtx�

p�l{lszyzx�sx�yt�{l|lxq~|�n�|qrtx���]|t���zx��{|z�q}���yv��zy�nlyy��

zmG�v~l��{|lnw�yy��|zsow�pl�~�}���v�{z}w�pzny�}~��}~l~t�yt��}~ly�n��Nw�

oz|t~x�xzrq�|qlw�szn�nl~t}���vzwt���~q�y��yl�xzrwtn�}~��pw��vz|qv����

nqv~z|l��{|lnw�yy��

Nwoz|t~x�|qlw�s��~�}��yl��y�z|xl������z�sG�nw��~�}��n�|qs�w�~l~��

}{z}~q|qrqy��sl�vzyv|q~yz��|qlw�sl�����{l|lxq~|�n��xznt�slpl����P�y�

{zw�ol��n�syl�zprqyy��~l�|qlw�sl����{z}w�pznyz}~��nqv~z|�n��{|lnw�yy��pw��

pt}v|q~yt��xzxqy~�n��l}���P�{|zx�rvl��x�r��txt�xzxqy~lxt��l}��yl�

zmG�v~�p����{|lnw�yy����z�zm�t}wqyq�sl�|qrtxzx�{z�l~v���y~q|nlw���

|̀tnlw�}~���y~q|nlw�n�xzrq�m�~t�z~|txlyz���w��zx�|zsmt~~��yl�|�ny��

{|zx�rvt��l}��n}����~|l�v~z|���ptylx��yz��}t}~qxt�~l�ntsyl�l�~�}��

�ntpv�}~��sx�yt�{l|lxq~|�n�|qrtx���Zzrwtntu�~lvzr�nl|�ly~��vzwt��l�

}zx�yl}~�{yzoz�n{wtn����xzxqy~�pz}�oyqyy��v|t~q|�lw�yz����yv�����{z�

|zoznzoz�syl�qyy����q|qs��vq�z��y��~�}���v�}~���{|lnw�yy��

Nwoz|t~x�mlol~zv|zvznzoz�pq~q|x�yznlyzoz��{|lnw�yy��pzsnzw���

m�w���oy��vz�ntvz|t}~zn�nl~t�l|}qylw�xzpqwqu��{|lnw�yy���U|zmtn�t�

z��yv��}t~�l������z�}vwlwl}��n�xzxqy~�|zs|l��yv��nqv~z|l��{|lnw�yy���

xzryl�ntvz|t}~l~t�ylum�w���q�qv~tny��xzpqw���{|lnw�yy���Owzv-}�qxl�

lwoz|t~x��szm|lrqyl�yl�|t}��	���
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Ul�lwoz|t~xzx�mlol~zv|zvznzoz�pq~q|x�yznlyzoz��{|lnw�yy���yl�

{|tvwlp��ntvzy��~�}���p���s�|qo�w�~z|zx�{�p�ylnly~lrqyy�x��{]x) 

~|ly}�z|xl~z|�n�ozwznyz��{zytr�nlw�yz��{�p}~ly�����Q]] �{�p{|t�x}~nl��

l̀v��|qo�w�~z|t�sl�}nz���vzy}~|�v�����pzsnzw��~��sx�y�nl~t�vzq�����y~t��

~|ly}�z|xl�����yq�ntxtvl��t��ylnly~lrqyy��

GTJPLNTQP�KNRZVz
YWzJKSùTTj�zNJSùOYbZ_Xj

oJ�VXTVKù�UVLNSù
YWzJKSùTTj

KQOTJiJbZ_Xj�KNRZVz
YWzJKSùTTj

GIùz�ZJ�KKNLNTTj�ùT[VzUJ\ùe
WzV�WJzJUNZzQ�XZJTY�VIhbRZJ
YWzJKSùTTj�K�UVUNTZ�iJXY

t  = t k

k = k + 1

{t}��	����Owzv-}�qxl�lwoz|t~x��mlol~zv|zvznzoz�pq~q|x�yznlyzoz��{|lnw�yy�

dq�pl��xzrwtn�}~��n�{qny��xzxqy~t��l}��smt|l~t�yqzm��py���y�z|xl�����

{|tuxl~t�|��qyy��{|z�|qlw�sl����z{~txlw�yz��n�p{luvt�{]x��l�{z~�x�nt�

vzy�nl~t�{q|qvw��qyy���eq|qs�{qnytu�{|zx�rzv��l}��n}q�{zn~z|��~�}��

Nwoz|t~x�zpyzq~l{yzoz�}~z�l}~t�yzoz��{|lnw�yy�

Nwoz|t~x�|qlw�s��~�}��yl�z}yzn��n�pzxt���t}wznt���l|lv~q|t}~tv�

nt{lpvznt��syl�qy��nt��pyt��plyt��pz�}{z}~q|qrqyy��|qlw�sl�������{z~z��

yt��syl�qy���P�y�pzsnzw���ntsyl�t~t�z{~txlw�ytu�nqv~z|��{|lnw�yy��pw��

n}����~|l�v~z|���nt{lpvznzoz�{|z�q}��~l�yq�{q|qpml�l��uzoz�vz|qv����n�

{|z�q}��ylvz{t�qyy���y�z|xl�����{zsnG�svlxt�~�~���pq~q|x�yznly��nqv~z|t��

Pzyt�ntsyl�l�~�}��yl�z}yzn��n�pzxt��}~l~t}~t�yt���l|lv~q|t}~tv�

|zs{zp�w��nt{lpvznt��syl�qy��xzrwtnt��nt��pyt��plyt��

xlum�w���{z�t|qytxt���~lv��{z}~lyznvt�slpl��zpyzq~l{yzoz�}~z�

�l}~t�yzoz��{|lnw�yy��
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	��Ul���w�zntu���yv��zylw�slpl����{|lnw�yy��{|tuy�~z�xl~qxl~t�yq�

}{zp�nlyy��w�y�uyz��slwqryz}~��-�?��, ��pq�?�-�xl~qxl~t�yq�}{zp�nlyy��C 

-�|�pvznl�xl~|t���vzq�����y~�n���w�znz����yv����X - nqv~z|��{|lnw�yy���

Rw��{|tvwlp��xzryl�{|tnq}~t�slpl���sytrqyy��n~|l~�{z~�ryz}~���n��vt��

��w�zntu���yv��zylw�ntxlol��syl�zprqyy���xzn�x�y�x�x�����xl~qxl~t�yz�

oz�}{zp�nlyy����{|lnw�yy��yq}txq~|t�ytxt�~l�yq}ty�}z�plw�ytxt�|qrt�

xlxt��pq���w�zntu���yv��zylw�ntxlol��x�y�x�x��xl~qxl~t�yzoz�

}{zp�nlyy��vzq�����y~�n�snz|z~y�z��{z}w�pznyz}~��yl{|�ot�lmz�}{z~nz|qy�

y���z|xt�v|tnz��yl{|�ot�

Zl~qxl~t�y��xzpqw����z�ntvz|t}~zn��~�}��n�plyzx��nt{lpv���ylst�

nl�~�}��Z-xzpqw�xt�


��Ulpl����n��vt��}w�p�sylu~t�x�y�x�x�pt}{q|}���w�y�uyz��slwqryz}~��
M � � �CX M CX 2��P�~lv�u�{z}~lyzn���xzr�~��nt|���nl~t}��slpl���|qo��

w�nlyy��yl{|�ot��xq~l��vt��sylu~t�|zsnG�svt���z�slmqs{q���~��

x�y�xlw�ytu�p�l{lszy�n�p�twqy��yl{|�ot�n�p�yzx�ylw�yt��syl�qy���

Zl~qxl~t�y��xzpqw��n���zx��nt{lpv��ylstnl�~�}��+-xzpqw�xt�

���Ulpl����n��vt��z{~tx�s��~�}��uxzn�|y�}~��{q|qnt�qyy��w�y�uyz��
slwqryz}~��pq�vz��xqr����- P �CX A� ��pq�%�-�uxzn�|y�}~���Rw��{|tvwlp��

ylnqpqxz�slpl����{|lnw�yy���v�}~��qwqv~|zqyq|o����}�~���vz��slmqs{q�qyy��

ntxzot�Q\_̀ �13109-�����zpz��y~qo|lw�yz��uxzn�|yz}~��yl�ntvzylyy��yz|x�

{zvlsytv�n��vz}~���P��t��slpl�l��xl~qxl~t�y��xzpqw��ylstnl�~�}��%�-�xz�

pqw�xt�

Nwoz|t~x�zpyzq~l{yzoz�}~z�l}~t�yzoz��{|lnw�yy��{z~|qm���{q�

|qn�|vt�q�qv~tnyz}~��|zs|l�znlyzoz�nqv~z|l��{|lnw�yy��pw��vzyv|q~yzoz�

{|z�q}���xq}�~~�nl�q�qv~tny�}~��lwoz|t~x��xl��x�}�q�{|t�{|z�q}l��s�nq�

wtvtx�p�l{lszyzx�sx�yt�{l|lxq~|�n���z��{|lnw��~�}��

Nwoz|t~x�mlol~zq~l{yzoz�}~z�l}~t�yzoz��{|lnw�yy�

Ul�lwoz|t~xzx�syl�zpt~�}��nqv~z|��{|lnw�yy��pw��{qnyt��xzxqy~�n�

�l}���]|z�q}�ntsyl�qyy��nqv~z|l��{|lnw�yy���,�|zsp�wqytu�yl�pn���l}~tyt��

_{z�l~v��ntsyl�l�~�}��{z{q|qpy�u�|zsnG�szv�,1�yl�z}yzn��pq~q|x�yznlyz��

�y�z|xl����{|z�}~ly�}t}~qxt�yl�xzxqy~�ntsyl�qyy��nqv~z|l��{|lnw�yy���

]z~�x�nt|����~�}��slpl�l�{|zoyzs��~l�sl�z~|txlytxt�|qs�w�~l~lxt�



21

ntvzy��~�}��vz|qv����{z{q|qpy�zoz�|zsnG�sv��ntsyl�qyy�x�,2��yl{|tvwlp��

s�n|l��nlyy�x�~|l�v~z|���|zsnt~v��{|z�q}����z�z��v��~�}���̀lvtx��tyzx��

z}~l~z�ytu�nqv~z|��{|lnw�yy��xl��ntow�p�

                        X = X1 + X2 ,                               (1.1)

pq�,1 -�nqv~z|�{z{q|qpy�zoz�|zsnG�sv���,2 -�nqv~z|�vz|qv����

kv�z�z��v�nlyl�~|l�v~z|���ptylx�vt�qwqv~|t�yt��|qrtx�n�{zplyl�

lylw�~t�ytxt�slwqryz}~�xt��xzryl�ntsyl�t~t��l}�yl}~�{yzoz��{|lnw�yy��

s��xznt�{z|zoznt��syl�qy��yl�{l|lxq~|t���z��{|lnw��~�}��

a{|lnw�yy��sl�plytx�lwoz|t~xzx�xzryl�{zpl~t���ntow�p��mwzv-

}�qxt��|t}��	���

{zsow�yqxz�xzrwtntu�{�p��p�pz��{|lnw�yy��{z~�ry�}~��vzypqy}l�

~z|yt��ml~l|qu�s�xq~z��vzx{qy}l����|qlv~tnyt��ylnly~lrqy��sl�plytx�lw�

oz|t~xzx��]z{q|qpy�u�|zsnG�szv�xzryl�sylu~t��yl�z}yzn����y�z|xl�����{|z�

{l|lxq~|t�}~ly��yl��plytu�xzxqy~��l}���|qlv~tnyl�{z~�ry�}~����z�

}{zrtnl�~�}� ��{|z�xzrwtntu�n{wtn�yl�}t}~qx���{z~�ryz}~��}~�{qy�n�vzy�

pqy}l~z|yt��ml~l|qu�~l����}~ly ��Rw��ntsyl�qyy��nqv~z|l��{|lnw�yy��xzr�

yl�}vz|t}~l~t}���yl{|tvwlp��xl~qxl~t�yz��xzpqww���	�
 ���z�sl{t}lyl�n�

}txnzw��yzx��ntow�p�
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GTJ]VLÅNTTj�KNRZVzJ
YWzJKSùTTj�*�

kQOTJiNTTj�KNRZVzJ
RVzNR\ùe�*2.

yVOKhjOYKJTTj�OJLJiù�WzV�
MTVOY�LQTJUùRQ�zNÅQUY�

kQOTJiNTTj�WVWNzNLT_VMV
zVOKhjORY�*1�TJ�VXTVKù
WJzJUNZzùK�XZJTY�K
�UVUNTZ�iJXY�?���?k.

GIùz�ZJ�KKNLNTTj�ùT[VzUJ�
\ùe�WzV�WJzJUNZzQ�XZJTY
XQXZNUQ�LSj�UVUNTZY

iJXY�?k.

kQOTJiNTTj�iJXY
TJXZYWTVMV�YWzJKSùTTj

 - t k+1.

yNJSùOJ\ùj
VZzQUJTVMV�KNRZVzJ�

k = k + 1

{t}�	����Owzv-}�qxl�lwoz|t~x��mlol~zq~l{yzoz�}~z�l}~t�yzoz��{|lnw�yy�

�P X

A Q X A
Q ( ) min

( )
1

1 1 2

�
� �


!
"

  ,                        (1.2)   

pq��PQ -�pzpl~vzn��n~|l~t�lv~tnyz��{z~�ryz}~��n�xq|qr����z�{znG�sly��s�{q�

|qpl�q��|qlv~tnyz���&�-�|qlv~tnyl�{z~�ry�}~����z�}{zrtnl�~�}��n�p�qyq|�

oz}t}~qxt���1, A2 -�xqr��}{zrtnlyy��|qlv~tnyz��{z~�ryz}~����z�

n}~lyznwqy��qyq|oz}t}~qxz��

\{~tx�sl��uyl�xzpqw���	�
 �{q|qpml�l��syl�zprqyy��~lvzoz�nqv~z|l�

�{|lnw�yy����vzx��n�p{zn�pl��x�y�x�x�n~|l~�lv~tnyz��{z~�ryz}~��n�xq|qr��
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��zpyz�l}yz�ntvzy��~�}��ntxzot�qyq|oz}t}~qxt��zpz�}{zrtnlyy��

|qlv~tnyz��{z~�ryz}~��

{zsnG�szv���z�z~|tx��~�}��{|t���zx�����yluv|l�tx�pw���xzn���v��

}vwlwt}��yl�plytu�xzxqy~��l}���Nwq��v�z�n|l��nl~t�|zsnt~zv�{|z�q}���~z�

sylupqytu�|zsnG�szv�xzryl�{zw�{�t~t��Ptvzylyy��vz|qv����sylupqyzoz�

nqv~z|l��{|lnw�yy��s��|l��nlyy�x�{l|lxq~|�n�{|z�q}����z�z��v��~�}���

{q|qpml�l�~�}��}lxq�n�yl}~�{y�u��l}~ty��lwoz|t~x���Rw����zoz�{z~|�myz�

}vz|t}~l~t}��xl~qxl~t�ytxt�xq~zplxt�{|zoyzs���xl{|tvwlp��~lvl�slpl�l�

{|zoyzs��nt|��qyl���|qlw�sl����nqv~z|l��{|lnw�yy��,1�m�pq�n�p{zn�pl~t�

~|l�v~z|���
��|t}��	�
��pw���vz���z~|txlyz�lylw�~t�ytu�z{t}���z�{zplytu����

ntow�p��w�y�uyz��l{|zv}tx���z��slwqryz}~���Pqv~z|�,2���z��~z�y���

{z{q|qpy�u�|zsnG�szv��xzrq�m�~t�sylupqytx�sl�pz{zxzoz��xl~qxl~t�yz��

xzpqw��	���
�{ X

k Q X Q X k
Q ( ) min

( ) ( ) ,
2

1 1 2 2

�
� � �


!
"

                          (1.3)

pq��iQ -�pzpl~vzn��n~|l~t�lv~tnyz��qyq|o���n�xq|qr����z�{znG�sly��s�{z~z�

vlxt�|qlv~tnyz��{z~�ryz}~���P1�~l�P2 -��t}wl���z�ntsyl�l�~��yzn��xqr��yl�

pz{�}~tx��nqwt�ty��|qlv~tnyz��{z~�ryz}~��

Q

t k t k + 1     t

k -1 k k + 1

NZJWNZJWNZJW

1
2

3

{t}�	�
��{qs�w�~l~t��{|lnw�yy��sl�lwoz|t~xzx�mlol~zq~l{yzoz�}~z�l}~t�yzoz�
�{|lnw�yy��

1 -�slwqry�}~��&�? ���z�z~|txlyl�yl��8-	 �q~l{���{|lnw�yy��
2 -�~q�r�pw��8-oz�q~l{����v�z�|qlw�s�nl~t�,1;
3 -�~q�r�pw��8-oz�q~l{����v�z�|qlw�s�nl~t�,
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Zl~qxl~t�yl�xzpqw��pzsnzw���sylu~t�vzx{zyqy~t�nqv~z|l�,2�s�nt�

xzo�x�y�x�x��pzpl~vznt��n~|l~�lv~tnyz��qyq|o�����z�}�{|znzp�~��{q|qpl��

|qlv~tnyz��{z~�ryz}~��{|t�zpyz�l}yzx��slmqs{q�qyy��ntxzo�qyq|oz}t}~q�

xt�

{qs�w�~���tu�nqv~z|��{|lnw�yy����z�{z~|�myz�|qlw�s�nl~t��syl�z�

pt~�}���v�,1+X2��dqu�nqv~z|�slmqs{q�t~����p�{|z�q}����v�szm|lrqyz�yl�|t}��

1.5.

]z|�ny��xz�v|tn��
�����sl�nqwt�tylxt�|qlv~tnyz��qyq|o����v��

n�p{zn�pl�~���x�yl�{|zx�rv���l}��?k-tk+1��{qlv~tnyl�qyq|o����{wl~l�sl��v��sl�

p���txt�~l|t�lxt����l}~tyz��{wl~t�sl�qwqv~|zqyq|o����pz|�ny���{wz���

{�p�n�p{zn�pyz��slwqry�}~��&�? �� l̀vtx��tyzx��up��t�yl�pq�vq�

{zo�|�qyy��|qs�w�~l~��n�xzxqy~�{|tuy�~~��|��qyy���z~|tx��xz�nto|l��yl�

�y~q|nlw���l}��?k-tk+1.

	�
�_t}~qxytu�{�p��p�{|t��{|lnw�yy��~q�y��ytxt�}t}~qxlxt

q̀�y��y��|��qyy��{zntyy��{|tuxl~t}��s��|l��nlyy�x�ntxzo�}t}~qx�

yzoz�{�p�zp���_t}~qxytu�{�p��p�z{t|l�~�}��yl�slvzy�p�lwqv~tvt�{|z�

nsl�xzsnG�szv�~l�nsl�xzzm�xznwqy�}~���nt��n�{|t|zp���P�y�ntxlol��|zs�

ow�pl~t��nt�l�~l�zmG�v~t�yq�~�w�vt��v�}lxz}~�uy��}t}~qx���lwq����v�

{�p}t}~qx��pq�vz��m�w��z��}t}~qxt��~l�{|t���zx��{|z}~qrt~t��vzxzol�

m�w����v�w�v�}~��snG�sv�n�-�yq�~�w�vt�ny�~|��y����lwq���szny��y���-�pw��~zoz��

�zm�yq�{|z{�}~t~t�ylum�w���}�~~�n���~l�z��yt~t����q�qv~t�

Unq|yqxz}��pz�}t~�l�����vzwt�sp�u}y��~�}��{q|q��p�yl�}�qx��

{�}w�lnl|�uyzoz�qwqv~|z{z}~l�lyy���]|t���zx��ntvzy��~�}����wq}�

{|�xznly��p���n�}�qx��qwqv~|z{z}~l�lyy��pw��{zyznwqyy��rtnwqyy��

}{zrtnl��n���v��n~|l~twt�uzoz�nyl}w�pzv�lnl|���n�{|zxt}wzn�u�qwqv~|t�y�u�

xq|qr���ntvz|t}~zn���t�pw����zoz�yl�ny��xzrwtnz}~���v�ptyl���z�

ntvzy������|zmz~���{zntyyl�syl~t�{|z�xzrwtn��yl}w�pvt���v��xzr�~��m�~t�

~lvtxt�

-�sx�yl�{zvlsytv�n�ylp�uyz}~��qwqv~|z{z}~l�lyy��



25

-�{q|q|zs{zp�w�ylnly~lrqy��n�qwqv~|t�y�u�xq|qr������v�yl}w�pzv��

n}~lyznw��~�}���y���n~|l~t�{z~�ryz}~��~l�qyq|o���

-�sx�yl�n�p�twqy��yl{|�o�n�zv|qxt��n�swl��xq|qr��~l��y�t��{z�

vlsytv�n��vz}~��qwqv~|zqyq|o���

-�sx�yl�slnly~lrqyy��zv|qxt��qwqxqy~�n�}t}~qxt�qwqv~|z{z}~l�lyy��

-�sx�yl�|�ny�n�}~|�x�n�vz|z~vzoz�slxtvlyy���n�|qs�w�~l~���zoz�

vzx�~l��uy��l{l|l~t�m�p�~��{|l��nl~t�n��y�t���xznl��~l�xzrq�n}~lyznt�

~t}��yqn�p{zn�py�}~���}~lnzv�|qwquyzoz�sl�t}~��{l|lxq~|lx�lnl|�uyzoz�

|qrtx��

-�sx�yl��l|lv~q|t}~tv�}~�uvz}~��n�sw�n�ylnly~lrqyy��

\�qntpytx���~q���z�{q|qw��qy��yl}w�pvt�xzr�~��sx�y�nl~t}��n�yl�

{|�xv��{zw�{�qyy��n�p{zn�pyt���l|lv~q|t}~tv���t�{zo�|����t�����lmz�pl�

ytu�{l|lxq~|�xzrq�wt�l~t}��mqs�sx�y��_~�{�y��sx�yt��l|lv~q|t}~tvt�~l�

vzr�xzrq�m�~t�|�sytx��Lyzp��pz}�oy�~tu�}~ly���yqpz{�}~txtx�s�~t��lmz�

�y�t��{|t�ty��yl{|tvwlp��ntytvl��{q|qnly~lrqyy��{qnyt��qwqxqy~�n�}t}�

~qxt�qwqv~|z{z}~l�lyy����z�nt�zpt~��sl�pz{�}~tx��xqr���P�~lvt��nt{lp�

vl��{|t|zpyz�yq�}w�p�ntvzy�nl~t�p�����z�}{|t�ty���~lv��yl}w�pvt�

a�n�p{zn�pyz}~��pz�yl�zoz�ntsyl�qyy����z�plyz�nt�q��~lv��p�����vl�

xl��{qny��xq~���slmqs{q�qyy��rtnwqyy��n�pvw��qyt��{|tuxl��n ��xzryl�

|zs��y�nl~t��v��{|lnw�yy���xl}w�pvt���v��{znG�sly��s��tx��ylplw��m�pqxz�

ylstnl~t�nsl�xzsnG�svlxt�s��y�txt�slpl�lxt��{|lnw�yy��

l̀vtx��tyzx��xt�{�p�u�wt�pz�zpy����s�z}yznyt��ntxzo�}t}~qxyzoz�

{�p�zp��-�yqpz}~l~y�}~��~l��v�pwtn�}~��wzvlw�yt��|��qy����z�{|tuxl�~��

}��yl�z}yzn��z�z{wqyy��yqnqwtvz��v�w�vz}~���lv~z|�n�

avlrqxz��q���yl�~lv��zm}~lnty����z�}w�p�{|z}~qr�nl~t�

nsl�xzsnG�svt�yq�~�w�vt�ny�~|��y���n}q|qpty��}t}~qxt �lwq���szny��y����z�

{|z�nw��~�}��n�szny��y�zx��}q|qpznt�� ��xl{|tvwlp��sx�yl�}�qxt�rtn�

wqyy��}{zrtnl��n�}t}~qxt�qwqv~|z{z}~l�lyy��xzrq�}~nz|t~t��xznt�pw��

{z}twqyy��nt�t��ol|xzy��yt��}vwlpznt��}~|�x��~l�yl{|�ot��smt~vt�n�p�

�vt��{|z�nw��~�}��n�xq|qrl��qyq|oz}t}~qxt�~l�{�p{|t�x}~n���z�syl�z�

p�~�}��{zmwts���P�}nz���q|o��yl��t��{�p{|t�x}~nl��xzr�~��ntvz|t}~zn��
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nl~t}��~q�yzwzo��y��{|z�q}t���v����~wtn��pz����n{wtn���̀zx��n���zx��nt�

{lpv��|��qyy��{z~|�myz�{|tuxl~t��n|l�zn���t��q��nt�q�

�Zl��t�pzm|��{|z�q}�uy��sylyy���xzryl�spqm�w��zoz�slnrpt�nvlsl~t�

yl�nsl�xz{znG�sly���lv~z|t��Nwq��yzp��ntytvl��{z~|qml�n�{|znqpqyy��

pz}w�prqyy����z�yl{|lnwqyq�yl�pzpl~vznq�ntn�qyy��zmG�v~l��{|lnw�yy��

�P�solplyzx��{|tvwlp��n�slwqryz}~��n�p�vzyv|q~yz��}t~�l�����l}~tyl�

�s�nsl�xz{znG�slyt��slpl��{|ty�t{znz�xl�~��x�}�q��lwq�n�v�w�v�}y�u�z��y���

nzyt�xzr�~��nt�nt~t}��yq}�~~�ntxt��Ul�lylwzo����~q�}lxq�n�pm�nl�~�}����n�

�y�t��slpl�l���{|lnw�yy���̀zx���{|tuxl��t���wq}{|�xznlyq�|��qyy���

{z~|�myz�nt�nt~t�ylum�w���}�~~�n���lv~z|t��l�|zs|l��yzv�nqv~z|l�

�{|lnw�yy��}w�p�ntvzy�nl~t�s�n|l��nlyy�x��t���lv~�n��yq�~���t�yqsyl��

ytxt�

Ptytvl��{|t|zpyq�sl{t~lyy����v�{|lv~t�yz�{|tuy�~t�|��qyy��pw��

�{|lnw�yy��s��|l��nlyy�x�n}�zoz�vzx{wqv}��nsl�xzsnG�sv�n��U|zmt~t��q�

xzryl��ntvz|t}~ln�t�xq~zpt�pz}w�prqyy��z{q|l��u��Zzpqw���{|lnw�yy���

{zm�pznl��vt��{q|qpml�l�~�}��xq~zpzwzo����pz}w�prqyy��z{q|l��u��

{zntyy��n�pzm|lr�nl~t�}�~��{|zmwqxt��{|lnw�yy���n�~zu�rq��l}�xzpqw��{z�

ntyyl�m�~t�pz}~l~y�z�n�w�yz��n�p�yq}�~~�nt��pq~lwqu���z�pzsnzw���sylu~t�

ylum�w���q�qv~tnytu�|zsnG�szv�

	���Ulolw�yl��l|lv~q|t}~tvl�slpl���{|lnw�yy��yz|xlw�ytxt�|qrt�

xlxt�}t}~qx�qwqv~|z{z}~l�lyy�

{zsow�yqxz�slpl����{|lnw�yy��qwqv~|t�ytxt�|qrtxlxt���z�ntytvl�

�~��n�}t}~qx��qwqv~|z{z}~l�lyy�����v��{z~|qm��~�����|qlw�sl����n�|qlw�yz�

x��xl}�~lm���l}���cl|lv~q|ytxt�zsylvlxt��t��slpl����

-�{z~|qmt�n�z{q|l~tny�u��y�z|xl����

-�zmxqrqytu�{|zx�rzv��l}��yl�n�p{|l��nlyy��~l�|qlw�sl����nqv~z|l�

�{|lnw�yy��

\}~lyy��z}zmwtn�}~��{|zptv~znlyl�ptylx��ytxt�nwl}~tnz}~�xt�

zmG�v~l��{|lnw�yy���\�qntpyz���z�sl��l}��{z~|�mytu�pw��|zs|l��yv��~l�yl�

|qlw�sl����|��qyy���{l|lxq~|t�|qrtx��zmG�v~l��{|lnw�yy��{zntyy��xl~t�
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yqsyl�y��sx�yt��Rz�|q�������zm}~lntyl�xzrq�}~l~t�nt|��lw�ytx��lv~z|zx�

{|t�ntmz|��~q�y��yt��sl}zm�n�pw���{|lnw�yy��zmG�v~zx�

\{q|l~tnyl��y�z|xl����xzrq�sylpzmt~t}����v�z�pq�v��{l|lxq~|t�

nqv~z|l�}~ly��xl�~��n�p�twqyy��n�p�yz|x��Rw����zoz�z|oly�szn��~��lmz�

yq{q|q|nytu����vzy~|zw���lmz�pt}v|q~ytu�-��q|qs�pq�vtu�{|zx�rzv��l}���

\{q|l~tnyl��y�z|xl����xl��xlwtu�zmG�x��n�{z|�ny�yy��s�yqz{q|l~tnyz� ��l�

~lvzr�xzrq�m�~t�z~|txlyl�~l�{q|q|zmwqyl�sl�xlwtu�{|zx�rzv��l}��

�]q|q|l���xz�pq�v��slpl����{|lnw�yy��yz|xlw�ytxt�|qrtxlxt�n�

}t}~qx��qwqv~|z{z}~l�lyy��{|zxt}wznzoz�{�p{|t�x}~nl���v��pz��w�yz�

|qlw�s�nl~t�n�}t}~qx��N_a�qwqv~|zqyq|oq~tvt��~l�vz|z~vz�|zsv|t�xz����

sx�}~�

	��]z}~�uytu�vzy~|zw��{zwzrqyy��vzx�~l��uyt��l{l|l~�n�n�}twznt��

vzwl��rtnwqyy���dq�pl��sxzo��n�p~nz|�nl~t�yl�qv|ly��pt}{wq��S\Z�z{q�

|l~tny���y�z|xl����{|z�}~ly�l{l|l~�n��{|z�p�w�yvt�}�qxt���z�syl�zp�~�}��

{�p�yl{|�oz�����{z��vt��{q|qpl�~�}��qwqv~|t�yl�qyq|o����̀lv��slpl���

pz��w�yz�xl~t�n�}vwlp��N_a��vzwt�yl�{�p{|t�x}~n��}vwlpyl�}�qxl�qwqv~|z�

{z}~l�lyy���Zl��t��y�z|xl����{|z�}~ly�}�qxt��xzryl�sxqy�t~t�

uxzn�|y�}~��yqn�|yt��p�u�{|t�ntvzylyy��z{q|l~tnyt��{q|qvw��qy���Ulpl�l�

{z~|qm���pl~�tv�n�{zwzrqyy��vzx�~l��uyt��l{l|l~�n���z�s�}~tvznly��s�

S\Z������yv��zy���n�|qrtx��|zs�xvy�~z��}t}~qxt��{|lnw�yy���n�|qrtx��

�y�z|xl~z|l ��ln~zxl~tsznlytu�sm�|�z{q|l~tnyz���y�z|xl��������zm|zmvl���

ntpl�l�yl�qv|ly�pt}{wq��lmz�yl�p|�v�


��Ptx�|�{z~z�yt��syl�qy��{l|lxq~|�n�|qrtx��n�}t}~qx��rtnwqyy��

�lv~tny��~l�|qlv~tny��{z~�ryz}~���yl{|�ot��}~|�xt��vzq�����y~t�

{z~�ryz}~� ���z�pzsnzw���zpq|rl~t�pzmzn��o|l��vt�ylnly~lrqyy���o|l��vt�

ylnly~lrqy��sl�~|tnlw�}~���z��yt~t�yq|�nyzx�|y�}~��o|l��v�n��}w�pv�nl~t�

sl�{q|qnly~lrqyy�x�pq�vt��p�w�yzv�qwqv~|zxq|qr���z~|txl~t�~l�zm|zmt~t�

}~l~t}~t�ytu�xl~q|�lw�|�syzoz�sx�}~��{|z�|qrtxt�rtnwqyy���\m|zmvl�

zpq|rlyz���y�z|xl����ntvzy��~�}��ln~zxl~tsznlyz��Ly�z|xl������v��xzryl�

z~|txl~t��vz|t}yl�pw��m�p�-�vz��}t}~qxt�qwqv~|z{z}~l�lyy���l�|zsow�y�~l�

slpl�l�xzrq�xl~t�ylu�t|�q�ntvz|t}~lyy��
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���Ptvzylyy��z{q|l~tnyt��{q|qvw��qy��n�xq|qrl���lmz�vzy~|zw��sl�

���ntvzylyy�x��P�{q|�zx��nt{lpv��ln~zxl~t�yz��sl�vzxlyplxt�S\Z��

ntvzy��~�}���vlslyq�z{q|l~tnyq�{q|qvw��qyy��yl�z}yzn���y�z|xl����{|z�

}~ly�}�qxt�qwqv~|zrtnwqyy���_t}~qxl���yv��zy���n�slxvy�~zx��|qrtx���

ln~zxl~tsznlytu�sm�|��y�z|xl��������zm|zmvl�~l�ln~zxl~tsznlytu�n{wtn�yl�

zmG�v~��{|lnw�yy���P��y�zx��nt{lpv��}t}~qxl�{|l����n�|qrtx��|lpytvl��l�

{q|qvw��qyy��ntvzy����q|ozntu�pt}{q~�q|��Lyzp��slpl�l���yv��zy����v�

~|qylrq|�pw��n�p{|l��nlyy��ylntv�n�z{q|l~tnyzoz�{q|}zylw��

���]z}~�uytu�vzy~|zw��o|l��vl�ylnly~lrqyy��{�p{|t�x}~nl�~l�uzoz�

nt|�ny�nlyy��yq�pl}~��sxzot�}{zrtnl~t�qwqv~|zqyq|o���m�w��q�sl�nwqyz�

oz�xlv}tx�x��{z~�ryz}~���xlum�w��zoz�q�qv~��xzryl�pz}�oy�~t���v�z���
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}~|�x��snz|z~yz��{z}w�pznyz}~��~2
Hq
��Ptmt|l��t�xzp�w��~l�l|o�xqy~���z�

oz�}~|�x��~lvtx��tyzx���zm�yl�{qny�u�p�w�y���}�qxt�{|t�}vwlplyy��uzoz�s�

}~|�xzx�~2
o
�sxqy��nln}��xzp�w��}�xl|yzoz�}~|�x���xzrwtnz�sxqy�t~t�

}~�{�y��yq}txq~|���}~|�x�n��pq�~2
o

-�nqv~z|�}~|�x��snz|z~yz��{z}w�pznyz}~��

ylnly~lrqyy���Rrq|qwzx�pzpl~vznzoz�}~|�x��snz|z~yz��{z}w�pznyz}~��

xzrq�}~l~t�yq}txq~|t�yl�ml~l|q��vzypqy}l~z|�n��|t}��
�	��̀lvtu�_]�xl��

��wtu�|�p�{q|qnlo�n�{z|�ny�yy��s��y�txt�}�qxlxt���slnp�vt���zx��zpq|rln�

ylum�w��q�{z�t|qyy��

_~|�x�snz|z~yz��{z}w�pznyz}~��~lvzoz�{|t}~|z��{|t�}txq~|t�y�u�

yl{|�s��n�n�sw��uzoz�{�pvw��qyy���plyq�{|t{��qyy��mwts�vq�pz�p�u}yz}~� �

ntsyl�l�~�}��}{�nn�pyz�qyy�x�
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  (2.1)

pq��l�-�z{q|l~z|�{znz|z~��~|t�lsyz��}t}~qxt��IcNP
, IcP_

, Ic_N
-�vzypqy}l~z|�

yl�{z~�ry�}~��n�{wq�l��N-P��P-_�~l�_-N�_]���z�nt|lrqyl��q|qs�}~|�xt�

Pt|ls��
�	 �n�|ytu���v�z�vzx{wqv}yl�{wz�tyl�sz|��y~znlyl�~lvtx�

�tyzx���z�pzpl~y�u�yl{|�xzv����p�u}yz��z}��}�x��qytu�s�nqv~z|zx��lsyz��
yl{|�ot��U A��Ls�nt|ls���
�	 �ntpyz���z�sx�yl�}~|�x�nI I Ic c cAB BC CA

, , {|tnz�

pt~��pz�sx�yt�yq�~�w�vt�xzp�w���lwq����lst�}~|�x���IHq2 ��dq�}n�p�t~��{|z�

{|ty�t{zn��xzrwtn�}~��slmqs{q�t~t�yqzm��pytu��n{wtn�yl�}t}~qx��qwqv�

~|z{z}~l�lyy��yqslwqryz�n�p
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oNXQUNZzQiTN

TJKJTZJÅNTTj

CAB CBC

CCA

�I CBC
�I C AB

�I CCA

�I
Hq

2

�I
o

2
� � �I I I
R o Hq

2 2 2� �

HQXZNUJ

{t}�
�	�]|ty�t{znl�}�qxl�_]

~zoz���vtu�pw����zoz�yqzm��pytu�}~|�x��IHq2 ��Ls�m�w���{zowtmwqyzoz�lylw�s��

nt{wtnl����z�pw��}txq~|�nlyy��m�p�-�vzoz�|qrtx��slnrpt�pz}~l~y�z�

vzypqy}l~z|�n��v�xlv}tx�x�n�pnz��{wq�l��{|t}~|z��

_~|�x�{|�xz��{z}w�pznyz}~��_]��|t}��
�	��z{t}��~�}��nt|lszx�

� �� ,I
j

I I IHq
c c cAB BC CA1

3
� � �         (2.2)

l�{z~�ry�}~��xzryl�z{t}l~t�~lvtx��tyzx�

� �� ,S jQ j Q Q QHq Hq
c c cAB BC CA1 1� � � �            (2.3)

pq��SHq1 -�vzx{wqv}�{znyz��{z~�ryz}~��{|�xz��{z}w�pznyz}~��_]��QHq1 -

|qlv~tnyl�{z~�ry�}~��_]���Q Q Qc c cAB BC CA
, , -�{z~�ry�}~��ml~l|qu�

vzypqy}l~z|�n���z�{�pvw��qy��n�p{zn�pyz�pz�yl{|�ot�� , � , �U U UAB BC CA .

Ls�}{�nn�pyz�qy���
�
 �~l��
�� �nt{wtnl��p�rq�nlrwtntu�nt}yznzv��l�

}lxq��}~|�x�{|�xz��{z}w�pznyz}~��_]��|t}�
�	���xy�}ytu��l�}lx�{|t}~|�u���

prq|qwzx�|qlv~tnyz��{z~�ryz}~��
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Uytrqyy��yq}txq~|���yl{|�o�n�xq|qr��xzryl�pz}�oy�~t�sl�|l��yzv�

|l��zylw�yzoz�|zs{zp�w��qwqv~|z{|tuxl��n�x�r��lslxt��Pqv~z|�}~|�x��

snz|z~yz��{z}w�pznyz}~��n�w�y�����z�rtnt~��:�zpyz�lsyt��{|tuxl��n��Io2 , 

}vwlpl�~�}���s�}�xt�}~|�x�n�snz|z~yz��{z}w�pznyz}~����z�}~nz|��~�}��
vzrytx�{|tuxl�qx�� ,I

ni2

� � ,I Io

n

m

ni2 2
1

�
�
�    (2.4)

pq�S���	�
���-��ypqv}���z�yq}q��y�z|xl����{|z�|qlw�sznlyq��ls�nlyy��qwqv�

~|z{|tuxl�l�

]�pvw��qyy�x�zpyz�lsyzoz�{|tuxl�l�pz�w�y�uyz��yl{|�ot�
� , � �

,U U UÑk kH HÑ�~|t�lsyz��~|t{|zn�pyz��qwqv~|t�yz��xq|qr���~nz|��~�}��

}~|�xt�snz|z~yz��{z}w�pznyz}~����v��z{t}��~�}��n�p{zn�pytxt�}{�nn�pyz�

�qyy�xt�

� � � �
 �� e x p e x p ;c o sI j j
n

n

H n

P
U n n2 3

0
2

3 0 9 0�  � 
 
 
            ( 2 .5 )

� � � �
 �� ex p e x p ;c o sI j j
n

n

H n

P
U n n2 3

0
2

2 1 0 2 1 0�   � 
 
 
       ( 2 .6 )

� � � �
 �� e x p ex p .c o sI j j
n

n

H n

P
U n n2 3

0 0
3

3 0 9 0�   �  
 
 
      ( 2 .7 )

pq�%n -�lv~tnyl�{z~�ry�}~��X-oz�zpyz�lsyzoz�}{zrtnl�l��*x�-�yzx�ylw�yl�

yl{|�ol�{|tuxl�l���vl�s�pq�vtx�pz{��qyy�x�{|tuxl�~�}��|�nyz��

�lv~t�y�u��2<>
n -�vzq�����y~�{z~�ryz}~��X-oz�zpyz�lsyzoz�}{zrtnl�l�

_~|�xt�snz|z~yz��{z}w�pznyz}~��zpyz�lsyzoz�ylnly~lrqyy��{|t�

|�syt��uzoz��ls�nlyy���|�ny��sl�xzp�w�xt�~l�s}�y�~��yl�v�~�	
%z���z�

nt{wtnl���s�nt|ls��

� � � .I I I
n n n2 2 21 2 3

0� � � ���������������������������
�� ������������\~rq��

|�sytx�}{zw��qyy�x�{�pvw��qyy��zpyz�lsyt��ylnly~lrqy��pz�rtntw�yz��

xq|qr��m�p�~��n�p{zn�pl~t�|�sy��}~|�xt�snz|z~yz��{z}w�pznyz}~��n�w�y�����z�

n�p|�sy��~�}���v�xzp�wqx��~lv����lsz��

_~|�x�{|�xz��{z}w�pznyz}~��zpyz�lsyzoz�ylnly~lrqyy��yq�slwqrt~��

n�p�uzoz��ls�nlyy��~l�ntsyl�l�~�}��nt|lszx�
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� � � �
 �� � � exp exp .cosI I I j j
n n n

n

n n

P
U

o
n

o
n1 1 1 31 2 3

30 30� � �  �  
 
 
   (2.9)

aslolw�y���t��qu�nt}yznzv�yl�:�}{zrtnl��n��xzryl�}~nq|pr�nl~t��

�z�m�p�-�vl�sx�yl��ls�nlyy��yq}txq~|t�yt��ylnly~lrqy��yq�n{wtnl��yl�

|qrtx�{|�xz��{z}w�pznyz}~��

Pvw��qyy��pnz��zpyz�lsyt��ylnly~lrqy��yl�|�sy��yl{|�ot�yq�sln�

rpt�nt�nw��~�}��yluv|l�tx���v�z����ylnly~lrqyy���l|lv~q|ts��~�}��

|�sytxt�{l|lxq~|lxt ��̀zx��ny�~|��y��}txq~|�nlyy��ylnly~lrqy��yln�~��

{|t�:�
�yq�xzrq�ntvzy�nl~t}��yl�z}yzn��{|z}~z��|qvzxqypl����{|z�

pz}~l~y�}~�����nvw��qyy��yl�|�sy��yl{|�ot��

l̀vtx��tyzx��sylu~t�z{~txlw�yq�|��qyy��pw��}{z}zm��ny�~|��y�zoz�

}txq~|�nlyy����yq{|z}~z��slpl�q���et}wz�xzrwtnt��nl|�ly~�n�

{�pvw��qyy��qwqv~|z{|tuxl��n�pz�xq|qr��pz|�ny����m��pq�:�-v�w�v�}~��

}{zrtnl��n��\{~txlw�yq�|��qyy��xzrq�m�~t�ntsyl�qyq�wt�q�s�pz{zxzoz��

xl~qxl~t�yt��xq~zp�n�

a{|lnw�yy��yq}txq~|����|qrtx��xl��ntvzy�nl~t}��yl�z}yzn��

{|ty�t{�n�}t}~qxyzoz�{�p�zp���et}~z�wzvlw�y��|��qyy���yl{|lnwqy��~�w�vt

yl�vzx{qy}l����}vwlpznt��snz|z~yz��{z}w�pznyz}~��|qrtx��xq|qr���

z~|txly��yl�z}yzn��z�z{wqyy��yqnqwtvzoz��t}wl�nlrwtnt���lv~z|�n��xz�

r�~��nt�nt~t}��yq�qvzyzx��ytxt��l��yzp��yln�~��yqpz{�}~txtxt�s�

~q�y��yt��{|t�ty��\mxqrtxz}��wt�q�{q|qw�vzx�nsl�xz{znG�slyt��slpl��

�{|lnw�yy��yz|xlw�ytxt�|qrtxlxt���v��xzr�~��ntytvl~t�{|t�yq}txq~�

|t�yt��|qrtxl��qwqv~|z}{zrtnlyy��

	��_]���z�ntvzyly��sl�}�qxz���|t}��
�	��zpyz�l}yz�oqyq|��~��|qlv�

~tny��{z~�ry�}~���~zm~z�slpl����{|lnw�yy��yq}txq~|����|qrtx����o|l��vzx�

|qlv~tnyz��{z~�ryz}~��xl�~��nt|���nl~t}��zpyz�l}yz��xqn|l��nlyy�������

zm}~lntyt�xzrq�{|tnq}~t�lmz�pz�yqqvzyzx��yt��|��qy���lmz��yl{|tvwlp��

pz�{z�nt�snz|z~yt��{z~zv�n�|qlv~tnyz��{z~�ryz}~���s�}t}~qxt�qwqv~|z}{z�

rtnlyy��n�xq|qr��qyq|oz}t}~qxt���z���yqpz{�}~txtx�


��_]��|t}��
�	��zpyz�l}yz�n{wtnl��yl�|�nqy��yl{|�ot�}t}~qxt�{|�xz��

{z}w�pznyz}~���Oqsvzy~|zw�yl�sx�yl�{l|lxq~|�n�_]�xzrq�ntvwtvl~t�{z�n��

{q|qyl{|�o�n�}t}~qx��rtnwqyy���z}zmwtnz�n��l}t�x�y�xlw�yt��ylnly~l�

rqy��
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���P��z~t|t{|zn�pyt��xq|qrl��xl�~��x�}�q�yqn|�nyznlrqy��|qrtxt��

pw���vt���l|lv~q|yl�{|t}�~y�}~��}txq~|t�yt��}vwlpznt��snz|z~yz��~l�

y�w�znz��{z}w�pznyz}~qu��]|tuy�~~��|��qy��s�vzx{qy}l����}t}~qxt�

snz|z~yz��{z}w�pznyz}~��xzrq�ntvwtvl~t�sm�w��qyy��}~|�x�n�~l�yl{|�o�

y�w�znz��{z}w�pznyz}~��

���_]�x�}~�~��n�}�qx��ml~l|q��}~l~t�yt��vzypqy}l~z|�n����~zx��nzyt�

xzr�~��ntvwtvl~t�{z|��qyy��}~l~t�yz��}~�uvz}~��n�n�swl��ylnly~lrqyy��

P�|qlw�yt���xznl��|zsow�y�~��nsl�xzsnG�svt�x�r�|�sytxt�slpl�lxt�

z{~txlw�yzoz��{|lnw�yy��yz|xlw�ytxt�|qrtxlxt�n�}t}~qx��qwqv~|z{z�

}~l�lyy��xzr�~��{|z�nw�~t}���v�n��t}~zx��ntow�p���~lv���n�|�syt��}{zw��

�qyy���x�r�}zmz��


����X|t~q|����{|lnw�yy��yq}txq~|t�ytx�|qrtxzx�

�qwqv~|t�yz��xq|qr�

]z}~lyznvlslpl����{|lnw�yy��pq�vtx�zmG�v~zx�{q|qpml�l��yl�

�ny�}~��xzrwtnz}~��~tx��t��y�tx�}{z}zmzx�n{wtnl~t�yl��qu�zmG�v~��

sp�u}y���t�{|t���zx����wqyl{|lnwqytu�ntm�|��s�|�p���{|tyluxy���s�pnz� �

lw�~q|yl~tnyt��n{wtn�n��xl�vznz�zmo|�y~znlytu�ntm�|�nl|�ly-~�n�{z~|qm���

yl�nyz}~��v|t~q|��n�z{~txlw�yz}~���P�{|z~twqryzx��nt{lpv��~lvtu�ntm�|�

yq�xzrwtntu��Pl|�ly~���z�slpznzw�y���{|tuy�~��v|t~q|���z{~txlw�yz}~���

nnlrl�~�}��ylum�w���pz��w�ytx��X|t~q|�u�z{~txlw�yz}~��n�slpl�l��

�{|lnw�yy��yz|xlw�ytx�|qrtxzx�qwqv~|t�yt��xq|qr�yz}t~����v�{|lntwz��

~q�y��ytu��l|lv~q|��P�y�{zntyqy�m�~t�lpqvnl~ytx�xq~���sl|lpt��vz��

|zsnG�s��~�}��slpl�l����m�~t���yv��zylw�yz�snG�slytx��s�nqv~z|zx�

�{|lnw�yy���kv�v|t~q|�u�z{~txlw�yz}~��{|t��{|lnw�yy��yq}txq~|t�ytx�

|qrtxzx�qwqv~|t�yz��xq|qr��n�{|z�q}�����qv}{w�l~l����xzrq�m�~t�{|tuy�~l�

nqwt�tyl�}�xl|yt��smt~v�n�-�a	�n�p�}vwlpznt��snz|z~yz��{z}w�pznyz}~��|q�

rtx���_�xl|y��smt~vt��{znG�sly��s�yq}txq~|����|qrtx���}vwlpl�~�}��s�|��

p��pzplyv�n��vzrytu�s��vt��syl�zpt~�}��n�vnlp|l~t�y�u�lmz�w�y�uy�u�~l��

vnlp|l~t�y�u�slwqryz}~��n�p�vzq�����y~l�yq}txq~|���yl{|�o�

Rlytu�v|t~q|�u���z�l�����~vz�n�pzm|lrl��xq~��z|oly�sl����N_a�

yq}txq~|����|qrtx���lwq�szm|lrl�~�}��pz}t~��}vwlpyz����yv�����nqv~z�

|l��{|lnw�yy��s�~lvt��{|t�ty�
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-�pw��}t}~qxt�qwqv~|z{z}~l�lyy��{|zxt}wznzoz�{�p{|t�x}~nl��l|lv�

~q|yl�nqwtvl�v�w�v�}~��zptyt���qwqv~|zzmwlpylyy����z�}~lyznt~��~|�p�

yz���n�z��y���smt~v�n�

-�nqwt�tyt�vzq�����y~�n�yq}txq~|���yl{|�o�n�|�syt��n�swl��}t}~qxt�

|�sy����sx�y��~�}��n��l}��

-�n�{|z�q}��qv}{w�l~l����}�qxl�qwqv~|zxq|qr��~l����{l|lxq~|t�xzr�~��

sx�y�nl~t}����z�{|tnzpt~��pz�sx�yt�}{�nn�pyz�qy��x�r�vzq�����y~lxt�

yq}txq~|���yl{|�o�n�|�syt��n�swl��}�qxt�

-�pw��pq�vt��qwqv~|z}{zrtnl��n�yq��}~lyznwqy��lylw�~t�y����yv����

~q�yzwzo��yt��smt~v�n�n�p�yq}txq~|���|qrtx��

\mo|�y~zn���t�v|t~q|�u�z{~txlw�yzoz��{|lnw�yy���{|loy�~��pz�~z�

oz���zm�n�y�m�n�{|z}~tx��ntx�|�nlw�ytx��l�~lvzr�~lvtx���z�pzsnzw���

z��y�nl~t�n{wtn�|�syt���lv~z|�n�yl�q�qv~tny�}~��}t}~qxt��̀zx��s|��yz�

{q|qu~t�pz�z��yvt�m�p�-�vzoz�{l|lxq~|l�|qrtx��snz|z~yz��{z}w�pznyz}~��

~�w�vt�n�zpyzx��n�sw��lmz�w�y���}�qxt�qwqv~|zrtnwqyy���snG�slyzoz�

��yv��zylw�yz��slwqry�}~��s�a	��Xzq�����y~�yq}txq~|���yl{|�o�- �U��xz�

p�w��nqv~z|l�yl{|�ot�snz|z~yz��{z}w�pznyz}~��-U2�~l�}~|�x���2�snz|z~yz��

{z}w�pznyz}~��snG�sly��x�r�}zmz��w�y�uytxt�}{�nn�pyz�qyy�xt�

�U = 
U

U H

I Z

U H

2 2 2� ,                            (2.10)

pq�-2 -�z{�|�pw��}~|�x��snz|z~yz��{z}w�pznyz}~���*H -�yzx�ylw�yl�yl{|�ol�

�]|t�zpyzx����~zx��r�|�ny��yq}txq~|����2��l|lv~q|ts��~�}��m�w��txt�

syl�qyy�xt��y�r�*2����nyl}w�pzv���zoz�xzrq�m�~t�m�w���~z�yz�ntsyl�qytx�

�w��zx�slx�|�n��lsyt��nqwt�ty�sl�pz{zxzoz��ylum�w���{z�t|qyt��n�}t}�

~qxl��qwqv~|zrtnwqyy��{|t}~|z�n�~qwqntx�|�nly���̀zx��pz��w�yz�ntm|l�

~t�sl�v|t~q|�u�z{~txlw�yz}~��xzp�w��}~|�x���2��]|t�sxqy�qyy��nqwt�tyt�

I2�n�w�y�����z�rtnt~��o|�{��yq}txq~|t�yt��ylnly~lrqy���{|z{z|��uyz�

sxqy�l~�}��}~|�xt�snz|z~yz��{z}w�pznyz}~��n��}���w�y����}�qxt�~l�|�nqy��

�U�n��}���n�swl��}t}~qxt�qwqv~|zrtnwqyy��yqslwqryz�n�p����vzy��o�|l����~l�

{l|lxq~|�n�}�qxt�yl�plytu��l}��{|t��xzn����z�n�}t}~qx��qwqv~|zrtnwqyy��

~�w�vt�zpty�n�szw�s�yq}txq~|t�ytxt�ylnly~lrqyy�xt ��kv�z�n�|qs�w�~l~��

pq�vzoz�n{wtn���2���%��|qrtx�}txq~|t�ytu ��~z�a	���%��l��v�z�n{wtn��yl��2
yq��tyt~�}���~z�a	�slwt�l�~�}��yqsx�yytx�
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P�|qlw�yt��{|zxt}wznt��xq|qrl��}~|�x��2�sx�y��~�}��n��l}����n�

snG�sv��s��tx�sG�nw��~�}��yqzm��py�}~��z��y�nl~t�}txq~|���tu�n{wtn�yl�

pq�vzx���y~q|nlw���l}���l�~lvzr�plnl~t�v�w�v�}y��z��yv���vz}~��z{~txlw��

yzoz��{|lnw�yy��yq}txq~|t�ytx�|qrtxzx�n���wzx���Z�y�xlw�y��syl�qyy��

smt~v�n���z�{znG�sly��s�yq}txq~|����|qrtx���m�p�~��xl~t�x�}�q�yl�

{|zx�rv���l}��?1-t2���v�z�ntvzyl~t��xzn��

� �I k X t dt
t

t

2
2

1

2
, min,�$                       (2.11)

pq�I k
2 -�vzx{qy}znlytu��s�n|l��nlyy�x�n{wtn��{|t}~|z��vq|�nlyy� �}~|�x�

snz|z~yz��{z}w�pznyz}~��n�w�y�����z�rtnt~��o|�{��yq}txq~|t�yt��

qwqv~|z{|tuxl��n��,�-�nqv~z|��{|lnw�yy��

kv�m�wz�nvlslyz�nt�q��slpl�l��{|lnw�yy��yq}txq~|����|qrtx��

qwqv~|t�yz��xq|qr��~�}yz�nsl�xz{znG�slyl�s��{|lnw�yy�x��y�txt��l|lv~q�

|t}~tvlxt�qwqv~|zrtnwqyy��~l�{l|lxq~|lxt�|qrtx���P�}t}~qx��qwqv~|z�

{z}~l�lyy�� {|zxt}wznzoz� {�p{|t�x}~nl�� �v� }vwlpy�u� }t}~qx��

v�mq|yq~t�yzoz�~t{����z�xl����wq}{|�xznlytu�|zsnt~zv�~l�owtmzv��

ny�~|��y���l}~z�}~z�l}~t�y��snG�svt��yqxzrwtnz�z��yt~t�n}��n{wtnzn���lv�

~z|t�n�o|z�znzx��nt|ls�����~lvtx��tyzx��sp�u}y�nl~t��{|lnw�yy��yl�z}yzn��

�ptyzoz�v|t~q|���x�y�x�x��{|tnqpqyt��sl~|l~��̀zx���{|ln-w�yy��|qrtxl�

xt�n�{|zxt}wznt��qwqv~|t�yt��xq|qrl��sp�u}y��~�}��yq�sl�zpytx��l�sl�

mlol~�xl�v|t~q|��xt��̀ lvl�slpl�l��{|lnw�yy��n�pyz}t~�}��pz�slpl��

mlol~zv|t~q|�lw�yz��z{~tx�sl�����P�~zu�rq��l}�xl~qxl~t�yz�n�|yl�{z}~l�

yznvl�slpl���z{~tx�sl����{q|qpml�l��yl�ny�}~��wt�q�zpyzoz�v|t~q|����

d�wq}{|�xznlytu�n{wtn�s�}txq~|�nlyy��|qrtx��xzrq�m�~t�sylupqytu�

}{z}zmzx���vtu��t|zvz�ntvz|t}~zn��~�}��pw��~lvzoz�vwl}��slpl���]zw�ol��

n�y�n�~zx����z�pw��z{~tx�sl����ntmt|l�~�}��zpty��s�v|t~q|��n��yl{|tvwlp��

z��y���tu�|�nqy��yq}txq~|���|qrtx���l�pw���y�t��n}~lyznw��~�}��

{z|zozn��syl�qyy���s��xznt�qvzyzx��yz}~��|zmz~t�xq|qr�����nzyt�ntvzy��

�~��|zw��zmxqrqy��n�xzpqw���{|lnw�yy��


����a{|lnw�yy��|�nyqx�yq}txq~|���n�ptylx��yt��|qrtxl��

�xq|qr���v�slpl�l�z{~txlw�yzoz��{|lnw�yy�
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{zsow�yqxz�slpl���z{~txlw�yzoz��{|lnw�yy��ptylx��yz��}t}~qxz��

s�yq{q|q|nytx��l}zx�}~z}znyz�pz��{|lnw�yy��yq}txq~|t�ytx�|qrtxzx�

qwqv~|t�yz��xq|qr���Ux�yl�yq}txq~|���|qrtx��xq|qr��n��l}������ptylx��yl�

{znqp�yvl �z{t}��~�}����yv�����ntp��

� �� , ,I f X tk
2 �                           (2.12)

pq��I k
2 -�vzx{qy}znlytu�nqv~z|�}~|�x��snz|z~yz��{z}w�pznyz}~��n�rtntw��

yzx��nnzp��-�nqv~z|�}~ly��}t}~qxt��5�-�yqw�y�uyl���yv����

Ulpl�l�z{~txlw�yzoz��{|lnw�yy��yq}txq~|t�ytx�|qrtxzx�xzrq�

�z|x�w�nl~t}��~lvtx��tyzx�

Uylu~t�nqv~z|�z{~txlw�yzoz��{|lnw�yy��,�? ��?0 � t � tn��}q|qp�xyz�

rtyt�pz{�}~txt��syl�qy����vtu�slmqs{q�t~��~lv��~|l�v~z|���ptylx��yzoz�

{|z�q}�� � �� ,I X tk
2 ��pw���vz��v|t~q|�u��{|lnw�yy��-���m�pq�x�y�xlw�ytx�

� �J I X t dtk

t

t N

�$2

2

0

, ,                            (2.13)

pq�?0�{z�l~vzntu�xzxqy~��l}���?N -�v�y�qntu��yq���v}znlytu �xzxqy~��l}��

P�{|lv~t�yt��nt{lpvl��yl�sx�yy��nqv~z|l��{|lnw�yy��xzr�~��m�~t�

ylvwlpqy��pzpl~vzn��zmxqrqyy��|�syzoz�sx�}~���d��zmxqrqyy��nt|lrl�~�}��

}t}~qxz��yq|�nyz}~qu�lmz�|�nyz}~qu�~lvzoz�ntp��
��
��

G X

H X

�
�

0

0

;

,
                                   (2.14)

pq���, �~l���, �pq�v��nqv~z|y����yv����

q̀�y��y��xzrwtnz}~���{|lnw�yy��yz|xlw�ytxt�|qrtxlxt�n�}twznt��

xq|qrl��~lv����z��{|lnw�yy��xzrq�ntvzy�nl~t}���v�pt}v|q~yq�

���wq}{|�xznly��n{wtnt�ntvzy��~�}��n�pt}v|q~y��xzxqy~t��l}����l}~z~l�

�vt��slwqrt~��n�p��ntpvz}~��sx�yt�{|z�q}��~l�yqzm��pyz���vz}~��

�{|lnw�yy���l�ntm�|�syl�qy��vzx{zyqy~�nqv~z|l��{|lnw�yy��}w�p�{|znzpt~t�

}q|qp�pt}v|q~yzoz�|�p��{l|lxq~|�n�z{~tx�sl��uyzoz�{|t}~-|z� ��d��zm}~l�

ntyl�{z~|qm����z|x�w�nlyy��slpl���z{~txlw�yzoz��{|lnw�yy��yq}txq~�

|t�ytxt�|qrtxlxt�n�pt}v|q~y�u��z|x���l�~lvzr���wz�t}wznt��xl~qxl~t��

yt��xzpqwqu��{|lnw�yy���Rw���z|x�w�nlyy��slpl���z{~txlw�yzoz�
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�{|lnw�yy��n�pt}v|q~y�u��z|x��|zs�mG�xz�~|l�v~z|���{|z�q}��yl��y~q|nlwt�

�l}���?��Rt}v|q~y��xzxqy~t��l}��{zsyl�txz�?0, t1, t2, ... ,tN��P�xqrl��

�y~q|nlw��syl�qyy��}~|�x��snz|z~yz��{z}w�pznyz}~��m�pqxz�nnlrl~t�

yqsx�yytx��Ulpl���n�pt}v|q~y�u��z|x��xzryl�sl{t}l~t�n�~lvzx��ntp��

� �

� �
 �
� �
 �

I X t

G X t n N

H X t n N

n

k

n

N

n

n

2
0

2

0 01 2

0 01 2

�
�
� �

� �
� �



!

#
##

"

#
#
#

min

, , , , .. . ,

, , , , . .. , ,

                    (2.15)

pq�#�-�slolw�yl�v�w�v�}~���y~q|nlw�n��l}���yl��v��p�wt~�}��n�p|�szv����?0 - tN.

Ulpl�l�z{~txlw�yzoz��{|lnw�yy��xzrq�m�~t�}�z|x�w�znlyl�~lvzr��v�

slpl�l�xl~qxl~t�yzoz�{|zo|lx�nlyy���]|t���zx��pw��yq{q|q|nyz��}t}~q�

xt���vz����}t}~qxl�qwqv~|z{z}~l�lyy��{�p{|t�x}~nl��n�slolw�yzx��nt{lp�

v���~nz|��~�}��yq}v�y�qyyzntx�|yl�slpl�l�n�yq}v�y�qyyzntx�|yzx��

{|z}~z|���Rw�����|zsnG�s�nlyy��xzr�~��m�~t�sl}~z}znly��zm�t}w�nlw�y��lw�

oz|t~xt�xl~qxl~t�yzoz�{|zo|lx�nlyy���̀zx��ylplw��|zsnG�szv�slpl��z{�

~txlw�yzoz��{|lnw�yy��qwqv~|t�ytxt�|qrtxlxt�m�pqxz���vl~t���v�

yq}v�y�qyy��{z}w�pzny�}~��|zsnG�sv�n�slpl��xl~qxl~t�yzoz�{|zo|lx�nlyy��
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�
��\}zmwtnz}~��{z}~lyznvt�~l�|zsnG�s�nlyy��slpl��z{~tx�sl����yq�

}txq~|t�yt��|qrtx�n�qwqv~|zxq|qr�

{zsnG�s�nlyy��n}���z{~tx�sl��uyt��slpl��n�vwl}t�y�u�xl~qxl~t���

{znG�slyq��s�syl�zprqyy�x�qv}~|qx�x����w�znz����yv����5�, �lmz���w�znzoz�

��yv��zylw���� ��J X X t dt
a

b

�$ ��pq�5�, �~l�,�? �pq�v����yv�����ntsyl�qy��yl�

n�p|�sv��
a,b���Ulwqryz}~��5�, �~l���, ���}vlw�|ytxt���yv���xt�p�u}yzoz�

sx�yyzoz��~zm~z�{|tuxl�~��syl�qyy����z�nt|lrl�~�}��p�u}ytxt��t}wlxt�

Sv}~|qx�x���yv����5�, �-��q�ylum�w��q�lmz�yluxqy�q�syl�qyy��

��yv������t}wz�p�u}yq �yl�pq�vzx��n�p|�sv���kv�z�syl�qyy��sx�yyt��

{zntyy��ylwqrt~t�pq�v�u�zmwl}~���pz{�}~txt��syl�qy���~z�z{~tx�sl��uyl�

slpl�l�nt|����~�}��xq~zplxt�xl~qxl~t�yzoz�{|zo|lx�nlyy���]�p�z{~tx��

xzx�{|t���zx��|zs�x��~�}��ylum�w��q�lmz�yluxqy�q�syl�qyy����yv�����

sylupqyq�s�zmwl}~��pz{�}~txt��syl�qy��sx�yyt���{zsnG�szv�slpl���xl~qxl�

~t�yzoz�{|zo|lx�nlyy��so�pyz�s�vwl}t�ytxt�lwoz|t~xlxt�xzrwtntu�

~�w�vt�~zp���vzwt�xl~qxl~t�y��xzpqw��x�}~�~��}vlw�|y����yv����p�u}yt��

sx�yyt���kv�z�z{~tx�sl��uyl�slpl�l�{zw�ol��n�syl�zprqyy��xlv}tx�x��

lmz�x�y�x�x����w�znzoz���yv��zylw���~z�sl}~z}zn��~�}��xq~zpt�

nl|�l��uyzoz��t}wqyy��lmz�z{~txlw�yzoz��{|lnw�yy���]|t���zx��

��yv��zylw�ntsyl�l�~�}��pq�vtx�ylmz|zx�}vlw�|yt����yv��u�p�u}yzoz�

sx�yyzoz�~l��nw���}zmz��p�u}yq��t}wz���z�slwqrt~��n�p�zm|lyz����yv����

U|zmtn�t��slolw�yqyy���snq|yqxz��nlo��yl�~��zm}~lnty����z�n��}���

nt{lpvl��|zsnG�s�nlyy��slpl��z{~tx�sl����vwl}t�ytxt�xq~zplxt��pznz�

pt~�}���xl~t�}{|ln��wt�q��s�}vlw�|ytxt���yv���xt�p�u}yzoz�sx�yyzoz��

]|z~q�|�p�slpl��z{~tx�sl����|qrtx��qwqv~|t�yt��xq|qr�xzrq�z{t}�nl~t}��

n�vzx{wqv}yzx��ntow�p���Rz��t}wl�~lvt��slpl��n�pyz}�~�}��slpl���

z{~tx�sl����yq}txq~|t�yt��|qrtx�n��v|t~q|���z{~txlw�yz}~���vt����{l|l�
xq~|t�|qrtx���, � , ~I U N2 2 -�nqwt�tyt�nqv~z|y���pq�~N -�vzx{wqv}��

{�w�}���z���{z~�ryz}~����d�w�zn����yv��zylwt��t�slpl��n�slolw�yzx��

ntow�p��xzryl�sl{t}l~t�~lvtx��tyzx�

�� �� ��� ,F X f X j X� �
                         (2.16)
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pq�,�-�nqv~z|�sx�yyt���vzrytu�vzx{zyqy~��vzoz�-�p�u}yq��t}wz��5��
-

}vlw�|y����yv�����7�-���nyl�zptyt��������

Ulwqry�}~���
�	� ���yq}vlw�|yz����yv�����p�u}yzoz�sx�yyzoz��pq�
vzryzx��syl�qyy��,�n�p{zn�pl��{qnyq�syl�qyy����yv���� ���F X ���z�

nt|lrl�~�}��vzx{wqv}ytx��t}wzx��_{�nn�pyz�qyy��x�r�}vwlpzntxt�

��yv�����
�	� �n�slpl�l��}txq~|�nlyy��qwqv~|t�yzoz�|qrtx��~lv����z�syq��

~�nl~t�m�p�-�vz���s�yt��yqxzrwtnz��̀zx��vwl}t�y��zm�t}w�nlw�y��xq~zpt�

{|t�~lv�u�{z}~lyzn���z{~tx�sl��uyz��slpl���ntvz|t}~ly��m�~t�yq�xzr�~��

q̀|x�y�Ez{~tx�xF�n�qvzyzx�vz-xl~qxl~t�yt��xq~zpl��ntvz|t}�

~zn��~�}��n�syl�qyy���yluv|l�tu�nl|�ly~��s�xzrwtnt��}~ly�n�}t}~qxt��P�

��zx��syl�qyy��z{~tx�xzx�}w�p�|l��nl~t�}~ly�qwqv~|t�yz��xq|qr����vtu�
z{t}��~�}��x�y�xlw�ytxt�sl�xzp�wqx�nqv~z|lxt��vzx{wqv}lxt ��, � , ~ .I U N2 2

]|t�{zm�pzn��xl~qxl~t�yz��xzpqw���{|lnw�yy��xzryl�s|zmt~t�

{q|q��p�pz�xzp�w�n�nqv~z|�n�|qrtxyt��{l|lxq~|�n���v����}vlw�|lxt��kv�{z�

vlslwt�pz}w�prqyy���~lv���xzpqw��}txq~|�nlyy��|qrtx��qwqv~|zxq|qr��

n�pyz}�~�}��pz�vwl}��yqw�y�uyt��xzpqwqu��l��yzp��szm|lrl�~�}��xzpqw�xt�

vnlp|l~t�yzoz�{|zo|lx�nlyy���]�}w��~lvzoz�{q|q�zp��pw��syl�zprqyy��

|zsnG�sv��z{~tx�sl��uyz��slpl���xzr�~��ntvz|t}~zn�nl~t}���rq�n�pzx��

zm�t}w�nlw�y��lwoz|t~xt��l�}lx��|zsnG�svt�syl�zp�~�}��n�yq{q|q|nyt��

sx�yyt��

kv�n�px��lwz}��nt�q��pw���{|lnw�yy���szv|qxl�yq}txq~|t�ytx�|q�

rtxzx��n�|qlw�yzx��xl}�~lm���l}��yqzm��py��|zsnG�svt��sylupqy��n�

��wz�t}wznt��sx�yyt���z}v�w�vt�sl�ytxt�}~z�~���yl{|tvwlp��{l|lxq~|t�}t�

xq~|���zoz�{|t}~z����v��xl�~��pt}v|q~y��nqwt�tyt�lmz�n�p{zn�pyq��ls��

nlyy��yq}txq~|t�yt��ylnly~lrqy��

{zsnG�s�nlyy��slpl��vnlp|l~t�yzoz�{|zo|lx�nlyy��n���wz�t}wznt��

sx�yyt��{znG�slyq�s�|�pzx�~|�pyz��n��̀lv��slpl����{|lnw�yy��xzr�~��

nt|���nl~t}��n�yq{q|q|nyt��sx�yyt���mqs��|l��nlyy����wz�t}wznz}~� ����

�v�z�z~|txlytu�|zsnG�szv�slpznzw�y���zmxqrqyy����wz�t}wznz}~���~z�n�y���

z{~txlw�ytx�pw��{z�l~vznz����wz�t}wznz��slpl����P�{|z~twqryzx��nt{lp�

v��}w�p�{q|qu~t�pz�zv|�owqyy��vzx{zyqy~�z{~txlw�yzoz�{wly��snt�luyz��
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xzpqw��vnlp|l~t�yzoz�{|zo|lx�nlyy��pz���wt���t}qw��lwq�{|t���zx��

xzrwtn��|zsnG�svt���z�yqpz{�}~tx��sl��xznz��slpl���lmz�yq�z{~txlw�y��

Ptvwtvl���y~q|q}�slpl�l�}txq~|�nlyy��|qrtx��qwqv~|t�yz��xq|qr��s�

��yv�����xq~t�ntp���
�	� ��̀lv��slpl���ylsnqxz�slpl�q��yq}vlw�|yz��

z{~tx�sl�����]�p�yq}vlw�|yz��z{~tx�sl�����m�pqxz�|zs�x�~t�syl�zprqyy��

{wly����z�x�y�x�s���xzp�w��ntm|lyzoz�v|t~q|�lw�yzoz�{zvlsytvl��]|t�

{z}~lyzn���slpl���}txq~|�nlyy��|qrtx����ntow�p��slpl���yq}vlw�|yz��

z{~tx�sl������xzrwtn�}~��ntvz|t}~l~t�pw�����|zsnG�s�nlyy��lwoz|t~x��z}yz�

nlytu�yl��pq���}tx{wqv}-xq~zp��w�y�uyzoz�{|zo|lx�nlyy���z}v�w�vt�{q|�

�tu�~l�p|�otu�pzplyvt�nt|ls���
�	� ���w�y�uyz����yv�����sx�yyt��nqv~z|l�

�{|lnw�yy���̀lvl�{z}~lyznvl�slpl���pl��sxzo��

-�n�pnl�|lst�{zytst~t�{z|�pzv���w�znz����yv����~l�ntvz|t}~l~t�pw��

|zsnG�s�nlyy��slpl���lwoz|t~xt���z�xl�~��m�w���{|z}~��zm�t}w�nlw�y��

{|z�qp�|�������v�yl}w�pzv��}vz|z~t~t�xl�tyytu��l}�|zs|l��yv����wq}�

{|�xznlyt��n{wtn�n�

-�syl�zpt~t�|zsnG�svt�n���wz�t}wznt��sx�yyt���z}v�w�vt�pw��

��wz�t}wznt��slpl��w�y�uyzoz�{|zo|lx�nlyy��pzm|q�|zs|zmwqy��zm�t}w��

nlw�y��{|z�qp�|t�

l̀vtx��tyzx��yl�q~l{��xl~qxl~t�yz��{z}~lyznvt�}w�p�slmqs{q�t~t�

lpqvnl~y�}~��xzpqw���s�zmG�v~zx��{|lnw�yy���n|l��nln�t�z}zmwtnz}~��

{|z�q}�n���z�xzpqw��~�}���~l�xzrwtnz}~��|qlw�sl�����{|lnw�yy��s�zpy����

}~z|zyt��l�s��y�z��-�}w�p�ntvzyl~t�ntxzot�~t��lmz��y�t��xl~qxl~t�yt��

xq~zp�n���vtxt�m�pq�syl�zpt~t}��|zsnG�szv�slpl����Lyzp��~|l{w��~�}��

}vwlpyz�����v���nt{lpv����z�|zsow�pl�~�}���Rw��nt|��qyy��slpl���xzryl�

{�~t�yl�pz{��qyy��pzn�n�t���z�nzyt�}�~~�nz�yq�{zsyl�l~�}��yl�z~|txlyt��

|qs�w�~l~l���l��v�z���zoz�s|zmt~t�yq�xzryl��~z�pznzpt~�}���zmo|�y~�nln�

�t�yqzm��pytxt�pz}w�prqyy�xt��lpl{~�nl~t�n�pzx��xl~qxl~t�y��xq~zpt�

lylw�s���t�|zs|zmt~t�yzn��


����Zl~qxl~t�yl�xzpqw���{|lnw�yy��{|t�ny�~|��y�zx��

}txq~|�nlyy��ylnly~lrqy�
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]l|lxq~|t�|qrtx��m�w��z}~��}{zrtnl��n�qwqv~|t�yz��qyq|o���

sx�y��~�}��n��l}����s������{|t�tyt�z{~txlw�yq��ls�nlyy����z�n�p{zn�pl��

yluxqy�zx��|�ny��yq}txq~|����m�pq�~lvzr�sx�y�nl~t}����\{~txlw�yq�

�{|lnw�yy��yq}txq~|����|qrtx��n���zx��nt{lpv��{zw�ol��n�~zx����z�pw��

pt}v|q~yt��xzxqy~�n��l}��ntsyl�l�~�}��ylunto�py��q��n�|zs�x�yy��

|�nyzx�|yzoz�slnly~lrqyy���ls ��ls�nlyy��yq}txq~|t�yt��ylnly~lrqy������

�v�z�nzyz�n�p|�sy��~�}��n�p�|qlw�sznlyzoz��~z�ntvzy��~�}��n�p{zn�pyq�vz�

|qv~�nlyy���bls�nlyy��{�pvw��qyt��pz�~|t�lsyz��xq|qr��}{zrtnl��n�{|t�

n�p{zn�pyzx��{zsyl�qyy��m�pq��~nz|�nl~t�nqv~z|��{|lnw�yy���l�xyzrty��

zpyz�lsyt��ylnly~lrqy��}w�p�|zsow�pl~t��v�}t}~qx��

Ulpl�l�ny�~|��y�zoz�}txq~|�nlyy��xzrq�m�~t�z{t}lyz��n�m�wqnt��

sx�yyt���kv�z�sx�yyl�Ani�n�|qs�w�~l~��|zsnG�sv��m�pq�pz|�ny�nl~t�zptyt����

~z��q�|qlw�s��~�}��nvw��qyy�x�X-oz�ylnly~lrqyy��yl�S-��w�y�uy��yl{|�o���l�

�v�z�Ani ��%��~z�yln{lvt.

Rw���z|x�w�nlyy����w�znz����yv����xl~qxl~t�yz��xzpqw��{z~|�myl�

~lvl�nt��pyl��y�z|xl����{|z�{l|lxq~|t�}~ly��}t}~qxt��%n�lmz��n -�lv~tnyl�

{z~�ry�}~��lmz�}~|�x�X-oz�ylnly~lrqyy���2<>
n -�vzq�����y~�{z~�ryz}~��X-

oz�ylnly~lrqyy��

xl�z}yzn��������y�z|xl����}vwlpl�~�}��{wl~�ryl�xl~|t����
�	� �����v�u�

}~zn{���-�}~|�xt�snz|z~yz��{z}w�pznyz}~����z��~nz|��~�}��vzrytx�ylnly�

~lrqyy�x�{|t�uzoz�nvw��qyy��yl�n�p{zn�py��w�y�uy��yl{|�o���Ly�z|xl����

{|z�}{zrtnl��n���z�{zplyl�n�{wl~�ry�u�xl~|t����
�	� ���{|tvwlpzx�

n~z|tyyz���y�z|xl�����{|l����t�s��vz��wqo�q�plnl~t�z��yv���~zx��lmz�

�y�zx��|��qyy���zpz��ls�nlyy��ylnly~lrqy��
������������yl�
nly~l-

Xzx{wqv}t�}~|�x�n�snz|z~yz��{z}w�pzn�
yz}~�

rqyy� UAB UBC UCA

1 a11 + jb11 a12 + jb12 a13 + jb13

2 a21 + jb21 a22 + jb22 a23 + jb23         (2.17)    
- - - - - -

m am1 + jbm1 am2 + jbm2  am3 + jbm3

pq�0ni, bni -�p�u}yl�~l���nyl��l}~tyt�nqv~z|l�}~|�x��snz|z~yz��{z�

}w�pznyz}~����z��~nz|��~�}��nvw��qyy�x�X-oz�ylnly~lrqyy��yl�S-��yl{|��

o���X���	��
�����������:��S���	��
����
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Pqwt�tyt�0ni�~l�1ni xzr�~��m�~t�|zs|l�znly��sl��z|x�wlxt��
�
 �-

�
�� ��d�w�znl���yv����xl~qxl~t�yz��xzpqw��{zntyyl�n}~lyznw�nl~t�

lylw�~t�y��slwqry�}~��x�r�}~|�xzx�snz|z~yz��{z}w�pznyz}~��n�rtntw�yzx��

nnzp��- �I H
2 ���z�m�wz�zmo|�y~znlyz�nt�q �~l�ntm|lytxt�sx�yytxt��bz|�

x���t�����{z~|�myz�ns�~t�pz��nlot���z��I H
2 �pz|�ny���}�x��nqv~z|�n�}~|�x�n�

snz|z~yz��{z}w�pznyz}~����v���~nz|��~�}��vzrytx�ylnly~lrqyy�x��_�xz��

a11x11 + a12x12 + a13x13 + a21x21 + a22x22 + a23x23�n}~lyznw��~�}��{z~|�myl�

lylw�~t�yl�slwqry�}~��pw��Re�I H
2 �{|t�:���
�lwq�{|t���zx��}w�p�ylvwl}~t�

ntxzo��{|z�~q���z�wt�q�{z�zpy�u�sx�yy�u��s�xyzrty� �x x x11 12 13; ; �~l�

 �x x x21 22 23; ; �xzr�~��ylm�nl~t�syl�qyy��zptyt����l��y���xl�~��

pz|�ny�nl~t�y�w���b�st�yz��q�zsyl�l����z�vzryq�ylnly~lrqyy��xzrq�m��

~t�{�pvw��qytx�wt�q�pz�zpy����s�w�y�uyt��yl{|�o��]zp�my��x�|v�nlyy��

}{|lnqpwtn��~lvzr�pz�I m �I H
2 ��Xz|t}~���t}��slolw�yz{|tuy�~z��xl~qxl�

~t�yz��}txnzw�vz���ylnqpqy��nt�q�}�x��sl{t�qxz� a xni ni
in ��
��

1

3

1

2

.

U�~q�y��yt��zmxqrqy����v��{z~|�myz�n|l��nl~t�n�xl~qxl~t�y�u�

xzpqw����q�zmznG�svzn�}~��{�pvw��qyy��pz�xq|qr��n}���:�}{zrtnl��n��

Nylw�~t�yz��yl{|tvwlp��pw��	-oz�}{zrtnl�l����ntxzol�sl{t}��~�}��~lvtx�

�tyzx��A11 + x12 + x13���	��aslolw�y���t�ylnqpqy��x�|v�nlyy��yl�nt{lpzv�:�

}{zrtnl��n��slpl���ny�~|��y�zoz�}txq~|�nlyy���z|xlw�s��xz���ntow�p��

~lvz����wz�t}wznz��xl~qxl~t�yz��xzpqw��

a x j b x

x n m

x

ni ni ni ni
in

m

in

m

ni
i

ni

� �

� �

� �



!

#
#
#

"

#
#
#

����

�

����

�
1

3

11

3

1

1

3

1 1 2 3

1 0

min

, , , , . . . ,

,

              (2.18)

pq��-�}txnzw�wzo��yz��z{q|l����ENO\F�

Zl~qxl~t�yl�xzpqw���
�	� �{z~|qm���syl�zprqyy��x�y�x�x��}~|�x��

snz|z~yz��{z}w�pznyz}~���w��zx�|l��zylw�yzoz�{�pvw��qyy��pz�xq|qr��

zpyz�lsyt��}{zrtnl��n�qwqv~|t�yz��qyq|o����Nylw�s�xzpqw��ny�~|��y�zoz�

}txq~|�nlyy���
�	� �xzryl�{|znq}~t��ntvz|t}~ln�t�z}yzny���pq��}tx�
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{wqv}-lwoz|t~x��w�y�uyzoz�{|zo|lx�nlyy���so�pyz�s�wzo��yz��}�qxz���|t}��


�
��Rw��pq~lw�yzoz�zsyluzxwqyy��s�lwoz|t~xzx�lylw�s��xl~qxl~t�yz��

xzpqw��vz|t}yz�|zs�m|l~t��t}wzntu�{|tvwlp���z�ylnqpqytu�plw��

]{VXvNR�
�	��Ptvzyl~t�ny�~|��y��}txq~|�nlyy��zpyz�lsyt��ylnly~lrqy����z�
xl�~��~lv��{l|lxq~|t�|qrtx����1 = 0,3A; cos
1 = 0,954; I2 = 0,42A; cos
2 = 0,879; I3 = 
0,565A; cos
3 = 0,783; I4 = 0,63A; cos
4 = 0,737; I5 = 0,65; cos
5 = 0,7.

{\UPGkUaPNxxk��Rw��}vwlplyy��xl~qxl~t�yz��xzpqw��{z{q|qpy�z�{zntyyl�m��
~t�|zs|l�znlyl�{wl~�ryl�xl~|t����
�	� ��xl�z}yzn��~lvzoz�|zs|l��yv��xl~qxl~t�yl�xz�
pqw��plyz��slpl���sl{t�q~�}����ntow�p��

�
�

�
�

r

X

j

X

0 129 0 164 0 035 0 207 0 213 0 006 0 303 0 255

0 048 0 347 0 268 0 078 0 363 0 263 0 1

0 155 0 054 0 169 0 127 0 115 0 242 0 12 0 207

0 322 0 109 0 245 0 353 0 093 0 268 0 361
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0

, , , , , , , ,

, , , , , , ,

, , , , , , , ,

, , , , , , , min

  
     � �
�  

   �

1 1 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 1 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

1

1

1

1

1

�

�

�
�
�
�
�
�

%



&
&
&
&
&
&

�

�

�

�
�
�
�
�
�

%



&
&
&
&
&
&



!

#
#
#
#
#
#

"

#
#
#
#
#
#

X

,

                     (2.19)

Rq��,T = (x11 x12 x13 x21 x22 x23 x31 x32 x33 x41 x42 x43 x51 x52 x53).

]|zpqxzy}~|��xz�slx�y��z{z|yzoz�{wly��yl�{|tvwlp��zpy�����~q|l����~lmwt�yzoz�
lwoz|t~x��K�_�Pqy~�qw��n�p{zn�pyz�pz�lwoz|t~x���|t}�
�
�

X|zv�	��Ptmt|l�~�}��pzn�w�ytu�z{z|ytu�|zsnG�szv��yl{|tvwlp���

                  XT = (1 0 0 1 0 0 1 0 0 1 0 0 1 0 0).

X|zv�
��Ptsyl�txz��sl�|l��yzv��vz��s��t}wl�yqmlst}yt��sx�yyt��xzrwtnz�xlv}t�
xlw�yz�{zw�{�t~t�|zsnG�szv��ylpln�t�vzry�u�s�yt��syl�qyy��zptyt����̀lvz��sx�yyz���
�v�ntpyz�s�~lmwt���
�	����A53.
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GMùLTV�XZJTLJzZTVMV�JSMV�
zQZUY�KQRVTYbZ_Xj�OJUùTJ
IJOQXTQ]�OUùTTQ]�

~O�UTVÅQTQ�OUùTTQ]��̂V�UJ�
|Z_�YRJOJTY�KSJXZQKùXZ_�
LSj�KRS|iNTTj�K�iNzMVKQP
WzVITQP�zVOKhjOVR�KQLùSj�
bZ_Xj�OUùTTJ��jRJ�OJINOWNiYb
TJPIùS_ÇQP�KùLhbUTQP

WzQzùXZ��2.

qSJT�VWZQUJS_TQP��lùTN\_�

kXù�TNIJOQXTù�OUùTTù�WV�iNzOù
WzQzùKT||Z_Xj�LV�VLQTQ\ù
ù�zVOzJ]VKY|Z_Xj�KùLWVKùLTù
OTJiNTTj�XZzYUY��2.

GTJ]VLQZ_Xj�VWVzTQP�WSJT�

}Q�b
TNIJOQXTù�OUùTTù�

jRù��IYLYiQ�WzQzùKTN�
Tù�LV�VLQTQ\ù��OUNT�
ÇJZ_��2�K�WVzùKTjT�
Tù�O��PVMV�OTJ�
iNTTjU��

sJR où

{t}��
�
��vzo��yl�}�qxl�|zsnG�s�nlyy��slpl���ny�~|��y�zoz�}txq~|�nlyy���slpl���
yq}vlw�|yz��z{~tx�sl��� 
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l̀mwt���
�	�

Ptsyl�qyy��sx�yyz��pw��nvw��qyy��n�mlst}

xqmlst}y��sx�yy� P�p{zn�py��syl�qyy��}~|�x�n

Re �I 2 I m �I 2 I 2

x12 = 1

x13 = 1

x22 = 1

x23 = 1

x32 = 1

x33 = 1

x42 = 1

x43  = 1

x52  = 1

x53 = 1

1,056

1,255

0,929

1,148

0.790

0,988

0,734

0,924

0,723

0,886

0,503

0,280

0,553

0,195

0,652

0,122

0,700

0,101

0,738

0,109

1,170

1,285

1,081

1,165

1,024

1,005

1,014

0,930

1,033

0,892
X|zv����Ptsyl�l�~�}��sx�yyl���vl�{zntyyl�m�~t�ntvw��qyl��s�mlst}���̀lvz��

sx�yyz��m�pq�A51.
X|zv����Ptvzy��~�}��slx�yl�mlst}yt��sx�yyt���yl{|tvwlp���w��zx�{q|q~nz|qyy��

}~lypl|~yz��~lmwt����~lmw��
�
�
l̀mwt���
�
�

_~lypl|~yl�~lmwt���slx�yt�mlst}yt��sx�yyt�

P�w�-

ytu

�wqy

x12 x13 x22 x23 x32 x33 x42 x43 x52 x53

Re&I2
. 0,866

1,349

0,293

0,293

0,094

0,094

0,420

0,420

0,201

0,201

0,558

0,558

0,351

0,351

0,615

0,615

0,425

0,425

0,163

0,626

-0,46*

0,46

I m �I 2 0,109

0,564

0,061

0,061

0,284

0,284

0,012

0,012

0,369

0,369

-0,09

-0,09

0,442

0,442

-0,14

-0,14

0,462

0,462

-0,63

-0,18

-0,45*

0,45

x11 1

1

1

1

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0*

0

x21 1

1

0

0

0

0

1

1

1

1

0

0

0

0

0

0

0

0

0

0
0*

0

x31 1

1

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

0

0
0*

0

x41 1

1

0

0

0

0

0

0

0

0

0

0

0

0

1

1

1

1

0

0
0*

0
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x51 1

�1(

0

�0(

0

�0(

0

�0(

0

�0(

0

�0(

0

�0(

0

�0(

0

�0(

1

�0(

1

1

X|zv�
��]znq|~l�xz}��pz�v|zv��
��

X�y�qntu�|zsnG�szv�slpl���pl��~lvtu�nqv~z|��{|lnw�yy��

            XT = (1  0  0  0  0  1  1  0  0  0  1  0  0  0  1).

]|lv~t�yz��qu�|zsnG�szv�|qlw�s��~�}��~lvtx��tyzx��ylnly~lrqyy��	�
{�pvw��l�~�}��pz�yl{|�ot�*AB��ylnly~lrqyy��
�-�pz�*CA��ylnly~lrqyy����-�pz�*AB��yl�
nly~lrqyy����-�pz�*BC���ylnly~lrqyy��
�-�pz�*CA��P�|qs�w�~l~��n�xq|qr��m�pq��t|v�w��
nl~t�}~|�x��2���%�	�
�N�

S�qv~tny�}~��z{~txlw�yzoz��{|lnw�yy��yq}txq~|t�ytx�|qrtxzx�

}{z}zmzx�ny�~|��y�zoz�}txq~|�nlyy��ylnly~lrqy��pw���xzn�qwqv~|zyyzoz�

slnzp��ntpyz�s�o|l��v�n��|t}��
����a{|lnw�yy��ntvzy�nlwz}��s��l}zx�

pt}v|q~tsl����	�ozptyl��Rw���{|lnw�yy��|qrtxzx�{|z~�ozx�pzmt�yqzm��pyz�

m�wz�{|znq}~t��vz|qv~�nlyy���nqv~z|l��{|lnw�yy���n}�zoz�
�|ls��

	���������
�������������	���������
������	����		���?��MVL�

  I 2��Ñ

   120

    80

    40
2

1

{t}��
����Rtylx�vl��2�? �n�nt��pyzx��|qrtx��~l�{|t�z{~txlw�yzx���{|lnw�yy��}{z�
}zmzx�ny�~|��y�zoz�}txq~|�nlyy��ylnly~lrqy��

1 -�nt��pytu�|qrtx�
2 -�z{~tx�sznlytu�|qrtx

]zvlsytv��vz}~���{|lnw�yy���
�	� �pw��ylnqpqyzoz�pzmznzoz��y~q|nlw��

sxqy�qyz�n�z{~tx�sznlyzx��|qrtx��pz��*���%�
	�{|z~t��*���	�n�nt��pyzx���

pq��* -�n�pyz}yl�nqwt�tyl�{zvlsytvl��vz}~���{|lnw�yy��
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����Zl~qxl~t�yl�xzpqw��pw���{|lnw�yy��_]

Rw���v�}yzoz��{|lnw�yy��yq}txq~|t�ytx�|qrtxzx�qwqv~|zxq|qr��s�

nqwtvtx�p�l{lszyzx�sx�yt�nqv~z|l��I H
2 �yqzm��pyz�ntvz|t}~zn�nl~t�_]���z�

�{|lnw��~�}���\pytx��s�ylu{|z}~��t��}�qxyt��|��qy��xzrq�m�~t�{|t}~|�u�

pt}v|q~yzoz��{|lnw�yy��yl�mls��ml~l|qu�}~l~t�yt��vzypqy}l~z|�n��|t}��
���

WSNiN�H�Ñ

XZYWùT_�=
- - - - - - -

XZYWùT_��

XZYWùT_�	

oNXQUNZzQiTN
TJKJTZJÅNTTj

Ñ
k
H

{t}��
����_�qxl�_]�pt}v|q~yzoz��{|lnw�yy��yl�mls��ml~l|qu�}~l~t�yt��
vzypqy}l~z|�n

Ulpl�l��{|lnw�yy��{zw�ol����ntmz|��~lvzoz�}{zw��qyy��nvw��qy��

{wq�qu�~l�}~�{qy�n�_]���vq�slmqs{q�t~��x�y�xlw�yz�xzrwtn��nqwt�ty��

}~|�x���I K
2 ��Pt��pyl��y�z|xl����{|z�}~ly�}t}~qxt���z�yqzm��pyl�pw��|zs�

|l��yv���{|lnw�yy�����nqv~z|��I H
2 ���z�ntsyl�l�~�}��sl�n�p{zn�pytxt�{l|l�

xq~|lxt�|qrtx���P�pzxz}~��{|z�{l|lxq~|t�_]�szm|lr��~�}��{wl~�ryz��
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xl~|t�q���
�
% ��n��v�u�}~zn{q���-�}~|�xt��IHq2 ���z�oqyq|��~�}��vzrytx�

}~�{qyqx�_]�{|t�uzoz�nvw��qyy���Swqxqy~t�xl~|t���|zsow�pl�~�}���v�

{z}~�uy��nqwt�tyt��l�|zs|l�znly��nzyt�xzr�~��m�~t�sl��z|x�wz���
�	 �

�I�q2

]wq�q�N-P��}~�{�y��	

}~�{�y��


- - - - - - - - - - - - - -

}~�{�y��!

]wq�l�P-_��}~�{�y��	

}~�{�y� 2

- - - - - - - - - - - - - - -

}~�{�y��!

]wq�q�_-N��}~�{�y��	

}~�{�y��


- - - - - - - - - - - - - - -

}~�{�y��!

a jb11 11�

a jb12 12�

a jb1L 1L�

a jb21 21�

a jb22 22�

a jbL L2 2�

a jb31 31�

a jb32 32�

a jbL L3 3�

     (2.20)

pq�a bpl pl, -�p�u}yl�~l���nyl��l}~tyt�nqv~z|l��I�q2 ���z�}~nz|��~�}��{|t�

nvw��qyy��9-z��}~�{qy��=-oz�{wq�l�_]��=���	��
�����l = 1, 2, ... ,L.

Z�|v�nlyy��n�pyz}yz��z|x�nlyy����w�znz����yv����xl~qxl~t�yz��

xzpqw���{|lnw�yy��_]�xzryl�ylnq}~t�lylwzo��y���v���pw��nt{lpv��xzpqw��

�
�	� �wt�q�{|t���zx��n�pm�nl�~�}��}vwlplyy��nqv~z|�n�snz|z~yz��

{z}w�pznyz}~����z��~nz|��~�}��vzryz��}~�{�yy��_]��s�nqv~z|zx��I H
2 . 

U|zmtxz�~lvzr�{|t{��qyy����z�_]�}�~~�nt��n{wtn�n�yl��y���{l|lxq~|t�

|qrtx��yq��tyt~���kv�ntm|l~t�ylum�w���q�qv~tnyq�|��qyy��s�}txq~|�nly�

y��|qrtx���n|l�zn���t�pq�v��nsl�xz{znG�sly��z{~tx�sl��uy��slpl����|zso�

w�yqxz�plw��
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Pqv~z|��{|lnw�yy��xzrq�m�~t�sylupqytu�so�pyz�s�xl~qxl~t�yz��xz�

pqw��

Re� I m � min

���

���

���

���

;��� ,

I a x j I a x

x x

x x

x x

x x

x x

H
pl pl

H
pl pl

pl

L

pl

L

L L

L L

pl pl

2 2
1

3

11

3

1

11 11

12 12

1 1

3 3

1

1

1

1

1 0
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
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        (2.21)

pq�Apl, ���xpl -�sx�yy����z�n�p{zn�pl�~��|��qyy��nvw��t~t�9-��}~�{�y��=-oz�

{wq�l�_]���v�z�n�|qs�w�~l~��|zsnG�s�nlyy��Apl���	��l��� ,xpl �0 �lmz�yq�nvw��

�l~t���v�z�Apl���%��l���� .xpl �1

{zsnG�szv���z�n�p{zn�pl��xl~qxl~t�y�u�xzpqw���slmqs{q����

x�y�xlw�y��yq}txq~|���|qrtx��n}�xl��}y���txt�n�plyzx��nt{lpv��sl}z�

mlxt��\mxqrqyy��xzpqw��nvls��~��yl�~q���z�vzrqy��s�}~�{qy�n�_]�xzrq�

syl�zpt~t}��lmz���nvw��qyzx���lmz���n�pvw��qyzx��{zwzrqyy��

_]�pt}v|q~yzoz��{|lnw�yy����z�ntvzyly��sl��y�txt�}�qxlxt��~lvzr�

xl�~��xzrwtn�}~��oqyq|�nl~t�pq�v��xyzrty��}~|�x�n�� .I�q2 � z̀x��

n�pzxz}~��{|z�~lvtu�{|t}~|�u�~lvzr�xzr�~��szm|lrl~t}��{wl~�ryz��xl~�

|t�q���
�
% ��l�nqv~z|��{|lnw�yy��syl�zpt~t}��n�p{zn�pyz�xl~qxl~t�y�u�

xzpqw���
�
	 �

]|z�q}�syl�zprqyy��nqv~z|l��{|lnw�yy��_]�pw��pq�vzoz�yq}txq~�

|t�yzoz�|qrtx��qwqv~|zxq|qr��|zsow�yqxz�yl��t}qw�yzx��{|tvwlp��

]|tvwlp�
�
��P�w�y�����z�rtnt~��yq}txq~|t�yq�ylnly~lrqyy���n}~lyzntn}��|q�
rtx��}txq~|t�yl�}vwlpznl�}~|�x��snz|z~yz��{z}w�pznyz}~���vzoz�pz|�ny���

� , ,I jH

2
4 036 1 725� � N��P�n�sw��rtnwqyy����_]��ntvzylytu�yl�mls��}twznt��vzypqy}l�

~z|yt��ml~l|qu ��{l|lxq~|t��vzoz�nt|lrqy���q|qs�}~|�xt��c��xl�~��syl�qyy��
]wq�q�N-P��	 ��}~�{�y��	���c���	���N��}~�{�y��
���c���	�
�N��}~�{�y������c���%���N�
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Rw��{wq�l�P-_��
 �~l�_-N��� �{l|lxq~|t�}~�{qy�n�~l����v�w�v�}~��~l�r��
Uylu~t�nqv~z|��{|lnw�yy��}txq~|���tx�{|t}~|z�x�
{\UPGkUaPNxxk��Zl~qxl~t�yl�xzpqw���{|lnw�yy��pw��}txq~|�nlyy��|qrtx��

xl��ntp�

� �
� �
 �

4 036 0 9 0 6 0 3 0 0 0 0 9 0 6 0 3

1 725 0 52 0 346 0 173 1 04 0 693 0 346 0 52 0 346 0 173

, , , , , , ,

, , , , , , , , , , min
��� ,

�   ��
� �    �

� �



!
##

"
#
#

X

j X

X X n

           (2.22)

pq�,T = (x11 x12 x13 x21 x22 x23 x31 x32 x33); � ���� ��� ��� ��� ��� ��� ��� ��� ��� ���X T x x x x x x x x x�
11 12 13 21 22 23 31 32 33

-

nqv~z|t��{|lnw�yy���X�-�zptyt�yl�xl~|t���ntx�|y�}~����1.
{zsnG�svzx�slpl�����nqv~z|��,T����	�	�	�	�	�	�%�%�% ��Rw��|qlw�sl������zoz�nqv~z|l�

�{|lnw�yy��}w�p�nvw��t~t�n}��}~�{qy��_]�n�{wq�l��N-P���P-_��P�|qs�w�~l~��n�rtntw�y�u�

w�y���m�pq�{|z~�vl~t�}~|�x�snz|z~y�z��{z}w�pznyz}~���|�nytu�� , ,I jl

2
2 236 0 686� � �N�

_]��|t}��
����m�p��t�yq}txq~|t�ytx�ylnly~lrqyy�x��n{wtnl���v�yl�

|qrtx�snz|z~yz���~lv���yl�|qrtx�{|�xz��{z}w�pznyz}~���Ptvzylytu�~lvtx��

�z��{|lnw��~�}���n�y�xzrq�ntvz|t}~zn�nl~t}��pw��|qo�w�nlyy��|qlv~tnyz��

{z~�ryz}~��{�p{|t�x}~nl��S�qv~tny�}~��ntvz|t}~lyy��vzypqy}l~z|�n�{|t�

��zx��m�pq�sm�w��qyl��{qrtx�|zmz~t�prq|qw�|qlv~tnyz��{z~�ryz}~��{znt�

yqy�m�~t�~lvtx���zm�{|z~�ozx�pzmt�oqyq|znlyl�|qlv~tnyl�{z~�ry�}~��yq�

xqy��y�r�yl��%-�%��}{�n{lplwl��s�o|l��vzx�|qlv~tnyz��{z~�ryz}~����z�

}{zrtnl�~�}���̀zx��ntm�|�}~�{qy�n�_]�pw��nvw��qyy��{zntyqy�ntvzy�nl�

~t}��n��xznl��zmxqrqyy��

��Q X QHq
LVW1 � ,                          (2.23)

pq�&pz{ -�pz{�}~txl�|qlv~tnyl�{z~�ry�}~��_]�yl�xzxqy~�ntmz|��

��wq}{|�xznlyzoz�n{wtn����vl�ntsyl�qyl��s��xznt�|qo�w�nlyy��o|l��vl�

|qlv~tnyz��{z~�ryz}~��n�swl�ylnly~lrqyy��

Pqv~z|��{|lnw�yy����z�slpznzw�y���~q�y��yq�zmxqrqyy��s�vzx�

{qy}l����|qlv~tnyz��{z~�ryz}~���xzrq�m�~t�sylupqytu�|zsnG�s�nlyy�x�

slpl�����wz�t}wznzoz�{|zo|lx�nlyy��
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Re� I m � min
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     (2.24)

pq�2pl -�}~|�x�{|�xz��{z}w�pznyz}~��n�rtntw�y�u�w�y�����z��~nz|��~�}��{|t�

nvw��qyy��9-oz�}~�{qy��=-oz�{wq�l�_]��*w-�nqwt�tyl�yl{|�ot�yl�vzypqy}l�

~z|l��_]��

\mxqrqyy��-�yq|�ny�}~����z�x�}~t~�}��n�xl~qxl~t�y�u�xzpqw���

n�pzm|lrl��ntxzo��pz�|�ny��vzx{qy}l����|qlv~tnyz��{z~�ryz}~��o|�{t�zp�

yz�lsyt��}{zrtnl��n��\mxqrqyy��nv|lu�yqzm��pyq��vzwt�|�nqy��yq}txq~|���

syl�ytu�{|t�nt}zvzx��vzq�����y~��{z~�ryz}~��ylnly~lrqyy��

gzm�pz}�o~t�{qnyzoz�q�qv~��sl�|�nyqx�yl{|�ot�{|�xz��{z}w�pznyz}~��

{|t��{|lnw�yy��yq}txq~|����|qrtx���n�xl~qxl~t�y��xzpqw��pzpl~vznz�}w�p�

nnq}~t�zmxqrqyy����vtx���yv��zylw�yz�snG�s��~�}��|�nqy��yl{|�ot�n�n�sw��

ylnly~lrqyy��s�nqv~z|zx��{|lnw�yy��_]��_w�p�sl�nlrt~t���z�{z}~lyznvl�

vzryzoz�pzpl~vznzoz�zmxqrqyy��xzrq�sn�st~t�zmwl}~��pz{�}~txt��

|zsnG�sv�n�����v�yl}w�pzv��z{~txlw�ytu�|zsnG�szv�nt�nt~�}��xqy��q�qv~tn�

ytx��Lyzp��xzrq�yln�~��}~l~t}����z�xyzrtyl�pz{�}~txt��|zsnG�sv�n�{�}~l���

{zw�{�t~t�|qrtx�yq�xl��sxzot��̀lvtx��tyzx��vzryq�pzpl~vznq�zmxqrqy�

y��n�xzpqw���{|lnw�yy��xl��m�~t�zmo|�y~znlytx�

Xzy~|zw�y��slnplyy��pw��}lxz{�poz~znvt

	��]|tnqp�~��ylum�w���{znytu�{q|qw�v�slpl���{|lnw�yy���v�}~��

qwqv~|zqyq|o�����z�pz��w�yz�xl~t�yl�n�pzxzx��pw��Pl}�{�p{|t�x}~n��~l�

nxz~tn�u~q��q�
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��Ul{|z{zy�u~q�~l�plu~q�yqzm��pyq�zmo|�y~�nlyy��v|t~q|��n�

�{|lnw�yy��sl�n}�xl�{zvlsytvlxt��vz}~��qwqv~|zqyq|o���

���kvtu�sx�}~�xzr�~��xl~t�vzx{zyqy~t�nqv~z|l��{|lnw�yy��{|t�

vq|�nlyy��

-�n�p�twqyy�xt�yl{|�ot�

-�yq}ty�}z�plw�y�}~��{l|lxq~|�n�|qrtx��

-�yqs|�nyznlrqyy�}~��}t}~qxt�yl{|�o�

���_�z|x�w�u~q�vzx{wqv}�nsl�xz{znG�slyt��slpl����z�xl�~��x�}�q�

{|t��{|lnw�yy��~lvtxt�{zvlsytvlxt��vz}~��qwqv~|zqyq|o���

-�n�p�twqyy�x�yl{|�ot�

-�vzq�����y~zx�yq}ty�}z�plw�yz}~���z|xt�v|tnz��yl{|�ot�

-�vzq�����y~zx�y�w�znz��{z}w�pznyz}~��yl{|�o�


��xlnqp�~��}�qxt�{|t}~|z�n���z�xzr�~��ntvz|t}~zn�nl~t}��pw��

�{|lnw�yy��{zvlsytvlxt��vz}~��qwqv~|zqyq|o����xl��v��{l|lxq~|t�}~ly��

}t}~qxt�n{wtnl��vzrytu�s�yt��

���Ul{|z{zy�u~q�lwoz|t~x��{|lnw�yy��yq}txq~|t�ytx�|qrtxzx��

|zs|zm�~��uzoz�mwzv-}�qx���zmo|�y~�u~q�zmwl}~��pz��w�yzoz�ntvz|t}~lyy��

���U��vt��x�|v�nly��{z~|�myz�nt�zpt~t���zm�ntm|l~t�~q�y��y��sl}zmt�

pw���{|lnw�yy��{zvlsytvlxt��vz}~��qwqv~|zqyq|o���

���_{|zm�u~q�|zs|zmt~t�xl~qxl~t�y��xzpqw���{|lnw�yy��m�p�-�vtx�

{zvlsytvzx��vz}~��qwqv~|zqyq|o���

-�n�}txnzw��yzx��ntow�p��

-���ntow�p��|zsoz|y�~t��lylw�~t�yt��slwqryz}~qu�

���Ptvzylu~q�n�{znyzx��zm}�s��|zsnG�s�nlyy���t}qw�yt��{|tvwlp�n�


�	�~l�
�
��\~|txly��|qs�w�~l~t�{z|�ny�u~q�s�ylnqpqytxt�n�|zsp�wl��
���~l�

2.7.

	%�P}~lyzn�~��lylw�~t�y��slwqry�}~����z�vzy~|zw���n{wtn�_]��|t}��


����yl�|�nqy��yl{|�ot��

v�~q|l~�|l�pz�|zsp�w��


	��Q\_̀ �	�	%�-����̀|qmznlyt��v�vl�q}~n���wqv~|t�q}vzu��yq|ott�n�
�wqv~|t�q}vt��}q~���zm�qoz�ylsyl�qyt��
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��Tqrqwqyvz�V�P���{lmtyznt��Z�v���Ozrvz�P�Z��Xl�q}~nz��wqv~|z�

�yq|ott�yl�{|zx��wqyy���{|qp{|t�~t����-X���̀q�y�vl��	��	�

���Nnnlv�xzn�P�Q��]z}~lyznvl�t�|q�qytq��wqv~|z�yq|oq~t�q}vt��sl�

pl��t}}wqpznlyt��z{q|l�tu��-X���Pt�l��vzwl��	��%�

���Nnnlv�xzn�P�Q��Zq~zp��yq}vlw�|yzu�z{~txtsl�tt�t�t��{|twzrq�

yt���X���Pt�l��vzwl��	��%�


��Ptyz}wln}vtu�P�x���Nnnlv�xzn�P�Q���̀q|q�vqnt��v�O��Zl~qxl~t�

�q}vtq�xzpqwt�z{q|l~tnyzoz��{|lnwqyt��yq}txxq~|tqu�|qrtxl�n��wqv~|t�

�q}vzu�}q~t�t�lwoz|t~x�t��|q�qyt���-�̀q�yt�q}vl���wqv~|zptylxtvl��	��
��

�
�

���Pqy~�qw��S�_��V}}wqpznlytq�z{q|l�tu��-�Z���_znq~}vzq�|lptz��

1972.

���ftpwzn}vtu�N�X���X�syq�zn�P�Q��]zn��qytq�vl�q}~nl�qyq|ott�n�

�wqv~|t�q}vt��}q~����X���xl�vznl�p�xvl��	��
�

���ftpwzn}vtu�N�X���Oz|t}zn�O�]��_txxq~|t|znlytq�zpyz�lsy���t�

pn��{wq�qn����wqv~|z~q�yzwzot�q}vt���}~lyznzv��-�X���xl�vznl�p�xvl��

1977.

���Vnlyzn�P�_���_zvzwzn�P�V��{qrtx���wqv~|z{z~|qmwqyt��t�vl�q}~�

nz��wqv~|z�yq|ott�}t}~qx��wqv~|z}ylmrqyt��{|zx��wqyy���{|qp{|t�

�~tu��-�Z���iyq|ozl~zxtspl~��	�����
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{zsp�w����UNRNeL�\]̀ VZNvhx\M�X\Z]Sx_NdLM�

��������������{SNX̀ VPxVc�xNPNx̀ NTSxh

��	��Ulolw�y��{zwzrqyy�

]q|qnlryl�m�w���}~��qwqv~|z{|tuxl��n��v|�x�lv~tnyz��{z~�ryz}~���

}{zrtnl�~��|qlv~tny���]q|qpl�l�|qlv~tnyz��{z~�ryz}~��{z�qwqv~|t�yt��

xq|qrl��{|tnzpt~��pz�pzpl~vznt��n~|l~�lv~tnyz��{z~�ryz}~��~l�qyq|o����

sytr���{|z{�}vy��spl~y�}~��qwqxqy~�n�}t}~qxt�rtnwqyy���{zo�|����yl{|��

ot�n�n�swl��rtnwqyy���Rw��{zw�{�qyy��|qrtx�n�qwqv~|z}{zrtnlyy����n�s�

wl��ylnly~lrqyy��n}~lyznw��~�}��{|t}~|z����v��oqyq|��~��|qlv~tny��

{z~�ry�}~����~tx�}lxtx�rtntw�y��qwqv~|zxq|qr��|zsnly~lr��~�}��n�p�

|qlv~tnyz��{z~�ryz}~���ntvz-y��~�}��vzx{qy}l����|qlv~tnyt��ylnly~l�

rqy� ��xlum�w���{z�t|qytx�{|t}~|z�x�pw��oqyq|l����|qlv~tnyz��

{z~�ryz}~����z�ntvz|t}~zn��~�}��yl�{|zxt}wznt��{�p{|t�x}~nl�����

ml~l|q��}~l~t�yt��vzypqy}l~z|�n��O_X ���{qrtxt�qwqv~|z}{zrtnlyy���n�

~zx���t}w��u�|qrtxt�}{zrtnlyy��|qlv~tnyz��{z~�ryz}~���ptylx��y���U������

{|t�tyt�oqyq|znlyl�|qlv~tnyl�{z~�ry�}~��{zntyyl�sx�y�nl~t}��n��l}��

�O_X�xl�~��m�~t�vq|znlytxt ��{qrtx�oqyq|l����|qlv~tnyz��{z~�ryz}~��

{zntyqy�xlv}txlw�yz�ylmwtrl~t}��pz�|qrtx��}{zrtnlyy���]znyzoz�sm�o��

z~|txl~t�yq�npl�~�}���~zx���z�O_X�vzy}~|�v~tnyz�ntvzyly��~lvtx��tyzx��

�z�xl�~��pt}v|q~y��}~�{qy��pw��|qo�w�nlyy���l�}lxq��{|lnw�yy��

ntvzy��~�}��n�pt}v|q~y��xzxqy~t��l}��

Rw��{�p{|t�x}~nl�qvzyzx��yz�nto�pyz�slmqs{q�t~t�}lxq�~lvtu�slvzy�

|zmz~t�prq|qw�|qlv~tnyz��{z~�ryz}~���]z-{q|�q��{zv|l�l~�}��qwqv~|t�y��

|qrtxt�n�}t}~qx��qwqv~|z{z}~l�lyy���sxqy�l~�}��n~|l~t�qyq|o���~l�

{z~�ryz}~���{zw�{�t~�}��|�nqy��yl{|�ot ��l��{z-p|�oq��sytst~�}��{wl~l�sl�

qwqv~|t�y��qyq|o����~zx���z�so�pyz�s�p���txt�~l|t�lxt�s�{�p{|t�x}~nl�

mq|q~�}��~lvzr�{wl~l�sl�|qlv~tny��qyq|o���~l�{z~�ry�}~����v�z�|zs|l���

yzv�{|znzpt~�}��sl�pnz}~lnz�ytx�~l|t�zx ��X|�x�~zoz��qyq|oz}t}~qxl�xz�

rq�n}~lyznt~t�pw��{�p{|t�x}~nl�nqwt�ty��pw��n��pyz��|qlv~tnyz��

{z~�ryz}~��n�ozptyt�xlv}txlw�yt��~l�x�y�xlw�yt��ylnly~lrqy��n�
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qyq|oz}t}~qx����sl�{z|��qyy�������ntxzot�s�{�p{|t�x}~nl�}~�o��~�}��

�~|l��

a{|lnw�yy��{z~�ry�}~��O_X�ntvzy��~�}��n���yv����~lvt��{l�

|lxq~|�n�

-�sl��l}zx�pzmt���v�z�pw��n}���{�p|zsp�w�n���{�p{|t�x}~nl�n���wzx��

�l|lv~q|ytu�}~lm�w�ytu�o|l��v�|qlv~tnyt��ylnly~lrqy��

-�sl�yl{|�oz���vzwt�yqzm��pyz�sxqy�t~t�n�p�twqyy��|�ny��yl{|�ot�

n�p�z{~txlw�yzoz�syl�qyy��

-�sl�v�~zx�s}�n��x�r�nqv~z|lxt�}~|�x����yl{|�ot�lmz�sl�|qlv~tnyz��

{z~�ry�}~��pw��|qo�w�nlyy��o|l��vl�|qlv~tnyt��ylnly~lrqy��

-�sl�pqv�w�vzxl�{l|lxq~|lxt��yl{|tvwlp��sl�|qlv~tnyz��{z~�ry�}~���

yl{|�oz��~l��l}zx�pzmt �

L}y���|�p�}{z}zm�n��{|lnw�yy��{z~�ry�}~��O_X��ln~zxl~t�yq��ln~z�

xl~tsznlyq��|��yq�lmz�pt}{q~�q|}�vq�s�ntvz|t}~lyy�x�sl}zm�n�

~qwqxq�ly�vt��Nn~zxl~t�yq��t|zvz�sl}~z}zn��~�}��yl}lx{q|qp�yl�̀]�lmz�

{]��pq�n�p}�~y�u�z{q|l~tnytu�{q|}zylw����ntvzy��~�}��sl�pz{zxzoz��ln~z�

xl~t�yt��{|t}~|z�n���v��ntoz~znw��~�}��{|zxt}wzn�}~��pz}t~���t|zvz��

yzxqyvwl~�|t��Rt}{q~�q|}�vq��{|lnw�yy����pz}~l~y�z�{|z}~tx�~l�

ylp�uytx��yq�{z~|qm���pzpl~vznz��l{l|l~�|t�~l�ln~zxl~tvt���

sl}~z}zn��~�}��yl�~t��{�p{|t�x}~nl���pq���yv��zy���~qwqxq�ly�sl����}t}�

~qx�qwqv~|z{z}~l�lyy���]|t���zx��pz}�ol�~�}��nt}zvl�qvzyzx��y�}~��qwqv�

~|z{z}~l�lyy���~zx���z��{|lnw�yy��{z~�ry�}~��O_X�ntvzy��~�}��s��|l���

nlyy�x� o|l��v�n� ylnly~lrqy�� qyq|oz}t}~qxt� ~l� {|zxt}wznzoz�

{�p{|t�x}~nl��Nn~zxl~tsznlyq��{|lnw�yy��{q|qpml�l����l}~��w�ptyt�n�

{|z�q}���{|lnw�yy��s�|�sytx�|�nyqx�ln~zxl~tsl�����{zs|l��yzv�z{~txlw��

yzoz�nqv~z|l��{|lnw�yy��yl�z}yzn��z{q|l~tnyz���y�z|xl����{|z�}~ly�}t}~q�

xt�ntvzy���S\Z��]|t���zx����xzrwtn�}~��{zm�p�nl~t�}t}~qx��

�{|lnw�yy����vl�m�pq�n|l�zn�nl~t�}{q�t���y���xznt�vzyv|q~yz��}t}~qx�

qwqv~|z{z}~l�lyy��~l�qwqv~|zqyq|oq~t�yz��}t}~qxt��_{z}�m�{z�py���{q|q�

nlo��pt}{q~�q|}�vzoz��{|lnw�yy��s�xzrwtn�}~��syl�zprqyy��z{~txlw�yz�
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��bz|x�w�nlyy��slpl����{|lnw�yy��O_X��v�slpl���

z{~txlw�yzoz��{|lnw�yy�

Zq~l�z{~txlw�yzoz��{|lnw�yy��O_X�{zw�ol��n�~zx����zm�sxqy�t~t�

}{zrtnlyy�� |qlv~tnyz�� qyq|o��� ~l� {z~�ryz}~�� {|zxt}wzntx�

{�p{|t�x}~nzx��_�z|x�w��xz�slpl���z{~txlw�yzoz��{|lnw�yy����vl�

slmqs{q����ntvzylyy�������xq~t�

P|l�zn���t�~q���z�}t}~qxl�qwqv~|z}{zrtnlyy����ptylx��ytx�

zmG�v~zx�����}~ly�xzryl�z{t}l~t���yv�����ntp��

                                Q = f(X,t) ,                               (3.1)

pq�&�-�|qlv~tnyl�{z~�ry�}~����z�}{zrtnl�~�}��{�p{|t�x}~nzx�s�xq|qr�

qyq|oz}t}~qxt�

Ulpl�l��{|lnw�yy��{z~�ry�}~��O_X�{z~|qm���syl�zprqyy��z{~t�

xlw�yzoz��{|lnw�yy��,�? ��?0 � t � tN��}q|qp�xyzrtyt�pz{�}~txt��syl�qy���

�z�slmqs{q����~|l�v~z|���{|z�q}��&�? ��pw���vz��v|t~q|�u��{|lnw�yy��- J 

m�pq�x�y�xlw�ytx�

� �J Q X t dt
t

t N

� �$ , min .
0

                        (3.2)

P�|�p��nt{lpv�n�n�slpl�l��{|lv~t�yzoz�sx�}~��z{~txlw�ytu�nqv~z|�

�{|lnw�yy��{z~|�myz�syl�zpt~t�n��xznl��zmxqrqy����v����yv��zylw�yz�

xzr�~��m�~t�{|qp}~lnwqy����ntow�p��|�nyz}~qu�lmz�yq|�nyz}~qu��axznt�

{|lv~t�yz��|qlw�sl����z{~txlw�yzoz��{|lnw�yy��O_X�~lv����z�yqzm��py��

|��qyy��pw��pq�vt��pt}v|q~yt��xzxqy~�n��l}����v���pw��slpl����{|lnw�yy��

yq}txq~|����|qrtx� ��U��|l��nlyy�x���zoz�pw��slolw�yzoz�nt{lpv��slpl�l�

z{~txlw�yzoz��{|lnw�yy��O_X�n�pt}v|q~y�u��z|x��xl��ntp�
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 �
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H X t k N

k
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k

� �

� �
� �



!

#
#

"

#
#

�
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, , , ,. .. ,

, , , ,. . . , ,

0

0 0 1 2

0 0 1 2

                       (3.3)
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��yv��zylw��m�pq�n�p{zn�pl~t�x�y�xlw�y�u�{wz���{�p�o|l��vzx�&�? ��l�n�
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l̀vtx��tyzx��xl�xz�{znyq�slmqs{q�qyy��{z}~lnwqyz��xq~t�

Q|l��v�|qlv~tnyz��{z~�ryz}~��&�? �{�p{|t�x}~nl��z|x��~�}��s�

n�p{zn�pyt��o|l��v�n�̀]���vt��yl�{�p{|t�x}~n��xzrq�m�~t�syl�yl�v�w�v�}~���

P�slolw�yzx��nt{lpv��yl�o|l��v�xzryl�mqs{z}q|qpy�z�n{wty�~t�sl�pz{z�

xzoz��O_X�	%�vP���v��n}~lyznwqy��yl�Q]]��d{] �{�p{|t�x}~nl��lmz�{z}q�

|qpy�z���w��zx�n{wtn��yl�o|l��v�|qlv~tnyz��{z~�ryz}~��n�n�swl��ylnly�

~lrqyy� �sl�pz{zxzoz���}~lyznzv�%���vP��|zsx��qyt��yl�̀]��{zsow�yqxz�

pnl�xzrwtnt��{�p�zpt�pz�ntvzylyy���{|lnw�yy��O_X�

	��{��qyy��s��{|lnw�yy���txt��}~lyznvlxt�{|tuxl�~�}��yl�|�ny��̀]�

�sl�|qlv~tnyz��{z~�ry�}~��nnzp��{�p}~ly��� �


��{��qyy��{|tuxl�~�}��yl�m�w���nt}zvzx����|l|���yzx��|�ny��-�{z�

nnzp��Q]]��d{] ��

Pt}yznvt�{|z�q�qv~tny�}~���{|lnw�yy��s|zmtxz�{�}w��|zsow�p���t�

}wznzoz�{|tvwlp��
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��zoz���{|lnw�yy��sl��xznz��l �yq�pzsnzw���slmqs{q�t~t�ntxzot�qyq|oz}t�

}~qxt��zpz�pz{�}~txt��syl�qy��|qlv~tnyz��{z~�ryz}~����z�}{zrtnl�~�}���

P�p}�~y�}~��snz|z~y���{q|q~zv�n�|qlv~tnyz��{z~�ryz}~��s�xq|qr�
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�zpt~t�n�p{zn�pyz�pz�xl~qxl~t�yz��xzpqw������ �

kv�}~���{|lnw�yy��yq�s�xznw��~�}��xl~qxl~t�yz��xzpqww���~zx��

�z�yl�xzxqy~�ntsyl�qyy����wq}{|�xznlyzoz�n{wtn��|zs|l�zn��~�}��yluv�

|l�tu�|zsnG�szv��s��t}wl�xzrwtnt���]zw�{�t~t��v�}~���{|lnw�yy��xzryl��

yl{|tvwlp��sm�w��qyy�x�v�w�vz}~��xzrwtnt��|zsnG�sv�n��~zm~z�-��t}wl�

}~�{qy�n��{|lnw�yy���P�pq�vt��o|lyt�����v�}~���{|lnw�yy��slwqrt~��n�p�

�l}~z~t���wq}{|�xznlyt��n{wtn�n���vl�{zntyyl�m�~t�zmo|�y~znlyz��

]{VXvNR���
��P�}t}~qx��qwqv~|z{z}~l�lyy����		�}~�{qy�n��{|lnw�yy��
{z~�ry�}~��O_X���%%�vnl|���%%�vnl|��
%%�vnl|��
�	
%�vnl|��
�	%%�vnl|��
�
%�vnl|��

�
vnl|��
%�vnl|��xl�xzxqy~�ntsyl�qyy����wq}{|�xznlyzoz�n{wtn��|qlv~tnyl�{z~�ry�}~��yl�
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rtntw�yzx��nnzp��}~lyzntwl�	%%%�vnl|��n�{|t{��qyy����z�n}��}~�{qy���{|lnw�yy��
n�pvw��qy� ��xl�plytu�xzxqy~��l}��qyq|oz}t}~qxl�yq�|qowlxqy~���}{zrtnlyy��
|qlv~tnyz��{z~�ryz}~��

Uylu~t�z{~txlw�ytu�nqv~z|��{|lnw�yy��
{\UPGkUaPNxxk��Pqv~z|��{|lnw�yy��m�pqxz���vl~t�n�p{zn�pyz�s�xl~qxl~t��

yz��xzpqww������ ���vl�pw���xzn�slpl����z|xlw�s��~�}��n�~lvzx��ntp��

� �

� �

1000 400 300 200 150 150 100 100 50 50 25 20

1000 400 300 200 150 150 100 100 50 50 25 20 0

1 0

 �
 �

 �
� �



!

#
#

"

#
#

X

X X N

X

x i x i

min
���

;��� ,

������������ �������pq���

� � �X T x x x x x x x x x x x X T x x x x x� �1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5; ��� ���������������

���������������� ���x x x x x x6 7 8 9 10 11 -�nqv~z|t��{|lnw�yy���#�-�zptyt�yl�}~zn{�qnl�xl~|t���

ntx�|y�}~��		�1.
Zl~qxl~t�yl�xzpqw������ �n�pyz}t~�}��pz�vwl}��w�y�uyt���Rw�����lylw�s��xzryl�

}vz|t}~l~t}��}tx{wqv}-lwoz|t~xzx��kv�z�sl�z{z|ytu�|zsnG�szv�{|tuy�~t���
                     XT = (0 0 0 0 0 0 0 0 0 0 0 ),

~z�|qs�w�~l~t�{z��~q|l�����m�p�~��~lvtxt�
�~q|l����	
                              XT = (1 0 0 0 0 0 0 0 0 0 0 );
�~q|l����

                              XT = (1 1 0 0 0 0 0 0 0 0 0 );
�~q|l�����
                              XT = (1 1 1 0 0 0 0 0 0 0 0 );
�~q|l�����
                              XT = (1 1 1 0 0 1 0 0 0 0 0 ), 
|qlv~tnyl�{z~�ry�}~��nnzp��-�%�vnl|�

\~|txlytu�|zsnG�szv�|qlw�s��~�}��~lvtx��tyzx��nvw��l�~�}��}~�{qy����%%���%%��

%%��	%%�vnl|��syl�zp�~�}����n�pvw��qyzx��{zwzrqyy���
�150; 100; 2�
%��

��
%�vnl|�

]|z�q}�syl�zprqyy��z{~txlw�yzoz�nqv~z|l��{|lnw�yy��xzryl�lw�

oz|t~x��yz�{zpl~t�~lvtx��tyzx�

	��Ulsyl�t~t��sl��vz���s�xzpqwqu����� �-����� �}w�p�syl�zpt~t�nqv~z|�

�{|lnw�yy��


��Pnq}~t��y�z|xl����{|z�nqwt�ty��|qlv~tnyz��{z~�ryz}~��rtntw��

yzoz�nnzp���sl�{zvlslyy�xt�{|twlp�n �

���kv�z�|zsnG�szv�syl�zpt~�}��sl�xzpqw�xt����� �lmz����
 ���vlsl~t�

syl�qyy��pw��N1�lmz�N2.

���{zs|l�zn��~�}��|qlv~tnyl�{z~�ry�}~���nzp��n�{|t{��qyy����z�n}��

}~�{qy���{|lnw�yy��n�pvw��qy���]|t���zx��xzrwtn��nl|�ly~t�

-�{z{q|qpy�u�nqv~z|��{|lnw�yy��|qlw�sznlyz����~zp��{z~|�myl�

�y�z|xl����mq|q~�}���s�n�p{zn�pyt���luw�n�plyt��
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-�{z{q|qpy�u�nqv~z|��{|lnw�yy��yq�|qlw�sznlytu�lmz�uzoz�|zs|l��yzv�

{|znzpt~�}��n{q|�q��P���zx��nt{lpv���y�z|xl����{|z�}~ly�}~�{qy�n�}w�p�

nnq}~t�s�vwln�l~�|t�pt}{wq��


��P��t}wznzx��ntow�p���z|xlw�s��~�}��xl~qxl~t�yl�xzpqw���{|znz�

pt~�}�����lylw�s���syl�zpt~�}��z{~txlw�ytu�nqv~z|��{|lnw�yy��

�����]�pnt�qyy��q�qv~tnyz}~��|zmz~t�p���t��O_X

P}q�qwqv~|zzmwlpylyy��}t}~qxt�qwqv~|z{z}~l�lyy��{zntyyz�{|l�

��nl~t�s�xlv}txlw�yz��n�ppl�q���̀zx���{q|��y�r�{|tuxl~t�~q�y��y��

|��qyy��pw��{zw�{�qyy��|qrtx�n�qwqv~|zrtnwqyy����v��{z~|qm��~��pz�

pl~vznt��vl{�~lw�yt��nvwlpqy���~|qml�{|znq}~t�lylw�s�|zmz~t�p���zoz�

qwqv~|zzmwlpylyy��yl�{|qpxq~�nt�nwqyy��xzrwtnz}~qu�m�w���q�qv~tnyz�

oz�uzoz�|zmz~t��kv�}n�p�l~��pz}w�prqyy���n�{|zxt}wznt��qwqv~|zxq|qrl��

xzr�~��s�}~|��l~t}��~lv��yq�ntvz|t}~ly��xzrwtnz}~���Uyl�yl����v�w�v�}~��

{znG�slyl�s�|zmz~z��~lvt��qwqv~|z�}~lyznzv��v�O_X��O_X�-��q�

mlol~z��yv��zylw�y��{|t}~|z����n�m�w��z}~��nt{lpv�n�{�pnt�qyy��

q�qv~tnyz}~�����|zmz~t�xzrwtnq�}lxq�{|t�ntvz|t}~lyy���t��xzrwtnz}~qu��

Rw��{|tvwlp��pq~lw�yz�|zsow�yqxz�}lxq�~lv��}t~�l������vl�xlwl�x�}�q�yl�

zpyzx���s�slnzp�n�qwqv~|zpyz��{|zxt}wznz}~���pq�z}yznytxt�}{zrtnl�lxt�

qwqv~|zqyq|o���m�wt�zpyz�lsy��{q���o|l��~l�����Q|l��~l��uyl�{�����z}yzn�

ytx�qwqxqy~zx�qwqv~|z{��yz���}~lyznvt��n�}�qx���vz��n�zp�~��~lvzr�

{��ytu�~|ly}�z|xl~z|��O_X�~l�yqzm��pyl�vzx�~l��uyl�l{l|l~�|l��_�qxl�

qwqv~|z{��yz���}~lyznvt�szm|lrqyl�yl�|t}���
�l��]��ytu�~|ly}�z|xl~z|�̀1

xl��nqwtvtu�p�l{lszy�|qo�w�nlyy��yl{|�ot�{�p�ylnly~lrqyy�x��
��}~�{qy��

|qo�w�nlyy� ��]z~�ryz}~��{��yt��~|ly}�z|xl~z|�n�xzr�~��}�ol~t�
-18 

ZPN��O_X���z�x�}~t~�}��n�}�qx���{|tsyl�qyl�pw��vzx{qy}l����|qlv~tnyz��

{z~�ryz}~����vl�}{zrtnl�~�}��{�����o|l��~l������nvw��l�~�}��n�|zmz~��n�

p|�o�u�{zwznty��~q�yzwzo��yzoz��tvw���vzwt�{z~�ry�}~���q|qs�̀1�pz}�ol��

o|lyt�yzoz�syl�qyy���]z~�ry�}~��O_X�xzrq�sx�y�nl~t}���w��zx�{q|qxt�

vlyy��{]x�vzx{qy}l��uyzoz�~|ly}�z|xl~z|l�̀2���vtu�xl��~lv��r�vzy�

}~|�v������v���̀ 1��]|t���zx��{z~�ry�}~��O_X�{zny�}~��yq�ntvz|t}�
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~zn��~�}���v�n��l}���~lv���sl�nqwt�tyz���Q|l��v�pzpl~vznz��|qlv~tnyz��

{z~�ryz}~����v��xzryl�m�wz�m�z~|txl~t�n�p�O_X�yl�{|z~�s��~q�yzwzo��yzoz�

�tvw���szm|lrqyz�yl�|t}����
�m�

{qlv~tnyl�{z~�ry�}~��O_X�ntvz|t}~zn�nlwl}��wt�q�pw��~q�yz�

wzo��yt��{z~|qm��pw��slmqs{q�qyy��yqzm��pyzoz�o|l��vl�lv~tnyz��{z�

~�ryz}~��{q���o|l��~l��� ��]�pnt�t~t����q�qv~tny�}~��xzryl���v�z�ntvz|t�

}~l~t�yl�ny��{z~�ry�}~��yl�|�ny��n�swl�qwqv~|z{��yt�

ylnly~lrqy���{|t��xzn��mqssl}~q|qryzoz�slmqs{q�qyy��{z~|�m-yzoz�

o|l��vl�lv~tnyz��{z~�ryz}~��{q���o|l��~l��� �

Zlv}txlw�yl�{z~�ry�}~��O_X�zmxqr��~�}��~lvtxt��xznlxt���v��}w�p�

slmqs{q�t~t�{|t�{|tuy�~~����wq}{|�xznlyzoz�|��qyy��

	��axznl�{|z{�}vyz��spl~yz}~��~|ly}�z|xl~z|�n�̀1�~l�̀2.

Q Snv T�
2

;                                            (3.8)
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QL��rKJz

{t}����
��]|ty�t{znl�}�qxl�qwqv~|z{��yz���}~lyznvt��l �~l�o|l��v�pzpl~vznz��

|qlv~tnyz��{z~�ryz}~��vzypqy}l~z|yz��ml~l|q����z�slwt�twl}��yq�ntvz|t}~lyz��{|z~��

ozx�~q�yzwzo��yzoz�{|z�q}���m 

Q P tg S Pnv n n T n� � 

1

2 2  ,                   (3.9)

pq�&nv -�|qlv~tnyl�{z~�ry�}~����z�oqyq|��~�}��O_X�X-z��qwqv~|z{��yz���}�

~lyznvt�{|t�nvw��qyy��]-z��|qo�w�nlw�yz��n�p{luvt�yl�~|ly}�z|xl~z|��̀2; 
S ST T1 2

, -�yzx�ylw�yl�{z~�ry�}~��~|ly}�z|xl~z|�n�̀1�~l�̀2; Pn, cos
n -�lv�

~tnyl�{z~�ry�}~��X-z��qwqv~|z{��yz���}~lyznvt�~l����vzq�����y~�{z~�ryz}~��
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��axznl�slmqs{q�qyy��~q�y��yzoz�zmxqrqyy��sl�pz{�}~txz��{z�

~�ry�}~��O_X��pz{�}~txl�{z~�ry�}~��O_X�-��q�{z~�ry�}~����z�n�p{zn�pl��

n}~lyznwqy�u�{z~�ryz}~����ylum�w���u�pz{�}~tx�u�yl{|�s� �
Q Qnv LVWn

�  ,                             (3.10)

pq�QLVWn
-�pz{�}~txl�{z~�ry�}~��pw��O_X�X-z��qwqv~|z{��yz���}~lyznvt��

]|znqpqytu�lylw�s��xzn�|zmz~t�qwqv~|z{��yt���}~lyznzv�{zvlsln��

�z���pq�vl�xzrwtn�}~��pw��nl|��nlyy��{z~�ryz}~��O_X��Zqr��xzrwtnzoz�

nl|��nlyy���zmxqr��~�}���s�zpy����}~z|zyt��ntxzolxt�~q�yzwzo��yzoz�

{|z�q}���l�s��y�z��-�{|z{�}vyz��spl~y�}~��~|ly}�z|xl~z|�n�̀1�~l�̀2�lmz�

pz{�}~txz��{z~�ry�}~��O_X�

Rw���vt��rq���wqu�xzryl�ntvz|t}~l~t�yl�ny��pzpl~vzn��{z~�ry�}~��

vzypqy}l~z|yt��ml~l|qu�

]z-{q|�q��pw��z{~txlw�yz��vzx{qy}l����|qlv~tnyz��{z~�ryz}~��

{�p{|t�x}~nl��]q���o|l��~l����{|l���~��s�yts�vtx�vzq�����y~zx�{z�

~�ryz}~���n�p�%���-�%��
�yl�{z�l~v��~q�yzwzo��yzoz��tvw��pz�%���-�%�
�n�

}q|qpty��~l�n�v�y�� �{|t�nqwtvzx��}{zrtnlyy��|qlv~tnyz��{z~�ryz}~��sl�

lm}zw�~yz��nqwt�tyz���̀zx��yl�qwqv~|zpyt��slnzpl��nlrvz�slmqs{q�t~t�

yln�~��ntxzot�qyq|oz}t}~qxt�

]z-p|�oq��n|l�zn���t�~q���z�qwqv~|z{��y���}~lyznvt���yq}txq~|t��

ytxt�}{zrtnl�lxt���n�n�sw��ylnly~lrqyy��xl��x�}�q�yq}txq~|���yl{|�ot��

~z�zpyz�lsy��O_X�xzryl�ntvz|t}~l~t�pw��}txq~|�nlyy��|qrtx��{z�rt�

ntw�yzx��nnzp��s�zpyz�l}yz��vzx{qy}l�����|qlv~tnyz��{z~�ryz}~��

P�ply�u�slpl�����wq}{|�xznlytxt�|��qyy�xt���|qlw�sl����{qnyzoz�

{zwzrqyy��|qo�w�nlw�yz��n�p{luvt�~|ly}�z|xl~z|l�̀2��\}v�w�vt�xzrwt�

nt��|��qy��{z�zpy�u�ns�~�u�qwqv~|z{��y�u��}~lyzn���xzrq�m�~t�nqwtvl�

v�w�v�}~���l�n�n�sw��ylnly~lrqyy��~lvt���}~lyznzv�pqv�w�vl���{|t�

ntsyl�qyy��z{~txlw�yzoz�|��qyy��}w�p�slmqs{q�t~t�|�p�~q�y��yt��ntxzo��

~z�{|z�q}�syl�zprqyy��nqv~z|l��{|lnw�yy��xl��m�~t�ln~zxl~tsznlytu��Rw��

syl�zprqyy��z{~txlw�yzoz�|��qyy��sl�{q|�tx�nl|�ly~zx��vzx{qy}l����

|qlv~tnyz��{z~�ryz}~��{�p{|t�x}~nl �xzryl�}vz|t}~l~t}��~lvz��xl~qxl�

~t�yz��xzpqww����wz�t}wznzoz�{|zo|lx�nlyy��
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�

�

min

, , ,. . . ,

,

�

�

�

�
1

1

1 1 2

1 0

                   (3.11)

pq�&�-�|qlv~tnyl�{z~�ry�}~��n�swl�ylnly~lrqyy��qwqv~|z{��yt���}~lyznzv��

�z�n�p{zn�pl��nt��pyzx��|qrtx���Anv�sx�yyl���z�xzrq�{|tuxl~t�syl�qyy��

	�lmz�%��kv�z�n�|qs�w�~l~��|zsnG�s�nlyy��slpl���Anv���	��~z��q�|qlw�s��~�}��

nvw��qyy�x�]-z��|qo�w�nlw�yz��n�p{luvt�X-z��qwqv~|z{��yz���}~lyznvt���n

- �n -�pz{�}~txtu�p�l{lszy�sx�yt�{zwzrqy��{]x�pw��X-z��qwqv~|z{��yz��

�}~lyznvt���z�slpznzw�y���s�zpy����}~z|zyt�xzrwtn�}~��nqpqyy��

~q�yzwzo��yzoz�{|z�q}���n�p{luvl��n �~l��xznt����� �-����� �s��y�z��

�n�p{luvl��n);  �Qnv -�{|t|�}~�|qlv~tnyz��{z~�ryz}~��O_X��X-z��

qwqv~|z{��yz���}~lyznvt�{|t�{q|qxtvlyy��|qo�w�nlw�yz��n�p{luvt�s�{zwz�

rqyy���n�n�{zwzrqyy��]�

Zl~qxl~t�yl�xzpqw��{z~|qm���syl�zprqyy��~lvt��{zwzrqy��|qo��

w�nlw�yt��n�p{luzv�̀2�yl�n}���qwqv~|z{��yt���}~lyznvl��n�xqrl�����pz�

{�}~txt��sx�y���vtx�n�p{zn�pl��x�y�xlw�yq�}{zrtnlyy��|qlv~tnyz��

{z~�ryz}~��{�p{|t�x}~nzx��\mxqrqyy�-yq|�ny�}~��xl~qxl~t�yz��xzpqw��

vzy~|zw�����zm�yq�pz{�}~t~t�|zsnG�sv�n�vzwt�|qlv~tnyl�{z~�ry�}~��

sx�y���}n�u�sylv��~zm~z�}{|�xznlyl�s�xq|qr��{�p{|t�x}~nl�n�xq|qr��qyq|�

oz}t}~qxt��Zl~qxl~t�yl�xzpqw��w�y�uyl���pw�����lylw�s��xzryl�sl}~z}�nl~t�

}tx{wqv}-lwoz|t~x�

kv�z�yl�xzxqy~�|zs|l��yv��nqv~z|l��{|lnw�yy��yqzm��pyz�{|tuy�~t�

|��qyy��n�z}yznyzx��yl{|lnwqyq�yl�sytrqyy��yq}txq~|���|qrtx���~z�}w�p�

}vz|t}~l~t}��~lvz��xzpqww��
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    (3.12)

pq��I H
2 -�nqv~z|�}~|�x��snz|z~yz��{z}w�pznyz}~��n�rtntw�y�u�w�y���pz�{|tu�

y�~~��|��qyy����anv; �bnv - p�u}yl�~l���nyl��l}~tyt�nqv~z|l�}~|�x��

snz|z~yz��{z}w�pznyz}~��X-z��qwqv~|z{��yz���}~lyznvt�{|t�{q|qvw��qyy��

{]x�s�{zwzrqyy���n ���{zwzrqyy��]�

Zl~qxl~t�yl�xzpqw�����	
 �n�pyz}t~�}��pz�vwl}��yq}vlw�|yt����

{z~|qm���syl�zprqyy��~lvzoz�|zsnG�sv����vzx��n�p{zn�pl��x�y�xlw�yq�syl�

�qyy��}~|�x��snz|z~yz��{z}w�pznyz}~��n�rtntw�yzx��nnzp���]|t���zx��

xzrwtn��|qrtxt��vzwt�sl�xl~qxl~t�yz��xzpqww�����	
 �m�p�~��sylupqy��

��wq}{|�xznly��|zsnG�svt��|qlw�sl�����vt��m�pq�}�{|znzpr�nl~t}��snz|z~�

ytx�{q|q~zvzx�|qlv~tnyz��{z~�ryz}~��s�xq|qr�{�p{|t�x}~nl�n�xq|qr��

qyq|oz}t}~qxt��kv�z�~lv��nt{lpvt�xzr�~��xl~t�x�}�q��~z�n�xl~qxl~t�y��

xzpqw��~|qml�nnq}~t�n�p{zn�pyq�zmxqrqyy��yl�|qlv~tny��{z~�ry�}~��n�swl�

ylnly~lrqyy���_w�p�slsyl�t~t���z�|��qyy��{z�}txq~|�nlyy��|qrtx��

{z~|qm���sm�w��qyy��|qlv~tnyz��{z~�ryz}~��O_X��l��q�m�pq�zpyz�l}yz�}��

{|znzpr�nl~t}��vzx{qy}l�����|qlv~tnyz��{z~�ryz}~��{z�{�p{|t�x}~n��

]|z�q�qv~tny�}~��ntvz|t}~lyy��O_X�qwqv~|z{��yt���}~lyznzv�pw��

z{~tx�sl����|qrtx��qwqv~|z}{zrtnlyy��xzryl�s|zmt~t�nt}yznvt��

{|zlylw�s�nln�t�ply��~lmw���	��pq�{|qp}~lnwqy��|qs�w�~l~t��z~|txly��pw��

pt}v|q~yzoz�xzxqy~���l}��yl�zpyzx���s�qwqv~|zpyt��slnzp�n��P�~lmw����	��i

-�vzq�����y~�yq}txq~|���}~|�x�n��
1 -�v�~�s}�n��x�r�nqv~z|lxt�}~|�x����yl�

{|�ot�n�}t}~qx��{|�xz��{z}w�pznyz}~��

l̀mwt�����	.
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{qs�w�~l~t�z{~tx�sl���

]l|lxq~|�|qrtx� Rz�z{~tx�sl��� ]�}w��z{~tx�sl���

I2��N

�i

tg
1

78,2

37,6

0,5

18,5

9,9

0,09

kv�ntpyz��s�~lmw����	��sl�pz{zxzoz��O_X���z�x�}~�~�}��n�}�qx��

qwqv~|z{��yt���}~lyznzv��mqs�pzpl~vznt��vl{�~lw�yt��nvwlpqy��xzryl�

q�qv~tnyz�}txq~|�nl~t�|qrtx�~l�vzx{qy}�nl~t�|qlv~tny��{z~�ry�}~��yl�

qwqv~|zpyzx��slnzp��

Xzy~|zw�y��slnplyy��pw��}lxz{�poz~znvt

	��Rlu~q�{q|qw�v�nsl�xz{znG�slyt��slpl����z�}w�p�nt|���nl~t�{|t�

�{|lnw�yy��|qlv~tnyz��{z~�ry�}~��


��Ul{|z{zy�u~q��v�ntsyl�t~t�z{~txlw�ytu�nqv~z|��{|lnw�yy��|qlv�

~tnyz��{z~�ry�}~���slpznzw�y���t�ntxzot�qyq|oz}t}~qxt��zpz����}{z�

rtnlyy���kvzoz�sx�}~��xzr�~��m�~t��y���zmxqrqyy��{|t��{|lnw�yy��|qlv�

~tnyz��{z~�ry�}~��

���\mo|�y~�u~q�xzrwtn��v|t~q|����{|lnw�yy��|qlv~tnyz��{z�

~�ry�}~���nt�zp��t��s�}��l}yt��pt|qv~tnyt��ntxzo�

���{zs|zm�~��xq~zptv��pw��zm�t}wqyy��qvzyzx��yz��q�qv~tnyz}~��

}t}~qxt��{|lnw�yy��|qlv~tnyz��{z~�ry�}~���kv���y�z|xl����{z~|�myz�

s�m|l~t���zm�ntvzyl~t�|zs|l��yvt�sl������xq~zptvz���kv�z|oly�s�nl~t�~l�

{|znq}~t�yqzm��py��qv}{q|txqy~lw�y��pz}w�prqyy��


��_{|zm�u~q�ylnq}~t�{|tvwlpt��vzwt�q�qv~tny�}~��ntvz|t}~lyy��

p���t��O_X�xzryl�{zw�{�t~t��kvtx��tyzx��q�xzryl�s|zmt~t�

���xlnqp�~��}nz��x�|v�nlyy���zpz��z|x�nlyy����w�znt����yv��u�xl�

~qxl~t�yt��xzpqwqu����� �-����� �~l����		 �
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v�~q|l~�|l�pz�|zsp�w���

	��Vy}~|�v�t��{z�{|zqv~t|znlyt��vzx{q}l�tt�|qlv~tnyzu�xz�yz�

}~t�n�qwqv~|t�q}vt��}q~���{|zx��wqyy���{|qp{|t�~tu��Vy}~|�v~tny�q�

�vlslyt��{z�{|zqv~t|znlyt���wqv~|z~q�yt�q}vt���}~lyznzv��Z���iyq|oz�

l~zxtspl~���	��	����


��Vy}~|�v�t��{z�vzx{qy}l�tt�|qlv~tnyzu�xz�yz}~t�n�qwqv~|t�q�

}vt��}q~���{z~|qmt~qwqu��wqv~|z�yq|ott��-�]|zx��wqyy���yq|oq~tvl��

	��%���		�

���avlslyt��{z�vzx{qy}l�tt�|qlv~tnyzu�xz�yz}~t�n�|l}{|qpqwt�

~qw�y���}q~����-�Z���iyq|ot���	����

���Xl|{zn�b�b��Xzx{qy}l�t��|qlv~tnyzu�xz�yz}~t�n�|l}{|qpqwt�

~qw�y���}q~����-�Z���iyq|ot���	��
�


��Zqw�ytvzn�x�N��{qlv~tnyl��xz�yz}~��n��wqv~|t�q}vt��}q~����-

Z���iyq|ot���	��
�

���Tqwqsvz�j�_��Xzx{qy}l�t��|qlv~tnyzu�xz�yz}~t�n�}wzry���

�wqv~|t�q}vt��}t}~qxl���-�Z���iyq|ot���	����

���Qzwznvty�]�V��iyq|oz}t}~qxl�t�{z~|qmt~qwt��wqv~|t�q}vzu��yq|�

ott��-�Z���iyq|ozl~zxtspl~��	����

���Vnlyzn�P�_���_zvzwzn�P�V��{qrtx��{z~|qmwqyt��t�vl�q}~nz��wqv�

~|z�yq|ott�}t}~qx��wqv~|z}ylmrqyt��{|zx��wqyy���{|qp{|t�~tu��-�Z���

iyq|ozl~zxtspl~��	����
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{zsp�w����UNRNeL�a]{NPvLxxk�SvSX̀ {\_]\TVPNxxkZ�

P�aZ\PNc�RSbLdV̀ a�]\̀ aTx\_̀ L�_V_̀ SZ

TVPvSxxk

��	��Ulolw�y��{zwzrqyy�

Q|l��vt�ylnly~lrqyy��qyq|oz}t}~qxt�yq|�nyzx�|y�����z|x��~�}��s�

o|l��v�n�}{zrtnl��n�qwqv~|zqyq|o����zpytxt�s��vt����{|zxt}wzn��

{�p{|t�x}~nl��Syq|oz}t}~qxl�{zntyyl�slmqs{q�t~t�{zv|t~~��o|l��vl�yl�

nly~lrqyy��}{zrtnl��n�s��n}�xl�uzoz�E{�vlxtF��]zv|t~~��yq|�nyzx�|yz}~qu�

o|l��vl�ylnly~lrqyy��{znG�slyq��s�syl�ytxt�sl~|l~lxt�yl�m�pzn��pzpl~vz�

nt��oqyq|���t��lo|qol~�n�~l�qwqv~|z}~ly��u���s�sm�w��qyy�x�nt~|l~�{lwtnl�

~l�qv}{w�l~l��uyt��sl~|l~��̀zx��{|zmwqxl�nt|�ny�nlyy��o|l��vl�ylnly~l�

rqyy��n�qvzyzx��yzx��n�pyz�qyy��slnrpt�m�pq�nlrwtnz��pw��qyq|oq~t��

yzoz�nt|zmyt�~nl��Pt|����~�����n�z}yznyzx��~lvtxt��w��lxt�

	��\mG�pylyy�x�qyq|oz}t}~qx��Uowlpr�nlyy��o|l��v�n�ylnly~lrqyy��

pz}�ol�~�}��sl�|l��yzv�|�syt���n��l}znzx��{z�}���vw�xl~���}~|�v~�|��

}{zrtnl��n��\}v�w�vt�|��qyy��{|tuxl�~�}��yl�m�w���nt}zvt��|�ny����y�r�

{|zxt}wznq�{�p{|t�x}~nz�����xzrwtn�}~��pq~lw�yz�|zsow�pl~t�yq�m�pqxz�


��\|oly�sl��uy��sl�zpt��U}�n��l}��{z�l~v��~l�slv�y�qyy��{q|q|nt�yl�

{�p{|t�x}~n���n{|znlprqyy��y��yz��sx�yt�pw��qyq|oz�xyzoz�zmwlpylyy���

�z�{|l����n�{q|q|tn�l~zx��|qrtx���nnqpqyy��|�syt��nt��pyt��py�n�pw��

zv|qxt��{�p|zsp�w�n�{�p{|t�x}~nl�

���_ty~qs�o|l��vl�ylnly~lrqyy��{�p{|t�x}~nl�s�yqzm��pytxt��l|lv�

~q|t}~tvlxt��Rz}�o~t�yqzm��pyt���l|lv~q|t}~tv�xzrwtnz�sl�|l��yzv�

sx�yt�~q�yzwzo��yzoz�|qrtx��|zmz~t�qwqv~|z{|tuxl��n��|zmz~l��s�sytrq�

yz��{z~�ry�}~���sm�w��qyy��~|tnlwz}~��~q�yzwzo��yzoz��tvw����~lvq��y�q �

~l��l}��|zmz~t�zv|qxt��qyq|oz�xyt��}{zrtnl��n��]q|qw��qy��xzrwtnz}~��n�

pq�vt��nt{lpvl��{|tnzp�~��pz�smt~v�n�yl�{�p{|t�x}~n�����}�o�mz�

�yptn�p�lw�y��pw��|�syt��nt|zmyt�~n��~zx���z�{znG�sly���s�~q�yzwzo�����

_ty~qs�nl~t�z{~txlw�ytu�o|�{zntu�o|l��v�ylnly~lrqyy��xzrwtnz�~lvzr�

sl�|l��yzv�{qnyzoz�{z|�pv��nvw��qyy��zv|qxt��qwqv~|z{|tuxl��n������

o|�{���dqu��w���yq�{znG�slytu�s�z}zmwtnz}~�xt�~q�yzwzo���nt|zmyt�~nl��
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\pty��s�{�p�zp�n�pz�nt|��qyy��slpl���n�~lv�u�{z}~lyzn���xt�|zsow�yqxz�

ytr�q�

���Ptvz|t}~lyy��{�p{|t�x}~n-|qo�w�~z|�n��P��t}wz�~lvt��nt|zm�

yt�~n�nvw��l�~�}��{q|��sl�n}q�qyq|oz�xy��~l�nt}zvzln~zxl~tsznly��

{�p{|t�x}~nl���v��xzr�~��slmqs{q�t~t�}�~~�nq�sytrqyy��{�v�n�ylnly~lrqy�

y��n�qyq|oz}t}~qx���P���zx��nt{lpv��n�|ls��ntytvyqyy��pq���t~��

{z~�ryz}~��pt}{q~�q|�qyq|oz}t}~qxt�n�pt|qv~tnyzx��{z|�pv��szmznG�s���

qyq|ozpt}{q~�q|l�{�p{|t�x}~nl�sytst~t�{z~�ry�}~��yl�{qny��nqwt�ty���

{zs{z|�prqyy��xl��m�~t�mqs�xznyz�ntvzylyq��l�xzrwtnt��nl|�ly~�n�pw��

uzoz�ntvzylyy��xzrq�m�~t�pz}t~��mlol~z��\pty��s��w���n�nt|��qyy��~lvz��

slpl����{|lnw�yy��m�pq�|zsow�y�~z�~lvzr�

xl�{|zxt}wznt��{�p{|t�x}~nl��{|loy�~��pz}�o~t�~lvzoz�o|l��vl�yl�

nly~lrqy����zm�sl�nwqyl�{z~�ry�}~��m�wl�x�y�xlw�yz���Lyzp���vzwt�xlv�

}tx�xt�ylnly~lrqy��qyq|oz}t}~qxt�~l�{�p{|t�x}~nl�sm�ol�~�}��n��l}���

mlrlyz��xq~t�xzryl�pz}�oy�~t��slmqs{q�tn�t�|�nyzx�|ytu�o|l��v�ylnly�

~lrqy��{�p{|t�x}~nl��Rw����zoz�yl}lx{q|qp�ntvz|t}~zn��~�}��

xzrwtnz}~����v��yq�{z|����~��~q�yzwzo��ytu�{|z�q}�~l�pzsnzw��~��ntvz�

yl~t�{wlyzn��slnplyy���yq�{|tnzp�~��pz�smt~v�n�yl�{�p{|t�x}~n� ��P�|ls��

{znyzoz�ntvz|t}~lyy��~lvt��xzrwtnz}~qu��{|t�yqzm��pyz}~���npl�~�}��pz�

sl}zm�n���v��{znG�sly��s�pq�vtxt�smt~vlxt��Nwq���{|t���zx��xl��x�}�q�

z{~tx�sl��uyl�slpl�l��{|lnw�yy���~zx���z�|�sytx�|zsnG�svlx�n�p{zn�pl��

|�sytu�|�nqy��smt~v�n�

Rw��{�p{|t�x}~n-|qo�w�~z|�n�zpyz�l}yz�xl�~��x�}�q�slpl���z{~t�

xlw�yzoz�}ty~qs��o|l��vl�ylnly~lrqyy��~l�syl�zprqyy��z{~txlw�yzoz�

|��qyy��pw��ntvzylyy��ntxzot�qyq|oz}t}~qxt�{z�sytrqyy��{z~�ryz}~���

d��slpl�����v�{|lntwz��nt|����~�}��yqslwqryz�zpyl�n�p��y�z��
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��
��_ty~qs�z{~txlw�yzoz�o|l��vl�ylnly~lrqy�

Q|�{zntu�o|l��v�ylnly~lrqy���z|x��~�}���w��zx�ylvwlplyy��

�yptn�p�lw�yt��o|l��v�n����p��vt��zm�xznw��~�}��~q�yzwzo��ytx�{|z�q}zx

�� ��P t p ti
i

�� ,                             (4.1)

pq�%�? �-o|�{zntu�o|l��v�ylnly~lrqyy���=i(t) -��yptn�p�lw�ytu�o|l��v�yl�

nly~lrqyy��pw��S-oz�}{zrtnl�l�

{zsow�yqxz���v�xzryl�}ty~qs�nl~t��}�z|x�nl~t �o|�{zntu�o|l��v�

%�? ��yq�n{wtnl��t�yl���p�o|l��v�n��yptn�p�lw�yt���~zm~z�yq�sx�y���t�

~q�yzwzo��yzoz�{|z�q}��

P�~q|x�yl��~qz|���uxzn�|yz}~��o|l��vt�ylnly~lrqyy����nt{lpvzntxt�

{|z�q}lxt��a�ntxz�nt{lpvzn��{|z�q}t�%�? �~l�=i�? ��v�{z}w�pznyz}~��nt{lp�

vznt��nqwt�ty�%�~l�=i��Rw��slpl�����z�|zsow�pl�~�}���ntsyl�txz�~lv��{l|l�

xq~|t�|zs{zp�w��slsyl�qyt��nqwt�ty���v�}q|qpy�����syl�qyy���xl~qxl~t�y��

}{zp�nlyy��?�% �~l�?�=i  �~l�v�w�v�}y���l|lv~q|t}~tvt����|zsvtplyz}~��
n�pyz}yz�}q|qpy�z��nqwt�tyt��pt}{q|}�����% �~l���=i)).

Zl~qxl~t�yq�}{zp�nlyy��pw��nt{lpvznz��nqwt�tyt�=i�ntsyl�l�~�}���v

� �
M p

p

ni

i j
j

n

( ) � �
�

1 ,                           (4.3)

pq�n -�slolw�yl�v�w�v�}~��}{z}~q|qrqy��nqwt�tyt�=i. 

Zl~qxl~t�yq�}{zp�nlyy��pw��nqwt�tyt�%�xzryl�nt|lst~t��q|qs�

xl~qxl~t�y��}{zp�nlyy�����}vwlpznt��

� �M P M p i
i

( ) ��                             (4.5)

xq|�nyzx�|y�}~��o|l��vl�ylnly~lrqyy��{|tuy�~z�z��y�nl~t�

vzq�����y~zx��z|xt�o|l��vl��lwq��q�zpytx��s�{zvlsytv�n�uzoz�yq|�n�

yzx�|yz}~��xzrq�m�~t�pt}{q|}����Zl��t�yqzm��pytu�}~l~t}~t�ytu�xl�

~q|�lw��pt}{q|}���{l|lxq~|l�=i�xzryl�|zs|l��nl~t�~lvtx��tyzx�

� �
� � � �
 �

D p

p M p

ni

i j i
j

n

�


�
�

2

1  .                     ( 4 .6 )
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P{wty�~t�yl�syl�qyy��pt}{q|}�����=i �xzrwtnz��~�w�vt�sx�ytn�t�

~q�yzwzo��ytu�{|z�q}��̀zx��so�pyz�s��xznz��slpl�����=i �m�pqxz�nnlrl~t�

}~lwz��nqwt�tyz���Uyl�qyy��pt}{q|}���nqwt�tyt�%��q|qs�n�p{zn�py��{l|l�

xq~|t�}t}~qxt�nt{lpvznt��nqwt�ty�=i�sl{t�q~�}��~lv�

�� � �D P D p ki is
i si

� �
�
�� 2 ,                        (4.7)

pq�8is -�vz|qw���uytu�xzxqy~�nt{lpvznt��nqwt�ty�=i�~l�=s.

U�{|t�ty��slsyl�qyt��nt�q��{q|�l�}vwlpznl�nt|ls������ �yqsx�yyl��

Rw��~zoz���zm�s|zmt~t�nt}yznvt�n�pyz}yz�p|�oz��}vwlpznz��|zsow�yqxz�

{|tvwlp�

]{VXvNR���	��Q|�{zntu�o|l��v�ylnly~lrqyy���z|x��~�}��s�pnz���ypt�
n�p�lw�yt��=1(t), p2�? ���v��xl�~��|�sytu�n�pyz}ytu�s}�n�n��l}���Uyl�qyy��=1�? �~l�=2�? �pw��
|�p��{q|q~ty�n��l}��?i�{|tnqpqy��n�~lmw����	�pw��pnz��nl|�ly~�n�

l̀mwt�����	�
���������������Lyptn�p�lw�y��o|l��vt�ylnly~lrqyy�

]q|q~tyt��l}� Pl|�ly~�	 Pl|�ly~�


p1�? ��vP~ p2�? ��vP~ p1�? ��vP~ p2�? ��vP~

t1

t2

t3

10

20

30

0

20

30

10

20

30

20

30

0
U|zmt~t�zm�t}wqyy����% �pw��o|�{znt��o|l��v�n�ylnly~lrqyy����v���z|x��~�}��n�

nt{lpv��nl|�ly~�n�	�~l�
�
{\UPGkUaPNxxk��	��Rt}{q|}���nt{lpvznt��nqwt�ty�=1�~l�=2 -
              D(p1 ��������vP~

2;          D(p2 ���	

�

�vP~
2.


��Xz|qw���uy��xzxqy~t�n�p{zn�pyz�pw��nl|�ly~�n�	�~l�
�-
               k12 = -		�%��vP~2;            k12 = -������vP~2.
���Rt}{q|}���o|�{znt��o|l��v�n�ylnly~lrqyy����z�z~|tx��~�}��n�	�~l�
�nl|�ly~l��

-
               D(P) =66,6 + 155,55 - 2*		�%����
%%�vP~

2;
               D(P) =66,6 + 155,55 - 2*��������������vP~

2.

U�zpq|rlyt��|qs�w�~l~�n�ntpyz���z�z~|txly��syl�qyy��pt}{q|}����l�

z~rq���yq|�nyzx�|y�}~��z~|txlyt��o|�{znt��o|l��v�n�sl�nl|�ly~lxt�	�~l�
�-

|�sy���P�px�yy�}~��|qs�w�~l~�n�{z�}y��~�}��|�sytxt�syl�qyy�xt�

vz|qw���uyt��xzxqy~�n�nt{lpvznt��nqwt�ty�{z~�ryz}~qu�=1�~l�=2���v��sl�

wqrl~��n�p�n�pyz}yzoz�s}�n��n��l}��x�r��yptn�p�lw�ytxt�o|l��vlxt�ylnly�
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~lrqyy��� l̀vtu�nt}yznzv�xzryl�{z�t|t~t�yl�m�p�-�v��v�w�v�}~��

�yptn�p�lw�yt��o|l��v�n��̀lvtx��tyzx��sx�y���t�n�pyz}ytu�s}�n�n��l}��

x�r��yptn�p�lw�ytxt�o|l��vlxt��xzryl�nl|��nl~t�yq|�nyzx�|y�}~��o|�{z�

nzoz��X|t~q|��x�pw��{z��v��z{~txlw�yzoz�s}�n��x�r�o|l��vlxt���
x�y�xlw�yq�syl�qyy��pw��}�xt� k is

i s�
� .

{zsnG�s�nlyy��slpl���z{~txlw�yzoz�}ty~qs��o|�{znzoz�o|l��vl�yl�

nly~lrqyy��m�pqxz�ntvzy�nl~t�sl�}�qxz��xq~zp��ptylx��yzoz�{|zo|lx��

nlyy����vtu�{|tsyl�qytu�pw��|zsnG�s�nlyy��mlol~zq~l{yt��z{~tx�sl��uyt��

slpl���_�~��xq~zp��{zw�ol��n�|zsmtnlyy��}vwlpyz��slpl���yl�{z}w�pzny�}~��

q~l{�n��pw��vzryzoz�s��vt��nt|����~�}��slpl�l�xqy�z��ntx�|yz}~���P�plyz�

x��nt{lpv��{�p�q~l{zx��xzntxz}��|zs�x�~t�nvw��qyy��n�|zmz~���q|oznzoz�

}{zrtnl�l�~lv���z�yl�{q|�zx��q~l{��ntsyl�l�~�}����l}�s}�n��n�|zmz~��x�r�

{q|�tx�~l�p|�otx�ylnly~lrqyy�x���vtu�slmqs{q�t~��yluxqy���

yq|�nyzx�|y�}~��o|�{znzoz�o|l��vl���z��z|x��~�}���txt�pnzxl�}{zrtnl�

�lxt��xl�p|�ozx��q~l{��ntsyl�l�~�}���l}�s}�n��n�|zmz~��pw��~|q~�zoz�yl�

nly~lrqyy����~lv�plw��

P�z}yzn��xq~zp��ptylx��yzoz�{|zo|lx�nlyy��{zvwlpqytu�{|ty�t{�

z{~txlw�yz}~��Oqwwxlyl���vtu�xzryl�}�z|x�w�nl~t�~lvtx��tyzx��:(,!,���

/0�+1�/&/0#*&�+#��1),���",/:!+10,� �.#%1)80�0<�:(,!,/8�5&/)��#0�-< ��

+#,�3<"+,� &�.�0&�4<)#/-.:*, �+#�.<6#++:�0�(��7,�� ,+,�� �/1(1-+,/0<�%�

,-0&*�)8+&*&�.<6#++:*&�+�� /<3�+�/01-+&3�#0�-�3��-.& ,"&),�",�*�(/&�

*�)8+,!,� &!.�61�+�� /<3�#0�-�3��7,�%�)&6&)&/:�� .�3, 195&�"�+&' 

{zsow�yqxz�|zsnG�s�nlyy��slpl���{|t�yl�nyz}~��~lvt��pz{��qy��

	��Q|�{zntu�o|l��v�ylnly~lrqy���z|x��~�}��o|�{z��zpylvznt��

�yptn�p�lw�yt��


��O�p�-�v��~q�yzwzo��y��zmxqrqyy���zpz�n�pyz}yt��s}�n�n��ypt�

n�p�lw�yt��o|l��v�n�n�p}�~y��

���Ux�yl�{z~�ryz}~��}{zrtnl�l�n�pm�nl�~�}��n�p{zn�pyz�pz�~q�yzwzo���

sl�slsplwqo�p���n�pzxtx�o|l��vzx���z�{zpl�~�}��}~�{�y�l~z����o�|z��

���Pvw��qyy��n�|zmz~��ylnly~lrqyy��xzrq�n�pm�nl~t}��wt�q�n�

pt}v|q~y��xzxqy~t��l}���flo�pt}v|q~tsl����ntsyl�l�~�}��~|tnlw�}~��}~��
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{qy��o|l��vl�ylnly~lrqyy���̀|tnlw�}~��}~�{qy��{zsyl�l�~�}��yl�v�y�qnzx��

|qs�w�~l~���lwq�uzoz�zmo|�y~�nlyy����zv|qxz��slpl�q��

gzm�}vz|t}~l~t}��xq~zpzx�ptylx��yzoz�{|zo|lx�nlyy��pw��

|zsnG�sv��slpl���{z~|�myz�|zs|l��nl~t�xl~|t���nsl�xzvz|qw���uyt��

xzxqy~�n�- K��n��v�u�v�w�v�}~���|�pv�n���}~zn{��n�pz|�ny���v�w�vz}~��

}~�{qy�n��yptn�p�lw�yzoz�o|l��vl�ylnly~lrqyy��-�9��Xzx{zyqy~t�xl~|t����

K -��q�nsl�xzvz|qw���uy��xzxqy~t���z�n�p{zn�pl�~��n}�x�xzrwtntx�s}��

nlx�n��l}��x�r�pnzxl�o|l��vlxt�ylnly~lrqyy��}{zrtnl��n��xl{|tvwlp��834 -

�q�nsl�xzvz|qw���uytu�xzxqy~�pnz��o|l��v�n�ylnly~lrqyy����v�z�}~�{�y��

��zpyzoz�}�x��l�~�}���s�}~�{qyqx�����y�zoz�

Rw��}ty~qs��z{~txlw�yzoz�o|�{znzoz�o|l��vl�ylnly~lrqy��{z~|�myl�

~lvl�szny��y���y�z|xl����

-�v�w�v�}~��qwqv~|z}{zrtnl��n���z��z|x��~��o|�{zntu�o|l��v��:�

-��yptn�p�lw�ytu�o|l��v�ylnly~lrqyy��}{zrtnl�l��=i(t).

xl�{q|�zx��q~l{��ntsyl�l�~�}��z{~txlw�ytu��l}�s}�n��n�~q�yz�

wzo��yt���tvwl��x�r�{q|�tx�~l�p|�otx�}{zrtnl�qx��s�}{�nn�pyz�qyy��
f1  =  

WVKX]k r

K
ù

min
1

12  =  min ( k , k ,... , k )  =   k11 12 1l 1v1
,         (4.8)

pq�=12 -�nsl�xzvz|qw���uytu�xzxqy~�x�r�o|l��vlxt�{q|�zoz�~l�������������p|��

ozoz� }{zrtnl�l� �� xzrq� ylm�nl~t� m�p�-�vq� syl�qyy�� �s����������������������������������������

xyzrtyt��C811,k12,...,k1r,..., k1l};  r  =  1,2,...,l.

\~|txlytu�|zsnG�szv��y~q|{|q~��~�}��~lvtx��tyzx��o|�{zntu�o|l��v�

p1(t) + p2�? �m�pq��l|lv~q|ts�nl~t}��x�y�xlw�ytx�=12���v�z�}~�{�y��]1

o|l��vl�=2�? �}�x�}~t~t�s��}~�{qyqx�	�o|l��vl�=1(t), 1�v1�l.

Nylwzo��yz�yl�p|�ozx��q~l{��ntsyl�l�~�}��z{~txlw�ytu��l}zntu�

s}�n�pw��~|q~�zoz�}{zrtnl�l������


 �

f K K f
WVKX]
k ZJkr v r

2 13 23 1

1 1

� � � �
ù

min ( )

=  min (k +  k ),(k +  k ),...,(k +  k ) +  f =

=  k +  k +  f ,

11 v 1 12 v 2 1l v l 1

1v v v 1

1 1 1

2 1 2

         (4.9)
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pq�813, k23 -�nsl�xzvz|qw���uy��xzxqy~t�n�p{zn�pyz�x�r�=1(t);                                                                                   

p2�? �~l�=2(t); p3(t).                      

{qs�w�~l~���z�z~|txlytu��|qlw�s��~�}���w��zx�}�x��qyy��}~�{qy��]2

o|l��vl�p3�? �s��}~�{qyqx�	�o|l��vl�=1(t).

Rw��z}~lyy�zoz��:-	 �q~l{��




f K K K f

k k k k k k k k

k k k k

m
WVKX]
k k k k

m m m m m

v v v v v v

l v l v l v

r v r v r v m r

m m

m

( )
ù

, ,

( ) ( )min ( ... )

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

... ,( ...

,..., ( )

( ) ( )

(

  � � � � � �

� � � � � � � � �

� � � �



 

1 1 2 1 2

11 1 1 1 12 2 2 2

1

1 1 2 2

1 2 2 1 2 2

1 2 �  

 

� � � �

� �





2 1 2 1

2 1

2 1

2

) ( ) ( )

( ) ( )

) ...

...

( )

( )

l m v v v

v v m

f k k

k f

m m

m m

(4.10)

_~�{�y��](m-2)�o|l��vl�=m�? �{z~|�myz�}�x�}~t~t�s��}~�{qyqx�	�o|l��vl�

p1(t).

U|zmtn�t��slolw�yqyy���xzryl�sl{t}l~t�|qv�|qy~y��n�pyz�qyy��

xq~zp��ptylx��yzoz�{|zo|lx�nlyy��pw��slpl��|qo�w�nlyy��o|�{znzoz��
o|l��vl�ylnly~lrqy��

f K

f K K K f n m

WVKX]
k

n
WVKX]

k k k k

n n n n n

r

r v r v r v n r

1 12

1 1 2 1 1 1

1

1 1 2 1

23 1

�


� � �� � � 



!

#
##

"

#
#
# 

� �  

ù

ù
( ) ( ) ( ) ( )

min

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

, , ,..., ( )

,   (4.11)

�v���pzsnzw��~��sylu~t�z{~txlw�y���l}zn��s}�nt�n�|zmz~��n}���}{zrtnl��n��
�z�slmqs{q���~��x�y�xlw�yq�syl�qyy�� k is

i s�
� .

]{VXvNR���
��Rw��o|�{t�qwqv~|t�yt��ylnly~lrqy��s�zpylvzntxt�o|l��vlxt�
}ty~qs�nl~t�z{~txlw�ytu�o|�{zntu��X�w�v�}~��qwqv~|z{|tuxl��n���o|�{��-����o|l��v�yl�
nly~lrqyy��vzryzoz�szm|lrqytu�yl�|t}����	��l�

{\UPGkUaPNxxk��	��]zsyl�txz�xzrwtn��n�pyz}y��s}�nt�n��l}��pw��pnz��
o|l��v�n�yl��y~q|nlw��~|tnlwz}~��~q�yzwzo��yzoz��tvw��-

P�pyz}yq�{zwzrqyy��o|l��vl�=2(t) ]z~�ryz}~��ylnly~lrqy��=2�? ��vP~
Q|l��vt�=1�? �~l�=2�? �}�x��qy� 40 20 20 0 30 0
U}�n�o|l��vl�=2�? �yl�~|tnlw�}~�

{q|�z��}~�{qy�
0 40 20 20 0 30
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q̀�r��yl�~|tnlw�}~��
-��}~�{qy�n 30 0 40 20 20 0
q̀�r��yl�~|tnlw�}~���-��}~�{qy�n 0 30 0 40 20 20
q̀�r��yl�~|tnlw�}~���-��}~�{qy�n 20 0 30 0 40 20
q̀�r��yl�~|tnlw�}~��
-t�}~�{qy�n 20 20 0 30 0 40


��{zs|l���xz�vzx{zyqy~t�xl~|t���vz|qw���uyt��xzxqy~�n

         K = 

213 88 136 1 97 21 136 1 97 21 136 1

136 1 213 88 136 1 97 21 136 1 97 21

97 21 136 1 213 88 136 1 97 21 136 1

136 1 97 21 136 1 213 88 136 1 97 21

97 21 136 1 97 21 136 1 213 88 136 1

136 1 97 21 136 1 97 21 136 1 213 88

, , , , , ,

, , , , , ,

, , , , , ,

, , , , , ,

, , , , , ,

, , , , , ,

  

  

  

  

  

  

�

�

�
�
�
�
�
�
�

%



&
&
&
&
&
&
&

.

���Ptvzyl�xz�|zs|l��yzv�nqv~z|l��{|lnw�yy��	�q~l{��

f1 = min(213,88,  -136,1,  97,21,  -136,1,  97,21  -136,1) = -	���	�vP~2.

\~|txlyz�|�p�|�nyz��yyt��|zsnG�sv�n��xzryl�ntvzyl~t�s}�n�o|l��vl�=2�? �yl�

~|tnlw�}~��	����lmz�
�}~�{qy�n��]|tuxl�xz�|��qyy��{|z�}�x��qyy��	-z��}~�{qy��o|l��vl�

p2�? �s��}~�{qyqx�
�o|l��vl�=1�? ��Q|�{zntu�o|l��v��z~|txlytu�sl�|qs�w�~l~lxt�	-oz�q~l{��

nt|��qyy��slpl����szm|lrqytu�yl�|t}����	�m�

���R|�otu�q~l{�|zsnG�s�nlyy��slpl���-�ntsyl�qyy��n�pyz}yzoz�s}�n��pw��o|l��vl�

ylnly~lrqyy��~|q~�zoz�{|tuxl�l�

f2 = min[(213,66 - 136,1), (-136,1 + 213,66), (97,21 - 136,1), (-136,1 + 97,21), (97,21 

- 136,1), (-136,1 + 97,21)] - 136,1 = -�	������vP~2��dq�pzsnzw���}�x�}~t~t�	�}~�{�y��

o|l��vl�=3�? �s�������
�lmz���}~�{qyqx�o|l��vl�=1�? ��]|tu-�xl�xz�z}~l~z�yq�|��qyy��

}�x�}~t~t�	�}~�{�y��o|l��vl�=3�? �s���}~�{qyqx�=1�? ��Q|�{zntu�o|l��v���vtu��z|x��~�}��

{|t���zx��ylnly~lrqyy�xt�	��
�~l����szm|lrqytu�yl�|t}���	�n�
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     1     2       3      4      5      t

HZYWùT_
 1

2     3

 4  6

 5

$�RkZ

40
20

�J�

     1     2       3      4      5      t

MzYWVKQP��<1( t )  +  p2( t )60
40
20

p2( t )

�I�

$�RkZ

�K�

MzYWVKQP��<1( t )  +  p2( t )  +  p 3( t )

     1     2       3      4      5      t

p3( t )

$�RkZ

80
60

40
20

MzYWVKQP��<1( t )  +  p2( t )  +  p3( t )  +  p4( t )

�M�

     1     2       3      4      5      t

$�RkZ

80
60

40
20

p 4( t )

{t}����	��{qs�w�~l~t�{zq~l{yzoz��z|x�nlyy��o|l��vl�ylnly~lrqyy��
l�-��yptn�p�lw�y��o|l��vt�ylnly~lrqy��}{zrtnl��n���z��z|x��~��o|�{zntu�

o|l��v
m�-�o|�{zntu�o|l��v�sl�|qs�w�~l~lxt�	-oz�q~l{���
n�-�~q�r��
-oz�q~l{��
o�-�~q�r���-oz�q~l{�
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��̀|q~�u�q~l{�-�ntsyl�qyy��n�pyz}yzoz�s}�n��pw����ylnly~lrqyy��
f3 = min[(213,88 - 136,1 + 97,21), (-136,1 + 231,88 - 136,1), (97,21 - 136,1 + 213,88), 

(-136,1 + 97,21 - 136 1), (97,21 - 136,1 + 97,21), (-136,1 + 97,21 - 136,1)] - 174,99 = -
�������vP~2.
xl�plyzx��q~l{��~lvzr�xl�xz�pqv�w�vl�z{~txlw�yt��|zsnG�sv�n��lwq�z}~l~z�yz�
{|tuxl�xz�~lvtu��}�x��l�xz�	�}~�{�y��o|l��vl�=4�? �s���}~�{qyqx�=1�? ��P�|qs�w�~l~��
z~|txl�xz�o|l��v�ylnly~lrqyy���szm|lrqytu�yl�|t}���	��o���vtu�n�p{zn�pl��{|tuy�~tx�
|��qyy�x�

Zq~zpzx�xzryl�}vz|t}~l~t}��vzwt�nt|����~�}��slpl�l�ntsyl�qyy��

z{~txlw�yzoz�xzxqy~���l}��pw��{�pvw��qyy��pz�o|�{t�{|l����t���q�zp�

yzoz�ylnly~lrqyy���]|t���zx��zpyzntx�|yl�xl~|t������nw���}zmz��

nsl�xzvz|qw���uy��xzxqy~t�x�r�o|�{zntx�o|l��vzx�s��:-	 �}{zrtnl��n�~l�

m-x���z�{�pvw��l�~�}���l����|zsnG�szv�z~|tx��~�}��sl�zpty�q~l{�

�����\mxqrqyy��ylnly~lrqy��yq}txq~|t�yt��}{zrtnl��n�

�{|t�pq���t~��{z~�ryz}~��n�qyq|oz}t}~qx�

Ulpl�l�zmxqrqyy��{z~�ryz}~��{|zxt}wznzoz�{�p{|t�x}~nl���ml�

ol~zv|t~q|�lw�yz���R�u}yz��{|tuxl��t�|��qyy���qyq|ozpt}{q~�q|��pznz�

pt~�}��plnl~t�uzx��z��yv��so�pyz�s���wtx�|�pzx�{zvlsytv�n�]zsyl�txz�

~lv����z�ylum�w����l}~z�s�}~|��l�~�}��

-�nqwt�tyl�~q�yzwzo��yt��smt~v�n��{zo�|�qyy���vz}~���m|lv �

-�yqpzn�p{�}v�{|zp�v����sl�zmG�xzx�

-�yqpzn�p{�}v�{|zp�v����sl����ntplxt��vzwt�nt{�}vl�~�}��{|zp�v����

|�syz��yzxqyvwl~�|t �

-�{l|lxq~|t�|qrtx��n�qwqv~|t�y�u�xq|qr��{�}w��ntvzylyzoz�

n�pvw��qyy��

Uylu~t�z{~txlw�ytu�|zsnG�szv�~lvz��mlol~zv|t~q|�lw�yz��slpl���

xzrwtnz��ntvzyln�t�}z|~�nlyy��v|t~q|��n�sl����nlrwtn�}~���U|zmt~t�~lvq�

}z|~�nlyy��yln�~��pw��{q|qw��qyt��v|t~q|��n�xzrwtnz�~�w�vt�pw���vzyv|q~�

yzoz�nt|zmyt�~nl��Rlw��xzryl�sl{|z{zy�nl~t�~lv��{z}w�pzny�}~��

|zsnG�s�nlyy��

-�ntsyl�l�~�}��xyzrtyl�}{zrtnl��n��n�pvw��qyy���vt��yqpz{�}~txq�

s�x�|v�nly��ylum�w���nlrwtnzoz�v|t~q|���
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-�s�{�pxyzrtyt���z�slwt�twl}���syl�zp�~�}��}{zrtnl�����v��yqmlrl�

yz�n�pvw��l~t�s�x�|v�nly��yl}~�{yzoz�sl�nlrwtn�}~��v|t~q|�����~�p��

-�yl�z}~lyy�zx��q~l{��|zsnG�s�nlyy��slpl���s�{�pxyzrtyt�qwqv~|t��

yt��ylnly~lrqy����z�slwt�twl}���}�xl|yl�{z~�ry�}~���vt��{q|qm�w�����

{z~�ry�}~��n�pvw��qyy���yqzm��pyz�ntsyl�t~t�}{zrtnl��n���z�xl�~��m�~t�

n�pvw��qy��n�p�xq|qr��

{zsow�yqxz�xzpqw����z�{|tsyl�qyl�pw��z}~lyy�zoz�q~l{��ntsyl�qyy��

z{~txlw�yzoz�|zsnG�sv���Zzpqw��xzryl�ntvz|t}~l~t��vzwt�v|t~q|��x�

ylum�w���yts�vzoz�|lyo�����l|lv~q|t}~tvt�{l|lxq~|�n�qwqv~|t�yzoz�|q�

rtx��n�xq|qr���~l��v�z�zmxqrqyy��{z~�ryz}~��{�pw�ol��n�szw�ylnly~l�

rqyy��yq}txq~|t�yt��qwqv~|z{|tuxl��n��

Uxqy�t~t�{z~�ry�}~����n�sw��ylnly~lrqyy��yq}txq~|t�yt��}{z�

rtnl��n��w��zx�n�pvw��qyy��pq�vt��s�yt���slmqs{q�tn�t�{|t���zx��ylu�

xqy�tu�|�nqy��yq}txq~|���n�xq|qr���pzsnzw���~lvl�xl~qxl~t�yl�xzpqw��

a x j b x

P x P P

P x P P P

x x n m

x x

n n n n
n

m

n

m

n n n
n

m

n

m

n n n n
n

m

n

m

n n

n n

� �

� 

�  

� � �
� �



!

#
#
##

"

#
#
#
#

��

��

��

��

��

��

11

11

11
2

1 1 2

1 0

min

��� , , , . . . ,

;��� ,

max

�

�
           (4.12)

pq�0n; bn -�p�u}yl�~l���nyl��l}~tyt�nqv~z|l�}~|�x��snz|z~yz��{z}w�pznyz}~���

�z��~nz|��~�}��{|t�nvw��qyy��X-oz�}{zrtnl�l��x xn n, ��� -�sx�yy���v��

n�p{zn�pl�~��nvw��qyy��X-oz�ylnly~lrqyy����v�z�An = 1, ���x n �%��lmz�uz�
oz�n�pvw��qyy����v�z�An = 0, ���x n � 1; Pn -�lv~tnyl�{z~�ry�}~��X-oz�ylnly�

~lrqyy����P -�nqwt�tyl�lv~tnyz��{z~�ryz}~���yl��v��xl��m�~t�sxqy�qyz�

ylnly~lrqyy�� o|�{t� yq}txq~|t�yt�� }{zrtnl��n��

 �P P P Pn mmax
max , , . . . ,� 1 2 .
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Zl~qxl~t�yl�xzpqw�����	
 �{z~|qm���slmqs{q�qyy��x�y�x�x��}~|�x��

snz|z~yz��{z}w�pznyz}~��n�n�sw��ylnly~lrqyy���axznl�ntvzylyy��ntxzot�

qyq|oz}t}~qxt�n�pzm|lrqyl�n�{q|�zx��zmxqrqyy���R|�oq�zmxqrqyy��

ntsyl�l��ytry��pz{�}~tx��nqwt�ty��pw��sxqy�qyy��ylnly~lrqyy����

{z~|�myz��s�zpy����}~z|zyt���zm�ntvw��t~t�~q�y��yz�yqpz{�}~txtu�

|zsnG�szv�-�n�pvw��qyy��n}���}{zrtnl��n��l�s��y�z��-�slmqs{q�t~t�zmwl}~��

pw����wq}{|�xznlyzoz�{z��v��z{~txlw�yzoz�|zsnG�sv���Zl~qxl~t�yl�xz�

pqw�����	
 �n�pyz}t~�}��pz�yq}vlw�|yt���Rw�����lylw�s��}w�p�}vz|t}~l~t}��

zpytx�s�lwoz|t~x�n�yq}vlw�|yz��z{~tx�sl����

]|lv~t�yq�syl�qyy��xl~qxl~t�yl�xzpqw�����	
 �xl��n�vzx{wqv}��xz�

pqwqu�pw���y�t��|�ny�n�{|tuy�~~��|��qyy��

Xzy~|zw�y��slnplyy��pw��}lxz{�poz~znvt

	��Ul{|z{zy�u~q�v|t~q|���pw���{|lnw�yy��o|l��vzx�qwqv~|z}{zrt�

nlyy��yl�{|zxt}wznzx��{�p{|t�x}~n���avlr�~��n��vt��}t~�l�����xzryl�nt�

vz|t}~zn�nl~t�~zu�lmz��y�tu�v|t~q|�u�


��kvtx��tyzx�}w�p�p��~t���v�z�{�p{|t�x}~nz�zmxqr��~�}��{z�

{z~�ryz}~���kv��p���{|t���zx��xzrwtn��nslolw��~l��v�p��~t�yluv|l�tx��t�

yzx�

���_�z|x�w�u~q�xzrwtn��{�p�zpt�pz��{|lnw�yy��o|l��vzx�qwqv~|z}�

{zrtnlyy��yl�{|zxt}wznzx��{�p{|t�x}~n��

���kvtu�sx�}~�xzr�~��xl~t�vzx{zyqy~t�nqv~z|l��{|lnw�yy��{|t�

|qo�w�nlyy��o|l��vl�qwqv~|z}{zrtnlyy��{�p{|t�x}~nl�
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v�~q|l~�|l�pz�|zsp�w���

	��Qz|pqqn�P�V��{qo�wt|znlytq�xlv}tx�xl�ylo|�svt�{|zx��wqyy���

�wqv~|t�q}vt��}q~qu��-Z���iyq|ozl~zxtspl~��	����


��]|l�znytv�N�P���{zsqy�P�]���Rq�~�|qn�P�P��iyq|oz}mq|qol��tq�

|qrtx��oz|yzpzm�nl��t��{|qp{|t�~tu��-�Z���xqp|l��	��
�

���c|zy�}zn�Q�_��Xzx{wqv}��{z~|qmt~qwqu-|qo�w�~z|zn�oz|yzpzm��

nl��t��{|qp{|t�~tu��-�Z���iyq|ozl~zxtspl~��	����

���Zt�luwzn�V�V��̀l|t���t�|qrtx���wqv~|z{z~|qmwqyt���-�Z���

iyq|ozl~zxtspl~��	���.
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Rzpl~zv�R��	

_̀ V_vVW�_v\PxVX�̀S{ZLxLP��g\�eN_̀ \�PTVPNj h̀_k�

]{V�{\U{\OdL�̀N�SX_]vaǸ NdLM�N_a�_V_̀ SZ�SvSX̀ {\]\_̀ N�

eNxxk




"=MIG;MCBI=;H;�LCLM@G;-�}t}~qxl���z�}vwlpl�~�}��s�{q|}zylw��~l�

vzx{wqv}��sl}zm�n�ln~zxl~tsl����uzoz�p��w�yz}~����z�|qlw�s���

�y�z|xl��uy��~q�yzwzo���ntvzylyy��n}~lyznwqyt����yv��u�.	/*.

"=MIG;MCBI=;H@�KI<IR@�GYLQ@��"2.�-�{|zo|lxyz-~q�y��ytu�vzx�

{wqv}�ln~zxl~tsznlyz��}t}~qxt���z�{|tsyl�qytu�pw��ln~zxl~tsl����

p��w�yz}~��{qnyzoz�ntp��.	/�

"?GYHYLMK;MIK�<;BC�?;HCP�-�qv}{q|~���z�slmqs{q����}~nz|qyy��~l�

|zsnt~zv�}�qxt�plyt���{�p~|txlyy��}qv|q~yz}~�����w�}yz}~��~l�{|�z|t~q~�

yz}~��plyt��.	�/�

"F>IKCMG�-�v�y�qntu�ylm�|�{|t{t}�n���z�ntsyl�l�~��|zsnG�s�nlyy��

slpl���sl�pz{zxzoz��v�y�qnz��v�w�vz}~��z{q|l��u�.�/�

"F>IKCMGYRH;�GI=;�-��~��yl�xznl���z�{|tsyl�qyl�pw��nt|ls��lw�

oz|t~x�n�.�/�

"F>IKCMG�NJK;=FYHHW-�lwoz|t~x���z�ntsyl�l���{|lnw�yy��n�|qlw��

yzx���l}��.		/�

"FO;=YMHI-QCOKI=CD�?KNENVRCD�JKCLMKYD�-�{|t}~|�u���z�sl�

mqs{q����ntnqpqyy��s�S\Z�lw�ln�~yz-�t�|znt��plyt��.
/�

"H;FI>I-QCOKI=CD�J@K@M=IKV=;R-�qwqxqy~�lmz���yv��zylw�ytu�

n�szw���z�ntvzy���{q|q~nz|qyy��lylwzoznz���y�z|xl����n�vzp�.�/�

�

#;>;MIEKCM@KY;FUHY�B;?;RY�-�slpl�����v��{zw�ol�~��n�{z��vl��yluv�

|l�zoz�|zsnG�sv����vtu�slpznzw�y���pqv�w�vl�v|t~q|��n���z��yq�snzp�~�}��

zpty�pz�zpyzoz�.	
/�

____________________
* �̀~�~l�plw��pl�~�}��{z}twlyy��yl�}{t}zv�w�~q|l~�|t�pz�pzpl~v��R��	�
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#;B;�?;HCP�-�}�v�{y�}~��plyt����z�z|oly�sznly��sl�{qnytxt�{|lnt�

wlxt���v��{q|qpml�l�~��slolw�y��{|ty�t{t�z{t}���smq|�olyy��~l�

xly�{�w�nlyy��plytxt���z�yqslwqryl�n�p�{|tvwlpyt��slpl��.�/�

#FIE-LP@G;�-�o|l���yq�{zplyy��slpl���pw��{|znqpqyy��lylw�s��lmz�

|zsnG�s�nlyy��sl�pz{zxzoz��}{q��lw�yt��}txnzw�n���z�{zsyl�l�~��~lv��

qwqxqy~t���v�z{q|l�����ply��lmz�~q�y��y��sl}zmt�.�/�

�

$;KY;QYDH@�RCLF@HHW�-�zmwl}~��xl~qxl~tvt���z�sluxl�~�}�

pz}w�prqyy�x��xzn�qv}~|qx�x���xlv}tx�x��lmz�x�y�x�x� �nqwt�ty��syl�

�qyy���vt��ntsyl�l�~�}��ntmz|zx�zpy����lmz�pqv�w�vz����yv��u��̀lv��nqwt�

�tyt�ylstnl�~�}����yv��zylwzx�.	
/�

$@?@HHW�<;BC�?;HCP�-�p��w�y�}~���s�zmyznwqyy���n�pyznwqyy��~l�{q|q�

m�pznt�}~|�v~�|t�mlst�plyt��s�xq~z��slmqs{q�qyy�������w�yz}~���smq|qrqy�

y��~l�q�qv~tnyz}~��ntvz|t}~lyy��.�/�

$@EMIKH;�IJMCGYB;QYW�-�|zsnG�s�nlyy��slpl��xl~qxl~t�yzoz�{|z�

o|lx�nlyy���n��vt��v|t~q|�u�z{~txlw�yz}~���nw���}zmz��nqv~z|��vzx{z�

yqy~lxt��vzoz����n�}nz���q|o���|�sy��v|t~q|���z{~txlw�yz}~����z�yq�snz�

p�~�}��zpty�pz�zpyzoz�.	
/�

$CEIH;=RCD�IK>;H�NJK;=FYHHW�-�qwqxqy~��{|tsyl�qytu�pw��

sp�u}yqyy��n{wtn�n���z��{|lnw��~��.		/�

$CJ;?EI=CD�JKIQ@L�-�sx�yl�n��l}��m�p�-�vz��}t}~qxt���z�ntvwtvlyl�

n{wtnzx�yqvzy~|zw�znlyt��nt{lpvznt���lv~z|�n�.	
/�

$CPY?HCD�GI?NFU�-�{|zo|lxytu�xzp�w��yl�nt��py�u�xzn����z�

zm|zmw��~�}��~|ly}w�~z|zx�~l��vtu�{zplytu�pw��y�zoz��v���wq��pz}~l~y��

pw��{|znqpqyy��~|ly}w�����.�/�

$YBN;FYB;QYW�-�n�s�lw�yq�{zplyy��plyt��.�/�

$JFC= �TI�NJK;=FWX�-�n{wtn�yl�zmG�v~��{|lnw�yy����z�{|tsyl�qytu�

pw��pz}�oyqyy��xq~t��{|lnw�yy��.		/�

�
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%K;?YXHMHY�G@MI?C�KIB=�WBN=;HHW�B;?;R�G;M@G;MCRHI>I�JKI>K;�

GN=;HHW�-�xq~zpt��z}yznly��yl�{z��v��qv}~|qx�x����yv�����w��zx�

{z}w�pznyzoz�{q|q�zp��pz�y�zoz�sl�pz{zxzoz��o|lp��y~l��������yv����.	
].

%K;OYRHCD�?CLJF@D�-�pt}{wqu���z�slmqs{q����|zmz~��n�o|l���y�u�~l�n�

lw�ln�~yz-�t�|zn�u��z|xl��.
/�

%K;OIJI<N?I=HCE�-�{|t}~|�u�ntnzp��zm�t}w�nlw�yz��xl�tyt���z�

{|tsyl�qytu�pw��{q|q~nz|qyy��~l�sl{t}��plyt����ntow�p��pnzx�|yzoz�

o|l���yzoz�szm|lrqyy��yl�yz}��n��plyt��.
/�

�

&;HY-��y�z|xl������z�{|qp}~lnwqyl���ntow�p���{|tpl~yzx��pw��zm�

|zmvt�ln~zxl~t�ytxt�sl}zmlxt�s�xzrwtnz����l}~��w�ptyt�.
/�

&@M@KGYHI=;HCD�I<�XEM�NJK;=FYHHW�-�zmG�v~��{|lnw�yy���n�xl�

~qxl~t�y�u�xzpqw����yv��zy�nlyy���vzoz�vzz|ptyl~t���z��{|lnw��~�}���

zpyzsyl�yz�slwqrl~��n�p��y�t��vzz|ptyl~�.		/�

&CH;GYRH@�JKI>K;GN=;HHW�-�zmwl}~��xl~qxl~tvt���z�|zs|zmw���

~qz|���~l��t}wzn��xq~zpt�syl�zprqyy��z{~txlw�yt��sl�pq�vz����w�znz��

��yv�����mlol~zq~l{yt��slpl���{|lnw�yy��.	
/�

&CLE@M;�-�x�y�l~�|ytu�xloy�~ytu�pt}v��{zx��qytu�n�slv|t~zx��

vzynq|~��.
/�

&CLJF@D�-�{|t}~|�u�nnzp�-ntnzp��zm�t}w�nlw�yz��xl�tyt���z�

slmqs{q����nnqpqyy���n�s�lw�sl����~l�z{q|l~tnyq�|qplv~�nlyy��plyt��vz|t�

}~�nl�qx�yl�qv|ly��.
/�

&Y;FI>I=CD�K@ACG�-�|qrtx�nsl�xzp���w�ptyt��s�}t}~qxz��zm|zmvt�

�y�z|xl�����{|t��vzx��w�ptyl�~l�}t}~qxl�zmx�y��~�}���y�z|xl�����n�

~qx{���}�x�|yzx��s�~qx{zx�zm|zmvt��y�z|xl����w�ptyz��.
/�

&YFI=Y�Y>KC�-�xq~zp��x�~l����{|tuy�~~���{|lnw�y}�vt��|��qy��n�|�syt��

nt|zmyt�t��}t~�l������w��zx�o|t�sl�slplytxt�{|lntwlxt�o|�{t�w�pqu�

lmz�w�ptyt�~l�S\Z�.	
/�
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&ILFY?A@HHW�IJ@K;QYD�-�{|tvwlpyq�yl{|lnwqyy��v�mq|yq~tvt���z�

ntvz|t}~zn��~�}��pw��|zsnG�s�nlyy��{|lv~t�yt��slpl���{|tsyl�qyq�pw��

v�w�v�}yzoz�zmo|�y~�nlyy��|��qy����z�{|tuxl�~�}��.	
/�

�

'EIHIGYEI-G;M@G;MCRHY�G@MI?C�-��xznyl�ylsnl�vzx{wqv}��yl�vz�

nt��pt}�t{w�y�yl�}~tv��qvzyzx�vt�s�xl~qxl~tvz��~l�v�mq|yq~tvz��.	
/�

'ELMK@G;FUH;�B;?;R;�-�slpl�l�syl�zprqyy��qv}~|qx�x����yv����

5�A ���z�ntsyl�qyl�yl�xyzrty��?�X-x�|yzoz�{|z}~z|���n[(X=x1,x2,...,xn)n�1] 

[12].

'ELMK@G;FUH@�NJK;=FYHHW�-��{|lnw�yy���xq~l��vzoz�{zw�ol��n�

pz}�oyqyy��~l��~|txlyy��qv}~|qx�x��slplyzoz�{zvlsytvl��vz}~����yv��z�

y�nlyy��zmG�v~l��{|lnw�yy��.		/�

'ELMK@GNG�-�syl�qyy��pq�vz��nqwt�tyt�lmz���yv����5�A ���z������xlv�

}tx�xzx�lmz�x�y�x�xzx��P�p|�sy��~��qv}~|qx�x�wzvlw�ytu�-�n�pq�vzx��

pzn�w�yzx��zvzw��plyz��~z�vt����owzmlw�ytu�-�n��}�u�zmwl}~��syl�qy��A���z�

|zsow�pl�~�}��.	�/�

'0.�B;>;FUHI>I�JKCBH;R@HHW�-�S\Z���vl�n�pyz}t~�}��pz�vwl}��zm�

�t}w�nlw�yt��xl�ty���z�sluxl�~��sl��vlwz��{|zp�v~tnyz}~���t|zvtu�

p�l{lszy�~l�{|tsyl�qyt��pw��|zsnG�s�nlyy���t|zvzoz�vwl}��slpl��s�{|t�

mwtsyz�zpylvznz��~q�y�vz-qvzyzx��yz��q�qv~tny�}~��.	
/�

'K>IHIGYRH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}�v�{y�}~��

|qlw�sznlyt��|��qy��n�ln~zxl~tsznly�u�}t}~qx��pw��{zozprqyy��

{}t�zwzo��yt���{}t�z��s�zwzo��yt���ly~|z{zxq~|t�yt�����s�zwzo��yt���l�

|lv~q|t}~tv�~l�xzrwtnz}~qu�vz|t}~�nl��n�s�~q�y��ytxt��l|lv~q|t}~tvlxt�

vzx{wqv}��sl}zm�n�ln~zxl~tsl����~l�{l|lxq~|lxt�|zmz�zoz�}q|qpznt�l�yl�

|zmz�t��x�}����{q|}zylw��.	/�

�

);>;FUH;�M@IKYW�LCLM@G�-�yl�vznl�pt}�t{w�yl���z�|zs|zmw���xq�

~zpzwzo��y��{|ty�t{t�pz}w�prqyy��}t}~qx�.	
/�
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);=;HM;AN=;FUHCD�GI?NFU�-�{|zo|lxytu�xzp�w����z�{|qp}~lnwq�

ytu����z|x����{|tozpy�u�pw��slnly~lrqyy��n�z}yzny��{lxG�~��pw��ntvzyly�

y��.�/�

);EIH�NJK;=FYHHW�-�xl~qxl~t�yl��z|xl�{q|q~nz|qyy��n{wtn�n���z

slpl�~�}���sm�|qy���p�u�snz|z~yt��snG�sv�n���v��ntsyl�l�~��n{wtn���z�

�{|lnw���.		/�

);GEHNM;�LCLM@G;�NJK;=FYHHW�-�}t}~qxl��{|lnw�yy���n��v�u�

sp�u}yqyz��{|lnw�yy���s�snz|z~ytx�snG�svzx�.		/�

)<NK@HHW�-�n{wtn��s�szny��yl�m�p�-�vtu�qwqxqy~��{�p}t}~qx� �}t}~qxt�

�{|lnw�yy���nvw��l��t�zmG�v~��{|lnw�yy����z�{q|q�vzprl����v�{|lntwz��

pz}�oyqyy��xq~t��{|lnw�yy��.		/�

)=IKIMHCD�B=�WBIE�-�slwqry�}~��{z~z�yt��n{wtn�n�yl�zmG�v~�n�p�uzoz�

}~ly����z�zm�xznwqytu�{z{q|qpy�xt�n{wtnlxt�yl��qu�rq�zmG�v~ [11].

�

!?@HMCOYE;MIK�- wqv}t�yl�zptyt�����z�ntvz|t}~zn��~�}���v��xG��

qwqxqy~�n�xznt�.	%/�

!XK;KPYW�-�nwl}~tn�}~����z��l|lv~q|ts���}t}~qx��s�n�pyz�qyy�xt�

}~l|�ty}~nl�x�r�����l}~tylxt�.	�/�

!GYM;QYDH;�GI?@FU�-��t}wznl�qvzyzx�vz-xl~qxl~t�yl�xzpqw��}t}~q�

xt���z�ntn�l�~�}���{|tsyl�qyl�pw��ntvz|t}~lyy��n�{|z�q}��xl�tyyz��

�x�~l�����Pzyl���{z�}�~��{|zo|lxz��pw��S\Z��l�qv}{q|txqy~�ylp�yq��

{zw�ol��n�}{z}~q|qrqyy��sl�|qs�w�~l~lxt�zm�t}wqy��sl������{|zo|lxz��

{|t�|�syt��syl�qyy���sx�yyt����z�slpl�~�}��.	
/�

!G�W�H;<IKN�?;HCP�-��pqy~t��vl~z|�ylmz|��plyt��.�/�

!HOIKG;QYDH;�GI?@FU�-�ylm�|�}{q��lw�yz�{�p�m|lyt��sx�yyt��s����

vzyv|q~ytxt�syl�qyy�xt���z��l|lv~q|ts��~��zmG�v~��{|lnw�yy������v��{z�

}~�{l�~��pz�z{q|l~z|l���z�ntvzy�����yv�����{|lnw�yy��.	
/�
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!HOIKG;QYDH;�M@PHIFI>YW�-�{|tuzxt��}{z}zmt�~l�xq~zpt�ntvz|t�

}~lyy��zm�t}w�nlw�yz��~q�y�vt�{|t�ntvzylyy����yv��u�smz|���smq|�olyy���

zm|zmvt��{q|qpl���~l�ntvz|t}~lyy���y�z|xl����.	/�

!HOIKG;QYDH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}��

v�{y�}~���z|x�pzv�xqy~�n��vwl}t��vl~z|�n��yz|xl~tnyz��mlst�~l�

|qlw�sznlyt��|��qy��s�zmG�x�n��|zsx��qy��~l��z|x��}y�nlyy���y�z|xl�����

�z�ntvz|t}~zn��~�}��n�ln~zxl~tsznly�u�}t}~qx��{|t������yv��zy�nlyy��.	/�

!HOIKG;QYW�-�zpyq��s�ylum�w���slolw�yt��{zy�~��yl�vt���z�zsyl�l��

pq�v��n�pzxz}~���}�v�{y�}~��m�p�-�vt��plyt���syly����~�p��.	�/�

!M@K;QYDHY�G@MI?C�-�xq~zpt�ylmwtrqyzoz�|zsnG�s�nlyy��slpl��

{|tvwlpyz��xl~qxl~tvt���z�z}yznly��yl�{z}w�pznyzx��ylmwtrqyy��pz�

|zsnG�sv���w��zx�mlol~zv|l~yzoz�ntvz|t}~lyy��{qnyz��zm�t}w�nlw�yz��

lmz�lylw�~t�yz��{|z�qp�|t�.	�/�

!M@K;QYW�-�q~l{�|qlw�sl����lwoz|t~x����z�n�p|�sy��~�}��n�p��y�t��uz�

oz�q~l{�n��v|�x�{z�l~vznzoz�~l�v�y�qnzoz �wt�q�syl�qyy�xt�sx�yyt��nqwt�

�ty��lwq�yq�}vwlpzx�{|z�qp�|�zm|zmvt��y�z|xl����.	
/�

�

+GI=YKHYLMU�-��t}wznl��l|lv~q|t}~tvl�}~q{qy��xzrwtnz}~��{z�nt�

m�p�-�vz��{qnyz��{zp���n�~t��lmz��y�t��{qnyt���xznl����v��xzr�~��{zn~z�

|�nl~t}��yqzmxqrqy��v�w�v�}~��|ls�n�.	�/�

�

,=;?K;MCRH@�JKI>K;GN=;HHW�-�|zsp�w�yqw�y�uyzoz�{|zo|lx�nlyy���

�z�ntn�l��slpl����pq�yqzm��pyz�sylu~t�owzmlw�ytu�qv}~|qx�x�vnlp|l~t�yz��

��yv����yl�mlol~zo|lyy�u�xyzrty� [12].

,@KI=;HYLMU�-�nwl}~tn�}~��zmG�v~l��{|lnw�yy����vl�{zw�ol��n�~zx���

�z��}y��~��n{wtnt���v��spl~y��slmqs{q�t~t�pz}�oyqyy��xq~t��{|lnw�yy��n�

�xznl��slplyt��zmxqrqy��.		/�

,Y<@KH@MCE;�-�yl�vl�{|z�slolw�y��slvzyt��{|lnw�yy��n�{|t|zp���

}�}{�w�}~n���rtnt��z|oly�sxl��~l�xl�tyl��.	
/�
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,Y<@KH@MCRH;�LCLM@G;�-�xyzrtyl�nsl�xz{znG�slyt��zmG�v~�n���z�

ylstnl�~�}��qwqxqy~lxt�}t}~qxt���v��spl~y��}{|tuxl~t�~l�{q|q|zmw�~t�

�y�z|xl�����l�~lvzr�zmx�y�nl~t}���y�z|xl�����.	
/�

,IGJYFWQYW�-�~|ly}w�����{|zo|lxt�s�xznt�nt}zvzoz�|�ny��n��z|x���

mwts�v��pz�{|zo|lxt�yl�xl�tyy�u�xzn��.�/�

,IGJ�VM@KCB;QYW�-�ln~zxl~tsl�����vt�-yqm�p��{|z�q}�n�n�m�p�-�v�u�

olw�s��p��w�yz}~��w�ptyt�sl�|l��yzv�ntvz|t}~lyy��zm�t}w�nlw�yz��

~q�y�vt�.
/�

,IKCLMN=;R�;=MIG;MCBI=;HIZ�LCLM@GC�-�z}zml���z�mq|q���l}~����

��yv��zy�nlyy��ln~zxl~tsznlyz��}t}~qxt�lmz�ntvz|t}~zn���|qs�w�~l~t����

��yv��zy�nlyy��.	/�

,IK@FWQYDHCD�;H;FYB�-�|zsp�w�xl~qxl~t�yz��}~l~t}~tvt���z�ntn�l��

vz|qw���uy��snG�svt�x�r�nt{lpvzntxt�nqwt�tylxt�.	
/�

,KCM@KYD�IJMCG;FUHILMY�-�{zvlsytv��qv}~|qxlw�yq�syl�qyy���vzoz�

�l|lv~q|ts���o|lyt�y��q�qv~tny�}~��z|oly�sl�����}~ly��lmz�~|l�v~z|���|zs�

nt~v��zmG�v~l��{|lnw�yy����z�pz}�ol�~�}�.	
/�

,NKLIK�-�ntptxl�{zsyl�vl���z�{q|qx��l�~�}����vl�ntvz|t}~zn��~�}��

pw��slsyl�qyy��{zst����yl�{znq|�y��n�s�lw�sl�����ylp��vz��m�pq�ntvzy�nl~t�

}��yl}~�{yl�z{q|l����.�/�

�

-YH>=YLMCRH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}��

v�{y�}~��sl}zm�n�~l�{|lntw�pw���z|xlw�sl����{|t|zpyz��xznt���z�ntvz|t�

}~zn��~�}��{|t�}{�wv�nlyy��vz|t}~�nl��n�~l�qv}{w�l~l��uyzoz�{q|}zylw��

ln~zxl~tsznlyz��}t}~qxt�s�vzx{wqv}zx�sl}zm�n�ln~zxl~tsl����{|t������yv�

��zy�nlyy��.	/�

-YHYDH@�JKI>K;GN=;HHW�-�zmwl}~��xl~qxl~tvt���z�|zs|zmw���~qz|���

~l��t}wzn��xq~zpt�|zsnG�s�nlyy��slpl��syl�zprqyy��qv}~|qx�x��w�y�uyz��

��yv����mlol~�z��sx�yyt��{|t�yl�nyz}~��w�y�uyt��zmxqrqy���~zm~z�

w�y�uyt��|�ny�y��~l�yq|�nyz}~qu���z�snG�s��~�����sx�yy��.	
/�
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-YLMCH>�-�ntn�p�plyt��yl�p|�v��ply����z�ntnqpqy��yl�p|�v��{|z~zvzw�

~|ly}w�����.	�/�

-V?CHI-G;SCHH;�LCLM@G;�NJK;=FYHHW�-�}t}~qxl��n��v�u�}toylwt��

�z��{|lnw��~���nt|zmw��~�}��n�{|z�q}��nsl�xzp���w�ptyt�~l�zm�t}w��

nlw�yz��xl�tyt�.	
/�

�

.;LC=�- n-x�|yl�xl~|t���qwqxqy~�n�plyt��zpylvznzoz�~t{��.	�/�

.;M@G;MCRH;�LM;MCLMCE;�-�|zsp�w�xl~qxl~tvt���z�{|t}n��qytu�

xq~zplx�zm|zmvt���lylw�s��}~l~t}~t�yt��plyt��.	
/�

.;M@G;MCRH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}��

v�{y�}~��xl~qxl~t�yt��xq~zp�n��xzpqwqu�~l�lwoz|t~x�n���z�ntvz|t}~zn��

�~�}��n�ln~zxl~tsznly�u�}t}~qx��.	/�

.;M@G;MCRH@�GI?@FV=;HHW�-�xq~zp�pz}w�prqyy��{|z�q}�n�lmz�

�nt���w��zx�{zm�pznt�xl~qxl~t�yt��xzpqwqu�~l����pz}w�prqyy� [13].

.;M@G;MCRH@�JKI>K;GN=;HHW�-�|zsp�w�{|tvwlpyz��xl~qxl~tvt���z�

sluxl�~�}��ntn�qyy�x�slpl��syl�zprqyy��qv}~|qx�x����yv��u�yl�pq�v�u�

xyzrty����|zs|zmvz��xq~zp�n�|zsnG�s�nlyy���t��slpl��.	�/�

.@M;�NJK;=FYHHW�-�syl�qyy���}{�nn�pyz�qyy��syl�qy��vzz|ptyl~�

{|z�q}�n�n�zmG�v~���{|lnw�yy��lmz����sx�yt�n��l}���{|t��vt��slmqs{q���~�}��

pz}�oyqyy��mlrlyt��|qs�w�~l~�n���yv��zy�nlyy��zmG�v~l�.		/�

.@MI?C�IJMCGYB;QYZ�-��t}qw�y��xq~zpt�{zm�pznt�lwoz|t~x�n���z�

pzsnzw��~��sylu~t�qv}~|qxlw�yq�syl�qyy����yv����5�A ��pq�A�-�qwqxqy~�pq��

vzoz�{|z}~z|��S ���~z�v��x���n��v�u��q�syl�qyy��|qlw�s��~�}��.	�/�

.@MI?CRH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}�v�{y�}~��

pzv�xqy~�n���z�z{t}��~��~q�yzwzo��������yv��zy�nlyy���xq~zpt�ntmz|��~l�

{|tx�yqyy��vz|t}~�nl�lxt�~q�yzwzo��yt��{|tuzx�n�pw��z~|txlyy��vzy�

v|q~yt��|qs�w�~l~�n�.	/�

.YEKI'0. -�S\Z���z�n�pyz}t~�}��pz�vwl}��zm�t}w�nlw�yt��xl�

�ty���qy~|lw�yl��l}~tyl�vz~|t��{zm�pznlyl�yl�zpyzx��lmz�pqv�w�vz��
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x�v|z{|z�q}z|l����z�|zs|zmwqyl��nt�zp��t��s�ntxzo�x�y�x�sl������st�yzoz�

zmG�x��.
/�

.YEKIJKIQ@LIK�-�{|zo|lxznlytu�{|t}~|�u�pw��zm|zmvt�plyt���ntvz�

ylytu�yl�z}yzn��zpy����lmz�pqv�w�vz��nqwtvt���y~qo|lw�yt��}�qx�.	�/�

.YHY-'0.��3.�'0.��-�S\Z���vl�n�pyz}t~�}��pz�vwl}��zm�t}w��

nlw�yt��xl�ty���z�|zs|zmw��~�}���s�ntxzot�x�y�x�sl����nl|~z}~���~l�{|t�

syl�qyl�pw��|zsnG�s�nlyy��pz}~l~y�z�{|z}~t��slpl��.
/�

.I=;�G;HYJNFV=;HHW�?;HCGC�-�xznl���vl�{|tsyl�qyl�pw���z|x�w��

nlyy��sl{t~�n�yl�{z��v��zmx�y�plytxt�x�r�{|tvwlpyz��{|zo|lxz��~l�ml�

sz��plyt���l�~lvzr�pw��|zs�t|qyy��xznt�{|zo|lx�nlyy��lmz��v�

}lxz}~�uyl�xznl�.�/�

.I=;�IJCLN�?;HCP�-�xznl��{|tsyl�qyl�pw��z{t}��}�qx�mls�plyt��.�/�

.I=;�NJK;=FYHHW�B;=?;HHWG�-�xznl���z�{|tsyl�qyl�pw���pqy�

~t��vl����~l�z{t}������l|lv~q|t}~tv�{|t�{q|qpl���slnplyy��yl�ntvzylyy��n�

}t}~qx��zm|zmvt��y�z|xl����.�/�

�

/;<YK�?;HCP�-��pqy~t��vznlyl�}�v�{y�}~����st�yt��sl{t}�n���z�

z|oly�sznlyl�zpytx��s��}~lyznwqyt��n�}t}~qx��zm|zmvt�plyt��}{z}zm�n�~l�

�vl��nw����luwt�lmz��l}~tyt��luw�n�n�}q|qpznt���smq|qrqyy��.�/�

/@=CBH;R@HYLMU�=�LCLM@GY�- }t~�l�����vzwt�n�p}�~y��{zny�}~��lmz�

�l}~vznz��y�z|xl����{|z�xzrwtn��}~lyt�}t}~qxt�~l�szny��y�zoz�}q|qpznt�

�l��n�}t}~qx��{|z�zp�~��~��lmz��y���yq{q|qpml�qy��{zp��  [15].

/@FYHYDH@�JKI>K;GN=;HHW�-�|zsp�w�xl~qxl~t�yzoz�{|zo|lx�nlyy���n�

�vzx��ntn�l�~�}��xq~zpt�|zsnG�s�nlyy��~l��l|lv~q|�qv}~|qx�x��n�slpl�l��

z{~tx�sl����s�yqw�y�uyz����w�znz����yv�����lmz�xyzrtyz����z�

ntsyl�l�~�}��yqw�y�uytxt�zmxqrqyy�xt�.	�/�

/ILYD�?;HCP�-�xl~q|�lw�ytu�zmG�v~���z�{|tsyl�qytu�pw��sl{t}��~l�

smq|�olyy��plyt��.
/�

�
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0<�XEM�NJK;=FYHHW�-�zmG�v~�pw��pz}�oyqyy��mlrlyt��|qs�w�~l~�n��pw��

��yv��zy�nlyy���vzoz�yqzm��py��~l�pz{�}~tx��}{q��lw�yz�z|oly�sznly��

n{wtnt�.		/�

0<�XEM �TI�NJK;=FWX�-�zmG�v~��{|tsyl�qytu�pw��sp�u}yqyy��

�{|lnw�yy��.		/�

0<G@A@HHW�-�xl~qxl~t�y��n�pyz�qyy���sl�pz{zxzoz���vt��n�xl~q�

xl~t�yt��xzpqw����z|xlw�s��~�}��~��lmz��y���nwl}~tnz}~��}t}~qxt���z�

xzpqw��~�}���\mxqrqyy��n�pzm|lrl�~��ny�~|��y��nwl}~tnz}~��zmG�v~�n��

�z�xzpqw��~�}���n�{|z�q}�����nsl�xzn�pyz�qyy���s�szny��y�xt�zmxqr��

nlw�ytxt��lv~z|lxt�.	
/�

0<KI<E;�YHOIKG;QYZ�-�}t}~qxl~t�yq�ntvzylyy��z{q|l��u�ylp�plytxt��

�v���nw��~��{|tsyl�qy��pw��zm|zmvt��y�z|xl����.
/�

0<RCLFV=;FUH;�G;M@G;MCE;�-�|zsp�w�xl~qxl~tvt���z�ntn�l��xq~z�

pt�z~|txlyy��|zsnG�sv�n�|�syt��xl~qxl~t�yt��slpl����ntow�p���t}wznzoz�

�~z�yzoz�lmz�ylmwtrqyzoz �|qs�w�~l~��.	�/�

0J@K;QYDH;�LCLM@G;�-�}�v�{y�}~��}t}~qxyt��{|zo|lx��{|tsyl�qyt��

pw��slmqs{q�qyy��{qnyzoz�|�ny��q�qv~tnyz}~��}t}~qxt�zm|zmvt��y�z|xl����

sl�|l��yzv�ln~zxl~tsznlyzoz��{|lnw�yy�����|zmz~z��~l�{zplyy��

vz|t}~�nl�qn��{qnyzoz�ylmz|��{z}w�o�.
/�

0JMCG;FUH@�NJK;=FYHHW�-��{|lnw�yy���xq~l��vzoz�{zw�ol��n�

slmqs{q�qyy��qv}~|qxlw�yzoz�syl�qyy��{zvlsytvl��vz}~���{|lnw�yy��.		/�

0JMCG;FUHCD�=@EMIK�-�~z�vl�{|z}~z|����vl���|zsGn�svzx�slpl���xl�

~qxl~t�yzoz�{|zo|lx�nlyy��.	�/�

0JMCGYB;QYW�-�	 �{|z�q}�syl�zprqyy��qv}~|qx�x����yv�����~zm~z�

ntm�|�yluv|l�zoz�nl|�ly~l��s�xyzrtyt�xzrwtnt���
 �{|z�q}�{|tnqpqyy��

}t}~qxt�n�yluv|l�tu��z{~txlw�ytu �}~ly�.	
/�

0JNEF@�JKI>K;GN=;HHW�-�|zsp�w�xl~qxl~t�yzoz�{|zo|lx�nlyy����z�

ntn�l��slpl���x�y�x�sl����z{�vwz����yv�����xlv}tx�sl����noy�~z� �yl�z{�vw�u�

xyzrty����z�slplyl�}t}~qxz��yq|�nyz}~qu�.	
/�
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0K>;HYB;QYDH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}��

v�{y�}~��pzv�xqy~�n���z�n}~lyznw��~��z|oly�sl��uy��}~|�v~�|���{|lnl�~l�

zmznG�svt�vz|t}~�nl��n�~l�qv}{w�l~l��uyzoz�{q|}zylw��ln~zxl~tsznlyz��

}t}~qxt�n��xznl����yv��zy�nlyy���{q|qn�|vt�~l�smq|�olyy�����

|zmz~zspl~yz}~��.	/�

�

1;E@M�JKCEF;?HCP�JKI>K;G�-�}t}~qxl�{|tvwlpyt��{|zo|lx��{|tsyl�

�qyl�pw��|zsnG�s�nlyy��slpl��{qnyzoz�vwl}��.
/�

1;G�WMU�'0.�-���yv��zylw�yl��l}~tyl�zm�t}w�nlw�yz��xl�tyt�

lmz�}t}~qxt�zm|zmvt��y�z|xl������vl�{|tsyl�qyl�pw��{|tuxlyy���

smq|�olyy��~l�ntpl���plyt��.
/�

1@KLIH;FUH;�@F@EMKIHHI-I<RCLFV=;FUH;�G;SCH;��1'0.��-

yl}~�w�yl�x�v|z-S\Z���vl�xl��qv}{w�l~l��uy���l|lv~q|t}~tvt�{zm�~znzoz�

{|twlp��~l��y�nq|}lw�y����yv��zylw�y��xzrwtnz}~��.
/�

1Y?JKI>K;G;�-�{|zo|lxl���z����l}~tyz���y�z��{|zo|lxt�~l��vl�

slpznzw�y���ntxzot�xznt�{|zo|lx�nlyy��~l�}~|�v~�|t�{|zo|lxt�.�/�

1F;MYAH;�G;MKCQW�-�n�~qz|����oz|��~qz|���|��qy��-�~lmwt����n��v��

slyz}�~�}��xzrwtn��|qs�w�~l~t�|��qy����z�{|tuxl�~�}��.	
/�

1IE;BHCE�WEILMY�NJK;=FYHHW�-�v�w�v�}yl�z��yvl��vz}~���{|lnw�yy��

[11].

1K;=I=@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}�v�{y�}~��{|l�

nznt��yz|x���z�|qowlxqy~��~��{|lnzn��n�pyz�qyy��{|t���yv��zy�nlyy��

ln~zxl~tsznlyz��}t}~qxt�~l��|tpt�ytu�}~l~�}�|qs�w�~l~�n������yv��zy��

nlyy��.	/�

1KCEF;?H;�JKI>K;G;�-�{|zo|lxl���z�{|tsyl�qyl�pw��|zsnG�s�nlyy��

slpl���lmz�vwl}��slpl��n�{qny�u�olw�s��ntvz|t}~lyy���y�z|xl����.�/�

1KCLMKYD�MCJN��GCS;��-�{|t}~|�u�nnzp��{zst��u���z�{|tnzpt~�}��

n�p���{q|qx��qyy�x�yl�{znq|�y��.
/�
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1KCLMKYD �TI�NJK;=FWX�-�zmG�v~���z��{|lnw�����~lvtu���z��nw���}z�

mz��zv|qx����yv��zylw�yz�~l�vzy}~|�v~tnyz�slnq|�qy��{|t}~|z��.		/�

1KI>K;G;�-�ply����z�{|tsyl�qy��pw���{|lnw�yy��vzyv|q~ytxt�vzx{z�

yqy~lxt�}t}~qxt�zm|zmvt��y�z|xl����pw��|qlw�sl����{qnyzoz�lwoz|t~x��.�/�

1KI>K;GH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}�v�{y�}~��

{|zo|lx�yl�yz}����plyt��~l�{|zo|lxyt��pzv�xqy~�n���z�{|tsyl�qyl�pw��

ylwlozprqyy�����yv��zy�nlyy��~l�{q|qn�|vt�{|l�qspl~yz}~��ln~zxl~t�

sznlyz��}t}~qxt�.	/�

1KI>K;GHCD�GI?NFU�-�{|zo|lxl�lmz���yv��zylw�yz�slnq|�qytu�

�|loxqy~�{|zo|lxt��{|tsyl�qytu�pw��smq|�olyy���~|ly}w������zmG�pylyy��s�

�y�txt�{|zo|lxlxt�~l�slnly~lrqyy��n�z{q|l~tny��{lxG�~��.�/�

1KI>K;GN=;HHW�-�yl�vznl�~l�{|lv~t�yl�p��w�y�}~��}vwlplyy��{|z�

o|lx�.�/�

1KI>K;GN=;HHW�QYFIRCLFI=@�-�|zsp�w�xl~qxl~t�yzoz�{|zo|lx�nlyy���

�z�ntn�l��slpl����n��vt��yl�syl�qyy��n}���lmz��l}~tyt�sx�yyt��ylvwlpqyl�

ntxzol���wz�t}wznz}~��.	�/�

1KIQ@LIK�-���yv��zylw�yl��l}~tyl�zm�t}w�nlw�yz��xl�tyt�lmz�}t}�

~qxt�zm|zmvt��y�z|xl������z�{|tsyl�qyl�pw���y~q|{|q~l����{|zo|lxt�.
/�

�

2@>K@LC=HCD�;H;FYB�-�lylw�s��z|x�snG�sv����z�n}~lyznw��~��

v�w�v�}y��n�pyz�qyy��x�r�nt{lpvzntxt�nqwt�tylxt�nt{lpvznzoz�{|z�q}���

�z�ntn�l�~�}��.	
/�

2@>K@LYW�-�slvzy�sx�yt��xznyzoz�xl~qxl~t�yzoz�}{zp�nlyy��zpy����

nt{lpvznz��nqwt�tyt�n�slwqryz}~��n�p�syl�qy���y�z��.	�/�

2@ACG�K@;FUHI>I�R;LN�-�|qrtx�zm|zmvt��y�z|xl�����{|t��vzx��

slmqs{q���~�}��nsl�xzp���}t}~qxt�zm|zmvt��y�z|xl�����s�szny��y�xt�{z�

n�pyz�qyy��pz�yq��{|z�q}lxt�n�~qx{����z�}�x�|ytu��s��ntpv�}~��

{|z~�vlyy���t��{|z�q}�n�.
/�
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2YS@HHW�-�ntm�|�zpy����lw�~q|yl~tnt�lmz�xyzrtyt�lw�~q|yl~tn��s

xyzrtyt�lw�~q|yl~tn���z�|zsow�pl�~�}���Ptm�|�ntvzy��~�}��sl�

v|t~q|��xt�|��qyy����v��pzsnzw��~��z��y�nl~t�lw�~q|yl~tnt�s�~z�vt�sz|��

zpy����lmz�pqv�w�vz����wqu�.	
/�

2IBYGEHNM;�LCLM@G;�NJK;=FYHHW�-�}t}~qxl��{|lnw�yy���n��v�u�

sp�u}yqyz��{|lnw�yy��mqs�snz|z~yzoz�snG�sv��.		/�

C

3CLM@G;�-�}�v�{y�}~��qwqxqy~�n��zmG�pylyl�snG�svlxt�x�r�ytxt�~l�

�vl�xl��{qny��pz��w�y�}~��.	/�

3CLM@G;�NJK;=FYHHW�<;B;GC�?;HCP�-�}�v�{y�}~��{|zo|lx�~l�xznyt��

sl}zm�n���z�{|tsyl�qy��pw���{|lnw�yy��plytxt�n�mls��plyt���nqpqyy��mlst�

plyt��~l�slmqs{q�qyy��nsl�xzp������s�{|tvwlpytxt�{|zo|lxlxt�.�/�

3MIP;LMCRH@�JKI>K;GN=;HHW�-�|zsp�w�xl~qxl~t�yzoz�{|zo|lx�nly�

y����z�ntn�l��~qz|���~l�xq~zpt�|zsnG�s�nlyy���xznyt��qv}~|qxlw�yt��sl�

pl��{|t�{qny�u��y�z|xl����{|z�{l|lxq~|t��xznt�slpl���.	
/�

3MIP;LMCRHCD�I<�XEM�NJK;=FYHHW�-�zmG�v~��{|lnw�yy���n�xl~q�

xl~t�y�u�xzpqw����yv��zy�nlyy���vzoz�slwqry�}~���z�l�mt�zpy����vzz|pt�

yl~t���z��{|lnw��~�}���n�p��y�t��vzz|ptyl~����uxzn�|yz��.		/�

3MK;M@>YW�-�m�p�-�vq�{|lntwz���z�{|z{zy���{qny��p���n�vzry�u�}t�

~�l����n�{|z�q}��{|tuy�~~��|��qyy��.	
/�
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�

4@F@=CGYKV=;HHW�-�z~|txlyy���y�z|xl����{|z�syl�qyy��{l|lxq~|�n��

�z�ntx�|��~�}���zmG�v~�n���v��vzy~|zw��~�}��lmz��{|lnw��~�}���xq~zpl�

xt�~l�sl}zmlxt�~qwqxq�ly�vt�.�/�

4@F@G@P;HYE;�-�olw�s��yl�vt�~l�~q�y�vt���vl�z�z{w���~qz|���~l�

~q�y��y��sl}zmt�vzy~|zw��~l��{|lnw�yy��zmG�v~lxt�yl�n�p}~ly��s�ntvz|t�

}~lyy�x�}{q��lw�yt��{q|q~nz|�nly��}toylw�n�pw��q�qv~tnyzoz�ntvz|t�

}~lyy��vlylw�n�snG�sv��.�/�

4@F@LC>H;FYB;QYW�-�z~|txlyy���y�z|xl����{|z�}~ly�zmG�v~�n���z�vzy�

~|zw��~�}��~l��{|lnw��~�}����v��xl�~��|�p�xzrwtnt��pt}v|q~yt��}~ly�n��

xq~zplxt�~l�sl}zmlxt�~qwqxq�ly�vt�.�/�

4@F@NJK;=FYHHW�-��{|lnw�yy��{zwzrqyy�x�lmz�}~lyzx�pt}v|q~yt��

zmG�v~�n�s�yq{q|q|nyz��xyzrtyz��}~ly�n�xq~zplxt�~l�sl}zmlxt�~qwqxq�

�ly�vt�.�/�

4@IKYW�Y>IK�-�~qz|���xl~qxl~t�yt��xzpqwqu�{|tuy�~~��z{~txlw�yt��

|��qy��n��xznl��vzy�w�v~��lmz�yqntsyl�qyz}~���]|t���zx��vzy�w�v~�yq�

zmznG�svznz�{zntyqy�|zs�x�~t}���v�ly~lozy�}~t�ytu���v�vzy�w�v~�xzryl�

|zsow�pl~t�m�p�-�v��}�{q|q�y�}~��.	
/�

4@IKYW�DGI=YKHILM@D�-�xl~qxl~t�yl�yl�vl���z�ntn�l��slvz�

yzx�|yz}~��nt{lpvznt���nt��.	�/�

4@KGYH;F�-�{|t}~|�u�nnzp�-ntnzp����z�slmqs{q����nsl�xzp���

vz|t}~�nl��n�n�wzvlw�y�u�zm�t}w�nlw�y�u�xq|qr��lmz�s�n�pplwqyz��S\Z�

�q|qs�sl}zmt�~qwqzm|zmvt�plyt��.
/�

4@PHYRH@�B;<@BJ@R@HHW�;=MIG;MCBI=;HIZ�LCLM@GC�-�}�v�{y�}~��n}���

~q�y��yt��sl}zm�n���z�ntvz|t}~zn��~�}��{|t������yv��zy�nlyy� [1].

4K;HLFWMIK�-�{|zo|lxl�lmz�~q�y��ytu�{|t}~|�u���z�ntvzy���

~|ly}w�����{|zo|lxt�.�/�
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4K;HLFWQYW�JKI>K;GC�-�{q|q~nz|qyy��{|zo|lxt��{zplyz��yl�zpy�u��s�

xzn�{|zo|lx�nlyy���n�{|zo|lx��yl��y��u�xzn��~l�n�{qnyzx��|zs�x�yy��

|�nyz��yy�u�{q|��u�.�/�

4K;HLJIKMH;�B;?;R;�-�slpl�l�{|z�ylum�w���qvzyzx��ytu�{wly�{q|q�

nqsqyy��zpyz|�pyzoz�lmz�nsl�xzslx�yyzoz�{|zp�v~���s�{�yv~�n�nt|zmyt�~nl�

pz�{�yv~�n�}{zrtnlyy��.	
/�

�

5JK;=FYHHW�-�{|z�q}�nt|zmwqyy��~l�sp�u}yqyy��n{wtn�n���z��{|ln�

w��~��.		/�

5JK;=FYHHW�?;HCGC�-�}�v�{y�}~����yv��u�slmqs{q�qyy��{z~|�myzoz�

{zplyy��plyt������ylvz{t�qyy��~l�smq|�olyy���zmyznwqyy���ntw��qyy���{z�

��v��sl�slplytx�v|t~q|��x�~l�ntpl���plyt��.�/�

�

6;DF�-��pqy~t��vznlyl�}�v�{y�}~��qvsqx{w�|�n�{zny�}~��z{t}lyt��n�

vzyv|q~y�u�{|zo|lx��~t{��plyt����z�syl�zp�~�}��{zsl�{|zo|lxz��n�

szny��y�u�{lxG�~��~l�pz}~�{yt��{|zo|lx��sl�pz{zxzoz��}{q��lw�yt��

z{q|l��u�.�/�

6YBCRH@�GI?@FV=;HHW�-�pz}w�prqyy��zmG�v~�n��}t}~qx �yl���st�yt��

xzpqw����{|t��vzx��{|z�q}���z�ntn�l�~�}���n�p~nz|��~�}���s�smq|qrqyy�x�

uzoz���st�yz��{|t|zpt�.	�/�

 

7COKI-;H;FI>I=CD�J@K@M=IKV=;R�-�qwqxqy~�lmz���yv��zylw�ytu�

n�szw���z�ntvzy���{q|q~nz|qyy��vzpl�n�lylwzozn��nqwt�ty��.�/�

7YFUI=;�ONHEQYW�-�n�qv}~|qxlw�yt��slpl�l����yv�����x�y�x�x�lmz�

xlv}tx�x��vz��{z~|�myz�sylu~t��Sv}~|qxlw�yzx��syl�qyy����w�znz��

��yv����n�p{zn�pl��z{~txlw�ytu�|zsnG�szv�.	
/�
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!

8CL@FUHY�G@MI?C�-�xq~zpt�ylmwtrqyzoz�lmz�~z�yzoz�|zsnG�s�nlyy��

slpl���t}~z��lmz�{|tvwlpyz��xl~qxl~tvt���z�z}yznly��yl�{zm�pzn��v�y�qnz��

{z}w�pznyz}~��p�u�ylp�v�y�qnz��xyzrtyz���t}qw [13].

"

9=C?EI?YW� -��l|lv~q|t}~tvl�lylwzoznz���lylwzoz-�t�|znz� �

zm�t}w�nlw�yz��}t}~qxt��xl�tyt��{|t}~|z� ���z�z��y��~�}��xlv}txlw��

yz���ntpv�}~��sx�yt�xl�tyyt��sx�yyt���{|t��v�u�{z�tmvl�|zsnG�sv��yq�

{q|qm�w�����pz{�}~txt��syl�qy��.�/�

9MNRHCD�YHM@F@EM�-�spl~y�}~��zm�t}w�nlw�yz��xl�tyt�xzpqw�nl�

~t�{|z�q}�xt}wqyy��sl�|l��yzv�ntvzylyt����yv��u��snt�yz��{znG�slyt��s�

�y~qwqv~zx�w�ptyt�.
/�

#

:EYLMU�NJK;=FYHHW�-�}�v�{y�}~���l|lv~q|t}~tv��{|lnw�yy���{|tuy��

~t��pw��z��yvt�vz|t}~���{|lnw�yy��.		/�

v�~q|l~�|l�pz�pzpl~v��R�	

	��Q\_̀ ����%%�-�%��Vy�z|xl�tzyyl��~q�yzwzot���Xzx{wqv}�}~lypl|�

~zn�yl�ln~zxl~tst|znlyy�q�}t}~qx���Nn~zxl~tst|znlyy�q�}t}~qx���̀q|�

xty��t�z{|qpqwqyt��


��Q\_̀ �	
��	-�%��_t}~qx��zm|lmz~vt�ty�z|xl�tt��̀q|xty��t�z{�

|qpqwqyt��

���Q\_̀ �
%���-�
��\|olytsl�t��plyy���n�}t}~qxl��zm|lmz~vt�ply�

y����̀q|xty��t�z{|qpqwqyt��

���Q\_̀ �

���-�
��Nylwzoznl��t�lylwzoz-�t�|znl��n��t}wt~qw�yl��

~q�ytvl��̀q|xty��t�z{|qpqwqyt��


��Q\_̀ �

���-�	��\mz|�pznlytq�{q|t�q|tuyzq�}t}~qx�zm|lmz~vt�

ty�z|xl�tt��̀q|xty��t�z{|qpqwqyt��
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���Q\_̀ 
��
�-����_̀ �_iP�
�	
-�� �_t}~qx��zm|lmz~vt�ty�z|xl�

�tt��Zl�tyyl��o|l�tvl��̀q|xty��t�z{|qpqwqyt��

���Q\_̀ �
��%%
-�
��̀qwqxq�lytvl��̀q|xty��t�z{|qpqwqyt��

��Q\_̀ �	���	-�%��\mq}{q�qytq�}t}~qx�zm|lmz~vt�ty�z|xl�tt�{|z�

o|lxyzq��̀q|xty��t�z{qpqwqyt��

���_̀�V_\�
��
�	
-�
��\m|lmz~vl�plyy����_wznl|���{lspqw�%	��\}yzn�

y�q�{zy�~t���~q|xty� �

	%��_̀ �V_\�
��
�	
-�
��\m|lmz~vl�plyy����_wznl|���{lspqw�	
��

ks�vt�{|zo|lxxt|zlnyt��

		��̀qz|t���{|lnwqyt���̀q|xtyzwzot���P�{�	%���-Z���xl�vl� 1988.

	
��Zl~qxl~tvl�t�vtmq|yq~tvl�n��vzyzxtvq��_wznl|�-}{|lnz�ytv��-

Z���ivzyzxtvl��	��
�

	���iy�tvwz{qpt��vtmq|yq~tvt��P�
-��~zxl���-X���	����

	���Uz|ty�N�]���Zl|vzn�N�_��̀zwvzn�u�}wznl|��{z�n��t}wt~qw�yzu�

~q�ytvq�t�{|zo|lxxt|znlyt���\}yzny�q�~q|xty���-X���Vsp-nz�a_cN��

1989.

	
��vz{l~ytvzn�v�V��X|l~vtu��vzyzxtvz-xl~qxl~t�q}vtu�}wznl|���-

Z���xl�vl��	����
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Rzpl~zv�R��


aX{NMx_hX\�-�{\_LW_hXVW�_v\PxVX�̀S{ZLxLP�U�N_a�_V_�

S̀Z�SvSX̀ {\]\_̀ NeNxxk




lpx�y�}~|l~z|�mlst�plyt��-�lpxtyt}~|l~z|�mls��plyy��

lwoz|t~x��{|lnw�yy��-�lwoz|t~x��{|lnwqyt�

lwoz|t~x�sl����-�lwoz|t~xtsl�t�

lylw�s�-�lylwts

�����l��vz|qw���uytu�-�lylwts�vz||qw��tzyy�u

�����l��|qo|q}�uytu�-�lylwts�|qo|q}}tzyy�u

�

mlsl�plyt��-�mlsl�plyy��

mlyv�plyt��-�mlyv�plyy��

mwzv-}�qxl�-�mwzv-}�qxl

�

nqv~z|�-�nqv~z|

�l�p�u}yl��l}~tyl�-�nqv~z|l�pqu}~nt~qw�yl���l}~�

�����n��yl{|�ot�-�nqv~z|�yl{|�rqyt�

�����n��z{~txlw�ytu�-�nqv~z|�z{~txlw�y�u

�����n��}~|�x��-�nqv~z|�~zvl

�����n���{|lnw�yy��-�nqv~z|��{|lnwqyt�

�l���nyl��l}~tyl�-�nqv~z|l�xytxl���l}~�

ntxtvl��-�n�vw��l~qw�

�����n��ylnly~lrqyy��-�n�vw��l~qw��ylo|�svt

ntx�|y�}~��-�|lsxq|yz}~�

n�pzv|qxw�nl��-�z~pqwt~qw�

n�p}��vl�xlv}txlw�yl�}~|�xznl�-�z~}q�vl�xlv}txlw�yl��~zvznl�

n�szw�ylnly~lrqyy��-��sqw�ylo|�svt
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�

o|l��v�-�o|l�tv

�����o��lv~tnyzoz�ylnly~lrqyy��-�o|l�tv�lv~tnyzu�ylo|�svt

�����o��ylnly~lrqyy��o|�{zntu�-�o|l�tv�ylo|�svt�o|�{{znzu

�����o��ylnly~lrqyy��pzmzntu�-�o|l�tv�ylo|�svt�}�~z�y�u

�����o��ylnly~lrqyy���yptn�p�lw�ytu�-�o|l�tv�ylo|�svt�typt-

���������ntp�lw�y�u

�����o��ylnly~lrqyy��sl�~|tnlw�}~���-�o|l�tv�ylo|�svt�{z�{|z-

����������������������������������������������������pzwrt~qw�yz}~t

�l�yq|�nyzx�|y�}~��-�o|l�tvl�yq|lnyzxq|yz}~�

������o��|qlv~tnyzoz�ylnly~lrqyy��-�o|l�tv�|qlv~tnyzu�
�����������������������������������������������ylo|�svt

o|l�z{zm�pzn�nl��-�o|l�z{z}~|zt~qw�

�

prq|qwz�|qlv~tnyz��{z~�ryz}~��-�t}~z�ytv�|qlv~tnyzu�
����������������������������������������������xz�yz}~t

p�lo|lxl�nqv~z|yl�-�ptlo|lxxl�nqv~z|yl�

pt}vq~l�-�pt}vq~l

pt}{q|}���-�pt}{q|}t�

pt}{wqu�-�pt}{wqu

pz}w�prqyy��z{q|l��u�-�t}}wqpznlytq�z{q|l�tu

�

qv}~|qx�x�-��v}~|qx�x

�

slmqs{q�qyy��-�zmq}{q�qytq

�����s���y�z|xl��uyq�-�zmq}{q�qytq�ty�z|xl�tzyyzq

�����s��w�yon�}~t�yq�-�zmq}{q�qytq�wtyont}~t�q}vzq

�����s��xl~qxl~t�yq�-�zmq}{q�qytq�xl~qxl~t�q}vzq

�����s��{|zo|lxyq�-�zmq}{q�qytq�{|zo|lxxyzq
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�����s��~q�y��yq�-�zmq}{q�qytq�~q�yt�q}vzq

slvzy��{|lnw�yy��-�slvzy��{|lnwqyt�

sl{zm�rytv�-�{|qpz�|lyt~qw�

sl�t}~�-�sl�t~l

�����s��xlv}txlw�ytu�}~|�xzntu�-�sl�t~l�xlv}txlw�yl��~zvznl�

�����s��|qwquytu�-�sl�t~l�|qwquyl�

sm�|qyy��-�nzsx��qytq

�

�pqy~t��vl~z|�-�tpqy~t�tvl~z|

��|l|����-�tq|l|�t�

�y�z|xl����-�ty�z|xl�t�

��������pq~q|x�yznlyl�-�ty�z|xl�t��pq~q|xtyt|znlyyl�

��������z{q|l~tnyl�-�ty�z|xl�t��z{q|l~tnyl�

��������}~z�l}~t�yl�-�ty�z|xl�t��}~z�l}~t�q}vl�

�~q|l�t��-�t~q|l�t�

�

uxzn�|y�}~��nq|z�~yz}~�

�

vq|znly�}~��-��{|lnw�qxz}~�

v�mq|yq~tvl�-�vtmq|yq~tvl

vzq�����y~�-�vz���t�tqy~

�����v��ylp�uyz}~��-�vz���t�tqy~�ylpqryz}~t

�����v��yq}txq~|���yl{|�o�-�vz���t�tqy~�yq}txxq~|tt�
����������������������������������yl{|�rqytu

�����v��yq}txq~|���}~|�x�n�-�vz���t�tqy~�yq}txq~|tt�~zvzn

�����v��{znq|~lyy��-�vz���t�tqy~�nzsn|l~l

�����v��{z~�ryz}~��-�vz���t�tqy~�xz�yz}~t

�����v��}�qxt�-�vz���t�tqy~�}�qx�

�����v��~|ly}�z|xl����-�vz���t�tqy~�~|ly}�z|xl�tt
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vzx{�w�����-�vzx{tw��t�

vz|t}~�nl��-�{zw�sznl~qw�

vz|z~vzslxtvl��-�vz|z~vzslx�vl~qw�

v�|}z|�-�v�|}z|

�

w�}~tyo�-�wt}~tyo

�

xl}tn�-�xl}}tn

xl~qxl~tvl�zm�t}w�nlw�yl�-�xl~qxl~tvl�n��t}wt~qw�yl�

xl~|t���-�xl~|t�l

�����x��pnzntx�|yl�-�xl~|t�l�pn��xq|yl�

�����x��sG�pyly��xl~|t�l�}zqptyqytu

�����x��zpyzntx�|yl�-�xl~|t�l�zpyzxq|yl�

xqrl�ylp�uyl�-�o|lyt�l�pznq|t~qw�yl�

xq|qrl�-�}q~��

xq~zp�-�xq~zp

�pt�o|lp��y~y��-�xq~zp��o|lptqy~y�q

�pt�qvzyzx�vz-xl~qxl~t�y��-�xq~zp���vzyzxtvz-
��������������������������������xl~qxl~t�q}vtq

�pt��~q|l��uy��-�xq~zp��t~q|l�tzyy�q

�pt�z{~tx�sl��uy��-�xq~zp��z{~txtsl�tzyy�q

�����x��}txq~|t�yt��}vwlpznt��-�xq~zp�}txxq~|t�y���
��������������������������������������������}z}~lnw���t�

�pt��t}qw�y��-�xq~zp���t}wqyy�q

x�v|z{|z�q}z|�-�xtv|z{|z�q}}z|

xznl�-��s�v

�����x��lwoz|t~x��yl�-��s�v�lwoz|t~xt�q}vtu

�����x��mlst�plyt��-��s�v�mls��plyy��

�����x��xly�{�w�nlyy��plytxt�-��s�v�xlyt{�wt|znlyt��
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�������������������������������������������plyy�xt

xzpqw��-�xzpqw�

�����x��plyt��-�xzpqw��plyy��

�����x���x�~l��uyl�-�xzpqw��txt~l�tzyyl�

�����x���y�z|xl��uyl�-�xzpqw��ty�z|xl�tzyyl�

�����x��w�y�uyl�-�xzpqw��wtyquyl�

�����x��xl~qxl~t�yl�-�xzpqw��xl~qxl~t�q}vl�

�����x��yq}vlw�|yz��z{~tx�sl����-�xzpqw��yq}vlw�|yzu�
��������������������������������������������z{~txtsl�tt

�����x����st�yl�-�xzpqw���tst�q}vl�

�����x����wz�t}wznl�-�xzpqw���qwz�t}wqyyl�

xzp�w��-�xzp�w�

�����x��lm}zw�~ytu�-�xzp�w��lm}zw�~y�u

�����x��nqv~z|l�-�xzp�w��nqv~z|l

�����x��nt��pytu�-�xzp�w��t}�zpy�u

�����x��slo|�sz�ytu�-�xzp�w��slo|�sz�y�u

�����x��{|zo|lxytu�-�xzp�w��{|zo|lxxy�u

xzxqy~�vz|qw���uytu�-�xzxqy~�vz||qw��tzyy�u

�
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