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Wpedh�qemqnpnb�p̀gmncn�rhò�nqnane�leqrn�b�hglephrek{mni�reumhje�g̀mhl̀}r�
openap̀gnb̀rekh�bk̀fmnqrh��Jnopnq�hgswemh~"�p̀gp̀anrjh�h�opnhgbndqrb̀�qpedqrb�hglepemh~�
bk̀fmnqrh�̀jrs̀kem"�̀�b�nqnaemmn�b�r̀jhu�nak̀qr~u�opnlzxkemmnqrh�j̀j�ohyeb̀~"�
b̀h̀vhnmm̀~�h�jnqlhweqj̀~�reumhj̀"�uhlhweqj̀~�h�metrec̀gnb̀~�opnlzxkemmnqr{"�
|ttejrhbmnqr{�jnrnpzu�b�gm̀whrek{mni�lepe�g̀bhqhr�nr�rnwmnqrh�hglepemh~�bk̀fmnqrh��
mnmrpnk{�bk̀fmnqrh�metrh�menaundhlzi�b�opnveqq̀u�ee�dnazwh"�up̀memh~"�
rp̀mqonprhpnb̀mh~�h�oepep̀anrjh�F	G��llemmn�m̀khwhe�qndepf̀mh~�bk̀ch�b�metreopndsjr̀u�
bzgzb̀er�hglememhe�hu�thghjn-uhlhweqjhu�òp̀lerpnb�h�rel�q̀lzl�slem{x̀er�qpnj�hu�
qksfaz�
uenperhweqjhe�hqqkednb̀mh~�onj̀g̀kh"�wrn�hqonk{gnb̀mhe�rp̀mghqrnpmzu�qrpsjrsp�q�

nrphv̀rek{mzl�qnopnrhbkemhel�h�pèjrhbmzu�qbniqrb�onksopnbndmhjnbzu�ophanpnb"�
qsyeqrbemmn�onbzx̀er�wsbqrbhrek{mnqr{�h�rnwmnqr{�hglepemh~�hqqkedselncn�qhcm̀k̀"�b�
m̀xel�qksẁe�bk̀fmnqrh�metreopndsjrnb[2, 3].
J̀fmzl�bnopnqnl�~bk~erq~�nopedekemhe�bnk{r- l̀oepmni�ùp̀jrephqrhjh�ẁqrnrmncn�

bk̀cnwsbqrbhrek{mncn�openap̀gnb̀rek~"�r̀j�j̀j�bzanp�p̀anwei�rnwjh�m̀�|rni�ùp̀jrephqrhje�
nasqk̀bkhb̀er�q̀lnbngasfdemh~�h�qrnijnqr{�p̀anrz�̀brncemep̀rnp̀�openap̀gnb̀rek~"�̀�
r̀jfe�nopedekemhe�g̀bhqhlnqrh�tsmjvhh�openap̀gnb̀mh~�h�sp̀bmemh~�wsbqrbhrek{mnqrh�

 512*1)<�9)56;

S̀�phq�	�hgnap̀fem̀�|kejrphweqj̀~�quel̀�ẁqrnrmncn�openap̀gnb̀rek~�bk̀fmnqrh�
metreopndsjrnb�  zrJS�"� bk̀cnwsbqrbhrek{mzl� |kelemrnl� jnrnpncn� ~bk~erq~�
jnmdemq̀rnpm̀~�vhkhmdphweqj̀~�qrpsjrsp̀� myW��F�"
G��zrJS�qnqrnhr�hg�hqrnwmhjnb�
onqrn~mmncn�m̀op~femh~�B1 h�B2 rp̀mghqrnpnb�C$	�h�C$
"�bk̀cnwsbqrbhrek{mncn�
jnmdemq̀rnp̀�5W"�j̀rsxjh�hmdsjrhbmnqrh�;1"�ncp̀mhwhrek{mncn�jnmdemq̀rnp̀�51 h�
peghqrnpnb�@1h�@2.
vqrpniqrbn�dk~�nopedekemh~�bk̀fmnqrh�p̀anr̀er�r̀jhl�nap̀gnl��J�m̀ẁk{mzi�lnlemr�

bpelemh�bk̀c̀�me�deiqrbser��m̀�myW�5W��W�onbzxemhel�m̀op~femh~�ohr̀mh~�B2 dn�
bekhwhmz"�jncd̀�m̀�|kejrpnd̀u�|lhrep-oepbzi�g̀rbnp�rp̀mghqrnpnb�C$	�h�C$
�bngmhj̀er�
nrphv̀rek{mne�qnopnrhbkemhe"�ophbnd~yee�j�bngmhjmnbemh}�|kejrphweqjhu�jnkeàmhi�b�
jnmrspe��mnmrsp�nap̀gnb̀m�òp̀kkek{mzl�bjk}wemhel�onkmncn�qnopnrhbkemh~�q�eljnqrmni�
qnqr̀bmni�m̀�|kejrpnd̀u�|lhrep-oepbzi�g̀rbnp�rp̀mghqrnpnb�C$	�h�C$
"�h�hmdsjrhbmnqrh�
L1��rph�qkeds}yel�deiqrbhh�bk̀ch�m̀�myW�5W hglem~erq~�eljnqrm̀~�qnqr̀bm̀~�onkmncn�
qnopnrhbkemh~�m̀�|kejrpnd̀u�|lhrep-oepbzi�g̀rbnp�rp̀mghqrnpnb�C$	�h�C$
"�wrn�bzgzb̀er�
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|ttejrhbmne�hglememhe�ẁqrnrz�jnkeàrek{mncn�jnmrsp̀�

shq��	��_kejrphweqj̀~�quel̀�ẁqrnrmncn�openap̀gnb̀rek~�bk̀fmnqrh�metreopndsjrnb

W�onlny{}�quelnreumhweqjncn�lndekhpnb̀mh~�b�qpede�!U-+.�7+4�3=�@L3L+VL�	��%�q�
hqonk{gnb̀mhel�rp̀mghqrnpnb�47
�%�h�47..��azkh�onkswemz�bnk{r- l̀oepmze�
ùp̀jrephqrhjh� Je[��dk~�openap̀gnb̀rek~�bk̀fmnqrh�oph�p̀gmzu�m̀op~femh~u�sop̀bkemh~"�
jnrnpze�ophbedemz�m̀�phq��
��lg�ùp̀jrephqrhj�bhdmn�ophqsrqrbhe�sẁqrj̀�q�nrphv̀rek{mzl�
qnopnrhbkemhel"�̀�r̀jfe"�m̀ak}d̀el�rn"�wrn�oph�sbekhwemhh�m̀op~femh~�sop̀bkemh~�B1

sbekhwhb̀erq~�sẁqrnj�nrphv̀rek{mncn�qnopnrhbkemh~��ùj"�oph�B11	"
�J�sẁqrnj�
nrphv̀rek{mncn�qnopnrhbkemh~�on�B2 kefhr�nr�%"	�J�dn�%"
�J"�oph�B11	"�
�J�Bnr�%"	
�J�dn�
	"��J"�̀�oph��B11	"
�J�nm�qnqr̀bk~er�nr�%"	,�J�dn�	"

�J��s̀qunfdemhe�renperhweqjhu�h�
|jqoephlemr̀k{mzu�Je[�qnqr̀bk~er�me�ankee����

shq��
��Je[�ẁqrnrmncn�openap̀gnb̀rek~�bk̀fmnqrh

J�|kejrphweqjni�quele�zrJS� phq�	��b�pegsk{r̀re�|jqoephlemr̀k{mzu�hqqkednb̀mhi�
azkn�nopedekemn�leqrnonknfemhe��myW"�cde�nm̀�hleer�m̀hank{xs}�wsbqrbhrek{mnqr{�j�
bundmnls�òp̀lerps"�̀�hlemmn�bk̀fmnqrh�metreopndsjr̀��Lk~�ank{xei�|jnmnlhwmnqrh�h�
jnlòjrmnqrh�kswxe�hqonk{gnb̀r{�ndhm�hqrnwmhj�ohr̀mh~"�wel�db̀��W�Je[�zrJS�azkn�
nopedekemn"�wrn�m̀hankee�norhl̀k{mzl�pefhlnl�ohr̀mh~�dk~�quelz�~bk~erq~�m̀op~femhe�
U1= U21	"

�J�
S̀�phq����onj̀g̀mn�hglememhe�bekhwhmz�m̀op~femh~�hqundmncn�qhcm̀k̀�openap̀gnb̀rek~�

bk̀fmnqrh�nr�bpelemh�b�qpede�!U-+.�7+4�3=�@L3L+VL�	��%"�oph�p̀gmzu�gm̀wemh~u�eljnqrh�myW�
CW1�
�oZ�phq���̀��h��5W1	�%�oZ�phq���a"�oph�|rnl�m̀op~femhe�ohr̀mh~�B1= U21	"

�J��ùj�
oph�5W1�
�oZ�ẁqrnr̀�hqundmncn�qhcm̀k̀�71	
�%�jhv"�̀�oph��5W1	�%�oZ�ẁqrnr̀�hqundmncn�
qhcm̀k̀�71	%�%�jhv�



seLlT_nMmusTSlme�l�seLlT_nMmusTSSTM�erreseuTWusTMSlM

S̀sjnb��op̀v��JSuv"�
%11, ��2 3

�̀

a�
shq�����lglememhe�bekhwhmz�m̀op~femh~�hqundmncn�qhcm̀k̀�nr�bpelemh

S̀�phq����opedqr̀bkem̀�|jqoephlemr̀k{m̀~�aknj-quel̀�hglephrek{mni�sqr̀mnbjh�dk~�
hqqkednb̀mh~�g̀bhqhlnqrh�hqundmni�ẁqrnrz�zrJS�nr�bk̀fmnqrh�metreopndsjrnb��

shq�����Iknj-quel̀�hglephrek{mni�sqr̀mnbjh�dk~�hqqkednb̀mh~�g̀bhqhlnqrh�ẁqrnrz�cemep̀vhh�openap̀gnb̀rek~�
nr�l̀qqnbni�bk̀fmnqrh�metreopndsjrnb

J�hglephrek{mni�sqr̀mnbje�azkn�hqonk{gnb̀mn�bk̀cnwsbqrbhrek{ms}�myW"�jnrnp̀~�
hgnap̀fem̀�m̀�phq��
��myW�qnqrnhr�hg�qerjnnap̀gmzu�|kejrpndnb"�p̀gleyemmzu�ndhm�
m̀opnrhb�dpscncn�r̀jhl�nap̀gnl"�wrn�p̀qonknfemhe�nrbepqrhi�b�oepbnl�|kejrpnde�qnbòd̀er�
q�nrbepqrh~lh�bn�brnpnl�|kejrpnde�F
G��_kejrpndz�	�h�
�jpeojn�g̀jpeokemz�b�
dh|kejrphweqjni�rpsae��"�ophwel�nmh�onjpzrz�qknel�onkhlep̀���h�qndepf̀r�nrbepqrh~�
�dk~�
dbhfemh~�onrnj̀�fhdjnqrh"�jnrnp̀~�hleer�dh|kejrphweqjhe�qbniqrb̀��Jmexmhi��dh̀lerp�
dh|kejrphweqjni�rpsaz�p̀bm~erq~�
%�ll"�̀�p̀qqrn~mhe�lefds�|kejrpnd̀lh�qnqr̀bk~er�	"
�ll��
Lk~�lhmep̀k{mncn�l̀qk̀�l̀pjh��o�J��m̀ẁk{m̀~�eljnqr{�oph�d̀mmzu�cenlerphweqjhu�
p̀glep̀u�h�oph�mskebni�bk̀fmnqrh�'1%��p̀bm̀~�
%�oZ"�̀�oph�'1�%��B��"
�oZ�
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myW�p̀anr̀er�r̀jhl�nap̀gnl��Jn�bpel~�dbhfemh~�onrnj̀�fhdjnqrh�wepeg�
dh|kejrphweqjs}�rpsas"�b�jnrnpni�m̀undhrq~�bk̀cnwsbqrbhrek{mzi�eljnqrmzi�qemqnp�dk~�
hglepemh~�bk̀fmnqrh"�fhdjnqr{�wepeg�nrbepqrh~�
�g̀onkm~er�opnqrp̀mqrbn�lefds�
|kejrpnd̀lh�	�h�
"�jnrnpze�onjpzrz�qknel�onkhlep̀���h�feqrjn�g̀jpeokemz�b�
dh|kejrphweqjni�rpsae����_rn�bzgzb̀er�hglememhe�dh|kejrphweqjni�opnmhv̀elnqrh�
eljnqrmncn�qemqnp̀�bk̀fmnqrh��J�g̀bhqhlnqrh�nr�hglememh~�bk̀fmnqrh�hglephrek{mni�
fhdjnqrh�hglem~erq~�ee�dh|kejrphweqj̀~�opnmhv̀elnqr{"�gm̀whr"�hglem~erq~�h�eljnqr{�
qemqnp̀�bk̀fmnqrh�
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4

5

1

2

3

4

4

5

�̀������� a�
shq��
��Jk̀cnwsbqrbhrek{mzi�eljnqrmzi�qemqnp�dk~�hglepemh~�bk̀fmnqrh�metreopndsjrnb�F
G�nayhi�bhd� ̀�"�
onoepewmzi�p̀gpeg� a�/�	"�
�B|kejrpndz0���Bdh|kejrphweqj̀~�rpsà0���Bqkni�onkhlep̀0�
�Bnrbepqrh~��

J�d̀mmnl�qksẁe�hqqkednb̀k̀q{�g̀bhqhlnqr{�ẁqrnrz�cemep̀vhh�nr�l̀qqnbni�bk̀fmnqrh�
lhmep̀k{mncn�l̀qk̀��o�J���rph�|jqoephlemr̀k{mnl�hqqkednb̀mhh�g̀bhqhlnqrh�ẁqrnrz�
cemep̀vhh�7�nr�bk̀fmnqrh�lhmep̀k{mncn�l̀qk̀��o�J��azkn�nopedekemn"�wrnẁqrnr̀�
bzundmncn�qhcm̀k̀�7�slem{x̀erq~�nr�	����jhv�dn�	
�
�jhv� phq�����oph�hglememhh�l̀qqnbni�
bk̀fmnqrh�b�dh̀ògnme�nr�'1%��dn�'1�%���

shq�����_jqoephlemr̀k{m̀~�g̀bhqhlnqr{�ẁqrnrz�cemep̀vhh�nr�bk̀fmnqrh�lhmep̀k{mncn�l̀qk̀��o�J�

Lk~�nopedekemh~�wsbqrbhrek{mnqrh�lhjpn|kejrpnmmncn�openap̀gnb̀rek~�bk̀fmnqrh�
metreopndsjrnb�ophlemhl�jsqjnbn-khmeims}�̀oopnjqhl̀vh}�j�tsmjvhh�openap̀gnb̀mh~��
ùj�wsbqrbhrek{mnqr{�openap̀gnb̀rek~�bk̀fmnqrh�oph�hglememhh�bk̀fmnqrh�nr�%��dn�
%��
qnqr̀bk~er���jhv��"�̀�b�dh̀ògnme�hglememh~�bk̀fmnqrh�nr�
%��dn��%��wsbqrbhrek{mnqr{�
p̀bm̀��"
�jhv/%.
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�:*2,:

rnj̀g̀m̀�bnglnfmnqr{�qngd̀mh~�zrJS�m̀�nqmnbe�rp̀mghqrnpmni�qrpsjrspz�q�
nrphv̀rek{mzl�qnopnrhbkemhel�b�qnwer̀mhh�q�bk̀cnwsbqrbhrek{mni�jnmdemq̀rnpmni�
vhkhmdphweqjni�qrpsjrspni��rnkswem̀�|jqoephlemr̀k{m̀~�tsmjvh~�openap̀gnb̀mh~�zrJS��
zsbqrbhrek{mnqr{�p̀gp̀anr̀mmncn�openap̀gnb̀rek~�bk̀fmnqrh�oph�hglememhh�bk̀fmnqrh�nr�
%��dn�
%��qnqr̀bk~er���jhv��"�̀�b�dh̀ògnme�hglememh~�bk̀fmnqrh�nr�
%��dn��%��p̀bm̀��"
�
jhv/%.
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