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?Y]̀Xt_Ttb̀qd_̀cd_̀ -cdRdZcdZitc\Z[�̂td̀V�àcdb̀t_Zq�]̀UZcdZitc\̀[�̂ �̀
Vt]Z�ab̀U_̀YR�Tt]ZiZ_m�UbeỲàd̀\R�T_edbZjRg_̀Ù�dbR_càbdR�ZY�̀iZcd_mg
YRS̀tTc�Zcà]nỲTR_Zt̂�cdR_VRbd_̀[�ab̀ZYT̀VcdTt__̀[�Z_f̀ b̂RhZZ. GZc��2, 
Zcd��5.

"9<=,89.5,�:;9-607@��Dtĉ d̀bq�_R�_t\̀d̀bmt�ecatgZ�T�eÙ]n_̀[�_R�
hZ̀_R]n_̀[�ab̀ m̂j]t__̀cdZ��c̀Tbt̂t__m[�eb̀Tt_n�tt�bRYTZdZq�gRbR\dtbZYe�
tdcq�T̀�̂ _̀Ù �̂ecdRbtTjẐZ�ab̀ZYT̀VcdTt__m̂ Z�fR\d̀bR̂Z�Z�dtg_̀]̀UZq̂Z��
d̀cedcdTZt̂�cZcdt̂m�_Rei_̀[�̀bUR_ZYRhZZ�eabRT]t_Zq�ab̀ZYT̀VcdT̀ .̂FbZ�od̀ �̂
ab̀S]t̂R�̂ V̀t]Zb̀TR_Zq�ab̀htcc̀T�VTZXt_Zq�UbeỲàd̀\̀T�Z�htat[�àcdRT̀\�
�MF �̀dg̀VZd�_R�Td̀b̀[�a]R_�_tĉ d̀bq�_R�d̀��id̀�ab̀htcc�̂ V̀t]Zb̀TR_Zq�htaZ�
qT]qtdcq�ibtYTmiR[_̀�TRX_m̂ ��dR\�\R\�YRdbRdm�_R�dbR_càbd_̀ -c\]RVc\Zt�̀at�
bRhZZ�c̀cdRT]qpd�̀d����V̀��%��̀Skt[�cd̀Ẑ c̀dZ�ab̀Ve\dR��R�T�_t\̀d̀bmg�c]e�
iRqg�Z�S̀]njt�[1], [3].

:�dbR_càbd_̀[�cZcdt̂t�d̀a]ZT_̀ -o_tbUtdZitc\̀Ù�\̀ â]t\cR�̀c_̀T_m̂ Z�
UbeỲàd̀\R̂Z�qT]qpdcq�UbeỲàd̀\Z��\̀d̀bmt�cTqYR_m�c�TmT̀Ỳ �̂eU]q�Z�Ùb_̀[�
R̂ccm��F̀ od̀ ê,�àTmjt_Zt�offt\dZT_̀cdZ�fe_\hZ̀_Zb̀TR_Zq�T_edbZjRgd_̀Ù�
dbR_càbdR�P�̀V_̀�ZY�̀c_̀T_mg�_RabRT]t_Z[�àTmjt_Zq�fZ_R_c̀T̀[�cdRSZ]n�
_̀cdZ�eÙ]n_̀Ù�abtVabZqdZq�Z�bt_dRSt]n_̀cdZ�tÙ�ab̀ZYT̀VcdTR��:t]ZiZ_R�à�
d̀\R�Vt_tX_mg�YRdbRd�à]_̀cdnp�YRTZcZd�̀d�offt\dZT_̀Ù�eabRT]t_Zq�dbR_c�
àbd_̀[�ctdnp�d̀a]ZT_̀ -o_tbUtdZitc\̀Ù�\̀ â]t\cR�Z�àd̀\R̂Z�T�_t[�

F̀ VYt̂_m[�dbR_càbd�jRgdm�qT]qtdcq�c̀cdRT_̀[�iRcdnp�ab̀ZYT̀VcdTt_�
_mg�cZcdt̂�Z�abtVcdRT]qtd�c̀S̀[�̂ _̀ÙYTt__ep�bRYTtdT]t__ep�cZcdt̂e��c̀�
cd̀qkep�ZY�bRY_̀dZa_mg�dbR_càbd_mg�ecdR_̀T̀\�hZ\]Zi_̀Ù�Z�_tabtbmT_̀Ù�
Vt[cdTZq�Z�fe_\hZ̀_Zbepkep�T�c]̀X_mg�Ùb_̀Ut̀]̀UZitc\Zg�ec]̀TZqg��À_fZ�
UebRhZq�ctdZ�àVYt̂_mg�dbR_càbd_mg�TmbRS̀d̀\��c̀tVZ_qpkRq�̀iZcd_mt�Z�
àVÙd̀TZdt]n_mt�YRS̀Z�c̀�cdT̀]̀ �̂Z�àTtbg_̀cdnp��YRTZcZd�̀d�\̀]ZitcdTR��
V]Z_m��TYRẐ _̀Ù�bRcà]̀Xt_Zq�ÙbZỲ_dR]n_mg�Z�_R\]̀__mg�TmbRS̀d̀\��iZc]R�
Z�bRcà]̀Xt_Zq�àUbeỲi_mg�Z�̀Ŝ t__mg�ae_\d̀T��cbtVcdT�dbR_càbdR��abẐt�
_qt̂mg�_R�̀dVt]n_mg�àc]tV̀TRdt]n_mg�YTt_nqg�Z�Zg�cdm\Rg�

[RVRiR�àTmjt_Zq�offt\dZT_̀cdZ�eabRT]t_Zq�dbR_càbd_̀[�cZcdt̂ [̀�
Ùb_̀V̀SmTRpktÙ�abtVabZqdZq,�abtXVt�TctÙ,�cT̀VZdcq�\�̀adẐZYRhZZ�fe_\�
hZ̀_Zb̀TR_Zq�\RXV̀Ù�YTt_R�dbR_càbd_̀[�htaZ�àVYt̂ _̀Ù�dbR_càbdR��\̀d̀�
bmt�c�eitd̀ �̂dbR_càbd_mg�dRbZf̀ T��̂RbjbedZYRhZZ�VTZXt_Zq�dbR_càbdR��\̀_�
db̀]q�Z�eabRT]t_Zq�YR�atbt̂tkt_Zt̂�UbeỲàd̀\̀T�_R�dbR_càbd_mg�ecdR_̀T\Rg��
S̀tcatiZTR]Z�Sm�T�\̀_\btd_mg�Ùb_̀dtg_Zitc\Zg�ec]̀TZqg�_RZ]eijZt�dtg_Z\̀-
o\̀_̀ Ẑitc\Zt�à\RYRdt]Z�bRS̀dm�TctÙ�T_edbZjRgd_̀Ù�dbR_càbdR�

DR�eb̀T_t�abtVabZqdZq�V̀cdRd̀i_̀�dtc_̀�atbta]tdt_m�YRVRiZ�dtg_̀]̀�
UZitc\̀Ù�Z�o\̀_̀ Ẑitc\̀Ù�eabRT]t_Zq: àdbtSZdt]p�_t̀Sg̀VẐ �̀V̀cdRTZdn�
eÙ]n�_eX_̀Ù�\RitcdTR��_t̀Sg̀VẐ Ù̀�\̀]ZitcdTR��T�_eX_̀t�̂tcd̀��T�̀abtVt�
]t__̀t�Tbt̂q�c�̂Z_ẐR]n_m̂ Z�bRcg̀VR̂Z��Pd̀�P�àcde]Rd�]̀UZcdZitc\̀Ù�à�
cdb̀t_Zq�]pS̀[�o\̀_̀ Ẑitc\̀[�cZcdt̂m��T�d̀ �̂iZc]t�Z�d̀a]ZT_̀ -
o_tbUtdZitc\̀Ù�\̀ â]t\cR��DRbejt_Zt�g̀dq�Sm�̀V_̀Ù�dbtS̀TR_Zq�]̀UZcdZit�



c\̀[�cZcdt̂m�abZT̀VZd�\�eTt]Zit_Zp�ctStcd̀Ẑ c̀dZ�eU]q�Z�bRcg̀V̀T�_R�tÙ�c̀�
gbR_t_Zt. F̀ od̀ ê�offt\dZT_Rq�̀bUR_ZYRhZq�bRS̀dm�àVYt̂ _̀Ù�dbR_càbdR�
Ùb_̀V̀SmTRpktÙ�abtVabZqdZq�qT]qtdcq�̀V_̀[�ZY�YRVRi�]̀UZcdZ\Z�_R�abtVabZ�
qdZZ�T�ht]̀ �̂Z�̀cektcdT]qtdcq�c̀T̂tcd_̀�c�btjt_Zt̂�ab̀ZYT̀VcdTt__mg�YRVRi��
Mt]n�]̀UZcdZitc\Zg�àVg̀V̀T�T�eabRT]t_ZZ�jRgd_m̂ �dbR_càbd̀ �̂P�offt\dZT�
_̀t�eabRT]t_Zt�̂RdtbZR]n_m̂ Z�àd̀\R̂Z�

DZY\Z[�eb̀Tt_n�bRYTZdZq�dt̀bZZ�cZcdt̂�àVYt̂ _̀Ù�dbR_càbdR�Z�R_R]Z�
dZitc\Zg�̂td̀V̀T�bRcitdR�dtg_̀]̀UZitc\Zg�aRbR̂tdb̀T�Z�à\RYRdt]t[�fe_\hZ̀�
_Zb̀TR_Zq�T�Y_RiZdt]n_̀[�cdtat_Z�̀Sec]̀TZ]�_ZY\Zt�o\ca]eRdRhZ̀__mt�\Ritcd�
TR�odZg�cZcdt̂�Z�cdR]�d̀b̂ Ỳ̀ �̂_R�aedZ�Zg�c̀Ttbjt_cdT̀TR_Zq��:�od̀[�cZdeRhZZ
_Rei_m[�Z�abR\dZitc\Z[�Z_dtbtc�abtVcdRT]qtd�btjt_Zt�̀V_̀[�ZY�̀c_̀T_mg�ab̀�
S]t̂�P�bRYTZdZt�R_R]ZdZitc\Zg�̂td̀V̀T�̀abtVt]t_Zq�Z�ab̀U_̀YZb̀TR_Zq�Tt]Z�
iZ_m�UbeỲàd̀\R�eU]q�bRcitd_m̂ �aedt̂�c�Zcà]nỲTR_Zt̂�cdR_VRbd_̀[�ab̀ZY�
T̀VcdTt__̀[�Z_f̀ b̂RhZZ��c̀VtbXRkt[cq�T�ab̀ZYT̀VcdTt__mg�̀ditdRg�Z�T�dtg�
_̀]̀UZitc\̀ �̂aRcàbdt�̀iZcd_̀Ù�Z�ab̀g̀Vitc\̀Ù�YRS̀tT��GRYbRS̀d\R�̀c_̀T�
\̀ â]t\c_̀Ù�̂ Rdt̂RdZitc\̀Ù�̂ V̀t]Zb̀TR_Zq�dtg_̀]̀UZitc\Zg�ab̀htcc̀T�T�
cZcdt̂Rg�àVYt̂ _̀Ù�dbR_càbdRqT]qtdcq�R\deR]n_̀[�c̀Tbt̂t__̀[�_Rei_̀[�
ab̀S]t̂ [̀.

�8,632�:9<60/83?�3<<60/9.,834��:̀ab̀cR̂�bRYbRS̀d\Z�]̀UZcdZitc\Zg�
^̀Vt]t[�̂RdtbZR]n_mg�àd̀\̀T�T�htaqg�àcdRT̀\��Zcà]nỲTR_Zq�̂td̀V̀T�ẐZ�
dRhZ̀__̀Ù�̂ V̀t]Zb̀TR_Zq��bRYTZdZq�]̀UZcdZitc\Zg�àVg̀V̀T�abZ�btjt_ZZ�ab̀�
S]t̂ �̀adẐZYRhZZ�YRaRc̀T�Z�eabRT]t_Zq�eitdR�YRdbRd�àcTqkt_m�Zcc]tV̀TR_Zq�
_̂̀UZg�YRbeStX_mg�Z�̀dtitcdTt__mg�eir_mg��IR\��YRVRiR�àcdb̀t_Zq�]̀UZcdZit�
c\̀[�̂ V̀t]Z�eabRT]t_Zq�ab̀ZYT̀VcdTt__m̂ Z�btcebcR̂Z�bRcĉRdbZTR]Rcn�8�:��
CZkt_\̀��C�:��C̀ UZ]n_Zh\̀[��B�?��KtVe]̀T̀[��T̀ab̀cmf̀ b̂Zb̀TR_Zq�cZcdt̂m�
eU]tcSmd̀Tmg�̀bUR_̀T�T�ec]̀TZqg�atbtg̀VR�_R�Stcf̀ _V̀T̀t�̀Stcatit_Zt�abZ�
abq̂mg�cTqYqg�àdbtSZdt]t[�Z�àcdRTkZ\̀T�eU]q�ZYeiR]Zcn�T�bRS̀dRg�8�8�Gt�
jtd_q\��=�:��AbZ\RTc\̀Ù��D�?��NegbR[; ab̀S]t̂R àdẐZYRhZZ�Z�àTmjt_Zq�
offt\dZT_̀cdZ�fe_\hZ̀_Zb̀TR_Zq�dbR_càbd_̀ -c\]RVc\Zg�cZcdt̂�Zcc]tV̀TR�
]Rcn;�?��DtiRtTm̂ ��8�D��Hdtb]Z_ÙT̀[��:�C��AebUR_̀Tm̂ ��?�F��P]nqjtTZit̂��
<X��ObR[SftVtb̀ �̂T̀ab̀cm�Z_TtcdZhZ̀__mg�btjt_Z[�Z�\̀_db̀]]Z_UR�T�ab̀�
m̂j]t__̀[�]̀UZcdZ\tbRcĉ d̀bt_m�:�?��HtbUttTm̂ ��8�?��KtV̀bt_\̀��F�8�It�
bt_dntTm̂ �Z�Vb��:�bRS̀dRg�<X�G��Hd̀\R��<�C�BR̂StbdR�Z�<�J̀dtbcRbRcĉRdbZ�
TRpdcq�dbR_càbd_mt�̂ V̀t]Z�̀c_̀TR__mt�_R�dt̀bZZ�̂Rcc̀T̀Ù�̀Sc]eXZTR_Zq��
\̀d̀bmt�àYT̀]qpd�Ẑtdn�abtVcdRT]t_Zt�̀�VZ_R̂Z\t�bRS̀dm�dbR_càbd_̀[�ctdZ�
abtVabZqdZq�T�]pS̀[�̂`̂t_d�Tbt̂t_Z��RT�bRS̀dt�K��Lt[dR�bRcĉ d̀bt_R�\]RccZ�
itc\Rq�dbR_càbd_Rq�YRVRiR�V]q�btjt_Zq�̀dVt]n_mg�ab̀S]t̂�dbR_càbd_̀[�ct�
dZ�_t\̀d̀b̀Ù�abtVabZqdZq�EV_R\̀��_tĉ d̀bq�_R�Y_RiẐ c̀dn�bRYTZdZq�eÙ]n_̀[�
ab̀ m̂j]t__̀cdZ�V]q�_RhZ̀_R]n_̀[�o\̀_̀ Ẑ\Z�T�_Rei_̀ -Zcc]tV̀TRdt]nc\̀[�]Z�
dtbRdebt�abR\dZitc\Z�_t�eVt]qtdcqT_ẐR_Zt�bRYbRS̀d\t�]̀UZcdZitc\Zg�̂ V̀t�
]t[eabRT]t_Zq�UbeỲàd̀\R̂Z�T�dbR_càbd_̀[�cZcdt̂t�Ùb_̀V̀SmTRpktÙ�ab̀�
ZYT̀VcdTR��_t�bRcĉRdbZTRpdcq�T̀ab̀cm�ab̀U_̀YZb̀TR_Zq_RVtX_̀cdZ�fe_\hZ̀�
_Zb̀TR_Zq�dbR_càbd_̀[�ctdZ�d̀a]ZT_̀ -o_tbUtdZitc\̀Ù�\̀ â]t\cR,�\̀d̀bRq�
Ẑttd�cT̀Z�gRbR\dtb_mt�̀c̀St__̀cdZ��cTqYR__mt�c�_R]ZiZt̂�cdRhZ̀_Rb_mg�
dbR_càbd_mg�eY]̀T��bRcà]̀Xt_Zt�\̀d̀bmg�_tZŶt__̀ ; _t�btjRtdcq�ab̀S]t̂R�
ab̀U_̀YZb̀TR_Zq�o\̀_̀ Ẑitc\Zg�à\RYRdt]t[�bRS̀dm�dbR_càbd_̀[�ctdZ��id̀�qT�
]qtdcq�_t̂R]̀TRX_m̂ �fR\d̀b̀ ,̂�T]ZqpkẐ�_R�ctStcd̀Ẑ c̀dn�eU]q [2], [5].

�26910830�7,=0;3,6,�3�;02>6A=,=@�3<<60/9.,83B�
EabtVt]Ẑ V̀Z_�ZY�TRX_mg�o\̀_̀ Ẑ\̀-dtg_̀]̀UZitc\Zg�aRbR̂tdb̀T��c̀�

VtbXRkZ[cq�T�̀atbRd̀bt�a]R_Zb̀TR_Zq�Z�fe_\hZ̀_Zb̀TR_Zq�ab̀ZYT̀VcdTR��P
ab̀U_̀YZbet̂Rq�Tt]ZiZ_R�UbeỲàd̀\R��Tmg̀VqktÙ�ZY�̀iZcd_̀Ù�YRS̀q�YR�]pS̀[�



ab̀ t̂Xed̀\�Tbt̂t_Z��t .�<]q�od̀Ù�abtVcdRTẐ �̀aZcR_Zt�ab̀ZYT̀VcdTt__̀Ù�
ab̀htccR�TTZVt�̂Rdt̂RdZitc\̀[�̂ V̀t]Z.�:�̀c_̀Te�̂Rdt̂RdZitc\̀[�̂ V̀t]Z�à�
]̀XẐ�]̀UZcdZitc\Z[�̀atbRd̀b��abtVcdRT]qpkZ[�cZcdt̂e�f̀ b̂e]��

:�Ẑtpkt[cq�_Rei_̀[�]ZdtbRdebt�à\RYR_̀��id̀�\̀offZhZt_d�àcdea]t�
_Zq�UbeỲàd̀\R� aK �̂ X̀td�Smdn�̀abtVt]t_�\R\�fe_\hZq�\̀offZhZt_dR�̂RjZ_�

_̀Ù�Tbt̂t_Z� �K [2]��EV_R\̀��à]eit__mtbRcitdm�_t�eiZdmTRpd�c]eiR[_m[�gR�
bR\dtb�atbZ̀V̀T�àcdea]t_Zq�Z�Tt]ZiZ_m�UbeỲàd̀\R�YR�tVZ_Zhe�Tbt̂t_Z
�bZc�	 . FbZ�àcdb̀t_ZZ�̂ V̀t]Z�ab̀U_̀YR�UbeỲàd̀\̀T�od̀d�Ttb̀qd_̀cd_m[fR\d�
qT]qtdcq�̀c_̀T̀à]RURpkẐ��

GZc��	��;bRfZitc\̀tabtVcdRT]t_Zt�Ẑae]nc̀T�UbeỲàd̀\R

GRcĉ d̀bẐ�V]Zdt]n_̀cdZ�atbZ̀V̀T�àcdea]t_Zq�UbeỲàd̀\̀T�eU]q�ZY�
]RTm�AR\�ZYTtcd_̀��UbeỲàd̀\�eU]q�ZY�]RTm�gRbR\dtbZYetdcq�V]Zdt]n_̀cdnp�
atbZ̀V̀T�_tabtbmT_̀Ù�àcdea]t_Zq�Z�̀dcedcdTZq�eU]q��bZc�2). GtYe]ndRdm�o\c�
atbẐt_dR�à\RYmTRpd��id̀�V]Zdt]n_̀cdZ�atbZ̀V̀T�àcdea]t_Zq�bt �Z�̀dcedcdTZq�

��UbeỲàd̀\R�bRcabtVt]t_m�à�à\RYRdt]n_̀ ê�YR\̀_e. PdZ�gRbR\dtbZcdZ\Z�
_̂̀Ù\bRd_̀�ab̀Ttbt_m�Z�qT]qpdcq�̀SktabZ_qdm̂ Z��F̀ od̀ ê��a]̀d_̀cdZ�bRc�
abtVt]t_Zq�V]Zdt]n_̀cdt[�atbZ̀V̀T�àcdea]t_Zq�Z�̀dcedcdTZq�UbeỲàd̀\̀T�
Ẑtpd�c̀ d̀TtdcdTt__̀�TZV�
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ĉ�A P�Y_Rit_Zt�̀XZVRt̂ [̀�cbtV_tĉt__̀[�V̀SmiZ�eU]q�ZY�̀iZcd_̀Ù�

YRS̀q�
`
ĉ�bt P�̀XZVRt̂ t̀�Tbt̂q�bRS̀dm�V̀Smi_̀[�̂RjZ_m�

tP�Tbt̂q_RS]pVt_Zq.

GZc��2��;bRfZitc\Rq�̂ V̀t]necbtV_t__̀Ù�UbeỲàd̀\R

FbZ�̀abtVt]t_ZZ�Tt]ZiZ_m�UbeỲàd̀\̀T�̂Z_ẐR]n_m̂ �Tbt̂t__m̂ �Z_�
dtbTR]̀ �̂SeVt̂�ciZdRdn�̂Z_ede�

FRbR̂tdbm��Tg̀VqkZt�T�f̀ b̂ e]e��� ��c̀VtbXRd�V̀cdRd̀i_̀�à]_ep�Ttb̀�
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�aK 1��tc]Z�ab̀cd̀tT�_td�
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dtit_Zt�ced̀\�
H]tVetd�YR̂tdZdn��id̀�aRbR̂tdb� `
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1. Àb_tktTR�D�]���Ibej\t_R�D�:��Fb̀U_̀YeTR__q�à\RY_Z\tT�]̀UtcdZi_̀u�Vtq]n_̀c�
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jtTc\Z[��8�8��FegR_̀T�Z�Vb��F̀ V��btV��:�8��9eVZjtTc\̀Ù��8�8��He]Ẑm�P�<̀�
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