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XUW�VW[X\�[X\�d[_f�cX\S^SX\SXW_j#�sSR[kc_cW[eUX�TS[VYZSV�\cZS]WS\�UX�cX]ZS[VcXa�Ub�aSXSZ[_�̂ RjVc][_�VW[WYV1�S_cTcX[eUX�UZ�\S]ZS[VcXa�Ub�XSYZUWZU�̂ Rc]�
\cVUZ\SZV�R[iS�kSSX�S[Z_cSZ�][ZZcS\�UYW�bUZ�[�VcaXco][XW�[TUYXW��G"#�I��Ub�WRS�S`[TcXS\�̂ SZVUXVB���#�I�Ub�̂ [eSXWV�R[\�S`^SZcSX]S�Ub�iSZe][_cw[eUX�
cX�[�fXSS�VY^^UZW�\Sic]S#�yS^SX\cXa�UX�[�VSZcUYVXSVV�Ub�[�_SVcUX�WRS�̂ [eSXWV�dSZS�\cic\S\�cXWU�WdU�aZUY^V@���aZUY^�A�̂ [eSXWV�dcWR�[�_SVcUX�Ub�WRS�Y^^SZ�
[X\�_UdSZ�S`WZSTceSV�����̂ SZVUXV�B�FF�aZUY^�A�̂ [eSXWV�dcWR�[�_SVcUX�Ub�WRS�_UdSZ�S`WZSTceSV���!�̂ SZVUXV�#�lUZ�S[]R�aZUY^�WRS�cX\cic\Y[_�WS]RXcgYS�Ub�
[^^_c][eUX�Ub�WSVW
UZWRUVSV�[X\�TU\SV�Ub�WRScZ�T[VWSZcXa�R[iS�kSSX�\SiS_U^S\#�QSVW
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UZWRUVSV�[X\�WRScZ�ZS_c[kc_cWj�dSZS�Si[_Y[WS\#�r_cXc][_1�kcUTS]R[Xc][_�\c[aXUVe]�VWY\j�Ub�̂ [eSXWV�[X\�T[XY[_�WSVeXa�Ub�[hS]WS\�_UdSZ�S`WZSTceSV�Ub�
^[eSXWV�UX�ZSVc\Y[_�TYV]_S�̂ UdSZ�dSZS�][ZZcS\�UYW1�X[TS_j@�TYV]_S�̂ UdSZ�UX�d[V�Si[_Y[WS\�oiS
V]UZS\�{[X\[�V][_S#
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bUUW�WSVW
UZWRUVcV�[X\�[�WS]RXcgYS�Ub�cWV�[^^_c][eUX�bUZ���aZUY^V�Ub�̂ SZVUXV�dcWR�VSZcUYV�_SVcUXV�Ub�[�_U]UTUWUZ�VjVWST�R[iS�kSSX�\SiS_U^S\#�QRS�bS[WYZS�
Ub�XSd�]UXVWZY]eUXV�Ub�WSVW
UZWRUVSV�cV�WRS�̂ UVVckc_cWj�Ub�WRScZ�gYc]f�[VVSTk_j�[X\�[\vYVWTSXW��dcWRcX��A��RUYZV��cX�icSd�Ub�WRS�cX\cic\Y[_�VcwSV�Ub�WRS�
^[eSXW1�\YS�WU�[�TU\Y_[Z�[^^ZU[]R�Ub�VS_S]eUX�[X\�]UXXS]eUX�Ub�]UT^UXSXWV#
q__�̂ [eSXWV�Ub�WRS�aZUY^���]UY_\�VW[X\�cX\S^SX\SXW_j�cX�UZWRUVSV�cX�RcaR�d[_fSZV#��SiSX�̂ [eSXWV�]UY_\�TUiS�cX\S^SX\SXW_j�cX�d[_fSZV�UX�WRS�\cVW[X]S�
Y^�WU����TSWSZV1�oiS�TUiS\�UX�\cVW[X]S�Ub����TSWSZV�dcWR�WRS�RS_^�Ub�WRS�cXVWZY]WUZ#�quSZ�[���
\[j�]UYZVS�Ub�T[VWSZcXa�Ub�iSZe][_cw[eUX�[X\�d[_fcXa�
dcWR�WSVW
UZWRUVSV�[�\S]cVcUX�d[V�T[\S�]UX]SZXcXa�WRS�\SVcaX�Ub�cX\cic\Y[_�UZWRUVSV#��c`�^[eSXWV�R[iS�ZSbYVS\�UZWRUe]�T[X[aSTSXW�bUZ�WRS�_[]f�Ub�
]UX\ceUXV�bUZ�WZ[cXcXa�[W�RUTS#��X�WRScZ�][VS�WSVW
UZWRUVSV�dSZS�YVS\�[V�[�WZ[cXSZ�bUZ�iSZe][_cw[eUX�[X\�S`SZ]cVSV�cX�[�VW[X\cXa�̂ UVceUX�UX�[�\SVcaXS\�
WS]RXcgYS#
z[eSXWV�Ub�WRS�aZUY^����TUiS\�cX�k[ZV�[X\�cX�_Ud�d[_fSZV�UX�[�\cVW[X]S�bZUT�����WU�����TSWSZV#�quSZ�T[VWSZcXa�d[_fcXa�dcWRcX�GA���\[jV�dcWR�WSVW
UZ-
WRUVSV�[�\S]cVcUX�d[V�T[\S�]UX]SZXcXa�WRS�\SVcaX�Ub�cX\cic\Y[_�UZWRUVSV#�}XSS
[Xf_S
bUUW�UZWRUVSV�dcWR�_U]fcXa�fXSS�vUcXWV�dSZS�T[XYb[]WYZS\�WU�
VSiSX�^[eSXWV1�cX[Ze]Y_[WS\�fXSS�vUcXWV�[X\�^XSYTU]j_cX\SZV�A�WU�bUYZ�^[eSXWV1�[X�cX[Ze]Y_[WS\�~UUZ�ZS[]eUX�[Xf_S
bUUW�UZWRUVcV�A�WU�UXS�^[eSXW#�
�XS�̂ [eSXW�dcWR�]UXVSgYSX]SV�Ub�[�V^cX[_�VWZUfS�YVS\�WSVW
UZWRUVSV�[W�RUTS�dcWRcX��#"�TUXWRV#�qV�[�ZSVY_W�Ub�ZSaY_[Z�WZ[cXcXa�WRS�TYV]_S�̂ UdSZ�Ub�RSZ�
_Su�_Sa�[X\�cX�̂ [ZW�Ub�RSZ�ZcaRW�_Sa�d[V�ZSVWUZS\#��X�RSZ�][VS�WSVW
UZWRUVSV�RS_^S\�WU�[iUc\�S`^SXVSV�UX�T[XYb[]WYZcXa�Ub�WdU�cX\cic\Y[_�fXSS
[Xf_S
bUUW�
UZWRUVSV#�QRS�UZWRUVcV�UX�RSZ�ZcaRW�_Sa�d[V�T[XYb[]WYZS\�dRc]R�R[V�[__UdS\�RSZ�WU�V[iS�bYX]eUX�Ub�TYV]_SV�Ub�WRS�_Sa�\YZcXa�d[_fcXa�\YS�WU�cXVW[__[eUX�
Ub�WRS�̂ XSYT[e]�]j_cX\SZ�cX�WRS�oS_\�Ub�WRS�fXSS�vUcXW1�WR[W�]UT^SXV[WS\�dS[fXSVV�Ub�WRS�gY[\Zc]S^V�TYV]_S�Ub�WRS�Rc^�cX�WRS�VW[X]S�̂ R[VS#
A./*(;2)./2#�q^^_c][eUX�Ub�VW[X\[Z\�WSVW
UZWRUVSV�[__UdV�WU�SVeT[WS�^RjVc][_�[kc_ceSV�Ub�^[eSXWV1�WU�_S[ZX�WRST�WU�YVS�UZWRUVSV�UX�WRS�_UdSZ�S -̀
WZSTceSV1�WU�\SWSZTcXS�bUZ�SiSZjUXS�[X�U^eT[_�]UXVWZY]eUX�Ub�cX\cic\Y[_�UZWRUVSV�WR[W�SX[k_SV�WU�ZSbYVS�_UXa�[X\�S`^SXVciS�̂ ZU]SVV�Ub�T[XYb[]WYZcXa�
Ub�[�XUX
ShS]eiS�[X\�XUW�]UTbUZW[k_S�cX\cic\Y[_�UZWRUVcV�kSbUZSR[X\#�QRS�bYZWRSZ�ZSVS[Z]R�cV�XS]SVV[Zj�bUZ�S`^[XVcUX�Ub�^UVVckc_ceSV�Ub�YVS�Ub�WSVW

UZWRUVSV�bUZ�]Rc_\ZSX�dcWR�VSZcUYV�_SVcUXV�Ub�bYX]eUXV�Ub�VY^^UZW�[X\�d[_fcXa#
QRS�ZSVS[Z]R�d[V�][ZZcS\�UYW�cX�[]]UZ\[X]S�dcWR�WRS�̂ ZcX]c^_SV�Ub�WRS��S_VcXfc�\S]_[Z[eUX#�QRS�VWY\j�̂ ZUWU]U_�d[V�[^^ZUiS\�kj�WRS��U][_�SWRc]V�]UT-
Tc�SS�Ub�WRS�̂ [Ze]c^[eXa�cXVeWYeUX#�QRS�cXbUZTS\�]UXVSXW�Ub�WRS�̂ [eSXW�d[V�UkW[cXS\�bUZ�]UX\Y]eXa�WRS�VWY\cSV#
�U�]UX~c]W�Ub�cXWSZSVW�d[V�\S]_[ZS\�kj�WRS�[YWRUZV#
Key words:�_U]UTUWUZ�bYX]eUXV�cT^[cZTSXWB�]UXVWZY]eUXV�Ub�WSVW�A�UZWRUVSVB�S�]cSX]j�Ub�UZWRUe]�T[X[aSTSXWB�fXSS�vUcXWB�[Xf_S�vUcXW#
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