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;XV̂MYY�H[ZYVXYPUKH�SVKPYZP_MYRP]�\[UR̂PQ�WXMLWXPfZPQ�>ES�RHR�

RVTWSMRYUVM� YZXHZMKP_MYRVM� XM̀MUPM� J� VISHYZP� [WXHJSMUPf�

SVKPYZP_MYRPTP�WXV̂MYYHTP �ZXMI[eaMM�ZaHZMScUVQ�WVLKVZVJRP�P�

WXVXHIVZRP �TVNMZ�IbZc�XHOLMSgU�UH�UMYRVScRV�VYUVJUb]�dZHWVJ[1], [3]:

�WVLKVZVJRH�P�XHOXHIVZRH�H[ZYVXYPUK-WXVMRZH,

�OHRSe_MUPM�YVKSH̀MUPf��RVUZXHRZH��VI�H[ZYVXYPUKM,

�JbWVSUMUPM�RVUZXHRZH �Z�M��RVURXMZUHf�LMfZMScUVYZc�WHXZUgXVJ�WV�

XMHSPOĤPP�H[ZYVXYPUK-WXVMRZH,

� V̂MURH�d\\MRZPJUVYZP�XMHSPOĤPP�H[ZYVXYPUK-WXVMRZH,

�JbfJSMUPM�WXVISMT�J�]VLM�XMHSPOĤPP�H[ZYVXYPUK-WXVMRZH �RVZVXbM�

TVK[Z�fJSfZcYf�YSMLYZJPMT�UMUHLSMNHaMKV�PYWVSUMUPf�RVUZXHRZH�VI�

H[ZYVXYPUKM�PSP�UMWXHJPScUVKV�WSHUPXVJHUPf�UH�UH_HScUb]�YZHLPf]�

WVLKVZVJRP�WXVMRZH��

-[ZYVXYPUK-WXVMRZ�'�̂MSMUHWXHJSMUUVM�POTMUMUPM�RVU\PK[XĤPP�

IPOUMY-YPYZMTb�UH�VYUVJM�H[ZYVXYPUKH�'�XHOXHIHZbJHMZYf�LSf�RVURXMZUVKV�

WXMLWXPfZPf� Y� M̂Sce� WVJb̀ MUPf� MKV� d\\MRZPJUVYZP� P�

RVUR[XMUZVYWVYVIUVYZP [2].

-[ZYVXYPUK-WXVMRZ�LVSNMU�VZJM_HZc�PUZMXMYHT�JYM]�[_HYZUPRVJ�

SVKPYZP_MYRVQ�̂MWV_RP [4]:

�VXKHUPOĤPP-OHRHO_PRH� '� VIMYWM_PJHf� PYWVScOVJHUPM�

UMVI]VLPTb]�XMY[XYVJ �ZM]UVSVKPQ�P�UV[-]H[,

�VXKHUPOĤPP-PYWVSUPZMSf��H[ZYVXYMXH��'�YVOLHJHf�[YSVJPf�LSf�

XHOJPZPf�P�YVJMX̀ MUYZJVJHUPf�VYUVJUVKV�UHWXHJSMUPf�IPOUMYH,

�WVZXMIPZMSf� WXVL[R̂PP�[YS[K� '� YVOLHJHf� JVOTVNUVYZP�

WVS[_MUPf�WXVL[R̂PP�PSP�[YS[KP�JbYVRVKV�RH_MYZJH�P�WV�

LVYZ[WUVQ�̂MUM�



-SKVXPZT� XMHSPOĤPP� H[ZYVXYPUK-WXVMRZH� LSf� WXMLWXPfZPQ�

VZLMScUVQ�VZXHYSP�>ES�OHRSe_HMZYf�J�YSML[eaMT��1Sf�RHNLVKV�

WXMLWXPfZPf�VZLMScUbM�dZHWb�H[ZYVXYPUK-WXVMRZH�TVK[Z�PTMZc�XHOSP_U[e�

WXVLVSNPZMScUVYZc �J�OHJPYPTVYZP�VZ�YZXHZMKP_MYRP]�P�VWMXHZPJUb]�̂MSMQ�

P�JVOTVNUVYZP�P]�LVYZPNMUPf�WXP�PYWVScOVJHUPP�H[ZYVXYPUKH�

SVKPYZP_MYRP]� \[UR̂PQ � VZ� LSPZMScUVYZP� WXVPOJVLYZJMUUVKV� P�

\PUHUYVJVKV�̂PRSH �WVZXMIUVYZP�J�WXVL[R̂PP�LSf�RHNLVKV�[_HYZUPRH�

SVKPYZP_MYRVQ�̂MWV_RP �VIMYWM_MUUVYZP�WXVPOJVLYZJMUUbTP�XMY[XYHTP�P�

Z�L��;XHRZP_MYRHf�XMHSPOĤPf�H[ZYVXYPUK-WXVMRZH�JRSe_HMZ�PUZMUYPJUbQ�

PU\VXTĤPVUUbQ�VITMU �JbfJSMUPM�P�XM̀MUPM�WXVISMT�ZMR[aMKV

JOHPTVLMQYZJPf �HRZPJUbM�RVUZHRZb�Y�WVZMÛPHScUbTP�WHXZUgXHTP�

;XMLSVNMUH Y]MTH� JbIVXH� YZXHZMKP_MYRP]� WHXZUgXVJ� J�

SVKPYZP_MYRP]�̂MWf]�WVYZHJRP�>ES �RVZVXHf�WVOJVSfMZ��[_MYZc�RH_MYZJV�

XHIVZb�SVKPYZP_MYRP]�VXKHUPOĤPQ �PYWVScOVJHZc�TUVKVRXPZMXPHScU[e�

V̂MUR[ �VWXMLMSPZc�TMZVLb�P�TVLMSP �WXPTMUfMTbM�UH�VZLMScUb]�dZHWH]�

WXV̂ML[Xb�JbIVXH�WHXZUgXH��XPY��1).

1Sf�WXPUfZPf�XM̀MUPQ�J�[WXHJSMUPP�LPUHTP_UbTP�SVKPYZP_MYRPTP�

M̂WfTP�WVYZHJVR�Y�[_gZVT�JVOUPRHeaP]�XPYRVJ�XHOXHIVZHU�HSKVXPZT �

WVOJVSfeaPQ�LSf�RHNLVKV�dZHWH�WVLKVZVJRP�XM̀MUPf�VWXMLMSPZc�TMZVLb�

P�TVLMSP�[WXHJSMUPf�XPYRHTP��1Sf�JbfJSMUPf�XPYRVJ�̂MWMQ�WVYZHJVR�

PUUVJĤPVUUVKV�WXVMRZH�TVNMZ�PYWVScOVJHZcYf��94�-HUHSPO��

/�]VLM�JUM̀UMKV�H[LPZH�WXVPOJVLPZYf�HUHSPO�VNPLHUPf�[XVJUf�

VIYS[NPJHUPf�WVZXMIPZMSMQ �XHIVZb�RVUR[XMUZVJ �ZMULMÛPQ�J�VZXHYSP �

dRVUVTP_MYRP] �WVSPZP_MYRP]�VZUV̀MUPQ�P�LX[KVQ�PU\VXTĤPP �VZUVYfaMQYf�

R�JbfJSMUPe�JUM̀UP]�XPYRVJ�LSf�SVKPYZP_MYRVQ�̂MWP�WVYZHJVR��/�]VLM�

JU[ZXMUUMKV�H[LPZH�YVIPXHeZYf�YJMLMUPf�V�JbWVSUfMTb]�SVKPYZP_MYRP]�

\[UR̂Pf] �ZM]UVSVKPf]��-UHSPOPX[eZYf�YWVYVIb�JbWVSUMUPf�SVKPYZP_MYRP]�

VWMXĤPQ �WVRHOHZMSP�RH_MYZJH�VIYS[NPJHUPf �YZX[RZ[XH�SVKPYZP_MYRP]�OHZXHZ �

YZHZPYZPRH�WVZMXc�VZ�XPYRVJ�P�Z�L� �ZV�MYZc�WXVPOJVLPZYf�YIVX�LHUUb] �

WVOJVSfeaP]�V̂MUPZc�JU[ZXMUUPM�XPYRP�SVKPYZPRP.



<PY��1. =]MTH�JbIVXH�YZXHZMKP_MYRP]�WHXZUgXVJ��=;��J�̂MWf]�

WVYZHJVR�>ES

9H� VYUVJM� HUHSPOH� LMQYZJ[eaMQ� WXHRZPRP� [WXHJSMUPf�

SVKPYZP_MYRPTP�WXV̂MYYHTP�WXMLWXPfZPQ�>ES �WXPUHLSMNHaP]�1>ES �

[YVJMX̀ MUYZJVJHUb�\[UR̂PP�[WXHJSMUPf�UH�WXPTMXM�WSHUPXVJHUPf�P�



VXKHUPOĤPP�SVKPYZP_MYRP]� M̂SMQ�WVYZHJVR�LSf�RVXWVXHZPJUb]�

PUUVJĤPVUUb]�WXVMRZVJ�RVTWHUPP��.SVR-Y]MTH�[WXHJSMUPf�WVYZHJRHTP�

XMY[XYVJ�J�RVXWVXHZPJUb]�WXVMRZH] �YJfOHUUb]�Y�JUMLXMUPMT�H[ZYVXYPUKH�

SVKPYZP_MYRP]�\[UR̂PQ �WXPJMLMUH�UH�XPY� 2. 

<PY��2��-SKVXPZT�XMHSPOĤPP�H[ZYVXYPUK-WXVMRZH�UH�XMHSPOĤPe�

SVKPYZP_MYRP]�\[UR̂PQ



WYUVJUbT�HXK[TMUZVT�LSf�X[RVJVLYZJH�WXMLWXPfZPQ�J�WXPUfZPP�

XM̀MUPf�VI�H[ZYVXYPUKM �RHR�WXHJPSV �fJSfMZYf�dRVUVTP_MYRPQ�d\\MRZ��

VXKHUPOĤPf�LVSNUH�SPIV�YVRXHZPZc�XHY]VLb �SPIV�[JMSP_PZc�LV]VLb��

=SMLVJHZMScUV �VLUPT�PO�VYUVJUb]�dZHWVJ�XMHSPOĤPP�H[ZYVXYPUK-WXVMRZH�

fJSfMZYf� dRVUVTP_MYRVM� VIVYUVJHUPM� PYWVScOVJHUPf� H[ZYVXYPUKH�

SVKPYZP_MYRP]�\[UR̂PQ�1Sf�dZVKV�IbSH�XHOXHIVZHUH�dRVUVTP_MYRHf�

TVLMSc�V̂MURPLHUUVKV�WVRHOHZMSf.

;XV̂MYY�WMXMLH_P�SVKPYZP_MYRP]�\[UR̂PQ�UH�JbWVSUMUPM�H[ZVXYMX[�

WVRHOHS �_ZV�XMHSPOĤPP�H[ZVXYPUK-WXVMRZH�PTMMZ�RHR�WVSVNPZMScUbM �ZHR�

P�VZXP̂HZMScUbM�YZVXVUb��S�WVSVNPZMScUbT�TVTMUZHT�TVNUV�VZUMYZP�

WVJb̀ MUPM�dRVUVTP_MYRVQ�d\\MRZPJUVYZP�J�XMO[ScZHZM�XMYZX[RZ[XPOĤPP�

HRZPJVJ�P�YVRXHaMUPf�OHZXHZ�UH�YVLMXNHUPM�VZLMScUb]�WVLXHOLMSMUPQ�P�

YS[NI��S�VZXP̂HZMScUbT�TVTMUZHT�VZUVYfZYf�'�WVZMXf�OUHUPQ�P�UHJbRVJ �

RVZVXbM�fJSfeZYf�IMŶMUUbTP�HRZPJHTP�WXMLWXPfZPf �MKV�RVUR[XMUZUbT�

WXMPT[aMYZJVT�
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