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eNMTS�iTfGRPL�JeKfe�TPH�IHPLRSTO�iTfGRPLc�OHTPSKSQ{PHOTGHj�iTfGRPLc�TSj�mTLKf�eNMTS�iTfGRP{PHOTGHj�LnKOOL@�|TLHj�RS�
GeH�OKGHPTGNPH�PHhKHJc�;<�IPHOKMKSTPU�eNMTS�iTfGRPL�fTS�mH�KjHSGKkHj@�|U�NLKSQ�GeH�gNHLGKRSSTKPH�LNPhHU�jTGT�fROOHfGHj� 
iPRM� ;;� KSLGPNfGRPL� TG� GeH� ^KhKO� ohKTGKRS� dPTKSKSQ� ^HSGHPc� GeHLH� iTfGRPL� JHPH� HhTONTGHj� iRP� GeHKP� TIIOKfTmKOKGU� 
KS�GeH�fRSGH}G�Ri�GeH�TKP�GPTikf�fRSGPRO�GPTKSKSQ�mHiRPH�iNPGeHP�TSTOU~KSQ�GeHM@�deH�PHLNOG�iRNSj�GeTG�GeHPH�JHPH�HKQeG�
iTfGRPL��nSRJOHjQHc�T�IPTfGKfHc�TS�TGGKGNjHc�T�iTGKQNH�MTSTQHMHSGc�T�LGPHLL�MTSTQHMHSGc�jHfKLKRS�MTnKSQc�LKGNTGKRS�
TJTPHSHLL�TSj�T�fRMMNSKfTGKRS�JeKfe�IRLKGKhHOU�TSj�LKQSKkfTSGOU�TiiHfGHj�GeH�TKP�GPTikf�fRSGPROlL�GPTKSKSQ�TfeKHhHMHSG�
TG�GeH�OHhHO�Ri�?@?A@�deH�LGNjU�Ri�PHOTGKRSLeKI�mHGJHHS�GeH�eNMTS�iTfGRPL�TSj�GeH�TKP�GPTikf�fRSGPROlL�GPTKSKSQ�TfeKHhHMHSG�
KS�RPjHP�GR�fRSjNfG�T�MNOGKIOH�PHQPHLLKRS�TSTOULKL�mU�NLKSQ�GeH�NSjHPQPTjNTGHLl�TSj�LGNjHSGLl�GPTKSKSQ�LfRPHL�TSj�
GeHKP�LHOi{TLLHLLMHSG�LfRPHL�fROOHfGHj�iPRM�CD�LTMIOHL@�offRPjKSQ�GR�FGHIJKLH�MNOGKIOH�PHQPHLLKRS�TSTOULKL�TG�GeH�
?@?A�OHhHO�Ri�LKQSKkfTSfHc�GeH�MRLG�KMIRPGTSG�iTfGRPL�TiiHfGKSQ�GeH�TKP�GPTikf�fRSGPROlL�GPTKSKSQ�TfeKHhHMHSG�JHPH� 
nSRJOHjQH� EWV� TSj� GeH� IPTfGKfH� EXV@� deHLH� iTfGRPL� TffRNSGHj� iRP� YA@D� �� Ri� hTPKTSfH� KS� GPTKSKSQ� TfeKHhHMHSG� 
EZY�[�?@YADV@�deH�LGTSjTPjK~Hj�HgNTGKRS�JTL�]F^_Z`�[�?@7CaW�b�?@Y<AX@

Keywords:�eNMTS�iTfGRPLc�GPTKSKSQ�TfeKHhHMHSGc�TKP�GPTikf�fRSGPRO
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