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L.I. Rak1, V.L. Kashina–Yarmak1,2, A.V. Eshenko1,3

1GH�IHJKLMLNLO�PQR�STMUVROJ�WJV�XVQUOKYOJLK�ZOWULT�SWRO�WL�LTO�[WLMQJWU�XYWVO\]�QP�̂ OVMYWU�GYMOJYO�QP�_`RWMJOa��bTWR`Mc�
.d [ �bWRWeMJ�bTWR`Mc�[WLMQJWU�_JMcORKML]��_`RWMJO�
0bTWR`Mc�[WLMQJWU�̂ OVMYWU�_JMcORKML]��_`RWMJO

fTO�gWR�TWV�W�hWRLMYNUWRU]�WVcORKO�OiOYL�QJ�WVQUOKYOJL�YTMUVROJ��gTQ�WRO�jQMJj�LTRQNjT�W�hORMQV�QP�MJLOJKMcO�jRQgLT��hNkORL]�WJV�hORKQJWUML]�PQR\W-
LMQJ �lT]KMYWU�WYLMcML]�"lX$�YWJ�ROVNYO�LTO�M\hWYL�QP�KLROKK��KQ�\WMJLWMJMJj�ML�YWJ�kO�YQJKMVOROV�WK�W�LTORWhONLMY�WJLM7KLROKK�\OLTQV 
;!8'(�LQ�VOLOR\MJO�LTO�UOcOU�QP�lX�QP�WVQUOKYOJLK�MJ�gWRLM\O�YQJVMLMQJK�WJV�LTO�gW]K�LQ�MJYROWKO�ML��LQ�OcWUNWLO�LTO�WLLMLNVO�WJV�\QLMcWLMQJ�QP�LOOJ-
WjORK�LQ�hT]KMYWU�WYLMcML] 
<#"6�!#21	#$5	86"/�51)�mNRMJj�mOYO\kOR�./..'(�nNJO�./.0�1/0'WVQUOKYOJLK�WjOV�11(12'UMcMJj�MJ�LTO�YML]�QP�bTWR`Mc�WJV�LTO�bTWR`Mc�
ROjMQJ�gORO�MJLORcMOgOV�WkQNL�LTOMR�lX �44'QP�LTO\�MJVMYWLOV�LTOMR�WLLMLNVO�LQgWRVK�oX�WJV�gTWL�WiOYLK�MLK�UOcOU �GLWLMKLMYWU�hRQYOKKMJj�QP�LTO�
ROKNULK�gWK�YWRRMOV�QNL�NKMJj�LTO�oMKTOR�WJV�^WJJ7pTMLJO]�LOKLK �mMiOROJYOK�gORO�YQJKMVOROV�KLWLMKLMYWUU]�KMjJMqYWJL�WL�W�hRQkWkMUML]�QP�9:;�QR�
TMjTOR�"h</ /:$ 
=61>2"1)�fTO�lX�QP�LOOJWjORK�KMjJMqYWJLU]�VOYROWKOV�VNRMJj�LTO�gWR�YQ\hWROV�LQ�LTO�rNWRWJLMJO�hORMQV=�2/ 9;�QP�LOOJWjORK�TWV�W�UQg�UOcOU�
QP�lX��1> :;�TWV�WJ�WcORWjO�UOcOU�QP�lX��WJV�1. >;�TWV�W�TMjT�UOcOU�QP�lX �fTO�\WMJ�L]hO�QP�WYLMcML]�gWK�gWU`MJj��\QKL�QP�LTO�YTMUVROJ�kOjWJ�LQ�
OsORYMKO�MJ�LTO�\QRJMJj �XVQUOKYOJLK�gMLT�W�TMjT�UOcOU�QP�lX�TWV�W�UQJjOR�VNRWLMQJ�QP�QNLVQQR�KhQRLK�jW\OK �22 /;�QP�ROKhQJVOJLK�TWV�W�hQKMLMcO�
WLLMLNVO�LQgWRVK�lX��kNL�\QLMcWLMQJ�LQ�MJYROWKO�OsORYMKMJj�gWK�QPLOJ�UQg �fTO�QhMJMQJK�QP�WVQUOKYOJLK�ROjWRVMJj�LTO�YWNKOK�QP�MJKNtYMOJL�
hT]KMYWU�WYLMcML]�WJV�LTO�YQJKOrNOJYOK�QP�MLK�MJYROWKO�TWcO�kOOJ�WJWU]eOV �ugJ�VOKMRO�TWK�kOOJ�hQMJLOV�QNL�WK�LTO�\WMJ�PWYLQR�k]�42;�QP�
YTMUVROJ�gMLT�UQg�lX�WJV�90;�QP�YTMUVROJ�gMLT�TMjT�lX �fTO�KLOhK�LQ�OJKNRO�W�KNtYMOJL�UOcOU�QP�lX�PQR�YTMUVROJ�VNRMJj�W�hORMQV�QP�KQYMWU�YRMKMK�TWcO�
kOOJ�VOLOR\MJOV 
?�$ 2>1!�$1)�mNRMJj�LTO�gWR�MJ�_`RWMJO��LTO�JN\kOR�QP�KOVOJLWR]�YTMUVROJ�MJYROWKOV�KMjJMqYWJLU]�WJV�LTO�JN\kOR�QP�YTMUVROJ�gMLT�TMjT�\QLQR�
WYLMcML]�VOYROWKOV�KMjJMqYWJLU] �X�KNtYMOJL�UOcOU�QP�lX�MJ�gWRLM\O�YQJVMLMQJK�YWJ�kO�OJKNROV�k]�W�YQ\kMJWLMQJ�QP�VWMU]�gWU`K�"A/(>/'\MJNLOK$�gMLT�
\QRJMJj�OsORYMKO�WJV�\WMJLOJWJYO�QP�hT]KMYWU�OVNYWLMQJ�WYLMcMLMOK �XVVMJj�jW\OK�WJV�KhQRLK�WYLMcMLMOK�WL�UOWKL�LTROO�LM\OK�W�gOO`�gMUU�WUUQg�LQ�
WYTMOcO�W�TMjT�UOcOU�QP�WYLMcML] �HJYROWKMJj�LTO�\QLMcWLMQJ�QP�LOOJWjORK�LQ�MJYROWKO�lX�MK�WJ�M\hQRLWJL�LWK`�PQR�hWROJLK��LOWYTORK��VQYLQRK��hK]YTQUQ-
jMKLK��WJV�LTO�hNkUMY 
fTO�KLNV]�gWK�YWRRMOV�QNL�MJ�WYYQRVWJYO�gMLT�LTO�hRMJYMhUOK�QP�LTO�mOYUWRWLMQJ�QP�ZOUKMJ`M �fTO�KLNV]�hRQLQYQU�gWK�WhhRQcOV�k]�LTO�5Q\\MLLOO�QJ�
kMQOLTMYK�WJV�VOQJLQUQj]�QP�LTOKO�MJKLMLNLMQJK �fTO�MJPQR\OV�YQJKOJL�QP�LTO�YTMUVROJvK�hWROJLK�gWK�QkLWMJOV�PQR�LTO�ROKOWRYT 
[Q�YQJwMYL�QP�MJLOROKLK�gWK�VOYUWROV�k]�LTO�WNLTQRK 
@607��51%	YTMUVROJ��WVQUOKYOJLK��YQJVMLMQJK�QP�gWR�"gWRLM\O$��KLROKK��KQYMWU�ROKLRMYLMQJK��hT]KMYWU�WYLMcML]��\QLMcWLMQJ��KhQRLK�LRWMJMJj��hT]KMYWU�
OVNYWLMQJ 
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