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L.A. Strashok1,2, N.G. Mikhanovska1,3, G.M. Danylenko1, T.P. Sydorenko1, M.Yu. Isakova1,2, E.M. Zavelya1,2, M.L. Vodolazhskyi1
0>?�@?ABCDCECF�GHI�JKDLMIFA�NAM�OMHLFBPFACB�QFNLCK�JNIF�HG�CKF�ROS>�HG�TUINDAFVV$�WKNIUDX�
2WKNIUDX�RNCDHANL�SFMDPNL�TADXFIBDCZ$�TUINDAF�
5[)R)�WNIN\DA�WKNIUDX�RNCDHANL�TADXFIBDCZ$�TUINDAF

?ACFIANLLZ�MDB]LNPFM�]FIBHAB��?^_B��NIF�HAF�HG�CKF�̀ HBC�MDBNMXNACNaFM�]H]ELNCDHA�aIHE]B�DA�PHEACIDFB�NbFPCFM�cZ�KHBCDLDCDFB$�̀ NA&`NMF�MDBNBCFIB�
HI�HCKFI�BHPDNL�PHAdDPCB�NAM�XDHLFAPF)
7�-*+�CH�DMFACDGZ�aFAMFI�]FPELDNIDCDFB�HG�CKF�F`HCDHANL�BCNCF�HG�BPKHHL&NaF�PKDLMIFA�NAM�NMHLFBPFACB�DA�eNI�PHAMDCDHAB�DA�HIMFI�CH�MFXFLH]�FbFPCDXF�
BCINCFaDFB�GHI�]BZPKHLHaDPNL�BE]]HIC�DA�N�CD`FLZ�̀ NAAFI)
8! 1��!3.	!"5	-1 0�5.%�?A�SNZ�./..$�0/01*?^_B�NMHLFBPFACB�NAM�2022*NMHLFBPFACB�GIH`�fXDX�NAM�fXDX�IFaDHA��fg��eFIF�BEIXFZFM�NAHAZ&
`HEBLZ$�NAM�N�ZFNI�LNCFI$�0015*NMHLFBPFACB�DA�fXDX�IFaDHA$�DAPLEMDAa�056*?^_B)
91.:3 .%�OA�NANLZBDB�HG�IFB]HABFB�NcHEC�GFFLDAaB$�D`]IFBBDHAB�NAM�F`HCDHANL�BCNCF�HG�BPKHHL&NaF�PKDLMIFA�NAM�NMHLFBPFACB�BKHeB�CKNC�GFNI�GHI�
CKF�LDXFB�HG�CKFDI�IFLNCDXFB�NAM�CKFDI�GNCF�eNB�CKF�̀ HBC�BDaADhPNAC�GFFLDAa�GHI�cHCK�?^_B�NAM�LHPNL�IFBDMFACB)�iFNI�GHI�KH`F$�KHEBDAa$�NAM�GN`DLZ�]IH�]FICZ�
IF`NDAFM�CKF�BFPHAM�`HBC�D`]HICNAC�GFNI)�O�PHABCNAC�GFFLDAa�HG�NAjDFCZ$�KFL]LFBBAFBB�NAM�MFB]NDI�eNB�IF]HICFM�cZ�HAF&CKDIM�HG�?^_B�PKDLMIFA�NAM�
NMHLFBPFACB�NC�CKF�cFaDAADAa�HG�KHBCDLDCDFB�NAM�FXNPENCDHA$�cEC�MEIDAa�CKF�ZFNI�CKDB�haEIF�MFPIFNBFM�CH�CKF�LFXFL�HG�fg)�kKFBF�GFFLDAaB�eFIF�`HIF�
HGCFA�Fj]FIDFAPFM�cZ�aDILB$�IFaNIMLFBB�HG�CKFDI�PDCZ�HG�IFBDMFAPF)�OL`HBC�KNLG�HG�NLL�IFB]HAMFACB$�IFaNIMLFBB�HG�CKFDI�PDCZ�HG�IFBDMFAPF�NAM�aFAMFI$�IF&
]HICFM�NAaFI�NC�CKF�BDCENCDHA)�SHBC�NMHLFBPFACB�Fj]IFBBFM�PHAhMFAPF�CKNC�FXFIZCKDAa�eDLL�cF�hAF)�lZ�NL`HBC�NLL�DAMDPNCHIB$�aDILB�GIH`�CKF�?^_B�aIHE]�
eFIF�̀ HIF�F`HCDHANLLZ�BCIFBBFM)
;�"�3:.��".%�kKF�]IHcLF`�HG�CKF�KFNLCK�BCNCEB�HG�BPKHHL&NaF�PKDLMIFA�NAM�NMHLFBPFACB�HG�?^_B�NAM�CKF�HIaNAD\NCDHA�HG�`FMDPNL�NAM�]BZPKH&
LHaDPNL�NBBDBCNAPF�CH�CKF`�IFmEDIFB�PNIFGEL�BCEMZ�NAM�BHLECDHA)�kKF�CINE`NCDP�FXFACB�HG�CKF�eNI�DA�TUINDAF�NAM�CKF�DACFIANL�`DaINCDHA�HG�BPKHHL&NaF�
PKDLMIFA�NAM�NMHLFBPFACB�KNXF�KNM�N�BDaADhPNAC�D`]NPC�HA�CKF�̀ FACNL�BCNCF�HG�AHC�HALZ�CKF`$�cEC�NLBH�LHPNL�IFBDMFACB$�FB]FPDNLLZ�aDILB)�kKDB�aIHE]�HG�
PKDLMIFA�BKHELM�cF�PHABDMFIFM�NB�N�IDBU�aIHE])�̂ FCFI`DADAa�CKFDI�F`HCDHANL�BCNCF�DB�HG�aIFNC�D`]HICNAPF�GHI�CKF�]IFXFACDHA�HG�IFMEPDAa�CKF�]IFXNLFAPF�
HG�]BZPKH]NCKHLHaZ$�]BZPKHBHPDNL�MZBGEAPCDHA$�CD`FLZ�MDNaAHBDB�NAM�CIFNC`FAC)
RH�PHAdDPC�HG�DACFIFBC�eNB�MFPLNIFM�cZ�CKF�NECKHIB)
<1,=��5.#�NMHLFBPFACB$�DACFIANLLZ�MDB]LNPFM�]FIBHAB$�LHPNL�IFBDMFACB$�F`HCDHANL�BCNCF$�mEFBCDHAANDIF$�]BZPKHLHaDPNL�BE]]HIC)
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?.6�).(EB,**0�B?-;*;�-7�@*('&9;C�-B0�*,2�
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B4.17E;A�E41�>�),*);.;E*;8�E�,87I4A*78&�/7@E;	
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&87E7?�E;*;1*,**0�-,@(-(+.;E*;C�,87I4A*;C�
@/;E4E�4�1/;@�J�
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.;E*7).4�J��KF�+/7:B,8�4@�+7E,-4*17?�J� F��K��
U(17G�E).(*7EB,*7F�97�-4.08	3<=�'().45,�+/7	
E7-0.6�-4(D*7).;'*4�-7)B4-G,**0�97-7�5;@7H/,	
*42�.(�+);C7.;'*;C�/7@B(-4E�J��K�
!�B4.,/(.&/4�>�B;5,�+77-;*714�+7E4-78B,**0�
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-4A�*(�H7/8&E(**0�8,*.(B6*7D7�@-7/7EL0�-4.,A�
4�+4-B4.14E�@�&/(C&E(**08�D,*-,/*;C�7)7:B;E7)	
.,A�J�RK��!�-,01;C�-7)B4-G,**0C�*,�E;0EB,*7�
@EL0@1&�84G� ).(..?� 4�8,*.(B6*;8� @-7/7EL08�
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