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@BAB>D<EF4?V6» !4JVBA4?ьABW 4>489@VW A4G> '>D4WA<» F4 CD<E6OK9A4 
DB;DB5?9AAN @9FB8V6 E<AF9;G F4 6<6K9AAN EC9>FD4?ьAB-?N@VA9EJ9AFA<I 
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WIAV= BEAB6V.
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№ 89D:D9єEFD4JVW 0122U002200); CDBє>FG !4JVBA4?ьAB7B HBA8G 8BE?V8:9Aь 
'>D4WA< «$B;DB5>4 AB6<I @4F9DV4?V6 @98<>B-5VB?B7VKAB7B F4 69F9D<A4DAB7B 
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А>FG4?ьAVEFь DB5BF< 
%>64D4WAB6< 54D6A<>< ;A4IB8OFь L<DB>9 ;4EFBEG64AAO G @98<>B-

5VB?B7VKA<I 8BE?V8:9AAOI 6 BCF<KAV= 8V47ABEF<JV, E9AEBDA<I F9IAB?B7VOI F4 
5VB6V;G4?V;4JVW. З468O>< E6BW@ EC9>FD4?ьA<@ 6?4EF<6BEFO@ (6<EB><= >64AFB6<= 
6<IV8 H?GBD9EJ9AJVW, VAF9AE<6A4 V 6G;ь>4 E@G74 CB7?<A4AAO, FBMB) E>64D4WAB6V 
54D6A<>< є C9DEC9>F<6A<@<, 4?9 6E9 M9 A98BEF4FAьB 8BE?V8:9A<@< E9AEBD4@< 
8?O 89F9>JVW 5VB@B?9>G? F4 64:><I @9F4?V6, 4 F4>B: 6<;A4K9AAO I4D4>F9D<EF<> 
@V>DBBFBK9AAO. �4:?<6<@ A4CDO@B@ EGK4EABW A4G>< є F4>B: JV?9ECDO@B64A9 
D97G?N64AAO EF45V?ьABEFV V BCF<KA<I I4D4>F9D<EF<> 54D6A<>V6 8?O 
;4EFBEG64AAO 8B >BA>D9FA<I E<EF9@, ;B>D9@4 6>?NK9AAO@ WI @B?9>G? 8B 
EGCD4@B?9>G?ODA<I >B@C?9>EV6.

З B7?O8G A4 E>4;4A9 6<M9, 4 F4>B: A4 A9B5IV8AVEFь 6<DVLG64F< 9>B?B7VKAV 
CDB5?9@<, CB6’O;4AV ; 89F9>FG64AAO@ 64:><I @9F4?V6 G DV;A<I B5’є>F4I, E<AF9;, 
V 8BE?V8:9AAO E>64D4WAB6<I 54D6A<>V6 O> E9AEBDV6 8?O 6<O6?9AAO CB?ODABEFV, 
6’O;>BEFV F4 ><E?BFABEFV E9D98B6<M4, ;84FA<I GF6BDN64F< >B@C?9>E<  ; =BA4@< 
64:><I @9F4?V6, ;@VANNK< CD< JьB@G E6BW EC9>FD4?ьAV 6?4EF<6BEFV, 4 F4>B: 
;4EFBEG64AAO WI G 5VB?B7VKA<I E<EF9@4I, є A48;6<K4=AB 4>FG4?ьA<@ F4 
64:?<6<@ 8?O DB;6<F>G O> HGA84@9AF4?ьA<I, F4> V CD<>?48A<I 4EC9>FV6 A4G>< 
V F9IAV><.

З474?ьA4 BJVA>4 8<E9DF4JVW 
�<E9DF4JV=A4 DB5BF4 $. #. %6BO>B64 E>?484єFьEO ;V 6EFGCG, ?VF9D4FGDAB7B 

B7?O8G, C’OF< DB;8V?V6, 6<EAB6>V6, B8AB7B 8B84F>G F4 C9D9?V>G CBE<?4Aь V; 228 
8:9D9?. 

' 6EFGCAі9 GаEF8Aі B;A4K9AV 4>FG4?ьAVEFь, @9F4 V ;484KV, CD98@9F, B5’є>F 
V @9FB8< 8<E9DF4JV=ABW DB5BF<, 6<>?489AV A4G>B64 AB6<;A4 F4 CD4>F<KA9 
;A4K9AAO CDB6989A<I 8BE?V8:9Aь, 4 F4>B: A46989AV 84AV CDB BEB5<EF<= 6A9EB> 
;8B5G64K4 V 4CDB54JVN D9;G?ьF4FV6 8BE?V8:9AAO. 

' C9DHB@G DB78і?і CD98EF46?9AV D9;G?ьF4F< DB5BF< 46FBD4 ; 
?VF9D4FGDA<@< 8:9D9?4@<: DB;7?OAGFV BEAB6AV @9FB8< E<AF9;G E<@9FD<KA<I F4 
A9E<@9FD<KA<I E>64D4WAB6<I 54D6A<>V6, WI BCF<KAV 6?4EF<6BEFV V BEAB6AV 
EGK4EAV A4CDO@< WIAьB7B ;4EFBEG64AAO O> BCF<KA<I ;BA8V6 8?O DV;A<I E<EF9@, 4 
F4>B: B>D9E?9AB C9DEC9>F<6< ;4EFBEG64AAO E>64D4WAB6<I 54D6A<>V6 8?O 
;6’O;G64AAO =BAV6 64:><I @9F4?V6, V HBD@G64AAO EGCD4@B?9>G?ODA<I 
>B@C?9>EV6. � JьB@G DB;8V?V $. #. %6BO>B6 >D<F<KAB CDB4A4?V;G646 F4 
G;474?ьA<6 VEAGNK<= @4F9DV4?, B5ґDGAFG646L< 6<5VD B5’є>FV6 8BE?V8:9AAO V 
EHBD@G?N646L< A4G>B6V CDB5?9@<, MB ;G@B6<?< @9FG =B7B 8BE?V8:9Aь, V 
D9;G?ьF4F< O><I CD98EF46?9AV G CB84AV= 8B ;4I<EFG 8<E9DF4JVW. #DB6989A<= 
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B7?O8 CG5?V>4JV= 89@BAEFDGє 6<EB><= A4G>B6<= DV69Aь 46FBD4, 6V8CB6V84є F9@V 
8<E9DF4JVW, 6<>?489A<= ?B7VKAB F4 CBE?V8B6AB. 

' 8DG7B@G DB78і?і BC<E4AV CDBJ98GD< E<AF9;G 8BE?V8:G64A<I E>64D4WAV6 
V A46989AV 84AV MB8B CV8F69D8:9AAO EFDG>FGD< F4 K<EFBF< B89D:4A<I ECB?G>. 
">D9E?9AV 9>EC9D<@9AF4?ьAV E>?48ABMV, MB 6<A<>4?< CD< E<AF9;V ECB?G> 
HSq1 F4 HSq2 F4 ECBEV5 WI CB8B?4AAO. "5ґDGAFB64A<= 6<5VD E>64D4WA-
DBF4>E4AV6 8?O 8BE?V8:9AAO WIAьBW ;84FABEFV 8B >BAFDB?ьB64ABW 47D974JVW. 

&D9Fі9 DB78і? CD<E6OK9A<= 8BE?V8:9AAN 6C?<6G ;4@VEA<>V6 
79@VE>64D4WAB6<I 54D6A<>V6 A4 KGF?<6VEFь WI EC9>FD4?ьA<I C4D4@9FDV6 8B 
I4D4>F9D<EF<> E9D98B6<M4 V CD<EGFABEFV 5<K4KB7B E<DB64F>B6B7B 4?ь5G@VAG. 
�<6K9A4 @B:?<6VEFь ;4EFBEG64AAO 89O><I 79@V- F4 E9@VE>64D4WAV6 O> E9AEBDV6 
8B =BAV6 Hg2+. !4 BEAB6V 8BE?V8:9Aь 5G?< ;4CDBCBAB64AV D9KB6<A<, MB @B:GFь 
EF4F< A4=9H9>F<6AVL<@< E9AEBD4@< 8?O 6<;A4K9AAO 6’O;>BEFV, 6B8A96<I 
;6’O;>V6, ><E?BFABEFV E9D98B6<M4 F4 6<O6?9AAO CDBF9WAV6. !4=5V?ьL 64:?<6<@ 
V 4>FG4?ьA<@ D9;G?ьF4FB@ DB5BF<, A4 8G@>G BCBA9AF4, є E<AF9; 79@VE>64D4WAV6, 
MB I4D4>F9D<;GNFьEO 6<EB>BN KGF?<6VEFN V E9?9>F<6AVEFN 8B >4FVBAV6 Hg2+. 

' G9F69DFB@G DB78і?і A484AV D9;G?ьF4F< 8BE?V8:9AAO EC9>FD4?ьA<I F4 
?N@VA9EJ9AFA<I I4D4>F9D<EF<> EGCD4@B?9>G?ODA<I E<EF9@ A4 BEAB6V 
E>64D4WAB6<I 54D6A<>V6, 4 F4>B: 6<6K9AAO DV8>VEA<I >BE<I 47D974FV6, 
GF6BD9A<I ;4 GK4EFN 8<@9DV6 E>64D4WADBF4>E4AB6<I 54D6A<>V6, O>V >B64?9AFAB 
;4>DVC?9AV 6 ID9EFBCB8V5A<I �!� EFDG>FGD4I ХB??V89O. �C9DL9 5G?< 
E<AF9;B64AV V BI4D4>F9D<;B64AV E>64D4WA-DBF4>E4AB6V >B@C?9>E<. І; 
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EC9>FDBE>BCVO, EF4JVBA4DA4 EC9>FDBE>BCVO CB7?<A4AAO F4 >DG7B6B7B 8<IDBW;@G, 
45EBD5JV=A4 EC9>FDBE>BCVO V H?GBD<@9FDVO, 5G?4 8BE?V8:9A4 >BAFDB?ьB64A4 
47D974JVO 8B67BI6<?ьB6<I E>64D4WA-DBF4>E4A<. !4 BEAB6V J<I 84AA<I V; 
;4EFBEG64AAO@ @B89?N64AAO �NA4-$9A79D4- 9O 6EF4AB6?9AB FD< DV6AV 
>9DG64AAO @V:@B?9>G?ODABN BD74AV;4JVєN: CDBEFBDB69 ;5?<:9AAO IDB@BHBDV6 
;468O>< WIAV= :BDEF>V= HV>E4JVW G EFDG>FGDV ХB??V89O, EGCD4@B?9>G?ODA<= 
>BAFDB?ь F<CG 47D974FV6, 89 >BE4 GC4>B6>4 є A4=5V?ьL 9A9D79F<KAB 6<7V8ABN, 
FBA>9 A4?4LFG64AAO DB;F4LG64AAO K9D9; EFDG>FGDAG @B8<HV>4JVN @4>DBJ<>?G. 

В C’яFB@G DB78і?і A46989A<= BC<E @4F9DV4?V6, D94>F<6V6 V @9FB8V6, MB 
;4EFBEB6G64?<EO 6 84AV= DB5BFV, 89F4?9= 9>EC9D<@9AFG V DB;D4IGA>V6, 4 F4>B: 
@9FB8<>< E<AF9;G E>64D4WAB6<I 54D6A<>V6 V EGCD4@B?9>G?ODA<I >B@C?9>EV6 A4 
WI BEAB6V.

�BEFB6VDAVEFь F4 A4G>B64 AB6<;A4 BFD<@4A<I D9;G?ьF4FV6 
�<E9DF4JV=A4 DB5BF4 6<>BA4A4 A4 6<EB>B@G A4G>B6B@G DV6AV, @VEF<Fь 

69?<><= B5EO7 9>EC9D<@9AF4?ьAB7B @4F9DV4?G, BFD<@4AB7B ; 6<>BD<EF4AAO@ 
EGK4EA<I @9FB8V6 8BE?V8:9Aь, O><= 8B5D9 G;7B8:GєFьEO ; CDB6989A<@ O>VEA<@ 
F4 >V?ь>VEA<@ F9BD9F<KA<@ 4A4?V;B@. "EAB6AV D9;G?ьF4F< CB6AVEFN 
CD9;9AFB64AV 6 D9J9A;B64A<I CDBHV?ьA<I 6<84AAOI, WI 4CDB54JVO CDB6989A4 A4 
EC9JV4?V;B64A<I @V:A4DB8A<I >BAH9D9AJVOI. #BEF46?9AV 6 DB5BFV ;4684AAO 
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6<DVL9AV, ;DB5?9AV B5ґDGAFB64AV 6<EAB6><, CD<6989AB 89F4?ьA<= BC<E 
BFD<@4A<I A4G>B6<I F4 CD4>F<KA<I D9;G?ьF4FV6. 

!4G>B64 AB6<;A4 DB5BF< A9 6<>?<>4є EG@AV6V6. �6FBDB@ 6C9DL9 
E<AF9;B64AB A<;>G AB6<I 79@VE>64D4WAB6<I H?GBDBHBDV6 F4 6EF4AB6?9AB 
>BD9?OJVW @V: EFDG>FGDBN 54D6A<>V6 F4 EC9>FD4?ьAB-?N@VA9EJ9AFA<@< V 
I9@BE9AEBDA<@< 6?4EF<6BEFO@<; 8BE?V8:9AB KGF?<6VEFь B89D:4A<I 
79@VE>64D4WAV6 8B ;@VA C4D4@9FDV6 @V>DBBFBK9AAO, 4 F4>B: 8B A4O6ABEFV VBAV6 
@9F4?V6 F4 5V?>V6; B89D:4AB AB6V DBF4>E4A< A4 BEAB6V E>64D4WAB6<I 54D6A<>V6, 
O>V 6<>BD<EF4AB 8?O >B64?9AFAB7B @VK9AAO B?V7BAG>?9BF<8V6 F4 CB84?ьLB7B 
HBD@G64AAO EFDG>FGD ХB??V89O; 8BE?V8:9AB GF6BD9AAO DV8>VEAB7B >BEB7B 
C4>G64AAO 8<@9DV6 E>64D4WA-DBF4>E4AV6, 66989A<I G EFDG>FGD< ХB??V89O. 

�D4>F<KA9 ;A4K9AAя DB5BF< 
�<E9DF4JV=A4 DB5BF4 @4є 6<EB>9 CD4>F<KA9 ;A4K9AAO. � AV= 6EF4AB6?9AV 

;4>BAB@VDABEFV @V: EFDG>FGDBN 79@VE>64D4WAB6<I 54D6A<>V6, ;B>D9@4 
;4@VEA<>4@< 6 4@VAB7DGCV, F4 WIAV@< EC9>FD4?ьAB-?N@VA9EJ9AFA<@< V 
I9@BE9AEBDA<@< 6?4EF<6BEFO@<, MB ECD<OF<@9 CB84?ьLV= DB;DB5JV 
9H9>F<6A<I H?GBD9EJ9AFA<I E9AEBDV6 8?O L<DB>B7B >B?4 ;4EFBEG64Aь. %9D98 
8BE?V8:9A<I 79@VE>64D4WAV6 B5D4AB A4=5V?ьL C9DEC9>F<6AV >4A8<84F< 8?O 
6<;A4K9AAO CB?ODABEFV, ><E?BFABEFV F4 6’O;>BEFV E9D98B6<M4, 4 F4>B: 8?O 
89F9>JVW VBAV6 DFGFV(ІІ) F4 5V?>V6. %<AF9;B64AV 79@VE>64D4WAB6V E9AEBD< @B:GFь 
5GF< >BD<EA<@< 8?O @98<>B-5VB?B7VKA<I 8BE?V8:9Aь F4 >?VAVKABW 8V47ABEF<><, 
@BAVFBD<A7G EF4AG A46>B?<LAьB7B E9D98B6<M4, O>BEFV I4DKB6<I F4 
H4D@4>B?B7VKA<I CDB8G>FV6 FBMB. "89D:4AV EGCD4@B?9>G?ODAV E<EF9@< 
DBF4>E4AB6B7B F<CG A4 BEAB6V E>64D4WAB6<I 54D6A<>V6 8B;6B?ONFь ;A4KAB 
CV86<M<F< EF45V?ьAVEFь E>64D4WAB6<I 54D6A<>V6 F4 DB;L<D<F< B5?4EFь WIAьB7B 
;4EFBEG64AAO. �<O6?9AV BEB5?<6BEFV HBD@G64AAO 8<@9DA<I 47D974FV6 E>64D4WA-
DBF4>E4AV6 V; DV8>VEA<@ >BE<@ C4>G64AAO@ DB;L<DNNFь CBF9AJV4? J<I E<EF9@ 
8?O ;4EFBEG64AAO G A4ABHBFBAVJV F4 >64AFB6<I F9IAB?B7VOI 4 ;B>D9@4, 8?O 
DB;DB5>< >9DB64A<I 9>E<FBAA<I EFDG>FGD G CD<EFDBOI ;5BDG E6VF?4, C9D984KV 
9A9D7VW F4 B5DB5>< >64AFB6BW VAHBD@4JVW. 

�B6ABF4 6<>?489AAя A4G>B6<I CB?B:9Aь, 6<EAB6>V6 F4 
D9>B@9A84JV= 6 BCG5?V>B64A<I CD4JяI 

"EAB6AV D9;G?ьF4F< 8<E9DF4JV=ABW DB5BF< 6<>?489AV G FDьBI EF4FFOI 6 
:GDA4?4I, MB 6IB8OFь 8B @V:A4DB8A<I A4G>B@9FD<KA<I 54; Scopus 45B Web of 
Science (864 ; O><I A4?9:4Fь 8B C9DL<I 86BI >64DF<?V6), B8AB@G C4F9AFV A4 
6<A4IV8, 4 F4>B: CD98EF46?9AV A4 KBF<DA48JOF< >BAH9D9AJVOI. "5EO7 
8DG>B64A<I DB5VF F4 WI >V?ь>VEFь 6V8CB6V84NFь 6<@B74@  "! '>D4WA<, MB8B 
CG5?V>4JVW BEAB6AB7B ;@VEFG 8<E9DF4JVW A4 ;8B5GFFO A4G>B6B7B EFGC9AO 8B>FBD4 
HV?BEBHVW ;4 EC9JV4?ьAVEFN 102 3 ХV@VO, 10 3 #D<DB8A<KV A4G><. 
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�<E>GEV=AV CB?B:9AAя F4 ;4G64:9AAя MB8B 8<E9DF4JV=AB7B 
8BE?V8:9AAя 

� JV?B@G DB5BF4 6<>BA4A4 A4 6<EB>B@G F9BD9F<KAB@G V 
9>EC9D<@9AF4?ьAB@G DV6AV, 8A4>, ; B7?O8G A4 ;474?ьAG E>?48AVEFь 
8BE?V8:G64A<I @4F9DV4?V6 V 69?<>G >V?ь>VEFь 9>EC9D<@9AF4?ьA<I 84A<I G 
BCBA9AF4 6<A<>?< B>D9@V ;4G64:9AAO F4 8<E>GEV=AV C<F4AAO. 

1. З64:4NK< A4 6<EB>G KGF?<6VEFь 89O><I ;D4;>V6 8B 6B8A96<I ;6’O;>V6 V 
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