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6<DB5A<JF64 K46GAA<I 6<?<6>V6 V; 7D48VєAFABN EFDG>FGDBN F4 6?4EF<6BEFO@<
�4CDBCBAB64A<= CV8IV8 8B BFD<@4AAO F4><I 6<?<6>V6 є C9DEC9>F<6A<@, BE>V?ь>< 
CBє8AGє 6 EB5V BCF<@V;4JVN @9I4AVKA<I F4 F9D@VKA<I I4D4>F9D<EF<> @4F9DV4?G.
�4G>B64 AB6<;A4 8BE?V8:9AAO CB?O74є 6 B5ґDGAFG64AAV E>?48G :4DBEFV=><I K46GAV6 
F4 DB;DB5?9AAV F9IAB?B7VKA<I DVL9Aь 8?O 6<DB5A<JF64 6<?<6>V6 V; CB>D4M9A<@< 
9>EC?G4F4JV=A<@< I4D4>F9D<EF<>4@<. �D<>?48A9 ;A4K9AAO BFD<@4A<I D9;G?ьF4FV6 
DB;7?OAGFB A4 BEAB6V 89F4?9= HBD@B>B@C?9>FV6 8?O 6<7BFB6?9AAO E>?BF4D<, O>V 
9>EC?G4FGNFьEO 6 G@B64I 6<EB>BF9@C9D4FGDAB7B F4 @9I4AVKAB7B A464AF4:9AAO.

�>FG4?ьAVEFь F9@4F<>< 8<E9DF4JV=AB7B 8BE?V8:9AAO ;G@B6?9A4 A9B5IV8AVEFN 
CV86<M9AAO 9H9>F<6ABEFV F4 8B67B6VKABEFV 6<>BD<EF4AAO HBD@B>B@C?9>FV6, 4 
CD4>F<KA9 ;A4K9AAO DB5BF< 6<;A4K4єFьEO WW 6A9E>B@ G DB;6<FB> E>?BF4DABW
CDB@<E?B6BEFV #>D4WA< F4 ;@9AL9AAO@ V@CBDFG 4A4?B7VKA<I 6<DB5V6, @4F9DV4?V6 V 
F9IAB?B7V=.
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CV86<M9A<@ 6@VEFB@ >D9@AVN (Si). �4EFBEG64AAO ?97G64?ьA<I 9?9@9AFV6 (Mo, Cr, Al, 
Ni, "i) G DV;A<I >B@5VA4JVOI F4 >V?ь>BEFOI 8B;6B?<?B BFD<@4F< CV86<M9AAO 
F9@C9D4FGD< CBK4F>G H4;B6<I C9D9F6BD9Aь, MB ECD<Oє ;5V?ьL9AAN 
9>EC?G4F4JV=AB7B D9EGDEG @4F9DV4?V6 6 G@B64I 6C?<6G J<>?VKA<I F9D@VKA<I 
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>D4MV B>4?<ABEFV=>VEFь, DBEFBEFV=>VEFь F4 F9D@BEFV=>VEFь CD<5?<;AB 8B 1,7 D4;V6, 
MB B5G@B6?Nє ;5V?ьL9AAO F9D@VAG 9>EC?G4F4JVW 6<DB5V6 F4 ;@9ALGє 6<FD4F< 
6<DB5A<JF64. 
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K46GAG FB6M<ABN EFVA>< 30 @@. &9 8B;6B?<?B BFD<@4F< @4F9DV4? V; 7D48VєAFB@ 
@BDHB?B7VW 7D4HVFB6<I 6>?NK9Aь, 4 E4@9 6V8 >G?OEFB7B 8B 69D@<>G?ODAB7B ; 
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A4G>B6BW 8VO?ьABEFV.
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�<>BD<EF4AV V89W, D9;G?ьF4F< V F9>EF< VAL<I 46FBDV6 @4NFь A4?9:AV CBE<?4AAO A4 
6V8CB6V8A9 8:9D9?B.

�B64 F4 EF<?ь 6<>?489AAO D9;G?ьF4FV6
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E>?B. �9F4?ьAB DB;7?OAGFB BEB5?<6BEFV 6<DB5A<JF64 E>?OABW CBDB:A<EFBW F4D< F4 
CDB4A4?V;B64AB EF4A F4 G@B6< DB5BF< HBD@G64?ьAB7B BEA4M9AAO. �B>4;4AB, MB G 
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8BE?V8AV K46GA< @4NFь 6<MV ;A4K9AAO ;4 4A4?B7VKAV CB>4;A<>< F9@C9D4FGD< 
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CBDB:A<AV ?<64DABW HBD@<. �4DV4AF 8B;6B?<6 BFD<@4F< 6<?<6>< ; C?4EF<AK4EF<@ 
7D4HVFB@

8DG7<= F9IAB?B7VKA<= 64DV4AF 3 CB69DIA969 B5DB5?9AAO DB;C?46G 
E<?V>B54DVє6<@ VAB>G?OFBDB@ HD4>JVW 0,315 @@ V; ?<FFO@ A4 IB?B8<?ьA<>< 
FB6M<A4@< 10 @@, 20 @@ F4 30 @@. "9IAB?B7VKA<= 64DV4AF 8B;6B?<6 CV86<M<F< 
8<EC9DEAVEFь 7D4HVFB6<I 6>?NK9Aь CBDV6AOAB ; C9DLBN F9IAB?B7VєN

FD9FV= F9IAB?B7VKA<= 64DV4AF 3 >B6LB69 B5DB5?9AAO DB;C?46G 
E<?V>B54DVє6<@ VAB>G?OFBDB@ ; DB;?<64AAO@ A4 IB?B8<?ьA<>< FB6M<A4@< 10 @@, 
20 @@ F4 30 @@. �EF4AB6?9AB, MB G 6<?<6>4I HBD@GєFьEO 7D48VєAFA<= DB;CB8V? 
7D4HVFB6<I 6>?NK9Aь 4 6V8 8DV5ABDB;74?G:9A<I 8B DV6AB@VDA<I C?4EF<AK4EF<I
#@B6< >D<EF4?V;4JVW F4 A4O6AVEFь C96ABW >V?ь>BEFV 7D4HVF<;G64?ьA<I K< 
>4D5V8BGF6BDN64?ьA<I IV@VKA<I 9?9@9AFV6 G E>?48V 8BE?V8A<I K46GAV6 ECD<ONFь
GF6BD9AAN H9D<FABW K< C9D?VFABW @9F4?96BW @4FD<JV ;4?9:AB 6V8 @4D>< 8BE?V8AB7B 
K46GAG;
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6AGFDVLAьBHBD@B69 (Vnmold @9FB8B@) @47AVє6@VEA<@ @B8<HV>4FBDB@ ; 
DB;?<64AAO@ A4 IB?B8<?ьA<>< FB6M<A4@< 10 @@, 20 @@ F4 30 @@. &9= 64DV4AF 
8B;6B?<6 BFD<@4F< H9D<FAG @9F4?96G @4FD<JN ; 7D48VєAFB@ @BDHB?B7VW 7D4HVFB6<I 
6>?NK9Aь ;4 C9D9DV;B@ 6<?<6>V6 ; K46GAG 310!�, 89 HBD@4 6>?NK9Aь >G?OEFB7B 
7D4HVFG C9D9IB8<Fь 8B 69D@<>G?ODAB7B F4 ;@VANєFьEO A4 C?4EF<AK4EF<=. 

�EV DB;DB5?9AV F9IAB?B7VKAV 64DV4AF< 46FBD>4 CV8>DVC<?4 4A4?V;B@
@9F4?B7D4HVKA<I ;B5D4:9Aь, @V>DBF69D8BEFV, F69D8BEFV F4 F9@C9D4FGDBCDB6V8ABEFV
O>V 6 E6BN K9D7G CV8F69D8<?< ;@VAG EFDG>FGD< = 6?4EF<6BEF9= 6<?<6>V6 ;4?9:AB 6V8 
;4EFBEB64AB7B F9IAB?B7VKAB7B CV8IB8G.
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12 EVKAO 2017 D. № 40 «�DB ;4F69D8:9AAO 6<@B7 8B BHBD@?9AAO 8<E9DF4JVW».

�CD<?N8A9AAO D9;G?ьF4FV6 8<E9DF4JV=ABW DB5BF<
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E9D98 O><I: 4 EF4FFV G A4G>B6<I 6<84AAOI, 6>?NK9A<I A4 84FG BCG5?V>G64AAO 8B 
C9D9?V>G A4G>B6<I H4IB6<I 6<84Aь #>D4WA<; 1 EF4FFO G C9DVB8<KAB@G A4G>B6B@G 
6<84AAV, CDBVA89>EB64AB@G G 54;4I 84A<I Web of Science Core Collection F4/45B 
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"4><@ K<AB@, A4G>B6V D9;G?ьF4F< BC<E4AV 6 8<E9DF4JV=AV= DB5BFV CB6AVEFN 
6<E6VF?9AV G A4G>B6<I CG5?V>4JVOI ;8B5G64K4

�98B?V>< F4 ;4G64:9AAO 8B 8<E9DF4JV=ABW DB5BF<.
$BD@G?N64AAO CGA>FV6 A4G>B6BW AB6<;A< 6<>?489AB 8B6B?V G;474?ьA9AB

64DFB 5G?B ;DB5<F< 4>J9AF A4 >BA>D9FA<I A4G>B6<I 8BEO7A9AAOI. �4CD<>?48, G 
C. G F69D8:9AAV CDB «CB>4;A<>< :4DBEFV=>BEFV K46GAV6» CBFDV5AB GFBKA<F< DV69Aь
6<;A4K9A<I CB>4;A<>V6 CB >B:AB@G V; FDьBI C4D4@9FDV6, O>V WW I4D4>F9D<;GNFь
"4>B: A9 A46989AB CBDV6AOAAO BFD<@4A<I D9;G?ьF4FV6 ; 4A4?B7VKA<@< @4F9DV4?4@<.

�?O A4=@9AG64AAO 8BE?V8A<I K46GAV6 8BJV?ьAB 6<>BD<EF4F< CB;A4K9AAO 
IV@VKA<I 9?9@9AFV6 6V8CB6V8AB 8B K<AA<I ABD@4F<6A<I 8B>G@9AFV6 (�!"#), MB 
;459;C9K<Fь >BD9>FAVEFь V GAVHV>4JVN F9D@VAB?B7VW.

�9>V?ь>4 F9IAB?B7VKA<I 64DV4AFV6 B5DB5>< DB;C?46V6 @4NFь G A4;6V
«CB69DIA969 B5DB5?9AAO».  B;@VD K4EF<AB> VAB>G?OFBD4 @9AL9 1 @@, 4 =B7B
7GEF<A4 @9AL4 7GEF<A< K46GAAB7B DB;C?46G �G:9 =@B6VDAB, MB F4>V 8DV5AV K4EF>< 
VAB>G?OFBD4 5G8GFь ;4?GK4F<Eь DB;C?46B@, GF6BDNNK< DGIB@9 E9D98B6<M9, 6 O>B@G 
6V85G64єFьEO B5’є@A4 6;4є@B8VO, 4 A9 CB69DIA964. �9 ;DB;G@V?B, KB@G E4@9 F4> 
A4;64?< F9IAB?B7VKAV 64DV4AF<?

# ;4EFBEB64A<I F9IAB?B7VKA<I CV8IB84I 6<>BD<EF4AB IB?B8<?ьA<>< DV;ABW 
FB6M<A<, CDBF9 G DB5BFV A9 6>4;4AB CD<K<A< WI F4 K< DB;7?O84?<EO VALV 64DV4AF<. 
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