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�:BC0;ь=VABь B5<8. �>BAB@VKAV, 9>B?B7VKAV F4 9A9D79F<KAV 4EC9>F< 
6<DB5A<JF64 C9D6<AAB7B 4?N@VAVN A4>?484NFь EGFFє69 B5@9:9AAO A4 @B:?<6BEFV 
L6<8>B7B ;DBEF4AAO 6<DB5A<JF64 8?O ;459;C9K9AAO >D<F<KAB 64:?<6<I 74?G;9= 
9>BAB@V><. '>D4WA4, 6FD4F<6L< 6?4EA9 6<DB5A<JF6B C9D6<AAB7B 4?N@VAVN, CBFD95< 
CDB@<E?B6BEFV 6 4?N@VAVє6<I EC?464I ;48B6B?ьAOє L?OIB@ 64?NFA<I ;4>BD8BAA<I 
;4>GCV69?ь 45B ;4 D4IGAB> D9J<>?VA7G ?B@G V 6V8IB8V6 6<DB5A<JF64. #BEFV=A<= DVEF 
B5EO7V6 6<DB5A<JF64 6FBD<AA<I 4?N@VAVє6<I EC?46V6 є ;474?ьAB-E6VFB6BN F9A89AJVєN. 
&9IAB?B7VO@ CV86<M9AAO O>BEFV 6FBD<AA<I, 4 BF:9 ;45DG8A9A<I DV;AB@4AVFA<@< 
8B@VL>4@<, 4?N@VAVє6<I EC?46V6 CD<8V?OєFьEO ;A4KA4 G6474 V 6BA< A9 6FD4K4NFь E6BєW 
4>FG4?ьABEFV 6CDB8B6: FD<64?B7B K4EG. %GFFє6<= 6A9EB> 6 CV86<M9AAO O>BEFV 
6FBD<AA<I E<?G@VAV6 ;DB5?9AB CD98EF46A<>4@< A4G>B6BW L>B?< �B?K>4 �.#.: 
 VFOє6<@ ".�., �NFB6BN ".�., %>G=5V8BN ".�. F4 ,<DB>B5B>B6BN !.�. !<@< 
G8BE>BA4?9A4 F9IAB?B7VKA4 EI9@4 C9D6<AABW C9D9DB5>< ?B@G F4 8B6989AB, MB 8?O 
6FBD<AA<I EC?46V6 CBFDV5A4 86BEF48V=A4 EI9@4 B5DB5>< DV8>B7B @9F4?G  - 

9>EC9D<@9AF4?ьA<@ H?NEB@ 6 CDBJ9EV C?46>< F4 @B8<HV>4FBDB@ A4 EF48VW 
6<DB5A<JF64 6<?<6>4. %?V8 6V8;A4K<F<, MB ;A4KA<= 6A9EB> 6 G8BE>BA4?9AAO 
F9IAB?B7VW 6<DB5A<JF64 6<?<6>V6 ; 6FBD<AABW E<DB6<A< A4?9:<Fь A4G>B6<@ L>B?4@ 
�?GL>B6BW �.�., "EF4L4 ".#., #D<7GAB6BW �.�., �4?VAVABW !.�., �GJB6BW �.�, F4 VA. 

�<>BD<EF4AAO 6FBD<AA<I E<?G@VAV6 A45G64є BEB5?<6B 64:?<6B7B ;A4K9AAO 6 G@B64I 
8VW 6BєAAB7B EF4AG V, CB6’O;4ABN ; A<@, A9EF45V?ьAVEFN V@CBDFA<I CBEF46B>. 

' ;6’O;>G ; J<@, 8<E9DF4JVO CD<E6OK9A4 6<DVL9AAN 64:?<6BW A4G>B6B-
CD4>F<KABW ;484KV – DB;DB5JV >B@C?9>EABW F9IAB?B7VW BFD<@4AAO 6<EB>B@VJA<I 
6<?<6>V6 V; 6FBD<AA<I E<?G@VAV6 ;4 8BCB@B7BN G8BE>BA4?9AAO CDBJ9EV6 
@B8<HV>G64AAO V ;4?GK9AAO @9I4AV;@G 6C?<6G EC48>B6BEFV L<IF<. ' DB5BFV 6<>BA4AB 
4A4?V; EGK4EA<I 6VFK<;AOA<I F4 ;4>BD8BAA<I @9FB8V6 6C?<6G A4 DB;C?46 8?O 
BFD<@4AAO 8DV5AB;9DA<EFBW EFDG>FGD< V 6<EB>B7B DV6AO @9I4AVKA<I 6?4EF<6BEF9=. 

�2'O7>: @>1>B8 7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8. "EAB6AV 9F4C< 
DB5BF< 6<>BAG64?<EO 6 D4@>4I 7BECB84DKB-8B7B6VDA<I DB5VF №2914 «#V86<M9AAO 
HV;<>B-@9I4AVKA<I 6?4EF<6BEF9= 4?N@VAVє6<I EC?46V6 8?O H4EBAAB7B ?<FFO 89F4?9= 
6V8CB6V84?ьAB7B CD<;A4K9AAO» F4 №2917 «$B;DB5>4 F4 CDB@<E?B64 4CDB54JVO 
F9IAB?B7VW 6<DB5A<JF64 4?N@VAVє6<I EC?46V6 ; VA69DFB64ABN EFDG>FGDBN 8?O 
H4EBAAB7B ?<FFO 89F4?9= 6V8CB6V84?ьAB7B CD<;A4K9AAO» @V: �4CBDV;ь><@ 
A4JVBA4?ьA<@ F9IAVKA<@ GAV69DE<F9FB@ F4 �& « "&"$ %�+» 89D:46A<= 
D9єEFD4JV=A<= AB@9D №0117U004757. ">D9@V 8BE?V8:9AAO 8<E9DF4JVW 6<>BAG64?<EO 
6V8CB6V8AB 8B C?4AG A4G>B6B-8BE?V8A<I DB5VF !' «�4CBDV;ь>4 CB?VF9IAV>4»  
�� №02918 «$B;DB5>4 CDBJ9EV6 A4AB- F4 @V>DB@B8<HV>G64AAO >BAEFDG>JV=A<I 
@4F9DV4?V6» F4 �� №02911 «�BE?V8:9AAO F4 CV86<M9AAO @9I4AVKA<I, F9IAB?B7VKA<I 
F4 E?G:5B6<I 6?4EF<6BEF9= >BAEFDG>JV=A<I @4F9DV4?V6» G O><I 46FBD 5G6 6<>BA46J9@ 
;4 F9@4F<KA<@< C?4A4@< 6 C9DVB8 ; 2018 CB 2024 DB><. 

�5B0 V 70240==O @>1>B8.  9F4 DB5BF< - CV86<M9AAO @9I4AVKA<I 6?4EF<6BEF9= 
8B96F9>F<KAB7B 6FBD<AAB7B E<?G@VAG ��7K F4 =B7B ;4>BD8BAAB7B 4A4?B7G �356.2 ;4 
8BCB@B7BN >B@C?9>EABW F9IAB?B7VW @B8<HV>G64AAO F4 8BE?V8:9AAO 6C?<6G 
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EC48>B6BEFV @9F4?G 6 D9;G?ьF4FV =B7B @B8<HV>G64AAO 8DV5AB>D<EF4?VKABN L<IFBN 
(��,). 

�;O 4>AO3=5==O <5B8 48A5@B0FV9=>3> 4>A;V465==O =5>1EV4=> 1C;> 
28@VH8B8 =0ABC?=V 7040GV: 

- ;DB5<F< CBDV6AOAAO 6C?<6G K2ZrF6 (;46B8Eь>4 F9IAB?B7VO) F4 
DB;DB5?9AB7B D4AVL9 @B8<HV>G64?ьAB7B >B@C?9>EG  �-1, O><= E>?484єFьEO ; S, 

Na2%"3, �2%"3, SiC, K2TiF6, KBF4, A4 EFDG>FGDG F4 @9I4AVKAV 6?4EF<6BEFV  6FBD<AAB7B 
E<?G@VAG ��7K, �356.2; 

- DB;DB5<F< @9FB8<>G BFD<@4AAO 8DV5AB>D<EF4?VKABW L<IF< ;V  
ECD<OF?<6<@< EC48>B6<@< 6?4EF<6BEFO@<; 

-  8BE?V8<F< >B@C?9>EA<= 6C?<6 @B8<HV>G64?ьAB7B >B@C?9>EG  �-1 F4 
EC48>B6BEFV 8DV5AB>D<EF4?VKABW L<IF< A4 EFDG>FGDG F4 @9I4AVKAV 6?4EF<6BEFV  
6FBD<AA<I E<?G@VAV6 ��7K, �356.2; 

- CDB69EF< 8BE?V8AB-CDB@<E?B69 6<CDB5G64AAO F9IAB?B7VW >B@C?9>EABW 
B5DB5>< @B8<HV>4FBDB@  �-1 F4 8DV5AB>D<EF4?VKABN L<IFBN. 

�1’є:B 4>A;V465==O – CDBJ9E< EFDG>FGDBGF6BD9AAO 6<?<6>V6 V; 6FBD<AA<I 
E<?G@VAV6 ��7K F4 �356.2 CD< >B@C?9>EAB@G B5DB5?9AAV DB;C?46V6 @B8<HV>4FBDB@ ; 
8B8464AAO@ 8DV5AB>D<EF4?VKABW L<IF<.  

�@54<5B 4>A;V465==O – EFDG>FGD4, @9I4AVKAV 6?4EF<6BEFV 6FBD<AA<I 
4?N@VAVє6<I EC?46V6 ��7K F4 �356.2 ; DV;A<@ 6@VEFB@ ;4?V;4, MB BFD<@4AV ;4 DV;A<@< 
64DV4AF4@< F9IAB?B7VKABW B5DB5>< @B8<HV>4FBDB@ V 8DV5AB>D<EF4?VKABN L<IFBN. 

�5B>48 4>A;V465=ь: EC9>FD4?ьA<= 4A4?V; IV@VKAB7B E>?48G EC?46V6, BCF<KA4 
@V>DBE>BCVO, D9AF79ABEC9>FD4?ьA<=, D9AF79ABEFDG>FGDA<= F4 HD4>FB7D4HVKA<= 
4A4?V;<, 6<;A4K9AAO @9I4AVKA<I 6?4EF<6BEF9= (@VJABEFV, C?4EF<KABEFV, F69D8BEFV). 

�0C:>20 =>287=0: 

1. �C9DL9 6EF4AB6?9AB I4D4>F9D 6C?<6G @B8<HV>G64?ьAB7B >B@C?9>EG  �-1 A4 
EFDG>FGDG F4 6?4EF<6BEFV 6FBD<AA<I EC?46V6 ��7K 6VFK<;AOAB7B F4 �356.2 
;4>BD8BAAB7B 6<DB5A<JF64 6V8CB6V8AB. �>EC9D<@9AF4?ьAB CV8F69D8:9AB, MB 
BCF<@4?ьA4 >V?ь>VEFь @B8<HV>G64?ьAB7B >B@C?9>EG  �-1, CD<;6B8<Fь 8B CB>D4M9AAO 
I4D4>F9D<EF<> EFDG>FGD< (8<EC9D7V;4JVO F4 DV6AB@VDA9 DB;CB6EN8:9AAO EFDG>FGDA<I 
E>?48B6<I, CD<854AAO H4;4@< ECD<OF?<6BW @BDHB?B7VW, ;A<:9AAO CBD<EFBEFV) F4 
CV86<M9AAO DV6AO 6?4EF<6BEF9=. #B>4;4AB, MB A9B5IV8A4 8?O CB>D4M9AAO O>BEFV 
6FBD<AA<I E<?G@VAV6 >V?ь>VEFь @B8<HV>G64?ьAB7B >B@C?9>EG 6<;A4K4єFьEO 
CBK4F>B6BN >BAJ9AFD4JVєN ;4?V;4 6 EC?464I. 

2. $B;L<D9AB GO6?9AAO F4 BFD<@4AB AB6V 84AV MB8B 6C?<6G EF4AG L<IF< A4 
EC48>B6VEFь EFDG>FGD< V 6?4EF<6BEF9= 6FBD<AA<I E<?G@VAV6 ��7K F4 �356.2. 
�EF4AB6?9AB I4D4>F9D<EF<>< ECD<OF?<6BW @V>DBEFDG>FGD< 8DV5AB>D<EF4?VKABW L<IF< 
(DB;@VD ;9D9A ³-F69D8B7B DB;K<AG G E9D98AьB@G 10&15 @>@, DB;@VD 96F9>F<KAB7B 
>D9@AVN V VAF9D@9F4?V8A<I 6>?NK9Aь 1&2 @>@), MB 6<7BFB6?9A4 ;4 
9>EC9D<@9AF4?ьABN F9IAB?B7VєN A474DFB6G64?ьAB7B BF69D8VAAO CD< 6<EB>V= 
L6<8>BEFV BIB?B8:9AAO DB;C?46G. 

3. �C9DL9 CB>4;4AB, MB CV8 6C?<6B@ E4@9 EC48>B6B7B @B8<HV>G64AAO 
6FBD<AAB7B EC?46G ��7K 8DV5AB>D<EF4?VKABN L<IFBN 6V85G64NFьEO ;@VA< =B7B 
@V>DBEFDG>FGD<, O>V EGCDB6B8:GNFьEO ;@9AL9AAO@ DB;@VDG ;9D9A ³-F69D8B7B DB;K<AG 
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G 1,5&2,5 D4;<, 96F9>F<KAB7B >D9@AVN G 1,2&1,7 D4;V6 V VAF9D@9F4?V8A<I H4; G 
1,3&1,9 D4;V6 6V8CB6V8AB. �<O6?9AB, MB EC48>B69 @B8<HV>G64AAO 
8DV5AB>D<EF4?VKABN L<IFBN ;459;C9KGє DV6AB@VDA<= DB;CB8V? 6EVI EFDG>FGDA<I 
E>?48B6<I ;4 B5’є@B@ 6<?<6>4, 59; ;@VA< @BDHB?B7VW 6>?NK9Aь. 

4. �C9DL9, A4 CV8EF46V 4A4?V;G D9;G?ьF4FV6 >B@C?9>EABW F9IAB?B7VW 
@B8<HV>G64AAO 6FBD<AA<I E<?G@VAV6 ��7K F4 �356.2, BFD<@4AB ;4?9:ABEFV, MB 
BC<EGNFь 6C?<6 >BAJ9AFD4JVW ;4?V;4 G EC?464I, 6@VEFG 8DV5AB>D<EF4?VKABW L<IF< G 
6<IV8A<I @4F9DV4?4I V >V?ь>BEFV @B8<HV>G64?ьAB7B >B@C?9>EG  �-1 A4 WI @9I4AVKAV 
6?4EF<6BEFV. �EF4AB6?9AB, MB CB>4;A<>< @9I4AVKA<I 6?4EF<6BEF9= Ϭ6, ·, HRB @4NFь 
9>EFD9@4?ьAV ;A4K9AAO. 

5. $B;L<D9AB GO6?9AAO F4 BFD<@4AB 8B84F>B6V 84AV MB8B @9I4AV;@V6 6C?<6G A4 
I4D4>F9D<EF<>< @V>DBEFDG>FGD< F4 H4;B6<= E>?48 6FBD<AA<I E<?G@VAV6 ��7K F4 
�356.2 F9IAB?B7VW >B@C?9>EAB7B @B8<HV>G64?ьAB7B B5DB5?9AAO. 

�1ґ@C=B>20=VABь V 4>AB>2V@=VABь =0C:>28E ?>;>65=ь, 28A=>2:V2 V 
@5:><5=40FV9 ;459;C9KGєFьEO >BD9>FA<@ ;4EFBEG64AAO@ EGK4EA<I @9FB8V6 
8BE?V8:9Aь; G;7B8:9AVEFN BFD<@4A<I 9>EC9D<@9AF4?ьA<I D9;G?ьF4FV6 V A4G>B6<I 
CB?B:9Aь ; ;474?ьABCD<=AOF<@< @4F9DV4?B;A46K<@< GO6?9AAO@< CDB EFDG>FGDG V 
@9I4AVKAV 6?4EF<6BEFV E<?G@VAV6; 8BE?V8AB-CDB@<E?B6BN C9D96VD>BN D9;G?ьF4FV6, MB 
BFD<@4AB G DB5BFV.  

�@0:B8G=0 7=0GCIVABь >B@8<0=8E @57C;ьB0BV2: 

1. �EF4AB6?9AB, MB VEAGNK4 F9IAB?B7VO C9D9DB5>< 6V8IB8V6 6?4EAB7B 
6<DB5A<JF64 ; 6<>BD<EF4AAO@ 6 O>BEFV @B8<HV>4FBDG ECB?G>< K2ZrF6 A4 �& « "&"$ 
%�+» A9 ;46:8< 8B;6B?O?4 BFD<@G64F< O>VEAV 6<?<6>< V; EC?46V6 ��7K F4 �356.2. 
�4CDBCBAB64AB 6<>BD<EF4AAO D4HVAG64?ьAB-@B8<HV>G64?ьAB7B >B@C?9>EG  �-1, 

6<;A4K9AB F4 A484AB D9>B@9A84JVW ; =B7B A9B5IV8ABW >V?ь>BEFV 8B ;4EFBEG64AAO. 
2. $B;DB5?9AB F9IAB?B7VN BFD<@4AAO 8DV5AB>D<EF4?VKABW L<IF< ;V ECD<OF?<6BN 

EC48>B6BN @V>DBEFDG>FGDBN &� «&9IAB?B7VO BFD<@4AAO 8DV5AB>D<EF4?VKABW L<IF< 
4?N@VAVє6<I EC?46V6», 6<>BD<EF4AAO O>BW 8B;6B?Oє ;A4KAB ;@9AL<F< 6<FD4F< A4 
;4>GCV6?N ;4>BD8BAA<I KGL>B6<I C9D6<AA<I EC?46V6. 

3. �4EFBEG64AAO >B@C?9>EABW B5DB5>< DB;C?46V6 @B8<HV>4FBDB@  �-1 F4 
8DV5AB>D<EF4?VKABN L<IFBN 8B;6B?<?B DB;L<D<F< B5?4EFV 6<>BD<EF4AAO 6FBD<AA<I 
4?N@VAVє6<I EC?46V6 V; >BAJ9AFD4JVєN 8B 1,84% ;4?V;4 8?O 6<?<6>V6 6V8CB6V84?ьAB7B 
CD<;A4K9AAO ;4@VEFь C9D6<AA<I EC?46V6. 

4. #B>4;4AB, MB >B@C?9>EA<= CV8IV8 8B @B8<HV>G64AAO 6FBD<AA<I E<?G@VAV6 
8B;6B?Oє E>BDBF<F< >V?ь>VEFь ;4EFBEB6G64A<I @B8<HV>G64?ьA<I >B@C?9>EV6 CD< 
;59D9:9AAV EF45V?ьAB 6<EB>B7B DV6AO @9I4AVKA<I 6?4EF<6BEF9= 6<?<6>V6. 

5. �@9AL9AAO 6<FD4F A4 C9D6<AAG E<DB6<AG, 4 F4>B: ;A<:9AAO L>V8?<6<I 
6<><8V6 ;4 D4IGAB> 6CDB648:9AAO >B@C?9>EABW F9IAB?B7VW B5DB5>< 6FBD<AA<I EC?46V6, 
6<DVLGNFь CDB5?9@G GF<?V;4JVW 6V8IB8V6 6?4EAB7B 6<DB5A<JF64. 

�A>18AB89 2=5A>: 74>1C20G0. �8B5G64K9@ 59;CBE9D98AьB 6<>BA4AV BEAB6AV 
F9BD9F<KAV F4 9>EC9D<@9AF4?ьAV 8BE?V8:9AAO MB8B 6<;A4K9AAO 6C?<6G D4HVAG64?ьAB-
@B8<HV>G64?ьABW B5DB5>< F4 EC48>B6BEFV L<IF< A4 @V>DBEFDG>FGDG F4 @9I4AVKAV 
6?4EF<6BEFV 6FBD<AA<I 4?N@VAVє6<I EC?46V6 ��7K V �356.2. $B;DB5?9AB F9IAB?B7VN 
BFD<@4AAO 8DV5AB>D<EF4?VKABW L<IF<. ' ECV?ьA<I CG5?V>4JVOI ;8B5G64K96V A4?9:<Fь: 
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- CBEF4AB6>4 JV?9= F4 ;484K DB5BF< [1, 5, 6, 8]; 

- CDB6989AAO GEVI 8BE?V8A<I C?46B>, BC<E4A<I G DB;8V?4I 3 V 4 [2-5, 7-12]; 

- CV87BFB6>4 F4 6<7BFB6?9AAO L?VHV6 8?O 6<6K9AAO @V>DBEFDG>FGD< F4 8BE?V8A<I 
;D4;>V6 8?O 6<;A4K9AAO @9I4AVKA<I 6?4EF<6BEF9= [1-5, 7-12]; 

- EF4F<EF<KA4 B5DB5>4 F4 CD98EF46?9AAO D9;G?ьF4FV6 8BE?V8:9Aь [2-4, 7-12]; 

- HBD@G?N64AAO 6<EAB6>V6 [2-4, 7-12].  

�?@>10FVO @57C;ьB0BV2 @>1>B8. "EAB6AV D9;G?ьF4F< DB5BF< 8BCB6V84?<EO A4: 
@V:A4DB8AV= A4G>B6B-CD4>F<KAV= >BAH9D9AJVW «#DB5?9@< V C9DEC9>F<6< DB;6<F>G 
;4?V;A<KAB7B FD4AECBDFG» (@. �AVCDBC9FDB6Eь>, 2014D.); )V��-= @V:A4DB8AV= 
@B?B8V:AV= A4G>B6B-CD4>F<KAV= >BAH9D9AJVW «�N8<A4 V >BE@BE»  
(@. �AVCDBC9FDB6Eь>, 2015D.); A4 ))VI F4 ))VII @V:A4DB8A<I A4G>B6B-CD4>F<KA<I 
>BAH9D9AJVOI «%F4DB8G5V6Eь>V K<F4AAO. #DB5?9@< EGK4EAB7B @4F9DV4?B;A46EF64»  
(@. �AVCDBC9FDB6Eь>, 2016 F4 2017 DD.); A4 X-<I @V:A4DB8A<I @B?B8V:A<I A4G>B6B-
F9IAVKA<I K<F4AAOI V@ �.(.  B:4=Eь>B7B (@. �4CBDV::O - @. #D<@BDEь>, 2017D.); A4 
)V���-= @V:A4DB8AV= A4G>B6V= >BAH9D9AJVW «&9C?BF9IAV>4, 9A9D79F<>4 F4 9>B?B7VO 6 
@9F4?GD7VW» (@. �AVCDB, 2017D.); A4 A4G>B6B-CD4>F<KAV= >BAH9D9AJVW EFG89AFV6, 
6<>?484KV6, A4G>B6JV6, @B?B8<I GK9A<I V 4ECVD4AFV6 «&<:89Aь A4G><» (@. �4CBDV::O, 
2018D.). 

�C1;V:0FVW. �4 D9;G?ьF4F4@< 8BE?V8:9Aь BCG5?V>B64AB 11 A4G>B6<I DB5VF, ; A<I  
6 EF4F9= G EC9JV4?V;B64A<I H4IB6<I 6<84AAOI '>D4WA<, 1 EF4FFO G C9DVB8<KAB@G A4G>B6B@G 
6<84AAV >D4WA<  Є%, 4 F9; F4 @4F9DV4?V6 @V:A4DB8A<I V 6VFK<;AOA<I A4G>B6<I >BAH9D9AJV=. 

�1AO3 @>1>B8. �<E9DF4JVO E>?484єFьEO ; 4ABF4JVW, 6EFGCG, 5 DB;8V?V6, 6<EAB6>V6, 
EC<E>G 6<>BD<EF4A<I 8:9D9?, 8B84F>V6. �474?ьA<= B5EO7 DB5BF< EF4AB6<Fь  
137 EFBDVAB>.  4F9DV4?< 8<E9DF4JVW CDBV?NEFDB64AB 10 F45?<JO@<,  
29 D<EGA>4@<; EC<EB> 6<>BD<EF4A<I 8:9D9? A4?VKGє 108 A4=@9AG64Aь A4  
11 EFBDVA>4I. $B5BF4 @VEF<Fь 7 8B84F>V6 A4 12 EFBDVA>4I. 

 

 

�!������ ���!"  ���"� 

 

# 2ABC?V B5ґDGAFB64A4 4>FG4?ьAVEFь F9@< 8<E9DF4JV=AB7B 8BE?V8:9AAO, 
CB>4;4AB ;6'O;B> ; A4G>B6<@< CDB7D4@4@< F4 C?4A4@<, 6<>?489AB @9FG V ;484KV DB5BF<, 
EHBD@G?ьB64AB A4G>B6G AB6<;AG V CD4>F<KA9 ;A4K9AAO BFD<@4A<I D9;G?ьF4FV6. 

# ?5@H><C @>74V;V 6<>BA4AB 4A4?V; DB5VF MB 6<E6VF?NNFь EGK4EAV @9FB8< 
BFD<@4AAO 6<?<6>V6 V; 6FBD<AA<I E<?G@VAV6. �<O6?9AB, MB A4 F9C9DVLAV= K4E, 
DB;DB5?9AB 59;?VK @9FB8V6 6C?<6G A4 DB;C?46, E9D98 O><I @B:A4 6<8V?<F< B5DB5>G 
DB;C?46G V@CG?ьEA<@ 9?9>FD<KA<@ EFDG@B@, B5DB5>G @47AVFA<@< CB?O@< F4 
V@CG?ьE4@<, G?ьFD4;6G>B@, EC48>B69 F4 8B@VL>B69 @B8<HV>G64AAO. #<F4AAO@ 
EC48>B6BEFV L<IF< 4?N@VAVє6<I EC?46V6 CD<E6OK9AV DB5BF< F4><I 46FBDV6 O>  
 VFOє6 ".�., �4?VAVA4 !.�., �GJB64 �.�., Wang Q.G., %>D95JB6 �. . �<O6?9AB, MB 
6V8EGFAO є8<A4 A4G>B64 8G@>4 A4 CDBJ9E< EFDG>FGDBGF6BD9AAO CD< @B8<HV>G64AAV, 
BEB5?<6B B5@9:9AV ?VF9D4FGDAV 84AAV CB ;4EFBEG64AAN >B@C?9>EA<I @9FB8V6 B5DB5><, 
FB5FB CD< CBє8A4AAV 86BI V 5V?ьL9 @9FB8V6 6C?<6G A4 DB;C?46. �DB5?9AB 6<EAB6B>, MB  
8?O 8BEO7A9AAO A9B5IV8AB7B DV6AO @9I4AVKA<I 6?4EF<6BEF9= 6<?<6>V6 V;  
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6FBD<AA<I E<?G@VAV6 ; 6<EB><@ 6@VEFB@ 8B@VLB> A9B5IV8AB ;4EFBEB6G64F< 8B84F>B6V 
@9I4AV;@< 6C?<6G. 

# 4@C3><C @>74V;V A46989AB @9FB8<>G 6<>BA4AAO 8BE?V8:9Aь. ' O>BEFV CD98@9FG 
8?O 6<6K9AAO 6<>BD<EFB6G64?<EO 96F9>F<KAV EC?46< ��7K, �356.2 F4 WI ;6BDBF G 
6<7?O8V ?<FA<>V6. �?O CD<7BFG64AAO 8BE?V8A<I EC?46V6 G ?45BD4FBDA<I G@B64I 
6<>BD<EFB6G64?< 9?9>FD<KAG CVK BCBDG. �?O CD<7BFG64AAO EC?46V6 6 G@B64I 
6<DB5A<JF64 6<>BD<EFB6G64?< L4IFAG 74;B6G CVK ; 7D4HVFB6<@ F<7?9@ &��-150. 
�45BD4FBDAV C?46>< CDBIB8<?< CV8 CB>D<6A<@ H?NEB@ NaCl : KCl G ECV66V8ABL9AAV  
1 : 1 >V?ь>VEFN 2 @4E. %, ;4E<C4A<@ A4 8AB F<7?O. �46B8Eь>4 F9IAB?B7VO CB?O74?4 6 
B5DB5JV DB;C?46G CD< F9@C9D4FGDV 720 °% @B8<HV>4FBDB@ K2ZrF6 L?OIB@ ;4@VLG64AAO 
=B7B A4 8;9D>4?V K<EFB7B @9F4?G. �>EC9D<@9AF4?ьA4 F9IAB?B7VO CB?O74?4 6 B5DB5JV 
DB;C?46G @B8<HV>G64?ьA<@ >B@C?9>EB@  �-1. �BAFDB?ь F9@C9D4FGD< ;8V=EAN646EO ;4 
8BCB@B7BN IDB@9?ь-4?N@9?96BW F9D@BC4D< F4 4A4?B7B6B-J<HDB6B7B C9D9F6BDN64K4 
MAX6675. &D<64?VEFь 6<FD<@G64AAO EC?46G CVE?O ;4>VAK9AAO @B8<HV>G64?ьABW 
B5DB5>< 8B >VAJO DB;?<6G A9 5V?ьL9 FDьBI 7B8<A. � @9F4?G >B:ABW C?46>< 6 >B>V?ь 
6V8?<64?< CD<;@4F<KA<= 6<?<6B> @4EBN 3 >7. #VE?O F9D@VKABW B5DB5>< ;4 D9:<@B@ &6 
(74DFG64AAO 535 °% ± 10°%, K4E 6<FD<@>< 5 7B8<A, BIB?B8:9AAO G 6B8V 20°% + CB6A9 
LFGKA9 EF4DVAAO 170 °% ± 10°% CDBFO7B@ 8 7B8<A) ;7V8AB �%&' 2839-94 6<7BFB6?O?< 
L?VH< 8?O 6<6K9AAO @V>DBEFDG>FGD< V ;D4;>< 8?O @9I4AVKA<I 6<CDB5G64Aь A4 
DB;D<6AV= @4L<AV  P-100 ;4 �%&' ISO 6892-1:2019. �?O 4A4?V;G IV@VKAB7B E>?48G 
>B:ABW C?46>< 6<>BD<EFB6G64?< VE>DB6<= EC9>FDB@9FD «SPECTROLAB», MB 
8B;6B?<?B 6<;A4K4F< E>?48 ;4 20-@4 9?9@9AF4@< ; FBKAVEFN ±0,0001 @4E. %. 
 9F4?B7D4HVKA<= 4A4?V; EFDG>FGD< @9F4?G CDB6B8<?< A4 BCF<KA<I @V>DBE>BC4I  
 � -8 F4 «SIGETA MM-700». �?O KVF>B7B 6<O6?9AAO VAF9D@9F4?V8A<I 6>?NK9Aь 
CB69DIAN L?VHV6 B5DB5?O?< 6B8A<@ DB;K<AB@ ><E?BF 0,5%HF+0,5%HNO3+1,5%HCl 
6CDB8B6: 10 E. $9AF79ABEC9>FD4?ьA<= @V>DB4A4?V; H4; CDB6B8<?< A4 D4EFDB6B@G 
E>4AG64?ьAB@G @V>DBE>BCV $� -106�. �89AF<HV>4JVN H4; CDB6B8<?< ;4 8B@BCB7BN 
D9AF79ABEFDG>FGDAB7B 4A4?V;G A4 8<HD4>FB@9FDV �$"!-1 6 Cu�³ HV?ьFDG64?ьAB@G 
6<CDB@VAN64AAV ;4 EF4A84DFABN @9FB8<>BN. (D4>FB7D4HVKA<= 4A4?V; CB69DIAV 
DG=AG64AAO CDB6B8<?< A4 ;?4@4I ;D4;>V6, O>V 6<>BD<EFB6G64?<EO 8?O 6<;A4K9AAO 
7D4A<JV @VJABEFV V C?4EF<KABEFV.  

"@5BV9 @>74V; CD<E6OK9AB BCF<@V;4JVW C9D9DB5>< 6V8IB8V6 �356.2 V ��7K G 
6<EB>BO>VEAV EC?46<. )V@VKA<= E>?48 L<IF< A46989AB G F45?<JV 1. 

 

&45?<JO 1 – )V@VKA<= E>?48 EC?46V6, MB 6<>BD<EFB6G64?<EO G O>BEFV L<IF< 

%C?46 
�@VEF 9?9@9AFV6, @4E. % 

Si Fe Cu Mn Mg Zn Ti 

��7K 6,25 0,35 0,05 0,02 0,31 0,03 0,01 

��7K  ;6BDBF 6,72 0,60 0,05 0,08 0,32 0,02 0,01 

�356.2 6,21 0,07 0,01 0,02 0,36 0,01 0,11 

�356.2 ;6BDBF 7,07 0,11 0,02 0,02 0,23 0,03 0,07 
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� IB8V DB5BF< CDB6B8<?< CBDV6AOAAO ;46B8Eь>BW F9IAB?B7VW B5DB5><  
(1,0 @4E. % K2ZrF6) V 9>EC9D<@9AF4?ьABW ; ;4EFBEG64AAO@ @B8<HV>G64?ьAB7B 
>B@C?9>EG  �-1. $V;A4 >V?ь>VEFь V 6<8 ;4EFBEB64AB7B @B8<HV>G64?ьAB7B >B@C?9>EG 
CBOEANєFьEO DV;ABN >BAJ9AFD4JVєN ;4?V;4 G J<I EC?464I. )4D4>F9D<EF<>4 J<I 
64DV4AFV6 CD98EF46?9A4 G F45?<JV 2. 

 

&45?<JO 2 – )4D4>F9D<EF<>4 8BE?V8A<I C?46B> 

№
 C
?4
6>
<  

%C?46 %>?48 L<IF< 
 B8<HV>G64?ьA4 B5DB5>4 

DB;C?46G (720º%) 

1 ��7K 100% ;6BDBF ��7K 1,0 @4E. % K2ZrF6 

2 ��7K 100% ;6BDBF ��7K 0,15 @4E. %  �-1 

3 �356.2 100% ;6BDBF �356.2 1,0 @4E. % K2ZrF6 

4 �356.2 100% ;6BDBF �356.2 0,10 @4E. %  �-1 

5 

��7K+�356.2 50% C9D6. ��7K 50% ;6BDBF �356.2 

0,05 @4E.%  �-1 

6 0,10 @4E.%  �-1 

7 0,15 @4E.%  �-1 

8 

�356.2+��7K 50% C9D6. �356.2 50% ;6BDBF ��7K 

0,05 @4E.%  �-1 

9 0,10 @4E.%  �-1 

10 0,15 @4E.%  �-1 

 

 9FBN CDB6989AAO C?46B> №1&№4 5G?B 6<;A4K9AAO 6C?<6G F9IAB?B7VW 
B5DB5>< EC?46G A4 DV69Aь =B7B @9I4AVKA<I 6?4EF<6BEF9=. � GD4IG64AAO@ 6<EB>B7B 
6@VEFG ;4?V;4 (0,60%) V A<;ь><@ 6@VEFB@ F<F4AG (0,01%) G ;6BDBFV EC?46G ��7K, 5G?B 
CB7B8:9AB DVL9AAO B5DB5?OF< EC?46 CV86<M9ABN >V?ь>VEFN @B8<HV>G64?ьAB7B 
>B@C?9>EG  �-1 (0,15 @4E. %). � GD4IG64AAO@ 8BE<Fь A96<EB>B7B 6@VEFG ;4?V;4  
(0,11%) G ;6BDBFV EC?46G �356.2, 5G?B CD<=AOFB DVL9AAO MB8B B5DB5><  
EC?46G 0,10 @4E. %  �-1. 

 V>DBEFDG>FGD< EC?46V6, BFD<@4A<I ;4 ;46B8Eь>BN F9IAB?B7VєN  
(C?46>< №1, 3), I4D4>F9D<;G64?<EO A9CB6A<@ EFGC9A9@ @B8<HV>G64AAO >D9@AVN V 
A4O6AVEFN ;A4KABW >V?ь>BEFV 69?<><I ;4?V;B6@VEA<I VAF9D@9F4?V8A<I H4; 
A9ECD<OF?<6BW @BDHB?B7VW, MB @VEF<?< ;4?V;B (D<E. 1 4, 6). #?4EF<AK4EFV 
VAF9D@9F4?V8AV H4;<, ; 6<EB><@< ;A4K9AAO@< C4D4@9FD4 HBD@< λ (6V8ABL9AAO@ 
@4>E<@4?ьABW 8B6:<A< H4;< 8B WW L<D<A<), є 4>F<6A<@< >BAJ9AFD4FBD4@< A4CDG:9Aь, 
MB A974F<6AB CB;A4K4?<EO A4 DV6AV @9I4AVKA<I 6?4EF<6BEF9= 4?N@VAVє6<I EC?46V6. 
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4       5 

 

   
6       7 

 

4 - C?46>4 №1 1,0 @4E. % K2ZrF6; 5 - C?46>4 №2 0,15 @4E. %  �-1;   

6 - C?46>4 №3 1,0 @4E. % K2ZrF6 ; 7 - C?46>4 №4 0,1 @4E. %  �-1 

$<EGAB> 1 –  V>DBEFDG>FGD4 EC?46V6 8BE?V8A<I C?46B>; I500 
 

�>EC9D<@9AF4?ьA4 F9IAB?B7VO (C?46>< №2, №4) ;459;C9KG64?4 @B8<HV>G64AAO 
6EVI EFDG>FGDA<I E>?48B6<I F4 WIAV= 8BE<Fь DV6AB@VDA<= DB;CB8V? 6 B5'є@V @9F4?G  
(D<E. 1 5, 7). �B8ABK4E E?V8 ;4;A4K<F<, MB EC?46< C?46B> №№ 3, 4 @4?< A4=A<:K<= ; 
GEVI 9>EC9D<@9AF4?ьA<I 6@VEF ;4?V;4 (0,11 %), G ;6'O;>G ; K<@, @B:?<6B, >V?ь>VEFь 
@B8<HV>G64?ьAB7B >B@C?9>EG A4 DV6AV 0,10 @4E. % 5G?4 ;469?<>BN V 5G?B @B:?<69 
6<A<>A9AAO 9H9>FG «C9D9@B8<HV>G64AAO». 

#?46>< №№ 5&10 CDB6B8<?< ; @9FBN 6<;A4K9AAO BCF<@4?ьABW >V?ь>BEFV 
@B8<HV>G64?ьAB7B >B@C?9>EG  �-1 8?O EC?46V6, BFD<@4A<I ;@VLG64AAO@ C9D6<AABW 
F4 6FBD<AABW L<IF<. �@VLG64AAO 6V8IB8V6 6<DB5A<JF64 ; C9D6<AA<@< EC?464@< 8B6B?V 
DB;CB6EN8:9A<= @9FB8 WI GF<?V;4JVW V C9D9DB5><. %9D98AьB;64:9A<= 6@VEF Fe  

E>?46 0,23 V 0,34 @4E. %. 

$9;G?ьF4F< @9I4AVKA<I 6<CDB5G64Aь CD98EF46?9AV A4 D<EGA>G 2. #D< BFD<@4AAV 
EC?46V6 ;4 9>EC9D<@9AF4?ьABN F9IAB?B7VєN, 6<>?NKAB A4 6FBD<AAV= L<IFV  
(C?46>< №2, 4), 8BEO7AGFB 7D4A<JN @VJABEFV 235,4 V 265,3  #4, 6V8ABEA9 6<8B6:9AAO 
2,04 F4 2,64 %, !� 962,0 F4 847,1 6V8CB6V8AB. �>EC9D<@9AF4?ьA4 F9IAB?B7VO 
;459;C9KG64?4 DV69Aь @9I4AVKA<I 6?4EF<6BEF9= 6V8CB6V8AB 8B �%&' 2839-94, 4?9 8?O 
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BCF<@V;4JVW A9B5IV8AB 5G?B CDB6989AAO CB84?ьL<I 8BE?V8:9Aь. $9;G?ьF4F< 
@9I4AVKA<I 6<CDB5G64Aь 8?O EC?46V6 6<7BFB6?9A<I ;4 EF4A84DFABN ;46B8Eь>BN 
F9IAB?B7VєN A4 6FBD<AAV= L<IFV (C?46>< №1, 3), ;4E6V8K<?< 7D4A<JN @VJABEFV 229,2 V 
252,2  #4, 6V8ABEA9 6<8B6:9AAO 0,81 V 2,71 %, !� 892,0 V 828,6 6V8CB6V8AB.  

 

 
$<EGAB> 2 –  9I4AVKAV 6?4EF<6BEFV 8BE?V8A<I C?46B> №№ 1&10 
 

�<EB><= DV69Aь @9I4AVKA<I 6?4EF<6BEF9= C?46B> №№3, 4 CBOEANєFьEO 
A4=A<:KBN >BAJ9AFD4JVєN ;4?V;4 E9D98 GEVI 8BE?V8:G64A<I 64DV4AFV6. "5DB5>4 
@B8<HV>G64?ьA<@ >B@C?9>EB@ K2ZrF6 ;459;C9K<?4 A46VFь 5V?ьL 6<EB>G C?4EF<KAVEFь 
AV: B5DB5>4 @B8<HV>G64?ьA<@ >B@C?9>EB@  �-1. *9 F4>B: BCBE9D98>B64AB 6>4;Gє 
A4 6<A<>A9AAO 9H9>FG «C9D9@B8<HV>G64AAO» V CV8>D9E?Nє A9B5IV8AVEFь GFBKA9AAO 
>BAJ9AFD4JVW ;4?V;4 6 EC?46V C9D98 ;4EFBEG64AAO@ 4>F<6A<I @B8<HV>G64?ьA<I 
CD9C4D4FV6. 

"E>V?ь>< EC?46< 6<>BD<EFB6GNFьEO 8?O 6<7BFB6?9AAO 6<?<6>V6 6V8CB6V84?ьAB7B 
CD<;A4K9AAO, FB J9AFD4?ьA4 ;46B8Eь>4 ?45BD4FBDVO 6<EG64?4 5V?ьL :BDEF>V 6<@B7< 8B 
C?4EF<KABEFV A4 DV6AV 2,0 % (8<6. D<E. 2). !9;64:4NK< A4 F9, MB EC?46< 
9>EC9D<@9AF4?ьA<I  C?46B> V; E9D98AьB;64:9A<@ 6@VEFB@ ;4?V;4 0,23 F4 0,34 %  

(№№ 5&10), B5DB5?9AV 0,05 F4 0,15 @4E. %  �-1 JV?>B@ ;48B6B?ьAO?< 6<@B7< 
C?4EF<KABEFV · ≥ 1,0 % ;4 �%&' 2839-94, B5DB5>4 @B8<HV>G64?ьA<@ >B@C?9>EB@  
 �-1 G F4><I >V?ь>BEFOI, F4>B: A9 є BCF<@4?ьABN ; FBK>< ;BDG 6<EGAGF<I 6<@B7 8B 
@9I4AVKA<I 6?4EF<6BEF9=. 
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# G5B25@B><C @>74V;V BC<E4AB F9IAB?B7VN 6<7BFB6?9AAO L6<8>B BIB?B8:9ABW 
8DV5AB>D<EF4?VKABW L<IF<, WW 6C?<6 A4 EFDG>FGDG V 6?4EF<6BEFV 6FBD<AAB7B EC?46G 
��7K F4 CDB6989AB 8BE?V8:9AAO >B@C?9>EABW F9IAB?B7VW ;4EFBEG64AAO 
@B8<HV>G64?ьAB7B >B@C?9>EG  �-1 F4 ��, A4 EC?464I ��7K ; DV;ABN >BAJ9AFD4JVєN 
;4?V;4.  

"EAB6G L<IF< C?46B> 8?O 
6<7BFB6?9AAO 8DV5AB>D<EF4?VKABW 
L<IF< E>?484?< ;6BDBF ��7K V ;6BDBF 
�356.2 G ECV66V8ABL9AAV 1:1, FB5FB 
8DV5AB>D<EF4?VKA4 L6<8>B BIB?B8:9A4 
L<IF4 @4?4 FB= :9 E>?48, MB V CD< 
6<DB5A<JF6V 89F4?9=. #D< WW 
CD<7BFG64AAV 6<IV8AG L<IFG C?46<?< G 
K46GAAB@G HGF9DB64AB@G F<7?V CV8 
CB>D<6A<@ H?NEB@ (50 @4E. % NaCl +  
+ 50 @4E. % KCl). �V?ь>VEFь H?NEG 
EF4AB6<?4 2% 6V8 @4E< DB;C?46G. #VE?O 
C?46?9AAO CD< F9@C9D4FGDV 720 ± 5°% 
DB;C?46 K9D9; є@AVEFь ; C9DHBDB64A<@ 
8AB@ (8V4@9FD BF6BDV6 8 @@) ;4?<64?< 
8B D9;9D6G4DG ; 6B8BN (є@AVEFь 
CD<5?<;AB 160 ?). &9@C9D4FGD4 6B8< 
EF4AB6<?4 22...25°% (D<E. 3). 

#9DHBDB64A4 є@AVEFь 
;459;C9K<?4 BFD<@4AAO B8A4>B6BW ;4 
HD4>JV=A<@ E>?48B@ (D<E. 4) L6<8>B 
BIB?B8:9ABW 8DV5AB>D<EF4?VKABW L<IF< 
V; CB;<F<6A<@< EC48>B6<@< 
6?4EF<6BEFO@<.  

 

   
4        5 

 

$<EGAB> 4 – �B6AVLAV= 6<7?O8 (4) V @V>DBEFDG>FGD4 (5) 8DV5AB>D<EF4?VKABW 
L<IF< 

 

1 - 54>-BIB?B8:G64K; 2 - G?B6?N64K;  
3 - є@AVEFь ; C9DHBD4JVєN; 4 - >V6L;  
5 - >D4A 8?O CB84KV BIB?B8:G64?ьABW DV8<A<;  

6 - >D4A 8?O 6V86B8G BIB?B8:G64?ьABW DV8<A< 

 

$<EGAB> 3 – �B6AVLAV= 6<7?O8 
GEF4AB6>< 8?O BFD<@4AAO 
8DV5AB>D<EF4?VKABW L<IF< 
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 V>DBEFDG>FGD4 ��, @4?4 6<EB>G EFGCVAь B8ABDV8ABEFV ; DV6AB@VDA<@ 
DB;CB8V?9AAO@ GEVI H4; CB CB69DIAV L?VH4. �<HD4>FB@9FD<KAV 8BE?V8:9AAO 
8DV5AB>D<EF4?VKABW L<IF< (D<E. 5) CV8F69D8<?< A4O6AVEFь G EC?46V H4; ³-Al F4 
96F9>F<KAB7B Si. $B;@VD ;9DA4 4?N@VAVN EF4AB6<6 G E9D98AьB@G 10&15 @>@,  
4 DB;@VD 96F9>F<KAB7B >D9@AVN 1&2 @>@. �>?NK9AAO VAF9D@9F4?V8V6 5G?B 64:>B 
V89AF<HV>G64F< F4 6V8DV;A<F< 6V8 >D9@AVє6BW H4;< ;4 ;B6AVLAV@ 6<7?O8B@. �D4IB6GNK< 
6<EB>G EFGCVAь EC48>B6BEFV 4?N@VAVє6<@< EC?464@< EFDG>FGD< F4 6?4EF<6BEF9= 5G?B 
CD<=AOFB DVL9AAO 6<>BD<EF4F< ��, G O>BEFV CD<E48>< 8B BEAB6ABW L<IF< ; A4EFGCABN 
BCF<@V;4JVєN WW >V?ь>BEFV.  

 

 
 

$<EGAB> 5 – �<HD4>FB7D4@4 8DV5AB>D<EF4?VKABW L<IF< 6FBD<AAB7B EC?46G 
(��7K + �356.2) 

 

�468O>< 6<EB>V= L6<8>BEFV BIB?B8:9AAO 8<HD4>JV=AV @4>E<@G@< I4D4>F9DAV 
8?O VAF9D@9F4?V8A<I H4; β-CB8V5AB7B F<CG A9 ECBEF9DV74?<. "K96<8AB, MB A969?<>BW 
>V?ь>BEFV VAF9D@9F4?V8V6 G ��, A9 8BEF4FAьB 8?O KVF>BW D9єEFD4JVW 6V85<64Aь 6V8 
ґD4FB> 6>4;4A<I VAF9D@9F4?V8A<I H4;. 

�?O C9D96VD>< CB;<F<6AB7B 6C?<6G @9I4AV;@G EC48>B6BEFV ��,, 5G?B 
CDB6989AB 86V 8BE?V8AV C?46>< V; 100 @4E. % ;6BDBFG ��7K. #9DL4 C?46>4 
6<>BD<EFB6G64?4Eь O> 54;B6<= 64DV4AF 8?O CBDV6AOAAO, 8DG7G CDB6B8<?< A4 ;6BDBFV 
EC?46G ��7K, CVE?O KB7B 8B8464?< ��, G >V?ь>BEFV 33,3 @4E. % A4 8;9D>4?B 
DB;C?46?9AB7B @9F4?G, DB;C?46 8B6B8<?< 8B F9@C9D4FGD< 720 °%, ;AV@4?< L?4> F4 
DB;?<64?< 8B >B>V?N. 

 V>DBEFDG>FGD< CD98EF46?9AV A4 D<EGA>G 6 ;4E6V8K<?<, MB 8B8464AAO ?<L9 
8DV5AB>D<EF4?VKABW L<IF< 8B EC?46G ��7K A46VFь 59; 8B84F>B6BW @B8<HV>G64?ьABW 
B5DB5>< 8B;6B?ONFь G 1,5&2,5 D4;< ;@9AL<F< DB;@VD ;9D9A ³-F69D8B7B DB;K<AG 
4?N@VAVN, G 1,2&1,7 D4;V6 ;@9AL<F< DB;@VD >D<EF4?V6 >D9@AVN F4 DV6AB@VDAB 
DB;CB8V?<F< WI CB 6EьB@G B5’є@G 6<?<6>4. %9D98AV= DB;@VD VAF9D@9F4?V8A<I H4; F4>B: 
;@9AL<6EO CD<5?<;AB G 1,3&1,9 D4;V6, 59; ;@VA< HBD@< V 6<7?O8G 6>?NK9Aь. �@VA< 
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@V>DBEFDG>FGD< CB6’O;4AV V; F<@, MB >D<EF4?V;4JVO CBK<A4?4Eь B8ABK4EAB V; 5474FьBI 
J9AFDV6, O>V @4?< 6<EB>G EFGCVAь ECBDV8A9ABEFV V; 4?N@VAVє@ F4 74DAB ;@BKG64?<Eь 
DB;C?46B@, A9 EF6BDNNK< A48?<L>B6BW 9A9D7VW CB69DIA96B7B A4FO7G. 

 

 
 

4 – 64DV4AF №1: ��7K 59; B5DB5><; 5 – 64DV4AF №2: ��7K + 33,3 @4E. % ��, 

$<EGAB> 6 –  V>DBEFDG>FGD< 8BE?V8A<I EC?46V6 ��7K 
 

�G?B CDB6989AB D9AF79ABEC9>FD4?ьAV 8BE?V8:9AAO H4;, MB 5G?< 6V;G4?ьAB 
6<O6?9AV F4 V89AF<HV>B64AV O> >D9@AV= F4 VAF9D@9F4?V8< G @V>DBEFDG>FGDV A4 
9?9>FDBAAB@G E>4AG64?ьAB@G @V>DBE>BCV CD< ;5V?ьL9AAV 6 1000 D4; (D<E.7). 

%C9>FDB7D4@< CV8F69D8:GNFь IV@VKA<= E>?48 H4;, O>V D4AVL9 V89AF<HV>G64?< ?<L9 ;4 
;B6AVLAV@ 6<8B@, @BDHB?B7VєN V IV@VKA<@ E>?48B@ EC?46G. 

 

 
4 – @V>DBEFDG>FGD4 EC?46G ��7K (I1000) ; 6V8@VK9A<@< FBK>4@< 4A4?V;G; 

 5,6,7 – EC9>FDB7D4@< F4 IV@VKA<= E>?48 H4; FBKB> 1, 2 V 3 6V8CB6V8AB 
$<EGAB> 7 – $9;G?ьF4F< D9AF79ABEC9>FD4?ьAB7B @V>DB4A4?V;G  

EC?46G ��7K ; 33,3 @4E. % ��, 
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$9;G?ьF4F< @9I4AVKA<I 6<CDB5G64Aь ;4E6V8K<?<, MB EC48>B64 8VO ��, 8B;6B?Oє 
BFD<@G64F< 5V?ьL 8<EC9DEAG @V>DBEFDG>FGDG F4 6 ;A4KAV= @VDV CV86<MGє C?4EF<KAVEFь 
8B 3,7%. !9;A4KA9 ;A<:9AAO E9D98AVI ;A4K9Aь 7D4A<JV @VJABEFV 8B  
292  #4 F4 F69D8BEFV 8B 106 !� CBOEANєFьEO F<@, MB ; ��,, 8B EC?46G,  
=@B6VDAB, CBFD4C?Oє 5V?ьL4 >V?ь>VEFь B>E<8V6 F4 6B?B7<. �BE?V8:9AAO HD4>FB7D4@ 
;?4@V6 ;D4;>V6 (D<E. 8) 8?O 6<;A4K9AAO 7D4A<JV @VJABEFV V CB>4;A<>V6  
C?4EF<KABEFV, F4>B: E6V8K<?< CDB CV86<M9AAO 9A9D7Bє@ABEFV DG=AG64AAO CD< 
8B8464AAV 8B EC?46G ��,.  

 

   
4 
 

 
5 
 

4 – 64DV4AF №1: ��7K 59; B5DB5><; 5 – 64DV4AF №2: ��7K + 33,3 @4E. % ��, 

$<EGAB> 8 – (D4>FB7D4@< CB69DIBAь DG=AG64Aь ;D4;>V6 8?O 6<;A4K9AAO 7D4A<JV 
@VJABEFV V C?4EF<KABEFV, I800 
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�?O CB5G8B6< @4F9@4F<KABW @B89?V 6C?<6G 8DV5AB>D<EF4?VKABW L<IF<, 6@VEFG 
;4?V;4 F4 @B8<HV>G64?ьABW B5DB5>< A4 @9I4AVKAV 6?4EF<6BEFV E<?G@VAG ��7K 6EV 
9>EC9D<@9AF< 6<>BA4AV ;7V8AB ; @4FD<J9N CB6AB7B H4>FBDAB7B 9>EC9D<@9AFG 23, 4 
E4@9 DBFBF459?ьAB7B C?4AG J9AFD4?ьAB7B >B@CB;<JV=AB7B C?4AG64AAO (F45?.3). �?O 
FB7B MB5 64DV4AF C?46>< ;4 IV@VKA<@ E>?48B@ 6V8CB6V846 @4FD<JV C?4AG64AAO 
9>EC9D<@9AFG DB;C?46 8BL<IFB6G646EO ;4?V;A<@ CBDBL>B@ #�-2 8B CB6AB7B =B7B 
DB;K<A9AAO. 

 

&45?<JO 3 – �B8G64AAO H4>FBDV6 CD< 8BE?V8:9AAV B5?4EFV BCF<@G@G ;4 
8BCB@B7BN J9AFD4?ьAB7B >B@CB;<JV=AB7B DBFBF459?ьAB7B GAVHBD@-C?4AG64AAO 
8DG7B7B CBDO8>G, �=3 

�AF9D64?< 
64DVN64AAO F4 DV6AV 

H4>FBDV6 

(4>FBD<, MB 6<6K4NFьEO 

)1, @4E. % ��, )2,  @4E. % Fe )3, @4E. %  �-1 

�AF9D64? 
64DVN6. 

1,0 25 0,5 0,05 

1,682 42,05 0,841 0,0841 

!G?ьB6<= 
DV69Aь )0 =0 42,05 1,0 0,1 

!<:AV= 
DV69Aь -1,0 17,05 0,5 0,05 

�9DIAV= 
DV69Aь +1,0 67,05 1,5 0,15 

�VD>B6V 
FBK>< 

-1,682 0 0,159 0,0159 

+1,682 84,1 1,841 0,1841 

 

"FD<@4AV DV6AOAAO, MB BC<EGNFь ;4?9:AVEFь @9I4AVKA<I 6?4EF<6BEF9= 6V8 
6@VEFG ��, (X1), >BAJ9AFD4JVW ;4?V;4 6 EC?46V (X2) F4 >V?ь>BEFV CD<E48>< 
@B8<HV>G64?ьAB7B >B@C?9>EG  �-1(X3), @4NFь A4EFGCA<= 6<7?O8: 

 

Ϭ6 = 215,85 + 1,6∙X1 + 83,97∙ X2 + 579,58∙ X3 + 0,353∙ X1∙X2 – 0,626∙ X1∙X3+ 

+ 152,5∙ X2∙X3 – 0,026∙ X1
 2 – 63,34∙ X2

2 – 3568,84∙ X3
2;    (1) 

· = 4,65 + 0,09∙ X1 + 0,52∙ X2 + 26,67∙ X3 + 0,36∙ X1∙X3+2,0∙ X2∙X3 - 0,0014 ∙X1
2 – 

–2,27∙ X2
2 – 255,4∙ X3

2;         (2) 

HRB = 28,65+0,40∙X1 +10,15∙X2+191,27∙ X3 + 0,085∙X1∙ X2 - 0,917∙ X1∙X3 – 
–4,15∙ X2∙X3 - 0,007∙ X1

 2 – 4,27∙ X2
2 – 592,68∙ X3

2    (3) 

 

�A4?V; DV6AOAь (1 - 3) 89@BAEFDGє, MB @B:?<69 BFD<@4AAO 6<?<6>V6 ; 6<EB><@< 
CB>4;A<>4@< @9I4AVKA<I 6?4EF<6BEF9= Ϭ6 > 300  #4, · > 5% V HRB > 50 CD< 
;4EFBEG64AAV G E>?48V L<IF< 8B 42,05 @4E. % ��, F4 @B8<HV>G64?ьABW B5DB5><  
0,1 @4E. %  �-1. 
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#D98EF46?9AV EFDG>FGD< ";BDOA<I" FBKB> @4FD<JV C?4AG64AAO 9>EC9D<@9AFG (D<E. 9) 

6V8B5D4:4NFь 6C?<6 8BE?V8:G64A<I K<AA<>V6 A4 EFDG>FGDAV ;@VA< F4 @9I4AVKAV 
6?4EF<6BEFV EC?46G. #V86<M9AAO 6@VEFG ��, 6 L<IFV 6V8 0 8B 84,1 % CD<;69?B 8B 
8<EC9D7G64AAO >D9@AVN F4 VAF9D@9F4?V8A<I 6>?NK9Aь (8<6. D<E. 9 4, 5). �5V?ьL9AAO 
>BAJ9AFD4JVW Fe ; 0,16 8B 1,84 % CD<;6B8<?B 8B GF6BD9AAO 6 EC?46V 69?<>BW  
>V?ь>BEFV 6<8B6:9A<I VAF9D@9F4?V8A<I H4; (8<6. D<E. 9 6, 7). �DBEF4NK4 CD<E48>4 
@B8<HV>4FBD4  �-1 4>F<6AB 6C?<64?4 A4 DB;@VD V HBD@G BEAB6A<I EFDG>FGDA<I  
E>?48B6<I (8<6. D<E. 9 8, 9). 

 

   
4      5 

   

6      7 

   

8      9 
4 - 0 @4E. % ��, 1,0 @4E. % Fe 0,1 @4E. %  �-1; 5 - 84,1 @4E. % ��, 1,0 @4E. % Fe 0,1 @4E. %  �-1;  

6 - 42,05 @4E. % ��, 0,16 @4E. % Fe 0,1 @4E. %  �-1; 7 - 42,05 @4E. % ��, 1,84 @4E. % Fe 0,1 %  �-1; 

8 - 42,05  @4E. % ��, 1,0 @4E. % Fe 0,016 @4E. %  �-1; 9 - 42,05 @4E. % ��, 1,0 @4E. % Fe 

0,184 @4E. %  �-1 

$<EGAB> 9 -  V>DBEFDG>FGD4 EC?46G ��7K, I400 
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�4EFBEG64AAO L<IF<, MB @VEF<Fь 30...45 @4E. % ��, 84є ;@B7G CV86<MG64F< 
7D4A<JN @VJABEFV σ6 A4 30...40  #4, 6V8ABEA9 CB8B6:9AAO · A4 1...2 % V F69D8VEFь HRB 
A4 2...6 B8. (D<E. 10). #B84?ьL9 ;5V?ьL9AAO ��, G L<IFV CD<;6B8<Fь 8B ;A<:9AAO 
@9I4AVKA<I 6?4EF<6BEF9=, MB, =@B6VDAB, CB6'O;4AB V; ;45DG8A9AAO@ EC?46G B>E<8B@ 
4?N@VAVN. "5DB5>4 @B8<HV>G64?ьA<@ >B@C?9>EB@  �-1 84є ;@B7G 8BEO7F< 
CV86<M9AAO 7D4A<JV @VJABEFV A4 15...30  #4, 6V8ABEAB7B CB8B6:9AAO A4 1,0...1,3 % V 
F69D8BEFV A4 7...8 B8. (8<6. D<E. 10). �DBEF4AAO >BAJ9AFD4JVW Fe G EC?46V CD<;69?B 8B 
;A<:9AAO C?4EF<KABEFV F4 CV86<M9AAO F69D8BEFV G 6EьB@G VAF9D64?V 8BE?V8:9Aь. #D< 
>BAJ9AFD4JVOI 8B 1,0 @4E. % ;4?V;B CV86<MG64?B 7D4A<JN @VJABEFV 6A4E?V8B> 
;@VJA9AAO ³-F69D8B7B DB;K<AG. �<MV >BAJ9AFD4JVW Fe CD<;6B8<?< 8B ;A<:9AAO Ϭ6 
GA4E?V8B> GF6BD9AAO 6<FO7AGF<I VAF9D@9F4?V8A<I H4;, O>V @4NFь A<;ь><= >B79D9AFA<= 
;6'O;B> V; @4FD<J9N V 6<EFGC4NFь G DB?V 4>F<6A<I >BAJ9AFD4FBDV6 A4CDG:9Aь, MB 
G;7B8:GєFьEO ; BFD<@4A<@< D4AVL9 D9;G?ьF4F4@<. 

 

 
4 - CD< CBEFV=AV= CD<E48JV @B8<HV>4FBD4  �-1 0,1 @4E. %; 5 - CD< A4O6ABEFV 6 

L<IFV ��, G >V?ь>BEFV 42,05 @4E. % 

$<EGAB> 10 – �C?<6 >BAJ9AFD4JVW Fe A4 @9I4AVKAV 6?4EF<6BEFV 8BE?V8AB7B EC?46G 

0 
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�’OB89 @>74V; CD<E6OK9AB CDB@<E?B6V= 4CDB54JVW >B@C?9>EABW F9IAB?B7VW 
@B8<HV>G64?ьABW B5DB5>< 6  G@B64I J9I4 №1 �& « "&"$ %�+» CD< 6<7BFB6?9AAV 
89F4?V 05943200001-01 «&4DV?>BFD<@4K». ' O>BEFV @4F9DV4?G 8?O 6<7BFB6?9AAO 
89F4?9= 6<>BD<EFB6G646EO ;6BDBF EC?46G ��7K. #D< CDB6989AAV 9>EC9D<@9AFG 6 
CDB@<E?B6<I G@B64I 5G?B ;4EFBEB64AB >B@C?9>EA9 CB9F4CA9 B5DB5?9AAO EC?46G ;4 
DV;A<@< 64DV4AF4@<. �G?B 6<7BFB6?9AB E9DVW 89F4?9=, ;V EC?46G MB 6V8CB6V84є 
CBK4F>B6V= EF48VW CD<7BFG64AAO DB;C?46G 59; @B8<HV>G64?ьABW B5DB5><,  ; 8B8464AAO@ 
35% ��, F4 ; 8B8464AAO@ 35% ��, V B5DB5>BN @B8<HV>G64?ьA<@ >B@C?9>EB@  
 �-1 G >V?ь>BEFV 0,05 @4E. %. �9F4?V 8?O >B:AB7B 64DV4AFG B5DB5>< 6V8?<64?< ;4 
DV;ABN F9IAB?B7VєN, ; 8B84F>B6<@ CD<@GEB6<@ CV8CD9EG64AAO@ V 59;. �BAFDB?ь 
@4>DB- V @V>DBEFDG>FGD CDB6B8<?< A4 L?VH4I, MB 5G?< 6<7BFB6?9AV  V; 6V8CB6V84?ьA<I 
;BA CBC9D9KAB7B C9D9F<AG 89F4?9= (D<E. 11). 

 

 
 

$<EGAB> 11 – �<7?O8 89F4?9= «&4DV?>BFD<@4K» 
 

#VE?O 6<7BFB6?9AAO 89F4?9= F4 ;D4;>V6 6BA< CV88464?<Eь F9D@VKAB@G 
B5DB5?9AAN ;4 D9:<@B@ &5 (;474DFG64AAO + A9CB6A9 LFGKA9 EF4DVAAO) ;7V8AB ;  
�%&' 2839-94. �A4?V; @4>DBEFDG>FGD< (D<E.12) 8BE?V8A<I 89F4?9= 89@BAEFDGє 
C9D9647< 6<>BD<EF4AAO F9IAB?B7VW >B@C?9>EAB7B B5DB5?9AAO DB;C?46G 6FBD<AAB7B 
EC?46G ��7K CD< 6<7BFB6?9AAV 89F4?9= «&4DV?>BFD<@4K». &4> 8B8464AAO 8B DB;C?46G 
��, ECD<K<AOє CB@VDA9 CB8DV5A9AAO @4>DBEFDG>FGD< (8<6. D<E. 12 4, 6). !4EFGCA9 
B5DB5?9AAO DB;C?46G @B8<HV>G64?ьA<@ >B@C?9>EB@  �-1 B>DV@ CB8DV5A9AAO ;9D9A 
;459;C9KGє EF45V?ьAB DV6AB6VEAG EFDG>FGDG ;4 C9D9F<AB@ @4>DBL?VH4 (8<6. D<E. 12 8). 
�B84F>B69 CD<@GEB69 CV8CD9EG64AAO CD< 7D46VF4JV=AB@G ?<FFV G >B>V?ь 89F4?9= 
;459;C9K<?B BFD<@4AAO CB>D4M9ABW MV?ьABW EFDG>FGD< (8<6. D<E. 12, 5, 7, 9). !4=>D4MG 
@4>DBEFDG>FGDG @4NFь 89F4?V, MB 6<7BFB6?9AB ;4 >B@C?9>EABN F9IAB?B7VєN. 
#BD<EFVEFь @9F4?G 6EVI F9IAB?B7VKA<I 64DV4AFV6 6<7BFB6?9AAO 6<?<6>V6 A9 
C9D96<MG64?4 1-= 54? ;4 �%&' 2839-94. 
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4      5 

 

   
6      7 

 

   
8      9 

 

4, 6, 8 – 59; 8B84F>B6B7B CV8CD9EG64AAO; 5, 7, 9 – ; 8B84F>B6<@ CV8CD9EG64AAO@ 

$<EGAB> 12 -  4>DBEFDG>FGD4 8BE?V8A<I 89F4?9=, I1 
 

 V>DBEFDG>FGD4 89F4?9=, MB 6<7BFB6?9AV ;4 >?4E<KABN F9IAB?B7VєN 59; 
8B84F>B6B7B B5DB5?9AAO, E>?484?4Eь ; 4?N@VAVє6BW @4FD<JV, 8B6B?V >B@C4>FA<I 
6>?NK9Aь 96F9>F<KAB7B >D9@AVN F4 6<FO7AGF<I C?4EF<AK4EF<I VAF9D@9F4?V8A<I β-H4; 
Al5FeSi ; E9D98AьBN 8B6:<ABN 30&40 @>@ (D<E. 13 4, 5). &4>B: 8B6B?V O6AB 
CDB7?O84?4EO A4O6AVEFь 89A8D<FV6, 4 EFDG>FGD4 6<7?O84?4 A9B8ABDV8ABN  
(8<6. D<E. 13 4). 
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4      5 

 

   
6      7 
 

   
8      9 

 

4, 6, 8 – 59; 8B84F>B6B7B CV8CD9EG64AAO; 5, 7, 9 – ; 8B84F>B6<@ CV8CD9EG64AAO@ 

$<EGAB> 13 –  V>DBEFDG>FGD4 89F4?9= «&4DV?>BFD<@4K» 
 

�B8464AAO 8B DB;C?46G 35 @4E. % ��, ;459;C9K<?B BFD<@4AAO VA69DFB64ABW  
EFDG>FGD< EC?46G ; 8B6B?V 8DV5A<@< F4 >B@C4>FA<@< 6>?NK9AAO@< 96F9>F<KAB7B 
>D9@AVN, MB DV6AB@VDAB DB;CB6EN8:9A<= ;4 B5’є@B@. &4>B: 6V85G?BEO ;@9AL9AAO 
DB;@VDV6 ;4?V;B6@VEA<I C?4EF<AK4EF<I VAF9D@9F4?V8A<I  β-H4; 6 E9D98AьB@G 8B  
20&30 @>@, B8A4> ;@VA< WI HBD@< A9 ECBEF9DV74?< (8<6. D<E. 13 6). �C?<6 B5DB5?9AAO 
DB;C?46G @B8<HV>G64?ьA<@ >B@C?9>EB@  �-1 CB;A4K<6EO A4 @BDHB?B7VW 
;4?V;B6@VEA<I β-H4;, O>V A45G?< 5V?ьL >B@C4>FABW F4 DB;74?G:9ABW HBD@<, MB ;4 E6BW@ 
;B6AVLAV@ 6<7?O8B@ A4748GNFь «><F4=Eь>V VєDB7?VH<» (8<6. D<E. 13 8). 
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� GEVI F9IAB?B7VKA<I 64DV4AF4I 6<7BFB6?9AAO 89F4?9= ; CV8CD9EG64AAO@  

(8<6. D<E. 13 5, 7, 9), A4 CB69DIAV L?VH4 @4=:9 6V8EGFAV 7B?>BCB8V5AV F4 C?4EF<AK4EFV 
VAF9D@9F4?V8<. �474?B@ EFDG>FGD4 I4D4>F9D<;G64?4Eь O> 8B6B?V B8ABDV8A4, 
8DV5AB8<EC9DEA4 F4 VA69DFB64A4, >BFD4, ;4 >4ABA4@< @4F9DV4?B;A46EF64, ;459;C9KGє 
A4=5V?ьL EF45V?ьA<= F4 6<EB><= >B@C?9>E @9I4AVKA<I 6?4EF<6BEF9=. #D< A4O6ABEFV 
6V8CB6V8AB7B B5?48A4AAO F4 G 6<C48>4I >B?< J9 8B;6B?ONFь DB;@VD< V HBD@4 89F4?9=, 

A9B5IV8AB ;4EFBEB6G64F< CD<@GEB69 CV8CD9EG64AAO. 
&9D@VKA4 B5DB5>4 ;4 D9:<@B@ &5 5G?4 CDB8<>FB64A4 F9IAB?B7VєN 6<7BFB6?9AAO 

89F4?V «&4DV?>BFD<@4K».  9I4AVKAV 6?4EF<6BEFV EC?46G ��7K 8?O 64DV4AFG 59; 
B5DB5>< EF4AB6<?<: Ϭ6 = 200  #4, · = 3,2%, HB 110; ; 8B8464AAO@ 35 @4E. % ��,: 

Ϭ6 = 210  #4, · = 4,5%, HB 105; F4 ; 8B8464AAO@ 35 @4E. % ��, V  
0,05 @4E. %  �-1: Ϭ6 = 230  #4, · = 5,2%, HB 102.  9I4AVKAV 6?4EF<6BEFV ;4 >B:A<@ 
F9IAB?B7VKA<@ 64DV4AFB@ 8B5D9 G;7B8:GNFьEO ;V EFDG>FGDBN EC?46V6. "FD<@4AAO G 
6<?<6>4I VA69DFB64ABW EFDG>FGD< 8B;6B?<?B ;459;C9K<F< A9B5IV8A<= DV69Aь @VJABEFV 
F4 8BEO7F< ;A4KAB7B CV86<M9AAO C?4EF<KABEFV (G 1,63 D4;<). �4 BFD<@4A<@< 
D9;G?ьF4F4@< 5G?4 D9>B@9A8B64A4 8B 6CDB648:9AAO F9IAB?B7VO >B@C?9>EABW B5DB5>< 
EC?46G, ; 6<>BD<EF4AAO@ 35 @4E. % ��, F4 B5DB5>BN 0,05 @4E. % @B8<HV>G64?ьA<@ 
>B@C?9>EB@  �-1. 

 

��!����� 

 

!4 CV8EF46V 4A4?V;G F9IAVKABW ?VF9D4FGD< F4 6?4EA<I 9>EC9D<@9AF4?ьA<I 84A<I 
CB>4;4A4 @B:?<6VEFь CV86<M9AAO @9I4AVKA<I V E?G:5B6<I 6?4EF<6BEF9= 4?N@VAVє6<I 
EC?46V6, G FB@G K<E?V V 6FBD<AA<I, ;4 D4IGAB> BFD<@4AAO VA69DFB64ABW EFDG>FGD<. 
�<DVL9AB ;484KG ; CBLG>G GAV69DE4?ьAB7B F4 89L96B7B ECBEB5G BFD<@4AAO 6<?<6>V6 
V; 4?N@VAVє6<I EC?46V6, 6 FB@G K<E?V V 6FBD<AA<I, ; 6<EB><@ DV6A9@ 6?4EF<6BEF9=.  

"FD<@4A4 D97D9EV=A4 @B89?ь, MB BC<EGє 6C?<6 >V?ь>BEFV ��,, 6@VEFG ;4?V;4 6 
EC?46V F4 >V?ь>BEFV @B8<HV>G64?ьAB7B >B@C?9>EG  �-1, CD< B5DB5?9AAV DB;C?46G, A4 
I4D4>F9D<EF<>< @VJABEFV, C?4EF<KABEFV F4 F69D8BEFV 4?N@VAVє6<I EC?46V6. #9D96VD>4 
84A<I 4A4?VF<KABW BCF<@V;4JVW G ?45BD4FBDA<I G@B64I CV8F69D8<?4 BFD<@4AAO 
VA69DFB64ABW EFDG>FGD< G 8BE?V8A<I EC?464I F4 6<EB><= DV69Aь WI 6?4EF<6BEF9=. 
�B@C?9>EA4 6;4є@B8VO ��, F4  �-1 8B;6B?<?4 BFD<@G64F< 89F4?V ;  5V?ьL 6<EB><@< 
@9I4AVKA<@< 6?4EF<6BEFO@< 6A4E?V8B> HBD@G64AAO EFDG>FGD< ; DV6AB@VDA<@ 
DB;CB8V?B@ H4; F4 ;@VABN @BDHB?B7VW ;4?V;B6@VEA<I VAF9D@9F4?V8V6.  

$9;G?ьF4F< CDB6989A<I 8BE?V8:9Aь 8B;6B?<?< ;DB5<F< A4EFGCAV 6<EAB6><: 
1. �46B8Eь>4 F9IAB?B7VO B5DB5>< 4?N@VAVє6<I EC?46V6 ;459;C9KGє ;484A<= 

6V8CB6V8AB 8B �%&' 2839-94 DV69Aь @9I4AVKA<I 6?4EF<6BEF9= ?<L9 ;4 G@B6< 
6<>BD<EF4AAO C9D6<AA<I L<IFB6<I @4F9DV4?V6, 8BE<Fь K<EF<I ;4 8B@VL>4@<. 
�<>BD<EF4AAO ;4 ;46B8Eь>BN F9IAB?B7VєN G O>BEFV @B8<HV>4FBD4 K2ZrF6 G >V?ь>BEFV A9 
@9AL9 AV: 1,0 @4E. % ;459;C9KGє 8BE<Fь EF45V?ьA9 @B8<HV>G64AAO 96F9>F<KAB7B 
>D9@AVN V ³-F69D8B7B DB;K<AG, 4?9 A9 6C?<64є A4 ;@VAG @BDHB?B7VW F4 I4D4>F9DG 
DB;CB8V?G ;4?V;B6@VEA<I VAF9D@9F4?V8A<I H4;. �<EB><= 6@VEF ;A4KABW >V?ь>BEFV 
69?<><I ;4 DB;@VD4@< VAF9D@9F4?V8A<I H4; A9ECD<OF?<6BW @BDHB?B7VW є BEAB6ABN 
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CD<K<ABN A<;ь>B7B DV6AO 6?4EF<6BEF9= EC?46V6, MB BFD<@4AV ; A<;ь>BEBDFABW L<IF< 
; CV86<M9A<@ 6@VEFB@ 8B@VLB>. 

2.  B8<HV>G64?ьA<= >B@C?9>E  �-1 E<?ьAB 6C?<64є A4 @BDHB?B7VN >D9@AVN V 
;4?V;B6@VEA<I H4;, CD< JьB@G =B7B >V?ь>VEFь A9B5IV8AB CB7B8:G64F< ; >BAJ9AFD4JVєN 
Fe 6 EC?46V 8?O BFD<@4AAO BCF<@4?ьA<I EFDG>FGD< V @9I4AVKA<I 6?4EF<6BEF9=. #D< 
B5DB5JV DB;C?46G @B8<HV>G64?ьA<@ >B@C?9>EB@  �-1 @B:?<69 BFD<@4AAO O>VEA<I 
6<?<6>V6 ; L<IF<, MB E>?484єFьEO V; 100% 6FBD<AABW E<DB6<A< EC?46G ��7K ;  
6@VEFB@ Fe 8B 0,60 @4E. %.  

3. $B;DB5?9AB CDBEFG 6 D94?V;4JVW F4 A<;ь>B64DFVEAG F9IAB?B7VN ; BFD<@4AAO 
8DV5AB>D<EF4?VKABW L<IF< ��7K A474DFG64?ьA<@ BF69D8VAAO@ 8?O 6<>BD<EF4AAO WW G 
O>BEFV 8B546>< CD< EC48>B6B@G @B8<HV>G64AAV.  V>DBEFDG>FGD4 ��, 
I4D4>F9D<;GєFьEO DB;@VDB@ ;9D9A ³-F69D8B7B DB;K<AG 4?N@VAVN G E9D98AьB@G  
10&15 @>@ F4 DB;@VDB@ 96F9>F<KAB7B >D9@AVN 1&2 @>@. 

4. �EF4AB6?9AB, MB ;4 8BCB@B7BN >B@C?9>EAB7B ;4EFBEG64AAO 0,1 @4E. % 
@B8<HV>G64?ьAB7B >B@C?9>EG  �-1 F4 35 @4E. % 8DV5AB>D<EF4?VKABW L<IF< @B:?<6B 
BFD<@G64F< O>VEA9 ?<F6B A46VFь A4 EC?464I, MB @4NFь >BAJ9AFD4JVN ;4?V;4 8B  
1,84 @4E. %, FB5FB ;A4KAB  6<MG AV: 8BCGEF<@4 ;4 �%&' 2839-94 8?O 6<?<6>V6, >BFDV 
6V8?<FB G >B>V?ь. $4AVL9 6C?<6 EC48>B6BEFV BJVAN646EO ?<L9 8?O C9D6<AA<I EC?46V6. 

5. �4EFBEG64AAO DB;DB5?9ABW F9IAB?B7VW >B@C?9>EAB7B @B8<HV>G64AAO 
8B;6B?<Fь DB;L<D<F< AB@9A>?4FGDG 89F4?9= 6V8CB6V84?ьAB7B CD<;A4K9AAO 8?O O><I 
@B:GFь 5GF< ;4EFBEB64AV 6FBD<AAV EC?46< 59; 6FD4F< O>BEFV. *9 8B;6B?<Fь E>BDBF<F< 
6<FD4F< A4 CD<854AAO V@CBDFA<I @4F9DV4?V6 A4 37,0&39,5%, MB, 6 E6BN K9D7G, ;A<:Gє 
EB5V64DFVEFь 6<7BFB6?9AAO 6<DB5V6 A4 20&30%. 

6. �B@C?9>EA9 @B8<HV>G64AAO 6FBD<AA<I E<?G@VAV6 CDB89@BAEFDG64?B A9 ?<L9 
CB>D4M9AAO @9I4AVKA<I I4D4>F9D<EF<> 6<?<6>V6, 4?9 = CB;<F<6A<= 9>B?B7VKA<= 
9H9>F. �@9AL9AAO 6<FD4F A4 E<DB6<AG, 4 F4>B: ;A<:9AAO L>V8?<6<I 6<><8V6 G CDBJ9EV 
@B8<HV>G64AAO, ECD<ONFь ;A<:9AAN ;474?ьABW 9>B?B7VKABW A464AF4:9ABEFV 
6<DB5A<JF64 F4 6<DVLGNFь CDB5?9@G GF<?V;4JVW 6V8IB8V6 6?4EAB7B 6<DB5A<JF64. 
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:><?;5:A=>N B5E=>;>3VєN <>48DV:C20==O». – !4 CD464I DG>BC<EG. 

�<E9DF4JVO A4 ;8B5GFFO A4G>B6B7B EFGC9AO >4A8<84F4 F9IAVKA<I A4G> ;4 
EC9JV4?ьAVEFN 05.02.01 –  4F9DV4?B;A46EF6B. !4JVBA4?ьA<= GAV69DE<F9F «�4CBDV;ь>4 
CB?VF9IAV>4»  "! '>D4WA<, @. �4CBDV::O, 2025. 

�<E9DF4JVO CD<E6OK9A4 DB;DB5JV >B@C?9>EABW F9IAB?B7VW BFD<@4AAO 6<?<6>V6 V; 
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;4?GK9AAO @9I4AV;@G 6C?<6G EC48>B6BEFV L<IF<. �BE?V8:9AB 6C?<6 B5DB5>< 
@B8<HV>G64?ьA<I >B@C?9>EV6 K2ZrF6 F4  �-1 A4 6FBD<AAV EC?46< ��7K F4 �356.2. 
�B6989A4 @B:?<6VEFь BFD<@4AAO 6<EB>BW O>BEFV ?<F64 A4 EC?464I ; >BAJ9AFD4JVєN 
;4?V;4 8B 0,6 @4E. %.  

$B;L<D9AB GO6?9AAO CDB 6C?<6 EC48>B6BEFV L<IF< 8?O 6FBD<AA<I EC?46V6 
��7K, �356.2. $B;DB5?9AB F9IAB?B7VN BFD<@4AAO 8DV5AB>D<EF4?VKABW L<IF< V; 
ECD<OF?<6BN @V>DBEFDG>FGDBN 8?O EC48>B6B7B @B8<HV>G64AAO. �4 8BCB@B7BN 
>B@C?9>EAB7B ;4EFBEG64AAO @B8<HV>G64?ьABW B5DB5>< F4 8DV5AB>D<EF4?VKABW L<IF< 
BFD<@4AB, 8?O 6FBD<AAB7B E<?G@VAG ��7K, 6<?<6>< G >B>V?ь ; DV6A9@ @9I4AVKA<I 
6?4EF<6BEF9=, MB ;48B6B?ьAONFь 6<@B7< �%&' 2839-94 CD< C9D96<M9AAV  
6@VEFG Fe G 1,84 D4;<. 

�;NG>2V A;>20: 4?N@VAV=; E<?G@VA; 6FBD<AAV EC?46<; EFDG>FGDBGF6BD9AAO; 
VAF9D@9F4?V8AV H4;<; @VJAVEFь; C?4EF<KAVEFь; F69D8VEFь; H4>FBDA<= 4A4?V;; L<IF4; 
EC48>B6VEFь; @B8<HV>G64?ьA4 B5DB5>4; F9D@VKA4 B5DB5>4. 

 

SUMMARY 
 

Frolov R.O. «Increasing the mechanical properties of secondary silumins by 
complex modification technology». – on the rights of the manuscript. 

The dissertation is intended for a candidate degree in engineering science by specialty 

05.02.01 - Materials Science. National University Zaporizhzhia Polytechnic, Ministry of 

Education and Science of Ukraine, Zaporizhzhia, 2025. 

The content of the dissertation. The dissertation is devoted to solving an important 

scientific and practical problem – the development of the complex technology for producing 

castings from secondary silumins by improving modification processes and involving the 

mechanism of influence of the charge heredity. The paper analyses modern domestic and 

foreign methods of influencing the melt to obtain a fine-grained structure and a high level 

of mechanical properties. In this work spectral analysis of the chemical composition of the 

alloys, optical microscopy, X-ray spectral, X-ray diffraction, fractographic analyses, as well 

as determination of mechanical properties (strength, ductility, hardness) were used.  

The effect of treatment with modifying complexes K2ZrF6 and MK-1 on secondary 

alloys AK7ch and A356.2 was studied. The possibility of obtaining high quality castings 

from alloys with iron concentrations up to 0.6 wt. %. The understanding of the impact of 

charge heredity on secondary alloys AK7ch and A356.2 was expanded. The technology of 

producing a fine-crystalline charge with a favourable microstructure for hereditary 

modification with a cross-sectional size dendrite of ³-solid aluminium solution  

of 10...15 µm and a size of eutectic silicon and intermetallic inclusions of 1...2 µm was 
developed. With the help of the complex application of modifying treatment and  

fine-crystalline charge, for secondary silumin AK7ch, the mold castings with the level of 

mechanical properties that meet the requirements of DSTU 2839-94, at an excess of Fe 

content by 1.84 times were obtained. The regression equations obtained for the first time 

demonstrate the possibility of obtaining castings with high mechanical properties  

Ϭ6 > 300 MPa, · > 5% and HRB > 50 when used in the charge up to 42.05 wt. %  
fine-crystalline charge and modifying treatment of 0.1 wt. % MK-1. The application of such 

complex processing allows expanding the range of parts made from the foundry return. 
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The positive effect of external pressure on the macro and microstructure of parts cast 

using the complex modification technology has been demonstrated.  This effect will reduce 

the cost of purchasing primary materials, which will reduce the cost of manufacturing 

products by 20...30% and solve the problem of waste disposal. 

Keywords: aluminium; silumin; secondary alloys; structure formation; intermetallic 

phases; strength; plasticity; hardness; factor analysis; charge; heredity; modifying treatment; 

heat treatment. 


