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%0=:B #5B5@1C@3A:89 ?>;8B5E=8G5A:89 C=825@A8B5B #5B@0 �5;8:>3>

� EF4FP9 CD<6989AO D9;G?PF4FO CDB6989AAOI <EE?98B64A<= F9C?BF9IA<-
K9E><I I4D4>F9D<EF<> D4;?<KAOI 8D969EAOI BFIB8B6 (BC<?><, M9C4, >BD4) D4;-
AOI CBDB8 8D969E<AO "COFAO@ CGF9@ 6OS6?9AO BEB59AABEF< 8D969EAOI BFIB-
8B6 3 A4?<K<9 5B?PLB7B EB89D:4A<S 6?47< < ;B?O �?S BCD989?9A<S BCF<@4?P-
AOI ;A4K9A<= C4D4@9FDB6 CDBJ9EE4 E:<74A<S <ECB?P;B64A4 @9FB8<>4 CB;6B?S-
RM4S BCF<@<;<DB64FP D4EIB8O A4 CB8EGL>G EODPS 8?S CB?GK9A<S @4>E<@4?PAB 
>4?BD<=AB7B 79A9D4FBDAB7B 74;4 #B>4;4A4 C9DEC9>F<6ABEFP CD<@9A9A<S 84AAB-
7B EODPS >4> A4<5B?99 Q>B?B7<KAB7B < Q>BAB@<K9E>< 6O7B8AB7B

�?RK96O9 E?B64: 8D969EAO9 BFIB8O, 74;BB5D4;AB9 FBC?<6B, F9C?BF9IA<-
K9E><9 I4D4>F9D<EF<><, 6?4:ABEFP ;B?PABEFP.

�ECB?P;B64A<9 8D969EAOI BFIB8B6 6 >4K9EF69 FBC?<64 >4> 4?PF9DA4F<64 
EGM9EF6GRM<@ 3 74;G, G7?R A9HF< 6 5?<:4=L<9 89ESF<?9F<S CD<B5D9F9F BEB-
5GR 4>FG4?PABEFP. 1FB E6S;4AB A9 FB?P>B E EB>D4M9A<9@ ;4C4EB6 8B5O649@OI 
CD<DB8AOI D9EGDEB6, AB < A9B5IB8<@BEFPR D9L9A<S Q>B?B7<K9E><I CDB5?9@, 
E6S;4AAOI E GF<?<;4J<9= CB5BKAOI CDB8G>FB6 CDBJ9EE4 ?9EB;47BFB6><. !4 E9-
7B8ASLA<= 89AP CDB5?9@4 E>?48<DB64A<S 8D969EAOI BFIB8B6 6 BF64?4I CD98-
EF46?S9F A9 FB?P>B CB:4DAGR, AB < Q>B?B7<K9E>GR BC4EABEFP. �DB@9 FB7B, 6 DS-
89 D97<BAB6 EFD4AO, G84?9AAOI BF E<EF9@ J9AFD4?PAB7B Q?9>FDBEA45:9A<S, 4 
QFB CBKF< 60% 6E9= F9DD<FBD<< EFD4AO [1], ?B>4?PAO9 F9C?BQA9D79F<K9E><9 
GEF4AB6>< D45BF4RF A4 CD<6B;AB@ FBC?<69, CBQFB@G 6<8<FES Q>BAB@<K9E>< 
BCD4684AAB= < Q>B?B7<K9E>< B5BEAB64AAB= C9D9D45BF>4 8D969EAOI BFIB8B6 6 
74;BB5D4;AB9 FBC?<6B A4 @9EF9 B5D4;B64A<S BFIB8B6 8D969E<AO. �4;BB5D4;AB9 
FBC?<6B, CB?GK9AAB9 6 D9;G?PF4F9 E7BD4A<S 8D969E<AO, B5?4849F DS8B@ CD9-
<@GM9EF6 C9D98 8DG7<@< 6<84@< FBC?<64 3 6B;@B:ABEFPR FD4AECBDF<DB64A<S 
A4 5B?PL<9 D4EEFBSA<S, A4>BC?9A<S, CB?ABFB= E7BD4A<S < BFEGFEF6<9@ E4:<-
EFOI < E9DA<EFOI EB98<A9A<=, CD<6B8SM<I > B5D4;B64A<R ><E?BFAOI BE48>B6.
� CDB@OL?9AAOI @4ELF454I CDB<;6B8SFES 8D969EAO9 C9??9FO < 5D<>9FO, >B-



FBDO9 @B:AB BFA9EF< > ABD@<DB64AAB@G FBC?<6G, E GEC9IB@ 6B6?9>49@B@G 6 
FBC?<6AO= 54?4AE.

�R5B9 CDB@OL?9AAB9 FBC?<6B <; 8D969E<AO 8B?:AB BF69K4FP FD95B64-
A<S@ �"%& 789 ;484AO C4D4@9FDO A9 FB?P>B CBDB8O AB BCD989?9AO
BCF<@4?PAO9 BFABE<F9?PA4S 6?4:ABEFP 3 A9 5B?99 < D4;@9DO 74;B79A9D4-
FBDAB= KGD>< 4×7×10 E@ "8A4>B CDBJ9EE 74;<H<>4J<< D4;?<KAOI 8D969EAOI 
BFIB8B6 BF?<K49FES BF 74;B79A9D4FBDAB= «EF4A84DFAB=» KGD><. 1FB B5GE?B6?9-
AB D4;?<K<9@ 6 BFIB84I ?9EB;47BFB6B>, ?9EBC<?PAOI, 89D96BB5D454FO64RM<I 
CD98CD<SF<= < BFABE<FES A9 FB?P>B > D4;@9D4@, AB < > 6?4:ABEF<, ;B?PABEF< 
BFIB8B6. �?S BJ9A>< C9DEC9>F<6 <ECB?P;B64A<S FB7B <?< <AB7B 6<84 BFIB8B6 6 
>4K9EF69 74;B79A9D4FBDAB7B FBC?<64 5O?4 CDB6989A4 E9D<S BCOFB6 A4 ?45BD4-
FBDAB= 54;9 >4H98DO CDB@OL?9AAB= QA9D79F<>< %#5��&' D<E. � >4K9EF69 
Q>EC9D<@9AF4?PAOI B5D4;JB6 5O?< 6;SFO FD< 6<84 A4<5B?99 D4ECDBEFD4A9AAOI 
BFIB8B6 ?9EB;47BFB6B> < 89D96BB5D45BF>< BC<?>< <; C<?BD4@O, FBC?<6A4S M9-
C4 < >BD4 89D96P96 I6B=AOI CBDB8. � D9;G?PF4F9 Q>EC9D<@9AF4 BCOFAO@ CGF9@ 
5O?< CB?GK9AO ;A4K9A<S 6?4:ABEF< W , ;B?PABEF< �D, ?9FGK<I 69M9EF6 V? < 
>B>E4 8D969EAOI BFIB8B6 6 EBBF69FEF6<9 E B5M9CD<ASFO@< @9FB8<>4@< 3
&9C?BFG E7BD4A<S D45BK97B FBC?<64 BCD989?S?< >4?BD<@9FD<K9E><@ @9FB8B@ 
D<E. #B?GK9AAO9 84AAO9 CD<6989AO 6 F45?<J9

$<E. 1. �45BD4FBDA4S GEF4AB6>4 
8?S BCD989?9A<S ?9FGK<I 7BDRK<I 
69M9EF6 < ;B?PABEF< FBC?<64
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�EIB8S <; GD46A9A<S Q?9@9AFAB7B EBEF464 EGIB= @4EEO 8D969EAOI BFIB-
8B6 < CB?GK9AAOI 6 D9;G?PF4F9 Q>EC9D<@9AF4 ;A4K9A<= ;B?PABEF< D45BK9= @4E-
EO < 6?4:ABEF< @B:AB F9BD9F<K9E>< D4EEK<F4FP Q?9@9AF4DAO= EBEF46 D45BK9= 
@4EEO 8D969EAOI BFIB8B6 CD< ?R5B= 69?<K<A9 <EIB8AB= 6?4:ABEF< B5D4;J4 
8D969E<AO . 1FB CB;6B?S9F ECDB7AB;<DB64FP 69?<K<AG F9C?BFO E7BD4A<S BF-
IB8B6 < CB8B5D4FP A9B5IB8<@O= 74;B79A9D4FBD E FD95G9@O@ �#�.

&4>, CD< 6?4:ABEF< 20% 6E9 B5D4;JO 8D969EAOI BFIB8B6 CB>4;4?< 8BEF4-
FBKAB 6OEB>GR F9C?BFG E7BD4A<S CBDS8>4 14  �:, KFB 74D4AF<DG9F CB?GK9A<9 
6OEB>B >4?BD<=AB7B 79A9D4FBDAB7B 74;4, CD< QFB@ A9F A9B5IB8<@BEF< 8BCB?A<-
F9?PAB CB8EGL<64FP BFIB8O

$4EK9FO CB>4;4?<, KFB CD< E959EFB<@BEF< FBC?<64 BF �'#&1� 
CB DG5. ;4 1 �>4?, CD< QFB@ CBFD95<F9?P C?4F<F 6 ED98A9@ 8B 2800 DG5.
;4 �>4? F9C?BFO, 6>?RK4S ;4FD4FO A4 8BEF46>G, Q>EC?G4F4J<R E9F9= < F. 8., 6
FB 6D9@S >4> E959EFB<@BEFP 8D969EAOI BFIB8B6 B5IB8<FES CBFD95<F9?R 6 3003
DG5. ;4 �>4? F9C?BFO � QFB@ E?GK49 >4C<F4?PAO9 ;4FD4FO E6B8SFES > CD<-

B5D9F9A<R CB8IB8SM9= FBC><, >BFBDO9 6OCGE>49F CDB@OL?9AABEFP 6 L<DB>B@
8<4C4;BA9 F<CBD4;@9DB6 < CB8 D4;AO9 ;484K<. � ED98A9@, CD< J9A9 >BF?4 CB-
DS8>4 2 @?A DG5. A4CD<@9D, H<D@O "�" «�<=E><= >BF9?PAO= ;46B8», C4DB6O9 
FGD5<AO @4?B= @BMABEF< H<D@O "�" «�4?G:E><= FGD5<AAO= ;46B8» < 8D.), 
EDB> B>GC49@BEF< F4>B7B B5BDG8B64A<S EBEF46<F 3 ?9F.

&4><@ B5D4;B@, <ECB?P;GS BFIB8O ?9EB;47BFB6>< < 89D96BB5D45BF>< 6 >4-
K9EF69 FBC?<64 @B:AB D9L<FP J9?O= DS8 Q>B?B7B Q>BAB@<K9E><I ;484K, 
A4CD46?9AAOI A4 EA<:9A<9 B5N9@B6 ;47BFB6B> FD48<J<BAAB= 8D969E<AO, GF<-
?<;4J<R BFIB8B6 <; BF64?B6, EB>D4M9A<R CBEFGC?9A<S B>E<8B6 4;BF4 < E9DO 
CD< <I E:<74A<< CB ED46A9A<R E 8DG7<@< 6<84@< FBC?<64 4 F4>:9 CB?GK<FP 
6OD4:9AAO= Q>BAB@<K9E><= QHH9>F.

�<5?<B7D4H<K9E><= EC<EB>
�64AB64 �. �., �9=E �. �. $4J<BA4?PAB9 D9EGDEB < F9C?B<ECB?P;B64A<9 6 ?9EAB= 

CDB@OL?9AABEF< // %5BDA<> EF4F9= CB @4F9D<4?4@ A4GKAB F9IA<K9E>B= >BAH9D9AJ<< <AEF<-
FGF4 F9IAB?B7<K9E><I @4L<A < FD4AECBDF4 ?9E4 CB <FB74@ A4GKAB <EE?98B64F9?PE><I D45BF 
2019. %#5. : %#5��&', 2020. %. 1193

�"%& $ 52911 2013. &BC?<6B F69D8B9 @<A9D4?PAB9. "CD989?9A<9 B5M9= 6?47<.  
%F4A84DF<AHBD@, 2014. 11 E.

�"%& 11022 95 (�%" 1171 97). &BC?<6B F69D8B9 @<A9D4?PAB9.  9FB8O BCD989?9-
A<S ;B?PABEF< (E �;@9A9A<9@ № 1).  . : %F4A84DF<AHBD@, 2006. 6 E.

4. �"%& 6382 2001 (�%" 562 98, �%" 5071 97). &BC?<6B F69D8B9 @<A9D4?PAB9.  9-
FB8O BCD989?9A<S 6OIB84 ?9FGK<I 69M9EF6.  . : �#� �;8 6B EF4A84DFB6, 2002. 19 E.

&BC?<6B. &9C?B6B= 54?4AE >BF9?PAB7B 47D974F4: GK95AB9 CBEB5<9 8?S EFG89AFB6 BKAB= 
< ;4BKAB= HBD@ B5GK9A<S / �. �. �G?<>B6, �. (. %@B?S>B6, �. !. �R>B64 < 8D. %#5.
%#5��&', 2012. 64 E.

�64AB64 �. �., $GEE>B64 �. �. �EE?98B64A<9 F9C?BF9IA<K9E><I I4D4>F9D<EF<> FBC-
?<64 <; 8D969EAOI BFIB8B6 < <I Q>B?B7<K9E>B= 59;BC4EABEF<

// �9EFA<> %4A>F #9F9D5GD7E>B7B GA<69DE<F9F4 �BEG84DEF69AAB= CDBF<6BCB:4D-
AB= E?G:5O  +% $BEE<<. 2023. № 3. %. 13
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�. �. '4>@0B8=0, .. �.  0@B0:>20, �. �. �070:>20,
!. �. 'H0:>2, �. �. �CG8= 

�=AB8BCB E8<88 (�* �><8 !* '@" $�!, 

 9FB8B@ ><E?BFAB= 7<8DB?<F<K9E>B= 89EFDG>J<< <; CBEFQ>EFD4>J<BAAB-
7B BFIB84 8D969EAB= ;9?9A< 9?< ( CB?GK9AO ?<7ABJ9??R?B;AO9 CB-
DBL>B6O9 @4F9D<4?O. �EE?98B64AO H<;<>B I<@<K9E><9, EFDG>FGDAB
I<@<K9E><9 < @BDHB?B7<K9E><9 <;@9A9A<S CB?GK9AAOI ?<7ABJ9??R?B;AOI CB-
DBL>B6 6 ED46A9A<< E <EIB8AO@ B5D4;JB@.

�?RK96O9 E?B64: 8D969EA4S ;9?9AP, , CBEFQ>EFD4>J<BAAO= BF-
IB8, 7<8DB?<F<K9E>4S 89EFDG>J<S, ?<7ABJ9??R?B;AO9 CBDBL><, HGA>J<BA4?P-
AO= EBEF46, A48@B?9>G?SDA4S EFDG>FGD4, @<>DBEFDG>FGD4, F9D@<K9E><9 E6B=-
EF64.

#BE?9 <;6?9K9A<S J9AAOI 5<B?B7<K9E>< 4>F<6AOI 69M9EF6 <; 8D969EAB= 
;9?9A< I6B=AOI D4EF9A<= CB F9IAB?B7<< Q@G?PE<BAAB= Q>EFD4>J<< [1] BEF49FES 
5B?99 90% CBEFQ>EFD4>J<BAAOI BFIB8B6 (LDBF4), K4EFP >BFBDOI <ECB?P;G9FES 6 
:<6BFAB6B8EF69 6 >4K9EF69 5<B?B7<K9E>< 4>F<6AB= >BD@B6B= 8B546>< [ B8A4-
>B 5B?PL4S K4EFP QFB7B BFIB84 BEF49FES A96BEFD95B64AAB=. �;GK9A<9 I<@<K9-
E>B7B EBEF464 LDBF4 CB>4;4?B, KFB BEAB6AO@ 97B >B@CBA9AFB@ S6?S9FES ?<7AB-
G7?96B8AO= >B@C?9>E, EBEFBSM<= <; 36% ?<7A<A4, 24% J9??R?B;O, 
79@<J9??R?B; [

�<7ABJ9??R?B;AO9 BFIB8O <@9RF 5B?PLB= CBF9AJ<4? 6 BFABL9A<< >4> 
6O89?9A<S <; A<I BF89?PAOI >B@CBA9AFB6 (J9??R?B;O, ?<7A<A4, 79@<J9??R-
?B;), F4> < CB?GK9A<S A4 <I BEAB69 D4;ABB5D4;AOI ?<7ABJ9??R?B;AOI @4F9D<4-
?B6, 6 FB@ K<E?9 < CBDBL>B6OI &4><9 @4F9D<4?O <@9RF CBF9AJ<4? CD<@9-
A9A<S 6 >4K9EF69 EBD59AFB6, 8B546B>, @B8<H<>4FBDB6 < ABE<F9?9= 6 >B@CB;<J<-
BAAOI @4F9D<4?4I 

%4@O@ D4ECDBEFD4AёAAO@ ECBEB5B@ CB?GK9A<S CBDBL>B6OI ?<7ABJ9?-
?R?B;AOI @4F9D<4?B6 S6?S9FES <I K4EF<KA4S 7<8DB?<F<K9E>4S 89EFDG>J<S E <E-
CB?P;B64A<9@ D4EF6BDB6 @<A9D4?PAOI ><E?BF. � CDBJ9EE9 F4>B= B5D45BF>< 
CDB<EIB8<F D4;DGL9A<9 EFDG>FGDO ?<7ABG7?96B8AB7B >B@C?9>E4. #D< QFB@ H<-
;<>B I<@<K9E><9 I4D4>F9D<EF<>< CB?GK49@OI CDB8G>FB6 (D4;@9D K4EF<J, >D<-
EF4??<KABEFP < F9D@<K9E>4S EF45<?PABEFP) < <I @BDHB?B7<S 6 ;A4K<F9?PAB= 
EF9C9A< ;46<ESF BF 6<84 EODP96B7B <EFBKA<>4, < BF GE?B6<= ><E?BFAB= 89EFDG>-
J<< (F9@C9D4FGDO, 6D9@9A< D94>J<<, F<C4 < >BAJ9AFD4J<< <ECB?P;G9@B= ><E?B-
FO, 4 F4>:9 EBBFABL9A<S F69D8B7B 69M9EF64 < ><E?BFO).

�<7ABJ9??R?B;AO9 CBDBL>< (�#*) CB?GK4?< <; CBEFQ>EFD4>J<BAAB7B 
BFIB84 8D969EAB= ;9?9A< 9?<, CD98EF46?SRM97B EB5B= CB?<8<EC9DEAO= @4F9D<-
4? E D4;@9DB@ K4EF<J 0,531,0 E@ < BEF4FBKAB= M9?BKABEFPR 10,8 @7 "!/7 B5-
D4;J4 (1,1%). #D9864D<F9?PAB CDB@OFO= 89BA<;<DB64AAB= 6B8B= BF BEF4FBKAB= 
M9?BKABEF<, 89>4F<BA<DB64AAO= 0,1 A !% < 6OEGL9AAO= CD< 40 ð% @4F9D<4? 



CB869D74?< 7<8DB?<F<K9E>B= 89EFDG>J<< 10% AO@< D4EF6BD4@< @<A9D4?PAOI 
><E?BF (! ) < C9DB>EB@BABE9DAB= ><E?BFO ( CD< >BAJ9AFD4-
J<< @4EEO 5%, CD< F9@C9D4FGD9 ><C9A<S E@9E< 6 F9K9A<9 3 K. #B?GK9AAO9 �*# 
5O?< B5B;A4K9AO >4> �*# ! , �*# , �*# , EBBF69FEF69AAB.

(<;<>B I<@<K9E><9 I4D4>F9D<EF<>< �*# CD<6989AO 6 F45?<J9 1. � D9-
;G?PF4F9 7<8DB?<F<K9E>B= 89EFDG>J<< LDBF4 CB?GK9AO �*# E 6OIB8B@ BF 43 
8B 61%, EB89D:4M<9 ?<7A<A4 BF 14 8B 29%. !4<@9APL<@ ;A4K9A<9@ 6OIB84 < 
@9APL<@ EB89D:4A<9@ ?<7A<A4 I4D4>F9D<;G9FES �*# , F4> >4> 4;BFA4S 
><E?BF4 S6?S9FES 4>F<6AO@ 89?<7A<H<J<DGRM<@ 479AFB@. � CDBJ9EE9 B5D4-
5BF>< E9DAB= < C9DB>EB@BABE9DAB= ><E?BF4@< 6 5B?PL9= EF9C9A< CDB<EIB8<F 
89EFDG>J<S A9J9??R?B;AOI >B@CBA9AFB6, E CD9B5D4;B64A<9@ <I 6 ?97>B G84?S-
9@O9 A<;>B@B?9>G?SDAO9 EB98<A9A<S, E EBID4A9A<9@ ?<7A<A4. 

&01;8F0 1
(<;<>B I<@<K9E><9 E6B=EF64 ?<7ABJ9??R?B;AOI CBDBL>B6
#4D4@9FD ,DBF �*# �*# �*#

�OIB8 (%) 3 60,7±1,7 42,5±1,1 53,1±1,3
%B89D:4A<9 ?<7A<A4 (%) 28,9±1,3 21,7±1,6 14,1±2,5 26,6±1,1
%B89D:4A<9 >4D5BA<?PAOI 
7DGCC (%) ±0,1 ±0,1 ±0,1

%B89D:4A<9 >4D5B>E<?PAOI 
7DGCC (%) ±0,2 ±0,2 ±0,2

#B?AO= CB69DIABEFAO= ;4DS8, 
3 @4I×10 �G?/7

3

#@8<5G0=85: «3» 3 A9 BCD989?S9FES 8?S <EIB8AB7B B5D4;J4.

�<8DB?<F<K9E>4S 89EFDG>J<S ECBEB5EF6G9F B5B74M9A<R �*# >4D-
5B>E<?PAO@< 7DGCC4@<, EB89D:4A<9 >BFBDOI G69?<K<649FES 6  34 D4;4, KFB 
89?49F CB?GK49@O9 CBDBL>B6O9 @4F9D<4?O A4<5B?99 D94>J<BAABECBEB5AO@< 
CB ED46A9A<R EB LDBFB@. �;@9A9A<9 6 HGA>J<BA4?PAB@ EBEF469 B5GE?B6?9AB 
K4EF<KAB= 89EFDG>J<9= @4>DB@B?9>G? ?<7A<A4 < CB?<E4I4D<8B6, 69DBSFAB, ;4 
EK9F D4;DO64 QH<DAOI < 7?<>B;<8AOI E6S;9=. !4<5B?PL99 EB89D:4A<9 HGA>J<-
BA4?PAOI %""!3 %"!37DGCC ED98< �*# A45?R849FES 6 �*# . #9DB>-
EB@BABE9DA4S ><E?BF4 ECBEB5EF6G9F B><E?<F9?PAB= 89EFDG>J<< EODPS, 6E?98-
EF6<9 K97B EB89D:4A<9 37DGCC G69?<K<649FES 6 2 D4;4 CB ED46A9A<R E 
8DG7<@< �*#. �?S <EE?98B64A<S 8BEFGCABEF< HGA>J<BA4?PAOI 7DGCC <EE?98B-
64?< <I Q?9>FDBCB69DIABEFAO9 I4D4>F9D<EF<><. +9@ 5B?PL9 EB89D:<FES 6 �*# 

37DGCC, F9@ 6OL9 CB?AO= CB69DIABEFAO= ;4DS8 (3 @4I) 97B K4EF<J 
(F45?. 1). !4<@9APL<= ;4DS8 CB69DIABEF< 6B 6E9@ <AF9D64?9 ;A4K9A<= D! 6B8-
AB= EGEC9A;<< <@99F B5D4;9J �*# 3 @4I 22850 �G?/7 CD< D! = 9). �9-
?<K<A4 BFD<J4F9?PAB7B ;4DS84 CB69DIABEF< �*# 5B?PL9 6 3 D4;4 < EB-
EF46?S9F CD< QFB@ :9 ;A4K9A<< D! 3 @4I = 70420 �?/7. �D4H<K9E>< ;46<E<@BEFP 
BFD<J4F9?PAB7B ;4DS84 CB69DIABEF< BF 69?<K<AO D! 6B8AB= EGEC9A;<< 8?S 
�*# CD98EF46?9A4 A4 D<EGA>9 1. &4><@ B5D4;B@, ?<7ABJ9??R?B;AO= CBDBLB>, 
CB?GK9AAO= 7<8DB?<F<K9E>B= B5D45BF>B= EODPS C9DB>EB@BABE9DAB= ><E?BFB=, 
<@99F EGM9EF69AAB 5B?PLGR <BABB5@9AAGR 4>F<6ABEFP CB69DIABEFAOI HGA>-



J<BA4?PAOI 7DGCC ( %""!), KFB 89?49F 97B C9DEC9>F<6AO@ 8?S <ECB?P;B64A<S, 
A4CD<@9D, 6 >4K9EF69 EBD59AF4. 

$<E. 1. �46<E<@BEFP CB?AB7B CB69DIABEFAB7B ;4DS84 
BF 69?<K<AO D! 6B8AB= EGEC9A;<<

!48@B?9>G?SDAGR EFDG>FGDG 8?S �*# < <EIB8AB7B LDBF4 <;GK4?< @9FB-
8B@ D9AF79ABH4;B6B7B 4A4?<;4 (D<E. 2). 

$<E. 2. $9AF79AB6E><9 8<HD4>FB7D4@@O 
�*# (1), �*#
�*# (3) < LDBF4 (4)

$<E. 3. &�� (1) F9D@B7D4@@O
�*# (1), �*#
�*# < LDBF4

#B?B:9A<9 BEAB6AOI D9H?9>EB6 A4 8<HD4>FB7D4@@4I 6 B5?4EF< G7?B6 2θ
ð3 ð 3 ð < 343 ð, BFABESM<IES > BFD4:9A<R BF C?BE>BEF9= 3

200 < 004 J9??R?B;AB= SK9=><, EBBF69FEF69AAB, I4D4>F9DAB 8?S EFDG>FGDAB= 
@B8<H<>4J<< J9??R?B;O < S6?S9FES <89AF<KAO@ >4> 8?S <EIB8AB7B EODPS, 
F4> < 8?S �*#. 1FB E6<89F9?PEF6G9F B FB@, KFB ;A4K<F9?PAOI D4;?<K<= 6 
A48@B?9>G?SDAB= EFDG>FGD9 <EIB8AB7B < CBDBL>B6OI B5D4;JB6 A9 A45?R849F-
ES, F4>:9 A9 CDB<EIB8<F ;A4K<F9?PAOI <;@9A9A<= >D<EF4??B7D4H<K9E>B= SK9=-
>< J9??R?B;O. "8A4>B, D9H?9>EO 6 B5?4EF< >D<EF4??<KABEF< (2θ 3 ð) I4-
D4>F9D<;GRFES 5B?PL9= <AF9AE<6ABEFPR G �*#, < 6 5B?PL9= EF9C9A< �*#



, KFB E6S;4AB E @9APL<@ EB89D:4A<9@ 6 A9@ ?<7A<A4, S6?SRM97BES 
4@BDHAO@ CB?<@9DB@. 

�;GK9AO F9D@<K9E><9 E6B=EF64 �*# E CB@BMPR @9FB84 F9D@B7D46<@9F-
D<< (&�) (D<E. 3). �A4?<; >D<6B= &� CB>4;O649F, KFB �#* S6?SRFES F9D@<K9E>< 
5B?99 GEFB=K<6O@<, K9@ LDBF. � <AF9D64?9 F9@C9D4FGD 2803 ð% BF@9K9A 
CDBJ9EE <AF9AE<6AB= F9D@B89EFDG>J<< �*#, FB784 >4> 8?S LDBF4 I4D4>F9DA4 
<AF9AE<6A4S CBF9DS @4EEO 6 5B?99 L<DB>B@ 8<4C4;BA9 F9@C9D4FGD (2103

ð%). �AF9AE<6A4S F9D@B89EFDG>J<S E6S;4A4 E D4;DO6B@ 6AGFD<@B?9>G?SD-
AOI E6S;9= @9:8G 4FB@4@< % %, % !, % " < @9:@B?9>G?SDAOI E6S;9= 6 ?<7AB-
G7?96B8AOI B5D4;J4I.  9APL4S F9D@<K9E>4S GEFB=K<6BEFP LDBF4 B5NSEAS9FES 
5B?PL<@ EB89D:4A<9@ A9J9??R?B;AOI CB?<E4I4D<8B6 6 EBEF469 99 ?<7ABCB?<-
E4I4D<8AB7B >B@C?9>E4, >BFBDO9 5OEFD99 D4;?474RFES CD< C<DB?<;9. !4CDBF<6, 
�*#, 6 K4EFABEF< �*# , EB89D:<F 5B?PLB9 >B?<K9EF6B ?<7A<A4 (F45?. 1), 
KFB < E>4;O649FES A4 5B?PL9= F9D@BEF45<?PABEF< CB ED46A9A<R E <EIB8AO@ 
B5D4;JB@ < 8DG7<@< �*#. 

$<E. 4. (BFB7D4H<< �*# < @<>DBHBFB7D4H<< ($1 ) CB69DIABEF< �*#:
3 LDBF 3 �*# 3 �*# 3�*#

�A4?<; @<>DBEFDG>FGDO < @BDHB?B7<K9E><I BEB59AABEF9= LDBF4 < CDB-
8G>FB6 A4 97B BEAB69, CDB6989AAO= E CB@BMPR D4EFDB6B= Q?9>FDBAAB= @<>DB-
E>BC<< ($1 ), CB>4;4?, KFB 6E9 B5D4;JO S6?SRFES CB?<8<EC9DEAO@< E L<DB-
><@ D4ECD989?9A<9@ K4EF<J CB D4;@9D4@ (D<E. 4). ,DBF I4D4>F9D<;G9FES 6 BE-
AB6AB@ >DGCAO@< K4EF<J4@< CDB8B?7B64FB= HBD@O E @4>E<@4?PAB= 8?<AB= 
32,3 @@ < L<D<AB= 6 2 D4;4 @9APL9 (9003500 @>@). #B69DIABEFP K4EF<J 

L9DBIB64F4S, <@99F H<5D<??SDAGR EFDG>FGDG.  BDHB?B7<K9E>4S EFDG>FGD4 
�*# <@99F B5M<9 K9DFO 3 5B?99 B8ABDB8AO9 CB D4;@9DG K4EF<JO 6 BEAB6AB@ 
C4?BK>BB5D4;AB= HBD@O EB ED98A<@< D4;@9D4@< 903570 @>@ 6 8?<AG < 503
@>@ 6 L<D<AG. #B69DIABEFP K4EF<J �*# A9 <@99F GCBDS8BK9AAB= H<5D<?-



?SDAB= EFDG>FGDO, BA4 5B?99 DOI?4S E @9APL9= C?BFABEFPR < 5B?99 6OEB>B= 
CBD<EFBEFPR.

&4><@ B5D4;B@, <; CBEFQ>EFD4>J<BAAB7B BEF4F>4 8D969EAB= ;9?9A< 9?< 
@9FB8B@ K4EF<KAB= 7<8DB?<F<K9E>B= 89EFDG>J<< CB?GK9AO ?<7ABJ9??R?B;AO9
CBDBL>B6O9 @4F9D<4?O. (<;<>B I<@<K9E><9 < F9D@<K9E><9 E6B=EF64 ?<7AB-
J9??R?B;AOI CBDBL>B6, <I @BDHB?B7<R < A48@B?9>G?SDAGR EFDG>FGDG @B:AB 
D97G?<DB64FP F<CB@ ><E?BFAB7B D9479AF4. �*# <; BFIB84 8D969EAB= ;9?9A< @B-
7GF S6?SFPES 4?PF9DA4F<6B= CBDBL>B6O@ @4F9D<4?4@, CB?GK9AAOI <; 8DG7<I 
D4EF<F9?PAOI <EFBKA<>B6. 

�AA;54>20=85 2O?>;=5=> 70 AGёB 3@0=B0 $>AA89A:>3> =0CG=>3> D>=40, 
?@>5:B № 21

�<5?<B7D4H<K9E><= EC<EB>
�GK<A �. �., )GDL>4=A9A &. �. �QD64 3 >B@C?9>EAO9 5<BCD9C4D4FO 8?S D4EF9A<9-

6B8EF64. %O>FO6>4D : �AEF<FGF I<@<< (�* �B@< !* 'D" $�!, 2020. 240 E.
�GK<A �. �., )GDL>4=A9A &. �. )6B=A4S >BD@B64S 8B546>4 �QD64 8?S :<6BFAOI < 

CF<J. %O>FO6>4D : �AEF<FGF I<@<< (�* �B@< !* 'D" $�!, 2019. 160 E.
 4DF4>B64 2. �., '8BD4F<A4 �. �. �B@C?9>EAB9 <;GK9A<9 >B@CBA9AFB6 LDBF4 3 BF-

IB84 C9D9D45BF>< 8D969EAB= ;9?9A< 9?<. &9BD9F<-
K9E>4S < CD<>?48A4S Q>B?B7<S. 2022. № %. 1512158. 

$

2804. 

#"��"$ "#&� ��0!"� %$��/ !� "%!"��
�"$"�$���%!/) "&)"�"� ��3 �'�0&���$"��!�3

�%��"&$"(!/) ������" �*�&"� 

�. �.  0@BO=>2, &. !. )5<5;8=8=0, �.  . �=GC3>20, �. �. �>=F>2
�=AB8BCB 18>;>388 �><8 =0CG=>3> F5=B@0

'@0;PA:>3> >B45;5=8S $>AA89A:>9 0:045<88 =0C:,

� @4F9D<4?4I CD98EF46?9A ED46A<F9?PAO= 4A4?<; 86GI C<F4F9?PAOI ED98 
8?S >G?PF<6<DB64A<S >E<?BFDBHAOI 54;<8<B@<J9FB6 3 CDB8GJ9AFB6 H9D@9AFB6 
8?S 5<B>BA69DE<< D4EF<F9?PAB7B EODPS. �OS6?9A 6OEB><= GDB69AP A4>BC?9A<S 
J9??R?B;B?<F<K9E><I H9D@9AFB6 LF4@@B@ A4 ED989 E <E-
CB?P;B64A<9@ >BDB8D969EAOI BFIB8B6 (��") 6 >4K9EF69 98<AEF69AAB7B <EFBK-
A<>4 G7?9DB84. 'EF4AB6?9A4 ;46<E<@BEFP A4>BC?9A<S J9??R?B;B?<F<K9E><I 
H9D@9AFB6 LF4@@B@ BF 8?<F9?PABEF< >G?PF<6<DB64A<S < 
EB89D:4A<S ��" 6 C<F4F9?PAB= ED989.

�?RK96O9 E?B64: >BDB8D969EAO9 BFIB8O, C<F4F9?PA4S ED984, >E<?BFDBH-
AO9 54;<8<B@<J9FO, H9D@9AF4F<6A4S 4>F<6ABEFP.

https://www.sciencedirect.com/journal/international-journal-of-biological-macromolecules
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#DB5?9@4 GF<?<;4J<< >BDB8D969EAOI BFIB8B6 (��") 8?<F9?PAB7B ID4A9-
A<S BEFDB EFB<F < 6 $9ECG5?<>9 �B@<. � K9DF9 7. %O>FO6>4D CBKF< 100 ?9F 3 E 
1926 7. EGM9EF6G9F >BDBBF64? %O>FO6>4DE>B7B ?9EBC<?PAB 89D96BB5D454FO
64RM97B >B@5<A4F4. � A4EFBSM99 6D9@S 97B C?BM48P EBEF46?S9F B>B?B 10 74, 
6OEBF4 >B?95?9FES BF 20 8B 27 @, 4 B5N9@ D4;@9M9AAOI BFIB8B6 BJ9A<64RF 6 
@?A @ [1]. "EF4RFES 4>FG4?PAO@< CB<E> < D4;D45BF>4 F9IAB?B7<=, CB;6B?S-
RM<I 6B6?9KP 6 IB;S=EF69AAO= B5BDBF A4>BC?9AAO9 B5N9@O ��". "8A<@ <; 
6B;@B:AOI D9L9A<= 8?S <I GF<?<;4J<< S6?S9FES <ECB?P;B64A<9 ��" 6 EBEF469 
C<F4F9?PAOI ED98 8?S >G?PF<6<DB64A<S >E<?BFDBHAOI 54;<8<B@<J9FB6 3 CDB-
8GJ9AFB6 H9D@9AFAOI CD9C4D4FB6 8?S 5<B>BA69DE<< D4EF<F9?PAB7B EODPS [2]. 

� D45BF9 <ECB?P;B64?< ��" 69DIA9= K4EF< CDBH<?S E @4?O@ EDB>B@ ID4-
A9A<S (235 ?9F). � >4K9EF69 CDB8GJ9AFB6 H9D@9AFB6 <ECB?P;B64?< BFB5D4AAO9 6 
B>D9EFABEFSI 7. %O>FO6>4D4 < 66989AAO9 6 >G?PFGDG LF4@@O >E<?BFDBHAOI 
54;<8<B@<J9FB6: < 

� D9;G?PF4F9 CDB6989AAOI <EE?98B64A<= D4;D45BF4A4 @B8<H<J<DB64AA4S 
ED984 8?S 7?G5<AAB7B >G?PF<6<DB64A<S, EBEF46 >BFBDB= 6>?RK49F E?98GRM<9 
Q?9@9AFO: <EFBKA<>< 4;BF4 < @BK96<A4), HBEHBD4 (KH ), 4 F4> :9 
@<>DBQ?9@9AFO (MgSO ∙ 7! ", ZnSO ∙ 7! ", ∙ 7! ", %4 � >4K9EF69 
<EFBKA<>4 G7?9DB84 <ECB?P;B64?< ��" (ED984 1). �BAFDB?9@ E?G:<?4 ED984, 
EB89D:46L4S F9 :9 @<A9D4?PAO9 >B@CBA9AFO < E4I4DB;4 6 >BAJ9AFD4J<< 1% BF
B5N9@4. � D4@>4I Q>EC9D<@9AF4 BJ9A<64?< >B?<K9EF69AAO9 CB>4;4F9?< 4>F<6-
ABEF< H9D@9AFB6 (QA8B7?R>BA4;O, Q>;B7?R>BA4;O, β 7?R>B;<84;O) 6 ;46<E<@B-
EF< BF EBEF464 C<F4F9?PAOI ED98.

�A9E9A<9 ��" 6 >4K9EF69 98<AEF69AAB7B <EFBKA<>4 G7?9DB84 CB?B:<-
F9?PAB 6?<S9F A4 H9D@9AF4F<6AGR 4>F<6ABEFP 7D<5B6. &4>, A4CD<@9D, G:9 A4 
6BEP@O9 EGF>< >G?PF<6<DB64A<S A4 ��" G LF4@@4 A45?R84?< 6OEB-
>GR QA8B7?R>4A4;AGR 4>F<6ABEFP (1800 98./7), KFB EB7?4EG9FES E 84AAO@< 

�?S LF4@@4 CD< >G?PF<6<DB64A<< A4 ��" A45?R-
84?< 6OEB><= GDB69AP 4>F<6ABEF< H9D@9AFB6, BEB59AAB QA8B7?R>4A4;O < 
β 7?R>B;<84;O. 1F< D9;G?PF4FO F4>:9 EB6C484RF E 84AAO@< 8DG7<I <EE?98B64-
F9?9=, >BFBDO9 BF@9K4?< 6OEB>GR H9D@9AF4F<6AGR 4>F<6ABEFP 84AAB7B LF4@-
@4 CD< <ECB?P;B64A<< D4;?<KAOI EG5EFD4FB6 [4] (F45?.

&01;8F0 1
*9??R?4;A4S 4>F<6ABEFP

�>F<6ABEFP
�8./7

%GF><

%D984 1 (��"
1A8B7?R>4A4;4 4

1>;B7?R>4A4;4
β 7?R>B;<84;4

%D984 2 (%4I4DB;4)
1A8B7?R>4A4;4 4

1>;B7?R>4A4;4
β 7?R>B;<84;4



&01;8F0 2
*9??R?4;A4S 4>F<6ABEFP 

�>F<6ABEFP
98/7

%GF><

%D984 1 (��"
1A8B7?R>4A4;4
1>;B7?R>4A4;4
β 7?R>B;<84;4

%D984 2 (%4I4DB;4)
1A8B7?R>4A4;4
1>;B7?R>4A4;4
β 7?R>B;<84;4
#@8<5G0=85: D4;AO9 5G>6O G>4;O64RF A4 ;A4K<@O9 D4;?<K<S H9D@9AF4F<6AB= 4>F<6-

ABEF< A4 BEAB69 F9EF4  4AA4 '<FA< CD< p < 0,05.

!9B5IB8<@B BF@9F<FP, KFB BFABE<F9?PAB 6OEB>B= 4>F<6ABEF< LF4@@B6
CDB8GJ9AFB6 A4 B59<I ED984I G84?BEP 8BEF<7AGFP 6 ED46A<F9?PAB 8?<F9?PAO9 
EDB>< 3 A4 8648J4FO9 EGF><, FB784 >4> D4A99 CDB6989AAO9 <EE?98B64A<S CB>4;4-
?<, KFB LF4@@O @B7GF <@9FP 4A4?B7<KAO9 CB>4;4F9?< 4>F<6ABEF< A4 14316 EGF-
><. 1FB @B:9F 5OFP E6S;4AB E BEB59AABEFS@< E4@B7B ��" >4> EG5EFD4F4, CD98-
EF46?SRM97B EB5B= ?<7ABJ9??R?B;AO= >B@C?9>E, EBEFBSM<= <; J9??R?B;O, 
79@<J9??R?B;O < ?<7A<A4. 

�<5?<B7D4H<K9E><= EC<EB>
1. %C9J<H<>4 FD4AEHBD@4J<< BD74A<K9E>B7B 69M9EF64 6 >BDB8D969EAOI BF64?4I 8?<-

F9?PAB7B ID4A9A<S / $. %. �4E<?96<K, �. �. �GA89D<A4, �. !. �45B6 < 8D. // &9IAB?B7<< C9D9-
D45BF>< BFIB8B6 E CB?GK9A<9@ AB6B= CDB8G>J<< : @4F9D<4?O V �E9DBEE. A4GK. CD4>F. >BAH. 
�<DB6 �SFE><= 7BEG84DEF69AAO= GA<69DE<F9F % 3

3

3

3
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#"�/,�!�� 1((��&��!"%&� ��"�"��+�%�"� "+�%&��
%&"+!/) �"� % ��&��!/  ��" 

#$� �%#"�0�"��!�� "�%���&��!"�" �"����%&��3

�. �. %C2>@>2, �. �. �0:0@, �. �. �C7=5F>2 
$>AA89A:89 E8<8:> B5E=>;>38G5A:89 C=825@A8B5B 8<5=8 �. �.  5=45;5520,

� D45BF9 <EE?98B64?4EP BK<EF>4 @B89?PAOI CDB@OL?9AAOI EFBKAOI 6B8 
E 6OEB><@ EB89D:4A<9@ BD74A<K9E><I ;47DS;A9A<= E <ECB?P;B64A<9@ CD9484C-
F4J<< 4>F<6AB7B <?4 > C9DB>E<8G 6B8BDB84, BE69M9A<S 6<8<@O@ E69FB@ < 6A9-
E9A<S C9DB>E<84 6B8BDB84, 4 F4>:9 CD< D4;?<KAOI >B@5<A4J<SI G>4;4AAOI 
H4>FBDB6.

�?RK96O9 E?B64: $"� F9IAB?B7<<, )#�, <?, C9D9>E<8 6B8BDB84.

$4;D45BF>4 ECBEB5B6 CB6OL9A<S QHH9>F<6ABEF< BK<EF>< EFBKAOI 6B8 BF 
BD74A<K9E><I ;47DS;A9A<=, 6 K4EFABEF<, 5<B?B7<K9E>B= BK<EF><, CD98EF46?S9F 
EB5B= CD<BD<F9FAGR ;484KG 8?S EB6D9@9AAB= CD<DB8BBID4AAB= 89SF9?PABEF<
% J9?PR CB6OL9A<S QHH9>F<6ABEF< 5<B?B7<K9E>B= BK<EF>< EFBKAOI 6B8 A4 
>4H98D9 5<BF9IAB?B7<< $)&' <@9A< �. �.  9A89?9964 D4;D454FO649FES AB64S 
F9IAB?B7<S, <ECB?P;GRM4S CD9484CF<DB64AAO= > B>E<84F<6AB@G EFD9EEG 4>-
F<6AO= <? 6 EBK9F4A<< E >B@5<A<DB64AAO@ 6B;89=EF6<9@ A4 A97B B>E<84F<6AB-
7B EFD9EE4 < BE69M9A<S 6<8<@O@ E69FB@, >BFBD4S CB?GK<?4 A4;64A<9 «F9IAB?B-
7<S D97G?<DG9@B7B B>E<84F<6AB7B 6B;89=EF6<S ($"� F9IAB?B7<S)» [1]. #D98CB-
?4749FES, KFB 5?47BCD<SFAB9 6?<SA<9 A4 BK<EF>G, A45?R849@B9 CD< <ECB?P;B64-
A<< $"� F9IAB?B7<<, @B:9F CDBS6?SFPES 6E?98EF6<9 FB7B, KFB, CBE?9 6B;89=-
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BCD989?S?< 6 70% EC<DFB6B@ Q>EFD4>F9 <; <;7BFB6?9AAOI >B@CB;<J<= @9FB8B@ 
<A69DE<BAAB= 6B?PF4@C9DB@9FD<<, 789 6 >4K9EF69 B><E?<F9?S <ECB?P;B64?< 
D4EF6BD C9DB>E<84 6B8BDB84 E >BAJ9AFD4J<9= D46AB= 0,016 @7/@?, 6 >4K9EF69 
EF4A84DF4 3 D4EF6BD 45<9F<AB6B= ><E?BFO E >BAJ9AFD4J<9= 1 @7/@?. $9;G?PF4FO 
CD98EF46?S?< 6 HBD@4F9 «ED98A99 ;A4K9A<9 ± EF4A84DFAB9 BF>?BA9A<9».

'EF4AB6?9AB, KFB E4@B9 6OEB>B9 EB89D:4A<9 4AF<B>E<84AFB6 <@99F >4-
D4A84L E @4EEB6B= >BAJ9AFD4J<9= E@B?O 5% 3 ±13,8 @7/7 >4D4A84L4. 
#B @9D9 G@9APL9A<S EB89D:4A<S E@B?O >B?<K9EF6B 4AF<B>E<84AFB6 EA<:49FES. 
� >4D4A84L9 E @4EEB6B= >BAJ9AFD4J<9= E@B?O 2,5% EG@@4 4AF<B>E<84AFB6 EB-
EF46<?4 176,6±17,4 @7/7, 6 >4D4A84L9 E @4EEB6B= >BAJ9AFD4J<9= E@B?O 1% 3
162,3±11,9 @7/7, 6 >4D4A84L9, >BFBDO= A9 EB89D:<F E@B?G 3 108,4±16,5 @7/7. 

$9;G?PF4FO <EE?98B64A<S ><E?BFAB7B K<E?4 < F9@C9D4FGDO >4C?9C489A<S 
CD98EF46?9AO 6 F45?<J9 2.

&01;8F0 2
$9;G?PF4FO <EE?98B64A<=

"5D4;9J #B>4;4F9?P
�<E?BFAB9 K<E?B, @7 KOH/7 &9@C9D4FGD4 >4C?9C489A<S, °%

 4E?B 1,20±0, 3
�BE> 16,97±0, 71,5±
%@B?4 152,06±0, 55,00±

�4D<4AFO >B@CB;<J<< (EB7?4EAB @4EEB6B= 8B?9 E@B?O, %)
�9; E@B?O 4,65±0,0 56,5±0,7

5,77±0, 60,5±0,7
":>=G0=85 B01;8FO

7,60±0, 60,5±0,7
10,48±0, 63,0±1,4

&D95B64A<S !� !9 5B?99 15,00 !9 A<:9 55,0
#@8<5G0=85: «3» 3 CB>4;4F9?P A9 BCD989?S?<.

�OEB>B9 ;A4K9A<9 ><E?BFAB7B K<E?4 E@B?O 9?< E6S;4AB E EB89D:4A<9@ 6 
E@B?9 :<DAOI < E@B?SAOI ><E?BF, 4 F4>:9 QH<DAOI @4E9?, E?98B64F9?PAB, E 
CB6OL9A<9@ >BAJ9AFD4J<< E@B?O 6 >4D4A84L4I G69?<K<649FES ><E?BFAB9 K<E-
?B. �A4K9A<S ><E?BFAB7B K<E?4 >4D4A84L9= A4IB8SFES 6 8<4C4;BA9 4,653

@7 KOH/7 &9@C9D4FGD4 >4C?9C489A<S >4D4A84L9= F4>:9 G69?<K<649FES E 
CB6OL9A<9@ >BAJ9AFD4J<< E@B?O, F4> >4> E@B?4 E>D9C?S9F 6E9 >B@CBA9AFO < 



G69?<K<649F F69D8BEFP. �A4K9A<S F9@C9D4FGDO >4C?9C489A<S 3 BF 56,5 °% 8B 
°%. #D< A4A9E9A<< A4 >B:AO9 CB>DB6O >B@CB;<J<S IBDBLB A4@4;O649FES 

< A9 EF9>49F CD< A47D964A<< 8B F9@C9D4FGDO K9?B69K9E>B7B F9?4. 
"54 CB>4;4F9?S EBBF69FEF6GRF FD95B64A<S@ �"%& 31649 2012 < A9 CDB-

F<6BD9K4F 6B;@B:ABEF< <ECB?P;B64A<S 6 >4K9EF69 ?9>4DEF69AAB7B >4D4A84L4 
8?S A4A9E9A<S A4 >B:AO9 CB>DB6O, 4 A4?<K<9 Q>EFD47<DG9@OI 4AF<B>E<84AFB6 
G>4;O649F A4 CDBS6?9A<9 4AF<B>E<84AFAOI E6B=EF6 6 D9;G?PF4F9 CD<@9A9A<S.

�<5?<B7D4H<K9E><= EC<EB>
1. %G55BF<A4 �. �. �4K9EF69AA4S BJ9A>4 CK9?<AB7B 6BE>4 E C4E9> $S;4AE>B= B5?4EF< < 

�D4EAB84DE>B7B >D4S. DOI 10.48612/ta9u buzz // %5BDA<> A4GKAOI FDG8B6 �D4EAB84D-
E>B7B A4GKAB7B J9AFD4 CB ;BBF9IA<< < 69F9D<A4D<<. �D4EAB84D, 2021. &. 10. № 1. %. 2903

2. �9;;G5B6 �. #. )<@<S :<DB6.  . : #<M964S CDB@OL?9AABEFP, 1975. 99 E.
3. �G;A9JB64 �. %., �<IBF4 &. &. $4;D45BF>4 EBEF464, F9IAB?B7<< < 4A4?<; >4D4A84L9= 

@98<J<AE><I E >4@HBDB= // (GA84@9AF4?PAO9 <EE?98B64A<S. 2001. № 3. %. 5223
4. '@9DB6 1. 1., �D<69A>B %. �., 'E@4AB64 &. �. "5BEAB64A<9 CD<@9A9A<S 5<B?B7<K9-

E>< 4>F<6AOI C9D96S;BKAOI @4F9D<4?B6 8?S @9EFAB7B ?9K9A<S 7AB=AOI D4A < FDBH<K9E><I 
S;6 // &46D<K9E><= @98<>B 5<B?B7<K9E><= 69EFA<>. 2018. &. 21. № 231. %. 933

5. �?<SA<9 5<B?B7<K9E>< 4>F<6AB= 8B546>< A4 >4K9EF6B 6OD4M<649@OI F9?SF / 
�. �. (DB?B6, ". �. (<?<CCB64, �. !. �9F<A, �. �. �BDBIB64 

10.35694/YARCX.2021.54.2.011 // �9EFA<> �#� �9DIA96B?:PS. 2021. № 2 (54). %. 673

"(%.1.4.1.0028. �4D4A84L< ?9>4DEF69AAO9. �BEG84DEF69AA4S H4D@4>BC9S $BEE<=-
E>B= (989D4J<<. XV <;8.  ., 2023.

�%%���"��!�� 1�%&$���$'2-�� %#"%"�!"%&�
�$��!�!� ��3 �����+�!�3 (���"!"��"�

�� $�%&�&��0!"�" %/$03

%. �. �>B8=F520 , �. �. �>72>=8= , �. �. &>2AB8: 
�SBA:89 3>AC40@AB25==O9 C=825@A8B5B, 

�8@>2A:89 3>AC40@AB25==O9 <548F8=A:89 C=825@A8B5B

� EF4FP9 CD98EF46?9AO D9;G?PF4FO <EE?98B64A<S CD<@9A9A<S 10% 7B 6B8-
AB7B D4EF6BD4 4D7<A<A4, CDB8G>F4 C9D9D45BF>< 59?B>EB89D:4M<I BFIB8B6, 6 
>4K9EF69 Q>EFD479AF4 H?46BAB<8B6 <; J69F>B6 >4?9A8G?O ?9>4DEF69AAB=. #DB-
6989A4 BJ9A>4 EB89D:4A<S H?46BAB<8B6 6 6B8AB 4D7<A<AB6B@ Q>EFD4>F9 <; 
J69F>B6 >4?9A8G?O ?9>4DEF69AAB= EC9>FDBHBFB@9FD<K9E><@ @9FB8B@. %B89D-
:4A<9 H?46BAB<8B6 6 C9D9EKёF9 A4 DGF<A EBEF46<?B 208,70±0,19 @7/E@

�?RK96O9 E?B64: 4D7<A<A, Q>EFD479AF, Q>EFD4>F, J69F>< >4?9A8G?O ?9-
>4DEF69AAB=, EC9>FDBHBFB@9FD<S, H?46BAB<8O.

#DB5?9@4 C9D9D45BF>< BFIB8B6 E CB?GK9A<9@ J9?96OI CDB8G>FB6 A9 F9DS-
9F E6B9= 4>FG4?PABEF<. #9DEC9>F<6AO@< CDB8G>F4@<, CB?GK49@O@< 7<8DB?<;B@ 
< Q>EFD47<DB64A<9@ CD<DB8AB7B 59?>B6B7B EODPS (EG5CDB8G>FB6 :<6BFAB6B8-
EF64, 8D969EAB= ;9?9A< 89D96BB5D454FO64RM9= CDB@OL?9AABEF<, D4EF<F9?PAB-

mailto:ivanov@gmail.com


7B :@OI4 C<M96B= CDB@OL?9AABEF<), EK<F4RFES 4@<AB><E?BFO (��) [13
� E6S;< E D94?<;4J<9= �� CD9<@GM9EF69AAB 6 EH9D9 H4D@4J96F<K9E><I < C<-
M96OI D4;D45BFB> 64:A4 A9 FB?P>B Q>B?B7<KABEFP G>4;4AAB7B @9FB84, AB < 59;-
BC4EABEFP 3 <; BFIB8B6 CD<DB8AB7B CDB<EIB:89A<S 6O89?SRFES �� 6 HBD@9 
EF9D9BEC9J<H<KAOI 8?S BD74A<;@4 <;B@9DB6, 59; CD<@9E< FB>E<KAOI 
<;B@9DB6, >4> 6 E?GK49 I<@<K9E>B7B E<AF9;4 [4].
"EB5GR J9AABEFP ED98< 6O89?S9@OI �� CD98EF46?S9F GE?B6AB A9;4@9A<-

@4S �� 3 4D7<A<A. % @98<J<AE>B= FBK>< ;D9A<S 4D7<A<A 3 5<B?B7<K9E>< 
4>F<6AB9 69M9EF6B E L<DB><@ EC9>FDB@ F9D4C96F<K9E><I E6B=EF6: <@@GAB@B-
8G?<DGRM<9, 79C4FBCDBF9>FBDAO9, CDBF<6B6<DGEAO9; @B8G?SFBD QA8BF9?<4?P-
AB= HGA>J<< < 8BA4FBD B>E<84 4;BF4 ( ), >BFBDO= B5?4849F E6B=EF64@< 64;B8<-
?4F4FBD4 < EF<@G?SFBD4 4A7<B79A9;4 [5, 6]. � C<M96B= CDB@OL?9AABEF< 
4D7<A<A 4>F<6AB CD<@9AS9FES 6 >4K9EF69 AGFD<J96F<>4 8?S D97G?SJ<< @9F4-

5B?<;@4. � D9J9CFGDG >BE@9FB?B7<K9E><I ED98EF6 84AA4S �� 66B8<FES >4> EF<-
@G?SFBD D979A9D4J<< >B:< < A9=FD4?<;4FBD ><E?BFABEF< [7]. 

-9?BKA4S D94>J<S 6B8AB7B D4EF6BD4 4D7<A<A4 F4>:9 BCD989?S9F 6B;-
@B:ABEFP 97B CD<@9A9A<S 8?S Q>EFD4>J<< 7<8DBHB5AOI CB?<H9AB?PAOI EB98<-
A9A<= CGFё@ C9D96B84 <I 6 EB?96<8AO9 7<8DBH<?PAO9 >B@C?9>EO [8,
� A4EFBSM9@ <EE?98B64A<< 6 >4K9EF69 <EFBKA<>4 CB?<H9AB?PAOI EB98<A9A<= 
<ECB?P;B64?< J69F>< >4?9A8G?O ?9>4DEF69AAB=, 6 >BFBDOI EB7?4EAB �( $( BE-
AB6AO@ 89=EF6GRM<@ 69M9EF6B@ S6?SRFES H?46BAB<8O [10].

*9?P D45BFO 3 BJ9A>4 Q>EF47<DGRM9= ECBEB5ABEF< 10% 7B 6B8AB7B D4E-
F6BD4 L 4D7<A<A4 6 BFABL9A<< H?46BAB<8B6 J69F>B6 >4?9A8G?O ?9>4DEF69AAB=.

#B?GK9A<9 Q>EFD4>F4 <; J69F>B6 >4?9A8G?O ?9>4DEF69AAB= CDB6B8<?< CB 
H4D@4>BC9=AB= @9FB8<>9, E @B8<H<>4J<9= Q>EFD479AF4 3 7B 6B8AB7B D4E-
F6BD4 4D7<A<A4 (I. K.) 6@9EFB QF<?B6B7B EC<DF4 [10]. 

%B89D:4A<9 H?46BAB<8B6 6 <EE?98G9@B@ Q>EFD4>F9 BJ9A<64?< CB 86G@ 
@9FB8<>4@ 3 (%.2.5.0030.15 < �"%& $ BEAB64AAO@ A4 B5D4;B64A<< 
B>D4L9AAOI >B@C?9>EB6 H?46BAB<8B6 E I?BD<8B@ 4?R@<A<S 

� IB89 <EE?98B64A<S 5O?B GEF4AB6?9AB, KFB @9FB8<>4 (%.2.5.0030.15 A9-
CD<@9A<@4 > 6B8AB 4D7<A<AB6B@G Q>EFD4>FG, 6 E6S;< E <ECB?P;B64A<9@ 6OEB>B= 
>BAJ9AFD4J<< QF<?B6B7B EC<DF4, 698GM<@ > B5D4;B64A<R 6;69E< 6 <EE?98G9@B@ 
D4EF6BD9. #D98CB?B:<F9?PAB 84AAB9 S6?9A<9 B5GE?B6?9AB @4?B= D4EF6BD<@B-
EF< 6 QF<?B6B@ EC<DF9 4D7<A<A4 < 97B 89A4FGD<DGRM<@ 89=EF6<9@ A4 EB?9-
CB8B5AO9 488G>FO H?46BAB<8B6 E L 4D7<A<AB@. � E6S;< E QF<@, @9FB8<>G, <;-
?B:9AAGR 6 �"%& $ 89, BCF<@<;<DB64?< A4 QF4C9 CD<7BFB6?9A<S 4A4?<-
;<DG9@B= CDB5O, <ECB?P;B646 6 >4K9EF69 8BCB?A<F9?PAB= CDBJ98GDO 8?S BE4-
:89A<S 6;69E< J9AFD<HG7<DB64A<9. �?S QFB7B BF5<D4?< 0,5 E@ <EE?98G9@B7B 
Q>EFD4>F4, 1,5 E@ B7B QF<?B6B7B EC<DF4, 0,1 E@ B7B EC<DFB6B7B D4EF6B-
D4 I?BD<84 4?R@<A<S < 2,9 E@ 8<EF<??<DB64AAB= 6B8O, ;4F9@ FM4F9?PAB C9D9-
@9L<64?<. #D<7BFB6?9AAO= D4EF6BD 6O89D:<64?< 6 F9K9A<9 30 @<A CD< >B@-
A4FAB= F9@C9D4FGD9 (20±2) ° 8?S D4;6<F<S B>D4E><. �4?99 CDB5G J9AFD<HG7<-
DB64?< (3500 B5./@<A) 6 F9K9A<9 4 @<A. ' A48BE48BKAB= :<8>BEF< BCD989?S?< 
BCF<K9E>GR C?BFABEFP A4 EC9>FDBHBFB@9FD9 @4D>< #1 5300 �� 
(""" «1>DBEI<@», $BEE<S). 



�?S CBEFDB9A<S 7D48G<DB6BKAB7B 7D4H<>4 7BFB6<?< D4EF6BDO DGF<A4 E 
>BAJ9AFD4J<9= 20, 50, 100, 200, 350 @>7/E@ . �?S QFB7B 6 @9DAGR >B?5G A4 
E@ 6ABE<?< 1; 2,5; 5; 10 < 17,5 E@ EC<DFB6B7B D4EF6BD4 EF4A84DFAB7B B5D4;-

J4 DGF<A4 E >BAJ9AFD4J<9= 500 @>7/E@ , 8B6B8<?< D4EF6BD 8B @9F>< 96% @ QF<-
?B6O@ EC<DFB@. � >4K9EF69 D4EF6BD4 ED46A9A<S <ECB?P;B64?< 96% = QF<?B6O= 
EC<DF.

">D4L9AAO9 6 :ё?FO= J69F D4EF6BDO <EE?98B64?< A4 EC9>FDBHBFB@9FD9 
CD< 8?<A9 6B?AO 410 A@ 6 >R69F9 FB?M<AB= 1 E@. 

%F4F<EF<K9E>GR B5D45BF>G D9;G?PF4FB6 6E9I <;@9D9A<= CDB6B8<?< EB-
7?4EAB �"%& $ 32011. %F4F<EF<K9E>GR ;A4K<@BEFP D4;?<K<= @9:8G ED98-
A<@< ;A4K9A<S@< GEF4A46?<64?< CD< < 0,05. �;@9D9A<S CDB6B8<?< 6 FDёI-
>D4FAB= CB6FBDABEF<, 84AAO9 6OD4:4?< >4> ED98A99 ;A4K9A<9 ± EF4A84DFAB9 
BF>?BA9A<9. $4EKёFO 6OCB?AS?< 6 CDB7D4@@9 

"J9A>G EB89D:4A<S 6 <EE?98G9@B@ Q>EFD4>F9 H?46BAB<8B6 CDB6B8<?< 
@9FB8B@ 7D48G<DB6BKAB7B 7D4H<>4 ( )) (D<E.). 

$<E. �D48G<DB6BKAO= 7D4H<> EF4A84DFAB7B B5D4;J4 DGF<A4 CD< λ = 410 A@

$9;G?PF4FO BCD989?9A<S <@9?< ?<A9=AO= I4D4>F9D ( = 0,9993), KFB CB;-
6B?<?B D4EEK<FO64FP CB 7D48G<DB6BKAB@G 7D4H<>G >BAJ9AFD4J<R <EE?98G9@B-
7B Q>EFD4>F4 CB <;69EFAB= BCF<K9E>B= C?BFABEF<. �O?B GEF4AB6?9AB, KFB 6 6B8-
AB 4D7<A<AB6B@ Q>EFD4>F9 E GKёFB@ D4;546?9A<S EB89D:<FES 208,70±0,19 @7/E@
H?46BAB<8B6 6 C9D9EKёF9 A4 DGF<A.

&4><@ B5D4;B@, 6 IB89 <EE?98B64A<S 8B>4;4A4 Q>EF47<DGRM4S ECBEB5-
ABEFP 10% 7B 6B8AB7B D4EF6BD4 L 4D7<A<A4 6 BFABL9A<< H?46BAB<8B6 J69F>B6 
>4?9A8G?O ?9>4DEF69AAB=. �?S BE4:89A<S A9D4EF6BD<@OI 488G>FB6 H?46BAB<-
8B6 E L 4D7<A<AB@ D9>B@9A8B64AB <ECB?P;B64FP J9AFD<HG7<DB64A<9. 

#B?GK9AAO9 D9;G?PF4FO E6<89F9?PEF6GRF B C9DEC9>F<6ABEF< <ECB?P;B64-
A<S 4D7<A<A4 8?S D4;D45BF>< CDB8G>FB6 6 B5?4EF< H4D@4J96F<K9E>B= < C<-
M96B= CDB@OL?9AABEF<.



�<5?<B7D4H<K9E><= EC<EB>
 4L4AB64 !. %. #B?GK9A<9 59?>B6B7B 7<8DB?<;4F4 <; 6FBD<KAB7B @SEAB7B EODPS 

8?S B5B74M9A<S CDB8G>FB6 C<F4A<S. 138 // �9EFA<> 
�?@4F<AE>B7B F9IAB?B7<K9E>B7B GA<69DE<F9F4. 2023. &. 1, № 3. %. 1313

#B?GK9A<9 B5B74M9AAB= 4D7<A<AB@ 8D969EAB= ;9?9A< CD< CDB6989A<< ?9EBIB-
;S=EF69AAOI @9DBCD<SF<= 6 @B?B8AS>4I EBEAO B5O>AB69AAB= (A4GKAO= B5;BD) / 
�. �. $B5BA9A, !. #. +9DAB5DB6><A4,  . �. �4=J964 < 8D. 

�;69EF<S 6OEL<I GK95AOI ;46989A<= �9EAB= :GDA4?. 2020. № % 3

3
arginine: it’s role in human physiology, in some diseases a

�?<SA<9 5<B4AF<B>E<84AFAB7B >B@C?9>E4 L. < 4@<AB><E?BF A4 CDB-
J9EEO D979A9D4J<< 6 Q>EC9D<@9AF4?PAB= @B89?< / %. �. &DBH<@B64, !. �. +4?<EB64, 
�. �. &DBH<@B6 < 8D. �D4K & 33, № % 3

3

(% �4?9A8G?O ?9>4DEF69AAB= J69F><
89=EF6  ., 2018. [1?9>FDBAAO= D9EGDE]. 3

flores (84F4 B5D4M9A<S: 01.11.2024).
�"%& $ 89. *69F>< �DA<><. &9IA<K9E><9 GE?B6<S : 89=EF6. E 01.05.1990.  ., 

1994. [1?9>FDBAAO= D9EGDE]. 3 URL: https://docs.cntd.ru/document/1200022823 (84F4 B5D4M9-
A<S: 01.11.2024).

#"�'+�!�� 1�%&$��&"� % �/%"��  %"��$��!�� 
��&� �!� % � β ��$"&�!� �� "&)"�"� #�$�$��"&��

$�%&�&��0!"�" %/$03

�. �. (CB>20, �. %. %>;>2Pё20
�SBA:89 3>AC40@AB25==O9 C=825@A8B5B,

#D< CB?GK9A<< Q>EFD4>FB6 <; @BD>B6AB7B :@OI4 <;@9A9A<9 GE?B6<= Q>E-
FD47<DB64A<S < EBEF464 Q>EFD479AFB6 6?<S9F A4 6OIB8 ?<CBH<?PAOI < 7<8DB-
H<?PAOI 69M9EF6. '69?<K9A<9 >BAJ9AFD4J<< EC<DF4 6 6B8AB EC<DFB6OI Q>E-
FD4>F4I CB6OL49F 6OIB8 6<F4@<A4 < G@9APL49F 6OIB8 β >4DBF<A4. #D<@9A9-



A<9 86GIH4;AB= E<EF9@O Q>EFD47<DB64A<S G69?<K<649F 6OIB8 4>F<6AOI 69-
M9EF6 6 Q>EFD4>F.

�?RK96O9 E?B64: Q>EFD4>J<S, 86GIH4;AO9 E<EF9@O Q>EFD47<DB64A<S, 7<8-
DBH<?PAO9 69M9EF64, ?<CBH<?PAO9 69M9EF64, 6<F4@<A , β >4DBF<A.

� EB6D9@9AAB@ @<D9 BEFDB EFB<F CDB5?9@4 ;47DS;A9A<S B>DG:4RM9= ED9-
8O, KFB A974F<6AB E>4;O649FES A4 ;8BDB6P9 K9?B69>4. "8AB= <; CD<K<A S6?S9FES 
DBEF >B?<K9EF64 BFIB8B6 6 C<M96B= CDB@OL?9AABEF< [1]. 

 BD>B6P B5?4849F >4> C<M96B=, F4> < @98<J<AE>B= J9AABEFPR, F4> >4> 
EB89D:<F 5B?PLB9 >B?<K9EF6B 6B8B < :<DBD4EF6BD<@OI 6<F4@<AB6. &4>, @BD-
>B6P S6?S9FES 5B74FO@ <EFBKA<>B@ >4DBF<AB<8B6, 6 K4EFABEF< β >4DBF<A4, S6-
?SRM<@ES ?<CBH<?PAO@ 69M9EF6B@. �; 7<8DBH<?PAOI >B@CBA9AFB6 >BDA9-
C?B8O @BD>B6< 5B74FO 6<F4@<AB@ [2]. �EIB8S <; QFB7B, @BD>B6P CD98EF46?S9F 
5B?PLB= <AF9D9E 8?S CB?GK9A<S Q>EFD4>FB6, 5B74FOI 5<B?B7<K9E>< 4>F<6AO@< 
EB98<A9A<S@<, >BFBDO9 @B:AB <ECB?P;B64FP >4> 5<B?B7<K9E>< 4>F<6AO9 8B-
546>< 6 CDB8G>FO C<F4A<S < 6 >BE@9F<K9E><9 <;89?<S. !B <ECB?P;B64A<9 E4@<I 
>BDA9C?B8B6 @BD>B6< 8?S CB?GK9A<S CB8B5AOI Q>EFD4>FB6 CD98EF46?S9FES A9-
J9?9EBB5D4;AO@, F4> >4> 6 IB89 F4>B7B CDBJ9EE4 CB?GK49FES 5B?PLB9 >B?<K9-
EF6B BFIB8B6, A9 EB89D:4M<I 4>F<6AOI 69M9EF6. #D< CB?GK9A<< Q>EFD4>FB6, 
5B74FOI 5<B?B7<K9E><@< 69M9EF64@<, A4<5B?99 CD4>F<KAB <ECB?P;B64A<9 @BD-
>B6AB7B :@OI4, >BFBDO= S6?S9FES 6FBD<KAO@ CDB8G>FB@ CDB<;6B8EF64 EB>B6 < 
EB89D:<F ;A4K<F9?PAB9 >B?<K9EF6B 5<B?B7<K9E>< 4>F<6AOI 69M9EF6, F4><I >4> 
>4DBF<AB<8O < 6<F4@<AO [3]. �@9AAB @BD>B6AO= :@OI 5O? 6O5D4A 6 84AAB= 
D45BF9 6 >4K9EF69 EODPS. 

1>EFD4>FO CB?GK4?< @9FB8B@ C9D>B?SJ<<, >BFBDO= ;4>?RK49FES 6 CDB-
CGE>4A<< Q>EFD479AF4 K9D9; E?B= EODPS, < @9FB8B@ @4J9D4J<<, F.9. A4EF4<64A<-
9@ EODPS E Q>EFD479AFB@. �?S <AF9AE<H<>4J<< CDBJ9EE4 @4J9D4J<< CD<@9AS?< 
C9D9@9L<64A<9 6 F9K9A<9 30 @<A CD< A47D964A<< 8B 40 °%. � >4K9EF69 Q>EFD4-
79AFB6 <ECB?P;B64?< EC<DFB6O9 D4EF6BDO D4;?<KAB= >BAJ9AFD4J<< (40, 60 < 
80%) < 86GIH4;AO9 E<EF9@O Q>EFD479AFB6 (�%1), EBEFBSM<9 <; EC<DFB6OI D4E-
F6BDB6 D4;?<KAB= >BAJ9AFD4J<< (40, 60 < 80%) < CB8EB?A9KAB7B 89;B8BD<DB-
64AAB7B @4E?4 6 EBBFABL9A<< 1:1. 

�?S Q>EFD4>J<< 5D4?< A469E>G @BD>B6AB7B :@OI4 10 7. %BBFABL9A<9 EO-
DP9 Q>EFD479AF EBEF46?S?B 1:10. 1>EFD4>FO, CB?GK9AAO9 E CB@BMPR �%1, 
H<?PFDB64?< < D4;89?S?< A4 89?<F9?PAB= 6BDBA>9. �?S 4A4?<;4 5D4?< 6B8AB
EC<DFB6GR H4;G (�%() < @4E?SAGR H4;G ( (). 

� 6B8AB EC<DFB6B= K4EF< Q>EFD4>F4 BCD989?S?< EB89D:4A<9 6<F4@<A4 
@9FB8B@ <B8B@9FD<< [4]. %B89D:4A<9 >4DBF<AB<8B6 6 C9D9EK9F9 A4 β >4DBF<A 
BCD989?S?< < 6 �%(, < 6  ( EC9FDBHBFB@9FD<K9E><@ @9FB8B@. #D9864D<F9?P-
AB EB89D:4A<9 6<F4@<A4 < β >4DBF<A4 BCD989?S?< 6 @BD>B6AB@ EB>9.

%B89D:4A<9 6<F4@<A4 < β >4DBF<A4 6 CB?GK9AAOI Q>EFD4>F4I CD98EF46-
?9AB 6 F45?<J9.



&01;8F0
%B89D:4A<9 β >4DBF<A4 < 6<F4@<A4 6 Q>EFD4>F4I

 9FB8
Q>EFD47<DB64-

A<S
1>EFD4>F

%B89D:4A<9 
β >4DBF<A4, 
@>7/@?

%B89D-
:4A<9 β
>4DBF<-
A4, %

%B89D:4A<9 
6<F4@<A4 
@7/@?

%B89D:4A<9 
6<F4@<A4 

@BD>B6AO= EB> 3,362±1,090 0,587±0,029
#9D>B?SJ<S EC<DF 40% 0,782±0,900 0,069±0,003

EC<DF 60% 0,376±0,900 0,143±0,007
EC<DF 80% 0,442±0,900 0,144±0,007
�%1 EC<DF 0,832±0,900 0,178±0,009

�%1 EC<DF ,866±0,900 0,185±0,009

�%1 EC<DF 2,174±1,010 0,167±0,008

 4J9D4J<S 
(C9D9@9L<64-
A<9 < A47D964-

A<9)

EC<DF 40% 1,662±0,900 0,130±0,007
EC<DF 60% 0,700±0,900 0,137±0,007
EC<DF 80% 0,588±0,900 0,190±0,009
�%1 EC<DF 2,316±1,020 0,176±0,009

�%1 EC<DF ±1,030 0,164±0,008

�%1 EC<DF 2,512±1,040 0,185±0,009

#@8<5G0=85: :<DAO@ LD<HFB@ 6O89?9AB @4>E<@4?PAB9 ;A4K9A<9 CB>4;4F9?S.

� D9;G?PF4F9 Q>EC9D<@9AF4 Q>EFD4>FO E @4>E<@4?PAO@ EB89D:4A<9@ 
β >4DBF<A4 < 6<F4@<A4 % CB?GK9AO @9FB8B@ @4J9D4J<<. '69?<K9A<9 >BAJ9A-
FD4J<< EC<DF4 6 6B8AB EC<DFB6OI D4EF6BD4I CD<69?B > G69?<K9A<R 6OIB84 6<-
F4@<A4 < G@9APL9A<R 6OIB84 β >4DBF<A4. %4@B9 6OEB>B9 EB89D:4A<9 6<F4-
@<A4 B5A4DG:<?BEP 6 Q>EFD4>F9, CB?GK9AAB@ @4J9D4J<9= EC<DFB6O@ D4EF6B-
DB@ E >BAJ9AFD4J<9= 80%.

#D< Q>EFD47<DB64A<< 86GIH4;AO@< E<EF9@4@< Q>EFD479AFB6 6OIB8 ?<CB-
H<?PAOI < 7<8DBH<?PAOI >B@CBA9AFB6 6 Q>EFD4>F G69?<K<64?ES CB ED46A9A<R 
E CD<@9A9A<9@ 6 >4K9EF69 Q>EFD479AF4 6B8AB EC<DFB6OI D4EF6BDB6. '69?<K9A<9 
>BAJ9AFD4J<< EC<DF4, EB89D:4M97BES 6 �%1, CD<69?B > G@9APL9A<R 6OIB84 
6<F4@<A4 < G69?<K9A<R 6OIB84 β >4DBF<A4. 1>EFD4>F, EB89D:4M<= 5B?PLGR 
EG@@G >4DBF<AB<8B6, CB?GK9A @4J9D4J<9= �%1 E 80% D4EF6BDB@ EC<DF4. 

#D<@9A9A<9 @9FB84 @4J9D4J<< G69?<K<?B 6OIB8 6<F4@<A4 6 5B?PL<A-
EF69 Q>EFD4>FB6, ;4 <E>?RK9A<9@ CB?GK9AAOI @4J9D4J<9= 60% AO@ 6B8AB
EC<DFB6O@ D4EF6BDB@ < �%1, EB89D:4M9= 60 = EC<DF (D<E. 1).

#D< @4J9D4J<< F4>:9 G69?<K<64?ES 6OIB8 < β >4DBF<A4 6B 6E9I CB?GK9A-
AOI Q>EFD4>F4I (D<E. 2).



$<E. 1. %B89D:4A<9 6<F4@<A4 6 Q>EFD4>F4I @BD>B6<

$<E. 2. %B89D:4A<9 β >4DBF<A4 6 Q>EFD4>F4I @BD>B6<

&4><@ B5D4;B@, A4 CD<@9D9 CB?GK9A<S Q>EFD4>FB6 <; @BD>B6AB7B :@OI4 
5O?B CB>4;4AB, KFB <;@9A9A<9 GE?B6<= Q>EFD47<DB64A<S < EBEF464 Q>EFD479AFB6 
CD<6B8<F > <;@9A9A<R 6OIB84 ?<CBH<?PAOI < 7<8DBH<?PAOI 5<B?B7<K9E>< 4>-
F<6AOI 69M9EF6. #D<@9A9A<9 C9D9@9L<64A<S < A47D964A<S 6OIB8 7<8DBH<?P-
AB7B >B@CBA9AF4 (6<F4@<A4 ) G69?<K<649FES 6 5B?PL<AEF69 Q>EFD4>FB6. �OIB8 
?<CBH<?PAB7B >B@CBA9AF4 (β >4DBF<A4) G69?<K<649FES EGM9EF69AAB 6B 6E9I 
Q>EFD4>F4I.

1>EFD4>F, EB89D:4A<= 6 5B?PL9= EF9C9A< >4> 7<8DBH<?PAO9, F4> < ?<CB-
H<?PAO9 69M9EF64, 5O? CB?GK9A @9FB8B@ @4J9D4J<< �%1, EB89D:4M9= 80% 
D4EF6BD EC<DF4.

�<5?<B7D4H<K9E><= EC<EB>
3

3
2. �?<E9964 &., &4D4AFG? �.  BD>B6P (?4F. ) // �GDA4? ;8B-

DB6B7B C<F4A<S < 8<9FB?B7<<. & № 6. % 3



3
4. )<@<K9E><= Q>EC9D<@9AF 6 CDB9>F4I L>B?PA<>B6 : GK95AB @9FB8. CBEB5<9 / 

#. �. �4E<?P964, 1. (.  4F69964, &. �. )BA8S964, !. �. �47DB64. �EFD4I4AP : �;84F9?P %BDB-
><A $. �., 2015. 128 E.

 �&"�/ #�$�$��"&�� ��$"#$" /,��!!/) "&)"�"�

&. #. )5@10:>20
�=AB8BCB E8<88 (�* �><8 =0CG=>3> F5=B@0 
$>AA89A:>9 0:045<88 =0C:, sher.taty@mail.ru

%F4FPS CBE6SM9A4 <;GK9A<R BFIB8B6 47DBCDB@OL?9AAB7B >B@C?9>E4 6 
6<89 E9@9AAOI B5B?BK9>, 6 K4EFABEF< L9?GI< D<E4 ($,), ?G;7< CB8EB?A9KA<>4 
(�#). #B>4;4AO I4D4>F9DAO9 BEB59AABEF< H<;<>B I<@<K9E>B7B EFDB9A<S <;GK4-
9@OI B5N9>FB6 3 A4?<K<9 @<ABDAOI >B?<K9EF6 H<;<B?B7<K9E>< 4>F<6AOI 69-
M9EF6. $4EE@BFD9AO BEAB6AO9 QF4CO >B@C?9>EAB= C9D9D45BF>< $, < �#, 
6>?RK4RM<9 6 E95S CD9864D<F9?PAGR Q>EFD4>J<R @9?4A<A4 (�#) <?< >D9@A9-
;9@4 ($,), < CBE?98GRM99 @9I4A<K9E>B9 D4;6B?B>A9A<9 E CB?GK9A<9@ 6B?B>-
A<EFB7B CB?GH45D<>4F4 (�#(), CD<7B8AB7B 8?S EBEF46?9A<S 5G@4:AOI >B@CB-
;<J<=. 

�?RK96O9 E?B64: D<EB64S L9?GI4, ?G;74 CB8EB?A9KA<>4, J9??R?B;4, @9-
I4ABI<@<K9E>4S F9IAB?B7<S, >D9@A9;9@, @9?4A<A

$4EF<F9?PAO9 CB?<@9DO I4D4>F9D<;GRFES D4;AB= F9IAB?B7<K9E>B= ;A4-
K<@BEFPR 6 F9I <?< <AOI B5?4EFSI A4DB8AB7B IB;S=EF64. �D969EAB9 EODP9 I4-
D4>F9D<;G9FES 6OEB>B>4K9EF69AAB= J9??R?B;B=, CBFD95ABEFP 6 >BFBDB=, A9-
E@BFDS A4 J<HDB6<;4J<R, FB?P>B D4EF9F. �G5B@9FDO ?9EAOI @4EE<6B6 C9D9D4-
54FO64RFES A4 F9IA<K9E>GR J9??R?B;G, A4CD46?S9@GR A4 HBD@<DB64A<9 5G-
@4:AB= CDB8G>J<<, 6 FB@ K<E?9 < A4 GC4>B6BKAO9 6<8O 5G@47. �7DBCDB@OL-
?9AAO9 BFIB8O (6 K4EFABEF< L9?GI4 D<E4 ($,), ?G;74 CB8EB?A9KA<>4 (�#)) I4-
D4>F9D<;GRFES ;A4K<F9?PAO@ EB89D:4A<9 J9??R?B;O 3 345%, < @B7GF A4=F< 
8BEFB=AB9 @9EFB 6 >B@CB;<J<BAAOI 6<84I 5G@47< < >4DFBA4. �DB@9 QFB7B, $, 
< �# <@9RF 6 E6B9@ EBEF469 A9>BFBDO9 >B?<K9EF64 (8316%) H<;<B?B7<K9E>< 
4>F<6AOI 69M9EF6, <@9RM<I ;A4K9A<9 6 @98<J<A9 < H4D@4>B?B7<< 3 >D9@A9-
;9@, @9?4A<A.

 9FB84@<, CD<ASFO@< 6 I<@<< 8D969E<AO [1] GEF4AB6?9A >B@CBA9AFAO= 
EBEF46 <EE?98G9@OI B5D4;JB6 (D<E. 1).

�OEB>B9 EB89D:4A<9 ?<7ABG7?96B8AB7B >B@C?9>E4 CB;6B?S9F D4EE@4FD<-
64FP QFB EODP9 >4> <EFBKA<> J9??R?B;O. #D< C9D9D45BF>9 B8AB?9FA<I D4EF9A<= 
(EB?B@4, FD46BEFB<) L<DB>B CD<@9ASRF M9?BKAO9 @9FB8O <;6?9K9A<S J9??R-
?B;O. %9@9AAO9 B5B?BK>< <@9RF BEB59AABEF< 89?<7A<H<>4J<<, E6S;4AAO9 E 
EB89D:4A<9@ 6 E6B9@ >B@CBA9AFAB@ EBEF469 H<;<B?B7<K9E>< 4>F<6AOI 69-



M9EF6, B59EC9K<64RM<I 6 CDBJ9EE9 6979F4J<< D4EF9A<= 5<B < 4F@BEH9DB-
GEFB=K<6BEFP E9@SA.

$<E. 1. �<47D4@@O, I4D4>F9D<;GRM<9 6>?48 >4:8B7B >B@CBA9AF4
6 EBEF46 B5D4;J4: 4) $,, 5) �# (1� 3 Q>EFD4>F<6AO9 69M9EF64,

�� 3 ;B?PAO9 69M9EF64, � 3 ?<7A<A CB �B@4DB6G,
&� 3 FDG8AB7<8DB?<;G9@O9 CB?<E4I4D<8O,
�� 3 ?97>B7<8DB?<;G9@O9 CB?<E4I4D<8O)

#D< D4;D45BF>9 F9IAB?B7<< >B@C?9>EAB= C9D9D45BF>< $, < �# CD<@9-
A9AO @9FB8O @9I4ABI<@<K9E>B= F9IAB?B7<<, CB;6B?SRM9= A4 C9D6B= EF48<< 
CDBJ9EE4 (M9?BKA4S 6OEB>BF9@C9D4FGDA4S B5D45BF>4) CDB<;69EF< 6O89?9A<9 
H<;<B?B7<K9E>< 4>F<6AOI 69M9EF6, CB87BFB6<FP EODP96GR @4EEG > CDBJ9EEG 
D4;6B?B>A9A<S (D4;@B?).

�OEB>BF9@C9D4FGDA4S 64D>4 <EE?98G9@OI B5D4;JB6 6 M9?BKAOI D4EF6B-
D4I B59EC9K<649F CD4>F<K9E>< CB?AB9 6O89?9A<9 H<;<B?B7<K9E>< 4>F<6AOI 
69M9EF6 <; D4EF<F9?PAB= @4FD<JO, AB CD< QFB@ 6 D4EF6BD C9D9IB8SF 6E9 M9?B-
K9D4EF6BD<@O9 >B@CBA9AFO (?<7A<AAO9 69M9EF64, CB?<E4I4D<8O). 

�9M9EF6B, BE4:89AAB9 <; M9?BKAB7B Q>EFD4>F4 $, 3 «5<BA4CB?A9AAO= 
>D9@A9;9@». #BE?98GRM99 B;B?9A<9 >BFBDB7B CB;6B?S9F CB?GK<FP >D9@A9;9@ EB 
EF9C9APR K<EFBFO 99,9% (D<E. 2).

$<E. 2. %1  < 1�� 6O89?9AAB7B >D9@A9;9@4 ($,)

�9M9EF6B, BE4:89AAB9 <; M9?BKAB7B Q>EFD4>F4 �#  ?<7AB@9?4A<AB6O= 
>B@C?9>E, 6OIB8 >BFBDB7B EBEF46<? 2,7%. �89AF<H<>4J<R @9?4A<A4 CDB6B8<?< 
E CB@BMPR >4K9EF69AAOI D94>J<= E ! " , � nO . $9;G?PF4FO $(� 
CD98EF46?9AO A4 D<EGA>9 

4) 5)



$<E. 3. $(� @9?4A<A4 �#

!4 D<EGA>9 4 CD98EF46?9AO D9;G?PF4FO %1  J9??R?B;O D<EB6B= < CB8-
EB?A9KA<>4.

#B87BFB6?9AO ?45BD4FBDAO9 B5D4;JO >B@CB;<J<BAAOI 5G@47.

$<E. 4. %1  6B?B>BA J9??R?B;O: 4) D<EB6B=, 5) CB8EB?A9KA<>4

"CD989?9A4 ;46<E<@BEFP D4;DO6AB= 8?<AO BF >B?<K9EF64 CB87BFB6?9AAB-
7B 6B?B>A4 6 >B@CB;<J<< 5G@47<. #B>4;4AB, KFB 6 D4@>4I 6O5D4AAOI CB>4;4F9-
?9=, CD<9@?9@4S @9I4A<K9E>4S CDBKABEFP, F9EF<DG9@4S CB D4;DO6AB= 8?<A9 
>B@CB;<J<BAAB7B ?<EF4:

3 8?S ?<EF69AAB= J9??R?B;O A4CB?A9A<9 CB87BFB6?9AAO@ 6B?B>AB@ J9-
?9EBB5D4;AB 8B 303

3 8?S I6B=AB= 3 8B 503
3 8?S @4>G?4FGDAB= @4EEO 3 8B 303
$9;G?PF4FO <ECOF4A<= CB>4;4?<, KFB 6B?B>AB, CB?GK9AAB9 @9I4A<K9E><@ 

@9FB8B@ @B:AB <ECB?P;B64FP 6 >B@CB;<J<SI CB CDB<;6B8EF6G 5G@47< < >4DFB-
A4, 6 >4K9EF69 6B?B>A<EFB7B @4F9D<4?4 (D<E. 5)

5)4)



$<E. 5. �46<E<@BEFP D4;DO6AB= 8?<AO ?<EF4
BF 8B?< CB87BFB6?9AAB7B 6B?B>A4 6 5G@4:AB= >B@CB;<J<<

$4J<BA4?PAO@ < Q>BAB@<KAO@ CGF9@ C9D9D45BF>< ?G;7< < L9?GI< ;?4>B-
6OI 6 6B?B>AB S6?S9FES @9I4ABI<@<K9E><= @9FB8. #B?GK9A 6B?B>A<EFO= CB?G-
H45D<>4F E 6OIB8B@ 81,5395,6%, B59EC9K<64RM<= 5G@47BB5D4;GRM<9 E6B=-
EF64, F4>:9 >D9@A9;9@ <?< ?<7AB@9?4A<AB6O= >B@C?9>E. 

�<5?<B7D4H<K9E><= EC<EB>
1. "5B?9AE>4S �. �., �?PA<J>4S �. #., �9BAB6<K �. �. �45BD4FBDAO9 D45BFO CB I<@<< 

8D969E<AO < J9??R?B;O : GK95AB9 CBEB5<9 8?S 6G;B6.  . : «1>B?B7<S», 1991. 320 E. 

��'+�!�� �"� "�!"%&� #$� �!�!�3
��"�%��� �$� !�3 �� $�%"�"� ,��')�
� $�*�#&'$� %��"�%�!"�/) $���!

�. $. �014C;E052, .. !. )0:8<C;;8=, �. %. �8<8=0, �.  . �>B;81
�070=A:89 =0F8>=0;P=O9 8AA;54>20B5;PA:89 B5E=>;>38G5A:89 C=825@A8B5B,

�ECB?P;B64A<9, 6@9EFB 8BDB7B7B E<AF9F<K9E>B7B 4QDBE<?4, 5B?99 89L96B-
7B 8<B>E<84 >D9@A<S <; D<EB6B= L9?GI< (��$,) CD98EF46?S9F CD4>F<K9E><= 
<AF9D9E. "8A4>B, CD< QFB@ EA<:49FES 6S;>BEFP E<?B>E4AB6OI D9;<AB6OI E@9-
E9=, CDBKABEFP, F69D8BEFP < Q?4EF<KABEFP <I 6G?>4A<;4FB6. �?S G?GKL9A<S >4-
K9EF64 E?98G9F CDB6B8<FP CB@B? ��$, <?< B5D454FO64FP 97B CB69DIABEFP 
#��.

�?RK96O9 E?B64: 8<B>E<8 >D9@A<S <; D<EB6B= L9?GI<, 4QDBE<?, E<?B>E4-
AB6O9 D9;<AO, 6S;>BEFP, C?4EF<KABEFP, CDBKABEFP, F69D8BEFP, Q?4EF<KABEFP.

!9E@BFDS A4 4>FG4?PABEFP < B7DB@AB9 >B?<K9EF6B <EE?98B64A<=, CBE6S-
M9AAOI 6BCDBE4@ D4J<BA4?PAB= GF<?<;4J<< D<EB6B= L9?GI< [133], QF4 ;484K4 



8B E<I CBD A9 D9L9A4 6B @AB7<I EFD4A4I, ;4A<@4RM<IES 6B;89?O64A<9@ < C9-
D9D45BF>B= D<EB6B= >G?PFGDO.

#DB8G>FO >4D5BA<;4J<< BFIB8B6 CDB<;6B8EF64 D<EB6B= >DGCO <;GK9AO 
>4> A4CB?A<F9?< QCB>E<8AOI E@B?, CB?<QF<?9A4 < CB?<CDBC<?9A4, #�), CB?<-
GD9F4AB6 < 8DG7<I CB?<@9DB6 [336].  9APL9 <EE?98B64A<= >4E49FES @B8<H<>4-
J<< 8<B>E<8B@ >D9@A<S <; D<EB6B= L9?GI< (��$,) D9;<AB6OI E@9E9= [7].

#BQFB@G A4@< <;GK9A4 6B;@B:ABEFP CD<@9A9A<S ��$, 6 D9J9CFGD9 6G?-
>4A<;4FB6 A4 BEAB69 E<?B>E4AB6OI >4GKG>B6.

$9;<AB64S E@9EP <;7BF46?<64?4EP A4 BEAB69 E<?B>E4AB6B7B >4GKG>4 
%�&� 1 (&' 38.103694 89) A4 C?4EF<>BD89D9 «Brabender» CD< F9@C9D4FGD9 
°% 6 F9K9A<9 6 @<AGF, CD< E>BDBEF< 6D4M9A<S DBFBDB6 60 B5 /@<A. � >4K9EF69 

@B8<H<>4FBDB6 CD<@9AS?<EP 4QDBE<? (�"%& 14922 77) < 8<B>E<8 >D9@A<S <; 
D<EB6B= L9?GI< (��$%) CDB<;6B8EF64  �� 1 (&' 38.21.40
2023). %B89D:4A<9 4QDBE<?4 5O?B 40 @4E K. A4 100 @4E. K. >4GKG>4. �G?>4A<;4-
J<R B5D4;JB6 CDB6B8<?< A4 7<8D46?<K9E>B@ CD9EE9 CD< F9@C9D4FGD9 130 °C 3
@<A.
�S;>BEFAO9 E6B=EF64 BCD989?S?< A4 6<E>B;<@9FD9 «Gotech GT 7080S2» 

CB �"%& $ 54552 2011 CD< F9@C9D4FGD9 100 °C. �ECOF4A<9 A4 C?4EF<KABEFP 
(�"%& 415 75) CDB6B8<?< A4 C?4EFB@9FD9 «�$ 2» CD< >B@A4FAB= F9@C9D4FGD9.

�EE?98B64A<9 6G?>4A<;4J<BAAOI I4D4>F9D<EF<> CDB6B8<?BEP A4 D9B@9FD9 
«Gotech MD 3000A» (�"%& $ 54547 2011) CD< F9@C9D4FGD9 130 °C.

'E?B6A4S CDBKABEFP < BFABE<F9?PAB9 G8?<A9A<9 CD< D4;DO69 D9;<A BCD9-
89?S?< A4 D4;DO6AB= @4L<A9 «$ � 3 250» CB �"%& 270 75, F69D8BEFP CB 
,BDG � 3 CB �"%& 263 75. 1?4EF<KABEFP CB BFE>B>G BJ9A<64?< CB �"%& 

86, 4 EBCDBF<6?9A<9 D4;8<DG 3 CB �"%& 262
�S;>BEFP CB  GA< (F45?. 1) D9;<AB6OI E@9E9= CD< ;4@9A9 4QDBE<?4 A4 

��$, E<?PAB EA<:49FES (CD<@9DAB 6 3 D4;4), BEB59AAB CD< EB89D:4A<< 8B546-
>< <; D<EB6B= L9?GI< 20 @4E. K < 5B?PL9, KFB BFD<J4F9?PAB 6?<S9F A4 C9D9D4-
54FO649@BEFP, F4> >4> D9;<AB64S E@9EP A4K<A49F «D4EF9>4FPES». #?4EF<KABEFP 
D9;<AB6B= E@9E< CD< QFB@ D4EF9F 5B?99, K9@ 6 2 D4;4.

&01;8F0 1
)4D4>F9D<EF<>< D9;<AB6B= E@9E<

)4D4>F9D<EF<>4
D9;<AB6B= E@9E<

%B89D:4A<9 ��$,, @4E. K

�S;>BEFP CB  GA<, GE?. 98
#?4EF<KABEFP, GE?. 98
�D9@S 6G?>4A<;4J<<, @<A

�D9@S 6G?>4A<;4J<< (F45?. 1), >4> CD< CB?AB=, F4> < K4EF<KAB= ;4@9A9 
4QDBE<?4 A4 D<EB6GR L9?GIG CD4>F<K9E>< A9 <;@9AS9FES.

�A4?<; Q>EC9D<@9AF4?PAOI D9;G?PF4FB6 (F45?. 2) CB;6B?S9F E89?4FP 6O-
6B8, KFB CD< G69?<K9A<< >B?<K9EF64 ��$,, ;4@9ASRM97B 4QDBE<? 6 E<?B>E4AB-
6OI D9;<A4I, <I CDBKABEFP, F69D8BEFP < Q?4EF<KABEFP ;A4K<F9?PAB C484RF. 
&B 9EFP <@99F @9EFB ;4>BAB@9DAB9 EA<:9A<9 6E9I Q>EC?G4F4J<BAAOI CB>4;4F9-



?9= D9;<A CD< CD<@9A9A<< 6@9EFB 4QDBE<?4 @B8<H<>4FBD4 <; BFIB8B6 D<EB6B7B 
CDB<;6B8EF64. 1FBF QHH9>F D4EF9F CD< G69?<K9A<< >BAJ9AFD4J<< ��$,.

&01;8F0 2
(<;<>B @9I4A<K9E><9 CB>4;4F9?< D9;<A

(<;<>B @9I4A<K9E><= CB>4;4F9?P 
D9;<A

%B89D:4A<9 ��$,, @4E. K

#DBKABEFP CD< D4EFS:9A<<,  #4
"FABE<F9?PAB9 G8?<A9A<9, %
%BCDBF<6?9A<9 D4;8<DG, >!/@ 
&69D8BEFP CB ,BDG �, GE?. 98.
1?4EF<KABEFP CB BFE>B>G, %

 O E6S;O649@ QFB EB ;A4K<F9?PAB 5B?PL<@, CB ED46A9A<R E 4QDBE<?B@, 
8<4@9FDB@ K4EF<J ��$,, < A9D46AB@9DAO@ D4ECD989?9A<9@ <I CB D4;@9-
D4@

�EIB8S <; CD98EF46?9AAOI D9;G?PF4FB6, @B:AB E89?4FP 6O6B8, KFB ;4@9A4 
4QDBE<?4 A4 @B8<H<>4FBD, CB?GK9AAO= <; D<EB6B= L9?GI<, 6 E<?B>E4AB6OI D9-
;<A4I A9J9?9EBB5D4;A4, F4> >4> CD<6B8<F > GIG8L9A<R 6S;>BEFAOI E6B=EF6 D9-
;<AB6OI E@9E9= < ;A4K<F9?PAB@G EA<:9A<R Q>EC?G4F4J<BAAOI I4D4>F9D<EF<> 
6G?>4A<;4FB6.

� FB :9 6D9@S, GK<FO64S 6 637 D4; @9APLGR EFB<@BEFP CDB@OL?9AAB7B 
��$,, K9@ 4QDBE<?4, 6B;@B:AB CD<@9A9A<9 97B 6 >B?<K9EF69 10 @4E. K 6 A9 BF-
69FEF69AAOI @4F9D<4?4I A4 BEAB69 E<?B>E4AB6B7B >4GKG>4. 

� 84?PA9=L9@ D9>B@9A8G9FES CDB6B8<FP CB@B? CDB@OL?9AAB7B @B8<H<-
>4FBD4, CB?GK49@B7B <; BFIB8B6 D<EB6B= >DGCO, KFB CB;6B?<F G69?<K<FP EF9-
C9AP @9:H4;AB7B 6;4<@B89=EF6<S <?< <ECB?P;B64FP E QFB= J9?PR FD48<J<BA-
AO9 F<CO #�� [9]. 

�<5?<B7D4H<K9E><= EC<EB>

3

3
3

3

3
�BF?<5 �.  , �9A<FB64 �. �. "FIB8O D<EBC9D9D45BF>< C9DEC9>F<6AB9 EODP9 8?S 

I<@<K9E>B= CDB@OL?9AABEF<. +4EFP 2. #B?<@9DAO9 >B@CB;<J<BAAO9 @4F9D<4?O, A4CB?A9A-
AO9 CDB8G>F4@< D<EBC9D9D45BF><.  . : "F9K9EF6B, 2023. 100 E.

3



8. #B?GK9A<9 4@BDHAB7B 8<B>E<84 >D9@A<S 6 CDB@OL?9AAOI GE?B6<SI A4 54;9 D<EB-
6B= L9?GI< /  . #. �B;G5B6, �. �. )BI?B6, �. �. �E?4@B64 < 8D. // &9IAB?B7<< C9D9D45BF>< 
BFIB8B6 E CB?GK9A<9@ AB6B= CDB8G>J<< : @4F9D<4?O V �E9DBE. A4GK. CD4>F. >BAH. 7 �<DB6
3 ABS5DS 7 �<DB6 �SFE><= 7BEG84DEF69AAO= GA<69DE<F9F % 3

3

%"%&�� � %�"�%&�� %�!&�&�+�%�"�" �"���%&"!�&�,
#"�'+�!!"�" !� "%!"�� "&)"�"� #$"���"�%&��

$�%� � �"$!"� ��%�"&/

%. !. �0=8;>20 , �. %. /<0;5520 , �.  . �>B;81 , �. �. "E;>?:>20 
%. �. /@CA>20 , #. %. �>@485=:> 

%525@> �>AB>G=O9 D545@0;P=O9 C=825@A8B5B 8<5=8  . �. �<<>A>20, 

�070=A:89 =0F8>=0;P=O9 8AA;54>20B5;PA:89 B5E=>;>38G5A:89 C=825@A8B5B, 

�=AB8BCB E8<88 ��" $�!

�E?98EF6<9 B7D4A<K9A<S 8B5OK< CD<DB8AB7B 6B??4EFBA<F4 6 $BEE<<, 97B 
E<AF9;, BEB59AAB E <ECB?P;B64A<9@ CDB@OL?9AAOI < E9?PE>BIB;S=EF69AAOI 
BFIB8B6, S6?S9FES 4>FG4?PAO@. � QFB@ 4EC9>F9 <AF9D9EAO CB5BKAO9 CDB8G>FO 
CB?GK9A<S 5BDAB= ><E?BFO < D<EB6B= >DGCO. � H4;B6B@ EBEF469 E<AF9F<K9E>B-
7B E<?<>4F4 >4?PJ<S A4 BEAB69 >4D5BA<;<DB64AAB= D<EB6B= L9?GI< EB89D:<FES 
78% β 6B??4EFBA<F4 < 22% ?4DA<F4, 4 >D9@A9;9@ A4 BEAB69 5BDB7<CE4 EB89D:<F 
6B??4EFBA<F @BAB>?<AAB= @B8<H<>4J<< < EG?PH4F >4?PJ<S. "54 F<C4 <EE?98B-
64AAB7B E<AF9F<K9E>B7B 6B??4EFBA<F4 B5?484RF CBD<EFB= EFDG>FGDB= EB ED98-
A<@ D4;@9DB@ CBD CBDS8>4 434,5 A@. %<?<>4FO >4?PJ<S, E<AF9;<DB64AAO9 A4 
BEAB69 5BDB7<CE4 < F9D@BB5D45BF4AAB= D<EB6B= L9?GI<, BF?<K4RFES C4D4@9F-
D4@< >D<EF4??<K9E>B= D9L9F>< < 7D4AG?B@9FD<K9E><@ EBEF46B@. &69D8BH4;AO= 
E<AF9; 6B??4EFBA<F4 <; CDB8G>F4 >4D5BA<;4J<< D<EB6B= L9?GI< B8ABEF48<=-
AO=, @9A99 FDG8B9@><= < 5B?99 >BDBF><= CB 8?<F9?PABEF<, K9@ CB?GK9A<9 97B 
7<8DBF9D@4?PAO@ @9FB8B@ <; 5BDB7<CE4. 

�?RK96O9 E?B64: 6B??4EFBA<F, E<?<>4F >4?PJ<S, 5BDB7<CE, D<EB64S L9?G-
I4, H4;B64S EFDG>FGD4, D4;@9D K4EF<J < CBD.

"7D4A<K9AABEFP 8B5OK< CD<DB8AB7B 6B??4EFBA<F4 6 $BEE<< 89?49F C9D-
EC9>F<6AO@ 97B E<AF9;, BEB59AAB E <ECB?P;B64A<9@ CDB@OL?9AAOI < E9?PE>B-
IB;S=EF69AAOI BFIB8B6 [1, 2].

%BEF46 < E6B=EF64 E<?<>4F4 >4?PJ<S EGM9EF69AAB ;46<ESF >4> BF ECBEB54 
97B E<AF9;4, D9:<@B6 CB?GK9A<S, F4> < BF EFDB9A<S < EBBFABL9A<S <EIB8AOI 
>B@CBA9AFB6 [3, 4]. � E6S;< E QF<@ CD98EF46?S9FES D4J<BA4?PAO@ ED46A<FP 6B?-
?4EFBA<F, CB?GK49@O= 7<8DBF9D@4?PAO@ ECBEB5B@ <; 5BDB7<CE4 < F69D8BH4;-
AO@ @9FB8B@ <; F9D@BB5D45BF4AAB= D<EB6B= L9?GI<.

mailto:curls888@yandex.ru
mailto:egotlib@yandex.ru


�B??4EFBA<F 1 (�1) CB?GK4?< 7<8DBF9D@4?PAO@ @9FB8B@ [5] A4 BEAB69 
5BDB7<CE4 < D4EF6BD4 7<8DB>E<84 >4?<S, 6;SFOI 6 EF9I<B@9FD<K9E>B@ EBBFAB-
L9A<<, 6 ?45BD4FBDAB@ 46FB>?469 CD< F9@C9D4FGD9 220 °% 6 F9K9A<9 3 K. �4F9@ 
CDB@O64?< BE48B> A47D9FB= 8B 60370 °% 8<EF<??<DB64AAB= 6B8B=, BF89?S?< BF 
D4EF6BD4 H<?PFDB64A<9@ < EGL<?< CD< F9@C9D4FGD9 85 °% 6 F9K9A<9 4 K4EB6 < 
84?99 B5:<74?< CD< F9@C9D4FGD9 900 °% 3 K4E4. 

�B??4EFBA<F 2 (�2) E<AF9;<DB64?< [6, 7] F69D8BH4;AO@ @9FB8B@ <; B>E<-
84 >4?PJ<S, CB?GK9AAB7B CDB7D96B@ <;69EFAS>4 6 F9K9A<9 2 K. CD< 500 ð%, < 
CDB8G>F4 >4D5BA<;4J<< CD< 800 ð% D<EB6B= L9?GI<, CD< @B?SDAB@ 
EBBFABL9A<< %4" 1, 6 @GH9?PAB= >4@9DAB= C9K< 6 F9K9A<9 3 K4EB6 
CD< F9@C9D4FGD9 900 °%.

 BDHB?B7<R 6B??4EFBA<F4 <EE?98B64?< A4 E>4A<DGRM9@ Q?9>FDBAAB@ 
@<>DBE>BC9 JSM 7800F (Jeol, 3CBA<S) 6 D9:<@9 6FBD<KAOI Q?9>FDBAB6 CD< 
GE>BDSRM9@ A4CDS:9A<< 1,031,5 >�. "5D4;JO 8?S <EE?98B64A<S CB?GK4?< @9-
FB8B@ IDGC>B7B D4;DGL9A<S CD< F9@C9D4FGD9 :<8>B7B 4;BF4.

$9AF79AB7D4H<K9E><= >B?<K9EF69AAO= H4;B6O= 4A4?<; ($�(�) CDB6B-
8<?ES E <ECB?P;B64A<9@ @AB7BHGA>J<BA4?PAB7B 8<HD4>FB@9FD4 Rigaku Smart 
Lab, CD< E?98GRM<I C4D4@9FD4I ENё@><: G7?B6B= <AF9D64? BF 30 8B 650 E L4-
7B@ E>4A<DB64A<S 0,02, E Q>ECB;<J<9= 1 E9>GA84 6 FBK>9, E>BDBEFP E>4A<DB64A<S 
10 °%/@<A.

�A4?<; D4;@9D4 K4EF<J E<AF9F<K9E>B7B 6B??4EFBA<F4 CDB6B8<FES @9FB8B@ 
?4;9DAB= 8<HD4>J<< A4 ?4;9DAB@ 4A4?<;4FBD9 K4EF<J Analysette
NanoTec/MicroTec/XT (Fritsch, �9D@4A<S) 6 EBBF69FEF6<< E �"%& $ 8.777

$4;@9D CBD BCD989?S?< CB @9FB8G BJH A4 4A4?<;4FBD9 C?BM48< CB69DI-
ABEF< < D4;@9D4 CBD «Nova 1200e» ISO 15901

� H4;B6B@ EBEF469 (D<E. 1) E<AF9F<K9E>B7B E<?<>4F4 >4?PJ<S 2 EB89D:<F-
ES 78% β 6B??4EFBA<F4 EB E?98GRM<@< I4D4>F9D<EF<>4@<: D4;@9D >D<EF4??<FB6 
3260±25, C4D4@9FDO >D<EF4??<K9E>B= D9L9F><: a = 7,948, b = 7,333 < c = 7,075 < 
22% ?4DA<F4 β %4 E D4;@9DB@ >D<EF4??<FB6 1990±16 < C4D4@9FD4@< >D<-
EF4??<K9E>B= EFDG>FGDO: a = 5,513, b = 6,758, c = 9,315.

%<?<>4F >4?PJ<S 1, 6 BEAB6AB@, F4>:9 EB89D:<F 6B??4EFBA<F @BAB>?<A-
AB= @B8<H<>4J<< E C4D4@9FD4@< >D<EF4??<K9E>B= SK9=><: 4 = 15
7,28500; E = 7,08400, 4 9M9 A9 CDBD947<DB646L<= EG?PH4F >4?PJ<S CaSO E 

C4D4@9FD4@< >D<EF4??<K9E>B= SK9=><: 4 = 6,23000; b = 6,98000; E = 6,97000.
�A4?<; @BDHB?B7<< 6B??4EFBA<F4 <; 5BDB7<CE4 < F9D@BBB5D45BF4AAB= 

D<EB6B= L9?GI< CB>4;4? (D<E. 2), KFB BA< EB89D:4F BF89?PAO9 <7B?PK4FO9 K4-
EF<JO, 4 6 E?GK49 E<?<>4F4 >4?PJ<S 1 3 B64?PAO9 5?B>< E 6OD4:9AAO@< 7D4AS-
@<, 6>?RK4RM<@< FBA>B8<EC9DEAO9 A4ABD4;@9DAO9 K4EF<JO (D<E. 2). �<4@9FD 
<7B?B> 6B??4EFBA<F4 1 D469A 2703280 A@, 4 D4;@9D 5B?PL<I K4EF<J 8BEF<749F 
940 A@ [4]. %D98A<= 8<4@9FD K4EF<J 6B??4EFBA<F4 2 3 @>@ 

"54 F<C4 <EE?98B64AAB7B E<AF9F<K9E>B7B 6B??4EFBA<F4 B5?484RF CBD<-
EFB= EFDG>FGDB= EB ED98A<@ D4;@9DB@ CBD CBDS8>4 434,5 A@ [9].



$<E $�(� EC9>FD B5D4;JB6 6B??4EFBA<F4 2 (4) < 1 (5

4 5
$<E. 2. 1?9>FDBAAB @<>DBE>BC<K9E><9 EA<@>< (G69?<K9A<9 10000)

E<AF9F<K9E>B7B 6B??4EFBA<F4 A4 BEAB69 5BDB7<CE4 (4) <
CDB8G>F4 >4D5BA<;4J<< D<EB6B= L9?GI< (5)

&4><@ B5D4;B@, E<?<>4FO >4?PJ<S, E<AF9;<DB64AAO9 A4 BEAB69 5BDB7<CE4 
< F9D@BB5D45BF4AAB= D<EB6B= L9?GI<, BF?<K4RFES C4D4@9FD4@< >D<EF4??<K9-
E>B= D9L9F>< < 7D4AG?B@9FD<K9E><@ EBEF46B@. �I BEAB6AO@ >B@CBA9AFB@ S6-
?S9FES 6B??4EFBA<F, 4 6 >4K9EF69 CD<@9E< �1 EB89D:<F EG?PH4F >4?PJ<S, 4 �2 3
?4DA<F. %D98A<= D4;@9D K4EF<J �1 @9APL9, K9@ �2. %?98G9F BF@9F<FP, KFB E<A-
F9; 6B??4EFBA<F4 <; CDB8G>F4 >4D5BA<;4J<< D<EB6B= L9?GI< @9A99 FDG8B9@><=, 

4

5



B8ABEF48<=AO=, 5B?99 >BDBF><= CB 8?<F9?PABEF<. &9D@BB5D45BF4AA4S D<EB64S 
L9?GI4, CD98EF46?SRM4S EB5B= 4@BDHAO= 8<B>E<8 >D9@A<S, CDB@OL?9AAB 
6OCGE>49FES 6 $BEE<<.

�<5?<B7D4H<K9E><= EC<EB>
1. �GE96 �. �.  <A9D4?PAB EODP964S 54;4 6B??4EFBA<F4 �BDAB7B �?F4S // %B6D9@9A-

AO9 A4G>Bё@><9 F9IAB?B7<<. 2011. № 2. %. 113
2. �E?4@B64 �. �. &9IAB?B7<S E<AF9F<K9E>B7B 6B??4EFBA<F4 <; CD<DB8AOI >4?PJ<= < 

>D9@A<=EB89D:4M<I EB98<A9A<= : EC9J. 46FBD9H 8<E. & >4A8 F9IA A4G> �4;4AP
E
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4.  B8<H<J<DB64A<9 %� #1 6B??4EFBA<FB@, E<AF9;<DB64AAO@ <; BFIB8B6 5BDAB7B 

CDB<;6B8EF64 / %. !. �4A<?B64, %. �. 3DGEB64, �. 2. �GD46?96 < 8D. // #B?<@9DAO9 @4F9D<4?O 
< F9IAB?B7<<. 2021 &. 7, № 1. %. 713

5. #4F. 2595682. $(,  #� C01B 33/24(2006.01). %CBEB5 CB?GK9A<S E<AF9F<K9E>B7B 
6B??4EFBA<F4 : № 2015141614/05 : ;4S6?. 30.09.2015 : BCG5?. 27.08.2016 / �BD8<9A>B #. %. 3 c.

6. "CF<@<;4J<S F9@C9D4FGDO CB?GK9A<S E<AF9F<K9E>B7B 6B??4EFBA<F4 A4 54;9 D<EB-
6B= L9?GI< / �.  . �BF?<5, �. �. &69D8B6, �. %. 3@4?9964, &. !. (. )4. DOI: 10.37952/ROI

18 // �GF?9DB6E><9 EBB5M9A<S. 2020. № 8. %. 183
7. %<AF9F<K9E><= 6B??4EFBA<F A4 BEAB69 D<EB6B= L9?GI< / 2. �. CB>B?B64, 

�.  . �BF?<5, (OBA7 )4 < 8D. // (GA84@9AF4?PAO9, CB<E>B6O9 < CD<>?48AO9 <EE?98B64A<S 
DBEE<=E>B= 4>489@<< 4DI<F9>FGDO < EFDB<F9?PAOI A4G> CB A4GKAB@G B59EC9K9A<R D4;6<F<S 
4DI<F9>FGDO, 7D48BEFDB<F9?PEF64 < EFDB<F9?PAB= BFD4E?< DBEE<=E>B= H989D4J<< 6 2018 7B-
8G. &. 2. $BEE<=E>4S 4>489@<S 4DI<F9>FGDO < EFDB<F9?PAOI A4G> ( BE>64, 2019).  . : �;8 6B 
�%�, 2019. 3

8. Tổng hôp wollastonite tren co so tro trau ung dung lam chat don trong nhu'a epoxy va mot 
&

3

!"�/� %"$��!&/ �� �$'#!"&"!!��!/)
��$"#$" /,��!!/) "&)"�"�

%. �. �@>H520, %. �. (;0?0:, �. ". &8E>=>20 
$>AA89A:89 E8<8:> B5E=>;>38G5A:89 C=825@A8B5B 8<5=8 �. �.  5=45;5520,

� EF4FP9 CD98EF46?9AO ECBEB5O CB?GK9A<S EBD59AFB6 <; BD74A<K9E><I 
BFIB8B6: E69>?B6<KAB7B :B@4, C<6AB= 8DB5<AO < 7<8DB?<;AB7B ?<7A<A4, 4 F4>-
:9 H<;<>B I<@<K9E><9 < EBD5J<BAAO9 I4D4>F9D<EF<>< CB?GK9AAOI EBD59AFB6. 
"J9A9A4 6B;@B:ABEFP CB?GK9A<S 4>F<64FB6 <; CB?GK9AAOI >4D5BA<;4FB6. $9-
;G?PF4FO Q>EC9D<@9AFB6 CB BK<EF>9 EFBKAOI 6B8, EB89D:4M<I BD74A<K9E><9 ;4-
7DS;A9A<S, CB?GK9AAO@< EBD59AF4@< CB>4;4?< 6OEB>GR QHH9>F<6ABEFP BK<EF-
><, EBCBEF46<@GR E CDB@OL?9AAO@ 4>F<6AO@ G7?9@ ��'.

https://doi.org/10.1051/e3sconf/202341001001
mailto:sgrosheva90@gmail.com


�?RK96O9 E?B64: BFIB8O, EBD59AFO, 7<8DB?<;AO= ?<7A<A, E69>?B6<KAO= 
:B@, C<6A4S 8DB5<A4.

'K<FO64S ;A4K<F9?PAO9 B5N9@O A4>BC?9AAOI BD74A<K9E><I BFIB8B6, 4 
F4>:9 <I 6B;D4EF4RM<9 B5N9@O B5D4;B64A<S, CB<E> AB6OI 4?PF9DA4F<6AOI 64-
D<4AFB6 <I GF<?<;4J<< < D4EL<D9A<S ?<A9=>< CB?GK49@B= CDB8G>J<< 6 A4EFB-
SM99 6D9@S S6?S9FES 64:AB= ;484K9=, D9L49@B= 6 D4@>4I C9D9IB84 A4 @B89?P 
Q>BAB@<>< ;4@>AGFB7B J<>?4 (1�*) [1].

!9E@BFDS A4 D4;ABB5D4;<9 <@9RM<IES @9FB8B6 GF<?<;4J<< >DGCABFBA-
A4:AOI BD74A<K9E><I BFIB8B6, 84?9>B A9 6E9 S6?SRFES 6BEFD95B64AAO@< < 
Q>BAB@<K9E>< 6O7B8AO@<. �@9AAB CBQFB@G D4;D45BF>4 @9FB8B6, CB;6B?SRM<I 
QHH9>F<6AB GF<?<;<DB64FP >DGCABFBAA4:AO9 BD74A<K9E><9 BFIB8O, 6 A4EFBS-
M99 6D9@S S6?S9FES 64:AB= ;484K9=. 

$4A99 5O?B CD98?B:9AB >DGCABFBAA4:AO9 BD74A<K9E><9 BFIB8O V >?4EE4 
BC4EABEF< <ECB?P;B64FP 6 >4K9EF69 G7?9DB8EB89D:4M97B EODPS 8?S CB?GK9A<S 
>4D5BA<;4FB6 [2]: 

3 :B@ E69>?B6<KAO= (�%) 3 CB5BKAO= CDB8G>F C9D9D45BF>< E4I4DAB= 
E69>?O. "5N9@O B5D4;B64A<S BFIB84 «�B@ E69>?B6<KAO=», EB7?4EAB 
BFK9FABEF< A4 BH<J<4?PAB@ E4=F9 $BECD<DB8A48;BD4, A4 2022 7. EBEF46?S?< 
B>B?B 6 @?A F, CD< QFB@ 5O?B GF<?<;<DB64AB 4,5 @?A F, 4 BEF4FB> A4 >BA9J 7B84 
EBEF46<? 1,7 @?A F, AB 6AGFD9AA<= DOAB> $BEE<=E>B= (989D4J<< @B:9F 
CBFD95<FP ?<LP 0,5 @?A F/7B8. &4><@ B5D4;B@, <;5OFBKAO= �% FD95G9F CB<E>4 
4?PF9DA4F<6AB7B DOA>4 E5OF4 <?< CDB<;6B8EF64 CD<AJ<C<4?PAB AB6B7B 
CDB8G>F4;

3 8DB5<A4 C<6A4S (�#) 3 CB5BKAO= CDB8G>F C<6B64D9AAB7B CDB<;6B8EF64, 
B5D4;GRM<=ES CBE?9 6OD45BF>< SK@9AAB7B EGE?4.  4EE4 B5D4;B64A<S BFIB84 
«�DB5<A4 EB?B8B64S (C<6A4S)», EB7?4EAB BFK9FABEF< A4 BH<J<4?PAB@ E4=F9 
$BECD<DB8A48;BD4, 6 2022 7. EBEF46<?4 B>B?B 1 @?A F, <; >BFBDOI 5O?B 
GF<?<;<DB64AB 89 FOE. F, 4 A9GF<?<;<DG9@O= BEF4FB> A4 >BA9J 7B84 EBEF46<? 
@?A F;
3 ?<7A<A 7<8DB?<;AO= (��) 3 CB5BKAO= CDB8G>F CB?GK9A<S 7<8DB?<;AB7B 

EC<DF4. �E97B A4 CD98CD<SF<SI 7<8DB?<;AB= CDB@OL?9AABEF< $BEE<< B5D4;G-
9FES CBDS8>4 3,5 @?A F ?<7A<A4 6 7B8 (6 C9D9EK9F9 A4 EGIB9 69M9EF6B), <; >BFB-
DOI KGFP 5B?99 2% 6B6?9>49FES 6B 6FBD<KAB9 CDB<;6B8EF6B.

#9D6O@ QF4CB@ CB?GK9A<S EBD59AFB6 S6?S?4EP >4D5BA<;4J<S, >BFBDGR 
CDB6B8<?< CD< F9@C9D4FGD9 500 °% CD< D4;?<KAB= CDB8B?:<F9?PABEF< CBE?9-
8GRM9= 6O89D:>< [2]. �?S CB?GK9AAOI >4D5BA<;4FB6 5O?< BCD989?9AO 6OIB8 
< BEAB6AO9 C4D4@9FDO CBD 8?S <EIB8AB7B EODPS < 8?S CB?GK9AAOI G7?9DB8EB-
89D:4M<I CDB8G>FB6 3 ;A4K9A<9 EG@@4DAB7B B5N9@4 CBD < A4?<K<9 @4>DBCBD. 
�?S BJ9A>< CBF9AJ<4?PAB= QHH9>F<6ABEF< CB?GK9AAOI >4D5BA<;4FB6 5O?< CB-
?GK9AO CB>4;4F9?< 48EBD5J<BAAB= 4>F<6ABEF< CB @9F<?9AB6B@G 7B?G5B@G ( �) 
< <B8G (I ), BCD989?9A EG@@4DAO= B5N9@ CBD EBD59AFB6. #B?GK9AAO= >4D5BA<-
;4F <; �%, 6E?98EF6<9 5B?99 D4;6<FB= EFDG>FGDO, CB E6B<@ EBD5J<BAAO@ I4-
D4>F9D<EF<>4@ CD96;BL9? EBD59AFO, CB?GK9AAO9 <; �� < #�. 



� ?<F9D4FGD9 CD98EF46?9AO D4;?<KAO9 F9IAB?B7<< CB?GK9A<S EBD59AFB6 3
4>F<64FB6 <; >DGCABFBAA4:AOI BD74A<K9E><I BFIB8B6, BEAB64AAO9 A4 @9FB84I 
>4> H<;<K9E>B=, F4> < I<@<K9E>B= 4>F<64J<< [3, 4].

#B?GK9A<9 4>F<64F4 5O?B CDB6989AB E <ECB?P;B64A<9@ >4D5BA<;4F4 <; 
�%, >4> CDBS6<6L97B A4<?GKL<9 EBD5J<BAAO9 E6B=EF64. 

!4 C9D6B@ QF4C9 �% B5D454FO64?< BDFBHBEHBDAB= ><E?BFB=, 84?99 B5D4-
5BF4AAO= �% 6OEGL<64?< 6 EGL<?PAB@ L>4HG CD< F9@C9D4FGD9 110 °% 8B 8B-
EF<:9A<S CBEFBSAAB= @4EEO CDB8G>F4 < <EC4D9A<S 6?47<. %?98G9F BF@9F<FP, 
KFB G:9 6 CDBJ9EE9 EGL>< CDB<EIB8<?4 K4EF<KA4S I<@<K9E>4S 4>F<64J<S, F4> 
>4> A45?R84?BEP B5G7?9DB:<64A<9 @4F9D<4?4. #B?GK9AAO= @4F9D<4? CB869D74-
?< >4D5BA<;4J<< 6 @GH9?PAB= C9K< 59; 8BEFGC4 ><E?BDB84 3 6 <FB79 CB?GK4?< 
4>F<64FO, >BFBDO9 CD9<@GM9EF69AAB I4D4>F9D<;GRFES >4> @<>DB < @9;BCBD<-
EFO9. "8A4>B E?98G9F BF@9F<FP, KFB A9B5IB8<@4S BF@O6>4 BEF4FBKAB= BDFB-
HBEHBDAB= ><E?BFO 7BDSK9= 6B8B= S6?S?4EP A9D4J<BA4?PAB= 6 E6S;< E 5B?PL<@ 
QA9D7B < 6B8BCBFD95?9A<9@.

#BQFB@G A4 6FBDB@ QF4C9 <EE?98B64A<= 5O?B CD<ASFB D9L9A<9 B CDB69-
89A<< C4DB74;B6B= 4>F<64J<< 6B8SAO@ C4DB@. )4D4>F9D<EF<>4 CB?GK9AAB7B 4>-
F<64F4 �% 6 ED46A9A<< E >4D5BA<;4FB@ �% CD98EF46?9A4 6 F45?<J9 1. �A4K<-
F9?PAB7B G?GKL9A<S I4D4>F9D<EF<> < 48EBD5J<BAAB= 4>F<6ABEF< EBD59AF4 CB-
E?9 4>F<64J<< 6B8SAO@ C4DB@ A9 A45?R84?<, B8A4>B BF@9K9AB ;A4K<F9?PAB9 
G69?<K9A<9 ;A4K9A<S EG@@4DAB7B B5N9@4 CBD 4>F<64F4.

&01;8F0 1
%D46A<F9?PA4S I4D4>F9D<EF<>4 CB?GK9AAOI EBD59AFB6

#4D4@9FDO

"5D4;9J

�OIB8,  �, @7/7
%G@@4DAO= 
B5N9@ CBD,
Σ, E@ /7

"5N9@ EBD5<DGRM<I CBD, 
V, c@ /7

�% >4D5BA<;4F
�% 4>F<64F

"CD989?9A<9 EG@@4DAB7B B5N9@4 CBD 8?S B5D4;J4 4>F<6<DB64AAB7B G7?S 
%�4>F (CB N ) 6OCB?AS?< 6 *9AFD9 >B??9>F<6AB7B CB?P;B64A<S $)&' <@9A< 
�. �.  9A89?9964. #B?GK9AAO= 4>F<64F �% S6?S?ES CD9<@GM9EF69AAB @<>DB < 
@9;BCBD<EFO@ EBD59AFB@ 3 C?BM48P @<>DBCBD EBEF46?S?4 190 @ /7, B5N9@ @<>-
DBCBD 3 0,076 E@ /7, FB784 >4> G >4D5BA<;4F4 �% @<>DBCBDO CB?ABEFPR BFEGF-
EF6B64?<. %D98A<= 48EBD5J<BAAO= 8<4@9FD CBD 4>F<64F4 EBEF46?S? 2,1 A@. 

"J9A>G QHH9>F<6ABEF< CB?GK9AAOI EBD59AFB6 8?S BK<EF>< CDB@OL?9A-
AOI EFBKAOI 6B8 CDB6B8<?< A4 EFBKAOI 6B84I CB?<7D4H<K9E>B7B < A9HF9I<@<-
K9E>B7B CDB<;6B8EF64, EB89D:4M<I BD74A<K9E><9 ;47DS;ASRM<9 69M9EF64. 1>E-
C9D<@9AFO CDB6B8<?< 6 EF4F<K9E><I GE?B6<SI 6 F9K9A<9 1 A989?<. 1HH9>F<6-
ABEFP BK<EF>< BJ9A<64?< CB CB>4;4F9?R )#�. #B?GK9AAO9 D9;G?PF4FO CD98-
EF46?9AO 6 F45?<J9 2.



&01;8F0 2
1HH9>F<6ABEFP BK<EF>< EFBKAOI 6B8 CB?GK9AAO@< EBD59AF4@<

"5D4;9J
%F9C9AP BK<EF><, %

%FBKA4S 6B84 
CB?<7D4H<K9E>B7B CDB<;6B8EF64

%FBKA4S 6B84 
A9HF9I<@<K9E>B7B CDB<;6B8EF64

�% 4>F<64F
�% >4D5BA<;4F
��' �

&4><@ B5D4;B@ 8B>4;4A4 6OEB>4S QHH9>F<6ABEFP 4>F<6<DB64AAB7B G7?S 
%�4>F, EBCBEF46<@4S E QHH9>F<6ABEFPR 4>F<6<DB64AAB7B G7?S ��' � CD< 
BK<EF>9 EFBKAOI 6B8, EB89D:4M<I BD74A<K9E><9 ;47DS;A9A<S. 

#B<E> >BA>GD9AFABECBEB5AOI EBD59AFB6 <; G7?9DB8EB89D:4M<I BFIB8B6 
S6?S9FES 4?PF9DA4F<6AB= CD<@9A9A<S CD<DB8AOI @4F9D<4?B6. !4<5B?99 C9D-
EC9>F<6AO@ A4CD46?9A<9@ S6?S9FES CDB<;6B8EF6B EBD59AFB6 A4 BEAB69 D4EF<-
F9?PAOI BEF4F>B6 < 47DBCDB@OL?9AAOI BFIB8B6.

�<5?<B7D4H<K9E><= EC<EB> 
1. �B5O?96 %. !. «�9?9A4S» Q>BAB@<>4: AB6O9 CDB5?9@O HBD@<DB64A<S // �AEF<FGFO 

@9EFAB= 89@B>D4F<< 6 GCD46?9A<< Q>B?B7<K9E>< GEFB=K<6O@ D4;6<F<9@ ?B>4?PAOI F9DD<FB-
D<= : @4F9D<4?O II �E9DBE A4GK CD4>F >BAH E @9:8GA4D. GK4EF<9@. �D4EAB84D : �G54AE><= 
7BE. GA F, 2021. %. 233

2. �4;4D964 �.  ., �DBL964 %. �., &<IBAB64 �. ". #9DEC9>F<6O CB?GK9A<S >4D5BA<;4-
FB6 <; >DGCABFBAA4:AOI BD74A<K9E><I BFIB8B6 // 'EC9I< 6 I<@<< < I<@<K9E>B= F9IAB?B7<< 
: E5. A4GK. FDG8B6.  . : $)&' <@9A< �. �.  9A89?9964, 2023. &. 37. %. 983

3.  9M9DS>B6 %. �., �D9@<A �. %., �4=J964 �. �. $4J<BA4?PAB9 <ECB?P;B64A<9 BFIB8B6 
E9?PE>B7B IB;S=EF64 E CB?GK9A<9@ A4 <I BEAB69 EBD5<DGRM<I @4F9D<4?B6 // �4M<F4 B>DG:4-
RM9= ED98O 6 A9HF974;B6B@ >B@C?9>E9. 2021. № 4 (301). %. 113

4.  B8<H<J<DB64AAO9 D4EF<F9?PAO9 EBD59AFO 8?S BK<EF>< 6B8O BF A9HFSAOI ;47DS;-
A9A<= / �.  . �589?P �48<D, �. ". �DSI?B6, �. �. 374H4DB64 < 8D. // �4L><DE><= I<@<K9E><= 
:GDA4?. 2019. &. 26 № 2. %. 753

%&$'�&'$!/� "%"��!!"%&� %"$��!&�, #"�'+�!!"�"
�� "&)"�� #$"���"�%&�� %"�"��

�. �.  OBP:>, �. �. (815:0
�5;>@CAA:89 3>AC40@AB25==O9 B5E=>;>38G5A:89 C=825@A8B5B,

� D45BF9 CD98EF46?9AO D9;G?PF4FO <EE?98B64A<S EFDG>FGDAOI BEB59AAB-
EF9= CO?< ;9DAB6B=, CD<@9AS9@B= 6 >4K9EF69 EBD59AF4 8?S BK<EF>< EFBKAOI 6B8 
BF <BAB6 @98< < J<A>4. 'EF4AB6?9AB, KFB 6B 6;4<@B89=EF6<< EBD59AF4 E <BA4@<
FS:9?OI @9F4??B6 CD<A<@4RF GK4EF<9 7<8DB>E<?PAO9, >4D5B>E<?PAO9 < @9F<-
?9AB6O9 7DGCCO BFIB84. 

�?RK96O9 E?B64: EBD59AF, BK<EF>4, CO?P ;9DAB64S, EFBKAO9 6B8O, @98P, 
J<A>, EBD5J<S, �� EC9>FDBE>BC<S, J9??R?B;4.



�9SF9?PABEFP @AB7<I CDB@OL?9AAOI CD98CD<SF<= K4EFB CD<6B8<F > ;4-
7DS;A9A<R B>DG:4RM9= ED98O EFBKAO@< 6B84@<, EB89D:4M<@< 6 E6B9@ EBEF4-
69 <BAO FS:9?OI @9F4??B6. "A< B>4;O64RF A974F<6AB9 6B;89=EF6<9 A4 EBEFBS-
A<9 5<BEH9DO < ;8BDB6P9 K9?B69>4.

"C4EAO9 EB98<A9A<S FS:9?OI @9F4??B6 EB89D:4FES 6 EFBKAOI 6B84I D4;-
?<KAOI CDB<;6B8EF6: 74?P64A<K9E><I J9IB6, CD98CD<SF<= @4L<ABEFDB9A<S < 
@9F4??BB5D45BF><, DG8AB7B < L4IFAB7B CDB<;6B8EF64, KёDAB= < J69FAB= @9F4?-
?GD7<<, I<@<K9E>B= < A9HF9I<@<K9E>B= CDB@OL?9AABEF< < 8DG7<I BFD4E?9= 
CDB@OL?9AABEF<.

&S:9?O9 @9F4??O B5?484RF ECBEB5ABEFPR > 5<B4>>G@G?SJ<< < >BAJ9A-
FD<DB64A<R CD< 86<:9A<< CB FDBH<K9E>B= J9C<, KFB CD<6B8<F > A4DGL9A<R 
HGA>J<BA<DB64A<S E<EF9@ BD74AB6. "A< B5D4;GRF CDBKAO9 E6S;< E >B@CBA9A-
F4@< >?9FBKAOI EFDG>FGD, KFB B5GE?46?<649F E?B:ABEFP G84?9A<S QF<I EB98<-
A9A<= <; BD74A<;@4. #BQFB@G A9B5IB8<@B B59EC9K<FP CD4>F<K9E>< CB?AB9 G84-
?9A<S FS:9?OI @9F4??B6 <; EFBKAOI 6B8. �ECB?P;GS ?<LP FD48<J<BAAO9 @9FB-
8O BK<EF><, QFB7B E?B:AB 8BEF<KP.

!4<5B?99 D4ECDBEFD4A9AAO@< ECBEB54@< BK<EF>< EFBKAOI 6B8 BF <BAB6 
FS:9?OI @9F4??B6 S6?SRFES EBD5J<BAAO9 < <BABB5@9AAO9 @9FB8O. � E6S;< E 
QF<@ 6B;D4EF49F A9B5IB8<@BEFP CB?GK9A<S 5B?99 89Lё6OI EBD59AFB6 E G?GK-
L9AAO@< H<;<>B I<@<K9E><@< < Q>EC?G4F4J<BAAO@< I4D4>F9D<EF<>4@<. 
� BEAB6AB@, EBD59AFO, <ECB?P;G9@O9 6 CDB@OL?9AABEF<, D4;D454FO64RFES A4 
BEAB69 4>F<6AOI G7?9=. &4>:9 <AF9D9E CD98EF46?SRF EBD59AFO A4 BEAB69 6FB-
D<KAOI @4F9D<4?PAOI D9EGDEB6. &4><9 @4F9D<4?O @B7GF D9L<FP CB@<@B CDB-
5?9@O BK<EF>< 6B8O < 8DG7GR ;484KG, 4 <@9AAB, <ECB?P;B64A<9 BFIB8B6.

� CBE?98A99 6D9@S 6 >4K9EF69 EBD59AFB6 8?S BK<EF>< EFBKAOI 6B8 BF 
<BAB6 FS:9?OI @9F4??B6 D4EE@4FD<64RF J9??R?B;BEB89D:4M<9 @4F9D<4?O. 
� A<@ BFABESFES 3 8D969EAO9 BFIB8O, CO?P ;9DAB64S, L9?GI4, L<L><, BC<?><, 
EF95?< D4;?<KAOI D4EF9A<=, >BD4 ?<EF69AAOI < I6B=AOI CBDB8 89D96P96, 
FDBEFA<> < 8D.

% CB@BMPR �� EC9>FDBE>BC<< 8B>4;4AB [1], KFB 6 EBEF469 84AAOI EBD-
59AFB6 CD<EGFEF6GRF HGA>J<BA4?PAO9 7DGCCO, >BFBDO9 ECBEB5AO E6S;O64FPES 
E <BA4@< @9F4??B6. �EE?98B64A<S EFDG>FGDO J9??R?B;BEB89D:4M<I @4F9D<4-
?B6, CB8F69D8<?< A4?<K<9 >4D5B>E<?PAOI 7DGCC 6 EBD59AF9. #B7?BM9A<9 <BAB6 
@9F4??B6, Q>6<64?9AFAB9 EB89D:4A<R >4D5B>E<?PAOI 7DGCC 6 J9??R?B;9, CB;-
6B?S9F CD98CB?B:<FP, KFB >4F<BAO @9F4??B6 6;4<@B89=EF6GRF CD9<@GM9EF69A-
AB E 7DGCC4@< %""! J9??R?B;O CB D94>J<< <BAAB7B B5@9A4. � D45BF9 CDB69-
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AB= ?P6<A><.



&01;8F0 
�BA69DE<S >BD@4 ?<K<A>4@< A4E9>B@B7B 

№ %G5EFD4F  4EE4 ?<K<AB> 
A4 3 EGF><, 7

 4EE4 ?<K<AB> 
A4 8 EGF><, 7

#D<DBEF 
5<B@4EEO, 7

�BA69DE<S 
EG5EFD4F4, %

�B@5<>BD@ 
(>BAFDB?P) 183,6±15,5 344,5±29,3

#<M96O9 BFIB8O 
(@SEAO9) 176,9±15,6 350,6±30,9

$4EF<F9?PAO9 
BFIB8O 178,5±15,1 369,8±32,1

#<M96O9 BFIB8O 
(I?95AO9) 182,8±15,7 404,9±35,5

"FIB8O 
:<6BFAB6B8EF64 0±16,2 333,8±27,5

&4><@ B5D4;B@, @B:AB E89?4FP 6O6B8 B FB@, KFB ?<K<A>< A4E9>B@B7B 
S6?SRFES C9DEC9>F<6AO@ B5N9>FB@ 6 5<BF9IAB?B7<K9E><I <E-

E?98B64A<SI, F4> >4> BA< ECBEB5AO GF<?<;<DB64FP D4;?<KAO9 BD74A<K9E><9 BF-
IB8O < 4>F<6AB A4D454FO64FP 5<B@4EEG.

�<5?<B7D4H<K9E><= EC<EB>
1.  4EE9DB6 �. �., �GEFB6  . �.  <DB6O9 8BEF<:9A<S 64?BD<;4J<< BD74A<K9E><I BF-

IB8B6 8?S Q>B?B7<K9E>< GEFB=K<6B7B D4;6<F<S F9DD<FBD<=. DOI: 10.15862/06ECOR221 // "F-
IB8O < D9EGDEO. �AF9DA9F :GDA4?. 2021. № 2. [1?9>FDBAAO= D9EGDE]. 3

(84F4 B5D4M9A<S: 10.10.2024). 
2. !B6BEFAB= E4=F $�� : BH<J<4?PAO= E4=F. [1?9>FDBAAO= D9EGDE]. 3

https://www.rbc.ru/ (84F4 B5D4M9A<S: 11.10.2024).
3. #?4FHBD@4 *9AFD EBJ<4?PAB7B CDB9>F<DB64A<S : BH<J<4?PAO= E4=F. [1?9>FDBAAO= 

D9EGDE]. 3 URL: https://pltf.ru/ (84F4 B5D4M9A<S: 09.10.2024).
4. �4=E@4A 3. �., #9FDB6 �. 2., %9D984 &. �. (4>FBDO, 6?<SRM<9 A4 B5N9@ B5D4;GR-

M97BES H<?PFD4F4 CB?<7BAB6 ;4IBDBA9A<S (89CBA<DB64A<S) F69D8OI 5OFB6OI BFIB8B6 // 
#DB5?9@O BID4AO B>DG:4RM9= ED98O A4 GD54A<;<DB64AAOI F9DD<FBD<SI : @4F9D<4?O @9:-
8GA4D. >BAH. EFG89AFB6 < @B?B8OI GK9AOI. #9D@P, 1996. %. 263

5. #B8?<CE><= �. �. 1>B?B7B-79B?B7<K9E>4S I4D4>F9D<EF<>4 CB?<7BAB6 5OFB6OI BF-
IB8B6 < D4;D45BF>4 D9>B@9A84J<= CB D4J<BA4?PAB@G CD<DB8BCB?P;B64A<R : EC9J. 25.00.36 : 
8<E. & >4A8. 79B?B7B-@<A9D4?B7<K9E><I A4G>. %#5., 2010. 204 E.

ä
ö #DB5?9-

@O A4GKAB= @OE?< 2021. &. 7, № 4. %. 233

https://resources.today/PDF/06ECOR221.pdf


#"�'+�!�� ����"�"�" �"!*�!&$�&� � ��#��"�
�� ��+�!"� !�%��" "�" +�$!�3 �0��!��

�. �. #5AF>2, ". �. #@>:C48=0, �. �. &@5BPO:>20, �. %.  O3:>20
&C;PA:89 3>AC40@AB25==O9 ?5403>38G5A:89 C=825@A8B5B

8<5=8 �. !. &>;AB>3>, georgypestsov@gmail.com

� D45BF9 CD98EF46?9A4 <AHBD@4J<S B CB?GK9A<< 59?>B6B7B >BAJ9AFD4F4 < 
:<D4 <; ?<K<AB> A4E9>B@B7B , >BFBDO9 5O?< CD9864D<F9?PAB 
6OD4M9AO A4 EG5EFD4F4I, EBEFBSM<I <; D4;?<KAOI BD74A<K9E><I BFIB8B6. �O?B 
GEF4AB6?9AB, KFB A4 EG5EFD4F4I 5B74FOI G7?96B84@< @B:AB CB?GK4FP 5B?PLB9 
>B?<K9EF6B ?<C<8B6 K9DAB= ?P6<A><, 4 A4 EG5EFD4F4I E 6OEB><@ EB89D:4A<9@ 
59?>4, CBE?9 Q>EFD4>J<< @B:AB CB?GK<FP 5B?PLB9 >B?<K9EF6B 59?>B6B7B >BA-
J9AFD4F4. 

�?RK96O9 E?B64: 59?>B6O= >BAJ9AFD4F, 6OEGL9AAO9 ?<K<A><, 
, ?<C<8O, BD74A<K9E><9 BFIB8O, C9D9D45BF>4.

!4 E97B8ASLA<= 89AP 6 5<BF9IAB?B7<K9E><I <EE?98B64A<SI B8A<@< <; 
A4<5B?99 C9DEC9>F<6AOI B5N9>FB6 S6?SRFES A4E9>B@O9. �I CD9<@GM9EF6B EB-
EFB<F 6 FB@, KFB BA< 5OEFDB D4;@AB:4RFES, D4EFGF < A4D4M<64RF E6BR 5<B@4E-
EG. &4>:9 A9>BFBDO9 6<8O A4E9>B@OI CB884RFES >G?PF<6<DB64A<R 6 <E>GE-
EF69AAOI GE?B6<SI. % CB@BMPR A4E9>B@OI 6B;@B:AB D4;D45BF4FP F9IAB?B7<<
Q>B?B7<KAB= GF<?<;4J<< D4;?<KAOI BD74A<K9E><I BFIB8B6 < 6 D9;G?PF4F9 CB?G-
K4FP CB?9;AO9 CDB8G>FO. 

"8A<@ <; C9DEC9>F<6AOI 6<8B6 8?S GF<?<;4J<< BD74A<K9E><I BFIB8B6 
S6?S9FES A4E9>B@B9 (K9DA4S ?P6<A>4). 1FB FDBC<K9E>B9 A4E9-
>B@B9, 9EF9EF69AAO= 4D94? B5<F4A<S >BFBDB7B D4ECDBEFD4AS9FES BF %969DAB= < 
2:AB= �@9D<>< 8B 2:AB= �;<<. !4E9>B@B9 @B:9F 4>F<6AB 
D4;6<64FPES FB?P>B CD< 8BEF4FBKAB 6OEB><I F9@C9D4FGD4I (283 °C) < CB6O-
L9AAB= 6?4:ABEF< (7 390%). %4@>< <@47B BF>?48O64RF S=J4, <; >BFBDOI ;4F9@ 
6O?GC?SRFES ?<K<A>< [1]. �<K<A>< K9DAB= ?P6<A>< ECBEB5AO C<F4FPES BD74-
A<K9E><@< BFIB84@< L<DB>B7B EC9>FD4 [2]. � D9;G?PF4F9 89=EF6<S H9D@9AFAB= 
E<EF9@O ?<K<AB> BFIB8O CD96D4M4RFES 6 ;BB7G@GE E 6OEB><@ EB89D:4A<9@ 
4;BF4, HBEHBD4, 7G@<AB6OI ><E?BF < @<>DBQ?9@9AFB6 [3]. �<B@4EE4 :<6OI ?<-
K<AB> EB89D:<F 6 E6B9@ EBEF469 5B?PLB9 >B?<K9EF6B CDBF9<AB6 < @B:9F <E-
CB?P;B64FPES 6 >4K9EF69 >BD@4 8?S 4>64>G?PFGDO < CF<JO, 4 CBE?9 6OEGL<64A<S 
<; A<I 89?4RF >BD@4 8?S E9?PE>BIB;S=EF69AAOI < 8B@4LA<I :<6BFAOI. �<BI<-
@<K9E><= EBEF46 EGL9AOI ?<K<AB> @B:9F 64DP<DB64FPES. "A ;46<E<F BF EBEF464 
>BD@4, @9FB84 EGL><, 6A9LA<I H4>FBDB6 < 8DG7<I C4D4@9FDB6, AB K4M9 6E97B 
BA EBEF46?S9F 35,5348,3% 59?>4, 20,6345,5% :<D4, I<F<A4 537%. � K<E?G 64:-
AOI EB98<A9A<= BFABESFES: EODB= CDBF9<A (42%), ?<C<8O (35%), EOD4S >?9F-
K4F>4 (7%), E6B5B8AO= Q>EFD4>F 4;BF4 (1,4%), ;B?4 (14,6%), >4?PJ<= (5,0%), 
HBEHBD (1,5%), :9?9;B (1,0%) [4].



#B@<@B QFB7B, <; 6OEGL9AAOI ?<K<AB> A4E9>B@B7B 
@B:AB CB?GK4FP 59?>B6O= >BAJ9AFD4F < :<D CGF9@ Q>EFD4>J<< 6 @4E?BCD9EE9. 
�9?>B6O= >BAJ9AFD4F, CB?GK9AAO= <; EGL9AOI ?<K<AB> A4E9>B@B7B 

, CD98EF46?S9F EB5B= CDB8G>F, EB89D:4M<= 6OEB>B9 >B?<K9EF6B 59?>4 < 
8DG7<I C<F4F9?PAOI 69M9EF6. #DBJ9EE CB?GK9A<S >BAJ9AFD4F4 A4K<A49FES E 
6OD4M<64A<S ?<K<AB> A4 >BD@9, >BFBDO= EB89D:<F 6E9 A9B5IB8<@O9 C<F4F9?P-
AO9 69M9EF64 8?S <I DBEF4 < D4;6<F<S. &4> :9 CDBJ9EE CB?GK9A<9 59?>B6B7B 
>BAJ9AFD4F4 ;46<E<F BF F<C4 >BD@4, A4 >BFBDB@ D4EFGF ?<K<A><, BA @B:9F CD<-
@9ASFPES 6 >4K9EF69 8B546>< > D4J<BAG E9?PE>BIB;S=EF69AAOI :<6BFAOI <?< 
8?S CDB<;6B8EF64 >B@5<>BD@4. �E?< BK<EF<FP 59?>B6O= >BAJ9AFD4F BF I<F<A4 < 
C9D9@B?BFP 6 @G>G, FB CB?GK49FES BEAB64 8?S <;7BFB6?9A<S ECBDF<6AB7B C<F4-
A<S. �<D, >BFBDO= B5D4;G9FES 6 D9;G?PF4F9 Q>EFD4>J<< 6OEGL9AAOI ?<K<AB> 
F4>:9 S6?S9FES CB?9;AO@ CDB8G>FB@. �<BI<@<K9E><= EBEF46 :<D4 

I4D4>F9D<;G9FES 6OEB><@ EB89D:4A<9@ ?4GD<AB6B= :<DAB= ><E?BFO, 
>BFBD4S B5?4849F 54>F9D<J<8AO@< E6B=EF64@<, F4>:9 BA EB89D:<F @BAB?4GD<A, 
>BFBDO= B5?4849F 4AF<54>F9D<4?PAB=, CDBF<6B6<DGEAB= < CDBF<6B7D<5>B6B= 
4>F<6ABEFPR. #BQFB@G :<D ?<K<AB> K9DAB= ?P6<A>< S6?S9FES C9DEC9>F<6AO@ 
EODP9@ 8?S >BE@9F<K9E>B= < H4D@4J96F<K9E>B= CDB@OL?9AABEF9= 

!4GKAB <EE?98B64F9?PE>4S D45BF4 CDB6B8<?4EP 6 @<>DB5<B?B7<K9E>B= 
?45BD4FBD<< *9AFD4 F9IAB?B7<K9E>B7B CD96BEIB8EF64 «#9D98B6O9 I<@<K9E><9 
< 5<BF9IAB?B7<<», ?45BD4FBD<SI >4H98DO 5<B?B7<< < F9IAB?B7<= :<6OI E<-
EF9@, H4>G?PF9F4 9EF9EF69AAOI A4G> &G?PE>B7B 7BEG84DEF69AAB7B C9847B7<K9-
E>B7B GA<69DE<F9F4 <@9A< �. !. &B?EFB7B < <AE9>F4D<< """ «�P6<A>4». � >4-
K9EF69 EG5EFD4FB6 8?S 6OD4M<64A<S ?<K<AB> <ECB?P;B64?< >B@5<>BD@ (>BA-
FDB?P), @SEAO9 BFIB8O, DO5AO9 BFIB8O, I?95AO9 BFIB8O, D4EF<F9?PAO9 BFIB8O 
< BFIB8O :<6BFAB6B8EF64 (H9D@9AF<DB64AAO= A46B; �$%).

�?S 6OEGL<64A<S ?<K<AB> K9DAB= ?P6<A>< <ECB?P;B64?< EGL<?PAO= 
L>4H (,% 01 %#'). �?S Q>EFD4>J<< 6OEGL9AAOI ?<K<AB> <ECB?P;B64?< 
@4E?BCD9EE (Ravmid modern RMO 03). �<K<AB> EGL<?< CD< F9@C9D4FGD9 100 °C 
A4 CDBFS:9A<< 24 K, ;4F9@ CB@9M4?< 6 @4E?BCD9EE CB 400 7 ?<K<AB> 6 >4:8B= 
CDB59, @4E?BCD9EE D4;89?S? 5<B@4EEG A4 59?>B6O= >BAJ9AFD4F < :<D >BFBDO9 
6;69L<64?<, 4 84AAO9 EF4F<EF<K9E>< B5D454FO64?<. $9;G?PF4FO CD98EF46?9AO 6 
F45?<J9.

� D9;G?PF4F9 CDB6989AAB= D45BFO 5O?B GEF4AB6?9AB, KFB CD< <ECB?P;B64-
A<< @SEAOI BFIB8B6 < DO5AOI BFIB8B6 EBBFABL9A<9 59?>4 < :<D4 6 6OEGL9A-
AOI ?<K<A>4I 5O?B CD4>F<K9E>< B8<A4>B6O@ < EBEF46<?B 70% 59?>B6B7B >BA-
J9AFD4F4 < 28% :<D4 CBE?9 C9D9D45BF>< @SEAOI BFIB8B6 < 68% 59?>4 < 31% 
:<D4 A4 DO5AOI BFIB84I. %BBFABL9A<9 59?>4 < :<D4 CD< <ECB?P;B64A<< I?95-
AOI BFIB8B6 5O?B 32% > 62%, 4 CD< <ECB?P;B64A<< D4EF<F9?PAOI BFIB8B6 44% 
> 55%. � E6S;< E CB?GK9AAO@< D9;G?PF4F4@< @B:AB E89?4FP 6O6B8 B FB@, KFB 5<B-
I<@<K9E><= EBEF46 EG5EFD4FB6 6?<S9F A4 EB89D:4A<9 59?>4 < :<D4 6 ?<K<A>4I. 
%G5EFD4FO, 6 >BFBDOI CD9B5?4849F 59?B> CB8IB8SF 8?S A4D45BF>< 59?>B6B7B >BA-
J9AFD4F4, 4 EG5EFD4FO 5B74FO9 G7?96B84@< CB8IB8SF 8?S A4D45BF>< ?<C<8B6. 



&01;8F0 
�;GK9A<9 6?<SA<S EBEF464 >BD@4 A4 EB89D:4A<9 59?>4 < :<D4
6 ?<K<A>4I A4E9>B@B7B CD< >G?PF<6<DB64A<<

A4 D4;?<KAOI EG5EFD4F4I 
№ �4D<4AF >BD@4 �B?<K9EF6B 59?>4, 

7 �B?<K9EF6B :<D4, 7 59?B>, :<D, 

�B@5<>BD@ (>BAFDB?P) 251,4±25,8 150,2±13,9
 SEAO9 BFIB8O 283,4±32,7 115,8±12,5
$O5AO9 BFIB8O 273,2±28,7 127,4±14,0
)?95AO9 BFIB8O 128,9±13,2 248,8±
$4EF<F9?PAO9 BFIB8O 176,9±16,5 220,4±21,7
"FIB8O :<6BFAB6B8EF64 243,8±22,1 129,6±11,7

&4><@ B5D4;B@, A4E9>B@B9 K9DA4S ?P6<A>4 S6?S9FES GA<>4?PAO@ 5<B?B-
7<K9E><@ B5N9>FB@. % CB@BMPR QFB7B 6<84 @B:AB A9 FB?P>B GF<?<;<DB64FP 
D4;?<KAO9 BD74A<K9E><9 BFIB8O, AB < CB?GK4FP CB?9;AO9 CDB8G>FO, >BFBDO9 
<@9RF C9DEC9>F<6G > >B@@9DJ<4?<;4J<<. 

�<5?<B7D4H<K9E><= EC<EB>
1. �84CF4J<S < C9DEC9>F<6O D4;6989A<S @GI< +9DA4S ?P6<A>4 ( ) 6 

J<D>G@CB?SDAB@ D97<BA9 / �.  . �AFBAB6, E. Lutovinovas, �. �. �64AB6, !. ". #4EFGIB64. 
DOI: 10.15393/ j1.art.2017.6302 // #D<AJ<CO Q>B?B7<<. 2017. &. 6, № 3. %. 43

2. �ECB?P;B64A<9 C<M96OI BFIB8B6 8?S 6OD4M<64A<S ?<K<AB> @GI< 
(>D4F><= B5;BD ;4DG59:AB= ?<F9D4FGDO) / �. �. ,4=I<96, %. �. %69D7G;B64, �. �. %4CDBAB64, 
�. %. �AFRH9964 // 1>BAB@<>4 EFDB<F9?PEF64 < CD<DB8BCB?P;B64A<S. 2020. № 4 (77). %. 173

3. �4LFB69A>B �. �., �BE>GFB6 %. �., $S5GI<A �. %. 1HH9>F<6ABEFP CD<@9A9A<S 5<B-
7G@GE4 ?<K<AB> @GI< K9DA4S ?P6<A>4 ( ) CD< CDBD4EF4A<< E9@SA ;9DAB5B5B-
6OI >G?PFGD. DOI: https://doi.org/10.31857/S0002188123100046 // �7DBI<@<S. 2023. № 10. 
%. 3

4. 'L4>B64 !. �., !9>D4EB6 $. �. #9DEC9>F<6O <ECB?P;B64A<S A4E9>B@OI 6 >BD@?9A<< 
E9?PE>BIB;S=EF69AAOI :<6BFAOI. �<BF9IAB?B7<S: EBEFBSA<9 < C9DEC9>F<6O D4;6<F<S // 1>E-
CB 5<BI<@ F9IAB?B7<< : @4F9D<4?O VIII  BE>B6E>B7B @9:8GA4DB8AB7B >BA7D9EE4 ��".  .
$)&' <@9A< �. �.  9A89?9964, 2015. C. 1473

5. "EB59AABEF< ?<C<8AB= HD4>J<< ?<K<AB> +9DAB= ?P6<A>< 
!. �. 'L4>B64, �. %. �DB8E><=, �. �. �B64?9A>B < 8D. // �B>?. $�!. 2016. &. 468, № 4. %. 4623
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�. �. �POG:>2, �.  . $C18=, �. �. �>;5A=8:>2
$>AA89A:89 E8<8:> B5E=>;>38G5A:89 C=825@A8B5B 8<5=8 �. �.  5=45;5520, 

� D45BF9 CD98EF46?9A B5;BD A4<5B?99 C9DEC9>F<6AOI F9IAB?B7<= BK<EF>< 
:<8><I BFIB8B6, EB89D:4M<I 6OEB><9 >BAJ9AFD4J<< E9DAB= ><E?BFO E J9?PR 
<I 84?PA9=L9= C9D9D45BF><. "5B;A4K9AO BEAB6AO9 F<CO BFIB8B6, ;47DS;A<F9?< 
< @9FB8O BK<EF><. 

�?RK96O9 E?B64: E9DAB><E?O9 BFIB8O, BK<EF>4, GF<?<;4J<S.

%9DA4S ><E?BF4 S6?S9FES F<CB6O@ 69M9EF6B@, >BFBDB9 CD<@9AS9FES 6B 
@AB7<I EB6D9@9AAOI F9IAB?B7<K9E><I CDBJ9EE4I [133]. %9DA4S ><E?BF4 F4>:9 
L<DB>B D4ECDBEFD4A9A4 >4> 6ECB@B74F9?PAO= D9479AF 6 CDBJ9EE4I 6B8BBK<EF><, 
S6?S9FES BEAB6B= @AB7<I Q?9>FDB?<FB6 74?P64A<K9E><I CDB<;6B8EF6 < 4>>G@G-
?SFBDB6 [4, 5]. &4>B9 L<DB>B9 D4ECDBEFD4A9A<9 CD<6B8<F > B5D4;B64A<R 5B?P-
L<I B5N9@B6 D4;?<KAOI BFIB8B6; A9>BFBDO9 <; BFIB8B6, EB89D:4M<9 E9DAGR 
><E?BFG, CD98EF46?9AO 6 F45?<J9.

!4<5B?PL<= <AF9D9E > GF<?<;4J<< CD98EF46?SRF EB5B= BFIB8O E 6OEB-
><@ EB89D:4A<9@ E9DAB= ><E?BFO 59; EGM9EF69AAOI CD<@9E9=, B8A4>B CD< 
8B?:AB= CD9864D<F9?PAB= CB87BFB6>9 EF4A9F 6B;@B:A4 C9D9D45BF>4 < @9A99 
C9DEC9>F<6AOI BFIB8B6. "8AB= <; C9DEC9>F<6AOI F9IAB?B7<= GF<?<;4J<< E9D-
AB= ><E?BFO @B:9F 5OFP Q?9>FDB?<; E CB?GK9A<9@ C9DB>EB8<E9DAB= ><E?BFO, 
>BFBD4S @B:9F 5OFP <ECB?P;B64A4 A4 @9EF9 >4> 6OEB>BQHH9>F<6AO= D9479AF 
8?S 6B8BBK<EF>< [7]. �9 FD4AECBDF<DB6>4 A9D9AF459?PA4 66<8G A9GEFB=K<6BEF<. 
&4>:9 <; C9DB>EB8<E9DAB= ><E?BFO 6B;@B:AB CB?GK4FP D4EF6BDO C9DB>E<84 
6B8BDB84 D4;?<KAB= >BAJ9AFD4J<<, >BFBDO9 A4IB8SF 5B?99 L<DB>B9 CD<@9-
A9A<9.

"8A4>B CDBJ9EEO GF<?<;4J<< FD95GRF CD9864D<F9?PAB= CB87BFB6>< BF-
IB84, BK<EF>G BF @9I4A<K9E><I CD<@9E9=, <BAB6 @9F4??B6, BD74A<K9E><I >B@-
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5) A<;>BF9@C9D4FGDA4S B5D45BF>4 :<8><@ 4;BFB@; 6) ><CSK9A<9; 7) EGL>4

$<E. 2. "5D4;9J >4FB84 CBE?9 F9D@<K9E>B= B5D45BF><

$<E. 3. 1F4CO CDBJ9EE4 6OM9?4K<64A<S : 4) <EIB8AO= D4EF6BD;
5) >BA9KAO= D4EF6BD; 6) H<?PFD4F; 7) BE48B> G7?9DB8AB7B @4F9D<4?4



$4;89?9A<9 :9?9;4 < ?<F<S CBE?9 ><E?BFAB7B 6OM9?4K<64A<S CDB6B8<?< 
CGF9@ BE4:89A<S HBEH4F4 :9?9;4 ( ) HBEHBDAB= ><E?BFB= CD< D! = 2,5 (>BA-
FDB?<DB64?< 8B546?9A<9@ 6B8AB7B D4EF6BD4 4@@<4>4) 6 CD<EGFEF6<< C9D9><E< 
6B8BDB84. �?S <AF9AE<H<>4J<< CDBJ9EE4 6 D4EF6BD BE4:89A<S 5O?< 8B546?9AO 
;4FD46BKAO9 >D<EF4??O FePO . #B?GK9AAGR EGEC9A;<R 6O89D:<64?< 6 F9K9A<9 
36 K 8?S DBEF4 >D<EF4??B6 FePO , ;4F9@ BE48B> BFH<?PFDB64?<, FM4F9?PAB CDB-
@O?< < 84?99 EGL<?< CD< F9@C9D4FGD9 105 °C. %G@@4DA4S EF9C9AP <;6?9K9A<S 
:9?9;4 <; >4FB8AB7B @4F9D<4?4 EBEF46<?4 86%.

� CB?GK9AAB@G CBE?9 BE4:89A<S HBEH4F4 :9?9;4 H<?PFD4FG, CD9864D<-
F9?PAB E>BAJ9AFD<DB64AAB@G, 8B546?S?< 7BDSK<= A4EOM9AAO= D4EF6BD Na
� D9;G?PF4F9 QFB7B CDB<EIB8<?B BE4:89A<9 >4D5BA4F4 ?<F<S, >BFBDO= 6CBE?98-
EF6<< BFH<?PFDB6O64?<, A9E>B?P>B D4; CDB@O64?< ><CSM9= 89<BA<;<DB64AAB= 
6B8B=, EGL<?< CD< 105 °C 6 F9K9A<9 12 K. %G@@4DA4S EF9C9AP <;6?9K9A<S ?<F<S 
<; >4FB8AB7B @4F9D<4?4 EBEF46<?4 83%.

� D9;G?PF4F9 CDB6989AAB7B <EE?98B64A<S 5O?4 CB>4;4A4 CD<AJ<C<4?PA4S 
6B;@B:ABEFP 6O89?9A<S J9AAOI >B@CBA9AFB6 <; BFD45BF4AAOI ��� A4 BEAB69 
?<F<= :9?9;B HBEH4F4. �O5D4AAO9 @9FB8O E9C4D4J<< J9?96OI CDB8G>FB6 CB;-
6B?SRF 6O89?<FP CBDS8>4 86% :9?9;4 6 6<89 HBEH4F4 < 83% ?<F<S 6 6<89 >4D-
5BA4F4. � 84?PA9=L9@ QF< >B@CBA9AFO @B7GF 5OFP <ECB?P;B64AO 8?S D9E<AF9;4 
:9?9;BHBEH4F4 ?<F<S.

�<5?<B7D4H<K9E><= EC<EB>
1. �D9A>B6 �. �., �64AB64 �. �., �9D95K<>B64 #. �. �A4?<F<K9E><= B5;BD DOA>4 CDB-

<;6B8<F9?9= ?<F<= <BAAOI 4>>G@G?SFBDB6 // 1>BAB@<>4, CD98CD<A<@4F9?PEF6B < CD46B. 
2023. № 12. % 3

3

%�#�$�*�3 "&$��"&�!!/) ��&�� �"!!/)
���' '�3&"$"� 1���&$"!!/) %���$�&

%. %.  07C=8= , �. �. �>?0@52 , %. �. �52OB5@8:>20 , �. ". �0<0;>2 
%0=:B #5B5@1C@3A:89 3>AC40@AB25==O9 C=825@A8B5B, 

�SBA:89 3>AC40@AB25==O9 C=825@A8B5B

� EF4FP9 CD98EF46?9A BCOF D4;89?9A<S A4 >B@CBA9AFO BFD45BF4AAOI ?<-
F<= <BAAOI 4>>G@G?SFBDB6 Q?9>FDBAAOI E<74D9F. �O89?9AO EBEF46?SRM<9 >4-
FB84 (?<F<= 6 EBEF469 HBEH4F4 ?<F<S < 4?R@<A<= 6 EBEF469 4?R@<A4F4 A4FD<S 
<?< 7<8DB>E<84 4?R@<A<S), 4 F4>:9 4AB84 (7D4H<F >4> <A8<6<8G4?PAO= >B@CB-
A9AF < @98P 6 EBEF469 7<8DB>E<84 @98<). $4;D45BF4A4 F9IAB?B7<K9E>4S EI9@4.
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�?RK96O9 E?B64: Q?9>FDBAA4S E<74D9F4, ?<F<= <BAAO= 4>>G@G?SFBD, >4-
FB8, 4AB8, I<@<K9E><= <EFBKA<> FB>4.

� CBE?98A<9 7B8O D4ECDBEFD4A<?4EP CD4>F<>4 69=C<A74, CD98EF46?SRM4S 
EB5B= 4?PF9DA4F<6G >GD9A<R. &9D@<A «69=C» <ECB?P;G9FES 8?S B5B;A4K9A<S 
Q?9>FDBAAOI E<74D9F 3 GEFDB=EF6 A4 54F4D9=AB@ C<F4A<< E D9;9D6G4DB@ 8?S 
:<8>BEF< < A47D964F9?PAO@ Q?9@9AFB@. �<8>BEF< 8?S Q?9>FDBAAOI E<74D9F 
K4M9 6E97B EB89D:4F A<>BF<A, E@9L4AAO= E 7?<J9D<AB@ < CDBC<?9A7?<>B?9@, 4 
F4>:9 D4;ABB5D4;AO9 4DB@4F<;4FBDO. #GF9@ A47D964A<S GEFDB=EF6B CD96D4M49F 
E@9EP 6 C4D, >BFBDO= 68OI49F CB?P;B64F9?P. %B7?4EAB <EE?98B64A<S@ [1, 2] 6 
2021 7. >B?<K9EF6B ?R89=, CD98CBK<F4RM<I Q?9>FDBAAO9 E<74D9FO, 8BEF<7?B 
81,9 @?A K9?B69>.

)<@<K9E><@ <EFBKA<>B@ FB>4, CD9B5D4;GRM<@ I<@<K9E>GR QA9D7<R 6 
Q?9>FD<K9E>GR, 8?S Q?9>FDBAAOI E<74D9F S6?S9FES 54F4D9S. 

� ;46<E<@BEF< BF A4;A4K9A<S 54F4D9< >?4EE<H<J<DGRF A4 C9D6<KAO9 < 
6FBD<KAO9. #9D6<KA4S 54F4D9S A9 @B:9F CB8;4DS8<FPES, 6 FB 6D9@S >4> 6FBD<K-
A4S 54F4D9S S6?S9FES C9D9;4DS:49@B= < @B:9F <ECB?P;B64FPES CB6FBDAB 6 F9K9-
A<9 @AB7<I J<>?B6. #9D9;4DS:49@O9 54F4D9<, 6 BEAB6AB@, EBEFBSF <; ?<F<=
<BAAOI ( , A<>9?P >48@<96OI (Ni A<>9?P @9F4??B7<8D<8AOI
< E6<AJB6B ><E?BFAOI 4>>G@G?SFBDB6. #B ED46A9A<R E 8DG7<@< 6FBD<KAO@< 
54F4D9S@< ?<F<= <BAAO9 4>>G@G?SFBDO B5?484RF @AB7<@< CD9<@GM9EF64@<, 
F4><@< >4> 5B?99 6OEB>B9 A4CDS:9A<9 Q?9@9AF4, 5B?99 6OEB>4S C?BFABEFP QA9D-
7<<, 8?<F9?PAO= EDB> E?G:5O, @9APL<= QHH9>F C4@SF<, CDBEFBF4 ;4DS8>< < B5-
E?G:<64A<S, A<;><= E4@BD4;DS8, 6B;@B:ABEFP @<A<4FRD<;4J<< < BK9AP FBA><9 
HBD@ H4>FBDO.

� EBEF469 Q?9>FDBAAOI E<74D9F CD<@9ASRF, >4> CD46<?B, ?<F<= <BAAO9 
4>>G@G?SFBDO.

1?9>FDBI<@<K9E>4S E<EF9@4 4>>G@G?SFBDAOI Q?9@9AFB6 A4IB8<FES 6 79D-
@9F<KAB@ >BDCGE9 J<?<A8D<K9E>B= HBD@O. �7B 8<4@9FD EBEF46?S9F 18 @@, 4 
8?<A4 3 35 @@.  4F9D<4?B@ >BDCGE4 6 5B?PL<AEF69 E?GK496 S6?S9FES EF4?P. 
�AGFD< A4IB8<FES C?REB6B= < @<AGEB6B= Q?9>FDB8O, >BFBDO9 D4;89?9AO E9C4-
D4FBDB@, CDBC<F4AAO@ Q?9>FDB?<FB@. �Eё QFB E>DGK9AB 6 DG?BA. #?REB6B= 
Q?9>FDB8 CB8>?RK49FES A4 >DOL>G, @<AGEB6B= 6O6B8<FES A4 >BDCGE (D<E. 1).

1?9>FDB8O 6OCB?A9AO 6 6<89 ?9AF. !4 4?R@<A<96B= HB?P79 A4IB8<FES 
>4FB8AO= @4F9D<4?, A4 @98AB= 3 4AB8AO=

!9E@BFDS A4 6E9 8BEFB<AEF64 ?<F<= <BAAOI 4>>G@G?SFBDB6, CD< BFEGF-
EF6<< GF<?<;4J<< <I >B@CBA9AFB6 6B;@B:AB A974F<6AB9 6?<SA<9 A4 CBK6G, 4 
F4>:9 CBC484A<9 FB>E<KAOI 69M9EF6 6 7DGAFB6O9 6B8O [3].

%B7?4EAB EF4FP< 24.2 1 (989D4?PAB7B ;4>BA4 BF 24.06.1998 № 8 (� 
(D98. BF 04.08.2023) «"5 BFIB84I CDB<;6B8EF64 < CBFD95?9A<S» (E <;@. < 8BC., 
6EFGC. 6 E<?G E 01.03.2024) [4] CDB<;6B8<F9?< < <@CBDF9DO D4;?<KAOI FB64DB6 
B5S;4AO CD<A<@4FP A4 E95S BF69FEF69AABEFP ;4 CBE?98EF6<S <I 89SF9?PABEF< 6 
QFB= EH9D9. "A< 8B?:AO B59EC9K<FP E6B96D9@9AAGR < QHH9>F<6AGR GF<?<;4-
J<R BFIB8B6, >BFBDO9 B5D4;GRFES 6 CDBJ9EE9 <ECB?P;B64A<S <;7BF46?<649@B= 
<@< CDB8G>J<<. 1FB FD95G9F ?<5B EB;84A<S < HGA>J<BA<DB64A<S EB5EF69AAB= 



<AHD4EFDG>FGDO, EC9J<4?PAB CD98A4;A4K9AAB= 8?S GF<?<;4J<< BFIB8B6, ?<5B 
;4>?RK9A<S 8B7B6BDB6 E CDBH9EE<BA4?PAO@< BD74A<;4J<S@<, ;4A<@4RM<@<ES 
QF<@ 6<8B@ 89SF9?PABEF<, CD<K9@ F4><9 BD74A<;4J<< 8B?:AO 5OFP BH<J<4?PAB 
;4D97<EFD<DB64AO < 6>?RK9AO 6 EC9J<4?PAO= D99EFD, >BFBDO= EB89D:<F <A-
HBD@4J<R B ?<J4I, <@9RM<I ?<J9A;<R A4 BEGM9EF6?9A<9 D45BF CB GF<?<;4J<< 
BFIB8B6. 

$<E. 1. %I9@4 GEFDB=EF64 ?<F<= <BAAB7B 4>>G@G?SFBD4

� CB6E98A96AB= CD4>F<>9 CDB<;6B8<F9?< Q?9>FDBAAOI E<74D9F E 5B?PLB= 
8B?9= 69DBSFABEF< QF<@ A9 ;4A<@4RFES, A4DGL4S ;4>BA. 

�; ;4 A9BE698B@?9AABEF< CBFD95<F9?9= BFD45BF4AAO9 Q?9>FDBAAO9 E<74-
D9FO CBC484RF 6 @9EF4 E>?48<DB64A<S F69D8OI >B@@GA4?PAOI BFIB8B6. 
%B7?4EAB #BEF4AB6?9A<R #D46<F9?PEF64 $( BF 12.11.2016 № 1156 (D98. BF 
18.03.2021, E <;@. BF 30.05.2023) «"5 B5D4M9A<< E F69D8O@< >B@@GA4?PAO@< 
BFIB84@< < 6A9E9A<< <;@9A9A<S 6 CBEF4AB6?9A<9 #D46<F9?PEF64 $BEE<=E>B= 
(989D4J<< BF 25 467GEF4 2008 7. № 641» (6@9EF9 E «#D46<?4@< B5D4M9A<S E 
F69D8O@< >B@@GA4?PAO@< BFIB84@<») ;4CD9M49FES CB@9M4FP 6 >BAF9=A9DO 
54F4D9< < 4>>G@G?SFBDO

&4><@ B5D4;B@, CDB5?9@4 GF<?<;4J<< < C9D9D45BF>< BFD45BF4AAOI Q?9>-
FDBAAOI E<74D9F S6?S9FES 4>FG4?PAB=.

#D98?4749@O= A4@< 64D<4AF GF<?<;4J<< BFD45BF4AAOI ?<F<= <BAAOI 4>-
>G@G?SFBDB6 Q?9>FDBAAOI E<74D9F EBEFB<F 6 E?98GRM9@:

3 E5BD < @9I4A<K9E>B9 D4;89?9A<9. "FD45BF4AAO9 Q?9>FDBAAO9 E<74D9FO
EB5<D4RF < CB84RF A4 ?<A<R @9I4A<K9E>B7B D4;89?9A<S. !4 QFB@ QF4C9 G84?S-
RF CB?<@9DAO9 >B@CBA9AFO < @9F4??<K9E><9 >BDCGE4 8?S 6FBD<KAB= C9D9D4-
5BF><;

3 B5D45BF>4 ?<F<= <BAAB7B 4>>G@G?SFBD4. �; 4>>G@G?SFBDB6 <;6?9>4RF 
A4 869 ?9AFO 4 >4FB8 < 4AB8. 

�9AFG >4FB8 <;@9?PK4RF 8B K4EF<J D4;@9DB@ 0,531 E@, 6OM9?4K<64RF 
89=EF6<9@ 1 M ?<@BAAB= ><E?BFO. �4?99 E@9EP H<?PFDGRF, A4 H<?PFD9 BEF4RF-
ES 4?R@<A<= < 7D4H<F, 4 H<?PFD4F B5D454FO64RF HBEH4FB@ A4FD<S 8?S BE4:89-
A<S ?<F<S 6 6<89 HBEH4F4. #B?GK9AAO= BE48B> J9AFD<HG7<DGRF, 6B8G 89>4AF<-
DGRF < BFCD46?SRF 6 ?B>4?PAO9 BK<EFAO9 EBBDG:9A<S. "E48B> EGL4F 8B CBEFB-



SAAB7B 69E4 CD< F9@C9D4FGD9 105 °C. "EF46L<9ES A4 H<?PFD9 4?R@<A<= < 7D4-
H<F CDB@O64RF 6B8B=, EGL4F 8B CBEFBSAAB7B 69E4, B5D454FO64RF 40% D4EF6B-
DB@ 98>B7B A4FD4 CD< F9@C9D4FGD9 60 °C, H<?PFDGRF. �D4H<F, BEF46L<=ES A4 
H<?PFD9, EGL4F 8B CBEFBSAAB7B 69E4, 4 H<?PFD4F B5D454FO64RF I?BD<EFO@ 4@-
@BA<9@, 6 D9;G?PF4F9 K97B 6OC4849F 7<8DB>E<8 4?R@<A<S, >BFBDO= ;4F9@ EGL4F.

�9AFG 4AB8 F4>:9 <;@9?PK4RF 8B K4EF<J D4;@9DB@ 0,531 E@, B5D454FO64-
RF 20% D4EF6BDB@ 4;BFAB= ><E?BFO 8?S D4EF6BD9A<S @98<, H<?PFDGRF. !4 
H<?PFD9 BEF4ёFES 7D4H<F, >BFBDO= CDB@O64RF < EGL4F. (<?PFD4F B5D454FO64-
RF 7<8DB>E<8B@ A4FD<S 8?S BE4:89A<S @98< 6 6<89 7<8DB>E<84, >BFBDO= ;4F9@ 
H<?PFDGRF < EGL4F.

&9IAB?B7<K9E>4S EI9@4 CD<6989A4 A4 D<EGA>9 2.

$<E. 2. &9IAB?B7<K9E>4S EI9@4 GF<?<;4J<< BFD45BF4AAOI
B8ABD4;B6OI Q?9>FDBAAOI E<74D9F

� D9;G?PF4F9 6OL9BC<E4AAOI CDBJ9EEB6 CB?GK4RF CDB8G>FO, >BFBDO9 
@B:AB CD<@9ASFP E?98GRM<@ B5D4;B@.

�<8DB>E<8 4?R@<A<S <ECB?P;GRF 6 D4;?<KAOI BFD4E?SI, 6>?RK4S CDB<;-
6B8EF6B 4?R@<A<S < I<@<K9E>GR CDB@OL?9AABEFP.

�<8DB>E<8 @98< CD<@9ASRF 6 CDB<;6B8EF69 @98< < 6 >4K9EF69 C<7@9AF4.
(BEH4F ?<F<S L<DB>B <ECB?P;GRF 6 CDB<;6B8EF69 ?<F<= <BAAOI 4>>G@G-

?SFBDB6 < 8DG7<I I<@<K9E><I CDB8G>F4I.



�D4H<F @B:9F 5OFP C9D9D45BF4A 8?S <ECB?P;B64A<S 6 D4;?<KAOI CDB8G>-
F4I, F4><I >4> Q?9>FDB8AO9 @4F9D<4?O < E@4;><

�<5?<B7D4H<K9E><= EC<EB>

3
2. 1?9>FDBAAO9 E<74D9FO 6D98AO 8?S ;8BDB6PS. [1?9>FDBAAO= D9EGDE]. 3

, E6B5B8AO= 3 (84F4 
B5D4M9A<S: 10.05.2024).

3. %F9AA<>B6 �. �., �4D4IF9A>B �. �.,  4=BDB6 �. %. #D<@9A9A<9 @G?PF<479AFAB7B 
CB8IB84 8?S @B89?<DB64A<S <AF97D<DB64AAOI QA9D79F<K9E><I E<EF9@ // �;69EF<S 6G;B6. 
#DB5?9@4 QA9D79F<><. 2017. &. 19. № 9310. %. 1403

4. (989D4?PAO= ;4>BA BF 24.06.1998 № 89 (� (D98. BF 04.08.2023) «"5 BFIB84I CDB<;-
6B8EF64 < CBFD95?9A<S» (E <;@. < 8BC., 6EFGC. 6 E<?G E 01.03.2024).

5. #BEF4AB6?9A<9 #D46<F9?PEF64 $( BF 12.11.2016 № 1156 (D98. BF 18.03.2021, E <;@. 
BF 30.05.2023) «"5 B5D4M9A<< E F69D8O@< >B@@GA4?PAO@< BFIB84@< < 6A9E9A<< <;@9A9A<S 
6 CBEF4AB6?9A<9 #D46<F9?PEF64 $BEE<=E>B= (989D4J<< BF 25 467GEF4 2008 7. № 641» (6@9EF9 
E «#D46<?4@< B5D4M9A<S E F69D8O@< >B@@GA4?PAO@< BFIB84@<»).
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 . �. (C<8;>20 , !. �. %C:A8= , (. (. '0CA>2 
'4<C@BA:89 D545@0;P=O9 8AA;54>20B5;PA:89 F5=B@ '@" $�!, 

#�" «'4<C@B=5DBP 8<5=8 �. �. �C48=>20», 

�EE?98B64A4 ><A9F<>4 D94>J<< GF<?<;4J<< BFD45BF4AAB7B D4EF6BD4 I<-
@<K9E>B7B A<>9?<DB64A<S D4EF6BDB@ 7<8DB>E<84 A4FD<S. "CD989?9AO ><A9F<-
K9E><9 I4D4>F9D<EF<>< <;GK49@B7B CDBJ9EE4. #B>4;4AB, KFB D94>J<S BE4:89A<S 
EG?PH4F4 A<>9?S 7<8DB>E<8B@ A4FD<S A9 FD95G9F 5B?PL<I QA9D79F<K9E><I ;4-
FD4F < @B:9F 5OFP <ECB?P;B64A4 8?S D979A9D4J<BAAB= GF<?<;4J<< Q?9>FDB?<F4.

�?RK96O9 E?B64: BFD45BF4AAO= D4EF6BD I<@<K9E>B7B A<>9?<DB64A<S, 
7<8DB>E<8 A4FD<S, CBDS8B> D94>J<<, >BAEF4AF4 E>BDBEF< D94>J<<, QA9D7<S 4>F<-
64J<<.

� A4EFBSM99 6D9@S 74?P64A<K9E><9 CDB<;6B8EF64 ;4A<@4RF B8AB <; C9D-
6OI @9EF CB EF9C9A< BFD<J4F9?PAB7B 6B;89=EF6<S A4 B>DG:4RMGR ED98G. 
!4<5B?99 BCF<@4?PAO@ D9L9A<9@ 84AAB= CDB5?9@O S6?S9FES 6A98D9A<9 F9IAB-
?B7<< D979A9D4J<BAAB= GF<?<;4J<< BFD45BF4AAOI 74?P64A<K9E><I D4EF6BDB6, <, 
6 K4EFABEF<, D4EF6BDB6 I<@<K9E>B7B A<>9?<DB64A<S [1]. �?S BCD989?9A<S BCF<-
@4?PAOI GE?B6<= CDB6989A<S D979A9D4J<BAAB= GF<?<;4J<< < 4CC4D4FGDAB7B 
BHBD@?9A<S CDBJ9EE4 A9B5IB8<@B <EE?98B64FP EB6B>GCABEFP ><A9F<K9E><I I4-
D4>F9D<EF<> D94>J<< BE4:89A<S 7<8DB>E<8B@ A4FD<S EG?PH4F4 A<>9?S, KFB < 
S6?S9FES J9?PR CD98EF46?9AAB= D45BFO.

https://www.who.int/news/item/05-02-2020-e-cigarettes-are-harmful-to-health
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"5N9>FB@ <EE?98B64A<S S6?S?ES BFD45BF4AAO= D4EF6BD I<@<K9E>B7B A<-
>9?<DB64A<S ("$)!), EB89D:4M<= 6 E6B9@ EBEF469 E9DAB><E?O= A<>9?P 6 C9D9-
EK9F9 A4 K<EFO= @9F4?? 6 >B?<K9EF69 3,58 7∙8@3 , 4 F4>:9 7<CBHBEH<F A4FD<S, 
G>EGEAGR ><E?BFG < 4J9F4F A4FD<S < 6 E?98B6OI >B?<K9EF64I F<B@BK96<AG. 

1>EC9D<@9AF CDB6B8<?< 6 F9D@BEF4F<DG9@B@ D94>FBD9 10 6 
F9K9A<9 6O5D4AAB7B 6D9@9AAB7B C9D<B84 6 F9@C9D4FGDAB@ 8<4C4;BA9 2933333 � 
CD< D4;?<KAOI >BAJ9AFD4J<SI 7<8DB>E<84 A4FD<S (1,2532,60  ) < EG?PH4F4 A<-
>9?S (0,03730,06  ). %B89D:4A<9 A<>9?S < M9?BK< 6 H<?PFD4F9 BCD989?S?< F<F-
D<@9FD<K9E><@ @9FB8B@; BFABE<F9?PA4S ED98ASS >648D4F<KA4S BL<5>4 D9;G?P-
F4FB6 4A4?<;4 EBEF46?S?4 0,33

$94>J<R BE4:89A<S EB?9= A<>9?S 6 "$)! D4EF6BDB@ 7<8DB>E<84 A4FD<S 
@B:AB ;4C<E4FP 6 E?98GRM9@ 6<89:

NiS" + 2NaOH ² Ni(OH) ³ + Na S"
#9D6O@ QF4CB@ CD< <;GK9A<< ><A9F<>< I<@<K9E>B= D94>J<< S6?S9FES 

BCD989?9A<9 CBDS8>4 D94>J<< < >BAEF4AFO E>BDBEF<. #D< BCD989?9A<< CBDS8>4 
CB?4749FES, KFB 8?S D94>J<< 6OCB?AS9FES BEAB6AB= CBEFG?4F I<@<K9E>B= ><A9-
F<><, CD98EF46?9AAO= 6 @4F9@4F<K9E>B= HBD@9 [2].


789 3 E>BDBEFP D94>J<<, % 3 >BAJ9AFD4J<S <EIB8AB7B 69M9EF64, 3 CBDS8B> 
D94>J<< CB 84AAB@G 69M9EF6G <?< B5M<= CBDS8B> D94>J<<, 3 <EF<AA4S <?< 
QHH9>F<6A4S >BAEF4AF4 E>BDBEF< D94>J<<. 1>EC9D<@9AF4?PAO9 84AAO9 CB EB-
89D:4A<R <BAB6 A<>9?S 6 H<?PFD4F9 6 ;46<E<@BEF< BF 6D9@9A< < F9@C9D4FGDO 
CD98EF46?9AO 6 F45?<J9 1.

&01;8F0 1
�46<E<@BEFP EB89D:4A<S EG?PH4F4 A<>9?S 6 H<?PFD4F9

BF 6D9@9A< < F9@C9D4FGDO D94>J<<
E % ( ), @  

� � � �

"CD989?9A<9 E>BDBEF< D94>J<< 6 H<>E<DG9@O9 @B@9AFO 6D9@9A< E6B8<F-
ES > 8<HH9D9AJ<DB64A<R >BAJ9AFD4J<< G?PH4F4 A<>9?S BF 6D9@9A<

 


E <ECB?P;B64A<9@ HBD@G?O K<E?9AAB7B 8<HH9D9AJ<DB64A<S [2] 8?S HGA>J<< 
G(I) @9FB8B@ >BA9KAOI D4;ABEF9=




$9;G?PF4FO 4A4?<F<K9E>B7B BCD989?9A<S >BAJ9AFD4J<< EB?< A<>9?S < 
E>BDBEF< D94>J<< CB 84AAB@G D9479AFG CD98EF46?9AO 6 F45?<J9 2.



#B?GK<6 <EIB8AO9 84AAO9 8?S BCD989?9A<S CBDS8>4 D94>J<< 8<HH9D9A-
J<4?PAO@ @9FB8B@, < CDB698S ?<A94D<;4J<R GD46A9A<S (1) 


789 F4A79AE G7?4 CDS@B= D469A CBDS8>G D94>J<<, EFDB<@ 7D4H<>< 6 >BBD8<A4F4I 

3 ), CD98EF46?9AAO9 A4 D<EGA>9 1. "CD989?S9@, KFB F4A79AE G7?4 
A4>?BA4 CB?GK9AAOI ?<A9=AOI ;46<E<@BEF9= E 6OEB>B= EF9C9APR 4CCDB>E<@4-
J<< (F45?. 2) 5?<;B> > 2, E?98B64F9?PAB, CBDS8B> D94>J<< BE4:89A<S "$)! 
7<8DB>E<8B@ A4FD<S 6FBDB=.

�<A9F<K9E>B9 GD46A9A<9 D94>J<< 6FBDB7B CBDS8>4 CBE?9 <AF97D<DB64A<S 
6 CD989?4I BF % 8B % CD<A<@49F ?<A9=AGR HBD@G [3]:



< F4A79AE G7?4 A4>?BA4 CDS@B= EBBF69FEF6G9F >BAEF4AF9 E>BDBEF<. �<A9=AO9 
;46<E<@BEF<, CB?GK9AAO9 CD< CB8EF4AB6>9 Q>EC9D<@9AF4?PAOI 84AAOI, CD98-
EF46?9AO A4 D<EGA>9 2 (437), < CB;6B?SRF BCD989?<FP >BAEF4AFG E>BDBEF< D94>-
J<< BE4:89A<S "$)! Mё?BKPR 6 <EE?98G9@B@ 8<4C4;BA9 F9@C9D4FGD. �4> 6<8-
AB <; F45?<JO 3, 6OK<E?9AAO9 ><A9F<K9E><9 C4D4@9FDO I4D4>F9D<;GRFES 6OEB-
><@< ;A4K9A<S@< >BQHH<J<9AF4 89F9D@<A4J<< (

&01;8F0 2
�46<E<@BEFP E>BDBEF< D94>J<< BF 6D9@9A< < A4K4?PAB= >BAJ9AFD4J<< 

7<8DB>E<84 A4FD<S (& = 303 �)
%( E %( ), @  , @ ∙E

#@8<5G0=85: % 3 >BAJ9AFD4J<S 69M9EF64, 3 6D9@S, 3 E>BDBEFP D94>J<<, 3 CBDS8B> 
D94>J<<, 3 >BQHH<J<9AF 89F9D@<A4J<<.



$<E. 1. �46<E<@BEFP E>BDBEF< D94>J<< BF >BAJ9AFD4J<< EG?PH4F4 A<>9?S:
3 3 3

!4<5B?99 FBKAB ;46<E<@BEFP >BAEF4AFO E>BDBEF< D94>J<< BF F9@C9D4FG-
DO BC<EO649F GD46A9A<9 �DD9A<GE4, >BFBDB9 6 ?B74D<H@<K9E>B= HBD@9 [3]:



789 �4 3 4DD9A<GEB6E>4S QA9D7<S 4>F<64J<<, >�:∙@B?P ; & 3 45EB?RFA4S F9@C9-
D4FGD4, �; 3 GA<69DE4?PA4S 74;B64S CBEFBSAA4S, �:∙@B?P ∙�
3 CD98Q>ECBA9AJ<4?PAO= @AB:<F9?P, 8@ ∙@B?P ∙E < <ECB?P;G9FES 8?S 7D4-

H<K9E>B7B BCD989?9A<S QA9D7<< 4>F<64J<< (D<E. 3). &4A79AE G7?4 A4>?BA4 CDS-
@B= EBBF69FEF6G9F ( �4 ), 4 BFD9;B>, BFE9>49@O= A4 BE< BD8<A4F, D469A 

$<E. 2. �46<E<@BEFP B5D4FAB= >BAJ9AFD4J<< EG?PH4F4 A<>9?S
BF 6D9@9A< CD< D4;?<KAOI F9@C9D4FGD4I: 4 3 293�, 5 3 303�, 6 3 313�, 7 3 333�



&01;8F0 3
�A4K9A<S A45?R849@OI >BAEF4AF E>BDBEF<

< >BQHH<J<9AFB6 89F9D@<A4J<< 8?S D4;?<KAOI F9@C9D4FGD
T, � 8@ ∙@B?P ∙E ∙mol ∙s

5∙103
5∙103
6∙103
9∙103

#BEFDB9A<9 ?<A<< ?<A9=AB= D97D9EE<< CB Q>EC9D<@9AF4?PAO@ FBK>4@ < 
6OK<E?9A<9 9ё GD46A9A<S, BEGM9EF6?ёAAB7B E CB@BMPR CDB7D4@@AB7B C4>9F4 

(D<E. 3), GEF4AB6<?B, KFB ³ = 1994. %?98B64F9?PAB, 
 , < QA9D7<S 4>F<64J<< D94>J<< BE4:89A<S 6 D4EF6BD9 EG?PH4F4 A<>9-

?S 7<8DB>E<8B@ A4FD<S EBEF46?S9F �4=16578 �:∙@B?P = 16,58 >�:∙@B?P , 4 69-
?<K<A4 CD98Q>ECBA9AJ<4?PAB7B @AB:<F9?S D46A4 1,0312 < 

0,356 8@ ∙@B?P ∙E
�OK<E?9AAB9 A96OEB>B9 ;A4K9A<9 �4 E6<89F9?PEF6GRF B E?45B= ;46<E<@B-

EF< E>BDBEF< D94>J<< BF F9@C9D4FGDO. $94>J<S BE4:89A<S <BAB6 A<>9?S Mё?B-
KPR CDBF9>49F CD4>F<K9E>< CB?ABEFPR 6 F9K9A<9 C9D6OI 5 @<A 84:9 CD< >B@-
A4FAB= F9@C9D4FGD9, 6 84?PA9=L9@ 6D9@9AAB@ 8<4C4;BA9 G@9APL9A<9 >BAJ9A-
FD4J<< @9F4??4 6 A48BE48BKAB@ D4EF6BD9 CDB<EIB8<F A9;A4K<F9?PAB. 

$<E. 3. �46<E<@BEFP A4FGD4?PAB7B ?B74D<H@4 E>BDBEF< D94>J<<
BF B5D4FAB= F9@C9D4FGDO

%?98B64F9?PAB, 6A98D9A<9 F9IAB?B7<< D979A9D4J<BAAB= GF<?<;4J<< 
"$)! A9 CB6?9KёF ;4 EB5B= 5B?PL<I ;4FD4F QA9D7BD9EGDEB6 8?S A47D964A<S D9-
4>J<BAAOI @4EE, D94>J<S CDBF9>49F 6 CB?AB@ B5Nё@9 CD< >B@A4FAB= ?<5B E?97-
>4 A47D9FB= 8B 303 °% F9@C9D4FGD9 D94>J<BAAB= E@9E<.

�<5?<B7D4H<K9E><= EC<EB>

3



�964AB6 �. �., �AF<C9A>B 1. �. �6989A<9 6 I<@<K9E>GR ><A9F<>G.  . :  �', 200
E.

)<@<S : GK95A<> / �. �. �GDB6, (. �. �48496, �. #. "6K4D9A>B, �. !. ,4CB64?.  . : 
 �&' <@9A< !. 1. �4G@4A4, 2004. 748 E.

"*�!�� 1!�$��&�+�%��) ��&$�&
1���&$")� �+�%�"�"  �&"��
#"�'+�!�3 #�$"�%��� �"�"$"�� 

�. �9B1052, �.  . $C18=, �. �. �>;5A=8:>2
$>AA89A:89 E8<8:> B5E=>;>38G5A:89 C=825@A8B5B 8<. �. �.  5=45;5520, 

� EF4FP9 CD98EF46?9A4 Q>BAB@<K9E>4S BJ9A>4 Q?9>FDBI<@<K9E>B7B @9FB84 
CB?GK9A<S C9DB>E<84 6B8BDB84 6 ED46A9A<< E >?4EE<K9E><@< 4AFD4I<ABAB6O@ < 
<;BCDBC<?B6O@ @9FB84@<. "5B;A4K9AO BEAB6AO9 F9>GM<9 ;4FD4FO CDBJ9EE4.

�?RK96O9 E?B64: Q?9>FDB?<;, C9DB>E<8 6B8BDB84, Q>BAB@<K9E>4S BJ9A>4.

#9DB>E<8 6B8BDB84 CD98EF46?S9F EB5B= L<DB>B D4ECDBEFD4A9AAO= D94-
79AF, >BFBDO= A4IB8<F CD<@9A9A<9 6B @AB7<I B5?4EFSI, A4K<A4S BF @98<J<A-
E>B= < ;4>4AK<64S D4>9FAB CDB@OL?9AAB= < @<>DBQ?9>FDBAAB= BFD4E?S@< [13
3]. �DB@9 FB7B, CDB<;6B8EF6B C9DB>E<84 6B8BDB84 S6?S9FES D4EFGM9= BFD4E?PR 
CDB@OL?9AABEF<. � C9D<B8 E 2017 CB 2021 77. CDB<;6B8EF6B C9D9><E< 6B8BDB84 
6 $BEE<< G69?<K<?BEP A4 32,8%, 8BEF<7AG6 110,5 FOE. FBAA 6 2021 7B8G [4]. 
&D9FP 6AGFD9AA<I CBFD95ABEF9= 6 C9D9><E< 6B8BDB84 G8B6?9F6BDS9FES ;4 EK9F 
<@CBDF4. "8A4>B 79BCB?<F<K9E><9 <;@9A9A<S < E4A>J<< CD<69?< > ;A4K<F9?P-
AB@G EB>D4M9A<R CBEF46B> <; ;4 7D4A<JO, BEB59AAB <; �6DBCO, KFB 6O;64?B 
89H<J<F < DBEF J9A A4 6AGFD9AA9@ DOA>9 [5]. �E9 QFB B5GE?46?<649F C9DEC9>-
F<6ABEFP D45BF, A4CD46?9AAOI A4 D4EE@BFD9A<9 BCF<@<;4J<< D4;?<KAOI 4EC9>-
FB6 CDB<;6B8EF64 C9DB>E<84 6B8BDB84.

� A4EFBSM99 6D9@S EGM9EF6GRF FD< BEAB6AO9 F9IAB?B7<< CDB<;6B8EF64 
C9DB>E<84 6B8BDB84: 4AFD4I<ABAB64S, <;BCDBC<?B64S < Q?9>FDBI<@<K9E>4S. 
#9D6O9 869 F9IAB?B7<< 54;<DGRFES A4 B><E?9A<< BD74A<K9E>B7B EODPS E CBE?9-
8GRM9= 97B D979A9D4J<9=. #D<AJ<C<4?PAO9 EI9@O CDBJ9EEB6 <;B5D4:9AO A4 
D<EGA>9 1. � BEAB69 Q?9>FDBI<@<K9E>B7B @9FB84 ?9:<F A9E>B?P>B <AB= CB8IB8
BEAB6AB= CDBJ9EE EBEFB<F <; FD9I EF48<=: Q?9>FDB?<;, 7<8DB?<; < >BAJ9AFD<DB-
64A<9. !4 C9D6B= EF48<< CDB<EIB8<F B5D4;B64A<9 C9DB>EB8<E9DAB= ><E?BFO <; 
E9DAB=, >BFBD4S 6 ;A4K<F9?PAOI >BAJ9AFD4J<SI A9GEFB=K<64 < D4;?4749FES E B5-
D4;B64A<9@ C9DB>E<84 6B8BDB84. �FBD4S EF48<S CDBJ9EE4 3 7<8DB?<;. #B?GK9A-
AO9 A4 84AAB= EF48<< 23 AO9 D4EF6BDO >BAJ9AFD<DGRFES A4 CBE?98A9= EF4-
8<<. #D9<@GM9EF6B@ C9DB>E<84 6B8BDB84, CB?GK9AAB7B Q?9>FDBI<@<K9E><@ 
@9FB8B@, S6?S9FES 6OEB>4S K<EFBF4 CB?GK49@B7B CDB8G>F4, 66<8G BFEGFEF6<S 6 
F9IAB?B7<K9E>B@ J<>?9 BD74A<K9E><I EB98<A9A<=. "8A4>B 84AA4S F9IAB?B7<S 
<@99F EGM9EF69AAO9 QA9D79F<K9E><9 ;4FD4FO < 6OEB><9 FD95B64A<S > 4AB8AB@G 
@4F9D<4?G. �DB@9 FB7B, 6OEB><9 FD95B64A<S CD98NS6?SRFES < > @4F9D<4?4@ 



FDG5BCDB6B8B6 < E4@B7B Q?9>FDB?<;9D4, 66<8G <ECB?P;B64A<S 6 >4K9EF69 <EIB8-
AB7B EODPS E<?PAB >BAJ9AFD<DB64AAOI (5003800 7/?) D4EF6BDB6 E9DAB= ><E?BFO 
[7]. &4><@ B5D4;B@ @B:AB ;4>?RK<FP, KFB Q?9>FDBI<@<K9E>4S F9IAB?B7<S CB?G-
K9A<S 69EP@4 C9DEC9>F<6A4, B8A4>B 99 CD9<@GM9EF6B C9D98 5B?99 D4ECDBEFD4-
AёAAO@< CB8IB84@< A9BK96<8AB < FD95G9F B5BEAB64A<S.
$<E. 1. 4 3 #D<AJ<C<4?PA4S EI9@4 <;BCDBC<?B6B7B @9FB84 CDB<;6B8EF64, 

5 3 #D<AJ<C<4?PA4S EI9@4 4AFD4I<ABAB6B7B @9FB84 CDB<;6B8EF64 [5]

� IB89 D45BFO 5O?4 CDB6989A4 Q>BAB@<K9E>4S BJ9A>4 F9>GM<I ;4FD4F EG-
M9EF6GRM<I @9FB8B6. �?S D4EK9F4 QA9D7B;4FD4F, 4 <@9AAB BA< EBEF46?SRF 
5B?PLGR K4EFP 6 E?GK49 Q?9>FDBI<@<K9E>B7B @9FB84, A9B5IB8<@B CD98EF46?9-
A<9 B E4@B@ CDBJ9EE9 Q?9>FDB?<;4 < 97B BCF<@4?PAOI GE?B6<= CDB6989A<S. 
�D<F9D<9@ BCF<@4?PABEF< E?G:<F CB>4;4F9?P 6OIB84 CB FB>G (�&). � IB89 Q>E-
C9D<@9AFB6 5O?B GEF4AB6?9AB, KFB BCF<@4?PAO@< GE?B6<S@< CDB6989A<S Q?9>-
FDB?<;4 S6?SRFES: E<?4 FB>4, D46A4S 10 , @4EE4 8B546><, G69?<K<64RM9= 
4AB8AB9 C9D9A4CDS:9A<9 3 1 7/K4E, F9@C9D4FGD4 Q?9>FDB?<F4 34 °%. &4>:9 6 
IB89 Q?9>FDB?<;4 8?S 8BCB?A<F9?PAB7B G69?<K9A<S QHH9>F<6ABEF< CDBJ9EE4 
5O? <ECB?P;B64A >4E>48 <; 86GI Q?9>FDBI<@<K9E><I SK99>. �D4H<> ;46<E<@BEF< 
6OIB84 CB FB>G BF 6D9@9A< Q?9>FDB?<;4 CD98EF46?9A A4 D<EGA>9 2. �4> 6<8AB, 
QHH9>F<6ABEFP CDBJ9EE4 EA<:49FES EB 6D9@9A9@ 66<8G A4>BC?9A<S 6 E<EF9@9 
C9DB>EB8<E9DAB= ><E?BFO, >BFBD4S E4@4 CB E959 A9GEFB=K<64, 99 D4;?B:9A<9 < 
CDB6BJ<DG9F C489A<9 QHH9>F<6ABEF<. �DB@9 FB7B, <; 7D4H<>4 A4 D<EGA>9 3 EF4-
AB6<FES BK96<8AB, KFB K9@ 6OL9 >BAJ9AFD4J<S C9DB>EB8<E9DAB= ><E?BFO, F9@ 
5OEFD99 CDBF9>49F 99 D4;?B:9A<9 < F9@ E<?PA99 G@9APL49FES 6OIB8 CB FB>G.



$<E. 2. �46<E<@BEFP 6OIB84 CB FB>G BF 6D9@9A< Q?9>FDB?<;4

$<E. 3. �<EFB7D4@@4 K4EB6B7B C489A<S 6OIB84 CB FB>G
BF DBEF4 >BAJ9AFD4J<< C9DB>EB8<E9DAB= ><E?BFO

#B CB?GK9AAO@ 84AAO@ @B:AB E89?4FP 6O6B8 B FB@, KFB BCF<@4?PAB9 
6D9@S CDB6989A<S CDBJ9EE4 EBEF46?S9F 3 K4E4, CBE?9 C489A<9 6OIB84 CB FB>G 
EF4AB6<FES E?<L>B@ 6OEB><@, 4 DBEF >BAJ9AFD4J<< J9?96B7B 69M9EF64 EGM9-
EF69AAB ;4@98?S9FES. �BAJ9AFD4J<S C9DB>EB8<E9DAB= ><E?BFO 6 Q?9>FDB?<F9 A4 
= K4E Q>EC9D<@9AF4 EBEF46?S9F CBDS8>4 110 7/?. #BE?9 7<8DB?<;4 CB?GK<@ 
CD<@9DAB 2% AO= D4EF6BD C9DB>E<84. �4F9@ D4EF6BD A9B5IB8<@B E>BAJ9AFD<-
DB64FP 8B 30332%. �@9S QF< 84AAO9, @B:AB CDB69EF< D4EKёF B5M97B QA9D7BCB-
FD95?9A<S F9IAB?B7<< 6 C9D9EK9F9 A4 1 FBAAG FB64DAB7B CDB8G>F4. % GK9FB@ ;4-
FD4F A4 BI?4:89A<9, Q?9>FDB?<;, 7<8DB?<; < >BAJ9AFD<DB64A<9 CB?GK<@ E?98G-
RM<9 D9;G?PF4FO (D<E. 4).



$<E. 4. 1A9D7BCBFD95?9A<9 D4;?<KAOI @9FB8B6 CDB<;6B8EF64
C9DB>E<84 6B8BDB84 [6]

%B7?4EAB CB?GK9AAO@ 84AAO@, QA9D7BCBFD95?9A<9 Q?9>FDBI<@<K9E>B7B 
@9FB84 A9E>B?P>B 6OL9, K9@ G <;BCDBC<?B6B7B, < A<:9, K9@ G 4AFD4I<ABAB6B7B. 
#D< D4EK9F9 CBE?98A97B, B8A4>B, GK<FO64?<EP F4>:9 ;4FD4FO QA9D7<< A4 E<AF9; 
6B8BDB84, >BFBDO9 EBEF46?SRF CBDS8>4 4000 >�FK/F. !9E@BFDS A4 FB, KFB <;B-
CDBC<?B6O= @9FB8 CBFD95?S9F A4<@9APL99 >B?<K9EF6B QA9D7<<, 84AAO= @9FB8 
S6?S9FES @AB7BEF48<=AO@ <, >4> E?98EF6<9, 69EP@4 @9F4??B9@><@, K97B 6 E6BR 
BK9D98P ?<L9A Q?9>FDBI<@<K9E><= @9FB8, D94?<;G9@O= 6 FD< EF48<<. �DB@9 FB-
7B, Q?9>FDBI<@<K9E>4S F9IAB?B7<S A98BEF4FBKAB <;GK9A4, CBS6?9A<9 AB6OI 
C9DEC9>F<6AOI Q?9>FDB8AOI @4F9D<4?B6 <?< 8B546B>, G69?<K<64RM<I 4AB8AB9 
C9D9A4CDS:9A<9 < <A7<5<DGRM<I CB5BKAO9 CDBJ9EEO, @B:9F CD<69EF< > 8B-
CB?A<F9?PAB= BCF<@<;4J<< < EA<:9A<R F9>GM<I ;4FD4F A4 CDBJ9EE.

�<5?<B7D4H<K9E><= EC<EB>
"><E?<F9?PA4S BK<EF>4 EFBKAOI 6B8 CDB<;6B8EF64 FD<A<FDBD9;BDJ<A4F4 E6<AJ4 C9-

DB>E<8B@ 6B8BDB84 / �. �. ,4=I<96, �.  . �4=AG??<A, �.  . ,4H<7G??<A4, $. �. �<?P@4AB6 // 
�9EFA<> �4;4AE>B7B F9IAB?B7<K9E>B7B GA<69DE<F9F4. 2016. &. 19. № 12. %. 3

�I@9FL<A �. ,., �<DRI<A %. 2. #9DEC9>F<6O <ECB?P;B64A<S C9D9><E< 6B8BDB84 // 
$9L9FA96E><9 KF9A<S. &. 1. № 15. % 3

�A4?<; DOA>4 C9DB>E<84 6B8BDB84 6 $BEE<< 6 201932023 77., CDB7AB; A4 20243
77.: [1?9>FDBAAO= D9EGDE]. 3 (84F4 B5D4M9A<S: 

$OAB> C9DB>E<84 6B8BDB84: [1?9>FDBAAO= D9EGDE]. 3
(84F4 B5D4M9A<S: 1.11.2024).

http://dx.doi.org/10.1016/j.resconrec.2022.106282
https://businesstat.ru/catalog/id11840/
https://prcs.ru/analytics-article/rynok-peroksida-vodoroda/
https://prcs.ru/analytics-article/rynok-peroksida-vodoroda/


�&% !�& 3432020 #DB<;6B8EF6B CDBK<I BEAB6AOI A9BD74A<K9E><I I<@<K9E><I 
69M9EF6: [1?9>FDBAAO= D9EGDE]. 3

(84F4 B5D4M9A<S
1?9>FDBI<@<K9E>B9 CB?GK9A<9 C9DB>E<84 6B8BDB84. &9BD<S < CD4>F<>4 : GK95AB9 

CBEB5<9 /  . �. �54>G@B6, �. �. �B?9EA<>B6, �. &. !B6<>B6 < 8D.  . : $)&' <@9A< 
�. �.  9A89?9964, 2023. 72 E.

�%%���"��!�� 1((��&��!"%&�  ��!�&!"� %�#�$�*��
�"�",���"�/) "&)"�"� %�"��"�" %����!�3 '����

�. �. �CHC52, �. �. �5=>2P52, !. �.  8;5B5=:>, �. �. �C=8;>20
�=AB8BCB ?@>1;5< :><?;5:A=>3> >A2>5=8S =54@

8<5=8 0:045<8:0 !. �.  5;P=8:>20 $�!,

� D45BF9 CD98EF46?9AO D9;G?PF4FO <EE?98B64A<S <;6?9K9A<S :9?9;4 <; 
;B?BL?4>B6OI BFIB8B6, CB?GK9AAOI CD< E?B96B@ E:<74A<< >4@9AAB7B G7?S 
CDB@OL?9AAB= >BF9?PAB= $9ECG5?<>< )4>4E<<. 'EF4AB6?9AB, KFB BEAB6AO@ 
:9?9;BEB89D:4M<@ >B@CBA9AFB@ CDB5O S6?S9FES 79@4F<F.  47A<FA4S E9C4D4-
J<S CDB5O HD4>J<< 0,232,5 @@ CB;6B?<?4 CB?GK<FP ;4 B8AG EF48<R >BAJ9AFD4F 
E EB89D:4A<9@ :9?9;4 47,8%. 

�?RK96O9 E?B64: ;B?BL?4>B6O9 BFIB8O, E?B96B9 E:<74A<9, @47A<FA4S E9-
C4D4J<S, :9?9;BEB89D:4M<= >BAJ9AFD4F, 79@4F<F. 

!9B5IB8<@BEFP D9L9A<S Q>B?B7<K9E><I CDB5?9@ 6B 6E9@ @<D9 CD<6B8<F > 
FD95B64A<R CB6OL9A<S QHH9>F<6ABEF< CBFD95?9A<S D9EGDEB6, 6 K4EFABEF<, 4>-
F<6<;4J<< D4;6<F<S D9J<>?<A74, 6FBD<KAB7B <ECB?P;B64A<S D9EGDEB6. #9D9IB8 
> Q>BAB@<>9 ;4@>AGFB7B J<>?4 CB8D4;G@9649F C9D96B8 @<A9D4?PAOI BFIB8B6 6B 
6FBD<KAB9 @<A9D4?PAB9 EODP9. "7DB@AO9 B5N9@O A4>BC?9AAOI 6 $BEE<< ;B-
?BL?4>B6OI BFIB8B6, CD<5?<:4RM<9ES > 2 @?D8 F [1], 89?4RF 4>FG4?PAB= 
A4GKAB B5BEAB64AAGR D4;D45BF>G F9IAB?B7<= <I <ECB?P;B64A<S A4 BEAB69 
CD<AJ<CB6 >B@C?9>EAB= C9D9D45BF><.

�B?BL?4>B6O9 BFIB8O (�,") F9C?BQ?9>FDBEF4AJ<=, B5D4;GRM<9ES CD< 
E:<74A<< G7?9=, <@9RF E?B:AO= 69M9EF69AAO= EBEF46 [2, 3]. "EAB6AO@< >B@-
CBA9AF4@< �," S6?SRFES B>E<8O >D9@A<S, 4?R@<A<S < :9?9;4. &4>:9 BA< EB-
89D:4F B>E<8O M9?BKAB;9@9?PAOI < M9?BKAOI @9F4??B6, BEF4FBKAO= A98B:B7 
< @<>DBQ?9@9AFO 3 J69FAO9, D98><9 < 5?47BDB8AO9 @9F4??O. �B?<K9EF69AAO= 
EBEF46 >BA>D9FAOI �," BCD989?S9FES ;B?PAO@ EBEF46B@ E:<749@B7B G7?S, F9I-
AB?B7<9= E:<74A<S G7?S < G84?9A<S BFIB8B6. #D< CBC484A<< 6 ;B?BL?4>BID4-
A<?<M4 �," EF4AB6SFES <EFBKA<>4@< @<7D4J<< FB>E<KAOI Q?9@9AFB6 6 6B;-
8GLAGR < 6B8AGR ED98O, 4 F4>:9 CBK6G. 

"5N9>FB@ <EE?98B64A<= S6?S?<EP ;B?BL?4>B6O9 BFIB8O E?B96B7B E:<74-
A<S >4@9AAB7B G7?S CDB@OL?9AAB= >BF9?PAB= $9ECG5?<>< )4>4E<<. #D< E?B9-
6B@ E:<74A<< G7?S, 6 BF?<K<9 BF CO?96<8AB7B, A<;>4S F9@C9D4FGD4 CDBJ9EE4 
CD<6B8<F > 5B?PL9@G >BAJ9AFD<DB64A<R J9AAOI Q?9@9AFB6 6 F69D8OI CDB8G>-

https://burondt.ru/NDT/NDTDocsDetail.php?%1fUrlId=1512&etkstructure_id=1872
https://burondt.ru/NDT/NDTDocsDetail.php?%1fUrlId=1512&etkstructure_id=1872


F4I. #DB54 �," CD98EF46?S?4 EB5B= CB?<8<EC9DEAO= @4F9D<4? >D4EAB
>BD<KA96B7B J69F4. #B 84AAO@ E<FB6B7B 4A4?<;4, A4<5B?PL<= 6OIB8 <@9?< 
>DGCAO9 >?4EEO 132,5 @@ (18%) < 0,31530,63 @@ (15%). 1?9@9AFAO= 4A4?<; 6O-
S6<? CB6OL9AAB9 EB89D:4A<9 B>E<84 :9?9;4 3 27,8% CB CB ED46A9A<R E 
F<C<KAO@< �,", 789 BAB EBEF46?S9F 5310%. &4>:9 B5D4;9J EB89D:4? CB6O-
L9AAB9 >B?<K9EF6B @4D74AJ4 3 0,25% CB . $9AF79ABH4;B6O= 4A4?<; EBBF-
ABL9A<S >D<EF4??<K9E><I H4; 6 B5D4;J9 CB>4;4? A4?<K<9 >4?PJ<F4 (34%), 79@4-
F<F4 (23%), >BDGA84 (15%), >64DJ4 (12%), 6B??4EFBA<F4 (8%) < 7<CE4 (8%). 

*9?PR <EE?98B64A<= S6?S?BEP BCD989?9A<9 QHH9>F<6AB7B CDBJ9EE4 G84-
?9A<S :9?9;4 <; ;B?BL?4>B6OI BFIB8B6, >BFBDB9 S6?S9FES @9L4RM<@ >B@CB-
A9AFB@ CD< CBE?98GRM9@ 7<8DB@9F4??GD7<K9E>B@ <;6?9K9A<< J9AAOI @9F4?-
?B6. #D<@9A9A<9 7<8DB@9F4??GD7<K9E><I @9FB8B6 B5GE?B6?9AB A4?<K<9@ 
EC9>L<IES 47D974FB6, FBA>B= 6>D4C?9AABEF< K4EF<J, 4 F4>:9 A9D46AB@9DABEFPR 
D4ECD989?9A<S J9AAOI @<>DBQ?9@9AFB6. 

�?S 6O89?9A<S :9?9;4 <; ;B?BL?4>B6OI BFIB8B6 @B7GF 5OFP <ECB?P;B64-
AO D4;?<KAO9 @9FB8O. !4<5B?99 D4ECDBEFD4A9AAO@<, 6E?98EF6<9 E6B9= Q>BAB-
@<KABEF<, S6?SRFES @47A<FAO9 < 7D46<F4J<BAAO9 @9FB8O [2]. &4>:9 CD98?B-
:9AO 6OEB>BF9@C9D4FGDAO= @9FB8 6BEEF4AB6<F9?PAB7B C?46?9A<S (G7?9F9D@<-
K9E>B7B 6BEEF4AB6?9A<S) [4] < @AB7BEF48<=A4S EI9@4 54>F9D<4?PAB7B 6OM9?4-
K<64A<S <BAB6 :9?9;4, BE4:89A<S :9?9;4 6 6<89 7<8DB>E<84, CBE?98GRM97B 
6O@BD4:<64A<S 8?S BF89?9A<S BF BE48>4 6B8O < EB?9= [5].

#BE>B?P>G 6 84AAB@ �," GEF4AB6?9AB A4?<K<9 79@4F<F4, 8?S 97B <;6?9-
K9A<S 5O?< <EE?98B64AO 7D46<F4J<BAAO= < @47A<FAO= @9FB8O. 

� D9;G?PF4F9 <EE?98B64A<= 5O?B GEF4AB6?9A4 5B?PL4S QHH9>F<6ABEFP 
@47A<FAB= E9C4D4J<< CB ED46A9A<R E 6<AFB6B= E9C4D4J<9=. � CDBJ9EE9 6<AFB-
6B= E9C4D4J<< HD4>J<< 0,07131,0 @@ 5O? CB?GK9A 8BEF4FBKAB 6OEB><= 6OIB8 
>BAJ9AFD4F4 25% CD< BK9AP A<;>B@ EB89D:4A<< :9?9;4 3 11,4%. �9DBSFAB, 
E?B:ABEFP CDBJ9EE4 D4;89?9A<S B5GE?B6?9A4 @9?><@ D4;@9DB@ K4EF<J 8?S 7D4-
6<F4J<BAAB7B B5BDG8B64A<S. � E6S;< E QF<@ 84?99 5O?< <EE?98B64AO D4;?<K-
AO9 64D<4AFO @B>DB= @47A<FAB= E9C4D4J<<. 

�O89?9A<9 79@4F<F4, >4> E?45B@47A<FAB7B @<A9D4?4, 6OEB>B7D48<9AFAB= 
@47A<FAB= E9C4D4J<9= CB>4;4?B ;46<E<@BEFP EB89D:4A<S :9?9;4 6 >BAJ9AFD4F9 
BF D4;@9D4 K4EF<J �," (F45?.1). '69?<K9A<9 EB89D:4A<S :9?9;4 CD4>F<K9E>< 6 
2 D4;4 3 8B 25,7% 8?S 5B?99 >DGCAB= HD4>J<< 0,232,5 @@ CD< A9;A4K<F9?PAOI 
>B?954A<SI EB89D:4A<= :9?9;4 CB HD4>J<S@ 6 <EIB8AOI �," G>4;O649F A4 
D4;AB9 >B?<K9EF6B 47D974FB6 E A9@47A<FAO@< @<A9D4?PAO@< >B@CBA9AF4@< 
</<?< 6B;@B:AO9 D4;?<K<S HBD@ A4IB:89A<S :9?9;4 6 84AAOI HD4>J<SI, KFB 
FD95G9F 84?PA9=L97B <;GK9A<S.

&01;8F0 1 
$9;G?PF4FO 6O89?9A<S :9?9;4 <; ;B?BL?4>B6OI BFIB8B6

6OEB>B7D48<9AFAB= @47A<FAB= E9C4D4J<9=
(D4>J<S, @@ �OIB8 >BAJ9AFD4F4, % %B89D:4A<9 6 >BAJ9AFD4F9, %

3
3



% J9?PR CB6OL9A<S EB89D:4A<S :9?9;4 6 >BAJ9AFD4F9 <EE?98B64A4 @47-
A<FA4S E9C4D4J<S 6 @B>DB@ 54D454AAB@ E9C4D4FBD9 E 4 CBEFBSAAO@< @47A<F4@< 
E CD9864D<F9?PAB= G?PFD4;6G>B6B= B5D45BF>B= 8?S CB6OL9A<S A4@47A<K9AAB-
EF< (F45?. 2). %9C4D4J<S CDB5O HD4>J<< 0,232,5 @@ �," CB;6B?<?4 CB?GK<FP ;4 
B8AG EF48<R >BAJ9AFD4F E EB89D:4A<9@ :9?9;4 47,8%. 

� D9;G?PF4F9 G?PFD4;6G>B6B= B5D45BF>< �," C9D98 @47A<FAB= E9C4D4J<-
9= GEF4AB6?9AB A4<5B?99 ;A4K<F9?PAB9 <;@9A9A<9 E6B=EF6 EGEC9A;<< @9?>B= 
HD4>J<< (0,0530,2 @@), >BFBD4S C9D9L?4 6 6OEB>B8<EC9DEAGR H4;G, 6 D9;G?PF4-
F9 K97B 5O?B EA<:9AB <;6?9K9A<9 @47A<FAB= HD4>J<<. '69?<K9A<9 6D9@9A< B5-
D45BF>< G?PFD4;6G>B@ CD<6B8<F CB 4A4?B7<KAB= CD<K<A9 > 5B?PL9@G EA<:9-
A<R 6OIB84 >BAJ9AFD4F4, B8A4>B CD< QFB@ G69?<K<649FES EB89D:4A<9 :9?9;4 ;4 
EK9F G?PFD4;6G>B6B7B D4;5<64A<S 47D974FB6 E A9@47A<FAO@< @<A9D4?PAO@< 
>B@CBA9AF4@<.

&01;8F0 2 
$9;G?PF4FO 6O89?9A<S :9?9;4 <; ;B?BL?4>B6OI BFIB8B6 
@47A<FAB= E9C4D4J<9= E CBEFBSAAO@< @47A<F4@<

#DBJ9EE (D4>J<S, @@ �OIB8 
>BAJ9AFD4F4, %

%B89D:4A<9 
6 >BAJ9AFD4F9, %

 47A<FA4S E9C4D4J<S ( %) 3
'� 5 @<A., ;4F9@  % 3
'� 10 @<A., ;4F9@  % 3
'� 5 @<A., ;4F9@  % 3

&4><@ B5D4;B@, D9;G?PF4FO @47A<FAB= E9C4D4J<< �," CB>4;4?< ;46<E<-
@BEFP EB89D:4A<S :9?9;4 6 >BAJ9AFD4F9 BF D4;@9D4 K4EF<J < A9B5IB8<@BEFP 
D4E>DOF<S 47D974FB6, KFB @B:9F 5OFP 8BEF<7AGFB D4;?<KAO@< ECBEB54@<. �?S 
5B?99 QHH9>F<6AB= G?PFD4;6G>B6B= B5D45BF>< A9B5IB8<@ 8BCB?A<F9?PAO= 
CB85BD C4D4@9FDB6 6B;89=EF6<S. �B;@B:AO@ ECBEB5B@ S6?S9FES F4>:9 CD<@9-
A9A<9 8DG7<I H<;<K9E><I CB?9=, 6 K4EFABEF< 3 @<>DB6B?AB6B7B [6]. 

#B?GK9AAO= :9?9;BEB89D:4M<= CDB8G>F @B:9F 5OFP <ECB?P;B64A 6 >4K9-
EF69 >BDD9>F<DGRM9= 8B546>< 6 CDB<;6B8EF69 J9@9AF4 <?< 6 8B@9AAB@ CDBJ9EE9.

�2B>@O 2O@060RB 1;03>40@=>ABP A>B@C4=8:0< �#�"! $�! 
". �. �CA8=S=C, #. �. %OA5 8 �. ". �@O;>2C 70 ?><>IP 2 8AA;54>20=8SE 8 F5==O5 
A>25BO.

�<5?<B7D4H<K9E><= EC<EB>
1. #<KG7<A �. �. �A4?<F<K9E><= B5;BD A4>BC?9AAB7B 6 $BEE<=E>B= (989D4J<< BCOF4 6B-

6?9K9A<S 6 IB;S=EF69AAO= B5BDBF ;B?BL?4>B6OI BFIB8B6 F9C?BQ?9>FDBEF4AJ<=. 
#DB5?9@O D97<BA4?PAB= Q>B?B7<<. 2019. № 4. % 3

3
3. �46D<A9A>B �. �., �GA<?B64 �. �., �B?P59D7 �. 2. �?<SA<9 A<;>BF9@C9D4FGDAB7B 

B5:<74 ;B?O BF E:<74A<S G7?9= E M9?BKAO@< D9479AF4@< A4 QHH9>F<6ABEFP <;6?9K9A<S J9A-
AOI >B@CBA9AFB6. DOI: 10.25018/0236_1493_2023_10_0_104 // �BDAO= <AHBD@4J<BAAB
4A4?<F<K9E><=. 2023. № 10. %. 1043



4. #46?B6 �. (., ,454AB6 �. (. �EE?98B64A<9 CDBJ9EEB6 CB?GK9A<S B59;:9?9;9AAB7B 
EODPS <; ;B?BL?4>B6OI BFIB8B6 BF E:<74A<S 5GDOI G7?9= ��&1�. 

10.15372/KhUR2019149// )<@<S 6 <AF9D9E4I GEFB=K<6B7B D4;6<F<S. 2019. № 27. %. 3813

5. %A97<D96 �. �.,  4?PJ964 �. %., %45<DB64 &.  . �O89?9A<9 :9?9;4 54>F9D<4?PAO@ 
6OM9?4K<64A<9@ <; ;B?BL?4>B6OI BFIB8B6 // %<EF9@4 GCD46?9A<S Q>B?B7<K9E>B= 59;BC4EAB-
EFPR : E5. FDG8B6 XVIII @9:8GA4D. A4GK. CD4>F. >BAH. �>4F9D<A5GD7 : 'D(', 2024. %. 2203

6. �;6?9K9A<9 B>E<8B6 :9?9;4 <; ;B?BL?4>B6OI BFIB8B6 F9C?B6B= QA9D79F<>< E <E-
CB?P;B64A<9@ Q?9>FDB@47A<FAB7B @<>DB6B?AB6B7B <;?GK9A<S / ". %. �4A<?B6, �. �. &4E><A, 
�. !. �?9>E9=>B, �. �. �D959AR>. // 'F<?<;4J<S BFIB8B6 CDB<;6B8EF64 < CBFD95?9A<S: <AAB-
64J<BAAO9 CB8IB8O < F9IAB?B7<< : @4F9D<4?O II �E9DBE. A4GK. CD4>F. >BAH. �<DB6 : �SFE><= 
7BEG84DEF69AAO= GA<69DE<F9F, 2020. %. 2233

���3!�� &�)!"��!!"� �"�����
!� %&$'�&'$' � %�"�%&�� *� �!&!"�" �� !3

&. # )5@10:>20 , �. % �8;52
�=AB8BCB E8<88 �><8 =0CG=>3> F5=B@0 '@0;PA:>3> >B45;5=8S

$>AA89A:>9 0:045<88 =0C: (�* �><8 !* '@" $�!, 

«%O:BO2:0@ &8AAPR�@C?» ("�" «%&�»), 

�EE?98B64A EBEF46 F9IAB79AAB7B BFIB84 (F9I. H?BFBL?4@4 ((,)) B5D4;G-
RM97BES CD< CDB<;6B8EF69 6FBD<KAB7B J9??R?B;AB7B 6B?B>A4 (C9D9D45BF>4 @4-
>G?4FGDAB= @4EEO (  )). #B>4;4A4 6B;@B:ABEFP <ECB?P;B64A<S (, >4> 8B-
546>< 6 J9@9AFAO= >?<A>9D (*�) 6 >B?<K9EF69 8B 5%. #DBKABEFP J9@9AFAB7B 
>4@AS 6 6B;D4EF9 28 EGFB> EA<:49FES A4 16% 6 ED46A9A<< E >BAFDB?PAO@ B5D4;-
JB@, AB A4IB8<FPES 6 CD989?4I BCD989?9AAOI ABD@4F<6AO@< 8B>G@9AF4@<.

�?RK96O9 E?B64: H?BFBL?4@, J9@9AFAO= >4@9AP, 6B8BJ9@9AFAB9 BFAB-
L9A<9, CDBKABEFP A4 E:4F<9, CDBKABEFP A4 <;7<5. 

� A4EFBSM99 6D9@S CB8 B5M<@ A4;64A<9@ CBDF?4A8J9@9AF CB8D4;G@964-
9FES 7DGCC4 6S:GM<I, E6B=EF64 >BFBDOI, 6 ;46<E<@BEF< BF EB89D:4A<S 6 >?<A-
>9D9 F9I <?< <AOI @<A9D4?B6, @9ASRFES 6 L<DB><I CD989?4I. &<C<KAO@< D9-
4>J<S@< F69D89A<S ;4F6BD9AAB7B 6B8B= J9@9AF4 S6?SRFES D94>J<< 7<8D4F4J<< 
< 7<8DB?<;4. %>BDBEFP 7<8D4F4J<< ;9D9A CBDF?4A8J9@9AFAB7B CBDBL>4 ;46<E<F 
BF I<@<>B @<A9D4?B7<K9E>B7B EBEF464 >?<A>9DAOI ;9D9A, <I D4;@9DB6, F9@C9-
D4FGDO F69D89A<S, 69?<K<AO 6B8BJ9@9AFAB7B BFABL9A<S < DS84 8DG7<I H4>FB-
DB6. �?<SA<9 ?R5OI 8B546B> A4 ><A9F<>G HBD@<DB64A<S EFDG>FGDO J9@9AFAB7B 
>4@AS, A4 CDBKABEFP < 8B?7B69KABEFP 59FBA4 A9 @B:9F 5OFP CD98E>4;4AB 4CD<B-
D<. #BQFB@G EB89D:4A<9 8B546B> 6 59FBA4I <?< D4EF6BD4I GEF4A46?<649FES Q>E-
C9D<@9AF4?PAB E B8AB6D9@9AAB= CDB69D>B= CDBKABEF< CD< E:4F<< 6 EBBF69F-
EF6<< E FD95B64A<S@< 89=EF6GRM<I ABD@4F<6AOI 8B>G@9AFB6. *9?PR <EE?98B-
64A<S S6?S?BEP <;GK9A<9 EFDG>FGDBB5D4;B64A<S < CDBKABEFAOI I4D4>F9D<EF<> 
J9@9AFAB7B >4@AS, CD< 66989A<< 6 EBEF46 >B@CB;<J<BAAOI 6S:GM<I, EB89D:4-
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M<I CBDF?4A8J9@9AF   500 F9IAB79AAB= BD74AB@<A9D4?PAB= 8B546>< ((,) (53

�;GK9AO H<;<>B I<@<K9E><9 I4D4>F9D<EF<>< F9IAB79AAB7B BFIB84 ((,)
B5D4;GRM97BES 6 CDBJ9EE9 6BEEF4AB6?9A<S    6 F9IAB?B7<K9E>B9 6B?B>AB. 
�B@CB;<J<S    CD98EF46?9A4: 70%  % 7�3 (ED98A97B >4K9EF64: >A<7<, :GDA4-
?O), 5%  % 8�1 (A<;>B7B >4K9EF64: BFIB8O CDB<;6B8EF64 < CBFD95?9A<S 74;9F < 
74;9FAB= 5G@47<), 25%  % 6�2 (ED98A97B >4K9EF64: BFIB8O CDB<;6B8EF64 < CB-
FD95?9A<S >4DFBA4 6E9I 6<8B6 E C9K4FPR). #B87BFB6>4    ;4>?RK4?4EP 6 DB-
ECGE>9, BK<EF>9, CDB@O6>9, H?BF4J<<, 8<EC9D7<DB64A<9 < BF59?>9 EB7?4EAB 
F9IAB?B7<K9E>B@G D97?4@9AFG @4>G?4FGDAB7B GK4EF>4 «%O>FO6>4D &<EEPR 
�DGC» ("�" «%&�») [1] . �6989A<9 6 F9IAB?B7<R @4>G?4FGDO A<;>B7B < ED98A9-
7B >4K9EF64 CB;6B?<F CB6OE<FP B5N9@ 6BEEF4AB6?9AAB7B 6B?B>A4, E?98B64F9?P-
AB, EA<;<FP B5N9@O 6ODG5>< ?9EB6 < C?BM48< CB?<7BAB6 BFIB8B6.

�?4:ABEFP 6.E. H?BFBL?4@4 EBEF46?S?4 1,353 ; ;B?PABEFP 57,43
°%), 37,63 °%) [3]. "D74AB @<A9D4?PAO= EBEF46 L?4@4 3

(;A4K9A<S 64DP<DGRFES 6 ;46<E<@BEF< BF >B@CB;<J<< >?4EEB6 C9D9D454-
FO649@B= @4>G?4FGDO). "D74A<K9E><9 >B@CBA9AFO L?4@4 6>?RK4RF ?<7ABJ9?-
?R?B;AO9 K4EF<JO, CB?<@9DO, >D4E><, >?9=><9 < E6S;GRM<9 69M9EF64. !4 D<-
EGA>9 1 CD98EF46?9AO @<>DBHBFB7D4H<S < D9;G?PF4FO QA9D7B8<EC9DE<BAAB7B 
4A4?<;4 H?BFBL?4@4 < 97B @<A9D4?PAB= K4EF<.

$<E. 1. %>4A<DGRM4S Q?9>FDBAA4S @<>DBE>BC<S < QA9D7B8<EC9DE<BAAO= 4A4?<; 
H?BFBL?4@4 ((,) (4) < @<A9D4?PAB= K4EF< (, (5)

 <A9D4?PA4S K4EFP (, @B:9F EB89D:4FP: BE4:89AAO= >4D5BA4F >4?PJ<S, 
FBA>B8<EC9DEAO= >4D5BA4F >4?PJ<S, 7<CE, 8<B>E<8 F<F4A4, 7?<AG, 8<B>E<8 
>D9@A<S, 4?R@BE<?<>4F @47A<S, 7<8D4F<DB64AAO= E<?<>4F 4?R@<A<S, E<?<>4F 
>4?PJ<S, F4?P>, E?R8G, >4B?<AB6GR 7?<AG, >B??B<8AO= 8<B>E<8 >D9@A<S, <?< 
?R5B9 <I EBK9F4A<9.

(, 66B8<?< 6 EBEF46 6S:GM97B 6 @9?>B8<EC9DEAB@ 6<89 6 CD989?4I 53
%. !BD@4?PAGR 7GEFBFG J9@9AFAB7B F9EF4 BCD989?S?< A4 CD<5BD9 �<>4 [4]. 

�?S <EE?98B64A<S 6?<SA<S 8B546>< (, A4 CDBKABEFAO9 I4D4>F9D<EF<>< CB87B-
F46?<64?< >G5<>< 70 70 < CD<;@O 40 160 @@ A4 J9@9AFAB@ F9EF9 E A9-
B5IB8<@O@ 8?S ABD@4?PAB= 7GEFBFO 6B8BJ9@9AFAO@ BFABL9A<9@. !4 28 EGF>< 
F69D89A<S > B5D4;J4@ CD<>?48O64?< D4;DGL4RM<9 A47DG;>< CD< <ECOF4A<< A4 

4) 5



E:4F<9 < <;7<5 [5]. �4?99 B5D4;JO <;@9?PK4?<EP, CB87BF46?<64?<EP CDB5O 8?S 
<89AF<H<>4J<< BEAB6AOI H4; <;GK49@OI B5D4;JB6 J9@9AF4.

#DBJ9EEO EFDG>FGDBB5D4;B64A<S @B8<H<J<DB64AAB7B J9@9AFAB7B >4@AS 
BCD989?SRFES @AB7<@< H4>FBD4@<, 6 FB@ K<E?9 6B8BJ9@9AFAO@ BFABL9A<9@, 
>B?<K9EF6B@ < H<;<>B I<@<K9E><@< E6B=EF64@< A4CB?A<F9?S. % G69?<K9A<9@ 
EF9C9A< A4CB?A9A<S *& @9?>B8<EC9DEAO@ (, CB6OL49FES 6B8BCBFD95ABEFP 
*&, KFB ;46<E<F BF 6B8BCBFD95ABEF< E4@B= <ECB?P;G9@B= 8B546><: CD< 66989-
A<< (, 6 >B?<K9EF69 5% �/* CB6OL49FES A4 13,8%, CD< 66989A<< (, 6 >B?<-
K9EF69 10% 3 A4 27,5% (D<E.

�D9@S EI64FO64A<S < F69D89A<S J9@9AFAB7B >4@AS ;4@98?S9FES A4 203
@<AGF (6 1,1231,5 D4;) CD< 66989A<< 5310% (,, EBBF69FEF69AAB (D<E.

$<E. �?<SA<9 8B546>< (, 
A4 6B8BCBFD95ABEFP *&

$<E. �46<E<@BEFP 6D9@9A< A4K4?4 < 
>BAJ4 EI64FO64A<S *& BF >B?<K9EF64 

66B8<@B= 8B546>< (,

#D989? CDBKABEF< J9@9AFAB7B >4@AS A4 E:4F<9 6 6B;D4EF9 28 EGFB> F69D-
89A<S 6 ABD@4?PAOI GE?B6<SI 8?S A4CB?A9AAOI J9@9AFB6 EA<:49FES BFABE<-
F9?PAB >BAFDB?PAB7B B5D4;J4 (56,4  #4) A4 10,83  #4 3 46,4  #�), 
CD< 8B546>9, EBBF69FEF69AAB, 53 % (, (D<E. ). !B QF< CB>4;4F9?< G8B6?9-
F6BDSRF FD95B64A<S@ ABD@4F<6AB= CDBKABEF< [6]. #D989? CDBKABEF< A4CB?-
A9AAOI B5D4;JB6 CD< <;7<59 ( <;7 EBEF46?S9F 7,6537,75  #4 CD< 8B546>9, EBBF-
69FEF69AAB, 5310% (,, KFB A4 7,038,4% 6OL9, K9@ 8?S >BAFDB?PAB7B B5D4;J4 
(7,15  #4) (D<E. 

$<E. #D989? CDBKABEFP *� 
A4 E:4F<9 ( E:) 6 6B;D4EF9 28 EGFB>
6 ;46<E<@BEF< BF >B?<K9EF64 

66B8<@B= 8B546><

$<E. #D989? CDBKABEFP *� 
A4 <;7<5 <;7) 6 6B;D4EF9 28 EGFB> 
6 ;46<E<@BEF< BF >B?<K9EF64 

66B8<@B= 8B546><



"C<D4SEP A4 ECD46BKAO9 < CG5?<>4J<BAAO9 84AAO9 [7310], 46FBD4@< 
CDB6989A ED46A<F9?PAO= 4A4?<; H4;B6B7B EBEF464 @B8<H<J<DB64AAOI B5D4;JB6 
E CB@BMPR $(�.

$9AF79AB7D4@@4 J9@9AF4   500 (D<E. 4)) CB>4;O649F 8<HD4>J<BAAO9 BF-
D4:9A<S BEAB6AOI @<A9D4?B6: 4?<F4 (d
1,48), 59?<F4 (d 3,85; 3,02; 2,65; 2,44; 2,19; 1,76; 1,62), J9??<F4 (d
2,88; 2,69; 1,93; 1,91), FD9I>4?PJ<96B7B 4?R@<A4F4 (d 2,68; 2,17; 1,91); >?<AB-
QAEF4F<F4 (MgO SiO 3,19; 2,96; 2,88; 2,11), B>E<84 @47A<S (MgO)( d
1,48), 7<CE4 (CaSO = 3,19; 2,63; 1,93; 1,87; 2,08). !4 D9AF79AB7D4@@9 B5D4;J4 
  500 6 6B;D4EF9 14 8A9= (D<E. 5)) CDB<EIB8<F G@9APL9A<9 <AF9AE<6ABEF< 
C<>B6 BEAB6AOI @<A9D4?B6 J9@9AFAB7B >?<A>9D4 6 D9;G?PF4F9 <I 7<8D4F4J<<.

(4;B6O= EBEF46 CD98EF46?9A A9 CDBD947<DB646L<@ 4?<FB@
1,62 �), CBDF?4A8<FB@ ( 4,9; 2,69; 1,93; 1,79; 1,49 �), FB59D@BD<FB@ (
3,04; 1,70; 1,59 �), >4?PJ<FB@ ( 2,28; 2,06 �). �EK9;4RF C<><, BFABESM<9ES > 
7<CEG (%4 ), >BFBDO= GK4EF6G9F 6 B5D4;B64A<< 7<8DBEG?PHB4?R@<A4FB6 
>4?PJ<S (�%��) ( 5,58; 3,62; 2,46; 2,19; 2,11 �).

$<E. 6. 4)   500 (>?<A>9D), 
5) 7<8D4F4J<S   500 (14 8A9=),
6) 7<8D4F4J<S   500 (28 8A9=)

$<E. $9AF79AB7D4@@O @B8<H<J<DB64A-
AOI B5D4;JB6 J9@9AFAB7B >4@AS CBE?9 

EGFBKAB7B F69D89A<S: 4)   500; 
5)   500 5% (,; 6)   500 10% (,

�OEB>BBEAB6AO9 7<8DBE<?<>4FO ( ) <@9RF 8<HD4>J<BAAO9 BFD4-
:9A<S = 9,71; 1,59; 1,57�, A<;>BBEAB6AO9 ( 
1,68 �. �<8DB4?R@<A4FO A4 D9AF79AB7D4@@9 <89AF<H<J<DB64?< CB C<>4@ E 
4,93; 2,88; 1,655 �. #D<EGFEF6GRF C<>< A9 CDBD947<DB646L<I >B@CBA9AFB6 

>?<A>9D4: %3� E = 1,9; 1,62; 1,55, %3 , %2 E = 3,87; 2,19; 1,76; 1,62 �. 
" A4?<K<< 4@BDHAB= H4;O, B5D4;GRM9=ES CD< ;4F6BD9A<< >B@CBA9AFB6 6S:G-
M97B E6<89F9?PEF6G9F 8<HHG;A4S 8G74 6 8<4C4;BA9 G7?B6 2 3 ð

4

5

6



#BE?9 28 EGFBKAB7B F69D89A<S D9AF79AB7D4@@4 <@99F 6<8, CD98EF46?9A-
AO= A4 D<EGA>9 6). �?S B8A<I < F9I :9 H4; CDB<;BL?B <;@9A9A<9 G7?B6 < EB-
BF69FEF6GRM<I <@ @9:C?BE>BEFAOI D4EEFBSA<=, KFB @B:9F 5OFP 6O;64AB <;-
@9A9A<9@ >D<EF4??<K9E>B= < 4@BDHAB >D<EF4??<K9E>B= EFDG>FGDO J9@9AFAB7B 
>4@AS. !45?R849FES G@9APL9A<9 C<>B6 A9CDBD947<DB646L97B CBDF?4A8<F4 
=4,934; 3,87; 2,631,49 �). %A<:9A<9 C<>B6 %4("!) @B:9F 5OFP E6S;4AB E 6;4-
<@B89=EF6<9@ 97B E EG?PH4FAO@< EBEF46?SRM<@< < C9D9IB8 6 7<8DBEG?P-
HB4?R@<A4F >4?PJ<S (�%��) ( = 5,58; 3,62; 2,466 �). �AF9AE<6ABEFP C<>B6
4?<F4 = 2,74; 1,76; 1,62 �) A9 <;@9AS9FES (D<E. 6). $9AF79AB7D4@@O @B8<H<-
J<DB64AAOI B5D4;JB6 J9@9AFAB7B >4@AS CBE?9 28 EGFBKAB7B F69D89A<S CD98-
EF46?9AO A4 D<EGA>9 7. (4;4, I4D4>F9D<;G9@4S CBDF?4A8<F (

3 CD< G69?<K9A<< >B?<K9EF64 8B546>< <AF9AE<6ABEFP C<>4 A9E>B?P>B 
CB6OL49FES. �AF9AE<6ABEFP C<>B6 FB59D@BD<F4 ( = 3,02; 1,68 �) A4IB8<FES 6 
ED46A<@OI CD989?4I.

�B546>4 (, > CBDF?4A8J9@9AFG CD<6B8<F > CB6OL9A<R CB>4;4F9?9=
ABD@4?PAB= 7GEFBFO J9@9AFAB7B F9EF4 < G8?<A9A<9 EDB>B6 EI64FO64A<S. #B-
6OL9A<9 6B8BCBFD95ABEF< J9@9AFAB7B F9EF4 ;46<E<F BF 6B8BCBFD95ABEF< BD74-
A<K9E>B= EBEF46?SRM9= CD<@9AS9@B= 8B546>< (40%), >BFBD4S < B5GE?46?<649F 
CB7?BM9A<9 6B8O <; *& 6 6<8G A4?<K<S >4C<??SDAB= CBD<EFBEF<, < B5D4FAGR 
89EBD5J<R 6B8O 6 EFDG>FGDG *� 6 CDBJ9EE9 F69D89A<S. �B?<K9EF6B 66B8<@B= 
8B546>< 6?<S9F A4 CDBKABEFAO9 I4D4>F9D<EF<>< B5D4;JB6 6 6B;D4EF9 28 EGFB> 
F69D89A<S, AB ;A4K9A<S A4IB8SFES 6 D4@>4I, D9>B@9A8B64AAOI EF4A84DFB@.

�<5?<B7D4H<K9E><= EC<EB>
"�" «%O>FO6>4D &<EEPR �DGCC» [1?9>FDBAAO= D9EGDE]. 3 84F4 

B5D4M9A<S: 02.05.2018).
�"%& 13525.19 (�%" 287 85)  9:7BEG84DEF69AAO= EF4A84DF. �G@474 < >4DFBA. 

"CD989?9A<9 6?4:ABEF<. �698. 1993 01.  . : %F4A84DF<AHBD@, 2007. 
�"%& 7629 93 (�%" 2144 87) �G@474 < >4DFBA.  9FB8 BCD989?9A<S ;B?O. 

�698.01.01.95.  . : �#� �;84F9?PEF6B EF4A84DFB6, 1995.
�"%& 310.3 76. *9@9AFO.  9FB8O BCD989?9A<S ABD@4?PAB= 7GEFBFO, EDB>B6 EI64-

FO64A<S < D46AB@9DABEF< <;@9A9A<S B5N9@4. �698. 01.01.1978.  . : �;8 6B EF4A84DFB6, 
�"%& 310.4 81. *9@9AFO.  9FB8O BCD989?9A<S CD989?4 CDBKABEF< CD< <;7<59 < 

E:4F<<. �698. 01.07.1983.  . : �;8 6B EF4A84DFB6, 1983. 
�"%& 31108 2003. *9@9AFO B5M9EFDB<F9?PAO9. &9IA<K9E><9 GE?B6<S. �698. 

01.09.2004.  . : (�'# *##, 2004. 
�4?><A 2. 2., '8B8B6 %. �. (4;B6O= 4A4?<; EFDG>FGDO J9@9AFAB7B >4@-

AS,<;B?<DB64AAB7B CD< 97B D4AA9@ A47DG:9A<< &D4AECBDFAO9 
EBBDG:9A<S № &. 5. [1?9>FDBAAO= D9EGDE]. 3

(84F4 B5D4M9A<S: 02.05.2024).
�B6> �. �. �<8D4F4J<S C3S < EFDG>FGD4 C H4;O: AB6O9 CB8IB8O, 7<CBF9;O < 

84AAO9 // *9@9AF < 97B CD<@9A9A<9. 2012. № 3. [1?9>FDBAAO= D9EGDE]. 3

(84F4 B5D4M9A<S: 02.05.2024).
"EAB6O D9AF79ABEFDG>FGDAB7B 4A4?<;4 6 @4F9D<4?B6989A<< / �. �. �?BCBFB6, 

2. �. �5;496, �. �. #BF9>496, ". �. �B?B><F<A. &B@E> : �;8 6B &��%', 2012. 275 E.
 <D><A �. �. %CD46BKA<> CB D9AF79ABEFDG>FGDAB@G 4A4?<;G CB?<>D<EF4??B6 / CB8 

D98. CDBH9EEBD4 3. %. '@4AE>B7B.  
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%. �. /@CA>20 , #. %. �>@485=:> �. �. #0=0A5=:> , ' �. )0@G5=:>
�. �. �5;5=520 , %. �. �C;0=>20 %. !. �0=8;>20

�=AB8BCB E8<88 ��" $�!
!0F8>=0;P=O9 =0CG=O9 F5=B@ <>@A:>9 18>;>388 

8<5=8 �.�. �8@<C=A:>3> ��" $�!
%525@> �>AB>G=O9 D545@0;P=O9 C=825@A8B5B 8<5=8  . �. �<<>A>20

� D45BF9 <EE?98B64AO EBD5J<BAAO9 E6B=EF64 E<?<>4FB6 >4?PJ<S F9IAB-
79AAB7B CDB<EIB:89A<S CB BFABL9A<R > @<>DBBD74A<;@4@ < 

. #B?GK9AO < CDB4A4?<;<DB64AO 84AAO9 CB ><A9F<>9 EBD5J<< 
<EE?98G9@OI 54>F9D<= E<?<>4F4@< >4?PJ<S.

�?RK96O9 E?B64: @<>DBBD74A<;@O, E<?<>4FO >4?PJ<S, F9IAB79AAO9 BFIB-
8O, 5BDB7<CE, EBD5J<S, EBD5J<BAAO9 E6B=EF64, ><A9F<>4.

�;GK9A<9 BEB59AABEF9= 6;4<@B89=EF6<S CD<DB8AOI < E<AF9F<K9E><I 
E<?<>4FB6 < 4?R@BE<?<>4FB6 E D4;?<KAO@< @<>DBBD74A<;@4@<, 6 FB@ K<E?9 E 
C4FB79AAO@< < GE?B6AB C4FB79AAO@< @<>DBBD74A<;@4@<, CB;6B?S9F D4EL<D<FP 
B5?4EF< CD<@9A9A<S 84AAOI EB98<A9A<=, A4CD<@9D, 6 >4K9EF69 
QAF9DBEBD59AFB6 E EBD5J<BAAB 89FB>E<>4J<BAAO@< E6B=EF64@<, 4 F4>:9 8?S 
BK<EF>< 6B8O [13

$4A99 5O?B CDB6989AB ED46A<F9?PAB9 <EE?98B64A<9 EBD5J<BAAOI E6B=EF6 
4@BDHAOI < >D<EF4??<K9E><I E<?<>4FB6 >4?PJ<S, CB?GK9AAOI 6 6B8AOI D4E-
F6BD4I CD< B5OKAOI GE?B6<SI ( 20 °%) < 6 GE?B6<SI 46FB>?46AB= B5D45BF>< 
D94>J<BAAB= E@9E< ( 220 °%) 6 @B89?PAOI E<EF9@4I BFABE<F9?PAB F9EFB6OI 
>G?PFGD @<>DBBD74A<;@B6 < < 4EEBJ<4J<< CD9E-
AB6B8AOI 54>F9D<=. � >4K9EF69 >BAFDB?PAB7B B5D4;J4 <ECB?P;B64?< D94>F<6 3
86GB><EP >D9@A<S >64?<H<>4J<< «K», �"%& 4214 78. �O?B GEF4AB6?9AB, KFB 
A4<5B?PLGR EBD5J<BAAGR 9@>BEFP CB BFABL9A<R > <;GK9AAO@ 54>F9D<S@ 
CDBS6?SRF E<?<>4FO >4?PJ<S. $9;G?PF4FO CB>4;4?< J9?9EBB5D4;ABEFP CDB6989-
A<S 84?PA9=L<I <EE?98B64A<=, 6 D9;G?PF4F9 >BFBDOI GEF4AB6?9AB, KFB QHH9>-
F<6ABEFP EBD5J<< CB BFABL9A<R > 54>F9D<S@ 8BEF<749F 
CB BFABL9A<R > 3 3

� 84AAB= D45BF9 CDB6989AB <EE?98B64A<9 EBD5J<BAAOI E6B=EF6 E<?<>4-
FB6 >4?PJ<S, CB?GK9AAOI <; F9IAB79AAB7B EODPS 6 6<89 BFIB8B6 CDB<;6B8EF64 
5BDAB= ><E?BFO (5BDB7<CE4) CB BFABL9A<R > @<>DBBD74A<;@4@ 
< 

"FIB8O CDB<;6B8EF64 5BDAB= ><E?BFO (E EB89D:4A<9@ BEAB6AOI >B@CB-
A9AFB6, @4EE.%: 3 3 3 3 22 3 3 3 3

3 3 3 3 3 3 30,2) E@9L<64?< E D4EF6B-
DB@ 7<8DB>E<84 >4?<S >64?<H<>4J<< «K.8.4» 6 EF9I<B@9FD<K9E>B@ EBBFABL9-



A<<. %<AF9; CDB6B8<?< 6 ?45BD4FBDAB@ 46FB>?469 CD< F9@C9D4FGD9 220 °C 6 F9-
K9A<9 3 < 6 K (84?99 3 �� %� 3 < �� %� 6, EBBF69FEF69AAB). '89?PA4S CB69DI-
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�?RK96O9 E?B64: I6B=A4S 8D969EA4S ;9?9AP, >B@C?9>EA4S D9EGDEBE59D9-
74RM4S F9IAB?B7<S, Q@G?PE<BAA4S Q>EFD4>J<S, 5<BCD9C4D4FO, D4EF<F9?PAO9 
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%F9C9AP 48EBD5J<BAAB7B <;6?9K9A<S S (%) EG?PH4F <BAB6 <; @B89?PAB7B 
D4EF6BD4 <;GK49@O@ EBD5J<BAAO@ @4F9D<4?B@ BCD989?S?4EP CB HBD@G?9






�A4K9A<S C9D9K<E?9AAOI I4D4>F9D<EF<> CDBJ9EE4 48EBD5J<< CD<6989AO 6 
F45?<J9 1.

&01;8F0 1
)4D4>F9D<EF<>< 48EBD5J<< EG?PH4F <BAB6 6 EF4F<K9E><I GE?B6<SI

�8EBD5<DG9@O= 
<BA �<8 @B8<H<>4J<< 59AFBA<F4 %

@7/7 8@ /@7

3
�9AFBA<F, @B8<H<J<DB64AAO= 7?<J9D<-
AB@, B5B::9AAO= < 7<8DBHB5<;<DB64A-
AO=

1,21±0,13 0,06±0,01 82±1,2

�?S BCD989?9A<S 6<84 48EBD5J<< <BAB6 3 A4 CB?GK9AAB@ EBD59AF9 
CD<@9AS?ES CB8IB8 �G5<A<A43$48GL>96<K4. �?S D94?<;4J<< QFB7B CB8IB84 
A9B5IB8<@B 5O?B CBEFDB<FP ;46<E<@BEFP 69?<K<AO 48EBD5J<< BF CBF9AJ<4?4 
#B?SA< 6 ?B74D<H@<K9E>B= HBD@9 [6] (D<E. 3):

��  

789 ¸ 3 CBF9AJ<4? #B?SA<, BCD989?S9@O= CB HBD@G?9: 

÷
÷
ø

ö
÷
÷
ø

ö


@7/8@



789 3 GA<69DE4?PA4S 74;B64S CBEFBSAA4S ( ,31 �:/@B?P·�), & 3 F9@C9D4FGD4, %
3 D46AB69EA4S >BAJ9AFD4J<S <BA4 48EBD54F4 6 6B8AB= H4;9 D4EF6BD4.

�45BD4FBDAO9 Q>EC9D<@9AFO 48EBD5J<< <BAB6 3 A4 <EE?98G9@B@ 
EBD5J<BAAB@ @4F9D<4?9 CD< D4;AOI F9@C9D4FGD4I (BF 20 ð%8B 60 ð%) 6OCB?A9-
AO E F9K9A<9@ 6D9@9A<.

$<E. 3. �;@9A9A<9 48EBD5J<< <BAB6 3 6 ;46<E<@BEF< BF ;A4K9A<S ¸

�A4?<; ;46<E<@BEF9= �  CB>4;O649F 6B;D4EF4A<9 69?<K<AO 48-
EBD5J<< CD< <;@9A9A<< F9@C9D4FGDO Q>EC9D<@9AF4 6 <AF9D64?9 BF 20 ð% 8B 

ð%.
� 6O5D4AAB@ <AF9D64?9 F9@C9D4FGD ;46<E<@BEFP C4D4@9FD4 48EBD5J<< BF 

69?<K<AO ¸ 8?S <BAB6 3 CB;6B?S9F GEF4AB6<FP ;A4K9A<9 >BQHH<J<9AF4 <; 
GD46A9A<S (4), KFB CB;6B?S9F 6OCB?A<FP D4EK9F ED98A9= E6B5B8AB= QA9D7<< 48-
EBD5J<< , <ECB?P;GS ;46<E<@BEFP:

3 3

#B?GK9AAB9 ;A4K9A<9 QA9D7<< 48EBD5J<< � CD<6989AB 6 F45?<J9 2.
&01;8F0 2

�A4K9A<S ED98A9= E6B5B8AB= QA9D7<< 48EBD5J<< � (>�:/@B?P)
!9BD74A<K9E>B9 
69M9EF6B �<8 @B8<H<>4J<< 59AFBA<F4 �BQHH<J<9AF 

@@B?P />�: �, >�:/@B?P

3
�9AFBA<F, @B8<H<J<DB64AAO= 7?<J9-
D<AB@, B5B::9AAO= < 7<8DBHB5<;<-
DB64AAO=

3 86±

$9;G?PF4FO D4EK9FB6 CB>4;4?<, KFB 6 <;GK49@B@ F9@C9D4FGDAB@ <AF9D64?9 
;A4K9A<9 ED98A9= E6B5B8AB= QA9D7<< 48EBD5J<< EBEF46?S9F 13,8 >�:/@B?P, 
KFB 5B?PL9 8 >�:/@B?P. #BQFB@G 6 84AAB@ E?GK49 <@99F @9EFB CD9B5?484A<9 
I<@<K9E>B= 48EBD5J<< [6].

�O6B8O: 1. �EE?98B64A<S@< GEF4AB6?9AO I4D4>F9D<EF<>< 48EBD5J<< 
<BAB6 3 59AFBA<FB@, @B8<H<J<DB64AAO@ 7?<J9D<AB@ < 7<8DBHB5<;<DB-

Г ε
R² = 0,9595

ln
Г

ε



64AAB@, 6 EF4F<K9E><I GE?B6<SI. #D< QFB@ 6OS6?9A4 IBDBL4S QHH9>F<6ABEFP 
48EBD5J<< <BAB6 3, D46A4S 82% A4 QFB@ 48EBD59AF9.

2. �9?<K<A4 ED98A9= E6B5B8AB= QA9D7<< 48EBD5J<< <BAB6 3, D46A4S 
13,86 >�:/@B?P, G>4;O649F A4 FB, KFB 6 84AAB@ E?GK49 <@99F @9EFB CD9B5?484-
A<9 I9@BEBD5J<<. 

�<5?<B7D4H<K9E><= EC<EB>
�8EBD5J<S <BAB6 FS:9?OI @9F4??B6 59AFBA<FB@, @B8<H<J<DB64AAO@ G7?9DB8AO@< 

A4ABFDG5>4@<, CBE?9 ><E?BFAB= 4>F<64J<< / ". �. �F4@4AB64, �. �. &<IB@<DB64, 
!. �. �989A9964 < 8D. // Chemical Bulletin. 2021. &. 4. № 3. %. 563

$4;D45BF>4 < B5BEAB64A<9 AB6OI F9IAB?B7<= BK<EF>< 6B8AOI ED98 BF ;47DS;A9A<= 
FS:9?O@< @9F4??4@< / �. %. �?G5B>4S, ". �. �F4@4AB64, �. �. &<IB@<DB64 < 8D. // �9EFA<> 
$BEE<=E>B7B GA<69DE<F9F4 8DG:5O A4DB8B6. %9D<S: 1>B?B7<S < 59;BC4EABEFP :<;A989SF9?P-
ABEF<. 2022. &. 30, № 4. %. 4983

3. #4M9A>B �. �. �<8DBHB5<;4J<S // !4G>B64 8G@>4. 1973. № 1. 240 E.
4. %B69DL9AEF6B64A<9 @9FB8B6 BK<EF>< EFBKAOI 6B8 F9>EF<?PAOI CD98CD<SF<= / 

". �. �F4@4AB64, �. �. &<IB@<DB64, �. %. �?G5B>4S, �. �. #B8B>E9AB6 // �BCDBEO EB6D9@9A-
AB= A4G>< < CD4>F<><. 2022. № 1 (83). %. 73

�;GK9A<9 @9I4A<;@4 48EBD5J<< ? 8<A<FDB59A;B?4 @B8<H<J<DB64AAO@< 59AFBA<-
F4@< CD< 6B8BBK<EF>9 6 EF4F<K9E><I GE?B6<SI / ". �. �F4@4AB64, �. �. &<IB@<DB64, 
 . �. �EFD4L><A4, �. �. #B8B>E9AB6 // �B84 < Q>B?B7<S: CDB5?9@O < D9L9A<S. 2020. № 2 
(82). %. 3

6. �9?9AJB6 �. �., �4J>B &. 3. #D<@9A9A<9 48EBD5J<BAAOI @B89?9= 8?S BC<E4A<S 
D46AB69E<S 6 E<EF9@9 B>E<7<8DB>E<8 4?R@<A<S 3 HFBD // 1?9>FDBAA4S B5D45BF>4 @4F9D<4?B6. 
2012. № 48 (6). %. 653

#"�/,�!�� �/)"�� #" &"�' 1���&$")� �+�%�"�
'&�����*�� 1���&$"��&"� %��!*"�/) ���' '�3&"$"�

#$� �%#"�0�"��!�� ��%���� 1���&$"����$"�

�.  . $C18=, �. �. �>;5A=8:>2
$>AA89A:89 E8<8:> B5E=>;>38G5A:89 C=825@A8B5B 8<5=8 �. �.  5=45;5520, 

� EF4FP9 BC<E4AO ECBEB5O G69?<K9A<S CB>4;4F9?S 6OIB84 CB FB>G CD< 
BEGM9EF6?9A<< Q?9>FDBI<@<K9E>B= GF<?<;4J<< Q?9>FDB?<F4 E6<AJB6B7B 4>>G-
@G?SFBD4. 'EF4AB6?9AO BCF<@4?PAB9 6D9@S CDB6989A<S CDBJ9EE4, 6OIB8O CB 
FB>G, F<C < @4EE4 A9B5IB8<@OI 8B546B>.

�?RK96O9 E?B64: Q?9>FDB?<;, C9DB>EB8<E9DA4S ><E?BF4, C9DB>E<8 6B8BDB-
84.

#DB5?9@4 GF<?<;4J<< BC4EAOI BFIB8B6 S6?S9FES B8AB= <; >?RK96OI 6 
EB6D9@9AAB= Q>B?B7<< < I<@<K9E>B= CDB@OL?9AABEF< 6 J9?B@. "C4EABEFP 8?S 
B>DG:4RM9= ED98O, ;A4K<F9?PAO9 B5N9@O B5D4;B64A<S, 4 F4>:9 AB6B66989A<S 
6 ;4>BAB84F9?PEF69 CD<6B8SF > ;4CD9FG ;4IBDBA9A<S CB8B5AOI BFIB8B6, BFAB-
ESM<IES > I < II >?4EE4@ BC4EABEF< [1]. "FIB8O Q?9>FDB?<FB6 E6<AJB6OI 4>>G-



@G?SFBDB6, EB89D:4M<I E9DAGR ><E?BFG, S6?SRFES K4EFPR 6OL9BC<E4AAB= 
7DGCCO. "A< CB6E9@9EFAB <ECB?P;GRFES 6 46FB@B5<?PAB@ FD4AECBDF9, 4 F4>:9 
>4> 464D<=AO9 < D9;9D6AO9 <EFBKA<>< QA9D7<<. #B 84AAO@ <; BF>DOFOI <EFBK-
A<>B6, 6 ED98A9@ 6 $BEE<=E>B= (989D4J<< CDB<;6B8<FES CBDS8>4 7,5 @?A 98<-
A<J CB8B5AB= CDB8G>J<< [2]. %B7?4EAB 4A4?<;G EB5D4AAOI 6 IB89 D45BFO 4>>G-
@G?SFBDB6 >4:8O= 6 ED98A9@ EB89D:<F CBDS8>4 8 >7 E6<AJ4 < 131,5 ? Q?9>FDB-
?<F4, KFB Q>6<64?9AFAB >7 000 @ D4EF6BD4 ><E?BFO, >BFBDO= A9 CB?ABEFPR 
GF<?<;<DG9FES < CBF9AJ<4?PAB A4ABE<F GM9D5 B>DG:4RM9= ED989. �I GF<?<;4-
J<S BFS7BM49FES A9B5IB8<@BEFPR CD9864D<F9?PAB= CB87BFB6><, >BFBD4S, 6 
E6BR BK9D98P, BFS7BM49FES ><E?O@ I4D4>F9DB@ ED98O [3]. � E6S;< E QF<@ B5D4-
M9A<9 E 4>>G@G?SFBDB@ E6B8<FES > @9I4A<K9E>B= BK<EF>9 < CB6FBDAB@G <E-
CB?P;B64A<R C?4EF<A < >BDCGE4, 4 Q?9>FDB?<F A4CD46?S9FES A4 A9=FD4?<;4J<R 
< A9 6B6?9>49FES 6 CB6FBDAB9 <ECB?P;B64A<9.

% J9?PR G@9APL9A<S B5N9@4 B5D4;GRM<IES BFIB8B6 < 5B?99 CB?AB7B 6B-
6?9K9A<S D9EGDEB6 6 GF<?<;4J<BAAO= J<>? CD98?4749FES BEGM9EF6?SFP Q?9>FDB-
I<@<K9E>GR B5D45BF>G Q?9>FDB?<FB6 E6<AJB6OI 4>>G@G?SFBDB6. 1?9>FDB?<; 
;4>?RK49FES 6 CDBCGE>4A<< D4EF6BD4 K9D9; Q?9>FDB?<;9D H<?PFD CD9EEAB7B <?< 
<AB7B F<C4, >BFBDO= <@99F 864 Q?9>FDB84: EF4?PAB= < C?4F<AB6O=. � IB89 CDB-
J9EE4, EB7?4EAB 86G@ GD46A9A<S@ D94>J<=, CD<6989AAO@ A<:9, B5D4;G9FES C9-
DB>EB8<E9DA4S ><E?BF4 [4]:

 
 

#B?GK9AAB9 EB98<A9A<9 @B:9F 5OFP CB869D:9AB 7<8DB?<;G E CB?GK9A<9@ 
C9DB>E<84 6B8BDB84 <?< <ECB?P;B64AB A4 @9EF9 6 CDBJ9EE4I 6B8BBK<EF>< >4> 
E4@BEFBSF9?PAB [5], F4> < EB6@9EFAB E 8DG7<@< EB98<A9A<9@ 6 F4> A4;O649@OI 

!4 CDBJ9EE Q?9>FDB?<;4 6?<SRF F4><9 C4D4@9FDO >4>: E<?4 FB>4, F9@C9-
D4FGD4, E>BDBEFP CDBFB>4 :<8>BEF< < >BAJ9AFD4J<S ><E?BFO 6 Q?9>FDB?<F9
� E6S;< E QF<@ 6 IB89 CDBJ9EE4 BEGM9EF6?S9FES CBEFBSAAB9 BI?4:89A<9 ><E?B-
FO (D<E. 1). #B@<@B QFB7B CD<@9ASRF EC9J<4?PAO9 8B546><, >BFBDO9 G69?<K<-
64RF 6OIB8 CB FB>G CGF9@ <A7<5<DB64A<S CB5BKAOI D94>J<= < G69?<K9A<S 
4AB8AB7B C9D9A4CDS:9A<S. � >4K9EF69 8B546B> A4<5B?99 D4ECDBEFD4A9AO DB84-
A<8 4@@BA<S < EB?SA4S ><E?BF4 6 D4AA<I D45BF4I 5O?B GEF4AB6?9AB, KFB BCF<-
@4?PA4S 8B546>4 DB84A<84 4@@BA<S EBEF46?S9F 1 7/K4E.

�EIB8S <; 6;4<@BE6S;< >BAJ9AFD4J<< E9DAB= ><E?BFO < >B?<K9EF64 EG?P-
H4F < 7<8DBEG?PH4F <BAB6, ?GKL9 6E97B 8?S Q?9>FDB?<;4 CB8IB8SF D4EF6BDO E 
>BAJ9AFD4J<9= ><E?BFO BF 500 8B 800 7/?. �;@9D9AA4S F<FD<@9FD<K9E><@ @9FB-
8B@ >BAJ9AFD4J<S E9DAB= ><E?BFO 6 <@9RM<IES E6<AJB6OI 4>>G@G?SFBD4I EB-
EF46?S?4 BF 400 8B 500 7/?. 



$<E. 1. %I9@4 ?45BD4FBDAB= GEF4AB6>< Q?9>FDB?<;4.
3 K<??9D, 2, 3 3 F9D@BEF4FO 3 C9D<EF4?PF<K9E><9 A4EBEO,

3 <EFBKA<> FB>4, 6 3 Q?9>FDBI<@<K9E>4S SK9=>4, 8 3 <BABB5@9AA4S @9@5D4A4

� E6S;< E A96OEB>B= >BAJ9AFD4J<9= E9DAB= ><E?BFO 6 Q?9>FDB?<F9 Q?9>-
FDB?<; CB8B5AOI D4EF6BDB6 CDBIB8<F E A98BEF4FBKAB= QHH9>F<6ABEFPR 
(D<E. 2). !<;>4S QHH9>F<6ABEFP CDBJ9EE4 BEB59AAB ;4@9FA4 CD< Q?9>FDB?<;9 
D4EF6BD4 E >BAJ9AFD4J<9= 400 7/?. � E6S;< E QF<@ 5O?< D4EE@BFD9AO CGF< G69-
?<K9A<S 6OIB84 CB FB>G CGF9@ HBD@<DB64A<S >4E>484 <; 86GI Q?9>FDB?<;9DB6. 
�46<E<@BEF< 6OIB84 CB FB>G 8?S BCOFB6 E >4E>48B@ CD98EF46?9AO A4 D<EGA>9 3.

$<E. 2. �46<E<@BEFP 6OIB84 CB FB>G BF 6D9@9A< Q?9>FDB?<;4
8?S D4EF6BDB6 ><E?BFO E >BAJ9AFD4J<9= 400 < 500 7/?. 

'E?B6<S Q>EC9D<@9AF4 Q? F4 ≈ °%



$<E. 3. �46<E<@BEFP 6OIB84 CB FB>G BF 6D9@9A< Q?9>FDB?<;4
8?S D4EF6BDB6 ><E?BFO E >BAJ9AFD4J<9= 400 < 500 7/?
CD< Q?9>FDB?<;9 A4 >4E>489 <; 86GI Q?9>FDB?<;9DB6

'E?B6<S Q>EC9D<@9AF4 I = 10 A, Q? F4 ≈ 0 °%

�B546?9A<9 > >4E>48G 6FBDB7B Q?9>FDB?<;9D4 CB;6B?S9F G69?<K<FP 6OIB8 
CB FB>G 6 ED98A9@ A4 15320%. &4>:9 <; ;46<E<@BEF9= 6<8AB, KFB BCF<@4?PAB9 
6D9@S CDB6989A<S Q>EC9D<@9AF4 EBEF46?S9F CBDS8>4 233 K4E4, CBE?9 K97B 6OIB8 
CB FB>G A4K<A49F ;A4K<F9?PAB EA<:4FPES. �4AAO= H4>F E6S;4A E A9GEFB=K<6B-
EFPR C9DB>EB8<E9DAB= ><E?BFO E DBEFB@ >BAJ9AFD4J<< E>BDBEFP 99 D4EC484 
G69?<K<649FES, F4><@ B5D4;B@ EA<:4S 6OIB8 CB FB>G. 

�OIB8 CB FB>G @B:AB 8BCB?A<F9?PAB G69?<K<FP CGF9@ ;4@9AO 8B546>< E 
DB84A<84 4@@BA<S A4 EB?SAGR ><E?BFG.  9I4A<;@ 99 89=EF6<S A9E>B?P>B BF?<-
K49FES BF DB84A<84 4@@BA<S < ;4>?RK49FES 6 FB@, KFB, D4;DS:4SEP, 4A<BAO Cl3
6>?RK4RFES 6 CB69DIABEFAO= E?B= Q?9>FDB84, KFB G?GKL49F 97B 48EBD5J<BAAO9 
E6B=EF64. &4>:9 8B546>4 EB?SAB= ><E?BFO CD9CSFEF6G9F B5D4;B64A<R @BAB-
A48E9DAB= ><E?BFO, CDB8G>F4 CB5BKAB= D94>J<<. "8A4>B ;A4K9A<9 BCF<@4?PAB= 
69?<K<AO 8B546>< CB>4 A9 GEF4AB6?9AB, 4 @9I4A<;@ 89=EF6<S S6?S9FES CD98@9-
FB@ A4GKAB= 8<E>GEE<<.

�<5?<B7D4H<K9E><= EC<EB>
#<FG?P>B �.  ., �?RM9A>B $. $., �G?<5454 �. �. "EB59AABEF< D4J<BA4?PAB7B CD<-

DB8BCB?P;B64A<S 6 $BEE<=E>B= (989D4J<< 6 >BAF9>EF9 A4>BC?9AAB7B Q>B?B7<K9E>B7B GM9D-
54. 124 // �AAB64F<>4 < Q>EC9DF<;4: A4GKAO9 FDG8O. 
2020. № 2 (30). C. 1083

�>>G@G?SFBDAO9 54F4D9< ($OAB> $BEE<<) [1?9>FDBAAO= D9EGDE]. 3
https://www.tadviser.ru/index.php/%F4FPS:�>>G@G?SFBDAO9_54F4D9<_(DOAB>_$BEE<<)#:~:text=#
B%2084AAO@%204A4?<F<>B6%20Alto%20Consulting,9%25%20@9APL9%20K9@%207B8B@%20
(84F4 B5D4M9A<S: 1.11.2024).
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"59;6D9:<64A<9 Q?9>FDB?<F4 BFD45BF4AAOI E6<AJB6OI 4>>G@G?SFBDB6 / 
 . �.  4DF<DBESA, �.  . �DEF4@SA, �. �. �@SA, �. %. �754?SA // �9EFA<> !4J<BA4?PAB7B 
CB?<F9IA<K9E>B7B GA<69DE<F9F4 �D@9A<<.  9F4??GD7<S, @4F9D<4?B6989A<9, A98DBCB?P;B64-
A<9. 2016. № 1. %. 223

1?9>FDBI<@<K9E>B9 CB?GK9A<9 C9DB>E<84 6B8BDB84. &9BD<S < CD4>F<>4 : GK95AB9 
CBEB5<9 /  . �. �54>G@B6, �. �. �B?9EA<>B6, �. &. !B6<>B6 < 8D.  . : $)&' <@9-
A< �. �.  9A89?9964, 2023. 72 E.

�G;A9JB64 %.  . �EE?98B64A<9 6B;@B:ABEF< <ECB?P;B64A<S C9DB>EB8<E9DAB= ><E-
?BFO 6 >4K9EF69 89;<AH<J<DGRM97B D9479AF4 // 'EC9I< 6 I<@<< < I<@<K9E>B= F9IAB?B7<<. 

&. 37, № 17 (279). % 3
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(. (. '0CA>2 ,  . �. (C<8;>20 , !. !. #0ABCE>20 , �. �. &8<5@10520 
(��'! «'4<C@BA:89 D545@0;P=O9 8AA;54>20B5;PA:89 F5=B@ '@" $�!»,

�" «�652A:89 Q;5:B@><5E0=8G5A:89 702>4 «�C?>;»», nadi007@bk.ru 

 9FB8B@ D9AF79AB6E>B= HBFBQ?9>FDBAAB= EC9>FDBE>BC<< ($(1%) <EE?9-
8B64AO CDBJ9EEO F9D@<K9E>B7B D4;?B:9A<S 7<8DB>E<84 @98<(II), @4?4I<F4 < 
4;GD<F4 < BCD989?9A EBEF46 B5D4;GRM<IES CDB8G>FB6. �<8DB>E<8 @98<(II) G:9 
CD< 160 °C CB?ABEFPR D4EC4849FES, CD96D4M4SEP 6 5?<;><= CB EFDG>FGD9 B>E<8 
@98<(II). #D< D4;?B:9A<< 4;GD<F4 EA4K4?4 BFM9C?S9FES 6B84, 4 ;4F9@ 3 8<B>E<8 
G7?9DB84 E B5D4;B64A<9@ B>E<84 @98<(II). !4<5B?99 GEFB=K<6O@ S6?S9FES @4?4-
I<F 5?47B84DS 6B8BDB8AB= E6S;< @9:8G 7<8DB>E<8AB= < >4D5BA4FAB= 7DGCC4@<; 
97B D4;?B:9A<9 A4K<A49FES FB?P>B CD< 280 °C < <89F E B8AB6D9@9AAO@ BFM9C-
?9A<9@ 6B8O < 8<B>E<84 G7?9DB84. 

�?RK96O9 E?B64: 7<8DB>E<8 @98<(II), @4?4I<F, 4;GD<F, F9D@<K9E>B9 D4;-
?B:9A<9, $(1% 

�<8DB>E<8 @98<(II) Cu(OH) (6 CD<DB89 3 @<A9D4? EC9DF<A<<F), 8<7<8-
DB>EB@BAB>4D5BA4F @98<(II) Cu (6 CD<DB89 3 @<A9D4? @4?4I<F) < 8<-
7<8DB>EB8<>4D5BA4F @98<(II) Cu (6 CD<DB89 3 @<A9D4? 4;GD<F) S6-
?SRFES L<DB>B D4ECDBEFD4A9AAO@< BE4:849@O@< HBD@4@< @98<(II) CD< C9D9-
D45BF>9 BFD45BF4AAOI @98PEB89D:4M<I F9IAB?B7<K9E><I D4EF6BDB6.

�<8DB>E<8 @98<(II) D4;?4749FES 6 B8AG EF48<R 6 <AF9D64?9 1453 °% E 
QA8BF9D@<K9E><@ QHH9>FB@ [1] E B5D4;B64A<9@ B>E<84 @98<(II) CuO. #DBJ9EEO 



F9D@<K9E>B7B D4;?B:9A<S Cu < Cu , <@9RM<I 5B?99 
E?B:AGR >D<EF4??<K9E>GR EFDG>FGDG, S6?SRFES CD98@9FB@ 8<E>GEE<= [2, 3
#B>4;4AB [4], KFB CD< F9D@<K9E>B@ D4;?B:9A<< @4?4I<F4 CO < H O BFM9C?S-
RFES B8AB6D9@9AAB 6 <AF9D64?9 3003400 °C. � 59E><E?BDB8AB= ED989 6B;@B:AB 
B5D4;B64A<9 CD<@9E< B>E<84 @98<(I) Cu

� A4EFBSM9= D45BF9 CD<6B8SFES D9;G?PF4FO <EE?98B64A<S CDBJ9EEB6 F9D-
@<K9E>B7B D4;?B:9A<S Cu(OH) < Cu @9FB8B@ D9AF-
79AB6E>B= HBFBQ?9>FDBAAB= EC9>FDBE>BC<< ($(1%).

�<8DB>E<8 @98<(II) CB?GK9A 6;4<@B89=EF6<9@ D4EF6BD4 0,3 @B?P NaOH 6 
200 E@ 8<EF<??<DB64AAB= 6B8O E D4EF6BDB@ 0,1 @B?P CuSO  O 6 200 E@ 8<-
EF<??<DB64AAB= 6B8O CD< >B@A4FAB= F9@C9D4FGD9. 1?9@9AFAO= 4A4?<;: Cu 
A4=89AB 65,2ñ0,2 @4EE.%, 6OK<E?9AB 8?S Cu(OH) 64,95 @4EE.%. $9AF79ABH4;B-
6O= 4A4?<; ($(�, 8<HD4>FB@9FD Miniflex 600, CoK³ <;?GK9A<9), @9:C?BE>BEF-
AO9 D4EEFBSA<S: 5,30; 3,75; 2,64; 2,51; 2,37; 2,28; 1,73 Å. �� EC9>FD (EC9>FDB-
@9FD (% 1201, F45?9F>< E KBr), @4>E<@G@O CB7?BM9A<S: 460 ν(Cu3
·(Cu3 3H), 756 ·(O3 3O), 3598 ν(O3H), E@3 . %<AIDBAAO= F9D@<K9E><= 4A4-
?<; (%&�, 89D<64FB7D4H Shimadzu DTG 60H, 3 °%/@<A, 4D7BA "%+): CD< 1203
0°% 3 QA8BF9D@<K9E><= QHH9>F E CBF9D9= @4EEO 26,2% (BFM9C?9A<9 H
 4?4I<F CB?GK9A 6;4<@B89=EF6<9@ D4EF6BD4 0,25 @B?P NaHCO 6 200 E@

8<EF<??<DB64AAB= 6B8O E D4EF6BDB@ 0,1 @B?P CuSO  O 6 200 E@ 8<EF<??<-
DB64AAB= 6B8O CD< 903 ðC. 1?9@9AFAO= 4A4?<;: Cu A4=89AB 57,0ñ @4EE.%, 
6OK<E?9AB 8?S Cu 57,27 @4EE.%. $(� (F9 :9 GE?B6<S), @9:C?BE>BEF-
AO9 D4EEFBSA<S: 6,01; 5,07; 3,72; 2,86; 2,83; 2,80; 2,55; 2,47 Å. �� EC9>FD (F9 :9 
GE?B6<S), @4>E<@G@O CB7?BM9A<S: 505 ν(Cu3 ν(Cu3OH), 580 ν(Cu3
20, 753, 800, 827 ν(CO ), 890, 1044 ·(O3H), 1102, 1403, 1511 ν(CO
ν(O3H) E@3 . %&� (F9 :9 GE?B6<S): CD< 2953360°% 3 QA8BF9D@<K9E><= QHH9>F E 
CBF9D9= @4EEO 29,1% (BFM9C?9A<9 H

�;GD<F CB?GK9A 6;4<@B89=EF6<9@ D4EF6BD4 0,25 @B?P Na 6 200 E@
8<EF<??<DB64AAB= 6B8O c D4EF6BDB@ 0,1 @B?P CuSO  O 6 200 E@ 8<EF<??<-
DB64AAB= 6B8O CD< >B@A4FAB= F9@C9D4FGD9. 1?9@9AFAO= 4A4?<;: Cu A4=89AB 

ñ0,2 @4EE.%, 6OK<E?9AB 8?S Cu 55,10 @4EE.%. $(� CBDBL>4 
(F9 :9 GE?B6<S), @9:C?BE>BEFAO9 D4EEFBSA<S: 5,17; 5,09; 3,67; 3,53; 2,51; 2,29; 
2,22; 1,95; 1,59 Å. �� EC9>FD (F9 :9 GE?B6<S), @4>E<@G@O CB7?BM9A<S: 460, 498 
3O), 701, 756, 820, 833 ν(CO ), 851 ·(O3

1830 ν(CO ), 3426 ν(O3H) E@3 . %&� (F9 :9 GE?B6<S),  ): CD< 903150°% 3 QA-
8BF9D@<K9E><= QHH9>F E CBF9D9= @4EEO 6.0% (BFM9C?9A<9 H O), CD< 1603335°% 
3 CBF9DS @4EEO 12,2% (BFM9C?9A<9 CO ) 59; F9C?B6B7B QHH9>F4, CD< 3353350°% 
3 QA8BF9D@<K9E><= QHH9>F E CBF9D9= @4EEO 12,4% (BFM9C?9A<9 CO

�?S CDB6989A<S $(1% <ECB?P;B64A D9AF79AB6E><= HBFBQ?9>FDBAAO= 
EC9>FDB@9FD 1 % 3 ('8@(�* 'D" $�!) [5] E QA9D79F<K9E><@ D4;D9L9A<9@ 
0,1 Q� < L<D<AB= A4 CB?B6<A9 6OEBFO EC9>FD4?PAB= ?<A<< Ag3 1,2 Q� CD< 
6B;5G:89A<< A9@BABIDB@4F<;<DB64AAO@ AlK <;?GK9A<9@ (ħ  Q�). 
&BA>B<;@9?PK9AAO9 B5D4;JO (< 10 @>@) 6CD9EEB6O64?< 6 CB8?B:>G <; 6OEB>B-
K<EFB7B (> 99,9% %) 7D4H<F4. �4?<5DB6>G CD<5BD4 CDB6B8<?< CB ?<A<< C1



7D4H<F4, CD<A<@4S QA9D7<R E6S;< Q�. $97<EFD<DB64?< EC9>FDO Cu2
. %C9>FDO D97<EFD<DB64?< CD< F9@C9D4FGD9 B5D4;J4 50 ðC, 4 

F4>:9 CD< F9@C9D4FGD4I, EBBF69FEF6GRM<I A4K4?G <?< ;469DL9A<R F9D@<K9-
E><I CD96D4M9A<= CB 84AAO@ %&�. 

!4 D<EGA>9 CD<6989AO EC9>FDO $(1% <EE?98B64AAOI B5D4;JB6 6 B5?4EF< 
HBFBQ?9>FDBAB6 CD< D4;?<KAOI F9@C9D4FGD4I B5D4;JB6 6 BFABL9A<< > <I 

>D<EF4??<K9E>B= EFDG>FGD9. 

$<E. %C9>FDO $(1% Cu2 HBFBQ?9>FDBAB6 <EE?98B64AAOI B5D4;JB6 
<

CD< D4;?<KAOI F9@C9D4FGD4I < I4D4>F9DAO9 HD47@9AFO 
<I >D<EF4??<K9E>B= EFDG>FGDO < >D<EF4??<K9E>B= 
EFDG>FGDO BEAB6AB7B CDB8G>F4 D4;?B:9A<S 3

� Cu2 EC9>FD9 B5D4;J4 Cu(OH) CD< F9@C9D4FGD9 50 °% A45?R849FES 
EC<A BD5<F4?PAO= 8G5?9F E @4>E<@G@4@< CD< ;A4K9A<SI QA9D7<< E6S;< 

934,5 < 954,4 Q�, EBBF69FEF6GRM<= 4FB@4@ @98< 6 Q>6<64?9AFAOI CB?B:9-
A<SI. %?45O9 C<>< E @4>E<@G@4@< <AF9AE<6ABEF< CD< 936,9 < 956,7 Q� 
CD98EF46?SRF EB5B= EBEF46?SRM<9 @47A<FAOI @G?PF<C?9FB6 BEAB6AOI EBEF46-
?SRM<I EC9>FD4, I4D4>F9DAO9 8?S 4FB@4 @98<(II). #BE?9 A47D964A<S B5D4;J4 8B 
F9@C9D4FGDO 200 ð% 6 Cu2 EC9>FD9 EC<A BD5<F4?PAO= 8G5?9F E@9M49FES > 



933,3 < 952,1 Q�.  47A<FAO9 @G?PF<C?9FO CD< 935,5 < 955,4 Q� G>4-
;O64RF A4 EBID4A9A<9 EF9C9A< B><E?9A<S @98< +2. &4><@ B5D4;B@, <;@9A9A<S 
Q?9>FDBAAOI EC9>FDB6 B5D4;J4 Cu(OH) , A45?R849@O9 CD< A47D964A<< B5D4;J4 
BF 50 8B 200 °%, CB8F69D:84RF BC<E4AAO= D4A99 [1] @9I4A<;@ D4;?B:9A<S 

8B CuO, EBCDB6B:84RM<=ES C9D9EFDB=>B= >D<EF4??<K9E>B= EFDG>FG-
DO <; BDFBDB@5<K9E>B= 6 @BAB>?<AAGR.

EC9>FD B5D4;J4 @4?4I<F4 CD< F9@C9D4FGD9 50 °% <@99F 5B?99 E?B:-
AGR EFDG>FGDG, B5GE?B6?9AAGR A9Q>6<64?9AFABEFPR 4FB@B6 @98<, A4IB8SM<IES 
6 >D<EF4??B7D4H<K9E><I CB?B:9A<SI E C?BE>B>648D4FAB= < E B>F4Q8D<K9E>B= 
>BBD8<A4J<9=, B5B;A4K9AAOI A4 D<E. 1 Cu1 < Cu2, EBBF69FEF69AAB. %C<A
BD5<F4?PAO= 8G5?9F E @4>E<@G@4@< <AF9AE<6ABEF< 7 < 953,4 Q� BFAB-
E<FES > 4FB@4@ @98< 6 CB?B:9A<< Cu1, 4 EC<A BD5<F4?PAO= 8G5?9F E @4>E<@G-
@4@< <AF9AE<6ABEF< 932,4 < 952,2 Q� 3 > 4FB@4@ @98< 6 CB?B:9A<< Cu2. 
%BBFABL9A<9 <AF97D4?PAOI <AF9AE<6ABEF9= QF<I 8G5?9FB6 EBEF46?S9F 1
%C9>FD 6>?RK49F F4>:9 @47A<FAO9 @G?PF<C?9FO, BFABESM<9ES > >4:8B= <; EB-
EF46?SRM<I EC<A BD5<F4?PAOI 8G5?9FB6, E @4>E<@G@4@< CD< 

936,5 < 956,5 Q�. #D< F9@C9D4FGD4I 6C?BFP 8B 280ð% Q?9>FDBAAO9 EC9>-
FDO @4?4I<F4 ;4@9FAB A9 <;@9ASRFES, KFB G>4;O649F A4 EBID4A9A<9 EFDG>FGDO 
@4?4I<F4 CD< QF<I F9@C9D4FGD4I. #D< 400 ð% EFDG>FGD4 EC9>FD4 Cu2 D9;>B <;-
@9AS9FES. "EAB6AO9 C<>< E 933,4 < 952,2 Q� < @47A<FAO9 @G?PF<C?9FO CD< 

936,1 < 956,0 Q� EBBF69FEF6GRF EC<A BD5<F4?PAB@G 8G5?9FG 4FB@B6 @9-
8<(II) 6 EFDG>FGD9 CuO.  9A99 <AF9AE<6AO9 C<>< E @4>E<@G@4@< CD< 

932,2 < 952,0 Q�, A9 EBCDB6B:849@O9 @47A<FAO@< @G?PF<C?9F4@<, BFAB-
ESFES, 69DBSFA99 6E97B, > @<ABDAB= CD<@9E< Cu O. "J9A>4 @B?PAB7B EBBFABL9-
A<S Cu CuO CB EBBFABL9A<R <AF97D4?PAOI <AF9AE<6ABEF9= 849F 8B?R 

310 @B?.%. &4><@ B5D4;B@, 4A4?<; CB?GK9AAOI Q?9>FDBAAOI EC9>FDB6 
B5D4;J4 @4?4I<F4 Cu CB8F69D:849F B8AB6D9@9AABEFP D4;DGL9A<S 
<BAB6 OH3 < CO 3 <, EBBF69FEF69AAB, 5?<:A97B B>DG:9A<S 4FB@B6 @98< 6 CB-
?B:9A<SI Cu1 < Cu2 6 <AF9D64?9 F9@C9D4FGD 2803 °C [4], KFB B5GE?B6?9AB 
6?<SA<9@ 6B8BDB8AOI E6S;9=, EF45<?<;<DGRM<I EFDG>FGDG @4?4I<F4. 

�A4?<; Cu2 EC9>FD4 4;GD<F4 (D<E. 1 ) CD< 50 °% F4>:9 CB>4;O649F A9Q>-
6<64?9AFABEFP 4FB@B6 @98<, A4IB8SM<IES 6 >D<EF4??B7D4H<K9E><I CB?B:9A<SI 
E C?BE>B>648D4FAB= < E C<D4@<84?PAB= >BBD8<A4J<9=, B5B;A4K9AAOI A4 D<E. 1
Cu1 < Cu2, EBBF69FEF69AAB. � 4FB@4@ 6 CB?B:9A<< Cu1 6 EC9>FD9 $(1% BFAB-
E<FES EC<A BD5<F4?PAO= 8G5?9F CD< 934,6 < 954,4 Q�, 4 > 4FB@4@ 6 CB?B-
:9A<< Cu2 3 EC<A BD5<F4?PAO= 8G5?9F CD< 933,2 < 953,0 Q�. %BBFABL9A<9 
<AF97D4?PAOI <AF9AE<6ABEF9= QF<I 8G5?9FB6 EBEF46?S9F 1 2.  47A<FAO9 @G?P-
F<C?9FO, BFABESM<9ES > QF<@ EC9>FD4?PAO@ ?<A<S@, D4;D9L<FP A9 G84?BEP, BA< 
CD98EF46?9AO L<DB><@< C<>4@< CD< 936,7 < 956,5 Q�. %GM9EF69AAB9 <;-
@9A9A<9 EFDG>FGDO Q?9>FDBAAOI EC9>FDB6 4;GD<F4 D97<EFD<DG9FES CD< F9@C9-
D4FGD9 160 °%. � EC9>FD9 Cu2 D9;>B C4849F <AF9AE<6ABEFP C<>B6 CD< 
< 954,4 Q�, BFABESM<IES > 4FB@4@ 6 CB?B:9A<< Cu1, < 6B;D4EF49F <AF9AE<6-
ABEFP C<>B6 CD< 933,2 < 953,0 Q� (CB 6<8<@B@G, 6 A<I CD<EGFEF6G9F 6>?48 
CuO, D4;D9L<FP >BFBDO= A9 G84?BEP). #D< 84?PA9=L9@ A47D964A<< 8B 360 °% 
EC9>FDO B5D4;J4 Cu CD9F9DC964RF 84?PA9=L<9 <;@9A9A<S: EC9>FD 



CD<B5D9F49F EFDG>FGDG, I4D4>F9DAGR 8?S CD4>F<K9E>< K<EFB7B CuO. &4><@ B5-
D4;B@, 6 BF?<K<9 BF @4?4I<F4, CD< A47D964A<< 4;GD<F4 D4;DGL9A<9 >BBD8<A4J<-
BAAB7B B>DG:9A<S 4FB@B6 @98< 6 CB?B:9A<SI Cu1 < Cu2 CDB<EIB8<F A9 B8AB-
6D9@9AAB, 4 CBE?98B64F9?PAB. 

 B:AB E89?4FP 6O6B8, KFB GE?B6<S < EF48<=ABEFP F9D@<K9E>B7B D4;?B:9-
A<S BCD989?S9FES >D<EF4??<K9E>B= EFDG>FGDB= < I4D4>F9DB@ 6B8BDB8AOI E6S-
;9= 6 EFDG>FGD9 <EIB8AB7B EB98<A9A<S < E?B:ABEFPR 99 C9D9EFDB=>< 6 EFDG>FG-
DG >BA9KAB7B CDB8G>F4 (CuO). 1F< EFDG>FGDAB I<@<K9E><9 H4>FBDO A9B5IB8<-
@B GK<FO64FP CD< 6O5BD9 BE4:849@OI HBD@ @98< < F9IAB?B7<= <I 84?PA9=L9= 
C9D9D45BF>< 6 CDBJ9EE4I GF<?<;4J<< @98< <; BFD45BF4AAOI F9IAB?B7<K9E><I 
D4EF6BDB6. 

�<5?<B7D4H<K9E><= EC<EB>

3

3

3

3

3 3

1((��&��!"%&0 $����!&"� �" #���%!"�" ���%&��3 –
�!����&"$"� �"$$"���, %"��"&�"��!��, ���&�$�*��"� �
��0��*��"�, #"�'+�!!/) �� "&$��"&�!!/) $�%&�"$"�

���0��!�+�%��) #$"���"�%&�

�. �. &8<5@10520 ,  . �. (C<8;>20 , (. (. '0CA>2 
!. !. #0ABCE>20 , $. �.  CAB0:8<>2 

�" «�652A:89 Q;5:B@><5E0=8G5A:89 702>4 «�C?>;»», 

'4<C@BA:89 D545@0;P=O9 8AA;54>20B5;PA:89 F5=B@ '@" $�!, 

#DB6989A ED46A<F9?PAO= 4A4?<; QHH9>F<6ABEF< D4;?<KAOI D9479AFB6 
>B@C?9>EAB7B 89=EF6<S, CB?GK9AAOI <; 6FBD<KAOI D9EGDEB6 J69FAOI @9F4??B6 
3 BFD45BF4AAOI F9IAB?B7<K9E><I D4EF6BDB6 74?P64A<K9E><I CDB<;6B8EF6. � >4-
K9EF69 D9479AFB6 5O?< <ECOF4AO I9?4FAO9 >B@C?9>EO A<FD<?B B@8A
@9F<?9AHBEHBAB6B= ><E?BFO E @98PR, J<A>B@, A<>9?9@ < >48@<9@. "CD989?9-



A4 QHH9>F<6ABEFP <A7<5<DB64A<S >BDDB;<<, EB?9BF?B:9A<= < 5<BB5D4EF4A<=. 
�EE?98B64A<9 CB>4;4?B, KFB A9B5IB8<@O 84?PA9=L<9 <EE?98B64A<S 8?S CB<E>4 
A4<5B?99 QHH9>F<6AOI >B@5<A<DB64AAOI CD9C4D4FB6 < D4;D45BF>< D9:<@B6 <I 
CD<@9A9A<S.

�?RK96O9 E?B64: BFD45BF4AAO9 Q?9>FDB?<FO, @98P, J<A>, A<>9?P, >48@<=, 
<A7<5<FBDO >BDDB;<<, <A7<5<FBDO EB?9BF?B:9A<=, 5<BJ<8O.

$4ECDBEFD4A9AAO@ H4>FBDB@ CB6D9:89A<S @9F4??<K9E><I >BAEFDG>J<=, 
EBBDG:9A<=, F9IAB?B7<K9E>B7B B5BDG8B64A<S S6?S9FES 5<B?B7<K9E>4S >BDDB;<S 
3 D4;DGL9A<9 @9F4??4 CB8 89=EF6<9@ 6A9LA<I 5<B?B7<K9E><I H4>FBDB6. �<B?B-
7<K9E>4S >BDDB;<S @B:9F CD<69EF< > ;A4K<F9?PAB@G EA<:9A<R CDBKABEF< < 
8B?7B69KABEF< @9F4??<K9E><I >BAEFDG>J<=, EBBDG:9A<= < B5BDG8B64A<S. 1FB, 
6 E6BR BK9D98P, @B:9F CD<69EF< > 464D<S@, CDBEFBS@ < Q>BAB@<K9E><@ CBF9-
DS@. %B;84A<9 CD9C4D4FB6 >B@C?9>EAB7B 89=EF6<S, S6?SRM<IES <A7<5<FBD4@< 
>BDDB;<< < 54>F9D<J<84@<, S6?S9FES 64:AB= ;484K9=. 1FB CB;6B?<F QHH9>F<6AB 
5BDBFPES E 5<B?B7<K9E><@ D4;DGL9A<9@ @9F4??<K9E><I >BAEFDG>J<=, B59EC9-
K<64S <I 8B?7B69KABEFP < A489:ABEFP.

*9?PR D45BFO S6?S9FES EB;84A<9 < <;GK9A<9 CD9C4D4FB6 >B@C?9>EAB7B 
89=EF6<S, >BFBDO9 B8AB6D9@9AAB <A7<5<DGRF >BDDB;<R < B5?484RF 54>F9D<-
J<8AO@< E6B=EF64@<. 

�;6?9K9A<9 6FBD<KAOI D9EGDEB6 J69FAOI @9F4??B6 ( ) <; BF-
D45BF4AAOI ><E?BFAOI Q?9>FDB?<FB6 J<A>B64A<S, @98A9A<S, A<>9?<DB64A<S < 
>48@<DB64A<S CDB6B8<?< @9FB8B@ D9479AFAB7B BE4:89A<S CB EI9@4@, EBBF69F-
EF69AAB:
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