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�:BC0;L=>ABL B5<K 48AA5@B0F8>==>3> 8AA;54>20=8O. �:97B8AB A4 
CD98CD<SF<SI ?9EBCDB@OL?9AAB7B >B@C?9>E4 (�#�) < 47DBCDB@OL?9AAB7B >B@C?9>E4 
(�#�) B5D4;G9FES A9E>B?P>B 89ESF>B6 @<??<BAB6 FBAA ?<7A<ABJ9??R?B;AOI BFIB8B6, 
S6?SRM<IES J9AAO@ 6FBD<KAO@ EODP9@, >BFBDB9 @B:9F 5OFP D94?<;B64AB 6 D4;?<KAOI 
B5?4EFSI CDB@OL?9AABEF<: CD< CDB<;6B8EF69 :<8>B7B < 74;BB5D4;AB7B FBC?<64, 
>B@CB;<J<BAAOI @4F9D<4?B6, 5<B?B7<K9E>< 4>F<6AOI 69M9EF6 < F.8. "8A<@ <; 
A4<5B?99 C9DEC9>F<6AOI < GA<69DE4?PAOI ECBEB5B6 GF<?<;4J<< F4><I BFIB8B6 
S6?S9FES <I F9D@<K9E>4S C9D9D45BF>4 6 4>F<6<DB64AAO= G7B?P. "5N9@ CDB<;6B8EF64 < 
CD<@9A9A<S 4>F<6<DB64AAB7B G7?S 6B 6E9@ @<D9 A9CD9DO6AB D4EF9F. � K4EFABEF<, 
@<DB6B9 CBFD95?9A<9 4>F<6<DB64AAB7B G7?S EBEF46?S9F B>B?B 1,1 @?A. FBAA 6 7B8. 

&9D@<K9E>4S C9D9D45BF>4 ?<7A<ABJ9??R?B;AOI BFIB8B6 <@99F 6OEB>GR 
QHH9>F<6ABEFP CB ED46A9A<R E 8DG7<@< @9FB84@< C9D9D45BF><, AB EBCDS:9A4 EB 
E?B:ABEFS@< CD< BD74A<;4J<< A9CD9DO6AB7B CDB<;6B8EF64, E6S;4AAO@< E 
79D@9F<;4J<9= BF89?PAOI EF48<=, D4;?<K<9@ E6B=EF6 <EIB8AB7B EODPS. � E6S;< E QF<@ 
<EE?98B64A<9 F9D@<K9E>B7B CDBJ9EE4 C9D9D45BF>< ?<7A<ABJ9??R?B;AB7B EODPS < 
GEB69DL9AEF6B64A<9 EGM9EF6GRM<I GEF4AB6B> S6?S9FES 4>FG4?PAO@. 

$45BF4 6OCB?AS?4EP 6 D4@>4I 7D4AFB6 < >BA>GDEB6: 
1. �D4AF $!( «#DB6989A<9 HGA84@9AF4?PAOI A4GKAOI <EE?98B64A<= < 

CB<E>B6OI A4GKAOI <EE?98B64A<= @4?O@< BF89?PAO@< A4GKAO@< 7DGCC4@<» A4 F9@G 
«!4GKAO9 BEAB6O F9IAB?B7<< F9D@<K9E>B= C9D9D45BF>< D4EF<F9?PAOI BFIB8B6» 
(EB7?4L9A<9 № 23-26-00036 BF 27.01.2023 7.). 

2. �D4AF $!( «#DB6989A<9 HGA84@9AF4?PAOI A4GKAOI <EE?98B64A<= < 
CB<E>B6OI A4GKAOI <EE?98B64A<= @4?O@< BF89?PAO@< A4GKAO@< 7DGCC4@<» A4 F9@G 
«!4GKAB9 B5BEAB64A<9 CDBJ9EE4 CB?GK9A<S 7D4AG?<DB64AAB7B 4>F<6<DB64AAB7B G7?S 
<; BFIB8B6 D4EF<F9?PAB7B CDB<EIB:89A<S E CD<@9A9A<9@ @B8<H<J<DB64AAB= 
C<DB?<;AB= E@B?O 6 >4K9EF69 E6S;GRM97B» (EB7?4L9A<9 № 25-26-00043 BF 26.12.2024.). 

3. �D4AF (%� «%FG89AK9E><= EF4DF4C» CB F9@9 «$4;D45BF>4 D9EGDEB-

QA9D7BE59D974RM9= GEF4AB6>< C9D9D45BF>< 6FBD<KAB7B EODPS 6 4>F<6<DB64AAO= G7B?P, 
5<B@4E?B < 5<BFBC?<6B» (8B7B6BD № 2740�%%%15-L/92921 BF 03.07.2024). 

4. �BA>GDE A4GKAB-<EE?98B64F9?PE><I CDB9>FB6 «&9IAB%F4DF» A4 F9@G 
«$4;D45BF>4 4CC4D4F4 >BA69>F<6AB= EGL>< 8?S GEF4AB6>< F9D@B?<;AB= C9D9D45BF>< 
6FBD<KAB7B EODPS 6 4>F<6<DB64AAO= G7B?P» (8B7B6BD № 3-24 BF 18.01.2024 7.). 

%B5?5=L @07@01>B0==>AB8 B5<K 8AA;54>20=8O.  9FB84@ CDB9>F<DB64A<S 
F9IAB?B7<= C<DB?<F<K9E>B= C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 CBE6SM9AO 
D45BFO �.  . �4=K9A>B, $.�. %4H<A4. �BCDBE4@< C9D9D45BF>< BFIB8B6 
47DBCDB@OL?9AAB7B >B@C?9>E4 ;4A<@4?<EP �... �DRI4AB6, !.�. �BDBC4964, 
�.!. �?GL<A. 

�BCDBE4@ F9D@<K9E>B= C9D9D45BF>< D4EF<F9?PAOI BFIB8B6 CBE6SM9AO D45BFO 
�. .  GI<A4, �.!. #<S?><A4, �.�. #BAB@4D964, �.!. �D4K964, �.�. &GAJ964, F. Berruti, 

C. Briens, M.J. Antal, M. Gronli. �;GK9A<R I4D4>F9D<EF<> 48EBD59AFB6, CB?GK9AAOI <; 
?<7A<ABJ9??R?B;AOI @4F9D<4?B6, CBE6SM9AO D45BFO !.�. �B784AB6<K4, 
..�. .DP964, �.�. %4@BA<A4, �.�. #PSAB6B=, �...  BDB;B6B=. 

�BCDBEO <;GK9A<S @9I4A<;@B6 F9D@<K9E>B7B D4;?B:9A<S D4EF<F9?PAOI 
@4F9D<4?B6 <;?B:9AO 6 D45BF4I A. Broido, C.A. Koufopanos. (<;<K9E><@ < 
@4F9@4F<K9E><@ @B89?<DB64A<9@ F9C?B- < @4EEBB5@9AAOI CDBJ9EEB6 D4;?B:9A<S 
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D4EF<F9?PAB7B EODPS ;4A<@4?<EP W.C. Park, Di Blasi. 

&5;L 8AA;54>20=8O 70:;NG05BAO 2 D4;D45BF>9 < A4GKAB@ B5BEAB64A<< 
F9IAB?B7<< F9D@<K9E>B= C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 
4>F<6<DB64AAO= G7B?P E BCD989?9A<9@ D4J<BA4?PAOI D9:<@B6 CDBJ9EEB6 EGL><, 
C<DB?<;4 < H<;<K9E>B= 4>F<64J<<. 

�?S 8BEF<:9A<S G>4;4AAB= J9?< CBEF46?9AO E?98GRM<9 7040G8: 
1) "CD989?9A<9 F9@C9D4FGDAB= ;46<E<@BEF< >BQHH<J<9AF4 6?47BCDB6B8ABEF< 

?<7ABJ9??R?B;AB7B EODPS. 
2) $4;D45BF>4 @4F9@4F<K9E>B= @B89?< CDBJ9EE4 CB?GK9A<S 4>F<6<DB64AAB7B G7?S 

<; ?<7A<ABJ9??R?B;AOI BFIB8B6. 
3) #DB6989A<9 F9BD9F<K9E><I < Q>EC9D<@9AF4?PAOI <EE?98B64A<= CB CB?GK9A<R 

4>F<6<DB64AAB7B G7?S <; ?<7A<ABJ9??R?B;AOI BFIB8B6 6 ?45BD4FBDAOI GE?B6<SI. 
4) $4;D45BF>4 @9FB8<>< D4EKёF4 4CC4D4FGDAB7B BHBD@?9A<S CDBJ9EE4 

F9D@<K9E>B= C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P. 
5) $4;D45BF>4 F9IAB?B7<< < 4CC4D4FGDAB7B BHBD@?9A<S CDBJ9EE4 F9D@<K9E>B= 

C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P. 
"1J5:B 8AA;54>20=89: ?<7A<ABJ9??R?B;AO9 BFIB8O – ?G;74 CB8EB?A9KA<>4, 

E>BD?GC4 7D9J>B7B BD9I4 < EBEAB64S M9C4; F9D@<K9E><= CDBJ9EE C9D9D45BF>< 
?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P. 

#@54<5B 8AA;54>20=89: ;4>BAB@9DABEF< HBD@<DB64A<S CBD<EFB= EFDG>FGDO < 
48EBD5J<BAAOI E6B=EF6 4>F<6<DB64AAB7B G7?S 6 ;46<E<@BEF< BF C4D4@9FDB6 C<DB?<;4 
< D9:<@B6 4>F<64J<<. 

!0CG=0O =>287=0 @57C;LB0B>2 @01>BK. $45BF4 EB89D:<F D9;G?PF4FO 
<EE?98B64A<= CB C9D9D45BF>9 ?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P: 

1. $4;D45BF4A4 @9FB8<>4 BCD989?9A<S >BQHH<J<9AF4 6?47BCDB6B8ABEF< 
?<7A<ABJ9??R?B;AOI BFIB8B6. 

2. $4;D45BF4A4 @4F9@4F<K9E>4S @B89?P F9C?B-@4EEBB5@9AAOI CDBJ9EEB6 
C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P E CD<@9A9A<9@ 
@B89?< 8<HHG;<BAAOI D94>J<=, CB;6B?SRM4S D4EEK<F4FP <;@9A9A<9 G89?PAB= 
CB69DIABEF< < EG@@4DAB7B B5N9@4 CBD.   

3. � D9;G?PF4F9 @B89?<DB64A<S 6OS6?9AB, KFB: 
- >BQHH<J<9AF 6?47BCDB6B8ABEF< 8?S ?<7A<ABJ9??R?B;AB7B EODPS (?G;74 
CB8EB?A9KA<>4, E>BD?GC4 7D9J>B7B BD9I4 < EBEAB64S M9C4) 6 ;46<E<@BEF< BF 
F9@C9D4FGDO (40 – 110℃) A4IB8<FES 6 8<4C4;BA9 3,5 – 10,9·10⁻⁹ @²/E; 
- EGL>G ?<7A<ABJ9??R?B;AOI BFIB8B6 E?98G9F CDB6B8<FP 6 6OEB>BF9@C9D4FGDAB@ 
D9:<@9 CD< F9@C9D4FGD9 FBCBKAB7B 74;4 235 °C 6 F9K9A<9 15 @<AGF, ;4F9@ A9B5IB8<@B 
EA<:4FP F9@C9D4FGDG FBCBKAB7B 74;4 8B 150 ℃; 
- D4J<BA4?PA4S F9@C9D4FGD4 CDBJ9EE4 C<DB?<;4 ?<7A<ABJ9??R?B;AOI BFIB8B6 
EBEF46?S9F 500 °C; 
- FB?M<A4 A4EOCAB7B E?BS CD< C<DB?<;9 8B?:A4 A4IB8<FPES 6 8<4C4;BA9 0,15 – 0,3 @; 
- BCF<@4?PA4S F9@C9D4FGD4 C4DB6B= 4>F<64J<< EBEF46?S9F 900 °C CD< 
CDB8B?:<F9?PABEF< 4>F<64J<< 25 – 40 @<AGF < D4EIB89 C9D97D9FB7B C4D4 2,5 >7/>7; 
- 4>F<6<DB64AAO= G7B?P, CB?GK9AAO= <; E>BD?GCO 7D9J>B7B BD9I4, <@99F G89?PAGR 
CB69DIABEFP 1370 @²/7, EG@@4DAO= B5Nё@ CBD 1,7 E@³/7 < 6OEB>GR 48EBD5J<BAAGR 
4>F<6ABEFP CB =B8G 625 @7/7. �>F<6<DB64AAO= G7B?P <; ?G;7< CB8EB?A9KA<>4 <@99F 
G89?PAGR CB69DIABEFP 1300 @²/7, EG@@4DAO= B5Nё@ CBD 1,62 E@³/7 < 6OEB>GR 
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48EBD5J<BAAGR 4>F<6ABEFP CB @9F<?9AB6B@G E<A9@G 474 @7/7. 
4. $4;D45BF4A ECBEB5 C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 

4>F<6<DB64AAO= G7B?P. !4GKA4S AB6<;A4 CD<ASFOI D9L9A<= CB8F69D:849FES 
C4F9AF4@< (RU 2789699 C1, RU 2844881 C1). 

&5>@5B8G5A:0O 7=0G8<>ABL @01>BK ;4>?RK49FES 6 D4;6<F<< F9BD<< F9D@<K9E>B= 
C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6: GEF4AB6?9AO >B?<K9EF69AAO9 
;4>BAB@9DABEF< HBD@<DB64A<S CBD<EFB= EFDG>FGDO 4>F<6<DB64AAB7B G7?S 6 
;46<E<@BEF< BF D9:<@AOI C4D4@9FDB6 H<;<K9E>B= 4>F<64J<< (F9@C9D4FGDO, 6D9@9A<, 

D4EIB84 C4D4) < CD<DB8O <EIB8AB7B ?<7A<ABJ9??R?B;AB7B EODPS. 
#@0:B8G5A:0O 7=0G8<>ABL @01>BK ;4>?RK49FES 6 D9L9A<< ;484K, EFBSM<I C9D98 

�#� < �#�, >BFBDO9 E6S;4AO E GF<?<;4J<9= ?<7A<ABJ9??R?B;AOI BFIB8B6: 
1. $4;D45BF4AO @9FB8O D4EK9F4 4CC4D4FGDAB7B BHBD@?9A<S CDBJ9EE4 C9D9D45BF>< 

?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P.  
2. $4;D45BF4AB 4CC4D4FGDAB9 BHBD@?9A<9 CDBJ9EE4 CB?GK9A<S 4>F<6<DB64AAB7B 

G7?S <; ?<7A<ABJ9??R?B;AOI BFIB8B6. 
3. $9;G?PF4FO <EE?98B64A<= CD<ASFO > 6A98D9A<R 6 """ «$94?<;4J<S 

4?PF9DA4F<6AOI D9L9A<=» (7. �4;4AP), 4 F4>:9 CD<@9ASRFES 6 GK95AB@ CDBJ9EE9 CB 
8<EJ<C?<A9 «&9IAB?B7<S < B5BDG8B64A<9 89D96BB5D45BF><» 6 (��"' �" «�4;4AE><= 
A4J<BA4?PAO= <EE?98B64F9?PE><= F9IAB?B7<K9E><= GA<69DE<F9F». 

 5B>4K 8 <5B>4>;>38O 8AA;54>20=8O. � F9BD9F<K9E><I <EE?98B64A<SI 
<ECB?P;B64AO @9FB8O @4F9@4F<K9E>B7B @B89?<DB64A<S E CD<@9A9A<9@ -� . 
->EC9D<@9AF4?PAO9 <EE?98B64A<S CDB6B8<?<EP A4 BEAB69 �"%&B6 < D97D9EE<BAAB7B 
4A4?<;4 CB?GK9AAOI 84AAOI E CD<@9A9A<9@ CDB7D4@@ EXCEL < S;O>4 
CDB7D4@@<DB64A<S Python. 

�>AB>25@=>ABL @57C;LB0B>2 8AA;54>20=8O >15A?5G8205BAO ?@8<5=5=85< 
E9DF<H<J<DB64AAB7B B5BDG8B64A<S < EIB8<@BEFPR D9;G?PF4FB6 E D45BF4@< 8DG7<I 
<EE?98B64F9?9=. $4EIB:89A<9 Q>EC9D<@9AF4?PAOI < D4EK9FAOI 84AAOI, CB?GK9AAOI 
CD< @4F9@4F<K9E>B@ @B89?<DB64A<<, A9 CD96OL49F 17 %. "5BEAB64AABEFP 6O6B8B6 
CB8F69D:89A4 EB;84A<9@ EC9J<4?<;<DB64AAB7B ?45BD4FBDAB7B >B@C?9>E4, 
6>?RK4RM97B GEF4AB6>< 8?S <EE?98B64A<S >BA69>F<6AB= EGL><, C<DB?<;4 < 
H<;<K9E>B= 4>F<64J<<, BEA4M9AAO9 CB69D9AAO@< >BAFDB?PAB-<;@9D<F9?PAO@< 
CD<5BD4@<.  

�8G=>5 CG0AB85 A>8A:0B5;O 2 ?>;CG5=88 @57C;LB0B>2, 87;>65==KE 2 
48AA5@B0F88, EBEFB<F 6 D4;D45BF>9 F9IAB?B7<< F9D@<K9E>B= C9D9D45BF>< 
?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P; D9L9A<< ;484K 
F9BD9F<K9E>B7B, Q>EC9D<@9AF4?PAB7B < CD<>?48AB7B I4D4>F9D4; D4;D45BF>9 
@4F9@4F<K9E>B= @B89?<; EB;84A<< Q>EC9D<@9AF4?PAB7B >B@C?9>E4; CDB6989A<< 
@4F9@4F<K9E>B7B @B89?<DB64A<S < 4A4?<;9 CB?GK9AAOI D9;G?PF4FB6. %B<E>4F9?R 

CD<A48?9:4F BEAB6AO9 <89< D45BF, BCG5?<>B64AAOI 6 EB46FBDEF69. 
%>>B25BAB285 48AA5@B0F88 ?0A?>@BC =0CG=>9 A?5F80;L=>AB8. "EAB6AO9 

D9;G?PF4FO 8<EE9DF4J<BAAB= D45BFO EBBF69FEF6GRF C4ECBDFG EC9J<4?PABEF< 4.3.1. 

&9IAB?B7<<, @4L<AO < B5BDG8B64A<9 8?S 47DBCDB@OL?9AAB7B >B@C?9>E4 CB C. 10 
« 9FB8O, F9IAB?B7<< < F9IA<K9E><9 ED98EF64 B59EC9K9A<S Q>B?B7<K9E>B= 
59;BC4EABEF<, C9D9D45BF>< < GF<?<;4J<< BFIB8B6 E9?PE>BIB;S=EF69AAB7B 
CDB<;6B8EF64, Q>B?B7B-D945<?<F4J<BAAO9 CDBJ9EEO < F9IAB?B7<<» (CGA>FO 3, 4 
A4GKAB= AB6<;AO); C4ECBDFG EC9J<4?PABEF< 4.3.4. &9IAB?B7<<, @4L<AO < 
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B5BDG8B64A<9 8?S ?9EAB7B IB;S=EF64 < C9D9D45BF>< 8D969E<AO CB C. 4 «&9IAB?B7<S < 
CDB8G>J<S 6 CDB<;6B8EF64I: ?9EBIB;S=EF69AAB@, ?9EB;47BFB6<F9?PAB@, ?9EBC<?PAB@, 
89D96BB5D454FO64RM9@, J9??R?B;AB-5G@4:AB@, ?9EBI<@<K9E>B@ < EBCGFEF6GRM<I 
<@ CDB<;6B8EF64I» (CGA>FO 1, 2 A4GKAB= AB6<;AO). 

#>;>65=8O, 2K=>A8<K5 =0 70I8BC: 
1.  9FB8<>4 BCD989?9A<S >BQHH<J<9AF4 6?47BCDB6B8ABEF< ?<7A<ABJ9??R?B;AOI 

BFIB8B6. 
2.  4F9@4F<K9E>4S @B89?P CDBJ9EE4 CDB<;6B8EF64 4>F<6<DB64AAB7B G7?S. 
3. $9;G?PF4FO H<;<K9E>B7B < @4F9@4F<K9E>B7B @B89?<DB64A<S CDBJ9EE4 

C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P E 
Q>EC?G4F4J<BAAO@< D9:<@4@<. 

4.  9FB8<>4 D4EK9F4 F9IAB?B7<< < 4CC4D4FGDAB7B BHBD@?9A<S CDB<;6B8EF64 
4>F<6<DB64AAB7B G7?S <; ?<7A<ABJ9??R?B;AOI BFIB8B6. 

5. &9IAB?B7<S < 4CC4D4FGDAB9 BHBD@?9A<9 CDBJ9EE4 CB?GK9A<S 4>F<6<DB64AAB7B 
G7?S <; ?<7A<ABJ9??R?B;AOI BFIB8B6. 

�?@>10F8O @01>BK. "EAB6AO9 CB?B:9A<S 8<EE9DF4J<BAAB= D45BFO 5O?< 
CD98EF46?9AO A4 6E9DBEE<=E><I < @9:8GA4DB8AOI HBDG@4I < >BAH9D9AJ<SI: 
 9:8GA4DB8AB= A4GKAB-CD4>F<K9E>B= >BAH9D9AJ<< «$4;D45BF>4 < CD<@9A9A<9 
A4G>B9@><I F9IAB?B7<= 6 QCBIG 7?B54?PAOI FD4AEHBD@4J<=» ('H4, 2022 7.), 
 9:8GA4DB8AB= A4GKAB-CD4>F<K9E>B= >BAH9D9AJ<< @B?B8OI GK9AOI < EFG89AFB6 
«#9DEC9>F<6AO9 D9EGDEBE59D974RM<9 F9IAB?B7<< D4;6<F<S ?9EBCDB@OL?9AAB7B 
>B@C?9>E4» (�BDBA9:, 2023 7.), XIV  9:8GA4DB8AB= A4GKAB-F9IA<K9E>B= 
>BAH9D9AJ<< «-HH9>F<6AO= BF69F A4 EB6D9@9AAO9 6O;B6O E GK9FB@ 6;4<@B89=EF6<S 
K9?B69>4 < CD<DB8O, K9?B69>4 < F9IAB?B7<=: EBJ<4?PAB-Q>BAB@<K9E><9 < 
Q>B?B7<K9E><9 CDB5?9@O ?9EAB7B >B@C?9>E4» (�>4F9D<A5GD7, 2023 7.), �E9DBEE<=E>B=  
A4GKAB-CD4>F<K9E>B=  >BAH9D9AJ<< «�>FG4?PAO9 CDB5?9@O ?9EAB7B IB;S=EF64 < 
89D96BC9D9D45BF><» (�4;4AP, 2023 7.), �E9DBEE<=E>B= EFG89AK9E>B= A4GKAB-

CD4>F<K9E>B= >BAH9D9AJ<< «�AF9AE<H<>4J<S F9C?B@4EEBB5@9AAOI CDBJ9EEB6, 
CDB@OL?9AA4S 59;BC4EABEFP < Q>B?B7<S» (�4;4AP, 2024 7.), $BEE<=E>B= EFG89AK9E>B= 
A4GKAB-F9IA<K9E>B= >BAH9D9AJ<< «�4>GG@A4S F9IA<>4 < F9IAB?B7<S» (�4;4AP, 2025 7.). 

#C1;8:0F88. #B F9@9 8<EE9DF4J<< BCG5?<>B64AB 17 D45BF, 6 FB@ K<E?9 5 EF4F9= 
6 D9J9A;<DG9@OI A4GKAOI <;84A<SI <; #9D9KAS ���  <AB5DA4G>< $BEE<<, 1 EF4FPS 6 
<;84A<<, 6IB8SM9@ 6 D9H9D4F<6AGR 54;G Scopus, 2 C4F9AF4 A4 <;B5D9F9A<9, 9 
CG5?<>4J<= 6 CDBK<I <;84A<SI. 

%B@C:BC@0 8 >1J5< @01>BK. �<EE9DF4J<BAA4S D45BF4 EBEFB<F <; 66989A<S, 
K9FOD9I 7?46, ;4>?RK9A<S, EC<E>4 ?<F9D4FGDO < CD<?B:9A<=. $45BF4 <;?B:9A4 A4 164 
EFD4A<J4I, 6>?RK49F 59 D<EGA>B6 < 24 F45?<JO. %C<EB> ?<F9D4FGDO 6>?RK49F 128 
A4<@9AB64A<= J<F<DG9@OI D45BF, <; A<I 36 A4<@9AB64A<= D45BF A4 <ABEFD4AAOI 
S;O>4I. 

 

�$�&�"� %"��$��!�� $��"&Ы 

�> 22545=88 B5BEAB6O649FES 4>FG4?PABEFP F9@O 8<EE9DF4J<<, EHBD@G?<DB64AO J9?P 
< ;484K< <EE?98B64A<S, CD98EF46?9AO A4GKA4S AB6<;A4 < CD4>F<K9E>4S ;A4K<@BEFP, 84A4 
B5M4S I4D4>F9D<EF<>4 D45BFO. 

� ?5@2>9 3;025 8<EE9DF4J<< CDB6989A 4A4?<; >?4EE<H<>4J<<, EBEF464 < B5N9@B6 
B5D4;B64A<S ?<7A<ABJ9??R?B;AOI BFIB8B6. $4EE@BFD9AO EGM9EF6GRM<9 @9FB8O 
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C<DB?<;AB= C9D9D45BF>< (5OEFDO=, @98?9AAO=, 6OEB>BF9@C9D4FGDAO=) < F9IAB?B7<< 
CDB<;6B8EF64 4>F<6<DB64AAB7B G7?S (H<;<K9E>4S < I<@<K9E>4S 4>F<64J<S). �OCB?A9A B5;BD 
4CC4D4FGDAB7B BHBD@?9A<S CDBJ9EEB6.  

"5BEAB64A4 J9?9EBB5D4;ABEFP @98?9AAB7B C<DB?<;4 E >BA8G>F<6AO@ A47D96B@ < 
H<;<K9E>B= 4>F<64J<< 8?S C9D9D45BF>< E>BD?GCO 7D9J>B7B BD9I4, ?G;7< CB8EB?A9KA<>4 < 
EBEAB6B= M9CO. "FEGFEF6<9 98<AB= F9IAB?B7<< 8?S 6E97B EC9>FD4 F4><I BFIB8B6 89?49F 
4>FG4?PAO@ <EE?98B64A<9 <I F9D@<K9E>B= C9D9D45BF><. 

�> 2B>@>9 3;025 BC<E4A4 H<;<K9E>4S >4DF<A4 CDBJ9EE4 CB?GK9A<S 4>F<6<DB64AAB7B 
G7?S, 6>?RK4RM4S EGL>G, C<DB?<;, 4>F<64J<R < BI?4:89A<9 4>F<6<DB64AAB7B G7?S. 
#D98EF46?9AB @4F9@4F<K9E>B9 BC<E4A<9 CDBJ9EE4 CB?GK9A<S 4>F<6<DB64AAB7B G7?S <; 
?<7A<ABJ9??R?B;AOI BFIB8B6. 

 4F9@4F<K9E>B9 @B89?<DB64A<9 >BA69>F<6AB= EGL>< EOCGK97B ?<7ABJ9??R?B;AB7B 
EODPS E6B8<FES > A4IB:89A<R A9EF4J<BA4DAB7B CB?S 6?47BEB89D:4A<S CB E9K9A<R 
@4F9D<4?4 CGFё@ D9L9A<S E<EF9@O 8<HH9D9AJ<4?PAOI GD46A9A<= F9C?B@4EEBC9D9ABE4 8?S 
59E>BA9KAB7B J<?<A8D4: �Ā�� = � (�2Ā�Ā2 + 1Ā �Ā�Ā ) + �ÿ (�2ÿ�Ā2 + 1Ā �ÿ�Ā) ; (1) �ÿ�� = �F (�2ÿ�Ā2 + 1Ā �ÿ�Ā). (2) 

!4K4?PAO9 GE?B6<S E<EF9@O 8<HH9D9AJ<4?PAOI GD46A9A<= F9C?B@4EEBC9D9ABE4 
;484RFES <EIB8AO@< ;A4K9A<S@< 6?4:ABEF< Ā@0 < F9@C9D4FGDO 6OEGL<649@B7B 
@4F9D<4?4 ÿ@0: Ā(Ā; �) = Ā@0 ; ÿ(Ā; �) = ÿ@0. (3) 

(4) 

'E?B6<S A4 7D4A<J9 6OEGL<649@B= K4EF<JO @B:AB ;4C<E4FP 7D4A<KAO@ GE?B6<9@ 
3-7B DB84 < GD46A9A<9@ (D9=A8?<I4, EBBF69FEF69AAB: 2ÿ �ÿ�Ā|�=0 = �(ÿF.7 2 ÿC); (5) Ā(�; �) = ĀC = ��7ÿ. (6) 

&9C?BC9D9ABE CD< F9D@BI<@<K9E>B@ D4;?B:9A<< 6OD4:49FES 8<HH9D9AJ<4?PAO@ 
GD46A9A<9@ F9C?BC9D9ABE4 < BFB5D4:49F ><A9F<>G F9@C9D4FGDO CB 7?G5<A9 E?BS @4F9D<4?4:  ĀE? ∙ EE? ∙ �&E?�� = �&E?�ā ∙ (ÿMD �&E?�ā ) + ÿE?. (7) 

%FB> (CD<FB>) F9C?4 E?BS @4F9D<4?4 BCD989?S9FES CDB7D96B@ @4F9D<4?4, <EC4D9A<9@ 
6?47< CD< EGL>9 < I<@<K9E><@< D94>J<S@< CD< C<DB?<;9: ÿE? = ÿCD + ÿиEC + ÿED. (8) 

!4K4?PAB9 GE?B6<9 8?S D9L9A<S 8<HH9D9AJ<4?PAB7B GD46A9A<S F9C?BC9D9ABE4 
(7) ;4849FES <EIB8AO@ ;A4K9A<9@ F9@C9D4FGDO B5D454FO649@B7B EODPS ÿ@.Aач °%: &E?(ā, 0) = ÿ@.Aач. (9) 

'E?B6<S A4 7D4A<J9 B5D454FO649@B7B E?BS @4F9D<4?4 @B:AB 6OD4;<FP 7D4A<KAO@ 
GE?B6<9@ 3-7B DB84: 2ÿMD �&E?�ā |ý=0 = �(ÿF7 2 ÿC). (10) 

 

�?S 6OS6?9A<S F9@C9D4FGDO @4F9D<?4 6 E?B9 A9B5IB8<@B BCD989?<FP <;@9A9A<9 
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F9@C9D4FGDO < 6?47BEB89D:4A<S K4EF<JO @4F9D<?4, A4IB8SM9=ES 6 E?B9. �?S D4EK9F4 
><A9F<>< F9@C9D4FGDO < 6?47BEB89D:4A<S K4EF<JO 66989A4 E<EF9@4 
8<HH9D9AJ<4?PAOI GD46A9A<= F9C?B@4EEBC9D9ABE4: �Āч�� = Ā�Āч ∙ 1Ā 1�Ā (Ā �Āч�Ā ) ; (11) Āч ∙ Eч ∙ �&@�� = 1Ā 1�Ā (Āÿч �&@�Ā ) + Āч ∙ Ā ∙ Ā ∙ �Āч�� ; (12) �Āч�� = ý&чÿ0Ā6 [ĀD ∙ 1Ā 1�Ā (Ā �Āч�Ā ) + Ā ∙ Āч ∙ �Āч�� ] + Āч&ч (�&ч�� ). (13) 

!4K4?PAO9 GE?B6<S CB F9@C9D4FGD9, 6?4:ABEF< < 846?9A<R 8?S GD46A9A<= (11-13) 

CD<@GF E?98GRM<= 6<8: Āч(Ā, 0) = Ā@.Aач; 
(14) ÿч(Ā, 0) = ÿ@.Aач; Āч(Ā, 0) = ĀаF@; 

4 7D4A<KAO9 GE?B6<S: Āч(0, �) = � ∙ �ÿ = 0; 
(15) &ч(0, �) = &E?; Āч(0, �) = ĀE?. 

� CDBJ9EE9 C4DB6B= 4>F<64J<< G7?S CDBF9>4RF E?98GRM<9 I<@<K9E><9 D94>J<<: ÿ + �2ÿ = ÿÿ + �2 + 43,6 >Дж; (16) % + ÿÿ2 = 2ÿÿ 2 162,4 >Дж; (17) % + 2�2 = ÿ�4 + 87,4 >Дж; (18) ÿÿ + 3�2 = ÿ�4 + �2ÿ + 206,2 >Дж; (19) ÿ + 2�2ÿ = ÿÿ2 + 2�2 + 98,9 >Дж. (20) 

 9I4A<;@ I<@<K9E><I D94>J<= C4DB6B= 4>F<64J<< G7?9DB8EB89D:4M97B EODPS 
CB>4;4A A4 D<EGA>9 1. 

� D4;D454FO649@B= @B89?< K4EF<J4 BC<EO649FES EB6B>GCABEFPR J<?<A8D<K9E><I CBD 
E A9B8ABDB8AO@< A4K4?PAO@< D48<GE4@<. #BDO D4EFGF 6 8?<AG (QA8BF9D@<K9E>4S D94>J<S, 
GD46A9A<9 17) < 6 D48<4?PAB@ A4CD46?9A<< (Q>;BF9D@<K9E><9 D94>J<< C4DB6B7B 

B5G7?<64A<S, GD46A9A<S 16, 18–20): �ā�� = Ā2 ∙ ÿ��2Ā@ ; (21) �Ā�� = (Ā1 + Ā3 + Ā4 + Ā5) ∙ ÿ�2�Ā@ . (22) 

�EIB8S <; GD46A9A<= 21, 22 @B:AB BCD989?<FP 
<;@9A9A<S G89?PAB= CB69DIABEF< (@2/7) < B5N9@4 CBD 
(E@3/7): 

�4?4AEO @4EE K4EF<J E GK9FB@ @4EEBC9D9ABE4 CGF9@ 8<HHG;<< < I<@<K9E>B= D94>J<< 
CD<6989AO E?98GRM<@ B5D4;B@: Ā �ÿ��� = 1ý2 ��ý (Ā�ý2 �ÿ��ý ) 2 Ā� . (25) 

!4K4?PAO9 GE?B6<S 8?S GD46A9A<S (25) <@9RF 6<8: 

�� = 2ÿā�Ā + 2ÿĀ�ā; (23) �ā = 2ÿĀā�Ā + ÿĀ2�ā. (24) 

$<EGAB> 1 – %I9@4 @9I4A<;@4 
I<@<K9E><I D94>J<=, 
CDBF9>4RM<I CD< C4DB6B= 
4>F<64J<< 
G7?9DB8EB89D:4M97B EODPS 
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ÿ�(ý, 0) = 0. (26) 

�D4A<KAO9 GE?B6<S 8?S GD46A9A<S (23) BC<EO64RFES EBBFABL9A<9@: �ÿ��� |�=0 =  ∆ÿ ∙  �ā/106. (27) 

"5N9@AO9 E>BDBEF< D94>J<< Ā�  (@B?LE∙@3 ) >4> 8?S CO2, F4> < 8?S C4D4 !2" ;46<ESF BF <I 
EB5EF69AAOI E>BDBEF9= D94>J<= < <I G89?PAOI CB69DIABEF9=: Ā��2 = �ĀĀ@ �ā�� þ��2; (28) Ā�2� = �ĀĀ@ �Ā�� þ�2�. (29) 

�  B@5BL59 3;025 BC<E4A EB;84AAO= ?45BD4FBDAO= >B@C?9>E < Q>EC9D<@9AF4?PAO9 
GEF4AB6>< 8?S <EE?98B64A<S EGL><, C<DB?<;4 < 4>F<64J<<. �;?B:9AO @9FB8<>< CDB6989A<S 
Q>EC9D<@9AFB6 < B5D45BF>< 84AAOI (BCD989?9A<9 >BQHH<J<9AF4 6?47BCDB6B8ABEF<, 
@4F9D<4?PAO= 54?4AE, 4A4?<; CBD<EFBEF<). �OCB?A9A ED46A<F9?PAO= 4A4?<; D9;G?PF4FB6 
@B89?<DB64A<S < Q>EC9D<@9AF4?PAOI 84AAOI. 

�?S CDB69D>< @4F9@4F<K9E>B= @B89?< EB;84A ?45BD4FBDAO= >B@C?9>E (D<E. 2), 
6>?RK4RM<=: B5BDG8B64A<9 8?S CB87BFB6>< EODPS; FD< EC9J<4?<;<DB64AAO9 GEF4AB6>< 8?S 
<EE?98B64A<S EGL><, C<DB?<;4 < 4>F<64J<< 6 >BAFDB?<DG9@OI GE?B6<SI; B5BDG8B64A<9 8?S 
CDB6989A<S 4A4?<;4.  

 
$<EGAB> 2 – �45BD4FBDAO= >B@C?9>E CB CB?GK9A<R 4>F<6<DB64AAB7B G7?S 

 

�BQHH<J<9AF 6?47BCDB6B8ABEF< BCD989?S9FES D9L9A<9@ B5D4FAB= ;484K< 
8<HH9D9AJ<4?PAB7B GD46A9A<S @4EEBCDB6B8ABEF< CD< CB@BM< @9FB84 >BA9KAOI D4;ABEF9= 
CB GD46A9A<R:  �þ = (Ā�� 2 Ā��21) ∗  ∆�2(Ā�=0�21 2 2 ∗ Ā��21 + Ā�=ÿ�21) ∗ ∆�. (30) 

�?S 6OK<E?9A<S >BQHH<J<9AF4 6?47BCDB6B8ABEF< �þ CD98?4749@O@ @9FB8B@ 
A9B5IB8<@B ;A4FP 6?47BEB89D:4A<9 @4F9D<4?4 6 FDёI FBK>4I A4 CB69DIABEF< @4F9D<?4 
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Ā�=0�21, 6 7?G5<A9 Ā��21 < 6 J9AFD9 @4F9D<4?4 Ā�=ÿ�21, 789 � – 
F9>GM4S >BBD8<A4F4, 4 � – F9>GM99 6D9@S. -F< ;A4K9A<S 
6OK<E?SRFES CD< 4A4?<F<K9E>B= B5D45BF>9 >D<6OI 
EGL><, CBEFDB9AAOI CB D9;G?PF4F4@ Q>EC9D<@9AF4?PAOI 
<EE?98B64A<= A4 BCOFAB= GEF4AB6>9. !4 D<EGA>9 3 
?<A<S@< CB>4;4AO CB?GK9AAO9 ;A4K9A<S >BQHH<J<9AF4 
6?47BCDB6B8ABEF< ?<7A<ABJ9??R?B;AOI BFIB8B6, 4 
FBK>4@< – Q>EC9D<@9AF4?PAO9 84AAO9, CB?GK9AAO9 
EF4J<BA4DAO@ @9FB8B@. $9;G?PF4FO D4EIB8SFES A9 5B?99 
K9@ A4 15 %.  

#B 7D4H<>G (D<E. 3) 6<8AB, KFB >BQHH<J<9AF 
6?47BCDB6B8ABEF< EGM9EF69AAB ;46<E<F BF CD<DB8O 
@4F9D<4?4. #D< B8<A4>B6B= F9@C9D4FGD9 A4<5B?PL<9 
;A4K9A<S I4D4>F9DAO 8?S ?G;7< CB8EB?A9KA<>4, 
ED98A<9 – 8?S EBEAO, A4<@9APL<9 – 8?S E>BD?GCO 
7D9J>B7B BD9I4. -FB D4;?<K<9 B5GE?B6?9AB 
BEB59AABEFS@< 6AGFD9AA9= EFDG>FGDO @4F9D<4?B6, F4><I 
>4> CBD<EFBEFP, C?BFABEFP, I<@<K9E><= EBEF46 < 
@BDHB?B7<K9E><9 I4D4>F9D<EF<><. 

!4 D<E. 4 CD98EF46?9AO D4EK9FAO9 < 
Q>EC9D<@9AF4?PAO9 >D<6O9 F9@C9D4FGDO < 6?4:ABEF< 
8D969E<AO EBEAO E A4K4?PAO@ 6?47BEB89D:4A<9@ 60 % 

CD< >BA69>F<6AB= EGL>9 F9C?BABE<F9?9@ E 
F9@C9D4FGDB= 235 ℃ < 6?4:ABEFPR 5,3 % CD< E>BDBEF< 
B5F9>4A<S 2 @/E.  

�A4?<; F9@C9D4FGDAOI ;46<E<@BEF9= (D<E. 4 5) 
CB>4;O649F, KFB K9D9; 15 @<AGF F9@C9D4FGD4 
CB69DIABEF< CD<5?<:49FES > 150 ℃ < A4K<A49FES 
C9D9IB8 BF CDBJ9EE4 EGL>< > CDBJ9EEG 
F9D@B@B8<H<>4J<< E 6O89?9A<9@ 7BDRK<I 74;B6. � 
E6S;< E QF<@ K9D9; 15 @<AGF 8?S EB>D4M9A<S 6O5DBEB6 
CDB8G>FB6 D4;?B:9A<S 8D969E<AO E?98G9F CBA<;<FP 
F9@C9D4FGDG F9C?BABE<F9?S 8B 150 ℃.  

 4F9@4F<K9E><@ @B89?<DB64A<9@ CDBJ9EE4 
F9D@BI<@<K9E>B= C9D9D45BF>< ?<7A<ABJ9??R?B;AB7B 
EODPS E 6?47BEB89D:4A<9@ 5,3 % CD< D4;?<KAB= FB?M<A9 
A4EOCAB7B E?BS CB?GK9AO ;46<E<@BEF<, CD98EF46?9AAO9 
A4 D<EGA>9 5. 

#D< L<D<A9 69DF<>4?PAB= D9FBDFO L, <@9RM9= 
CDS@BG7B?PAB9 E9K9A<9 @9A99 0,15 @ ;A4K<F9?PAB 

G69?<K<649FES 6OEBF4 >4@9DO C<DB?<;4 H (E@ CB;. 3 D<E. 8), 4 CD< L<D<A9 5B?99 0,3 @ 
G69?<K<649FES A9B5IB8<@4S CDB8B?:<F9?PABEFP F9@C9D4FGDAB7B 6B;89=EF6<S, CBQFB@G 
FB?M<A4 A4EOCAB7B E?BS 8B?:A4 A4IB8<FES 6 8<4C4;BA9 0,15 – 0,3 @. 

�A4?<; F45?<JO 1 CB>4;O649F, KFB E CB6OL9A<9@ F9@C9D4FGDO C<DB?<;4 E 450 8B 
600 °C 6OIB8 >4D5BA<;4F4 EA<:49FES 8?S 6E9I 6<8B6 EODPS, FB784 >4> EB89D:4A<9 G7?9DB84 
6B;D4EF49F, KFB E6<89F9?PEF6G9F B 5B?99 7?G5B>B= >4D5BA<;4J<<. %D98< <EE?98B64AAOI 

 

  
$<EGAB> 4 – Д<47D4@@4 
6?47BEB89D:4A<S (4) < 
F9@C9D4FGDO (5) LCBA4: EBEAO 1 
– � = 0 @<A; 2 – � = 5 @<A; 3 – � = 

10 @<A; 4 – � = 15 @<A; 5 – � = 

20 @<A 

5 

4 

 
$<EGAB> 3 – З46<E<@BEFP 
>BQHH<J<9AF4 6?47BCDB6B8ABEF< 
BF F9@C9D4FGDO: 1 – ?G;74 
CB8EB?A9KA<>4; 2 – EBEA4; 3 – 

E>BD?GC4 7D9J>B7B BD9I4  
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6<8B6 EODPS E>BD?GC4 7D9J>B7B BD9I4 89@BAEFD<DG9F A4<?GKL<9 CB>4;4F9?<: 
@4>E<@4?PAO= 6OIB8 CDB8G>F4 (37,5 % CD< 450 ℃) < A4<6OEL99 EB89D:4A<9 G7?9DB84 
(86,4 % CD< 600 ℃).  

!4 BEAB64A<< 4A4?<;4 CD98EF46?9AAOI 84AAOI @B:AB E89?4FP 6O6B8, KFB F9@C9D4FGD4 
C<DB?<;4 500 °C S6?S9FES A4<5B?99 D4J<BA4?PAB=, CBE>B?P>G BA4 B59EC9K<649F 54?4AE 
@9:8G 6OIB8B@ CDB8G>F4 < 97B >4K9EF6B@ (EB89D:4A<9@ G7?9DB84). 

&45?<J4 1 – ВOIB8 G7?S < EB89D:4A<9 G7?9DB84 (6 E>B5>4I) 

6 ;46<E<@BEF< BF F9@C9D4FGDO < 6<84 
?<7A<ABJ9??R?B;AB7B EODPS  
&5<?5@0BC@0 450 ℃ 500 ℃ 600 ℃ 

%K@L5 �KE>4, % 

%>BD?GC4 7D9J>B7B BD9I4 37,5 

(76,3) 

36,5 

(81,2) 

32,7 

(86,4) 

�G;74 CB8EB?A9KA<>4 33,4 
(72,6) 

31,2 
(76,4) 

30,5 
(82,4) 

%BEAB64S M9C4 31,1 

(70,4) 

27,4 

(75,4) 

26,3 

(79,2) 

!4 D<EGA>9 6 CD98EF46?9AO D4EK9FAO9 < 
Q>EC9D<@9AF4?PAO9 84AAO9 EG@@4DAB7B B5Nё@4 < 
G89?PAB= CB69DIABEF< CBD G7?S, CB?GK9AAB7B <; EBEAB6B= 
M9CO 6 CDBJ9EE9 97B 4>F<64J<<. !4 D<EGA>9 7 CB>4;4A4 

><A9F<K9E>4S ;46<E<@BEFP <;@9A9A<S G89?PAB= @4EEO G7?S < 74;B6 4>F<64J<< CB 6D9@9A< 
4>F<64J<<. !4 BEAB64A<< GD46A9A<= (16-20) < GD46A9A<= I<@<K9E>B= ><A9F<>< (21-22) 5O?4 
D4EEK<F4A4 ;46<E<@BEFP D4EIB84 C9D97D9FB7B 6B8SAB7B C4D4 BF CDB<;6B8<F9?PABEF< CB 
4>F<6<DB64AAB@G G7?R (D<E. 8).  

 

�A4?<; ><A9F<K9E><I ;46<E<@BEF9= CB>4;O649F, KFB CDB8B?:<F9?PABEFP CDBJ9EE4 
4>F<64J<< G7?S S6?S9FES 64:AO@ CB>4;4F9?9@, CBE>B?P>G CD< A98BEF4FBKAB= 
CDB8B?:<F9?PABEF< CDBJ9EE4 CBD<EF4S EFDG>FGD4 D4;6<649FES A9 CB?ABEFPR, CD< 
<;5OFBKAB@ G69?<K9A<< 6D9@9A< B5D45BF>< G89?PA4S CB69DIABEFP A4K<A49F EA<:4FPES <;-
;4 C9D9>DOF<S CBD. '69?<K9A<9 F9@C9D4FGDO CDBJ9EE4 EB>D4M49F A9B5IB8<@B9 6D9@S 

 
$<EGAB> 5 – З46<E<@BEFP 
CDB8B?:<F9?PABEF< CDBJ9EE4 
C<DB?<;4 BF FB?M<AO A4EOCAB7B 
E?BS: 1 – E>BD?GC4 7D9J>B7B BD9I4; 
2 – EBEAB64S M9C4; 3 – ?G;74 
CB8EB?A9KA<>4 

 

 
$<EGAB> 6 – З46<E<@BEFP 
G89?PAB= CB69DIABEF< < 
EG@@4DAB7B B5N9@4 CBD G7?S 6 
CDBJ9EE9 4>F<64J<< CD< 
D4;?<KAOI F9@C9D4FGD4I: 1,4 – 

800 °%; 2,5 – 900 °%; 3,6 – 1000 °% 
 

 

$<EGAB> 7 – �<A9F<K9E>4S 
;46<E<@BEFP <;@9A9A<S 
G89?PAB= @4EEO >4D5BA<;4F4 < 
74;B6 4>F<64J<< CD< 
F9@C9D4FGD9 4>F<64J<<: 1 – 

800 °%; 2 – 900 °%; 3 – 1000 °% 

 

$<EGAB> 8 – З46<E<@BEFP 
D4EIB84 C9D97D9FB7B 6B8SAB7B 
C4D4 BF CDB<;6B8<F9?PABEF< 
CB 4>F<6<DB64AAB@G G7?R CD< 
F9@C9D4FGD9 4>F<64J<<: 1 – 

1000 °%; 2 – 900 °%; 3 – 800 °% 
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F9C?B6B7B 6B;89=EF6<S 8?S 8BEF<:9A<S @4>E<@4?PAB= G89?PAB= CB69DIABEF<.  
!4 BEAB64A<< CDB6989AAOI <EE?98B64A<= 6OS6?9AO BCF<@4?PAO9 C4D4@9FDO 

CDBJ9EE4 4>F<64J<<: F9@C9D4FGD4 900 °C, CDB8B?:<F9?PABEFP 25 – 40 @<AGF, D4EIB8 
C9D97D9FB7B C4D4 2,5 >7/>7, CD< >BFBDOI 8BEF<749FES A4<?GKL99 D4;6<F<9 CBD<EFB= 
EFDG>FGDO 59; KD9;@9DAB7B 6O7BD4A<S G7?9DB8AB7B @4F9D<4?4. 
� F45?<J9 2 CD98EF46?9A ED46A<F9?PAO= 4A4?<; CB?GK9AAOI 4>F<6<DB64AAOI G7?9= 

E EGM9EF6GRM<@< (CDB@OL?9AAO@<) 4A4?B74@<. 
�A4?<; CB>4;4?, KFB 6E9 <EE?98B64AAO9 4>F<6<DB64AAO9 G7?< EBBF69FEF6GRF <?< 

CD96BEIB8SF CDB@OL?9AAO9 4A4?B7< ��'-� < ��'-�J CB 5B?PL<AEF6G CB>4;4F9?9=. �E9 
CB?GK9AAO9 G7?< C9DEC9>F<6AO 8?S CD4>F<K9E>B7B CD<@9A9A<S, 4 6O5BD EODPS ;46<E<F BF 
J9?96B7B A4;A4K9A<S: E>BD?GC4 7D9J>B7B BD9I4 < ?G;74 CB8EB?A9KA<>4, EBBF69FEF69AAB, 
BCF<@4?PAO 8?S EBD5J<< A<;>B@B?9>G?SDAOI < 6OEB>B@B?9>G?SDAOI EB98<A9A<=. 
&45?<J4 2 – %D46A<F9?PAO= 4A4?<; CB?GK9AAOI 4>F<6<DB64AAOI G7?9= 

#>:070B5;L 
 

 

 

 

 

%K@L5 %C
<<
0@
=K
9 
>1
J5
< 

?>
@ 
?>

 2
>4
5, 
A<

3
/3 

'
45
;L
=0
O 
?;
>I
04
L,
 

<2
/3 

�K
E>
4 
>B
=>
A8
B5
;L
=>
 

AC
E>
3>
 AK
@L
O,
 %

 

�4
A>
@1
F8
>=
=0
O 

0:
B8
2=
>A
BL
 ?
> 
9>
4C
, 

<3
/3,
 =
5 <
5=
55

 

�4
A>
@1
F8
>=
=0
O 

0:
B8
2=
>A
BL
 ?
> 

<5
B8
;5
=>
2>
<C
 

A8
=5
<C
, <
3/3

 

%>BD?GC4 7D9J>B7B BD9I4 1,7 1370 22,3 625 330 

�G;74 CB8EB?A9KA<>4 1,62 1300 18,1 459 474 

%BEAB64S M9C4 1,5 1250 20,5 514 343 

��'-� 

�"%& 6217-74 
1,6 1100 – 600 290 

��'-�J 
�"%& 6217-74 

1,7 1300 – 600 290 

�  G5B25@B>9 3;025 A4 BEAB69 D9;G?PF4FB6 4A4?<F<K9E><I < Q>EC9D<@9AF4?PAOI 
<EE?98B64A<= D4;D45BF4A4 CDB@OL?9AA4S GEF4AB6>4 F9D@<K9E>B= C9D9D45BF>< 
?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P. %I9@4 GEF4AB6>< CD<6989A4 A4 
D<EGA>9 8. 

'EF4AB6>4 8?S CDB<;6B8EF64 4>F<6<DB64AAB7B G7?S <; ?<7A<ABJ9??R?B;AOI BFIB8B6 
D45BF49F E?98GRM<@ B5D4;B@: EODPё <;@9?PK4RF A4 EF48<< <;@9?PK9A<S 1, EGL4F FBCBKAO@< 
74;4@< CD< F9@C9D4FGD9 235 ℃ A4 EF48<< >BA69>F<6AB= EGL>< 2, ;4F9@ CB869D74RF C<DB?<;G 
CD< 500 °% 6 >4@9D9 C<DB?<;4 3 E CB?GK9A<9@ G7?S < C<DB?<;AOI 74;B6. '7B?P 4>F<6<DGRF 
C9D97D9FO@ 6B8SAO@ C4DB@ CD< 900 °% 6 >4@9D9 4>F<64J<< 4 E B5D4;B64A<9@ 74;B6 4>F<64J<<, 
CBE?9 K97B 4>F<6<DB64AAO= G7B?P BI?4:84RF 8B 90 – 100 °% A4 C9D6B= EF48<< BI?4:89A<S 5 
CGF9@ BDBL9A<S E9C4D<DB64AAB= 6B8B= E B5D4;B64A<9@ 6B8SAOI C4DB6. !4 6FBDB= EF48<< 6 
4>F<6<DB64AAO= G7B?P BI?4:84RF CBA<:9@ 846?9A<S 6 >4@9D9 8B 3 – 6 >#4. "5D4;GRM<9ES 
C<DB?<;AO9 74;O < 74;O 4>F<64J<< D4;89?SRF 6 E9C4D4FBD9 7 A4 E9C4D<DB64AAGR 6B8G, 
7BDRKGR :<8>BEFP < 7BDRK<9 74;O. �BDRK<9 74;O < 7BDRK4S :<8>BEFP, EBBF69FEF69AAB, 
4>>G@G?<DGRFES 6 74;7B?P89D9 8 < 5GH9DAB= 9@>BEF< 9. '4EFP 7BDRK9= :<8>BEF< E@9L<649FES 
E 7BDRK<@< 74;4@< 6 >BAHG;BD-8<HHG;BDAB@ E@9E<F9?9 10, B5D4;GS FBC?<6AGR E@9EP. 
&BC?<6A4S E@9EP CB849FES 6 7BD9?>G 16 8?S CB?GK9A<S A9B5IB8<@B7B F9C?4 8?S ;4CGE>4 
>4F4?<F<K9E>B7B CDBJ9EE4 B><E?9A<S. #D< 8BEF<:9A<< F9@C9D4FGDO 500 °% 6 FBCBKAB@ 
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CDBEFD4AEF69 14 CB84K4 FBC?<6AB= E@9E< C9D9>?RK49FES 6 D4ECD989?<F9?P FBC?<64 16, 
D4ECB?B:9AAO= 6 ;BA9 >4F4?<F<K9E>B7B B><E?9A<S 15. � ;BA9 >4F4?<F<K9E>B7B B><E?9A<S 15 
CDB<EIB8<F 59EC?4@9AAB9 B><E?9A<9 FBC?<6AB= E@9E< E B5D4;B64A<9@ 6 FBCBKAB@ 
CDBEFD4AEF69 14 FBCBKAOI 74;B6 E F9@C9D4FGDB= 1000 – 1050 °%. � ;@996<>B6B@ 
F9C?BB5@9AA<>9, D4ECB?B:9AAB@ 6 FBCBKAB@ CDBEFD4AEF69, A47D964RF A4EOM9AAO= 6B8SAB= 
C4D E C9D6B= EF48<< BI?4:89A<S 4>F<6<DB64AAB7B G7?S 5 8B F9@C9D4FGDO 900 – 950 °%. 
&D95G9@O= 8?S CDB6989A<S CDBJ9EE4 4>F<64J<S G7?S D4EIB8 C4D4 B59EC9K<649FES 
8BCB?A<F9?PAO@ 97B 66B8B@ K9D9; D97G?SFBD CB84K< C4D4 23, CB?GK4RM<= E<7A4? BF 84FK<>4 
D4EIB84 C9D97D9FB7B 6B8SAB7B C4D4 22. �OIB8SM<= <; FBCBKAB7B CDBEFD4AEF64 74; D4;89?SRF 
A4 864 CBFB>4. (<59DA4S ;486<:>4 23 D97G?<DG9F EBBFABL9A<9 D4EIB8B6 86GI CBFB>B6 
FBCBKAB7B 74;4. #9D64S K4EFP CBEFGC49F 6 DG54L>G C<DB?<;AB= >4@9DO 3 < <ECB?P;G9FES 6 
>4K9EF69 F9C?B6B7B 479AF4 8?S >BA8G>F<6AB7B C<DB?<;4 < >BA69>F<6AB= EGL>< 2. �FBD4S K4EFP 
FBCBKAOI 74;B6 <; FBCBKAB7B CDBEFD4AEF64 14 A47D9649F 6B;8GI 6 6B;8GIBA47D964F9?9 13 8B 
F9@C9D4FGDO 450 – 500 °%. �4F9@ FBCBKAO9 74;O A47D964RF FBC?<6AGR E@9EP 6 
FBC?<6BA47D964F9?9 12 8B F9@C9D4FGDO 150 – 200 °%. 

 
$<EGAB> 8 – %I9@4 GEF4AB6>< CB CB?GK9A<R 4>F<6<DB64AAB7B G7?S: 1 – EF48<S <;@9?PK9A<S; 
2 – EF48<S >BA69>F<6AB= EGL><; 3 – >4@9D4 C<DB?<;4; 4 – >4@9D4 4>F<64J<<; 5 – C9D64S 
EF48<S BI?4:89A<S 4>F<6<DB64AAB7B G7?S; 6 – 6FBD4S EF48<S BI?4:89A<S;  7 – E9C4D4FBD; 
8 – 74;7B?P89D; 9 – 5GH9DA4S ё@>BEFP; 10 – >BAHG;BD-8<HHG;BDAO= E@9E<F9?P; 11 – 

E>DG559D; 12 – FBC?<6BA47D964F9?P; 13 – 6B;8GIBA47D964F9?P; 14 – FBCBKAB9 
CDBEFD4AEF6B >BF?4; 15 – ;BA4 >4F4?<F<K9E>B7B B><E?9A<S; 16 – D4ECD989?<F9?P FBC?<64; 
17 – 7BD9?>4; 18 – 84FK<> F9@C9D4FGDO; 19 – 5?B> GCD46?9A<S; 20,21 – 69AF<?P; 22 – 84FK<> 
D4EIB84 C9D97D9FB7B 6B8SAB7B C4D4; 23 – D97G?SFBD CB84K< C4D4; 24 – L<59DA4S ;486<:>4 

 

�?S F9IAB?B7<K9E>B7B D4EKёF4 D4;D45BF4AO @9FB8<><, CB;6B?SRM<9 BCD989?<FP 
D4J<BA4?PAO9 C4D4@9FDO 4CC4D4FGDAB7B BHBD@?9A<S ;BA EGL>< EODPS, C<DB?<;4 EODPS < 
4>F<64J<< G7?S. $4;D45BF4AAO9 @9FB8<>< D4EKёF4 CB;6B?SRF D4EEK<FO64FP B5BDG8B64A<9 
8?S F9D@<K9E>B= C9D9D45BF>< D4;?<KAB= CDB<;6B8<F9?PABEF< < >BAH<7GD4J<<. 

%DB> B>GC49@BEF< GEF4AB6>< CB?GK9A<S 4>F<6<DB64AAB7B G7?S EBEF46<F 
4 7B84 2 @9ESJ4. �B8B64S CD<5O?P BF B8AB= GEF4AB6>< EBEF46<F 6 @?A. DG5?9=. 

� ?@8;>65=88 CD98EF46?9AO EF4F<EF<K9E>4S B5D45BF>4 D4EK9FAOI < 
Q>EC9D<@9AF4?PAOI 84AAOI, BJ9A>4 Q>BAB@<K9E>B= QHH9>F<6ABEF< 6A98D9A<S F9IAB?B7<<. 
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����.'�!�� 

1. �?S BCD989?9A<S F9@C9D4FGDAB= ;46<E<@BEF< >BQHH<J<9AF4 6?47BCDB6B8ABEF< 
?<7A<ABJ9??R?B;AB7B EODPS 6 8<4C4;BA9 F9@C9D4FGD 40 – 110 °% D4;D45BF4A 
A9EF4J<BA4DAO= @9FB8, BEAB64AAO= A4 D9L9A<< B5D4FAB= ;484K< 8<HH9D9AJ<4?PAB7B 
GD46A9A<S @4EEBCDB6B8ABEF< (6FBDB= ;4>BA (<>4). �CDB54J<S D4;D45BF4AAB7B @9FB84 
6OCB?A9A4 CGFё@ EBCBEF46?9A<S E D9;G?PF4F4@<, CB?GK9AAO@< EF4J<BA4DAO@ 
ECBEB5B@; D4EIB:89A<9 D9;G?PF4FB6 A9 CD96OL49F 15 %. �OS6?9AB, KFB CB@<@B 
F9@C9D4FGDO, 69?<K<A4 >BQHH<J<9AF4 6?47BCDB6B8ABEF< 6 ;A4K<F9?PAB= EF9C9A< 
BCD989?S9FES CD<DB8B= EODPS, B5GE?B6?9AAB= D4;?<K<S@< 6 97B CBD<EFBEF<, 
C?BFABEF<, I<@<K9E>B@ EBEF469 < @BDHB?B7<K9E><I I4D4>F9D<EF<>4I. 

2. $4;D45BF4A4 @4F9@4F<K9E>4S @B89?P, BC<EO64RM4S EB6B>GCABEFP 6;4<@BE6S;4AAOI 
CDBJ9EEB6 – >BA69>F<6AB= EGL><, >BA8G>F<6AB7B C<DB?<;4 < C4DB74;B6B= 4>F<64J<< E 
CD<@9A9A<9@ @B89?< 8<HHG;<BAAOI D94>J<=.  B89?P GK<FO649F A9EF4J<BA4DAO= F9C?B- 
< @4EEBC9D9ABE, ><A9F<>G F9D@<K9E>B7B D4;?B:9A<S BEAB6AOI >B@CBA9AFB6 5<B@4EEO 
(J9??R?B;O, 79@<J9??R?B;O, ?<7A<A4), 4 F4>:9 7<8DB8<A4@<K9E><9 BEB59AABEF< 
FD4AECBDF<DB64A<S EOCGK<I @4F9D<4?B6. �89>64FABEFP @B89?< CB8F69D:89A4 
Q>EC9D<@9AF4?PAB: D4EIB:89A<9 D4EK9FAOI < BCOFAOI 84AAOI A9 CD96OL49F 17 %. 

3. #DB6989AO F9BD9F<K9E><9 < Q>EC9D<@9AF4?PAO9 <EE?98B64A<S CB CB?GK9A<R 
4>F<6<DB64AAB7B G7?S <; ?<7A<ABJ9??R?B;AOI BFIB8B6 (?G;74 CB8EB?A9KA<>4, E>BD?GC4 
7D9J>B7B BD9I4, EBEAB64S M9C4) 6 ?45BD4FBDAOI GE?B6<SI. !4 BEAB69 H<;<>B-
@4F9@4F<K9E>B7B @B89?<DB64A<S BCD989?9A >BQHH<J<9AF 6?47BCDB6B8ABEF< EODPS 
(3,5 – 10,9·10⁻⁹ @²/E) < B5BEAB64AO D4J<BA4?PAO9 D9:<@AO9 C4D4@9FDO F9IAB?B7<K9E><I 
CD989?B6: EGL>4 (235 °C, 15 @<A E CBE?98GRM<@ EA<:9A<9@ 8B 150 °C), C<DB?<; 
(F9@C9D4FGD4 500 °C, FB?M<A4 E?BS 0,15 – 0,3 @), C4DB64S 4>F<64J<S (F9@C9D4FGD4 900 °C, 
6D9@S 25 – 40 @<A, D4EIB8 C4D4 2,5 >7/>7). ->EC9D<@9AF4?PAB CB8F69D:89AB 6OEB>B9 
>4K9EF6B J9?96B7B CDB8G>F4: 4>F<6<DB64AAO= G7B?P <; E>BD?GCO 7D9J>B7B BD9I4 <@99F 
G89?PAGR CB69DIABEFP 1370 @²/7, EG@@4DAO= B5Nё@ CBD 1,7 E@³/7 < 48EBD5J<BAAGR 
4>F<6ABEFP CB =B8G 625 @7/7, <; ?G;7< CB8EB?A9KA<>4 – 1300 @²/7, B5Nё@ CBD 1,62 E@³/7 < 
48EBD5J<R CB @9F<?9AB6B@G E<A9@G 474 @7/7. 

4. %B;84A4 <A:9A9DA4S @9FB8<>4 D4EKёF4 4CC4D4FGDAB7B BHBD@?9A<S 
F9IAB?B7<K9E>B= ?<A<<, 6>?RK4RM4S 4?7BD<F@O CDB9>F<DB64A<S EGL<?PAB7B 4CC4D4F4, 
>4@9DO >BA8G>F<6AB7B C<DB?<;4, >4@9DO 4>F<64J<< < LA9>B6OI FD4AECBDF9DB6.  9FB8<>4 
CB;6B?S9F BCD989?SFP 79B@9FD<K9E><9, F9C?B6O9 < 7<8D46?<K9E><9 C4D4@9FDO 
B5BDG8B64A<S A4 BEAB69 ;484AAB= CDB<;6B8<F9?PABEF< < E6B=EF6 <EIB8AB7B EODPS, 
B59EC9K<64S QA9D7BQHH9>F<6ABEFP < A489:ABEFP D45BFO GEF4AB6><. 

5. $4;D45BF4AO F9IAB?B7<S < >BAEFDG>J<S CDB@OL?9AAB= GEF4AB6>< 8?S F9D@<K9E>B= 
C9D9D45BF>< ?<7A<ABJ9??R?B;AOI BFIB8B6 6 4>F<6<DB64AAO= G7B?P. &9IAB?B7<K9E>4S 
EI9@4 B59EC9K<649F CB?AGR 74;B8<A4@<K9E>GR <;B?SJ<R ;BA E D4;?<KAO@< ED984@<, 
46FBAB@ABEFP ;4 EKёF GF<?<;4J<< C<DB?<;AOI 74;B6 < 74;B6 4>F<64J<<, 4 F4>:9 EBBF69FEF6<9 
Q>B?B7<K9E><@ FD95B64A<S@. �4K9EF6B CB?GK9AAB7B G7?S EBBF69FEF6G9F FD95B64A<S@ �"%&, 
KFB CB8F69D:89AB EF4A84DFAO@< @9FB84@< BJ9A><. 

#5@A?5:B82K 40;L=59H59 @07@01>B:8 B5<K E6S;4AO E CD<@9A9A<9@ 
CD98EF46?9AAOI D9;G?PF4FB6 <EE?98B64A<= 8?S  CB?GK9A<S 4>F<6<DB64AAB7B G7?S <; 
CDBK<I D4EF<F9?PAOI BFIB8B6, 6>?RK4S BFIB8O ;9DABC9D9D45BF>< (EB?B@4 ;?4>B6OI 
>G?PFGD, L9?GI4 D<E4, ?G;74 7D9K<I<), BFIB8O ?9EBC9D9D45BF>< (>BD4, EGKPS, BC<?>< 
I6B=AOI < ?<EF69AAOI CBDB8) < 8DG7<9 ?<7A<ABJ9??R?B;AO9 @4F9D<4?O, A4>BC?9A<9 
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>BFBDOI CD98EF46?S9F EGM9EF69AAGR Q>B?B7<K9E>GR CDB5?9@G 8?S D97<BAB6 E 
D4;6<FO@ 47DBCDB@OL?9AAO@ < ?9EBCDB@OL?9AAO@ >B@C?9>E4@<. 

"A=>2=K5 >1>7=0G5=8O T, ÿC, ÿF7  – F9@C9D4FGD4 EODPS, CB69DIABEF< EODPS, 
FBCBKAB7B 74;4, °%; Ā, ĀC – 6?47BEB89D:4A<9 6OEGL<649@B7B @4F9D<4?4, 6?47BEB89D:4A<9 
A4 CB69DIABEF< K4EF<JO, >7/>7; �F – >BQHH<J<9AF F9@C9D4FGDBCDB6B8ABEF<, @2 E⁄ ; K – 
>BQHH<J<9AF 6?47BCDB6B8ABEF<, @2 E⁄ ; δ – F9D@B7D48<9AFAO= >BQHH<J<9AF, ℃-1; r – D48<GE 
J<?<A8D<K9E>B= K4EF<JO, @; ÿ – F9C?BCDB6B8ABEFP, ВF (@ ∙ ℃⁄ ); � – >BQHH<J<9AF 
F9C?BBF84K<, ВF (@2 ∙ ℃⁄ ); �,n – Q>EC9D<@9AF4?PAO9 >BQHH<J<9AFO GD46A9A<S 
(D9=A8?<I4; φ7 – 6?47BEB89D:4A<9 FBCBKAB7B 74;4; ĀE? – A4EOCA4S C?BFABEFP @4F9D<4?4, >7 @3⁄ ; EE? – G89?PA4S F9C?B9@>BEFP A4EOCAB7B E?BS @4F9D<4?4, Дж >7 ∙ ℃⁄ ; ÿMD– 
QHH9>F<6AO=  >BQHH<J<9AF F9C?BCDB6B8ABEF<, ВF @ ∙ ℃⁄ ;  ÿE? – EFB> (CD<FB>) F9C?4 E?BS 
@4F9D<4?4, Дж (@3 ⋅ E)⁄ ; ÿCD – EFB> F9C?4 A4 CDB7D96 @4F9D<4?4, Дж (@3 ⋅ E)⁄ ; ÿиEC – EFB> 
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