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CB?GK9AAO= D4EF6BD 8B546PF9 A9E>B?P>B >4C9?P H9AB?HF4?9<A4 <?< 8DG7B7B 
<A8<>4FBD4. !4C<L<F9 GD46A9A<9 D94>J<<, B5NSEA<F9 <;@9A9A<9 B>D4E>< 
D4EF6BD4 < 97B D4;B7D964A<9. 
5) �B?GK9A<9 A9D4EF6BD<@OI BEAB64A<= 6;4<@B89=EF6<9@ EB?< EB M9?BKPN. 
� CDB5<D>< CB@9EF<F9 CB A9E>B?P>B >4C9?P D4EF6BDB6 EG?PH4F4 @98< (II), 
I?BD<84 :9?9;4 (III), EG?PH4F4 @47A<S. � >4:8B@G D4EF6BDG CD<?9=F9 
A9E>B?P>B >4C9?P 2  D4EF6BD4 7<8DB>E<84 A4FD<S. "F@9FPF9 J69F 
B5D4;B646L<IES BE48>B6, A4C<L<F9 GD46A9A<S EBBF69FEF6GRM<I D94>J<=. 
%B89D:<@B9 CDB5<DB> <ECB?P;G=F9 6 E?98GRM9@ BCOF9. 



6) �FABL9A<9 A9D4EF6BD<@OI BEAB64A<= > ><E?BF4@. � CB?GK9AAO@ 6 
CD98O8GM9@ BCOF9 BE48>4@ CD<?9=F9 CB A9E>B?P>B >4C9?P EB?SAB= <?< 
E9DAB= ><E?BFO. $4EF6BD<?<EP ?< BE48><? #BS6<?4EP ?< B>D4E>4 G D4EF6BDB6? 
7) �B?GK9A<9 4@HBF9DAOI 7<8DB>E<8B6 6;4<@B89=EF6<9@ EB?< EB M9?BKPN. � 

CDB5<D>G E D4EF6BDB@ EG?PH4F4 4?R@<A<S (2/3 CDB5<D><) 8B546PF9 A9E>B?P>B 
>4C9?P M9?BK<. !4C<L<F9 GD46A9A<9 D94>J<< < B5NSEA<F9 B5D4;B64A<9 
BE48>4. %B89D:<@B9 CDB5<D>< A9 6O?<64=F9, BEF46<6 97B 8?S BCOF4 2.5. 

8) �;4<@B89=EF6<9 4@HBF9DAOI 7<8DB>E<8B6 E ><E?BF4@< < M9?BK4@<. 
�ECB?P;G=F9 BE48B>, CB?GK9AAO= 6 BCOF9 2.4. %B89D:<@B9 CDB5<D>< 
6;5B?F4=F9 < 6@9EF9 E BE48>B@ D4;?9=F9 6 869 CDB5<D><. � C9D6GR A4?9=F9 A4 
FD9FP B5N9@4 EB?SAB= ><E?BFO, 6B 6FBDGR – >BAJ9AFD<DB64AAB= M9?BK< 
(w = 30%). �4C<L<F9 GD46A9A<S D94>J<= < B5NSEA<F9 D4EF6BD9A<9 BE48>B6 6 
B59<I CDB5<D>4I. 
!B?<, <I CB?GK9A<9 < E6B=EF64 

4) �B?GK9A<9 EB?9= 6;4<@B89=EF6<9@ BEAB64A<O E ><E?BFB=. %A4K4?4 
CB?GK<F9 7<8DB>E<8 :9?9;4 (III), CD<546?SS D4EF6BD M9?BK< > D4EF6BDG 
I?BD<84 :9?9;4 (III) (1–2 @?) 8B B5D4;B64A<S BE48>4. "F@9FPF9 J69F BE48>4. � 
CB?GK9AAB@G BE48>G 8B546PF9 CB >4C?S@ D4EF6BD EB?SAB= ><E?BFO. !4C<L<F9 
GD46A9A<S D94>J<= < B5NSEA<F9 D4EF6BD9A<9 BE48>4. 
5) �B?GK9A<9 EB?9= 6;4<@B89=EF6<9@ 86GI EB?9=. � 869 CDB5<D>< A4?9=F9 CB 
1–2 @? D4EF6BD4 A<FD4F4 E6<AJ4, 8B546PF9 CB >4C?S@ D4EF6BD I?BD<84 A4FD<S 
(6 C9D6GR) < D4EF6BD4 EG?PH4F4 @47A<S (6B 6FBDGR). !4C<L<F9 GD46A9A<S 
D94>J<= < B5NSEA<F9 B5D4;B64A<9 BE48>4. 
6) �B?GK9A<9 EB?9= 6;4<@B89=EF6<9@ EB?9= E @9F4??4@<. � CDB5<D>< E 
D4EF6BD4@< EG?PH4F4 @98< < EG?PH4F4 A4FD<S (1 @?) CB@9EF<F9 CB 
A95B?PLB@G >GEBK>G J<A>4. +9D9; A9>BFBDB9 6D9@S 6A<@4F9?PAB 
D4EE@BFD<F9, CDB<;BL?< ?< >4><9-?<5B <;@9A9A<S 6 B>D4E>9 D4EF6BDB6, A4 
CB69DIABEF< @9F4??B6. !4C<L<F9 GD46A9A<S D94>J<= < B5NSEA<F9 D4;?<KAB9 
BFABL9A<9 D4EF6BDB6 6;SFOI EB?9= > J<A>G. 
7) �B?GK9A<9 BEAB6AOI EB?9= 6;4<@B89=EF6<9@ EB?< EB M9?BKPN. !4?9=F9 6 
CDB5<D>G A4 1/3 B5N9@4 D4EF6BD I?BD<84 >B54?PF4 (II), BEFBDB:AB CD<546PF9 > 
D4EF6BDG A9E>B?P>B >4C9?P 1  D4EF6BD4 M9?BK<. "F@9FPF9 J69F 
B5D4;B646L97BES BE48>4. �4>B9 69M9EF6B B5D4;G9FES CD< A98BEF4F>9 M9?BK<? 
8) �D96D4M9A<9 BEAB6AB= EB?< 6 7<8DB>E<8, 6 ED98ANN EB?P. "E48B>, 
CB?GK9AAO= 6 CD98O8GM9@ BCOF9, D4;89?<F9 A4 869 K4EF<. � B8AB= K4EF< 
CD<546PF9 <;5OFB> 1  D4EF6BD4 M9?BK< 8B <;@9A9A<S B>D4E><. "F@9FPF9 
<;@9A9A<9 J69F4, < A4C<L<F9 GD46A9A<9 D94>J<<. � 8DG7B= K4EF< BE48>4 
8B546PF9 1  D4EF6BD EB?SAB= ><E?BFO 8B D4EF6BD9A<S BE48>4. !4C<L<F9 
GD46A9A<9 D94>J<<. 

«�<A9F<>4 I<@<K9E><I D94>J<=. %<@<K9E>B9 D46AB69E<9» 

1. З46<E<@BEFP E>BDBEF< D94>J<< BF >BAJ9AFD4J<< D947<DGNM<I 
69M9EF6.  
1. � B8AG CDB5<D>G A9B5IB8<@B A4?<FP 20 @? 6B8O < BEF46<FP 99 8?S 
>BAFDB?S. 



2. � FD< CDBAG@9DB64AAO9 CDB5<D>< A4?<FP: 5 @? 0,1  D4EF6BD4 
F<BEG?PH4F4 A4FD<S < 10 @? 6B8O; 10 @? 0,1  D4EF6BD4 F<BEG?PH4F4 A4FD<S < 
5 @? 6B8O; 15 @? 0,1  D4EF6BD4 F<BEG?PH4F4 A4FD<S EBBF69FEF69AAB 
(E@. HBD@G CDBFB>B?4). 
3.  9DAO@ J<?<A8DB@ BF@9DPF9 5 @? 0,1   D4EF6BD4 E9DAB= ><E?BFO; 
CD<?9=F9 99 > D4EF6BDG F<BEG?PH4F4 A4FD<S 6 CDB5<D>9 № 1, 5OEFDB 
C9D9@9L4=F9 < ED4;G :9 6>?RK<F9 E9>GA8B@9D. !4K4?B@ D94>J<< 5G89@ 
EK<F4FP @B@9AF E@9L<64A<S D4EF6BDB6. � IB89 CDBF9>4A<S D94>J<< D4EF6BD 
EF4AB6<FES @GFAO@ 6E?98EF6<9 B5D4;B64A<S E9DO. #BQFB@G 8?S BCD989?9A<S 
E>BDBEF< D94>J<< A9B5IB8<@B BF@9F<FP 6D9@S, EBBF69FEF6GRM99 A4K4?G 
CBS6?9A<S @GF< 6 CDB5<D>4I. +FB5O 5O?B ?97K9 ;4@9F<FP CBS6?9A<9 @GF<, 
D9>B@9A8G9FES D4EE@4FD<64FP CDB5<D>< A4 K9DAB@ HBA9 < ED46A<64FP 
CDB5<D>G E >BAFDB?PAB=, 6 >BFBDB= A4IB8<FES 6B84. 
4. &9 :9 BC9D4J<< CDB89?4=F9 EB 6FBDB= < FD9FP9= CDB5<D>4@<. 
5. $9;G?PF4FO BCOFB6 6A9E<F9 6 F45?<JG, 6OK<E?<F9 BFABE<F9?PAGR E>BDBEFP 
D94>J<< 8?S >4:8B7B E?GK4S. "FABE<F9?PAGR E>BDBEFP D94>J<< 6OK<E?SRF 
>4> 69?<K<AG, B5D4FAB CDBCBDJ<BA4?PAGR A4=89AAB@G 6D9@9A< (6 
E9>GA84I): υ = 1/τ. 
6. #D98EF46PF9 D9;G?PF4FO 7D4H<K9E><, BF?B:<6 CB BE< x BFABE<F9?PAGR 
>BAJ9AFD4J<R Na2S2O3, 4 CB BE< y – BFABE<F9?PAGR E>BDBEFP D94>J<<. 
7. %89?4=F9 6O6B8 B ;46<E<@BEF< E>BDBEF< D94>J<< BF >BAJ9AFD4J<< 
D947<DGRM<I 69M9EF6. 
2. З46<E<@BEFP E>BDBEF< D94>J<< BF F9@C9D4FGDO.  
1. � FD< CDB5<D><, CDBAG@9DB64AAO9 J<HD4@< 1, 2, 3 BF@9DPF9 CB 5 @? 0,1  
D4EF6BD4 F<BEG?PH4F4 A4FD<S, 6 8DG7<9 FD< CDB5<D>< (B5B;A4K9AAO@< 
J<HD4@< 1′, 2′, 3′) – CB 5 @? D4EF6BD4 E9DAB= ><E?BFO. 
2.  "8AG CDB5<D>G E F<BEG?PH4FB@ < B8AG CDB5<D>G E ><E?BFB= 6O89D:<F9 
CD< >B@A4FAB= F9@C9D4FGD9 6 EF4>4A9, A4CB?A9AAB@ 6B8B= CD<@9DAB 8B 
CB?B6<AO B5N9@4, 6 F9K9A<9 5–7 @<A., ;4F9@ 5OEFDB CD<?9=F9 D4EF6BD 
><E?BFO > D4EF6BDG F<BEG?PH4F4, 5OEFDB C9D9@9L4=F9 < 6>?RK<F9 
E9>GA8B@9D. �4E9><F9 6D9@S A4K4?4 CB@GFA9A<S, D9;G?PF4FO 6A9E<F9 6 
CDBFB>B?. 
3. %F4>4A E 6B8B=, <ECB?P;B646L<=ES 6 CD98O8GM9@ BCOF9, A47D9=F9 A4 
C?<F>9 8B F9@C9D4FGDO, A4 10°% 6OL9 >B@A4FAB= (8?S <;@9D9A<S 
F9@C9D4FGDO <ECB?P;G=F9 F9D@B@9FD). %A<@<F9 EF4>4A E C?<F><, 6 A47D9FGR 
6B8G CB@9EF<F9 CDB5<D>G E F<BEG?PH4FB@ < CDB5<D>G E ><E?BFB=, 6O89D:<F9 
<I 1–2 @<A., ;4F9@ CD<?9=F9 ><E?BFG > D4EF6BDG F<BEG?PH4F4 < BF@9FPF9 
6D9@S CBS6?9A<S @GF<. 
4. % FD9FP9= C4DB= CDB5<DB> E89?4=F9 FB :9 E4@B9, AB CD< F9@C9D4FGD9, 6OL9 
>B@A4FAB= A4 20°%. 
5. $9;G?PF4FO BCOFB6 6A9E<F9 6 F45?<JG, 6OK<E?<F9 BFABE<F9?PAGR E>BDBEFP 
D94>J<< 8?S >4:8B7B E?GK4S. "FABE<F9?PAGR E>BDBEFP D94>J<< 6OK<E?SRF 
>4> 69?<K<AG, B5D4FAB CDBCBDJ<BA4?PAGR A4=89AAB@G 6D9@9A< (6 E9>GA84I): 
υ = 1/τ. 



5.  #BEFDB=F9 7D4H<> ;46<E<@BEF< E>BDBEF< D94>J<< BF F9@C9D4FGDO 6 
>BBD8<A4F4I: F9@C9D4FGD4 2 BFABE<F9?PA4S E>BDBEFP D94>J<<. 
6. %89?4=F9 6O6B8 B ;46<E<@BEF< E>BDBEF< D94>J<< BF F9@C9D4FGDO.  
3. �?<OA<9 <;@9A9A<O >BAJ9AFD4J<< A4 E@9M9A<9 I<@<K9E>B7B D46AB69E<O. 
#D<7BFB6PF9 D4EF6BD F<BJ<4A4F4 >4?<S (<?< 4@@BA<S). �?S QFB7B D4EF6BD<F9 
A95B?PLB9 >B?<K9EF6B EB?< (A4 >BAK<>9 LC4F9?S) 6 8<EF<??<DB64AAB= 6B89, 
;4CB?A<6 CDB5<D>G 6B8B= A4 ¾ B5N9@4. �B546PF9 > CB?GK9AAB@G D4EF6BDG 
A9E>B?P>B >4C9?P D4;546?9AAB7B D4EF6BD4 EB?< :9?9;4 (III). "F@9FPF9 B>D4E>G 
CB?GK9AAB7B D4EF6BD4. �4C<L<F9 GD46A9A<9 D94>J<< 6 D45BK<= :GDA4?. 
#B?GK9AAO= D4EF6BD D4;?9=F9 6 K9FOD9 CDB5<D><. "8AG BEF46PF9 8?S 
ED46A9A<S. �B 6FBDGR, FD9FPR < K9F69DFGR EBBF69FEF69AAB 8B546PF9 
A9E>B?P>B >D<EF4??<>B6 F<BJ<4A4F4 >4?<S (4@@BA<S), A9E>B?P>B >4C9?P 
A4EOM9AAB7B D4EF6BD4 EB?< :9?9;4 (III) < A9E>B?P>B >D<EF4??<>B6 M469?96B= 
><E?BFO. (<>E<DG=F9 6E9 A45?R849@O9 <;@9A9A<S B>D4E><. !4 BEAB64A<< 
CD<AJ<C4 �9-,4F9?P9 B5NSEA<F9 <;@9A9A<9 B>D4E>< 6 >4:8B= <; CDB5<DB>. 
'>4:<F9 EFD9?>B= A4CD46?9A<9 E86<74 D46AB69E<S CDBJ9EE4 (1) 6 >4:8B= <; 
CDB5<DB>. 
4. �?<OA<9 <;@9A9A<O >BAJ9AFD4J<< G7?9><E?B7B 74;4 A4 E@9M9A<9 
D46AB69E<O. �9F9DB79AAB9 D46AB69E<9 @9:8G >4D5BA4FB@ < 7<8DB>4D5BA4FB@ 
>4?PJ<S @B:9F 5OFP C9D984AB EI9@B=: 
CaCO3(F69D8.) + CO2(74;) + !2"(:.)  %42+

 (D4EF6BD) + 2!%"3
–
 (D4EF6BD). 

#D<7BFB6PF9 D4EF6BD, EB89D:4M<= 7<8DB>4D5BA4F < >4D5BA4F >4?PJ<S. �?S 
QFB7B 6 CDB5<D>G A4?9=F9 2 – 3 @? D4EF6BD4 7<8DB>E<84 >4?PJ<S (<;69EF>B6B= 
6B8O) < CDBCGEF<F9 G7?9><E?O= 74; 8B K4EF<KAB7B D4EF6BD9A<S 6OC46L97B 6 
A4K4?9 BE48>4 CaCO3, < D4;89?<F9 CB?GK9AAGR EGEC9A;<R A4 FD< CDB5<D><. 
"8AG BEF46PF9 6 >4K9EF69 >BAFDB?PAB=, 6 8DG7GR – CDBCGE>4=F9 G7?9><E?O= 
74; <; 4CC4D4F4 �<C4, FD9FPR A47D9=F9. �4><9 <;@9A9A<S A45?R84RFES 6B 
6FBDB= < 6 FD9FP9= CDB5<D>4I CB ED46A9A<R E >BAFDB?PAB=? #D< A47D964A<< 
D4EF6BD<@BEFP 8<B>E<84 G7?9DB84 G@9APL49FES. �G84 E@9EF<FES D46AB69E<9 6 
>4:8B@ E?GK49? 
5. �?<OA<9 I4D4>F9D4 ED98O A4 E86<7 I<@<K9E>B7B D46AB69E<O.  
� CDB5<D>G A4?9=F9 A9E>B?P>B >4C9?P D4EF6BD4 IDB@4F4 >4?<S. "F@9FPF9 
J69F. �B546PF9 2–3 >4C?< 1  D4EF6BD4 E9DAB= ><E?BFO. "F@9FPF9 <;@9A9A<9 
J69F4. +9@ BAB B5GE?B6?9AB? � CB?GK9AAB@G D4EF6BDG 8B546PF9 2  D4EF6BD 
M9?BK< 8B <;@9A9A<S J69F4. "5NSEA<F9 <;@9A9A<9 B>D4E><. �4><@< 9M9 
ECBEB54@< @B:AB E@9EF<FP <EE?98G9@B9 D46AB69E<9? 
6. �?<OA<9 F9@C9D4FGDO A4 E@9M9A<9 I<@<K9E>B7B D46AB69E<O.  
� CDB5<D>G 6A9E<F9 A9E>B?P>B >D<EF4??B6 (A4 >BAK<>9 LC4F9?S) 
>D<EF4??B7<8D4F4 I?BD<84 >B54?PF4 (II), 8B546PF9 4–5 >4C9?P 
8<EF<??<DB64AAB= 6B8O. #D< D4EF6BD9A<< CoCl2×6H2O B5D4;GRFES <BAO 
[Co(H2O)6]

 2+. "F@9FPF9 J69F D4EF6BD4. �B546PF9 > CD<7BFB6?9AAB@G D4EF6BDG 
5–6 >4C9?P 20%-AB7B D4EF6BD4 EB?SAB= ><E?BFO (<BAO [CoCl4]

 2– B5D4;GRFES 
CD< A4?<K<< <;5OF>4 I?BD<8-<BAB6). �;@9A<?4EP ?< B>D4E>< D4EF6BD4? 
!47D9=F9 CDB5<D>G A4 EC<DFB6>9 8B S6AB7B <;@9A9A<S B>D4E>< D4EF6BD4. 



#DB5<D>G E D4EF6BDB@ BI?48<F9 8B >B@A4FAB= F9@C9D4FGDO (@B:AB CB8 
EFDG9= 6B8BCDB6B8AB= 6B8O). #BK9@G CDB<EIB8<F <;@9A9A<9 B>D4E>< 
D4EF6BD4 CD< A47D964A<< < BI?4:89A<<? � EFBDBAG B5D4;B64A<S >4>B7B <BA4 
– [CoCl4]

 2– <?< [Co(H2O)6]
 2+ – E@9EF<?BEP D46AB69E<9 CD< CB6OL9A<< 

F9@C9D4FGDO; CD< CBA<:9A<<? �4>B= CDBJ9EE (CDS@B= <?< B5D4FAO=) 
S6?S9FES Q>;BF9D@<K9E><@; QA8BF9D@<K9E><@? 
%89?4=F9 6O6B8 B 6?<SA<< 846?9A<S, >BAJ9AFD4J<<, ED98O, F9@C9D4FGDO A4 
E@9M9A<9 I<@<K9E>B7B D46AB69E<S. 

« 4EF6BDO. �<8DB?<;» 

1. D� 6B8O. � B8AG CDB5<D>G A4?9=F9 A9@AB7B 8<EF<??<DB64AAB= 6B8O, 6 
8DG7GR – 6B8BCDB6B8AB=. �;@9DPF9 D! 6B8O 6 >4:8B= CDB5<D>9 CD< CB@BM< 
GA<69DE4?PAB= <A8<>4FBDAB= 5G@47<. +9@ 6O;64AB BF>?BA9A<9 ;A4K9A<S D! 
6B8O BF A9=FD4?PAB7B 6 >4:8B@ E?GK49? 
2.  94>J<O ED98O 6 D4EF6BD4I D4;?<KAOI EB?9=. � K9FOD9 CDB5<D>< A4?9=F9 
CD<@9DAB A4 1/3 8<EF<??<DB64AAB= 6B8O, 8B546PF9 A9@AB7B (A4 >BAK<>9 
LC4F9?S) E?98GRM<I EB?9=: I?BD<8 4?R@<A<S, I?BD<8 >4?<S, >4D5BA4F 
A4FD<S, 4J9F4F A4FD<S. $4EF6BDO D4;@9L4=F9 8B D4EF6BD9A<S EB?9=, BJ9A<F9 
D! CD< CB@BM< <A8<>4FBDAB= 5G@47<, ED46A<F9 E D! 8<EF<??<DB64AAB= 
6B8O 6 >BAFDB?PAB= CDB5<D>9. %89?4=F9 6O6B8 B D94>J<< ED98O 6 D4EF6BD9 
>4:8B= EB?<. 
�4><9 <; <EE?98B64AAOI EB?9= CB869D74RFES 7<8DB?<;G? !4C<L<F9 <BAAB-
@B?9>G?SDAO9 < @B?9>G?SDAO9 GD46A9A<S 7<8DB?<;4 < G>4:<F9 6<8 
7<8DB?<;4 (CDBEFB= <?< EFGC9AK4FO=) >4:8B= EB?<. � E?GK49 EFGC9AK4FB7B 
7<8DB?<;4 A4C<L<F9 GD46A9A<9 D94>J<< 7<8DB?<;4 FB?P>B 8?S C9D6B= 
EFGC9A<, F4> >4> CD4>F<K9E>< CBE?98GRM<9 EFGC9A< 7<8DB?<;4 CD< 
>B@A4FAB= F9@C9D4FGD9 CDBF9>4RF BK9AP E?45B. %89?4=F9 B5M<= 6O6B8 B 
D94>J<< ED98O 6 D4EF6BD4I EB?9=: 4) E<?PAOI BEAB64A<= < E?45OI ><E?BF; 5) 
E?45OI BEAB64A<= < E<?PAOI ><E?BF; 6) E?45OI BEAB64A<= < E?45OI ><E?BF; 
7) E<?PAOI BEAB64A<= < E<?PAOI ><E?BF. 
3. Ф4>FBDO, 6?<ONM<9 A4 EF9C9AP 7<8DB?<;4  

4) �?<OA<9 E<?O ><E?BFO <?< BEAB64A<O, B5D4;GNM<I EB?P. � B8AG CDB5<D>G 
6A9E<F9 A9E>B?P>B >D<EF4??B6 EG?PH<F4 A4FD<S, 6 8DG7GR – EFB?P>B :9 
>4D5BA4F4 A4FD<S, > >4:8B= EB?< 8B546PF9 CB A9E>B?P>B >4C9?P 6B8O (A9 
5B?99 K9@ A4 1/3 <I B5N9@4). �ECB?P;GS <A8<>4FBDAGR 5G@47G, BJ9A<F9 D! 
CB?GK9AAOI D4EF6BDB6 EB?9=. "5NSEA<F9, K9@ B5GE?B6?9A4 D4;?<KA4S B>D4E>4 
<A8<>4FBDAB= 5G@47<. !4C<L<F9 GD46A9A<S CDBF9>4RM<I CDBJ9EEB6 6 
@B?9>G?SDAB@ < <BAAB@ 6<89. 
5) �?<OA<9 F9@C9D4FGDO. � CDB5<D>G A4?9=F9 8<EF<??<DB64AAB= 6B8O 8B 
CB?B6<AO 99 B5N9@4, 6A9E<F9 A95B?PLB9 >B?<K9EF6B >D<EF4??<K9E>B7B 
4J9F4F4 A4FD<S < 8B546PF9 >4C?R H9AB?HF4?9<A4. $4;?9=F9 D4EF6BD 6 869 
CDB5<D><. !47D9=F9 D4EF6BD 6 B8AB= CDB5<D>9 8B ><C9A<S. !4C<L<F9 
GD46A9A<9 CDBF9>4RM97B CDBJ9EE4. "5NSEA<F9 <;@9A9A<9 <AF9AE<6ABEF< 
B>D4E>< D4EF6BD4 CD< A47D964A<<. '>4:<F9 A4CD46?9A<9 E@9M9A<S 
D46AB69E<S 7<8DB?<;4 6 D9;G?PF4F9 A47D964A<S. %89?4=F9 6O6B8 B 6?<SA<< 
F9@C9D4FGDO A4 EF9C9AP 7<8DB?<;4 < G>4:<F9 CD<K<AO QFB7B 6?<SA<S. 



6) �?<OA<9 G69?<K9A<O >BAJ9AFD4J<< B8AB<@9AAOI <BAB6.  
� CDB5<D>G 6A9E<F9 A9E>B?P>B >D<EF4??B6 A<FD4F4 6<E@GF4 (III) < 8B546PF9 5–
7 >4C9?P 8<EF<??<DB64AAB= 6B8O. #D< D4EF6BD9A<< 8B?:AB A45?R84FPES 
B5D4;B64A<9 BE48>4 @4?BD4EF6BD<@B7B A<FD4F4 6<E@GF<?4. "F@9FPF9 J69F 
BE48>4. !4C<L<F9 GD46A9A<9 CDBJ9EE4 7<8DB?<;4 6 @B?9>G?SDAB= HBD@9. � 
D4EF6BDG CD<546PF9 CB >4C?S@ 2  D4EF6BD 4;BFAB= ><E?BFO. "5NSEA<F9 
CDB<EIB8SM<9 <;@9A9A<S < G>4:<F9 A4CD46?9A<9 E@9M9A<S D46AB69E<S CD< 
66989A<< ><E?BFO. �4> <;@9A<FES EF9C9AP 7<8DB?<;4 EB?<? 
4. �5D4;B64A<9 ><E?OI EB?9= CD< 7<8DB?<;9. � B8AG CDB5<D>G A4?9=F9 3–4 @? 
D4EF6BD4 >4D5BA4F4 A4FD<S, 6 8DG7GR – D4EF6BD 7<8DB>4D5BA4F4 A4FD<S F4>B= 
:9 >BAJ9AFD4J<< < BJ9A<F9 ;A4K9A<9 D! QF<I D4EF6BDB6 CD< CB@BM< 
<A8<>4FBDAB= 5G@47<. !4C<L<F9 GD46A9A<S CDBF9>4RM<I D94>J<= < 
B5NSEA<F9, CBK9@G B>D4E>4 <A8<>4FBDAB= 5G@47< 6 QF<I D4EF6BD4I D4;?<KA4. 
�OK<E?<F9 ;A4K9A<S >BAEF4AF 7<8DB?<;4 QF<I EB?9= CD< 25º%. 
5. !B6@9EFAO= 7<8DB?<; 86GI EB?9=  

4) ! B5D4;B64A<9@ @4?BD4EF6BD<@B7B 7<8DB>E<84. � CDB5<D>G A4?9=F9 2–3 

@? D4EF6BD4 EG?PH4F4 4?R@<A<S < CD<546PF9 > A9@G D4EF6BD >4D5BA4F4 
A4FD<S. �4>B= 74; CD< QFB@ 6O89?<FES? �4>B= EBEF46 BE48>4? �ECOF4=F9 97B 
BFABL9A<9 > D4EF6BDG M9?BK< (2 ), > D4EF6BDG EB?SAB= ><E?BFO (2 ). 
�4C<L<F9 CDBJ9EE 7<8DB?<;4 EB?< 4?R@<A<S 6 <BAAB-@B?9>G?SDAB= < 
@B?9>G?SDAB= HBD@9. �4C<L<F9 CDBJ9EE 7<8DB?<;4 >4D5BA4F4 A4FD<S. 
%89?4=F9 6O6B8, >4> 6?<S9F 7<8DB?<; Na2CO3 A4 E@9M9A<9 D46AB69E<S 
7<8DB?<;4 EB?< 4?R@<A<S. �4C<L<F9 6 @B?9>G?SDAB=, <BAAB-@B?9>G?SDAB= 
HBD@9 CDBJ9EE EB6@9EFAB7B 7<8DB?<;4 EG?PH4F4 4?R@<A<S < >4D5BA4F4 
A4FD<S. #D< >4><I GE?B6<SI CD< E@9L<64A<< D4EF6BDB6 86GI EB?9= 6B;@B:AB 
CDBF9>4A<9 D94>J<< EB6@9EFAB7B 7<8DB?<;4, < CD< EB5?R89A<< >4><I 
GE?B6<= 6B;@B:A4 FB?P>B D94>J<S <BAAB7B B5@9A4 E B5D4;B64A<9@ 86GI 
AB6OI EB?9=? 
5) ! B5D4;B64A<9@ @4?BD4EF6BD<@B= BEAB6AB= EB?<. � D4EF6BDG EG?PH4F4 
@98< CD<?9=F9 D4EF6BD >4D5BA4F4 A4FD<S. "F@9FPF9 J69F B5D4;B646L97BES 
BE48>4. %B;84RFES ?< GE?B6<S 8?S EB6@9EFAB7B 7<8DB?<;4? �4> B>D4L9A 
BE48B>? !45?R849FES ?< 6O89?9A<9 74;BB5D4;AOI CDB8G>FB6? �4C<L<F9 
BF89?PAB D94>J<< 7<8DB?<;4 EG?PH4F4 @98<, >4D5BA4F4 A4FD<S. �4C<L<F9 
D94>J<R EB6@9EFAB7B 7<8DB?<;4 86GI EB?9= E B5D4;B64A<9@ >4D5BA4F4 
7<8DB>EB@98< 6 <BAAB-@B?9>G?SDAB= < @B?9>G?SDAB= HBD@9.  
%89?4=F9 6O6B8 B ;4>BAB@9DABEF< CDBF9>4A<S D94>J<= 7<8DB?<;4 EB?9= 6 
6B8AOI D4EF6BD4I. 

«�><E?<F9?PAB-6BEEF4AB6<F9?PAO9 D94>J<<» 

1. �><E?<F9?PAO9 E6B=EF64 C9D@4A74A4F4 >4?<O 6 D4;?<KAOI ED984I. 
#D<7BFB6PF9 6 CDB5<D>9 D4EF6BD EG?PH<F4 A4FD<S, 8?S K97B CB@9EF<F9 6 
CDB5<D>G A95B?PLB9 >B?<K9EF6B >D<EF4??B6 EB?<, 8B CB?B6<AO B5N9@4 
CDB5<D>< 8B546PF9 6B8G, IBDBLB C9D9@9L4=F9 D4EF6BD, >BFBDO= <ECB?P;G=F9 
6 CBE?98GRM<I BCOF4I. 
4) � ><E?B= ED989. � 869 CDB5<D>< A4?9=F9 1–2 @? 1  E9DAB= ><E?BFO, 6 B8AG 
CDB5<D>G 8B546PF9 0,5–1 @? D4EF6BD4 EG?PH<F4 A4FD<S, 6 8DG7GR – 0,5–1 @? 



D4EF6BD4 EG?PH4F4 :9?9;4 (II); ;4F9@ CBEF9C9AAB 8B546?S=F9 > >4:8B= 
CDB5<D>9 D4EF6BD C9D@4A74A4F4 >4?<S. "5NSEA<F9 A45?R849@O9 S6?9A<S. 
5) � M9?BKAB= ED989. � CDB5<D>G A4?9=F9 1–2 @? D4EF6BD4 EG?PH<F4 A4FD<S < 
D46AB9 >B?<K9EF6B >BAJ9AFD<DB64AAB7B D4EF6BD4 M9?BK< (30%), 4 ;4F9@ 
CBEF9C9AAB 8B546?S=F9 D4EF6BD C9D@4A74A4F4 >4?<S. "5NSEA<F9 CBS6?9A<9 
;9?9AB= B>D4E><. "EF46PF9 D4EF6BD 8?S 84?PA9=L<I A45?R89A<=. 
"5D4;GRM<9ES 6 D4EF6BD9 <BAO MnO4

2– B5OKAB A9GEFB=K<6O < ;9?9A4S 
B>D4E>4 <BAB6 MnO4

2– <EK9;49F. "F@9FPF9 J69F B5D4;B646L97BES BE48>4. 
�4C<L<F9 GD46A9A<9 8<ECDBCBDJ<BA<DB64A<S C9D@4A74A4F4 >4?<S. 
6) � A9=FD4?PAB= ED989. � CDB5<D>G A4?9=F9 D4EF6BD EG?PH<F4 A4FD<S (1–2 

@?) < CD<?<64=F9 CB >4C?S@ D4EF6BD C9D@4A74A4F4 >4?<S. "5NSEA<F9 
B5D4;B64A<9 5GDB7B BE48>4 < A4C<L<F9 GD46A9A<9 CDBF9>4RM9= D94>J<<. 
2. �;4<@B89=EF6<9 @9F4??B6 E ><E?BF4@< < M9?BK4@< 

4) �;4<@B89=EF6<9 @9F4??B6 E EB?OAB= ><E?BFB=. � K9FOD9 CDB5<D>< 
CB@9EF<F9 CB A95B?PLB@G >GEBK>G @47A<S, J<A>4, :9?9;4 < @98<. � >4:8GR 
CDB5<D>G 8B546PF9 CD<@9DAB 8B 1/3 B5N9@4 20%-AB7B D4EF6BD4 EB?SAB= 
><E?BFO. "5NSEA<F9 A45?R849@O9 S6?9A<S < A4C<L<F9 GD46A9A<S D94>J<=. 
%BCBEF46PF9 <AF9AE<6ABEFP 6O89?9A<S 74;4 6 CDB5<D>4I E 69?<K<A4@< 
EF4A84DFAOI Q?9>FDB8AOI CBF9AJ<4?B6 �° QF<I @9F4??B6. 
5) �;4<@B89=EF6<9 @9F4??B6 E E9DAB= ><E?BFB=. #B@9EF<F9 6 869 CDB5<D>< 
CB >GEBK>G :9?9;4 < @98<. � >4:8GR CDB5<D>G 8B546PF9 A9E>B?P>B >4C9?P 
>BAJ9AFD<DB64AAB= E9DAB= ><E?BFO. �E?< D94>J<S A9 CDBF9>49F CD< 
>B@A4FAB= F9@C9D4FGD9, EB89D:<@B9 CDB5<DB> A47D9=F9. "5NSEA<F9 
A45?R849@O9 S6?9A<S < A4C<L<F9 GD46A9A<S CDBF9>4RM<I D94>J<=. 
6) �;4<@B89=EF6<9 @98< E 4;BFAB= ><E?BFB=. � 869 CDB5<D>< CB@9EF<F9 CB 
A95B?PLB@G >GEBK>G @9F4??<K9E>B= @98<. � C9D6GR CDB5<D>G 8B546PF9 1 @? 
D4;546?9AAB= 4;BFAB= ><E?BFO, 4 6B 6FBDGR 1 @? >BAJ9AFD<DB64AAB=. #D< 
A9B5IB8<@BEF< A47D9=F9 EB89D:<@B9 CDB5<DB>. "5NSEA<F9 A45?R849@O9 
S6?9A<S < A4C<L<F9 GD46A9A<S CDBF9>4RM<I D94>J<=. 
7) �;4<@B89=EF6<9 4?N@<A<O E M9?BKPN. � CDB5<D>G CB@9EF<F9 7D4AG?G 
4?R@<A<S, 8B546PF9 1 @? >BAJ9AFD<DB64AAB7B D4EF6BD4 M9?BK< (30%). 
"5NSEA<F9 A45?R849@O9 S6?9A<S < A4C<L<F9 GD46A9A<9 D94>J<<, GK<FO64S, 
KFB 4?R@<A<= CD< B><E?9A<< 6 M9?BKAB= ED989 C9D9IB8<F 6 
7<8DB>EB>B@C?9>E. 
3. �><E?<F9?PAB-6BEEF4AB6<F9?PAO9 E6B=EF64 EB98<A9A<= IDB@4 

4) � CDB5<D>G A4?9=F9 1 @? D4EF6BD4 EG?PH<F4 A4FD<S, 8B546PF9 1 @? 1  
H2SO4 < CD<?<64=F9 CB >4C?S@ D4EF6BD 8<IDB@4F4 >4?<S. "5NSEA<F9 
<;@9A9A<9 B>D4E>< D4EF6BD4 < A4C<L<F9 GD46A9A<S CDBF9>4RM<I D94>J<=. 
5) � CDB5<D>G A4?9=F9 1 @? D4EF6BD4 EG?PH4F4 :9?9;4 (II), 8B546PF9 2 @? 1  
H2SO4 < CD<?<64=F9 CB >4C?S@ D4EF6BD 8<IDB@4F4 >4?<S. �4> @9AS9FES 
B>D4E>4 8<IDB@4F4? �4C<L<F9 GD46A9A<9 D94>J<<. 
6) � CDB5<D>G E 1 @? D4EF6BD4 I?BD<84 IDB@4 (III) CB >4C?S@ 8B546?S=F9 1  
D4EF6BD NaOH 8B D4EF6BD9A<S C9D6BA4K4?PAB B5D4;B646L97BES BE48>4. 
�;@9A<?ES ?< CD< QFB@ J69F D4EF6BD4? �4?99 > CB?GK9AAB@G D4EF6BDG 



CD<546PF9 A9E>B?P>B >4C9?P D4EF6BD4 H2O2. "F@9FPF9 A45?R849@O= QHH9>F. 
�4C<L<F9 GD46A9A<S 6E9I D94>J<=. 
4. �><E?<F9?PAB-6BEEF4AB6<F9?PAO9 E6B=EF64 C9DB>E<84 6B8BDB84 

4) !4?9=F9 6 CDB5<D>G CD<@9DAB 1 @? D4EF6BD4 EB?< @4D74AJ4 (II), 8B546PF9 > 
A9@G F4>B= :9 B5N9@ D4EF6BD4 M9?BK<, 4 ;4F9@ 2 @? 3%-7B D4EF6BD4 
C9DB>E<84 6B8BDB84. +FB A45?R849FES? "5 B5D4;B64A<< >4>B7B EB98<A9A<S 
@4D74AJ4 E6<89F9?PEF6G9F B>D4E>4? !4C<L<F9 GD46A9A<9. '>4:<F9, >4>GR 
HGA>J<R 6OCB?AS9F 6 QFB= D94>J<< H2O2.  

5) � A95B?PLB@G >B?<K9EF6G D4EF6BD4 <B8<84 >4?<S 8B546PF9 A9E>B?P>B 
>4C9?P >D4I@4?4, ;4F9@ – CB >4C?S@ 3%-= D4EF6BD C9DB>E<84 6B8BDB84. 
"F@9FPF9 <;@9A9A<9 B>D4E><, D4EEK<F4=F9 &�°. 
6) � D4EF6BDG I?BD<84 >B54?PF4 (II) 8B546PF9 CB >4C?S@ D4EF6BD M9?BK<. 
"F@9FPF9 J69F BE48>4. �4F9@ CB >4C?S@ CD<546PF9 D4EF6BD H2O2 (EB98<A9A<S 
>B54?PF4 (III) >4F4?<;<DGRF D4;?B:9A<9 H2O2). �4> <;@9A<?ES J69F BE48>4? 
!45?R849FES ?< 6O89?9A<9 74;4? �4C<L<F9 GD46A9A<S D94>J<=. 
7) � D4EF6BDG H2O2 8B546PF9 A9@AB7B 1  D4EF6BD4 E9DAB= ><E?BFO, D4;89?<F9 
A4 869 CDB5<D><. �4F9@ > B8AB= CDB5<D>9 8B546PF9 A9E>B?P>B >4C9?P 
D4EF6BD4 C9D@4A74A4F4 >4?<S, > 8DG7B= – 8<IDB@4F4 >4?<S. �4>B= 74; 
6O89?S9FES 6 IB89 D94>J<<? �4>GR DB?P – B><E?<F9?S <?< 6BEEF4AB6<F9?S – 
6OCB?AS9F H2O2 6 84AAB@ E?GK49? 
5. �><E?<F9?PAB-6BEEF4AB6<F9?PAO9 E6B=EF64 EB98<A9A<= 74?B79AB6. 
4) � >B?5G �RDJ4 CB@9EF<F9 C9D@4A74A4F >4?<S <?< B>E<8 @4D74AJ4 (IV), 6 
89?<F9?PAGR 6BDBA>G A4?9=F9 >BAJ9AFD<DB64AAGR EB?SAGR ><E?BFG. +FB 
A45?R849FES CD< CD<?<64A<< ><E?BFO > B><E?<F9?R? �4;BBF6B8AGR FDG5>G 
CB7DG;<F9 CBE?98B64F9?PAB 6 CDB5<D><, EB89D:4M<9 5 @? D4EF6BDB6 <B8<84 
>4?<S, 5DB@<84 >4?<S. +FB A45?R849FES 6 CDB5<D>4I? #BE?9 B>BAK4A<S 
CDBCGE>4A<S I?BD4 K9D9; D4EF6BDO 5DB@<84 < <B8<84 8B546PF9 > A<@ 
A9E>B?P>B >4C9?P >D4I@4?4. " K9@ E6<89F9?PEF6G9F CBS6?9A<9 E<A9= B>D4E>< 
6 B8AB= <; CDB5<DB>? 
�ECB?P;GS ;A4K9A<S EF4A84DFAOI Q?9>FDB8AOI CBF9AJ<4?B6 8?S CDBJ9EE4 
Hal2 + 2e

–→ 2Hal
–, B5NSEA<F9, >4> @9ASRFES B><E?<F9?PAO9 E6B=EF64 

74?B79AB6 < 6BEEF4AB6<F9?PAO9 E6B=EF64 74?B79A<8-<BAB6 E G69?<K9A<9@ 
CBDS8>B6B7B AB@9D4 Q?9@9AF4. 
5) � D4EF6BDG <B8<84 >4?<S CD<?9=F9 A9E>B?P>B >4C9?P D4EF6BD4 I?BD<84 
:9?9;4 (III). +FB A45?R849FES? �4F9@ CD<546PF9 2 >4C?< D4EF6BD4 >D4I@4?4. " 
K9@ E6<89F9?PEF6G9F CBS6?9A<9 E<A9= B>D4E><? �4C<L<F9 GD46A9A<9 D94>J<<, 
<ECB?P;GS ;A4K9A<S EF4A84DFAOI Q?9>FDB8AOI CBF9AJ<4?B6. 
6) !4?9=F9 6 CDB5<D>G CD<@9DAB 3 @? D4EF6BD4 <B8<84 >4?<S, D4EF6BD<F9 6 
A9@ 3 >D<EF4??<>4 =B84. � CB?GK9AAB@G D4EF6BDG CD<?9=F9 3 @? D4EF6BD4 
F<BEG?PH4F4 A4FD<S. "F@9FPF9 <;@9A9A<9 J69F4 D4EF6BD4. �4C<L<F9 
GD46A9A<9 D94>J<< E GK9FB@ FB7B, KFB F<BEG?PH4F CD96D4M49FES 6 
F9FD4F<BA4F A4FD<S Na2S4O6. �4>GR DB?P 6 84AAB= D94>J<< 6OCB?AS9F =B8? 
%89?4=F9 6O6B8 B ;4>BAB@9DABEFSI CDBF9>4A<S B><E?<F9?PAB-
6BEEF4AB6<F9?PAOI D94>J<= 

 



�D4>F<K9E><9 ;484A<S 8?S CDB6989A<S >BAFDB?S E4@BEFBSF9?PAB= 
D45BFO: 
$4EEK<F4=F9 @4EEB6GR 8B?R E9DO (6 %) 6 F<BEG?PH4F9 A4FD<S. )<@<K9E>4S 
HBD@G?4 F<BEG?PH4F4 A4FD<S – Na2S2O3 (40,5%). 

%B98<A9A<9 4;BF4 E 6B8BDB8B@ EB89D:<F 87,50 @4E.% 4;BF4. #?BFABEFP C4DB6 
QFB7B 69M9EF64 CB 6B8BDB8G D46A4 16. "CD989?<FP <EF<AAGR @B?9>G?SDAGR 
HBD@G?G 84AAB7B 69M9EF64 (N2�4) 

$4EEK<F4=F9 @4EEG 812 @? E9DB6B8BDB84 CD< F9@C9D4FGD9 20º% < 846?9A<< 
150 >#4 (1,7 7). 
� CD<DB89 >D9@A<= A4IB8<FES 6 6<89 E@9E< 86GI <;BFBCB6, @4EEB6O9 K<E?4 
>BFBDOI 28 < 29. "FABE<F9?PA4S 4FB@A4S @4EE4 >D9@A<S 28,1. "CD989?<F9 
@4EEB6GR 8B?R (%) <;BFBC4 28Si 6 CD<DB8AB@ >D9@A<<. 
�4?<= <@99F FD< <;BFBC4: 41

19�, 40
19� < 

39
19�. %B89D:4A<9 6 CD<DB89 C9D6B7B 

<;BFBC4 EBEF46?S9F 6,88%, 6FBDB7B – 0,02%, FD9FP97B – 93,10%. �OK<E?<F9 
BFABE<F9?PAGR 4FB@AGR @4EEG >4?<S.  
#DBEFB9 69M9EF6B, B5D4;B64AAB9 I<@<K9E><@ Q?9@9AFB@ ), D947<DG9F E 
><E?BDB8B@ E B5D4;B64A<9@ B>E<84 )". "CD989?<F9, >4>B= QFB Q?9@9AF, 9E?< 
97B <BA 6 B>E<89 )" EB89D:<F 36 Q?9>FDBAB6. 
�4>BAK<F9 GD46A9A<S D94>J<=: 
Ca(OH)2 + Re2O7 →  
SO2(<;5OFB>) + Ca(OH)2 → 

Sr(OH)2(<;5OFB>) + $2O5 → 

BaO + MoO2 → 

Sr(OH)2 + As2O3 →  
Al2O3 + SO3 → 

H2S"4 + �OH(A98BEF4FB>) → 

NaOH + TeO3 →  
�l(OH)3 + NaOH → 

H2S(A98BEF4FB>) + RbOH → 

�l(OH)3 + NaOH (t) → 

�4C<L<F9 GD46A9A<S D94>J<=, CD< CB@BM< >BFBDOI @B:AB BEGM9EF6<FP 
CD96D4M9A<S: 4) @47A<= → I?BD<8 @47A<S → 7<8DB>E<8 @47A<S → 
8<7<8DBBDFBHBEH4F @47A<S → BDFBHBEH4F @47A<S: 
5) %4%"3 → CO2 → Na2CO3 → NaHCO3 → Na2CO3 → CaCO3 → CaCl2 

6) E9D4 → E9DB6B8BDB8 → B>E<8 E9DO (IV) → B>E<8 E9DO (VI) → E9DA4S 
><E?BF4 
%F4A84DFA4S QAF4?PC<S B5D4;B64A<S %"(7) D46A4 &fH°298 = 2 110,5 >�:/@B?P. 
#D< E7BD4A<< 1 @B?P %" 6O89?S9FES 283,0 >�: F9C?BFO. �OK<E?<F9 
EF4A84DFAGR QAF4?PC<R B5D4;B64A<S %"2 (2 393,0 >�:/@B?P). 
�OK<E?<F9 >B?<K9EF6B F9C?BFO, >BFBDB9 6O89?S9FES CD< CDB<;6B8EF69 
1000 FBAA NH3 6 EGF><, 9E?< N2(7) + 3H2(7) = 2NH3(7); &H°= 2 92,38 >�:. 
�OK<E?<F9 CB QF<@ 84AAO@ EF4A84DFAGR QAF4?PC<R B5D4;B64A<S 4@@<4>4 <; 
CDBEFOI 69M9EF6 (2,717⋅10

9>�:, 2 46,19 >�:/@B?P). 



t 

!4=8<F9 ;A4K9A<9 >BAEF4AFO E>BDBEF< B8ABEF48<=AB= D94>J<< � + � = ��, 
9E?< CD< >BAJ9AFD4J<SI 69M9EF6 � < �, D46AOI EBBF69FEF69AAB 0,05 < 0,01 
@B?P/?, E>BDBEFP D94>J<< D46A4 5×10-5

 @B?P/(?×@<A.) (0,1 ?/(@B?P×@<A.). 
� E<EF9@9 %O + Cl2 = COCl2 >BAJ9AFD4J<R %" G69?<K<?< E 0,03 8B 0,12 
@B?P/?, 4 >BAJ9AFD4J<R I?BD4 – BF 0,02 8B 0,06 @B?P/?. �B E>B?P>B D4; 
6B;DBE?4 E>BDBEFP D94>J<<, 9E?< EK<F4FP 99 B8ABEF48<=AB=? (� 12 D4;). 
+9D9; A9>BFBDB9 6D9@S CBE?9 A4K4?4 D94>J<< 3� + � = 2% + D >BAJ9AFD4J<< 
69M9EF6 EBEF46?S?<: [A] = 0,03 @B?P/?; [B] = 0,01 @B?P/?; [C] = 0,008 @B?P/?. 
�4>B6O <EIB8AO9 >BAJ9AFD4J<< 69M9EF6 � < �? ([A]0=0,042 @B?P/?, 
[B]0=0,014 @B?P/?). 
�4>4S @4EE4 7?4G59DB6B= EB?< Na2SO4×10H2O < >4>B= B5N9@ 6B8O (E@

3
) 

CBFD95GRFES 8?S CD<7BFB6?9A<S D4EF6BD4 @4EEB= 200 7 E @4EEB6B= 8B?9= 
Na2SO4, D46AB= 12%? (54,4 7 Na2SO4, 145,6 E@3 6B8O). 
%>B?P>B 7D4@@B6 @98AB7B >GCBDBE4 CuSO4×5H2O E?98G9F D4EF6BD<FP 6 
300 E@3 6B8O 8?S CB?GK9A<S 5%-AB7B D4EF6BD4 CuSO4? (25,4 7). 
� 100 @? 6B8O CD< F9@C9D4FGD9 25º% < 846?9A<< 1 4F@ D4EF6BD<?< 24 ? 
I?BDB6B8BDB84. #B?GK<?< D4EF6BD B5N9@B@ 105 @?. �4>B64 @B?SDA4S 
>BAJ9AFD4J<S CB?GK9AAB7B D4EF6BD4 EB?SAB= ><E?BFO? (9,3 @B?P/ ?). 
�4>BAK<F9 GD46A9A<S D94>J<=, D4EEF46PF9 >BQHH<J<9AFO 6 D94>J<SI, 
CDBF9>4RM<I 6 6B8AB= ED989, @9FB8B@ <BAAB-Q?9>FDBAAB7B 54?4AE4, 4 6 
CDBK<I E?GK4SI – @9FB8B@ Q?9>FDBAAB7B 54?4AE4. '>4:<F9 F<C "�$. 
4) Cu+ HNO3(D4;5.) → & 

6) Na2SO3 + KMnO4 + H2SO4 →&  
8) KI + K2Cr2O7 + H2SO4 →& 

:) O2 + Fe(OH)2 + H2O →& 

?) S + H2SO4(>BAJ.) → & 

A) Cu2S + HNO3 →& 

5) Fe3O4 + CO → & 

7) Fe(OH)2 + KMnO4 + KOH →&  
9) Mg + HNO3 (>BAJ.) →& 

;) H2SO4(>BAJ.) + Mg →&  
>) As + HNO3 (>BAJ.) →&  
@) Ca + HNO3(D4;5.) →& 

B) Cl2 +KOH →& 

�OK<E?<F9 Э�% 74?P64A<K9E>B7B Q?9@9AF4, EBEF46?9AAB7B <; @98AB7B 
Q?9>FDB84, CB7DG:9AAB7B 6 0,1  D4EF6BD A<FD4F4 @98< < 6B8BDB8AB7B 
Q?9>FDB84, CB7DG:9AAB7B 6 0,01   D4EF6BD 5DB@B6B8BDB8AB= ><E?BFO. 
%BEF46PF9 EI9@G 74?P64A<K9E>B7B Q?9@9AF4 (0,43 �). 
 

2.1. �J9ABKAO9 ED98EF64 8?S CDB@9:GFBKAB= 
4FF9EF4J<< (;4K9F) 

"EAB6AO9 CBASF<S < ;4>BAO I<@<<. #D98@9F I<@<<.  4F9D<S < 86<:9A<9. 
�9M9EF6B, E6B=EF64 69M9EF6. (<;<K9E><9 < I<@<K9E><9 S6?9A<S. )<@<K9E><9 
CD96D4M9A<S. �484K< I<@<<, 99 ;A4K9A<9 6 CDB<;6B8EF69AAB= 89SF9?PABEF< 



K9?B69>4, EB6D9@9AAOI F9IA<K9E><I 8BEF<:9A<SI, @98<J<A9, H4D@4J<<, 
E9?PE>B@ IB;S=EF69, EFDB<F9?PEF69. 
"EAB6AO9 CB?B:9A<S 4FB@AB-@B?9>G?SDAB7B GK9A<S. �FB@O.  B?9>G?O. 
)<@<K9E><9 Q?9@9AFO. "FABE<F9?PA4S 4FB@A4S @4EE4. "FABE<F9?PA4S 
@B?9>G?SDA4S @4EE4.  B?P.  B?SDA4S @4EE4. �4>BA EBID4A9A<S @4EEO 
69M9EF64. 'D46A9A<S I<@<K9E><I D94>J<=. �4>BA CBEFBSAEF64 EBEF464 
69M9EF64. �4;B6O9 ;4>BAO. �4>BA �6B748DB.  B?SDAO= B5N9@ 74;4. "5N9@A4S 
8B?S. "FABE<F9?PA4S C?BFABEFP 74;B6. $4EK9F BFABE<F9?PAB= @B?->G?SDAB= 
@4EEO 69M9EF64. )<@<K9E><9 HBD@G?O.  4EEB64S 8B?S 69M9EF64. $4EK9FO CB 
I<@<K9E><@ HBD@G?4@. $4EK9FO CB I<@<K9E><@ GD46A9A<S@. 
%FDB9A<9 4FB@4 < C9D<B8<K9E>4S E<EF9@4 Q?9@9AFB6. Э?9>FDBAAB9 EFDB9A<9 
4FB@B6. �64AFB6B-@9I4A<K9E>4S @B89?P 4FB@4. �64AFB6O9 K<E?4. �FB@A4S 
BD5<F4?P. &<CO 4FB@AOI BD5<F4?9=. #D<AJ<C #4G?<. #D46<?4 )GA84. 
#BE?98B64F9?PABEFP ;4CB?A9A<S Q?9>FDBA4@< 4FB@AOI BD5<F4?9=. %FDB9A<9 
BD5<F4?9= @AB7BQ?9>FDBAAOI 4FB@B6. Э?9>-FDBAAO9 EFDG>FGDO 4FB@B6 < 

C9D<B8<K9E>4S E<EF9@4 Q?9@9AFB6; s-, D-, d - < f-Q?9@9AFO. 
#9D<B8<K9E><= ;4>BA �. �.  9A89?9964 < C9D<B8<K9E>4S E<EF9@4 Q?9@9AFB6. 
ЭA9D7<S <BA<;4J<<. %DB8EF6B > Q?9>FDBAG. Э?9>FDBBFD<J4F9?PABEF<. 
�46<E<@BEFP I<@<K9E><I E6B=EF6 Q?9@9AFB6 BF Q?9>FDBAAB7B EFDB9A<S <I 
4FB@B6. �A4K9A<9 C9D<B8<K9E>B7B ;4>BA4 �.�. 9A89?9964. 
�4>BAB@9DABEF< CDBF9>4A<S I<@<K9E><I D94>J<=. �?4EE<H<>4J<S 
I<@<K9E><I D94>J<= CB CD<;A4>G <;@9A9A<S K<E?4 <EIB8AOI < >BA9KAOI 
69M9EF6; 6O89?9A<S <?< CB7?BM9A<S F9C?4; <;@9A9A<S EF9C9A< B><E?9A<S. 
ЭA9D79F<>4 I<@<K9E><I CDBJ9EEB6. Э>;B- < QA8BF9D@<K9E><9 D94>J<<. 
&9C?B6B= QHH9>F D94>J<<. &9D@BI<@<K9E><9 GD46A9A<S. �4>BA �9EE4. 
$4EK9FO CB F9D@BI<@<K9E><@ GD46A9A<S@. 
)<@<K9E>4S ><A9F<>4 < D46AB69E<9. %>BDBEFP I<@<K9E><I D94>J<=. 
�46<E<@BEFP E>BDBEF< D94>J<< BF CD<DB8O 69M9EF64 < >BAJ9AFD4J<<. �4>BA 
89=EF6GRM<I @4EE. �?<SA<9 F9@C9D4FGDO A4 E>BDBEFP D94>J<<. �4F4?<;. 
"5D4F<@O9 < A9B5D4F<@O9 D94>J<<. )<@<K9E>B9 D46AB69E<9. �BAEF4AF4 
D46AB69E<S. �?<SA<9 6A9LA<I H4>FBDB6 A4 I<@<K9E>B9 D46AB69E<9. #D<AJ<C 
�9 ,4F9?P9. 
"EAB6AO9 >?4EEO A9BD74A<K9E><I EB98<A9A<=. �?4EE<H<>4J<S BEAB6AOI 
A9BD74A<K9E><I EB98<A9A<=. ">E<8O, <I I<@<K9E><= I4D4>F9D. 
%B?9B5D4;GRM<9 (BEAB6AO9, ><E?BFAO9, 4@HBF9DAO9); A9EB?9B5D4;GRM<9. 
!B@9A>?4FGD4 B>E<8B6, <I EBEF46, 7D4H<K9E>B9 <;B5D4:9A<9 HBD@G?. 
 9FB8O CB?GK9A<S < BEAB6AO9 I<@<K9E><9 E6B=EF64 B>E<8B6. %6B=EF64 
EB98<A9A<= Э("!)I 6 ;46<E<@BEF< BF I<@<K9E>B= CD<DB8O Q?9@9AF4 (BEAB64-
A<S, ><E?BFO, 4@HBF9DAO9 7<8DB>E<8O). "EAB64A<S. !B@9A>?4FGD4 
BEAB64A<=, 7D4H<K9E>B9 <;B5D4:9A<9 HBD@G?. �<E?BFABEFP BEAB64A<=. 
-9?BK< < A9D4EF6BD<@O9 6 6B89 BEAB64A<S.  9FB8O CB?GK9A<S. "EAB6AO9 
I<@<K9E><9 E6B=EF64 BEAB64A<=. �<E?BFO, <I >?4EE<H<>4J<S CB EBEF46G 
(59E><E?BDB8AO9, ><E?BDB8BEB89D:4M<9). !B@9A>?4FGD4, 7D4H<K9E>B9 
<;B5D4:9A<9 HBD@G?. "EAB6ABEFP ><E?BF. �<E?BFAO9 BEF4F><.  9FB8O 
CB?GK9A<S ><E?BF. "EAB6AO9 I<@<K9E><9 E6B=EF64 ><E?BF. �@HBF9DAO9 



7<8DB>E<8O. !B@9A>?4FGD4.  9FB8O CB?GK9A<S. "EAB6AO9 I<@<K9E><9 
E6B=EF64 4@HBF9DAOI 7<8DB>E<8B6.  %B-?<. �?4EE<H<>4J<S CB I<@<K9E><@ 
E6B=EF64@ < EBEF46G (ED98A<9, ><E?O9, BEAB6AO9). !B@9A>?4FGD4 EB?9=. 
�D4H<K9E>B9 <;B5D4:9A<9 HBD@G?.  9FB8O CB?GK9A<S. "EAB6AO9 
I<@<K9E><9 E6B=EF64 EB?9=. �9A9F<K9E>4S E6S;P @9:8G BEAB6AO@< >?4EE4@< 
A9BD74A<K9E><I EB98<A9A<=.  
$4EF6BDO. &9BD<S Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. "5M4S I4D4>F9D<EF<>4 
D4EF6BDB6. #D98EF46?9A<9 B D4EF6BD4I. $4EF6BD<F9?P, D4EF6BD<@B9 69M9EF6B. 
$4EF6BD<@BEFP. �46<E<@BEFP D4EF6BD<@BEF< 69M9EF6 BF D4;?<KAOI H4>FBDB6. 
%CBEB5O >B?<K9EF69AAB7B 6OD4:9A<S EBEF464 D4EF6BDB6.  4EEB64S 8B?S 
D4EF6BD9AAB7B 69M9EF64; @B?SDA4S >BAJ9AFD4J<S. 
$4EF6BDO Q?9>FDB?<FB6. &9BD<S Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. %<?PAO9 < 
E?45O9 Q?9>FDB?<FO. %F9C9AP Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. �BAEF4AF4 
Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. Э?9>FDB?<F<K9E>4S 8<EEBJ<4J<S ><E?BF, 
BEAB64A<=, 4@HBF9DAOI 7<8DB>E<8B6, EB?9=. %FGC9AK4F4S 8<EEBJ<4J<S. 
Э?9>FDB?<F<K9E>4S 8<EEBJ<4J<S 6B8O. �BAAB9 CDB<;6989A<9 6B8O. 
�B8BDB8AO= CB>4;4F9?P D!. �A8<>4FBDO. �BAAO9 CDBJ9EEO. $94>J<< 
<BAAB7B B5@9A4 6 D4EF6BD4I Q?9>FDB?<FB6. �<8DB?<; EB?9=. 
"><E?<F9?PAB-6BEEF4AB6<F9?PAO9 < Q?9>FDBI<@<K9E><9 CDBJ9EEO. 
"><E?<F9?P-AB-6BEEF4AB6<F9?PAO9 CDBJ9EEO. %F9C9AP B><E?9A<S. #DBJ9EEO 
B><E?9A<S < 6BEEF4AB6?9A<S. "><E?<F9?< < 6BEEF4AB6<F9?<. "><E?<F9?PAB-
6BEEF4AB6<F9?PAO9 D94>J<<.  9FB8 Q?9>FDBAAB7B 54?4AE4 < Q?9>FDBAAB-

<BAAO= @9FB8. "><E?<F9?PAB-6BEEF4AB6<F9?PAO9 CBF9AJ<4?O. !4CD46?9A<9 
B><E?<F9?PAB-6BEEF4AB6<F9?PAOI D94>J<=. 
Э?9>FDBI<@<K9E><9 CDBJ9EEO. #BASF<9 B Q?9>FDB8AOI CBF9AJ<4?4I. 
%F4A84DFAO9 Q?9>FDB8AO9 CBF9AJ<4?O. Э?9>FDBI<@<K9E><= DS8 EF4A84DFAOI 
Q?9>FDB8AOI CBF9AJ<4?B6. �46<E<@BEFP 69?<K<AO Q?9>FDB8AOI CBF9AJ<4?B6 
BF >BAJ9AFD4J<< <BAB6 6 D4EF6BD9. �4?P64A<K9E><9 Q?9@9AFO. 
Э?9>FDB86<:GM4S E<?4 74?P64A<K9E>B7B Q?9@9AF4. Э?9>FDB?<;. �AB8AB9 
B><E?9A<9 < >4FB8AB9 6BEEF4AB6?9A<9. #BE?98B64F9?PABEFP Q?9>FDB8AOI 
CDBJ9EEB6. �4>BAO (4D489S. 

 


