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CD986<89FP ><A9F<K9E><9 ;4>BAB@9DABEF< CDBF9>4A<S D94>J<= A4 
BEAB69 <I @9I4A<;@4; 4A4?<;<DB64FP 6B;@B:ABEF< 6?<SA<S A4 
CDBF9>4A<9 D94>J<< 6 :9?49@B@ A4CD46?9A<< < E EBBF69FEF6GRM9= 
E>BDBEFPR; D9L4FP I<@<K9E><9 ;484K< CB <;GK9AAO@ F9@4@; 

6?489FP A46O>4@< 6OCB?A9A<S <EE?98B64F9?PE>B7B 
Q>EC9D<@9AF4 E <ECB?P;B64A<9@ 4CC4D4FGDAB7B B59EC9K9A<S; 
CB?P;B64A<S ECD46BKAB= ?<F9D4FGDB=. 

 

 

1.6. �D<F9D<< BJ9A<64A<S >B@C9F9AJ<= A4 D4;AOI QF4C4I <I 
HBD@<DB64A<S 
 

�<8 F9>GM9= GK95AB= D45BFO �B?<K9EF6B 54??B6 

 "(" "-�(" �(" 

5 E9@9EFD    

�OCB?A9A<9 < ;4M<F4 ?45BD4FBDAOI 
D45BF 

20   

�BAFDB?PAO9 D45BFO  20   

%4@BEFBSF9?PA4S D45BF4 (D9L9A<9 
<A8<6<8G4?PAOI ;484A<=) 

20   

#<EP@9AAO= Q>;4@9A  40   

�FB7B ;4 E9@9EFD: 100   

6 E9@9EFD    

�OCB?A9A<9 < ;4M<F4 ?45BD4FBDAOI 20   



D45BF 
�BAFDB?PAO9 D45BFO  20   

%4@BEFBSF9?PA4S D45BF4 (D9L9A<9 
<A8<6<8G4?PAOI ;484A<=) 

20   

#<EP@9AAO= Q>;4@9A  40   

�FB7B ;4 E9@9EFD: 100   

 

 

 

!4>BC<F9?PA4S E<EF9@4 BJ9A<64A<S CB 100-54??PAB= L>4?9 
+9FOD9I54?-

?PA4S E<EF9@4 
BJ9A<64A<S 
Q>;4@9A4  

100-

54??PA4S 
L>4?4 

�G>69AA4S L>4?4, EBBF69FEF6GRM4S 100-
54??PAB= L>4?9 

%<EF9@4  
BJ9A<64A<S 
;4K9F4 

"F?<KAB 90–100 � – BF?<KAB – F9BD9F<K9E>B9 EB89D:4A<9 >GDE4 
BE6B9AB CB?ABEFPR, 59; CDB59?B6; A9B5IB8<@O9 
CD4>F<K9E><9 A46O>< D45BFO E BE6B9AAO@ 
@4F9D<4?B@ EHBD@<DB64AO; 6E9 
CD98GE@BFD9AAO9 CDB7D4@@B= B5GK9A<S 
GK95AO9 ;484A<S 6OCB?A9AO, >4K9EF6B <I 
6OCB?A9A<S BJ9A9AB K<E?B@ 54??B6, 5?<;><@ > 
@4>E<@4?PAB@G 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�4KF9AB 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)BDBLB 83–89 � – BK9AP IBDBLB – F9BD9F<K9E>B9 EB89D:4A<9 
>GDE4 BE6B9AB CB?ABEFPR, 59; CDB59?B6; 
A9B5IB8<@O9 CD4>F<K9E><9 A46O>< D45BFO E 
BE6B9AAO@ @4F9D<4?B@ 6 BEAB6AB@ 

EHBD@<DB64AO; 6E9 CD98GE@BFD9AAO9 
CDB7D4@@B= B5GK9A<S GK95AO9 ;484A<S 
6OCB?A9AO, >4K9EF6B 6OCB?A9A<S 5B?PL<AEF64 
<; A<I BJ9A9AB K<E?B@ 54??B6, 5?<;><@ 
> @4>E<@4?PAB@G 

)BDBLB 75–82 % – IBDBLB – F9BD9F<K9E>B9 EB89D:4A<9 >GDE4 
BE6B9AB CB?ABEFPR; A9>BFBDO9 CD4>F<K9E><9 
A46O>< D45BFO E BE6B9AAO@ @4F9D<4?B@ 
EHBD@<DB64AO A98BEF4FBKAB;  6E9 
CD98GE@BFD9AAO9 CDB7D4@@B= B5GK9A<S 
GK95AO9 ;484A<S 6OCB?A9AO, >4K9EF6B 
6OCB?A9A<S A< B8AB7B <; A<I A9 BJ9A9AB 
@<A<@4?PAO@ K<E?B@ 54??B6, A9>BFBDO9 6<8O 
;484A<= 6OCB?A9AO E BL<5>4@< 

'8B6?9F6B- 
D<F9?PAB 

63–74 D – G8B6?9F6BD<F9?PAB – F9BD9F<K9E>B9 
EB89D:4A<9 8<EJ<C?<AO BE6B9AB K4EF<KAB, AB 
CDB59?O A9 ABESF EGM9EF69AAB7B I4D4>F9D4; 
A9B5IB8<@O9 CD4>F<K9E><9 A46O>< D45BFO 
E BE6B9AAO@ @4F9D<4?B@ 6 BEAB6AB@ 
EHBD@<DB64AO; 5B?PL<AEF6B 
CD98GE@BFD9AAOI CDB7D4@@B= B5GK9A<S 
GK95AOI ;484A<= 6OCB?A9AB, A9>BFBDO9 
<; 6OCB?A9AAOI ;484A<=, EB89D:4F BL<5>< 

'8B6?9F6B-
D<F9?PAB 

50–62 E – CBED98EF69AAB – F9BD9F<K9E>B9 
EB89D:4A<9 >GDE4 BE6B9AB K4EF<KAB; 



A9>BFBDO9 CD4>F<K9E><9 A46O>< D45BFO 
A9 EHBD@<DB64AO, @AB7<9 CD98GE@BFD9AAO9 
CDB7D4@@B= B5GK9A<S GK95AO9 ;484A<S 
A9 6OCB?A9AO ?<5B >4K9EF6B 6OCB?A9A<S 
A9>BFBDOI <; A<I BJ9A9AB K<E?B@ 54??B6, 
5?<;><@ > @<A<@4?PAB@G 

 

 

 

 

!9G8B6?9F6B-
D<F9?PAB 

21–49 FX – A9G8B6?9F6BD<F9?PAB – F9BD9F<K9E>B9 
EB89D:4A<9 >GDE4 BE6B9AB K4EF<KAB; 
A9B5IB8<@O9 CD4>F<K9E><9 A46O>< D45BFO 
A9 EHBD@<DB64AO; 5B?PL<AEF6B 
CD98GE@BFD9AAOI CDB7D4@@B= B5GK9A<S 
GK95AOI ;484A<= A9 6OCB?A9AB ?<5B >4K9EF6B 
<I 6OCB?A9A<S BJ9A9AB K<E?B@ 54??B6, 
5?<;><@ > @<A<@4?PAB@G; CD< 
8BCB?A<F9?PAB= E4@BEFBSF9?PAB= D45BF9 A48 
@4F9D<4?B@ >GDE4 6B;@B:AB CB6OL9A<9 
>4K9EF64 6OCB?A9A<S GK95AOI ;484A<= 

 

!9 ;4KF9AB 

!9G8B6?9F6B-
D<F9?PAB 

0–20 F – A9G8B6?9F6BD<F9?PAB – F9BD9F<K9E>B9 
EB89D:4A<9 >GDE4 A9 BE6B9AB; A9B5IB8<@O9 
CD4>F<K9E><9 A46O>< D45BFO 
A9 EHBD@<DB64AO; 6E9 6OCB?A9AAO9 GK95AO9 
;484A<S EB89D:4F 7DG5O9 BL<5><, 
8BCB?A<F9?PA4S E4@BEFBSF9?PA4S D45BF4 A48 
@4F9D<4?B@ >GDE4 A9 CD<6989F > >4>B@G-?<5B 
;A4K<@B@G CB6OL9A<R >4K9EF64 6OCB?A9A<S 
GK95AOI ;484A<= 

 

 

 

2. �"!&$"�0!"-"*�!"+!/� %$��%&�� 

 

2.1. "J9ABKAO9 ED98EF64 F9>GM97B >BAFDB?S (F<CB6O9) 
 

�484A<S 8?S <A8<6<8G4?PAOI 8B@4LA<I ;484A<= < (<?<) CDB6989A<S 
>BAFDB?PAOI D45BF: 

 

1. !4=F< <;@9A9A<9 6AGFD9AA9= QA9D7<< CD< <EC4D9A<< 200 7 59A;B?4 CD< 
25º%, CD<AS6, KFB C4DO 59A;B?4 CB8K<ASRFES ;4>BA4@ <894?PAOI 74;B6, 
< KFB B5N9@ :<8>BEF< A9;A4K<F9?9A CB ED46A9A<R E B5N9@B@ C4D4. 
 B?PA4S F9C?BF4 <EC4D9A<S 59A;B?4 30,92 >�:/@B?P.  

2. �OK<E?<F9 >B?<K9EF6B F9C?BFO, >BFBDB9 6O89?<FES CD< E7BD4A<< 20 ? 
8<5BD4A4 (A.G.), 9E?< Δ!º298 �2"3(>) < �2!6(7) EBBF69FEF69AAB D46AO         
–1264 < +31,4 >�:/@B?P. *9?9EBB5D4;AB ?< <ECB?P;B64FP 6 >4K9EF69 
FBC?<64 8<5BD4A 6@9EFB QF4A4, 9E?< EF4A84DFA4S F9C?BF4 E7BD4A<S 
QF4A4 –1559,88 >�:/@B?P? 

3. !4=F< <;@9A9A<9 QAFDBC<< CD< CD96D4M9A<< 2 @B?9= 6B8O, 6;SFB= CD< 
25%, 6 C4D CD< 130% < CBEFBSAAB@ 846?9A<< 101,325 >#4, 9E?< 
G89?PA4S F9C?BF4 C4DBB5D4;B64A<S 6B8O D46A4 2255,18 �:/7, @B?PA4S 
F9C?Bё@>BEFP :<8>B= 6B8O %D=75,31 �:/@B?P·�, 4 @B?PA4S 



F9C?Bё@>BEFP C4D4 %D=30,124 �:/@B?P·�. !4 >4>B@ <; QF4CB6 
CDB<EIB8<F A4<5B?PL<= CD<DBEF QAFDBC<< < CBK9@G?  

4. �OK<E?<F9 ;A4K9A<S Hº298, Gº298 < Sº298 8?S CDBJ9EE4 
 9%"3 (>)   9"(>) + %"2 (7) 

< EBEF46PF9 DS8 F9D@<K9E>B= EF45<?PABEF< >4D5BA4FB6 MgCO3, BaCO3, 

CaCO3. �4> 6?<S9F A4 F9K9A<9 QF<I CDBJ9EEB6 F9@C9D4FGD4?  
5. �9M9EF64 � < � 6 >B?<K9EF69 3 < 4 @B?P EBBF69FEF69AAB, A4IB8SM<9ES 6 
EBEG89 9@>BEFPR 2 ?, D947<DGRF EB7?4EAB GD46A9A<R 5� + 3�  �5�3 

�B 8BEF<:9A<S D46AB69E<S CDBD947<DB64?B 1,6 @B?P 69M9EF64 �. 
"CD989?<F9 >B?<K9EF64 CDBD947<DB646L97B 69M9EF64 � < CB?GK9AAB7B 
CDB8G>F4. $4EEK<F4=F9 >BAEF4AFG D46AB69E<S �E. 

6. )<@<K9E>B9 D46AB69E<9 D94>J<< COCl2  CO + Cl2 

GEF4AB6<?BEP CD< E?98GRM<I >BAJ9AFD4J<SI D947<DGRM<I 69M9EF6 
E(COCl2)= 10 @B?P/?; E(%") = 2 @B?P/?; E(%l2) = 4 @B?P/?.  
� D46AB69EAGR E<EF9@G 8B546<?< I?BD, F4> KFB 97B >BAJ9AFD4J<S 
6B;DBE?4 6 864 D4;4. "CD989?<F9 AB6O9 D46AB69EAO9 >BAJ9AFD4J<< 6E9I 
D947<DGRM<I 69M9EF6 CBE?9 6BEEF4AB6?9A<S D46AB69E<S. 

7. 10 7 >4D5BA4F4 >4?PJ<S CB@9M4RF 6 EBEG8 9@>BEFPR 1 ? < A47D964RF 8B 
800º%. %>B?P>B 7D4@@B6 A9D4;?B:<6L97BES %4%"3 BEF4A9FES? �4>B9 
>B?<K9EF6B A9D4;?B:<6L97BES >4D5BA4F4 BEF4A9FES, 9E?< 
C9D6BA4K4?PAB 97B 5G89F 20 7? 

8. $94>J<S <8ёF CB GD46A9A<R H2 + I2 → 2HI. #D< 508% >BAEF4AF4 
E>BDBEF< QFB= D94>J<< D46A4 0,16 ?·@B?P-1·@<A-1. �OK<E?<F9 A4K4?PAGR 
E>BDBEFP D94>J<<, 9E?< <EIB8AO9 >BAJ9AFD4J<< D947<DGRM<I 69M9EF6 
5O?<: [H2] = 0,04 @B?P/?, [I2] = 0,05 @B?P/?. +9@G 5G89F D46A4 E>BDBEFP 
QFB= D94>J<<, >B784 >BAJ9AFD4J<S 6B8BDB84 CBA<;<FES 8B 0,03 @B?P/?? 

9. #9D<B8 CB?GD4EC484 D48<B4>F<6AB7B 14% D469A 5600 ?9F. � BEF4A>4I 
@4@BAF4 EB89D:4A<9 14% EBEF46<?B 1/32 BF <EIB8AB7B. "CD989?<F9, 
>B784 :<? @4@BAF. 

10. %>B?P>B 6D9@9A< A9B5IB8<@B 8?S FB7B, KFB5O D94>J<S 6FBDB7B CBDS8>4 
CDBL?4 A4 60 %, 9E?< ;4 20 @<A BA4 CDBIB8<F A4 30 %? !4K4?PAO9 
>BAJ9AFD4J<< D947<DGRM<I 69M9EF6 B8<A4>B6O < EBEF46?SRF 
2,0 @B?P/?. 

11. $4EF6BD 69M9EF64 � E@9L<649FES E D46AO@ B5N9@B@ 69M9EF64 �, 
EB89D:4M<@ F4>B9 :9 K<E?B @B?9=. #DB<EIB8<F D94>J<S � + � %. 
+9D9; 1 K4E CDBD947<DB64?B 75 % �. %>B?P>B � BEF4A9FES 6 D4EF6BD9 
K9D9; 2 K4E4, 9E?< D94>J<S <@99F 4) C9D6O= CBDS8B> CB � < AG?96B= CB 
�; 5) C9D6O= CBDS8B> CB � < �; 6) AG?96B= CBDS8B> CB � < �. 

12. �?S D94>J<< B@O?9A<S QF<?HBD@<4F4 7<8DB>E<8B@ A4FD<S CD< 
F9@C9D4FGD4I 283 < 318 � ;A4K9A<S >BAEF4AF E>BDBEF< EBEF46?S?< 
EBBF69FEF69AAB 2,307 < 21,65 ?·@B?P-1·@<A-1. $4EEK<F4=F9 6D9@S, A4 
CDBFS:9A<< >BFBDB7B B@O?S9FES 30 % QH<D4 CD< 300 �, 9E?< 
A4K4?PAO9 >BAJ9AFD4J<< QH<D4 < 7<8DB>E<84 B8<A4>B6O < D46AO 
0,06 @B?P/?. 



13. #D< 150º% I<@<K9E>4S D94>J<S ;4>4AK<649FES ;4 16 @<A. #D<A<@4S 
F9@C9D4FGDAO= >BQHH<J<9AF E>BDBEF< D94>J<< D46AO@ 2,5, 
D4EEK<F4=F9, K9D9; E>B?P>B @<AGF ;4>BAK<?4EP 5O QF4 D94>J<S CD< 
200% < CD< 80%.  

14. -A9D7<S 4>F<64J<< D94>J<< D4;?B:9A<S =B8B6B8BDB84 2HI → H2 + I2 6 
74;B6B= H4;9 CD< 800 � D46A4 190 >�:/@B?P. � CD<EGFEF6<< C?4F<AO 
BA4 EA<:49FES 8B 60 >�:/@B?P. "CD989?<F9, 6B E>B?P>B D4; E>BDBEFP 
D94>J<< 6 CD<EGFEF6<< >4F4?<;4FBD4 6OL9 E>BDBEF< A9>4F4?<F<K9E>B7B 
D4;?B:9A<S =B8B6B8BDB84.  

15. -A9D7<S 4>F<64J<< 89A4FGD4J<< 6<DGE4 7D<CC4 EBEF46?S9F 630 
>�:/@B?P. #9D<B8 CB?GD4EC484 6<DGE4 CD< 30º% EBEF46?S9F 5 K4EB6. 
$4EEK<F4=F9 C9D<B8 CB?GD4EC484 CD< F9@C9D4FGD4I 36,6º% < 38º%. 
$4EEK<F4=F9 CD< G>4;4AAOI F9@C9D4FGD4I 6D9@S, ;4 >BFBDB9 CDB<;B=89F 
D4EC48 90 %, 99 %, 99,9 % 6<DGEB6, 9E?< EK<F4FP, KFB D94>J<S 
89A4FGD4J<< 6<DGE4 CB8K<AS9FES ><A9F<K9E><@ ;4>BAB@9DABEFS@ 
D94>J<= C9D6B7B CBDS8>4. 

16. "CD989?<F9 F9@C9D4FGDG ;4@9D;4A<S D4EF6BD4, EB89D:4M97B 0,625 7 
@BK96<AO 6 50 7 6B8O. �D<BE>BC<K9E>4S CBEFBSAA4S 6B8O D46A4 1,86. 

17. %>B?P>B 7D4@@B6 A4HF4?<A4 D4EF6BD9AB 6 50 7 I?BDBHBD@4, 9E?< 
CB?GK9AAO= D4EF6BD ><C<F CD< 62,234%? &9@C9D4FGD4 ><C9A<S 
I?BDBHBD@4 61,2%, 4 Q5G?<BE>BC<K9E>4S CBEFBSAA4S 97B 3,76. 

18. �OK<E?<F9 BE@BF<K9E>B9 846?9A<9 @BDE>B= 6B8O CD< 27%, 9E?< NaCl 
6 A9= EB89D:<FES (7/?) CD<@9DAB 27,2; MgCl2 – 3,4; MgSO4 – 2,3; CaSO4 

 ‒ 1,3; KCl – 0,6. �4:GM4SES EF9C9AP 8<EEBJ<4J<< G>4;4AAOI EB?9= 
D46A4 98<A<J9. 

19. %9DBG7?9DB8 < K9FODёII?BD<EFO= G7?9DB8, A9B7D4A<K9AAB 
D4EF6BD<@O9 8DG7 6 8DG79 :<8>BEF<, B5D4;GRF E@9E<, 5?<;><9 > 
<894?PAO@. #D< 40% 846?9A<9 C4D4 E9DBG7?9DB84 D46AB 616,7 
@@.DF.EF., 4 K9FODёII?BD<EFB7B G7?9DB84 – 215,8 @@.DF.EF. �OK<E?<F9 
CD< QFB= F9@C9D4FGD9 B5M99 < C4DJ<4?PAO9 846?9A<S C4DB6 >4:8B7B 
>B@CBA9AF4, D46AB69EAOI EB E@9EPR, EB89D:4M9=: 4)30 % (@B?PAOI) 
E9DBG7?9DB84; 5) 90 % CB @4EE9 E9DBG7?9DB84. 

20. �4>B64 @B?SDA4S >BAJ9AFD4J<S D4EF6BD4 G>EGEAB= ><E?BFO E D! = 3? 

21. �BECB?P;B646L<EP GD46A9A<9@ �954S < �R>>9?S, 6OK<E?<F9 ED98A<= 
>BQHH<J<9AF 4>F<6ABEF< <BAB6 < <I 4>F<6ABEFP 6 0,001 @B?S?PAB@ 

D4EF6BD9 CuCl2. 

22. #D< 25 % G89?PA4S Q?9>FDBCDB6B8<@BEFP @4E?SAB= ><E?BFO CD< 
D4;546?9A<< 64 ? D46A4 1,812•10-4 B@-1•E@-1. #B86<:ABEFP <BAB6 !+ < 
%!3(%!2)2%""- CD< QFB= F9@C9D4FGD9 EBBF69FEF69AAB D46AO 349,8 < 
32,6 B@-1·E@2. �OK<E?<F9 >BAEF4AFG 8<EEBJ<4J<< @4E?SAB= ><E?BFO. 

23. �OK<E?<FP CD< 25°% Q?9>FDB86<:GMGR E<?G Q?9@9AF4, B5D4;B64AAB7B 
A<>9?96O@ Q?9>FDB8B@, CB7DG:ёAAO@ 6 0,05   D4EF6BD NiSO4 < 
@98AO@ Q?9>FDB8B@, CB7DG:ёAAO@ 6 0,02   D4EF6BD CuSO4, EK<F4S 



8<EEBJ<4J<R EB?9= CB?AB=. �4C<L<F9 EI9@G CB?GK9AAB7B 
74?P64A<K9E>B7B Q?9@9AF4 < GD46A9A<S Q?9>FDB8AOI CDBJ9EEB6. 

24. �4AO Q?9>FDB8O: 
Pt ¦ Br2 (:), Br- (E = 0,1)  <  Pt ¦ Fe2+ (E = 0,2), Fe3+ (E = 0,1). 
�OK<E?<F9 <I Q?9>FDB8AO9 CBF9AJ<4?O CD< 25°%, EBEF46PF9 <; A<I 
Q?9@9AF < BCD989?<F9 97B -�%. !4C<L<F9 GD46A9A<S Q?9>FDB8AOI 
D94>J<= < D94>J<<, CDBF9>4RM9= 6 Q?9@9AF9. 

25. #D< CDBIB:89A<< 18000 �? Q?9>FD<K9EF64 K9D9; CB8><E?9AAO= 
D4EF6BD EG?PH4F4 A<>9?S A4 >4FB89 6O89?<?BEP 5 7 A<>9?S. �OK<E?<F9 
6OIB8 CB FB>G CDBJ9EE4 6O89?9A<S A<>9?S < B5Nё@ B8AB6D9@9AAB 
B5D4;B646L97BES 6B8BDB84, <;@9D9AAO= CD< ABD@4?PAOI GE?B6<SI 

 

�484A<S 8?S ;4M<FO ?45BD4FBDAOI D45BF 
 

1. +FB A4;O649FES F9C?BFB= B5D4;B64A<S 69M9EF64, F9C?BFB= E7BD4A<S, 
F9C?BFB= D4EF6BD9A<S, F9C?B6O@ QHH9>FB@ I<@<K9E>B= D94>J<<? 
2. %HBD@G?<DB64FP BEAB6AB= ;4>BA F9D@BI<@<<. � K9@ ;4>?RK49FES 97B 
H<;<K9E><= E@OE?? #D<69EF< CD<@9DO <ECB?P;B64A<S ;4>BA4 �9EE4 8?S 
BCD989?9A<S F9C?B6OI QHH9>FB6 I<@<K9E><I D94>J<=. 
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