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№1 

I 64@84=B 

 9H9=89: 
1. О?@545?5A<5 э?5@5Aта X: 

�5M4S HBD@G?4 B>E<84 �I�G.  

�7B @B?SDA4S @4EE4 @B:9F 5OFP 6OD4:9A4 >4> (I*А + G*16), 789 А – @B?SDA4S @4EE4 

A9<;69EFAB7B Q?9@9AF4 Х. 

ВOD4;<@ EB89D:4A<9 ><E?BDB84 6 B>E<89 >4> 16*G/(I*А +16*G) = 0,2227 

�F>G84 CB?GK49@, KFB А*I/G = 0,7773*16/0,2227 = 55,845 7/@B?P 

 

�DB4A4?<;<DG9@ 6B;@B:AO9 64D<4AFO 

 

I/G �>E<8 А -  

2:1 -2� 27,92 26,982(Al) 

28,086(Si) 

�9 CB8IB8SF CB 64?9AFAO@ EBEFBSA<S@  

2:2 -� 55,845 55,845– Fe �B8IB8<F 

2:3 -2�3 83,77 83,8 (Kr) �A9DFAO= 74; 

2:4 -�2 111,69 112,41(Cd) К48@<= A9 B5D4;G9F 8<B>E<84 

2:5 -2�5 139,61 138,91(La) �8<AEF69AA4S CB?B:<F9?PA4S EF9C9AP 

B><E?9A<S ?4AF4A4 D46A4 +3 

2:6 -�3 167,54 167,26(Er) �8<AEF69AA4S CB?B:<F9?PA4S EF9C9AP 

B><E?9A<S QD5<S D46A4 +3 

2:7 -2�7 195,46 195,08 (Pt) �?4F<A4 A9 B5D4;G9F F4>B7B B>E<84 

2:8 -�4 223,38 223(Fr) �8<AEF69AA4S CB?B:<F9?PA4S EF9C9AP 

B><E?9A<S HD4AJ<S +1 

 

"4><@ B5D4;B@, Х – :9?9;B. 

2. �9?9;B F4>:9 B5D4;G9F B>E<8 Fe2O3 - B>E<8 :9?9;4 (III), :9?9;AO= EGD<>, 79@4F<F, 

>DB>GE, >B?P>BF4D. КDB@9 FB7B, :9?9;B B5D4;G9F B>E<8 – Fe3O4 - B>E<8 :9?9;4 (II,III), 



B>E<8 8<:9?9;4 (III) - :9?9;4(II), ;4><EP-B><EP :9?9;4, :9?9;A4S B>4?<A4, @47A9F<F, 

@47A<FAO= :9?9;AS>.  

3. !BEF46 Fe2O3 D4EEK<FO649FES <; E?98GRM<I 84AAOI: M(Fe2O3) = 55,847*2 +16*3 

=159,69 7/@B?P    w(Fe) = 69,94%    w(O) = 30,06%. CBEF46 Fe3O4 D4EEK<FO649FES <; 

E?98GRM<I 84AAOI: M(Fe3O4) = 55,847*3 +16*4 = 231,54 7/@B?P    w(Fe) = 72,36%    

w(O) = 27,64% 

4. У@авA5A<я @5а>F<=: 

FeO + 2HCl = FeCl2 + H2O 

FeO + 2HI = FeI2 + H2O    

Fe2O3 + 6HCl = 2FeCl3 + 3H2O 

Fe2O3 + 6HI = 2FeI2 + I2 + 3H2O 

Fe3O4 +8 HCl = FeCl2 + 2FeCl3 + 4H2O 

Fe3O4 +8HI =3FeI2 + I2 +4H2O  

 

II 64@84=B 

 9H9=89: 
1. �CD989?9A<9 Q?9@9AF4 X: 

�5M4S HBD@G?4 B>E<84 �I�G.  

�7B @B?SDA4S @4EE4 @B:9F 5OFP 6OD4:9A4 >4> (I*А + G*16), 789 А – @B?SDA4S @4EE4 

A9<;69EFAB7B Q?9@9AF4 Х. 

ВOD4;<@ EB89D:4A<9 ><E?BDB84 6 B>E<89 >4> 16*G/(I*А +16*G) = 0,3006 

�F>G84 CB?GK49@, KFB А*I/G = 0,6994*16/0,3006 = 37,227  

 

�DB4A4?<;<DG9@ 6B;@B:AO9 64D<4AFO: 

I/G �>E<8 А -  

2:1 -2� 18,614 18,998 (F)  

2:2 -� 37,227 Cl-Ar �9 CB8IB8<F 

2:3 -2�3 55,84 55,845 (Fe) �B8IB8<F 

2:4 -�2 74,45 74,992 (As) �OLPS> A9 B5D4;G9F 8<B>E<84 

2:5 -2�5 93,07 92,906(Nb) �9CF<;<DG9FES D4;5. HCl, AB A9 

D4EF6BDS9FES, CBE>B?P>G S6?S9FES 

><E?BFAO@ B>E<8B@ 

2:6 -�3 111,68 112,41 (Cd) !F9C9A< B><E?9A<S +6 G >48@<S A9 5O649F 

2:7 -2�7 130,29 131,29 (DG) �9 B5D4;G9F F4>B= HBD@O B>E<84 



2:8 -�4 148,91  �- �9 8BEF<74RF EF9C9A< B><E?9A<S +8 

 

"4><@ B5D4;B@, Х – :9?9;B. 
2. �9?9;B B5D4;G9F B>E<8 FeO - B>E<8 :9?9;4 (II), ;4><EP :9?9;4, 6REF<F (6 F9IA<>9). 

КDB@9 FB7B, :9?9;B B5D4;G9F B>E<8 – Fe3O4 - B>E<8 :9?9;4 (II,III), B>E<8 8<:9?9;4 (III) 

- :9?9;4(II), ;4><EP-B><EP :9?9;4, :9?9;A4S B>4?<A4, @47A9F<F, @47A<FAO= :9?9;AS>.  

3. CBEF46 FeO D4EEK<FO649FES <; E?98GRM<I 84AAOI: M(FeO) = 55,847 +16 =71,845 

7/@B?P    w(Fe) = 77,73%    w(O) = 22,27%. CBEF46 Fe3O4 D4EEK<FO649FES <; E?98GRM<I 

84AAOI: M(Fe3O4) = 55,847*3 +16*4 = 231,54 7/@B?P    w(Fe) = 72,36%    w(O) = 27,64% 

4. У@авA5A<я @5а>F<=: 

FeO + 2HCl = FeCl2 + H2O 

FeO + 2HI = FeI2 + H2O    

Fe2O3 + 6HCl = 2FeCl3 + 3H2O 

Fe2O3 + 6HI = 2FeI2 + I2 + 3H2O 

Fe3O4 +8 HCl = FeCl2 + 2FeCl3 + 4H2O 

Fe3O4 +8HI =3FeI2 + I2 +4H2O  

 

 9:><9=84F88 : >F9=864=8R: 

1. �CD989?9A<9  X (E D4EK9FB@ < 4A4?<;B@) 2,25 54??4 

2. ВFBDB= < FD9F<= B>E<8: HBD@G?4 < EBEF46 

                          EBEF46 

�B 0,25 54??4 8?S >4:8B7B 

B>E<84 = 0,5 54??4 

3.   �4;64A<S  (6 A4;64A<= – CB B8AB@G FD<6<4?PAB@G < 

CB B8AB@G �.�АК  – CB 0,1 54??4) 

�B 0,25 54??4 8?S >4:8B7B 

B>E<84 = 0,75 54??4 

4.  94>J<< E HCl < E HI (6E97B 6 D94>J<=, >4:84S CB 0,25 

54??4) 

1,5 54??4 

И"���: 5 54;;>6 

 

№2 

I 64@84=B 

 9H9=89: 
�9<;69EFAO= Q?9@9AF Э ?97>B A4=F< CB 84AAO@ B 97B EB89D:4A<< 6 B>E<89. !B7?4EAB 

GE?B6<R, @4EEB64S 8B?S ><E?BDB84 EBEF46?S9F 60%. �GEFP 64?9AFABEFP Q?9@9AF4 Э D46A4 n. 
"B784 HBD@G?4 B>E<84 -�n/2. 

8n/(M(Э) + 8n) = 0.6;  



M(Э) = 5.33n 

�D< n = 6, M(Э) = 32 7/@B?P, KFB EBBF69FEF6G9F E9D9. 
"B784 69M9EF64 2 < 3 – B>E<8O E9DO SO2 < SO3, EBBF69FEF69AAB 

�DBEFB9 69M9EF6B 1, B5D4;GRM99 7<8D<8 – 6B8BDB8. В9M9EF6B@ Х, <; >BFBDB7B @B:AB 
CB?GK<FP >4> 6B8BDB8, F4> < E9DA<EFO= 74;, S6?S9FES E9DA4S ><E?BF4; @4EEB64S 8B?S E9DO 6 

A9= EBEF46?S9F w(S) = 32/98 = 32.65%, KFB EBBF69FEF6G9F GE?B6<R. 

В;4<@B89=EF6<9 7<8D<84 @9F4??4 E ><E?BFAO@ B>E<8B@ 8B?:AB CD<6B8<FP > B5D4;B64A<R 

EB?<. �9F4?? 86GI64?9AFAO=, EB?P – MSO4 <?< M(HSO4)2. �5B;A4K<@ 4FB@AGR @4EEG 

@9F4??4 ;4 I. "B784 6 E?GK49 ED98A9= EB?< CB?GK49@: 

w(S) = 32/(I + 96) = 0.2735 I = 21 7/@B?P – F4>B7B @9F4??4 A9F 

В E?GK49 ><E?B= EB?< 

w(S) = 64/(I + 194) = 0.2735 I = 40 7/@B?P, KFB EBBF69FEF6G9F >4?PJ<R 

 

#D46A9A<S D94>J<=: 

1) H2SO4 (D4;5) + Zn = ZnSO4 + H2↑ (@B:AB 8DG7B= @9F4??) 

2) H2 + Ca = CaH2 (A47D964A<9) 

3) CaH2 + 2H2SO4 = Ca(HSO4)2 + 2H2↑ 

4) Ca(HSO4)2 + Ba(NO3)2 = BaSO4↓ + Ca(NO3)2 + H2SO4 

5) 2H2SO4 (>BAJ) + Cu = CuSO4 + SO2↑ + 2H2O (@B:AB 8DG7B= @4?B4>F<6AO= @9F4??) 

6) 2SO2 + O2 = 2SO3 (V2O5, A47D964A<9) 

7) SO3 (<;5) + !a(OH)2 = Ca(HSO4)2 

 

↑II 64@84=B 

 9H9=89: 

�9<;69EFAO= Q?9@9AF Э ?97>B A4=F< CB 84AAO@ B 97B EB89D:4A<< 6 B>E<89. !B7?4EAB 

GE?B6<R @4EEB64S 8B?S ><E?BDB84 EBEF46?S9F 61.2%. �GEFP 64?9AFABEFP Q?9@9AF4 Э D46A4 
n. "B784 HBD@G?4 B>E<84 -�n/2. 

8n/(M(Э) + 8n) = 0.612;  
M(Э) = 5.07n 

�D< n = 7 M(Э) = 35,5 7/@B?P, KFB EBBF69FEF6G9F I?BDG. В9M9EF6B 2 – B>E<8 Cl2O7. 



�DBEFB9 69M9EF6B 1, B5D4;GRM99 7<8D<8 – 6B8BDB8. В9M9EF6B@ Х, <; >BFBDB7B @B:AB 

CB?GK<FP >4> 6B8BDB8, F4> < B>E<8 I?BD4(VII), S6?S9FES I?BDA4S ><E?BF4; @4EEB64S 8B?S 

I?BD4 6 A9= EBEF46?S9F w(Cl) = 35,5/100,5 = 35,32%, KFB EBBF69FEF6G9F GE?B6<R. 

�9F4?? � BFABE<FES > 86GI64?9AFAO@ @9F4??4@, F.>. B5D4;G9F 8<7<8D<8. "B784 BEAB64A<9 4 

S6?S9FES 7<8DB>E<8B@ 86GI64?9AFAB7B @9F4??4. !CD4698?<6B EBBFABL9A<9: 

M(M)/(M(M) + 34) = 0.4138   M(M) = 24 7/@B?P, <E>B@O= @9F4?? – @47A<=. 

 

1) 2HClO4 + Zn = ZnSO4 + H2↑ 

2) H2 + Mg = MgH2 (A47D964A<9) 

3) MgH2 + 2H2O = Mg(OH)2↓+ 2H2↑ 

4) Mg(OH)2 + 2HNO3 = Mg(NO3)2 + 2H2O 

5) 4HClO4 (>BAJ) +  4�10 = 2Cl2O7 + 4� �3 (8BCGEF<@O 4?PF9DA4F<6AO9 64D<4AFO) 

6) Cl2O7 + Mg(O�)2 = Mg(ClO4)2 + �2� 

7) Mg(ClO4)2 + 2NaOH = Mg(OH)2↓ + 2NaClO4 (@B:AB 8DG7GR M9?BKP <?< 7<8DB>E<8 

4@@BA<S) 

 9:><9=84F88 : >F9=864=8R: 

 

1. �CD989?9A<9 Q?9@9AF4 Э  1 1 54?? 

2. �CD989?9A<9 69M9EF64 Х  3,0.5 54??4 

3. #D46A9A<S D94>J<= CB 0.5 54??4 

�D< BFEGFEF6<< >BQHH<J<9AFB6 GD46A9A<9 D94>J<< BJ9A<649FES 6 0.25 54??4 

0,3.5 54?? 

И"���:     5  54;;>6 

 

№3 

I 64@84=B 

 9H9=89: 

1. �4C<L9@ GD46A9A<9 CDBF9>4RM9= D94>J<<: 

                   � + nHCl  MCln + n/2H2↑ 

2. �4EE4 I?BDB6B8BDB84 6 D4EF6BD9: 

m(�!l) = 146,0•0,1 = 14,6 (7). 



3. �4EEO 6O89?<6L97BES 6B8BDB84 < ><E?BFAB7B BEF4F>4: 

m(�2) =14,6•(1/36,5) = 0,4 7; 

m(Cl-) = 14,6 – 0,4 = 14,2 (7). 

4. �GEFP а 7 – @4EE4 A469E>< @9F4??4. "B784 @4EE4 D4EF6BD4 CBE?9 D94>J<<: 

m(D-Da) = 146,0 + а – 0,4 = (145,6 + а) (7). 

�4EEG A469E>< A4IB8<@ <; EBBFABL9A<S: 

(а + 14,2)/(а + 145,6) = 0,1517. 

�F>G84 а = 9,3 7.   

5. �; GD46A9A<S D94>J<< @B:9@ GF69D:84FP, KFB                                              

   CD< D94>J<<  9,3 7 @9F4??4 6O89?S9FES  0,4 7 6B8BDB84,  

4 CD< D94>J<<  А 7                                          E 7 6B8BDB84. 

6. �F>G84 А = 23,25 I 

7. �?S x = 1 (А = 23,25 7/@B?P – 5?<:4=L<= Na (22,99 7/@B?P), BF?<K<9 BF 

89=EF6<F9?PAB= @4EEO 5B?99 1%, 84 < E ><E?BFB= BA D947<DG9F 5GDAB); CD< E = 2 (А 

= 46,5 7/@B?P – 5?<:4=L<= "i (47,87 7/@B?P – 6 D94>J<< E I?BDB6B8BDB8AB= 

><E?BFB= B5D4;G9F FD<I?BD<8, 4 A9 8<I?BD<8, D4EF6BD H<B?9FB6O=; BF?<K<9 2,9% )  

 �?S E = 3 (А = 69,75 7/@B?P – 5?<:4=L<= @9F4?? – Ga (69,724 7/@B?P; BF?<K<9 

0,3%) 

8. �"В�": 74??<=; m(Ga) = 9,3 7 

9. -?9>FDBAA4S >BAH<7GD4J<S 4FB@4: 1s22s2p63s2p6d104s24p1 ; <BA4: 1s22s2p63s2p6d10 

10. АFB@ 74??<S EB89D:<F  31 CDBFBA, 31 Q?9>FDBA. 

11.  94>J<S 2Ga + 6HCl 2 GaCl3 + 3 H2↑   6B;@B:A4 ;4C<EP D94>J<< E 8DB5AO@< 

>BQHH<J<9AF4@< 

II 64@84=B 

 9H9=89: 

1. �4C<L9@ GD46A9A<9 CDBF9>4RM9= D94>J<<: 

� + nHCl  MCln + n/2H2↑ 

2. �4EE4 I?BDB6B8BDB84 6 D4EF6BD9: 

m(�!l) = 182,5•0,1 = 18,25 (7). 

3. �4EEO 6O89?<6L97BES 6B8BDB84 < ><E?BFAB7B BEF4F>4: 

m(�2) =18,25•(1/36,5) = 0,5 7; 

m(Cl-) = 18,25 – 0,5 = 17,75 (7). 

4. �GEFP а 7 – @4EE4 A469E>< @9F4??4. "B784 @4EE4 D4EF6BD4 CBE?9 D94>J<<: 

m(D-Da) = 182,5 + а – 0,5 = (182,0 + а) (7). 

�4EEG A469E>< A4IB8<@ <; EBBFABL9A<S: 



(а + 17,75)/(а + 182,0) = 0,2543 

�F>G84 а = 38,26. 

5.  �; GD46A9A<S D94>J<< @B:9@ GF69D:84FP, KFB 

   CD< D94>J<<  38,26 7 @9F4??4 6O89?S9FES  0,5 7 6B8BDB84,  

4 CD< D94>J<<    А 7                                                 E 7 6B8BDB84. 

6. �F>G84 А = 38,26 I 

7. �?S x = 1 (А = 38,26 7/@B?P) 5?<:4=L<= @9F4?? К – 39,098 7/@B?P; BF?<K<9 BF 

89=EF6<F9?PAB= @4EEO 5B?99 2%, >DB@9 FB7B, >4?<= 5GDAB D947<DG9F E 6B8B=)  E = 2 

(А = 76,52 7/@B?P)- F4>B7B @9F4??4 A9F; �?S E = 3 (А = 114,78 7/@B?P)  @9F4?? – 

<A8<= 114,82 7/@B?P BF?<K<9 6 0,05%)  

8. �"В�": <A8<= (In); @4EE4 38,26 7 

9. -?9>FDBAA4S >BAH<7GD4J<S 4FB@4: 1s22s2p63s2p6d104s2p6d105s2 5p1;   <BA4: 

1s22s2p63s2p6d104s2p6d10 

10. АFB@ <A8<S EB89D:<F  49 CDBFBAB6, 49 Q?9>FDBAB6  

11.  94>J<S 2In + 6HCl 2 InCl3 + 3 H2↑   6B;@B:A4 ;4C<EP D94>J<< E 8DB5AO@< 

>BQHH<J<9AF4@< 

 

 9:><9=84F88 : >F9=864=8R: 
 

1. #D46A9A<9 D94>J<< 0,5 54??4 

2. �CD989?9A<9 @9F4??4  1,5 54??4 

3. �CD989?9A<9 @4EEO 6;SFB7B @9F4??4 1,5 54??4 

4. !B89D:4A<9 CDBFBAB6,  Q?9>FDBAB6 6 4FB@9 @9F4??4  0,5 54??4 

5. -?9>FDBAA4S >BAH<7GD4J<S @9F4??4 < <BA4 (CB 0,5 54??4) 1 54?? 

И"���: 5 54;;>6 

 

№4 

I 64@84=B 

 9H9=89: 
�9D9EK<F49@ F9C?B6O9 QHH9>FO A4 1 @B?P D4EF6BD9AAB7B 69M9EF64. "9D@BI<@<K9E><9 

GD46A9A<S CDBJ9EEB6 D4EF6BD9A<S @B:AB ;4C<E4FP E?98GRM<@ B5D4;B@: 

FeSO4F6. + xH2O:. = FeSO4D-D + 61,4 >�: 

FeSO4*7�2�F6. + (x – 7)H2O:. = FeSO4D-D – 18,9 >�:   

�FER84 FeSO4F6. + 7H2O:. = FeSO4*7�2�F6. +  80,3 >�: 



"B784 F9C?BF4 B5D4;B64A<S >D<EF4??B7<8D4F4 <; CDBEFOI 69M9EF6 Q EBEF46<F: 

Q = 825,5 + 80,3 = 905,8 >�:/@B?P 

"9D@BI<@<K9E>B9 GD46A9A<9 B5D4;B64A<S 

FeF6. + 1/8S8F6. + 5.5O2 74; + 7H2 74; = FeSO4*7�2�F6. + 906,8 >�: 

 

II 64@84=B 

 9H9=89: 
�9D9EK<F49@ F9C?B6O9 QHH9>FO A4 1 @B?P D4EF6BD9AAB7B 69M9EF64. "9D@BI<@<K9E><9 

GD46A9A<S CDBJ9EEB6 D4EF6BD9A<S @B:AB ;4C<E4FP E?98GRM<@ B5D4;B@: 

MnSO4F6. + xH2O:. = MnSO4D-D +  57.8 >�: 

MnSO4*7�2�F6. + (x – 7)H2O:. = MnSO4D-D – 14.5 >�:   

�FER84 MnSO4F6. + 7H2O:. = MnSO4*7�2�F6. +  72,3 >�: 

"B784 F9C?BF4 B5D4;B64A<S >D<EF4??B7<8D4F4 <; CDBEFOI 69M9EF6 Q EBEF46<F: 

Q = 1070 + 72,3 = 1142,3 >�:/@B?P 

"9D@BI<@<K9E>B9 GD46A9A<9 B5D4;B64A<S 

MnF6. + 1/8S8F6. + 5.5O2 74; + 7H2 74; = MnSO4*7�2�F6. + 1142,3 >�: 

 9:><9=84F88 : >F9=864=8R: 
1. �9FB8<>4 D4EK9F4 F9C?BFO B5D4;B64A<S  1,5 54??4 

2.  4EK9F F9C?BFO B5D4;B64A<S (FBKAB9 EB6C489A<9 E BF69FB@)  2 54??4 

3.  "9D@BI<@<K9E>B9 GD46A9A<9 D94>J<< B5D4;B64A<S �BCGEF<@B 

G>4;4A<9 B8AB4FB@AB= E9DO 6@9EFB 8-4FB@AOI @B?9>G?. �D< 

BFEGFEF6<< G>4;4A<= A4 47D974FAB9 EBEFBSA<9 69M9EF6 – LFD4H 1 

54?? 

1,5 54??4 

И"���:     5  54;;>6 


