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�484K4 3. � >4><@ E<A7BA<S@ BFABESFES >D<EF4??O, <@9RM<9 84AAO= 
A45BD EF4DL<I Q?9@9AFB6 E<@@9FD<<: 4) С6, 5) S4, 6)  + C2 + i, 7) 3S4, 8) 2 + 

C2, 9) S2. 

�484K4 4. !4=F< CB?B:9A<9 < F<C (CB6BDBFA4S <?< 6<AFB64S) 86B=AB= 
BE< || z, CB?GK4RM9=ES CD< 6;4<@B89=EF6<< BE9= 21 || x < y, CDBIB8SM<I 
EBBF69FEF69AAB K9D9; FBK>< (0, 1/4, 0) < (0, 0, 1/4). 

�484K4 5. "CD989?<FP >D4FABEFP CD46<?PAOI E<EF9@ FBK9> CB 
E<@@9FD<< <I CB;<J<< 6 E?98GRM<I CDBEFD4AEF69AAOI 7DGCC4I: a) С2/c ( 1 ), 

5) Pban (222). 

�484K4 6. �E?< 6 Q?9@9AF4DAB= SK9=>9 CD<EGFEF6G9F 4FB@ Х (0,1; 0,2; 

0,3), 4 E<@@9FD<S >D<EF4??4 Pcc2, FB 4FB@O E >4><@< >BBD8<A4F4@< 5G8GF 
9@G >D<EF4??B7D4H<K9E>< Q>6<64?9AFAO: 

a) 0,1; 0,3; 0,8; 5) 0,1; 0,8; 0,8; 6) 0,9; 0,8; 0,3; 
7) 0,9; 0,8; 0,8; 8) 0,9; 0,2; 0,8; 9) 0,1; 0,3; 0,3. 
�484K4 7. #?BE>BEFP E>B?P;SM97B BFD4:9A<S а, CDBIB8SM4S K9D9; 

A4K4?B >BBD8<A4F DB@5<K9E>B= Q?9@9AF4DAB= SK9=>< C9DC9A8<>G?SDAB 
FD4AE?SJ<< E, CD9B5D4;G9F FBK>G E >BBD8<A4F4@< (xyz) 6 FBK>G E 
>BBD8<A4F4@<: 4) zyx ,,½ ; 5) zyx ,,½+ ; 6) zyx ,,½ ; 7) zyx ,,½+ ; 8) zyx ,,½ ; 

e) zyx ,,½+ . 

�484K4 8. "CD989?<FP HBD@G?G 86B=AB7B B>E<84 J<D>BA<S < E>4A8<S, 
9E?< BA <@99F EFDG>FGDG F<C4 H?RBD<F4 E 64>4AE<S@< 6 1/7 CB;<J<= 4FB@B6 
><E?BDB84. 

�484K4 9. � EFDG>FGD9 EB98<A9A<S AmBnOp 4FB@O ><E?BDB84 B>DG:4RF 
4FB@O A CB F9FD4Q8DG, 4 4FB@O B – CB B>F4Q8DG. "CD989?<FP F<C HBD@G?O, 
9E?< 6 5?<:4=L9= >BBD8<A4J<BAAB= EH9D9 4FB@B6 ><E?BDB84 – B8<A 4FB@ A 

< FD< 4FB@4 B. 

�484K4 10. !4=F< 6E9 64D<4AFO ;4C<E< E<@6B?4 CD. 7D. Cmca 6 
;46<E<@BEF< BF A4<@9AB64A<S BE9= >BBD8<A4F. 

�484K4 11. �4><9 EFDG>FGDAO9 @BF<6O G >D<EF4??B6: J<A>4, 4;BF4, 
>64DJ4, BaSO4, �!�? 

�484K4 12. %>B?P>B BEB5OI < 98<A<KAOI A4CD46?9A<= 6 E?98GRM<I 
&�%: 4) m; 5) mmm; 6) 42m ; 7) 3m; 8) 6/mmm; 9) 432? 

�484K4 13. "CD989?<FP HBD@G?G B>EBHFBD<84 >4?<S < F<F4A4, 9E?< 6 97B 
EFDG>FGD9 4FB@O ><E?BDB84 < K4EFP 4FB@B6 >4?<S B5D4;GRF 98<AGR 
>G5<K9E>GR C?BFA9=LGR GC4>B6>G E EBBFABL9A<9@ >4F<BAB6 < 4A<BAB6 AX3, 

6 >BFBDB= <BAO Ti4+ < 6FBD4S K4EFP 4FB@B6 K ;4A<@4RF CB 1/6 B>F4Q8D<K9E><I 
CGEFBF. 



 

 

�484K4 14. "CD989?<FP K<E?B >BBD8<A4FAOI C4D4@9FDB6 6 EFDG>FGD9 
[Ru(NH3)5NO2]Cl·H2O (CD. 7D. Cmc21, Z = 4), 9E?< DGF9A<= <@99F 
B>F4Q8D<K9E>GR >BBD8<A4J<R, 4 K<E?B 54;<EAOI 4FB@B6 @<A<@4?PAB. 

�484K4 15. � EFDG>FGD9 4DE9A4F4 >B54?PF4 >4F<BAO Co2+ < As5+ <@9RF 
B>F4Q8D<K9E>GR >BBD8<A4J<R, 4 6E9 4FB@O ><E?BDB84 – B8<A4>B6B9 
B>DG:9A<9. "CD989?<FP HBD@G?G EB98<A9A<S < >BBD8<A4J<R ><E?BDB84, 9E?< 
6 EFDG>FGD9 EB5?R849FES 6FBDB9 CD46<?B #B?<A74. 

�484K4 16. �6B=AB= A<FD<8 ?<F<S < 4?R@<A<S <@99F EFDG>FGDG 4AF<-

H?RBD<F4. !4=F< HBD@G?G EB98<A9A<S. 
 

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

1. #D98@9F < ;484K< >D<EF4??BI<@<<. 
2. �D<EF4??BI<@<S >4> K4EFP I<@<< < >D<EF4??B7D4H<<. 
3. "EAB6AO9 69I< <EFBD<< >D<EF4??BI<@<<. 
4. %<@@9FD<S >D<EF4??B6. 
5. �4>DOFO9 BC9D4J<< < Q?9@9AFO E<@@9FD<<.  
6. &9BD9@O B EBK9F4A<SI ;4>DOFOI Q?9@9AFB6 E<@@9FD<<. 
7.  �D<EF4??B7D4H<K9E><9 FBK9KAO9 7DGCCO E<@@9FD<<.  
8. %<A7BA<<. 
9. �4>BA CBEFBSAEF64 86G7D4AAOI G7?B6. �EFBD<S BF>DOF<S.  9FB8O 
CD<@9A9A<S. 

10. Э?9@9AF4DA4S SK9=>4. 
11. �D<EF4??<K9E>4S D9L9F>4. $9L9F>< �D469. 
12. �D<EF4??B7D4H<K9E><9 E<EF9@O >BBD8<A4F. 
13. "F>DOFO9 BC9D4J<< < Q?9@9AFO E<@@9FD<<. 
14. #DBEFD4AEF69AAO9 7DGCCO E<@@9FD<<. 
15. %<@6B?<>4 FBK9KAOI 7DGCC. 
16. "EAB6AO9 CBASF<S >D<EF4??BI<@<<. %FDG>FGDAO9 F<CO. 
�;BFBK9KABEFP, <;BEFDG>FGDABEFP, <;BF<CABEFP. 

17. #B?<Q8D<K9E><= @9FB8 <;B5D4:9A<S EFDG>FGD. 
18. (BD@4 >D<EF4??<K9E><I @AB7B7D4AA<>B6. #BASF<9 CDBEFB=, B5M9= < 
K4EFAB= HBD@. 

19. %9@9=EF64 >D<EF4??<K9E><I EFDG>FGD. 
20. %<@@9FD<=A4S EF4F<EF<>4 @<A9D4?B6 < A9BD74A<K9E><I EB98<A9A<=. 
21.  9:C?BE>BEFAO9 D4EEFBSA<S 8?S D4;?<KAOI E<A7BA<=. 
22. �D<EF4??BEFDG>FGDAO9 I4D4>F9D<EF<>< 4FB@B6 < I<@<K9E><I E6S;9=. 
"5M4S F9BD<S @9:4FB@AOI 6;4<@B89=EF6<=. 

23. "EAB6O D9AF79ABEFDG>FGDAB7B 4A4?<;4. �<HD4>J<S D9AF79AB6E><I 
?GK9=. 

24. "EAB6AO9 @9FB8O D9AF79AB7D4H<<. 
25. 'E?B6<S �DQ774-�G?PH4. 
26.  9FB8 �4GQ. 
27. "EAB6O D9AF79ABH4;B6B7B 4A4?<;4. 



 

 

28. %FDG>FGDAO9 4@C?<FG8O. 
29. Э?9>FDBAA4S C?BFABEFP. 
30. "F K97B ;46<E<F <AF9AE<6ABEFP D9H?9>EB6 A4 8<HD4>FB7D4@@9? 
31. #9D<B8 <89AF<KABEF<. 
32. �FB@AO= H4>FBD. 
33. "EAB6AO9 QF4CO 4A4?<;4 EFDG>FGDO >D<EF4??4. 
34. $9AF79ABH4;B6O= 4A4?<;. 
35. �9@5D<8:E>4S 54;4 >D<EF4??BEFDG>FGDAOI 84AAOI B EFDB9A<< 
BD74A<K9E><I, @9F4??BBD74A<K9E><I < >BBD8<A4J<BAAOI EB98<A9A<=.  

36. "C<E4A<9 < E<EF9@4F<>4 >D<EF4??<K9E><I EFDG>FGD. 
37. %FDG>FGDO CDBEFOI 69M9EF6. �BBD8<A4J<S 4FB@B6. 
38. +<E?B HBD@G?PAOI 98<A<J < D9AF79AB6E>4S C?BFABEFP. 
39. &<CO <;B@BDH<;@4. 
40. Э@C<D<K9E><9 CD46<?4 <;B@BDH<;@4. 
41.  %FDG>FGD4 @98<, α-Fe < Mg. �I 4A4?B7<. 
42. &69D8O9 D4EF6BDO. 
43. &<CO CB?<@BDH<;@4.  
44. (4>FBDO, BCD989?SRM<9 EFDG>FGDG >D<EF4??B6. 
45. #D46<?B �B?P8L@<8F4. 
46. ЭHH9>F<6AO9 D48<GEO <BAB6. "CD989?9A<9 <BAAOI < 4FB@AOI 
D48<GEB6.  9F4??<K9E><9 D48<GEO. 

47. �B64?9AFAO9 D48<GEO. �4A-89D-644?PEB6O D48<GEO. %<EF9@4 
«F9FD4Q8D<K9E><I D48<GEB6». 

48. #B?SD<;4J<S <BAB6 < 6?<SA<9 99 A4 EFDG>FGDG. �BQHH<J<9AF 
89HBD@<DG9@BEF<. 

49. %FDG>FGDO 5<A4DAOI EB98<A9A<=. 
50. %FDG>FGD4 ZnS 6RDFJ<F4. %FDG>FGDAO= F<C A<>9?<A4 NiAs. 
�6GIQF4:AO9 EFDG>FGDO. 

51. #DBEF9=L<9 EFDG>FGDO F<C4 A2X. %FDG>FGDO F<C4 CaF2. 

52. %FDG>FGDAO= F<C A<FD<84 5BD4. %?B<EFO9 EFDG>FGDO F<C4 AX2 >4> 
E?98EF6<9 CB?SD<;4J<<. 

53. %FDG>FGD4 F<C4 DGF<?4 – TiO2. %FDG>FGD4 ThO2. 

54. %FDG>FGD4 4?@4;4 < 7D4H<F4. %?B<EFO9 EFDG>FGDO. 
55. %FDG>FGD4 >D<EF4??4 < EFDG>FGDAO= F<C. %FDG>FGD4 NaCl < 59A;B?4. 
%FDG>FGDAO= F<C J<A><F4. 

56. �BBD8<A4J<BAAB9 K<E?B. �?4EE<H<>4J<S EFDG>FGD CB 
>BBD8<A4J<BAAO@ K<E?4@. 

57. %FDG>FGDAO= F<C >D<EFB54?<F4. 
58. %FDG>FGDAO= F<C >D<EF4??<K9E>B7B CO2. %FDG>FGDAO= F<C C<D<F4. 
 B?9>G?SDAO9 EFDG>FGDO. 

59. %C?46O. 
60. $B?P F<C4 I<@<K9E>B= E6S;<. 
61. ЭA9D7<S >D<EF4??<K9E>B= D9LёF><. 
62. (<;<K9E><9 E6B=EF64 >D<EF4??B6. 



 

 

63. %6S;P EFDB9A<S < @47A<FAOI E6B=EF6 EB98<A9A<=, >D<EF4??<;GRM<IES 
CB F<CG LC<A9?<. 

64. "EFDB6AO9 EFDG>FGDO EB?9= ><E?BDB8EB89D:4M<I ><E?BF. 
65. %FDG>FGDO HBEH4FB6 < E<?<>4FB6. 
66. "EAB6AO9 H4>FBDO, 6?<SRM<9 A4 EFDG>FGDG >D<EF4??B6. 
67. "D74A<K9E>4S >D<EF4??BI<@<S. %F9D9BI<@<S BD74A<K9E><I @B?9>G?. 
%BBFABL9A<9 EB5EF69AAB= E<@@9FD<< @B?9>G?O < E<@@9FD<< CB;<J<<.  

68. &9BD<S C?BFAB= GC4>B6>< @B?9>G?.  B?9>G?SDAB9 >BBD8<A4J<BAAB9 
K<E?B.  9:@B?9>G?SDAO9 6B8BDB8AO9 E6S;<. 

69. %FDB9A<9 D94?PAOI >D<EF4??B6. �4:A9=L<9 F<CO 89H9>FB6. 
70. &BK9KAO9 89H9>FO. �<E?B>4J<<. 

 


