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>BAFGD4:  
1) 12,56·10-6  A.  
2) 2·10-6  A.  
3) 6,28·10-6  A.  
4) 3,14·10-6  A.  5) 4·10-12  A.  

25. �DB6B?BKAO= 6<FB> E C?BM48PR 0,1 @2
 A4IB8<FES 6 B8ABDB8AB@ 

@47A<FAB@ CB?9, <A8G>J<S >BFBDB7B 4·10-2 "?. �4 E>B?P>B <;@9A<FES 
@47A<FAO= CBFB> CD< CB6BDBF9 6<F>4 A4 900

:  

1) 2·10-3 �1  2) 

4·10-3 �1.  
3) 1·10-3 �1.  
4) 4·10-1 �1  5) 2,5

 �1   
26. �4=F< A4CDS:9AABEFP @47A<FAB7B CB?S 6 FBK>9, BFEFBSM9= A4 2E@ BF 
59E>BA9KAB 8?<AAB7B CDB6B84, CB >BFBDB@G F9K9F FB> 6 5 �: 1) 39,8 �/ <.  
2) 30,5 �/<.  
3) 120 �/ <.  
4) 4·10-7

 �∙<.. 5) 3,98 �/<.  
27. К4>B6B A4CDS:9A<9 A4 GK4EF>9 J9C< CBEFBSAAB7B FB>4 E Q?9>FD<K9E><@ 
EBCDBF<6?9A<9@ 2 �@ CD< E<?9 FB>4 6А?  
1) 2 �;  
2) 0,5�;  
3) 12 �; 4) 4 �.  
28. � >B?954F9?PAB@ >BAFGD9 <; >BA89AE4FBD4 < >4FGL>< <A8G>F<6ABEFPR 
0,5 �A CDB<EIB8SF E6B5B8AO9 Q?9>FDB@47A<FAO9 >B?954A<S E J<>?<K9E>B= 
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K4EFBFB= ω = 1000 E-1. А@C?<FG84 >B?954A<= E<?O FB>4 6 >BAFGD9 0,01 А. 
А@C?<FG84 >B?954A<= A4CDS:9A<S A4 >4FGL>9 D46A4  

1) 2∙ 10−5�  
2) 0,05 �  
3) 2,5 �  

4) 0,025 �  
 4789; 4. �?B8:4. �64=B>64S ?@8@>84 87;CG9=8S  
29. Ч9@G D46A4 QA9D7<S HBFBA4, >BFBDB@G 6 ED989 E CB>4;4F9?9@ 
CD9?B@?9A<S n EBBF69FEF6G9F 8?<A4 6B?AO λ?  

 hc hc 

1)  ;    2)   ;        

  n 
 hcn hn 

3)  ;    4)   .  

  c 

30. �D< C9D9IB89 ?GK4 E69F4 <; B8AB= ED98O 6 8DG7GR G7B? C489A<S D469A 60º, 
4 G7B? CD9?B@?9A<S 30º. К4>B6 BFABE<F9?PAO= CB>4;4F9?P CD9?B@?9A<S 
6FBDB= ED98O BFABE<F9?PAB C9D6B=?  

1) 0,5;  

2) 3 ;  

3) ;  

4) .  

31. �B>4;4F9?< CD9?B@?9A<S BFABE<F9?PAB 6B;8GI4 8?S 6B8O, EF9>?4 < 
4?@4;4 EBBF69FEF69AAB D46AO 1,33; 1,5; 2,42. � >4>B@ <; QF<I 69M9EF6 
CD989?PAO= G7B? CB?AB7B BFD4:9A<S CD< 6OIB89 6 6B;8GI <@99F 
@4>E<@4?PAB9 ;A4K9A<9?  

1) 2 2>45;  
2) 2 AB5:;5;  
3) 2 0;<075;  
4) A@548 >B25B>2 0, 1, 2 =5B 25@=>3>.  

32. �D989?PAO= G7B? CB?AB7B BFD4:9A<S 8?S 6B;8GI4 < EF9>?4 D469A βCD. Ч9@G 
D46A4 E>BDBEFP E69F4 6 QFB@ EBDF9 EF9>?4?  

1) A · cos³?@.;  2) A · sin³;  3) E ;         4) 
sin

.  

 sin  c 

2 

3 

3 

2 
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33. К4>B9 <; C9D9K<E?9AAOI A<:9 6<8B6 Q?9>FDB@47A<FAOI <;?GK9A<= <@99F 
A4<@9APLGR 8?<AG 6B?AO?  

1) @048>2>;=K;  
2) @5=B35=>2A:>5 87;CG5=85;  
3) '( 3 87;CG5=85; 4) 30<<0 ;CG8.  

34. К4> <;@9A<FES K4EFBF4 E69F4 CD< C9D9IB89 <; 64>GG@4 6 CDB;D4KAGR 
ED98G E 45EB?RFAO@ CB>4;4F9?9@ CD9?B@?9A<S n = 2?  
1) C<5=LH8BAO 2 2 @070;  
2) =5 87<5=8BAO; 3) C25;8G8BAO 2 2 @070; 4) 
C<5=LH8BAO 2 4 @070.  

35. �4 8<HD4>J<BAAGR D9L9F>G E C9D<B8B@ α C9DC9A8<>G?SDAB 99 C?BE>BEF< 
C4849F C4D4??9?PAO= @BABIDB@4F<K9E><= CGKB> E69F4 E 8?<AB= λ. К4>B9 <; 
CD<6989AAOI A<:9 GE?B6<= 6OCB?AS9FES 8?S G7?4 φ, CB8 >BFBDO@ 
A45?R849FES C9D6O= 7?46AO= @4>E<@G@?  

   

1) cosφ =  ;  2) sinφ =  ; d
 d 

3) sinφ = d 
;   4) sin  d .  

 

 4789; 5. АB><=4S 8 S89@=4S D878:4  
36. �CD989?<FP K<E?B Q?9>FDBAB6 6 B5B?BK>9 A9=FD4?PAB7B 4FB@4, 6 S8D9 
>BFBDB7B EB89D:<FES 6 CDBFBAB6 < 8 A9=FDBAB6?  

1) 8; 2) 6; 3) 2; 4) 14.  

37. �CD989?<FP K<E?B CDBFBAB6 Z < K<E?B A9=FDBAB6 N 6 S8D9 <;BFBC4 GD4A4  
235?  

1) Z = 92, N = 235;  

2) Z = 235, N = 92;  

3) Z = 92, N = 143;  

4) Z = 143, N = 92.  

38. ЧFB F4>B9 α – <;?GK9A<9?  

1) ?>B>: O45@ 35;8O;  
2) ?>B>: ?@>B>=>2;  
3) ?>B>: M;5:B@>=>2;  
4) M;5:B@><03=8B=K5 2>;=K.  

39. К4>B6B EBBFABL9A<9 @9:8G @4EE4@< S8D4 mS < EG@@B= @4EE E6B5B8AOI 

CDBFBAB6 Zmp < E6B5B8AOI A9=FDBAB6 Nmn, <; >BFBDOI EBEF46?9AB QFB 
S8DB?  
1) mO > Zmp + Nmn; 2) mO < Zmp + Nmn;  
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3) mO = Zmp + Nmn;  4) A@548 >B25B>2 0, 1, 2 =5B 25@=>3>.  

40. К4>B= ;4DS8 Z < @4EEB6B9 K<E?B А 5G89F <@9FP 4FB@AB9 S8DB <;BFBC4 
GD4A4 U92

238  CBE?9 α – D4EC484 < 86GI β – D4EC48B6?  
1) Z = 94, A = 234; 2) Z = 92, A = 234;  

3) Z = 92, A = 238; 4)  A@548 >B25B>2 0, 1, 2 =5B 25@=>3>.  
41. !>B?P>B QA9D7<< 6O89?<FES CD< 4AA<7<?SJ<< Q?9>FDBA4 < CB;<FDBA4.  
�4EE4 CB>BS Q?9>FDBA4 me.  

mc9 2 

1)  ;  

2 

2) mc9 2 ;   

3) 2
mc

9 
2 
;    4) 4mce 

2 .  

42.#>4:<F9 6FBDB= CDB8G>F S89DAB= D94>J<<:7
3Li + 11H → 42He+?  

1) 1
0n  

2) e 3) 1
1H 4) 4

2He  

К?RK< > F9EF4@:  
7 2>?@>A0/  
7 20@80=B0 
>B25B0  

1  2  3  4  5  
7 2>?@>A0/  
7 20@80=B0 
>B25B0  

1  2  3  4  5  

1  +          22  +          

2    +        23    +        

3  +          24      +      

4    +        25    +        

5    +        26  +          

6        +    27      +      

7        +    28      +      

8      +      29    +        

9        +    30    +        

10        +    31  +          

11        +    32    +        

12          +  33        +    

13    +        34    +        

14  +          35    +        

15        +    36    +        

16      +      37      +      

17  +          38  +          
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18  +          39    +        

19    +        40  +          

20    +        41      +      

21  +          42        +    

КBAFDB?PAO9 6BCDBEO 8?S <A8<6<8G4?PAB7B ;484A<S:  
!08<5=>20=85 @0745;0  �>=B@>;L=K5 2>?@>AK 8 7040=8O  
 5E0=8:0  1. +B> =07K205BAO A8;>9? #@82548B5 ?@8<5@K A8; 2 

<5E0=8:5.  
2. %D>@<C;8@C9B5 70:>=K !LNB>=0. �;O :0:8E A8AB5< 
>=8 A?@0254;82K?  

3. #>;CG8B5 87 II 8 III 70:>=>2 !LNB>=0 70:>= 
A>E@0=5=8O 8<?C;LA0.  

4. +B> =07K205BAO @01>B>9 2 <5E0=8:5?  
5. +B> =07K205BAO :8=5B8G5A:>9 M=5@3859? �0: >=0 
2KG8A;O5BAO?  

6. +B> =07K205BAO ?>B5=F80;L=>9 M=5@3859? �0: >=0 
2KG8A;O5BAO?  

7. %D>@<C;8@C9B5 70:>= A>E@0=5=8O M=5@388.  
 5E0=8G5A:85   1. �=0;>38O <564C 25;8G8=0<8 ?@O<>;8=59=>3> 8  

 

:>;510=8O 8 2>;=K  2@0I0B5;L=>3> 42865=89  
2. +B> =07K205BAO :>;510=8O<8?  
3. �09B5 >?@545;5=85 ?5@8>40, G0AB>BK, D07K, 
F8:;8G5A:>9 G0AB>BK, 0<?;8BC4K.  

4. �0:85 :>;510=8O =07K20NBAO 30@<>=8G5A:8<8?  
5. %>AB02LB5 48DD5@5=F80;L=>5 C@02=5=85 
30@<>=8G5A:8E :>;510=89 =0 ?@8<5@5 ?@C68==>3> 
<0OB=8:0.  

6. �0: 2KG8A;8BL A:>@>ABL 8 CA:>@5=85 30@<>=8G5A:8E 
:>;510=89?  

7. "B G53> 7028A8B M=5@38O 30@<>=8G5A:8E :>;510=89?  
8. +B> =07K205BAO 2>;=>9? #@82548B5 ?@8<5@K 2>;=.  
9. +B> =07K205BAO D@>=B>< 2>;=K? �>;=>2>9 
?>25@E=>ABLN?  

10. !07>28B5 E0@0:B5@8AB8:8 2>;=>2>3> ?@>F5AA0 8 409B5 
8E >?@545;5=8O.  

11. �0: ?>;CG8BL C@02=5=85 ?;>A:>9 2>;=K?  

12. "B G53> 7028A8B M=5@38O 8 ?;>B=>ABL M=5@388 2>;=?   
�:CAB8:0   1. #5@5G8A;8B5 E0@0:B5@8AB8:8 72C:0  

2. �AB>G=8:8 72C:0  
3. (878G5A:85 E0@0:B5@8AB8:8 A;CE>2>3> 0??0@0B0  
1. �8>;>38G5A:>5  459AB285 8=D@072C:0  
4. �AB>G=8:8 8 ?@8ё<=8:8 C;LB@072C:0   
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 >;5:C;O@=0O D878:0  8 
B5@<>48=0<8:0  

1. � G5< 70:;NG05BAO <>;5:C;O@=>-:8=5B8G5A:85 
?@54AB02;5=8O?  

2. +B> B0:>5 <>;L?   
3. �0: =0E>48BAO <>;O@=0O <0AA0?  
4. �0?8H8B5 C@02=5=85  5=45;5520 - �;0?59@>=0.  
5. %D>@<C;8@C9B5 70:>= �0;LB>=0.  
6. !07>28B5 87>?@>F5AAK.  
7. � G5< <>;5:C;O@=>-:8=5B8G5A:89 A<KA; 01A>;NB=>9 
B5<?5@0BC@K?  

8. +B> =07K205BAO G8A;>< AB5?5=59 A2>1>4K?  
9. �0: 2KG8A;O5BAO 2=CB@5==OO M=5@38O 8450;L=>3> 
3070?  

10. �0: 2KG8A;O5BAO @01>B0 2 B5@<>48=0<8:5?  
11. %D>@<C;8@C9B5 I =0G0;> B5@<>48=0<8:8.  
12. �0: CAB@>5=0 B5?;>20O <0H8=0? "B G53> 7028A8B �#� 
B5?;>2>9 <0H8=K?  

13. +B> ?>:07K205B M=B@>?8O? �09B5 B5@<>48=0<8G5A:>5 
>?@545;5=85 M=B@>?88.  

14. %D>@<C;8@C9B5 II =0G0;> B5@<>48=0<8:8.  
15. �0: >?@545;O5BAO =0?@02;5==>ABL B5?;>2KE 
?@>F5AA>2? �0: 87<5=5=85 M=B@>?88 A2O70=> A 
?>@O4:>< 8 15A?>@O4:><?  

16. �0:0O A8AB5<0 =07K205BAO >B:@KB>9?  
-;5:B@8G5AB2>   1. %D>@<C;8@C9B5 70:>= �C;>=0.    

2. +B> =07K205BAO =0?@O65==>ABLN M;5:B@8G5A:>3> 
?>;O? #@82548B5 ?@8<5@K 2K@065=89 4;O =0?@O65=- 

 =>AB8 ?>;59.  
3. � G5< 70:;NG05BAO ?@8=F8? AC?5@?>78F88?  
4. +B> =07K205BAO ?>B5=F80;><?  
5. �0: 2KG8A;O5BAO @01>B0 ?> ?5@5<5I5=8N 70@O40 2 
M;5:B@>AB0B8G5A:>< ?>;5?  
6. +B> =07K205BAO A8;>9 B>:0? #;>B=>ABLN B>:0?  
7. %D>@<C;8@C9B5 70:>= "<0 4;O >4=>@>4=>3> 
CG0AB:0 F5?8.  
8. �0?8H8B5 70:>= "<0 4;O CG0AB:0 F5?8, 4;O ?>;=>9 
F5?8.  



  - 49 -  

-;5:B@><03=5B87<   1. !07>28B5 E0@0:B5@8AB8:8 <03=8B=>3> ?>;O. �0: >=8 
A2O70=K?  

2. �0: :;0AA8D8F8@CNBAO <03=5B8:8?  
3. �0: 2KG8A;O5BAO =0?@O65==>ABL <03=8B=>3> ?>;O 2 
F5=B@5 :@C3>2>3> B>:0.  

4. �0: 2KG8A;O5BAO =0?@O65==>ABL <03=8B=>3> ?>;O 
?@O<>3> B>:0?  

5. +B> =07K205BAO A8;>9 �>@5=F0? %8;>9 �<?5@0?  
6. +B> =07K205BAO ?>B>:>< 25:B>@0 <03=8B=>9 
8=4C:F88 (8;8 <03=8B=K< ?>B>:><)?  

7. � G5< A>AB>8B O2;5=85 M;5:B@><03=8B=>9 8=4C:F88?  
8. +5<C @02=0 M=5@38O <03=8B=>3> ?>;O? #;>B=>ABL 
M=5@388?  

"?B8:0   
�20=B>20O ?@8@>40  
�7;CG5=8O  

1. � G5< 70:;NG05BAO 42>9AB25==0O ?@8@>40 A25B0?  
2. " G5< 3>2>@OB 70:>=K ?@5;><;5=8O?  
3. �0:85 D>B><5B@8G5A:85 25;8G8=K >B=>AOBAO : 
M=5@35B8G5A:8< 8 A25B>2K<?  

4. %D>@<C;8@C9B5 70:>=K D>B>MDD5:B0 5. �0?8H8B5 
C@02=5=85 -9=HB59=0 8 >1JOA=8B5  

6. +B> ?@54AB02;O5B A>1>9 D>B>=?  
�B><=0O  8 
O45@=0O D878:0  

1. " AB@>5=88 0B><0  
2. %D>@<C;8@C9B5 ?>ABC;0BK �>@0  
3. " AB@>5=88 O4@0  
4. �0:85 284K @048>0:B82=>AB8 �K 7=05B5?  
5. �0:85 B8?K 87;CG5=89 �K 7=05B5? "E0@0:B5@87C9B5  
6. � G5< 70:;NG05BAO 70:>= @048>0:B82=>3> @0A?040?   

  

  

  

  

  

�BCDBEO > CDB@9:GFBKAB@G >BAFDB?R  

'B25@640N:  
702. :0D54@>9     

    

#0HB052 �.�.  
  

#@>B>:>; 77 >B 04.03.20223.  
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�BCDBEO > ;4K9FG: 1. #CBL, 
?5@5<5I5=85, A@54=OO 8 <3=>25==0O A:>@>AB8, CA:>@5=85.  
2. �0:>=K !LNB>=0. �E D878G5A:>5 A>45@60=85 8 A2O7L.  
3.  5E0=8G5A:0O @01>B0.  >I=>ABL. %2O7L <>I=>AB8 A> A:>@>ABLN 42865=8O.  
4. #>;=0O <5E0=8G5A:0O M=5@38O. �0:>= A>E@0=5=8O 8 ?@52@0I5=8O <5E0=8G5-
A:>9 M=5@388 4;O :>=A5@20B82=>9 8 =5:>=A5@20B82=>9 A8AB5<K. �.?.4. 
<0H8= 8 <5E0=87<>2.  

5. �<?C;LA B5;0. �<?C;LA A8AB5<K B5;. �0:>= A>E@0=5=8O 8<?C;LA0 4;O 70-
<:=CB>9 A8AB5<K B5;.  

6.  ><5=B 8<?C;LA0. �0:>= A>E@0=5=8O <><5=B0 8<?C;LA0. �8@>A:>?.  
7. �8=5B8G5A:0O M=5@38O 2@0I0NI53>AO B5;0. #>;=0O :8=5B8G5A:0O M=5@38O. 
8. �>;510B5;L=>5 42865=85. �0@<>=8G5A:>5 :>;510=85 8 53> 
E0@0:B5@8AB8:8 (0<?;8BC40, G0AB>B0, ?5@8>4, D070). �@0D8: 
30@<>=8G5A:>3> :>;510=8O.  

9. %:>@>ABL 8 CA:>@5=85 B>G:8, A>25@H0NI59 30@<>=8G5A:>5 :>;510=85. 
�8DD5@5=F80;L=>5 C@02=5=85 30@<>=8G5A:8E :>;510=89 8 53> @5H5=85.  

10. %2>1>4=K5 (70BCE0NI85) :>;510=8O. '@02=5=85 8 3@0D8: 70BCE0NI8E 
:>;510=89. �5:@5<5=B 8 :>MDD8F85=B 70BCE0=8O. �@5<O @5;0:A0F88.  

11. -=5@38O 30@<>=8G5A:8E :>;510=89.  
12. �K=C645==K5 :>;510=8O. '@02=5=85 2K=C645==KE :>;510=89. �<?;8BC-
40 8 D070 2K=C645==KE :>;510=89. $57>=0=A.  

13. �7>?@>F5AAK. '@02=5=8O 8 3@0D8:8 87>?@>F5AA>2.  
14. '@02=5=8O �;0?59@>=0 8 �;0?59@>=0- 5=45;5520. '=825@A0;L=0O 307>20O 
?>AB>O==0O. �0:>= �0;LB>=0.  

15. "A=>2=K5 ?>;>65=8O <>;5:C;O@=>-:8=5B8G5A:>9 B5>@88 8 8E >?KB=>5 
>1>A=>20=85.  

16. "A=>2=>5 C@02=5=85 <>;5:C;O@=>-:8=5B8G5A:>9 B5>@88 8450;L=>3> 3070.  
17. �=CB@5==OO M=5@38O. �=CB@5==OO M=5@38O 8450;L=>3> 3070.  
18. %?>A>1K 87<5@5=8O 2=CB@5==59 M=5@388 A8AB5<K. #5@2>5 =0G0;> B5@<>-

48=0<8:8. #@8<5=5=85 1 =0G0;0 B5@<>48=0<8:8 : 87>?@>F5AA0<.  
19. #@8<5=5=85 1 =0G0;0 B5@<>48=0<8:8 : 048010B8G5A:><C ?@>F5AAC. $01>-
B0 ?@8 048010B8G5A:>< ?@>F5AA5.  

20. *8:;K. #@O<>9 8 >1@0B=K9 F8:;K. �.#.�. F8:;0.  
21. &5?;>2K5 <0H8=K. *8:; �0@=>. �.#.�. F8:;0 �0@=>. &5>@5<0 �0@=>.  
22. �=CB@5==OO M=5@38O @50;L=>3> 3070.  
23. �0:>= #0A:0;O 8 53> A;54AB28O. �0:>= �@E8<540. #;020=85 B5;.  
24. *8:;8G5A:85 ?@>F5AAK. *8:; �0@=>. �#� F8:;0. &5?;>2K5 <0H8=K. 
�#� B5?;>2>9 <0H8=K  

25. -;5:B@8G5A:89 70@O4, A2>9AB20 M;5:B@8G5A:>3> 70@O40. �0:>= �C;>=0.  
27. #>B5=F80; M;5:B@8G5A:>3> ?>;O. -:28?>B5=F80;L=K5 ?>25@E=>AB8.  
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