
 

1 %ЭЗ% 

 

(���$��0!"� ���!&%&�" �����!"�"$"�!"�" &$�!%#"$&� 

(545@0;L=>5 3>AC40@AB25==>5 1N465B=>5 >1@07>20B5;L=>5 CG@5645=85  
2KAH53> >1@07>20=8O 

«�@:CBA:89 3>AC40@AB25==K9 C=825@A8B5B ?CB59 A>>1I5=8O» 

%818@A:89 :>;;546 B@0=A?>@B0 8 AB@>8B5;LAB20 

 

 

 

 

 

 

 

 

 

 

 

 

�"!&$"�0!"-�� �$�&��0!/�  �&�$���/ 

##.03 (878:0 

4;O A?5F80;L=>AB8  
08.02.01 %B@>8B5;LAB2> 8 M:A?;C0B0F8O 740=89 8 A>>@C65=89  

54;B64я CB87BFB6>4  
ED98A97B CDBH9EE<BA4?PAB7B B5D4;B64A<я 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�@:CBA: 2023 

 

  

Электронный документ выгружен из ЕИС ФГБОУ ВО ИрГУПС и соответствует оригиналу

Подписант ФГБОУ ВО ИрГУПС Трофимов Ю.А.
00a73c5b7b623a969ccad43a81ab346d50 с 08.12.2022 14:32 по 02.03.2024 14:32 GMT+03:00
Подпись соответствует файлу документа



 

2 %ЭЗ% 

 

�>=B@>;L=>-87<5@8B5;L=K5 <0B5@80;K @07@01>B0=K =0 >A=>25 (545@0;L=>3> 
3>AC40@AB25==>3> >1@07>20B5;L=>3> AB0=40@B0 A@54=53> >1I53> >1@07>20=8O, 
CB25@645==>3> ?@8:07><  8=8AB5@AB20 >1@07>20=8O 8 =0C:8 $( >B 17 <0O 2012 3. 
№ 413. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

%>AB028B5;L:   
�C@48=0 ".�. ?@5?>4020B5;L 2KAH59 :20;8D8:0F8>==>9 :0B53>@88 %818@A:89 
:>;;546 B@0=A?>@B0 8 AB@>8B5;LAB20 (��"' �" «�@:CBA:89 3>AC40@AB25==K9 
C=825@A8B5B ?CB59 A>>1I5=8O». 
 

  

$�%% "&$�!":                                           
* � « 0B5<0B8:8, D878:8» 

 #@54A540B5;L * �:  
&.#. !>28:>20 

#@>B>:>; №9 

«29» <0O 2023 3. 
 

%"���%"��!":  
�0<5AB8B5;L 48@5:B>@0 ?> '�$  
$5A5;LA �.#.    
«01» 8N=O 2023 3. 



 

3 %ЭЗ% 

 

 

 

 

 

%>45@60=85 

1 #0A?>@B :>=B@>;L=>-87<5@8B5;L=KE <0B5@80;>2 &&&&&. &&&&&&..4 

1.1 "1I85 ?>;>65=8O&&&&&&&&&&&&&&&&&&&&&&&&&4 

1.2 %8AB5<0 :>=B@>;O 8 >F5=:8 >A2>5=8O ?@>3@0<<K 48AF8?;8=K&&&&&&.5 

2 �>=B@>;L=>->F5=>G=K5 A@54AB20&&&&&&&&&&&&&&&&&.&& 6 

2.1  0B5@80;K 4;O  B5:CI53> :>=B@>;O&&&&&&&&&&&&&&&&&. 6 

2.2  0B5@80;K 4;O ?@><56CB>G=>9 0BB5AB0F88&&&&&&&&&&&&&& 46 

 

  



 

4 %ЭЗ% 

 

 

1 #0A?>@B :>=B@>;L=>-87<5@8B5;L=KE <0B5@80;>2 

1.1 "1I85 ?>;>65=8O 

#@54AB02;5==K9 :>=B@>;L=>-87<5@8B5;L=K5 <0B5@80;K A>45@68B 
>F5=>G=K5 <0B5@80;K 4;O ?@>2545=8O 2E>4=>3>, B5:CI53>, 0 B0:65 ?@><56CB>G=>9 
0BB5AB0F88 >1CG0NI8EAO.  

�E>4=>9 :>=B@>;L ?@>2>48BAO 2 =0G0;5 CG51=>3> 3>40. *5;LN 2E>4=>3> 
:>=B@>;O O2;O5BAO 2KO2;5=85 0:BC0;L=KE 7=0=89 8 C<5=89 >1CG0NI8EAO ?> 
D878:5. 

&5:CI89 :>=B@>;L >ACI5AB2;O5BAO ?@5?>4020B5;5< 2 B5G5=85 CG51=>3> 3>40 
2 F5;OE A8AB5<0B8G5A:>9 ?@>25@:8 8 >F5=:8 ?>;CG5==KE >1CG0NI8<8AO 
@57C;LB0B>2 2 ?@>F5AA5 87CG5=8O D878:8. �;O ?@>2545=8O B5:CI53> :>=B@>;O 
@07@01>B0=K B5<0B8G5A:85 B5ABK, ;01>@0B>@=K5 @01>B, @5H5=85 7040G. �06=CN 
@>;L 2 A>45@60=88 7040=89 B5:CI53> :>=B@>;O 83@05B ?@>D5AA8>=0;870F8O, 
?>MB><C 2 :064K9 20@80=B 2:;NG5=K ?@>D5AA8>=0;L=> =0?@02;5==K5 7040G8. 
#>@O4>: ?@>2545=8O ?@><56CB>G=>9 0BB5AB0F88 @53;0<5=B8@C5BAO 2 AB0BL5 58 
(545@0;L=>3> 70:>=0 >B 29.12.2012 N 273-(� «"1 >1@07>20=88 2 $>AA89A:>9 
(545@0F88». $5:><5=4C5BAO ?@>2>48BL ?@><56CB>G=CN 0BB5AB0F8N ?> 
>1I5>1@07>20B5;L=>9 48AF8?;8=5 «(878:0» 2 D>@<5 M:70<5=0. 1:70<5= <>65B 
1KBL >@30=87>20= 2 CAB=>9 D>@<5 (?> 18;5B0<). 
 

http://www.consultant.ru/document/cons_doc_LAW_140174/
http://www.consultant.ru/document/cons_doc_LAW_140174/


 

5 %ЭЗ% 

 

 

1.2 %8AB5<0 :>=B@>;O 8 >F5=:8 >A2>5=8O ?@>3@0<<K 48AF8?;8=K 

$57C;LB0BK >1CG5=8O $0745;/B5<0 (>@<K 8 
<5B>4K 
:>=B@>;O 8 
>F5=:8 
@57C;LB0B>2 
>1CG5=8O 

"� 01. �K18@0BL A?>A>1K 
@5H5=8O 7040G ?@>D5AA8>=0;L=>9 

45OB5;L=>AB8 ?@8<5=8B5;L=> : 

@07;8G=K< :>=B5:AB0< 

$0745; 1. &5<K 1.3 

$0745; 2. &5<K 2.1., 2.2., 2.3. 

$0745; 3. &5<K 3.2., 3.3., 3.4., 

3.5.$0745; 4. &5<K 4.2. 

$0745; 6. &5<K 6.2. 

- CAB=K9 

>?@>A; 
- D@>=B0;L=K
9 >?@>A; 
- >F5=:0 
?8AL<5==KE 

@01>B; 
- =01;N45=85 
70 E>4>< 
2K?>;=5=8O 

;01>@0B>@=KE 

@01>B; 
- >F5=:0 
2K?>;=5=8O 

;01>@0B>@=KE 

@01>B; 
- >F5=:0 70 
@5H5=8O 

:0G5AB25==KE, 
@0AG5B=KE, 
?@>D5AA8>=0;L
=> 

>@85=B8@>20==
KE 7040G; 
- >F5=:0 
B5AB>2KE 

7040=89; 
- =01;N45=85 
70 E>4>< 
2K?>;=5=8O 

8=48284C0;L=
KE ?@>5:B>2 8 
>F5=:0 
2K?>;=5==KE 

?@>5:B>2; 
- 2K?>;=5=85 
M:70<5=0F8>==
KE 7040=89 

"� 02. �A?>;L7>20BL 

A>2@5<5==K5 A@54AB20 ?>8A:0, 
0=0;870 8 8=B5@?@5B0F88 
8=D>@<0F88 8 8=D>@<0F8>==K5 
B5E=>;>388 4;O 2K?>;=5=8O 
7040G ?@>D5AA8>=0;L=>9 
45OB5;L=>AB8 

$0745; 1. &5<K 1.1., 1.2, 1.3 

$0745; 2. &5<K 2.3. 
$0745; 3. &5<K 3.1., 3.3. 

$0745; 4. &5<K 4.2. 

$0745; 5. &5<K 5.3. 
$0745; 6. &5<K 6.1. 
 $0745; 7. &5<K 7.2. 

"� 03. #;0=8@>20BL 8 

@50;87>2K20BL A>1AB25==>5 
?@>D5AA8>=0;L=>5 8 ;8G=>AB=>5 
@0728B85, ?@54?@8=8<0B5;LA:CN 

45OB5;L=>ABL 2 ?@>D5AA8>=0;L=>9 
AD5@5, 8A?>;L7>20BL 7=0=8O ?> 

D8=0=A>2>9 3@0<>B=>AB8 2 

@07;8G=KE 687=5==KE A8BC0F8OE 

$0745; 1. &5<K 1.1., 1.2, 1.3 

$0745; 2. &5<K 2.1., 2.2., 2.3. 

$0745; 3. &5<K 3.1., 3.2., 

3.3.,3.4.,3.5. 

$0745; 4. &5<K 4.1., 4.3. 

$0745; 5. &5<K 5.1. 
$0745; 6. &5<K 6.1., 
6.2. 

"� 04. 1DD5:B82=> 

2708<>459AB2>20BL 8 @01>B0BL 2 
:>;;5:B825 8 :><0=45 

$0745; 1. &5<K 1.3 

$0745; 2. &5<K 2.1., 2.3. 

$0745; 3. &5<K 3.2., 3.5. 

"� 05. "ACI5AB2;OBL CAB=CN 8 

?8AL<5==CN :><<C=8:0F8N =0 
3>AC40@AB25==>< O7K:5 
$>AA89A:>9 (545@0F88 A CG5B>< 
>A>15==>AB59 A>F80;L=>3> 8 

:C;LBC@=>3> :>=B5:AB0 

$0745; 1. &5<K 1.1., 1.2, 1.3 

$0745; 2. &5<K 2.1., 2.2., 2.3. 

$0745; 3. &5<K 3.1., 3.2., 

3.3.,3.4.,3.5. $0745; 4. &5<K 

4.1., 4.2. $0745; 5. &5<K 5.1., 
5.3.$0745; 6. &5<K 6.1., 6.2. 

$0745; 7. &5<K 7.2. 
"� 07. %>459AB2>20BL 

A>E@0=5=8N >:@C60NI59 

A@54K, @5AC@A>A15@565=8N, 
?@8<5=OBL 7=0=8O >1 

87<5=5=88 :;8<0B0, ?@8=F8?K 
15@56;82>3> ?@>872>4AB20, 
MDD5:B82=> 459AB2>20BL 2 

G@572KG09=KE A8BC0F8OE 

$0745; 2. &5<K 2.2., 2.3., 2.4. 

$0745; 5. &5<K 5.1. 

$0745; 6. &5<K 6.2. 

 

 

  



 

6 %ЭЗ% 

 

2 �>=B@>;L=>->F5=>G=K5 A@54AB20 

2.1  0B5@80;K 4;O B5:CI53> :>=B@>;O 

"F5=>G=K5 <0B5@80;K 4;O 2E>4=>3> :>=B@>;O 

 0:A8<0;L=>5 G8A;> 10;;>2, :>B>@>5 <>6=> ?>;CG8BL 70 ?@028;L=>5 
2K?>;=5=85 2E>4=>9 :>=B@>;L=>9 @01>BK, A>AB02;O5B 10 10;;>2 (1 10;; 70 :064>5 
?@028;L=> 2K?>;=5==>5 7040=85) 

"B<5B:0 ?> ?OB810;;L=>9 H:0;5 #5@28G=K5 10;;K 

«2» 0 3 4  

«3» 5 3 7  

«4» 8 3 9  

«5» 10 

 

#@>25@>G=0O @01>B0 

1. !0 @8AC=:5 ?>:070=0 <5=7C@:0 A 684:>ABLN. �K15@8B5 ?@028;L=>5 
CB25@645=85. 

1) *5=0 45;5=8O <5=7C@:8 @02=0 2 <;. 
2) "1J5< 684:>AB8 2 <5=7C@:5 1>;LH5 25 <;. 
3) *5=0 45;5=8O <5=7C@:8 @02=0 0,5 <;. 
4)  5=7C@:0 3 ?@81>@ 4;O 87<5@5=8O >1J5<0 
307>>1@07=KE B5;. 
 

   

 
2. !0 AB>;5 =0E>4OBAO B@8 1@CA:0 >48=0:>2KE @07<5@>2 8 <0AAK. �0:>9 87 =8E 
>:07K205B =0 AB>; <5=LH55 402;5=85? 

1) 1. 

2) 2. 

3) 3. 

4) �@CA:8 >:07K20NB 
>48=0:>2>5 402;5=85. 

     

 
3. 'AB0=>28B5 A>>B25BAB285 <564C D878G5A:8<8 ?>=OB8O<8 8 ?@8<5@0<8. � 
:064>9 ?>78F88 ?5@2>3> AB>;1F0 ?>415@8B5 A>>B25BAB2CNICN ?>78F8N 87 2B>@>3> 
AB>;1F0 8 70?8H8B5 2 B01;8FC 2K1@0==K5 F8D@K ?>4 A>>B25BAB2CNI8<8 1C:20<8. 

  

(���+�%��� #"!/&�/ 

�) D878G5A:0O 25;8G8=0 

�) 548=8F0 D878G5A:>9 25;8G8=K 

�) ?@81>@ 4;O 87<5@5=8O D878G5A:>9 
25;8G8=K 

#$� �$/ 

1) B5?;>?5@540G0 

2) @01>B0 A8;K 

3) :>=25:F8O 

4) <0=><5B@ 

5) <8;;8<5B@ 

�0?8H8B5 2 >B25B F8D@K, @0A?>;>682 8E 2 ?>@O4:5, A>>B25BAB2CNI5< 
1C:20< 

� � � 

   

  



 

7 %ЭЗ% 

 

4. !0 @8AC=:5 ?@54AB02;5=K 3@0D8:8 7028A8<>AB8 :>>@48=0BK I >B 2@5<5=8 t 
4;O G5BK@PE B5;, 4286CI8EAO 24>;L >A8 ОI. 

�A?>;L7CO @8AC=>:, 2K15@8B5 87 ?@54;>65==>3> ?5@5G=O 420 25@=KE CB25@645=8O. 
':068B5 8E =><5@0. 
   

1) &>G:0 � A>>B25BAB2C5B 2AB@5G5 B5; 2 8 3. 
2) � B>G:5 � =0?@02;5=85 A:>@>AB8 B5;0 2 
87<5=8;>AL =0 ?@>B82>?>;>6=>5. 
3) &5;> 2 42865BAO @02=>CA:>@5==>. 
4) &5;> 3 42865BAO @02=><5@=> ?@O<>;8=59=>. 
5) � =0G0;L=K9 <><5=B 2@5<5=8 B5;0 2 8 4 8<5;8 
>48=0:>2K5 :>>@48=0BK. 
  
5. !0 ?>:>OI55AO B5;>, =0E>4OI55AO =0 3;04:>9 3>@87>=B0;L=>9 ?;>A:>AB8, 2 
<><5=B 2@5<5=8 t =0 =0G8=0NB 459AB2>20BL 425 3>@87>=B0;L=K5 A8;K (A<. @8A.). 
"?@545;8B5, :0: ?>A;5 MB>3> 87<5=ONBAO A> 2@5<5=5< <>4C;L A:>@>AB8 B5;0 8 
<>4C;L CA:>@5=8O B5;0. 

                                                     
�;O :064>9 25;8G8=K >?@545;8B5 A>>B25BAB2CNI89 E0@0:B5@ 87<5=5=8O: 
1) C25;8G8205BAO 

2) C<5=LH05BAO 

3) =5 87<5=O5BAO 

�0?8H8B5 2 B01;8FC 2K1@0==K5 F8D@K 4;O :064>9 D878G5A:>9 25;8G8=K. *8D@K 2 
>B25B5 <>3CB ?>2B>@OBLAO. 
  

 >4C;L A:>@>AB8  >4C;L CA:>@5=8O 

  

  

6. �0= 3@0D8: 7028A8<>AB8 ?@>5:F88 A:>@>AB8 B5;0 >B 2@5<5=8. �0:>9 CG0AB>: 
3@0D8:0 A>>B25BAB2C5B @02=><5@=><C 42865=8N B5;0? 

   

 

1. "� 

2. �� 

3. �� 

4. �� 

 

7. 'AB0=>28B5 A>>B25BAB285 <564C D>@<C;0<8 4;O @0AGPB0 D878G5A:8E 25;8G8= 
8 =0720=8O<8 MB8E 25;8G8=. � D>@<C;0E 8A?>;L7>20=K >1>7=0G5=8O: m 4 <0AA0 
B5;0; υ 4 A:>@>ABL B5;0; a 4 CA:>@5=85 B5;0. � :064>9 ?>78F88 ?5@2>3> AB>;1F0 
?>415@8B5 A>>B25BAB2CNICN ?>78F8N 2B>@>3> AB>;1F0 8 70?8H8B5 2 B01;8FC 
2K1@0==K5 F8D@K ?>4 A>>B25BAB2CNI8<8 1C:20<8.  
          ("$ '��               (���+�%��/ ����+�!� 



 

8 %ЭЗ% 

 

 �) mυ 

 �) mɑ 

1) @01>B0 A8;K 

2) <>4C;L 8<?C;LA0 B5;0 

3) <>4C;L @02=>459AB2CNI59 A8;K 

4) 402;5=85 

  

8. !0 @8AC=:5 ?@54AB02;5= 3@0D8: 7028A8<>AB8 :>>@48=0BK B5;0 >B 2@5<5=8. 

                          
�<?;8BC40 8 ?5@8>4 :>;510=89 @02=K: 
1) 20 A<; 4 A         2) 0,2 <; 6 A           3) 0,2 <; 8 A          4) 20 A<; 12 A. 
  

9. 'AB0=>28B5 A>>B25BAB285 (;>38G5A:CN ?0@C). � :064>9 AB@>:5, >B<5G5==>9 
1C:2>9, ?>415@8B5 D>@<C;C, >1>7=0G5==CN F8D@>9. �0?8H8B5 2 B01;8FC 

2K1@0==K5 F8D@K ?>4 A>>B25BAB2CNI8<8 1C:20<8. 
  

�) �0:>= �C:0 

�) �0:>= 2A5<8@=>3> BO3>B5=8O 

�) �B>@>9 70:>= !LNB>=0 

�) %8;0 �<?5@0 

1. G mM / r
2
 

2. BIlsinα 

3. k Δl 

4. U / R 

5. mɑ 

                       

� � � � 

     

  

10.  %:>;L:> =59B@>=>2 A>45@68B O4@> 87>B>?0 <03=8O  

1) 25           2) 12             3) 37             4) 13. 

 

"&��&/ 

1 2 3 4 5 6 7 8 9 10 

3 1 � 3 2 

� 3 5 

� 3 4  

15 13 3 � 32 

� 3 3  

3 � 3 3 

� 3 1 

� 3 5 

� 3 2  

4 

 

 

"F5=>G=K5 <0B5@80;0 4;O B5:CI53> :>=B@>;O 

�@8B5@88 >F5=:8 B5AB>2KE @01>B.   0:A8<0;L=>5 G8A;> 10;;>2, :>B>@>5 <>6=> 
?>;CG8BL 70 ?@028;L=>5 2K?>;=5=85 2A59 B5AB>2>9 @01>BK, A>AB02;O5B 12 10;;>2 
(?> B5<5 «�>;=>2K5 A2>9AB20 A25B0» 3 13 10;;>2). &5AB>2>5 7040=85 >F5=8205BAO 1 
10;;><, 7040=85 A ?@>D5AA8>=0;L=>9 =0?@02;5==>ABLN 3 2 10;;0<8.  
"B<5B:0  ?> ?OB810;;L=>9 % 2K?>;=5=8O 7040=8O #5@28G=K5 10;;K 



 

9 %ЭЗ% 

 

H:0;5 

«2» <5=LH5 50% 0 3 5 0 3 6  

«3» 50% - 70%  6 3 8 7 3 9  

«4» 71% - 90%  9 3 10 10 3 11  

«5» 91% - 100%  11 3 12 12 3 13  

 

�@8B5@88 >F5=:8 @0AGPB=KE 7040G 

2 10;;0 3 ?@82545=> ?>;=>5 ?@028;L=>5 @5H5=85, 2:;NG0NI55 A;54CNI85 
M;5<5=BK: 
 �0?8A0=K D878G5A:85 70:>=><5@=>AB8, ?@8<5=5=85 :>B>@KE =5>1E>48<> 8 
4>AB0B>G=> 4;O @5H5=8O 40==>9 7040G8; 
 �K?>;=5=K =5>1E>48<K5 <0B5<0B8G5A:85 ?@5>1@07>20=8O 8 @0AGPBK 
(2>7<>6=>, A 2KG8A;5=85< ?@><56CB>G=KE 25;8G8=, B> 5ABL «?> G0ABO<»), ?>;CG5= 
25@=K9 >B25B (?@8 >:@C3;5=88 ?>3@5H=>ABL =5 4>;6=0 ?@52KH0BL 10%) A 
C:070=85< 548=8F 87<5@5=8O. 
1 10;; 3 ?@82545=> =5?>;=>5 @5H5=85 8;8 @5H5=85, A>45@60I55 >H81:8: 
 �0?8A0=K =5 2A5 =5>1E>48<K5 4;O @5H5=8O D878G5A:85 70:>=><5@=>AB8; 
 � 70?8AOE =5>1E>48<KE 4;O @5H5=8O D878G5A:8E 70:>=><5@=>ABOE 8<5NBAO 
>H81:8; 
 �>?CI5=K >H81:8 2 <0B5<0B8G5A:8E ?@5>1@07>20=8OE 8;8 2KG8A;5=8OE. 
0 10;;>2 3 @5H5=85 7040G8 ?>;=>ABLN =525@=>5 ��� >BACBAB2C5B. 
$5:><5=4C5<K5 :@8B5@88 >F5=820=8O :0G5AB25==KE 7040G 

2 10;;0 3 ?@82545=> ?>;=>5 ?@028;L=>5 @5H5=85, 2:;NG0NI55 A;54CNI85 
M;5<5=BK: 
 �5@=> C:070=K D878G5A:85 O2;5=8O ��� 70?8A0=K D878G5A:85 
70:>=><5@=>AB8, ?@8<5=5=85 :>B>@KE =5>1E>48<> 8 4>AB0B>G=> 4;O @5H5=8O 
40==>9 7040G8; 
 #@>2545=K :>@@5:B=K5 @0AAC645=8O, AD>@<C;8@>20= 25@=K9 >B25B. 
1 10;; 3 ?@82545=> =5?>;=>5 @5H5=85 8;8 @5H5=85, A>45@60I55 >H81:8: 
 �0?8A0=K =5 2A5 =5>1E>48<K5 4;O @5H5=8O D878G5A:85 O2;5=8O 8 
70:>=><5@=>AB8; 
 �5@=> C:070=K 2A5 =5>1E>48<K5 4;O @5H5=8O D878G5A:85 O2;5=8O 8 
70:>=><5@=>AB8, => >B25B O2=> =5 AD>@<C;8@>20=; 
 ':070=K D878G5A:85 O2;5=8O 8 70:>=><5@=>AB8, => 2 ?@8254P==KE 
@0AAC645=8OE A>45@60BAO >H81:8. 
0 10;;>2 3 @5H5=85 7040G8 ?>;=>ABLN =525@=>5 ��� >BACBAB2C5B. 
#5@52>4 2 ?OB810;;L=CN A8AB5<C: 

«5» «4» «3» «2» 

 

11-12 10;;>2 

 

8-10 10;;>2 

 

5-7 10;;>2 

 

4 10;;>2 8 <5=LH5 

 

  

�@8B5@88 >F5=:8 ;01>@0B>@=KE @01>B 

"F5=:0 «5» (>B;8G=>) AB028BAO, 5A;8 ABC45=B 2K?>;=O5B @01>BC 2 ?>;=>< 
>1J5<5 A A>1;N45=85< =5>1E>48<>9 ?>A;54>20B5;L=>AB8 ?@>2545=8O >?KB>2 8 



 

10 %ЭЗ% 

 

87<5@5=89; A0<>AB>OB5;L=> 8 @0F8>=0;L=> <>=B8@C5B =5>1E>48<>5 >1>@C4>20=85; 
2A5 >?KBK ?@>2>48B 2 CA;>28OE 8 @568<0E, >15A?5G820NI8E ?>;CG5=85 
?@028;L=KE @57C;LB0B>2 8 2K2>4>2; A>1;N405B B@51>20=8O ?@028; 157>?0A=>3> 
B@C40; 2 >BG5B5 ?@028;L=> 8 0::C@0B=> 2K?>;=O5B 2A5 70?8A8, B01;8FK, @8AC=:8, 
G5@B568, 3@0D8:8, 2KG8A;5=8O; ?@028;L=> 2K?>;=O5B 0=0;87 ?>3@5H=>AB59. 

"F5=:0 «4» (E>@>H>) AB028BAO, 5A;8 2K?>;=5=K B@51>20=8O : >F5=:5 5, => 
1K;> 4>?CI5=> 420-B@8 =54>G5B0, =5 1>;55 >4=>9 =53@C1>9 >H81:8 8 >4=>3> 
=54>G5B0. 

"F5=:0 «3» (C4>2;5B2>@8B5;L=>) AB028BAO, 5A;8 @01>B0 2K?>;=5=0 =5 
?>;=>ABLN, => >1J5< 2K?>;=5==>9 G0AB8 B0:>2, GB> ?>72>;O5B ?>;CG8BL 
?@028;L=K5 @57C;LB0BK 8 2K2>4K; 5A;8 2 E>45 ?@>2545=8O >?KB0 8 87<5@5=89 1K;8 
4>?CI5=K >H81:8. 

"F5=:0 «2» (=5C4>2;5B2>@8B5;L=>) AB028BAO, 5A;8 @01>B0 2K?>;=5=0 =5 
?>;=>ABLN 8 >1J5< 2K?>;=5==>9 G0AB8 @01>BK =5 ?>72>;O5B A45;0BL ?@028;L=KE 
2K2>4>2; 5A;8 >?KBK, 87<5@5=8O, 2KG8A;5=8O, =01;N45=8O ?@>872>48;8AL 
=5?@028;L=>. 
�01>@0B>@=0O @01>B0 №1 "?@545;5=85 CA:>@5=8O A2>1>4=>3> ?045=8O ?@8 ?><>I8 

<0OB=8:0. �7CG5=85 70:>=0 A>E@0=5=8O <5E0=8G5A:>9 M=5@388 

"?@545;5=85 CA:>@5=8O A2>1>4=>3> ?045=8O ?@8 ?><>I8 <0OB=8:0 

*5;L: >?@545;8BL CA:>@5=85 A2>1>4=>3> ?045=8O. 
"1>@C4>20=85: HB0B82, H0@8: =0 =8B8, G0AK, ;8=59:0. 
)>4 @01>BK: 
1. %>15@8B5 M:A?5@8<5=B0;L=CN CAB0=>2:C. 
'AB0=>28B5 HB0B82 =0 :@0N AB>;0 8 ?>425ALB5 : =5<C H0@8: B0:, GB>1K >= <>3, A>25@H0BL 
:>;510=8O =5 :0A0OAL, ?>;0 (1-2 A< >B ?>;0). �;8=0 =8B8 4>;6=0 1KBL <0:A8<0;L=> 
2>7<>6=>9. 
2. %45;09B5 =5>1E>48<K5 87<5@5=8O: 

0) �7<5@LB5 ;8=59:>9 4;8=C ℓ<0OB=8:0. 
l=_________<. 
1) "B:;>=8B5 H0@8: 2 AB>@>=C =0 5-8 A<. 8, >B?CAB82 53>, >BAG8B09B5 N1 = 50 

?>;=KE :>;510=89 H0@8:0. �0<5@LB5 ?> A5:C=4><5@C 2@5<O, t2 B5G5=85 :>B>@>3> 
>=8 A>25@H0;8AL.  
2) "?KB ?>2B>@8B5 5IP 2 @070, 87<5=82 :>;8G5AB2> ?>;=KE :>;510=89. 

3. %45;09B5 @0AGPBK: 
0) "?@545;8B5 ?5@8>4 :>;510=89 ?> D>@<C;5: & =    

& 1 = ___________A. 
& 2 = ___________A. 
& 3 = ___________A. 

1) "?@545;8B5 CA:>@5=85 A2>1>4=>3> ?045=8O ?> D>@<C;5: g = 
         

g 1 = ___________
   . 

g2 = ___________
    . 

g3 = ___________
    . 

2) !0948B5 A@54=55 7=0G5=85 CA:>@5=8O A2>1>4=>3> ?045=8O ?> D>@<C;5: gA@=           

4. $57C;LB0BK 87<5@5=89 8 2KG8A;5=89 70=5A8B5 2 B01;8FC: 



 

11 %ЭЗ% 

 

5. %@02=8B5 ?>;CG5==K9 @57C;LB0B g (
    A B01;8G=K< 7=0G5=85< CA:>@5=8O 

A2>1>4=>3> ?045=8O. 
6. %45;09B5 2K2>4 > ?@>45;0==>9 @01>B5.  
7. �09B5 >B25B =0 2>?@>A: :0: 87<5=8BAO ?5@8>4 :>;510=89 =8BO=>3> <0OB=8:0, 
5A;8 4;8=C =8B8 C<5=LH8BL 2 2 @070? 

�7CG5=85 70:>=0 A>E@0=5=8O <5E0=8G5A:>9 M=5@388 

*5;L: =0CG8BLAO 87<5@OBL ?>B5=F80;L=CN M=5@38N ?>4=OB>3> =04 75<;59 B5;0 8 
45D>@<8@>20==>9 ?@C68=K; A@02=8BL 420 7=0G5=8O ?>B5=F80;L=>9 M=5@388 
A8AB5<K. 
"1>@C4>20=85: HB0B82 A <CDB>9 8 ;0?:>9, 48=0<><5B@ ;01>@0B>@=K9, ;8=59:0, 
3@C7 <0AA>9 m =0 =8B8 4;8=>9 l. 

)>4 @01>BK: 
1. %>15@8B5 CAB0=>2:C, ?>:070==CN =0 @8AC=:5. 
�8=0<><5B@ C:@5?;O5BAO 2 ;0?:5 HB0B820! 
2. #@>2548B5 >?KBK 8 =5>1E>48<K5 87<5@5=8O:  
0) #@82O68B5 3@C7 : =8B8, 4@C3>9 :>=5F =8B8 
?@82O68B5 : :@NG:C 48=0<><5B@0 8 87<5@LB5 25A 
3@C70 P=m∙g (2 40==>< A;CG05 25A 3@C70 @025= 53> 
A8;5 BO65AB8). 
1) �7<5@LB5 4;8=C l =8B8, =0 :>B>@>9 ?@82O70= 
3@C7. 
2) #>4=8<8B5 3@C7 4> B>G:8 0 (>B<5G5==>9 =0 
48=0<><5B@5). 
3) "B?CAB8B5 3@C7, 87<5@LB5 48=0<><5B@>< 
<0:A8<0;L=CN A8;C C?@C3>AB8 Fynp 8 ;8=59:>9 
<0:A8<0;L=>5 @0ABO65=85 ?@C68=K Δl, >BAG8BK20O 53> >B =C;52>3> 45;5=8O 
48=0<><5B@0. 
3. %45;09B5 @0AGPBK: 
0) �KG8A;8B5 2KA>BC, A :>B>@>9 ?0405B 3@C7: h = l + Δl (MB> 2KA>B0, =0 :>B>@CN 
A<5I05BAO F5=B@ BO65AB8 3@C70). 
1) �KG8A;8B5 ?>B5=F80;L=CN M=5@38N ?>4=OB>3> 3@C70 �'? = m∙g ∙ (l + Δl). 
2) �KG8A;8B5 M=5@38N 45D>@<8@>20==>9 ?@C68=K E"? = FC?@ ∙Δl/2. 
3) %@02=8B5 7=0G5=8O M=5@389 �'? 8 E"?.#>4C<09B5, ?>G5<C 7=0G5=8O MB8E 
M=5@389 A>2?040NB =5 A>2A5< B>G=>. 
4. $57C;LB0BK 87<5@5=89 8 2KG8A;5=89 70=5A8B5 2 B01;8FC: 
 P=m∙g, !       l, <            Δl, <               FC?@ , !       h = l + Δl, <   �'?, �6   E"?, �6  
       

       

5. %45;09B5 2K2>4 > ?@>45;0==>9 @01>B5. 
%8AB5<0 >BAG5B0. #5@5<5I5=85. 

№ 
>?KB0 l, < N t, A &, A g, 

    gA @ , 
    

1       

2     

3     

$ис.2 



 

12 %ЭЗ% 

 

%:>@>ABL @02=><5@=>3> ?@O<>;8=59=>3> 42865=8O  
1. !5:>B>@K9 25:B>@ A>AB02;O5B C3>; 30> A >ALN 8:A. &>340, MB>B 25:B>@ 1C45B... 
1) "B@8F0B5;L=K< 

2) #>;>68B5;L=K< 

3) $025= =C;N 

4) �81> >B@8F0B5;L=K<, ;81> ?>;>68B5;L=K<, => =5 @02=K< =C;N 

2. �K15@5B5 25@=K5 CB25@645=8O 

1) $048CA-25:B>@ A>548=O5B =0G0;> :>>@48=0B 8 40==CN B>G:C ?@>AB@0=AB20 

2) �;8=0 @048CA-25:B>@0 7028A8B >B 2K1>@0 =0G0;0 :>>@48=0B 

3) �=0G5=85 @048CA-25:B>@0 =5 <>65B 1KBL >B@8F0B5;L=K< 

4) $048CA-25:B>@>< <>6=> ?>;L7>20BLAO B>;L:> 2 A8AB5<5 :>>@48=0B =0 ?;>A:>AB8 

3. �K15@5B5 25@=K5 CB25@645=8O 

1) #5@5<5I5=85 - MB> @048CA-25:B>@ 

2) #5@5<5I5=85 =5 <>65B 1KBL 1>;LH5 ?@>945==>3> ?CB8 

3) #@>945==K9 ?CBL - MB> @048CA-25:B>@ 

4) #5@5<5I5=85 - MB> 25:B>@=0O 25;8G8=0 

5) #@>945==K9 ?CBL - MB> 25:B>@=0O 25;8G8=0 

4. #@8 @02=><5@=>< ?@O<>;8=59=>< 42865=88... 
ВO59D<F9 A9E>B?P>B <; 4 64D<4AFB6 BF69F4: 
1) %:>@>ABL 2A5340 ?>;>68B5;L=0O  
2) �@0D8: 7028A8<>AB8 A:>@>AB8 B5;0 >B 2@5<5=8 ?@54AB02;O5B A>1>9 
3>@87>=B0;L=CN ?@O<CN 

3) �@0D8: 7028A8<>AB8 ?>;>65=8O B5;0 >B 2@5<5=8 ?@54AB02;O5B A>1>9 
3>@87>=B0;L=CN ?@O<CN 

4) �A5340 <>6=> 2K1@0BL B0:CN A8AB5<C :>>@48=0B, 2 :>B>@>9 4>AB0B>G=> >4=>9 
:>>@48=0BK, GB>1K >?8A0BL 42865=85 

5. !0 @8AC=:5 ?>:070=K 3@0D8:8 7028A8<>AB8 ?>;>65=89 B@5E B5; >B 2@5<5=8. 
'A;>2=> =07>25< MB8 B5;0 1, 2, 3 (2 A>>B25BAB288 A ;8=8O<8 =0 3@0D8:5). &>340... 
И;B5D4:9A<9: 

 

 

1) �0:>5 B5;> 428305BAO 1KAB@55 _____ 

2) �0:85 B5;0 42830NBAO 2 
?@>B82>?>;>6=KE =0?@02;5=8OE ______ 

6. � =5:>B>@>9 8=5@F80;L=>9 A8AB5<5 
>BAGPB0 B>G:0 N 8<55B :>>@48=0BK (1;3). 
!0948B5 4;8=C @048CA-25:B>@0, 
>?8AK20NI53> ?>;>65=85 B>G:8 N. 

7.  >4C;L 25:B>@0 4 @025= 15 25:B>@ 4 

?5@?5=48:C;O@5= >A8 G. &>340... 
1) #@>5:F8O 25:B>@0 4 =0 >AL I @02=0 
____________ 

2) #@>5:F8O 25:B>@0 4 =0 >AL G @02=0 ____________ 

8.  >4C;L 25:B>@0 4 @025= 8 8 25:B>@ 4 A>AB02;O5B C3>; 30 3@04CA>2 A >ALN I. 

&>340... 
1) #@>5:F8O 25:B>@0 4 =0 >AL I @02=0 _____ 

2) #@>5:F8O 25:B>@0 4 =0 >AL G @02=0 _____ 



 

13 %ЭЗ% 

 

9. &5;> ?5@5<5AB8;>AL 87 B>G:8 M (2;3) 2 B>G:C N (7;8). !0948B5 <>4C;L 
?5@5<5I5=8O 40==>3> B5;0. 
10. &5;> ?5@5<5AB8;>AL 87 B>G:8 M (2;5) 2 B>G:C N (5;8) 70 5 A5:C=4. !0948B5 
<>4C;L A:>@>AB8 40==>3> B5;0. 
11.&5;> ?5@5<5AB8;>AL 87 B>G:8 M (5;5) 2 B>G:C N (9;8). !0948B5 C3>; (2 3@04CA0E) 
<564C =0?@02;5=85< 25:B>@0 A:>@>AB8 8 >ALN I. 

12. ВBCDBE: 
#>;>65=85 42CE B5; >?8AK205BAO A;54CNI8<8 C@02=5=8O<8: x1(t)=4+2t; x2(t)=8t. 

!0 :0:>< @0AAB>O=88 (2 <) >B =0G0;0 >BAG5B0 MB8 B5;0 2AB@5BOBAO? 

13. ВBCDBE: 
� =0G0;L=K9 <><5=B 2@5<5=8, 3@C7>28: 8<55B :>>@48=0B0 3@C7>28:0 @02=0 E0=-5 <, 
0 :>>@48=0B0 ;53:>2>9 <0H8=K E0=1900 <. %:>@>ABL 3@C7>28:0 @02=0 15 </A. �A;8 
>=8 2AB@5B8;8AL G5@57 30 A5:C=4 ?>A;5 =0G0;0 42865=8O, B> :0:>20 A:>@>ABL 
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3. �CG ?5@5E>48B 87 2>4K 2 A:8?840@. !0 :0:>< 87 @8AC=:>2 ?@028;L=> 
87>1@065= E>4 ;CG0? #>:070B5;L ?@5;><;5=8O 2>4K 1,33, A:8?840@0 3 1,6. 

  

  

   
 

4. '3>; ?045=8O ;CG0 @025= 50º. '3>; >B@065=8O ;CG0 @025=. 
1) 90º.           2) 40º.            3) 50º.            4) 100º. 
5. #@54<5B =0E>48BAO <564C D>:CA>< F 8 42>9=K< D>:CA>< 2F @0AA5820NI59 
;8=7K. �7>1@065=85 ?@54<5B0 &  
1) & <=8<>5, ?@O<>5, C25;8G5==>5. 
2) & 459AB28B5;L=>5, ?5@525@=CB>5, C25;8G5==>5. 
3) & <=8<>5, ?@O<>5, C<5=LH5==>5. 
4) & 459AB28B5;L=>5, ?5@525@=CB>5, C<5=LH5==>5. 
6. %25B>2>9 ?CG>: 2KE>48B 87 AB5:;0 2 2>74CE. +B> ?@>8AE>48B ?@8 MB>< A 
G0AB>B>9 M;5:B@><03=8B=KE :>;510=89 2 A25B>2>9 2>;=5 8 A:>@>ABLN 8E 
@0A?@>AB@0=5=8O? 

1) +0AB>B0 8 A:>@>ABL C25;8G820NBAO. 
2) +0AB>B0 3 C25;8G8205BAO, A:>@>ABL 3 C<5=LH05BAO. 
3) +0AB>B0 8 A:>@>ABL =5 87<5=ONBAO. 
4) +0AB>B0 3 =5 87<5=O5BAO, A:>@>ABL 3 C25;8G8205BAO. 
7. (878G5A:0O 25;8G8=0, @02=0O >B=>H5=8N A25B>2>3> ?>B>:0, ?040NI53> =0 
?>25@E=>ABL, : ?;>I048 MB>9 ?>25@E=>AB8, =07K205BAO & 
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1) & A8;>9 A25B0. 
2) & O@:>ABLN. 
3) & >A25I5==>ABLN. 
4) & B5;5A=K< C3;><. 
8. ':068B5 B>G:C, 2 :>B>@>9 =0E>48BAO 87>1@065=85 A25BOI59AO B>G:8 S (A<. 
@8AC=>:), A>740205<>5 B>=:>9 A>18@0NI59 ;8=7>9. 

1) 1. 

2) 2. 

3) 3. 

4) 4. 

                
  

9. 'AB0=>28B5 A>>B25BAB285 <564C >?B8G5A:8< ?@81>@>< (CAB@>9AB2><) 8 
B8?>< 87>1@065=8O, ?>;CG5==K< A 53> ?><>ILN. 

"?B8G5A:85 ?@81>@K &8? 87>1@065=8O 

�)  C;LB8<5480 
?@>5:B>@ 

�) �25@=>9 3;07>: 

1) '<5=LH5==>5, <=8<>5. 
2) '25;8G5==>5, 459AB28B5;L=>5. 
3) '<5=LH5==>5, 459AB28B5;L=>5. 
4) '25;8G5==>5, <=8<>5. 

� � 

  

" B 2 5 B:  
10. �K15@8B5 2A5 25@=K5 CB25@645=8O > D878G5A:8E O2;5=8OE, 25;8G8=0E 8 
70:>=><5@=>ABOE. �0?8H8B5 F8D@K, ?>4 :>B>@K<8 >=8 C:070=K. 
1) � >4=>@>4=>9 ?@>7@0G=>9 A@545 A25B @0A?@>AB@0=O5BAO ?@O<>;8=59=>. 
2) #@8 ?@5;><;5=88 M;5:B@><03=8B=KE 2>;= =0 3@0=8F5 42CE A@54 A:>@>ABL 
2>;=K =5 87<5=O5BAO. 
3) /2;5=85 ?>;=>3> 2=CB@5==53> >B@065=8O <>65B =01;N40BLAO B>;L:> ?@8 
C3;0E ?045=8O 1>;LH5 ?@545;L=>3>. 
4) %>18@0NI0O ;8=70 <>65B 4020BL :0: <=8<K5, B0: 8 459AB28B5;L=K5 
87>1@065=8O. 
11. �>?@>A A ?@>D5AA8>=0;L=>9 =0?@02;5==>ABLN: 
� ?><5I5=88 4;O A>740=8O >?@545;5==>3> 8=B5@L5@0 8A?>;L7CNB 45:>@0B82=K5 
;0<?K. �0:0O 87 ;0<? 3 :@0A=0O 8;8 75;5=0O 3 1C45B 8A?CA:0BL 1>;LH89 A25B>2>9 
?>B>:, 5A;8 8E <>I=>AB8 >48=0:>2K? 

"1JOA=8B5, :0:85 ?@58<CI5AB20 ?@54AB02;O5B A?>A>1 >A25I5=8O ?><5I5=89, ?@8 
:>B>@>< >A25B8B5;L=K5 ?@81>@K @07<5I0NB B0:8< >1@07><, GB> A25B, A>740205<K9 
8<8, =5 ?>?0405B =0 @01>G85 <5AB0, 0 >A25I05B 15;K9 ?>B>;>: ?><5I5=8O.  

"&��&/ 

1 2 3 4 5 6 7 8 9 10 

3 3 2 3 3 4 3 2 21 134 

 

�>;=>2K5 A2>9AB20 A25B0 

1. �0: 87<5=8BAO 4;8=0 2>;=K :@0A=>3> 87;CG5=8O ?@8 ?5@5E>45 A25B0 87 
2>74CE0 2 2>4C? 

1) '<5=LH05BAO. 
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2) '25;8G8205BAO. 
3) !5 87<5=O5BAO. 
2. �0:>5 87 ?@82545==KE =865 2K@065=89 >?@545;O5B ?>=OB85 8=B5@D5@5=F88? 

1) !0;>65=85 :>35@5=B=KE 2>;=. 
2) $07;>65=85 A25B0 2 A?5:B@ ?@8 ?@5;><;5=88. 
3) "3810=85 2>;=>9 ?@5?OBAB289. 
3. �0:>5 87 =01;N405<KE O2;5=89 >1JOA=O5BAO 48D@0:F859 A25B0? 

1) �7;CG5=85 A25B0 ;0<?>9 =0:0;820=8O. 
2) $04C6=0O >:@0A:0 :><?0:B-48A:>2. 
3) $04C6=0O >:@0A:0 B>=:8E <K;L=KE ?;5=>:. 
4) $04C30. 

  

4. %25B :0:>3> F25B0 <5=LH5 4@C38E >B:;>=O5BAO ?@87<>9 A?5:B@>A:>?0? 

1) (8>;5B>2>3>. 
2) %8=53>. 
3) �5;5=>3>. 
4) �@0A=>3>. 
5. �0:85 87 ?@82545==KE =865 2K@065=89 O2;ONBAO CA;>285< =01;N45=8O 
3;02=KE <0:A8<C<>2 2 A?5:B@5 48D@0:F8>==>9 @5H5B:8 A ?5@8>4>< d ?>4 C3;>< φ? 

1) d sin φ = k λ.    

2) d EBs φ = k λ.    

3) d sin φ = (2k + 1) λ/2.  

4) d EBs φ = (2k + 1) λ/2.  

6. �0:>5 O2;5=85 4>:07K205B ?>?5@5G=>ABL A25B>2KE 2>;=? 

1) �8A?5@A8O. 
2) "B@065=85. 
3) #@5;><;5=85. 
4) #>;O@870F8O. 
7. �0:>5 87 ?5@5G8A;5==KE =865 M;5:B@><03=8B=KE 87;CG5=89 8<55B 
=08<5=LHCN 4;8=C 2>;=K? 

1) �7;CG5=85 2848<>3> A?5:B@0. 
2) $048>2>;=K. 
3) $5=B35=>2A:>5 87;CG5=85. 
4) ';LB@0D8>;5B>2>5 87;CG5=85. 
8. ':068B5 2A5 ?@028;L=K5 >B25BK. �25 A25B>2K5 2>;=K O2;ONBAO 
:>35@5=B=K<8, 5A;8 & 

1) & 2>;=K 8<5NB >48=0:>2CN G0AB>BC (ν1 = ν2). 

2) & 2>;=K 8<5NB ?>AB>O==CN @07=>ABL D07 :>;510=89 (Δφ = A>nst). 
3) & 2>;=K 8<5NB >48=0:>2CN G0AB>BC (ν1 = ν2) 8 ?>AB>O==CN @07=>ABL D07 
:>;510=89 (Δφ = A>nst). 
4) & 2>;=K 8<5NB @07=CN G0AB>BC (ν1 ≠ ν2) 8 ?>AB>O==CN @07=>ABL D07 
:>;510=89 (Δφ = A>nst). 

  

9. �0:85 87 87;CG5=89 8A?>;L7CNBAO 4;O 8AA;54>20=8O AB@C:BC@K 8 2=CB@5==8E 
45D5:B>2 B25@4KE B5; 8 :>=AB@C:F89? 

�. ';LB@0D8>;5B>2>5 87;CG5=85. 
�. �0<<0-87;CG5=85. 
�. �848<>5 87;CG5=85. 

1) �. 
2) � 8 �. 
3) �, �, �. 
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�. $048>2>;=K. 
�. $5=B35=>2A:>5 87;CG5=85. 

4) � 8 �. 

 

10. !0 @8AC=:5 ?@82545=K A?5:B@ ?>3;>I5=8O @07@565==KE 0B><0@=KE ?0@>2 
=58725AB=>3> 3070 (2 A5@548=5) 8 A?5:B@K ?>3;>I5=8O ?0@>2 2>4>@>40 8 35;8O. � 
A>AB02 =58725AB=>3> 3070 2E>48B(-OB) &  

  
 

1) �>4>@>4. 
2) �5;89. 
3) �>4>@>4 8 35;89. 
4) !8 2>4>@>4, =8 35;89. 

 

11. �20 02B><>18;O 4286CBAO 2 >4=>< 8 B>< 65 =0?@02;5=88 A> A:>@>ABO<8 υ1 8 
υ2 >B=>A8B5;L=> ?>25@E=>AB8 �5<;8. %:>@>ABL A25B0 >B D0@ ?5@2>3> 02B><>18;O 2 
A8AB5<5 >BAG5B0, A2O70==>9 A 4@C38< 02B><>18;5<, @02=0: 
1) A + (υ1 + υ2). 

2) A. 
3) A + (υ1 - υ2). 

12. �>?@>A A ?@>D5AA8>=0;L=>9 =0?@02;5==>ABLN: 
#@8 8A?>;L7>20=88 :0:>3> 2840 87;CG5=8O ;CGH5 2A53> ?@>8AE>48B ACH:0 
>:@0H5==KE ?><5I5=89? 

"1JOA=8B5, ?>G5<C @BCB=K5 ;0<?K C;LB@0D8>;5B>2>3> 87;CG5=8O 45;0NB 87 
:20@F52>3>, 0 =5 87 >1KG=>3> AB5:;0? 

  

"&��&/ 

1 2 3 4 5 6 7 8 9 10 11 

1 1 2 4 1 4 3 3 4 1 2 

  

 

 �20=B>20O D878:0  
�040G0 №1. !09B8 25;8G8=C 70?8@0NI53> =0?@O65=8O 4;O D>B>M;5:B@>=>2 ?@8 
>A25I5=88 <5B0;;0 A25B>< A 4;8=>9 2>;=K 350 =<. �@0A=0O 3@0=8F0 D>B>MDD5:B0 
4;O <5B0;;0 6,2 • 10-5

 A<. 
�040G0 №2. $0AAG8B09B5, 70 :0:>5 2@5<O :>;8G5AB2> 0B><>2 9>40- 131 C<5=LH8BAO 2 
2000 @07. #5@8>4 ?>;C@0A?040 @048>0:B82=>3> 9>40-131 @025= 8 ACB. 
�040G0 №3. $0AAG8B09B5 M=5@38N A2O78 8 C45;L=CN M=5@38N A2O78, 45D5:B <0AAK 
O4@0 C3;5@>40 12

6%.  
�040G8 A ?@>D5AA8>=0;L=>9 =0?@02;5==>ABLN 

1. �0BG8:8 42865=8O 8A?>;L7CNB 4;O C?@02;5=8O A25B>< 2 ?>4J5745, =0 2E>45 2 
4>< 8 2 4@C38E <5AB0E. �04<852K5 D>B>M;5<5=BK ;560B 2 >A=>25 8E CAB@>9AB20. 
�C45B ;8 @01>B0BL D>B>M;5<5=B, B> 5ABL, 2>7=8:=5B ;8 D>B>MDD5:B 2 :04<88 ?>4 
459AB285< >1;CG5=8O, 8<5NI53> 4;8=C 2>;=K 450=<? 

2. �075@=K9 =825;8@ 8A?>;L7C5BAO AB@>8B5;O<8 4;O A>1;N45=8O ?@028;L=>9 
35><5B@88 AB5=, ?>B>;:>2, >B:>A>2, >B45;>G=8:0<8 4;O @>2=>9 C:;04:8 AB5=>2KE 
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?>:@KB89, 2K@02=820=8O ?>;0 8 AB5=, ?5@5=>A0 =0 AB5=K 8 ?>B>;:8 M;5<5=B>2 
48709=0 A 48709=-?@>5:B0. �>;55 @0A?@>AB@0=5=K =825;8@K A ;075@>< :@0A=>3> 
F25B0 (650 =<). "?@545;8BL <>I=>ABL 87;CG5=8O ;075@=>3> =825;8@0, 5A;8 70 1A 
87;CG05BAO 9·1024

 D>B>=>2.  
3. #@8 ?@>2545=88 AB@>8B5;L=KE 8 >B45;>G=KE @01>B 8A?>;L7CNB ;075@=K5 C@>2=8 
8 ;075@=K5 @C;5B:8.  >I=>ABL 87;CG5=8O ;075@=>9 @C;5B:8 A 4;8=>9 2>;=K λ = 
600 =< @02=0 P = 2 <�B. "?@545;8B5 G8A;> D>B>=>2, 87;CG05<KE @C;5B:>9 70 1A. 
 

(878:0 0B><0 8 0B><=>3> O4@0 

 

1. �0:85 87 ?@82545==KE =865 CB25@645=89 A>>B25BAB2CNB A<KA;C ?>ABC;0B>2 
�>@0? ':068B5 2A5 ?@028;L=K5 >B25BK. 
1) � 0B><5 M;5:B@>=K 4286CBAO ?> :@C3>2K< >@18B0< 8 87;CG0NB ?@8 MB>< 
M;5:B@><03=8B=K5 2>;=K. 
2) �B>< <>65B =0E>48BAO B>;L:> 2 >4=>< 87 AB0F8>=0@=KE A>AB>O=89, 2 
AB0F8>=0@=KE A>AB>O=8OE 0B>< M=5@38N =5 87;CG05B. 
3) �B>< A>AB>8B 87 O4@0 8 M;5:B@>=>2. �0@O4 8 ?>GB8 2AO <0AA0 0B><0 
A>A@54>B>G5=K 2 O4@5. 
4) #@8 ?5@5E>45 87 >4=>3> AB0F8>=0@=>3> A>AB>O=8O 2 4@C3>5 0B>< ?>3;>I05B 
8;8 87;CG05B :20=B M;5:B@><03=8B=>3> 87;CG5=8O. 
2. �0:>5 O2;5=85 8A?>;L7C5BAO 2 >?B8G5A:8E :20=B>2KE 35=5@0B>@0E? 

�. %?>=B0==>5 87;CG5=85. 
�. �=4CF8@>20==>5 87;CG5=85. 

1) �.           2) �.             3) � 8 �.              4) !8 �, =8 �. 
3. %@02=8B5 A8;K O45@=>3> ?@8BO65=8O <564C 42C<O ?@>B>=0<8 Fpp, 42C<O 
=59B@>=0<8 Fnn, 0 B0:65 <564C ?@>B>=>< 8 =59B@>=>< Fpn. 

1) Fnn > Fpn > Fpp.                         3) Fnn j Fpn j Fpp. 

2) Fnn j Fpn > Fpp.                         4) Fnn < Fpn < Fpp. 

4. +B> >7=0G0NB F8D@K C O4@0 0B><0 07>B0 14
7N? 

1) 7 3 G8A;> M;5:B@>=>2, 14 3 G8A;> ?@>B>=>2. 
2) 7 3 G8A;> =59B@>=>2, 14 3 G8A;> ?@>B>=>2. 
3) 7 3 G8A;> ?@>B>=>2, 14 3 G8A;> ?@>B>=>2 8 =59B@>=>2. 
4) 7 3 G8A;> M;5:B@>=>2, 14 3 G8A;> =59B@>=>2. 
5. +B> ?@54AB02;O5B A>1>9 β-87;CG5=85? 

1) #>B>: 1KAB@KE M;5:B@>=>2. 
2) #>B>: =59B@>=>2. 
3) #>B>: :20=B>2 M;5:B@><03=8B=>3> 87;CG5=8O. 
4) #>B>: O45@ 35;8O. 
6. 1;5<5=B �ZX 8A?KB0; α-@0A?04. �0:>9 70@O4 8 <0AA>2>5 G8A;> 1C45B C =>2>3> 
M;5<5=B0 Υ? 
1) 

A
Z+1Y.         2) 

A-4
Z-2Y.        3) 

A-2
Z-4Y.         4) 

A
Z-1Y. 

  

7. �0:>2> A>>B=>H5=85 <564C <0AA>9 @048>0:B82=>3> O4@0 Мя 8 AC<<>9 <0AA 
A2>1>4=KE ?@>B>=>2 Z·mp 8 A2>1>4=KE =59B@>=>2 N·mn, 87 :>B>@KE A>AB02;5=> MB> 
O4@>. ':068B5 ?@028;L=K9 >B25B. 
1) Мя = (Z·mp + N·mn). 

2) Мя < (Z·mp + N·mn). 

3) Мя > (Z·mp + N·mn). 
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8. �0= 3@0D8: 7028A8<>AB8 G8A;0 =5 @0A?02H8EAO O45@ M@18O >B 2@5<5=8. �0:>2 
?5@8>4 ?>;C@0A?040 MB>3> 87>B>?0 M@18O?  
1) 50 G. 
2) 100 G. 
3) 150 G. 
4) 200 G. 

 
 

 

9. �0:>5 87 ?@82545==KE =865 2K@065=89 >?@545;O5B ?>=OB85 F5?=0O O45@=0O 
@50:F8O? ':068B5 ?@028;L=K9 >B25B. 
1) #@>F5AA A0<>?@>872>;L=>3> @0A?040 O45@ 0B><>2 =5:>B>@KE E8<8G5A:8E 
M;5<5=B>2. 
2) #@>F5AA ?@52@0I5=8O 0B><=KE O45@, ?@>8AE>4OI89 2 @57C;LB0B5 8E 
2708<>459AB28O A M;5<5=B0@=K<8 G0AB8F0<8 8;8 4@C3 A 4@C3><. 
3) #@>F5AA 45;5=8O 0B><=KE O45@ =5:>B>@KE E8<8G5A:8E M;5<5=B>2, 
?@>8AE>4OI89 ?>4 459AB285< =59B@>=>2, >1@07CNI8EAO 2 ?@>F5AA5 A0<>9 O45@=>9 
@50:F88. 
10.  �0:85 25I5AB20 87 ?5@5G8A;5==KE =865 <>3CB 1KBL 8A?>;L7>20=K 2 
O45@=KE @50:B>@0E 2 :0G5AB25 70<54;8B5;59 =59B@>=>2? 

�. �@0D8B.      �. �04<89.       �. &O65;0O 2>40.         �. �>@. 
1) � 8 �.                    3) � 8 �. 
2) � 8 �.                     4) � 8 �. 

  

11. �>?@>A A ?@>D5AA8>=0;L=>9 =0?@02;5==>ABLN: 
#@8 AB@>8B5;LAB25 >ACI5AB2;ONB ?@>25@:C 25@B8:0;L=>AB8 :>=AB@C:F89 8 740=89 
A ?><>ILN ;075@=KE ?@81>@>2 3 #��-1, ��*-1, ;075@=>3> B5>4>;8B0 3 �&-75, 

;075@=>3> 40;L=><5@0 A C@>2=5<. +B> B0:>5 ;075@? "1JOA=8B5 ?@8=F8? 459AB28O 
;075@=KE ?@81>@>2. 
� A>AB02 15B>=0, 87 :>B>@>3> 2K?>;=ONB >1>;>G:C �1%, 4>102;ONB A28=5F (Pb), 
53> A>548=5=8O, 0 B0:65 25I5AB20, A>45@60I85 1>@ 8 ;8B89. "1JOA=8B5, ?>G5<C 
B0:85 4>102:8 ?>2KH0NB 70I8B=K5 A2>9AB20 15B>=0 >B @048>0:B82=>3> 87;CG5=8O. 

"&��&/ 

1 2 3 4 5 6 7 8 9 10 

24 2 3 3 1 2 2 1 3 1 

 

#>43>B>2:0 A>>1I5=8O (4>:;040) 
#@8 ?>43>B>2:5 A>>1I5=8O =5>1E>48<> ?@845@6820BLAO >?@545;5==>9 

?>A;54>20B5;L=>AB8: 
1. #>41>@ 8 87CG5=85 >A=>2=KE 8AB>G=8:>2 ?> B5<5, =5>1E>48<K5 
8AB>G=8:8 8=D>@<0F88 C:070=K 2 @0745;5 @5:><5=4C5<0O ;8B5@0BC@0; 
2. "1@01>B:0 8 A8AB5<0B870F8O <0B5@80;0, @0745;5=85 8 

A8AB5<0B870F8O <0B5@80;0 2 =5>1E>48<>9 ?>A;54>20B5;L=>AB8; 
3. #>43>B>2:0 2K2>4>2 8 >1>1I5=89; 
4. $07@01>B:0 ?;0=0 A>>1I5=8O; 
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5. !0?8A0=85 A>>1I5=8O; 
6. �KABC?;5=85 A @57C;LB0B0<8  A>>1I5=8O. 
#>A;54=89 ?C=:B <>65B 20@L8@>20BLAO 2 7028A8<>AB8 >B B@51>20=89 

?@5?>4020B5;O 

&@51>20=8O : >D>@<;5=8N ?8AL<5==>3> A>>1I5=8O: 
1. &8BC;L=K9 ;8AB; 
2. %>45@60=85 (2 =5< ?>A;54>20B5;L=> C:07K20NBAO ?C=:BK 

A>>1I5=8O, AB@0=8FK, A :>B>@KE =0G8=05BAO :064K9 ?C=:B); 
3. �2545=85 (D>@<C;8@C5BAO ACBL @0AA<0B@8205<>9 ?@>1;5<K, 
>1>A=>2K205BAO 0:BC0;L=>ABL 8 7=0G8<>ABL B5<K 2 A>2@5<5==>< <8@5); 
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