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�� 2.3, 
�  10, �  13, 
�  25, �  27 

  

&5<0 2.5. 1;5:B@>==O5 
CA8;8B5;8 

" 

�  №14 

!  №17 

#1, #2, #3, З1, 
З2,  
�� 01, �� 02, 
�� 1.1, �� 1.2, 
�� 2.3, 
�  10, �  13, 
�  25, �  27 

  

&5<0 2.6. 1;5:B@>==O5 
35=5@0B>@O 

" 

�  №15 

!  №18 

З0I8B0 
@5D5@0B0, 

45<>=AB@0F8я 
?@575=B0F88 

#1, #2, #3, З1, 
З2,  
�� 01, �� 02, 
�� 1.1, �� 1.2, 
�� 2.3, 
�  10, �  13, 
�  25, �  27 

  

&5<0 2.7. 
 8:@>?@>F5AA>@O 8 
<8:@>-1�  

" 

!  №19 

З0I8B0 
@5D5@0B0, 

45<>=AB@0F8я 
?@575=B0F88 

#3, 
�� 01, �� 02, 
�� 1.1, �� 1.2, 

�� 2.2, �� 2.3, 
�  10, �  13, 
�  25, �  27 

  

 



2 

3.2 �>48D8:0B>@ >F5=>G=OE A@54AB2 
 

(C=:F8>=0;L=K9 ?@87=0: 
>F5=>G=>3> A@54AB20  

(B8? :>=B@>;L=>3> 7040=8O) 

�>4 >F5=>G=>3> A@54AB20 

'" '" 

�01>@0B>@=0O @01>B0 7 n �$ 7 n 

&5AB8@>20=85 & 

�>=B@>;L=0O @01>B0 7 n �$ 7 n 

�040=8O 4;O A0<>AB>OB5;L=>9 @01>BK %$ 

�8DD5@5=F8@>20==K9 70GёB �� 
-:70<5= - 
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4. �040=8S 4;S >F5=:8 >A2>5=8S 48AF8?;8=O 

 

&��'Щ�� �"!&$"�0 

 

�>?@>AO 4;S CAB=>3> >?@>A0 
?> B5<5 1.1. 1;5:B@8G5A:>5 ?>;5 

 

1. %D>@<C;8@C9B5 70:>= �C;>=0. 
2. �09B5 >?@545;5=85 M;5:B@>AB0B8G5A:>3> ?>;O. 
3. �09B5 >?@545;5=85 =0?@O65==>AB8 M;5:B@8G5A:>3> ?>;O, =07>28B5 

548=8FK 87<5@5=8O. 
4. !07>28B5 D>@<C;C =0?@O65==>AB8 ?>;O B>G5G=>3> 70@O40. 
5. �09B5 >?@545;5=85 ?>B5=F80;0, =07>28B5 548=8FK 87<5@5=8O. 
6. �09B5 >?@545;5=85 =0?@O65=8O, =07>28B5 548=8FK 87<5@5=8O. 
7. !0@8AC9B5 A8;>2K5 ;8=88 8 M:28?>B5=F80;L=K5 ?>25@E=>AB8 ?>;O 

B>G5G=>3> >B@8F0B5;L=>3> 70@O40, ?0@0;;5;L=KE @07=>8<5==> 70@O65==KE 
?;0AB8=.  

8. +B> =07K20NB ?>25@E=>AB=>9 ?;>B=>ABLN 70@O40? 
9. � G5< 70:;NG05BAO O2;5=85 M;5:B@>AB0B8G5A:>9 8=4C:F88? 
10. � G5< 70:;NG05BAO O2;5=85 ?>;O@870F88? 
11. +B> B0:>5 :>=45=A0B>@? 
12. �0?8H8B5 D>@<C;C M;5:B@>5<:>AB8 :>=45=A0B>@0, =07>28B5 548=8FK 

87<5@5=8O. 
13. �0?8H8B5 D>@<C;C 5<:>AB8 ?;>A:>3> :>=45=A0B>@0. �0: 87<5=8BAO 

5<:>ABL, 5A;8 @0AAB>O=85 <564C ?;0AB8=0<8 C<5=LH8BL 2 2 @070, ?;>I04L ?;0AB8= 
C<5=LH8BL 2 3 @070? 

14. �0?8H8B5 D>@<C;C M=5@388 70@O65==>3> :>=45=A0B>@0. 
15. !07>28B5 70:>=K ?>A;54>20B5;L=>3> A>548=5=8O :>=45=A0B>@>2. 
16. !07>28B5 70:>=K ?0@0;;5;L=>3> A>548=5=8O :>=45=A0B>@>2. 

 

?> B5<5 1.3. 1;5:B@><03=5B87< 

 

1. �09B5 >?@545;5=85 <03=8B=>3> ?>;O, =07>28B5 53> A2>9AB20. 
2. �09B5 >?@545;5=85 <03=8B=KE ;8=89. 
3. +B> ?@8=8<0NB 70 =0?@02;5=85 <03=8B=KE ;8=89? 
4. %D>@<C;8@C9B5 ?@028;> 1C@02G8:0. 
5. %D>@<C;8@C9B5 ?@028;> ?@02>9 @C:8. 
6. �09B5 >?@545;5=85, 70?8H8B5 D>@<C;C <03=8B=>9 8=4C:F88, =07>28B5 

548=8FK 87<5@5=8O. 
7. %D>@<C;8@C9B5 ?@028;> ;52>9 @C:8. 
8. �09B5 >?@545;5=85, 70?8H8B5 D>@<C;C <03=8B=>3> ?>B>:0, =07>28B5 

548=8FK 87<5@5=8O. 
9. �09B5 >?@545;5=85 01A>;NB=>9 <03=8B=>9 ?@>=8F05<>AB8 8 

>B=>A8B5;L=>9 <03=8B=>9 ?@>=8F05<>AB8. 
10. �0?8H8B5 D>@<C;C =0?@O65==>ABL <03=8B=>3> ?>;O, =07>28B5 548=8FK 

87<5@5=8O. 
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11. � G5< 3;02=>5 >B;8G85 =0?@O65==>AB8 <03=8B=>3> ?>;O >B <03=8B=>9 
8=4C:F88? 

12. %D>@<C;8@C9B5 70:>= ?>;=>3> B>:0. 
13. �09B5 >?@545;5=85 D5@@><03=8B=KE <0B5@80;>2. 
14. !07>28B5 ?@8G8=C =0<03=8G820=8O 25I5AB2.  
15. "1JOA=8B5 O2;5=85 <03=8B=>3> 38AB5@578A0. 
16. %D>@<C;8@C9B5 70:>=K �8@E3>D0 4;O <03=8B=KE F5?59. 
17. �09B5 >?@545;5=85 O2;5=8O M;5:B@><03=8B=>9 8=4C:F88.  

18. %D>@<C;8@C9B5 ?@028;> �5=F0. 
19. %D>@<C;8@C9B5 70:>= M;5:B@><03=8B=>9 8=4C:F88. 
20. � G5< 70:;NG05BAO O2;5=85 A0<>8=4C:F88. 
21. �09B5 >?@545;5=85 8=4C:B82=>AB8, =07>28B5 548=8FK 87<5@5=8O. 
22. � G5< 70:;NG05BAO O2;5=85 2708<=>9 8=4C:F88? 
23. �0?8H8B5 D>@<C;C M=5@388 <03=8B=>3> ?>;O. 
 

?> B5<5 1.8. 1;5:B@8G5A:85 <0H8=O ?5@5<5==>3> B>:0  
 

1. �09B5 >?@545;5=85 0A8=E@>==>3> 42830B5;O. 
2. #>G5<C 42830B5;L =07K20NB «0A8=E@>==K<»? 
3. !07>28B5 >A=>2=K5 M;5<5=BK :>=AB@C:F88 B@5ED07=>3> 0A8=E@>==>3> 

42830B5;O. 
4. "?8H8B5 CAB@>9AB2> AB0B>@0. 
5. "?8H8B5 CAB@>9AB2 :>@>B:>70<:=CB>3> @>B>@0. 
6. "?8H8B5 CAB@>9AB2> D07=>3> @>B>@0. 
7. � G5< 70:;NG05BAO ?@8=F8? 459AB28O B@5ED07=>3> 0A8=E@>==>3> 

42830B5;O? 
8. �09B5 >?@545;5=85  8 70?8H8B5 D>@<C;C A:>;L65=8O. 
9. +B> ?@>87>945B, 5A;8 A:>;L65=85 4>AB83=5B :@8B8G5A:>3> 7=0G5=8O? 
10. � :0:>< ?@545;5 ;568B 7=0G5=85 A:>;L65=8O 4;O 0A8=E@>==KE 

42830B5;59 >1I53> =07=0G5=8O? 
11. �0: A2O70=K A:>@>ABL 2@0I5=8O <03=8B=>3> ?>;O 8 G8A;> >1<>B>: =0 

AB0B>@5 42830B5;O? 
12. !07>28B5 <5B>4K @53C;8@>20=8O G0AB>BK 2@0I5=8O 0A8=E@>==>3> 

42830B5;O. 
13. �0:85 ?>B5@8 2>7=8:0NB ?@8 @01>B5 42830B5;O? 
14. �0: >?@545;O5BAO �#�? 
15. "B G53> 7028A8B :>MDD8F85=B <>I=>AB8 0A8=E@>==>3> 42830B5;O 8 :0: 53> 

>?@545;8BL? 
16. �0:8<8 4>AB>8=AB20<8 >1;0405B 0A8=E@>==K9  42830B5;L? 
17. �0:>2K =54>AB0B:8 0A8=E@>==KE 42830B5;59? 
18. �45 8A?>;L7CNBAO 0A8=E@>==K5 42830B5;8? 

 

?> B5<5 1.10. "A=>2O Q;5:B@>?@82>40 
 

1. �0:85 284K ?@82>4>2 2K 7=05B5? 
2. #5@5G8A;8B5 >A=>2=K5 ?@58<CI5AB20 M;5:B@>?@82>40 ?> A@02=5=8N A 

4@C38<8 2840<8 ?@82>4>2. 
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3. �09B5 >?@545;5=85 M;5:B@>?@82>40. 
4. #5@5G8A;8B5 >A=>2=K5 M;5<5=BK M;5:B@>?@82>40 8 >1JOA=8B5 8E 

=07=0G5=85. 
5. �0:85 2K 7=05B5 @568<K @01>BK M;5:B@>42830B5;59, =07>28B5 8E 

>A>15==>AB8. 
6. +B> O2;O5BAO >A=>2=K< :@8B5@85< 2K1>@0 <>I=>AB8 M;5:B@>42830B5;O? 
7. �0:>9  <0B5@80;, ?@8<5=O5<K9 2 M;5:B@>42830B5;OE, 8<55B =08<5=LH55 

7=0G5=85 4>?CAB8<>9 B5<?5@0BC@K =03@520? 
8. �A;8 8A?>;L7>20BL 42830B5;L ?>2KH5==>9 <>I=>AB8, : G5<C MB> 

?@82545B? 
9. �A;8 8A?>;L7>20BL 42830B5;L 70=865==>9 <>I=>AB8, : G5<C MB> 

?@82545B? 
10. �0: 2K18@0NB <>I=>ABL 42830B5;O ?@8 ?@>4>;68B5;L=>< @568<5 

@01>BK? 
11. �0: 2K18@0NB <>I=>ABL 42830B5;O ?@8 :@0B:>2@5<5==>< @568<5 

@01>BK? 
12. �0: 2K18@0NB <>I=>ABL 42830B5;O ?@8 ?>2B>@=>-:@0B:>2@5<5==>< 

@568<5 @01>BK? 

13. �0:85 >A=>2=K5 284K 70I8B M;5:B@>42830B5;59 4>;6=K 
?@54CA<0B@820BLAO 2 AE5<0E 02B><0B8G5A:>3> C?@02;5=8O M;5:B@>?@82>40<8?  
 

?> B5<5 1.11. #5@540G0 8 @0A?@545;5=85 Q;5:B@8G5A:>9 Q=5@388 
 

1. �09B5 >?@545;5=85 M;5:B@8G5A:8E A5B59. 
2. �0:85 B@51>20=8O ?@54JO2;ONBAO : M;5:B@8G5A:8< A5BO<? 
3. #> :0:8< ?@87=0:0< :;0AA8D8F8@CNB M;5:B@8G5A:85 A5B8? 
4. !07>28B5 :;0AA8D8:0F8N M;5:B@8G5A:8E A5B59 ?> @>4C B>:0; ?> 

=><8=0;L=><C =0?@O65=8N. 
5. !07>28B5 :;0AA8D8:0F8N M;5:B@8G5A:8E A5B59 ?> :>=AB@C:B82=><C 

8A?>;=5=8N. 
6. !07>28B5 :;0AA8D8:0F8N M;5:B@8G5A:8E A5B59 ?> :>=D83C@0F88. 
7. !07>28B5 :;0AA8D8:0F8N M;5:B@8G5A:8E A5B59 ?> 2K?>;=O5<K< 

DC=:F8O<. 
8. !07>28B5 :;0AA8D8:0F8N M;5:B@8G5A:8E A5B59 ?> E0@0:B5@C 

?>B@518B5;59. 
9. !07>28B5 :;0AA8D8:0F8N M;5:B@8G5A:8E A5B59 ?> @568<C @01>BK 

=59B@0;8. 
10. �0: ?@>2>4OB @0AG5B ?@>2>4>2 ?> 4>?CAB8<>9 ?>B5@5 =0?@O65=8O? 
11. �0: ?@>2>4OB @0AG5B ?@>2>4>2 ?> 4>?CAB8<><C =03@52C? 
12. !07>28B5 A?>A>1K CG5B0 8 M:>=><88 M;5:B@>M=5@388. 
13. �0:>9 B>: ?> ?@028;0<8 B5E=8:8 157>?0A=>AB8 ?@8=OB 70 157CA;>2=> 

>?0A=K9? 
14. #@8 :0:>< B>:5 =0ABC?05B AC4>@>6=>5 A>:@0I5=85 <KHF 8 G5;>25: 

>:07K205BAO =5 2 A>AB>O=88 A0<>AB>OB5;L=> @0760BL ?0;LFK 8 >A2>1>48BLAO >B 
?@>2>40, =0E>4OI53>AO ?>4 B>:><? 

15. #@8 :0:>< B>:5 =0ABC?05B ?0@0;8G 4KE0=8O 8 A5@4F0? 
16. +B> B0:>5 70I8B=>5 7075<;5=85? 
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17. #>G5<C =5>1E>48<> 7075<;5=85? 
18. �0: >ACI5AB2;O5BAO 7075<;5=85? 
 

?> B5<5 2.2. �=B53@0;P=O5 AE5<O <8:@>Q;5:B@>=8:8 
 

1. �09B5 >?@545;5=85 8=B53@0;L=>9 <8:@>AE5<K. 
2. �0:85 7040G8 1K;8 @5H5=K A ?><>ILN � %? 
3. +B> B0:>5 M;5<5=B � %? #@82548B5 ?@8<5@K. 
4. +B> B0:>5 :><?>=5=B � %? 
5. !07>28B5 :;0AA8D8:0F8N � % ?> AB5?5=8 8=B53@0F88 (:>;8G5AB2> 

M;5<5=B>2 2 :@8AB0;;5). 
6. !07>28B5 :;0AA8D8:0F8N � % ?> B5E=>;>388 873>B>2;5=8O (A?>A>1 

873>B>2;5=8O, >A>15==>AB8). 
7. !07>28B5 :;0AA8D8:0F8N � % ?> 284C >1@010BK205<>3> A83=0;0 (4;O 

G53> ?@54=07=0G5=K, 345 8A?>;L7CNBAO, >A>15==>AB8). 
8. !07>28B5 0:B82=K5 M;5<5=BK 8=B53@0;L=KE AE5<. 
9. !07>28B5 ?0AA82=K5 M;5<5=BK 8=B53@0;L=KE AE5<. 
10. �45 ?@8<5=ONB 0=0;>3>2K5 � %? 
11. �45 ?@8<5=ONB F8D@>2K5 � %? 

 

�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1, �� 1.2, �� 2.2, �� 2.3 

 

�@8B5@88 >F5=:8 CAB=OE >B25B>2 >1CG0RI8EAS:  

«5» 10;;>2 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8: 
1) >1CG0NI89AO ?>;=> 87;0305B <0B5@80;, 405B ?@028;L=>5 >?@545;5=85 

>A=>2=KE ?>=OB89; 
2) >1=0@C68205B ?>=8<0=85 <0B5@80;0, <>65B >1>A=>20BL A2>8 AC645=8O, 

?@8<5=8BL 7=0=8O =0 ?@0:B8:5, ?@825AB8 =5>1E>48<K5 ?@8<5@K =5 B>;L:> 87 
CG51=8:0, => 8 A0<>AB>OB5;L=> A>AB02;5==K5; 

3) 87;0305B <0B5@80; ?>A;54>20B5;L=> 8 ?@028;L=> A B>G:8 7@5=8O =>@< 

;8B5@0BC@=>3> O7K:0; 
4) >B25G05B A0<>AB>OB5;L=>, 157 =02>4OI8E 2>?@>A>2 ?@5?>4020B5;O. 
«4» 10;;0 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8 >1CG0NI89AO 405B >B25B, 

C4>2;5B2>@ONI89 B5< 65 B@51>20=8O<, GB> 8 4;O >F5=:8 «5», => 4>?CA:05B 132 

>H81:8, :>B>@K5 A0< 65 8A?@02;O5B, 8 132 =54>G5B0 2 ?>A;54>20B5;L=>AB8 8 
O7K:>2>< >D>@<;5=88 87;0305<>3>. 

«3» 10;;0 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8 >1CG0NI89AO >1=0@C68205B 
7=0=85 8 ?>=8<0=85 >A=>2=KE ?>;>65=89 40==>9 B5<K, =>: 

1) 87;0305B <0B5@80; =5?>;=> 8 4>?CA:05B =5B>G=>AB8 2 >?@545;5=88 ?>=OB89 
8;8 D>@<C;8@>2:5 ?@028;; 

2) =5 C<55B 4>AB0B>G=> 3;C1>:> 8 4>:070B5;L=> >1>A=>20BL A2>8 AC645=8O 8 
?@825AB8 A2>8 ?@8<5@K; 

3) 87;0305B <0B5@80; =5?>A;54>20B5;L=> 8 4>?CA:05B >H81:8 2 O7K:>2>< 
>D>@<;5=88 87;0305<>3>. 

«2» 10;;0 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8 >1CG0NI89AO >1=0@C68205B 
=57=0=85 1>;LH59 G0AB8 A>>B25BAB2CNI53> 2>?@>A0, 4>?CA:05B >H81:8 2 
D>@<C;8@>2:5 >?@545;5=89 8 ?@028;, 8A:060NI85 8E A<KA;, 15A?>@O4>G=> 8 
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=5C25@5==> 87;0305B <0B5@80;; >B<5G0NBAO B0:85 =54>AB0B:8 2 ?>43>B>2:5, :>B>@K5 
O2;ONBAO A5@L57=K< ?@5?OBAB285< : CA?5H=><C >2;045=8N ?>A;54CNI8< 
<0B5@80;><. 
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&5AB>2O5 7040=8S 
?> @0745;C 1. 1;5:B@>B5E=8:0 

 

 5B>48G5A:85 @5:><5=40F88 : B5ABC  
&5AB A>AB02;5= 2 10 20@80=B0E, A>45@68B 7 7040=89;  2:;NG05B 7040=8O, 

=0?@02;5==K5 =0 ?@>25@:C B5>@5B8G5A:8E 7=0=89  8 ?@0:B8G5A:8E C<5=89. 
�@5<O =0 ?>43>B>2:C 8 2K?>;=5=85 B5AB0: 45 <8=CB. 
#@8 ?@>2545=88 B5AB0 ?@>25@ONBAO A;54CNI85 C<5=8O 8 7=0=8O: 
C<5=8S 
- ?@>872>48BL @0AG5B ?0@0<5B@>2 M;5:B@8G5A:8E F5?59; 
7=0=8S 
- <5B>4K ?@5>1@07>20=8O M;5:B@8G5A:>9 M=5@388; 
- ACI=>ABL D878G5A:8E ?@>F5AA>2, ?@>8AE>4OI8E 2 M;5:B@8G5A:8E 8 <03=8B=KE 

F5?OE; 
- ?>@O4>: @0AG5B0 8E ?0@0<5B@>2. 
 

�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1, �� 1.2, �� 2.2, �� 2.3 

 

"B25BO 

 

�0@80=B �040=8S 

1 2 3 4 5 6 7 

1 � � � � � � � 

2 � � � � � � � 

3 � � � � � � � 

4 � � � � � � � 

5 � � � � � � � 

6 � � � � � � � 

7 � � � � � � � 

8 � � � � � � � 

9 � � � � � � � 

10 � � � � � � � 

 

 

�0@80=B 1 
1.�0:>9 87 ?@>2>4>2 >48=0:>2>3> 480<5B@0 8 4;8=K A8;L=55 =03@5205BAO 3 <54=K9 
8;8 AB0;L=>9 ?@8 >4=>9 8 B>9 65 A8;5 B>:0? '45;L=>5 A>?@>B82;5=85 <548 -  
1,7 ∙ 10-8"<∙<, AB0;8 - 12 ∙ 10-8"<∙<. 
0)  54=K9                                             
1) %B0;L=>9 
2) "10 ?@>2>40 =03@520NBAO >48=0:>2> 
2. %:>;L:> H5AB82>;LB=KE ;0<?>G5: =5>1E>48<> 27OBL 4;O 5;>G=>9 38@;O=4K, 5A;8 
=0?@O65=85 A5B8 127�? 
0) 37 HB.    1) 21 HB.     2) 40 HB. 
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3. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O , 5A;8 =0 =59 =0?8A0=>  60 �B 8 
220 � 

0) 484 "<     1) 486 "<     2) 684 "<    3) 815 "<.                        
4. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R=110 "<. 
!0?@O65=85 =0 5ё 7068<0E u= 220 ∙ sin 314t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0)  I = 1 �,    U=220 �                                  
1)  I = 1,4 �, U=156 �    
2)  I = 0,7 �, U=220 �                                          
3)  I = 1 �,    U=156 � 

5. *5?L ?5@5<5==>3> B>:0 A>45@68B ;0<?C =0:0;820=8O. �0: 87<5=O5BAO ?> D075 B>: 
8 =0?@O65=85 2 MB>9 F5?8? 
0) &>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2 
1) !0?@O65=85 8 B>: A>2?040NB ?> D075 
2) !0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «72574>9». �8=59=>5 =0?@O65=85 @02=> 380�. 
!0948B5 D07=>5 =0?@O65=85? 
0) 127�    1) 220�       2) 380� 

7. �7<5@8B5;L=K9 B@0=AD>@<0B>@ B>:0 8<55B >1<>B:8 A G8A;>< 28B:>2 20 8 100. 
"?@545;8BL 53> :>MDD8F85=B B@0=AD>@<0F88. 
0) 50       1) 0,02      2) 98            3) 0,2  

 

�0@80=B 2 
1. � :0:8E A;CG0OE ?@8E>48BLAO ?@8<5=OBL ?0@0;;5;L=>5 A>548=5=85 
:>=45=A0B>@>2? 
0) �;O ?>;CG5=8O 1>;LH8E 5<:>AB59 

1) �;O C;CGH5=8O 70?0A0 ?@>G=>AB8 87>;OF88 :>=45=A0B>@0 
2)  �;O ?>;CG5=8O <0;>9 ё<:>AB8. 
2. �20 @578AB>@0: R1=4 O<,  R2=6 O< A>548=5=K ?>A;54>20B5;L=> 8 2:;NG5=K 2 
M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R2 @02=> 12 �, B> =0?@O65=85 
M;5:B@8G5A:>9 A5B8 @02=>: 
0) 20 �   1) 24 �    2) 36 �. 
3. "?@545;8BL B>: I5, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 25B2OE:  
I1 = -3�,     I2 = 2�, I3 = 4�, I4 = -4�. 
0) 12�     1)  1�     2) 6�     3) -7� 

4. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S = 240 :��, 0 0:B82=0O <>I=>ABL $= 
=150 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos φ = 0,625   1) cos φ  = 1,6    2) cos   φ = 10%       3) cos  φ = 0,9 
5. � :0:8E A;CG0OE B>: 2 =C;52>< ?@>2>45 @025= 0? 
0) #@8 A8<<5B@8G=>9 =03@C7:5 
1) #@8 =5A8<<5B@8G=>9 =03@C7:5. 
6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». #@8 87<5@5=88 D07=>3> 
B>:0 0<?5@<5B@ ?>:070; - 5 �.  +5<C 1C45B @025= B>: 2 ;8=59=>< ?@>2>45? 
0) 5 �       1) 7,05 �      2) 8,65  �        3) 2,9 �                                                                     
7. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 3000 
�, =0 2KE>45 500 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 60       1) 0,16      2) 6           3) 600                                                             
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�0@80=B 3 
1. �0: 87<5=8BAO =0?@O65=85  =0 2E>4=KE 7068<0E M;5:B@8G5A:>9 F5?8 ?>AB>O==>3> 
B>:0 A 0:B82=K< M;5<5=B><, 5A;8 ?0@0;;5;L=> 8AE>4=><C M;5<5=BC 2:;NG8BL 5Iё 
>48= M;5<5=B? 
0) !5 87<5=8BAO    1) '<5=LH8BAO      2) '25;8G8BAO        
3) �;O >B25B0 =54>AB0B>G=> 40==KE 
2. #> :0:><C 70:>=C  <>6=>  >?@545;8BL :>;8G5AB2> B5?;>BK, 2K45;O5<>5 
?@>2>4=8:>< A B>:><? 
 0) �0:>=C "<0  1) �0:>=C �<?5@0  2) �0:>=C �6>C;O-�5=F0   3) �0:>=C �C;>=0. 
3. � M;5:B@8G5A:>9 A5B8 ?>AB>O==>3> B>:0 =0?@O65=85 =0 7068<0E 8AB>G=8:0 
M;5:B@>M=5@388   52 �. !0?@O65=85 =0 7068<0E ?>B@518B5;O 50 �. "?@545;8BL  
?>B5@N =0?@O65=8O =0 7068<0E 2 ?@>F5=B0E. 
0) 1 %       1) 2 %      2) 3 %           3) 4 % 

4. *5?L ?5@5<5==>3> B>:0 A>45@68B :>=45=A0B>@. �0: 87<5=O5BAO ?> D075 B>: 8 
=0?@O65=85 2 MB>9 F5?8? 
0) &>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2 
1) !0?@O65=85 8 B>: A>2?040NB ?> D075 
2)  !0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
5. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C25;8G5=85< G0AB>BK? 
0) !5 87<5=8BAO    1) '<5=LH8BAO    2) '25;8G8BAO. 
6. �8=59=K9 B>: @025= - 5,8 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9».  
0) 8,12 �       1) 10 �       2) 5,8 �      3) 3,35 � 

7. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> ;8=59=KE        
?@>2>4>2   ?>4E>48B   : 35=5@0B>@C?          
0) 3     1) 4     2) 2     3) 6 

 

�0@80=B 4 
1. �0:>9 87 ?@>2>4>2 >48=0:>2>9 4;8=K 87 >4=>3> 8 B>3> 65 <0B5@80;0, => @07=>3> 
480<5B@0, A8;L=55 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5? 
 0) "10 ?@>2>40 =03@520NBAO >48=0:>2>                                                   
 1) %8;L=55 =03@5205BAO ?@>2>4 A 1>;LH8< 480<5B@><  
 2) %8;L=55 =03@5205BAO ?@>2>4 A <5=LH8< 480<5B@><                                                       
 2. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 50 "<? 
0) 100 "<    1) 50 "<     2) 25 "<      3) 2,5 "< 

3. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0  3000 "<. �0:>9 B>: ?@>E>48B 
G5@57 =53>, 5A;8 G5;>25: =0E>48BAO ?>4 =0?@O65=85< 220 �? 
0) 19 <�       1) 73 <�    2) 20 <�        3) 50 <�. 
4. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: >BAB05B >B =0?@O65=8O =0 =5:>B>@K9 C3>;. +B> 
<>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) #@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85 
1) #@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85 
2)  #@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 @02=K. 
5. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 @02=> 
220�. !0948B5 D07=>5 =0?@O65=85? 
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0) 127�     1) 220�     2) 380�. 
6. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 380 � 2:;NG0NB B@5ED07=K9 
42830B5;L, :0640O 87 >1<>B>: :>B>@>3> @0AAG8B0=0 =0 220 �. �0: A;54C5B A>548=8BL 
>1<>B:8 42830B5;O? 
0) &@5C3>;L=8:><          
1) �2574>9       
2) �2830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL            
3)  >6=> B@5C3>;L=8:><, <>6=> 72574>9. 
7. %8;0 B>:0 2 ?5@28G=>9 >1<>B:5 B@0=AD>@<0B>@0 - 0,5�, 2> 2B>@8G=>9 >1<>B:5 -  
0,25�. "?@545;8BL 53> :>MDD8F85=B B@0=AD>@<0F88. 
0) 2       1) 0,125      2) 0,5         3) 1,25         

 

�0@80=B 5 
1. �0:>9 A?>A>1 A>548=5=8O 8AB>G=8:>2 ?>72>;O5B C25;8G8BL =0?@O65=85? 
0) #>A;54>20B5;L=>5 A>548=5=85          
1) #0@0;;5;L=>5 A>548=5=85 
2) %<5H0==>5 A>548=5=85. 
2. #> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 50 "<, 
B5G5B B>: 2�. �0:>5 :>;8G5AB2> B5?;>BK 2K45;8B MB0 A?8@0;L 70 5 <8=CB? 
0) 25 :�6    1) 60 :�6     2) 7,5:�6. 
3. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0 5000 "<. �0:>9 B>: ?@>E>48B 
G5@57 =53>, 5A;8 G5;>25: =0E>48BAO ?>4 =0?@O65=85< 220 �? 
0) 44 �       1) 0,044 �      2) 0,02 �         3)  0,2 � 

4. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R=50 "<. 
!0?@O65=85 =0 5ё 7068<0E u= 220  sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0) I  = 4,4 �,  U=220 �                    
1) I = 4,4 �,   U=156 �   
2)  I = 3,12 �,U=220 � 

3) I = 3,12 �, U=156 �. 
5. *5?L ?5@5<5==>3> B>:0 A>45@68B :0BCH:C 8=4C:B82=>AB8. �0: 87<5=O5BAO ?> 
D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) &>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2 
1) !0?@O65=85 8 B>: A>2?040NB ?> D075 
2) !0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
6. �0:>2> A>>B=>H5=85 <564C D07=K<8 8 ;8=59=K<8 =0?@O65=8O<8 ?@8 
A>548=5=88 ?>B@518B5;59 M;5:B@>M=5@388 «B@5C3>;L=8:><». 
0) U; = UD     1) U; =  1,73 ∙ UD    2) UD =  0,707 U;.   
7 . � G5<C ?@82>48B >1@K2 2B>@8G=>9 F5?8 B@0=AD>@<0B>@0 B>:0? 
0)  � :>@>B:><C 70<K:0=8N                
1)  � @568<C E>;>AB>3> E>40  
2)  � ?>2KH5=8N =0?@O65=8O             
3)  � ?>;><:5 B@0=AD>@<0B>@0 
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�0@80=B 6 
1. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<   
20 "< 8 100 "<. !0?@O65=85 =0 2E>45 220 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 13,2 �         1) 0,075�      2) 7,2 �           3)  1,8 � 

2. � :0:8E A;CG0OE ?@8E>48BLAO ?@8<5=OBL ?0@0;;5;L=>5 A>548=5=85 
:>=45=A0B>@>2? 
0) �;O ?>;CG5=8O 1>;LH8E 5<:>AB59 

1) �;O C;CGH5=8O 70?0A0 ?@>G=>AB8 87>;OF88 :>=45=A0B>@0 
2) �;O ?>;CG5=8O <0;>9 ё<:>AB8. 
3.  >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 1,7 :�B. #>;57=0O <>I=>ABL, >B40205<0O 2 
=03@C7:C, 1,5 :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8          1) 0,75      2) 0,7        3)  0,88 
4. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 8=4C:B82=>AB8, 
5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 B@8 @070?  
0) '<5=LH8BAO 2 420 @070            1) '25;8G8BAO 2 420 @070 
2) !5 87<5=8BAO                             3) '<5=LH8BAO 2 G5BK@5 @070. 
5. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 2 
@070. 
0) '<5=LH8BAO 2 2 @070                                                   
1) '25;8G8BAO 2 2 @070 
2) "AB0=5BAO =587<5==>9                                       
3) &>: 2 :>=45=A0B>@5 =5 7028A8B >B G0AB>BK A8=CA>840;L=>3> B>:0. 
6. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 3 �. $0AAG8B0BL D07=K9 B>:, 5A;8 
=03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 4,2 �       1) 1,73 �       2) 5,19 �      3) 2,5 � 

7. �0:>9 @568< @01>BK B@0=AD>@<0B>@0 ?>72>;O5B >?@545;8BL :>MDD8F85=B 
B@0=AD>@<0F88? 
0)  $568< =03@C7:8                             1)  $568< E>;>AB>3> E>40 
2)  $568< :>@>B:>3> 70<K:0=8O        3)  !8 >48= 87 ?5@5G8A;5==KE. 

 

�0@80=B 7 
1. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0  3000 "<. �0:>9 B>: ?@>E>48B 
G5@57 =53>, 5A;8 G5;>25: =0E>48BAO ?>4 =0?@O65=85< 127 �? 
0) 19 <�       1) 126 <�      2) 24 <�        3) 42 <�. 
2. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K 420 @578AB>@0 A 
A>?@>B82;5=85<  10 "< 8 120 "<. !0?@O65=85 =0 2E>45 220 �. "?@545;8B5 B>: 2 
F5?8. 
0) 24 �         1) 1,2 �     2) 0,6 �       3)  1,7 �. 
3. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C25;8G5=85< G0AB>BK? 
0) !5 87<5=8BAO    1) '<5=LH8BAO    2) '25;8G8BAO. 
4. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 4 
@070. 
0) '<5=LH8BAO 2 4 @070           
1) '25;8G8BAO 2 4 @070               
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2) "AB0=5BAO =587<5==>9                                                
3) &>: 2 :>=45=A0B>@5 =5 7028A8B >B G0AB>BK A8=CA>840;L=>3> B>:0. 
5. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 380 �, =0G0;L=0O D070 = - 45º, G0AB>B0 50 
�F. �0?8H8B5 C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=380 ∙ cos( - 45ºt)                        
1) u=380 ∙ sin (50t - 45º) 
2) u=380 ∙ sin (314t - 45º)                  
3) u=380 ∙ cos (314t + 50º) 
6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». #@8 87<5@5=88 D07=>3> 
B>:0 0<?5@<5B@ ?>:070; -7 �.  +5<C 1C45B @025= B>: 2 ;8=59=>< ?@>2>45? 
0) 7 �       1) 12,11  �      2) 9,8  �       3) 4 �  
7. �0<?K =0:0;820=8O A =><8=0;L=K< =0?@O65=85< 220 � 2:;NG0NB 2 B@5ED07=CN 
A5BL A =0?@O65=85< 220 �. "?@545;8BL AE5<C A>548=5=8O ;0<?.      
0) &@5E?@>2>4=>9 72574>9       1) +5BK@5E?@>2>4=>9 72574>9      2) &@5C3>;L=8:>< 

 

�0@80=B 8 
1. �0:>5 87 ?@82545==KE CB25@645=89 =5 A>>B25BAB2C5B ?>A;54>20B5;L=><C 
A>548=5=8N M;5<5=B>2 ?@8 ?>AB>O==>< B>:5? 
0) &>: 2> 2A5E M;5<5=B0E F5?8 >48=0:>2.                                                              
1) !0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:>2.  
2) !0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C 
=0?@O65=8N.   
2.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 1,75 :�B. #>;57=0O <>I=>ABL, >B40205<0O 
2 =03@C7:C, 1,5 :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8          1) 0,75      2) 0,7        3)  0,85 
3. �20 8AB>G=8:0 8<5NB >48=0:>2K5 -�% 8 B>:8, => @07=K5 2=CB@5==85 
A>?@>B82;5=8O. �0:>9 87 8AB>G=8:>2 8<55B 1>;LH89 �#�? 
0) �#� 8AB>G=8:>2 @02=K.                                                     
1) �AB>G=8: A <5=LH8< 2=CB@5==8< A>?@>B82;5=85<. 
2) �AB>G=8: A  1>;LH8< 2=CB@5==8< A>?@>B82;5=85<.                                                      
4. !0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C:                 
u=220 sin (314t+50º). "?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R=20 "<. 
0) i = 11 sin 314 t                  1) i = 11 sin (314t + 50º) 
2) i= 7,9 sin (314t + 50º)       3) i = 7,9 sin 314t 

5. �8=59=K9 B>: @025= -5,2 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 
A>548=5=0 «72574>9».  
0) 5,2 �       1) 9 �       2) 3 �      3) 2,5 � 

6. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 380 � 2:;NG0NB B@5ED07=K9 
42830B5;L, :0640O 87 >1<>B>: :>B>@>3> @0AAG8B0=0 =0 220 �. �0: A;54C5B A>548=8BL 
>1<>B:8 42830B5;O? 
0) &@5C3>;L=8:><  1) �2574>9 

2) �2830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL                    
3)  >6=> B@5C3>;L=8:><, <>6=> 72574>9. 
7. &@0=AD>@<0B>@  8<55B >1<>B:8 A G8A;>< 28B:>2 200 8 450. "?@545;8BL 53> 
:>MDD8F85=B B@0=AD>@<0F88. 
0) 2,25       1) 0,44      2) 650          3) 250                                                                        
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�0@80=B 9 
1. #> :0:><C 70:>=C  <>6=>  >?@545;8BL :>;8G5AB2> B5?;>BK, 2K45;O5<>5 
?@>2>4=8:>< A B>:><?  
0) 70:>=C "<0     1) 70:>=C �<?5@0     2) 70:>=C �6>C;O-�5=F0     3) 70:>=C �C;>=0. 
2. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 200 "<?  
0) 200 "<    1) 50 "<     2) 100 "<      3) 400 "< 

3.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2 :�B. #>;57=0O <>I=>ABL, >B40205<0O 2 
=03@C7:C, 1,75 :�B. "?@545;8B5 �#�  42830B5;O.  
0) 0,8          1) 0,75      2) 0,7        3)  0,875 
4. �0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> 
=0?@O65=8O. �0: 87<5=8BAO B>: 2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 5 
@070? 
0) '<5=LH8BAO 2 5 @07           
1) '25;8G8BAO 2 5 @07 
2) '<5=LH8BAO 2 25 @07 
3) !5 87<5=8BAO  
5. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> ;8=59=KE        
?@>2>4>2   ?>4E>48B   : 35=5@0B>@C?          
0) 3    1) 4     2) 2    3) 6. 
6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 @02=> 
220�. !0948B5 D07=>5 =0?@O65=85? 
�) 127 �        1) 220 �        2) 380 �. 
7. �8=59=K9 B>: @025= - 7 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 
A>548=5=0 «B@5C3>;L=8:><». 
0) 12,11 �      1) 9,8 �      2) 4 �       3) 5 � 

 

�0@80=B 10 
1. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
100 "< 8 10 "<. !0?@O65=85 =0 2E>45 220 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 0,5 �       1) 24�     2) 0.04 �      3)  2�     
2. �0: 87<5=8BAO =0?@O65=85  =0 2E>4=KE 7068<0E M;5:B@8G5A:>9 F5?8 ?>AB>O==>3> 
B>:0 A 0:B82=K< M;5<5=B><, 5A;8 ?0@0;;5;L=> 8AE>4=><C M;5<5=BC 2:;NG8BL 5Iё 
>48= M;5<5=B? 
0) !5 87<5=8BAO    1) '<5=LH8BAO     2) '25;8G8BAO                                             
3) �;O >B25B0 =54>AB0B>G=> 40==KE  

3. � M;5:B@8G5A:>9  AE5<5 420 @578AB82=KE M;5<5=B0 A>548=5=K ?>A;54>20B5;L=>. 
+5<C @02=> =0?@O65=85 =0 2E>45 ?@8 A8;5 B>:0 0,4 �, 5A;8 R1 = 10 "<; R2  = 90 "<? 
0) 3,6 �     1) 0,004 �    2) 4 �        3)  40 � 

4. ':068B5 ?0@0<5B@ ?5@5<5==>3> B>:0, >B :>B>@>3> 7028A8B 8=4C:B82=>5 
A>?@>B82;5=85 :0BCH:8. 
0) �59AB2CNI55 7=0G5=85 B>:0                                       
1) !0G0;L=0O D070 B>:0 
2) #5@8>4 ?5@5<5==>3> B>:0                                            
3)  0:A8<0;L=>5 7=0G5=85 B>:0. 
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5. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 380 � 2:;NG0NB B@5ED07=K9 
42830B5;L, :0640O 87 >1<>B>: :>B>@>3> @0AAG8B0=0 =0 220 �. �0: A;54C5B A>548=8BL 
>1<>B:8 42830B5;O? 
0) &@5C3>;L=8:><     1) �2574>9       
2) �2830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL                    
3)  >6=> B@5C3>;L=8:><, <>6=> 72574>9 

6. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «72574>9». %:>;L:> ;8=59=KE 
?@>2>4>2   ?>4E>48B   : 35=5@0B>@C?      
 0) 3    1) 4     2) 2    3) 6. 
7. %8;0 B>:0 2 ?5@28G=>9 >1<>B:5 B@0=AD>@<0B>@0 - 0,25�, 2> 2B>@8G=>9 >1<>B:5 -  
0,5�. "?@545;8BL 53> :>MDD8F85=B B@0=AD>@<0F88. 
0) 2       1) 0,125      2) 0,5         3) 1,25    

 

�@8B5@88 >F5=:8: 
�0 :064K9 ?@028;L=K9 >B25B, =0G8A;O5BAO 1 10;;. 
«5» - ?@028;L=> 2K?>;=5=> 91 3 100% 7040=89 (7 10;;>2); 
«4» - ?@028;L=> 2K?>;=5=> 71 3 90% 7040=89 (6 10;;>2); 
«3» - ?@028;L=> 2K?>;=5=> 51 3 70% 7040=89 (4-5 10;;>2); 
«2» - ?@028;L=> 2K?>;=5=> <5=55 51% 7040=89 (0-3 10;;>2). 
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?> @0745;C 2. 1;5:B@>=8:0 
 

 5B>48G5A:85 @5:><5=40F88 : B5ABC  
&5AB A>AB02;5= 2 2 20@80=B0E, A>45@68B 12 7040=89. �0@80=BK @01>BK 

@02=>F5==K.  
�@5<O =0 ?>43>B>2:C 8 2K?>;=5=85 B5AB0: 30 <8=CB. 
 

�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1, �� 1.2, �� 2.2, �� 2.3 

 

"B25BO 

 

�040=8S 1 2 3 4 5 6 7 8 9 10 11 12 

�0@80=B №1 0 3 2 1 1 2 1 3 1 3 1 3 

�0@80=B №2 2 1 2 1 0 2 1 3 1 3 2 3 
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�0@80=B №1 
1. %:>;L:> p-n  ?5@5E>4>2 A>45@68B ?>;C?@>2>4=8:>2K9 48>4? 
0) "48= 
1) �20 
2) &@8 
3) +5BK@5 
2. �0:CN @>;L 2 M;5:B@>==KE AE5<0E 2K?>;=O5B 20@8:0?? 
0) %>?@>B82;5=8O 
1) �;NG0 
2) �=4C:B82=>AB8 
3) �<:>AB8 
3. ':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0 p-n-

p. 

0) #;NA, ?;NA 
1)  8=CA, ?;NA 
2) #;NA, <8=CA 
3)  8=CA, <8=CA 
4. �0: =07K20NB F5=B@0;L=CN >1;0ABL 2 ?>;52>< B@0=78AB>@5? 
0) %B>: 
1) �0=0; 
2) �AB>: 
3) $CG59 

5. � ?>;52KE B@0=78AB>@0E M;5<5=B, >B :>B>@>3> 4286CBAO 70@O4K, =07K205BAO& 

0) %B>: 
1) �AB>: 
2) �0B2>@ 
3) �0=0; A 2KA>:>9 ?@>2>48<>ABLN 

6. %:>;L:> p-n  ?5@5E>4>2 A>45@68B B8@8AB>@? 
0) "48= 
1) �20 
2) &@8 
3) +5BK@5 
7. -;5:B@>4K D>B>@578AB>@0 2K?>;=5=K 87 & 

0)  548 
1) #;0B8=K 

2) �5;570 
3) %5@51@0 
8. �;O 2K?@O<;5=8O ?5@5<5==>3> =0?@O65=8O ?@8<5=ONB& 

0) "4=>D07=K5 2K?@O<8B5;8 

1)  =>3>D07=K5 2K?@O<8B5;8 

2)  >AB>2K5 2K?@O<8B5;8 

3) �A5 ?5@5G8A;5==K5 
9. �7 :0:8E M;5<5=B>2 <>6=> A>AB028BL A3;06820NI85 D8;LB@K? 
0) �7 @578AB>@>2 
1) �7 :>=45=A0B>@>2  
2) �7 :0BCH5: 8=4C:B82=>AB8 

3) �7 2A5E 2KH5?5@5G8A;5==KE ?@81>@>2  
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10. �0:8< >1@07>< M;5<5=BK 8=B53@0;L=>9 <8:@>AE5<K A>548=ONB <564C A>1>9? 
0)  !0?K;5=85< 7>;>BKE 8;8 0;N<8=852KE  4>@>65: G5@57 >:=0 2 <0A:5                         
1) #09:>9 ;075@=K< ;CG>< 

2) &5@<>:><?@5AA859 

3) �A5<8 ?5@5G8A;5==K<8 A?>A>10<8 

11. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 
500 ;>38G5A:8E M;5<5=B>2? 
0) � <0;>9 
1) � A@54=59 
2) � 2KA>:>9 
3) � A25@E2KA>:>9 
12. �0:85 =0?@02;5=8O E0@0:B5@=K 4;O A>25@H5=AB2>20=8O M;5<5=B=>9 107K 
M;5:B@>=8:8? 
0) #>2KH5=85 =0456=>AB8 

1) %=865=85 ?>B@51;5=8O <>I=>AB8 

2)  8=80BN@870F8O 
3) �A5 ?5@5G8A;5==K5 
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�0@80=B №2 
1. �0:85 48>4K ?@8<5=ONB 4;O 2K?@O<;5=8O ?5@5<5==>3> B>:0? 
0) #;>A:>AB=K5 
1) &>G5G=K5 
2) &5 8 4@C385 
3) !8:0:85 
2. %:>;L:> p-n  ?5@5E>4>2 C ?>;C?@>2>4=8:>2>3> B@0=78AB>@0? 
0) "48= 
1) �20 
2) &@8 
3) +5BK@5 
3. �0: =07K20NB A@54=89 A;>9 C 18?>;O@=KE B@0=78AB>@>2? 
0) %B>: 
1) �AB>: 
2) �070 
3) �>;;5:B>@  
4. ':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0 n-p-

n. 

0) #;NA, ?;NA 
1)  8=CA, ?;NA 
2) #;NA, <8=CA 
3)  8=CA, <8=CA 
5. � ?>;52KE B@0=78AB>@0E M;5<5=B, : :>B>@><C 4286CBAO 70@O4K, =07K205BAO& 

0) %B>: 
1) �AB>: 
2) �0B2>@ 
3) �0=0; A 2KA>:>9 ?@>2>48<>ABLN 

6. +B> O2;O5BAO :0B>4>< 20:CC<=>3> D>B>M;5<5=B0? 
0) !8:5;8=>20O ?@>2>;>:0          
1) #;5=:0 87 ?>;C?@>2>4=8:>2>3> <0B5@80;0 
2) &>=:89 A;>9 I5;>G=>75<5;L=>3> <5B0;;0 
7. �0:8<8 A2>1>4=K<8 =>A8B5;O<8 70@O4>2 >1CA;>2;5= B>: 2 D>B>@578AB>@5? 
0) �K@:0<8 
1) -;5:B@>=0<8 

2) #@>B>=0<8 

3) !59B@>=0<8 
8. '?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075& 

0) �8>4>2 
1) #>;52KE B@0=78AB>@>2 
2) �8?>;O@=KE B@0=78AB>@>2 
3)  &8@8AB>@>2 
9. -;5:B@>==K5 CAB@>9AB20, ?@5>1@07CNI85 ?>AB>O==>5 =0?@O65=85 2 ?5@5<5==>5 
=0?@O65=85, =07K20NBAO& 

0) �K?@O<8B5;O<8 
1)  �=25@B>@0<8 

2) %B018;8B@>=0<8 

3) (8;LB@0<8 
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10. �0:85 >A>15==>AB8 E0@0:B5@=K :0: 4;O <0;KE 8=B53@0;L=KE <8:@>AE5< ( �%), 
B0: 8 4;O 1>;LH8E 8=B53@0;L=KE <8:@>AE5< (��%)? 
0)  8=80BN@=>ABL 
1) %>:@0I5=85 2=CB@5==8E A>548=8B5;L=KE ;8=89 

2)  �><?;5:A=0O B5E=>;>38O 
3) �A5 ?5@5G8A;5==K5 
11. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 
1500 ;>38G5A:8E M;5<5=B>2? 
0) � <0;>9 
1) � A@54=59 
2) � 2KA>:>9 
3) � A25@E2KA>:>9 
12. (C=:F8>=0;L=K9 1;>: -� , ?@54=07=0G5==K9 4;O E@0=5=8O >A=>2=>3> <0AA820 
8=D>@<0F88, =07K205BAO& 

0) "?5@0B82=>5 70?><8=0NI55 CAB@>9AB2> 
1) CAB@>9AB2> C?@02;5=8O  
2) 0@8D<5B8G5A:>5 CAB@>9AB2> 
3) 2=5H=55 70?><8=0NI55 CAB@>9AB2> 
 

�@8B5@88 >F5=:8: 
�0 :064K9 ?@028;L=K9 >B25B, =0G8A;O5BAO 1 10;;. 
«5» - ?@028;L=> 2K?>;=5=> 91 3 100% 7040=89 (11-12 10;;>2); 
«4» - ?@028;L=> 2K?>;=5=> 71 3 90% 7040=89 (9-10 10;;>2); 
«3» - ?@028;L=> 2K?>;=5=> 51 3 70% 7040=89 (7-8 10;;>2); 
«2» - ?@028;L=> 2K?>;=5=> <5=55 51% 7040=89 (0-6 10;;>2). 
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�=AB@C:F8>==O5 :0@BO 

4;S ?@>2545=8S ;01>@0B>@=OE @01>B 
 

�01>@0B>@=0S @01>B0 №1 
#@>25@:0 A2>9AB2 Q;5:B@8G5A:>9 F5?8 A ?>A;54>20B5;P=O< 8 ?0@0;;5;P=O< 

A>548=5=85< @578AB>@>2 
  

*5;P: 8AA;54>20BL @01>BC M;5:B@8G5A:>9 F5?8 ?@8 ?>A;54>20B5;L=>< 8 
?0@0;;5;L=><  A>548=5=88 @578AB>@>2.  
#@81>@O 8 >1>@C4>20=85: 
1. !01>@ <C;LB8<5B@>2 2 :0G5AB25 0<?5@<5B@0 8 2>;LB<5B@0 
2. !01>@ @578AB>@>2 (A>?@>B82;5=89): R1 = 100 "<, R2 =220 "<, R3 =470 "< 

3. �AB>G=8: =0?@O65=8O: U =15 � 

4. %>548=8B5;L=K5 ?@>2>40. 
 

I. #>A;54>20B5;P=>5 A>548=5=85 @578AB>@>2 
1. "1I85 A2545=8S 

�A;8 @578AB>@K 8;8 ;N1K5 4@C385 =03@C7:8 A>548=5=K ?>A;54>20B5;L=> 
(@8A.1), ?> =8< ?@>E>48B >48= 8 B>B  65 B>:. �5;8G8=0 B>:0 >?@545;O5BAO 
?@8;>65==K< =0?@O65=85< U 8 AC<<0@=K< A>?@>B82;5=85< R:  I = U / R , 345  
R = R1 + R2 + R3. 

 R1 R2 R3

UR1 UR2 UR3

I1

 
 8A.1 

!0 :064K9 >B45;L=K9 @578AB>@ ?@8 MB>< ?@8E>48BAO =5:>B>@>5 G0AB8G=>5 
=0?@O65=85. %C<<0 G0AB8G=KE =0?@O65=89 @02=0 ?>;=><C ?@8;>65==><C 
=0?@O65=8N: I÷R1 + I÷R2 + I÷R3 = U 

 

2.  #@0:B8G5A:0S G0ABP 
�040=85 
�7<5@OO B>:8 8 =0?@O65=8O, C1548B5AL, GB> B>: >48=0:>2 2 ;N1>9 B>G:5 

?>A;54>20B5;L=>9 F5?8 8 GB> AC<<0 G0AB8G=KE =0?@O65=89 @02=0 =0?@O65=8N,  
?@8;>65==><C :> 2A59 F5?8. 

 

#>@S4>: 2O?>;=5=8S @01>BO 

  %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A.2), ?>>G5@54=> 2:;NG0O 0<?5@<5B@ 
(<C;LB8<5B@) <564C B>G:0<8 @07@K20 A 3 B, C 3 D, E 3 F 8 G 3 H, 87<5@LB5 B>:8 
24>;L 2A59 ?>A;54>20B5;L=>9 F5?8.  

  �0B5< 87<5@LB5 G0AB8G=K5 =0?@O65=8O (?045=8O =0?@O65=8O) <564C B>G:0<8    
B - C, D - E, F - G, 0 B0:65 ?>;=>5 =0?@O65=85 F5?8 <564C B>G:0<8 B 3 G. �A5 
87<5@5==K5 25;8G8=K 70=5A8B5 2 B01;.1. 
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+

-

220 О<

R1 R2

R3

 
 8A.2 

"01;8F0 1 

&>:, <� #045=8S =0?@S65=8S, � 
#>;=>5 

=0?@S65=85, � 

&>G:8 F5?8 &>G:8 F5?8 &>G:8 F5?8 
A-B C-D E-F H-G B-C D-E F-G B-G 

        

 

�O2>4: 
 

�>=B@>;P=O9 2>?@>A:  
�0:>2K ?045=8O =0?@O65=8O ?> >B=>H5=8N : A>?@>B82;5=8O< 
A>>B25BAB2CNI8E @578AB>@>2? 
 

II. #0@0;;5;P=>5 A>548=5=85 @578AB>@>2 
1. "1I85 A2545=8S 

�A;8 @578AB>@K 8;8 ;N1K5 4@C385 =03@C7:8 A>548=5=K ?0@0;;5;L=> (@8A.3), 2A5 
>=8 =0E>4OBAO ?>4 >48=0:>2K< =0?@O65=85<:   U = UR1 = UR2 = UR3 

R1 R2 R3

I1 I2 I3

UR1 UR2 UR3

 
 8A.3 

 � :064>9 25B28 F5?8 ?@>B5:05B A2>9 B>:. %C<<0 2A5E B>:>2 25B259 @02=0 B>:C 
=0 =5@0725B2;ё==>< CG0AB:5 M;5:B@8G5A:>9 F5?8:   I = I1 + I2 + I3. 

 �5;8G8=0 B>:0 25B28 7028A8B >B ?@8;>65==>3> =0?@O65=8O 8 A>?@>B82;5=8O 
40==>9 25B28: 

I1 = U / R1;    I2 = U / R2;    I3 = U / R3. 

 &>: 2 =5@0725B2;5==>9 G0AB8 F5?8 7028A8B >B ?@8;>65==>3> =0?@O65=8O 8 
>1I53> A>?@>B82;5=8O F5?8:    I = U / R. 

�;O 2KG8A;5=8O >1I53> A>?@>B82;5=8O F5?8 A;C68B D>@<C;0:  
R = 1 / (1/R1 + 1/R2 + 1/R3). 

�;O F5?8 A 42C<O ?0@0;;5;L=> A>548=5==K<8 @578AB>@0<8:   
R = R1 ÷R2/ ( R1 + R2). 
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2.  #@0:B8G5A:0S G0ABP 
�040=85 
�7<5@OO =0?@O65=8O 8 B>:8, C1548B5AL, GB> =0?@O65=85, ?@8:;04K205<>5 : 

:064><C @578AB>@C, >48=0:>2> 8 GB> AC<<0 B>:>2 25B259 @02=0  B>:C =0 
=5@0725B2;ё==>< CG0AB:5 F5?8. 

 

#>@S4>: 2O?>;=5=8S @01>BO. 
 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A.4) 8 ?>409B5 ?>AB>O==>5 =0?@O65=85 
15 � =0 55 2E>4. 

 #>>G5@54=> 2:;NG0O <C;LB8<5B@ 2 @07@K2K <564C B>G:0<8 A - B,  C - D,  E - F, 

G - H 8 L - K, 87<5@LB5 B>:8 2 A>>B25BAB2CNI8E 25B2OE.    
 �0B5< 87<5@LB5 =0?@O65=8O =0 @578AB>@0E R1, R2,  8 R3 (<564C B>G:0<8   D - K,   

F - K, H - K).  

 �0=5A8B5 87<5@5==K5 25;8G8=K 2 B01;.2. 
 

I1 I2 I3

R1 R2 R3

 
 8A. 4 

"01;8F0 2 

!0?@S65=8S, � &>:8 25B259, <� #>;=O9 B>: F5?8, 
<� 

&>G:8 87<5@5=8O &>G:8 87<5@5=8O &>G:8 87<5@5=8O 
D - K (UR1) F - K (UR2) H - K 

(UR3) 

C - D E - F G - H A - B L - K 

        

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO:  
1. �0:>2> ?>;=>5 A>?@>B82;5=85 F5?8 A ?0@0;;5;L=K< A>548=5=85< 
@578AB>@>2? 

2. �0:>2K B>:8 25B259 ?> >B=>H5=8N : A>?@>B82;5=8O< MB8E 25B259?  
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�01>@0B>@=0S @01>B0 №2 
"?@545;5=85 ?>B5@8 =0?@S65=8S 2 ?@>2>40E 8 �#� ;8=88 Q;5:B@>?5@540G8 

 

*5;P: =0CG8BLAO >?@545;OBL :>MDD8F85=B ?>;57=>3> 459AB28O M;5:B@8G5A:>9 
F5?8. 
#@81>@O 8 >1>@C4>20=85: 
1. !01>@ <C;LB8<5B@>2 2 :0G5AB25 0<?5@<5B@0 8 2>;LB<5B@0 
2. !01>@ @578AB>@>2 (A>?@>B82;5=89): R1 = 22 "<, R2 =22 "<, R3 =150 "< 

3. �AB>G=8: =0?@O65=8O: U =15 � 

4. !01>@ A>548=8B5;L=KE ?@>2>4>2. 
 

1. "1I85 A2545=8S 
"B=>H5=85 >B84649<>9 (6OE>8=>9) <>I=>AB8 (8;8 M=5@388) : <>I=>AB8 (8;8 

M=5@388) ?>86>88<>9 (6E>8=>9) 5ABL <5@0 :0G5AB20 ?@>F5AA0 ?@5>1@07>20=8O. -B> 
>B=>H5=85, =07K205<>5 :>QDD8F89=B>< ?>;97=>7> 899AB68S, >?@545;O5BAO B0:: 

 = P�/)   P�) ;         = W�/)    W�) .   
#>A:>;L:C 2KE>4=0O <>I=>ABL (M=5@38O) 87-70 ?>B5@L <5=LH5, G5< 2E>4=0O, 

:>MDD8F85=B ?>;57=>3> 459AB28O (�#�) 2A5340 <5=LH5 1. 
 

2. #@0:B8G5A:0S G0ABP 
�040=85 
"?@545;8B5 �#� ?@>AB>9 @578AB82=>9 F5?8 (@8A.1) ?CB5< 87<5@5=8O B>:0 8 

=0?@O65=8O. 
 

I

R1

R2

U12 U34
RH

PBX
PBЫX

 
 8A.1 

 

#>@S4>: 2O?>;=5=8S @01>BO 

 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A.1). $578AB>@K R1 8 R2 8<8B8@CNB ?>B5@8 2 
;8=88 M;5:B@>?5@540G8. 

  >I=>ABL P�), ?>42>48<CN : 2E>4=K< 7068<0< ;8=88 1 3 2, 8 <>I=>ABL P�/), 
>B2>48<CN >B 2KE>4=KE 7068<>2 3 3 4, A;54C5B =09B8, 87<5@OO B>: 8 
=0?@O65=85. 

 #> 87<5@5==K< 25;8G8=0< B>:0 8 =0?@O65=8O =0948B5 <>I=>ABL, 8A?>;L7CO 
D>@<C;C P = U ÷I, 0 70B5< >?@545;8B5 �#� ?> D>@<C;5:  

 = P�/)   P�). 
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 >I=>ABL, ?>42>48<0O : ;8=88                   �>MDD8F85=B ?>;57=>3> 459AB28O  
    I =  

    U =                                                                        = P�/)    P�) = 

    P�) = U ÷I = 

 

 >I=>ABL, >B2>48<0O >B ;8=88                 �>MDD8F85=B ?>;57=>3> 459AB28O 2 % 

    I =  

    U =                                                                         =  ( P�/)    P�) ) ÷100% = 

    P�/) = U÷ I = 

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO: 
1.  5E0=8G5A:0O <>I=>ABL M;5:B@>42830B5;O ?>AB>O==>3> B>:0 8,5 :�B ?@8 
=0?@O65=88 220 �, �#� 85%. "?@545;8B5 M;5:B@8G5A:CN <>I=>ABL 8 B>: 
42830B5;O. 

2. -;5:B@8G5A:0O ?5GL <>I=>ABLN 5 :�B ?@8 =0?@O65=88 220 � ?>4:;NG5=0 : 
35=5@0B>@C A 2=CB@5==8< A>?@>B82;5=85< 0,22 "<. "?@545;8B5 -�% 8 �#� 
35=5@0B>@0. 
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�01>@0B>@=0S @01>B0 №3 
�AA;54>20=85 F5?8 ?5@5<5==>3> B>:0 A ?>A;54>20B5;P=O< A>548=5=85< 

@578AB>@0 8 :>=45=A0B>@0 
 

*5;P: 8AA;54>20BL @01>BC M;5:B@8G5A:>9 F5?8 ?5@5<5==>3> (A8=CA>840;L=>3>) 
B>:0 A ё<:>ABLN.  

#@81>@O 8 >1>@C4>20=85: 
1. �AB>G=8: ?5@5<5==>3> B>:0 >B 1;>:0 35=5@0B>@>2 =0?@O65=89 

2. !01>@ <C;LB8<5B@>2 2 :0G5AB25 0<?5@<5B@0 8 2>;LB<5B@0 
3. �>=45=A0B>@K: %1= 1<:(, %2=0,22 <:(, %3=0,47 <:( 

4. !01>@ A>548=8B5;L=KE ?@>2>4>2. 
 

1. "1I85 A2545=8S 
�>340 : :>=45=A0B>@C ?@8;>65=> A8=CA>840;L=>5 =0?@O65=85, >= 

?5@8>48G5A:8 70@O605BAO 8 @07@O605BAO. �284C ?5@5<5==>3> E0@0:B5@0 =0?@O65=8O 
?5@8>48G5A:8 <5=O5BAO B0:65 ?>;O@=>ABL 70@O40 :>=45=A0B>@0. &>: 2 :>=45=A0B>@5 
iC 4>AB8305B A2>53> 0<?;8BC4=>3> 7=0G5=8O :064K9 @07, :>340 =0?@O65=85 uC  =0 
=5< ?@>E>48B G5@57 =C;L (@8A. 1). &0:8< >1@07><, B>: iC  >?5@5605B =0?@O65=85 uC 

=0 90".  (07>2O9 A4283:  u - i = -90>. 

 uC
 iC

 uC

  iC

t

 
 8A.1 

$50:B82=>5 A>?@>B82;5=85 :>=45=A0B>@0 
  �>=45=A0B>@ 2 F5?8 A8=CA>840;L=>3> B>:0 >:07K205B B>:>>3@0=8G820NI89 

MDD5:B, :>B>@K9 2K720= 2AB@5G=K< 459AB285< =0?@O65=8O ?@8 87<5=5=88 7=0:0 
70@O40. -B>B B>:>>3@0=8G820NI89 MDD5:B ?@8=OB> 2K@060BL :0: 9<:>AB=>9 
@94:B86=>9 A>?@>B86;9=89   XC. �5;8G8=0 5<:>AB=>3> A>?@>B82;5=8O XC 7028A8B 
>B 25;8G8=K 5<:>AB8 :>=45=A0B>@0, 8 G0AB>BK ?@8;>65==>3> =0?@O65=8O 
?5@5<5==>3> B>:0. � A;CG05 A8=CA>840;L=>3> =0?@O65=8O 8<55<: XC  = 1  (C) = 1  
(2fC), 345: XC - @50:B82=>5 5<:>AB=>5 A>?@>B82;5=85, C - 5<:>ABL :>=45=A0B>@0,  

= 2f - C3;>20O G0AB>B0 A8=CA>840;L=>3> =0?@O65=8O (B>:0). 
�>340 8725AB=K 459AB2CNI85 7=0G5=8O B>:0 2 :>=45=A0B>@5 8 ?045=8O 

=0?@O65=8O =0 =5< >B MB>3> B>:0, @50:B82=>5 5<:>AB=>5 A>?@>B82;5=85 <>6=> 
2KG8A;8BL ?> 70:>=C "<0:  XC  =  UCm  ICm , XC  = UC  IC. 

�<:>AB=><C A>?@>B82;5=8N G0AB> ?@8A20820NB 7=0: «-» 2 >B;8G85 >B 
8=4C:B82=>3> A>?@>B82;5=8O, :>B>@><C ?@8?8AK20NB 7=0: «+». 

 

2. #@0:B8G5A:0S G0ABP 
�040=85 
#>AB@>9B5 3@0D8: 7028A8<>AB8 5<:>AB=>3> A>?@>B82;5=8O >B G0AB>BK 

?5@5<5==>3> B>:0. �;O MB>3> >?@545;8B5 A>>B25BAB2CNI85 @50:B82=K5 
A>?@>B82;5=8O ?> D>@<C;0<: XC  = 1  (2fC) 8 XC= UC  IC. 
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#>@S4>: 2O?>;=5=8S @01>BO 

 %>15@8B5 F5?L ?> AE5<5 (@8A. 2). 
 %>3;0A=> AE5<5 (@8A.2), CAB0=>28B5 A8=CA>840;L=>5 =0?@O65=85 U = 5� 8  

f = 1:�F =0 2KE>45 @53C;8@C5<>3> 8AB>G=8:0, 70B5< ?@8A>548=8B5 8AB>G=8: : 
2E>4=K< 7068<0< F5?8.  

 �7<5@LB5 459AB2CNI85 7=0G5=8O =0?@O65=8O 8 A8;K B>:0 ?@8 C:070==KE 
G0AB>B0E ?5@5<5==>3> B>:0 (1 :�F, 0,8 :�F, 0,6:�F, 0,4 :�F). 

 #>2B>@8B5 >?KB A :>=45=A0B>@0<8 5<:>ABLN %2=0,47 <:( 8 %3=0,22 <:(. 
 �KG8A;8B5 @50:B82=K5 5<:>AB=K5 A>?@>B82;5=8O ?> D>@<C;0<: 

XC = 1(2fC),  XC= UC  IC.     %@02=8B5 @57C;LB0BK. 
 

i
C

1 <к$ V0

A1

5 �

 

 8A. 2 

 $57C;LB0BK 87<5@5=89 8 2KG8A;5=89 70=5A8B5 2 B01;8FC. 
 f, :�F 1 0,8 0,6 0,4 

U, � 1,0 <:(     

U, � 0,47 <:(     

U, � 0,22 <:(     

I, � 1,0 <:(     

I, � 0,47 <:(     

I, �  0,22 <:(     

XC =  

U  I, "< 

1,0 <:(     

0,47 <:(     

0,22 <:(     

XC =  

1  (C), "< 

1,0 <:(     

0,47 <:(     

0,22 <:(     

 

 #5@5=5A8B5 25;8G8=K XC =0 3@0D8: (@8A.3.) 4;O ?>AB@>5=8O :@82>9 XC = 

f(f). 
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кО<

0,2 0,4 0,6 0,80 к�F

%С

f

0,4

0,8

1,2

1,6

0,2

0,6

1,0

1,4

1,8

 

 8A.3 

�O2>4: 

�>=B@>;P=O5 2>?@>AO: 
1. �0: 87<5=8BAO 5<:>AB=>5 A>?@>B82;5=85 ?@8 C25;8G5=88 G0AB>BK 2 2 @070, 
5A;8 >AB0;L=K5 ?0@0<5B@K =5 <5=ONBAO? 

2. �0: 87<5=8BAO 5<:>AB=>5 A>?@>B82;5=85 ?@8 C<5=LH5=88 5<:>AB8  2 3 @070, 
5A;8 >AB0;L=K5 ?0@0<5B@K =5 <5=ONBAO? 
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�01>@0B>@=0S @01>B0 №4 
�AA;54>20=85 F5?8 ?5@5<5==>3> B>:0 A ?0@0;;5;P=O< A>548=5=85< :0BCH:8 

8=4C:B82=>AB8 8 :>=45=A0B>@0 
 

*5;P: 8AA;54>20BL @01>BC M;5:B@8G5A:>9 F5?8 ?@8 @57>=0=A5 B>:>2. 
#@81>@O 8 >1>@C4>20=85: 
1. �AB>G=8: ?5@5<5==>3> B>:0 >B 1;>:0 35=5@0B>@>2 =0?@O65=89 

2. !01>@ <C;LB8<5B@>2 2 :0G5AB25 0<?5@<5B@>2 8 2>;LB<5B@0 
3. �0BCH:0 8=4C:B82=>AB8:  w= 300 28B:>2 
4. �>=45=A0B>@: %= 1<:( 

5. !01>@ A>548=8B5;L=KE ?@>2>4>2. 
 

1. "1I85 A2545=8S 
� ?0@0;;5;L=>< @57>=0=A=>< :>=BC@5 (@8A.1,0) 0:B82=0O ?@>2>48<>ABL =5 

7028A8B >B G0AB>BK, 0 8=4C:B82=0O, ё<:>AB=0O 8 @50:B82=0O ?@>2>48<>AB8 
87<5=ONBAO 2 A>>B25BAB288 A> A;54CNI8<8 2K@065=8O<8:    BL=1/ωL;   BC=ωC;   B 

= BL - BC.
 

R L C~U

I4)
I
R

I
L

I
C

G

B
L

B
C

B=B
L
-B

C

5)

Y

I
LC

 
 8A.1 

#>;=0O ?@>2>48<>ABL, :0: A;54C5B 87 B@5C3>;L=8:0 ?@>2>48<>AB59 (@8A1,1):  
Y=√(G2+B2). 

�84 MB8E 7028A8<>AB59 >B G0AB>BK ?@54AB02;5= =0 @8A.20. 
#@8 @57>=0=A=>9 G0AB>B5 ω0=1/√(LC):  BL=BC= √(C/L)=1/ρ 
-B0 ?@>2>48<>ABL =07K205BAO E4@4:B9@8AB8G9A:>9 ?@>6>88<>ABPR 

@57>=0=A=>3> :>=BC@0.  �5;8G8=0    Q= ρG =07K205BAO  8>5@>B=>ABPR :>=BC@4.  
#@8 87<5=5=88 G0AB>BK 8 =587<5==>< ?@8;>65==>< =0?@O65=88 B>:8 

C

B
L
(ü

B(

4)

G(


0




0

5)
Z (

 (






90O

-90O

X (

, -I
C
()

Y( , I()

, I
R
()

 , I
LC

()-B (

  I
L
()
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87<5=ONBAO ?@>?>@F8>=0;L=> A>>B25BAB2CNI8< ?@>2>48<>ABO<: I=UY;  IL=U�L;  

IC=U�C;   ILC=UB. 

#@8 @57>=0=A=>9 G0AB>B5 ω=ω0 B>: I, ?>B@51;O5<K9 >B 8AB>G=8:0, 8<55B 
<8=8<C< 8 @025= B>:C 2 0:B82=>< A>?@>B82;5=88 IR, 0 B>: =0 @50:B82=>< CG0AB:5 
F5?8 IL% @025= =C;N (A<. @8A.2,0). $50;L=K5 :@82K5 <>3CB =5A:>;L:> >B;8G0BLAO >B 
@0AA<>B@5==KE 8450;L=KE, B0: :0: 745AL =5 CG8BK20;>AL 0:B82=>5 A>?@>B82;5=85 
:0BCH:8. 

'3>; A42830 D07 (@8A.2,1) 87<5=O5BAO 2 A>>B25BAB288 A 2K@065=85<:    
φ=arctg[(1ω/L-ωC)/G]. 

!0 @8A.21 ?>AB@>5=K B0:65 7028A8<>AB8 >B G0AB>BK ?>;=>3> Z 8 @50:B82=>3> X 

A>?@>B82;5=89. B >1I5< A;CG05:  Z=1/Y=1/√(G2+B2); X=B (G2+B2). 

#@8 @57>=0=A5 ?>;=>5 A>?@>B82;5=85 ?@8=8<05B <0:A8<0;L=>5 7=0G5=85, 0 
@50:B82=>5 >1@0I05BAO 2 =>;L. 

 

2. #@0:B8G5A:0S G0ABP 
�040=85 
%=8<8B5  G0AB>B=K5 E0@0:B5@8AB8:8 ?0@0;;5;L=>3> @57>=0=A=>3> :>=BC@0. 

#>@S4>: 2O?>;=5=8S @01>BO 

 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A.3), 2:;NG82 2 =5ё 87<5@8B5;L=K5 ?@81>@K 
2 A>>B25BAB2CNI85 3=ё740.    

 #>409B5 =0 AE5<C A8=CA>840;L=>5 =0?@O65=85 >B 35=5@0B>@0 =0?@O65=89 
A?5F80;L=>9 D>@<K U = 5 B, f = (0,2-2) :�F. 

L

(300

68Bк>6)C

1 <к$

~U=5B

f=0,2...1 кF

I
A3A1

A2

V

I
L

I
C

    

 8A.3 

 �7<5=OO G0AB>BC >B 0,2 4> 1:�F, 70?8H8B5 2 B01;8FC ?>:070=8O  ?@81>@>2. 
 $0AAG8B09B5 ?> ?>:070=8O< <C;LB8<5B@>2 8=4C:B82=>5 A>?@>B82;5=85 :0BCH:8;  
5<:>AB=>5 A>?@>B82;5=85 :>=45=A0B>@0;  ?>;=>5 A>?@>B82;5=85 F5?8:  

XL=U/IL;    X%=U/I%;   Z = U/I.    

 #>AB@>9B5 3@0D8:8 G0AB>B=KE E0@0:B5@8AB8: (8A?>;L7C9B5 @8AC=:8 4 8 5).  
 

f, �F I, <� IC, <� IL, <� U, � XL, "< XC, "< Z, "< 

0,2        

0,3        

0,4        

0,5        

0,6        

0,7        

0,8        

0,9        
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1        

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO:  
1. !07>28B5 CA;>28O @57>=0=A0 B>:>2. 
2. !07>28B5 CA;>28O @57>=0=A0 =0?@O65=89.  
 

 

Рис. 4 

Рис.5 
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<А 

35 

0 
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�01>@0B>@=0S @01>B0 №5 
�AA;54>20=85 B@5ED07=>9 F5?8 ?@8 A>548=5=88 ?@85<=8:>2 Q=5@388 «72574>9» 

 

*5;P: 8AA;54>20=85 @0A?@545;5=8O B>:>2 8 =0?@O65=89 2 B@5ED07=KE F5?OE 
?@8 A>548=5=88 ?@85<=8:>2 M=5@388 «72574>9». 
#@81>@O 8 >1>@C4>20=85. 
1. �AB>G=8: 3-ED07=>3> B>:0 >B 35=5@0B>@0 =0?@O65=89 

2. !01>@  <C;LB8<5B@>2 2 :0G5AB25 2>;LB<5B@>2 8  0<?5@<5B@>2 
3. $578AB>@K R1=1:"< - 3HB., R2=470 "<, R3=330 "< 

4. !01>@ A>548=8B5;L=KE ?@>2>4>2. 
 

1. "1I85 A2545=8S 
�A;8 =03@C7:8 (?@85<=8:8) A>548=5=K 2 B@5ED07=CN F5?L ?> AE5<5 «725740» 

(@8A.1), B> : A>?@>B82;5=8O< =03@C7:8 ?@8;>65=K D07=K5 =0?@O65=8O. �8=59=K5 
B>:8 @02=K D07=K< 8 >?@545;ONBAO ?> 70:>=C "<0: ;

R

U
I

A

A

A
       ;

R

U
I

B

B

B
       ,

C

C

C
R

U
I   

0 B>: 2 =59B@0;8 @025= 25:B>@=>9 AC<<5 MB8E B>:>2: IN = IA + IB + IC. 

 
 8A.1 

#@8 A8<<5B@8G=KE =0?@O65=8OE UA, UB, UC 8 >48=0:>2KE A>?@>B82;5=8OE  
RA= RB = RC = R B>:8 IA, IB, IC B0:65 A8<<5B@8G=K 8 8E 25:B>@=0O AC<<0 (IN) @02=0 
=C;N. &>340  I�  = I(  = U(   R;   IN = 0. 

�A;8 65 A>?@>B82;5=8O D07 =03@C7:8 =5>48=0:>2K, B> G5@57 =C;52>9 ?@>2>4 
?@>B5:05B =5:>B>@K9 B>: IN  0. -B> ?>OA=O5BAO =0 25:B>@=KE 4803@0<<0E (@8A.2). 

UA

UB

UC

IA

IB

IC

IB

IC

IN = 0

IA

IB

IC

IN

a) A8<<еB@8G=4я =47@C7к4 5) =еA8<<еB@8G=4я =47@C7к4

 
 8A.2 

 >I=>ABL B@ёED07=>9 =03@C7:8 A:;04K205BAO 87 <>I=>AB59 D07:   
P = P� + P�  + P%. 

�>340 =03@C7:0 A8<<5B@8G=0O 8 G8AB> @578AB82=0O, 8<55< P = 3 P( = 3U( ÷ I(. 

#@8 A<5H0==>9 (0:B82=>-8=4C:B82=>9 8;8 0:B82=>-5<:>AB=>9) =03@C7:5: 
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�:B82=0O <>I=>ABL:    P = 3 ÷U(  ÷I( ÷ cos = ö3 ÷ U� ÷ I� ÷ cos. 

$50:B82=0O <>I=>ABL:  Q = 3 ÷U( ÷I( ÷ sin = ö3 ÷U� ÷ I� ÷ sin. 

#>;=0O <>I=>ABL:     S = 3 ÷U( I( = ö3 ÷U� ÷ I� . 
 

2. #@0:B8G5A:0S G0ABP. 
�040=85 
�;O B@5ED07=>9 F5?8 A A>548=5=85< «725740» ?@8 A8<<5B@8G=>9 8 

=5A8<<5B@8G=>9 =03@C7:0E 87<5@LB5 A ?><>ILN <C;LB8<5B@0  459AB2CNI85 
7=0G5=8O B>:>2 I� 8 IN, 0 B0:65 =0?@O65=89 U�  8 U(, 2KG8A;8B5 <>I=>AB8 P( 8 P(, 

?@>AB@>9B5 25:B>@=K5 4803@0<<K. 
#>@S4>: 2O?>;=5=8S @01>BO 

 %>15@8B5 F5?L A A8<<5B@8G=>9 =03@C7:>9  (RA = RB = RC  = 1 :"<) A>3;0A=> 
AE5<5 (@8A.3). 

UAUBUC

UBC

UCAUAB

 
 8A.3 

 �7<5@LB5 459AB2CNI85 7=0G5=8O =0?@O65=89 8 B>:>2 A>3;0A=> B01;.1 8 
2KG8A;8B5 <>I=>AB8. 

 #>2B>@8B5 87<5@5=8O 8 2KG8A;5=8O 4;O =5A8<<5B@8G=>9 =03@C7:8  
(RA = 1:"<, RB = 470 "<,  RC = 330 "<). 

 #>AB@>9B5 25:B>@=K5 4803@0<<K =0?@O65=89 8 B>:>2. 
"01;8F0 1 

%E5<0 «725740» !03@C7:0 
A8<<5B@8G=0O 

!03@C7:0 
=5A8<<5B@8G=0O 

�8=59=K5 8 D07=K5 
B>:8, B>: =59B@0;8, � 

IA   

IB   

IC   

IN   

�8=59=K5 
=0?@O65=8O, � 

UAB   

UBC   

UCA   

(07=K5 =0?@O65=8O, 
� 

UA   

UB   

UC   

(07=K5 <>I=>AB8, �B PA   

PB   

PC   

"1I0O <>I=>ABL, �B P   
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�O2>4: 
�>=B@>;P=O5 2>?@>AO:  
1. �0:>2> D07=>5 =0?@O65=85 ?@8 A>548=5=88 ?@8ё<=8:>2 M;5:B@>M=5@388 ?> 
AE5<5 «725740», 5A;8 ;8=59=>5 =0?@O65=85 220 �? 

2. �0:>2 ;8=59=K9 B>: ?@8 A>548=5=88 ?@8ё<=8:>2 M;5:B@>M=5@388 ?> AE5<5 
«B@5C3>;L=8:», 5A;8 D07=K9 B>: 5 �? 
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�01>@0B>@=0S @01>B0 №6 
�A?OB0=85 >4=>D07=>3> B@0=AD>@<0B>@0 

 

I. "?OB E>;>AB>3> E>40 
*5;P: 8AA;54>20=85 7028A8<>AB8 B>:0 E>;>AB>3> E>40, <>I=>AB8 ?@8 E>;>AB>< 
E>45 8 :>MDD8F85=B0 <>I=>AB8 >B =0?@O65=8O. 
#5@5G5=P 0??0@0BC@O: 
1. $53C;8@C5<K9 02B>B@0=AD>@<0B>@ (�1) 
2. &@ёED07=0O B@0=AD>@<0B>@=0O 3@C??0 (�2) 
3. �;>: <C;LB8<5B@>2 ($1) 
4. �7<5@8B5;L <>I=>AB59 ($2).   

 

1;5:B@8G5A:0S AE5<0 A>548=5=89 

 

347.1

A2

318.1508.2

A V

P1 A1

507.2

varW

P2

P1.2 P1.1

 
�2B>B@0=AD>@<0B>@ �1 8A?>;L7C5BAO 2 :0G5AB25 @53C;8@C5<>3> 8AB>G=8:0 

A8=CA>840;L=>3> =0?@O65=8O ?@><KH;5==>9 G0AB>BK. 
"48= 87 >4=>D07=KE B@0=AD>@<0B>@>2 B@5ED07=>9 B@0=AD>@<0B>@=>9 3@C??K 

�2 O2;O5BAO 8A?KBC5<K<. 
% ?><>ILN <C;LB8<5B@>2 1;>:0 $1 :>=B@>;8@CNBAO B>: 8 =0?@O65=85 

?5@28G=>9 >1<>B:8 8A?KBC5<>3> B@0=AD>@<0B>@0. 
% ?><>ILN 87<5@8B5;O $2 :>=B@>;8@CNBAO 0:B82=0O 8 @50:B82=0O <>I=>AB8, 

?>B@51;O5<K5 8A?KBC5<K< B@0=AD>@<0B>@><. 
 

 #>@S4>: 2O?>;=5=8S @01>BO. 
'1548B5AL, GB> CAB@>9AB20, 8A?>;L7C5<K5 2 M:A?5@8<5=B5, >B:;NG5=K >B A5B8 
M;5:B@>?8B0=8O. 

%>548=8B5 3=5740 70I8B=>3> 7075<;5=8O " " CAB@>9AB2, 8A?>;L7C5<KE 2 
M:A?5@8<5=B5, A 3=574>< "$�" 02B>B@0=AD>@<0B>@0 �1. 

%>548=8B5 M;5:B@8G5A:8< H=C@>< ?@81>@=CN 28;:C M;5:B@>?8B0=8O «220�» 
02B>B@0=AD>@<0B>@0 �1 A @>75B:>9 >4=>D07=>9 B@5E?@>2>4=>9 M;5:B@8G5A:>9 
A5B8 ?8B0=8O =0?@O65=85< 220�. 

%>548=8B5 0??0@0BC@C 2 A>>B25BAB288 A M;5:B@8G5A:>9 AE5<>9 A>548=5=89. 
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#>25@=8B5 @53C;8@>2>G=CN @C:>OB:C 02B>B@0=AD>@<0B>@0 �1 2 :@09=55 ?@>B82 
G0A>2>9 AB@5;:8 ?>;>65=85. 

�:;NG8B5 2K:;NG0B5;8 «%�&,» 1;>:>2, 70459AB2>20==KE 2 M:A?5@8<5=B5. 
�:B82878@C9B5 <C;LB8<5B@K 1;>:0 $1, 70459AB2>20==K5 2 M:A?5@8<5=B5. 
�@0I0O @53C;8@>2>G=CN @C:>OB:C 02B>B@0=AD>@<0B>@0 �1, 87<5=O9B5 =0?@O65=85 

U1   =0 2K2>40E ?5@28G=>9 >1<>B:8 8A?KBC5<>3> >4=>D07=>3> B@0=AD>@<0B>@0 2 
480?07>=5 0&240� 8 70=>A8B5 ?>:070=8O ?@81>@>2  2 B01;8FC 1.  

"01;8F0 1 

U1, �        

I 10, �        

P 10, �B        

U20,�        

K         

Aos φ0        

"B:;NG8B5 2K:;NG0B5;8 «%�&,» 1;>:>2, 70459AB2>20==KE 2 M:A?5@8<5=B5. 
�A?>;L7CO 40==K5 B01;8FK 1, 2KG8A;8B5 :>MDD8F85=B B@0=AD>@<0F88 8 
:>MDD8F85=B <>I=>AB8  

K = U1/ U20,  Aos φ0 = P 10/ (U1 I 10) 

�A?>;L7CO 40==K5 B01;8FK 1  ?>AB@>9B5  E0@0:B5@8AB8:8 E>;>AB>3> E>40 I10=f(U1),  

$10=f(U1),  cosφ0=f(U1) >4=>D07=>3> B@0=AD>@<0B>@0. 
 

�O2>4: 
 

II. "?OB  :>@>B:>3> 70<O:0=8S 
*5;P: 8AA;54>20=85 @01>BK B@0=AD>@<0B>@0 2 @568<5 :>@>B:>3> 70<K:0=8O. 
#5@5G5=P 0??0@0BC@O: 
1. $53C;8@C5<K9 02B>B@0=AD>@<0B>@ (�1) 
2. &@ёED07=0O B@0=AD>@<0B>@=0O 3@C??0 (�2) 
3. $5>AB0B (�13) 
4. �;>: <C;LB8<5B@>2 ($1) 
5. �7<5@8B5;L <>I=>AB59 ($2).   
 

1;5:B@8G5A:0S AE5<0 A>548=5=89 

347.1

A2

318.1508.2

A V

P1 A1

507.2

varW

P2

P1.2 P1.1

323.2

A13
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#>@S4>: 2O?>;=5=8S @01>BO 
'1548B5AL, GB> CAB@>9AB20, 8A?>;L7C5<K5 2 M:A?5@8<5=B5, >B:;NG5=K >B A5B8 
M;5:B@>?8B0=8O. 

%>548=8B5 3=5740 70I8B=>3> 7075<;5=8O " " CAB@>9AB2, 8A?>;L7C5<KE 2 
M:A?5@8<5=B5, A 3=574>< "$�" 02B>B@0=AD>@<0B>@0 �1. 

%>548=8B5 M;5:B@8G5A:8< H=C@>< ?@81>@=CN 28;:C M;5:B@>?8B0=8O «220�» 
02B>B@0=AD>@<0B>@0 �1 A @>75B:>9 >4=>D07=>9 B@5E?@>2>4=>9 M;5:B@8G5A:>9 
A5B8 ?8B0=8O =0?@O65=85< 220�. 

%>548=8B5 0??0@0BC@C 2 A>>B25BAB288 A M;5:B@8G5A:>9 AE5<>9 A>548=5=89. 
#>25@=8B5 @53C;8@>2>G=CN @C:>OB:C 02B>B@0=AD>@<0B>@0 �1 2 :@09=55 ?@>B82 
G0A>2>9 AB@5;:8 ?>;>65=85. 

� B@5ED07=>9 B@0=AD>@<0B>@=>9 3@C??5 �2 ?5@5:;NG0B5;5< CAB0=>28B5 65;05<>5 
=><8=0;L=>5 2B>@8G=>5 =0?@O65=85 B@0=AD>@<0B>@0, =0?@8<5@, 127�. 

'AB0=>28B5 AC<<0@=>5 A>?@>B82;5=85 @5>AB0B0 �13 @02=K<, =0?@8<5@, 100 "<. 
�:;NG8B5 2K:;NG0B5;8 «%�&,» 1;>:>2, 70459AB2>20==KE 2 M:A?5@8<5=B5. 
�:B82878@C9B5 <C;LB8<5B@K 1;>:0 $1, 70459AB2>20==K5 2 M:A?5@8<5=B5.  
 54;5==> 2@0I0O @53C;8@>2>G=CN @C:>OB:C 02B>B@0=AD>@<0B>@0 �1 ?> G0A>2>9 
AB@5;:5, C25;8G8209B5 B>:  ?5@28G=>9 >1<>B:8 8A?KBC5<>3> >4=>D07=>3> 
B@0=AD>@<0B>@0  8 70=>A8B5 ?>:070=8O ?@81>@>2 2 B01;8FC 2. 

"01;8F0 2 

U1, B        

I1k, �        

P1�, �B        

Aos φ:        

 

"B:;NG8B5 2K:;NG0B5;8 «%�&,» 1;>:>2, 70459AB2>20==KE 2 M:A?5@8<5=B5. 
�A?>;L7CO 40==K5 B01;8FK 2, 2KG8A;8B5 :>MDD8F85=B <>I=>AB8 ?> D>@<C;5 

Aos φ: = P 1k/ U1 I 1k 

�A?>;L7CO 40==K5 B01;8FK 2 ?>AB@>9B5 E0@0:B5@8AB8:8 :>@>B:>3> 70<K:0=8O  
I 1�=f(U1),    $ 1�=f(U1), cosφ:=f(U1) >4=>D07=>3> B@0=AD>@<0B>@0. 

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO: 
1. +B> B0:>5 B@0=AD>@<0B>@? 
2. �0: CAB@>5= B@0=AD>@<0B>@? 
3. !0 :0:>< O2;5=88 >A=>20=> 459AB285 B@0=AD>@<0B>@0? 
4. �0: >?@545;8BL :>MDD8F85=B B@0=AD>@<0F88? 
5. +B> =07K205BAO >?KB>< E>;>AB>3> E>40? �;O G53> >= ?@>2>48BLAO? 
6. +B> =07K20NB :>@>B:8< 70<K:0=85<? 
7. �0: >?@545;8BL ?>B5@8 <>I=>AB8 2 B@0=AD>@<0B>@5? 
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�01>@0B>@=0S @01>B0 №7 
$0AH8@5=85 ?@545;>2 87<5@5=8S 2>;PB<5B@0 8 0<?5@<5B@0 

 

*5;P: >7=0:><;5=85 A <5B>40<8 @0AH8@5=8O ?@545;>2 87<5@5=89 0<?5@<5B@0 8 

2>;LB<5B@0. 
#@81>@O 8 >1>@C4>20=85: 
1. �;>: <C;LB8<5B@>2 2 :0G5AB25 0<?5@<5B@0 8 2>;LB<5B@0 
2. �=0;>3>2K9 2>;LB<5B@, 0=0;>3>2K9 <8;;80<?5@<5B@ 
3. !01>@ @578AB>@>2 
4. !01>@ A>548=8B5;L=KE ?@>2>4>2 
5. �AB>G=8: ?8B0=8O ?>AB>O==>3> B>:0 >B 1;>:0 35=5@0B>@>2 =0?@O65=89. 

 

1. "1I85 A2545=8S 
I. �;O 87<5@5=8O A8;K B>:0 2 M;5:B@8G5A:8E F5?OE A;C60B 0<?5@<5B@K, 

<8;;80<?5@<5B@K 8 <8:@>0<?5@<5B@K @07;8G=KE A8AB5<. �E 2:;NG0NB 2 F5?L 
?>A;54>20B5;L=>, 8 G5@57 ?@81>@ ?@>E>48B 25AL B>:, ?@>B5:0NI89 2 F5?8. #@8 
@07;8G=KE M;5:B@8G5A:8E 87<5@5=8OE 25AL<0 206=>, GB>1K 87<5@8B5;L=K9 ?@81>@ 
:0: <>6=> <5=LH5 87<5=O; M;5:B@8G5A:89 @568< F5?8, 2 :>B>@CN 53> 2:;NG0NB. 
#> MB>9 ?@8G8=5 0<?5@<5B@ 4>;65= >1;040BL =57=0G8B5;L=K< A>?@>B82;5=85< ?> 
A@02=5=8N A A>?@>B82;5=85< F5?8. #@8A>548=OBL 0<?5@<5B@ : ?>;NA0< 8AB>G=8:0 
B>:0 157 =03@C7:8 =5;L7O. -B> >1JOA=O5BAO B5<, GB> ?> >1<>B:5 0<?5@<5B@0, 
8<5NI59 <0;>5 A>?@>B82;5=85, 2 40==>< A;CG05 ?@>945B 1>;LH>9 B>: 8 >=0 <>65B 
?5@53>@5BL. #> B>9 65 ?@8G8=5 =5;L7O 2:;NG0BL 0<?5@<5B@ ?0@0;;5;L=> =03@C7:5. 
�A;8 B0:>9 87<5@8B5;L=K9 ?@81>@ =C6=> ?@8A?>A>18BL 4;O 87<5@5=8O 
7=0G8B5;L=>9 A8;K B>:0 ‒ @0AH8@8BL ?@545;K 87<5@5=8O 0<?5@<5B@0, B0 >= 
A=01605BAO HC=B><. 

ШC=B ‒ MB> >B=>A8B5;L=> <0;>5, => B>G=> 8725AB=>5 
A>?@>B82;5=85, ?@8A>548=O5<>5  ?0@0;;5;L=>  
87<5@8B5;L=><C  <5E0=87<C.  %E5<0 2:;NG5=8O 0<?5@<5B@0 
A HC=B>< ?>:070=0 =0 @8AC=:5. #@8 B0:>< 2:;NG5=88 HC=B0 
87 n G0AB59 B>:0, ?@>B5:0NI53> 2 F5?8, G5@57 ?@81>@ 
?@>E>48B ;8HL >4=0 53> G0ABL, 0 G5@57 HC=B ‒ >AB0;L=K5 n-1 

G0AB59. -B>  ?@>8AE>48B  ?>B><C,  GB>  A>?@>B82;5=85  HC=B0  
<5=LH5 A>?@>B82;5=8O 0<?5@<5B@0 n - 1 @07. +8A;> n 

?>:07K205B, 2> A:>;L:> @07 =C6=> C25;8G8BL ?@545; 
87<5@5=8O 0<?5@<5B@0.  

A

PA1

U

I

RШ

I
A

 

&0:8< >1@07><, HC=B A;C68B 4;O @0AH8@5=8O ?@545;>2 87<5@5=8O ?@81>@0. 
%>?@>B82;5=85 HC=B0, :>B>@K9 =04> ?@8A>548=8BL ?0@0;;5;L=> 0<?5@<5B@C, GB>1K 
>15A?5G8BL B0:>5 @0AH8@5=85 ?@545;0 87<5@5=8O, <>6=> >?@545;8BL ?> D>@<C;5: 

 H =  

#>A;5 ?@8A>548=5=8O HC=B0 : ?@81>@C :064>5 45;5=85 H:0;K ?@81>@0 1C45B 
A>>B25BAB2>20BL 25;8G8=5, 2 n @07 1>;LH59, G5< C:070=0 =0 =59.  

II. �;O 87<5@5=8O =0?@O65=8O A;C60B 2>;LB<5B@K, <8;;82>;LB<5B@K 8 
<8:@>2>;LB<5B@K  @07;8G=KE A8AB5<. -B8 ?@81>@K 2:;NG0NB ?0@0;;5;L=> 
=03@C7:5, 0 ?>B><C A>?@>B82;5=85 8E 4>;6=> 1KBL :0: <>6=> 1>;LH5. � A2O78 A  
MB8< C<5=LH05BAO 4>AB>25@=>ABL ?@>872545==>3> 87<5@5=8O. �;O @0AH8@5=8O 
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?@545;>2 87<5@5=8O 2>;LB<5B@0 : >1<>B:5 87<5@8B5;L=>3> <5E0=87<0 
?>A;54>20B5;L=> ?@8A>548=ONB <=>3>><=>5 A>?@>B82;5=85, =>AOI55 =0720=85 
4>102>G=>3> A>?@>B82;5=8O.  

#@8 B0:>9 AE5<5 87 n G0AB59 =0?@O65=8O, 
?>4;560I53> 87<5@5=8N, =0 >1<>B:C ?@81>@0 
?@8E>48BAO ;8HL >4=0 G0ABL, 0 >AB0;L=K5 n-1 G0AB59 3 
=0 4>102>G=>5 A>?@>B82;5=85. -B> ?@>8AE>48B ?>B><C, 
GB> 4>102>G=>5 A>?@>B82;5=85  15@5BAO 1>;LH5 
A>?@>B82;5=8O 2>;LB<5B@0 2 n —1 @07, ?@8 
?>A;54>20B5;L=>< A>548=5=88 =0?@O65=85 
@0A?@545;O5BAO ?@>?>@F8>=0;L=> 25;8G8=5 
A>?@>B82;5=8O. 

V

PV1

U

I
Rдоб

R
V

U
V

 

�>102>G=>5 A>?@>B82;5=85, :>B>@>5 =04> ?@8A>548=8BL ?>A;54>20B5;L=> : 
2>;LB<5B@C, <>6=> >?@545;8BL ?> D>@<C;5:  R8 = R6 (n-1) 

#>A;5 ?@8A>548=5=8O : 2>;LB<5B@C 4>102>G=>3> A>?@>B82;5=8O :064>5 
45;5=85 H:0;K ?@81>@0 1C45B A>>B25BAB2>20BL 25;8G8=5, 2 n @07 1>;LH59, G5< 
C:070=> =0 =59.  

 

2. #>@S4>: 2O?>;=5=8S @01>BO. 
 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A. 1). 

 

 

 8A.1  8A.2 

 �0?>;=8B5 B01;8FC 1. 

"01;8F0 1. 
Ra RH #>25@O5<K9 ?@81>@ "1@07F>2K

9 ?@81>@, 
A8;0 B>:0, 

I0, <� 

�1A>;NB
=0O 

?>3@5H=>
ABL, Δ, 
<� 

"B=>A8B5;
L=0O 

?>3@5H=>A
BL, γ,% 

*5=0 
45;5=8
O,  
<� 

n +8A;> 
45;5=89 

%8;0 
B>:0, 
I, <� 

         

     

     

     

     

 

 �KG8A;8BL 01A>;NB=CN ?>3@5H=>ABL 8 ?@82545==CN >B=>A8B5;L=CN 
?>3@5H=>ABL ?>:070=89 0=0;>3>2>3> ?@81>@0.  
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Δ = I 3 I0 

γ = Δ / I0 

 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A. 2). 
 �0?>;=8B5 B01;8FC 2. 

 

"01;8F0 2. 
R2 R4 #>25@O5<K9 ?@81>@ "1@07F>2K

9 ?@81>@, 
=0?@O65=8
5, U, � 

�1A>;NB
=0O 

?>3@5H=>
ABL, Δ, � 

"B=>A8B5;
L=0O 

?>3@5H=>A
BL, γ,% 

*5=0 
45;5=8
O, � 

n +8A;> 
45;5=89 

!0?@O
65=85, 

U, � 

         

     

     

     

     

 

 �KG8A;8BL 01A>;NB=CN ?>3@5H=>ABL 8 ?@82545==CN >B=>A8B5;L=CN 
?>3@5H=>ABL ?>:070=89 0=0;>3>2>3> ?@81>@0.  
Δ = U - U0   

γ = Δ / U0 
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B>:0 107K. 

)0@0:B5@8AB8:0 C?@02;5=8S ?@54AB02;O5B A>1>9 7028A8<>ABL B>:0 
:>;;5:B>@0 I� >B B>:0 107K I� (?@8 U�1 = const). 

)0@0:B5@8AB8:0 >1@0B=>9 A2S78 5ABL 7028A8<>ABL =0?@O65=8O F5?8 1070  
M<8BB5@ U�1, A>>B25BAB2CNI53> @07;8G=K<  =587<5==K< 7=0G5=8O< B>:0 107K, >B 
=0?@O65=8O F5?8 :>;;5:B>@/M<8BB5@ U�1 ?@8 @07;8G=KE D8:A8@>20==KE 7=0G5=8OE 
B>:0. 

2. #@0:B8G5A:0S G0ABP 
�040=85 
%=OBL M:A?5@8<5=B0;L=> 8 ?>AB@>8BL 3@0D8:8 G5BK@5E A5<59AB2 E0@0:B5@8AB8: 

18?>;O@=>3> B@0=78AB>@0 n-p-n B8?0. 
 

#>@S4>: 2O?>;=5=8S @01>BO 

 

 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A.1). #>B5=F8><5B@ 1:"< 8A?>;L7C5BAO 4;O 
@53C;8@>20=8O B>:0 107K, @578AB>@K 100 8 47:"< 3 4;O >3@0=8G5=8O 
<0:A8<0;L=>3> B>:0 107K. �7<5@5=85 B>:0 107K I� 8 =0?@O65=8O U�1 

?@>872>4OBAO <C;LB8<5B@0<8 =0 ?@545;0E 200μ� 8 2� A>>B25BAB25==>. 
$53C;8@>20=85 =0?@O65=8O U�1 >ACI5AB2;O5BAO @53C;OB>@>< 8AB>G=8:0 
?>AB>O==>3> =0?@O65=8O, B>: :>;;5:B>@0 I� 8 =0?@O65=85 U�1 87<5@ONBAO 
28@BC0;L=K<8 ?@81>@0<8 (?@545;K 87<5@5=8O :>==5:B>@0 87<5=ONBAO 2 E>45 
@01>BK ?> <5@5 =5>1E>48<>AB8 8;8 ?> ?>4A:07:0< :><?LNB5@0). 

 'AB0=>28B5 ?5@2>5 7=0G5=85 B>:0 107K 20 μ� 8 87<5=OO =0?@O65=85 U�1 A>3;0A=> 
7=0G5=8O<, C:070==K< 2 B01;. 1, A=8<8B5 7028A8<>AB8 I�(U�1) 8 U�1(U�1). 

#>2B>@8B5 MB8 87<5@5=8O ?@8 :064>< 7=0G5=88 I�, C:070==>< 2 B01;8F5. 
#@8<5G0=85: E0@0:B5@8AB8:8 B@0=78AB>@0 87<5=ONBAO 2 E>45 @01>BK 87-70 53> 
=03@520. #>MB><C 4;O 1>;LH59 >?@545;5==>AB8 @5:><5=4C5BAO CAB0=>28BL 
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=C6=K5 7=0G5=8O I�- 8 U�-, 2K:;NG8BL =0 30 A 1;>: 35=5@0B>@>2 =0?@O65=89, 
70B5< 2:;NG8BL 53> 8 1KAB@> 70?8A0BL ?>:070=8O ?@81>@>2 V1 8 A2. 

 
 8A.1 

"01;8F0 1 

U�1, � I� = 20 μ� I� = 40 μ� I� = 60 μ� I� = 80 μ� 
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 #>AB@>9B5 3@0D8:8 A5<59AB20 2KE>4=KE E0@0:B5@8AB8: I�(U�1) 8 A5<59AB2> 
E0@0:B5@8AB8: >1@0B=>9 A2O78  U�1(U�1), =5 701K2 C:070BL :0:><C B>:C 107K 
A>>B25BAB2C5B :0640O :@820O. 

 'AB0=>28B5 U�1 = 0 8 87<5=OO B>: 107K 2 A>>B25BAB288 A> 7=0G5=8O<8, 
C:070==K<8 2 B01;. 2, A=8<8B5 7028A8<>ABL U�1(I�). '25;8GLB5 =0?@O65=85 U�1 
4> 5� 8 A=>20 A=8<8B5 7028A8<>ABL U�1(I�), 0 B0:65 8 I�(I�). #>2B>@8B5 MB>B >?KB 
B0:65 ?@8 U�1 = 15�. (#@8 ?@>2545=88 MB8E 87<5@5=89 B0:65 CG8BK209B5 
?@8<5G0=85 : ?@54K4CI5<C >?KBC). 

 #>AB@>9B5 3@0D8:8 2E>4=KE I�(U�1) 8 @53C;8@>2>G=KE I�(I�) E0@0:B5@8AB8:, 
C:0702 4;O :064>9 :@82>9 A>>B25BAB2CNI85 7=0G5=8O U�1. 
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4. ':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 
B8?0 p-n-p, n-p-n. 

5. �45 ?@8<5=ONB B@0=78AB>@K? 
 

�01>@0B>@=0S @01>B0 №12 
�7CG5=85 CAB@>9AB20 8 ?@8=F8?0 @01>BO >AF8;;>3@0D0 

 

*5;P: >7=0:><;5=85 A ?@8=F8?>< @01>BK >AF8;;>3@0D0 8 ?@8>1@5B5=85 
=02K:>2 87<5@5=89 ?0@0<5B@>2 M;5:B@8G5A:8E A83=0;>2. 
#@81>@O 8 >1>@C4>20=85: 
1. "AF8;;>3@0D; 
2. �5=5@0B>@ =87:>9 G0AB>BK; 
3. �AB>G=8: @53C;8@C5<>3> ?5@5<5==>3> =0?@O65=8O G0AB>BK 50 �F. 

 

1. "1I85 A2545=8S 
-;5:B@>==K5 >AF8;;>3@0DK 

?@54=07=0G5=K 4;O 287C0;L=>3> 
=01;N45=8O 8 87<5@5=8O ?0@0<5B@>2 
?5@8>48G5A:8E M;5:B@8G5A:8E A83=0;>2. 
"A=>2=K<8 G0ABO<8 >AF8;;>3@0D0 
O2;ONBAO M;5:B@>==>-;CG520O  B@C1:0  
(-�&),  35=5@0B>@  @0725@B:8,  1;>: 
A8=E@>=870F88, CA8;8B5;8 
25@B8:0;L=>3> 8 3>@87>=B0;L=>3> 
:0=0;>2 >B:;>=5=8O ;CG0. -;5:B@>==>-
;CG520O B@C1:0, AE5<0B8G5A:8 
87>1@065==0O =0 @8A.1, 2=5H=5 
?@54AB02;O5B A>1>9 :>;1C A?5F80;L=>9 
D>@<K, 2 :>B>@>9 A>740= 2KA>:89 
20:CC<.  

 

-B0 B@C1:0 ?>72>;O5B ?>;CG8BL C7:89 ?CG>: M;5:B@>=>2, B> 5ABL M;5:B@>==K9 ;CG.  
� <5AB5 ?>?040=8O =0 M:@0= M;5:B@>==>3> ;CG0 2>7=8:05B O@:> A25BOI55AO 

?OB=>, 480<5B@ :>B>@>3> <>6=> A45;0BL 25AL<0 <0;K<, ?@52@0B82 53> ?@0:B8G5A:8 2 
A25B;CN B>G:C. �AB>G=8:>< (87;CG0B5;5<) M;5:B@>=>2 O2;O5BAO =0:0;8205<K9 
=03@520B5;5< !! :0B>4 �. �;O D>@<8@>20=8O ;CG0 87 8A?CI5==KE :0B>4>< 
M;5:B@>=>2, A;C60B B@8 M;5:B@>40, 8<5NI85 D>@<C :>0:A80;L=KE F8;8=4@>2: 
C?@02;ONI89 M;5:B@>4 '-, ?5@2K9 0=>4  8 2B>@>9 0=>4. '?@02;ONI89 M;5:B@>4, 
8<5NI89 >B@8F0B5;L=K9 >B=>A8B5;L=> :0B>40 ?>B5=F80;, >:@C605B :0B>4 8 
A68<05B 2KE>4OI89 87 :0B>40 M;5:B@>==K9 ?CG>:. !0 B>@F5 F8;8=4@8G5A:>3> 
C?@02;ONI53> M;5:B@>40 8<55BAO >B25@AB85, G5@57 :>B>@>5 ?@>E>4OB M;5:B@>=K. 
�7<5=OO ?>B5=F80; MB>3> M;5:B@>40 <>6=> @53C;8@>20BL :>;8G5AB2> M;5:B@>=>2 2 
M;5:B@>==>< ;CG5, B> 5ABL <>6=> @53C;8@>20BL O@:>ABL A25BOI53>AO ?OB=0 =0 
M:@0=5. #>B5=F80; ?5@2>3> 0=>40 ?>;>68B5;5= >B=>A8B5;L=> :0B>40, 0 ?>B5=F80; 
2B>@>3> 0=>40 ?>;>68B5;5= >B=>A8B5;L=>3> ?5@2>3> 0=>40. $53C;8@CO ?>B5=F80;K 
0=>4>2, <>6=> 4>18BLAO D>:CA8@>2:8 M;5:B@>==>3> ;CG0 2 <0;>5 ?OB=> (B>G:C) =0 
M:@0=5.  



51 

!0 ?CB8 M;5:B@>==>3> ;CG0 =0E>4OBAO 425 ?0@K ?0@0;;5;L=KE ?;0AB8=G0BKE 
M;5:B@>4>2 #E 8 #C; MB8 M;5:B@>4K =07K20NB >B:;>=ONI8<8AO ?;0AB8=0<8. �A;8 : 
>4=>9 87 MB8E ?0@ ?0@0;;5;L=KE ?;0AB8= ?@8;>68BL =0?@O65=85, B> <564C =8<8 
>1@07C5BAO M;5:B@8G5A:>5 ?>;5, 25:B>@ =0?@O65==>AB8 :>B>@>3> =0?@02;5= 
?5@?5=48:C;O@=> : ?;0AB8=0<. #>4 459AB285< MB>3> ?>;O M;5:B@>==K9 ;CG, 
?@>E>4OI89 <564C ?;0AB8=0<8, >B:;>=O5BAO 8, A;54>20B5;L=>, A25BOI55AO ?OB=> 
?5@5<5I05BAO ?> M:@0=C >AF8;;>3@0D0. #;0AB8=K #E ?5@5<5I0NB A25BOI55AO ?OB=> 
2 3>@87>=B0;L=>< =0?@02;5=88, ?;0AB8=K #C - 2 25@B8:0;L=>< =0?@02;5=88. 
�5;8G8=0 A<5I5=8O MB>3> ?OB=0 >B F5=B@0;L=>9 B>G:8 M:@0=0 ?@0:B8G5A:8 
?@>?>@F8>=0;L=0 @07=>AB8 ?>B5=F80;>2 <564C A>>B25BAB2CNI8<8 ?;0AB8=0<8.  

�06=59H8<  ?@8<5=5=85<  >AF8;;>3@0D0  O2;O5BAO  87CG5=85  1KAB@KE  
?5@8>48G5A:8E M;5:B@8G5A:8E ?@>F5AA>2. �;O 8AA;54>20=8O =0?@O65=89, 
87<5=ONI8EAO 2> 2@5<5=8, 8A?>;L7CNB >15 ?0@K >B:;>=ONI8E ?;0AB8= 
M;5:B@>==>-;CG52>9 B@C1:8. !0 25@B8:0;L=> >B:;>=ONI85 ?;0AB8=K >1KG=> 
?>405BAO 87;CG05<>5 =0?@O65=85,  0  =0  3>@87>=B0;L=>  >B:;>=ONI85  ?;0AB8=K - 
2K@010BK205<>5  2  A0<><  >AF8;;>3@0D5  =0?@O65=85, 87<5=ONI55AO  
?@>?>@F8>=0;L=>  2@5<5=8.  -B>  =0?@O65=85, =07K205<>5 =0?@O65=85< @0725@B:8, 
2K@010BK205BAO 35=5@0B>@>< @0725@B:8. �@0D8: =0?@O65=8O @0725@B:8 87>1@065= 
=0 @8A. 2. !0 3@0D8:5  ?>  3>@87>=B0;L=>9  >A8  >B;>65=>  2@5<O t,  0  ?> 
25@B8:0;L=>9 >A8 - =0?@O65=85 @0725@B:8. #> 284C 3@0D8:0 MB> =0?@O65=85 
=07K20NB B0:65 ?8;>>1@07=K<. 

 

!0 CG0AB:5 3@0D8:0  =0?@O65=85  2>7@0AB05B 
?@>?>@F8>=0;L=> 2@5<5=8, 8 ?>MB><C A25BOI55AO 
?OB=> =0 M:@0=5 42865BAO @02=><5@=> A;520 =0?@02> 
24>;L >A8 ) >B B>G:8   =0 ;52>< :@05 M:@0=0 4> B>G:8 
N =0 53> ?@02>< :@05 (@8A. 3). �>94O 4> ?@02>3> :@0O 
M:@0=0, ?OB=> 1KAB@> (?@0:B8G5A:8 <3=>25==>) 
2>72@0I05BAO >1@0B=> : ;52><C :@0N M:@0=0 (CG0AB>:  
=0 @8A. 2). �0B5< ?OB=> A=>20 42865BAO @02=><5@=> 
A;520 =0?@02> (CG0AB>:  3@0D8:0) 8 B.4. &0: 
>ACI5AB2;O5BAO @0725@B:0 2> 2@5<5=8. 

#CABL U(t) - 87CG05<>5  ?5@5<5==>5  =0?@O65=85.  
�A;8  2 <><5=B, :>340 A25BOI55AO ?OB=> ?@>E>48B 
B>G:C   M:@0=0, =0 25@B8:0;L=> >B:;>=ONI85AO 
?;0AB8=K ?>40BL =0?@O65=85 U(t), B> M;5:B@>==K9 
;CG 2KG5@B8B :@82CN 7028A8<>AB8 87CG05<>3> 
=0?@O65=8O >B 2@5<5=8 2 8=B5@20;5 >B t1 4> t2, 345 t2 - 

<><5=B 2@5<5=8, :>340 A25BOI55AO ?OB=> 4>AB83=5B 
B>G:8 N M:@0=0. 

�A;8 U(t) - ?5@8>48G5A:0O DC=:F8O A ?5@8>4>< &, @02=K< t1-t2, B> =0 M:@0=5 
>AF8;;>3@0D0 <K C2848< ?5@2K9 ?5@8>4 DC=:F88 U(t). #>A;5 <3=>25==>3> 
2>72@0I5=8O A25BOI53>AO ?OB=0 2 B>G:C   <K (?@8 ?>A;54CNI5< 53> ?5@5<5I5=88 
2 B>G:C N M:@0=0) C2848< 2B>@>9 ?5@8>4 87<5=5=8O DC=:F88 U(t) 8 B.4. #>2B>@OO 
@0725@B:C <=>3>:@0B=>, <K A<>65< C2845BL =0 M:@0=5 =5?>4286=CN :0@B8=C 
87<5=5=8O DC=:F88 U(t) 2 B5G5=85 >4=>3> 55 ?5@8>40, 5A;8 2@5<O 42865=8O 
A25BOI53>AO ?OB=0  ?> M:@0=C   >B N @02=> ?5@8>4C & DC=:F88 U(t). �A;8 65  t1-
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t2=n∙T, 345 n - F5;>5 G8A;>, B> =0 M:@0=5 <K ?>;CG8< n ?5@8>4>2 87<5=5=8O DC=:F88 
U(t), 8 87>1@065=85 1C45B =5?>4286=K<. 

"1KG=> 4>AB0B>G=> B>G=>5 A>>B=>H5=85 ?5@8>4>2 @0725@B:8 8 87CG05<>3> 
=0?@O65=8O A>1;NAB8 >:07K205BAO =52>7<>6=> 87-70 =5AB018;L=>AB8 35=5@0B>@0 
@0725@B:8 8;8 A0<>3> 87CG05<>3> ?@>F5AA0. �;O ?@8=C48B5;L=>3> A>3;0A>20=8O 
C:070==KE ?5@8>4>2 8A?>;L7CNB A8=E@>=870F8N, B> 5ABL 2K18@0NB B0:CN AE5<C, 
?@8 :>B>@>9 87CG05<>5 =0?@O65=85 "=02O7K205B" A2>9 ?5@8>4 35=5@0B>@C @0725@B:8. 

�;O 87<5@5=8O 0<?;8BC4K A83=0;>2 =5>1E>48<> 7=0BL GC2AB28B5;L=>ABL 
>AF8;;>3@0D0, B> 5ABL 25;8G8=C A<5I5=8O A25BOI53>AO ?OB=0 ?@8 87<5=5=88 
=0?@O65=8O =0 >B:;>=ONI8E ?;0AB8=0E =0 1 2>;LB. �;O :0=0;0 25@B8:0;L=>3> 
>B:;>=5=8O GC2AB28B5;L=>ABL @02=0 SY=Y/UY, 345 Y ‒ A<5I5=85 24>;L >A8 C ?>4 
459AB285< =0?@O65=8O =0 ?;0AB8=0E, @02=>3> UY. 

 

2. #>@S4>: 2O?>;=5=8S @01>BO 
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2>AAB0=02;8205BAO 2@0I5=85< @CG5: "%&��" 8 "'$"��!,". %8=CA>840 4>;6=0 
1KBL AB@>3> A8<<5B@8G=0 >B=>A8B5;L=> >A8 ). 
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53> G0ABL @02=0 0,2 45;5=8O. +C2AB28B5;L=>ABL >?@545;8BL ?> D>@<C;5: 
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8<5;0 <8=8<0;L=> 2>7<>6=>5 G8A;> ?5@8>4>2. 

3. "?@545;8B5 (?> >A8 )) G8A;> 1>;LH8E 45;5=89 XT, ?@8E>4OI8EAO =0 >48= ?5@8>4 
A8=CA>84K =0 M:@0=5 >AF8;;>3@0D0. �7<5@5=8O =5>1E>48<> ?@>2>48BL A 
B>G=>ABLN 4> 45AOBKE 4>;59 1>;LH>3> 45;5=8O. 

4. �0?8H8B5 ?>:070=85 2@5<5=8 @0725@B:8 � ?5@5:;NG0B5;O "�$� //���". 
5. "?@545;8B5 ?5@8>4 & 8 G0AB>BC f 8AA;54C5<>3> A83=0;0 ?> D>@<C;0<: T=K∙ XT;  

f=1/T=1/(K∙ XT). 

6. %@02=8B5 =0945==CN G0AB>BC A83=0;0 A G0AB>B>9, CAB0=>2;5==>9 =0 35=5@0B>@5. 
�O2>4: 

 

�>=B@>;P=O5 2>?@>AO: 
1. �0:>2> =07=0G5=85 >AF8;;>3@0D0 8 2 Gё< 53> ?@58<CI5AB20 ?> A@02=5=8N 
A> AB@5;>G=>-F8D@>2K<8 87<5@8B5;L=K<8 ?@81>@0<8? 

2. �0:>5 O2;5=85 8A?>;L7CNB 2 M;5:B@>==>-;CG52>9 B@C1:5 4;O ?>;CG5=8O 
A2>1>4=KE M;5:B@>=>2 2 3075? 

3. #5@5G8A;8B5 >A=>2=K5 M;5<5=BK M;5:B@>==>-;CG52>9 B@C1:8. 
4. "1JOA=8B5  AE5<C C?@02;5=8O M;5:B@>==K< ;CG><.  
5. �;O G53> ?@54=07=0G5= 35=5@0B>@ 3>@87>=B0;L=>9 @0725@B:8? 
6. +B> B0:>5 GC2AB28B5;L=>ABL >AF8;;>3@0D0? 
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�01>@0B>@=0S @01>B0 №13 
�AA;54>20=85 @01>BO AE5< 2O?@S<;5=8S ?5@5<5==>3> B>:0 

 

*5;P: 8AA;54>20BL @01>BC ?>;C?@>2>4=8:>2>3> >4=>D07=>3> 
42CE?>;C?5@8>4=>3> 2K?@O<8B5;O. 
#@81>@O 8 >1>@C4>20=85: 
1. #>;C?@>2>4=8:>2K5  48>4K 

2. $578AB>@ 10 :"< 

3. �>=45=A0B>@K 1 <:(, 10 <:(, 100 <:( 

3. �AB>G=8: ?8B0=8O >B 1;>:0 35=5@0B>@>2 =0?@O65=89 

4. �><?;5:B <C;LB8<5B@>2 2 :0G5AB25 0<?5@<5B@0 8 2>;LB<5B@0 
5. "AF8;;>3@0D 

6. !01>@ A>548=8B5;L=KE ?@>2>4>2.  
1. "1I85 A2545=8S 

� F5?8 A ?>;C?@>2>4=8:>2K< 48>4>< (@8A.1) CAB0=>282H89AO B>: <>65B 
?@>B5:0BL B>;L:> ?@8 >?@545;5==>9 ?>;O@=>AB8 ?@8;>65==>3> : 48>4C =0?@O65=8O. 
#@8 87<5=5=88 ?>;O@=>AB8 =0?@O65=8O  48>4 70?8@05BAO 8 B>: ?@5:@0I05BAO. � 
F5?8 ?5@5<5==>3> (A8=CA>840;L=>3>) =0?@O65=8O B>: ?@>B5:05B B>;L:> 2 B5G5=85 
B>9 ?>;C2>;=K, :>340 48>4 >B:@KB. #>;C2>;=0 4@C3>9 ?>;O@=>AB8 ?>402;O5BAO. � 
@57C;LB0B5 2 F5?8 8<55B <5AB> B>: >4=>3> =0?@02;5=8O. �;O C<5=LH5=8O ?C;LA0F89 
2K?@O<;5==>3> =0?@O65=8O ?@8<5=ONBAO A3;06820NI85 D8;LB@K. #@>AB59H8< 
D8;LB@>< O2;O5BAO :>=45=A0B>@, ?>4:;NG5==K9 ?0@0;;5;L=> =03@C7:5. 

 
 8A.1 

"4=>D07=K9 42CE?>;C?5@8>4=K9 2K?@O<8B5;L ?@8<5=ONB 2 =87:>2>;LB=KE 
CAB@>9AB20E.  �803@0<<K =0?@O65=89 8 B>:>2, ?>OA=ONI85 @01>BC 
42CE?>;C?5@8>4=>3> 2K?@O<8B5;O A> A@54=8< 2K2>4>< =0 0:B82=CN =03@C7:C 
?@54AB02;5=K =0 @8A.2.  

 
 8A. 2. 

i 

u6E R=47@ Ud Ud 

u6E 

t 

t 



55 

 �8>4K AE5<K VD1 8 VD2 ?@>2>4OB B>: ?>>G5@54=>, :064K9 2 A>>B25BAB2CNI89 
?>;C?5@8>4 ?8B0NI53> =0?@O65=8O. � B5G5=85 ?5@2>3> ?>;C?5@8>40 
?>;>68B5;L=K9 ?>B5=F80; 8<55B 0=>4 48>40 VD1 8 B>: ivd1 ?@>E>48B G5@57 =53>. � 
B5G5=85 2B>@>3> ?>;C?5@8>40 ?>;>68B5;L=K9 ?>B5=F80; 8<55B 0=>4 48>40 VD2, 

B>: ivd2 ?@>E>48B G5@57 =53>, ?@8G5< 2 F5?8 =03@C7:8 B>: id ?@>E>48B 2 B>< 65 
=0?@02;5=88, GB> 8 2 ?5@2K9 ?>;C?5@8>4. &0:8< >1@07><, 2 >B;8G85 >B ?@>AB59H53> 
>4=>?>;C?5@8>4=>3> 2K?@O<8B5;O 2 2K?@O<8B5;5 A> A@54=59 B>G:>9 2K?@O<;5==K9 
B>: ?@>E>48B G5@57 =03@C7:C 2 B5G5=85 >1>8E ?>;C?5@8>4>2 ?5@5<5==>3> B>:0. 
 #@8 8AA;54>20=88 2K?@O<8B5;59 ?@8<5=ONBAO A;54CNI85 >1>7=0G5=8O: 
u2E, U2E 4 <3=>25==>5 8 459AB2CNI55 7=0G5=8O A8=CA>840;L=>3> 2E>4=>3> 
=0?@O65=8O; 
ud, Ud, Udmax, Udmin4 <3=>25==>5, A@54=55, <0:A8<0;L=>5, <8=8<0;L=>5 7=0G5=8O 
2KE>4=>3> (2K?@O<;5==>3>) =0?@O65=8O; 
f?4 G0AB>B0 ?C;LA0F89 2KE>4=>3> =0?@O65=8O; 
Ud / U2E4 :>MDD8F85=B 2K?@O<;5=8O; 
m = f?C;PA / f2E4 G8A;> ?C;LA0F89 2K?@O<;5==>3> =0?@O65=8O 70 >48= ?5@8>4 
=0?@O65=8O ?8B0=8O; 

d

dmindmax

d

?C;PA
?C;PA

U

UU

U

U
k

ý





4 :>MDD8F85=B ?C;LA0F89 2K?@O<;5==>3> =0?@O65=8O.  
 

2. #>@S4>: 2O?>;=5=8S @01>BO 

 %>15@8B5 F5?L A>3;0A=> AE5<5 (@8A.3) 157 A3;06820NI53> D8;LB@0.  
 �:;NG8B5  >AF8;;>3@0D. #>4:;NG8B5 420 ;N1KE 2E>40 >AF8;;>3@0D0 : :0=0;0< 

V0 8 V1. 'AB0=>28B5 @0725@B:C 5<%/45;. 
 #5@5=5A8B5 =0 3@0D8: (@8A.4) >AF8;;>3@0<<K 2E>4=>3> 8 2KE>4=>3> 
=0?@O65=89. 

 %45;09B5 87<5@5=8O 8 70?8H8B5 2 B01;.1. 7=0G5=8O: U2E 4 459AB2CNI55, Ud4 

A@54=55, ΔU?C;PA, m = f?C;PA / f2E. 

 $0AAG8B09B5 8 70?8H8B5 2 B01;.1 :>MDD8F85=BK Ud / U2E 8 k?C;PA. 

 
 8A.3 

 #0@0;;5;L=> =03@C7>G=><C @578AB>@C R= ?>4:;NG8B5 A3;06820NI85 
:>=45=A0B>@K C c 5<:>ABO<8, C:070==K<8 2 B01;.1, ?>2B>@8B5 87<5@5=8O 8 
4>@8AC9B5 3@0D8:8 2K?@O<;5==>3> =0?@O65=8O =0 @8A.4. 
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"01;8F0 1 

C, <:( 0 1 10 100 

U2E, �  

Ud, B     

ΔU?C;PA, �     

Ud / U2E     

k?C;PA     

 

 
 8A.4 

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO: 
1. �0:85 =54>AB0B:8 2 AE5<5 >4=>?>;C?5@8>4=>3> 2K?@O<;5=8O? 
2. +B> B0:>5 :>MDD8F85=B 2K?@O<;5=8O 8 :>MDD8F85=B ?C;LA0F89? 
3. �0:>5 459AB285 >:07K205B A3;06820NI89 :>=45=A0B>@ =0 0<?;8BC4C 
?C;LA0F89 =0?@O65=8O?  
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�01>@0B>@=0S @01>B0 №14 
�AA;54>20=85 @01>BO CA8;8B5;S =87:>9 G0AB>BO 

 

*5;P: 87CG8BL ?@8=F8? @01>BK CA8;8B5;O =0?@O65=8O =87:>9 G0AB>BK, 0 B0:65 
M:A?5@8<5=B0;L=> >?@545;8BL 53> >A=>2=K5 ?0@0<5B@K. 
#@81>@O 8 >1>@C4>20=85: 
1. 'A8;8B5;L =87:>9 G0AB>BK, 2K?>;=5==K9 ?> AE5<5 A >1I8< M<8BB5@>< 

2. �AB>G=8: ?8B0=8O >B 1;>:0 35=5@0B>@>2 =0?@O65=89 

3. �><?;5:B <C;LB8<5B@>2 2 :0G5AB25 2>;LB<5B@>2 
4. "AF8;;>3@0D. 
 

1. "1I85 A2545=8S 
'A8;8B5;L =0?@O65=8O =87:>9 G0AB>BK ('!!+) ?@54=07=0G5= 4;O CA8;5=8O 

M;5:B@8G5A:8E A83=0;>2 2 8=B5@20;5 G0AB>B >B 20 �F 4> 20 :�F. 
&@0=78AB>@O 8A?>;L7CNBAO :0: C?@02;ONI85 M;5<5=BK 2 CA8;8B5;L=KE F5?OE. 

#> =0720=8N B>3> M;5:B@>40 B@0=78AB>@0, :>B>@K9 8A?>;L7C5BAO :0: >1I0O B>G:0 
4;O =0?@O65=89 2E>4=>3> 8 2KE>4=>3> A83=0;>2, @07;8G0NB B@8 >A=>2=K5 AE5<K  
CA8;8B5;59 =0 18?>;O@=KE B@0=78AB>@0E: 

 A >1I8< M<8BB5@>< ("-) 
 A >1I8< :>;;5:B>@>< ("�) 
 A >1I59 107>9 ("�). 
� =081>;55 @0A?@>AB@0=5==KE AE5<0E CA8;8B5;59 8A?>;L7CNBAO nýpýn 

B@0=78AB>@K. "4=0:> pýnýp B@0=78AB>@K B0:65 <>6=> 8A?>;L7>20BL, => B>340 
=C6=> 87<5=8BL ?>;O@=>ABL @01>G53> =0?@O65=8O. 

� 40==>9 @01>B5 8A?>;L7C5BAO CA8;8B5;L =87:>9 G0AB>BK, 2K?>;=5==K9 ?> 
AE5<5 A >1I8< M<8BB5@><.  

'A8;5=8N A83=0;>2 A>>B25BAB2C5B =03@C7>G=K9 @568< @01>BK B@0=78AB>@0. !0 
@8A.2 ?>:070=0 ?@>AB59H0O AE5<0 CA8;8B5;O =0 B@0=78AB>@5 B8?0 p-n-p.  

 
 8A. 1. !E5<0 CA8;8B5;я =0 B@0=78AB>@5 A �Э 

� B@0=78AB>@=>< CA8;8B5;5 C?@02;O5<>9 O2;O5BAO :>;;5:B>@=0O F5?L, 0 
C?@02;ONI59 4 107>20O. � :>;;5:B>@=>9 F5?8 B@0=78AB>@0 8<55BAO 8AB>G=8: 
?8B0=8O E� (3E�), A>?@>B82;5=85 =03@C7:8 B@0=78AB>@0 RK 8 @0745;8B5;L=K9 
:>=45=A0B>@ C@ . � 107>2CN F5;L 2:;NG5=K 420 8AB>G=8:0: 8AB>G=8: ?5@5<5==>3> 
=0?@O65=8O A 0<?;8BC4>9 Um� = U2E 8 8AB>G=8: ?>AB>O==>3> =0?@O65=8O A<5I5=8O 
EA<, ?>A;54=89 2 B@0=78AB>@=>< CA8;8B5;5 =5>1E>48< 4;O B>3>, GB>1K >15A?5G8BL 
=5>1E>48<K9 =0G0;L=K9 B>: ?>:>O I�0 2 F5?8 :>;;5:B>@0. �;O MB>3> ?>;O@=>ABL 
=0?@O65=8O A<5I5=8O CAB0=02;820NB B0:, GB>1K >=> >B?8@0;> B@0=78AB>@. #@8 
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>BACBAB288 >B@8F0B5;L=>3> =0?@O65=8O A<5I5=8O B>: 107K I� = 0, 2 :>;;5:B>@=>9 
F5?8 B@0=78AB>@0 ?@>B5:05B =0AB>;L:> =57=0G8B5;L=K9 B>:, GB> ?@0:B8G5A:8 
B@0=78AB>@ <>6=> AG8B0BL 70?5@BK<. �A;8 1K 2 107>2>9 F5?8 >BACBAB2>20; 8AB>G=8: 
>B@8F0B5;L=>3> =0?@O65=8O, B> 2 ?>;>68B5;L=K5 ?>;C?5@8>4K 2E>4=>3> 
=0?@O65=8O B@0=78AB>@ 70?8@0;AO 8 2>7=8:0;8 1K 1>;LH85 =5;8=59=K5 8A:065=8O. 
!0?@O65=85 U�- 87<5=O5BAO ?@>?>@F8>=0;L=> 2E>4=><C A83=0;C U2E 8 2 
:>;;5:B>@=>9 F5?8 ?@>8AE>48B ?@>?>@F8>=0;L=>5 87<5=5=85 B>:0 I�. &>: I� A>7405B 
=0 @578AB>@5 R� ?C;LA8@CNI55 =0?@O65=85. $0745;8B5;L=K9 :>=45=A0B>@ C@ 

?@>?CA:05B =0 2KE>4=K5 7068<K B>;L:> ?5@5<5==CN A>AB02;ONICN :>;;5:B>@=>3> 
=0?@O65=8O. #>418@0O A>>B25BAB2CNI85 7=0G5=8O E�, R� 8 B8? B@0=78AB>@0, <>6=> 
?>;CG8BL =0 2KE>4=KE 7068<0E ?5@5<5==>5 2KE>4=>5 =0?@O65=85 U2KE = U�-, 2> 
<=>3> @07 ?@52KH0NI55 0<?;8BC4C Um�. (R= 4 A>?@>B82;5=85 ?>B@518B5;O). 

-<8BB5@=K9 ?5@5E>4 B@0=78AB>@0 ?@8 @01>B5 CA8;8B5;O 2A5340 >B:@KB 8 2> 
2E>4=>9 F5?8 ?@>B5:05B B>: I� ; A;54>20B5;L=>, 8AB>G=8: 2E>4=>3> =0?@O65=8O 
2A5340 @0AE>4C5B <>I=>ABL. #@8 >4=>2@5<5==>< 2>7459AB288 =0 CG0AB>: 1070-
M<8BB5@ 42CE =0?@O65=89 EA< 8 Um� 2 F5?8 107K ?@>B5:05B ?C;LA8@CNI89 B>:. 
#>AB>O==CN A>AB02;ONICN A>7405B 8AB>G=8: A<5I5=8O, 0 ?5@5<5==CN 4 8AB>G=8: 
2E>4=>3> =0?@O65=8O. 

 

2. #>@S4>: 2O?>;=5=8S @01>BO 

 %=OBL 0<?;8BC4=CN E0@0:B5@8AB8:C CA8;8B5;O ?@8 ?>AB>O==>9 G0AB>B5 A83=0;0  
f = 1 :�F. 

"01;8F0 1 

U2E,  � 0 0,1 0,2 0,3 0,33 0,35 

U2OE , �       

 

 #>AB@>8BL 0<?;8BC4=CN E0@0:B5@8AB8:C U2OE (U2E). 
 %=OBL 0<?;8BC4=>-G0AB>B=CN E0@0:B5@8AB8:C, ?@54AB02;ONICN A>1>9 
7028A8<>ABL :>MDD8F85=B0 CA8;5=8O >B G0AB>BK  ?@8 U2E = const (U2E =0,35 �). 

"01;8F0 2 

f, :�F 0,1 0,3 0,6 0,9 1,2 1,5 1,8 2,1 2,4 

U2OE , �          

kU= U2OE/U2E          

 

 �KG8A;8BL :>MDD8F85=B CA8;5=8O 8 ?>AB@>8BL 0<?;8BC4=>-G0AB>B=CN 
E0@0:B5@8AB8:C kU(f). 

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO: 
1. � G5< 4>AB>8=AB20 8 =54>AB0B:8 B@0=78AB>@=>3> CA8;8B5;O ?> A@02=5=8N A 
;0<?>2K<? 

2. #>G5<C 2 CA8;8B5;OE G0I5 2A53> 8A?>;L7C5BAO AE5<0 A >1I8< M<8BB5@><? 
3. !07>28B5 ?@8G8=K ?><5E ?@8 @01>B5 CA8;8B5;59. 
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�01>@0B>@=0S @01>B0 №15 
�AA;54>20=85 @01>BO B@0=78AB>@=>3> 02B>35=5@0B>@0 B8?0 LC 

 

*5;P: 87CG8BL ?@8=F8? @01>BK B@0=78AB>@=>3> 02B>35=5@0B>@0 B8?0 LC. 
#@81>@O 8 >1>@C4>20=85: 
1. �01>@0B>@=K9 AB5=4 
2. "AF8;;>3@0D 

3. �AB>G=8: ?8B0=8O 
4. �5=5@0B>@. 

 

#>@S4>: 2O?>;=5=8S @01>BO 

 

1. �0@8AC9B5 DC=:F8>=0;L=CN 
AE5<C 02B>35=5@0B>@0. �0:CN 
@>;L 83@05B :064K9 M;5<5=B? 
�0: @53C;8@C5BAO ?@>F5AA 
?>ABC?;5=8O M=5@388 2 ��? 

 

 

 

2. �0@8AC9B5 AE5<C 
02B>35=5@0B>@0 A 8=4C:B82=>9 
A2O7LN. "1JOA=8B5 53> 
CAB@>9AB2> 8 ?@8=F8?  @01>BK. 
�0: >15A?5G8205BAO >1@0B=0O 
A2O7L? 

 

3. �0@8AC9B5 AE5<C 
02B>35=5@0B>@0. "1JOA=8B5 
?@8=F8?  @01>BK. �0: 
>15A?5G8205BAO >1@0B=0O A2O7L? 

 

4. %>1;N40O ?>;O@=>ABL, ?>4:;NG8B5 8AB>G=8: ?8B0=8O : 35=5@0B>@C. � 2KE>4C 
35=5@0B>@0 ?>4:;NG8BL >AF8;;>3@0D. �AA;54C9B5 D>@<C 8 0<?;8BC4C 
:>;510=89 ?@8 @07;8G=KE @568<0E @01>BK B@0=78AB>@0.  

 

�O2>4: 
 

�>=B@>;P=O5 2>?@>AO:  
1. +B> B0:>5 LC-02B>35=5@0B>@ 30@<>=8G5A:8E :>;510=89? 
2. �0G5< =C6=0 >1@0B=0O A2O7L 2 02B>35=5@0B>@5? 
3. �7 :0:8E >A=>2=KE C7;>2 A>AB>8B LC-02B>35=5@0B>@? 
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4. �0:>9 @568< @01>BK 02B>35=5@0B>@0 =07K20NB AB0F8>=0@=K<? 

 

�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1, �� 1.2, �� 2.2, �� 2.3 

 

�@8B5@88 >F5=:8 ;01>@0B>@=OE @01>B: 
$57C;LB0B>< @01>BK ?> :064>9 ;01>@0B>@=>9 @01>B5 O2;O5BAO >D>@<;5=85 

>BG5B0 8 53> 70I8B0. "F5=:C 70 ;01>@0B>@=CN @01>BC ?@5?>4020B5;L 2KAB02;O5B 
?>A;5 70I8BK >BG5B0. 

�01>@0B>@=K5 @01>BK >F5=820NBAO ?> ?OB810;;L=>9 H:0;5: 
«5» 10;;>2 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8: 
3 @01>B0 2K?>;=5=0 ?>;=>ABLN 8 ?@028;L=>; @01>B0 2K?>;=5=0 ?> ?;0=C A 

CG5B>< B@51>20=89 157>?0A=>AB8; @01>B0 2K?>;=5=0 A0<>AB>OB5;L=>; @01>B0 A40=0 A 
A>1;N45=85< 2A5E A@>:>2; A>1;N45=K 2A5 ?@028;0 >D>@<;5=8O >BG5B0; A45;0=K 
?@028;L=K5 2K2>4K; 

3 2> 2@5<O 70I8BK >1CG0NI89AO ?@028;L=> ?>=8<05B ACI=>ABL 2>?@>A0, 405B 
B>G=>5 >?@545;5=85 8 8AB>;:>20=85 >A=>2=KE ?>=OB89, AB@>8B >B25B ?> 
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�>=B@>;L=0O @01>B0 A>AB02;5=0 2 10 20@80=B0E, A>45@68B 3 7040G8 (A<5H5==>5 
A>548=5=85 @578AB>@>2). 

!0 :>=B@>;L=CN @01>BC >B2>48BAO 45 <8=CB.  
� @57C;LB0B5 87CG5=8O 2K=5A5==KE =0 :>=B@>;L=CN @01>BC B5< >1CG0NI89AO 

4>;65=: 
7=0BP 
- ACI=>ABL D878G5A:8E ?@>F5AA>2, ?@>8AE>4OI8E 2 M;5:B@8G5A:8E F5?OE 

?>AB>O==>3> B>:0; 
- ?>@O4>: @0AG5B0 ?0@0<5B@>2 M;5:B@8G5A:8E F5?59 ?>AB>O==>3> B>:0; 
C<5BP 
- ?@>872>48BL @0AG5B ?0@0<5B@>2 M;5:B@8G5A:8E F5?59 ?>AB>O==>3> B>:0. 

 

"B25BO 

 

�0@8
0=B 

�040=8S 
1 2 3 

1 R23=36 "<, R234=12 "<, 

R=20 "<, I=I1=6 �,  

U1=48 �, U23=U4=72 �,  
I4=4 �, I2= I3=2 �,  U2=40 �, 
U3=32 � 

 

R12=12 "<, R34=18 "<,  
R=30 "<, I=3 �,  
U1= U2=36 �, U3=U4=54 �, 
I1=1 �, I2=2 �, I3=1,2 �, 
I4=1,8 � 

R23=3 "<,  
R234=6 "<,  
R2345=2,7 "<,  
R=4,7 "< 

2 R23=180 "<, R234=72 "<, 
R=100 "<, I=I1=1,25 �, 
U1=35 �, U23=U4=90 �, 
I4=0,75 �, I2= I3=0,5 �,  
U2=30 �, U3=60 � 

R12=20 "<, R34=6 "<,  
R=26 "<, I=5 �,  
U1= U2=100 �, U3=U4=30 �, 
I1=1 �, I2=4 �, I3=3 �, I4=2 � 

R34=15 "<,  
R345=6 "<,  
R3456=10 "<,  
R23456=6 "<,  
R=10 "< 

3 R23=210 "<, R234=14 "<, 

R=20 "<, I=I1=7,5 �,  

U1=45 �, U23=U4=105 �, 
I4=7 �, I2= I3=0,5 �,   
U2=55 �, U3=50 � 

R12=18 "<, R34=60 "<,  
R=78 "<, I=2 �,  
U1= U2=36 �, U3=U4=120 �, 
I1=1,2 �, I2=0,8 �, I3=0,4 �, 
I4=1,6 � 

R56=12 "<,  
R23456=1 "<,  
R=5 "< 

4 R23=200 "<, R234=40 "<, 

R=64 "<, I=I1=2,5 �,  

U1=60 �, U23=U4=100 �, 
I4=2 �, I2= I3=0,5 �,   
U2=70 �, U3=30 � 

R12=8 "<, R34=12 "<,  
R=20 "<, I=9 �,  
U1= U2=72 �, U3=U4=108 �, 
I1=3 �, I2=6 �, I3=3,6 �, 
I4=5,4 � 

R45=6 "<,  
R3456=15 "<,  
R23456=6 "<,  
R=10 "< 
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5 R23=300 "<, R234=50 "<, 

R=75 "<, I=I1=2,4 �,  

U1=60 �, U23=U4=120 �, 
I4=2 �, I2= I3=0,4 �,   
U2=48 �, U3=72 � 

R12=50 "<, R34=20 "<,  
R=70 "<, I=3 �,  
U1= U2=150 �, U3=U4=60 �, 
I1=0,5 �, I2=2,5 �, I3=1 �, 
I4=2 � 

R56=3 "<,  
R456=6 "<,  
R23456=2 "<,  
R=5 "< 

6 R23=60 "<, R234=24 "<, 

R=40 "<, I=I1=5 �,  

U1=80 �, U23=U4=120 �, 
I4=3 �, I2= I3=2 �,  U2=50 �, 
U3=70 � 

R12=14,4 "<, R34=48 "<, 
R=62,4 "<, I=3,75 �,  
U1= U2=54 �, U3=U4=180 �, 
I1=2,25 �, I2=1,5 �,  
I3=0,75 �, I4=3 � 

R23=3 "<,  
R234=6 "<,  
R2345=2,7 "<,  
R=4,7 "< 

7 R23=48 "<, R234=16 "<, 
R=50 "<, I=I1=4,5 �, 
U1=153 �, U23=U4=72 �, 
I4=3 �, I2= I3=1,5 �,   
U2=42 �, U3=30 � 

R12=24 "<, R34=16 "<,  
R=40 "<, I=6 �,  
U1= U2=144 �, U3=U4=96 �, 
I1=2,4 �, I2=3,6 �, I3=2 �, 
I4=4 � 

R34=15 "<,  
R345=6 "<,  
R3456=10 "<,  
R23456=6 "<,  
R=10 "< 

8 R23=240 "<, R234=48 "<, 
R=64 "<, I=I1=3,75 �, 
U1=60 �, U23=U4=180 �, 
I4=3 �, I2= I3=0,75 �,  
U2=75 �, U3=105 � 

 

R12=80 "<, R34=24 "<, 
R=104 "<, I=2,5 �,  
U1= U2=200 �, U3=U4=60 �, 
I1=0,5 �, I2=2 �, I3=1,5 �, 
I4=1 � 

R56=12 "<,  
R23456=1 "<,  
R=5 "< 

9 R23=60 "<, R234=20 "<, 

R=30 "<, I=I1=9 �,  

U1=90 �, U23=U4=180 �, 
I4=6 �, I2= I3=3 �,   
U2=120 �, U3=60 � 

R12=30 "<, R34=60 "<,  
R=90 "<, I=3,9 �,  
U1= U2=117 �, U3=U4=234 �, 
I1=2,9 �, I2=1 �, I3=2,3 �, 
I4=1,6 � 

R45=6 "<,  
R3456=15 "<,  
R23456=6 "<,  
R=10 "< 

10 R23=60 "<, R234=24 "<, 

R=40 "<, I=I1=5 �,  

U1=80 �, U23=U4=120 �, 
I4=3 �, I2= I3=2 �,  U2=50 �, 
U3=70 � 

R12=12 "<, R34=40 "<,  
R=52 "<, I=5 �,  
U1= U2=60 �, U3=U4=200 �, 
I1=3 �, I2=2 �, I3=1 �, I4=4 � 

R56=3 "<,  
R456=6 "<,  
R23456=2 "<,  
R=5 "< 
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1. #@8<5=OO 70:>= "<0 4;O CG0AB:0 F5?8, 70:>=K ?>A;54>20B5;L=>3> 8 
?0@0;;5;L=>3> A>548=5=89 @0AAG8B0BL ?> 7040==>9 AE5<5, 7=0G5=8O< A>?@>B82;5=89 
@578AB>@>2 8 ?>42545==><C =0?@O65=8N ?0@0<5B@K M;5:B@8G5A:>9 F5?8. �=0G5=8O 
R1, R2, R3, R4, U, 40=K 2 B01;8F5 20@80=B>2. "?@545;8BP Q:2820;5=B=>5 
A>?@>B82;5=85 F5?8, B>: 2 F5?8, =0?@S65=8S 8 B>:8 =0 2A5E @578AB>@0E.  

 

 

�0@80=B 1 2 3 4 5 6 7 8 9 10 

U B 120 125 150 160 180 200 225 240 270 200 

R1 ,"< 8 28 6 24 25 16 34 16 10 16 

R2 ,"< 20 60 110 140 120 25 28 100 40 25 

R3, "< 16 120 100 60 180 35 20 140 20 35 

R4, "< 18 120 15 50 60 40 24 60 30 40 

 

2. #@8<5=OO 70:>= "<0 4;O CG0AB:0 F5?8, 70:>=K ?>A;54>20B5;L=>3> 8 
?0@0;;5;L=>3> A>548=5=89 @0AAG8B0BL ?> 7040==>9 AE5<5, 7=0G5=8O< A>?@>B82;5=89 
@578AB>@>2 8 ?>42545==><C =0?@O65=8N ?0@0<5B@K M;5:B@8G5A:>9 F5?8. �=0G5=8O 
R1, R2, R3, R4, U, 40=K 2 B01;8F5 20@80=B>2. "?@545;8BP Q:2820;5=B=>5 
A>?@>B82;5=85 F5?8, B>: 2 F5?8, =0?@S65=8S 8 B>:8 =0 2A5E @578AB>@0E.  

 

 

�0@80=B 1 2 3 4 5 6 7 8 9 10 

U B 90 130 156 180 210 234 240 260 350 260 

R1 ,"< 36 100 30 24 300 24 60 400 40 20 

R2 ,"< 18 25 45 12 60 36 40 100 120 30 

R3, "< 45 10 300 30 60 240 48 40 100 200 

R4, "< 30 15 75 20 30 60 24 60 150 50 

 

3. #@8<5=OO 70:>= "<0 4;O CG0AB:0 F5?8, 70:>=K ?>A;54>20B5;L=>3> 8 
?0@0;;5;L=>3> A>548=5=89 @0AAG8B0BL ?> 7040==>9 AE5<5, 7=0G5=8O< A>?@>B82;5=89 
@578AB>@>2 8 ?>42545==><C =0?@O65=8N ?0@0<5B@K M;5:B@8G5A:>9 F5?8. �=0G5=8O 
R1, R2, R3, R4, R5, R6, U, 40=K 2 B01;8F5 20@80=B>2. "?@545;8BP Q:2820;5=B=>5 
A>?@>B82;5=85 F5?8.  
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�0@80=B  1 2 3 4 5 6 7 8 9 10 

AE5<0 1 2 3 4 5 1 2 3 4 5 

R1 ,"< 2 4 4 4 3 2 4 4 4 3 

R2 ,"< 4 15 2 10 6 4 15 2 10 6 

R3, "< 12 10 6 4 6 12 10 6 4 6 

R4, "< 3 5 4 15 3 3 5 4 15 3 

R5, "< 5 10 10 10 12 5 10 10 10 12 

R6, "< - 4 2 5 4 - 4 2 5 4 

  

 

 
 

%E5<0 1 %E5<0 2 %E5<0 3 

  
%E5<0 4                        %E5<0 5 

 

�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1 

 

�@8B5@88 >F5=:8: 
«5» 10;;>2 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8: 
- @01>B0 2K?>;=5=0 ?>;=>ABLN; 
- 2A5 7040=8O 2K?>;=5=K ?@028;L=>, 2>7<>6=0 >4=0 =5B>G=>ABL 8;8 >?8A:0, =5 

O2;ONI0OAO A;54AB285< =57=0=8O 8;8 =5?>=8<0=8O CG51=>3> <0B5@80;0; 
«4» 10;;0 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8: 
- @01>B0 2K?>;=5=0 ?>;=>ABLN 8;8 =5 <5=55 G5< =0 80 % >B >1J5<0 7040=8O, => 

2 =59 8<5NBAO =54>G5BK 8 =5ACI5AB25==K5 >H81:8; 
- @01>B0 2K?>;=5=0 ?>;=>ABLN, => 8A?>;L7>20=K =08<5=55 >?B8<0;L=K5 

?>4E>4K : @5H5=8N ?>AB02;5==>9 7040G8; 
«3» 10;;0 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8: 
- @01>B0 2K?>;=5=0 1>;55 G5< =0?>;>28=C, 4>?CI5=> 1>;55 B@5E >H81>:; 
«2» 10;;0 2OAB02;S5BAS >1CG0RI5<CAS, 5A;8: 
- @01>B0 2K?>;=5=0 <5=LH5 G5< =0?>;>28=C 8;8 A>45@68B =5A:>;L:> 

ACI5AB25==KE >H81>:; @01>B0 =5 2K?>;=5=0. 
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�>=B@>;P=0S @01>B0 №2 
?> B5<5 1.4. 1;5:B@8G5A:85 F5?8 ?5@5<5==>3> B>:0 

 

 5B>48G5A:85 C:070=8S : :>=B@>;P=>9 @01>B5 
�>=B@>;L=0O @01>B0 ?>:07K205B C@>25=L B5>@5B8G5A:>9 8 ?@0:B8G5A:>9 

?>43>B>2:8 >1CG0NI8EAO, >B@0605B =0;8G85 =02K:>2 8 C<5=89  A0<>AB>OB5;L=> 
8A?>;L7>20BL 87CG5==K9 <0B5@80;. 

�>=B@>;L=0O @01>B0 A>AB02;5=0 2 20 20@80=B0E, A>45@68B 2 7040G8 (@0AG5B 
>4=>D07=>9 =5@0725B2;5==>9 F5?8 ?5@5<5==>3> B>:0 8 @0AG5B >4=>D07=>9 
@0725B2;5==>9 F5?8 ?5@5<5==>3> B>:0). 

!0 :>=B@>;L=CN @01>BC >B2>48BAO 45 <8=CB.  
� @57C;LB0B5 87CG5=8O 2K=5A5==KE =0 :>=B@>;L=CN @01>BC B5< >1CG0NI89AO 

4>;65=: 
7=0BP 
- ACI=>ABL D878G5A:8E ?@>F5AA>2, ?@>8AE>4OI8E 2 M;5:B@8G5A:8E F5?OE 

>4=>D07=>3> ?5@5<5==>3> B>:0; 
- ?>@O4>: @0AG5B0 ?0@0<5B@>2 M;5:B@8G5A:8E F5?59 >4=>D07=>3> ?5@5<5==>3> 

B>:0; 
C<5BP 
- ?@>872>48BL @0AG5B ?0@0<5B@>2 M;5:B@8G5A:8E F5?59 >4=>D07=>3> 

?5@5<5==>3> B>:0; 
- AB@>8BL 25:B>@=K5 4803@0<<K. 
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"B25BO 

 

�0@80=B �040=85 
1 2 

1 R=R1+R2=12 "<;  
X=XL1-XC1=16"<;  
Z=20"<;U=IZ=200 B; 

P=I2R=1200�B;  
Q=I2X=1600 20@; 
S=I2Z=2000��; 

Aosφ=P/S=0,6; UR=120 B; 

UL=180B; UC=20B 

Z1=R1=5 "<; cos φ1=R1/Z1=1;  I1=U/Z1=10 A; 

I�1=I1cos φ1=10 A; I$1=0. 

Z2=√ R2
2+XL2

2=5"<; cos φ2=R2/Z2=0,6;   

sin φ2=XL2/Z2=0,8; I2=U/Z2=10 A;  

I�2=I2cos φ2=6 A;  I$2=I2sin φ2=8 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =18 A; 

cosφ=(I�1ûI�2)/I=0,89; sin φ=I$2/I=0,44. 

$=UIcosφ=801BB;Q=U I sin φ=39620@; 
S=U I=900 ��.  

2 R=R1+R2=30 "<;  
X=XL1-XC1=40"<;  
Z=50 "<; I2=P/R=4 �;  

I=2 �; U=IZ=100 B; 

Q=I2X=16020@;   
S=I2Z=200��; 

Aosφ=P/S=0,6; UR=60 B; 

UL=100 B; UC=20 B 

Z1=R1=10"<; cos φ1=R1/Z1=1;  I1=U/Z1=5 A; 

I�1=I1cos φ1=5A; I$1=0. 

Z2=√ R2
2+X%2

2=10"<; cos φ2=R2/Z2=0,8;   

sin φ2=-X%2/Z2=-0,6; I2=U/Z2=5 A;  

I�2=I2cos φ2=4A;  I$2=I2sin φ2=-3 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =9,5 A; 

cosφ=(I�1ûI�2)/I=0,95; sin φ=I$2/I=-0,32. 

$=UIcosφ=451BB; Q=U I sin φ=-15220@; 
S=U I=475��. 

3 R=6"<;  
X=XL1+XL2-XC1=8"<; 
Z=10"<; I=U/Z =4 �; 

P=I2R=96�B;   
Q=I2X=12820@;   
S=I2Z=160��; 

Aosφ=P/S=0,6; UR=24 B; 

UL=48 B; UC=16 B 

Z1=R1=4"<; cos φ1=R1/Z1=1;  I1=U/Z1=12,5 A; 

I�1=I1cos φ1=12,5A; I$1=0. 

Z2=X%2=5"<; cos φ2=R2/Z2=0;  sin φ2=-X%2/Z2= 

=-1; I2=U/Z2=10 A; I�2=I2cos φ2=0;   

I$2=I2sin φ2=-10 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =16 A; 

cosφ=(I�1ûI�2)/I=0,78; sin φ=I$2/I=-0,625. 

$=UIcosφ=624BB; Q=U I sin φ=-50020@; 
S=U I=800��. 

4 R=16 "<;  
X=XL1+XL2-XC1=12 "<; 
Z=20 "<; I2= QL1/XL1=9 �;   

I=3�; U=IZ=60 B; 

P=I2R=144 �B;   
Q=I2X=108 20@;  
S=I2Z=180 ��; 

Aosφ=P/S=0,8; UR=48 B; 

UL=60 B; UC=24 B 

Z1=√ R1
2+XL1

2=5"<; cos φ1=R1/Z1=0,8;   

sin φ1=XL1/Z1=0,6; I1=U/Z1=10 A; I�1=I1cos φ1= 

=8A;  I$1=I1sin φ1=6 A. 

Z2=√ R2
2+XL2

2=10 "<; cos φ2=R2/Z2=0,6;   

sin φ2=XL2/Z2=0,8; I2=U/Z2=5 A;  

I�2=I2cos φ2=3A;  I$2=I2sin φ2=4 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =15 A; 

cosφ=(I�1ûI�2)/I=0,73; sin φ=(I$1+I$2)/I=0,67. 

$=UIcosφ=547,5BB; Q=U I sin φ=502,520@; 
S=U I=750 ��. 

5 R=8"<;  
X=XL1-XC1-XC2=-6 "<; 
Z=10 "<;  I=UC2/XC2 =10 

�; U=IZ=100 B; 

P=I2R=800�B;  Q=I2X=-

Z1=√ R1
2+XL1

2=20"<; cos φ1=R1/Z1=0,8;   

sin φ1=XL1/Z1=0,6; I1=U/Z1=2,5 A; I�1=I1cos φ1= 

=2A;  I$1=I1sin φ1=1,5 A. 

Z2=X%2=10"<; cos φ2=R2/Z2=0;  sin φ2=-

X%2/Z2= 
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600 20@; 
S=I2Z=1000 ��; 

Aosφ=P/S=0,8; UR=80 B; 

UL=60 B; UC=120 B 

=-1; I2=U/Z2=5 A; I�2=I2cos φ2=0;   

I$2=I2sin φ2=-5 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =4 A; 

cosφ=(I�1ûI�2)/I=0,5; sin φ=(I$1+I$2)/I=-0,875. 

$=UIcosφ=100BB; Q=U I sin φ=-17520@; 
S=U I=200��. 

6 

 

 

 

R=80 "<;  
X=XL1-XC1-XC2=60 "<; 
Z=100 "<;  I2=P/R=4�;    

I=2�;      Q=I2X=60 20@; 
S=I2Z=100 ��; 

Aosφ=P/S=0,8; UR=80 B; 

UL=100 B; UC=40 B 

Z1=√ R1
2+X%1

2=40"<; cos φ1=R1/Z1=0,6;   

sin φ1=-X%1/Z1=-0,8; I1=U/Z1=1,25 A;  

I�1=I1cos φ1=0,75A;  I$1=I1sin φ1=-1 A. 

Z2=√ R2
2+XL2

2=20 "<; cos φ2=R2/Z2=0,8;   

sin φ2=XL2/Z2=0,6; I2=U/Z2=2,5 A;  

I�2=I2cos φ2=2A;  I$2=I2sin φ2=1,5 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =2,8 A; 

cosφ=(I�1ûI�2)/I=0,98; sin φ=(I$1+I$2)/I=0,18. 

$=UIcosφ=137 BB; Q=U I sin φ=2520@; 
S=U I=140 ��. 

7 R=R1+R2=8 "<;  
X=XL1-XC1-XC2=6 "<;  
Z=10"<; I2=P/R=25�;    

I=5�;  U=IZ=50 B; 

Q=I2X=150 20@;   
S=I2Z=250��; 

Aosφ=P/S=0,8; UR=40 B; 

UL=50B; UC=20 B 

Z1=R1=5 "<; cos φ1=R1/Z1=1;  I1=U/Z1=10 A; 

I�1=I1cos φ1=10 A; I$1=0. 

Z2=√ R2
2+XL2

2=7,2"<; cos φ2=R2/Z2=0,56;   

sin φ2=XL2/Z2=0,83; I2=U/Z2=7 A;  

I�2=I2cos φ2=3,9A;  I$2=I2sin φ2=5,8 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =15 A; 

cosφ=(I�1ûI�2)/I=0,93; sin φ=I$2/I=0,39. 

$=UIcosφ=806BB; Q=U I sin φ=292,5 20@; 
S=U I=750��. 

8 R=R1+R2=60"<;  
X=XL1-XC1-XC2=-80 "<; 
Z=100 "<; 

I2= QC1/XC1=4�; I=2�; 

U=IZ=200 B; 

P=I2R=240�B;  Q=I2X=-

320 20@;  
S=I2Z=400 ��; 

Aosφ=P/S=0,6; UR=120 B; 

UL=40 B; UC=200B 

Z1=R1=15 "<; cos φ1=R1/Z1=1;  I1=U/Z1=3,3 A; 

I�1=I1cos φ1=3,3A; I$1=0. 

Z2=√ R2
2+(XL23XC2)

2=20"<; cos φ2=R2/Z2=0,6;   

sin φ2=(XL23XC2)/Z2=0,8; I2=U/Z2=2,5 A;  

I�2=I2cos φ2=1,5A;  I$2=I2sin φ2=2 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =5,2 A; 

cosφ=(I�1ûI�2)/I=0,92; sin φ=I$2/I=0,38. 

$=UIcosφ=239BB; Q=U I sin φ=9920@; 
S=U I=260��. 

9 R=32"<;  
X=XL1+XL2-XC1-

XC2=24"<; Z=40 "<;  
U=IZ=160 B; 

P=I2R=512�B;  
Q=I2X=38420@;   
S=I2Z=640 ��; 

Aosφ=P/S=0,8; UR=128 B; 

UL=160 B; UC=64B 

Z1=√ R1
2+X%1

2=10"<; cos φ1=R1/Z1=0,8;   

sin φ1=-X%1/Z1=-0,6; I1=U/Z1=5 A;  

I�1=I1cos φ1=4A;  I$1=I1sin φ1=-3 A. 

Z2=√ R2
2+X%2

2=22"<; cos φ2=R2/Z2=0,818;   

sin φ2=-X%2/Z2=-0,545; I2=U/Z2=2,3 A;  

I�2=I2cos φ2=1,9A;  I$2=I2sin φ2=-1,25 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =7,3 A; 

cosφ=(I�1ûI�2)/I=0,808; sin φ=(I$1+I$2)/I=-0,582. 

$=UIcosφ=295 BB; Q=U I sin φ=-21120@; 
S=U I=365��. 
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10 R=32"<;  

X=XL1+XL2-XC1-XC2=24 

"<; Z=40 "<;   I=UL1/XL1 

=5�; U=IZ=200 B; 

P=I2R=800 �B; 
Q=I2X=60020@; 
S=I2Z=1000 ��; 

Aosφ=P/S=0,8; UR=160 B; 

UL=200 B; UC=80 B 

Z1=√ R1
2+X%1

2=9"<; cos φ1=R1/Z1=0,44;   

sin φ1=-X%1/Z1=-0,89; I1=U/Z1=5,6 A;  

I�1=I1cos φ1=2,5A;  I$1=I1sin φ1=-5 A. 

Z2=√R2
2+(XL2-X%2)

2=10"<; cos φ2=R2/Z2=0,8;   

sin φ2=(XL2-X%2)/Z2=0,6; I2=U/Z2=5 A;  

I�2=I2cos φ2=4A;  I$2=I2sin φ2=3 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =6,8 A; 

cosφ=(I�1ûI�2)/I=0,96; sin φ=(I$1+I$2)/I=-0,29. 

$=UIcosφ=326BB; Q=U I sin φ=-9920@; 
S=U I=340��. 

11 R=R1+R2=6 "<;  
X=XL1+XL2-XC1=8 "<; 
Z=10 "<; U=IZ=50 B;  

P=I2R=150 �B;  
Q=I2X=20020@;   
S=I2Z=250 ��; 

Aosφ=P/S=0,6; UR=30 B; 

UL=55 B; UC=15 B 

Z1=R1=10"<; cos φ1=R1/Z1=1;  I1=U/Z1=5 A; 

I�1=I1cos φ1=5A; I$1=0. 

Z2=√ R2
2+XL2

2=10"<; cos φ2=R2/Z2=0,6;   

sin φ2=XL2/Z2=0,8; I2=U/Z2=5 A;  

I�2=I2cos φ2=3A;  I$2=I2sin φ2=4A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =9 A; 

cosφ=(I�1ûI�2)/I=0,89; sin φ=I$2/I=0,44. 

$=UIcosφ=400BB; Q=U I sin φ=19820@; 
S=U I=450 ��. 

12 R=R1+R2=12 "<;  
X=XL1+ XL2-XC1=16 "<; 
Z=20 "<; I2= Q/X=100 �;  

I=10 �;  U=IZ=200 B;  

P=I2R=1200 �B;  
S=I2Z=2000��; 

Aosφ=P/S=0,6; UR=120B; 

UL=250B; UC=90 B 

Z1=R1=2"<; cos φ1=R1/Z1=1;  I1=U/Z1=25 A; 

I�1=I1cos φ1=25A; I$1=0. 

Z2=√ R2
2+X%2

2=5"<; cos φ2=R2/Z2=0,6;   

sin φ2=-X%2/Z2=-0,8; I2=U/Z2=10 A;  

I�2=I2cos φ2=6A;  I$2=I2sin φ2=-8 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =32 A; 

cosφ=(I�1ûI�2)/I=0,97; sin φ=I$2/I=-0,25. 

$=UIcosφ=1552BB; Q=U I sin φ=-40020@; 
S=U I=1600��. 

13 R=8"<; X=XL-XC1=32 "<; 
Z=10 "<; I2=P/R=9 �; 
I=3 �;    U=IZ=24 B; 

Q=I2X=54 20@;  
S=I2Z=90 ��; 

Aosφ=P/S=0,8; 
UR=24B;UL=36B; UC=18B 

Z1=R1=12"<; cos φ1=R1/Z1=1;  I1=U/Z1=4,2 A; 

I�1=I1cos φ1=4,2A; I$1=0. 

Z2=X%2=8"<; cos φ2=R2/Z2=0;  sin φ2=-X%2/Z2= 

=-1; I2=U/Z2=6,25 A; I�2=I2cos φ2=0;   

I$2=I2sin φ2=-6,25 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =7,5 A; 

cosφ=(I�1ûI�2)/I=0,56; sin φ=I$2/I=-0,83. 

$=UIcosφ=210BB; Q=U I sin φ=-311 20@; 
S=U I=375��. 

14 R=4"<;X=XL1-XC1=3"<; 
Z=5"<;  I=U/Z =6 �;  
P=I2R=144�B; 
Q=I2X=10820@;  
S=I2Z=180 ��; 

Aosφ=P/S=0,8; UR=24B; 

UL=90 B; UC=72 B 

Z1=√ R1
2+XL1

2=6,7"<; cos φ1=R1/Z1=0,9;   

sin φ1=XL1/Z1=0,45; I1=U/Z1=7,5 A;  

I�1=I1cos φ1=6,75A;  I$1=I1sin φ1=3,38 A. 

Z2=√ R2
2+XL2

2=5"<; cos φ2=R2/Z2=0,6;   

sin φ2=XL2/Z2=0,8; I2=U/Z2=10 A;  

I�2=I2cos φ2=6A;  I$2=I2sin φ2=8 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =17 A; 

cosφ=(I�1ûI�2)/I=0,75; sin φ=(I$1+I$2)/I=0,67. 

$=UIcosφ=638BB; Q=U I sin φ=57020@; 
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S=U I=850 ��. 

15 R=R1+R2=8"<;  

X=XL1-XC1=6"<; Z=10 

"<;   I=U/Z =2�; 

P=I2R=32�B; 
Q=I2X=2420@;  
S=I2Z=40 ��; 

Aosφ=P/S=0,8; UR=16 B; 

UL=20 B; UC=8 B 

Z1=√ R1
2+XL1

2=40"<; cos φ1=R1/Z1=0,8;   

sin φ1=XL1/Z1=0,6; I1=U/Z1=1,25 A;  

I�1=I1cos φ1=1A;  I$1=I1sin φ1=0,75 A. 

Z2=X%2=40"<; cos φ2=R2/Z2=0;  sin φ2=-

X%2/Z2= 

=-1; I2=U/Z2=1,25 A; I�2=I2cos φ2=0;   

I$2=I2sin φ2=-1,25 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =1,1 A; 

cosφ=(I�1ûI�2)/I=0,91; sin φ=(I$1+I$2)/I=-0,45. 

$=UIcosφ=50BB; Q=U I sin φ=-24,7520@; 
S=U I=55��. 

16 R=R1+R2=16 "<;  
X=XL1-XC1=-12 "<;  
Z=20"<; I2= Q/X=16 �;  

I=4�;  U=IZ=80 B; 

P=I2R=256 �B;    
S=I2Z=320 ��; 

Aosφ=P/S=0,8; UR=64B; 

UL=32 B; UC=80 B 

Z1=√ R1
2+X%1

2=20"<; cos φ1=R1/Z1=0,6;   

sin φ1=-X%1/Z1=-0,8; I1=U/Z1=2,5 A;  

I�1=I1cos φ1=1,5A;  I$1=I1sin φ1=-2 A. 

Z2=√ R2
2+XL2

2=13"<; cos φ2=R2/Z2=0,62;   

sin φ2=XL2/Z2=0,77; I2=U/Z2=3,85 A;  

I�2=I2cos φ2=2,4A;  I$2=I2sin φ2=3 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =4 A; 

cosφ=(I�1ûI�2)/I=0,975; sin φ=(I$1+I$2)/I=0,25. 

$=UIcosφ=195BB; Q=U I sin φ=5020@; 
S=U I=200 ��. 

17 R=3 "<;  
X=-X%1-XC2=-4 "<;    
Z=5"<;  U=IZ=30 B;  

P=I2R=108�B; 
Q=I2X=-14420@; 
S=I2Z=180 ��; 

Aosφ=P/S=0,6; UR=18 B; 

UC=24 B 

Z1=R1=2"<; cos φ1=R1/Z1=1;  I1=U/Z1=25 A; 

I�1=I1 cos φ1=25A; I$1=0. 

Z2=√ R2
2+XL2

2=3,6"<; cos φ2=R2/Z2=0,56;   

sin φ2=XL2/Z2=0,83; I2=U/Z2=13,9 A;  

I�2=I2cos φ2=7,8A;  I$2=I2sin φ2=11,3 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =15,8 A; 

cosφ=(I�1ûI�2)/I=0,7; sin φ=I$2/I=0,72. 

$=UIcosφ=553BB; Q=U I sin φ=56920@; 
S=U I=790��. 

18 R=16 "<;  
X=-X%1-XC2=-12 "<; 
Z=20 "<;  I2=P/R=4�;    

I=2�;    U=IZ=40 B; 

Q=I2X=-48 20@;   
S=I2Z=80 ��; 

Aosφ=P/S=0,8; UR=32B; 

UC=24B 

Z1=R1=5 "<; cos φ1=R1/Z1=1;  I1=U/Z1=10 A; 

I�1=I1cos φ1=10A; I$1=0. 

Z2=√ R2
2+(XL23XC2)

2=10"<; cos φ2=R2/Z2=0,8;   

sin φ2=(XL23XC2)/Z2=-0,6; I2=U/Z2=5 A;  

I�2=I2cos φ2=4A;  I$2=I2sin φ2=-3 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =14,3 A; 

cosφ=(I�1ûI�2)/I=0,97; sin φ=I$2/I=-0,21. 

$=UIcosφ=694BB; Q=U I sin φ=-15020@; 
S=U I=715��. 

19 R=4"<;  

X=XL1-XC1-XC2=3"<;  
Z=5"<; I2=P/R=16�;    

I=4�;    U=IZ=20 

B;Q=I2X=4820@;   
S=I2Z=80 ��; 

Z1=√ R1
2+X%1

2=5"<; cos φ1=R1/Z1=0,6;   

sin φ1=-X%1/Z1=-0,8; I1=U/Z1=10 A;  

I�1=I1cos φ1=6A;  I$1=I1sin φ1=-8 A. 

Z2=√ R2
2+X%2

2=10"<; cos φ2=R2/Z2=0,6;   

sin φ2=-X%2/Z2=-0,8; I2=U/Z2=5 A;  

I�2=I2cos φ2=3A;  I$2=I2sin φ2=-4 A. 
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Aosφ=P/S=0,8; UR=16B; 

UL=40 B; UC=28B 
I=√(I�1ûI�2)

2û (I$1+I$2)
2 =15 A; 

cosφ=(I�1ûI�2)/I=0,6; sin φ=(I$1+I$2)/I=-0,8. 

$=UIcosφ=450BB; Q=U I sin φ=-60020@; 
S=U I=750��. 

20 R=8"<;  
X=XL1-XC1-XC2=6"<;  

Z=10 "<;   I=U/Z =8�; 

P=I2R=512�B;  
Q=I2X=38420@;  
S=I2Z=640 ��; 

Aosφ=P/S=0,8; UR=64 B; 

UL=96 B; UC=48 B 

Z1=√ R1
2+X%1

2=10"<; cos φ1=R1/Z1=0,8;   

sin φ1=-X%1/Z1=-0,6; I1=U/Z1=5 A;  

I�1=I1cos φ1=4A;  I$1=I1sin φ1=-3 A. 

Z2=√R2
2+(XL2-X%2)

2=5"<; cos φ2=R2/Z2=0,8;   

sin φ2=(XL2-X%2)/Z2=-0,6; I2=U/Z2=10 A;  

I�2=I2cos φ2=8 A;  I$2=I2sin φ2=-6 A. 

I=√(I�1ûI�2)
2û (I$1+I$2)

2 =15 A; 

cosφ=(I�1ûI�2)/I=0,8; sin φ=(I$1+I$2)/I=-0,6. 

$=UIcosφ=600BB; Q=U I sin φ=-45020@; 
S=U I=750��. 
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1. $0AG5B >4=>D07=>9 =5@0725B2;5==>9 F5?8 ?5@5<5==>3> B>:0 
!5@0725B2;5==0O F5?L ?5@5<5==>3> B>:0, ?>:070==0O =0 A>>B25BAB2CNI5< 

@8AC=:5, A>45@68B 0:B82=K5 8 @50:B82=K5 A>?@>B82;5=8O, 25;8G8=K :>B>@KE 
7040=K 2 B01;8F5.  �@><5 B>3>, 8725AB=0 >4=0 87 4>?>;=8B5;L=KE 25;8G8= (U, I, P, Q, 
S). "?@545;8BL A;54CNI85 25;8G8=K, 5A;8 >=8 =5 7040=K 2 B01;8F5 20@80=B>2: 1) 
?>;=>5 A>?@>B82;5=85 F5?8 Z; 2) =0?@O65=85 U, ?@8;>65==>5 : F5?8; 3) A8;C B>:0 2 
F5?8 I; 4) 0:B82=CN $, @50:B82=CN Q, 8 ?>;=CN S <>I=>AB8, ?>B@51;O5<K5 F5?LN; 
5) :>MDD8F85=B <>I=>AB8; 6) =0?@O65=85 =0 :064>< A>?@>B82;5=88. !0G5@B8BL 2 
<0AHB015 25:B>@=CN 4803@0<<C F5?8.  
 

!><5@  
20@80=B0 

!><5@  
AE5<K 

R1, 

"< 

R2, 

"< 

XL1, 

"< 

XL2, 

"< 

XC1, 

"< 

XC2, 

"< 

�>?>;=8B5;L=0O  
25;8G8=0 

01 1 8 4 18 - 2 - I = 10 � 

02 1 10 20 50 - 10 - P = 120�B 
03 2 6 - 2 10 4 - U = 40 � 

04 2 16 - 15 5 8 - QL1 = 13520@ 
05 3 8 - 6 - 8 4 UC2 = 40 � 

06 3 80 - 100 - 25 15 I = 1� 

07 4 6 2 10 - 1 3 P = 200�B 
08 4 40 20 20 - 80 20 QC1 = -32020@ 
09 5 32 - 20 20 6 10 I = 4� 

10 5 32 - 25 15 8 8 UL1 = 125� 

11 6 4 2 5 6 3 - I = 5� 

12 6 4 8 10 15 9 - Q = 160020@ 
13 7 8 - 12 - 6 - P = 72�B 
14 7 4 - 15 - 12 - U = 30� 

15 8 2 6 10 - 4 - U = 20� 

16 8 6 10 8 - 20 - Q = - 19220@ 
17 9 3 - - - 1 3 I = 6� 

18 9 16 - - - 8 4 P = 64�B 
19 10 4 - 10 - 3 4 P = 64�B  
20 10 8 - 12 - 4 2 U = 80� 

 

 

 

%E5<0 1 %E5<0 2 
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%E5<0 3 %E5<0 4 

  

%E5<0 5 %E5<0 6 

 

 

%E5<0 7 %E5<0 8 

 

 

%E5<0 9 %E5<0 10 
 

2. $0AG5B >4=>D07=>9 @0725B2;5==>9 F5?8 ?5@5<5==>3> B>:0 
$0725B2;5==0O F5?L ?5@5<5==>3> B>:0, ?>:070==0O =0 A>>B25BAB2CNI5< 

@8AC=:5, A>45@68B 0:B82=K5 8 @50:B82=K5 A>?@>B82;5=8O, 25;8G8=K :>B>@KE 
7040=K 2 B01;8F5.  !0?@O65=85 8AB>G=8:0 U=50�. "?@545;8BL A;54CNI85 
25;8G8=K 1) B>:8 2 >158E 25B2OE I1 8  I2, 8E 0:B82=K5 8 @50:B82=K5 A>AB02;ONI85; 2) 
B>: 2 =5@0725B2;5==>9 G0AB8 F5?8 I; 3) 0:B82=CN $, @50:B82=CN Q, 8 ?>;=CN S 
<>I=>AB8, ?>B@51;O5<K5 F5?LN; 5) :>MDD8F85=B <>I=>AB8. !0G5@B8BL 2 <0AHB015 
25:B>@=CN 4803@0<<C F5?8.  
 

!><5@ 
20@80=B0 

!><5@ 
AE5<K 

R1, "< R2, "< )L1, "< )L2, "< )C1, "< )C2, "< 

01 1 5 3 - 4 - - 

02 2 10 8 - - - 6 

03 3 4 - - - - 5 

04 4 4 6 3 8 - - 
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05 5 16 - 12 - - 10 

06 6 24 16 - 12 32 - 

07 7 5 4 - 6 - - 

08 8 15 12 - 20 - 4 

09 9 8 18 - - 6 12 

10 10 4 8 - 12 8 6 

11 1 10 6 - 8 - - 

12 2 2 3 - - - 4 

13 3 12 - - - - 8 

14 4 6 3 8 4 - - 

15 5 32 - 24 - - 40 

16 6 12 8 - 10 16 - 

17 7 2 2 - 3 - - 

18 8 5 8 - 4 - 10 

19 9 3 6 - - 4 8 

20 10 8 4 - 5 6 8 
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�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1, �� 1.2, �� 2.2, �� 2.3 

 

�@8B5@88 >F5=:8 7040G 2 :>=B@>;P=>9 @01>B5: 
�0640O 7040G0 >F5=8205BAO 2 10;;0E ?> :@8B5@8O< C:070==K< =865. 

 0:A8<0;L=>5 :>;8G5AB2> 10;;>2 70 :064CN 7040GC 8, 70 425 7040G8 16 10;;>2.  
 

�=0=8O, C<5=8O #@87=0:8 �0;;K 

�: ACI=>ABL D878G5A:8E 
?@>F5AA>2, ?@>8AE>4OI8E 
2 M;5:B@8G5A:8E F5?OE 
>4=>D07=>3> ?5@5<5==>3> 
B>:0, ?>@O4>: @0AG5B0 8E 
?0@0<5B@>2; 
': ?@>872>48BL @0AG5B 
?0@0<5B@>2 M;5:B@8G5A:8E 
F5?59; AB@>8BL 25:B>@=K5 
4803@0<<K. 

1. #@028;L=> @0AAG8BK205B M;5:B@8G5A:85 
F5?8 2 A>>B25BAB288 A <5B>40<8 @0AG5B0 F5?59. 

2 

2. #@028;L=> >F5=8205B @57C;LB0BK 
@0AG5B>2 B>:>2, =0?@O65=89, <>I=>AB59 8 
4@C38E E0@0:B5@8AB8: M;5:B@8G5A:8E F5?59. 

2 

3. #@028;L=> 2K?>;=O5B 25:B>@=K5 
4803@0<<K. 

2 

4. #@028;L=> =0E>48B =58725AB=K5 
25;8G8=K, 8A?>;L7CO 25:B>@=K5 4803@0<<K. 

2 

 

!0 >F5=:C «5» =5>1E>48<> =01@0BL 16 10;;>2; 
=0 >F5=:C «4» - 12 10;;>2; 
=0 >F5=:C «3» - 8 10;;>2. 
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�>=B@>;P=0S @01>B0 №3 
?> B5<5 1.5. &@5ED07=O5 F5?8 

 

 5B>48G5A:85 @5:><5=40F88 : :>=B@>;P=>9 @01>B5  
�>=B@>;L=0O @01>B0 ?>:07K205B C@>25=L B5>@5B8G5A:>9 8 ?@0:B8G5A:>9 

?>43>B>2:8 >1CG0NI8EAO, >B@0605B =0;8G85 =02K:>2 8 C<5=89  A0<>AB>OB5;L=> 
8A?>;L7>20BL 87CG5==K9 <0B5@80;. 

�>=B@>;L=0O @01>B0 A>AB02;5=0 2 10 20@80=B0E, A>45@68B 2 7040G8. !0 
:>=B@>;L=CN @01>BC >B2>48BAO 90 <8=CB. 

� @57C;LB0B5 87CG5=8O 2K=5A5==KE =0 :>=B@>;L=CN @01>BC B5< >1CG0NI89AO 
4>;65=: 

7=0BP 
- ACI=>ABL D878G5A:8E ?@>F5AA>2, ?@>8AE>4OI8E 2 M;5:B@8G5A:8E F5?OE 

B@5ED07=>3> ?5@5<5==>3> B>:0;  
-  ?>@O4>: @0AG5B0 ?0@0<5B@>2 M;5:B@8G5A:8E F5?59 B@5ED07=>3> ?5@5<5==>3> 

B>:0; 
C<5BP 
- ?@>872>48BL @0AG5B ?0@0<5B@>2 M;5:B@8G5A:8E F5?59 B@5ED07=>3> 

?5@5<5==>3> B>:0; 
- AB@>8BL 25:B>@=K5 4803@0<<K. 
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"B25BO 

 

�0@80
=B 

�040=85 
1 2 

1 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=220�; I;0<?=0,18�;  
IA=IB=7,92A; IC=15,84�; 
$�=$�=1742�B; $%=3485�B; 
$=6969�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=127 �; P;0<?=60 �B;  
IAB=9 A; IBC=35 A; ICA=17 �; 
$�B=1143BB; $�%=4445 �B; $%�=2159�B; 
$=7747 �B 

2 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=127�; I;0<?=0,79�;  
IA=IB=33,18A; IC=11,06�; 
$�=$�=4214�B; $%=1405�B; 
$=9833�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=220 �; P;0<?=200 �B;  
IAB=30 A; IBC=60 A; ICA=30 �; 
$�B=6600BB; $�%=13200�B; $%�=6600�B; 
$=26400 �B 

3 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=220�; I;0<?=2,27�;  
IA=24,97�; IB=49,94A; IC=74,91�; 
$�=5493�B; $�=10987�B; 
$%=16479�B; $=32959�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=127 �; P;0<?=75 �B;  
IAB=33 A; IBC=13 A; ICA=33 �; 
$�B=4191BB; $�%=1651 �B; $%�=4191�B; 
$=10033 �B 

4 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=127�; I;0<?=0,47�; 
IA=7,99�;IB=IC=23,97A 

$�=1015�B; $�= $%=3044�B;  
$=7103�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=220 �; P;0<?=100 �B;  
IAB=35 A; IBC=15 A; ICA=15 �; 
$�B=7700BB; $�%=3300 �B; $%�=3300�B; 
$=14300 �B 

5 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=220�; I;0<?=0,91�;  
IA=60�; IB=20A; IC=40�; 
$�=13200�B; $�=4400�B; 
$%=8800�B; $=26400�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=127 �; P;0<?=15 �B;  
IAB=20 A; IBC=10 A; ICA=30 �; 
$�B=2540BB; $�%=1270 �B; $%�=3810�B; 
$=7620 �B 

6 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<?n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 
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$=$�+$�+$% 

UD=127�; I;0<?=0,2�; 
IA=IC=7,2A; I�=28,4�; 
$�=$%=914�B; $�=3607�B; 
$=5435�B 

$=$�B+$�C+$%A 

UD=220 �; P;0<?=75 �B;  
IAB=16 A; IBC=4 A; ICA=16 �; 
$�B=3520BB; $�%=880 �B; $%�=3520�B; 
$=7920 �B 

7 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<?n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=220�; I;0<?=0,45�; 
IA=9,9�; I�=29,7A; I%=39,6�; 
$�=2178�B; $�=6534�B; 
$%=8712�B; $=17424�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=127 �; P;0<?=40 �B;  
IAB=40 A; IBC=34 A; ICA=27 �; 
$�B=5080BB; $�%=4318 �B; $%�=3429�B; 
$=12827 �B 

8 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<?n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=127�; I;0<?=0,31�; 
IA=IC=16,74�; I�=31A;   

$�= $%=2126�B; $�=3937�B;  
$=8189�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=220 �; P;0<?=25 �B;  
IAB=5 A; IBC=20 A; ICA=5 �; $�B=1100BB; 
$�%=4400 �B; $%�=1100�B; $=6600 �B 

9 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<? n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=220�; I;0<?=0,34�;  
IA=17A; IB=IC=4,08�;  
$�=3740�B; $�=$%=898�B; 
$=5536�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=127 �; P;0<?=100 �B;  
IAB=11 A; IBC=11 A; ICA=44 �; 
$�B=1397BB; $�%=1397 �B; $%�=5588�B; 
$=8382 �B 

10 UD=U;/√3; I;0<?=$;0<?/ UD 

IA= I;0<? nA; I�= I;0<?n�;I%= I;0<? n% 

$�=UAIA;  $�=U� I�;  $%=U% I%; 

$=$�+$�+$% 

UD=127�; I;0<?=1,18�;  
IA=51,92�; IB=IC=12,98�; 
$�=6594�B; $�=$%=1648�B; 
$=9890�B 

UD=U;; $;0<?=I;0<? UD; 

IAB= I;0<? nAB; I�C= I;0<? n�C;I%A= I;0<? n%A 

$�B=UABIAB;  $�C=U�C I�C;  $%A=U%A I%A; 

$=$�B+$�C+$%A 

UD=220 �; P;0<?=150 �B;  
IAB=60 A; IBC=30 A; ICA=90 �; 
$�B=13200BB; $�%=6600 �B; 
$%�=19800�B; $=39600 �B 
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�0@80=B 1 
1.  � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=380� (;8=59=K5 =0?@O65=8O); 
$;0<? =40�B (<>I=>ABL >4=>9 ;0<?K); 
n�=44, n�=44, n%=88(G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U( (U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$( ($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 8 87 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@>;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=127 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,47 � (B>: >4=>9 ;0<?K); 
n��=19, n�%=74, n%�=36 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

�0@80=B 2 
1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=220� (;8=59=K5 =0?@O65=8O); 
$;0<? =100�B (<>I=>ABL >4=>9 ;0<?K); 
n�=42, n�=42, n%=14 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@0;L=>< ?@>2>45 IN. 
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2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=220 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,909 � (B>: >4=>9 ;0<?K); 
n��=33, n�%=66, n%�=33 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

�0@80=B 3 
1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=380� (;8=59=K5 =0?@O65=8O); 
$;0<? =500�B (<>I=>ABL >4=>9 ;0<?K); 
n�=11, n�=22, n%=33 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@0;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=127 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,591 � (B>: >4=>9 ;0<?K); 
n��=56, n�%=22, n%�=56 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

 



83 

 

�0@80=B 4 
1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=220� (;8=59=K5 =0?@O65=8O); 
$;0<? =60�B (<>I=>ABL >4=>9 ;0<?K); 
n�=17, n�=51, n%=51 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@0;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=220 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,455 � (B>: >4=>9 ;0<?K); 
n��=77, n�%=33, n%�=33 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

�0@80=B 5 
1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=380� (;8=59=K5 =0?@O65=8O); 
$;0<? =200�B (<>I=>ABL >4=>9 ;0<?K); 
n�=66, n�=22, n%=44 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
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#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@0;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=127 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,118 � (B>: >4=>9 ;0<?K); 
n��=170, n�%=85, n%�=254 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

�0@80=B 6 
 1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=220� (;8=59=K5 =0?@O65=8O); 
$;0<? =25�B (<>I=>ABL >4=>9 ;0<?K); 
n�=36, n�=142, n%=36 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59A@0;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=220 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,341 � (B>: >4=>9 ;0<?K); 
n��=47, n�%=12, n%�=47 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
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>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

�0@80=B 7 
1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=380� (;8=59=K5 =0?@O65=8O); 
$;0<? =100�B (<>I=>ABL >4=>9 ;0<?K); 
n�=22, n�=66, n%=88 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@0;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=127 �  (;8=59=K5 =0?@O65=8O); 
I;0<? =0,315 � (B>: >4=>9 ;0<?K); 
n��=127, n�%=108, n%�=86 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
$ ;0<? 3 <>I=>ABL >4=>9 ;0<?K; 
I��, I�%, I%� - D07=K5 B>:8 (B>:8, ?>B@51;O5<K5 :064>9 3@C??>9 ;0<?); 
$�� , $�%, $%� - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/; 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
#>AB@>8BL 25:B>@=CN 4803@0<<C =0?@O65=89 8 B>:>2 8 87 =55 3@0D8G5A:8 
>?@545;8BL 25;8G8=C B>:>2 I�, I�, I% 2 ;8=59=KE ?@>2>40E. 
 

�0@80=B 8 
1. � G5BK@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0  2:;NG5=K ?> AE5<5 "725740" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9, D075 
/3@C??5/ ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=>: 
U� (U��, U�%, U%�)=220� (;8=59=K5 =0?@O65=8O); 
$;0<? =40�B (<>I=>ABL >4=>9 ;0<?K); 
n�=54, n�=100, n%=54 (G8A;> ;0<? 2 :064>9 D075 /3@C??5/). 
"?@545;8BL: 
U((U�, U�, U%) - D07=K5 =0?@O65=8O /=0 MB8 =0?@O65=8O @0AAG8B0=K 2A5 
2:;NG5==K5 2 A5BL ;0<?K =0:0;820=8O/; 
I�, I�, I%- D07=K5 (>=8 65 ;8=59=K5) B>:8. 
$(($� , $�, $%) - <>I=>AB8, ?>B@51;O5<K5 :064>9 D07>9 /3@C??>9 ;0<?/. 
$ - <>I=>ABL, ?>B@51;O5<CN F5?LN /2A5<8 ;0<?0<8/. 
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#>AB@>8BL 25:B>@=CN 4803@0<<C B>:>2 887 =55 3@0D8G5A:8 >?@545;8BL 25;8G8=C 
B>:0 2 =59B@0;L=>< ?@>2>45 IN. 

2. � B@5E?@>2>4=CN A5BL B@5ED07=>3> B>:0, 2:;NG5=K ?> AE5<5 "B@5C3>;L=8:" B@8 
3@C??K M;5:B@8G5A:8E ;0<? =0:0;820=8O >48=0:>2>9 <>I=>AB8. � :064>9 D075 
/3@C??5/  ;0<?K A>548=5=K ?0@0;;5;L=>. 
�725AB=K: 
U� (U��, U�%, U%�)=220 �  (;8=59=K5 =0?@O65=8O); 
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35.'?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075: 
0) 48>4>2;  1) ?>;52KE B@0=78AB>@>2; 2) 18?>;O@=KE B@0=78AB>@>2;  3) B8@8AB>@>2. 
 

36. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 
400 ;>38G5A:8E M;5<5=B>2? 
0) <0;>9;       1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
 

37.#> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 48 "<, 
B5G5B B>: - 2,5 �. �0:>5 :>;8G5AB2> B5?;>BK 2K45;8B MB0 A?8@0;L 70 2,5 <8=CBK? 
0) 25 :�6;      1) 45 :�6;     2) 7,5:�6. 
 

38."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 100 "<? 
0) 200 "<;    1) 50 "<;      2) 10 "<;    3) 0,2 "<. 
 

39. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 
8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 420 @070?  
0) C<5=LH8BAO 2 420 @070;         1) C25;8G8BAO 2 420 @070; 
2) C<5=LH8BAO 2 G5BK@5 @070;   3) =5 87<5=8BAO.                                                                  
 

40. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R=110 "<. 
!0?@O65=85 =0 5ё 7068<0E u= 220 sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0) I  = 2 �,     U=220 �;                    1) I = 1,4 �,  U=156 �;    
2) I = 1,4 �,   U=220 �;                    3) I = 2 �,      U=156 �. 
 

41.�0:>2> A>>B=>H5=85 <564C D07=K<8 8 ;8=59=K<8 =0?@O65=8O<8 ?@8 
A>548=5=88 ?>B@518B5;59 M;5:B@>M=5@388 «B@5C3>;L=8:><». 
0) U; = UD;    1) U; = UD/1,73;     2) UD = 0,578U;.   

 

42. � G5<C ?@82>48B >1@K2 2B>@8G=>9 F5?8 B@0=AD>@<0B>@0 B>:0? 
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0)  : :>@>B:><C 70<K:0=8N;    1)  : @568<C E>;>AB>3> E>40;  
2)  : ?>2KH5=8N =0?@O65=8O; 3)  : ?>;><:5 B@0=AD>@<0B>@0. 
43.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1100 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0    1050 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  45;                    1) 0,45;          2) 4,5;             3)  0,045. 
 

44. %:>;L:> p-n  ?5@5E>4>2 C B8@8AB>@0? 
0) >48=;    1) 420;     2) B@8;    3) G5BK@5.                           
 

45. -;5:B@>4K D>B>@578AB>@0 2K?>;=5=K 87: 
0) <548;        1) ?;0B8=K;       2) 65;570;       3) A5@51@0. 
 

46.  >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2,5 :�B. #>;57=0O <>I=>ABL, >B40205<0O 
2 =03@C7:C, 1,8  :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;       1) 0,72;     2) 0,6;    3)  0,85. 
 

47. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
10 "< 8 150 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 40 �;    1) 20�;     2) 12,8 �;    3)  6 �. 
 

48. #@8 :0:>< =0?@O65=88 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 
M;5:B@>?5@540G ?@8 7040==>9 <>I=>AB8? 
0) ?>=865==><;      1) ?>2KH5==><;      2) 157@07;8G=>;     
3) 7=0G5=85 =0?@O65=8O CB25@645=> �"%&><.                                                 
 

49. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 3 
@070? 
0) C<5=LH8BAO 2 3 @070;       1) C25;8G8BAO 2 3 @070;    
2) C25;8G8BAO 2 9 @07;           3) >AB0=5BAO =587<5==>9.                                       
 

50. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 250 :��, 0 0:B82=0O <>I=>ABL  
$= 200 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos  φ= 0,75;           1) cos  φ = 0,35;          2) cos  φ = 0,55;     3) cos  φ = 0,8 
 

51. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 2,2 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 2,2 �;    1) 1,27 �;      2) 3,8 �;      3) 2,5 �. 
 

52.':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0  
n-p-n. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

53.�0:8< >1@07>< M;5<5=BK 8=B53@0;L=>9 <8:@>AE5<K A>548=ONB <564C A>1>9? 
0) =0?K;5=85< 7>;>BKE 8;8 0;N<8=852KE  4>@>65: G5@57 >:=0 2 <0A:5; 
1) ?09:>9 ;075@=K< ;CG><;  
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2) B5@<>:><?@5AA859;  
3) 2A5<8 ?5@5G8A;5==K<8 <5B>40<8. 
54. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  150 �B 8 
220 �. 
0)  423 "<;        1)  243 "<;       2)  647 "<;         3)  323 "<. 
 

55. �20 8AB>G=8:0 8<5NB >48=0:>2K5 -�% 8 B>:8, => @07=K5 2=CB@5==85 
A>?@>B82;5=8O. �0:>9 87 8AB>G=8:>2 8<55B 1>;LH89 �#�? 
0) �#� 8AB>G=8:>2 @02=K;         
1) 8AB>G=8: A <5=LH8< 2=CB@5==8< A>?@>B82;5=85<; 
2) 8AB>G=8: A  1>;LH8< 2=CB@5==8< A>?@>B82;5=85<.                                                      
 

56. "?@545;8BL B>: I6, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 
25B2OE:  I1 = -2 �, I2 = 4 �, I3 = 6 �,  I4 = -4 �,  I5 = 1 �. 
0) 15 �;         1) 5 �;          2) -5 �;          3) -15 �. 
 

57. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 100 �, =0G0;L=0O D070 φ= - 60º, G0AB>B0 
50 �F. �0?8H8B5 C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=100 cos(-60ºt);         1) u=100 sin (50t - 60º); 
2) u=100 sin (314t-60º);   3) u=100 cos (314t + 60º). 
 

58.%8<<5B@8G=0O =03@C7:0 A>548=5=0 B@5C3>;L=8:><. #@8 87<5@5=88 D07=>3> B>:0 
0<?5@<5B@ ?>:070; - 10 �.  !0948B5 B>: 2 ;8=59=>< ?@>2>45. 
0) 10 �;    1) 17,3  �;   2) 14,14  �;   3) 20 �.  
 

59. �0<?K =0:0;820=8O A =><8=0;L=K< =0?@O65=85< 220 � 2:;NG0NB 2 B@5ED07=CN 
A5BL A =0?@O65=85< 220 �. "?@545;8BL AE5<C A>548=5=8O ;0<?.      
0) B@5E?@>2>4=>9 72574>9;  1) G5BK@5E?@>2>4=>9 72574>9;  2) B@5C3>;L=8:><. 
 

60. +5< ?@8=F8?80;L=> >B;8G05BAO 02B>B@0=AD>@<0B>@K >B B@0=AD>@<0B>@0? 
0)  <0;K< :>MDD8F85=B>< B@0=AD>@<0F88;                
1)  2>7<>6=>ABLN 87<5=5=8O :>MDD8F85=B0 B@0=AD>@<0F88;   
2)  M;5:B@8G5A:8< A>548=5=85< ?5@28G=>9 8 2B>@8G=>9 F5?59. 
 

61. +B> O2;O5BAO :0B>4>< 20:CC<=>3> D>B>M;5<5=B0? 
0) =8:5;8=>20O ?@>2>;>:0;          
1) ?;5=:0 87 ?>;C?@>2>4=8:>2>3> <0B5@80;0; 
2) B>=:89 A;>9 I5;>G=>75<5;L=>3> <5B0;;0. 
 

62. (C=:F8>=0;L=K9 1;>: -�  ?@54=07=0G5==K9 4;O E@0=5=8O >A=>2=>3> <0AA820 
8=D>@<0F88 =07K205BAO: 
0) >?5@0B82=>5 70?><8=0NI55 CAB@>9AB2>;  1) CAB@>9AB2> C?@02;5=8O;  
2) 0@8D<5B8G5A:>5 CAB@>9AB2>;                       3) 2=5H=55 70?><8=0NI55 CAB@>9AB2>. 
 

63. �0:>5 87 ?@82545==KE CB25@645=89  =5 A>>B25BAB2C5B ?>A;54>20B5;L=><C 
A>548=5=8N 25B259 ?@8 ?>AB>O==>< B>:5? 
0) B>: 2> 2A5E M;5<5=B0E F5?8 >48=0:>2;                                                              
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1) =0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:0E;  
2) =0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C 
=0?@O65=8N.   
64. &@8 @578AB>@0: R1 = 8 O<, R2 = 4 O<, R3 = 6 O< A>548=5=K ?>A;54>20B5;L=> 8 
2:;NG5=K 2 M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R3 @02=> 12 �, B> 
=0?@O65=85 M;5:B@8G5A:>9 A5B8 @02=>: 
0) 30 �;          1) 24 �;        2) 36 �;          3)  16 �. 
 

65. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: >?5@5605B  =0?@O65=85 =0 =5:>B>@K9 C3>;. +B> 
<>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85; 
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
 

66. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C<5=LH5=85< ?5@8>40? 
0) =5 87<5=8BAO;    1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

67.!0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C:  
u=100 sin(314+30º)."?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R=20 "<. 
0) i= 5 sin 314 t;                     1) i = 5 sin (314t + 30º); 
2) i =  3,55 sin (314t + 30º);   3) i = 3,55 sin 314t. 

 

68. �8=59=K9 B>: @025= - 2,2 �. !0948B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 
A>548=5=0 «72574>9». 
0) 2,2 �;    1) 1,27 �;        2) 3,8 �;         3) 2,5 �. 
 

69. ':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0  
p-n-p. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

70. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C, A :>B>@>9 <03=8B=>5 ?>;5 459AB2C5B 
=0 ?@>2>4=8: A B>:><? 
0) 70:>=C "<0;   1) 70:>=C �<?5@0;  2) 70:>=C �6>C;O-�5=F0;  3) 70:>=C �C;>=0. 
 

71. �0:>5 87 ?@82545==KE CB25@645=89 =5 A>>B25BAB2C5B ?0@0;;5;L=><C 
A>548=5=8N 25B259 ?@8 ?>AB>O==>< B>:5? 
0) B>: 2 ?>42>4OI59 F5?8 @025= AC<<5 B>:>2 2> 2A5E M;5<5=B0E F5?8;                                                     
1) =0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:0E;  
2) =0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C 
=0?@O65=8N.   
 

72. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 100 "<? 
0) 200 "<;   1) 50 "<;    2) 10 "<;   3) 0,2 "<. 
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73.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 1,5 :�B. #>;57=0O <>I=>ABL, >B40205<0O 
2 =03@C7:C, 1,125 :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;    1) 0,75;        2) 0,7;          3)  0,85. 
 

74.�0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> 
=0?@O65=8O. �0: 87<5=8BAO B>: 2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 3 
@070? 
0) C<5=LH8BAO 2 3 @070;    1) C25;8G8BAO 2 3@070;  
2) C25;8G8BAO 2 9@07;        3) =5 87<5=8BAO                                                                
 

75. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «72574>9». %:>;L:> ;8=59=KE   
?@>2>4>2   ?>4E>48B  : 35=5@0B>@C?          
0) 3;       1) 4;        2) 2;       3) 6. 
 

76.�0:>9 @568< @01>BK B@0=AD>@<0B>@0 ?>72>;O5B >?@545;8BL :>MDD8F85=B 
B@0=AD>@<0F88? 
0)  @568< =03@C7:8;                             1)  @568< E>;>AB>3> E>40; 
2)  @568< :>@>B:>3> 70<K:0=8O;        3)  =8 >48= 87 ?5@5G8A;5==KE. 
 

77.  �0: 87<5=8BAO G0AB>B0 2@0I5=8O <03=8B=>3> ?>;O ?@8 C25;8G5=88 ?0@ ?>;NA>2 
0A8=E@>==>3> B@5ED07=>3> 42830B5;O? 
0) C25;8G8BAO;         1) C<5=LH8BAO;       2) >AB0=5BAO ?@56=59. 
 

78. �0: =07K20NB A@54=89 A;>9 C 18?>;O@=KE B@0=78AB>@>2? 
0) AB>:;       1) 8AB>:;      2) 1070;        3) :>;;5:B>@.  
 

79. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
20 "< 8 80 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 1,2 �;      1) 0,83 �;    2) 7,5 �;    3)  6 �;        
 

80. � M;5:B@8G5A:>9  AE5<5 420 @578AB82=KE M;5<5=B0 A>548=5=K ?>A;54>20B5;L=>. 
+5<C @02=> =0?@O65=85 =0 2E>45 ?@8 A8;5 B>:0 0,1 �, 5A;8 R1 = 100 "<; R2  = 200 

"<? 
0) 10 �;        1) 300 �;      2) 3 �;       3)  30 �. 
 

81. #@8 :0:>9 A8;5 B>:0 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 
M;5:B@>?5@540G ?@8 7040==>9 <>I=>AB8? 
0) <0;>9;         1) 1>;LH>9;     2) 157@07;8G=>. 
 

82. *5?L ?5@5<5==>3> B>:0 A>45@68B :0BCH:C 8=4C:B82=>AB8. �0: 87<5=O5BAO ?> 
D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

83. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 400 �F. 
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0) 400 A;         1) 1,4 A;               2) 0,0025 A;           3) 40 A. 
84. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 2,2 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 2,2 �;        1) 1,27 �;        2) 3,8 �;        3) 2,5 �. 
 

85. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «72574>9». %:>;L:> =59B@0;L=KE 
?@>2>4>2   ?>4E>48B   : 35=5@0B>@C?          
0) 3;       1) 4;   2) 2;     3) 1. 
 

86.� ?>;52KE B@0=78AB>@0E M;5<5=B, >B :>B>@>3> 4286CBAO 70@O4K, =07K205BAO: 
0) AB>:;             1) 8AB>:;   2) 70B2>@;       3) :0=0; A 2KA>:>9 ?@>2>48<>ABLN. 
 

87.�0:>9 87 ?@>2>4>2 >48=0:>2> 480<5B@0 8 4;8=K A8;L=55 =03@5205BAO 3 <54=K9 
8;8 AB0;L=>9 ?@8 >4=>9 8 B>9 65 A8;5 B>:0? '45;L=>5 A>?@>B82;5=85 <548 -  
1,7 ∙ 10-8"<∙<,  AB0;8 - 12 ∙ 10-8"<∙<. 
0) <54=K9;        1) AB0;L=>9;    2) >10 ?@>2>40 =03@520NBAO >48=0:>2>; 
3) =8 :0:>9 87 ?@>2>4>2 =5 =03@5205BAO. 
 

88."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 50 "<? 
0) 100 "<;    1) 50 "<;      2) 25 "<;    3) 0,2 "<. 
 

89. ':068B5 ?0@0<5B@ ?5@5<5==>3> B>:0, >B :>B>@>3> 7028A8B 8=4C:B82=>5 
A>?@>B82;5=85 :0BCH:8. 
0) 459AB2CNI55 7=0G5=85 B>:0;       1) =0G0;L=0O D070 B>:0;          
2) ?5@8>4 ?5@5<5==>3> B>:0;           3) <0:A8<0;L=>5 7=0G5=85 B>:0. 
 

90. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 140 :��, 0 0:B82=0O <>I=>ABL 
$= 105 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos  φ= 0,75;     1) cos  φ = 0,35; 2) cos  φ = 0,55;     3) cos  φ = 0,9. 
 

91.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1200 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@01150 >1/<8=. "?@545;8BL A:>;L65=85. 
0) 40;               1) 0,4;         2)  4;             3)  0,04. 
 

92. '?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075: 
0) 48>4>2;   1) ?>;52KE B@0=78AB>@>2;  2) 18?>;O@=KE B@0=78AB>@>2; 3)  B8@8AB>@>2. 
 

93. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K 420 @578AB>@0 A 
A>?@>B82;5=85<  10 "< 8 50 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 
F5?8. 
0) 0,5 �;     1) 2 �;   2) 14,4 �;    3) 4 �.                         
 

94. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0  3000 "<. �0:>9 B>: ?@>E>48B 
G5@57 =53>, 5A;8 G5;>25: =0E>48BAO ?>4 =0?@O65=85< 380 �? 
0) 190 <�;      1) 127 <�;          2) 20 <�;        3) 7,9 <�. 
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95. *5?L ?5@5<5==>3> B>:0 A>45@68B @578AB>@ 8 :0BCH:C. �0: 87<5=O5BAO ?> D075 
B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85;      
1) =0?@O65=85 8 B>: A>2?040NB ?> D075;       
2) =0?@O65=85 >?5@5605B B>:. 
 

96. �0: 87<5=8BAO ?5@8>4 A8=CA>840;L=>3> A83=0;0 ?@8 C<5=LH5=88 G0AB>BK 2 3 
@070? 
0) ?5@8>4 =5 87<5=8BAO;               1) ?5@8>4 C25;8G8BAO 2 3 @070;  
2) ?5@8>4 C<5=LH8BAO 2 3 @070;   3) ?5@8>4 C25;8G8BAO 2 9 @07.                     
 

97. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 
@02=> 220�. !0948B5 D07=>5 =0?@O65=85. 
0)127 �;       1)220�;        2)380�. 
 

98. �8=59=K9 B>: @025= - 2,2 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9». 
0) 2,2 �;       1) 1,27 �;          2) 3,8 �;    3) 2,5 �. 
 

99. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 
5000 �, =0 2KE>45 200 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 25;           1) 0,04;  2) 4;              3) 250. 
 

100. �;O 2K?@O<;5=8O ?5@5<5==>3> =0?@O65=8O ?@8<5=ONB: 
0) >4=>D07=K5 2K?@O<8B5;8;  1) <=>3>D07=K5 2K?@O<8B5;8;  
2) <>AB>2K5 2K?@O<8B5;8;       3) 2A5 ?5@5G8A;5==K5. 
 

101. �0:>9 87 ?@>2>4>2 >48=0:>2>9 4;8=K 87 >4=>3> 8 B>3> 65 <0B5@80;0, => 
@07=>3> 480<5B@0, <5=LH5 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;                                                   
1) ?@>2>4 A 1>;LH8< 480<5B@><;  
2) ?@>2>4 A <5=LH8< 480<5B@><.                                                       
 

102. �20 @578AB>@0: R1 = 10 O<, R2 = 5 O< A>548=5=K ?>A;54>20B5;L=> 8 2:;NG5=K 2 
M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R2 @02=> 10 �, B> =0?@O65=85 
M;5:B@8G5A:>9 A5B8 @02=>: 
0) 30 �;        1) 24 �;      2) 36 �;         3)  16 �. 
 

103. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
20 "< 8 240 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 :064>< @578AB>@5. 
0) 6 � 8 2 �;      1) 0,17 � 8 0,5 �;       2) 6 � 80,5 � ;     3)  0,17 � 8 2 �. 
 

104. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: >BAB05B >B =0?@O65=8O =0 =5:>B>@K9 C3>;. +B> 
<>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85; 
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
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2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
 

105. ':068B5 ?0@0<5B@ ?5@5<5==>3> B>:0, >B :>B>@>3> 7028A8B 5<:>AB=>5 
A>?@>B82;5=85. 
0) 459AB2CNI55 7=0G5=85 =0?@O65=8O;       1) =0G0;L=0O D070 B>:0;          
2) G0AB>B0 ?5@5<5==>3> B>:0;                       3) <0:A8<0;L=>5 7=0G5=85 B>:0. 
106. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 220 � 2:;NG0NB B@5ED07=K9 
42830B5;L, :0640O 87 >1<>B>: :>B>@>3> @0AAG8B0=0 =0 127 �. �0: A;54C5B A>548=8BL 
>1<>B:8 42830B5;O? 
0) «B@5C3>;L=8:><»;                                   1) «72574>9»; 
2) 42830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL;    3) <>6=> B@5C3>;L=8:><, <>6=> 72574>9. 
 

107.':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0 n-

p-n. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

108. � M;5:B@8G5A:>9 A5B8 ?>AB>O==>3> B>:0 =0?@O65=85 =0 7068<0E 8AB>G=8:0 
M;5:B@>M=5@388 35 �. !0?@O65=85 =0 7068<0E ?>B@518B5;O 34 �. "?@545;8BL  
?>B5@N =0?@O65=8O. 
0) 1 %;         1) 2 %;       2) 3 %;          3) 4 %. 
 

109. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K B@8 @578AB>@0 A 
A>?@>B82;5=85<  10 "<, 120 "<  8 110 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 
B>: 2 F5?8. 
0) 40 �;      1) 1 �;      2) 0,5 �;     3) 2 �.                         
 

110. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R = 55 "<. 
!0?@O65=85 =0 5ё 7068<0E u= 220  sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0) I  = 4 �,    U=220 �;                 1) I = 2,8 �,  U=156 �;    
2) I = 2,8 �,  U=220 �;                 3) I = 4 �,      U=156 �. 
 

111. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 2 
@070? 
0) C<5=LH8BAO 2 2 @070;        1) C25;8G8BAO 2 2 @070;    
2) C25;8G8BAO 2 4 @070;          3) >AB0=5BAO =587<5==>9.                                       
 

112. �0<?K =0:0;820=8O A =><8=0;L=K< =0?@O65=85< 127 � 2:;NG0NB 2 
B@5ED07=CN A5BL A =0?@O65=85<   127 �. "?@545;8BL AE5<C A>548=5=8O ;0<?.      
0) B@5E?@>2>4=>9 72574>9;  1) G5BK@5E?@>2>4=>9 72574>9;   2) B@5C3>;L=8:><. 
 

113. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 7 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 12,11 �;      1) 4,05 �;     2) 3,8 �;      3) 4,96 �. 
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114. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C 2708<>459AB28O 70@O4>2? 
0) 70:>=C "<0;  1) 70:>=C �<?5@0;   2) 70:>=C �6>C;O-�5=F0;   3) 70:>=C �C;>=0. 
 

115.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2,6 :�B. #>;57=0O <>I=>ABL, 
>B40205<0O 2 =03@C7:C, 2,2 :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;         1) 0,74;         2) 0,7;          3)  0,84. 
 

116. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 
8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 B@8 @070?  
0) C<5=LH8BAO 2 B@8 @070;          1) C25;8G8BAO 2 B@8 @070;  
2) C<5=LH8BAO 2 452OBL @07;       3) =5 87<5=8BAO.                                                                  
 

117. �0: 87<5=8BAO ?5@8>4 A8=CA>840;L=>3> A83=0;0 ?@8 C<5=LH5=88 G0AB>BK 2 2 
@070? 
0) ?5@8>4 =5 87<5=8BAO;               1) ?5@8>4 C25;8G8BAO 2 2 @070;       
2) ?5@8>4 C<5=LH8BAO 2 2 @070;  3) ?5@8>4 C25;8G8BAO 2 4 @070.                     
 

118.%8<<5B@8G=0O =03@C7:0 A>548=5=0 B@5C3>;L=8:><. #@8 87<5@5=88 D07=>3> B>:0 
0<?5@<5B@ ?>:070; -20 �.  !0948B5 B>: 2 ;8=59=>< ?@>2>45? 
0) 10 �;      1) 11,6  �;      2) 34,6  �;      3) 20 �.  
 

119. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> 
=59B@0;L=KE   ?@>2>4>2   ?>4E>48B  : 35=5@0B>@C?          
0) 3;         1) 4;          2) 2;        3) 0. 
 

120. �0:>9 87 ?@>2>4>2 >48=0:>2>3> A5G5=8O 87 >4=>3> 8 B>3> 65 <0B5@80;0, => 
@07=>9 4;8=K, <5=LH5 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;   
1) ?@>2>4 1>;LH59 4;8=K;  
2) ?@>2>4 <5=LH59 4;8=K.                                                       
 

121."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 200 "<? 
0) 200 "<;   1) 50 "<;   2) 400 "<;     3) 100 "<. 
  

122. *5?L ?5@5<5==>3> B>:0 A>45@68B ;0<?C =0:0;820=8O 8 :>=45=A0B>@. �0: 
87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>:. 
 

123. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 4 
@070. 
0) C<5=LH8BAO 2 4 @070;      1) C25;8G8BAO 2 4 @070;  
2) C25;8G8BAO 2 16 @07;       3) >AB0=5BAO =587<5==>9.                                                
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124. !0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C: 
u = 200 sin(314+45º). "?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R = 50 "<. 
0) i = 4sin 314 t;                   1) i= 4sin (314t + 45º);  
2) i = 2,86 sin (314t + 45º);   3) i = 2,86sin 314t. 

 

125. �8=59=K9 B>: @025= - 3 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9». 
0) 3 �;         1) 5,19 �;        2) 1,73�;         3) 4,23 �. 
126.#> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 20 "<, 
B5G5B B>:  - 0,5 �. �0:>5 :>;8G5AB2> B5?;>BK 2K45;8B A?8@0;L 70 4 <8=CBK? 
0) 20 �6;      1) 2,4 :�6;     2) 1,2 :�6. 
 

127. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
10 "< 8 50 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 28�;      1) 2�;       2) 14,4 �;     3)  0,5 �. 
 

128. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 220 �, =0G0;L=0O D070  φ0= - 30º, 
G0AB>B0 50 �F. �0?8H8B5 C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=220 cos(-30t);           1) u=220sin (50t - 30º); 
2) u=220sin (341t-30º);     3) u=220 cos (314t + 30º). 
 

129. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C<5=LH5=85< G0AB>BK? 
0) =5 87<5=8BAO;     1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

130. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 4 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 4 �;        1) 6,92 �;        2) 2,83 �;        3) 2,31 �. 
 

131.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1250 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0    1200 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  40;                    1) 0,4;         2)  4;             3)  0,04. 
 

132. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 
4000 �, =0 2KE>45 200 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 20;           1) 0,05;        2) 5;              3) 200. 
 

133.  >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 1,65 :�B. #>;57=0O <>I=>ABL, 
>B40205<0O 2 =03@C7:C, 1,25  :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;          1) 0,76;       2) 0,6;       3)  0,83. 
 

134. &@8 @578AB>@0: R1=5O<, R2=5O<, R3=10O< A>548=5=K ?>A;54>20B5;L=> 8 
2:;NG5=K 2 M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R1 @02=> 10�, B> 
=0?@O65=85 M;5:B@8G5A:>9 A5B8 @02=>: 
0) 10 �;          1) 20 �;        2) 30 �;          3)  40 �. 
 



102 

135. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: A>2?0405B ?> D075 A  =0?@O65=85<. +B> <>6=> 
A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85;      
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
 

136.�0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> 
=0?@O65=8O. �0: 87<5=8BAO B>: 2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 4 
@070? 
0) C<5=LH8BAO 2 4 @070;        1) C25;8G8BAO 2 4 @070;   
2) C25;8G8BAO 2 16 @07;          3) =5 87<5=8BAO                                                                
 

137. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 200 �F. 
0) 200 A;         1) 1 A;               2) 0.005 A;           3) 20 A. 
 

138. �8=59=K9 B>: @025= - 5 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9». 
0) 2,89 �;      1) 8,65 �;          2) 3,54 �;        3) 5 �. 
 

139. � ?>;52KE B@0=78AB>@0E M;5<5=B, : :>B>@><C 4286CBAO 70@O4K, =07K205BAO: 
0) AB>:;             1) 8AB>:;      2) 70B2>@;         3) :0=0; A 2KA>:>9 ?@>2>48<>ABLN. 
 

140. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  50 �B 8 
220 � 

0)  597 "<;        1)  759 "<;       2)  975 "<;         3)  968 "<. 
 

141. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 40 "<? 
0) 20 "<;        1) 80 "<;          2) 10 "<;         3) 4 "<. 
 

142. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 180 :��, 0 0:B82=0O <>I=>ABL 
$= 150 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos  φ= 0,75;           1) cos  φ = 0,38;          2) cos  φ = 0, 57;     3) cos  φ = 0,83. 
 

143. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 
8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 4 @070?  
0) C<5=LH8BAO 2 4 @070;   1) C25;8G8BAO 2 4 @070;    
2) C<5=LH8BAO 2 2 @070;   3) =5 87<5=8BAO.        
 

145. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «72574>9». �8=59=>5 =0?@O65=85 @02=>  
220 �. !0948B5 D07=>5 =0?@O65=85. 
0) 127 �;                 1) 220 �;           2) 380 �. 
 

146. +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 900 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0 850 >1/<8=. "?@545;8BL A:>;L65=85. 
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0)  55;                     1)  0,55;                2)  5,5;                       3)  0,056. 
 

147. �7<5@8B5;L=K9 B@0=AD>@<0B>@ B>:0 8<55B >1<>B:8 A G8A;>< 28B:>2 20 8 120. 
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8. %:>;L:> p-n  ?5@5E>4>2 A>45@68B ?>;C?@>2>4=8:>2K9 48>4? 
0) >48=;         1) 420;        2) B@8;          3) G5BK@5 
 

9. �0:CN @>;L 2 M;5:B@>==KE AE5<0E 2K?>;=O5B 20@8:0?? 
0) A>?@>B82;5=8O;           1) :;NG0;             2) 8=4C:B82=>AB8;           3) ё<:>AB8. 
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10.� :0:8E A;CG0OE ?@8E>48BLAO ?@8<5=OBL ?0@0;;5;L=>5 A>548=5=85 
:>=45=A0B>@>2? 
0) 4;O ?>;CG5=8O 1>;LH8E 5<:>AB59; 
1) 4;O C;CGH5=8O 70?0A0 ?@>G=>AB8 87>;OF88 :>=45=A0B>@0; 
2) 4;O ?>;CG5=8O <0;>9 ё<:>AB8. 
 

11. &@8 @578AB>@0: R1= 4 O<, R2=5 O<, R3=6 O< A>548=5=K ?>A;54>20B5;L=> 8 
2:;NG5=K 2 M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R2 @02=> 12 �, B> 
=0?@O65=85 M;5:B@8G5A:>9 A5B8 @02=>: 
0) 30 �;        1) 24 �;      2) 36 �;         3)  16 �. 
 

12. "?@545;8BL B>: I5, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 
25B2OE:  I1 = -3 �,  I2 = 1 �,   I3 = 5 �, I4 = -4 �. 
0) 12 �;         1) 1 �;          2) 6 �;          3) -7 �. 
 

13.*5?L ?5@5<5==>3> B>:0 A>45@68B :>=45=A0B>@. �0: 87<5=O5BAO ?> D075 B>: 8 
=0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

14. �0: 87<5=8BAO  5<:>AB=>5  A>?@>B82;5=85 A C25;8G5=85< G0AB>BK 2 4 @070? 
0) =5 87<5=8BAO;              1) C<5=LH8BAO 2 4 @070;   
2) C25;8G8BAO 2 4 @070;   3) C<5=LH8BAO 2 16 @07. 
 

15. !03@C7:0 A>548=5=0 «72574>9». � :0:>< A;CG05 B>: 2 =C;52>< ?@>2>45 @025= 0? 
0) ?@8 A8<<5B@8G=>9 =03@C7:5;  1) ?@8 =5A8<<5B@8G=>9 =03@C7:5. 
 

16. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». #@8 87<5@5=88 D07=>3> 
B>:0, 0<?5@<5B@ ?>:070; -10 �. !0948B5  B>: 2 ;8=59=>< ?@>2>45. 
0) 10 �;     1) 17,3 �;     2) 14,14  �;    3) 20 �. 
 

17. �7<5@8B5;L=K9 B@0=AD>@<0B>@ B>:0 8<55B >1<>B:8 A G8A;>< 28B:>2 2 8 100. 
"?@545;8B5 :>MDD8F85=B B@0=AD>@<0F88. 
0) 50;      1) 0,02;          2) 98;             3) 102. 
 

18. -;5:B@>==K5 CAB@>9AB20, ?@5>1@07CNI85 ?>AB>O==>5 =0?@O65=85 2 ?5@5<5==>5 
=0?@O65=85, =07K20NBAO: 
0) 2K?@O<8B5;O<8;       1)  8=25@B>@0<8;         2) AB018;8B@>=0<8;       3) D8;LB@0<8. 
 

19. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C 2708<>459AB28O 70@O4>2? 
0) 70:>=C "<0;    1) 70:>=C �<?5@0;  2) 70:>=C �6>C;O-�5=F0;   3) 70:>=C �C;>=0. 
 

20. � M;5:B@8G5A:>9 A5B8 ?>AB>O==>3> B>:0 =0?@O65=85 =0 7068<0E 8AB>G=8:0 
M;5:B@>M=5@388 26 �. !0?@O65=85 =0 7068<0E ?>B@518B5;O 25 �. "?@545;8B5  
?>B5@N =0?@O65=8O. 
0) 1 %;         1) 2 %;       2) 3 %;          3) 4 %. 
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21. �0: 87<5=8BAO =0?@O65=85  =0 2E>4=KE 7068<0E M;5:B@8G5A:>9 F5?8 
?>AB>O==>3> B>:0 A 0:B82=K< M;5<5=B><, 5A;8 ?0@0;;5;L=> 8AE>4=><C M;5<5=BC 
2:;NG8BL 5Iё >48= M;5<5=B? 
0) =5 87<5=8BAO; 1) C<5=LH8BAO; 2) C25;8G8BAO; 3) 4;O >B25B0 =54>AB0B>G=> 40==KE. 
 

22. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 50 �F. 
0) 400 A;          1) 1,4 A;     2) 0.02 A;          3) 40 A. 
 

23. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C25;8G5=85< G0AB>BK? 
0) =5 87<5=8BAO;    1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

24. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 
@02=> 380 �. !0948B5 D07=>5 =0?@O65=85. 
0) 127 �;       1) 220 �;     2) 380 �.   
 

25. #@8 :0:8E 7=0G5=8OE :>MDD8F85=B0 B@0=AD>@<0F88 F5;5A>>1@07=> ?@8<5=OBL    
02B>B@0=AD>@<0B>@K?     
a) k > 1;      1) k < 1;            2)  k ≤ 2;            3) =5 8<55B 7=0G5=8O. 
 

26.  �0: 87<5=8BAO G0AB>B0 2@0I5=8O <03=8B=>3> ?>;O ?@8 C<5=LH5=88 ?0@ 
?>;NA>2 0A8=E@>==>3> B@5ED07=>3> 42830B5;O? 
0) C25;8G8BAO;         1) C<5=LH8BAO;       2) >AB0=5BAO ?@56=59. 
 

27.%:>;L:> p-n  ?5@5E>4>2 C 18?>;O@=>3>  B@0=78AB>@0? 
0) >48=;            1) 420;      2) B@8;             3) G5BK@5. 
 

28. �0:>9 87 ?@>2>4>2 >48=0:>2>3> A5G5=8O 87 >4=>3> 8 B>3> 65 <0B5@80;0, => 
@07=>9 4;8=K, A8;L=55 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;      
1) A8;L=55 =03@5205BAO ?@>2>4 1>;LH59 4;8=K;  
2) A8;L=55 =03@5205BAO ?@>2>4 <5=LH59 4;8=K. 
 

29. �0:>9 A?>A>1 A>548=5=8O 8AB>G=8:>2 ?>72>;O5B C25;8G8BL =0?@O65=85? 
0) ?>A;54>20B5;L=>5 A>548=5=85;    1) ?0@0;;5;L=>5 A>548=5=85;      
2) A<5H0==>5 A>548=5=85;               3) =8 :0:>9 87 ?5@5G8A;5==KE A?>A>1>2. 
 

30. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K 420 @578AB>@0 A 
A>?@>B82;5=85<  10 "< 8 110 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 
F5?8. 
0) 40 �;    1) 1 �;     2) 12,8 �;     3) 6 �.                         
 

31. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: >BAB05B >B =0?@O65=8O =0 =5:>B>@K9 C3>;. +B> 
<>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85; 
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
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2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
32. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 380 � 2:;NG0NB B@5ED07=K9 
42830B5;L, :0640O 87 >1<>B>: :>B>@>3> @0AAG8B0=0 =0 220 �. �0: A;54C5B A>548=8BL 
>1<>B:8 42830B5;O? 
0) «B@5C3>;L=8:><»;         1) «72574>9»;     2) 42830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL;  
3) <>6=> «B@5C3>;L=8:><», <>6=> «72574>9». 
 

33. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> 
;8=59=KE  ?@>2>4>2   ?>4E>48B   : 35=5@0B>@C?          
0) 3;          1) 4;  2) 2;    3) 6. 
 

34. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 
6000 �, =0 2KE>45 100 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 60;          1) 0,016;      2) 6;           3) 600. 
 

35.'?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075: 
0) 48>4>2;  1) ?>;52KE B@0=78AB>@>2; 2) 18?>;O@=KE B@0=78AB>@>2;  3) B8@8AB>@>2. 
 

36. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 
400 ;>38G5A:8E M;5<5=B>2? 
0) <0;>9;       1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
 

37.#> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 48 "<, 
B5G5B B>: - 2,5 �. �0:>5 :>;8G5AB2> B5?;>BK 2K45;8B MB0 A?8@0;L 70 2,5 <8=CBK? 
0) 25 :�6;      1) 45 :�6;     2) 7,5:�6. 
 

38."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 100 "<? 
0) 200 "<;    1) 50 "<;      2) 10 "<;    3) 0,2 "<. 
 

39. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 
8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 420 @070?  
0) C<5=LH8BAO 2 420 @070;         1) C25;8G8BAO 2 420 @070; 
2) C<5=LH8BAO 2 G5BK@5 @070;   3) =5 87<5=8BAO.                                                                  
 

40. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R=110 "<. 
!0?@O65=85 =0 5ё 7068<0E u= 220 sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0) I  = 2 �,     U=220 �;                    1) I = 1,4 �,  U=156 �;    
2) I = 1,4 �,   U=220 �;                    3) I = 2 �,      U=156 �. 
 

41.�0:>2> A>>B=>H5=85 <564C D07=K<8 8 ;8=59=K<8 =0?@O65=8O<8 ?@8 
A>548=5=88 ?>B@518B5;59 M;5:B@>M=5@388 «B@5C3>;L=8:><». 
0) U; = UD;    1) U; = UD/1,73;     2) UD = 0,578U;.   

 

42. � G5<C ?@82>48B >1@K2 2B>@8G=>9 F5?8 B@0=AD>@<0B>@0 B>:0? 
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0)  : :>@>B:><C 70<K:0=8N;    1)  : @568<C E>;>AB>3> E>40;  
2)  : ?>2KH5=8N =0?@O65=8O; 3)  : ?>;><:5 B@0=AD>@<0B>@0. 
43.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1100 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0    1050 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  45;                    1) 0,45;          2) 4,5;             3)  0,045. 
 

44. %:>;L:> p-n  ?5@5E>4>2 C B8@8AB>@0? 
0) >48=;    1) 420;     2) B@8;    3) G5BK@5.                           
 

45. -;5:B@>4K D>B>@578AB>@0 2K?>;=5=K 87: 
0) <548;        1) ?;0B8=K;       2) 65;570;       3) A5@51@0. 
 

46.  >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2,5 :�B. #>;57=0O <>I=>ABL, >B40205<0O 
2 =03@C7:C, 1,8  :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;       1) 0,72;     2) 0,6;    3)  0,85. 
 

47. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
10 "< 8 150 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 40 �;    1) 20�;     2) 12,8 �;    3)  6 �. 
 

48. #@8 :0:>< =0?@O65=88 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 
M;5:B@>?5@540G ?@8 7040==>9 <>I=>AB8? 
0) ?>=865==><;      1) ?>2KH5==><;      2) 157@07;8G=>;     
3) 7=0G5=85 =0?@O65=8O CB25@645=> �"%&><.                                                 
 

49. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 3 
@070? 
0) C<5=LH8BAO 2 3 @070;       1) C25;8G8BAO 2 3 @070;    
2) C25;8G8BAO 2 9 @07;           3) >AB0=5BAO =587<5==>9.                                       
 

50. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 250 :��, 0 0:B82=0O <>I=>ABL  
$= 200 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos  φ= 0,75;           1) cos  φ = 0,35;          2) cos  φ = 0,55;     3) cos  φ = 0,8 
 

51. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 2,2 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 2,2 �;    1) 1,27 �;      2) 3,8 �;      3) 2,5 �. 
 

52.':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0  
n-p-n. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

53.�0:8< >1@07>< M;5<5=BK 8=B53@0;L=>9 <8:@>AE5<K A>548=ONB <564C A>1>9? 
0) =0?K;5=85< 7>;>BKE 8;8 0;N<8=852KE  4>@>65: G5@57 >:=0 2 <0A:5; 
1) ?09:>9 ;075@=K< ;CG><;  
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2) B5@<>:><?@5AA859;  
3) 2A5<8 ?5@5G8A;5==K<8 <5B>40<8. 
54. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  150 �B 8 
220 �. 
0)  423 "<;        1)  243 "<;       2)  647 "<;         3)  323 "<. 
 

55. �20 8AB>G=8:0 8<5NB >48=0:>2K5 -�% 8 B>:8, => @07=K5 2=CB@5==85 
A>?@>B82;5=8O. �0:>9 87 8AB>G=8:>2 8<55B 1>;LH89 �#�? 
0) �#� 8AB>G=8:>2 @02=K;         
1) 8AB>G=8: A <5=LH8< 2=CB@5==8< A>?@>B82;5=85<; 
2) 8AB>G=8: A  1>;LH8< 2=CB@5==8< A>?@>B82;5=85<.                                                      
 

56. "?@545;8BL B>: I6, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 
25B2OE:  I1 = -2 �, I2 = 4 �, I3 = 6 �,  I4 = -4 �,  I5 = 1 �. 
0) 15 �;         1) 5 �;          2) -5 �;          3) -15 �. 
 

57. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 100 �, =0G0;L=0O D070 φ= - 60º, G0AB>B0 
50 �F. �0?8H8B5 C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=100 cos(-60ºt);         1) u=100 sin (50t - 60º); 
2) u=100 sin (314t-60º);   3) u=100 cos (314t + 60º). 
 

58.%8<<5B@8G=0O =03@C7:0 A>548=5=0 B@5C3>;L=8:><. #@8 87<5@5=88 D07=>3> B>:0 
0<?5@<5B@ ?>:070; - 10 �.  !0948B5 B>: 2 ;8=59=>< ?@>2>45. 
0) 10 �;    1) 17,3  �;   2) 14,14  �;   3) 20 �.  
 

59. �0<?K =0:0;820=8O A =><8=0;L=K< =0?@O65=85< 220 � 2:;NG0NB 2 B@5ED07=CN 
A5BL A =0?@O65=85< 220 �. "?@545;8BL AE5<C A>548=5=8O ;0<?.      
0) B@5E?@>2>4=>9 72574>9;  1) G5BK@5E?@>2>4=>9 72574>9;  2) B@5C3>;L=8:><. 
 

60. +5< ?@8=F8?80;L=> >B;8G05BAO 02B>B@0=AD>@<0B>@K >B B@0=AD>@<0B>@0? 
0)  <0;K< :>MDD8F85=B>< B@0=AD>@<0F88;                
1)  2>7<>6=>ABLN 87<5=5=8O :>MDD8F85=B0 B@0=AD>@<0F88;   
2)  M;5:B@8G5A:8< A>548=5=85< ?5@28G=>9 8 2B>@8G=>9 F5?59. 
 

61. +B> O2;O5BAO :0B>4>< 20:CC<=>3> D>B>M;5<5=B0? 
0) =8:5;8=>20O ?@>2>;>:0;          
1) ?;5=:0 87 ?>;C?@>2>4=8:>2>3> <0B5@80;0; 
2) B>=:89 A;>9 I5;>G=>75<5;L=>3> <5B0;;0. 
 

62. (C=:F8>=0;L=K9 1;>: -�  ?@54=07=0G5==K9 4;O E@0=5=8O >A=>2=>3> <0AA820 
8=D>@<0F88 =07K205BAO: 
0) >?5@0B82=>5 70?><8=0NI55 CAB@>9AB2>;  1) CAB@>9AB2> C?@02;5=8O;  
2) 0@8D<5B8G5A:>5 CAB@>9AB2>;                       3) 2=5H=55 70?><8=0NI55 CAB@>9AB2>. 
 

63. �0:>5 87 ?@82545==KE CB25@645=89  =5 A>>B25BAB2C5B ?>A;54>20B5;L=><C 
A>548=5=8N 25B259 ?@8 ?>AB>O==>< B>:5? 
0) B>: 2> 2A5E M;5<5=B0E F5?8 >48=0:>2;                                                              
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1) =0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:0E;  
2) =0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C 
=0?@O65=8N.   
64. &@8 @578AB>@0: R1 = 8 O<, R2 = 4 O<, R3 = 6 O< A>548=5=K ?>A;54>20B5;L=> 8 
2:;NG5=K 2 M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R3 @02=> 12 �, B> 
=0?@O65=85 M;5:B@8G5A:>9 A5B8 @02=>: 
0) 30 �;          1) 24 �;        2) 36 �;          3)  16 �. 
 

65. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: >?5@5605B  =0?@O65=85 =0 =5:>B>@K9 C3>;. +B> 
<>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85; 
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
 

66. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C<5=LH5=85< ?5@8>40? 
0) =5 87<5=8BAO;    1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

67.!0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C:  
u=100 sin(314+30º)."?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R=20 "<. 
0) i= 5 sin 314 t;                     1) i = 5 sin (314t + 30º); 
2) i =  3,55 sin (314t + 30º);   3) i = 3,55 sin 314t. 

 

68. �8=59=K9 B>: @025= - 2,2 �. !0948B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 
A>548=5=0 «72574>9». 
0) 2,2 �;    1) 1,27 �;        2) 3,8 �;         3) 2,5 �. 
 

69. ':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0  
p-n-p. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

70. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C, A :>B>@>9 <03=8B=>5 ?>;5 459AB2C5B 
=0 ?@>2>4=8: A B>:><? 
0) 70:>=C "<0;   1) 70:>=C �<?5@0;  2) 70:>=C �6>C;O-�5=F0;  3) 70:>=C �C;>=0. 
 

71. �0:>5 87 ?@82545==KE CB25@645=89 =5 A>>B25BAB2C5B ?0@0;;5;L=><C 
A>548=5=8N 25B259 ?@8 ?>AB>O==>< B>:5? 
0) B>: 2 ?>42>4OI59 F5?8 @025= AC<<5 B>:>2 2> 2A5E M;5<5=B0E F5?8;                                                    
1) =0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:0E;  
2) =0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C 
=0?@O65=8N.   
 

72. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 100 "<? 
0) 200 "<;   1) 50 "<;    2) 10 "<;   3) 0,2 "<. 
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73.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 1,5 :�B. #>;57=0O <>I=>ABL, >B40205<0O 
2 =03@C7:C, 1,125 :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;    1) 0,75;        2) 0,7;          3)  0,85. 
 

74.�0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> 
=0?@O65=8O. �0: 87<5=8BAO B>: 2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 3 
@070? 
0) C<5=LH8BAO 2 3 @070;    1) C25;8G8BAO 2 3@070;  
2) C25;8G8BAO 2 9@07;        3) =5 87<5=8BAO                                                                
 

75. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «72574>9». %:>;L:> ;8=59=KE   
?@>2>4>2   ?>4E>48B  : 35=5@0B>@C?          
0) 3;       1) 4;        2) 2;       3) 6. 
 

76.�0:>9 @568< @01>BK B@0=AD>@<0B>@0 ?>72>;O5B >?@545;8BL :>MDD8F85=B 
B@0=AD>@<0F88? 
0)  @568< =03@C7:8;                             1)  @568< E>;>AB>3> E>40; 
2)  @568< :>@>B:>3> 70<K:0=8O;        3)  =8 >48= 87 ?5@5G8A;5==KE. 
 

77.  �0: 87<5=8BAO G0AB>B0 2@0I5=8O <03=8B=>3> ?>;O ?@8 C25;8G5=88 ?0@ ?>;NA>2 
0A8=E@>==>3> B@5ED07=>3> 42830B5;O? 
0) C25;8G8BAO;         1) C<5=LH8BAO;       2) >AB0=5BAO ?@56=59. 
 

78. �0: =07K20NB A@54=89 A;>9 C 18?>;O@=KE B@0=78AB>@>2? 
0) AB>:;       1) 8AB>:;      2) 1070;        3) :>;;5:B>@.  
 

79. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
20 "< 8 80 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 1,2 �;      1) 0,83 �;    2) 7,5 �;    3)  6 �;        
 

80. � M;5:B@8G5A:>9  AE5<5 420 @578AB82=KE M;5<5=B0 A>548=5=K ?>A;54>20B5;L=>. 
+5<C @02=> =0?@O65=85 =0 2E>45 ?@8 A8;5 B>:0 0,1 �, 5A;8 R1 = 100 "<; R2  = 200 

"<? 
0) 10 �;        1) 300 �;      2) 3 �;       3)  30 �. 
 

81. #@8 :0:>9 A8;5 B>:0 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 
M;5:B@>?5@540G ?@8 7040==>9 <>I=>AB8? 
0) <0;>9;         1) 1>;LH>9;     2) 157@07;8G=>. 
 

82. *5?L ?5@5<5==>3> B>:0 A>45@68B :0BCH:C 8=4C:B82=>AB8. �0: 87<5=O5BAO ?> 
D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

83. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 400 �F. 
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0) 400 A;         1) 1,4 A;               2) 0,0025 A;           3) 40 A. 
84. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 2,2 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 2,2 �;        1) 1,27 �;        2) 3,8 �;        3) 2,5 �. 
 

85. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «72574>9». %:>;L:> =59B@0;L=KE 
?@>2>4>2   ?>4E>48B   : 35=5@0B>@C?          
0) 3;       1) 4;   2) 2;     3) 1. 
 

86.� ?>;52KE B@0=78AB>@0E M;5<5=B, >B :>B>@>3> 4286CBAO 70@O4K, =07K205BAO: 
0) AB>:;             1) 8AB>:;   2) 70B2>@;       3) :0=0; A 2KA>:>9 ?@>2>48<>ABLN. 
 

87.�0:>9 87 ?@>2>4>2 >48=0:>2> 480<5B@0 8 4;8=K A8;L=55 =03@5205BAO 3 <54=K9 
8;8 AB0;L=>9 ?@8 >4=>9 8 B>9 65 A8;5 B>:0? '45;L=>5 A>?@>B82;5=85 <548 -  
1,7 ∙ 10-8"<∙<,  AB0;8 - 12 ∙ 10-8"<∙<. 
0) <54=K9;        1) AB0;L=>9;    2) >10 ?@>2>40 =03@520NBAO >48=0:>2>; 
3) =8 :0:>9 87 ?@>2>4>2 =5 =03@5205BAO. 
 

88."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 50 "<? 
0) 100 "<;    1) 50 "<;      2) 25 "<;    3) 0,2 "<. 
 

89. ':068B5 ?0@0<5B@ ?5@5<5==>3> B>:0, >B :>B>@>3> 7028A8B 8=4C:B82=>5 
A>?@>B82;5=85 :0BCH:8. 
0) 459AB2CNI55 7=0G5=85 B>:0;       1) =0G0;L=0O D070 B>:0;          
2) ?5@8>4 ?5@5<5==>3> B>:0;           3) <0:A8<0;L=>5 7=0G5=85 B>:0. 
 

90. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 140 :��, 0 0:B82=0O <>I=>ABL 
$= 105 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos  φ= 0,75;     1) cos  φ = 0,35; 2) cos  φ = 0,55;     3) cos  φ = 0,9. 
 

91.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1200 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@01150 >1/<8=. "?@545;8BL A:>;L65=85. 
0) 40;               1) 0,4;         2)  4;             3)  0,04. 
 

92. '?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075: 
0) 48>4>2;   1) ?>;52KE B@0=78AB>@>2;  2) 18?>;O@=KE B@0=78AB>@>2; 3)  B8@8AB>@>2. 
 

93. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K 420 @578AB>@0 A 
A>?@>B82;5=85<  10 "< 8 50 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 
F5?8. 
0) 0,5 �;     1) 2 �;   2) 14,4 �;    3) 4 �.                         
 

94. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0  3000 "<. �0:>9 B>: ?@>E>48B 
G5@57 =53>, 5A;8 G5;>25: =0E>48BAO ?>4 =0?@O65=85< 380 �? 
0) 190 <�;      1) 127 <�;          2) 20 <�;        3) 7,9 <�. 
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95. *5?L ?5@5<5==>3> B>:0 A>45@68B @578AB>@ 8 :0BCH:C. �0: 87<5=O5BAO ?> D075 
B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85;      
1) =0?@O65=85 8 B>: A>2?040NB ?> D075;       
2) =0?@O65=85 >?5@5605B B>:. 
 

96. �0: 87<5=8BAO ?5@8>4 A8=CA>840;L=>3> A83=0;0 ?@8 C<5=LH5=88 G0AB>BK 2 3 
@070? 
0) ?5@8>4 =5 87<5=8BAO;               1) ?5@8>4 C25;8G8BAO 2 3 @070;  
2) ?5@8>4 C<5=LH8BAO 2 3 @070;   3) ?5@8>4 C25;8G8BAO 2 9 @07.                     
 

97. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 
@02=> 220�. !0948B5 D07=>5 =0?@O65=85. 
0)127 �;       1)220�;        2)380�. 
 

98. �8=59=K9 B>: @025= - 2,2 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9». 
0) 2,2 �;       1) 1,27 �;          2) 3,8 �;    3) 2,5 �. 
 

99. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 
5000 �, =0 2KE>45 200 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 25;           1) 0,04;  2) 4;              3) 250. 
 

100. �;O 2K?@O<;5=8O ?5@5<5==>3> =0?@O65=8O ?@8<5=ONB: 
0) >4=>D07=K5 2K?@O<8B5;8;  1) <=>3>D07=K5 2K?@O<8B5;8;  
2) <>AB>2K5 2K?@O<8B5;8;       3) 2A5 ?5@5G8A;5==K5. 
 

101. �0:>9 87 ?@>2>4>2 >48=0:>2>9 4;8=K 87 >4=>3> 8 B>3> 65 <0B5@80;0, => 
@07=>3> 480<5B@0, <5=LH5 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;                                                   
1) ?@>2>4 A 1>;LH8< 480<5B@><;  
2) ?@>2>4 A <5=LH8< 480<5B@><.                                                       
 

102. �20 @578AB>@0: R1 = 10 O<, R2 = 5 O< A>548=5=K ?>A;54>20B5;L=> 8 2:;NG5=K 2 
M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R2 @02=> 10 �, B> =0?@O65=85 
M;5:B@8G5A:>9 A5B8 @02=>: 
0) 30 �;        1) 24 �;      2) 36 �;         3)  16 �. 
 

103. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
20 "< 8 240 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 :064>< @578AB>@5. 
0) 6 � 8 2 �;      1) 0,17 � 8 0,5 �;       2) 6 � 80,5 � ;     3)  0,17 � 8 2 �. 
 

104. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: >BAB05B >B =0?@O65=8O =0 =5:>B>@K9 C3>;. +B> 
<>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85; 
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
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2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
 

105. ':068B5 ?0@0<5B@ ?5@5<5==>3> B>:0, >B :>B>@>3> 7028A8B 5<:>AB=>5 
A>?@>B82;5=85. 
0) 459AB2CNI55 7=0G5=85 =0?@O65=8O;       1) =0G0;L=0O D070 B>:0;          
2) G0AB>B0 ?5@5<5==>3> B>:0;                       3) <0:A8<0;L=>5 7=0G5=85 B>:0. 
106. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 220 � 2:;NG0NB B@5ED07=K9 
42830B5;L, :0640O 87 >1<>B>: :>B>@>3> @0AAG8B0=0 =0 127 �. �0: A;54C5B A>548=8BL 
>1<>B:8 42830B5;O? 
0) «B@5C3>;L=8:><»;                                   1) «72574>9»; 
2) 42830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL;    3) <>6=> B@5C3>;L=8:><, <>6=> 72574>9. 
 

107.':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0 n-

p-n. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

108. � M;5:B@8G5A:>9 A5B8 ?>AB>O==>3> B>:0 =0?@O65=85 =0 7068<0E 8AB>G=8:0 
M;5:B@>M=5@388 35 �. !0?@O65=85 =0 7068<0E ?>B@518B5;O 34 �. "?@545;8BL  
?>B5@N =0?@O65=8O. 
0) 1 %;         1) 2 %;       2) 3 %;          3) 4 %. 
 

109. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K B@8 @578AB>@0 A 
A>?@>B82;5=85<  10 "<, 120 "<  8 110 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 
B>: 2 F5?8. 
0) 40 �;      1) 1 �;      2) 0,5 �;     3) 2 �.                         
 

110. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R = 55 "<. 
!0?@O65=85 =0 5ё 7068<0E u= 220  sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0) I  = 4 �,    U=220 �;                 1) I = 2,8 �,  U=156 �;    
2) I = 2,8 �,  U=220 �;                 3) I = 4 �,      U=156 �. 
 

111. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 2 
@070? 
0) C<5=LH8BAO 2 2 @070;        1) C25;8G8BAO 2 2 @070;    
2) C25;8G8BAO 2 4 @070;          3) >AB0=5BAO =587<5==>9.                                       
 

112. �0<?K =0:0;820=8O A =><8=0;L=K< =0?@O65=85< 127 � 2:;NG0NB 2 
B@5ED07=CN A5BL A =0?@O65=85<   127 �. "?@545;8BL AE5<C A>548=5=8O ;0<?.      
0) B@5E?@>2>4=>9 72574>9;  1) G5BK@5E?@>2>4=>9 72574>9;   2) B@5C3>;L=8:><. 
 

113. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 7 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 12,11 �;      1) 4,05 �;     2) 3,8 �;      3) 4,96 �. 
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114. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C 2708<>459AB28O 70@O4>2? 
0) 70:>=C "<0;  1) 70:>=C �<?5@0;   2) 70:>=C �6>C;O-�5=F0;   3) 70:>=C �C;>=0. 
 

115.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2,6 :�B. #>;57=0O <>I=>ABL, 
>B40205<0O 2 =03@C7:C, 2,2 :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;         1) 0,74;         2) 0,7;          3)  0,84. 
 

116. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 
8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 B@8 @070?  
0) C<5=LH8BAO 2 B@8 @070;          1) C25;8G8BAO 2 B@8 @070;  
2) C<5=LH8BAO 2 452OBL @07;       3) =5 87<5=8BAO.                                                                  
 

117. �0: 87<5=8BAO ?5@8>4 A8=CA>840;L=>3> A83=0;0 ?@8 C<5=LH5=88 G0AB>BK 2 2 
@070? 
0) ?5@8>4 =5 87<5=8BAO;               1) ?5@8>4 C25;8G8BAO 2 2 @070;       
2) ?5@8>4 C<5=LH8BAO 2 2 @070;  3) ?5@8>4 C25;8G8BAO 2 4 @070.                     
 

118.%8<<5B@8G=0O =03@C7:0 A>548=5=0 B@5C3>;L=8:><. #@8 87<5@5=88 D07=>3> B>:0 
0<?5@<5B@ ?>:070; -20 �.  !0948B5 B>: 2 ;8=59=>< ?@>2>45? 
0) 10 �;      1) 11,6  �;      2) 34,6  �;      3) 20 �.  
 

119. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> 
=59B@0;L=KE   ?@>2>4>2   ?>4E>48B  : 35=5@0B>@C?          
0) 3;         1) 4;          2) 2;        3) 0. 
 

120. �0:>9 87 ?@>2>4>2 >48=0:>2>3> A5G5=8O 87 >4=>3> 8 B>3> 65 <0B5@80;0, => 
@07=>9 4;8=K, <5=LH5 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;   
1) ?@>2>4 1>;LH59 4;8=K;  
2) ?@>2>4 <5=LH59 4;8=K.                                                       
 

121."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 200 "<? 
0) 200 "<;   1) 50 "<;   2) 400 "<;     3) 100 "<. 
  

122. *5?L ?5@5<5==>3> B>:0 A>45@68B ;0<?C =0:0;820=8O 8 :>=45=A0B>@. �0: 
87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>:. 
 

123. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 
87<5=8BAO B>: 2 :>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 4 
@070. 
0) C<5=LH8BAO 2 4 @070;      1) C25;8G8BAO 2 4 @070;  
2) C25;8G8BAO 2 16 @07;       3) >AB0=5BAO =587<5==>9.                                                
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124. !0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C: 
u = 200 sin(314+45º). "?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R = 50 "<. 
0) i = 4sin 314 t;                   1) i= 4sin (314t + 45º);  
2) i = 2,86 sin (314t + 45º);   3) i = 2,86sin 314t. 

 

125. �8=59=K9 B>: @025= - 3 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9». 
0) 3 �;         1) 5,19 �;        2) 1,73�;         3) 4,23 �. 
126.#> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 20 "<, 
B5G5B B>:  - 0,5 �. �0:>5 :>;8G5AB2> B5?;>BK 2K45;8B A?8@0;L 70 4 <8=CBK? 
0) 20 �6;      1) 2,4 :�6;     2) 1,2 :�6. 
 

127. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
10 "< 8 50 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 28�;      1) 2�;       2) 14,4 �;     3)  0,5 �. 
 

128. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 220 �, =0G0;L=0O D070  φ0= - 30º, 
G0AB>B0 50 �F. �0?8H8B5 C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=220 cos(-30t);           1) u=220sin (50t - 30º); 
2) u=220sin (341t-30º);     3) u=220 cos (314t + 30º). 
 

129. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C<5=LH5=85< G0AB>BK? 
0) =5 87<5=8BAO;     1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

130. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 4 �. $0AAG8B09B5 D07=K9 B>:, 
5A;8 =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». 
0) 4 �;        1) 6,92 �;        2) 2,83 �;        3) 2,31 �. 
 

131.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1250 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0    1200 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  40;                    1) 0,4;         2)  4;             3)  0,04. 
 

132. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 
4000 �, =0 2KE>45 200 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 20;           1) 0,05;        2) 5;              3) 200. 
 

133.  >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 1,65 :�B. #>;57=0O <>I=>ABL, 
>B40205<0O 2 =03@C7:C, 1,25  :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;          1) 0,76;       2) 0,6;       3)  0,83. 
 

134. &@8 @578AB>@0: R1=5O<, R2=5O<, R3=10O< A>548=5=K ?>A;54>20B5;L=> 8 
2:;NG5=K 2 M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R1 @02=> 10�, B> 
=0?@O65=85 M;5:B@8G5A:>9 A5B8 @02=>: 
0) 10 �;          1) 20 �;        2) 30 �;          3)  40 �. 
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135. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, 
:>=45=A0B>@0 >:070;>AL, GB> B>: A>2?0405B ?> D075 A  =0?@O65=85<. +B> <>6=> 
A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85;      
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O 
@02=K. 
 

136.�0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> 
=0?@O65=8O. �0: 87<5=8BAO B>: 2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 4 
@070? 
0) C<5=LH8BAO 2 4 @070;        1) C25;8G8BAO 2 4 @070;   
2) C25;8G8BAO 2 16 @07;          3) =5 87<5=8BAO                                                                
 

137. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 200 �F. 
0) 200 A;         1) 1 A;               2) 0.005 A;           3) 20 A. 
 

138. �8=59=K9 B>: @025= - 5 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O 
=03@C7:0 A>548=5=0 «72574>9». 
0) 2,89 �;      1) 8,65 �;          2) 3,54 �;        3) 5 �. 
 

139. � ?>;52KE B@0=78AB>@0E M;5<5=B, : :>B>@><C 4286CBAO 70@O4K, =07K205BAO: 
0) AB>:;             1) 8AB>:;      2) 70B2>@;         3) :0=0; A 2KA>:>9 ?@>2>48<>ABLN. 
 

140. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  50 �B 8 
220 � 

0)  597 "<;        1)  759 "<;       2)  975 "<;         3)  968 "<. 
 

141. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 40 "<? 
0) 20 "<;        1) 80 "<;          2) 10 "<;         3) 4 "<. 
 

142. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 180 :��, 0 0:B82=0O <>I=>ABL 
$= 150 :�B. "?@545;8B5 :>MDD8F85=B =03@C7:8. 
0)  cos  φ= 0,75;           1) cos  φ = 0,38;          2) cos  φ = 0, 57;     3) cos  φ = 0,83. 
 

143. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 
8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 4 @070?  
0) C<5=LH8BAO 2 4 @070;   1) C25;8G8BAO 2 4 @070;    
2) C<5=LH8BAO 2 2 @070;   3) =5 87<5=8BAO.        
 

145. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «72574>9». �8=59=>5 =0?@O65=85 @02=>  
220 �. !0948B5 D07=>5 =0?@O65=85. 
0) 127 �;                 1) 220 �;           2) 380 �. 
 

146. +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 900 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0 850 >1/<8=. "?@545;8BL A:>;L65=85. 
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0)  55;                     1)  0,55;                2)  5,5;                       3)  0,056. 
 

147. �7<5@8B5;L=K9 B@0=AD>@<0B>@ B>:0 8<55B >1<>B:8 A G8A;>< 28B:>2 20 8 120. 
"?@545;8BL 53> :>MDD8F85=B B@0=AD>@<0F88. 
0) 60;            1) 0,17;          2) 140;             3) 100. 
 

148. "?@545;8BL B>: I5, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 
25B2OE:  I1 = -4 �,     I2 = 2 �,   I3 = 6 �, I4 = -5 �. 
0) 17 �;        1) 1 �;      2) 8 �;      3) -4 �. 
149. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85< 
25 "< 8 40 "<. !0?@O65=85 =0 2E>45 200 �. "?@545;8B5 B>: 2 :064>< @578AB>@5. 
0) 8� 8 0,2 �;      1) 8 � 8 5 �;       2) 0,125 � 8 0,2 � ;     3)  0,125 � 8 5 �. 
 

150.�0:>2> A>>B=>H5=85 <564C D07=K<8 8 ;8=59=K<8 =0?@O65=8O<8 ?@8 
A>548=5=88 ?>B@518B5;59 M;5:B@>M=5@388 «72574>9». 
0) U; = UD;     1) U; =UD/1,73;     2) UD = 0,578U;.   

 

151. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». #@8 87<5@5=88 D07=>3> 
B>:0 0<?5@<5B@ ?>:070; - 8 �.  +5<C 1C45B @025= B>: 2 ;8=59=>< ?@>2>45? 
0) 4,62 �;        1) 13,84 �;      2) 8  �;  3) 11,28 �. 
 

152. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 
80 ;>38G5A:8E M;5<5=B>2? 
0) <0;>9;      1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
 

153. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C, A :>B>@>9 <03=8B=>5 ?>;5 
459AB2C5B =0 ?@>2>4=8: A B>:><? 
0) 70:>=C "<0;  1) 70:>=C �<?5@0;   2) 70:>=C �6>C;O-�5=F0;    3) 70:>=C �C;>=0. 
 

154. � M;5:B@8G5A:>9  AE5<5 420 @578AB82=KE M;5<5=B0 A>548=5=K ?>A;54>20B5;L=>. 
+5<C @02=> =0?@O65=85 =0 2E>45 ?@8 A8;5 B>:0 0,2 �, 5A;8 R1 = 150 "<; R2  = 120 

"<? 
0) 40 �;         1) 1350 �;          2) 10 �;          3)  54 �. 
 

155. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<  R = 220 "<. 
!0?@O65=85 =0 5ё 7068<0E u = 110 sin314t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 
2>;LB<5B@0. 
0)  I = 0,5 �,   U=110 �;        1)  I = 0,35 �,  U=78 �;    
2)  I = 0,35 �, U=110 �;        3)  I = 0,5 �,     U=78 �. 
 

156. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 
@02=> 380 �. !0948B5 D07=>5 =0?@O65=85. 
0) 127 �;        1)220 �;            2)380 �. 

 

157. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K 420 @578AB>@0 A 
A>?@>B82;5=85<  10 "< 8 50 "<. !0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 
F5?8. 
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0) 0,5 �;      1) 2 �;       2) 14,4 �;        3) 4 �.          
 

158. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0  3000 "<. �0:>9 B>: 
?@>E>48B G5@57 =53>, 5A;8 G5;>25: =0E>48BAO ?>4 =0?@O65=85< 127 �? 
0) 19 <�;          1) 42 <�;           2) 23,6 <�;        3) 50 <�. 
 

159. *5?L ?5@5<5==>3> B>:0 A>45@68B @578AB>@. �0: 87<5=O5BAO ?> D075 B>: 8 
=0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

160. �0: 87<5=8BAO  5<:>AB=>5  A>?@>B82;5=85 A C25;8G5=85< G0AB>BK 2 5 @07? 
0) =5 87<5=8BAO;               1) C<5=LH8BAO 2 5 @07;  
2) C25;8G8BAO 2 5 @07;      3) C<5=LH8BAO 2 25 @07. 
 

161. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 
@02=> 220 �. !0948B5 D07=>5 =0?@O65=85? 
0) 127 �;      1) 220 �;     2) 380 �.   
 

162.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1300 >1/<8=. 
+0AB>B0 2@0I5=8O @>B>@0    1250 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  40;                1) 0,38;          2) 4;            3)  0,038. 
 

163.�0:>9 87 ?@>2>4>2 >48=0:>2> 480<5B@0 8 4;8=K <5=LH5 =03@5205BAO 3 <54=K9 
8;8 AB0;L=>9 ?@8 >4=>9 8 B>9 65 A8;5 B>:0?  '45;L=>5 A>?@>B82;5=85 <548 -  
1,7 ∙ 10-8"<∙<,  AB0;8 - 12 ∙ 10-8"<∙<. 
0) <54=K9;           1) AB0;L=>9;        2) >10 ?@>2>40 =03@520NBAO >48=0:>2>; 
3) =8 :0:>9 87 ?@>2>4>2 =5 =03@5205BAO. 
 

164. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  
20 "< 8 50 "<. !0?@O65=85 =0 2E>45 140 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< 
CG0AB:5. 
0) 4 �;         1) 2 �;       2) 9,8 �;       3)  20 �. 
 

165. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O , 5A;8 =0 =59 =0?8A0=>  25 �B 8 
220 � 

0)  1936 "<;        1)  0,11 "<;       2)  19,36 "<;         3)  1100"<. 
 

166. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 
4000 �, =0 2KE>45 220 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 180;           1) 0,055;      2) 18;              3) 5,5. 
 

167. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 
1200 ;>38G5A:8E M;5<5=B>2? 
0) <0;>9;       1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
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168. %:>;L:> H5AB82>;LB>2KE ;0<?>G5: =5>1E>48<> 27OBL 4;O 5;>G=>9 38@;O=4K, 
5A;8 =0?@O65=85 A5B8     127 �? 
0) 37 HB.;          1) 21 HB.;          2) 42 HB.;          3) 11 HB. 
 

169."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E 
?>B@518B5;59, A>?@>B82;5=85 :>B>@KE ?> 250 "<? 
0) 12,5 "<;      1) 250 "<;        2) 125 "<;      3) 25 "<. 
 

$5H8B5 7040G8 

 

1. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 220 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 150 "<, 0 8=4C:B82=>5  
110 "<. !0948B5 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 
«B@5C3>;L=8:><»? 
2. +5<C @02=> >1I55 A>?@>B82;5=85 F5?8 87 10 ?>A;54>20B5;L=> A>548=5==KE 
@578AB>@>2, 5A;8 A>?@>B82;5=85 :064>3> 87 =8E =0 25 "< 1>;LH5 ?@54K4CI53>, 0 
A>?@>B82;5=85 ?5@2>3> @578AB>@0  R1=400 "<? !0948B5 =0?@O65=85 =0 ?OB>< 
@578AB>@5 R5 , 5A;8 =0?@O65=85 ?8B0=8O F5?8 220 �. 
3. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 380 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 240 "<, 0 5<:>AB=>5  
80 "<. !09B8 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 «72574>9»? 
4. %8=CA>840;L=> 87<5=ONI85AO =0?@O65=8O ?@54AB02;5=K A;54CNI8<8 
2K@065=8O<8 u1=100sin(314t+30º),u2=200sin(314t+60º). "?@545;8B5 ?@8 ?><>I8 
25:B>@=>9 4803@0<<K >1I55 =0?@O65=85 (459AB2CNI55 7=0G5=85). 
5. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :>=45=A0B>@>< 
5<:>ABLN %=1 <:(, :>B>@K9 ?>4:;NG5= : 8AB>G=8:C ?5@5<5==>3> =0?@O65=8O 220 
�, G0AB>B>9 100 �F. 
6. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 
=03@C7:5 80 �, 0 B>: 2 F5?8 40 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A 
-�% � =100 � 8 2=CB@5==8< A>?@>B82;5=85< r2== 50 "<. 
7. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 127 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 110 "<, 0 8=4C:B82=>5    
60 "<. !0948B5 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 
«B@5C3>;L=8:><»? 
8. +5<C @02=> >1I55 A>?@>B82;5=85 F5?8 87 8 ?>A;54>20B5;L=> A>548=5==KE 
@578AB>@>2, 5A;8 A>?@>B82;5=85 :064>3> 87 =8E =0 50 "< 1>;LH5 ?@54K4CI53>, 0 
A>?@>B82;5=85 ?5@2>3> @578AB>@0  R1=200 "<? !09B8 =0?@O65=85 =0 2>AL<>< 
@578AB>@5 R8 , 5A;8 =0?@O65=85 ?8B0=8O F5?8 220 �. 
9. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 220 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 180 "<, 0 5<:>AB=>5       
150 "<. !09B8 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 «72574>9»? 
10.%8=CA>840;L=> 87<5=ONI85AO B>:8 ?@54AB02;5=K A;54CNI8<8 2K@065=8O<8  
i1=0,5sin(314t+45º), i2=0,8sin(314t+90º). "?@545;8B5 ?@8 ?><>I8 25:B>@=>9 
4803@0<<K >1I89 B>: (459AB2CNI55 7=0G5=85). 
11. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :0BCH:>9 
8=4C:B82=>ABLN L= 0,4 �=, :>B>@0O ?>4:;NG5=0 : 8AB>G=8:C ?5@5<5==>3> 
=0?@O65=8O 220 �, G0AB>B>9 50 �F. 
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12. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 
=03@C7:5 180 �, 0 B>: 2 F5?8 50 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A 
-�% �= 200� 8 2=CB@5==8< A>?@>B82;5=85< r2== 40 "<. 
13. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 380 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 250 "<, 0 5<:>AB=>5      
100 "<. !0948B5 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 
«B@5C3>;L=8:><»? 
14. +5<C @02=> >1I55 A>?@>B82;5=85 F5?8 87 14 ?>A;54>20B5;L=> A>548=5==KE 
@578AB>@>2, 5A;8 A>?@>B82;5=85 :064>3> 87 =8E =0 30 "< 1>;LH5 ?@54K4CI53>, 0 
A>?@>B82;5=85 ?5@2>3> @578AB>@0  R1=300 "<? !0948B5 =0?@O65=85 =0 45AOB>< 
@578AB>@5 R10 , 5A;8 =0?@O65=85 ?8B0=8O F5?8 220 �. 
15. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 220 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 180 "<, 0 5<:>AB=>5        
60 "<. !09B8 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 «72574>9»? 
16. %8=CA>840;L=> 87<5=ONI85AO =0?@O65=8O ?@54AB02;5=K A;54CNI8<8 
2K@065=8O<8 u1 = 150sin(314t + 45º),   u2 = 250sin(314t + 90º). "?@545;8B5 ?@8 
?><>I8 25:B>@=>9 4803@0<<K >1I55 =0?@O65=85 (459AB2CNI55 7=0G5=85). 
17. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :>=45=A0B>@>< 
5<:>ABLN %=2 <:(, :>B>@K9 ?>4:;NG5= : 8AB>G=8:C ?5@5<5==>3> =0?@O65=8O 220 
�, G0AB>B>9 50 �F. 
18. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 
=03@C7:5 225 �, 0 B>: 2 F5?8 20 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A 
-�% � =250� 8 2=CB@5==8< A>?@>B82;5=85< r2== 50 "<. 
19. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 380 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 220 "<, 0 8=4C:B82=>5 
120 "<. !0948B5 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 
«B@5C3>;L=8:><»? 
20. +5<C @02=> >1I55 A>?@>B82;5=85 F5?8 87 12 ?>A;54>20B5;L=> A>548=5==KE 
@578AB>@>2, 5A;8 A>?@>B82;5=85 :064>3> 87 =8E =0 20 "< 1>;LH5 ?@54K4CI53>, 0 
A>?@>B82;5=85 ?5@2>3> @578AB>@0  R1=100 "<? !09B8 =0?@O65=85 =0 >48==04F0B>< 
@578AB>@5 R11, 5A;8 =0?@O65=85 ?8B0=8O F5?8 220 �. 
21. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 380 � ?>4:;NG5=0 A8<<5B@8G=0O 
=03@C7:0, 0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 260 "<, 0 5<:>AB=>5  
130 "<. !09B8 D07=K5 B>:8 8 =0?@O65=85 ?@8 2:;NG5=88 =03@C7:8 «72574>9»? 
22. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :0BCH:>9 
8=4C:B82=>ABLN L = 0,6 �=, :>B>@0O ?>4:;NG5=0 : 8AB>G=8:C ?5@5<5==>3> 
=0?@O65=8O 220 �, G0AB>B>9 100 �F. 
23. %8=CA>840;L=> 87<5=ONI85AO B>:8 ?@54AB02;5=K A;54CNI8<8 2K@065=8O<8  
i1=0,8sin(314t+30º), i2=1,6sin(314t+60º). "?@545;8B5 ?@8 ?><>I8 25:B>@=>9 
4803@0<<K >1I89 B>: (459AB2CNI55 7=0G5=85). 
24. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 
=03@C7:5 220 �, 0 B>: 2 F5?8 50 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A 
-�% � = 240 � 8 2=CB@5==8< A>?@>B82;5=85< r2== 80 "<. 
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�8;5BO 4;S ?@>2545=8S 48DD5@5=F8@>20==>3> 70G5B0 
(>G=0S D>@<0 >1CG5=8S) 

 

�=AB@C:F8S 4;S Q:70<5=CRI53>AS: 
1. #@>GB8B5 2=8<0B5;L=> 8=AB@C:F8N. 
2. #@8 ?>43>B>2:5 : >B25BC 8 =5?>A@54AB25==> 2> 2@5<O >B25B0 =0 

48DD5@5=F8@>20==>< 70G5B5 >1CG0NI8<AO @07@5H05BAO ?>;L7>20BLAO 
;01>@0B>@=K< 8 45<>=AB@0F8>==K< >1>@C4>20=85<, :0;L:C;OB>@0<8, 
A?@02>G=8:0<8 8 B01;8F0<8, =5 A>45@60I8<8 ?@O<>3> >B25B0 =0 2>?@>AK 18;5B>2. 

3. #@8 2K?>;=5=88 7040=89 �K <>65B5 ?>;L7>20BLAO G5@=>28:><. %>25BC5< 
2K?>;=OBL 7040=8O 2 B>< ?>@O4:5, 2 :>B>@>< >=8 40=K. �;O M:>=><88 2@5<5=8 
?@>?CA:09B5 7040=85, :>B>@>5 =5 C405BAO 2K?>;=8BL A@07C, 8 ?5@5E>48B5 : 
A;54CNI5<C. �A;8 ?>A;5 2K?>;=5=8O 2A59 @01>BK C �0A >AB0=5BAO 2@5<O, �K 
A<>65B5 25@=CBLAO : ?@>?CI5==K< 7040=8O<. 

4. �@5<O =0 ?>43>B>2:C 3 40 <8=CB. 
 

�>=B@>;8@C5<K5 :><?5B5=F88: OK 01, �� 02, �� 1.1, �� 1.2, �� 2.2, �� 2.3 

 

�@8B5@88 >F5=:8: 
>F5=:0 «>B;8G=>» 3 70A;C68205B >1CG0NI89AO, ?>:0702H89 3;C1>:89 8 

2A5AB>@>==89 C@>25=L 7=0=8O 48AF8?;8=K, CA?5H=> 2K?>;=82H89 7040=8O, 
?@54CA<>B@5==K5 ?@>3@0<<>9. 

>F5=:0 «E>@>H>» 3 70A;C68205B >1CG0NI89AO, ?>:0702H89 ?>;=>5 7=0=85 
48AF8?;8=K, CA?5H=> 2K?>;=82H89 7040=8O, ?@54CA<>B@5==K5 ?@>3@0<<>9, => 
4>?CAB82H89 =57=0G8B5;L=K5 =54>G5BK 2 >B25B5. 

>F5=:0 «C4>2;5B2>@8B5;P=>» 3 70A;C68205B >1CG0NI89AO, ?>:0702H89 
7=0=85 48AF8?;8=K 2 >1J5<5, 4>AB0B>G=>< 4;O ?@>4>;65=8O >1CG5=8O, 
A?@0282H89AO A 7040=8O<8, ?@54CA<>B@5==K<8 ?@>3@0<<>9 (4>?CA:0NBAO =5?>;=K5 
>B25BK =0 ?>AB02;5==K5 2>?@>AK). 

>F5=:0 «=5C4>2;5B2>@8B5;P=>» 3 70A;C68205B >1CG0NI89AO, >1=0@C682H89 
7=0G8B5;L=K5 ?@>15;K 2 7=0=88 48AF8?;8=K, 4>?CAB82H89 ?@8=F8?80;L=K5 
>H81:8 ?@8 2K?>;=5=88 7040=89, ?@54CA<>B@5==KE ?@>3@0<<>9. 
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"B25BO  
 

�8;5BO  �>?@>AO  

1 2 3 4 5 6 7 8 9 10 

1 2 0 0 1 1 1 3 0 3 «&@5C3>;L=8:»  
UD = U; = 220�  
Z=√(R2+XL

2) =186 "< 

ID=UD/Z=1,18� 

2 0 2 1 0 1 0 1 1 1 R=10R1+45ΔR=5125"< 

I = U / R = 0,04 � 

U5 = I R5 = I(R1+4ΔR) = 
=20B 

3 3 3 1 2 2 2 2 0 1 «�25740» 
UD = U;/ √3 = 220�    
Z=√(R2 + XC

2) = 253"< 

ID = UD /Z =0,87 � 

4 1 0 1 1 1 0 0 3 1 Um = 290B 

U=Um/√2=206B 

5 1 1 3 1 0 1 3 2 1 Um= √2 U = 310 B 

ω = 2Ãf = 628 @04/c 

XC= 1/(Cω) = 1592 "< 

Im= Um/XC = 0,19 � 

i=0,19 cos (628t + 90º) 
6 1 2 0 1 0 3 1 1 3 E=U=03@C7.+U2=CB@+UA>54.?@. 

UA>54.?@=E - U=03@C7- Ir= 

=18B 

PA>54.?@.=UA>54.?@.I=0,72�B  
7 3 1 2 2 1 2 2 2 3 «&@5C3>;L=8:»  

UD = U; = 127 �    
Z=√(R2 + XL

2) = 125 "< 

ID =UD /Z=1� 

8 2 2 0 2 1 0 1 2 1 R=8R1+28ΔR=3000 "< 

I = U / R = 0,073 � 

U8 = I R8= I (R1+7ΔR) = 
=40B 

9 1 1 1 1 0 0 1 1 2 «�25740» 
UD = U; / √3 = 127 � 

Z=√(R2 + XC
2) = 234 "< 

ID = UD /Z = 0,54 � 

10 2 3 0 2 2 1 1 3 1 Im= 0,12 � 

I=Im/√2=0,085A 

11 1 2 0 2 0 1 3 2 3 Um= √2 U = 310B 

ω = 2Ãf = 314 @04/c 

XL= Lω = 126 "< 

Im= Um/XL =2,46 � 

i =2,46 sin 314t 

12 1 1 1 3 1 1 0 0 3 E=U=03@C7.+U2=CB@+UA>54.?@. 
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UA>54.?@.=E-U=03@C7:0- Ir= 

=18B 

PA>54.?@.= UA>54.?@.I=0,9�B  
13 1 0 2 1 2 2 1 1 1 «&@5C3>;L=8:»  

UD = U; = 380 �    
Z=√(R2 + XL

2) = 269 "< 

ID = UD /Z =1,41� 

14 0 2 2 1 0 2 2 1 2 R=14R1+91ΔR=6930"< 

I = U / R = 0,032 � 

U10= I R10=I(R1+9ΔR)= 
=18B 

15 3 0 3 3 1 2 3 1 3 «�25740» 
UD = U; / √3 = 127 �    
Z=√(R2 + XC

2) = 190 "< 

ID = UD /Z = 0,67 � 

16 2 3 0 0 1 0 0 3 3 Um = 380 B 

U=Um/√2=270 B 

17 2 2 1 2 1 3 3 0 3 Um= √2 U = 310 B 

ω = 2Ãf = 314 @04/c 

XC= 1/(Cω) = 1592 "< 

Im= Um/XC = 0,19 � 

i=0,19 cos (314t + 90º) 
18 1 3 2 1 2 3 1 1 0 E=U=03@C7.+U2=CB@+UA>54.?@. 

UA>54.?@.=E-U=03@C7:0- Ir= 

=24B 

PA>54.?@.=UA>54.?@.I=0,48�B 
19 3 2 0 3 3 0 3 1 1 «&@5C3>;L=8:» 

UD = U; = 380 � 

Z=√(R2 + XL
2) = 251 "< 

ID = UD /Z = 1,51 � 

20 2 1 1 2 2 0 1 0 0 R=12R1+66ΔR=252 "< 

I = U / R = 0,087 � 

U11=I R11=I(R1+10ΔR)=  
= 26 B 

21 1 3 0 1 2 0 2 3 2 «�25740» 
UD = U; / √3 = 220 �    
Z=√(R2 + XC

2) = 291 "< 

ID = UD /Z = 0,76 � 

22 1 1 1 1 1 1 3 2 3 Im= 2,36 �  
I = Im/ √2 = 1,67 A 

23 0 2 0 0 2 0 2 2 2 Um= √2 U = 310B 

ω = 2Ãf = 628 @04/c 

XL= Lω = 377 "< 

Im= Um/XL = 0,82 � 

i = 0,82 sin 628t 

24 1 1 2 2 1 1 1 2 1 E=U=03@C7.+U2=CB@.+UA>54.?@ 
UA>54.?@.= E-U=03@C7:0 - Ir= 
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=16B 

PA>54.?@=UA>54.?@.I = 0,8 �B  
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 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 
«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  

 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 
:><8AA88 
>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

�8;5B №1 
�8DD5@5=F8@>20==O9 70G5B 

?> 48AF8?;8=5 
"#.02. 1;5:B@>B5E=8:0 8 

Q;5:B@>=8:0  
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 

2840<) 
�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> 

>B45;0  
_________________ 

(.�.". 
«____»___________ 20 __ 

3. 
 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 
7040GC.  
 

1. �0:>9 87 ?@>2>4>2 >48=0:>2>9 4;8=K 87 >4=>3> 8 B>3> 65 <0B5@80;0, => @07=>3> 480<5B@0, 
A8;L=55 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;                                                   
1) A8;L=55 =03@5205BAO ?@>2>4 A 1>;LH8< 480<5B@><;  
2) A8;L=55 =03@5205BAO ?@>2>4 A <5=LH8< 480<5B@><. 
 

2.%:>;L:> H5AB82>;LB>2KE ;0<?>G5: =5>1E>48<> 27OBL 4;O 5;>G=>9 38@;O=4K, 5A;8 =0?@O65=85 
A5B8 220�? 
0) 37 HB.;      1) 20 HB.;          2) 40 HB.;          3) 16 HB. 
 

3. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  100 �B 8 220 �. 
0)  484 "<;        1)  448 "<;       2)  684 "<;         3)  864 "<. 
 

4.*5?L ?5@5<5==>3> B>:0 A>45@68B ;0<?C =0:0;820=8O. �0: 87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 
2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

5. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R=220 "<. !0?@O65=85 =0 
5ё 7068<0E u= 220 sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 2>;LB<5B@0. 
0)  I = 1 �,    U=220 �;   1)  I = 0,7 �,  U=156 �; 
2)  I = 0,7 �, U=220 �;   3)  I = 1 �,      U=156 �. 
 

6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «72574>9». �8=59=>5 =0?@O65=85 @02=> 380 �. !0948B5 
D07=>5 =0?@O65=85. 
0) 127 �;       1) 220 �;      2) 380 �. 
 

7. +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1000 >1/<8=. +0AB>B0 2@0I5=8O 
@>B>@0  
950 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  50;                1)  0,5;                 2)  5;                 3)  0,05. 
 

8. %:>;L:> p-n  ?5@5E>4>2 A>45@68B ?>;C?@>2>4=8:>2K9 48>4? 
0) >48=;         1) 420;        2) B@8;          3) G5BK@5. 
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9. �0:CN @>;L 2 M;5:B@>==KE AE5<0E 2K?>;=O5B 20@8:0?? 
0) A>?@>B82;5=8O;         1) :;NG0;           2) 8=4C:B82=>AB8;         3) ё<:>AB8. 
 

10. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 220 � ?>4:;NG5=0 A8<<5B@8G=0O =03@C7:0, 
0:B82=>5 A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 150 "<, 0 8=4C:B82=>5110 "<. !0948B5 D07=K5 
B>:8 8 =0?@O65=8O ?@8 2:;NG5=88 =03@C7:8 «B@5C3>;L=8:><»? 

 

#@5?>4020B5;L ______________________ (.�.". 
 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 
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CG@5645=85 2OAH53> >1@07>20=8S 
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#@54A540B5;L *� 

__________ (.�.". 

�8;5B №2 
�8DD5@5=F8@>20==O9 70G5B 

?> 48AF8?;8=5 
"#.02. 1;5:B@>B5E=8:0 8 

Q;5:B@>=8:0  
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 

2840<) 
�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> 

>B45;0  
_________________ 

(.�.". 
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� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 
7040GC.  
 

1.#> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C 2708<>459AB28O 70@O4>2? 
0) 70:>=C "<0;        1) 70:>=C �<?5@0;     2) 70:>=C �6>C;O-�5=F0;     3) 70:>=C �C;>=0. 
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A>?@>B82;5=85 :064>3> 87 =8E =0 30 "< 1>;LH5 ?@54K4CI53>, 0 A>?@>B82;5=85 ?5@2>3> @578AB>@0  
R1= 300 "<? !0948B5 =0?@O65=85 =0 45AOB>< @578AB>@5 R10 , 5A;8 =0?@O65=85 ?8B0=8O F5?8 220 
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1. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C 2708<>459AB28O 70@O4>2? 
0) 70:>=C "<0;     1) 70:>=C �<?5@0;      2) 70:>=C �6>C;O-�5=F0;      3) 70:>=C �C;>=0. 
 

2. �0:>9 A?>A>1 A>548=5=8O 8AB>G=8:>2 ?>72>;O5B C25;8G8BL =0?@O65=85? 
0) ?>A;54>20B5;L=>5 A>548=5=85;    1) ?0@0;;5;L=>5 A>548=5=85;     2) A<5H0==>5 A>548=5=85;     
3) =8 :0:>9 87 ?5@5G8A;5==KE A?>A>1>2. 
 

3.   >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2,6 :�B. #>;57=0O <>I=>ABL, >B40205<0O 2 =03@C7:C, 2,2 
:�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;         1) 0,74;          2) 0,7;          3)  0,84. 
 

4. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 8=4C:B82=>AB8, 5A;8 >10 5ё 
?0@0<5B@0 (R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 B@8 @070?  
0) C<5=LH8BAO 2 B@8 @070;      1) C25;8G8BAO 2 B@8 @070;  
2) C<5=LH8BAO 2 452OBL @07;   3) =5 87<5=8BAO.                                                                  
 

5. �0: 87<5=8BAO ?5@8>4 A8=CA>840;L=>3> A83=0;0 ?@8 C<5=LH5=88 G0AB>BK 2 2 @070? 
0) ?5@8>4 =5 87<5=8BAO;              1) ?5@8>4 C25;8G8BAO 2 2 @070;       
2) ?5@8>4 C<5=LH8BAO 2 2 @070;  3) ?5@8>4 C25;8G8BAO 2 4 @070.                     
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?>4E>48B  : 35=5@0B>@C?          
0) 3;         1) 4;          2) 2;        3) 0. 
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<5=LH5 =03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;   
1) ?@>2>4 1>;LH59 4;8=K;  
2) ?@>2>4 <5=LH59 4;8=K.                                                       
2."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E ?>B@518B5;59, 
A>?@>B82;5=85 :>B>@KE ?> 200 "<? 
0) 200 "<;     1) 50 "<;     2) 400 "<;     3) 100 "<. 
3. *5?L ?5@5<5==>3> B>:0 A>45@68B ;0<?C =0:0;820=8O 8 :>=45=A0B>@. �0: 87<5=O5BAO ?> D075 B>: 
8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85;   1) =0?@O65=85 8 B>: A>2?040NB ?> D075;   2) =0?@O65=85 >?5@5605B 
B>:. 
4. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 87<5=8BAO B>: 2 
:>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 4 @070. 
0) C<5=LH8BAO 2 4 @070;     1) C25;8G8BAO 2 4 @070;     2) C25;8G8BAO 2 16 @07;    3) >AB0=5BAO 
=587<5==>9.                                                
5. !0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C: u = 200 

sin(314+45º). "?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R = 50 "<. 
0) i = 4sin 314 t;  1) i= 4sin (314t + 45º);    2) i = 2,86sin (314t + 45º);   3) i = 2,86sin 314t. 

6. �8=59=K9 B>: @025= - 3 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 A>548=5=0 
«72574>9». 
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: 35=5@0B>@C?          
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=07K205BAO: 
0) >?5@0B82=>5 70?><8=0NI55 CAB@>9AB2>;      1) CAB@>9AB2> C?@02;5=8O;       
2) 0@8D<5B8G5A:>5 CAB@>9AB2>;                         3) 2=5H=55 70?><8=0NI55 CAB@>9AB2>. 
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10.%8=CA>840;L=> 87<5=ONI85AO =0?@O65=8O ?@54AB02;5=K A;54CNI8<8 2K@065=8O<8                              
u1 = 150sin(314t + 45º),   u2 = 250sin(314t + 90º). "?@545;8B5 ?@8 ?><>I8 25:B>@=>9 4803@0<<K 
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1.#> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 20 "<, B5G5B B>:  - 0,5 �. 
�0:>5 :>;8G5AB2> B5?;>BK 2K45;8B A?8@0;L 70 4 <8=CBK? 
0) 20 �6;      1) 2,4 :�6;     2) 1,2 :�6. 
 

2. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  10 "< 8 50 "<. 
!0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< CG0AB:5. 
0) 28�;      1) 2�;       2) 14,4 �;     3)  0,5 �. 
 

3. #@8 :0:>< =0?@O65=88 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 M;5:B@>?5@540G 
?@8 7040==>9 <>I=>AB8? 
0) ?>=865==><;     1) ?>2KH5==><;     2) 157@07;8G=>;    3) 7=0G5=85 =0?@O65=8O CB25@645=> 
�"%&><.                                                 
 

4. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 220 �, =0G0;L=0O D070  φ0= - 30º, G0AB>B0 50 �F. 
�0?8H8B5 C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=220 cos(-30t);              1) u=220sin (50t - 30º); 
2) u=220sin (341t-30º);        3) u=220 cos (314t + 30º). 
 

5. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C<5=LH5=85< G0AB>BK? 
0) =5 87<5=8BAO;     1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

6. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 4 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 =03@C7:0 
A>548=5=0 «B@5C3>;L=8:><». 
0) 4 �;        1) 6,92 �;        2) 2,83 �;        3) 2,31 �. 
 

7.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1250 >1/<8=. +0AB>B0 2@0I5=8O 
@>B>@0    1200 >1/<8=. "?@545;8BL A:>;L65=85. 
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8. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 4000 �, =0 2KE>45 
200 �. "?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
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9. �0:CN @>;L 2 M;5:B@>==KE AE5<0E 2K?>;=O5B 20@8:0?? 
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10. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :>=45=A0B>@>< 5<:>ABLN %=2 
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1,25  :�B. "?@545;8B5 �#�  42830B5;O. 
0) 0,8;          1) 0,76;       2) 0,6;       3)  0,83. 
 

2. &@8 @578AB>@0: R1=5O<, R2=5 O<, R3=10 O< A>548=5=K ?>A;54>20B5;L=> 8 2:;NG5=K 2 
M;5:B@8G5A:CN A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R1 @02=> 10�, B> =0?@O65=85 M;5:B@8G5A:>9 
A5B8 @02=>: 
0) 10 �;          1) 20 �;         2) 30 �;          3)  40 �. 
  

3. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, :>=45=A0B>@0 >:070;>AL, 
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2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O @02=K. 
 

4.�0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> =0?@O65=8O. �0: 
87<5=8BAO B>: 2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 4 @070? 
0) C<5=LH8BAO 2 4 @070;        1) C25;8G8BAO 2 4 @070;     2) C25;8G8BAO 2 16 @07;      3) =5 87<5=8BAO. 
 

5. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 200 �F. 
0) 200 A;         1) 1 A;               2) 0,005 A;           3) 20 A. 
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6. �8=59=K9 B>: @025= - 5 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 A>548=5=0 
«72574>9». 
0) 2,89 �;      1) 8,65 �;          2) 3,54 �;        3) 5 �. 
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3) <>6=> B@5C3>;L=8:><, <>6=> 72574>9. 
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U5 = I R5 = I(R1+4ΔR) = 
=20B 
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10 2 3 0 2 2 1 1 3 1 Im= 0,12 � 

I=Im/√2=0,085A 

11 1 2 0 2 0 1 3 2 3 Um= √2 U = 310B 

ω = 2Ãf = 314 @04/c 

XL= Lω = 126 "< 

Im= Um/XL =2,46 � 

i =2,46 sin 314t 

12 1 1 1 3 1 1 0 0 3 E=U=03@C7.+U2=CB@+UA>54.?@. 
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UA>54.?@.=E-U=03@C7:0- Ir= 

=18B 

PA>54.?@.= UA>54.?@.I=0,9�B  
13 1 0 2 1 2 2 1 1 1 «&@5C3>;L=8:»  

UD = U; = 380 �    
Z=√(R2 + XL

2) = 269 "< 

ID = UD /Z =1,41� 

14 0 2 2 1 0 2 2 1 2 R=14R1+91ΔR=6930"< 

I = U / R = 0,032 � 

U10= I R10=I(R1+9ΔR)= 
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Z=√(R2 + XC

2) = 190 "< 
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UA>54.?@.=E-U=03@C7:0- Ir= 

=24B 

PA>54.?@.=UA>54.?@.I=0,48�B 
19 3 2 0 3 3 0 3 1 1 «&@5C3>;L=8:» 

UD = U; = 380 � 

Z=√(R2 + XL
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20 2 1 1 2 2 0 1 0 0 R=12R1+66ΔR=252 "< 
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Im= Um/XL = 0,82 � 

i = 0,82 sin 628t 

 

24 1 1 2 2 1 1 1 2 1 E=U=03@C7.+U2=CB@.+UA>54.?@ 
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UA>54.?@.= E-U=03@C7:0 - Ir= 
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PA>54.?@=UA>54.?@.I = 0,8 �B  
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5. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 380 � 2:;NG0NB B@5ED07=K9 42830B5;L, :0640O 87 >1<>B>: 
:>B>@>3> @0AAG8B0=0 =0 220 �. �0: A;54C5B A>548=8BL >1<>B:8 42830B5;O? 
0) «B@5C3>;L=8:><»;         1) «72574>9»;       2) 42830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL;  
3) <>6=> «B@5C3>;L=8:><», <>6=> «72574>9». 
 

6. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> ;8=59=KE  ?@>2>4>2   ?>4E>48B   
: 35=5@0B>@C?          
0) 3;          1) 4;        2) 2;      3) 6. 
 

7. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 6000 �, =0 2KE>45 100 �. 
"?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 60;          1) 0,016;        2) 6;           3) 600. 
 

8.'?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075: 
0) 48>4>2;            1) ?>;52KE B@0=78AB>@>2;       2) 18?>;O@=KE B@0=78AB>@>2;         3)  B8@8AB>@>2. 
 

9. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 400 ;>38G5A:8E 
M;5<5=B>2? 
0) <0;>9;      1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
 

10.%8=CA>840;L=> 87<5=ONI85AO =0?@O65=8O ?@54AB02;5=K A;54CNI8<8 2K@065=8O<8  
u1=100sin(314t+30º), u2=200sin(314t+60º). "?@545;8B5 ?@8 ?><>I8 25:B>@=>9 4803@0<<K >1I55 =0?@O65=85 
(459AB2CNI55 7=0G5=85). 
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1.#> ?@>2>;>G=>9 A?8@0;8, A>?@>B82;5=85 :>B>@>9 2 =03@5B>< A>AB>O=88 48 "<, B5G5B B>: - 2,5 �.�0:>5 
:>;8G5AB2> B5?;>BK 2K45;8B MB0 A?8@0;L 70 2,5 <8=CBK? 
0) 25 :�6;      1) 45 :�6;      2) 7,5:�6. 
 

2."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E ?>B@518B5;59, A>?@>B82;5=85 
:>B>@KE ?> 100 "<? 
0) 200 "<;    1) 50 "<;      2) 10 "<;    3) 0,2 "<. 
 

3. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 
(R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 420 @070?  
0) C<5=LH8BAO 2 420 @070;     1) C25;8G8BAO 2 420 @070;    2) C<5=LH8BAO 2 G5BK@5 @070;   3) =5 87<5=8BAO.                                                               
 

4. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R=110 "<. !0?@O65=85 =0 5ё 
7068<0E u= 220 sin 628t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 2>;LB<5B@0. 
0) I  = 2 �,    U=220 �;                    1) I = 1,4 �,  U=156 �;    
2) I = 1,4 �,  U=220 �;                    3) I = 2 �,     U=156 �. 
 

5.�0:>2> A>>B=>H5=85 <564C D07=K<8 8 ;8=59=K<8 =0?@O65=8O<8 ?@8 A>548=5=88 ?>B@518B5;59 
M;5:B@>M=5@388 «B@5C3>;L=8:><». 
0) U; = UD;    1) U; = UD/1,73;     2) UD = 0,578U;.   

 

6. � G5<C ?@82>48B >1@K2 2B>@8G=>9 F5?8 B@0=AD>@<0B>@0 B>:0? 
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7.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1100 >1/<8=. +0AB>B0 2@0I5=8O @>B>@0    
1050 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  45;                    1) 0,45;               2) 4,5;             3)  0,045. 
 

8. %:>;L:> p-n  ?5@5E>4>2 C B8@8AB>@0? 
0) >48=;       1) 420;       2) B@8;      3) G5BK@5.                           
 

9. -;5:B@>4K D>B>@578AB>@0 2K?>;=5=K 87: 
0) <548;        1) ?;0B8=K;      2) 65;570;       3) A5@51@0. 
 

10. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :>=45=A0B>@>< 5<:>ABLN %=1 <:(, 
:>B>@K9 ?>4:;NG5= : 8AB>G=8:C ?5@5<5==>3> =0?@O65=8O 220 �, G0AB>B>9 100 �F. 
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1.  >I=>ABL 42830B5;O ?>AB>O==>3> B>:0 2,5 :�B. #>;57=0O <>I=>ABL, >B40205<0O 2 =03@C7:C, 1,8  :�B. 
"?@545;8B5 �#�  42830B5;O. 
0) 0,8;       1) 0,72;       2) 0,6;      3)  0,85. 
 

2. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  10 "< 8 150 "<. 
!0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< CG0AB:5. 
0) 40 �;       1) 20�;     2) 12,8 �;       3)  6 �. 
 

3. � :0:8E A;CG0OE ?@8E>48BLAO ?@8<5=OBL ?0@0;;5;L=>5 A>548=5=85 :>=45=A0B>@>2? 
0) 4;O ?>;CG5=8O 1>;LH8E 5<:>AB59; 
1) 4;O C;CGH5=8O 70?0A0 ?@>G=>AB8 87>;OF88 :>=45=A0B>@0; 
2) 4;O ?>;CG5=8O <0;>9 ё<:>AB8. 
 

4. #@8 :0:>< =0?@O65=88 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 M;5:B@>?5@540G ?@8 
7040==>9 <>I=>AB8? 
0) ?>=865==><;   1) ?>2KH5==><;   2) 157@07;8G=>;    3) 7=0G5=85 =0?@O65=8O CB25@645=> �"%&><.                                  
 

5. �>=45=A0B>@ 5<:>ABLN % ?>4:;NG5= : 8AB>G=8:C A8=CA>840;L=>3> B>:0. �0: 87<5=8BAO B>: 2 
:>=45=A0B>@5, 5A;8 G0AB>BC A8=CA>840;L=>3> B>:0 C<5=LH8BL 2 3 @070? 
0) C<5=LH8BAO 2 3 @070;       1) C25;8G8BAO 2 3 @070;    2) C25;8G8BAO 2 9 @07;    3) >AB0=5BAO =587<5==>9.                               
 

6. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 250 :��, 0 0:B82=0O <>I=>ABL $= 200 :�B. "?@545;8B5 
:>MDD8F85=B =03@C7:8. 
0)  cos φ= 0,75;           1) cos φ = 0,35;          2) cos φ = 0, 55;     3) cos φ = 0,8. 
 

7. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 2,2 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 =03@C7:0 A>548=5=0 
«B@5C3>;L=8:><». 
0) 2,2 �;         1) 1,27 �;       2) 3,8 �;        3) 2,5 �. 
 

8.':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0 n-p-n. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

9.�0:8< >1@07>< M;5<5=BK 8=B53@0;L=>9 <8:@>AE5<K A>548=ONB <564C A>1>9? 
0) =0?K;5=85< 7>;>BKE 8;8 0;N<8=852KE  4>@>65: G5@57 >:=0 2 <0A:5; 
1) ?09:>9 ;075@=K< ;CG><;  
2) B5@<>:><?@5AA859;  
3) 2A5<8 ?5@5G8A;5==K<8 <5B>40<8. 
 

10. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 =03@C7:5 80 �, 0 B>: 2 
F5?8 40 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A -�% � =100 � 8 2=CB@5==8< A>?@>B82;5=85< 
r2== 50 "<. 
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1. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  150 �B 8 220 �. 
0)  423 "<;        1)  243 "<;       2)  647 "<;         3)  323 "<. 
 

2. �20 8AB>G=8:0 8<5NB >48=0:>2K5 -�% 8 B>:8, => @07=K5 2=CB@5==85 A>?@>B82;5=8O. �0:>9 87 
8AB>G=8:>2 8<55B 1>;LH89 �#�? 
0) �#� 8AB>G=8:>2 @02=K;         
1) 8AB>G=8: A <5=LH8< 2=CB@5==8< A>?@>B82;5=85<; 
2) 8AB>G=8: A  1>;LH8< 2=CB@5==8< A>?@>B82;5=85<.                                                      
 

3. "?@545;8BL B>: I6, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 25B2OE:  I1 = -2 �, I2 = 4 �,  
I3 = 6 �, I4 = -4 �, I5 = 1 �. 
0) 15 �;         1) 5 �;          2) -5 �;          3) -15 �. 
 

4. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 100 �, =0G0;L=0O D070 φ= - 60º, G0AB>B0 50 �F. �0?8H8B5 
C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=100 cos(-60ºt);           1) u=100 sin (50t - 60º); 
2) u=100 sin (341t-60º);     3) u=100 cos (314t + 60º). 
 

5.%8<<5B@8G=0O =03@C7:0 A>548=5=0 B@5C3>;L=8:><. #@8 87<5@5=88 D07=>3> B>:0 0<?5@<5B@ ?>:070; -     
10 �.  !0948B5 B>: 2 ;8=59=>< ?@>2>45. 
0) 10 �;     1) 17,3 �;     2) 14,14 �;     3) 20 �.  
 

6. �0<?K =0:0;820=8O A =><8=0;L=K< =0?@O65=85< 220 � 2:;NG0NB 2 B@5ED07=CN A5BL A =0?@O65=85< 220 
�. "?@545;8BL AE5<C A>548=5=8O ;0<?.      
0) B@5E?@>2>4=>9 72574>9;     1) G5BK@5E?@>2>4=>9 72574>9;      2) B@5C3>;L=8:><. 
 

7. +5< ?@8=F8?80;L=> >B;8G05BAO 02B>B@0=AD>@<0B>@K >B B@0=AD>@<0B>@0? 
0)  <0;K< :>MDD8F85=B>< B@0=AD>@<0F88;                
1)  2>7<>6=>ABLN 87<5=5=8O :>MDD8F85=B0 B@0=AD>@<0F88;   
2)  M;5:B@8G5A:8< A>548=5=85< ?5@28G=>9 8 2B>@8G=>9 F5?59. 
 

8. +B> O2;O5BAO :0B>4>< 20:CC<=>3> D>B>M;5<5=B0? 
0) =8:5;8=>20O ?@>2>;>:0;          
1) ?;5=:0 87 ?>;C?@>2>4=8:>2>3> <0B5@80;0; 
2) B>=:89 A;>9 I5;>G=>75<5;L=>3> <5B0;;0. 
 

9. (C=:F8>=0;L=K9 1;>: -�  ?@54=07=0G5==K9 4;O E@0=5=8O >A=>2=>3> <0AA820 8=D>@<0F88 =07K205BAO: 
0) >?5@0B82=>5 70?><8=0NI55 CAB@>9AB2>;     1) CAB@>9AB2> C?@02;5=8O;  
2) 0@8D<5B8G5A:>5 CAB@>9AB2>;                         3) 2=5H=55 70?><8=0NI55 CAB@>9AB2>. 
 

10. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 127 � ?>4:;NG5=0 A8<<5B@8G=0O =03@C7:0, 0:B82=>5 
A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 110 "<, 0 8=4C:B82=>5 60 "<. !0948B5 D07=K5 B>:8 8 =0?@O65=8O 
?@8 2:;NG5=88 =03@C7:8 «B@5C3>;L=8:><»? 
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=03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;   
1) ?@>2>4 1>;LH59 4;8=K;  
2) ?@>2>4 <5=LH59 4;8=K.                                                       
 

2."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E ?>B@518B5;59, A>?@>B82;5=85 
:>B>@KE ?> 200 "<? 
0) 200 "<;     1) 50 "<;     2) 400 "<;     3) 100 "<. 
  

3. *5?L ?5@5<5==>3> B>:0 A>45@68B ;0<?C =0:0;820=8O 8 :>=45=A0B>@. �0: 87<5=O5BAO ?> D075 B>: 8 
=0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85;   1) =0?@O65=85 8 B>: A>2?040NB ?> D075;   2) =0?@O65=85 >?5@5605B B>:. 
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5. !0?@O65=85 =0 7068<0E F5?8 A @578AB82=K< M;5<5=B>< 87<5=O5BAO ?> 70:>=C: u = 200 sin(314+45º). 
"?@545;8B5  70:>= 87<5=5=8O B>:0 2 F5?8, 5A;8 R = 50 "<. 
0) i = 4sin 314 t;  1) i= 4sin (314t + 45º);    2) i = 2,86sin (314t + 45º);   3) i = 2,86sin 314t. 
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0) 3;          1) 4;        2) 2;        3) 6. 
 

8. �0:8< >1@07>< M;5<5=BK 8=B53@0;L=>9 <8:@>AE5<K A>548=ONB <564C A>1>9? 
0) =0?K;5=85< 7>;>BKE 8;8 0;N<8=852KE  4>@>65: G5@57 >:=0 2 <0A:5; 
1) ?09:>9 ;075@=K< ;CG><;  
2) B5@<>:><?@5AA859;  
3) 2A5<8 ?5@5G8A;5==K<8 <5B>40<8 
 

9. (C=:F8>=0;L=K9 1;>: -�  ?@54=07=0G5==K9 4;O E@0=5=8O >A=>2=>3> <0AA820 8=D>@<0F88 =07K205BAO: 
0) >?5@0B82=>5 70?><8=0NI55 CAB@>9AB2>;      1) CAB@>9AB2> C?@02;5=8O;       
2) 0@8D<5B8G5A:>5 CAB@>9AB2>;                         3) 2=5H=55 70?><8=0NI55 CAB@>9AB2>. 
 

10.%8=CA>840;L=> 87<5=ONI85AO =0?@O65=8O ?@54AB02;5=K A;54CNI8<8 2K@065=8O<8                              
u1 = 150sin(314t + 45º),   u2 = 250sin(314t + 90º). "?@545;8B5 ?@8 ?><>I8 25:B>@=>9 4803@0<<K >1I55 
=0?@O65=85 (459AB2CNI55 7=0G5=85). 
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:>;8G5AB2> B5?;>BK 2K45;8B A?8@0;L 70 4 <8=CBK? 
0) 20 �6;      1) 2,4 :�6;     2) 1,2 :�6. 
 

2. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  10 "< 8 50 "<. 
!0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< CG0AB:5. 
0) 28�;      1) 2�;       2) 14,4 �;     3)  0,5 �. 
 

3. #@8 :0:>< =0?@O65=88 2K3>4=55 ?5@54020BL M;5:B@8G5A:CN M=5@38N  2 ;8=88 M;5:B@>?5@540G ?@8 
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0) ?>=865==><;     1) ?>2KH5==><;     2) 157@07;8G=>;    3) 7=0G5=85 =0?@O65=8O CB25@645=> �"%&><.                                                
 

4. �<?;8BC40 A8=CA>840;L=>3> =0?@O65=8O 220 �, =0G0;L=0O D070  φ0= - 30º, G0AB>B0 50 �F. �0?8H8B5 
C@02=5=85 <3=>25==>3> 7=0G5=8O MB>3> =0?@O65=8O. 
0) u=220 cos(-30t);              1) u=220sin (50t - 30º); 
2) u=220sin (341t-30º);        3) u=220 cos (314t + 30º). 
 

5. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C<5=LH5=85< G0AB>BK? 
0) =5 87<5=8BAO;     1) C<5=LH8BAO;    2) C25;8G8BAO. 
 

6. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 4 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 =03@C7:0 A>548=5=0 
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0) 4 �;        1) 6,92 �;        2) 2,83 �;        3) 2,31 �. 
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1200 >1/<8=. "?@545;8BL A:>;L65=85. 
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8. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 4000 �, =0 2KE>45 200 �. 
"?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 20;           1) 0,05;           2) 5;              3) 200. 
 

9. �0:CN @>;L 2 M;5:B@>==KE AE5<0E 2K?>;=O5B 20@8:0?? 
0) A>?@>B82;5=8O;           1) :;NG0;             2) 8=4C:B82=>AB8;           3) ё<:>AB8. 
 

10. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :>=45=A0B>@>< 5<:>ABLN %=2 <:(, 
:>B>@K9 ?>4:;NG5= : 8AB>G=8:C ?5@5<5==>3> =0?@O65=8O 220 �, G0AB>B>9 50 �F. 
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"?@545;8B5 �#�  42830B5;O. 
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2. &@8 @578AB>@0: R1=5O<, R2=5 O<, R3=10 O< A>548=5=K ?>A;54>20B5;L=> 8 2:;NG5=K 2 M;5:B@8G5A:CN 
A5BL. �A;8 =0?@O65=85 =0 @578AB>@5 R1 @02=> 10�, B> =0?@O65=85 M;5:B@8G5A:>9 A5B8 @02=>: 
0) 10 �;          1) 20 �;         2) 30 �;          3)  40 �. 
  

3. #@8 ?>A;54>20B5;L=>< A>548=5=88 @578AB>@0, :0BCH:8 8=4C:B82=>AB8, :>=45=A0B>@0 >:070;>AL, GB> B>: 
A>2?0405B ?> D075 A  =0?@O65=85<. +B> <>6=> A:070BL > E0@0:B5@5 =03@C7:8?   
0) ?@5>1;0405B 5<:>AB=>5 A>?@>B82;5=85;      
1) ?@5>1;0405B 8=4C:B82=>5 A>?@>B82;5=85; 
2) ?@5>1;0405B 0:B82=>5 A>?@>B82;5=85, 0 8=4C:B82=>5 8 5<:>AB=>5 A>?@>B82;5=8O @02=K. 
 

4.�0BCH:0 A 8=4C:B82=>ABLN L  ?>4:;NG5=0 : 8AB>G=8:C A8=CA>840;L=>3> =0?@O65=8O. �0: 87<5=8BAO B>: 
2 :0BCH:5, 5A;8 G0AB>B0 8AB>G=8:0 C25;8G8BAO 2 4 @070? 
0) C<5=LH8BAO 2 4 @070;        1) C25;8G8BAO 2 4 @070;     2) C25;8G8BAO 2 16 @07;      3) =5 87<5=8BAO. 
 

5. "?@545;8B5 ?5@8>4 A83=0;0, 5A;8 G0AB>B0 A8=CA>840;L=>3> B>:0 200 �F. 
0) 200 A;         1) 1 A;               2) 0,005 A;           3) 20 A. 
 

6. �8=59=K9 B>: @025= - 5 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 A8<<5B@8G=0O =03@C7:0 A>548=5=0 «72574>9». 
0) 2,89 �;      1) 8,65 �;          2) 3,54 �;        3) 5 �. 
 

7. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 220 � 2:;NG0NB B@5ED07=K9 42830B5;L, :0640O 87 >1<>B>: 
:>B>@>3> @0AAG8B0=0 =0  127 �. �0: A;54C5B A>548=8BL >1<>B:8 42830B5;O? 
0)«B@5C3>;L=8:><»;        1) «72574>9»;       2) 42830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL;                   
3) <>6=> B@5C3>;L=8:><, <>6=> 72574>9. 
 

8. -;5:B@>==K5 CAB@>9AB20, ?@5>1@07CNI85 ?>AB>O==>5 =0?@O65=85 2 =0?@O65=85 ?5@5<5==>5, 
=07K20NBAO: 
0) 2K?@O<8B5;O<8;          1)  8=25@B>@0<8;         2) AB018;8B@>=0<8;         3) D8;LB@0<8. 
 

9. � ?>;52KE B@0=78AB>@0E M;5<5=B, : :>B>@><C 4286CBAO 70@O4K =07K205BAO: 
0) AB>:;             1) 8AB>:;      2) 70B2>@;         3) :0=0; A 2KA>:>9 ?@>2>48<>ABLN. 
 

10. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 =03@C7:5 225 �, 0 B>: 2 
F5?8 20 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A -�% � =250� 8 2=CB@5==8< A>?@>B82;5=85< 
r2== 50 "<. 

 

 

#@5?>4020B5;L ________________________ (.�.". 
 



179 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 

«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  
 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 :><8AA88 

>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

1:70<5=0F8>==O9 18;5B № 19 
?> 48AF8?;8=5 

"#.02. 1;5:B@>B5E=8:0 8 Q;5:B@>=8:0 
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 2840<) 

�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> >B45;0  
_________________ (.�.". 
«____»___________ 20 __ 3. 

 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 7040GC.  
 

1. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O, 5A;8 =0 =59 =0?8A0=>  50 �B 8 220 �. 
0)  597 "<;        1)  759 "<;       2)  975 "<;         3)  968 "<. 
 

2. �20 8AB>G=8:0 8<5NB >48=0:>2K5 -�% 8 B>:8, => @07=K5 2=CB@5==85 A>?@>B82;5=8O. �0:>9 87 
8AB>G=8:>2 8<55B <5=LH89  �#�? 
0) �#� 8AB>G=8:>2 @02=K;         
1) 8AB>G=8: A <5=LH8< 2=CB@5==8< A>?@>B82;5=85<; 
2) 8AB>G=8: A  1>;LH8< 2=CB@5==8< A>?@>B82;5=85<.                                                      
 

3. "?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E ?>B@518B5;59, A>?@>B82;5=85 
:>B>@KE ?> 40 "<? 
0) 20 "<;        1) 80 "<;          2) 10 "<;         3) 4 "<. 
 

4. #>;=0O ?>B@51;O5<0O <>I=>ABL =03@C7:8 S= 180 :��, 0 0:B82=0O <>I=>ABL $= 150 :�B. "?@545;8B5 
:>MDD8F85=B =03@C7:8. 
0)  cos φ= 0,75;           1) cos φ = 0,38;          2) cos φ = 0,57;     3) cos φ = 0,83. 
 

5. �0: 87<5=8BAO A4283 D07 <564C =0?@O65=85< 8 B>:>< =0 :0BCH:5 8=4C:B82=>AB8, 5A;8 >10 5ё ?0@0<5B@0 
(R 8 XL) >4=>2@5<5==> C25;8G0BAO 2 4 @070?  
0) C<5=LH8BAO 2 4 @070;   1) C25;8G8BAO 2 4 @070;   2) C<5=LH8BAO 2 2 @070;   3) =5 87<5=8BAO.        
 

6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «72574>9». �8=59=>5 =0?@O65=85 @02=> 220 �. !0948B5 D07=>5 
=0?@O65=85. 
0) 127 �;                 1) 220 �;            2) 380 �. 
 

7. +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 900 >1/<8=. +0AB>B0 2@0I5=8O @>B>@0850 
>1/<8=. "?@545;8BL A:>;L65=85. 
0)  55;                     1)  0,55;                2)  5,5;                       3)  0,056. 
 

8. �7<5@8B5;L=K9 B@0=AD>@<0B>@ B>:0 8<55B >1<>B:8 A G8A;>< 28B:>2 20 8 120. "?@545;8BL 53> 
:>MDD8F85=B B@0=AD>@<0F88. 
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9. %:>;L:> p-n  ?5@5E>4>2 C 18?>;O@=>3>  B@0=78AB>@0? 
0) >48=;            1) 420;   2) B@8;               3) G5BK@5. 
 

10. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 380 � ?>4:;NG5=0 A8<<5B@8G=0O =03@C7:0, 0:B82=>5 
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?@8 2:;NG5=88 =03@C7:8 «B@5C3>;L=8:><»? 
 

 

#@5?>4020B5;L ________________________ (.�.". 
 



180 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 

«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  
 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 :><8AA88 

>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

1:70<5=0F8>==O9 18;5B № 20 
?> 48AF8?;8=5 

"#.02. 1;5:B@>B5E=8:0 8 Q;5:B@>=8:0 
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 2840<) 

�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> >B45;0  
_________________ (.�.". 
«____»___________ 20 __ 3. 

 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 7040GC.  
1. �0:>5 87 ?@82545==KE CB25@645=89  =5 A>>B25BAB2C5B ?>A;54>20B5;L=><C A>548=5=8N 25B259 ?@8 
?>AB>O==>< B>:5? 
0) B>: 2> 2A5E M;5<5=B0E F5?8 >48=0:>2;                                                              
1) =0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:0E;  
2) =0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C =0?@O65=8N.   
 

2. "?@545;8BL B>: I5, ?>4E>4OI89 : C7;C F5?8 ?>AB>O==>3> B>:0, 5A;8 B>:8 2 25B2OE:  I1 = -4 �,     I2 = 2 �,   
I3 = 6 �, I4 = -5 �. 
0) 17 �;        1) 1 �;      2) 8 �;      3) -4 �. 
 

3. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85< 25 "< 8 40 "<. 
!0?@O65=85 =0 2E>45 200 �. "?@545;8B5 B>: 2 :064>< @578AB>@5. 
0) 8� 8 0,2 �;      1) 8 � 85 �;       2) 0,125 � 8 0,2 � ;     3)  0,125 � 8 5 �. 
 

4. ':068B5 ?0@0<5B@ ?5@5<5==>3> B>:0, >B :>B>@>3> 7028A8B 8=4C:B82=>5 A>?@>B82;5=85 :0BCH:8. 
0) 459AB2CNI55 7=0G5=85 B>:0;       1) =0G0;L=0O D070 B>:0;         2) ?5@8>4 ?5@5<5==>3> B>:0;            
3) <0:A8<0;L=>5 7=0G5=85 B>:0. 
 

5. *5?L ?5@5<5==>3> B>:0 A>45@68B :0BCH:C 8=4C:B82=>AB8. �0: 87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 2 
MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

6.�0:>2> A>>B=>H5=85 <564C D07=K<8 8 ;8=59=K<8 =0?@O65=8O<8 ?@8 A>548=5=88 ?>B@518B5;59 
M;5:B@>M=5@388 «72574>9». 
0) U; = UD;      1) U; = UD/1,73;     2) UD = 0,578U;.   

 

7. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». #@8 87<5@5=88 D07=>3> B>:0 0<?5@<5B@ ?>:070; -      
8 �.  +5<C 1C45B @025= B>: 2 ;8=59=>< ?@>2>45? 
0) 4,62 �;        1) 13,84 �;      2) 8  �;      3) 11,28 �. 
 

8.  �0: 87<5=8BAO G0AB>B0 2@0I5=8O <03=8B=>3> ?>;O ?@8 C<5=LH5=88 ?0@ ?>;NA>2 0A8=E@>==>3> 
B@5ED07=>3> 42830B5;O? 
0) C25;8G8BAO;         1) C<5=LH8BAO;       2) >AB0=5BAO ?@56=59. 
 

9. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 80 ;>38G5A:8E 
M;5<5=B>2? 
0) <0;>9;      1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
 

10. +5<C @02=> >1I55 A>?@>B82;5=85 F5?8 87 12 ?>A;54>20B5;L=> A>548=5==KE @578AB>@>2, 5A;8 
A>?@>B82;5=85 :064>3> 87 =8E =0 20 "< 1>;LH5 ?@54K4CI53>, 0 A>?@>B82;5=85 ?5@2>3> @578AB>@0  R1=100 

"<? !09B8 =0?@O65=85 =0 >48==04F0B>< @578AB>@5 R11, 5A;8 =0?@O65=85 ?8B0=8O F5?8 220 �. 
 

#@5?>4020B5;L ________________________ (.�.". 



181 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 

«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  
 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 :><8AA88 

>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

1:70<5=0F8>==O9 18;5B № 21 
?> 48AF8?;8=5 

"#.02. 1;5:B@>B5E=8:0 8 Q;5:B@>=8:0 
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 2840<) 

�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> >B45;0  
_________________ (.�.". 
«____»___________ 20 __ 3. 

 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 7040GC.  
 

1. #> :0:><C 70:>=C  <>6=>  >?@545;8BL A8;C, A :>B>@>9 <03=8B=>5 ?>;5 459AB2C5B =0 ?@>2>4=8: A B>:><? 
0) 70:>=C "<0;     1) 70:>=C �<?5@0;     2) 70:>=C �6>C;O-�5=F0;     3) 70:>=C �C;>=0. 
 

2. � M;5:B@8G5A:>9  AE5<5 420 @578AB82=KE M;5<5=B0 A>548=5=K ?>A;54>20B5;L=>. +5<C @02=> =0?@O65=85 
=0 2E>45 ?@8 A8;5 B>:0 0,2 �, 5A;8 R1 = 150 "<; R2  = 120 "<? 
0) 40 �;         1) 1350 �;          2) 10 �;          3)  54 �. 
 

3. �0:>9 A?>A>1 A>548=5=8O 8AB>G=8:>2 ?>72>;O5B C25;8G8BL =0?@O65=85? 
0) ?>A;54>20B5;L=>5 A>548=5=85;    1) ?0@0;;5;L=>5 A>548=5=85;     2) A<5H0==>5 A>548=5=85;    
3) =8 :0:>9 87 ?5@5G8A;5==KE A?>A>1>2. 
 

4. %E5<0 A>AB>8B 87 >4=>3> @578AB82=>3> M;5<5=B0 A A>?@>B82;5=85<    R = 220 "<. !0?@O65=85 =0 5ё 
7068<0E u = 110 sin314t. "?@545;8B5 ?>:070=8O 0<?5@<5B@0 8 2>;LB<5B@0. 
0)  I = 0,5 �,    U=110 �;        1)  I = 0,35 �, U=78 �;    
2)  I = 0,35 �,  U=110 �;        3)  I = 0,5 �,   U=78 �. 
 

5. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 @02=> 380 �. !0948B5 
D07=>5 =0?@O65=85. 
0) 127 �;         1) 220 �;            2) 380 �. 
 

6. !03@C7:0 A>548=5=0 «72574>9». � :0:>< A;CG05 B>: 2 =C;52>< ?@>2>45 @025= 0? 
0) ?@8 A8<<5B@8G=>9 =03@C7:5;  1) ?@8 =5A8<<5B@8G=>9 =03@C7:5. 
 

7. #@8 :0:8E 7=0G5=8OE :>MDD8F85=B0 B@0=AD>@<0F88 F5;5A>>1@07=> ?@8<5=OBL    02B>B@0=AD>@<0B>@K?     
a) k > 1;              1) k < 1;            2)  k ≤ 2;            3) =5 8<55B 7=0G5=8O. 
 

8.'?@02;O5<K5 2K?@O<8B5;8 2K?>;=ONBAO =0 1075: 
0) 48>4>2;      1) ?>;52KE B@0=78AB>@>2;             2) 18?>;O@=KE B@0=78AB>@>2;           3)  B8@8AB>@>2. 
 

9. +B> O2;O5BAO :0B>4>< 20:CC<=>3> D>B>M;5<5=B0? 
0) =8:5;8=>20O ?@>2>;>:0;          
1) ?;5=:0 87 ?>;C?@>2>4=8:>2>3> <0B5@80;0; 
2) B>=:89 A;>9 I5;>G=>75<5;L=>3> <5B0;;0. 
 

10. � B@5ED07=>9 A5B8 A ;8=59=K< =0?@O65=85< 380 � ?>4:;NG5=0 A8<<5B@8G=0O =03@C7:0, 0:B82=>5 
A>?@>B82;5=85 :>B>@>9 2 :064>9 D075 260 "<, 0 5<:>AB=>5 130 "<. !09B8 D07=K5 B>:8 8 =0?@O65=8O ?@8 
2:;NG5=88 =03@C7:8 «72574>9»? 

 

 

 

#@5?>4020B5;L ________________________ (.�.". 
 



182 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 

«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  
 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 :><8AA88 

>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

1:70<5=0F8>==O9 18;5B № 22 
?> 48AF8?;8=5 

"#.02. 1;5:B@>B5E=8:0 8 Q;5:B@>=8:0 
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 2840<) 

�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> >B45;0  
_________________ (.�.". 
«____»___________ 20 __ 3. 

 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 7040GC.  
 

1. � M;5:B@8G5A:CN F5?L ?>A;54>20B5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  10 "< 8 50 "<. 
!0?@O65=85 =0 2E>45 120 �. "?@545;8B5 B>: 2 F5?8. 
0) 0,5 �;      1) 2 �;       2) 14,4 �;        3) 4 �.          
 

2. �0:>5 87 ?@82545==KE CB25@645=89 =5 A>>B25BAB2C5B ?0@0;;5;L=><C A>548=5=8N 25B259 ?@8 ?>AB>O==>< 
B>:5? 
0) B>: 2 ?>42>4OI59 F5?8 @025= AC<<5 B>:>2 2> 2A5E M;5<5=B0E F5?8;                                                              
1) =0?@O65=85 =0 7068<0E F5?8 @02=> AC<<5 =0?@O65=89 =0 2A5E 53> CG0AB:0E;  
2) =0?@O65=85 =0 2A5E M;5<5=B0E F5?8 >48=0:>2> 8 @02=> ?> 25;8G8=5 2E>4=><C =0?@O65=8N.   
 

3. -;5:B@8G5A:>5 A>?@>B82;5=85 G5;>25G5A:>3> B5;0  3000 "<. �0:>9 B>: ?@>E>48B G5@57 =53>, 5A;8 G5;>25: 
=0E>48BAO ?>4 =0?@O65=85< 127�? 
0) 19 <�;          1) 42 <�;           2) 23,6 <�;        3) 50 <�. 
 

4. *5?L ?5@5<5==>3> B>:0 A>45@68B @578AB>@. �0: 87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

5. �0: 87<5=8BAO  5<:>AB=>5  A>?@>B82;5=85 A C25;8G5=85< G0AB>BK 2 5 @07? 
0) =5 87<5=8BAO;     1) C<5=LH8BAO 2 5 @07;    2) C25;8G8BAO 2 5 @07;   3) C<5=LH8BAO 2 25 @07. 
 

6. %8<<5B@8G=0O =03@C7:0 A>548=5=0 «B@5C3>;L=8:><». �8=59=>5 =0?@O65=85 @02=> 220 �. !0948B5 
D07=>5 =0?@O65=85? 
0) 127 �;      1) 220 �;    2) 380 �.   
 

7.  +0AB>B0 2@0I5=8O <03=8B=>3> ?>;O 0A8=E@>==>3> 42830B5;O 1300 >1/<8=. +0AB>B0 2@0I5=8O @>B>@0    
1250 >1/<8=. "?@545;8BL A:>;L65=85. 
0)  40;                1) 0,38;          2) 4;            3)  0,038. 
 

8. %:>;L:> p-n  ?5@5E>4>2 C B8@8AB>@0? 
0) >48=;       1) 420;        2) B@8;      3) G5BK@5.                           
 

9. �;O 2K?@O<;5=8O ?5@5<5==>3> =0?@O65=8O ?@8<5=ONB: 
0) >4=>D07=K5 2K?@O<8B5;8;    1) <=>3>D07=K5 2K?@O<8B5;8;        
2) <>AB>2K5 2K?@O<8B5;8;        3) 2A5 ?5@5G8A;5==K5. 
 

 

10.%8=CA>840;L=> 87<5=ONI85AO B>:8 ?@54AB02;5=K A;54CNI8<8 2K@065=8O<8 i1=0,8sin(314t+30º), 
i2=1,6sin(314t+60º). "?@545;8B5 ?@8 ?><>I8 25:B>@=>9 4803@0<<K >1I89 B>: (459AB2CNI55 7=0G5=85). 

 

 

#@5?>4020B5;L ________________________ (.�.". 



183 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 

«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  
 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 :><8AA88 

>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

1:70<5=0F8>==O9 18;5B № 23 
?> 48AF8?;8=5 

"#.02. 1;5:B@>B5E=8:0 8 Q;5:B@>=8:0 
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 2840<) 

�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> >B45;0  
_________________ (.�.". 
«____»___________ 20 __ 3. 

 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 7040GC.  
 

1.�0:>9 87 ?@>2>4>2 >48=0:>2> 480<5B@0 8 4;8=K <5=LH5 =03@5205BAO 3 <54=K9 8;8 AB0;L=>9 ?@8 >4=>9 8 
B>9 65 A8;5 B>:0? '45;L=>5 A>?@>B82;5=85 <548 - 1,7 ∙ 10-8"<∙<,  AB0;8 - 12 ∙ 10-8"<∙<. 
0) <54=K9;          1) AB0;L=>9;       2) >10 ?@>2>40 =03@520NBAO >48=0:>2>; 
3) =8 :0:>9 87 ?@>2>4>2 =5 =03@5205BAO. 
 

2. � M;5:B@8G5A:CN F5?L ?0@0;;5;L=> 2:;NG5=K 420 @578AB>@0 A A>?@>B82;5=85<  20 "< 8 50 "<. 
!0?@O65=85 =0 2E>45 140 �. "?@545;8B5 B>: =0 =5@0725B2;5==>< CG0AB:5. 
0) 4 �;         1) 2 �;       2) 9,8 �;       3)  20 �. 
 

3. "?@545;8BL A>?@>B82;5=85 ;0<?K =0:0;820=8O , 5A;8 =0 =59 =0?8A0=>  25 �B 8 220 � 

0)  1936 "<;        1)  0,11 "<;       2)  19,36 "<;         3)  1100"<. 
 

4. *5?L ?5@5<5==>3> B>:0 A>45@68B :>=45=A0B>@. �0: 87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 2 MB>9 F5?8? 
0) B>: >?5@5605B =0?@O65=85 =0 C3>; Ã/2; 
1) =0?@O65=85 8 B>: A>2?040NB ?> D075; 
2) =0?@O65=85 >?5@5605B B>: =0 C3>; Ã/2. 
 

5. �0: 87<5=8BAO  8=4C:B82=>5 A>?@>B82;5=85 A C25;8G5=85< G0AB>BK? 
0) =5 87<5=8BAO;    1) C<5=LH8BAO;   2) C25;8G8BAO. 
 

6. "1<>B:8 B@5ED07=>3> 35=5@0B>@0 A>548=5=K «B@5C3>;L=8:><». %:>;L:> ;8=59=KE  ?@>2>4>2   ?>4E>48B   
: 35=5@0B>@C?          
0) 3;          1) 4;        2) 2;       3) 6. 
 

7. ' A8;>2>3> >4=>D07=>3> B@0=AD>@<0B>@0 =><8=0;L=>5 =0?@O65=85 =0 2E>45 4000 �, =0 2KE>45 220 �. 
"?@545;8BL :>MDD8F85=B B@0=AD>@<0F88. 
0) 180;           1) 0,055;       2) 18;              3) 5,5. 
 

8.':068B5 ?>;O@=>ABL =0?@O65=8O =0 M<8BB5@5 8 :>;;5:B>@5 B@0=78AB>@0 B8?0 p-n-p. 

0) ?;NA, ?;NA;     1) <8=CA, ?;NA;        2) ?;NA, <8=CA;          3) <8=CA, <8=CA. 
 

9. � :0:>9 AB5?5=8 8=B53@0F88 >B=>AOBAO 8=B53@0;L=K5 <8:@>AE5<K, A>45@60I85 1200 ;>38G5A:8E 
M;5<5=B>2? 
0) <0;>9;      1) A@54=59;          2) 2KA>:>9;            3) A25@E2KA>:>9. 
 

10. !0948B5  2K@065=85 4;O <3=>25==>3> 7=0G5=8O B>:0 2 F5?8 A :0BCH:>9 8=4C:B82=>ABLN L = 0,6 �=, 
:>B>@0O ?>4:;NG5=0 : 8AB>G=8:C ?5@5<5==>3> =0?@O65=8O 220 �, G0AB>B>9 100 �F. 
 

 

 

#@5?>4020B5;L ________________________ (.�.". 
 



184 

 8=8AB5@AB2> B@0=A?>@B0 $>AA89A:>9 (545@0F88 

(545@0;P=>5 035=BAB2> 65;57=>4>@>6=>3> B@0=A?>@B0 
(545@0;P=>5 3>AC40@AB25==>5 1R465B=>5 >1@07>20B5;P=>5  

CG@5645=85 2OAH53> >1@07>20=8S 

«#@82>;6A:89 3>AC40@AB25==O9 C=825@A8B5B ?CB59 A>>1I5=8S»  
 

$0AA<>B@5=>: 
=0 70A540=88 F8:;>2>9 :><8AA88 

>1I5?@>D5AA8>=0;L=KE  8 
<0B5<0B8G5A:8E 48AF8?;8=  
#@>B>:>; 7 ____  
>B «___» __________ 20__ 3. 
#@54A540B5;L *� 

__________ (.�.". 

1:70<5=0F8>==O9 18;5B № 24 
?> 48AF8?;8=5 

"#.02. 1;5:B@>B5E=8:0 8 Q;5:B@>=8:0 
4;O A?5F80;L=>AB8 

23.02.01 "@30=870F8O ?5@52>7>: 8 
C?@02;5=85 =0 B@0=A?>@B5 (?> 2840<) 

�@C??K  

'B25@640N: 
!0G0;L=8: CG51=>3> >B45;0  
_________________ (.�.". 
«____»___________ 20 __ 3. 

 

 

 

� 7040=8OE 71-79 =5>1E>48<> 2K1@0BL ?@028;L=K9 >B25B, 70?8A0BL 1C:2C >B25B0; 2 710-@5H8BL 7040GC.  
 

1. �0:>9 87 ?@>2>4>2 >48=0:>2>3> A5G5=8O 87 >4=>3> 8 B>3> 65 <0B5@80;0, => @07=>9 4;8=K, A8;L=55 
=03@5205BAO ?@8 >4=>< 8 B>< 65 B>:5?  
0) >10 ?@>2>40 =03@520NBAO >48=0:>2>;     
1) A8;L=55 =03@5205BAO ?@>2>4 1>;LH59 4;8=K;  
2) A8;L=55 =03@5205BAO ?@>2>4 <5=LH59 4;8=K.                                                       
 

2. %:>;L:> H5AB82>;LB>2KE ;0<?>G5: =5>1E>48<> 27OBL 4;O 5;>G=>9 38@;O=4K, 5A;8 =0?@O65=85 A5B8     
127�? 
0) 37 HB.;          1) 21 HB.;          2) 42 HB.;          3) 11 HB. 
 

3."?@545;8BL >1I55 A>?@>B82;5=85 F5?8 ?@8 ?0@0;;5;L=>< A>548=5=88 2-E ?>B@518B5;59, A>?@>B82;5=85 
:>B>@KE ?> 250 "<? 
0) 12,5 "<;       1) 250 "<;        2) 125 "<;       3) 25 "<. 
 

4. *5?L ?5@5<5==>3> B>:0 A>45@68B @578AB>@ 8 :0BCH:C. �0: 87<5=O5BAO ?> D075 B>: 8 =0?@O65=85 2 MB>9 
F5?8? 
0) B>: >?5@5605B =0?@O65=85;   1) =0?@O65=85 8 B>: A>2?040NB ?> D075;   2) =0?@O65=85 >?5@5605B B>:. 
 

5. � B@5ED07=CN A5BL A ;8=59=K< =0?@O65=85< 380 � 2:;NG0NB B@5ED07=K9 42830B5;L, :0640O 87 >1<>B>: 
:>B>@>3> @0AAG8B0=0 =0 220 �. �0: A;54C5B A>548=8BL >1<>B:8 42830B5;O? 
0) «B@5C3>;L=8:><»;           1) «72574>9»;       2) 42830B5;L =5;L7O 2:;NG0BL 2 MBC  A5BL;  
3) <>6=> B@5C3>;L=8:><, <>6=> 72574>9. 
 

6. � A8<<5B@8G=>9 B@5ED07=>9 F5?8 ;8=59=K9 B>: 7 �. $0AAG8B09B5 D07=K9 B>:, 5A;8 =03@C7:0 A>548=5=0 
«B@5C3>;L=8:><». 
0) 12,11 �;      1) 4,05 �;      2) 3,8 �;      3) 4,96 �. 
 

7. � G5<C ?@82>48B >1@K2 2B>@8G=>9 F5?8 B@0=AD>@<0B>@0 B>:0? 
0)  : :>@>B:><C 70<K:0=8N;        1)  : @568<C E>;>AB>3> E>40;  
2)  : ?>2KH5=8N =0?@O65=8O;     3)  : ?>;><:5 B@0=AD>@<0B>@0. 
 

8. �0: =07K20NB A@54=89 A;>9 C 18?>;O@=KE B@0=78AB>@>2? 
0) AB>:;      1) 8AB>:;      2) 1070;      3) :>;;5:B>@.  
 

9. -;5:B@>4K D>B>@578AB>@0 2K?>;=5=K 87: 
0) <548;        1) ?;0B8=K;     2) 65;570;       3) A5@51@0. 
 

10. �0:0O <>I=>ABL @0AE>4C5BAO 2 A>548=8B5;L=KE ?@>2>40E, 5A;8 =0?@O65=85  =0 =03@C7:5 220 �, 0 B>: 2 
F5?8 50 <�? -;5:B@8G5A:0O F5?L ?>4:;NG5=0 : 8AB>G=8:C A -�% � = 240 � 8 2=CB@5==8< A>?@>B82;5=85< 
r2== 80 "<. 
 

#@5?>4020B5;L ________________________ (.�.". 
 

 


