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1. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
?0@0;;5;L=>3> A>548=5=8O @50;L=>9 :0BCH:8 8=4C:B82=>AB8, :>=45=A0B>@0 8 ?@81>@>2, 
8A?>;L7C5<KE 4;O :>=B@>;O ?0@0<5B@>2 M;5:B@8G5A:>9 F5?8, : M;5:B@8G5A:>9 A5B8 
?5@5<5==>3> B>:0. 

2. �7<5=5=85< 5<:>AB8 :>=45=A0B>@0 4>18BLAO @57>=0=A0 B>:>2 2 ?0@0;;5;L=KE F5?OE 
AE5<K. 

3. #>;CG8BL ?@0:B8G5A:85 =02K:8 ?>AB@>5=8O 25:B>@=KE 4803@0<< 4;O ?0@0;;5;L=>3> 
A>548=5=8O M;5<5=B>2 F5?8. 

"1>@C4>20=85 8 ?@81>@K: 
1. �AB>G=8: ?8B0=8O 3 M;5:B@8G5A:0O A5BL ?5@5<5==>3> B>:0 =0 =0?@O65=85 150�. 
2. �0BCH:0 8=4C:B82=>AB8 A <03=8B>?@>2>4>< 

3. �>=45=A0B>@=0O 10B0@5O 
4. %>548=8B5;L=K5 ?@>2>40 
5. #@81>@K: -�<?5@<5B@ � (�)3 87<5@O5B A8;C B>:0 2 =5@0725B2;5==>9 G0AB8 F5?8 

3 �<?5@<5B@ �L (�)3 87<5@O5B A8;C B>:0 2 F5?8 @50;L=>9 :0BCH:8 8=4C:B82=>AB8 

3 �<?5@<5B@ �C (�)3 87<5@O5B A8;C B>:0 2 F5?8 :>=45=A0B>@=>9 10B0@58 

3 �>;LB<5B@ U (�)- 87<5@O5B 2E>4=>5 =0?@O65=85 M;5:B@>AE5<K 

3 (07><5B@ φ 3 87<5@O5B C3>; A42830 D07 <564C B>:>< 8 =0?@O65=85< 
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B01;8FC №2.  
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?>;C?@>2>4=8:>2KE 48>4>2 - 2K?@O<8B5;L=>3> 48>40, 48>40 ,>BB:8. 

#>@O4>: 2K?>;=5=8O @01>BK: 
1. �7CG8BL B5>@5B8G5A:85 >A=>2K ?> <0B5@80;0< ;5:F89 8;8 ?5@5G=N @5:><5=4>20==>9 
?@5?>4020B5;5< ;8B5@0BC@K. 
2. '1548BLAO, GB> >1I89 2K:;NG0B5;L <>4C;59 AB5=40 =0E>4OBAO 2 ?>;>65=88 «�Ы��». 
3. #> C:070=8N ?@5?>4020B5;O, 2K1@0BL <>4C;8 AB5=40 4;O 2K?>;=5=8O B5:CI53> 7040=8O. 
#>43>B>28BL A>548=8B5;L=K5 ?@>2>40 (?5@5<KG:8), 2E>4OI85 2 :><?;5:B ?>AB02:8 AB5=40. 
6. %>548=8BL <>4C;8 AB5=40 A>3;0A=> ?@8=F8?80;L=>9 M;5:B@8G5A:>9 AE5<5 8;8 AE5<5 
A>548=5=89. 
7. #@>25AB8 M:A?5@8<5=B. 
8. �K:;NG8BL ?8B0=85 AB5=40. 
9. %>AB028BL >BG5B ?> ;01>@0B>@=>9 @01>B5. 

 #>@O4>: ?@>2545=8O M:A?5@8<5=B0: �AA;54>20=85 
2K?@O<8B5;L=>3> 48>40 

1. %>1@0BL AE5<C 4;O 8AA;54>20=8O 2K?@O<8B5;L=>3> 48>40 VD1 =0 ?>AB>O==>< B>:5 
(@8A.1).  

 

 

 

 

 

 

 

 

 

 

 

�;O 87<5@5=8O 0=>4=>3> B>:0 8A?>;L7>20BL 0<?5@<5B@ 1;>:0 «�7<5@8B5;L=K5 

?@81>@K», 4;O 87<5@5=8O 0=>4=>3> =0?@O65=8O - 2>;LB<5B@. � :0G5AB25 8AB>G=8:0 ?8B0=8O 

?@8<5=8BL @53C;8@C5<K9 8AB>G=8: ?8B0=8O «-12�...0...12�» 1;>:0 «�AB>G=8: ?8B0=8O». 
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1. �:;NG8BL M;5:B@>?8B0=85 <>4C;59 AB5=40. %=OBL 2>;LB0<?5@=CN E0@0:B5@8AB8:C 

2K?@O<8B5;L=>3> 48>40 VD1 =0 ?>AB>O==>< B>:5 A=0G0;0 4;O ?@O<>9, 0 70B5< 4;O 

>1@0B=>9 25B28. �;O A=OB8O >1@0B=>9 25B28 87<5=8BL ?>;O@=>ABL (-12�&.0). 

$8A. 1 �AA;54>20=85 ?>;C?@>2>4=8:>2KE 48>4>2.  
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$53C;8@CO 2E>4=>5 =0?@O65=85 A ?><>ILN ?>B5=F8><5B@0 «�1» 2 ?@545;0E 0...12�, 87<5@OBL 

B>: ($1) 8 =0?@O65=85 ($2) =0 48>45. $57C;LB0BK 87<5@5=89 70=5AB8 2 B01;. 3.1.1 8 3.1.2. 

�K:;NG8BL M;5:B@>?8B0=85 <>4C;59 AB5=40. 'AB0=>28BL ?>B5=F8><5B@ «�1» 2 =C;52>5 

?>;>65=85. 

&01;8F0 1 

 

&01;8F0 2 

 

�EE?98B64A<9 8<B84 (BFF><. 

%>1@0BL AE5<C 4;O 8AA;54>20=8O 48>40 ,>BB:8 (STPS1045 =0 1;>:5 «!5;8=59=K5 

M;5<5=BK») =0 ?>AB>O==>< B>:5. �K?>;=8BL ?C=:BK 1 8 2 4;O 48>40 ,>BB:8. %@02=8BL 
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�7CG8BL B5>@5B8G5A:85 >A=>2K ?> <0B5@80;0< ;5:F89 8;8 ?5@5G=N 
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%>AB028BL >BG5B ?> ;01>@0B>@=>9 @01>B5. 

#>@O4>: ?@>2545=8O M:A?5@8<5=B0: 

1. �AA;54>20=85 E0@0:B5@8AB8: 18?>;O@=>3> B@0=78AB>@0. 

1.1 %>1@0BL AE5<C 4;O A=OB8O E0@0:B5@8AB8: 18?>;O@=>3> B@0=78AB>@0 (@8A.1).  564C 

3=5740<8 )2 8 X II  2:;NG8BL <8;;80<?5@<5B@ $�� 1;>:0 «�7<5@8B5;L=K5 ?@81>@K», 

<564C 3=5740<8 X I  8 )4 - <8;;80<?5@<5B@ $�1. %>548=8BL ?5@5<KG:>9 3=5740 )� 8 )7. 

 564C 3=5740<8 )2, )5 8 )4, X I6  2:;NG8BL 87<5@8B5;L=K5 ?@81>@K PV1, PV2 1;>:0 

«�7<5@8B5;L=K5 ?@81>@K» 2 @568<5 87<5@5=8O ?>AB>O==>3> =0?@O65=8O. #>4:;NG8BL 

8AB>G=8: « = U2 », CAB0=>282 BC<1;5@ SA2 2 =86=55 ?>;>65=85. 

1.2 %=OBL AB0B8G5A:CN E0@0:B5@8AB8:C ?@O<>9 ?5@540G8 ?> B>:C IK 

= 
f ( I5 ) ?@8 7=0G5=88 

UK, @02=>< 7040==><C 7=0G5=8N �� 8 R K =0. ��/ -&"�" 4>?>;=8B5;L=> ?>AB028BL 

?5@5<KG:C <564C 3=5740<8 X I 8 )�. �:;NG8BL M;5:B@>?8B0=85 <>4C;59 AB5=40. 

�7<5=OO ?>;>65=85 ?>B5=F8><5B@0 RP1, B5< A0<K< 87<5=OO B>: 107K, A=8<0BL 

?>:070=8O <8;;80<?5@<5B@>2 $�1 8 $��. $57C;LB0BK 87<5@5=89 70?8A0BL 2 B01;. 1. #@8 

A=OB88 E0@0:B5@8AB8:8 A;548BL 70 ?>AB>O=AB2>< =0?@O65=8O UK. �K:;NG8BL 

M;5:B@>?8B0=85 <>4C;59 AB5=40. 

&01;8F0 1 

U> =6B 
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$8A. 1 �AA;54>20=85 18?>;O@=>3> B@0=78AB>@0 
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1.3.  %=OBL E0@0:B5@8AB8:C ?@O<>9 ?5@540G8 ?> B>:C IK 

= 
f (I5 ) ?@8 =0;8G88 =03@C7:8 RK. 

'1@0BL ?5@5<KG:C <564C 3=5740<8 X I,  )� (2:;NG8BL 2 AE5<C @578AB>@ R2). �:;NG8BL 

M;5:B@>?8B0=85 <>4C;59 AB5=40. % ?><>ILN ?5@5:;NG0B5;O «R2» CAB0=>28BL 7040==>5 

7=0G5=85 @578AB>@0 R2. % ?><>ILN ?>B5=F8><5B@0 RP1 CAB0=>28BL B>: 107K, @02=K9 =C;N, 0 

A ?><>ILN ?>B5=F8><5B@0 RP2 CAB0=>28BL 7040==>5 7=0G5=85 ��. � 40;L=59H5< @CG:C 
@53C;8@>2:8 RP2 =5 B@>30BL. � 21;878 >1;0AB8 =0AKI5=8O B>G:8 A=8<0BL G0I5. 

-:A?5@8<5=B0;L=K5 @57C;LB0BK 70?8A0BL 2 B01;. 2. �K:;NG8BL M;5:B@>?8B0=85 <>4C;59 

AB5=40. #>AB@>8BL M:A?5@8<5=B0;L=K5 E0@0:B5@8AB8:8. 

&01;8F0.2 

 U>Q = 

 I�  mA        

IK    mA       

1.4  #> ?>AB@>5==>9 2 ?. 1.3 E0@0:B5@8AB8:5 >?@545;8BL >1;0AB8 0:B82=>3> CA8;5=8O, >BA5G:8 

8 =0AKI5=8O. "?@545;8BL <0:A8<0;L=K9 B>: IK 

= 
f (U>Q ), ?@8 :>B>@>< 5I5 >15A?5G8205BAO 

;8=59=>5 CA8;5=85. 

1.5 %=OBL 2KE>4=K5 AB0B8G5A:85 E0@0:B5@8AB8:8 B@0=78AB>@0 IK 

= 
f (U>Q ), ?@8 I5 =const. �;O 

MB>3> 4>?>;=8B5;L=> CAB0=>28BL ?5@5<KG:C <564C 3=5740<8 XI 8)�. 

�:;NG8BL ?8B0=85. �7<5=OO B>: 107K >B =C;O A=OBL A5<59AB2> 2KE>4=KE 

E0@0:B5@8AB8: 8 70@8A>20BL =0 >4=>< @8AC=:5 2KE>4=K5 E0@0:B5@8AB8:8 4;O B@5E 7=0G5=89 

B>:0 107K: I5 = 0; I52
 =

0,5 I5 max ;  I53
 =I5 max.  �;O MB>3> A ?><>ILN ?>B5=F8><5B@0 RPV1 

CAB0=02;820BL B>: 107K (?>:070=8O <8;;80<?5@<5B@0 $��) -  I5 = 0; I52
 =

0,5 I5 max ;  I53
 =I5 max. 

�7<5=OO =0?@O65=85 U>Q  ?>B5=F8><5B@>< RP2 2 F5?8 :>;;5:B>@0 >B =C;52>3> 

7=0G5=8O 87<5@OBL B>: :>;;5:B>@0 I�  B@0=78AB>@0 (<8;;80<?5@<5B@>< $�1). #@>8725AB8 

87<5@5=8O B>:0 :>;;5:B>@0 ?@8 =5A:>;L:8E 7=0G5=8OE =0?@O65=8O U>Q  (?>:070=8O 

<C;LB8<5B@0 $2). $57C;LB0BK 87<5@5=89 70=5AB8 2 B01;.3. #@>8725AB8 0=0;>38G=K5 

87<5@5=8O ?@8 42CE 4@C38E 7=0G5=8OE B>:0 107K. #5@54 :064K< 87<5@5=85< =5>1E>48<> 

?>4@53C;8@>20BL B>: 107K B@0=78AB>@0. �K:;NG8BL ?8B0=85 <>4C;59 AB5=40. 

&01;8F0 3 

I51 =     mA 

U>Q  �        
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*5;L @01>BK: >7=0:><8BLAO A @01>B>9, >A=>2=K<8 E0@0:B5@8AB8:0<8 8 

?@8<5=5=85< CA8;8B5;L=>3> :0A:040 =0 18?>;O@=>< B@0=78AB>@5 2 
@568<5 :;0AA0 �., @568<5 :;0AA0 �, 2 :;NG52>< @568<5 (:;0AA �). 

 

%>1@0BL AE5<C 4;O 8AA;54>20=8O CA8;8B5;L=>3> :0A:040 (@8A.1). 
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1. #> C:070=8N ?@5?>4020B5;O CAB0=>28BL 7=0G5=85 A>?@>B82;5=8O @578AB>@0 R2. � 

3=574C XI3 ?>4:;NG8BL 2KE>4=>5 =0?@O65=85 DC=:F8>=0;L=>3> 35=5@0B>@0, 
A>548=82 75<;N 35=5@0B>@0 A 3=574>< XI6. %>548=8BL ?5@5<KG:>9 3=5740 )9 8 

XI0. #>4:;NG8BL :0=0; %!1 >AF8;;>3@0D0 : 2E>4C CA8;8B5;O (3=5740 )9, XI5), 0 
:0=0; %!2 : 2KE>4C CA8;8B5;O (3=574> )�). �:;NG8BL 2@5<5==CN @0725@B:C 
>AF8;;>3@0D0. �:;NG8BL DC=:F8>=0;L=K9 35=5@0B>@ 8 CAB0=>28BL 
A8=CA>840;L=K9 A83=0; (?5@5:;NG0B5;L «(>@<0» 2 ?>;>65=85 «~») G0AB>B>9 

50... 100 �F (?5@5:;NG0B5;8 « =>68B5;L» 8 «+0AB>B0»), C<5=LH8BL A83=0; 4> =C;O 
@53C;OB>@>< «�<?;8BC40». 

2. �:;NG8BL ?8B0=85 <>4C;59 AB5=40. #@8 B>:5 I5 =0 CAB0=>28BL A ?><>ILN ?>B5=F8><5B@0 
RP2 7040==>5 7=0G5=85 �> 8 40;55 =5 87<5=OBL 53> ?@8 2A5E M:A?5@8<5=B0E (=5 B@>30BL 
@CG:C ?>B5=F8><5B@0 RP2!). 

3. "?@545;8BL M:A?5@8<5=B0;L=> <0:A8<0;L=CN 0<?;8BC4C 
=58A:065==>3> 2KE>4=>3> A8=CA>840;L=>3> =0?@O65=8O U6OImax. �;O MB>3> 
?;02=> C25;8G820BL 0<?;8BC4C 2E>4=>3> A83=0;0 8 ?>AB>O==CN A>AB02;ONICN 
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G8AB> ?>A;54>20B5;L=K5 8;8 G8AB> ?0@0;;5;L=K5 A>548=5=8O. 

� EEе<е 8<еетEO ч8Eто поEледо64телP=ое  
Eоед8=е=8е Dе78EтоDо6 R2 8 R3.  

 

 

 �о 74ко=4< поEледо64телP=о7о Eоед8=е=8O 

<о6=о =49т8 Qк6864ле=т=ое 8< EопDот86ле=8е  
  R23 = R2 + R3 

 � EEе<е (�) 8<еетEO ч8Eто п4D4ллелP=ое 
Eоед8=е=8е Dе78EтоDо6 R23 8 R4.  

 

Схе<а �) 

Схе<а �) 
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$0AAG8B05< 2A5 B>:8 8 2A5 =0?@O65=8O,  :>B>@K5 <>6=> >?@545;8BL 2 40==>9 F5?8. 

"?@545;5=85 8 @0AG5B F5?8 =0G8=05< A A0<>3> ?@>AB59H53> 20@80=B0 (%). 

 

 

 

 

ОпDеделOе<: Iо5щ  по 74ко=у О<4:   

 

 

 

 

ОпDеделOе< п4де=8е =4пDO6е=8O =4 к46до< 
Dе78EтоDе. 
 �о 74ко=4< поEледо64телP=о7о Eоед8=е=8O    

Uо5щ = U1 + U234 

По 74ко=у О<4:  
U1 = Iо5щ · R1      U234 = Iо5щ · R234 

 

 

 

 

 

ОпDеделOе< ток8 D476ет6ле=89    I23 u I4  

По 74ко=у п4D4ллелP=о7о Eоед8=е=8O:  
Iо5щ = I23 + I4 

по 74ко=у О<4:      

   

 

 

 

 

 

 

 �о 74ко=4< п4D4ллелP=о7о Eоед8=е=8O <о6=о 
=49т8 Qк6864ле=т=ое 8< EопDот86ле=8е:  

 

 

 � EEе<е (�) 8<еетEO G8Eто поEледо64телP=ое 
Eоед8=е=8е Dе78EтоDо6  R1 8 R234. 

 

По 74ко=4< поEледо64телP=о7о Eоед8=е=8O <о6=о 
=49т8 Qк6864ле=т=ое EопDот86ле=8е 6Eе9 EEе<O   
RQк6  = R1 + R234 

 

 

Схе<а �) 

Схе<а С) 

Схе<а С) Да=>:   Rэк6, Uо5щ 

Схе<а �) Да=>: R1, R234, Iо5щ, Uо5щ  

Да=>: R1, R23, R4, Iо5щ, Uо5щ, U1, U234 Схе<а �) 

Да=>: R1, R2, R3, R4, Uо5щ, Iо5щ, U1, U234, I23, I4 
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ОпDеделOе< п4де=8е =4пDO6е=8O =4 Dе78EтоD4E 
R2 8 R3 

по 74ко=у О<4:   U2 = I23 · R2      U3 = I23 · R3   

 

 

 

 5B>48G5A:85 C:070=8O : @5H5=8N 7040G8 2 
$0AG5B=> - 3@0D8G5A:0O @01>B0 №2 

 $0AG5B A;>6=KE M;5:B@8G5A:8E F5?59 ?>AB>O==>3> B>:0 
 

-;5:B@8G5A:85 F5?8 A =5A:>;L:8<8 :>=BC@0<8, A>AB>OI85 87 @07=KE 25B259 A 

?@>872>;L=K< @07<5I5=85< ?>B@518B5;59 8 8AB>G=8:>2 M=5@388, =07K20NBAO 

E?B:AO@< Q?9>FD<K9E><@< J9CS@<. 

&>G:0 M;5:B@8G5A:>9 F5?8 =07K205BAO G;?B@ <?< FBK>B= D4;69F6?9A<S, 5A;8 2 

=59 A>548=5=K B@8 8;8 1>;55 ?@>2>4>2 8;8 25B259. 

 �9F6PR M;5:B@8G5A:>9 F5?8 =07K205BAO CG0AB>:, A>AB>OI89 87 >4=>3> 8;8 

=5A:>;L:> M;5<5=B>2 B0:, GB> ?> =8< ?@>E>48B >48= 8 B>B 65 B>:, 

?@8A>548=P==K9 : 42C< C7;0<. 

�BAFGD M;5:B@8G5A:>9 F5?8  ?@54AB02;O5B A>1>9 70<:=CBK9 ?CBL, ?@>E>4OI89 

?> =5A:>;L:8< 25B2O<, =0?@8<5@ :>=BC@ 87 G5BK@PE 25B259. 

%;>6=K5 M;5:B@8G5A:85 F5?8 @0AAG8BK20NBAO <5B>40<8:  

 1. C7;>2KE 8 :>=BC@=KE C@02=5=89;  

      2. :>=BC@=KE B>:>2;  

      3. C7;>2>3> =0?@O65=8O;  

      4. =0;>65=8O (AC?5@?>78F88);  

 5. ?@5>1@07>20=8O AE5<K. 

 

Схе<а �) 
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1. �4>BAO �<DI7BH4. 
#9D6O= ;4>BA:  
 

�?795D4<K9E>4S EG@@4 FB>B6 G;?4 Q?9>FD<K9E>B= J9C< D46A4 AG?R. 
 

                     @8A. 1 
  %> 7=0:>< ?;NA 70?8AK20NBAO B>:8, =0?@02;5==K5 : C7;C, A> 7=0:>< <8=CA 
B>:8 B5:CI85 >B C7;0 M;5:B@8G5A:>9 F5?8. #>;L7COAL MB8< 70:>=>< 4;O C7;0 � 
@8A 1. , <>6=> 70?8A0BL C@02=5=85. 

I1 3 I2 + I3 3 I4 = 0. 

�FBDB= ;4>BA �<DI7BH4:  
 

   � ;4@>AGFB@ >BAFGD9 Q?9>FD<K9E>B= J9C< 4?795D4<K9E>4S EG@@4 Э�% 
<EFBKA<>B6 FB>4 D46A4 4?795D4<K9E>B= EG@@9 CDB<;6989A<= FB>B6 A4 6E9I 
EBCDBF<6?9A<SI QFB7B >BAFGD4.    

                                                                                      

ΣE = Σ I·R  

  

 

 

@8A.2 
�A;8 =0?@02;5=8O B>:>2 2 25B2OE =58725AB=K, B> ?@8 A>AB02;5=88 C@02=5=89 ?> 
70:>=0< �8@E3>D0 8E =5>1E>48<> ?@5420@8B5;L=> 2K1@0BL ?@>872>;L=> 8 
>1>7=0G8BL =0 AE5<5 AB@5;:0<8. 
�;O :064>3> :>=BC@0 A;>6=>9 M;5:B@8G5A:>9 F5?8 ?> 2B>@><C 70:>=C 

�8@E3>D0 <>6=> A>AB028BL B>;L:> >4=> C@02=5=85. #@8 MB>< >A>1>5 2=8<0=85 
A;54C5B >1@0B8BL =0 7=0:8 

 

         I1                 

                         I2 

        

Σ I = 0 
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 M. 4. A. 8 ?045=89 =0?@O65=8O. �=0G0;5 ?@>872>;L=> 2K18@0NB =0?@02;5=85 
>1E>40 :>=BC@0, =0?@8<5@ B>G:0  �. �A;8 459AB2CNI0O 2 :>=BC@5 M. 4. A. 
A>2?0405B A =0?@02;5=85< >1E>40, B> 55 AG8B0NB ?>;>68B5;L=>9. #@8 
>1@0B=>< =0?@02;5=88 -�% A> 7=0:>< <8=CA. #045=85 =0?@O65=8O =0 A>?@>-

B82;5=88 AG8B0NB ?>;>68B5;L=K<, 5A;8 =0?@02;5=85 B>:0 2 =5< A>2?0405B A 
=0?@02;5=85< >1E>40 :>=BC@0. 
!0?@02;5=85 >1E>40, >1>7=0G8< :@0A=>9 AB@5;:>9.  � A>AB02;O5< C@02=5=85 4;O 
70<:=CB>3> :>=BC@0 ?> 2B>@><C 70:>=C �8@E3>D0. 
 

              -- �1   + E 2  3 �3 = I1 R1 + I1 R01 3 I2 R2 - I2 R 02 3 I3 R3  - I3 R 03 3 I 4 R 4 .   

 

� ;52>9 G0AB8 MB>3> C@02=5=8O 70?8A0=0 0;351@08G5A:0O AC<<0 M. 4. A, 
459AB2CNI8E 2  :>=BC@5, 0 2 ?@02>9 G0AB8 4 AC<<0 ?045=89 =0?@O65=8O 2> 
2A5E A>?@>B82;5=8OE, 2E>4OI8E 2 MB>B :>=BC@. $025=AB2>  O2;O5BAO 
<0B5<0B8G5A:8< 2K@065=85< 2B>@>3> 70:>=0 �8@E3>D0. 

 

1.  9FB8 GD46A9A<= �<DI7BH4 
[G;?B6OI < >BAFGDAOI GD46A9A<=] 

 

%0<K< >1I8< <5B>4>< @0AGPB0 A;>6=KE M;5:B@8G5A:8E F5?59 O2;O5BAO <5B>4 
C@02=5=89 �8@E3>D0. %CI=>ABL MB>3> <5B>40: A>AB02;5=85 A8AB5<K C@02=5=89 2 
A>>B25BAB288 A ?5@2K< 8 2B>@K< 70:>=0<8 �8@E3>D0 8 @5H5=85 MB>9 A8AB5<K 
>B=>A8B5;L=> =58725AB=KE B>:>2. "1I55 G8A;> C@02=5=89, A>AB02;5==KE ?> 
?5@2><C 8 2B>@><C 70:>=0< �8@E3>D0 4>;6=> 1KBL @02=> G8A;C =58725AB=KE 
B>:>2. 
�;O B>3> GB>1K :>=BC@=K5 C@02=5=8O 1K;8 =57028A8<K<8, 8E A>AB02;ONB ?> 
A;54CNI5<C ?@028;C. �064>5 >G5@54=>5 C@02=5=85 4>;6=> A>AB02;OBLAO 4;O 
:>=BC@0, >B;8G=>3> >B ?@54K4CI53>, E>BO 1K >4=>9 =>2>9 25B2LN.  
%;>6=0O M;5:B@8G5A:0O F5?L @8A. 3 8<55B 420 C7;0 (� 8 �) 8 B@8 25B28 A B>:0<8 I1, 

I2 <  I3. "1>7=0G8< :>=BC@K F5?8 I 3 �����; II 3 �������; III 3 �����. 

%>AB028BL 2A5 2>7<>6=K5 C@02=5=8O ?> 2B>@><C 70:>=C �8@E3>D0 4;O F5?8, 
AE5<0 :>B>@>9 ?>:070=0 =0 @8A. 3. 

$9L9A<9: �;O :>=BC@>2 ?> 2B>@><C 70:>=C �8@E3>D0: 
�����:                 +�2 + �1  = I1 R1 4 I2 R02 4 I2 R3 + I1 R2 + I1 R01; 

   �������:                       �1  =I1 R1 + I3 R4  + I1 R2 + I1 R01; 

�����:                            �2 = 4 I3 R4 4 I2 R024 I2 R3; 

             �;O C7;0 � ?> ?5@2><C 70:>=C �8@E3>D0: 
I 1 + I 2 4  I 3= 0 
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@8A. 3 
#>A;5 @5H5=8O C@02=5=89 ?>;CG5=K B>:8 I 1 8 I 3 A ?>;>68B5;L=K< 7=0:><. 
�=0G8B, 459AB28B5;L=>5 =0?@02;5=85 MB8E B>:>2 A>2?0405B A 2K1@0==K< 
=0?@02;5=85<, C:070==K< =0 AE5<5 AB@5;:0<8. 
�A;8 7=0G5=85 :0:>3>-;81> B>:0 ?@8 @0AG5B5 >:065BAO >B@8F0B5;L=K<, B> 87 
MB>3> A;54C5B, GB> B>: 2 459AB28B5;L=>AB8 ?@>E>48B 2 =0?@02;5=88, 
?@>B82>?>;>6=>  2K1@0==><C. 

 

2.  9FB8 >BAFGDAOI FB>B6 
 

 5B>4 C7;>2KE 8 :>=BC@=KE C@02=5=89 2 @O45 A;CG052 B@51C5B 1>;LH8E 
2KG8A;5=89. !0?@8<5@, ?@8 @0AG5B5 F5?8 @8A.4, 8<5NI59 B@8 C7;0 (�, �, �) 8 
?OBL 25B259, B@51C5BAO A>AB028BL 8 @5H8BL A8AB5<C 87 ?OB8 C@02=5=89. +8A;> 
C@02=5=89 A8AB5<K <>6=> A>:@0B8BL, ?@8<5=82 <5B>4 :>=BC@=KE B>:>2. �;O 
@0AG5B0 ?> <5B>4C :>=BC@=KE B>:>2 AE5<C A;>6=>9 F5?8 @071820NB =0 
>B45;L=K5 :>=BC@K 4 OG59:8. !0?@8<5@, AE5<C @8A.4 @071820NB =0 B@8 
:>=BC@0: :>=BC@ I 4��B��, :>=BC@ II 4 ����� 8 :>=BC@ III4 ����. �0B5< 
:064><C :>=BC@C ?@8?8AK20NB ?@>872>;L=> =0?@02;5==K9 :>=BC@=K9 B>:, 
>48=0:>2K9 4;O 2A5E CG0AB:>2 40==>3> :>=BC@0 (:>=BC@=K9 B>: =0@8A>20= 
:@0A=K< F25B><). 

 

@8A 4 
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#@8GP< 2A5< :>=BC@=K< B>:0< ?@840=> >4=> 8 B>65 ?>;>68B5;L=>5 
=0?@02;5=85 3 ?> G0A>2>9 AB@5;:5. �>=BC@=K5 B>:8, ?@>E>4OI85 ?> 2=5H=8< 
25B2O<, O2;ONBAO 4;O =8E 459AB28B5;L=K<8 B>:0<8. !0?@8<5@, B>: 
II  = I1, III  =  I3   ,  IIII  = I 5 . �59AB28B5;L=K5 B>:8 2=CB@5==8E 25B259 <>6=> =09B8 
:0: @07=>ABL B>:>2 42CE :>=BC@>2, 2 :>B>@CN 2E>48B MB0 25B2L I3  

 I2 = III -- I 1, I3  = III -- IIII . �K1@02 8 C:0702 =0 AE5<5 =0?@02;5=85 :>=BC@=KE 
B>:>2, 4;O :064>3> :>=BC@0 A>AB02;ONB C@02=5=85 ?> 2B>@><C 70:>=C �8@E3>D0. 
!0?@02;5=85 >1E>40 :>=BC@>2 ?@8=8<05BAO A>2?040NI8< A =0?@02;5=85< 
:>=BC@=KE B>:>2. �;O AE5<K @8A. 4 8<55< B@8 C@02=5=8O 4;O :>=BC@>2: 
1. E1 3 E2 = II (R1 + R 2) 3 III R2;  

2. E2 + E3 = -- II R 2 + III (R2 + R3 + R5) -- IIII R3; 

3. -- E3 = IIII (R3 + R5) -- III R3;   

�520O G0ABL :064>3> C@02=5=8O 4 0;351@08G5A:0O AC<<0 M. 4. A, 2:;NG5==KE 
2 :>=BC@. � ?@020O G0ABL 4 >1I55 ?045=85 =0?@O65=8O >B :>=BC@=>3> B>:0 
40==>3> :>=BC@0 8 :>=BC@=KE B>:>2 A<56=KE :>=BC@>2. #>4AB02;OO 2 A8AB5<C 
C@02=5=89 G8A;>2K5 7=0G5=8O A>?@>B82;5=89 8 M. 4. A. 8 @5H0O 8E A>2<5AB=>, 
=0E>4OB :>=BC@=K5 B>:8 II , III ,IIII . 

&>:8 2 25B2OE  AE5<K ;53:> >?@545;8BL ?> :>=BC@=K< B>:0<. 
 

3.  9FB8 G;?B6B7B A4CDS:9A<S 
 

1. "?@545;5=85 C7;>2>3> =0?@O65=8O 8 B>:>2. #>B@518B5;8 M;5:B@8G5A:>9 
M=5@388 (;0<?K, M;5:B@>42830B5;8 8 B. 4.) A>548=ONBAO ?0@0;;5;L=>. +0AB> 
>1I0O <>I=>ABL 2:;NG5==KE ?@85<=8:>2 AB0=>28BAO 1>;LH5 B>9, :>B>@CN <>-
65B >B40BL 2 A5BL 8AB>G=8: M=5@388. � B0:8E A;CG0OE 4;O C25;8G5=8O <>I=>AB8 
?@8 =587<5==>< =0?@O65=88 <EFBKA<>< QA9D7<< 6>?RK4RF C4D4??9?PAB. #@8 
MB>< ?>;CG05BAO A;>6=0O M;5:B@8G5A:0O F5?L, ?@54AB02;5==0O =0 @8A. 5. � =59 
8<55BAO 420 C7;0 � 8 �, : :>B>@K< ?@8A>548=ONBAO 8AB>G=8:8 M=5@388 A M. 4. A. 
�1 , �2 � �3. %>?@>B82;5=8O R 1 , R 2 , R 3  <>6=> ?@8=OBL 70 2=CB@5==85 
A>?@>B82;5=8O 8AB>G=8:>2 B>:0, 0 A>?@>B82;5=85 R 4 4 70 A>?@>B82;5=85 2A5E 
?@85<=8:>2 M=5@388. !0?@O65=85 <564C C7;0<8 � < � =07K205BAO G;?B6O@ 
A4CDS:9A<9@. "=> @02=> @07=>AB8 ?>B5=F80;>2 C7;>2KE B>G5:, B. 5. 
 U = φ� 33 φ � ;  
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@8A 5. 
 

�;O @0AG5B0 ?>4>1=KE A;>6=KE M;5:B@8G5A:8E F5?59 >1KG=> ?>;L7CNBAO 
<5B>4>< C7;>2>3> =0?@O65=8O. �K2545< D>@<C;C MB>3> =0?@O65=8O. �A;8 

 M. 4. A. �1 , �2 � �3 1>;LH5 C7;>2>3> =0?@O65=8O, B> 2A5 8AB>G=8:8 M. 4. A 1C4CB 
@01>B0BL 2 @568<5 35=5@0B>@>2, 0 B>:8 I1, I2 <  I3 =0?@02;5=K : C7;C �. &>: 
?@8P<=8:>2 I4 =  I1 + I2 +  I3. 

&0: :0: M. 4. A. � 1 1>;LH5 C7;>2>3> =0?@O65=8O U, B> =0 A>?@>B82;5=88 R 4  

2>7=8:05B ?045=85 =0?@O65=8O U1 = �1 4 U = I1 R 1;  

%;54>20B5;L=>, B>: ?5@2>3> 8AB>G=8:0 I1 = (�1 4 U) / R 1 = (�1 4 U) g1; 

345 g1 =1/ R 1 3 ?@>2>48<>ABL ?5@2>9 25B28. 
�=0;>38G=> >?@545;O5< B>:8 2B>@>3> 8 B@5BL53> 8AB>G=8:0 8AB>G=8:>2. 

I2 = (�2 4 U) g 2 ; 

I3 = (�3 4 U) g 3 ; 

&>: ?@8P<=8:>2 M=5@388  
I4 = U / R 4 = U g 4 ; 

�;O C7;0 � =0?8H5< C@02=5=85 ?> ?5@2><C 70:>=C �8@E3>D0 I4 =  I1 + I2 +  I3. 

#>4AB0282 2 MB> C@02=5=85 =0945==K5 2K@065=8O 4;O B>:>2, ?>;CG8< 

U g4 = (�1 4 U) g1 +(�3 4 U) g3 +(�3 4 U) g3 

$0A:@K2 A:>1:8, ?>;CG8<    

g

gE
U

õ 
ý  

�45 �  33 -�% 8AB>G=8:0 2 25B28; 
       g  33  ?@>2>48<>ABL 25B28; 

 

&4><@ B5D4;B@, G;?B6B9 A4CDS:9A<9 D46AB 4?795D4<K9E>B= EG@@9 CDB<;6989A<= 
Э�% A4 CDB6B8<@BEFP EBBF69FEF6GRM<I 69F69=, 89?TAAB= A4 EG@@G 
CDB6B8<@BEF< 69F69=. 
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     4.  9FB8 CD9B5D4;B64A<S EI9@O. 
 

!0 @8A. 6  40=0 M;5:B@8G5A:0O F5?L A >4=8< 8AB>G=8:>< ?8B0=8O, H8@>:> 
?@8<5=O5<0O 2 >1;0AB8 M;5:B@8G5A:8E 87<5@5=89. "A>15==>ABLN MB>9 AE5<K 
O2;O5BAO =0;8G85 2 =59 A>548=5=89, =07K205<KE B@5C3>;L=8:>< 8 72574>9. 
&@5C3>;L=8:>< A>?@>B82;5=89 =07K20NB A>548=5=85 B@5E 25B259, 

>1@07CNI8E 70<:=CBK9 :>=BC@ A B@5<O C7;0<8. � AE5<5 @8A. 6 8<55BAO 420 
B@5C3>;L=8:0: A A>?@>B82;5=8O<8.  R1 , R 2 , R5  8  R3 , R 4 , R5 ;  

�2574>9 A>?@>B82;5=89 =07K20NB A>548=5=85 B@5E 25B259, 8<5NI8E >1I89 
C75;. !0 @8A. 6 72574C A>?@>B82;5=89 >1@07CNB 25B28 A A>?@>B82;5=8O<8 .  R1 , R 

4 , R5  8.  R2 , R 3 , R5 ;  

 

�N1>9 B@5C3>;L=8: A>?@>B82;5=89 <>6=> 70<5=8BL M:2820;5=B=>9 72574>9. � 
@57C;LB0B5 70<5=K ?>;CG05BAO 4@C30O AE5<0, ?>72>;ONI0O C?@>AB8BL @0AG5B. 
!0?@8<5@, AE5<0 @8A. 6 ?>A;5 70<5=K B@5C3>;L=8:0 A>?@>B82;5=89 R1 , R 2 , R5  

M:2820;5=B=>9 72574>9 R � , R � , R %  C?@>I05BAO 8 A>45@68B B>;L:> ?>A;54>-
20B5;L=> 8 ?0@0;;5;L=> A>548=5==K5 CG0AB:8. 
 

 

                

 

 

 

 

 

 

 

 

R1            R4 

 

            R 5 

5 

 

            R В 

  R A 
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$8A 7. 
 

-:2820;5=B=>ABL B@5C3>;L=8:0 8 72574K A>?@>B82;5=89 70:;NG05BAO 2 B><, 
GB> 8E 70<5=0 =5 87<5=O5B ?>B5=F80;>2 C7;>2KE B>G5: (=0 AE5<5 @8A 6 B>G5:  �,  
�, �), O2;ONI8EAO 25@H8=0<8 B@5C3>;L=8:0 8 M:2820;5=B=>9 72574K. !5 
87<5=ONBAO B0:65 B>:8, =0?@O65=8O 8 <>I=>AB8 2 >AB0;L=>9 G0AB8 AE5<K, =5 
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