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8. �0=K 25:B>@0 4 m n, 3m na b= + = − , <>4C;8 25:B>@>2 1, 3F п= = , 

C3>; <564C =8<8 ( ) 2
,

3

πF п = . !09B8 ?@>5:F8N 25:B>@0. 

�A8<6<8G4?PAB9 ;484A<9 2 

 

1. !09B8 :>>@48=0BK B>G:8 %, :>B>@0O 45;8B >B@57>: �� 2 C:070==>< 
A>>B=>H5=88 B:?, AG8B0O >B B>G:8 �. �0=> �(1;-2;3), �(-4;2;5), m:n = 

3:5. 

2. #>;NA ?>;O@=>9 A8AB5<K :>>@48=0B A>2?0405B A =0G0;>< :>>@48=0B, 0 
?>;O@=0O >AL A>2?0405B A ?>;>68B5;L=>9 ?>;C>ALN 01AF8AA. !09B8: 0) 
45:0@B>2K ?@O<>C3>;L=K5 :>>@48=0B B>G:8  , 5A;8 8725AB=K 55 
?>;O@=K5 :>>@48=0BK  (5; 0); 1) ?>;O@=K5 :>>@48=0BK B>G:8 $ ?> 55 
45:0@B>2K< :>>@48=0B0< $(1;2) 

3. �0=K :>>@48=0BK 25@H8= B@5C3>;L=8:0 АВС: А (–8;–3); В (0;–9); 

С(2;5). !09B8: 4;8=C AB>@>=K АВ; C@02=5=8O AB>@>= АВ 8 ВС 8 8E 
C3;>2K5 :>MDD8F85=BK; 2=CB@5==89 C3>; В; C@02=5=85 <5480=K АЕ; 

C@02=5=85 8 4;8=C 2KA>BK СD; C@02=5=85 18AA5:B@8AK АК; C@02=5=85 
?@O<>9, ?@>E>4OI59 G5@57 B>G:C Е ?0@0;;5;L=> AB>@>=5 АВ; 

:>>@48=0BK B>G:8 М, @0A?>;>65==>9 A8<<5B@8G=> B>G:5 А 

>B=>A8B5;L=> ?@O<>9 СD. 

4. !0?8A0BL 25:B>@=>5 ?0@0<5B@8G5A:>5 C@02=5=85 ?@O<>9, :>B>@0O 
7040=0 :0: ?5@5A5G5=85 42CE ?;>A:>AB59: 3 7, 2 5x y z x y+ − = + = . � 
:0G5AB25 >?>@=>9 B>G:8 27OBL B>G:C, ;560ICN 2 ?;>A:>AB8 Oxy. 

5. !0?8A0BL C@02=5=85 ?;>A:>AB8, ?@>E>4OI59 G5@57 ?5@2CN ?@O<CN 

?0@0;;5;L=> 2B>@>9: 3 3 1 3
;

3 1 2 1 1 2

x y z x y z− − + −
= = = =

− −
. 

6. !09B8 C3>; <564C ?;>A:>ABO<8. 3 5 0, 2 5 16 0.x y x y z− + = − + − =  

7. �0=K :>>@48=0BK G5BK@5E B>G5: � (E1; C1; z1), � (E2; C2; z2), % (E3; C3; 
z3), D (E4; C4; z4). !5>1E>48<> =09B8: C@02=5=85 ?;>A:>AB8 α, 
?@>E>4OI59 G5@57 B>G:8 �, �, %; C@02=5=85 ?@O<>9 ��; C@02=5=85 
?@O<>9, ?0@0;;5;L=>9 ?@O<>9 �� 8 ?@>E>4OI59 G5@57 B>G:C %;  
C@02=5=85 ?@O<>9, ?5@?5=48:C;O@=>9 ?;>A:>AB8 α 8 ?@>E>4OI59 G5@57 
B>G:C D; C@02=5=85 ?;>A:>AB8 β, ?@>E>4OI59 G5@57 B>G:C D 
?5@?5=48:C;O@=> ?@O<>9 ��; @0AAB>O=85 >B B>G:8 D 4> ?;>A:>AB8 α; 
A8=CA C3;0 <564C ?@O<>9 �D 8 ?;>A:>ABLN α. (� (¬2; 3; 4);  � (6; 3; –1);  

% (1; 6; –1); D (2; 3; 7)). 
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1. #@82548B5 C@02=5=8O ;8=89 : :0=>=8G5A:><C 284C, =07>28B5 8 
?>AB@>9B5 :@82K5: 

 
2. �0=K C@02=5=85 :@82>9 2-3> ?>@O4:0 2 22 2 8 3 0x y x y+ − + + =  8 
C@02=5=85 ?@O<>9 2 3 0x y+ + = . !09B8 :0=>=8G5A:89 284 C@02=5=8O 
:@82>9; B>G:8 ?5@5A5G5=8O :@82>9 8 ?@O<>9; A45;0BL G5@B56. 

3. �0=> C@02=5=85 :@82>9 2 ?>;O@=>9 A8AB5<5 :>>@48=0B: 6sin .r φ= −
!09B8 >1;0ABL >?@545;5=85 DC=:F88, ?>AB@>8BL :@82CN 8 >?@545;8BL 
284 C@02=5=8O 2 45:0@B>2>9 A8AB5< 5 :>>@48=0B. 

4. #@825AB8 40==K5 C@02=5=8O ?>25@E=>AB59 : :0=>=8G5A:><C 284C. 
#>AB@>8BL ?>25@E=>AB8 <5B>4>< A5G5=89. 

 
5. �040=K C@02=5=8O 42CE ?>25@E=>AB59: 2 2 1 0, 2 1x z y y z+ − + = − = . 

#>AB@>8BL >15 ?>25@E=>AB8 8 ;8=8N 8E ?5@5A5G5=8O. !0?8A0BL 
C@02=5=8O ;8=88 ?5@5A5G5=8O ?>25@E=>AB59 8 C@02=5=85 55 ?@>5:F88 
=0 ?;>A:>ABL Oxz. #>AB@>8BL ?@>5:F8N ;8=88 ?5@5A5G5=8O 7040==KE 
?>25@E=>AB59 =0 7040==CN ?;>A:>ABL. 

 

�BAFDB?PA4S D45BF4 № 1 

(CB F9@9: «�EAB6O ?<A9=AB= 4?795DO») 
 

1. �;O 40==KE <0B@8F � 8 � 8 7040==KE G8A5; α, β  
7 3 0

1 1 3 ,

5 2 6

А
−ö ö
÷ ÷= −÷ ÷
÷ ÷
ø ø

 

3 7 5

2 6 0 ,

10 3 8

В
ö ö
÷ ÷= −÷ ÷
÷ ÷−ø ø

  α = 6, β = 3. 

B@51C5BAO =09B8: 1) ��; 2) α� · �; 3) β� – �, 345 � – 548=8G=0O 
<0B@8F0; 4) B@0=A?>=8@>20==K5 <0B@8FK �& 8 �&. 

 

2. �KG8A;8BL >?@545;8B5;L <0B@8FK 

1 2 3 1

0 5 1 2
.

1 1 0 1

3 1 2 4

А

− −ö ö
÷ ÷
÷ ÷=
÷ ÷−
÷ ÷
ø ø

 

A;54CNI8<8 A?>A>10<8: 
0) @07;>65=85< ?> M;5<5=B0< :0:>9-=81C4L AB@>:8; 1)  @07;>65=85< ?> 
M;5<5=B0< :0:>3>-;81> AB>;1F0 



 

3. #> 7040==>9 <0B@8F5 �: 
2 2 3

1 1 0 .

1 2 1

А
ö ö
÷ ÷= ÷ ÷
÷ ÷−ø ø

 =09B8 5ё >1@0B=CN �-1 8 

?@>25@8BL @025=AB20 
    � · �-1 = �-1 · � = �. 
 

4. #@8 7040==KE <0B@8F0E � 8 � 
1 2 5 1

, .
3 4 6 2

А В
− −ö ö ö ö

=  =÷ ÷ ÷ ÷
ø ø ø ø

 

=09B8 =58725AB=CN <0B@8FC ), C4>2;5B2>@ONICN <0B@8G=><C 
C@02=5=8N �) = �. 

 

5. !09B8 >1I55 @5H5=85 40==>9 A8AB5<K ;8=59=KE 0;351@08G5A:8E 
C@02=5=89 <5B>4>< �0CAA0: 

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

3 2 3 4,

2 2 4 3 6,

3 3 5 2 3 6,

2 2 8 3 9 14.

х х х х х
х х х х х
х х х х х
х х х х х

+ + − + =ü
ÿ + + − + =ÿ
ý + + − + =ÿ
ÿ + + − + =þ

 

6. �KG8A;8BL @0=3 7040==>9 <0B@8FK 

1 2 3 4

2 4 6 8 .

3 6 9 12

А
ö ö
÷ ÷= ÷ ÷
÷ ÷
ø ø
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(CB F9@9: «�EAB6O 69>FBDAB= 4?795DO») 
 

1. �0=K 25:B>@K: . !09B8 25:B>@K 
. "?@545;8BL 4;8=K 25:B>@>2 , A:0;O@=K9 

:204@0B 25:B>@0 , A:0;O@=>5 ?@>872545=85 25:B>@>2 , C3>; 
<564C 25:B>@0<8 . 

2. �>:070BL, GB> B>G:8  

O2;ONBAO 25@H8=0<8 B@0?5F88. !09B8 4;8=K 55 >A=>20=89. 

3. �5:B>@K  >1@07CNB C3>; . !09B8 4;8=C 25:B>@0 

, 5A;8  

4. �0=K :>>@48=0BK 25@H8= G5BK@5EC3>;L=8:0 ABCD: 

. �>:070BL, GB> 
53> 4803>=0;8 2708<=> ?5@?5=48:C;O@=K. 

5. !09B8 A:0;O@=>5 ?@>872545=85 25:B>@>2: . 

)0;4;8();2;1;2( −=−−= ba


abdac


−== ,2 dиc


d


dиc


dиc


)1;3;2(),5;3;2(),3;4;0(),0;1;2( −−−− DCBA

bиa


6

 =

bac

32 −= .1;2 == ba



)1;3;4(),1;5;8(),3;2;2(),2;3;4( −−−−−−−−− DCBA

kjiqkjip

4;3 −+=+−=



6. 'AB0=>28BL, 1C45B ;8 B@5C3>;L=8: A 25@H8=0<8 �(-3,4), �(-9,6), %(5,2) 
@02=>154@5==K<.  

7. !09B8 =0?@02;ONI85 :>A8=CAK 25:B>@0 pnma


32 −+= , 5A;8 
)2,3,4(),1,1,2(),2,5,4( −=−=−= pnm


. 

8. �0=K 25:B>@K ÿ⃗ = (1; 2; 21),  Ā⃗⃗ ⃗ = (3; 21; 22). �KG8A;8BL [2ÿ⃗ 2Ā⃗⃗ × ÿ⃗ + 2Ā⃗⃗]. 
9. '?@>AB8BL 2K@065=85: [2ÿ⃗ 2 3Ā⃗⃗⃗⃗⃗ × ÿ⃗ + 4Ā⃗⃗] 
10. !09B8 ?;>I04L B@5C3>;L=8:0 A 25@H8=0<8 2 B>G:0E 

. 

11. #@>25@8BL, O2;ONBAO ;8 25:B>@0  

:><?;0=0@=K<8. 
 

�BAFDB?PA4S D45BF4 № 3 

(CB F9@9: «�DS@4S < C?BE>BEFP») 

�BCB?A<FP BCD989?9A<S: 
(1 54??)  
1. "1I55 C@02=5=85 ?;>A:>AB8 8<55B 284: 0Ax By Cz D+ + + = ,  345 

А,В,С – _____________ :>MDD8F85=BK, :>B>@K5________________. 
2. 

�0==0O A8AB5<0 1 1 1 1

2 2 2 2

0;

0.

A x B y C z D

A x B y C z D

+ + + =ü
ý + + + =þ

 70405B____________ 

 

�O5D4FP CD46<?PAO= BF69F: 
(2 54??4) 
3.  �0:>5 87 ?5@5G8A;5==KE C@02=5=89 70405B ?@O<CN? 

0) 22 1 0x y+ − = ;   1) 5xy− = ; 

 2) 5 1 0x y− + − = ;   3) 2 24 7 1 0x y− + = . 

4.  '@02=5=85 ?;>A:>AB8, :>B>@0O ?@>E>48B G5@57 B>G:C ( )1;0; 1A − , 

?5@?5=48:C;O@=> 40==><C 25:B>@C  ( )2;3; 1n − − 8<55B 284: 
0) 2 3 4 0x y z− − + = ;   1) 2 3 1 0x y z− + − + = ; 

2) 2 3 3 0x y z− + − + = ;   3) 2 3 1 0x y− + + = . 

5. �0: 2708<=> @0A?>;>65=K ?@O<K5 5 4 0x y+ − =  8 2 10 1 0x y+ − = ? 

0) ?5@5A5:0NBAO ?>4 ?@>872>;L=K< C3;><;        1) ?0@0;;5;L=K; 
2) ?5@5A5:0NBAO ?>4 ?@O<K< C3;><;                3) A>2?040NB. 

6. �0=>=8G5A:>5 C@02=5=85 ?@O<>9 =0 ?;>A:>AB8, ?@>E>4OI59 G5@57 
B>G:8 ( )1; 2A −  8 ( )2;4B − : 

0) 1 2

3 6

x y+ −
=

−
;   1) 1 2

3 6

x y− +
=

−
; 

2) 2 1 0x y+ + = ;   3) 2 0x y+ = ; 

  

)2;4;3()3;3;1(),2;2;2( CBA

)1;1;1()7;5;2(),2;2;1( −=== cba




#EF4AB6<FP EBBF69FEF6<9: 
(4 54??4) 
7.  1. #@O<0O , ?@>E>4OI0O G5@57 425 B>G:8 

1(0;1)M  8 
2 (2;4)M   

A.2 1 0x y− + =  

2. #@O<0O A C3;>2K< :>MDD8F85=B>< 3, 
?@>E>4OI0O G5@57  B>G:C (2;1)M  

B.4 3 12 0x y+ − =  

3. #@O<0O, >BA5:0NI0O =0 >A8 01AF8AA 8 >A8 
>@48=0B A>>B25BAB25==> >B@57:8 3 8 4 

C.3 2 2 0x y− + =  

4. #@O<0O, ?@>E>4OI0O G5@57 B>G:C (0;1)M  

24>;L 25:B>@0  (2;4)s =  

D.3 5 0x y− − =  

 

 9L<FP ;484K<: 
(1 54??)  
8. �0= B@5C3>;L=8: ��%. �>>@48=0BK 42CE 53> 25@H8= @02=K 

A>>B25BAB25==> ( )3;5A  8 ( )1;2B − . !09B8 :>>@48=0BC B@5BL59 
25@H8=K, :>B>@0O ?@8=04;568B ?@O<>9  7 6 1 0x y− + = . #;>I04L 
B@5C3>;L=8:0 @02=0 1. 

9. #>AB@>8BL B5;>, >3@0=8G5==>5 40==K<8 ?>25@E=>ABO<8: 2 8x y z+ + = , 

3x = , 4y = , 0x = , 0y = , 0z = . 

 

�BAFDB?PA4S D45BF4 № 4 

(CB F9@9: «�D<6O9 6FBDB7B CBDS8>4») 
 

1. %>AB028BL C@02=5=85 >:@C6=>AB8, ?@>E>4OI59 G5@57 B@8 7040==K5 
B>G:8: ( ) ( ) ( )2;2,1;1,2;0 −CBA . 

2. �0=> C@02=5=85 M;;8?A0: 422516925 22 =+ yx . �KG8A;8BL 4;8=K >A59, 
:>>@48=0BK D>:CA>2 8 53> M:AF5=B@8A8B5B. 

3. #@825AB8 : :0=>=8G5A:><C 284C C@02=5=85 :@82>9: ý2 + 4þ2 2 6ý +8þ = 3. %45;0BL G5@B56.  
4. �0?8A0BL C@02=5=85 >:@C6=>AB8, ?@>E>4OI59 G5@57 D>:CAK M;;8?A0 9ý2 + 25þ2 = 1 8 8<5NI59 F5=B@ 2 B>G:e � (0,6). 
5. %>AB028BL C@02=5=85 E>@4K >:@C6=>AB8 ý2 + þ2 = 49, 45;OI59AO 2 
B>G:5 � (1,2) ?>?>;0<. 

 

"9EFB6B9 ;484A<9 
(CB F9@9: «�B69DIABEF< 6FBDB7B CBDS8>4») 

 

1 #>25@E=>ABL, 7040==0O 
C@02=5=85< F(x,y,z)=0 , 345 
F(x,y,z) - -<=>3>G;5= 2B>@>9 
AB5?5=8, =07K205BAO& 

 

1. B@0=AF5=45=B=>9; 
2. 0;351@08G5A:>9 2B>@>3> ?>@O4:0; 
3. :204@0B8G=>9; 
4. ?>25@E=>ABLN 2@0I5=8O. 

2. � A5G5=88 :>=CA0 ?;>A:>ABLN, 1. M;;8?A; 



=5 ?@>E>4OI59 G5@57 25@H8=C 
8 8<5NI59 C3>; =0:;>=0 : 
?;>A:>AB8 Oxy, ?>;CG8<& 

 

2. 38?5@1>;C; 
3. ?0@01>;C; 
4. ?0@C ?5@5A5:0NI8EAO ?@O<KE. 

3. %CI=>ABL <5B>40 A5G5=89 
A>AB>8B 2 A;54CNI5<& 

1. 35><5B@8G5A:85 >1J5:BK 7040NB A 
?><>ILN G8A5;, C@02=5=89, 
=5@025=AB2 8;8 8E A8AB5< 8 87CG0NB 
35><5B@8G5A:85 A2>9AB20 D83C@ 
0=0;8B8G5A:8<8 <5B>40<8; 
2. AB@>OB ?5@5A5G5=85 40==>9 
?>25@E=>AB8 A 4@C38<8 ?>25@E=>ABO<8 
2B>@>3> ?>@O4:0 8 >?@545;ONB 
C@02=5=8O ?>;CG5==KE ;8=89 
?5@5A5G5=8O; 
3. ?>25@E=>ABL ?5@5A5:0NB 
?;>A:>ABO<8, ?0@0;;5;L=K<8 
:>>@48=0B=K< ?;>A:>ABO<, 8 ?> 284C 
;8=89 ?5@5A5G5=8O AC4OB > 
?>25@E=>AB8; 
4. ?>25@E=>ABL ?5@5A5:0NB @07;8G=K<8 
?@O<K<8, ?@>E>4OI8<8 G5@57 =0G0;> 
:>>@48=0B, 8 ?@>5F8@CNB ?>;CG5==K5 
B>G:8 ?5@5A5G5=8O =0 :>>@48=0B=K5 
?;>A:>AB8 
 

4 �0:>5 87 40==KE C@02=5=89 =5 
>?@545;O5B F8;8=4@8G5A:CN 
?>25@E=>ABL  

1. 
2 2

2 2
1

x y

a b
+ =  

2. 
2 2

2 2
0

x y

a b
− =  

3. 
2 2 2

2 2 2
0

x y z

a b c
+ − =  

4. 2 0x =  

5 %5G5=85< ?>25@E=>AB8 
2 24 3 12 0x y z+ − =  ?;>A:>ABLN 
5x =  O2;O5BAO 

1. M;;8?A 
2. 38?5@1>;0 
3. ?0@01>;0 
4. ?0@0 ?5@5A5:0NI8EAO ?@O<KE 

6 #>25@E=>ABL, >?@545;O5<0O 
C@02=5=85< 2 2 2 ( )x y f y+ =  

<>65B 1KBL ?>;CG5=0 
2@0I5=85< 

1.  ;8=88 ( ),z 0y f x= = 2>:@C3 >A8 "E, 
2. ;8=88 ( ), 0y f z y= = 2>:@C3 >A8 "C 
3. ;8=88 ( ), 0z f y x= = 2>:@C3 >A8 "C 
4. ;8=88 ( ),z 0y f x= = 2>:@C3 >A8 "z 

7 
'@02=5=85 

2 2

2 2
2

x y
z

a b
+ =

>?@545;O5B& 

1. M;;8?B8G5A:89 ?0@01>;>84 
2. M;;8?B8G5A:89 F8;8=4@ 
3. 38?5@1>;8G5A:89 ?0@01>;>84 



4. >4=>?>;>A=K9 38?5@1>;>84 
 

 

�BCDBEO 8?S >B??B>6<G@4: 
 

1. "?@545;5=85 ;8=59=>3> ?@>AB@0=AB20. #@8<5@K, >A=>2=K5 A2>9AB20.  
2. �8=59=0O 7028A8<>ABL 25:B>@>2.  
3. #>;=0O A8AB5<0 25:B>@>2. "A=>2=0O ;5<<0 > ;8=59=>9 7028A8<>AB8. 
4. �078AK 8 @07<5@=>ABL. �>?>;=5=85 ;8=59=> =57028A8<>9 A8AB5<K 
25:B>@>2 4> 1078A0. 

5. �>>@48=0BK. #5@5E>4 >B >4=>3> 1078A0 : 4@C3><C. 
6. #>4?@>AB@0=AB20 ;8=59=>3> ?@>AB@0=AB20. "?5@0F88 =04 =8<8. 
7. %2O7L @07<5@=>AB59 AC<<K 8 ?5@5A5G5=8O ?>4?@>AB@0=AB2. 
8. #@O<0O AC<<0 ?>4?@>AB@0=AB2. 
9. �8=59=K5 >B>1@065=8O. �7><>@D87<K, M?8<>@D87<K 8 
<>=><>@D87<K.  

10. %2O7L @07<5@=>AB59 O4@0 8 >1@070 ;8=59=KE >B>1@065=89. 
 

 

2.2. �J9ABKAO9 ED98EF64 8?S CDB@9:GFBKAB= 4FF9EF4J<< 
(Q>;4@9A) 

 

�BCDBEO > Q>;4@9AG (1 E9@9EFD) 
 

1.  0B@8FK (>A=>2=K5 >?@545;5=8O, 284K <0B@8F). 
2. �59AB28O =04 <0B@8F0<8 (A;>65=85, 2KG8B0=85 <0B@8F, C<=>65=85 
<0B@8FK =0 G8A;>). �E A2>9AB20. 
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