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5. $5H5=85. 
6. �K2>4. 
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1 2 3 

4 5 6 

7 8 9 

10 11 12 

13 14 15 
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#@0:B8G5A:>5 70=OB85 №2 

?> B5<5 1.2 «#;>A:0O A8AB5<0 AE>4OI8EAO A8;» 
�4<@9AB64A<9: " #;>A:0O A8AB5<0 AE>4OI8EAO A8;. "?@545;5=85 @02=>459AB2CNI59". 
Ц9?P ;4AяF<я: =0CG8BLAO >?@545;OBL @02=>459AB2CNICN ?> ?@028;C 35><5B@8G5A:>3> 
A;>65=8O 8 ?@>25@:0 0=0;8B8G5A:8< A?>A>1><. %>?>AB02;5=85 @57C;LB0B>2. 
�9B5хB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &5B@04L 4;O ?@0:B8G5A:8E 70=OB89. 
2.  5B>48G5A:85 C:070=8O ?> 2K?>;=5=8N ?@0:B8G5A:8E 70=OB89 ?> 48AF8?;8=5 
«&5E=8G5A:0O <5E0=8:0». 
3. �8=59:0, F25B=K5 AB5@6=8, B@0=A?>@B8@, <8:@>:0;L:C;OB>@. 
�BDя8B> 6OCB?A9A<я ;484A<я: 
4. #>2B>@8BL B5<C «#;>A:0O A8AB5<0 AE>4OI8EAO A8;». 
5. #> =><5@C 2 6C@=0;5 2K?8A0BL 87 B01;8FK 25;8G8=K 8 =0?@02;5=8O G5BK@PE 25:-
B>@>2.  
6. "?@545;8BL @02=>459AB2CNICN A8;C 35><5B@8G5A:8< A?>A>1><: 

0)  2K1@0BL <0AHB01; 
1)  87>1@078BL 25:B>@K 2 2K1@0==>< <0AHB015 A 7040==K< =0?@02;5=85<; 
2)  A;>68BL G5BK@5 25:B>@0, ?>;L7COAL ?@028;>< 35><5B@8G5A:>3> A;>65=8O; 
3)  87<5@8BL >B@57>: А� 8 >?@545;8BL 25;8G8=C @02=>459AB2CNI59. 

4. "?@545;8BL @02=>459AB2CNICN 0=0;8B8G5A:8< A?>A>1><: 
0)  >?@545;8BL ?@>5:F88 :064>3> 25:B>@0 =0 >AL ); 
1)  >?@545;8BL 0;351@08G5A:CN AC<<C ?@>5:F89 25:B>@>2 =0 >AL ) 

 ∑FE= Fx1+Fx2+Fx3+Fx4                                                    (1) 

2)  >?@545;8BL ?@>5:F88 25:B>@>2 =0 >AL Y; 

3)  >?@545;8BL 0;351@08G5A:CN AC<<C ?@>5:F89 25:B>@>2 =0 >AL Y;  

∑Fy= Fy1+Fy2+Fy3+Fy4                                                              (2) 

4)  ?> B5>@5<5 #8D03>@0 >?@545;8BL <>4C;L @02=>459AB2CNI59 A8;K;  

F∑= :                                                                                   (3) 

5)  >?@545;8BL C3>; =0:;>=0 @02=>459AB2CNI59 A8;K : >A8 );                          =                                                                    (4) 

5. %@02=8BL @57C;LB0BK ?>AB@>5=8O (?C=:B 3.3) 8 @0AG5B0 @02=>459AB2CNI59 A8;K (?C=:B 
4.4)  
6. %D>@<C;8@>20BL 2K2>4. 

 

�Fч9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 

1. &5<0 70=OB8O; 
2. *5;L 70=OB8O; 
3. �AE>4=K5 40==K5 87 B01;8FK; 
4. �7>1@065=85 ?;>A:>9 A8AB5<K AE>4OI8EAO A8; 2 A8AB5<5 :>>@48=0B ) 8 '. 
5. "?@545;5=85 @02=>459AB2CNI59 A8;K 3@0D8G5A:8< A?>A>1><; 
6. "?@545;5=85 @02=>459AB2CNI59 A8;K 0=0;8B8G5A:8< A?>A>1><; 
7. %@02=5=85 @57C;LB0B>2 ?>AB@>5=8O 8 @0AG5B>2; 
8. �K2>4. 
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СB89D:4A<9 ;484A<я: #> =><5@C 2 6C@=0;5 2K?8A0BL 87 B01;8FK  8AE>4=K5 40==K5 
?;>A:>9 A8AB5<K AE>4OI8EAO A8;, >?@545;8BL @02=>459AB2CNICN A8;C 40==>9 A8AB5<K. 

    

№ 

F1 

(�) 

α1 

(7D48) 

F2 

(�) 

α2 

(7D48) 

F3 

(�) 

α3 

(7D48) 

F4 

(�) 

α4 

(7D48) 

1 40 150
 

40 60 60 0 20 210 

2 20 90 30 30 30 135 10 -45 

3 10 -90 30 210 40 -30 50 0 

4 25 45 40 -10 30 60 40 0 

5 20 -45 30 90 30 210 30 30 

6 10 150 20 -90 20 -30 10 225 

7 10 -45 10 180 50 60 40 -90 

8 40 0 20 -45 40 30 20 120 

9 50 0 50 135 50 45 20 180 

10 60 210 40 0 30 -45 50 135 

11 10 45 10 -45 20 135 30 0 

12 10 150 10 -90 20 210 15 135 

13 30 60 20 225 30 30 15 180 

14 60 135 50 -120 40 90 50 210 

15 20 -90 30 135 40 -30 10 30 

16 60 135 40 60 50 45 60 0 

17 20 180 40 -30 20 110 50 135 

18 30 150 20 135 30 120 40 180 

19 20 30 30 30 40 180 30 -90 
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20 20 150 40 0 30 135 10 60 

21 50 210 25 60 10 90 40 135 

22 40 -90 30 -30 20 -45 30 30 

23 50 180 60 -150 20 120 40 45 

24 40 -30 50 -60 60 135 20 180 

25 30 -90 40 135 50 -30 60 30 

26 20 150 25 210 40 90 20 -30 

27 20 135 30 30 40 0 40 -30 

28 30 210 40 120 40 -45 20 0 

29 30 -30 20 90 25 -30 20 135 

30 50 -90 25 -30 30 45 20 60 

31 20 0 30 120 40 60 50 270 

 

КBAFDB?PAO9 6BCDBEO: 
1. �0BL >?@545;5=85 @02=>459AB2CNI59 A8;K. 
2. � G5< 70:;NG05BAO @02=>25A85 ?;>A:>9 A8AB5<K AE>4OI8EAO A8; 2 3@0D8G5A:>9 8 0=0-
;8B8G5A:>9 D>@<0E. 
3. "B G53> 7028A8B 7=0: ?@>5:F88 25:B>@0 A8;K =0 >A8 ) 8 '? 
4. �0: =0?@02;5=0 @02=>459AB2CNI0O 2 A8;>2>< <=>3>C3>;L=8:5? 
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#@0:B8G5A:>5 70=OB85 №4, 5 

?> B5<5 «#;>A:0O A8AB5<0 ?@>872>;L=> @0A?>;>65==KE A8;». 
�4<@9AB64A<9: «#;>A:0O A8AB5<0 ?@>872>;L=> @0A?>;>65==KE A8;. "?@545;5=85 >?>@-
=KE @50:F89 10;>G=KE A8AB5<». 
Ц9?P ;4AяF<я: !0CG8BAO >?@545;OBL @50:F88 >?>@ 10;:8 CAB0=>2;5==>9 =0 42CE >?>@0E. 
�9B5хB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

1. &5B@04L 4;O ?@0:B8G5A:8E 70=OB89. 
2. �8=59:0, :0@0=40H, @578=:0. 
3. &@0=A?>@B8@. 
4. �0;L:C;OB>@. 

�BDя8B> 6OCB?A9A<я ;484A<я: 
1. �7>1@078BL AE5<C 2 A>>B25BAB288 A 20@80=B><. 
2. �0<5=8BL @0A?@545;5==CN =03@C7:C 55 @02=>459AB2CNI59 Q=q·l. #@8;>68BL 
@02=>459AB2CNICN : 10;:5 2 F5=B@5 BO65AB8 A>>B25BAB2CNI53> ?@O<>C3>;L=8:0. 
3. �0<5=8BL >?>@K 8E @50:F8O<8. $50:F8N H0@=8@=>-?>4286=>9 >?>@K 
=0?@028BL ?5@?5=48:C;O@=> : >?>@=>9 ?>25@E=>AB8.  
 

 

 

$50:F8N H0@=8@=>-?>4286=>9 >?>@K @07;>68BL =0 425 A>AB02;ONI85, =0?@02;5=-
=K5 ?> >AO< :>>@48=0B. 
 

 

 

 

4. %>AB028BL @0AG5B=CN AE5<C 10;:8. 
5. �K1@0BL >A8 :>>@48=0B 8 F5=B@K <><5=B>2. 
6. %>AB028BL C@02=5=85 @02=>25A8O: ;0 AM    ;0 ВM    .0 kхF  

7. �7 C@02=5=89 @02=>25A8O =09B8 =58725AB=K5 @50:F88 >?>@. 
8. #@>25AB8 ?@>25@:C ?@028;L=>AB8 @5H5=8O, A>AB0282 C@02=5=8O .0 kуF  

9. �0?8A0BL >B25BK.  
10. �K2>4. 

 

СB89D:4A<9 ;484A<я: "?@545;8BL @50:F88 >?>@ 10;:8 =0 42CE >?>@0E. %E5<C 2K1@0BL 2 
A>>B25BAB288 A =><5@>< ABC45=B0 ?> A?8A:C 2 6C@=0;5. 

 

#@8=OBL: ;2
@
kH

q     kHP 4 ;   ;2 @kHM      

  

.2@a 



14 

 

1 2 3 

4 5 6 

7 8 9 

10 11 12 

13 14 15 
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16 17 18 

19 20 21 

22 23 24 

25 26 27 

28 29 30 
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#@0:B8G5A:>5 70=OB85 №6,7 
?> B5<5 1.5 «*5=B@ BO65AB8» 

�4<@9AB64A<9: «"?@545;5=85 :>>@48=0B F5=B@0 BO65AB8 A;>6=KE A5G5=89». 
Ц9?P ;4AяF<я: !0CG8BLAO >?@545;OBL :>>@48=0BK F5=B@0 BO65AB8 A;>6=KE 8 A>AB02=KE 
D83C@, 70:@5?;5=85 =02K:>2 ?> >?@545;5=8N AB0B8G5A:>3> <><5=B0 ?@>ABKE 8 A;>6=KE 
D83C@. 
�9B5хB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

1. &5B@04L 4;O ?@0:B8G5A:8E 70=OB89. 
2.  5B>48G5A:85 C:070=8O ?> 2K?>;=5=8N ?@0:B8G5A:8E 70=OB89 ?> 48AF8?;8=5 
«&5E=8G5A:0O <5E0=8:0». 
3. �8=59:0, :0@0=40H, <8:@>:0;L:C;OB>@. 

�BDя8B> 6OCB?A9A<я ;484A<я: 
1. #>2B>@8BL B5<C «*5=B@ BO65AB8». 
2. #> =><5@C 2 6C@=0;5 2K1@0BL ?;>A:CN D83C@C 8 8AE>4=K5 40==K5. 
3. �7>1@078BL D83C@C 8 70:;NG8BL 55 2 A8AB5<C :>>@48=0B. 
4. $0718BL A;>6=CN D83C@C =0 ?@>ABK5. 
5. "?@545;8BL F5=B@ BO65AB8 :064>9 ?@>AB>9 D83C@K. 
6. "?@545;8BL ?;>I04L 8 :>>@48=0BK F5=B@0 BO65AB8 :064>9 ?@>AB>9 D83C@K. 
7. "?@545;8BL :>>@48=0BK F5=B@0 BO65AB8 A>AB02=>9 D83C@K. 
8. %D>@<C;8@>20BL 2K2>4. 
СB89D:4A<9 ;484A<я. "?@545;8BL ?>;>65=85 F5=B@0 BO65AB8 ?;>A:>9 D83C@K, D>@<0 8 
@07<5@K :>B>@>9 2 <8;;8<5B@0E ?>:070=K =0 @8AC=:0E. �0==K5 A2>53> 20@80=B0 27OBL 87 
B01;8FK. 
�Fч9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &5<0 @01>BK. 
2. *5;L @01>BK. 
3. �040=85. 
4. $5H5=85 7040G. 
5. �K2>4 ?> 7040G5 
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#@0:B8G5A:>5 70=OB85 №8,9 

?> B5<5 «$0ABO65=85 8 A60B85». 
�4<@9AB64A<9: «$0AG5B =0 ?@>G=>ABL AB5@6=O ?@8 @0ABO65=88 (A60B88)». 
Ц9?P ;4AяF<я: =0CG8BLAO >?@545;OBL =0?@O65=8O 2 ?>?5@5G=KE A5G5=8OE M;5<5=B>2 :>=-
AB@C:F89, @01>B0NI8E =0 @0ABO65=85 8 A60B85. "?@545;OBL 25;8G8=C 01A>;NB=>9 ?@>-
4>;L=>9  45D>@<0F88 ABC?5=G0B>3> 1@CA0. 
�9B5хB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

1. &5B@04L 4;O ?@0:B8G5A:8E 70=OB89. 
2. �8=59:0, :0@0=40H, @578=:0. 
3.  8:@>:0;L:C;OB>@. 

�BDя8B> 6OCB?A9A<я ;484A<я: 
1. #> =><5@C 2 6C@=0;5 ?>;CG8BL 7040=85.  
2. �7>1@078BL ABC?5=G0BK9 1@CA A 2=5H=59 =03@C7:>9. 
3. $0718BL 1@CA =0 CG0AB:8, =C<5@0F8O 3 A> A2>1>4=>3> :>=F0 1@CA0. 
4. "?@545;8BL A ?><>ILN <5B>40 A5G5=89 25;8G8=C 2=CB@5==59 ?@>4>;L=>9 A8;K =0 :06-
4>< CG0AB:5. #> ?>;CG5==K< 25;8G8=0< ?>AB@>8BL M?N@C 2=CB@5==8E =>@<0;L=KE A8;. 
5. "?@545;8BL =0 :064>< CG0AB:5 =>@<0;L=>5 =0?@O65=85. #>AB@>8BL M?N@C =0?@O65=89. 
6. #> D>@<C;5 �C:0 >?@545;8BL ?5@5<5I5=85 :064>3> CG0AB:0 1@CA0 8 AC<<0@=>5 ?5@5-
<5I5=85. 
�Fч9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &5<0 @01>BK. 
2. *5;L @01>BK. 
3. �040=85. 
4. $5H5=85 7040G. 
5. �K2>4 ?> 7040G5. 
 

 

В4D<4AFO ;484A<= 

З484A<9:  �2CEABC?5=G0BK9 AB0;L=>9 1@CA, 4;8=K ABC?5=59 :>B>@>3> C:070=K =0 AE5<0E, 
=03@C65= A8;0<8 F1 8  F2. #>AB@>8BL M?N@K ?@>4>;L=KE A8; 8 =>@<0;L=KE =0?@O65=89 
?> 4;8=5 1@CA0. "?@545;8BL C4;8=5=85 (C:>@>G5=85) 1@CA0, ?@8=O2 � = 2·105  #0. !><5@ 
AE5<K, G8A;>2K5 7=0G5=8O A8; 8 ?;>I0459 4;O A2>53> 20@80=B0 2K1@0BL ?> B01;8F5.  

 

№ 64D<-
4AF4 

№  
Eх9@O 

 

F1 

>� 

F2 

>� 

А1 

E@2 
А2 

E@2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

10 

12 

12 

15 

14 

13 

16 

14 

15 

18 

20 

12 

10 

14 

15 

13 

16 

14 

20 

18 

18 

20 

22 

21 

18 

19 

20 

21 

22 

23 

24 

20 

22 

21 

10 

16 

1,0 

0,8 

1,3 

1,4 

1,0 

1,6 

1,5 

2,0 

2,0 

1,6 

1,5 

1,2 

1,5 

1,6 

1,8 

2,0 

0,9 

1,1 

1,6 

2,1 

0,6 

2,0 

1,8 

1,6 

2,4 

2,1 

2,0 

2,1 

2,2 

1,9 

1,9 

2,0 

2,4 

2,5 

2,1 

2,0 
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19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

6 

7 

8 

9 

10 

1 

2 

4 

3 

6 

5 

7 

14 

16 

15 

12 

16 

12 

14 

15 

12 

14 

20 

12 

20 

24 

20 

25 

21 

23 

22 

19 

18 

23 

25 

21 

1,6 

1,5 

1,4 

1,8 

1,6 

1,5 

1,8 

2,0 

1,5 

1,7 

1,8 

1,9 

2,1 

2,0 

1,8 

2,0 

2,2 

2,1 

2,2 

2,6 

2,4 

2,1 

2,2 

2,7 
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КBAFDB?PAO9 6BCDBEO: 
1. �0BL >?@545;5=85 45D>@<0F88 @0ABO65=8O. 
2. �0:>9 2=CB@5==89 A8;>2>9 D0:B>@ 2>7=8:05B ?@8 @0ABO65=88. 
3. �0BL >?@545;5=85 =>@<0;L=>3> =0?@O65=8O. 
4. �0BL >?@545;5=85 4>?CA:05<>3> =0?@O65=8O. 

1 

 

2 

 
3 

 

4 

 
5 

 

6 

  
7 

 

8 

 
9 

 

10 

 

70 

F1 

F2 

110 130 

A1 
A2 

50 

F1 

F2 

130 120 

A1 
A2 

70 

F1 

F2 

100 150 

A1 
A2 

90 

F2 

110 130 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

50 

F1 

F2 

150 100 

A1 
A2 

70 

F1 

F2 

160 120 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

60 

F1 

F2 

130 130 

A1 
A2 

70 

F1 

F2 

140 120 

A1 
A2 

F1 
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5. %D>@<C;8@C9B5 CA;>285 ?@>G=>AB8 4;O 45D>@<0F88 @0ABO65=8O (A60B8O). 
 

#@0:B8G5A:>5 70=OB85 №10 
?> B5<5 «#@0:B8G5A:85 @0AG5BK =0 A@57 8 A<OB85». 
�4<@9AB64A<9: $0AG5BK =0 A@57 8 A<OB85 
Ц9?P ;4AяF<я: =0CG8BLAO 2K?>;=OBL @0AG5BK =0 A@57 8 A<OB85. 
�9B5хB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

4. &5B@04L 4;O ?@0:B8G5A:8E 70=OB89. 
5. �8=59:0, :0@0=40H, @578=:0. 
6.  8:@>:0;L:C;OB>@. 

�BDя8B> 6OCB?A9A<я ;484A<я: 
1. #> =><5@C 2 6C@=0;5 ?>;CG8BL 7040=85.  
2. �K?>;=8BL @0AG5B. 
�Fч9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
6. &5<0 @01>BK. 
7. *5;L @01>BK. 
8. �040=85. 
9. $5H5=85 7040G. 
10. �K2>4 ?> 7040G5. 
 

КBAFDB?PAO9 6BCDBEO: 
1. �09B5 >?@545;5=85 45D>@<0F8O< A@570 8 A<OB8O.  
2. +B> B0:>5 @0AG5B=>5 A>?@>B82;5=85 =0 A@57 8 A<OB85?  
3. �0:>2K CA;>28O ?@>G=>AB8 ?@8 @0AG5B5 =0 A@57 8 A<OB85?  
4. #@>25@8BL ?@>G=>ABL 70:;5?>G=>3> A>548=5=8O =0 A@57 8 A<OB85, 5A;8 F = 60 :!;  
[Äc] = 100  #0; ó= 240  #0; d = 20 <<: z = 3 A< 
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23 

 



24 
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#@0:B8G5A:>5 70=OB85 №11 
CB F9@9 «�5><5B@8G5A:85 E0@0:B5@8AB8:8». 
�4<@9AB64A<9: «"?@545;5=85 3;02=KE F5=B@0;L=KE <><5=B>2 8=5@F88 A>AB02=KE A5G5-
=89» 
Ц9?P ;4AяF<я: !0CG8BLAO ?>;L7>20BLAO B01;8F0<8, >?@545;OBL 3;02=K5 F5=B@0;L=K5 >A5-
2K5 <><5=BK 8=5@F88. 
�9B5хB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &5B@04L 4;O ?@0:B8G5A:8E 70=OB89. 
2. �8=59:0, :0@0=40H, @578=:0. 
3.  8:@>:0;L:C;OB>@. 
�BDя8B> 6OCB?A9A<я ;484A<я: 
1. �K?8A0BL 87 B01;8F A>@B0<5=B0 2 A>>B25BAB288 A �"%&>< 35><5B@8G5A:85 E0@0:B5-
@8AB8:8 ?@>:0B=KE ?@>D8;59. 
2. �K1@0BL A8AB5<C 2A?><>30B5;L=KE >A59. 
3. "?@545;8BL :>>@48=0BK F5=B@0 BO65AB8 ?@>ABKE A5G5=89. 
4. "?@545;8BL :>>@48=0BK F5=B@0 BO65AB8 A>AB02=>3> A5G5=8O 8 ?>;>65=85 F5=-
B@0;L=KE >A59. 
5. �KG8A;8BL <><5=BK 8=5@F88 ?@>ABKE A5G5=89 >B=>A8B5;L=> F5=B@0;L=KE >A59. 
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9. �KG8A;8BL 3;02=K5 F5=B@0;L=K5 <><5=BK 8=5@F88 A5G5=8O. �;O ?@>25@:8 ?@0-
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A8B5;L=> F5=B@0 BO65AB8 MB>3> A5G5=8O. 
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5. -?N@K ?>?5@5G=KE A8; 8 873810NI8E <><5=B>2; 
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6. #>4>1@0BL ?> B01;8F5 42CB02@>2>5 A5G5=85 10;:8. 
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�4<@9AB64A<9 "?@545;5=85 4>?CA:05<>3> 7=0G5=8O F5=B@0;L=> A68<0NI59 A8;K. 
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>1>7=0G82 53> imin. �A;8 ix= iy, B> @0AG5B <>6=> 25AB8 ?> ;N1><C 87 =8E; 
3)  >?@545;ONB 381:>ABL AB5@6=O ü= l0/ imin; 

4) ?> =0945==><C 7=0G5=8N 381:>AB8 8 2 7028A8<>AB8 >B <0B5@80;0 AB5@6=O >?@545;ONB 
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