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• :>=:@5B=>3> 8745;8O (=0720=85 8745;8O 7040BL A0<>AB>OB5;L=>) 
• 8745;8O , :>;8G5AB2> ?@>406 :>B>@KE ;568B 2 480?07>=5 >B � 4> N 
HBC: (7=0G5=85 � 8 N 7040BL A0<>AB>OB5;L=>) 
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3. "BA>@B8@>20BL 40==K5 ?> 40B5 ?@>406. #@8 MB>< 8A?>;L7>20BL 
@07;8G=K5 284K D>@<0B8@>20=8O AB>;1F0 "�0B0". 
#@>8725AB8 A>@B8@>2:C AB@>: ?> 2>7@0AB0=8N 8;8 ?> C1K20=8N 40==KE 2 > 

AB>;1F5 �>;8G5AB2> 
#@>8725AB8 A>@B8@>2:C AB@>: ?> 42C< 8;8 1>;55 AB>;1F0< (<5=N �0==O5, 

:><0=40 %>@B8@>2:0). !0?@8<5@ ?> AB>;1F0< �0B0 ?@>4068, �745;85 8 
%B>8<>ABP. 

4. %D>@<8@>20BL ?@><56CB>G=K5 8B>38 A=0G0;0 ?> AB>;1FC "�0B0", 70B5< 
?> AB>;1FC "�745;85" (@8A. 2.1). 

 

5. #> ?@><56CB>G=K< 8B>30< ?>AB@>8BL 4803@0<<C (38AB>3@0<<C) ?@>406 
?> <5AOF0< 8;8 ?> =08<5=>20=8O<. �;O MB>3> =5>1E>48<> A:@KBL 2A5 
40==K5, :@><5 8B>3>2 (C@>25=L 2) 8 AB@>8BL 4803@0<<C :0: >1KG=>. 

6. % ?><>ILN DC=:F88 #>41>@ ?0@0<5B@0 >?@545;8BL, :0:CN =0F5=:C =0 
AB>8<>ABL B>20@0 =04> 70;>68BL, GB>1K ?>;CG8BL AC<<0@=CN ?@81K;L 70 3>4 
2 7040==>< @07<5@5 (7=0G5=85 7040BL A0<>AB>OB5;L=>). 

 

�040=85 4: !0948B5 =>@<0B82=CN 4>:C<5=B0F8N  ?@>D5AA8>=0;L=>9 
=0?@02;5==>AB8: 

 �"%& $ 17.2.02.06-99 "E@0=0 ?@8@>4K. �B<>AD5@0. !>@<K 8 <5B>4K 
87<5@5=8O A>45@60=8O >:8A8 C3;5@>40 8 C3;52>4>@>4>2 2 >B@01>B02H8E 
3070E 307>10;;>==KE 02B><>18;59. 

 �"%& $ 51709-2001. �2B>B@0=A?>@B=K5 A@54AB20. &@51>20=8O 157>?0A=>AB8 : 
B5E=8G5A:><C A>AB>O=8N 8 <5B>4K ?@>25@:8. 

 �"%& $ 51253-99 �2B>B@0=A?>@B=K5 A@54AB20. *25B>3@0D8G5A:85 AE5<K 
@07<5I5=8O A25B>>B@060NI59 <0@:8@>2:8. &5E=8G5A:85 B@51>20=8O. 

. 

 

�0@80=BO :>=B@>;P=OE 7040=89 ?> �><?0A 3D (AutoCAD, Inventor)  
�040=85 1: �K?>;=8BL 2d G5@B56 45B0;8 

 
$8A. 2.1 
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�040=85 2: #>AB@>8BL G5@B56  3D <>45;8 ?> >1@07FC. $07;>68BL =0 3 

AB0=40@B=K5 ?@>5:F88. 
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�=0=8S: 
 ?@028;0 ?>AB@>5=8O G5@B5659 45B0;59, ?;0=8@>2>G=KE 8 
:>=AB@C:B>@A:8E @5H5=89, B@PE<5@=KE <>45;59 45B0;59 2 ?@>3@0<<5 
�><?0A 3D (AutoCAD, Inventor) ; 

 A?>A>1K 3@0D8G5A:>3> ?@54AB02;5=8O ?@>AB@0=AB25==KE >1@07>2; 

 2>7<>6=>AB8 ?0:5B>2 ?@8:;04=KE ?@>3@0<< :><?LNB5@=>9 3@0D8:8 2 
?@>D5AA8>=0;L=>9 45OB5;L=>AB8; 

 >A=>2=K5 ?>;>65=8O :>=AB@C:B>@A:>9, B5E=>;>38G5A:>9 8 4@C3>9 
=>@<0B82=>9 4>:C<5=B0F88 ?@8<5=8B5;L=> : ?@>3@0<<0< 
:><?LNB5@=>9 3@0D8:8 2 ?@>D5AA8>=0;L=>9 45OB5;L=>AB8;  

 >A=>2K B@PE<5@=>9 3@0D8:8; 

 ?@>3@0<<K, A2O70==K5 A @01>B>9 2 ?@>D5AA8>=0;L=>9 45OB5;L=>AB8. 

 

�>=B@>;L=K5 2>?@>AK: 
1. #>=OB85 8=D>@<0F8>==KE 8 B5;5:><<C=8:0F8>==KE B5E=>;>389. 
2. �;0AA8D8:0F8O 8=D>@<0F8>==KE B5E=>;>389.  
3. %>AB02 8=D>@<0F8>==KE 8 B5;5:><<C=8:0F8>==KE B5E=>;>389. 
4. �A?>;L7>20=85 A5@28A>2 �=B5@=5B0: ?>8A: 8=D>@<0F88, A>740=85 
M;5:B@>==>3> 04@5A0, @538AB@0F8O 2 �=B5@=5B 3 A>>1I5AB20E 

5. �AB>@8O �A5<8@=>9 ?0CB8=K. #5@A?5:B82K @0728B8O 
6. "1@07>20B5;L=K5 @5AC@AK A5B8 Internet. 

 

$0745; 1 �=D>@<0F8>==O5 8 B5;5:><<C=8:0F8>==O5 B5E=>;>388. 
&5E=>;>388 >1@01>B:8 B5:AB>2>9, G8A;>2>9, 3@0D8G5A:>9 

8=D>@<0F88 

 

&5E=>;>38O >1@01>B:8 B5:AB>2>9 8=D>@<0F88 

�>=B@>;L=K5 2>?@>AK: 

1. �0:>2> =07=0G5=85 B5:AB>2KE ?@>F5AA>@>2 
2. "E0@0:B5@87C9B5 2>7<>6=>AB8 B5:AB>2>3> ?@>F5AA>@0 Microsoft Word. 
3. "?8H8B5 M;5<5=BK >:=0 Microsoft Word 8 8E =07=0G5=85.  
4. "?8H8B5 A?>A>1K 2K45;5=8O M;5<5=B>2 2 >:=5 4>:C<5=B0 Microsoft 
Word. 

5. �0:>2> =07=0G5=85 =5?5G0B05<KE A8<2>;>2?  
6. �0: 2:;NG8BL >B>1@065=85 =5?5G0B05<KE A8<2>;>2 2 4>:C<5=B5? 
7. �0: >BD>@<0B8@>20BL H@8DB 2 B5:AB>2>< 4>:C<5=B5? 
8. +B> B0:>5 0170F B5:AB0, G5< >= >B;8G05BAO >B ?@54;>65=8O? �0:85 
?0@0<5B@K >D>@<;5=8O 0170F0 2K 7=05B5? 
9. +B> B0:>5 AB8;L?  
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10. "?8H8B5 A?>A>1K 87<5=5=8O ?0@0<5B@>2 AB@0=8FK. 
11. +B> B0:>5 :>;>=B8BC;?  
12. "?8H8B5 2>7<>6=>AB8 @8A>20=8O Microsoft Word.  
13. �0:>2K >A>15==>AB8 ?@8<5=5=8O B01;8F 2 Microsoft Word? 
14. �0: 2AB028BL @8AC=>: 8 87<5=8BL 53> ?>;>65=85 2 4>:C<5=B5? 
15. �0: A>740BL @07;8G=K5 284K A?8A:>2? 
16. �;O G53> ?@54=07=0G5= @568< ?> >1@07FC 
17. �0:85 284K >1B5:0=8O <>6=> ?@8<5=8BL : >1J5:BC 8 :0: MB> A45;0BL? 
18. �0: 2AB028BL D83C@C 8 A45;0BL 5P >1JP<=>9? 
19. �0: =0?8A0BL B5:AB 2=CB@8 D83C@K? 

 

&5E=>;>38O >1@01>B:8 G8A;>2>9 8=D>@<0F88 

1. "?8H8B5 AB@C:BC@C B8?>2>3> 8=B5@D59A0 M;5:B@>==>9 B01;8FK. 
2. �0:85 284K 40==KE >1@010BK205B B01;8G=K9 @540:B>@ (?@>F5AA>@)? 
3. �0: 70?8AK20NBAO D>@<C;K 8 DC=:F88? 
4. �0: 2 D>@<C;0E C:07K205BAO 480?07>= OG55:? 
5. �0:85 284K D>@<0B8@>20=8O ?@8<5=ONB : OG59:5 B01;8FK? 
6. #5@5G8A;8B5 A?>A>1K @540:B8@>20=8O 8 D>@<0B8@>20=8O 40==KE 2 
OG59:0E @01>G59 :=838. 
7. #>:068B5 =0 ?@8<5@0E 2>7<>6=>AB8 02B>70?>;=5=8O OG55:. 
8. � :0:8E A;CG0OE A;54C5B 8A?>;L7>20BL 01A>;NB=CN, 0 2 :0:8E - 
>B=>A8B5;L=CN 04@5A0F8N? 
9. #@82548B5 ?@8<5@K :0B53>@89 DC=:F89 8 8<5= DC=:F89. 
10. "?8H8B5 ?@>F5AA 22>40 ?0@0<5B@>2 2AB@>5==KE DC=:F89. 
11. �0: 4;O A?8A:>2 2 Excel ?@8<5=O5BAO 02B>D8;LB@? 
12. +B> B0:>5 @0AH8@5==K9 D8;LB@? 
 

$0745; 2 &5E=>;>388 >1@01>B:8 3@0D8G5A:>9 8=D>@<0F88. 
#@>3@0<<O, A2S70==O5 A @01>B>9 2 ?@>D5AA8>=0;P=>9 45SB5;P=>AB8 

 

%8AB5<0 02B><0B878@>20==>3> ?@>5:B8@>20=8S AutoCAD 

1. �0: >ACI5AB2;O5BAO =0AB@>9:0 DC=:F89 ?@02>3> I5;G:0 <KH8? 
2. �0:85 DC=:F88 C ?@02>9 8 ;52>9 :;028H <KH8? 
3. �;O G53> 8A?>;L7CNB :>;5A8:> <KH8? 
4. �0: >ACI5AB2;O5BAO =0AB@>9:0 @07<5@0 :C@A>@0 8 F25B0 M:@0=0? 
5. �0: 7040BL @07<5@K D>@<0B0 G5@B560? 
6. % :0:>9 F5;LN ?@8<5=ONB 42>9=>9 I5;G>: ?> :>;5A8:C <KH8? 

7. �0: 7040BL B>G=>ABL 548=8F 87<5@5=8O G5@B560? 
8. +B> A;54C5B A45;0BL 4;O ?>O2;5=8O =0 M:@0=5 =C6=>9 ?0=5;8 

8=AB@C<5=B>2? 
9. �0: C1@0BL 87 3@0D8G5A:>3> >:=0 =58A?>;L7C5<CN ?0=5;L 

8=AB@C<5=B>2? 
10. �0: 2:;NG8BL @568< ORTO? +B> >15A?5G8205B MB>B @568<? 
11. +B> ?@>87>945B ?@8 =060B88 :;028H8 F7? 
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12. +B> A;54C5B ?@54?@8=OBL, 5A;8 B>G5G=0O A5B:0 =5 2K2>48BAO =0 
M:@0=? 

13. �0: 2:;NG8BL 8 =0AB@>8BL H03 ?5@5<5I5=8O 3@0D8G5A:>3> :C@A>@0? 
14. �>340 =C6=> ?@8A20820BL >@838=0;L=>5 8<O D09;C G5@B560? 
15. %?>A>1K 0:B82870F88 :><0=4 AutoCAD? 
16. �0: 87<5=8BL @07<5@ 8 F25B <0@:5@>2 >1J5:B=KE ?@82O7>: 8 @CG5:? 
17. �0: 7025@H8BL 2K?>;=5=85 :><0=4K? 
18. �>340 A;54C5B =068<0BL :;028HC Esc, 0 :>340 Enter? 
19. +B> B0:>5 >1J5:B=0O ?@82O7:0? 
20. � :0:>< A;CG05 ?@8<5=ONB >1J5:B=K5 ?@82O7:8 Nearest 8 Snap to 

Perpendicular? 

21. %?>A>1K 2K:;NG5=8O ?>AB>O==> 459AB2CNI8E >1J5:B=KE ?@82O7>:? 
22. %?>A>1K 87<5=5=8O @07<5@>2 87>1@065=8O =0 M:@0=5? 
23. �0: 2:;NG8BL @568< >1J5:B=>3> A;565=8O OTRACK? +B> 405B 

?@8<5=5=85 MB>3> @568<0? 
24. %;54C5B ;8 CAB0=>28BL D;06>: Object Snap Tracking On =0 2:;04:5 

Object Snap 2 >:=5 Drafting 
settings, GB>1K >ACI5AB2;O;AO @568< >1J5:B=>3> A;565=8O? 
25. �C45B ;8 >ACI5AB2;OBLAO @568< >1J5:B=>3> A;565=8O, 5A;8 =5 

2:;NG5=K ?>AB>O==> 459AB2CNI85 ?@82O7:8, :>B>@K5 1C4CB 8A?>;L7>20BLAO 
2 >?5@0F88 >1J5:B=>3> >BA;56820=8O? 

26. �0:8< >1@07>< >ACI5AB2;O5BAO =07=0G5=85 ?>AB>O==>9 ?@82O7:8 2 
480;>3>2>< >:=5 Drafting 

Settings ($568<K @8A>20=8O) =0 2:;04:5 Object Snap ("1J5:B=0O 
?@82O7:0)? 

27. #>G5<C =5 @5:><5=4CNB >4=>2@5<5==> 2:;NG0BL 7=0G8B5;L=>5 
:>;8G5AB2> ?@82O7>:? 

28. %?>A>1K 0:B82870F88 >4=>:@0B=>9 ?@82O7:8 : =C6=>9 B>G:5 =0 
>1J5:B5, :>B>@K9 C65 ?>AB@>5=? 

29. �0: >B<5=8BL @57C;LB0B 2K?>;=5=8O ?>A;54=59 :><0=4K? 
30. %?>A>1K 2K1>@0 >1J5:B>2. � G5< @07;8G85 2K1>@0 >1J5:B>2 @0<:>9 

8 A5:@0<:>9? 
31. +B> B0:>5 B5:AB>2K9 AB8;L 8 :0: 53> A>740BL? 
32. �0:>9 H@8DB A;54C5B 8A?>;L7>20BL 4;O =04?8A59 =0 G5@B565? 
33. #>G5<C ?@8 A>740=88 B5:AB>2>3> AB8;O A;54C5B =07=0G0BL 2KA>BC 

1C:2 (Height) @02=CN =C;N? 
34. �0: ?@>872>48BAO =0AB@>9:0 @568<>2 2K1>@0 2 480;>3>2>< >:=5 

Options (!0AB@>9:0) =0 2:;04:5 
Selection (�K1>@) 4;O >ACI5AB2;5=8O 2>7<>6=>AB8 2K1>@0 >1J5:B>2 

@0<:>9? 
35. +B> ?@>87>945B, 5A;8 2:;NG8BL D;06>: 2 >:=5 Use Shift to add to 

Selection (�A?>;L7>20=85<Shift> 4;O 4>102;5=8O)? 
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36. �0:CN =0AB@>9:C A;54C5B ?@>8725AB8 2 480;>3>2>< >:=5 Options 
(!0AB@>9:0) =0 2:;04:5 Selection (�K1>@) 4;O >ACI5AB2;5=8O 2>7<>6=>AB8 
C40;OBL >1J5:BK :;028H59 <Delete>? 

37. %?>A>1K C40;5=8O >1J5:B>2 87 G5@B560? 
38. %?>A>1K 7025@H5=8O @01>BK A ?@>3@0<<>9 AutoCAD? 

 

%�#$ �><?0A 
1. !07=0G5=85 %�#$ �><?0A 3D LT. 
2. +B> 2:;NG05B 2 A51O ?@>3@0<<=0O A@540 %�#$ �><?0A 3D LT V7.0? 
3. �0:85 B8?K D09;>2 <>6=> A>74020BL 2 ?@>3@0<<5 �><?0A 3D LT V7.0? 
4. �0:85 >B;8G8B5;L=K5 >A>15==>AB8 8<55B 25@A8O 7.0? 
5. +B> B0:>5 �%��?  �;O G53> =C6=0 �%��? 
6. �0: 70?CA:05BAO ?@>3@0<<0 �" #�% 3D LT V7.0? 
7. �0: <>6=> ?>;CG8BL B5:CICN A?@02>G=CN 8=D>@<0F8N > ?@>3@0<<5 
�" #�% 3D LT V7.0? 

8. �0:85 =>2K5 4>:C<5=BK <>6=> A>74020BL 2 �><?0A 3D LT V7.0?: 
9. �>;8G5AB2> ;>:0;L=KE A8AB5< :>>@48=0B, 4>?CAB8<>5 2 �><?0A 3D LT 

V7.0? 

10. +B> 45;0BL, 5A;8 2K E>B8B5 C7=0BL 1>;LH5 > :><0=40E 8;8 ;N1>< 
>1J5:B5 A8AB5<K �" #�%-3D?  

11. �45 =0E>48BAO =0G0;> 01A>;NB=>9 A8AB5<K :>>@48=0B G5@B560? 
12. �45 =0E>48BAO =0G0;> 01A>;NB=>9 A8AB5<K :>>@48=0B D@03<5=B0? 
13. �45 =0E>48BAO =0G0;> 01A>;NB=>9 A8AB5<K :>>@48=0B 45B0;8? 
14. ':068B5 :0: <>6=> 7040BL ?0@0<5B@K D>@<0B0 2 ?@>3@0<<5 �><?0A 

3D? 

15. "@85=B0F8O ;8AB0 G5@B560. �0:>9 >=0 1K205B 8 :0: 70405BAO 2 
?@>3@0<<5 �><?0A 3D? 

16. �45 ?><5I0NB >A=>2=CN =04?8AL =0 G5@B565? 
17. �0:85 >A=>2=K5 A2545=8O C:07K20NB 2 >A=>2=>9 =04?8A8 
?@>872>4AB25==>3> G5@B560? 

18. �0:85 >A=>2=K5 A2545=8O C:07K20NB 2 >A=>2=>9 =04?8A8 CG51=>3> 
G5@B560? 

19. % ?><>ILN :0:8E :><0=4 <>6=> 70?>;=8BL >A=>2=CN =04?8AL 
G5@B560? 

20. �0:85 :><0=4K 4;O 22>40 ?@028;L=>3> <=>3>C3>;L=8:0 �K 7=05B5? 
21. !07>28B5 ?0@0<5B@K 4;O 22>40 ?@028;L=>3> <=>3>C3>;L=8:0. 
22. �0G5< =C6=K B>G=K5 ?>AB@>5=8O? 
23. !0 G5< >A=>20= <5B>4 B>G=KE ?@82O7>:? 
24. � G5< @07=8F0 <564C ;>:0;L=K<8 8 3;>10;L=K<8 ?@82O7:0<8?  
25. �0:85 ?0@0<5B@K 8<55B :><0=40 %:@C3;5=85? 
26. #> :0:>9 :><0=45 =0 ?0=5;8 $540:B8@>20=8O <>6=> C40;8BL ;8H=85 
M;5<5=BK =0 G5@B565? 
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27. !07>28B5 >A=>2=K5 M;5<5=BK 8=B5@D59A0 A8AB5<K B@5E<5@=>3> (3D) 
B25@4>B5;L=>3> <>45;8@>20=8O, 8E =07=0G5=85 

28. �0: @0A?>;>65=K >A8 87><5B@8G5A:>9 ?@>5:F88? 
29. �0:  >B:;04K20NB @07<5@K ?@8 ?>AB@>5=88 87><5B@8G5A:>9 ?@>5:F88 
?@54<5B0 ?> >AO< X, Y, Z?  

30. +B> B0:>5 ?@028;L=K5 <=>3>3@0==8:8? 
31. �09B5 >?@545;5=85 B5; 2@0I5=8O: F8;8=4@0, :>=CA0, H0@0.  
32. �0:85 A?>A>1K ?>AB@>5=8O  3-E <5@=KE <>45;59 B5; 2@0I5=8O 2 
�><?0A 3D LT 7.0 2K 7=05B5? 

33. �0:>9 0;3>@8B< ?>AB@>5=8O  3-E <5@=>9 <>45;8 F8;8=4@0? 
34. �0:>9 0;3>@8B< ?>AB@>5=8O  3-E <5@=>9 <>45;8 :>=CA0? 
35. �09B5 >?@545;5=85 :8=5<0B8G5A:>9 ?>25@E=>AB8 

36. !0 G5< >A=>20= :8=5<0B8G5A:89 A?>A>1 :>=AB@C8@>20=8O 
?>25@E=>AB59? 

37. �0:>9 0;3>@8B< ?>AB@>5=8O B@5E<5@=>9 <>45;8 B5;0 2@0I5=8O ?> 
>1@07CNI59 ;8=88? 

 
 

 

 

&5E=>;>388 D>@<8@>20=8S "� 

$57C;LB0BK (>A2>5==K5 
>1I85 :><?5B5=F88) 

"A=>2=K5 ?>:070B5;8 >F5=:8 
@57C;LB0B0 

(>@<K 8 <5B>4K 
:>=B@>;O 8 >F5=:8 

"� 1 �K18@0BL A?>A>1K 
@5H5=8O 7040G 
?@>D5AA8>=0;L=>9 
45OB5;L=>AB8 
?@8<5=8B5;L=> : 
@07;8G=K< :>=B5:AB0<; 

$0A?>7=020BL A;>6=K5 ?@>1;5<K 2 
7=0:><KE A8BC0F8OE. 
�K45;OBL A;>6=K5 A>AB02=K5 G0AB8 
?@>1;5<K 8 >?8AK20BL 55 ?@8G8=K 8 
@5AC@AK, =5>1E>48<K5 4;O 55 @5H5=8O 
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=0?@O65=85 B0:>9 25;8G8=K, ?@8 :>B>@>9 B>: 2B>@8G=>9 >1<>B:8 @025= B>:C 
=><8=0;L=><C, B.5. I2= I2=. 1B><C A>AB>O=8N B@0=AD>@<0B>@0 A>>B25BAB2C5B AE5<0 
70<5I5=8O, ?@54AB02;5==0O =0 @8A.5. 
 

 

 

 

 

 

 

 

 

 

 
 

$8A. 5. %E5<0 70<5I5=8O B@0=AD>@<0B>@0 ?@8 >?KB5 :>@>B:>3> 70<K:0=8O 
 

�7<5@5=8O, ?@>87254P==K5 ?@8 >?KB5 :>@>B:>3> 70<K:0=8O, ?>72>;ONB >?@545;8BL 
<>I=>ABL ?>B5@L 2 >1<>B:0E B@0=AD>@<0B>@0 8 ?0@0<5B@K :>@>B:>3> 70<K:0=8O AE5<K 
70<5I5=8O, B.5. 

,
2

1kkQAk IRPP   

345 Δ$1! - =><8=0;L=K5 M;5:B@8G5A:85 ?>B5@8, @02=K5 <>I=>AB8, ?>B@51;O5<>9 
B@0=AD>@<0B>@>< 2 @568<5 :>@>B:>3> 70<K:0=8O. 
#0@0<5B@K AE5<K 70<5I5=8O >?@545;ONBAO 2 A>>B25BAB288 A D>@<C;0<8 

.,/,/
22

11

2

1 kkkkkkkkk RZXIUZIPR   

�>MDD8F85=B ?>;57=>3> 459AB28O B@0=AD>@<0B>@0 <>6=> @0AAG8B0BL, 8A?>;L7CO 40==K5 
>?KB>2 E>;>AB>3> E>40 8 :>@>B:>3> 70<K:0=8O: 
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345 SH- =><8=0;L=0O <>I=>ABL B@0=AD>@<0B>@0; β - :>MDD8F85=B 703@C7:8 
B@0=AD>@<0B>@0, :>B>@K9 @025= >B=>H5=8N I2 /I2=; φ2 - C3>; A42830 D07K B>:0 ?> 
>B=>H5=8N : D075 =0?@O65=8O (7028A8B >B E0@0:B5@0 =03@C7:8). 
�#� <>6=> >?@545;8BL 8 >?KB=K< ?CBP<, =5?>A@54AB25==> 87<5@OO A ?><>ILN 
20BB<5B@>2 <>I=>AB8 $18 $28 @0AAG8BK20O 8E >B=>H5=85: 

./ 12 PP  

!> �#� B@0=AD>@<0B>@0 2KA>: (0,99-0,995), 8 ?@>F5=B=0O @07=8F0 25;8G8= $1 8 
$2A@02=8<0 A ?>3@5H=>ABLN ?@81>@>2, 8A?>;L7C5<KE 4;O 8E 87<5@5=8O. #>MB><C 
>?@545;5=85 25;8G8=K �#� @5:><5=4C5BAO ?@>872>48BL @0AGPB=K< ?CBP<. 
�A?>;L7CO 40==K5 >?KB>2 E>;>AB>3> E>40 8 :>@>B:>3> 70<K:0=8O, <>6=> B0:65 
@0AAG8B0BL 8 ?>AB@>8BL 2=5H=NN E0@0:B5@8AB8:C B@0=AD>@<0B>@0. 
�B>@8G=>5 =0?@O65=85 U2 <>6=> >?@545;8BL, 8AE>4O 87 D>@<C;K 

,
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%
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202 U
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        (1) 

 

345 U20- =0?@O65=85 =0 7068<0E 2B>@8G=>9 >1<>B:8, 87<5@5==>5 ?@8 >?KB5 E>;>AB>3> 
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E>40; ΔU2%- ?@>F5=B=>5 87<5=5=85 =0?@O65=8O =0 2B>@8G=>9 >1<>B:5. 

.100%
20

220

2
U

UU
U


  

(>@<C;0 (1) ?>;CG5=0 =0 >A=>25 D>@<C;K (2). 
#@>F5=B=>5 87<5=5=85 =0?@O65=8O  ΔU2% >?@545;O5BAO ?> D>@<C;5 

),cos%cos%(% 222  kpka UUU       (2) 

345 U:0% - 0:B82=0O A>AB02;ONI0O =0?@O65=8O :>@>B:>3> 70<K:0=8O; U:@% -  @50:B82=0O 
A>AB02;ONI0O =0?@O65=8O :>@>B:>3> 70<K:0=8O. �E 25;8G8=K >?@545;ONBAO ?> 
D>@<C;0<: 

.cos;100%

,sin%%,cos%%
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&0: :0: 3@0D8: )( 22 IfU  ?@54AB02;O5B A>1>9 ?@O<CN ;8=8N, B> 2=5H=NN 
E0@0:B5@8AB8:C <>6=> ?>AB@>8BL ?> 42C< B>G:0<: ?5@20O A>>B25BAB2C5B @568<C 
E>;>AB>3> E>40 (β=0), 2B>@0O - =><8=0;L=>9 =03@C7:5 (β=l). 

�DB7D4@@4 D45BFO 

1. �A?KB0BL B@0=AD>@<0B>@ ?@8 =03@C7:5. %=OBL 8 ?>AB@>8BL 2=5H=NN E0@0:B5@8AB8:C 
U2= f(I2); @0AAG8B0BL 8 ?>AB@>8BL 3@0D8: 7028A8<>AB8 )(cos 21 If ; @0AAG8B0BL 8 
?>AB@>8BL 3@0D8: 7028A8<>AB8 )( 2If . 

2. "?@545;8BL ?0@0<5B@K �->1@07=>9 AE5<K 70<5I5=8O ?> 40==K< >?KB>2 E>;>AB>3> 
E>40 8 :>@>B:>3> 70<K:0=8O. 

3. $0AAG8B0BL 8 ?>AB@>8BL 3@0D8:8 7028A8<>AB8 )( 2If  ?@8 
2cos = 1 8 2cos = 0,8   

?@8 
2 > 0,  8A?>;L7CO 40==K5 >?KB>2 E>;>AB>3> E>40 8 :>@>B:>3> 70<K:0=8O. 

4. $0AAG8B0BL 8 ?>AB@>8BL 2=5H=NN E0@0:B5@8AB8:C B@0=AD>@<0B>@0 U2= f(I2) ?@8 
2cos = 1 8 2cos = 0,8   ?@8 2 > 0, 8A?>;L7CO 40==K5 >?KB>2 E>;>AB>3> E>40 8 

:>@>B:>3> 70<K:0=8O. 
�5BDG8B64A<9 ?45BD4FBDAB= GEF4AB6>< 

&1 - ;01>@0B>@=K9 02B>B@0=AD>@<0B>@ (��&$); &2 - 8A?KBC5<K9 >4=>D07=K9 
B@0=AD>@<0B>@; �1 - 0<?5@<5B@ 2 ?5@28G=>9 F5?8 A =><8=0;L=K< B>:>< 3 �; VI - 

2>;LB<5B@ 2 ?5@28G=>9 F5?8 A =><8=0;L=K< =0?@O65=85< 250 �; W -20BB<5B@ A 
=><8=0;L=K< 7=0G5=85< <>I=>AB8 1 :�B; �2 - 0<?5@<5B@ 2> 2B>@8G=>9 F5?8 A 
=><8=0;L=K< B>:>< 15 A; V2 - 2>;LB<5B@ 2> 2B>@8G=>9 F5?8 A =><8=0;L=K< 
=0?@O65=85< 60 �; RH- A>?@>B82;5=85 =03@C7:8. 
�BDя8B> 6OCB?A9A<я D45BFO 

 

1. "7=0:><8BLAO A ?0A?>@B=K<8 40==K<8 8A?KBC5<>3> B@0=AD>@<0B>@0. 
�0?8A0BL 2 ?@>B>:>; B8? B@0=AD>@<0B>@0, =><8=0;L=CN <>I=>ABL SH=><8=0;L=K5 
?5@28G=K5 8 2B>@8G=K5 =0?@O65=8O UlH 8 U2H. 

2. %>1@0BL M;5:B@8G5A:CN F5?L ?> AE5<5, 87>1@06P==>9 =0 @8A.6. 
3. 'AB0=>28BL 4286>: ��&$� 2 ?>;>65=85 "0". 
4. #>A;5 ?@>25@:8 F5?8 ?@5?>4020B5;5< 2:;NG8BL 5P ?>4 =0?@O65=85. 
5. #@8 ?><>I8 ��&$� : 7068<0< ?5@28G=>9 >1<>B:8 B@0=AD>@<0B>@0 
?>425AB8 =><8=0;L=>5 =0?@O65=85 8 ?@8 8A?KB0=88 B@0=AD>@<0B>@0 ?>4 =0 
3@C7:>9 ?>445@6820BL 53> =587<5==K<. 
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$8A. 6. %E5<0 M;5:B@8G5A:>9 F5?8 4;O 8A?KB0=8O B@0=AD>@<0B>@0 ?@8 =03@C7:5 
 

6. !0G8=0O A @568<0 E>;>AB>3> E>40 (I2=0), ?>AB5?5==> C25;8G820BL B>: =03@C7:8 
B@0=AD>@<0B>@0, 70?8AK20O :064K9 @07 ?>:070=8O 2A5E ?@81>@>2 2 B01;.1. 
 

                                                                                                                                         &01;8F0 1 
25;8G8=K Il Ul Pl I2 U2 P2 1cos  η 
�4.87<. � � �B � � �B - - 

1 0,4 220 40 0 50 0 0,4545 0 

2 1,05 220 200 3,5 49 171,5 0,8658 0,8575 

3 1,75 220 370 6,5 48,9 317,85 0,9610 0,8591 

4 2 220 430 7,85 47,1 369,74 0,9773 0,8599 

5 2,5 220 520 9,7 46,2 448,14 0,9455 0,8618 

6 2,95 220 640 12 46 552 0,9861 0,8625 

 

#> @57C;LB0B0< 87<5@5=89 @0AAG8B0BL <>I=>ABL 2B>@8G=>9 F5?8 P2, :>MDD8F85=B 
<>I=>AB8 

1cos , �#� B@0=AD>@<0B>@0 ?> D>@<C;0< 

121111222 /),/(cos, PPIUPIUP    

8  ?>AB@>8BL  3@0D8:8 7028A8<>AB59: 
).(),(cos),( 22122 IfIfIfU    

 

�K?>;=O5< =5>1E>48<K5 @0AG5BK: 

.8625,0640/552;9861,0)95,2220/(640cos;5521246)6

.8618,0520/14,448;9455,0)5,2220/(520cos;14,4487,92,46)5

.8599,0430/74,369;9773,0)2220/(430cos;74,36985,71,47)4

.8591,0370/85,317;9610,0)75,1220/(370cos;85,3175,69,48)3

.8575,0200/5,171;8658,0)05,1220/(200cos;5,1715,349)2

.040/0;4545,0)4,0220/(40cos;000)1
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12

12

12
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7. �7 B01;.1 ?5@5?8A0BL 2 B01;.2 25;8G8=K, E0@0:B5@87CNI85 @568< E>;>AB>3> E>40 8 
@0AAG8B0BL ?0@0<5B@K 25B28 =0<03=8G820=8O AE5<K 70<5I5=8O B@0=AD>@<0B>@0, 0 B0:65 
:>MDD8F85=B B@0=AD>@<0F88 n. 

                                                                                                                                         &01;8F0 2 

�220

1& 2&А

�

AR

1A

2A

1V
2V

II
U

U
W



40 

 

 

�5;8G8=K Il0 Ul0 P0 U20 Z0 R0 X0 n 

�4.87<. � � �B � "< "< "< - 

$568< E.E. 0,4 220 40 50 550 250 489,9 4,4 

 

�K?>;=O5< =5>1E>48<K5 @0AG5BK: 
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8. �;O ?@>2545=8O >?KB0 :>@>B:>3> 70<K:0=8O A>1@0BL M;5:B@8G5A:CN F5?L ?> AE5<5, 
87>1@065==>9 =0 @8A.7. �>;LB<5B@ 4>;65= 8<5BL ?@545; 87<5@5=8O 60�. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

$8A. 7. %E5<0 4;O ?@>2545=8O >?KB0 :>@>B:>3> 70<K:0=8O B@0=AD>@<0B>@0 
 

9. 'AB0=>28BL 4286>: ��&$0 2 ?>;>65=85 «0». 
10. #>A;5 ?@>25@:8 F5?8 ?@5?>4020B5;5< 2:;NG8BL 5P ?>4 =0?@O65=85. 
11. % ?><>ILN ��&$0 ?>425AB8 : 7068<0< ?5@28G=>9 >1<>B:8 B@0=AD>@<0B>@0 
?>=865==>5 =0?@O65=85 kUU 11   B0:>9 25;8G8=K, GB>1K B>: 2> 2B>@8G=>9 F5?8 1K; 
@025= B>:C =><8=0;L=><C, B.5. AII 22  . !><8=0;L=>5 7=0G5=85 B>:0 AI2 >?@545;8BL 87 
D>@<C;K AAA IUS 22 =500�B. 
12. $57C;LB0BK 87<5@5=89 70?8A0BL 2 B01;.3 8 @0AAG8B0BL ?0@0<5B@K :>@>B:>3> 70<K:0=8O 
AE5<K 70<5I5=8O B@0=AD>@<0B>@0. 
                                                                                                                                &01;8F0 3 
�5;8G8=K Ilk Ulk Pk I2= kcos  Zk Rk Xk 

�4.87<. � � �B � - "< "< "< 

�>@>B:>5 
70<K:0=85 1,3 17,5 20 10 0,8791 13,5 11,8 6,56 

 

�K?>;=O5< =5>1E>48<K5 @0AG5BK: 
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.56,68,115,13

,5,133,1/5,17/

,8,113,1/20/
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13. �A?>;L7CO 40==K5 >?KB>2 E>;>AB>3> E>40 8 :>@>B:>3> 70<K:0=8O, @0AAG8B0BL 
:>MDD8F85=B ?>;57=>3> 459AB28O B@0=AD>@<0B>@0. $0AG5B ?@>8725AB8 4;O 

2cos = 1 8 

2cos = 0,8   ?@8 2 > 0. $57C;LB0BK 70?8A0BL 2 B01;.4. � >4=>9 A8AB5<5 :>>@48=0B 
?>AB@>8BL 3@0D8:8 7028A8<>AB8 )( 2If  ?@8 

2cos = 1 8 2cos = 0,8   ?@8 2 > 0. 

#@8 @0AG5B5 CG5ABL, GB> .22 AII   

14. $0AAG8B0BL 2=5H=NN E0@0:B5@8AB8:C B@0=AD>@<0B>@0, 8A?>;L7CO 40==K5 >?KB>2 
E>;>AB>3> E>40 8 :>@>B:>3> 70<K:0=8O. $0AG5B ?@>8725AB8 4;O 

2cos = 1 8 2cos = 0,8   

?@8 
2 > 0. $57C;LB0BK 70?8A0BL 2 B01;.5. � >4=>9 A8AB5<5 :>>@48=0B ?>AB@>8BL 3@0D8:8 

7028A8<>AB8 )( 22 IfU   ?@8 
2cos = 1 8 2cos = 0,8   ?@8 2 > 0. 

                                                                                                                                       &01;8F0 4 
�5;8G8=K β I2 2cos  2cos AS  P0 PK η 
�4.87<.  � - �B �B �B - 

 

0 0 

1 

0 40 20 0 

0,25 2,5 125 40 20 0,47 

0,5 5 250 40 20 0,77 

0,75 7,5 375 40 20 0,84 

1 10 500 40 20 0,88 

1,25 12,5 625 40 20 0,90 

 

0 0 

0,8 

0 40 20 0 

0,25 2,5 100 40 20 0,42 

0,5 5 200 40 20 0,74 

0,75 7,5 300 40 20 0,84 

1 10 400 40 20 0,86 

1,25 12,5 500 40 20 0,89 

�K?>;=O5< =5>1E>48<K5 @0AG5BK: 
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,25015005,0cos:5,0
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.875,0
2025,140500

500
,5008,050025,1cos:25,1

;870,0
20140400

400
,4008,05001cos:1

;854,0
2075,040300

300
,3008,050075,0cos:75,0

;816,0
205,040200

200
,2008,05005,0cos:5,0

;708,0
2025,040100

100
,1008,050025,0cos:25,0
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200400

0
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8,0cos
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375
,375150075,0cos:75,0
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