
(���$��,!"� ���!&%&�" �����!"�"$"�!"�" &$�!%#"$&� 
(545@0;L=>5 3>AC40@AB25==>5 1N465B=>5 >1@07>20B5;L=>5 CG@5645=85 2KAH53> 

>1@07>20=8O 
«�@:CBA:89 3>AC40@AB25==K9 C=825@A8B5B ?CB59 A>>1I5=8O» ((��"' �" 

�@�'#%) 

�454=>4?PE><= <AEF<FGF :9?9;AB8BDB:AB7B FD4AECBDF4 - 
D8;80; (545@0;L=>3> 3>AC40@AB25==>3> 1N465B=>3> >1@07>20B5;L=>3> CG@5645=8O 
2KAH53> >1@07>20=8O «�@:CBA:89 3>AC40@AB25==K9 C=825@A8B5B ?CB59 A>>1I5=8O» 

(�01��& �@�'#%) 
 '&��$���!� 

?@8:07>< @5:B>@0 
>B «02» 8N=O 2023 3. № 425-1 

�1.�.��.05.02 #4>9FO CD<>?48AOI CDB7D4@@ 6 <A:9A9DAB= 

89SF9?PABEF< 

@01>G0O ?@>3@0<<0 48AF8?;8=K 
%?5F80;L=>ABL 3 23.05.03 #>4286=>9 A>AB02 65;57=KE 4>@>3 
        %?5F80;870F8O 3 -;5:B@8G5A:89 B@0=A?>@B 65;57=KE 4>@>3  
�20;8D8:0F8O 2K?CA:=8:0 3 8=65=5@ ?CB59 A>>1I5=8O 
(>@<0 8 A@>: >1CG5=8O 3 >G=0O D>@<0, 5 ;5B >1CG5=8O; 70>G=0O D>@<0, 6 ;5B >1CG5=8O    
�0D54@0-@07@01>BG8: ?@>3@0<<K 3 #>4286=>9 A>AB02 65;57=KE 4>@>3 
"1I0O B@C4>5<:>ABL 2 7.5. 3 4 

+0A>2 ?> CG51=><C ?;0=C ('#) 3 144 

(>@<K ?@><56CB>G=>9 0BB5AB0F88 2 A5<5AB@5/=0 :C@A5 
>G=0O D>@<0 >1CG5=8O: M:70<5= 8 A5<5AB@ 

� B>< G8A;5 2 D>@<5 ?@0:B8G5A:>9 
?>43>B>2:8 (##) 3 12/6 

(>G=0O/70>G=0O) 

70>G=0O D>@<0 >1CG5=8O: M:70<5= 5 :C@A 
 

"KA4S HBD@4 B5GK9A<S $4ECD989?9A<9 K4EB6 8<EJ<C?<AO CB E9@9EFD4@ 
%5<5AB@ 8 �FB7B +8A;> =545;L 2 A5<5AB@5 17 

�84 70=OB89 +0A>2 ?> '# +4EB6 CB '# 

�G8<FBDA4S >BAF4>FA4S D45BF4 CB 6<84@ GK95AOI 
;4ASF<=/ 6 F.K. 6 HBD@9 ##* 68/12 68/12 

3 ;5:F88 34 34 

3 ?@0:B8G5A:85  17/6 17/6 

3 ;01>@0B>@=K5 17/6 17/6 

%4@BEFBSF9?PA4S D45BF4 40 40 

1>;4@9A 36 36 

�FB7B 144 144 

�4BKA4S HBD@4 B5GK9A<S $4ECD989?9A<9 K4EB6 8<EJ<C?<AO CB >GDE4@ 
�C@A  �FB7B 

�84 70=OB89 +0A>2 ?> '# +4EB6 CB '# 

�G8<FBDA4S >BAF4>FA4S D45BF4 CB 6<84@ GK95AOI 
;4ASF<=/ 6 F.K. 6 HBD@9 ##* 16 16 

3 ;5:F88 6 6 

3 ?@0:B8G5A:85  4/2 4/2 

3 ;01>@0B>@=K5 6/4 6/4 

%4@BEFBSF9?PA4S D45BF4 110 110 

1>;4@9A 18 18 

�4K9F   

�FB7B 144 144 

'# 3 CG51=K9 ?;0=. 
* � D>@<5 ## 3 2 D>@<5 ?@0:B8G5A:>9 ?>43>B>2:8. 

+�&� 

 

Электронный документ выгружен из ЕИС ФГБОУ ВО ИрГУПС и соответствует оригиналу

Подписант ФГБОУ ВО ИрГУПС Трофимов Ю.А.
00a73c5b7b623a969ccad43a81ab346d50 с 08.12.2022 14:32 по 02.03.2024 14:32 GMT+03:00
Подпись соответствует файлу документа

Электронный документ выгружен из ЕИС ФГБОУ ВО ИрГУПС и соответствует оригиналу

Подписант ФГБОУ ВО ИрГУПС Трофимов Ю.А.
00a73c5b7b623a969ccad43a81ab346d50 с 08.12.2022 14:32 по 02.03.2024 14:32 GMT+03:00
Подпись соответствует файлу документа



$01>G0O ?@>3@0<<0 48AF8?;8=K @07@01>B0=0 2 A>>B25BAB288 A (545@0;L=K< 
3>AC40@AB25==K< >1@07>20B5;L=K< AB0=40@B>< 2KAH53> >1@07>20=8O 3 A?5F80;8B5B ?> 
A?5F80;L=>AB8 23.05.03 #>4286=>9 A>AB02 65;57=KE 4>@>3, CB25@645==K< ?@8:07>< 
 8=8AB5@AB20 >1@07>20=8O 8 =0C:8 $>AA89A:>9 (545@0F88 >B 27.03.2018 3. № 215.  

 

 

 

 

 

 

#@>3@0<<C A>AB028;: 
 

 

 

:.B.=., 4>F5=B                                                                                                               �.�. $>6:>20 
  

 
 
$01>G0O ?@>3@0<<0 @0AA<>B@5=0 8 >4>1@5=0 4;O 8A?>;L7>20=8O 2 CG51=>< ?@>F5AA5 =0 
70A540=88 :0D54@K «#>4286=>9 A>AB02 65;57=KE 4>@>3», ?@>B>:>; >B «15» <0O 2023 3. № 10. 
 

  

 

 

 

 

 

 

�02. :0D54@>9, :.B.=., 4>F5=B              &.�. �20=>20 
 

 

 

 

 



1 *��� � ����+� ��%*�#��!/ 
1.1 *9?P CD9CB8464A<S 8<EJ<C?<AO 

1 
D>@<8@>20=85 C 1C4CI53> A?5F80;8AB0 7=0=89, C<5=89 8 =02K:>2 @01>BK A H8@>:8< A?5:B@>< 
A>2@5<5==K<8 ?0:5B0<8 ?@>3@0<<=>3> >15A?5G5=8O: ?@8:;04=K5, A?5F80;L=K5 8 <C;LB8<5489=K5 

1.2 �484K< 8<EJ<C?<AO 

1 
87CG5=85 >A=>2=KE 0A?5:B>2 A>2@5<5==KE :><?LNB5@=KE 8=D>@<0F8>==KE B5E=>;>389 2 8=65=5@=>9 
45OB5;L=>AB8, B@51>20=89 : A>AB02C 8=D>@<0F88, 55 A>45@60=8N 8 DC=:F8O< 

2 
?@0:B8G5A:>5 >A2>5=85 :>=:@5B=KE A>2@5<5==KE ?@8:;04=KE ?@>3@0<< A F5;LN 40;L=59H53> 8E 
?@8<5=5=8O 4;O @5H5=8O :>=:@5B=KE CG51=KE, 8AA;54>20B5;LA:8E 8 ?@>872>4AB25==KE 7040G 

1.3 *9?P 6BEC<F4A<S < ;484K< 6BEC<F4F9?PAB= D45BFO 6 D4@>4I 8<EJ<C?<AO 

#@>D5AA8>=0;L=>-B@C4>2>5 2>A?8B0=85 >1CG0NI8EAO 
*5;L ?@>D5AA8>=0;L=>-B@C4>2>3> 2>A?8B0=8O 3 D>@<8@>20=85 C >1CG0NI8EAO >A>7=0==>9 ?@>D5AA8>=0;L=>9 
>@85=B0F88, ?>=8<0=8O >1I5AB25==>3> A<KA;0 B@C40 8 7=0G8<>AB8 53> 4;O A51O ;8G=>, >B25BAB25==>3>, 
A>7=0B5;L=>3> 8 B2>@G5A:>3> >B=>H5=8O : 1C4CI59 45OB5;L=>AB8, ?@>D5AA8>=0;L=>9 MB8:8, A?>A>1=>AB8 
?@542845BL 87<5=5=8O, :>B>@K5 <>3CB 2>7=8:=CBL 2 ?@>D5AA8>=0;L=>9 45OB5;L=>AB8, 8 C<5=8N @01>B0BL 2 
87<5=P==KE, 2=>2L A>740==KE CA;>28OE B@C40. 
*5;L 4>AB8305BAO ?> <5@5 @5H5=8O 2 548=AB25 A;54CNI8E 7040G: 
3 D>@<8@>20=85 A>7=0B5;L=>3> >B=>H5=8O : 2K1@0==>9 ?@>D5AA88; 
3 2>A?8B0=85 G5AB8, 3>@4>AB8, ;N128 : ?@>D5AA88, A>7=0B5;L=>3> >B=>H5=8O : ?@>D5AA8>=0;L=><C 4>;3C, 
?>=8<05<><C :0: ;8G=0O >B25BAB25==>ABL 8 >1O70==>ABL;  
3 D>@<8@>20=85 ?A8E>;>388 ?@>D5AA8>=0;0; 
3 D>@<8@>20=85 ?@>D5AA8>=0;L=>9 :C;LBC@K, MB8:8 ?@>D5AA8>=0;L=>3> >1I5=8O; 
3 D>@<8@>20=85 A>F80;L=>9 :><?5B5=B=>AB8 8 4@C385 7040G8, A2O70==K5 A 8<8465< ?@>D5AA88 8 02B>@8B5B>< 
B@0=A?>@B=>9 >B@0A;8 

!0CG=>->1@07>20B5;L=>5 2>A?8B0=85 >1CG0NI8EAO 
*5;L =0CG=>->1@07>20B5;L=>3> 2>A?8B0=8O 3 A>740=85 CA;>289 4;O @50;870F88 =0CG=>->1@07>20B5;L=>3> 
?>B5=F80;0 >1CG0NI8EAO 2 D>@<5 =0AB02=8G5AB20, BLNB>@AB20, =0CG=>3> B2>@G5AB20. 
*5;L 4>AB8305BAO ?> <5@5 @5H5=8O 2 548=AB25 A;54CNI8E 7040G: 
3 D>@<8@>20=85 A8AB5<=>3> 8 :@8B8G5A:>3> <KH;5=8O, <>B820F88 : >1CG5=8N, @0728B85 8=B5@5A0 : 
B2>@G5A:>9 =0CG=>9 45OB5;L=>AB8; 
3 A>740=85 2 ABC45=G5A:>9 A@545 0B<>AD5@K 2708<=>9 B@51>20B5;L=>AB8 : >2;045=8N 7=0=8O<8, C<5=8O<8 8 
=02K:0<8; 
3 ?>?C;O@870F8O =0CG=KE 7=0=89 A@548 >1CG0NI8EAO;  
3 A>459AB285 ?>2KH5=8N ?@82;5:0B5;L=>AB8 =0C:8, ?>445@6:0 =0CG=>-B5E=8G5A:>3> B2>@G5AB20;  
3 A>740=85 CA;>289 4;O ?>;CG5=8O >1CG0NI8<8AO 4>AB>25@=>9 8=D>@<0F88 > ?5@54>2KE 4>AB865=8OE 8 
>B:@KB8OE <8@>2>9 8 >B5G5AB25==>9 =0C:8, ?>2KH5=8O 708=B5@5A>20==>AB8 2 =0CG=KE ?>7=0=8OE >1 
CAB@>9AB25 <8@0 8 >1I5AB20; 
3 A>25@H5=AB2>20=85 >@30=870F88 8 ?;0=8@>20=8O A0<>AB>OB5;L=>9 @01>BK >1CG0NI8EAO :0: >1@07>20B5;L=>9 
B5E=>;>388 D>@<8@>20=8O 1C4CI53> A?5F80;8AB0 ?CB5< 8=48284C0;L=>9 ?>7=020B5;L=>9 8 8AA;54>20B5;LA:>9 
45OB5;L=>AB8 
 

2  �%&" ��%*�#��!/ � %&$'�&'$� "#"# 

�;>:/G0ABL "#"# �;>: 1. �8AF8?;8=K / +0ABL, D>@<8@C5<0O CG0AB=8:0<8 >1@07>20B5;L=KE >B=>H5=89 

2.1 &D95B64A<S > CD9864D<F9?PAB= CB87BFB6>9 B5GK4RM97BES 

1 
�1.".43 -;5:B@8G5A:89 B@0=A?>@B 65;57=KE 4>@>3. "1I89 :C@A  

2 �1.".47  5E0=8G5A:0O G0ABL M;5:B@>?>4286=>3> A>AB020 A>AB020 
3 �1.�.��.06.01 #0AA068@A:85 M;5:B@>2>7K 8 <>B>@203>==K9 ?>4286=>9 A>AB02 
4 �1.�.��.06.02 -;5:B@8G5A:89 B@0=A?>@B 2 ?0AA068@A:>< 42865=88 
5 �1.".49 &O3>2K5 0??0@0BK 8 M;5:B@8G5A:>5 >1>@C4>20=85  

6 �1.".50 &O3>2K5 M;5:B@8G5A:85 <0H8=K  

7 �1.�.��.02.01 %8AB5<K C?@02;5=8O M;5:B@>?>4286=>3> A>AB020  

8 �1.�.��.02.02 %8;>20O 8 8=D>@<0F8>==0O M;5:B@>=8:0 
9 �2.".02(') 'G51=0O - B5E=>;>38G5A:0O ?@0:B8:0 

2.2 �<EJ<C?<AO < CD4>F<><, 8?S >BFBDOI <;GK9A<9 84AAB= 8<EJ<C?<AO A9B5IB8<@B >4> 

CD98L9EF6GRM99 
1 �1.".53 &>@<>7=K5 A8AB5<K 8 ?@81>@K 157>?0A=>AB8 -#% 

2 �1.".54 &O3>2K9 ?@82>4 M;5:B@>?>4286=>3> A>AB020 
3 �1.�.��.03.01 �2B><0B878@>20==K5 8 <8:@>?@>F5AA>@=K5 A8AB5<K C?@02;5=8O M;5:B@>?>4286=K< 

A>AB02>< 



4 �1.�.��.03.02  8:@>?@>F5AA>@=K5 A8AB5<K C?@02;5=8O 8 4803=>AB8:8 >1>@C4>20=8O 
M;5:B@>?>4286=>3> A>AB020 

5 �3.01(�) �K?>;=5=85 2K?CA:=>9 :20;8D8:0F8>==>9 @01>BK 

6 �3.02(�) �0I8B0 2K?CA:=>9 :20;8D8:0F8>==>9 @01>BK 
 

3 #��!�$'� /� $��'�0&�&/ "�'+�!�3 #" ��%*�#��!�, 
%""&!�%�!!/� % &$��"��!�3 � � $��'�0&�&�  "%�"�!�3 

"�$��"��&��0!"� #$"�$�  / 

�B8 < A4<@9AB64A<9              >B@C9F9AJ<< �B8 < A4<@9AB64A<9 
<A8<>4FBD4 

8BEF<:9A<S >B@C9F9AJ<< 

 

#?4A<DG9@O9 D9;G?PF4FO B5GK9A<S 

#�-4 %?>A>15= 45<>=AB@8@>20BL 
7=0=8O 8 C<5=8O 2 >1;0AB8 CAB@>9AB20, 
M:A?;C0B0F88, @5<>=B0 45B0;59 8 C7;>2 
M;5:B@>?>4286=>3> A>AB020, 
?@>2>48BL 0=0;87 >A>15==>AB59 
@01>BK 8 ?@8G8= >B:07>2 2 
7028A8<>AB8 >B @568<>2 8 CA;>289 
M:A?;C0B0F88, 2;045BL <5B>40<8 
8A?KB0=89 8 B5E=8G5A:>9 
4803=>AB8:8, 0 B0:65 :>=B@>;8@>20BL 
:>;8G5AB25==K5 8 :0G5AB25==K5 
?>:070B5;8 8A?>;L7>20=8O 
M;5:B@>?>4286=>3> A>AB020 

#�-4.6 �5<>=AB@8@C5B 7=0=8O 2 
>1;0AB8 F8D@>2KE B5E=>;>389 
8 :><?LNB5@=KE A8AB5< 
;>:><>B82=>3> :><?;5:A0 

�A4FP: >A=>2=K5 ?@8:;04=K5 
?@>3@0<<=K5 :><?LNB5@=K5 A@54AB20 
'@9FP: ?>;L7>20BLAO A8AB5<=K<8 8 
?@8:;04=K<8 ?@>3@0<<0<8 >1I53> 8 
A?5F80;L=>3> =07=0G5=8O 
�?489FP: =02K:0<8 @01>BK 2 @07;8G=KE 
?0:5B0E ?@>3@0<< 8=65=5@=>9 
45OB5;L=>AB8 
 

 

 

4 %&$'�&'$� � %"��$��!�� ��%*�#��!/ 

 
�B8 

 

!4<@9AB64A<9 D4;89?B6, F9@ < 6<8B6 

D45BFO 

"KA4S HBD@4 �4BKA4S HBD@4 *�B8 
<A8<>4FBD4 
8BEF<:9A<S 
>B@C9F9AJ<< 

 

%9@9EFD 
+4EO �GDE/ 

E9EE<S 

+4EO 

�9> #D �45 %$ �9> #D �45 %$ 

 

1.0 

$4;89? 1.�6989A<9 6 CD98@9F. 
#BASF<9 #4>9F4 CD<>?48AOI 
CDB7D4@@ 

 

8 

 

8 

 

4/4 

 

4/4 

 

12 

 

5/;<@ASS 

 

4 

 

4/2 

 

4/4 

 

12 

 

#�-4.6 

1.1 
&5<0. %B@C:BC@0 8 > >A=>2=K5 
:><?>=5=BK ##� 

8 4    5/78<=OO 2 2/2   #�-4.6 

1.2 &5<0. "A=>2K @01>BK A MaTlab 8  2/2   5/78<=OO     #�-4.6 

1.3 
&5<0. #@>AB59H85 2KG8A;5=8O 2 
MATLAB 

8   2/2  5/78<=OO   2/2  #�-4.6 

1.4 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8    6 5/78<=OO    6 #�-4.6 

1.5 
&5<0. &5<0. -2>;NF8O ##� 

8 4    5/78<=OO 2    #�-4.6 

1.6 
&5<0. "?5@0F88 A 25:B>@0<8 8 
<0B@8F0<8 2 A8AB5<5 MATLAB 

8  2/2   5/78<=OO  2   #�-4.6 

1.7 
&5<0. $01>B0 A <0AA820<8 2 
MATLAB 

8 
  

2/2 
 5/78<=OO   

2 
 #�-4.6 

1.8 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8 

   
6 5/78<=OO    

6 #�-4.6 



4 %&$'�&'$� � %"��$��!�� ��%*�#��!/ 

 
�B8 

 

!4<@9AB64A<9 D4;89?B6, F9@ < 6<8B6 

D45BFO 

"KA4S HBD@4 �4BKA4S HBD@4 *�B8 
<A8<>4FBD4 
8BEF<:9A<S 
>B@C9F9AJ<< 

 

%9@9EFD 
+4EO �GDE/ 

E9EE<S 

+4EO 

�9> #D �45 %$ �9> #D �45 %$ 

 

2.0 

$4;89? 2.#D<@9DO EB6D9@9AAOI 
CD<>?48AOI CDB7D4@@ 6 

<A:9A9DAB= 89SF9?PABEF< 

 

8 

 

26 

 

13/2 

 

13/2 

 

28 

 

5/78<=OO 
 

2 

 

 

2  

70 
#�-4.6 

2.1 
&5<0. %B@C:BC@0 8 A>AB02 MS Office. 
"A=>2=K5 ?@8;>65=8O 8 4 

   5/78<=OO 2 
   #�-4.6 

2.2 
&5<0. #$"�$�  �$"��!�� � 
%$��� MATLAB 

8 
 

4/2 
  5/78<=OO  

 
  #�-4.6 

2.3 
&5<0. "A=>2K ?@>3@0<<8@>20=8O 2 
MATLAB 

8 
  

4/2 
 5/78<=OO   2 

2 #�-4.6 

2.4 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8 

   
4 5/78<=OO    

2 #�-4.6 

2.5 
&5<0. #0:5BK ?@>3@0<< 
?@>5:B8@>20=8O 8 4 

   5/78<=OO    
2 #�-4.6 

2.6 
&5<0. $��"&� % �$�(��"  
%$��%&�� � MATLAB 

8 
 

2 
  5/78<=OO    

2 #�-4.6 

 

2.7 
&5<0. �AA;54>20=85 DC=:F89 =0 
>A=>25 G8A;5==KE <5B>4>2 2 
MATLAB 

 

8 
   

2 
  

5/78<=OO 
    

2 
#�-4.6 

2.8 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8 

   
8 5/78<=OO    

4 #�-4.6 

2.9 
&5<0. �=65=5@=>5 <0B5<0B8G5A:>5 
?@>3@0<<=>5 >15A?5G5=85 8 4 

   5/78<=OO    
4 #�-4.6 

2.10 
&5<0. $5H5=85 B8?>2KE 7040G 
0;351@K 8 0=0;870 8 

 
2 

  5/78<=OO    
4 #�-4.6 

2.11 
&5<0. %>740=85 ?>;L7>20B5;LA:8E 
8=B5@D59A>2 2 MATLAB 

8 
  

2 
 5/78<=OO    

4 #�-4.6 

2.12 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8 

   
6 5/78<=OO    

4 #�-4.6 

2.13 
&5<0. #0:5BK ?@>3@0<< 
8=65=5@=>3> 0=0;870. 8 4 

   5/78<=OO    
4 #�-4.6 

 

2.14 
&5<0. �??@>:A8<0F8O 8 
8=B5@?>;OF8O 40==KE.  5B>4K 

@5H5=8O "�' 

   

2 
   

5/78<=OO 
    

4 
#�-4.6 

 

2.15 
&5<0. �??@>:A8<0F8O 8 
8=B5@?>;OF8O 40==KE 2 MATLAB 

 

8 
   

2 
  

5/78<=OO 
    

4 
#�-4.6 

2.16 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8 

   
6 5/78<=OO    

4 #�-4.6 

 

2.17 
&5<0. #0:5BK ?@>3@0<< ?>43>B>2:8 
?@>872>4AB20 8 873>B>2;5=8O. 

 

8 
 

4 
    

5/78<=OO 
    

4 
#�-4.6 

 

2.18 
&5<0. "A=>2=K5 2>7<>6=>AB8 ?0:5B0 
<0B5<0B8G5A:>3> <>45;8@>20=8O 
Simulink 4.0 

 

8 
  

3 
   

5/78<=OO 
    

4 
#�-4.6 

2.19 
&5<0.  >45;8@>20=85 2 ?@8;>65=88 
Simulink 

8 
  

3 
 5/78<=OO    

4 #�-4.6 

2.20 
#>43>B>2:0 : ?@0:B8G5A:>9 8 
;01>@0B>@=>9 @01>B5 8 

   
6 5/78<=OO    

4 #�-4.6 

2.21 &5<0. "A=>2K @01>BK A MaTlab 8 4    5/78<=OO    4 #�-4.6 

2.22 
&5<0. #@>3@0<<8@>20=85 2 A@545 
MaTlab 

8 4 
   5/78<=OO    

4 #�-4.6 

 �K?>;=5=85 :>=B@>;L=>9 @01>BK 8 
    5/78<=OO    

18 #�-4.6 

 (>@<0 ?@><56CB>G=>9 0BB5AB0F88 3 
M:70<5= 

8 36 5/78<=OO 18 #�-4.6 

* �>4 8=48:0B>@0 4>AB865=8O :><?5B5=F88 ?@>AB02;O5BAO 8;8 4;O 2A53> @0745;0, 8;8 

4;O :064>9 B5<K, 8;8 4;O :064>3> 2840 @01>BK. 
* #@8<5G0=85. � @0745;5 G5@57 :>ACN G5@BC C:07K20NBAO G0AK, @50;87C5<K5 2 D>@<5 ?@0:B8G5A:>9 
?>43>B>2:8. 
 

 

 

 

 

 

 

 

 



5 ("!� "*�!"+!/) %$��%&� ��3 #$"����!�3 

&��'-��" �"!&$"�3 '%#���� "%&� � #$" ��'&"+!"� 

�&&�%&�*�� "�'+�2-�)%3 #" ��%*�#��!� 

(>=4 >F5=>G=KE A@54AB2 4;O ?@>2545=8O B5:CI53> :>=B@>;O CA?5205<>AB8 8 ?@><56CB>G=>9 0BB5AB0F88 
?> 48AF8?;8=5 >D>@<;5= 2 2845 ?@8;>65=8O № 1 : @01>G59 ?@>3@0<<5 48AF8?;8=K 8 @07<5I5= 2 M;5:B@>==>9 
8=D>@<0F8>==>->1@07>20B5;L=>9 A@545 �=AB8BCB0, 4>ABC?=>9 >1CG0NI5<CAO G5@57 53> ;8G=K9 :018=5B 
 

6 '+��!"- �&"��+�%�"� � �!("$ �*�"!!"� "��%#�+�!�� 

��%*�#��!/ 
6.1 'K95A4S ?<F9D4FGD4 

6.1.1 "EAB6A4S ?<F9D4FGD4 
 �81;8>3@0D8G5A:>5 >?8A0=85 �>;-2> M:7. 

2 181;8>B5:5/ 
>=;09= 

 

 

6.1.1.1 

 0910, �.�. �><?LNB5@=K5 B5E=>;>388 ?@>5:B8@>20=8O B@0=A?>@B=KE <0H8= 8 
A>>@C65=89 : CG51=>5 ?>A>185 / �. �.  0910. 4  >A:20 : (��"' «'G51=>-

<5B>48G5A:89 F5=B@ ?> >1@07>20=8N =0 65;57=>4>@>6=>< B@0=A?>@B5», 2014. 4 
120 A. 4 978-5-89035-692-5. 4 &5:AB : M;5:B@>==K9 // ' * ��& : M;5:B@>==0O 

181;8>B5:0. 4 URL: https://umczdt.ru/books/1210/30053/ 
(40B0 >1@0I5=8O: 18.05.2023) 

>=;09= 

 

 

6.1.1.2 

&8<>=8=, #. . &5E=>;>388 ?@>3@0<<8@>20=8O, 8=AB0;;OF88 8 22>40 2 459AB285 
B@0=A?>@B=>3> @048>M;5:B@>==>3> >1>@C4>20=8O : CG51=>5 ?>A>185 / #.  . 

&8<>=8=. 4  >A:20 : (��' �#" «'G51=>-<5B>48G5A:89 F5=B@ ?> >1@07>20=8N 
=0 65;57=>4>@>6=>< B@0=A?>@B5», 2018. 4 224 A. 4 978-5-906938-68-8. 4 &5:AB : 

M;5:B@>==K9 // ' * ��& : M;5:B@>==0O 181;8>B5:0. 4 

URL: https://umczdt.ru/books/1201/18733/  

(40B0 >1@0I5=8O: 18.05.2023) 

>=;09= 

6.1.2 �BCB?A<F9?PA4S ?<F9D4FGD4 
 �81;8>3@0D8G5A:>5 >?8A0=85 �>;-2> M:7. 

2 181;8>B5:5/ 
>=;09= 

 

 

6.1.2.1 

�>A:>1>9=8:>2, .. �. $53@5AA8>==K9 0=0;87 40==KE 2 ?0:5B5 MATHCAD : 
CG51=>5 ?>A>185 / .. �. �>A:>1>9=8:>2. 4 %0=:B-#5B5@1C@3 : �0=L, 2022. 4 224 

A. [-;5:B@>==K9 @5AC@A]:  https://e.lanbook.com/book/210557  
 (40B0 >1@0I5=8O: 18.05.2023) 

 

>=;09= 

 !8:8D>@>2, %. !. #@8:;04=>5 ?@>3@0<<8@>20=85 : CG51=>5 ?>A>185 4;O A?> / %. !. 
!8:8D>@>2. 4 2-5 874., AB5@. 4 %0=:B-#5B5@1C@3 : �0=L, 2021. 4 124 A. 

[-;5:B@>==K9 @5AC@A]:   https://e.lanbook.com/book/173804   
(40B0 >1@0I5=8O: 18.05.2023) 

>=;09= 

 %830;, �. ). �2545=85 2 ?@8:;04=>5 48A:@5B=>5 ?@>3@0<<8@>20=85: <>45;8 8 
2KG8A;8B5;L=K5 0;3>@8B<K : CG51=>5 ?>A>185 / �. ). %830;, �. #. �20=>20. 4 2-5 
874., 8A?@. 8 4>?. 4  >A:20 : (�� �&��&, 2007. 4 304 A. [-;5:B@>==K9 @5AC@A]: 

https://e.lanbook.com/book/2312   

(40B0 >1@0I5=8O: 18.05.2023) 

>=;09= 

6.1.3 'K95AB-@9FB8<K9E><9 D4;D45BF>< (6 F. K. 8?S E4@BEFBSF9?PAB= D45BFO B5GK4RM<IES) 
 

�81;8>3@0D8G5A:>5 >?8A0=85 

�>;-2> M:7. 
2 181;8>B5:5/ 
>=;09=/-�"% 

 

 

 
6.1.3.1 

#0:5BK  ?@8:;04=KE  ?@>3@0<<  2  8=65=5@=>9  45OB5;L=>AB8: CG51=>-

<5B>48G5A:>5  ?>A>185  ?>  2K?>;=5=8N  ?@0:B8G5A:8E    @01>B,  :>=B@>;L=>9 
@01>BK, A0<>AB>OB5;L=KE @01>B 4;O ABC45=B>2 >G=>9 8 70>G=>9 D>@< >1CG5=8O 
A?5F80;L=>AB8 23.05.03 «#>4286=>9 A>AB02 65;57=KE 4>@>3» A?5F80;870F88 
«-;5:B@8G5A:89  B@0=A?>@B  65;57=KE  4>@>3»/  �.�  +C9:>,  �.�.  $>6:>20 3
+8B0: �01��&, 2020. 86 A. [-;5:B@>==K9 @5AC@A]: https://zabizht.ru/cgi-

bin/viewer.pl?book_id=27962.pdf  

(40B0 >1@0I5=8O: 18.05.2023) 

>=;09= 



 

 

 

 
6.1.3.2 

+C9:> �.�., $>6:>20 �.�. «#0:5BK ?@8:;04=KE ?@>3@0<< 2 8=65=5@=>9 
45OB5;L=>AB8». 'G51=>-<5B>48G5A:>5 ?>A>185 ?> 2K?>;=5=8N ;01>@0B>@=KE @01>B 
?> 48AF8?;8=5 «#0:5BK ?@8:;04=KE ?@>3@0<< 2 8=65=5@=>9 45OB5;L=>AB8» 4;O 
ABC45=B>2 >G=>9 8 70>G=>9 D>@< >1CG5=8O A?5F80;L=>AB8    23.05.03 «#>4286=>9 
A>AB02 65;57=KE 4>@>3»3+8B0: �01��&, 2020. 385A [-;5:B@>==K9 @5AC@A]: 

https://zabizht.ru/cgi-bin/viewer.pl?book_id=27986.pdf  (40B0 >1@0I5=8O: 18.05.2023) 

 

 
>=;09= 

 

 6.2 $9EGDEO <AHBD@4J<BAAB-F9?9>B@@GA<>4J<BAAB= E9F< «�AF9DA9F » 
6.2.1 �%' �81;8>B5:0 �01��& http://zabizht.ru; 

6.2.2 
-;5:B@>==0O 181;8>B5:0 'G51=>-<5B>48G5A:>3> F5=B@0 ?> >1@07>20=8N =0 65;57=>4>@>6=>< 
B@0=A?>@B5 https://umczdt.ru/books/ 

6.2.2 -�% "�740B5;LAB2> "�0=L" https://e.lanbook.com/ 

6.3 #DB7D4@@AB9 B59EC9K9A<9 < <AHBD@4J<BAAO9 ECD46BKAO9 E<EF9@O 

6.3.1 �4;B6B9 CDB7D4@@AB9 B59EC9K9A<9 

6.3.1.1 
Microsoft Windows 7 Professional, ;8F5=78O № 49156201, 3>AC40@AB25==K9 :>=B@0:B >B 03.10.2011 3. 
№ 
139/53-"�--11 

 

6.3.1.2 
Microsoft Office 2007 Standard, ;8F5=78O № 45777622, 3>AC40@AB25==K9 :>=B@0:B >B 10.08.2009 
3. 
№64/17-"�-09; Microsoft Office 2007 Standard, ;8F5=78O № 44718393, 3>AC40@AB25==K9 :>=B@0:B 
>B 18.10.2008 3. № 92/32�-08 

6.3.1.3 
/=45:A. �@0C75@. #@8:;04=>5 ?@>3@0<<=>5 >15A?5G5=85 >1I53> =07=0G5=8O, "D8A=K5 
?@8;>65=8O, 
;8F5=78O 3 A2>1>4=> @0A?@>AB@0=O5<>5 ?@>3@0<<=>5 >15A?5G5=85 ?> ;8F5=788 BSD License 

6.3.1.4 
�%' «�81;8>B5:0»,   A2845B5;LAB2>   >   3>AC40@AB25==>9   @538AB@0F88   ?@>3@0<<K   4;O -�    
№ 
2009611107, 70@538AB@8@>20=> 2 $55AB@5 ?@>3@0<< 4;O -�  19.02.2009 

6.3.1.5 
�� �%' «�81;8>B5:0», A2845B5;LAB2> > 3>AC40@AB25==>9 @538AB@0F88 ?@>3@0<<K 4;O -�  
№ 
2009620102, 70@538AB@8@>20=> 2 $55AB@5 ?@>3@0<< 4;O -�  27.02.2009 

6.3.2 %C9J<4?<;<DB64AAB9 CDB7D4@@AB9 B59EC9K9A<9 
6.3.2.1 �%�"! �><?0A 3D, ;8F5=78O № �F-19-00064, (A@>: 459AB28O - 15AA@>G=>), 603� >B 11.09.2019 
6.3.2.2 NI MathCAD, (A@>: 459AB28O - 15AA@>G=>), 3>AC40@AB25==K9 :>=B@0:B 139/53-"�--11 >B 03.10.2011 
6.3.2.3 MatWorks MathLab R2011b 3>AC40@AB25==K9 :>=B@0:B 139/53-"�--11 >B 03.10.2011 

6.3.3 �AHBD@4J<BAAO9 ECD46BKAO9 E<EF9@O 

6.3.3.1 
�=D>@<0F8>==>-A?@02>G=0O A8AB5<0 «�0@0=B» 

6.4 #D46B6O9 < ABD@4F<6AO9 8B>G@9AFO 

6.4.1 !5 ?@54CA<>B@5=> 
 

7 "#�%�!��  �&�$���0!"-&�)!�+�%�"� ���/, 
!�"�)"�� "� ��3 "%'-�%&���!�3 '+��!"�" #$"*�%%� #" 

��%*�#��!� 

1 
'G51=K9 8 ;01>@0B>@=K9 :>@?CAK �01��& �@�'#% =0E>4OBAO ?> 04@5AC: 672040, �0109:0;LA:89 
:@09, 3>@>4 +8B0, C;8F0  038AB@0;L=0O, 4>< 11 

 

 

 
2 

'G51=0O 0C48B>@8O 1.16 4;O ?@>2545=8O ;5:F8>==KE 8 ?@0:B8G5A:8E 70=OB89, ;01>@0B>@=KE @01>B,  
3@C??>2KE 8 8=48284C0;L=KE :>=AC;LB0F89, :C@A>2>3> ?@>5:B8@>20=8O (2K?>;=5=8O :C@A>2KE @01>B), 
B5:CI53> :>=B@>;O 8 ?@><56CB>G=>9 0BB5AB0F88, C:><?;5:B>20==0O A?5F80;878@>20==>9 <515;LN 8 
B5E=8G5A:8<8 A@54AB20<8 >1CG5=8O (<C;LB8<5480?@>5:B>@ (?5@5=>A=>9), M:@0= (?5@5=>A=>9), 
:><?LNB5@K A ?>4:;NG5=85< : A5B8 �=B5@=5B, >15A?5G5==K5 4>ABC?>< 2 M;5:B@>==CN 
8=D>@<0F8>==>->1@07>20B5;L=CN A@54C �01��& �@�'#%), A;C60I8<8 4;O ?@54AB02;5=8O CG51=>9 
8=D>@<0F88 1>;LH>9 0C48B>@88. �;O ?@>2545=8O 70=OB89 ;5:F8>==>3> B8?0 8<5NBAO CG51=>-
=03;O4=K5 ?>A>18O (?@575=B0F88, ?;0:0BK), >15A?5G820NI85 B5<0B8G5A:85 8;;NAB@0F88 A>45@60=8O 
48AF8?;8=K 

 

 
 

3 

'G51=0O 0C48B>@8O 0.22 4;O ?@>2545=8O  ;5:F8>==KE 8 ?@0:B8G5A:8E 70=OB89, ;01>@0B>@=KE @01>B, 
:C@A>2>3> ?@>5:B8@>20=8O (2K?>;=5=8O :C@A>2KE @01>B), 3@C??>2KE 8 8=48284C0;L=KE 
:>=AC;LB0F89, B5:CI53> :>=B@>;O 8 ?@><56CB>G=>9 0BB5AB0F88, C:><?;5:B>20==0O 
A?5F80;878@>20==>9 <515;LN 8 B5E=8G5A:8<8 A@54AB20<8 >1CG5=8O (<C;LB8<5480?@>5:B>@ 
(?5@5=>A=>9), M:@0= (?5@5=>A=>9), =>CB1C: (?5@5=>A=>9) A;C60I8<8 4;O ?@54AB02;5=8O CG51=>9 
8=D>@<0F88 1>;LH>9 0C48B>@88. �;O ?@>2545=8O 70=OB89 ;5:F8>==>3> B8?0 8<5NBAO CG51=>-
=03;O4=K5 ?>A>18O (?@575=B0F88, ?;0:0BK), ;01>@0B>@=K9 AB5=4 E>;>48;L=>9 CAB0=>2:8, C7;K 8 
45B0;8 ?>4286=>3> A>AB020),  >15A?5G820NI85 B5<0B8G5A:85 8;;NAB@0F88 A>45@60=8O 48AF8?;8=K 



 

 
4 

#><5I5=8O 4;O A0<>AB>OB5;L=>9 @01>BK >1CG0NI8EAO >A=0I5=K A?5F80;878@>20==>9 <515;LN 8 

:><?LNB5@=>9 B5E=8:>9, ?>4:;NG5==>9 : 8=D>@<0F8>==>-B5;5:><<C=8:0F8>==>9 A5B8 �=B5@=5B A 
2KE>4>< 2 M;5:B@>==CN 8=D>@<0F8>==>->1@07>20B5;L=CN A@54C �01��& �@�'#%. 
#><5I5=8O 4;O A0<>AB>OB5;L=>9 @01>BK >1CG0NI8EAO: 
- G8B0;L=K9 70;; 
- 1.10, 2.17 

 

5 
#><5I5=85 3.25 4;O E@0=5=8O 8 ?@>D8;0:B8G5A:>3> >1A;C6820=8O CG51=>3> >1>@C4>20=8O. 
"A=0I5==>ABL: :><?LNB5@K, @CG=>9 A;5A0@=K9 8=AB@C<5=B, M;5:B@>B5E=8G5A:89 8=AB@C<5=B, 
?@8=04;56=>AB8 4;O ?09:8, <515;L, CG51=>-=03;O4=K5 ?>A>18O 

8  �&"��+�%��� '����!�3 ��3 "�'+�2-�)%3 #" "%�"�!�2 

��%*�#��!/ 

�84 CG51=>9 
45OB5;L=>AB8 "@30=870F8O CG51=>9 45OB5;L=>AB8 >1CG0NI53>AO 

 

 

 

 
�5:F8O 

!0 ;5:F8OE >1CG0NI85AO ?>;CG0NB A0<K5 =5>1E>48<K5 40==K5, 2> <=>3>< 
4>?>;=ONI85 8 :>@@5:B8@CNI85 CG51=8:8. '<5=85 A>A@54>B>G5==> A;CH0BL ;5:F88, 
0:B82=>, B2>@G5A:8 2>A?@8=8<0BL 87;0305<K5 A2545=8O O2;O5BAO =5?@5<5==K< CA;>285< 8E 
3;C1>:>3> 8 ?@>G=>3> CA2>5=8O, 0 B0:65 @0728B8O C<AB25==KE A?>A>1=>AB59. 
%;CH0=85 8 70?8AL ;5:F89 3 A;>6=K5 284K @01>BK. �=8<0B5;L=>5 A;CH0=85 8 

:>=A?5:B8@>20=85 ;5:F89 ?@54?>;0305B 8=B5=A82=CN C<AB25==CN 45OB5;L=>ABL 
>1CG0NI53>AO. %;CH0O ;5:F88, =04> >B2;5GLAO ?@8 MB>< >B ?>AB>@>==8E <KA;59 8 4C<0BL 
B>;L:> > B><, GB> 87;0305B ?@5?>4020B5;L. �@0B:85 70?8A8 ;5:F89, :>=A?5:B8@>20=85 8E 
?><>305B CA2>8BL <0B5@80;. �=8<0=85 G5;>25:0 =5CAB>9G82>. &@51CNBAO 2>;52K5 CA8;8O, 
GB>1K >=> 1K;> A>A@54>B>G5==K<. �>=A?5:B O2;O5BAO ?>;57=K< B>340, :>340 70?8A0=> 
A0<>5 ACI5AB25==>5, >A=>2=>5. -B> 4>;6=> 1KBL A45;0=> A0<8< >1CG0NI8<AO. !5 =04> 
AB@5<8BLAO 70?8A0BL 4>A;>2=> 2AN ;5:F8N. &0:>5 ":>=A?5:B8@>20=85" ?@8=>A8B 1>;LH5 
2@540, G5< ?>;L7K. !5:>B>@K5 >1CG0NI85AO ?@>AOB 8=>340 ;5:B>@0 "G8B0BL ?><54;5==55". 
!> ;5:F8O =5 <>65B ?@52@0B8BLAO 2 ;5:F8N-48:B>2:C. -B> >G5=L 2@54=0O B5=45=F8O, 81> 2 
MB>< A;CG05 >1CG0NI89AO <5E0=8G5A:8 70?8AK205B 1>;LH>5 :>;8G5AB2> CA;KH0==KE 
A2545=89, =5 @07<KH;OO =04 =8<8.  
�0?8AL ;5:F89 @5:><5=4C5BAO 25AB8 ?> 2>7<>6=>AB8 A>1AB25==K<8 D>@<C;8@>2:0<8. 

�5;0B5;L=> 70?8AL >ACI5AB2;OBL =0 >4=>9 AB@0=8F5, 0 A;54CNICN >AB02;OBL 4;O 
?@>@01>B:8 CG51=>3> <0B5@80;0 A0<>AB>OB5;L=> 2 4><0H=8E CA;>28OE. �>=A?5:B ;CGH5 
?>4@0745;OBL =0 ?C=:BK, ?0@03@0DK, A>1;N40O :@0A=CN AB@>:C. #@8=F8?80;L=K5 <5AB0, 
>?@545;5=8O, D>@<C;K A;54C5B A>?@>2>640BL 70<5G0=8O<8: «206=>», «>A>1> 206=>» 8 B.?. 
*5;5A>>1@07=> @07@01>B0BL A>1AB25==CN «<0@:>3@0D8N» (7=0G:8, A8<2>;K), A>:@0I5=8O 
A;>2. $01>B0O =04 :>=A?5:B>< ;5:F89, =C6=> 8A?>;L7>20BL =5 B>;L:> CG51=8:, => 8 
@5:><5=4>20==CN 4>?>;=8B5;L=CN ;8B5@0BC@C. �<5==> B0:0O A5@L57=0O, :@>?>B;820O 
@01>B0 A ;5:F8>==K< <0B5@80;>< ?>72>;8B 3;C1>:> >2;045BL 7=0=8O<8. (C=:F8O 
>1CG0NI53>AO 3 =5 B>;L:> ?5@5@01>B0BL 8=D>@<0F8N, => 8 0:B82=> 2:;NG8BLAO 2 >B:@KB85 
=58725AB=>3> 4;O A51O 7=0=8O.  
"1I85 8 CB25@482H85AO 2 ?@0:B8:5 ?@028;0, 8 ?@85<K :>=A?5:B8@>20=8O ;5:F89: 

�>=A?5:B8@>20=85 ;5:F89 2545BAO 2 A?5F80;L=> >B2545==>9 4;O MB>3> B5B@048, :064K9 
;8AB, :>B>@>9 4>;65= 8<5BL ?>;O, =0 :>B>@KE 45;0NBAO ?><5B:8 87 @5:><5=4>20==>9 
;8B5@0BC@K, 4>?>;=ONI85 <0B5@80; ?@>A;CH0==>9 ;5:F88, 0 B0:65 ?>4G5@:820NI85 
>A>1CN 206=>ABL B5E 8;8 8=KE B5>@5B8G5A:8E ?>;>65=89.  !5>1E>48<> 70?8AK20BL B5<C 8 
?;0= ;5:F89, @5:><5=4C5<CN ;8B5@0BC@C : B5<5.  
�0?8A8 @0745;>2 ;5:F88 4>;6=K 8<5BL 703>;>2:8, ?>4703>;>2:8, :@0A=K5 AB@>:8. �;O 

2K45;5=8O @0745;>2, 2K2>4>2, >?@545;5=89, >A=>2=KE 8459 <>6=> 8A?>;L7>20BL F25B=K5 
:0@0=40H8 8 D;><0AB5@K. !0720==K5 2 ;5:F88 AAK;:8 =0 ?5@2>8AB>G=8:8 =04> ?><5B8BL =0 
?>;OE, GB>1K ?@8 A0<>AB>OB5;L=>9 @01>B5 =09B8 8 2?8A0BL 8E.  
� :>=A?5:B5 4>A;>2=> 70?8AK20NBAO >?@545;5=8O ?>=OB89, :0B53>@89 8 70:>=>2. 

"AB0;L=>5 4>;6=> 1KBL 70?8A0=> A2>8<8 A;>20<8. �064><C >1CG0NI5<CAO =5>1E>48<> 
2K@01>B0BL 8 8A?>;L7>20BL 4>?CAB8<K5 A>:@0I5=8O =081>;55 @0A?@>AB@0=5==KE B5@<8=>2 
8 ?>=OB89.  
� :>=A?5:B A;54C5B 70=>A8BL 2AP, GB> ?@5?>4020B5;L ?8H5B =0 4>A:5, 0 B0:65 

@5:><5=4C5<K5 AE5<K, B01;8FK, 4803@0<<K 8 B.4.  
!0?8A0=85 :>=A?5:B0 ;5:F89: :@0B:>, AE5<0B8G=>, ?>A;54>20B5;L=> D8:A8@>20BL 

>A=>2=K5 ?>;>65=8O, 2K2>4K, D>@<C;8@>2:8. "1>1I5=8O; ?><5G0BL 206=K5 <KA;8, 
2K45;OBL :;NG52K5 A;>20, B5@<8=K. #@>25@:0 B5@<8=>2, ?>=OB89 A ?><>ILN 
M=F8:;>?5489, A;>20@59, A?@02>G=8:>2 A 2K?8AK20=85< B>;:>20=89 2 B5B@04L. "1>7=0G8BL 
2>?@>AK, B5@<8=K, <0B5@80;, :>B>@K9 2K7K205B B@C4=>AB8, ?><5B8BL 8 ?>?KB0BLAO =09B8 
>B25B 2 @5:><5=4C5<>9 ;8B5@0BC@5. �A;8 A0<>AB>OB5;L=> =5 C405BAO @07>1@0BLAO 2 
<0B5@80;5, B> =5>1E>48<> AD>@<C;8@>20BL 2>?@>A 8 7040BL ?@5?>4020B5;N =0 



:>=AC;LB0F88, =0 ;01>@0B>@=>< 70=OB88 

#@0:B8G5A:>5 
70=OB85 

#@0:B8G5A:>5 70=OB85 3 284 0C48B>@=KE CG51=KE 70=OB89, F5;5=0?@02;5==0O D>@<0 
>@30=870F88 CG51=>3> ?@>F5AA0, ?@8 @50;870F88 :>B>@>9 >1CG0NI85AO ?> 7040=8N 8 ?>4 
@C:>2>4AB2>< ?@5?>4020B5;O 2K?>;=ONB ?@0:B8G5A:85 7040=8O. #@0:B8G5A:85 7040=8O 
=0?@02;5=K =0 C3;C1;5=85 =0CG=>-B5>@5B8G5A:8E 7=0=89 8 >2;045=85 >?@545;5==K<8 
<5B>40<8 @01>BK, 2 ?@>F5AA5 :>B>@KE 2K@010BK20NBAO C<5=8O 8 =02K:8 2K?>;=5=8O B5E 
8;8 8=KE CG51=KE 459AB289 2 40==>9 AD5@5 =0C:8. #@0:B8G5A:85 70=OB8O @072820NB 
=0CG=>5 <KH;5=85 8 @5GL, ?>72>;ONB ?@>25@8BL 7=0=8O >1CG0NI8EAO, 2KABC?0NB :0: 
A@54AB20 >?5@0B82=>9 >1@0B=>9 A2O78; F5;L ?@0:B8G5A:8E 70=OB89 3 C3;C1;OBL, @0AH8@OBL, 
45B0;878@>20BL 7=0=8O, ?>;CG5==K5 =0 ;5:F88, 2 >1>1I5==>9 D>@<5 8 A>459AB2>20BL 
2K@01>B:5 =02K:>2 ?@>D5AA8>=0;L=>9 45OB5;L=>AB8. 
!0 ?@0:B8G5A:8E 70=OB8OE ?>4@>1=> @0AA<0B@820NBAO >A=>2=K5 2>?@>AK 48AF8?;8=K, 

@0718@0NBAO >A=>2=K5 B8?K 7040G. � :064><C ?@0:B8G5A:><C 70=OB8N A;54C5B 70@0=55 
A0<>AB>OB5;L=> 2K?>;=8BL 4><0H=55 7040=85 8 2KCG8BL ;5:F8>==K9 <0B5@80; : 
A;54CNI59 B5<5. %8AB5<0B8G5A:>5 2K?>;=5=85 4><0H=8E 7040=89 >1O70B5;L=> 8 O2;O5BAO 
206=K< D0:B>@><, A?>A>1AB2CNI8< CA?5H=><C CA2>5=8N 48AF8?;8=K.  
#@0:B8G5A:0O ?>43>B>2:0, 2:;NG05<0O 2 ?@0:B8G5A:85 70=OB8O, ?@54?>;0305B 

2K?>;=5=85 >1CG0NI8<AO >B45;L=KE M;5<5=B>2 @01>B, A2O70==KE A 1C4CI59 
?@>D5AA8>=0;L=>9 45OB5;L=>ABLN 8 =0?@02;5==KE =0 D>@<8@>20=85 C<5=89 8 
?@0:B8G5A:8E =02K:>2  

�01>@0B>@=K5 
@01>BK 

"A=>2=>9 F5;LN ;01>@0B>@=KE @01>B O2;O5BAO B5>@5B8G5A:>5 >1>A=>20=85, =03;O4=>5 
8/8;8 M:A?5@8<5=B0;L=>5 ?>4B25@645=85 8/8;8 ?@>25@:0 ACI5AB25==KE B5>@5B8G5A:8E 
?>;>65=89 (70:>=>2, 70:>=><5@=>AB59) 0=0;87 ACI5AB2CNI8E <5B>48: 8 <5B>4>2 8E 
@50;870F88 8 B.4. "=8 70=8<0NB ?@58<CI5AB25==>5 <5AB> ?@8 87CG5=88 48AF8?;8= 
>1O70B5;L=>9 G0AB8 8 G0AB8, D>@<8@C5<>9 CG0AB=8:0<8 >1@07>20B5;L=KE >B=>H5=89   
�;>:0 1. 
�AE>4O 87 F5;8, A>45@60=85< ;01>@0B>@=KE @01>B <>3CB 1KBL: 
- M:A?5@8<5=B0;L=0O ?@>25@:0 D>@<C;, <5B>48: @0AG5B0; 
- ?@>2545=85 =0BC@=KE 87<5@5=89 A2>9AB2, @01>G8E ?0@0<5B@>2, @568<>2 @01>BK ?@8 

?><>I8 ;01>@0B>@=>3> >1>@C4>20=8O 8/8;8 AB5=4>2 8 <0:5B>2; 
- >7=0:><;5=85, 0=0;87 8 B5>@5B8G5A:85 2K:;04:8 ?> CAB@>9AB2C, ?@8=F8?C 459AB28O 8 

A?>A>10< >1A;C6820=8O 0??0@0B>2, 45B0;59 <0H8=, <5E0=87<>2, ?@>F5AA>2, ?@>B5:0NI8E 2 
=8E ?@8 MB>< 8 B.4.; 

- =03;O4=0O 3@0D8G5A:0O 8=B5@?@5B0F8O G5@B5659, AE5<, >1J5<=KE ?>25@E=>AB59 8 B.4., 
2>A?@>872>48<KE A ?><>ILN A?5F80;878@>20==>3> ?@>3@0<<=>3> >15A?5G5=8O; 

- 8<8B0F8>==>5 <>45;8@>20=85 ?@>F5AA>2, ?@>B5:0NI8E 2 A;>6=KE E8<8G5A:8E, 
D878G5A:8E, <5E0=8G5A:8E, M;5:B@8G5A:8E 8 ?@. >1J5:B0E; 
�>?CA:05BAO 8=>5 A>45@60=85 ;01>@0B>@=KE @01>B, 5A;8 MB> 1C45B A?>A>1AB2>20BL 

@50;870F88 F5;59 8 7040G 48AF8?;8=K 8 D>@<8@>20=8N A>>B25BAB2CNI8E :><?5B5=F89. 
#> E0@0:B5@C 2K?>;=O5<KE ;01>@0B>@=KE @01>B 2>7<>6=K: 
- >7=0:><8B5;L=K5 @01>BK, 8A?>;L7C5<K5 4;O 70:@5?;5=8O 87CG5==>3> B5>@5B8G5A:>3> 

<0B5@80;K;  
- 0=0;8B8G5A:85 @01>BK, 8A?>;L7C5<K5 4;O ?>;CG5=8O =>2>9 8=D>@<0F88 =0 >A=>25 

D>@<0;87>20==KE <5B>4>2; 
- B2>@G5A:85 @01>BK, >@85=B8@>20==K5 =0 A0<>AB>OB5;L=K9 2K1>@ ?>4E>4>2 @5H5=8O 

7040G. 
#@5645, G5< ?@8ABC?8BL : ;01>@0B>@=K< 70=OB8O<, >1CG0NI8<AO =5>1E>48<> 

?>2B>@8BL B5>@5B8G5A:89 <0B5@80; ?> B5<5 @01>BK. �0640O ;01>@0B>@=0O @01>B0 >A=0I5=0 
<5B>48G5A:8<8 C:070=8O<8, @07@01>B0==K<8 ?@5?>4020B5;O<8, 254CI8<8 48AF8?;8=C.  
#@0:B8G5A:0O ?>43>B>2:0, 2:;NG05<0O 2 ;01>@0B>@=K5 @01>BK, ?@54?>;0305B 

2K?>;=5=85 >1CG0NI8<AO >B45;L=KE M;5<5=B>2 @01>B, A2O70==KE A 1C4CI59 
?@>D5AA8>=0;L=>9 45OB5;L=>ABLN 8 =0?@02;5==KE =0 D>@<8@>20=85 C<5=89 8 
?@0:B8G5A:8E =02K:>2 

 



%0<>AB>OB5;L=0O  
@01>B0  

"1CG5=85 ?> 48AF8?;8=5 ?@54CA<0B@8205B 0:B82=CN A0<>AB>OB5;L=CN @01>BC 
>1CG0NI53>AO. � @0745;5 4 @01>G59 ?@>3@0<<K, :>B>@K9 =07K205BAO «%B@C:BC@0 8 
A>45@60=85 48AF8?;8=K», 2A5 G0AK A0<>AB>OB5;L=>9 @01>BK @0A?8A0=K ?> B5<0< 8 
2>?@>A0<. "1CG0NI89AO 87CG05B CG51=K9 <0B5@80; 8 5A;8, =5A<>B@O =0 87CG5==K9 
<0B5@80;, 7040=8O 2K?>;=8BL =5 C405BAO, B> 2 >1O70B5;L=>< ?>@O4:5 =5>1E>48<> ?>A5B8BL 
:>=AC;LB0F8N ?@5?>4020B5;O, 254CI53> ?@0:B8G5A:85 70=OB8O 8/8;8 :>=AC;LB0F8N ;5:B>@0. 
%0<>AB>OB5;L=0O @01>B0 >1CG0NI53>AO O2;O5BAO >A=>2=K< A@54AB2>< >2;045=8O 

CG51=K< <0B5@80;>< 2> 2@5<O, A2>1>4=>5 >B >1O70B5;L=KE CG51=KE 70=OB89. 
%0<>AB>OB5;L=0O @01>B0 >1CG0NI53>AO =04 CA2>5=85< CG51=>3> <0B5@80;0 <>65B 
2K?>;=OBLAO 2 181;8>B5:5, 0C48B>@8OE 4;O A0<>AB>OB5;L=>9 @01>BK, 0 B0:65 2 4><0H=8E 
CA;>28OE. 'G51=K9 <0B5@80; CG51=>9 48AF8?;8=K, ?@54CA<>B@5==K9 CG51=K< ?;0=>< 4;O 
CA2>5=8O >1CG0NI8<AO 2 ?@>F5AA5 A0<>AB>OB5;L=>9 @01>BK, 2K=>A8BAO =0 ?@><56CB>G=CN 
0BB5AB0F8N =0@O4C A CG51=K< <0B5@80;><, :>B>@K9 @07@010BK20;AO ?@8 ?@>2545=88 
CG51=KE 70=OB89. 
%>45@60=85 A0<>AB>OB5;L=>9 @01>BK >1CG0NI53>AO >?@545;O5BAO CG51=>9 ?@>3@0<<>9 

48AF8?;8=K, <5B>48G5A:8<8 <0B5@80;0<8, 7040=8O<8 8 C:070=8O<8 ?@5?>4020B5;O. 
%0<>AB>OB5;L=0O @01>B0 >1CG0NI8EAO >ACI5AB2;O5BAO 2 0C48B>@=>9 8 2=50C48B>@=>9 

D>@<0E 

�><?;5:A CG51=>-<5B>48G5A:8E <0B5@80;>2 ?> 2A5< 2840< CG51=>9 45OB5;L=>AB8, ?@54CA<>B@5==K< 
@01>G59 ?@>3@0<<>9 48AF8?;8=K, @07<5I5= 2 M;5:B@>==>9 8=D>@<0F8>==>->1@07>20B5;L=>9 A@545 �01��&  
�@�'#%, 4>ABC?=>9 >1CG0NI5<CAO G5@57 53> ;8G=K9 :018=5B 



#D<?B:9A<9 № 1 > D45BK9= CDB7D4@@9 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

("!� "*�!"+!/) %$��%&� 

 

8?S CDB6989A<S F9>GM97B >BAFDB?S GEC9649@BEF< 

< CDB@9:GFBKAB= 4FF9EF4J<< 
 



1. "5M<9 CB?B:9A<S 
 

(>=4 >F5=>G=KE A@54AB2 O2;O5BAO A>AB02=>9 G0ABLN =>@<0B82=>-<5B>48G5A:>3> 
>15A?5G5=8O A8AB5<K >F5=:8 :0G5AB20 >A2>5=8O >1CG0NI8<8AO >1@07>20B5;L=>9 ?@>3@0<<K. 

(>=4K >F5=>G=KE A@54AB2 ?@54=07=0G5=K 4;O 8A?>;L7>20=8O >1CG0NI8<8AO, 
?@5?>4020B5;O<8, 04<8=8AB@0F859 �=AB8BCB0, 0 B0: 65 AB>@>==8<8 >1@07>20B5;L=K<8 
>@30=870F8O<8 4;O >F5=820=8O :0G5AB20 >A2>5=8O >1@07>20B5;L=>9 ?@>3@0<<K 8 C@>2=O 
AD>@<8@>20==>AB8 :><?5B5=F89 C >1CG0NI8EAO. 

� A>>B25BAB288 A B@51>20=8O<8 459AB2CNI53> 70:>=>40B5;LAB20 2 AD5@5 >1@07>20=8O, 
>F5=>G=K5 A@54AB20 ?@54AB02;ONBAO 2 2845 ("% 4;O ?@>2545=8O ?@><56CB>G=>9 0BB5AB0F88 
>1CG0NI8EAO ?> 48AF8?;8=5, ?@0:B8:5. % CG5B>< 459AB2CNI53> 2 �=AB8BCB5 #>;>65=8O > 
D>@<0E, ?5@8>48G=>AB8 8 ?>@O4:5 B5:CI53> :>=B@>;O CA?5205<>AB8 8 ?@><56CB>G=>9 
0BB5AB0F88 >1CG0NI8EAO (2KAH55 >1@07>20=85 3 10:0;02@80B, A?5F80;8B5B, <038AB@0BC@0), 2 
A>AB02 ("% 4;O ?@>2545=8O ?@><56CB>G=>9 0BB5AB0F88 ?> 48AF8?;8=5, ?@0:B8:5 2:;NG0NBAO 
>F5=>G=K5 A@54AB20 4;O ?@>2545=8O B5:CI53> :>=B@>;O CA?5205<>AB8 >1CG0NI8EAO. 

�040G0<8 ("% O2;ONBAO: 
3 >F5=:0 4>AB865=89 >1CG0NI8EAO 2 ?@>F5AA5 87CG5=8O 48AF8?;8=K 8;8 ?@>E>645=8O 

?@0:B8:8; 
3 >15A?5G5=85 A>>B25BAB28O @57C;LB0B>2 >1CG5=8O 7040G0< 1C4CI59 ?@>D5AA8>=0;L=>9 

45OB5;L=>AB8 G5@57 A>25@H5=AB2>20=85 B@048F8>==KE 8 2=54@5=85 8==>20F8>==KE <5B>4>2 
>1CG5=8O 2 >1@07>20B5;L=K9 ?@>F5AA; 

3 A0<>?>43>B>2:0 8 A0<>:>=B@>;L >1CG0NI8EAO 2 ?@>F5AA5 >1CG5=8O. 
(>=4 >F5=>G=KE A@54AB2 AD>@<8@>20= =0 >A=>25 :;NG52KE ?@8=F8?>2 >F5=820=8O: 

20;84=>ABL, =0456=>ABL, >1J5:B82=>ABL, MDD5:B82=>ABL. 
�;O >F5=:8 C@>2=O AD>@<8@>20==>AB8 :><?5B5=F89 8A?>;L7C5BAO B@5EC@>2=520O 

A8AB5<0: 
3 <8=8<0;L=K9 C@>25=L >A2>5=8O, >1O70B5;L=K9 4;O 2A5E >1CG0NI8EAO ?> 7025@H5=8N 

>A2>5=8O "#"#; 405B >1I55 ?@54AB02;5=85 > 2845 45OB5;L=>AB8, >A=>2=KE 70:>=><5@=>ABOE 
DC=:F8>=8@>20=8O >1J5:B>2 ?@>D5AA8>=0;L=>9 45OB5;L=>AB8, <5B>4>2 8 0;3>@8B<>2 
@5H5=8O ?@0:B8G5A:8E 7040G; 

3 107>2K9 C@>25=L >A2>5=8O, ?@52KH5=85 <8=8<0;L=KE E0@0:B5@8AB8: 
AD>@<8@>20==>AB8 :><?5B5=F89; ?>72>;O5B @5H0BL B8?>2K5 7040G8, ?@8=8<0BL 
?@>D5AA8>=0;L=K5 8 C?@02;5=G5A:85 @5H5=8O ?> 8725AB=K< 0;3>@8B<0<, ?@028;0< 8 
<5B>48:0<; 

3 2KA>:89 C@>25=L >A2>5=8O, <0:A8<0;L=> 2>7<>6=0O 2K@065==>ABL E0@0:B5@8AB8: 
:><?5B5=F89; ?@54?>;0305B 3>B>2=>ABL @5H0BL ?@0:B8G5A:85 7040G8 ?>2KH5==>9 A;>6=>AB8, 
=5B8?>2K5 7040G8, ?@8=8<0BL ?@>D5AA8>=0;L=K5 8 C?@02;5=G5A:85 @5H5=8O 2 CA;>28OE 
=5?>;=>9 >?@545;5==>AB8, ?@8 =54>AB0B>G=>< 4>:C<5=B0;L=><, =>@<0B82=>< 8 
<5B>48G5A:>< >15A?5G5=88. 
 



2. #9D9K9AP >B@C9F9AJ<= E G>4;4A<9@ QF4CB6 <I HBD@<DB64A<S.  
#B>4;4F9?< BJ9A<64A<S >B@C9F9AJ<=, >D<F9D<< BJ9A>< 

 

�8AF8?;8=0 «#0:5BK ?@8:;04=KE ?@>3@0<< 2 8=65=5@=>9 45OB5;L=>AB8» 
CG0AB2C5B 2 D>@<8@>20=88 :><?5B5=F88: 

#�-4 %?>A>15= 45<>=AB@8@>20BL 7=0=8O 8 C<5=8O 2 >1;0AB8 CAB@>9AB20, M:A?;C0B0F88, 
@5<>=B0 45B0;59 8 C7;>2 M;5:B@>?>4286=>3> A>AB020, ?@>2>48BL 0=0;87 >A>15==>AB59 @01>BK 
8 ?@8G8= >B:07>2 2 7028A8<>AB8 >B @568<>2 8 CA;>289 M:A?;C0B0F88, 2;045BL <5B>40<8 
8A?KB0=89 8 B5E=8G5A:>9 4803=>AB8:8, 0 B0:65 :>=B@>;8@>20BL :>;8G5AB25==K5 8 
:0G5AB25==K5 ?>:070B5;8 8A?>;L7>20=8O M;5:B@>?>4286=>3> A>AB020  

 

#DB7D4@@4 >BAFDB?PAB-BJ9ABKAOI @9DBCD<SF<= BKA4S HBD@4 B5GK9A<S 
 
№ 

!08<5=>20=85 
:>=B@>;L=>- 
>F5=>G=>3> 
<5@>?@8OB8O 

"1J5:B :>=B@>;O 

(@0745;/B5<0 48AF8?;8=K) 

�>4 8=48:0B>@0 
4>AB865=8O 
:><?5B5=F88 

!08<5=>20=85 
>F5=>G=>3> A@54AB20 
(D>@<0 ?@>2545=8O*) 

8 E9@9EFD 

1 &5:CI89 :>=B@>;L $0745; 1.�2545=85 2 ?@54<5B. 
#>=OB85 #0:5B0 ?@8:;04=KE 
?@>3@0<< 

#�-4.6 �0I8B0 ;01>@0B>@=>9 

@01>BK (CAB=>), 
@07=>C@>2=52K5 7040G8 
(?8AL<5==>), B5AB8@>20=85 

(:><?LNB5@=K5 
B5E=>;>388) 

� @0<:0E ##**: 70I8B0 
;01>@0B>@=>9 @01>BK 
(CAB=>), @07=>C@>2=52K5 
7040G8 (?8AL<5==>) 

2 &5:CI89 :>=B@>;L $0745; 2.#@8<5@K A>2@5<5==KE 
?@8:;04=KE ?@>3@0<< 2 
8=65=5@=>9 45OB5;L=>AB8 

#�-4.6 �0I8B0 ;01>@0B>@=>9 

@01>BK (CAB=>), 
@07=>C@>2=52K5 7040G8 
(?8AL<5==>), B5AB8@>20=85 

(:><?LNB5@=K5 
B5E=>;>388) 

� @0<:0E ##**: 70I8B0 
;01>@0B>@=>9 @01>BK 
(CAB=>), @07=>C@>2=52K5 
7040G8 (?8AL<5==>) 

3 #@><56CB>G=0O 
0BB5AB0F8O 

$0745; 1.�2545=85 2 ?@54<5B. 
#>=OB85 #0:5B0 ?@8:;04=KE 
?@>3@0<< 

$0745; 2.#@8<5@K A>2@5<5==KE 
?@8:;04=KE ?@>3@0<< 2 
8=65=5@=>9 45OB5;L=>AB8 

#�-4.6 -:70<5= (A>15A54>20=85), 
M:70<5=3 B5AB8@>20=85 
(:><?LNB5@=K5 
B5E=>;>388) 

*(>@<0 ?@>2545=8O :>=B@>;L=>->F5=>G=>3> <5@>?@8OB8O: CAB=>, ?8AL<5==>, :><?LNB5@=K5 
B5E=>;>388. 
 

#DB7D4@@4 >BAFDB?PAB-BJ9ABKAOI @9DBCD<SF<= ;4BKA4S HBD@4 B5GK9A<S 
 
№ 

!08<5=>20=85 
:>=B@>;L=>- 
>F5=>G=>3> 
<5@>?@8OB8O 

"1J5:B :>=B@>;O 
(?>=OB85/B5</@0745; 8 B.4. 

48AF8?;8=K) 

�>4 8=48:0B>@0 
4>AB865=8O 
:><?5B5=F88 

!08<5=>20=85 
>F5=>G=>3> A@54AB20 
(D>@<0 ?@>2545=8O*) 

�GDE 5, E9EE<S ;<@ASS 
1 &5:CI89 :>=B@>;L $0745; 1.�2545=85 2 ?@54<5B. 

#>=OB85 #0:5B0 ?@8:;04=KE 
?@>3@0<< 

#�-4.6 �>=B@>;L=0O @01>B0 
(?8AL<5==>) 

� @0<:0E ##**: 70I8B0 
;01>@0B>@=>9 @01>BK 
(CAB=>), @07=>C@>2=52K5 
7040G8 (?8AL<5==>) 



2 &5:CI89 :>=B@>;L $0745; 2.#@8<5@K A>2@5<5==KE 
?@8:;04=KE ?@>3@0<< 2 
8=65=5@=>9 45OB5;L=>AB8 

#�-4.6 �>=B@>;L=0O @01>B0 
(?8AL<5==>),  

@07=>C@>2=52K5 7040G8 
(?8AL<5==>) 

 

3 #@><56CB>G=0O 
0BB5AB0F8O 

$0745; 1.�2545=85 2 ?@54<5B. 
#>=OB85 #0:5B0 ?@8:;04=KE 
?@>3@0<< 

$0745; 2.#@8<5@K A>2@5<5==KE 
?@8:;04=KE ?@>3@0<< 2 
8=65=5@=>9 45OB5;L=>AB8 

#�-4.6 -:70<5= (A>15A54>20=85), 
M:70<5=3 B5AB8@>20=85 
(:><?LNB5@=K5 
B5E=>;>388) 

*(>@<0 ?@>2545=8O :>=B@>;L=>->F5=>G=>3> <5@>?@8OB8O: CAB=>, ?8AL<5==>, 
:><?LNB5@=K5 B5E=>;>388. 
**## 3 ?@0:B8G5A:0O ?>43>B>2:0. 
 

2 "C<E4A<9 CB>4;4F9?9= < >D<F9D<96 BJ9A<64A<S >B@C9F9AJ<= A4 D4;?<KAOI 
QF4C4I <I HBD@<DB64A<S, BC<E4A<9 L>4? BJ9A<64A<S 

 

�>=B@>;L :0G5AB20 >A2>5=8O 48AF8?;8=K 2:;NG05B 2 A51O B5:CI89 :>=B@>;L 
CA?5205<>AB8 8 ?@><56CB>G=CN 0BB5AB0F8N. &5:CI89 :>=B@>;L CA?5205<>AB8 8 
?@><56CB>G=0O 0BB5AB0F8O >1CG0NI8EAO ?@>2>4OBAO 2 F5;OE CAB0=>2;5=8O A>>B25BAB28O 
4>AB865=89 >1CG0NI8EAO ?>MB0?=K< B@51>20=8O< >1@07>20B5;L=>9 ?@>3@0<<K : 
@57C;LB0B0< >1CG5=8O 8 D>@<8@>20=8O :><?5B5=F89. 

&5:CI89 :>=B@>;L CA?5205<>AB8 3 >A=>2=>9 284 A8AB5<0B8G5A:>9 ?@>25@:8 7=0=89, 
C<5=89, =02K:>2 >1CG0NI8EAO. �040G0 B5:CI53> :>=B@>;O 3 >?5@0B82=>5 8 @53C;O@=>5 
C?@02;5=85 CG51=>9 45OB5;L=>ABLN >1CG0NI8EAO =0 >A=>25 >1@0B=>9 A2O78 8 
:>@@5:B8@>2:8. $57C;LB0BK >F5=820=8O 70=>AOBAO ?@5?>4020B5;5< 2 6C@=0; 8 
CG8BK20NBAO 2 2845 A@54=59 >F5=:8 ?@8 ?@>2545=88 ?@><56CB>G=>9 0BB5AB0F88 

�;O >F5=820=8O @57C;LB0B>2 >1CG5=8O 8A?>;L7C5BAO G5BK@5E10;;L=0O H:0;0: 
«>B;8G=>», «E>@>H>», «C4>2;5B2>@8B5;L=>», «=5C4>2;5B2>@8B5;L=>» 8 42CE10;;L=0O 
H:0;0: «70GB5=>», «=5 70GB5=>». 

#5@5G5=L >F5=>G=KE A@54AB2, 8A?>;L7C5<KE 4;O >F5=820=8O :><?5B5=F89 =0 
@07;8G=KE MB0?0E 8E D>@<8@>20=8O, 0 B0: 65 :@0B:0O E0@0:B5@8AB8:0 MB8E A@54AB2 
?@82545=K 2 B01;8F5 
 

 

№ 
!08<5=>20=85 
>F5=>G=>3> 
A@54AB20 

 

�@0B:0O E0@0:B5@8AB8:0 >F5=>G=>3> A@54AB20 
#@54AB02;5=85 
>F5=>G=>3> 
A@54AB20 2 ("% 

 

 

 
1 
�0I8B0 ;01>@0B>@=>9 
@01>BK 

%@54AB2>, ?>72>;ONI55 >F5=8BL C<5=85 >1CG0NI53>AO 
?8AL<5==> 87;030BL ACBL ?>AB02;5==>9 7040G8, 
A0<>AB>OB5;L=> ?@8<5=OBL AB0=40@B=K5 <5B>4K @5H5=8O 
?>AB02;5==>9 7040G8 A 8A?>;L7>20=85< 8<5NI59AO 
;01>@0B>@=>9 107K, ?@>2>48BL 0=0;87 ?>;CG5==>3> 
@57C;LB0B0 @01>BK. 
 >65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 C<5=89, =02K:>2 8 
(8;8) >?KB0 45OB5;L=>AB8 >1CG0NI8EAO 

"1@075F 7040=8O 4;O 
2K?>;=5=8O 
;01>@0B>@=>9 @01>BK 8 
?@8<5@=K9 ?5@5G5=L 
2>?@>A>2 4;O 55 70I8BK 

 

 
2 

$07=>C@>2=52K5 
7040G8 

$07;8G0NB 7040G8: 
3 @5?@>4C:B82=>3> C@>2=O, ?>72>;ONI85 >F5=820BL 8 
4803=>AB8@>20BL 7=0=85 D0:B8G5A:>3> <0B5@80;0 (107>2K5 
?>=OB8O, 0;3>@8B<K, D0:BK) 8 C<5=85 ?@028;L=> 
8A?>;L7>20BL A?5F80;L=K5 B5@<8=K 8 ?>=OB8O, C7=020=85 
>1J5:B>2 87CG5=8O 2 @0<:0E >?@545;5==>3> @0745;0 
48AF8?;8=K; 
<>65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89 8 C<5=89 
>1CG0NI8EAO; 
3 @5:>=AB@C:B82=>3> C@>2=O, ?>72>;ONI85 >F5=820BL 8 
4803=>AB8@>20BL C<5=8O A8=B578@>20BL, 0=0;878@>20BL, 
>1>1I0BL D0:B8G5A:89 8 B5>@5B8G5A:89 <0B5@80; A 

&8?>2K5 
@07=>C@>2=52K5 7040G8 



D>@<C;8@>20=85< :>=:@5B=KE 2K2>4>2, CAB0=>2;5=85< 
?@8G8==>-A;54AB25==KE A2O759; 
<>65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89, C<5=89, 
=02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8 >1CG0NI8EAO; 
3 B2>@G5A:>3> C@>2=O, ?>72>;ONI85 >F5=820BL 8 
4803=>AB8@>20BL C<5=8O, 8=B53@8@>20BL 7=0=8O @07;8G=KE 
>1;0AB59, 0@3C<5=B8@>20BL A>1AB25==CN B>G:C 7@5=8O; 
<>65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89, C<5=89, 
=02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8 >1CG0NI8EAO 

3 

&5AB8@>20=85 
(:><?LNB5@=K5 
B5E=>;>388) 

%8AB5<0 AB0=40@B878@>20==KE 7040=89, ?>72>;ONI0O 
02B><0B878@>20BL ?@>F54C@C 87<5@5=8O C@>2=O 7=0=89 8 
C<5=89 >1CG0NI53>AO. 
 >65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89, C<5=89, 
=02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8 >1CG0NI8EAO 

(>=4 B5AB>2KE 7040=89 

 
 

4 
�>=B@>;L=0O @01>B0 
(�) 

%@54AB2> ?@>25@:8 C<5=89 ?@8<5=OBL ?>;CG5==K5 7=0=8O 
4;O @5H5=8O 7040G >?@545;5==>3> B8?0 ?> B5<5 8;8 
@0745;C. 
 >65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89 8 C<5=89 
>1CG0NI8EAO 

&8?>2>5 7040=85 4;O 
2K?>;=5=8O 
:>=B@>;L=>9 @01>BK 

 
 

5 -:70<5= 

%@54AB2>, ?>72>;ONI55 >F5=8BL 7=0=8O, C<5=8O, =02K:>2 8 
(8;8) >?KB0 45OB5;L=>AB8 >1CG0NI53>AO ?> 48AF8?;8=5. 
 >65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89, C<5=89, 
=02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8 >1CG0NI8EAO 

#5@5G5=L 
B5>@5B8G5A:8E 2>?@>A>2 
8 ?@0:B8G5A:8E 7040=89 
(18;5B>2) : M:70<5=C 

 

6 
&5AB 3 ?@><56CB>G=0O 
0BB5AB0F8O 2 D>@<5 
M:70<5=0 

%8AB5<0 02B><0B878@>20==>3> :>=B@>;O >A2>5=8O 
:><?5B5=F89 (G0AB8 :><?5B5=F89) >1CG0NI8<AO ?> 
48AF8?;8=5 A 8A?>;L7>20=85< 8=D>@<0F8>==>-

:><<C=8:0F8>==KE B5E=>;>389. 
 >65B 1KBL 8A?>;L7>20=> 4;O >F5=:8 7=0=89, C<5=89, 
=02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8 >1CG0NI8EAO 

(>=4 B5AB>2KE 7040=89 

�D<F9D<< < L>4?O BJ9A<64A<S >B@C9F9AJ<= 6 D9;G?PF4F9 <;GK9A<S 8<EJ<C?<AO CD< 

CDB6989A<< CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 Q>;4@9A4. 
,>4?4 8?S BJ9A<64A<S GDB6AS BE6B9A<S >B@C9F9AJ<= 

 
 

,:0;K >F5=820=8O 
 

�@8B5@88 >F5=820=8O 
'@>25=L 
>A2>5=8O 
:><?5B5=F89 

 

 
«>B;8G=>» 

"1CG0NI89AO ?@028;L=> >B25B8; =0 B5>@5B8G5A:85 2>?@>AK. 
#>:070; >B;8G=K5 7=0=8O 2 @0<:0E CG51=>3> <0B5@80;0. 
#@028;L=> 2K?>;=8; ?@0:B8G5A:85 7040=8O. #>:070; >B;8G=K5 
C<5=8O 8 2;045=8O =02K:0<8 ?@8<5=5=8O ?>;CG5==KE 7=0=89 8 

C<5=89 ?@8 @5H5=88 7040G 2 @0<:0E CG51=>3> <0B5@80;0. "B25B8; 
=0 2A5 4>?>;=8B5;L=K5 2>?@>AK 

 

 
�KA>:89 

 

 

«E>@>H>» 

"1CG0NI89AO A =51>;LH8<8 =5B>G=>ABO<8 >B25B8; =0 
B5>@5B8G5A:85 2>?@>AK. #>:070; E>@>H85 7=0=8O 2 @0<:0E 
CG51=>3> <0B5@80;0. % =51>;LH8<8 =5B>G=>ABO<8 2K?>;=8; 
?@0:B8G5A:85 7040=8O. #>:070; E>@>H85 C<5=8O 8 2;045=8O 
=02K:0<8 ?@8<5=5=8O ?>;CG5==KE 7=0=89 8 C<5=89 ?@8 @5H5=88 
7040G 2 @0<:0E CG51=>3> <0B5@80;0. "B25B8; =0 1>;LH8=AB2> 
4>?>;=8B5;L=KE 2>?@>A>2 

 

 

�07>2K9 

 

 

 
«C4>2;5B2>@8B5;L=>» 

"1CG0NI89AO A ACI5AB25==K<8 =5B>G=>ABO<8 >B25B8; =0 
B5>@5B8G5A:85 2>?@>AK. #>:070; C4>2;5B2>@8B5;L=K5 7=0=8O 2 
@0<:0E CG51=>3> <0B5@80;0. % ACI5AB25==K<8 =5B>G=>ABO<8 
2K?>;=8; ?@0:B8G5A:85 7040=8O. #>:070; C4>2;5B2>@8B5;L=K5 
C<5=8O 8 2;045=8O =02K:0<8 ?@8<5=5=8O ?>;CG5==KE 7=0=89 8 

C<5=89 ?@8 @5H5=88 7040G 2 @0<:0E CG51=>3> <0B5@80;0. 
�>?CAB8; <=>3> =5B>G=>AB59 ?@8 >B25B5 =0 4>?>;=8B5;L=K5 
2>?@>AK 

 

 

 
 8=8<0;L=K9 

 
 

«=5C4>2;5B2>@8B5;L=>» 

"1CG0NI89AO ?@8 >B25B5 =0 B5>@5B8G5A:85 2>?@>AK 8 ?@8 
2K?>;=5=88 ?@0:B8G5A:8E 7040=89 ?@>45<>=AB@8@>20; 
=54>AB0B>G=K9 C@>25=L 7=0=89 8 C<5=89 ?@8 @5H5=88 7040G 2 
@0<:0E CG51=>3> <0B5@80;0. #@8 >B25B0E =0 4>?>;=8B5;L=K5 
2>?@>AK 1K;> 4>?CI5=> <=>65AB2> =5?@028;L=KE >B25B>2 

 

�><?5B5=F88 

=5 
AD>@<8@>20=K 



 

&5AB 3 ?@><56CB>G=0O 0BB5AB0F8O 2 D>@<5 M:70<5=0: 
,:0;0 >F5=820=8O �@8B5@88 >F5=820=8O 

«>B;8G=>» "1CG0NI89AO 25@=> >B25B8; =0 90 3 100 % B5AB>2KE 7040=89 ?@8 
?@>E>645=88 B5AB8@>20=8O 

«E>@>H>» "1CG0NI89AO 25@=> >B25B8; =0 80 3 89 % B5AB>2KE 7040=89 ?@8 ?@>E>645=88 
B5AB8@>20=8O 

«C4>2;5B2>@8B5;L=>» "1CG0NI89AO 25@=> >B25B8; =0 70 3 79 % B5AB>2KE 7040=89 ?@8 ?@>E>645=88 
B5AB8@>20=8O 

«=5C4>2;5B2>@8B5;L=>» "1CG0NI89AO 25@=> >B25B8; =0 69 % 8 <5=55 B5AB>2KE 7040=89 ?@8 
?@>E>645=88 B5AB8@>20=8O 

 

 

�D<F9D<< < L>4?O BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S CD< CDB6989A<< F9>GM97B 
>BAFDB?S GEC9649@BEF< 

 

�0I8B0 ;01>@0B>@=>9 @01>BK 
,:0;0 >F5=820=8O �@8B5@88 >F5=820=8O 

«>B;8G=>» 

�01>@0B>@=0O @01>B0 2K?>;=5=0 2 >1>7=0G5==K9 ?@5?>4020B5;5< A@>:, ?8AL<5==K9 
>BG5B 157 70<5G0=89. 
�01>@0B>@=0O @01>B0 2K?>;=5=0 >1CG0NI8<AO 2 ?>;=>< >1J5<5 A A>1;N45=85< 
=5>1E>48<>9 ?>A;54>20B5;L=>AB8. "1CG0NI89AO @01>B0; ?>;=>ABLN 
A0<>AB>OB5;L=>; ?>:070; =5>1E>48<K5 4;O ?@>2545=8O @01>BK B5>@5B8G5A:85 
7=0=8O, ?@0:B8G5A:85 C<5=8O 8 =02K:8. $01>B0 (>BG5B) >D>@<;5=0 0::C@0B=>, 2 
=081>;55 >?B8<0;L=>9 4;O D8:A0F88 @57C;LB0B>2 D>@<5. "1CG0NI89AO 0:B82=> 8 
?@028;L=> >B25G05B =0 B5>@5B8G5A:85 2>?@>AK ?> @01>B5 

«E>@>H>» 

�01>@0B>@=0O @01>B0 2K?>;=5=0 2 >1>7=0G5==K9 ?@5?>4020B5;5< A@>:, ?8AL<5==K9 
>BG5B A =51>;LH8<8 =54>G5B0<8. 
�01>@0B>@=0O @01>B0 2K?>;=5=0 >1CG0NI8<AO 2 ?>;=>< >1J5<5 8 A0<>AB>OB5;L=>. 
�>?CI5=K >B:;>=5=8O >B =5>1E>48<>9 ?>A;54>20B5;L=>AB8 2K?>;=5=8O, =5 
2;8ONI85 =0 ?@028;L=>ABL :>=5G=>3> @57C;LB0B0. $01>B0 ?>:07K205B 7=0=85 
>1CG0NI8<AO >A=>2=>3> B5>@5B8G5A:>3> <0B5@80;0 8 >2;045=85 C<5=8O<8, 
=5>1E>48<K<8 4;O A0<>AB>OB5;L=>3> 2K?>;=5=8O  @01>BK. �>?CI5=K =5B>G=>AB8 8 
=51@56=>ABL 2 >D>@<;5=88 @57C;LB0B>2 @01>BK (>BG5B0). "1CG0NI89AO ?@028;L=> 
>B25G05B =0 B5>@5B8G5A:85 2>?@>AK ?> @01>B5 

«C4>2;5B2>@8B5;L=>» 

�01>@0B>@=0O @01>B0 2K?>;=5=0 A 7045@6:>9, ?8AL<5==K9 >BG5B A =54>G5B0<8. 
�01>@0B>@=0O @01>B0 2K?>;=O5BAO 8 >D>@<;O5BAO >1CG0NI8<AO ?@8 ?>AB>@>==59 
?><>I8. !0 2K?>;=5=85 @01>BK 70B@0G8205BAO <=>3> 2@5<5=8. "1CG0NI89AO 
?>:07K205B 7=0=8O B5>@5B8G5A:>3> <0B5@80;0, => 8A?KBK205B 70B@C4=5=85 ?@8 
A0<>AB>OB5;L=>9 @01>B5 A 8AB>G=8:0<8 7=0=89 8;8 ?@81>@0<8. 
"1CG0NI89AO >B25G05B =0 B5>@5B8G5A:85 2>?@>AK ?> @01>B5 

«=5C4>2;5B2>@8B5;L=>» 

�01>@0B>@=0O @01>B0 =5 2K?>;=5=0, ?8AL<5==K9 >BG5B =5 ?@54AB02;5=. 
$57C;LB0BK, ?>;CG5==K5 >1CG0NI8<AO =5 ?>72>;ONB A45;0BL ?@028;L=KE 2K2>4>2 
8 ?>;=>ABLN @0AE>4OBAO A ?>AB02;5==>9 F5;LN. #>:07K205BAO ?;>E>5 7=0=85 
B5>@5B8G5A:>3> <0B5@80;0 8 >BACBAB285 =5>1E>48<KE C<5=89. 
�01>@0B>@=0O @01>B0 =5 2K?>;=5=0, C CG0I53>AO >BACBAB2CNB =5>1E>48<K5 4;O 
?@>2545=8O @01>BK B5>@5B8G5A:85 7=0=8O, ?@0:B8G5A:85 C<5=8O 8 =02K:8. 
"1CG0NI89AO =5 >B25G05B =0 B5>@5B8G5A:85 2>?@>AK ?> @01>B5 

 

 

$07=>C@>2=52K5 7040G8 
,:0;0 >F5=820=8O �@8B5@88 >F5=820=8O 

«>B;8G=>» 
�5<>=AB@8@C5B >G5=L 2KA>:89/2KA>:89 C@>25=L 7=0=89, C<5=89, =02K:>2 2 
A>>B25BAB288 A :@8B5@8O<8 >F5=820=8O. �A5 B@51>20=8O, ?@54JO2;O5<K5 : 7040=8N, 
2K?>;=5=K 

«E>@>H>» 
�5<>=AB@8@C5B 4>AB0B>G=> 2KA>:89/2KH5 A@54=53> C@>25=L 7=0=89, C<5=89, 
=02K:>2 2 A>>B25BAB288 A :@8B5@8O<8 >F5=820=8O. �A5 B@51>20=8O, ?@54JO2;O5<K5 
: 7040=8N, 2K?>;=5=K 

«C4>2;5B2>@8B5;L=>» 
�5<>=AB@8@C5B A@54=89 C@>25=L 7=0=89, C<5=89, =02K:>2 2 A>>B25BAB288 A 
:@8B5@8O<8 >F5=820=8O. �>;LH8=AB2> B@51>20=89, ?@54JO2;O5<KE : 7040=8N, 
2K?>;=5=K. 



�5<>=AB@8@C5B =87:89/=865 A@54=53> C@>25=L 7=0=89, C<5=89, =02K:>2 2 
A>>B25BAB288 A :@8B5@8O<8 >F5=820=8O.  =>385 B@51>20=8O, ?@54JO2;O5<K5 : 
7040=8N, =5 2K?>;=5=K 

«=5C4>2;5B2>@8B5;L=>» �5<>=AB@8@C5B >G5=L =87:89 C@>25=L 7=0=89, C<5=89, =02K:>2 2 A>>B25BAB288 A 
:@8B5@8O<8 >F5=820=8O. !5 >B25B0. !5 1K;> ?>?KB:8 @5H8BL 7040GC 

 

�>=B@>;L=0O @01>B0  
,:0;0 >F5=820=8O �@8B5@88 >F5=820=8O 

«70GB5=>» 

"1CG0NI89AO ?>;=>ABLN 8 ?@028;L=> 2K?>;=8; 7040=8O :>=B@>;L=>9 @01>BK. 
#>:070; >B;8G=K5 7=0=8O 8 C<5=8O 2 @0<:0E CA2>5==>3> CG51=>3> <0B5@80;0. 
�>=B@>;L=0O @01>B0 >D>@<;5=0 0::C@0B=> 8 2 A>>B25BAB288 A ?@54JO2;O5<K<8 
B@51>20=8O<8 
"1CG0NI89AO 2K?>;=8; 7040=8O :>=B@>;L=>9 @01>BK A =51>;LH8<8 =5B>G=>ABO<8. 
#>:070; E>@>H85 7=0=8O 8 C<5=8O 2 @0<:0E CA2>5==>3> CG51=>3> <0B5@80;0. �ABL 
=54>AB0B:8 2 >D>@<;5=88 :>=B@>;L=>9 @01>BK 

"1CG0NI89AO 2K?>;=8; 7040=8O :>=B@>;L=>9 @01>BK A ACI5AB25==K<8 
=5B>G=>ABO<8. #>:070; C4>2;5B2>@8B5;L=K5 7=0=8O 8 C<5=8O 2 @0<:0E CA2>5==>3> 
CG51=>3> <0B5@80;0. �0G5AB2> >D>@<;5=8O :>=B@>;L=>9 @01>BK 8<55B 
=54>AB0B>G=K9 C@>25=L 

«=5 70GB5=>» "1CG0NI89AO =5 ?>;=>ABLN 2K?>;=8; 7040=8O :>=B@>;L=>9 @01>BK, ?@8 MB>< 
?@>O28; =54>AB0B>G=K9 C@>25=L 7=0=89 8 C<5=89 

 

 

&5AB8@>20=85 3 B5:CI89 :>=B@>;L: 
,:0;0 >F5=820=8O �@8B5@88 >F5=820=8O 

«70GB5=>» 

"1CG0NI89AO 25@=> >B25B8; =0 90 3 100 % B5AB>2KE 7040=89 ?@8 ?@>E>645=88 
B5AB8@>20=8O 
"1CG0NI89AO 25@=> >B25B8; =0 80 3 89 % B5AB>2KE 7040=89 ?@8 ?@>E>645=88 
B5AB8@>20=8O 
"1CG0NI89AO 25@=> >B25B8; =0 70 3 79 % B5AB>2KE 7040=89 ?@8 ?@>E>645=88 
B5AB8@>20=8O 

«=5 70GB5=>» "1CG0NI89AO 25@=> >B25B8; =0 69 % 8 <5=55 B5AB>2KE 7040=89 ?@8 ?@>E>645=88 
B5AB8@>20=8O 

 
 
 

3 &<CB6O9 >BAFDB?PAO9 ;484A<S <?< <AO9 @4F9D<4?O, A9B5IB8<@O9 
8?S BJ9A>< ;A4A<=, G@9A<=, A46O>B6 < (<?<) BCOF4 89SF9?PABEF< 

 

3.1 "5D4;9J ;484A<S 8?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO < CD<@9DAO= C9D9K9AP 
6BCDBEB6 8?S 99 ;4M<FO,  

6OCB?AS9@B= 6 D4@>4I CD4>F<K9E>B= CB87BFB6>< 

 

�040=8O 4;O 2K?>;=5=8O ;01>@0B>@=KE @01>B 8 ?@8<5@=K5 ?5@5G=8 2>?@>A>2 4;O 8E 
70I8BK 2K;>65=K 2 M;5:B@>==>9 8=D>@<0F8>==>->1@07>20B5;L=>9 A@545 �01��& �@�'#%, 
4>ABC?=>9 >1CG0NI5<CAO G5@57 53> ;8G=K9 :018=5B. 

!865 ?@82545= >1@075F 7040=8O 4;O 2K?>;=5=8O ;01>@0B>@=>9 @01>BK 8 ?@8<5@=K9 
?5@5G5=L 2>?@>A>2 4;O 55 70I8BK, ?@54CA<>B@5==0O @01>G59 ?@>3@0<<>9 48AF8?;8=K. 

 

"1@075F 7040=8O 4;O 2K?>;=5=8O ;01>@0B>@=>9 @01>BK 8 ?@8<5@=K9 ?5@5G5=L 2>?@>A>2 4;O 
55 70I8BK, 2K?>;=O5<>9 2 @0<:0E ?@0:B8G5A:>9 ?>43>B>2:8 

 

�45BD4FBDA4S D45BF4 1. #$"%&��,�� �/+�%��!�3 � MATLAB 

 

*5;L @01>BK: >7=0:><;5=85 A ?@>3@0<<=K< ?0:5B>< MATLAB 

$01>G0O A@540 MATLAB A>45@68B A;54CNI85 :><?>=5=BK: -<5=N; -?0=5;L 
8=AB@C<5=B>2; -@01>G55 >:=> A 0:B82=>9 AB@>:>9 (Command Window); ->:=> A 2:;04:0<8 
Launch Pad 8 Workspace, 87 :>B>@>3> <>6=> ?>;CG8BL 4>ABC? : <>4C;O< ToolBox 8 : 



A>45@68<><C @01>G59 A@54K; ->:=> A 2:;04:0<8 Command History 8 Current Directory 4;O 
?@>A<>B@0 8 ?>2B>@=>3> 2K7>20 @0=55 22545==KE :><0=4 8 CAB0=>2:8 B5:CI53> :0B0;>30. 
#D<@9DAO= C9D9K9AP 6BCDBEB6 8?S 99 ;4M<FO: 
1. #@82548B5 ?@8<5@K =0CG=>-8AA;54>20B5;LA:8E 8 8=65=5@=KE 7040G, :>B>@K5 <>3CB 1KBL 
@5H5=K 2 ?@>3@0<<5 MATLAB? 

2. !07>28B5 8 ?>OA=8B5 >A=>2=K5 :><?>=5=BK @01>G59 A@54K 

MATLAB? 

3. �0:8< >1@07>< <>6=> 87<5=8BL D>@<0B 40==KE 2 MATLAB? 

4. �0: <>6=> 87<5=8BL A2>9AB20 ;8=88 =0 3@0D8:5 2 MATLAB? 

5. �0:85 DC=:F88 ?@8<5=ONBAO 4;O 287C0;870F88 DC=:F89 >4=>3> 8 42CE 0@3C<5=B>2 2  MATLAB? 

6. �0: >@30=87>20BL 2K2>4 =5A:>;L:8E 3@0D8:>2 2 >4=>< >:=5? 
 

 

3.2 &<CB6O9 >BAFDB?PAO9 ;484A<S 8?S F9EF<DB64A<S 

 

(>=4 B5AB>2KE 7040=89 ?> 48AF8?;8=5 A>45@68B B5AB>2K5 7040=8O, @0A?@545;5==K5 ?> 
@0745;0< 8 B5<0<, A C:070=85< 8E :>;8G5AB20 8 B8?0. 

 

%B@C:BC@0 B5AB>2KE <0B5@80;>2 ?> 48AF8?;8=5 

�=48:0B>@ 4>AB865=8O :><?5B5=F88  &5<0 
2 A>>B25BAB288 A $#�  )0@0:B5@8AB8:0 &� 

�>;8G5AB2> 
B5AB>2KE 

7040=89, B8?K 
&� 

#�-4.6 �5<>=AB@8@C5B 7=0=8O 2 >1;0AB8 
F8D@>2KE B5E=>;>389 8 :><?LNB5@=KE 
A8AB5< ;>:><>B82=>3> :><?;5:A0 

%B@C:BC@0 8 > >A=>2=K5 
:><?>=5=BK ##� 

-2>;NF8O ##� 
 

�=0=85 3 3 "&� 
3 3 �&� 

�=0=85 3 3 "&� 
3 3 �&� 

�59AB285 3 3 "&� 
3 3 �&� 

%B@C:BC@0 8 A>AB02 MS Office. 
"A=>2=K5 ?@8;>65=8O �=0=85 3 3 "&� 

3 3 �&� 

�59AB285 2 3 "&� 
2 3 �&� 

#0:5BK ?@>3@0<< 
?@>5:B8@>20=8O 
 

�59AB285 3 3 "&� 
3 3 �&� 

'<5=85 3 3 "&� 
3 3 �&� 

'<5=85 3 3 "&� 
3 3 �&� 

�=65=5@=>5 <0B5<0B8G5A:>5 
?@>3@0<<=>5 >15A?5G5=85 
#0:5BK ?@>3@0<< 
8=65=5@=>3> 0=0;870. 

�=0=85 3 3 "&� 
3 3 �&� 

�=0=85 3 3 "&� 
3 3 �&� 

'<5=85 3 3 "&� 
3 3 �&� 

#0:5BK ?@>3@0<< ?>43>B>2:8 ?@>872>4AB20 
8 873>B>2;5=8O. 
 

�=0=85 3 3 "&� 
3 3 �&� 

'<5=85 3 3 "&� 
3 3 �&� 

'<5=85 3 3 "&� 
3 3 �&� 

"A=>2K @01>BK A MaTlab 
#@>3@0<<8@>20=85 2 A@545 
MaTlab 

�=0=85 3 3 "&� 
3 3 �&� 

'<5=85 3 3 "&� 
3 3 �&� 

�59AB285 3 3 "&� 
3 3 �&� 

�B>3> 50 3 "&� 
503 �&� 



#>;=K9 :><?;5:B (&� E@0=8BAO 2 M;5:B@>==>9 8=D>@<0F8>==>->1@07>20B5;L=>9 A@545 
�01��& �@�'#% 8 >1CG0NI89AO 8<55B 2>7<>6=>ABL >7=0:><8BLAO A 45<>=AB@0F8>==K< 
20@80=B>< (&�. 

!865 ?@82545= >1@075F B8?>2>3> 20@80=B0 8B>3>2>3> B5AB0, ?@54CA<>B@5==>3> @01>G59 
?@>3@0<<>9 48AF8?;8=K. 

 
"1@075F B8?>2>3> 20@80=B0 8B>3>2>3> B5AB0,  

?@54CA<>B@5==>3> @01>G59 ?@>3@0<<>9 48AF8?;8=K 

 

1. #@>3@0<<=>5 >15A?5G5=85 MB>?  
0) MB> A>2>:C?=>ABL ?@>3@0<<=KE A@54AB2 8 A>?@>2>640NI59 8E 4>:C<5=B0F88, 

?>72>;ONI8E @5H0BL =0 :><?LNB5@5 7040G8 @07;8G=>3> =07=0G5=8O 2 M:>=><8G5A:>9, 
C?@02;5=G5A:>9 8 4@C38E AD5@0E 45OB5;L=>AB8, 0 B0:65 >15A?5G820NI8E DC=:F8>=8@>20=85 
0??0@0B=KE A@54AB2 -� ; 

1) ?@>3@0<<0 8;8 ;>38G5A:8 A2O70==0O A>2>:C?=>ABL ?@>3@0<<, =0E>4OI0OAO =0 
<0H8==KE =>A8B5;OE 40==KE 8 A=0165==0O 4>:C<5=B0F859; 

 2) ?>A;54>20B5;L=>ABL :><0=4 (>?5@0B>@>2, 8=AB@C:F89) :><?LNB5@0, 2K?>;=5=85 
:>B>@KE ?@82>48B : ?>;CG5=8N @57C;LB0B0 @5H5=8O 7040G8; 

 3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 
2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 

 

2. #@>3@0<<=>5 A@54AB2> MB>?  
0) MB> A>2>:C?=>ABL ?@>3@0<<=KE A@54AB2 8 A>?@>2>640NI59 8E 4>:C<5=B0F88, 

?>72>;ONI8E @5H0BL =0 :><?LNB5@5 7040G8 @07;8G=>3> =07=0G5=8O 2 M:>=><8G5A:>9, 
C?@02;5=G5A:>9 8 4@C38E AD5@0E 45OB5;L=>AB8, 0 B0:65 >15A?5G820NI8E DC=:F8>=8@>20=85 
0??0@0B=KE A@54AB2 -� ; 

1) ?@>3@0<<0 8;8 ;>38G5A:8 A2O70==0O A>2>:C?=>ABL ?@>3@0<<, =0E>4OI0OAO =0 
<0H8==KE =>A8B5;OE 40==KE 8 A=0165==0O 4>:C<5=B0F859; 

 2) ?>A;54>20B5;L=>ABL :><0=4 (>?5@0B>@>2, 8=AB@C:F89) :><?LNB5@0, 2K?>;=5=85 
:>B>@KE ?@82>48B : ?>;CG5=8N @57C;LB0B0 @5H5=8O 7040G8; 

 3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 
2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 

 

3. #@8:;04=>5 ?@>3@0<<=>5 >15A?5G5=85 MB>? 
0) MB> A>2>:C?=>ABL ?@>3@0<<=KE A@54AB2 8 A>?@>2>640NI59 8E 4>:C<5=B0F88, 

?>72>;ONI8E @5H0BL =0 :><?LNB5@5 7040G8 @07;8G=>3> =07=0G5=8O 2 M:>=><8G5A:>9, 
C?@02;5=G5A:>9 8 4@C38E AD5@0E 45OB5;L=>AB8, 0 B0:65 >15A?5G820NI8E DC=:F8>=8@>20=85 
0??0@0B=KE A@54AB2 -� ; 

1) ?@>3@0<<0 8;8 ;>38G5A:8 A2O70==0O A>2>:C?=>ABL ?@>3@0<<, =0E>4OI0OAO =0 
<0H8==KE =>A8B5;OE 40==KE 8 A=0165==0O 4>:C<5=B0F859; 

2) ?>A;54>20B5;L=>ABL :><0=4 (>?5@0B>@>2, 8=AB@C:F89) :><?LNB5@0, 2K?>;=5=85 
:>B>@KE ?@82>48B : ?>;CG5=8N @57C;LB0B0 @5H5=8O 7040G8; 

3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 
2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 

 

4. #@>3@0<<0 MB>? 
0) MB> A>2>:C?=>ABL ?@>3@0<<=KE A@54AB2 8 A>?@>2>640NI59 8E 4>:C<5=B0F88, 

?>72>;ONI8E @5H0BL =0 :><?LNB5@5 7040G8 @07;8G=>3> =07=0G5=8O 2 M:>=><8G5A:>9, 
C?@02;5=G5A:>9 8 4@C38E AD5@0E 45OB5;L=>AB8, 0 B0:65 >15A?5G820NI8E DC=:F8>=8@>20=85 
0??0@0B=KE A@54AB2 -� ; 

1) ?@>3@0<<0 8;8 ;>38G5A:8 A2O70==0O A>2>:C?=>ABL ?@>3@0<<, =0E>4OI0OAO =0 
<0H8==KE =>A8B5;OE 40==KE 8 A=0165==0O 4>:C<5=B0F859; 



 2) ?>A;54>20B5;L=>ABL :><0=4 (>?5@0B>@>2, 8=AB@C:F89) :><?LNB5@0, 2K?>;=5=85 
:>B>@KE ?@82>48B : ?>;CG5=8N @57C;LB0B0 @5H5=8O 7040G8; 

 3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 
2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 

 

5. #0:5B ?@8:;04=KE ?@>3@0<< MB>? 
0) :><?;5:A ?@>3@0<<, ?@54=07=0G5==K9 4;O @5H5=8O >?@545;P==>3> :;0AA0 7040G ?> 

=5:>B>@>9 B5<0B8:5; 
1) ?@>3@0<<0 8;8 ;>38G5A:8 A2O70==0O A>2>:C?=>ABL ?@>3@0<<, =0E>4OI0OAO =0 

<0H8==KE =>A8B5;OE 40==KE 8 A=0165==0O 4>:C<5=B0F859; 
2) ?>A;54>20B5;L=>ABL :><0=4 (>?5@0B>@>2, 8=AB@C:F89) :><?LNB5@0, 2K?>;=5=85 

:>B>@KE ?@82>48B : ?>;CG5=8N @57C;LB0B0 @5H5=8O 7040G8; 
3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 

2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 
6. #0:5B ?@8:;04=KE ?@>3@0<< >1I53> =07=0G5=8O MB>? 
0) :><?;5:A ?@>3@0<<, ?@54=07=0G5==K9 4;O @5H5=8O >?@545;P==>3> :;0AA0 7040G ?> 

=5:>B>@>9 B5<0B8:5; 
1) C=825@A0;L=K5 ?@>3@0<<=K5 ?@>4C:BK, ?@54=07=0G5==K5 4;O 02B><0B870F88 

@07@01>B:8 8 M:A?;C0B0F88 DC=:F8>=0;L=KE 7040G ?>;L7>20B5;O; 
 2) ?>A;54>20B5;L=>ABL :><0=4 (>?5@0B>@>2, 8=AB@C:F89) :><?LNB5@0, 2K?>;=5=85 

:>B>@KE ?@82>48B : ?>;CG5=8N @57C;LB0B0 @5H5=8O 7040G8; 
3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 

2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 
 

7. #0:5B ?@8:;04=KE ?@>3@0<< 02B><0B878@>20==>3> ?@>5:B8@>20=8O MB>? 
0) :><?;5:A ?@>3@0<<, ?@54=07=0G5==K9 4;O @5H5=8O >?@545;P==>3> :;0AA0 7040G ?> 

=5:>B>@>9 B5<0B8:5; 
1) C=825@A0;L=K5 ?@>3@0<<=K5 ?@>4C:BK, ?@54=07=0G5==K5 4;O 02B><0B870F88 

@07@01>B:8 8 M:A?;C0B0F88 DC=:F8>=0;L=KE 7040G ?>;L7>20B5;O; 
2) ?@>3@0<<K, ?@54=07=0G5==K5 4;O ?>445@60=8O @01>BK :>=AB@C:B>@>2 8 B5E=>;>3>2, 

70=8<0NI8EAO ?>AB@>5=85< G5@B5659, AE5<, 4803@0<<, 3@0D8G5A:8< <>4C;8@>20=85< 8 
:>=AB@C8@>20=85<, A>740=85< 181;8>B5:8 AB0=40@B=KE M;5<5=B>2 G5@B5659 8 8E 
<=>3>:@0B=K< 8A?>;L7>20=85<, A>740=85< 45<>=AB@0F8>==KE 8;;NAB@0F89 8 
<C;LBD8;L<>2; 

3) ?@>3@0<<=>5 >15A?5G5=85, ?@54=07=0G5==>5 4;O MDD5:B82=>9 @07@01>B:8 8 
2K?>;=5=8O :>=:@5B=KE, :0: ?@028;>, A;>6=KE :><?;5:A>2 7040G ?>;L7>20B5;O. 

 

8. � :0:8< A8AB5<0< <0H8=>AB@>8B5;L=>3> %�#$ <>6=> >B=5AB8 ?0:5B ?@8:;04=KE 
?@>3@0<< �" #�% 25@A88?  

0) CAE-A8AB5<0<; 
1) CAM-A8AB5<0<;  
2) CAD-A8AB5<0<; 
3) CAE/CAD/CAM-A8AB5<0<. 

 

9. %8AB5<K CAD 3 computer Aided Design MB>: 
0) %8AB5<K, A;C60I85 4;O @07@01>B:8 G5@B56=>-:>=AB@C:B>@A:>9 4>:C<5=B0F88. "=8 

?>72>;ONB AB@>8BL :0: ?;>A:85 (42C<5@=K5) G5@B568, B0: 8 >1J5<=K5 (B@5E<5@=K5) 
35><5B@8G5A:85 <>45;8.  

1) %8AB5<K, A;C60I85 4;O @07@01>B:8 ?@>3@0<<, C?@02;ONI8E B5E=>;>38G5A:8<8 
?@>F5AA0<8, =0?@8<5@, >1@01>B:>9 45B0;59 =0 AB0=:0E-02B><0B0E.  



2) %8AB5<0 02B><0B8G5A:>3> 0=0;870 ?@>5:B0. %8AB5<K @5H0NB 7040G8 8=65=5@=>3> 
0=0;870, : :>B>@K< >B=>AOBAO ?@>G=>AB=K5 8 B5?;>2K5 @0AG5BK, 0=0;87 ?@>F5AA>2 ;8BLO 8 
B.4.  

3) �=AB@C<5=B0;L=>5 A@54AB2>, :>B>@>5 ?><>305B 04<8=8AB@0B>@0<, 8=65=5@0<, 
:>=AB@C:B>@0< C?@02;OBL :0: 40==K<8, B0: 8 ?@>F5AA0<8 @07@01>B:8 8745;8O =0 
A>2@5<5==KE ?@>872>4AB25==KE ?@54?@8OB8OE 8;8 3@C??5 A<56=KE ?@54?@8OB89.  

10. �59AB28O ?@>5:B8@>2I8:>2 (:>=AB@C:B>@>2), =0?@02;5==K5 =0 2K@01>B:C 
B5E=8G5A:8E @5H5=89, =5>1E>48<KE 8 4>AB0B>G=KE 4;O AB@>8B5;LAB20 8;8 873>B>2;5=8O 
>1J5:B0 <______________________> 

 

11. �0<KA5;, 845O, >1@07, 2>?;>IP==K5 2 D>@<C >?8A0=8O, >1>A=>20=8O, @0AGPB>2, 
G5@B5659, @0A:@K20NI8E ACI=>ABL 70<KA;0 8 2>7<>6=>ABL 53> ?@0:B8G5A:>9 @50;870F88  

<______________________> 

 

12. %8AB5<0, @50;87CNI0O ?@>5:B8@>20=85, ?@8 :>B>@>< 2A5 ?@>5:B=K5 @5H5=8O 8;8 8E 
G0ABL ?>;CG0NB 2 @57C;LB0B5 2KG8A;5=8O 8 A>AB02;5=8O <0B5<0B8G5A:8E <>45;59 =0 
:><?LNB5@5  <______________________> 

 

13. #5@5G5=L :0:8E :><0=4 =0E>48BAO =0 �><?0:B=>9 ?0=5;8 A8AB5<K �" #�%-

�$�(�� ?@8 A>740=88 2 =59 =>2>3> ;8AB0 G5@B560? <______________________> 

 

14. � G5< 70:;NG05BAO >A=>2=>5 DC=:F8>=0;L=>5 ?@54=07=0G5=85 #0=5;8 A2>9AB2 
A8AB5<K �" #�%-�$�(�� ?@8 A>740=88 2 =59 ;N1>3> B8?>2>3> 4>:C<5=B0? 
<______________________> 

 

15.  �0:85 ?@>3@0<<K >B=>AOBAO : %�#$ &O65;K9 25A? <______________________> 

 

16. �>7<>6=> ;8 2 A8AB5<5 �" #�%-�$�(�� A>740BL <=>3>;8AB>2>9 G5@B56? 
<______________________> 

17. �0:85 B8?>2K5 >1J5:BK <>6=> A>74020BL 8 @540:B8@>20BL 2 ?@>3@0<<5 �" #�%-

�$�(��? <______________________> 

16. �59AB28O ?@>5:B8@>2I8:>2 (:>=AB@C:B>@>2), =0?@02;5==K5 =0 2K@01>B:C 
B5E=8G5A:8E @5H5=89, =5>1E>48<KE 8 4>AB0B>G=KE 4;O AB@>8B5;LAB20 8;8 873>B>2;5=8O 
>1J5:B0: 

<___________________> 

 

3.3 &<CB6O9 D4;ABGDB6A96O9 ;484K< 

 

$07=>C@>2=52K5 7040G8 2K;>65=K 2 M;5:B@>==>9 8=D>@<0F8>==>->1@07>20B5;L=>9 
A@545 �01��& �@�'#%, 4>ABC?=>9 >1CG0NI5<CAO G5@57 53> ;8G=K9 :018=5B. 

!865 ?@82545= >1@075F @07=>C@>2=52>9 7040G8 ?> B5<5, ?@54CA<>B@5==>9 @01>G59 
?@>3@0<<>9 48AF8?;8=K. 

 

"1@075F @07=>C@>2=52>9 7040G8 

 

�040=85 1. #5@5G8A;8B5 >A=>2=K5 :><0=4K MATLAB 4;O @01>BK 2 
@568<5 ?@O<KE 2KG8A;5=89. #5@5G8A;8B5 >A=>2=K5 A8AB5<=K5 ?5@5<5==K5 MATLAB. #@82548B5 
?@8<5@K <0B5<0B8G5A:8E DC=:F89 A8AB5<K MATLAB. 

�040=85 2. #5@5G8A;8B5 >A=>2=K5 2=5H=85 @0AH8@5=8O A8AB5<K MATLAB 4;O ?>8A:0 
M:AB@5<C<>2 DC=:F89. 

 

 



3.4 &<CB6B9 ;484A<9 8?S 6OCB?A9A<S >BAFDB?PAB= D45BFO  
 

�0@80=BK 7040=89 4;O 2K?>;=5=8O :>=B@>;L=>9 @01>BK 2K;>65=K 2 M;5:B@>==>9 
8=D>@<0F8>==>->1@07>20B5;L=>9 A@545 �01��& �@�'#%, 4>ABC?=>9 >1CG0NI5<CAO G5@57 
53> ;8G=K9 :018=5B. 

!865 ?@82545= >1@075F B8?>2>3> 7040=8O 4;O 2K?>;=5=8O :>=B@>;L=>9 @01>BK ?> 
B5<0< 48AF8?;8=K, ?@54CA<>B@5==K<8 @01>G59 ?@>3@0<<>9 48AF8?;8=K. 

 

"1@075F B8?>2>3> 20@80=B0 7040=8O 4;O 2K?>;=5=8O :>=B@>;L=>9 @01>BK 

 

%B@C:BC@0 :>=B@>;L=>9 @01>BK 7028A8B >B A?5F8D8:8 87CG05<>9 48AF8?;8=K. � 
>1I5< 2845 @01>B0, 2K?>;=O5<0O >1CG0NI8<8AO �01��&, 4>;6=0 A>45@60BL A;54CNI85 
AB@C:BC@=K5 M;5<5=BK: B8BC;L=K9 ;8AB, 0==>B0F8O, 1;0=: 7040=8O, A>45@60=85, >A=>2=0O 
G0ABL, 70:;NG5=85, 181;8>3@0D8G5A:89 A?8A>:. 
����!�� № 1 &� �: $�%+�& #�$�)"�!"�" #$"*�%%� � 

�!&�$#"��$"��!�� ('!�*�� � #"%���"��&��0!"  RL �"!&'$�. 
�AE>4=K5 40==K5 4;O @0AG5B0 2K18@0NBAO ?> 42C< ?>A;54=8< F8D@0< H8D@0 

70G5B=>9  :=86:8. 
&01;8F0 1.1 �AE>4=K5 40==K5 

?@54?>A;54=OO 
F8D@0 H8D@0 1 2 3 4 5 6 7 8 9 0 

U, � 75 100 60 25 30 75 50 35 55 68 

R, "< 3 2,5 2 1 2 2,5 3,1 1 5 2 

?>A;54=OO F8D@0 
H8D@0 1 2 3 4 5 6 7 8 9 0 

L, �= 0,05 0,04 0,08 0,03 0,06 0,07 0,09 0,1 0,02 0,01 

 

����!�� 2 &� �: +�%��!!"� �!&��$�$"��!�� 

�AE>4=K5 40==K5 4;O @0AG5B0 2K18@0NBAO ?> 42C< ?>A;54=8< F8D@0< H8D@0 70G5B=>9  
:=86:8. 

&01;8F0 2.1 �AE>4=K5 40==K5 
?@54?>A;54=OO 
F8D@0 H8D@0 1 2 3 4 5 6 7 8 9 0 

b 1,5 1,7 1,8 1,9 2 2,1 2,2 2,3 2,4 2,5 

?>A;54=OO F8D@0 
H8D@0 1 2 3 4 5 6 7 8 9 0 

a 0,5 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1 1,05 
 

&5>@5B8G5A:85 2>?@>AK: 
1. +B> B0:>5 <>45;L 8 <>45;8@>20=85. 
2. � :0:8E >1;0ABOE G5;>25G5A:>9 45OB5;L=>AB8 ?@8<5=ONBAO <>45;8. 
3. +5< >B;8G05BAO <>45;8@>20=85 =0BC@=>3> >B <KA;5==>3>. 
4. +B> B0:>5 :>3=8B82=0O <>45;L. 
5. �0:85 <>45;8 =07K20NB A>45@60B5;L=K<8. 
6. $07=>284=>AB8 A>45@60B5;L=KE <>45;59. 
7. +B> B0:>5 D>@<0;L=0O <>45;L. 
8. �0:>5 <>45;8@>20=85 =07K205BAO <0B5<0B8G5A:8<. 
9. +B> <>65B 2KABC?0BL 2 :0G5AB25 >?5@0B>@0 ?@8 <0B5<0B8G5A:>< <>45;8@>20=88. 
10. #>G5<C 8=D>@<0F8>==K5 <>45;8 =5;L7O AG8B0BL @07=>284=>ABLN <0B5<0B8G5A:8E. 
11. +5< >B;8G0NBAO ;8=59=K5 8 =5;8=59=K5 <>45;8. 
12. !07>28B5 B@8 A>AB02;ONI85 ?>3@5H=>AB8 G8A;5==KE <5B>4>2. 
13. #>=OB85 :>@@5:B=>AB8 <0B5<0B8G5A:>9 7040G8. 



14. �0:85 F5;8 ?@5A;54C5B ?@>25@:0 045:20B=>AB8 <>45;8. 
15. #5@5G8A;8B5 ?@8G8=K 2>7<>6=>9 =5045:20B=>AB8 <>45;8. 
16. +B> B0:>5 AB@C:BC@=0O AE5<0 A8AB5<K. 
17. +5< >B;8G05BAO 3@0D >B A5B8. 
18. #>G5<C A8=B57 AG8B0NB 7025@H0NI8< MB0?>< 0=0;870. 
19. �0:85 284K =5>?@545;5==>AB8 >?5@0B>@0 2K 7=05B5. 
20. "A=>2=K5 ?@8G8=K ?>O2;5=8O =5>?@545;5==>AB8. 
21. �0: >?8AK205BAO =5>?@545;5==>ABL <0B5<0B8G5A:8. 
22. �;O @5H5=8O :0:8E 7040G <>65B 1KBL 8A?>;L7>20=0 <0B5<0B8G5A:0O <>45;L. 
 

3.5 #9D9K9AP F9BD9F<K9E><I 6BCDBEB6 > Q>;4@9AG 
(4;O >F5=:8 7=0=89) 

 

$4;89? 1. �6989A<9 6 CD98@9F. #BASF<9 #4>9F4 CD<>?48AOI CDB7D4@@ 

1. +B> B0:>5 <>45;L 8 <>45;8@>20=85. 
2. � :0:8E >1;0ABOE G5;>25G5A:>9 45OB5;L=>AB8 ?@8<5=ONBAO <>45;8. 
3. +5< >B;8G05BAO <>45;8@>20=85 =0BC@=>3> >B <KA;5==>3>. 
4. +B> B0:>5 :>3=8B82=0O <>45;L. 
5. �0:85 <>45;8 =07K20NB A>45@60B5;L=K<8. 
6. $07=>284=>AB8 A>45@60B5;L=KE <>45;59. 
7. +B> B0:>5 D>@<0;L=0O <>45;L. 
8. �0:>5 <>45;8@>20=85 =07K205BAO <0B5<0B8G5A:8<. 
9. +B> <>65B 2KABC?0BL 2 :0G5AB25 >?5@0B>@0 ?@8 <0B5<0B8G5A:>< <>45;8@>20=88. 
10. #>G5<C 8=D>@<0F8>==K5 <>45;8 =5;L7O AG8B0BL @07=>284=>ABLN <0B5<0B8G5A:8E. 
 

$4;89? 2. #D<@9DO EB6D9@9AAOI CD<>?48AOI CDB7D4@@ 6 <A:9A9DAB= 89SF9?PABEF< 

1. MatLAB, >?5@0F88 A G8A;0<8. 
2. #@>AB59H85 >?5@0F88 A 25:B>@0<8 8 <0B@8F0<8. 
3. (C=:F88 ?@8:;04=>9 G8A;5==>9 <0B5<0B8:8 2 MatLAB. 

4. #>AB@>5=85 ?@>AB59H8E 3@0D8:>2 2 MatLAB. 

5. "?5@0B>@K C?@02;5=8O 2KG8A;8B5;L=K< ?@>F5AA><. 
6. #@>3@0<<8@>20=85 2 A@545 MatLAB. 

7. �=B5@D59A MatLAB 8 :><0=4K >1I53> =07=0G5=8O. 
8. �;0AAK 2KG8A;8B5;L=KE >1J5:B>2. 
9. *8D@>20O >1@01>B:0 A83=0;>2 (?0:5B Signal Processing Toolbox). 

 

3.6 &<CB6B9 (O9) CD4>F<K9E>B9 (<9) ;484A<9 (S) > Q>;4@9AG 
(4;O >F5=:8 =02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8) 

 

1. �;O A;54CNI59 AE5<K? ?@82545==>9 =0 @8A. 1 (2:;NG5=85 F5?8 A @578AB>@>< 8 
:0BCH:>9 =0 ?>AB>O==>5 =0?@O65=85) ?@>8725AB8 @0AG5B ?5@5E>4=>3> ?@>F5AA0. 
 

 

+ 

R 

 

U 

L 

 

- 

$8A. 1. %E5<0 8AA;54>20=8O RL :>=BC@0. 

 
 



 

2. #>AB@>8BL <0B5<0B8G5A:CN <>45;L 4;O @5H5=8O 7040G8 G8A;5==>3> 8=B53@8@>20=8O. 
�KG8A;8BL >?@545;P==K9 8=B53@0; ?> D>@<C;0< ?@O<>C3>;L=8:>2, B@0?5F89 8 %8<?A>=0. 

�AE>4=K5 40==K5 4;O @0AG5B0 2K18@0NBAO 87 B01;8FK 1 ?> 42C< ?>A;54=8< F8D@0< 

H8D@0 70G5B=>9  :=86:8. 
&01;8F0 1. �AE>4=K5 40==K5 

?@54?>A;54=OO 
F8D@0 H8D@0 1 2 3 4 5 6 7 8 9 0 

b 1,5 1,7 1,8 1,9 2 2,1 2,2 2,3 2,4 2,5 

?>A;54=OO F8D@0 
H8D@0 1 2 3 4 5 6 7 8 9 0 

a 0,5 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1 1,05 

 
3. #@54AB028BL B01;8G=K5 40==K5 A ?><>ILN ?@81;865==>3> <5B>40 =08<5=LH8E 
:204@0B>2. 
4. �K25AB8 3@0D8:8 DC=:F89 >4=>2@5<5==> =0 >4=>< 3@0D8:5 2 45:0@B>2KE 
:>>@48=0B0E, 8A?>;L7CO :><0=4K MATLAB. 



4  9FB8<K9E><9 @4F9D<4?O, BCD989?SRM<9 CDBJ98GDG BJ9A<64A<S 
;A4A<=, G@9A<=, A46O>B6 < (<?<) BCOF4 89SF9?PABEF<, I4D4>F9D<;GRM<I QF4CO 

HBD@<DB64A<S >B@C9F9AJ<= 

 

� B01;8F5 ?@82545=K >?8A0=8O ?@>F54C@ ?@>2545=8O :>=B@>;L=>->F5=>G=KE 
<5@>?@8OB89 8 ?@>F54C@ >F5=820=8O @57C;LB0B>2 >1CG5=8O A ?><>ILN >F5=>G=KE 
A@54AB2 2 A>>B25BAB288 A @01>G59 ?@>3@0<<>9 48AF8?;8=K. 
 
!08<5=>20=85 
>F5=>G=>3> 
A@54AB20 

"?8A0=8O ?@>F54C@K ?@>2545=8O :>=B@>;L=>->F5=>G=>3> <5@>?@8OB8O 8 ?@>F54C@K 

>F5=820=8O @57C;LB0B>2 >1CG5=8O 

�0I8B0 ;01>@0B>@=>9 
@01>BK 

#>A;5 2K?>;=5=8O ;01>@0B>@=>9 @01>BK >1CG0NI8<AO 2K40NBAO 2>?@>AK 4;O 
?>43>B>2:8 : 55 CAB=>9 70I8B5. � :>=F5 70=OB8O 8;8 2 =0G0;5 A;54CNI53> 
;01>@0B>@=>3> 70=OB8O ?@5?>4020B5;L 2 CAB=>9 D>@<5 ?@>2>48B A>15A54>20=85 A 
>1CG0NI8<8AO ?> 2K40==K< 2>?@>A0<. $57C;LB0BK 70I8BK A@07C 65 4>2>4OBAO 4> 
>1CG0NI53>AO 

&5AB8@>20=85 
(:><?LNB5@=K5 
B5E=>;>388) 

&5AB8@>20=85 ?@>2>48BAO ?> @57C;LB0B0< >A2>5=8O B5< 8;8 @0745;>2 48AF8?;8=K 8;8 
?> >:>=G0=8N 55 87CG5=8O 2> 2@5<O ?@0:B8G5A:8E 70=OB89. �> 2@5<O ?@>2545=8O 
B5AB8@>20=8O ?>;L7>20BLAO CG51=8:0<8, A?@02>G=8:0<8, :>=A?5:B0<8 ;5:F89, 
B5B@04O<8 4;O ?@0:B8G5A:8E 70=OB89 =5 @07@5H5=>. #@5?>4020B5;L =0 ?@0:B8G5A:>< 
70=OB88, ?@54H5AB2CNI5< 70=OB8N ?@>2545=8O B5AB0, 4>2>48B 4> >1CG0NI8EAO: B5<K, 
:>;8G5AB2> 7040=89 2 B5AB5, 2@5<O 2K?>;=5=8O. $57C;LB0BK B5AB8@>20=8O 284=K 
>1CG0NI5<CAO =0 :><?LNB5@5 A@07C ?>A;5 ?@>E>645=8O B5AB0 

$07=>C@>2=52K5 7040G8  

�K?>;=5=85 @07=>C@>2=52KE 7040G, ?@54CA<>B@5==KE @01>G59 ?@>3@0<<>9 
48AF8?;8=K, ?@>2>4OBAO 2> 2@5<O ?@0:B8G5A:8E 70=OB89. �> 2@5<O 2K?>;=5=8O 
7040=89 @07@5H05BAO ?>;L7>20BLAO CG51=8:0<8, A?@02>G=8:0<8, :>=A?5:B0<8 ;5:F89, 
B5B@04O<8 4;O ?@0:B8G5A:8E 70=OB89 

�;O >@30=870F88 8 ?@>2545=8O ?@><56CB>G=>9 0BB5AB0F88 A>AB02;ONBAO B8?>2K5 
:>=B@>;L=K5 7040=8O 8;8 8=K5 <0B5@80;K, =5>1E>48<K5 4;O >F5=:8 7=0=89, C<5=89, 
=02K:>2 8 (8;8) >?KB0 45OB5;L=>AB8, E0@0:B5@87CNI8E MB0?K D>@<8@>20=8O :><?5B5=F89 2 
?@>F5AA5 >A2>5=8O >1@07>20B5;L=>9 ?@>3@0<<K. 

#5@5G5=L B5>@5B8G5A:8E 2>?@>A>2 8 B8?>2K5 ?@0:B8G5A:85 7040=8O @07=>3> C@>2=O 
A;>6=>AB8 4;O ?@>2545=8O ?@><56CB>G=>9 0BB5AB0F88 >1CG0NI85AO ?>;CG0NB 2 =0G0;5 
A5<5AB@0 G5@57 M;5:B@>==CN 8=D>@<0F8>==>->1@07>20B5;L=CN A@54C �01��& �@�'#% 
(;8G=K9 :018=5B >1CG0NI53>AO). 
 

"C<E4A<9 CDBJ98GD CDB6989A<S CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 Q>;4@9A4 < 

BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S 
 

#@><56CB>G=0O 0BB5AB0F8O 2 D>@<5 M:70<5=0 ?@>2>48BAO ?CB5< CAB=>3> A>15A54>20=8O 
?> 18;5B0< 8;8 2 D>@<5 :><?LNB5@=>3> B5AB8@>20=8O.  

#@8 ?@>2545=88 ?@><56CB>G=>9 0BB5AB0F88 2 D>@<5 A>15A54>20=8O 18;5BK 
A>AB02;ONBAO B0:8< >1@07><, GB>1K :064K9 87 =8E 2:;NG0; 2 A51O B5>@5B8G5A:85 2>?@>AK 8 
?@0:B8G5A:85 7040=8O 

�8;5B A>45@68B: 420 B5>@5B8G5A:8E 2>?@>A0 4;O >F5=:8 7=0=89. &5>@5B8G5A:85 2>?@>AK 
2K18@0NBAO 87 ?5@5G=O 2>?@>A>2 : M:70<5=C; ?@0:B8G5A:>5 7040=85 4;O >F5=:8 =02K:>2 8 
(8;8) >?KB0 45OB5;L=>AB8 (2K18@0NBAO 87 ?5@5G=O B8?>2KE ?@0:B8G5A:8E 7040=89 : 
M:70<5=C). 

$0A?@545;5=85 B5>@5B8G5A:8E 2>?@>A>2 8 ?@0:B8G5A:8E 7040=89 ?> M:70<5=0F8>==K< 
18;5B0< =0E>48BAO 2 70:@KB>< 4;O >1CG0NI8EAO 4>ABC?5. $07@01>B0==K9 :><?;5:B 18;5B>2 
(25-30 18;5B>2) =5 2KAB02;O5BAO 2 M;5:B@>==CN 8=D>@<0F8>==>->1@07>20B5;L=CN A@54C 
�01��& �@�'#%, 0 E@0=8BAO =0 :0D54@5-@07@01>BG8:5 ("% =0 1C<06=>< =>A8B5;5 2 
A>AB025 ("% ?> 48AF8?;8=5. 



!0 M:70<5=5 >1CG0NI89AO 15@5B 18;5B, 4;O ?>43>B>2:8 >B25B0 =0 M:70<5=0F8>==K9 
18;5B >1CG0NI5<CAO >B2>48BAO 2@5<O 2 ?@545;0E 45 <8=CB. � ?@>F5AA5 >B25B0 >1CG0NI53>AO 
=0 2>?@>AK 8 7040=8O 18;5B0, ?@5?>4020B5;L <>65B 704020BL 4>?>;=8B5;L=K5 2>?@>AK. 

�064K9 2>?@>A/7040=85 18;5B0 >F5=8205BAO ?> G5BK@5E10;;L=>9 A8AB5<5, 0 40;55 
2KG8A;O5BAO A@54=55 0@8D<5B8G5A:>5 >F5=>:, ?>;CG5==KE 70 :064K9 2>?@>A/7040=85. 
%@54=55 0@8D<5B8G5A:>5 >F5=>: >:@C3;O5BAO 4> F5;>3> ?> ?@028;0< >:@C3;5=8O. 

#@8 ?@>2545=88 ?@><56CB>G=>9 0BB5AB0F88 2 D>@<5 :><?LNB5@=>3> B5AB8@>20=8O 
20@80=B B5AB>2>3> 7040=8O D>@<8@C5BAO 87 (&� ?> 48AF8?;8=5 A;CG09=K< >1@07><, => A 
CA;>285<: 50 % 7040=89 4>;6=K 1KBL 7040=8O<8 >B:@KB>3> B8?0 8 50 % 7040=89 3 70:@KB>3> 
B8?0. 

 

"5D4;9J Q>;4@9A4J<BAAB7B 5<?9F4  
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