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 MATLAB

      -
       MATLAB.  –
      ,   

   MATLAB.     
      .

     220300 
210100,   «  »  « -

     ».

1     MATLAB

 MATLAB (   MATrix LABoratory – 
)   The MathWorks, Inc. ( , . ,

 )       -
   .  MATLAB  

10 ,   :   – MATLAB 6.1
Release 12 for Windows.

MATLAB –     , -
,  ,      -

 ( ),     .  MATLAB 
      (  ).

      ,    
    ,  -

    , . .    ,
    ,    -

   .
     MATLAB:

–    ;
–  ;
–  ,    -

, ;
–  ,    ;
–    ;
–  ,    

  ,    -
  (GUI).

 MATLAB –     ,  
.     ,   -

 ,    –   
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.     MATLAB –    -
      ,  -

 ,       .
          ,

, , -  ,   
 .

2     MATLAB

   MATLAB 4.  for Windows,  
     .   
      ,  -

   ,     -
 .        

   (  12 )      Windows 3.x., 
         x386.  

  (MATLAB 5.x, MATLAB 6.x),     -
 ,     ,    -

     ,   
      (   85   
     Pentium 166).    MATLAB  -

  , . .    « » -
     .

    5   3,5''. -
         -

,     Windows.    
        MATLAB (  
    c:\MATLAB).    -

       -
 ( ) – , SIMULINK  .    MATLAB

        .
      (    Windows -

    )     
MATLAB    .

      MATLAB 4.2  -
 :  c:\MATLAB\BIN   

; c:\MATLAB\TOOLBOX    -
 (script- )   ; c:\MATLAB\EXTERN

        C 
FORTAN   MEX- ; c:\MATLAB\GHOSTSR -

  GhostScript   ps-  –   -
       

      (  -
,   . .)     *.ps (postscript).
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  c:\MATLAB      -
 : matlabrc.m –     

  (MATLAB Command Window),    -
   printopt.m –     .
         startup.m 

 ,    
    (   autoexec.bat   MS-DOS).

3  ,    

   matlab.exe      
MATLAB Command Window ( . . 1),    ( -

)  .

        -
,      (script- ), -

    MATLAB.
     

commands to get started: intro, demo, help help
commands for more information: help, whatsnew,
info, subscribe

       MATLAB.

 1 –     MATLAB 4.2
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intro,  ,  
  MATLAB. demo –   -

        -
  GUI- . help –   -
  MATLAB     . 

whatsnew, info       
   MATLAB. subscribe   -

  subscribe.log      The MathWorks, Inc.
 ,     demo,  

. 2.         MATLAB
  ,     (   ).

       
,    (     ),

  ,  ,    . .
      MATLAB 

  .      -
  ,    .

 2 –       MATLAB
   (  expo.m)
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      -
     MATLAB.

ver    MATLAB  
: ver
ver <  >

ver       
MATLAB   .

ver <  >      
  .

. : version, readme, help, whatsnew, info

version    MATLAB
: version

version       -
 MATLAB.

. : ver, readme, help, whatsnew, info

help       MATLAB
: help
help < /  >
help < .  >
help        -

 MATLAB.        
 MATLABPATH ( path).

help < /  >    
  .   help   

   .
help < .  >    -

 .
. : lookfor, what, which, dir, pwd

path      MATLAB
: path
p=path
path(p)
path(p1,p2)

path        
MATLAB.      MATLABPATH,

    matlabrc.m /  startup.m.
p=path  ,    .



10

path(p)    (
MATLABPATH) p.

path(p1,p2)  p1  p2    
    .
. : what, dir, cd, pwd

quit, exit      
: quit
exit
quit exit    MATLAB  -

  .
      ,  

        .  
    ,    , -

.        -
save.

who, whos    
: who
whos

who      
.

whos     -
 ,  ,      -

,   ,   ( / , -
/ ).

clear    
: clear
clear all
clear <   /  >
clear global
clear global <    >
clear functions
clear       .
clear all   ,    

-      .
clear x1, x2      

x1  x2     . x1  -
,  clear x1       , 

    ,     -
.
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clear global      -
  .

clear global X    X 
  .

clear functions    -
   .

type      
: type <   .  >

type <   .  >    -
    .

type <  >     -
(   *.m).

disp      
: disp(< > / '<  >')

disp(X)       -
 X    .

disp('<  >')     
'<  >'.

  disp     .

matlabroot    MATLAB
: p=matlabroot

matlabroot     
MATLAB.

. : cd, dir, path, pwd

 pwd    MATLAB
: p=pwd

pwd        
MATLAB.

. : cd, dir, path, matlabroot

cd     
: cd
cd ..
cd <    >
cd        .
cd ..       .
cd <    >     -

,   <    >.
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. : matlabroot, dir, path, pwd, what

dir   
: dir
dir <   >
dir    .
dir <   >     -

.         .
. : matlabroot, cd, path, pwd, what

 what      ,   
: what
what <   >
what     -, -  -  -

 .
what <   >    

.          
MATLABPATH.   what <   >   -

      <   >.
. : matlabroot, cd, path, pwd, dir

 !   
:  ! <   >

! <   >      -
   MATLAB.

: ! notepad.exe   notepad.exe ( -
   Windows 95/98)    

MATLAB.

 clc   
clc       -

    .
. : home

 home  
home      .

. : clc

 echo       script-

: echo
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echo on/off
echo on all/off all
echo      ( ) -

 -   .
echo on       script-

.
echo on all       script-

   - ,    .
echo off       script-

.
echo off all      

script-   - .

4     

 MATLAB   ,   (  
 )      , . .

 .   MATLAB    -
,        

 ( ,      -
  ),       ,

 ,    .   
      –    

  .
         -

.      , -
  (  )      ENTER. 

    .   :

Ctrl
Ctrl
Home
End

 
Del
Back_Space
Ins

     
     
     
     
    
    

    
 ,    
    

/   
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         -
    .    -
    ,   -
   .
       -

  ,        - 80 -
.            -

   … (    ).

: s=l-l/2*l/3-l/4* 1/5 - 1/6 * 1/7 ...
    - 1/8 * 1/9 - 1/10 * 1/11 - 1/12;

        NaN
(   Not a Number -  ).    -

,   0/0  Inf/Inf,  Inf—    -
  .      

 (   ). ,    0  
 Warning: Devide by Zero. ( :

  ).        
10–308  10308.

 MATLAB    : pi -
3,1415926…; inf -   ; ans - -

,         -
   .      -
 .

   .   
       (   -

  )      ENTER. 
     ans    -

 .
:

» 2*3-1
ans =
     5

» 2*sin(1)
ans =
    1.6829

» 10*(1-exp(-2))
ans =
    8.6466
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  MATLAB   .   -
  ,    (=)   -

:
< _ > = < > [;]

 ; (   )    ,  
 .       . 

 ;     ,      -
 MATLAB   (     ENTER) -

    ans      -
 .   ,       ; , -
     .    (script-  

)   MATLAB     ; , -
        .

      ,  -
    19  .  

        . 
    , . .   

 ( . ).      ( -
),      .

: txt='Demo';
      , -

   .
      

 : + ( ); - ( ); * ( ); / ( -
  ); \ (   ); ^ (   )  .

    ,   
MATLAB help ops.

        -
 ( , ,  ,

,    .).   -
    .
 MATLAB    ,    -

   z = Re(z) + i*Im(z),
 i (  j) -  , . .    –1, R (z) - -

    z, a Im(z) -   . , 
Re(z)=2, a Im(z) = 3.5,   z    z =  2  +  3.5*i  
z = 2 + 3.5*j.

 real(z)     
Re(z),   imag(z) -  Im(z).    -

    abs(z),     - angle (z).
MATLAB - ,    

   ,   .   
  ,     -  
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 .     . -
,    = 1,   ,       -

,   1.       , 
      ,  .

, » V = [1 2 3]
V =
     1     2     3

  V,      1, 2  3.  
      .

     .  
    ; (   ).

:

    ,     
,            ENTER.

    -  (     -
 ENTER):

» A = [ 1 2 3
        4 5 6
        7 8 9 ];
        .

        
,     .

:
V = [2*2/(3*4) (5) sqrt(10)];
» V
V =
    0.3333  148.4132    3.1623

       
 V(i) M(i,j). ,   

  ,    (2, 2):
» A(2,2)
ans =
     5

 5.    (i, j)  x, 
  

» A=[ 1 2 3; 4 5 6; 7 8 9]
A =
     1     2     3
     4     5     6
     7     8     9
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A(i,j)=x
,   (2, 2)    10, 

A(2,2)=10

 (i)        ,
   .     , 

   .      
  :

» A=[1 2 3; 4 5 6; 7 8 9]
A =
     1     2     3
     4     5     6
     7     8     9
» A(2)
ans =
     4
» A(8)
ans =
     6
» A(5)=100
A =
     1     2     3
     4   100     6
     7     8     9

       .
:

» CM=[ [1 2; 3 4] + i*[5 6; 7 8] ]
CM =

   1.0000 + 5.0000i   2.0000 + 6.0000i
   3.0000 + 7.0000i   4.0000 + 8.0000i

 -

» CM=[ 1+5i 2+6i; 3+7i 4+8i]
CM =
   1.0000 + 5.0000i   2.0000 + 6.0000i
   3.0000 + 7.0000i   4.0000 + 8.0000i

       
    ,    
    , . .  .   
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  . ,  *   
   (    ),   .* - -

    .  ,   - -
,  .*2  ,       2. -

  ,       
,      .

:
» A = [1 2; 4 5]
A =
     1     2
     4     5
» B=[ 1 0; 0 1]
B =
     1     0
     0     1
» A*B
ans =
     1     2
     4     5
» A.*B
ans =
     1     0
     0     5

    .   
        

. ,     3 3:

» A=magic(3)
A =
     8     1     6
     3     5     7
     4     9     2

    ,   :

» B=[A A+16; A+32 A.*3]
B =
     8     1     6    24    17    22
     3     5     7    19    21    23
     4     9     2    20    25    18
    40    33    38    24     3    18
    35    37    39     9    15    21
    36    41    34    12    27     6

     6 6.
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  : ( ).    -
    . 

       
   .    MATLAB  -

 : ( ):
: < _ >:[< >]:< _ >

     ,
   < _ >,    < > 

 < _ >.  < >  ,  
   1.    :  .

:
» 1:5
ans =
     1     2     3     4     5
» i=0:2:10
i =
     0     2     4     6     8    10
» j=10:-2:1
j =
    10     8     6     4     2
» V=0:pi/2:2*pi
V =
         0  1.5708  3.1416  4.7124  6.2832
» 5:-1:0
ans =
     5     4     3     2     1     0
   :     

     . , 
 sin(x)    0  3   0,5:

» sin(0:0.5:3)
ans =
  0  0.4794  0.8415  0.9975  0.9093  0.5985  0.1411

 :         -
     .

:
A=[1 2 3 4;5 6 7 8; 9 10 11 12 ; 13 14 15 16]
A =
     1     2     3     4
     5     6     7     8
     9    10    11    12
    13    14    15    16



20

 ,    1, 2  3   2, 3  4 -
  .
» A(1:3, 2:4)
ans =
     2     3     4
     6     7     8
    10    11    12
  1  3    (       2)
» A(1:2:4, :) % -
ans =
     1     2     3     4
     9    10    11    12

       
       .

      [] (   «
»).     :

» A=[1 2 3; 4 5 6; 7 8 9]
A =
     1     2     3
     4     5     6
     7     8     9

  ,   : ( ):
» A(:,2)=[]
A =
     1     3
     4     6
     7     9

    :
» A(2,:)=[]
A =
     1     3
     7     9

        -
   , . .     -
 *.m.     150  ,

    ,     . 
 MATLAB   ,   

   ,  .
  MATLAB   (  )

   ,      . 
       . ,  -

     ,   
  .      -
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:    ,     
 .   ,     ; 

,    m-      .  -
 ,     .   ,  

  ( )  .   m-   -
     what.

5  

   MATLAB -   ,  
  .     -

      who whos. who -
   ,  whos –   

      .
    . save load -

        
       .    -

       ASCII- .
   . save 

      MAT-  (  
 *.mat),      load.

  .     
,   save        -
   :

-mat  MAT-  (  )
-ascii ASCII-  (8 )
-ascii –double ASCII-  (16 )
-ascii –double -tabs      
-append     MAT-

: save< _  . [ ] > _  -
:

save –    (   ) 
 matlab.mat   ;
save aaa –       aaa.mat 

  MATLAB;
save my.txt a -ASCII  -      my.txt 

 ASCII-  (  );
save my a1, a2, a3 -ASCII  -   1, 2, 3 

 my.mat   .



22

      ASCII- , 
     .  -

   ,   MATLAB   ASCII-
,        MATLAB, 

load.  ,      
     ,    -

 < _  >.mat.
  . load   MAT-

,       save.  
MAT-        -

 .  MAT-   ,   *.mat, 
   -mat;    MATLAB 

   ASCII- .
    ASCII- . load 

      ASCII- ;  
         .

,  load tides.dat    -
  MATLAB   tides.    

ASCII-   m   n    ,  -
     m n.

: load < _  . [ ] > -
:

load –   matlab.mat   ;
load aaa –   aaa.mat    MATLAB;
load aaa.txt -mat –   aaa.txt   

MATLAB;
load my.txt –   my.txt    (  

      ( )   my)
:      ,

        -
,    .

,      -
  1  10     data1, …, data10:
file = 'data';
for i = 1:10,

j = i.^2;
save([file int2str(i)],'j');

end
load save     *

        .
, save rundate x*   ,

    x    rundata.mat.
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  load testdata ex1*95   ,
    'ex1'   

'95',   ,     .
    .   

    .  -
         

  .      
(  ) MATLAB  .   -

   clear    ( . 
.3).

      
 .       -
,      ,   «

», . .   A=[].     -
         .

6    MATLAB

6.1 

,     MATLAB,  M-
.   M-     ;

 -      ;
    .  , 

   :
1)  M- ,   :

function c = myfile(a, b)
   c = sqrt((a.^2)+(b.^2))

2)  M-        M- :

» a=7.5;
» b=3.342;
» c=myfile(a,b)
c =
    8.2109

 M- .    M- : -  (M-
script)  -  (M-function)   
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- -
     -     

     
 ,   -

     -

   -
 ,   -

  

   -
  MATLAB (  ,

  )

 M- . - ,     
  

  
  

(help- )

 

function f = fact (n)
% FACT  .
%
% fact(n)  n! – 
%  n
f = prod(1:n);

     , 
      MATLAB:

    ,   
    .

   (help- )  
  .       lookfor

help < _ >.
         -

 help < _ >.
  -   ,   -

     .

6.2  - . M- . M-

M-     ,  
   .  MATLAB 5.x  -

  / ,     
     ASCII-  ( , « -

»      FAR, Norton Commander
 .).

-  (M-script)
     M-  –    -

   .     -
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  .     
         

  . ,    ,   -
         

 .
:    - rho  -

    theta   -
    .

 
(help- )

  

% M-file petals – 
%   
theta = -pi:0.01:pi;
rho(1, :) = 2*sin(5*theta).^2;
rho(2, :) = cos(10*theta).^3;
rho(3, :) = sin(theta).^2;
rho(4, :) = 5*cos(3.5*theta).^3;
for i = 1:4
      polar (theta, rho(i, :))
     pause
end

 - petals.m,    . 
  .  petals.m    -
 MATLAB     .

 ,     ,  
,     .   
   ;  petals.m   -

,       MATLAB.  -
 ,  (i, theta rho)    -

.      ,   -
 whos.

-  (M-function)
-   M- ,    

  .       -
  ,      MATLAB.

: average -    M- , 
    :

function y = average (x)
% AVERAGE    .
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% AVERAGE(X),  X - .   
 .

%      ,
%  .

[m,n] = size(x);
if (~((m == 1) | (n == 1)) | (m == 1 & n == 1))
   error('     ')
end
y =sum(x)/length(x);  % ->  

     M- , average.m.
average      -

 .     average,   -
 :

» z = 1:99;
» average(z)
» ans = 50

 - .  M-   :
  ;
  ;

 ;
 ;

 .
  .    

 MATLAB,    - ,    -
  .

:   average  :
function y = average(x)
:
function -  ,  - ;
y -  ;
average -  ;
x -  .

    MATLAB   
,  .

      ,  -
     .  , 
 ,    .   

      .
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:
function [x, y, z] = sphere(theta, phi, rho)

   ,      , -
    .

  .  average  
  :

% AVERAGE    
 -   ,  ,   

help < _ >.  ,   
     lookfor.    -

    M- ,     -
.

 .      MATLAB, 
      . -

        , 
    ,  / ,

, ,    .

:
 average     -

:

   size
  if

  
  if

  

[m, n] = size(x);
if (~((m == 1) | (n==1)) | (m ==1 & n==1))
   Error('Input   ')
end
y = sum(x)/length(x);

   ,    (%). -
        M- ,   

   .
:

% --      x
y = sum(x)    % --   sum
     -     .
  ,       -

 .
 - .   MATLAB   -  -

   ,      -    
 31 .  ,     ,  

MATLAB      31 .  -
    ;     

 ,   .
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 ,  - ,    
  *.m : ( , average.m).

          ,
   ,    .   -

,     ,     
 ,     .

   .   MATLAB - 
 :

load
help

      :
load August17.dat
help magic
type rank

    -    -
   :
load('August17.dat')
help('magic')
type('rank')

         
MATLAB.   

command argument
     
command('argument').

   ,   -
   .   ,  

   August1.dat,
August2.dat,  . .   int2str,  -

     ,    -
  .

for d = 1:31
s = ['August', int2str(d), '.dat']
load(s) % -     August'd'.dat
%  ---    ...

end

M-        MATLAB
   M- ,      -

    ,    
.

 .    ,  MATLAB
:



29

      .
      ,   , 
    M-    .

      ,   
private.     M- ,   

 .
         

MATLAB.       - ,  -
    .

     MATLAB   
    4-  .  -

,    MATLAB 5.x    
 -  .

 .   - ,  MATLAB -
       .    -

  .       
    clear    .

6.3  

   .   
M-         

,  :
   ;    -

 ,  ,      
 ;

    ,   -
,     ;

    ,     -
 ,   ;  MATLAB  
   ;

     31 .  , 
   ,   MATLAB    
 31 .

  - ,    M- ,  -
  ,     

    . ,    
     ,   

    .  
     ,    -

.
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:
,     a  b  -

 - ,   - :

2122

2111

yyyy
yyyy

 M- lotka.m:
function yp = lotka(t, y)
% LOTKA  -    -
global ALPHA BETA
yp = [y(1)-ALPHA*y(1)*y(2); -y(2)+BETA*y(1)*y(2)];

     :
» global ALPHA BETA
» ALPHA = 0.01;
» BETA = 0.02;
» [t,y] = ode23('lotka2',[0 10],[1; 1]);
» lot(t,y)

global   ALPHA  BETA 
 ,   lotka.m.  ,  -

     ,     
  - lotka.m.

     :
1)       - , 

  .       -
 ,        ;

2)     global   -
 ;   global  

M- .
        -

,    ,    
.  ,  ,   -
   MATLAB     -

  .

 .  -   -
 ,         -

 MATLAB:
ans  ;     , 

MATLAB   ans.

eps     ;   -
   PC eps = 2.220446049250313e-016

realmax     ,   ;
 PC realmax = 1.797693134862316e+308.
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realmin     ,   ;
 PC realmin = 2.225073858507202e-308.

pi     p: pi=3.141592653589793e+000.
i, j      
inf      

NaN       -
  : 0/0, inf/inf.

computer       -
;  PC - PCWIN.

flops        -
 .

version       
 MATLAB.

 - ,    -
,    elmat   online- .

6.3   MATLAB.  
   

  MATLAB    :
    -

     .
     .
     .

       -
    .

 .      -
      :

 1:   (.'),  -
    (.^),   -
    ('),     (^);

 2:   (+),   (-);
 3:   (.*),   (./),  -

  (.\),   (*),  
  -  (/),  (\);

 4:  (+),  (-);
 5:    (:).

        -
     .    -

        
     -

:
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:
b = sqrt(A(2))+2*B(1);
b = 7

   MATLAB ,  ,
   .     

     ,   -
 ,     - .     , 

 ,   MATLAB ,     
        . -

    .
 .   MATLAB  6 

 :
< 
<=    
> 
> =    
= =  
~ =  

      -
  .     , 

    ,   , 
   .    MATLAB    

  . ,    , -
  1,   – 0.

 ,  ,    -
   .    

   if, for, while, switch.  -
   

:
   ,   < :

» A = [2 7 6; 9 0 -1; 3 0.5 6];
»  B = [8 0.2 0; -3 2 5; 4 -1 7];
» A<B
ans =
     1     0     0
     0     1     1
     1     0     1

   ,     -
  B.
     

   ,  ,   , 
 .
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      ,
      ,  ,   

-       - .   A
== [ ]      0 0  1 1,    -

  .
    ,   -

  -   isempty(A).
 .     

MATLAB   :

     
 .       -

    ,   ,  
  .    MATLAB    

  . ,    , -
  1,   - 0.

      -
,     :

    AND (&)  ,
   - .     -
 ,   ,      .

:
    :
» u = [1 0 2 3 0 5];
» v = [5 6 1 0 0 7];

     AND (&):
» u & v
ans =
     1     0     1     0     0     1

    OR (|)  , 
       .  ,

     .   
  ,   ,    

.

&
|
~
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:
  u  v,  ,    -

   OR ( | ):
» u|v
ans =
     1     1     1     1     0     1

    NOT (~)  . -
  ,   ,  ,   -

.      ,  
,   ,  ,     -
 .

:
» ~u
ans =
     0     1     0     0     1     0

 .       
 MATLAB    :

xor(a,b)   
. ,    , 
     TRUE,   FALSE.   -

,   1,       , 
 - .

:
      b:

» a=1;
» b=1;
» xor(a,b)
ans =
     0

all  1,      
  

:
   u       «   

 3».    ,    «  -
  3»:
» u= [ 1 2 3 4 0];
» if all(u<3),

 disp('    3');
  end
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      ,     
u 

» u= [ 0 1 2 1 0];
   :    3

   all  ,   
  .
any  1,       -

   ; ,  0.    
any  .

isnan isinf  1  NaN  Inf, -
. isfinite    ,    -

 inf  NaN.
:

       
A = [0 1 5;2 NaN -inf];
B = [0 0 15; 2 5 inf];

       
C = A./B
C =

NaN Inf 0.3333
1.0000 NaN NaN

Isfinite(C) isnan(C) Isinf(C)

ans =
0 0 1
1 0 0

ans =
1 0 0
0 1 1

ans =
0 1 0
0 0 0

find    , 
   .  ,  -

         . 
   txt=find( < >) -

    ,   
.

:
» A=magic(4)
A =
    16     2     3    13
     5    11    10     8
     9     7     6    12
     4    14    15     1
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» txt=find(A>8);
» A(txt)=100*ones(1,length(txt))
A =
   100     2     3   100
     5   100   100     8
   100     7     6   100
     4   100   100     1

 [i,j]=find(x)    -
   .  [i,j,s]=find(x)

         s.

    

     ,  -
   ,    -
 .

   . -
      -

 :
 if,    else elseif -

        -
;

 switch,    case 
otherwise        -

   ;
 while    -

  ,       -
;

 for    
 .

    end,   -
 ,      .

 if...else...elseif...end  
:

if  < _ >

end

if < _ >

 else

 end

if< _ >

 elseif < - _ - >

 else

end
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:
 if .... end    -

        
  .    , 

MATLAB    if end,    -
    end.   ,  MATLAB

   if end    
 end.

:
if rem(a,2)==0,

disp('a -   ')
b = /2;

end

    ,   -
,    ,      .

:
   ;    :
if X

end
   :
if all(X(:))

end

if...else...end if...elseif...end  -
    if:

1. else    . , -
  , ,   if (  -

elseif) . elseif   , -
 ,   if (  elseif)

. ,   elseif ,  -
   .

2. elseif     -
 if.

:
  :

if n<0,   %  n<0,    
disp('     ');

elseif rem(n,2)==0, %  n 0  ,   2
a=n/2;
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else  %  n 0  ,   1  
a=(n+1)/2;

end
   if     , 

  .     
if A,

S1
else

S0
end

  S0  ,   -  .

 switch...case...otherwise...end  
:

switch < > %  -     
case  < 1>

 % ,  < > =< 1>
case < 2>

 % ,   < > = < 2>
otherwise

 % ,  < >      

end
 switch     MATLAB

5.x  . 
switch...case_1...case_k...otherwise...end  -

,        .
  :

switch,     
(   ).

  case;    
case,      , -
   .    , 

    .   
 ,     case  

otherwise.    switch 
otherwise.    otherwise,

     ,  -
,         
case.   end.

end     .
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switch ,    -
   case.    case

,   < >= =< >.   ,
case , strcmp( , ) .

:
 switch   :   -
input_num; input_num  -1, 0  1,  

case     .   -
input_num       ,   -
  otherwise.

switch input_num
case –1, disp('  ');
case 0, disp(' ');
case 1, disp(' ');
otherwise, disp('  ');

end

 while...end       

:
while < >

end

:
     while ... end

     ,  -
  .

   ,      
   .     -

 ,   any all.
:

          n,
  n! -  ,  100 :
n=1;
while prod(1:n)<1e100,

n=n+1;
end

  while-       -
break.   while,    

,    ,    
while A,

S1,
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end
    S1,   -  .

 for...end      
:

for < - _ >=< - _ - >:< >:< - _ - >

end

:
 for .... end     -

   .     1.
   ,    .  -
   ,    -

 < _ >;     -
,      < _ >.

:
    :
for i=2:6,

x(i)=2*x(i-1);
end

   :
for i=1:m,
   for j=1:n,

A(i,j)=1/(i + j - 1);
   end
end

   for   . -
,   A  m n.  
for i = A

end
   i   A(:, k).     k

 1;   k  2,   ,  k    n.
     ,     A. 

  i -  ,      A.
        -

break.       .
      ,   -
     (   end)

 .
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 ,      ,  
  .     

,  MATLAB       -
 .  ,   
i=0;
for t=0:0.001:1,

i=i+1;
y(i)=sin(t);

end
    :

t=0:0.001:1;
y=sin(y);

   ,      (   20-
30 ).

 .     MATLAB,   -
 5.0.        private

 . -      -
  .      -

   ,     , 
     MATLAB.     -

,       , -
    .  MATLAB  -

       MATLAB, 
       .

6.4  

   M-   :
        

;
    ;

    (GUI).

     . input
       .   

 :
n = input(' ')
txt = input(' ','s')

input     . 
   ,    

  .    
  .



42

input     ,   -
,  .     -

   's’    :
:

name = input('   ->','s');

 .     
    , ,   .

pause <  >    ,  
  -  .     n , -

  pause(n).
   DOS.    ,  

 C  Fortran,       DOS,
   (!).    

      - .  -
       - ,
   :

   .
  ,    , -

 ,     .
     .

6.5    -

       -
    :

 ;
  .

MATLAB -  ,     -
    . ,   , -
    .

 .    
for while      -

.      M- .
:

     1001     -
 [0 10],   :

i=0;
for t = 0:.01:10,

i=i+1;
y(i)=sin(t);

end
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t = 0:.01:10;
y = sin(t);

      ,   -
   MATLAB  .   

-   ,  tic toc.

  .   MATLAB  -
       

      . -
       

  .    -
  ,        

 
 zeros y = zeros(1, 100)

for i = 1:100,
    y(i) = det(X^i);
end

 struct data = struct([1 3], 'x', [1 3], 'y', [5 6])
data(3).x = [9 0 2];
data(3).y = [5 6 7];

 cell B = cell(2, 3)
B{1, 3} = 1:3;
B{2, 2} = 'string'

     
     .     

MATLAB,     -   
    .    

     ,  -
        -

-   .
      -

 ,     

  .      ,
     -   ( . . 
    ).
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   :
          

  ,     ;
      

 ,     clear < _ >;
   .

 .     
    .     -

 .
,  a=5; global a -

  a      
 .

clear a       
MATLAB,       . clear
global a       .

6.6      MATLAB

    MATLAB –   , -
         

       -
    .     -

       .
       , -

      .  
 ,    . 

    ,  
    .   

   MATLAB:
plot  –     ;
loglog –     ;
semilogx –      –

   ;
semilogy –      –

   ;
polar -      ;
mesh -       ;
surf –        -

 (« »)  ;
contour –      

     ;
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bar hist –    .

     
    ,      -
   .     -

 :
text –      ;
title –     ;
xlabel -    ;
ylabel –     ;
grid on/off – /   .

       -
 .

6.6.1  

  y(x)     -
    ,     -

 .      -
    .

 plot       -
    .     ,

 

 plot     

: plot(X,Y,S)

  y(x),   (x, y)  
    X  Y.  X  Y – ,  

   ,   .   -
       S.

  S    :
 S  

y
m
b
r
g
w
k
c
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 S  
.

+
*
-
:
-. -
--

 ,     S   
,         

.    plot       , 
     .    ,
   .

:   y=sin(x)
»%   sin(x)
» x=0:0.01:2*pi; %   x
» plot(x,sin(x),'-w');

plot(Y)  y(i),  y   -
 Y, i     .  Y -

  ,   
plot(real(Y),imag(Y)).       

.
:       1/3.

%   
x=0:0.02*pi:2*pi;
k1=1;
k2=3;
y=sin(k1*x)+i*cos(k2*x);
plot(y);
axis([-1.2 1.2 -1.2 1.2]); %   



47

      . 3.

 MATLAB       -
 :
plot(X1,Y1,S1,X2,Y2,S2,X3,Y3,S3,…) –    
   ,    (Xi,Yi,Si),  Xi,Yi –

  , Si –  ,  
.

:       
   

%        
a=-2*pi; b=2*pi; %    x  
N=100; %   
N1=10; %  
delx=(b–a)/(N–1); %     
x=a:delx:b; %   x
delx1=(b-a)/(N1-1);
x1=a:delx1:b; %   x  
y1=sin(x); y1m=sin(x1); %   
y2=sin(x)./x; y2m=sin(x1)./x1; %   
plot(x,y1,'-.w',x1,y1m,'ow',x,y2,'-b');

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

 3 –      1/3
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6.6.2    

 ,    , MATLAB  
       . -

   .
      .  

     title.
: title('string') –    ,

  string.
    x, y z  :
xlabel('string')
ylabel('string')
zlabel('string')

    string.
    .    -

     ,   
    .    text 

gtext:

 text     
: text(X,Y,'string')
text(X,Y,Z,'string')

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

 4 –      
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   (   ) ,  
'string',          (X,Y,Z).

 gtext        
: gtext('string')

   (   ) ,  
'string'.       .

   .    
MATLAB     . 

 axis       .

 axis      
:

axis([xmin xmax ymin ymax])
axis([xmin xmax ymin ymax zmin zmax])
axis('auto')
axis(axis)
V=axis
axis('square')
axis('equal')
axis('image')
axis('normal')
axis('off')  axis off
axis('on')  axis on

:
axis([Xmin Xmax Ymin Ymax]) –   

  x  y    ;
axis([Xmin Xmax Ymin Ymax Zmin, Zmax]) –  -

    x  y    ;
axis auto -     

(   );
axis('square') –       
 (     );
axis('equal') –      

   x, y z;
axis('image') –   ,  -
   ;

axis('normal')   -
,  ,  axis('square') 

axis('equal') –     ;
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axis(axis) –      -
 ,       hold;

V=axis  -     
 .   ,  V  4 ; 

 - 6 ;
axis('off') –   ,   
  ;
axis('on') –   ,    -

   (   ).

 grid   

:
grid on
grid off
grid

:
grid on      .
grid off   .
grid        .

 hold     -
 

:
hold on
hold off
hold

:
hold on      

  axes,       
    .

hold off    .
hold       .

:
hold     NextPlot  figure 

axes:
hold on   NextPlot    figure

 axes  add;
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hold off   NextPlot   
figure  axes  replace.

 subplot   

:
subplot(m, n, p)
subplot(h)
subplot(mnp)

:
       -

        
  .

subplot(mnp) subplot(m, n, p), mnp -  3
,       , -

     axes;  m ,   
   , n -  ,  p -  , 

   .     
      .

clf, subplot(111), subplot(1,1,1)  -
     -        

 .
:       y1 = sin(x),  

- y2 = log(abs(y)).
x = -1:.1:1;
y1 = sin(x);
subplot(2, 1, 1), plot(x, y1)
y2 = log(abs(y1));
subplot(2, 1, 2), plot(x, y2)

 colormap   
:

colormap(C)
colormap(‘default’)
C = colormap
caxis(caxis)

:
  C -    m 3   

 [0.0 1.0].  k     , 
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  ,    ,  
C(k,:)=[r(k) g(k) b(k)].

colormap(C)     C.
        [0 1], -

   
Colormap must have values in [0,1].

       [0 1].
colormap(‘default’) colormap(hsv) -

  ,    hue-saturation-value
( - - ).    

  .

red
- -

yellow
green ,
cyan
blue

magenta

   4.x  MATLAB   :

bone Grey-scale with tinge of blue
color map

    

cool Shades of cyan and magenta
color map

     -

copper Linear copper-tone color
map

    

flag Alternating red, white, blue,
and black color map

   , 
 

gray Linear grey-scale color map     
hot Black-red-yellow-white

color map
   , -

,   
hsv Hue-saturation-value color

map
 

jet Variant of hsv  hsv-
pink Pastel shades of pink color

map
    

prism Prism (red-orange-yellow-
green -blue-violet) color map

   , -
, , ,   -

white All white color map  
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6.6.3   

 MATLAB     
     :    -

,   ,    
,    .   .

 loglog     

:
loglog(x, y)
loglog(x, y, s)
loglog(x1, y1, s1, x2, y2, s2, ...)

:
loglog(...)  plot,  -

 ,         -
 .

:   y = exp(x)   :
x = logspace(-1, 2);
loglog(x, exp(x))
grid on

 semilogx semilogy    -
 

:
semilogx(x, y) semilogy(x, y)
semilogx(x, y, s) semilogy(x, y, s)
semilogx(x1,y1,s1,x2,y2,s2,...) semilogy(x1,y1,s1,x2,y2,s2,...)

:
semilogx(...)    

 x      y.
semilogy(...)    

 y      x.
:   y = exp(x)   

  y:
x = 0:0.1:100;
semilogy(x, exp(x))
grid on
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 polar      

:
polar(phi, rho)
polar(phi, rho, s)

:
polar(...)     

,   phi   pho.
:    rho=sin(2*phi)*cos(2*phi)  -

 
phi = 0:0.01:2*pi;
polar(phi,sin(2*phi).*cos(2*phi));

   . 5.

 bar      

:
bar(y)bar(x, y)
[xb,yb]=bar(...)
bar(y,'< _ >')
bar(x,y,'< _ >')

 5 –   sin(x)*cos(x)   
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:
bar(y)      y 

  .
bar(x, y)     y  

  ,   x,   
    .

 X  Y -    ,   -
       

  .
bar(y,'< _ >'), bar(x,y,'< _ >')

   ,     -
,    plot.

[xb, yb] = bar(...)   ,  
  xb  yb,     

  plot(xb, yb).

:   
2xey    -

.
x=-2.9:0.2:2.9;
bar(x, exp(-x.*x));

 hist  

:
hist(y)
hist(y, n)
hist(y, x)
[y, x] = hist(y, ...)

:
hist(...)      -

   y,      ;
     y   n  (  

10)       .
hist(y)    10 .
hist(y, n)    n .
hist(y,x)      -

 x.  x   .
[y,x] = hist(y, ...)    y  x,

bar(x, y)  .

:    10 000  , -
     .
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y1= randn(10000,1);
y2=rand(10000,1);
subplot(211);
hist(y1, 20);
subplot(212);
hist(y2,20)

6.6.4     

  MATLAB      
  .    

 z-    ,  -
x y.      . -

   -      ( plot3),  - -
   ( mesh surf). , -
   mesh, -   ,  -

   ,      ,  -
  EdgeColor   surface. , -

   surf, -   ,   -
      ,   ;  

 FaceColor   surface.  -
       MATLAB.

-4 -3 -2 -1 0
0

500

1000

1500

2000

 6 –     
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     .
     z=f(x, y). -

        
x y,    X  Y.     -

x y    – .   
  meshgrid.     -

        .

 meshgrid    X  Y  -
 3-D 

:
[X,Y]=meshgrid(x, y)
[X,Y]=meshgrid(x)

:
[X,Y]=meshgrid(x,y)    x-y  -

   X, Y,    -
 x  y.   X    x,   - 

 y.      
 ,     .

[X,Y]=meshgrid(x)   
   [X,Y] = meshgrid(x, x).

:
» [X,Y]=meshgrid(1:4,-3:3)
X =
     1     2     3     4
     1     2     3     4
     1     2     3     4
     1     2     3     4
     1     2     3     4
     1     2     3     4
     1     2     3     4
Y =
    -3    -3    -3    -3
    -2    -2    -2    -2
    -1    -1    -1    -1
     0     0     0     0
     1     1     1     1
     2     2     2     2
     3     3     3     3
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   X  Y,   
z=f(x, y)    .  

    z    .

 Plot3       -

:
plot3(x, y, z)
plot3(x, y, z, s)
plot3(x1, y1, z1, s1, x2, y2, z2, s2, ...)

:
plot3(...)    

plot(...).
plot3(x,y,z),  x, y, z -   -

 ,     x(i), y(i), z(i)    -
 .

plot3(x,y,z,S)    
z=f(x, y),    ,   , 

       S.
plot3(x1,y1,z1,s1,x2,y2,z2,s2, ...) 

      z1(x1, y1), z2(x2, y2), ...,
       .

  plot3 plot3(x,y,z,s1,x,y,z,s2) -
  z=f(x, y)   ,  -

      s1 ,
           .

:   )( 22 yxxez    -
.

[X,Y]=meshgrid([-2:0.1:2]); %   -
  x  y
Z=X.*exp(-X.^2-Y.^2); %  
plot3(X, Y, Z)
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mesh,
meshc                       

:
mesh(X,Y,Z,C) meshc(X,Y,Z,C)
mesh(x,y,Z,C ) meshc(x,y,Z,C )
mesh(Z,C) meshc(Z,C)
mesh(X,Y,Z) meshc(X,Y,Z)
mesh(x,y,Z) meshc (x,y,Z)
mesh(Z) meshc(Z)

:
mesh(X,Y,Z,C)      

  Z,      X  Y.
     C.   

 EdgeColor  surface.     
 ,      [r g b]    -

, , .    none,   
 .    flat,   

    ,      
.         ,   -

 .    interp,   
     .

  shading    mesh -
   EdgeColor  FaceColor   .

-2-2

-1

0
1

2
-0.5

0

0.5

 7-  
)( 22 yxxez  

   plot3
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mesh shading flat shading interp

EdgeColor flat flat interp
FaceColor    

mesh(x,y,Z,C)    ,   -
  X, Y   ,   

length(x)=n,  length(y)=m, [m,n]=size(Z).    
    {x(j), y(i), Z(i, j)},   x

   Z,  y - .
mesh(Z,C)  ,   -

  x = 1:n  y=1:m.
mesh(X, Y, Z), mesh(x,y,Z), mesh(Z)  

   C=Z,        -
 .

 meshc(...)     -
     .

:    
)/()sin( 2222 yxyxz .

[X,Y ] = meshgrid([-8 :0.5:8]);
R=sqrt(X.^2+Y.^2)+eps;
Z=sin(R)./R;
mesh(X,Y,Z)

       . 8.

 8 –   ,   
mesh
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 colorbar     

:
colorbar('vert')
colorbar('horiz')
colorbar(h)
colorbar

:
colorbar(‘vert‘)     -

  .
colorbar(‘horiz‘)     -

  .
colorbar(h)      h 

.        -
    .

colorbar      
      

 contour      -

:

contour(Z) contour(x, y, Z)
contour(Z, n) contour(x, y, Z, n)
contour(Z, v) contour(x, y, Z, v)

contour(...,’ _ ’)
C = contour(...)

[C, h] = contour(...)

:
contour(Z)      

 Z,       
   x  y.

contour(x,y,Z),  x  y - ,   
   Z      x  y.

contour(Z,n), contour(x, y, Z, n)  n   
  Z;  , n  10.

contour(Z,V), contour(x,y,Z,V)   
  ,     V.

contour(...,'< _ >')   , 
     < _ > plot.
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C=contour(...)   C  
    contourc   -

 clabel.
[C, h]=contour(...)   C  -

  h  line    .

:    )( 22 yxxez .
x=-2:.2:2;
y=x;
[X,Y]=meshgrid(x);
Z=X.*exp(-X.^2-Y.^2);
contour(X, Y, Z)

 :     Z
  ,   

Matrix must be 2-by-2 or larger.
    2 2  .

:      contour -
,    x  y  .

2

 9 –   
)( 22 yxxez
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7 

       MATLAB.
,    –    , -

       .   -
  MATLAB      

.  ,     MATLAB 
        

  .      
   MATLAB    ,    .
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1. www.mathworks.com -  -   MATLAB. -
       ,  

      MATLAB.
2. www.matlab.ru -    MATLAB   ,

    ,  MATLAB.
3. www.exponenta.ru -        -

  MATLAB.       
  MATLAB  . .    -

      Maple, Mathematica,
MathCAD  .       .

4.  . .     PC MathLAB. –
.: , , 1993.

5.  . . MATLAB:   – .: - ,
1997 –       MATLAB.

6.  . . MATLAB 5   – .: - , 1998.
7.  . .      MATLAB 5.x.  

2-  . – .: - , 1999.
8.  . . MATLAB:  . – : , 2001. – 

   .      20
   .

9.  . .   MATLAB 5.  – .: -
, 2000. –       

MATLAB    GUI    -
 .   ,     

    MATLAB.


