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 1.  MathCAD

1.1. 
 MathCAD -

-

. -

.
, , , 

. , -
-

, 
.

 – 
-

. , -
 ( , -

, ), , -
, -
.mcd.

-
. -
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. ,  MathCAD 
 ( -

, ). -

.

1.2. 
-

 MathCAD, 
, 

. 
, , ., 

 MathCAD  (Worksheets) 
.

, -
,  Windows-

,  MathCAD.
. 1 
.  – . -

.

. 1.  MathCAD
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 – . 
.  MathCAD 

, 
-

, . 
MathCAD : Standard,

 ( ), -
, 

Formating – .
Formatting -

: ,
, , .

 1.

View ( )/Toolbars (
) , Math.

Math . 2. 

.

. 2.  MathCAD
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1. , 
MathCAD?

2.  MathCAD 
. ?

3. , -

?
4. 

 “Graph”. -
.

5. 
 MathCAD?

1.3. 
 MathCAD 

) .

.

-
: , .

-
-

. -
, .

,
 – -

-
; , 

. , -
-

 ( , -
, .).

. 3.

.
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. 3.  MathCAD

-

. 
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). 

». 
“Insert”.

:
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.
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1.  MathCAD?
2. -

?
3. ? ?
4.  MathCAD?

 I 

1.  MathCAD -

)sin( 2xe x )sin( 2xxe -
?

2.  t 
. 5). ?

. 5. 

 II  

1. 

25

3
2

sinln

2

5 45 4

xtge

x
xxx

x

x

.
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1.4. , 

, 
.  MathCAD :

;
;
;

 0  9;
;

;
;

.
,

, . 
, -

,  ( ) .

1.4.1. 
 – , 

. , ,
 (+ - / * ^), 

)( , , ,
, .

 ( .1).
 1

X+Y X+Y  X c Y
X-Y X-Y  X  Y

YX X*Y  X  Y

Y
X X/Y  X  Y

YX X^Y  X  Y

X \X  X

X! X!
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. 1

X |X  X

nX X[n  n

X:=Y X:Y  X -
 Y

YX X~Y  X -
 Y

X= X=
X = Y

)

X Ctrl =Y   X  Y -

)
X

1.4.2. 
, 

, .

MathCAD : 
. 
 ( ,  0  1 -

).  MathCAD -
, -

 – , -
.

-
,  ( )  (-). -

:
123 – ;
12.6 – ;

51025.1  –  (1.25) -
 –5.

-
, , -
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Z = ReZ+ i* ImZ  Z = ReZ+ j* ImZ.
ReZ  –  Z,

ImZ  – , i j
, .  –1. -

 MathCAD. , ReZ = 2, ImZ = 3, 
 MathCAD 

 2+ i* 3  2+ j* 3.
, 

. -

i j  ( . 
 –1).

, :
"My_name"  "My first example". -

.

1.4.3. 
, -

, 
.

, -
. ; -

, , .

1.4.4. 
, -

, -
,  0  9,  (% _ ` ).

:
;

;

, ;
 MathCAD   

. , 
f(x), f, -

f(x) f;
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 MathCAD 
, . 

, , 
. ,

 sin, 
 MathCAD sin(x) ;

 MathCAD 
, , , dd  DD – -

. MathCAD ,
 DD DD – .

 MathCAD -
, -

, . 
, : , xl, alfa, X_coordinate. 

, . 
 ( ,  _ ) 

,  ( , 
) – . 

. 
, . -

.

:= :).
:

a:=2 z:=–8.97
 ( . 

) .
, 

, 
, .

:

5
...............

2:

a

ac

 MathCAD
 MathCAD : -

, , .

– , -
.  : b:= 5 x:=cos(3.5) z:=2*x.
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 – -
, .

.2 
 ( ).

, ,
, -

. , 
, 

, . -

.
 2

Ctrl+ P  " " (3.14159..)
-

 (2. 71..)
%  %  (0. 01)
TOL -

 (  0.001)
ORIGIN

 (  0)
PRNCOLWID
TH

, -
-

WRITEPRN (8)
PRNPRECISS
ION WRITEPRN (4)
FRAME -

 (0)

.
– , 

.

, 
: Time ( ), Length ( ), Mass ( ), Charge ( -

), Force( ), Illuminosity ( ) .

, , , -
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 *( ), Insert/Unit -
 (Demension)   (Unit). -

:
kmdl 14: kgnetto 200:

 – 
.

-
-

Matrix. -
;  – -

 –  ( . 6).

. 6. 

  -
. 7 « , ».

 – , -
. -

MathCAD,  ( -
 – ).

-
 ( ) 

, .
,

5a

xa:K
0.3:x



16

 ( )  – 
,  MathCAD 

,  ( -
).

 ( )  – ,
 ( , -

, -
).

-
, 

 (
) .

-
.

Name:=Nbegin,(Nbegin+Step)..Nend

Name – ;
Nbegin,Nend – ;
Step – . 

, . ,
 1,  Nbegin<Nend,  –1,

Nbegin>Nend;
.. – , -

 (  “ ” (;) -

Matrix).

10..5.9,10:10..5.0,0:5..0: txi
-

, 
.  = -

. ,
i

0
1
2
3
4
5
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:
, -

 16 
;

;

-

).

, , -
. 

, -
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, , -
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-
. 

 ( )
.

,  – . 
, -

 ( ) . , -
 f: =i* 2,  f, 

 –  ( ),  f
. -

, , 2if i , 
 f, -

 i. 
.

.

1.  MathCAD? .
2.  MathCAD? .
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3.  MathCAD?
4. .
5. -

.
6. ? 

-
?

7. .
8. ? -

?
9. , -

?

1. )cos( x . -
?

2. 

6
3
2

:V . -

?
3. )065(:M . 

?

4. 
50
21

:A .  t -

A ,  0.
5.  MathCAD 

4.0]10;5[ xy .
6.  MathCAD  t -

 10  k  500 .



19

1.5. 

1.5.1. 
 MathCAD -

.
 MathCAD:

 ( 1, 2, …)

. 
. 

.
 MathCAD In-

sert/Function . -
  :

All – ;
Hyperbolic – ;
Log and Exponential – -

;
Solving – -

;
Trigonometric – ;
Vector and Matrix – -

.

.  2.

. -
. , -

, .  3.

1.5.2. 
,
-

, -
. 

.

 ( ): = 
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-
 ( . . 5.4). -
. 

, .
 – , 

.
, 

. -
, 

. -
.

, -
, . -

, -
 ( . 7). -

.

. 7. 

1.5.3. .  if
 if 

.
 if -

, .
:

)_,_,( falsetrueif
 if true _ , 

, 
false _ , .

, 
, . ,

.
, MathCAD -

, . , 
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, true _ , -
. . 8 -

 if.

x 5 4.8 5 f x( ) if x 0 x2 x2

5 0 5

5

5

f x( )

x
. 8.  if

-
 « » ( . 9).

. 9. 
 « »

, -

“+”  “*”.

 “*”  ( ). 

Boolean . 10).
 “+”  (

).
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-
Boolean .

. 10. 

, 
)0()0( yx . 11  ( ), 

. 
)0()0( yx  “ ”, -

 “ ”, )0(x , )0(y .

. 11. 

 if 
 ( .12).

, -
 0  1.

)1,0,0(:)( xifxF
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F x( ) if x 0 0 1( )

pulse x w( ) F x( ) F x w( )

 (-20;20)
x 20 19.9 20

w 2

20 0 20

1

pulse x w( )

x

. 12. 
-

 w.

1.  MathCAD? 
?

2.  MathCAD 
?

3. -
 MathCAD?

4. 
 MathCAD?

5. 
MathCAD?

6.  MathCAD 
 ( ) ?

7.  MathCAD -
, ?

 I 

1.  x=0.3; 0.5; 0.7.

2ctg(x)
sinh(x))arctg(x2

k .
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2.  MathCAD 

3

)sin(2

)25(4

)1ln(
xtg

ext
x

.

3. 
1.122 )sin( yxZ ]20;0[x

]20;0[y .

 II 

4.  k  d.
 k 2d ,  d – , 

5d , .
5. -

2

2

cos , [ 5;2];
( )

, .
x

f x

1.6. 
 MathCAD -

. 
: 

, ,
, .

1.6.1. 
-

:  – y
– . -

 ( , .), 
 ( , , 

.). .

1. -
.
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2. , .
3. 

Insert/Graph/X-Y Plot

 “Graph”.
4. , 

;  – .
,

, , 
 (

)  ( . 13).

. 13. 

, ,

 ( .14).
x 10 9.8 10

10 0 10
0

50

100

x 2

x

. 14. 
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, , -
, , , 

-
, ,

2)( xxy .

, . -

,
2

3

( ) 1 ;
( ) 1 .

x t t
y t t

. -
 X  Y.

, , -
, , . ( . 15).

. 15. 

1.  t -
.

2. , -
 X(t)  Y(t).

3. -
Insert/Graph/X-Y Plot

 “Graph”.
4. , 

X(t)  OX  Y(t)  OY ( . 16).
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a 1 b 6 3 0 0.05 2

x b a( ) cos a cos
b a

a

y b a( ) sin a sin
b a

a

10 0 10
10

0

10

y

x

. 16. 

,
, Format/Graph/X-Y Plot, -

.
”Formatting Currently Selected X-Y Plot”

(« ») -
:

1)   (X-Y Axes).
:

 (Log Scale);
 (Grid Lines);

(Numbered );
 (Axes Style):

Boxed ( ), Crossed ( ), None
).

2)  Traces
. :

 (Legend Label);
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 (Symbol);
 ( , .)

(Line);
 (Color);

 (Type) ( , , , -
);

 (Weight) .
3)  Labels ( ) -

:
 (Title);

 (Axis labels);
, : -

 (Above),  (Below). Show Title -
.

4)  Defaults :
hange to Defaults ( ) – -

, ;
 Use for Defaults – 

.
-

Format/Graph/Zoom. 
, -

,  Zoom.

1.6.2. 

,  – R( ).

,  0 .

1. 
.

2.  R( ).
3. Insert/Graph/ Polar Plot.
4. .

 ( . 17)
)sin(*)()cos(*)( RYRX .
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0 0.01 4 R sin cos

R

. 17. 
, -

, .

1.6.3. 

:
1. 

 “X-Y Zoom”, -
“Graph” ( . 18).

. 18. 

2. .
, .

3.  X-Y Zoom  Zoom. 

. 19).
4. ,

 Unzoom  Full View (
). -

, .
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. 19. 

“Trace”  ( ) -
 “Graph” ( . 20).  “Copy X”  “Copy Y” -

-
.

. 20. 
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1.6.4. 
.

 z -
: ,  z(x,y).

)

-
 ( .21).

. 21. 
 x  y MathCAD 

. 
 OX  OY ,

.

1. : 0...20i .
2.  OY 20..0:j .
3. -

. :
ixi *15.05.1: , jy j *15.05.1: .
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,  x  y -
, , 

. 
ix[ .

4.  z(x,y).
5. .
6.  Insert/Graph/Surface Plot ( .22, 23).

i 0 20 j 0 20

xi 1.5 0.15 i y j 1.5 0.15 j

z x y( ) sin x2 y 2 M i j z xi y j

. 22. 

M

. 23. 

m*n,  m – , n – 
 Y

-
: , 

, , -
. 

 “3D Plot Format”, -
For-

mat/Graph/3D Plot .
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 MathCAD Professional 2000  “3D Plot For-
mat” :
1)  General :

View:
Rotation ( ) – ;
Tilt ( ) – ;
Zoom – .

Axes Style ( ) 
: Perimeter – ; Corner – ; None – 

.
Frames :  

(Show Box)  (Show Border).
Display As ( ) 

 3D :
Surface Plot –  3D ;
Contour Plot – ;
Data Points –  3D -

;
Vector Field Plot – ;
Bar Plot – ;
Patch Plot – , -

, 
.

2)  Axes ( )   (OX,OY,OZ)
:

: Auto Grid ( ) – 
;   (Line Color)   (Line

Weight) .
:  (Axis Color),    (Axis

Weight)  (Show Numbers).
Axis Limits

 (Auto
Scale), 
(Minimum Value, Maximum Value).

3)  BackPlanes  , .
 XOY, XOZ, YOZ: Fill BackPlans

), Color ( ) -
 (BackPlane Border). 

 (Sub-Grids).
4)  Title  (Graph Title)  

:  (Above),  (Below), -
 (Hide).
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5)  Appearance  
:    (Fill Options),  (Line Op-

tions), (Point Options).
Fill Options -

 (Fill Surface), 
(Fill Contours)  (No Fill).

Line Options -
:  (Wire frame), -

 (Contour Lines),  (No
Lines).  (Weight).

Point Options , -
   (Draw Points), -

 (Symbol)   (Size).
Color Options ,  

, 
 (Colormap)  (Solid

Color).
6)  Lighting : -

.
7)  Advanced -

, , -
 (Vertical Scale)   (Perspective), -

 (Choose Colormap), -
 (Increasing X,Y,Z) .

1. -
 MathCAD ?

2. 
MathCAD?

3. -
.

4. 
?

5. 
? ?

6. 
.

7. ?
8. -

?
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9. -
.

10. -
.

11. .

 I 

1.  « »

)( 22

3

xa
ay ,  – ,

1.0]6;6[ xx .
2. 

( ) sin(3 ); [0;2 ];
30

.

3. 
( ) sin( );
( ) cos( ),

x t t t
y t t t 24

];[ tt .

4. 

5
sin),( xyyxf .

5. [ 3; 2], 0.1x x -

3
)sin()(

3xxz . 

0
3

)sin( 3x
.

 II 

1. , -
)sin( xx

3
)(cos3 x

 [-5; 5].
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2. 
( ) ( )cos cos(( ) / );
( ) ( )sin sin(( ) ),

x a b a a b a
y a b a a b

 a,b – -

; [ ; 2 ]; .
36

3. 

2
cos)sin()( 2 xxxxg , )(xg

)(xg .
4.  [–10;0] 

)cos()( 2 xxxf . 
[-2; 0]. 

. -
.

5.  [-10; 10] 

2

, [ 3;3];
( )

3 sin ( ) , .
25

t t
w t tt tg

6. 
)sin(),( yxeyxz  30- -

 OX  OY.

1.7. , 

1.7.1. 
 MathCAD -

.
 – -

, 
.

 MathCAD 
:  ( ) 

).
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1.7.2. 
, -

, . , -

ORIGIN,  0  1.
-

) . , 
 V, 

ORIGIN=0
,...210 ,, VVV

 ORIGIN=0, . , -
. 

, -
  ORIGIN:=1. -

 ORIGIN,  Math Option –
Built–in–variable – ORIGIN, ,

, 1.  ORIGIN -
,  .

: -
. 

.

1.7.3. 
-

View/Toolbars/Matrix... ), Ctrl+M
-

Math. 
, , . -

n.
 1.  m=1 ,  n=1

– .

n.
 ( .24).

. 24. 
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-
.

 – , 
, 

, -
,  –

 ( . 25).

-
-

Matrix.

. 25. 

. -
.

-
 ( . 26).

, 
ORIGIN. ,

. 26. 
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1.7.4. 

Matrix, 
 Math.

. 27 -
Matrix.

.

. 27. 

-
 « » -

. 
.

-
-

. ,  V – ,  cos(V)
,  cos

. 
 cos(V) , 

-
 V.

-
. -

, , -
. -

.
.28 -
. ,  z,

.
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, 
, 

. , 
, .

C

1

2

16

2

2

4

4

2

25

z x( ) x2 z C( )

1

4

256

4

4

16

16

4

625

k x( ) if x 0 x2 x k C( )

1

4

4

4

4

2

2

4

5
. 28. 

, , 
Vector and Matrix Insert function.

 3.

. , -

,
2

1 , i 1;

.
i j

iA
j

.

. 29  matrix, 

.

. 29.  matrix
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1.  MathCAD 
?

2.  MathCAD 
?

3. -
, ?

4. -
?

5. .

 I 
1. 44

).
2. .
3. .
4.  k1  k2 

.
5.  V1  V2 1  3 .
6. -

 V1  V2.

 II 
1. 

. 25)sin()( xxxz , 
 – .

2. 75 , -

, 2

(2* , 2;
( , )

5 , ,
i j

i j i j
B f i j

j i
, ji,  – 

. (
 matrix.)

3. 44
 submatrix) , -

 C .
4. .
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 2.  MathCAD 

2.1. 

2.1.1. 
0)(xf

. -
)()( xgxf -

.  MathCAD c 
. -

, , -
, -

Format/Graph/Zoom . 30).
, -

, 
Format/Graph/Trace.

x 5 4.8 5

5 0 5
200

0

200

exp x( )

x3

x

0.8 0.7

0.5

exp x( )

x3

x

. 30. 
 “X-Y Trace” 

. 
“X-Y Trace” 

,  (  “Copy
X”, “Copy Y”), .
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2.1.2. .
 root

root
, 0)(xf . -

x , )(xf  0.
root

]),[,),(( baxxfroot ,
)(xf –  root , -

, , 
;

x  – , -
. ,  MathCAD -

.
],[ ba  – , 

. 
.

ba, , -
. -

, 
MathCAD -

.
 root -

-
. ,  root, 

, , -
 ( . 31).

. ,
. . 

, -
.

. 3xe x .

1. , . , 
03xe x .

2.  (
-

).



44

3.  root.

x 3

root exp x( ) x3 x 1.857

x 3 z x( ) exp x( ) x3

a root z x( ) x( ) a 1.857

. 31.  root
-

 ( . 32),  root 
.

. 32.  root 

MathCAD , -
. 

. 
,  – . -

.

1i  1j. ,
. -

.
, MathCAD -

, .
, -

 f(x) -
, , 

TOL,  0.001.



45

,
 TOL , -

, TOL:= 0.01,  TOL Built-In
Variables ( ) 
Math/Options.  TOL 

.
 root -

, -
 “Cant converge to a solution” – « » ( .3).

 3

-
.

-
-

.

-

0x .
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. 3

-

0x .

, -
.

2.1.3. 
 polyroots

 ( )
polyroots(V), -

.
 V – , -

, .
 N ,  V 

N+1 . .

, 

0016995.012.02513.0
3

2
3

xxx .

, 
 ( . 33).  V -

, , 
Rez – .

 polyroots -
:  (

) . 
,  Polyroot, 

 ( . 34).



47

. 33. 

. 34.  polyroots 

, -
Symbolic

Toolbar.
, 

)6()52( 22 xxx :
1) k:= ;
2) coeff Symbolic

Toolbar;
3)  ( . 35).
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. 35. 

1.  MathCAD 
, ?

2.  MathCAD -
?

3. , 
. -

?
4. -

 root? -
?

5.  root .
.

6. 
?

7.  polyroots?

 I 

1. 0365 xx .
2. 

0332 234 xxxx . .



49

3. 

01
2

lg2 xx .

 II 

1. 
0)34)(1( 2 xx . .

2. 

xx 2
5lg32

5lg4 .

3.  MathCAD -

0
128

1
23

2

xxx
x

.

.
4. 

48583011881211 3462578 xxxxxxxx .

2.2. 

2.2.1. 
.  Lsolve

 Lsolve 
,  ( -

),  ( -
) .

11 12 1 1

21 22 2 2

1 12

1 2... ,
1 2... ,

.............................................
1 2...

n n

n

n n nn n

a x a x a x b
a x a x a x b

a x a x a x bn

BxA* ,
A – ;

x – ;
B  – .
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x=B -
, , 

Lsolve.

),( BAlsolve .

, :
1 2 3

1 2 3

1 2 3

1.17x 2.23x 0.77x 1.11;
2.23x 0.81x 1.72x 1.88;
-0.77x 1.72x 0.65x 0.57.
 MathCAD . 36.

. 36.  Lsolve 

2.2.2. 

 – ,
.

-
-

.
-

.
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, 
, :
;

;
;

;
.

( , ) 0F x y ( )y f x -
.  ( ) –

-
y.

. 
MathCAD 

 lsolve(). : -
 – , -

 – .

. -
:

2 5 1 3 1 2 1 2 3 5 7;
1 4 1 1 97 2 2 8 3 8 65;
5 4 1 4 1 2 3 4 3 6 3.

, x , x   , x   ,
, x   , x   , x   ,
, x   , x   , x   ,

: A
B . 37).

. 37. 
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2.2.3. 
 Find

Find , 
-

.
 MathCAD, 

Find,  1  200 .
:

1. , -
. MathCAD -

. -
, 

.
2. :

)  GIVEN ( ), , -
;

) 
 GIVEN:

-  – ( -

 ( , Ctrl+=);
- , 

;
) ,  Find, c 

.
 Find

)...,3,2,1( nxxxxFind ,

ix  – .
. -

 Find -
.

 Find , 
, , 

.

,  ( . 38)
3

3 2

2

4.5 1 3.8 2 2.2 3 8.1;
1.85 1 2.1 2 3.45 3 4.5;
6.2 1 4.8 2 9.1 3 11.1.

x x x
x x x

x x x
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x1 2 x2 2 x3 3

GIVEN

4.5 x13 3.8 x2 2.2 x3 8.1

1.85 x13 2.1 x22 3.45 x3 4.5

6.2 x12 4.8 x2 9.1 x3 11.1

Find x1 x2 x3( )

1.214

0.199

0.321

. 38.  Find

!  GIVEN :
1) . -

 GIVEN  Find.
2) 

.
3) 

.
4) -

 (x:=0…20).
5)  « ».

 Find 
. ,

 Find. -

:
 (Linear) – ,

 (Nonlinear).
:

-  (Conjugate Gradient);
-  (Quasi-Newton);
-  (Levenberg-Marquart).

 Find . 
:

1. .
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2. 
.  TOL

.
3. , ,

. 
.

4. -
. -

,  MathCAD, 
-

, . 

, -
. ,

. 
.

.

.

2.2.4. .
 Minerr

 Minerr , 
. , -

 – -
 ( . 39, ),  – -

 ( . 39, ). 
, .

 Minerr ,
 Find. , -

 Find  Minerr -
.

 Find  Minerr -
. -

, 
 Find  « »,  Minerr

, . , -
. -

 Minerr ,  Find.
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. 39.2 ,  Minerr

),...,3,2,1( nxxxxMinErr
– .

.

, 
2 1 0;

cos( 0.5) 0.
x

x
.

 Minerr ,
, . , 

.  ERR 
 ( . 40). ,

.

. 40.  Minerr
-

, 
.
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2.2.5. 
, 

. , , 
, 

.
-

:
1. 

, 
 (

 CTRL + =).
, -

.
Symbolics/Variable/Solve -

) ( . 41).
-

, . 

a x2 4 x c

1
2 a( )

4 2 4 a c( )

1
2

1
2 a( )

4 2 4 a c( )

1
2

, 

x a c( )
1

2 a( )
4 2 4 a c( )

1
2

x 1 2( ) 4.449

. 41.  Simbolic

2.
. -

 Find  Minerr -
. -

. , -
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, -
 ( . 42).

Given

x 2 y a

4 x y b

Find x y( )

2 b a
1 8

4 a b( )
1 8

. 42. 

2.2.6. 
:

2 ;
3 ;

0 .

x y
x y

x

.
, , 

0x , 
,  0 

.43).

x 4 3.9 4

5 0 5
10

0

10

20

x 2

3 x

0

x

. 43. 
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 ( . 44).

x 0 y 0

Given

x2 y

3 x y

x 0

Find x y( )
1.303

1.697
. 44. 

1. -
?

2.  Lsolve?
3. 

 Find.
4.  Find?
5.  Minerr 

?
6.  Find  Minerr?
7. -

?
8. ,

?

 I 

1. 5.123 xbxa .

2. 
1 2 3

1 2 3

1 2 3

2 3 9;
2 2;

3 2 2 7.

x x x
x x x
x x x

3. 
1 2 3

1 2 3

1 2 3

2 16 1 45 0 89 0 61;
1 45 2 44 1 18 1 05;
0 89 1 18 2 07 0 83.

. x . x . x .
. x . x . x .

- . x . x . x .
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 II 

1. )()( xyxf
 ( . 45)

. 45. 

a  b?

2. 
3

2

sin( ) 1;
cos( ) 4 .

x y x
y x xy

3. 
3)ln( 2xx .

4. 
 -40*X1+44*X2-34*X3-43*X4+6*X5 = 8;
-25*X1+30*X2+4*X3-44*X4-44*X5 = -45;
-11*X1+37*X2+-26*X3-10*X4-6*X5 = -10;
-20*X1+29*X2+6*X3+7*X4-42*X5 = 4;
50*X1-48*X2+20*X3+19*X4-24*X5 = 11.

5. 
3 2

3 2

3 2

2 5.5 24 9.6;
4.8 9.5 49 18.6;
6 16 74 34.

a b c
a b c

a b c
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2.3. 

-
. , 

 ( ) -
.

-
. 

 ( )  – -
.  –

, -
.

MathCAD , 
. 

.
, 

 (
).

-
, , -

, , , 
:

;
, ;

, -
.

2.3.1. 
 rkfixed

rkfixed -
.

 – , 
.

03y
dx
dy

4)0(y , ]4;0[ .
 – -

.
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.46 .

. 46.  rkfixed

, 
:

0Z , 
.

1Z
.

rkfixed  :
),int_,2,1,( Dsponxxyrkfixed ,

y  – n ; n  – 

).
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)1(0 xyy ,

1x  – , -
.

)1(0 xyy )1(1 xyy – 
;

2,1 xx – , 
. ,   

y , – 1x ;
spon int_ –  ( ), 

;
D – ),( yxD . 

n -
, -
.   

D ; -
D –  

)(
)1(

),(
xy
xy

yxD .

 – 
, D – 

, -
.

, yxyy )sin(2

(2) 0; (2) 6y y [2; 5] .

. 47.
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. 47.  rkfixed
 rkfixed -

, -
,  – , -

,  – 
 ( . 48).

. 48.  rkfixed
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. 48 -
0Z  – -

1Z  – .

2.3.2. 

, -
. 

:
n -

, -
)1(...,,,, nyyyy .

D , n
.

)(
...

)1(
)1(
)1(

),(

)( xy

xy
xy
xy

yxD

n

.

, , -
n :  – x , 

 – ).(),...,(),(),( )( xyxyxyxy n

2.3.3. 
 odesolve

 Odesolve
-

 ( ) , .
  -

)(xy = )(xf .
 (

)  Given–
Odesolve,  Mathcad 2000 Pro, 

, 
 MathCAD.
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 Odesolve 
.

Odesolve -
.

:

1)  Given;
2) , -

, -
 “ ”;

3) , -
,  Odesolve(x, xk, n).

),,( nxkxOdesolve ,
x  – , -

;
xk  –  ( -

),
n  – , 

.
, 

.
2 x

3
2 x

3

y (x) x y (x) x y(x) e cos(x);
d dy(x) x y(x) x y(x) e cos(x).

dx dx
 (

' 0( ) Ctrl + F7).

,  [0; 2]
)cos(2 xxyxy :

5.0)0(;1)0(;1)0( yyy . . 49. .

. 49.  odesolve
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2.3.4. 

. 

0))(),(( tutxL ))(),(( tutxf
dt
dx .

mitxi .,..,2,1,)(
 ( ), 

,)(tu j nj .,..,2,1  – . -

,,0,,),,,( TtnRumRxtuxf
dt
dx

( , , )f x u t .
-

m . 
, 

.)0( 0xx
t ( , , ),f x u t

; , . ( , ),f f x u -
; -

x ,u

.BuAx
dt
dx

-
-

.
, -

-
, , t

.x
-

. , 
-

:
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,),(),(
2

2

t
txuk

x

txu

u(x,t) .x -
t -

. -

),()0,( xxu -
).(),(),(),0( 21 tftlutftu

-
. 

/

,*y -

),(xfy .y -

yy* , 

),...,,( 21 naaaa -
:

,max
11 ini

aa

.2
2 iaa

 (
*y )

.
*

*

*

y

yy

y

yy

.
 – 1,  

.  – -
2 , 

, . 
. , , -
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3
. 

.321
,

, 
. -

-
. 

, 2 ,1 3
.2

1. -
?

2.  MathCAD -
?

3. 
rkfixed.

4. 
odesolve.

5. 

MathCAD?
6. , -

 rkfixed,
odesolve?

 I 

1. 
023 yyy :

6)(;2)(;0 000 xyxyx .
2. 

09yy :

3)(;1)(;0 000 xyxyx .
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 II 

1. 5 ,
4

j S v v – -

, S  – , . 
, 0, 0t S v .

2. 
 [1;2] 2 2( 2 ) 2 0x y dx xy dy -

0 0 01; ( ) 0.4; ( ) 1.x y x y x
.

3. 

 [0;2]
x

dxdx
y

dy
-

: 2)(;0)(;0 000 xyxyx . 
.

2.4.  MathCAD

2.4.1. 
, -

, 
).

 MathCAD :
1. .
2.  – , -

.
3.  GIVEN .
4.  GIVEN : maximize

minimize. :
)var,...,2var,1var,( nfMaximize  – -

nvar,...,2var,1var , 

f . , -
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 – , 
.

minimize :
)var,...,2var,1var,( nfMinimize .

. , 
2)sin()( 2xxy

 (-1;2).
, -

-
. -

, MathCAD
 ( . 50).

y x( ) sin x2 2

x 1 0.98 2

2 0 2
3

2

1

y x( )

x
. 50. 

. 51.

1.  x x 1

2. y x( ) sin x2 2

3. 

Given
x 1

x 2

Maximize y x( ) 1.253

. 51.  Maximize
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.
, -

 0 ( . 52).

1.  x x 1

y x( ) sin x2 2

2. 

Given

x
y x( )d

d
0

Find x( ) 1.253
. 52.

, -
.

. . -
423321 xxxxf -

:
1 3 2 3 2 4 7;
2 2 4 3 2 4 12;

4 1 4 2 3 3 2 4 14;
0 ( 1...4).i

x x x x
x x x

x x x x
x i

 ( . 53):
1.  ( ) 
            

x1 1 x2 2 x3 2 x4 1

2. 

f x1 x2 x3 x4( ) x1 x2 3 x3 2 x4

3.  GIVEN

GIVEN
x1 3 x2 x3 2 x4 7

2 x2 4 x3 2 x4 12

4 x1 4 x2 3 x3 2 x4 14

x1 0 x2 0 x3 0 x4 0
. 53.  MathCAD 
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4.  p, 
 maximize

p Maximize f x1 x2 x3 x4( )

p

0

4

5

0

5. 

f p 0 p 1 p 2 p 3 11
. 53.  ( . . 71)

. .
 m mAAA ,...,, 21

 n : nBBB ,...,, 21 ;

)(i – iA ;

)(i – jB .
 – 

iA jB .

1B
2B 3B

iA1 12 3 6

2A 2  7 5
, :

80120 21 .

: 605585 321 .
 MathCAD ( . 54).

, 
. -

 Zat_1t -
. , 

,  MathCAD , 
, .
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f i j( ) Zat_1t i j Ki j

1 120 2 80

1 85 2 55 3 60

Zat_1t
12

2

3

7

6

5

- 
 Ai  Bj

K
10

10

10

10

10

10
. 54. 

 matrix 
 2  3 , 

 f(i,j).

Zat matrix 2 3 f( )

Zat
120

20

30

70

60

50

. .
, 

, , 
.

Sum_Zat K( )
0

3

j

Zat j

.

Sum_Zat K( ) Zat 0 Zat 1 Zat
2

, -
 Zat .

Sum_Zat(K) – , 
.



74

, .
Given

K 0 1

K 1 2

K 2 2

0

2

j

K0 j 1

0

2

j

K1 j 2

, 
 ( . 55).

Kol Minimize Sum_Zat K( )

Kol
36.389

48.611

41.696

13.304

41.915

18.085
. 55. 

 Kol 
, -

.

. .
)  ( . 56).

) 
 ( . 57).
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 (X<W/2)
root V X( ) V0 X( ) 4.203X 4

root V X( ) V0 X( ) 1.5X 1

root V X( ) V0 X( ) 0.297X 0

 X                    

 root:

 - 
F(X)=V(X) - V0

,

F X( )

0

X

X 0 0.2 5F X( ) V X( ) V0
V X( ) L 2 X( ) W 2 X( ) X

 X:

L 8W 4:

V0 7.51. 

. 54.  « »

V X( ) 12

 XMXM 0.845

 X=XM  V(X)=maxXM Minerr X( )

V X( ) 100

 V(X)

Given
 XX 1

2.  X 

V X( ) L 2 X( ) W 2 X( ) X

 X:

L 8W 4:

. 55. 
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2.4.2. 

. -
, .

),( cxfy -

).,...,,( 10 mcccc
, ),,(,...),,(),,(( 1100 nn yxyxyx

n – ).

.),(
,.....

,),(
,),(

11

00

nn ycxf

ycxf
ycxf

(1)

mii ,...,1,0,
,,...,1,0, njx j  (1) -

. .
,nm  (1) 

, -
.

.
,nm  (1) 

. -
.

....)(),( 10
i

i
n

nn xxxxPcxf
-
-

:

0 1 0 0 0

0 1

... ,
. . . . . ,

...

n
n

n
n n n n

x y

x y
(2)
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,yAx
x );,...,,( 10 nxxxx

y  –

);,...,,( 10 nyyyy

.,...,2,1,

...1
.....

...1

...1

2

1
2
11

0
2
00

njix

xxx

xxx
xxx

A j
i

n
nnn

n

n

  (3)

 (2) .

.1yAc
-

. 
.  Math-

CAD  ( . 58).

. 
,  ,  -

. 
.

, 
.

.0
4

4

dx

yd

.
.)( 32 dxcxbxaxy

ii xx ,1 , ni ,1
.)( 32 xdxcxbax iiiii
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x0 0 xk 1 n 6 , 

a 1 b 2 f x( ) sin a x( ) e b x( )

3
2

  h xk x0
n 1

i 0 n 1 j 0 n 1
xi x0 i h g i f xi a i j xi

j

-c a 1 g cT 0 1.082 1.444 0.988 2.448 1.049( )

f1 x( )

i

c i xi

0 0.5 1
0

0.1

0.2

f xi

f1 xi

xi

h1 h
10

i1 0 n 1( ) 10

f xi
f1 xi

, xi - 

0 0.5 1
0.002

0

0.002

f i1 h1( ) f1 i1 h1( )

i1 h1

. 56. 

n4 n ,  
2n.

,)( 11 iii yx .)( iii yx
, 

-

),()( 1 iiii xx ),()( 1 iiii xx ,1,1 ni

 ( )
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,0)( 01 x .0)( nn x
. 59 .

-

0 0.5 1
0.005

0

0.005

f i1 h1( ) f1 i1 h1( )

i1 h1

f xi

f1 xi

i1 0 n 1( ) 10h1
h
10

0 0.5 1
0

0.1

0.2

f xi

f1 xi

xi

f1 z( ) interp v x g z( )

v lspline x g( )

gi f xixi x0 i h
i 0 n 1

h
xk x0
n 1

  

f x( ) sin a x( ) e b x( )

3
2

b 2a 1

, n 6xk 1x0 0

. 57. 



80

2.4.3. 

, 
-

, -

. 
.

)....,,,...,,( 11 mn ccxxfy

-

,,...,2,1,...,,2,1, Ninkx i
k n

;x N  – -
ix iy -

.i -
, 

)....,,,,...,(

,.......
),...,,,...,,(

),...,,,...,,(

11

1
22

1
2

1
11

1
1

m
N
n

NN

mn

mn

ccxxfy

ccxxfy

ccxxfy

(4)

m N -
c , -

. -
-

. ,m N m -
c N  (4) .
 ( ) 

 (3) 
.

)...,,,()( 1 mccxfycQ .

2
1

1

2 ))...,,,(()( m
iN

i

i ccxfycQ
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-
. Q -

.

) . 
 ( .  4)  

.),( 2211021 xcxccxx  ( . 60).

x0 0 xk 1 n 10 , 

a 1 b 2 f x( ) sin a x( ) e b x( )

3
2

i 0 n 1h xk x0
n 1 xi x0 i h gi f xi

m 3

p 0 m q 0 m

p q

i

xi
p xi

q bp

i

xi
p f xi

-
  

d 1 b dT 4.35510 4 1.138 2.037 0.952 -

f2 x( )

p

dp xp

0 0.5 1
0.1

0

0.1

0.2

f xi

f2 xi

xi

f xi

f2 xi

h1 h
10

i1 0 n 1( ) 10

0 0.5 1
0.005

0

0.005

f i1 h1( ) f2 i1 h1( )

i1 h1

. 58.
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 4

-
i

-
ix1

ix2
iy

-

1 0 0 0,5 0,391 0,109
2 0 1 1,2 1,318 –0,118
3 1 0 1,6 1,527 0,073
4 1 1 2,4 2,455 –0,055
5 2 1 3,4 3,591 –0,191
6 2 4 4,7 4,518 0,182

2.4.4. 
-

  -
-

, . -
.

: 
)(xf , 

, 
, 

.
N

m . ,mN ,
,

, 
, . ,mN -

mN  ( ) -
-

.
))((

1

2

mN

xf
S

N

i

ii

,

) -
, f , , 
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. , , , 
: f -

. , 
y . e -

0Me  ( ) .2
y -

, 

S 2
y ,  

. 

.2
y

SF -

),,,( mnpFF T p – ;

n  – ;S
m  –  ( ) 

,2
y -

.
P

, -
f .

. 
),,( mnpFT .

 Mathcad 
pF.  MathCAD, -

 ( . 61).
4n F = 4,09 -

F = 2,67.  ( . 61) -
F = 2,62 F = 2,74

, -

.

1. ?
2. 

?
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3. -
?

4. -
?

5.  ?
6. ?

x0 0 xk 1 n 15 , 

a 10 b 2 f x( ) 5 sin a x( ) e b x( )

3
2

h xk x0
n 1

D 0.08i 0 n 1   

 D

xi x0 i h g i f xi d1 i g i 1 rnorm n 0 D( ) i

m 5

p 0 m q 0 m

p q

i

xi
p xi

q bp

i

xi
p d1 i

d 1 b dT 0.351 98.727 658.679 1.511 103 1.444 103 493.056 f2 x( )

p

dp xp

0 0.5 1
5

0

5

gi

d1i

f2 xi

xi

g i
 , d1 i

f2 xi

              

S i

d1 i f2 xi
2

n m 1
S 0.21 F S

D
F 2.625

a 1 Given 0.995 pF a n m 100( ) FT Find a( ) FT 2.744

. 59. 
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1. , , -
)2.4;2,7;3,9;8,6;1,2(*y -

).5,0;4,0;3,0;2,0;1,0(x
.

cT 3.7 91.083 1.02 103 2.942 103 2.542103
.

2.4.5. 

. .
, h), -

, -
h. 

, h)  1. , -
, .

. 62 , h).
. 63 , h)

h, . -
, 

, h) .

,  M(u,h)  1.
 u( )- , h( )- .  M(u,h)

:

a 1222.5 b 6.875 10 6 c 0.3048 d 5.2656 e 0.286

M u h( ) 5 1 0.2
u
a

2 3.5

1 1 b
h
c

d

1

e

1

u 650 h 7000 M u h( ) 0.801

u 900 h 9000 M u h( ) 1.203

. 60. 
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 M(u,h)  4   h

h1 1000 h2 5000 h3 10000 h4 20000

u 200 250 900

200 400 600 800

1

2

M u h1( )

M u h2( )

M u h3( )

M u h4( )

1

u

. 61.  M(u,h)

, h), , h) =1
u (h) h.

.64).

i 0 10 hi 2500 iu 100 ui root M u hi 1 u

0 5000 1 104 1.5 104 2 104 2.5 104
0

250

500

750

1000

1250

1500

ui

hi

. 62.  u(h), 
M(u,h)-1=0
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-
, -

, 
MathCAD .

2.4.6. - 
-  – 

 MathCAD. 
, 

)  ( -
) .

- -
. MathCAD 

,  (
) ,

.

. -
.

, 
:

 ( ),  ( ) -
 ( . -

). 
 p iw,

, 
– .

, -
, . 65.

. 
t -

:

0

)/)sin()((Re(2)( dtjyth .

. 66 .
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,    y p( )
1

p2 0.9 p 1

j 1 i 0 20 wi 0.314 i pi wi j

0 2 4
0

1

y pi

wi
0 2 4

2

0

arg y pi

wi

. 63.

TOL 0.01 h t( ) 0.637

0

5

wRe y w j( )( )
sin w t( )

w
d

i 0 10 ti 0.5 i hi h ti

0 2 4
0

1

hi

ti

ti
0

0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

hi

0

0.105
0.349

0.636
0.885

1.073
1.173

1.206
1.186

1.135
1.079

. 64.
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w>wmax .
w>5, -

.
h (t) . 66 .
h(t) t h(t).

 2- -
 2- -

 – 
.
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 1

»  « »
-
-

New Worksheet ( ) – 
.

Open Worksheet ( ) – 
.

Save Worksheet ( ) – -
. 

.

Print Worksheet ( )  –
.

Print Preview ( ) – 
.

Check Spelling ( ) – -
. . 

, 
.

.

Cut ( ) – 
 (Clipboard) -

.
Copy ( ) – 

.
Paste ( ) – -

, 
.

Align Across ( ) – -
.

Align Down ( ) – 
, .
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. 1
-
-

Insert Function – ,  -
 ( ) . MathCAD

, -
-

. .

 Insert Function .
Insert Unit ( ) – -

. 
.

Calculate ( ) – -
. 

: 
, , -

-
.  Calculate ( ) -

, 
.

Undo ( ) – 
.

 – -
.

 MathCAD.

.

, -
.

.
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 2
,  MathCad

sin(z)
cos(z)
tan(z)
sec(z)
csc(z)
cot(z)

sinh(z)
cosh(z)
tanh(z)
sech(z)
csch(z)
coth(z)

asin(z)
s(z)

atan(z)

asinh(z)
acosh(z)
atanh(z)

(z)
In(z)  ( )

log(z)  (  10)

(z)
Im(z)
arg(z)  ( )
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.2

, -
. 

-
- .

J0( )

I0( )

Y0(x)

0( )

J1(x)

I1(x)

Y1(x)

1( )

Jn(n,x)  n- -

In(n, )
 n-

Yn(n,c)  n- -

n(n,x)
 n- .

, ,
 ( , -
z)  MathCAD, -
Gamma(a,z).

. -
erf(x), .
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 3

length(V)
last(V)
max(V)
min(V)

Re(V) -

Im(V) -
.

augment( )
», . ,

, . 

identity(n) -

stack( )
, 

, . 
-

submatrix
(A,ir,jr,ic,jc)

, 
, ir jr
ic jc

diag(V) , 
 V

matrix(m,n,f)
 m*n.

,  i-
j-  f(i,,j)

Re(M)

Im(M)
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. 3

, 

ols(M)
rows(M)
rank(M)

tr(M)  ( -
) 

mean(M) -

median(M)

cond1(M) ,
 L1

cond2(M) ,
 L2

conde(M) ,

condi(M) ,

norm1(M)  L1, .
n

i
ixx

1

norm2(M)

L2, .
n

i
ixx

1

2

rm )
normi(M)

lsolve(A,B)
, -

BAx
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 4
 MathCAD

Array size mismatch
Cannot be defined
Cannot take subscript  ( ) -

Did not find solution
Dimension to non real
power

 – -

Duplicate
Equation too large
Error in constant
Error in solve block
Illegal array operation
Illegal function name
Illegal range
Index out of bounds
Misplaced comma
Missing operand
Must be integer
Must be non zero
Must be positive
Must be range
No matching Given  Given
No scalar value
Overflow
Singularity
Too few arguments
Too few constraints
Too few subscripts
Too many arguments
Undefined
Unmatched parenthesis
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