VY Zero Order

;> restart;with( DEtools ) :with( plots ):with (linalg):
> ode_1l:=diff(ca(t),t)=-k_1l;ode 2:=diff(cb(t),t)=(k_1);

—d _
ode 1I: dr ca(t)=-k 1

ode 2= % ch(t) =k 1 (1.1)

> dsolve({ode_1,ca(0)=cal},ca(t));
ca(t)=-k _1t+cal
> dsolve({ode 2,cb(0)=cb0},cb(t));
ch(t)=k 1t+ch0
> sol:= dsolve({ode 1,ca(0)=cal,ode 2,cb(0)=cb0},{ca(t),cb(t)})
sol .= {ca(t) =-k 1t+ca0,cb(t) =k It+cb0}
> k 1l:=1l:nsol := dsolve({ode 1l,ca(0)=1,ode 2,cb(0)=0}, type=
numeric, output=listprocedure) ;#assign(nsol) ;f:=eval(ca(t),
sol) ;£ (t=1);

nsol .= [t=proc(¢) ... end proc, ca(t) =proc(¢) ... end proc, ch(t) =proc(t)
end proc ]
> nsol(l);
[£(1) =1, ca(t) (1) =6.93889390390723 107'® ch(z) (1) =1.] (1.2)

=> odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..1,1labels=[t,c],legend=
[c_A,c_B],thickness=3);




>

¥ Prvniho radu A ->B

restart;with( DEtools ) :with( plots ):with (linalg):

ode 1:=diff(ca(t),t)=-k_l*ca(t);

_d _
ode 1: & ca(t) k 1ca(t)
ode 2:=diff (cb(t),t)=(k_1)*ca(t);

ode 2 = f%—cb(ﬂ==k;lca(ﬂ

dsolve ({ode_1,ca(0)=cal},ca(t));
ca(ﬂ==ca06_k-
dsolve({ode_2,cb(0)=cb0},cb(t));

1t



t

ch(t) :j k ITca(_zIl)d zI+cb0
0

dsolve ({ode_1,ca(0)=cal,ode_2,cb(0)=cb0}, {ca(t),cb(t)})

=> sol:

sol = {cal(t) =cal e_k—“, ch(t) = -cal e 14 ca0 + b0}

=>k_1:=1:nsol := dsolve({ode_1,ca(0)=1,ode 2,cb(0)=0}, type=
numeric, output=listprocedure) ;#assign(nsol) ;f:=eval(ca(t),
sol) ;£(t=1) ;

nsol .= [t=proc(t) ... end proc, ca(t) =proc(¢) ... end proc, cb(t) =proc(?)

end proc |

*> nsol(l);

i [t(1)=1.,ca(t)(1)=0.367879361988637, cb(t)(1)=0.632120638011363 ] 2.1
> odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..5,1labels=[t,c], legend=
[a,b],thickness=3) ;

1




¥ Reakce druheho radu 2A->B
;> restart;with( DEtools ) :with( plots ):with (linalg ):
> ode 1l:=diff(ca(t),t)=-k _1*(ca(t))"2;

_d _
ode 1I: dr ca(t) k Ica(t)

> ode 2:=diff(cb(t),t)=(k_1)*(ca(t))"2;
ode 2 := d ch(t) =k Ica(t)

2

2

dt
[ > dsolve({ode 1,ca(0)=cal},ca(t));
Ca(t) =L
1 +k 1tcal

> dsolve({ode_2,cb(0)=cal},cb(t))
t

ch(1) =J k 1ca( z1)*d zI + cad
0
> dsolve({ode_1,ca(0)=cal,ode_2,cb(0)=cb0},{ca(t),cb(t)});

|ca(t) Z%,cb(t) = —% ~+ cal + cb0
k1t+— k1t+——

i e cal e cal

[> k 1:=1:nsol := dsolve({ode_1,ca(0)=1,ode_2,cb(0)=0}, type=

numeric) ;
nsol .= proc(x_rkf45) ... end proc

> odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..80,1labels=[t,c],6 legend=
[a,b],thickness=3) ;




b

a

¥ Reakce druheho radu A+B->C
;> restart;with( DEtools ):with( plots ):with (linalg ):
> ode_ 1:=diff(ca(t),t)=-k_1*(ca(t))*(cb(t)):

ode 1 := % ca(t)=-k Ica(t)ch(t)

=> ode 2:=diff(cb(t),t)=-k_1*(ca(t))*(cb(t)):
ode 2 := % chb(t)=-k Ica(t)chb(t)

=> ode 3:=diff (cc(t),t)=k_1*(ca(t))*(cb(t)):

ode 3 := % cc(t) =k 1ca(t) cb(t) “.1)

[> dsolve({ode_1,ca(0)=cal},ca(t));
t
l (=k 1cb(_zl)) d zI
ca(t) =cale 0

=> dsolve ({ode_2,cb(0)=cal},cb(t));




t
l(-hum;n)gd

cb(t) =cal el

=> dsolve ({ode_1,ca(0)=cal,ode_2,cb(0)=cb0,ode _3,cc(0)=cc0}, {ca
(t) ,cb(t) ,cc(t)});

cal
(ln( b0k 1 ) + 2111:_ZZ~] (=cb0k 1+ k_1ca0)

2 - —_
ca(t) = ((eln_Z]~) et( cb0k_1+ k_1ca0) e k_1(-cb0+ ca0) (-cb0 k_]

+k_1 caO)] [-1

cal
(ln( b0k 1 ) + 211t722~) (=cb0k_1+k_1ca0)

Yk of (~ebOk_I +k_Ical) k_I(=cb0+ ca0) , ch(1)

2 epok s

cal
(m[ ok j + 2111:_ZZ~) (~cb0k_I + k_I cal) J [
+k_] Ca0)2 et(—cbOk_I +k_1ca0) e k_1(-cb0 + cal) »




20)

b0k _1

cal
(ln( b0k 1 ) + 211t722~) (=cb0k_1+k_1ca0)

+ k_] et (=cb0k_1+k_1ca0) e k_1(-cb0+ ca0)

=> k 1:=1:nsol

2
(m( - cal ) + 21n722~) (-cb0k 1+ k_Ica0)
"~ k_1(-ch0+ ca0) (

-1

+ k_] et (=cb0k 1+ k 1ca0) e k_1(-cb0+ ca0)

t(-cb0k_1+k _Ica0)

[k_] (eITC*ZJN)2 e

[ ( ITciZ]~)2 t(-chb0k I+ k _1cal) k_1(-¢cb0++ cal)
- € € €

+ k_] et (=cb0k_1 + k_1Ica0) e k_1(-cb0+ ca0)

cal
[ln[ b0k 1 j + 211t722~) (=cb0k 1+ k 1ca0)

cal
(ln( b0k 1 ) + 21n722~) (-cbO0k_1+ k_Ica0)

0, k_1(-cb0+ ca0) (-chOk 1

+k 1ca0) ], ce(t) =

cal
[ln[ b0k 1 ) + 21n722~) (=cb0k_1+k_1ca0)

(-ch0k I

+k 1 caO)] [—1

cal
(ln( b0k 1 j + 211‘c_Z2~) (=cb0k 1+ k_1ca0)

} + cal + cc0

. := dsolve({ode_1,ca(0)=1,ode 2,cb(0)=.1,0de 3,cc
(0)=0}, type=numeric);

nsol .= proc(x_rkf45) ... end proc

=>odeplot(nsol,[[t,ca(t)],[t,cb(t)],[t,cc(t)]],0..80,labels=[t,
c] ,legend=[a,b,c], thickness=3) ;
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V¥ Srovnani prvniho a druhého adu
;> restart;with( DEtools ) :with( plots ):with (linalg):
> ode 1l:=diff(ca(t),t)=-k l*ca(t);

_d _
ode 1: & ca(t) k 1ca(t)
> ode 2:=diff(cb(t),t)=-(k_1)*(cb(t))*2;

ode 2 = % ch(t)=-k 1 cb(t)2

> dsolve({ode 1,ca(0)=cal},ca(t));
- _ -k
ca(t) =cale -

> dsolve({ode 2,cb(0)=cb0},cb(t));

B cb0
OO =Tk 110

> sol:= dsolve({ode_1,ca(0)=cal,ode_2,cb(0)=cb0},{ca(t),cb(t)})

4

It




\ 4

-k It 1

sol:= |ca(t) =cale ,ch(t) =

1
k1t+——
- +cb0

> k 1:=1log(2):nsol := dsolve({ode 1,ca(0)=1l,ode 2,cb(0)=1},
type=numeric, output=listprocedure) ;#assign(nsol) ;f:=eval (ca
(t), sol);f(t=1);

nsol .= [t=proc(t) ... end proc, ca(t) =proc(¢) ... end proc, cb(t) =proc(?)

end proc |
[ > %nsol(1);

i %nsol (1) 5.1)
> odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..5,1labels=[t,c], legend=

[prvniho,druhého] , thickness=3) ;
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prviniho druhého

Paralelni reakce A->B,A->C

|:> restart;with( DEtools ) :with( plots ):with (linalg ):
|7> ode 1:=diff(ca(t),t)=-(k_1l+k_2)*ca(t):



ode 1 := % ca(t)=-(k 1 +k 2)ca(t)

> ode 2:=diff(cb(t),t)=(k_1)*ca(t);

_d _
I ode 2 : s ch(t) =k 1ca(t)
[ > ode_3:=diff (cc(t),t)=(k_2)*ca(t);

_d _
ode 3: & cc(t) =k 2ca(t)

=> dsolve ({ode_1,ca(0)=cal,ode_2,cb(0)=cb0,ode_3,cc(0)=ccO}, {ca
(t) ,cb(t) ,cc(t) });

~(k1+k2)t
— -(k_1+k2)t _ _k lcale
catn) Zeabe <Pty k 1+k2
L K lca0+chOk 1+cb0k2 o\ k 2cage” !
k_1+k2 ’ k_1+k2
I k 2cal+ccOk 1 +ccOk 2 }
k_1+k_2

> dsolve({ode 2,cb(0)=cb0},cb(t));
t
ch(t) :j k Ica(_zI)d zI+cb0
0
> k_1:=1.8:k_2:=2:nsol := dsolve({ode_1,ca(0)=1,ode_2,cb(0)=0,
ode 3,cc(0)=0}, type=numeric);
nsol .= proc(x_rkf45) ... end proc

> odeplot(nsol,[[t,ca(t)],[t,cb(t)],[t,cc(t)]],0..2,1abels=[t,
c] ,legend=[a,b,c], thickness=3) ;




V¥ Nasledne reakce
;> restart;with( DEtools ) :with( plots ):with (linalg):
> ode 1l:=diff(ca(t),t)=-k _l*ca(t);

ode 1 := % ca(t)=-k_Ica(t)

(> ode 2:=diff(cb(t),t)=k l*ca(t)-k_2%cb(t);

ode 2 := % chb(t) =k lca(t) —k 2cb(t)

> ode 3:=diff (cc(t),t)=k 2*cb(t);

ode 3 := % cc(t) =k 2cb(t)

=> dsolve({ode_1,ca(0)=cal},ca(t))
_ -k

i ca(t) =cale -

[ > dsolve({ode 2,cb(0)=cb0},cb(t));

It

t
ch(t) = ([ k 1ca( zI) k2 d zI +¢b0 e k2t
70




> dsolve({ode_3,cc(0)=cc0},cc(t));
t
cc(t) :J k 2¢b(_zI)d zI +ccO
0
[> dsolve ({ode_1,ca(0)=cal,ode_2,cb(0)=cb0,ode 3,cc(0)=cc0O0}, {ca
(t) ,cb(t) ,cc(t)});

_ -k It _ 1 (-k2cb0+k 1ca0+cbOk 1)k 1
ca(t) =cale ,ch(t) k1 —k 2 (( k1—k2
(-k 2¢b0+k LcaD+chbOk 1)k 2\ -k 20\ k Ica0e ™"
+ R )
k1—k2 k 1—k2
1 Yy e X2 (-k 2cb0+k 1ca0+chOk 1)k 1
- | e "ok 2—
k 1—k2 - k 1—k2
-k 2t ,
+ = (ck 2¢b0 +k Ical +cbOk 1) k 2 + (cc0 + ca0 + cb0) k 1 — (ccO+ cal
k1—k2
+¢ch0) k_Z)}

=> k 1:=1:k 2:=5:nsol := dsolve({ode 1,ca(0)=1,ode 2,cb(0)=0,
ode 3,cc(0)=0}, type=numeric);

nsol := proc(x_rkf45) ... end proc
> odeplot(nsol,[[t,ca(t)],[t,cb(t)],[t,cc(t)]],0..5,1abels=[t,
c] ,legend=[a,b,c], thickness=3) ;




\ 4

>

Vratna reakce A <--> B
|:> restart;with( DEtools ) :with( plots ):with (linalg):

(> ode_1:=diff(ca(t),t)=-k_l*ca(t)+k 2*cb(t);

ode 1 := % ca(t)=-k Ilca(t) +k 2cb(t)

[> ode 2:=diff (cb(t),t)=(k_1)*ca(t)-k 2*cb(t);

ode 2 := % ch(t)=k 1ca(t) —k 2cbh(t)

=> dsolve({ode_1,ca(0)=cal},ca(t))
t

ca(t) = [ J k 2eb( z1) 11 d 21+ ca0 | e
0

[> dsolve({ode 2,cb(0)=cb0},cb(t));




\ 4

1
cb(t)==(J‘k_Ica(_Z])ekj—zld_zlﬁ—cbo e k2t

0
=>-dsolve({ode_l,ca(0)=ca0,ode_2,cb(0)=cb0},{ca(t),cb(t)});

calt) = K2 (cb0+cat) | (k 1cal =k 2cb0) e ST eh(t) =
k_1+k 2 k_1+k_2 ’
_ Uk Tca0 —k 2¢b0) ! HTEDY k1 (cb0 + ca0) ]
k 1+k 2 k 1+k 2

=>k_1:=5:k_2:=4:nsol := dsolve({ode_1,ca(0)=1,ode 2,cb(0)=.5},
type=numeric) ;
nsol := proc(x_rkf45) ... end proc
_>'odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..1,labels=[t,c],legend=
[a,b],thickness=3) ;

1.0

>

4

eSeni vyuzivajici piblizeni

YReakce druheho adu A+B->C, pevedena na pseudoprvni ad



restart;with( DEtools ) :with( plots ) :with (linalg ):
ode l:=diff(ca(t),t)=-k_1*(ca(t))*(cb(t));

ode I := % ca(t)=-k Ica(t) cb(t)

> ode 2:=diff (cb(t),t)=-k_1*(ca(t))*(cb(t)):
ode 2 := % cb(t) =-k_1ca(t) cb(t)

> ode_ 3:=diff(cc(t),t)=k _1l*(ca(t))*(cb(t));

ode 3 := % cc(t) =k 1ca(t) cb(t) 9.1.1)

> dsolve({ode_1,ca(0)=cal},ca(t));
¢
' (=k Icb(_zI1)) d z1
ca(t) =cal e?
> dsolve({ode 2,cb(0)=cal},cb(t));
t
(=k lca( zl)) d zl
ch(t) —ca0e’
> dsolve({ode 1,ca(0)=cal,ode 2,cb(0)=cb0,ode_3,cc(0)=ccO},
{ca(t) ,cb(t) ,cc(t)});

cal
(1n( T ) + 211‘5_22~) (=cb0k 1+ k _1ca0)

2 - —_
) _ [ (eITc_ZI ) et( cb0k 1+ k_1ca0) e k_1(-cb0+ cal) (

ca(t

-cb0k 1 +k Ica0) ] /[—1

cal
(ln( b0k 1 j +21n722~] (—cb0k_1 + k_1Ica0)

+ k_] et(—cbOkfI +k_1ca0) e k_1(-cb0++ cal) ’ Cb(l‘) —



cal)

Gl

2
(e"™#7)" (-cb0k 1

G

cal
ch0k 1

) +2 IniZZ~j (=cb0k_1+k_1ca0)

+ k_l ca0)2 et(—cb0k71 +k_1cal) e

Gl

cal
ch0k 1

/L.

k_1(-cb0++ cal)

) +2 1n722~j (-cb0k 1+ k Ica)

+ k_l et(—cbOkil +k_1ca0) e

cal
chb0k 1

) +2 IanZ~J (-cb0k 1+ k Ical)

2

k_1(-cb0+ cal)

Gl

|

cal
ch0k 1

k_1(-cb0+ cal)

.

) +2 I1r,_22~j (-cb0k 1+ k_Ical)

|

)

+ k_] ez‘(—cbOk_I + k_Ical e

[k J (eln721~)2 of (~ebOk 1+ I ca0)

-cb0k 1 +k Ica0) ], cc(t)

2

B [ (™ 217)" ¢

t(-cb0k_1+k Ica

k_1(-cb0+ cal)

cal
chb0k 1

Gl

) +2 IanZ~J (-cb0k 1+ k Ica)

0
€

(m

k_1(-cb0+ cal)

cal
chOk 1

(

) +2 In_22~j (-cb0k 1+ k_Ical)

0)e

k_1(-cb0+ ca0) (-ch0k I



o)/ L

+k 1 ez‘(—cbOk_I + k_1ca0)

cal
(ln( b0k 1 ) + 2I1t_ZZ~) (=cb0k 1+ k _1ca0)

0 e k_1(-cb0+ ca0) + cal + cc0

=>-k_1:=1:nsol := dsolve({ode_1,ca(0)=1,ode 2,cb(0)=100,0de_3,
cc(0)=0}, type=numeric):;

nsol .= proc(x_rkf45) ... end proc
_>-odeplot(nsol,[[t,ca(t)],[t,cb(t)],[t,cc(t)]],0..0.1,labels=
[t,c],legend=[a,b,c], thickness=3);
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=>-odeplot(nsol,[[t,ca(t)]],0..0.1,1abels=[t,c],1egend=[a],
thickness=3) ;




0.8
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a

=>-odeplot(nsol,[[t,cb(t)]],O..0.1,1abels=[t,c],1egend=[b],
thickness=3,color=[green]) ;
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