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 1,ca(0)=1,ode 2,cb(0)=0}, type=
numeric, output=listprocedure) ;#assign(nsol) ;f:=eval(ca(t),

sol) ; f(t=1);
nsol .= [t=proc(¢) ... end proc, ca(t) =proc(¢) ... end proc, ch(t) =proc(t)
end proc ]
> nsol (1) ;
[£(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);




—c 4 = ¢ B

V¥ Prvniho radu A ->B

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

ode 1:=diff(ca(t),t)=-k_1l*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
[> sol:= dsolve({ode_1,ca(0)=cal,ode_2,cb(0)=cb0},{ca(t),cb(t)});
solF={ca(ﬂ==ca06_kjﬁciwt)==—caOe_kjt4—ca0—%cb0}

>k 1l:=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(1);
[¢(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) ;
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¥ Reakce druheho radu 2A->B
;> restart;with( DEtools ) :with( plots ):with (linalg ):
> ode 1l:=diff(ca(t),t)=-k 1*(ca(t))"2;
ode 1 := % ca(t)=-k Ica(t)
> ode_2:=diff(cb(t),t)=(k_1)*(ca(t))"2;
ode 2 := % ch(t) =k Ica(t)
> 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) = é, ch(t) = - S ~+ cal + cb0

2

2

1 1
k1t+— k1t+——
e cal e cal
>k 1l:=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],legend=
[a,b],thickness=3) ;




¥ Reakce druheho radu A+B->C
:> restart;with( DEtools ) :with( plots ):with (linalg ):
> ode 1l:=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_1l*(ca(t))*(cb(t));

ode 3 := % cc(t) =k 1ca(t) cb(t) “.1)

> dsolve ({ode 1,ca(0)=cal},ca(t));

it
l (=k 1cb(_zl)) d zI

ca(t) =cal e?

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



t
l(-hjam;n)QJI

cb(t) =cal el

=> dsolve ({ode_1,ca(0)=cal0,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 ] ) + 21n_Z2~) (~ch0k_I + k_I cal) ] [
+ k_] caO) 2 et(—cbOk_I + k_1Ica0) e k_1(-cb0+ cal) »




‘al)

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

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

> k

[ =% ) L otn z2-) (~ch0k 1+ k Ican) ?
chOk 1 = COUR_ITR_LC
k_1(-cb0++ cal)
—~ -1
(=% ) Lotn 722~ (~ch0k 1+ k Icad
b0k 1 22= | (=ebOk I+ k_Ical)
+ k_] et(—cbOkf] +k_1ca0) e k_1(-cb0+ ca0)

[m( _ca0 ) +2 1n722~) (-cbOk_I +k_1ca0)

cbOk 1
2 _
[k_] (eITLZ]~) et (-cb0k_1+k _1ca0) e k_1(-cb0+ cal) (-ebOk 1
4—k_]ca0)],cc(g =
[m[ 0;0“: ; ) +2 1n722~) (-cb0k_1 +k_I cal)
- ( eIanJN)Z of (~chOK 1 +k Tcat) ~ k_I(-cb0+ cal) b0k 1

-+k_]ca0)] [—1

(m[ % j +2 I1t_22~) (-cbOk I +k 1ca0)
Tk ] et(—cbOk_I +k_lcal) B k_1(-cb0 + ca0) + cal + cc0
_1:=1:nsol := 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..80,1labels=[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
1= — =-k 1
ode & ca(t) k 1ca(t)

> ode 2:=diff (cb(t),t)=-1%(k_1)*(cb(t))"2;

ode 2 = % ch(t) = -In(2) cb(1)*

> dsolve ({ode 1,ca(0)=cal},ca(t));
i ca(t) =ca0?2”’
[> dsolve ({ode_2,cb(0)=cb0},cb(t));

B cb0
D) = T n(2) 1eb0

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




1

sol = Ca(l‘) =ca02_t, Cb(t) = 1
In(2) ¢t + b0

> k 1:=1log(2):nsol := dsolve({ode 1,ca(0)=10,ode 2,cb(0)=10},
type=numeric, output=listprocedure) ;#assign(nsol) ;f:=eval (ca
(t), sol) ;f(t=1);

nsol :== [t=proc(¢) ... end proc, ca(t) =proc(¢) ... end proc, ch(t) =proc(t)

end proc |
B $nsol (1) ;
nsol(1) 5.1

=> odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..5,1labels=[t,c], color=
["Red","Green"] ,axis=[gridlines=[5, thickness=0,color=gray]
] ,1legend=[prvniho,druhého] , thickness=3) ;

10

druheho

=> restart;a:=0.1;t:=1;k:=log(2) ;prv:=a*exp(-k*t) ;evalf (%) ;druh:=
a/ (1+2*a*k*t) ;evalf (%) ;

prvniho

a:=0.1
ti=1
k=1In(2)




prv = 0.05000000000
0.05000000000
0.1
02In(2) +1
0.08782488564 (5.2)

> restart;t:=10;k:=log(2) ;a*exp (-k*t)=a/ (1+1l*a*k*t) ;solve(%,a);1/
(2*1log(2)) ;evalf (%) ;

druh =

=10
k= 1In(2)
a a
1024  10aln(2) +1
1023
> 10 In(2)
1
21n(2)
0.7213475205 (5.3)

V¥ Paralelni reakce A->B,A->C

;> restart;with( DEtools ) :with( plots ):with (linalg ):
> ode 1l:=diff(ca(t),t)=-(k_1+k_2)*ca(t);

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

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

[> ode 3:=diff(cc(t),t)=(k_2)*ca(t);

_ d _
ode 3 = d&r ce(t) =k 2ca(t)

=> dsolve({ode_1,ca(0)=cal,ode_2,cb(0)=cb0,ode_3,cc(0)=cc0}, {ca
(t) ,cb(t) ,cc(t)});

~(k1+k2)t
— -(k_I1+k2)t _ _k lcale
catn) Zeabe <Pty k 1+k2
L K lca0+chOk 1+cb0k2 0 k 2cage” !
k_1+k2 ’ k1+k2
I k 2cal+ccOk 1+ccOk 2 }
k_1+k_2

=> dsolve({ode 2,cb(0)=cb0},cb(t));
t
ch(t) = [ k Ica( zI)d zI+cb0
70
> k 1:=5:k 2:=7:nsol := dsolve({ode 1,ca(0)=.001,o0de 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..6e-1,1labels=[t,
c] ,legend=[a,b,c], thickness=3) ;
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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 := f%—cb(ﬂ==k_lca(t)——k_ZCb(ﬂ

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

It




ch(t) = (th_l ca(_zI) k2 d zI1 4+ chb0 e k2t
=> dsolve ({ode_3,cc (0)icc0} ,cc(t));

cc(t) = [tk_Z cb(_zI)d zI +ccO

=> dsolve({ode_l,ca(0)=ca0;;de_2,cb(0)=cb0,ode_3,cc(0)=cc0},{ca
(t) ,cb(t) ,cc(t)});

It

ca(t) =cal e k- ,ch(t)

_ 1 (( (-k 2cb0+k 1cal+cb0k 1)k 1
k 1—k 2 k1—k2

(k. 2c¢h0+k 1 ca0+chOk 1)k 2 ) e_kzt) _ k_lcape ™!
k 1—k2 k 1—k 2

e 2 (“k 2¢b0+k 1ca0~+chbOk 1)k I
k1—k2

, cc(t)
R S
k 1—k2

e "2k 2ebO+k Ica0+chOk 1)k 2
k1—k2

(e_k—“ calk 2 —

+ + (cc0 + cal + cb0) k 1 — (ccO + cal

+ cb0) k_2)]

=> k 1:=1:k 2:=50:ns0l := 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, ],
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_1*(ca(t))+k 2*cb(t);

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

> ode 2:=diff (cb(t),t)=(k_1)*ca(t)-k_2%cb(t);

ode 2 = % cb(t) =k 1ca(t) —k 2ch(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));




t
cb(t)==["k_lca(_z])ekj—zld_zlﬁ—cbo

70
B dsolve({ode_1,ca(0)=cal,ode_2,cb(0)=cb0},{ca(t),cb(t)});

-k 2t
e

k 2 (ca0 + cb0) (k 1ca0 —k 2cb0) e KL TED?

cal)==— T k2 EYE > cblt) =
(k_1ca0—k 2¢b0) e "' 2"k 2k 2 (ca+ch0) k_1
) k_1+k2 k_1+k2
k_2

=> k 1:=50:k _2:=5:nsol := dsolve({ode_1,ca(0)=0.001,o0de 2,cb(0)=0}
, type=numeric) ;
nsol := proc(x_rkf45) ... end proc
> odeplot(nsol,[[t,ca(t)],[t,cb(t)]],0..2e-1,1labels=[t,c],6 legend=
[a,b],thickness=3) ;
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Y Vratna reakce 2A <--> B



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

ode 1:=diff(ca(t),t)=-k_1*(ca(t))"2+k_2*cb(t);

ode 1 = % ca(t)=-k 1 ca(t)2+k_2 ch (1)

ode 2:=diff(cb(t),t)=(k_1)*(ca(t))”*2-k _2*cb(t);

ode 2 := % eb(t) =k 1 ca(t)* —k 2 ch(t)

dsolve({ode 1,ca(0)=cal},ca(t))
dsolve({ode_2,cb(0)=cb0},cb(t))

t
ch(t) = (J k_lca(_z])zekj‘zld_zl-%cbO e K21

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

ca(t) = —— ( % (tanh( (((41m_z1~+2Wn(RootOf ((calP k 1> —cb0k 1k 2) 7
+(2calPk I*+4ca0k 1k 2+2cb0k 1k 2+k 2*) Z+cal’ k_I*
— b0k 1k 2))) RootOf ((ca0’ k 1P —cbOk 1k 2) Z'+ (2 cal’k I
Y deaOk 1k 24+2cb0k 1k 2+k 22) 2 +calPk I*—chOk 1k 2)°
—41n_ZI~—2In(RootOf ((calP k I* —cbOk 1k 2) Z'+ (2 cat’ k_I?

+4caOk 1k 2+2cb0k 1k 2+k 2*) Z24calk I*—cb0k 1k 2)))



VaJk 2 (4calk 1+4cb0k 1 +k 2) )/ (4 (2 RootOf ((cat® k12

— b0k 1k 2) Z'4+(2calPk P+4ca0k 1k 2+2cb0k 1k 2+k 2*) 7

2
+calPk P —cb0k 1k 2)" caOk I+ RootOf ((ca0’ k 1> —cbOk 1k 2) 2

+(2calPk P+4ca0k 1k 2+2cb0k 1k 2+k 2*) Z'+cal0’k I

2
— b0k 1k 2) k2+2ca0k 1+k2))

N tNa Jk 2 (dcalk 1+4chb0k 1 +k 2) J
4

Va4 k2 (4caOk 1+4cb0k 1+k 2) ) —k_Z),cb(t) =

1 1
Ak Ik 2 (tanh( i (V# vk 2 (Gcatk T+4cbok 1+k2) (((41n_zi~

+ 2 In(RootOf ((calP k 1> —cbOk 1k 2) Z'+(2calPk I*+4caOk 1k 2
+2cb0k 1k 2+k2*) Z+calk P —cb0k 1k 2))) RootOf ((ca0® k_I*
— b0k 1k 2) Z'+ (2calPk P+4ca0k 1k 2+2cb0k 1k 2+k 2*) 7
VcalPk P —cb0k 1k 2)° —41n_Zi~—2 n(RootOf ((cat® k_I*

—cb0k 1k 2) Z'4+ (2cal’k I*+4caOk 1k 2+2cb0k 1k 2+k 2*) 7
tealk P —chb0k 1k 2))) / (2 RootOF ((calP k 1> —cb0k 1k 2) 2
+(2calPk P+4ca0k 1k 2+2cb0k 1k 2+k 2*) Z2+calPk I



— b0k 1k 2)" ca0k 1+ RootOf ((caPk 1 —cbOk 1k 2) 7

+(2calPk P+4ca0k 1k 24+2cb0k 1k 2+k 2*) Z+ca0’k I

b0k Tk 2) k24 2ca0k 14k 2) +1)))

JEE 2 (4ca0k T T b0k TTE2) k 2—k 2 (4ca0k I +4chOk [ +k 2)

2}

=> k 1:=2:k 2:=5:nsol := dsolve({ode 1,ca(0)=1,ode_2,cb(0)=1},
type=numeric) ;

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

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

1.3 7
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r

Y eSeni vyuzivajici piblizeni

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

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



ode 1l:=diff(ca(t),t)=-k_1*(ca(t))*(cb(t)):’
ode 1 := % ca(t) =-k _1ca(t) cb(t)
ode 2:=diff (cb(t),t)=-k_1*(ca(t))*(cb(t)):
ode 2 := % chb(t) =~k Ica(t) cb(t)
ode 3:=diff (cc(t),t)=k_1l*(ca(t))*(cb(t)):
ode 3 := % cc(t) =k 1ca(t) cb(t) (10.1.1)
> dsolve({ode_1,ca(0)=cal},ca(t));
't
' (=k Icb(_zIl)) d zI
ca(t) —cale’
> dsolve({ode_2,cb(0)=cal},cb(t));
t
' (=k Ica(_zIl)) d zI
ch(t) =cal e?
> dsolve({ode_1,ca(0)=cal,ode 2,cb(0)=cb0,ode 3,cc(0)=cc0}, {ca
(t) ,cb(t) ,cc(t) });

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

N2 (- .
ca(t) = [(eInZ] ) et( cb0k_1+k_1ca0) e k_1(-cb0+ ca0) (

-cb0k 1 +k Ica0) ] /[—1

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

Y of (~cbOk_I +k_Ical) k_1(~cb0+ cal) ,ch(t) =



-~ 1 cal

i

2
[ V(™2 (~ebo ki

+k 1 ca0) 2 Jt(=cbOk 1 +k_Ical)

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

k_1(-cb0 + ca0)

(ln( cal)
cb0k_1
+k I of (~ebOk_1 +k_lcal)
cal 2
cb0k_1

k_1(-cb0+ cal)

Gl

) +2 ITLZZ~) (~cb0k_I + k_I ca0) J

cal
ch0k 1

) +2 1ﬂ722~j (-cbOk I+ k_Ica0)
k_1(-cb0+ cal)

.

) +2 1”_22~j (~cbOk_1 + k_I cal)

4 ] o (CebOK I+ K Teal)

[k ] (eln—Z]N)z et(—cbOkJ + k_1ca0)

k_1(-cb0+ ca0)

cal
(1n( b0k 1 ) +2171:722~j (-cb0k_I+k_1ca0)

0
€

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

2

_ [(eln_21~) R

t(-cb0k_1+k_Ica

(1

k_1(-cb0+ ca0) (

cal
( cbOk 1 ) +2 1“_22~j (-cbOk_I + k_I ca0)

0)e

k_1(-cb0+ cal) ( b0k I



o)/ L

k]! (TebOR I Fh T cal) o + cal + cc0

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

cal
(ln( b0k 1 ) + 217t_22~j (=cb0k 1+ k _1ca0)

k_1(-cb0+ ca0)

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

100

80

60

40-

201

() P
0 0.02 0.04 0.06 0.08 0.10
t

b

=> odeplot(nsol,[[t,ca(t)]],0..0.1,1abels=[t,c],legend=[a],
thickness=3) ;
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t

a

=> odeplot(nsol,[[t,cb(t)]],0..0.1,1abels=[t,c],legend=[b],
thickness=3,color=[green]) ;
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