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The equations of chemical kinetics

In general, an ensemble of n chemical reactions is represented by the following
diagram,

Vi1A1+“.+V' Am _)’? /’lilAl+.“+ll'limAm (1)

m

where i =1,...,n. The Aj , j=1,...,m, represent the chemical substances in the form
of a chemical symbol, as for example, A =H,0. The constants V; and f; are the

stoichiometric coefficients, in general, non-negative integers. The constants 7 are the

rate constants. In the diagram (1), there are m chemical substances and n rate
constants or chemical reactions.

Under the hypothesis of homogeneity of the solution where reactions occur, the mass
action law asserts that the time evolution of the concentrations of the chemical
substances is described by the system of ordinary differential equations,

dA
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where j=1,...,m, and we use the same symbol to represent both the chemical

substance and its concentration.

One of the important issues associated with the deterministic equation (2) is that it is
derived under the hypothesis of the Brownian motion of the substances in solution,
and the well mixing of all the chemicals in solution. All the kinetics aspects related
with the dependence of the velocity of reaction on the temperature or pressure are

contained in the rate constants r.

The equations (2) can also be written in the matrix form,
A
d— =T'w(A) 3)
dt

where ' is a nxm matrix, A" =(A,,...,A, ), and,
O (A)= (G, =V A A, =V, YA A7)
In general, n#m, and the equations in system (2) are not all independent. Let us

denote by r the rank of the matrix I". The dimension of the null space of I' relates
with its rank by, dim(Null(I'))+r=m (number of columnsof I'). Let v,...,v,  bea

> m-r

basis of the Null space of I', then, I'v, =0, for k=1,...,m—r. So, by (3), we have,

dA d
E.vk = E(A.vk) =Tw)v,=w.(Iv,)=0 4)
Hence, associated to the differential equations (2), we have m— r conservation laws,

Ay, =cons (5)

where, k=1,....m—r.
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The Mathematica software package Kinetics.m calculates the differential equations
(2), describing the time evolution of the concentrations of several chemical reactions
given in the form (1), together with the corresponding conservations laws (5).

The input of the package is the ensemble of chemical reactions, and the output of the
package is the set of differential equations derived by the mass action law. The output
can be later analyzed and studied by the analytical and numerical tools provided by
Mathematica. In order to avoid long development times, the names of the rate
constants are chosen automatically by the program.

The package Kinetics.m has a sequence of help commands, and we provide the
Mathematica notebook KineticsTest.nb with several self-explanatory examples and
computations.

Besides the standard chemical kinetics usage, where transitions are considered left-to-
right (=), we have added the possibility of introducing double direction transitions
(). We have also considered the open reactor case, where some chemical substances
are kept constant during time. For example, in the figure below, we show the input of
the Michaelis-Menten enzymatic mechanisms, the graphical representation of the
reactions, and the equations for the study of the time evolution of the concentrations.
The symbol “$” indicates that the concentration of C1 is kept constant along time
(open reactor case).

Input: reactions = {E1+ S1 & Cl$, C1$ - E1 + P};

k1
El1+S1 = C1$
k_1

Display:
C1$ 2 E1+P

E1'[t] =Clk.;-EL[t] S1[t] ky+Clk,
P'[t] =Clk,

51'[t] =Clk;-El[t]S1l[t]k
Output t] 1 -EL[t] S1[t] ks

Conservation Laws:

_E1[t] +P[t] +S1[t]
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of thedirectorieslistedinthe Mat hemati cacomrand $Pat h.

?Kinetics

Kinetics[reactions] calculates the differential equations describing the time evolution of the concentrations of several

chemical substances involved in a set of chemical reactions. The differential equations are obtained by the
mass action law, and the command Kinetics[reactions] returns a string with the differential equations.
The input to Kinetics[reactions] is a string. For example,
reactions={A+B - 2 D1, D1+H1 - R1+3%R3, A+S < D1}.
The program generates rate constants as global variables. The rate
constantes are denoted by k., where i is the ith reaction, in the input string.
Another feature of this package is to consider the cases where the concentration
of some chemical components are constant over time (open reactor reactions). For example, in the reactions,
reactions={A$+B —» 2 D1, D1+H1 - R1+3%R3}
the symbols $ indicates that the substance A must be treated as a constante
during the reaction, and therefore there will be no differential equation for A. If a substance
appears several times in the string reactions but it is marked only once with ths symbol $, all
the context where the substance appears will be treated as constant concentration substance.
The package Kinetics has eight commands:
Kinetics[reactions], ConservationLaws[reactions],
ReactionGraphs[reactions], SubstanceNames[reactions], SubstanceVariables[reactions],
SubstancelnitialConditions[reactions], ParameterNames[reactions], Parameterlnput[reactions].
Global variables for manipulation of parameters and initial conditions:
InitCond(i], ParlnputVarfi].

? Reacti onGraph

ReactionsGraph[reactions] displays the reactions with the corresponding rate constants.
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? Par anmet er Nanes

ParameterNames[reactions] returns a string with the name of the parameters in the reactions.
In order to facilitate the symbolic manipulation and the atribution of values, the first group
of parameters in the output string corresponds to the left—to-right reactions. The second
group of parameters corresponds to the rate constants of the right—to—left reactions. The

third group of parameters are the concentration of the substances for the open reactor cases.

? Par amet er | nput

Parameterinput[reactions] returns a string with the name of the parameters in the reactions, and a

set of global variables in order to assign parameter values. The global variables are ParlnputVarfi].

? Subst anceNanes

SubstanceNames|[reactions] returns a string with the name of the variables in the string reactions.

? Subst anceVari abl es

SubstanceVariables[reactions] returns a string with the name of the

variables in the string reactions, with the explicit temporal dependence ——— Name[t].

? Subst ancel ni ti al Condi ti ons

SubstancelnitialConditions[reactions] returns a string with the substance variables taken at time t=0, and a set

of global variables in order to assign externally initial conditions. The global variables are InitCondl[i].

? Conservati onLaws

ConservationLaws[reactions] returns a string with the conservation laws of the full set of reactionsreactions. In
the open reactor case, the concentration of the marked substances are constant over time, and the

characters representing these substances appear in the lists of conservation laws and parameters.
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testel={A+B - Cl, Cl+Dle E1+F1, A+Fl- D1, A +Cl & H1};
Reacti onGraph[testel]

Print [" Subst ances: "]

subst ancenanesl = Subst anceNanes [t est el]

subst ancevari abl es1 = Subst anceVari abl es[t est el]

subst ancei ni t condl = Subst ancel niti al Condi ti ons[testel]

Print ["Paraneters: "]
par 1l = Par anmet er Nanes [t est el]
par |l nput 1 = Paranet er| nput [testel]

Print ["Ti me evol ution Equations:"]
equationsl = Ki netics[testel] // Col um

Print ["Conservation Laws:"1;
consl = Conservati onLaws[testel] // Col um

A+B X a1

Cl+DL kk:» E1+F1
2

A+F1 X D1
A+Cl = H1
Subst ances:
(A, B, Cl, D1, E1, F1, H1}
(A[t], B[t], Cl[t], DL[t], E1[t], F1[t], HL[t]}

(A[0] = InitCond[1], B[O] == I nitCond[2], CL1[0] = I nitCond[3],
DL[0] = I nitCond[4], EL1[0] = I nitCond[5], FL[0] = I nitCond[6], HL[O] = I nitCond[7]}

Par anet ers:

{k1, K2, k3, ka, ka2, k_g}

{ky - Par |l nput Var [1], kz - Par | nput Var [2], k3 - Parl nput Var [3],
k4 — Par | nput Var [4], k., - Par | nput Var [5], k_4 » Parl nput Var [6]}

Ti me evol ution Equations:

ATt] =HL[t ] ks-A[t]B[t] ks —A[t]F1[t]ks-A[t]CL[t] ks

B[t] =-A[t]B[t]k;

Cl'[t] =HL[t] K4 +EL[t]FL[t] K o+A[t]B[t]ky-CL[t]DL[t]ks-A[t] CL[t] Ky
DL'[t] == EL[t ] FL[t]k-CL[t]DL[t]ky+A[t]FL[t]Kks

E1'[t] = -EL1[t ] F1[t ]k o+ CL[t ] DL[t] ks

F1'[t] = -EL[t]FL[t ]k +CL[t]DL[t] ks -A[t]F1[t]ks

HL'[t] = -HL[t ] k4 +A[t] CL[t] kg

Conservation Laws:

B[t] +CL[t] +EL[t] +HL[t]
“A[t] +2B[t] +CL[t] +F1[t]
A[t] -2B[t] -Cl[t] +D1[t]
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teste2 = {A$ +B - Cl, Cl+Dle El+F1, A$ +F1 - D1, A% +Cl & H1};
React i onGraph[t est e2]

Print [" Subst ances: "]

subst ancenanes2 = Subst anceNanes [t est e2]

subst ancevari abl es2 = Subst anceVari abl es[t est e2]

subst ancei ni t cond2 = Subst ancel ni ti al Condi ti ons[teste2]

Print ["Paraneters: "]
par 2 = Par anet er Nanmes [t est e2]
par | nput 2 = Par anet er | nput [t est e2]

Print ["Ti me evol ution Equations:"]
equations2 = Ki netics[teste2] // Col um

Print ["Conservation Laws:"1;
cons2 = Conservati onLaws[t est e2] // Col um

A +B X5 1

Cl+DL kk:» E1+F1
2

A$+F1 X% p1

A$+Cl = HL

Subst ances:
(B, C1, D1, E1, F1, H1}
(B[t], Ci[t], Di[t], E1[t], F1[t], H1[t]}

(B[O] == I nitCond[1], CL1[0] = I nitCond[2], DL[O] = I ni t Cond[3],
E1[0] = I nitCond[4], F1[0] = I nitCond[5], HL[O] = I ni t Cond[6]}

Par anet ers:
{k1, K2, K3, ka, koa, kg, A}

{ky - Par |l nput Var [1], kz - Par | nput Var [2], k3 - Parl nput Var [3],
k4 — Par | nput Var [4], k_o - Par | nput Var [5], k_4 » Parl nputVar [6], A - ParlnputVar [7]}

Ti me evol ution Equations:

[t] = -AB[t]ks

[t] =HL[t]k,4+EL[t]FL[t] Kk +AB[t]ky -CL[t]DL[t]k,-ACL[t] Ky
[t] =ELl[t]F1[t]k-CL[t]DL[t] ks +AFL[t]ks

[t]=-EL[t]FL[t] k. +CL[t]DL[t] ks

[t] =-EL[t]FL[t]k+CL[t]DL[t]k,-AFL[t]ks

[t] = -HIL[t]k,4+ACL[t] ks

B/
C1l’
D1’
E1’
F1’
H1’
Conservati on Laws:

B[t

[
D1
A

+CL[t

] ]+EL[t] + HL[t]
[t] +F1[t]
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(*M chaelis Menten 1 x)
teste3 = {E1 +S1 & C1, Cl -» E1 + P};
React i onGraph[t est e3]

Print [" Subst ances: "]

subst ancenanes3 = Subst anceNanes [t est €3]

subst ancevari abl es3 = Subst anceVari abl es[t est e3]

subst ancei ni t cond3 = Subst ancel ni ti al Condi ti ons[teste3]

Print ["Paraneters: "]
par 3 = Par anet er Nanmes [t est e3]
par | nput 3 = Par anet er | nput [t est e3]

Print ["Ti me evol ution Equations:"]
equations3 = Ki netics[teste3] // Col um

Print ["Conservation Laws:"1;
cons3 = Conservati onLaws[t est e3] // Col um

E1+S1 & C1

k1
k2
ClL S5 E1+P

Subst ances:
{Cl, E1, P, Sl1}

{CL{t], E1[t], P[t], S1[t]}

{C1[0] = InitCond[1], EL[0] =1InitCond[2], P[O] = InitCond[3], S1[0] ==InitCond[4]}
Par anet er s:
{k1, k2, k_1}

{ky - Parl nput Var [1], k, - Par | nput Var [2], k3 - Parl nput Var [3]}
Ti me evol ution Equati ons:

Cl'[t] == -CL[t] k. +EL[t]SL[t]ky-CL[t] ko
E1'[t] == CL[t] k., -EL[t]SL[t] ks +CL[t]k>
Pt] =Cl[t]ks

S1'[t] =CL[t]k.s-EL[t]SL[t] ks

Conservation Laws:

CL[t] +P[t] +S1[t]
ClLt] +ELl[t]
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(*M chaelis Menten 2 x)
teste4 = {E1 +Sl & C1$, C1$ - E1 + P};
React i onGr aph[t est e4]

Print [" Subst ances: "]

subst ancenanes4 = Subst anceNanes [t est e4]

subst ancevari abl es4 = Subst anceVari abl es[t est e4]

subst ancei ni t cond4 = Subst ancel ni ti al Condi ti ons[t este4]

Print ["Paraneters: "]
par 4 = Par anmet er Nanes [t est e4]
par | nput 4 = Par anet er | nput [t est e4]

Print ["Ti me evol ution Equations:"]
equations4 = Ki netics[teste4] // Col um

Print ["Conservation Laws:"1;
cons4 = Conservati onLaws[t est e4] // Col um

E1+S1 & c1$

1

c1s X% E1+P

Subst ances:

(E1, P, S1}

{EL[t], P[t], S1[t]}

{(E1[0] = InitCond[1], P[O] =InitCond[2], S1[0] =InitCond[3]}
Par anet er s:

{ki, ka2, kg, C1}

{k1 - Parl nput Var [1], k, - Par | nput Var [2], k3 - Par | nput Var [3], Cl - Par | nput Var [4]}
Ti me evol ution Equati ons:

E1'[t] == Clk. - EL[t] SL[t]ky+Clk,
P [t] == Clkp
S1'[t] =Clk.q -E1[t] S1[t] k;

Conservation Laws:

_EL[t] +P[t] +S1[t]
c1
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(*Brussel ator 1)
testeS = {A-> X B+X->Y+Dl, 2X+Y->3X X El};
React i onGraph[t est e5]

Print [" Subst ances: "]

subst ancenanes5 = Subst anceNanes [t est €5]

subst ancevari abl es5 = Subst anceVari abl es[t est e5]

subst ancei ni t cond5 = Subst ancel ni ti al Condi ti ons[teste5]

Print ["Paraneters: "]
par 5 = Par anmet er Nanes [t est e5]
par | nput 5 = Par anet er | nput [t est e5]

Print ["Ti me evol ution Equations:"]
equati ons5 = Ki netics[teste5] // Col um

Print ["Conservation Laws:"1;
cons5 = Conservati onLaws[t est e5] // Col um

AKX

B+X X2 DLav

2x+Y X 3x
ks
X X4 E1

Subst ances:
(A, B, D1, E1, X, Y}
{A[t], B[t], Di[t], EL[t], X[t], Y[t]}

(A[0] = InitCond[1], B[O] == I nitCond[2], D1[0] = I nit Cond[3],
E1[0] == I ni t Cond[4], X[0] == I nitCond[5], Y[O] == I nitCond[6]}

Par anet er s:
{k1, k2, K3, kg}
{ky - Parl nput Var [1], kz - Par | nput Var [2], ks - Parl nput Var [3], k4 - Parl nput Var [4]}

Ti me evol uti on Equati ons:

At] = -A[t] kg

B[t] == -B[t] ks X[t]

DL'[t] = B[t] ks X[t ]

E1 [t ] = kg X[t ]

X [t] =A[t]ky-B[t] ko X[t] -ksX[t]+kgX[t]2Y[t]
Y [t] =B[t]kyX[t] -ksX[t]2Y[t]

Conservation Laws:
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(*Brussel ator 2x)
teste6= {A$ > X, B +X->Y+Dl, 2X+Y 53X, X- El};
React i onGraph[t est e6]

Print [" Subst ances: "]

subst ancenanes6 = Subst anceNanes [t est e6]

subst ancevari abl es6 = Subst anceVari abl es[t est e6]

subst ancei ni t cond6 = Subst ancel ni ti al Condi ti ons[teste6]

Print ["Paraneters: "]
par 6 = Par anet er Nanmes [t est e6]
par | nput 6 = Par anet er | nput [t est e6]

Print ["Ti me evol ution Equations:"]
equations6 = Ki netics[teste6] // Col um

Print ["Conservation Laws:"1;
cons6 = Conservati onLaws[t est e6] // Col um

A$ K ox

B$ + X 4 DL+Y

2x+Y X 3x
ks
X X4 E1

Subst ances:

(D1, E1, X, Y}

{Dift], EI[t], X[t], Y[t]}

(DL[0] == InitCond[1], EL[0] = InitCond[2], X[0] == I nitCond[3], Y[0] = I nitCond[4]}
Par anet er s:

{k1, k2, k3, ks, A, B}

{ky » Parl nput Var [1], k; - Par | nput Var [2], k3 - Parl nput Var [3],
k4 — Par | nput Var [4], A - Parl nput Var [5], B - Par | nput Var [6]}

Ti me evol uti on Equati ons:
D1’ [t] = Bky X[t ]
E1'[t] = kg X[t ]
X [t] =Aky -Bky X[t ] -ka X[t] +ksX[t]2Y][t]
Y[t ] =Bky X[t] - ks X[t]2Y[t]

Conservation Laws:

B
A
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teste7 = {C->A A+NL ->2N1};
React i onGraph[t est e7]

Print [" Subst ances: "]

subst ancenanes?7 = Subst anceNanes [t est e7]

subst ancevari abl es7 = Subst anceVari abl es[t est e7]

subst ancei ni t cond7 = Subst ancel niti al Condi ti ons[teste7]

Print ["Paraneters: "]
par 7 = Par anmet er Nanes [t est e7]
par | nput 7 = Par anet er | nput [teste7]

Print ["Ti me evol ution Equations:"]
equations7 = Ki netics[teste7] // Col um

Print ["Conservation Laws:"1;
cons7 = Conservati onLaws[t este7] // Col um

c oA
ANl % 2N
Subst ances:
(A, C, NL}
{A[t], C[t], NI[t]}
(A[0] = InitCond[1], C[0] == I nitCond[2], N1[0] == I nitCond[3]}
Par anet er s:
k1, k23
{ky » Parl nput Var [1], k, - Par | nput Var [2]}
Ti me evol ution Equati ons:

ATt] =C[t]ky-A[t]NL[t] ks
Ct] =-C[t]ky
N1'[t] == A[t] NL[t] ks

Conservation Laws:

A[t] +C[t] +NL[t]
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= Numerical integration of the Brusselator

par | nput 6

subst ancenanes6
subst ancevari abl es6
subst ancei ni t cond6
cons6

equati ons6

{ky » Par |l nput Var [1], k; - Par | nput Var [2], k3 - Parl nput Var [3],
k4 — Par | nput Var [4], A - Parl nput Var [5], B - Par | nput Var [6]}

(D1, E1, X, Y}
{DL[t], EL1[t], X[t], Y[t]}

(D1[0] == I nitCond[1], EL[0] = I nitCond[2], X[0] = I nitCond[3], Y[0] = I nitCond[4]}

B
A

DL'[t] = Bk X[t ]
E1'[t] = kg X[t ]

X [t] =Aky -Bky X[t ] -ka X[t] +ksX[t]2Y][t]
Y[t] = Bky X[t] —ks X[t ]2Y[t]

equations = Drop[Ki netics[teste6], 2]

subst ancevari abl es = Drop[subst ancevari abl es6, 2]
subst ancei nit cond = Drop[subst ancei ni t cond6, 2]
subst ancenanes = Dr op[subst ancenanes6, 2]
InitCond[3] =0.1; InitCond[4] =0. 2;
Do[ParlnputVar[i] = 0.1, {i, Length[parlnput6] -2}1;
Par | nput Var [5] = 2. 0; Par I nput Var [6] = 6. 0;

{X[t] =Aky -Bky X[t ] -kg X[t ] +ks X[t 1 Y[t], Y[t] =BkyX[t]-kgX[t]?Y[t]}

{X[t], Y[t]}
{X[0] =1nitCond[3], Y[O] =InitCond[4]}
{X, Y}

sol = NDSol ve[Joi n[equations /. parlnput6, substancei nitcond], substancenanes, {t, 0, 200}]

{{X = Interpol atingFunction[{{0., 200.}}, <>], Y- Interpol atingFunction[{{0., 200.}}, <>]1}}
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Pl ot [Eval uat e[subst ancevari abl es /. sol ], {t, 0, 200}, Pl ot Range » {0, 8}]

8-

0 50 100 150 200

Par anetri cPl ot [Eval uat e[subst ancevari abl es /. sol ],
{t, 0, 200}, Pl otRange -» {{0, 8}, {0, 8}}]

8r
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(x0one activator and 2 repressorsx)
testel = {A$ +BO & BA R$ +BO & BR, S$ +B0O & BS, BA » BA+B, B -» Gl};
Reacti onGraph[testel]

Print [" Subst ances: "]

subst ancenanesl = Subst anceNanes [t est el]

subst ancevari abl es1 = Subst anceVari abl es[t est el]

subst ancei ni t condl = Subst ancel niti al Condi ti ons[testel]

Print ["Paraneters: "]
par 1l = Par anmet er Nanes [t est el]
par |l nput 1 = Paranet er| nput [testel]

Print ["Ti me evol ution Equations:"]
equationsl = Ki netics[testel] // Col um

Print ["Conservation Laws:"1;
consl = Conservati onLaws[testel] // Col um

A$+BO & BA

1

BO+R$ = BR
ks
BO + S$ = BS

BA X4 B.BA

B X a1

Subst ances:

{B, BO, BA, BR BS, Gl, S}

{(B[t], BO[t], BA[t], BR[t], BS[t], GL[t], S[t]}

{B[0] ==1nitCond[1], BO[O] =1InitCond[2], BA[O] = I nitCond[3],
BR[0] = I nitCond[4], BS[0] = InitCond[5], GL[O] = InitCond[6], S[0] =InitCond([7]}
Par anet er s:

{k1, ko2, ks, ki, ks, k.1, ko, ki3, A, R}

k4 — Par | nput Var [ ks — Parl nput Var [5], k_; —» Par | nput Var

{ky - Parl nput Var [1], k, - Par | nputVar [2], ks - Par| nput Var [3
4}1 [
k_, - Parl nput Var [7], k_3 - Parl nput Var [8], A - Par | nput Var [

B
6],
9], R- ParlnputVar [10]}
Ti me evol ution Equati ons:

] = BA[t] ke - B[t] ks
t] =BS[t]ks+BR[t]k,+BA[t]k-ABO[t]ky-RBO[t]k,-SBO[t]ks
t] =-BA[t] k. +ABO[t]k;

t] = -BR[t] Kk, +RBO[t] k>

t]=-BS[t]ks+SBO[t]ks

t] =B[t]ks

Conservation Laws:

S
R
BO[t] +BA[t] +BR[t] +BS[t]
A
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Sol ve[{k1 A (c -BA-BR-BS) - kml BA == 0,
k2R (c -BA-BR-BS) - kn2BR =0, k3S (c - BA-BR-BS) - kn8BS == 0}, {BA BR, BS}]

Ac k1l kn2 kn8

BA - ,
{{ AkLkn2 knB + kil kn2 knB + k2 knll knB R+ k3 kil kn2 S
ck2km kn8 R

Ak1 k2 knB + kmil kn2 kn8 + k2 kil kn8 R+ k3 knil kn2 S’
c k3kmL kn2 S

Akl kn2 k8 + kml knR2 kn8 + k2 knil knB R+ k3 kil krTES}}

BR -

BS -

M= {{-d, a, 0, 0}, {D[k1A (c-BA-BR-BS) - knl BA, B], D[kL1A (c - BA- BR-BS) - knl BA, BA],
DIk1 A (c - BA-BR-BS) - kil BA, BR], D[k1A (c - BA-BR-BS) - kil BA, BS]},
{D[K2 R (c - BA-BR-BS) - kn2 BR, B], D[k2 R (c - BA- BR-BS) - kn2 BR, BA],
DIk2 R (c - BA- BR-BS) - kn2 BR, BR], D[k2R (c - BA-BR-BS) - kn2 BR, BS]},
(D[k3 S (c - BA-BR-BS) - kn8BS, B], D[k3S (c - BA- BR-BS) - kn8 BS, BA],
D[k3 S (c - BA- BR-BS) - kn8BS, BR], D[k3 S (c - BA- BR-BS) - kn8BS, BS]}}

{{-d, a, 0, 0}, {0, Akl -knl, —-Akl, -Ak1},
(0, -k2R -kn2 k2R, -k2R}, {0, -k3S, -k3S, -kn8 -k3S}}

Det [M-x Il dentityMatrix[4]]

(-d-x) (-k3S (-AkLkn2 - Ak1x) +k3S (k2knl R+k2Rx) +
(-kmB -k3S-x) (Ak1knR +kn kn2 + k2 kml R+ AKLx + kL x + kn2 x + k2 Rx +x?) )

D[1/ (gl + g2 R[x] +093 S[x]), X]
g2 R [x] +93 S [x]

(91 + g2 R[x] +93 S[x])?

a=2; b=2;, A=0.5;

fl[x_1:=-ax+a; f2[x_]1:=bx;

fl[x_]1:=aE?20%"2 f2[x_]:=DbE?20 (X2

flx_1:=212/7 1+ (x+0.7)750); f2[x_1:=212/ (1 + ((1-x)+0.7)"50);
Plot [{f1[x], f2[x], A/ (A+f1[x]+f2[x1)}, {X, 0, 1}]

10}
08/
06/
04

0.2
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flix_1:=1f[x<0.4, 0.5 0]; f2[x_]:=1f[x>0.6, 0.5, 0];

Plot[1/ (1+ (x+0.8)710), {x, 0, 10}, Pl otRange » Al | ]






