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It is known that many papers have been devoted to the discrete equation and to the
problems of such kind equations. A majority of them refer to discrete additive derivative equa-
tions. There are few papers devoted to discrete multiplicative derivative equations and the
problems for such equations. Finally, its hould be noted that there are few references devoted
to the equations containing both discrete additive and discrete multiplicative derivatives and
the problems stated for them.

Here, we consider general solution of multiplicative and addive multiplicative derivative
equations.
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Introduction

Discrete analysis mainly discredits continuous problems and finds ap-
proximate solution for these continuous problems [1], [3], [4]. Notice that,
there are some cases when discrete analysis constructs mathematical model of
discrete events and solves the obtained mathematical problem.

In this paper, we'll be engaged in discrete additive and discrete multi-
plicative derivative equations and the problems stated for them.

Our main goal is to construct general theory for the examples consi-
dered in [7], [8].

Definition 1. Discrete additive derivative of the function f(x) deter-
mined in the given set N or Z or in their subset is determined as follows:

fO(x)= f(x+1)= f(x). 1)

Definition 2. Discrete multiplicative derivative of the function f(x)

given in Definition 1 is determined in the following way:

f[”(x)zf(fx(:(r)l),f(x);to- )

Definition 3. When we say discrete additive integral of the function
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f (x) given in definition 1 we understand the expression

J1(x)=3 (k) 3)

Definition 4. When we say discrete multiplicative integral of the func-
tion f(x) given in Definition 1 we mean the expression [2], [7].

J100=TTt () (4)

General solution of variable coefficient, linear, ordinary, discrete
additive derivative, homogeneous differential equation of higher order

Let's consider the following equation
yV(x)+a,(x)y" P (x)+...+a,(X)y(x)=0, xeJc=z, (5)
here neN is the noted number, a, (X) k=1,n, xeJ are the given coeffi-

cients, y(x) are the unknowns.
We accept the following denotation

y(%) = y;(x), y9 (%) = v (%) = y,(x),
y (%) =y (x) = yP(x) = y;(x).....
YV (x) = yi"(x) = vy (x) = .. = y§ (x) = y P (x).

Then we can write equation (5) in the form of the following homoge-
neous system of first order

ViV(x) = y,(x),
y3(x) = ys(x),
e

Y (%) = =, (})y2 (%) = 2, 5 (X)y2 (%) = .. = & (x)¥, (%)
We can easily see that the matrix notation of system (6) is as follows:

(6)

YO(x)= A(X)Y (x), x € J. 7
Moreover
0 1 0 0O .. O 0
0 0 1 o .. 0 0
AXV= e ®)
0 0 0 0 0 1
—a,(x) —a,4(x) —a,,(x) —a,5(x) —a,(x) —ay(x)
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Y (%)= (y2(x) yo %)y, (X)) 9)

Now, let's write (7) in the following way:
Y(x+1)=[1+A))(0). (10)

Hence we easily get:

Y(x)=[1+AKx =11 + A(x=2)].[I = AX)](x)
or v<x>={g[l +A<§>]jv(o>, (1)

here in the § discrete multiplicative integral the growth index is from the right

hand side to the left hand side, Y (0) is any column.
Theorem 1. If aj(x), j=1,n, xe J c Z are the given functions, then

the solution of (10) is given in the form (11), Y (0) is arbitrary.

Solution of discrete multiplicative derivative
ordinary differential equation

Let's consider the following equation [5], [6].

{106 = e, @
k=0
here a, (x), k =0,n and f(x)are the known functions, y(x) is an unknown

function. If we take the logarithm of this equation we get:
Sa, ()N y¥(x) = In f(x),x e J, (13)

here -

y(x + k)yCIE (x+k—2)..

3 )
YO (x4 k 1)y (x+k —3)...
cl = __K'__ are binomial coefficients.
mi(k —m)
Therefore if
Iny*M(x)=Iny(x+k)-ClIny(x+k —1)+
+C2Iny(x+k-2).(-1)Cf Iny(x)=

= i:(—l)sckS Iny(x+k—s) (15)

(14)

yH(0) =

the equation (13) will take the form:
k
Sa,(X)3 (-1 Ce ny(x+k—s)=In f(x)xeJ,
k=0

s=0
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or
n n
Z(Zak(x)(—l)scksjz(x+k—s): In f(x), (16)
s=0\ k=s
here z(x +k —s)=Iny(x+k—s).
So we reduced the discrete multiplicative derivative differential equa-

tion (12) to the differential equation (16) and as we can reduce it to the equa-
tion (5), the solution of this equation is obtained from theorem 1.

Solution of equations containing discrete additive
and multiplicative derivative

Let's consider the following equation:

(Y60 +alx)yx) = F(xhxe 3, ()
here a(x) and f(x) are the given functions, y(X) is an unknown.
If we substitute

y"(x)=z(x) (18)
we get the following discrete additive derivative, variable coefficient, linear equation
ZM(x)+a(x)z(x)= f(x) (19)

This is a special case of the equation (5). If we write the found Z(x) in
(18), we get a special case of the equation (12) and this case has already been solved.

Remark. In the considered equation (17) we accept n=3, m=2,
a(x)= f(x)=0 and write it in the open form and get:
y(x)y(x +2)y* (x+2)y° (x + 3)y(x +5) = 2y(x)y° (x + 2)y* (x + 4) +
+y*(x+1)y* (x+3)y3(x+4) = 0.

Such type equations were considered in [7].

Unsolved problems
* Solve the following problem

(I60f + 2y 00 + y(x)= 0,x20,y(K) = ey k = 0,12
* Solve the following boundary value problem:
(Y00 +alyBI)f ™ +by(x) = 0,x <[0,n - 2] y(0)= .y, = 5
» Consider the problems for the above mentioned equations under non-local

boundary conditions;
* Reduce the above mentioned equations to the problems for higher order equations.
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DISKRET TOROMO VO INTEQRALLAR HAQQINDA
N.9.9LIYEV, M.R.FATEMI
XULASO

Diskret tonliklara va onlar tigin qoyulmus masalalors kifayat godar islor hasr olun-
musdur. Bunlarin aksariyyati diskret additiv téromali tonliklors aiddir. Diskret multiplikativ
téromoali tonliklara vo onlar iig¢iin qoyulmus mosalslora kafi godar az iglor hosr olunmusdur.
Nshayat geyd edak ki, hom diskret additiv, ham do diskret multiplikativ téromolor tutan tonlik-
lar vo onlar liglin qoyulmus mosalalara adabiyyatda ¢ox az tasadiif olunur. Biz burada multip-
likativ vo multipliko-additiv téramali tonliklarin tmumi hallinin tapilmasi ilo masgul olmusug.

Acar sozlar: diskret additiv téromso, diskret multiplikativ téromo, diskret additiv in-
tegral, diskret multiplikativ integral.

O JUCKPETHOM IMTPOU3BOHOM U MTHTEI' PAJIA
H.A.AJIMEB, M.P.OATEMU
PE3IOME

W3BecTHO, 4TO KaKk TUCKPETHOMY YPaBHEHUIO, TaK U 3aJade TaKOro poJa ypaBHEHUH MO-
CBsIIIIEHa MHOTOYHCIIeHHas paboTa. MHOrHe U3 HUX OTHOCSITCSA K TMCKPETHOMY aJTATHBHOMY TIPO-
HU3BONBHOMY. JIMCKpeTHOE MYIbTUIUIMKAaTHBHOE NMPOM3BOJHOE M 33/audl U TaKUX YpaBHEHUH
paccMOTpeHsl o4deHb Majio. HakoHel, 3aMeTuM, 4TO JUCKPETHOE aJIUTHBHOE U IHCKPETHO MYIIb-
TUIUIMKaTUBHOE MPOU3BOAHBIC, a TAakkKe 3a7aud ISl TaKUX YPaBHEHUM pacCMOTPEHbI HE3HAuu-
TeNbHO. MBI paccMaTpuBaeM OOY4YEHHE pelIeHHE IMCKPETHYI0 M MYIbTHIUIMKATUBHYIO TPOH3-
BOJIHYIO M YPAaBHEHUH TUCKPETHO MYIBTHILIUKO - OJAUTUBHOM IPOM3BOTHOM.

KuarwoueBble ciioBa: JUCKPCTHOC aJIMTUBHOC NPOU3BOJHOC, NTUCKPCTHOC MYJIbTUILIN-
KaTUBHOC IMPOU3BOJHOC, [[I/ICerTHHﬁ a[[L[I/ITI/IBHHﬁ HHTErpal, I[I/ICerTHHﬁ MYJIbTUIIJIMKATHUB-

HBI UHTErpal.
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