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Abstract. The article considers the applied problem of software management for analyzing the state of the system. The state of the system (pressure field) is described by an elliptic partial differential equation. An estimate of the solutions of the boundary value problem in a limited range of parameter changes is obtained. The results can be used in the development and operation of oil and gas fields
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INTRODUCTION
Development and improvement of mathematical models of complex dynamic filtration processes in oil and gas and aquifers, as well as numerical methods for their solution, the solution of stationary and non-stationary filtration problems in oil and gas layers with poor permeability are considered in the works of such scientists as M.Sharma, H. Aziz, E.Settari, N.B.Lopuh, C.Atkinson, K. Ives, Z.Mehdi, P.J.Monteiro, S.Banerjee, G.I.Barenblatt, M.Chraibi, D.B.Silin, F. Boyer, C.Lapuerta, S.Minjeaud, A. Darcy, L.S.Leybenzon and others [1, 2].
During the operation of oil and gas fields, as well as in the processes of underground leaching in mining fields, the productive reservoir and the wells located in it can be represented as a single hydrodynamic system with distributed parameters (parameters change in space and time), and the state of the system itself is described by partial differential equations. Thus, the formation and the well are like a hydrodynamic control system with distributed parameters [3, 4]
When determining the modes of operation of the system, it is necessary to solve applied problems of software management, i.e. determining the state of the system in space and time. The state of the system (pressure field) is described by an elliptic partial differential equation

 				(1)







Here  - limited area   - of dimensional space , the infinitely smooth boundary of which consists of an outer contour G0 and internal contours G1, G2, …., Gn- well contours (in the case of a flat formation n=2. Coefficients -  the complex of filtration parameters (- the permeability coefficient of the productive reservoir, - reservoir capacity,- the viscosity coefficient of the liquid.
The pressure on the outer contour of the area is set as



 ,				(2)
on the contour of wells



, 				(3)

where  - well flow rates.
METHOD OF RESEARCH
Equation (1) was solved under various boundary conditions by statistical tests using the “grid walk” rule. 
In this paper, we propose the application of a well–known statistical test method - “wandering through spheres” [5].
To solve the boundary value problem (1) – (3), we introduce a new function 


, 
Then equation (1) has the form:

						(4)
where ∆ is the Laplace operator.
We introduce a number of designations and definitions. Let

					(5)


- a single-connected area limited to only one G, here  and         accordingly, the center and radius of the contour G1;


 

					(6)



Let's define the number , which characterizes the measure of well density as follows:

 				(7)


 - distance between sets  and G.



Definition. The sphere  centered at a point  it is called an acceptable sphere, if  and there is inequality




RESEARCH RESULTS

Statement 1. For any  there is a valid scope

 moreover, the radius of this sphere satisfies the inequality

					(8)

Proof. Let   . Let's define the set


where 











It is known that  the sets do not intersect in pairs and their number is equal . Plenty   , has  elements, therefore, there is such a thing , as in the sets  and  there are no elements from . If we define




that's for  the inequality is fulfilled (8) and the sphere  is acceptable.


When , then assuming  we get the required radius of the sphere. Statement 1 has been proven.
In the future, we will count everywhere, what




Let , and  - acceptable scope. Using the fundamental solution of the Laplace operator, it is easy to get an idea

 		(9)


where  - the angle between the normal to the contour Gi and vectors 



Let  - the average value of the function  in the inner contour Gi, i.е.

					(10)
Thus, from (10) we get: 


and from (9) we get:

(11)

Since 

by 


we will get 

.
From (10) and (11) we get:

		(12)

where .

If , then in a similar way we have:

 	(13)



where to  There is also inequality (8). But instead of  It is necessary to substitute , i.е.

.


Let .


Let’s build a Markov chain starting from the point , according to the recurrent formula 

where is the sequence  - isotropic independent vectors uniformly distributed on a unit sphere.	
Regarding the Markov chain, we will make two assumptions:

а);

b)


It follows from statement 1 that for any point  You can build a chain  according to rule (13), for which condition a) and b) are fulfilled. 
In the future, we will assume that the chain satisfies the conditions a) and b).


Let  и  

where  - the vicinity of the border. Let's introduce the moment when the particles stop




for the Markov chain .
Let’s build the following estimate

					(14)


where  - the nearest point from the outer boundary G K  

		(15)

			(16)
It is not difficult to make sure that when the condition is met, Statement 2. 

Statement 2. For the moment of stopping   evaluation is in progress


where is the constant C  it depends only on the properties of the border G.

It is noticeable that the function  in the definition, the estimate (14) is limited from above by the number

			(17)

where  - the diameter of the area D, and also as in the following statements can be proved. 

Statement 3. Variance of the estimate  uniformly bounded.


Lemma. Let  and  , then for the offset 


evaluations (14), inequality is fair:

	 (18)

Proof. If , then an evaluation is also performed

		(19)


where  the nearest point к  and the constant C it depends only on the border G.
Proof of inequality (18) it flows easily from (12), (13) and (15), (16).
CONCLUSION
The obtained estimation of solutions of the partial differential equation (1) in a limited range of parameter changes with boundary conditions (2), (3) They can be used in solving applied problems of analyzing the states of systems with distributed parameters that occur during the development and operation of oil and gas fields, as well as in hydrodynamic processes of underground leaching.
REFERENCES
1. Barenblatt, G. I., Patzek, T. W., & Silin, D. B. (2003). The mathematical model of nonequilibrium effects in water-oil displacement. Society of Petroleum Engineers Journal, *8*(4), 409–416.
2. Lopuh, N. B., & Pyanylo, Y. D. (2014, June). Numerical analysis of models with fractional derivatives for gas filtration in porous media. Journal of Coupled Systems and Multiscale Dynamics, *2*(1), 15–19.
3. Suvonov, O. O. (2022, December). About one problem of analysis and control in systems with distributed parameters on the example of oil fields. Eurasian Journal of Engineering and Technology, *13*, 52.
4. Suvonov, O. O. (2022, April). Mathematical model of control of a hydrodynamic object with distributed parameters (on the example of oil fields). Central Asian Journal of Mathematical Theory and Computer Sciences, *3*(4). https://cajmtcs.centralasianstudies.org/index.php/CAJMTCS
5. Khamroeva, D., & Khamroev, U. (2025). Interval model of a vibration system for an automobile suspension. AIP Conference Proceedings, 3268, 030018. https://doi.org/10.1063/5.0257310
image3.wmf
n


oleObject50.bin

image46.wmf
n

x

d

s

x

d

R

4

)

(

2

)

(

0

+

=


oleObject51.bin

image47.wmf
R


oleObject52.bin

image48.wmf
)

(

x

w

R


oleObject53.bin

image49.wmf
4

/

)

(

)

(

D

x

d

d

<


oleObject54.bin

image50.wmf
)

(

x

d

R

=


oleObject3.bin

oleObject55.bin

image51.wmf
1,

()

max,

16

i

in

D

R

d

=

>>


oleObject56.bin

image52.wmf
D

x

Î

0


oleObject57.bin

image53.wmf
)

(

0

0

x

w

R


oleObject58.bin

image54.wmf
x

x

w

i

x

x

n

i

i

R

x

x

w

n

i

i

r

x

w

x

ds

x

x

x

p

w

x

ds

n

x

p

x

x

R

w

x

ds

x

p

R

x

p

R

R

R

ò

å

ò

å

ò

-

+

+

¶

¶

-

+

=

=

=

)

(

0

,

1

0

0

0

)

(

1

0

)

(

0

0

0

0

0

0

0

2

cos

)

(

)

,

(

)

(

2

1

)

,

(

)

(

(

2

1

)

(

p

y

c

p

c

p


oleObject59.bin

image55.wmf
)

(

,

0

i

x

x

y


image4.wmf
n

R

1


oleObject60.bin

image56.wmf
0

x

x

-


oleObject61.bin

image57.wmf
i

u


oleObject62.bin

image58.wmf
)

(

x

u


oleObject63.bin

image59.wmf
ò

=

)

(

0

)

(

2

1

x

w

x

i

i

r

ds

x

p

r

p

p


oleObject64.bin

image60.wmf
),

(

,

0

2

cos

)

(

0

,

0

0

D

x

ds

x

x

x

x

w

i

x

x

R

Î

=

-

ò

p

y


oleObject4.bin

oleObject65.bin

image61.wmf
.

cos

2

cos

)

(

)

,

(

ln

2

1

)

,

(

ln

2

)

,

(

)

(

)

(

2

1

)

(

)

(

,

1

0

)

(

,

0

1

1

0

0

0

1

)

(

0

0

1

0

0

0

)

(

0

0

0

0

x

i

x

x

n

i

i

x

x

i

R

x

i

w

i

R

n

i

i

i

i

R

n

i

x

w

ds

x

x

x

p

x

ds

n

p

x

x

x

w

w

x

x

R

q

x

x

ds

x

p

R

x

p

i

x

R

R

y

p

y

w

c

p

c

w

p

w

c

p

å

ò

ò

å

å

ò

=

G

=

=

-

+

¶

¶

-

-

+

+

-

+

=


oleObject66.bin

image62.wmf
i

i

i

r

d

d

x

x

x

r

d

d

-

<

-

-

<

+

0

0

0

0

0

0

w


oleObject67.bin

image63.wmf
i

r

d

max

0

>>


oleObject68.bin

image64.wmf
n

i

,

1

=


oleObject69.bin

image65.wmf
0

0

0

ln

d

r

x

x

x

i

i

<

-

-

w


image5.wmf
const

kb

x

K

=

=

m

/

)

(


oleObject70.bin

image66.wmf
)

(

ln

2

)

,

(

)

(

2

1

)

(

0

0

0

1

0

)

(

0

0

0

x

x

R

q

x

ds

x

u

R

x

u

i

n

i

i

i

R

x

x

w

R

a

w

p

w

c

p

+

-

+

=

å

ò

=


oleObject71.bin

image67.wmf
i

n

i

i

n

i

i

u

u

d

r

dn

du

d

r

x

i

-

+

<

G

-

=

å

å

max

max

)

(

1

0

1

0

2

0

a


oleObject72.bin

image68.wmf
i

x

w

=

0


oleObject73.bin

image69.wmf
),

(

ln

2

)

,

(

)

ln(

2

2

1

0

0

0

0

)

(

0

0

0

x

x

R

q

x

r

R

q

R

u

j

i

j

j

i

R

i

i

x

w

i

R

b

w

p

w

c

p

p

+

-

+

+

=

å

ò

¹


oleObject74.bin

image70.wmf
)

(

x

b


oleObject5.bin

oleObject75.bin

image71.wmf
0

d


oleObject76.bin

image72.wmf
)

(

D

d


oleObject77.bin

image73.wmf
i

n

i

i

r

i

i

u

u

D

r

dn

du

D

r

x

i

i

-

+

<

G

=

G

-

å

å

max

)

(

max

)

(

)

(

1

1

2

0

d

d

b


oleObject78.bin

image74.wmf
,

16

)

(

0

n

D

d

d

=


oleObject79.bin

image75.wmf
8

)

(

1

D

d

d

=


image6.wmf
k


oleObject80.bin

image76.wmf
0

x


oleObject81.bin

image77.wmf
,

1

1

-

-

+

=

n

n

n

n

R

x

x

w

r


oleObject82.bin

image78.wmf
n

w


oleObject83.bin

image79.wmf
{

}

,

),

(

min

d

n

n

x

d

R

>


oleObject84.bin

image80.wmf
,..

2

,

1

,

)

),

(

(

0

=

>

W

m

x

w

m

R

n

d

r


oleObject6.bin

oleObject85.bin

image81.wmf
D

x

Î


oleObject86.bin

image82.wmf
{

}

1

=

¥

n

n

x


oleObject87.bin

image83.wmf
0

>

e


oleObject88.bin

image84.wmf
{

}

,

)

,

(

:

e

r

e

<

G

Î

=

G

x

D

x


oleObject89.bin

image85.wmf
e


image7.wmf
b


oleObject90.bin

image86.wmf
{

}

e

e

G

Î

=

0

:

min

x

n

N


oleObject91.bin

image87.wmf
{

}

¥

=

1

n

n

x


oleObject92.bin

oleObject93.bin

image88.wmf
)

(

)

(

)

(

1

0

0

e

e

j

x

e

x

x

f

x

N

n

n

+

=

å

-

=


oleObject94.bin

image89.wmf
e

x


oleObject95.bin

oleObject7.bin

image90.wmf
,

e

N

X


oleObject96.bin

image91.wmf
ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

=

-

+

Î

-

=

å

å

¹

=

j

i

i

i

i

i

R

i

i

i

i

i

n

i

R

x

если

x

R

q

x

x

r

R

q

D

x

если

x

R

q

x

f

0

0

0

0

0

0

0

0

0

0

1

0

,

ln

2

)

,

(

)

ln(

2

,

,

ln

2

)

,

)

(

w

w

p

w

p

w

p

w

c


oleObject97.bin

image92.wmf
...,

2

,

1

,

ln

2

)

,

(

)

(

1

=

-

=

å

=

n

x

R

q

x

x

f

i

n

n

i

i

n

R

n

i

n

n

w

p

w

c


oleObject98.bin

image93.wmf
e

N


oleObject99.bin

image94.wmf
e

e

ln

C

MN

<


oleObject100.bin

image8.wmf
m


image95.wmf
)

(

x

f


oleObject101.bin

image96.wmf
)

(

)

ln(

2

)

ln(

2

1

1

0

n

i

n

i

i

n

i

i

x

f

r

d

q

d

q

³

+

å

å

=

=

p

d

p


oleObject102.bin

image97.wmf
a


oleObject103.bin

image98.wmf
e

x


oleObject104.bin

image99.wmf
D

x

Î

0


oleObject105.bin

oleObject8.bin

image100.wmf
0

0

,

1

)

,

(

min

d

x

i

n

i

=

G

=

r


oleObject106.bin

image101.wmf
)

(

)

(

0

0

x

M

x

p

e

x

-


oleObject107.bin

image102.wmf
2

0)0

1

00

11

(()sup()()ln()max

max

i

i

n

i

i

ii

dp

pxMxpxxer

ddn

ruu

e

x

ye

d

G

=

G

-<++++

+-

å


oleObject108.bin

image103.wmf
i

x

w

=

0


oleObject109.bin

image104.wmf
),

max

max

(

ln

)

(

)

(

sup

(

1

2

0

)

i

i

i

n

i

i

i

x

i

i

p

p

r

dn

dp

r

C

x

x

u

p

-

+

+

-

<

-

å

=

G

Î

d

e

y

w

x

e

e


oleObject110.bin

image9.wmf

image105.wmf
G

Î

x


oleObject111.bin

image106.wmf
e

G

Î

x


oleObject112.bin

oleObject9.bin

image10.wmf
),

(

)

(

0

x

u

x

u

=


oleObject10.bin

image11.wmf
0

G

Î

x


oleObject11.bin

image12.wmf
i

q

ds

n

u

i

=

¶

¶

ò

G


oleObject12.bin

oleObject13.bin

image13.wmf
n

i

,

1

=


oleObject14.bin

image14.wmf
i

q


oleObject15.bin

image15.wmf
)

(

x

u

kb

p

m

=


oleObject16.bin

image16.wmf
)

(

x

p

p

=


oleObject17.bin

image17.wmf
0

=

D

p


oleObject18.bin

image18.wmf
{

}

i

i

m

i

r

w

x

x

D

<

-

=

å

=

:

1


oleObject19.bin

image19.wmf
i

w


oleObject20.bin

image20.wmf
i

r


oleObject21.bin

image21.wmf
{

}

i

w

=

W


oleObject22.bin

image22.wmf
n

i

,

1

=


oleObject23.bin

image23.wmf
{

}

R

x

x

x

x

V

R

<

-

=

'

'

:

)

(


oleObject24.bin

image24.wmf
{

}

R

x

x

x

w

R

=

-

=

'

'

:


oleObject25.bin

image25.wmf
)

(

D

d


oleObject26.bin

image26.wmf
{

}

)

,

(

min

min

min

)

(

G

-

=

¹

i

i

j

i

j

i

w

w

w

D

r

d


oleObject27.bin

image27.wmf
)

,

(

G

i

w

r


image1.wmf
D

x

x

u

x

K

x

A

L

j

j

i

i

n

j

i

Î

=

¶

¶

¶

¶

-

=

å

=

,

0

)

)

(

(

)

(

,

1

,


oleObject28.bin

image28.wmf
i

w


oleObject29.bin

image29.wmf
)

(

x

w

R


oleObject30.bin

image30.wmf
D

x

Î


oleObject31.bin

image31.wmf
D

x

w

R

Î

)

(


oleObject32.bin

oleObject33.bin

oleObject1.bin

oleObject34.bin

image32.wmf
n

D

x

w

R

16

)

(

)

),

(

(

d

r

>

W


oleObject35.bin

image33.wmf
D

x

Î


oleObject36.bin

image34.wmf
),

(

x

w

R


oleObject37.bin

image35.wmf
{

}

)

8

/

)

(

),

(

min

D

x

d

R

d

>


oleObject38.bin

image36.wmf
4

/

)

(

)

(

D

x

d

d

>


image2.wmf
D


oleObject39.bin

image37.wmf
),

(

\

)

(

)

(

1

x

V

x

V

x

A

s

s

R

R

s

-

=


oleObject40.bin

image38.wmf
1

2

,

1

,

2

*

2

)

(

2

)

(

+

=

+

=

n

s

n

x

d

s

x

d

R

s


oleObject41.bin

image39.wmf
s

A


oleObject42.bin

image40.wmf
1

2

+

n


oleObject43.bin

oleObject44.bin

oleObject2.bin

oleObject45.bin

image41.wmf
n


oleObject46.bin

image42.wmf
0

S


oleObject47.bin

image43.wmf
0

S

A


oleObject48.bin

image44.wmf
1

0

+

S

A


oleObject49.bin

image45.wmf
W



On a Problem o


f Statistical Modeling of a


 


Hydrodynamic 


System with Distributed Parameters


 


Olim Suvonov


1, a)


, Umidzhon Subkhonkulov


2


 


1


Navoi State Universit


y


,


 


Navoi


,


 


Uzbe


kistan


 


2


Bukhara State University, Bukhara, Uzbekistan


 


 


a)


Corresponding author


: 


olimsuvonov54@umail.uz


 


Abstract.


 


The article considers the applied problem of software management for analyzing the state of the system. The 


state of the system (pressure field) is descri


bed by an elliptic partial differential equation. An estimate of the solutions of 


the boundary value problem in a limited range of parameter changes is obtained. The results can be used in the 


development and operation of oil and gas fields


 


Keywords:


 


Differential equation, elliptic type, boundary conditions, Laplace operator, states of the system, displacement 


estimation, 


Markov chain


.


 


INTRODUCTION


 


Development and improvement of mathematical models of complex dynamic filtration processes in oil and gas


 


and aquifers, as well as numerical methods for their solution, the solution of stationary and non


-


stationary filtration 


problems in oil and gas layers with poor permeability are considered in the works of such scientists as M.Sharma, H. 


Aziz, E.Settari, N


.B.Lopuh, C.Atkinson, K. Ives, Z.Mehdi, P.J.Monteiro, S.Banerjee, G.I.Barenblatt, M.Chraibi, 


D.B.Silin, F. Boyer, C.Lapuerta, S.Minjeaud, A. Darcy, L.S.Leybenzon and others [1,


 


2].


 


During the operation of oil and gas fields, as well as in the processes of 


underground leaching in mining fields, 


the productive reservoir and the wells located in it can be represented as a single hydrodynamic system with 


distributed parameters (parameters change in space and time), and the state of the system itself is describe


d by 


partial differential equations. Thus, the formation and the well are like a hydrodynamic control system with 


distributed parameters


 


[3,


 


4]


 


When determining the modes of operation of the system, it is necessary to solve applied problems of software 


man


agement, i.e. determining the state of the system in space and time. The state of the system (pressure field) is 


described by an elliptic partial differential equation


 


D


x


x


u


x


K


x


A


L


j


j


i


i


n


j


i


Î


=


¶


¶


¶


¶


-


=


å


=


,


0


)


)


(


(


)


(


,


1


,


 


 


 


 


 


(1)


 


Here


 


D


 


-


 


limited area 


n


  


-


 


of dimensional space


 


n


R


1


, the infinitely smooth boundary of which consists of an 


outer contour 


G


0


 


and internal contours 


G


1


, G


2


, …., G


n


-


 


well contours (in the case of a flat formation 


n=2


. 


Coefficients 


const


kb


x


K


=


=


m


/


)


(


-


  


the complex of filtration parameters


 


(


k


-


 


the permeability coefficient of the 


productive reservoir, 


b


-


 


reservoir capacity,


m


-


 


the viscosity coefficient of the liquid.


 


The pressure on the outer contour of the area is set as


 


),


(


)


(


0


x


u


x


u


=


 


0


G


Î


x


,


 


 


 


 


(2)


 


on the contour of wells


 




On a Problem o f Statistical Modeling of a   Hydrodynamic  System with Distributed Parameters   Olim Suvonov 1, a) , Umidzhon Subkhonkulov 2   1 Navoi State Universit y ,   Navoi ,   Uzbe kistan   2 Bukhara State University, Bukhara, Uzbekistan     a) Corresponding author :  olimsuvonov54@umail.uz   Abstract.   The article considers the applied problem of software management for analyzing the state of the system. The  state of the system (pressure field) is descri bed by an elliptic partial differential equation. An estimate of the solutions of  the boundary value problem in a limited range of parameter changes is obtained. The results can be used in the  development and operation of oil and gas fields   Keywords:   Differential equation, elliptic type, boundary conditions, Laplace operator, states of the system, displacement  estimation,  Markov chain .   INTRODUCTION   Development and improvement of mathematical models of complex dynamic filtration processes in oil and gas   and aquifers, as well as numerical methods for their solution, the solution of stationary and non - stationary filtration  problems in oil and gas layers with poor permeability are considered in the works of such scientists as M.Sharma, H.  Aziz, E.Settari, N .B.Lopuh, C.Atkinson, K. Ives, Z.Mehdi, P.J.Monteiro, S.Banerjee, G.I.Barenblatt, M.Chraibi,  D.B.Silin, F. Boyer, C.Lapuerta, S.Minjeaud, A. Darcy, L.S.Leybenzon and others [1,   2].   During the operation of oil and gas fields, as well as in the processes of  underground leaching in mining fields,  the productive reservoir and the wells located in it can be represented as a single hydrodynamic system with  distributed parameters (parameters change in space and time), and the state of the system itself is describe d by  partial differential equations. Thus, the formation and the well are like a hydrodynamic control system with  distributed parameters   [3,   4]   When determining the modes of operation of the system, it is necessary to solve applied problems of software  man agement, i.e. determining the state of the system in space and time. The state of the system (pressure field) is  described by an elliptic partial differential equation  

D x

x

u

x K

x

A L

j

j i

i

n

j i

 









 





, 0 ) ) ( ( ) (

,

1 ,

          (1)   Here  

D

  -   limited area 

n

   -   of dimensional space  

n

R

1

, the infinitely smooth boundary of which consists of an  outer contour  G 0   and internal contours  G 1 , G 2 , …., G n -   well contours (in the case of a flat formation  n=2 .  Coefficients 

const kb x K

  

/ ) (

-    the complex of filtration parameters   (

k

-   the permeability coefficient of the  productive reservoir, 

b

-   reservoir capacity,



-   the viscosity coefficient of the liquid.   The pressure on the outer contour of the area is set as  

), ( ) (

0

x u x u



 

0

 

x

,         (2)   on the contour of wells  

