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The article discusses the development of a method for adapting the parameters of the regulator, depending on changes in
the radius of the "well", causing a change in the dynamics of the process of producing hydro-mineral resources.
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Introduction. Today, an important problem for mankind remains a negative impact on the environment, lead-
ing to environmental degradation. Polluting the environment, soil poisoning occurs, which entails pollution of the
groundwater aquifer, which in the future can greatly affect the composition of water and our health. The annual increase
in precipitation leads to a dilution of the mineral composition of narzan. The relevance of the study is to preserve the
hydromineral resources of the KMV region. The use of modern mathematical methods, the introduction of water pro-
duction process control systems will allow the rational use of the hydromineral base.

The purpose and objectives of the study. The aim of the study is to develop a method for adapting the pa-
rameters of the regulator when the radius of the "well" changes, causing a significant change in the dynamics of the
production of hydro-mineral raw materials.

To achieve this goal, it is necessary to carry out:

1) Analysis of the mathematical model of mineral water deposits.

2) Synthesis of a field management system formed during

adaptation of the control system when changing the radius of the "well".

3) Investigate transients of a closed-loop control system.

The novelty of the results is determined by the fact that in the work:

1) The relationship of the radius of the "well" with the coefficient K.

2) The influence of the coefficient K (radius of the "well") on the parameters of the controller is investigated.

The practical significance of the results is determined by the possibility of improving methods for the synthe-
sis of control systems for hydrolyte-sphere processes.

The paper studies the practical results of the synthesis of the KMV field management system. The task of syn-
thesizing the control system of the Kislovodsk field is set. A model layer of the field is considered, a closed control sys-
tem is built, taking into account the change in the radius of the "well".

The mathematical description of the control object
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where: hl — pressure in the groundwater horizon;
H3 — pressure in the studied aquifer;
ki, ki y ki, — filtering coefficients according to the corresponding coordinates;
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ni=0.00101 / m — is the elastic capacity of the layer;
V (t) — pressure drop caused by the impact of the production well.

V(1) = Q*K 3)
where Q — is the production rate of the producing well,
K - is the gain;
d (x0, y0, z0) is a function equal to unity if x = x0, y = y0, z = z0, and equal to zero in other cases;
X, y, z— spatial coordinates;
T— time.

Boundary conditions (Darcy conditions) between the layers are set in the form:
Groundwater - Plast

h, (x, y.L,, 1:) =h, (x, y.L, ‘c)+ b, - (H2 (x, y,0, 1:) —h, (x, y.L, 1:»,
Hz(x, y,0, ’C) = Hz(x, y,0, 'c) —b;- (Hz(x, y,0, 'c) —h, (x, Y, LZl s 'c»
where bl = 0.00003 days™ is the overflow parameter.

Lower boundary of the reservoir
5H3(x,y,Lz,T)/82 =0
Side faces
hy (anaZaT) = hl,o;Hz(anaZaT) = Hz,oa
on(L,,y,z,t)/ dx=0,0H,(L, ., y,z,7)/&x=0.
Forming the boundary conditions along the y coordinate, we assume that the thickness of the layers is such that
disturbances from the intake wells do not affect the state of the formation at the boundary points:

h, (x,O, z, ‘r) =h, (x, L,z r) =h, 0

Hz(x,O,Z,T)zHZ(x,Ly,z,r)zHZ’O
We carry out a procedure for studying the static and dynamic characteristics of an object to determine static
and dynamic coefficients, using different coefficients, depending on changes in the radius of the “well” [3]. Several
options are to be considered, including different well radius, a study will be conducted for three different values of the
well radius, with three different coefficients depending on the radius change.
Imagine there is one producing well [5]. The decrease in level (H,) at the location of the production well, at a
given flow rate (Q), is described by the dependence:

0 225-a* 0 4
, Arthkm Ln( »° ] N Artkm Lrltay) @
where Ln(ty,) = Ln(r) — Ln(1+1,78 b/u*)=Ln(t)- (Ln(r)+Ln(1/t+ 1,78b"/u%))
or  Ln(tup)=-Ln(1/t+1,78b"/u*)

where T — is the current time from the start of the well disturbance (0 << 7);

a * —is the reservoir conductivity;

km — reservoir conductivity;

b * —is the overflow parameter;

r — is the radius of the "well" (Fig. 1);

u * —reservoir fluid loss.
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Fig. 1. Well scheme

With a sufficiently large T, the dependence is converted to the form:

2,25-a* M-
> j—Ln(1,78~b /n))

Atkm (%)

1
H =K, -0 K, = (Ln[ -

Assuming km = 201,33 m2 / day;
a*/r’ = 110 day™;

w* =0,00008;

b =0,000059 day,

We get K;; =0,001914, K;;,=0,0011613, K5, =0,0003871.
If in the time At the flow rate changed by AQ, then in the stationary mode the pressure drop caused by the ac-

tion of the j-th production well (V4 (yj, 7)) can be written in the form V/, ( yj) =A Hy = Ky - AQ [1]. For the above

physical properties of the aquifer (AHy = 2 m), in the steady state flow rate
AQ = A,/ K,=2/0.001914 =2612.33 m3 / day
Consider the first case with a transmission coefficient depending on the value of the radius of the "well" equal
to unity [6]. At this stage, we conduct research in a static mode, setting a constant flow rate of 100 m3. We carry out
verification by accepting a coefficient equal to 0.001914827 (Fig. 2).

Peakuua obbeKTa Ha BXogHOe BO3gelcTBMUE

A 3meHeHe ypoBHA, M

50 100 150 00 250
Bpema B cyTHax

Fig. 2. Determining the value of lowering the level of a real well

The resulting value is 0.7, the accepted value is 0.6. It is necessary to determine how many times it is required
to increase (decrease) the coefficient. The coefficient value is 0.857. During verification, we increase the correction
factor at 0.857.

We will re-verify to confirm the correct calculation of the coefficients (Fig. 3).
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Fig. 3. Verification of verification results

From here we determine the value of K1 for the first well, equal to 605.013.
Next, we examine the dynamic system. For this, it is necessary to add a sinusoidal effect (Fig. 4) [7].
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Fig. 4. Determination of the phase value

Consider the second case with a transmission coefficient that depends on the value of the radius of the "well"
equal to ten. At this stage, we conduct research in static mode, setting a constant flow rate of 100 m3. We carry out veri-
fication by accepting a coefficient equal to 0.0011613.

The resulting value is 0.45, the accepted value is 0.6. It is necessary to determine how many times it is required
to increase (decrease) the coefficient. The coefficient value is 1.333. During verification, we increase the correction
factor in 1.333.

We will re-verify to confirm the correct calculation of the coefficients.

From here we determine the value of K1 for the first well, equal to 388.937.

Consider the third case with a transmission coefficient depending on the value of the radius of the “well” equal
to thirty. At this stage, we conduct research in a static mode, setting a constant flow rate of 100 m3. We carry out verifi-
cation by accepting a coefficient equal to 0,0003871.

The resulting value is 0.14, the accepted value is 0.6. It is necessary to determine how many times it is required
to increase (decrease) the coefficient. The value of the coefficient is 4.2857. During verification, we increase the correc-
tion factor in 4.2857.

We will re-verify to confirm the correct calculation of the coefficients [4].

So, we determine the value of K1 for the first well, equal to 361.664.

Next, we examine the dynamic system. For this, a sinusoidal effect must be added.
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During verification and determining the response of the system to the selected spatial modes, the following
values of the coefficients K1 and phase A@, are obtained, which are presented in Table. 1 and the following graph is
constructed, which determines the nonlinear dependence of K (R) on R,

Table 1
The resulting values of the coefficients
Static Mode Dynamic Mode
Coefficient value Coefficient value Coefficient value Coefficient value Coefficient value Coefficient value
0.001914 0.0011613 0,0003871 0,001914 0,0011613 0,0003871
with R =1 with R =10 with R =30 with R = 1 with R =10 with R = 30
K K K, ) ) )
605,013 388,937 361,664 -1,102 -1,102 -1,102

To plot the dependence, we apply the Lagrange interpolation polynomial [2] in the form of Newton:
Ko,-K1 K1—-Kp
X _K1-Ko

Ky (R) = KoHR=Ro)* 5 +(R—Ro)*(R—Ry )Tl ©)

—Ry Ry,—R;
K; (R) = 1,1322R?* — 36,463R + 640,3434
when Ry =1; R1 =10; R2 =30;
K0 =605.013; K1 =388.937; K2 =361.664.
In fig. 6, the following graph is constructed, which determines the nonlinear dependence of K(R ) on Ry,
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Fig. 6. Nonlinear dependence of K (R,) ot R,

Conclusion. The description of the reaction of the system to a change in the radius of the well is considered.
Applying the Lagrange interpolation polynomial in Newton's form, we obtain a graph of the nonlinear dependence of K
(Rn) on Rn.

The obtained dependences allow us to develop an adaptive procedure for determining the parameters of the
controller depending on changes in the radius of the "well".

JIUTEPATYPA

1. bungeman H.H. OneHka skcIulyaTallMOHHBIX 3allacOB OA3eMHBIX BoJ. M.:HayuHo-TexHUYeCKOE U3aTENbCTBO JIUTEPA-
TYpHI IO T€OJIOTUU U oXpaHeHep, 1963, 202 c.

2. Boueep ®.M., I'apmonos N.B., Jlebener A B., IllectakoB B.M. OcHOBHI rusiporeonoraieckux pacueToB. M.: Heapa,
1965. 305 c.

3. bouepep @M. Jlanmun H.H. K Bonpocy 0 raiporeoornyeckux pacueTaxckBakiH B CJIOMCTHIX Tomax. M.: BOJAI'EO
T'unporeonorus. 1968. Bein. 14.

4. Bouerep @M., Opanosckas A.E. I'maporeonoruueckoe 060cHOBaHHE 3alllUTHI MOJ36MHBIX BOJ U BOJI03200POB OT 3a-
rpssHenuit. M.: Henpa, 1973, 128 c.

5. T'auu M.K. MogenupoBanue ruiporeosiorndyeckux npoueccos M.: MockoBckuil reos1oropasBelouHbli HHCTUTYT, 1977.
101 c.

6. MankoB A.B, Ilepmun .M. Cuctems! ¢ pacupeeleHHbIMU apaMeTpaMu. AHanus U cunTes. M: Hayunsiit mup 2012.
472 c.

7. Ilepmmu .M. AHaus U CHHTE3 CUCTEM ¢ paclipeJe/IcHHbIMU NapameTpaMu. Ilarturopek, 2007. 243 c.

Boinyck Ne1, 2020 33



COBPEMEHHAA HAYKA U MHHOBALUWMNU

RERFERENCES

1. Bindeman N. N. Otsenka ehkspluatatsionnykh zapasov podzemnykh vod. M.:Nauchno-tekhnicheskoe izdatel'stvo litera-
tury po geologii i okhranenedr, 1963. 202 s.

2. Bochever F. M., Garmonov 1. V., Lebedev A. V., Shestakov V. M. Osnovy gidrogeologicheskikh raschetov. M.: Nedra,
1965. 305 s.

3. Bochever F. M. Lapshin N. N. K voprosu o gidrogeologicheskikh raschetakhskvazhin v sloistykh tolshchakh. M.:
VODGEO Gidrogeologiya. 1968. Vyp. 14.

4. Bochever F. M., Oradovskaya A. E. Gidrogeologicheskoe obosnovanie zashchity podzemnykh vod i vodozaborov ot
zagryazneniy. M.: Nedra, 1973. 128 s.

5. Gavich 1. K. Modelirovanie gidrogeologicheskikh protsessov M.: Moskovskiy geologorazvedochnyy institut, 1977. 101
S.

6. Malkov A. V. Pershin I.M. Sistemy s raspredelennymi parametrami. Analiz i sintez. M: Nauchnyy mir 2012. 472 s.
7. Pershin 1. M. Analiz i sintez sistem s raspredelennymi parametrami. Pyatigorsk, 2007. 243 s.

Ob ABTOPAX | ABOUT AUTHORS
Abunosa Kapuna Bayp:kanosna, maructp, kadeapa CucteM yipaBieHUs U HHGOPMAITMOHHEIX TEXHOJIOTAH
Cerepo-KaBkasckoro @enepanpaoro YauBepcurera (dminan) B T. [laruropcke;
karinaabilova@mail.ru; 8(928)314-42-60
Abilova Karina Baurzhanovna, Department of Control systems and information technologies of the North
Caucasus Federal University (branch) in Pyatigorsk; karinaabilova@mail.ru; master; 8(928)314-42-60

Jata noctymnenus B pepakuuto: 25.11.2019
ITocne peuensuporanus: 23.02.2020
Jlata npunsitus k nybnukamun: 03.03.2020

34 Bbinyck Ne1l, 2020



