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tonu Ooratel OB M morpyeHel Ha OoJiblllylo TIyOuMHY, 4eM B KaraHckoM u
INaznunckom paiionax. @opMmupoBaHHE OCHOBHBIX MacC Ta3a M Bced HedTH
npoucxoamwio Ha Yapmkoyckoi crynenu, B bemkenTckoM u Apyrux mporudax B
I0)KHOM YacTh 00JacTH.

4. B dbopMupoBaHrHM Ta30BBIX U TeM OoJiee HE(TAHBIX 3ayiekel Ha byxapckoit
CTYNEHHM PEIIaIoN(yi0 poJib Urpajia JiarepajibHas MUTpamus He(TerasoBo cMecu C
10ra.

5. OcHoBHO# (popMoif MHTpanuM, Mo KpaifHel Mmepe B Inpeaenax byxapckoi
CTYIICHHM, OblIa CTpyHHas, 0 UYeM CBUJICTCIBCTBYIOT HE(TSIHBIC 3aJIC’KU Ha OJHHX
CTPYKTYypax, Ta30BbIC Ha IPYTUX U OTCYTCTBUE 3aJICKEH — HA TPETHHX.
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DEVELOPMENT OF A MODEL MECHANISM
FOR PREDICTING GAS RECOVERY COEFFICIENT
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Babalov Zh.K., doctoral student (PhD), Shukurullaeva S.U., assistant
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Abstract. Taking into account the influence of factors predicting the gas
recovery coefficient of gas and gas condensate deposits on modeling; analysis based
on experimental results; determination of dynamic patterns; assessment of randomness
positions; forming dependencies that reveal the state of the existing system, it was
recommended to develop the following trend model, a multifactor empirical model, an
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integral time series model, middle level moving models in accordance with the
characteristics of the gas recovery coefficient.

Key words: gas, gas recovery coefficient, geological factors, forecasting, trend
model, multifactor empirical model, integrated time series model, middle-level sliding
model
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KuroueBblie cjioBa: ras, KodhGHUIHCHT ra300T1a4qu, ICOJIOTMICCKUE (PaKTOPBHI,
IIPOTHO3UPOBAHKE, TPCHIOBAasi MOXCIb, MHOTIO(MAKTOPHAs AMIIMPUYCCKAsT MOJICIIb,
WHTErPUPOBAHHAS MOJIENIb BDEMEHHBIX PSJIOB, CKOJIB3SIAsl MOJIETb CPEAHETO YPOBHS

One of the most difficult tasks of specialists in the field of exploration and
exploitation of gas and gas condensate deposits is to predict the gas recovery
coefficient of a productive layer based on them. Dynamic laws and the influence of
factors have a great importance in the change of the gas permeability coefficient. At
the same time, the level of importance of prediction is considered very high. Therefore,
the accuracy of the prediction depends on the complex analysis scale of the geological
system. However, the scale of complex analysis cannot be taken to the level of
establishing a forecasting mechanism with sufficient accuracy. The first reason for this
is that the process is affected by factors of different scales, different rocks, different
sectors, and the second main reason is the insufficient uncertainty of the future process.

In the above cases, it will be possible to simplify the complexity of calculating
the forecast values of the gas recovery coefficient, with the help of the factor model of
the process and a deep understanding of the dynamic law in the change of the indicator.
But as a strict condition for this, it is necessary to observe the sufficient dynamics of
the indicator change.
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Given that the gas recovery coefficient is measured by the ratio of the amount of
extracted gas to the amount of gas reserves, its result of 100 percent (or 1 unit)
represents the performance of the field. However, under the influence of various
factors, such as economic, technological, geological factors, the process can only be
expressed in relative terms. In other words, "it is impossible to fully extract the
reserves, the gas recovery cannot be equal to 100% in real conditions for any horizon"
[1-3].

Taking into account the above, several main aspects should be taken into
consideration when predicting the coefficient of gas recovery of deposits (based on
their horizons). These include:

The choice of the forecasting method is made according to specific,
mathematical, statistical, probabilistic, empirical criterias, such as analysis of the
influence of factors affecting the gas recovery coefficient of deposits, analysis based
on the results of experiments, determination of dynamic laws, taking into account the
positions of randomness, formation of relationships that reveal the state of the existing
system.

The experimental results collected on the gas recovery coefficient of productive
layers of terrigenous reservoir deposits in the Ustyurt oil and gas region, chosen as a
research object, justify the possibility of using modeling methods in prediction. This is
based on the following properties of the gas permeability coefficient:

1) the change (increase) of the gas permeability coefficient occurs in a dynamic
process. Variation is constantly influenced by the time factor.

2) the rate of change of the gas recovery coefficient is influenced by the
geological factors of the heaps and causes stratification of the productive layers.

3) the probability of the presence of random effects in the change of the gas
recovery coefficient is highly estimated.

4) variation of the gas recovery coefficient is dynamically affected by the same
distribution laws in different time sections, forming smoothing time series.

Several methods are used in forecasting practice. One of the most used methods
today is the modeling method. The modeling method in forecasting offers several
advantages (for example, systematic approach, quantitative analysis, increased
accuracy, multivariate analysis, continuous improvement, flexibility), which makes it
a dominant tool for predicting future results [4-5].

Taking into account the above-mentioned characteristics of the gas recoery
coefficient, it was studied that the following methods are the most suitable for
prediction (Table 1).
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Table 1 — Modeling methods of forecasting

Type of modeling methods in forecasting
N . B methqd oi Methods of using Method of
Characteristic | Trend modeling constructing a X . :
. - of time series middle-level
method multifactorial C o
. models sliding models
empirical model
It represents a . It also takes into
L rep . It provides the
high accuracy if oy et account the
4 possibility of . It allows for
the current is - influence of .
. predicting the statistical
Advantage influenced by random factors .
: change of the . S generation of
constant laws in . while maintaining .
. factors affecting ! levels over time
the duration of the dynamic
. the process
time feature
There is a high When linked to
. o . Does not
It only gives probability that the factors, their .
. . . consider lower
Disadvantage | time-dependent | confidence interval | forecast results
b oy and upper bound
indicators will widen when are not reflected .
observations
the factors change together

It was recommended to develop the following models according to the
characteristics of the gas recovery coefticient:

- trend model. It ensures that the variation change of the gas recovery
coefficient occurs continuously depending on the time factor.

- multifactorial empirical model. The coefficient of gas recovery justifies the
fact that the rate of change depends on the geological factors of the heaps;

- time series integrated model. Provides the dynamic nature of the gas
permeability coefficient and the effect of random factors on it;

- middle-level sliding model. The gas recovery coefficient studies the effect
of the laws that created its previous state.

It 1s possible to observe advantages and disadvantages of the above modeling
methods in predicting the gas recovery coefficient. Therefore, it is appropriate to use
all these methods, and to develop a prediction proposal by summarizing the results. As
a result, it is possible to develop a model mechanism for predicting gas recovery
coefficient with high accuracy (figure 1) [9-10].
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Figure 1 — Algorithmic scheme of the model mechanism
for high-accuracy prediction of the gas permeability coefficient

This mechanism makes it possible to determine the general and individual
properties of deposits according to the prediction results. In particular, it will be
possible to evaluate common and different aspects of terrigenous collector deposits in
the Ustyurt oil and gas region [6-8, 10].

Common aspects include general dynamic features in the duration of time
changes, the tendency of random changes to occur under the influence of geological or
other factors, the state of mining activity from the initial stages to the current stage,
technological changes that are not considered in our research, the significance of
sources of influence such as economic conditions in the prediction indicators, the
cocfficient of gas yield to the number of wells , is included in the set of laws that
indicate the change of productive layers depending on their geological parameters.

Individual aspects include operating mode of deposits, non-natural geostructural
aspects, as well as relative differences in formation of gas recovery coefficient trend of
gas reserves.

Systematic modeling of forecasting serves not only to identify prospective
indicators, but also to improve models, increase the accuracy of calculations, to reveal
the general and specific character observed in certain oil and gas regions, through this,
systematic geological exploration works are organized.

Models for predicting the gas recovery coefficient are required to have long-term
forecasting properties. For this reason, it is necessary to increase attention to the issue
of scientific description of the selection criteria of forecasting methods, parametric and
structural identification of the model. Also, in our case, attention was paid to the criteria
of theoretical adequacy, practically, as the main criterion for justifying the accuracy of
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long-term forecast indicators, the degree of expansion of the confidence interval of
modeling results does not increase.

In predicting the coefficient of gas recovery, ensuring the effectiveness and
accuracy of modeling, we believe that it is appropriate to direct the proposal to
generalize the results of models based on time-invariant laws, taking into account the
nature of dependence under the influence of geological indicators, taking into account
random changes, connections of a stochastic nature, and processing the modeling
information source.
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AHHoTauMss. B 1maHHOM  cTaThe  paccMaTpPUBACTCS  TOBBIIICHUC
M3HOCOCTOMKOCTH MaTepuaia BHyTpEeHHEH cTeHKH quddy3opa 1 KaMepbl CMCIICHUS
CTpyHHOTO Hacoca IMyTE€M MeToJa KaTogHOo — WoHHoM OomOapaupoBku (KUB).
OCHOBOI MOJEpHU3ALMU SBJSIETCS MPUMEHEHHE METOJa MOHHOM UMIUIaHTAIUK JJIst
YIPOUHEHHS! BHYTpeHHEN cTeHKH nuddy3opa cTpyidHOro Hacoca. ABTOpaMH padOThI
OBLIIM TIPOBENIEHBI PsiZi TAOOPATOPHBIX HCCIEOBAHUMN, KOTOPHIE TO3BOJIMIIU MOBLICUTh
JOJITOBEYHOCTh MaTtepuaia, KOTOPOE Pe3KO MOBBICHIIO H3HOCOCTOMKOCTh. Ocoboe
BHUMaHHUE yJIeJIEHO UCCIJIEIOBAHUIO MO BIUSHUIO IIEPOXOBATOCTH HA BEJIMUMHY U3HOCA
00pa3IoB CTaju.

KiroueBble ciaoBa: KarToJHO-MOHHas OomOapaupoBka, KWb, wonHas
UMILIAHTAIUS, CTPYKTYypa METajuia, CTpYHHBII Hacoc, 1uddy30p CTPYHHOIO HAcoca,
craiub [11X-15, noH asora

INCREASING THE RELIABILITY (DURABILITY) OF THE WORKING
ELEMENTS OF THE JET PUMP
Cherkashin M.A., Kasimov D.L., Lyagov I.A.,
Lyagov A.V., Nazarov S.V., Levanov A.A.
Ufa State Petroleum Technological University, Ufa, Russian Federation
Perfobur LLC, Moscow, Russian Federation

Abstract. This article discusses increasing the wear resistance of the material of
the inner wall of the diffuser and the mixing chamber of a jet pump using the cathode
ion bombardment (CIB) method. The main upgrade is ion implantation of the inner
wall of the jet pump diffuser. The authors of the work conducted a series of laboratory
studies that made it possible to increase the durability of the material, which sharply
increased wear resistance. Particular attention is paid to the study of the influence of
roughness on the amount of wear of steel samples.

Key words: cathode ion bombardment, CIB, ion implantation, metal structure,
jet pump, jet pump diffuser, steel, nitrogen ion

Beenenue
Pa3zHooOpa3ubie yciaoBusS pabOThl MHCTPYMEHTOB, MAIllMH, amrnaparoB Hu
COOPY)KEHHH, TIpUMEHSIEMbIX B HEDTAHOW, HEDHTEXUMUUECKOW U  Ta30BOH
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