PROSPECTING AND DEVELOPMENT
OF OIL AND GAS FIELDS  rupsupdogtcom.uaren

Received: 19.02.2025. Revised: 03.05.2025. Accepted: 02.06.2025

Vol. 25, No. 1
2025

UDC 622.276, 622.279 DOI: 10.63341/pdogf/1.2025.31

Optimisation of the operation of a group of wells with different
productive characteristics connected to a common collector

Andrii Uhrynovskyi

PhD in Technical Sciences, Associate Professor
Ivano-Frankivsk National Technical University of Oil and Gas
76019, 15 Karpatska Str., Ivano-Frankivsk, Ukraine
https://orcid.org/0000-0002-3886-9639

Lesia Moroz*

PhD in Technical Sciences, Associate Professor
Ivano-Frankivsk National Technical University of Oil and Gas
76019, 15 Karpatska Str., Ivano-Frankivsk, Ukraine
https://orcid.org/0000-0002-5183-4940

lhor Kryskiv

Ukrainian Research Institute of Natural Gases

61010, 20 Himnaziina Naberezhna Str., Kharkiv, Ukraine
https://orcid.org/0009-0003-4534-2856

Vasyl Hutsulyak

Postgraduate Student

Ivano-Frankivsk National Technical University of Oil and Gas
76019, 15 Karpatska Str., Ivano-Frankivsk, Ukraine
https://orcid.org/0000-0003-4973-7719

Abstract. Optimisation of the operation of a group of wells connected to a single pipeline consists of the correct
distribution of the pressure load between the wells, which ensures that there are no gas production losses at the group level,
as well as the maximum involvement of each well in the production process. Therefore, the aim of the study was to establish
the optimal technological mode of well operation, taking into account the connection of wells to a common collector with
different working pressures at their mouths. This was achieved by redistributing the flow rate between wells, taking into
account the gas reserves in the specific drainage volume, by installing a fitting at their mouths. The problem was solved
by simultaneously solving two equations: an equation reflecting the constancy of the ratio between the well flow rate and
gas reserves per unit of drainage volume, and an equation for the volumetric gas flow during adiabatic (i.e., without heat
exchange with the environment) leakage through the fitting, which was described by the Saint-Venant-Wansel formula.
Based on the solution of the problem and the performed calculations, it was established that three wells from the group
were operated at reduced flow rates due to differences in residual specific drainage volumes, while the remaining wells
exceeded the optimal gas flow rate parameters. Such a discrepancy was interpreted as evidence of inefficient utilisation
of the resource potential of the field. A solution to the multi-objective problem was proposed, aimed at optimising the
operating mode of a group of wells and the gas gathering network as a single integrated hydrocarbon production system.
With this approach, a balance was achieved between the efficiency of hydrocarbon extraction and the uniformity of the load
on the infrastructure. The outcomes of the study are expected to be useful in practice for establishing optimal technological
modes of operation for wells with different production characteristics operating in a single collector
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Introduction

Depending on the pipeline system configuration, hydrocar-
bon products gathering systems were classified as collec-
tor and non-collector schemes. In gas field development, it
was common for products from several wells to be fed into
a common pipeline (collector), through which they were
transported to a gas processing plant (GPP). One of the key
operational tasks in managing such a system was to main-
tain optimal operating conditions for wells connected to a
common collector.

In their study, A.V. Uhrynovskyi et al. (2022) analysed
approaches to organising product gathering systems at oil
fields. It was concluded that creating a single universal sys-
tem was impractical because of the unique geological and
technical conditions characterising each field. In particu-
lar, several factors were identified that determined the spe-
cifics of the gathering system, the layout of wells, the phys-
ical and chemical properties of reservoir fluids, the level of
remaining reserves, the climatic conditions of the region,
the selected well operation methods, and the volume of
hydrocarbon products. Thus, the necessity of an individual
approach to the design of gathering systems for each spe-
cific field was emphasised.

According to O. Stanley et al. (2021), the operation of
wells in heterogeneous reservoir conditions was accompa-
nied by several technical problems. They emphasised that
differences in reservoir properties caused significant dif-
ferences in pressures of wells and flow rates, even when
wells were located close to each other, which significantly
complicated the effective operation of the gathering sys-
tem. It was noted by the authors that considerable hetero-
geneity of reservoir rocks could lead to major differences in
wellhead pressure and production rate even among wells
situated within a short distance of each other. It was estab-
lished that connecting such wells to a common pipeline led
to a redistribution in the system: wells with high pressure
could suppress low-pressure ones, limiting their produc-
tivity to a minimum level. It was also emphasised that well
productivity was closely dependent on wellhead pressure;
therefore, a change in the operating mode of one well could
significantly affect the performance of other wells within
the system. In the study by I.W. Purnomosidi et al. (2024),
effective methods for regulating the operation of gas wells
were explored. It was pointed out that one of the main ways
to control well productivity was to control the pressure at
the wellhead or the inlet of the tubing shoe. The most com-
mon practical method was the creation of backpressure at
the wellhead using a fitting. The use of downhole fittings
had not become widespread due to difficulties associated
with their installation and maintenance. A key aspect of
the study was the observation that adjusting the cross-sec-
tional area of the choke opening allowed for precise regula-
tion of the well flow rate according to reservoir conditions.

In the works of T.M. Nesterenko et al. (2021) and S. Be-
kov et al. (2024), the process of achieving a stable techno-
logical operating mode of wells after adjusting fitting pa-
rameters was analysed. It was noted that after adjusting the
passage area of the fitting, the well had to operate in the set

mode for a certain period until stabilisation was achieved.
This stable mode was characterised by constant flow rate,
bottomhole and annular pressures. It was emphasised that
the technological operating mode was established taking
into account a set of limiting factors and determined the
operating conditions under which the maximum possible
gas flow rate was achieved without damaging the integrity
of the formation or technical equipment.

The study by L.V. Moroz et al. (2023) was devoted to an-
alysing the formation of the technological mode of gas well
operation at industrial enterprises. It was noted that such
modes were developed quarterly by the geological service
of the enterprise and approved by the chief geologist and
chief engineer of the gas production department. Special
attention was given to determining the optimal operating
conditions, which required the identification of the lead-
ing factor or group of factors most influencing production
efficiency. It was highlighted that the rational design of a
technological regime requires taking into account a wide
range of parameters: well construction, the stability of
gas-bearing formations to destruction, geological struc-
ture (multi-layered, heterogeneous, sequence of forma-
tions), physical and chemical characteristics of gas (water
and condensate content), features of the operating scheme
(group placement of wells, connection to a header), as well
as the presence of complications such as salt deposits.

In the studies by Q. Zhang et al. (2022), J. Wu et
al. (2022), and M.S. Al-Kadem et al. (2024), designed solu-
tions used to implement the specified operating mode of
wells were reviewed. It was stated that the most common
means of control are fittings of various designs - both
straight and angular, as well as fittings such as throttle
washers. The latter received special attention due to their
simplicity, reliability, and efficiency. An orifice-type choke
consisted of a metallic disc with a hole of a specified diame-
ter, installed at the wellhead in place of the sealing ring be-
tween two flanged joints. In the works of B. Tan et al. (2024)
and J. Wu et al. (2022) presented an innovative technical
solution to improve the efficiency of well pressure control,
a choke equipped with an electronically controlled control
system with an electric drive. It was noted that the intro-
duction of such a system made it possible to significantly
improve the accuracy of pressure control and reduce the re-
sponse time to changes in operating conditions. The elec-
tronic control made it possible to remotely adjust the throt-
tle parameters in real time, providing continuous pressure
monitoring and rapid system adjustment. This approach
also significantly improved personnel safety, as it elim-
inated the need for manual intervention at the well site.

Although numerous studies were devoted to various
approaches for organising production gathering systems in
oil and gas fields, a clear methodology for selecting throttle
washers for wells with different performance characteris-
tics connected to a common collector was not found in the
current scientific literature. This gap indicated the need
for further research and development aimed at optimising
well operation regulation under heterogeneous conditions,
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which was essential for enhancing production efficiency
and operational reliability. The aim of this study was to de-
termine the optimal well operation mode, taking into ac-
count their connection to a common collector at different
wellhead pressures.

Materials and Methods

The material used in this study was data on the operation
of gas wells operating with wellhead throttle washers and
sharing a common gas gathering collector. Optimisation of
a group of wells connected by a single pipeline was based
on the correct balancing of the pressure load between
them, which avoided a decrease in overall gas production
and ensured efficient operation of each well. To meet these
requirements, a constant ratio between the well flow rate
and the gas reserves per unit volume of the drainage area
had to be maintained, specifically:

g _ a@ _  _ 4l
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where q(i) is the flow rate of the i-th well, m%/d; a x Q, is the
gas-saturated drainage volume of the i-th well, m?. Accord-
ing to the Saint-Venant-Wanzel formula, the volumetric
gas flow rate during adiabatic (without heat exchange with
the environment) movement through an opening (fitting,
throttle washer) could be found by the formula:
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where g, is the volumetric gas flow rate under normal con-
ditions, m’/s; P, T are the pressure and temperature un-
der standard conditions, Pa and K; w, is the leakage rate,
m/s; P, T, are the pressure and temperature at the inlet
of the fitting, Pa and K; P, is the pressure after the fitting,
Pa; u - is the flow coefficient for the lemniscate nozzle
1 =0.95-0.98 increases with the Reynolds number and
slightly decreases with P /P,; k is the adiabatic coefficient,
which changes little with temperature and molecular
weight of the gas, so for practical calculations it can be tak-
en with sufficient accuracy as k=1.25; R=8,314.3 J/(kg-K)
is the standard gas constant; M, is the molar mass of a gas,
kg/mol. The application of this formula is limited by the
critical pressure ratio:
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This is a condition where the flow velocity reaches

the speed of sound and the gas flow rate is maximum, i.e.
. . epe Py Py
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To determine the diameter of the throttle washer, for-
mulas (2) and (4) should be written in the following form:
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The diameter of the throttle washer was determined
using formula (6), which ensures critical gas flow at a given
gas flow rate g . After solving equations (1), (5), and (6) col-
lectively, the required diameter of the throttle washer for
each well was determined. The amount of residual drained
gas reserves from the total volume of reserves in the wells
was found using formula (7):

A= ZLQGSX 100%. (7)

The gas flow rate for production optimisation was de-
termined as the product of the total gas flow rate by wells
and the value of the remaining drained gas reserves of the
total reserves volume for each well:

q,=q,%4. )

Results and Discussion

A group of six wells connected to a single pipeline was ex-
amined. Figure 1 shows a graph of the gas flow rate of each
well as a function of the change in working pressure at the
wellhead. The total gas flow rate of these wells was limit-
ed by the consumer and amounts to 34.35 thousand m3/d.
Under these conditions, the pressure in the reservoir is 20
atm, and at the inlet to the gas processing plant (GPP), the
gas flow was throttled to a pressure of 5 atm.

The graphical dependence of the gas flow rate of six
wells on the working pressure at the wellhead is shown
in Figure 1. The horizontal axis shows the working pres-
sure (P,) in the range from 4 to 24 atm, and the vertical
axis shows the corresponding gas flow rate (1,000 m®/day).
Each line corresponds to a separate well (well 1-well 6) and
is approximated by a second or fourth-degree polynomi-
al, which allows for accurate reflection of the change in
productivity depending on pressure. Analysis of the graph
shows a nonlinear dependence of flow rate on pressure at
the wellhead. The most productive well is No. 2, whose flow
rate at low-pressure values exceeds 20 thousand m®/day.
Conversely, well No. 6 shows the lowest production level,
less than 2 thousand m®/day under the same conditions.

This difference was caused by geological and technical
features of the corresponding drainage intervals. The de-
pendencies were an important basis for further optimisa-
tion of the gas collection system, as they allowed assessing
the impact of changes in wellhead pressure on the inten-
sity of each well and the group as a whole. Table 1 shows

(33)
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the gas flow rates of the wells at a reservoir pressure of 20
atm, the initial drained gas reserves and the accumulated
production for each well. Well No. 6 has the lowest gas flow
rate — 1.52 thousand m®/day, which is only 4.4% of the total

flow rate of the six wells. To ensure an even load between
wells, according to formula (1), a constant ratio between
the well flow rate and the volume of gas per unit of drained
space should be maintained.
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Figure 1. The influence of working pressure at the wellhead on gas flow rate

Source: created by the authors

Table 1. Operating parameters of wells operating in a common pipeline

Gas flow rate (q,), Initial drained gas

Well

Accumulated gas Pressure

thousand m%/d reserves (Q, ), millionm*®  production (Q,), million m*®  in the collector (P,,), atm
1 7.80 88.6 27.6
2 10.93 107.6 69.1
3 4.49 82.5 46.9 20
4 5.06 32.0 5.5
5 4.55 32.5 7.3
6 1.52 48.1 28.9
Total 34.35 ¥Q,.=391.3 3Q,=185.2

Source: made by the authors

Table 2 presents the results of calculating the well flow
rate after optimising gas production, taking into account the
amount of residual drained gas reserves from the total vol-
ume of reserves in the wells. Analytical results of gas flow

distribution between six wells are presented to achieve op-
timal operating mode with limited total productivity. Opti-
misation involves ensuring the proportional distribution of
production by the residual drained gas reserves of each well.

Table 2. Results of gas flow rate calculations for production optimisation

Residual drained

Residual drained

Gas flow rate for production

Well s ; gasreserves as a percentage e e . 3,3 4,-4q,thousand m%/d
gas reserves (Q,,), million m Sl e S A, optimisation (q,), thousand m*/d
1 61.0 29.6 10.17 -2.37
2 38.5 20.7 7.11 3.82
3 35.6 19.3 6.63 -2.14
4 26.5 12.9 4.41 0.65
5 25.2 12.2 4.20 0.35
6 19.2 5.3 1.82 -0.30
Total 20.,.=206.1 100 34.35

Source: made by the authors

Column 2 shows the value of residual drained gas re-
serves (Q,,, million m®. The largest volumes of residual re-
serves are observed in well No. 1 (61.0 million m®), and the
smallest in well No. 6 (19.2 million m®). Column 3 shows

the share of each well in the total remaining reserves (%),

which varies from 29.6% to 5.3%. Column 4 shows the opti-
mal gas flow rate (q,), thousand m®/d, calculated according
to the proportional model that takes into account the re-
maining reserves. According to the calculations, wells No. 2,
No. 4, No. 5 demonstrate positive values of flow rate increase
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(g2 > q1), while wells No. 1, No. 3, No. 6 shows the need to re-
duce production (gz < q1), which is recorded in column 5 as
the difference between the current and optimised flow rates
(q1-q2)- The calculated data indicate that it is possible to in-
crease the efficiency of the entire group of wells by redistrib-
uting well flow rates, which avoids hydraulic squeezing of
low-flow wells and ensures uniform hydrocarbon production.

Table 2 shows that there was a redistribution of well
gas flow rates, taking into account the residual drained gas
reserves. The results of the calculations show that wells
No. 1, No. 3 and No. 6 should have higher operating gas flow

rates by 2.37 thousand m3/d, 2.14 thousand m3/d and 0.30
thousand m3/d, respectively. At the same time, the operat-
ing flow rates of wells No. 2, No. 4 and No. 5 should decrease
by 3.82 thousand m3/d, 0.65 thousand m3/d and 0.35 thou-
sand m>%/d, respectively. To distribute the gas flow rate be-
tween the wells according to Table 2, it was necessary to
install choke washers with the appropriate bore diameter at
the wellheads, which reduced the pressure in the collector.
Table 3 shows the results of calculations of the operating
parameters of six wells combined into one group to achieve
the optimal production mode.

Table 3. Gas flow rate for production optimisation and required choke plate diameters

Gas flow rate for

Working pressure at the

Collector pressure

Well production optimisation wellhead for production Choke plate diameter, mm for production
(q,), thousand m*/d optimisation, atm optimisation, atm
1 10.17 12.52 6.043
2 7.11 23.03 3.726
3 6.63 12.95 4.798
4 4.41 22.23 2.986 :
5 4.20 24.25 2.790
6 1.82 7.50 3.989
Total 34.35 - - -

Source: made by the authors

The main controlled parameters are: the target gas flow
rate of each well (g,), the operating pressure at the well-
head, the optimal diameter of the choke washer, and the
pressure in the reservoir, which is the same for the entire
group and amounts to 5 atm. The value of the gas flow rate
for optimisation (q,) ranges from 1.82 to 10.17 thousand
m3/d. The highest flow rate is provided for well No. 1, which
requires the largest choke washer diameter — 6.043 mm
at a wellhead pressure of 12.52 atm. At the same time,
the lowest flow rate corresponds to well No. 6 (1.82 thou-
sand m3/d), which requires a choke washer with a diameter
of 3.989 mm at the lowest wellhead pressure of 7.5 atm. The
operating wellhead pressure varies depending on the well
characteristics and is adjusted to ensure the required res-
ervoir pressure at the agreed production rate. For example,
for well No. 2 with a production rate of 7.11 thousand m?%/d,
the corresponding wellhead pressure is 23.03 atm, which
requires the installation of a washer with a diameter of
3.726 mm. The working pressure at the wellhead for opti-
mising production in the presence of a choke washer can be
found from Figure 1 with a known gas flow rate g,.

The most common variant of the technological pro-
cess of gathering products from wells is a collector scheme,
in which the flow from several wells is combined into one
pipeline and transported to the GPP. Pressure regulators
or wellhead chokes were often installed to maintain the
required pressure at the bottom hole or wellhead and en-
sure a given oil and gas production rate. In the study of
H.S. Barjouei et al. (2021), the peculiarities of well oper-
ation in the presence of a two-phase filtration flow were
analysed. The impact of phase (gas-liquid) interaction on
the hydrodynamic parameters of operation, and changes in

Prospecting and Development of Oil and Gas Fields, 2025, Vol. 25, No. 1

flow rate, pressure, and production recovery efficiency un-
der such conditions, were examined. The obtained results
allowed for a better understanding of the specifics of well
behaviour in a two-phase filtration mode and could be used
to improve models for forecasting and optimising well op-
erations. The calculations were performed under the con-
ditions specific to the Sorush oil field, taking into account
the flow of a gas-liquid mixture. When evaluating these
studies in the context of parameters influencing well per-
formance, such as wellbore diameter, wellhead pressure,
fluid specific gravity, and the gas-liquid phase distribution
ratio, it should be noted that the effect of gas pressure be-
hind the wellbore was not considered. Furthermore, it was
observed that the main flow mode of the gas-liquid mixture
through the fitting was critical.

In the works of MS. Dabiri et al. (2024) and T. Visawam-
eteekul et al. (2024), the necessity of installing a wellhead
fitting to control the technological mode of well operation
and prevent such complications as the formation of a bot-
tomhole cone and destruction of the bottomhole zone of the
formation was described. The importance of the wellhead
choke in regulating flow rate and optimising production for
the entire collection network was also noted. The model was
developed using multivariate regression and an optimis-
ation algorithm. Data for the study were collected from 21
wells in seven fields in the Niger Delta region. The devel-
oped model investigated gas flow through the wellhead and
the effect of the diameter of the wellhead and gas density on
well productivity. Although the developed model involved a
significant amount of data from 21 wells and provided ac-
curate verification of values, it did not take into account the
mutual influence of wells connected to a common pipeline.

(35)
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In the study by Q. Zhang et al. (2022), the technical char-
acteristics of the wellhead fitting were shown to play a criti-
cal role in optimising well production parameters. A hydro-
dynamic model was constructed based on the actual layout
of the prefabricated reservoir to simulate the flow process.
The distribution of the flow field and the pressure drop un-
der various operating conditions were recorded. The find-
ings demonstrated that pressure losses in the collector oc-
curred both as a result of changing inlet conditions and due
to variations in flow structure. It was noted that the study
focused on comparing different types of throttling devices.
The authors concluded that, under identical opening condi-
tions, the pressure drop associated with a wedge-type throt-
tle was lower than that observed with a flat-type throttle.

In the research conducted by S.K. Joshua et al. (2020),
the optimisation of well operations was examined through
variations in choke size, adjustment stages, and replace-
ment frequency. The results indicated that a greater pres-
sure differential at the wellhead fitting during the initial
production phase resulted in a higher initial gas produc-
tion rate. It was found that smaller wellhead fittings were
more favourable than larger ones in terms of gas trans-
port efficiency, with a choke diameter of 3 mm identified,
through numerical modelling, as optimal. The issues relat-
ed to the calculation of choke washers and pressure regu-
lation were explored in the works of M. Bennis et al. (2020)
and Q. Zhang et al. (2022). Although these studies focused
on the analysis of pressure drops across throttling devices
using computational methods, primary attention was given
to the degree of choke opening and the hydrodynamic be-
haviour of the flow field.

In the work of I. Baselt & A. Malcherek (2022), a mod-
ernised form of the Saint-Venant-Wansel theoretical rela-
tionship for determining the gas flow rate from a system’s
flow element was presented. The studies conducted by
Y.A. Rilwan & G.C. Nmegbu (2022), as well as by A.H. Al
Salmi et al. (2023), addressed the role of flow control el-
ements, particularly fittings and throttle washers, in gas
well operations. It was established that the primary lim-
iting components governing gas flow through wellhead
equipment were the fitting and throttle washer. The choke
was identified as a critical element designed to regulate the
velocity of gas or liquid flow within limits acceptable for
preserving the integrity of the productive formation. This
regulation helped prevent the development of water or
condensate cones, thereby reducing the risk of premature
water breakthrough in the well. Furthermore, wellhead
chokes were recognised as key tools in reservoir manage-
ment, as they allowed for the control of individual well flow
rates and the generation of the required pressure within
the gathering collector, thereby enabling more efficient
and balanced field operation.

The study of gas flow control was recognised as one
of the critical tasks in the selection and installation of
throttling devices in gas pipeline systems. In this context,
X. Gu et al. (2024), and S. Kongkiatpaiboon & S. Apisaksiri-
kul (2025) improved the design of valve sleeves to enhance
the regulation of axial gas flow. Following these design

improvements, eight numerical simulations were carried
out at varying orifice sizes to analyse changes in the veloci-
ty field, pressure distribution, and aerodynamic noise with-
in the flow channel for both design configurations. A com-
parative analysis of the two valve designs was also present-
ed, focusing on their respective flow field structures and
noise characteristics. The modelling results demonstrated
that a properly increased orifice diameter in the throttling
device could significantly improve the performance of the
axial gas flow control valve, with noise levels reduced to
below 100 dB at medium and small orifices.

Optimisation of the operation of a group of wells con-
nected to a common collector was addressed through the
rational distribution of pressure loads, with the aim of mi-
nimising production losses at the system level and maxi-
mising the individual potential of each well. The study was
undertaken to determine the optimal technological modes
for well operation, taking into account varying wellhead
pressure values in a shared pipeline configuration. To ad-
dress this objective, an approach was employed based on
the simultaneous solution of two equations: the first de-
scribing the constancy of the ratio between well production
rate and gas reserves per unit volume of the drainage area;
the second characterising gas flow through the fitting un-
der adiabatic conditions, following the Saint-Venant-Wan-
sel formula. The results indicated that three wells within
the group were operated at suboptimal flow rates due to
limited residual drainage volumes, while others exceeded
optimal output levels, highlighting a systemic imbalance in
the distribution of load across the well network.

Conclusions

Based on the study, a method for solving a multi-objective
problem aimed at the comprehensive optimisation of both
the technological regime of individual wells and the oper-
ation of the gas gathering system as a whole was proposed.
The application of this approach allowed not only for ef-
ficient hydrocarbon extraction but also for the balancing
of the load on infrastructure elements, which is especially
important for maintaining long-term field productivity. In
this paper, a solution was presented for the operation of a
group of wells with differing performance characteristics
connected to a common gas pipeline. To evenly distribute
the load among the wells, a system of equations was con-
sidered, one of which described the constancy of the ratio
between the well production rate and gas reserves in the
specific drainage volume, while the other, the Saint-Ve-
nant-Wantzel equation, characterised the gas flow through
the flow element.

By establishing the correct technological mode of well
operation, wellhead pressures were adjusted according to
the collector pressure, and the flow rate of each well was
optimised without losses in total gas production for the
group as a whole. The calculations demonstrated that, de-
pending on the residual specific drainage volumes, three
wells in the group were operated with insufficient gas
flow rates: No. 1 — 7.8 thousand m3/day (10.17 thousand
m?3/day was required for optimal production), No. 3 — 4.49
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thousand m®day (6.63 thousand m3day was required),
and No. 6 - 1.52 thousand m3/day (1.82 thousand m?3/day
was required). The remaining wells demonstrated high-
er gas flow rates compared to the optimisation targets:
No. 2 -10.93 thousand m%/day (7.11 thousand m3/day was re-
quired), No. 4 - 5.06 thousand m3/day (4.41 thousand m3/day

novel approaches for their mitigation. The results obtained
in this study can be applied in practice to establish efficient
operating regimes for wells with different performance
characteristics connected to a common collector.
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AHoTauig. OnTumisauis excruiyaTanii TpymM CBepIjIOBMH, MiAKIIOUEHMX [O OZHOrO TPYyBOIPOBOMY, IOJIArac
y TpaBMIbHOMY DO3MOZTI HAamipHOrO HaBaHTaXKeHHS MDK CBepAJIOBMHAMM, L0 3abe3reuye BifCyTHICTb BTparT
razoBUA00YTKY Ha PiBHi IPyIu, a TAKOK MaKCHMMasbHe 3aTyuyeHHSI KOKHOI CBepAJOBUMHU [0 Mpoliecy BUao6yTKy. Tomy
MEeTOI0 JOCTiIKeHHs 6y/10 BCTAHOBUTY ONTMMAabHUI TEeXHOMOTIYHUI PeXXUM eKCILTyaTalii cBepII0BMH, 1[0 BPaXOBYE
MiIKTI0UeHHS CBEePIJOBUH Y 3arajbHMi1 KOJIEKTOP i3 PisHMMU POOOUMMM TUCKaMU Ha iX rupii. Lle MOXKIMBO LUIIXOM
nepepo3nofiny mebiTy MK CBepIIOBMHAMM BPaxXOBYIOUM 3amacu razy B MUTOMOMY O6’€Mi ApeHYBaHHSI 32 PaxyHOK
BCTQHOBJIEHHSI Ha iX rupmi mrynepa. Posp’sa3aHHs 3amaui GY/I0 JOCSTHYTO LUISIXOM OGHOYACHOTO BUPILIEHHS TBOX
PiBHSIHB: PiBHSIHHS, 1[0 BiloOpaska€e CTaMiCTh CIiBBiAHOIIEHHS MiX 1e6iTOM CBepI/IOBUHM Ta 3aracamMiu ra3y B OOUMHMUIT
06’eMy IpeHyBaHHSI, i PiBHSIHHS [i71s1 06’ €MHOI BUTPATH rasy IiJ yac afiiabaTHoOro (To6To 6e3 Terio00MiHy 3 HaBKOIUIIHIM
cepefoBMILeM) MPOTiKAHHS Uepe3 LITYLeD, sike onucyBaaoch dopmynoio CeH-BeHa-Baniens. Ha ocHOBI po3B’si3aHHS
3aaui Ta NpoOBeleHMX OOUMC/IeHb BCTAHOBJIEHO, L0 TPU CBEpPAJIOBMHM 3 TPYNM eKCILTYyaTyBaaucsl 3 3aHMKeHUMMU
IebiTamy, 10 3yMOBJEHO Pi3HUIEI0 Y 3aJIMIIKOBMX MUTOMMX OO’€Max ApeHyBaHHS, TOLi SK pellTa CBepIIOBUH
NepeBUIIyBaIM ONITUMAabHI TapamMmeTpu AebiTy rasy. Taka HeBiIMOBIHICTb CBiIUNTD IIPO HepallioHaaAbHe BUKOPUCTaHHS
pPecypcHOTo MOTeHIlially poAoBMILA. 3alIPOIIOHOBAHO BapiaHT PO3B’sI3aHHSI 6araToLiNbOBOi 3ajadi, crpsMOBaHMIT Ha
ONTUMIi3allil0 TeXHOMIOTIYHOTO PeXXMMY eKCILTyaTallii rpynu cBepIjIoBMH Ta ra3o36ipHoi Mepexi Ik €eAMHOI iHTerpoBaHoi
cucteMyu BuaoGYBaHHSI BYIVIEBOOHIB. Peasisaliisi maHOro MiAXomy MO3BOJSIE AOCATTH OajaHCy MikK edeKTUBHICTIO
BimOOPY BYIIEBOAHIB i piBHOMipHiCTIO HaBaHTaXkKeHHS Ha iHbpacTpykTypy. OmepskaHi pe3yabTaTyt JOCTiIKeHHST 6YIyTh
KOPMCHI Ha MpaKTULi /151 BCTAaHOBJIEHHS ONTMMaJIbHMX TeXHOIOTIUHMX PeXMMIB eKCIlTyaTallii CBepIIOBMH 13 PisHUMM
MIPOAYKTUBHUMM XapaKTePUCTUKAMMU, SIKi IPAIIOIOTh B OAVH KOJIEKTOD

Knrou4oBi cnoBa: tpy6onposin; ne6it; mryuep; TMCK; Ta3; pOOOBUIIe; CUCTeMa 360py
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