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THE EFFICIENCY OF RESERVOIR EXPLORATION

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. HayK, npog. O.M. Kapnerkom)

Background. Eventhough the layers that make up oil and gas fields have different geological properties and, as well as different
exploitation regimes applied in drilled wells, in most cases it is not possible to extract the expected volume of oil. To increase production,
it is necessary to apply various physical effects to the layers. If the influence method is effective, it is possible to extract a certain amount
of additional hydrocarbon from the layer. For this reason, selecting an effective influence method is considered to be one of the most
important issues in the oil industry.

Many factors influence the decrease in oil production at the field, one of which is the presence of high-molecular components. These
components form pseudocrystalline plug in the pores of the rock and clog them.

The article substantiates the effectiveness of using ultrasonic waves to clean rock pores from pseudocrystalline plug formed by high-
molecular components (asphaltenes, resins). It determines the limiting values of ultrasonic vibration frequencies.

There was selection, justification, and determination of limiting values characterizing an effective method of action for cleaning rock
pores from pseudocrystalline plugs formed by high-molecular components during the development of oil and gas fields.

The dependence of the influence of ultrasonic waves on the composition and density of fluids found in the pores of the rock, on the
density of the rock, as well as on the liquid column settled in the well is established.

Methods. I[tis recommended that ultrasonic waves be used to destroy pseudocrystalline plugs in the pores of the rock formed
by high-molecular components found in heavy oil during the development of oil and gas fields.

Results: as aresult of the studies, it became known that for 1 m near the well, seismic waves with a frequency of 287 Hz should
be used. For 10 m — 28.7 Hz; 100 m — 2.87 Hz; 200 m — 1.44 Hz; 300 m — 0.98 Hz; 400 m — 0.71 Hz; 500 m — 0.53 Hz. For an acoustic wave:
from 0.33 to 525 Hz.

Conclusions. Selection of rational methods of influencing the formations, an acceptable method of influencing the formation

when the flow rate of wells in the development of fields decreases or completely stops and to justify the effectiveness of the choice.

Keywords: development, layers, pores, influence methods, ultrasonic waves, etc.

Background

The seismic wave influence technology (SWIT) results
from many years of research and experiments to develop
methods for efficient monitoring and control of geodynamic
processes and to solve the problem of protecting the
environment from negative environmental changes caused
by large-scale industrial operations. The technology can be
applied to virtually all geological structures and oil deposits
in a wide range of depths, capacities, formation pressures,
and water cut parameters. SWIT does not require additional
injection of water or other chemical reagents during its
application. Prevention of oil deposit destruction and their
rehabilitation, increased field life, increased oil percentage in
the produced fluid, increased formation pressure, and
reduced environmental pollution make it possible to achieve
and maintain for a long period the following economically
and environmentally important results: - increased oil
production by 15-35 %; - decreased current water cut in the
produced fluid by 5-12 % for low- and medium-flow wells
and up to 20 % for high-flow wells; - increasing the current
oil recovery factor to 45 %; - increasing the final oil recovery
factor to 70-80 % or more (Kerimov, & Kerimov, 2015).

The problems associated with the difficulties of oil
movement in formations, and the nature of pseudocrystalline
plug formation are considered, and ways of preventing their
formation by wave action are shown. To overcome these
difficulties, it is proposed to influence the formations with
elastic waves, and a physical justification is given for elastic
waves, which play a significant role in increasing oil recovery
from formations. Analysis of the elastic effect on oil
production showed that this method of action is relatively
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simple and effective compared to other methods of
increasing oil recovery (Seidov, 2003).

Many methods of wave and thermal wave (vibration,
shock, pulse, thermoacoustic) action on an oil formation or
its bottomhole zone are known. The main goal of the
technology is to develop low-permeability isolated zones of
a productive formation into development by influencing them
with elastic waves that fade in highly permeable sections of
the formation but spread over a significant distance and with
sufficient intensity to excite low-permeability sections of the
formation. By using such methods, it is possible to achieve
a noticeable intensification of filtration processes in
formations and increase their oil recovery in a wide range of
amplitude-frequency characteristics of the impact modes. In
this case, the positive effect of wave action is detected both
in the directly treated well and, in individual cases, under
appropriate treatment modes, in wells located hundreds or
more meters from the source of pressure pulses (Ruzin, &
Morozyuk, 2014).

The geological, physical and physical-chemical
properties of productive formations and fluids were
analyzed. The objects were grouped and the centers of the
grouping were determined, adjacent objects were selected
for further research. The geological features of various
groups of objects were analyzed, allowing for planning
measures to improve the development system to increase
oil recovery. An optimal set of technologies for increasing oil
recovery and reducing water cut in formations was
recommended, differentiated by the selected groups of
fields. It was proposed to apply the recommendations to
objects of each of the selected groups (Mukhametshin,
Andreev, Dubinsky et al., 2016).
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The large differences in water flooding efficiency of the
models in different blocks of Beibu Gulf Oil Field, China, are
taken as an example of water flow problems leading to low
recovery factors. The cores of the W3IV formation in Well W
and the L3Il formation in Well B were taken for study. By
combining dynamic nuclear magnetic resonance, constant
rate mercury injection, and microplate visual model, the flow
characteristics and factors affecting the water flow at the
pore scale of these reservoirs were analyzed. The radii of
the pores and throats were small, but the pore throat ratio
was large and its distribution range was wide. For example,
the pore volume of Well B samples was mainly controlled by
the smaller throats. Under such conditions, the dominant
flow path of the injected water is easily formed, and this
adversely affects the volumetric sweep efficiency of water
flooding. The mechanism of this is explained. This leads to
the oil recovery in the medium and small pores reaching
about 40 %, while it is less than 5 % in the large pores. As a
result, the average oil displacement efficiency of well B was
only 44.7 %, which was 22.3 % lower than that of well W.
(Shen, Lei, Guo et al., 2017).

To increase oil production, it is necessary to influence
the formation by methods with different physical
characteristics. For this purpose, the application of the
method of influence by ultrasonic waves was considered.
The graphical dependence of Shvedov-Bingami (Fig. 1) is
known, the dependence of the shear rate on the shear stress
for the rheological model of the body. When creating shear
stress in the medium, there is no inflow; as the medium
behaves like a liquid with viscosity (1) (Seidov, 2003)

dr

=5 g

where, dt is differential value of the shear rate, and dy is
differential value of the shear stress.

Y
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Fig. 1. Shvedov — Bingham dependence.
y —is the shear rate; T — shear stress

Such media are called rigid elastic and at > 7, there is a
plastic inflow. The value is called the ultimate shear stress and
cannot create a fluid inflow. This model describes the pattern of
hydrocarbon movement in the pore space of rocks.

During reservoir operation, in the bottomhole zone of the
reservoir, in most cases, pseudocrystalline plug formed by
high-molecular components clog the pores of the rocks. As
a result, permeability in this zone decreases sharply, and the
well flow rate drops to zero (Fig. 2) (Seidov, 2012).

It is known that the flow rate depends on the permeability
of rocks lying within the near-wellbore layer with a thickness
of 1.0 m. ltis this layer that determines the productivity of the
well and its hydrodynamic drainage/flow. In a radius of 1 m
of the near-wellbore zone of the formation, the created
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pressure from different sources increases by several
megapascals. In this case, the pressure gradient can be
determined by the following formula (2):

qradP = Ay /L, (2)
where, L is the wavelength; A, is the amplitude of the
acoustic pressure.

rock

pseudocrystalline plug
condensate

direction of fluid movement
Fig. 2. Scheme of creating plugs in porous rocks

When the formations are affected by emitted wave
sources (located in the well), stress of different intensities is
created at various points near the wells: near the source; in
the rocks located near the wellbore; 1 m from the wellbore.
Therefore, it was concluded that when influencing the strata
with waves, the radius of their propagation can be increased
by several hundred meters by selecting the necessary
frequency values. The ultrasonic waves used in the impact
correspond to the frequency ranges of acoustic and seismic
waves, therefore the analysis of their implementation is
studied separately.

Methods

Impact of wave impact. The following effects were
revealed during the acoustic wave impact on the formation:
vortex motion of the wave in the formation pores; "heating"
of the liquid filling the rock pores under the influence of the
waves; turbulent motion of the liquid in the rock pores;
decrease in oil viscosity. The study showed that all of the
above mentioned phenomena cannot co-occur; in this case,
it is necessary to create an intense acoustic field, because,
without this, it is impossible to increase the impact field.
Indeed, during intense impact, resonance occurs in the
waves propagating in the rock pores, which ensures its
deeper penetration. At the same time, as noted above, the
liquid in the pores begins to heat up, after which the shape
of the liquid flow becomes turbulent, as a result of which the
stress value before the impact is high. After the start of
movement in the pores, the temperature field created by the
wave energy creates conditions for reducing the viscosity of
oil. The analysis showed that the mechanism of acoustic
impact is somewhat different, which is associated with the
nonlinear rheological form of hydrocarbon behavior.
Studying the stress field and its velocity in a nonlinear
medium is much more difficult than in a linear medium. To
determine the acoustic impact on the formation, we will
consider a cylindrical pore of rocks of radius with a rigid-
plastic medium placed in it. The flow is not achieved under
the condition (Seidov, 2012):

%grandP < Tp. 3)

The reason is that the pressure gradient is directed along
the pore axis. Taking into account some conditions and
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transforming inequality (3), we obtain the following inequality (4)
(Seidov, 2012)

w?A, > (p;:p)g, (4)

where, p; is the density of the liquid.

Acoustic impact can be carried out by both transverse
and longitudinal waves. At this time, the density of acoustic
energy must satisfy the equality (Seidov, 2012):

W =2 pw?A3. (5)

Using the formula (5), the value of the density of acoustic
energy was calculated for different values of quantities
p,w, Ay (Table 1).

Looking at the calculated values, it can be seen that the
density of acoustic energy changes in a very large range.
During the impact on the formation, the wave amplitude and the
density of acoustic energy must be proportional to the square
of the frequency. Therefore, according to the volume of the
formation, it is necessary to increase the frequency so that it
does not exceed the attenuation of the wave in numerical value.

Table 1

Value of acoustic energy density

Ne o (Hz) p (kg/m®) A (m) W (Joule/m®)
1 0.033 1900 0.0000013 0.0000013
2 0.04 1900 0.0000013 0.000002
3 0.0525 1900 0.0000013 0.000034
4 0.33 1900 0.0000013 0.00013
5 0.4 1900 0.0000013 0.0002
6 0.525 1900 0.0000013 0.00034
Ne o (Hz) p (kg/m®) A (m) W (Joule/m®)
1 3.3 1900 0.0000013 0.013
2 4 1900 0.0000013 0.02
3 5.25 1900 0.0000013 0.034
4 33 1900 0.0000013 1.3
5 40 1900 0.0000013 2.0
6 52.5 1900 0.0000013 34
Ne ® (Hz) p (kg/m®) A (m) W (Joule/m®)
1 330 1900 0.0000013 134
2 400 1900 0.0000013 200
3 525 1900 0.0000013 340
4 1050 1900 0.0000013 1362
5 6600 1900 0.0000013 53196.6
6 8000 1900 0.0000013 7904000
Ne o (Hz) p (ka/m?) A (M) W (Joule/m?®)
1 66000 1900 0.0000013 5379660
2 80000 1900 0.0000013 7904000
3 105000 1900 0.0000013 1315880
4 660000 1900 0.0000013 537966000
5 800000 1900 0.0000013 790400000
6 1050000 1900 0.0000013 131588000

The limiting value of the frequencies of waves used for
acoustic impact on rocks of any lithological composition (taking
into account its density, pore volume, and fluid composition) are
determined in the range 0,33-525 Hs, at which the destruction
of plugs in the capillaries of rocks is possible.

Acoustic waves were used in the study. For this purpose,
an analysis was carried out and wave sources were
selected: vortex sources (Fig. 3) (Seidov, 2012).

w
Fig. 3. Schematic structure of the operating principle
of a vortex wave source. w, — wave frequency at the input;
w, — wave frequency inside the chamber;
w3 — wave frequency at the output; w, — wave frequency
in front of the chamber
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In our opinion, hydrodynamic sources can be considered
to be the most optimal equipment for creating elastic waves
in a high-pressure and temperature environment. The most
convenient of these are vortex sources. In our opinion,
taking into account the characteristics of oil and gas fields of
Azerbaijan, the use of vortex sources in the following
structure is more convenient (Fig. 3). The liquid flow from the
inlet to the vortex chamber is pumped by a pump, since the
outlet of the chamber is perpendicular to the part into which
the liquid enters, the liquid entering from the inlet changes
direction by hitting the inner part of the chamber located
perpendicular to the direction of its movement with great
speed, and in this part of the chamber a liquid rotation
occurs, the frequency of which is equal to — w;. Due to the
action of centrifugal force, the pressure along the axis of the
chamber decreases, a counter-flow is formed in a certain
ratio of its values in the chamber and the head. In the
chamber, a precessional movement of the liquid (an attempt
to change the direction of the rotation axis of the liquid as a
result of the action of the torque) occurs, the frequency of
which is also equal to its steady value. As a result, two flows
are formed at the outlet, the directions of their rotation
coincide, but their rectilinear movements are in opposite
directions, which leads to a change in the cross section of
the flow, and in this case, the resulting frequency changes.



~ 48 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

In addition, the liquid, which is in vortex motion, enters a

stationary medium and, as a result, creates a frequency

oscillatory motion (expansion). This value, in our opinion,

can be expressed by the following formula (6) (Seidov, 2012)
r24kQg

4= 21T c2AS (6)

Here, r — is the radius of the hole through which water
enters the chamber; r;— is the radius of the hole through
which water exits; Q — is the water flow rate injected into the
chamber; ¢ — is the velocity of the liquid exiting the chamber;
Ak — is the device coefficient (the difference between the
diameters of the outlet and inlet parts); g — is the
gravitational field strength; As —is the difference between the
inlet and outlet fields. Also, the numerical difference between
the frequencies obtained is as follows:w, > w; > w, > w;.
Indeed, if we analyze the entry and exit of the liquid into the
chamber, it turns out that it is equal to the value of the
smallest frequency. Thus, in other cases, the areas in which
the liquid moves are numerically large. However, at the exit
of the chamber, this area is numerically the smallest
compared to the others, this is done to maximize the
numerical value of the liquid velocity (the law of
communicating vessels).

Limit values of the frequency of acoustic waves impact
on rocks of different lithological composition are determined:
from 0.33 to 525 Hz (Table 1).

It is preferable to place such sources mainly in injection
wells. This is due to the fact that the sources are not repaired
for a long time.

Impact of seismic waves. To trace the propagation of
seismic waves in the medium, the results of complex studies

were considered, and it was found that the attenuation of
waves of different frequencies in layers with different
physical properties (in a porous medium, filling it with gas,
oil, and water) can be different. Separate researchers
explained this feature of wave propagation by its non-
linearity. Indeed, the study of emitting seismic sources and
receivers remote from it at different distances, which register
the spectrum of signals, showed that high-frequency waves
are absorbed to a large extent. They become the reason for
the formation of signals on the spectrum of registered
waves, the frequency of which sharply distinguishes them
from each other in layers with different petrophysical
characteristics. The amplitude of the resulting waves differs
by a large amount from the amplitude of the neighboring
spectrum of the signal frequency. Scientists called these
signals waves of the "dominant" frequency.

Carrying out different transformations, we get a
shortened form of the frequency of the "dominant" waves (7)
(Seidov, 2012):

Wpoman = o, 7)

where, 9;— the propagation velocity of the surface wave in
the rocks; B; = \/? — this is an immeasurable quantity and is
2

determined by the physical and mechanical properties of the
rocks; K; — the distance of deviation from the wall of the well.

The frequency of waves when acting on the layer is
determined for different sizes for carbonate and terrigenous
rocks (Table 2).

Table 2
Calculated frequency of seismic waves
Lithological Porosity 9.102, B g’ (("r':))
iti o, )
composition (%) (m/sec) 0.0005 m 0.005m im 10m 100 m
0.001 12000 1200 6 0.6 0.06
6 60 0.01 120000 12000 60 6 0.6
0.1 1200000 120000 600 60 6
0.001 9000 900 4.5 0.45 0.045
Carbonate rocks 15 45 0.01 90000 9000 45 4.5 0.45
0.1 900000 90000 450 45 4.5
0.001 7600 760 3.8 0.38 0.038
25 38 0.01 76000 7600 38 3.8 0.38
0.1 760000 76000 380 38 3.8
0.001 10500 1050 5.25 0.525 0.0525
5 52.5 0.01 105000 10500 52.5 5.25 0.525
0.1 1050000 105000 525 52.5 5.25
0.001 8000 800 4 0.4 0.04
Terrigenous rocks 15 40 0.01 80000 8000 40 4 0.4
0.1 800000 80000 400 40 4
0.001 6600 660 3.3 0.33 0.033
30 33 0.01 66000 6600 33 3.3 0.33
0.1 660000 66000 330 33 3.3

The knowledge of magnitudes when the stratum is affected
by seismic waves is studied. Despite the presence of numerous
values characterizing such waves, it is impossible to change
their values. It is known that for the propagation of waves in the
medium over long distances, its reflection from the medium
should be equal to the minimum value. i.e. All the energy of the
wave must be spent at its farthest distance.

It should be noted that as a result of the diversity of the
skeletal structures of the species, the waves propagating in
them can reach different distances. As is known, the
particles that make up the rock are separated by clay, which
once again confirms the connection between the amount of
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clay in the rock and its wave reflection coefficient. A valid
study of the relationship between two parameters
(coefficient of clay) and (coefficient of reflection) for each
depth was divided into four groups. The reflection coefficient
corresponds to the null value. Hence, it follows that clay soil
negatively influences the spread of waves. Therefore, in the
pure layers of the collectors, the clay "equals to zero", in the
propagation of seismic waves, not a skeleton, but a liquid
that fills the pores creates an obstacle, which is necessary
for the impact of seismic waves on the environment. This
peculiarity of liquid bones has a thermal and mechanical
effect on the pseudocrystalline plugs formed in the powder
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rocks, contributing to their destruction. The second task is
also to clarify the influence of waves of different frequencies.
For this purpose, using velocity values and dimensionless
values, reflecting the properties of layers based on formula
(7), the required frequencies for wave propagation at
distances of 100, 200, 300, 400, and 500 m were calculated.
Following the obtained values, it was concluded that it is
necessary to reduce the frequency of waves every 100 m to
ensure the propagation of waves over long distances. As a
result of the conducted research, it became known that
during the impact on the well, it is necessary to apply waves
with a frequency of 287 Hz. The calculation is carried out for
the propagation of waves over long distances. For example,
at 10 m — 28.7 Hz.; 100 m — 2.87 Hz.; 200 m — 1.44 Hz;
300 m—0.98 Hz.; 400 m — 0.71 Hz.; 500 m — 0.53 Hz.

Seismic waves were used in the research process. Different
sources are used for the excitation of waves. Therefore, it is
necessary to consider the selection of the most popular sources
of waves. For this purpose, an analysis was conducted and
effective sources of waves were selected: electrohydraulic
sources with "explosive" wires.

Application. Oil and gas fields of Azerbaijan are
considered to be one of the most complex structures in the
field of world practice.

This method of impact was not widely used in the oil and
gas fields of Azerbaijan. The effect of ultrasonic waves was
mainly applied to offshore oil and gas fields. For example, in
4 wells at the Gunashli field, in the 1st well in Duvanny Deniz,
in 2 wells in Khara-Zira, in the 1st well in Neft Dashlari, in the
1st well in Pirallahi, etc.

We will consider the sequence of application of this
method in the oil and gas sector of Azerbaijan (Fig. 4. Neft
Dashlari field).

About 60 % of the liquid flowing out of the well is oil,
which is about 0.37 tons/day. The layer is irradiated by a
wave source released in front of the filter. During the first
month after exposure to waves, the fluid intake increased
rapidly, but in recent years, the fluid intake has stabilized
with small jumps.

The next example concerns the Gunashli field (Fig. 5).
The Gunashli field differs from other fields in its high
production capacity. Thus, the daily liquid production in the
field's exploitation wells is numerically very large. Therefore,
the decrease in the debit is quickly noticeable. The well given
in the example produced approximately 90 tons of oil per
day during the exploitation period.

y p (tons/day)

after exposure before exposure

: ' | | months
a 2 0 ; a 6 8
Fig. 4. Dynamics of liquid flow before and after exposure

to ultrasonic waves

A two-fold decrease in production was noted in this well.
Despite the repair work carried out in the well, it was not
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possible to restore the previous production. Therefore, two
intervals opened in the well were affected by waves. At the
initial stage of the impact, the production decreased slightly
and the amount of colloidal particles in the liquid increased.
After a certain period, the dynamics of liquid production
changed in the direction of increase, and this continued,
surpassing the previous limit. The duration of the impact in
this well exceeded approximately two years.

A daily debit
(tons/day)

100 =~

60

months
© 1month | 2 months
le >

T
Fig. 5. Dynamics of the produced fluid. Guneshli field, well 143

Discussion and conclusions

Thus, generalizing the results of the research works, with
the purpose of effective application of ultrasonic impact on
layers of oil and gas deposits of Azerbaijan, the following
recommendations can be given: in addition to impact, the oil
saturation of layers should be determined; the number of
high-molecular components in the extracted liquid is
determined; the angle of the layers has to be taken into
account; the properties of wave propagation in the medium
should be studied (ie, specifying the values affecting it: the
strength of the skeleton, the porosity coefficient, the
composition of the liquid filling the pores, etc.); it must be
determined whether there are violations and ruptures in the
tectonic zone exposed to the influence of ultrasonic waves.

The limit values of the frequencies of the waves of impact
on the rocks of different lithological composition are
determined:

a) for acoustic waves — 0.33-525 Hz;

b) for seismic waves - at a distance of 1 meter around
the well 287 Hz, 10 meters — 28.7 Hz, 100 meters — 2.87 Hz,
200 meters — 1.44 Hz, 300 meters — 0.98 Hz, 400 meters —
0.71 Hz, 500 meters — 0.53 Hz.

As a result of such an impact, the resulting productivity is 2—
8 times higher than in injection wells (2-3 times higher in
terrigenous collectors with porosity of 5-8 %, 2—3 times higher
in fractured carbonate rocks productivity of wells increases
3—4 times). These figures are slightly different for oil and gas
fields in Azerbaijan. Thus, the increase in productivity compared
to injection wells is 1.5-2.3 times higher and this is connected
with the complex geological structure.

The developed method can be widely used in all fields,
considering the deposit geology. In other words, research
work in this direction must be adapted to the deposit geology.

Authors' contribution: Vagif Seidov — conceptualization,
methodology, writing (original draft), formal analyses; Maleyka
A Aghayeva — data validation, writing (review and editing).
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BU3HAYEHHA ONTUMAINIBHOIO METOAY BNNnBY AnA niABUWEHHA E®EKTUBHOCTI PO3BIAKU POLOOBULL

B c Ty n. Wapu, ski ymeoproromb Haghmoei ma 2a3oei podoeuuja, Marome pPi3Hi 2e0s102i4Hi 81acmueocmi, a MaKoxx Pi3Hi pexxumMu ekcristyamauii
npo6ypeHux ceepdnoeuH. BoOHoyac do6ymu o4ikyeaHuli o6¢csi2 Hagpmu He 3aex0u edaemubcsi. [ins 36inbweHHss sudob6ymky nompi6bHo 3acmocosy-
eamu dodamkoei anzopummu. lpu 3HaxodxeHi egpekmusHO20 Memody ensiugy 3 nJacma MoXxHa ompumamu fneeHy Kinbkicmb dodamkoeux eyaie-
8odHie. 3 yiei npu4yuHu 8ubip mako2o Memody esaxaembcsi 0OHUM i3 HalieaXK/Iugiwux numaHb y Haghmoeili npomMucsiogocmi.

MeToaun. PekoMmeHOo8aHO sukopucmoeyeamu ynbmpa3eykoei xeusi 0ns pyliHyeaHHs1 nceedokpucmarnidyHux npobokK y nopax 2ipcbKoi no-
podu, ymeopeHUX 8UCOKOMOJIEKY/IIPHUMU KOMITOHEHMamMu, Wo Micmsmbcsi y 8axkili Hagpmi npu po3pobuyi Hagpmosux ma 2azosux podosuwy.

Pe3ynbTaTtu. Ha 3HuxeHHs1 audobymKy Haghmu y Mexax podoeuuja ensueaec HasieHicmb 8UCOKOMOJIEKYISIPHUX KOMIOHeHmia. Lji komno-
HeHmu ymeoproromb rcegdokpucmariyHi npobku e nopax 2ipcbkoi mopodu ma 3akyrnoproroms ix. Y cmammi o6rpyHmoeaHo eghekmueHicmb 8UKo-
pucmaHHsl y/ibmpa3eyKoeux xeusb O7s1 o4UWeHHs nop 2ipcbkoi mopodu eid nceedokpucmainidyHux nMPo6oK, ymeopeHux eUCOKOMOJIEKYISIPHUMU
KOMMoHeHmMamu (acghanbmeHamu, cMosiamu). BusHayeHo 2paHu4Hi 3Ha4eHHs1 Yacmom yrbmpa3eyKoeux KosiueaHb. Bubip, o6rpyHmyeaHHs1 ma eu-
3Ha4yeHHs1 2paHUYHUX 3Ha4YeHb € eheKmuesHUM criocob6om ennuey. BcmaHoeneHo 3anexHicmes ennusy ynbmpa3eyKoeux xeusb 6id cknady ma winb-
Hocmi ¢hnroidie, uyo Micmsimbcs 8 nopax 2ipcbkoi Nopodu, eid winsLHocmi Nopodu, a makox eid cmoena piduHu, W0 HaKoNMU4yembCs1 y c8epOsIO8UHI.
B pe3ynbmami npoeedeHux AocnidxeHb cmaio eidomo, wo Ha 1 M no6u3y ceepdsiogUHU CJ1id sukopucmoeyeamu celicMi4Hi xeuni i3 yacmomoro
287 I'y. Ha 10 m—-28,7 I'y; 100 m—2,87 l'y; 200 m—1,44 I'y; 300 m—0,98 I'y; 400 m—0,71 I'y; 500 m—0,53 I'y. [ns akycmuyHoi xeuni: eid 0,33 do 525 I'y.

B ucHoBKMU. ApeayMeHmoegaHo eubip payioHanbHuUX Memodie ennuey Ha rnjacmu, 30KkpemMa makum mMemodoM € 8U3Ha4YeHHs enuey Ha rniaacm

npu 3HWKeHHi abo noeHili 3ynuHyi de6imy ceepdnoeuH npu po3pobyi podosuw.

Knio4yoBi cnoBa: po3pobka, nnacmu, nopu, Memoodu ensiusy, yibmpa3eyKoei xeusti.

ABTOpM 3asiBNAIOTL NPO BiACYTHICTL KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi gocnimkeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaLito pe3ynbTaris.
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