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Abstract. The determining criterion for assessing efficiency of hydro-loosening is the nature of the barodynamic
curve, and the determining parameter is the final injection pressure. However, it should be noted that the document SOU
10.1.00174088011-2005 say nothing about the presence of two types of barodynamic curves - extreme and asymptotic,
which characterize the change of pressure in the process of hydraulic loosening. In the article, a comparative assess-
ment of the determination of hydroloosening efficiency by barodynamic curves is presented. Different calculation models
for estimating the length of safe face advance at asymptotic barodynamics are demonstrated, which led to the same
result in terms of distance (depth) of safe coal extraction. It is shown that the length of safe face advance at asymptotic
barodynamics of hydroloosening is much greater than the depth of sealing. A method for estimating the distance of safe
extraction of coal was applied, which indicates that it clearly reflects the existing natural laws. Asymptotic barodynamics,
in contrast to the extreme one, provides a much lower final pressure, which can be compared with the final pressure at
hydro-pressing, but without the face slip.

That is, the reduction of the final pressure by 80% of the maximum at asymptotic barodynamics compared with its
reduction by the normative 30% for the same duration at extreme barodynamics indicates that the unloading of the coal
seam at the depth of sealing is significantly greater in the asymptotic case.

It is shown that the efficiency of hydro-loosening can now be easily determined by asymptotic form of the barody-
namic curve. It is also proved that the lower is the final pressure of hydro-loosening, the deeper is the unloading zone in
the heading area of the coal seam for the asymptotic barodynamic unloading zone, and it reaches its maximum, which
can be compared with the depth of sealing.

Keywords: barodynamic curves, asymptotic form of the curve, hydro-loosening efficiency, rock pressure, water in-
jection, sealing depth, rock pressure diagram.

1. Introduction

In the normative document SOU 10.1.00174088011-2005 ([1] clause 9.1.20), hy-
draulic loosening is considered effective if the active process is completed, the pres-
sure in the hydraulic system has decreased by 30% or more from the maximum
achieved, and the resonance frequency of the acoustic signal does not exceed 120 Hz
or the coefficient of its variation in time intervals is more than 15%.

But this document say nothing about how close the current efficiency is to the
maximum that can be achieved due to the correct choice of hydraulic and geometric
parameters of the process. The limits of these parameters changing are partly deter-
mined by the requirements and recommendations of the regulatory document [1],
partly - by technical capabilities of the equipment, but finally they are determined by
the results of research injections.

A great number of studies were carried out on the study of the processes occurred
in the coal massif during hydraulic loosening including the set of issues for improv-
ing efficiency of this method and increasing the safety of mining operations in haz-
ardous coal seams after its implementation [2-7]. So, hydraulic loosening is carried
out in mines once a day - usually during a repair shift. Consequently, the depth of the
effective hydraulic loosening zone should be equal to the daily roadway advance.
That is, for face driving, it is desirable to effectively develop the coal seams to a
depth of ~ 6 m for each cycle of hydraulic loosening, and for highly loaded face - to a
depth of ~ 4 m. Today, the main field of application of hydraulic loosening is driving
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faces at the seam development. The specifics is that hydraulic loosening is always
carried out through two borehole located on both sides of the face: this is a require-
ment of the paragraph 2, clause 9.1.3 of the SOU 10.1.00174088011-2005 [1]. It is
also necessary to remember that the width of the driving face does not exceed 6 m,
and the wetting radius is taken to be equal to 0.8 of the sealing depth. That is, even
with a sealing depth of 4 m, the minimum radius of wetting is 3.2 m, and the maxi-
mum distance between the boreholes, which should not exceed twice the radius of
wetting, will reach 6.4 m. At the same time, to a large extent the depth of sealing less
than 4 m makes hydraulic loosening unprofitable compared to drilling and blasting
operations in the mode of shaking blasting (SB), because paragraph 3, clause 9.1.3 of
the SOU 10.1.00174088011-2005 [1] requires that coal should be extracted at the
depth, which does not exceed the depth of sealing. However, ensuring a high speed of
driving face advance with cutter-loader excavation (6 m/day) is possible only with a
sealing depth of 6 m. Therefore, with taking into account at least one meter more for
the injection chamber, it is necessary to drill a borehole 7 m long.

In our opinion, the character of the barodynamic curve is the determining criterion
for estimating the efficiency of hydraulic loosening, and the final injection pressure is
the determining parameter. However, it should be mentioned that the document SOU
10.1.00174088011-2005 say nothing about the presence of two types of barodynamic
curves - extreme and asymptotic, which characterize the change in injection pressure
during the hydraulic loosening.

The purpose of the work 1s to estimate the determination of hydraulic loosening
efficiency by barodynamic curves, in particular by its asymptotic form.

2. Methods
The authors of this article in their prior studies [3] obtained the calculated esti-
mate of rock pressure reduction at the end of the hydraulic loosening process:

PFK/PFH:1_(PMax/PFH)(1_PK/PMaX))

where: P, P - rock pressure in the seam at the depth of sealing before and after its
unloading due to hydraulic loosening; Ppax, Px - maximum and final injection pres-
sure.

This formula makes it possible to make a comparative assessment of the depth of
zone of safe coal extraction by different forms of barodynamic curves of the hydrau-
lic loosening process. Since, when deriving this formula, the dependence of coal
permeability on rock pressure and injection pressure was chosen in such a way that if
they were equal permeability increased indefinitely (hydraulic dissection of coal
seam); for further calculations, it is appropriate to assume that the maximum injection
pressure does not exceed 0.75 rock pressure value in the ratio of sealing depth value.
Then the formula will look like this:

Poc/ Prn=1- 0,75 (1= P/ Pyax)



68 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 162
PFK / PTH = 0,25 + O,75(PK / PMax) (1)

Let’s introduce in (1) the necessary condition for effective hydraulic loosening
with extreme barodynamics in accordance with clause 9.1.13 of the SOU
10.1.00174088011-2005 [1], by which it is established that a decrease in the final in-
jection pressure by 30% (P,/P, = 0.7) is sufficient to reduce the rock pressure at the
sealing depth to a safe level Cs and it is allowed to extract coal at a distance from the
face to the area where, as a result of unloading the massif, the rock pressure has de-
creased to a safe level of Pg:

P6 /Py = 0,25 + 0,75*0,7
P6= 0,775 Py (2)

According to (2), safe pressure for coal extraction in the unloaded zone Ps is not
an absolute, but a relative value - it depends on the initial rock pressure P, which
was in this area before unloading.

For asymptotic barodynamics, the final rock pressure at the sealing depth P is
calculated by formula (1) on the condition that the final injection pressure Py is 20%
of the maximum Py.x, and is equal to 0.4 P,. That is, the final rock pressure at the

depth of sealing is much lower than the level of Ps for safe coal mining, according to
formula (2).

Priac = 0,4P (3 )

This means that the length of the safe face advance at asymptotic barodynamics of
hydraulic loosening is significantly greater than the sealing depth.

For determining length of the safe face advance at asymptotic barodynamics, we
need to set functions of the magnitude of the rock pressure depending on the distance
to the face both before and after hydraulic loosening. However, the question arises as
to whether there is vertical pressure in the plane of the face, and what shape the dia-
gram has - convex, concave or close to a straight line. We assume that the diagram
has a straight-line character and consider both variants of the stress on the face.

The first variant - when there is no vertical stress on the face (1) - is shown in
Figure 1

The top image in the figure shows the rock pressure diagram before and after un-
loading. The change of the diagram after unloading takes place by turning the origi-
nal diagram. The bottom image of the figure shows the geometric characteristics of
rock pressure diagram before unloading, after unloading, both at extreme and asymp-
totic barodynamics.

The length of safe coal extraction at asymptotic barodynamics L0, is the ordinate
of the point of intersection of the unloaded massif diagram with the double horizontal
line of safe rock pressure Pg:
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LOa / PO=L;/ Pryac
LOa =L PO/ Priac (4)
By taking into account the above relationship P, = 0/4P, and (2) we get that

L6, = 1,94 L, ()

rock pressure P diagram

before unloading rock pressure Pry diagram|

after unloading

Lom,.

Lom,, » diagram Prafter
unloading

Lom » (experimental
barodynamics)

rock pressure Pr

by
]

diagram Pr befot - -
unloading - -
= - - diagram Pr after

éL - - unloading
P& il g
. . - 1] [asymptotic

P... re e safe rock barodynamics)
- pressure Pg
- -

distance from lava formation L

—L 5, =L, ———

¥ N W W Lt ) [ —

L0ac — the length of safe coal extraction at asymptotic barodynamics; Lo« — the length of safe coal
extraction at experimental barodynamics; Ps - safe rock pressure; P, Pr« - rock pressure in the
seam at the depth of sealing before and after unloading due to hydraulic loosening; Prxac - final rock
pressure at the sealing depth P at asymptotic barodynamics; Lo, Lo, Loma — the distance of the
reference pressure to the face for experimental and asymptotic barodynamics

Figure 1 — The scheme for calculating the length of safe extraction of coal at absence of vertical
stress in the area of the bottomhole

Thus, when calculating the first variant (absence of stress components in the plane
of the face), the length of safe extraction of coal is almost twice the normative value.

The second variant - with the existing vertical component of rock pressure in the
plane of the face - is presented in Figure 2.

The top image in the figure shows the rock pressure diagram before and after un-
loading. The change of the diagram after unloading occurs by parallel lowering of the
original diagram. The bottom image of the figure shows the geometric characteristics
of rock pressure diagram before unloading, after unloading both at extreme and as-
ymptotic barodynamics.
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The length of safe coal extraction at asymptotic barodynamics L0, is, as in the
previous variant, the abscissa of the point of intersection of unloaded massif diagram
with the double horizontal line of the safe rock pressure P6:

L6ac / (P6 = POKac) = Lr / (PrKaC - POKaC)

or

L6ac = Lr (P6 - POKac) / (PrKac - POKac) (6)
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L0.c - length of safe coal extraction at asymptotic barodynamics; L0« - length of safe coal extrac-
tion at experimental barodynamics; Ps - safe rock pressure; Prn, P« - rock pressure in the seam at
the depth of sealing before and after unloading due to hydraulic loosening; Pr«ac - final rock pres-
sure at the sealing depth P, for asymptotic barodynamics; Lon, Loty Lomae — the distance to the
face of the maximum reference pressure for experimental and asymptotic barodynamics; Poxac — the
value characterizing the vertical stress in the plane of the face

Figure 2 — The scheme for calculating the length of safe extraction of coal at availability of
vertical stress in the plane of the face

By substituting in (6) the values of C6 and Py, from formulas (2, 3) we obtain
L6ac = L (0,775 Py - Pogac) / (0,4 Pry — POgac)

LOa = L; (0,4 Pryy - Poyac 70,375 Pry) / (0,4 Pry — Pogac)
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LGac = L: [1 + 0,375 Py / (0,4 Pry — Porac)] (7)

The denominator in the second component of the right-hand side of the last for-
mula contains the unknown value of Po..., which characterizes the vertical stress in
the plane of the face. We do not need to determine its value. It is enough to consider
that the second component decreases when value of Poy,. decreases. Since the mini-
mum value of Poy, is zero, we can substitute this zero value in formula (7) and find
the minimum distance of safe coal extraction

LGae =Ly [1+0,375 Pry / 0,4 Pru] = 1,94 L, (8)

It coincides with the result of the calculation according to the first variant (5) -
without the vertical stress component in the plane of the face. Thus, different calcula-
tion models led to the same result in terms of distance (depth) of safe coal extraction.
This indicates that the applied method of determining the distance of safe coal extrac-
tion clearly reflects the existing natural laws, although we do not imagine them suffi-
ciently well.

It should be remembered that a whole complex of mechanisms, starting with hy-
dropower and ending with deformation, affects the process of the heading area un-
loading [8,9].

3. Results and their discussion

At the stages of the performed work, which analyzed experimental mine studies, it
was established that there were two forms of the barodynamic curve: asymptotic -
with a pronounced section of pressure stabilization, and extreme, in which such sec-
tion was absent, and the pressure rose to a maximum for 1-2 minutes with further
gradual decrease over tens of minutes. Basically, the pressure drop coincides with the
appearance of a leak observed on the exposed surface of the seam.

If barodynamic curve has an asymptotic character (a pronounced area of pressure
stabilization), then the leak occurs in one place, and the final water pressure, exclud-
ing losses in the sealer, does not exceed 1-2 MPa. At the same time, in the middle of
the process of hydro-loosening (by duration), the average pressure of P2 is reduced -
not more than 10 - 15% of the initial P1, and its drop to the end value of Py lasts not
more than 1-2 minutes - figure 3a.

When the barodynamic curve had an extreme (falling) character (Fig. 3-b), sever-
al leaks from the seam were observed. And the final pressure was much higher (~
50% of the maximum). Analysis of the conditions, in which barodynamic curves of
different forms were observed, showed that such parameters as injection pressure and
sealing depth did not affect it. For example, in the Tatsynska mine, the asymptotic
(pressure 14-16 MPa) and extreme (pressure 18-20 MPa) forms of the barodynamic
curve were observed at almost the same values of sealing depth (~ 1 m) and pressure.
An exclusively asymptotic barodynamic curve was observed at the Zhdanivska 3/4
mine at the same depth of sealing, but in a much wider range of pressure (12-
22 MPa).
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Figure 3 — Possible forms of barodynamic curves

The influence of the roadway shape also does not have a determining effect. Both
forms of barodynamic curve were observed in the driving faces, as well as in the up-
per corners of the benches of steeply falling longwall.

Most likely that form of barodynamic curve can be explained by coincidence of
several geomechanical, hydraulic and geometric factors. In particular, by the above-
mentioned dynamics of changes in the rock pressure diagram in the process of un-
loading the heading area of the seam, as well as by suffosion-clogging effects [10] of
water flowing through the pores and cracks, which have not been sufficiently investi-
gated.

While studying unloading of the heading area of the seam, it is possible to analyze
the efficiency of hydraulic loosening from hydromechanical positions. Leaks of water
from the seam at the final stage of the process are the indisputable evidence of a hy-
draulic connection between the borehole cavity and the roadway contour. Since the
pressure on the roadway contour is atmospheric, the pressure in the borehole at the
final stage of hydraulic loosening shows the hydraulic resistance of the filtration
channels (cracks) that connect the borehole cavity with the roadway contour. That is,
the lower is the final pressure the greater is permeability of the seam zone located be-
tween the borehole cavity and the roadway contour. And since the permeability of the
seam greatly depends on the value of rock pressure, it can be stated that with the as-
ymptotic barodynamic curve, the rock pressure in the face zone is less than with the
extreme form of the barodynamic curve.

If we add this thesis with the argument about the decrease in hydraulic pressure as
the distance to the borehole cavity increases, then it can be stated that the lower 1is fi-
nal pressure of the hydro-loosening the deeper is zone of unloading of the heading
area of the seam. With an asymptotic barodynamic curve, depth of unloading zone
reaches its maximum, which can be compared with the depth of sealing.

The scheme of the unloading zone at the final stage of hydraulic loosening is pre-
sented in Figure 4, where the loading zone of the heading area of the seam is shown
in dark color.

Similarly, low values of the final pressure of hydraulic loosening with the asymp-
totic barodynamics curve practically coincide with the values of the final pressure of
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hydro-pressing, which are specified in the normative document [1]. But this coinci-
dence is not a reason to attribute hydro-processing with asymptotic barodynamic
curve to hydro-pressing, because the main feature of hydraulic pressing - the face slip
to the normative distance [1] - was not observed during the mine studies.

The filtening
part

the sealer

| utiloading zone |
|u111|:| ading IDﬂEl

a i}

a) - extreme, b) - the asymptotic form of the borodynamic curve

Figure 4 — Scheme of the unloading zone at the final stage of hydro- loosening

The absence of hydraulic pressing at asymptotic barodynamics of hydraulic loos-
ening is explained by the influence of the increased length of the filtering part of the
borehole (i.e., by a decrease in the flow rate). This prevents the formation of excess
pressure in the cavity of cracks that move from the contour of the borehole in the di-
rection parallel to the face. Thus, asymptotic barodynamics, in contrast to extreme
barodynamics, provides a much lower final pressure, which can be compared with the
final pressure during the hydro-pressing, but without the face slip. That is, the reduc-
tion of the final pressure by 80% of the maximum at asymptotic barodynamics com-
pared to its reduction by the normative 30% with the same duration at extreme baro-
dynamics shows that the seam unloading at the depth of sealing is significantly great-
er in the asymptotic case.

To improve reliability, the depth of safe coal extraction after hydraulic loosening
at asymptotic barodynamics is recommended to take as the average between its min-
imum values of the sealing length (Lr). That is, the recommended depth of safe coal
extraction after hydraulic loosening at asymptotic barodynamics is 1.5 Lr.

4. Conclusions

1. According to the indicator of the distance (depth) of safe coal extraction, differ-
ent calculation models have led to the same result. This indicates that the applied
method for determining distance of safe coal extraction clearly reflects the existing
natural laws and allows to estimate the efficiency of hydraulic loosening by barody-
namic curves. It is also shown that efficiency and productivity of hydraulic loosening
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in accordance with the current rates of the seam development correspond exactly to
the asymptotic form of the barodynamic curve.

2. Unloading of the seam to the depth of sealing is significantly greater at asymp-
totic form of the barodynamic curve compared to extreme barodynamics: it is evi-
denced by the decrease in its final pressure by 80% of the maximum compared to the
decrease by the standard 30% at the experimental form over the same time. As a re-
sult, with asymptotic barodynamics of hydraulic loosening, the length of the safe
face advance is much greater than the sealing depth.

3. It 1s possible to recommend the depth of safe coal extraction after hydraulic
loosening at asymptotic barodynamics be equal to 1.5 Lr

REFERENCES

1. Standard of the Minvugleprom of Ukraine (2005), SOU 10.1.00174088.011-2005. Pravyla vedennya hirnychykh robit na
plastakh, skhylnykh do hazodynamichnykh yavyshch. Standart Minvuhlepromu Ukrainy [10.1.00174088.011-2005. Rules for con-
ducting mining operations on layers prone to gas-dynamic phenomena], Ukraine Ministry of Coal Industry, Kiev, Ukraine.

2. Mineev, S.P., Potapenko, A.A., Mhatvari, T. Ya., Nikiforov, A.V., Kuzarya, S.V. and Timofeev, E.l. (2013), Pidvushenya
efektuvnosti gidravlichnogo rozpushuvanya vukudonebezpechnuh vugilnuh plastiv [Increasing the efficiency of hydraulic loosening of
hazardous coal seams], Skhidnyy vudavnuchuy dim, Donetsk, Ukraine.

3. Mineev, S.P., Usov, O.A. and Poliakov, Yu.E. (2021), Napirna filtraciyu u vugleporodnomu masuvi [Pressure filtration in a
coal massif], Bila, Dnipro, Ukraine.

4. Koptikov, V.P., Bokiy, B.V., Mineev, S.P., Yuzhanin, I.A. and Nikiforov, A.V. (2016), Udoskonslenya sposobiv ta zasobiv
bezpechnoyi rozrobku vugilnukh plastiv, shulnukh do gazodunamichnukh yavush [Improvement of methods and means of safe de-
velopment of coal seams prone to gas-dynamic phenomena], Promin, Donetsk, Ukraine.

5. Mineev, S.P., Rubunskuy, A.A., Vitushko, O.V. and Radchenko, O.G. (2010), Girski robotu u skladnukh umovakh na vuku-
donebezpechnukh vugilnukh plastakh [Mining operations in difficult conditions on hazardous coal seams], Skhidnyy vudavnuchuy
dim, Donetsk, Ukraine.

6. Chernov, O.1. (1975), Pidgotovka shahtnukh poliv iz gazovubrosonebezpechnumu plastamu [Preparation of mine fields with
hazardous coal seams], Nadra .

7. Krukovskuy, O.P., Krukovskuy, V.V. and Usov, 0.0. (2020), “The influence of coal treatment with water and antipyrogens on
the formation of the stress field around the mine”, Geotekhnicheskaya Mekhanika [Geo-Technical Mechanics], no 150, pp 116-126.
https://doi.org/10.15407/geotm2020.150.116

8. Pikhachov, G.B. and Isaev, R.G. (1972), Pidzemna hidravlika [Underground hydraulics], Head helper, Nadra.

9. Usov, 0.0. (1985), Establishing regularities of liquid filtration, increasing the efficiency of coal seam hydration, Abstract of
Cand. Tech. dissertation, Sciences: 05.15.11, M.S. Poljakov Institute of Geotechnical Mechanics under NAS of Ukraine, Dneprope-
trovsk, Ukraine.

10. Usov, 0.0. (2020), “The assessment of compliance with the linear law of filtration leads to the real dynamics of changes in
its pressure during injection into the coal seam”, Geotekhnicheskaya Mekhanika [Geo-Technical Mechanics], no. 150, pp 93-101.

About authors

Minieiev Serhii Paviovych, Doctor of Technical Sciences (D.Sc.), Professor, Head of the Department of Pressure Dynamics
Control in Rocks, Institute of Geotechnical Mechanics named by N. Poljakov of the National Academy of Sciences of Ukraine (IGTM
NAS of Ukraine), Dnipro, Ukraine, sergmineev@gmail.com

Usov Oleh Oleksandrovych, Candidate of Technical Sciences (Ph.D.), Senior Researcher in Department of Pressure
Dynamics Control in Rocks, Institute of Geotechnical Mechanics named by N. Poljakov of the National Academy of Sciences of
Ukraine (IGTM NAS of Ukraine), Dnipro, Ukraine, usov.o.a@gmail.com

Poliakov Yurii Yevhenovych, Doctoral Student, Junior Researcher in Department of Pressure Dynamics Control in Rocks,
Institute of Geotechnical Mechanics named by N. Poljakov of the National Academy of Sciences of Ukraine (IGTM NAS of Ukraine),
Dnipro, Ukraine, poliakovyurii488@gmail.com

MOXNUBICTb OLIHKK E®EKTUBHOCTI rAPOPO3NYLIYBAHHA 3A ACUMNTOTUYHOKO ®OPMOIO
BAPOJVHAMIYHOI KPUBOI
Minees C.I1., Ycoe O.A., lNonsikos FO.€.

AHoTauis. BusHayanbHUM Kputepiem Ans ouiHKM edheKTUBHOCTI rigpopo3nyLLyBaHHs € xapakTep 6apoanHamiyHOi
KpMBOi, @ BW3HAYamnbHAM NapaMeTpoM - KiHLEBWA TUCK HarHiTaHHs. [poTte cnig 3asHaunTh, wo y AokymeHti COY
10.1.00174088011-2005 He BigobpaxaeTbCs HAsIBHICTb 4BOX BMAIB BapoanHaMiYHUX KPpUBMX — EKCTPEMANbHOI Ta acum-
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NTOTUYHOI, SIKi XapaKTepu3yloTb 3MiHY TUCKY HarHiTaHHS NPOTSroM TPUBANOCTI rigpopo3nyLlyBaHHs. Y CTaTTi HaBedeHO
NOPIBHAMbHY OLHKY BWU3HA4eHHS! eheKTUBHOCTI riapopo3nyLlyBaHHa no 6apoanHamiyHuM KpuuM. [poaeMOHCTPOBaHO
Pi3Hi pO3paxyHKOBI MOLENi OLjiHKM LOBXMHW GE3NEYHOro NPOCyBaHHA BUBO NpK aCUMMTOTUYHIN 6apoamHamili, Lo npu-
3BeNnu 40 OJHAKOBOrO pesynbTaTy 3a MOKA3HUKOM BiAcTaHi (rubuHu) Ge3neyHoro BUNYyYeHHs Byrinns. MokasaHo, Lo
[OBXMHA 6e3neyHoro pyxy 3abot npu acMMNTOTMYHIN GapoguHaMmili rigpopo3nyLwyBaHHS 3HAYHO Ginblia 3a rmubuHy
repmeTusadlii. Byna 3actocoBaHa MeToAuka OLiHKW BiaCTaHi 6e3ne4HOro BUMyYEHHS BYTinMs, Ska BKasye Ha Te, Lo BOHA
uiTKO BifoBpaxae iCHytYi NPMPOaHI 3aKOHOMIpHOCTI. ACMMNTOTMYHa 6apoanHamika, Ha BigMiHy Bif eKCTpemasnbHoi, 3a-
Besneyye 3HaYHO MEHLLWNA KIHLEBUI TUCK, KU MOXHA MOPIBHATY 3 KIHLIEBUM TUCKOM NpW rigpoBimxumi, ane 6es Hass-
HOCTi BikuMy B1GO. TOBTO 3HIKEHHS KiHLEeBOro TUCKY Ha 80% Big MakCMManbHOTO Npu aCUMATOTUYHIN BapoauHaMili
B MOPIBHSIHHI 3i 3HKEHHAM #oro Ha HopmaTueHi 30% 3a TOW Xe Yac Npu ekcTpemanbHin GapognHamili cBiguUTb, WO
PO3BaHTAXEHHA NnacTa Ha rnbuHi repMeTn3alii icTOTHO Binblue B aCUMMTOTUYHOMY BUNAZKY.

[MpoOeMOHCTPOBaHO, L0 edheKTUBHICTb riapOpO3MNyLLKBaHHSA B JaHWUA Yac MOXHA Nerko BU3HauuTK 3a il acuMnTo-
TUYHOT popmoto 6apoaMHaMiyHOI KpuBOi. Tak camo [OBEAEHO, LU0 YUM HUKYAA KIHLEBUIA TUCK rigpOpO3NyLLYyBaHHS TUM
rnmbLue 30Ha PO3BaHTAXEHHs! NPUBMBIAHOI YaCTWHM NnacTa Ans aCUMNTOTUYHOI BapoaMHAMIYHOT 30HM PO3BAHTAXEHHS i
BOHa [0CArae MakcyMarsbHol, Ky MOXHA NOPIBHATY 3 rIMBUHOIO repmeTu3ali.

KnioyoBi cnoa: 6apoanHamiyHi Kpusi, acMMNTOTUYHA hopMa KpUBOi, €GIEKTMBHICTb MiAPOPO3NYyLLYBaHHS, ripChb-
KW TUCK, HarHITaHHs BOAW, rbuHa repMeTnaadii, entopa ripcbkoro TUCKY.
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