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Abstract

Statement of the problem (relevance of the paper): the paper describes main scientific and practical results of studies
on increasing geodynamic safety, while increasing the depth of underground mining of ore deposits, using operational
control data and the forecast for the stressed state of the rock mass with various dynamic signs of rock pressure, and
prevention of rock bursts. Using the example of ore deposits in Ukraine, we analyzed physical properties of rocks and
new hypothesis of rock pressure, taking into account the relation between the excavation of ore and rocks and time and
area, determining parameters of structural elements of development strategies. Purpose of the paper: the paper aims at
increasing geodynamic safety, when increasing the depth of ore deposit underground mining, by controlling and fore-
casting the stressed state of the rock mass with various dynamic signs of rock pressure, and by preventing rock bursts.
Methods used: we applied advanced methods of mine, laboratory and experimental studies, theoretical and physical
simulation, and analysis and generalization of the results of studies using standard and recommended techniques. Nov-
elty: novel elements include the systematization of technological solutions for managing developed areas of the mine,
taking into account the technology-related factors affecting the energy state of the mass, and showing ways to minimize
its impact on the technology of ore and nonmetallic mineral resources mining. The result: the paper proposes to change
the impact rate of the technology-related state of the mass formed by subsequent, contiguous mined-out areas, a method
for destroying the rock pillars separating their cavities, which reduces the energy tension of the mass by 6 times and the
secondary water cut of the ore deposits in the lying side of the mine field. This makes it possible to carry out preparato-
ry excavations without the use of supports and to increase a stope area by 1.5-2 times. The change in the shape of the
mined area of the mine by the formation of unloading cracks makes it possible to reduce the energy parameters of the
mass by 0.3 times, when developing the three underlying floors over ore deposits.

Keywords: underground mining, geodynamic safety, competence of the outcrop, energy zone.

workings. Therefore, the provision of geodynamic

Introduction

Scientists from Ukraine, Russia, Germany,
Austria, Switzerland, France, England, the USA,
Canada, South Africa and other developed mining
countries of the world actively engaged in the
development of technologies for underground
extraction of minerals with increasing depth of
development in tense rocks [1-5]. Most researchers
took into account changes in the array's tension due
to the degree of influence on the parameters of the
strength of the workings and development systems.
Such an approach made it impossible to reveal the
physical nature of the phenomenon of zonal
disintegration of rocks, which manifests itself
around all without exception, underground
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safety with increasing depth of underground mining
of ore deposits on the basis of operational control
data and prediction of a tense state of the rock mass
with various forms of dynamic manifestation of
rock pressure, prevention and prevention of
mountain attacks is an important scientific, practical
and social task [6-9].In order to solve the problems,
the authors carried out studies in the field of
providing geodynamic safety with increasing depth
of underground mining of ore deposits based on the
data of operational control and prediction of the
tense state of the rock mass with various forms of
dynamic manifestation of mountain pressure,
prevention and prevention of mountain bumps, with
the help of theoretical, laboratory and industrial
methods, theoretical analysis and generalization of
research results according to standard and new
methods [1-9].
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Theory and methods of research

The authors use the systematic approach, which
contains an analysis of the results of research and
design work on the development of new
technologies and technical means for underground
mining of ore deposits to ensure geodynamic safety
while increasing the depth of underground mining
of ore deposits. The physical properties of rocks and
the new hypothesis about mountain pressure are
analyzed taking into account the estimation of the
stability of the outcrops, revealing the patterns of
their deformation and destruction, linking the
excavation of ores and rocks in time and space,
defining the parameters of the design elements of
the development systems, the methods of fastening
and the corresponding types of crepe. Theoretical
experiments were carried out using thermodynamic,
improved and developed energy methods by the
authors [4].

Summary of research results

The level of concentration of stresses in the
massif at large depths necessitates the transition to a
technology with a continuous recess and a
straightforward front of purification works.
Development systems with chamber recess and
laying of the developed space with different
compositions and strength in a wide range of mining
conditions allow not only to ensure the safety of
mining operations, to reduce the probability of rock
blows, but also to significantly improve the quality
and completeness of extraction of reserves from the
interior, which is gaining increasing importance in
the competitive struggle for markets of sale [5]. The
presence in the mine fields of up to 50% of the
developed spaces that have access to the surface of
the surface allows us to change their typology and,
as a consequence, to change the degree and nature
of influence on the host array. For example, it is
possible from the developed spaces that have access
to the surface of the surface to form the «blind».
This makes it possible to change the voltage fields
in the massif of the discharge zone of the developed
spaces and to create favorable conditions for the
pressure factor at the site of mining operations. It is
proposed to separate the developed space by means
of forming an artificial whole in its cavity. The
simulation of possible variants of transformation of
the developed spaces showed that the formation of
artificial helicopters consisting of the host rocks and
the bookmark array is effective. The artificial heaps
perceive the pressure of the rocks of the hanging
side and reduce the tension in the region of the
reference pressure. They also violate the
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aerodynamic and hydrodynamic relationship with
the surface of the day and reduce air leakage
through the excavated space, as well as the
penetration of atmospheric precipitation into the
mine preparation and cleaning faces of the mine.

1. Classification of methods
for studying the state of rocks

The development of deposits in various
conditions of occurrence, different properties of ores
and rocks is characterized by cracking, stratification,
collapse, collapse, shock hazard and other forms of
manifestation of energy of mountain pressure. An
analysis of mining and geodynamic conditions for
the development of ore deposits in Ukraine has
shown that dynamic manifestations of rock pressure
indicate a high level of elastic potential energy of
rocks of domestic ore deposits. The processes of
accumulation of stresses in the massif and
destruction of rocks, arising in the process of
exploration of deposits, are studied by a variety of
methods. The basis of most applied research
methods is the principle of the dependence of
different properties of rocks with their strained-
deformed state under the influence of natural and
artificial energy fields in the array. In spite of the
variety of methods and means of diagnostics used
and the control of the strained-deformed state of the
array, they can be grouped into functional classes
(physical, laboratory, and analytical). In turn, the
classes are subdivided into groups (visual,
surveying, mechanical, geophysical, etc.) and
further on the species. Using the sign «way of
representing the array", the existing classification
was improved (Table 1).

2. Separation of extended developed spaces

The development of ore deposits of Kryvbass by
traditional systems of development to the depths of
1200-1300 m determined the formation of IPs,
which represent on the earth's surface the funnel of
displacement, and in the interior - void, partly filled
with collapsed rocks. These cavities contribute to
the redistribution of the initial stresses of the undis-
turbed massif and to the formation of areas of refer-
ence pressure at the mining sites. Through the de-
veloped space, an aerodynamic bond with the sur-
face is established, which increases the air leakage
into the mine's ventilation network, and the hydro-
dynamic bond increases the secondary watering of
the production units [6]. Effective is the formation
of artificial helicopters consisting of the enclosing
rocks and the rock massif. Thus, for example, it is
possible from the IPs having access to the earth's
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surface to form the «blind» VPs. The main element
of the proposed technological solution is the for-
mation of artificial helicopters with different ways

of forming shut-off elements for different mining
conditions in the northern group of mines of the
Kryvyi Rih basin (Fig. 1).

Table 1.Classification of the stress-strain state of rocks

Class

Group

View

1. Natural
(industrial)

Visual

Observations and Assessments

Mine Surveying

Mine surveying surveys

Mechanical

Unloading the array

Compensation load

Pressure differences

Elastic inclusions

Well deformation

Depth Ramp

Geophysical

Acoustic

Ultrasound

Radiometric

Electrometric

Geomagnetic

IL. Physical
(laboratory)

Investigation of the properties of rocks

Density

Mechanical

Equivalent materials

Modeling on the press

Centrifugal modeling

Optical polarization

Modeling on the press

Centrifugal modeling

Volume photoelasticity

Electrodynamic analogies

Electrical grids

Conductive materials

II1. Analytical
(theoretical)

Mechanics of rocks

Solid environment

Elasticity

Plasticity

Creep

Boundary differences

Boundary elements

Finishing elements

R

AL

Fig. 1. Principal schemes of the formation of locking elements of the type «shutter» (a),
«plug» (b) and «gate» (c) in the formation of artificial helicopters
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The space over the artificial whole is filled with
a dry or hardening tab. The experience of re-
exploration of the deposits of Kryvbas testifies to
the fact that the rocks that are destroyed in the de-
veloped space, with the condition of absence of
movement, are converted into a monolith over time
[7]. The experience of the Irtysh mine speaks of the
fact that the dry bookmark occupies a significant
part of the pressure of the enclosing rocks [8]. When
modeling the bookmarking process in laboratory
conditions, it was found that with a porosity of
10-12%, the laying material can accept a load of up
to 5 MPa with shrinkage not exceeding 13%. Pro-
vided that the rock placement is kept in a stationary
state and in the presence of a moist medium, its
bearing capacity approaches the bearing capacity of
the hardening bookmark. Homogenization of the dry
rock massif under the influence of static forces of
gravity, dynamic forces of explosive waves and the
infiltrational influence of atmospheric precipitation
helps to create an artificial whole, approaching its
properties to the natural.

3. Investigation and substantiation of
technological parameters of the developed spaces

The development of ore deposits at Kryvbasa
mines is carried out primarily by chamber systems
of development (70% of the total volume) and vari-
ous variants of underground collapse of ores and
adjacent rocks (30%) (Table 2).

The treatment of ore deposits by systems with-
out the maintenance of adjacent rocks leads to the
formation of developed spaces (IPs), in the zones of
influence of which stocks of various mineral raw
materials fall. These are rich, poor and oxidized
ores, related minerals, building materials, stone of
precious stones, etc. [9]. The development of the
Kryvbass deposits in complex technogenic condi-
tions is deeply studied by B. M. Andreyev, whose

work gives a classification of technogenic factors
and methods of their accounting [10]. However, to
date, no technical solutions have been proposed for
reducing the influence of the main man-made factor
in the Kryvbass — VP of mines. To this end, the au-
thors proposed a number of technical solutions for
the management of IP at the mines «Kryvbas». The
revealed patterns of distribution of voltage fields
and the nature of the deformation of the enclosing
FP of the array, as well as the presence in the mine
fields of a large number of different types of isolated
VPs, create favorable conditions for the selection
and application of effective methods for controlling
the energy status of a rock massif. Reduction of
mountain pressure in the areas of conducting pre-
paratory and treatment works is accompanied by
resource saving due to the use of less metal-
intensive fastening of preparatory workings, increas-
ing the size of the waste chambers, reducing the size
of inter-and inter-chamber helicopters. In particular,
the VP of «Ternovskaya» mines of PJSC «Kryv-
orozhsky PJSC» is represented by 1275 m of stale
and stratum deposits deposited to the horizon. The
collapse of the rocks of the hanging side in the mine
field is negligible. Stabilization of the parameters of
the displacement zone begins at depths of 500 - 600
m. On the northern flank of the fields of the Ter-
novskaya mine, there is a canned debris of poor ore
«Bulimmerka Magnetite» and a developed deposit
of rich ores «8P». The transformation of the VC of
the mine to reduce the pressure of the mountain on
its lying side is possible due to the destruction of
voltage concentrators - natural breeding helicopters
separating the separated VPs. This leads to the dis-
placement of the region of energy concentration to
the lower end of the newly formed VP, the decrease
in the mass of the craters that are destroyed in the IP
and the increase of the hydroplastic capacity of the
VP (Fig. 2) [11-14].

Table 2

Classification of technological solutions for «Kryvbas»

Class deposits

Condition
of the next rocks

The essence
of the technological solution

Place of Execution
mining works

I. Without an exit un-
der sediment («blind»)

Movement rocks
is absent

Connection of closeup VPs

Loose gaps between deposits

II .With an exit Change Lower boundary
under sediment forms of PP mine VP shaft

1. With an exit S)ecsktgutgntﬁré daytime sur- Separation of extended IPs Middle part
under sediment Yo to the detached ones VP shaft

face
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Fig. 2. The calculated scheme of parameters
of the destruction of a natural integer

In fig. 2 the following symbols are given: al and
bl are the vertical and horizontal semiaxes in the
array of the adjacent energy zone of the IP, which
extends to the earth's surface, directed along the ax-
es O1Z1 and O1X1, m; a2 and b2 are the vertical
and horizontal half-axes in the array of the contour
zone of the VP, which exits to the earth's surface
and surrounds the «blind» VP, and directed along
the axes 0272 and 02X2, m; a — angle of propaga-
tion VP, hailstones; all and al2 are the depths of
the contour energy zones of the «blind» and emerg-
ing on the surface of the VP, m; Ul and U2 are the
depths of possible fracture in the breeding unit, re-
spectively, from the SP that has an exit to the earth's
surface and the «blind» VP, m. The main technolog-
ical parameters for deep mines on the example of
Kryvbas, Ukraine are determined in the following
sequence. The size of the adjacent energy zone of
the PE along the rocks' stretch was determined ac-
cording to the method [15—17]. The size of the con-
tour energy zone extending to the earth's surface of
the VP, located in the breeding heap, m

2, 2 2
(al +6 Xalgl)

(“181 )2 +1

a = 1

Depth of the margin energy zone of the «blind» VP,
located in the breeding wholeness, m.

azz + 622 Xazgz )2
(a262 )2 +1

- O,ShBH sina . Q)

where /g — vertical span of the «blind» VP, m.
Depth of propagation of the area of possible de-

struction in the massif of the generic integral for the
VP, going out on the earth's surface, m

U, =H(-0,0047 5. +0,9), 3)
where H — Depth of propagation VP, m; o.,. — The
strength of the rocks for compression, MPa.

The parameters of drilling and blasting works
for deep wells in the field of transient stresses can
be efficiently performed by cutting off contouring
wells with bursts of column charges according to the
method [18]. This reduces the energy costs of blast-
ing and drilling up to 25%. The method of drilling a
rock integral is determined based on the location of
preparatory and trench excavations on the corre-
sponding horizon. As the results of the calculations
for the conditions of the Ternovskaya mine show,
the destruction of natural helicopters separating the
separated VPs allows to reduce the tension of the
massif by 6 times and eliminate the secondary wa-
tering of the deposits located in the lying part of the
pipeline. This makes it possible to carry out prepara-
tory work without applying the crepe and increasing
the height of the waste chambers to 120-150 m [19].
The reserves of rich ore «Kryvbas» at the depth of
1100-1260 m to the north of 227 MO were original-
ly intended to be worked out after the complete
working out of magnetite quartzites with the use of
traditional technologies for working out of mine
fields existing in the Krivoy Rog Basin. In 1996, the
relevant recommendations were developed in order
to develop technological solutions to reduce the re-
serves of canned rich ores while maintaining the
possibility of further processing of the balance re-
serves of magnetite quartzites of the GNIGRI
GVUZ «KNU» (Kryvyi Rih) in 1996. They reveal
the possibility of partial extraction of up to 2.7 mil-
lion tons of rich ore reserves from the guarded
whole, while maintaining the possibility of further
processing of magnetite quartzites from the deposit
«Northern» due to the abandonment of barrier heli-
copters in the interior [20].

The collapse of the rocks of the hanging side oc-
curs with the lagging behind the front of the clearing
works on 1-2 working floors. The displacement of
the rocks of the hanging side stops from a depth of
450-550 m. From these depths, the surface dis-
placement process stabilizes and passes into a par-
tial dome-shaped destruction of the enclosing rocks
around the developed space. The angles of dis-
placement and breaking of the rocks by the stretch
correspond to 80° in the hanging and lying sides —
55°. The «Yubileinaya» mines are represented by
the «Nest 1-2» and «Home» depleted to a depth of
1100 m (Fig. 3).
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Fig. 3. Schematic diagram of the parameters
of the discharge fracture

In fig. 3 the following conditional symbols are
given: Imin.min and m.sub.max — the lengths of
fractures where changes in the array intensity occur
within the first lower floor and, accordingly, the un-
loading of the second underlying floor, m; Ish.skv is
the length of the section of the crack formed by the
exploding of the wells at which the unloading of
three or more lower floors occurs, m; heath is the
height of the floor under construction, m; o and f —
respectively, the angles of incidence and displace-
ment of the rocks of the hanging side of the reser-
voir, deg.

Investigations have made it possible to establish
that the power of the IP, varying from 5 to 90 m, has
a small effect (up to 6%) on the overall level of the
intensity of the host massif, and the increase of the
contour energy zones occurs on the magnitude of
the change in the power of the cultivated deposit,
leaving the depth of influence unchanged and, ac-
cordingly, Voltage values [21, 22]. This fact made it
possible to conclude that in the massif around the
cracks formed similar energy zones with parameters
similar to the developed space. The results of the
research allowed to develop a method for reducing
the pressure of the mountain for the conditions of
working out of preserved reserves at the mine «Yu-
bileinaya» due to the formation of unloading cracks.
The essence of the process of unloading the underly-
ing massif lies in the development of the crack of
the underlying portion of the deposit. For IPs having
an exit to the earth's surface, a crack is formed in the
hanging side, above its level. The formation of the
fracture contributes to an increase in the horizontal
span of the VP and, as a consequence, an increase in
the contour energy zone and the redistribution of the
initial voltage fields. At the same time, the dis-
placement of the reference pressure region, which
envelops the treated chambers, takes place in the
direction of the formation of the crack and discharg-
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es the shaft cleaning units from the pressure of the
rock [23]. The presence of tapping workings in the
hanging side of the VP reduces the cost of forming
the crack and increases its length. On the basis of
the research carried out and the results obtained, the
authors determined the following parameters and
sizes below the established expressions and depend-
encies.
Total length of unloading crack, m

1 =1

m,min

s F L )
The length of the fracture site at which the mass
of the intensity changes within the first underlying

floor, m
T
I . =h to| ——a
m.min am g(z )? (5)

where h,,, — floor, height of workable m; a — angle
of fall of the deposit, deg.

The length of the fracture site at which the sec-
ond lower floor is unloaded, m

hm=mgg—@m, (©)

where f — angle of rotation of the hanging side, de-
grees.

The length of the fracture site formed by the ex-
ploding of provocative wells, in which the unload-
ing of three or more underlying floors occurs, m

lm.cx@ = lmgtg[z - ﬂj + O,SW
, (7

where /.., — ength of discharge wells, m; W —
line of the least resistance of the explosive, m.

The regularity of the number of unloaded floors
from the length of the crack

T
lm.w\'s = l(rxstg(z - ﬁj + O,SW , sht. ®)

The maximum lengths of each fracture site are
taken from the technical capabilities of deep drilling
machines [24]. Thus, the measures taken to reduce
the negative influence of the developed space allow
us to justify the technological parameters of the
mining preparatory and treatment underground work
of the Krivoy Rog iron ore basin. Expected econom-
ic effect only from the reduction of the pressure on
the prepared and ready for production reserves is
more than 600 thousand. UAH / year, taking into
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account the management of the state of the massif,
reducing to 15-30% of total costs of sewage,
transport, ventilation, etc.

Direction of further research

The development of technologies for the extrac-
tion of ore raw materials in the conditions of tech-
nogenesis should be based on the classification of
deposits and development systems on the basis of
the «energy state of the array at the time of devel-
opment", which determines the methods for separat-
ing material from the array. It is also necessary to
consider the constant change in mining and geologi-
cal and man-made factors [25-27]. The systematiza-
tion of technological solutions for the management
of the developed space of mines while working out,
in particular, Krivbass deposits, takes into account
the man-made factors affecting the energy status of
the massif and shows ways to minimize its influence
on the extraction technology of ore and non-metallic
minerals, taking into account the developed mining
countries of the world [28].

Conclusions

1. It is established that minimization of the in-
fluence of extended developed spaces on the energy
status of mineral deposits is realized by separating
extended developed spaces and forming artificial
cavities in their cavity, which allows to reduce the
energy saturation of the massif in the field of mining
operations up to 6 times and reduce costs by 15% on
drainage, transport and ventilation of the mine.

2. It was shown that for the change in the inten-
sity of the influence of the technogenic state of the
massif formed by the successively-developed spac-
es, a method is proposed for the destruction of the
generic helicopters separating their cavities, which
allows reducing the energy intensity of the massif to
6 times and secondary watering of ore deposits in
the lying side of the mine field. This makes it possi-
ble to carry out preparatory work without the use of
fasteners and increase the size of cleaning chambers
in 1,5-2 times.

3. It is recommended that the change in the
shape of the developed space of the mine by creat-
ing unloading cracks allows us to reduce the energy
saturation of the massif by 0.3 times when working
out three underlying floors on ore deposits.
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Annomauusn

IlocranoBka 3agauu (aKTyaJabHOCTb PadOTHI):
OIMMCaHbl OCHOBHBIC HAYYHBIC U NPAKTUYCCKUE pE-
3yabTaThl MCCIIEOBAaHHN IMOBBIINICHUS T'€OJMHAMMU-
YecKOH Oe30MacHOCTH TPH YBEIMYCHHH TITYOHHBI
MO3EMHON Pa3pabOTKH PyAHBIX MECTOPOXKACHUI
Ha OCHOBC JaHHBIX OIIEPATUBHOI'O KOHTPOJSA U IIPO-

www.vestnik.magtu.ru

THO3a HAIpPSDKEHHOTO COCTOSIHUSI TOPHOrO MacCHBa
¢ pa3nuuHbIMU (HOPMaMM JMHAMUYECKOr'O MpPOsBIIE-
HUsl TOPHOrO JaBJIEHUS, NPOQUIAKTUKH U IIPENOT-
BpallleHUsl TOpHBIX yaapos. Ha mpumepe pynHbIx
MECTOPOX/ICHUH YKpauHbl POAHATN3UPOBAHBI (H-
3MYECKHE CBOMCTBA FOPHBIX IOPOJ U HOBBIE TUIIOTE-
3bl O TOPHOM JABJIEHUH C y4ETOM YBSA3KH BBIEMKH

1"



PA3PABOTKA IO/TIE3HbIX UCKOMAEMbIX

PYIBL U IIOPOX BO BPEMEHH H IIPOCTPAHCTBE, OIpe-
JICNIeHHs] [IapaMeTPOB KOHCTPYKTUBHBIX DIIEMEHTOB
cucteM pa3paborku. Llesb paGoThbI: IOBBICHTE Ie0-
JIMHAMIYECKYI0 OE30MacHOCTh IpPH  YBETHYCHHH
IIyOUHBI Pa3pabOTKU PYIHBIX MECTOPOXKICHUHU ITy-
TeM KOHTPOJIS M IIPOTHO3a HANPSHKEHHOTO COCTOSI-
HHS TOPHOTO MAacCHBa C Pa3IMYHBIMU (OopMaMH JH-
HAMUYECKOTO MPOSIBIICHHS TOPHOTO JaBIICHHUS, IIPO-
(HIAKTHKE M IPENOTBpAIICHHS TOPHBIX YIapoB.
Hcnoas3yemble MeTOAbI: NPHMEHSIUCH yCOBEP-
MICHCTBOBAHHBIE METOMBI MIAXTHBIX, 1a00PAaTOPHBIX
1 MaTeMaTHYECKUX HCCIIE0BAHMIT, TEOPETHIECKOTO
1 (HPU3HIECKOr0 MONEIMPOBAHUS, a TAKKE aHATU3 H
000011IeHre Pe3yIbTaTOB UCCIEI0BAHUH MO H3BECT-
HBIM 1 pa3paboraHHBIM MeToaukaMm. HoBu3Ha: K ee
3JIEMEHTAM OTHOCHTCSl CHCTEMaTH3aLHsl TEXHOJIOTH-
YECKUX PEIICHUH 110 YNPaBICHUIO BbIPAOOTAHHBIM
MIPOCTPAHCTBOM IIAXT, KOTOPas yUHTHIBAET TEXHO-
TeHHBbIC (DAKTOPBI, BIMAIOMIME HA SHEPrETHYECKOE
COCTOSIHHE MAacCHBa, W NPEJONPEAEIsieT MyTH MH-
HUMM3aLUM €r0 BIMSHUS HA TEXHOJIOTUH J00bIUM

PYIHBIX U HEpPYJHBIX IOJE3HBIX HCKONaeMbIX. Pe-
3yJAbTAT: UL H3MEHEHHs! HHTCHCUBHOCTH BIIMSHUS
TEXHOTCHHOT'O COCTOSIHUSI MaccHBa, c()OPMHUpPOBAH-
HOTO I0CIIeI0BaTeIbHO-COMMKEHHBIMI BHIPAOOTaH-
HBIMH IPOCTPaHCTBAMHY, INPEWIOKEH CIIOCOO pas-
PYLICHHSI HOPOIHBIX IIEIHKOB, Pa3NEILIONUX HX
MOJIOCTH, YTO HO3BOJISIET CHH3UTh DHEPIETHIECKYIO
HaNpsDKEHHOCTh MAcCHBa 10 6 pa3 M BTOPHUYHYIO
0OBOIHEHHOCTh PYIHBIX 3aleKell B JiexadeM OOKy
MIAXTHOTO IOMA. DTO JaeT BO3MOXHOCTh IIPOBEIE-
HHS HOATOTOBUTENBHBIX BBIPAOOTOK 6e3 NpHMeHe-
HHS KpeTel M yBeIHUeHHs Pa3MepoB OYHCTHBIX Ka-
Mmep B 1,5-2 pasa. M3meHenue $hopmbl BeIpabOTaH-
HOTO TIPOCTPAHCTBA IIAXTHI IIyTeM OOPa30BaHUS
Pasrpy30YHBIX TPEIIMH TO3BOISAET CHU3UTH dHEpre-
THYECKYIO HACBIICHHOCTh MaccuBa B 0,3 pasa mpu
0TpabOTKE TPEX HIKENEKAIMX ITHKEH 110 PYIHBIM
3a5IeKaM.

Kniouesovle cnosa: TI0A3EMHasA pa3pa60TKa, reoJuHaMu-
YyecKasa 6630HaCHOCTI>, yCTOF[‘{P[BOCTL 06Ha)](eHPIF[, JHEp-
T€TUYECCKas 30HaA.
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