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Abstract

Purpose. Research into influence of drilling-and-blasting operations on the nature of deformation in near-side masses of the
design open-pit contours and assessing the seismic impact of blasting operations, which are the basis for development of
recommendations on the rational parameters of drilling-and-blasting operations.

Methods. The influence of drilling-and-blasting operations at the limiting contour of the Kusmuryn field is studied using the
analysis of the mining-and-geological conditions and tectonics of the rocks constituing the field, in-situ surveying the state
of the open-pit sides, analysis of the physical and mechanical properties of the host rocks, analytical studies and instrumen-
tal measurements of the blasting effect.

Findings. Based on the analytical methods, the calculation and analysis of the seismic stability of the rocks at the field have
been performed. By means of instrumental measurement of the blasting effect in open pit, data have been obtained on the
seismic impact of blasting operations on the near-side masses. According to the results of these works, rational parameters
of drilling-and-blasting operations at the limiting contour of the open pit have been determined. In addition, the main provi-
sions for the organization of drilling-and-blasting operations at the limiting contour of the open pit have been developed.

Originality. In this work, for the first time, a joint research method is applied, which includes an analytical calculation of
the shock wave seismic impact on a rock mass, based on the results of which the dependency graphs have been obtained of
the seismicity coefficient on the rock hardness coefficient at the Kusmuryn field according to the Protodyakonov scale for
various explosives, as well as using the method of instrumental measurements, which serves to determine the seismic impact
of an explosion on a rock mass. This makes it possible to substantiate the technology of conducting the drilling-and-blasting
operations at the contour, providing a long-term stable position of the permanent side of the open pit.

Practical implications. The results of the work will be used to calculate the safe parameters of conducting the blasting
operations when placing the side in the final position at the Kusmuryn field. This research method can be applied at any
mining enterprise conducting open-cut mining of minerals.

Keywords: blasting, stability, side, open pit, seismic impact, blast-hole

1. Introduction

Nowadays, mining enterprises are at the stage of the
need to make a number of managerial, technical, and social
decisions aimed at reducing the cost of finished products.
In the current market of copper raw materials and direct
competition of such enterprises, only a decrease in the cost
of manufactured products will ensure the retention of
consumers, which means stable development and preserva-
tion of jobs [1]-[3].

When mining the flat-dipping ore bodies by the open-cut
method, drilling-and-blasting operations occupy a special

position. They, as the initial process of ore mining, determine
the efficiency of all subsequent processes: loading, transpor-
tation, crushing and processing of mineral raw materials [4]-
[6]. The main tasks during drilling-and-blasting operations
are: increasing their technical and economic efficiency;
ensuring the required quantity and quality of the blasted rock
mass; reducing the risk of large-scale blasting operations and
their negative impact on the environment [7].

The drilling-and-blasting complex is one of the most
cost-intensive sectors (sectors, the costs of which currently
require reduction) of a mining enterprise. As it is known,
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when conducting the mining operations in open pits, ensur-
ing the stability of the working sides depends on many fac-
tors, including the mining-and-geological conditions and the
tectonics of the field, as well as the impact of drilling-and-
blasting operations on the near-side mass. This is especially
important when mining is approaching the design limiting
contour of the open pit, where the requirements for techno-
logical blasting change [8].

One of the main requirements for the technology of
breaking at the limiting contour of the open pit is to ensure
the maximum degree of preservation of the formed rock
benches — the slope and the berm. This is conditioned by the
need to maintain a safe state of the benches for a sufficiently
long time of the open pit existence [9], [10]. The main way
to fulfil this requirement is obvious: it is necessary to reduce
the intensity of technogenic impact on the surrounding rock
mass to the minimum acceptable level, which would ensure,
on the one hand, a sufficient degree of preservation of the
marginal mass, on the other hand, sufficient produce-ability
of drilling-and-blasting operations. To ensure the pit side
stability, technologies of the contour blasting operations
have been developed, which make it possible to suppress the
effect of an explosion on rocks [11]-[15], as well as a num-
ber of mining technologies that make it possible to reduce
the impact of technological equipment on the open pit per-
manent side [16], [17].

The main parameters of the Kusmuryn open pit: length
(from north to south) — 450 m; width (from west to east) —
400 m; open pit depth up to the mark 720-110 m. The vehicle
route is circumferential one along all sides of the open pit.

Previously, there were 3 main deformation zones in open
pit: northern, southern, western, where the deformation of the
slopes was observed practically to the entire height of the
side. Haulage berms within these zones had deformations.
Rows of local deformations and areas with overhanging rock
blocks were noted along the open-pit sides.

In 2018, deformation processes were observed during
mining operations along the northern side at marks of 820 m
and 830m. Deformations were manifested in the form of
fractures, as well as the fractures across the side with subsi-
dence along the rupture fracture, namely:

— at the horizon of 830 m, the deformation length was 67 m;
width of opening — 25 cm, depth of visible opening — 2.46 m;

— at the horizon of 820 m (north-eastern area), the defor-
mation length was 28 m; width of opening — 12 cm; depth of
visible opening — 90 cm;

— at the horizon of 820 m (northern area), the deformation
length was 53 m; width of opening — 92 cm; depth of visible
opening — 3.77 m;

— at the horizon of 820 m (in the berm centre), width of open-
ing — 80 cm; subsidence along the rupture fracture — 226 cm.

Currently, at the Kusmuryn open pit, mining operations
are being conducted along the north-eastern and south-
eastern sides (Fig. 1).

When conducting the blasting operations, the stability of
the open-pit sides is influenced by the seismic impact of the
explosion. A substantiated assessment of the seismic hazard
degree allows, based on the competent engineering, to con-
trol the volume of blasting operations, especially in the con-
ditions of the open-pit limiting contour, when it is necessary
to reduce the intensity of destruction to a minimum in the
open-pit side, which will be left for a long time.
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Southern side
of the open pit

Figure 1. State of the sides in the area of mining operations
(southern side) (photo — February, 2020)

2. Methods

The seismic impact intensity of the explosion is deter-
mined by the parameters of the arising stress wave. The
knowledge about this wave formation makes possible to
solve a number of practical problems and, in particular, to
assess the value of the seismicity coefficient of the mass, that
is its ability to transmit wave loads [18].

The seismicity coefficient of a rock mass characterizes the
degree of its elastic response to external dynamic influence
and is a parameter that determines the elastic seismic wave
intensity with distance from the site of blasting operations.

To determine the patterns for the propagation of an elas-
tic wave over a mass, a simplified model is used. Let us
represent a source of an elastic wave in the form of a sphere
bounded by the area of ultimate destructions and having an
initial reserve of elastic energy:
Ee =6 -4:7-R5, 1)
where:

es — energy flux density at the boundary of the area at the
moment of maximum expansion of the chambered cavity, kg/m?;

Rq — size of the area of ultimate destruction, m.

On the other hand, the reserve of elastic (potential) ener-
gy can be represented in the form of kinetic energy:

2
Mgy - Ver

B = —a e

o @)

where:

Mel — the weight of the rock in the elastic area, kg;

ver — initial displacement velocity at the boundary of the
elastic area, m/s.

With the subsequent propagation of the accumulated
energy through the mass, the sequentially increasing rock
volume (and, accordingly, the mass) is involved in move-
ment. If to suppose that the process of elastic energy propa-
gation occurs without significant losses (this assumption is
substantiated by the condition that there is no the rock de-
struction beyond the elastic source), then proceeding from
the energy conservation law of the entire system (mass is the
source), the equality can be written as follows:

2
Mg - Ver _ M -v2 3)
2.9 2.9
where:

M — total weight of the rock involved in movement in the
elastic area, kg.
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If to neglect the smallness of the rock compaction value
(assume pock = const) for the volumes of the corresponding
areas, it can be written:

Vel—§ ﬂ'(RZ—RS); (4)
V:%-m(R3—R8), ()
where:

Ro — charge radius, m.
Taking this into account, the value of the mass displace-
ment velocity at a distance R from the charge is determined

(R>Ry):
1
3 2
j .

V=V [

Neglecting the unity smallness in comparison with the
values ((Rp/Ro)® and (R/Rq)?, it can be written:

V=V0r~[

After finding the values of vg and Ry, the final form of
the formula, corresponding to the form of the well-known
formula of M.A. Sadovsky, can be obtained [19]:

Equality in this formula characterizes the intensity of the
seismic impact of a charge placed in the mass at a sufficient-
ly large distance from the free surface.

In this case, the value of the seismicity coefficient of the
mass ks is determined as follows:

R
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where:

f—rock hardness coefficient according to the Pro-
todyakonov scale;

n — fraction of the initial energy remained in the detona-
tion products at the moment of complete expansion of the
chambered cavity, units [20], [21].

k-1

where:

owomp — Uniaxial compression strength of rocks, kg/m?;

k —the minimum value of the adiabatic exponent at a
density of yep = 373 kg/m?, is taken equal to 1.4;

7expl — VOlume weight of the explosive, kg/m?® [22];

% — initial adiabatic exponent for the expansion of high-
density detonation products, units.

/ v
=1+ =
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(10)
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Py — initial pressure of detonation products, kg/m?, can be
represented as follows:

U

o (12)

Py :(70 —1)'733 )
where:

Usp — specific energy of explosive, kgm/kg, is determined
by the formula:

Ug, =427-Q, (13)
where:

Q — specific heat of explosion, kcal/kg [23];

427 — mechanical equivalent of thermal energy, kgm/kcal.

In order to determine the degree of impact of blasting
operations, in accordance with the adopted passport of dril-
ling-and-blasting operations, experimental studies are orga-
nized. To determine the seismic impact of the explosion on the
rock mass, the Ellis-3 seismic-acoustic system is used. This
system is designed for shallow seismic surveys with various
sources of seismic wave excitation: impulse, explosive, “drop-
weight”, sledgehammer. The main sphere of application is
conducting the engineering research in order to study the struc-
ture of the Earth to depths of 1.5 km, depending on the used
source of excitation of seismic vibrations [24]-[26].

The layout of the observation stations is shown in Figure 2.
After each explosion, a survey of fractures is performed at
organized observation stations. This makes it possible to assess
the dynamics and the degree of gradual development of techno-
genic fracturing, as well as a decrease in the rock mass stability.
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Figure 2. Layout of observation stations along the contour of the
open-pit side

The propagation of the seismic wave of the explosion in
the studied area is studied using the placed observation
stations. There are 12 stations in total.

3. Results

Based on the calculation results, the dependency graphs
(Fig. 3) of the seismicity coefficient on the coefficient of
rock hardness of the Kusmuryn field have been obtained
according to the Protodyakonov scale for explosives of the
Petrogen D70 type at an explosive density jesps = 1050 kg/m3
(curve 1) and sespi = 1250 kg/m® (curve 2).
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Figure 3. Dependency graph of the seismicity coefficient on the
coefficient of rock hardness

It can be seen from the graph (Fig. 3) that a high correla-
tion coefficient (Keorr = 1) indicates a stable relationship
between the seismicity coefficient ks and the rock hardness
coefficient f as the main technological indicator.

As known, the key factor that significantly influences
on the stability of rock benches is the systematic production
of large-scale explosions in open pit. Regular dynamic
loading of the rock mass can cause failure of local areas in
the open-pit side if the value of the maximum recorded
displacement velocity exceeds the permissible limit for this
studied area of thr side [23]. In turn, the displacement ve-
locity for different areas of the open-pit space can vary
within a fairly wide range. This happens mainly because of
the different reaction of the rock mass to the dynamic load
caused by a large-scale explosion. As an estimate of the
displacement velocity, the dependence of M.A. Sadovsky
(Formula 8) is commonly used, which determines the rela-
tionship between the value of the soil displacement velocity
(v), the mass of the charge for blasting (Q) and the distance
(r) at which this velocity value is fixed or planned to be
found. The graph of a change in the mass displacement
velocity (for andesites) is shown in Figure 4.
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Figure 4. Graph of a change in the mass displacement velocity
(for andesites)

Next, the initial displacement velocity v at the boundary
of the elastic area is found. The value of v can be obtained
from the equality:

:Z'Ucomp'g

(14)
7n 'Cp

VCI‘
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Substituting the data on the physical and mechanical
properties of each rock of the field, which are given in the
above section, the initial displacement velocity at the boun-
dary of the elastic area can be found (Table 1).

Table 1. Results of calculating the initial displacement velocity at
the boundary of the elastic area

Uniaxia'l Roc_:k P-wave Initial
Rock type compression  density, elocity displace_ment
strength, 7107, Vo mis velocity,
ocomp, MPa kgs/m3 ” Ver, m/s

Andesites 87 2.85 6074 10.0
Dacitic tuffs 77 2.74 5694 9.8
Stockwork 72 374 5215 7.3
mineralization
Rhyolitic tuffs 21 284 4653 6.2
(sub-ore zone) ) )
Rhyolitic tuffs 27 273 3463 57
(sub-ore zone) ' '
Rhyolitic tuffs 63 280 5308 85
(sub-ore zone) ) '
Rhyolitic tuffs 86 277 5705 108

(sub-ore zone)

As can be seen from the results of calculating the initial
displacement velocity at the elastic area boundary (Table 1), the
highest critical displacement velocity is in andesites and tuffs,
the uniaxial compression strength owmp Of which is up to
90 MPa. The lowest critical displacement velocity is in rhyolit-
ic tuffs with the uniaxial compression strength of 27 MPa. The
calculation results show the dependence of the initial displace-
ment velocity on the uniaxial compression strength of rocks.

According to the results of numerical modeling of seis-
mic wave propagation after the explosion in the studied mass
area, the critical values of the vibration velocities have not
been revealed. However, as a result of rereflections and mu-
tual interference of stress waves, local areas of dynamic
loading can be formed, which, in combination with acting
static stresses, can have an adverse influence on the rock
mass state. This is manifested in a decrease in the strength
characteristics of individual mass areas due to the opening of
old and the formation of new fractures. The specified influ-
ence mainly affects the areas in the vicinity of contacts of
various lithological differences and geological disturbances.

Thus, as a result of the analysis of seismic data and com-
parison of fracture surveys, it has been determined that the
degree of influence of blasting the explosive charges on the
mass is moderate. The revealed deformations are confined to
the zones of geological disturbances.

4. Discussion

When conducting the research, the smallest destruction of
the open-pit side has been revealed, when the distance between
the holes for preliminary presplitting is 2 m and the charge
length is not more than 2/3 of the hole length. In this case,
various schemes of wiring-up for blasting the charges are used.
The use of diagonal short-delay blasting schemes reduces the
width of the residual deformation zone in the upper area of the
bench by 1.3-2 times in comparison with row-by-row blasting.

The use of inclined charges for breaking the rocks with
an angle of inclination of 60-75° to the horizon can sharply
reduce the width of the disturbed zone; the slope surface
remains disturbed to a depth of 10-12 charge diameters. Hole
placement grid is 5x5 m. In large-block, weakly weathered
rocks above the average hardness (f > 10) and in the absence
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of fractures falling towards the mined-out space, the breaking
of the border belt with inclined charges is a sufficient meas-
ure to ensure long-term stability of the benches. The simulta-
neous use of inclined charges makes it possible to reduce the
overdrilling value by 1.5-2 times, which reduces the destruc-
tion of the underlying layer.

The use of diagonal short-delay blasting schemes and in-
clined holes does not require special additional costs. These
methods are also very effective when improving the quality
of rock breaking and crushing and can be recommended as
permanent methods for drilling-and-blasting operations.

The basic principles that should be observed when deve-
loping specific technological solutions are as follows (Fig. 5):

— with the purpose of ensuring the rock mass preserva-
tion in the volume of the future bench (in its limiting
position), the boundary 1 of zone A of the main large-scale
breaking should not approach the design bench contour
(in the absence of a contour gap) by the width of the
protecting zone Lprot = L1 + L, which is determined from
the condition of absent residual deformation beyond the
design bench contour;

— after the contour gap formation, rock breaking within
the protecting zone should be conducted in a sparing mode,
for which the protecting zone is divided into two zones of
breaking: zone C, within which it is permissible to use blast-
holes of the main diameter, and zone B, within which it is
necessary to use blast-holes of a reduced diameter (for
example, 105-150 mm).

Design bench contour in its limiting position

Pre-contour

HHLIUUEN
A block

‘:.(_'J

\2

l‘1|
J‘,/

Lpror

L
(@)

) T T

(A)
Figure 5. Basic wiring-up diagram: A - large-scale breaking
zone; B — protecting zone with the use of holes of the
main diameter; C — protecting zone with the use of holes
of reduced diameter; 1 - protecting zone boundary;
2 — pre-contour block boundary; Lprot — the width of the
protecting zone; L1 — the width of the protecting zone
with the use of holes of the main diameter; L> — the
width of the protecting zone with the use of holes of
reduced diameter

In this case, breaking within the pre-contour block is
performed in advance in relation to the main technological
breaking. The initiation scheme (Fig.5) is organized in
such a way that the technological hole closest to the pre-
contour block is blasted on the already formed area of the
protecting layer, which is able to screen up to 60% of the
dynamic impact energy of charges in the blast-holes with
large diameter.

It is necessary to use Interit-20E as explosive, with the
use of reverse initiation. In this case, the charge mass de-
creases by 20-30%, for holes of the I and Il rows, and for
holes of the Il row, the charge mass decreases by 10-20%.
Drilling is performed without overdrilling (Fig. 6).

134

Am

asm]

af

165mm

wir

e~ 130mm

Design open-pit contour

10m

Sm

[}
1

Figure 6. Layout of holes according to the method of drilling the
vertical holes of small diameter

5. Conclusions

As a result of the research performed, the rock mass
seismicity coefficients, as well as the lowest displacement
velocity for the rocks of the Kusmuryn field have been de-
termined. Seismic studies have been performed for determin-
ing the velocity of propagation of elastic waves arising in a
rock mass as a result of an explosion. Based on the results of
numerical modeling of the seismic wave propagation after
explosion in the studied mass area, the critical values of the
vibration velocities have not been revealed.

When drilling with a diameter of 165 mm, it is recom-
mended to reduce the distance between holes for preliminary
presplitting to 2 m with a charge length of no more than 2/3
of the hole length. The least influence on the open-pit side is
exerted by the use of diagonal short-delay blasting schemes,
which reduce the width of the residual deformation zone in
the upper area of the bench by 1.3-2 times in comparison
with row-by-row blasting.

After the formation of a contour gap, rock breaking with-
in the protecting zone should be performed in a sparing
mode, for which the protecting zone is divided into two
zones of breaking, within which it is permissible to use blast-
holes of the main diameter, and a buffer zone, within which
it is necessary to use blast-holes of reduced diameter. In this
case, the charge mass in a buffer zone decreases by 20-30%,
for holes of the I and 11 rows, and for holes of the 111 row, the
charge mass decreases by 10-20%.
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Merta. [locmipkeHHs BIUTUBY OypOIiIpUBHIX poOiT Ha XapakTep AehopMyBaHHS MPUOOPTOBUX MACHBIB Y IPOEKTHIX KOHTYpax Kap’epa
Ta OIiHKA CEWCMIYHOTO BIUTHBY BHOYXOBHUX POOIT /Ui po3pOOKH peKOMEH Il 1010 PalliOHABHUX MMapaMeTpiB OypomiIpUBHUX POOiT.

MeToauka. Brin OypomigpiBHUX poOiT Ha IPaHUYHOMY KOHTYpi Ha pojoBuili KycMyprH BUBYAJIOCS 32 JIOTIOMOTO0 aHai3y TipHHYO-
Te0JIOTIYHUX YMOB i TEKTOHIKH MOPiJ, IO CKJIaJaloTh POJIOBHIIE, HATYPHUX OOCTEXEHb CTaHy OOpTIB Kap’epa, aHawi3y (i3HKO-MeXaHIuHHUX
BJIACTUBOCTEH MOPiJ, 10 BMIlIyIOTh, aHAIITHYHUX JOCIIKEHb Ta IHCTPYMEHTAIBbHUX 3aMipiB Ail BUOYXY.

PesyabTaT. BukoHaHo po3paxyHOK i aHaii3 ceHCMOCTIMKOCTI Tipchbkux nopia poxosuiia. [IInsgxom iHCTpyMeHTaIbHOTO BUMIpPY il BH-
OyXy Ha Kap’epi OTpHMaHi JaHi MOA0 CeficMIYHOTO BIUIMBY BHOYXOBHX POOIT HAa MPHOOPTOBOMY MacHBi. 3a pe3yIbTaTaM IIUX PoOIT oxep-
JKaHi palioHaJbHI mapameTrpu OypomiApHBHUX POOIT HA TPAHUYHOMY KOHTYpi Kap’epa Ta po3poOIEHO OCHOBHI IOJIOKEHHS 3 OpraHizarii
OypormipuBHAX poOIT HAa TPaHUYHOMY KOHTYpi Kap’epa. OOIPYHTOBAHO TEXHOJIOTIIO BeJEHHS OypOMiIpUBHUX POOIT NP MPOBECHHI KOH-
TYPHOTO IMiPUBAHHS, IO 320€3MeYyI0Th TOBIOCTPOKOBE CTiHKE TIOJIOKEHHS IIOCTIHHOTO OOPTY Kap’epy.

HayxoBa noBH3Ha. Briepiie 3acTOCOBaHO CITUTBHHI METOJ MPOBEACHHS JOCITI/PKEHb, IO BKIOYAE B ceOe aHATITHYHHHA PO3pPaxyHOK
CEeliCMIYHOTO BIUIMBY yZJapHOI XBHJII HAa MAacHB TipCbKUX MOPI, 3a pe3y/IbTaTaMH SIKOT0 OTpUMaHi rpadiku 3anexHocTi koedilieHTa ceicmi-
YHOCTI Bif KoedilieHTa TBepAOCTi ripcbkux nopia poaosuia KycmypuH 3a mkanoro [IpoTon’sikoHOBa [isl pi3HHX BUOYXOBHX PEUOBHH i
METO/l IHCTPYMEHTAJIbHUX 3aMipiB, SIKUI1 CIyrye ajIs BU3HAUCHHS CEHCMIYHOTO BIUIMBY BUOYXY Ha MacHB IipChKHX TOPiJ.

IIpakTHYHA 3HAYNMIicTB. Pe3ynbrati po6oTn Oy yTh BUKOPUCTaHI ISl pO3paxyHKy Oe3MeuHHX MmapaMeTpiB BeAeHHS BHOYXOBUX POOIT
IIpU TOCTAHOBLI OOPTY B KiHIEBe MONOXeHHS Ha poxoBumi Kocmypun. Jlanuii crioci® qocmimkeHb Moxe OyTH 3aCTOCOBaHUWM Ha OyIb-
SIKOMY TipHUYOMY IiJIIPUEMCTBI, IO 3]IIICHIOE BIIKPUTY PO3POOKY KOPHCHHUX KOIIAJIHH.

Knrwouosi cnosa: niopusanns, cmiiikicms, bopm, kap'ep, ceticMiyni 6niusu, cepoIosuHd
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HccienoBanne BiausiHUs 0ypoB3pPBIBHBIX Pa00T HA YCTOHYHBOCTH
O0oproB kapsepa KycmypsbiH, Pecniybsinka Kazaxcran

B. Xycan, 1. Taxanos, C. Kyzpmun, C. AGaubantoB

Ieub. UccnenoBanue BiausHUS OGYpOB3pHIBHBIX pabOT Ha XapakTep AeGpOPMHUPOBAHMS NPHOOPTOBBIX MACCHBOB B IIPOEKTHBIX KOHTYPaX
Kapbepa M OLEHKa CeHCMHYECKOT0 BO3IEHCTBHS B3PHIBHBIX PaboT AT pa3pabOTKM pEeKOMEHAANHW 10 parMOHAIBHEIM I1apamerpaM Oypo-
B3PBIBHEIX PaloT.

Metoauka. Bimisiare 6ypoB3phIBHBIX paboT Ha MpeielIbHOM KOHTYpe Ha MECTOPOKIeHIH KycMypBIH H3ydaock ¢ IIOMOIIBIO aHalIM3a rop-
HO-T€OJIOTHYECKUX YCIIOBHII U TEKTOHHUKH ITOPOJI, CIIAraloNIUX MECTOPOK/ICHIE, HATYPHBIX 00CIeI0BaHNI COCTOSIHIS OOPTOB Kapbepa, aHaIHu3a
(M3MKO-MEXaHMYECKUX CBOICTB BMEIIAOIINX TIOPOJ], aHAIMTHYECKUX UCCIIEIOBAHNH U HHCTPYMEHTAIIBHBIX 3aMEPOB JACHCTBHUS B3pbIBa.

PesyabTarel. BoinonaHeH pacdyer u aHanu3 celicMOYCTOWYMBOCTH FOPHBIX MOPOJA MECTOPOXAeHUs. [lyTeM MHCTpyMEHTaIbHOTO 3amepa
JEeUCTBUS B3pbIBa Ha Kaphepe MOTy4eHbl JaHHBIE MO CEHCMUYECKOMY BIMSHUIO B3PBIBHBIX paboT Ha npuboproBoM MaccuBse. [lo pesynbra-
TaM 3THUX paboT MOTyUEHHBI PallMOHAIbHBIE TapaMeTphl OypOB3PLIBHBIX Pa0OT Ha NMPEAENbHOM KOHTYpe Kapbepa U pa3paboTaHbl OCHOBHBIE
TIOJIO’KSHNUS TT0 OPTaHM3alUK OYpOB3PHIBHEIX Pa0dOT Ha MpPEAENFHOM KOHType Kapbhepa. OOG0CHOBaHA TEXHOJIOTHS BEICHUsSI OYPOB3PHIBHBIX
paboT IpH MPOBEICHNH KOHTYPHOTO B3pHIBaHMS, 00eCIeYHBAIOIIHE IOITOBPEMEHHOE YCTOWYNBOE MOJI0KEHHE IIOCTOSTHHOTO O0pTa Kaphepa.

Hayunas HoBu3Ha. BriepBrle MpuMeHEH COBMECTHBIM METOJI IIPOBECHHS NCCIIEA0BAHNUH, BKIFOUAIONNH B ce0sl aHATUTHIECKHH pacyer
celiCMUYEeCcKOro BO3AEHCTBHS yAapHOIl BOJIHBI HA MacCHB TOPHBIX IIOPOJI, ITO pe3ysbTaTaM KOTOPOTO MONydeHBI rpaduKi 3aBHCHMOCTH KO-
s¢duimenta celicMUIHOCTH OT KO3(@UIMEeHTa KPEemoCTH TOPHBIX MOpox MecTopoxaeHus KycmypsH mo mxane IIpoToxsskoHOBa 1ist
PAa3IUYHBIX B3PHIBYATHIX BEUIECTB M METOJ HHCTPYMEHTAIbHBIX 3aMEPOB, CIY KAIUH IJIsT ONMpEeNeNeHUs Ce{CMIYIECKOT0 BO3IEHCTBHS B3pHI-
Ba HAa MacCHB T'OPHBIX MOPOI.

IIpakTHyeckasi 3HaYUMOCTb. Pe3ynbTaTsl paboTh! OyIyT HCIIOIB30BaHbI IS pacdeTa 0€30IacCHBIX TapaMeTPOB BEICHHS B3PBIBHBIX pa-
00T IIpH NOCTAaHOBKE OOpTa B KOHEYHOE IIOJIOXKEHHE Ha MecTopokaeHnN KocMypbIH. [laHHBIH crloco0 McciiefoBaHUH MOXKET OBITh IIPHUMEHEH
Ha JII0OOM TOPHOM TIPEINPUSATHH, BEAYIHM OTKPBITYIO Pa3paboTKy HOJIC3HBIX HCKOIAeMBIX.

Knioueswie cnosa: é3pvisanue, ycmouuusocms, 60pm, kapvep, celicmuyeckue 6030eticmsue, CKEANCUHA
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