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Annotation. The article is aimed at developing method in experimental studies and industrial-Poligon particular
conditions justifying the choice of a rational design of an explosive charge for an effective way to rock mass preparation
on metallic and nonmetallic quarries Ukraine. The comparative results of the evaluation of the stress wave’s amplitudes
studies and the character of crushing hard media from the explosion of the charge explosives-variable and constant
cross section. It has been established experimentally that with an explosion of a variable height charges, the stresses in
a compression wave is higher than with an explosion of constant cross section charges. It is shown that the total mass of
the model parts break by the explosion by a variable cross section charge is greater than with the explosion of other
designs charges such as: of constant cross section, variable diameter along the charge column with the boiler extension
on bottom and with an air gap. This increases the volume as large fractions di>50 mm and the average diameter of the
piece. The dependences of the particle size distribution of various designs explosive charges destroyed by the explosion
are constructed. In industrial conditions, the rationale for the explosive boreholes location according to the massif
structure. Adjusted boreholes location grid on rational parameters blasting unit, determined using a novel method of
breaking rock complex structure. A new design of a combined borehole charge of variable cross section has been
proposed. The use of the proposed design of the combined borehole charge of variable cross-section makes it possible,
with a constant mass of charge, to increase its length and, as a result, to more evenly distribute the explosives over the
step height. At the same time, the conditions for the transfer of energy from the charge explosive change when a multi-
gradient and multidirectional stress field is formed in the massif that collapses. Industrial tests performed and evaluation
of the effectiveness of the proposed method blasting locally fractured rocks and ore deposits on non-metallic minerals.
Recommendations on their use are given.
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Introduction. A significant portion of the energy expended in the blast zone
immediately adjacent to the charging of the cavity (usually 2-3 charge radius), where
the overgrinding environment, leading to losses of minerals on metallic and
nonmetallic quarries.

As noted in [1], management of the size of the overgrinding zone of rocks and
reduction of the fine fractions output can be achieved both by reducing the contact
area of the boreholes charge and the rock to be destroyed, and by creating conditions
that reduce the dynamic impact of an explosion on the charging cavity surface.

© K.S. Ishchenko, V.M. Konoval, L.O. Lohvyna, 2019


https://doi.org/10.1051/e3sconf/201910900031

ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotexniuna mexanika. 2019. Ne 146 29

In this case, the useful effect of a rocks blasting can be enhanced in various ways,
and in particular, by regulating the value of the specific energy of the explosive by a
combined charge of variable cross section.

There are several ways to form elongated charges, such as: the creation of
extended areas, the diameter of which is larger than the diameter of the original
charging cavity, in the probing wells [1-3], placing inside the charging cavity of a
continuous column of explosive in Poliethylene shells of variable diameter [4], with
an air gap and reflector of blast waves [5] in the form of a cone with a decreasing
diameter to the wellhead [6], shaped charges [7], combined charges for the complex
structure rocks blasting [8-9], charges with different cross section configurations [10-
11], charging location within the cavities of hollow shapes of inert material [12].

The above construction of elongate borehole charges in the massif can create
differently directed and different gradient stress field and simultaneously reduced, by
reducing the area of direct contact with the rock dynamic of the explosion impact on
the charging chamber surface.

The above design of elongated borehole charges in the massif can create a
multidirectional and multigradient stress field, while reducing the area of direct
contact with the rock during dynamic explosive effects on the charging chamber
surface.

The aim of the research — study and the effectiveness evaluation of strong rocks
destroying by variable section charges with cumulative effect.

Experimental results.

Method experimental studies fracture solid media with blast. Blasting
operations at mining enterprises largely determine the effectiveness of subsequent
technological processes. One of the effective methods of controlling the explosion
action, and, consequently, rocks crushing, is the correct choice of the explosive
charge design. To estimate the wave and a destructive action of explosion in hard
media by charges of different designs are elaborated a method of modeling rock
explosive destruction [13].

The purpose of the experimental studies - justification, selection and evaluation of
the destructive action of the new design of the charge voltages largest amplitude in
the compression wave generated by the explosion of the same by weight explosive
charges of different designs.

For experimental studies were made of the model of sand-cement mixture cubic
shape with edge 150 mm. In the center of the model was formed cylindrical cavity
(diameter 10 mm, depth 85 mm) for placement of explosive charges. Around the
charging chamber and adjusted in its end face 2 of the sensor, one to a depth of 75
mm from the upper face pattern and spaced from the axis of the charge of 45 mm,
and the other - at a distance of 20 mm below the end of the charge cavity (Fig. 1).

Ceramic sensors are quadrants disc diameter 14.8 mm and a thickness 65 mm.
Before installing the sensors in the model were measured their electrical capacity and
Is calculated discs area. The area of each sensor is equal to 1/4 of the disc area and
was 4.3-10° m® Then conducted calibration electric converters resonance-ant
resonance method, and the piezoelectric modulus was determined by calculation each
sensor [15].
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Figure 1 — The layout of the sensors in the model relative to the charge of explosive

In the charging cavities of the models, elongated cylindrical charges of various
designs were formed: charges of constant cross section, variable cross section, with
boiler expansion at the end; charge of variable diameter (charges with uniformly
alternating along the charge column narrowed and widened sections; charges with an
air gap and a spherical insert - a hollow ball inside the charge). Schemes study
designs charges are shown in Figure 2.
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Figure 2 — Charge construction: a — constant cross section explosive charge; b — charge explosive
with boiler expansion at the end holes; ¢ — explosive charge with a spherical insert; d — charge with
an air gap; e — variable diameter explosive charge

Elongated charges were formed in paper cartridges, the outer diameter of which was
0.95 diameters of the charging cavity. Ammonite #6 with a mass of 3.5 g was used as
an explosive. For all series of experiments, the specific consumption was
0.3 kg/m°®. Charges initiated segment of detonating cord length of 0.8 m, connected to
a detonating cap and detonating device. Explosions models produced in a thick-
walled metallic rubberized blasting chamber (Fig. 3).
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Figure 3 — Appearance of the blast chamber

When charges exploded in the models, the maximum mechanical stresses in the
compression wave were recorded by sensors and converted into electrical signals,
which in the form of a code were fed to an digital oscilloscope.

Before the measurements were carried out oscilloscope calibration and set
necessary for this experiment the sensitivity of the amplitude and duration of signals
obtained during test explosions.

Read and encoded information is transmitted to the computer system -
NOTEBOOK, where is the use of special programs processed and displayed on a
monitor in the dialog box as a waveform with numeric data on the entire
measurement range. The oscillograms were used to determine the maximum values
of the electrical signals and the pulse duration.

After the destruction of the explosion models, the crushing products were
scattered on laboratory sieves with openings of 0.25; 0.5; 1.0; 2.0; 3.0; 5.0; 7.0; 10.0;
12.0; 16.0; 20.0; 26.0; 30.0; 40.0; 50.0; 60.0; 70.0; 80.0 mm and established their
main particle size characteristics [16].

Results and discussion. Experimental studies of the explosion wave and
destructive various designs charges action on models were carried out in the
conditions of PJSC Poltava mining and processing plant according to the developed
technique [15]. The experimental data were calculated stresses in the compression
wave at the same distance from the axis of the charge.

The distance from the charging cavity to the sensor for various designs of the
explosive charge was 9r, in the horizontal direction and 4r, vertically, i.e. at the end
of the charging cavity, (ro — charging cavity radius).

The mechanical stresses ¢ arising in the model during the explosion of an
extended explosive charge, then converted by electrical piezoelectric sensors into
electrical signals, were recorded with a digital oscilloscope and calculated by the
formula

o= CU/ (d33sseg),
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where C — electric sensor capacitance, F; ds; — piezomodulus, C/N; Se4- sensor
surface area, m* U — a voltage, V.

In processing the particle size distribution was determined: total mass destroyed
by explosion of the model, the content of fine fraction, the content of coarse fractions
and the average diameter of the piece. The results of analysis of experimental data

given in Table 1.

Table 1 — Calculated and experimental data from the explosion of various designs charges

in the model
Stresses in the Mass Conte The
compression wave, o, |explosion| ntof | middle
Explosive GPa destructi | large piece
charge 1 to the At the | on of the | fractions | diameter
constructions  |compression|end of the| model, g|  di>50| dmn,cm
wave charge mm
direction axis
Constant section 0.010 0.025 2470 1020 30.7
Air gap 0.0098 0,025 3760 1330 33.0
Spherical insert 0.012 0.033 3480 1630 35.0
Sprung expansion | g gq95 | 0028 | 2600 | 1340 | 358
in the bottom
Alternating
narrowed and 0.008 0.000148| 1980 850 32.5
widened areas

According to the particle size distribution of the destruction products of models
by explosion of different designs charges, the histogram of crush fractions was built

(Fig. 4).
n,%
100

80

L

0 60-70 more 80
d, mm

60

40

20

sudib

0-10 20-30 40-

Figure 3 — Histogram of the models particle size distribution that destroyed by various designs
explosive charges: 1 — charge with a spherical insert; 2 — charge with air gap; 3 — charge with boiler
expansion at the hole end; 4 — total charge; 5 — variable diameter charge in column height
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Analysis showed the following results of experiments. During the explosion
charges of variable in height section of the stresses in the compression wave are
higher, the total mass of the models parts repulsed is greater than during the of
other designs charges explosion, namely: constant section, variable diameter
across the charge column, with the boiler expansion at the end and with air by the
gap. In addition, increases volume as large fractions di>50 mm, and the middle
piece diameter.

Experiment results in industrial conditions. For rational justification
parameters explosive fracture rocks complex structure (granite) quarries “Sivach”,
“Vita Soris”, “Tomashhorod”, “Ukrahrovzryvprom” industrial tests were carried
out a new method of breaking [14] based on the change in charge of design
features.

Rocks in quarries are represented by gray water-rich fine-grained granites with
red inclusions of f = 12-16 points on a scale of prof. M.M. Protodyakonov. The
running water level in the boreholes reaches 1.0-2.0 m with average the massif
water content of 15-20 %.

The nature of the complex structure rocks destruction, as is known, is
influenced by both their microstructure (microcracks orientation and the physical
and mechanical properties anisotropy of rock-forming minerals) and the macro-
structure of the massif (joints spatial position of different morphology that divides
the exploding block).

Therefore, when choosing the parameters of drilling and blasting operations
(specific explosives consumption, geometry of the boreholes grid location and the
breaking direction), such that micro and macro structures features should be taken
into account. This allows obtaining a uniform crushing of the rock at the lowest
possible fine fractions.

To establish the main characteristics of the fracture structure of the granite
massif within the mining allotment of the quarries “Sivach”, “Vita Soris”,
“Tomashhorod” using the methodology described in [14], a stereo photographic
survey of the bare faces was carried out on the horizons selected for industrial
testing developed methods for blasting complex structural rocks (block 01/12,
horizon +58 m and block 04/11, horizon +68 m).

Decryption stereo pairs performed using standard computer programs. Visible
in photographs horizontal and vertical macrocracks in this case depicted as a
different thickness of lines, followed by projection onto the surveying rail to
determine basic parameters of rock fracturing breakable block (Table 2).

To determine the effect of cracks in the explosive on the anisotropic massif
destruction along the slaughter line are drilled and blasted holes (diameter 36-43
mm, the depth of 1.0-1.5 m, explosive — ammonite patron #6). By the size of large
a and small axis funnels explosion b axes and its orientation relative to the north-
south-line, the coefficient of anisotropy was calculated from the expression K=a/b
which averaged 1.14.
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Table 2 — Average crack systems distribution parameters for quarries “Sivach” “VitaSoris” and

“Tomashhorod”
Name of joints Co_ef_flc_lent Distances Distance Width of the Distances
(Cloos of jointing, between between . between
.. higher zone
nomenclature) 1/m joints walls, separate LS zones
o jointing, m
mm joints, m centers, m
S-joints 35 0.01-015 | 0126 40-60 45-66
(longitudinal)
Q-joints 1-3 10-35 10-58 50-60 60-75
(transverse)
L-Jo!nts 3.7 0.05-0.15 05-15 higher jointing -
(horizontal) zones are absent

Using the developed nomograms (Fig. 5) and taking into account the data of the
anisotropy coefficient, the parameters of the holes grid of the current passport for
drilling and blasting operations in the experimental section of the block were equal to
4.5x5.5 m instead of 5x5m. Its long side coincides with the maximum values
direction of the energy the explosion flow vector in the destroyed massif Fax.

rows, m
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Distance between borehole
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Distance between boreholes in the row, m

Figure 5 — Nomograms for adjusting the boreholes grid with anisotropy coefficient

In accordance with the modified parameters of the boreholes grid (a=5.5 m — the
distance between the holes in the row and b=4.5 m — the distance between the rows of
wells), and also taking into account the zones of increased fracturing identified in one
of the experimental blocks, oriented orthogonal face of the line, in the massif drilled
boreholes according to the current passport blasting (diameter 150 mm, depth 10.0-
11.0 m, drill 0.6-1.0 m). Scheme of the experimental block is shown in Figure 6.

After the blocks were drilled, holes were loaded (Fig. 8). Combined well charges
were formed at the test area, according to the approved standardized passport for
mass blasting for this block. To do this, the hole was left 2.0-2.4 m under the
stemming, and the rest of the hole was divided into two equal sections. The mixed
explosion of trinitrotoluene TNT (trinitrotoluene TNT + granulated ammonium
nitrate in a proportion 65/35) or emulsion explosives such as Anemix were placed in
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the lower part of the borehole, the booster explosive of two TNT blocks T-400
connected by wave guide with plain detonator by non-electric system of initiation
“Impuls” or “PRIMA-ERA” was installed. After that, the top part was filled with
conversion explosive material (charge section is with plastid DKRP-4) and the top
booster explosive was installed. The space between walls of borehole and section
with conversion explosive was filled up with mixed explosive — TNT. The mouth of
borehole was encapsulated by tamping of stone screening dust (fraction of 3-5 mm).

.- -
Test area Expenmental area

Figure 6 — The boreholes placement diagram and charges commutation
(quarry “Sivach”, block 01/12, horizon +58.0 m)

At the experimental site, the formation of charges was carried out taking into
account the isolated zones increased fracturing. Thus, in the block rock mass in the
direction of the extended zones with pronounced local fracturing in the drilled wells,
extended combined charges of variable cross section were formed. The design of the
developed variable-charge explosive of a variable cross-section is shown in Figure 7.

Figure 7 — Charge of boreholes on the block: a — appearance of the unit with a charging machine;
b — emulsion explosive such as Anemix; ¢ — charge section with conversion explosive;
d — installation of the initiator mounted from the TNT checker TN - 400 in the borehole
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The formation of variable cross-section charges in holes was carried out by
placing in the lower section of the explosive’s column, interconnected in a chain with
a twine spherical cavities — balls, with a diameter of 0.8 Dy, (Fig. 8), where D;, —
borehole diameter. The distance between the spherical cavities was taken equal to the
active part of the shaped charge length [14].

Variable diameter charges of with spherical cavities are formed in monolithic
block rocks zones, and continuous structure charges are formed in jointing zones. The
lower section of charge was filled with the mixed explosion of TNT or emulsion
explosive such as Anemix; the top section was filled with conversion explosive with
plastid, and the top booster was installed. The space between walls of borehole and
section with conversion explosive was filled up with mixed explosive — TNT or
pyroxylin powder.

9
™ =
1 T e

\3
B

Figure 8 — Structure of the borehole multicharges variable diameter: 1 — borehole; 2 — mixed
explosive charge; 3 — conversion explosive section; 4 — pyroxylin powder; 5 — primed blasting
cartridge; 6 — stemming; 7 — spherical cavities; 8 — binder for connection of spherical cavities; 9 —
initiation “Impulse” non-electric system

The charges groups were connecting in network carried out and then commutation
of borehole charges on rock block took place. The delay elements of UNS-S and
UNS-PA were placed between groups of charges in each level, and blasts were
carried out starting with the charges located on the flank. Blasting on the block was
proceeding with the use of non-electric systems of initiation “Impulse”, NONEL,
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“PRIMA-ERA”. According to results of mass explosions, the evaluation of crushing
results of the blasted mined rocks was carried out in experimental and test areas.
Quality of crushing was evaluated by diameter of an average piece with measurement
of particle size distribution of blasted mined rocks with application of a method of
oblique-angled photoplanimetry. The calculation results are presented in Table 3.

Table 3 — Calculation of average piece sizes of blasted rocks mass on experimental explosions*.

Experimental area Test area
Fineness | Average size of | Fractions Flncsenes Average size of| Fractions
classes, piece on class, | output, dixW; classes piece on class, | output, dixW;
mm di, mm Wi, % mm ’ di, mm Wi, %

0-200 100 41.0 4100 | 0-200 100 26.7 2670
201-400 300 34.0 10200 | 201-400 300 24.5 7350
401-600 500 17.3 8650 | 401-600 500 20.6 10300

>600 700 7.7 5390 >600 700 28.2 19740

> 28340 > 40060
da= 2 di W; /100 =283.4 mm dav= X di W; /100 =400.6 mm

Note: * — average values on experimental explosions.

Conclusions.

1. It has been established experimentally that with an explosion of a variable height
charges, the stresses in a compression wave is higher than with an explosion of
constant cross section charges. It is shown that the total mass of the model parts break
by the explosion by a variable cross section charge is greater than with the explosion
of other designs charges such as: of constant cross section, variable diameter along
the charge column with the boiler extension on bottom and with an air gap. This
increases the volume as large fractions d;>50 mm and the average diameter of the
piece.

2. Analysis of the industrial experiments results showed that the use of modified
parameters of drilling and blasting operations using designs of variable section
charges (Table 2) reduces the average piece diameter by about 30 % and the
industrial explosives consumption by 10-40 %. The output of a standard piece (201-
600 mm) is increased by 10 %.

3. A new method of blasting strong complex structural locally fractured rocks can
improve the quality of the blasted rock mass crushing and improve the technical and
economic performance of mining enterprises by adjusting the basic parameters of
drilling and blasting.

4. The use of the proposed design of the combined borehole charge of variable
cross-section makes it possible, with a constant mass of charge, to increase its length
and, as a result, to more evenly distribute the explosives over the step height. At the
same time, the conditions for the transfer of energy from the charge explosive change
when a multi-gradient and multidirectional stress field is formed in the massif that
collapses.
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5.1In the course of industrial tests in the period 2012-2018, according to the
developed recommendations, about 1500 thousand m® of rocks were blown up on
granite quarries of PJSC "Ukrahrovzryvprom".
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AHorauis. CtaTTs cnpsiMoBaHa Ha po3pobky cnocoby i METOOUKM eKCNEPUMEHTANBHUX JOCHiIKeHb B MOMIFOHHNX
Ta NPOMMCIIOBUX YMOBax No BUBOPY i OBrPYHTYBaHHIO paLlioHanbHOI KOHCTPYKUT 3apsdy BUOYXOBOI PevyoBWHM Ans
e(eKTMBHOI BMOYXOBOI MiATOTOBKM TMPHWYOI Macy Ha PYOHWX i HEPYAHMX Kap'epax YkpaiHW. HaBedeHO NOPIBHAMbHI
pesynbTaTi JOCMiMKEHb 3 OLHKA amnniTyan XBumi HanpyxeHb i xapaktepy ApobneHHs TBEpHOro cepefoBuLa Bif
BUBYXy 3apsdy BUOYXOBOI PEYOBMHM PI3HOT KOHCTPYKLii. BCTaHOBNEHO, WO Nig Yac BUOYXY 3apsgis 3MiHHOTO Mo BUCOTI
nepepisy HanpyXeHHsl B XBWIi CTUCKAHHSI BULLE, HiX Npu BUOYXy 3apsgiB NOCTiMHOrO nepepisy. MokasaHo, Wo 3aranbHa
Maca Bigbutux BUOYXOM YacTMHM Mofeni 3apsaoM 3MIHHOrO nepepidy 6Ginblue, HiX npyu BUOYXY 3apsaiB iHLKX
KOHCTPYKLiN: NOCTIMHOTO Nepepiay, 3MIHHOMO AiameTpy Mo BCiA KOMOHLi 3apsdy, 3 PO3LWMPEHHSM B TOPLi 3apsiaHol
MOPOXHMHM Ta 3 MOBITPAHWM  npoMikkoM. [Mpu  Ubomy  36inbluyeTbcs  06CAr, K BENWMKWMX  hpakLin
di>50 MM, TaKk i giameTp cepedHbOro kycka. [lobyaoBaHO 3ameXHOCTi po3noginy rpaHyrnoMETPUYHOMO cKrnagy
3pyWHOBaHMX BUOYXOM 3apsigiB BMOYXOBWMX PEYOBMH Pi3HWX KOHCTPYKUiN. Y NpOMMCIOBMX YMOBAaX MNpOBEEHO
0BrpyHTYBaHHS MicLsl 3aKnafeHHs BUOYXOBMX CBEPANOBUH 3 YpaxyBaHHAM CTPYKTYPU NOPOAHOro Macusy. CkopurosaHa
CiTka po3TallyBaHHsl CBEPAMOBMUH Ha Groui i BU3HAYeHi pauioHanbHi napameTpiB BUOYXOBUX pOBIT 3 BUKOPUCTAHHAM
HOBOro cnocoby Biabiku ripcbkux nopig cknagHoi OyaoBu. 3anponOHOBAHO HOBY KOHCTPYKLO KOMBIHOBaHOrO
CBEPANIOBMHHOMO  3apsdy 3MIHHOMO  nepepisy. BuMKOpUCTaHHS  3anMpOMOHOBAHOI  KOHCTPYKUii  KOMBIHOBAHOro
CBEPAIOBMHHOIO 3apsigy 3MIHHOTO nepepidy Aae MOXIMBICTb MW NOCTIHIN Maci 3apsay 3BiNbLUMTY MOro JOBXWUHY i, SK
Hacnigok, 6inbl piBHOMIpHO po3noginutu BP no BucoTi yctyny. Mpu Lb0oMy 3MIHIOIOTECS YMOBU Nepeaadi eHeprii Big
Bubyxy 3apsay BP, konu B MacuBi, WO pyMHYETLCS, (POPMYETHCA pa3HOTpaLiEHTHE i PI3HOCTIPSIMOBAHE MOe HaMPYXeHb.
lMpoBegeHo NPOMUCIIOBI BUNPOBYBaHHS i BUKOHaHA OLjiHKa eheKTUBHOCTI 3anpOnOHOBaHOM cnocoby BubYXoBOi Biabiiku
NOKanbHO-TPILLMHYBATUX FiPCbKUX NOPIA HAa POAOBMLLAX PYAHWX | HEpPYOHWX KOPUCHUX konanmuH. [aHo pekomeHpalii
L4oAo X 3aCTOCYBaHHS.

KntoyoBi cnosa: ripHuunini Macus, BUOYX0Ba pe4OBUHA, KOHCTPYKLiS 3apsidy, rpaHyIOMETPUYHWIA CKNag.

AHHoTauus. CTaTbsl HanpaeneHa Ha pa3paboTky crocoba M METOAMKN 3KCTIEPUMEHTANbHbIX MCCNEeaoBaHUA B
MONMMOHHLIX U MPOMBILNEHHBIX YCHOBMSIX MO BbIGOPY M OGOCHOBAHWMIO pPaLMOHANbHOM KOHCTPYKUMM 3apsiaa
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B3PbIBYATOrO BeLlecTBa A1 3 MEKTUBHON B3PLIBHOW NOLATOTOBKM FOPHOW Macchl Ha PYAHbIX U HEPYOHbIX Kapbepax
YkpauHbl. [MpuBeAeHbl cpaBHUTENbHbIE Pe3ynbTaTbl UCCNELOBaHUA MO OLEHKe aMnnuTydbl BOMHbl HaNpSHXKEHUH W
Xapaktepa ApobneHws TBepaoi cpegbl OT B3pbiBa 3apsiga B3pbIBYATOr0 BELWECTBA Pa3fUYHOM  KOHCTPYKLMM.
YCTaHOBINEHO, YTO NPYW B3pbIBE 3apPSA0B NEPEMEHHOIO MO BbICOTE CEYEHWUS HAMPSXKEHUS B BOMHE CKAaTWS Bbille, YeM
Nnpu B3pbIBE 3apSA0B MOCTOSHHOMO ceyveHust. MokasaHo, 4To 0bLas macca OTOMTLIX B3PbIBOM YacTU MOAENM 3apsigoM
nepemMeHHoOro ceyeHuns Bonblue, Yem Npu B3pbiBe 3apsaoB APYrMX KOHCTPYKLWIA: MOCTOSIHHOTO CeYEHMsl, NepeMEeHHOro
AuameTpa no BCeW KONOHKe 3apsaa, C KOTNOBbIM PacLUMPEHWEM B TOPLE W C BO3AYLUHbIM NPOMEXYTKOM. [Mpu 3ToM
yBenuumBaetcs 06bem, kak KpynmHbIX dopakumi d; >50 MM, Tak 1 aMameTp cpeaHero Kycka. MoCcTpoeHbl 3aBuCUMOCTH
pacnpeeneHns rpaHynoMeTpUYeckoro COCTaBa paspyLUeHHbIX B3pbIBOM 3apsidoB B3pblBYaTbIX BELECTB PasnMyHbIX
KOHCTPYKLMIA. B NPOMBILLNEHHbBIX YCNOBUSX NPOBEAEHO 0BOCHOBaHWE MeCTa 3an0XeHNs B3PbIBHbIX CKBAXMH C Y4ETOM
CTPYKTYpbl NOpOAHOro Maccuea. CKOppeKkTUpoBaHa CeTka pacriorioXeHUs CKBaXWH Ha 6Onoke 1 onpeaeneHbl
paLuMoHanbHble napameTpoB B3pbIBHbIX PaboT ¢ UCMONb30BaHMEM HOBOrO cnocoba OTOONKM TOPHbIX MOPOA CIIOXHOM
cTpykTypbl. [lpeanoxeHa HOBas KOHCTPYKUMS KOMOMHWPOBAHHOTO CKBAXMHHOTO 3apsiia MEpPeMEHHOr0 CEYeHMs.
cnonb3oBaHue NpeasioXeHHON KOHCTPYKUMM KOMOMHWPOBAHHOTO CKBAXMWHHOMO 3apsiaa NMepeMEHHOr0 CeyeHus AaeT
BO3MOXHOCTb MpW MOCTOSHHOWM Macce 3apsida yBenWuuTb €ro AnWHY W, Kak cneacteue, Gonee paBHOMEPHO
pacnpegenuTb BB no BeicoTe ycTyna. Mpu 9TOM M3MEHSIOTCA YCNOBMA nepeiayn 3Heprum oT B3pbiBa 3apsaa BB, korga
B paspyllaemMoM MaccuBe (HOopMUPYeTCs pasHOrpagueHTHOe W pasHOHanpaBfeHHOe nore HanpshkeHun. [poeedeHsl
NPOMbILLMIEHHbIE WCMbITAHWS M BbIMOMHEHA OLeHKa 3(h(eKTUBHOCTM MPEAnoXeHHoro cnocoba B3pbIBHOM OTOOWKM
NOKanNbHO-TPELMHOBATbIX TOPHbIX NOPOA Ha MECTOPOXOEHMSX PYAHbIX W HEPYOHbIX NOMe3HbIX UckonaemblX. [aHb
pekoMeHZaLMn No UX MPUMEHEHMIO.
KntoyeBbie cnoBa: ropHbIii Maccus, B3pbIBYaTOE BELLECTBO, KOHCTPYKLMS 3apsiaa, rpaHyIoOMeTpUYeCckuin CocTaB.
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