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ABSTRACT

Purpose. It is found that for long term standing, the pit bench profile is close to the boundary of the disturbed zone.
Therefore, long stability of the bench can be estimated in respect to the size of the disturbed area and the boundary of
residual deformations zone.

Methods. Protective ability of the shielding splitting during the perimeter blasting in Kyzylkum quarries is estimated
by the amplitude coefficient depending on the width of the shielding splitting, duration of explosive pulse as well as
physical and mechanical properties of the shielding splitting filler.

Findings. Analysis of the research regarding special methods of conducting drilling and blasting operations (DBO)
for bench slope development showed that the most effective way of reducing deformation zone beyond the designed
surface of separation is to use pre-splitting. Analysis of the research related to selecting parameters of contouring
charges for creating a shielding splitting revealed the absence of methods which can reasonably and unequivocally
recommend DBO parameters for specific mining and geological conditions. Currently known dependences only
approximately allow to estimate the relationships between the main parameters of contouring explosives.

Originality. In accordance with the “Research method of blast impact of contouring charges in the border zone of
the quarry”, experiential and industrial tests of the developed blast design and effective parameters of perimeter
blasting have been conducted in Muruntau quarry. As a result, stable slopes of 20-meter benches with the slope angle
60 degrees were formed, eliminating the need for additional wall cutback, simultaneously improving labour safety at
lower horizons. The developed effective parameters of perimeter blasting ensured creation of maximal widest shiel-
ding splitting for the designed limit of the disturbance zone thickness with destroyed inter-block connections in the
area adjacent to the slope.

Practical implications. Fixing mixture underwent industrial testing and was implemented in Tashkura quarry of
Djeroy-Sardara phosphorite fields. It was established that during explosive fragmentation of rock mass, using
stemming of fixing mixture, the amount of dust and gas clouds is reduced by 30 — 35% as compared with stems
made of drill cuttings.
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1. INTRODUCTION

About 50% of all the gold mines of the world recently
put into operation implement open cut mining. At the
same time, if pits depth reaches 15 m, the efficiency of
open-cast mining decreases by 5—15%. The current
stage of open cut mining development is characterized by
operations at great depths. Increasing depth of pits leads
to increased amount of overburden. This fact dramatical-
ly aggravates economic problems of mining deposits,
which are particularly important at the present stage of

their development (Swenson, Carter, Domec, & Delgado,
2011; Abdul-Wahab & Marikar, 2012; Dougherty, 2013).

Traditional technology of DBO (drilling and blasting
operations) in deep horizons of quarries exhausted its
potential, so it is necessary to introduce more progressive
methods, which will ensure the necessary quality of rock
mass crushing, improvement of slope walls stability during
contour blasting, using explosives with cheap components,
reducing dust and gas emissions in bulk blasting, etc
(Kuzu & Ergin, 2005; Afeni & Osasan, 2009; Gokhale,
2010; Manoj & Monjezi, 2013).
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Kyzylkum fields are characterized by a complex
structure of ore bodies, highly variable content of useful
components, steep inclinations and uneven thickness of
ore bodies (Drew, Berger, & Kurbanov, 1996;
Pechenkin & Pechenkin, 2005). Such variability signif-
icantly affects the efficiency of mining operations, con-
siderably complicates the choice of DBO technological
parameters. At the same time, with increasing produc-
tion depth to the maximum economically viable values,
the level of water content and fractured rocks will in-
crease, the influence of the quarry depth on ores re-
sistance to explosive destruction will rise, and so will
the requirements for walls preservation. As a result,
scientific research, development and implementation of
methods for intensifying DBO in Kyzylkum quarries
allow increasing efficient use of blasting technology,
ensuring the required quality of blasted rock mass,
monitoring the shape and parameters of collapse, pre-
serving geological structure of mass and reducing pre-
paratory and restoration works (Wilde & Gilbert, 2000;
Morelli et al., 2007; Sekisov, Shevchenko, & Lavrov,
2016; Gasanova, 2017). All these issues are considered
the cutting edge problems of science and practice of
mining industry whose solution will increase economic
efficiency of mines performance.

2. THE MAIN PART OF THE ARTICLE

Research into regularity of collapse formation during
bulk blasts in open pits indicated that the problems asso-
ciated with optimizing the length of the relieving wall
have been explored insufficiently, and as a rule, they are
utilized for granular type and simple composition of
explosives, as well as initiating explosives via detonating
cord. Foreign scientific literature does not dwell upon
rational parameters for charges of emulsion explosives
and non-electric initiation methods of blasts for creating
optimal sizes of the relieving wall. The issues of rock
mass geological structure preservation, reduction of pre-
paratory and restoration operations during DBO in the
open pit, increase in safety and efficiency of loading
operations and transport equipment are also insufficiently
described (Norov, Shemitov, Zairov, & Tuxtashev, 2011;
Norov, Nasirov, & Zairov, 2015).

Review of the works about special methods of DBO
for configuring batters showed that the most effective
way of reducing deformation zone beyond the designed
surface of separation is to use pre-splitting. Analysis of
the research into selecting parameters of contouring
charges for creating a shielding splitting revealed the
absence of methods which can reasonably and unequivo-
cally recommend drilling and blasting parameters for
specific mining and geological conditions. Currently
known dependences only approximately allow to esti-
mate the relationships between the main parameters of
contouring explosives.

Several wall control schemes are recommended for
mining geological conditions of Muruntau field. The main
shortages of these schemes are the necessity to construct
and maintain transport communications in every sub
bench, to increase the volume of DBO, which leads to
additional operational expenses and, consequently, in-
creases the cost of rock mass preparation for excavation.
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The effects of cylindrical and spherical explosives
blast in rocks have been investigated; which allowed to
determine the radius of their efficient fragmentation:

— during the blast of cylindrical explosive:

R, 4 YeQ
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— during the blast of spherical explosive:
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where:

Ry — radius of the explosive, m;

7. — density of the explosive, kg/m?;

QO — energy of a weight unit, kgm/kg;

A —rock density in natural state, kg/m?;

ver — critical velocity of rock particles at the distance
of radius R, m/s.

It has been established that with decrease in the den-
sity of rocks and increase in the explosive radius, in-
crease in the density of explosive materials and energy of
the explosive weight unit, the zone of rock mass frag-
mentation expands during the blast of cylindrical and
spherical explosives.

Using the formula of gas dynamics to determine
propagation of detonation waves, discharge waves and
reflected waves; taking into account the timing, we
have established the distribution of splitting blast im-
pulses for different elementary conditions and various
methods of initiating. It is found that the blast of split-
ting explosive transmits to the environment an impulse
of longer duration and lower peak pressure, which pro-
vides weaker seismic effect. It is found that during long
term standing, the bench geometry is close to the
boundary of the disturbed zone. Therefore, duration of
the bench stability can be estimated according to the
size of disturbed areas and the boundary of the residual
deformations zone.

It is recommended to carry out quantitative evaluation
of the effect caused by pre-splitting in Kyzylkum quarries
using the coefficient of contour blasting efficiency:

-1
kef = (Ka (Vv _Vcr))'(Vv Ve 'Ka) >

where:

K, — shielding amplitude factor;

V, — mass velocity of the shear behind the front of the
stress wave coming to the shield, m/s;

V.- — critical value of mass velocity of the shear be-
hind the front of the stress wave, m/s.

Protective capacity of the shielding splitting during
perimeter blasting in Kyzylkum quarries is estimated by
means of amplitude ratio that depends on the width of
shielding splitting, duration of explosive impulse and
physical and mechanical properties of the shielding split-
ting filler:
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where:

I, — width of the shielding splitting, m;

p — density of rocks, kg/m>;

V. — velocity of longitudinal waves propagation in the
rock, m/s;

t —time of a positive phase of stress wave existence, s;
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y7— density of the splitting cavity filler, kg/m?;

Vy— velocity of longitudinal waves propagation in the
filler of the splitting cavity, m/s;

E, — deformation module on the load strand;

E» — deformation module of the filler on the load strand.

The research helped to establish dependences (Fig. 1)
describing the change of the protective capacity coeffi-
cient of the shielding splitting in relation to its width, the
density of splitting cavity filler, the frequency of blasting
load, and the velocity of longitudinal waves propagation
in the filler.
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Figure 1. The dependences reflecting the change of the protective capacity coefficient of the shielding splitting (K.) during con-
tour blasting depending on its width (Is), filler density (py, loading frequency (f), velocity of longitudinal waves propa-
gation in the filler (Vy), aleurolites (—), and cleaving stones (---)

The theoretical research allowed to obtain depend-
ences for determining effective parameters of contour
blasting under the condition of crack extension re-
quirement between contouring shots. Protective ability
of shielding splitting significantly depends on its cavity
filler, so in calculating parameters of contouring charg-
es, it is necessary to take into account opening of the
shrink due to consolidation of the adjacent mass. Pa-
rameters of contouring charges should be selected with
the view to restricting inter-block links destruction zone
in accordance with the requirements for ensuring bench
slope stability.

The present research resulted in the development of a
mathematical model which describes the impact of the
hole blast in the mass and forms the basis for determin-
ing kinematic parameters of fly-rock.

For the purpose of calculating the width of blasted
rocks collapse during hole blasting with emulsion explo-
sives, we have developed a formula which includes the
main parameters determining energy characteristics of
emulsion explosives, as well as physical and mechanical
properties of rocks:
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where:

Q. — heat of emulsion explosive blast, kJ/kg;

pe — density of emulsion explosive loading, kg/m?;

ren — radius of emulsion explosive charge, m;

I.n — height of emulsion explosive charge, m;

p — rock density, kg/m?;

g — acceleration of gravity, m/s%;

f— coefticient of rocks hardness (Protodyakonov scale);

W — line of least resistance, m.

It is established that the width of blasted rocks col-
lapse depends on the blast heat, density of loading, height
and diameter of emulsion explosive charge, hardness and
density of rocks, as well as the line of least resistance.

Another formula has been derived in order to calcu-
late the height of blasted rocks collapse during the blast
of emulsion explosives on the basis of the main factors
determining parameters of the blasted block and energy
concentration of emulsion explosives:
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where:

Hj, — height of the bench, m;

K& — coefficient of relative energy concentration, tak-
ing into account characteristics and density of new ex-
plosive loading in the hole;

N — number of blast holes rows;

kaq — coefficient of adaptation to the conditions of a
specific quarry (0.0034 for Muruntau quarry and 0.0028
for Kokpatas and Daugiztau quarries);

ocom — threshold compressive resistance of rocks, MPa;

d,, —mean diameter of a blasted rock mass piece, m.

It was proved that the height of blasted rocks collapse
depends on the height of the bench, the number of blast
holes, threshold compressive resistance of rocks, mean
diameter of a blasted rock mass piece and coefficient of
relative energy concentration of emulsion explosives.

It is established that fragmentation index, emulsion
explosive weight and spacing are interrelated:
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where:

Q.. — weight of emulsion explosive, kg;

a — spacing, m.

In order to calculate the width of relieving wall dur-
ing the blast of shot hole charges with emulsion explo-
sive we have developed a formula which includes the
main parameters determining energy characteristics of
emulsion explosives, physical and mechanical properties
of rocks and parameters of the blasted block:
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where:

W — line of least resistance, m;

Q. — weight of emulsion explosive loading, kg;

a — spacing, m;

kemp — empirical coefficient, taking into account blast
energy consumption for fragmentation and displacement
of the rock mass;

q.— specific consumption of the emulsion explo-
sive, kg/m?;

Q. — heat of emulsion explosive blast, kJ/kg;

1 —module of the blasted rock elasticity, Pa;

ocom — threshold compressive resistance of rocks, MPa.

The present study revealed that the width of relieving
wall changes depends on the explosive weight, blast heat,
specific consumption of emulsion explosive, and the
coefficient, which takes into account emulsion explosive
blast energy, as well as on the module of blasted rock
elasticity, threshold compressive resistance of rocks,
spacing and the line of least resistance.

In order to calculate the height of relieving wall dur-
ing the blast of shot hole charges with emulsion explo-
sives we have derived a formula which includes the main
factors determining physical and mechanical properties

®)
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of rocks, parameters of the blasted block and the weight
of emulsion explosive:

0.73
BW=0.61W(1+kC)[3%J ,m, ®

a

where:

W — line of least resistance, m;

k. — coefficient, which takes into account acoustic
stiffness of blasted rocks and muck (variable in condi-
tions of Kyzylkum fields within the range of 0.2 — 0.3);

Q.. — weight of emulsion explosive, kg;

a — spacing, m.

The height of relieving wall changes depending on
the weight of emulsion explosive, spacing, line of least
resistance and the coefficient which takes into account
acoustic stiffness of the blasted rock and muck.

As a result of the conducted research, specialists of
Navoi Mining and Metallurgical Combinat quarries de-
veloped the composition of thermal containing substance
(TCS) and the method for its production using compo-
nents from local raw materials which are characterized
by increased blast energy, can be safely stored and trans-
ported, and used in flooded conditions. This method
implies mixing of crushed and granulated ammonium
nitrate, hydrocarbon fuel and extra-activated rubber
powder in the following proportion, mass, %:

— activated liquid hydrocarbon fuel — 3.5 — 6.5;

— crushed ammonium nitrate — 30;

— activated rubber powder — 2;

— granulated ammonium nitrate — 61.50 — 64.5.

The process of producing TCS involves crushing of
ammonium nitrate, its mixing with granulated ammoni-
um nitrate, hydrocarbon fuel, rubber powder and their
stirring into a homogenous mass. The additive, i.e.
rubber powder, is subjected to activation by electromag-
netic field with 200 — 1000 Hz frequency and electron
flow density D =4.37-10'7 el/m* under the pressure of
40 — 50 MPa and temperature 80 — 100°C.

Using the above listed components in the specific ra-
tio ensures stability of TCS and improved sensibility to
the initiating impulse. Positive impact of fine rubber
powder is justified by its high calorific value
(11000 kkal/kg), combustion temperature (1800 —2100°C),
and high absorption capacity. For instance, 1 kg of fine
rubber powder absorbs up to 2 kg of hydrocarbon com-
bustion liquid, while the explosive remains friable, safe
and stable during storage and transportation. On the
other hand, liquid hydrocarbon fuel absorbed by rubber
powder stays under high pressure (up to 9.8-10* MPa)
due to the impact of rubber elastic forces. At this pres-
sure, the blast power will rise because of the increase in
detonation velocity of combustibles. Activation of rub-
ber powder and other components by means of high
pressure, shear deformation and electromagnetic field,
leads to significant release of free radicals and for-
mation of active centers. Consequently, it results in
energy growth and increase in blast power. It is com-
monly known that the rubber burning produces
44 percent of solid substances (hydrocarbon, hydrogen
sulfide, zinc etc.), 17.7 percent of liquid combustibles
and 26.2 percent of gases (O2, N», CO, CO,, Ha, CHa,
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CyHg, C:H4, C3Hs, C3Hs, CsHs, CoHjp). These compo-
nents of TCS significantly increase the work of blast as
their combustion heat reaches 50 MJ/m?. Used tires of
cars and tractors can be turned into rubber powder.
Diesel fuel, heating oil, kerosene and waste oil can be
used as liquid hydrocarbon fuel.

The proposed composition and method make it possi-
ble to obtain a TCS with enhanced detonation properties,
being safe for long-term storage and transportation. In
addition, the proposed composition of TCS has a low
production cost due to replacement of expensive alumi-
num powder with the rubber powder obtained by grin-
ding waste tires.

In order to increase the retention capacity of ammo-
nium nitrate in explosives, it is proposed to include high-
ly dispersed additive of carbon compounds waste — soot
which is separated as a waste during production of acety-
lene at the chemical plant JSC “Navoi Azot”. Soot en-
sures higher velocity of detonation, greater blast power
and smaller critical diameter of detonation due to good
absorption capacity.

The design of shot hole charge has been developed
for perimeter blasting in open mining operations, which
allows to receive stable bench slopes.

With this design, blast holes are drilled by rock dril-
ling machine SBSh-250MN according to the live grid of
blasting and drilling parameters developed by the pass-
port of this enterprise. Contouring holes are drilled by the
machine Driltex-D25KS or URB-2A-2B.

The design of shot hole charging for perimeter blas-
ting is created by the following operations: three inter-
mediate detonators made of explosive Nobelit-216Z with
diameter 70 mm and weight 2 kg each are installed in the
left wall of the hole symmetrically in three places, while
intermediate detonators with the same parameters are
installed in the right wall of the hole in the staggered
pattern, i.e. each with a radial clearance.

Fragmentation explosives and contouring charges are
blasted separately in the border zone. Contouring charges
are blasted with delay of 35 — 50 ms. Effective parame-
ters of contour blasting are given in Table 1.

In accordance with the “Research method of blast
impact of contouring charges in the border zone of the
quarry”, experiential and industrial tests of the developed
blast design and effective parameters of perimeter blast-
ing have been conducted in Muruntau quarry.

Table 1. Effective parameters of contour blasting

Parameters of contour blasting Variants
Variant A B C D E
Diameter of a hole, mm 180 180 243 243 243
Spacing, m 1.5 1.8 2.5 2.0 3.0
Linear weight of explosive charge, kg/m 1.5 1.7 2.8 2.6 33
Depth of a hole, m 23 23 23 23 23
Overdrilling, m 3.0 3.0 3.0 3.0 3.0

Expected results from contour blasting

Thlcknqss of the zone disturbed by the blast of 26 23 26 3.0 23
contouring charge, m
Amplitude coefficient of shielding 1.7 1.7 2.2 2.2 2.2
Relative reduction of the disturbed zone
thickness in the border zone, m 2.0 2.0 3.7 3.7 3.6
Resulting thickness of the disturbed zone 50 50 26 3.0 28

adjacent to the bench slope, m

As a result, stable slopes of 20-meter benches with
the slope angle 60 degrees were formed, eliminating the
need for additional wall cutback, simultaneously im-
proving labour safety at lower horizons. The developed
effective parameters of perimeter blasting ensured crea-
tion of maximal widest shielding splitting for the de-
signed limit of the disturbance zone thickness with de-
stroyed inter-block connections in the area adjacent to
the slope. Implementation of recommendations on the
parameters of contour blasting yielded annual economic
effect of UZS 208.755 min.

The method for reducing dust and gas emissions dur-
ing bulk blasts in the quarries has been developed, com-
prising the industrial explosive charge and stemming of
two components: inert material and fixing mixture.

A charge of industrial explosive (Nobelit 2080, am-
monite No 6JV and igdanit) is placed in the hole accord-
ing to the passport of drilling and blasting operations.
The stemming installed above the charge consists of inert
material with the height equal 1/2 of total height of the
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stemming. Then, fixing mixture is poured over the inert
stemming in the following ratio, mas %:

— solution of sodium silicate (p = 1.45—1.50 g/sm?)
with silicate module 3.0 — 3.5) — 30;

— natural phosphoric anhydrite (P,Os 9 — 10%) — 20;

—sand — 15;

— sandy loam— 15;

— water — 20.

Great amounts of phosphoric anhydrite (P2Os 9 — 10%),
sand (SiO; — 89.24%, Na,O—1.3%) and sandy loam
(NaCl— 12%) are available in the overburden rocks of
Tashkura quarry of Djeroy-Sardara phosphorite deposit.
Phosphoric anhydrite is used as a solidifying agent, and
sandy loam is used for percolation.

The fixing mixture underwent industrial testing and
was implemented in Tashkura quarry of Djeroy-Sardara
phosphorite fields. It is found that during explosive frag-
mentation of rock mass, using stemming of fixing mix-
ture, the amount of dust and gas clouds will be reduced by
30 —35% as compared with stems made of drill cuttings.
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The study allowed to develop recommendations on
blasting a block preserving geological structure of rock
mass, improving useful efficiency of explosive energy
impact, reducing preparatory and restoration operations
during blasting on the bench, increasing safety and
performance of loading and transport equipment. This is
achieved by tight-face blasting using emulsion explo-
sive with initiating system of non — electric blast ac-
cording to “one hole — one delay” scheme. Economic
effect of UZS 189.785 mln a year was received due to
higher performance of excavators and lower costs of
secondary fragmentation in the crushing unit, with ore
cost of 3988.75 UZS/m’>.

3. CONCLUSIONS

Implementation of the explosive destruction method
for heterogeneous rocks using splitting charge is substan-
tiated by the fact that the thickness of hard inclusions is
determined in the process of drilling blast holes. Between
the blast holes, there are shots with depth equal to the
depth of strong inclusions, and the width of 0.8 m.
Explosive charges are placed at the bottom of the shot,
producing a directed cumulative effect. The shot and the
blast holes are filled with stemming, the primary and
secondary explosive charges are blasted simultaneously.
This blast design allows to produce a uniform crushing of
heterogeneous rocks due to the usage of blast energy
directed into hard inclusions located at the top of the
bench in the laminated complex-structured deposits and
reduces the weight-volume ratio of explosives.

In the implementation of the developed method of
explosive destruction of the mass comprised by hetero-
geneous rocks using splitting by explosive charges, the
expected economic effect is UZS 14.85 min for 21000 m?
of rock mass.
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IHTEHCU®IKAIIA TEXHOJIOT'TYHUX ITPOLECCIB BYPOIIAPUBHUX POBIT
ITPA PO3POBLI POJOBUILI KU3UJIKYMCBKOI'O PEI'TOHY BIIKPUTHM CIIOCOBOM

[1. 3aipos, M. Pasmanosa, I11. Kapimos

Meta. Po3poOka i BrpoBaIKeHHs Croco0iB iHTeHcudikauii npoueciB OyponiapuBHUX poOIT Ha Kap’epax Kusu-
JIKYMCBKOTO PETiOHY, L0 JTO3BOJISIIOTH 3a0e3NeYrTH HEeOOXIIHY SIKICTh MifipBaHOl MpHUYOT MacH, MOXKIIUBICTh yIIpaB-
JiHHS (OPMOIO Ta MapaMeTpaMi po3Banty, 30epeKEHHs TeOJIOTIYHOI CTPYKTYPH MACHBY i CKOPOYEHHS Yacy MiAroToB-

40-BiJJHOBJIIOBAILHUX POOIT.

MeToanka. KinbkicHa oriHKa e(heKTy BiJl 3aCTOCYBaHHS METOY IMONEPEIHBOTO MIICyTBOPEHHS Ha Kap epax Kusu-
JIKYMCBKOTO PETiOHY OILliHEHa 3a JJONOMOroro KoedimieHTa e(eKTHBHOCTI 3acTOCYBaHHS KOHTYPHOTO IIiJIPHUBAHHS, a
3aXMCHA 3[JaTHICTh €KpaHy IIUIMHN NIPU KOHTYPHOMY IiIPUBAHHI — aMIUTITYIHUM KOoe(illieHTOM, 0 3aJISKUTh Bifl IIH-
PHMHH €KpaHy LIUTHHHU, TPUBAIOCTI BUOYXOBOTO IMITYJIBCY Ta (Pi3MKO-MEXaHIYHHUX BIACTHBOCTEH 3alIOBHIOBAYA IIUIMHU.
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Pe3yiabTaTu. B pe3ynbraTi IpOBeIeHUX TEOPETHYHHX JIOCIIKEHb OTPUMAHO 3aJIeXKHOCTI AJIsI BU3HAYEHHS edeKxTH-
BHHX I1apaMeTpiB KOHTYPHOTO IiJPUBAHHA 3 YMOBH CYMiCHOCTI BUMOI'M IIPOPOCTAHHS MEPEXi TPIIMH MDK OKOHTYPIO-
FOYMMH CBEp/JIOBUHAMH. 3aXMCHA 3[aTHICTh €KpaHy LIUIMHU ICTOTHO 3aJIeKUTh BiJ IIUIBHOCTI ii 3all0BHIOBaYa, TOMY
IpU PO3paxyHKy NapaMeTpiB KOHTYpHHX 3apsjiB HEOOXiJAHO BPaxOBYBAaTH PO3KPUTTS BIIPi3HOI IIUIMHM 332 PaxyHOK
YIIUIBHEHHS NIPWJIETJIOro MacuBy. [lapameTrpu OKOHTYPIOIOYMX 3apsiiB IMOBHHHI BUOMpATHCS 3 ypaxyBaHHsSM oOMme-
JKCHHSI 30HH MOPYIICHHS MIKOJIOUHHX 3aB’SI3KiB BiJTIOBIHO 0 BUMOT 3a0€3MEYCHHS CTIHKOCTI YKOCIB YCTYIIIB.

HayxoBa HoBH3HA. BcTaHOBNIEHO, 10 NTPH JOBIOTPUBAJIOMY CTOSHHI NMPOQisib yCTYIy HAOIMKA€ETHCS 0 MPOdiTio
MEXi 30HM MOPYLIEHb, 10 J03BOJISE CYAUTH NPO TPHUBAITY CTiMKicTh ycTymy. Po3poOiieHO MareMaTHYHy MOJEINb, L0
OIMCYE AiI0 BUOYXY CBEpPIJIOBUHHOTO 3apsiy BUOYXOBOI PEYOBMHHU B MAacHBi, Ha OCHOBI SIKOT BU3HAU€HO KiHEMaTH4Hi
TapaMeTpHy PO3NbOTY TiPCHKUX TTOPiT.

IpakTuyna 3HaYNMicTh. Po3polOiieHi edexkTuBHI mapaMeTpu KOHTYPHOTO TiIpHBAaHHS 3a0€3MEUyIOTh CTBOPEHHS
MaKCHMAaJIbHO HIMPOKOI €KPaHyUol IIUITMHU HpPH 33JaHOMY OOMEKEHHI MOTYKHOCTiI 30HH TOpPYIIEHh MiKOIOYHHX
3B’SI3KIB y MPHUYKICHIN yacTuHI MacuBy. [Ipu BUOyXOBOMY pO3IyIyBaHHI MPChbKOI0 MaCHBY 3 BUKOPHCTAHHIM 3a01iKu
13 3aKpIILIIOI0YOI cyMimi o0csAr muiora3oBoi xmapu 3MeHIyeTbest Ha 30 —35% y NOpIBHAHHI 3 PO3MYLIYBaHHAM i3
BUKOpHUCTaHHAM 3aliiiku 3 OypoBoro ApiOHsKy. 3akpiluiioroya cyMill BIpoBamkeHa Ha kap’epi Tamkypa J[xepoii-
Capnapincbkoro pojosuiia ¢hochopuris.
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HUHTEHCUOUKALNNA TEXHOJOI'MYECKUX ITPOLECCOB .
BYPOB3PBIBHBIX PABOT IIPU PASPABOTKE MECTOPOXJIEHUU
KbI3BBIVIKYMCKOI'O PETHUOHA OTKPBITBIM CIOCOBOM

L. 3aupos, M. Pasmianosa, I11. Kapumon

Heas. PazpaboTka 1 BHeIpeHHE CIOCOO0B MHTEHCHU(HKAIMK MPOLIECCOB OypOB3PHIBHBIX paboT Ha Kapbepax K-
3BUIKYMCKOTO PETHOHA, TI03BOJISIONINX 00ECIIeYUTh HEOOX0AMMOE Ka4eCTBO B30OPBAaHHON FOPHON Macchl, BO3MOKHOCTh
ympasieHus: GOpMOi U IapaMeTpaMH pa3Baja, COXpaHEHNE TeOJIOTHUECKOI CTPYKTYpPhl MacCHBa U COKPAIIEHHE BpeMe-
HU MTOJrOTOBUTEIHHO-BOCCTAHOBUTEIBHBIX PadOT.

Metoauka. KonnmuectBeHHas orieHKa dGQeKTa OT MPUMEHEHMSI METOJla MPEIBApUTENBHOTO IIeNe00pa3oBaHus Ha
Kapbepax KbI3BUIKYMCKOro permoHa olLeHeHa C MOMOIIBI0 Kod(pduiuenTa 3¢pGeKTHBHOCTH NPUMEHEHUsT KOHTYPHOTO
B3pBIBaHMS, a 3aLIUTHAS CIOCOOHOCTh 3KPAHUPYIOMIEH €N PU KOHTYPHOM B3pPBIBAHMU — aMIUIUTYJHBIM Kod(duim-
€HTOM, 3aBUCAIIUM OT IIMPUHBI SKPAaHUPYIOIISH IIeNH, [JUINTEIBHOCTH B3PBHIBHOIO MMITYJIbca U (PU3NKO-MEXaHNIECKUX
CBOMCTB 3aIIOJIHUTENIS LIEITH.

PesyabTaThl. B pe3ynbTaTre NpoBeeHHBIX TEOPETHUECKUX HCCIEIOBAHUI MOJTyUyeHbl 3aBUCMMOCTH AJIS OIpesesne-
HUA 3G PEKTUBHBIX AapaMeTPOB KOHTYPHOTO B3pPBIBAHMS U3 YCIIOBHS COBMECTUMOCTH TpeOOBaHHS MPOpPACTaHUSI CETH
TPEIINH MEXy OKOHTYPHBAIOIIMMH CKBXMHAMH. 3aIIMTHAS CIIOCOOHOCTb KPAHHUPYIOIIEH LN CYIIECTBEHHO 3aBH-
CHT OT IUIOTHOCTH €€ 3aIl0JIHUTEJIS, TOATOMY IIPU pacyeTe [1apaMeTpOB OKOHTYPHBAIOLIMX 3aps0B HEOOXOIUMO yUH-
TBIBATh PACKPBITHE OTPE3HOH LIENU 3a CUET YMJIOTHEHUsS IPUWIETaolero Maccupa. IlapaMeTpsl OKOHTYpUBAIOIIKX 3a-
PSIOB TOJDKHBI BRIOUPATHCS C YUETOM OTPAaHWYCHUS 30HBI HAPYIICHHS MEXOJIOYHBIX CBSI3€H B COOTBETCTBUH C TpeOo-
BaHUAMH 00€CTIeYEeHNs YCTONYMBOCTH OTKOCOB YCTYIIOB.

Hayuynasi HOBU3HA. YCTaHOBJICHO, YTO TPH JOJITOBPEMEHHOM CTOSIHUHM HPO(MIIb yCTyma npuoImKaeTcs K mpodu-
JIFO TPAHUIIBI 30HBI HAPYIIEHUH, YTO MO3BOJSIET CYyIUTh O JIMTEIBHOM yCTOHUMBOCTH ycTyna. Pa3paboTana maremaru-
yeckasi MOZIETb, ONUCHIBAONIAsA JEWCTBHE B3pbIBA CKBAXXMHHOTO 3apsAa B3PBHIBHOTO BELIECTBA B MACCHBE, HA OCHOBE
KOTOPOH OIpeiesIeHbl KHHEMAaTHUECKHE TapaMeTphl pa3iieTa TOPHbIX MOPOJ.

IMpakTnyeckass 3HaUMMoOCTb. PazpaboraHHble 3 PEeKTUBHBIE MapaMeTpbl KOHTYPHOTO B3PBIBAHUSI 00ECIIEYMBAIOT
CO3/IaHHE MAaKCHMAJIbHO IIMPOKOI 3KpaHUpYIOIIEH eI NpU 3aJaHHOM OIPaHHYEHHM MOIIHOCTU 30HBI HapyIIEHUI
MEKOJIOUHBIX CBSI3€H B MPUOTKOCHOW YacTH MaccuBa. [Ipy B3pIBHOM PBIXJIEHUH FOPHOTO MacCHBa C UCIOIb30BaHHEM
3a00MKH M3 3aKperuIsIoNnel cMecH 00beM IbulerazoBoro obnaka ymensiaercst Ha 30 —35% mo cpaBHEHHIO C phIXie-
HHUEM C HMCHOJIb30BaHMEM 3a00iKH 13 OypoBOil Mesoud. 3akperuisiiomasl cMech BHeIpeHa Ha kapbepe Tamkypa JIke-
poii-CapnapuHckoro MectopoxxaeHust GocopHuToB.
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