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and ways to increase the efficiency of blasting
preparation of rock mass for excavation in
open-pit mines are presented, an analysis of
methods and methods for controlling explosion
energy is carried out, characteristics of the
research area and the main trends in the
development of drilling and blasting operations
in quarries are given. Calculations have been
made of the redistribution of explosive energy
along the length of a cylindrical charge using a
solid structure, velocity potential fields and
of a composite (two parts) single
BI charge in a half-space using the
|gl'g.f a turbulator and field speed potential
sing a turbulator design, and also
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investigated the effect of “turbo explosion”
when crushing rocks with borehole explosive
charges. The dimensions of the zone of radial
cracks have been determined, and the process
of crushing rocks using the design of a
turbulator in a borehole explosive charge has
been studied. Developed and industrially
tested, and the technical and economic
efficiency of the developed methods for
improving the quality of crushing rock masses
has been calculated.

INTRODUCTION

In the world, the most important problems for most mining enterprises remain increasing
production efficiency, competitiveness of products and reducing the harmful impact on the
environment. Even the use of progressive methods of drilling and blasting (DB) cannot completely
eliminate the release of large fractions (oversize), as evidenced by the experience of destruction of
strong and especially strong rocks during mining operations. Research has established that an
increase in the output of oversized items from 2.5 to 5% causes a decrease in excavator
productivity by 20-30%, and with 20% output of oversized items, its productivity decreases by 2.0-
2.5 times. In this regard, it is necessary to pay special attention to solving the issues of improving
the quality of crushing rock masses and ensuring a reduction in the yield of oversized materials.

Today, in the world, the traditional technology of drilling and blasting in the deep horizons of
quarries has exhausted its capabilities, so it is necessary to introduce more progressive methods that
provide for fully ensuring the specified quality of crushing the rock mass. When implementing the
known developed methods of explosive destruction of rock masses, their uniform crushing is not
ensured, which leads to a deterioration in the quality of preparation of the rock mass and increased
excavation costs. When studying the processes of explosive destruction of rock masses using
borehole explosive charges, special attention must be paid to identifying the physical features of
their destruction, depending on the specific structural and strength properties of the rock mass
being blasted. The most promising direction in creating methods for destroying rocks with an
asymmetry in the distribution of explosion energy in space and its maximum concentration in the
direction deep into the destroyed massif is the use of the phenomenon of turbo explosion.

A number of scientific and practical works are being carried out in the Republic to research,
develop and implement methods for intensifying drilling and blasting processes in the quarries of
Almalyk Mining and Metallurgical Combine JSC and Navoi Mining and Metallurgical Combine
JSC, increasing the efficiency of using explosive technologies to ensure the required quality of the
blasted material. rock mass and reducing the yield of oversized materials.

@ METHODS AND STUDY

'1-‘,.” L Modern ideas about controlling the action of explosion of borehole explosive charges
.1_', 5" and analysis of ways to improve the quality of crushing rock masses
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To increase the efficiency of explosive impact on rock and reduce the yield of oversized materials
in quarries, it is recommended to increase the pressure and time of exposure of the rock mass by
using a turbulator. The turbulator is designed to increase the actual utilization rate of the potential
energy of industrial DB core charges by increasing the rate of secondary chemical reactions of DB
afterburning in the well after the passage of the detonation wave until the detonation products break
through to the free surface [1-203].

As a result of the literature analysis, it was established that at present there is no general theory of
the process of destruction of a rock mass by explosive charges with an axial air cavity. The channel
effect has been studied by many researchers as a phenomenon of attenuation of detonation of
industrial explosives in boreholes in the presence of a gap between the charge and the rock.

It has been established that the mountain-geological characteristics of the quarries of Almalyk
Mining and Metallurgical Combine JSC have characteristic features - this is a complex geological
texture, represented by different directions of bedding planes, folding and a spatial system of cracks
of various sizes and densities, therefore the physical and technical properties, structure of the rocks
rocks and hydrogeology largely determine the degree of crushing of rocks by explosion
energy[204-278].

Development of a mathematical model for the redistribution of the energy of explosives along the
length of a borehole charge using the “turbo explosion” effect

As a result of the conducted research, it was established that the quality of crushing rocks by
explosion depends on the correct choice of the specific consumption of explosives, the properties of
rocks and the distribution of explosives in the massif. A change in the specific consumption of
explosives is accompanied by a change in the degree of crushing of rocks by an explosion.

Based on the research results, a mathematical model has been developed showing how the degree
of explosive impact on rock in a massif can be changed by redistributing the explosive energy
along the length of the charge in the desired direction.

The construction in a half-space of volumetric mathematical models of the action of explosion of
charges with variable explosive energy along the length is considered, which makes it possible to
analyze changes in the parameters of the explosive effect on the rock mass along the borehole
charge when the explosive energy in the borehole is redistributed along its length. An increase or
decrease in explosive energy in individual parts of the well (with a constant total explosive energy
in the well) makes it possible to select the action of the explosive charge during an explosion, as
well as to regulate the explosive effect of explosives on the rock in the massif in the desired
direction.

The activation of the turbulator by a detonation wave is shown in Fig. 1. In well — 1, when the
intermediate detonator — 2 explodes in the explosive — 4, a detonation wave — 5 is formed, moving
towards the turbulator — 6. The detonation wave, passing through the helical plate, moves further
along the charge column — 4. The turbulization effect occurs from a detonation wave passing along
-0 the turbulizer. In Figure Fig. 1b shows the resulting pressure at the front of the
@?ﬁ}ﬂ@ detonation wave. In the turbulator, pressure and velocity pressure of high-density
":1_"- ) \'f_!'_'.:: detonation products appear, moving behind the wave front.
[
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The detonation wave is divided into force components F, and F, while the component F , creates a
torque around the longitudinal axis of the turbulator, imparting an impulse of rotational motion, and
the component F y gives the turbulator an impulse of forward motion along the well. As a result of
this process, when the detonation wave passes through the turbulator along well — 7 (Fig. 1, c), a
high-speed rotational-translational motion begins.

As a result of high-speed rotational-translational motion, axisymmetric - 8 and longitudinal - 9
vortex flows of explosive gases are created in the blast hole. Gas compression occurs in front of the
turbulator (zone 10), and depression occurs behind it (zone 11) due to the injection of explosive
gases deep into the well. From the borehole wall — 12, vortex flows — 9 tear off finely dispersed
particles of over-crushed rock — 17, which are formed in zone — 18 due to the blasting effect of the
explosion. In the wall of the blast hole itself, the concentration of solid particles decreases,
increasing near the axis of the hole. Next, explosive gases penetrate into the cracks of the rock mass
- 19.

o)

vortex flow zone

1 — blast hole; 2 — intermediate detonator; 3 — means of exploding SINV; 4 — explosive charge
column; 5 — detonation wave; 6 — turbulator; 7 — high-speed rotational and translational movement
of the turbulator along the well; 8 — axisymmetric vortex flows of explosive gases; 9 — longitudinal
vortex flows of explosive gases; 10 — gas compression zone; 11 — zone of gas depression; 12 — well
@’,1_.1-@ wall; 13 — front of the bow shock wave; 14 — calculated position of the contact surface;
ol .:H -J 15 — calculated position of the return wave in the PD; 16 — jets of detonation products

Sy =4 _\'f_!'_:.: penetrating the plasma

;33_4
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Fig. 1. Diagram of the action of a detonation wave when using a turbulator

The hydrodynamic theory of detonation and the propagation of a shock wave through a turbulator
is considered according to the diagram shown in Fig. 3, as a result of which a connection was
established between the following parameters of the medium in front of the shock wave front and
behind its front: pressure Poand P; density ppand p; temperature Toand T;:

muU?
p, DSt 51—80+T =RSUt+E, +E, (1)

3

where p,is the density of the detonation wave before compression, kg/m * p,— density of the

detonation wave after compression, kg/m ¥ D — detonation speed of the original explosive, m/s; S —
cross-sectional area of the well, m? t is the time of passage of the shock wave, s; ggand &, — internal
. . . . 2 . .
energy per unit mass of the detonation wave before and after compression, J; mU“/2 — kinematic
energy per unit mass after compression, J; P, —gas pressure inside the well after passing through

the turbulator structure, MPa; Ut is the shock wave travel distance, mm; E,, — energy of rotational
motion, J; E,— energy of translational motion, J.

The mechanical stress on the walls of the blast hole was determined when using a turbulator design
according to the diagram shown in Fig. 4.
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17 — fine particles of over-crushed rocks;

18 — high explosive zone; 19 — rock mass cracks

Fig. 2. The process of formation of vortex flows of explosive gases in a blast hole
when using a turbulator
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Fig. 3. Scheme of shock wave propagation through the turbulator

1 — blast hole; 2 — turbulator; 3 — detonation wave; R — radius of torsion of the turbulator; o — angle
of rotation of the turbulator; o — rotation frequency of the detonation wave; v is the rotation speed
of the detonation wave; AS — length of rotation of the detonation wave

Fig. 4. Scheme for calculating mechanical stress on the walls of the well

mechanical stress on the walls of a blast hole when using a turbulator design in an explosive charge
was established depending on the radius of torsion of the turbulator, the rotation frequency of the
detonation wave after passing through the turbulator structure, the cross-sectional area of the well
and the detonation speed of the original explosive:
2p2 212
P,SUt + Mao™R + Mol
24

o= , 2
S(D-U)t wPa @)

where is P, —the gas pressure inside the well after passing through the turbulator

-0
@?ﬁ?ﬂ@ structure, MPa; S — cross-sectional area of the well, m* U — detonation speed after
E‘}_' 1, \ﬁt passing through the turbulator structure, m/s; t — rotation time, s; M — mass of the
&

7.
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turbulator, kg; o — rotation frequency, Hz; R — radius of torsion of the turbulator, m; | — turbulence
length, m; D — detonation speed of the original explosive, m/s.

Using the formula obtained, the dependences of the change in mechanical stress on the walls of a
blast hole when using a turbulator design in an explosive charge are established on the radius of
torsion of the turbulator, the rotation frequency of the detonation wave after passing through the
turbulator structure, the cross-sectional area of the well and the detonation speed of the original
explosive.

Study of the process of crushing and reducing the strength of rocks when using turbulators in
a borehole charge of explosives

The developed methodology for studying the stress-strain state of a rock mass using the design of a
turbulator in a borehole explosive charge made it possible to determine the size of the radial crack
zone and the radius of rock crushing.

Based on theoretical premises, the influence of the physical and mechanical properties of rocks and
the energy characteristics of explosives on the size of the crushing zone of rocks formed during an
explosion when using a turbulator in a borehole explosive charge was studied. The mechanism of
formation of the crush zone is shown in Fig. 4.

g, — compressive stresses;
o, — tensile stresses

Fig. 4. Mechanism of crush zone
formation

The flow of expanding gases from the action of the turbulator will rush into the cracks, influencing
their opening. The flow rate of expanding gases is quite high and the gas in this case can reach the
top of the cracks. Due to the fact that the flow of gas in cracks is accompanied by hydrodynamic
and thermal losses, the pressure will begin to rapidly decrease, becoming insufficient for further
rupture.

Thus, the size of the radial crack zone formed during the explosion will depend on the pressure of
the detonation products of the explosion, the strength and elastic properties of the rocks
surrounding the charge.

the crush zone does not exceed 3-15 radii of the explosive charge. In this connection,
'!1_"- 4, TE.. the radius of the zone of radial cracks will also depend on the radius of the explosive
i"«: n 3. charge, the speed of propagation of longitudinal waves in the mass and the voltage.
]

@"F‘@ Research has established that when using a turbulator in a borehole explosive charge,
1ol
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It is recommended to determine the radius of radial cracks when using a turbulator design in a
borehole explosive charge using the formula:

B 0,2D- [y
B

core

pao -COSx , M, (3)
where D is the detonation speed of industrial explosives, m/s; r, —explosive charge radius, m; ) —

rock density, kg/ m?; o, — ultimate compressive strength of rocks, N / m? o — angle of rotation of
the turbulator, degrees.

It is recommended to determine the radius of rock crushing when using a turbulator design in a
borehole explosive charge, depending on the blasting conditions and the required quality, using the
formula:

ha = |
p-a R )
| DB A, m, (4)

where p is the capacity of 1 I.m. wells, m; | ,,,— length of the explosive charge in the well, m; m is
the coefficient of convergence of borehole explosive charges; Hy — height of the ledge, m; Kenpg —
coefficient taking into account the use of explosive energy for crushing rocks under specific
blasting schemes; do — average diameter of the massif units according to the degree of blockiness
(fractures), mm; di— average diameter of a blasted piece of rock, mm.

The dependences of the change in the radius of the rock mass crushing zone when using the design
of a turbulator in a borehole explosive charge on the average diameter of individual massifs
according to the degree of blockiness, the height of the explosive charge in the borehole, the
coefficient of convergence of borehole explosive charges, the height of the blasted ledge and the
coefficient taking into account the use of explosive energy for crushing rocks rocks with specific
blasting schemes.

Development of methods for improving the quality of rock mass crushing by controlling
explosion energy parameters

has been developed for crushing rock masses by explosion using a turbulator design, allowing to
ensure uniform and high-quality crushing of rock masses by explosion, as well as increasing the
actual utilization rate of the potential energy of DB charges by changing the mechanism of its
transmission and increasing the time for the destruction process.

According to this method, a plate is made from an aluminum sheet with dimensions of 2x20x180
mm, twisted helically around the longitudinal axis by 360° per revolution. In a polyvinyl chloride
1.1_-3'@ pipe with a length of 180 mm and a diameter of 100 mm, a manufactured plate is
"_ }Hﬂ, .. installed in a vertical position in the center and the pipe is sealed on both sides. Thus, a
;33.' 1. aee- Structure called a turbulator is obtained in the air cavity (Fig. 6).

)

Published under an exclusive license by open-access journals under
Volume: 4 Issue: 01 in January 2024
Copyright (c¢) 2024 Author (s). This is an open-access article distributed
under the terms of Creative Commons
Attribution License (CC BY). To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0/

32



@ OPEN International Journal of Development
ACCESS JOURNALS and Public Policy

| e-ISSN: 2792-3991 | www.openaccessjournals.eu | Vol: 4 Issue: 01

Next, blast holes are drilled in the blasted rock mass according to the drilling and blasting passport.
An intermediate detonator is installed at the bottom of the wells and a small amount of industrial
explosives is poured so that the intermediate detonator is completely covered (Fig. 7). The
manufactured turbulator structure is lowered on top and the wells are filled with the remaining
amount of explosives, plugged and blasted.

The use of the proposed method for crushing a rock mass by explosion using a turbulator design
ensures uniform and high-quality crushing of a rock mass by explosion, as well as increasing the
actual utilization rate of the potential energy of DB charges by changing the mechanism of its
transmission and increasing the time for the destruction process.

A method has been developed for initiating borehole explosive charges in an explosive unit, which
makes it possible to control the duration and frequency of application of explosive loads, their
direction, and also increase the use of explosion energy for crushing rocks.

According to this method, rows of wells are drilled in the blasting unit according to the drilling and
blasting data sheet. The wells are filled with industrial explosives; a non-electric SINV initiation
system is used as a means of initiating borehole explosive charges. The blasting block is divided
into two equal parts, and they, in turn, are divided into three series of short-delayed blasting of
wells. The initiation of borehole explosive charges is carried out simultaneously in two parts of the
block in the form of a trapezoidal blasting pattern towards each other at the same time so that the
counter movement of blast waves and the collision of rock pieces during the explosion occur. From
both ends of the explosive block in the first series, wells are instantly blasted in the form of a
trapezoid, then in the second series, after 42 ms, subsequent wells are also exploded in the form of
a trapezoid, after another 42 ms, the remaining wells are exploded along the perimeter of the
explosive block in the third series.
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i 1 — blast hole;

2 — intermediate detonator;

3 —non-electric explosion
initiation system;

4 — industrial explosives;

. 5 — design of the turbulator in the
air cavity;

6 — stope

(1]

Fig. 6. Design of a f
turbulator in an air cavity
made of polyvinyl chloride 4

pipe A 5

Fig. 7. Design of a borehole
explosive charge with a
turbulator for crushing

rock masses

The use of this blasting method allows for efficient use of explosion energy and the possibility of
collision of pieces of rock during their movement, which helps to increase the use of explosion
energy for crushing rocks, obtaining a given degree of crushing and ensuring the quality of
preparation of rock mass for various technological development schemes with minimal material
and energy costs.

In accordance with the “Program for conducting research on the redistribution of explosive energy
along the length of a borehole charge using the turbo-explosion effect”, pilot tests of a new design
of borehole explosive charges using the turbo-explosion effect and a method for initiating borehole
explosive charges were carried out at the Kalmakyr deposit of JSC Almalyk Mining and
Metallurgical Plant in the explosive block.

The main factors that determined the results of the explosion were the granular composition of the
blasted rock mass and the yield of oversized pieces of the rock mass. Analysis of the granulometric
composition showed that in the developed method, compared to the basic one, the average piece
size decreased by 43%, and the number of oversized pieces decreased by 44%. Pilot tests have
shown that the developed method achieves uniform crushing of rocks. Considering that at the
Yoshlik-1 quarry the annual productivity of rock mass is 45 million tons per year (on average 17.3
million m®) and the yield of oversized materials is 20%, then the economic effect of introducing the
developed method improving the quality of crushing rock masses from one well will amount to
3,315,000 sum/well. or ~ 73 billion soums/year.

Thus, the theoretical and experimental studies carried out on the scientific
substantiation of improving the quality of crushing rock masses by controlling the

parameters of the explosion energy, the practical implementation of their results in
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open-pit mining of the Almalyk Mining and Metallurgical Combine JSC made it possible to make a
significant contribution to the solution of an urgent scientific problem - effective use of explosion
energy during industrial explosions.

CONCLUSION

Based on the conducted research, the following conclusions were made that have theoretical and
practical significance:

1. A mathematical model has been developed for the redistribution of explosive energy along the
length of a borehole charge using the “turbo explosion” effect, showing how, by redistributing
explosive energy along the length of the charge in the desired direction, the degree of explosive
impact on the rock in the massif can be changed.

2. The construction in a half-space of volumetric mathematical models of the action of explosion of
charges with variable explosive energy along the length is considered, which makes it possible to
analyze changes in the parameters of the explosive effect on the rock mass along the borehole
charge when the explosive energy in the borehole is redistributed along its length. An increase or
decrease in explosive energy in individual parts of the well (with a constant total explosive energy
in the well) makes it possible to select the action of the explosive charge during an explosion, as
well as to regulate the explosive effect of explosives on the rock in the massif in the desired
direction.

3. The effect of “turbo explosion” during crushing of rocks with borehole explosive charges was
studied and the mechanical stress on the walls of the blast hole was determined when using a
turbulator design. It has been established that the mechanical stress on the walls of the blast hole
depends on the pressure behind the front of the shock wave, the cross-sectional area of the well, the
detonation speed after passing through the structure of the turbulator, the time of passage of the
shock wave, the length and mass of the turbulator, the rotation frequency, the radius of torsion of
the turbulator and the detonation speed of the original DB.

4. A methodology has been developed for studying the stress-strain state of a rock mass using the
design of a turbulator in a borehole explosive charge, which makes it possible to determine the size
of the radial crack zone and the radius of rock crushing.

5. The influence of the physical and mechanical properties of rocks and the energy characteristics
of explosives on the size of the crushing zone of rocks formed during an explosion when using a
turbulator in a borehole explosive charge was studied. It has been established that the size of the
zone of radial cracks formed during the explosion depends on the pressure of the detonation
products of the explosion, the strength and elastic properties of the rocks surrounding the charge.

6. A formula has been obtained for determining the radius of radial cracks when using a turbulator
design in a borehole explosive charge. It has been established that the value of the radius of the
zone of radial cracks in a rock mass when using a turbulator design in a borehole explosive charge
@’?—‘@ varies directly proportional to the radius of the charge, the speed and detonation of an
"_}'."-' .. Industrial explosive, the density of the rock being blasted, the angle of rotation of the
E%- )
[

aee turbulator and inversely proportional to the limit of the compressive strength of rocks.
T
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7. A formula has been obtained for determining the radius of crushing rocks when using the design
of a turbulator in a borehole explosive charge, depending on the blasting conditions and the
required quality. The change in the radius of the crushing zone of a rock mass when using the
design of a turbulator in a borehole explosive charge has been established, depending on the
average diameter of the individual massifs according to the degree of blockiness, the height of the
explosive charge in the borehole, the coefficient of convergence of the borehole explosive charges,
the height of the ledge to be blasted and the coefficient taking into account the use of explosive
energy for crushing rocks with specific blasting schemes.

A method for crushing rock masses by explosion using a turbulator design has been developed and
industrially tested, which made it possible to ensure uniform and high-quality crushing of rock
masses by explosion, as well as increasing the actual utilization rate of the potential energy of DB
charges by changing the mechanism of its transmission and increasing the time for the destruction
process.

9. A method for initiating borehole explosive charges in an explosive unit has been developed and
industrially tested, which makes it possible to control the duration and frequency of application of
explosive loads, their direction, and also to increase the use of explosion energy for crushing rocks.

10. Practical the introduction of a design using the turbo-explosion effect when crushing rocks with
borehole explosive charges and a method for initiating borehole explosive charges in an explosive
unit made it possible to reduce the costs of secondary crushing, increase the productivity of
excavators and the safety of mining operations. Analysis of the granulometric composition showed
that in the developed method, compared to the basic one, the average piece size decreased by 43%,
and the number of oversized pieces decreased by 44%. Annual economic effect from the
implementation of a design using the turbo-explosion effect And method of initiating borehole
explosive charges in the explosive block will amount to ~ 73 billion soums/year.
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221. A.A Kyp6anos, III.P.Ypuno, C.A.AGmypaxmanoB.Pacuér m3rnba 0a3aibTOBOJOKHHCTOTO
o5 ¢unbrpa. (bazaner Tomanmu  GuiabTp oSrwmmuHE - Xxucobnam).DGU 01891,
@n’ﬁ' a @ 31.03.2010
417
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222.Oumypoznos 3.0., Ypunos II.P..Dvigatel qisqichlaridagi kuchlanishni elektromagnit o’tish
jarayonlarini hisobga olgan holda aniglash. T'YBOXHOMA. Xwuco6nam MamyHajgapu y4yH
nactyp.DGU 01868 16.12.2009

223.Hopos 0. /1., Ypunos 11.P., Muciu6oes 1.T., 3aupos II.I..Turli mustahkanli tog’ jinslarini
maydalashda burg’ulash-portlatish ishlari parametrlari. TYBOXHOMA. Xwuco0mam
MammHanapu yuyH gactyp.DGU 01869 16.12.2009

224.10.J1.Hopos, 3.C.Hazapos, 11I.P.Ypunos, 1U.T.Mucnu6oes, W.I1.bubuk, A.B.Tyxraumes.Faol
zaboyka ishining samaradorligini baholash. («Ouenka sddexTuBHOCTH PabOTHI AKTUBHOM
3aboiikn») .DGU 01988 19.07.2010

225.10.J1.Hopos, N.IT1.bubuk, Ueanosckuit JI.C., II1.P.Vpunos, IILI1I.3aupos.Mustahkamligi har
xil bo’lgan tog’ jinslarini portlatib siljitishda ulogtirish koeffisiyentini hisoblash. .DGU 02062
21.09.2010

226.10./1.Hopos, W.I1.bubuk, J.C.MIBaHOBCKUH, Hl.P.S"pI/IHOB, N.T.Mucnu6oes.Tog’ jinslari
ag’darmasi asosiy parametrlarini aniqlash. (OmnpenencHre OCHOBHBIX IMapaMETPOB pa3Bayia
ropasix nopoz.) .DGU 02072 21.10.2010

227.11.A.IllemeroB, FO.Jl.Hopos, V.®.Hocupos, III.P.Ypunos, IILIII.3aupos.Murakkab
gidrogeologik sharoitlarda ulogtiriladigan chizigli zaryadlarni portlashida zichlashish zonasi
radiuslarini aniqlash. («Onpenenenue paauyca 30HBI YIUIOTHEHUSI B3PBIBAMH JIMHEWHBIX
3aps70B BEIOpOCA B CIOXKHBIX THIpOreojgorunyeckux yciaosusax») .DGU 02073 21.10.2010

228.10.1.Hopos, N.I1.bubuxk, 111.P.VpuHos, 3.C.Hazapos, [II.11I.3aupos,
JI.II.LHopos.Ekranlashtiruvchi  tirgishlar  himoya qobiliyati  koeffisiyentini  aniqlash
(Onpenenenne k03P GUIMEHTA 3aMUTHON CITOCOOHOCTH KpaHupyrommx meneit) .DGU 02325
ot 27.10.2011

229.10./1.Hopos, II.A.lllemeros, III.II.3aupos, II.P.Ypunos, O.D.Tomes.Yuqori-aktiv modda
aralashmasi yordamida portlatishda tog’ massivi qattiqligini pasayish radiusi.(Pagnyc

ocnabyieHusl TOPHOTO MaccuBa B3pBIBOM C ucrosib3oBanueM pactsopa [TIAB.) .DGU 02446 ot
21.03.2012

230.11.A.Illemeros, KO./.Hopos, I11.P.VpuHoB, u ap..Pacuér MMHUS CKOJIBKCHHS B OJHOPOTHOM
otkoce (bup kHMHCAM KUSUIMKOA CHpPHAHMII YM3MKIApuHU XucoOmamr).DGU 02778 ot
21.03.2013

231.TomoB XK.b., Ymapo ®.4., Tomrnuéson JL.I'., Ypunos II.P..Quduglarni burg’ulashda tog’
Jinslarini kuchlanganlik holatini tagsimlanishi. (PacnipenencHue HanmpsKeHHsI TOPHBIX MOPOJL
npu 6ypenun ckBaxkuH) Y3P UMA nactyp yuyn ['yBoxnoma.DGU Ne3270 ot 18.07.2015

232.10.J1.Hopo, W.T.Mucmubaes, II.P.Ypunos, A.b.Tyxrames.«Kar’yerlarda 10-15 m
balandlikdagi wustuplarda burg’ulash va portlatish ishlari parametrlari» (ITapamerpst

@ 1.1:'!! @ OypOB3pBIBHBIX padoT mpu BeicoTe ycTyna 10-15 M B Kapsepax). V3P IMA JacTyp
) qft " yuyH I'yBoxHoMa.DGU Ne3517 ot 05.02.2016
‘I
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233.10.I.Hopos, W.T.Mucmubaes, IILP.Vpunos, A B.Tyxrames.«Kar’yerlarda 15-20 m
balandlikdagi ustuplarda burg’ulash va portlatish ishlari parametrlari» (ITapamerpsr
GypOB3PBIBHBIX paboT HpH BhICOTe ycryma 15-20 M B xapwepax) Y3P MMA pactyp yuyn
I'yBoxnoma.DGU Ne3518 ot 05.02.2016

234. YmapoB @.4., Hacupos V.®., Ypunos UI.P., Oumios LI.A., Kagupos B.P..«O0mas macca
KOHTYPHOTO CKB&)XMHHOTO 3apsija B3pbiBUaThiXx BemiecTB» (Portlovchi moddalar konturli
skvajina zaryadining umumiy massasi).DGU Ne03541 ot 31.03.2016

235. Araymnaes A.O., Ypuunos LII.P..Hacroranapuu ¢asanu aBromaruk cosnam tuzumu (Crucrema
¢azoBoii aBTomoxacTpoiiku dactotel) Y3P MMA nactyp yuyn ['yBoxanoma.DGU Ne3746 ot
30.05.2016

236. Tomos X.b., Mupcaumgos F.M., S"pI/IHOB II.P., AunakynoB T.XX., baparoB b.H., Xak6epaues
AJL Kypaxim Oyprynam acOOOJapWHUHT TEOMETPUK HHUCOMN XapakaTHHH aHHKJIAII.
(OmpenerieHne T€OMETPUYECKOTO COOTHOUICHHS (PYHKIIMOHUPOBAHUS JIOMACTHBIX OYpPOBBIX
nHcTpymMeHTOB.).DGU Ne3839 ot 29.07.2016

237.Kapmmbaes AWM., Ypunos II.P.Onexrp cappu nporrosu (IIporHos anexrponorpedieHus)
Hactyp yayn ['yBoxHoma. Y3PMMA. Pacmuii ax6opornoma, Ne§, 31.08.2016, 170 6.DGU
03864 ot 31.08.2016

238.PaxmanoB P.A., Hyrdymmaes I'.C., Bukropo C.J., ®@pantoB A.E., 3akamuuckuit B.M.,
HyrapusipenoB A.B., Hopos 10./., 3aupos HILII., Ypunor LI.P., bynun X.B..Cnoco0
B3PBIBHOTO pa3pylIeHUs] MaccHBa Pa3HOMPOYHBIX TOPHBIX IOPOJ PACCPEAOTOYCHHBIMH U
YKOPOYEHHbIMH CKB@XHUHHBIMH 3apsilaMd €  KyMyIsSTHBHBIM 3¢ dextom.Ilarent PO
No2594236. 3aper.B roc.peectpe n300p.Pd. 20.07.2016. Ony6s. B bros. Ne22 10.08.2016.

239. A.M.My3addapos, I'.C.Carrapo, M.A Mycradoes, III.P.Vpunos. «PacuéT mapamerpos
JIOKAJIbHO-TTOBEPXHOCTHOT'O pacnpeacicHusd TEXHOTCHHO-3aIpA3HAIOIINX DJIEMEHTOB»
(Texnogen-ifloslantiruvchi  elementlarning muayyan yuzada targalish parametrlarini
hisoblash)..DGU 04449 ot 31.07.2017

240. Amaxynos 1L, ¥Ypunros I11.P..Onpenenenne ckOpocTH (pUIBTPALMH PACTBOPOB MOA3EMHOTO
BBINIEIAYMBaHNE ypaHa u3 ciaadbonporunaemerx..DGU 04568, 31/08/2017

241. MyxunauuaoB  Jx.I1., Kanupos E.B., S}pI/IHOB II.P., AGaunHa3zapoBa ﬂ.ﬁ..<<PacqéT
JUHAMHYECKHUX IMapaMeTpoB Ipoliecca peKTU(PHUKAIIMM MHOTOKOMIIOHEHTHBIX cMecei» (Ko’p
komponent aralashmali rektifikatsiyalash jarayoni dinamik parametrlarini hisoblash).DGU
04908, 31/01/2018

242.YO0.1.HopoB, VY.®.Hacupos, II.Ouunos, ]_H.P.SJIPI/IHOB, [I.11.3aupoB, [.P.Maxmynos,
I.«Pacuér onTHUMambHOTO PACCTOSHUS MEXAY OCSAMHU MAapHOCOIMIKEHHBIMH CKBaYKUHHBIMU
3apsiiaMu TIpU B3pbIBaHUU BhICOKMX ycTynoBy (Baland pog’onalarni portlatishda yaginlashgan
juft skvajinali zaryadlar o’qlari orasidagi optimal masofani hisoblash).DGU Ne
05180 ot 3.04.2018

243.10.J1.Hopo, ®.51.Ymapos, JI.P.Maxmymos, III.P.Ypunos, IILIII.3aupos,
[I.OunnoB.«Pacuér mapameTpoB equHUIHOTO 00BEMa OokoBast creHa u JIHC npu
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B3pbIBE CKBOXHHHOTO 3apsna» (CKBaXWHAIM 3apsijlapHU MOPTIATHIIIA EH JEeBOp OWpIHK
XQKMH Ba SHI KHCKa Kapmuiuk wmacoda Yymuammapuau xucoOmamr).DGU Ne 05179 or
3.04.2018

244. AtaymnaeB A.O., Dprames ®.A., Araymracs A.O., Ypunos IIL.P..ITporpamma s cHHTE3a
ONTUMAIILHOW KOPPEKIMU 10 BXOJHOMY CHUTHaimy ciensamed cucrembl (Kuzatuvchi
sistemasning kirish signally bo’yicha optimal to’g’rilash sintezi uchun dastur).DGU Ne 05488
ot 03.07.2018

245.CanakynoB K.C., Amukynos [IILIII., S'prIHOB III.P..“Pacuer penpecCUOHHOW BOPOHKHU
MMOJI3EMHOTO BBIMICIIAYMBAHUS CO CJIa00 OOBOJHEHHBIMH ypaHOBBIMHU pynamu’ (Suvga kam
tuyingan uran rudalarini yer ostida tanlab eritishda depressiya hududini hisoblash.).Ne DGU
05730, 30.11.2018

246. Muxitdinov J.P., Sattorov O.U., O’rinov Sh.R., Boubutayev S.B..Konsentrasiya o’zgarishini

aniqlash uchun dastur (mporpamma ans ompezeneHuss u3MeHeHus: KoHieHtpamuu) Ne DGU
06924, 31.10.2019

247.Rashidova R.Q., Qurbanov A.A., O’rinov Sh.R., To’rayev A.S., Nurmatov J.T..Bazaltni
g’ilvirlashdagi asosiy texnologik parametrlarni hisoblash (Pac4ér 0CHOBHBIX TEXHOIOTHYECKHX
napameTpoB rpoxodenus 6azansToB).Ne DGU 06755, 30.08.2019

248. Anuxynos LI, XamumoB W.Y., VYpuao UI.P., Xamugo C.b., Kypbanos
M.A..Onpenenenre GpUIbTPAIIMOHHOTO CONPOTUBIIEHUS MTPOHUIIaeMOCTH ropHbIX nopoA (Tog'
jinslarini o'tkazuvchanligida filtrlanish garshiligini aniqlash)./lactyp y4ys ryBoxuoma. DGU
2020 1230, Kox orcnexxusanus: DGU3716 ot 16.07.2020

249. Aliqulov Sh.Sh., Halimov L.U., Mislibayev I.T., O’rinov Sh. R., Xamidov S.B., Buriyev Sh.
U..Sust o‘tkazuvchi uran ma’danlarida filtrlanish koeffitsiyentini aniqlash./Tactyp yuyn
ryBoxHoma. DGU 12258 ot 24.08.2021

250.O‘rinov Sh.R., Axtamov F.E., Kurbanov A.A., Toshev O.E..Bazal't tog" jinsini elashning
texnologik parametrlarini aniqlash.{lactyp yayn ryBoxuoma, DGU 11669 ot 29.06.2021

251. Aripov A.R., Xoliqulov D.B., Axtamov F.E., O’rinov Sh.R., Xo'jaqulov N.B., Mamaraimov
G .F..Vermikulit rudasini havo yordamida saralashning texnologik parametrlarini
aniqlash./lactyp yuyn ryBoxunoma, DGU 13267 ot 25.11.2021

252. Aliqulov Shuxrat Sharofovich, Alimov Mehriqul Umarkulovich, O‘rinov Sherali Raufovich,
Kosimov Nurali Alisher o‘g‘li.Sust utkazuvchi uran ma’danlarini eritmaga o‘tkazishda laminar
oqimidagi tezligini aniqlash..[{actyp yayn ryBoxunoma, DGU 13993 ot 29.12.2021

253. Aliqulov  Shuxrat Sharofovich, Halimov Ilhom Ubaydullayevich, Mislibayev Ilhom
Tuychibayevich, O’rinov Sherali Raufovich, Xamidov, Suxrob Botir o0’g‘li, Buriyev
Shukurullo Ubaydulloyevich.Sust o‘tkazuvchi uran ma’danlarida filtrlanish koeffitsiyentini

@ "1:" aniqlash.Ne DGU 12258, 28.04.2021

1

A "1 4 h-;:- 254. Fathiddinov Asliddinjon Utkir o’g’li, Suleymanov Adiljon Arifdjanovich, Nasirov
;%_;, Vg Utkir Fatidinovich, Zairov Sherzod Sharipovich, Umarov Farxodbek Yarkulovich,
]
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Normatova Muborak Jabborovna, O‘rinov Sherali Raufovich.Portlatishda xavfsiz masofalarni
hisoblash./lactyp yuyn ryBoxnoma Ne DGU 14250, 17.01.2022

255. Suleymanov Adiljon Arifdjanovich, Fathiddinov Asliddinjon Utkir 0’g’li, Umarov Farxodbek
Yarkulovich, Zairov Sherzod Sharipovich, Normatova Muborak Jabborovna, O‘rinov Sherali
Raufovich.Chang-gaz bulutidan ajralib chigadigan qattig zarrachalar (chang) massasini
hisoblash./lactyp yuyn ryBoxaoma Ne DGU 14251, 17.01.2022

256. Suleymanov Adiljon Arifdjanovich, Fathiddinov Asliddinjon Utkir o’g’li, Zairov Sherzod
Sharipovich, Normatova Muborak Jabborovna, O‘rinov Sherali Raufovich, Nasirov Utkir
Fatidinovich.Chang-gaz  bulutidan ajralib chigadigan zararli gazlarning massasini
hisoblash.lactyp yuyn ryBoxunoma Ne DGU 14252, 17.01.2022

257. Aripov Avaz Roziqovich; Azimov Oybek Ahmadovic; Axtamov Fozil Erkinovich; Xo jaqulov
Nurmurod Botirovich; O’rinov Sherali Raufovich; Nemenyonok Boleslav Mecheslavovich;
Utkirova Shaxzoda Ixtiyor qizi; Murtozayeva Mohinabonu Mansur gizi.Vermikulit
boyitmalarini kuydirish uchun aylanma quvurli pechning ishlab chigarish unumdorligini
aniqlash./lactyp yayn rysoxanoma Ne DGU 15775, 29.04.2022

258. Halimov Ilhom Ubaydullayevich; Aliqulov Shuxrat Sharofovich, O'rinov Sherali Raufovich;
Xamidov Suxrob Botir o'g'li; Karimov Nurhan Maratovich; Tursunova Sevara Oktamovna;
Sharipov Lazizjon Oqildjonovich;

.Sorbsion qurulmadagi to'yingan gatronni bo'shatib olish vaqtini aniglash.[Jactyp yuyn
rysoxHoMa Ne DGU 16507, 30.05.2022

259. Nutfulloyev Gafur Subxonovich; Nutfulloyev Gafur Subxonovich; Raimjanov Bahodir
Raimjanovich; O’rinov Sherali Raufovich, Mehmonov Magsud Rabbonoqul o’g’li;
Xudoyberdiyev Sherzod Murtazayevich; Alimov Umid Tahirovich; Mirzakarimov Abdurauf
Zoirovich.Kumulativ ta'sirga ega bo'lgan toshlar massivini portlovchi tarzda yo'q qilish usulida
kumulativ qoplamani buzish burchagini aniqlash./lactyp yuyn ryBoxnoma Ne DGU 16510,
30.05.2022

260. Nutfulloyev Gafur Subxonovich; Nasirov O’tkir Fatidinovich; Raimjanov Bahodir
Raimjanovich; O’rinov Sherali Raufovich; Mehmonov Maqsud Rabbonoqul 0’g’li; Raxmonov
Mirvohid Rajabovich; Alimov Umid Tahirovich
.Yer osti konlarini qurishda kontur shpurlarini oralig’ masofasini aniqlash./lactyp y4yn
rysoxHoma Ne DGU 16509, 30.05.2022

261.Umarov Farxodbek Yarkulovich, Nutfulloyev Gafur Subxonovich, Raimjanov Bahodir
Raimjanovich, O’rinov Sherali Raufovich, Mehmonov Maqsud Rabbonoqul o’g’li.Yer osti
usulda ma’danlarni konturli zaryad yordamida portlatib gazib olishda yoriglar paydo bo'lish
vaqtini aniqlash.lactyp yuyHn ryBoxaoma Ne DGU 16512,

262. Allayarov Ravshan Muzaffarovich; Muzafarov Amrullo Mustafayevich; ; Allaberganova

@ '!‘@ Gulchexra Masharipovna; O’rinov Sherali Raufovich;.Balansdan tashgari uran
f:-lﬂl y otvallari namunalardagi uran va yo‘ldosh elementlarning tarqalish parametrlarini

:g' N hisoblash./lactyp yuyn ryBoxuoma Ne DGU 15483, 11.04.2022

fi*a L
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263.Norov Yunus Djumayevich, Nasirov Utkir Fatidinovich, Zairov Sherzod Sharipovich, Umarov
Farxodbek Yarkulovich, Urinov Sherali Raufovich, Tuxtashev Alisher Baxodirovich,
Nutfulloyev Gafur Subxonovich Maxmudov Dilmurod Raxmatjonovich, Sharipov Lazizjon
Okiljonovich, Nomdorov Rustam Uralovich

.Crioco6 opmupoBaHus yCTOMUMBEIX OTKOCOB 00pTOB Kaphepa.lxtiro Patenti Noe IAP 06972,
13.05.2022

264.Zairov Sherzod Sharipovich; Ravshanova Muhabbat Husniddinovna; Mehmonov Magsud
Rabbonaqul o'g'li; Nomdorov Rustam O'ralovich; O'rinov Sherali Raufovich.Tog' jinslarining
bir tekis ajralishini ta'minlash uchun shpurlar orasidagi samarali masofani aniqlash..[lactyp
yuyH ryBoxaoma Ne DGU 19796, 02.12.2022

265. Aripov Avaz Roziqovich; Axtamov Fozil Erkinovich; O’rinov Sherali Raufovich; Voxidov
Baxriddin Raxmidinovich; Mamaraimov G’ayratFarxodovich; Bektamishov Quvonchbek
Gayrat o°gli.Vermikulit rudalarini maydalash uchun bolg ali maydalagichlarning ish
unumdorligini aniqlash. .Jactyp yayn ryBoxanoma Ne DGU 19790, 02.12.2022

266. Mamaraimov G’ayrat Farxodovich; Xasanov Abdurashid Saliyevich, Voxidov Baxriddin
Raxmidinovich; Axtamov Fozil Erkinovich; Aripov Avaz Roziqovich; O’rinov Sherali
Raufovich
.Vanadiy rudalarini magnitli saralashning texnologik parametrlarini aniqlash../lactyp yuyn
ryBoxHoma Ne DGU 19792, 02.12.2022

267. Axtamov Fozil Erkinovich; O’rinov Sherali Raufovich; Xo'jaqulov Nurmurod Botirovich;
Aripov Avaz Roziqovich; Mamaraimov G’ayrat, Farxodovich; Erkinov Farxod Fozil o'g'li;
Bektamishov Quvonchbek G ayrat o°g’li.Rux keklariga suv bug’i ishtirokida termik ishlov
berish uchun aylanma quvurli pechning ishlab chigarish unumdorligini aniglash.

Hactyp yayn ryBoxnoma Ne DGU 19794, 02.12.2022

268. Mamaraimov G’ayrat Farxodovich, Voxidov Baxriddin Raxmiddinovich, O’rinov Sherali
Raufovich, Erkinov Farxod Fozil o'g’li, Nurmurotova Shaxlo Oybek gizi.Vanadiy rudalarini
toblash uchun aylanma quvurli pechning ishlab chiqarish unumdorligini aniglash .Jactyp
yuyH ryBoxHoma Ne DGU 23626, 25.03.2023

269. Axtamov Fozil Erkinovich, O’rinov Sherali Raufovich, Aripov Avaz Roziqovich,
Mamaraimov G’ayrat Farxodovich, Erkinov Farxod Fozil o'g'li, Bektamishov Quvonchbek
Gayrat o'g’li.Mis Kklinkerlarini  magnitli  saralashning texnologik  parametrlarini
aniqlash..{actyp yayn ryBoxnoma Ne DGU 23627, 25.03.2023

270. Aripov Avaz Roziqovich, O’rinov Sherali Raufovich, Erkinov Farxod Fozil o'g'li, Ikromov
Aslonbek Madaminjon o°g'li.Vermikulit rudalarini elashning elashning texnologik
parametrlarini aniqlash../lactyp yuyn ryBoxnoma Ne DGU 23625, 25.03.2023

271. Buriyev Shukurullo Ubaydullayevich; Baxriddinova Parizoda G’ofur qizi; Mansurova Dilfuza

@ -!‘@ Zokir qizi; Abdug’aniyev Firdavs Sherzod o’g’li, Abdurahimov Abdulaziz
.'*'.f:ﬂll o Sohibjon 0’g’li; O’rinov  Sherali Raufovich.Tog' jinslarining gidravlik
- ' . ‘I
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xususiyatlarini aniqlash. OmnpeneneHue ruapaBINYECKUX CBONCTB TOPHBIX MOPO..JlacTyp
yuyH ryBoxHoma Ne DGU 25104, 27.05.2023

272.Urinov  Sherali Raufovich, Karimov Yoqub Latipovich, Boymurodov Najmiddin
Abdugodirovich.Ochiq konchilik ishlarining chuqurligi oshishi bilan tog‘ jinslarining
geomexanik sharoitlarini o‘rganishning hozirgi holati./lactyp yuyn ryBoxmoma Ne DGU
25933, 26.06.2023

273. Aripov Avaz Rozikovich, O‘Rinov Sherali Raufovich, Safoyeva Malikaxon Ubaydullo Qizi,
Ikromov Aslonbek Madaminjon o°‘g‘li, Erkinov Farxod Fozil o‘g‘li, Shadiyeva Nasiba
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