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ABSTRACT

Purpose. The improvement of hole drilling for increasing the mineral recovery ratio by ore drawing improvement
through blasting.

Methods. The drilling parameters were examined for rock dumps. The means of experimental drilling are drilling rig
SKB-4; drill rods with a diameter of 42 mm and a length of 1.2 m; polyethylene pipes PND 63%8 and PND 70x8
with a length of 1.2 m; steel couplings for polyethylene pipes connecting; cone bits and RKS cutters. The criterion of
drilling efficiency was the mechanical drilling speed. The drilling speed at different depths was measured with an
axial force of 800 — 2000 kg and rotational speeds of 120, 200 and 280 rpm. Experimental drilling was carried out
using the charges of two modifications. 18 experimental boreholes with a length of 300 m were drilled.

Findings. The article confirms possibility and practicability of simultaneous hole drilling and pipe casing without
transmitting torque loads on the pipes and offers a design of a drill string with hoses inside drill rods and their further
pulling up, and piping with simultaneous drilling. The scheme of interaction of blastholes and pipe casing when hole
boring in broken ores is made. The nature of the relationship between the speed of penetration of vertical and horizontal
holes with the change in the axial force and their length for different modifications of the drilling tool is studied.

Originality. The new laws of change in the hole drilling penetration speed depending on the complex of technologi-
cal parameters of drilling are obtained. The authors offer a model describing the possibility of hole drilling in the
broken massif as well as an optimized design of the string necessary for that.

Practical implications. The obtained regularities determine mechanical and energy drilling indexes and which are
necessary at the stage of designing when deciding upon practicability of extraction of in-situ left ores while enhan-
cing mining technologies of ore drawing.
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1. INTRODUCTION — ablation by water flows fed to the upper part of the
ore overhang;
— firing the overhang from below with installations

like grenade launchers, etc.

In underground ore mining, there are ores, which are
broken, yet, not hoisted onto the surface. Ore properties,
work organization and other factors define the ability of

some minerals separated from the massif to lose their
mobility in ore drawing, which decreases ore caving
indices. Their secondary processing is characterized by
metal losses in the incomplete ore drawing.

The efficiency of mineral resources use in enhanced
ore drawing is increased by optimizing sizes and proce-
dures of arranging drawing workings by means of blast
waves, water, etc.

The most widely used technologies include:

— blasting highly-explosive shells generating a blast
wave affecting the lower part of hanging ores;

The mentioned steps are of low efficiency in mining
packed, consolidated ores and the ones colmataged by
natural leaching products. The ore drawing enhanced
through blasting is more efficient. In the vicinity of
blastholes, a net of macro-fractures is formed facilitating
the movement of ore lumps and ores.

Ore drawing initiation by explosive charges in holes
drilled in broken ore allows reducing ore losses and
increasing operating costs at the same time. Therefore,
hole boring should be technically and economically
substantiated.
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While forming economic market relations, enterprises
are looking for ways to increase their competitiveness
and using the reserves never applied before including the
tied-up ones.

Under certain conditions, lost ores brought into
development compensate mining expenses and provide
profits. Thus, it is quite urgent to develop technological
solutions to increase the mineral recovery ratio by ore
drawing improvement through blasting in broken ores
(Bubnov et al., 1992; Bowman, 2016; Demchenko, Ev-
tekhov, & Georgiieva, 2017; lofis, Fedorov, Yesina, &
Miletenko, 2017).

1.1. Previous research studies

Soviet scientists were the first to explore ore drawing.
Investigations carried out by S.S. Minaiev and D.L. Tar-
takovskyi in the 1930s were continued by G.M. Mala-
khov, M.IL. Agoshkov, V.V.Kulikov, N.G.Dubynin,
V.R. Imenitov, S.L.Iofin, V.A. Shestakov and others,
their researches creating a concept of the problem under
study. Issues of hole boring in broken ores were inves-
tigated by V.N. Mosints, Yu.N. Smirnov and others.

They studied the problems of improving the mineral
recovery ratio by applying technological impacts of on
the packed broken ore in order to destroy structures of
naturally blocked ore joints.

Holes in broken hard ores and rocks are bored when it
is necessary to get a cavity maintained during operations.
Methods of supporting hole walls by liming, silication,
cementation, etc. are appropriate for relatively stable
rocks. Pipe casing is a radical method of supporting hole
walls (Benardos, Athanasiadis, & Katsoulakos, 2014;
Golik, Komaschenko, Morkun, & Burdzieva, 2015;
Luk’yanov, Komashchenko, & Shmurygin, 2017).

For hole boring such drilling methods are applied as
percussive-swinging, rotary, rotary-percussive and per-
cussive-rotary. Advantages of the rotor method compared
to others include:

—a simple, reliable and expensive design of drilling
equipment because of the absence of dynamic components;

— lower energy consumption: per 1 m of hole boring
in rocks of 6— 12 hardness by Protodyakonov scale
2.5-35kW/h (by pneumatic perforators) and
0.3 — 1.0 kW/h (by hydroperforators) are consumed;

— lower hazards of contamination of dusting, noise,
vibration and aerosols.

The most promising is simultaneous drilling and pipe
casing without transmitting torque loads on the pipes
consisting of a drill bit, an external non-rotating pipe and
an internal pipe or a rod (Fig. 1).
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Figure 1. The scheme of a string for arranging pipes in
hole drilling on the broken ore: 1— a set of drills;
2 —a casing pipe; 3 —a splined separator; 4—an
adapter; 5 — a welding seam
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A drill bit is embedded into the rock and drags pipes
into the hole without rotating them, thus, reducing time
for hole making. Deletion of torque loads transmitted to
the pipes is the basic way to improve this method.

Basic results of research works in this field include:

—creation of theoretical preconditions to develop
designs of drilling strings and casing pipes;

— determination of loads on casing pipes resulted
from resistance to shifting pipes considering friction of
casing pipes in relation to rocks;

— development of methods to assess conditions of bro-
ken ores according to the mechanical penetration speed.

1.2. Aims and tasks

The research aims to improve hole boring and
increase the mineral recovery ratio by enhancing ore
drawing through blasting.

The tasks of the research involve determining regu-
larities of:

— destruction of a structure of packed ore joints;

— interaction of a drilling sting and ore in hole boring.

The research tasks include:

— determining the mechanical penetration speed
depending on the mode;

— specifying loads on casing pipes when exposed to
rocks;

— determining the drilling depth and the capacity
required for this in response to the axial load formed by
the machine.

The research is aimed at developing designs of a
drilling string for pipe casing with hoses inside drill rods
and their further pulling up, and piping with simulta-
neous drilling.

2. MATERIALS AND METHODS

The research structure includes analysis of practices,
laboratory and natural investigations, description of their
results by means of mathematics and information tech-
nologies, and determination of economic and environ-
mental efficiency of solutions.

The research is based on simulation of parameters of
ore drawing and drilling in broken ores.

During the natural experiment in drilling boreholes
ore samples considering their location in space. The
results of investigating the samples are the basis to recal-
culate reserves and make decisions as for their extraction.
Devices for investigating conditions of broken ores are
placed into the drilled hole.

The research results are used to substantiate environ-
mental and economic efficiency of possibility and expe-
dience of secondary mining of technogenic reserves.

Drilling string options with and without pipe rotation
are under study (Fig. 2) (Gur’yeva, 2009). In laboratory
investigations, a 2.5 m* mine trolley was used as a bun-
ker. A drilling rig ZIF-650M was used to broach
32 — 90 mm polyethylene pipes. The rock overload was
performed by hydraulic jacks of 2 t lifting capacity each
located on three traverses. The broaching velocity was
10 — 80 cm/min depending on the pipe diameter. The
rock density characterized by the fragmentation index
was created with a vibrator. The process parameters were
recorded by a system of sensors.
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Figure 2. Drilling strings and pipe casing: (a) with rotation;
(b) without rotation; 1— a polyethylene pipe; 2 —a
metallic pipe; 3 — a drilling rod; 4 — a splined joint;
5—a bit

Drilling parameters were investigated at the rock
dump (Fig. 3).

(a)

(b)

Figure 3. The scheme of drilling: (a) horizontal; (b) vertical
holes; 1 — a drilling rig; 2 — a blasthole

Experimental drilling means include a drilling rig
SKB-4, 42 mm drill rods 1.2 m long, polyethylene pipes
PND 63x8 or PND 70x8 1.2 m long; steel couplings to
connect polyethylene pipes, roller bits and cutters RKS.
In experimental drilling there were used strings of two
types — without transmitting torque loads on the pipes
(without rotation) and pipe casing by rotating them.
Figure 4 shows a string for simulating the first option.
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Figure 4. The design of the drilling string: 1— roller bits;
2 — a splined shaft-adapter; 3 — washer; 4 — splines;
5 — coupling; 6 —a splined cup; 7 —a polyethylene
pipe; 8 — a drilling rod

The coupling 5 was mounted to rotate freely as to the
splined shaft-adapter 2. The second option differed by
the fact that the coupling 5 was fastened to the splined
shaft-adapter with the left thread aimed to connect pipes.
The mechanical penetration speed was the efficiency
criterion of drilling. There were 18 drilled blastholes
300 m long with 266 m metallic casing pipes and 34 m
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polyethylene ones. The maximum depth of experimental
holes was 22 m with metallic pipe casing and 9 m with
polyethylene pipe casing. The penetration speed at dif-
ferent depths was measured under the axial load of
800 — 2000 kg and rotation speeds of 120, 200 and 280 rpm.

3. RESULTS AND DISCUSSION

The absolute maximum rotation speed was
320 c/min, the minimum was 5 cm/min; the average
was 110 cm/min (Table 1, 2).

Table 1. The penetration speed under the axial load of 800 kg

Rotation Penetration speed, cm/min
speed, rpm minimum average maximum
120 5 35 53
200 16 57 102
280 54 93 160

Table 2. The penetration speed under the axial load of 2000 kg

Rotation Penetration speed, cm/min
speed, rpm minimum average maximum
120 66 86 126
200 87 167 244
280 148 222 320

The penetration speed reduced with the depth increa-
sing as the axial load was mostly used to shift the pipe
(Table 3).

Table 3. Dynamics of the penetration speed with polyethylene
Ppipe casing

Drilling depth, m
1 2 3 4 5 6 7 8 910
166 158 135 119 105 87 56 38 16 5
320 286 195 144 115 92 81 71 62 55

Axial load, kg

800
2000

The slip speed of pipes was 5 cm/sec. The load of
pipe tension was variable. The friction ratio, the number
and size of cuts increased with depth. The results of
experimental drilling allow stating that:

— drilling with roller bits is possible in rocks of any
hardness;

— the maximum hole depth is 35 m;

—drilling in rocks of up to 12 hardness is efficient
with a cutting instrument and those of more than 12 —
with a roller bit or a diamond bit.

Drilling efficiency in broken ores made 15 m per shift
of the ready-made hole with pipe casing.

The penetration speed under the axial load of
800 — 2000 kg and the rotation speed of 120, 200 and
280 rpm  was maximum (320 cm/min), minimum
(5 cm/min) and average (110 cm/min) (Table 4, 5).

Table 4. The penetration speed under the axial load of 800 kg

Rotation Penetration speed, cm/min
speed, rpm minimum average maximum
120 8 42 76
200 28 77 126
280 54 123 192

The penetration speed with polyethylene pipe casing
decreases in the same way as under the axial load of
800 kg (Table 6).
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Table 5. The penetration speed under the axial load of 2000 kg

Rotation Penetration speed, cm/min
speed, rpm minimum average maximum
120 86 172 258
200 137 216 296
280 168 260 351

Table 6. Dynamics of the penetration speed with polyethylene
pipe casing
Axial Drilling depth, m
load,kg 1 2 3 4 5 6 7 8 9 1011 12 13 1415
800 192180167151136121111100 98 81 64 46 30 19 8
2000 35133030528526524322220018316515614012010589

Kinematics and dynamics of the drilling string opera-
tion, the penetration speed and capacity as well and the
drilling depth depend on resistance to the pipes drag
considering friction (Olovyannyy, 2016; Golik, Komash-
chenko, Morkun, & Burdzieva, 2017). In rotary drilling
under the axial load and torque, a breaking instrument
(an indenter) is in constant contact with rocks. The in-
denter should be connected to the pipes mounted simul-
taneously with drilling without delivering any torque
loads on them (Fig. 5).

PZ

Figure 5. The scheme of interaction of blastholes and pipe
casing when hole boring in broken ores: 1—an
indenter; 2 — a joint of the indenter and a casing
pipe; 3 — a casing pipe; 4 — a drilling rod; 5 — a zone
of resistance to drilling; P — the axis load of the rig;
M —the drilling torque; Pi—the reaction of
resistance to drilling; M) —the anti-drilling mo-
ment; P> — gravitation pressure; F — friction force

In drilling broken ores, dynamic loads on the indenter
increase as compared to drilling in monolithic rocks.

The penetration speed under the axial load of 800
and 2000 kg is described by the graph of the same
type (Fig. 6).

To describe the penetration speed under the axial load
of 800 and 2000 kg, graphs of exponential and logarith-
mical dependencies are built.

The logarithmical approximation reveals that with the
increased rotation speed, the penetration speed also in-
creases (Fig. 7).

The penetration speed of horizontal holes with the
increased length decreases under the overload of over-
lying rocks (Fig. 8).

The dependency of the penetration speed of vertical
holes on the rotation speed of the indenter is characte-
rized by Figures 9 — 11.

The penetration speed is approximated by the graphs
(Figs. 9 —11).
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Figure 6. The dependency of the penetration speed of hori-
zontal holes on the rotation speed of the indenter
under the axial load of 800kg: 11— minimum;
2 — average; 3 — maximum
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Figure 7. Dynamics of the penetration speed increase of
horizontal holes: the average penetration speed:
1 —under the axial load of 800 kg; 2 — under the
axial load of 2000 kg; 3 — the exponential one under
the axial load of 800 kg; 4 — the logarithmical one
under the axial load of 2000 kg
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Figure 8. Dependencies of the penetration speed of horizontal
holes on their length: 1—under the axial load of
800 kg; 2 — under the axial load of 2000 kg; 3 — the
polynomial one under the axial load of 800 kg;
4 — the polynomial on under the axial load of 2000 kg
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Figure 9. The penetration speed of horizontal holes under the
axial load of 800 kg: 1— maximum; 2 — average;
3 — minimum



V. Golik, V. Morkun, N. Morkun, I. Gaponenko. (2018). Mining of Mineral Deposits, 12(3), 63-70

400
% 350 /
5300
S ne 2
k=) 250 /
E 200 —
5 150 P

3 e
Lg- /
- 100 —
[%_ 50

0

0 100 200 300

Rotational speed (rpm)

Figure 10. The penetration speed of horizontal holes under
the axial load of 2000 kg: 1— maximum; 2 — ave-
rage; 3 — minimum
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Figure 11. Dynamics of the penetration speed increase of
vertical holes: the average penetration speed:
1 — under the axial load of 800 kg; 2 — under the
axial load of 2000 kg; 3 — the exponential one under
the axial load of 800 kg; 4 — the logarithmical one
under the axial load of 2000 kg

The penetration speed with polyethylene pipe casing
changes with depth (Fig. 12).
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Figure 12. The dependency of penetration speed of vertical
holes on their length: 1 — under the axial load of
800 kg; 2 — under the axial load of 2000 kg; 3 — the
linear one under the axial load of 800 kg, 4 — the
linear one under the axial load of 2000 kg

The novelty of the solution implies that the coupling
unit of the drilling rod and the pipe delivers the axial load
to the pipe to shift it inside the hole without transmitting
torque loads on the pipes. Compression loads include the
pipe weight and its resistance to shifting inside the hole.
When the drift of the descending holes increases, their
action decreases to zero in the vertical hole. At the inter-
face of the junction and the rig, friction forces act as a
sliding pair, while the junction and the pipe are fixedly
connected. The junction contains a device for isolation of
rigs, the indenter and casing pipes after drilling.
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Drilling occurs within the system:

P=f(F,a,Lm), €))
where:

P — the breaking point;

F — friction of the pipe surface;

o— the inclination angle of a hole;

L — the hole length;

m — the weight of the length unit of the drilling string.

F=f(e,Lm,u), )
where:
1 — the external friction coefficient:
n
U= f}llx , 3)
where:

x — denotes mining-geological, mining-technical and
other factors like rock pressure, porosity, humidity,
looseness, strength, friction, etc.

The speed of rotary drilling is determined by the axial
load (P) and the torque (M):

V=[(P,M,e>). “4)
The pressure of overlying rocks is:
dh 2
=2y —~——=| ®)
2 digf

where:
y— the volume weight of rocks, t/m>;
d — the hole length;
h — the height of the roof arch, m;
f — the angle of the internal rock friction.
With the borehole inclination the value Q is divided

into the normal F,=(Qcosa and the tangential
Fi=Qsina.

In drilling a vertical hole, the rock pressure is:
Py =yHK,, (6)
where:

H — the operation depth, m;

K, — the thrust ration:

90°— Bpc

K,=1g - (7
where:

Psc — the angle of the internal rock resistance.
The possibility to bore holes in the broken ore is
determined by the model:

dh 2 20
PZQ—27/[7—@]'COS£°°, (8)

where:
P — the axial load of the drilling rig;
Q — rock pressure;
o — the hole spudding angle.
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Regularities of interaction of the indenter and the
broken ore are determined by mechanical and energy
parameters of drilling which are considered while solving
the problem of lost ore recovery by intensifying ore
drawing through blasting.

Possible deviations in boring horizontal and
inclined holes include 0.05-0.06 grad/m (angular),
3.5 4.0 cm/m (linear).

Durability of junctions and parts, m: the grief stem —
150, the splined junction of the string — 230, the adapter
of the grief stem — 120, the cams of the hydraulic
cartridge — 58.

Specific capacity consumption in boring horizontal
holes by 76 mm roller bits makes 0.8 — 1.0 kW-t/m.

Figure 13 shows an efficient design of the string.
Blasting in the compressed medium allows reducing the
specific explosive charge and applying cheaper explo-
sives with less explosion heat. In the area of the con-
trolled explosive action (15 radii of the charge), there is a
net of macro-fractures exceeding the lump surface by
3 orders of magnitude (Wang et al., 2012; Yun, Rylniko-
va, & Terentyeva, 2015; Dmitrak & Kamnev, 2016).
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Figure 13. The design of a drilling string: 1—a roller bit;
2 — a splined shaft-adapter; 3 — splines; 4 — a conical
threaded centralizer of the shaft-adapter; 5 — a splined
cup; 6 —an adapter; 7 — a drilling rod; 8 —a poly-
ethylene hose; 9 — a wooden plug; 10— a tip; 11 —a
conical threaded centralizer of the tip; 12 — a guide
taper of the tip; 13 — a place for attaching an alu-
minum rivet

Application of small delay intervals between hole
charges allows affecting the massif before its shift and
increasing absorption of explosive energy. After each
explosive pulse, the explosion wave speed and the elastic-
ity modulus decrease while, the Poisson’s ratio increases
(Wang, Huang, Wu, & Ma, 2011; O’Sullivan & Newman,
2014; Komashchenko, Vasilyev, & Maslennikov, 2016).
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The ore drawing enhanced through blasting is asso-
ciated with rock movements and displacement. Changes
in the in-situ stress state are observed by means of sound-
intercepting devices. Examination of blasthole walls
provides data on stratification of the roof (Capilla &
Delgado, 2015; Lyashenko, Nebogin, & Alekhin, 2015;
Komashchenko, 2016).

Obtained regularities of creating secondary ore mas-
sifs, behaviour of packed rocks, parameters of the dril-
ling string operation, the model of interaction of the
indenter and the broken rocks, the concept of controlling
the efficiency of the secondary mining and the mathe-
matical model of the environmental and economic as-
sessment of the technology can be used when improving
lost ore drawing in mineral mining (Bahri Najafi, Saeedi
& Ebrahimi Farsangi, 2014; Golik, Komaschenko,
Morkun, & Khasheva, 2015; Kaplunov, Rylnikova, &
Radchenko, 2015).

Radical reduction of ore losses and dilution caused by
overlying and side rocks in case of improved control over
ore distribution compensates increased mining expenses
due to the applied blasthole drilling technology.

If operating costs increase, the new technology of
blasthole drilling in broken ores will provide profits
depending on the amount of its application.

4. CONCLUSIONS

The mineral recovery ratio in underground mining
increases with enhanced ore drawing through blasting in
broken ores. The efficient drawing of packed ores is
determined by properties of a structure of blocked ore
joints and technical means of breaking ores. Hole drilling
indices in broken ores are conditioned by the character
and parameters of interaction of the string indenter and
broken ores and rocks.
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BJIOCKOHAJIEHHSI TEXHOJIOI'Ti BYPIHHS CBEPJIJIOBUH

JIIS1 IHTEHCU®IKALIL BUITYCKY PY ]
B. T'onuk, B. Mopkys, H. MopkyH, 1. ['anonenko

Meta. BrockoHaneHHs] TeXHOJIOTii OypiHHS CBEPJIOBHH JJIs MiIBHIICHHS MOBHOTH BUKOPHCTAHHS HAJAp LUIIXOM
iHTeHCcH(iKalii BUIYCKY py/ MiAPUBaHHIM 3apsiiiB BUOyxoBux peuosuH (BP).

MeTtoauka. [Tapamerpu OypiHHS JOCITIDKEH]I Ha TIOPOIHOMY BifBaji. 3aco0M eKcrepruMeHTaIbHOTro OypiHHs: Oypo-
puii Bepcrar CKb-4; OypoBi mranru miamerpoM 42 MM goBxkuHOIO 1.2 M; momietmneHoBi Tpy6om ITHJ] 63x8 Ta
MMHA 70x8 momxuHOoO 1.2 M; cTaneBi MyQpTH T 3’ €THAHHS MOJNIETINICHOBUX TPYO; maporreyHi gomora ta pisni PKC.
Kputepiem edexrtuBHOCTI OypiHHS Oyna mMexaHiyHa MBUAKICT OypiHHA. IlIBHakicTe OypiHHS Ha PI3HHX TIHOWHAX
BUMIproBaiK 1pu ockoBomy 3ycuiuti 800 — 2000 kr 1 mBuakocTsix odepranns 120, 200 i 280 06/xB. ExcriepumenTanbHe
OypiHHS 3IiICHIOBANIOCS 13 3aCTOCYBaHHSIM CHapsaiB nBox Moaudikaiiit. [IpoGypeno 18 ekcriepiMeHTaNBHUX CBEPII-
JIOBHAH HOBXHUHOIO 300 M.

PesyabraTu. [linTBeprkeHa MOXIIMBICTh Ta JOUUIBHICTH OYPIHHS CBEPUIOBHH OJIHOYACHO 3 YCTaHOBKOIO 00CaHUX
TpyO Oe3 mepenadi Ha OCTaHHI HAaBaHTAKEHb BiJl KPYTHOTO MOMEHTY. 3allpOIIOHOBAHO KOHCTPYKILII OypOBOro CHapsmay
JUISl YCTaHOBKH 00CaqHUX TPYyO 13 pO3MILICHHIM NUIAHTIB BCepeArHI OypOBUX IUTAHT 1 MOJAJBIINM iX BUIyUSHHSIM Ta 3
YCTaHOBKOKW 00camuux TpyO omHOYacHO 3 OypiHHsAM. CKIaJIeHO CXeMy B3aEMOJIi CHiI MpHU OYpiHHI y 3pyHHOBAHOMY
MacHBi CBEpAJIOBUH 3 00caaKo10. JoCiimKeHO XapakTep B3a€EMO3B 13Ky IIBHIKOCTI IPOXOAKH BEPTUKAJIBLHUX 1 TOPHU30-
HTaJILHUX CBEPIIOBHH 31 3MIHOK OCHOBOTO 3YCHIUIS Ta iX TOBXKWHH MPH Pi3HUX MoAu(Dikamisx OypoBOTO CHApSIY.

HaykoBa HoBH3HA. OTpHMaHO HOBI 3aKOHOMIPHOCTI 3MIiHM IIBHJIKOCTI MPOXOAKH CBEPIJIOBUH 3AJIEKHO BiZl KOM-
IUIEKCY TEXHOJOTIYHHX HapameTpiB OypiHHSA. 3amporOHOBAHO MOJENb OMKCY MOKJIHMBOCTI OypiHHS CBEpIJIOBHH IIO
3pyHHOBaHOMY MACHBY 1 ONITUMi30BaHA KOHCTPYKIIiS CHAPAIY AU 11 pearmizartii.

IpakTuyna 3HaunMicTh. OTpUMaHi 3aKOHOMIPHOCTI BU3HAYAIOTh MEXaHI4HI Ta EHEPreTUYHI MOKa3HUKH OypiHHS,
SIKi HEOOXIIHI Ha cTajii MPOEKTYBAaHHs MPH BHUPILICHHI MHUTaHHS MIOAO NOUIIBHOCTI BHJIYYEHHS BTPadeHUX PYA MpU
BJJOCKOHAJICHHI TEXHOJIOT1i pO3pOOKH POJOBHII] i3 BUITYCKOM BTPAaYCHHX PYII.

Knrouosi cnosa: inmencuixayis eunycky, snedxicaii pyou, ceepoiioguna, 6yposuii cHapsio, obcaona mpyba
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COBEPIIEHCTBOBAHME TEXHOJIOI'MA BYPEHUS CKBAKUH
JJIA THTEHCUOUKALIMU BBIITY CKA PY ]

B. T'onuk, B. Mopkys, H. MopkyH, U. I'anonesko

Heab. CoBepIeHCTBOBAHNUE TEXHOJIOTUH OYyPEHUs] CKBAXKHH IS TOBBIIIEHUS TIOJTHOTHI UCIIONB30BAHUS HEAP IIyTEM
MHTeHCU(HKALIMK BBIITyCKa Pyl B3pbIBAHUEM 3apsiIOB B3pbIBUaThIX BeliecTB (BB).

MeTtoauka. [TapameTpsl OypeHHsi HCClieoOBaHbl HA MOPOAHOM oTBaie. CpelcTBa AKCIEPUMEHTAIBHOTO OypeHus:
OypoBoii cranok CKb-4; OypoBble mrTanrn auamerpom 42 MM juinHo# 1.2 M; monusTuieHoBeie TpyOsl [THJ] 63%8 u
IMHJL 708 nymunoii 1.2 M; cTanbHbIe MyQTHI U1l COSIUHEHHS TIOJIMATUIICHOBBIX TPYO; MIapoIIeyHble JI0I0Ta U PE3Lbl
PKC. Kpurepuem sdpdexruBaocTi OypeHus sBIsUIaCh MeXaHH4YecKasi CKopocTs Oypennsi. CKopocTh OypeHHs: Ha pas-
HBIX NIyOnHaX u3Mepsut npu oceBoM ycmmmu 800 — 2000 kr u ckopoctsax Bpamenus 120, 200 u 280 o6/muH. Dkcrme-
pUMEHTaNbHOE OypeHHEe OCYIIECTBISIIOCHh C MPUMEHEHNEM CHapsIOB IBYX Momudukanuid. [Ipodypeno 18 sxcrnepumen-
TaJIBHBIX CKBKUH IMHONA 300 M.

PesyabTathl. [lonTBepkaeHa BO3MOKHOCTb M 11€1€CO00Pa3HOCTh OYpeHHUs CKBaKUH OZHOBPEMEHHO C YCTAHOBKOM
oOcanHbIX TpyO 0e3 mepemayn Ha MOCIEIHUE HATPY30K OT KPYTAIIETO0 MOMEHTA. [IpenokeHbl KOHCTPYKIIMH OypOBOTO
CHaps/a Ul YCTAaHOBKU OOCAIHBIX TPYO C pasMelIeHHEM IUIAHTOB BHYTPH OYPOBBIX IUTAHT M HOCIEAYIOLIMM HX H3-
BJICYEHHEM U C YCTAaHOBKOW 00CaJHBIX TPYO OJHOBpeMeHHO ¢ OypeHreM. CocTaBieHa cxeMa B3aUMOJICHCTBHS CHII IPU
OypeHHH B pa3pylIEHHOM MacCHUBE CKBaXHH ¢ oOcankoil. MccienoBaH xapakTep B3aUMOCBSI3M CKOPOCTH IPOXOIKH
BEPTHKAJIbHBIX U TOPU3OHTAJIBHBIX CKBOKUH C M3MEHEHHEM OCEBOTO YCHJIMS M MX JJIMHBI IIPH Pa3HbIX MOJU(PHKAIMIX
OypoBoOro CHapsja.

Hayuynas HoBu3Ha. [loiydeHb! HOBbIE 3aKOHOMEPHOCTH M3MEHEHHSI CKOPOCTH IPOXO/AKH CKBaXXHH B 3aBHCUMOCTH

OT KOMIIJIEKCa TEXHOJIOTUYECKHX MapameTpoB Oypenus. [IpeanoxkeHa Mozienb ONMCaHUsT BO3MOXKHOCTH OypeHHMsI CKBa-
KHH I10 pa3pyLIEHHOMY MacCHBY U ONTUMH3HPOBaHHAs KOHCTPYKINS CHaps/Aa U e peasln3alnu.
IIpakTUyeckasi 3HAYMMOCTD. [loTyueHHBIE 3aKOHOMEPHOCTH ONPEAESISIOT MEXaHWIECKHUE U SHEPreTHUECKHE MOKa3a-
TenM OypeHust, KOTOpbIe HEOOXOANMBI Ha CTaJ1 IPOSKTUPOBAHMS MIPU PEILICHNH BOIIPOCa O [eJIecO00pa3HOCTH N3BIIEUe-
HUS TIOTEPSIHHBIX Py P COBEPIICHCTBOBAHUH TEXHOJIOTHU Pa3pabOTKN MECTOPOKICHUH C BBIITYCKOM IOTEPSHHBIX Py,
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