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Abstract. In underdeveloped areas of Kazakhstan, several thousand small gold and rare-metal deposits are located at a depth
inaccessible for open mining, which in their limited reserves are either classified as off-balance or are not included in the
register of reserves of the SCR (state Committee of reserves). This article discusses the creation and development of new
technologies that are based on the use of fundamentally new technical means will be effective and able to reduce the cost of
mining. The hydro impulse method of destruction of rocks of any fortress is offered that will allow reducing sharply volumes
of capital and operational works at a considerable decrease in their Prime cost. Therefore, it will be possible to involve in the
effective development of numerous off-balance gold and rare-metal deposits of Kazakhstan. For this purpose, a comparative
analysis of the economic and technical efficiency of the hydro-pulse destruction of strong and abrasive rocks in the ore
industry with respect to the existing drilling and blasting technology is given, the developed design of an environmentally
friendly electric-discharge hydro-pulse gun GPE-1200 with a very high power of hydrofoil is described. The specific
recommended design mechanisms, shut-off valves water gun, operating at ultrahigh hydrostatic inside aggregate pressures,
which include how to combine the blasting of the rock mass in the excavation or clearing works and use the device for drilling
wells.

Keywords: underground gasification, steep-falling layers, steam-air blast, steam generator, hydraulic shock compressor,
hydraulic pulse drilling, steam-hydraulic turbine.
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KATTBI TAY KBIHBICTAPBIHBIH I'HAPO 3APSAATBIH KE3EHAIK JAKTBIPBICTAPBIMEH TACKBIH/IbI
BY3bLIYbI

Tyiiingeme. Ka3zakcTaHHBIH a3 WTepiIMereH ayJaHIapbIHIA ©3iHiH IIeKTeyli Kopiapsl OOHBIHIIA He OalaHCTaH THIC He
GosMaca KOpiapAblH MEMJIEKETTIK KOMUTETIiHIH KOPJIApbIHbIH Ti31IiMiHE MYJIZIEM €HIi31IMEereH OipHeIle MbIH IIAFblH alThIH
KeHi JXOHE CHPEK MeTall KeH OpBIHIAphl allblK HWrepy VIIH KOIDKETIMCI3 TepeHAikTe »KaThlp. byn Makamama kaHa
TeXHHKAJBIK KypaJlAap bl Naiilanany HeTi3iHe Tay-KeH >KYMBICTapbIHbIH ©3iH/IiK KYHBIH TOMEHAETYTe KaOiIeTTi skoHe THiMI1
OonmaThIH JKaHAa TEXHOJNOTHSIApABl jkacay JKoHE o3ipiey KapacTeIpeuiafbl. Ke3 kenreH OEKiHICTIH Tay IKBIHBICTAPBIH
KUPATYABIH THAPOMMITYIBCTIK TOCUI YCHIHBUIABL, OYJI OJapAblH ©3iHIIK KYHBI aiiTapiblKTail TOMEHEreH Ke3/e KypAeni xKoHe
HaiifanaHy >KYMBICTApPBIHBIH KOJIEMIiH KYPT TOMEHIETyre MyMKiHmik Oeperni. Jemek, KazakcTaHHBIH KenTereH OalaHCTaH ThIC
AJITBIH KSH1 XKOHE CHPEK MeTaJIbl KeH OPBIHAAPBIH THIMI1 eHJeyre TapTy MYMKIHJIT naiina 6onaasl. Ockl MaKcaTTa Kasipri
Oap OyprbuIay JKOHE KAPBUIBIC TEXHUKACHIHA KATBHICTHI KEH OHIIPY OHEPKICIOIH/IETI KATThI KoHE aOpa3uBTIK KBIHBICTAP/IBIH
TUAPO-UMITYJILCTIK OY3BUTYBIHBIH 3KOHOMHUKAJIBIK KOHE TEXHMKAJIBIK THIMAUIIIH CaJBICTHIPMAaibl Tallay YCHIHBUIFAH, ©Te
KOFapbl THAPABIUKAIBIK COKKBI 0ap I'TI3-1200 3KOMOTHSIIBIK Ta3a 3I€KTP pa3psiATHI THIPO-UMITYIbCTIK KapyIblH 93ipIeHIeH
xo0achl cunarTanFaH. Tay-KeH >KYMBICTapbl Ke3iHIE Tay XXbIHBICTApPBIHBIH MacCachblH OHMIpyAi OipikTipyni Ke3JeuTiH,
CoHJalf-aK OYpFBIIay YHFEIMaTapblH OYPFBIIAy KOHABIPFBICHH MAiIaNaHy 16! Ke3ACHTIH aca KYIITi THAPOCTATHKAIBIK KBICHIM
Ke3iH/Ie )KYMBIC ICTEHTIH THIpaBIUKaAIBIK CHAPSA KIalaHAaPbIHBIH apHAHbI YCHIHBUIFAH KOHCTPYKUIUSIIAPB! KEATIPIITeH.

Tydinai ce3mep: >xep acThl Ta3NaHAbIpy, UIYHKBIPIBL Oererrep, OynapiblH aya KapbUIbICB, Oy TI'eHepaTophl,
THAPOTUIACTHKAIIBIK KOMIIPECCOP, TUAPOQMIBAL OYpFbIIay, Oy-THAPAaBIHKAIBIK TYpOHHA. _

BYKTYKOB H. C., TYMEHHHUKOBE. C., MAIIIATAEBA I. A.
Hnemumym 2opnozo dena um. JI.A.Kynaeea, . Aimamol, Kazaxcman. E-mail: n.buktukov@mail.ru

IHOTOYHOE PA3PYHNIEHUE KPEINKHX TI'OPHBIX TIIOPOJ, HNEPHOJUYECKHUMH BbIBPOCAMHU
I'naPO3APAN0B

Pe3rome. B MamoocBoeHHBIX paifoHax KazaxcraHa, Ha HENOCTYHNHOW Ui OTKPBITOH pa3paboTKu TiIyOMHE 3alleraroT
HECKOJIBKO TBICSY MAaJbIX 30JOTOPYIHBIX M PEAKOMETAIBHBIX MECTOPOXK/CHH, KOTOPHIE 0 CBOMM OIPaHHYEHHBIM 3aIlacaM
OTHeceHbI 1100 K 3a0a1aHCOBLIM, JIN0O BOOOIIE HE BKIIOYEHBI B PEeCTp FOCYIapCTBEHHBIX KOMMTETA 3anacoB. B 3Toif cTathe
paccMaTpUBaIOTCS CO3/aHUE U pa3pabOTKa HOBBIX TEXHOJOTHH, KOTOPHIE Ha OCHOBE HCIOIB30BAHHS MPHHIIMIIHAIBHO HOBBIX
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TEXHUYECKUX CpeAcTB OyayT S(GQGEKTHBHBIMH UM CHOCOOHBIMH CHH3UTH CeOECTOMMOCTB TOpHBIX pabot. [lpemnoxeH
THAPOUMITYJIBCHBIH CIOCOO pa3pylICHHUs TOPHBIX TMOPOJ JOOOH KpPEMOCTH, 4YTO MO3BOJHUT PE3KO CHHU3UTH OOBEMBI
KalHUTaJIBHBIX U OKCIUTYyaTal[IOHHBIX PAa0OT MpH 3HAYMTENLHOM CHIDKEHHH HX ceGecToMMOcTH. ClemoBaTeNnbHO, MOSIBUTCS
BO3MOXKHOCTh BOBJICYb B 3((PEKTUBHYIO OTPaOOTKy MHOTOYHCIICHHBIE 3a0alaHCOBBIC 30JOTOPYIHBIC U PEIKOMETANbHBIC
MectopokaeHus Kaszaxcrana. [IpuBeqeH CpaBHUTENbHBIA aHAM3 HSKOHOMHYECKOH M TEXHHUUYECKOW 3P(PEKTUBHOCTH
THAPOUMITYJIBCHOTO pa3pyIICHHs KPEIKUX U aOpa3UBHBIX MOPOJ B PYTHOH MPOMBIIIIEHHOCTH OTHOCUTENBHO CYIIECTBYIOIICH
OYypOB3pBHIBHOM TEXHOJOTHH, OIHCaHa pa3padaTbiBacMas KOHCTPYKIHMS OSKOJOTHYECKH YHCTOTO 3JIEKTPOPas3psIHOTO
ruapouMnyiabcHONH mymku ['TI9-1200 ¢ BecbMa BBICOKOW MOIIHOCTBIO THAPOBBICTpeNa. I[IpHBeleHbI KOHKPETHBIC
pEeKOMeH/IyeMble KOHCTPYKIMH MEXaHH3MOB 3allOPHO-BBHITYCKHBIX KJIAIIAaHOB THIPOIYIIKH, PabOTAIOMIEe Ha CBEPXBBICOKHX
THAPOCTaTHYECKUX BHYTPUATrPEraTHBIX NAaBJICHHSX, KOTOPBIE MPEIyCMaTPUBAIOT KaK KOMOAHHOBYIO O0TOOIKY rOpHONH Macchl

Ha IIPOXOAKE rOPHBIX BI)IpaGOTOK WK OYUCTHBIX pa60Tax, TakK W UII0JIb30BaHUs yCTpOﬁCTBa PIRIS: S 6ypeHH${ CKBa’>XHH.

KiaroueBble cioBa: I1oj3eMHas ra31/1(b1/11<au1/151,

KpyTOIIalaromue IJ1acCThl,

MMapoBO3AYIIHOC Z[yTI:é, maporeseparop,

THAPOYAAPHBIA KOMIIPECCOp, THIPOUMITYIbCHOE OypeHue, maporuapaBandeckas TypOuHa.

Introduction. The Republic of Kazakhstan
is ranked 13th in the world among 70 mining
powers as regards the total scope of solid minerals
mining. The share of Kazakhstan in the world
reserves of certain metals is as follows: 30% of
world reserves of chromium ore, 25% of manganese
ores, 10% of iron ores, copper and lead, 13% of
zinc, iron ores is16.6%. The main mining scope can
be provided by a more efficient non-explosive flow
technology using hydro-impulse  rock-cutting
devices of the GPE-1200 specimen designed by the
Institute of Mining named after D.A. Kunayev. At
the territory of Kazakhstan, mainly in
underdeveloped areas, several thousand of small
gold and rare-metal deposits are located at an
inaccessible depth for open-pit mining, which in
their limited reserves are classified as either off-
balance or not included in the register of reserves of
the SRC (State Reserves Committee) due to
inadequate exploration [1, 2].

Therefore, the study is aimed at the
development and creation of new technologies that,
based on fundamentally new technical means, will
be able to reduce the cost of mining so that the
development of such deposits has become effective.
The Institute of Mining named after D.A. Kunayev
has been developing new solutions for underground
non-explosive mining of ore bodies in the hard
rocks using flow process technology based on
hydro-impulse technique with increased power of
hydraulic springs for a number of years [3, 4].

The new technology can provide a multiple
increase in bottom hole performance due to
continuous breaking and continuous conveyor
transportation. Thus, drilling and blasting operations
are completely excluded. The need for energy-
intensive ventilation eliminates and the whole
system of a specialized system of airway workings
and at the same time ensures complete
environmental safety. The volume and cost of fixing

and maintaining mine workings is sharply reduced
due to contour penetration and the exclusion of the
harmful effects of explosions on the integrity of the
boundary massif.

The capability to effectively work out with
reverse bias hydro-impulse means under natural
flooding of the bottom holes by the mine water with
a clear delineation of the opening sections and
preserving the integrity of the edge massif, indicates
a practical way for the preferential transition to a
steeply inclined ore bodies. This method is
characterized by the shortest transport openings both
in the inclined part and in the horizontal sections of
the floor horizons. In addition, it is possible to mine
ore bodies from top to the bottom with oblique
layered panels by the most efficient methods for
producing of expansion goaf stowing.

Currently, as the large deposits are
developed, a rather urgent task is the involvement of
numerous  marginally  profitable gold and
polymetallic deposits into effective mining. The use
of hydro-impulse technique for drilling large-
diameter wells, for example, in preparation for
steeply dipping coal deposits operating using
underground gasification methods or for degassing
coal seams is of particular interest [5, 6].

General part and discussion. The prototype
of the hydro-impulse technology is the first and the
only test specimen in the world of the KIV-1 tunnel
borer with a hydro-impulse destruction body created
by the DONGIPROUGLEMASH Institute in
collaboration with the Donetsk State University. In
1985, KIV-1 had a hydro-impulse energy of 54 kJ
and was intended for excavating in coal mines along
the rocks of up to 6 units under professor
Protodyakonov’s scale [7-11].

The rock destruction in the bottom-hole was
carried out in water portions of 1000 g each, thrown
on the bottom-hole in the form of a jet with a
diameter of d = 10 mm with a speed of up to 700-
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800 m/s. The relatively low power of the shot and
the very low resource did not allow the new
technology to gain a foothold in its field of
destination, let alone expand it into strong rocks of
the ore formation.

In subsequent periods to up to date, a full-
scale study of the bulk rocks destruction in the
massif with the clean high-energy hydro jets, the
mining science did not pay enough attention.

As the main evaluating criterion of the
methods of rocks destruction is the energy intensity
of the process.

The mechanical method with a high-speed
impact, which can be equated to an explosion, has a
coefficient of energy intensity of about 0.07 and is,
after an explosive, the smallest of all used in
practice is among well-known methods.

The processes with a shock-impulse force
loading of the surbottom hole of a destructible
object during 0.003 - 0.008 s proceed as explosive
and are characterized by the absolute energy
intensity of the rocks destruction 0.6 kgs.m/cm® or
5.9 Jlcm® (slightly dependent on the strength and
more significantly on rock viscosity).

To compare with, during roller drilling,
from 12.6 to 25.3 kgs. m / cm3 energy is expended
(from 123.6 J/cm® to 248.2 J/cm®). These data are
fully supported by testing of the VNIITsvetMet
Institute at the open mines of the East Kazakhstan
oblast (Ridder-Sokolny, Tishinsky, Zyryanovsky
mines).

The power parameters in the rocks
destruction by the explosive method and the hydro-
impulse coincide significantly to a greater extent in
relation to the open work, where the bottom hole
area ratio relative to the loading depth reaches a
greater value. In this case, the clamping of the
explosion by a lateral thrust is much less than in the
bottom hole of the driving, and the specific
consumption of explosives decreases sharply.

In our case, the penetration depth of a water
tool deep into the rock packwall on the hard rocks is
a relatively small value relative to the bottom hole
area. The clamping is practically minimal; therefore,
the calculated funnel area is the largest compared to
the depth.

The specific energy consumption in this
case will be even smaller than the above. However,
the energy consumption of destruction is
substantially taken into account, determined for
borehole blasting in open pit mining, namely: for
rocks with a strength of 8-12 units — 5.9 J/cm?, for
rocks 12-15 units — 7.2 J/cm®, for rocks of 16-20
units - 8.8 J/em®.
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The efficiency of the destruction process is
as known to be directly proportional to the power of
the energy pulse and is inversely proportional to the
time of interaction with the object being destroyed.

A water tool in the process of immersion of the
frontal part of the rock massif has a selective
capability of breakdown of the layer at different
speeds by penetrating natural fractures or those
formed by impact, as well as destructible weak rock
strata. In this case, the cross section of the water tool
in the channel being punched expands with a
powerful hydrostatic expansion, characterized by
the rate of decreasing speed. This thrust pressure is
the main factor in the funnel-shaped separation of
the rock from the massif.

The process has some similarities with an
explosion in a clamped medium with a very
effective stemming of the hole collar, the role of
which here is performed by the sharply directed
inertness of a water tool.

Here, there are actually no losses from the
reverse leakage of energy from the mouth of the
section being punched, as well as unnecessary
throwing of pieces from the zone of small resistance
of the rock to tearing, since each depth level of the
funnel clearly corresponds to the natural level of
hydrostatic expansion.

The remaining  constituent  positive
dynamics are obvious. The process is fully
environmentally friendly, since the drive of the
hydraulic gun is electric. Water tool has the lowest
cost of all compared.

The estimated volume of destruction of the
monolithic rock by a 3-kilogram water tool with a
speed of impact with a bottom hole of 800 m/s is
about 60 dm®. Comparative values of the energy
potentials of various types of combustible
substances are given in Table 1 [12].

Table 1 - Comparative values of the energy potentials of
various types of combustible substances [12].

Fuel Energy capacity W

MJ/kg kcal/kg kwh/ g

1 2 3 4

Powder 3,8 900 1,06
Dynamite
7504 54 1280 1,5
Rocket fuel | 4,2-10,5 | 1000-2500| 1,17-2,85
Firewood 8,4-11,0 | 2000-2500 | 2,33-2,85
Top soil 10,5-14,5 | 2500-3500 | 2,1-4,0
Diesel oil 42,7 10200 11,9
Hydrogen 120 28600 33,36
Natural gas 41-49 19800-11700|11,46-13,07




The above reference data provide that
explosives have the worst energy indicators, but due
to the high speed of the release process of thermal
energy (about 0.001-0.004 s), they have the greatest
effect on the destruction of solid materials and
therefore have found wide application in the mining
industry.

It is possible to simulate an explosive
process using mechanical or hydraulic impulses
artificially  creating the capability for the
instantaneous release of accumulated energy inside
the working units.

Based on the above, the design of the GPS-
1200 hydro-impulse gun is based on a powerful
accumulator of super-high-pressure water vapor
energy, obtained within 3-4 seconds of evaporating
and overheating up to 1600 °C or more using an
electric discharge in a thin layer of agueous
electrolyte with a subsequent overheating by
electrothermal devices. As a result, in direct
proportion to the amount of electrical energy
expended, the required reserve of thermal energy is
generated in a compressed volume of vapor-ion
sublimation superheated to 1700-1800 °C. In this
case, the hydrostatic pressure in the cavity of the
water gun can reach 6-7 thousand atm. [13, 14, 15,
16]. The capability of accumulating a sufficient
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amount of thermal energy to destroy the strongest
rocks is limited by the strength characteristics of the
trunk material, which corresponds to ultrahigh
pressure and temperature. An important factor in the
accumulation of energy is also the volume of
charging water when limiting hydrostatic pressure,
the compression of which determines the expanded
volume of vapor-ion sublimation in the process of
overheating.

Ultrahigh intraaggregate pressure creates a
rather acute problem for the instant opening of the
shutoff valve of nozzle release.

Figure 1 is a diagram of the design of a GIP-
1200 hydro-impulse gun. The thermal energy
reserve in the compressed volume of vapor-ion
sublimation will be about 2400 kJ under a power
supply transformer of 630 kW in 4 seconds of
overheating.

The efficiency will be about 0.5 in the heat
dynamic process of converting thermal energy into
kinetic energy of a water charge with a coefficient
of expansion of sublimation k = 6. With a water
charge mass of 2.5 kg, its flow rate from the nozzle
is about 850 m/s. The impact energy of the jet on the
bottom hole at the maximum will be up to 1200 kJ,
which will be able to destroy up to 90 dm?® of the
strongest and most abrasive rock.

itoloe
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1 - water gun shaft; 2 - compression space of a weak electrolyte; 3 - electro-discharger; 13 - shut-off valve set pressure; 15 - aero-
hydrodynamic channel; 17 - silencer;
18 - water jet formation nozzle

Figure 1 - Diagram of the GIP-1200 hydro-impulse gun device

Technical speed of mine excavation
workings with a section of 12.5 m? in rocks with

strength of 16-18 wunits on a prof. M.M.
Protodyakonov's scale by GIP-1200 hydro-impulse
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gun is estimated to reach 50 running meters per day
under a 10 1/ min shots of frequency. The annual
capacity of one hydraulic gun at 100% load can
reach 350 thousand of m3 of strong rocks in the
bearer.

New equipment carries out continuous rock
breaking in the bottom hole, together with its
continuous shipment both at tunneling and mining
operations. At the same time, the most labor-
intensive drilling and blasting cycle in the mining
industry is completely excluded, the cross-sectional
areas of capital transport and ventilation workings
are significantly reduced, and the costs for their
construction and maintenance are reduced
accordingly. Overall costs for ventilation of mine
workings are sharply reduced and the quality of
mine atmosphere is improved. Also, there is no
stoppage in work due to explosion and airing.

The exclusion of rock-breaking
technological explosions in the excavation and mass
explosions in production with full conveyor of
broken rock mass with the same performance can
reduce the volume of ventilation workings by three
and 2-2.5 times reduce the sections of transport
workings. The operational stability will increase
since the aquifer rock massif is not subjected to
dangerous deformations from the powerful
explosions.

The ability to pass 100% workings using the
smooth-wall method in the most cases will eliminate
the use of heavy monolithic supports. Where
monolithic concrete was required for drilling and
blasting, it will be sufficient to mount with gunite.
Where gunite was required, the excavation can be
operated without fastening.

In addition to high performance, the water
impulse method provides a number of technical,
technological, and environmental benefits with
regard to drilling and blasting. For example,
regarding electricity in comparison with explosives
(detonit No. 1) in the development of 1 m? of rock
with a strength of up to 18 units according to the
prof. Protodyakonov’s scale savings amount to $
4.0.

These advantages for the newly constructed
mine represent a very significant savings in capital
and operating costs, which can be calculated only
from the data of a specific project for the
construction of a new mine.

Speaking about, the concomitant savings of
funds, material and labor costs are also not taken
into account and are assumed as an additional
reserve of the effectiveness of the use of the flow-
line blasting production method. And the most
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important effect is the elimination of severe injuries
associated with drilling and blasting.

Ultra-high intra-unit pressure creates a
rather acute problem for instant opening of the shut-
off valve of nozzle release and control of hydraulic
shots. In this regard, below are solutions of the shut-
off valve of the hydraulic gun with external and
internal control of shots.

In the drawing (Figure 2), a constructive
execution of the valve of the hydraulic gun,
operating at intracavitary hydrostatic pressure from
2000 to 2500 atm, with external control relative to
the cavity of the hydro-impulse gun by hydro-
charging shots, is given.

In the drive housing, valve 1 contains
polished drilling and three longitudinal ribs that are
pressed into the broadening of the stem cavity. The
valve 2 is slidly mounted in the drilling of the
housing with back pressure of the spring 3 and with
the conical overlapping of the feed channel of the
nozzle 4 in the normal position. The diameter of a
valve housing ground in the valve body exceeds the
diameter of its conical part by 5-6%. The spring
chamber of the valve body is connected to an
external device (Node No. 2) with a channel d = 8
mm, and with a cavity shaft by d = 1 mm channel.
The nozzle 4 is sealed with a wedge-shaped steel
ring 5 and fixed by means of the supporting end
plate 6 with a cap end nut 7. At the same time, the
absolute hydrostatic pressure on the end wall of the
cavity performs the absolute seal of the nozzle
apparatus from the barrel cavity. The shot control is
performed using an externally located device (Node
No. 2), which sets the final value of the hydrostatic
pressure in the barrel cavity.

The device is fed with compressed air with a
pressure of 0.6-0.7 MPa, opposed to high
hydrostatic pressure in the barrel due to the
difference in the areas of the interacting parts - the
air membrane of the device and the cone section of
the hydraulic outlet channel blocked by a needle
from the spring chamber in the valve body. Shock
energy of a shot with a mass of hydro-charging 2.5
kg with pressure from 200 to 250 MPa from 35 to
45 KkJ.

When charging the barrel with water with a
pressure up to 10 MPa, water penetrates through the
channel d = 1 mm into the spring chamber and more
tightly than the spring force, presses the conical part
of valve 2 into the conical part of the nozzle 4
channel. Reliability of sealing increases accordingly
with pressure in the barrel.

With the achievement of the design pressure
in the barrel, overcoming the force of the membrane



acting on the shut-off needle, some of the water is
thrown out of the spring chamber of the valve body
into a special follower. The energy of this release
pusher through a cork valve (not shown) opens the
exit to compressed air above the membrane device
and the water from the spring chamber is completely

¥ Crossref
ISSN: 2616-6445 (Online), ISSN: 2224-5243 (Print)

Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a. Ne2. 2019 (42-50)

released into the atmosphere. The excess of the ross-
sectional area of the valve 5 over the overlapped
area of the nozzle forces it to instantly move inside
the spring chamber. In this case, at the very
beginning of this movement, the channel d = 1 mm
is closed and the access to water in the spring

1 - valve drive housing; 2 - valve; 3 - valve spring; 4 - nozzle; 5 - ring seal; 6 - end plate;
7 - cap nut; Node number 2 - the control unit hydraulic shots

Figure 2 - Shut-off valve with external control of shots

chamber (is blocked during the shot). A water
charge is released into the nozzle channel and
further onto the object to be destroyed. The
advantage of the design should include convenient
maintenance of the external mechanism of the
control device and the ability to adjust the power of
the shots by increasing the pressure of the
compressed air supplied to its diaphragm.

The disadvantage of the design is the

presence of rigid mounting edges of the valve body
in the area of high-speed flow of hydraulic charge.
This dramatically reduces the power of the shot.
The control unit in the design of the hull structure
contains a communication channel between the
spring chambers of the shut-off valve of the
hydraulic gun and the over membrane space with a
significantly developed area (Figure 3).

The membrane 1 is made of plastic material
and rests on the hard drive 2. The hard drive 2 in the
center contains a tide 3, ground in the lower part of
the body 4 and ends with a needle 5. The needle
normally blocks the connecting channel 6 from the
spring chamber. The lower part of the housing 1 is
equipped with a pusher mechanism 7, 8, 9,

controlling the release of compressed air from the
over membrane cavity. The over membrane cavity is
constantly fed with compressed air through a thin
channel d = 1.5 mm, which opposes high hydrostatic
pressure in the barrel due to the difference in the
areas of the interacting parts — the device
membrane and the conical section of the hydraulic
outlet channel from the spring chamber.

When the calculated hydrostatic pressure in
the cavity of the barrel is determined by the ratio of
opposing forces of compressed air and hydrostatic
pressure in the spring chamber and, consequently, in
the cavity of the barrel, the needle moves up and the
pressurized water enters the mechanism of ejection
of compressed air from the over-membrane cavity.
The pusher 7, 8, 9 acts on a standard cork valve (not
shown) mounted on the housing cover 10. As a
result, the hydro-channel opens completely, all the
water from the spring chamber is released into the
atmosphere and the hydraulic gun is shot. The figure
4 below shows the shut-off valve with internal
control of hydraulic shots.

The design differs from the M1
modification in that the valve 1 is made integral
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with a thin rod stem 2, terminated by a ground valve
piston 3, placed in cylinder 4, which in turn is
rigidly connected to the conductor 5. The conductor
is also rigidly fixed on the back side of the water
charge, i. e. outside the zone of high-speed fluid
flow. The valve 1 is made in the form of a ground-

up cylinder, moving inside the orifice of the nozzle
apparatus 6 until it is fully extended, its ribs 7 are
longitudinal to the liquid flow and fixed at their end.
The axial nozzle is also equipped with a priming
mechanism when charging with a ball valve 8. The
valve piston has an annular groove 9 and

1 - flexible membrane; 2 - hard drive; 3 - central tide; 4 - housing; 5 - needle; 6 - connecting channel,
7, 8, 9 - pusher mechanism

Figure 3 - Driver for external control of the valve of the hydraulic gun
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1 - valve; 2 - stock rod; 3 - valve piston; 4 - cylinder; 5 - conductor; 6 - nozzle; 7 - guiding ribs; 8 - ball valve; 9- ring groove; 10 -
axial channel;
11 - radial channel; 12 - trunk wall.

Figure 4 - Shut-off valve of the hydraulic gun with the internal control
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an axial channel 10 with the possibility of
connecting the radial channel 11 in the side wall of
the barrel 12 with the atmosphere. The diameter of
this piston exceeds the diameter of the valve body
lapped. This achieves a sequential exit of the valve
body from the orifice of the nozzle apparatus when
the calculated hydrostatic pressure is reached before
the annular groove of the valve piston coincides
with the radial channel with exit to the atmosphere.
When combined with the radial channel of the exit
to the atmosphere, part of the water from the spring-
loaded piston cavity is released into the atmosphere.
The valve instantly occupies the extreme position
“open nozzle”. A shot is made. Then the valve
mechanism springs back to the “closed” position
and the cavity of the barrel is filled with pressurized
water and simultaneously the cavity of the valve
mechanism.

The advantages of the modification are the
wide possibilities for increasing the power of shots
due to the increase in the hydrostatic pressure in the
barrel cavity and the possibility of using the device
as a drilling tool for drilling large diameter wells.
Findings. The main result of the new solutions is a
significant reduction in the cost of mining, which is
achieved by reducing the actual volume of the mine
underground construction, as well as due to the high
performance of mining rock mass. Due to the
environmentally  friendly  process, specialized
ventilation systems with mine workings are reduced
or completely eliminated. It becomes possible to
complete the conveyor of ore and rock to workings
of the smallest section. In addition, the cost is
reduced due to the elimination of associated
excavation of waste rock, since all the preparatory
mine workings are carried out on the ore. This will
dramatically reduce the time of construction and
mining.

A new result is also the achievement of the
full omnify of the mining system with the
underground method, both for shallow ore bodies
and deep-seated ones. In this case, the cost of
production in its main part will depend only on the
depth of development, where the main thing is the
costs of electric power to drive conveyor transport
to different heights.New technical and technological
solutions will allow unifying the systems of opening
and mining of compact ore bodies for different
depths. In addition, high environmental and
technological safety of underground works is
achieved. Many deposits designed for open pit
mining can be completely redesigned for
underground mining, as more efficient and not
requiring significant reclamation costs.
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