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STUDY OF THE APPLICATION HIGH VELOCITY
THERMAL SPRAYING TOOLS USED
IN TECHNOLOGICAL PROCESSES AND PRODUCTIONS

Abstract. In the article the questions of creation of new designs of thermo-tools for destruction of rocks at
processing and extraction of block stone, possessing the raised power characteristics and their application as a wor-
king body, the mechanized aggregate of the stone carving machine are considered. Gas-flame processes of applying
wear-resistant coatings on the surface of machine parts are also considered. Extension of the field of application of
supersonic high-temperature jets is the use of them to remove the insulating coatings of oil and gas pipes, with the
introduction of a jet of solid particles (abrasive material or water) to obtain an elastic vapor-gas jet for cleaning the
surface of pipes.

Keywords: high velocity sprays, combustion chambers, fuel components (oxygen, propane, kerosene, air), oil
and gas pipes, rock.

1. Introduction. Development of facing stone deposits has a number of specific features that allow
allocating such type of quarries to a special group of mining enterprises. As noted in [1], these features are
as follows:

1. requirement to preserve the key quality indicators of stone in the process of its quarrying (i.e.
strength, block size and decorative properties);

2. application of special techniques to separate the stone blocks from the face, their loading, trans-
portation and lifting from the quarry;

3. application of special development system options and deposit opening techniques.

The first feature determines the operating characteristics of dimensional stone quarries. It imposes
conditions both on the tools and organization of quarrying operations. Everything is based on the stone
integrity preservation. As the quarry operation practice indicates, even when the cracks and micro-orien-
tation of minerals are correctly used, yield of large blocks from the rock mass rarely exceeds 25-30% in
principle, and the remaining rock mass is a rubble stone, small blocks, etc.

Knowledge of the massif structure anisotropicity, which should be considered when selecting the
development techniques and directions, has a great importance in the process of work organization in the
quarry. The massif structure anisotropicity is noted in granites, which simplifies the stone split in the
certain directions.

Facing stone is generally quarried by using two techniques:

1. Stone block spalling by using the wedges. Such technique consists in the fact that the holes are
drilled along the spalling line, and then the steel wedges are driven into them. A strong mechanical shock
is made on these wedges. Such technique is quite laborious and time consuming [2].

2. Thermal stone cutting with fiery jet. Such technique differs with high speed, relatively low cost
and high work quality.
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Let us consider the second technique in more detail. Thermal technique introduced into production on
surface treatment and penetration of slotted workings in the granite massif has significantly increased the
work efficiency. There was a possible additional exposure of monolith prepared for breaking. With the
application of thermal penetration of slotted workings in the massif, a monolith should be broken when it
is exposed on the four planes. A monolith prepared for breaking should be connected with massif by one
vertical and horizontal plane. Moreover, the horizontal plane is selected in the place where there is a natu-
ral horizontal crack. Such a process layout for breaking has contributed to the stone integrity preservation.
Yield of blocks has increased for up to 25-40%. However, the technology basis is an availability of the
natural horizontal cracks [1-6].

The main tools for penetration of slotted workings in the granite massifs are hand gasoline-air
torches. Such torches enable penetration of slotted workings only in the vertical direction [7, §].

The depth of workings is generally 1.5-3 meters, although there are examples on penetration of
workings to a depth of five meters and more. It is difficult to implement penetration by the hand torches,
since they become hard to manage.

In accordance with the terms of reference of the scientific project under the RoK MES grant, a
laboratory model of the new machine design - thermal stone cutting unit was designed and manufactured
in 2015. The technical requirements include the requirements of design simplicity, maintainability and
operating safety, which will ensure a high operating performance of the new machine design.

According to the terms of reference, the thermal stone cutting unit consists of thermal cutter, con-
nection pipes, compressor, fuel and air supply system, as well as transport and supply system. Load
bearing characteristics of the unit, including those providing the granite cutting speed of at least
50 mm/min have been justified.

Transport and supply system includes the following requirements for workspace dimensions:
horizontal traverse length of at least 4.000 mm and maximum 20.000 mm; vertical traverse length of at
least 6.000mm, cutter rotation in the vertical plane of at least 180°. Electromechanical drive that ensures
the specific traverse speeds with step control is required for installation. Cutter weight should not exceed
20 kg.

2. Materials and methods. We have developed the improved and modernized designs of thermody-
namic tools as an actuating device (TRV-60, TRV12M). They are equipped with thermodynamic nozzles,
which enable increasing the energy parameters of torches. Industrial tests of these tools were conducted.

The following specifications were obtained for thermodynamic tool TRV12M: air flow — 5 m*/min,
fuel flow (gasoline / diesel oil) — 15 L/hour, nozzle diameter — 13 mm, nozzle head diameter — 20(22) mm.
The test results have determined the torch flame as equal to 25 cm and three-dimensional machining
efficiency as equal to 4000 cm®/min.

In addition, the alternative designs of BVR80 thermal cutters (Figure 1) and its prototype TR60 have
been developed.

LS

Figure 1 — BVR80 Thermal cutter: 1 — distribution head, 2 — combustion chamber, 3 — nozzle, 4 — gas-dynamic nozzle,
5 — lengthening pipe, 6 — combustion chamber back cover, 7 — air swirler, 8 — jet
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Shape and location of nozzles, combustion chamber length, value of slots for air movement in the
process of cooling and others have been changed in the schemes proposed.

The most difficult in solving the issue of a mechanized cutting is to obtain a stable working of slots in
the areas of granite massif with the inclusion of mafic minerals and other surrounding rocks. Hetero-
geneity of composition along the cutting line leads to irregular speed of slot workings in depth. When
cutting with hand thermal tools, the circumstance does not complicate slot penetration, as in this case, the
irregular traverse speed of tool is easily set.

It is quite difficult to set the irregular traverse of actuating device for the stone-cutting machine and
provide for an automatic speed control system depending on the thermal breaking of rocks on the face.

Attempts of such solutions were taken in the process of development of the jet-drilling rigs, where the
issue was decided regarding a thermodrill feed speed control depending on the rate of face advance, i.e.
the issue of maintenance of an optimal distance from the torch nozzle exit to the face. Feed speed control
systems that are reliable and easy to use have not been found.

When developing the stone-cutting machines, the feed speed of actuating device should be taken as
regular. The value of actuating device traverse speed and gas jet attack angle should be selected so as to
reduce the heterogeneity impact in composition of rocks along the cutting line to a depth of slot working,
at the same time, by compromising on working efficiency. Such situation when it is necessary to select
manual regulation of actuating device (torch) feed speed on more complicated areas should be provided
for.

In addition to solution of the task on ensuring a stable working of slots, a number of process tasks
should be solved when developing the stone-cutting machines. For the most part, such tasks are common
when developing the machines of both vertical and horizontal penetration of slots. Task on a rectangular
contour slot working at the gas jet attack angles of less than 90 degrees should be solved here.

The Kharkiv Aviation Institute has determined that cutting is the most effective at the gas jet attack
angles of 30-60 degrees.

They use idle stroke in the machine designs developed and perform cutting by traversing the torches
only in one direction from the ledge to massif. Such circumstance leads to the fact that the slot working is
made as raised. Blinding slot wall looks as inclined; inclination angle is a function of the gas jet attack
angle. In such a case, the working stroke length of the torch changes in the process of cutting that makes it
difficult to organize an automatic machine operation.

We have developed an experimental stone-cutting unit for penetration of the vertical slotted
workings. It consists of a trolley where all the actuating device traverse drives of the machine are moun-
ted. The trolley moves on the rail track along the cutting line. A bracket is mounted on the trolley with the
carriage rack, where a rod with thermal cutter is fixed on the hinged bearings. Thermal cutter rotary drive
is mounted on the same carriage, refer to Figure 2.

So, the thermal cutter may traverse jointly with trolley along the cutting line, by turning around. The
thermal cutter traverse speed along the cutting line is adjusted within 0.25-1.5 cm/sec. The reverse rota-
tion speed is set as constant and equal to 20 rot/min. The rotation angle is adjustable within 90—150 deg-
rees. Thermal cutter drops in depth after each stroke on the value of working.

Driving motion is different in each direction. BVR-80 thermal cutter is installed as an actuating
device of the stone-cutting machine.

BVR-80 Thermal Cutter Specifications.

Fuel Component Flows:

Air, m*/min - 18-20
Petrol, kg/h - 35-40
Torch Diameter, mm - 60

Torch Traverse Motion. Torch motion speed is regulated with variator, which changes the rotation
speed of drive roller. Electrical circuit of control over the traverse motion of thermal tool provides for an
automatic reverse and a timed shutdown after each stroke, which makes it possible to obtain a vertical wall
at the end of slot. Reverse and shutdown at the end of stroke is performed by using the limit switches.
Electrical circuit provides for shutdown and activation of the carriage feed with thermal tool by using a
push-button control board.
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Figure 2 - Structural machine layout with thermodynamic actuating device

The use of gasoline-air torches as actuating devices of the mechanized thermal equipment is res-
trained by a comparatively low power at the increase of which, their overall dimensions rapidly rises, as
well as by the small dimensions of torch flame (0.1-0.15 m) when using the scheme of processing with
torch flame throughout its length - "band source". According to this processing scheme, the gas torch jet is
directed parallel to the work surface and embedded into the rock by 0.3—0.5 torch nozzle diameter.

However, due to simplicity of gasoline-air torch operation and organization of their supply with fuel
components, the use of gasoline-air torches as actuating devices of the mechanized units is relevant.
Increase in the power of gasoline-air torches with no significant development of their overall dimensions
and increase in the dimensions of torch flame, commensurable with the dimensions of the work surfaces
of stone items (border stone, steps, etc.) is possible due to intensification of combustion processes.

One of the techniques for combustion intensification of available jets outside the nozzle exit is a post-
combustion of incomplete-combustion products of fuel-rich mixture by atmospheric air ejection. When
using heavy fuel mixtures in the torches, the torch ignition technique should be improved.

We have developed a new design of thermodynamic tool as the actuating device. The scheme of such
thermodynamic tool is shown in Figure 3. It is proposed to use two nozzle heads in this scheme that allows
maintaining the nozzle temperature as not exceeding those permissible. It increases the useful life of the
latter [9].
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We have developed a design of device for vertical feed of thermal cutter, enabling to enhance the cut
quality and efficiency of the stone cutting process, by increasing the rigidity of pipe with thermal cutter at
a large cutting depth and reducing the weight load of pipe with thermal cutter on a roller feed [10].

Application of the device proposed will increase the rigidity of pipe with thermal cutter when
performing a stone massif cutting, especially at a significant length of the pipe advance downwards.
Currently, the pipe advance depth reaches 6 m or more. The high pipe rigidity prevents thermal cutter
from oscillation due to the gas jet action that allows making smooth and homogeneous stone cutting
profile. It improves the quality of a stone massif cutting process.

11

8 (nozzle B)

8 (nozzle B) /
L o 8 (nozzle A)

Figure 3 — Thermal cutter for stone cutting with two nozzles:
1 — thermal cutter, 2 — combustion chamber, 3 — distribution head, 4 — jet body, 5 — air swirler,
6 — fuel nozzle, 7 — nozzle body, 8 — changeable nozzle, 9—14 — nozzle rotary and change mechanism

In addition, the cable tension force reduces the impact of pipe/cutter weight force on the feed rolls
that allows significantly reducing the pipe slippage in the rolls when lifting the pipe and cutter upwards,
especially in case of the rapid lifting.

The specifications obtained are shown in Table 1.
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Table 1 — Basic Specifications of the Motorized Machine for Cutting Slotted Workings in the Rock Mass

Name Value
Cutting Width, at least, mm 80
Cutting Length, at least, mm 20.000
Cutting Depth, at least, mm 6.000
Fuel Type Diesel
Flow, maximum, L/hour 50
Oxidizer Air
Thermal Cutter, Length, mm 4.000 - 7.000
Weight, maximum, kg 25
Granite Cutting Speed, at least, mm/min 50

Figure 4 shows the stone cutting process by using BVR60 advanced thermal cutter with a gas-dyna-
mic nozzle.

Figure 4 — Formation of slotted working by using BVR60 Thermal cutter torch with gas-dynamic nozzle

The experiments have shown that the slot width is more than 7 cm that is larger than the outer size of
thermal cutter [11].

Other direction of use of the thermotools forming a supersonic high-temperature gas spray (gas-
kinetic cleaning) one of the most advanced techniques of the surface treatment in technology of repair of
gas of wires.This technique is mostly used in combination with mechanic (mechanical air cleaning) or
abrasive (thermal abrasive cleaning) impact.

The scientists from Kazakh National Technical University named after K. I. Satpayev tested the gas-
flame destruction of insulation coatings on oil & gas pipes jointly with Intergas Central Asia JSC. They
developed a new design of the rocket gun, into which water is injected to form gas/steam mixture, as well
as solids (grits or sand), to increase the mechanical part of the spray [12].

Two-phase flow with a high velocity of solid particles will allow increasing the speed at which the
coating is destructed and further cleaning of the pipe surface for application of a new coating.

The reached rate of the flame cleaning is 10 m*h at the fuel consumption consumption rate, the fuel
consumption rate is 17-18 kg/h, the air consumption rate is 3.5 m’/min. Figure 5 presents the moment
when the pipe is cleaned with a thermal hand tool.

Wide opportunities are offered by using high temperature and high velocity gas sprays (gas-dynamic
metal-spraying gun) for application of thermal coatings, namely: the strength of adhesion of coating and
the surface is increased and the process gets cheaper as compared to the existing plasma and detonation

spraying.
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Figure 5 — Treatment of the pipe with a thermal hand-tool

There is some experience in creating a pilot installation for cleaning the gas pipelines that was
designed by VNIIGaz (Russia) jointly with Van Voskalen company (Netherlands) which proved the
viability of using supersonic thermal spray technologies in removing the insulation with simultaneous
preparation of the surface for application of new coating during the repair of gas pipelines of a bigger
diameter [13].

Metallurgical waste slag, sand, cast-iron breakage with up to 2mm fraction size as abrasive agents;
compressed air, liquid fuel, compressed methane or liquefied propane is used as fuel component.

The key task in the modern development of machinery is to improve durability and reliability of
assemblies and machine parts in metallurgical, chemical, oil & gas, mining, airspace, etc. industries by
reducing the intensity of wear-and-tear and corrosion and by applying the thermal spraying.

The most advanced techniques for application of gas-sprayed coatings include plasma and high
velocity gas flame processes [14-16].

Small-sized rocket guns with high energy capacity were first used at the ore-mining and processing
enterprises in the USA and the Soviet Union. With high temperature and speed of the gas flow, they
proved to be highly efficient in rock breaking, well drilling, surface treatment of granite chunks and
mining the slot cuts when mining for the granite chunks.

The flow pattern in the high velocity sprays and their parameters depend on the nozzle shape, the sort
of spray medium and ambient variables. According to the listed factors, it is a regular practice to group the
sprays into a number of types. Based on the spray medium, distinction is made among one-phase, two-
phase and three-phase sprays. Based on the nozzle shape, distinction is made among flat, axially-
symmetrical and 3D sprays. Based on the stagnation enthalpy or on the structure of stagnation enthalpy or
the structure of internal spray, distinction is made among low-temperature (internal energy of molecules
practically consists from the energy of translational and rotational degrees of freedom), high-temperature
(vibrational degrees of freedom are excited) and plasma (contribution of ionization energy is significant)
sprays.

Based on the off-design (n) which is equal to ratio of the nozzle cross-section pressure to the ambient
pressure, there are design (n=1), underexpanded (n>1) and overexpanded (n<1) sprays. Depending on the
direction of the ambient motion against the nozzle, distinction is made between sprays injected into the
submerged space; concurrent, counter and cross flows. Based on the tenuity, distinction is made between
dense sprays and low-density gas sprays. Finally, stationary and non-stationary sprays are distinguished [17].

A high velocity spray is a non-stationary, spatially non-homogenous unstable gas formation. The
gaseous environment resists the spray flow and the flow flexes warps and fluctuates. Impact and shock
waves observed in the initial gas-dynamic area of high velocity spray interact with each other and the
spray boundaries. When the impact waves interact in the spray itself, closed subsonic areas are formed in
the flows [18].
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The last decade has witnessed a rapid progress of high velocity techniques of application of powered
coatings under a common English term HVOF (High Velocity Oxy-Fuel) the Russian counterpart of
which is the HVGF (High Velocity Gas Flame). The sprayed materials — polymers, carbides and metals —
form high quality thermal-, wear- and corrosion-resistant coatings which can sustain the effects of impact
and chemically-active media and high thermal loads.

Alternatives are gas dynamic cold spraying (GDCS), detonation gun (D-gun) and plasma spraying
(PS) and supersonic quenching [19].

Table 2 shows that Intelli-Jet is the most advanced installation. It does not require oxygen as the
oxidizing agent or water cooling [20-21].

Table 2 — Hourly Consumption of Materials of Some Sonic Gas Flame Installations

Intelli-Jet JP -5000 DJ2700 Top Gun
Oxygen, m’® - 60 18 21
Compressed air, m3 300 - 23 -
Fuel Type Propylene Kerosene Propylene Propylene
Consumption, kg 30 21 17 16
Nitrogen, m* 0.96 1.2 1.08 1.02
Cooling water, m3 - 1 0.72 0.72

According to the review of manufacturers’ data [22, 23] (Table 3), Intelli-Jet provides the highest
velocity of particles and the maximum temperatures of these particles which are part of alloy matrix is by
100 degrees lower than the cobalt melting point. This features that make them different from other
installations lead to reduction in oxidation of particles and allow for improvement in the spraying rate.
Feedstock cost-effectiveness for Intelli-Jet means reducing 1.6-2.5 times the relative cost of coatings.

Table 3 — HVGF unit output parameters WG-10Co-Cr Sprayed material, (-45+10) mcm fractions

Intelli-Jet JP -5000 DJ2700 Top Gun
Average velocity of particles, m/s 775 665 570 420
Maximum temperatures of particles, K 1543 2078 2253 2573
Spraying rate, kg/h 26 12 9 2.1
Sprayed material utilization ratio, % 68 40 64 60
Spraying relative cost 1 2.5 1.6 1.7

The structure and mechanical properties of the coating depend on the temperature and the velocity of
sprayed particles at the moment of their contact with the backing [24].

Supersonic spraying technique is based on continuous combustion of ignitable gas in the oxygen,
while forming a supersonic spray on the gun outlet. Powdered material is introduced into the flow; it is
heated up and directed at a high speed to the treated part.

The process equipment for high-velocity gas flame spraying includes a high velocity gun, a container
for injected powder, control, an ignitable gas bottle and an oxygen bottle.

Coatings formed by high velocity gas flame spraying have strong adhesion, low porosity and signi-
ficantly increase the service life of equipment operated in the contact with aggressive media or affected by
intensive wear. They have the same or even better characteristics as the coatings sprayed with plasma
tools but they are 1.5-2 less expensive.

According to GOST 28076-89, thermal spraying is grouped as follows: gas flame spray, plasma
spray, plasma arc spray, high-frequency plasma spray, electric arc spray, detonation spray, controlled
environment plasma spraying, dynamic vacuum plasma spraying (DVS) and melt spraying. The said
GOST does not describe the supersonic spraying which has been dynamically developed for the last 10-15
years in industrially-developed countries by Cabot Corporation, Browning Engineering, Thermodyne
Corporation, Perkin-Elmer Corporation (USA), UTP Schweissmaterial GmbH (Germany) and others [25].
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The world’s best practice of producing gas thermal coatings at supersonic velocities of the particles is
called the High Velocity-Oxygen-Fuel or HVOF for short.

The Russian research institute for structural materials and processes (the Moscow State Technical
University after N.E. Bauman) has developed the equipment for supersonic gas-flame spraying of wear-
and corrosion-resistant coatings, reinforcement, repair and refurbishment of worn parts. A supersonic gas

spray generated with special gun is used for spraying the coatings [26].

The working process in gun is similar to that in the microthruster. Due to small dimensions, the
equipment can be used in field. The cost of the equipment is around ten times lower than that of foreign
stationary installations. The characteristics of the coatings comply with those achieved by the best state-
of-the-art plasma equipment at a lesser cost (by 1.5-2 times). The quality of the coatings is 2-3 times
higher than that of of standard flame-spraying. Propane/Methane is the fuel agent and oxygen is the
oxidizing agent. The velocity of the supersonic spray reaches 2,600 m/s, temperature is around 2,200 to
2,700°C. The porosity of coatings does not exceed 5% and their thickness is 0.1-5 mm. 3.5 kg gun is coo-
led down with running water; the ignition system is piezoelectric one.

The velocity of heated gas spray on the gun nozzle cross-section reaches 1,700 to 2,700 m/s, which
allows obtaining coatings with the adhesion strength of around 100 MPa and coating porosity of 0.5%,
which, in their characteristics, is close to coatings produced by detonation spraying. With the thickness of
supersonic thermal coating up to 0.3 mm, there is little porosity (according to the data provided by a

spraying laboratory of scientific production organisation Tularchermet) [27].
Alloys based on nickel, iron and cobalt, as well as metal carbide and self-fluxing alloys; nitrides of

silicone, aluminium, chromium, boron, etc. are used as powdered materials in the supersonic thermal

spraying.
The authors have designed a unit for application of thermal coatings applied with supersonic high-
temperature gun. The general view of the proposed unit for application of thermal coatings is schema-

tically represented in figure 6 [28].
Also, they have offered a gas-flame spraying of metal powders allowing for increase in strength of

adhesion of the spray to the base [29].
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Figure 6 — Unit for application of gas thermal coatings:
1 — combustion chamber, 2 — gas-jet gun, 3 — cylindrical top, 4 — three-channel adjuster, 5 — treated parts handler,
6 — gas-flame gun nozzle, 7 — lengthwise relative cross-section L, 8, 9 — holes, 10 — ring diffuser, 11 — workpiece

Figure 7 shows the described gas-flame spraying of metal powders.
Also, the pipes surface cleaning method and unit were designed to increase efficiency and to expand

technological capabilities of cleaning the pipes off the insulation cover [30].

Pipe surface cleaning includes formation of a resilient gas spray and delivering the kinetic energy
thereto. This energy is sufficient for destruction of strong materials. Cleaning is carried out consistently,
i.e. initially, by using a resilient steam/gas spray that is formed by adding a certain amount of water to a
high-speed, high-temperature gas spray. The volume of water determined based on the temperature of the
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Figure 7 — Schematic diagram of the unit for metal application of flame-sprayed metal powders:
1 — combustion chamber, 2 — heating/burning zone in the combustion chamber, 3 — main spray from the combustion chamber,
4 — feed of sprayed powder, 5 — feed (ejection) of oxidant (the ambient air), 6 — external spray,
7 — the set length of active zone of the main spray, 8 — the set length of the shock-wave formation,
9 — shock wave front (compression wave), 10 — spraying flow, 11 — base for coating formation

Figure 8 — Sand-blasting unit for cleaning of pipe surfaces:
1 — combustion chamber, 2 — internal contour, 3 — central supersonic nozzle, 4 — external contour,
5 — external nozzle, 6 — extension piece, 7, 10 — the set length, 8 — discharging zone, 9 — section,
11, 12 — channels, 13 — resilient gas/steam spray, 14 — another gas spray, 15 — coating on the treated pipe

Figure 9 - A fragment of introduction into the torch flame to form steam/gas mixture
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minimum adhesion of the covering to the pipe surface. Then further cleaning and processing are continued
with another gas spray formed by injecting an abrasive mix into the resilient jet.

Figure 8 shows a sand-blasting unit for cleaning the pipe surface.

Figure 9 shows a fragment of creation of torch steam/gas jets used for cleaning of a surface of gas
pipes and in processing and cutting the granite rocks.

3. Conclusions.

- the device of the machine equipped with a powerful thermodynamic working organ is developed,
which will allow to produce slotted workings, providing an even move of the machine, both in horizontal
and vertical directions;

- a review of the application of high-speed and high-temperature gas jets realized in various
technological processes (high-speed gas-flame spraying), i.e. a gas-thermal method of applying hardening
coatings to the surface;

- further development of gas-flame technologies will allow creating equipment for destruction of
insulating coatings of oil and gas pipes during their repair and surface preparation for application of new
coatings;

- the conducted experiments showed their expediency and economical efficiency for the destruction
of rocks in the course of slit workings.
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A. 3. ByKaeBal, E. K. HypblMOBl, B. B. HOBeTKl/IHl, A. B. Xangoxko’

'K. U. Carnaes aTbinnarsl Ka3ak YITTHIK TeXHHKAIBIK 3epTTey yHuBepcuTeTi, Kabeapa «Crannaprray,
cepTuduKaTTay KOHE MAalIMHA Kacay TEXHOJIOrus» Kadeapacel, Anmarsl, Kasaxcras,
BpSsIHCK MEMIICKETTIK TEXHUKAIIBIK YHHUBEPCHUTET], «MeTalKecKill CTAHOKTAp KOHE HHCTPYMEHTTEP» Kadeapacsl,
bpsHck, Poccust

TEXHOJIOT'USJIBIK ITPOLECTE )KOHE OHAIPICTE KOFAPBI
AbIBBICTBI TEPMOATBIH/IBI HTHCPYMEHTTEPIAI KOJIJAHYBIH 3EPTTEY

AHHOTanmsi. Makanazia Tac KeCKilll MeXaHWKaJIAH/IBIPBUIFaH arperaTThl )KYMbIC OpPTaHbl PeTiH/Ie >KaKCapThUI-
FaH DHEPreTUKAJbIK CHIAaTTaMajapbl Oap >koHe ONapAbl KoJaHyFa OOJNAThIH, Tac OJOKTapAbl OHAIPY JKOHE OHJIEY
Ke3iHJe Tay KBIHBICTApABI Oy3Y YILiH )KaHa TEPMOMHCTPYMEHT KOHCTPYKLUSCHIH XKacay CYpaKTapbl KapacThIPBUIFaH.
Conpaii-ak, MammHa OemmekTep OeTiHe Te3iMai KadaTThl XKaFy/a ra3 KalbHIBI IpolecTep KapacThpbirad. KyObip-
map OeTiH Ta3ayaya cepoimai ra3-0y aFbIHBI Ty YIIIH KaTThl OefmekTepaiH (abpa3uBTi HeMece Cy) arbIHBIH KYPTi-
3yze, MyHaii-ra3 KyObIpiap KalTaMachlH OKIIAyJIaFbIll llyJia XKOHE OoJIap/ibl NalanaHy, »KoFapsl IbIOBICTHI KOFaphl
TeMIIepaTypaJibl aFbIHABI KOJIJaHy asChl KEHEHTIIreH.

Tyiiin ce3aep: Tay XbIHBICTap, TEPMOMHCTPYMEHT, OCH3UH-ayallbl )KaHAPFBI, TAC KECKIIl MalllMHA, OThIH KOM-
noHeHTTepi (OEH3MH, KEPOCHH, aya), )KOFaphl AbIOBIC aFbIHbI, )KaHy KaMepachl, MyHaira3 KyObIpJiaphl.

A. 3. Bykaesa', E. K. Hypbivos', B. B. Iloerkun', A. B. Xannoxko’

'Ka3axcKuii HALMOHATBHBIN MCCIIE[OBATEIBCKHIT TEXHIUECKHUIA yausepcureT uM. K.J. Carnaesa, Kadenpa
«CrangapTu3aiys, cepTuHUKaLus U TEXHOJIOI sl MallIMHOCTPOeHUs», AnMaThl, KazaxcraH,
*BpsHCKHil rOCY1apCTBEHHBII TEXHHYECKHH YHHBEPCHTET,

Kadenpa «Meraopexyiiie CTaHKH 1 HHCTpYMEHTHI, bpsiHck, Poccust

UCCJIEJOBAHMSI IPUMEHEHMS CBEPX3BYKOBBIX TEPMOCTPYMHBIX MTHCTPYMEHTOB
B TEXHOJIO'HYECKHUX IMTPOLHECCAX U ITPOU3BOJACTBAX

AHHOTanusi. B cratbe paccMOTpeHbI BONPOCHI CO3/IaHKsI HOBBIX KOHCTPYKLIUI TEPMOMHCTPYMEHTOB JIsI pa3-
PYILIEHHS TOPHBIX MOPOX MpH 00paboTke M MOOBIYM OIOYHOTO KaMHS, 007aJaloIIMMH TOBBIIICHHBIMU YHEPTeTH-
YECKMMHU XapaKTEPUCTHKAMU U UX MPUMEHCHUS B KauecTBe pabouero opraHa, MEXaHW3WPOBAHHOI'O arperara Kam-
HEPe3HOM MaIluHBL. TakkKe PacCMOTPEHBbI I'a30IUIAMCHHBIC MPOIECCHI HAHECEHHSI W3HOCOCTOMKHUX MOKPBITHHA Ha
MOBEPXHOCTH JieTajield MaluH. PacmpenneM 00J1acTH IPUMEHEHHS CBEPX3BYKOBBIX BHICOKOTEMIIEPATYPHBIX CTPYH
SIBIIICTCS] IPUMCHEHUEM UX UIS CHATHUS M30JIALUOHHBIX MOKPBITHI HE(PTEra30BEIX TPYO, C BEACHUEM B CTPYIO TBEP-
JIBIX 9acTHIl (a0pa3WBHOTO MaTepHaia WM BOJBI) JJIS MOJMYUYCHUsS YIPYTOW Mapora3oBO CTPYH UL OYUCTKHU IO-
BEPXHOCTH TPYO.

KiioueBble cji0Ba: ropHas 1opoja, TEPMOUHCTPYMEHT, OCH30BO3yIIHAS TOpejKa, KaMHEepe3Has MalluHa,
TOIUIMBHBIE KOMITOHEHThI (OCH3MH, KEPOCHH, BO3IyX), CBEPX3BYKOBbIC CTPyH, Kamepa cropanusi, HedrerazoBbie
TPYOBI.

— 201 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaThby 171 MyONHUKAIMK B )KypHaIe CMOTPETh Ha caiTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://geolog-technical kz/index.php/kz/
Bepctka /. H. Kankabexogoii

IMoamucano B mewats 16.10.2017.
®dopmar 70x881/8. Bymara odcernas. [lewats — pusorpad.
18,9 m.n. Tupax 300. 3akas 5.

Hayuonanenas axaoemus nayx PK
050010, Anmamul, ya. [llesuenxo 28, m. 272-13-19, 272-13-18



