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RESEARCH ON INCREASING THE DURABILITY
OF PAINT COATINGS FOR AGRICULTURAL MACHINERY

The protection durability and effectiveness with paints and varnishes is largely
determined by the surface preparation quality before painting. The labor-intensive
work is surface preparing for applying paint and varnish coatings. The cost of
surface preparing for painting can amount to 30-50 % of the painting work’s total
cost, and in some cases even exceed the painting cost. Rust converters are becoming
increasingly recognized in the equipment’s anti-corrosion protection practice.
Their use makes it possible, in some cases, to simplify the technology of coloring,
reduce labor intensity, improve working conditions, prevent environmental pollution,
increase the durability of paint coatings and reduce their consumption. One of the
promising types of raw materials for the development of a new rust converter is
gossypol resin, which is a large-tonnage waste from the oil and fat industry. The
problem of increasing the reliability and durability of structures, equipment and
various equipment in the engineering industry has acquired particular relevance
at the present stage of production development. For this aim, we have developed
a rust converter composition based on gossypol resin. The subject of the study
was the regularity and change in the process of restoration and application using
a rust converter primer to increase the durability of metal structures of industrial
equipment in the machine-building industry and agricultural technology. Conducting
scientific research in the direction of expanding the range of rust converters to protect
equipment from corrosion is an urgent and practical task.

Keywords: gossypol resin, agricultural machinery, corrosion, rust converter,
coatings, environment.

Introduction

World development’smodern macroeconomic conditions dictate new rules and open
up broad horizons for the domestic agricultural industry’s development.

Metal consumption’slarge volumes and metal structures’ harsh operating conditions
of production equipment and agricultural machinery make the problem of increasing
equipment and machinery’sdurability one of the central problems that determine growth
rates and technical and economic efficiency.
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Agricultural machinery’s corrosion is a significant problem in mechanical
engineering. Metal and equipment parts are subject to destruction due to external
environment’s exposure, and the metal loses its strength. Agricultural machinery
operates in specific conditions — under the influence of unfavorable external factors,
snow, rain, wind, soil moisture, and is exposed to salts and other chemical compounds.
Anti-corrosion coatings for equipment are developed and applied taking into account the
influence of all negative external factors. According to the destruction type, corrosion
can be atmospheric, soil, or internal. Since the damage impact can be different, the
protection methods also differ. The necessary protection of equipment from corrosion
is selected for each equipment piece based on its specific functions and operating
conditions. The choice of method for protecting agricultural machinery from corrosion
is also influenced by economic efficiency.

Types of agricultural machinery’s protection from corrosion are: barrier protection,
which should provide a high degree of adhesion of paint or enamel to the surface; surface
passivation achieved by using phosphating enamels and primers, as well as compositions
with inhibitors that slow down or stop corrosion; protective materials containing various
fillers that are more resistant to corrosion than the protected surface [1-2].

There are various wear and tear problems of machinery and equipment in agriculture
that need to be addressed in order to extend their service life. Equipment used in
different applications is subject to different types of wear caused by different types of
materials under certain operating conditions. The economic feasibility of restoring parts
is determined primarily by the possibility of repeated and repeated use of worn parts.
Thus, there is an urgent need to find ways to increase the machine units’ post-repair life.

The problem relevance of the metals’ anti-corrosion protection is based on the need
to protect the environment, conserve natural resources, as well as the metal structures’
rational use and storage in production conditions. Corrosion studies are influenced by
resource-saving, technological and factors. It is estimated that annually 20—25 million
tons of metal are lost irretrievably due to corrosion [3]. Metal products protection
from corrosion can be carried out using non-metallic coatings, which protect the metal
from contact with moisture, serve as an insulating layer and ensure product’s attractive
appearance. There are several types of non-metallic coatings: paints, varnishes, polymers,
putties, rust converters, etc.

However, the most convenient to use is the «three in one» anti-corrosion enamel.
This anti-corrosion coating contains a rust converter, an anti-corrosion primer and a
protective coating.This composition can be applied directly to a surface covered with
rust, after removing loose rust before application. Rust converter is a universal anti-
corrosion coating for metal that can be used for both interior and exterior use.

Among the various options for anti-corrosion coatings for protecting agricultural
machinery from corrosion are rust converters developed on the basis of oil and fat
industry waste. The need to carry out this work is due to modern requirements for
solving the problem of finding accessible raw materials to obtain effective and cheap rust
converters to protect production equipment and agricultural machinery from corrosion
in aggressive environments. Therefore, improving the technology and equipment for
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applying and restoring paint and varnish coatings to protect against corrosion during
the repair of production equipment and agricultural machinery is currently an urgent
task in the repair industry.

Materials and methods

A method for a general quantitative assessment of a rust converter based on gossypol
resin and a rust converter in combination with paint and varnish coating of industrial
equipment’s metal structures, machine parts and agricultural machinery, consisting of
individual indicators’ assessments describing different coatings’ properties is proposed
in this article. Thus, when choosing a test program, the same quality indicator is assessed
using different methods. The applicability of this approach is due to the fact that the
same types of damage can be a consequence of different causes and operating conditions.
Various methods were used to study the protective properties of a rust converter in
combination with paint and varnish coatings in accordance with GOST [4,5,13], namely:
determination of coating adhesion - coating adhesion was determined in accordance
with the international standard ISO 2409:2013, by the method of transverse coating
cuts using the Elcometer 107 adhesion tester; determination of the coating roughness
— the coating roughness was determined on a Mitutoyo Surftest SJ-310 profilometer
by scanning using a probe with a diamond tip in accordance with the standard for
determining roughness parameters ISO 2632-1-85, 1SO2632-2-85 and GOST 9378-
93. Roughness is surface’s main geometric characteristics and significantly affects
not only the coatings’appearance, but also their wear resistance, corrosion resistance,
antifriction properties and others; determination of the coating surface’s morphology
and topography — the study of the coatings surface’s morphology and topography was
carried out using a metallographic aggregate microscope of EC METAM RV-21/22
series, designed for metals microstructure’svisual examination, alloys and other opaque
objects in reflected light under direct illumination in light and dark field, as well as for
studying objects in polarized light and the differential interference contrast method; heat
resistance determination — the ISO 3248 standard uses an empirical method to describe
the assessment of the paint and varnish coatings’resistance under the gradual increase
in temperature condition. This standard is used for paint and varnish materials intended
for application to car parts, household heating radiators, and other products subject to
heating under operating conditions;

We used various methods to study the rust converter’s protective properties based
on gossypol resin in accordance with GOST, namely: determination of the gel fraction
(dry residue) depending on the curing time in accordance with GOST 31939 - 2012 (ISO
3251:2008); coatings’ physical and mechanical properties in accordance with GOST;
coatings’ chemical resistance in accordance with GOST 9.401-2018 in aqueous, acidic
and alkaline environments, etc.

Results and discussions

Laboratory and field experiments were carried out using rust converters based on
gossypol resin and rust converter in combination with paint materials used in engineering
industry for painting metal structures of production equipment to confirm and test
theoretical foundations proposed in this work [6].
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Two types of coatings were studied: rust converters based on gossypol resin and
rust converter in combination with paint materials. The experiment made it possible to
formulate and substantiate recommendations on technology improvement for applying
rust converter in the production and repair of engineering equipment. Due to ever-
increasing rate in all industries, the number of production equipment and agricultural
machinery operating in aggressive environments is increasing. Study the durability of
mechanical engineering equipment exposed to aggressive environments is one of the
main tasks. It is necessary to take measures to reduce or eliminate aggressive effects on
structures to increase the durability of machine parts. Required durability of machine
parts in the presence of aggressive influences can be ensured by using various protective
coatings, which are divided into main types: paint, primer, filler, rust converter, etc. [7,8].
One of the main tasks is studying the durability of mechanical engineering equipment
exposed to aggressive environments.

However, the durability and effectiveness of protection with paint materials is largely
determined by the surface preparation quality before painting. Preparing the surface
for applying paint coatings is labor-intensive work. The cost of surface preparation for
painting can amount to 30-50 % of the total cost of painting work, and in some cases
even exceed painting cost. In the practice of anti-corrosion protection of equipment, rust
converters are becoming increasingly recognized. Their use allows to simplify painting
technology, reduce labor intensity, improve working conditions, prevent environmental
pollution, increase durability of paint coatings, and reduce the consumption of paint
materials in some cases. Although the industry produces a relatively limited range of
rust converters, the availability of raw materials makes it possible to increase production
capacity of rust converters. In the process of production of cottonseed oil and fatty
acids, depending on the technology and methods of allocate production capacity of
rust converters.

One of the promising types of raw materials for the development of new rust
converter is gossypol resin and soap stock, which is a large-scale waste of oil and fat
industry [9,10]. Theoretical basis of creating rust converter based on gossypol resin is its
ability to form complex compounds with metals and in particular, with iron oxides and
its compounds. We studied rust system in combination with rust converter. The effect
of rust converter on the phase composition of corrosion products was determined by
X-ray diffraction analysis. Phase composition of rust was determined using a DRON-
3 diffractometer. X-ray images taken from these surfaces were interpreted only for
substances that produce rust.

The following modifications of iron hydroxides and oxides, the structure of which
corresponds to minerals, were identified: y- FEOOH — lepidocrocite; o -Fe O, —hematite;
a-FeOOH — goethite; Fe,O, — magnetite. From X-ray diffraction analysis it follows that
when rust converter based on gossypol resin interacts, protective zone is formed that
prevents development of corrosion process. Rust converter based on gossypol resin is
interesting and promising in that it is a means of protection through integrated using of
raw materials and by-products on rusty surface of machinery and agricultural machinery.
The use of rust converters makes by 1.5-3.0 times compared to manual cleaning and

9



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

painting directly on rusty surface, reduce labor intensity by 25-30% and improve sanitary
and hygienic conditions of surface preparation work [11].

Further, protective properties of complex systems of chemical-resistant paint
coatings in combination with developed rust converter based on gossypol resin were
studied in various aggressive environments. Adhesive strength depends on structural
features and chemical properties of paint coating. Tests were carried out in laboratory
conditions at room temperature. Studies of chemical resistance of rust converter in
various aggressive environments in accordance with GOST were carried out over long
periods. The quality of coatings and their anti-corrosion properties were assessed using
a four-point system, taking into account swilling. The results of chemical resistance
of coatings based on rust converter (RC) and rust converter in combination with paint
coatings are presented in Table 1. The obtained data suggest that corrosion resistance
of coatings generally remained at a good level [12,14].

Table 1 — Chemical resistance of coatings based on RC and RC +CR-068

Coatings based on rust converter and rust converter in combination with paint coatings CB-068
aggressive substance concentration, % testing time, days CT resistance rating,
point
H,0 dist. 500 1
NaCI 3 210 1
NaOH 10 140 1
NaOH 20 120 1
H,SO, 10 180 1-2
H,SO, 25 140 1-2

The study of water absorption of coating films with a thickness of 80 microns was
carried out in distilled water at 20 °C in accordance with GOST. At the same time, the
water absorption of rust converter system in combination with paint materials was studied
on corroded surface (St. 3), covered with a uniform layer of corrosion products 3545
microns thick, obtained as a result of exposing samples during 3 months. Corrosion
products contain y- FeOOH (85 %) and Fe O, (15 %), depending, other things being
equal, on the influence of the corrosion rate on the adhesion interaction with substrate.
The density of the resulting film shows that equilibrium absorption value characterizes
the properties of rust converter on corroded surface to a large extent. Corrosion tests
of samples were carried out in an ASCOTT Premium S120 iP salt fog chamber in
accordance with GOST 9.401-91 and international standard ISO 9227, ASTM B117.
Samples with applied RC were tested. The results of accelerated tests of coatings using
rust converter (RC) are shown in Table 2.

As practice shows the following indicators must be monitored: complete drying,
touch drying and dust drying in the mechanical engineering industry, in the production
of transport vehicles and agricultural machinery, during the curing process of the rust
converter in combination with paint coating. The influence of curing temperature, the
nature of the solvent and molecular weight on internal stresses, as well as the relaxation
of internal stresses during storage of coatings was studied.

10
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Table 2 — Results of accelerated tests of coatings using rust converter

Name of rust | Salt fog chamber, hour. Water, hour 3% NaCL solution, hour.
converter Beginning  of | End of | Beginning of | End of Beginning of | End of
destruction destruction destruction destruction destruction destruction
Rust converter | 260, notch | 1300, 2400, without |t e s t i n g|1200, Isource|2200, Isource
based on | corrosion corrosion changes continues of small | of small
gossypol resin from notch up bubbles bubbles
to 1.5mm

Curve changes in internal stresses formed in the coating of rust converter based
on gossypol resin during its formation (RC + CB-068 in a solvent mixture) are shown
in Figure 1.

Figure 1 — Change of internal stresses in coatings based on
RC + CR-068 + PEPA, cured at 20°C

The internal stresses in this coating reached constant value of 7 MPa after 6-10
hours of curing at 20 °C and subsequently remained unchanged.

Establishment of analytical dependence between thickness of coating, stresses
arising in the substrate, and internal stresses in coating is necessary for purpose
of quantitatively studying internal stresses of rust converters in combination
with paint materials.

Surface roughness based on rust converter and rust converter in combination with
paint coatings was studied.

Roughness is one of main geometric characteristics of the surface and significantly
affects not only the appearance of coatings, but also their wear resistance, corrosion
resistance, antifriction properties, and others. The results are shown in Table 3
and Figure 2.

Roughness of paint coatings (roughness grade 10, microns). Measurements showed
that paint coatings based on RC + CR-068 have lower roughness, corresponding to
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roughness grade 10 according to GOST 2789-73. Coatings based on RC + CR -068-
PEPA have roughness grade 9. Preliminary phosphating has virtually no effect on the
roughness of the paint coatings.

Table 3 — Surface roughness based on rust converter and rust converter
in combination with paint coatings

Coatings Ra Rq Rz Rp Rv Roughness
grade

RC (without coatings) 0,084 0,111 0,749 0,356 0,393 10
RC +CR-068 0,088 0,121 0,704 0,226 0,478 10
+PEPA
RC +CR - 0,080 0,103 0,467 0,287 0,180 9
068+ PEPA
with phosphated
sublayer

Figure 2 — Surface roughness based on rust converter and rust converter
in combination with paint materials

From experimental studies it is obvious that physical, mechanical and protective
properties of rust converter based on gossypol resin in combination with paintmaterials
can be used to prepare corroded surfaces of metal structures of industrial equipment
and agricultural machinery for painting to convert corrosion products to chemically
resistant, water-insoluble compounds, firmly bonded to the metal surface.

Conclusion

12
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1 Fundamentally new anti-corrosion material was developed based on products
and industrial waste from local production. Rust converter based on gossypol resin is
able to independently protect corroded steel from atmospheric corrosion, or serve as a
primer layer for further painting using traditional painting materials.

2 The possibility of using developed composition to protect parts (assemblies) of
machines and equipment from corrosion was established. Carrying out accelerated tests
of paint coatings applied to painted surfaces of equipment made it possible to quickly
quantify the coating’s quality, taking into account the influence of external operational
factors that determine the protective ability of paint coatings, as well as the durability
and reliability of painted equipment.

3 Physical, mechanical and protective properties of the developed rust converter
in combination with painting materials can be used to prepare corroded surfaces of
agricultural machinery for painting to convert corrosion products into chemically
resistant water-insoluble compounds firmly bonded to the metal surface. The developed
composition of the rust converter has positive properties, which is confirmed by
test reports from M. Auezov SKU (in laboratory and industrial conditions), LLP
«KARDANVALy, LLP «kKARLSKRONA LC/AB».
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AYDBLJI HTAPY AIIBUIBIFBI TEXHUKACBIHBIH JIAK-BOAY
KABBIHIAPBIMEH BEPIKTII'TH APTTBIPY/IbI 3BEPTTEY

Jlax - 6osy mamepuandapmen Kopeayovly Oepikmici MeH muimoiniei
Kebinece 6osydan Oypvin Oemmi OaUbIHOAY CANACLIMEH aHbIKManaowsl. Jlax-
bosty dlcabvinOapuln dcazyea bemmi OaibiHOAy-eyOeKKop acymvic. bemmi 6osyea
0aubIHOAY WbIZLIHOAPbL 005LY HCYMBICMAPbIHBIY Jicainsl KyHbinbliH 30—-50 % Kypaywsi
MYMKIH, an Keubip cazoaunrapoa minmi 6005y KYHbIHAH ACbIN Kemyi MYMKiH.
Texuuxamnvl Kopposusza Kapcvl Kopaay mooicipubecinde mom myprendipeiumepi
bapaan cativin manviman 6ona bacmaowsl. Onapovl natidarany Keubip srcazoaurapoa
0051y MEXHONO2UACVIH Jceniioemyae, eOeK CbliblMObLIbIeblH MoMeHOemy2e, eHOeK
AHCAOAUBIH JicaKcapmyead, Kopulazaw Opmanvly JIACMAaHyblH 0010vipmayea, 60sy
HCAOLIHOAPLIHLIY OePIKMI2IH apmmulpyea JHcoHe OapOblH WbISbIHbIH A3alimyad
MYMKIHOIK Oepedi. Tommuly dcana mypieHOIpeiuin Jcacay YwiH wWuKizammoly
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nepCcneKxmusanbl mypiepiniy 0ipi—oy ipi MOHHANLIK MAU OHEPKOCIOIHIY KATOLIKMApbl
OobIn MadLLIAMBIH 20CCURONObL WUATILID.

Mawuna oicacay onepkocibinOeci KOHCMPYKYUSAAPOLIH, JHCADOLIKMAp MeH
Mypi MEeXHUKauvly CeHiMOiniei men Oepikmicin apmmulpy Mmoceneci oHOIpicmi
damulmyovly Kaszipei KezeninOe epexute o3ekminikke ue 60advl. Ocvl maxcamma
013 20ccunonobl Walblpsl He2izinoe mom MmypreHOIPSIWIHIK KYyPAMbIH HCACAOBIK.
3epmmey noui ayvliuapyauiblivlk, MEeXHUKACLIHbIY MAWUHA JCACAY CANACLIHOA2b
OHOIPICMIK HCADOLIKMAPOLIY MEMAILL KOHCMPYKYUSIAPbIHbIY Oepikmicin apmmulpy
Ywin mom mypaeHOIpeiuin KOLOAHA OMbIpbin, KAMNbIHA KeAMmipy JHCOHe KOJLOAHY
npoyeciniy 3ayOvLIblebl MeH o032epyi 6010vl. TexHuKawvl Koppo3usoan Kopaay
Ywin mom mypreHoipeiumepiniy accCopmuMenmin Kenetimy 0azblmviHOa 2biiblMU-
3epmmey HCYMbICIAPBIH JHCYPII3y O3eKMi HCoHe NPAKMUKATLIK MiHOem 60.1bin
maowiiaowl.

Kinmmi ce3dep: 2occunon wiativlpsl, aybliuapyauibliblK MeXHUKACL, KOPPO3us,
mom mypaeHOIpeiui, HcabvlHoap, opma.

. A. A63anosad’, *3. A. Hopazumosad', /. C. Moip3anues’,
M. A. Anemyxanoé’, C. K. Mamekosa’
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NCCJEJOBAHUE NOBBINIEHUS JOJITOBEYHOCTH
JJAKOKPACOYHBIMU IOKPBITUSIMUA
CEJIbCKOXO3SIMMCTBEHHOM TEXHUKH

Loneoseunocms u 3¢pghexmusHocms 3auumol 1AKOKPACOUHBIMU MATNEPUATAMU 8
SHAYUMENLHOL CMEeNeHU ONpPeOensiencs KaueCmaom no020moeKY NOBEPXHOCMU nepeo
oxpackoi. Ilodzomogka nosepxHocmu K HAHECeHUuro IAKOKPACOYHLIX NOKPLIMULL
aeusemess  mpyooémKol  pabomou. 3ampamsl HA NOO2OMOBKY HOBEPXHOCHU
K okpacke mocym cocmasumv 30-50 % obweill cmoumocmu OKPACOYHBIX
pabom, a 6 psade ciyyaes 0adice NPeEGbiCUMb CMOUMOCMb OKpacku. B nmpaxmuxe
NPOMUBOKOPPOIUOHHOU 3AWUMbl MEXHUKU 6Ce Oobliee NPUHAHUE NOLYUAIOm
npeobpazosamenu pocasguunvl. Hx ucnoavsosanue no3gonsem 8 psaoe cCiyiaes
VAPOCMUMb  MEXHOL02UI0 OKPAWUBAHUSL, CHU3UMbL MPYOOEMKOCIb, YAVHUUMD
yenosue mpyoa, npe0omepamums 3azpasHenue oxpyscaiowel cpedvl, nOGbICUMD
0071208€4HOCTY TAKOKPACOUHBIMU HOKPLIMUAMU U YMEHbUUUMb UX pacxod. OOHUM u3
NEePCReKMUBHBIX BUOO8 ChIPbL 0TI pa3paboOmKu HOB020 NPEOOPA308AMENS PHCAGUUHDI
SA6TALETNCSA 20CCUNONI0BASL CMOA, SGNAIOWAAC KPYNHOMOHHANCHBIM OMX000M MACTO-
AHCUPOBOLL NPOMBIULIEHHOCTIU.

Ilpobnema nosviuenuss HAOEHCHOCMU U O0JCOBEYHOCMU  KOHCMPYKYuUL,
000py008anUs U PA3TUYHON MEXHUKU 8 MAUUHOCTHPOUTNENbHOU NPOMBIULTIEHHOCHU
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npuobpena  0cobyl0  AKMYAIbHOCMb HA  COBPEMEHHOM  dmane  pa3gumus
npoussoocmea. C 2moil yeivlo HAMU paspaboman cocmasnpeobpazogamens
PIICABUUHbl  HA OCHOBE 20CCU—N0N080U cmonvl. IIpedmemom uccredosanus
ABNANACL 3AKOHOMEPHOCTY U USMEHEHUe Npoyecca 80CCMAHOBNIeHUs U HAHeCeHUs
C NpuMeHeHueM  cPYHma-npeoopazoeamens  piucaguUuHvl 0N YEeaudenus
001208eYHOCIU  MEMALIOKOHCMPYKYUU — NPOU3BOOCMBEHHO20  000pY008anUs
MAWUHOCMPOUMENbHOL  OMPACAU U CeAbCKOXO3AUCMBEHHOU — MeXHUKU.
Ilpogedenue HayuHO-UCCIE008AMENLCKUX pAOOM 6 HANPAGIEHUUU PACUIUPEHUS
accopmumenmanpeodpazosameneii paicaguunsl 0Jis 3auumsl MEXHUKU 0T KOPPO3UU
AGAAEMCS AKMYATbHOU U NPAKMUYECKOU 3a0ayell.

Kniouesvie cnoga: eoccunonosas cmona, cerbCKOXO3AUCMBEHHAS MEXHUKA,
KOppo3usi, npeobpas0eamensd picagyunbvl, NOKpbimisl, cpeod.
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RESULTS OF DYNAMIC MODELING AND EXPERIMENTAL
STUDIES OF THE PLASMA MACHINE DRIVE

The aim of this research was to enhance the efficiency of the plasma cutting
machine by optimizing the drive’s technological parameters. During the cutting
process using the «Karplazy plasma machine at «Classic-By company, some
inaccuracies were identified. In order to improve the machine, the design and
features of its parts and assemblies were thoroughly investigated. The results of the
conducted literary and experimental analysis showed that the formation of deburring
is influenced by the cutting speed of the machine. The drive was calculated and the
kinematic pair «gear-rack» was replaced.

To avoid the need for expensive field experiments to determine the optimal
technological parameters, the Autodesk Inventor Professional 11 software package,
which includes a dynamic simulation module, was utilized. This software package
allowed for the modeling of toothed pairs with different parameters (modulus
m=4 mm, m=2.5 mm). With high accuracy (60c), the software calculated the speeds,
accelerations, and the number of contacts that occur in a gear-rail pair during
movement. This level of accuracy is crucial for the operation of a plasma cutting
machine. Furthermore, the software enabled an evaluation of the efficiency of the
upgraded plasma machine design and provided the capability to make necessary
adjustments to ensure high cutting quality.

Based on the results obtained from dynamic modeling, a full-scale experiment
was conducted to validate the correctness of the technical decisions made.

Keywords: dynamic modeling, modernization, plasma cutting machine, burr,
drive, gear wheel — rack.

Introduction

Due to the cutting accuracy of 0.001 mm, positioning 0.01 mm, CNC plasma
machines have found wide application in industry for cutting precise shapes in
steel sheets with a thickness of 0.1 mm to 100 mm, dimensions 1500x6000 mm,
2000x12000 mm.

Classic-B LLP successfully uses a plasma cutting machine «KarPLAZ» of its own
design, which consists of a power source, a device for supplying gas (argon), a plasma
distributor, a distribution system, a horizontal beam on the X axis, longitudinal rail
guides on the Y axis, an electric height regulator on the Z axis, toothed racks and cutter
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(Figure 1). Guides and drives are part of the reproducing system. It is responsible for
moving the cutter when performing work operations. Classic-B LLP successfully uses
a plasma cutting machine «KarPLAZ» of its own design (Fig.1).

Figure 1 - Assembly of the plasma cutting machine «KarPLAZ»

The machine consists of the following main elements (Fig.2): a power source for
generating an electric arc and plasma flow; 1, 2 - portal system, guides, which move
the cutter 3, as well as a special drive; 4 -a plasmatron, a device responsible for plasma
generation; 5 coordinate table, for the placement of sheet metal, which is further subjected
to cutting; CNC (computer numerical control) system, where drawings and programs
are created and loaded, according to which the plasma cutting assembly functions.

Figure 2 — The main elements of plasma cutting «KarPLAZ»

The working principle of the machine is as follows: the workpieces are placed on
the coordinate table, the machine is adjusted and the processing program is launched.
In accordance with the trajectory set by the program, the plasma head cuts out shapes.
The cutting speed (movement of the working member along the rail guides) is carried
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out by means of a special drive: toothed wheel — a rack. When cutting on the KarPLAZ
machine, inaccuracies are observed (Fig. 3) and burr formation (Fig. 3, b, c¢). Burr is
ca cooled metal or metal oxide that has adhered to the bottom edge while working on a
plasma cutting machine. Burr can appear at inappropriate cutting speeds if the cutting
speed is too high or too low [1].

c)

Figure 3 — Inaccuracies in plasma cutting machine «KarPLAZ»:
a) The cut end point does not coincide with the cut start point;
b) burr formation when cutting from a circle;
¢) burr formation from a rectangular cut

To determine the cause of the inaccuracy, we study the statistical data of the
enterprise for the period January-May 2023 (Table 1), the total amount of work
performed is shown in Table 2.
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Table 1 — Percentage ratio of usable parts from the total amount of work performed on
the plasma machine «KarPLAZ» in «Classic-B» LLP

Percentage of precisely cut mold parts, %

4':5 rectangular circular triangular shaped

]

=
1 92.3 91 88.1 86.4
2 88.3 89.3 85.8 83.2
3 85.4 87.7 84.7 79.4
4 83.2 83.1 81.4 76.7
5 82.2 76.8 78.4 72.7

Table 2 — The volume of work performed on the plasma machine «KarPLAZ»
in «Classic-B» LLP

Number of parts when cutting mold, pcs
£
g rectangular circular triangular shaped
=
1 10500 10800 9500 9000
2 10500 10800 9500 9000
3 10500 10800 9500 9000
10500 10800 9500 9000
5 10500 10800 9500 9000

On the basis of statistical data, we conclude that accuracy is not ensured when cutting
shapes. To solve these problems, we conduct a review of theoretical and experimental
studies.

In this paper [2], the authors conducted a comprehensive review of developments
in the field of plasma cutting for steel alloys. There are many cutting problems, such
as electrode erosion, metal oxide, tilt angle, double arc, surface properties, and thermal
effects. It has been observed that the feed rate and the roughness of the edge have
a significant impact on the processing characteristics. To study AISI 304 stainless
steel by plasma arc cutting, an experiment was conducted taking into account three
process parameters and three levels of factors for each parameter [3]. The process
input parameters are gas pressure, moving speed, and material thickness. A full-factor
experiment consisting of 27 experiments is set. After conducting the experiments,
recommendations were given for high-quality cutting of stainless steel at travel speeds
of 1.6 to 4.7 m/min.

Experimental studies of plasma cutting on steel sheet samples with a thickness of
15 mm for cutting 17 shaped parts have shown [4] that a too-high speed negatively
affects both the workpiece and the tool and leads to indiscriminate spark dispersion with
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the incomplete cutting of the metal; the appearance of an inclined strip on the surface
and solution stains on the cut from below. Low speed contributes to the appearance of
the cut unevenness and its melting, leads to burr formation, and reduces the process’s
efficiency. The optimum speed is set — from 25 to 55 m/min with a thickness of 15 mm
of carbon steel.

With the help of planning experiments, the quality of the surface during CNC
plasma cutting of mild steel sheets with a thickness of 10 mm is assessed [5]. The input
parameters are cutting speed, cutting height, and arc voltage. The analysis of average
values (ANOM) and the analysis of deviations (ANOVA) showed a significant effect
of cutting speed on surface quality. The deviation of the other parameters is low, so
they can be neglected.

Mathematical modeling of the effect of cutting speed, gas pressure, and voltage
on the cutting characteristics during the processing of steel alloys [6] showed direct
dependencies of cutting accuracy on cutting speed. The obtained cuts were investigated
and their macroscopic and microscopic parameters were evaluated.

Optimization of plasma-arc cutting parameters such as cutting speed, arc current,
and distance between burners when processing a 12 mm thick sheet of mild steel is
considered in the work [7]. All data are analyzed using the orthogonal matrix «Taguchi’s
L9». The results of the experiment showed that in order to obtain a maximum steel
cutting speed of 12 mm, the cutting arc current should be 65 A, the cutting speed is
2000 mm/min and the retraction distance should be 2.0 mm.

The results of the experimental studies have shown that the speed of the working
member, surface roughness, plasma gas pressure, gas composition, cutting current, arc
voltage, and cutting speed are the main parameters affecting the cutting quality; at the
same time, the speed of movement of the working member significantly affects the
cutting quality.

Scientific results and discussion

Having familiarized myself with the design of the machine manufactured by the
employees of Classic-B LLP: to perform cutting, the cutter adjusts to the desired height
using an electric height controller. The regulator itself is mounted on a beam along which
horizontal movement is performed. With the help of toothed racks, (Fig.4) mounted on
longitudinal rail guides, vertical movement along the Y-axis is performed. The rack
and pinion mechanism is used to convert rotational motion into translational. Rack and
pinion mechanism parameters: module m =4 mm, length 11 = 500 mm, width b =22
mm, pitch s = 12.5 mm, number of teeth z = 40.
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Figure 4 — Toothed rack of the plasma machine «KarPLAZ»

The kinematic pair «toothed wheel-rack» has an important feature: the unevenness
of the gear ratio, due to the large influence of gear-tooth system errors on the speed of
the rack movement. It is especially difficult to ensure the uniformity of slow movements
in the feed drive of high-precision machines, such as plasma cutting machines, with a
pair of»toothed wheel-rack» [8].

One of the important indicators of the geared transmission is the module. The
module is the main indicator of the gear-tooth system, linking together the most important
transmission parameters, such as pitch, height, number of teeth, the diameter of the
circumference of the teeth protrusions, etc. A decrease in the module and a corresponding
increase in the number of the pair teeth helps to reduce the specific slip, which increases
the efficiency and reliability of the transmission against jamming [8].

The module in the « toothed wheel-rack « pair is connected with such a parameter
as pitch. The change of the pitch step affects the smooth running. The smaller the stroke
value, the smoother the linecar motion is [8].

In the plasma machine «KarPLAZy, the module of the toothed rack is m =4 mm.
By the formula (1) we calculate the pitch of the toothed rack:

Pn =T "My

(1)
p, =3,14-4 = 12,56

To ensure smooth running, we select a toothed rack from the standard row with a
module m = 2.5 mm, a small pitch s = 7.85 mm, length 11 = 1000 mm, width b = 25
mm, number of teeth z = 128 [8], calculate the step:

p,=3,14-25=7,85 )

The design of the machine was changed by replacing the pair «toothed wheel - rack»
with the module m =4 mm per pair with the module m = 2.5 mm.
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In order to determine the correctness of the decisions made, we simulate a toothed
pair using the Autodesk Inventor Professional 11 software package containing the
Dynamic Simulation module [9, 10] and analyze the work to identify how effectively
the upgraded design of the plasma machine will function in real conditions and take, if
necessary, corrective actions to ensure the cutting quality.

The purpose is to build a simulation model of the toothed pair, which will allow
a deeper understanding of the working conditions, analyze the main parameters of the
toothed pair that affect the smooth motion of the plasma machine «KarPLAZ» working
member and evaluate measures aimed at improving the accuracy of cutting quality. The
simulation parameters are given in Table 3.

Table 3 — Initial data for dynamic modeling

Name of parameters, units of | Identification Basic version The proposed version
measurement code Rack Toothed Rack Toothed
wheel wheel
Module m 4 4 2,5 2,5
Length, mm / 500 - 1000 -
Width, mm b 22 22 25 25
Outer diameter, mm d - 60 - 65
Dividing diameter, mm d 52 - 60
Diameter of landing hole, D 14 - 14
mm
Number of teeth, qty z 40 13 128 24
Angle at pitch diameter, burr o 20

The model is created using graphical tools that allow you to create a model, import
it, link and merge models from the library of basic standard models, and components,
and include the basic elements of computer-aided design. Existing components can be
copied or exported for reuse in the future. We create models of gears and racks with
modules m =4 mm, m = 2.5 mm.

Obtaining and analyzing simulation results

We check the constructed model for adequacy and assess the kinematic working
conditions of the working element, i.e. the correctness of functioning. Use the Output
Grapher window to construct diagrams describing the mechanism. By clicking twice
on the section of the graph of interest, we can see the corresponding parameters (for
example, the maximum values of speeds) (Fig.5), then exit the simulation by clicking
the “Finish dynamic modeling” button and save the assembly.
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Figure 5 — Results of dynamic simulation

In the graph of the acceleration and speed dependence, we determine the movement
of the mechanism links by the trajectories of individual points, denoting them with
Arabic numerals 1, 2, 3, etc. The entire area of dependence is conditionally divided into
three zones, denoting them with Roman numerals I - acceleration, II — steady motion,
and III — braking. The data is entered in the table (Table 4, Table 5).

a) Results of dynamic simulation with a module m=2.5mm
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Table 4 — Speed-time graph data

b) Results of dynamic simulation with a module m=2.5mm

¢) With a module m=2.5mm: V, a, t

d) With a module m=4 mm: V, a, t

Figure 5 — Results of dynamic simulation

Module, mm Points Time, s Speed, mm/s Zone
4 1 0 0
2 5 180 I
3 10 270
4 14 300 I
5 50 300
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6 55 180
7 60 0 t
1 0 0
2 5 200 I
3 10 325
25 4 50 325 11
5 55 200
6 60 0 -
Table 5 — Acceleration versus time plot data
Module, mm Points Time, s Speed, mm/s Zone
1 0 48
2 5 48
3 5 45 I
A 4 10 45
5 10 43
6 15 43
7 15 0 11
8 50 0 11
1 0 50 I
2 5 50
3 5 48
2,5 4 10 48
5 10 0 I
6 50 0
7 60 48 1

During the start-up period (I-zone), the movement of the links, which is unsteady,
is accelerated. In the period (II -zone) of steady motion, i.e. the speed of the links at
the final and initial moments of the cycle are equal, and all the work of the moving
forces is spent on overcoming the resistance. During the stopping period (I1I-zone), the
movement continues for some time (10s.), due to the accumulation of kinetic energy
absorbed by the motion resistance.

The designed transmission with a module m = 2.5 mm accelerates within 5 seconds
reaching a value of 50 mm / s, while the speed is 200 mm /s, which significantly affects
the operation of the mechanism. The number of contacts along the entire length of the
tooth (Fig. 6, 7) increases, thereby ensuring smooth movement of the mechanism without
jerks. The wear resistance of the transmission has been increased since the slides are
reduced compared to the transmission with the module m = 4mm (the values v1, and
v2 have significantly decreased).

Rack and pinion modeling using the Autodesk Inventor Professional 11 software
package allows us to accurately analyze important parameters, such as speed,
acceleration, and number of contacts to the smallest detail (up to 60s.).
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Figure 6 — The number of contacts along the length of the tooth at m=4 mm

Figure 7 — The number of contacts along the length of the tooth at m = 2.5 mm

Using a virtual prototype and analyzing the operation of the drive, we decide to
make changes to the design of the machine by replacing gear pairs with a 4 mm module
with a 2.5 mm module.

Full-scale tests were carried out, during which batches of sheets N = 5 pieces were
cut out, made of 40 steel, with a thickness of 5 mm. A rectilinear cut of a part with a size
0t 400x600 mm (n = 10 pcs) was performed, as well as a shaped cut (n=50 pcs) (Fig.8).
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Figure 8 — Tests of the upgraded machine:
a) measurement of parallelism between the metal plate and the edge of the table;
b) determination of the starting point; c) cutting;
d - e) the cutting process;
f) the finished cutting process;
g - h) the cut-out profiles of parts

Full-scale tests have shown that the upgraded design of the «KarPLAZ» machine
with a module m =2.5mm at a speed V =5 m/min when cutting structural steel with a
thickness of 5 mm serves the needs of Classic-B LLP, provides accurate cutting of the
figure, high contour accuracy at sharp corners and edges, narrow tolerance of surface
irregularities cutting, the possibility of making holes with a diameter of 10mm and
25mm.

Conclusion

As aresult of the conducted research on plasma cutting by the «KarPLAZ» machine,
inaccurately cut parts were revealed.
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In the study of the machine design and statistical data, the shortcomings of the
existing structures were revealed.

Based on the analysis of the machine mechanism designs, a node affecting the
cutting quality has been identified.

With the help of dynamic modeling with high accuracy, the rack and pinion
parameters, which affect the cutting quality, have been evaluated.

The design of the drive node has been improved by optimizing the gear tooth system
parameters.

The result of a full-scale experiment confirmed the convergence of the computer
dynamic modeling results and the design and technological solutions adopted during
the research.

Full-scale testing of the upgraded plasma machine ensures cutting accuracy and
reduces the scrap rate to 5 %.

REFERENCES

1 Hapexwusiii maptep. Hagexxnas 3amura : uHGOp.mopTan. — [DIeKTpOHHBIN
pecypc]. — URL: https://www.instel.by/Stati/Osobennosti-Plazmennoj-Rezki.html (/ata
obpamenusi: 30.10.2023). — Pexxum qoctyna : Juist BCEX MOIb30BATENCH.

2 Murat, Z., Mohammed, C., Mohammed, A., Qasim, A., Qasim,
Zeeshan, Z. Developments in Plasma Arc Cutting (PAC) of Steel Alloys: A Review.
Journal Kejuruteraan. — 2018. — 30(1). — P. 7-16. — https://doi.org/10.17576/
jkukm-2018-30.

3 Bhowmick, S., Basu, J., Majumdar, G., Bandyopadhyay, A. Experimental
study of plasma arc cutting of AISI 304 stainless steel. — 2018. — Vol. — Issue 2, Part
1. —P. 4541-4550.

4 Nedié, B., Jankovi¢, M., Radovanovié, M., Globo¢ki, Laki¢ G. Quality of
plasma cutting // International Conference of Tribology. — Kragujevac, Serbia, 2013.
—P.314-319.

5 Tsiolikas, A., Kechagias, J., Salonitis, K. & Mastorakis, N. Optimization of
cut surface quality during CNC Plasma Arc Cutting process // Int J Syst. —2016. — Part
10. — P. 305-308.

6 Agrawal, P., Bagal, D., Pattanaik, A., Barua, A., Jeet, S., Parida, B.
Experimental Investigation of Cutting Parameters in Plasma Arc Cutting Using
Advanced Optimization Approach : A Comprehensive Review // Journal of Applied
Engineering Research. —2019. — Vol. 14. — Ne 13, P. 107-208.

7 Mittal, S., Mahajan, M. Multi-Response Parameter Optimization of CNC Plasma
Arc Machining Using Taguchi Methodology // Industrial Engineering Journal. —2019.
— Volume 11. — Issue 12.

8 UBanoB, M. H., ®unorenos, B. A. Jletanu mamun / 14 nepeusn. — M. : FOpaiit,
2014.—-408 c.

9 Zlobin, A. Modeling of the dynamic operation of mechanisms // Design
automation. —2007. — Ne 1. — P. 26-27.

32


http://www.instel.by/Stati/Osobennosti-Plazmennoj-Rezki.html
https://doi.org/10.17576/jkukm-2018-30
https://doi.org/10.17576/jkukm-2018-30

HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

10 CnpaBka no Inventor : uapopMm.noptai. — [ Dnexrponnsiii pecype]. — URL: https:/
help.autodesk.com/view/INVENTOR/2022/RUS/ (ara obpamenus: 30.10.2023). —
Pexxum octyna : u1s BCeX MOJIb30BaTEIICH.

REFERENCES

1 Nadezhny'j partner. Nadezhnaya zashhita [ A reliable partner. Reliable protection]
: infor.portal. — [Electronic resource]. — [Electronic resource]. — URL: http://www.instel.
by/Stati/Osobennosti-Plazmennoj-Rezki.html (Access date: 30.10.2023). — Access mode
: dlya vsex pol'zovatele;j.

2 Murat, Z., Mohammed, C., Mohammed, A., Qasim, A., Qasim,
Zeeshan, Z. Developments in Plasma Arc Cutting (PAC) of Steel Alloys : A
Review. // Journal Kejuruteraan. — 2018. — 30(1). — P. 7-16. https://doi.org/10.17576/
jkukm-2018-30.

3 Bhowmick, S., Basu, J., Majumdar, G., Bandyopadhyay, A. Experimental
study of plasma arc cutting of AISI 304 stainless steel. — 2018. — Vol., Issue 2. — Part
1. —P. 4541-4550.

4 Nedié, B., Jankovi¢, M., Radovanovié, M., Globo¢ki, Laki¢ G. Quality of
plasma cutting // International Conference of Tribology. — Kragujevac, Serbia, 2013.
—P.314-319.

5 Tsiolikas, A., Kechagias, J., Salonitis, K. & Mastorakis, N. Optimization of
cut surface quality during CNC Plasma Arc Cutting process // Int J Syst. —2016. — Part
10. — P. 305-308.

6 Agrawal, P., Bagal, D., Pattanaik, A., Barua, A., Jeet, S., Parida, B.
Experimental Investigation of Cutting Parameters in Plasma Arc Cutting Using
Advanced Optimization Approach : A Comprehensive Review // Journal of Applied
Engineering Research. —2019. — Vol. 14. — Ne 13. — P. 107-208.

7 Mittal, S., Mahajan, M. Multi-Response Parameter Optimization of CNC Plasma
Arc Machining Using Taguchi Methodology // Industrial Engineering Journal. —2019.
— Volume 11. — Issue 12.

8 Ivanov, M. N., Finogenov, V. A. Detali mashin [Machine details]. — 15th ed.
rework. — Moscow : Yurajt, — 2014. — 408 p.

9 Zlobin, A. Modeling of the dynamic operation of mechanisms // Design
automation. —2007. — Ne 1. — P. 26-27.

10 Spravka po Inventor [Inventor Help]: inform.portal. — [Electronic resource].
— URL: https://help.autodesk.com/view/INVENTOR/2022/RUS/ (Access date:
30.10.2023). — Access mode : dlya vsex pol'zovatele;j.

Received 23.01.24.
Received in revised form 29.01.24.
Accepted for publication 20.03.24.

33


http://www.instel.by/Stati/Osobennosti-Plazmennoj-Rezki.html
http://www.instel.by/Stati/Osobennosti-Plazmennoj-Rezki.html
https://doi.org/10.17576/jkukm-2018-30
https://doi.org/10.17576/jkukm-2018-30

KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

*T. M. Bysayoed’, K. B. Jlaw, O. b. Mycazyn', I' .K. Capcenzanuesa’
'O0inkac CarbIHOB aThIHAAFBl KaparaH/ibl TEXHUKAJIBIK YHUBEPCHTETI,
Kazakcran Pecniy6nukacer, Kaparanssr K. ;
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23.01.24 . 6acnara TYCTI.

29.01.24 . Ty3eTyaepiMeH TYCTi.

20.03.24 k. 6achIn WIbIFapyFa KaObLIAAHIbI.

IITABMAJIBI MAIINHAHBIH KETEI'TH IMUHAMMUMKAJIBIK
7KOHE TOKIPUBEJIIK 3EPTTEY HOTHUXEJIEPI

3epmmeyoiy maxcamol dcemeKkmiy MexHOAOSUSLIbIK NAPAMEMPILePin muimoiey
ApKbLIbL  NAAMATLIK KeCy CMAHOSLIHbIY MUIMOT JICYMBICHIH apmmulpy O0abIn
mabvinaovl. «Kapllrazy XKIIC endipicinoe nnazmanbl MawuHaoa xecy KesiHoe
ayvumkyaap 6atikanovl. COHObIKMAH CMAHOK MYUIHOEPIHIY JicoHe MmemiKmepiHiy
KOHCIMPYKYUSICHL HCOHE epeKiuenikmepi maikulianovl. Toocipubenik morimemmepoi,
MAWuHa KOHCMPYKYUACHIH capanmail Keie akayowly natoa 601yblHa CMaHOKmMblY
Kecy JHeblidamobviabl ocep ememini anvikmanovl. Capanmayoarn KeliiH dcemeKmiy
napamempiepi ecenmenodi, «micmi OOH2eNeK-peliKay KUHEeMAMUKAILIK icyobl
ayvlcmuipbiiovl.  Kemexmiyy mMuiMOi MexHONOSUANbIK NAPAMEmpPAePiH AHbIKINAY
MaxcamviHoa Kbimbam maoicipubenep scypeizoec ywin Dynamic Simulation moodysi
bap Autodesk Inventor Professional 11 6azoaprama xeuwteninde mooyio m=4mm,
m=2,5 mm 6oramvin micmi xcyn mooenodenoi. byn xondanbanvr bazoaprama «micmi
06H2eNeK-pelKay HCYObIHbIY HAKMbL JCYMbICHL Ke3IHOe2i JHCblI0aMObI2biH, YOeyiH,
Jicanacy Hykmenepiniy canvln ome ycak, 6enikmepmen (60c.) ecenmeyee MyMKiHOIK
bepedi, an by Kepcemxiwmep NAAZMAIbL MAUWUHAHBIE JCYMbICbL Ke3IHO0e MAaHbl30bl
oonvin mabwviiadvl. CoHviMeH Kamap, e32epicmep eHeizileeH NAA3MAbl MauuHa
KOHCMPYKYUSCOIHBIY KAHWATBIKIMbL MUiMOi  dicymvle  icmeyin Oazanayea dHcowHe
Kaoicem 0oJica couKecinwi o3eepicmep eHeizyee MyMKIHOIK bepedi.

Jlunamuxanvix mooenoey Homudiceci 60uUbiHWA MAXCipube omkizinoi. Folavimu-
3epmmey  HCYMbICIAPbIHbIY HOMUNCECT KADLLIOAH2AH MEeXHUKATbIK uewimoepoiy
OypbiCmbl2bIH PACTNAOD.

Kinmmi ce3dep: ounamuxanvix mooenoey, MOOepHU3AYUIAY, NIA3MATbL KEC
MawuHacel, epam, Jcemex, micmi 0oHeeneK-petiKa.
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*T. M. Bysayoesa’, K. B. J/lauy’, O. b. Mycazyn', I'. K. Capcenzanuesa’
'KaparanIuHCKHN TEXHUYECKUI YHUBEPCUTET UMCHU

Aobpikaca CarmnoBa, Pecriy6mka Kasaxcran, r. Kaparanna;

’TOO «Knaccuk-b», Pecnyonuka Kazaxcran, r. Kaparanna.
[Toctynuno B penakuuto 23.01.24.

[Hoctynuno ¢ ucnpasiaenusimu 29.01.24.

[Ipunsro B nevats 20.03.24.

PE3YJIBTATBI IUHAMUNYECKOI'O MOJAEJIMPOBAHUSA "
3KCHEPUMEHTAJIBHBIX HCCJETOBAHUM
MPUBOJIA IINTASMEHHOMN MAIIINHBI

Lenvio uccnedosanus seisiemcs nogviuenue dpdexmuenocmu  padomol
CMAaHKa NAA3MEHHOU Pe3KU 3a Cuem ONMmuMU3ayuu mexHoI02UYecKux napamempos
npusooa. Ilpu peske Odemaneil na niasmennom cmawnxe «Kapll/IA3» ¢ TOO
«Knaccux-By 6viau gvisignenvt Hemounocmu. M3yuena KOHCMpyKyus u 0coOeHHoCmu
pabomvl demaneii u y3108 cmauka. Pe3yniomamsl npogedenHozo aumepamypHozo,
IKCHEPUMEHMATLHO2O AHATU3A NOKA3AIU, YMO HA 00pazosanue zpama enusem
ckopocmsb pesku cmanxa. Ilocie ananuza 6vii npogeden pacyem npusooa, 3amenenda
KUHeMamu4ecKkas napa «3yo4amoe Koieco-petxay.

Ymobvr He npogodumv Oopococmosiyue HamypHvle IKCHEPUMEHMbl NO
VCMAHOBNIEHUIO  ONMUMATILHBLIX — MEXHOL0SUYECKUX —NApamempos yCcmpoucmea
UCNOL306ANCsE  npocpamMmHblil  kKomnaexc Autodesk Inventor Professional 11 ¢
mooynem Dynamic Simulation, ¢ nomowwpio Komopoeo OvLIU CMOOEIUPOBAHDBL
3ybuamule napvi mooerem m=4mm, m=2,5 mm. J{anuviii naxem npuxiaoHvlx npospamm
N036051€M PACCUUMAMb CKOPOCMU, YCKOPEHUS, YUCI0 KOHMAKMOE 803HUKATOWUE 8
nape «3youamoe Koaeco-petikay 6 npoyecce O8UNCEHUs 8 MeTbyatiyux noOpOOHOCHIX
(60c), umo s6asemMCs BANCHLIM NPU PabOmMe CMAHKA NAA3MEHHOU pesku. A maxice
N0360J51em OYeHUMb pabomy, HACKOIbKO 3¢hekmueno Oyoem QYHKYUOHUPOSAMD
MOOEPHUBUPOBAHHASL KOHCMPYKYUSL NIA3MEHHOU MAwuHbl U NPeOnpuHsms npu
HeoOX00UMOCmU KOppekmupylowue oeticmsus 0s obecneyenus Kauecmaa pesKil.

Ilo pezyrbmamom OuHAMUYECKO20 MOOETUPOBAHUS NPOGeOeH  HAMYPHbLIL
oKcnepumenm. Pe3ynomamvl HAyYHO-UCCIE008AMENbCKOU pabomyvl noOmMEepounu
NPABUTLHOCIb NPUHATNBIX MEXHUYECKUX PeutleHU.

Kniouesvie cnosa: ounamuueckoe mooerupoganue, MOOEpHU3AYUs, CMAHOK 015
NIA3MEHHOU pe3Ku, 2pam, npusoo, 3youamoe Koieco — pelia.
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DESIGN AND DEVELOPMENT
OF BALL TRACTION DRIVE SYSTEM

This project presents a three-stage ball traction drive for electric vehicles,
providing a remarkable speed ratio of 1/27. The geometric and kinematic aspects were
carefully analyzed and calculated manually and then verified using Recurdyn software
at different rotational speeds (100, 500, 1000 rpm). To prevent ball displacement at
higher rotational speeds, a strategy involving a small gap between the intermediate
balls was employed. For material selection, «Gear-Steely was favored because
of its high yield strength complemented by thrust bearing integration. The static
equilibrium analysis was performed manually to provide insight into the relationship
between the preload forces, which were further visualized using MATLAB graphs.
The rolling efficiency for each stage was calculated separately. The design involved
connecting three circular flanges using 18 pins and 18 heavy hex bolts. Modeling in
ANSYS revealed a maximum equivalent stress of 737 MPa in the third stage. Finally,
Solidworks helped optimize the topology, resulting in a noticeable 14.5 % reduction
in overall volume.

Keywords: Ball traction drive, gearbox, transmission system, continuously
variable transmission, collision.

Introduction

This research project focuses on the development of a three-stage ball traction
drive (BTR) specifically designed for electric vehicles (EVs) with an impressive 1/27
speed ratio. Based on a thorough study of geometric and kinematic elements, carefully
analyzed manually and with Recurdyn software over a range of rotational speeds, this
ball screw promises to improve the efficiency and performance of electric vehicle
propulsion systems. Building on recent advances in traction mechanisms such as
spherical, variator and toroidal drives, the study seeks to address existing limitations
and stimulate innovation in the field [1].

However, with these advances, challenges remain, such as increasing the speed
ratio and ensuring optimal functionality at high speeds. In addition, the inherent stress
concentration sites of spherical balls require careful material selection to mitigate
potential drawbacks. Thus, this research not only aims to improve the original
BTD benchmark, but also to address the critical issues of material strength, friction
coefficients, and misalignment reduction, paving the way for more reliable and efficient
EV traction drives.

Methodology

All the parts discussed in this paper were designed and assembled using Solidworks
software. Static structural analysis was performed on ANSYS Mechanical software for
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calculating the deformation and contact stress results. The speed ratio reduction was
found using the formula developed on Mathematica software based on the kinematics
analysis. This was confirmed by performing simulation using Recurdyn software. Apart
from that, static equilibrium analysis and rolling friction coefficient calculations were
solved analytically to find the essential variables such as pretension values and rolling
friction forces.

Design and development process

Design for the speed ratio

Figure 1 shows all the dimensions notations necessary for the speed ratio calculation.
R ,R,, R, stand for the radii of input, intermediate, and output balls. For example, R ,is
the distance between the center of the input ball and the contact point of the input and
intermediate balls. The numerical values of dimensions are given in Table 1.

Figure 1 — Updated dimensions of the balls

Table 1 — Numerical values of dimensions

Dimensions R, R, R, R, R, R, R, R,
Numerical values |25 24.6 55.8 56.8 51 25.1 55.3 125
(mm)

Speed ratio calculation using Mathematica code

The kinematics analysis was conducted to derive the speed ratio formula for the given
ball traction system design. All the derivations were implemented using Mathematica
software, and the final formula for the one-stage ball traction design is found to be as
follows:

| = Y3 — Rq2(Rza+R33) .

wy  (Rz21+R24)R32 (M

The Mathematica code can find any speed ratio using the contacting diameter
dimensions for BTD. The code can be verified using the hand calculation that derives
the same equation as Mathematica.

Verification of Mathematica Code

The tangential velocity for the circle can be written as the equation below:

V=wxr (2)
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where o — the angular velocity, which has the same value for the circle independent
of the radius.

If we consider the BTD as big epicyclic circular system, the input and output
contacting regions can be figured as in Figure 2.

a) (b)
Figure 2 — (a) Contacting circular regions for input and planet ball.
(b) Contacting circular regions for output and planet ball.
C — contacting circle, I — input, and O — output.
According to contacting circles, the tangential
velocity of input part can be written as follow:

Vi = w; * Ry, (3)
Moreover, if the circular rings are fixed, it can be written in terms of contacting
planet balls:

Vi = w; * Riz = w; * (Ry4 + Ry3) “4)
w;i*R
W, = —_—1z (5)
R24+R33
(6)
From Equations 3 and 6, we get the following:
w;* Ry @, ¥Ry Wy _ Riz(Ras + Ry3)
Rys +Ry3 Ry + Ry @;  (Ra1 + Ry4)R3;

The derived equation is consistent with Equation 1, which was derived from the
Mathematica code. Using Equation 1, we get the following speed ratio for one stage

BTD with our updated dimensions (see Table 1):

ws 25 (51+25.1)
i=—= = 0.32
w; (5584 51)+5523
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We could achieve the speed ratio of 1/3 for one stage BTD, which yields 1/27 by
using three stages connected in series with each other. The speed reduction result of
1/3 that was obtained using the Mathematica code was further validated by calculating
the speed ratio using Recurdyn software.

Speed ratio validation

RecurDyn is a computer engineering software developed for multibody dynamics
simulation. We aim to validate the speed ratio of 0.32 and observe the generated forces
at our multi-stage BTD. Three different input speeds were tested (100 rpm, 500 rpm,
and 1000 rpm). It was observed that the simulation yields a similar speed ratio as the
manual calculation. For example, Figure 3 below validates the speed ratio of 0.32 when
the input speed equals 500 rpm.

Figure 3 — Recurdyn speed ratio results

Table 2 — Speed ratio validation

Speed ratio (i) Initial Force (N)
100 rpm 0.33 13.92
500 rpm 0.33 347.8
1000 rpm 0.18 1392.4

The formula for centrifugal force is as follows:

(7

where p — centrifugal force, m — mass of the object, n — rotations per minute,
r — radius from the center of the BTD to the center of the intermediate balls.
Substituting values into Equation 7 gives:

F =15793 (n * 500
p— k ——
' 30

2
) *(0.0804 = 3478 N
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Pretension calculation

The calculation of pretension forces requires the input variables such as material
properties and rolling friction coefficient. Therefore, selected material, criteria for the
initial pretensions, rolling friction calculation, and identification of other pretensions
are explained in the following sub-sections.

In this project, a patent material called “Gear-Steel” Grade-1 was selected. This
material is specially designed for powertrain and transmission applications. In terms of
the cost, it is the same as for the SAE 4120 grade steel. The main material properties
were derived from Vartanov (2019) [5]. The important material properties are given
in Table 3.

Table 3 — Gear-Steel (Grade 1) material properties

Properties Value Source
Density 7860 kg/m® (“The Online Materials,” n.d.) [3]
Poisson’s ratio 0.3 (“AISI E9310,” 2021) [2]
Tensile Ultimate Strength 1520 MPa (Vartanov, 2019) [5]
Tensile Yield Strength 1210 MPa (Vartanov, 2019) [5]
Elastic Modulus 210 GPa (“AIST E9310,” 2021) [2]
Static Friction Coefficient 0.78 (Roark, 2021) [3]

Since our model has three separate stages, each stage was pre-tensioned separately
(see Figure 4). Note that the one ring in each stage was fixed and represented in grey
colour. We have three unknown pre-tension values: P1,1, P2,1, and P4,1 for the first
stage. Similar analysis can be done for the second and third stages.

Figure 4 — Illustration of pretension forces

The two pretensions on input and output balls (P, and P,) are found based on the
following condition:
Pu> F ®)
where L — static friction coefficient value of 0.78 (see Table 3),
F' — tangential force that can be found from the given input torques.
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The calculation of two tangential forces for each stage is given below. Note that in
the calculations shown below, the diameter values were taken from Table 1.

Since the tangential forces are known, Equation (7) was used to calculate the two
pretensions (P and P)) using the values of F | | and F , .. The minimum pretension values
for each stage was calculated accordingly:

Static equilibrium of forces was carried out analytically to obtain the relationship
between pretension forces. Figure 5 demonstrates the axial and normal forces on each
component of BTD as well as external pretension forces.
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Figure 5 — Static equilibrium of Ball Traction drive
Equilibrium condition with respect to x and y axes can be achieved as follows:

—F, (cosa; — pysinay) + Fy(cosa, — uysina,) —
—F;(cosas; — ussinas) + Fy(cosay, — puysina,) =0 ®)

Fi(sina; — pycosay) + Fy(sina, — pycosa,) —
—F;(sinas; — uscosas) — Fy(sina, — pycosa,) =0 (10)

Combining Equations (9) and (10), we get the following:

(11)

In addition, each pretension force can be expressed in terms of the corresponding
axial forces as follows:

P P P
- F, =— F,=— (12)

cosay cosa, cosay

F1:

Replacing the axial forces in Equation (11), it becomes:

(13)
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Equation (13) can be rewritten in the form of P4 = f (P2, P1) in the following way:

Table 4 — Pretension force values

(14)

Stages 1 2 3

P1 (N) 1200 3200 9000
P2 (N) 800 2000 5500
P4 (calculated) (N) 5950 15800 44400

During the constant deformation of rolling parts, the loss of energy happens due to
the rolling resistance. Note that the rolling friction coefficients for the first and second
stages will be lower because of the lower preload forces. The efficiency of our system
can be quantified as follows:

where F | —rolling friction force at the third stage.

Stress calculation

To ensure the accuracy of the simulation results, a mesh sensitivity analysis was
performed. Four runs were performed to achieve the optimal mesh size, with an error
of 0.7 % between the 3rd (97,540 elements) and 4th (118,931 elements) runs (Fig. 6).
As a result, the final mesh size was determined to be 8 mm body, 5 mm face and 3 mm
contact. The resulting mesh, shown in Figure 12, was used for subsequent analysis.
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Figure 6 — Mesh convergence study

Table 6 summarizes the maximum values of total strain and equivalent stress for
each BTD stage, with variations due to different pre-tensioning forces. It is noteworthy
that the highest maximum equivalent stresses (737 MPa) are observed in the third stage,
which is attributed to the increased pretension forces and applied moment (Table 4).
The stress levels at the contact points remain below the yield strength (1210 MPa)
of the Gear-Steel Grade-1 material. Considering the assumed lubrication, the actual
coefficients of friction between the dry steels are expected to be lower. The maximum
total strain is 0.2 mm (Fig. 7), which confirms the stability of the BTD design under
200 kW and 105 rpm conditions.

Figure 7 — Deformation result for Stage 3
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Table 5 — ANSYS simulation results

Stages Maximum Total deformation (mm) Maximum Equivalent stress (MPa)
1 0.0456 192.42
2 0.0994 379.45
3 0.2336 737.38

Housing design

The housing of the BTD encases and protects internal components, typically
made from materials like iron or cast aluminum using methods such as shell moulding
or permanent mould casting. In this design, the housing mirrors traditional gearbox
housings with three stages connected by a circular flange, ensuring equal pretension
force. Designed in Solidworks, gray cast iron was chosen for its mechanical properties
and cost-effectiveness. A topology optimization study was conducted on the initial
housing design to reduce volume and enhance the stiffness-to-weight ratio. Using
Solidworks simulation, potential optimization regions were identified. Some areas,
marked in blue, were removed or modified manually based on simulation results. For
instance, boundary regions of the first and third parts were partially or fully removed,
while chamfering was applied to the middle part. This optimization resulted in a
17.4 % reduction in mass and a 14.5 % decrease in volume, as shown in Figure 10.

Figure 9 — Initial housing design

Figure 10 — Topology study for all parts

Conclusion

In this study, a multi-stage BTD mechanism was developed, building upon the initial
benchmark design. Kinematic analysis was performed using Mathematica software
to establish a formula for the speed ratio. The BTD consists of three stages in series,
each providing a speed ratio of 1/3, validated using Recurdyn software. To prevent ball
displacement, four intermediate balls were placed close to each other with a 0.12 mm
gap. “Gear-Steel” with a high yield strength of 1210 MPa was chosen, complemented
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by 6 «51206 Thrust bearings» with a basic rating life of 22 million revolutions at
90 % reliability.

Rolling efficiency was optimized to 95 % by pre-tensioning each stage with 18
dowels and 18 heavy hex bolts. The housing, comprising four parts connected by three
circular flanges, was made of gray cast iron. An exploded view of the final design is
presented in Figure 11.

However, a discrepancy was observed in speed ratio validation above 500 rpm in
Recurdyn compared to hand calculations. For instance, at 1000 rpm input speed, the
speed ratio was 0.18 instead of the expected 0.3. This deviation is likely attributed to
increased centrifugal forces at higher speeds. Initial centrifugal force values at 100
rpm and 1000 rpm were 13.92 N and 1392.44 N, respectively, with an increasing trend
observed during simulation. This limitation suggests the need for further investigation
and refinement in future studies.

Figure 11 — Exploded view of the full assembly
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*/I. A. Omezen, I1. A. Tanocapuvikos, H. C. Cyneiimenos
KopksIT Ata atbinnarsl Kel3puiopia yHUBEpCUTETI,
Kazakcran PecniyOnukacsel, Kei3buiopaa K.

16.04.24 x. 6acnara TYCTI.

24.04.24 x. Ty3eTyJepiMeH TYCTI.

20.06.24 . 6achlm MIBIFapyFa KaObUTIaH/IbI.

IIAP )KOHE TAPTKBIII )KETEK )KYWECIH
KOBAJIAY KOHE 93IPJIEY

byn oicobaoda 1/27 dncvlnoamovikmely Kepemem KAMbIHACHIH KAMMAMACHL3
ememin INeKMpomMobuIboepee apHalean yul Camvlibl WAPUKMI mapmy dcemei
yeoinbinean. I eoMempusLivlK J#cone KUHEMAMUKAbIK ACReKmiiep MyKusim maioansin,
KoMeH ecenmendi, COOaH Kelin opmypii auHary srcviidamovizbinoa (100, 500, 1000
atin/mun) Recurdyn 6azoapramanviy sxcacaxmamacvimer mekcepindi. Llaprapoviy
Jrc02apLl  AUHATY  JCHLIOAMOBIZLIHOA  JICHLIJICYbIH  OONOBIPMAY  YUWliH — APATbIK
wapnap apacvlnoazbl KiKene amuakmoulKmsl KAMMAMACLL3 ememin Cmpamezust
Kon0anwuLiobl. Mamepuander manoay xeszinoe «Gear-Steely Oonamvina 6acbiMObIK

47



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

bepindi, otimkeHi oubly Oepikmici Jco2apvl, MOUbIHMIpEKmepee UHMeSPayUsIMeH
MOBIKMbIPBLIOLL. ANObIH ana Jcykmeme Kywmepi apacvlHiazvl 0auiansic mypaisl
MYCIHIK Ay YWiH CIMAMUKAIbIK mene-meyOiKkmi manoday KoJaMeH JHcypeizindi, cooan
xetiin onap MATLAB epaguxmepi apkwinbt kepcemindi. Op Kezey YuiiH 0OMAAy
muimoiniei bonex ecenmendi. Huzaiin yw Ooneenex ¢hraneymi 18 myupeyiwnen
grcone 18 ayvip anmuibypoluimol bonmmapmen datianvicmuipyost ke30edi. ANSYS-
meei mooenvoey ywinwi camvioa 737 Mlla maxcumandwvl sxeusareHmmi KepHeyoi
anvikmaowl. Akvipvinoa, Solidworks mononozusnel oymaiianovipy2a KoMeKmecmi,
oyn ocannvl konemuiy 14,5 %-2a aimapavikmaii memenoeyine oxkenoi.

Kinmmi coz0ep: [llapuxmi mapmxwiu dcemek, bepinic Kopabul, Oepinic scytieci,
y30iKci3 ayvicnanvt 6epinic, KOAIU3us.

*/I. A. Omezen, Il. A. Tanxcapuvixos, H. C. Cyneitmenos
Ks13putopanHckuii yausepeuteT uMeHH KopkbiT ATa,
Pecny6iinka Kazaxcrawn, r. Keizputopaa.

[Toctynuno B penakuuio 16.04.24.

[octynuno ¢ ucnpasiaenusimu 24.04.24.

[Ipunsto B nevats 10.06.24.

INPOEKTUPOBAHUE U PABPABOTKA
CUCTEMBbI ITAPOBOT' O TAT'OBOI'O ITPUBOJIA

B oannom npoexme npedcmasnen mpexcmynenuamolii WapuKoswlil maeo8ulil
npueood 0as 2neKmpomoodunell, obecneyusarowull 3ameyamenbHoe COOMHOUEHUe
ckopocmeti 1/27. I'eomempuueckue u Kunemamuieckue acnekmol Obliu MyamenbHo
NPOAHATUUPOBAHBL U PACCYUMAHBL 8PYUHYIO, A 3AMeM HPOBEPEeHbl ¢ NOMOUBIO
npocpammnozo obecneuenusi Recurdyn npu pasnuunvix ckopocmsax epawerus (100,
500, 1000 06/mun). [{ns npedomspawerus cmeujerus wapuxos npu 6oee 6biCOKUX
CKOpOCMAX — 6pawjeHuss Ovlia NpUMeHeHa cmpamecusi, NpeodyCMampusarwas
HeOOMLWON  3A30p  MedHcOy NpoMedncymounviMu  wapuxamu. Ilpu  ewvibope
Mamepuana npeonoumenue 6vii0 omoarno cmanu « Gear-Steely uz-3a ee 8bicok020
npedeia meKyuecmu, OONOJIHEHHO20 uHmezpayueli 6 YNOPHuLL NOOWUNHUK.
Ananuz cmamuueckoeo pagHosecusi NPOBOOUILCS GPYUHYIO, UMOObl NOJYYUMND
npeocmasienue 0 83aUMOCEI3U MeHCOy CULAMU NPeO8aAPUMENbHO20 HASPYHCEHUS,
Komopvie 3amem OblLIU GU3YATUUPOBAHBL ¢ nomowvio epaguxos MATLAB.
Dppexmuenocmov Kauenust 0asi KANCOOU CMYNEHU PACCHUMbBIBAIACH OMOETbHO.
Koncmpyxyusa npedycmampusana coeounenue mpex Kpyeavix Qianyed ¢ noMoupio
18 wmugpmos u 18 msicenvix wecmuepanuvix 6oamos. Mooenuposanue ¢ ANSYS
BHIABUNO MAKCUMATbHOE 3KUAlenmuoe Hanpsidicenue ¢ 737 Mlla na mpemvet
cmynenu. Haxouney, Solidworks nomoe onmumuzuposams mononozuio, umo npugeno
K 3AMemHOMY YMeHbueHuio obwezo obvema na 14,5 %.

Kniouesvie cnosa: Llapuxoswiti msazogwiii npueood, Kopooka nepedad, cucmema
nepeoau, beccmynenuamas MpaHCMUCCUsl, KOAIU3USL.
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OlPELQEJNIEHUE NOTEHLUNAJIA PE3YJIbTATUBHOCTU HAY4YHO-
KBAJIN®UKALUMOHHOIO UCCIIEQOBAHWS TEXHOJIOMMYECKOIO
NMPO®UIISAA HA STATIE EIrO NMNJTIAHUPOBAHUA

Tlokazana cnos’CHOCMb  CENeKMUBHO20 NPOSHOSUPOSAHUS  (DYHKYUOHATLHOLL
BHAYUMOCMU  HAYYHO-KBANUDUKAYUOHHBIX UCCIe008AHUL, OCOOEHHO HA CAMbBIX
PAHHUX IMANAX UX JHCUsHeHHo20 yukaa. [Ipednosiceno Ha smane MIAHUPOBAHUSL
HAYYHO-K8ATUPUKAYUOHHO20 UCCIEO08AHUsL  UCHONIb308AMb  KEATUMEMPUUECKULL
HOOX00 K NOCMPOEHUI0 NPOSHOCMUYECKO20 PelMUHea 0HCUOAEMOU B03MONCHOCU
€20 3auumul 8 cpok. Popmanruz06ana npoyedypa aoOumueHo-0emepMUHUPOBaAHHO20
NOCMPOeHUst MAKo20 petimunea MemoooM KPUmepuaibHO-9KCHePMHO20 AHAIU3A.
Ananumuyeckum nymem NOLYHEHO COOMHOUIEHUe, CésA3blsarujee 6 eOUHbll
DYHKYUOHANbHBLIL KOMNIEKC PeUmuHe NiaHUpyemoeo Hay4HO-K8AIUGUKAYuoHHO20
UCCIe008AHUS U KPUMEPUEE OYEHKU €20 KAYecmed ¢ YYemoM COOMBEemcmsyiouux
Koappuyuenmos  enuanus.  Ilpeonodicena  peanucmuumas — COBOKYRHOCHIb
Kpumepues  OYEHKU  peumuHed  NIAHUPYEMO20  HANPAGIeHUs.  GbINOJHEHUs
HAYYHO-K8ATUPDUKAYUOHHO20 UCCIE008AHUS U ONpeOesieHd UX KOAUYeCmEeHHas
3Hauumocms. Ha npumepe mexHonocuueckol onepayuu 60104eHUs NOKA3AHA
ahPexmusHoCmb OCyujeCmeieHuss, npeodiazaemMozo KeaiuMempuieckozo nooxood
K CPABHUMENbHOU OYEeHKe pelimuHed NIAHUPYeMbIX K GbINOJHEHUI0 HeCKOJIbKUX
HAYYHO-K8ATUDUKAYUOHHBIX ucciedosanuil. Tlokazano, umo Ha coO8peMeHHOM
omane pazeumus MexXHOIO2UU B0J0YeHUs Haubolee aKmydaibHa paspabomka
annapama  6biCOKOIPHEKMUBH020  OUASHOCMUPOBANUsL OAHHOU onepayuu, a
Makoice KOMNIEKCHOE KOHCMPYKMOPCKOE COBEPUEHCIBOBAHIUE  BOIOYUTLHOO
UHCIPYMEHmMA U ONMUMU3AYUSL (DAKMOPOE IKCNIYAMAYUOHHO-MEXHOLOUYECKOU
HACAeOCMBEHHOCMU.

Hameuenvl nepcnekmugbl pazgumust K8AIUMEMPULECcKo20 nooxood, 8 nepeyio
ouepedb, nymem CO30aHUsL COOMBEMCMBYIOWUX Helipocemell 015l 00beKMUBU3ayuU
npoyeoypvl PeumuHe08anUs. MpYOHODOPMATUZYEMbIX Kameeopull, K KOMOpPbIM
OMHOCUMCSL  8blOOP  HANPAGLEHUSl  GINOJHEHUS  HAYYHO-K8ANUDUKAYUOHHO2O0
uccie008anusl.

Knrouesvie cnoea: keanumempus, sKcnepmusd, peumuHe, Kpumepuu OYeHKU,
K8ANUDUKAYUOHHOE UCCTIe008AHUE, MEXHOIO2US 80T0UEHUS.
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Beenenne

ITo pa3HbIM o1ieHKaM, O0Jiee ITOJIOBUHBI yCIIeXa B BBIITOJTHEHUN JUCCEPTALMOHHBIX
paboT B 00JIaCTH HOBOM TEXHUKH M TEXHOJIOTUH 3aBUCUT OT yIa4YHOTO BbIOOpA TEMBbI
HaYYHO-KBAIM(UKALMOHHOTO HccaenoBanus. [1o3ToMy noBbilieHre 0ObEKTUBHOCTH
IpoLEaypbl TAKOTO BBIOOpA, B TOM 4YHCIIE C UCHOJIb30BAaHUEM (PYHKIMOHAIBHBIX
BO3MOXKHOCTEH CIIeIaIbHO CO3AaHHOT0 IPOTrPaMMHO-MaTEMaTHUECKOT0 00eCTIeYeHUs
— TaK Ha3bIBAEMOTI'0 «MCKYCCTBEHHOTO HHTEIJICKTay, IPEJICTABISAET COOO0M aKTyalbHYIO
npoOsieMy Maja03aTpaTHOrO MOBBIIIEHUS HAYYHO-NPHUKIAJHOTO MOTEHIIMAasa
pa3HONpO(PUIBHBIX 3HAHUN U Ooisiee 3(P(HEKTUBHOIO pEIICHUs 3a/1a4d MOJTOTOBKU
KaJ[pOB BBICILICH HAyYHO-IIEarOrMYeCKON KBaTH(PHUKaLIUU.

VY4uThIBask TOTHYECKU HE BCErJa YETKUM, Kak MpaBUIIo, TPYIHO(DOpMAIN3yeMbIit
XapakTep paccMaTpuBaeMoil MPOOIEMBbI TOBBILICHUS PE3YIbTaTUBHOCTH BBIOOPA TEMBI
Hay4yHO-KBanu(pukannonHoro uccienoBanus (HKW) ucnons3zyem ans e€ pemeHus
KkBauMeTpuueckuil moaxon [1-5]. Takoil moaxoa, OCHOBaHHBIM Ha 3KCHEPTHOM
aHaJIN3€, II03BOJISET AAKE B YCIOBUSX Pa3INYHBIX HEOIPEAEIEHHOCTEW OCYIIIECTBUTD
IPOLEAYPY PEUTUHIOBAHUS 110 ONPEIEICHHBIM OLICHOYHBIM KPUTEPHUSIM HECKOJIBKUX
BapHaHTOB TeMaTukH IutanupyeMbix HKH u 1o €€ pesynbraraM OLEHUTh UX KaueCTBO
C MO3MIMH ycrexa 3alUThl aCIIMPAHTOM JUCCEPTALMH B CPOK.

B cBs13u ¢ 5TUM YKpPYIIHEHHBIN AJITOPUTM METOAMKH PELICHMS [IOCTaBICHHOM 3a7a4u
I10 MOBBIIIEHHIO 3()(heKTUBHOCTH BbIOOpa parroHanbHoi TeMbl HKW Ha caMbIx paHHHX
YEeTKO CTPYKTYPUPOBAHHOM IPOLEAYPHI ATANAX <«GKU3HEHHOTO LMKIAa» AMCCEpPTaLUi
pa3IMYHOIO YPOBHS CBOJIUTCS K BBIIIOJIHEHHUIO CIEAyIOLIeN Tpoueaypsl. OHa BKIHO4aeT
B ce0s onpezieieHue Habopa KpUTEPHEB, XapaKTEPU3YIOLIHX IIPOTHO3UPYEMOE KaueCTBO
nanupyemoro HKH, oneHky 3HaUMMOCTH JaHHBIX KPUTEPHUEB, OCYIECTBICHUS
caMo# mpouenypbl KputepuaibHO-3kcnepTHoro onenuBanus (K20), peltunro-
dopmanuzoBaHHONH 00pPaOOTKHM MOJTYYEHHBIX PE3YJbTATOB U UX CPABHEHHIO MEXIY
coboil.

MarepuaJjbl 1 METOABI

[Ipeanonoxxum, 4To0 0OOOIIEHHBIN MMapaMeTp OLEHKH 0’KMIaeMOro KauecTBa
mianupyemoro HKU nnu ero norenman auccepradensaocty teMsl (I T) onpenensiercs
COBOKYITHOCTBIO KPHUTEPHUEB, CBA3b MEXK/Ty KOTOPHIMU B (HOPMATM30BAaHHOM BUIE MOYKHO
IPEJCTAaBUTh KaK:

Up=f(uy) i=12..n1)
rae U, — 0600IEHHBIA apaMeTp WId PEUTHHT, KOMIUIEKCHO XapaKTepH3yIOIHi
IIPEIUKTUBHOE KA4ECTBO TEMBI JUCCEPTALIMM HA CAMBIX PAHHUX dTanax €€ KU3HEHHOIO
IMKJIA; U - i-i KpUTEPHATbHO-OLIEHOYHBIH TapaMeTp, MHAMBUIYAIbHO BIUSIOLINK Ha
BenmauHy U5 i=1,2...n — YKMCII0 HCXOAHBIX OLEHOYHBIX KPUTEPUEB, POPMUPYIOMINX
urorosoe 3Hauenue U, B nannom ciydae [TIJIT koukpernoro HKU Ha panHux Tanax
€ro >KM3HEHHOI'O IIUKJIA.

dopmanabHO cOBOKYNMHOCTH U0i mpeacTaBiseT co00il MacCUB HEKUX HJI€ANIbHBIX,
HOMHMHAJIBHO TOYHBIX KPUTEPUAIBHBIX OLIEHOK, cAeslaHHbIX skcnepramu [T
UCCJIEIOBAHMS TUIAHUPYEMOTO K BBINOJHEHUIO NMPU OOyYEeHUH B aCHUpaAHTYpe
win marucrparype. OnHako, pakTUYECKH Ha MPaKTUKE ATH HKCIEPTHBIE OLIEHKH
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XapaKTepU3YITCs CYyOBEKTUBHBIMU MOTPEIIHOCTAMHU, UTO MOXHO OTPa3HUTh B
CJIETYIOIIEeM COOTHOIIEHUU ¢ yueToM (1):

rae U — peanbHoe, UMEIOIIIEE MECTO Ha ITPAKTUKE, 3HAUCHHE KPUTEPUATILHOTO PEeUTHHTa
TEMBl KOHKPETHOH auccepraunu; A . — GaKTHYECKHE OTKIOHEHHS SKCIEPTHBIX
OLICHOK OT alipuOpy HEM3BECTHBIX HOMUHAIBHO-TOYHBIX OLEHOYHBIX 3HAYEHUM 1-0T0
KPUTEPUAIBHOTO apameTpa, xapakrepusyromero U ; AU — cyMMapHas HOrpeniHoCThb
WJIM OTKJIOHEHHE MPOTrHO3UPYEMOT0 pEHTHHTa aHATTU3UPYEMOU TEMBI PACCMaTPUBAEMOT'0
HKMU ot yci10BHO-TOYHOIO HOMMHAJIA.

BrionHe 060CHOBaHO MPEOIOKUM, YTO SKCIEPTHI 00JIaAaI0T JOCTATOYHO BEICOKOM
npodeccrnoHaNbHON KBaTH(PUKAIIUEH, T.€. CIPaBEAJIMBO HEPABEHCTBO BU/IA:

Au; L uy; 3)

Torna, moce paznoxenus (2) B psia Telnopa u ero JIMHEapU3aIuu ¢ y4eTOM 3TOTO
MPEATNONOXKEHHS B BUIE (3) MOIyIHM:

AU = U — Uy = Xi=1(u; — ugy) 4
IJI€ U — pealbHble 3HAYEHUS DKCIEPTHBIX OLEHOK KpUTepueB uli, ONMpeNensiomux
dakTuaeckyro Bennuuny U — [T wim peliTiHra pe IMKTUBHOTO KAYECTBA TEMATHKH,
mnanupyemoro HKH.

Jlanee, U3 BIOJIHE IOTUYHOT'O JIOMYIIEHUS O TOM, YTO (DYyHKIIMOHAJIbHAS CTPYKTYpa
(1)u (4), B cmyuae OTHOCUTENIBHOM ManiocTu Aui coriacHo (3) onpenensieTcst JMHeHHBIM
COOTHOIIEHHEM MEXKy aHAIM3UPYEMbIMU NTapaMeTpamu u3 (4) cieayer:

U=XE B (5)
rae, kak u panee U — UTOroBoe pedTUHIOBOE 3HAUYEHUE CTPYKTYPHO-KOMITJIEKCHOTO
napamerpa, mo3BoJjsmoero npeauktusHo onpeaeauts [T mmanupyemoro HKU
Ha CaMbIX PaHHUX MPEABAPUTENHHO- OI[CHOYHBIX dTamax €ro >KU3HEHHOTO IHKIIA; Ui
— pealibHasl OlEHKAa KOHKPETHBIM 3KCIEPTOM 3HAYEHUS 1-0r0 €AMHUYHOTO KPUTEpHs,
XapakTePHU3YIOWIEro CTeneHb ero BiuusHua Ha U f;=df /du; — KoapdunmenTst
BJIMSIHUS, OTIPEIEIISIONIIE 3HAYMMOCTb 1-0T'0 OIIEHOUYHOT'O KpUTEpHs Ui B (popMUpOBaHUH
nporuno3upyemoro yposHs [1/[T mnanupyemoro HKU, 1.e. paktuueckn perTrHTa €ro
JuccepTabenbHOCTH.

CnenyeT moauepKHYTb, UTO MPEAJOKEHHBINH BBHIBOJA COOTHOWIEHUs (5),
KOTOPBIN MO3BOJISIET Ha MPAKTUKE peajn30BaTh aITOPUTMHU3UPOBAHHYIO MPOLETYPY
KOJIMYECTBEHHOT'O MOJBEJACHUS UTOTOB KPUTEPUATHHOTO SKCHEPTHOTO OLEHUBAHUS
(K20), ocHOBaH Ha BIOJIHE JIOTHYHOM IPEITOIOKEHHH O CITPaBEIITMBOCTH JTUHEHHOMN
3aBUcHUMOCTH U OT COBOKYMHOCTH ui. DakTHuecku 3TO 03Ha4aeT QyHKIMOHATIHHYIO
HE3aBUCHMOCTH OLICHOYHBIX KPUTEPUEB MEXAy COOO0M U, KaK CIEICTBUE, PAIUYHYIO
POJIb ¢ TTO3UIINIA 3HAYMMOCTH B (DOPMUPOBAHUH UTOTOBOM perdTuHTOBOM orieHku 1T
anaymupyemoro HKU. Tlpuyem crpykTypa cooTHOIIEHHMS (5), TO3BOJISIFOIIAS TOTYIUTh
yrcneHHbIN pe3ynbraT KO0, XopoIo n3BecTHa B KBATUMETPUH, KaK Crtocod 00paboTku
OIIEHOYHBIX CYXJEHHI SKCIIEPTOB METOJIOM B3BElIEHHON cymMMmbl [2]. Kpome Toro,
JaHHAs 3aBUCUMOCTbH IIUPOKO HCHIOJIB3YETCS B METPOJIOTHH IPU aHAW3€ BIUSHUS
Pa3IUYHBIX MOTPEUTHOCTEN Ha TOYHOCTH MOyUeHuUs: TpedyeMoro pa3mepa JIeTanu Win
U3JIENUS [P ero cOopKe.
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PesyabTaTsl 1 00cy:Kk1eHNS

IIpuBeneM npuMep peain3aluy NpeularacMoro KBaIMMETPUYECKOr0 [I01X0/1a Ha
npaktuke. s ouenku IIJIT nuccepranimoHHOTO McciaeloBaHUs OBUIM ONpEaeICHbI
CJIEIYIOLIME TPU KIIFOUEBBIX KpUTEPHS U IyTeM IipeaBaputesnbHoro KOO onpenenena nx
3HaYHMOCTb, T.€. YUCIIEHHO KOHKPETU3UPOBAHBI KO (DUIIUEHTHI BIUSHUSI B UTOTOBOM
cooTtHomieHuu (5). Pe3ynpTar 3T0MH, 0 CyLIECTBY MOATOTOBIEHHON MPOLENYPHI,
npecTaBIeHbI B Ta0m. 1.

Tabnuna 1 — OcHOBHBIE KPUTEPUU OLICHKH KaueCTBa TEMATHKH IUCCEPTALUMOHHBIX
HCCIICIOBAHUI U UX PEUTUHIOBAasi 3HAYUMOCTh

Ne | HammenoBanue kputepus ouenku [IIT nmnanupyemoro IIpunsaTeie 3HaYUMOCTh
I/ | MCCITeMOBaHUS COKpAIIIEeHHs KpHUTEpHS
| BocTpe60BaHHOCTD 0KHJAEMBIX PE3yIbTaTOB HAYIHBIM BP 9.0
) CO00I1IeCTBOM ’
) MacmTaOHOCTh HCIOJB30BaHUS PE3YyIbTATOB MH 3.0
) JICCepTallMi U UX 3KCIOPTHBIN MOTEHIHAT ’
OrneHka OPUTHHATBHOCTH PE3yIbTAaTOB C MO3HMIUH HX
3. OIl 7,0

IMMAaTCHTYEMOCTHU

JIns KOHKpeTH3aluu paccMaTpUBaeMOro npumepa ObuiH cPOPMYIUPOBAHBI
TPU TEMbI BO3MOXXHOT'O JAMCCEPTALMOHHOTO MCCJEI0BaHUS B 00JIACTU MOBBIIICHUS
pe3yJIbTATUBHOCTH ONEPAIMX BOJIOYEHHUS BBICOKOKAUE€CTBEHHOW MPOBOJIOKH [6,7]:

AKycTtuKo-3MuccHOHHas auarHoctuka (AD]l) mporecca Bonouenus (AI1B) mms
obecriedueHus ero PyHKIIMOHATHHOTO Ka4eCTRa.

KomriekcHoe 11eeBoe KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE COBEPILICHCTBOBAHHE
BoJIoOuMIIbHOTO HHCTpyMeHTa (CBN).

Ontumuzanus GpakToOpoB FKCILTYaTallMOHHO-TEXHOJIOTHUYECKOM HACIeACTBEHHOCTH
(OTH) na onepanusix BOJIOYCHHUS.

Janee, ¢ yuéToM MaTepUaIbHO-TEXHUYECKUX U APYTUX PEAIbHBIX BO3MOKHOCTEH
BBINIOJIHEHHUS HAay4YHO-NMPUKIAAHON TEeMaTHUKHU B KOHKPETHBIX JabopaTOpHO-
MPOU3BOJICTBEHHBIX YCIOBHSIX, B YACTHOCTH HA MPEINPUATHUSX 110 U3TOTOBJICHUIO BOJIOK
U3 CHHTETUYECKUX aJIMa30B U BOJIOYEHHIO BHICOKOKAUE€CTBEHHOM TOHKOM, AHaMETPOM
mMenbie 0,1 MM, TPOBOJIOKK M3 IIBETHBIX METaLIOB, ObuTH MyTéM KOO ompeneneHbl
3HAUYE€HUSI OLEHOYHO-XAaPAKTEPUCTHUECKUX KPHUTEPHUEB 0XKHUIAEeMOT0 KadyecTBa
mianupyeMbix HKU. O600mienHbIe pe3yapTaThl JaHHON MPOIETyphl MPeICTaBICHbI
B Ta0.2.

Tabnuma 2 — DKCOHEpTHBIE OMEHKHU KPUTEPHUEB, XapaKTEPHU3YIOIMHUX
paznuunsie Tembl HKA
Ne Haumenopanue remsr HK 3Ha4YeHUs] KPUTEPHUS OLICHKH
/1 BP MU OI1
1 JIIB 8,0 8,0 6,0
CBU 7,0 7,0 5.0
3 STH 7,0 6.0 5,0
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OcHoBbIBasiCh Ha nostyyeHHbIX nTyTeM KOO gaHHBIX O BETMYMHAX OLEHOYHBIX
KpUTEPHEB, KOTOPHIE MPEICTaBIeHbl B Ta0d. 2 ¢ y4ETOM MX 3HAUUMOCTH (CM. TalIl.
1) no cootHomenuto (5) paccuntbiBasics pedtuHr IIJIT mnanupyemeix HKU. B ta6.
3 mpencTaBieHbl PE3YJIbTaThl CPABHUTEIBHOW OLIEHKH PEUTHMHIOB aHAIU3HPYEMOIO
AT nnst peanuctuanbix HKM B 061acTu HaydHO-IIPUKIIAHOTO COBEPILIEHCTBOBAHUS
TEXHOJIOI'MH BOJIOYEHUS.

Ta6nuna 3 — CpaBHUTENIBHBIN PEUTHHT 0XKHIAeMOT'0 KauyeCcTBA TEMAaTHKH [UTAHUPYEMBIX
JccepTanuil B 007aCTH TEXHOIOTUU BOJIOYECHHUS

Ne . IIpunsareie Pelitunr
TeMsbl IuIAaHUPYEMOIl AKUCCEpTALUK

/i COKpaIeHus JiccepTabebHOCTH
AKYyCTUKO-PMHUCCHOHHAs

1 y AD]I 1,0
JIMarHOCTHKA B 00JacTH
CoBepIlIEHCTBOBAHHE BOJIOYHIIHHOTO

2 p CBU 0,81
WHCTPYMEHTA

3 OnruMu3aIus HaclaeICTBEHHOCTH OTH 0,82

IIpumeuanue. B nocienneit
rpade MpeCTaBIeH PEHTHHT
ITJT nnanupyemsix HKHU
HOpPMHPOBAaHHBIH Ha
MaKCHMaJIbHOE 3HaYeHHE.

Takum 00pa3oM, U3 MpeICTaBICHHBIX BAPHAHTOB TEMAaTUKN HAUOOJIBIINM PEHTHHIOM
muccepradbensHocTH obnagaer HKM notennmana nHpopMannoHHO-TEXHOJIOTHIECKUX
BO3MOYKHOCTEH aKyCTHKO-3MHUCCHOHHOW TMAarHOCTUKH (PYHKIIMOHAJIHHOIO KauecTBa
nporecca BoyioueHuss. KoHeyHo, BBIIEPACCMOTPEHHBIM IIPUMEP BO MHOTOM HMMEET
YCIJIOBHBIN XapaKTep, HO OH HAIISIAHO HIUTKOCTPUPYET MPUKIIAIHYIO PE3YJIbTATUBHOCTD
aJrOPUTMHU3UPOBAHHON NPOLEAYPHl PElIeHUs Takoil TpyaHodopmamu3zyemoi
KBaJIMMETPUYECKON 3aa4M, KAK MAaKCUMAJIbHO JOCTOBEPHAs IPEIUKTUBHAs OLICHKA
nuccepradenpHocTu TaHupyemeix HKU. 3amerum, 4To B nanpHEWIIeM MyTeM
PEaTMCTUYHOTO PACIIMPEHUsl CIIEKTPa OLEHOYHBIX KPUTEPUEB U YTOUHEHMS UX
3HAYUMOCTH BO3MOYKHO CO3/IaHHE COOTBETCTBYIOIIETO IIPOIPaAMMHO-MATEMAaTHYECKOTO
o0ecrieyeHns, O3BOJISIIOIIET0 BIOJTHE OOBEKTHBHO MOJAXOAUTH K BBIOOPY HamOoiee
PEUTHHTOBBIX TEM IUCCEPTAllMi B CaMBIX PA3IUYHBIX 00IACTAX 3HAHWUHU, B MEPBYIO
odepelb B €CTECTBEHHO-HAYYHbIX TACIUILINHAX.

PesyabTaTsl 1 00cy:KI1eHNS

CdopmynupoBaHa 3ajada NPEIUKTHBHON OLEHKU IUCCEPTAOETbHOCTH
mranupyemoro HKU annapatoM npukiIagHOW KBaJIUMETPUHU, B YACTHOCTU IyTEM
HCIIOJIB30BAaHUs PE3YyJIbTaTOB CTaHJAPTHOU NMPOLEAYPBl KPUTEPUAIBHO-IKCIIEPTHOTO
onenuBanus (K20). B mepBoM nmpulImkeHWH MOKa3aHO, YTO PEUTHUHTOBAS
OIIEHKAa HCCEPTA0ENbHOCTH CKJIAbIBACTCS M3 IKCIEPTHHIX OLIEHOK KPUTEpHS,
xapakTepusyomux temy oyaymero HKU ¢ yuerom ux ¢pyHKIIMOHAIEHONW 3HAYMMOCTH.
Ananutudeckd (opMaIu30BaHO JTAHHOE PEHTHHTOBOE COOTHOILIEHHE, CTPYKTypa
KOTOPOI'0 COBIIAIa€T C U3BECTHBIM B IIPUKJIAJHON KBAJIMMETPUU METOZOM B3BEILICHHON
CyMMBI.
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CdopmynupoBanbl 6a30Bble KPUTEPUH OLEHKH OKHUJIAEMOI'0 KayeCTBa TEMBI
oyaymero HKU u nyrem KOO ompenenena nux KoJIu4ecTBEHHAas: 3HAYMMOCTb, UTO
(baKTHUECKHU 3aMBIKAET MpEAaraeMblil MMOAX0/] B PEIICHUH 3a/1a4H IPOrHO3UPOBAHHS
ypoBHs AuccepTabenbHoCTH TuTanupyembix HKU.

[IpuBeneH npuMep OLEHKH PEHTHHTA JUCCepPTadebHOCTH TPeX KOHKPETHBIX TEM
HKMU B obnactu TexHonoruu BosioueHus. [lokazano, yTo HauOOIBUINM PEHTHHIOM
nucceprabenbHOCTH 0o0NajaeT TeMa, CBA3AaHHAs C pa3pabOTKON M peanu3amuei
UHCTPYMEHTApUs aKyCTHUKO-DMUCCUOHHOM ITMAarHOCTUKH IapaMETPOB COCTOSHUS
IPOIIECCOB TPEHUS U IIIACTUYECKOT0 J1e(hOPMUPOBAHUS MaTepHaja IPOBOJIOKH B 30HE
€€ BoJIoYeHM. JJaHHBIN IpUMeEp HATJIAHO WIUIIOCTPUPYET IIOTEHIMANI BO3MOXKXHOCTEN
[IPEAJIaraeMoro KBaJMMETPUYECKOIO IMOAX0a U IO3BOJISIET HA MPAKTUKE I10Jy4aTh
METOAUYECKH 3HAUYMMbIE€ pe3ysbTaThl Ha 3Tane niuaHupoBanus HKU pasnuunoro
YPOBHSL.

BoiBoabI

IIo pe3ynbraTaM BBIIIOJHEHHOI'O MCCIENOBAaHHUS MOKHO CHEJATh CIEAYHOLIUE
OCHOBHBIE BBIBOJIbI, @ TaKke C(HOpPMYIUPOBATh MpeABapUTEIbHbIE 00001IEHUS U
HAaMETUTh IEPCIEKTUBBI Pa3BUTHS, IIPELIAracMoOro KBaJIuMETPUUECKOro MOAXoAa K
PEUTUHIOBAHUIO TEMATUK IUIAHUPYEMBIX JUCCEPTALMOHHBIX UCCIIEIOBAHUMN.

HTorom neneHanpaBiIeHHOTO Pa3BUTHUs, Pa3pabaThIBAEMOro KBAJTMMETHUYECKOTO
OJAXO0Ja JOJKHA CTaTh COOTBETCTBYIOINAs HAy4YHO-NIPHUKIAAHAA METOIUKA
IporHo3upoBanus oxugaemoro kagectsa HKM Ha cambIX paHHHX 3Tanax ux >KU3HEHHOTO
IIMKJIa CYIITHOCTHO COCTOSIIIAs B aHAJIN3E IUCCEPTA0EIBbHOCTH IIPeAIaraeMoi acliupaHTy
WJIM MaruCTPaHTy TEMBbI UCCIIEIOBaHUS.

[Ipemiaraemslii moaxo/ 00J1a1aeT T0CTATOYHOM CTETIEHBIO THOKOCTH, YTO MTO3BOJISIET
ero (yHKIIMOHAJIBHO aJallTUPOBATh K PEIICHUIO aHAIOTMYHBIX KBAJTHUMETPHUECKUX
3aja4 B JPYTUX OTpaciax 3HaHWH. J{J1s 3TOro HeoOX0MMO peann30BaTh NPEAMETHO-
OPUEHTHUPOBAaHHOE YTOUHEHHE M JOIOJHEHHE HMCIOJb3yeMbIX B JaHHOU pabote
OLICHOYHBIX KPUTEPUEB, a TAKXKE OCYILLIECTBUTH IIPOLIEYPY OIIPEIEIICHUS UX 3HAYUMOCTH
B CTPYKTYp€ BBIYHCICHHS peTuHra TeMbl Oyaymero HKH.

ITo Mepe coBepiICHCTBOBaHMS pa3padaThIBAEMOI0 KBATMMETPHUECKOTO MOAX0/a
OCHOBHOM IEPCIEKTUBOI €ro pa3BUTHA CIENyeT CUYUTATh CO3JaHHE U MacIITaOHOe
OpUMEHEHHE B MPO(PUIbHBIX YHUBEPCUTETaX CHEIHATU3UPOBAHHOIO MPOrPaMMHO-
MaTeMaTH4ecKoro o0ecreueH s B BUIe COOTBETCTBYIOIIUX HelpoceTeil. ITo Mo3BoIIseT
CYIIECTBEHHO MOBBICUTH JOCTOBEPHOCTH MPOIEAYpPbl 0OOCHOBaHUS MOTEHIIMAIA
KAa4eCTBa TEMATUKU IJIAHUPYEMBIX TUCCEPTALMOHHBIX UCCIEA0BAHUM.

B 3axitouenne oTMeTuM, 1o (pyHKIHOHATBHO-CYIIIHOCTHON aHAJIOTUH BO3MOXKHO
CO3JjaHHe LEJICHAIIPABICHHBIX HEMPOCETEN I aHAJIM3a 3HAYUMOCTH TEMAaTUKHU
wianupyembix HUP n/unn HUOKP, kotopast MoKeT ObITh pe3yJIbTaTUBHO COIPsDKEHA
C TEMaTHKOH BBINIOJTHAEMBIX Ha UX 0aze npoduiabHbeix HKU.
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TEXHOJIOTUAJBIK BEUTHJII )KOCIIAPJIAY KE3EHIHJIE FHLIIBIMU-
BLIIKTLIIK 3EPTTEYIIH HOTHKEJILIIK OJIEYETIH AUKBIHIAY

Fouimu-oinikminik ~ 3epmmeynepiniy  QYHKYUOHANObIK, — MAHbBI30LLIbIZbIH,
acipece 01apObly OMIPAIK YUKTIHIH AI2AUKbL Ke3eHOEePIHOe CeleKmuemi 601xucayouly
Kypoeniniei kopcemineen. Foinvimu-0inikminix 3epmmeyiepin H#cocnapiay Ke3eqinoe
OHbl YAKbIMbIHOA KOp2ayoOuly Kyminemin MYMKIHOIIHIY 001#camMObl petimunein
Kypyea KeanuMempusivlk mocindi Koadawy Ycuiuwliovl. MyHnoail petimutnemi
KpUumepuanobi-capanmamanbly manoay o0icimen adOumuemi-oemepmMuHupiIeH2eH
KYypy pocimi pocimoendi. AHAIUMUKATLIK JHCOIMEH HCOCNAPNAH2AH  2bLIbIMU-
OLNIKmMinix 3epmmeynepiniy petimuHein JHcoHe muicmi ocep emy Kodgduyuenmmepin
ecKepe omulpuvli, OHbIY CANACLIH ba2anay Kpumepuiiiepin oipvinaai yHKYUOHAL0b
KeuleHze OAUNAHBLCIbIPAMbIH KAMbIHAC ANIbIHObL. FoliblMu-0inikminix 3epmme)iepin
OPBIHOAYOBIH JHCOCNAPAAH2aH OA2bIMbIHbIY PEeUmuHii 0azaniay Kpumepuiiepiuiy
HAKMbl HCUBIHMBLEBL Y CHIHBLLObL HCOHE 0NAPObIY CAHOBIK MAHBIZObLIbIZI AHLIKMALOB.
Cwi3y0bly  MEXHONO2UANBIK  ONEPAYUACHIHbIY — MbICATLIHOA  OipHeule  2bLiblMu-
OINIKMiniK 3epmmeyaepin OpblHOAY HCOCNAPIAHeAH PEeUmuHemi CalblCmblPMAaibl
bazanaysa yCculHbLI2aH KEANUMEMPUSIIbIK MOCLIOi Jcy3ece acbipyovly Muimoinie
xepcemineen. Cyupey mMexXHONO2UACHIH Oamblmyovly Kazipei Ke3eyinoe 0Cbl
onepayuanbl  JHco2apbl MUiMOi OUACHOCMUKAAAY ANRApAmuvlH d3ipaey, CoHOAl-
ak cyupey Kypanblh KeuileHOi KOHCMPYKMOPABIK JHCEMindipy dHcoHe Natoanamy-
MEXHONOSUSILIK, MYKbIM KYATIAYUBLIBIK (AKMOPAApblH OHMAIAHObIPY e 03eKmi
boavin mabwvinaovl. Keanumempusiivlk mociioi 0amvimyobly NePCNeKmusaiapol, ey
ANIObIMEH, 2bLIbIMU-OINIKMINIK 3epmmeyiepin OpblHOay Oa2blmvlH MAyOAy Kipemi,
pecimoenyi KublH CaHammapobl peumunesmey poCiMiH 0ObeKMUsmeHoipy Yulin
muicmi Heupoxceninepoi Kypy HcoablMeH 0eneileHo.

Kinmmi co3dep: xeanumempus, capanmama, peiimune, bazanay kpumepuiLiepi,
Oinikminikmi 3epmmey, Cvl3) MeXHOI02USCYHL.
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DETERMINATION OF THE POTENTIAL FOR THE EFFECTIVENESS OF
SCIENTIFIC AND QUALIFICATION RESEARCH OF TECHNOLOGICAL
PROFILE AT THE STAGE OF ITS PLANNING

The complexity of selective forecasting of the functional significance of scientific
and qualification research, especially at the earliest stages of its life cycle, is shown.
1t is proposed to use a qualimetric approach to the construction of a predictive rating
of the expected possibility of its defense in time at the planning stage of scientific
qualification research. The procedure of additive-deterministic construction of such
rating by the method of criterion-expert analysis is formalized. The ratio linking the
rating of the planned scientific-qualification research and the criteria for assessing its
quality, taking into account the relevant influence coefficients, into a single functional
complex has been analytically obtained. A realistic set of criteria for assessing
the rating of the planned direction of scientific-qualification research fulfillment
is proposed and their quantitative significance is determined. The effectiveness of
the proposed qualimetric approach to the comparative assessment of the rating of
several scientific and qualification research planned for implementation is shown
on the example of technological operation of drawing. It is shown that at the present
stage of development of drawing technology the most actual is the development of the
apparatus of highly effective diagnostics of this operation, and also complex design
improvement of drawing tool and optimization of factors of operational-technological
heredity. Prospects of development of qualimetric approach are outlined, first of all,
by creation of corresponding neural networks for objectivization of rating procedure
of hard-to-formalize categories, to which the choice of direction of performance of
scientific-qualification research belongs.

Keywords: qualimetry, expertise, rating, evaluation criteria, qualification
research, drawing technology.
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CAJIAJTIbIK MALUNHA XXACAY/ZJA KOMIO3UTTIK
MATEPUATIQAPAbLI KOJIQAHY TYPAJIbl MO CEJIECI

byn maxanaoa wmawuna oicacay canacel  ywin - HCaHa  KypbLIbIMObBIK
mamepuanoapobiy u3UKa-mMexaHuKaIblk CUNammamaiapbli KAMmMamacsl3 ememin
noaumepoemon mer puopobemorHblY YMbIMOblL KYyPAMOAPbIH MAKOAY HOmudicenepi
MeH a0icmepi KenimipineeH.

Ocbl 3epmmeynepoiy Hcayaniviabl May-KeH Memaiiypeus KeweHiHe apHaiean
2#cabObIKMapOvl 0abIHOAY Ke3iH0e MAWUHA HCacayOd NA0AIanyaa O0JAmMblH JHCAHA
KOMRO3UYUSTBIK, MAMEPUANObI ALY ObIH MEXHUKATbIK MYMKIHOI2I MeH IKOHOMUKATBIK,
OPBIHOBLIbIZLIHBIY, 007eE 00bIN MAOBLIAOL.

Kasipei yaksimma nonumepbemon sicone pubpobemon cusikmol KOMNOZUYUATBIK
mMamepuanoap spmypii caianapoda KeyiHeH Koai0aHbLiaobl.

3epmmeynep yw paxyusoan mypamoein y3ik-y3iK epanyromempusicbl 6ap
aspezammol NAUOALAHY YMbIMObL eKeHiH aHblKmaovl. Byn owcazoaiioa Kiwieipim
dpakyusnap yiken @paxyusnapoazel  60C  OpLIHOAPOLL  MOAMBIPAOLL, OV
ROMUMEPOEMOHHBIY MbI2bI30bI2bIH  JCOHe OHbIY Oepikmicin apmmuipadsl. bip-
Oipinen pemi O0lbIHIUA epeKuleneHemin QPakyusnapobiy O0IYbl OPbIHObL eKeHOI2]
anvlkmanovl. byn nonumepbemon ywin, pedykmopaapobiy KOPRYCMAPbIH HCACAY
YWiH KOCHAHBIY YMbIMObL KYPAMBIH YCbIHY2a MYMKIHOIK OepOL.

Tlonumepbemondapovly  cunammamaniapvlva  Heeizei  axkmopaapovly
ocepi  3epmmendi: apaiacmulpbldimobly JCYMbIC OPSAHBIHbIY AUHALY JHCULTIZI,
KOMROHEHmMmepOiy K032axy YaKbimbl sHcoHe /] ulaiblpblHbly memMnepamypacsi.

Komnonenmmepoi exi camwvioa apanacmuipy mexHOIOSUACHL HCACAIObL, Ol
Oipmekmi KOCHaHul JicoHe emMOeyOeH Kelid U30mponmsl Mamepuanovl dnyobl
Kammamacwlz emeoi. JKypeizineen zepmmeynep oyn mamepuandapobl mMexHUKAIbIK
CURAMMAaManapvl 6OUIHUA MAWUHA HCACAYOa KOPRYC boueKmepi YWiH Natoaiany
WOUbIH  JICOHE  ANIOMUHULL KOPLIMAANAPbL CUAKMbL OSCMYPIl MAmMepuaioapoaH
Kem mychneuminin pacmaovl. byn onapoviy ynemOi ananoemap peminoeei poiin
pacmatiov.

Kinmmi ce30ep: xomnozum mamepuanoap, ¢uopobemon, nonumepbemor,
KOCnanap, maunublkmap, Oipii cmool.
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Kipicne

Tannmay TanmplKThl KOJJaHY KOMIO3HUIHSIBIK MaTepHalaapAblH OEpiKTiK
cUnaTTaMajapblHbIH KaKcapyblHa oKeJeTiHiH kepceredi. Ochliaiiia, TalIIBIKTHIH
dPTYPJIi TYPJIEPIH KOJJaHy MYMKIHJITIH 3epTTey 03€KTi 00JbIn oThIp. Byn Typrbiga
KOMITO3UTTEPAET] OJIap/IbIH TEXHUKAIBIK CUIIATTaMaIapblH aHBIKTAY YIIIH KOMIPTEKTI
XoHe 0a3abTThI TAIIIBIKTAP bl KOJJAHATHIH SKCIEPUMEHTTED *KYpriziaai. Kypsuibic
WHIYCTPUSCHIHIA O0JIaT TaIIIBIKThI, 62a3aJIbT TAJIIIBIKThI )KOHE KOMIPTEKT] TATIIBIKTHI
KOJIZJaHyFa apHajFaH 3epTTeylyiep Oap, Oipak OyriHri KkyHre JeiiH KOMIIO3UTTIK
MaTepHalljapJaH jKacalFaH TeXHOJOTHUIBIK MaIIMHATAPABIH KOpIyc OeIeKTepiH
eHIipyZe 0a3aJbT NMEH KOMIPTEKTI TANIIBIKTHI KOJIIaHyFa apHaJFaH 3epTTeyiep
KYPTi3UIreH XOK.

Ochr maceneni menry makcateiaga K. M. CorbaeB ateingarel Ka3zak yaTThIK
TEeXHHUKAJIBIK 3epTTey yHUBepcuTeTiHAe (Satbayev University) opTambIKTaH TEMKIII
COPFbUIAP KOPITYCHIH AalbIHAAY YILIIH PEIYKTOpap KOPIYChIH XoHe (uOpoOeTOHIbI
JNaibplHAay YIIIH MOJMMepOeTOH bl maijanany OOWbIHIIA apHaibl 3epTTeyiep
xyprizinai. Ocel 3epTTeyiep meHOepinae OipkaTtap MiIHAETTEp LISHIIIi, COHBIH
iiHae noauMepoeToH MeH (prOpoOETOHHBIH OHTANMIIBI KypaMIapblH TaH1ay, OHIMHIH
OepikTirine Heri3ri (axkropaapAbIH dCEPiH 3epTTey, OHAIPIC TEXHOJIOTHICHIH d31piey
JKOHE MIPOTOTUIITEP/II ChIHAY. AJIBIHFAH HOTHXKEJIEP OChI OasHAaMa/a YChIHbUTFaH [1].

Marepuangap MeH aaicrep

3epTTey OapbIChIHIA d/1e0U IePEKKO3Iepre aHATUTHKAIIBIK IOTYAbI, KOMIPTEKTI
XKoHe 0a3aJbTThl TAJIMIBIKTHI KOJJAAHA OTBHIPBIN, KOMIO3ULIUAIBIK KOCHAaHBIH
KYPBUIBIMBIHBIH TEOPHUSIIBIK aCHEKTUIEPiH, COHJIail-aK KOCHaHbIH TE€XHUKAJBIK
napameTpiepiH *KoHe Koclajap/bl JaiblHIay MpoLecTepi MEH COPFbI KOPIYCHIH
KYIO TEXHOJIOTHsIJIApbIHA SPTYPIl (PaKTOpIAPAbIH dCEPiH IKCIEPUMEHTTIK 3epTTeY Il
KaMTUTBIH KELICHI 9iC KOJAAHbUIAbl. DKCIEPUMEHTTEP IIH HOTHXKENEpl allbIHFaH
MOJIIMETTEPAIH KOFapbl CEHIMAUIITIH KaMTaMachl3 €Te OTBIPBIN, MaTeMaTHKAJIBIK
CTaTUCTHKA SAICTEPiH KOJIIaHy apKbLIbl OHIEIN 1. By TyXbIpbIMaap noaumepiti 6eToH
KOHE TAIIIBIKTHI OETOH KOCIANAPBIH JaibIHAAYABIH TEXHOJOTHIIBIK HYCKAyJIapblH,
COHJIali-aK peAyKTOpJap MEH OPTAJIBIKTaH TEIKIII COPFBUIAPIBIH KOPIYCTaphIH KYIO
dJIiCTEpPiH d3ipieyre Heri3 OOJIbI.

[TonmumepOeTOH KOCIAChIH Kacay YIIH OailIaHBICTBIPYIIBI KOMIIOHEHT PETiHIe
noJaud(GUp MANRBIPhl KOMAAHBULIBI. TONTBIPFRIIITAP MEH TONTHIPFRIIITAP KOKBICTHI
(2-3 mm ¢dpakums), kBapiy KymbiH (0,5—-1 MM (pakuus) sxeHe MHUHEpAIIbl YHJIbI
(0,05-0,01 mm ¢paxmust) Tagmaasl. KublpiblK TacTsl dpakuusiapra 0eny mporeci
eJIeyilITI KOJIJaHy apKbUIbI )KY3€Te achIpbLIAbI, COJaH KEWiH KaXeTTi (paKuusHbI
1pIKTey HEFypJIbIM KOJIAMIIbl MOJIIIEPeT] eJIeKTEeH KYPri3inal. ArperaTrrapabl KenTipy
Kenriprim »a0abIKThI aii1ananbln OeTIHIeHHEH KeiliH *KYy3ere achIpbuiab [2].

[TonmumepOEeTOHHBIH MaKCUMAIIIbl OEPIKTIK cUIIaTTaMallapbiHa KOJI )KETKI3y YIIiH
KOMITOHEHTTEP/IiH TYPBIC CaHIBIK KaThIHACHI FAHA €MEC, COHBIMEH KaTap TOITBIPFBILI
IIeH TOJITHIPFBIIITHIH BUIFAJIBIIBIFBIH KOCA IFAH/1a, TEXHOJIOTHSJIBIK TapaMeTpiaepl
cakTay MaHbI3/1bl 00J1/16l. Byn MaTepuangapabIH bUIFaIABUIBIFBL | %-1aH acmaybl Kepek,
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a1 KBIIKBUABIFB 97-98 %-nan kem 60nmaysl kepek. KenrtipyieH keifin MmaTepuaniap
KOpILIaFaH OPTAaHbIH BUIFAJIBIMEH JKaHACIIAy YILIiH OKIIAayJIaHFaH.

blnpicTarbl MUKI KOMIIOHEHTTEP1 apalacThIpy MPOLECi 8p TYpJii Iponopuusga
TOJITBIPFBIIITAP/bI (KOKBIC, KBApI] KYMbI, MUHEPAJbl YH) jKOHE KOMIPCYTEKTepi
KOCyIbl KaMThIIbl. Byn mporecc OapiblK KOMIOHEHTTEPiH OipKeIKi TapaixyblH
KaMTaMachl3 €Ty YUIiH 3 MUHYTKa CO3BLIbI.

baiimanpICTRIpYIIIBI KOMIOHEHTTIH POJIiH aTKapaThIH MOJUA(PHP HIaWbIPEl KOCTIaFa
yari maccachiHbIH 10 % KaTbiHachHIa KOChULIBL. [Tomadup maiibipbl 6aillaHbICTHIPY LB
KOMIIOHEHTTIH aJCOPOIMSICHIH )KoHE KYPFaK TOITHIPFBIIITAPMEH OaillaHbICTa )KOFaPhI
apanacTeIpy THIMALUIITH KaMmTamack3 ety yiriH 110 °C neiiin KbI3IbIPBUIIBL.

[Monuspup maiteipein 110 °C Temneparypara JeliH KbI3JABIpFAaHHAH KEWiH
KaTalTKBII KOCBUIABI, 0JI MOJUMEPOETOH KOCMAachlHAH 0ac TapTyAblH XUMUSIIBIK
PEeaKIUsACBIHBIH KaTalIu3aTopbl 00J1bl. Byl KOMIOHEHT 2 MUHYT imiHAe OeiceHni
TYpAe apanacTelpbliabl. ComaH KeiliH monuaup maibipbl MEH KaTaWTKbIII KOCHAChI
AJIZIBIH aJ1a JalbIHJaFaH KypFaK Kocrachl 0ap bIIbICKA KOCBULABL. ApajacThIpy MpoLeci
O1pTEeKTI Maccara )KeTKeHIIe 6 MUHYT O0iibI sxanFacTsl [3].

MyKHUAT apajiacTbIpFaHHaH KeHiH MOJIMMepOETOH KOCTIAChl YJIT1 MaTPHIIACHIHBIH

10 ysmbiFpiHa OipKeNKi TapaThUlAbl. MaTpuia ysIIbIKTapblHa KOCIAHBIH THIFBI3
TapatyblH KAMTaMachl3 €Ty YILIiH BUOPOCTOJ KOJIJaHbLIIBL. YITUIEpAiH Aipuiaey nporeci
10 munyTKa co3puabl. Coman KeiliH yiriiep maTpuiaza 0enme TemnepaTypachlHIa
7 carat Ooifbl ycTanael. MaTpuliajan HIbIFapblIFaHHaH KeHiHri yiurinep (1-cyperti
Kapanp13) kenrtipy HIC-200 CITY-na 70 °C temnepatypana 2 caraT 00MbI KeNTipiIi.

Cypet 1 — Matpuiaias nmislFapblIFaHHAH KEHIHT1 yaTiIep

Opi Kapaii, kemipcyiaap MeH 0a3ajbT TAIIIBIKTAPbl KOCBUIFAH YJTLIEp JKacallbl,
COJIaH KeHiH 0J1ap IbIH OCPIKTIK CHITATTAMAJIAPIH aHBIKTAY YIIIiH MEXaHUKATBIK CBIHAKTAP
xyprizunai. [Tomumepsi MmaTepuanaapablH MEKPO KoHE MaKPOKYPbUTBIMIAPbIHBIH TOH
EpEKIIETIKTepPl Ae €CKEePLIII.

[Monmumepni maTtepuanablH OCTiHIE MOJEKyJiaapajblK ©3apa 9peKeTTecy
SHEPTHUSACHIHBIH OTEJIMEyiHe OalaHBICTHI MaKpOMOJIEKYJianap KYpPbUIBIMBIHIA
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HOJSAPIABIK (PYHKIIMOHAIBI TONTApABIH 00ybIHA OailTaHBICTHI apTHIK OCTTIK SHEPrust
naiina Gomanel [4,5]. 1-xecteae opTypii dIiCTEpMEH albIHFAH KeHOip moiaumepii
MaTepHaaap YIIiH OETTIK SHEPTus IamMaliapbl KEJITipUIreH.

Kecte 1 — Oprypii dicTepMeH allbIHFaH MOJIMMEpJl MaTepuajjap YUIiH OeTTiK
SHEprus MaManapsl

[Mommmep [Mommmep Gettik sHEprUs, MJx/cM2
IMonustnnen 32-35
INonunponunex 29-32
Tonmmctupon 36-43
[MonurerpadTopaTHIICH 19-26
TTonuBuHMIXIIOpUA 42-46
[TonumeTnameTakpunar 41-47

TTomuamupy 47

[Tonmumepni MaTepuangapAblH TepeH KaOaTTapbIHBIH KYPBUIBIMBI OJAapJbl airy
KarJaimapelHa — TeMIepaTypa MeH KOHIICHTpalusl epicTepiHiH OipKenKijirine,
peakTorIacTTap YUIiH — p TYpJi TEpEeHIIKTET1 KaTaro KHHETUKAChIHA OaiJIaHbICThI, OYIT
MaTepUaNIbIH KOJIIeHeH KMMachl OOMBIHIIIA TEMITEpATypa epiCTepiMeH e OaliTaHbICTHI.

JlucnepcTi TONTHIPFBIITAPHl 0ap HEMece TaJIIIBIKTapMEH HBIFAUTHIIFaH
HOJUMEPJIi MaTeprualgapablH KYPBUIBIMBI KOFAaphl TE€TEPOTCHIUTIKIIEH XOHE
dazaapasblk KyOBUTBICTAPABIH MaHBI3IbI KOpiHicTepiMeH cumartanansl. [Tommmep
MaTPHIIACKIHBIH (pa3aapaiblk KabaThIHIa OHBIH KypaMbl MEH KYPBUIBIMBI, OHBIH 1LTIH]IE
CyNpaMOJIeKyJIaJIbIK KYPbUIBIMHBIH O€NTil Oip peTi aTapibikTail e3repesi. dazanbik
uHTEepeicTe BUTFAIIaHy IApTTaphl, aATre3UsUIBIK OalTaHbICTap KOMIOHEHTTEPAIH
e3apa d9PEKEeTTEeCy CHITAThIHA XKOHE (ha3aapaliblK OCTTIK YHEPTUSHBIH IIamMalapbiHa
OaiimaHbICTHI. TONTHIPFBIIITAP/IBI TOJIUMEP MAaTPUIIACKIMEH TOMEH bUTFAJIIaH IbIPFaH/Ia,
uHTEpdeiicTe KeYeKTUTIK maniaa 60Iybl MYMKIiH.

Barmapnanran momumepIti Matepruaiiap — TAIIIBIKTApP, TATIIBIKTE MaTepHaaap
YKOHE TUIEHKaIAp - ajly MapTTapbiHa OalIaHBICThI, COHJIAii-aK KeJIeHEH OJIeMIepaiH
a3JbIFbIHA OAMIIAHBICTHI OJIAPJBIH OCTTIK CHIaTTaMalapbl MEH T€TEePOTCHILTITiH e
©31HIIK albIPMaNIBLIBIKTAphI 0ap. TalmbIKTapAbIH KOJIeHSH KHMACHIHBIH ITIIIiHI MCH
OeTiHiH cumaTel KoOiHece OacTanKpl MOJUMEPAIH TYpPiHE, TANIBIKTAP/b! aTy diCiHe
KOHE IapTTapblHa OAWIAHBICTHI OOJIa/IbI.

XUMHUSUTBIK TaTIIBIKTAPABIH KOJIJIEHEH KUMACHIHBIH HIMIiHIH TAOMFHU TAIIIBIKTAPMEH
CaNBICTBIPY KBI3BIKTBI: MaKTa, 3bIFBIP, XKYH, TaOUFH xi0ek. byn TammsikTap yurix
KOJIZICHEH KUMAaHbIH TIIIiHI oJIapJIbIH Maiaa 00y XKarJaiaapbIMeH Jie OaillaHbICTHI.
Taburu TanmeIKTapaplH 0€Ti MEH KOJIIeHeH KMMAaCBIHBIH ITNIiHI alTapiabIKTail
epekiieneHe 1i. MpIcalibl, MaKTa TaJIIIBIKTAPBIHBIH CITUPAIb TOPI3/Ii Oypaiysl 0ap, KyH
TaIIBIKTAPBIHBIH OCTiHIe KaObIpIIaKTap 6ap 00ysl MYMKIH [6].

XUMUSUTBIK TTIIBIKTAPABIH OSTi MYJIIEM TETiC eMec: a3bI-KOITi alKbIH OOMITBIK
OWBIK Oap, 01 GaKpIMaap/iaH KAJIBITAy apKbUTHI aJIbIHFaH TAJIIIBIKTapaa a3 OalKanazpl
(OMBIKTApABIH TEPEHIITT HAHOMETPJIH OHHAH Oip OeJiriH Kypaias). TammisiKTap
OJIapJIbIH KaCHUECTTEPIHE alTapIILIKTal dcep eTeTiH Ke3/IeHCOK OpHAITACKAH aKayJIap IbIH
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00sTybIMEH cUnaTTanaabl. AKaysap ycTipT 00ybl MYMKIiH (KeJIIeHeH KUMaHbIH MilTiH1
MEH MOJIIIEPiHiH ayBITKYBI, ChbI3aTTap, OETTIK JacTaHy) koHe KeneM/i (0erie Kocnanap,
Tepi Teciri, JKapbIKTap).

TanmplkTap MEH MIIEHKAJApbIH KOJIJICHEH TeTePOreHIUTITIH 3ePTTey OJIapAblH
KONIILIIriHAe yiI Kabat 6ap eKeHiH KOpCceTTi:

— KelJe «KyTHKyJiay HeMece MeMOpaHa Jemn aTtajaThiH KyKa OeTki Kabat
(KaJIBIHABIFBI IAMaMEH 1 MKM);

— OeTki Kabar;

— TepeH KabaT HeMece 03€K (Sapo).

betki kabaTTapABbIH KYPBUIBIMIBIK €pEeKLICTIKTEPl opTYpil MoJuMepiepacH
(monuonedpuHaep, MOTUKATPOAMHU], LIEIUTIOI03a ALETATHI, HOTUITUPOMEITTUTUMUATED
XKoHe T.0.) KacaJfaH IUIEHKanapaa 3epTTenai. MaceleH, MbIcalbl, 9pTYpJii
MOJIMMEpIIepIiH OaF1apiaHFaH MJICHKaTAPbIHBIH YIITUIEp] YIIiH KYPbUIBIMHBIH OpTY Pl
aiimakTapbiHaa Oarnapiay MeHAepi anblHIb! (Kecte. 2). bapasik Typaeri [lonumepai
Matepuangap OeTKi akayJapIblH OOJyBIMEH CHUINATTAIAIbI-dpPTYpJl Memepieri
TECIKTep Hemece >kapbIKTap. KeyeKTiik KeH ayKbIM/1a ©3repyi MYMKiH KoHe 0acTarKbl
MOJIUMEPAIH TYpiHE, OHJIEY OJIICIHE JKOHE IIapTTapblHa OailmaHpicThl. bankeiMagaH
JKacallFaH MaTepHalAap/IblH KeyeKTUIIr 9IeTTe a3,Tepi TeCiri KilKkeHTai. EpiTkimTig
OynaHybIMEH OJIApJBIH EpITIHAUIEpiHEH MOJIMMEpIl MaTepHalapabl aay Ke3iHjae
KEYEeKTLIIK Te oTe a3 Oonaabl. EpiTKimINeH TYHIBIPY apKbUIbl «IBIMKBUD» dJICIICH
epitinauiepaeH ansiaFat [lommepii Mmatepuaniap (ocipece TaIbIKTap MEH IUIEHKaap)
€H YJIKeH KeyeKTUIIKKe ue. TabIKTap MeH MJIeHKanap KeyekTepiniyg memmepi 1-1.5
MKM >K9HE 0J1aH a3 00JIaThIH MUKPOKEYEKTUTIKTIH O0JIybIMEH cUIaTTanab (kecte. 3).

Kecre 2 — Ioaumepiti KaObIKIIaIap KYPBUIBIMBIHBIH & TYPIi
OaFpITTapbIHJAFbI OaFgapiIap

TTomamep [Inenkanapas! mWeFapy OpramoleKynanbIK OaFaapiay
JKULTIT
Berrik xabat Tepen kadar
[Monustunen (XOoFapsl 27 0,98 0,93
TBHIFBI3JBIKTAp)
[Monmunponunex 11 0,92 0,77
TomumupomemuTHMuU 3 0,95-0,73 0,92-0,54

Kecte 3 — [Tomumep:i maTepuangapablH K€YEKTUIITHIH CUITAaTTaMachl

Tanbikrap, yaaipiep Kesem nop, em’/r.
Ilomunponunexn 0,021
[NonuBuHMIAL CIUPT 0,025-0,029
AnndarThIK TOTHaMHITED 0,014
TonmaTinenrepedranar 0,009
I'mppar Lenmronosa 0,016-0,039
Tpuarierar 1euII0I03aHbIH 0,015
Kaiitanama areTar HeuIr0I03aHbIH 0,003

63



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

[Monmmepi MaTepuanaapIbIH OapiIbIK TYPJIEPIHiH 1IIiH/IE TATIIBIKTE KYPbUIBIMAAP
€H KYpJeJIi KYpbUIbIMFa He: TOKbIMAa MaTepUallIapbl, TAJIIIBIKTHI KOMIO3UTTED, Karazaap
MeH KapToHap. JIazepiiik coyieneHy/ 1iH TaJIIbIKThl MaTepUAIIIapMEH 63apa OpEKeTTeCy
epeKILIeIiKTepl oapAbIH Oip Me3riiae Ker KOMIOHEHTTI XoHe Kol (a3aibl xKyhenep
O0JIBII TAOBUIATHIH IBIFBIMEH aHBIKTAJIAIbl, OJIAPAbIH apachIHIAFbI HHTEpdeicTep allkbIH
KepiHeai. TanmbIKTel MaTepuallIapAbIH OChI XKoHE 0acKa TYpJIEpiHiH KYPbUIBIMBI 6T
allyaH TYpJi, COMKEeCiHIEe ojlap KOMIIOHEHTTEPAIH Kypambl MEH KacHEeTTepiHe FaHa
eMec, COHBIMEH KaTap oJlapJblH OpHajacyblHa JKOHE OJIap/bIH ©3apa 9peKeTTeCcyiHe
0aiiJIaHBICTHI P TYPJII MEXaHUKAJBIK >kKoHe (HU3UKANBIK Kacuerrepre ue. Onapabiy
1IIiH/Ie €Ki Heri3r1 KeKe TONTHI Oein kepceTy kepek [7,8]:

— KEYEeKTi TOKbIMA JK9HE Kara3 TAIIIBIKThI MaTepHaap JaMbIFaH TaJIIbIKThI-aya
6erti 6ap;

— TAJILIBIKTAp KYHECIHEH (TOKbIMa HeMece Kara3 apMaTypalblK TOJTHIPFBIII)
KOHE TAIIIBIKTAP apachIHIAFbl 00C OPBIHAAP/IBI TOJIBIFBIMEH TOJATHIPATHIH MOJIUMEPIIL
MaTpHIaJlaH TypaThlH MOHOJHUTTI TAJIIIBIKTHl KOMIIO3UIIUSUIBIK MaTepHasiap.

Ocpl TonTapnan 0acka, €Ki HEri3ri TONTHIH epeKIIeNiKTepiH OipiKTipeTiH
TaJIIBIKTHl KOMIO3UIMSUIBIK KYPBUIBIMAAPABIH KeINTereH 6acka typiepi 6ap.
TanmbIKTel MaTepuaapAarbl TAIIIBIKTap MEH XINTEPAiH OpHAJIACYbl ©Te dPTYpIl
60mybl MyMKiH: 0ip ochTi (1-D), 5ka3BIKTBIKTHI, €Ki 0CbTi (2-D) HEemece yuI emnmemai
(3-D) Garnap, conmaii-aK TaaIIBIKTApJbIH PETTEIMETeH OpHajacybl. TOKbIMa oHE
Kara3 MaTepuaaapbl KYpPbUIBIMHBIH €peKIle KYPASNUIiriHe ue, o1ap TaallbIKTapblH
OpHaJIacybl MEH K€yEeKTEepiHIH CUIIAThI 6T€ KeH KeyeKTi KypbUIbIMAAp OOJIbIN Ta0bLIAIbI,
OyJ1 onapbIH KacCUETTepiHe alTapIIbIKTail acep eTei.

HaTu:kesiep MeH TaJKbLIAY

KemipcyTekTi mosnMepOeTOHHAH YJITUIEpl jKacay jXKOHE OJIapJbl Uiy MEH
CBIFBIMJIAY YIIIH ChIHAY YIIIH YJTIHIH aJIlIbl MaccachblHAaH KOMipCyJapIblH 9pTYpIl
naifbI3el 0ap OipHeIIe caHAbIK YITUIep JaibIHAAAbL. 4-KecTee MaKCUMAaIIbl OEPIKTIK
cunaTrTaManapbiHa KO JKEeTKI31UIreH MOJIMMepOETOH KOCIIAChIHBIH KOMIIOHEHTTEPiHIH
KOJIJaHBUIAThIH apaKaThIHACKI KOPCETUITeH.

Kecre 4 — Makcuman bl 6€pikTiK cUIaTTaMazapblHa KOJI KETKI3UIreH MoJIuMepOeToH
KOCTAChIHBIH KOMIIOHEHTTEPiHIH KOJIJaHBUIAThIH apaKaThIHACHI

JKanmaii  ecenrrey | Coirbutyra  Gepikrik | Minyain Gepikrik weri 8,
Ke3iHaeri % | meri va mlla mlla
Kypampuac Genikrep | kepcerkim

Ne | Y#iiHI1 KHBIPIIBIK Tac 50,0

1 | Ksapursr kym 25,5

2 | Munepanjs! yH 14,0

3 | Ilaitsip 10,0 188,2 83,0

4 | KatalTKpI 1,0

5 | bapnbirst 100

OcpiiaH KeiliH KOMIIOHEHTTEPiH apaKaThIHACHI 9PTYPJIi KOHIICHTPAIIHSTaFbI
KeMipcyrap KOCBUTFaH YITLIepi JKacay YIIiH maiganansuiasl. Byl KICy KoHE HUTy
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Ke31H/1€ )KOFapbl OEPIKTIK KOPCETKILITEpiHE KOJ KETKI3Y YILIiH KOMIpCYIapIblH OHTaIIbI
MOJIIIEPiH aHBIKTay MAaKCAaThIH/A >Kacabl.

MexaHUKaJIbIK ChIHAKTAp JKYpriziiMec OypbIH YITUIEep OJapblH KYMBIC KYHiH
aHBIKTAy YILIIH 3€pTXaHaJbIK 3epTTeyiepaeH oTTi. OchlgaH KeiiH yiariiep olapIbiH
KYpaMbIH KEHiHHEH Tajjay YUIiH OosyMeH Oenriienzi. MexaHMKaIbIK ChIHAKTap
temnepatypacsl 20+5°C Gonatein Oenmene xyprizinai. Miny jxeHe KbIcy Ke3iHze
OEpiKTIK IIETiH TeKcepy YIUiH Ta3a KbICYy PeKUMIHJE YITiHI KYKTEYyJlI KaMTamMachl3
ereTiH Makcumai el xkykremeci 1000 kH ruapaBiaukanbIk npecc, CoHai-aK 3JIeKTPOHIbI
JUHAMOMETP KOJIIaHbULABI (2-CypeT).

Cypert 2 — MexaHuKaJbIK ChIHAKTAP >KYPri3UIreH TUApaBINKaIbIK
IIPECC )KOHE AJIEKTPOH/IbI TMHAMOMETP

3epTTeyiep Uiy ChlHaKTapblHAH KEWiH aliblHFaH TepT >KapThlIal yiriaepiae
Kyprizinal. YAriHiH optaHfbl OeniriHiH Ouiktiri meH upu enmey xanunmep
keMerimeH 0,1 MM ganiknex xypri3iiai. CelHaKTap YIIiH YJIruiep ekl miacTHHaHbIH
apacblHa KOWBLIAJbI, OChUIaima Oyiip OerTepi, KaObIpFaliapra ipreyiec MmimrHaep
IUTaCTHHAIAP/IBIH ’Ka3bIKTBIKTAPbIH 1A, aJ1 IUTACTUHAJIAP/IbIH TIPEKTEP1 TETIC )Ka3bIKTHIKKA
TBHIFBI3 OpHajacaabl. YJTi miacTuHamapMmeH Oipre IlpecTiH Tipek TaKkTachlHIA
opHanackaH. CelHaKTap Ke31HJe KYKTeMeHIH ocy Xpuiaamasirbl (2,010,5) MIla/c
JIeHreninae cakranasl [9,10].

Wiy xe3inaeri OepikTik mieri keseci opmysia apKbUTbl €CENTeNIi:

6. — Porl
or — Wy—y-h-c (1)

65



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

MYH/IA:

o, — uiny kesingeri 6epikrik weri, ITa;

C — CHIHBIK OPHBIHAFBI YJT1HIH €Hi, M;

h — CBIHBIK OpHBIHAAFBI YAT1HIH OMIKTIT], M;

P_ — ynrinin opranrsl 6esirinaeri xykreme, H;

W - YJATiHIH KUMaChIHBIH KE€AEePri MOMEHTI, M?;

| —TipekTepaiH apachIHAAFbl APAKALIBIKTHIK, M.

XKeke yarini celFpIMIay Ke3iHae OEpiKTiK HIeri ChIHY KykTemeciHiy (kH-ma)
IUTACTHHAHBIH )KYMBIC aiiMarblHa KAThIHACHI PETiHIE ecenTelii. (CM>-MeH), S _AFHH,
2,0 cM?, a)THI YIITiHI CHIHAYIBIH €H YJIKSH TOPT HOTIDKECIHIH OpTalia apu(MeTHKAIBIK
MmoHi petinae. Ecentey ¢opmyna G0MbIHIIA KYPriziiai:

P = 22 @
MYHJIA:

P_ — KpICy Ke3inzeri Oy3ymusl xykTeme, KH;

S_, — KbICBIM IJIACTUHATIAPBIHBIH TIPEK alMarbl.

[onrmepOeToH KocnachIHAaFbl KOMIpCYIap TaIbIFbIHBIH MAHbI3bI TOTUMEPOETOH
yJriciniy kanmbl canMarbeiHbiH 0,4 % — naH 4 %-Ha neiiin, an 0a3anbT TaNIIBIFBI
0,5 %-nan 1,4 %-ra neitin e3repai. ToxxipuOeHiH IdIAIrIH KaMTaMachl3 €Ty YILiH dp
MoH yuIiH 10 yiriHi KypaiTbiH KeMipcylapbIH op TYpJii HaibI3bl 6ap moiumMepoeToH
KOCMAChIHAH YITUIEp Kacaibl. DTaJOH PETIHE KOFaphlJa aTalFaH TEXHOJOTHSHbI
KOJIJIaHa OTBIPBIN, KeMipcyTeri KocsuiMaran 10 ynri Kyisuiasl. Miny skeHe KbIcy
YJITUIEPIH ChIHAY THAPABIMKAIIBIK MpecTe xKypriziai (3-cyper).

Cyper 3 — I'mapaBnuKamibIK MpecTe KYPri3iired uity
YKOHE KBICY YJITUIEPiH ChIHAY MPOIECi

KeMip TamIbIKThI TANIIBIK XKoHE 0a3aJTbT TATIIBIFBI KOCBUTFaH Ty ChIHAMAIAPbIHBIH
HOTHKEJIepl colikeciHme 5-11i koHe 6-1bl KecTenepae KenTipiareH. TyciHikTi 6oy
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YIIiH MLy ChIHAKTApBIHBIH HOTIXKeNepi 4-cypeTTe rpadukansik Typae Oepiirex.
ChIFpIMAAY YIIIIH KOMIPCY TAJILIBIFBl MEH 0a3aJIbT TANILIBIFbI KOCBUIFAH YJITUIEPIi ChIHAY
HOTHXKeJIepl CoUKeciHIe 7-11i XoHe 8-11i KecTenepe OepiireH, aja calabICThIPMaIIbl
rpaduK S5-111i CypeTTe KOpCeTiIreH.

Kecre 5 — Uiy ke3iHie keMipCyTeKTi KOCAThIH YATUIEPl ChIHAY

Ne yari | Kocnagars! mabI3abIK Ommemaepi Wromi xyxreme P_, kH
KaTbIHAC Yo M, CM. h, cM.
1 ¢$ubpacez 2,0 2,1 9.95
2 4 2,1 2,1 13.19
3 2 2,0 2,0 13.96
4 1 2,2 2,1 11.40
5 0,5 2,2 2,1 9,55
6 0,4 2,0 2,0 8,11

Kecre 6 — Uiy ke3inzae 6a3aabTThl TANIIBIK KOCBUIFAH YIATIEPAl ChIHAY

Kocnanars! naibI3asIK Ommemaepi Wromri sxykreme P, kH
KaTblHAC %6 II, CM. h, cM.
Ne yori
1 1,4 2,0 2,1 9,93
2 1 2,1 2,1 10,81
3 0,8 2,0 2,0 9,52
4 0,5 2,2 2,0 8,89

Cypet 4 — Kemipcy TanmbIFbl MEH 0a3aIbT TAJIBIFBI KOCBUIFAH YJT1IEP Il

UUTy ChIHAK HOTH)KENIEPiHIH rpadUKabIK KOPCEeTKIII
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Kecre 7 — CpiFpiMaay YIIiH KeMipcyliap KOCBUIFaH YATIEpAl ChIHAY

Yarigeri petTik Kocnanarpl mabI3apik Onmemaepi Bysyuiel xykreme, kH
CaHbl KaTbiHAC % . om. H. o
1 ¢ubpacez 2,0 2,1 28,1
2 4 2,1 2,1 29,62
3 2 2,0 2,0 29,72
4 1 2,2 2,1 28,2
5 0,5 2,2 2,1 27,41
6 0,4 2,0 2,0 27,17

Kecte 8 — CeirpiMaay yIIiH 6a3ajabT TAIIIBIFBIH KOCY apKbUIBI YATLUIEP/Il ChIHAY

Yurigeri perrik | Kocniagarsl naibi3abik Omemuepi Bysymsl xykreme, kH
CaHBI KaTeiHac % L CM. H. o
1 14 2,0 2,1 30,37
2 1 2,1 2,1 31,32
3 0,8 2,0 2,0 28,06
4 0,5 2,0 2,1 26,54
Cypet 5 — CeIFpIMIanFaH yATUIEPiH CcalblcTapMalibl KOPCETKIIII
KopsbIThIHABI

Ocpunaiiiia, >KOFapblia KepCeTUIreH 3epTTeysiepre CyleHe OThIPbIN, OUTIKTTIKTI
apTTHIPY KypCTapbl apKblIbl 9J€yMETTIK KbI3METKEpJIEPAiH JKeKe jKoHE KociOu
KY3bIPETTUIIKTEPIH KaJBbIITACTBIPYABIH TEOPHSUIBIK MOJEl OHBI )KY3€re achbIpyAblH
YII JIeHTeiiH KaMTUIbl IeTeH KOPBITHIHABI XKacayFa O0onajsl. ba3anpT TalIbIFbIHBIH
OepiKTIri KOMIpTEKTI TAIIIBIKTHIH OEPIKTIK IIEr1HEeH Col TOMEH O0JIbl (CO3bLTY YILIiH
13,96 kH, xpicy ymin 29,9 kH).

Winy GepikTiri OOWbIHIIA 3epTTEYJep KOMIPTEKT] TAJIIIBIKTHI TalIIBIKTHIH
Kypamaapsl 06a3anbT TaJLIBIFBIMEH CAJIBICTBIPFAHJA OFaphbl OEpiKTIKKE M€ JereH
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6oipkamaapel pactaael. KeMipTekTi TalmbIKThl YATUIEpaeri iy OepiKTiriHiy meri
OepikTik 1mIerineH 2-3 ece xoHe KpIcy yuriH 15-20 ece acazpl.
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K BOITPOCY O IPUMEHEHUU KOMITIO3UTHBIX
MATEPHAJIOB B OTPACJIEBOM MAIIMHOCTPOEHUH

Boannoii cmamvenpedcmasienvi pezyrsmamuipazpadomxuuMemoouKunoobopa
PAYUOHATBHBIX COCMABO8 HOAUMepOemoHa u @Quopobemona, obecneyusaOwux
PU3UKO — MeXAHUYECKUE XAPAKMEPUCMUKU HOBBIX KOHCMPYKYUOHHBIX MAMEPUATO8
OJ151 MAUWUHOCTNPOUMETLHOU OMPACIU.

Hosusnoii  nacmoswux — ucciedosanuti  sensemcsi — 00KA3AMeNbCmMEo
MEXHUYECKOU BO3MONCHOCMU U IKOHOMUHECKOU YenecooOpasHOCmu noIyYeHUs
HO8020 KOMNO3UYUOHHO20 MAMEPUAld, KOMOPbLl MOodcem Oblmb UCHONb308AH 6
MAWUHOCIPOCHUU NPUU320MOBIEHUU 000Dy O08AHUL OJIA 20PHO—MEMANLYPSULECKO20
KOMNIEKca

Ha mexywuti Mmomenm Komnosumuoie Mamepuaivl, makue Kak noaumepoemon
U ubpobEmMoH, WUPOKO UCIONLIVIOMCS 8 PA3TUUHBIX OMPACISAX NPOMBIULIEHHOCTU.
Hccneoosanusmu  8bls61€HO, UYMO  PAYUOHATLHBIM — S6NAE€MCs  UCHONIb308AHUE
3aNOIHUMENs. C NPEPLIBUCMON 2panyioMempuell, cocmosawel uz mpex gpaxyuil. Ilpu
omom bofiee MenKue PpaKyuu 3anoaHIIOm nyCmomsl 6 6onee KPYRHbIX (pakyusx,
umo nogvluiaem NJIOMHOCHb NOIUMEPOEMOHA U €20 NPOYHOCMb. YcmanosneHo,
Umo YenecooOpasHo umems Qpaxyuu, omauuarwuecs opye om opyea Ha NOPOoK.
Omo no3601un0 0 NOAUMEPOEMOHA, ONsi U32OMOGIEHUS KOPNYCO8 PeOYKMOpO8
PEKOMEHO08aMb PAYUOHALLHBLIL COCIAS CMECHU.

Hcenedosano — enusnue  OCHOBHBIX — (DAKMOPO8  HA  XAPAKMEPUCTMUKU
ROMUMEPOEMOHO8: YaACmombl BpAUeHUs pabouec0 Op2aHa CMecumens, 6peMeHU
nepemewusanusi KOMROHEHMOo8 u memnepamypot cmoiavt /.

Paspabomana mexnonocus cmeuwlenuss KOMNOHEHMO8 6 06e CMAouu, Ymo
obecneuusaem NoOLyYEHUE 2OMOSEHHOU CMeCU U U30MPONHLIL MAmepual nocie
omeepoicoenus. [Iposedennvie ucciedosanus nOOMEEPOUIU, 4mo UCHONbI0BAHUE
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IMUX MAMEPUATO8 OISl KOPRYCHBIX Oemanell 8 MauUHOCMpPOeHUuY N0 MexXHU4ecKuUM
Xapaxmepucmukam He yYcmynaem mpaouyuoHHbIM MAMePUaIam, makum Kax yyeyu
U CNABbL ANIOMUHUSL. DMO ROOMEEPAHCOAen Ux pob 8 Kayecmese D0iee IKOHOMUUHBIX
AHAN0208.

Obopydosanue, UChOIb3YEMOE HA 2OPHBIX NPEONPUAMUAX U MEMALLYPSULECKUX
3a600aX, NO0BEPeAEMCsl MANCETLIM  YCIOBUAM  IKCHIYAmMAayuu, mMaKum Kax
8030elicmeue azpecCusHblX cped, BbICOKASI 3ANbLIEHHOCMb, pe3Kue Nepenaovl
memnepamyp, MpaHCROPMUPOSKA aOpaA3UGHLIX dHcUOKOCmell u npovee. B ces3u
C 9muM Npu NPoOU3800CMEe KOPNYco8 MAWUH U MEXAHUIMO8 NPUXOOUMCs
VEeIUYUBams UX MONWUHY, YMO NPUBOOUM K UOBIMOYHOMY PACXody Memanid,
CTLOAHCHOCTHAM 8 OOCTYIHCUBAHUU U YEETUYEHUTIO CHOUMOCHU. 3aMena mpaouyuoHHbIX
MEMANN08 KOMNOZUMHBIMU MAMEPUATAMU C VIYYULEHHVIMU XAPAKMEPUCHMUKAMU
npeocmasisiemcs yenecooopasHoll.

Kniouesvie cnosa: xomnosummuvle mamepuanvl, Guopodemon, noaumepoemoH,
KOMNOHEHmMbL, 80I0KHA, BUOPO CIOIL.

*D. D. Baskanbayeva, K. K. Yelemessov, M. K. Myrzakulov,
E. E. Sarybayev, Aubakirova N. K.

Satpayev University, Republic of Kazakhstan, Almaty.
Received 09.04.24.

Received in revised form 13.04.24.

Accepted for publication 30.05.24.

ON THE ISSUE OF THE USE OF COMPOSITE
MATERIALS IN INDUSTRIAL ENGINEERING

This article presents the results of the development and methodology for the
selection of rational compositions of polymer and fiber concrete, providing physical
and mechanical characteristics of new structural materials for the engineering
industry.

The novelty of these studies is the proof of the technical feasibility and economic
feasibility of obtaining a new composite material that can be used in mechanical
engineering in the manufacture of equipment for the mining and metallurgical
complex.

At the moment, composite materials such as polymer and fiber concrete are
widely used in various industries. Studies have revealed that it is rational to use a
filler with intermittent granulometry consisting of three fractions. At the same time,
smaller fractions fill voids in larger fractions, which increases the density of polymer
concrete and its strength.

The influence of the main factors on the characteristics of polymer concretes is
investigated: the rotation frequency of the mixer working body, the mixing time of the
components and the temperature of the resin ED.

The technology of mixing the components in two stages has been developed,
which ensures the production of a homogeneous mixture and an isotropic material
after curing. The conducted studies have confirmed that the use of these materials
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for body parts in mechanical engineering is not inferior in technical characteristics
to traditional materials such as cast iron and aluminum alloys.

The equipment used in mining enterprises and metallurgical plants is subjected
to severe operating conditions, such as exposure to aggressive media, high dust
content, sudden temperature changes, transportation of abrasive liquids, etc. In
this regard, in the production of machine bodies and mechanisms, it is necessary to
increase their thickness, which leads to excessive metal consumption, difficulties in
maintenance and an increase in cost. Replacing traditional metals with composite
materials with improved characteristics seems appropriate.

Keywords: composite materials, fiber concrete, polymer concrete, components,
fibers, vibrating table.
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BIIOKTbI TACTbI KECYI'E )XOHE OHOEYI'E APHAJIFAH
TEPMUSINIbIK KYPAJIOAPObLI TAJTIGAY

Maxana 6epix may colHbICMAPBIHAH, OCipece epanummepOer Kanmani2au
macmul 6HOIpY npoyecin mepey manoay 6Oonvin madwviiaovi. On mek may-Kew
MEXHONIOUSICLIH 2AHA eMeC, COHbIMEH Kamap OIOKmbl macmel eqoey, mezicmey
JHCOHe any npoyecinoe may MHCbIHbICMAPbIH MUIMOI JHCOK YULIH KOJLOAHBLIAMbIH
JHCAHA MePMUSILIK KYypanoapovly Ou3atHbiH 0a Kapacmulpaowvl. broxmsr macmul
OHOEYOIH JHCoHe OHOIPYOIH YMbIMObL 90icmepi JHCoHe OIOKMbl MACHbl OHOEY JHCOHE
OHOIPY Ke3iHOe Kammul Mmay HCoIHbICMAPbIH Oy3y2ad apHAI2AH HCHLTY KYPalOapblHblY
OU3AlHbl CUNAMMATIZAH.

Mynoaii Kypwiisimoapowl dcacay yulin KoI0aHbLIAmMbIH d0icmep MeH Kypaioap,
COHOAU-aK, 01apobl 6HOIpicme MuiMoi Kypaiea auHaioblpamvli HCAKCAPMbLIZAH
SHepeus CUNaAmmamanapvl ezoiceti-mecocelini  Kapacmoipuliadsl. byn odic may
HCHIHBLCIAPBIHOA2HL CAHBLIAYIAPObIH OONIPEK HCOHE MUIMOT KATTLINMACYbIH APMMbIPY
apKbLIbl, MAay-KeH NpOYeciHiy dHcainvl OHIMOINIZIH Jicakcapmyaa Kemexkmeceoi,
COHOBIKMAH OIOKMbI MACMbl OHOIPY NPOYeCcin Komepy MyMKinOikmepdi bepedi. byn
acnekm, acipece, mamepuaiobl 6HOeYOiH Jco2apvl OHIMOLNI2I MeH 0on0i2iH Kadcem
ememin Oemki macmol OHOIPY CANACHIHOA OMe MAHBI30bL.

CoHbimen Kamap, MaxKanaoda YCblHbli2aH Maioay MeH o3ipiemenep may
JHCHIHLICMAPBIH OHOIPY JHCOHE OHOEY NPOYeCiHiy MUIMOLNICiH edayip apmmulpa
anaovl, Oy CANAHBIY OAMYbIHA JHCOHe OHOIPLIemin OHIMHIN CanacvlH apmmbipyed
bIKnan emeoi. XKymvic opeamvl, mac Kecemin MAUUHAHbIHY MEXAHUKATAHObIDbLI2ZAH
azpezamvl  peminoe JHC02apbl  IHEPLEMUKANLIK — CUNAMMAMANAPbl  0ap  HCbLLY
KYPAnoapbibly JHCAHA KOHCMPYKYUSIAPLL OAUBIHOALBIN HCACATIOb.

Kinmmi ce30ep: may dicbiHbiCbl, OEeH3UH-aya MepMOKYpanbl, mac KecKiul
MAWUHA, OMBIH KOMROHEHmMmepi, OHIMOLNIK.

Kipicne

Kaszipri 3amaHfbl ©HEPKOCINTE TACThl OHJIEY IPOIIECi, dcipece IPaHUT CUSKTHI
OepiK *KBIHBICTap/1aH OJIOKTHI TACTHI OHIIPY/I€ MaHBI3/IbI POl aTKapa bl byn npomectiy
HET13T1 acleKTUIepiHiH 0ipi-Tay KbIHBICTAPBIH 0Y3Y jkoHE OJOKTHI TACTHI OHIIPY YILIiH
KOJIJaHBUIAThIH TEPMUSUIBIK Tac KeCy KypajJapblH THIMJI Hainanany. byn 3eprrey
OJIap/IbIH SHEPreTUKAJIBIK CUITaTTaMajlapbl MEH OHAIPICTIK MpoLecTepAeri THIMIUTITH
apTTBIPY MaKCaThIH/A OCBIHIAN TEPMUSUIBIK KypalJapasl TalAayFa )kKoHe JaMbITyFa
apHaysFaH. byn kipicriene TEpMUSIIBIK KypalJapAblH KOJIIaHBICTaFbl 9JICTepPl MEH
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KOHCTPYKIHMSTIapbIHA IOy jKacayajibl, COHBIMEH KaTap 3epTTeyIiH MaKcaTTapbl MEH
MIHAETTEP1 TYXKBIPHIMIATAbI.

Marepunangap MeH aicrep

Karnramansl Tay >KbIHBICTApbIH OHJIIPY OOMBIHIIA KaHA KEH OPBIHAAPBIH KYPYIbIH
Tay-KeH OHJIIpy CalaChIHBIH apHaiibl TOOBIHA OCBIHAN MaKcaTTaFbl Kapbepiiepai 0oy i
allKbIHIAUTHIH ©31HIIK epekienikrepi 6ap [1-3]:

a) Tay *BIHBICTAPBIH OHAIPY Ke3eHiHAe KanTay (OepiKTiK, COHJIIK KaCUETTEep )KoHEe
T. 0.) canajblK KOPCETKIIITEPiHIH CaKTaTyblH KaMTaMachl3 €Ty IIapThl;

0) Tay KBIHBICTAPBIHBIH KamnTay OJOKTapblH KeHXapiap/iaH, TUEY JKoHE KeTepy-
TachIMaJJlay ONepalusuIapblHAaH OJIap/bl OHJIPY KaFAalblHAa KaObIpIIaKTay bIH
epeKIIe §/1ICTEPIH ICKE achlpy MYMKIHIIKTEPI,;

B) KCH OPBIHAAPBIH ally MPOLECTEPiHIH apHaiibl TOCUIAEPIH XKOHE KamTay Tay
KBIHBICTAPBIH 931pJey dICTEepiH ICKE achIpy

AnFamKpl ailbIpMaIIbUIBIKTap TOOBI Tay-KEeH OJOKTapbhlH ©HEPKACINTIK OHAIpY
OolibIHIIIAa KapbepIiepiiH OHAIPICTIK KbI3METIHIH epeKienikrepin oenrineiini. Kanray
Tay >KbIHBICTAPBIHBIH TYTaC KYPbUIBIMBIHBIH CAaKTaTyblH KaMTaMachl3 €Ty KOHIHJer1
ic-mmapanapra OarbITTAIFaH Tay-KEH KallTay XbIHBICTAPBIHBIH JE€pPEKTEpiH OHAIpY
YKOHIHJIET1 )KYMBICTap/Ibl XKYPri3y KoHe Kypaji-caiiMaHiap yIIiH epexxenep OenriieHeni.

Kapbepiik Tay *KbIHBICTApPBIH OHJIPY TOXKIPUOECIHIH CTaTUCTUKAChIHA COMKEC,
MUHEpaJIapAbIH JKapbIKTapbl MEH MHUKpPO OaFJapiapblH MaiJanaHy CTaHIapTTapbl
cakTajca Jia, Tay MaccachblHaH amnmnail OJOKTHI JKBIHBICTAP/bIH KaObIpIIaKTaHybl
TypakThl Typae 25-30 % Kypalabl, ajl KaIABIKTap TYPMBICTBIK YCaKTaJIFaH Tay
KBIHBICTApBI TYpiHAE O0sabI )KoHE T. 0.

Tay >KbIHBICTapbIH KapbepiliK OHIPY TEXHOJIOTHACBIHBIH HET13T1 OaFbITTapbIH
Oenrizey Ke3iHJe MacCUB KYPBUIBIMBIHBIH W30TPONTBHUIBIFBI Typaslbl TEPEH FHUIBIMU
aKmapar Kaxer.

Kapreperi ayMbICTBI YHBIMAACTBIPY 12 MACCHUB KYPBLUIBIMBIHBIH @aHU30TPONTHUIBIFbIH
OlTy YJIKEH MaHbI3Fa M€, OHbI d3ipJiey 9icTepi MEH OAFBITHIH TaHJay Ke3iH/e eCKepy
KakeT. MaccuBTep KYPBUIBIMBIHBIH aHU30TPONMACH I'paHUTTEpAe Oaiikanasl, Oy
TacTbIH Oenrisi O6ip OarbITTapFa OeiHy1H KEHUIACTeIl.

Kanray TacbiH anmy yIIiH Heri3iHeH €Ki 9J1iC KOJIIaHbLIa Ib:

1. Ceinanap keMeriMeH Tac 6JI0KTHIH Ka3bIKTapbIHAH. OiC-TECIKTEP ChIHY ChI3BIFBI
6oiibIMeH OypFbIIaHa b, CO/IaH KeiliH oapra 60J1aT ChIHAIAp COFBUIAIbI, OJIapFa KYIITI
MEXaHHUKAJIBIK COKKBI JKacanaabl. byl o/1ic Ken yaKbITThI K&KeT eTei [4].

2. TacTbl OTTHI aFBIHMEH TEPMUSUIBIK Kecy. By a/1ic jKOFapbl JKbUIIAM/IBIKIICH,
CaJIBICTBIPMAJIBI TYP/I€ TOMEH OaFraMeH, KOFaphl )KYMBIC CallaCbIMEH epeKIIeNIeHe 1.

Exinmii 9/1icKke TONBIFBIPAK TOKTATAWBIK. OHIIPICKE SHT13UITeH TPaHUT MACCHBIHJIET1
KAPBIKIIAKTHI Ka30aap sl OETTIK OH/ICY MEH YHTUICY11H TEPMUSUIBIK TOCLI1 )KyMBICTHIH
TUIMAUTITIH ea9yip apTTeipAsl. ChiHyFa JalbIHAAIFAaH MOHOJUTTI KOCBHIMINA allly
MYMKIH/JIIT1 TTaiiaa 6051161. MOHOJHTTI 5)Kapy MacCHBIHJET1 OMBIK Ka30amap bl TEPMUSIIBIK
YHFBIMaHbI KOJIJIaHA OTBIPHII, OJI TOPT KA3bIKTHIKTA AllIBUTFAH Ke37e Kyprizineni. betki
KBIHBICTAP/Ibl OHAIPY KE3iHE JKOMBUIATBIH KaTThl Tac OJOTBI Tay >KbIHBICTAPBIHBIH
Oip TiK >KOHE KeJIJIEHEH Xa3bIKTHIKTaphIHBIH KOJJAAHBICTAFbl KYHECIMEH TYpPaKThI
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Oaiinmanpicta 60maasl. CoHnaii-ak, Tay BIHBICTAPBIHBIH KOJIEHEH >Ka3bIKTHIKTapbIH
aHBIKTAy KOJIJICHEH OaFbITTaFbl JKbIHBICTAP/IbIH JKAapbIKTAphl OpHAJIACKAH XKepiepie
OPHATBUIATHIH/BIFBIH €CKEPY KaXkeT. by TexHonorusaa 6y 6;10KTap IbIH KeHxKapaapaaH
6eminyin 2540 %-ra AeiiiH apTThIpy MYMKIHIITIMEH KalTalFaH Tay >KbIHBICTAPbIHBIH
TYTac KYpPBUIBIMBIH KAMTaMachI3 €Ty IapTTapblH alTapiIbIKTail aHBIKTANHIbI.

Bipak TeXHONOTHSHBIH HET131 PETiH/IEe KOJIJCHEH OAFbITTap CHUIIAThIHA W€ TaOUFH
xapbIKTap Oap [5]. ['paHuTTi MaccUBTEp/IEH ally onepaunusapbl Ke3iHae KanTaMabl
Tay JKBIHBICTAPbIH OHAIPY/IE KapbepiliK OHIIPICTIH HET13r1 TEXHOIOTHSUIBIK KaOIbIFbI
MacCUBTEPAl TEK TiK OaFBITTa aly MYMKIHAITIH OUNIIpeTiH KOJIMEH maijganany
MPUHIIUIIH/ETT OEH3WH-aya OTTHIKTAPhIH KEIICH 11 OpPHATY TYPiH/E KOJIAHbLIAIbI.

Kaszb6anapabeig Tepeairi HerizineH 1,5-3 meTpai Kypaiiapl, 1ereHMeH Oec Hemece
OJIaH J1a KeIl MEeTp TePEH/IiKTe OUBIK Ka3z0aaapabl Ka3ybIH Mblcaapel Oenriii. Konven
KBI3IBIPFBIITAPMEH TEPEHIIKTE Ka30a aKYMBICTAPbIH KYPri3y KHbIH, OJapAbl 0acKapy
KHUBIHFA COFa/IbL.

TwuiciHme, KOHCTPYKTUBTI KYPAEIUIIKTI, CEHIMIUIIKTI KoHe NMaliganaHy/1aFbl
KAyIMCI3IIKTI KaMTaMachl3 €Ty KOHIHJETT TEXHUKAIBIK TallChIPMaHbIH TaJlanTapblHA
COMKec Tay KbIHBICTAPbIH TEPMHSIIBIK KECY IPOLECIH OHAIPYTe apHAIFaH TEXHUKAIIBIK
KOH/IBIPFBIAA KaHAa KOHCTPYKIMSIIBI TEXHOJIOTHSUIBIK MAaIllMHAHBIH MO 931pJIeHil,
3epTXaHaJbIK JKaFaaiaa xyprizingi. TyTractail anFaHaa, TEXHUKAIBIK TalChlPMaHbIH
OCBI TaJIaNITapbIH OPbIHAY KOJIMEH )KYMBIC ICTeHTiH OEH3MH-aya OTThIKTaphIH KeLIeH 1
OpHATY TYpiHJI€ MallMHAHBIH KeTUIIIPIJreH AU3aiHbIHBIH OHIMAUTITiH apTThIpYFa KeH
MYMKIHIIKTEp Oepi.

KonmeH xyMbIC iICTeHTIH OeH3MH-aya OTTHIKTAaPbIH KEIIEH 1l OpPHATY KYPBUIFBICHIHIA
Tay >KbIHBICTAPbIH KECY apKbUIbl TEPMUSIIBIK OHACY YIIIH MbIHAJIAP KapaCThIPHUIFAH:
TEPMUSUIBIK KeCy KYPBUIFBICHI, OalIaHBICTBIPYLIBI apMaTypa, KyOblp apMaTypachl,
KOMIIPECCOPJIBIK KYPBUIFBI, OTBIH XKYHeci, aya KaObU1aay Kyiecl )koHe Kellik-0epy
XKyieci kaHa KeIIeH i KOHBIPFBI TPAHUTTI JKBIHBICTBI KECY KbUIAAM/IBIFbI OOWBIHIIA
KECy apKbLIbl TEPMHSUIBIK OHJICY PEKUMIHIH HKOFaphl KOPCETKIIIH KaMTaMachl3 eTe/l
50 MM / MHH.

TuiciHmie, Tay >KbIHBICTApbIH KECYMEH TEPMUSUIBIK OHJEYre apHAJIFaH KEeIIeHIl
KOH/IBIPFBIHBIH KOHCTPYKIHUSCBHIHIAFbl TEXHUKAJIBIK TAllChIpMa TaJlaTapblHA COIKEC
KYMBIC KEHICTIT1HIH HOPMAaTHBTIK rabapUTTIK MapaMeTpiiepiH KaMTaMachi3 €Ty
OOWBIHIIIA TAJIANITAP CAKTAIbl: OOMIBIK OAFBITTA KOJIICHEH OPBIH ayBICTHIPY KEMIH/IE
4000 mm xoHe 20000 MM-/1€H acajipl; Ty3Y ChI3bIK OOMBIHIIIA KOHIBIPFBI KO3FAIIBICBIHBIH
mramacel keminge 6000 MM, KOHIBIPFBIHBIH KECETIH OOMITiHIH OYyphUTYy pagnyChl TIK
#a3bIKTHIK 1800 60mapl. Canmarsl 20 KT 60J1aTBIH KOHIBIPFBI OSPUITeH KbUIIaMABIKIICH
KO3FaJIbICThI KaIaMChI3 PETTEeY 11 OOABIPMANTHIH >KETEKIICH a0 bIKTaIFaH [6].

3epTTey HOTHIKEIEPi

JKymbic opransl petine 613 TepMoarnHaMHUKAIBIK KypanaapasiH (TPB-60, TPB12M)
KETULIIPUITeH JKaHAPThUIFAaH KOHCTPYKIUSIIAPHI JKacanbIHAbl. Onap OTTHIKTap/bIH
HHEPTeTUKANBIK IMapaMeTpiepiH apTThIpyFa MYMKIHAIK O€peTiH TepMOINHAMHKAIIBIK
canTaManapMeH xa0pIKTaiFaH. by Kypaniapra eHepKaCITIK ChIHAKTap KYPri3iii.
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Tay XbIHBICTApBIH KECY apKbUIbl TEPMUSJIBIK OHJAEYTe apHaJFaH KeUIeH.I
KOH/IBIPFBIHBI SKCIIEPUMEHTTIK 3epTTeY Ke3iHze OipKaTap TeXHUKAJIbIK CHIIaTTaMasap
AHBIKTAJI/IBL: aya IIBIFBIHBI — 5 M*/MHH, OCH3UH HEMeCe JIM3€JIb OTHIHBIHBIH IIBIFBIHBI
— 15 n/car, xyMBIC canTaMachIHBIH AHaMeTpi — 13 MM, canTamanapablH HOMHHAIIBI
muametpi — 20 (22) MM [5].

ChIHaK HOTHXKECIHJE JKaJIbIH alaybIHBIH Y3bIHABIFBI — 25 CM, KeJeM/i eHJIey
eniMitiri 4000 cm?/ MuH.

Conpaii-ak, BP-80 TepMUsAIBIK KECKIMITEPiHIH AU3ailH HYCKaJaphl >KacallJibl
(1-cyper) xoHe onbIH aHanorsl TP-60.

Cypet 1 — Tepmokypan bBP80

1-taparty Oachl, 2-)kaHy Kamepachl, 3-cantama, 4-ra3IiHaMUKaJIbIK canTaMa,
S5-y3apTKpIII KYOBIp, 6-)KaHy KaMepachIHBIH apTKbI KaKIIaFbI,
7-aya allHaJIJIBIPFBILI, 8-MHKEKTOP

Konmen xymbIc 1cTeWTIH O€H3MH-aya TEOMOKYpPAJIAapblH KEIIEH 1 OpHATYAbIH
931pJIEHI€H CXEMacbhIH/Ja Tay >KbIHBICTAPbIH KECY apKbUIbl TEPMUSIIBIK OHJIEYyTe
apHaJIFaH XYMBIC WHXKEKTOpJIApbIH, )KaHy KaMepachblHbIH OOMNJIBIK eJeMIepiHIH
rapameTpJiepid, CalIKbIHAATY PEXHUMAEPIHJE aya OpTaChlH KbUDKBITY MaKcaTbIHIA
KAIlIBIKTBIKTHIH OJIIIEM/IIK IapaMeTpiiepiH koHe T.0. MIIIIHJLY JKOHE OpHAIACTHIPY
OpHBI KapacThIpbUIFaH [5].

MexaHuKalaHABIPBIFAH KECY MPOIECIH 1CKe achIpyJblH NpoOIeMalblK
MaceJlieepiH WeNlyAe Kapa TEKCTypaHblH MUHEpallJapbl MEH 0acka Jja »KbIHbICTap 1bIH
KOCBIH/IbUIapBIMEH TPAHUTTI KaJbIITap bl OKILIayjlay OpbIHIAapbIH/A CaHbLIaYJIapablH
TYPaKThl TY3UTylH aTan eTy KaxkeT. Tay >KbIHBICTApbIHBIH KECY ChI3bIFbI OOMBIHAAFbI
KOMITO3ULUSATIAP KYPbUIBIMBIHBIH T'€T€POreHAUNIIHIH KalbIITacybl Tay >KbIHBICTAPbI
KYPbUIBIMBIHBIH TEPEH/IIT1HE CaHbUIaYJ1ap/IbIH Iaii1a 00TybIHBIH Y31K KbLI1IaM/IbIFBIMEH
OHJICY PEKUMIHIH OY3bUTYBIHBIH ce0e01 00JIBITT TaObLIaIbI.

Keckim kypanasiH OipKesKi eMec KO3Fally JKbUIIaMIbIFbl OOWBIHILA OHJIEY
pexuMIepiH Oenruiey MYMKIHITIH €CKEePE OTBIPBIN, Tay >KbIHBICTAPBbIH TEPMUSUIBIK
Kypajap KellleHIMEH KOJIMEH KeCy TEXHOJIOTHSIChI TECIKTEP/Il TECY OIepalUsIChIHa TEPIC
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acep ermneiini. KOHABIPFBIHBIH AKYMBIC OpraHbl KO3FAJBbICBIHBIH ME3T1I-ME3ril Y31y
KBUIIAM/IBIFBIHBIH JKOHE Tay KbIHBICTAPBIHBIH TEPMUSIIBIK OY3bUTY JKaF1aillapbIHBIH
caJlZlapblHaH >KbUIJAMJIBIKTBl PETTEY/IH aBTOMATTaHABIPBUIFAH XYHECIH iCKe achIpy
MiH/IETI KYpAEIeHE TYCe/l.

MyHnail menrimMaepIiH opeKeTTepi aThic OypFblIay CTaHOKTApbIH XkKacay
Ke3iHje OOJ/bl, OH/IAa KEHXKap/bIH XbUIJAM/IBIFbIHA OailIaHBICTBI TEPMOOYPIbIH
Oepiy >KbULIAMIBIFBIH PETTEY MOCEeNeC] MEeNIie i, SFHU OTTHIKTHIH CalnTaMachIHbIH
KECIHJIICIHeH KEeHXKapFa JEHiHr1 OHTAaWIbl KalIBIKTBIKTH cakTay Maceneci. bepy
KBULTAM/IBIFBIH PETTEY/IIH CEHIM/I XKOHE KapamnaiibM xyiesnepi TaOblIFaH 5KOK [6].

bi3 Tik OMBIKTapapl Ka3yFa apHaJIFaH AKCIEPUMEHTTIK Tac KeCy KOHJIBIPFBICHIH
*KacaablK. byl MallMHAHBIH JKYMBIC OPTaHBIHBIH OapiblK KO3FaJbIC JKETEKTepi
opHaTbUIFaH ap6a. JKeTek Kecy CBI3bIFBI OOHBIMEH PebC JKOJBIMEH KO3FaliaJlbl.
XKetexTe OarbITTayIIbl KapeTKachl 0ap KPOHIITEHH OpHATHUIFAH, OHAA TEPMOpPE3aK
Oap mrtanra Torcaisl Tipekrepre 6exitinesni. Coa kapeTkaaa TepMOPE3aKThIH aliHAITY
JKETeri OpHAThUIAABI (2-CypeT).

Cypert 2 — TepMoauHaMUKAIIBIK )KYMBIC OpraHbl 0ap
MalIMHAHBIH KYPbUIBIMJBIK JUarpaMmachl
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CoHbIMEH, TEPMUSUIIBIK KeCKilll apOaMeH Oipre Kecy ChI3bIFbI OOMBIMEH KO3Faja
anajpl, OHBIH OCiHE aifHamaabl. TepMOpe3aKThIH KECy CHI3bIFbI OOWBIMEH KO3Faly
xpugamMabirel 0,25—-1,5 cm/C apanbirsiga petteneni. Kepi aitHamy KbUTIaMIBIFBI
TypakThl xoHe 20 aiin/muH. Kypanapiy aifnamy OypsibiHbH MoHI 90—150 rpamyc
apajbIFbIHAA OpHAThLIaAbl. Ke3ekTi aifHaIbIMbI Oap TEPMUSUIBIK KECKIIl Kypal Tay
KBIHBICTAPBIH OHACY/IH Ka)XeTTI TepeHJirine Aeilin enriziieni. byn mpouecrepae
KYPaJ/IbIH KO3FaJIbIC XKETEerl opTypii OaFbITTapFa He.

Tac keckin MammHaHbIH )KyMBbIC opranbl petinye bBP-80 repmopesak opHaThLIaIbI.

BBP-80 TepMope3akbIHbIH TEXHUKAIBIK CUIIATTaMAaChI

JKanapmaili KOMIOHEHTTEPiHIH HIBIFBIHIAPHI:

— aya, Mv’/MuH — 18-20

— OensuH, Kr / car—35-40

— OTTBIKTBIH AHaMeTpi, MM — 60

TepmokypanasiH 60inbIK O6epinyi. TepMoKypanablH Oepiny >KbIIJaMIBIFbI
BapuaTopMeH petrenei. JKeTeKIl poJuKTiH aiiHally CaHbIH ©3repTy. JKbITy KypabIHbIH
60inbIK Oepinyin O6acKapyAblH 3JEKTP CXEMachlHIAa aBTOMATThI Kepi )KoHE ap
KYMBIC )KYPICIHEH KEHiH yakpIT OOMBIHINIA PETTENETIH TOKTAY KapacThIPbUIFAH, Oy
YKAPBIKIIAKTHIH COHBIHA TiK KaOBIPFa allyFa MyMKiHAIK Oepeni. Kepi »koHe HHCYTBTTIH
COHBIH/IA TOKTAY COHFBI Q)KbIPATKBIIITAPBIH KOMETIMEH JKYy3€re achIpbliaibl. DJIEKTP
cXeMachlH/a TylMenepai 0ackapy MyJIbTiHEH TEpMOKYpalibl 0ap KapeTkaHbl Oepyai
TOKTATy >K9HE KOCY KapacThIPbLIFaH.

TankpL1ay

MexaHuKalaHIbIPbUTFAH TEPMOAT peraTTap IbIH )KYMBIC OpraHaphbl peTinae OeH3uH-
aya OTTBIKTapbIH Nai1anany calblCTRIpMAaIIbl TYPJIE TOMEH KyaTIeH [IeKTee i, OHbIH
YJIFAIOBI KE31H/IE OJIap IbIH KAIIIbI eJIIIeMIepl, COHIal-aK ajlayIbIH aFbIH eJIeMaepi
te3 aptazpl (0,1...0,15 m) anay sl anayabH OYKLT y3bIHABIFBI OOMBIHIIA OHJICY CXEMAChIH
naiinanany kesigae - «xoiak ke3i». Ocbl eHaey cxemachl OOMbIHIIA OTTHIKTHIH a3
arblHBI OHJICTIETIH OeTKe Mapaiesib OAFBITTANIFAH JKOHE Tay >KbIHBICTAPBIHBIH 1MTiHE
0,3-kxe kemureH...OTThIK canTamachiHbIH quametpi 0,5. KepocuH-0TTer TepMOKYpaiabiy
’KaHacy HYKTECIMEH CaJIbICTBIPFaH/1a MyHJIall PeaKTUBTI KBIHBICIICH jKaHACy HYKTec 2
HeMece OJIaH J1a KOl ece a3, COHABIKTaH OHJIey OHIMIUTIr alTapiabIKTail TOMEH.

Amnaiifa, 6eH3MH-aya TepMOKYPpaJIJapbIHBIH KaHapMail KOMIIOHEHTTEPIMEH KYMBIC
ICTey/IiH JKoHE KapanalbIMIbUIBIFbIHA OailIaHBICTHI OJIAp/Ibl MEXaHUKAJIaHIbIPBUIFAH
KYPBUIFBLIApABIH )KYMBIC OpraHaphl peTiHe Maiagany e3eKTi O0JIbII TaObUIa bl

Tay >XKbIHBICTApBIH KECY apKbUIbl TEPMUSJIBIK OHJEYTe apHajJFaH KEeUIeH.I
KOH/IBIPFBIHBIH KOMITIOHEHTTEPIH Naiilanany MeH S3HEPreTHKAJIBIK KYIO IPOLIeCTePiHIH
KYpAeNiairine 6ailylaHbICTBl OJapbl OChl KOHIBIPFBIIAPIBIH )KYMBIC 3JIEMEHTTEp1
peTiHje naiianany MaHbI3/IbI

ApTTBIpY JXaHy NpPOLECIH KaMTaMachl3 eTeli Maijagany MYMKIHIITIH apTThIpy
OHJIIPICTIK KyaTTap/bl KELIEH]II OPHATY ©3repTIel, OHBIH IadapuTTIK MeepiaepiH
OenriieyaiH )KoHEe CATBICTBIPMAIIBI OJIIIEM/IIK TapaMeTpiepi 6eTTepai oHaey
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Tay XbIHBICTapBIH KECY apKbUIbl TEPMUSJIBIK OHJEYTe apHaJfaH KeHIeH.I
KOHJABIPFBIHBIH XYMBIC OPraHbl peTiHAE CXEMachl 3-CypeTTe KOepCeTLIreH
TEPMOIMHAMMKAIIBIK KYPaJIJbIH jKaHa TUIMA1 JU3aiiHbI skacanasl [S].

Bbyn cxemazna cantamaHblH TeMIIEpaTypachlH pyKcaT €TUINCeHHEH acHaiThIH eTin
ycTan TypyFa MYMKIHJIIK O€peTiH eKi cantaMaHbl Ke3eKIEeH MaianaHy yChIHbLIA IbI,
OYJ1 COHFBICBIHBIH KBI3MET €Ty Mep3iMiH y3apTazsl [7].

Cypet 3 — Exi canTama’bsl TaCThl KECyre apHaJIFaH TEPMUSUIBIK KECKIIII

1-TepmoKypail, 2-)KyMBbIC KaHy KaMepachl, 3-Tapary 0achl,
4-MHXEKTOp KOPITyChl, S-aya OYpFBILIbI, 6-)kKaHapMail ITyLepi,
7-canTama KOpITyChl, 8-aybICTBIPbUIATHIH cantama, 9, 10, 11, 12, 13, 14 —
canramayiapisl Oypy >koHe aybICTBIPy MEXaHU3MI

TepMUsIIBIK KeCy KYPaJIbIHBIH TIpEK KYOBIPBIHBIH CAIMaK dKYKTEMECIH a3aiTy KoHe
KYpaJabl Kecy MeH OepyIiH MaKCUMaIbl TEPEH/IIT1 KaF JaiibIH/1a OHBIH KYPBLUTBIMBIHBIH
KATTBUIBIFBIH apTTHIPY apPKbLIbI TAY KBIHBICTAPBIH KECY apKbUIbI OHJIeY MPOLIECTEPIHIH
YKOFapBbI carachbl MEH OHIMILTITIHE KOJI XKETKI3yI1H KeH MYMKIHIKTepiH YChIHATBIH Tay
KBIHBICTApbIHA APHAJIFAH TEPMUSIIBIK KECY KYPaJIbIHBIH JKaHa KETUIIPUITeH JU3ailHbI
»acanasl [8—10].

O31pJIEHI'€H KYPBUIFBIHBI 1CKE achIpy TEPMHSUIBIK KECKIIl KYpaiIblH KyObIpbIH
TOMEHT'1 OaFbITTa Y3bIH/IBIFbI OOMBIHIIIA [TAM/IaIaHy JKaF JalbIH/1a TACTHI TAY XKBIHBICTAPBIH
KeCy OIepanusuIapbl Ke3iHae TePMISUIBIK KECKIll KypaJlJblH KYOBIPBIHBIH KaTTBUIBIK
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napaMeTpIiepiH apTThIPY bl aWKbIHIAN B TepMUSAIIBIK KECKIII KYypaJIIbIH KYOBIPBIHBIH
TOMEHT1 OaFbITTa KO3Fay TepeHIri 6 M HeMece OJ1aH J1a KOIl KETe .

KyOBIpabIH KaTTBUIBIK HapaMeTpiepiH apTThIPY I'a3 aFbIHIApPBIHBIH 9CEPiHEH
KacaJlFaH TePMISUIBIK KECKII KYPaJlJIbIH aMIUTUTY TAJIBIK TepOeIMenti KO3FaIbICTapbIHBIH
naiiia 60sybIHa %01 OepMeiiii KoHe Tay KbIHBICTAPBIHBIH KaXKETT1 NpodUITiH eHaipyre
MYMKIHJIIK Oepeii, Oy Tay *KbIHBICTAPBIH OHJCY KE31H e KeCy PeKUMIEPiHIH carachlH
KaJIBIITACTHIPyFa OH ocep eTeal

CoHbIMeH KaTap, )KeTeK KaOelIbAepiHiH KepHEeY KYII KYObIp MEH KYpaJAbIH CalIMaK
KYLITepiHiH OepiiicTepai opay HpolecTepiHe acepiH aszaiiTaabl, Oya KyObIp MeH
KYpaJibIH OacTarnkbl KyiliHe Te3 opaiy *KaFdaibIH]Ia POJIMKTI KOPITyCcTapia KYObIPIbIH
CBIPFY IIPOIECIH alTapIBIKTal a3alTabl.

AJbIHFaH cunarTamainap 1 Kkectene KenTipiireH.

Kecte 1 —DnekTp xxeteri 6ap Tay KbIHbICTapbl MACCUBIHIET1 OMBIK Ka30anap/ bl Kecyre
apHaJIFaH MalIMHAHBIH HET13'1 TEXHUKAJIBIK CUIIaTTaMallapbl

Araysl [Tamacer
Kecy eni keminzae, MM 80
Kecy y3bIHIBIFBI KEMiHAE, MM 20000
Kecy Tepenairi keminzae, MM 6000
OTBIH TYPI JIU3eIh
TyTeIHY apTHIK eMec, 11 / car 50
TOTBIKTBIPFBILL aya
Tepmoxypai, Y3bIHIBIFbI, MM 4000 - 7000
Canmarbl apThIK eMec, KI' 25
I'panuT GoMiBIHIIA KECY KBUIIAMIBIFBI KEMiHAS, MM / MUH 50

KopbIThIHABI

XKyprizinren skcrepuMeHTTEp HOTHIKECiIHE Maiiga OOJIFaH CaHbUIAYIBIH C€HI
7 CAaHTUMETPACH aCaThIH/BIFBIH aHBIKTA (I, OYJI CTAHAAPTTHI TEPMOPE3AKTHIH CHIPTKHI
OJIIIIEMICPIHCH YJIKCH.

Ocpiran 0aifaHBICTH KyaTThl TEPMOJAMHAMUKAIBIK XYMBIC OPTaHBIMEH
XKaOJBIKTAIFaH MallIMHAFa apHaJIFaH apHaibl KYPBUIFbI )KacaJlIbl.

By KypbUIFBI KeJJIEHEeH XKOHE TiK OaFbITTa MAaIIMHAHBIH OipKeNKi KO3FaJIbICHIH
KaMTaMachI3 €Te OTHIPHII, OMBIK Ka30amap sl Ky3ere acblpyFa apHaJIFaH.

Byn Tecinm Tay XKBIHBICTApBIHAAFBI CaHBLIAYJIAPABIH IJIPEK XKOHE THIMII
KaJIBIITaCyblH KaMTaMachl3 €T€ OTBIPHIIN, Tay-KEH MPOLECIHIH KaIIbl OHIMAUIIrH
KakKcapTa OTBIPHIN, OJOKTHI TaCThl OHJIPY MPOLECIH OHTAMIaHIBIPyFa MYMKIHJIIK
Oepemi.
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AHAJIN3 TEPMUYECKUX HHCTPYMEHTOB
JJ1sA PE3KU 1 OBPABOTKH BJIOYHOTI'O KAMHSA

Cmamws npedcmasiusiem cobou yenyOieHuvitl aHaIu3 npoyecca npoussoocmad
00UY0BOUHO20 KAMHS U3 NPOUHBIX NOPOO, 0cobeHno epanumos. On paccmampugaem
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He MONbKO 20pHO000bIBAIOWYI0 MEXHONIO2UIO, HO U PA3PAOOMKY HOBbIX MEPMULECKUX
UHCMPYMEHMO8, UCHOIb3YeMbIX OJis 3PheKmueHo2o yoanreHusi 20pHbIX NOpoo 6
npoyecce 0bpabomxu, winugosanus u uzenevenus Oaounoeo kamusa. Onucanvl
PAYUOHATbHBIE MemOoObl 00pabomKu U 000bIYYU OIOUHO20 KAMHSL U KOHCMPYKYUS
Menosulx npubopos OJisi pa3pyueHusi meepovlx nHopoo npu obpabomre u 000biue
OOUHO20 KAMHSL.

Iloopobno paccmampusaromes Memoovl U UHCMPYMEHMbL, UCHOLb3YeMble
0N CO30aHUsL MAKUX KOHCMPYKYULl, a MAaKdice YVIyYuleHHble SHepeemudecKue
Xapaxmepucmuku, Komopvle Oeiaiom ux 3PQeKmusHbiM UHCMPYMEHMOM 8
npoussoocmee. ImMom mMemoo noMo2aem Yayyuums 00uyio npousso0UumeIbHOCHb
npoyecca 000vIYU 3a cuem YBequyeHus 0Oonee MOUYHO20 U IPHeKmusHozo
00pazosanus weneli 6 2OPHLIX NOpPoOdax U, Cle008AMenbHO, NOGbIUEHUS
npoU3B00UMENbHOCIU Npoyecca 000bIuU OIOYHO20 KAMHS. DMOom acnekm 0coOeHHo
8adicer 8 001acmu NPouU3B00CMEa NOBEPXHOCMHO20 KAMHS, KOMOpull mpebyem
8bICOKOU HPOU3B00UMENbHOCMU U MOYHOCMU 06pabomKy Mamepuaid.

Kpome moeco, ananuz u paspabomku, npeocmasnenuvie 6 cmamve, MO2ym
CYWeCmBEeHHO NOBLLCUMb I heKmUBHOCMb npoyecca 000bIHU U NepepabOmKY 20PHbIX
nopoo, umo 6ydem cnocobcmeos8ams pa3gUmMuUio OMpaciu U NOGbIUEHUIO KaYecmad
npoussoouMoll npooykyuu. B kauecmege pabouezo opeana, Mexamuzupo8aHHO20
azpe2ama KaMHepe3HOU Maunbl paspabomansl U U320mMoseHbl HO8ble KOHCMPYKYUU
MEPMOUHCMPYMEHMOB C BbICOKUMU DHEPLeMULECKUMU XAPAKMEPUCTHUKAMU.

Kniouesvie cnosa: eopnas nopooda, 6eH308030VuHAS  MEPMOUHCIMPYMEHM,
KAMHEpe3HAsk MAWUHA, MONIUBHbIE KOMIOHEHMbL, RPOU3E0OUMENbHOCTD.
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ANALYSIS OF THERMAL TOOLS FOR CUTTING
AND PROCESSING BLOCK STONE

The article is an in-depth analysis of the production process of facing stone from
durable rocks, especially granites. He considers not only mining technology, but also
the development of new thermal tools used to effectively remove rocks during the
processing, grinding and extraction of block stone. Rational methods of processing
and extraction of block stone and the design of thermal devices for the destruction of
hard rocks during processing and extraction of block stone are described.

The methods and tools used to create such structures are discussed in detail,
as well as the improved energy characteristics that make them an effective tool in
production. This method helps to improve the overall productivity of the mining
process by increasing the more accurate and efficient formation of cracks in rocks
and, consequently, increasing the productivity of the block stone mining process.
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This aspect is especially important in the field of surface stone production, which
requires high productivity and precision processing of the material.

In addition, the analysis and developments presented in the article can
significantly improve the efficiency of the mining and processing of rocks, which will
contribute to the development of the industry and improve the quality of products. As
a working body, a mechanized unit of a stone-cutting machine, new designs of thermal
tools with high energy characteristics have been developed and manufactured.

Keywords: rock, fuel-air thermal tool, stone-cutting machine, fuel components,
performance.
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CUCTEMHbIA AHAJIN3 KOHCTPYKLUNU
ANCKOBbIX HOXEW LUPELEPA

B cmamve paccmampusaiomces KoncmpyKyuu wpeoepos u e2o pabouux op2aHos.
Ionyyennvie sxcnepumenmansvHbie pe3yibmamol HO360IUNU NOJYYUMb 3A8UCUMOCTIU
no pacnpeoenenuio pazopooieHHbIX KyCOUKO8 el0YHbIX 6eMOK U KOCHbIX OCHAMKOG
om 2abapumos u mMaccvl OMXO0OH020 KOPMOBO20 CblPbsl, YUKIA KOHMAKMUPOBAHUS
OUCKOBBIX HOJICell C NOCMYNAIOWUM HA paspyuieHue culpbeM. Bulisgneno, umo
3HAUUMeENbHAS YACMb PA30POONEHHbIX KYCOYKOE e/I0YHOU 6eMKU ¢ OUamempom 6 um
cocmasnsiem pazmep 27-30 mm (72 %). Ilpu smom nogausno mo, ymo 8 psioy Owln
3a0eticmeoean 0OUH OUCKOBbLL HOJIC C MOIWUHOU 8 MM U WA2OM MeXHCOY PedCyWumu
KpOMKamuna ouckosomnodice 30mm. B enyuae opobrenus enounon 6emxuunuKoCmHuIx
OCTHAMKO8 ¢ WUPUHOU, pasHol monuune 2—3 OUCKOGHIX HOdicell Habnooaemcs
HepagHoMepHoe, HO Oonee Menkoe OpobaeHue U3-3a YMeHbUIeHUs pPACCHOAHUA
MedAHCOy KPOMKAMU COCEOHUX OUCKO8bIX Hodicell. [locmpoenvl cmpykmypHble cxembl
 YPOBHA UEPaAPXUL CUCTEMHO20 AHATU3A NPOYECCA PA3PYULEHUS KOPMOBO2O ChPbSL
PACMUMENBHO20 U HCUBOMHO20 NPOUCXONCOCHUS, AKYEHMUPYIOWUX EHUMAHUE HA
KOHCMPYKMUGHbLE OMAUYUS uipedepa U OUCKO8ble HOdCU wpedepda.. Beiseneno, umo
OCHOBHBIMU (harkmopamu, RPUBOOAUWUMU K IPDeKmusHocmu upeoepa aeisomcs
YMeHbUieHUe OUMENbHOCIU 00PA308aHUsL HAOPE308, MPEWUHO U Wele0dpa308aHUsL
8 pazopadIUBaAeMbIX KYCOUKAX, USMEHEHUe KOHCMPYKYUU OUCKOBIX HOJCell 3a cuem
UBMEHEeHUsl KOIUYeCm8d KPOMOK, YMEHbULEHUs ulaea MedHCOy KPOMKAMU, OCMPOMbl
U KOHueypayuu KpoMoK, a Makice y8eaudeHuss moauunbl OUCKOBbIX HOMCEl, Ymo
obecneuusaem WUPUHY 3AX6amMd pa30paAOIUBAEMO20 CbIPbs U PABHOMEPHOCHIb
nosayuaemoul paxyuu.

Kurouegvle crosa: wipedep, paspyuwienue, OpobieHue, ompwvis, co8ue, OUCKuU,
wenu, Kopma u3z omxo008, MaCOKOCMHble OMX00bl, BENKU.

BBenenne

OnHUM U3 MONYyJSIPHBIX BUJOB TEXHOJOTHYECKOTO O0O0OpYAOBAaHUS I
pa3pylIeHHs] KOPMOBOTO ChIpbsl KPYIHBIX U CPEAHHUX Pa3MEPOB SIBIISAIOTCS LIPEAEPHI.
W3 npakTHku scHO, 4TO Hanbomee ya00HO B HIpeiepe MPOU3BOAUTE IPOOTICHUE ChIPhs
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MIPOI0JITOBaTOM (POPMBI (KOCTH, BETKH), XapaKTEPU3YIOIIET0Cs CHIPKEHHOM pa3pbIBHON
MOIITHOCTHIO. [I0ATOMY HEepeaKo mpeaepsl UCIOIB3YIOTCS IS pa3pyLICHUs ChIPbs, Y
KOTOPBIX JUIMHA 3HAYUTENILHO IMpeBbiaeT mupuny. [Ipu padore mpeaepa no Buay
Harpy>K€HHOTO COCTOSIHUS pa3pylICHUE U3MEIbYaeMOro ChIPbS MPOUCXOIUT IyTEM
paspyuieHusi OTpbIBOM U CABUTOM. B pesynbraTe paboThl mipenepa HabIto1aeTcs
BHayaJe IIacTu4eckoe aeopMupoBaHue pa3apadiIuBaeMoro ChIpbs, a 1ajiee XpynKoe
€ro paspylleHHe, 3aKII0Yalonieecs 3a CYeT Pa3BUTUS TPEIIUHBI, HIETH B PE3ysbTaTe
pacTpaThl yOpyroi sHEpPruH MpHU IJIACTUYECKOM HM3MEHEHHUH Y KOHLA TPEIIUHBI
u menu. V3BecTHO, 4TO MajieHbKas IIEeNb WM HajApe3 B pa3ipabiuBaeMOM KyCKe
JIeNlaeT 3TOT KycokK cialee, T.e. HAUMHAET MPOUCXOJUTh Pa3pyLICHHE OT YCTaJIOCTH.
IIpu 3TOM He Hajo 3a0bIBaTh, YTO OCHOBHOM BBIBOJ Teopuu I'puddurca B TOM, 4TO
MIPUCYTCTBUE TPEIIMHBI HE SBIISETCS €Ile SBJICHUEM, CTOSIIUM MEPe]] pa3pyLICHUEM.
Benp paspyiieHne HaCTYIHUT TOTJa, Korja OyJeT Npou3BeieHa Harpy3Ka, BIUAIOIIas
Ha yBeJIMYEHHE pa3Mepa TpeuuHbl. OTcro/a yBeIHMUeHHE HArpy3KH U HamnpspKeHUH
3HAYUTEIBHO 3aBUCUT OT OCTPHUs BO3AEHCTBYIOLIEro padbouero oprana [1].

Haubosiee cinoXHbIM (akTOPOM HIPEACPOB SIBISAETCS T€OMETPUS U OPUCHTALUS
pabouMx OpPraHoB - HOXKEW, KOTOPbIE HAPSAMYIO BIMAIOT Ha 3 deKTuBHOCTS [2]. PaTHaM
U JIp. CPAaBHUJIM HOKH JUIs IPOOJICHUS C IBOMHOM, a TaK)Ke IIECTUKOHEYHOH KpOMKaMHU
1 OOHAPY>KUIIK, YTO OOJIBIIIEE KOJTUYECTBO KPOMOK CHIKAET 3(p(heKTUBHOCTH APOOICHNUS
U yBEJIMYMBAET PUCK MPOCKAJIB3bIBAHUS Pa3ApabIMBacMoOro ChIpbsi U HAMAThIBAHUS
ero Ha HOXxH [3]. IloaTOMY BOIIPOCH H3y4YEeHHUS IIPEIEPOB U HCCIEIOBaHNE PabOThHI
pabouux OpraHoB LIpeaepa - HOKEH SIBIISIOTCS BaXKHBIMU IIPU pa3pyLICHUN TBEPAOTrO
KOPMOBOTO CBIPBSL.

MarepuaJbl 1 METOABI

[Ipu mepepaboTKe OTXO/0B 3a4acTyI0 HCIOJIB3YIOT TAaKO€ TEXHOJOTHUYECKOE
00opy0BaHKe, Kak IIpeiepsl. | TaBHBIM B Ipeepe ABIAI0TCS padoure OpraHbl, TAKHE Kak
JIUCKOBBIE HOXKH, KOTOPBIE UMEIOT PSiJI PEXKYIIMX KPOMOK, TAKKE BAXKHBI TAKHE TApaMEeTPhbl
KaK TOJIILIMHA UCKOBOT'0 HOXKA, pa3Mep I1ara MeXK1y peskylMMHI KPOMKAMU, YTO BIIUSIET HA
WHTEHCHUBHOCTB APOOJICHNUS 1 (DPAKIIMOHHBIN pa3zMep pa3apoOIeHHBIX KycOuKoB. [loaTomy
00BEKTOM HCCIICIOBAHUS SIBIIAETCS MPOLECC PAa3pYLICHUS] OTXOIOB PaCTUTEIBHOTO H
YKMBOTHOT'O MPOMCXO’KIECHUS C IPUMEHEHUEM IIpesiepa U ero pabouux OpraHoB.

CpaBHUTENBHBIN aHAIN3 MPOU3BOJIUIN Ha OCHOBAHMM MATEHTHOTO MOMCKA U
Hay4HBIX IyOsuKanuii mo Hanbosnee 3¢ (HEeKTUBHBIM KOHCTPYKIUSAM CYIIECTBYIOIINX
HIpeIepoB U UX paboyux OpraHoB. DKCHEPUMEHTHI OCYLIECTBISUIN C IPUMEHEHUEM
IByXpoTopHoro mpeaepa mapku EB180. [Ipo6iienuto moaBepraiu JpeBeCHBIE OTXOIbI
(emoyHBIE BETKH ), MAICOKOCTHBIE KOH(PHUCKATHI U KOCTHBIE OCTATKH Pa3IMYHON MacChl U
raGaputoB. CHCTEMHBIH MMOIX0] K aHAIHU3Y Pa3pyLICHUS TBEPIOTO KOPMOBOTO CHIPhS
pabounMu opraHamMu IIpeaepa MPOU3BOAMIN C YYETOM HOCTPOEHUS CTPYKTYPHBIX
CXEM  YpOBHS MEPapXUM CHCTEMHOIrO aHau3a IIPOIIECCa Pa3pyLIEHHs KOPMOBOIO
CBIPbS, PACTUTENLHOTO M )KMBOTHOTO MPOMCXOKICHHUS, AKIEHTUPYIONINX BHUMAHHE
Ha KOHCTPYKTHBHBIE OTJIMYMSA IIpeaepa U TUCKOBBIX HOXeH mipeaepa. OnpeneneHne
pa3MepoB pa3apoOIEHHBIX KYCOUYKOB MPOU3BOAMIN C MPUMEHEHHEM MEpPHUTEIbHBIX
HUHCTPYMEHTOB, MEeKTPOoHHbIX BecoB MW-300T, cur.
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Pe3yabTaTsl M 00Cy:KI1€HUE

OcobeHHOe 3HaUeHUE B YBEIMYCHUH IIPOU3BOICTBA KOPMOB UMEET UCIIOIb30BaHHUE
BCEX BHUJIOB OTXOJOB U KOH(PUCKATOB, HMCIOINX KOPMOBYIO IIEHHOCTbH IS
CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX M NTUL. [Ipy 3TOM HCIONB3YIOTCS pa3iuyHbIe
CHOCOOBI IPOU3BOJICTBA KOPMOB, pa3padaThIBAIOTCS U MPOU3BOIATCSA HOBBIE LIpeaepa
C Pa3NIUYHBIMH PAOOYMMH OpTraHaMH Uil OCYLIECTBICHHUS HEOOXOIUMBIX IMPOIECCOB
nepepabOTKU OTXOOB.

NzBecten mpenep [4] (pucyHok 1), mpeiHa3HAYEHHBIH 17151 TepepadOTKU APEBECHBIX
otxozoB. llpeaep ¢ Baakamu UMEET pa3InYHbIe TapaMEeTPhl JUCKOB, OTIMYAIOIIUNACS
TEM, YTO JJI1 COBMEUICHUSI HECKOJIbKUX CTAaAMN APOOJIECHUs JUCKH C OJAWHAKOBBIMHU
napamMeTpamMH MOCEKIIMOHHO pa3MEIICHbI Ha KaX/I0M Bajke. Banok coctout u3 Baja
1, pa3snuuHBIX IUCKOB 2 U 3 U IPOMEXKYTOUHBIX KOJell 4.

4 2 54 /_Z 4

3

.
L
RO

Pucynox 1 — lpenep [4].
1 —Ban, 2, 3 — pa3nuyuHbIe AUCKU, 4 — TPOMEKYTOUHBIE KOJIbI[A

N3BectHBI paboune opransl mpenepa [5] (pucyHok 2). OCHOBHBIE IeTaliv MIpeaepa
- BaJIBI 1, TUCKU 2, pa3iesieHHbIe TPOMEXXKYTOYHBIMH KOJIBIIAMU 3 U IOTIOJIHUTEIEHBIMU
IPOMEXYTOUYHBIMH KoJIbIIaMU 4. JlomOJHUTEIbHBIE TPOMEXYTOUHBIE KOJbla 4
YCTaHOBJICHBI Ha CMEXHBIX BaJIKaX, 00pa3ys Mapbl S JOMOIHUTEIBHBIX TPOMEXKYTOUHBIX
xosen 4. JlononHuTEIbHBIE TPOMEXKYTOUHBIE KOJIbIIa 4 CHAOXKEHBI IITHIPSIMH 6.
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Pucynok 2 — PaGouue oprans! mpenepa [5].
1 — Bambl, 2 — qUCKH, 3 — MPOMY>KETOUYHBIE KOJbIIA, 4 — JOMOTHUTEIIbHbIC
MIPOMEKYTOUHBIE KOJIbIIA, 5 — Mapskl, 6 — IThIpU

N3BecTen HOX mIpeaepa ¢ ABOMHOW M TpoilHON Kpomkamu [6] (pucyHok 3).
VYron pe3anust ObuT 3aUKCHPOBAH HA YpoBHE 35°, a IIMHA PEXYyIIeH KPOMKH ObLia
3adukcupoBana Ha ypoBHe 10,44 MM Kak JJIsl HOXKEH C JIBOWHOM, Tak M ¢ TPOWHOM
KpoMKOi. ONTUMaIbHBIM COYETAHUEM T€OMETPUU U OPUECHTALIMH HOXKA SIBIISIETCS] HOXK
C ABOMHOM KPOMKOMW U CIIMPAJIbHOM OpUEHTaLUEN

Pucynok 3 — Hox mpenepa ¢ ABOMHON U TPOMHON KpoMKaMH [6].
N3Becten Hox mipeaepa [7] (pucynok 4). KOHCTpYKIUS M3MENIbUaOIIEeT0 HOXKa

nMeeT S-00pa3Hyto GopMmy ¢ IByMS U3METbYAIOITIMHI KOHIIaMH. J{naroHaasHBINA pa3pes
MO3BOJISIET HOXKY OBICTPO 3aTauMBATHCA.
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Pucynok 4 — Hox mpenepa [7].

N3BecteH HOX AByxBasibHOTro mipeaepa [8] (pucyHok 5). JAByXBaabHbIN
MHTETPUPOBAHHBIN LIPEIEp UMEET KOPIYC MAIIWHBL, B KOTOPOM HU3MEIbYUTENbHBIH
HOK COEIMHEH C CUJIOBOM CHCTEMOIA.

Pucynok 5 — Hoxx nByxBanbsHOro mpenepa [8].

Ha pucynkax 6-7 npencTasieHa pabodast 30Ha IByXpOTOPHOTO LIpeiepa MapKH
EB180. PaboTta nanHoro mpenepa o0ecrneynBaeTcss BCTPEUYHBIM BPalICHHEM JIBYX
POTOPOB, HA KOTOPBIX 3aKPCTIJICHBI MAaCCUBHBIC TUCKOBBIC HOXKHU C PEKYIIUMU KPOMKaMU.

PucyHok 6 — @parMeHTsI pa3pylIeHNs MICOKOCTHOTO
KoH(puckara B mpenepe EB180
a — pabouwne oprassl mpeaepa; 6 — pa3pymneHue MICOKOCTHOTO KOH(prckaTa
PEXYIIMMHI KPOMAaKMH JUCKOBBIX HOXKEW IIpenepa;
B — Pa3Ipo0OJIeHHBIE KYCOUYKHA MSICOKOCTHOTO KOH(HCKaTa
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PucyHok 7 — ®@parmMeHTsl pa3pylIeHHsl IPEBECHOI0 0TX0a
(emouHoii BeTkH) B mpenepe EB180

a — IPeBECHBIN 0TXO/] (€I0YHas BETKA) U pa3po0IeHHbIEC IPEBECHBIE KYCOUKH;
0 — pa3pylleHue eJIOYHOM BETKU PEXYIIMMU KPOMaKMH TUCKOBXbI HOXKEH 1Ipesepa;
B — pa3po0JIEHHbIE KYCOUKH €JI0YHOW BETKH

TexHnnueckas xapakrepuctuka mpeaepa EB180 npeacrasieHa B COOTBETCTBUU €
Tabmuuen 1.

Tabmuna 1 — Texauueckast xapakrepructuka mpenepa EB180

Ne TexHH4YecKue mapamMeTpel dakTHIecKUe 3HAYCHUS
1 MoruHocTts MOTOpa, KBT 1,5

2 Mortop omHobaszubIit, B, 't 220, 50

3 Penyxrop K47,1

4 Bxonnas ckopocTts, 00/MHUH 25

5 Bxonnoil kpyTsuuii Moment, Hm 400

6 JlmameTp BXOIHOTO Bajia, MM 35

7 XapaKkTepuCTHKU THUCKOBOTO HOXKA M MaTepual 90*8,9 CrSi
8 KonmuaecTBo AUCKOBBIX HOXKEH, IIT. 21

9 TonmuHa JUCKOBOTO HOXKA, MM 8

10 PaccrosHue Mexay HOXKaMU B psAAY, MM 8

11 Pa3mep BHyTpeHHe#H JlonmacTtu, MM 180*190
12 Tupuna 3anTyIIKd, MM 280

13 Pasmepsr mipenepa, MM 590%350*122
14 Bec, xr 120

C npumenenueMm mpeaepa EB180 mMbl mpoBenu SKCHEPUMEHTHI TIO APOOJICHUIO
JPEBECHBIX OTXO/IOB (€JIOUHBIX BETOK), MICOKOCTHBIX KOH(PHKATOB U KOCTHBIX OCTATKOB.
Ha pucynke 8 npezcrasiieHo pacnpeaeneHue pa3apo0aeHHbIX KyCOUYKOB B pe3yJibTaTe
IpoOJIeHUsl eIOYHBIX BETOK Pa3IMYHON Macchl, [uaMeTpa U JJIMHBI MOCPEACTBOM
mpeaepa EB180.
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a — pacrpeeneHue pa3apo0ICHHBIX KYCOUYKOB €JIOYHON BETKU
¢ m=10,68 rp, tuametp 6 mm, 1=400 mm

0 — pacrpeienieHue pa3apoOICHHBIX KyCOYKOB €I0YHON BETKU
¢ m=22,84 rp, nuametp 14 mm, 1=240 mm

Pucynox 8 — Pe3ynbTaThl 1po0eHHst €104YHbIX BETOK Hpeaepom EB180

Ha pucynke 8 a He3HAUUTEIBHYIO YaCTh COCTABIIIOT KYCOUKH C Pa3MEPOM MEHEE
5 mm (10 %, m=1,07 rp.) u ¢ pazmepom 8—12 mm. (18 %, m=1,92 rp). 3naunrenvHas
4acTh pa3JpoO0JIEHHBIX KyCOYKOB cocTaBisieT pazmep 27-30 MM, maccoid m=7,69
Ip. U 3TO CBSI3aHO ¢ OOJIBIIEH YaCThIO C TEOMETPUEH AUCKOBOrO HOXaA. B gacTHOCTH
Ha JIUCKOBOM HOXE MMEETCS Psijl PEXKYLIMX KPOMOK, PACCTOSTHUE MEKIY KOTOPBIMH
cocrtasiseT 30 MM U OTCIOZIA CIIEAYET TO, YTO 3aXBaUEHHAs BETKA JUCKOBBIMU HOXKAMHU
MOJIBEPraeTCsl HA/UIaMJIMBAaHUIO U OTpe3aHMIo uepe3 mar, paBHbl 30 mm. OxHako
HEKOTOPBIE KyCOUKH COCTAaBJISIOT pa3Mep 4yTh MeHblIE 30 MM, 4TO CBSI3aHO CKOpeEe
BCETO C MpOCKab3bIBaHUEM. B pesynbrate apoOiieHuss HaOI01aeTCsl KpOIUMOCTb,
YTO CBSI3aHO C pa3/eJIEHUEM YaCTHIl U UX Pe3aHusi 00 OCTphIe KPOMKH TOJ] CHIIOBBIM
Bo3/eicTBreM. Ha pucyHke 8 6 yxe He JOMUHHPYET COCTaB pa3Apo0IEHHBIX KYCOUKOB
¢ pazmepom 27-30 mm (octuraet 36 %, m=8,22 rp.), 4TO CBSI3aHO C TEM, YTO ChIPhE
- eJIoYHas BETKa UMEET JuameTp 14 MM M 10 CBOEMY pa3Mepy OXBaThIBAeT IIUPUHY
JIBYX TUCKOBBIX HOXel. Takum o0pa3om, npu ApoOIeHnn 3a1eHCTBYETCS U COCETHUIN
JUCKOBBIM HOXK. 37€Ch COCEIHUE HOXH BO3JEHCTBYIOT OJHOBPEMEHHO, Y KOTOPBIX
peXylIre KPOMKH pacIioyIoKEHbI HE TapajuIeabHO IPYT APYTY, a ¢ maroM 10 mm. Xots
Ha KaXX/I0M JMCKOBOM HOXe€ IIar MEXJy PeXyIIMMU KPOMKAaMH OCTaeTCs MPEXHUM,
paBHbIM 30 MM., HO IpX STOM HE BBIJIEPKUBAETCS CTPOTO 110 OTHOIIEHHIO K COCETHEMY
HOXY, Y KOTOPOI'O PEXyIasi KpoMKa HaxoAuTcs uepe3 10 MM., 4TO BIUSET HAa HAJPE3
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U pe3aHue ¢ pasjaMiuBaHuEM BeTkH. IloaTomy codeTaHue BO3AEMCTBUS PEXYIIUX
KPOMOK JIBYX JMCKOBBIX HOKEH CKa3bIBaeTCs Ha paclpepesieHuu pa3apoOIeHHBIX
KYCOYKOB. 37IeCh TaK)Ke B pe3yJibTaTe JPOOJICHHs MOIYYal0TCs KYCOUKU C pa3MepoM
Mmenee 5 MM (39 %, m=8,91 rp), c pazmepom 8—13mm (11%, m=2,51 rp), u ¢ pasmepom
18-23 mm (14 %, m=3,2 rp). Takum 00pa3oM HaOIrO1aeTCsl HEPAaBHOMEPHOE, HO OoJiee
MeJKoe JpoOJieHne, BEI3BAHHOE BO3CHCTBUEM OOJIBILEro YHCa PeXYLIIMX KPOMOK,
HIMEIOINXCS Yy ABYX JUCKOBBIX HOXEH, HO C MEHBUIMM IIaroM MEXAy PEeXyLIMMU
KPOMKaMH OJHOI'0 AUCKOBOI'O HOXa 10 OTHOLIEHUIO K PEXYLIUM KPOMKaM COCEIHETO
JMCKOBOT'O HOXA.

Ha pucynke 9 mpencraBieHbl pe3ysbTaThl APOOJIEHUS KOCTHBIX OCTATKOB C
pa3nuyHOM MMPHHON U AnuHON. Ha pucynke 9 a ToMUHUpYET cOCTaB pa3apoOIeHHbBIX
KycouKoB ¢ pa3zmepoMm 14—18 mm (mocturaer 36%, m=15,76 rp), 4To CBA3aHO C
TEM, 4YTO ChIpb€ — KOCTHBIN OCTAaTOK MMeeT WupuHy 40 MM U 110 CBOEMY pa3Mepy
OXBaThIBAET IIUPUHY TPEX JAUCKOBBIX HOXEH, BKIIIOUAsl PACCTOSHUSA MEXKIY HOXKAMHU.
371eCh COCETHNE HOKU BO3JIEHCTBYIOT OJJHOBPEMEHHO 110 INMPHUHE KOCTHOI'O OCTaTKa, y
KOTOPBIX PEXKYIHNE KPOMKH PACIOJIOKEHbI HE NapajuIeIbHO Ipyr Apyry u mar 30 Mmm
HE BBIJIEP/KUBAETCS CTPOTO 110 OTHOILIEHUIO K COCEAHEMY HOXY, UTO BJIMSET HA HAJPE3
U pe3aHue C pa3laMJIMBaHUEM KOCTHOTO octarka. [loaTromy couetanue Bo3aeicTBUs
PEXYIIUX KPOMOK TUCKOBBIX HOXKEH CKa3bIBaCTCS HA PACIIpEICIEHUH Pa3IpOoOIeHHbBIX
KYyCOYKOB. 37IeCh TaK)Ke€ B pe3yJibTaTe JpOOJICHHs MOTYYal0TCs KYCOUKU C pa3MepoM
Menee 5 MM (22 %, m=9,6 rp), ¢ pazmepom 8—12 mm (14 %, m=6,18 rp), c pasmepom
19-23 mm (28%, m=12,19 rp). 3necy Takxke HabOMOJaeTCS HEpaBHOMEPHOE, HO
6osee Menkoe ApoOIeHNE, BBI3BAHHOE BO3/JCHCTBHUEM OOJBIIEr0 YUCIA PEXYIIUX
KPOMOK TpeX JUCKOBBIX HOKell. Ha pucynke 9 6 He3HAUUTENbHYIO YaCTh COCTABIISIOT
Kycouku ¢ pazmepoM meHee 5 MM (18 %, m=6,48 rp) u ¢ pazmepom 17-21 mMm
(17 %, m=6,44 Tp). 3HauUUTENbHASA YAaCTh PA3APOOJICHHBIX KYCOUKOB COCTABIISET
pa3mep 24-27 mm, maccoit m=24,80 rp 1 3TO CBsI3aHO C OOJIBILICH YACTHIO C ITUPUHON
KOCTHOT'O OCTaTKa, COOTBETCTBYIOIIETO IUPUHE 28 MM, OXBAThIBAIOIIEIO LIMPUHY ABYX
JUCKOBBIX HOXEH, BKJIKOYasl pACCTOSHUS MeXay HokaMu. OIHaKO, IOMUMO Pa3HUILIbI
B LIMPUHE KOCTHBIX OCTATKOB, PACX0XKJICHHE [0 CPAaBHEHHUIO C JPOOJICHUEM €JIOUHBIX
BETOK CBS3aHO U C TEM, UTO KOCTHBIE OCTaTKU UMEIOT OOJIBLIHIA BeC.

a — pacrpeeiaeHne pa3apo0IeHHBIX KyCOUYKOB €JI0YHON BETKH
¢ m=10,68 rp, auameTp 6 MM, =400 Mm

93



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

0 — pacnpeneneHre pa3apoOICHHBIX KYCOYKOB €JI0YHON BETKH
¢ m=22,84 rp, muametp 14 mmM, 1=240 Mmm

Pucynok 9 — Pe3ynbrarel apo0sieHHst KOCTHBIX ocTaTkoB mpeaepoMm EB180

B mipenepe pexxyiire HOXKHM UTPAOT OYEHb BYKHYIO POJIb B ITPOLIECCE PA3PYIICHUS
TBEPAOr0 KOPMOBOTO ChIphs. [Ipu 3TOM HOXHM mIpenepa moMUMO (QYHKIHU pe3aHus
COUETalOT B cebe COMyTCBYIOIIEE pa3/iaBIMBaHUE C pacKalbIBAHHEM pa3pylIaeMoro
ceIpbs. Bce 310 ompexaenser pasmep pazapoOieHHBIX KycoukoB. TpeboBaHus, mpH
KOTOPBIX IPOUCXOIUT pa3pyIlieHHe Ha 0oJiee MEJIKHUE KyCOUKH B IIpeiepe He ACHTHYHBI.
BcenenctBue yero uMmeercs onpeiesieHHbIN UK KOHTAKTUPOBAHUS pabOYUX OpPraHOB
C TIOCTYMAIOIIKUM Ha pa3pyllIeHue ChIPhEM, YTO BBIPAXKAETCS B PA3TUYHBIX SIBICHUSX.

Kax wusBectHo, cormacHo rumnote3e II. Puttunrepa, pabora A npu apoGieHHH
MaTepuaia MpOMOpLHUOHAIbHA TUIOMIA BHOBb 00pa3oBaHHON MOBEpXHOCTH AF:

(1

rae K, — koo huuuent nponopuuoHaabHOCTH.

Bennuuny AF MOXHO BbIpasuTh uepe3 HadanbHble d 1 xoHeunble d pasmepsl
pa3paliarBaeMbIX YaCTHII. ECiu mpenonokuTh, 4TO YaCTHIIBI UMEIOT GpopMy Kybda ¢
pasmepom pebep d o d =d /i mocne 1poOaeHus, TO MOXKHO ONPEIENUTH:

)

Hanpuwmep, ecnu HadanbHBIN pa3mep pa3apabiMBaeMbIX YacTHUI[ COCTaBISET

d =0,3 m, a crenenb apobenHus i B3STh B iuanazone ot 1 10 10, To noacTasiss 3HaYCHUS

B (hopmyiy (2), MOTYyIUM 3aBUCUMOCTD ILIOMIAAX BHOBb 0Opa30BaHHON MMOBEPXHOCTH

AF ot crenienu npo0Gienws i B coorBeTcTBHH ¢ pucyHkoM 10. U3 pucynka 10 cnenyer,

YTO POCT CTENICHH JPOOJICHHS 1 MOBBIIIAET IIOIIA[h BHOBH 00Opa30BAHHOM MTOBEPXHOCTH

AF, T.e. ueM OompIlie moxy4aeM pa3apabluBaeMbIX YaCTHII, TEM OOJBIIIE MOTydacTCs

TUTOIIA/Ib BHOBH 00pa3yeMoii TOBEPXHOCTH, HO TEM OOJIBIIIEe 3aTPAuUBACTCS SHEPTUS
Ha IpobJeHue.
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Pucynok 10 — 3aBucMMOCTH TUIOIIAM BHOBb 00pa30BaHHOM MOBEPXHOCTH
AF ot crenenu npobienus i npu d =0,3 m.

Pe3synpraTUBHOCTH mpoliecca pa3pylIeHHs KOPMOBOI'O ChIPbsl U3 OTXOJ0B
KUBOTHOT'O M PACTUTENILHOTO MPOUCXOKIECHUS OIPEESAeTCs] OCHOBHBIM IPUHILIUIIOM
nipezepa, T.e. JpoOJIeHneM KpyImTHOrabapuTHOTO CHIPhS Ha MaJeHbKHE Kycouku. [Ipu
HTOM Ba)KHOE 3HAYCHHE OTAAETCsI KOHCTPYKIMHU pabounx opraHos mpenepa. [loaromy
cllelyeT IPUMEHUTh CHCTEMHBIN MOAX0/1 K aHAJIU3Y pa3pyLIeHHs TBEPJOT0 KOPMOBOTO
CBIphsl pa0OUMMU OpraHaMH HIpesepa.

[Inomaaps nomnepeyHoro cevyeHus pas3ipadiiiBaeMoOro mMarepuana HaXOAUTCS U3
BBIpakeHUs [7]

3)

r7ie W — HIUPHUHA PEXYIIed KPOMKH TUCKOBOTO HOXa, MM;
t — ToIUHA pa3apabIuBaeMoOro MaTepuaa, MM.

VYcunue pe3ku, He00X0IUMOE JJIL PE3KH ChIPhs ONPEEIsIeTCs] U3 BhIpaXkeHus [7].
)

rae — OPOYHOCTh Ha pa3phIB pa3apabiuBaemMoro ceipbsi, Mlla
BaxHOl 0COOEHHOCTHIO KOHCTPYKTHBHBIX pEIICHUHN MpH pa3paboTke paboumx

OpraHoOB HIpeaepa, T.e. HOXKEM, SBISEeTCsS OMpeaesieHHne OCHOBHBIX (DaKTOPOB,
BO3JICHCTBYIOIINUX Ha MPOIECC pa3pylIEHUs KOPMOBOTO CBHIPhsl KaK >KMBOTHOTO, TaK
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U PacTUTEIBHOIO IPOUCXOXKAEHHUS. 1 3TOro NpUMEHSETCs METOJ CUCTEMHOIO
aHaTM3a, B 9aCTHOCTH () YPOBEHb HEPAPXHUECKOH CTPYKTYPhI CHCTEMHOTO aHANIH3a,
paccMaTpuBarOLIUiA KOH_CTp}IKTI/IBHBIe ocobeHHoctH [9].

PaccmoTpuM mepBoouepeaHO nmapameTp pa3pylleHHs TBEPJIOI0 KOPMOBOIO
CBIPbsI PACTUTEIBHOTO U )KUBOTHOTO IIPOMCXOXAECHUS ¢ IPUMEHEHUEM LIpesepa, T.€.
o0paTM BHUMaHUE Ha KOHCTPYKTHBHBIE oTimuns mpeaepa (KOLL), Beipakaromuecs :
YPOBHEM HEPAPXUH CUCTEMHOT'0 aHaJI3a PoLiecca pa3pyLEHUs TBEPIOT0 KOPMOBOTO
CBIPBSl PACTUTEIBHOIO U KUBOTHOTO IIPOUCXOXKJIEHUS, CTPYKTYpHasi CXeMa KOTOpOM
oToOpakeHa Ha pucyHKe 1 1. 113 KOHCTpyKTHUBHBIX UEPT B IIEPBBIII MOMEHT OOpalaercs
BHUMaHHe Ha KoHCTpykumio cranuubl (KC), xotopas moxer Obith cBapHoil (CK),
muroit (JIK), ¢ 6onroBeiMu coenunenusmu (bC); Bun 3arpyzounoro 6ynkepa (B3b);
nuametp poropa (IP), konmaectBo potopos (KP). BaxHbIM cienyeT oTMeTUTh paboTy
¥ MOIIHOCTh MCTOYHHKA JJIEKTpodHEeprun — moTopa (PuMM), BeIOOp peaykTopa
(BP); paboTty MexaHnnueckoit 00paboTKH, HEOOXOAUMOM TS Pa3pyIICHHUS, TPOOTCHUS
KopMOBOTO chIpbsi (PMOnP/), mpu 3ToOM Ba)kKHOE MECTO IMEET KOJIMYECTBO 0OOPOTOB
poTopa, T.e. yactora BpauieHus poropa (UBP), BUHTOBBIE KpeIUICHHS HOXKEMN K POTOPY
(BKHP); pa3meps paboueii 3061 (PP3); kommuecTso nuckoBbix Hoxel (KH), Tommmna
nuckoBbIx Hoxxel (TIH), nuamerp auckosbix Hoxel (IJIH), konuuecTBo pexymunx
KpoMok y aurckoBoro Hoxka (KPKJIH), yron HakiioHa pexyieit KpoOMKH TUCKOBOTO HOXA
(YHPKIH), matepuan nuckoBoro Hoxa (M/IH), TBepaocts auckoBoro Hoxa (TIH);
3a30pbl MEX/ly IUCKOBBIMU HOkaMu (3M/1H), TomIMHA IPOMEKY TOUHBIX KOJIELl MEXKTY
mrckoBbiMU HOXXamu (TTIKM/IH); paboTy, HeoOxoauMyro T BEIHOCA Pa3IpOoOIeHHBIX
yactun u3 mwpenaepa (PBPUIL), peepcuBHOCTS BpalieHus nuckoBbix Hoxell (PB/IH);
npousBoauTenbHOCTh Hipenepa (I11); marepuan u pa3HOBUIHOCTH pa3pylLIaeMbIX
otxoz0B (MuPPO), rabaputsr orxo108 (I'O); MmobunsHOCTH (M) 1Ipenepa.
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Pucynok 11 — CtpykTypHas cxema _ ypOBHS UEpApXUU CUCTEMHOIO
aHaJM3a Mpoliecca pa3pylIeHUss KOPMOBOTO ChIPbsl PACTUTENBHOTO U )KUBOTHOI'O
IIPOUCXOXKACHUS, AKLIEHTUPYIOLIEN KOHCTPYKTUBHBIE OTINYUS LIpEaepa

HaOnronaeMble siBIIEHUS NPUBOJAT K 3aXBaTy IOJAaBAEMOI'0 Ha pa3pylLIECHUE
CBIpBS, Jajiee K TEYEHHUIO BTATMBAIOIIETO BO3/JEHUCTBUS KYCKOB I10JAaBAEMOIO ChIPbS
B 3a30pBI MEXJIY TUCKOBBIMU HOXaMHU B paboueil 30He, KoTopas oOpasyer moJjs
Ha/Ipe30B, U3TUO0B, HAJUIAMJIMBAHUS, TPEIIMHO- U 1Ie1e00pa30BaHus, pa3pylIeHUs U
pasnenenus kyckoB (IITHUHTull[PPK) B 3akpsiToM 00beMe paboueii 30HBI HIpeaepa,
rJ1e HaOJII0AaeTCs epeMeleHrne KyCKOB M YaCTHII Pa3ipo0IEHHOTO CHIPhS B pe3yJIbTaTe
CWJIOBOTO Bo3zaelcTBUA. OTCI0[]a CUIIOBBIE BO3JEHCTBUS pabOUuX OpraHOB LIpeepa
(CBPOIII) ymecTHO BIMSIOT Ha MEpPEMEIICHHE KYCKOB M YAacTHUI[ BHYTpHU IIpeaepa
(ITKuYBIII), BIusOT Ha Ka4€CTBO pa3pylIcHHs, T.€. (PAKIIMOHHOE paCIIpeIeIeCHUE
KyckoB 1 yactul] (PPKul), BaustoT Ha MHTEHCUBHOCTD PAa3pyILIEHUS ChIPbs B LIPEAEPE
(BHMPBILI), BaustoT Ha MPOU3BOAUTENBHOCTh MO pa3pymaembiM Kyckam (IInPK) u
sHeproeMkocTs mpeaepa (I10I).

['maBHBIM mapaMeTpoM, BEIPAXKAIOIIUM _ YPOBEHb HEPAPXUU CUCTEMHOTO aHAIIN3a
pa3py1IeHHs TBEPIOro KOPMOBOTO CHIPbSI PACTUTEIBHOTO U YKUBOTHOTO ITPOUCXOMKICHHS,
AKLEHTUPYIOLIMM BHIMaHHE HA KOHCTPYKIIMIO IMCKOBBIX HOKEH 1Ipesepa, ABIsSI0TCS
KOHCTPYKTHUBHBIC OTJIWYMS ITUCKOBBIX HOXeu mpenepa (KOIHII), ctpykrypHas
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cXeMa KOTOpBIX O0ToOpaxkeHa Ha pucyHke 12. B stom ciyuae HaGmogaercs pabora,
BOCIIPOM3BOAMMAs Ha BpallaTeIbHOE JBIKEHUE JHCKOBBIX HOXKEH Ha JIBYX POTOpax
(BAAHH/IP), HeoOxoaumasi /Ui 3aXBaTa MOCTYIHUBILET0 KOPMOBOT'O CHIPhSI KDOMKaMHU
muckoBbix Hoxel (BIIKCK/IH); pabota, Bocmpon3BouMast 4715l BTATHBAHUSI KOPMOBOT'O
CBIPbsI B MEXKPOTOPHYIO IJIOCKOCTh OCTPHIMH KPOMKAMH T'PYIIIbI TUCKOBBIX HOXKEH,
pacnonoxeHHbIX Ha 1ByX poropax (BKCBMIIOKIH) ¢ pa3pe3atolie-pa3iaMbIBAIOIIIM
BBEJICHUEM OCTPBIX KPOMOK JIICKOBBIX HOXKEH B pa3pylaeMble KyCKU pa3apadinBaeMoro
ceIpbsi. Habmogaemble siIBICHHUS MPUBOAAT K AS(POPMHUPOBAHHIO KOPMOBOTO CHIPbS
(HAKC), nagpesam, n3rudbam, HaJIIaMIMBaHUSM, TPEIIMHO U MIeIe00pa30BaHUIO
kopmoBoro cbipbst (HUHTulIIKC), mocie yero HacTymaeT pa3pylieHUe U pa3ieicHIe
— apobnenue Ha yacTu KopMoBoro cbipbst (PPJIKC), uTo 00bsicHsET 11e71eco00pa3HoCTh
mpenepa (IILLD), ero adpdexruBHOCTH 151 TpyOOT0 M3menbuenus (31 1) co 3HaunTENBHOM
crenenbto apodnenus (3CL).

W3 ocymiecTBIEHHOTO CUCTEMHOTO aHalu3a IMpolecca pa3pyLUIeHuss KOPMOBOTO
CBIPbsI PACTUTEIBHOTO U )KUBOTHOT'O IPOMCXOXKACHUS TOCPEACTBOM AUCKOBBIX HOXKEH
HIpesiepa cieayeT TO, YTO OCHOBHBIMH BO3JICHCTBYIOIIMMHE (PaKTOPaMH, IPUBOISIIAMH
K 3 PEKTUBHOCTH LIpeiepa U AUCKOBBIX HOXKEH IIpeaepa sIBISIOTCS:

— YMEHBIIEHHE JTTUTEIbHOCTH 00pa30BaHuUs HAAPE30B, TPEILMHO- U I11eJIe00pa30BaHUs
B pa3apaliauBaeMbIX KyCOUYKaX KOPMOBOTO CBIPbSl M3 OTXOJIOB PACTUTEIBHOIO U
KHBOTHOT'O IIPOMCXOXKICHUS, YTO YBEIHMUHUT IIPOU3BOAUTEIBHOCTD IIPENIEpa;

— U3MEHEHHE KOHCTPYKIMU TUCKOBBIX HOXEH 3a CYeT M3MEHEHHUs KOJHYeCTBa
PEXYIIMX KPOMOK, YMEHBIIECHUS LIara MeXIy PexXyLUUMH KPOMKAaMHU, OCTPOTHI U
KOH(QUTYpAIUU PEXYLIMX KPOMOK, YTO TMOBJIMAET HAa KaYE€CTBO U MHTEHCUBHOCTh
npoOieHus, yBeIUYSHNE TOIIUHBI IUCKOBBIX HOXKEH, 4TO 00ECIIeYT IIMPUHY 3aXBaTa
pa3apalbiarBaeMoro ChIpbsi 1 PABHOMEPHOCTh MOTy4aeMOn (hpaKIHH.
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Pucynok 12 — CtpykTypHas cxeMa _ ypOBHS HEPAPXMHM CHCTEMHOIO
aHaJIM3a IpoLecca pa3pylIeHUs: KOPMOBOTO ChIPbsl PACTUTENIBHOTO U JKUBOTHOI'O
IIPOUCXOXKACHUS, aKLIEHTUPYIOLIEN KOHCTPYKTHBHBIE

OTJIMYMSI TUCKOBBIX HOKEH 1Ipeaepa

B pesynbpraTe mpoBeeHHUs MCCIEJOBaHUM HaMu pa3dpaboTaHa JUHHS AJISA
IIPOM3BOJICTBA KOPMOB (PUCYHOK 13), B KOTOpPOI IPOU3BOACTBO KOPMOB OCYIIECTBIISIETCS
C MPUMEHEHHMEM LIpeepa WIM CHUIOBOIO0 U3MEIBUUTENS IS NPEABAPUTEIBLHOIO
TpoOIIeHusI.
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Pucynoxk 13 — JIunus a1 npou3BoJCTBa KOPMOB (pElIeHHE Bbliaue aTeHTa Ha
n3o0perenue mo 3asBke Ne 2023/0026.1)

1 — mipenep Wiu CUIIOBOM U3MENBbYUTEND, 2 — MATHUTHBINA METAJIIIOYJIOBUTEIND, 3
— ITHEKOBBIN TPaHCIIOPTED, 4 — UMITYJIBCHBIE HACOCHI, 5 — BAPOUHBIE KOTIIBL,

6 — TpyOonpoBoJ, 7 — eMKOCTb AJis cOopa kupa, 8 — OyHKephl, 9 — IpeHakHOe
ycTpoiicTBo, 10 — pemeTka, 11 — 6ak ms coopa OynpoHa, 12 — yCTpOMCTBO st
CYIIKH Y U3MEJTBYCHHUS CO CMECUTENIBHBIM Y3JIoM, 13 — OyHKep 11 cOopa KOpMOBOI
cMmecH, 14 — rpanynsatop, 15 — OyHkep /Uit cOopa rpaHyIMpOBaHHBIX KOPMOB, 16 —
MOJIOTKOBas 1poOuiika, 17 — OyHkep 11151 cOopa KOPMOBOM MYKH.

KopmoBoe crippe (MSICOKOCTHBIE OTXO/bI U T.I1.) OJAIOT B LIPEAEP UIN CHIIOBOM
U3METIBYMTENb |, T71e TI0 CEKIMSM ITPOUCXOIUT MTPEABAPUTEIHHOE POOIICHHE KOPMOBOTO
ChIpbA pa60q1/1M1/1 OJICMCHTaMH, Jajic€ 4Cpe3 MarHuTHBIN MCTAJIJIOYJIOBUTCIIb 2 1o
[THEKOBOMY TPAHCIIOPTEPY 3 KOPMOBOE CHIPhE MOCTYIIAET B BAPOUHBIE KOTJIBI 5, TI€ OHO
pasBapuBacTCId U O6€3)I(I/IpI/IBa€TC$[, HUMITYJIbCHBIMH HaCOCaMU 4 u3 BAapOYHBIX KOTJIOB
5 oTcachkIBaeTcs XKUAP MOCPECTBOM TpyOompoBosia 6 B eMKOCTh 7 Jjisi cOopa »Kupa,
nanee 00e3’)KUPEeHHOE BIAKHOE KOPMOBOE CHIPhE M3 BAPOYHBIX KOTJIIOB 5 MOCTYIAET
yepe3 OyHKEpHl 8 B IpEeHaXHOE YCTpOHcTBO 9, Tae uepe3 pemetky 10 mpoucxoaut
cimB OynboHa B 0ak 11 s cOopa OynboHa, Jajiee ChIphe MOCTYMaeT B yCTPOUCTBO 12
JJId CYIIKHW U U3MEJIBYCHUSA CO CMCCHUTCIIBHBIM Y3JIOM, I'IC IPOUCXOAUT BBICYIIMBAHUEC
IMOTOKOM TOopsA4Y€ro BO3aAyXa, U3MCILYCHHUEC U IICPEMCIIMBAHNUEC YaCTHUILL 10 IMMOJTYYCHUA
OJIHOPOJIHO CMEIIIaHHON KOPMOBOM CMECH, KOTOpasi TocTyraeT B OyHkep 13 ais coopa
KOpMOBOii cMecH. B cirydae He00X0IMMOCTH KOPMOBasi CMECh TIOCTYIIAET B TPAHYJIATOP
14, rae npoucXoaUT MPUTOTOBIIEHNE TPAHYIUPOBAHHBIX KOPMOB M UX HAIPaBJICHHE B
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Oynkep 15 s coopa rpaHyIMpoOBaHHBIX KOPMOB. B citydae nponsBoacTBa KOpMOBOI
MYKH, KOPMOBasi CMECh U3 yCTpoiicTBa 12 1s1 CYIIKH ¢ OJTHOBPEMEHHBIM U3MENbUeHHEM
Y CMEIIMBAaHHUEM ITOCTYTIAET B MOJIOTKOBYIO IPOOHMIIKY 16 1715t u3MeNnbYeHus B KOPMOBYIO
MYKY, U fanee B OyHnkep 17 s coopa KopMoBoi Myku. OpUTrHHAIBHOCTH Pa3paboTKH
MOITBEPKAAETCS TOJIOKUTETHHBIM PELICHHEM O BbJaue naTenrta Ha uzooperenue [10].

Takum o06pa3oM BKIIOYEHHE IIpeaepa B COCTAB MOTOYHBIX JUHUNA HMEET
MIEPBOCTENIEHHOE 3HAUYEHHE C YYETOM HEOOXOJUMOCTH PEBAPUTEILHOTO APOOIICHUS
TBEP/IOTO CHIPbsI, @ KOHCTPYKLHUS AUCKOBBIX HOXKEH 3aMETHO BIIUSET HA UHTEHCUBHOCTD
Y Ka4ecTBO APOOIEHUS.

HNudopmanus o puHaHCHPOBAHUH

JlanHas pabora ABIsAETCSA Pe3yJbTaTOM, IMOJIYUYEHHBIM B XOJ€ peaju3aluu
npoexkta UPH Ne AP19679802, ¢unancupyemMoro B pamMKax IpaHTOBOTO
¢unancupoBanus or Komurera Hayk MUHUCTEPCTBA HAYKH M BBICILIET0 00pa30BaHHUS
Pecriy6nuku Kazaxcrasn.

BriBOaBI

B pesysbrate u3ydeHuss KOHCTPYKIHI Ipeepa U ero pabounx OpraHoB BhISBICHbI
TEHJCHIIUU UX Pa3BUTHUS IO HAIPABICHUIO COBEPIIECTBOBAHUS KOHCTPYKTHBHBIX
apamMeTpoB JUCKOBBIX HOXEH, T€OMETPUU M OPUEHTALMH PEXYLIUX KPOMOK,
KOJINUECTBA KPOMOK Ha IUCKOBOM HOXke. CepHst TPOBECHHBIX SKCIIEPUMEHTOB IOKa3aJia
TO, YTO CTEIIEHb APOOJICHUS IpU paboTe IMIpeepa 3aBUCUT OT rabapuTHBIX pa3MepoB
U Macchl pa3apabInBaeMoro ChIpbs, TONIIUHBI IUCKOBBIX HOXKEH, pacCTOsIHUA (111ara)
MEX]y PeKYIIMMH KPOMKAaMHU JIUCKOBOTO HOXa. BBIsBIEHO, UTO 3HAYUTEIbHAS YaCTh
pa3apoOICHHBIX KYyCOYKOB €JIOYHOH BETKH C AMAMETPOM 6 MM COCTaBIISIET pa3Mep
27-30 mm. (72 %). Ilpu 3TOM MOBIUATIO TO, YTO B PsiAy OBLT 3a7€CTBOBAH OJMH
JIMCKOBBIN HOXK C TOJILIMHOM § MM. H IIIarOM MEKIY PEXyILIUMH KPOMKaMH Ha JUCKOBOM
Hoxe 30 MM. He3HaunTenpHast 4yacTh KPOIIMMOCTH CBSI3aHa C pa3/IeNICHUEM YaCTHLL U UX
pe3anusi 00 0OCTpble KPOMKH B pe3yJbTaTe CUIIOBOTO BO3/IeHCTBYS. B cityuae npobienus
€JI0YHOM BETKH WJIM KOCTHBIX OCTAaTKOB C IIUPUHOM, paBHOU TOJIIMHE 2-3 JTUCKOBBIX
HOXei HabJro1aeTcss HepaBHOMEPHOE, HO 00Jiee MEJKOe APOOICHHE U3-3a YMEHBIICHUS
paccTOsIHUA MEXIY KPOMKaMH COCEAHUX JUCKOBBIX HOXKEH. Takum 00pa3oM norydeH
ONpE/ICICHHBIH UKJI KOHTAKTUPOBAaHMUS pabOYMX OPraHOB C MOCTYMAIONIMM Ha
pa3pylIeHUE ChIPhEM.

[TocTpoeHHBIE CTPYKTYpPHBIE CXEMBl _ YPOBHS HME€pPapXHU CUCTEMHOTO
aHaju3a Ipolecca pa3pylIeHHs] KOPMOBOTO ChIPbSl PACTUTEIBHOTO U KHUBOTHOI'O
MIPOUCXOKICHHSI, AKIIEHTUPYIOIIUX BHUMAaHNE HAa KOHCTPYKTUBHBIX OTIIMYUSX LIpeepa
1 €ro JUCKOBBIX HOKEMH, BHIIBUIIM PSiJl OCHOBHBIX (DAKTOPOB, BIUSIOUINX HA Pa3padOTKy
0o0J1ee COBEPILIEHHOM KOHCTPYKLIUHU HIpeiepa U ero paboynx OpraHoB:

— YMEHbIIIEHHE JUTUTETbHOCTH 00pa30BaHus HA/IPE30B, TPELIMHO- U IIe1e00pa30BaHHs
B pa3zpaliauBaeMbIX KyCOYKaX KOPMOBOTO CBIPbSI U3 OTXOJOB PAaCTUTEIHHOTO U
KUBOTHOT'O IPOUCXOK/ICHHUS, YTO YBEJIUUUT IPOU3BOJUTEILHOCTD LIPEIEPA;

— W3MEHEHHE KOHCTPYKIMH JMCKOBBIX HOXKEH 3a CueT M3MEHEHHs KOJIMYecTBa
PeXYIIUX KPOMOK, YMEHBIICHHS LIara MexIy PeKyLUIMMU KpPOMKaMHu, OCTPOTHI U
KOHQUIypaluu peXylUIuX KPOMOK, UYTO IMOBJHSET HA KaYeCTBO U MHTEHCUBHOCTh
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NpoOJIeHus, yBEIUMYCHUS TOIIIUHBI IUCKOBBIX HOXKEH, 4TO 00ECIIeYUT IIMPUHY 3aXBaTa
pa3apalbiarBaeMoro ChIpbsi 1 PABHOMEPHOCTH MOTy4aeMOn (hpaKIHH.

3HaYUMOCTh LIpeaepa, Kak o0OpyaOBaHUS, NpeJAHA3HAUYECHHOTO AJs
IpeBapUTENHLHOIO IPOOICHHS TBEPAOT0 OTXOIHOTO ChIPbsl, 000CHOBBIBAETCS MEPBOI
no3uiuei B coctae pa3paboTaHON TMHUU JUIsl HPOU3BOJCTBA KOPMOB, UTO OOBACHSET
€ro Ba)XXHOCTh U 3HAYUMOCTh (YHKIMOHHpPOBaHUA. OpUTHHAIBHOCTh Pa3pabOTKU
HOJTBEPKIACTCS NOJIOKHUTEIBHBIM PELICHUEM O BbIJaue MaTeHTa Ha H300pETEHHE 10
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YCAKTAFBIII JUCK NBIIIAKTAPBIHBIH,
KOHCTPYKUMSICBIH )KYWUEJIIK TAJLJAY

Maxkanada  ycakmasviwmap — MeH — OHbIH — JICYMBIC  OP2AHOAPBIHLIY
KOHCMPYKYUAIAPHL  KAPACMBIPLLIAOLL. ANbiHeaH IKCHEePUMEHMMIK  HOmuicenep
welpwia Oymakmapvl MeH CylueK KalOblKMapblHblY YCakmanzanw 0oaikmepin
Kanowix Kem wuxizamoinoly onuemoepi MeH MaccacblHaH, OUCKINL NblUaKmapobly
OY3bLIAMbIH WUKI3AMNEH JCAHACY YUKTIHEH 0onyee moyendiniK anyaa MYMKIHOIK
bepoi. [Huamempi 6 mm 6oramvin wwlpuia OYmMAazblHLIY CblH2aH OONIKMepiHiK
e0oyip beniei 27-30 mm (72 %) moauwepinde exenodiei anvikmanowl. byn kamapea
KanblyOvlebl 8 MM dicoHe OUCK NbIUAsbIHOA2bl KeCy HCUueKmepi apacviiodebl Ka0ambl
30 mm 6orambin 6ip Ouck nvlazbiHbIY KambicyblHa ocep emmi. [lvipuwa Oymaewt
Hemece eHi 2-3 OucKini nuluakmuly KATblHObleblHad MeH CYUeK KanioblKmapbl
ycakmanaan scazoauod, ipeenec OUCKILL NblUaKmapobly JHCUeKkmepi apacblHodabl
KQUbIKMbIKMbIY  A3a10blHa  OatlaHbicmyl  Oipkenki emec, 0ipax ycax ycaxkmay
batikanadvl. OCiMOIK JHCOHE HCAHYAP MEKMeC HCEMUON WUKIZamblH Oy3y npoyeci
acytieni manoay uepapxuscvl Oeneeuiniy KypblibiMObIK cbizdanapwl ¥caxmanzaw
OQUCKINT NLIUUAKINAPBIHBIY KYDULIBIMObIK AUbIPMAUBLILIKMAPLIHA HA3AD ay0apaobl..
¥caxkmazvtuumoly  muimoinicine oxenemin Heeizel  (paxkmopaap KeciHoinepoin
naiida 601y Y3aKMulebIHLIY MOMEHOeYl, YCAKMAN2aH Kecekmepoei icapulkmap
MeH canvliaynapovly natioa 6oaybl; JHCUeKMepOiy CAHbIH O32epmy, JiCueKmep
apaceinoazbl Kaoamowl asanumy, dcuekmepdiy OmKipaici MeH KoHpueypayuscol,
COHOQU-aK, YCAKMAN2aH WUKI3AMMbIY YCMALY JHCOHE aNblH2AH (DPaAKYUSHBIH
Oiprenciniy KaMmamacol3 ememin OUCKMI NolUaKmapobly KaiblHObIZbIH APMMbID).

Kinmmi ce30ep: ycaxmasviui, oacoro, ycaxmay, 06y, ayvicmwipy, Ouckinep,
JHcapuixmap, azvlk KALObIKMApbl, em JHcoHe CylieK KarloblKmapsl, mapmakmap.
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SYSTEM ANALYSIS OF THE CONSTRUCTION
OF SCHRODER DISC KNIVES

The article discusses the designs of shredders and their working bodies.
The experimental results obtained made it possible to obtain dependences on the
distribution of crushed pieces of Christmas tree branches and bone residues on the
dimensions and weight of waste feed materials, the cycle of contact of disc knives
with raw materials coming to destruction. It was revealed that a significant part of
the fragmented pieces of a Christmas tree branch with a diameter of 6 mm is 27-30
mm (72 %) in size. This was influenced by the fact that one disc knife with a thickness
of 8 mm and a pitch between the cutting edges on the disc knife of 30 mm was used in
the row. In the case of crushing a Christmas tree branch or bone remains with a width
equal to the thickness of 2-3 disc knives, uneven but finer crushing is observed due to
a decrease in the distance between the edges of neighboring disc knives. Structural

diagrams of the hierarchy _ level of the system analysis of the process of destruction
of feed raw materials of plant and animal origin are constructed, focusing on the
design differences between the shredder and the shredder disc knives.. It was revealed
that the main factors leading to the efficiency of the shredder are a decrease in the
duration of incision formation, crack and crevice formation in the crushed pieces, a
change in the design of disc knives by changing the number of edges, reducing the
pitch between the edges, sharpness and edge configuration, as well as an increase in
the thickness of disc knives, which ensures the width of the crushed raw materials and
the uniformity of the resulting fractions.

Keywords: shredder, destruction, crushing, separation, shift, disks, cracks,
waste feed, meat and bone waste, branches.
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OBOCHOBAHUE FrEOMETPUYECKUX MAPAMETPOB PEXYLUEU
MIACTUHbI POTALUMOHHOI'O BE3BEPLLNHHOIO
MOBOPOTHOI'O TOKAPHOI'O PE3LA

Ha cecoonawnui oenv 6onvuwias uwacme demasell MAwuH noogepeaemcs
Mexanuyeckol oopabomie co cusimuem cmpyaicku, 70—80 % uz komopuvix npuxooumcs
Ha mokapHylo obpabomky. B ceésazu ¢ yem, akmyanbHocmsb co8epulencmeo8ansl
npoyecca u UHCMPYMEHMO8 O/l MOKAPHOU 00pabomKu cmoum — 0OHA U3 8AIHCHLIX
3a0ay 6 cOBPeMEeHHOM MAUUHOCTPOEHUU.

Tokapnas obpabomka pomayuOHHLIMU pe3yamu Nno3680JsAem Y8eiuiu8ams
nepuoo CMoUKOCmU pedxcywel niacmutbl 8 HeCKOIbKO pa3 3d Cuem pPasHOMEPHO20
pacnpeoeneHusi HanpPsANXCeHUs, memMnepamypbl U U3HOCA 8 NPoyecce Pe3anus.

B cmamve npeocmaeneno komnviomeprnoe Mo0eaupogarue npoyecca moveHus
HOBOPOMHBIM POMAYUOHHBIM pe3yom 8 npoepamme COMSOL Multyphisics ¢ mooyne
npoyHocmuoe2o ananusa «Solid Mechanicsy.

Moodenuposanue 3axnouaemcs 6 uUCCie008aHUU CMAYUOHAPHO20 NOLONHCEHUS
Kpyenou pedcywel niacmunsvl uz meepooeo cniasa TISK6 6 3asucumocmu om
paouyca u yena HaxkioHa pexcyweli Kpomku npu oopabomke zazomosxu uz Cmanu 45
¢ Yenvblo 0O0CHOBAHUA 2e0MempUiecKux napamempos pesya. B xode ucciedosanus
YCMAHOBNIeHO, YMO NpuU y8eaudeHuu yena HakioHa u ouamempa meepooCniaHoll
HIAACMUHKU YMEHbUAEemcs Naowadb KOHMAKma ¢ 00pabamuiéaemou n08epxXHoCmbio
U COOMBEMCmMBEHHO YMEHbUAIOMC KOHMAKMHble HAnpsaxceHus, oegopmayull,
memnepamypa, usHoc.

IIpeocmagnenvl Hazna0Hble U300PANCEHUS PACHPEOeNeHUsI HANPANCEHUS 8 30He
pesanus, 2paghuxu 3a8UCUMOCMeEN MAKCUMANTbHO20 HANPAICEHUS OM Y2ild NOGOPOMA.

Kniouesvie crnosa: pescywas kpomxa, Kpyenas pexicyujas KpomMKd, KOMnblomepHoe
Mmooenupogarue, npoyecc pezanus, COMSOL Multyphisics, mouenue.

BBenenue

TokapHast 00paboTKa UrpaeT KIOUYEBYIO POJIb B COBPEMEHHOM MAIIHHOCTPOCHUHU
3a CYET BO3MOXKHOCTH OOpaOOTKH Pa3IMYHBIX MATEPUAIOB C ITUPOKUM JAHAMA30HOM
TOYHOCTHBIX U KAaYCCTBCHHBIX XapaKTepI/ICTI/IK, BJIUAOIINX Ha BKCHJIyaTaI_[I/IOHHLIC
MMOKa3aTeH.
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PoTanmonHoe pe3anue siBisieTcst 0ojiee CIOKHBIM IPOLECCOM MO CPaBHEHHIO
C TPaJWLMOHHOW TOKapHOW 00pabOTKOH, rjae, MOMUMO BpAIIEHHUS 3arOTOBKH U
IEpEMEILEHNS pe3lia, JOIOJIHUTENBHO NOSBIISECTCS BPAIlEHUE PEXKYILEHN TIACTUHBI.

B cBs3u ¢ nosiBieHueM MHOXeCTBa pa3HO00pa3usi MPOrpaMMHBIX MPOIYKTOB I10
CAE-MoenupoBaHuIio, KOMITBIOTEPHBIE BHJIbI HCCIIEIOBAHUI BCE OOJIBILIE TPUBIICKAIOT
BHHUMaHue uccienopareneil. OqHako Npu U3y4eHUH Mpoliecca pe3aHus, B OTIINYUE OT
OO0JIBIIMHCTBA (PU3NYECKUX MTPOIIECCOB, IPUXOIUTCS BPYUHYIO BIIUCHIBAThH BCE YCIOBUSI.

[Iponecc poTanMOHHOTO pe3aHus, UCCIAEAYEMbld MHOTUMHU aBTOopamu [1, 2-6],
MOJKET MOTpedoBaTh OONBIIUX pecypcoB. JiIs yMeHbLIeHU UX NOTpedsieHus], ObLI0
IIPUHSTO 32 OCHOBY CTallHOHAPHOE MCCIIEA0BAaHUE, KOTOPOE IOKa3bIBa€T KAPTUHY B
OTIpeIeJIEHHBIE MOMEHT BPEMEHH U MOXKET OBITh MCIIOJIB30BaHO JUISI TEOPETUUECKUX
OCHOB JJIs1 U3Y4EHHUs [IPOLIEcCa PEe3aHUsl IOBOPOTHBIM POTALIMOHHBIM pe3LoM [7, 8].

Ha 30Hy KOHTaKTa 3HaYUTEIILHOE BIIMSTHUE OKA3bIBAIOT TEXHOJIOTMUECKHUM ITapaMeTp
— riryOuHa pe3anus [1], reomeTprudeckue mapamerpsl — pauyc pexyIel miacTUHbI
U yroJl HakJIoHa [9] pexyiiell KpoMKU. B cBs3M ¢ 4eM Hccie10BaHue HaIPsyKEHHOTO
COCTOSIHUS PEXYILEN KPOMKH UCCIIE0BAHO C yUYE€TOM 3TOrO.

MarepuaJjbl 1 METOABI

B xoxe uccienoBanus ObLIO 3aJ€HCTBOBAHO KOMIBIOTEPHOE MOJECIMPOBAHUE
CTallMOHAPHOTO IPOYHOCTHOTO aHamu3a B Moaye Solid Mechanics MeTo10M KOHEYHBIX
anemenTtoB (MKDJ) B mporpamme COMSOL Multyphysics, a Takke sMnupuueckue
3aBUCUMOCTH TEOPUH U PEKUMOB PE3AHHUS.

PesyabTaTsl 1 00cy:Kka1eHNs

B kauectBe 00beKTa HcCieJ0BaHUS ObUTN BEIOPAHBI ITACTUHBI PEXKYILIME CMEHHBIE
MHororpanssie TBepaociuiasubie (T15K6) kpyrinoit popmsl ¢ 3aaaum yriaom mo 'OCT
19072-80. Nuamerpamu 15.875 mm; 19.050 mm; 25.4 mm.

Tabmuma 1 — CBolicTBa UCHONB3yeMBIX MaTepuaios [10]

Monyns FOnra, MIla Koadppunment [TnotHOCTB,
E-10°MIIa [Tyancona p kr/m?
Cruta T15K6 525 0.29 11 500

B kauecTBe MCXOHBIX JAHHBIX JUI HCCIIEI0BaHUs OblU1a IpUHsTA 00pabaThiBaeMast
3arotoBka — Crans 45, nuamerp 40 MM. M3MeHAIOUICS TEXHOIOTMYECKUM TapaMeTp
—rinyOuna pe3zanus (0,5 mm; 1 MM; 2 MM), TeOMETpPUYECKHH (TOMUMO pajyca) — yIibl
HakjoHa pexxyieit kpomku (00, 50, 150, 250).

IIpu MozpenrpoBaHNY HCIOJIB30BATIMCH CIIETYIOLIME CUIIbI PE3AHUS 10 KOOPAMHATHBIM
ocsaM mipu Tiryoune 0,5 mm — 0,5 mm — P =200 H, Py=60 H, P =20 H; npu riybune
1 mm — P =400 H, Py=120 H, P =40 H; npu riy6une 2 mm — P =800 H, Py=240 H,
P =80 H. Mcxons u3 pucyHka 1, ciieyer, 4To HalpskeHHE CKOHIIEHTPUPOBAHO B 30HE
pe3aHus U pearupyeT Ha U3MEHEHUs YIUIa, 3HaYEHMsI IapaMEeTPOB a/IcKBaTHBIC.
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a) 0)
Pucynok 1 — Pesynbrar uccnenoBanus miactusl (d=15.875 mm) moBopot
pexymieit kpomku 0°(a) u 5°(0) mpu rayoune pesanus 0.5 MM

B xoze mpoBezieHrst BCeX OMBITOB OBLIM OCTPOECHBI TpaMKH HA PHCYHKaX 2, 3, 4.
PaccmoTpuM KaxkIb1ii TpadyK MO OTAECTBHOCTH:

OmpiT 1 — I'my6una pesanus 0.5 MM (puCyHOK 2)

Ha nuamerpe 15.875 mm Hampsikenue kojiednercs ot 5.6...5.9 (x107 H/mwm?),
3Ha4YCeHUE HAMPSHKEHUS ITPU JOOABICHUH YTJIa HAUMHACT M1a1aTh, OJJHAKO HAOII0AaeTCs
POCT HaIPsDKEHUS TP YBEJIIMYCHUH YTIA.

Ha muamerpe 19.05 mm Hampspkenue kosebiercs oT 5.3...5.6 (X107 H/mwm?),
JIBIDKEHUE HANPSHKEHHS aHAJIOTUYHO MPEIBITYIIEMY .

Ha nmamerpe 20.4 MM kosiebaHue HaNpsHDKEHUE UMeeT 0oiee CTaOMITBHBIN BHJT OT
4.8...4.9 (x107 H/mwm?).

PucyHok 2 — 3aBUCMMOCTh MAaKCHMaJIbHOT'O HANIPSDKEHUS OT yIjla IOBOPOTA MpU
riryOuHe pe3anust 0.5 MM JUIs TUTACTHH Pa3JIMYHBIX TUAMETPOB

OmpiT 2 — I'myOuna pezanust 1 MM (pucyHOK 3):
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Ha nunamerpe 15.875 mm Hanpsbkenue koneOuercst ot 6.6...7.2 (x107 H/mwm?),
3HAUYCHUE HATIPSDKCHUS IPU JOOABICHUH yIJia HAYMHACT 11a1aTh, OJJHAKO HAOII0AaeTC s
POCT HANPSDKEHMUS TIPU YBEIHMUYCHUH YTJIa aHATIOTHYHO riyOouHe pe3anus 0.5 Mm.

Ha guamerpe 19.05 mm Hanpsbkenue konebdnercs ot 6.4...7.5 (x107 H/mm?),
JBHKCHHE HATIPSDKCHUS aHAJIOTUYHO MPEIbIIyIEMY.

Ha numametrpe 20.4 MM koinebnercs 3HaYeHUE HANPAKEHUS
(ot 7.1...8.7 x10" H/MM? ), KOoTOpOE TIpH 10OABJICHUH YIjla HAUMHAET Ma1aTh, OJTHAKO
HAOJIFO1aeTCs POCT HANPSDKEHUS TIPU YBEIHUeHUH yria 10 15°, nanee cieayer craz.

PI/ICYHOK 3 — 3aBHCUMOCTh MaKCHMaJIbHOT'O HaIIpsAKCHUA OT yIJla IIOBOPOTa IIPpU
l"J'IY6I/IHe pe3aHusAa 1 MM A INTACTHH PAa3JIMYHBIX TUAMCTPOB

Omnpit 3 — ['my6una pe3zanus 2 MM (pUCyHOK 4):

Ha guamerpe 15.875 MM Hanpspkenue konebimercs ot 6.4...7.5 (x107 H/mm?),
KOTOpOo€ Mpu A00aBlIeHWH yrja HauMHAeT majaTh, OJHAKO HAOII0JaeTcs pocT
HaNpsOKEHHS TIPU YBEIMUEHHUH yria 70 15°, nanee ciaemyer cnan.

Ha nuamerpe 19.05 mMm HabnromaeTcs MIaBHOE YBEJIHYECHHE HAMPSDKEHUS OT
6.4...7.9 (x10” H/MmMm?), nBH)KEHHE HAMTPSDKCHUS aHATIOTHYHO TPEIBIIYIIEMY.

Ha nuamerpe 20.4 mm HanpsokeHue Kosedneres ot 4.4...4.9 (x10” H/mm?), koTopoe
npu 100aBJICHUH yTila HAYMHAET 11aJ1aTh, OJIHAKO HAOII01aeTCsl POCT HAMPSKEHHUS TPU
YBEJIMYEHUH YTIIa.
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PucyHok 4 — 3aBUCMMOCTh MaKCHMaJIbHOTO HANIPSDKEHUS OT yIjla IOBOPOTA MpU
[IIyOMHE pe3aHusi 2 MM AJIs IUTACTUH PAa3JIMYHBIX 1UaMETPOB

Takum oOpazom, IS MIACTUHBI AuameTpoM 15.875 MM mpu Bcex riryOmHax
pe3aHusi BO3HUKAET CIaJl MPH J00ABICHUH yTJIa HAKIIOHA PEXKYIIeH KPOMKE U POCT 110
Mepe yBEeITMYEHUS yIIia, OJJHAKO Ha TITyOnMHe pe3aHus 2 MM — IpH yriie moBopoTa 15°
HA4YMHAETCSl HOBTOPHBIN CHa/l HaPSHKEHUS.

st mtactunbl auametpoM 19.05 mm Ha riayOunax 0.5 u 1 MM BO3HHUKAET criaj
npu A00aBICHUH yTJla HAKJIOHA PEXKYIIeH KPOMKE M POCT TI0 MEpEe yBEITUYEHUS YIIa,
OJTHAKO Ha TITyOMHE pe3aHus 2 MM 100aBJICHUE yTIIa TPOU3BOIUT HETATUBHBIN () (EKT.

Jist utactuab! guamerpom 20.04 MM pu BeeX IiTyOMHaX pe3aHust BOSHUKAET CIIaj]
npy A00aBICHUH yTJIa HAKJIOHA PEXKYIIeH KPOMKE M POCT TI0 MEPEe YBEITUYEHUS YIIa,
OJTHaKO Ha TIyOuHe pe3aHus | MM — nipu yrie moBopota 15° HaunHaeTCs MOBTOPHBIN
CIaJi HalpsHKEHHUS.

Nudopmanus o puHaHCUPOBAHUM

HccnenoBanus BBITIOTHEHBI B paMKax T'PAHTOBOTO (DMHAHCHPOBAHHS MOJIOJBIX
yueHblx Ha 2023-2025 roxasl no npoexty MPH AP19678887 «MccnenoBanue
TPUOOTEXHUIECKUX XaPAKTEPUCTUK PECYPCO-IHEPTrOoCcOSPETAIONIIX METAIUIOPEKYIIIHX
UHCTPYMEHTOBY, (hnHancupyemoro Komurerom Hayku MOH PK.

BriBoaBI

AHanu3upys Bce BBILIECKA3aHHOE, MOYKHO C/I€JaTh BBIBOJ, YTO MIPH YBEIWYEHUH
yIja HakjJIoOHa JuaMeTpa pexylled KPOMKH YMEHbIIAeTCs IUIONIAJb KOHTAaKTa
¢ o0pa0aTpiBaeMOil MOBEPXHOCTHIO, YTO YMEHBIIAET KOHTAKTHbIE HAIpsKEHUs,
TEeMIIepaTypy U U3HOC. Takum 00pa3oM yBEIUUYHBAETCS MEPUOJI CTOMKOCTH PEXYIIEH
KPOMKH, 4TO Ha kadecTBe [11] oOpabaTeiBacMOii TOBEPXHOCTH.

[TockonbKy uccnenoBaHue IPOXOIUT B CTaTUKE, TO B IMHAMUKE C yUETOM BpaLEHUS
TBEPOCIUIAaBHOM IUIACTUHBI HATIPsKEHKE Oy 1eT paBHOMEPHO paclpeeiaThes 10 BCel
pexyuieit kpomku. OgHaKo, 715 TOJHON KapTUHBI CJIEYET POBECTH JOIOJIHUTEIBHO
SKCIIEPUMEHTAJIbHBIE UCCIIEIOBAHUSL.
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POTALUAJBIK TOBECI3 BYPBIJIMAJIBI )KOHY KECKIII
IIVIACTUHAHBIH 'EOMETPUSAJIBIK IIAPAMETPJIEPIH HET'I3IEY

byeinei manoa mawuna Oonulekmepiniy Ken 06aiei HCOHKAIAPObL ANbIN
macmaymen enoenedi, onviy 70-80 %-v1 mokapaviy exoeyee scamaodwvl. Ocvizan
OatlianblCmvl MOKAPILIK 6HOEYee ApHAN2aH NPOYECC NeH Kypanoapobl #cemindipyoiy
e3eKkminiei Ka3ipei 3aMaHabl MauwuHa Heacayodabl Maybl30bl MiHOemmepoiy OIpi.

Atinanmanst Keckiuimepmer MOKApavlK OHOey Kecy npoyecinoe KepHeyoi,
memMnepamypansl JHcoHe mo3yobl OIPKeaKi 0Ony apKblibl KecKid NIACMUHAHBIY
mMe3IiMOLNIK Ke3eHin DipHewe ece apmmupipyed MyMKIHOIK Oepedi.

Maxanaoa «Solid Mechanicsy 6epixmicin manoay mooyaindeci COMSOL
Multyphisics 6az0apramaceinoa auHATIMALLL POMAYUATBIK KeCKIWNeH Yumay
npoyecin KOMNbIOMepPiK MoOe1bOey YCbIHbLIZAH.

Mooenvoey keckiwmiy eceomempusivlk napamempiepin Heziz0ey MakKcamvlHOd
45 bonamman dcacanrean OAULIHOAMAHbL 6HOEY Ke3iHOe Kecy JHCUeliHiy paouycol
MeH Kenbey Oypvlubina Oatiianvbicmsl O0oHeenek Kammvl Kopwimnanel (T15K6)
KecKiul NIaCMUHaHbly CMAayUOHAPIblK OPHALACYbIH 3epmmeyoeH mypaobl. 3epmmey
bapuvicvinoa Kapouomi niacmuHauvly Koadey Oypviubl MeH ouamempi yieau2aH
Ke30e OHOelemin bemneH JHCAHACY aumazbl A3asMbIHbL HCOHE MUICIHUE JHCAHACY
KepHeyepi, dehopmayusiap, memnepamypa, mo3y a3asimulibl AHbIKMALObL.

Kecy aiimaevinoazel keprneyOiy mapanyvinbly KOPHEKi cypemmepi, MAKCUMAnObl
KepHeyOin atiHany OypuliibiHa MoyenoiNiciHiy epagukmepi YColHbLI2AH.

Kinmmi ce30ep: kecy sicueei, 0oneenex Kecy gicueei, KOMIbIOMEPIIK MOOenboey,
kecy npoyeci, COMSOL Multyphisics, ywumay.

113



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

T. L. Lub’, *A. Zh. Kasenov', Zh. K. Musina’,

A. S.Yanyushkin®, L. R. Musina’

'Toraighyrov University, Republic of Kazakhstan, Pavlodar;
*Chuvash State University, Russian Federation, Cheboksary
Received 14.06.24.

Received in revised form 14.06.24.

Accepted for publication 15.06.24.

JUSTIFICATION OF THE GEOMETRIC PARAMETERS OF THE
CUTTING PLATE OF THE ROTARY PEAKLESS TURNING CUTTER

Today, most of the machine parts are machined with chip removal, 70-80 % of
which are turning. In this regard, the relevance of improving the process and tools
for turning is one of the important tasks in modern mechanical engineering.

Turning with rotary cutters allows you to increase the durability period of the
cutting plate several times due to the uniform distribution of voltage, temperature
and wear during the cutting process.

The article presents a computer simulation of the turning process with a rotary
cutter in the COMSOL Multiphisics program in the Solid Mechanics strength analysis
module.

The simulation consists in studying the stationary position of a round cutting
plate made of T15K6 hard alloy, depending on the radius and angle of inclination
of the cutting edge when processing a workpiece made of 45 Steel in order to
substantiate the geometric parameters of the cutter. During the study, it was found
that with an increase in the angle of inclination and diameter of the carbide plate, the
contact area with the treated surface decreases and, accordingly, contact stresses,
deformations, temperature, and wear decrease.

Visual images of the voltage distribution in the cutting area, graphs of the
dependence of the maximum voltage on the angle of rotation are presented.

Keywords: cutting edge, round cutting edge, computer modeling, cutting process,
COMSOL Multiphisics, turning.
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NCCJIE4OBAHUE N3HOCA TBEPLOCIIIIABHbIX PEXYLUNX
MITACTUH B NMPOLYECCE BbICOKOCKOPOCTHOIO ®PE3EPOBAHMUA
TPY[JHOOBPABATBIBAEMbIX MATEPUAJIOB

Boinonnennvle  uccne0oganus NOKA3aau, 4mo  cywecmeyem —npooiema
MexXanuueckou 0opabomxu mpyoHooopadamvi8aemMvlx Mamepuaios, 8 YacmHOCmu
MUMAHOBLIX ~ CHIAABO8 6 VCIOGUAX OMEYeCMBEHHbIX ~MAWUHOCPOUMETbHBIX
npouzeoocms.  Haubonee — cywecmgenHou — npobiemoil  a61semcs — HU3KAs
nPOU360OUMENbHOCb U BbICOKASL UHMEHCUBHOCMb  USHAUUBAHUSL  PENCYIYe20
uHcmpymenma npu  06pabomxe MumaHosvblX Chaagos. bwuiu  nposedenvi
IKCNEPUMEHMATIbHBIE  UCCIe008aHUst No  00pabomke  MUMAHOBLIX — CNIABOG
CnocobomM  8bICOKOCKOPOCMHO20 — (ppeseposanus. bulio  ycmanosneno, umo
APU  BbICOKOCKOPOCMHOM (Dpe3eposanHuu HA YAcmomax 6paujeHusi wnuHoens
npesviaiowei n, - >6000-7000 ob/mun nabrodaemes usHoc pexcywert 4acmu
UHCMPYMEHMO8.

B dannou cmamve npusooumcs pe3yismanvi UCcie008anUs NPoYecca UsHoOCA
uHcmpymenma npu obpabomke mumanosozo cniasa BT1-0 ¢ nomowwio cneyuanvHoil
xomnwvromepnoll npoepammol DEFORM-3D. [na mooenupogsanue Ovliu 66edenbi
caedyouue pescumvl oopabomxu n=12000 06/mun, t=1 mm, S=4500 mm/mumn.

B pezynbmame ycmanogieHo, 4mo uHmeHCUSHOCMb USHOCA 3A6UCUM, 2TIAGHbIM
06pazom, om 8eaUHUHbL YACHMONMbL BPAUYEHUs MOPYesoU ppesvl u nodauu. A maxoice
no pe3yibmamam OAHHO20 MOOEIUPOBAHUS MONCHO GbINOIHUMb IKCHMPANOIAYUIO
8PeMeHU, 8 medeHUe KOMOPO20 NPU OAHHOM pedrcume Qpe3eposanus meepooCniasHas
PedArcyyas NIACMuHKa 00CMucHem KpUmu4eckoll 6eIuYUHbl USHOCA.

Kmouegvle  cnosa:  Tpyonoobpabamweieaemviti  mamepuair,  MUmMaH,
BbICOKOCKOPOCMHOE — (hpe3eposanue, UBHOC UHCMPYMEHmMd, MEepOOCHIa8HAs
NAACMUHKA, CKOPOCMb Pe3anusi, no0ayd.
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Beenenune

O6paboTka TpyaHOOOpabaThIBAEMBIX MAaTEPUAIIOB PE3aHUEM SIBISCTCS IS
MHOTHX OTE€YECTBEHHBIX MAIITMHOCTPOUTENBHBIX MPOU3BOJCTB Mpo0iIeMoil, KoTopas
COMPOBOXKIAECTCSI MAaTepUATbHBIMH 3aTpaTaMU M HU3KOH MPOU3BOAUTEIHHOCTHIO.
[Ipobnema MOXeT 3aKitoyaTcs TakKe B OOJIBIIOM PACXO0/Ie€ PEKYIIEro HHCTPYMEHTA,
TaK KaK 3TH MaTepUaIbl IMEET BBICOKHE [TOKa3aTeIN TBEPIOCTH, IPOYHOCTH, BA3KOCTH,
KOPPO3UOHHON CTOMKOCTH, >KapONPOYHOCTU IPU HU3KOM TEIIONPOBOIAHOCTH,
KOTOpBbIE 3aTpyAHsAeT 00paboTKy pe3anueM [1]. OnHuM u3 TakKuX MaTepHaIoB IUPOKO
npUMeHsieMasl B yCJIOBHSIX OTEYECTBEHHOT'O MPOU3BOACTBA SIBISETCS TUTAHOBBIC
cruiaBbl. MccnegoBanue BOIpoca MEXaHUYECKOM 0OpabOTKM THTAHOBBIX CILIABOB
B YCJOBHSX OTEYECTBEHHBIX MAIIMHOCTPOUTEIBHBIX MPOU3BOACTB MOKA3aIU, YTO
HauboJiee CyIIECTBEHHON MPOOIeMOil ABIsETCS HU3Kas MPOU3BOJUTEIBHOCTh U
BBICOKAsi MHTEHCHUBHOCTh M3HAIIMBAHUS PEXYILEro HHCTpyMeHTa. Takke U3BECTHO,
YTO TUTAHOBBIE CIUIaBbI 00JIAJAIOT OYEHb CYIIECTBEHHBIM HEIOCTATKOM — ILUIOXOH
00pabaThIBAEMOCTBIO PE3aHUEM, KOTOPAsI OOBIICHSIETCS CIEAYIONUMU 0COOCHHOCTSIMU
XapaKTepUCTHKH MaTepuaa:

— HM3Kas TEIIONPOBOJHOCTD U3-3a YET0 B MPOLIECCE PE3aHMsl OCHOBHAS YacTh TEILIa
nepeaaeTcs Ha PeXyLUIHi HHCTPYMEHT;

— BBICOKAsI CKJIOHHOCTh K HAJIUIAHUIO U 33/IUPAHUIO;

— TOSIBJICHHUE PHIBKOB IpU (pe3epOBAHUU, KOTOPBIE MPUBOAAT K IOBPEKIACHUIO
00pabaTbIBaeMOI MMOBEPXHOCTH;

— HHU3Kasi BUOPOYCTOHYMBOCTD MPH 00pabOTKe BBUIY HECTAOMIBHOCTH IIpoliecca
TUTACTUYECKON ehopMaInu.

Jng peureHus AaHHOW mpoOiIeMbl OBLIO NMpeaiokeHo oOpaboTka
TPYAHOOOPabaTHIBAEMBIX MAaTEPHAJIOB CIIOCOOOM BBICOKOCKOPOCTHOTO (ppe3epoBaHHUs.
[IpoBeneHHbIE PKCIEPUMEHTANbHBIE HCCIEAOBAHUS MMOKa3alu, 4YTO IPHU
BBICOKOCKOPOCTHOM (hpe3epOBaHMM HA YaCTOTAaX BPALLCHUS IIITUH/IEIS TPEBbIIIAIOIIEH
n_>6000-7000 06/MuH HaOIIOAAETCS M3HOC PEKYILIEH YACTH MHCTPYMEHTOB.

W3HOC MHCTPYMEHTOB MOYKHO OOBSICHUTB PE3KUM MOBBILIIEHHEM TEMIIEPATYpPhI B 30HE
pe3anusi. M3BectHo [2,3,4,5], 4TO BBICOKas TeMIIepaTypa B 30He 00paOOTKH HE MTO3BOJISIET
MHTEHCH(PULIPOBATH PEKUM 00paOOTKH U ABISAETCS IPUUMHON CMEHBI TUIIA BBIXO/A U3
CTPOSI PEXKYILEro HHCTPYMEHTA C UICTHPaHUs Ha 00pa30BaHKE CKOJIOB M BHIKPAIIMBAHHH,
YTO 3HAYUTEIHHO CHMXKAET CTOMKOCTh PEXKYIIEro MHCTPYMEHTa. A Takke OJHOH u3
OPUYHMH OBICTPOTO U3HAIIMBAHUS U BEIKPAIIMBAHUS HHCTPYMEHTA U3 TBEPJIOTO CIIJIaBa
IpH NPEPHIBUCTOM pPE3aHUU 3arOTOBOK M3 >KapOMPOYHBIX BBICOKOJETHPOBAHHBIX
MaTepHaloB ABISETCS HAIUIIAHUE YaCTUI] MaTepHaa 3arOTOBKU Ha PEXKYIIHE JE3BUSL
MHCTPYMEHTA IIPH BBIXOJE €ro u3 Metayuia. Kpome 3Toro, Beicokast TeMmepaTrypa B
30HE pe3aHus TPyIHO0OpabaThIBAEMBIX MAaTEPHAJIOB MOXKET OBITH CBsI3aHA C PSAAOM
(akTOpOB, OCHOBHBIMH M3 KOTOPBIX SBISIOTCS BBICOKHH KOA((UIIMEHT TPEHUS Naphl
«UHCTPYMEHTAJIbHBINA — 00pabaThIBaeMblii MaTepUaIl», X HU3KAasl TEIJIONPOBOIHOCTH,
BBICOKAs yJAeNbHasl CUJIa Pe3aHus, TPYAHOCTH MOJBOJA CMA30YHO-OXJIAXKAAIOIIUX
TEXHOJIOTUYECKUX CPEICTB HEIOCPEACTBEHHO B 30HY 00pabOTKH, «OTPULIATEIbHbII
KOX(PPUITUEHT YKOPOUEHUS CTPYKKHU. Takoe cocTosiHHE BOIIpoca TpeOyeT MpoBEACHUS
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JIONIOJIHUTENIBHBIX UCCIIEI0BAHUH 110 ONPEETICHUIO BIUSHUS BBIILICYKa3aHHBIX (PaKTOPOB
IIPU BBICOKOCKOPOCTHOM (ppe3epOBaHUM.

Huzkoe xkauecTBO MOBEPXHOCTHU, HEXKEJIATENbHBIE TEOMETPUUECKHUE U Pa3MEPHBIE
JIOTYCKH, TaKkke o0paboTka TpyIHOOOpadaThIBAEMBIX MaTEpPHAIIOB, MOBPEXKICHUE
U3JIeIMsl U3-3a U3HOCA U NIOJIOMKM MHCTPYMEHTA MPUBOAST K PE3KOMY yIOPOKAHUIO
IIPOU3BOJICTBA. B CBSA3M C 3TMM MOHMTOPHMHI COCTOSIHHUS MHCTPYMEHTa M Ipolecca
00pabOTKH pa3IMYHbIX MAaTEPUAIOB UIMEET pellaroliee 3HaueHHE U1 IPeA0TBPAILCHHS
HEeXeJaTeNbHBIX ABJICHUI BO BpeMs Ipolecca U 00ecreyeHnus 3KOHOMHUYHOTO U
KaueCTBEHHOTO IIPOU3BO/ICTBA.

B mocnennue roasl mpoBOIATCS OOIIMPHBIE MCCIEIOBATEIbCKHE PabOTHI MO
MOHUTOPHUHTY COCTOSIHUS PEXYILEro MHCTPYMEHTA B IIPOLIECCE DKCIUIyaTaluu C
LEJIbI0 ONITUMH3AIMU CPOKa CIYKObl HHCTpYMEHTa [6], paHHEro BBIABJICHUS M3HOCA
WHCTPYMEHTA U IPEI0TBPAIECHUS €r0 MOJOMKH [ 7,8], MPOrHO3UPOBAHUE KPUTUYECKUX
yCJIOBHI 00pa0OTKH, CBS3aHHBIX C MIEPOXOBATOCTHIO MoBepxHOCTU [9]. [Tomomka
PEXYILEro HHCTPYMEHTA WM €0 CHIBHBIA M3HOC, BUOpAIMY, BHI3BAHHBIM OMEHHEM
¢dpe3st [10] mpuBOAST K CHUKEHHIO KaueCTBA MPOIYKIUU WIH JaXKe K TOSBICHHUIO
Opaka, MOBPEXKIACHUIO KOMIIOHEHTOB CTaHKa WJIM HENPEABUIECHHOMY IPOCTOIO
npousBojacTBa [11].

ITpu 0OpaboTke AeTanel u3 TUTAHOBBIX CIUIABOB, IOMUMO TOYHOCTH, €I OJHUM
BaXXHBIM (PaKTOPOM IIPU OIICHKE UX Ka4eCTBA SBJISIETCS LIEJIOCTHOCTh 00padaThiBaeMOi
IIOBEPXHOCTH, Ha KOTOPYIO MOTYT OKa3blBaTh CYILIECTBEHHOE BJIMSHUE OCTATOYHBIE
Hanpsbkenus [ 12].

MonenupoBaHue MeXaHUYECKOH 00pabOTKH MaTepHaloB C HCIOIb30BAHUEM
KOHEYHO-3JIEMEHTHBIX MOJEJIEH ABIIETCSA MOILHBIM HHCTPYMEHTOM J1JIs1 ONTUMU3ALNH
MOJIEIIUPYEMBIX IIPOLIECCOB U UHCTPYMEHTOB, a TAKXKE JIJIs1 ONIPEEIIEHHS] XapaKTEPUCTHK
mpoliecca pe3aHus, yueTa U3HOca HHCTPYMEHTa, 4TO0bI M30eXkKaTh MOBPEXKICHHS HITH
CHUKEHUSI KAayeCTBa 3arOTOBOK, KOTOPbIE TPYAHO WM MPAKTUYECKH HEBO3MOXKHO
OIIPEAEINTD SKCIIEPUMEHTANIBHBIM ITyTeM [13].

MogenupoBaHue Mpolecca MeXaHUYecKo 00pabOTKU MO3BOJISAET IiayoOxke
MOHATH mpouecc pe3aHuss. OHO MO3BOJAET JIyUllle OLIEHUBATh pacHpeelieHue
HanpsHKeHUH, TeMIepaTypbl, 4eM OOJIBIIMHCTBO M3MEPUTENIbHBIX TEXHOJIOTHI.
Kpome Toro, moneianpoBaHne MEXaHUYECKOM 00pabOTKH COKpallaeT KOJIMYECTBO
9KCIIEPUMEHTAJIbHBIX UCIIBITAHUH U OTIepalvii Ha CTAaHKE, BPEMs], a TAK)KE MaTepUalbl U
OYEHb BBICOKUE 3aTpaThl HAa CO3/IaHHUE IPOTOTUIIOB. Takue METO/bl, KaK METO.1 KOHEUHBIX
sneMeHToB (MKD), sIBISIIOTCS XOpPOIIO M3BECTHBIMHU AJIbTEPHATUBAMHU JJISI OLIEHKH
BIIMSIHUSL TEXHOJIOTHYECKUX ITapaMeTPOB Ha ONepallii MeXaHUu4ecKoi 00padoTku [14].

B cBs3u ¢ BbllIECKa3aHHBIMM MCCIIEA0BAHUE IIPOLIECCA M3HOCA PEXKYILEH 4acTH
WHCTPYMEHTA IPU BEICOKOCKOPOCTHOM (hpE3epOBAHUY SBIISICTCS aKTyalIbHOU 3a/1auei.

MarepuaJjbl 1 METOABI

C nenpio U3yyeHHs Mpoliecca U3HAIIUBAHMS PEKYIIECH YacTH HHCTPYMEHTa ObLIO
BBIITOJIHEHO YUCIEHHOE MOJECIMPOBAaHHE OOpaOOTKM THTaHA B YCIOBHUAX TOPLIEBOTO
¢bpesepoBanus. bbula npeAnpuHATa NOMBITKA CMOJICIMPOBATH MPOIECC TOPIEBOTO
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(bpesepoBaHus I pa3IMUHBIX YCIOBUI 00paOOTKU 1 ONIPEIEIUTh U3HOC HHCTPYMEHTA
¢ IIOMoI1bI0 nporpaMmmuoro komiuiekca DEFORM-3D.

DEFORM-3D - 570 001mmpHO€E MO/ICIMPOBAHUE MPOLIECCOB ISl aHATN3A CIIOKHBIX
MPOIECCOB 00pabOTKH METAIIOB JaBieHneM B TpexmepHoM (3D) noroke. DEFORM-
3D - 370 nosie3Hsbli 1 3¢ HEKTUBHBII METOI SKOHOMHUYHOTO IPOTHO3UPOBAHUS PACXOAA
MaTepHuaaoB npu GpopmMooOpa3oBaHUM B MIPOMBILIUICHHOCTH U BPEMEHHBIX 3aJIEPHKEK,
CBSI3aHHBIX C UcHbITaHUAMH B 1exax [15,16]. [llupoko pacnpocTpaHEeHBl KOBKa B
OTKPBITOM U 3aKpPBITOM pEXHUMax, dKCTPY3us, IpoKaTKa, 3yOuaTka, BOJIOUYECHHE,
MeXaHUuecKasi 00paboTKa, YIUIOTHEHHUE, SIKCTPY3Hs U 0CaJIKa.

3aroToBka, paccMaTpuBaeMas sl MOAEIHPOBAHUS YCIOBHI 00pabOTKHU € TUIOCKOM
nedopmanuei, nsrorosiaeHa u3 Turana mapku BT-1-0 ¢ TBepaocthio no bpunemtto
160 HB. M3 TuTaHa M3roTaBIMBaIOT MEAUIIMHCKOE 000pyJOBaHUE, UMILIAHTATHI,
XHUMHUYEcKoe 000pyaOBaHue, AETaId UCHOJIb3yeMble, B aBHAIlMM M CYJOCTPOCHUH,
camoJIeThl (JIOMAaTKu, TPyOOIPOBO/IbI), JIOMACTH MAPOBOM TYpOUHBI, KapKac caMOoJIeTa,
CBapHBIE JIeTallU, yCTOMYMBBIE K KOPPO3UH, JTONATKH TYPOUH U KOMIIPECCOPOB, IUCKH,
KpENEeXHbIE JIeTalld, JETalld PAKeT, IJIaHEepPhl, KPEIexHbIe AeTaau. JTO MaTepHal,
KOTOPBII HCHOJIB3YETCsI BO MHOTHX 00JIACTSIX MPOMBIIITIeHHOCTH [17].

WuctpymeHT Topuesas ¢pesa, paccMaTpuBaeMas B JaHHOH paboTe, H3roToBlIeHa
u3 kapouna Bonsppama (WC) ¢ nmokpeituem PVD. Topuebie ¢pesbl 00padaTbBaroT
IUIOCKYIO ITIOBEPXHOCTh 3arOTOBKH, IIPH 3TOM PEKYIIUE KPOMKHU PACIIOJIOKEHBI KaK
Ha TOpLe, TaKk ¥ Ha nepudepun Kopmyca BcTaBku ¢pessl (cm.puc.l). Texuuueckue
XapaKTePUCTHKH TOPIIEBOTO (ppe3epHOro HHCTPYMEHTA, pACCMaTPUBAEMOT0 B TAHHOH
paborte, cienyromue: KOJIMYECTBO TBEPAOCIUIaBHON pexyIlel IIIaCTUHKY U3 KapOuaa
BoJb(pama — 8, nuametp ¢ppe3bl — 80 MM.

Ha pucynke | moka3ansl ¢pe3a U 3arOTOBKa, CMOJACIUPOBAHHAS C MOMOUIBIO
DEFORM-3D 1 HaHEeCEHHOH CETKO.

Pucynoxk 1 — ®pesa u 3aroroBKa, CMOJICTUPOBAHHbBIC
¢ nomoupo DEFORM-3D

[lepBonauanbHO Moaenupyercs (pesa, 3aTeM 3ar0TOBKa (PUCYHOK 2).
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Pucynok 2 — 3arotoBka cmozenuposanHas ¢ nomoiibio DEFORM-3D.

Jlnist pacdera Teruionepenadu U 1ehopMUpoBaHUs Oblila MPUMEHEHAa KOHEYHO-
2JIEMEHTHAs TETPadApUIECcKasl CETKa C aBTOMaTHUECKOU ITepeCTPOMKOM MPU NCKa)KEHUU
> 20 %. OGnacts Mexay 00pabaTbIBaeMOH ETaNIbI0 U HAKOHEYHUKOM HHCTPYMEHTA,
IJie MPOUCXOJUT KOHTAKT, UMEET O0Jiee METIKYIO CETKY.

HauvanpHas TeMmepaTypa 3aroTOBKHM, MHCTPYMEHTA U OKPY’KaroLed cpeasl
coctaBisgeT 20°C. KoapdumueHnt Tenmoornaun Mexay AETaabio U BO3IYXOM —
20 B1/(M - C). B rpaHMYHBIX YCIOBHIX MOJIEIH 3arOTOBKA JKECTKO 3aKperuieHa, gpesa
NepeMeIaeTcs TOIBKO BIOJIb OCH PE3aHUs C YaCTOTOM BpatieHus mmuHaenst 12000 06/
MuH, Ii1yOuHa pe3anus 1 MM, nogaya 4500 mm/muH. [Ipu MoaenupoBaHUM 3arOTOBKH
ucnoib30Baau TUTaH BT1-0 ¢ XuMUYeCKHUM COCTaBOM, MPEACTaBICHHBIM B Tabuiel.

Tabmuma 1 — Xumudecku coctaB matepuana BT1-0 mo 'OCT 19807-91
Fe C Si N Ti 0] H [Ipumeceit
0025 | 100,07 | J00,1 | 100,04 | 99,24-99.7 Jl00,2 Jl0 0,01 Tpounx 0,3

ITpu MmozenrpoBannu ObUT UCIIOIB30BaH KpuTepuil paspyienus Kokpodra-JIrrama
[18], koTOpBIii MpeacTaBiIsieT coO0K 00IIee MOBPEKIECHUE, PACCUUTAHHOE C YIETOM
SKBUBAJICHTHOH AehopMaIii 1 MAKCUMAITbHOTO TJIABHOTO HATIPSKEHUS, KaK TOKa3aHO
B ypaBHeHMH. /|1 mpeicTaBIeHNs BEIMUNHBI IJTACTHUECKUX OBPEXKACHUN TpeOyeTcs
TOJIBKO OJIHAa MOCTOSIHHAsl MaTepuana. B pesynbrare, MOCTOsSHHAs MaTepuaia MOKET
OBITh OIpeiesieHa TOJIBKO IKCIIEPUMEHTAIBHBIM ITyTeM [19,20].

er = —
Jy) Omaxd€ = C;.

I€ G — MaKCMMaJlbHOE OCHOBHOE HANPSHKEHHE,

€ — DKBHBAJICHTHAs Jie(hopMarius,

€, — DKBUBAJIICHTHAs Je(pOpMaLys, IIPU KOTOPOX IPOMCXOIUT Pa3pyIICHHE,

C, — mocTosHHas MaTepyaa Ipy MIaCTUYECKOM TTIOBPEKICHHUH.

CkopocTh M3HOCA HAa KOHTaKTHOM MOBEPXHOCTU OMpPENEeNseTCs] OTHOCUTEIbHON
CKOPOCTBIO, TOCTOSIHHBIM JaBJICHHEM U a0COIIOTHOM TeMIIEpaTypoit B MOJIEH U3HOCA
MHCTPYMEHTa Y CyH, KaK YKa3aHO B CIEeAYIOIIEeM YPaBHEHHHU:

dw {_E}
ar Ao, Vel TJ.
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KoHcTanTsl s MojenupoBaHus ckopocTu uzHoca paBHel A = 0,0000000078 u
B =5302 [18].

JlepeBo pacdera MoJienH ppe3epoBaHHs TOPLEBOH (pe30ii co BCTaBKaMU ITOKa3aHO
Ha pUCYHKE 3.

Pucynok 3 — JlepeBo pacdyera Mojaenu ¢ppe3epoBaHusi TOPIEBO (hpe3oit

YcaoBus pacucTa MOACIIN MPEACTABJICHBI HA PUCYHKC 4,

a) 0)
a — BBOJ pEXKMMOB pe3aHusi; 0 — BBoJ KodddunmeHTa Ycyu;

PucyHok 4 — YcnoBust mpoiiecca MOJEIN

TpexmepHast MoJieNIb KOHTAKTa TBEPJAOCIUIABHOM pexyIel MIacTUHKU (pessl C
3aroTOBKOM MMOKa3aHa Ha PUCYHKE 5.
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Pucynok 5 — TpexmMepHast MOENIb KOHTAKTa TBEPIOCILIIABHON
peXyIIeH MIacCTUHKHU Ppe3bl C 3aTOTOBKOM

Paccmotpum MozenupoBanue mporecca (ppe3epoBaHus TUTaHA TOPIEBOH (pe3oit
M0 U3HOCY TBEPJIOCIUIABHBIX PEXYIINX IIACTUH (Ppe3bl.

Pe3yabTaTsl U 00Cy:KIeHUE

Hcrupanue paboyrx MOBEPXHOCTEH HHCTPYMEHTA SIBISIETCS PE3YIILTATOM CIIOKHOTO
nporiecca, KOTOPbIH BKIIIOYAeT (U3NUECKHE U XUMUYECKUE PEAKIUH, TPUBOJISIINE K
pa3pyLICHUIO BEPXHUX CIOEB. DTOT MPOIIECC COCTOUT M3 HECKOJIBKUX BUIOB U3HOCA:
aOpa3uBHOTO, PU KOTOPOM MaTepHaJl yIaSIeTCs 38 CYET TPEHUSI; aAre3HOHHOTO, KOT1a
MaTepHabl CHEIUISIOTCS U OTAEISIOTCS; T (PY3UOHHOTO, CBSI3aHHOTO C TEPEMEIICHUEM
aTOMOB; OKHCJIUTEIBHOTO, BEI3BAHHOT'O PEaKLHEl C KHCIOPOAOM; U 1e(hOPMAIIMOHHOTO,
KOT/Ia MaTepHall U3MEHsET CBOrO (popmy. B3aumoneicTBre 3THX MPOIIECCOB ONpeaesieT
00IIUiT YPOBEHb H3HOCA HHCTPYMEHTA. AHAIN3 MOACIHPOBAHHS YUCICHHOTO aHAIIN3a
npoliecca M3HOCa Ha KOHTAaKTe pabovel TBepA0CIUIABHON PEXKYIIEH TIIaCTUHKH (pe3bl
C 3aroTOBKO#1 IpH 00paboTKe, MTO3BOJISIET NPOTHO3UPOBATH CTEIIEHb H3HOCA Pad0vero
MHCTPYMEHTa B Ipoliecce 00paboTKu (PUCYHOK 6).
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6) 2)
0) anc)
u) k)
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) M)

a— 1 o6oport dpe3ssr; 6 — 2 060poT hpessr; B — 3 060poT Ppe3sr; T — 4 060poT hpe3sr;
I — 5 06opot dpe3ssr; & — 6 000poT hpe3bl; U — 7 000poT hpe3sl; K — 8 000poT
dbpesbr; 71— 9 060poT Gpe3n; M — 10 060poT Ppe3s
Pucynok 6 — 3HoC, BO3HUKAIOLINII B TBEPOCIIIIaBHOM
peXyIIeH MIacTHHKE HHCTPYMEHTA

[Ipu ¢pesepoBanuu TOpIeBoOi (pe3oil HA MEPBOM 00OPOTE B TOYKE KOHTAKTA
TBEPJIOCIIJIABHON pEXylLIed MIIaCTUHKU C 3aroToBKOM m3Hoc coctasiser 0,00274
MKM (cM. puc. 6, a). [lpu nanpHeimeit 00padoTke 3HAUCHUE W3HOCA YBEITMYMBACTCS
1o 0,0518 mxm (cMm. puc. 6,0). Ha nepBbix o6opotax (pe3bl BUJHO, YTO pa3BUTHE
M3HOCA HAa TOPLUEBON MOBEPXHOCTH TBEPAOCINIABHOM PEXYIIEHW IIACTUHKH
(dbpe3sl uaetr 6ogee MHTEHCUBHO, YeM HWXKHEW yacTu. [ampHeimas o6paboTka
(cMm. puc. 6, B) mOKa3bIBaeT yBEIMUEHUE pacipocTpaneHus 3HaueHus nznoca 0,0518 mxm
BriyOb Ha 0,166 mm. Cnexyromuii 060pOT MOKA3bIBACT YBETUUCHUE 3HAUCHHS H3HOCA
10 0,069 mxMm Ha rry6uny 0,0652 MM, pu 3TOM 00111ast TITyOHMHA U3HOCA YBEIIMYUBACTCS
He 3HAUUTENBHO (CM. puc. 6, T, 11, ), UTO IPOAOKAETCS PH JallbHe e o0padoTke.
Ho xonmuecTBeHHOE 3HAYCHHE H3HOCA KPOMKH TBEPIOCIIABHOM PEXKYIIECH MITACTUHKH
¢pe3bl HakamuuBaeTcs U coctanisier 0,0863 MKM mpu ITyOHHE paclpOCTPAHEHHUS JI0
0,141 MM BriryOb KpOMKH TBEPAOCIUIABHON peXyLIeH IUIACTUHKU (CM. puc. 6, X, ).
Ha BocbEMOM 000pOTEe MHCTpYMEHTa BEJIMYMHA W3HOCA HAa KPOMKE TBEPIOCIIABHOMN
pexymen mactuaku ppessr cocrapmwia 0,1 Mkm u yBenmumumiock 10 0,138 Mkm Ha
necsitom obopote Briryos Ha 0,115 MM (cM. puc. 6, K, 11, M).

3a Bpems 0,05 cek ¢dpe3epoBaHUsT TUTAHOBOW 3arOTOBKM MAaKCHMAaJIbHBIH M3HOC
TBEPAOCIUIABHOM IIACTUHKY HA PEXYIIEH KpOMKe HaxoauTcs B mpeaenax ot 0,121 no
0,138 mxMm. Takum 006pazom, MOXKHO HPEANOTIOKUTE, YTO KpuTHueckuit n3noc B 0,1
MM BO3MOXKHO OYyJIET JOCTUTHYT IPH BpeMeHH 00pabOTKH OKOJIO TIOJIOBUHBI MUHYTHI.

[IpoBeneHHble HCCIeAOBAaHUS XapaKTepa M3HOCA TBEPAOCIUIABHOW pexyIleH
IUTACTHHKU (Dpe3bl MPH BBICOKOCKOPOCTHOM (ppe3epoBaHUM THUTaHA MPEICTABISET
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3HAUUTENIBHBIN HHTEPEC 171 PELIEHUSI OCHOBHOT'O BOIIPOCA ONPEAEIIEHUS CTOMKOCTH U
paboTOCTIOCOOHOCTH PEXKYIIET0 U HHCTPYMEHTa. JlaHHOe MO/IETMPOBAHUE TTO3BOJISET
IPOTHO3UPOBATh U3HOC TBEPOCILIABHOMN peXyIlel IIIaCTUHKH TOPLIEBOH (pe3bl pU
pa3IMYHBIX PEKUMAX PE3aHUS.

HNudopmanus o puHaHCHPOBAHUH

HccnenoBanue BBIIOJHEHO B paMKax IpaHToBoro npoekra NeAP19174917
«HccnenoBanue U MOBBIIIEHHE Ka4eCTBA BBICOKOCKOPOCTHOTO (pe3epoBaHUs
TpyIHOOOpaldaThIBaeMbIX MaTEPHAJIOB ITyTEM MOJICTUPOBAHMS IIPOLIECCA U OTITUMHU3ALIUT
PEXKUMOB PE3aHU.

BoiBoabI

[IpoBeneHHBIE PKCHEPUMEHTAJbHBIE HCCIEAOBaHUSA MO oOpaboTke
TPYAHOOOpabaThIBAEMbIX MaTEpHAJIOB, B YACTHOCTH TUTAHOBBIX CILIABOB MOKA3aH,
YTO MPU BBICOKOCKOPOCTHOM (h)pE3epOBAHMH HA YAaCTOTaX BPALICHUS IIMHHACIS
npepbimaromei n - >6000-7000 o6/MuH HaOMIOAAETCA U3HOC PEKYIIEH YacTH
MHCTPYMEHTOB. C LIENbIO HCCIIEA0BaHUS IIPOLiEcca M3HOCA PEXKYILEH YaCTH MHCTPYMEHTA
IPU BBICOKOCKOPOCTHOM (hpe3epOBaHUH ObLIO BBIITOIHEHO MOJICIIMPOBAHUE C TOMOIIBIO
crenuanbHoi komnbioTepHoit mporpammbl DEFORM-3D. [lns moaenupoBaHue ObLTH
BBEJICHBI ciietyromue pexxumMbl 00padotku n=12000 06/muH, t= 1 MM, S=4500 Mmm/MuH.

B pe3ynbpraTe ycTaHOBJIEHO, UTO MHTEHCUBHOCTh M3HOCA 3aBUCUT, INIABHBIM
00pa3oM, OT BEIMYMHBI YaCTOTHI BpAIIEHUsI TOPLEBOM (pe3bl U MoJaun. A TaKxe 10
pe3ysbTaTtaM JaHHOTO MOJEIUPOBAHMSI MOKHO BBIIIOJIHUTD 3KCTPAIIOJISALIUIO BPEMEHH,
B T€UYEHUE KOTOPOTO MPH JAHHOM pekuMe (pe3epoBaHus TBEPAOCIUIABHAS PEXKYIas
IUTACTUHKA JOCTUTHET KPUTUYECKON BEJTMUMHBI H3HOCA.
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KHUBIH OHAEJIETIH MATEPUAJIJAP/BI ZKOFAPDBI )KbIJITAMIBIKTbI
®PE3EPJIEY YPAICIHAE KATTBI KOPBITIIAJIBI KECY
IIVIACTUHAJIAPIBIH TO3YbIH 3EPTTEY

Opvindanzan 3epmmeynep OmManoblK MAWUHA dHcdcay OHOIPICI dcaz0ativiHoa
KUblH OHOenemin mamepuandapovl, aman aumxaHoa Mmuman KopblmMnaiapbiH,
MeXanukanvlk enoey moceneci bap ekeHin kepcemmi. En manviz0vl mocene —
Muman KOpuImMnaiapvlH 6Hoey Ke3iHoe KeCKiul KypanoapoblH MOMeH OHIMOiniel
JHCOHE JHco2apbl MO3Y KAPKLIHObLIbI2bL 0016in mabdwbiiadvl. Tuman Kopbulmnaiapsi
aHc02aPLL HCHLIOAMOBIKMBL (hpesepaey d0iciMer OHOeYy OOUbIHULA IKCNEPUMEHMMIK
sepmmeynep Jicypeizinoi. Ainandvipeixmoty atinany scuiniei n, >6000-7000 aiin/
MUH ACAMBIH HCO2aAPbL HCLIOAMObIKMbL (hpesepriey Ke3iHoe Kypaniobly Kecy 0oniciHiK
mo3yvl 6alKaneanvl AHLIKMALObL.

byn  makanaoa Deform-3D apuaiiet  komnvromepaik  06a20apiamacbiHbly
kemezimern BT1-0 muman Kopeimnacein oHoey Kezinoe Kypanowvly Mo3y Npoyecin
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3epmmey Homuvicenepi xenmipineen. Moodenvoey yuwin keneci eyoey pexcumoepi
enzizinoi n=12000 aun/mun, t= 1 mm, S=4500 mm/mun.

Homuorcecinoe mo3sy KapKblHOLIbIZLL He2i3iHeH OYUIpIIK (pe3anvly atHaLy
Jrcuinieine dicone Oepinicine Oaiianvicmol exenoiei awvikmanovl. Conoaii-ax, Oy
Moldenvoey Homudcenepi OOUbIHWA YAKbIMmMbl IKCmMpanoasyusiayea 6oaaowl,
OHbIH OapvlcvlHOa ocbl  (ppesepaey pedcuminde Kammvl KOPLIMNAAbL KeCy
NAACMUHARAPObIH MO3Ybl CblHU MoHIHe dcemedi. 3epmmey Ne AP19174917 «Kecy
PeANCUMOEPIH OHMAUIAHOBIPY HCOHE NPOYECH MOOETbOeY APKbLIbL KUbIH OHOCNEHiH
Mamepuandapobvl Hco2apuvl HCbLIOAMObIKMbL pe3epreyoily canacvli 3epmmey HcoHe
HcaKcapmyy epanmul asCbIHOA OPLIHOALObL.

Kinmmi  cesdep: Kuwvin enoeremin mamepuanoap, mMumau, io2apvl
AHCBLLIOAMOBIKMBL Ppe3epaey, Kypaiobiy mo3ybvl, KAmmyl KOPLIMAAIbl KeCy NIacmuHd,
Kecy Hebli0amobviavl, bepinic.
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RESEARCH OF WEAR OF CARBIDE CUTTING INSERTS
IN THE PROCESS OF HIGH-SPEED MILLING
OF HARD-TO-PROCESS MATERIALS

The performed studies have shown that there is a problem of mechanical
processing of hard-to-process materials, in particular titanium alloys in the conditions
of domestic machine-building industries. The most significant problem is the low
productivity and high wear rate of the cutting tool when processing titanium alloys.
Experimental studies have been conducted on the processing of titanium alloys by
high-speed milling. It was found that during high-speed milling at spindle speeds
exceeding n,, 26000-7000 rpm, wear of the cutting part of the tools is observed.

This article presents the results of a study of the tool wear process during
processing of titanium alloy VTI-0 using a special computer program DEFORM-
3D. For modeling, the following processing modes were introduced n=12000 rpm,
t= 1 mm, S=4500 mm/min.

As a result, it was found that the intensity of wear depends mainly on the
rotational speed of the end mill and the feed. And also, based on the results of this
modeling, it is possible to extrapolate the time during which, under this milling mode,
the carbide cutting inserts will reach a critical wear value. The research was carried
out within the framework of grant Ne AR19174917 «Research and improvement of the
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quality of high-speed milling of hard-to-process materials by modeling the process
and optimizing cutting modes».

Keywords: Hard-to-process material, titanium, high-speed milling, tool wear,
carbide insert, cutting speed, feed.

130



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

METAJIJIYPIrusi

SRSTI 53.31.15
https://doi.org/10.4808 1/RKRP8312

*A. M. Aubakirov', L. B. Tolymbekova’,

A. G. Kaliakparov', Kh. B. Temirtas?, F. Khoshnaw?®
'Toraighyrov University, Republic of Kazakhstan, Pavlodar;
’ERG Capital Projects, Republic of Kazakhstan, Astana;
’De Montfort University, United Kingdom, Leicester
*e-mail:_almat.aubakirov(@list.ru

RESEARCH OF MOISTURE CAPACITY AND THE PROCESS
OF WATER SATURATION OF A SPECIAL COKE

In the production of ferroalloys, high quality of charge materials and their careful
preparation are required to ensure the normal operation of furnaces and compliance
of products with customer standards. Carbon reducing agents used in this process
must have high reactivity, electrical resistance, and meet strict requirements for ash,
moisture, and volatile matter content. The quality of reducing agents significantly
affects the technical performance of the main equipment and the metal recovery
process. One of the important indicators of reducing agents is their humidity, which
affects the operating mode of furnaces and their transportation.

In the ferroalloy industry, fluctuations in the moisture content of the charge
components can lead to changes in the thermal and electrical modes of the furnace.
For example, the production of high-carbon ferrochrome requires pre-drying of
reducing agents to a strictly defined humidity index. The moisture capacity and
water saturation of reducing agents are important indicators for determining the
temperature and drying mode.

The study examines the use of brand G coals from the Zhalyn deposit for the
production of special coke and mixed with brand D coals from the Shubarkol deposit
in a ratio of 1:1. The purpose of the experiments was to study the moisture capacity
and water saturation process of the resulting special coke in comparison with the
Shubarkol special coke.

According to the results of the conducted studies, it was found that the maximum
moisture capacity and water saturation of a special coke obtained from a mixture of
Zhalyn and Shubarkol coals in a ratio of 1:1 are achieved in 9 minutes and directly
depend on the porosity of the material.

Keywords: coals, reducing agent, special coke, coke, ferroalloy production, low-
baking coals, non-baking coals, Zhalyn.

Introduction
To date, in the production of ferroalloys in ore-reducing electric furnaces, much
attention is paid to reducing agents, the quality of which largely determines the technical
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parameters of the main unit, as well as ensures the normal course of smelting and the
necessary degree of metal recovery [1-6].

As it is known, one of the main and stringent requirements for a reducing agent is
humidity indicators, which affect the modes and performance indicators of metallurgical
furnaces, as well as the transportation of coal and coke. Also, as it is known, a number
of reducing agents are used in the ferroalloy industry, where, under conditions of weight
dosing, fluctuations in the moisture content of the charge components lead to instability
of their dry mass, affecting the thermal and electrical modes of the furnace [7—12].

According to the requirements of the production technology of high-carbon
ferrochrome, ferroalloy plants provide for pre-drying of solid reducing agents
immediately before feeding into the furnace. Strict requirements are imposed on the
initial moisture of the reducing agents entering the drying. For example, the moisture
of the Shubarkol special coke should not exceed 15 %.

To determine the moisture indicators and determine the heating temperature
for drying materials, moisture capacity and water saturation indicators have a direct
relationship.

Moisture capacity is the ability of a substance to absorb and retain a certain amount
of moisture, expressed in weight or volume units. The moisture capacity of coke depends
on the size and shape of the particles, which determine the different size of the outer
surface, on the porosity, which in turn depends on the method of coking, and can be
hundreds or thousands of times higher than the total content of bound moisture in it.

Water saturation is the process of filling free spaces (voids, pores) of coke over a
certain period of time.

Moisture is a factor affecting transportation, as well as the mode and efficiency of
metallurgical furnaces. Under conditions of weight dosing of the charge components,
fluctuations in coke moisture cause its dry mass to be unstable, which changes the
thermal and electrical modes in the furnace. Control is also necessary for commercial
settlements with suppliers.

In works [13—14] published earlier, the results of researches on the possibility of
using low-baking G-grade coals (Zhalyn deposit) for the production of special coke
(hereinafter referred to as special coke ZhSh) were presented. The primary research
results showed the expediency of using coals mixed with non-baking coals of the D
brand (Shubarkol deposit) in a ratio of 1:1 by weight.

Methods and materials

In this work, in order to determine the drying parameters of the obtained special
coke in conditions equated to industrial ones, researches were conducted on the moisture
capacity and water saturation process of the special coke ZhSh in comparison with the
special coke Shubarkol.

The purpose of the experiments was to study the maximum moisture capacity and
dynamics of the process of water saturation of the Shubarkol special coke and the special
coke obtained by mixing Zhalyn and Shubarkol coals.
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The special coke Shubarkol and special coke ZhSh fraction 0-20 mm were used
as the object of the research, obtained as a result of heat treatment to temperatures of
650° C, 750° C and 850° C.

At the initial stage of the experiments, six prototypes were selected from the test
sample of special coke (sample weight —200 kg): three samples of special coke Shubarkol
and three samples of special coke ZhSh, the mass of each sample was 500 g.

To determine the moisture capacity and water saturation, a special coke pre-dried at
200 °C was immersed on a mesh bottom covered with filter paper in a special cylindrical
container with a diameter of 300 mm. The height of the layer of special coke was
30 mm (Figure 1). Next, the cylinder was placed in a cuvette with water so that the
water level exceeded the upper boundary of the layer of special coke by 50 mm. This
level was maintained throughout the entire experience.

Figure 1 — Scheme of immersion of a special coke in water

The indicators of moisture capacity and the process of water saturation of the special
coke were determined by weighing the sample every 1 (one) minute, until the special
coke was completely saturated with water.

The moisture capacity of the special coke (Be) in grams of water per 1 g of dry coke
was calculated using the following formula (grams of water per gram of dry matter) [9]:

mg 100
my 100-W/

B, = —1: (1)

where m — is the mass of coke after getting wet, gr;
m_— is the mass of coke before getting wet, g;
W — is the mass fraction of moisture of the initial sample, %.
The water saturation index of the special coke (B, ) was defined as [9]:

2
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The experimental results are presented in Table 1. A graphical representation of
the results is shown in Figures 2 and 3.

Table 1 — Indicators of moisture capacity and water saturation of the setcox

Ne Samples Processing Time of > /0
temperature, °C achievement, B,
min
1 Shubarkol special 200°C 10 23
coke
2 Shubarkol special 650°C 7 27
coke
3 Shubarkol special 750°C 9 29
coke
4 Shubarkol special 850°C 10 28
coke
5 Special coke ZhSh 200°C 9 24
6 Special coke ZhSh 650°C 7 28
7 Special coke ZhSh 750°C 8 30
8 Special coke ZhSh 850°C 9 29

It follows from table 1 that the time to achieve maximum moisture capacity and
maximum water saturation of samples of special coke Shubarkol is reached within 10
minutes, special coke ZhSh — 9 minutes. In addition, it can be seen that with an increase
in the pyrolysis temperature, the time to achieve maximum moisture capacity increases.

Results and discussion

According to the results of the experiments, it was found that the porosity and
moisture capacity indicators are almost completely consistent. It should be noted that
the maximum value of moisture capacity should correspond to the porosity index
of coke materials. It is known that standard coke, unlike special cokes, has a high
porosity due to the higher temperature of coking and heat treatment. In particular, if
for the commodity classes of the special coke Shubarkol 10-25 mm, the porosity is
25-27.4 %, and the maximum moisture capacity was 29 %. For special coke, the porosity
is in the same range, on average 25-29 %, the maximum moisture capacity is 30 %.

Active water saturation (about 90 % of the maximum moisture capacity) occurs in
the first minute of immersion in an aqueous medium.
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b)
a) Shubarkol special coke; b) Special coke ZhSh
Figure 2 — Dynamics of water saturation of the studied reducing agents

The same pattern is observed in terms of the rate of water saturation (Figures 2 and
3), when the maximum speed is in the first minute. It should be noted that the pattern
corresponds to all studied samples of special coke, regardless of the temperature of
heat treatment.
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b)
a) Shubarkol special coke; b) Special coke ZhSh
Figure 3 — The rate of water saturation of special cokes
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Table 2 shows the average results of technical analyses of special boxes obtained
in the laboratory.

Table 2 — Technical compositions of special coke prototypes

Material T,°C . Content, %
pyrolysis Ad Vi Wr
Special coke 650 2.4 7,8 3,1
Special coke 750 3 2,6 2,8
Special coke 850 3 1,7 2.4
Special coke ZhSh 650 10,24 3,61 3,5
Special coke ZhSh 750 9,87 3,57 2.5
Special coke ZhSh 850 9,90 4,03 2,24

It has been experimentally established that the maximum moisture capacity and
maximum water saturation of samples of special coke Shubarkol is achieved within
10 minutes, special coke ZhSh — 9 minutes. In addition, with an increase in the final
processing temperature, the time to achieve maximum moisture capacity increases.
Active water saturation, which is about 90 % of the maximum moisture capacity, occurs
in the first minute of immersion in an aqueous medium. A similar pattern is observed
in terms of the rate of water saturation, when the maximum speed falls on the first
minute, and for all studied samples of special coke, regardless of the temperature of
their heat treatment.

Conclusions

Researches of the moisture capacity of a special coke conducted for several important
reasons that affect its application and effectiveness in various industrial processes:

1) Optimization of production processes. Comprehension the moisture capacity
allows you to adjust the production processes of special coke to achieve optimal product
characteristics.

2) Improved performance. The moisture capacity of the special coke affects its
behavior during its use in metallurgical furnaces. Moisture content control helps to
avoid problems associated with uneven heating, vapor explosions or deterioration of
the quality of the final product.

3) Storage and transportation. Knowing of moisture capacity makes it possible
to develop more efficient storage and transportation methods, minimizing the risk of
absorbing excess moisture from the environment. This is especially important to prevent
clumping, spontaneous combustion and other problems associated with high moisture
content.

4) Quality control. Regular measurement of moisture capacity helps to maintain
constant quality of the special coke, which is critically important for its use in high-tech
and demanding areas.

5) Energy efficiency. Moisture capacity researches help to minimize energy losses
and increase the overall efficiency of using special coke in energy processes.

6) Environmental considerations. Comprehension moisture capacity contributes to
the development of environmentally friendly methods of production, storage and use
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of special coke. This helps to reduce emissions of harmful substances associated with
excess moisture and improve the environmental profile of the enterprise.

In that way, researches of the moisture capacity of special coke are vital for
optimizing its production, storage, transportation and use, which ultimately leads to
increased efficiency, safety and sustainability of industrial processes.

As a result of the conducted research, it was found that the maximum moisture
capacity and maximum water saturation of the special coke obtained by mixing Zhalyn
and Shubarkol coals in a ratio of 1:1 is achieved within 9 minutes and directly depends
on the porosity of the material.
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APHAMBI KOKCTBIH BLIFAJI ChIMBIMIbLIBIFbI
MEH CY/JbI KAHBIKTBIPY IIPOLHECIH 3EPTTEY

Deppoxopvimnanapovl 6HOIpY Ke3iHOe neumepoiy KaIblnmbl JHCYMbICbIH JHCOHE
OHIMHIY MANCuIpvbic  Oepyulinepoiyy CMAHOGPMMAPbIHA — COUKECMIZIH  KAMMAMACHL3
emy YwiH wuxma MamepuaioapbiHblly XHCO2apbl CANACbl HCOHE ONapObl  MYKUSIN
OauibiHOayblh maian eminedi. Amaamviui npoyecme KONOAHLUIAMbIH KOMIPMEKMI
MOMBIKCIZ0AHObIPSLIUINAD HCO2APbl PEAKMUSMITIKKe, dNlekmp Kedepeicine ue 6omybl
KepeK JicoHe KYJ, bUI2all JCoHe Yuina 3ammapobly Kamary maianmapbina caii 60mybl
Kepex.  TomublKCchi30aHObIp2IUmapobly  Canacvl Heeizei  HcabObIKMblY — MEeXHUKATbIK
KopcemKiumepine JcoHe Memanobl KAINbIHA KeImipy npoyecine aumapivikmail ocep
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emeOi. TomvIKCbI30aHObIP2LIUMAPObIH MAHbI30bL KOPCEMKIUMEPIHIK OIpi — blI2aN0bLIbIK,
cebebi o1 newmepoil HCYMbIC PENCUMIHE HCOHE MACLIMANOAY2a dcep emeol.

Deppoxopvimna OHepKICIOIHOe UWUXTNA KOMNOHEHMMEPIHIY blieadI0bLIbIEbIHbIY
AybIMKYbl  NEWMiy JiCbLLY JCOHE JNIeKID  PeXCUMOEpPIHIY o32epyine oKenyi
MymKiH.  Muvicanvl,  owcoeapvl  kKomipmexmi  Qeppoxpomovt  6HOIpY  YuliH
MOMBIKCHI30AHObIP2LIUMAPObl bLI2ANOLLILIKMbIY KAMAH benziienzen Kopcemxkiuline
Oetiin  andvin-ana Kenmipy Kagicem. TOmMubIKCbI30aHObIP2LUMAPObIY — blA2A]
CHIILIMODLIbIZHl  MEH  KAHBIKMbLIbISHl MeMnepamypa MeH Kenmipy pestCUmin
AHBIKMAYOblH MaHbL30bl KepcemKiutmepi 60161 MadviiaobL.

3epmmey bapvicvinoa XKanvin xken opHulHbIE I Mapkanvl Kemipin apHaiivl
KOKC OHOIpy ywiin dcone Lllybaprxen xen opnvinviy J{ mapkanvl xomipimen 1:1
KAMbIHACLIHOA NAUOANAHY Kapacmulpwliadvl. JKcnepumenmmepoiy maxcamvl —
LIybapren apuaiivl KOKCNeH canblcmulp2anod alblHeaH apHALibl KOKCMbIY bli2ail
CHIILIMOBLIbIZHL MEH CYObl KAHLIKMbIPY NPOYECIH 3epmmey.

JKypeizineen zepmmeynepdin nomuoicenepi ootvinwa Kanvin ocone Llybapken
KOMIpIHiy Kocnacvinan 1:1 KamvlHACLIHOA anblH2AH APHATIBI KOKCMbIH MAKCUMALOb
bLI2AN CHIUBIMObLIbIEbL MEH CY2a KAHBIKMbLIbIZbL 9 MUHYym iwinoe Ko JHcemKizinemini
JICOHE Mamepuaiobly KeyeKminicine mixenel moyenoi eKkenoiei aHbIKmMaiob.

Kinmmi  co30ep:  komip,  MOMBIKCLI30AHOBIP2bIW,  APHAlbI  KOKC,
KOKC,  peppokopeimna  6HOIpici,  Hawiap — KyUedCeHmeKmenemin — KOMIp,
Kyuescenmexmeameumin komip, Kanvin.
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HNCCIIEJOBAHUSA BJJAI'OEMKOCTHU U ITPOLHECCA
BOJOHACBIIEHUA CITIEHKOKCA

IIpu npouzeodcmee gheppocniasos mpedyemcsi 6blCOKOe Ka4ecmeo UUXmoslx
Mamepuanos u mujamenbHas ux H0020mosKa 0Jist 0becnedeHus HOpMAaIbHOU pabomol
neveii u COOMBEMCMEUs NPOOYKYUU CMAHOApmam 3aKazuukos. Yenepooucmoie
60CCMAHOBUMENY,  UCNOTb3YEMblE 8 OMOM  npoyecce, OO0JNCHbL  001a0AmMb
BbICOKOU  PeaKyuoOHHOU CHOCOOHOCMbIO, JNEKMPUYECKUM CONPOMUGTEHUEM, U
COOMBEMCMB08AMb CIMPOSUM MPEOOBAHUSM NO COOEPIHCAHUIO 30.1bL, 6AALU U IETHYHUX
sewjecms. Kauecmeo eoccmanosumeneii 3HauyumenvHo 6ausem HA MexHUuecKue
noKazamenu 0CHO8HO20 000PYO0BAHUsL U NpoYyecc 8occmanosienus memanid. OOHuUM
U3 BAJCHBLIX NOKA3AMenel 80CCMAaHo8umenell A6IAemcs Ux GIA}CHOCHb, KOMopas
6UsAEeM HA pedcuM pabomul nevetl u ux mpaHcnopmuposKy.
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B gheppocnnasnoii npomviuiiennocmu KoreOauus 61ANCHOCU KOMNOHEHNO8
WYXl MO2Y NPUBECTNU K USMEHEHUAM MENI08blX U INEKMPUYECKUX PEeHCUMO8
newu. K npumepy, 011 npouzsoocmed BblCOKOY2IepoOUcmozo peppoxpoma
mpebyemcs npeosapumenbHas CywKa 0CCmanosumeneti 00 Cmpo2o onpeoeieHHo2o
nokazamens 61AdNCHOCmuU. Bracoemxocmv u @odouacviuenue eoccmanogumenei
SABSIOMCS BANCHBIMU NOKAZAMENAMU OJisl ONpedesienuss memMnepamypvl U pejicuma
CYWKU.

B uccnedosanuu paccmampusaemcs  ucnoav3osanue yerei mapku I
Mecmopodcoenus JKanvin 015 NPou3800CmMEa CNeYKOKCA U 8 CMeCU € YeusMu MapKu
I mecmopoarcoenus LLlydoaprons 6 coomnowenuu 1:1. Llenvio sxcnepumenmos oOulio
Uz yeHue 81A20eMKOCIU U NPoYyecca B0O0OHACHIUEHUS NONYHEHHO20 CNeYKOKCd 6
cpaguenuu ¢ LLybapkonbckum cneykokcom.

Ilo  pesynomamam  NPOGEOEHHBIX — UCCAEO08AHUL  YCHAHOBLEHO,  YMO
MAKCUMATbHAS 81A20EMKOCHb U 6000HACHIUEHUE CHeYKOKCA, NOYHEHHO20 U3 CMeCU
yeneti XKanvin u Illybapronv ¢ coomnouwtenuu 1:1, docmuearomes 3a 9 munym u
HAnpsmMyio 3a8UCam om nopucCmocmu Mamepuad.

Kniouesvie cnosa: yenu, goccmanosumenv, Cneykoxc, KOKC, HPOU3BOOCMBO
geppocnnasos, crabocnexaiowuecs yeau, necnexarowuecs yeau, Kanvin.
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THERMODYNAMIC MODELING OF FLUX
REFINING OF PRIMARY ALUMINUM IN A BUCKET

This article provides a thermodynamic analysis of the process of processing
primary aluminum with boric acid in a ladle. HSC Chemistry 9.0 software from
Outotec Technologies was used for calculations. In the calculations, the temperature
range under study corresponded to the production conditions of Kazakhstan
Electrolysis Plant JSC within the range of 650-950 °C. The pressure range was taken
based on the technological conditions for flux processing of aluminum in a transfer
ladle with a working height of 2 m and was in the range of 101.33—148.99 kPa. The
presence of the solid phase and low kinetics of the processes are characterized by
the lower limit of the specified temperature range. The upper temperature limit is the
closest to real operating conditions during electrolysis. The pressure at the metal
mirror is represented by the lower limit in the pressure range, the upper limit is the
pressure at the immersion depth of the flux equivalent to 2 m. The immersion depth of
the sample in the calculations varied in the range of 0.5—2 m.

The research was carried out within the framework of grant funding from the
Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan under the «Zhas Galymy» competition under the project IRN AR19175493
«Development of technology for refining primary aluminum with filters with
an active surfacey.

Thermodynamic analysis in the studied range of temperatures and pressures
clearly indicates that vanadium boride phases are more stable compared to aluminum
borides, and, therefore, they will form preferentially in this temperature range. The
order of stability also suggests that vanadium can be easily removed from aluminum
melts by adding boron.

Keywords: aluminum, thermodynamic modeling, flux, boric acid, refining.

Introduction

In the production of anodes for electrolysis baths in the conditions of Kazakhstan
Electrolysis Plant JSC (KEZ JSC), coke produced by UPNK-PV LLP (Pavlodar) is
partially involved in the production. Locally produced coke contains a high degree of
vanadium and other impurities, which in turn limits its use at the enterprise.
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A literature review showed that there are methods for refining primary aluminum
from vanadium impurities with boron compounds, which have not received widespread
industrial use [1-15].

From works [13 — 15] it is known that the occurrence of chemical reactions in the
Al-V-B system is complex. VB, compounds are thermodynamically stable at operating
temperatures of the electrolysis and aluminum casting process of 950-650 °C. The
kinetics of chemical reactions with the formation of VB2 compounds during refining
with Al-B based alloys is characterized by a low rate due to the formation of an insoluble
ring of reaction products consisting of vanadium diboride (VB,).

Materials and methods

In this work, a thermodynamic analysis of the process of processing primary
aluminum with boric acid was carried out according to the method described in [16].
HSC Chemistry 9.0 software from Outotec Technologies was used for calculations.

When refining a molten raw aluminum with boric acid at a temperature in the range
0f 650-950 °C and a pressure in the range of 101.33 kPa, boric acid (H,BO,) undergoes
a transformation into boron oxide (B,0,), which in turn interacts with the molten
aluminum and then with compounds vanadium according to the following formulas:

B,0, + 3Al — AIB, + ALO, (1)
AIB, + ALV = VB, + 4Al )
AIB,+V =VB, + Al 3)

In the calculations, the temperature range under study corresponded to the production
conditions of KEZ JSC within the range of 650-950 °C. The pressure range was taken
based on the technological conditions for flux processing of aluminum in a transfer
ladle with a working height of 2 m in the range of 101.33—148.99 kPa. The presence
of a solid phase and low kinetics of processes are characterized by the lower limit of
the specified range. The upper limit is the closest to real operating conditions during
electrolysis. The pressure at the metal mirror is represented by the lower limit in the
range, the upper limit is the pressure at the immersion depth of the flux equivalent to
2 m. The immersion depth of the sample varies in accordance with the height of the ladle
and was in the range of 0.5-2 m. The temperature range was taken in accordance with
the operating conditions in the workshop: from 650 °C to 950 °C, corresponding to the
highest density of aluminum melt (2380 kg/m?) in the considered temperature range.

Results and discussion

The thermodynamic parameters were calculated for compounds AIB2 and VB2.
Table 1 and Figure 1 show the calculated values Cp, AG, AH, AS.
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Table 1 — Calculated values Cp, AG, AH, AS for compounds AlB, and VB,

Compound | Parameter Design temperature range, °C (at a pressure of 102.39 kPa)
650 °C 700 °C 750 °C 800 °C 850 °C 900 °C 950 °C
AlB, Cp 75,764 77,363 78,938 80,494 82,033 83,560 85,075
AH 23,587 27,416 31,323 35,309 39,372 43,512 47,728
S 103,132 107,171 111,086 114,889 118,590 122,196 125,715
AG -71,619 -76,877 -82,334 -87,984 -93,821 -99,841 -106,039
VB, Cp 79,019 80,232 81,361 82,409 83,381 84,277 85,524
AH -161,700 -157,719 -153,678 -149,584 -145,439 -141,247 -137,004
S 102,968 107,168 111,216 115,123 118,898 122,549 126,090
AG -256,755 -262,009 -267,469 -273,128 -278,979 -285,016 -291,232

At temperatures of 650 — 950 °C and atmospheric pressure, the change in Gibbs
energy for compounds VB, is -256.755 and — 291.232 kJ/mol, and AIB, is -71.619
and -106.039 kJ/mol, respectively. The change in enthalpy is a negative value for the
reactions of vanadium diboride; therefore, the formation of this compound is exothermic
in nature, while the formation of aluminum diboride, on the contrary, is endothermic
in nature due to positive enthalpy.

Figure 1 — Dependence of the change in Gibbs energy
and change in enthalpy for VB2 and AlB2 on temperature

The work also included a calculation of the thermodynamic parameters of the

chemical reaction AlB, + V = VB, + Al. Table 2 and Figure 2 show the calculated
values AG, AH, AS, log k.
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Table 2 — Calculated values AG, AH, AS, log k for a chemical reaction

AIB,+V =VB, + Al

Chemic al| Parameter Design temperature range, °C (at a pressure of 102.39 kPa)

reaction 650 °C 700 °C 750°C | 800°C 850 °C 900 °C 950 °C

AlB, + V = VB, | AH -163,214 |-173,692 |-173,476 |-173,302 -173,176 -173,102 -173,076

+Al S 22,900 11,668 11,885 12,051 12,166 12,232 12,253
AG -184,354 | -185,047 |-185,637 |-186,235 -186,841 -187,451 -188,063
log k 10,432 9,933 9,478 9,066 8,690 8,347 8,032

Figure 2 — Graph of changes in Gibbs energies and enthalpy for a chemical
reaction AlB, + V = VB, + Al depending on temperature

Analysis of thermodynamic parameters confirms that at atmospheric pressure and
temperatures from 650 to 950 °C the reaction AlB, + V = VB, + Al proceeds with
the formation of vanadium diboride (VB2) the change in Gibbs energy is — 184.354
and — 188.676 kJ/mol, respectively. An increase in the Gibbs energy with increasing
temperature indicates an increase in the stable nature of the occurrence of chemical
reactions. The change in enthalpy as a whole is a negative value; therefore, the formation
of these compounds is exothermic in nature. It can be concluded that the chemical
reaction is thermodynamically favorable.

Further in the work, a thermodynamic analysis was carried out for the conditions
of immersion of the flux into the melt to a depth of 0.5 m, 1 m, 1.5 m, 2 m.

Table 3 and Figure 3 show the calculated values of the Gibbs energy for compounds
VB, and AIB,,.

145



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.

Ne 2, 2024

Table 3 — AG for compounds AIB, and VB, at a depth of 0.5 m, I m, 1.5 m, 2 m.

Compound | Depth of flux Design temperature range, °C
immersion into | 650 °C 700°C |750°C  |800°C 850 °C 900 °C 950 °C
the melt, m

AlB, 0,5 -197,56  |-202,81 |-20827 |-213,92 [-219,76 225,78 231,98
1,0 44373 |-448,99 |-45442 |-459,14 |-46545 472,77 479,51
L5 688,84  |-694,05 |-700,67 |-70641 |-714,63 720,70 727,58
2,0 936,06 |-941,27 |-947,71 |-953,11 |-960,61 966,71 973,54

VB, 0,5 307,17 |-312,42 |-317,88  |-323,54  [-329,39 335,43 -341,64
1,0 689,91 |-694,82 |-700,28 |-706,13 |-713,28 719,41 726,74
1,5 -1070,94 |-1076,01 |-1083,34 |-1091,45 |-1100,63 -1107,26 -1118,38
2,0 -1455,38 |-1461,57 |-1468,48 |-147558 |-1485,12 -1491,89 -1511,17

At a temperature of 650 °C and pressures of 102.39 kPa (at the surface of the melt)
and 148.99 kPa (when introducing flux to a depth of 2 m), the change in the Gibbs
energy for the formation of compound VB, is -256.755 and -1455.3 kJ/mol, respectively.
For the AIB, compound under such conditions, the change in Gibbs energy is -71.619
and -936.06 kJ/mol. for the initial temperature, and -291.232 and -1511.17 kJ/mol for
a temperature of 950 °C, respectively, for VB,. For AIB,, the change in Gibbs energy
15 -106.039 and -973.54 kJ/mol.

Figure 3 — Dependence of the change in Gibbs energy for VB, and AlB, on
temperature and immersion of boron-based flux into the

aluminum melt at different temperatures

Further in the work, similar thermodynamic calculations were carried out to
change the isobaric-isothermal potential of the system for a chemical reaction

AIB,+V = VB, + Al
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Table 4 and Figure 4 show the calculated Gibbs energy values for the chemical reaction
AlB2 +V = VB, + Al

Table 4 — AG for the chemical reaction AlB, + V = VB, + Al at a depth of 0.5 m,
Im,1.5m,2m

Compound | Depth of flux im- Design temperature range, °C
mersion into the | 650 °C 700°C | 750°C 800 °C 850°C  |900°C 950 °C
melt, m

AIB2+V=|0 -184,354 | -185,047 |-185,637 |-186,235 -186,841 | -187,451 -188,063

VB,+Al 95 -276,08 -278,13 -279,25 -279,90 -280,55 -281,12 -282,55
1,0 -511,98 -515,85 -520,12 -526,85 -533,35 -540,22 -545,23
1,5 -794,788 | -799,556 |-810,453 |-830,612 -850,463 | -856,123 -860,462
2,0 -1080,034 |[-1100,236 |-1122,123 |-1135,185 |-1145,252 |-1148,22 -1173,54

Figure 4 — Dependence of the change in the Gibbs energy for the chemical
reaction AIB, + V= VB, + Al on the temperature and depth of immersion of a
sample of boron-based flux into the aluminum melt at different temperatures

At a temperature of 650 °C (Figures 4 and 5) for pressures of 102.39 kPa (at the
melt surface) and 148.99 kPa (at a flux immersion depth of 2 m), the change in Gibbs
energy for the chemical reaction AIB, + V= VB, + Al is -184.354 and - 1080.034 kJ/
mol, respectively. For a temperature of 950 °C these values are -188.063 and -1173.54
kJ/mol.

This important observation shows that as pressure increases at constant temperature,
the magnitude of the difference in changes in isobaric-isothermal potential decreases,
especially noticeably at elevated temperatures. On the other hand, as the temperature
decreases at constant pressure, the value of the difference in Gibbs energy changes also
decreases, and this trend is more noticeable as the pressure in the system increases.

At a temperature of 650 °C (Figures 4 and 5) for the reaction AIB, +V = VB + Al,
the difference in changes in the Gibbs energy when the pressure in the system increases
from 102.39 kPa to 114.04 kPa is - 91.726 kJ/mol, from 114.04 kPa to 125.69 kPa
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-235.9 kJ/mol, from 125.69 kPa to 137.29 kPa -282.808 kJ/mol, and from 137.29 kPa
to 148.99 kPa -285.246 kJ/mol. At 950 °C these Gibbs energy changes are -94.487 kJ/
mol, -262.68 kJ/mol, -315.232 kJ/mol and -313.078 kJ/mol respectively.

Figure 5 — Graph of the difference in changes AG for the chemical reaction AIB,
+V = VB, + Al on temperature with a fixed increase in the depth of immersion of a
sample of boron-based flux into the aluminum melt with

a change in the depth of immersion.

Figure 6 — Graph of the difference in changes AG for the chemical reaction AIB,
+V =VB, + Al on the depth of immersion of a sample of boron-based flux into the
aluminum melt as the temperature changes

This observation emphasizes that chemical reactions between primary aluminum
and impurities, including vanadium with boron with the formation of intermetallic
compounds, can proceed in a certain direction in the considered range of temperatures
and pressures (Figure 6).
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Figure 7 — Dependence of the difference in changes in the isobaric-isothermal
potential of the reaction on the immersion depth of the sample

As can be seen from Figures 1-7, in the temperature range from 650 to 950 °C
and pressures from 102.34 kPa to 149.88 kPa, vanadium boride phases are more stable
compared to aluminum borides, and, therefore, they will be formed predominantly in
this temperature range. The order of stability also suggests that vanadium can be easily
removed from aluminum melts by adding boron.

Conclusions

Thermodynamic analysis in HSC Chemistry 9.0. in the Al-V-B system in the studied
range of temperatures and pressures showed that the values of the Gibbs energy (AG)
over the entire range of operating temperatures of the process of electrolysis and casting
of primary aluminum for VB2 are significantly lower than AIB2, therefore, they will
be formed predominantly in this temperature range. The order of stability also suggests
that vanadium can be easily removed from aluminum melts by adding boron.
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IIEJEKTEI'T BACTAIIKBI ATIOMUHUIII AFBIHMEH
TA3APTY]Ibl TEPMOJUHAMUKAJIBIK MOJEJBAEY

byn maxanaoa wenexmeei 60p KblUKbLIbIMEH OACMANKbL ATOMUHULIOLI 6HOeY
npoyecine MePMOOUHAMUKANBIK mManday oicacanovl. Ecemmey ywin Outotec
Technologies komnanusicoinoity HSC Chemistry 9.0 6az0apramanviy Kypaisl
navdananvinovl. Ecenmeynepoe sepmmenemin memnepamypa ouanazonvt 650-950
'C weeinoe «Kazakcmanowix snexmponus 3aysimoly AK endipicmix wapmmapvina
cotikec kendi. Kvicbim ouanazonsl scymvic Ouikmiei 2 m yaiecmipmeini wiejiekmezi
AMOMUHUUOL  a2blHMeH — O6HOEYOIH  MEeXHONOSUSIbIK — Jca20ailapvl  Heli3iHoe
KabwvLioanowl ocone 101,33—-148,99 «lla apanvizbinoa 6onovl. Kammul ¢hazanviy
Oonybl dicoHe npoyecmepoiy MOMeH KUHEMUKACbl KOpCcemileeH memnepamypa
OUANA30HBIHBIY MOMEH2] We2iMeH cunammanaovl. DNeKmpoau30ei HaKmbl HCYMblc
AHCAZOAUNAPBIHA eH HCAKbIH memnepamypa weei kepceminedi. Memann alinacvinoazol
KbICbLM KbICHIM OUANA30HbIHOA2bl MOMeEH2I uieKk 60oavbln Kopineodi, dcoaapeabl Hcaabl
2 M 9K8UBANEHMMI A2blHHBIY Oamblpy mepenoiciHoe2i KblCbiM O0Ibln MAbbLIAObL.
Ecenmeynepoeci cycnensuanviy bamuipy mepenoiei 0,5—2 m ouanazonvinoa e32epoi.

3epmmeynep Kazaxcman Pecnybauxacet Foinoim  owcone owcozapvl  6Oinim
munucmpiniei Fouroim xomumeminiy «Kac eanvimy xonxypcvl 6otivinuwa KPH
AP19175493 «bencenodi bemi bap cyseinepmen 6acmankvl amOMUHUUOL mazapmy
MEXHONOSUACHIH ~ 93ipaeyy  #obacvl  OOUbIHWA — SPAHMIMBIK  KAPAHCHLIAHOBIPY
wenbepinoe Hcypeizinoi.

152



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

3epmmenzen memnepamypa men KblcblM OUANAZOHBIHOA2bL THEPMOOUHAMUKATBIK,
manoay eanaoutl bOpudiniy pazanrapvl ATOMUHUL OOPUOMEPIMER CANbICMbIP2AHOA
MYpPaAKmulpar, eKeHiH aHblK KopcemeOi, COHObIKMAH 01ap HeliziHeH Oepinecen
memnepamypa ouanaszonvinoa mysinedi. Typaxmoiivlk mopmioi cOHbIMeH Kamap
B8AHAOUTIOT OOP KOCY apKbLIbL ANIOMUHUL DATKBIMALAPLIHAH OHAL Albll MACmayed
001aMbIHOBIZLIH KOPCEMEOL.

Kinmmi ce30ep: antomunuti, mepmMoOUHAMUKATBIK MoOenboey, dablH, 0Oop
KbIUUKbLIbL, TA3APTY.

IIL. O. bvikoé', A. b. Kyanovikoé', B. A. Yauxun’, M. M. Cyonouxoé’, A. K. Kynycoé’

3TopailireipoB yHuBepcuteT, Pecryonuka Kazaxcran, r. [TaBnonap;
2CMOJICHCKOE perHOHaIbHOE OTIeeHne Poccuiickoi

acconuanuu Jurermmkos, Poccuiickas ®@enepanusi, . CadoHOBO;
[Moctynuno B pepakuuio 12.05.24.

[Toctynuno ¢ ucnpasiaenusimu 13.05.24.

[Ipunsro B nevats 11.06.24.

TEPMOANHAMHNYECKOE MOJAEJINPOBAHUE ®JIIOCOBOI'O
PAOUHHUPOBAHUSA IEPBUYHOI'O AJIIOMUHMUSA B KOBIIIE

B 0annoii cmamve nposeden mepmoounamuueckuii anaius npoyecca oopabomxu
NEePEUUHO20 amOMUNUsL OOPHOU KUCIOMOU 8 Kogule. [lisl pacuemos ucnoib308a10Ch
npoepammuoe ovecneyenue HSC Chemistry 9.0 xomnanuu QOutotec Technologies.
B pacuemax uccnedyemviii  memnepamypuuiii  OUAnA3oH  COOMBEMCMBOBAT
npouszeoocmeeHuvim ycrogusm AO «Kazaxcmanckuil 31eKmponusublll. 3a600» 6
npedenax 65050 °C. [uanazon 0asieHuil RPUHUMALCS UCXOOS U3 MEXHOLO0SULEeCKUX
VCR08UL (hH0COBOU 0OPAOOMKU ANFOMUHUS 8 PAZOAMOYHOM KOGULE C pAbOYEll 8b1COMOT
2 m u Haxoouncs 6 npedenax 101,33—148,99 klla. Hanuuue meepooii ¢pazvl u Huzkas
KUHeMUKA NPpoYeccos XapaxKmepuszyemcs HUNCHUM Npeodesiom YKAa3aHH020 OUanasond
memnepamyp. Haubonee npuOiudicenuviM K pearbHubIM pabouum YCI08UAM Npu
NEKMPOTU3E OeMOHCPUPYem 6epXHuUll npeden memnepamyp. [lasnenue y 3eprana
Memania npeocmasiiemcs HUNCHUM Npeoderom 6 OUAnd3one OaeleHull, 8epXHUM
npeocmasneno O0asneHue Ha 2nyOuHe NozpyiceHus (rioca IKEUBALEHMHO20 2 M.
Inybuna noepysicenus Hagecku 8 paciemax 8apbuposanacs 8 ouanazoue 0,5-2 m.

Hccenedosanus npogoounics 8 pamrax 2panmogozo gunancuposanus Komumema
Hayku Munucmepcmea nayku u evicuie2o oopazosanus Pecnyonuxu Kazaxcman no
xkoukypcy «Kac Ianvimy no npoexmy UPH AP19175493 «Paspabomka mexuonocuu
PauHUPOBaHUs NEPBULHO20 ATIOMUHUS PUILINPAMU C AKMUBHOU NOBEPXHOCTHBIOY.

Tepmoounamuueckutl anaiu3 6 UCCIeO08AHHOM OUANA30He meMnepamyp u
O0asieHull 00HO3HAYHO CUOEMeNbCMEYenm 0 MoM, 4mo ¢gaszvl bopuda sanadus boiee
CMabUIbHbl N0 CPABHEHUIO ¢ OOPUOAMU ATIOMUHUL, U, Ce008AMENbHO, OHU OyO0ym
00paA306b16AMBCA  NPEUMYUWECTNBEHHO 8 OAHHOM MeMNepamypHoM Ouanasowe.
Topsiook cmabunvHocmu maxoice npeonoaaeaem, Ymo 6aHAOUL Modcem Obims J1e2Ko
yoaneH u3z pacniagos arioMuHUs nymem 000aegietus bopa.

Kniouesvie cnosa: amomunuil, mepmoouHamuyeckoe Mooeruposgauue, @awoc,
bopHas Kucioma, paguHuposanue.
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PACIPELENIEHUE LUNHKA Y CBUHLIA MEXAY MPOOYKTAMMU
BbICOKOTEMIMEPATYPHOIO CIEKAHUSI KITMHKEPA
C XJTOPUOM KANTbLUS

Ilpusedenvt pesyromamol 1a00PAMOPHBIX ONBIMOE NO UCCACO0BAHUIO GUAHUS
memMnepamypul, pacxooa 80CCMAHOBUMENs U NPOOOIICUMENTbHOCU npoyecca Ha
pacnpeoenenue YUHKA U CEUHYA MedHcOy NPOOYKMAMU 6blCOKOMEMNEPAmypHO20
CHeKaHus KIUHKEpAd COBMECMHO C XIOPUOOM KAlbyus. Ycmauoeneno, umo npu
memnepamypax eviuse 700 °C codepoicanue yunka 6 KIuHKepe pesko CHUNCAeMCAL.
Munumansroe codeporcanue yunka gxrunxepe 0,85 % oocmuenymo npumemnepamype
900 °C. Ilosvruuenue memnepamypor 0o 1000 °C nuwib He3HAUUMENbHO CHUNCAEm
codepaicanue yunka 6 kaunxepe (00 0,77 %).

Ilosvuuenue pacxooa CaCl, ¢ 1,0 do 1,3 pasa npesviumaiowe2o e2o pacxoo
om CHK, ysenuuueaem cooepoicanue yunka 6 8o32onax c¢ 36,23 % oo 40,85 %.
Hanvretiwuti pocm pacxooa CaCl, na codepocanue yunka 6 60320HAX 6LUAEM
HEe3HAUUMENbHO.

Yemanosnenvr onmumansivie napamempsl 6b1COKOMEMNEPAMYPHO20 CNEKAHUS
Knunkepa coemecmuo c xaopuoom karvyus: T=900 °C, t=60 mumnym, pacxod CaCl,
6 1,3 pasa npesvrumarowuii e2o pacxod om CHK. Ilonyuenvl yunxosvie 60320Hbl
gvicoxoeo kawecmsa, % macc.: 40,87 Zn; 0,16 Pb; npouue. HUzeneuenue yunxa 6
60320Hbl — 99,3 %. Hanuuue MUHUMATLHO2O COOEPAHCAHUS COUHYA 8 B0320HAX HA UX
KAYecmeo CywecmeenHo2o GIUsHUS He OKAdICcem.

Ilonyuennvie pezyrvbmamuvl COCMAGIAIM OCHO8Y 3AKTIOYUMENbHOU CMaouu
Xnopupylowell MmexHoI02uy nepepabomKi  ceuneycooepcauell YUHKOGOU Nuliu
YepHOU MEemanIypeul U UCHOIb308AHbL NPU HOCMPOEHUU 00Weli MexXHOI0UY 015
CeNeKMUBHO20 U3BNEeUEHUS. YUHKA U CEUHYA 8 MOBAPHbIE NPOOYKMDL.

Kniouesvie cnosa: nvinw, KiuHkep, X10puo Kanvyus, YUHK, ceuHey, usgneueHue,
memnepamypa.

Beenenune

Ha npennpuatusax 4epHOM METAJUIYPTUU IPU IPOU3BOACTBE OJHOU TOHHBI
BBIIUIABJISIEMON CTaJIM B CpelHEM 00pa3yroTcs okoyio 25-30 Kr mblUid, KOTOpbIE
XapaKTePU3YIOTCS CIIOKHBIM XUMHUYECKUM H (a30BbIM cocTaBoM. Ocoboe BHUMaHUE
IIPUBJIEKAET BBICOKOE COJIEP’)KaHNE B HUX CBUHIA. [10 TaHHBIM Hay4HOH JINTEPATYPHI,
COJIep’)KaHUE CBUHIIA B IIBUIM MOKET BapbUPOBATHCS B IIMPOKUX IPEAETIax U MOXKET
noxoauth 10 6 % [1, 2]. B 310l CBSI3M M3BICKAaHUWE HOBBIX MOJXOJIOB M PEIICHUI,
obecneunBaromux 3QGEeKTUBHYI0 KOMIUIEKCHYIO MepepabOoTKy MBLIU C BBICOKHM
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W3BJICUEHUEM [IMHKA U CBUHIIA B LIEJIEBbIE TOBAPHBIE TPOTYKTHI PEACTABIISIETCS BEChbMa
AKTyaJbHBIM U BaXKHBIM.

Jlns nepepaboTKU CIIOKHOM IO COCTaBY MBLTH, IOJTyYaeMBbIX Ha IPEATIPUATHIX YSPHOM
MeTtasutypruu Kazaxcrana, ocoOyro TpyJHOCTb IIPEACTABIISET CEIEKTUBHOE U3BICUCHUE
CBUHIIA U LIMHKA B LEJIEBbIE NMPOAYKTHI. M3 CyIIECTBYIOIUX METOJIOB IepepaboTKu
eI 0KoJ10 90 % Bcex MOITHOCTEH OTHOCUTCS K MMUPOMETAILTYPrHYE€CKUM CIIoco0am
[3]. Haubonee pacrnpocTpaHEHHBIM MPOIIECCOM IS TepepadOTKH IMHKCOAEpKAIIEH
MIBUTH SIBJISIETCS 9KOJIOTUYECKH TPS3HBINA U HE COBCeM 3(PPEKTUBHBIN C TOUKH 3PEHUS
TEXHOJIOTUH, BeJbL-1IpoLecc. HecMoTps Ha TO, UTO MPOLIECC IMPOKO PACIPOCTPAHEH 3a
pyOex0oM, OCHOBHOM €ro HeI0CTaTOK — OOJIBIION pacxo]] BOCCTAHOBUTEIIS M KOPPO3Us
¢byTepoBku meyeil [4], BBI3BIBAET HEOOXOAMMOCTh MPOBEACHUS JOMOTHUTEIBHBIX
HCCIIEZIOBAaHUM 1O Pa3pabOTKE HOBBIX BHICOKOA(P(PEKTHUBHBIX U KOJIOTUYECKH YHCTHIX
TEXHOJIOTHH MepepadOTKH IUHKCOAEepKAIIeH MbLITH.

K ogaum u3 pacnpocTpaH€HHBIX METO0B MepepabOTKH IIMHKOBOM MBLIH SBIISIETCS
arJoMepanusi, ¢ IOCIeAYOLUUM BO3BPATOM arjioMepara B JOMEHHOE IIPOU3BOJICTBO.
Bribop moaxoma 000CHOBaH HHU3KOH Ce0eCTOMMOCTBIO MepepadOTKU mbLIH [5].
K ocHOBHBIM HepocTaTkaM METOJAa OTHOCHUTCS HEBO3MOKHOCThH BBIBOJA LIMHKA W3
IIpOLIECCa, YTO IIPUBOIUT K €70 HAKOIUIEHUIO B TEXHOJIOIMUECKOH cxeme. [Ipumenenue
METO/a L1e71ecO00pa3Ho IS MBIUTH C HU3KOW KOHIIEHTpaluei nuHKa. [Ipu 3ToM eHHbIe
KOMITIOHEHTBI HE U3BJIEKAIOTCA, & Pa3Ma3bIBasiCh MEXIY MPOJAYKTAMH TEPSIOTCSI.

[IIupokoe pacupocTpaHeHHE HA MPAKTUKE MOIYUYUIU THAPOMETAILTYPrUueCcKue
crocoO0bl mepepaboTKH MbUIM, KOTOPbIE 110 CPAaBHEHHIO C MUPOMETAILTYPrUUYeCKUMHU
00eCTeynBarOT BBICOKYIO CEIEKTUBHOCTh MO M3BJICYCHUIO METANIOB M BO3MOXHOCTb
pETYJIMPOBAHUS TEXHOJOIHMYECKUMU MapaMEeTpaMU Ipolecca. ITO MO3BOIAET
nepepabaTbiBaTh MBIIH PA3JUYHOTO cocTaBa. KHCIOTHBIE METOMBI IIUPOKO
MpPUMEHSEMbIE /I U3BJICYCHUS LIMHKA 00ECIEUMBAIOT BBHICOKOE €ro M3BJICUCHHE B
1L[e1€BOM NPoAyKT. Vcriosib30BaHNE TEXHOJIOTUY [Tl U3BJICUEHMSI IUHKA U3 PaCTBOPOB
MyTEM 3JIEKTPOJIH3a TpeOyeT BBHICOKOW CTENEHHM OYHMCTKHM PacTBOpa M OOJIBIIHUX
JIOTIOJIHUTENBHBIX 3aTpaT [6]. B ruapomMeTamrypriuueckux crnocodax u3BIedYeHus ITHKA
HCIOJIb30BAHUE CEPHOM KUCIIOTBI ITPEAIIOYTUTEIBHEN, BBULY €€ JEIEBOM CTOUMOCTH,
OTHOCHUTEJIBHOM HKOJIOTUYHOCTH, YTO 00ECIeUrBaeT OOJIBIIYIO CTEIEHb W3BJICUCHUS
[IMHKA, Ye€M COJIsiHas U a3oTHas [7, 8].

JUist TUAPOMETATYPIMYECKUX MPOLIECCOB OCHOBHBIM HEJOCTAaTKOM SIBJISIETCS
NPUCYTCTBUE 3HAYUTEIBHOIO KOJIHWYECTBA NPUMECEH, KOTOPBIE OKA3bIBAKOT
CYLLECTBEHHOE BJIMSHUE B CTOPOHY ITOBBILLIEHMS 3aTPAT U CHUKEHHUE LIEHHBIX METAJIOB.
Tak, B 4aCTHOCTH, MPUCYTCTBUE COJIEH Ke€Je3a B MOIYyYaEMbIX pacTBOpPaX CHUXKAET
W3BJICYEHHE LIMHKA U IPYTUX LIEHHBIX METAJJIOB B TOBAPHBIE MPOJTYKTHI 110 BCEH LEMOYKE
TEXHOJIOIMUYECKON cXeMbl. OTHUM U3 IEPCIIEKTUBHBIX IMPOMETAIUTYPrUYECKUX METOIOB
SIBJISIETCSI M3BJIEUEHUE LIMHKA U3 CII0XKHOTO BTOPUYHOIO ChIPbs C MCIIOJIb30BAaHUEM
TEXHOJIOTMH XJIOPUPOBAHUS IIUHKA COJIIHOM KUCIO0TOH [9]. OnHako, ¢ mpakTUYECKON
TOYKHM 3pPEHHS HCIOJb30BaHUE B KadecTBe peareHta HCI siBisieTcs omacHbBIM U
BpeIHBIM. B 3TOl CBSI3M M3bICKaHHE CIIOCOOO0B XJIOPUPYIOLIETO CHEKAHHsI IIUHKOBOM
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TIBLIH C UCTIOJIb30BaHUEM 0OJIEE IEMIEBBIX U O€30IaCHBIX peareHToB, Takux Kak CaCl,,
IPEJICTABIISIETCS aKTyaJIbHBIM U IEPCIIEKTUBHBIM.

Lenp nanHOM pabOTH — HCCIELOBAaHUE MOBEACHUSA LIMHKA U CBUHLA MPH
BBICOKOTEMIIEpPATYPHOM CIIEKAHUM KJIMHKEpPA COBMECTHO C XJIOPUJOM KaJbI[Us
U yCTAHOBJIEHHE ONTUMAJIBHBIX TEXHOJOTMYECKUX IapaMeTpoB Ipolecca. B
IIPOLIECCE IPOBEACHHBIX MCCIEA0BAaHUN M3Y4YE€HO BIMSHUE TEMIIEpATyphl U pacxoia
XJOpHJa KaJdblUs HAa paclpe]eleHue IUHKAa U CBHHLA MEXIY NPOAyKTaMu
BBICOKOTEMIIEPATYPHOT'O CIIEKaHUS.

Martepunan 1 MeTOAbI HCCICAOBAHUSA

B kauecTBe MCXOAHOrO MaTepuaja UCIOJb30BaH KIMHKED, NOJYYEHHBIN B
pe3yJbTaTe HU3KOTEMIEPAaTyPHOT'O CIIEKaHUs IBUIH OT NepepaboTKH YEpPHOTO JIOMa B
anekrpoayrosoit neun TOO «Kaszdeppocrans», cocraBa, % macc.: 49,46 Zn; 0,22 Pb;
18,97 Fe; 6,69 Si0,; 4,9 CaO; 18,67 O; npoune.

Crniexanue IpOBOJMIN B TOPU30OHTANBHOM 3nekTponeun Nabertherm 50/250/12 ¢
TEPMOPETYIUPYEMbIM KOHTposuiepoM B410. B kauecTBe KOHTeHHEpa IS 3arpy3Ku
UCXOAHBIX MaTEPUAIIOB UCIOIb30BaHbl AyHA0BbIE J10A0UKH (120X60%20 MMm).

Uccnenosanne Biusnus pacxona CaCl, u TeMneparypbl Ha M3BIEYEHHUE LIMHKA U3
KJIMHKEpa, MOJIyYeHHOI'0 TOCIe CIeKaHUs HEMAarHUTHOM (ppakiuu MbUTH COBMECTHO
C XJIOPUJOM aMMOHUS, IPOBOJMUIN C UCIOJIb30BaHUEM J1a0OPATOPHON YCTaHOBKH,
o IpoOHO M3NI0KEeHHOH B padote [10].

Meronuka npoBeAeHus ONBITOB 3aKJII0YalIach B cienyromeM. KinHkep, nosyueHHbIH
[0CJI€ HU3KOTEMIIEPaTypHOro 0OKUIra HEMarHUTHOM (Ppakiuy MbUIM, CMELINBAIHU C
3aJaHHBIM PacX0JI0M XJIOPH/IA KAJIbLIMS B Pa3JIMUHBIX MAaCCOBBIX COOTHOIIEHUX. Pacxon
CaCl, samaBamu u3 pacuera ot 1,0 mo 1,5 pasa (momu or CHK) npesbimaromuii ero
crexuomeTpudeckoe Heooxoanmoe konndectBo (CHK) nns BoccTtanoBneHus okcuaa
[IMHKA ¢ 00pa30BaHUEM €ro XJIOpUJa.

Temmneparypusliit uHTEpBa onbiToB — 873-1273 K (600-1000 °C).

KonndecTBo MCXOJHON HaBECKH KJIMHKEPA BO BCEX OMBITaX OBUIO MOCTOSHHBIM
u coctapysuio 100 . Cmech kmuukepa ¢ 3ananubiM pacxoaom CaCl, BeinepxuBau
IpY TOCTOSIHHOW TeMIlepaType B HHEPTHOM aTMocepe aproHa, KOTOpbIN MOJaBai B
PEaKIIMOHHYIO 30HY Ie4H co CKOpocThio 100 mi/MuH. Pacxom aprona KOHTpOIUPOBAIH
¢ noMo1ubto poramerpa PM-I'C 004 KJI4.

[IpomomKUTETPHOCTh 00XHra BO BCEX OMbITaX OblLIa MOCTOSHHON M COCTaBIIsIA
60 muHyT. OTXOASIIIKE Ta3bl OTJIOAINCH B CIIEHUATIBHOM COCYJE C U3BECTKOBBIM
mosiokoM. Ilo ncredenne HEOOXOAMMOro BpEeMEHHU O0XKHUTra Ieyb BBIKIIOYAIU U
OXJIaJKJaJu B MOTOKE aproHa. Ilocie ocThIBaHMS €YU JIOJOYKY C COAEPKUMBIM
KJIMHKEPA U3bIMaJIH, B3BELIMBAJIN U [10/IBEPTAIY aHAJIN3Y HA COJIEP/KAHUE B HEM LIUHKA,
CBUHIIA U JKEJ€3a.

Kax b1t onbIT pu 3a1auHoM Temneparype u pacxone CaCl, mosropsiim Tpu pasa
C LIEJIbIO MOTYYEHMSI JOCTOBEPHBIX PE3YJIbTATOB. 32 KOHEUHBIN pe3y/IbTaT IPUHUMAIIH
YCPEIHEHHOE 3HaUCHHUE.

KonnuecTBo BO3roHOB OIIPEAEIISIIN 10 PA3HUIIE HCXOAHON HABECKH U ITOJTyYEHHOTO
KJIMHKEpa ¢ y4€TOM COAEpKaHMsI B HUX CBUHIIA, IUHKA U JKEJIE3a.
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Ilo pesynpTaTam SKCIIEPUMEHTAIbHBIX ONBITOB PACCUNTHIBAIIN U3BJICUEHUE [IUHKA
U CBUHIIA B IPOAYKTHI CIIEKAHUS C IPOBEJEHUEM CPAaBHUTEIILHOTO aHAIN3a JaHHbIX.

Pe3yabTaThl OIBITOB M X 00CYKICHUE

HccnenoBanye BIMsAHYS TEMIIEPATY bl HA U3BJICUEHUE LIMHKA M CBUHIIA U3 KIIMHKEPA.

Pe3ynbTaTsl ONBITOB IO M3YYEHUIO BIHUSHUSA TEMIIEpATypbl HA OCTATOYHOE
COJIep’KaHuE IIMHKA ¥ CBUHIA B KJIMHKEPE, IIOJYyUYEHHBIE IIPH IOCTOSIHHOM BPEMEHHU
cnexkanus, t=60 munyT 1 pacxone CaCl, B 1,3 pa3a NpeBbILIIAIONIEM CTEXHOMETPUYECKOE
HeoOxoaumoe ero konmuuecTBo (CHK) nmiast BoccTaHOBIIEHUS! OKCHAA LIMHKA JI0 €T0
XJIopuJa, moka3zanel Ha puc.l. M30bITOK X0pHuaa Kanblus BBIOpaH C yYETOM €ro
pasoxKeHus 10 OKCHIa ¥ 00pa30BaHusi ra3000pa3HOro XJIopa B IPUCYTCTBHE KUCTIOPOIa
B CUCTEME.

Pucynok 1 — 3aBucumocTs cofiepkaHusl HUHKA U CBUHIIA
B KJIMHKEPE OT TEMIIEpaTyphbl

Ha puc.1l BunHo, 9To B mHTepBane temrepatyp 600—-700 °C nabmomaercs
MOHOTOHHO€ CHM)XEHHE COJEpXaHMs IUHKa B KiIuHKepe ¢ 49,46 % no ~30 %.
B paccmatrpuBaeMoM oTpe3ke TeMIepaTyp MOXKHO MPEJINOJIOXKHTh O Hadaie
0o0pa3oBaHUs XJOpHA IIMHKA 32 CUYET B3aWMOJICHCTBHSA OKCHAA LIMHKA C XJIOPHIOM
KaJbLIMs C HE3HAYUTEIBHBIM IIEPEXO0/IOM IIMHKA B BO3TOHBI B BUE Xyopuaa. [lanHoe
SIBJICHHE XOPOIIO COTJIACYETCsl C TeOpHel mpoliecca pas3sIoKeHHs XJIOpHUaa Kaablus
B mpucyTcTBUE Kucnopona no peakuun: 2CaCl +0,=2Ca0+2Cl,. O6pasyrommuiics
aKTUBHBIA Tra3000pa3HBI XJIOp, BCTYMasi BO B3aUMOJCHCTBHE C OKCHIOM IIMHKA,
BOCCTaHABJIUBAET €ro J0 XJopujaa muHka. B obmactu temmeparyp 600-700 °C
yIPYTOCTh AUCCOLMAIIIH 00pa3yomErocs XJI0pua IMHKA He BEJIMKa, TEM HE MEHEe,
MOKHO OXHMJaTh HE3HAUUTENIbHOW €ro BO3TOHKH. [0 JOCTHKEHUH TOYKU KHUTICHUS
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xsopusa muHka (732 °C) u BeIie, cIeayeT 0XKHUIaTh, KaK MHTEHCU(HUKAIIH ITpoliecca
pasIoKEHUs XJIOpUa KaJbLUs, TaK U 00pa30BaHUs ra3000pa3HOro XJIOpUAA LUHKA
3a CUeT B3aMMOACUCTBHS XJIOpa ¢ OKCUIOM IMHKA. OOpa3yIONMACs IPH 3TOM XJIOPUL
IIMHKA, 00JIaZiaeT BHICOKOM yNPYTOCTHIO Mapa, YTO BEAET K PE3KOMY €ro Mepexoiy B
BO3TOHBI. DTO HalmoaeTcst Ha puc.l: nmpu Temneparypax Boite 700 °C cogeprkanue
LIMHKa B KJIMHKepe pe3ko cHikaercs ¢ ~30% u poxoaut ao 8 % mpu temmeparype
800 °C.

MunuMmanpHOE COJiepKaHUE LIMHKA B KiIUHKepe paBHoe 0,85 % AOCTUTHYTO
npu temuneparype 900 °C. Janpneiimui poct temneparypsl 1o 1000 °C Bener
JMIIb K HE3HAYUTEIILHOMY CHMKEHUIO COJIEpKaHUs LUHKa B KiauHKepe a0 0,77 %.
DTO CBUAETEIBCTBYET O TOM, YTO B YCJIOBHSX BBICOKOTEMIIEPATYPHOI'O CIIEKAHHUS
B uHTepBaie temneparyp 700900 °C mpouecc pa3noKeHHs XJI0puia KalabLus C
o0Opa3oBaHHEeM Ta3000pa3HOTO XJIOpA 3aBEPILACTCS MPAKTUYECKH IMOJIHOCTBHIO, YTO
o0ecreynBaeT NOJHOE BOCCTAHOBJIEHUE OKCHIA IIMHKA 10 XJIOPUIa M MAaKCUMAIIbHYIO
BO3IOHKY IIUHKA B BUJIE €T0 XJIOPHUJIA U3 KIMHKEpA.

B uccnenoBaHHOM MHTEpPBale TEMIIEPATYP YCTAHOBJIEHO CHM)KEHUE CONEPIKAHUS
cBuHLa B KinuHKepe (puc.l). IIpu 3TOM, y4UTBIBasi HE3HAYUTEIBHOE COJECpPKAHUE
cBuHIIA B ucxogHoMm matepuaie (0,2 %) MOXKHO yTBEp>KIaTh, YTO KOJIUYECTBO
BBIJIETISIIOLIETOCS CBUHIIA B BUJIE €TI0 XJIOPU/AA B BO3TOHBI, CYIIECTBEHHOIO BJIUSHUSA
Ha Ka4yeCTBO I10JIy4a€MbIX LIUHKOBBIX BO3TOHOB HE OKAXET. DTO HETPYAHO BUJETH HA
pHcC.2, T1e TI0Ka3aHa AMHAMUKAa U3MEHEHMS COJEPKAaHUs [IMHKA U CBUHIA B BO3TOHAX
OT TEMIIEPATYPHI.

PucyHok 2 — 3aBUCHUMOCTB COJIepKaHus IUHKA U CBUHIIA
B BO3IOHAaxX OT TEMIIEpaTyphbl
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MakcumanbHOE coJepxKaHue LUHKa B BO3roHax paBHoe 40,25 % HOCTUTHYTO
npu temueparype 900 °C. HanpHeliee yBenuuenue remneparypst 10 1000 °C nunib
He3HauuTeNbHO, 10 40,88 %, MmoBbIIAET COAEpKaHUE LIMHKA B BO3TOHAX, OJJHAKO
IIpU 3TOM HaOJIIONAIOTCS YYAaCTKU OIJIaBJIeHUs KiInHKepa. Kak BUIHO Ha puc.2 mpu
temnepatype 900°C, obecrieunBarolieil MaKCUMaIbHOE COJIEpyKaHUe IIMHKA B BO3TOHAX
(40,25 %), comepkanne cBUHIA cocTaBisieT Bcero jauib 0,16 %, KOTOpol MOXKHO
MPAKTUYECKH MIPEeHEOpEYb.

ITomyuenHble pe3yabTaThl HOKA3bIBAOT, UTO JJIS1 yCIOBUN BBICOKOTEMIIEPATYPHOIO
CHEKaHMs KJIMHKepa XJOPUJOM KalbliUg Hambojee mpuemieMon (ONTUMaIbHOM)
temreparypoit sBasercs 900 °C. C gpyroil ctopoHbl, Haubojaee 3HAYUMBIM
TEXHOJOTHYECKUM IapaMEeTPOM TEXHOJOTUU SABJIAETCS PAcXoJ] XJIOPHUAA KajbIus,
OIpEJIEIEHNE ONTUMAJIBHOIO pacxojila KOTOPOro BO MHOTOM BIIMSIET HE TOJIBKO Ha
TEXHOJIOTMYECKHE [10KA3aTENIN TEXHOJIOTUH, HO M SKOHOMHYecKUE. C LENIbI0 yTOUHEHUS
ONTUMAJIBHOTO Pacxoja XJIOpHua KajblHs ObUTH MPOBEACHBI OIBITHI MO CHEKAHUIO
KIMHKepa ¢ pasnmuunbiM pacxonom CaCl, mpu nocrosunoi Temneparype 900 °C u
BpeMeHH, t=60 MUHYT.

Uccnenosanue Biusuus pacxona CaCl, Ha u3BjIe4YeHHE IIMHKA U CBUHIA W3
KIMHKEpa

N3meHeHue coaeprkaHus IMHKA U CBUHIIA B KJIIMHKEPE B 3aBUCUMOCTH OT pacxo/ia
XJIOpUAa KajJdblus MOKa3aHa Ha puc.3.

Pucynoxk 3 — 3aBucuMOCTh U3MEHEHUs coAepkanus Zn u Pb
B KJIMHKEPE OT pacxo/ia XJIOpUaa Kaablus
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Y CcTaHOBJIEHO, UTO COJIEP KAHUE LIMHKA B KIIMHKEPE PE3KO CHYYKAETCS IIPU ITOBBILLIEHUH
pacxona xyiopua kansuus ot 1,0 1o 1,3 pa3a npeBbIILIIAIOLIETO €70 CTEXMOMETPUYECKOE
HeoOxoaumoe kommuecTBO (CHK) mist BoccTaHOBIIGHUST OKCHIA IIMHKA 70 XJIOpU/A.
B paccmarpuBaeMoM HMHTEpBale COJEp)KaHUE LIMHKA B KIMHKepe najnaer ¢ ~4 % 1o
0,85 %. Manpueiimmii poct CHK cy1iecTBEHHOT0 BIMSHUSA Ha CHUYKEHUE CONEPIKAHUS
LIMHKA B KJIMHKEPE He oKasbiBaeT: npu pacxone CaCl, B 1,5 pasa npeBblmaromuii ero
pacxon ot CHK, conepxanue nunHka B kiauHkepe coctasisger 0,78 %. IlomyueHHslit
PE3yNbTAT yKasbIBa€T, YTO BhIOOp onTuManbHoro pacxona CaCl, pasnoro B 1,3 pasa
npesbimatomuii ero pacxon ot CHK, siBisiercst BmosiHe o60ocHOBaHHBIM. JlanbHeimnit
POCT pacxojia XJIOpU/a KaJbIHs SKOHOMUYECKH HeleIecoo0paseH.

Kak ormeuanoch Bblllle, HE3HAYUTEIBHOE U3MEHEHUE COAEP)KAHUS CBHUHIIA B
CTOPOHY €TO CHUKEHHUS B KIIMHKEPE B 3aBUCMMOCTH OT pacxoza CaCl, cyniecTBeHHOro
BJIMSIHUS HA TEXHOJIOTMYECKHE [T0KA3aTEIN TEXHOJIOTUU HE OKAXKET.

Y cTaHOBIIEHHBIE 3aKOHOMEPHOCTH OIPEAEIISIIOT I10JIy4aeMbIi B [IPOLIECCE CIIEKAHUS
cocTtaB Bo3roHoB. Ha puc.4 nmpuBeneHs! pacueTHbIe 3HaueHUs (YOPMUPOBAHHS COCTaBa
BO3TOHOB, TOJIy4EHHBIX NIPH pa3nu4aHoM pacxone CaCl,.
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Pucynoxk 4 — 3aBUCHUMOCTD COZICp)KaHUS IIMHKA U CBUHIIA B BO3TOHAX
oT pacxoja xyuopuaa kaneius: T=900 °C, t=60 munyT

Kak BunHO Ha puc.4 coepkaHue [IMHKA B BO3TOHAX MOBBIIIAETCS C YBEINYCHUEM
pacxona CaCl,. B unrepsaine pocra pacxona CaCl, ¢ 1,0 no 1,3 pasa npeBblmaromero
ero pacxon ot CHK, conepkanue 1nMHKa B BO3roHax yBennuuBaercs ¢ 36,23 % o
40,87 %. Hanbneimmii poct CaCl, 1o 3Havenns 1,5 pasa NpeBbIIIAIONMINGA €r0 PACXO
ot CHK, nums He3HaunTenbHo 110 41,3 % moBblIaeT cojep kaHue MHKA B BO3TOHAX.

Ha ocHOBaHMM MOJIy4EeHHBIX pe3yJIbTaTOB PACCUUTAHbl 3HAUCHUS M3BICUCHUS
[IMHKAa U CBUHIIA B IPOJIYKTHI CIIEKaHUs. 3aBUCUMOCTh MU3BJICUCHHUS [IUHKA U CBUHIIA B
IPOyKThI criekanus oT pacxoza CaCl, mokasana Ha puc.5.
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Pucynoxk 5 — 3aBucumocts uszBiedenus Zn u Pb
B MPOJIYKTHI CIIEKAHUS OT PacX0/ia XJIOPH/Ia KaIbIIHs

Hawnyummue pe3ynbTaThl MO M3BJICYCHUIO IIMHKA B BO3TOHBI JJOCTUTHYTHI MPHU
pacxone CaCl, B 1,3 pasa npesbimarontiem ero pacxoxa ot CHK, koropoe cocraBuio
99,3 %. Ilpu 3TOM, XOTSI ¥ YCTAaHOBJIEHO BBICOKOE M3BJICUCHHE CBHHIIA B BO3TOHBI
(90 %), 3HauMTENBHAS €TO YaCTh KOHLEHTpUpyeTcs B Kauukepe. [Ipu pacxome CaCl,
=1,3 or CHK, u3Bneuenue cBuHIA B KIMHKEP cocTaBiseT ~10 %. YcraHoBIeHHbBIE
JTaHHbBIE MTOKA3bIBAIOT IPEUMYIIECTBEHHOE y1aJIeHHE [IMHKA U3 KIIMHKEpa U IOJTyuyeHue
BO3TOHOB XJIOPUJIA IIMHKA BBICOKOTO KaueCTBa.

Takxum 06pa3om, Ha OCHOBaHUH MPOBEIEHHBIX JTAOOPATOPHBIX OIMBITOB OIMPE/IEIIEHBI
ONTHUMAJIbHBIE TEXHOJOTMYECKHE MapaMeTpbl BRICOKOTEMIIEPATyPHOTO CHEKaHUs
KIIMHKepa, 00eCcIeunBaroIIHe MOJTyYeHHE YUCTHIX IUHKOBBIX BO3TOHOB C MUHHUMAaJIbHBIM
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cozepkaHueM cBuHLA. [Ipu ontuMansHbix napamerpax npouecca: T=900 °C, t=60
munyT, pacxox CaCl, B 1,3 pasa npesbimaromuii ero pacxox or CHK, nocturmyro
MOJTyYeHHE IMHKOBBIX BO3TOHOB BBICOKOTO KauecTBa, % Macc.: 40,87 Zn; 0,16 Pb;
npouue. M3BieueHne nuHka B BO3roHsl — 99,3 %.

BriBoabI

Ha ocHOBaHMM NpOBEIEHHBIX ONBITOB YCTAHOBJIEHB! ONTHUMAJIbHBIE IIApaMETPhl
IIPOIECCa BBICOKOTEMIIEPATYPHOI'O CIIEKAHMS KIMHKEPA COBMECTHO C XJIOPHUAOM
kanpuus: T=900 °C, t=60 munyT, pacxox CaCl, B 1,3 pa3a npeBbIIIAIOLINI €70 PACXO]
ot CHK. Iloka3zaHo, 4To Ipu ONTUMAJIBHBIX [TapaMeTpax JOCTUTAETCs BEICOKOE, Ooee
99 %, n3BNeYEHNE LIMHKA B BO3TOHBI B BUJE €ro xjopuzaa. IlomydeHsl IMHKOBBIE
BO3T'OHBI ¢ BEICOKUM, Oosiee 40 %, conepxanueM uHKa. [Ipy 3ToM coeprkanue CBUHIIA
B BO3TOHaX MMUHMMaJIbHOE U cocTaBisieT 0,16 %, KoTopoe Ha KauecTBO MOIydacMbIX
IIUHKOBBIX BO3TOHOB CYLIECTBEHHOI'O BIMSHUS HE OKa3bIBAET.

[TosydeHHBIE MOJIOKUTENBHBIE PE3YJbTAThl IPOBEAEHHBIX HUCCIEA0BAaHUN
MO3BOJIAIOT CHOPMYJIUPOBATH HOBYIO KOHIEIIIHMIO TEXHOJOTHHU JIBYXCTaJIUIHOM
nepepaboTKU MbUIH YepHOM MeTautypru. COrjacHO TEXHOJIOTHH IpeiaraeTcss Ha
NIEPBOM CTaJAUU ITyTEM HU3KOTEMIIEPATYPHOIO CIIEKAHUS ITBUIM COBMECTHO € XJIOPUIOM
aAMMOHHSI CEJIEKTUBHO U3BJIEKAaTh CBUHEL B BO3TOHBI B BUJIE €T'0 XJIOPU/A, U Ha BTOPOU
CTaJIuH — U3 MOJYYCHHOTO KIMHKEpa MMOJy4yaTh [IHHKOBbIE BO3TOHBI (XJIOPH]I LINHKA)
BBICOKOI'O KaueCTBa.

Hcnosip30BaHue XJIOPUPYIOMIEH TEXHOJOTHH JJI MepepabOTKH MBI YepHOM
METAJUTypIUH 3HAUUTEIBHO IIOBBICUT TEXHOJIOT0-IKOJIOTMYECKHE [TOKA3ATEIN OCHOBHOT'O
IPOU3BOJICTBA CTAJIM U (PEpPOCILIIABOB 32 CUET BOBJICUECHUS Ha ITepepabOTKy KaK TEKYIIHE,
TaK M HAKOIUICHHBbIE B OONBIINX 00BbEMax IMbUIA C MOJTYYCHHEM JOIOIHUTEIbHBIX
TOBApPHBIX ITPOJYKTOB — CBUHIIOBBIX U IIUHKOBBIX BO3TOHOB BBICOKOI'O Ka4€CTBA.

HcTouynuk puHaHCHPOBAHUSA

HWccrnenoBanus MpoOBOAMINCH B paMKax IpaHTOBOro (huHaHcupoBanus Komurera
HayKM MUHUCTEepCTBa HayKH M BbIcIIero oOpazoBanus PecnyOiuku Kazaxcran Ha
2023-2025 rozpl 0 NPUOPUTETHOMY HaIpaBileHUIO «PalnoHanibHOE UCTIOIB30BaHUE
BOJIHBIX PECYPCOB, )KMBOTHOT'O M PACTUTEIBHOIO MUPA, 3KOJI0TUs» 1poekta AP19679572
«Pa3paboTka HOBOW TEXHOJOTUU YTHJIM3ALMKA LMHKOBOW IMBUIM CTAJEIIaBUIBHBIX
IIPOM3BO/ICTB C IOJIy4YEHUEM TOBAPHBIX IPOAYKTOBY.
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Kanvyuii  xnopudimen  Oipee  xaumkepOiy — dico2apvl  memMnepamypansl
Kyuoipy 6HiMOepi apacviH0a Mbulpblil NeH KOP2AaCbiHHbIY O6NIHIN MAapaiyblHd
MeMnepamypanvly,  MOMbIKCHI30AHObIP2bIUL  WLISLIHLIHBIY — JICOHe  hpoyec
Y3aKmbl2blHblY dCepPin 3epmmey OOUbIHUA 3ePMXAHATBIK, HOMUICENep KeamipiieeH.
700 °C-mawn orcoeapvl memnepamypada KiuHKepoesi Mulpblul MOaumepi Kypm
memeHOeumini  anblkmanovl. Kiunkepoesi mulpbluimoly MUHUMAObL  MOAUEDT
0,85 % 900 °C memnepamypaoa kon osicemxizindi. Temnepamypanvr 1000 °C-
Ka Oellin KemepeeHoe KIUHKepOe2l MbIpblUmbly MOIUePiH a30an memeHOeuoi
(0,77% oetiin).

CaC12 wivtevinvin CKM wvievinvinan 1,0-0en 1,3 eceee Oeiiin apmmuipeanoa
ywrpinoapoa moipviut monuepi 36,23 %-oan 40,85 %-ea oetiin apmadvr. CaCl,
WIBI2LIHBL 00AH 9PI OCYI YUKLIHOAPOa2bl MuIpbluL MOUlepine a30an acep emeoi.

Knunxepoi kanoyuti xnopudimen Oipee dcozsapbi memnepamypaivl Kyuoipy
npoyeciniy oymaiivl napamempiepi oprHamwiiovl. T=900 °C, t=60 munym,
CaCl, wiebinvl onviy CKM wwievinvinan 1,3 ece xon. Koeapwr cananvl mvipblu
yukbiHOapul anvbinovl, % macc.: 40,87 Zn; 0,16 Pb; backanap. Meipviuwmol ywkbinaa
oonip any — 99,3 %. Ywkbinoapoa KopeacblHHbIY MUHUMALObL MOIUEPIHIY O0TYbl
0N1apObly Canacvlia Aumapivikmai acep emneuoi.

Anvinean Homudicenep xKapa MemaniypeUsHulY KYypAMbIHOA KOopeaculd 6ap
MbIpLLUL WAHBIH OHOeYOil XA0PAAY MEeXHONOSUSCHIHbIY COH2bl Ke3eHiHiH He2i3iH
KYpatiobl JHcoHe MbIpblild NeH KOPaacbiHObl MAyapivlk oHimoepee celekmugmi 6o.in
ANy YWIH JHCANbL MEXHOIOSUAHBL KYPYOd KOLOAHBILIAOYL.

Kinmmi co30ep: way, kKnunkep, Kaavbyutl X10pudi, Mulpblild, KOp2Aacsit, 60.1in any,
memnepamypa.
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DISTRIBUTION OF ZINC AND LEAD BETWEEN PRODUCTS OF HIGH-
TEMPERATURE BURNING OF CLINKER WITH CALCIUM CHLORIDE

The results of laboratory experiments on the influence of temperature, reducing
agent consumption and process duration on the distribution of zinc and lead between
products of high-temperature burning of clinker together with calcium chloride
are presented. It was found that at temperatures above 700 ° C, the zinc content in
the clinker decreases sharply. The minimum zinc content in the clinker is 0.85 %
achieved at a temperature of 900 °C. An increase in temperature to 1000 °C only
slightly reduces the zinc content in the clinker (up to 0.77 %).

An increase in the consumption of CaCl, from 1.0 to 1.3 times higher than its
consumption from the SRQ increases the zinc content in the distillates from 36.23 %
10 40.85 %. A further increase in the consumption of CaCl, has little effect on the zinc
content in the sublimations.
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The optimal parameters of high-temperature burning of clinker together with
calcium chloride have been established: T =900 °C, t= 60 minutes, the consumption
of CaCl, is 1.3 times higher than its consumption from SRQ. High quality zinc
sublimates were obtained, % by weight: 40.87 Zn, 0.16 Pb; others. The extraction
of zinc into the distillates is 99.3 %. The presence of a minimum lead content in the
distillates will not significantly affect their quality.

The results obtained form the basis of the final stage of the chlorinating
technology for processing lead-containing zinc dust of ferrous metallurgy and are
used in the construction of a common technology for the selective extraction of zinc
and lead into commercial products.

Keywords: dust, clinker, calcium chloride, zinc, lead, extraction, temperature.
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BAPUATUBTI KbIChIMb! KOSIGAHY APKbIfbl KABbIK MILLIHOEPIHIH
MEXAHUKAJIbIK XXOHE TEXHOJOIUsiNbIK KACUETTEPIH APTTbIPY

Kyro canacvin anvixmaiimuii Manui30bl MEXHOIOSUSALLIK NPOYeccmepoiy 6ipi —
Kyto Kanvlnmapuln scacay. Maxanada Kym-wativipivt Kanein (apul xapat — KIIK)
APKbLIbL JiC02apbl  CANAnbl KYUMAIapobl any MOCeNeCiHiy Kaszipel dcazoatiblia
manoay ogscacanvinaovl. KILUK apxvlibl MUHUMAIObl navi30eH canaivl Kyumaiap
Jrcacayea MyMKiHOIK Oepemini aHblKmanosi, 0ipaK MyHOAU Kyl KalblNMAapbiHblH
Kemuwiiniei OalnaHbICMbIPSLIUMbIY  HCO2APbl KYHbI — MePMOPeaKmuemi uaiivlp
nynveepbaxenum. Hezizei bazvimmapowiy 6ipi Kanbinmoly KyHblH MOMEHOemy Yl
OananbICMubIpeblid KYPAMbIH A3aiimy apKblibl AHLIKMAIbIHObL, 0eMeK, mymacmatl
an2anoa Kyl KAalblnmay npoyeciHoe KblCbIMObl KONOAHY APKbLIbl MOMeHOemyee
bonameinbl anvikmanovl. 3epmmeynep KLIK Kypamvinoazvl 6atiianblcmuipebliiumoly
KYpamuvlH — aszaumyea MyMKIHOIK OepemiH 6apuamusmix —KblCbIMObl  KOLOAHY
AHCAZOAUBIHOA MEXHOLOSUSIBLIK pedcumoepoi nvicvixkmayaa bazvimmanzan. Ocvlaan
Oainanbicmvl  KaiblnmapolHbly  Kacuemmepin JicoHe oaapovly OYKil Kejiemoe
Oipkenxinicin ~ pemmeyoi KAMMAMACHLI3  ememin  MeXHOIOSUANbIK — Npoyecmi
Jrcemindipyee  Oasbimmansan 3epmmeyiep 63ekmi 0oavin  mabwviiadvl. Ky
Kanblnmapuli 6HOIpyoeci Manbi30bl Mocele — OAApObIH KYpambl O0IbIn MabbiiaobL.
Hocmyp 6ouvinwa Kaneinmapowly Heeizei KOMROHeHmmepi moamvipeviud (Keapy
KyMbl) OJicoHe OaillaHbicmuipablid  (watiblpovly  0ip mypi — nyaveepbaxeium)
boavin madwviiaosl. Hezizei komnonenmmepoen Ooiek KepoCuH JHcoHe MeXHUKALbIK
cnupm ceKindi Kocnanapovl 3epmmeyode KOAOAHuLIAO0bl. 3epmmeyiepoe wativlp
JHCOUbLI2AH Ke30e (peHon MeH AMMUAKMbIH OONIHYIHE OAUIAHBICTNGL JHCYMBIC OPHBIHOA
CaHUMAPbIK-CUSUEHANBIK, HOpMAnapel Kamay cakmanaovl. bapavievr 20-ea orcywik
0epeKKo3 Mandanobl.

Kinmmi ce30ep: Kym-wiaiibipaivl Kanvln, nyiveepbakeaum, Kyumd, apuamuemi
KbLCbIM, Cana, Kyr eHOIpici.

Kipicne

Kyi#imamapapiy canacel OOMBIHILA 3aMaHAyH OHIIPICTIH alFa KOWBUIFaH TaJlalnTaphl
KaHa KYIO0 OHAIPICIHIH JKaHA TEXHOJIOTHSUIAPBIH Maialanyabl HeMece JKeTUaipyai
tajan ereai. Kym-1maislp Kajaelll apKbLIbl alblHFaH KyWMaylap Kas3ipri yakbeITTa
613711H enze xacaablHOak . KyroabIH jKOFaphl canachlHa KOHE KaJBIITHIH OipKarap
apTHIKIIBUIBIKTAPhIHA KapaMacTaH, OyJI 9J1iC OHIIpiCTe KOJIJaHBUIMANIbI, OTKEHI
OJ1 KpIMOAT IaibIp/bl Oip peT KOoJAaHFaHHBIH ©3iH/e 0acKadapMeH CallbICThIpFaHia
ere KbiMOaTKa Tyceni [1]. OckiFan G6aliHAJIBICTBI, KYM-IIANHBIPIIBI KYIO KAJIbIITApbIH
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OHJIIPY/IIH TEXHOJOTHUSJIBIK MPOLECIH XKETULIpyre bIKIAaJ €TeTiH, aTan aiTKaHza,
KOCTaJarbl KbIMOAT 0aiiIaHBICTRIPFBIIITHIH (MyJbBEpOaKeNnuT) KYpaMbIH a3aiiTa
OTBIPBIIN, JKOFaphl OEPIKTIK MEH THIFBI3IBIKTH KaMTaMachl3 €TETiH XoHe Oacka
napameTpIepii TOMEHAETIEHTIH 3epTTeyep ©3eKTi O0IbII TaObUIa b

Kaneintel eHAipyAiH TEXHOJIOTHSUIBIK PEKUMIEPIHEH 0acKa, KOCIIAHBIH KYpaMbI
MaHBI3Abl Macene Ooubll Tabbutaasl. JlocTyp OoibIHIIA KaJdbIITapAbIH HET13ri
KOMITOHEHTTEP1 TOATHIPFBIII (KBapIl KyMbl) XKoHe OaillaHBICTBIPFBILI (IIalbIp) OOIBIIT
tabbL1aab1. Herisri koMmoHeHTTepaeH 6acka Kocnanap Aa KoianaHbuiaasl. Onap KepocHH
YKOHE TEeXHUKANBIK cupT [2; 3].

ONEeMIIK TOXIpUOeae KOMJAHBIIATHIH KYM-IIAHbIPIIBl KAJIBIITAPABIH HETi3r1
KypaMIapbl MEH OHIPY dICTEPiH KapacThIPaMBbI3.

Marepunangap MeH aaicrep

KyM-11aifbIpiibl KaJIbli aily YIIiH KOJIJaHbIIaThIH KoMIio3uuusuiap. Kasipri yakeitta
[4; 5; 6] Ky10 KaJIBINTapbIH OHAIPYAET] MIeTIIMEreH Maceenep i 0ipi, 0J1 KAJIBIITHIH
KeJieMi OOWBIHIIA TeXHOJOTHSIIBIK CHIATTaMallapbIHBIH O1pKEIKi eMecTiri OOJbIN
Tabbutaabl. by Tek KyM-cas3[pl KajbllITapFa FaHa KaTbICThl eMec. KyroplH apHaiibl
dJIICTEP1 J€ TEXHOJIOTUSUIIBIK MPOLIECTEP/l XKETULAIPY Il KaXKeT eTesi. Atan aiiTkaHna,
HIaiiKay apKbUIbI QJIBIHFAH KyM-IIaibIpIIbl MIIHASPIH KACHETTEPiH opTaliaiay yIiH
npecTey KOJAaHbLIa/IbI.

KansinTay KocnanapbIHbIH OKUIAEpiHiH 0ipi — KyM-IIaiblp Kocnanapbsl. MyHai
KocTajiapJiaH KYIO KaJIbIIITapbIH MalijajlaHy carnaibl KyiMallap bl aity /1bl KaMTaMachl3
ereni. Kyro nporecinin THIMIUTITIH apTThIPY KYIO KaJIBIITAPBIH XKacay TEXHOJIOTUSCHIH
KETUIIIPY KOKETTUTIrH Ty asipaasl [7].

ConbiMeH KaTap [8; 9], KaObIKIIa KyM-TIalbIp KATBINTAPbIH OHIPY/E A€ OChIHIaN
TEXHOJIOTHSIIBIK MiHAeTTep TYpP. KaObIK mimiHiHIH OHIKTIr KyMAbI-Ca3 bl MIIIHACPAIH
OMIKTITiHEeH epYyip a3 O0IFaHbIHA KapaMacTaH, KAOBIKThIH MEXaHUKAJIBIK KACUETTEPIHIH
Oipkenki eMecTiri (aTam allTKaHJa, KATTBUIBIK) OPBIH ayiajbpl. ATam aiTKaHaa, maiaa
0oFaH KaOBIKTHIH OipKeIKi eMec KbI3ybIiHa OaiiaHbICThI (KoOiHece MinliHHIH 0achIHA),
KaOBIKTBIH 11TK1 06JIIr1 KAOBIKTHIH CHIPTKBI OOIITHEH allbIPMAIIbUTBIFBI YIIKSH KATTHLIBIK
neH OepiKTIKKe he eKeHiHIE.

Ocpiran 0aiinaHbICThl (OPMAHBIH KACUETTEPIH JKOHE OJapJblH OYKUI Keiemie
OIpKEJKLIIriH peTTeyli KaMTaMachl3 €TeTiH TEXHOJIOTUSIIBIK MPOLECT] KETLaipyre
OaFpITTaJIFaH 3epTTEyJiep 63eKTi 0obI TadbuIaas [10].

KaObIK mimiHaepiH jkacayablH 3aMaHayd TEXHOJIOTHSICHI KOIITEreH JKaFaainapaa
TOJTBHIPFBILI KabaTTaH O0caTyFa MyMKIiHAIIK Oepeai, OyFaH KaObIKkTapabiH 30-35 kr/cm?
CO3bUTy OEpIKTIriH KaMTaMachl3 €TeTiH KyM-IIaibIp KOCTIaTapblH KOJIAaHY apKbLIbI KOJ
etkizimedi [11].

KyM-11aiibIp KOCTIaChIHBIH HET13T1 KOMIIOHEHTTEP1 TOJITHIPFBIII — KBapI] KYMBbIMEH
Oipre OailIaHBICTBHIPYIIBI 3JIEMEHT — MYJIbBEPOAKEINUT KOHE KOCBHIMIIA KEPOCHH
60 TabbuTa Bl Kepocunnen 0acka, 013 epiTKIIITI — TEXHUKAIBIK CIUPT jKoHE O0p
KBILIKBUIBIH OeJiek Konaanambl3. Ex ken taparan CD-011 mapkans! myapBepOaKeTuT
[12].
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TexHONMOrusIBIK MapaMeTpiepAiH 1IiHeH KbI3AbIpY TeMmIlepaTypacbiMeH Kartap
KBICBIM KOJIZJAaHBLIAIBI.

Kyto kaneinrapbIt sxacay aicrepi. KyroabiH apHaiibl oicTepine Ky OHIIpiCiHIH
OHJIaFaH dPTYPIIi TYpiiepi xkatajsl. EH am0Oeban aaictepin 0ipi — KaObIK KalbIITapbiH
KYI0 60J1bII Tabbu1a1bl. Byl 9/1ic €H yJIKkeH HOMEHKIIATypaHbIH, OpTYPJIi HiILiHAEp KoHe
eJIIIEMICP/IiH )KOFaphl canajbl KyiMaaapblH alyFa MYMKIHZIIK O6epeni [13].

CoHbIMEH KaTtap, 0ailIaHBICTBIPFBIIITHIH KYHBI (ITyJIbBEPOAKEIUT) CATBICTBIPMAIIBI
TYpae xKorapbl. COHIBIKTaH, 0ailIaHbICTRIPFBIITHI KOJIJaHYAbI a3aiTyFa bIKIAJ €TeTiH
TEXHOJOTHSUIBIK PEKUMIEP ©3€KTi OOJIBIN TaObLIA B,

JlacTyp OolibiHIIA, KAOBIKTBI KaJIbIITACTBIPYFa KOCIAHBI KbI3ABIPY apKbUIbI KOJ
xeTkizineni. JKpuly acepiHeH TEPMOPEAKTHUBTI IIANWBIP alIbIMEH >KyMcapaibl, KyM
OediekTepiMeH OalimaHbICabl, COJaH KeHiH KaWThIMCHI3 KaTassl [ 14].

Bepik KaOBIKTHI alTyFa MyMKIHIK OepeTiH OaFbITTapAbIH 01pi — KOCTIAaHbI TEPMUSITBIK
acepMeH mpectey Oousbim Tabwuiansl [15]. Anmaiiga, 3epTTeyiep KOpCceTKeHIeH,
BapHATHUBTI KbICHIM Ke31H/Ie KaOBIK alTapibIKTal OEPIKTIKKE KOJ )KeTKi3eAl. KpichiM bl
HIaWbIpABIH KYPaMbIHBIH ©3repyiHe colikec e3repty kepek. bypoe [16; 17; 18; 19]
0,25 MIla 6a3anbIK KbICBIMIBI KOJIJAHY >KOHE LIANBIPABI KYMCAPTY KE31HJE OHBI
0,30 MIla pmeitin KeTepy TOATBIPFBIIITH MIAWBIPMEH TOJBIK KalTay >KOHE KyM
TYHIPIIIKTEPiH THIFBI3 TOCEY apKblUIbl KaOBIK MIIIiHIH HBIFAWTYFa BIKMNAJI €TETiHi
aHBIKTAJIFaH.

KaObIKTBIH O€piKTIriH apTThIpy KOCHaJarbl 0alIaHBICTBIPFBIIITHI TYTHIHYIbI
azaiiTyra MYMKIHAIK Oepesll koHe CollKeCiHIle KaJbINTap bl )KOHE HOTUKECIHE
KylMamap/sl OHaipy i ap3anaarast [20].

Hatu:kesiep ’KaHe TaJIKbLIAY

BapuaTuBTi *KYKT€MEHI KOJIJaHa OTBHIPBIN KYIO KaJbIITapbIH jKacay OOMHBIHIIA
HET13I1 SKCIEPUMEHTTED KYPrizy. By skyMbICTa KBICBIMHBIH ©3T€pyiHiH KyM-IIalbIp
KaJIBIIITAPBIHBIH OCEPIKTIriHE dCEpiH 3epTTey MIHJAETI TypAbl. 3epTTeynepae 1-kectene
KEJTIpUIreH KOMIO3HULIUS KOJIaHbUIAIbI.

Kecte 1 — 3eprreyne KongaHbUlaThIH KOCIAHBIH KYpPaMbl

KommoneHT araysl Kocmanbiy naite3apik Memepi, %
1K020 mapxaisl KBapI] KYMbI 70
1K0315 mapxkainsl KBapL KYMBI 30
C®-011A mapxansl mynsBepOaKeIuT 4,5 (100 %-maH xoFapsl)
Kepocun 0,3 (100 %-naH >xorapsl)
Vaiir-ciupur 2,5 (100 %-man xorapsl)
Bop KbIIKbLIBI 0,1 (100 %-man >xorapsl)

BapuaTtusTi KbicbIMCBI3 (TYpakThl KbichiM 0,25 MIIa) sxoHe BapraTUBTI KbICHIM/IBI
KoJimaHa OThIphIT (0azanbik KeickiM 0,25 MIla, 6acranker yirarosl 0,30 MIla geitin,
conal keiiiH 0,2 MIla neliiH TeMeHETIIreH) KaTaliFaH KOCIIaHbIH MUKPOKYPbUIBIMBI
3eprrenai (1-cyper).
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a) 0)
Cyper 1 — Kocnia KypbUIBIMBI: @ — TYPAKThI KbICBIM;
6 — BapuatuBTi KbICHIM (*500)

Exinmri sxariaiiia TONTHIPFBINI OemekTepi 0ip-0ipiHe THIFBI3 OpHATAaCKAHBI aHBIK
KOPCETLIIN TYp, COHBIH apKachIH/a KOCITAHBIH THIFBI3/ILIFEI MEH OEpIKTIT1 apTaibl.

BipkaTap skcrnepuMeHTTep Kacay apKbUIbl KOCITAaHBIH MEXaHUKAIBIK JKOHE
TEXHOJIOTHSUIBIK KaCHETTEPiHE IMyIbBEpOAKETUT KYPAMbIHBIH OCEepiH aHBIKTAJIBIH/IBI.
TeXHOJIOTHSITBIK MPOIIECC KEJeCi/iel: apaacThpFaHHaH KeHiH KyM-IaibIp KOCIIACK
MalMHaHbIH OyHKepiHe Kyipuiasl. CochlH, Kocmackl Oap OyHKepli Kyiima yiritepi
0ap 230 °C-ka jeiiin KbI3IbIPhUIFaH MOJICIIBIIK TaKTara ayqapbliibl. COHBIMEH KaTap,
0,25 MIIa KpICBIM Oip yaKbITTa IIpecC TaKTachl apKbuIbl Oepinai. 10 cekyHaTan keiin
kbicbiM 0,30 MI1a neitin ketepini. Tarsl 10 cekyHATaH KeHiH KbI3ABIPY TEMIIEPATyPACHI
2-KkecTere corKec ©3repTuUII.

Yarinep xpicy OepikTiriHe, ra3 oTKIi3TiLITIriHE KOHE KeIip-OyABIpIbIFbIHA
seprreninai. Keicy 6epikriri Instron100 KOHABIPFBICHIHAA aHBIKTANALI. Kemip-
OyasipabireiH onmey TR 220 kemip-OyAsIpabl eiiey KYpaJblHBIH KOMeETiMeH
xyprizinai. ['a3 eTkizrimiri 043 15A a3 eTKI3TIIITITH eJIIIey KypalblHAa aHBIKTAJIIBI.
3epTTey HoTHXKeNepi 2—4-CypeTTep/ie KeNTipireH.

Kecre 2 — KaObIK KabINTaCTHIPBUIFAH Ke3/1e€ KBICBIMHBIH ©3Tepy IapameTpliepi
PexxumM HOMIpi Keiceim Memmiepi, MIla

0,25

0,30

0,35

0,40

0,45

DB W[ =

3eprTeynep KepceTKeHAeH, KaTThl KaObIK Maiijga OonFaHHaH KEHiH KBICHIMIBI
TOMEHJIeTKEeH >koH. JKamnmpl, KbBICBIMHBIH 3€pPTTEIETIH MOJIIIEPIHIH 03Tepyl ra3
OTKI3TIMITITiIHE dCcep eTmel1i, OUTKEeHl aJdblHFaH O0apibIK MOHJIEP KEYEKTI eMec
KyiiManap/ipl alyFa MYMKIHZIK Oepei.
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Cypet 2 — BapuaTHBTi KbICBIMHBIH KaOBIK KaJILIOBIHBIH
Keip-OyIbIPIIBIFBIHA DCEPi

Cyper 3 — BapuaTuBTi KbICBIMHBIH KaOBIK KaJIBIOBIHBIH KBICY O€piKTiriHe acepi
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Cypet 4 — BapuaTuBTi KbICBIMHBIH KaOBIK KaJbIOBIHBIH I'a3 OTKI3TIIITITIHE dcepi

Kanmer anranaa, KbICBIMHBIH JKOFapblIaybl Ta3 OTKI3TIMITITIH TOMEHIETE 1, all
KBICBIMHBIH TOMEH/ICY1 KyM OOJIIIEKTEPiHIH peJlaKcaIlusChl MEH allbUTybIHA OKeJe/l,
HOTIKECIH/IE T'a3 OTKI3TILITITIHIH *KOFapbliayblHa oKkenenl. KpIChIMHBIH TOMEHEY1
KeJIip-OyIbIPIIBIFBI a3, OEPIKTIr1 KOFAphl KaJIbIITap/Ibl allyFa MYMKIHAIK Oepei.

KpICBIMHBIH KOFapbUIaybIMeH OEpIKTIKTIH apTybl KbICHIMHBIH TOMEHCYIMEH
00JaThIH YIT1IEp/iH KbICHUTYbl KOCIIAHBIH peJIaKcalUsIChIHA KOHE 1IIK1 KEpHEeYJIepAiH
TOMEHIeyiHe OalIaHbICThI, OJapAblH 00ybl KaOBIKTa MUKPOCHI3ATTAP IBIH Taiaa
00JTyBIHA OKEJIE/I].

Konnanbiiran TEXHOIOTUSMEH KOCTIAHBIH KQKETT1 TEXHOJIOTUSUITBIK KOPCETKIIITEPiHEe
KOJI JKeTKI3Y YIIiH 2—3 % OalIaHbICTBIPFBIIITHI KOJIJJAHY KETKUTIKTI €KeH1 aHbIK.

Kocmaga 6aiiaHBICTBIPFBINITHIH a3 MOJIIIEPiH KOJJaHa OTBIPHIN, OHBIH
KOMITOHEHTTEPIHIH a/Ir€3UsChl MEH KOT€3UsChI KAJIBIIIThI OaJTKbIMaMEH TOJIThIPYFa TOTEI
Oepy YIIIH >KeTKIJTIKCI3 eKeHl aHbIK. bipniama »orapbl KypaMmbl IPaKTHKAJIBIK eMec,
OMTKEHI KaJIBITITHIH TEXHOJIOTHSUIBIK KOPCETKIIITEP] KOFapbUIaMaiIbl )KoHEe MYHIal
KAJIBINITHIH KYHBI apTajibl. 7—8 %-/1aH *KOoFapbl MyJbBEPOaKeTUT MOJIIIEP] apPTHIK CYIBIK
¢da3zaHbIH naiaa 00JybIHA OKEJe ] )KOHE KYHEHIH OCpIKTITT TOMEH ICH/II.

KopbITbIHABI

1 KyM-mailblp KaJbIITapblH K€3-KEJITeH KYI KOpPBITIAJapblHAH CaJIMAaFbl
0,2—-250 xr >xoHEe KaObIpFa KaJBIHIALIFBI 3—15 MM 60aThIH KyHMamapabl ainy Ke3iHze
COTTI KoJIaHyFa 0osaspl. KaObIKTapApIH KaJIBIHIBIFBI OpTallia KoHe ycaK Ky 6—15 Mmm
Kypaiiipl, 0yJ1 KocriaHbl YHEM/ICY/I1 KopceTe . by skaraaiina KaObIKIIaIbl KaJbIITapFra
KYIO YJIKEH OJIIeM/I1 DJIIIK Oepei, Oy KyimManap bIH ©31H/1K KYHbIHA Ja 9Cep eTe/Il.

2 KaObIK11asasl KyM-IIalbIp KaabIITaphl )KOFAPbl OEPIKTIKKE KOHE ra3 OTKI3TIIITIKKE
ue, OeiiM eMec: bUTFaJIBI CIHIPYTE, TOTUTYTE XKOHE KaTalTaThIH KOPHITIAHBIH IIOTy1HE
Kapchl TypyFa. COHbIMEH KaTap, oj1ap KyiiMa raiiia 0oJiFaHHaH KeWiH OHal Oy3bLIaIbl.
By xoFapsl enmeM/Il I9IIIIKKE Me KyHMaltapapl ay YITiH KOJIaHIbI KaFaai >kacai ibl.
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3 KanpinTay npoliecin/ie BApUaTUBTI KbICHIMIIBI KOJIJIaHy KbIMOAT Iy TbBEPOaKeTUTTI
naiiananyel a3aiiTyra MyMKIHAIK OepeTiHi kepceTinreH. bactankel KpicbiMbl 0,25
MlIla-na konmany, oHbI ABIpAb! xKyMcapTy ke3eHinae 0,30 MIla-ra neiiin apTThIpy
0aliIaHbICTBIPFBIITHIH KYpaMbIH 2—3 %-Fa TOMEHAETyre MyYMKIHAIK Oepeni.

4 Iaitb1pabl xymcapty ke3eHinae onbl 0,30 MIla neifin aprThipa oTsipsi, 0,25 MI1a
OacTankbl KbICBIMIBI KOJIJIaHy KAJIBIITHIH OCPIKTITiH apTThIPyFa *KOHE TEOJIOTHSIIBIK
KaXKEeTTi ra3 OTKI3TIIITITiH KaMTaMachl3 eTyre MyMKIHJIIK Oepei.

5 HlaiteipablH KaTarobl Ke3iHIe KbICHIMHBIH JKOFApbUIAybl KAJIBIITHIH OCTIHAET1
KYM OOJIIIEKTEPiHIH CHIFBUTYbIHA OKENETIHI aHBIKTANIbI, Oy KaObIK KYBICBIHBIH 1K1
OeuniriHiy Oy3bUTYbIHA JXOHE Keip-OyAbIPhIHBIH XKOFaphlIayblHA OKEIe/Il.
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HOBBINEHUE MEXAHUYECKHUX U TEXHOJOTI'MYECKUX
CBOMCTB OBOJIOYKOBBIX ®OPM 3A CUET
IMPUMEHEHUWSA BAPUTUBHOI'O JABJIEHU A

OO0HOU U3 BadCHETIMUX MEXHOTOSULECKUX ONepayull, ONpedesiomux Kaiecmso
OMAUBOK, AGIAEMCS U320MOGIeHUe TumelHol Gopmel. B cmamve npugooumcs
AHATU3 COBPEMEHHO20 COCMOSIHUSL 60NPOCA HNONVYEHUSl BblCOKOKAYECTBEHHbIX
OMIUBOK IUMbE 8 NeCUaAHO-CMONsHbIE opmbl (Oanee — [ICD). Onpedenero, umo
IICD nosgonsgem uzeomagiueams KaiecmeeHuvie OMIAUBKU C MUHUMATLHBIM
npoyenmom depexmos numusl, HO HeOOCMAMKOM MAKUX TUMEHbIX POopM AGIAemMCs
BbICOKAST CMOUMOCTHY C8A3YI0Ue20 — MEePMOPEeAKMUBHOL CMOIbL NYTb8ePOaAKeIuma.
Onpeoeneno, ymo 0OHUM U3 OCHOBHBIX HANPABLEHUL CHUNCEHUS CHIOUMOCIU (DOPMbL
30 CYEM CHUIICEHUS COOEPHCAHUSL CEA3YIOUE20, A, CIe008AMENbHO, U OMIUBKU 8 YETOM,
A67151eMCs UCHOIb308aHUe 0aBTieHUs 8 npoyecce opmoobpazosanus. Hecnedosanus
Hanpasnenvl Ha OmpadoOmKy MexHOI0SULeCKUX PeHCUMO8 8 YCA0GUIX NPUMEHEHUs
8apUAMUBHO20 O0ABNIeHUS, NO360JAIOWUX COKPAMUMb COOEPIHCAHUSL CEAZVIOUE20
6 [ICD. B cea3u ¢ amum ucciedosanus, CnocoOCmayouue cosepueHcmao8anio
MEXHONI0SUUECKO20  Npoyecca U320MOGIEHUsL NeCYAHO-CMONAHBIX — UMEHbIX
Gopm, 8 wacmmocmu, 00ecnevuBaIOWUX BbICOKVIO NPOYHOCL U HIOMHOCHD
npu OOHOBPEMEHHOM YMEHbUEHUU COOEPHCAHU O0PO2OCOAUE20 CEA3VIOWEe20
(nynveepbaxkenuma) 6 cmecsx, u He YXyoularwux npu mom opyeux napamempos,
A6AENCA AKMYATbHLIMU. Baoichvilm gonpocom 0ask tumeninvix opm a61s1emcs ux
cocmas. TpaouyuoHHO OCHOBHLIMU KOMNOHEHMAMU (OpM AGISIOMCA HANOIHUMENL
(keapyesvlli necox) u ceazyowee (00UH U3 6U008 CMOIbLL — NYIbeepOaKeIum).
Tomumo 0CHOBHBIX KOMNOHEHMO8 8 UCCIe008AHUU UCNOTB3YIOMCS 000ABKU. KEPOCUH
U mexHuyeckuil cnupm. B ucciredosanusix cmpozo coOn00aemcs CaHumapHo-
cueuenuyeckue HOpMvl Ha paboyem mecme GCaeocmeue 6vl0eneHuss eHora u
ammuaka npu decmpykyuu cmonvl. Beeeo npoananruzuposano oxkono 20 ucmounuxos.

Kniouesvie cnosa: necuamno-cmonsinas @opma, nynveepoaxeium, OmiuUeKd,

sapuamueHoe daeﬂeime, Kauecmeo, aumetiHoe npoua@odcmeo.
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INCREASING THE MECHANICAL AND TECHNOLOGICAL
PROPERTIES OF SHELL MOLDS THROUGH
THE USE OF VARIABLE PRESSURE

One of the most important technological processes that determine the quality
of castings is the manufacture of a casting mold. The article provides an analysis
of the current state of the issue of obtaining high-quality castings in sand-resin
molds (SRM). It is determined that SRM allows to produce high—quality castings
with a minimum percentage of casting defects, but the disadvantage of such molds
is the high cost of a binder - thermosetting resin of pulverbakelite. It is determined
that one of the main directions of reducing the cost of the mold by reducing the
binder content, and, consequently, the casting as a whole, is the use of pressure in
the shaping process. The research is aimed at working out technological modes in
the conditions of applying regulatory pressure, which make it possible to reduce the
binder content in the SRM. In this regard, studies contributing to the improvement
of the technological process of manufacturing sand-resin molds, in particular,
providing high strength and density while reducing the content of expensive binder
(pulverbakelite) in mixtures, and not degrading other parameters, are relevant. An
important issue for molds is their composition. Traditionally, the main components
of the molds are filler (quartz sand) and binder (one type of resin is pulverbakelite).
In addition to the main components, additives are used in the study: kerosene and
industrial alcohol. In studies, sanitary and hygienic standards are strictly observed
in the workplace due to the release of phenol and ammonia during the destruction of
resin. In total, about 20 sources were analyzed.

Keywords: sand-resin mold, pulverbakelite, casting, variable pressure, quality,

foundry.
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MOAEJINPOBAHUE 3BOJTIOLUNN MUKPOCTPYKTYPbI CTAJIN
INMPU NTPOKATKE CO CABUIOM B KAJIMBPOBAHHbIX BAJIKAX

B cmamvbe paccmampueaemcest 00Ha uz akmyanvHwix 3a0ay 6 001acmu 00pabomxu
Memannog 0agieHuem — uzyueHue 3aKkOHOMEPHOCMell USMEHEHUe MUKPOCIPYKMYpbl
npu peanu3ayuu UHMeHCUBHBIX COB8ULOBBIX Oehopmayuu npu NPOKAmKe 8 cucmeme
Kanubpos «osan-kpyey. s onucamusi 36010YUU  MUKPOCHPYKIMYPbl  6bIOPAH
MemoO YUCIEHHO20 MOOETUPOBAHUSL HA OCHOBE (DEHOMEHONIOSUYECKOU MOOelU
JDiconcona-Metina-Aspamu-Konmoeoposa (JMAK mooens), wiuporko ucnonb3yemoiii
6 UCCIe008aHUAX PA3TUYHLIX NPOYecco8 0OpabomKU Memaniios OaleHUeM.
B npoepammnom xomnnexce DEFORM 3D 6uinonineHo KOHEYHO-31EMEHMHOe
MOOeNUposanue npoyecca NPOKAmMKU o mpanOuyUHHOU U HOBOU cxeme, PACHUMAHbL
napamempuvl Mukpocmpykmypsl 0as cmaau AISI 316 ¢ ucnonv3osanuem mooenu
OuHamuveckou pekpucmanuzayuu. IIpouzseden cpasHumenbHulll aHAIU3 3HAYEHUL
u xapakmepa pacnpeoeienus N0 Ce4eHur CpeoHUx pasmepos 3epHa Mamepuaios,
NONYYEHHBIX NPU NPOKAmMKe no mpaouyuoHHoU u Hogou cxeme. Ilo pezynbmamam
MOOENUPOBAHUSL  YCIMAHOGIEHO, YMO  Peaiu3ayus. UHMEHCUBHBIX — COBUSOBbIX
Odepopmayuu npu npokamxe 6 cucmeme Kaibpos «osai-kpyey obecneuusaem boiee
UHMEHCUBHBIE U PABHOMEPHOE USMENbYCHUE 3ePHA NO BCEMY CEYEHUID NONOCHI NO
CpasHeruro ¢ mpaouyuorHou cxemou. Ilonyueno noomeepaicoenue HeoOHOPOOHOCMU
MEXAHUYECKUX CBOUCME MEemala No Ce4eHuio npu npoKamke no mpaouyuoHHOU
cxeme npokamru. J{okazano 3¢hppekmusHocms HOBOU CXeMbl NPOKAMKU 8 NPOpabomie
Hauboiee NOPANCEHHBIX OepeKmamu y4acmKos UCXOOHOU 3a20MOBKU.

Knrouesvie cnosa: npoxkamka, Kaaubp, Memoo KOHEUHLIX IIEMEHMOs,
naacmuyeckoe oegopmuposanue, mukpocmpykmypa memaiia, JMAK mooens.

Beenenne

OO6paboTKy METaJJIOB JaBJIIEHHEM, B YaCTHOCTH MPOKATKY HEOOXOIUMO
paccMaTpuBaTh HE TOJIBKO Kak Mporecc (opMOU3MEHEHHsI, HO M KaK MOIIHBIN crioco0
BO3/CUCTBHSI HA TOHKOE CTPOEHHE U CTPYKTYPHO-UYBCTBUTEIIbHbBIE CBOHCTBA METAJIIOB
U CIUIABOB, OIPENENAIONINE UX MEXaHUYECKUE CBOWCTBA. B CBs3M ¢ 3TUM HM3ydeHHe
3aKOHOMEPHOCTEN CTPYKTYPHBIX H3MEHEHHI B METaJUIax U CIUIABax IPH OCYLIECTBICHUN
HOBBIX IIPOIIECCOB 0OPAOOTKU METAIJIOB JIaBJICHUEM SIBIISICTCS aKTyaJIbHOM 3a/1aduei.

B nacrosimee Bpems IS U3YyUYEHHS] MHUKPOCTPYKTYpPHI METAJJIOB U CILIaBOB
Hapsay ¢ MeTauiorpauyecKUMH METOJaMH aHaIu3a MPUMEHSIOTCS YHCIICHHbBIE
METOJIbl MOJEIUPOBAHMUS HAa OCHOBE MHTETPAJbHBIX MAaTEMAaTHYECKHX MOJEIeH
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pPa3IMYHBIX B3aMMOCBS3aHHBIX MPOIECCOB CTPYKTYpOOOpa3oBaHUs, TaKHE KaK
denomenonornueckuii Mmoaens xoncona-Meiina-ABpamu-Koamoroposa (JMAK
MO/IEJIb), METO/1 KJIIETOYHBIX aBTOMATOB, MeTO/] (hazoBoro mous u apyrue [1, 2]. dns
UCCJIE0BAaHUs IBOJIIOLUNA MUKPOCTPYKTYPHI IIPU Pa3IMYHBIX MPOILECCaX ropsueu
uiacTuueckoi aedopmarun Hanbosee mupoko ucnonszyercs JIMAK moxens [2-7],
4TO 00YCIIOBJICHO BBICOKON INpECKa3aTeIbHONW CIIOCOOHOCTHIO U BO3MOXHOCTHIO
CBSI3aTh XapaKTEPUCTUK MUKPOCTPYKTYPHI C IapaMeTpaMy INIACTUIECKOH eopmanuu.
TectupoBanne JMAK mozaenu B HIMPOKOM jauana3zoHe (pU3NYECKUX MMapaMeTpoB
MUKPOCTPYKTYPBI I10Ka3bIBa€T XOPOIIEE COBMAIEHUE PE3YJIbTATOB MOJAECIUPOBAHMUS C
JaHHBIMU (PU3MUYECKUX IKCTIEPUMEHTOB [ §].

Lenp HacTosIeH pabOThI — O1leHKa 3()(PEeKTUBHOCTHU rOpsTueii MPOKATKH B CHCTEME
KaJauOpOB «OBAJ-KPYI», PeaJu3yollell HHTeHCUBHbIE CIIBUIOBBIE Aedopmanuu, Ha
OCHOBE MO/JIEIMPOBAHUS IBOJIFOLINY MUKPOCTPYKTYPBI CTAIH € Ucloib3oBaHueM JMAK
MOJIETIH.

MarepuaJibl 1 METOABI

KomnproTepHOE MOJEIMPOBAHUE SBOJIIOLUU MUKPOCTPYKTYPHI BBIIOJHEHO B
nporpaMMHoM komiuiekce DEFORM 3D, opueHTHpOBaHHBIN Ha pelIeHUE 3a7ad
00paboTku MeTayIoB AaBieHUEM. DYHKIHS MOJEIUPOBAHUS MUKPOCTPYKTYPHI
noctapoueccopa nporpammbl DEFORM 3D npennasnHauena ajiss mpOrHO3UPOBAHUS
IIPOLIECCOB YIPOYHEHMsI, BOCCTAHOBIIEHUS, pacueTa IpaHUIl 3€pEH, pa3Mepa 3€peH,
pPEeKpUCTAIUIM3ALNY, (Pa30BBIX MPEBPALICHUHN H T.JI.

B nporpammuom kommiekce DEFORM 3D peanusosansl JMAK mozenu,
MO3BOJISFOLIME BBIYMCIIUTE TAPAMETPhl MUKPOCTPYKTYPBI B 3aBUCHMOCTH OT Ie(hopMariui
U TeMIepaTypsl (MOJeNlb TMHAMHUYECKONH peKkpucTaumM3anuu) (puc. 1) u BpemeHu
U TeMmIepaTypsl (MOJEeIN METaAMHAMUYECKONH U CTAaTHYECKOW PEeKpUCTAIUIM3AIINN).
B namem ciydae, ¢ y4eTOM HENPEPBHIBHOCTU U OOJIBIIUX CTeNeHel aedopmaruit
B MOJEJIMPYEMOM IIpollecca NPOKATKU, UCIOJIb3yEM MOJEIb AMHAMUYECKOU
PEKPUCTAIUIU3ALINH.

JU1g MOAEeNMpOBaHMsl 3BOJIIOLUN MUKPOCTPYKTYPBl B IPOIPAMMHOM KOMILIEKCE
DEFORM 3D neo6xoanma JMAK Mozaens Marepualia ¢ H3BeCTHBIMU KOHCTaHTaMH,
JUISL OTIPE/ICTICHUSI KOTOPBIX TPeOyeTCs MPOBEICHHE OTIEIbHBIX TEPMOMEXaHUIECKUX
UCHBITAHUN U MeTalorpaguueckux uccienoBaHuil. J{as HEKOTOpPBIX MaTEpHUajoB
koHcTaHThl JMAK Monenu npuBeieHbl B HayyHbIX MyOiukanuax. B Hamel pabore
B KauecTBe MarepHuaia o0beKTa MOJeNUpoBaHus BblOpanu ctanb Mapku AISI 316.
Hns cranu AISI 316 matemarndeckue MOJAEIH 3BOJIOLUU CTPYKTYpPbI B MPOIECCE
JMHAMUYECKON PeKpHCTAJUIN3aIMU ONMCAHbI B paboTe [9] crey oMM BeIpaKEHHSMU:

O0bemHas 10151 JMHAMAYECKH PEKPUCTAJUIM30BAaHHBIX 3€PEH

180



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

Pa3mep auHaMuuyecKn peKpUCTaNIM30BaHHOIO 3€pPHA, MKM

dDRX = 0,3 . S._OJOG'? . eXp [_60970]

RT

rae k,— KuHeTH4eckas SKCIOHEHTa (M0Ka3aTeslb ABPaMu), OTBEYAIOIIAs 32 CKOPOCTh
o0Opa3oBaHUs 3apOAbIIICIH;

€’ — HHTEHCHBHOCTH CKOPOCTH JedopMmariuu, ¢ ';
R=8,31 JI>x/(monb-K) — yHuBepcaapHas ra30Bas MOCTOsIHHAS;
T — abGcomroTHas TemriepaTypa Mmarepuania, K;

€

P KPUTHYCCKOEC 3HAUCHNEC HHTCHCUBHOCTHU I[e(l)OpMaI_[I/II/I;

80’5 — MHTEHCUBHOCTH Aedopmanuu rpu 50%-Hol pekpucTaIIN3aluu.

C y4eTroMm mpHBEIEHHON MOJENH TMHAMUYECKOW PEKPUCTAIUTH3AIUHN BHIIIOTHEHO
penaktupoBanue cBoMCTB ctasii AISI 316 B Oubanorexe MaTepuanoB mpernporeccopa
DEFORM 3D.

[lepen pacueTom mapameTpoB MUKPOCTPYKTYPBI METOJOM KOHEUHBIX 3JIEMEHTOB
orpeenseM HeoOX0AUMBIE ITOKa3aTeNu HaNPsHKEHHO-1e(OpMHUPOBAHHOTO COCTOSIHUS B
JTr000M MOMEHT BpEMEHH MPOKATKHU U 110 BceMy 00beMY MOJI0CHI: TEH30PbI, I€BUATOPbI
Y X UHBApHUAHTHI HANPsDKEHU U Aedopmaluii, ckopoctu 1edopmanuii, TeMueparypy
Martepuana. [{is cpaBHUTENbHOW OLIEHKU MOJEIHUPOBAIHU MPOIECC MPOKATKU 3a 4
MpoXo0Jia B JBYX CHUCTEMax KaJHUOpOB «OBaJ-KPYI»: TPAIULIUOHHON (PUCYHOK 1, a)
— cxema | u peanusyromieil ”HTEHCUBHBIE CIBUTOBBIE JAe(OopMaliy 3a CUET HAKJIOHA
oBaibHOTO KaymOpa (pucyHok 1, 6) — cxema II (HoBast cxeMa mpokatku). MeToauka,
MOPAJOK M HCXOJHBbIE MapaMeTphbl AJIsi KOHEUHO-3JIEMEHTHOTO MOJEIUPOBAHUS
HanpsKeHHO-Ae(hOPMUPOBAHHOTO COCTOSIHUSA OonucaHbl B padote [ 10], koTopas siBisieTcs
4acThi0 O0IIEro, ¢ HACTOSIIeH paboTOM, UCCIIEJOBAHMUS.
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0
a — TpaJiMIIMOHHas; 0 — peanu3yrollasi HHTEHCUBHBIE CABUTOBbIE e OopMaLuu
Pucynok 1 — Cxema npoKaTK B CUCTEME KaTUOPOB «OBAJI-KPyI»

Boruncnenue napaMeTpoB MUKPOCTPYKTYPBI BBIIIOJIHEHO JUIsl HECKOJIBKUX TOUYEK
HOIMEPEYHOT0 CEYSHHUS MTOJIOCHI C LIENIbIO OLIEHKH pABHOMEPHOCTHU IPOPAOOTKH MeTalia
B pa3iIM4YHBIX 30HaX. Pacrosio)keHne TO4eK B MONEPEYHOM CEUEHUU I0JIOCHI NEPEN
HayajoM mporecca neopMUpPOBaHUS MOKa3aHbl Ha pUCyHKe 2. McXoaHbIN pa3mep
3epHa MPUHSIN PaBHBIM 5 MKM.

Pucynok 2 — PacnionoskeHue To4eK B MOMEPEYHOM CEYEHUH MOJIOCHI
nepes] HadajioM mporiecca 1ehOpMUPOBAHHS

Pe3yabTaThl 1 00Cy:KIeHUS

B pesynbrate pacuera A BBIOpaHHBIX TOUEK MTOJIyYEHbI KAPTUHBI OPUEHTALUU U
IPaHULbl 3€pEH, IOCTPOEHBI THCTOTPAaMMBbI pa3Mepa 3€pHa, Ie30pUEHTAlUU 3epHa U
Jp. HapaMeTpbl MUKPOCTPYKTYpPBI B BUJIE TpapUKOB (PUCYHOK 3).
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B r
a — KapTUHA OPUEHTALIMU U TPAHHIIBI 3epeH; O — THCTOrpaMMa pa3Mepa 3epHa;
B — FTUCTOrpaMMa JI€30pUEHTALMH 3€pHA; I' — IpauK U3MEHEHHUS CPEIHETO
pasMmepa 3epHa B IPOLIECCE TPOKATKU
Pucynok 3 — Pe3ynbTaThl MOJAEIUPOBAHMSI 3BOIIOLUN MUKPOCTPYKTYPbI JUIs
TOYKH |1 B KOHIIE Ipoliecca NpoKaTku 1o cxeme 11

JInst aHanmM3a MCIob30BaH CPEAHUI pa3Mep 3epHa B KOHIIE TPoIecca MPOKATKH
(Tabmuma 1).

Tabmuma 1 — Cpegawuii pa3Mep 3epHa B KOHIIE MPOIIecca MPOKATKH

OceBast 30Ha [IpomexxyTouHast 30Ha IToBepxHOCTHAsI 30Ha
TOJ:"I’(H I 1r** Ne touku 1 II Ne ToukH I 1I
1 2,92 2,74 8 2,89 2,51 2 3,01 2,92
6 2,89 2,74 9 2,9 2,93 3 2,83 2,57
7 2,89 2,51 10 2,9 2,57 4 2,5 2,74
11 2,85 2,74 13 2,72 2,74 5 2,31 2,51
12 2,83 2,74 15 2,8 2,74 16 2,68 2,76
14 2,83 2,74 18 2,88 2,74 19 2,8 2,76
17 2,85 2,74 21 2,83 2,51 22 2,14 2,51
20 2,89 2,51 24 2,74 2,51 25 2,07 2,51
23 2,89 2,57
[Ipnmeuanne:

* IIpokaTka B TpaJIMLIHOHHOM CHCTEME KaJTuOpOB;

183



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

** [IpokaTka B cucTeMe KaJauOpoB, peasln3yIoliell CIBUTOBbIE AepopMaruu

Pe3ynbTaThl MOJIENUPOBAHUS HBOJIOIUN MHUKPOCTPYKTYPBI MMOKAa3bIBAET, UYTO
IpU MPOKATKE B CUCTEME KAJIMOPOB «OBAJI-Kpyr», o cxeme II, mpoucxoaur Gomee
MHTEHCUBHOE U3MeEJIbUeHHE 3epHa. Tak, B 3TOM Cilydae LEJIOM 10 CEUYEHUIO CPEAHUM
pasmMep 3epHa cocTasisieT 2,66, uto Ha 3,42 % MeHbllIe YeM 10 TPAAUIIMOHHONU CXeMe
npokatku. [IpuueM, nucnepcust 3HaU€HUHN CPEJHUX Pa3MEPOB 3€pHA 110 CEUEHUIO IIPU
npokatke co casurom (0,017) 3,27 pa3a menbiie ueM B TpaautinoHHoin cxeme (0,056),
4TO TMOKa3bIBaeT 0ojiee paBHOMEPHOE MU3MENIbYCHHUE 3€pPEeH MPH MPOKATKe IO HOBOM
CXEME.

[pu TpaguIMOHHOM cXeMe MPOKATKH OCEBbIE 30HbI UMEIOT O0JIee KPYITHBIE pa3Mephl
3epHa (2,87), 4eM MOBEPXHOCTHBIC 30HBI (2,54), 4YTO MOATBEPKIAET YTBEPKICHHE
JIUTEPaTYPHBIX UCTOUHUKOB [ 1 1] 0 HEOJHOPOIHOCTH MEXAaHNYECKUX CBOMCTB METaILIA 10
CEYEHHIO IIpU TaKoM cxeMme npokaTku. [Tpu HoBo# cxeme npokaTku (cxema II) cpeanue
pa3Mepsl 3epHa B 0ceBOH 30He (2,67) Ha 7,53 % MeHbLIE YeM B TPAJAULIMOHHOM CXEME,
4TO JOKa3bIBaeT 3(PPEeKTUBHOCTH HOBOM CXEMBbI B IPOPabOTKE HauboIee Mopax e HHBIX
nedexTamu (oceBasi PhIXJIOCTh, Fa30BbIE MY3bIPH, ACHAPUTHAS JUKBALUSA U JPYTHE)
Y4aCTKOB UCXOJHOIO CIIMTKA U HENPEPHIBHOIUTOMN 3arOTOBKH.

B 1menomM MOXHO KOHCTaTUPOBATh, YTO peaNM3alisi HHTCHCUBHBIX CIIBUTOBBIX
nedopmManuy MO0 HOBOM cXeMe IMPOKATKH IMOJIOKUTEIbHO BIHMSIET Ha 3BOJIOLUIO
MHUKPOCTPYKTYPBI, YTO MOJIYYUTh OTPAXKECHUE B YIIyUIIEHUH MEXAaHUYECKHX CBOMCTB
TOTOBOT'O U3/1ETHS.

BoiBoabI

1 YcranoBieHo, YTO IpOKaTKa MeTajla B CUCTEME KaJuOpPOB «OBAaJI-KPYI»,
peanusyloneii HHTEHCUBHBIE CIABUIOBBIE JedopManuu, obecneynBaeT Oolee
VMHTEHCUBHBIE U PABHOMEPHOE U3MEJIBYEHHE 3€pHA 110 BCEMY CEUEHUIO I0JIOCHI, YEM
IIPY [IPOKATKE 110 TPAJULIMOHHOM CXEME.

2 YCTaHOBIICHO, YTO IPH ITPOKATKE B CUCTEME KATHOPOB «OBATI-KPYT», peaTu3yIOILeit
UHTECHCUBHBIE CIBUTOBBbIE nedopMaluM, oOecrneunBaeTcs Jydmas npopadoTka
CTPYKTYpBI B HanboJee NopaKeHHbIX Ae(PeKTaMu y4acTKax UCXOAHOM 3ar0OTOBKU.
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BOJIATTBI KAJIUBPJIEHT'EH BIVIIKINEJIEPJIE BIFBICTBIPBIIT
ITPOKATTAY KE3IHAETI'T MUKPOCTPYKTYPA
IBOJIOIMACBIH MOAEJIAEY

Maxanada memanoapowl KplcblMMeH 6HOEY CANACHIHOA2bl 03eKMi MiHOemmepOiH
Oipi — «ogan-0eyeeneky Kamubprep oicyliecinoe NpoKammay Kesinoe KapKblHObl
bl2biCy  0eOPMAYUACHLIH  dcy3ece  Acblpy Ke3iHOe MUKDOKYDBLILIMHBIY —632epy
3aHOBLILIKMAPLIH 3epmmey Kapacmulpbliaosvl. MuKpoKypbLIbIMHbIY 96010YUSLCHIH
cunammay Ywlin, Memanoapovl KblCbIMMeH OHOeYOiH Opmypii HNpoyecmepin
3epmmeyde KeyiHeH Koa0auwvliamvlH, Jxconcon-Meiinv-Aspamu-Koamozeoposmoiy
henomenonocusnbIK Mooenine Hezizoenzen CamoblK Mooeiboey 90ici manoaidbl
(JMAK wmooeni),, DEFORM 3D 6azoapramaneix KeuteHiHOe OOCMYpPIL JiCOHe
Jlcaga  cxema OOUbIHWA  ulemMoey NPOYEeCiH WeKMi-31eMeHmmiK —Mooenboey
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OPBHIHOANObL, OUHAMUKATLIK KAUMA KPUCMATOAHY MOOENiH Naudaiana Omuipbuin,
AISI 316 6onamvina apHanzan MUKpOKYpuLIbIM napamempiiepi ecenmenoi. locmypii
JHCOHe JHcana cxema OOUBIHUIA NpOKAMMAY Ke3iHoe ANblHeaH Mamepuanoapobvly
MYUpuWiKmepiniy opmania eaueMOEePiniy WUaMacyl MeH KOI0eHeH KUmMaoa mapaiy
CUNAMBIHA CATBICIMBIPMATbL MAR0AY HCYpei3indi. Modenvoey nomuoicenepi Ootbinua
«08an-06HeeneKy Kanubpaep icytiecinoe NpOKAMmay KesiHoe KapKbIHObL bleblCy
dehopmayusnapuvin icke acvlpy 09Cmypi NPOKAMMAY CXeMACLIMEH CATbICMbIP2AHOA
Jconakmuly OYKil Kumacvl OOUbIHWA He2YyPIbiM KAPKbIHObL JcoHe  OIpKeaKi
YHMAaKmayovl Kammamdacvl3 ememini auvlkmanovl. Jocmypiai cxema OoublHuwA
npoxammay KesiHOe Kuma OOUbIHWA Memanobly MEeXaHUKANbIK KacuemmepiHiy
Oipkenxi emecmicin pacmay anwlHObl. JKaya unemoey cxemMacbiHully axayiapoaH
KON 3apoan wexkken 0acmankbl OaublHOAMAHbIY YYACKeAepiH oHoeyoeci muimoiniei
001e10eHOi.

Kinmmi ce30ep: npoxammay, kanubp, wexmi snemenmmep 90ici, NIACMUKALbIK
Odepopmayus, memann muxpocmpykmypacwt, JMAK mooeni.
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SIMULATION OF THE EVOLUTION OF THE MICROSTRUCTURE
OF STEEL DURING SHEAR ROLLING IN CALIBRATED ROLLS

The article considers one of the urgent tasks in the field of metal pressure
treatment — the study of patterns of microstructure changes during the implementation
of intense shear deformations during rolling in the oval-circle gauge system. To
describe the evolution of the microstructure, a numerical modeling method was
chosen based on the phenomenological Johnson-Mail-Avrami-Kolmogorov model
(IMAK model), widely used in studies of various metal forming processes. In the
DEFORM 3D software package, finite element modeling of the rolling process using
the trapdicine and new schemes was performed, and the microstructure parameters
for AISI 316 steel were calculated using a dynamic recrystallization model. A
comparative analysis of the values and nature of the cross-sectional distribution of
the average grain sizes of materials obtained by rolling according to the traditional
and new scheme was carried out. Based on the modeling results, it was established
that the implementation of intense shear deformation during rolling in the oval-circle
gauge system provides more intense and uniform grain refinement over the entire
cross-section of the strip compared to the traditional rolling scheme. Confirmation of
the heterogeneity of the mechanical properties of the metal across the cross section
during rolling according to the traditional scheme was obtained. The effectiveness of
the new rolling scheme in working out the areas of the original billet most affected
by defects has been proven.

Keywords: rolling, gauge, finite element method, plastic deformation, metal
microstructure, JMAK model.
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FE-SI-MN-AL KELWWEHAI INTATYPACbBIH BAJIKbITY
NMPOLUECIH TEPMOAUHAMUKAJTIbIK MOLQEJILAEY

Tepmoounamuranvly — mooenvoey npoyecmiy — OHMAUIbI  napamempiepin
anvikmayea apuanean HSC  Chemistry 6az0apramanvl KeweHiHiy KomeciMeH
eKiHwi  pemmix auHaimanwl dcocnapovt  (bBoxce-Xawmep ococnapvl)  Konoaua
omulpbin J4Cypeizindi. Byn modenvoey QuauKanvlk JHeoHe XUMUATLIK Npoyecmepoi
mycinyoi ocakcapmyaa Komexmeceoi, spmypii sHcaz0aurapoa HeylueHiy opeKemin
bondicayea, npoyecmi OHMAULAHOBIPY2A HCOHE IKCHEPUMEHIMMED YUliH Kadlcemmi
Vaxwvim neu pecypcmapov azaumyaa MymKinoik 6epedi. « bpuxem-Komip-Keapyumy
Jicyliecinoeei KpeMmHull, mapeauey NeH amroMUHULOIY mene-menoiK mapanyvlHa
memnepamypansiy ocepi aHblKmanowl. TepmMoOuHamuKanbly Mooenvoey KomecimeH
KpeMHUll MeH Mapeaneymiy KeuwleHOl Jaueamypaza emy 0opedceci, COoHOall-
aK Kopbulmnaodsbl 0Cbl Memaniodapovly Meauepi anblkmanovl. Peppoxopvimna
CcanaceiHoa wuKizammul Keulenoi onoeyoiy muimoinicin apmmuipysa KeH MeH
MOMbBIKCHI30AHObIP2LIUMAH  OAUbIHOAI2AH Opukemmep mMypiHOe2i WUKIKYpamobl
Ko10any 0a biknan emeoi. Bi3 KOHOUYUANbIK emec Mapeaney WuKizamsl MeH KOKC
YHMAazblHaH mypamsin Opuxemmepoi, dco2apvl KyA0i KOMIpOI JHCOHe Keapyummi
KOJOAHbIN KeWeHOl aueamypanvl OaiKulmyovl, 00aH Opi 3epPMXAHANbIK KeH-
MepMUsIIbIK newinoezi 6arKplmy npoyecin Mooeivoeyoi ycoinamulz. Kyammoiivieb
150 kBA Oetiinei ken-mepmusiiblK d1eKmp newinoe mapeaney Kypamovl Opuxemmepoi,
aHco2apel KyA0i KOMIpOI JcoHe Keapyummi (XUMUAIBIK, KYPAMbIH PEmmey JHCOHe
KanoblK KoMipmeecini Oeimapanmauovlpy Yuin) KOIOAHA OmMbIPbIL  IIAEKMp
bankeimy oicypeizindi. Ken-mepmusinwly snekmp newinoe Opuxem neH Hcoesapbl
Ky10i KemipOi Oanxwvimy OOUbIHWA Madicipubenep HomudiceciHoe opmauia Kypamvl
45,92-53,11 % xpemnuiioen, 27,72—34,81 % mapeaneymen dncone 5,60-6,91 %
ATIOMUHUTOEH MYPAmblH KelleHOl Tueamypa aiblHObL.

Kinmmi ce30ep: mepmoouHamuxanvly mooenvoey, mapeaney Kypamobl Opuxem;
Jrco2apul Kyaoi Kemip, OanKpimy, KeueHoi tueamypa.

Kipicne

Kasipri yakpeITTa 91emaik 607aT eHIipici )KbUIbIHA IIIAMaMEeH 2 MUJUTHAP,T TOHHAFa
KybIK. bonat enzipic 6oiibIHIIa arem e sxeTekii opbiaa Keitaii - 1,02 Miipa TonHaMeH
Typ. Kazakcran Gonat ennipyuri ennep apacbinaa 37 opeiaa. Emimiz 2019-2023
KBUIIAPBI apaIbIFbIHAJA OpTallla ecenmeH anFanaa 4,1 MUJUTMOH TOHHA 60JaT eHIIpin
keneni (1 cyper) [1]. BonaTtein 6acekere KabiaeTTUIINHIH HET13T1 (hakTopiIapbIHbIH 0ipi
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camaHbl HallapJaTHai, OHbIH ©31H/IK KYHBIH TOMEHAETY OOJIBIN TaObUIATHIHBI OSNTii.
BonarThiH ©31HAIK KYHBIH KOHAMLHUSIIBIK €MeC IIMKi3aT MaTepualiapbl MEH JKOFaphl
KYJII1 KeMipJiep/ieH OalKbIThIUIFaH (heppOCHITMKOATIOMUHUH, aTFOMOCHIIMKOMAapraHell,
ATIOMOCHUJIIMKOXPOM XKOHE T.0. KEIIeH/1 KOpBITHAaJap MEH JIMraTypanap CHSIKTHI
OTTEKCI3ACHIPTIIITEP I KONIaHy apKbUIbl TOMEHAETyTe Oonassl [2-4].

Cyper 1 — Onem xone Kazakcrannarsl 6omat engipici [1]

BonatThlH camacklH Maprasell, KpeMHH jKoHE aTIOMUHUNAICH TYpaThIH KELICH 1
auratypainap apKblIbl alTapiblKTail skakcapTyra 6omansl. byn nurarypanap
OTTEKCI3ACH/IIPY CaThICBIHAA OOJATThl OTTETIICH KOHE METal eMec KipiHJuiepieH
TepeHipek Ta3apTyra biknaia erefi. CoHbIMEH KaTap, GpeppoKopbITIaiapMeH
CaJBICTBIPFAH/Ia KOHIUIMSUIBIK eMec TaOUFU MapraHel] Kypambl KoHe KeMipTeri
KYpamabl MIMKi3aTTapJaH ajblHFaH KEIIEeHAl JIMraTypajapabl KOJIJaHy MeTalll
OHIMJIEpiHIH ©31H/1K KYHBIH €/19yip TOMEH/IETIN, OHbI Oacekere KabinerTi ereni [2—4].

KazakcTaHHbIH KOHIULUSUIBIK EMeC MapraHer KeHepi MeH KOFapbl KYJI1 KeMipiepi
HETi31H/er1 KeleH 1l Jurarypaiap eHAIpy NepCHeKTUBTI OarbIT OOJIbIN TaObLIadbI.
Kaszakcran mapraner] KeHJepiHiH KOpbl OOMBIHINIA d1eMJie YIUIHII OpBIHFA Ue, OJ
HerizineH Opranbik KasakcTanaa opHanackad. OHaipic THIMIUTITIHIH TOMEH 00TybIHA
OaiiaHbICThI OyJ1 KEHEpAl alAbIH-aj]a OH/I€yC13 CTaHAapTThl (epPOKOpHITHATIAP YILIH
Kosaany THiMI1 emec. CoHal-aK, AKOFapbl KYJIi KeMipJep/ii MeTaJLTyprUsIbIK OHAeyTe
TapTy KeLeH 1 KOPbITIaiap MEH JUraTypajiapabl OaaKbITy IbIH TaFbl Oip MepCIeKTUBTI
0OarbITEI OOJIBIN TAOBLIAJE.

3eprrey aaicremeci

XKyiieni TepMoInHaMUKaIBIK MoJenbaey ['n60c sHEprusicblH a3aiTyra KoHe
TEpPMOJIMHAMUKaHBIH Bapuauusuiblk npuHuunrtepine HerizaenreH HSC Chemistry
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(Outokumpu, @unnsHaug) OaraapiiaManblK KEHIEHIH KOJJAaHy apKbLIbI JKY3ere
aceIpbUbI [ S]. barmapnamansik skacakrama SGTE (Scientific Group Thermodata Europe)
KOHCOPLIMYMBIHBIH Hieoorusicel Herizinze a3ipaenreH. SGTE koncopumymsl I epmanmus,
Kanana, @pannus, [IBernus, ¥Ynasiopuranus men AKIII-TbiH GeiflopraHuKabIK JKoHE
METaJLTY prUsIIbIK JKYHesnep YIliH TepMOJHHAMUKAJIBIK MaIIMETTEp 6a3achIH 931piaeyMeH
KOHE OJIap bl MPAKTUKAJIBIK MaceJeNiepi HIenTye KOJIAaHyMeH aifHaJIbICAThIH FHUTBIMU
OpTaNBIKTapbIHAH TYypaabl. Ken KOMIIOHEHTT1 TOTHIK MIEH METaILT )KYHeCiHIH Tere-TeH IiK
Kypambl Oarnapiamanslk kemeHHiH «Equilibrium Compositions» MOIyiIiH KojjaHa
otbIipbin, 100 °C kamammen 500-2200 °C temnepartypa apasbIFbIHIA )KOHE | aTM. TeH
ra3 (pa3achbIHbIH KbICBIMBIH/IA AHBIKTAJIIBI.

DneMeHTTep/liH TapalyblHbIH Tele-TeHIIK aapexecin ecentey M. Oye3oB
ateiHAarel OHTYCTIK Ka3akcTaH yHUBEpCHUTETIHIH FaJbIMIapbl d3ipJereH aaicreMe
OoiibiHIIa XYprizinai [6]. Kemenai muratypanbly HET13r1 2JIEMEHTTEPiHIH KOPbITIIaFa
©Ty1 YIIIiH OHTAIIBI IapTTap/IbI 13/1€y KE31H 1€ eKIHII PETTIK aifHaIMaJbl )KocTapiapra
(bokc-XanTep Kocmapbl) HEri3AeireH 3epTTey d/ici KongaHbuLIbl. PerpeccusiHpig
COUKECTIK TEHJCYl albIH/bl )KOHE OHTAWJIaHIBIPY MapaMeTplIepiHiH TeOMEeTPHUSIIBIK
6elinecin Kypbuiasl [6—10].

Mapranen Kypamasl Opuker neH «Capblafblpy» KE€H OPHBIHBIH JKOFapbl Kyl
KOeMipiH KoijaHa oTeIpbil, Fe-Si-Mn-Al Kypambel nmuratypansl O0aikeITy OOMbIHIIA
3epTXaHaJbIK ChIHAKTap TYOl TOK ©TKI3ETiH €Ki AJIEKTPOATHI KEH-TEPMUSIIBIK 3JICKTP
neminae xyprizunai [11-13]. bip anextpon new Ty6inae opHanacka. KypacTeipeliran
KEH-TEPMISUIBIK 3€pTXaHANbIK AJIeKTp nemini 3D mozeni 2-cyperTe KepceTiireH.

[ukikypaMm MaTepHaiapbl peTinie MapraHel Kypam/asl OpHKeT, >KOFapbl KYJIIi
KOeMip XKoHe KBapIHT KojaaHbeUiabl. LIIHKiKypam KocmachlHAaFbl KBAPIUT METaIbIH
XUMUSUIIBIK KYPAMbIH PETTey JKoHE KaJJbIK KeMIpTeriHi OedTapanTaHabIpy YUIiH
Kosnaubuel. LukiKypam MatepuaniapblHbIH TEXHUKAIBIK KOHE XUMUSIIBIK KYpaMbl
1 xoHe 2-kecTenepae KeATipiIreH.

Cypert 2 — KeH-TepMUsUIIBIK 3epTXaHANIBIK eKTp nemriHiyg 3D momxeni
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1 — memr kanramacsel: 2, 3 — oTKa Te3iMi Matepuanaap (Kipmim): 4 — nem Tyoi;
5 —TeMeHT1 ANEKTPO/T; 6 — ANIEKTPOI; 7 — AIMEKTPOJT YCTAFBIII; 8 — 3JIEKTPOJ] YCTAFBIIII

MEXaHU3MI

Kecre 1 — llIukikypam MaTepHaggapblHbIH TEXHUKAIBIK Kypambl, %o

Marepuain Ax vr W C,
Kewmip 50,04 19,28 1,98 31,86
Bbpuker 63,01 14,94 5,58 16,47
Kecre 2 — [llukikypam MaTepuaniapblHbIH XUMUSIIBIK Kypambl, %o
Marepuan | Fe,0, | SiO, | ALO, | MnO, | CaO | MgO | TiO, | KO | Na,0 | P,0, S KL
Kewmip 5,79 | 66,36 | 20,7 2,64 | 3,46 | 1,01 0,035 | 0,005
bpuxer 6,41 | 189 | 1,96 | 53,71 | 16,53 | 1,02 | 0,02 | 0,02 | 1,34 | 0,04 | 0,05
Ksapuur 0,52 | 95,57 0,24 | 0,12 0,01 3,54

3epTTey HOTHIKEIEPIH TAIIAy

3—6 cyperrepne 100 kr 6puxer, 80 kr kemip meH 29,8 kr kBapiurTeH (BKK) Kypanran
HMIMKIKYpaMHAH TYpPaThlH KapacThIPbUIBINT OTBIPFaH XYHeaeri TeMipiH, KpeMHUIMIIH,
MapraHelTiH, AlFOMUHUNIIH )KOHE TY31UIreH KOMIIOHEHTTEP/I1H CaHBIK (KT') TapalyblHa
TeMIIepaTypaHbIH dcepl KOpCeTUIreH. ANIBIHFaH HOTHXKEEPACH KOPBITIAAaFbl TEMip
1300 °C temnepatypaja Ty3ine 6actaifTeid FeSi Typinae 6omazsl nen aiiTyra 60maibl
(3-cypet). ConbiMeH KaTap 0acka Ja Temip CHIMIUATEP] a3 Memepae Ty3iiei:
Fe3Si, FeSi,, FeSi, ,, xone FeSi, ,,. Kpemnuii remip cunmnuuarepinen 6acka Mapraten

2,43 2,33"
CHJIMKATTaphl TYPIHJIE J)KOHE €pKiH TYpAe Ae Ke3necenl (4-cyper).

Cypet 3 — BKK xyiiecinaeri TeMip/iiH TapaTybIHbIH
TeTe-TeHIIK I9PEKECIHE TeMIIEpaTypaHbIH acepi
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Cypet 4 — BKK xyliecinueri KpeMHHIAIH TapaaybIHbIH
Terne-TeH IIK J9PeKeciHe TeMIepaTypaHbIH acepi

TepMoarHAMUKAJIBIK MOJIEIB/ICY HOTH)KEIEPIHE COMKEC MapraHel Kypam/Ibl 3aTTap
(5-cyper) Tene-TeHIK Karaai1a Maprael CHIMIUATepi Typinae 6onaasr: Mn, Si
MnSi, Mn,Si,, Mn,Si. Mapranen cunuuuarepinin 6apyiblK MacCachIHbIH HETi3r1 Goriri
Mnll Si19 Typaabl. AMIOMUHUYN KypaMbIH/Ia 3aTTap Tee-TeHIIK JKaFaaiaa CaAlz, CaAl .
xoHe Al Typinae 6omnaapl. byn 3atrap 1700-1800 °C Gactan Ty3ine Oacraiinsl (6-cyper).

Cypet 5 — BKK xyiiecinaeri MapraHeITiH TapaTybIHbIH
TeTe-TeHIK I9PEKECIHEe TEeMIIepaTypaHbIH ocepi
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Cypet 6 — BKK xyliecinzeri anrtoMUHUANRAIH TapalybIHbIH
Tere-TeHJIIK J9PEKECiHe TeMIepaTypaHbIH dacepi

7-cypeTTe TeMIepaTypaHblH, KBapLUHUT MEH KOMip MeJUIEpiHiH KpeMHUNII
KOpbITHara OeJiil amyJIbIH Tere-TeHAIK A9PEKECiHe KOHE KOPBITIAIarbl KpeMHUH
MEH MapraHelTiH MeJIepiHe dcepi KepceTiareH. MapraHenTiH KOpbITIIaFa eTy
nepexeci kepceTinMmereH, cedebi ic xy3inae 1567 °C temnepaTtypana OapibiK
maprasnen Kopsitnara etezi. Kemipain 40 %-man 120 %-ra neiiin >xorapbliaybl Ke3iHie
KPEeMHHUIIIH KOPBITIIaFa ©Ty Adpexkeci apTareiHbl Oaiikanas! (7-cypert, 1). Mpicaisl,
1800 °C Temneparypana 42,43 %-naun 59,55 %-ra neitin. CoHbIMEH KaTap, TeMIeparypa
1700-1800 °C »xoFapbliaraH Ke3/ie KpeMHUIII KOpBITIIaFa Oetin ay Aopeskeci Oipiiama
TeMeHnaen 1. KoppiTnasarsl KpeMHHIA MeIIepi KeMipiH Mesepine e 0aillaHbICThI.
Conbimen, 1800 °C temneparypaaa KOpbITIagarsl KpeMHuA Momiepi 8,3 Y%-Fa apTaabl
(30,2 %-nan 38,5 %-ra neiiin). TemneparypaHblH KOPBITIIaJaFbl MapraHell MeJIlIepiHe
acepl HEFYpJIbIM KypJelni Toyenautikke ue. byn royennunik 1700 °C temneparypana
keMmip memnmepiniH 40 %-nan 120 %-ra gelinri apajablFbIHAa MUHUMYMFa 1€ 00Jabl.
HIukikypamaa keMip[iH KejieMi apTKaH Ke3/le KOPbITHaJarbl MapraHer MeJmepi
TOMEHJEH/I1 (KpEMHHUI/11H TOTHIKChI3/1aHy MPOLECIHIH JaMybIHA OaiiiaHbICTh). MbIcabl,
1800 °C remmepatypana 56,6 %-nan 48,84 %-ra neiiH.
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kemipreri memtepi, %o: 1-40%; 2-80%;, 3-120%
Cyper 7 — TemmepaTypa MEH KOMIpPTET1 MOJIIIEPiHIH KPEMHUNII KOPBITIIaFa
6emin anyra (1), koperrmagarsl mapranen (I1) men kpemuwuiinin (I11) memmepine acepi

Kemipain 28% TypakTsl MeJIIEpiH/e XKOHE KBAPLUT MOJIIEPIHIH KOFapbUIaybl
Ke31H/1e KpEeMHHI/II KOpBITIIaFa Oetin airy 1apexeci ToMeHeiai (7-cyper, I1I). Mbicansl,
1800 °C remneparypana 56,24 %-nan 47,23 %-ra neiiin. ag, = f(T) Toyenainiri 1800 °C
TeMIeparypaja Makcumymra ue 6omazsl. [LnkiKypamaarsl KBapIUTTIH KOFAapbLUIAYbI
Ke31HIe KOPBITIIaIaFbl KpeMHHI MeJIIepi a3aamn apTaasl. Temmneparypa MeH KBapLUUTTIiH
KOPBITIIaIaFbl MapraHel] MeJIepiHe acepl HEFYpAbIM KYpAEi TOYENAUIIKKE He.
MapranenTiy xoraprbl Mesmepi 1600 °C temneparypana, sFHU KpEeMHUNHIIH
TOTBHIKCBI3JIAaHYBI 9J1i JaMbIMaraH Ke3/e Oaiikanaapl. MapraHenTiH TOMEeHr1 Mesmiepi
1700-1800 °C Temnepatypajaa Oaiikamaibl.

8-cypeTTeH KoMipaiH KeJieMi KOFapbUIaFaH Ke3Je KOPBITIaJaFrbl aTFOMHHUN
MeJIIIepi KOFaphIIANTHIHBI, aJl KBAPIUTTIH KOJIEeMi )KOFapbUIaFraH Ke3/e TOMEHICUTIH1
Oalikamanel. KopheITiagarel aTlOMUHHAIIH KOFapFel Memmepi (6,1%) 2000 °C
Temreparypana xoHe 120 % xemipae O6aiikanansl. KemMipTeriHiH TypaKThl MOJIIEpiH/E
HIMKIKYPaM/IaFbl KBApIUTTIH )KOFapbUIAybl KDEMHUII KOPBITIIaFa Ol ary TopexeciH
temenereai. Meicansr, 1800 °C temmeparypana 56,2 %-nan 47,2 %-ra neifix.
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KBapuuT mMemepi,%: 1-20%; 2-28%; 3-36%
Cypet 8 — Temneparypa MEH KBapIIUT MOJIIIEPIHIH
KpEeMHHUIAII KopbITnara Oemin anyra (1), KopbITIagarsl KpeMHHI
(I) men mapraner (II) menmmepine acepi

bankpiTy KyaTThutblFbl 150 KBA KEH-TEpMUSIIBIK JICKTP MEIIHAC KYPTi3uiai
[2, 4, 12—-13]. BankpITy menn KOJOIIHUTIHIH KeJieMi a3aiiFaH CalbIH IMIUKIKYpaM/IbI
IIaFBIH OOJIIKTEM Y3/IIKCi3 )KYKTEY 9IICIMEH XKYPri3UI/l )KoHE KOPBITIA op 2 CaFaTThIK
Mep3iM/Ie IIOMBIH KaIbIITapFa MIBIFAPBUIBI OTHIPAbI. BPUKETTIH TYPaKThI IIBIFBIHBIMEH
(100 kr) 6anKpITY Ke3eHIH/Ie OAIKbIMAHbBIH 12 MIBIFAPBUTEIMBI AJTBIH]IBI, OHJIA TY3ETY TeK
YKOFaphI KYJII1 KOMIpIiH MIBIFBIHBI O0WbIHIIA KYprizinai: 60, 80 xone 100 kr. Kanasik
KOMIpTEriHi OelTapanTaHabIpy YIIiH KBapUUT KOAAaHBUIARL. AnbiHFaH Fe-Si-Mn-Al
KEIIEH 11 JIMTaTypachIHbIH OpTallla XUMUSIIBIK KypaMbl 3-KecTe/ie KeNTiplIreH.

Kecre 3 — Kemenai turaTypacblHbIH OpTalla XUMUSIIBIK KypaMbl, %

Koraps! kynai
KOMIpAiH IIbIFBIHBI,
KT

XUMUSITBIK KYpaMbl, %o

gf Mn Al
60 7,42 45,92 34,81 5,60
80 7,19 49,92 30,86 6,33
100 7,01 53,11 27,72 6,91

3-kecTeleH KOMIp/IH HIBIFBIHBI apTKaH Ke3[e KOPBITIaAarbl KPEMHUN MeJIepi
alTapIIBIKTal )KOFapbUIAHTBIHBIH Kopyre Oomabl. by kemip kysinzgeri SiO, MommepiHin
67,05 % OGomybiHa OaitnanbicTel. COHBIMEH KaTap, HIMKIKypama KeMip MeJIIepiHiH
apTybIMEH KaJIJIBIK KOMIPTEri >KOFapblIaiiibl, OHbl OeiiTapanTaHAbIpy YIIIH KaXeTTi
KPEMHHUIIIH TY3UTyl YIIIH KBapIUT Kocbutasl. 8-cyperte 100 Kr Mmapraner Kypamabl
OpuketTeH, 80 Kr )OFaphl KYJ/Ii KeMipAeH xkoHe 39,38 KT KBapLUTTEH albIHFAH KEIIeH i
JUratypa KepceTulreH. AJbIHFaH KOpbITHaHbl KpeMHUH (45—-53) xoHe mapraHel
(27-72) menmepi OoWbIHIIA CTaHAApPTTapFa colikec peppocHIMKOMapraHenke
XKaTKpI3yFa OosMaiiibl. COHIBIKTAH ajblHFAH KOPBITHAHBI OOMATTBHIH THIHBIII KOHE
JKapThUIall THIHBIII MapKallapblH OTTEKCI3ICHIIpY YIIIH THIMAI TypAe KOJJaHyFa
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MYMKIiHJiK 6epeTiH OipHenie 6enceni anementrepaeH (Si, Mn, Al) TypaTbia kerenii
JAUraTypara ceHiMAl TYpAe KaTKbI3yFa O0abl.

Cypet 9 — Maprasnen Kypam bl OpukerTeH, «Capblablpy» KSH OPHBIHBIH HKOFaphl
KYJI1 KeMIpiHEeH KoHE KBapIUTTeH anblHFaH Fe-Si-Mn-Al kemeH i KopbeITachl

KopbITbIHABI

Tene-Tenaik >xaraaiia TePMOJMHAMUKAIBIK MOJIEIb/ICY HOTHKEIEpiHE HET131H 1e
KpPEMHHIIEH, MapraHelTeH KoHe aTIOMUHHIICH TYpaThiH KEIIeHAl JUraTypaHsbl
MapraHel] KypaMJIbl OpUKETTEH KOXKChI3 9JIICIIEH ajly MYMKIHJITT KOPCETIJITeH.
«Capblagplp» KeH OPHBIHBIH KOFaphl KYJ1 KOMIpl TOTBIKCHI3AHIBIPFBILI PETIHAC
KOJIAAHBUIABI. EcenTi-TeopusiiablK 9A1CTIH, MOJACIbACY IIH KOHE 3epTXaHaIbIK
9KCIIEPUMEHTTEP/I1H HOTIKEJepiHE COMKEC aHbIKTa/IbI:

1300 °C temmeparypaaa MapraHer] KypaMJibl OpHKET >KOFapbl KYJIJII KOMipMeH
OPEKETTECKEH/IE TEMIP MEH MapraHell CUIIMIUATEPIHEH TYPaThlH KOPBITIIAHBIH TY31TY1
Gacranansl. KopeiTansiy Herisri ¢asanapel — FeSi xone Mnl1Si,,, Fe Si, FeSi,,
FeSi, ,, xxone FeSi, .., MnSi, Mn,Si,, Mn,Si. 1700-1800 °C Temneparypa apajibIFbiHAQ
amomuHui Kypamael (asanap CaAl,, CaAl, Tysine Gacraiimsl;

— MIMKiKypamaarsl keMip MemepiHi 40 %-nan 100 %-ra aeiiin apTybl KpeMHHHTIH
KOphITHara oty napexecid 42,43 %-nan 59,55 %-ra neiiin aptreipaasl. KopbrTnagarst
kpeMHuuit memepi 27,4 %-ra aptansl (30,2 %-nan 38,5 %-ra neiiin);

— MHUKIKYpaMJaFbl KOMIPAiH MOJIIEPIHIH apTyhl KOPBITIIAAaFbl MapTraHell
MemepiHiH 56,6 %-nan 48,84 %-ra neiiiH TOMeHIeyiHe oKeneal, Oy KpeMHUNTIH
TOTBIKCHI3JIaHy MPOLIECIHIH JaMybIHA OaillaHbICTHI;

— MHKIKypaMJarbl KBapIUTTIH apTybl KPEeMHUN1 OO anyFa, KOPhITHAJAFbI
KpEMHUH MeJIIIEepiHe iC KY31HlIe acep eTNeli, JereHMEeH KOPBITIaJaFbl MapraHell
MeJIIIepiHe alTapIbIKTal ocep eTe/ll )koHe KPEMHUNIIH TOTHIKCHI3AaHybl &1 Ty31IMEreH
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ke3zae 1600 °C remmepaTypana skoraprel MoHTe xkeTeni. 1800 °C remmepaTypaia xxoHe
MIMKIKYpamaarel KeMipaiH 28 % TypakThl MeJIepiHe KBapLUUTTIH XKOFapblaaybl
Ke3iH/Ie KpEeMHHUIII KopbITHara Oein ainy aapexect 56,24 %-nan 47,23 %-ra aeiiin
TeMenael . Kemip MesmepiniH apTybIMEH aTlOMUHHIA MOJIILIEpl )KOFapblIaibl, al
KBapIUT apTKaH CalibIH TOMeHAeH 1. KophITiagarsl alFOMUHHAIIH )KOFAPFBI MOJIIIEPI
(6,1 %) 2000 °C Temmepatypana xone 100 kr keMip Memiepinae Oaiikanamb;

1700-1800 °C temmepatypana KopbITIagarsl KpeMHuil mMemmepi 29-38,8 %
Kypaiipl. OChl KOPCETKILIKE CYHEHE OTHIPBII, KopbiTna FeMnSi,, (Si28-30%) nemece
MnC,, (Si >25% ) deppokopbITHanapbiHa CONKeC KENETiHIH OaliKalMbI3. Aaina,
Mmaprasern Meuepi 6oitbiama (41,9-57,2%) KopbITHa craHaapTka CoMKec KeaMeni.
deppocunukoMaprasenreri Maprasen memiepi 60—75 % 6011ybl Kepek.

CrannmapTka caii emec muki3zarthl (1-kecte) Konmana oteipbir, 1700-1800 °C
TeMIIepaTypa apaJIbIFbIH/1a AJIBIHFAH KOPBITHATIAP XUMUSIIBIK Kypambl OoiibiHia MemCr
475691 (ISO 5447-80) coelikec GpeppocHIMKOMapTaHel] KOphITIaJapblHa KaTHaNi bl
Omnapbl 601aTTHIH THIHBIII JKOHE KapThUIAN THIHBII MapKalapblH OTTEKCI3IEHAIpYyTe
TUIMII TYpAE KOJJaHyFa OONAThIH KPEMHUN, MapraHell KoHEe alIOMHHHUI CHUSKTHI
OeJIcCeH/Il 3TIEeMEHTTepre ue JKaHa KeLeH/ 11 JINraTypa peTiHie KapacTelpyFa 0oJaibl.

Mapraner Kypamabl OpuKeTTep MEH >koHe KOFaphbl Kyl keMipiepaeH Fe-Si-Mn-Al
KEIIEH/ 11 JIUTaTypachIH Ty TEXHOJIOTUSACHIH ChIHAY KyaTThUIBIFBI 150 KBA 3epTxaHaibIk
HeIIiH/Ie )KYPri3UIl )koHe KOPbITIIAIAP IbIH OHTAMIIBI KypaMbl MEH 3JIeMEHTTEp i Oein
aity opHaThUInbl: %: Si 75-85, Al 60-70, Mn—80-87.

JXKypriziiren 5KCIepuMEHTTIK ChIHAKTap YChIHBUIFAH MIMKIKYpaM MaTepUaiapblH
KoJ1aHa oThIpbin, Fe-Si-Mn-Al HeriziHaeri KemeHai KOpbITHanapasl 0aaKbITyIbIH
OPUHLUNTI MYMKIHJITIH KOpCeTe/i: ojlap THIHBIII JKOHE KapThlIail THIHBII OoJaT
MapKaJjapblH OTTEKCI3ACHIIPYAe THIM/II TYpJe KOJAAHBUTYbl MYMKIH.

Kap:kbl1anabIpy TypaJibl aKknapar

By xymbic Kazakcran Pecrybnukacs! FoutbiM xkoHE KOFapbl O11iM MUHUCTPJIIT]
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TEPMOANHAMHNYECKOE MOJEJIMPOBAHUE ITPOLHECCA
BBIILIABKHA KOMILIEKCHOM JINT ATYPBI FE-SI-MN-AL

Tepmoounamuueckoe modenupoganue OblI0 NPOBEOEHO C UCHONIb30BAHUEM
npoepammuoco naxkema HSC Chemistry 0ns  onpedeieHusi ONMUMATbHBIX
napamempos npoyecca, npuMeHsis SpaujaowWuics naaH 8mopo2o nopsaoxa (niaw
Boxca-Xanmepa). Jannoe mooderuposanue cnocobcmsyem YayuuleHur0 NOHUMAaHUs
QuUBUYECKUX U XUMUYECKUX NPOYEecco8, NO360ISAEn NPOSHO3UPOBAMb NOBedeHUe
cucmemvl 8 PA3IUYHBIX YCAOBUAX, ONMUMUSUPOBATHL HPOYECChl U COKPAUAmb
epemMsi U pecypcuvl, HeoOXoOumvle 0 IKcnepumenmos. Onpedenena enusHue
memMnepamypuvl Ha pasHoBecHoe pacnpeoenenue KpemHus, Mapeanyd u amioMunus
6 cucmeme «bpuxem-yeonv-keapyumy. Onpeodenena cmenerv nepexood Kpemuus
U Mapeanya 8 KOMNIEKCHYIO TUeamypy, d makice COOepilHCaHue IMUX Memaiios
6 cCniage ¢ NOMOWDBIO MEPMOOUHAMUYECKo20 Modenupoganus. Ilogviiuenue
aghpexmuenocmu KoMIAEKCHOU NnepepabomKu Cuipbsi 8 (heppoCniasHoll Ompaciu
Maxaice cnocobcmsyem UcnoIb308anue no020MoGIEHHOU WUXMyvl 8 gude OPUKEMOo8
u3 pyowl u 6occmanogumens. Mul npednazaem 6biniagKy KOMNJIEKCHOU JU2amypuvl U3
Opuxema, cocmosiye2o U3 HeKOHOUYUOHHO20 MAP2AHYEBO20 CbIPbs, OMCEB08 KOKCA,
a makaice U3 BbICOKO30ALHO20 Y2l U KEAPYUMd, ¢ NOCIeOVIOWUM MOOETUPOBAHUEM
npoyecca 8vbINIA6KU 6 1AOOPAMOPHOU PYOHOMEPMULECKOU neyu. DNeKmponiaska
NPOBOOUNACH C UCNOTB30BAHUECM MAPSAHEYCOOEPIHCAUWUX DPUKEM OB, 8bICOKO30TbHO0
yens u Kkeapyuma (01 KOPPEeKMUpOGKU XUMUYECKO20 COCMABA U HeUmpanu3ayuu
OCTHAMOYHO20 Yyenepooa) 6 DYOHOMEPMUYECKOU IIeKmponedy MOWHOCbIO 00
150 kB*A. B pesynrvmame onvlmos no pyOHOMepMu4ecKkoll 31eKmponiaske opuxema
C BbICOKO30IbHLIM YelleM Oblla NOAYYEHA KOMNAEKCHAS NUeamypd co CpeoHUM
cooepocanuem kpemuusi 45,92-53,11 %, mapeanya 27,72-34,81 % u antomunus
5,60-6,91 %.

Kniouesvle  cnoga:  mepmoounamuyeckoe — Mooeauposawue;,  Mmapeauey
codepaicauyuli Opuxem, 8bICOKO30IbHYIIL Y20ab, NAAGACHUe, KOMIIEKCHAS Tu2amypd.
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THERMODYNAMIC MODELING OF THE SMELTING PROCESS
OF COMPLEX FE-SI-MN-AL MASTER ALLOY

Thermodynamic modeling was carried out using the HSC Chemistry software
package to determine the optimal process parameters using a second order rotating
design (Box-Hunter design). This modeling helps improve the understanding of
physical and chemical processes, allows you to predict the behavior of a system
under various conditions, optimize processes and reduce the time and resources
required for experiments. The influence of temperature on the equilibrium distribution
of silicon, manganese and aluminum in the briquette-coal-quartzite system was
determined. The degree of transition of silicon and manganese into the complex
alloy, as well as the content of these metals in the alloy, were determined using
thermodynamic modeling. Increasing the efficiency of complex processing of raw
materials in the ferroalloy industry is also facilitated by the use of prepared charge
in the form of briquettes of ore and a reducing agent. We offer smelting of a complex
master alloy from a briquette consisting of substandard manganese raw materials,
coke screenings, as well as high-ash coal and quartzite, followed by modeling the
smelting process in a laboratory ore-smelting furnace. Electric smelting was carried
out using manganese-containing briquettes, high-ash coal and quartzite (to adjust
the chemical composition and neutralize residual carbon) in an ore-thermal electric
furnace with a capacity of up to 150 kVA. As a result of experiments on ore-thermal
electric smelting of briquettes with high-ash coal, a complex master alloy with an
average silicon content of 45.92-53.11 %, manganese 27.72—34.81 % and aluminum
5.60-6.91 % was obtained.

Keywords: thermodynamic modeling;, manganese-containing briquette; high
ash coal; melting, complex ligature.
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PROBLEMS OF ENSURING THE SAFETY OF PASSENGER
TRANSPORTATION IN THE CITY OF ASTANA

The fight against road traffic accidents in large cities is of great social importance
and is a matter of national importance. At the same time, the problem of ensuring the
safety of public transport is of particular relevance due to the severe consequences
of road accidents involving this category of vehicles. Thus, safety is one of the main
factors ensuring high-quality passenger transportation services.

An acute problem of modern society is the insufficient provision of passenger
transportation safety, which leads to an increase in road accidents and injuries on
the roads.

One of the methods for studying the causes of road accidents is machine learning,
which allows you to analyse data, remember information, make forecasts, reproduce
ready-made models, and select the most suitable option from those proposed.

This study systematised and analysed the data of statistics of road accidents
that occurred with the participation of public transport in the city of Astana for
20172020 and the most significant causes of their occurrence were established. The
data set on the number of road accidents was analysed using the method of machine
learning factorisation and analysis of the main components, which made it possible
to reduce the data to key features.

Keywords: urban passenger transportation, bus fleets, road safety, accident
analysis, road accidents, public transport, principal component analysis.

Introduction

Every year, more than one million people die around the world as a result of traffic
accidents and about 20—50 million are injured or disabled [1]. Many countries pay special
attention to the number of road accidents in order to identify the causes that contribute
to their occurrence [2, 3]. The urban regular passenger transportation system is one that
is of major socio-economic importance [2—5]. It is a concern not only in developing
countries but also in the US and Europe [2]. The quality of a transportation system is
characterised by the level of passenger satisfaction. Evidence suggests that bus crashes
must be taken much more seriously [6].
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The quality of the passenger road transportation system in I Astana meets the
requests of its residents [7]. The solution to the problem of reducing the accident rate
of bus fleets (BF) that carry out urban and suburban regular passenger transportation
is relevant. In this regard, regulation of activities to ensure traffic safety in cars, urban
ground electric transport and in the road sector are the major points of safety issues in
city transport traffic [8].

Kazakhstan’s carriers are constantly faced with the lack of stable subsidies, which is
one of the main disadvantages [9]. Kazakhstan’s passenger traffic system is experiencing
a high decline of the BFs, as approximately 60 % out of approximately 12000 buses
across the country have greatly deteriorated. Unfortunately, the BF is updated annually
by only 3—5 % instead of the required 20 %. Another obstacle to the country’s passenger
traffic system is the rising prices on fuel, lubricants, and spare parts; hence, the industry
has become unprofitable and is not developing. As a result, Kazakhstan’s carriers have
accumulated huge debts and are often no longer able to serve the population [10]. This
situation is developing both in private and municipal parks [10].

Materials and methods

In recent years, there have been significant changes in the structure of passenger
transport in the capital city of Kazakhstan Astana. Since 2018, the city’s BFs have started
to put into operation modern buses (Table 1). For example, the BF1 has replaced more
than 700 buses with electric buses. About 71 % of total passenger traffic in the capital
city is served by BF1, which has 41 urban, 24 suburban and six express routes. Therefore,
additional bus drivers, repair personnel, engineering, and technical workers have been
trained. Moreover, with an increase in population density in Astana, the number of cars
and passenger transport has increased. Additionally, on public passenger transport an
electronic payment system on public transport has been introduced and new labour
relations are being introduced between drivers and managers of the BF.

Table 1- Number of buses and drivers in the car parks of Astana

Bus Fleets Number of buses Percentage Nmnbeerr:f driv- Percentage
BF1- JSC «Bus Fleet Nel» 728 65 1069 72,8
BF3 - LLP «Bus Fleet Ne3 SK» 140 12,5 159 10,8
BF4 - LLP «Bus Fleet N4 SK» 90 8,0 100 6,8
BF5 - LLP «Bus Fleet Ne3 SK 14 1,3 17 1,2
BUS»
BF6 - LLP «Zhorga MT» 61 5,4 66 4,5
BF7 - LLP «Bus Fleet No7» 87 7,8 58 3,9
Total 1120 100 1469 100

Yet despite all these efforts, the road accident rate in the Kazakhstan’s capital remains
high. There are also problems in passenger traffic organisation and control. Thus, in the
city’s passenger transportation system systematic problems have accumulated, which
clearly shows the increasing level of road accidents [ 10]. According to the statistical data
of LLP «City Transportation System», BF1 drivers had 2175 road accidents between
2017 and 2020 (Table 2). On March 26, 2019, a major tragedy took place in Astana,
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involving several buses in a road accident (Fig. 1). There were 35 people injured and
two died. After this road accident, the inspection of regular urban, suburban passenger
traffic was taken under special control [11].

Figure 1 — Photos from the scene of the road accident involving urban passenger
transports (March 26, 2019, Astana). Sources: informburo.kz [11]

Subsequently, an action plan was approved to ensure traffic safety in urban passenger
transport. Vehicle fleets activities were analysed and assessed to ensure traffic safety,
and in 2019, a comparative analysis of these measures showed an improvement. For
example, from February to March in 2019, there was a gradual fall in the number of
offences as the number of on-the-spot-fines increased (Fig. 2).

Figure 2 — The number of road accidents and penalty
points from January to May in 2019

In this investigation, the Singular Value Decomposition (SVD) method was used
to describe and analyse the number of accidents. This method is one of the most well
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known in numerical linear algebra and allows reducing dimensional data into the key
features that are necessary for describing. A data matrix in SVD factorisation defines
as a collection of column vectors X1 Xz *** X :

X = |xpxp xm} =Uyvr,

where: U — let singular vectors matrix, >, — singular values matrix, V' right singular
vectors matrix. This factorisation is also the basis for the PCA, which is one of the most
widely used techniques in all statistics for taking high dimensional data and trying to
understand it in terms of its dominant patterns or correlations.

Results

The number of road accidents that occurred in the urban passenger transport of Astana
between 2017 and 2020 was taken as initial data (Table 2). As can be seen from Table
2, the means and standard deviations are very different, as they have a different spread.
There are strong correlations between the independent variables (Fig.3), which leads to
the problem of multicollinearity. The analysis of such data may lead to inaccuracies and
the estimates for the models may be unstable. The data in Table2 is poorly visualised,
but the PCA technique allows us to recognise the dominant correlations. The data was
centred, and then straight lines were found that best describe the new data:

PCl = —047v1 — 0.52v2 — 0.51v3 - 0.50v4
PC2 = 0.82v1 — 0.003v2 — 0.26v3 - 0.51v4
PC3 = —0.30v1 + 0.56v2 + 0.37v3 - 0.68v4

PC4 = 0.11v1 — 0.65v2 + 0.73v3 - 0180v4

The first principle component includes data between 2017 and 2020 with
approximately the same weights. The second principle component mostly is defined
by data in 2017. The results of PCA are shown in Table 3. The first two components
made it possible to visualize the results, because PC1 contains 93 % of the original
data variance. PC1 and PC2 together explain 99.57 % of data variance (Table 3). The
remaining components account for only 0.43 % of the variance. The first principal
component includes data between 2017 and 2020 with approximately the same weights.
The second principal component mostly is mostly defined by data from 2017. The
results of PCA are shown in Table 3. The first two components made it possible to
visualise the results, because PC1 contains 93 % of the original data variance. PC1 and
PC2 together explain 99.57 % of data variance (Table 3). The remaining components
account for only 0.43 % of the variance.
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Table 2 — Number of road accidents attributed to BF drivers

Bus Fleets Number of road accidents by years
2017 2018 2019 2020 Total
BF1- JSC «Bus Fleet Nel» 403 724 658 390 2175
BF2" - JSC «Bus Fleet Ne2» 158 135 87 1 381
BF3 - LLP «Bus Fleet Ne3 SK» 318 352 257 97 1024
BF4 - LLP «Bus Fleet Ne4 SK» 270 189 131 72 662
BF5 - LLP «Bus Fleet Ne3 SK
BUS» 25 20 23 12 80
BF6 - LLP «Zhorga MT» 64 62 79 38 243
BF7 - LLP «Bus Fleet No7» 70 101 89 59 319
Total 1346 1632 1324 669 4971

* BF2 has suspended its activities since 2021 after COVID-19 restrictions

Fig.4 shows that the correlations between the data in 2018, 2019, and 2020 are
positive. The data in 2017 is slightly different. In Fig.4 there are two special points
[-3.9454,-0.4466] and [1.6595, -0.4027], which correspond to BF1 whish is the biggest
bus fleet and BF5 whish is the smallest one, respectively.

Figure — 3 Correlations between variables

During the observed period, the largest number of accidents (2175) was committed
by BF1 drivers, because this bus fleet is the main carrier in the capital of the Republic
of Kazakhstan, which accounts 65 % of the bus stock and 71 % of passenger traffic.
During the observed period the smallest number (80) of accidents was committed by
BFS5 drivers. BF5 owns only 14 buses, serves only one route.
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Figure 4 — Principal component vectors and

Table 3 — Centre, scale, and coefficients of principal components
variables centre scale PC1 PC2 PC3 PC4
vl (2017) 186.85714 1452635 | -0.4698277 | 0.82263090 | -0.2999858 | 0.1120215
v2 (2018) 226.14286 244.4337 | -0.5169938 | -0.003759883 | 0.5565239 | -0.6503725
v3 (2019) 189.14286 219.0924 | -0.5132081 | -0.256184669 | 0.3734896 | 0.7290352
v4 (2020) 95.57143 134.0558 | -0.4985948 | -0.507576272 | -0.6788189 | -0.1815884

Table 4 — PCA analysis of standard deviation, proportion of variance
and cumulative proportion

PCl1 PC2 PC3 PC4
St. deviation 1.9291 0.51157 0.12707 0.02877
Variance 0.9303 0.06543 0.00404 0.00021
Cumulative 0.9303 0.99576 0.99979 1.00000
Discussion

Determinants of road traffic mortality in Switzerland were studied by Adrian Spoerri
and others [12]. They linked 2000 census data to traffic mortality records between
2000 and 2005. Hazard ratios were calculated by using Weibull survival models and
Bayesian statistics [12].

A descriptive analysis was used.to classify the road accidents data of Rome districts
between 2016 and 2019. The proposed predictive model can be used as a tool to plan
measures [13]. Road accidents were distinguished by severity. The most important
factors influencing traffic accidents were determined by using logistic regression analysis
[14]. In [15] the objective and subjective risks were distinguished by the hazardous road
sections on the state roads in Serbia. Then the comparative analysis took place. As a
result, the reliable list of prioritised dangerous locations was proposed.
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The relationships between traffic violations and road accidents were found using a
multiple linear regression technique [16]. The data was collected in 31 intersections of
two Chinese cities. The number of traffic accidents was taken as a dependent variable
and seven types of traffic violations were taken as independent variables. The result
of the linear regression showed that driving commercial vehicles, wrong-way entry,
speeding, and traffic-light violation were significantly related to the number of road
accidents [16]. In [17] the number of road violations was analysed by comparisons
between urban and rural passenger transport. There were 14 indicators of bus drivers
taken to find the impact on traffic violations using logistic regression.

In recent years, machine learning methods have been widely used. This research uses
the classification method of SVD. As a result, the original data matrix was divided into
clusters. The identified interpretations are recommended in the preparation of targeted
road safety programmes.

Conclusion

The number of road accidents in 2021 is not included. One of the reasons for this
is the decrease in the intensity of transport communications during the period of strict
quarantine restrictions during the Covid-19 pandemic. The analysis shows that the data
can be divided into three clusters. The first cluster includes BF1, where the level of road
safety is characterised by the largest number of accidents (2175) between 2017 and
2020. BF1 owns 728 vehicles. The second cluster includes BF2, BF3, BF4, BF6, and
BF7. In this cluster the number of road accidents is between 200 and 700. This cluster
of BFs owns approximately 120—150 vehicles. The third cluster BFS5 is characterised by
the modest number of road accidents (80) during the observed period, and BF5 serves
only one route.
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01.04.24 x. 6acnara TYCTI.

28.04.24 k. Ty3eTyJepiMeH TYCTI.

14.05.24 k. G6achIn mbIFapyra KaObUIIaH b

ACTAHA KAJIACBIHBIH KOJIAYIIBIJIAP TACBIMAJIBI
KAYHICI3AITTH KAMTAMACBI3 ETY MOCEJIEJIEPI

Ipi xananapoazvl JHcon-KONK OKUSANAPLIMEH KYPECMiY OeyMemmiK MaHbl3bl
30p ocone memnekemmix mayvizvl 6ap ic. CoOHbIMeH Kamap, KO2amovlk KOLiKmiy
KamuICYbIMeH OpblH al2aH HCOJ-KONIK OKU2ANAPLIHLIY  ayblp 3ap0anmapsiid
batinanvicmsl KO02AMObIK KOJIK KO32ANbICLIHLIY KAVincizoieiH KAMmMAMACLl3 emy
moceneci epexute ozexkmi. Ocvliauuia, Kayincizoik HcONayWbLIAD MACLIMAIbIHbIY
JC02apLL  CANACHIH  KAMMAMACLI3 ememin Heeizel ¢haxmopnapoviy 6ipi Ooavin
maowvLIaowL.

Kon-xenix oxuzsaiapvl MeH JHcondapoazvl Heapakammapowvly ocyine oKeiemin
AHCONAYUBIIAPOLL  MACHIMALOAY KAVINCI30I2iH  KAMMAMAChl3 emy MUuiMOLLiciHin
JrcemKinixcizoiel Kazipel manoa KoeamMHbly 03eKmi moceneci O0avin maowuliaobwl.

JKon-kenix oxuzanapviHbly cebenmepin 3epmmey 90icmepiniy 0ipi depexmepoi
manoayea, aKnapammsl ecme cakmayeaa, 60ajcamoap srcacayea, Oauvii yacinepoi
JHCAHSBIPMY2A HCOHE YCHIHBLI2AHOAPObIY [WiHeH el KONauibl HYCKaHul manoayea
MYMKIHOTK Oepemin MAWUHATbLIK, OKbIMY O0biN MAObLIA0b.

Ocwt 3epmmeyoe 2017—2020 scvindap 6otivinua Acmana KaaacblHblH KO2AMObIK,
KOIKMepiniy KamvlCyblMeH 0012aH HCON-KOMIK OKUSANAPLIHBIY CTHAMUCTIUKATbIK
Odepexmepi dcyliece Kenmipinin, mandaHobl JicoHe OAapobly MYbIHOAVLIHbIY €eH
Hezizel cebenmepi aHblkmanovl. JKon-Keik oKu2anapvlibly Canvl Mypaivl Oepekmep
HCUBIHM I MAWUHATILIK, OKbIMY DAKMOpU3AYUACHL JCOHe Hezizel Kypamoac maioay
90iCi apxulLibl MALOAHObI, s2HU KOJOAHBLIZAH 0epekmepoi He2izel KopcemKiumepee
Oellin KblCKapmyaa MyMKIHOIK OepOi.

Kinmmi ce30ep: kananvlk stconayubliap macbiManbl, aemooOyc napkmepi,
JHCON Kayincizoiel, anammel Manoday, HCON-KOJIK OKU2aiapbl, KO02AMObIK KOk,
Hezizel Kypamoac manoay.
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IMPOBJIEMbBI OBECIIEYEHU S BE3OITACHOCTH
IMACCAKUPCKHUX ITEPEBO3OK B I'OPOJE ACTAHA

Fopvba ¢ odopooscno-mpancnopmuoii  agaputinocmovio 68 KpPynHbIX 20p00ax
uMeem OONBLULYIO COYUATLHYIO 3HAYUMOCHb U AGIAEMCs 0eloM 20CY0apCmEeHHOU
sasxcnocmu. Ilpu smom ocobylo akmyanrbHOCmb npuodbpemaem npoodrema
obecneyenus 6€30nACHOCU 0BUNCEHUL 0OUeCMBEHHO20 MPAHCNOPMA NO NPUYUHE
MAACENBIX NOCIEOCNEULE OOPONCHO-MPAHCROPMHBIX NPOUCUECBUL ¢ VYacTHUeM
9MOL Kamezopuu MpAaHCNOpmHubIX cpeocms. Taxum obpasom, 6Oe3onacHocmy
ABNAEMCST OOHUM U3 2IAABHLIX (AKMOPO8, 00ECNeyUBaWUx 6bICOKOE KA4ecmeo
Yyeaye no npedocmasieHut0 naccaircupckux nepegosox.

Ocmpoil npobnemoil cospemeHHo20 0bwecmea sAeIemcsi HeO0CMamoyHO
apexmusnoe obecneyenue 0Oe30NACHOCU NACCANICUPCKUX NEPEBO30K, UMO
NPUBOOUTN K YBETULEHUIO OOPOACHO-MPAHCHOPIHBIX NPOUCULECTNEULL U MPAGMATUZMY
Ha 0opozax.

Oonum u3 memooos uccredoganus npudun 111 agnsemcs mawunnoe odyuenue,
KOMOpoe No36015em aHaIu3Upos8ams OaHHble, 3aNOMUHAMb UHDOPMAYUIO, CIMPOUMD
NPOSHO3bL, BOCHPOU3B0OUMD 20MOBble MOOEIU U 8bIOUPAMb HAubOoIee NOOX0OAUUL
8apuanm u3 npeooNHCeHHbIX.

B Oannom uccnedosanuu cucmemamusupoganvi, NpoAHATUIUPOBAHBL OAHHbIE
CMAMUCmMuKy  00OPOIHCHO-MPAHCNOPMHBIX — NPOUCUECMBUL,  NPOUZOULEOUWUX  C
yuacmuem obwecmeenno2o mpancnopma 2opooa Acmaunwt 3a  2017-2020 ee,. u
VCMAaHOBIeHbl HauboNee 3HaAUUMble NPUYUHbL UX B03HUKHOGenus. Habop oannvix
0 Koauuecmee OO0PON’CHO-MPAHCHOPMHBIX HPOUCULECBULL NPOAHATUSUPOBAH  C
UCNONb308AHUEM MEMO0A PAKMOPUZAYUU MAUUHHO20 00VYUEHUS U AHATU3A 2TIAGHBIX
KOMNOHEHMO8, YMO NO360AUN0 CGECMU OAHHBLE K KTIOUEeB8bIM NPUSHAKAM.

Kniouesvie cnosa: 2opodckue naccasxcupckue nepegosKu, asmooOycHvie
napxu, 6e30onacHocmb 00PONCHO20 OBUICEHUSL, AHATU3 ABAPULIHOCU, OOPOIHCHO-
MPAHCNOPMHbBIE NPOUCUIeCBUS, 00UWeCMEEHHbIL MPAHCNOPM, AHANU3 2TA6HbIX
KOMNOHEHMO8.
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MPHTU 73.29.17
https://doi.org/10.48081/KZS12960

O. T. banabaes, A. B. Poxkoe, b. LLl. Ackapoes,

A. []. KacbimxxaHoea, *[]. M. belicembaee

Kaparanaunuckuil TexHUYeCKHii yHUBEpCUTET UMeHH AObUikaca CaruHoBa,
Pecny6sinka Kazaxcran, r. Kaparanaa

*e-mail: Diasbl13(@mail.ru

K BOIMNPOCY OINPEAEIJIEHUS NPELENIbHbIX HAIPY3OK I1PU
NEPEBO3KE 4JINHHOMEPHbIX PEJIbCOBbIX INJIETEW (OT 800 M)

B oannoti cmamve npedcmasnenvl pe3yibmanvl HAYYHO-UCCAEO08AMENbCKUX
pabom, 6bINOIHEHHBIX ABMOPAMU 8 0OIACMU ONpedeleHUsi NPeOebHbIX HACPY30K 8
CbeMHOM 000PYOOBAHUU BACOH-NIAMPOPM 6 cyene npu nepegosKke ONUHHOMEPHBIX
penvcosvix niemeti (om 800 m) Ha sncenesuvix dopoeax Kazaxcmana. I[Iposedennniii
npeosapumenbHulli 0030p U AHANU3 CYUWEeCMEYIOUUX MEMOO08 U MEeMOOUK pacuema
NOKA3AJ, YMO HA OGHHbIL MOMEHM Hem PACYemHblX Mooenel, YYUmvlaroujux
npeoenbHble Ha2py3KU NP Nepedo3KU OTUHHOMEPHBIX penbcogblx niemeti (om 800 m)
no dicenesHvim 0opoeam. B pabome npeonoscenvi ochognvle pacuemuule cxemvl 05
OnpeoeieHUsi NPEOeIbHbIX HAZPY30K 8 CbeMHOM 000pYO008AHUU BALOH-NAAMPOPM
6 cuyene npu nepesoske ONUHHOMEPHBIX penbcogvlx niaemei (om 800 m) npu
APOX0AHCOeHUU KPY208blX Kpusblx. OCHOBHOI udeell UCC1e008aAHUs ABTIAeM s MO, YMo
paspadamvisaemulii Memoo pacuema npedeibHblX Ha2py30K 8 CbeMHOM 000PYO008aHUU
8a20H-NIAM®OPM 8 cyene (Perbcoso3ax) npu nepesosKe ONUHHOMEPHBIX PeNbCOBIX
naemeti (om 800 m) nozgonum onpedensams 6€30NACHOCMb UX MPAHCNOPMUPOBAHUS
no dcenesnvim oopoeam Kazaxcmana. Peanuzayusi 0anno2o HayuHo2o npoexkma
CYWecmeeHHo  Nosvlcum  IPHeKmueHOCms — BHEOPEHUs.  8bICOKOCKOPOCHHOZ0
«bapxamnoeo nymu» 6 Kazaxcmane. I[Ilpedcmasnennvie pe3yibmamol uccie008anull,
Ha Hawl 83271510, UMEIOM Cepbe3HOe NPUKIAOHOe 3HAYeHUe, KOMopoe, HeCOMHEHHO,
OvOoem UHMEPECHO UHICEHEPAM U YYEHbIM, 3AHUMAIOWUMCI UCCLe008AHUAMU 6
obracmu #cene3Ho00POAHCHO20 MPAHCIOPMA.

Knrouesvie  cnosa: JHCENeZHOOOPOICHBINL  MPAHCHNOPM,  PENbCOB8O3,
JHCENe3HOOOPOIICHbIE  NAAMPOpMbL,  ONUHHOMEPHbIE — PelbCcogble  Naemi,
npeoenvHbie Haepy3Ki.

Brenenmne

1 centsa6ps 2023 roga B [locnanuu Hapoay Kazaxcrana ['naBa rocynapctsa Kaceim-
XKomapr TokaeB 0003HaYMI, YTO B TPAHCIIOPTHO-IOTUCTUIECKON OTPACITU CTPAHbI B
MIEPBYIO OUYEpe/Ib CIEAYET PEeaaInu30BaTh Psii KPYMHBIX KEJIE3HOAOPOKHBIX MIPOEKTOB,
Takux Kak «JlocTeik — MOUBIHTE, «baxTel — Asiro3y», «Jlap6aza — Makrtaapany,
00BOHAS JMHUS AJIMATBl — 3TO TaKXe MOATBEPXKIAAET aKTyalbHOCTh JaHHOTO
npoekra [1].

CeropHs Ha 3K€J1E€3HOI0POKHOM TPAHCIIOPTE AKTUBHO BHEAPSIETCS] BBICOKOCKOPOCTHOM
«OapXaTHBIN MyThY, MPU KOTOPOM YMEHBIIIEHO KOJUYECTBO CTHIKOB 33 CUET YKJIAJIKH
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JJIMHHOMEPHBIX peiabCcoBbIX IieTed [2—4]. Becnoit 2023 roga pykoBOaUTENU
TPAHCIOPTHBIX NpeanpusiTuii obparunuck B KaparanauHCKUil TeXHUYECKUN
yauBepcuteT umeHn Absuikaca Carunosa (KapTV um. A. Carunosa, r. Kaparanaa,
KazaxcraHn) c mpock00#i paccMOTpETh BO3MOKHOCTh pa3pabOTKH HAy4HO 0O0OCHOBAHHOM
METOAMKHU pacyeTa MO3BOJISIOIIEH ONpeeNsaTh NpeeibHble HATPY3KH B ChEMHOM
000pyI0BaHUM BaroH-aT(opM B crierne (penbcoBo3ax ) Mpu MePeBO3Ke JTMHHOMEPHBIX
penbcoBbIx miaeteit (ot 800 M) 111 YKIIaAKH BBICOKOCKOPOCTHOTO «0apXaTHOTO Ty TH.

B nacrosimiee Bpemsi B Poccun OAO «Poccuiickue sxese3Hbie J0poru» yCHenHo
OCYILECTBIISIOT MEPEBO3KY ITTMHHOMEPHBIX PelbCOBBIX muieTeit (0T 800 M) penbcoBozamMu
PC-800/3 [5], mpu 3TOM CKOPOCTH cocTaBa [6] AJOXOAMT HAa HEKOTOPBIX Y4acTKax
xene3nou gqoporu a0 80 km/4 (pucyHok 1). B Kazaxcrane, olHak0 BO3HUKIIU BOTIPOCHI,
CBSI3aHHBIE ¢ 0€30MaCHOCTHIO IEPEBO30K PEIHCOBO3AMHU I10 YKEJIE3HBIM JOPOI'aM CTPaHbI
JUTMHHOMEPHBIX PeNbCOBBIX TuieTel (o1 800 M). DT npeaonpeaennaio HeoOX0AUMOCTh
IPOBE/ICHUS ACTAIbHBIX UCCIIEOBAHUI C pa3pabOTKON pacueTHBIX MOJIEICH, KOTOPBIE
MO3BOJISAT IPOAHATTU3UPOBATH U ONPEAETUTH O€301IaCHOCTH IEPEBO30K JITMHHOMEPHBIX
penbcoBbIx TieTei (ot 800 m).

Pucynok 1 — IlepeBo3ka ITMHHOMEPHBIX PEIBCOBBIX
IJIETEN PEIBbCOBO3aMHU I10 KeEJIE3HBIM Jgoporam Poccun

[IpoBeneHHbIN MpeABapUTENbHBIA 0030p M aHAIN3 CYIIECTBYIOUIMX METOJIO0B H
METOAMK pacuera [7-9] mokasai, 4To Ha JaHHBIH MOMEHT HET PacUeTHBIX MOJIEJIEH,
YUMUTBHIBAIOLIUX IPEEIbHbIE HATPY3KU NPU MEPEBO3KU IIMHHOMEPHBIX PEIbCOBBIX
wiereit (ot 800 M) mo >xene3HbIM goporaM. Hambonee OIM3KUM K MpeasaraeéMoMy
TEXHUUYECKOMY PELICHUIO M0 pelIaeMOoi 3ajaue M JOCTUTAEMOMY TEXHHUYECKOMY
pe3yJbTaTy SABISETCS METO pacueTa, pa3padboTaHHbIN yueHbIMU KuTalickoii akagemMun
KEJIEe3HONOPOXKHBIX HayK At MuHuctepcTBa xene3Hsix popor KHP (r. Ilexun,
Kuraiickast Haponnas Pecryonuka) [9]. Yaensimu KHP pa3paboTtana nunamudeckas
MOJIEJIb OINPENETIEHUS HArpy30K IPU NEPEBO3KE JIMHHOMEPHBIX PEIbCOBBIX IJIETEH
mumHo# 100 M ¢ poX0XkIeHnEM OBOPOTa paAlyCcoOM KpyTrOBBIX KpUBBIX ITyTH 710 300
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M. Pe3ynbTarhl 3KCIEPUMEHTOB CBUAETEILCTBYIOT O TOM, UTO I10Ka3aTeau AUHAMUKHU
COCTaBa COOTBETCTBYIOT TpeOOBaHHSAM 0OE€30MaCHOCTH MEPeBO30K. Pe3ynbraThl
HKCIEPUMEHTOB BHEJJPEHBI Ha JKeJe3HbIX goporax Kuraiickoit Haponnoii Pecriy6nuku.
Opnako gaHHBIA MeToA pacueTa [9] npeaHazHadyeH Ui ONpEAENIEHUs] Harpy30K IIpH
IIEPEBO3KHU JJIMHHOMEPHBIX PeIbCcoBbIX mueTeit 1o 100 m.

[TosTomMy Bompocsl B 00jacTH pa3pabOTKH METOJa pacdeTa MMO3BOJISIONINI
OIIpe/ICTATh NPEeesIbHbIE HArpy3KH B ChEMHOM OOOPYZOBAaHUU BaroH-IU1aThopM B
crerne (pesbcoBO3ax) MpU MEPEeBO3KU JUTMHHOMEPHBIX PelbCOBBIX mieTel ot 800 M,
BO3HHUKAIOIINE MPU U3MEHEHUH MPOQUIIS KEJIE3HOJOPOKHOIO IyTH U UCKPUBJICHUU
PENbCOBOM IJIETH OT U3MEHEHUS PaJuyCOB KPYTOBBIX KPHUBBIX IIyTH NP JBH)KEHUU
peNbcoBO3a, TpeOyeT BCECTOPOHHETO U3YUEHUS M CO3AaHUsI HAYYHBIX OCHOB JJAHHOTO
HaIlpaBJICHUS.

MarepuaJbl 1 METOABI

IIpennaraemas pacueTHas cxema Ul ONPENENICHUs NPEIEIbHbIX HAarpy30K B
CbEMHOM 000pYy/I0OBaHMM BaroH-IIATGOPM B CLIENE MPU NEpeBO3KE JITUHHOMEPHBIX
penbcoBbIx 1uieTed (0T 800 M) mpu NMPOXOXKIEHUU KPYTOBBIX KPUBBIX IPEACTABICHA
Ha pUCYHKE 2.

Pucynok 2 — PacueTHas cxema JuIsl OIpeieIeHHsl IPEAEIbHBIX HArPy30K B
CbEMHOM 000pY/IOBaHWHU BaroH-IUIaT(OPM B CLENE MPH MEPEBO3KE JITHHHOMEPHBIX
penbcoBbIX mierei (0T 800 M) O KPyroBbIM KPUBBIM

P. — ycunus (peakuus CTOEK), BBI3BaHHBIC IPMHY IMTENBHOM IehopManueii nakera
PENBCOB, Ha i-H CTOMKe; |, — paccTosHME MEX Ty CTOMKaMU KPETEKHOM MI1aTdOpMBI;
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R — pagmyc kpuBoH; y, — nedopmanus usruba makera peabCoB Ha i-H CTOMKE;
0L — YT'OJI HOBOPOTA MEXKAY COCETHIUMHU CTOMKaMH KPETexKHOH 11aThopMsl; B — 0O1uii
YTOJI IOBOPOTA KPUBOM; X, — PACCTOSHUE OT yIJIa M3ruba 10 i-i CTOMKU KpPENEKHOM
1aTopMBbl IOBOPOTA; O — yroi MoBOpOTa CEUCHHS TAKETOB PEILCOB Ha 1-i CTOMKe

3aMedeHbl O4EBUIHBIE TEOMETPUUYECKHE COOTHOLIEHNUS, BBITEKAIOIINE U3 PACUETHON
CXeMbl (pUCYHKH 2 U 3).

Xi— fo:l le
A=l tga (M

t le
a=arctg—
2R

rae A — ngedopmariist OTHOTO y4acTKa MEXAY 2-MsI CTOMKAMHU.

Pucynok 3 — PacuetHas cxema Juist onpeieieHust qeopMaliuy nakeTa peibCcoB

Torna yHuBepcaabHOE ypaBHEHUE YIIPYTOM JIMHUM B BEIPAKEHNUHN YEPE3 HAYAJIBHBIE
rapameTpsl IPUMET CJIETYOIUN B

2
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e Yo, 0, Qp, M —HauanbHble mapamMeTphbl — COOTBETCTBEHHO IIPOTHO, YToJl IOBOPOTA,
ToriepeyHast Cuiia ¥ M3rudaroNuii MOMEHT B Hayasie KOOpIUHAT.

Jlnst Gosiee BBICOKOI TOYHOCTH OMpEAETICHUs TPEAETbHBIX HArpy30K B CheMHOM
000pYyI0BaHUU BaroH-Iu1aT(opM B CLIENE MPH MEPEBO3KE JUIMHHOMEPHBIX PETbCOBBIX
wiereid (0T 800 M) MO KPYyroBBIM KPUBBIM, HEOOXOIUMBI JIETAITBHBIE UCCIICIOBAHHUS C
paspaboTkoii udpoBoit Moaenu B mporpamMmmMHuoi cpeae ANSY'S, KoTopasi TO3BOJIUT
MIPOaHATU3UPOBATh FPPEKTUBHOCTH MPEIIaraeMbIX PACIETHBIX CXEM.

PesyabTaTsl 1 00cyKI1eHHE

OcHOBHOM Hjaeeil UccienoBaHUs SBISETCA TO, YTO pa3padaThIBaeMbIil METOA
pacueTa npeeNbHbIX Harpy30K B CheMHOM 00OPYAOBaHUH BaroH-IUIaTGOPM B CIIETIe
(penpcoBo3ax) MpH NEePeBO3KE JIIMHHOMEPHBIX peiabcoBbIX TuieTel (o1 800 M) mo3BOIUT
OIPEIETISTh OE30MaCHOCTh X TPAHCTIOPTUPOBAHMUS T10 JKeNe3HBIM toporaM KazaxcraHna.
Peanu3anms JaHHOTO HAYYHOTO UCCIIEIOBAHMUS CYIIIECTBEHHO MOBBICHT 3(P(PEKTUBHOCTh
BHEJPEHUS BBICOKOCKOPOCTHOTO «bapxaTtHoro mytu» B Kazaxcrane.

B peanusanuu ucciienoBaHus ¢ TOYKU 3PEHUS MOBBIIICHUS 3KOHOMHUYECKOU
3p(HEeKTUBHOCTH M MHAYCTPUATBHOTO MPUMEHEHHUS MOTYT OBITH HE TOJBKO
3aMHTEPECOBAaHbBl BO BHEAPEHUM Ha Xejle3HbIX noporax KazaxcraHa, HO U B
npyrux ctpanax Cpemnert Asum (Y30ekuctaH, KbIprei3cTan u Jp.) r/ie BHEAPSETCS
BBICOKOCKOPOCTHOM «0apXaTHBIN ITyThY». 3HAUMMOCTh UCCIICIOBAHMS B HALIMOHATILHOM
MaciuTabe 3aKirodaeTcs B peannsanuu HammonansHoro npoekTa «CHIIbHBIE pETHOHBI
— IpaiiBep pa3BUTUS CTpaHbD» [ 10], 0THOM U3 ETBI0 KOTOPOTO SIBJISIETCS OOECTICUeHNE
TPAHCIIOPTHOM CBSA3aHHOCTH M NOBBILIEHHS] TPAHCIOPTHO-TPAH3UTHOIO MOTEHIIMAJA
CTpaHBI.

Nudopmanus o puHaHCHPOBAHUM

JlanHoe uccnenoBanue npodunancupoBano Komuterom Hayku MuHUCTEpCTBa
HayKH U Bbiciiero oopasoBanus PecriyOmuku Kazaxcran (I'pant Ne AP23488738).

BrIBOABI

[IpencraBieHHbIE PE3YIbTAThl UCCIIEIOBAHMM, Ha HAIl B3IV, UMEIOT CEPHE3HOE
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3aHMMAIOILMMCS UCCIIEOBAHUSIMU B 00JIACTH JKEJIE3HOI0POKHOIO TPAHCIIOPTA.
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¥3bIH OJILIEM/I PEJIBC BYHAKTAPBIH (800 M-IEH BACTAII)
TACBIMAJIIAY KE3IHAE HNEKTI )KYKTEMEJIEPAI
AHBIKTAY MOCEJIECIHE

byn  maxanada Kazaxcmawnuvly memip  2HCOA0APLIHOA  Y3bIH — OIUEMO]
penvc Oynakmapvin (800 m-Oen 6Oacman) macvimanday kesinoe mipkemedezi
BA2OH-NAAMPOPMANAPObIY, — AIMATBI-CATMATLL  JHCADOBIKMAPLIHOAZLL WK
JHcyxmemenepoi aAMbIKMAy CAaiacblHod a8mopaap OpblHOAeaH 2blibIMU-3epmme)y
HCYMBICIAPBIHBIY Homudiceaepi keamipineen. Ecenmeydin xonoanvicmazol odicmepi
MeH ddicmemenepine anObiH-ala WOy JHCOHe MAN0ay Kasipel yakblmma memip
arconoapoa y3vin eauemoi peavc dynaxmapuoin (800 m-0en) macvimanoay xesinoe
wiekmi ocyxmemenepOi ecKkepemin ecenmey MoO0enboepi JHCOK eKeHiH Kepcemmi.
JKymvicma wenbep KucvlkmapviHan emy Ke3inoe y3viH oauemoi peavc 0YbiHOapbit
(800 m-0en bacman) macvimanoay Kesinoe mipkemeoeei 6a20H-HAAMPOPMALAPObIH
AIMATBI-CATMATBL  HCADOLIKMAPLIHOA2LL WeKmi dicyKkmemenepoi aHblKmay Yuli
Hezizel ecenmix cbl3danap ycvlHvlizan. 3epmmeyoiy Heaizel u0esicol Y3blH OMueMol
penvc Oynakmapvin (800 m-Oen 6Oacman) macvimanday kesinoe mipkemeodezi
(pervc  macvlebiumapoazvl)  BALOH-NAAMPOPMANAPOLIY — ALMATbI-CATMATbL
AHCADOBLIKMAPLIHOA2LL WEKMI JHCYKmemenepoi ecenmeyoiy 93ipileHin JHcamKan d0ici
onapovl Kazaxcmannvly memip 2#coa0apvl apKblivl MAcbMaioay Kayincizoicin
alikblHOay2a MYMKIHOIK Oepeminoici 6onvin mabwiiadvl. Ocvl eblibiMU HCOOAHBL
icke acvipy Kazaxcmanoa scozapvl sHcblioamobiKmol «OApKbim HCOIbINY eH2i3VOIH
MuimMOiniein  aumapnvlkmai apmmulpaovl. ¥CbIHbLIZAH 3epmmey  Homuicenepi,
01301y OUBIMbIZUIA, TMEMIDICONL KOMIZIH 3epmmeyee aApHAN2aH UHJICEHepaep MeH
2anbIMOapPObl KbI3bIKIMbIPABIH MAHbBI30bI KOIOAHOAb MOH2E Ue.

Kinmmi  cez0ep: memipoicon xeniei, penvbc  macvlavlid,  MeMIpHCOT
naamegopmanapol, y3viH oauemMoi peibe 6yHaKmapvl, Wexkmi scykmemenep.
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ON THE ISSUE OF DETERMINING THE MAXIMUM LOADS DURING
THE TRANSPORTATION OF ULTRA-LONG RAILS (FROM 800 M)

This article presents the results of research work carried out by the authors
in the field of determining the maximum loads in removable equipment of flatcars
in coupling when transporting ultra-long rails (from 800 m) on the railways of
Kazakhstan. A preliminary review and analysis of existing calculation methods and
techniques showed that at the moment there are no calculation models that take into
account the maximum loads when transporting ultra-long rails (from 800 m) by rail.
The paper proposes basic calculation schemes for determining the maximum loads in
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the removable equipment of flatcars in a coupling when transporting ultra-long rails
(from 800 m) when passing circular curves. The main idea of the study is that the
developed method for calculating the maximum loads in the removable equipment of
flatcars in a coupling (rail carriers) when transporting ultra-long rails (from 800 m)
will make it possible to determine the safety of their transportation on the railways of
Kazakhstan. The implementation of this scientific project will significantly increase
the efficiency of the implementation of the high-speed ‘“velvet path” in Kazakhstan.
The presented research results, in our opinion, have serious applied significance,
which will undoubtedly be of interest to engineers and scientists involved in research
in the field of railway transport.

Keywords: railway transport, rail carrier, railway platforms, long rail strands,
maximum loads.
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'BpICIIN KOJUIS/DK JICKTPOHUKU ¥ KOMMYHUKAITHHA,

Pecny6sinka Kazaxcran, r. [1aBiogap;

*TopaiireipoB YHusepcurert, Pecriyonnka Kazaxcras, r. [TaBnonap

K BOIMPOCY 3KCINTYATALUNN ABTOMOBWIIEN
C FA30BAJI/IOHHbIM O6OPYJOBAHUEM B 3UMHUWA MEPUOL

IIpugeden anaruz pabom 6 obraCMU OIKCAIYAMAYUU U MEXHUYECKO2O
o0cayACUBAHUSL ABMOMODUNEH ¢ 2A300AIN0HHbBIM 000pYy008aHuem. B uacmuocmu,
paccmampugaemcs npobiema 3anycka oOsueamens dAemMomoounel ¢ CUucmemoll
NUMAHUSL 2A308bIM MONIUBOM 8 XON0OHOE 8peMsi 200d. B aemomobunvrhom eazoeom
OaNIOHe CHCUICEHHBLE Y2NIeB000POOHBLE 2A3bl HAXOOSMCS 8 A2PE2AMHBIX COCIMOAHUSX:
aHcuoKoM u 2azoobpasnom. 1100 deticmeuem memnepamypvl oKpyscaouelt cpedsl
6 OaNIOHe NPOUCX0OUm USMEHEHUe a2pecamHo20 COCMOSHUS 2a3d U COOEPIHCAHUEe
mena 6 cucmeme.

Llenvio Oanuoli pabomwel sensiemcss obecneueHue pabomMocnocoOHOCmu
asmomoduell ¢ 2a308biM 060PYO0BAHUEM 8 CUCHIEME NUMAHUSL NPU OMPUYATNETTLHBIX
memnepamypax nymem noo0epiICaHusl OAICHUS CHCUINCEHHO2O Y2Ne8000POOHO20
2a3a 8 asmoMoOUIbLHOM 2a3080M DALIOHE 8 3A0AHHBIX NPedelax.

Asmopamu npeonazaemcs cucmema nooocpeea 2aza ¢ OANIoOHe ¢ YCMAaHOBKOU
JIEHMOYHO20 HAZPEBAMEN CHAPYICU 8 BUOe KOJCYXd, d MAKdice CRUPAIbHO2O
3MeeBUKA C dNIeKMPOHAZPe8amenem, 6CMpausaemozo 8 OOK08oU cmeHke 6aLIOHA.

Ompaoicena Memoouxka — onpedeneHus  HeoOXO0O0UMOU — MOWHOCU
Ha2pesamenbHo20 dJeMeHma, epemMeru pabomul Hazpesamens Oisi NOOOEPIHCAHUS
0agneHus, a makdice nomepu menia 6 OAIOHe 8 npoyecce SKcnayamayuu. B
YC08UAX YHUeOHO-NPOUZBOOCMBEHHbIX MacmepcKux axyrvmema HUnocenepuu HAO
«Topatievipos yHusepcumemy pazpadbamviéaemcsi y4eOHbwlli cmeHO KOMNOHEHMOs
2a300aN10HH020  000PY008ANUA  ABMOMOOUNIL C  B803MONCHOCIbBIO NPOBEOEHUs.
IKCNEPUMEHMOB.

Knrouesvie cnosa: eazobannonnoe 06opyoosanue, 0agieHue 2a308, meniosvle
nomepu, HU3Kue memnepamypul, OALIOH.

Beenenune

[lepeoOopyroBaHKE TOIUTMBHOM CHCTEMBI OEH3MHOBOTO IBUTATEIIS I pabOThI Ha
rase HabupaeT NOMYJISIPHOCTb, TaK KaK [I€Ha Ha ra3 ropas/o HIKE LIeHbl OCH3MHA, YTO
CKa3bIBAa€TCS HA IKOHOMUYHOCTHU. Takke claeayeT OTMETUTh 3KOJOTUYHOCTh JTAHHOU
CHCTEMBI, TaK KaK BBIOPOCHI OTPAOOTABILIUX I'a30B MEHEE TOKCUYHBI.

Ilo nannbvM cratuctuku [1] Ha 1 auBaps 2024 rona B cTpaHe 3aperucTpUpPOBaHO
5326 809 TpaHCHOPTHBIX CPEACTB, 4,1 MIIH TPAaHCHOPTHBIX CPEJICTB €31UT Ha OEH3UHE,
6,7 ThICSYU — Ha ra3e, 86,7 ThICAYM — Ha JU3EIe.
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HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

[Tpu nepeoOopy10BaHUM HEOOXOJUMO HCIIOJIB30BAaTh KOMIIOHEHTHI MPOILIEAIINE
OIICHKY COOTBETCTBHSI U COOMIOaTh TpeOoBaHUs [2] M HAIMOHANBHBIA CTAaHIAAPT
0 BHECEHUU M3MEHEHHUH B KOHCTPYKIIMIO aBTOMOOMIISI, B TOM YHUCJE YCTaHOBKY
ra3o0ajgoHHOTO 00opyIoBaHus [9].

ABTOpamu B ctaTbe [3] pacCMOTpEHBI NPAaBOBbIE U TEXHUYECKHE ACIEKTHI
6€30I1aCHOT0 MCII0JIb30BaHHs ra30TOIIUBHBIX YCTAHOBOK B TPAHCIIOPTHBIX CPEJICTBAX,
a TaKXKe KOHTEKCT OrpaHHuYEHHUs JOCTyNa K aBTOMOOMIBHOW MH(PACTPYKType s
aBTOMOOWMIIEH, paboTaONMX Ha ra3000pa3HOM TOILIHBE.

MarepuaJbl 1 METOABI

[Tpobnema CHUXKEHUS KauecTBa ITyCKa aBTOMOOMIIS C Ta30BBIM 00OPY/JOBAHUEM B
XOJIOZAHOE BpeMs T0/1a IPU OTPHUIIATENIbHBIX TeMIIepaTypax 00ycloBIeHa CHUKEHUEM
BHYTPEHHETO JaBJEHUS Ta3za, U3MEHHEM COCTOSHHUS MapoBOM M ra3zoBoil ¢as.
HccnenoBanue siBIsETCS aKTYaIbHBIM JJIS1 CTPAH C PE3KOKOHTUHEHTAJIbHBIM KIIMMATOM,
TakuM Kak Pecrry6nuka Kasaxcran. JlaHHBIM BOITPOCOM 3aHUMAIOTCS yYCHBIE U3 PA3HBIX
CTpaH.

B cratse [4] onmpenensercs alanTUPOBAaHHOCTh TPAHCIIOPTHBIX CPEACTB K
HU3KOTEMIIEPATypHBIM YCIOBHSIM 3KCIUTyaTalluy IO Pacxojay TOIUIMBA U BhIOpocam
BPE/IHBIX BELIECTB B BBIXJIOMHBIX ra3ax TPAHCIOPTHBIX CPEJICTB. JTa 3aBUCUMOCTh
OIMCHIBACTCS KBAIPATUYHBIMH MAaTEMATHYECKUMU MOJEIISIMH.

B pabote [5] B kauecTBe pelieHus: npodyieMbl CHUKECHUS TaBJICHUS B OasIOHE B
3UMHHIA IEPHOJ ITPEIIOKEHO IPUMEHEHHUE TOJTMMEPHOT0 TPyO4aTOro HarpeBaTeIbHOrO
srieMeHTa. JlaHHBIi TUIT HarpeBaTeIs Iociie TEPMUYECKOT0 OTXKHUTa TPYOKH MOXKET OBITh
neGopMHpoBaH B JIt00YI0 (HopMy, HE HarpeBasiCh.

B cratse [6] nmpeacTaBieH aHalM3 3KCILUIYaTAllMOHHBIX U 3KOJOTHYECKUX
nokasaTesiel ra3o0ajuIOHHBIX aBTOMOOMIIEH, UX MEPCHEKTUBBl U ONTHMAJbHAS
yCTaHOBKaA ra300aJIOHHOr0 000py/10BaHUSI.

B aBTOMOOMIIFHOM ra30BOM OaUIOHE (J1ar1ee OAJIOH ) CKIDKEHHBIE YTIICBOJOPOIHEIE
ra3bl HAXOJUTCS B arperaTHhIX COCTOSHUSIX: )KUKOM U Ta3o00pa3HoM. Iloz neiictBuem
TEMIIepaTypbl OKPY’KaIOLIeH cpesibl B OaJUIOHE MPOUCXOJUT H3MEHEHUE arperaTHoro
COCTOSIHUS Ta3a U COJIEP’KaHUEM TeIjia B CUCTEME.

Pacuer mapaMeTpoB cucTeMsbl. J{J1si HOBBILICHUS U MOJCPKAHUS JIaBJICHUS TIPU
OTPHLIATENILHOM TeMIepaType Cpeabl MpelaraeTcsi UCIOIb30BaTh HarpeBaTeIbHBIN
3JIeMEHT Ta3oBoro OamioHa. CienoBaTeabHO, HEOOXOAMMO PACCUUTATH HEKOTOPHIE
napaMeTpsl.

MouHocTh, HeoOXouMast JUIs OJIIep KaHus 1aBeHus ra3a B 6ayuione, Bt

-k
Nyar = Q_J (1
T

rrae k — koaduuueHT 3amaca HarpeBaTes;
T — BpeMsi, TOTpeOHOe s yBenudeHus nasieHus raza g0 0,15 Mlla, mus;
Q — HEOOX0IUMOE KOJIMYECTBO TEILIOTHI, KJ[XK.

Bpewmsi, TpebyemMoe 1151 yBeTUUCHUS JaBJICHUS MTApOB ra3a
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T, = , ()

rae N — MOIIHOCTh HarpeBarels.

Jliig onipeienieHus OTeph TEMJIOBOM SHEPTUU B OKPYIKAIOIIYI0 Cpeay, pu padoTte
3JIEKTpOHArpeBaTeis, pou3BeaeM pacueT. [1oTok Teria, MpoXoAsIuii OT HarpeBaTens
yepe3 0aIoH K OKpy»karolei cpene, Bt

ZQ=(QH+QB+Z%), 3)

IJie q,, — YJeIbHbII HOTOK Tela B HIKHEH yacTu Oasiona, Br/m?
q,, — YAEIbHBIH OTOK Temyia B BepxHeit yacTu Oajona, Br/m?
>.q, — CyMMapHble 60KOBbIE y/eIbHbIE TOTOKH TerIa, Br/m?

[Tnomaas HOBEpXHOCTH GaioHa, M2
Fs = F, + 2F,, (4)

rae: F — ruiomas nosiHoi noBepxXHOCTH LMITMHIPA, M?;
FC — miomaap monykpyra, M2

Pucynok 1 — banion ¢ ykazaHueMm pacueTHbIX JaHHbBIX (a),
pacmpocTpaHeHus MMOTOKa TeIUIa OT Harpesartels K cpene (0)

S, , — TOJILIHA TAPOBOi a3kl rasa CHU3Y OamnoHa, M; S . — TONIIMHA HAPOBOM
(basel psoM ¢ Harpesarenem, M; S_ o~ TOJIIMHA KUIKOH (asbl rasa, M; S ¢, TOJIIMHA
napoBo# (a3bl ra3a cBEepXy OaJUIOHA, M; S — TOJIIMHA CTEHKH 0aJUIOHA, M

[Tnomane MOMHOM MOBEPXHOCTH U NOTyc(hepsl OaIIOHa, M :

F, = 2nR(h + H) (5)
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F,. = 2nR? (6)
rae: R — pagunyc ocHoBaHus OallioHa, M;
h — BeICOTA OamioHa, M.

VY AenbHBIN MOTOK TeIlIa, MPOXO AN yepe3 yacTh 6amiona, BT/m ;

tH'de —
)
Tt "
1 n 2
raet, — TeMIepaTypa HarpeBaress,
t,— TeMreparypa BO3/yxa,
o, — K03 PUIMEHT Mepeaaun TEMIa OT HarpeBarels K mapoBoi (ase raza
S_ — TommuHa mapoBoi (KUIKO#) Basel B 30HE n
A — K03()HHUIMEHT TEMIONPOBOAHOCTH NapoBok (KUIKOM) pasel, B1/(m °C)

o, — K03 QUIHUEHT nepeaadyu Tema OT HapyKHOH MOBEPXHOCTH OajjioHa K
oKpy>karotien cpene, Br/(m °C)

q}‘lzl

Koaddunment nonesnoro neiictus, %

n= NHar - E Q
NHar

Pesynbrarhl pacuera nCCiIeIyeMbIX TApaMETPOB JIJIS PA3IMIHBIX 00BEMOB KHJIKON
(ha3wl mpeacTaBiIeHbI B Ta0IUIE 1.

+100% ®)

Tabmmma 1 — Pe3yapTaThl TEIJIOBOTO pacyeTa mpu MOIIHOCTH Harpesatesns 0,8 kBT,
temneparype Bo3ayxa — 30°C

O6BemM Bpemst Ha yBenuueHue IToTok Temia OT HarpeBaTess Yepes KomnyecTBo TemnoTs! as
JKUIIKOW | AaBieHus mapos raza go 0,15 ra30BbI{ OAJIOH K OKpPY Karomei MoAJEpKaHUS JaBJICHUS
¢assl, 1 MIla (t,), Mun cpene, Bt rasos, kJx

10 7,9 152,4 3447

20 14,1 152,5 612,2

30 18,0 153,0 785,5

40 24,0 153,4 10449

PesyabTaTsl 1 00cyKI1eHue

ABTOpaMHu Inpeasaraercs CHUCTeMa IOJO0rpeBa ra3a B OaJJIOHE C YCTAaHOBKOIL
JICHTOYHOTO HarpeBaTelisi CHAPYXKH B BHJIE KOXKYXa, a TAK)Ke CIIUPATLHOTO 3MEEBHKA C
3JIEKTPOHArpeBaTesieM, BCTPauBaeMoro B O0KOBOI1 CTeHKe OaIoHa.

Cuctema mojorpeBa TOIUIMBA B ra300a/lIOHHOM 000pY/IOBaHUU aBTOMOOHIICH B
YCIOBHAX HU3KHX TEMIIEPATyp, KOHCTPYKIIHS, KOTOPOH COJEPIKUT: Ta30BbIi OayioH
(pucyHOK 2), BXOJHOM ra30BbIi (GHIBTP, OJOK apMaTyphl, 3a1IPaBOYHYI0 MarkuCTPab,
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KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

BBIHOCHOE 3aIIPaBOYHOE YCTPOHCTBO, PACXOJHYIO MarucTpaib, MAHOMETP, TEpMOIIapa
napoBo# (ha3bl, U3MEPHUTEINH TEMIIEPATYPbI, JATYHK KOHTPOJIS AAaBICHUS, AKKYMYJISITOPHAs
Oarapest, JaTYUK YPOBHs I'a3a, OJI0K yIpaBJIeHuUs, TEpMOIIapa >KUAKOH (a3bl, ICHTOYHbIH
JJIEKTpOHArpeBarTesb, KOTOPBII CHApYXU YTEIUIEH TEPMO-KOXKYXOM, OTIMYAIOIINECs
TEM, YTO BO BHYTPEHHEH 10JIOCTH OaJllIoHa YCTAaHOBJIEHO TEIUIOOOMEHHOE YCTPOUCTBO,
KOTOpask MPEACTABISAET COO0I1 3MEEBHK, B KOTOPOM C ITOMOIIIBIO JIEKTPOHATrpeBaTes
HarpeBaeTcs )KUAKOCTb.

Pucynok 2 — O0mmumii BUJ yCTAaHOBKH

1 — ra3oBsIif 6amioH, 2 — BXOAHOH ra3oBelii GuinbTp, 3 — OJIOK apMartypsl,
4 —3anpaBOYHYIO MarkcTpalb, S — BBIHOCHOE 3alIPaBOYHOE YCTPOUCTBO, 6 — pacXOIHYIO
MarucTpaib, 7 —MaHOMETP, 8 — TepMoIiapa napoBoii ¢asbl, 9 —u3MepuTesh TeMIlepaTypebl,
10 — snexkTponarpeBatenp, 11 — 1aT4MK KOHTPOJS AaBieHUs, 12 — akKyMyJsTOpHas
Oarapesi, 13 — Onok ympaBneHus, 14 — maT4MK ypoBHs rasa, 15 — TemmooOMeHHOe
yCTPOHCTBO, 16 — Tepmonapa kuakoi ¢asbl, 17 — TEHTOYHBINA 3JIEKTPOHATPEBATEb,
18 — TepMO—KOXKYX.

Jlnist ipoBeIeHUs] SKCIIEPUMEHTAIBHBIX MCCIIeIOBAaHUN aBTOPaMM MPOU3BOAUTCS
cOopka yuyeOHOTo cTeHJa razo0a/uIOHHOTO 000pYIOBaHHUS WHKEKTOPHOTO H
KapOIOpaToOpHOTO JBUTATEINS ¢ BO3MOXHOCTBIO MPOBEACHHUS AUarHocTuku. [Iporecc
cOOpKHM CTEeH/Ia MPEACTaBJICH Ha PUCYHKE 3.
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Pucynok 3 — Coopka yueOHOTO cTeH1a

CteHa colepXuT paMmy, y OCHOBAaHHUS KOTOPOH YCTAaHOBJIEH Ta30BBIM OAJIOH C
ra3onpoBoJiaMu, Fa30BbIN PEAYKTOD, IEPEKII0YATEh BU/Ia TOILINBA, FA30BBIN KJIallaH,
(bUIBTP, AATYMK YPOBHS TOILIUBA, OJIOK YIIPaBJICHHUS, Ta30BbIC U OCH3MHOBBIE (DOPCYHKH,
JaTYMK JABJICHUS U TEMIIEPATyphl rasa.

Crenn pazzaenex Ha 1Be yacTy. OJ1Ha YacTh BKITIOUAET ra300a/lIOHHOE 000pYA0BaHKE
IV nokosnenust c moBeileHUEM Ta30IIPOBOOB K BITyCKHOMY KOJJIEKTOPY HHXEKTOPHOTO
JBUTATEJIS.

Btopas yacTte cTenma cogepkut razodammonHoe oobopynoBanue I mokonenus ¢
MOJIBE/IEHUEM Ta30IPOBOJA K BIIYCKHOMY KOJIJIEKTOPY KapOIOpaTOpPHOrO JBUTATEIs.
JIJ1s HarNAIHOCTH CTEH]T COJIEPXKUT Ta30BBINA PEYKTOP B pa3pese.

BriBoabI

B crarbe npoBeaeH aHanu3 npobaeMbl CHUXKEHUS TaBJICHHs COKMDKEHHOTO Tras3a B
ra300auIOHHOM 000pYTI0BaHUHU aBTOMOOWIISI B XOJIOIHOE BpeMs rojia. M3ydeHb! paboThl
OTEUYECTBEHHBIX U 3apyOeKHBIX YUCHBIX, U3YUaIOIIHUX JaHHYIO IPoOIemMy.
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[IpuBeneHa MeToAMKA pacyeTa apaMeTpoB ra3a pu yCTAaHOBKE B ra30BblIi 0aJIIIOH
JIOTIOJTHUTEIIBHBIX HarpeBaTeIbHbIX YCTPOHCTB, B TOM YHCJE MOTpeOHass MOIIHOCTb,
HoTepHU Tera npu padore cuctemsl. [Ipu 3TOM GaJlJIOH YCIOBHO pa3jiesieH Ha 30HbI
pacnpeesieHus TEIUIOTHI.

B kayecTBe KOHCTPYKTOPCKOW pa3pabOTKH MpeIoKeHa MOACPHHU3AIHS F'a30BOT0
0aJuIOHA C YCTAaHOBKOI BHEIIHETO U BHYTPEHHETO HarpeBaTess.
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KbICKbI KESEH/IE I'A3 BAJIVIOHbI ’KAB/IbIFbI BAP
ABTOMOBWIBAEPAI HAHJAJTAHY MOCEJECIHE

Tas bannonowl 2Hcaboviebl 6ap asmomobuIbOepOi NAUOAIaAHy JicoHe onaped
MEXHUKANLIK KbI3Mem KOpCemy CAldcbiHOa2bl JCYMblCmapea manoay KeimipiiceH.
Aman aumganOa, CyvblK Me32il0e 2a3 OMbIHbIMEH JHcaboblKkmay cyleci oap
ABMOMOOUNL KO32AIMKbIUUbIH ICKe KOCY Moceneci Kapacmulpuliyod. Aemomooduns
2a3 OANIOHBIHOA CYUbIMbLI2ZAH KOMIPCYMeEK 2a30apbl CYUblK JcoHe 2a3 Mmopizoi
azpecammulk, Kyiiiepoe 60o1aovl. barionda Kopuiaean opma memnepamypacoinbly
acepiHeH 2a30bly azpe2ammblK, KYUi MeH Jicytiedei JHCblity Meauepi o32epeoi.

Byn oicymvicmoiy maxcamol bepineen wexkmepoe Aemomoobunv 2az OaiIOHbIHOA
CYUbIMbII2AH KOMIPCYMEK 2Aa3blHbIY KbICHIMbIH YCMAN Mypy apKblibl mepic
memnepamypaa Kopekmenoipy acyliecinoe 2az scabovlabl bap agmomoouiboepoiy
JHCYMBICKA KADINemminiein Kammamacolz emy 601uin madwiiaobl.
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Aemopnap 6ainon colpmublHOQ Kanmama peminde mMAachaibl HCbLIbIMKbIUL
OPHAMVLI2AH, COHbIMEH Kamap OanlouHbly OYUip KaObipeacvlHd OpPHAMBLIZAH
NEKMP HCOLLILIMKLIUBL OAP CRUPATLOLL Upekmymici 6ap 2a30bl JHCHLILIMY JHCYUeCiH
YCHIHAOBL.

Kwvi30v1py snemenminiy Kasicemmi KyamovlH, KbiCbIMObL Yycman mypy YuliH
HCOLLILIMKBIUMBIY  HCYMBIC YAKBIMbIH, COHOQU-AK JHCYMbIC Ke3iHoe 0anloHOaabl
JHCHLILY WBI2BIHBIH aHbIKMAY d0icmemeci kopcemineeH. « Topaiiebipos yHugepcumemiy
KEAK Hnorcenepust ghaxynomeminiy oKy-oHOIpicmix uiebepxananapvl s#cazoaubiHoa
IKCNEPUMEHMMED HCYPLi3y MYMKIHOIZIMEH a8momMobunbOiy 2a3 6aiioHObL HeabOvlbl
KOMNOHEeHMMEPIHIY 0Ky cmeHOi 93ipienyoe.

Kinmmi ce30ep: 2az 6a110H0b1 2cabObIK, 2a3 KbLCLLMbL, HCHLLY UbIZbIHYL, MOMEH
memnepamypa, 6aiioH.
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ON THE ISSUE OF OPERATION OF CARS
WITH GAS CYLINDER EQUIPMENT IN WINTER

The analysis of works in the field of operation and maintenance of vehicles with
gas cylinder equipment is given. In particular, the problem of starting the engine of
cars with a gas fuel supply system in the cold season is considered. In an automobile
gas cylinder, liquefied petroleum gases are in aggregate states: liquid and gaseous.
Under the influence of the ambient temperature in the cylinder, the aggregate state
of the gas and the heat content in the system change. The purpose of this work is to
ensure the operability of vehicles with gas equipment in the power supply system at
subzero temperatures by maintaining the pressure of liquefied petroleum gas in the
automotive gas cylinder within specified limits.

The authors propose a gas heating system in a cylinder with the installation of
a belt heater outside in the form of a casing, as well as a spiral coil with an electric
heater embedded in the side wall of the cylinder. The method of determining the
required power of the heating element, the operating time of the heater to maintain
pressure, as well as heat loss in the cylinder during operation is reflected. In the
conditions of educational and production workshops of the Faculty of Engineering of
Toraigyrov University, a training stand for components of gas cylinder equipment of
a car with the possibility of conducting experiments is being developed.

Keywords:  gas cylinder equipment, gas pressure, heat losses,
low temperatures, cylinder.
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YYET NO4BUXHOCTU PEAKLIUN OKNCITIEHUS
A3O0TA nPun gnodyY3NOHHOM FOPEHUA

Hecmomps na npunumaemvle Mepbl N0 CHUICEHUIO 8b10POCA BPEOHbIX GeleCcmnE
c ompabomasuiumu 2a3amu MpPAHCROPMHBIX CPEOCME 8 ammocgepy, Kauecmeo
6030YXa YAYHIMUNACH He MAK CYWECMBEHHO, KAK 0xcuoanocs. Ilpu smom nepeuens
€cnoco606 8030€UCMBUsL HA IMUCCUIO 8PEOHbIX 8eyec8 OOCMAMOYHO PA3HO00PA3eH,
HO 0adice NOJHLLL OMKA3 OM MENN0BbIX Osuzameneli 8 nob3y dIeKmpoosucamenei
He obecneuusaem CyuecmeenHoe CHUNCEHUE COOePAHCAHUSL 8 amMOchepe 8PEOHbIX
seugecms. Tpyonocmo peanusayuu 6celi COBOKYNHOCHU CNOCOD08 00YCl081eHA
mem akmom, 4mo OOHOBPEMEHHO CO CHUICEHUEM SMUCCUU BPEOHbIX GeUjecme
Heobx00uMo obecneuenue 8biCOKOU MONIUSHOU dKOHOMUYHOCIU 08ucamenell. Tlpu
amom ecau 6o30eticmeue Ha NPOoOYKMbl HENOIHO20 C2OPAHUSl — OKCUO yanepood,
oucnepchble yacmuybl, yeiee000po0bl MONIUEA U CMA30YHO20 MACAA—0OHOBPEMEHHO
CHUDICaem pacxo0 MOonauea, mo IMUCCUSL OKCUOO08 a30ma yeenuuusaemcs. B ceszu ¢
IMUM UMEHHO NPOYECCHL OKUCTIEHUSL A30Md 8 X00e CHCUSANHUSL MONIUBA NPUBTEKAIOM
ocoboe eHuMaHue uccredosamenei. B ceazu ¢ smum Oonvwoe GHUMAHUE
yoensemcs MOOEIUPOBAHUIO NPOYECcO8 00PA308AHUS U  PA3IONCEHUS OKCUOA
asoma 6 xo0e CeopaHusi MONIUBA 8 VCIOBUSX, XAPAKMEPHbIX Osl 0gueamenet, ¢
VUEMOM MUna cmeceobpazo8anusi u cnocoda 60CNIAMEHEHUs. MONAUBO-8030YUIHBIX
cmecell. B 0annoll cmambe OnuUCbl8aemcsi Mooeib OKUCLEHUs. A30md 6 YCIOGUSIX,
XapakmepHvlx 0/ OU3ENbHBIX O8uUeameneli — UMNYIbCHOM OUP@Y3UOHHOM 2opeHUU
npeosapumenbHo HenepemMeuanHblx MONIUEd U OKUCIUMENS — ¢ Y4EMOM CmeneHu
NOOBUINCHOCIU PEaKYUU OKUCIIeHUS. HA OaA3e MEPMULEeCKO20 MEXAHUIMA 00PA3068aAHUs
oxcuoa asoma (NO). Dmo nozsonsiem 6 ciyuae MAIou NOOSUNCHOCIU YHUMbBLEAMD
monvko peaxyuio oopazosanus NO, npenebpeeas peakyuil €20 pasnoxcenus, a npu
8bICOKOU NOOBUNCHOCU — HAOOOPOM, YYUMBIEANb MOILKO PeAKYUlo PasioNceHus
NO, cuumas, umo npoyecc 06paz08aHUsI NPOUCXOOUM MESHOBEHHO.

Knouegvle crosa: ouzenv, oughghyzuonnoe eopenue, okcud azoma, CmeneHb
NOOBUINCHOCMU PeaKyul, KOHYEHMPayus 6 ompadomasuiux 2azax.

Beenenne

JUist CTUMYJIMPOBAHUS paboT MO CHIDKEHHIO 3arpsi3HEHUs BO3yXa MPOAYKTaMHU
CropaHus TOIUIMBA B pe3yibTare (YHKIMOHUPOBAHHUS MEPEABMKHBIX HCTOYHHKOB
HNEPUOJUYECKH TPUHUMAIOTCA Y)KECTOYalone TpeOOBaHUS K AYMUCCHUU BPEIHBIX
BemtecTB (BB) ¢ orpaboraBmumu razamu (OI') nBurareneid BHyTpeHHEIO CropaHus
(ABC). B wactHocTH, 11 TPAaHCTIOPTHBIX CPECTB 3a rnocieauue 30 get Obu1n H3MEHEHbI
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HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

HOpMaTuBbl OT ypoBHs EBpo-0 10 ypoBHs EBp0-6, UTO COOTBETCTBYET YKECTOUEHUIO
HOpM Ha BbIOpocsl BB B gecarku pa3. OpHako KadecTBO BO3/AyXa YIYUHIMIIOCH HE
TaK CyIIECTBEHHO, KaK OKUAAJIOCH, U B IIEPBYIO OYEPEb 3TO KACAETCS COACPKAHUSI B
BO3/1yX€ OKCHIOB a3ota [1].

JUis ynydieHusi CUTyalluu ¢ cojaepxaHueM BB B atmocdepe npumensroTcs
pa3IUYHbBIE CIIOCOOBI:

— pa3paboTKa MCHBITATENbHBIX LUKIOB, 00JIee TOYHO OTPAKAIOIIUX peaTbHbIC
yCJIOBUS 3KCIJyaTallMd TPAaHCHOPTHBIX CPEACTB (NPEABABISAL TEM CaMbIM
JIONIOJTHUTENbHBIE TPpeOOBaHUS K KOHCTpYKIMHU ABurateneii). Hanpumep, B CILIA nms
rOPOACKOI0, IPUTOPOJHOIO M MEXIYTOPOJHETO ABUKEHUSI XapaKTEPHBbI CPEIHUE
ckopoctu: 0 — 25Muib/4, 25-50 muiib/4 u cBblie 50 MUIb/4, IpU 3TOM A0 BEIOpOca
NO, na stux pexkumax cocrasiser 40 %, 23 % u 37 % [2];

— UCIIOJIb30BaHKUE cpeAcTB HelTpanusauuu BB, Haxopsamuxcs B O [3];

— IIPUMEHEHUE aJIbTEPHATUBHBIX TOILIUB [4; 5];

— HanboJIee paJIuKaIbHOE PELICHUE — 3TO UCII0Ib30BaHKE AleKTpoaBurareneit (3/1)
KaK 4aCTHYHO (THOpuaHbIe aBTOMOOMWM 01HOBpeMeHHO ¢ JIBC 1 D/I), Tak ¥ MOIHOCTHIO
(paboTa OT aKKyMYJISITOPOB MJIM TOIUTUBHBIX 3JIeMEHTOB). Ho 1 B 3TOM cityuyae CHIDKEHHE
3arps3HEHUs] aTMOC(Ephl MPOCTO MEPEHOCUTCS U3 MECT HKCIUTyaTallul aBTOMOOMIIEH
B MeCTa BbIPaOOTKHU 3JEKTPOIHEPIHH 32 CUET CIKUTAHUS TOIUIMBA, HEOOXOIUMOMN
KaK JJIsl TOJ3aps/IKU aKKyMYJIITOPOB, TaK M BBIPAOOTKH BOJOPOA, HEOOXOIMMOIo
Ui YHKIMOHUPOBAHUS TOIUIMBHBIX 3JE€MEHTOB (IIPH 3TOM 3aTPaThl Ha BBIPAOOTKY
BOJIOpOJa HE OIpaBbIBatoTcs) [6; 7].

PaboTbl, HenmocpeACTBEHHO CBA3aHHbIE C coBepIeHcTBOBaHueM JIBC nocpencrsom
pa3paboTKu pabOYHX MPOIIECCOB C MOHMKEHHBIM BBIOpocoM BB ¢ Ol ipu otHOBpeMeHHOM
obecrnieyeHUH YPPEKTUBHOCTH U TOIUIMBHOM SKOHOMHYHOCTH JIBUTATEJEH, TPEOYIOT
OOJBIINX 3aTpaT BPEMEHU U cpeAcTB. [103TOMy BIIOJIHE €CTECTBEHHO, YTO HapsIy C
IIPOBEJIEHUEM IKCIIEPUMEHTAIbHBIX UCCIIEIOBAHUN IPUMEHSIOTCS PACUETHBIE METO/IbI
onTUMH3aLMM. B mociaenHue rojpl Moay4dusio pacIpOCTPaHEHUE UCIIOIb30BAaHUE
ncKyccTBeHHBIX HelpoHHBIX ceTeil (MHC) anst MoaenupoBaHus pa3IMdHbIX IPOLIECCOB,
B TOM umcie u ontumusanuu s3muccun NOX. IIpumenenne MHC no3Bosaser npu
IIPOBEJIEHUH CTEHI0BBIX UCIIBITAHUH JBUTATENIEH UCI0Ib30BaTh B KAUECTBE UCXOJHBIX
JAHHBIX PE3YJIbTAThI 3KCIIEPUMEHTAJIBHBIX U3MEPEHUI IECATKOB Pa3/In4YHbIX [1APAMETPOB
JIBUTATEIIs, 00ecreyrBas uX He0OX0MMOe COYEeTaHNe AJIsI MUHMMU3aImu sMuccun NOx
¢ OI'. Onnaxo o6nacts npumenumoctu MHC juis cokpamenus smuccuu BB orpannuena
CYLIECTBYIOILIEH KOHCTPYKLIMEN IBUTATENS B LIEJIOM: BAPUPOBATH B 3TOM CIIy4ae MO>KHO
TOJIBKO PETYJIMPOBKaMHU OT/IEJIBHBIX CUCTEM U arperaToB, BO3AEHCTBYIOINX HA XapaKTep
npoTekanus pabouero npouecca apurarens. Hanbonpmmii adpdekr or npumenenus
NHC B03MOXEH B YCIIOBHSIX peaIbHOM 3KCILTyaTalluy, T.€. 00ecrednBas Heo0X01umMoe
COUETAaHUE PETYJIMPOBOUYHBIX IMAPAMETPOB JBHUIaTeIs ¢ YUETOM PEXHMOB pabOTHI
JIBUTATEIA B yCJIOBUAX PealbHOTr0 MaciiTaba BpeMenu. Ha stare sxe pa3paboTKu HOBOTO
pabouero npouecca npumeHenne MHC manosddexkTuBHO, TOCKOIBKY CIUIIKOM MHOTO
(akTOpOB BO3/JEICTBYET Ha NpPOTEKaHHE MPOIECCOB TOILIUBONOAAYH, I'a3000MeHa,
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KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

CMEIIEHHUS, BOCIUIAMEHEHUS U CTOPaHusl, KOTOPBIE, K TOMY )K€, BO3JEHCTBYIOT U JpYT
Ha zipyra [8].

Bcé 310 00yCI10BIMBAET CIIOKHOCTD U JUTUTENTBHOCTD PEAIN3AINH 331241 CHUKECHUS
smuccun BB npu obecneuenun 3QpQPEeKTUBHOCTH M SKOHOMHYHOCTH JABUTATEIIS.
[TosToMy mpH mpoBeAEHUH JOBOJOUYHBIX PabOT MPUMEHSAETCS MOICIUPOBAHHE
pas3JIMYHBIX MPOLIECCOB, B TOM YHCIIE IPOIIECCOB TOIIMBOIIOIAa4U, CMECE0Opa30BaHus,
BOCIUIAMEHEHHUS U CTOPAHUS C yUETOM TMAPOINHAMUKY ABMKEHUS XKUJIKOCTEH, 8 TAKAKE
UHTETpasbHOr0 U AU(QepeHnalIbHOTO XapaKkTepa TEIJIOBBIACICHUS B MOCTOSHHO
u3MensomeMcs: 00séme KC (cormacHo nepemerniennto mopiuiss) [9].

MarepuaJjbl 1 METOABI

B oTHOIIEHNH SYMHCCHUU OKCHJIOB @30T OMPEACTIAIOMNM (DaKTOPOM SIBISAETCS yUET
0coOeHHOCTeH THIa cMeceo0pa3oBaHus (MPEABAPUTEIHHOE WIM HETIOCPEACTBEHHO B
WIMHIPE ABUTATENs) U crioco0a BOCITIAMEHEHUS TOTUIMBO-BO3IYIIHOW cMecH (0T
INEKTPUYECKON UCKPBI, OT OTKPHITOIO IIJITAMEHH, OT CHKATHUS 3a CUET ABMXKEHUS ITIOPILLIHS
OT HIKHEN MEPTBOI TOUKM K BEpXHEN MEPTBOI TOUke). XapaKTep OKUCIEHUsS a30Ta
3aBUCUT OT XMMHUYECKOI'O COCTaBa TOIUIMBA TOJIBKO B TOM CTENEHM, B KaKOH 3TOT
coctaB omnpezenser temneparypy ropenus [10]. [loaToMy nmpoBeneHne pacdeTHBIX
UCCIIEIOBAaHMI MTPOLIECCa OKUCIICHHUS a30Ta HE TPEOYEeT yueTa CI0KHBIX KHHETUYECKUX
IPOLIECCOB, CBS3AHHBIX C PAacHaZoM HCXOJHBIX YIJIEBOJOPOAOB U 00pa3oBaHHEM
IPOMEXKYTOYHBIX MPOAYKTOB CTPOIO ONPEIEIEHHOIO0 XMMHYECKOIO COCTaBa. JTO
MO3BOJISIET COKPATUTh 00bEM IKCIIEpUMEHTAIBHBIX UccieaoBanmii. Ho tocroBepHocTh
TaKHUX pacyeTOB OINPEAEIAETCS aleKBaTHOCTBIO IPUHATON MOEIN IPOLiECCa FTOPEHUS
B JIBC nelicTBUTENBbHOMY XapakTepy NpoTekaHus npouecca. IIpu satom monenn
obpa3zoBanus okcunaa azota NO B JIBC ¢ BHemHUM cMeceoOpazoBanuem [11; 12; 13]
0a3upyr0TCs Ha MOJIEIM TOMO(a3zHOT0 TOPEHHUS, YTO MPEIOIPEIESIINIO0 UCTIOIb30BAHNE
OCPEIHEHHBIX 3HaYCHUN KOHLICHTPALUK OKUCIIUTENA U TeMIlepaTypbl. Takue Moaenu
HE OTPa)KaroT 0COOEHHOCTH MPOLIECCOB CMECe00pa30BaHusl U TOPEHUSs, XapaKTepHbIE
st [IBC ¢ BHyTpeHHUM cMeceo0pa3oBaHueM (JIM3eNIbHBIX JBUTATENCH).

Oco0eHHOCTh TOpPEeHHs B JU3€Jie CBsA3aHa C MEPUOAMYHON Mojaadyeil B HUIUHAP
IIPEIBAPUTEILHO HENEPEMEIIAHHBIX TOIUIMBA M OKUCIMUTEINS, YTO MPEAONPEAEIAET
HaJIMYKE JIBYX THUIIOB TOPEHUs: OBICTPOro (B3pBHIBHOTO, KHHETHYECKOT0) U TU(PPYy3HOHHOTO
(00yCIIOBIEHHOTO IIUTEIBHOCTHIO MPOIlEcca TOIUIMBONOJAYH U COOTBETCTBEHHO
IPOAODKAIOIINUMCS IIPOLIECCOM CMEILIEHUS TOIUIMBA U OKUCIUTENS). XapaKTEPUCTUKH
IEPBOr0 TUIA TOPEHHs 00YyCIaBIMBAIOTCS IPOIECCOM PAacIpOCTPaHEHHs IJIAMEHU
110 NPEJBAPUTEIBHO MOATOTOBIEHHON 3a NEPHUOJ 3aJE€PKKHU BOCIIAMEHEHUS
TOIUIMBOBO3YIIIHON CMECH, T.€. KHHETUKOU. XapaKTEPUCTUKHA BTOPOr'O TUIIA TOPEHUS
OIIPENIENAIOTC MAKPOKUHETHUECKUMH ITPOLIECCAMU, CBSI3aHHBIMH C HEOTHOPOJHOCTSIMU
KOHIIEHTpAIMi peareHToB (TOIUIKMBA, OKUcIUTENs, npoaykToB cropanus (I1C)) u
TEMIEepaTypbl B 30HE PEaKLUHU, 4TO OO0YCIOBIMBAET XapaKTep MPOLIECCOB TEIJIO- U
Mmacconepenoca (aupdy3un). Boznukaronmii mpu 3ToM qudy3MoHHBIH PPOHT IIIAMEHU
CTaOUIU3UPYETCA Ha M30MOBEPXHOCTH C MOCTOSHHBIM 3HaYeHUEM Kod(duuueHTa
n30bITKa BO3ayxa 0=1 (Ha T.H. H30CTEXHMOMETPUUECKON moBepxHOCTH) [14].
COOTBETCTBEHHO, B IM3€JI€ CYIIECTBYET ABE (pa3bl ropeHus: (pa3pl HECTALMOHAPHOTO
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¢dopmupoBanus 1uddy3rnoHHoro GpponTa rmiameHu U (paspl KBa3UCTAIMOHAPHOTO
Qg dy3uoHHOro ropeHus. Takum o0pa3oM, XapaKTepHOW OCOOEHHOCTHIO TOPEHUS
TOIUIMBA B JU3€JIE SBIsAETCA Haln4due AU(PQGYy3UOHHOrO peKMMa B TEUEHHUE BCETO
npotiecca ropenus [15].

Conepxanue NO B IIC onpenensiercs KpUuTepUEM IOJIBUKHOCTH PEAKLUU
obpazoBanust NO, T.e. KpUTEpUEM CIIOCOOHOCTH TeKyIIer koHeHTpanuu NO crnenoBartb
3a paBHoBecHOU [NO] B xone usmenenus temneparypsl 1IC. Crenenp noaBu>XHOCTH
(Manast wii BBICOKAsI) OIIPEIENIieTCs COTIaCHO ClleyroleMy Bbipakenuto [10]:

NO/[NO]m - f(Km' [NO]IH 1),

rae NO/[NO] — 6e3pasmMepHBId BBIXOJ OKCHIA a30Ta, NPEJCTAaBIIAIONMNA COOO0M
orHourenue Kouuenrpauuun NO B IIC k paBHoBecHOH koHUeHTpauuu [NO] 1pu
Temreparype roperus T ;

K :[NO] -t— 0e3pasMepHbIii KpUTEPHH TTOJBUKHOCTU PEAKIIMH OKUCIIEHNS a30Ta,

T — BpEeMsI peakliuy, 3aBucsuiee oT ckopoctu oxnaxaeHus 11C.

JUJ1s1 city4ast TOMOT€HHOTO TOPEHMSI IIOHSATHE MOABUKHOCTY IPUMEHSIETCS JIs BCETO
npouecca B 1esioM. Eciin reMniepatypa ropeHust Hu3ka, To 3akaika NO npoucxoaur
Cpasy ke Iocie MIPEKPALLEHUs] TOPEHMS], T.€. IPU TEMIIEpaType MPaKTUUECKHU PaBHOM
TeMIIepaType ropenust T, —3To Cirydaii Masioi HoIBUXHOCTH. [Ipu T0CTaTOYHO BHICOKO#
TEMIIEPATYPE FOPEHHUS 3aKaJIKa MPOMCXOIUT IIPH T.H. TeMIeparype 3akaiku T , koTopas
HIUKE TeMIIEpaTypbl TOPEHUSI, — 3TO CIy4yail BBICOKOM MOABUKHOCTH.

Jnst iudy3HOHHOTO TOpeHNs HOHSATHE MOBIKHOCTH PEAKIINU HEeITb3sl IPUMEHSATh
B LI€JIOM KO BCEMY IPOLIECCY BCIIEACTBUE OTHOCUTENILHO OOJIBIION MPOIOIKUTEIBHOCTH
npouecca ropeHus. Takum oOpa3oM, U3 TEOPETUUYECKHX COOOpakeHUH, TeKymias
koHIeHTpanust NO jocTuraeT B 30HE, HETIOCPEACTBEHHO Mpuieraromeil kK GppoHrty
nuddy3MoHHOTO TIaMeHH, paBHOBeCHOH KoHueHTpanuu [NO] . CoOTBETCTBEHHO
CTENeHb MOJABIKHOCTU peakuuu obpazoanuss NO npu nuddy3moHHOM TOpeHUH
JIOJKHA OBITH BHICOKOM.

Pe3yabTaTsl U 00cyK1eHHE

[Tomo6HOo TIC, muddyHaARpYOMMM U3 30HBI HX MaKCHMAJIBHON KOHIIEHTPAIHH
— 30HBI TOPEHHs, 00pa3yIOIMHUICT OKCUJ a30Ta Takxke NUPPYHIUPYET U3 30HBI
MakcHUMalibHOU KoHIeHTpanuu NO, o0yciiaBmuBaeMoil ONTUMAIBHBIM COYETAHHEM
TEMIEPATypbl U KOHIEHTpauu okucautens. [loaromy konuentpauus NO B TeueHue
JaHHOTO Ipoliecca U3MEHSETCS B COOTBETCTBUU C U3MEHEHHMEM YNOMSHYTHIX
napaMeTpoB BILIOTh 10 MoMmeHTa 3akainku (NO = [NO]), mocie yero KoHueHTpanus
OKCHJIa a30Ta HE U3MEHSIETCS.

[Toatomy st ciaydas auddy3noHHOTO ropeHus mnporecc Hakorienus NO B
MPOAYKTaX CropaHusi 00yCIOBIMBAETCS BETMYNHOM MOTOKa okcraa azota GNO vepe3
MIOBEPXHOCTD 3aKajKku F3, B OTJIMUME OT TOMOTE€HHOTO TOPEHUs, I/I€ ONPEAEISIONIIM
cogepxanre NO B mpoayKTax cropanusi (pakTopoM sIBISIETCS MPOIECC OXJIaXICHUS
MIPU HEM3MEHHOM KOHIICHTPALUU KUCIOpoa U 0TCyTcTBUH nud¢y3un NO.

B HauanbHOM mepuojie CropaHusi OTHOCUTEIbHO 3aMETHas pa3sHULla MEXAY
Temneparypoi Bo ¢pponre mnamenn T wu Temneparypoii 3akanku T, kommeHncupyercs
oueHs OonbIoii BenmmunHoi dT/dX. B manpHelieM 3HaueHne BeJIMUUHBI Tm magaer, HO
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KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2024

camwkaercs u 3HaueHune dT/dX. IToaToMmy MOKHO IPUHSATb, YTO IUIOIIA/L TOBEPXHOCTH
F, (cootsercTByromas remneparype T,) Mao OTiIM4aeTCs OT IWIOIIAAN TOBEPXHOCTH
Fn (coorBercTBylolIed MakCHUMalbHOMY 3HaUE€HHE PaBHOBECHON KOHIEHTpALUU
[NO] ). DTO mo3BOJsA€T ONpeeNaTh CyMMapHbli noToK G, 4epe3 MOBEPXHOCTH
3akaiky F, uHTerpupoBaHueM 1o nosepxuoctu F :

6]
/i€ T — BpeMsl Ipoliecca TOpeHus;

NOOF — uroroBas koHneHTpanust NO B oTpabOTaBIIMX ra3ax.

J11s1 onipeieneHust HEOOXOUMbIX BETTMUUH MPUHUMAIOTCS CIICAYIOIIHNE JOMYIICHHS:

* MpoIlecChl TEIUIO- U MacconepeHoca npu upy3uoHHOM TOpPEeHUH MOJA00HHI.
[Tpunumaem, uro xkod3pduurentsl nuddyzun «Dy» U TeMepaTypornpoBOIHOCTH «a»
PaBHbI, COOTBETCTBEHHO umcio JIptonca L, = D/a = 1;

* pacmpejelieHHE TeMIEepaTypbl B CEYEHUU HOPMAJbHOM MOBEPXHOCTHU
nuddy3uoHHOr0 PpoHTA IIIAMEHU JIMHEHHO [16];

*  TOJIOKEHHUE MOBEPXHOCTH 3aKANKU F, 00y CIIOBIMBAETCS CTENEHBIO TIOABUKHOCTH
peaKklry OKUCIICHUS a30Ta: YeM BBIIIE CTETNeHb MOABUKHOCTH, TEM JIOJIbIIE TEKYIIas
koHieHTpanus NO cieayeT 3a najeHueM paBHOBecHOUM [NO] B xoae oXJIaKaeHus,
M03TOMY TEMIIepaTypa 3aKajlku MUHUMAJbHAa,

* 1pu audy3uOHHOM TOpeHUH BiausHue Maxe->(pdekTa cka3piBaeTCs Ha
OKHCJICHHH a30Ta B TOH Mepe, B KaKOi OHO U3MEHSET MPO(HIIb TEMIIEPaTyPHOTO MOJIS;

* mpoliecc caxeo0pa3oBaHUs CHUKAET TeMIeparypy AU Py3HOHHOTO MIIaMeH!
(mo 20 % oT MakCHMMaJbHOM TEMIIEPATypPbl ropeHus T Mpu ropeHuu yrieBoa0POIHBIX
toruuB [17]).

WntencuBnocts oxnaxaenus I1C (Bpems t ) 3aBHCHT OT XapakTepa JBHKEHHUS
nopiHs (ckatue win paciupenue) — dT/ dtc_p —u ot nporiecca qudpy3uu NO u3 30HbI
ero MakcumaiabHoro oopazoBanus — «Un - dT/dX»:

dT/dts = dT/dte, + Uy - dT/dX @)
rae U — nubdysnonnbpiii motox NO 13 30HBI €10 MaKCHMAIbHOTO 00pa30BaHus.

IIpu cxarun npoucxoaut Harpes [1C, npu pacmmpenun — ux oxnaxiaeHue. B
COOTBETCTBUM C OTHM H3MeHseTCA 3Hadenue mapamerpa dT/dt,. TemnepaTypHbIid
rpamuent dT/dX 3aBucur ot remnepatypsl quddy3rnonHOr0 IIIamenu Tm, Temmneparypbl
To B 30HE OKHCIIUTENA U Pa3sHOCTH KoopauHat mMexay Im m To mo ocu X — T.H.
«IIMPHHBI TETIOBOM BOJHBD 8 . C TeUEHHEM BPEMEHH TEILIOBAS BOJIHA AUCCUIIUPYET
(TeMmepaTypHasi HEPaBHOMEPHOCTh CTPEMUTCSI BBIPOBHATHCS) U OT YBEIMYHBACTCS.
3HaueHus T wu T 3aBucst or U3MCHEHHs NaBJICHUS B KC, 1 ux oTHOCHTEIbHOE
M3MEHEHME HEBENUKO: XapakTepHble 3Hauenus T = 2000...2500 K (makcumanbHbie
—2900 K st T_ = 800...1200 K) [18]. B T0 € Bpemsi, B HaUaIbHbIH MOMEHT 6T—0,
a B KoHIe npouecca cropanus 6 umeer macmrab KC. Jlupdysuonnsiii motok NO
npornopimonaneH ko3pdurmenty auddysum.

Kak BunHo u3 ¢popmyisl (1), Ans onpeaeneHuss UTOrOBOIO COJAEPKaHUS OKCHIa
azora B OI" gusenst Heobxonumo 3Hanne Gpyskuun F =F (1) — u3MCHEHHE IOBEPXHOCTH
Au(dy3uoHHOrO GpOHTa IUIAMEHH B T€YEHHE npouecca ropenus. Benmuuna F 1o
MOMEHTa YCTaHOBJICHHS KBa3HCTAMOHAPHOTO MU((PY3HOHHOTO peXuMa TOpPEHHS
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HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

(t=t,,) 3aBHCHT OT W3MEHEHHS M30CTEXHOMETPHIECKOH mosepxHocTn F=F(1). ITocne
MoMeHTa ty, noinydaeM F =F, i nanbHeiiiiee U3MeHEHHE IOBEPXHOCTU K| 3aBUCHUT TOJIBKO
OT mpolecca cMelleHus. M3MeHeHue xe caMoi NOBEPXHOCTHU IPOUCXOJIUT JIBYMs
cragusmu: 1) 10 MOMEHTA ty, ¥ [P IPOAO/DKCHHH IT0/[a4H TOIUIMBA IIOBEPXHOCTH F|
«ZJOCTPAaNBACTCs, 2) MOCIIE HACTYILUICHHUSI MOMCHTA t,, TOBEPXHOCTh F| 0HOBpeMEHHO
«pacTAruBaeTcs» (10 MOMEHTAa OKOHYAHUS I0/1a4M TOIUIMBA) M CXKHMAETCs (3a cueT
BBITOPAHUS TOIUIMBA).

Ha puc.1 npexncrasnens! Pe3yiapTaTsl MOAEINPOBaHMS HAKOIUIEHHS OKCHJA a30Ta
B OI' au3ens nmpu M3MEHEHUHU PEryJIMpPOBOYHBIX IIapaMETPOB — YCTAaHOBOYHOI'O yrIja
OTIEpEeXEHUS BIPHICKUBAHMS TOIIMBAa ® U ko3 duumreHTa n30pITKa BO3AyXa O —
a/IeKBaTHO ONMCHIBAIOT BIMSIHHUE YKa3aHHBIX 1apPAMETPOB Ha SMUCCHUIO OKCHUJIOB a30Ta C
Or'; 3necs DX3 —xapakTepHoe pacCTOSIHUEM 3aKaJIKU — ONPEAEIISET MPOJOHKUTEIBHOCTD
Hepro/ia HaKOIUIEHUs 3aKajieHHOTro NOg B IIPOJyKTax cropanus (yCIOBUEM ABISETCS
otnuure DX3 oT Hys).

AN MEM ... NOg ppm AX, MEm NOg ppm

40 AX,

3 / . ¥ :
\ \ s 9=-6 '
10 B ' : 100

220 0 20 40 60 80 . ‘mie

—r 1600

1200

-+ 500

Pucynok 1 — MogenrpoBanue HaKOIUIEHUS 3aKaJIEHHOTO OKCH/IA a30Ta B
MPOAYKTAX CrOpPaHUs JU3EIsl TP U3MEHEHHUH PEryJIMPOBOYHBIX ITAPAMETPOB.
O6o3nauenus: a) o= 1,99; 6) ® = 6 °nkB 10 BMT.

BriBoaBI

HecmoTpst Ha npuHIMaeMble MephI 0 CHIKEHHUIO BBIOpOca B aTMoc(epy BpeIHbIX
BEIIECTB C OTPA0OTABUIMMU ra3aMu TPAHCIOPTHBIX CPEICTB, Ka4eCTBO BO3AyXa
yJIy4IIAIach HE Tak CYIIECTBEHHO, KaK 0’KUIAJIO0Ch.

[ToBpimenue 3¢p¢GeKTUBHOCTH PAabOT MO YJIYUYIIEHUIO IKOJTOTHUYECKHUX
XapaKTEePHUCTHK TETUIOBBIX IBUTaTelel TpeOyeT Haps Iy C IPOBECHUEM TPaIUIIMOHHBIX
JKCIEPUMEHTAIBHBIX HCCIEAOBAHUN MPUMEHEHUE MOJEIUPOBAHUS MPOIECCOB
o0pa30oBaHUsl BPEJHBIX BELIECTB B XOJ€ T'OPEHMs TOIJIMBA B I[MUIMHIAPE C yUYETOM
0COOEHHOCTEH mpolecca cMeceoOpa3oBaHUs M TUIA BOCINIAMEHEHUS TOIUIUBO-
BO3YLIHOW CMECH.

XapakTepHOil 0COOEHHOCTBHIO TOPEHMs TOIUIMBA B JIM3€JIe SIBJISETCS HAIUYUE
TG PY3MOHHOTO PeXHMa B TEUEHHE BCEro MpoIlecca TOPEHus, 4To 00YCIIOBIUBACT
BBICOKYIO CTENEHb MOJABMXHOCTH PEAKIMH OKHCIIEHHUS a30Ta. DTO MO3BOJIAET MPHU
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pacuerax npeHedpeub peakuueit oopazoanus okcuaa azora NO, cunurtas ee CKOpocTh
0eCKOHEYHO OOJIBIION, U YYUTHIBATh TOJIBKO PEAKLHUIO €r0 Pa3JIoKEHUS, IIOATOMY
BpeMsI ciieioBaHusl TeKyliel konueHTpanuu NO 3a paBHOBeCHOM KoHLeHTparuei [NO]
MaKCHMaJbHO, a TEMIIEpaTypa 3aKaJIKd MUHUMAJIbHA.

Hns caydast nuddy3noHHoro ropenus npouecc HakomieHuss NO B mpoaykrax
Cropanus oOyCJIaBJIMBAETCS BEIMYMHON MOTOKA OKCHAA a30Ta yepe3 MOBEPXHOCTh
3aKaJIK{, B OTJIMYME OT TOMOI'€HHOI'O TOPEHMS], T€ OIpenesonmM cogepxanue NO
B MPOJYKTaxX CropaHusi (pakTopoMm sIBISETCS MPOLECC OXJIKICHUS MPU HEU3MEHHON
KOHIIEHTPAIIMHN KHCIOPOa U OTCYTCTBUH JU(PPYy3Un OKCHIA a30Ta.
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A. P. Kynvuuyxuii

«KamemkoBo MexaHUKaIbIK 3aybIThDy AK,
Peceit ®enepanusicel, Kamemkoso K.
05.04.24 x. 6acmara TYCTI.

09.04.24 . Ty3eTynepiMeH TYCTI.

30.04.24 x. GaceIn mbIFapyFa KaObLUIIaHIbI.

A3O0TTBIH TOTBIHAY PEAKHIUACBIHBIH
KYTKBUIBIFBIH ECEIl JUD®Y3UAJIBIK /KAHYMEH

Aemokenix KarovblKkmapvlHau ammocgepasa 3usHobl 3aMmmapobly WbleapbliyblH
azatmy 60lbIHWA KAObLIOAH2aH Wapanapaa Kapamacmau, aya canacsl Kymxeroeu
aumapnvikmail  ocakcapean ocokK. Couvimen Kamap, 3usHObl  3aMMAPObLIH
UWbL2APBIHOLLIAPBLIHA dcep emy Mociioepiniy mizimi atumapavikmai spmypiai, Oipax
MInMi  JICHITY  KO32AIMKbIUMAPBIH  9NEKMP  KO32AIMKbIUMAPLIHGIY  NAtl0achiia
moavigblMen bac mapmy ammocgepadasvl 3usHObl 3amMmapobly MA3MYHbIHbIH
aumapivikmail moMeHOeyiH Kammamacwiz emneuoi. Qdicmepoiy 6apivlK KeuleHin
eHei3y0iy KublHObl2bl 3UAHObl 3amMmapobly WbleapbIHObLIAPLIH  a3atimymMen  0ip
Me32L10e KO32AIMKbIUMAPObIH JHCO2apbl OMbIH MUIMOLLI2IH KAMMAMACHL3 €My Kadcem
exenoicine bainanvicmol. OHblY YCMIHE MOAbIK eMeC HCAHY OHIMOepine — KomMipmezi
MOMbIEbIHA, OUCHEPCMIK OONUeKmep2e, HCAHAP-HCA2APMALIObIH KOMIpCYymeKmepine
JHCOHE MATLIAY MALbIHA 9cep emy Oip me32iioe HCAHaAPMAll Wbl2bIHbIH A3aUmcd, OHOA
azom oxcuomepiniy uvleapvlayvl apmaodsl. Ocvlean OAUIAHBICMbL OMBIHHBIH HCAHYb
Ke3iHOe2l azommbly mMombvley Hpoyecmepi s3epmmeyuliiepoiy epexuie HA3apulH
ayoapaovl. Ocvlean 6AUIAHLICMbL KO32AIMKIUMAP2ad MOH HCA20alIap0d OMbIHHLIY
JHCAHYBL Ke3iHOe A30m OKCUOIHIY MY3iny JiCoHe bloblpay NpOYeCcmepiH, KOCNAHbIH
MY3iny MypiH JHcoHe OMmbIH-aya KOCHALAPbIHbIY MYMAaHy 90ICiH ecKepe Omblpbln
Modenvoeyee Ken Kenin Oeninedi. byn maxanada azom oxcudi (NO) my3inyoin
MEPMUATBIK ~ MEXAHU3MI  He2i3iHOe momvlay PeaKyusCbIHbIY — KO32AN2bIULMbIK
dopedicecin eckepe Omulpbin, OU3eIbOIK KO32aIMKblumapaa moH dcazoaunapoa
asom momvldy MOOeni cunammanean — Ai0blH ald apalackaH OmvlH MeH
MOMBIKIMbIPSLIUMbLY UMIYILCMIK OUP@Y3uLnviK scanyvl. Byn az Kozeanaviuumoik
2AHCAZOAUBIHOA OHBIY LIOLIPAY pearyusaapvii enemet, mex NO my3iny peakyuscvin
ecenke anyed, Qi #02apbl KO32a12blUMbIKMG, KepiciHule, KATblnmacy Hnpoyeci
Oipoen acypedi den NO vlovipay peakyusiCblH 2aHA ecenke aiyaa MyMKIHOIK bepeoi.

Kinmmi ce30ep: ouzenv, oup@ysusivi dwcany, azom OKCUOL, pPeakyusiHbly
KO32an2biimulebl 09pedicec, Na0alaHbLI2aH 2a30ap0aabl KOHYEHMPAaYUsICyl.
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ACCOUNTING FOR THE MOBILITY OF THE NITROGEN
OXIDATION REACTION WITH DIFFUSION COMBUSTION

Despite measures taken to reduce the emission of harmful substances from vehicle
exhaust into the atmosphere, air quality has not improved as significantly as expected.
At the same time, the list of ways to influence the emission of harmful substances is
quite diverse, but even a complete rejection of heat engines in favor of electric motors
does not ensure a significant reduction in the content of harmful substances in the
atmosphere. The difficulty of implementing the entire set of methods is due to the fact
that, simultaneously with reducing emissions of harmful substances, it is necessary
to ensure high fuel efficiency of engines. Moreover, if the impact on the products of
incomplete combustion — carbon monoxide, dispersed particles, hydrocarbons of fuel
and lubricating oil — simultaneously reduces fuel consumption, then the emission of
nitrogen oxides increases. In this regard, it is the processes of nitrogen oxidation
during fuel combustion that attract special attention from researchers. In this regard,
much attention is paid to modeling the processes of formation and decomposition of
nitrogen oxide during fuel combustion under conditions characteristic of engines,
taking into account the type of mixture formation and the method of ignition of fuel-
air mixtures. This article describes a model of nitrogen oxidation under conditions
characteristic of diesel engines — pulsed diffusion combustion of pre-mixed fuel and
oxidizer — taking into account the degree of mobility of the oxidation reaction based
on the thermal mechanism of nitrogen oxide (NO) formation. This allows, in the case
of low mobility, to take into account only the reaction of NO formation, neglecting
the reactions of its decomposition, and at high mobility, on the contrary, to take into
account only the reaction of NO decomposition, assuming that the formation process
occurs instantly.

Keywords: diesel, diffusion combustion, nitrogen oxide, degree of reaction
mobility, concentration in exhaust gases.
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KAPKbIHObI LE®OPMALMSITIAHFAH KYAIMEH KAJMbIHA
KENTIPYMEH WIHOI-BITIKTIH CAMTACBIH APTTbIPY

A6momobuUIb KO32AIMKLIUMAPBIHbIY KYyPAMOAc OONIKMepPIHiH, MEXaHU3MOePIHIH
JHCOHe dfCYLienepinily MEeXHUKABIK dicaz0atibiniaabl 032epicmepoil 3aHObLIbIKIMAPbIH
KO32ANMKbIWMblY — OHIMOINICIH — cakmayoa — OauaHbiCmbl — pecypcmap — MeH
AHCYMCANAMBIH  WBISHIHOAPObL AHLIKMAUObL. ABMOMOOUTL KO32ANMKbIUIMADBIHBIY
natioananyoazvl Y3ax Mep3imMOLicin apmmslpy MAcbIMaiday yOepiciHiy nauoaiany
WbI2bIHOAPLIH A3aUmMyO0blH Manbl30bl haxmopaapsinbiy Oipi Oonvin mabwiiadel. L{IIT
Oonuexmepin JHcoHOey Ke3iHOe ey KbiMOam JCoHe MEeXHUKALbIK JHcoHoeyoe Kypoei
yoepicmiy 06ipi 601amMblH  «YUTUHOP-NOPULEHBOIK CAKUHAY YULECIMIH KATNblHA
KeamipyOdiy mexHono2usvlx, yoepici bonvin omoulp. Onapovly mo3yea mesimoinicin
apmmulpy Makcamvlioa aemoMoOUIb KO32ANMKbIUbIHGIY YUIUHOPIEPIH KalnblHa
Keamipy iy ocana muimoi 90icmepi MeH MexXHOI0SUSNAPBIH dHcacay OObIn Omblp.

bByn maxanaoa, agmomobuiv K032aimblumapbiHbly UiHOI OLIIKMEPIiH KaInblHa
Keamipyze apHan2aH 3aMaHayu MexHOJOCUANAPbIHbIY —He2i32l  epeKulenikmepi
Kapacmuipvliy0a. INeKmpii dpo3usiad yublpassli Mamepuaidapul Hezizinoe dcana
NAA3MANbIK, HCAOLIHOAPObL KOJOAHY APKbLIbl MO32aH A6MOMOOULL DONUEKMEDIHIH
bemki Kabamvil HCAOBIHOBLIAYMEH KAINbIHA KeAmipyoiy muiMOi mexHOI0SUsCHIH
natioananyaa Heecizoencen. Xozapvi HCbLIOAMObIKMbL OOKAM  KANObIKMAPLIHAH
NEKMPAI-3POIUATBLIK, OUCNEPCUST APKBLIbL ANbIHEAH YHINAKMbIY 2PAHYI0MEMPUSIBIK
Kypamul OoviblHuwa 3epmmeynep sicypeizindi. 3epmmey Opayneoghep odici botivinua
eKi Ke3enO0e OmKI3iN0i, A2HU CYUbIKma OUCNePCUSIAYMEH, KeliHIpeK (hOHObIK ouey
JHCOHE COHBIHAH NIAA3MANBIK YHMAKNeH ocaby apkwlivl yoepicmi OpblHOAyOaH
mypaovl. YiKenic #cone ycmay MOMeHMIH Colp2yMeH YUKenicy candapulHan 601ammol
waprapmer myticemin bemmepinoesl JHCYKMEMeHIH JHCO2apbliayblH KOLOAHYMEH
3epmmenoi.

Anvinean monimemmep Memal KAnObIKMAPbIH NAA3MATLIK-YHMAKMbL MOCEHIlL
Jcacaymen mamepuanroap Kesi peminoe KONOAHbIC PeCcypCmapblH YHeMOey,
KOpUiA2an OpmaHvl KOpaay JHCoHe aAGMOMOOUNL KO32aNMKbIUMAPLIH KATNbIHA
KeAmipy JHCYMbICMAPLIHBIY  JHCO2apbl  KYHLIH wieutyee OONambIHbIH  KOPCemmi.
Daszanviy manday d1eKmpo3pO3UAILIK, OUCNEPCUsl APKLLIbL AbIH2AH HCAOBIHOBIHBIHY
MUuxkpoxammolivievl 1,4 ece, an asmomoOuns KO32AIMKbIUBIHGIY UIHOI OiniciHIiK
Oepikmix cunammamanapuvl 2 ece aqpmKAHbIH KOPCemmi.

Kinmmi ce30ep: uindi 6inik, ycmiyei xabam, KO32aImKbl, Hpoyecc,
MUKPOKAMMBLIBIK, NAUOANAHYOd2bl KACUenmepi.
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Kipicne

Byrinri TaHHBIH ToXipuOeCi KOPCETKEHICH, JKYMBIC JKaCalThIH HIAFBIH OIIIIEMI]
uiHal OUTIKTEp/i XKaHAChIHA AybICTHIPY ap3aHbIPaK OOJIBIN KeJe/l, all YIKEeH OJIIIeM/ Il
uiHal OUTIKTepl aybICThIpyFa KaparaH/a, OHbI )KOHIEYMEH KaJllIbIHA KeNTIpy AYPbIC
JIeTI ecenTeiK, OUTKeHl MyHAal memiM yHem i Jen ecenteimiz. Ce0ebdi OyitbIMabl
0eTki KabaThIH KaJIbIHA KEATIPyMEH OHIEY — METaIIbl MaTepUaNIbl OyibIMIap/Ibl
OHJIIPICTIK JKaFjai/a jkoHe KOJIJAHBICTAFbl PECYPCTapbIH aUTapibIKTall YHEMJeyTe
MYMKIiHJIK Oepeni. OcblFaH KapamacTaH, 0a3ajblK TEXHOJIOTHSUIIBIK MOCeeNep KoHe
MEXaHUKAIBIK OHCYJIep JKaFAaibiHaa KelOip KUBIHABIKTAp TYBIHAAYbl MYMKIiH [1, 2].

JKana >xeHieryMeH akaybIH )KOMbIUTFaH HeMece OYy3bUIbIC TYPi KEMITUITeH, sKaObIHIbI
MaTepHalIbIH HeMece KeIeH 1l MaTepuaapAblH OHTANIbI CUIIaTTaMalapbIMEH HiH1
OUTIKTIH METaIbI )KaObIH/IBIAPBIHBIH KYMBIC OETTEPiHIH TO3YFa TOIIMALIITIH OHTAIIIBI
OHJICTYIMEH TYTKBIPJIBIFBIH JKaKCapTy apKbUIbl KaHA KaJIbIHA KENTIpUIreH OUTIKTIH
carachlH XKaKcapTyFa OOJaTHIHBIH aHBIKTAI OTHIPMBI3.

Texipubene, kebinece, Groc KaOaThIH AIEKTPIIL TOFAJIbI )KaObIH/IbIIAY HET131He
KaJIMBbIHA KEITIPy TEeXHOJIOTHSIApbIH KU1 KoJigaHaabl. KojdgaHbICTaFbl OTAaHJIBIK
TEeXHOJIOTHSUIAPJIaH HETI3T1 albIpMAIIbUIBIKTAphl UiHA1 OLTIK MOWBIHBIHBIH JKYMBIC
O6erTepi MeH dpTYp:i KaObIHJIBI MaTepUaIapIbl KOJIJaHy, KaObIHAAY OTHIHBIHBIH
KUHEMATHKAJIBIK KYPIeJi KO3FAJILICHIH KOHE IDHEKEPIICHT€H OeTTepre Ka)KeTTi dKOFaphbl
KaTTBUIBIKTHI O€py YIIiH OpTalia TeMIlepaTypajibl IIBIHBIKTHIPY PEXUMIH KOJIAaHy OOJIBIIT
tabbuIanbl. CoHnai-ak, OenmekTiH 0eTki Ka0aThlH ajjblH—ala KbI3ABIPY PeKUMiIHE
KOHE aKayJap/bl MYKHST )KOFOMEH OHJIEY JKYPrizyre eTe Kol Ha3ap ayaapazbl. OChIHBIH
OapJIBIFBI LIETEN 1K TEXHOJIOTUSIIAP bl OTAH/IBIK TEXHOJIOTUSIIAPIaH epeKIIeTIeH I pe Il
KOHE TEXHOJIOTHSUIBIK YAEPICTIH KEeKe OlepauusIapblHbIH (PU3UKACHIH KaH-)KAKTHI
3epTTey KaKeTTUIIriH ounaipeni [2-5].

JKyMBICTBIH MaKcaThbl — 3JIEKTPAI-3PO3UIIBIK MaTepUalljapAbl Maiagana OThIPHIII,
MTa3MaJIbIK-YHTAKThI JKaOBIH/IBIHBI IOHEKEPICYMEH ipi TabapuTTi UiHAl OLTiKTEepAl
aKaybIH KO0 TEXHOJIOTHSICHIH KETUIAIPY apKbLIbl OEPIKTIriH apTThIpy OOJIBIN TaObLIA b

3eprTey 00BEKTICI. DIEKTPIIi-3pO3USIIBIK MaTepHaLIapabl KOJIAaHy apKbLIbI
YCHIHBUIFAH TEXHOJIOTHs OOMBIHINA KajIblHA KenTipyMeH xennuenreH KamA3
KO3FaJITKBIIITAPBIHBIH KOJIJJAHBICTAFbI UiH/1 OUTIKTEPI.

Marepunannap #xaHe aaicrep

Toxipubenik >xarnaiina, uinai OimikTepai 0eTki KaOaThIH KaJMbIHA KEATIPYIl
IUTa3MalIbIK XaObIH/IbI €H/1IPY apKbLIbI IEPCTIEKTUBTIK 9IICTEPiH KOJIaHy KapacThIPaMbl3.
byn xarnaiina eHepkocinTe eHAIpITeH, OipaK alTapibIKTall KeIMOAT ChIMAApIbI
HEMeCe YHTAKThl MaTepualiIap bl MakiJaraHnbuIIbl. Bysr MoceneHiH MeniMiH 3JeKTpIIi-
9PO3USAIIBIK YHTAKTBl MaTepuaap/ibl KOJJaHy apKbUIbl alyFa Oosafbl. DIEKTpIIi-
9PO3USIIBIK YHTAKTap KOHE OJIap/AbIH KOMIO3ULIMSIAPHI IOFaFa YHTAK aiay apKbLIbI
IU1a3MaJIbIK )KaOBIHIBIHBIH O3BIK JIICTEpPIH KOJJIaHa OTHIPBIIL, ipi rabapuTTi OemmeKTep i
KaJIIbIHA KENTIpyMEH jKOH/IeY JKOHE HbIFANTY YIIiH Naigananyra 6onaabl. Kypameiaga
KeMipTerici 6ap CYHBIKTBIKTap OpTachlHJA T€3 KeCeTiH OosiaTrTap KajAbIKTapblHAH
JIBIHFAH YHTaKTapFa epeKIie Ha3ap ayAapybIMbI3 KaxeT. byl yHTaKThI aty yaepicinae
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OHBIH KypaMbIHJa KapOuIATep/iH, artan aiTKaHaa. Boiabppam kapouarepinig (WC)
naijga 6onybiHa OalIaHBICTEI. ABTOMOOUIE KO3FAITKBIIITAPBIHBIH OOIIMICKTEPiHIH
TO3yFa TO3IMJILIIrH y3apTy MaKcaThIMEH OOJIIIeKTep Il )KOHICYMEH KaJIlIbIHA KEeNTIpy
YIIiH aTajfaH YHTaKThl MaialiaHy ©Te MaHbI3/bl €KeHiH Oinemi3 [6, 7]. MeTanasl
KaJIIBIKTap bl KaObIHIBI MaTEepPHANIBIHBIH HETi31 peTiHAe KOJJaHy YIIIH PecypcThl
YHEMJIEY, KOpIIIaFaH OpPTaHbI KOPFay JKOHE KaJIbIHA KENTIPY dKYMBICTAPBIHBIH KOFapbl
KYHBI MOCeJIeIIepiH IIeNIyre MyMKIHIIK Oepe/il. DKCIIepUMEHTTIK 3epTTeyJIep/l )KYprizy
YIIiH aJblHFaH XaOBIHIBUIAPABIH J1a, KaOBIHIBI MaTepUAIIapAbIH J1a KacCUeTTepiH
TEOPHSUIBIK JKOHE IKCIIEPUMEHTTIK JKY3/I€ KEIICH I 3epTTeyep KYyprizemis.

DAEKTPIi-3pO3UsIIBIK OHJIEY YAepici MaTepuan OeiekTepiHiy 6eTki KabaTbIHAH
ANEKTPII Pa3psIbIHBIH UMITYJILCIH JKOIOFA Heri3nenreH. KepHey/i aHbIKTay1a, JeMEK
CYMBIK IMAJICKTPUKKE OATBIPFaH KE3/ET1 AIEKTPOATAP apaChIHIaFbl KAIIBIKTHIK JKOHE
oJlap JKaKbIHAaFaHAa — OyJl KepHEYIiH >KOFapblIaybl AUJICKTPUKTIH Oy3bUTYBIH
TYJIBIPA/IbI )KOHE OJIAPIbIH APHACKIH/IA )KOFAPhI TEMIIEpaTypasibl I1a3Ma raiaa 0oIaThiH
JIEKTPIIL pa3psabl maiaa 601a bl

DNEKTPAi-dpO3HSUIIBIK AUCTIEPCHUS SHICIH KOJIIaHa OTBHIPBIM, Te€3 KeceTiH Oosart
KaJIIBIKTapbIHAH YHTAKTapAbl alydblH TEXHOJOTHUIBIK YAepici o31piaeH i, ol Keneci
HETi3r1 onepanusiapIbl KAaMTH]IbL:

1 Te3 kecerin OosaT MapKajiapbl (XUMUSIIBIK KypaMbl) OOMBIHINA KaIIBIKTapAbI
KHHAY KOHE COPTTAYy.

2 KokpIcTapasl Tazanay (JacTaHyAaH, >KOHKaJIapAaH).

3 Te3 keceTiH 060J1aT KAIIBIKTAPbIH PEAKTOPFa THEY JKOHE AJIEKTPOATAP.IBI KOCY.

4 PeakTopra >KyMBIC CYHBIKTHIFBIH (IUCTHIIBACHTCH CYy HEMECE KAPBIKTAH b PHUIFaH
KEpOCHH) KYIO.

5 Jucnepcust pexxuMaepin Tanaay (KepHey, KOHACHCATOPABIH ChIMBIMIBUIBIFbI
YKOHE UMITYJIbCTIH KalTalnaHy >KHULIIT).

6 DIEeKTPIi-3pO3USIIBIK OYPKY.

7 KyMbIC CYWBIKTBIFBIH TYHABIPY KOHE aFbI3y.

8 LlenTpudyranay apkbuibl HAHOeJIIEM I (PPaKLIUSHBI OO alry.

9 XuMUSAIBIK YHTAKTHI Ta3anay (KakeT OOJIFaH Karaaiia).

10 ¥utakter nemre 150-200 °C remneparypana 20—30 MUHYT Kyiaipy.

11 Canansl OakpuIay.

3epTTeynep Kyprizy YIiH Oec Heri3ri »oHe TOPT MIATyHIbl MOUBIHEI Oap, OeTki
KabaTtapbiMeH TyitickeH 42XM®A mapkaisl 6onartas xacanrad Eypo-2 KamA3-740
a30TTaNFaHMUiH/I OUTIriHIH OeTKi KaOaThIH YHTAKThI MaTepHaliMaH >XKaOblUTFaH YJTiHI
KosnnaHambI3 (1-cyper) XKymbIc xypicTepiHiH OipKenKi Ke3eKTeci Typysl YILIiH HiH1
OUTIKTIH IATYHABIK MOMBIHBIH 90° OyphIlIneH opHamacTeIpblUIFran [6]. Minai OuTiKTi
0,5...0,7 MM TepeHaIKKe a30TTay apKbUIbl IIBIHBIKTHIPHIIAbI, IIBIHBIKTHIPBLIFAH
Kab0arTeiy KanslHALIFEL 600 HV kem emec.
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Cypet 1 —42XM®A OonaTeliHaH JalbIHAAIFAH
KamA3-ap1H a3orTanFan uiHi Oitiri

Wingi 6imikTepain xenneyre xapamiaslifbiH HV0,3 kuMacel OoiibrHIIa
MHUKPOKATTBUIBIFBIH OJIIICYMEH 3epTTEYJIEp KYPTi3IiK. TeXHOIOTHAIBIK TapaMeTpiepi
periage 453 HV MUKpOKATTBUIBIFBIH TaHJAIBIK. ONIey HOTIKeNepi OoHbIHIIa 9pOip
UiH/1 OUTIK YIIIiH IIBIHBIKTRIPBUTFAH KaOaTTHIH TEPEH/IIrt OOMBIHIIIA MUKPOKATTBIIBIKTHIH
tapaiy rpaduri Typre3euiabl. 453 HV Moni - KaMA3 KO3FalTKBIITAPbIH )KOHCY 1eH
KeWiH MHIYyKIUSUTBIK IIBIHBIKTBIPYMEH HiHII OUTIKTEpIiH MAaTyHJAapbl MEH Heri3ri
MOWBIHBI PYKCaT ETUITeH €H a3 KaTTBUIBIFBI OOJIBIN OTHIP. MYH/Iali MUKPOKATTHUTBIKTHI
TaHIAYIbIH JyphICTHIFBI KaMA 3 Ko3ranTKeIBIHGIH 1000 carat »KYMBICBIHBIH CEHIMITLTIK
CBIHAKTapbIMEH PaCTaJIIbl.

HaTu:kesiep ’xaHe TaaKbLIay

Te3 keceTin Oonat KalIbIKTapbIHAH AJIEKTPIi-3PO3USIIBIK JAUCIIEPCHS apPKbLIBI
QJBIHFAH YHTAKTBl TPAHYJIOMETPHUSUIBIK KYpaMbl 3epTTEl. 3epTTey €Ki Ke3eHIe
@payHnrodep 91iCiMEH OPBIHIAJIIBI.

AnnpIMeH, yIriiepai cyHbIKTa TUCHepCUsUIayMEeH JalbIIIan ajibll, COAaH COH
oHJIa (GOHJIBIK OJIIeM/IEp KYPri3inmi. By enmmeHreH CyWBIKTBHIKTBIH OCEpPiH a3aluTy
YIIiH KQXET jkoHe apOip eimeM anabiaaa (GOHABIK JIIeyyiep KYPri3uIim OThIPIbL.
AJNTBIHFBI ©JTIIeM/IEp/IeH KeH1HT1 Ke3 KeJITCH JIACTaHyAaH KaiTa eIIIeH Il )KOHE OHBIH
aFBIM/IBI HOTMDKEJIEPTe icepi JKOK Jien OiieMi3. 3epTTeNeTiH YITiHIH TPaHyIOMETPHUSIIBIK
KypamJibl CaJIMaKThIH KeJIEeMiH mmamaMmeH 1—5 rpamm jgen aneim, kenemi 500 mu
00JaThIH CYHBIK JUCIEPCUSIIBIK MOJYJIbIe OpHaIacThIpAbIK. POMS 60mat yHTaFbIHBIH
MHUKPOOOIIIEKTEPiHIH MIIiHI MEH OJIIEMiH 3epPTTEY YIIiH aTaJIFaH 00J1aT MapKachIHAH
aneiaFad yarini UMM-901 31eKTpOHIBI MUKPOCKONTBIH KOMETIMEH 2-CypeTTe
KOPCETUITeH MUKPOKYPBUTBIMBIHBIH CYpPETiH aJJIbIK.
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Cyper 2 — BPC ynTarsl. x 1500

AJNBIHFaH MEKPOKYPBUIBIMHBIH cypeTineH, BPC yHTarbIH qucnepcusiay apKbUIbl
aJNBIHFaH OOJIIIeKTep IypbIC MINIiHAI chepasblK MIIiH/II €KEeHIH KOPIll OTBIPMBI3.
Jucnepcusinay caigapblHaH aJIbIHFaH OOJIICKTEep OJIIIeMi OTe Killll eKeHi KOpCeTTi,
COHBIMEH KaTap OHbI KO3FAITKBIIITHIH O€TK1 KaOaThIH canalibl )ka0bIHAaY bl MaTepUal
peTiHIe KOJIaHFaH OTe THIM/II eKCHIH aliTa KeTeHiK.

XKaoenayasr 42’ MDA mapkaisl O0aThIHAH aJBIHFAH 3 YITiIE )KYPri3/diK, OHBI
OomarTel yariHiH O6etiHe POMS mapkansl 60onaThIHAH albIHFAH AJIEKTPITi-DPO3HSITBIK
OeIeKTep/ i IIa3Mallbl-YHTAKTHI 9/1icTIeH OeTKi KabaTKa xaOyMeH opbIHAa bl XKabyaH
KCHiH YJITiHIH 0€TKi KaOATHIHBIH KAaTTHUTBIFBI OJIIICH/TI )KOHE OJIapFa MUKPOCKOITHSITBIK
Tangaynap xacanasl. OHBIH KOJIJICHEH KeCUIreH KMMAaChIHBIH MUKPOKYPBUIBIMBIHBIH
CypeTi TOMEH/IC KOPCETUITCH.
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Cypet 3 — MEKpOKYPBUIBIMABIK YJIT1
a— 1 ynri (X200); (6) — 2 yari (X200); (B) — 3 yuri (X200)

KopbITbIHABI

P6MS5 mapkaisl Te3 KeceTiH 001aT KalABIKTapbIH KEPOCUHE SIEKTPIIi-DPO3HUSITBIK
JUCTICPCUSUTAYMEH QJIbIHFAH YHTAKTapAbl (ha3asbiK TAAayJaH OHBIH HET13r1 (ha3zanapsel
temipzen (Fe), marneturren (Fe,0,), remarurren (Fe 0O,), nementurren (Fe,C) sxone
Bosib(pamuaH (W) TypaTbIHbl aHBIKTANIbI. JKaOBIHIBIHBIH MUKPOKATTHUIBIFHI 1,4 ece
apTKaHbIH OAKaJIbIK.
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HOBBIINEHUE KAYECTBA BOCCTAHOBJIEHHBIX KOJIEHBAJIOB C
YYETOM UX HAIIPAKEHHO-JE®OPMHUPOBAHHOI'O COCTOSAHUSA

3akonomepHoCmu USMEHEHUs. MEXHUYECKO20 COCMOSHUSL V31108, MEXAHU3MO8 U
cucmem asmomMoOUIbHBIX O8ueamenell Onpeoeisiiom 3ampamsl pecypcos u nomepu,
cesi3aHHble ¢ noodepoicanuem pabomocnocobonocmu Osucamenei. Ilosvluuenue
00J1208€4HOCIU ABMOMOOUNILHBIX 08ueameneti 8 IKCHIYAMAayuu Ae6isaemcs 0OHUM
U3 BAJICHBIX (PAKMOPOE MUHUMUAYUU IKCHIYAMAYUOHHBIX 3AMPAm Nepeeo304H020
npoyecca. Ilpu pemonme demanei L{III" 00num u3 Haubonee 0opococmoswux u
MEXHUYECKU CAOMNCHbIX SIGISAEMC MEXHON0UYECKULL NpoYecc 80CCMAHOGLEHUs
conpsicenHust  «YunuHop-nopuinesoe  Koavyoy. C  yenvlo  nOGblULeHUsT  UX
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UBHOCOCMOUKOCMU PA3PAOOMKA HOBLIX dPDEKMUBHBIX MEMOO08 U MEXHO02UU NPU
80CCMAHOBNICHUU YUTUHOPOB ABMOMOOUTLHBIX O8Ucamenetl.

B Oannoii cmamve paccmompenvl 0CHOBHbIE O0COOEHHOCU COBPEMEHHbIX
MEXHON02Ull BOCCMAHOGACHUS KOLCHUAMBIX 6AJI08 ABMOMOOUNILHBIX Osucameriel.
ObocHosano  ucnoiv3osanue  3PHeKmueHol  MEeXHOA0SUU  B0CCIMAHOBICHUS
UBHOUICHHBIX Oemainei asmomoouneil nymem HAHECEHUs HOGLIX NIA3MEHHbIX
NOKDLIMULL ~ HA ~ OCHOBE  IIEKMPOIPO3UOHHBIX — Mmamepuanos.  I[Iposedenvi
UCCe008aAHUsL 2PAHYIOMEMPULECKO20 COCNABA NOPOUIKA, NOJYHYEHHO20 MEmOoO0oM
ANEKMPOIPOZUOHHO20 OUCNEPSUPOBAHUSL U3 OMX0008 Oblcmpopedicywell Cmau.
Uccnedosanue nposoounoce 6 0sa smana no memody @payueogepa, m.e.
nymem OUCHePIUPOBAHUST 8 HCUOKOCMU C NOCACOVIOWUM USMEPeHUueM (oHa u ¢
nocneoyrnoueli nia3mMeHHo-noOpouKosou Haniaskou. Hcciedosancs momenm mpeHus
U CX8AMBIBAHUS. NPU BO3PACMAIOWCU HASPY3KE HA CONPSNCEHHBIX NOBEPXHOCHISX
CMATbHBIX WUAPUKOE NPU MPEHUU CKOIbICEHUSL.

THonyuennvie 0anHble NOKA3AMU, YMO UCNOAb308AHUE MEMAIIUYECKUX OMX0008
6 Kauecmee UCMOYHUKA MAMePuanos Oas NIA3MEeHHO-NOPOUWKOBOU HANIABKU
n0360J5lem  pewiums NpodeMy pecypcocOepedicerusi, 3aujumsl OKpYsIcaruyell
Ccpedbl U BLICOKOU CMOUMOCMU B0CCMAHOGUMENbHLIX pabom  Ogueamenell
asmomobuns. DPazosvill AHAIU3 NOKA3AL, YO NOAVHUEHHAST INEKMPOIPO3UOHHBIM
oucnepeuposanuem MuKpomeepoocms nokpuimus yeeauuuiace 1,4 paza, u ¢ 2 pasa
VBeIUHeHA NPOYHOCHHbBIE XAPAKMEPUCMUKY KOIEHYAMO020 6ald A8MOMOOUIbHO20
osuzamensl.

Knouegvle cnosa: xonenwamwviti  6an, HANIAGKA, O08U2Amenb, HPOYece,
MUKPOMEEPOOCHb, IKCHIYAMAYUOHHbIE CEOUCMEA.
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INCREASING THE QUALITY OF RESTORED CRANKSHAFTS
TAKEN INTO ACCOUNT OF THEIR STRESS-STRAIN STATE

Patterns of changes in the technical condition of components, mechanisms and
systems of automobile engines determine the costs of resources and losses associated
with maintaining engine performance. Increasing the durability of automobile
engines in operation is one of the important factors in minimizing the operating costs
of the transportation process. When repairing CPG parts, one of the most expensive
and technically complex is the technological process of restoring the “cylinder-
piston ring” interface. In order to increase their wear resistance, the development
of new effective methods and technologies for the restoration of automobile engine
cylinders.
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This article discusses the main features of modern technologies for restoring
crankshafts of automobile engines. The use of an effective technology for restoring
worn-out car parts by applying new plasma coatings based on electrical erosion
materials is justified. Studies have been carried out on the granulometric composition
of the powder obtained by electroerosive dispersion from waste high-speed steel. The
study was carried out in two stages according to the Fraunhofer method, i.e. by
dispersion in a liquid, followed by background measurement and subsequent plasma-
powder surfacing. The moment of friction and grip was studied under increasing
load on the mating surfaces of steel balls during sliding friction.

The data obtained showed that the use of metal waste as a source of materials
for plasma-powder surfacing can solve the problem of resource conservation,
environmental protection and the high cost of restoration work on car engines. Phase
analysis showed that the microhardness of the coating obtained by electroerosion
dispersion increased by 1.4 times, and the strength characteristics of the crankshaft
of an automobile engine increased by 2 times.

Keywords:  crankshaft, surfacing, engine, process, microhardness,
operational properties.
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OLEHKA 3®®EKTUBHOCTU KOHCTPYKLUN
BbICTPOCBEMHOI'O MEXAHU3MA

AJ151 KOBLUEU 3KCKABATOPOB:
CPABHUTEJIbHOE UCCJIE4OBAHUE

DKcKkagamopvl — Mo U0 MANCENOU ABMOMOOUTLHOU MEXHUKU, UUPOKO
UCNONL3YeMOll 8 Cmpoumenscmee U 3emaepolnvlx pabomax. OHu OCHaWeHbl
KOBUWAMU, KOMOPbLE UCROAb3YVIOMCA OJi KONAHUSA, NOObeMda U NepemeuyeHus maxux
mamepuanos, Kak noueda, Kamuu u mycop. TpaouyuoHnHwlli memoo Kpenienus
U omcoeOuHeHUs Kosulell K 9KCKABAMOPAM OObIYHO A6Aemcs mpyOOeMKUM,
mpebyem pyuHo2o mpyoa 08yx u Oo.iee 4elo8eK, a MAaK’ce MOYHO20 6bIPAGHUBAHUS
U UCNONBb30BAHUS PAZTUYHBIX UHCIPYMEHMO8, YMoO Npueooum K bonee OIUMenbHol
HACMPOUKe U NPOCMOI0 NO CPABHEHUIO C COBPEMEHHbIMU CUCEMAMU OblCmpo2o
cusmusi [1]. Kax nokazana npakmuka, ucnoib3osanue 0OblCMpopazbEMHOZ0
MEXaHUuzMa 3HA4UmenbHo 00e24aiom KpenieHue Koguiel K IKCKAgamopam, yCKopsis
U ynpowas 3ameHy HA8eCcH020 000pPY008aHus. DmMo YCMPOUCmMEO 3HAYUMENbHO
cokpawaem epemst, HeobXooumoe OJis YCMAHOBKU U CHAMUSL KOBUIA CO CMpeibl
IKCKABAMOPA, ROBbIULASL 00WYI0 dhhekmusHocmb pabomul.

Lenvio 0anno2o uccne008anus a6iAemcs OYeHKa IPPHeKmueHoOCmU PasIuIHbIX
KOHCMPYKYUTI  MEeXAHusma Oblcmpozo  Ccyenienus U  pacyenienus Koeuiell
IKCKABAMOPOB NyMeM Npo8eoeHuUs: CPAGHUMENbHO20 aHanusd. B xoode ucciedosanus
O0yoym oyeHenwvl makue Gakmopvl, Kax 3IQHeKmueHOCmyb,  HAOEIHCHOCHD,
npou3800umenbHOCmy, u bezonachocms. Kpome moeo, 6 xooe ucciedosanust 6yoem
oyeHeHa npocmoma UCHOIb308aAHUSL DLICIMPOPAZLEMHO20 MEXAHU3MA nymem coopa
OM3bl608 OM ONEPAMOpPO8 IKCKABAMOPOS, UMEWUX Onvlm pabomsl ¢ 06ouMU
cnocobamu kpennenus [2; 7; 8.

Knrouesvie crosa: sxckasamop, pykosimv, Kosul, ObLCMPOCHEMHbBLIL MEXAHUIM,
Keux-xannep (quick coupler).

Beenenune

BricTpOoCcheMHBIE COEIUHUTENN YIPOLIAIOT U YCKOPSIOT MPOLECC KPEeIICHHUs
KOBIIIEH K 9KCKaBaTOpam, 3HAUUTEJILHO COKpAILas BpeMsi, He00X0AUMOe JJIsl yCTAHOBKH
U IGMOHTaXa. DTO YCOBEPIIEHCTBOBAHHUE MOBBILIAET OOIIYI0 3 (HEKTUBHOCTH pabOTHI,
Jienasi 3aMeHy HaBeCHOro o0opyoBaHus 6osiee ObICTpOi u pocToit [3].
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Tabnuna 1 — Knaccudukanus bCM

BricTpocheMHBIE MEXaHU3MBI (COSIMHHUTEIIH)

110 TUITY KOHCTPYKIHI

YHUBEpCaJIbHbIE CHenualbHbIe
- UCTIOB3YIOT CHETUISIONINECs MalbIlbl, KOTOPHIE - B CIICIIMAJIBHBIX COSIUHUTEINSAX HE HCIONIB3YIOTCS
BCTaBIIIIOTCS B OTBEPCTHS (MIPOYIINHBI) B BEPXHEH COEIMHUTENbHBIC TABIIBI C IPOYIIMHAMH JUIS KOBIIA.

YaCTH KOBIIA.

BMmecTo 3TOro oHM Kpemsarcs K crienuaabHbIM
IIACTUHAM, OOBIYHO NPUBAPEHHBIM K BEpXHEil yacTu
KOBIIIA.

TI0 TIPUHIINIY JIeWCTBUS

MCXaHU4YCCKHUEC TUAPABINYCCKUEC
- OII€paTopy NPUXOAUTCA BPYUHYIO OTCOCIUHATH - TUAPABINYECKUEC COCTUHUTEIHN MMO3BOIAIOT
HaBECHOC 060py£(0BaHI/Ie C IOMOIIBIO pbIvyara, OIEpaTopy BBINOJIHATL BCE on€palnu 1no
KOTOpBIﬁ BOSﬂeﬁCTByeT Ha MPY>XXUHY WJIUX BUHT (,Z[J'IS[ MOAKIIOUYCHHIO U OTKJIFOUCHHUIO U3 KaOUHBI
prl'IHOFa6apI/ITHOFO 060pyILOBaHI/I${), YTO BBIHYXKJAET OKCKaBaTropa, yCTpaHssd H606XOZ[I/IMOCTI> B py4yHOM
oreparopa noKuaaTb KaGI/IHy MalllrHBbI. BMCHIATCJILCTBE.

MarepuaJjbl 1 METOABI

[Ipu BpIOOpE MEXaHMYECKOTO OBICTPOCHEMHOI'O COEIMHUTENS MOTEHIHAIbHbIE
NOTPEOHTENH Yalle BCEro He 00paIialoT BHUMAaHUE Ha KOHCTPYKLUIO U3EIIHsL, [ToJ1aras
YTO B HUX HET CYLIECTBEHHBIX pa3nnuuil. OMHaKO pa3ianuus BCE K€ UMEIOTCA, U OHU
JIOBOJIbHO 3HauuTeNbHbIE. Ha ceronnsamnmii JeHp nomyispHsIMU Mexannueckumu bCM
Ha PBIHKE SBJISIETCS. COEAMHUTENN C BUHTOBBIM U IPY>KUHHBIM MPUHIIUIIOM PaOOTHI.

PaccmoTpuMm OBICTpOpa3beMHBIE COEAMHEHUs C BUHTOBBIM MeXaHu3MoM. Mx
paboTa ocHOBaHa HAa OJBM)KHOM BUHTE C 3aXBaTOM Ha KOHIIE ¥ HEMIOJBI)KHOM raike,
IIPUBApEHHON K KOpIycy. Bpaiuas BUHT C IIOMOILBIO CIIELUAIBHOIO MHCTPYMEHTA,
3axBaT EPEMEINACTCs JIMHEWHO, YCTaHABIMBAS WIM OTCOEAUHSAS KOBII UM HABECHOE
000py/10BaHKE B 3aBUCUMOCTH OT HAIlpPaBJICHUs BPAIICHUSI.

KitroueBbIM IpenMy111€CTBOM BUHTOBOI'O OBICTPOCHEMHOTI'O KOBILIOBOI'O MEXAHNU3MA
SBIIAETCA €r0 AKOHOMHUYHOCTb. DTOT TUI OBICTPOCHEMHOM CHCTEMBI UMEET OY€Hb
IPOCTYIO KOHCTPYKIHUIO. J[JIs1 ero M3roToBIeHUs He TPeOyI0TCsl BBICOKOTOYHBIE IeTalH;
JUISL MEXaHMYEeCKOI 00pabOTKM JOCTATOYHO YHUBEPCAIBHBIX TOKAPHBIX U CBEPIMIIBHBIX
CTaHKOB [4].
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Pucynok 1 — BbICTpOCBhEMHBIN COEUHUTEID
MEXaHUYECKUN ¢ BUHTOBBIM ITPUHIUIIOM

VYcranoBka KoBIlIa Ha BUHTOBOM Mexanndecknii bBCM:

[Tocne ycTaHOBKHM KOBIIIA OTIEpaTOPy HEOOXOIMMO 3aTSIHYTh BUHTOBOM MEXaHU3M
BPYUHYIO, YTOOBI 00ECTIEUNTh HAZIC)KHYIO (PUKCAIUIO. DTOT TAll 3aHUMAaET HECKOJIBKO
MHHYT, B 3aBUCUMOCTH OT pazMepa 000pyJOBaHUS U CIOXHOCTH MEXaHU3MA.
(5-10 muH, B 3aBUCHMOCTH OT KOHKPETHBIX YCIIOBUH H MOTObI)

Pasbopka:

— OnepaTtop ¢ NOMOLIBIO pblUyara WiIW UHCTPYMEHTA OTKPYYMBAET BUHTOBOMU
MEXaHH3M, YTO 3aHUMAeT HECKOJIbKO MUHYT (5—10 MHH, B 3aBUCHIMOCTH OT yCIIOBHUI
Y TIOTOJIBI).

— Ilocie oTKpy4YMBaHUS KOBII MOKHO JIETKO OTCOSUHHUTH OT OBICTPOPA3ZEEMHOTO
COEIMHEHUS, YTO 3aHUMAET HECKOJIBKO MUHYT (2—3 MUH).

— B utore: OpicTpopazbeMHast pe3p0OoBas Myra: o01iee Bpemsi 3aHIMAaET IPUMEPHO
15-30 MuUHYT Ha YCTaHOBKY U JIEMOHTaX, B 3aBUCHMOCTH OT YCJIOBUI paboueii 30HbI
Y MOTOJHBIX ycioBuii [5, 10].

Hapsiny ¢ 3TuM nmeercst psii HEAOCTATKOB.

Bo-nepBbIX, 3aMETHBIMHU HEIOCTATKAMH BHUHTOBOT'O MEXaHU3Ma SIBISIOTCS
OTHOCHUTENBLHO OoJbIre rabapuThl u Bec. M3-3a ocobeHHOCTel ero paboThl BUHTOBOM
MEXaHH3M HE MOKET OBITh BCTPOCH B KOPITYC H3AEHs, YTO TPEOyeT TOMOTHUTEIEHOTO
MIPOCTPAHCTBA B HIKHEH YacTH KOpITyca. ITO OOJBIIIOE PACCTOSHHE CYIIIECTBEHHO BIIHSIET
Ha KuHeMaTuky. [Ipu skcrutyaranmnm 3KckaBaTopa OU€BH/IHBI TOBBIILICHHBIE HATPY3KU
Ha MECTO COEIMHEHUS KOBIIa, OBICTPOPA3ZBEMHOTO YCTPONCTBA M PYKOSITH, & TaKKe
CHIDKEHUE YCHIIUS MOTPY>KEHUs (4To BiIHsieT Ha 3((HEKTUBHOCT MOTPYKEHUS KOBIIIA
B rpyHT). bombimii Bec ¥ yBEeIMUEHHBIA PaNyC Pa3rpy3Ku TPEOYIOT HCIIOIH30BAHUS
OoJiee JIETKUX KOBIIEH MeHbIIEeH eMKocTH. KpoMe Toro, MCHOIb30BaHUE BUHTOBOM
OBICTPOPa3bEMHON MY(THI HA SKCKABATOPE-TIOTPY3YNKE MOKET yCIOKHUTH MEPEBOJI
HaBECHOTO 000PYI0OBaHMS B TPAHCIIOPTHOE MOJIOKEHHUE TI0 TEM K€ IpUYuHaM [6].
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Bo-BTOpBIX, CylIecTBYeT PUCK ociabieHus (puKcaluu u3-3a U3HOCA PE3bOBI
BUHTA M TaliKU C TEYEHUEM BPEMEHH. Y BeJIMUYEHHUE 3a30pa B pe3b0OBOM COCTMHEHUHU
MO’KET MPUBECTH K Pa3pyLICHUIO pe3bOOBOr0 COECIMHEHUS M BCEro 3axBaTa, 4TO
MOYKET IPUBECTH K JIOPTY B KPEIEKHOM MEXaHU3ME U aBAPUMHOMY OTCOEIUHEHHIO
HABECHOI'0 000PYI0BaHMS WIIM KOBIIIA. TO MOXKET IPHUBECTH HE TOJIBKO K TOBPEKACHHIO
000pyI0BaHUS, HO U K yTrpo3e 6€30MacHOCTH HaXOIAIIEerocs MOOIM30CTH IEpCOHAa B
ClIydJae MaJieHus KOBIIIA WJIM HABECHOTO 00opyoBaHus [6].

Pucynok 2 — Pe3p6a BuaToBoro bCM

B-TpeThux, pe3pba He 3amuiieHa OT BJIaru M 3arpsi3HEHUN, YTO MPUBOIUT K
Koppo3uu. Co BpeMeHEM 3TO MPUBOUT K U3HOCY PE3bOBI 1 3aKJIMHUBAHUIO MEXaHU3MA.
UTo0BI IPENOTBPATUTE ATH MPOOIEMBI, HEOOXOIMMO PETYJIIPHO MPOBEPSATH PE3LOY,
CMa3bIBaTh €€, OYUIIATh OT T'PA3HM M MBUTH U MPOBEPITH pabOTOCIOCOOHOCTH
BHUHTOBOI'O MC€XaHHU3Ma. Bnaronapﬁ cBOCH KOHCTPYKIHUH BUHTOBBIC MCXAHHYCCKHC
ObICTPOpPa3bEMHBIE YCTPOICTBA YAaCTO HCIOJB3YIOTCS Ha MOJHOMNOBOPOTHBIX
’KCKaBaTtopax BecoM OT 14 10 35 TOHH B KauecTBE SKOHOMUYHOM albTEPHATHUBBI
THPABINYECKUM OBICTPOPA3bEMHBIM yCcTpoiicTBaM. OHM TaK)Ke UCTIONIB3YIOTCSI B MUHH-
HKCKaBaTOpPax, MOCKOJIBKY OTHOCUTEIBHO MPOCTHI B U3TOTOBJICHUU [6].

Jlanmee paccMOTpUM MpYKHHHBIE OBICTPOpPa3beMHBICE MEXAaHU3MBI. B Takux
COEIMHUTENAX JABUKEHHUE 3aXBaTa OCYLIECTBIISIETCS 3a CUET YNPYTOro 3JeMEHTa —
WIAHIPUIECKON MPYKUHBI. JTa KOHCTPYKUHUSA SBISETCsA 00Jiee COBEPIICHHON U
OOIHOBPEMCHHO OTJINYACTCSA OTHOCHUTCIBHO IMTPOCTBIM U HAACKHBIM MCXaHU3MOM.

[Moanpy>kuHEeHHBIE OBICTPOPA3bEMHBIE COCIMHEHUS MMEIOT Oojiee yI0OHYIO
KOHCTPYKIIMIO, MEXaHHU3M pa3MelleH BHYTPH KOpIyca, 4YTO obecrneynBaeT
MUHUMAaJbHBIC Ta0apHUThl U BeC. 3aMeHa 00OpYAOBAHUS MPOUCXOTUT 3HAUYUTEITHHO
6BICTpCe MO0 CpaBHCHHUIO C BUHTOBLIMU 6LICTpOpa3LCMHBIMI/I COCOAUHCHUAMU,
IMMOCKOJIBKY OTCOCAUHCHUEC MOKCT OBITH BBIIOJIHEHO OJHHUM JABMXXCHUEM C IIOMOIIBIO
IIPOCTOTO phlyara.
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Yro xacaercs 3pPpeKTUBHOCTH pabOTHI B 3arpsA3HEHHBIX YCIOBHIX, TO IPYKUHHBII
MeXaHu3M paboTaeT Jyulle, 4eM BUHTOBOH. HecMoTpst Ha TO, YTO Npy’KMHA TaKKe
MOJIBEPraeTcs BO3ICHCTBHIO I'PS3U U BIIArH, OHA COXPAHSET CBOIO (DYHKIIMOHAIBHOCTh
Jla)kKe MPU CUJIBHOM 3arpsi3HeHUU. KOHTpoub 3a COCTOSIHMEM NPY>KUHBI IPOBOJUTCS
peke, a cMa3Ka, Kak IpaBuilo, He TpedyeTcs.

3ammuTa OT CIy4YaiHOTO pa3beIUHEHHUs 00ecIeYUBACTCS NMPEIOXPAHUTEIEM
C 3aLIUTHBIM KOJbLIOM. OJHAKO KOHCTPYKIUS HPYXKUHHBIX OBICTPOPA3BEMHBIX
coeuHEeHH TpedyeT Oojiee BBICOKOH TOYHOCTU MPH U3TOTOBJICHUU CONPATAEMBIX
neraneii. MetannooOpabareiBaroniue KoMIuieKchl ¢ UITY mo3BONSIOT HOCTHYD
HE00X0AUMOTO YPOBHSI TOUHOCTH NMPOEKTUPOBAHUS [6].

Yro kacaeTcsi HEJJOCTATKOB, TO MPYKUHHBIE OBICTPOPa3bEeMHBIE COCTUHEHUS,
W3TOTOBJICHHBIE B KYCTAapHBIX YCIIOBHUSX, YAaCTO UMEIOT OOJIBILINE 3a30phl B MECTax
KPEIUJICHUS], HECMOTPSI Ha MX BHEIITHEE CXOJICTBO C MPOECCHOHATEHO U3TOTOBICHHBIMU.

VYHuBepcanbHble (ppe3epHble U CBEPIHJIbHbIC CTAHKU HE MO3BOJIAIOT JOCTUYB
HE00XOAMMOT0 YPOBHSI TOUHOCTH 00pabOTKHU feTaineil. B pe3ynbraTe He momydaercs
MIPOYHOT0 COEIMHEHUS, YTO MPUBOAUT K MOBBIIIEHHOMY M3HOCY Kak 000py/10BaHus,
TaK ¥ OBICTPOPA3EMHOIO COEAUHEHHS, U K MPEXKIEBPEMEHHOMY PEMOHTY.

Pucynok 3 — npyxuHHbI Mexanudeckuiit BCM

[Toanpy»XuHEHHbIE MEXaHUYECKHUEe OBICTPOPA3bEMHBIE COEUHEHUS LMIUPOKO
HCIIOJB3YIOTCA Ha 3KCKaBaTOpax-MOrpy3uyrKax M3-3a BHICOKONW CKOPOCTH 3aMEHbI
000pyI0BaHMsI, HA/IEKHOCTH U KOMITAaKTHOCTH. HecMOTps Ha 3T IpeuMy111ecTBa, OHU He
HCIOJIB3YIOTCS HA OJTHOTIOBOPOTHBIX 3KCKaBaTopax. TpedyeMoe 3HaueHHe yIpyrocTH
npy>kuH i1 JaHHbIX BCM B cBsI31 ¢ 00JIbIIMME Harpy3KaMH Ha COeTMHUTENbHBIE Y3JIbl,
oTpeOoBalu ObI OYEHB KECTKOM MPY>KUHBI, UTO 3aTPYTHSET UK JIeIaeT HEBO3MOKHBIM
PYYHOM MOHTaX M JAEMOHTaX HABECHOr'0 000pYyAOBaHUSA COOCTBEHHBIMU CUJIaAMU
oreparopa.

[MuapaBnudeckuii OBICTPOPAZBLEMHBIA COCTHMHUTENh — 3TO MEXaHH3M, KOTOPBIH
MO3BOJISIET OBICTPO U MPOCTO MEHATH HaBECHOE 000PYAOBaHNE Ha IKCKaBaTopax. J{is
PpaboThI UCIOJIB3YETCS IaBJIEHUE Maciia U3 THIPABINYECKON CHCTEMBI SKCKaBaTopa.
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Ha ceronusmnuii nens ruapasnndeckue BCM MoryT ObITh BMOHTUPOBAHBI Ha BCE
BUJIbI DKCKAaBAaTOPOB IIPH IIOMOLLH CIIEHUAIBHBIX JATYMKOB JAaBJICHUS U JIOIIOTHUTEIIbHBIX
TUAPOINHUI [7].

Pucynok 4 — I'nnpaBnuueckuii ObICTPOCHEMHBIN MEXaHU3M

[Ton3yH — KOMIIOHEHT CIIENHOTO YCTPOMCTBA, OCHAIICHHBIA 3alIOPHBIM KPIOKOM
KOTOPOE MO3BOJISIET IPUCOEANHSITH U OTCOEANHSITh HABECHOE 000pYI0BaHHE.

Hununap — ruapaBIUYEeCKUd KOMIIOHEHT, KOTOPBIM MCHOJb3YET MACIO MO
JTABJICHUEM JUIs CO3aHUS YCUIINS U CO3JJaHUS CKOJIB3SIIIETO ABUKECHUS.

[IpuHnmnom padboTsl ganHOro ruapasinueckoro bCM sBinsercs ucnonb3oBaHHUe
TUAPABINYECKOr0 LWJIMHAPA JUIS JTUHEHHOrO MEPEMEIIECHUS IOJI3YHa C 3all0PHBIM
KPIOKOM J1s ObICTpOTro cluerienus 1 pacuerienuss BCM ¢ HaBecHbIM 000py10BaHUEM.
OT0 ycTpaHseT HeOOXOAMMOCTh B PYYHBIX MaHUIYJSALUAX U MO3BOJISIET ONEpaTOpy
YIOPaBIATh IPOLECCOM U3 KaOUHBI [7].

258



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2024

PucyHok 5 — onpokuabIBaHKE KOBIIIA TPH aBAPHHOM CUTYalluH (ITOpYa FHIPOTUMHUH )

Heo06xoauMoCTh MOBBINIIEHHOW HAJEKHOCTH THIPABIUYECKOW JIMHUU: MPHU
OTCYTCTBUHU PYUYHBIX MAHMITYJISIIUI CUCTEMa B 3HAUUTENHHOIN CTENEHH 3aBHCHT OT
TUAPABIMYECKON CHCTEMBI SKCKaBaTopa. JTO CO3JacT €IUHYI0 TOUKYy oTkaza. [lpu
HEUCIPABHOCTH THAPABIUKH JKCKaBaTOpa OBICTPOPAa3bEeMHOE COCIUHHUTEIHLHOE
YCTPOHCTBO MOXET HE paboTaTh, YTO MOXKET MIPUBECTH K 3aJIEPKKaM WIIH TIOTPEOOBATh
WCITOJIb30BAHUS PE3EPBHOM CUCTEMBI (MMPU HAJTWYUH) I OTCOSAMHEHHUS HABECHOTO
obopynoBanus [7].

IMuppaBnuuecknii BCM ¢ nByXmtudToBOH OJIOKHMPOBKOMA

BCM wumeronuii cnenuanbHbIl MEXaHU3M OJIOKUPOBKU BHYTpH My(Thl. B Hem
UCTIONB3YIOTCS 1B MITU(PTA, KOTOPHIE BXOASAT B 3allEIUIEHHE C COOTBETCTBYIOIIMMHU
MPOpE3sIMU WIIM KapMaHaMH Ha KPETJICHUH, YTOOBI HAJIEKHO 3aKPEMUTh ero [§].

JlBa mtudra odecreunBaroT 0osiee HaIeKHY0 (PUKCAIIHI0 HABECHOTO 000y 10BaHUS,
CHIDKAsl PUCK CIIY4alHOTO OTCOEIWHEHHUs. DTO MMEET pelarlee 3HAYCHHE IS
TSDKEJIOTO HABECHOT0 O00OpYJOBaHUS WU MPU paboTe Ha CKIOHAX WM HEPOBHBIX
MOBEPXHOCTSAX, TJ€ BBICOKA BEPOSTHOCTh BOZHUKHOBECHHUS HECOalaHCHPOBAHHBIX
ycunuit. JIBoifHbIE TOUKH 3alleTUIeHHs] 00eCTeUNBAIOT JTYUIIYIO OOIIYI0 YCTOMYHUBOCTD
HaBECHOT'0 000PYI0BaHUs, CBOJISI K MUHUMYMY KOJIEOaHUs UITH ITEPEMEIICHHUS BO BpeMs
paboThl. DTO 0becrieunBaeT OoJIee TOUHOE YIIPaBJICHHUE U CHIDKAET Harpy3Ky Ha pbluar
9KCKaBaTopa W CaMoO CIIEITHOE YCTPOMCTBO. BMecTe ¢ Tem, MO3BOJISET omeparopam
paboTats ¢ 6osee TSHKeTbIM HaBECHBIM 000pyToBaHHEM Oe3 yiiepoa Ji1st 0e30MacHOCTH.

CyuiecTBeHHbIE HEIOCTAaTKaMU MOTYT OBITh OoJiee CI0XKHAs KOHCTPYKIIHS
W3TOTOBJICHHSI H3CITHS 1 MHOYKECTBO MEJTKUX JIETAJICH, UYTO B CBOIO OYepEb IPUBOINT K
MOBBIIICHUIO CTOUMOCTH U YBEJIMYSHUIO B TOTPEOHOCTH TEXHIUUECKOT0 00CITY>KUBaHUSI.
[Tpu Hamuuy GONBIIETO KOJTUYESCTBA IBIKYIITUXCS YACTEH IMOBBIIIIACTCS BEPOSATHOCTh
W3HOCA, YTO MOXET MOoTpedoBaTh 0ojiee YacCThIX MPOBEPOK M, BO3MOXKHO, Ooiee
cnoxHoro peMoHTa. Co BpeMeHeM U3HOC GUKCHPYIOIIETO MEXaHU3Ma MOKET ITPUBECTH
K HEOOJIBIIIOMY YBETHMUEHHIO JTI0(Ta (HETTIOTHOCTH ) MEXKIY COSAMHUTENIEM U HACaIKOM,
YTO MOKET MOBJIUATH HA TOYHOCTH [9].
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Pucynok 6 — I'nnpaBnuueckuii ObICTPOCHEMHBIN MEXaHU3M
C IBYXKOHTAKTHOU OJIOKHPOBKOM

Pe3yabTaThl 1 00Cy:KIeHNE

BuHTOBBIE MEeXaHHUUYECKHE OBICTPOCHEMBI UMEIOT XOPOUIYIO L[EHY, HO HE
TE€XHOJIOTMYHbIM KOHCTPYKTHUB. JlJisi MOJIHONOBOPOTHBIX SKCKaBaTOPOB BBIOMpPAIOTCS
B KaUe€CTBE HEJIOPOTON 3aMEeHbI T'HJIPAaBIMYECKUM ObICTpOChEMaM. A Takxke s
peAKuX MozieNielt MUHU-3KCKaBaTOPOB U 9KCKaBaTOPOB-IIOTPY3UMKOB, KOT1a TpeOyeTcs
npousBectd BCM B eTMHUYHOM 3K3EMIUISIPE U3-32 OTHOCUTEIBHO IPOCTON TEXHOJIOTUI
IIPOU3BO/ICTBA.

[Ipy>xuHHBIE OBICTPOCHEMHBIE COECIMHUTENH, HAIIPOTUB, JHUIIEHBI HEJJOCTATKOB
BUHTOBBIX ME€XaHM3MOB, HO TOJBKO B TOM Clly4yae, €Cld ObUIM MPOU3BEIEHBI Ha
IPEIIPUITUNA C COBPEMEHHBIM CTAHOYHBIM MTAPKOM, BEICOKMM YPOBHEM OpIraHU3alUH
TEXHOJIOTMYECKOro Mpoliecca U aBTOMAaTU3allMKi MPOU3BOACTBA, YTO MOAPA3yMEBAET
CEpUIHBIN BBIITYCK ITPOTYKIIMH.

I'mapaBnuueckuii OBICTPOCHEMHBIM MEXaHHM3M 3alEIUIAIOUIUNACSI ¢ MTOMOUIBIO
CKOJIBXKEHHUS [T0JI3yHa OT THAPOLMIIUH/IPA SIBJIIETCS OBICTPOACHCTBYIOIIMM U [TO3BOJISIET
YHOPaBJIATh UM U3 KaOUHBI, HO 00Jiee JOPOToi, CII0KHBIN U UIMEET €JMHCTBEHHYIO TOUKY
oTKa3a (TuapaBIuvecKasi CHCTEMA).

IN'mopaBnuyeckas cucteMa ¢ ABYXKOHTAaKTHOM OJIOKMPOBKOW oOecrneynBaer
IIPEBOCXOIHYIO O€30MaCHOCTh U YCTOMYUBOCTD IPH BBITIOTHEHUH CJIOKHBIX OIleparyii
9KCKaBaTOPOM, OCOOCHHO TIPH padOTe C TSHKEIBIM HaBECHBIM 000pYyI0BaHUEM WJTU Ha
HEpOBHOM IpyHTe. OJIHAKO MOBBIIIEHHAS CI0KHOCTh IPUBOJIUT K YBEJIMYEHHIO 3aTpaT
U He0OXOMMOCTH TEXHUUECKOro 00cmykuBaHus. Pemenne o0 nCnoib30BaHUN 3TOM
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CHCTEMBI 3aBUCUT OT KOHKPETHOT'O ITPUMEHEHHMS1 M KOMIIPOMHCCA MEXKTy 0€30I1aCHOCTEIO,
MIPOU3BOIUTENIEHOCTHIO M CTOUMOCTBIO.

BoiBOaBI

B nanHoli cratbe npuBeeHbl 4 BUJA IUPOKO PaCIPOCTPAHEHHBIX U MOIYJISIPHBIX
Ha CETOJHSIIHUMI JJeHb OBICTPOCHEMHBIX MEXaHU3MOB.

YuuThIBas BhIIETIEPEUHUCIICHHbIE JAHHBIE, CTOUT OTMETHTH, YTO pa3pabOoTKa HOBBIX,
COBEpIICHCTBOBAHUE U MOJIEPHM3AIMS UMEIOIIUXCS OBICTPOCHEMHBIX MEXaHH3MOB
UMEeT aKTyaJbHOCTb [0 CErOAHANIHUN 1eHb. [ToToMy Kak BBIOOp OBICTPOpPa3bEMHOIO
COGIIMHUTEIS 3aBUCUT OT TaKuX (PakTOpoB, KaK pa3Mep M THUII IKCKaBaTopa, OIOKET,
xKejlaeMas CKOpOCTh paboThl U coobpaxkenust 6e3omacHocTd. [Ipu BeIOOpE BakHO
YUUTBIBATh KaK 3KOHOMUYECKYIO 3P PEKTUBHOCTb, TAK U O€30M1aCHOCTb.
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IKCKABATOP HIOMIIIIHE APHAJIFAH KBIJIIAM BOCATY
MEXAHUM3MI KOHCTPYKIUAJAPBIHBIH TUIMAIJIITTH
BAFAJIAY: CAJIBICTBIPMAJIBI 3BEPTTEY

OKkckagamopnap — KYpulIblC JiCOHE Jicep Ka3y IHCYMbICMAPbIHOA  KeHIHeH
KOJOAHBLIAMbIH  AYblp A8MOMOOUIL MeXHUKacvlivly 0ip mypi. Onap monwvlpax,
macmap JHcoHe KOKbIC CUSKMbL MAMEPUAIOapobl Ka3y, KOMepPY HCOHE HCOLIHCHINY
YWliH KOIOaHbLIamulH wieminimepmen scabovikmanzatn. Onapovl sKckagamopapeaa
OeximyOin JncoHe axicvlpamyoOvly 09Cmypii 90ici s0emme KON YaKblmmbvl Kaxicem
emedi. On ywin exi Hemece 00aH 04 KON AOAMHbIH KON eHOe2iH, COHOaU-ax
Opmypi Kypanoapovi 081 mypaiayobl JHCOHe NAUOANaHyObl maian emeodi, Oy
3aMAaHayu HColI0AM ANbIN MACMAY JHCYUeNepiMen CATbiCMblP2aHOd OPHAMBLLYbL
Y3aK  CO3bLLY CANOAPLIHAH IKCKABAMOPObIY, MOKMAN KAlyblHa oKkenedi [l].
Toocipubenep apxacvinoa, JHcvlioam 6ocamy MexaHusMin natoaiany wemiumepoi
aKcKkagamopaapea  beximyoi  oiceHindemedi, KOHObIPMAIAPObl  AYbICHbIPYObl
me3zdemedi. Byn Kypuiievl wiomiwimi 9KkcKagamopowvly HcebeciHeH opHamyaa HcoHe
aneln macmayea KememiHn YaKblmmul e09yip KblCKapmaobl, COHOAU-AK HCATNbl
ACYMBIC MUIMOIIZIH apmmbIPAObL.

byn 3epmmeyoiy makcamvl canblcmulpmansl  manoay JHcypeizy  apKblivl
IKCKABAMOP UWOMIWMEDIHIY JHCLIIOAM LNIHICY JICOHE adNCblpamy MeXaHU3MIHIK
SpPMYPJIi KOHCMPYKYUALAPLIHbIY MUIMOiNiein 6azanay 6oavin madwvliadwsl. 3epmmeyoe
MUiMOLNIK, CeHIMOINIK, OHIMOLNIK JicoHe Kayincizdik axmopnapvl bazanawuwin,
maoicipubenepi Mo IKCKA8AmMop onepamopiapblHaH Kepi Oatianblc HCUHAY aPKbLIbL
JceLi0am  bocamy MexaHusMiH RauoalaHyobly KapanaublMObLIbl2bl CbIHALAObL.
[2,7.8].

Kinmmi ce30ep: skckasamop, cabvl, wiomiui, dicvlidam OOcamy MexaHusmi,
Keux-xannep (quick coupler).
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EVALUATION OF THE EFFECTIVENESS OF QUICK-RELEASE
MECHANISM DESIGNS FOR EXCAVATOR BUCKETS:
COMPARATIVE RESEARCH

Excavators, powerful machines used extensively in construction and earthmoving,
utilize buckets for digging, lifting, and material movement (soil, rocks, debris).
Traditionally, attaching and detaching buckets involved manual labor (often two or
more people), precise alignment, and various tools. This resulted in longer setup
times and downtime compared to modern quick-release systems.

Quick-release mechanisms, as their name suggests, significantly simplify and
expedite excavator attachment changes. These devices considerably reduce bucket
installation and removal times from the excavator boom, leading to increased overall
work efficiency.

This study aims to evaluate the effectiveness of various excavator quick
coupler designs through a comparative analysis. Factors like efficiency, reliability,
performance, and safety will be assessed. Additionally, the study will investigate
user-friendliness by collecting feedback from excavator operators experienced with
both mounting methods.

Keywords: excavator, bucket, arm, quick-release mechanism, quick coupler.
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USING EPOXY RESIN COATING TO IMPROVE
THE PROPERTIES OF TEXTILES

This article presents the results of an experimental campaign that examined the
effect of epoxy resin application on bare carbon textiles. To this end, the experimental
campaign was undertaken involving a total of 6 specimens (3 bare textile and 3
coated). The main idea of the research is to examine the effectiveness of epoxy resin
application on carbon textiles.

The main outcome could be determined as follows: a noticeable reduction in
maximum applied load observed by 60 % and an increase in modulus of elasticity by
23 %, which indicates a significant increase in reliability and robustness. However,
the use of epoxy resin is associated with disadvantages, in particular with reduced
flexibility, which limits its suitability for curved surfaces.

The analysis of the nature of the fracture reveals the rupture of the material as
the predominant result, confirming the successful impregnation of the epoxy resin to
the textile. These results highlight the potential benefits of epoxy-coated textiles and
the importance of considering specific application requirements in practical use.

Keywords:  textile materials, epoxy resin coating, strengthening,
carbon textile, tensile test.

Introduction

Improving the performance of materials is a common challenge in contemporary
engineering practices. Various methods have been employed to enhance the key
features of materials, and one such technique involves the application of epoxy resin to
the bare materials. The recent work by [1] demonstrates the positive impact of epoxy
resin application on textile materials. Earlier research performed by [2] also highlights
the favorable outcomes of epoxy resin coating. The coating of the textile potentially
could improve the feature of the virgin material by covering and protecting textile
yarns. In accordance with ACI 549.4 R-13, fabric coating is defined as a polymer
application intended for either covering or bonding yarns without complete penetration
and impregnation of fibers, as observed in Fiber Reinforced Polymer (FRP) materials
[3]. Several research have demonstrated that epoxy impregnation of fabric represent
improvements in mechanical bond strength, frictional bond strength, and stiffness
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[4,5,6]. Following epoxy impregnation, the textile personifies as a rigid thin fabric,
effectively mitigating slippage among filaments. In cases where a coating is applied,
filaments experience more uniform stress distribution, leading to increased participation
of filaments in load-bearing functions [7,8]. This observation contributes valuable
insights into the structural enhancements achieved through epoxy impregnation and
coating on fabric materials [9,10].

The papers main purpose is to investigate the possibility of using the epoxy resin
application on bare textiles. For this reason, the tensile coupon test was performed to
investigate the main outcomes of such an application.

Methods and materials

In this project, one commercially available textile-fibre materials were used, i.e.,
carbon-fibre textile (either uncoated or coated with epoxy resin. The property of the
textile material, as provided in the manufacturer datasheet, are presented in Table 1

Table 1 — Textile material property

Material W t f E K
[g/m?] [mm] [MPa] [GPa] [N/mm?]
Carbon 220 0.035 4800 225 13.95

In order to investigate the outcome of epoxy resin application the textile material
was coated in a laboratory the process of coating can be described as follow:

1 The textile was cut in strips with nominal dimensions width -80 mm and L-350 mm;

2 The bare textile was placed into flat surface an fixed with tape to prevent
movement;

3 The epoxy resin was placed with foam nozzle;

4 Aluminum plate with dimension of 80x60 mm. was attached to the both side of
the specimens to improve gripping in the testing machine;

5 The specimens were left for at least two days before being tested.

The tensile tests were conducted in displacement control with constant speed of
0.02 mm/sec in WOW-200 Universal testing machine fitted with 200 kN load cell. It
should be noted the displacement was measured within built in testing machine measured
apparatuses, not additional apparatuses for measured elongation were used.
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Figure 1 — Test setup: (a) — geometry of textile coupon
(all dimensions in mm); (b) — actual test setup

The naming of the samples is C- for carbon and suffix “co” added to represent
coating of the specimens.

Results

The result of the tensile test represented in the Figure 2 The failure of the textile
was textile rapture. The stress strain plot is shown on the Figure 3 and Table 2. represent
the maximum stress and modulus of elasticity. As expected, the trend in all cases was
linear up to failure.
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a) b)

Figure 2 — Textile tensile tests failure modes: (a) — uncoated (b) — coated.

a) b)

Figure 3 — Stress strain plot of coupon test
The figure Figure 4 shows the direct comparison between stress strain plots of

coated and uncoated textile coupons. The results show the positive outcomes of coating
with epoxy resin.
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Figure 4 — Compare coated and uncoated textile.

Table 2 — Tensile test results

Textile Stress Modulus of elasticity
[MPa] [GPa]
C 1207 (159) *(13) ** 134 (6) * (4.4) **
C co 1939 (52) *(2.71) ** 165(3) *(1.8) **

*Standard deviation, **Coefficient of variation

Discussion

Strengthening the textile with epoxy resin improves the stress by 60 per cent and
the modulus of elasticity by 23 % increase indicates a substantial reinforcement of the
textile material, making it more robust and resilient under various conditions.

However, the application of epoxy resin has several disadvantages. One significant
drawback is the reduced flexibility of the textile. The enhanced strength come at the
cost of flexibility, limiting the application of the textile to flat surfaces. This limitation
can impact the versatility of the material, making it less suitable for applications to
curved or irregular surfaces.

The test results affirm the postponement of failure risks through epoxy resin
reinforcement. These outcomes underscore the potential benefits of epoxy resin-
coated textiles while emphasizing the importance of considering specific application
requirements in practical use.

In practical terms, the choice to use epoxy resin-coated textiles should be made
based on the specific requirements of the intended application. Such as the shape of
the applied surface.

Conclusion

This paper represent result obtained from the experimental campaign investigated
the possible coating application on the bare textile. The key observation can be described
as follow:
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The beneficial effect of the coating comprises the improving the maximum stress
by 60 percent.

The modulus of elasticity grooving by 23 percent which is indicating that the
material is becoming stiffer and less prone to deformation when subjected to external
forces.

The test results affirm the postponement of failure risks through epoxy resin
reinforcement. These outcomes underscore the potential benefits of epoxy resin-
coated textiles while emphasizing the importance of considering specific application
requirements in practical use.
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Bynmakanada snoxcudmi waiiblpOvbly maza KoMipmexmi moxbimMa OYubiMOapbiHa
acepin 3epmmezel IKCNEePUMEHmMmIK HAYKAHHulY Homuoicenepi xeamipineeH. Ocvl
MaAKcamma SKCHePUMEeHmmIK HAYKaH KHCypeisindi, ozan bapaviavl 6 yiei KamvlCmbl
(3 maza mokpima scone 3 Kanmanzaw). 3epmmeyoiy Hezizei udesicvl INOKCUOMI
KOMIpMeEKmi MmoKviMa OYUbIMOApbiHa dHcazyovly muiMmOiniein 3epmmey OONbIn
maobwvLIaodvL.

Hezizei nomuoiceni kenecioeti anvikmayaa 601a0bl: KOI0AHbLIAMbIH MAKCUMATObL
arcykmemeniy 60% - 2a aimapavikmail MOMeHOEYI JicoHe CepRiMOINiK MOOYIIHIH
23% - 2a apmywi 6auKanovi, Oy1 CEHIMOLIKMIY AUMAPILIKMAL HCAKCAP2AHBIH
Kepcemeli. Anaiida, 9noxcuomi wauvlpobl KOAOAHY KeMUIIIKMepMeH, aman
aumKaHOa ukemOLiKmiy memeHnoeyimen OaIaHbicmyl, OV OHbIK KUCHIK Oemmepee
AHCAPaAMObLIbIZbIH UleKMellOL.

Culny cunamvin manoay mMamepuanobly HCoIPMbLIYbl MOKbIMA OYULIMOAPbIH
SnoKCUOmi  wiatiblpmen commi CiHOIpyOi pacmaiumsid OACLIM HOMUdNCE eKeHIiH
Kkepcemeoi. byn nomuowcenep snoxcuOmi Kanmaiean MOKbIMA OYUbIMOAPLIHbIY
aneyemmi apmulKUbLILIKMAPLIH JHCOHE NPAKMUKATLIK KOLOAHYOd HAKMbL KOJIOAHY
Mananmapuvli eckepyoiy Maybl30bLIbI2bIH KOPCEeMeOi.

Kinmmi ce30ep: moxbima mamepuandapsl, 3NOKCUOMI WAUbp HCAOIH,
Kamatimy, KoOMipmeKknmi moKblmd, CO3blIy CbIHA2bL.
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HCHOJb30BAHUE MOKPBHITHUS U3 SIMOKCHUJTHONU CMOJIBI
JIJIA YAYYIIEHAA CBOMCTB TEKCTHJISA

B smoil cmamve npedcmagnenvt pezynrvmamul IKCNEPUMEHMATLHOU KAMNAHUL,
6 X00€e KOMOpOoU U3y4anocs 6IUsHUEe HAHeCeHUs SNOKCUOHOU CMObL HA MEKCMUTb U3
yucmoeo yenepooa. C smotul yenvio 6vlia npogedena IKCHePUMEHmMalbHAs KAMNAHUS,
6 Komopot 6bL10 3a0eticmeosano 6 obueti croxcHocmu 6 0opaszyos (3 uz yucmozo
mexcmunsu 3 ¢ nokpvimuem). OCHOBHASA UOes UCCAEO0B8AHUS 3AKTIOYACTICS 8 U3YUEeHUU
appexmusHocmuy HaHeceHUst INOKCUOHOU CMOIbL HA YeNnepOOHbI MEKCTUTD.

OCHOBHOU pe3ynbmam MONCHO ObLI0 Obl ONPedenumb CAeOVIouuUM 00pa3oM:
HAbM00AN0Ch 3AMEMHOE CHUNCEHUE MAKCUMATIbHOU NPUTONCEHHOU Hazpy3Kku Ha 60 %
u ygeauuenue Mmooy ynpyeocmu na 23 %, umo ceudemenbCcmeyem 0 3HaYUmerbHOM
nosviueHuu Haoexchocmu. OOHAKO UCNOAb308ANUe INOKCUOHOU CMObL CEA3AHO C
HeOOCMamKamy, 8 YACMHOCIMU CO CHUMNCEHHOU 2UDKOCIbIO, YMO 0Spanudueaem ee
npU20OHOCMb 01 KPUBOIUHEUHBIX NOBEPXHOCHE.

Amnanuzxapaxmepa paspyulenus HOKA3bl8aen, Ymo paspule MAmepuaid si8semcs.
npeooaadaiowuM  pe3yIbmamom, NOOMEEPHCOAIOWUM — YCREUHYIO  NPORUMKY
MeKCmuisl SNOKCUOHOU CMONOU. Dmu pe3yibmamsl NOOYEPKUBATOM NOMEHYUATbHbIE
npeuMywecmea MeKCcmuiss ¢ INOKCUOHBIM NOKPbIMUeM U BAdICHOCMb yuema
KOHKDEMHbIX Mpebo8aHuil K NPUMEHEHUIO NPU NPAKMUYECKOM UCHOTb308AHUU.

Kniouesvie crnosa: mexcmunvhvle Mamepuanl, NOKpvlmue MOKCUOHOU CMOAOL,
VApOUHeHue, YerepOOHbLl MEeKCMUIb, UCNbIMANUe HA PACHNCEHUE.
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Pecniy6nuka Kazaxcran, r. Kaparanaa

*e-mail: abzhanova0l@inbox.ru

NMPOrHO3UPOBAHMUE NMOXAPOB HA CKITAQAX I'CM:
PErPECCHOHHbIA AHAJIN3 ®AKTOPOB BJTUSIHUS

THooicapvl Ha obvexmax XpaueHus eopioue-cmasounvix mamepuanos (I'CM)
npeoCcmasisAiom Cepbe3nyio y2po3y 6e30nacHocmu u oKpyscarouen cpedvl us-3a
8bICOKOU CMeNneHY 1e2K0GOCNIAMEHAEMOCU IMUX MAMEPUATLO8, YO NOOUepKUGaem
BANCHOCHb KOHMPOJIA 30 UX B03MONMCHBIM BO3HUKHOBEHUEM.

Hccnedosanue cokycuposano na aumanuse Gaxmopos, cnocoocmeyrouux
B03HUKHOBEHUIO N0Jcapos Ha ckaade I CM paspesa «Bocmounwiily ¢ Sxubacmyse. C
ucnonvzosanuem npoepammuozo naxkema «STATISTICA» nposeden cpagrumenvHblii
aHanu3 08yx epynn nomeHyualbHulX npuyur noxcapos. llepeas epynna exmouaem
Memeopono2uuecKue YCio8us, 6mopas — asapuiinble CUmyayuu, maxKue Kax paspso
CMAmMU4ecKo20 INeKMPUYecmea, ymeuka OU3eIbHO20 MONIUEA, MeXAHUYecKue
nogpescoeHuss u paspso MOAHUU. [JONOTHUMENbHO NPOBEOEH CPABHUMENbHBLI AHANU3,
BKIIOUAIOWUL MHOICECIMBEHHYIO KOPPENAYUIO, NPOBEPKY HA YPOBEHb 3HAYUMOCHIU,
AHANU3 2UCOSPAMMbBL OCMAMKOS, NPOGEPKY HA HOPMAILHOCHb PACHpeoenenus
0CIAamKO08, A MAKdice NOCMpoeHue epapuKos npedCcKa3anHblX 3HAYEeHU U OCIAMKOB.

Pesynomamom ananuza sensemcs pespeccuouHoe ypasHeHue, KOMOpoe
N03605€M OYEHUMb B3AUMOCEA3L MENCOY PAKMOPamMU U KOIUYECTNBOM NOAHCAPOB.
Ommeueno, umo paspad cmamuyeckoz0 INeKMPUYecmed, ymeuka Ou3enbHO20
MONAUBA, MEXAHUYECKUE NOBPENCOCHUs U PA3PAO MOTHUU OKA3BIBAIOM HAUOOIbULEE
GIUAHUE HA B03MOICHOCMb BO3HUKHOGEHUS Noxcapa. dmu gaxmopul ciedyem
yuumuleams npu paspadbome mep no npedomsepaweHuio nodxcapog Ha ckrade I'CM.
Pezpeccuonnoeypagneniie no36oum npocHo3UpoEams 6epOAMHOCHb GO3SHUKHOGEHUS
nOJCApPO8 HA OCHOBE 3HAYEHUN HE3ABUCUMbBIX NEPEMEHHBIX, Ymo obecneuum Oonee
I pexmusHoe nIaHuposanue u ynpasieHue puckamu nodxicapos.

Kniouesvie  cnosa: coproue-cmaszounvie Mamepuansvl, NpoOSHOIUPOBAHUE,
PecPeccUuoOHHbIll  aHANU3, MEmeopoNo2UYeCcKUe YCl08Us, YNpAasieHue pucKamu,
bezonacnocms 00beKmMa, 603HUKHOBEHUE NOAHCAPOB.

BBenenne

Cknazipl roproue-cMa3zounbix MatepualioB (I'CM) npeacTaBiisitoT COO0 KpUTHUECKU
Ba)KHbIE 00BEKTHI MHPPACTPYKTYPhI, UTPAIOIIUE KIIOUYEBYIO POJIb B CHAOKEHUH
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U 00ecrneyeHnr TOIUTMBOM TEXHHMKH U 000pynoBaHus Ais 3PQPeKTUBHONU pabOThHI
pa3IuuHbIX oTpacien [1].

BrIcokas cTeneHb JerkoBOCIIAMEHSIEMOCTH IOPIOYE-CMa30YHbIX MAaTEPHAIIOB
nenaet ckianbl 'CM o0beKkTaMy MOBBIIIEHHOTO PUCKA BO3TOpPaHMs, YTO CO3/AeT
cepbe3HbIe YIpo3bl Ui 0€30IaCHOCTU U OKpYXKarolel cpeipl. Jta mpobdiema TpedyeT
CHUCTEMHOT'O aHaJIM3a U BBISABICHUS (PAKTOPOB, CIIOCOOCTBYIOIIUX BO3HUKHOBEHHIO
MOKapoB Ha MOJ00HBIX 00bekTax [2]. BaxkHO MOHMMATH, YTO UMEHHO MPHUBOJIUT K
HoXKapaM M KaKhe Mepbl MOTYT OBITh MPEINPUHATHI AJIS UX MPEAOTBPAIICHUS.

MarepuaJjbl 1 METOABI

ABTOMaTHYECKasi CUCTEMA OXPaHHO-NOKAapHOW CUrHanM3aluu Ha ckiaaae I'CM
paspesa «BocTounblil» B ropoje DkubacTy3 npeaHa3HayeHa Al OOHapyKEeHHUs oyara
BO3TOpPaHUs WIM HECAHKIIMOHUPOBAHHOI'O MPOHUKHOBEHUS Ha 3alMIAeMbIi 00BEKT
U OIOBELICHMS O MOXKape WM TPEBOI'€ MPOHMKHOBEHUS IYTEM BBIAAYH COOOIIECHUS
yepe3 oburyro cetb Ethernet Ha APM nexypHOMY M BKJIIOYEHUEM TPEBOXKHOTO
onoBenieHus [3].

Pabora cucrembl ocHOBaHa Ha mocTositHHOM KoHTpoje C2000-KJIJI appecHbix
YCTPONCTB, BKJIFOYEHHBIX B OJJMH KOJIbLIEBOM ajpecHbIil nuieiid. Jlroboe nsmenenue
3aJlaHHBIX IIapaMeTpPOB AJPECHOr0 YCTPOWCTBA, BHI3BAHHOE MEXAHUYECKUM
NOBpPEXKJICHUEM UJIM cpabaThIBAHMEM YCTAHOBJEHHBIX B HEro M3BeHIaTesel,
IpEBBIIIAIOIIEE 3aJJaHHbIE MTPEJIEIIbl, IPUBOJAUT K IMEPEX0y MPHOOPOB U3 IEKYPHOTO
pEKHMMa B PEKUM TPEBOT'M C TOUHBIM YKa3aHMEM MECTa HEUCIIPaBHOCTH [4].

Hecmotps Ha umeromuecs: NpeuMyIIecTBa UCIIOJIb30BaHNsl aBTOMAaTU3UPOBAHHOM
CHUCTEMBI YIpaBJEHUS MOKAPOTYIIEHUEM CYIIECTBYIOT (PaKTOPHI, BIHUSAIONIUE HA
BO3HUKHOBEHHE MoxapoB Ha ckianax ['CM. Ilpu ananmmse GpakTopoB, CrIOCOOCTBYIOMINX
BO3HMKHOBEHHIO IT0KAPOB Ha 00BEKTAX XPaHEHHUsI TOPI0Ye-CMa304HbIX MATEPHAIIOB, MO>KHO
BBIJIEIIUTH JJBE OCHOBHBIE IPYIIIIBI: METEOPOJIOIMYECKUE YCIIOBUS U aBapUITHbIE CUTYaLMH.

C nomousro IIIIT «STATISTICA» npoBeneH perpecCUOHHBIA aHAINU3 JTaHHBIX
rpynn ¢axtopoB. [laHHBIA aHAINW3 NOMOT BBIIBUTH B3aMMOCBSI3U M 3aBHCHMOCTHU
MEX]y Pa3JINdYHbIMU IEPEMEHHBIMM, @ TAK)KE ONPEEIINTD UX BIIUSIHNE HA BEPOATHOCTD
BO3HMKHOBEHHS [10’KapOB Ha 00BEKTaX XpaHEHUS TOPI0Ye-CMa30YHbIX MAaTepHaoB [5].

JUnist IpOBEJICHUsI PErPECCHOHHOTO aHalIu3a BHIOpaHbI apaMeTpsl A (HhakTopoB
U s OTKIKMKA. OTKIMKOM SIBJISIETCS KOJIMYECTBO MOXKapoB. B kauecTBe ¢akTopos
BBIOpaHBI TaKKUE MAapaMEeTPhl KaK: TeMIIepaTypa BO3AyXa, OTHOCUTENbHAS BIaKHOCTD,
aTMoc(epHoe AaBJIeHUE, CKOPOCTh BETpa M aTMOC(EPHBIE OCAIKH, Pa3psil CTATHYECKOTO
JNEKTPUYECTBA, YTEUKA JU3EIbHOIO TOIUIMBA, MEXaHUYECKUE MMOBPEXKIEHUS, pa3psa]
MOJIHUH, KOPOTKOE 3aMbIKaHHUE.

B o0miem Buze ypaBHeHue perpeccun umeet Buf (1):

; (1)
rZie Y — KOJIMYECTBO M0KAPOB;
b, — CBOOO/IHBIN 4JIEH ypaBHEHHS PETPECCHH;
X — (haKTOp BIMSAHMS;
b — ko3pduureHt npu GpaxTope BIUAHHUS.
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[Tocne BpiOOpa TpeOyeMbiXx (PaKTOpPOB W OTKJIMKA NPOBEAEH MOHMCK
MYJIBTHKOJUIMHEAPHBIX (pakTopoB [6].
B Tabnuue 1 npeacraBieHa KOppensUOHHAs MaTPULIA.

Tabmuua 1 — KoppensinuonHast MaTpuia pakTopoB U OTKJIMKA

Temneparypa OrtH. ATM. I1aBIEHUE, CxopocTb ATM. ocaixH, KommnuectBo
Iepemennas > o
Bo3ayXa, °C BJI)KHOCTb, % rlla BeTpa, M/C MM 110KapoB
Temneparypa 1,000000 -0,606342 -0,957149 0,563817 0,823593 -0,118880
Bo3ayxa, °C
Omm. -0,606342 1,000000 0,434964 0,397127 -0,287090 0,031756
BJIAYKHOCTD, %

AT™. ﬁar}*;‘e“““ -0,957149 0,434964 1,000000 0,492965 0,811204 0,110303
CxopocTh -0,563817 0,397127 0,492965 1,000000 -0,444550 0,324368
BETpa, M/c

ATM';;HHK“’ 0,823593 -0,287090 -0,811204 -0,444550 1,000000 -0,241353
Komuuecrso -0,118880 0,031756 0,110303 -0,324368 -0,241353 1,000000
HO)KapOB

ITo nanHbpIM TaOMULBl 1 MOXHO CYJUTh O HAJIMYUHM MYJIbTHUKOJUIMHEAPHBIX
(akTOpOB, TaKUX Kak, « Temmneparypa Bo3nyxa, °C», «cATMochepHoe naBieHue, rllay,
«ATMmochepHble ocaku, MM». DTH (aKTOpbl HEOOXOIUMO MOCTENIEHHO UCKII0YaTh,
TaK KaK MEX1y HHUMHU CYLIECTBYET JIOCTaTOYHO CHJIbHAS KOPPEJSALHOHHAs CBs3b. B
Tabmuie 2 NpeacTaBiIeHa UTOroBasi KOppesAIMOHHAs MaTpuUIia.

Tabmuua 2 — KoppensuonHast MaTpulia GakTopoB U OTKJIMKA

Ilepemennas TeMnepasza BO3AYXa, OTHOCHTeHMf,aﬂ Ckopocrtb Betpa, M/c | KommuecTBo moxapos
BJIQXKHOCTD, %0
TeM“epaTZga Bo3nyxa, 1,000000 -0,606342 -0,563817 -0,118880
Ornocurenpras -0,606342 1,000000 0,397127 0,031756
BJIAYXKHOCTB, %
CKOpoCTh BeTpa, M/C -0,563817 0,397127 1,000000 -0,324368
KOoH4eCTBO M0KApOB -0,118880 0,031756 0,324368 1,000000

[To nanHBIM TaOIULBI 2 BUAHO, YTO MYJIbTHUKOJUIMHEAPHBIE (DaKTOPHI OTCYTCTBYIOT.

Cremyromum 11aroM ocTpoeHa Tadiauna 3, oTpakaroas UTOI'H Perpeccuu Jyis
3aBUCHMOM NIEPEMEHHON C yKa3aHWEM ypOBHEW 3HAYMMOCTH. Y POBHEM 3HAYMMOCTH
p-3HaUYE€HUE HAa3bIBAIOT BEPOSATHOCTD, IPU KOTOPOM COOBITHE (B TaHHOM OIpeieIeHHON
3ajja4ye) NpaKTUYECKH HEBO3MOXHO, T.€. 3TO BEPOATHOCTb TOIO, YTO UCCIELYyEMOE
COOBITHE MPU JAHHBIX YCIOBUSX HE MPOU3OUIET.

Tabmuna 3 — YpoBHU 3HaUUMOCTH (PaKTOPOB

daxrop B B YpoBeHb 3HAUNMOCTHU
p-3HaueHUe
CBOOOIHBIH YIEH 8,42372 0,000355
Temnepatypa Bo3ayxa, °C -0,450092 -0,07304 0,000498
Otnocutensuas -0,013724 -0,00373 0,903052
BJIAXXHOCTH, %
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| Cxopocts Berpa, M/c | -0,572687 \ -2,08017 \ 0,000001 \

[To 3HaveHUsIM MAaHHOM TAONHIIBI BUIAHO, YTO YPOBEHb 3HAYMMOCTH HEKOTOPBIX
ucciegyeMsix (hakropos MenbIe 0,05. J{st pakTopa « OTHOCHTEIBHAS BIAXKHOCTD, %0%
3ragenue coctaBmwiio 0,903052. DTo rOBOPUT O TOM, YTO JIAHHBINA PaKTOP HEOOXOIUMO
HCKJIIOYUTh U3 JajbHENIero aHaiausa. MIToroBele 3HaU€HUS YPOBHEW 3HAYMMOCTH
(akTOpOB NpUBE/IEHBI B TaOULE 4.

Tabnuna 4 — YpoBHU 3HaYUMOCTH (PaKTOPOB

Daxrop B B YpoBeHb 3HAUUMOCTHU
p-3HauYeHue
CBOOOIHBIN YIeH 8,19533 0,000000
Temnepatypa Bozayxa, °C -0,442397 -0,07179 0,000079
CKopocTh BeTpa, M/c -0,573799 -2,08421 0,000001

bbu1 mpoBenieH aHan3 KauecTBa MOJIEIHN, @ UMEHHO aHalIu3 ocTaTKoB. OcTaTku
HNPEeJCTABIAIOT COO0M Pa3HOCTh MEXJYy (AaKTUUYECKUMHU 3HAUCHUSMHU OTKJIUKA U
Ipe/ICKa3aHHBIMU 3HAaYEHUSIMU 110 YpaBHEHUIO perpeccuu [7].

Hcxonda u3 npeanosokeHu JTUHEMHON perpeccuu, JOJKHBI BBIITOJHATHCS
CJIEAYIOIIHE YCIOBHS: OCTATKH HOPMAJIBHO PACIIPEECIIEHBI U HE 3aBUCAT OT 3HAYECHUI
OTKJIMKa, IPEJCKa3aHHbIX [0 ypaBHEHHUIO perpeccun. [loctpoena rucrorpamma
pacnpeeneHus OCTaTKoB (CM. puc. 1) 1 HOpMaIbHO BEPOSITHOCTHBIN rpavK OCTaTKOB
(cm. puc. 2).

Pucynok 1 — I'mcrorpamma pacnpenesieHusi OCTaTKOB
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Pucynok 2 — HopMasbHbIN BEpOATHOCTHBIN rpaduK OCTaTKOB

YacToTHas rucTorpamMma He UMeeT cuMMeTpuu. dakTndyeckre 3HaYeHUs OCTaTKOB
HE CUCTEMAaTUYECKU OTKJIOHSIOTCS OT TEOPETHUECKOW HOPMaIbHON MPSMOH.

Jlnst onpeneneHusi He3aBUCUMOCTH OCTAaTKOB OT MPEJICKA3aHHBIX M0 YPAaBHEHHIO
perpeccuy 3Ha4eHUH OTKJIMKA HOCTPOEH IpadyK NpeicKa3aHHbIX 3HAYCHUH 1 OCTaTKOB
Ha pHUCYHKe 3.

Pucynok 3 — [Ipencka3anHbie 3HaYEHUS U OCTAaTKU

Ha nuarpamme paccesHus HaOirpogaeTcs OTCYTCTBHUE ONpEAEIEHHOMU
CUCTEMATUYHOCTHU B PACIHOJIO0KEHUH TOUEK, YTO FTOBOPUT 00 OTCYTCTBUU 3aBUCUMOCTH
OCTaTKOB OT IPE/ICKa3aHHBIX 10 YPAaBHEHUIO PErPecCUU 3HAUYEHUH OTKIIuKa [8].

Crnenyroumm 3TanioM Heo0X0IMMO ITPOBECTH aHAJIU3 BTOPOH IPpyIIbl (haKTOPOB —
aBapuiiHble cuTyanun. B Tabnuiie 5 mpeacraBieHa KOppeIsaIMOHHAs MaTPHUIIA.
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Tabmuua 5 — KoppensuonHast MaTpuia GakTopoB U OTKJIMKA
Paspan Vreuxa MexaHnueckue Kopotkoe KonnuectBo
Ilepemennas CTaTHYECKOrO JIU3EIBLHOTO Paspsan MmonHun
HOBpe)KZ[eHI/IH 3aMbIKaHUEC HO)K&pOB
3ﬂeKTqu€CTBa TOIIJIMBA
Pazpsin
CTATHUECKOTO 1,000000 -0,064590 -0,177448 0,122833 -0,103669 0,096549
JJICKTPHUIECTBA
VYreuka
JM3ETHHOTO -0,064590 1,000000 0,138364 | -0,132545 0,216658 0,224499
TOINIMBA
Mexammueckue | 177440 -0,138364 1,000000 | -0,023448 -0,050212 0,273334
HOBpe)KI[CHI/I}I
Paspsn monnmn | -0,122833 -0,132545 -0,023448 1,000000 -0,088605 0,396003
Koporxoe -0,103669 0,216658 -0,050212 -0,088605 1,000000 0,102687
3aMbIKaHUEC
Komaaecrso 0,096549 0,224499 0,273334 0,396003 0,102687 1,000000
0XapoB

MYJ'IBTI/IKOJ'IJ'II/IHeapHBIe (baKTOpr OTCYTCTBYIOT.
CJIe,I[y}OH_[I/IM marom ImocCcTpocHa Ta6J'II/ILIa 6, oTpaxaromasa UTOTru perpeCCumn 1Jisd

3aBUCUMON nepeMeHHoﬁ C YKa3zaHHUEM ypOBHeﬁ 3HAa4YUMOCTH.

Tabnuna 6 — YpoBHU 3HAYUMOCTH (HaKTOPOB

Paxtop B B e
CBOOOMHBIN YICH 0,306599 0,059895
Paspsn cratueckoro 0,258869 0,536242 0,002160
JIIEKTPHYECTBA
VTeuka AU3eIbHOIO TOILIMBA 0,333348 0,808388 0,000112
Mexanuueckue noBpexIeHHs 0,382951 0,374514 0,000009
Pa3psa monHuN 0,491604 0,788592 0,000000
Koportkoe 3aMbikanne 0,120089 0,276991 0,144964

YpoBeHb 3HAUUMOCTH HEKOTOPBIX UCClIeyeMbIX pakTopoB MeHbIIe 0,05. daktop
«Kopotkoe 3ambikanue, %» HE00X0IMMO UCKITIOUUTD U3 aHAJIU3a.
Wrorossie 3HaU€HUs ypOBHEN 3HAUUMOCTH (PAaKTOPOB MpUBEIeHBI B Tabmu1e 7 [9].

Tabnuna 7 — YpoBHU 3HaYUMOCTH (haKTOPOB

daxrop B B YpoBeHb 3HAUUMOCTH
p-3HaueHue

CBOOOAHBIN YICH 0,365557 0,021892

Paspsn cratueckoro 0,245827 0,509226 0,003500
9NIEKTPHYECTBA

VTeuka qu3ebHOro TOIINBa 0,356551 0,864658 0,000032

MexaHuuecKue MOBPEKICHUS 0,377599 0,369280 0,000013

Paspsin MomHuI 0,482312 0,773686 0,000000

[TocTpoeHHble rucTorpaMmma pactpeeeHus OCTaTKOB M HOPMaJIbHO BEPOSATHOCTHBIH
rpaduk ocTaTKOB M300pa’keHbI Ha PUCYHKax 4 u 5.
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Pucynok 4 — ['ucrorpamma pacripesiesieHusl OCTaTKOB

Pucynox 5 — HopmanbsHBIi BEpOSITHOCTHBIN TpaiK OCTATKOB

YacroTHas ructorpamma nMeeT CHMMETpHUI0. MaKTUYECKUE 3HAYEHUS OCTATKOB HE
CHUCTEMAaTUYECKH OTKIIOHSIOTCS OT TEOPETUYECKON HOPMAJIBHON IIPSIMOIA.
I'paduk mpencka3aHHBIX 3HAUEHUH U OCTAaTKOB MPEJCTABIICH HA PUCYHKE .

Pucynox 6 — IIpeacka3anHble 3HAYEHUSI U OCTATKH
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Ha nuarpamme paccestHusi BUIIHO, 4TO OTCYTCTBYET OIpeieIeHHAs CHCTEMAaTUYHOCTh
B PACIIOJIOXKEHHH TOYEK, YTO FOBOPUT 00 OTCYTCTBUHU 3aBUCUMOCTH OCTATKOB OT
npeCKa3aHHbIX M0 YPAaBHEHUIO PErPEeCCUH 3HAYCHUN OTKITUKA.

Pe3yabTaTsl M 00Cy:KI€HUE

CornacHo NpoOBEJCHHOMY aHAJIHM3y HEPBOU rpyIIibl (GaKTOpoB, KodhuuueHt
nerepmuHaryu paseH 0,23, cranaaptHas omroka oteHKH — 0,96. A1eKBaTHOCTh MOJICIH
He noarsepxkaaercs [10].

o ananu3y BTopoi rpymisl (akTopoB — Koddduiment aerepmunauu pases 0,88,
CTaHJapTHast omuoOKa orieHkH — 0,3, 4TO TOBOPUT 00 aA€KBATHOCTH MOJIEIIH.

Ha ocHoBanuu 00111er0 ypaBHEHHsI perpeccuu 1 KoapGuIreHToB B, moka3aHHBIX B
Tabnuie 7, MOCTPOEHO ypaBHEHHE perpeccuH (2) Ui MpOrHO3UPOBAHUS BOSHUKHOBEHUS
HOXKapOB:

I/ie y — KOJIMYECTBO MOKapOoB;

b, — CBOOOIHBIN YIEH YPABHEHHS PETPECCUH,

X, — PaspsJl CTATUYECKOTO JIEKTPUYECTBA;

X, — yTe4Ka JU3€IbHOrO TOILIMBA;

X, — MEXaHUYECKUE TIOBPEKICHUS;

X, — Pa3psl MOJTHUH.

[TonydyeHHOE ypaBHEHHE PErPECCUU MOKET ObITh HHTEPIIPETUPOBAHO CIIETYIOIINM
00pa3oM: Mpy yBEITUYCHUH aBAPUIHON CUTYaIlUH, BEI3BAHHOU Pa3psI0M CTAaTHIECKOTO
JEKTPUYECTBA BOZMOXKHOCTh BO3HUKHOBEHHS KOJMYECTBA MOKAPOB yBEIUYUBACTCS
Ha 0,509226, npy yBeIMUECHUH aBAPUMHON CUTYAIMH, BBI3BAHHON YTEUKOW TU3ETBHOTO
TOIUTMBAa BO3MOKHOCTh BO3HMKHOBEHHS KOJIMUECTBA MOXKAPOB YBEJIWYMBAETCS Ha
0,864658, nipu yBEIMYECHUH aBAPUMHOW CHUTYyaI[MH, BHI3BAHHOW MEXaHUYECKHUMU
MOBPEXACHUSIMU BO3MOXXHOCTh BOSHUKHOBEHHUS KOJTMYECTBA [10)KAPOB YBETNUHBAETCS
Ha 0,369280, mpu yBEeJIMUEHUU aBapUHHON CUTYAI[MHU, BBI3BAHHOUN pa3psioM MOJHUU
BO3MOKHOCTh BO3HUKHOBEHHMS KOJIMYECTBA MOKapoB yBeauuuBaercst Ha 0,773686.

BoiBoabl

Haubonee 3HaunMbIMu pakTOpamMu, BIUSIOMIUMU Ha KOJIMYECTBO U BOSHUKHOBEHHE
M0apoB, OKa3aJuCh pa3psiJ CTATUYECKOTO 3JIEKTPUUECTBA, yTeUKa JU3EIBHOIO
TOIUIMBA, MEXaHUYECKUE MOBPEXKACHUS U Pa3ps]l MOJHHUH. DTO MOATBEPKAAETCS
pe3yibTaTaMu CPaBHUTEIBHOTO aHANIN3a, KOTOPBIN MOKa3all, 4YTO METEOPOIOTHYECKUE
YCIIOBUS HE OKA3bIBAIOT 3HAYUTEIHHOTO BIIUSHISI HA BOSHUKHOBEHHE [TOYKapOB HA CKJIa e
roproye-cMa304HbIX MaTtepuangoB. TakuMm oOpa3oM, JaHHbIE (DAKTOPHI BHICTYIAIOT
BaXHBIMU TOYKAMH JUIs y4eTa pH pa3paboTKe Mep Mo MpeA0TBPAILEHHUIO [T0KaPOB U
oOecrnieueHnIo 0€30MacHOCTH Ha 0OBEKTE.
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KAKM KOMMAJIAPBIHIAFBI OPTTI BOJIKAY:
ICEP ETY ®AKTOPJIAPBIH PETPECCHUSAJIBIK TAJIIAY

HKanap-orcazapmaii - mamepuanoapvin  (HKOKM) caxkmay obvexkminepinoeci
epmmep 0Cbl Mamepuardapobly me3 MmymaHablUmbl2blHblY HCO2apbl 0opedceciHe
batlianbicmuvl Kayincizoikke JicoHe Kopulazan opmaza eneyii Kayin monoipeoi, oy
0n1apobly LIKMUMAL NAU0a 60Ky 6AKLIIAYObIH MAHBI30bLIbIZbIH KOPCemeo.

3epmmey Exibacmyszoazvl «Bocmounvlily xumacvinely KXKM xoumacvinoa
epmmepdiy  nauda OOAYbIHA  LIKNAL ~ ememin  (axkmopaapovl — manoayed
oazeimmanean. «STATISTICA» 6azoapramanviy nakemin RAUOAIAHA OMBIPLIN,
6pMMIH bIKMUMAL cebenmepiniy exi moOblHA CATLICMbIPMALbL MALOAY HCYPei3inoi.
Bipinwi monka memeoponocusinelx scaz0aiiiap, eKiHuicine cmamuxkanil paspsio,
Ousenb OMbIHLIHGIY A2Ybl, MEXAHUKALLIK 3AKbIMOAHY JCOoHe Hauzazai paspsobl
cusikmuvl memenwe dcazoainiap Kipeoi. Convimen Kamap, OipHeuie KOppensiyusiHol,
Maybi30bLIbIK, OeHeeliin meKcepyoi, KaloblKmapobll SUCMOSPAMMACHIH Mandayob,
Kan0blKmapouvly KAIbINmbl MApaiyblh mekcepyol, COHOAU-aK 60ncamobl MoHOep
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MeH Kanoulkmapowly epaguein Kypyovl KAMMUMbBIH CATLICHMbIPMATLL MAI0Ay
aHCyp2izinoi.

Tanoay momuoiceci axmopiap men opm canvl apacvlHOazvl OAUIAHBICTb
bazanayea MymMKiHOIK Oepemin peepeccusiivl meHoey Oonbln  madwliaobl.
Cmamuxanvix 31eKmp paspsaovl, OU3eib OMbIHbIHbIY d2ybl, MEXAHUKALBIK 3AKbIMOAHY
JiICoOHe Hall3az2ail paspsovl GPMMIK natoa 6oy MyMKIHOI2IHe YIKeH ocep ememini aman
eminoi. byn ¢paxmopnapovrt HKIKM koiimacvinOoa epmmiy andvii any wapailapvii
a3ipaey kesinde eckepy Kaoicem. Peepeccus menoeyi moyenciz alinvimanvliapoviy
MOHOepI He2iziHOe epmmiy nauda 601y bIKMUMALObIZbIH 004dCaAYed MYMKIHOIK
bepedi, by epm Kaynin Hcocnapaay men 6ackapyobl muimoipex emeoi.

Kinmmi ces30ep: swcanap-sicazapmaii mamepuanoapul, 60x#CAy, pecpeccusivblk
manoay, MemeopoNoSUsIbIK JHCA20auaap, moyekeadepdi backapy, 00beKmiHiy
Kayincizoiei, 9pmmiry myblHOAybi.
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FORECASTING FIRES IN FUEL AND LUBRICANTS WAREHOUSES:
REGRESSION ANALYSIS OF INFLUENCE FACTORS

Fires at fuel and lubricants storage facilities pose a serious threat to safety and
the environment due to the high degree of flammability of these materials, which
underlines the importance of controlling their possible occurrence.

The study focuses on the analysis of factors contributing to the occurrence of
fires at the fuel depot of the Vostochny section in Ekibastuz. A comparative analysis
of two groups of potential causes of fires was carried out using the STATISTICA
software package. The first group includes meteorological conditions, the second
— emergency situations such as static electricity discharge, diesel fuel leakage,
mechanical damage and lightning discharge. Additionally, a comparative analysis
was carried out, including multiple correlation, checking for the level of significance,
analyzing the histogram of residues, checking for the normality of the distribution of
residues, as well as plotting predicted values and residues.

The result of the analysis is a regression equation that allows us to estimate the
relationship between factors and the number of fires. It is noted that static electricity
discharge, diesel fuel leakage, mechanical damage and lightning discharge have the
greatest impact on the possibility of a fire. These factors should be taken into account
when developing measures to prevent fires in a fuel warehouse. The regression
equation will make it possible to predict the probability of fires based on the values
of independent variables, which will ensure more effective planning and management
of fire risks.

Keywords: fuels and lubricants, forecasting, regression analysis, meteorological
conditions, risk management, facility safety, occurrence of fires.
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CYMEH XABLbIKTAY XYWE/EPIHIH
3KONOrNsiNbIK KAYINCI3QIriH APTThIPY

Kananapowvr cymen ocabovikmay cmpameusnvlk makcammazvl MIpuinikmi
KamMmamacwl3 emyoiy Maybi30bl KYpulLIblMbl pemiHOe a0am 0eHCayibiblH KOp2ayOblH,
YIMmMulK  KAyincizoikmiy — JicoHe  MeMIeKemmiy — oleyMemmik-3KOHOMUKATbIK,
JIceminyiniy aukbiHOayusl Kypamoac 6eniei oonvin cananadvi. CoHviMeH Kamap,
Kazaxcmannviy  xenmezen  onipnepinoe 3KOHOMUKANBIK —bIH2AUIbl  mMA3apmy
MEXHONOUANAPBIHBIY OOIMAYBIHA OAUIAHBICIbL AYbI3 CYObIY HOPMAMUBMIK CANACH
CaKmanmaioni.

Cy Kybwipul dceninepiniy KAHa2aMMAaHAPILIKCHI3 MEXHUKATBIK HCAU-KYUi, OHbIH
XUMUSLTBIK HCOHE OAKMEPUANBIK IACMAHYbIHA, COHOAU-AK eneyi bleblHOapaa Anbin
Keneodi, Oyn dicep acmvl cynapvl OeHeeliniy Komepiiyine, Kaiaiblk auMakmapoly
¢y OacyviHa JicoHe Hcepacmul KypblLIbiMOapulHbly 0y3bliybiHa okenedi. Cy KyoOvipbl
KeleHOepiHiy  2UOPOMEXHUKANBIK —KYPbLILIMOApbl MeH XIA0p  Wapyaublivlebl
00beKminepiniy IKON0SUAILIK, KAVInmi npoyecmepoiy HCeminyiMeH a8apusiiblk
JHcaz0aunapovly myvlHoay Kayni eme dscozapul. Kazaxcman scozapuvl cy cmpeccin
ce3inin omvipean endepdiy Kamapvina enoi, on 68 memiexemmiy iwinde 60-wibl
OPBIHOA JICOHE CY PeCyPCMapbl MeH OHbIMEH OALIAHBICHbI IKOIOSUANBIK HCYlienepOil
HawapviebiMen epexuenenedi. En aymazvl OotibiHua mywwl cyoviy 6ipoell
MAparmaybvl, 63eH AeblMbIHbIH MAYCHIMOIK HCOHE KONAHCHLIObIK MYPAKCHIZ0bl2bl, OHBIH
bacvim beniciniy MeMmieKemmer mvlCKapbl My3inyi, cy Ko30epiHiy 1acmanysl 6yO0aH
apavl oneyMemmiK-9KOHOMUKAIbIK 0amyaa Kayin menodipedi. Kazipei ke3oe enimizoe
CyMeH KaMmamdacwl3 emy moceneci 93ipee IKOHOMUKA Cananapvl MeH mypaviHOapobl
KAHA2ammaHObIpuIn Omulp, OIPaK CyMeH Kammamacol3 emy npoonemacs mex yuvliea
bepemini mycinixmi. Cy wapyauvliviabl KypuliblMOApbIHbIE 0acbim 061i2i KeHeCmiK
00yipoe canviHean JHcoHe oaap Kazipel Kezoe HaKmvl 0d, MOpPALObiK ma mypeblOaH
MbIM MO3bIN KETKEH.

Manwi3001 sicone az 3epmmencen mocenenepoiy Oipi IKOA02USNbIK KAYINCi30ikmi
JHCOHE KANA AUMAKmMapvl MeH XAIblKMbl dA3aMammvlk KOpaayobly Kadcemmi
deneeliepin KamMmamacol3 eme Omulpbin, MYMbIHYWbLIAP2A AYbI3 CYObl Y30iKCi3
arcemiizyoi Konoay 6oavin Kana oepedi.

Kinmmi ce30ep: sxonoeusnvix Kayincizoik, cy mapamy ocytieci, memopaua,
peazenm, dKodHCyle.

Kipicne
CymeH xa0pIKTay KyHeaepiHiH 3KOJIOTHSIIBIK Kayilci3Iiri — KopiaraH OpTaHbIH
KOHE aJIaMHBIH OMIPJIIK MaHbBI3JIbl MYJAJEIEPiHiH MIapyallbUIbIKKa jKOHE e3re e
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KBI3METTEPIH Tepic 9CepiHEH, TEXHOTEH/IK )KOHE TAaOWFU CUIMATTAFhl TOTCHIIE
XKarJainapaaH, olapAblH TYTBIHYIIBIJIAPFA Cy Ta3apTy, aldy XKoHe Oepy YIIiH
MHKEHEPIIIK KyphUIbICTap KEeLICHIHIeT1 3apJanTapblHaH KOPFaly skaraainapsl. Kaxerti
caria yIIiH eHepKOCIITiH, XaIbIKTHIH KOHE ayblJI IIapyalIbUIbIFBIHBIH KXKETTUIIKTEpiHEe
Y3IiKci3 cy Oepy, CyMEH KaOAbIKTay JKyHeNepiHiH naiganany >KoHe TEeXHOIOTHSIIBIK
CHIIaTTaMAaChIH JaMBITYAbI KakeT ereai. CyMeH jkabIbIKTay KYHeCiHIH TeXHUKAJIBIK -
HKOHOMHKAJIBIK KOPCETKIIITEPl MEH CEHIMJIUIITT OHBIH Maii1aiaHy KypbhUIBIM/BIK HIEIIiMi
MEH cunaTrTaMayiapbiHa OaiaHbICTHI.

By perte cymeH »xabpIKTay KYpPBUIBICTAPBIHBIH XKYMBIC ITapaMeTpiIepiH KeTUIIIpY,
OHIpIIEPiH SKOJIOTHSIChIHA 3aJ1aJ1 KEJITIPMECTEH, OJIap IbIH CeHIM/IUIITT MEH YHEMILTIriH
apTTHIpY Maceesepi 0acsiM MoHTe ue 00Jaabl.

3epTTey KYMBICHIHBIH MaKcaTbl MEH MiHAETTepi: TeXHUKAIBIK KoHE TaOUFHU
cunartarbl (0MOOHCY, CYMEH Xa0ABIKTay JKYHENEepiHiH KYMBIC PEeXHMI)TYpii
dakTopiap Ke3iHae CyMeH XaOAbIKTay >KyHelepiHiH 3KOJOTHUIBIK Kayilci3airia
apTTHIPY XOHIHAEr! ic-mapanapasl d3ipiaey. CyMeH xaOabIKTay KyHenepiHiH
9KOJIOTUSUIBIK KayilCi3/iriH KaMTaMachl3 eTy.

1 CymeHn xa0OnpIKTay XKyHenepiHaeri bIKTUMal 3KOJOTHUSIIBIK Kayinci3aik
MaceesepiHe TEOPUSIIBIK 10Ty,

2 CyMeH xa0apIKTay XyHelepiHiH 3KOJIOTHUSMIBIK KayiNCi3AiriH apTThIpy
OaFpITTapBIHBIH KYMBICHIH TaJaYy;

3 TyTeIHyWIBIIApFa Cy ally, Ta3apTy kKoHe Oepy YIIIH HHKXEHEPIIK KYPBUIBICTAP
KEIICHIHIH 3KOJIOTHSJIBIK KayllCi3AiriHiH THIMAUIIT MEH CEHIMJUIITiH apTThIpy
KOHIHJIET] ic-I1apanap/sl d3ipIey.

Hoaruxkenep

Tangay HoTHXKeECiHAE CyMeH XaOIbIKTay >XYyiHenaepiHiH 3KOJOTHUIIBIK-
TEXHOJIOTHSUIBIK MaCeJIeepi Kapasbl, CyJbl CakTay, Oepy JKoHe TapaTy KyHheaepiHiH
HeTi3ri Tepic (pakTopiaapel aHBIKTAJIBI.

Cy KaObUIAaFBIITApAEl NaliallaHy MPOLECIHAE dPTYPJIl IKOJOTHSIBIK KOHE
TEXHOJIOTUSUIBIK Mpo0sieManap TYbIHIAHABI: MY3/IbI MY3/1bl Kenepriiep, Oannpipiap
(cymblH «rynaeHyi»; OMONOTHSIIBIK JlacTaHy (ApeiiceHa, OGanapipiap), COHAaN-aK
0anbIKTHI KOpFay. Tanaay GapbICbIiHIa CyMEH KaOAbIKTay KYHEIepiHiH HKOIOTHSITBIK
Kayilci3airiHiH KOJAaHbICTaFbl TEXHOJIOTHSUIBIK JKOHE NaijajiaHy [1apajapbl Kapaibl.

XKympbic GappicbiHa Cy alyFa, Ta3apTyFa *oHe Oepyre apHaJfaH MH)KEHEPIIIK
KYpbUIBICTAp KEUICHIHIH YKOJOTHSUIBIK KAyINCI3iriH apTThIpy OOMBIHIIA YCHIHBIMAAP
o3ipIeH/i:

— Xep ycTi ke3nepiHeH Cy aly KypbUIBICTapbhIHJA CY3Tilll Cy KaObUITAFbIIITHI
KOJIZIaHy, COHJai-aK Cy KaOBUIJAFbIIITApAbl OalblK KOPFayJbl KaMTaMachl3 €Ty
XKeHIHJIer1 mpolemMaliap KelleH H menryre MyMKiHaik 6epeni.Cy )kuHay KypbUIbICTaphbl
JJIEMEHTTEPiHIH OMOKOpPIIAYbIH OOJAbIpMay KOHIHAET] ic-1Iapanap KelleHiH a3ipiey
KaxxeT. byn xarnaiiza 6Mo-acTaHyMeH KYpecyZiH opTypii dIicTepiH OipikTipyre
60ajpl (peareHT, AEKTPOXUMUSIIBIK, TEPMHSIIBIK JKOHE T.0.).

— Cy KYOBIpBIH Ta3apTy KYPBUIBICTAPBIHBIH SKOJOTHSUIBIK KayINCi3/AiriH apTThIpy
YILIIH: Ta3apThUIFAH CyJa OJIApJbIH KaJAbIK KOHIICHTPALMSIIAPBIHBIH Haiga 00yslH
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OoJsiipIpMay YIIIH peareHTTepiH 103ajapblH OHTAWIAHABIPY; TUMNTIK Ta3apTy
KypbuiblcTapbiHaa PearenTrepai naibplHgay MEH MeJIIepieyaAiH KOJIaHBbICTAFbI
XKaOABIKTApbIH ayBICTHIPY; JKaybIH-IIAMIBIHIBI MEXaHUKAIBIK CYCBI3JaHIbIPy
KYPBUIBICTAPBIH KOJIJaHY XKOHE Cy KYOBIPBIH Ta3apTy KYpbUIbICTAPbIH/A )KYY CYJIapblH
KaiiTa maiijanany tajam eTiIei.

— Cy bl 6epy >koHe TapaTy >KyHeaepiHiH SKOJIOTUsIIbIK KayIICI3/IriH apTThIpy YILIiH
MBIHAJIAP KaXKeT: KOJJIAHBICTAFbI Cy KYOBIpIapbIHBIH KYOBIpJIapbIH aybICTHIPY; Ka3ipri
yaksiTTa ITH/] KyOBIpIaphiH KOJI1aHy HEFYPJIBIM OPBIH/IBL; KYOBIPJIAp Ikl Ay BICTHIPYABI
TpaHILESIChI3 TEXHOJIOTUSIAP Ibl KOJIZIAHA OTBIPBII XKY3€re achIpy, OyJ KOpIIaFraH TAOHFU
OpTara >KoHe KOJIJJaHBICTAFbl KOMMYHHUKAIIUSUIApFa KEATIPIIETIH 3UAH/bI a3aiiTyFa
MYMKIHJIIK Oepei.

Tannay

DuznKa-XUMHUSIIBIK )KOHE TUIPOOHOIOTUSIIBIK KOPCETKIIITEP Il €CKEpe OTIPBIIL, KEp
YCTi CyJapbIHbIH callachlH Oaraiay bl XKIKTEY/Il Kyieney, acipece THIpOOHOIOTUSITBIK
CBIHBINITAp OOWBIHINA Cy camachlH Oarajiay KpUTEPUHIIEPIHIH op TYPIl OKBLIYBIH
6onnpipmay. Tapganran Ke3ai MEMJIEKETTIK Kajarajay OpraHJapbIMEH Kelicy
Ke3iHJIe CyAbl OHICYAIH 3aMaHayd TEXHOJOTHUIBIK MYMKIHIIKTEpiH (MeMOpaHaIbIK
TEXHOJIOTHIAP, JKaHAa KaTaJUTUKAJIBIK MaTepUallap/bl, peareHTTepAl KoJiany,
3apapcChI3IaHIbIPy 9/1ICTEPI) ECKEPY KaXKeT.

XX FachIp/IbIH OpTAachIHAH OacTar ajiJiblH-aja KoaryJisius apKblUIbl TYHABIPY MEH
cy3yre OaillaHbICTBI O13/11H €TiMi3/1 CyMEH Ka0IbIKTayAa KU1 KOJIJaHbUIATBIH dJIICTEP
epekie e3repred koK. COHbIMEH KaTap, OipiHINI 9Aic TaOMFU KOcHalap/ bl KaKChI
KOSIIIBI, O1paK Cybl JIACTAUTBIH TEXHOTCH/IIK 3aTTap CAaHBIHBIH OCYiH/Ie alTapiIbIKTail
e3repic OOJIJIbI, OJIAp/BI KOO YIIIIH dJIETTET1 d/iCTep OH HOTHXKE Oepe ajaibl.

“Kana canutapsbIk HOpMaTUBTEPre COMKEC MbIHHAH acTaM OaKbUIAHATHIH XUMHUSIIBIK
3attap Oaiikanazapl. Cy bl 6acTankel xjopiay kesinae 100-1eH actaM opraHuKaibIK XJI0p
KOCBUIBICTApBI TY31yl MYMKiH, OYJI CyJIbIH canachlHa Tepic acep ereai. OpraHukaiblK
3aTTapJblH KypaMbl CyJbIH IEpMaHTaHATThl TOTBIFybIMEH Oaramanaasl. Kamuit
NepMaHTaHATBIHBIH TEXHOT'€H/IK CHIIaTTaFbl OPraHUKAJIBIK KOCBUIBICTAPABIH TOTHIFY
KUBIHJBIKTapblHA OallIaHBICTBl «OPTaHUKAIBIK» Kypambl OOMBIHIIA CYyJIbIH HAKTHI
caracel OyJ1 KOpPCETKILIINEeH KopiHOeHIi.

KasakcTan TypFhIHIApBIH Callalibl aybl3 CYMEH KaMTaMachl3 €Ty 1erl KUbIHBIKTAp
MYHBIH MEMJICKETTIK ayKbIMJarbl mpoOieMara aiiHamybIHa ajbll Kenai. dnoTtanus,
XJIOpJay, TYHIBIPY, KOAryJIsIUs jKOHE CY3y apKbUIbl Ta3a aybl3 Cy alyJblH KH1
KOJIJIAaHBUTATBIH ®JIICTEP] KeJeci MaHbI3Abl KEMIIUTIKTepre ue: pecypcTapblH YIKEeH
LIBIFBIH/IAPBI JKOHE JKaOJBIKTBIH OJIIIeM/Iepl; Ta3ajayaaH KEeHWiHI1 Cy camachblHbIH
TYPAKCBI3IBIFbI; KBIMOAT XMMUSUTBIK 3aTTapAbl TYTBIHY. Y IBTpadUIIbTpaLiusia dKoFapblaa
aTaJFaH KEeMIIUTIKTEp >KOK. OHBIH KOMETIMEH CYy MHKPOOHOJIOTHUSIIBIK JIACTAYIIbI
3aTTap/aH )KoHe KOFapbl MOJIEKYJIAJIbIK OPTaHUKAJIBIK KOCBUIBICTapaH Ta3apThUIa bl
ANJIBIH ana KoaryJsuus Ke3iHae arapTy acepl KoHe OpraHUKalbIK KOCBUIBICTapbIH
AJBIHY JI9pexkKeci alTapibIKTail apTaisl. By o1iCTiH THIMALUIIT KOAryJIsSiHT JO3aChIHBIH
e3repyiHe OailIaHBICTHI eMeC, ONTKEHI Mmaiiaa O0JIFaH YIMEeKTepAiH MOJIIepi OJap IbIH
MeJIIIepiHe KapamacTaH naiaa 6om1aasl. YIIKEH YIIeKTepAl KaTbIITacThIPy YIIIH YIKEH
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YaKBbIT HIBIFBIHAAPHI KAKET EMEC JKoHE YIIEeK KaMepachlH MaiaganyAblH KaXeTi KOK.
VYbTpaduabTpaMsIIbIK 9ICIIEH Ta3apThUIFAH CYy MHUKPOOUOJIOTHsIA KAyiIci3 xKoHe
CYJIbIH OacTamnKbl KypaMbIHA TOYEJICI3 KepeMeT camnara ue.

MemOpaHabIK TEXHOJOTUSIIAPAbI KOJIJaHy CyJbl Ta3apTyIbIH TEXHOJIOTHSIIBIK
cXeMajapblH/a IapyallbUIbIK-aybl3 Cy YIIIH Cy K©3/epiHiH Ti3IMiH TOJBIKTBIpYFa
MYMKiHAIK Oepexai. byn TexHomorusmapra yiapTpaduiabTpamus, Kepi ocMoc,
HAaHO(DHIIBTPALIHS KATA/IbI)

Kasipri yakpITTa 9J1€MHIH >KETEKIl eIJIepiH/ie CyIbl Ta3apTaThlH, OPraHUKAIIbIK
3aTTap MEH ayblp METajAap/bl, MUKPOOHOJIOTUSJIBIK JIACTAHYbl Ta3apTaThIH JKaHA
HaHO(WIBTPALUSIIBIK KYPBUIFBLIAP SHT 13111

[erenne cyasl TazapTyFa apHaJIFaH >KaOJIBIKTHIH OlpHeIIe Typi LIbIFapbUIaIbl:
IIBIHBI TAJIIIBIKTHI MapaKkTapblH KabaTTapbl, MUKPOOUOIOTHSJIBIK JIACTAFBIIITAPIaH
CyIbl Ta3apTyFa apHaJFaH IIAFbIH OJIIEMIl XKaOAbIKTap; TY3ChI3IaHbIPFBILITAD;
KYOBIpJI6I MeMOpaHaap.

Cy Ke311epiH apTYypJli TEXHOJOTHSUIIBIK KOHE YHBIMIACTHIPYIIBUIBIK LIapaap bl
KOJIJIaHa OTBIPHIIN, aHTPOIOICH/IIK KYKTEMEIEH KOPFaybl erKei-Terkei eckepy
KaXerT.

Cy xe31epiHiH KaJIbl SKOJIOTUSUIIBIK JKaFaiibIH XKaKcapTy YLIIH OJapAbl XKep YCTi
aFbIHBIHAH KOpFAy KOHE aFbIHJIbI CyJIap/bl PYKCATChI3 arbl3y IIapajapblH KOJAAHY
Kaxet. by npo6iiemanap acipece MaFbIH €111 MEKEH/Iep MEH KaJlaJlbIK €111 MEKEeH/Iep
OpHAaJIACKAH Cy aFbIH/IAPbIHbIH, ©3€HEPAIH, KOJIEP/IiH, Cy KOWMalapbIHbIH XKaFachbIH/a
alikpIH KepiHeni. byn perre cy ke3nepiHe KenTereH JiacTaHynap (MyHail eHimzepi,
OMOTeH/IIK 3JIEMEHTTEp, epireH OPraHUKaJbIK >KoHE MHUHEpaJIbl 3aTTap >koHe T.0.)
tyceni. byn nmacranynapabiH cy KesaepiHe TYCyiH OOJipIpMay HEMece a3alTy YIIiH
JKaranay/bl HBIFaUTy (rabuMoHIap) jKoHE KEePriTiKTi Ta3apTy (Hecep oHE epireH
cynapasig JIOC) mapanapsia kapacteipy KaxkeT. [OCT eTe KbIcKa jkoHe MyHAaH ic-
1apajiap/ibl ©TKi3y OOMBIHINIA YCBIHBICTAPbl KapacTelpMaiinbl. OHbBI KaHAPTHUIFAH
3aHHAMAJIBIK 0a3aHbl )KOHE TEXHUKAJIBIK IPOTPECTiH KAPKbIH/IbI JaMYbIH €CKEPE OThIPBII
KEHEUTY KaXerT.

Tepmunonorusiuel 0acka HOPMATUBTIK KYXXaTTapMEH XKOHE aKTiJIepMeH
COMKEeCTEHAIPY, MbICANbI, 1C JKY31H/IE «OPTAJIBIKTAHIBIPBUIFAH CyMEH XaOJbIKTay
KYHECIHIH CAaHUTAPIIBIK CEHIMAUTIrI»AereH OipbIHFail TYCIHIK JKOK.

KopbIThIHABI

[IpIchIKTaIMaFaH TEPMUHOJIOTHUSA KONTETeH TYCIHOSYUIUTIKTEpre koHe KOeINTereH
TYCIHIIpyJiepre albln Kejei, OyJl Cy/bIH calachlH 0aKbuIay calaChIHIAFbl 3aHHAMA
KYHECIH/Ie aKBIH/IBIK TIEH TOPTIINTI XKOFAITYFa dKeJe/i

Cy KYOBIpBIH Ta3apTy KYPBUIBICTAPBIHBIH 3KOJOTHUIBIK KAYINCI3IIriH apTThIpy
YIIiH:

1 TazapTbUIFaH cyJa OJapJblH KaJAbIK KOHIICHTPALUACHIHBIH Maiia O0lybiH
OonpIpMay YLIIH peareHTTepiH 103alapblH OHTAHIAHIBIPY;

2 TunTik Ta3apTy KYpbUIBICTapbIH/IA KOJIAAHBICTAFbI peareHTTep Il NaiibiHay KoHe
MeJIIepiey KaOAbIFbIH ayBICTHIPY;
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3 JKaybIH-IIamIBIHAB MEXaHUKAJBIK CYCBI3IaHBIPY KYPBUIBICTAPBIH KOJJaHY
XKOHE cy KYOBIPBIH Ta3apTy KYypbUIbICTAPbIH A MANBIHABI CyJIap/bpl KaliTa MaiaanaHy.

CymeH xaOablKTay jX0HE TapaTy XyHellepiHIH 3KOJOTHSAIBIK
KayilcCi3AiriH apTThIpy YILiH:

1 KonansIcTarsl Cy KYOBIpIapbIHbIH KYOBIPIApbIH aybICTHIPY.

2 Kasipri yaksitta TKII (ITH/] — monusTuiaeH HU3KOro AaBieHHs) KyObIpiapbiH
KOJIJIaHFaH >KOH.

3 KyObIpiapasl aybICThIPY TpPaHIIESCHI3 TEXHOJIOTHSIIAPAbl KOJIaHa OTBHIPHII
XKY3€ere achIpbUIaibl, Oyl KOpIIaFaH OpTaFa XKoHE KOJAaHBICTaFbl KOMMYHUKAIMsIIapFa
KENTIpUIreH 3UsiH/Ibl a3alTyFa MYMKIH/IK Oeperi.
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MOBBIIEHUE SKOJIOTHYECKOMN BE3OITACHOCTHA
CUCTEM BOJOCHABXEHUA

Booocnabocenue 20poooe xax eadicneriuwias cmpykmypa dcusneobecneyenus
cmpame2uyecko20 HA3HAYeHUs SGIAEMCs Onpeoesiiouell cocmasisiouell oxXpansl
300p06bsl Ueno8eKd, HAYUOHANbHOU DOEe30NACHOCIU U COYUATLHO-IKOHOMUUECKO20
coseputencmea eocyoapcmea. Kpome moeco, 60 muozux peeuonax Kazaxcmamna
He cobno0aemcs HOPMAMUBHOE KA4eCmeo NUMbEeGOU 800bl U3-3a OMCYMCMEUs
IKOHOMUYECKU YOOOHBIX TNEXHONO2UTE OUUCTKIL.

Heyoosnemeopumenvnoe mexuuueckoe cocmosnue G0OONPOGOOHbIX cemell
NpUBOOUM K XUMUYECKOMY U OAKMepUuaibHOMY 3AepA3HeHUio, a maKdce K
SHAYUMETLHLIM HOMEPSIM, YMO NPUBOOUM K NOGLIUEHUIO YPOBHS 2DYHMOBLIX 800,
3AMONJEHUI0 20POOCKUX MEPPUMOPULL U pa3pyuleHuro noozemuvlx coopyaicerui. C
pazeumuem 9KOI02UHEeCKU ONACHLIX NPOYECCcO8 SUOPOMEXHUUECKUX COOPYIHCeHUl
6000NPOBOOHBIX  KOMNIEKCO8 U  00BLEKMO8 XAOPUCMO20  XO3AUCMBA  PUCK
B03HUKHOBEHUS ABAPULIHLIX cumyayull ouens Gvicok. Kazaxcman eowen 6 uucno
CMpaH, UCHLIMBIEAIOWUX BbLICOKULL BOOHBIN cmpecc, oM 3aHumaem 60-e mecmo u3
68 cocydapcme u omauyaemcs nAOXUMU 600OHbIMU PECYPCAMU U CEA3AHHBIMU C HUMU
aKonocudeckumu cucmemamu. Hepasnomepnoe pacnpedenenue npectoti 800vl no
meppumopuy CmpaHvl, Ce30HHAsL U MHO20AEMHAS HECMAOUTLHOCb MeYeHUsl peKl,
obpaszosanue ee Oovulell Yyacmu 3a npederamu 20cy0apcmeda, 3aepasHetiue 600HbIX
UCMOYHUKOG Y2podicarom OanbHeuuemy COYUanbHO-IKOHOMUYECKOMY pazeumuio. B
Hacmosiuee 8pemMsi BONPOC 6000CHADICEHUS 8 CMPAHe NOKA YO08IemEopsiem Ompaciu
IKOHOMUKU U HACENEHUe, HO HOHAMHO, YMO NPoOaeMa 000CHAOINCEHUA—IMO MOTbKO
gonpoc 6ooocnabcenus. Bonvuas wacms 6000X03UCMBEHHBIX COOPYICEHULL ObLIA
NOCMPOEHA 8 COBEMCKOe 8PeMs, U 8 HACMOsIWee BpeMsl OHU CIUUKOM USHOUWEHbI KAK
6 PeanbHOM, MaK U 8 MOPATbHOM NIAHE.

OO0HOUl U3 BAJICHLIX U MAIOU3VHEHHLIX NPOOAEM OCMAEmcsi NOO0OePICKA
becnepebotinoll 00cmasKu NUMbEBOU 800bl HOMPeOUMEeNsIM, 00eCne usas nPu Mom
IKONOSUHECKYI0 6E30NACHOCTL U He0OXOOUMbILL YPOBEHb SPANCOAHCKOU 3aWUmbl
20POOCKUX MEPPUMOPULL U HACENEHUSL.

Kniouesvie cnosa: skonocuueckas 6e30nacHocmo, cucmema pacnpeoenenus
60001, MeMOPaHa, peazeHm, SKOCUCHEeMA.
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IMPROVING THE ENVIRONMENTAL
SAFETY OF WATER SUPPLY SYSTEMS

Urban water supply as an important life support structure for strategic purposes
is considered a determining component of human health protection, national security

and socio-economic improvement of the state. At the same time, in many regions of

Kazakhstan, the regulatory quality of drinking water is not observed due to the lack

of economically convenient treatment technologies.

The unsatisfactory technical condition of the water supply network, which
leads to its chemical and bacterial contamination, as well as serious losses, leads
to an increase in the level of groundwater, flooding of urban areas and destruction
of underground structures. With the development of environmentally hazardous
processes of hydraulic structures of water supply complexes and chlorine facilities,

the risk of occurrence of emergency situations is very high. Kazakhstan is one of

the countries experiencing high water stress, it ranks 60th out of 68 countries and
is distinguished by poor water resources and associated ecological systems. The
unequal distribution of fresh water throughout the country, seasonal and perennial

instability of river flow, the formation of most of it outside the state, and pollution of

water sources threaten further socio-economic development. Currently, the problem
of water supply in the country still satisfies the sectors of the economy and the
population, but it is clear that the problem of water supply is only exacerbated. Most
of the water management structures were built in Soviet times, and they are now too

worn out, both in real and moral terms.

One of the most important and little-studied issues remains to support the
uninterrupted supply of drinking water to consumers, ensuring environmental safety

and the necessary levels of civil protection of urban areas and the population.

Keywords: environmental safety, water distribution system, membrane,

reagent, ecosystem.
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA W TEXHUKA KASAXCTAHA»

PenakimonHas KoJuierusl MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOIIUMU
npaBIJIaMU MPH TOATOTOBKE cTaTel JUisl OMyOJIMKOBAHUS B )KypHAJIE.

Hayunsie craThy, peicTaBiseMble B pEIaKIHIO KypHaa JOJKHbI ObITh O(OPMIICHBI
COryiacHO 0a30BBIM M3/IaTEIbCKUM CTaHIapTaM MO 0(hOPMIICHUIO CTaTei B COOTBETCTBUU
¢ 'OCT 7.5-98 «Xypnanbl, cOOpHHKH, HHPOPMAIIMOHHBIE H3AaHus. M3aarensckoe
oopmIteHHEe MyOIUKYEMbIX MAaTEPHUAIIOBY, PUCTATEHHBIX OUOTHOrpadUIecKUX CIIMCKOB
B cootrBercTBrU ¢ ['OCT 7.1-2003 «bubnmorpaduueckas 3anuce. bubmmorpadudeckoe
ornucanue. O61ue TpeOOBaHMs U MPABUIIA COCTABIICHUS.

*B Homep aomyckaeTcsi He 00Jiee OIHOM PYKONKUCH OT OJIHOTO ABTOPA JIU00 TOro
’Ke aBTOPa B COCTaBe KOJIJIEKTHBA COABTOPOB.

*Ko/im4ecTBO COABTOPOB OIHOI CTAaTHU He OoJiee S.

*CTeneHb OPUTHHAJIBHOCTH CTATHH JI0JLKHA COCTABJIATHL He MeHee 60 %o.

*HanpasiisieMble CTaTbH He 10JIKHBI ObITh PaHee OIy0JJMKOBAHBI, He I0ITyCKAeTCS
nocjenymliee omyoIMKOBaHHE B APYTHX KyPHAJIAX, B TOM YHCJIe IlepPeBo/Ibl HA APyrue
SI3BIKU.

*PemieHnie 0 NPUHATHU PYKONHCU K ONMYOJMKOBAHMIO MPUHUMAETCH MOcCjIe
NpoBe/IeHHs MPOLeAYPHI PelleH3NPOBAHMS.

*PeneH3upoBaHue MPOBOAUTCS KOH(PHIEHIHAIBLHO («IBYCTOPOHHee cjernoe
pelieH3UPOBaHUe)»), AaBTOPY He cO00IIaeTcsl MMsl PeLieH3eHTA, a PelleH3eHTY — UM
aBTOPA CTATHMU.

*CTaThbM OTHPABJATH BMeCTe ¢ KBUTaHIUeH 00 omiaTe. CTOMMOCTDb Iy 0JIMKAIIAA
B ’KypHaJie ¢ nepsoro Homepa 2024 roaa cocraBur 15 000 Tenre aJist HaNpaBJIeHUH
METAJLIyPrusi, MAIIMHOCTPOEHNE U TPAHCIIOPT, a JJIsl OCTAJILHBIX HanmpaBjenuii 700
TEHIe 32 CTPAHULY, BKJIIOYASI CTATbU MArUCTPAHTOB M JIOKTOPAHTOB B COABTOPCTBE
€ JIMLAMH € YYEHOM CTeNeHbIo.

* OmiiaTa 3a cTaTbl0 He BO3BpallaeTcs B cJydae, ec/iM CTAThSI OTKJIOHEHA
AHTHUIJIATHATOM WM PelleH3eHTOM. ABTOP MOKeT NOBTOPHO OTHPABUTH CTATHIO HA
AHTHUILIATHAT WIN peleH3eH3upoBaHue 1 pas.

CtaTby 10JKHBI OBITH 0(pOPMIIEHBI B CTPOTOM COOTBETCTBHH
€O CJIeAYIOIIHMH MPAaBUJIAMH:

— B >xypHaITbl IPUHUMAIOTCSI CTATBH 110 BCEM HAYYHBIM HAIPaBJICHHSM, HaOpaHHbIC
Ha KOMIThEOTEPE, HalleYyaTaHHBIE HA OJIHOM CTOPOHE JIUCTa ¢ IosisiMu 30 MM CO BCEX CTOPOH
JIACTA, 3JIEKTPOHHBIN HOCHTEIh CO BCEMHU MaTepHaiaMU B TEKCTOBOM peziaktope «Microsoft
Office Word (97, 2000, 2007, 2010) it WINDOWS».

— O0uwii 00beM CTaTh, BKJIFOYAs aHHOTAIIWH, JINTEPATypy, TaOJIHUIIbI, PUCYHKH U
MareMaTH4eckue (hopMyJibl HE JJOJDKEH IMPEBIIIATH 12 CTPAHMII IEYATHOT0 TeKCTa. Texcm
cmamwu.: keenb — 14 nynkmos, capruumypa — Times New Roman (07151 pyccko2o, aHenuiicko2o
u Hemeyxoeo s3vikos), KZ Times New Roman (01151 Kazaxckoeo sA3vika).
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CrpykTypa Hay4HOU CTAaThH BKJIIOYAET HAa3BaHUE, aHHOTALIMH, KIIOYEBBIE CIIOBA,
OCHOBHBIE TOJIO’KCHUS, BBE/ICHHUE, MaTepUalibl B METOJIbI, Pe3yJIbTaThl U 00CYXICHHE,
3aKJIIOUEHHUE, BBIBOBI, HHPOpPMAIMIO 0 (UHAHCUPOBAHUU (IIPU HAJIMYUU), CIIHCOK
JIMTEPaTypbl (MCTIONB3YEMBIX HICTOUHUKOB) K KXKII0M CTaThe, BKIII0Yasi POMaHNU3UPOBAHHbIH
(TpaHCIMTEpUPOBAHHBIN JIATUHCKAM aj()aBUTOM) BapHaHT HANMCAHUS WCTOYHHUKOB HA
KUPHJLTHLE (HA Ka3aXCKOM U pyccKoM si3bikax) cM. [ OCT 7.79-2000 (MCO 9-95) Ilpasuna
MPAnCIUmMepayul KUpUII08CKO20 NUCbMA JIAMUHCKUM ANpa8UMOM.

Cratbs 107KHA COAEpIKaTh!

1 MPHTH (MexrocynapCTBEHHBIH pyOpUKAaTOp HAYYHOH TEXHHYECKOU
uH(pOpMaIMN);

2 DOI — nocne MPHTHU B BepxHeM npaBoM yIily (IIpUCBAMBAETCS U 3AIIOJIHAECTCS
pelaKkiueit xKypHaia);

3  ®@amuiusi, UMs, 0T4eCTBO (TIOTHOCTHIO) aBTOPA (-OB) — HA Ka3aXCKOM, PyCCKOM
Y QHIJIMHACKOM SI3BIKAX (JCUPHBIM UPUDMOM, NO YeHmpy),

4 YueHasi cTeneHb, y4eHOe 3BaHHE;

5 Addnmmanus (haxynbTeT WK HHOE CTPYKTypHOE NOAPa3/ieieHe, OpraHu3aius
(mecto paboTsl (yueObl)), FOpo/I, IOYTOBBIM HHAEKC, CTpaHa) — Ha Ka3aXCKOM, PyCCKOM U
AHTJIUHCKOM SI3BIKaX;

6 E-mail;

7 Ha3paHue cTATBHU JI0JDKHO OTPAXKATh COJCPKAHNUE CTATbH, TEMATUKY U PE3yJIbTaThl
NPOBEJICHHOTO HAYYHOTO HCClIeIoBaHMA. B Ha3zBaHue craTbu HEOOXOAUMO BIIOXKHTH
UH(OPMATUBHOCTB, IPUBJIEKATEIBHOCTD M YHUKAIIBHOCTD (He bosiee 12 cnos, nponucHvimu
OYK6aMU, IHCUPHBIM WUPUDMOM, NO YEHMPY, HA MPeX A3bIKAX: PYCCKUU, KA3aXCKUI,
auenutickutl 1ubo Hemeykuii),

8 AHHOTaIUsA — KpaTKasi XapaKTepUCTHKA HA3HAUYEHUS, COJCPKaHusl, BUa, opMbI
U JPYrUX ocoOeHHOCTEN cTaThd. JlokKHA OTpakaTh OCHOBHBIE U IIEHHBIC, [0 MHEHHUIO
aBTOpA, TaIbl, 00BEKTHI, MX MPU3HAKU U BBIBOBI POBEICHHOTO HccienoBanus. Jlaercs
Ha Ka3aXxCKOM, PyCCKOM U aHIJIMICKOM JIMOO HEMEIIKOM SI3bIKaX (pexomeHoyemblil 00bem
anHomayuu — ve meree 150, ne 6onee 300 cnos, Kypcus, HeHCUPHBIM WPUDMOM, Ke2lb —
12 nynkmos, absaymwiil omcmyn ciesa u cnpasa 1 cm, cm. oopaszey);

9 KiroueBble ¢j10Ba — HAOOP CIIOB, OTPAXKAIOIIUX COJEPIKAHUE TEKCTa B TEPMHUHAX
00BEKTa, HAYYHOH OTPACIIN U METO/IOB UCCIIEAOBAHUS (0OPMAAIOMCI HA MPeX A3bIKAX:
PYCCKUI, KA3aXCKUU, aHeTUNICKULL b0 HemeyKull, ke2ib — 12 nyHKkmos, Kypcus, omcmyn
cnesa-cnpasa — 1 cm.). PekoMeHryeMoe KOJIMYECTBO KITFOUEBBIX CIIOB — 5-8, KOJIMUECTBO
CJIOB BHYTPH KJIF0UeBOi (hpasel — He Oosee 3. 3agatorcs B MOPAAKE UX 3HAYMMOCTH, T.€.
caMoe Ba)KHOE KJTFOUEBOE CJIOBO CTAThU JIOJKHO OBITH IIEPBBIM B CITHCKE (CM. oOpaszey);

10 OCHOBHO¥ TEKCT CTATHH U3JIaracTCs B ONPEAEICHHON NI0CIIEA0BATEILHOCTH €0
yacTel, BKIIOYAeT B ceOs:

- Beenenne / Kipicne / Introduction (a63ay 1 cm no nesomy kparo, scuprvimu Gykeamu,
Keanb — 14 nynkmog). OG0CHOBaHUE BBIOOPA TEMBI; aKTyaIbHOCTh TEMbI WM ITPOOJIEMBI.
AKTyaJIbHOCTb TEMBI OTIPEAEIISAETCS OOIIMM HHTEPECOM K H3yUEHHOCTH IAHHOTO OOBEKTa,
HO OTCYTCTBHEM MCUEPIIHIBAIOIINX OTBETOB HAa UMEIOIIMECS BOIIPOCHI, OHA JOKA3bIBACTCS
TEOPETUYECKOMN M IIPAKTUIECKOU 3HAUUMOCTBIO TEMBI.
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- Martepuajsl 1 MeTOABI (ab3ay I cm no 1esomy Kparo, HcupHuimu Oykeamu, ke — 14
NYHKMOo8). JJOIKHBI COCTOSTH U3 ONMCAHUS MaTEPUAIIOB U X0/1a pabOThI, 8 TAKXKE ITOJTHOTO
OIMCAHUS UCTIOIb30BAHHBIX METO/IOB.

- Pe3yabTathl M 00Cy:KAeHUe (ab3ay I cm no 1esomy Kparo, HCupHvimu OyKeamu,
Keanb — 14 nynkmos). IIpuBoIUTCS aHAIN3 U 00CYKICHUE MOTyYSHHBIX BAMHU PE3YJIHTaTOB
uccnenoBanust. [IpuBosTCs BEIBOJIBI 110 MOTYUSHHBIM B XOJI€ UCCIICIOBAHUS PE3yIbTaTaM,
PacKpbIBacTCsl OCHOBHAsI CyTh. 1 3TO OMH M3 caMbIX BaKHBIX pa3lesioB CTaTbu. B HeM
HE00XO0IMMO POBECTH aHAIU3 PE3YJIHTATOB CBOEH PabOThI 1 00CYKIIEHHE COOTBETCTBYIOIINX
PE3yJbTATOB B CPAaBHEHHH C MPEIBLTYIIIMMH paboTaMu, aHATM3aMH U BBIBOJAMH.

- Indopmanmio o puHaAHCHPOBAHUY (npu Hanuyuu) (ab3ay 1 cm no i1esomy Kpaio,
JAHCUPHBIMU OYK8aAMU, Ke2lb — 14 nyHKmos).

- Boioabl / KopobiTeiaabl / Conclusion (a63ay 1 cm no nesomy kpaio, sHcupHuimu
oykeamu, ke2ib — 14 nynkmos).

Br1B0/161 — 000011IEHIE 1 [TO/IBE/ICHHE UTOTOB paOOTHI Ha JAHHOM 3Tarle; OATBEPKICHHE
WCTUHHOCTH BBIJIBUT'a€MOT0 YTBEPK/ICHUS], BBICKa3aHHOTO aBTOPOM, U 3aKITI0YEHHE aBTOPA
00 N3MEHEHHNN HAYYHOT'0 3HAHHS C yYETOM IOTyYEHHBIX PE3yJIbTaTOB. BBIBOIBI HE JOMIKHBI
OBITH aOCTPAKTHBIMHU, OHU JOJDKHBI OBITh MCTIOJIE30BAHBI 1T 00OOIIEHUs PEe3yIbTaTOB
WCCIIeIOBaHUS B TOM WM MHOM HayyHOH OOJIaCTH, C ONMHMCAaHHEM MPEIIOKECHUN WU
BO3MOYKHOCTEH JTaJIbHEHIIIEH paboTHI.

- Cnucok Mcnob30BaHHbIX McTOYHMKOB / Tlaiinananran aepexrtep Tisimi /
References (orcupnvimu Oykeamu, keenv — 14 nynkmos, 6 yenmpe) BKIIIOYAET B CEOsL:

CraThsi ¥ CHUCOK HCIIOJB30BAHHBIX MUCTOYHUKOB JOJDKHBI OBITH O(OpPMIICHBI B
cootBerctBrU ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cm. obpaszey).

OuyepeHOCTh MCTOYHUKOB ONpeaeNsIeTcs CIeAyIomuUM o0pa3oM: cHavaia
TIOCIIeIOBATEIIbHbIE CCHUIKH, T.€. HCTOUHUKU Ha KOTOPBIE BBI CChIIAETECH 110 OUYEPETHOCTH
B CaMO# cTaThe. 3aTeM JIOMOJIHUTEIbHbIE UCTOYHUKH, Ha KOTOPBIX HET CCBUIOK, T.C.
WCTOYHUKH, KOTOPbIE HE UMENIM MECTO B CTaThe, HO PEKOMEHOBAHBI BAMU YUTATEIISIM
JUTs1 O3HAKOMJICHUSI, KaK CMEXHBIE pabOoThI, IPOBOAMMBIE MapajuiebHo. O0beM He MeHee
10 ne 6onee yem 20 HaMMEHOBAHUM (CCHUIKM M MPUMEYAHHS B CTaThe 0003HAYAIOTCS
CKBO3HOW HyMepaluel U 3aKII0YaloTcs B KBaJIpaTHbIE CKOOKHM). B ciydae Hamnuus B
CITHCKE UCTIOJIb30BaHHBIX ICTOYHHKOB padoT, PEICTAaBICHHBIX Ha KUPUILTHLE, HEOOXOAUMO
MPE/ICTaBUTh CIIUCOK JIUTEpaTyphl B JBYX BapHaHTaX: MEPBbI — B OPUTHHAJIE, BTOPOI
— POMaHW3UPOBAHHBIN (TpaHCIUTEpALUsl JJATUHCKUM al(haBUTOM) BapUaHT HAITUCAHMS
HCTOYHHMKOB Ha KUPWJUIUIIE (HA Ka3aXCKOM U pyccKoM si3bIkax) cym. [ OCT 7.79-2000 (MCO
9-95) IIpasuna mpanciumepayuy KUpUIIO8CKO20 NUCLMA NAMUHCKUM ANDaAGUMOM.

PoMaHu3MpOBaHHBII CITUCOK JINTEPATYPhI JOJHKEH BBITIIACTD CIACAYIONM 00pa3oM:

aBTOp(-bl) (TpaHCIUTEPALNS) — Ha3BAaHUE CTATbU B TPAHCIMTEPUPOBAHHOM BapUaHTE
— [mepeBo/1 Ha3BaHUS CTAThH HA AHTTIMMCKHIA S3bIK B KBAJIPATHBIX CKOOKaX | — Ha3BaHUE
Ka3aXOs3bIYHOTO JIMOO PYCCKOS3BIMHOTO UCTOYHMKA (TPaHCIUTEPALHS, TMO0 aHTIINICKOe
Ha3BaHHE — €CIIM €CTh) — BBIXOHBIE JAHHbBIE C 0003HAYEHUSMH Ha aHTJIMICKOM SI3bIKE.

11 MnmrocTpanum, nepevyeHb PUCYHKOB U NOJPUCYHOYHBIE HAANUCH K HUM
MPEACTABIISIOT 10 TEKCTY CTaThU. B 3J1€KTPOHHOM BepcUU PUCYHKH M WILTIOCTPALUU
npencrasisitores B popmare TIF wm JPG ¢ pasperennem He menee 300 dpi.
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12 MartemaTudeckue (popmy.ibl 10DKHBI ObITH HAOpaHb! B Microsoft Equation Editor
(xaxmas popmyna — oJH 0OBEKT).

Ha oraesbHOM cTpanuie (mocjie CraTtbu)
B 3/1eKTPpOHHOM BapuaHTe NMPUBOAATCH NOJHbIE IOYTOBbIE a/Ipeca, HOMepa
cJ1yke0HOro U ioMaliHero Tejaed)oHoB, e-mail (Homep TeJsie)oHA LISl CBA3U
PeJaAKIHMY ¢ ABTOPAMM, He MYOJMKYIOTCS);

CeBeaenus 00 aBTopax

Ha ka3axckom si3bIke

Ha pycckom si3bike

Ha anrymiickoM si3bIke

Oamuiust Umst OtuecTBO (MMOTHOCTHIO)

I[OJ'I)KHOCTI), y4€Has CTCIICHb, 3BaHUE

Opranusanus

T'opon

WHpexe

Crpana

E-mail

Tenedon
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HNudopmauus 115 aBTOPOB

Penaxkums He 3aHMMAaETCS JTUTEPATYPHON U CTHIIMCTHYECKOH 00pa00TKOM CTATHU.

Ecnu craThst OTKIOHEHA aHTUIUIATMATOM WM PELEH3EHTOM CTaThsl BO3BPAIAETCS
aBTOpY Ha 10pabOTKy. ABTOp MOXKET MOBTOPHO OTIPABUTH CTAThIO HA AHTHUILIArUaT WK
peueH3en3rupoBanre 1 pas. 3a coepikaHue CTaTbu HECET OTBETCTBEHHOCTH ABTOP.

Cratbu, 0dopMJIeHHBIC ¢ HADYIICHHEM TpeOoOBaHM, K NYOJUKALMY HE
NPUHUMAIOTCS ¥ BO3BPAIIAIOTCH ABTOPAM.

JlaToil mocTyTIeHNns CTaTbU CYUTAETCS JaTa MOTYYEeHUs pEAAKIIMEN €€ OKOHYATEIbHOTO
BapuaHTa.

Cratbu myOIUKYIOTCS TIO MEPE MOCTYILICHUSL.

IlepuoanyHOCTH U3IAHMS )KYPHAJIOB — YeThIPe pa3a B o/l (e;KeKBapTAJIbHO)

Cpoku nogauu CTaTbu:

- iepBbIi kBapTai 10 10 deBpas;

- BTOpoi kBaptai 10 10 mas;

- Tpetuid kBapTai Ao 10 aBrycra;

- 4YeTBepThIA KBapTai 70 10 HOSOpsI.

CraTbu OTHPABJIATH BMeCTe ¢ KBUTaHIHeH 00 omiare. CTOMMOCTD ITyOIMKaIin
B XypHazue ¢ nepporo Homepa 2024 roga coctaBut 15 000 TeHre ayig HanmpaBiIeHUN
METaJUTypIuisi, MAIlIMHOCTPOCHHUE M TPAHCIIOPT, a ISl OCTAJIbHBIX HanpasiieHui 700 TeHre
3a CTpaHUIly, BKJIIOYasi CTaThl MaruCTPaHTOB M IOKTOPAHTOB B COABTOPCTBE C JIUI[AMHU C
YYEHOU CTENEHBIO.

CraTbio (3/71eKTPOHHYI0O BEPCUI0, H KBUTAHLIMU 00 O1J1aTe) cJieAyeT HANPABJIATH
Ha nouTty: nitk.tou.edu.kz. /Iy mona4yu cratbu Ha MyOJMKALNMIO HEOOXOMMO IPOHTH
perucTrpanuio Ha caiire.

140008, Pecnnyosimka Kazaxcran, r. IlaBionap, yi. Jlomosa, 64,
HAO «TopaiirelpoB YHUBEPCUTETY,

M3parenscrBo «Toraighyrov University», kao. 137.

Ten. 8 (7182) 67-36-69, (BuyTp. 1147).

E-mail: nitk.tou.edu.kz.

Hamm pekBU3UTHI:

HAO «TopaiirblpoB YHUBEPCUTET» HAO «TopaiirslpoB yHUBEPCUTET» Hpunoxenne kaspi.kz Tlrarexn —

PHH 451800030073 PHH 451800030073 OGpasosanue —Onnara 3a BY3p —

BUH 990140004654 BUH 990140004654 3anomnsere bee rpadni ( rpage aiynprer
ykaxure «3a nyO0JIuKauMI0 B HAYYHOM

AO «Jysan Bank» AO «Hapopauslit bank Ka3axcrana» HKYPHAIC, HASBAHHC KYPHATA U CCPHHY)

VUK KZ57998FTB00 00003310 NHK KZ156010241000003308

BUK TSESKZK A BUK HSBKKZKX

Koe 16 Koe 16

Kon 16 Kon 16

KHII 861 KHIT 861
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C. K. Aumukeeesa
TopaiireipoB yauBepcuteT, Pecrryonuka KazaxcraH, r. [laBnomap

TEOPETUYECKASI MOAEJIb ®OPMUPOBAHUS KOMITETEHLNA
COLHNAJIbHBbIX PABOTHUKOB YEPE3 KYPCbI NOBbILLUEHWA
KBAJINOUKALNN

B oannoii cmamve npedcmasnena meopemuueckas mooenb HOpMUpPoOBaHus
JUYHOCIMHBIX U NPOPECCUOHATLHBIX KOMIEMEHYUL COYUATbHBIX PAOOMHUKO8 Yepes
KYPCbl HOBbIUEHUSL K8ATUDUKAYUU, KOMOPAsi pazpabomana 6 pamkax 0OKmMopcKou
Juccepmayuu «Popmuposanue TUUHOCMHBIX U NPOPECCUOHATLHBIX KOMNEeMEHYUl
COYUATbHBIX PAOOMHUKOG Yepe3 KYPCbl NOGbluieHus Keanupurayuuy. B cmamve
npueoodsmcs  nedazocuyeckue ACnekmvl  Camo20 npoyecca  MOOeNUPOBaAHuUsl,
nepeyucienbl  omanvl  nedaco2uiecko2o  mooenuposanus.  IIpedcmaegnenvi
MEMOOONI02UHECKUL, NPOYECCYATbHII (MEeXHOI02UYEeCKUT) U UHCIPYMEHMANbHBLI
VPOGHU — MOOenu, ee yelb, MOHUMOPUHZ  CHOPMUPOBAHHOCTIU — UCKOMBIX
KoMnemenyuil, a maxoce peyiomam. B moodenu nokasanvl KomnemeHmuocmubwiil,
JIUYHOCMHO-OPUESHMUPOBAHMBIL U NPAKMUKO-OPUEHMUPOBAHHbII Neddazo2uiecKue
nOOX00bl, 3AKOHOMEPHOCMU, NPUHYUNBL, VCI08USL QOPMUPOSAHUS  BbIOPAHHBIX
KOMNnemenyutl, ONUCAHbl dMANbl Pearu3ayuu npoyecca Gopmuposanus, YpogHu
CHOPMUPOBAHHOCTNU TUHHOCMHBIX U NPOPDECCUOHATIbHBIX KoMnemenyull. B pazoene
NPAKMUYECcKol NOo020MOBKU NPedaeaemcs. UHMepaKmusHas paboma 6 cucmeme
cywamens-npenooasameb-2pynna, N0OpPasyMesaouast IUHHoe yYHacmue Kaxicoo2o
cReyuanucma, a makdice OMKpvlmue nepeoeo 6 Haueli cmpane Pecnybauxanckozo
0buwecmeennoeo 0bveounenuss «HayuonanbHulii  anbaHC NPOPecCcUOHAIbHBIX
COYUANbHLIX  pabomuuxosy. [lanHas Mmoodenv nodpasymesaem nod  coboll
danvHeluiee COBEPUIEHCMBOBAHUE U CAMOCHOSMENbHOE PA3GUMUe TUYHOCHIHBIX
U NpopecCUOHANbHBIX KOMREMEHYU COYUATbHBLIX PAOOMHUKOE. Dmo no380Jsem
y8udems 8 MOOenU IPHeKMUSHOCMb pedaru3ayuu Kypcos nosblueHUs Keatugurayuu,
hopmbl, memoovl u cpedcmea pabonul.

Kniouesvie cnosa: meopemuueckas Mmooenb, KOMHEMEHYUU, HNOBbIUECHUE
Keanuguxayuu, coyuanvbivie pabomHuKuy.

BBenenne
CommanbsHast paboTa — OTHOCHUTEIILHO HOBAsI /TSl Hatel cTpanbl mpodeccust. [Toatomy
00yueHre COIMAIbHBIX PAOOTHHKOB Ha COBPEMEHHOW CTAJIMHM HE XapaKTepU3yeTcs
HaJIMYMEM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
HaXOJIUIU OBl BEIpOKCHHE B (POPMYITHPOBKE MEArOTHIYCCKUX 1IEIeH, B COIEPKaHUH,
TEXHOJIOTHIX Y4eOHOT0 Iporiecca.
IIpoodonsicenue mexcma nyonuKkyemoeo mamepuana
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MaTepl/laJ'lbI H ME€TOoAbI

Teopernyeckuil aHaqiu3 HAyYHON MCUXOJIOTO-IEAAarornyecko M CrenuaibHOM
JUTEPATYPHI IO MPOOIIEME UCCIICTOBAHMS; AHAIIN3 3aKOHOIATEIIbHBIX 1 HOPMAaTUBHBIX
JIOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX OOBEAMHECHUN; aHAINU3 COJEPKaHUS
NporpaMM KYpCOB MOBBIIIEHUS KBaJIU(DUKAIMH COMUAJIBHBIX paOOTHUKOB;
MOJIETTUPOBaHNUE; aHAIU3 U 0000IIEHNE MTeJarOrMYECKOT0 OMbITa; OMPOCHBIE METO/IbI
(Gecenma, aHkeTHUpOBaHUE, MHTEPBHIOMPOBAHHKE); HAOIIOICHHE; aHATN3 MPOTYKTOB
JESATETFHOCTH CIEIMAIMCTOB; KCIIEPUMEHT, METOJbI MAaTEMAaTUYECKOW CTATHCTHKU
10 00pabOTKe IKCIEPUMEHTATBHBIX JaHHBIX.

IIpoodonsicenue mexcma nyoauKkyemoeo mamepuana
Pe3y.]'lI)TaTbI H oﬁcymz]elme
UTo0OBI MOHATH OOBEKTUBHBIE 3aKOHOMEPHOCTH, JIe)KaIllie B OCHOBE IpoIiecca

(hopMUpOBaHUS M PA3BUTHUS JUYHOCTHBIX U MPO(PECCHOHATBHBIX KOMIIETESHIIUMN
COIIMAJIbHBIX PA0OTHUKOB 4Y€pe3 KypChl MOBBIMICHHUS KBaTU(PUKAIIUU, HEOOXOIUMO
YETKO MPEICTABISATH Ce0€ UX MOJIEITb.

IIpoodonsicenue mexcma nyoauKkyemoeo mamepuana

BoiBoabI

Takum 00pa3oM, HA OCHOBAHHUH BBIIIEU3JI0KEHHOI'O MOXHO CJ€laTh BBIBOJ O
TOM, YTO T€OpPETHYECKas MOJI€Tb (POPMUPOBAHUS JTMYHOCTHBIX U MPOPECCUOHATBHBIX
KOMIIETEHLUH COLMAIbHBIX PAOOTHUKOB Yepe3 KypcChl MOBBIIIEHUS KBaTU(UKALUU
COAEPIKUT TPU YPOBHS €€ pealu3aluu.

IIpooondcenue mexcma nyonuKyemo2o mamepuand
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C. K. AHTHKeEeBa
TopaiirsipoB yHuBepcuteT, Kazakcran Pecryomukacsl, [TaBnogap K.

BLIIKTLIIKTI APTTBIPY KYPCTAPHI APKBLIBI OJIEYMETTIK
KBbI3BMETKEPJIEPAIH KY3IPETTLIIKTEPIH KAJIBIIITACTBIPY IBIH
TEOPUSLIIBIK MOJIEJI

byn makanaoa «Oneymemmix KbizsmemrepaepOiy OLKmMinicin - apmmuolpy
Kypcmapul apKblibl MYJN2aiblk HCoHe KociOu Ky3ipemminikmepin Kanibinmacmaolpy»
00KMOpAbIK, — Juccepmayust  weHbepinde o3ipaeHeen  OLLiKminlikmi  apmmulpy
KYPCMAapvl  apKblibl  oleyMemmiK Kbi3MemKepaepoly Mmyasanvlk JicoHe Kociou
KY3blpemminiein Kaielnmacmulpyovly mMeopusnvly, mooeni ycvinviiean. Maxaiada
MoOenboey npoyeciniy neda2ocuKaiblk ACneKminepi, nedazoesuKaiblk MoOeib0eyoiy
Kezenoepi keamipineeH. MooenvbOiy 90iCHaMAbIK, NPOYECCyaroblk (MEXHOI0SUATbIK)
JHCOHe acnanmulk OeHeelllepi, OHblH MAKCAmbl, Kadcemmi Ky3vipemmepoiy
KAILINMAcy — MOHUMOPUHZI,  COHOAU-ax, — Homudiceci  ycovinvlizan. Modenvoe
Ky3vlpemminikke, myneaza 0aAsblMManiean JcoHe NpaKmukaza 6azvlmman2an
nedacocuxanvly, — mociioep,  mawoanean - Kysvlpemmepoi — KATbINMAacmulpy
3aHOBLIBIKIMAPHI, KA2UOAMMAPDl, Wapmmapvl KOpcemineeH,; KAlblnmacy npoyeciu
icke acvlpy Ke3enoepi, Jceke JHcoHe Kociou Ky3vipemmepoiy Kaiblnmacy oeneeunepi
cunammanzan. Ilpakmuxanelx O0aublHObIK — OONIMIHOE MIHOAYUbL-OKLIIYULbL-
mon oicyliecinoe UHMEPAKMUBMI JHCYMbIC YCHIHBLIAOLL, Ol 9P MAMAHHBIY JiCeKe
KamwlICyblH, COHOAU-AK enimMiz0e an2auikbl «Kociou oneymMemmik Kblzsmemrepaepoiy
VIMMbIK, AIbAHCHLY PeCnyOIUKANbIK KO2aMObIK Oiplecmiciniy aubliybii 0i1dipedi.
Byn mooens aneymemmik Kbizmemxepnepoiy scexe dHcone Kociou Ky3vipemmepin 00aH
api scemindipydi dcone moyenciz damvlmyovt 0indipedi. Byn moodenvoe binixminixmi
apmmulpy KypCcmapvli icke acvlpyObly MUIMOLTIZIH, JHCYMbIC HbICAHOApbl, ddicmepi
MeH KYpanoapvli Kepyee MyMKIHOIK Oepeoi.

Kinmmi co30ep: meopusinvblk MoOenb, Ky3vlpemminik, OLIiKminikmi apmmuolpy,
BNIeyMemmiK Kblamemxepaep.

S. K. Antikeyeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES OF
SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

This article presents a theoretical model for the formation of personal and
professional competencies of social workers through advanced training courses,
which was developed in the framework of the doctoral dissertation «Formation of
personal and professional competencies of social workers through advanced training
coursesy. The article presents the pedagogical aspects of the modeling process
itself, and lists the stages of pedagogical modeling. The methodological, procedural
(technological) and instrumental levels of the model, its purpose, monitoring
the formation of the required competencies, as well as the result are presented.
The model shows competence-based, personality-oriented and practice-oriented
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pedagogical approaches, patterns, principles, conditions for the formation of selected
competencies, describes the stages of the formation process, the levels of formation
of personal and professional competencies. The practical training section offers
interactive work in the listener-teacher-group system, which implies the personal
participation of each specialist, as well as the opening of the first Republican public
Association in our country, the national Alliance of professional social workers. This
model implies further improvement and independent development of personal and
professional competencies of social workers. This allows you to see in the model the
effectiveness of the implementation of advanced training courses, forms, methods

Ne 2, 2024

and means of work.

Keywords: theoretical model, competencies, professional development, social

workers.
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ITIy0nukanmoHHas I THKA HAYYHBIX )KYPHAJIOB
«BectHuk TopaiirbipoB yHUBEpPCUTETAY,
«Kpaesenenne», «Hayka u Trexuuka Kazaxcrana»

PenaknnonHas kosurerus XKypHaioB «BecTHuk TopalrslpoB YHUBEPCUTET»,
«Kpaesenenue» u «Hayka u Texaunka KazaxcraHa» B cBoelt paboTe mpuaep KuBacTcs
MEXAYHApOIHBIX CTaHAAPTOB IO 3THUKE HAYUYHBIX MyOJMKAIUH U YyUYUTHIBAET
MH(POPMAIMOHHBIE CAalTHI BeIyIIUX MEKIYHAPOIHBIX JKyPHAJIOB.

Penaknmonnas koierus )KypHaia, a TaKKe JIMLA, yYaCTBYIOIIHUE B U3aTEIbCKOM
TMPOLIECCE B IIEJISIX 00ECTICUSHHS BRICOKOTO Ka4eCTBA HAYYHBIX Ty OIMKAIINiA, BO M30ekKaHNe
HeJ0OOPOCOBECTHOW NPAKTUKH B MYyOJIMKALMOHHOW AESITENBHOCTH (MCIOJIb30BAHHE
HEJOCTOBEPHBIX CBEACHMIA, U3TOTOBJICHNWE NAaHHBIX, IUIaruaT u 1p.), odecreyeHus
OOIIECTBEHHOTO MPU3HAHUS HAYYHBIX TOCTH)KEHUH 00s3aHBI COOMIOATh STUYECKUE
HOPMBI M CTAaHJAPTBHI, IPUHSATHIE MEXTyHAPOJHBIM COOOIIIECTBOM H IPEIIPUHUMATD BCE
pa3yMHbIe MEpBI [yl IPEAOTBPALCHNs TAKMX HApYLIEHUH.

PenaximonHas Koyierust Hu B KOEM CIIydae He MOOLIPSET HEIPaBOMEPHOE IIOBEJCHHE
(TuTaruaT, MaHUIYJTALUS, (haTbCU(UKAINS) U IPUIIOKUT BCE CHITBI IS IPEIOTBPAILICHHS
HACTYIUICHHS MOJOOHBIX Cly4aeB. B ciydae, eciay pelnakIMOHHON KOJUIETHH CTaHET
W3BECTHO O JIFOOBIX HEMPABOMEPHBIX IEHCTBHUAX B OTHOIICHUH OIyOJIMKOBAaHHOW CTaThU
B JKypHaJI€ WIN B CJIy4ae OTPULIATEIBHOIO PE3yJIbTaTa SKCIIEPTU3bI PEAKOIUIETUH CTaThsl
OTKJIOHSIETCSI OT Iy OJIMKaIUH.

PenakunoHHast KOJUIETHsI HE JOJDKHA PAaCKpbIBAaTh MH(OPMAIMIO O MPHHITHIX
K ONyOJMKOBaHUIO PYKONHUCEH TPETHUM JIHUIAM, HE SIBJISIIOUIUMCS PELEH3EHTaMH,
MOTEHIMANBHBIMU PELEH3CHTaMH, YWICHaMHU PEIaKIIMOHHOW KOJUIETHH, PaOOTHUKAMHU
tunorpadun. HeomyOmukoBaHHbIE TaHHBIC, TIOyYEHHbBIE U3 PYKOIMCEH, HE JOJDKHBI
UCTIONIb30BATHCS B JIMYHBIX UCCIIEIOBATENILCKHUX LENAX 0€3 MMCHhbMEHHOTO Pa3peuIeHus
aBTOpAa.

OTBeTCTBEHHOCTH IKCNEPTOB (PeleH3eHTOB)

PeneH3eHTHl MOJIKHBI AaBaTh OOBEKTHBHBIE CYXIEHUS U yKa3blBaTh Ha
COOTBETCTBYIOIINE ONMyOIMKOBaHHBIE PabOTHI, KOTOpPHIE emle He MUTUpyrTcs. K
peleH3NpPYyEMBIM CTaThsIM clie[lyeT oOpamarbcsi KoH(HuIeHInansHo. Peren3eHTs
OyIyT BEIOpAHBI TAKIM 00pa30M, YTOOBI HE OBLIIO0 KOH(DIUKTA MHTEPECOB B OTHOIIICHUH
WCCIIEZIOBAHUsI, aBTOPOB U / MJIM CIIOHCOPOB HUCCIIEJIOBAHUSI.

OTBeTCTBEHHOCTH ABTOPOB

OTBETCTBEHHOCTb 3a COJIepKaHHe pabOThI HECET aBTOP. ABTOPBI 00s13aHBI BHOCUTD
WCIIPABJICHUS, TIOSCHEHUS, OTIPOBEPKEHMS U U3BUHEHMSI, €CIIM TAKHE UMEIOTCS.

ABTOp HE JTOJDKEH MPEACTABIATh CTAaThIO, HACHTUYHYIO paHee OnmyOIMKOBaHHOM
B JIpyroM XypHasie.B yacTHOCTH, HE IPUHUMAIOTCS IEPEBOJIBI HA aHIVIMHCKUM 1100
HEMEIIKHH S3bIK CTaTei, y)ke OImyOIMKOBaHHBIX Ha IPYTOM SI3BIKE.

B ciryuae oOHapyskeHHs B PYKOIIMCH CTAaThU CYIIIECTBEHHBIX OIIMOOK aBTOP JOJKEH
COOOILUTE 00 3TOM pelaKTOpy pa3/ielia 10 MOMEHTA IOAKCH B [1€4aTh OPUTMHAI-MaKeTa
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HOMeEpa XypHasa. B MpoTHBHOM ciy4yae aBTOp JIOJKEH 3a CBOM CUET MCIIPAaBUTH BCE
KPUTHYECKHE 3aMEUaHUs.

HanpaBiisist cTaThlo B )KypHal, aBTOP OCO3HAET YKa3aHHYIO CTEIIEHb IEPCOHAIBHOM
OTBETCTBEHHOCTH, YTO OTPA)KAETCsS B MUCbMEHHOM OOpAIEHUU B PEIAKLIHOHHYIO
xosuteruto JKypHana.
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