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AUTOMATION OF THE PROCESS OF BITUMEN PRODUCTION

Abstract. One of the most important directions in the field of oil refining is the rational
use of oil residues by involving them in processes such as visbreaking, coking, de-asphalting,
bitumen production. Petroleum bitumen is used in road construction, in the repair of roads,
airfields, in industrial and civil construction (for the manufacture of roofing materials, for the
insulation of pipelines from ground corrosion, for the preparation of paint and varnish materials).
The quality of petroleum bitumen is a determining factor in ensuring the durability of road
surfaces. To date, up to 70% of bitumen produced in Kazakhstan and the CIS countries do not
meet the assortment and quality requirements of the modern market, and this primarily concerns
bitumen for road, construction and special purposes. The decrease in natural oil reserves and the
difficulty of obtaining high-quality bitumen from processed raw materials at most bitumen plants
necessitates the search for new materials to obtain binders of a given quality. The process of
bitumen production, carried out on an industrial scale, is very complex, but by now it has been
sufficiently studied. However, the approach to the study of this process from the standpoint of
the physico-chemical technology of oil dispersed systems reveals new aspects that allow us to
hope for its further intensification. Due to the increasing volumes of consumption and the
expansion of the field of application of petroleum bitumen, the issue of searching for new raw
materials is acute. One of the most promising deposits of petroleum bitumen rocks are West
Kazakhstan, where more than 50 deposits with reserves of 152 million tons have been
discovered. However, to date, the extraction of petroleum bitumen rocks and their use in
construction have not acquired significant proportions, due to their insufficient knowledge and
imperfection of their processing technology. Until now, the main attention in matters of
oxidation is paid to the study of the state of the vapor—liquid system, calculations of the partial
pressure of volatile components of the oil system depending on its composition and external
conditions, which is fundamental for technological calculations. In this case, oil is represented as
a multicomponent molecular solution, the vapor-liquid interface is considered flat, and the vapor
pressure above the flat surface is equal to the pressure in the liquid phase. In addition, in all
thermodynamic and technological calculations, the vapor-liquid system is thermodynamically
formed, leaving the process of vapor phase generation without due attention.

Keywords. automated process control systems (automated process control systems), oil
refining industry, complex mechanization, bitumen, oil refining.

Introduction.

Bitumen was the first product obtained from oil, which was used by man: already 3800
years before our era, it was used as a building material. Bitumen and asphalt extracted in the
areas of oil fields were used as binders, antiseptic, anticorrosive and waterproof materials, for the
construction of buildings and towers, water and drainage channels, tunnels, grain and reservoirs,
roads, in shipbuilding, medicine and for the mummification of corpses. A mixture of bitumen
and sulfur protected fruit plants from insects. With the development of the oil industry, the
processing of asphalt-resinous oils has increased, production has increased and the quality of
bitumen has improved, which has been replaced by natural asphalt, but the extraction of the latter
continues to this day. At present, bitumen is widely used in construction, industry, agriculture
and reactive technology.
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In recent years, the production of petroleum bitumen worldwide has amounted to more
than 80 million tons per year, including 32.6 million tons in the USA. Attention is drawn to the
tendency to increase the capacity and output of bitumen for refined oil. The yield of bitumen for
oil is 2-5%, in the USA 4.5%, which is explained by the greater share of production of residual
and compounded bitumen there; in Germany 4.8 — 5%; in England 2.2 — 2.4%; in Romania 3.8%.

Over the past 15 years, the capacity of bitumen production processes in foreign countries
has increased dramatically, including in the USA by 1.5-2 times, in England by 1.45, in France
by 2.1, in Germany by 5.75, in Canada by 1.1 and in Venezuela by 4.85 times.

Such a significant increase in the production and consumption of bitumen, as well as
increased requirements for their quality, urgently require a deeper and comprehensive study of
the composition and properties of bitumen, the influence of the parameters of the technological
regime, the kinetics and hydrodynamics of processes and the nature of raw materials on these
indicators. The use of new schemes and automation tools will allow complex automation and
intensification of bitumen production processes. Analysis of technical and economic
performance of bitumen plants to determine the most rational way of their production.

Bitumens were widely used in industry long before theoretically based methods of
analysis and research were developed. This fact explains the use of traditional methods of
analysis for the evaluation of so-called technical properties. Such property values are used for
labelling purposes as well as in a number of bitumen production and application issues. The
prevalence of conditional methods of analysis is explained by their simplicity, the possibility of
comparing the quality of the resulting product with previously accumulated information. State
and international standards include different conditional characteristics of bitumen and methods
of their definition, but in practice are commonly used a few, described below. A mixture of
bitumen and sulphur used to protect fruit plants from insects. With the development of the oil
industry, the processing of asphalt-resin oils increased, and bitumen production and quality
improved, which displaced natural asphalt, but the production of the latter still continues.
Bitumen is now widely used in construction, industry, agriculture and jet technology. Increasing
loss of hydrogen is accompanied by compaction processes with formation of high-molecular-
weight products of high aromaticity (asphaltenes) and thickening of raw material to a given
consistency (bitumen grade) [1-3].

The quality of petroleum bitumen is a determining factor in ensuring the durability of
road surfaces. The decrease in natural oil reserves and the difficulty of producing high-quality
bitumen from recycled feedstock at most bitumen plants causes the need to search for new
materials to produce a given quality binder.

In connection with increasing volumes of consumption and expanding areas of
application of petroleum bitumen, there is a burning issue of finding new raw material resources.
One of the most perspective deposits of oil-bitumen rocks are West Kazakhstan, where more
than 50 deposits with reserves of 152 million tons are opened. However, until now oil-bitumen
rocks mining and their use in construction did not get a significant scale due to their insufficient
exploration and imperfection of their processing technology.

The process of producing bitumen, carried out on an industrial scale, is highly relevant.
However, the approach to the study of this process from the position of physical and chemical
technology of oil dispersed systems reveals new aspects that allow us to hope for its further
intensification.

Methods and materials.

Consideration of physical and mechanical properties shows that oil wastes are low-
viscous liquid with abnormal deviation of such indicators as extensibility, needle penetration
depth, softening point which is caused by the significant content of paraffin hydrocarbons.
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It is known that paraffinic hydrocarbons have a negative influence on the bitumen
homogeneity, plasticity, adhesion of bitumen to rock materials [12]. The content of asphalt-
resinous substances does not allow to obtain residual bitumen from oil wastes at WTT. At direct
oxidation of oil wastes the amount of paraffin-naphthenic hydrocarbons is still high. Deeper
oxidation does not significantly change the percentage of paraffin naphthenic hydrocarbons. In
addition, direct oxidation of oil waste is fire-hazardous, flash point +1630 C. Thus, the known
methods of producing bitumen from oil wastes do not allow to obtain products with optimal
composition and properties which satisfy the requirements of GOST 22245.

Bitumen chemically binds less oxygen, the higher is the softening temperature of
bitumen. The basic amount of oxygen, supplied by air for oxidation, goes to the formation of
water 10-20%, to the formation of carbon dioxide and only a small fraction to the formation of
organic substances containing oxygen.

Part of the supplied oxygen does not react and is carried away with the waste gases. As
the temperature of the process increases, the oxidation rate of tar increases, the oxygen content in
the oxidized bitumen decreases, the duration of the oxidation process and the required total air
consumption decreases, and the degree of utilization of air oxygen increases.

When the temperature rises above 250 °C, some commercial and technical properties of
bitumen changes: bitumen brittleness temperature increases, and penetration, ductility, heat
resistance and ductility range of oxidized bitumen decreases.

Depending on the nature of raw material and the required bitumen properties the
appropriate oxidation temperature has to be selected [4].

The problem of regulating the performance properties of bitumen is of considerable
interest to researchers and producers. Unfortunately, the situation in this area is still not
satisfactory. The production of residual bitumen is not possible at most refineries due to the
unsuitable quality of the refined oil and the lack of sufficient vacuum depth at operating
facilities. In addition, the fuel or petrochemical option refineries lack components for
compounded bitumen. Although it is possible to incorporate heavy vacuum residues into a
marketable product, experiments have shown that the option of blending the finished bitumen is
less advantageous than oxidising the pre-blended feedstock. Therefore, oxidation remains
virtually the only option available for the industrial production of most bitumen grades.

In the process of oil refining, as well as in its production, storage and transportation, as
well as in the use of petroleum products, by-products and wastes are generated, from which the
necessary components can be selected to improve the durability of bitumen and bituminous-
mineral compositions. In addition, the use of waste solves the problem of saving raw materials
and materials to protect the environment from contamination. At railway washing and steaming
stations during tank cleaning, oil wastes are accumulated consisting of heavy residues: fuel oil,
bitumen, tar, crude oil.

One of the most common methods of preparation of bituminous-mineral compositions on
the basis of kirov is a method which includes mixing at temperatures not exceeding 90-1200 C of
bituminous rock with mineral filler (crushed stone, gravel, sand), introducing them in different
quantities, observing the condition of optimum granulometric composition of mineral part of the
composition. In cases where the organic part of the kirov low viscosity, the composition is
introduced bitumen, and if highly viscous - crude oil. The main disadvantages of these processes
of oil-based compositions are low strength, low heat and water resistance and low durability of
the coatings which is why they are used only for low category roads with low traffic intensity.
The chemical composition and properties of remaining organic material after distillation of
fractions boiling down to 2000C from Munajla Mola kirch are close to those of viscous road
bitumen. The cakes prepared in this way can be used in the preparation of ciromineral mixtures.
Mineral components are added - sand, crushed materials in fractions larger than 0.315mm with
particle size distribution, corresponding to D or G type according to GOST 9128-84, followed by

345



Ka3KKA Xaoapmbicer Ne 2 (125), 2023 ISSN 1609-1817 (Print) The Bulletin of KazATC
Bectnuk KazATK Ne 2 (125), 2023 ISSN 2790-5802 (Online) DOI 10.52167/1609-1817
vestnik.alt.edu.kz

mixing at 2000C for 10 minutes. This made it possible to obtain ciromineral mixtures that meet
the requirements of GOST 9128-84. Fracture resistance of such biomineral mixtures
approximately corresponds to asphalt concrete on residual bitumen. Wide possibilities of
regulating the structural and phase transformations and durability of bitumen and bituminous-
mineral compositions are achieved by the selection of raw materials and methods of its
processing.

The quality of bitumen is also evaluated by such indicators as viscosity, cohesion,
density, thermal, optical, dielectric properties, and such quality indicators as bitumen weight loss
and change of penetration after heating up characterize the bitumen behavior in service, the
service life of asphalt concrete surface.

- The viscosity of bitumen most fully characterizes its consistency at different
temperatures of application. At the highest possible application temperature, the viscosity should
be as high as possible. Conventional viscosity is defined according to GOST 11503-74;

- flash and ignition temperature are determined according to GOST 4333-48;

- mass after heating is determined in accordance with GOST 18180-72. This indicator
characterises the stability of bitumen during prolonged storage at elevated temperatures.

Temperature is the most important process parameter, so compliance with the
temperature regime has an impact on the quality of the product. The optimum temperature for
the production of vacuum residue depends on the quality of the feedstock and the intended grade
of bitumen to be produced. Increase of temperature in oxidation column can worsen the quality
of bitumen and accelerate coking of gas space of column [5].

To increase the production of oxidized bitumen can be achieved by various methods. One
of them can be the modification of the feed for bitumen production. The effect of certain
physical and chemical factors, such as surfactants, modifies their structure, and they become
more active [12]. Processing of such modified raw materials is more efficient or less energy-
consuming. It was found out in the course of the experiment that CPAV influences strongly
enough the oxidation of oil residues by air oxygen.

For the bitumen plant to be designed, it is necessary to control the pressure. The pressure
value should not exceed 0,25-0,30 MPa. Increasing the pressure produces a product with higher
penetration, but increases the oxidation time of tar.

The air flow rate in the oxidation process is changed so that the oxidation temperature is
maintained at the required level: when the temperature drops, the air flow rate increases, when
the temperature rises, the air flow rate decreases.

Improving economic efficiency is inextricably linked with the introduction of scientific
and technological progress into industry, one of the most important elements of which is the
automation of technological processes. Creation of highly efficient automation systems for
individual units, as well as automated process control systems (PCS) for major productions in
various industries has become possible as a result of the successes achieved in the world in the
field of instrumentation and computer technology.

In the refining industry, integrated mechanisation and automation is given great
importance. This is due to the complexity and high velocity of the processes, as well as their
sensitivity to disturbances. In addition, oil refining and petrochemical industry is characterized
by hazardous working conditions, explosion and fire hazard of processed products, and so on.

As mechanisation is introduced into production, the amount of hard physical labour is
reduced, the number of workers is reduced, and the productivity and safety of the work
performed is increased.

Bitumen-based polymer-bitumen compositions (PBC) with various polymer modifiers as
well as plasticisers, stabilisers and similar additives are used to improve the performance
properties of road surfaces. The incorporation of polymer additives into bitumen makes it
possible to regulate the structural and mechanical properties of the material in a targeted manner.
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PBC combines the properties of polymers (high elasticity, heat resistance, durability, frost
resistance) and bitumen. Properties and structure of polymer-bitumen compositions are mainly
determined by the type of polymer and the disperse structure of bitumen. Introduction of
plasticizer (different hydrocarbon fractions) into polymer-bitumen composition improves
plasticity and frost resistance of PBC as well as compatibility of polymer bitumen.

Among bitumen modifiers the most widely recommended are various grades of rubber,
especially butadiene-styrene rubber, and other classes and varieties of plastic and elastic
synthetic polymers. The most effective bitumen modifiers are polymeric materials, which
contain a crystalline phase. Therefore, in addition to divinyl styrene thermoplastic elastomer,
which is recommended for use in Russia, any polymeric material that contains a stereoblock-
copolymer can be used as a modifier. Naturally, the use of branded synthetic polymers even in
small quantities (in percentage relation to the whole composition) with multi-ton production
volumes, expressed in thousands of tons per year, leads to a very serious rise in price of polymer-
bitumen composition and the whole construction. In addition, most of the produced polymers (in
particular rubbers) have poor compatibility with bitumen and do not create a homogeneous
structure with it. Therefore, an intensive search is undertaken to reduce the cost of the polymer
component of PBC in the first place. Surfactants, especially nitrogen-containing cationic
surfactants, are used for purposeful adjustment of bitumen properties. Alkylamines,
dialkylamines, salts of ammonium aliphatic compounds and their mixtures are used as nitrogen-
containing additives. Substances with a complex structure containing functional groups of
nitrogen and oxygen are used.

Results.

Automation leads to improvement of key performance indicators of production
efficiency; increase in quantity, improvement in quality, reduction in production cost; increase in
labour productivity. The introduction of automatic devices ensures reduction of rejects and
waste, reduction of raw material and energy costs, reduction of capital costs for construction.
Automation of production contributes to accident-free operation of equipment, eliminates
injuries, and prevents air and water pollution by industrial waste.

The purpose of the process discussed in this article is to produce high quality road
viscosity and construction bitumen. This process is carried out under optimal conditions, so in
order to maintain these conditions, the process must be automated.

Automated control and management of the process is carried out centrally from the
control room. Selection and justification of control and regulation parameters.

Basic parameters of control and regulation are shown in Table 1.

Table 1 - Selection of control and regulation parameters

Ne | Apparatus and flow | Machine Requirement It is necessary to ensure that
parameters | Regulation
s 3 :
— —_— e} o e
o 2 82 s _Sl 85| 8o S S
ERS 3 £ > | SE|SE 58| 88
S8 |O& 8 |25 &5/ 88| 32
= 0 g S| -8 £8 2&| 9o
o C_JU o 8 o ) =G
> (55
1 | tar after temperature | 150°C | +05% |1 |- + + +
2 | heat exchangers temperature | 240°C | +05% |1 - + + +
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T-1,T-2 +0,5%
tar after P-1 temperature | 230°C |+05% |1 |- + + +
2 oxidation temperature | 250°C |+05% |1 |- + + -
column temperature | 230°C | +05% |1 - + + -
4 | separation section flow 3472 +05% |1 - + + -
kg/h
5 | oxidation unit flow 3472 +05% |1 - + + +
kg/h
6 | section flow 230 +10% 1 - + + +
nm/h
7 | dispersion section pressure 03MPa [+10% |1 - + + -
8 | tar after oxygen 5% ob 2 - + + -
content

The following parameters are regulated and monitored in the automation scheme of the
bitumen plant:

- pressure in the reaction zone of the oxidation column;

- Temperature of vacuum residue after the heat exchangers and at the outlet of the
furnace, temperature in the separation, oxidation and dispersion sections of the oxidation column

- tar flow rate after the heat exchangers and at the inlet to the column; air flow rate at the
inlet to the column;

- oxygen content in the oxidation gas at the outlet of the column.

Temperature is the most important parameter of the technological process, so compliance
with the temperature regime has an impact on product quality. Selection of optimum
temperatures in the production of vacuum residue depends on the quality of feedstock and the
expected grade of the produced bitumen. Increase of temperature in oxidation column can
worsen the quality of bitumen and accelerate coking of gas space of the column [6].

In connection with the results obtained. There were studied in detail the following
scheme of preparation of oil wastes to get from them bitumen feedstock. The oil wastes should
be dehydrated, the fraction boiling up to 3600C should be removed (which can be used as a
component of technological fuel) and the residue boiling above 3600C should be directed for
bitumen production. In order to ensure an optimum group composition, a component with
relatively high aromatics, resins and asphaltenes content should be introduced before oxidation.
The weighted tar of Arlansky oil, mixtures of Tuimazinsky and West Siberian oils, asphalt of
deasphalting of the West Siberian oil on the composition and physical-mechanical properties
satisfy to these requirements.

One of the directions of solving the problem of utilization of worn-out automobile tyres
and rubber products is their crushing with the use of the resulting rubber crumb to modify
petroleum bitumen. Rubber crumb is widely used as a component of crack filler compositions for
road construction, construction roofing and various anticorrosive mastics [16]. The properties of
polymer-bitumen compositions (PBC) are determined by the volumetric content and particle size
of the dispersed phase - polymer in bitumen matrix. In cases of small particle size, the disperse
phase has little effect on the development of irreversible deformations in the material, and when
the particle size of the disperse phase increases beyond the critical size the composition tends to
delaminate. Due to its low solubility the rubber is introduced in a finely dispersed form, which
requires additional energy expenses for its crushing. Preparation of RBCs is carried out with a
mixer, as well as with water steam or air with circulation of the mixture by the pump. It is noted
that the way of PBK preparation affects the rheological properties of the composition.
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The air flow rate in the oxidation process is varied so that the oxidation temperature is
maintained at the required level: when the temperature drops the air flow rate increases, when
the temperature rises the air flow rate decreases.

Discussion.

Based on technological conditions of continuous production of bitumen in oxidation
columns, automatic control and regulation of basic parameters is carried out in the following
sequence: vacuum residue from the park to columns K-1, K-2 is preheated in heat exchangers T-
1, T-2 (the temperature in which regulated by valves, located on the bypass line of bitumen) and
a tubular furnace P-1. The consumption of tar in P-1 in each flow is recorded in the operator's
room. The temperature of raw material in the furnace is controlled by regulating the steam
supply to the furnace. After heating in P-1, tar goes to the columns K-1, K-2, which flow rate is
regulated by the regulators. Constancy of the air flow is automatically regulated. Temperature
stability in separation zone is provided by valves, which are located on bitumen pipelines after
coolers CV-1, CV-2, and bitumen pumping out from the columns by pumps H-2, H-3.

In addition, the pressure in the separation zone, the temperature in the reaction and
dispersion zones are measured in the column. The concentration of oxygen in the oxidation
gases is recorded at the outlet of the column. After cooling in coolers CHB-1, CHB-2, bitumen
Is removed to goods tanks [7-11].

Due to high explosion and fire hazard of production, electronic equipment is selected
only in intrinsically safe version. Where possible, pneumatic devices and actuators are used [12-
15].

At fuel profile plants, it is proposed to change the sequence of vacuum distillation and
oxidation processes used in the production of bitumen. In the process of vacuum distillation,
non-selective distillation of paraffin-naphthenic and aromatic hydrocarbons from fuel oil in the
tar decreases. Further, in the process of tar oxidation, an additional decrease in the content of
aromatic hydrocarbons passing into asphaltenes occurs. Thus, during the processing of raw
materials, the already insufficient content of compounds with an aromatic structure is reduced.
With the processed sequence of these processes, the composition of the final product may be
different. Preliminary oxidation of raw materials causes the transition of aromatic hydrocarbons
into more highly boiling compounds, which do not boil off during subsequent distillation and
remain in the residue.

As a result, bitumen should contain more compounds with an aromatic structure and have
greater ductility.

Pre-oxidation carried out at high temperatures contributes to a large selection of
distillates at the stage of subsequent vacuum distillation, since the distillation raw materials are
heated by the heat of the oxidation reaction, and not by the heat of fuel combustion transmitted
through the walls of the furnace pipes, which is associated with the danger of coking.
Preliminary partial distillation of light fractions reduces the load on the vacuum-creating
equipment.

Thus, concentrated visbreaking residues as residual bitumen do not correspond to the
commercial road brands of BND, but bitumen BN 60/90 can be obtained from them, for which
low-temperature indicators are not normalized. The evidence of the positive qualities of
concentrated visbreaking residues (high extensibility) led to experiments to improve low-
temperature properties in order to obtain compounded bitumen.

Experiments were carried out on mixing concentrated visbreaking residues with factory
heavy petroleum products: tar, fuel oil, vacuum gas oil, oxidized road bitumen BND 40/60 and
BND 60/90. After the work, it was concluded that visbreaking residues from a mixture of West
Siberian and Ukhta oil were suitable for the production of road bitumen of BND grades. The
most acceptable options for their application are direct oxidation after removal of the salt
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fraction, as well as oxidation after mixing with tar. The same residues can be excessively
oxidized and then mixed with tar. If necessary, deeply oxidized visbreaking residues can be
added to conventional oxidized BND bitumen without violating the requirements of the standard.
A reasonable combination of these methods, depending on the production situation, should
ensure uninterrupted production of road bitumen of standard grades and year-round operation of
visbreaking plants.

Conclusion.

We may conclude that the optimum content of rubber crumb in bitumen feedstock is 1%
at an oxidation temperature of 2000C, which agrees well with the results of the analysis. At this
temperature two parallel processes are realised: devulcanisation of rubber with subsequent
dissolution and oxidation of tar oils into resins, providing the most favourable hydrocarbon
composition and effective thickening of the system. The presence of tar in the rubber crumb
makes the asphalt concrete more rigid. Considering that the hydrocarbon composition of bitumen
obtained by oxidation of bituminous raw material with pure rubber at 2000C is almost identical
to the composition obtained by oxidation of crumb rubber with cord at 2200C, we can say that
the polyamide fibre has almost no influence on the process of bitumen modification.

Having made this literature review, we can conclude that there are at the moment and is
under research a huge number of ways to produce bitumen. But obtaining a quality product from
low resin high paraffin oils has not been considered by anyone and needs further research. A
review of these scientific findings, developed at different times in view of the development of oil
residue processing technology, provides direction for the study of oil residues for the production
of bitumen.
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BUTYM OHAIPY INPOUECIH ABTOMATTAHIBIPY

Annarna. MyHail eHJey calachlHAAFbl MAaHBI3AB  OarbITTapAbIH  Oipi  MyHai
KaJIJIBIKTapblH BUCOPEKUHT, KOKCTEY, ac(haabTChI3AaHbIPY, OUTYM OHJIPY CUSKTHI MpOLECTepre
TapTy apKbUIBI YTHIMIBI TMaiifanany OoybInm TaObUIaabl. MyHalt OMTYMBI KOJ KYPBUIBICBIHAA,
KOJIIap/ibl, a’3poJpOMIApIbl KOHACYAE, OHEPKACINTIK *KOHE a3aMaTThIK KypbUIbICTA (ILIATHIP
aObIHAAPBIH OH/IIPY YIIiH, KapanailblM KOppO3UsUIbIK MaTepUaiaapAad KyOblpiaapsl OKIIaynay
YILiH, )Kep acTbl KOPPO3UACHIHJA) KOJAaHblIa bl. MyHall OMTYMBIHBIH Camachl *OJ TOCEMIHIH
OCpIKTITIH KaMTaMachl3 €TEeTIH aHBIKTaymbl (akrtop Oonbin Talbuiagel. byrinri TanHma
Kazakcranna xone TM/] ennepinne eHnipiieTin OutyMHblH 70%-Fa AeifiHi acCOPTUMEHTI MEH
camachl OOMBIHINA Ka3ipri HApbIK TajanTapblHa COWKeC KeIMeWJi >koHe Oyi1 OipiHIl Ke3eKTe
KOJI, KYpBUIbIC »XOHE apHailbl MakKcaTTarbl OWTyMJapfa KaTblCThl. TaOufu MyHail KOPBIHBIH
a3arobl J)KOHE OMTYM 3ayBITTAPBIHBIH KOTMIIUIITIHIE OH/IEITEH MUKI3aTTaH dKOFaphI carmaibl OUTyM
QIyIbIH KUBIHABIFBI O€puUIreH camajarbl OalJIaHBICTBIPFBINI  3aTTapAbl aly YIIiH JKaHa
MaTepuaiapabl 13eyAl KaKeT eTell. OHEepKACINTIK ayKbIMJia >KY3ere achblpbUIaThIH OUTYM
OHJIIpY TpolIeci oTe Kypaemi, Oipak Ka3ipri yakbITTa OJ )KETKLIIKTI TypAe 3epTTenreH. [lerenmMen,
OyJ1 mpornecTi MyHall JUCTIEPCTIK KYWenepiHiH (PU3UKa-XUMHSIIBIK TEXHOJIOTHUSICHI TYPFBIChIHAH
3epTTeyre Ke3kapac OHBIH OJaH 9pi MHTEHCU(HUKAIMIAHYbIHa YMITTEHYT'e€ MYMKIHAIK OepeTiH
’KaHa acmekTiepal amajbl. TyThIHY KeJIEMIHIH apTyblHa OHE MyHaill OUTYMbBIH KOJAaHY
caJlaChIHBIH KeHEIoiHe OaillaHBICTBI OFaH JKaHa ILIMKI3aT i37ley Macerneci ©3eKTi OOJIBII OTHIp.
MyHalnbI-OUTYMIBIK SKbIHBICTAPJBIH €H MEpPCHEeKTHUBAIbl KEH OpbIHAAPBIHBIH Oipi batbic
Kazakcran Oomnbin TaObLIaabl, OHAA KOPHI 152 MIH TOHHAaHBI KypaWThiH 50-IeH actam KeH
OpBIHIApPHl amblUIFad. Auaiiia OyTiHTi KYHre JediH MyHal-OMTYMIBIK >KbIHBICTApIbl OHIIPY
KOHE oylapabl  KYpBUIbICTA TaljJaliaHy OJapAblH  JKeTKUTIKCI3 OuliMI  MEH  eHJIey
TEXHOJIOTHSCHIHBIH KETUIMETCHIITIHEH alTapiIbIKTail ayKbIMFa vie OosFaH KOK. OChl yaKbITKa
NIeiH TOTBIFY MoceJeNiepiH/ie Heri3ri KeHi1 Oy-CYMBIKTBIK JKYyHeciHiH KYHiH 3epTTeyre, MyHai
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JKYMECIHIH YIIIa KOMIIOHCHTTEPIHIH Mapluasjbl KbICBIMBIH OHBIH KYpPaMblHA KOHE CHIPTKBI
KaraimapeiHa OaiiIaHBICTBI €CenTeyre ayAapbulbl. TEXHOJOTHSIBIK €CenTeyJiep YIIiH HeTi3ri
Oonbin TaObiaabl. byn skarjaiia MyHald KONKOMIIOHEHTTI MOJICKYJAIBIK €pITiHAI peTiHe
YCBIHBUIFaH, Oy-CYMBIKTBIK JKYHECiHIH MHTEp]Eiici Ka3bIK OOJIBIN CaHANIaJbl, aJl Ka3bIK OCTTIH
ycringeri Oy KbICBIMBI CYMBIK (a3amarbl KbicbiMFa TeH. COHBIMEH KaTap, OapJbIK
TEPMOAMHAMHKAJIBIK ~ JKOHE  TEXHOJIOTHSUIBIK  ecenTeyiepiae  Oy-CYMBIKTBIK  Kyiieci
TEPMOJIMHAMMKAIIBIK TYpJE KaJbllTacaasl, Oy (a3achlHBIH TIeHepanusiay IpOLECiH THICTI
Ha3ap/iaH THIC KaJIABIPa/IbL.

Tyiinai ce3mep. TexHOMOTHSUIBIK TIpoliecTepAl OacKapyablH aBTOMATTaHABIPBLUIFAH
xyrenepi (TII ABX), mynaii enney eHepkociOi, KemeHai MeXaHUKaIaHABIPY, OUTYM, MyHau
OHJICY.
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ABTOMATHU3ALUA ITPOLUECCA ITPOU3BOJACTBA BUTYMA

AnHotamusi. OZHUM U3 BaXHEWIIUX HANpaBleHUH B obOmacTu HedTenepepaboTKH
SIBIIIETCSl PAIIMOHAIIBHOE HCIIOJIB30BaHUE HE(MTSHBIX OCTATKOB ITyTEM BOBJICYCHUS WX B TaKUE
MpOIECChl, Kak BHUCOPEKHMHI, KOKCOBaHME, JAeac(hambTU3allvs, MPOU3BOJACTBO OUTYMOB.
HedrsHble OWTYMBI TPHUMEHSIOTCS B JIOPOKHOM CTPOUTENBCTBE, TPH PEMOHTE JIOPOT,
a’pOIPOMOB, B TPOMBINUICHHOM U TPaXIAHCKOM CTPOHUTENBCTBE (IJIs1 M3TOTOBIICHUS
KPOBEIIbHBIX MAaTEpPHAJIOB, ISl HW3OJSAIUH TPyOONPOBOJOB OT TPYHTOBOW KOPPO3HWH, JUIS
MPUTOTOBIICHHUS JTAKOKPACOYHBIX MarepuanoB). KauecTBo He(TAHbIX OUTYMOB CIYXKUT
OTpeACIAIOMUM  (aKTOpOM B OOECHEYCHUH JIOJTOBEYHOCTH JOPOKHBIX MOKpBITHH. Ha
cerogusiiiHuid geHb a0 70 % Bemmyckaembix B Kaszaxcrane u crpanax CHIT GutymoB He
COOTBETCTBYIOT IO ACCOPTHUMEHTY M Ka4eCTBY TPEOOBAHUSIM COBPEMEHHOTO PBIHKA, U B IEPBYIO
ouepelb ITO KacaeTcsi OUTyMOB JIOPOKHOTO, CTPOUTEIHLHOTO U CHEIUAILHOTO Ha3HAUYCHUH.

YMeHBIIICHHE TPHUPOJHBIX 3aMacoB HE(MTH W CIOKHOCTH IMOJYYCHUS KadeCTBCHHOTO
Ooutyma U3 mepepabaThiBaeMOrO ChHIpbS Ha OOJNBIIMHCTBE OUTYMHBIX YCTAaHOBOK BBI3BIBAET
HEOOXOUMOCTh TTOMCKA HOBBIX MAaTEPHAIIOB IS IMOJYYCHHS, BSDKYIIMX 3aJaHHOTO KadecTBa.
[Iportiecc mo mpou3BOACTBY OMTYMa, OCYIIECTBIISIEMBIN B IPOMBIIUICHHBIX MacIITa0ax, sBISIETCS
BEeChbMa CIJIOKHBIM, HO K HACTOSIIEMY BpPEMEHHU JIOCTATOYHO H3ydeHHBIM. OJHAKO TOIXOJ K
U3YYCHHIO DJTOTO Tpolecca C TMO3WIUH  (PU3UKO-XUMUYECKOW TEXHOJIOTUU HEe(TIHBIX
JUCTICPCHBIX CHCTEM PACKPBIBAET HOBBIC AaCIEKTHI, IIO3BOJIAIONIME HAJEATHCS HA €ro
JanbHEeHIyl0 WHTeHCHUKanuio. B cBA3M C Bo3pacraromuMu oObeMamMH MOTpeOJeHus U
pactmmpeHreM o00JacTH TpUMEHEHHS HEe(MTSIHBIX OWTYMOB OCTPO CTOUT BOIIPOC ITOMCKA
HOBBIX €TI0 CBIPBEBBIX pecypcoB. OmHUM 3 Hamboyiee MEPCIEeKTUBHBIX MECTOPOXKICHUMN
He(TEeOUTYMHBIX TOPOJ aBisitoTcss  3amagHo-Kazaxcranckue, rae oTkpeiTo — Oonee 50
MECTOpPOXACHH ¢ 3amacamu 152 muH T. OAHAKO [0 HACTOSIIETO BPEeMEHH J00bIYa
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HEPTEOUTYMHBIX TIOPOJ U HCIOJb30BAaHUE WX B  CTPOMUTEILCTBE HE  IpuoOpenu
3HAQUUTEIbHBIX MAaclmTaboB, 4YTO OOYCIOBJICHO HEJOCTATOYHOM MX HW3YyYCHHOCTHIO W
HECOBEPILICHCTBOM TEXHOJIOTMU UX mepepaboTku. [lo cux mop riaBHOE BHUMAaHHME B BOIPOCAX
OKHCIJICHUS YACISIOT U3yYCHUIO COCTOSIHMS CHCTEMBI Iap — XKUIKOCTh, pacyeTaM MapuaIbHOTO
JTABJICHUS JIETYYUX KOMIOHEHTOB HE(DTSHOW CUCTEMBI B 3aBUCUMOCTH OT €€ COCTaBa M BHEIIHUX
YCJIOBHi{, YTO SIBJISICTCS OCHOBOIOJIATAIONINM ISl TEXHOJIOTHYECKUX pacueToB. [Ipu aTom HEDTH
IPECTaBISIOT MHOTOKOMITOHEHTHBIM MOJIEKYJISIPHBIM PACTBOPOM, TPAHMILY pa3fesia  CUCTEMbI
Hap-KUJIKOCTh CUYMTAIOT IUIOCKOHM, a JaBJICHHWE IapoB HaJ IUIOCKOM MOBEPXHOCTHIO PaBHBIM
JABJICHUIO B JKUJKOH ase.

Kpome Toro, Bo Bcex TEpMOJMHAMHYECKHX U TEXHOJOTMYECKUX PacueTax CHCTEMY Iap-
KHUJIKOCTh TIPEICTABIAIOT TEPMOAMHAMUYECKUX CPOPMHPOBABIICHCS, OCTaBIsAs IPOIECC
3apO’KACHUS MapoBoi (asbl 63 JOKHOTO BHUMAHUSI.

KarueBble cioBa. ABTOMaTH3MPOBAHHBIX CHUCTEM YIPABJICHUS TEXHOJIOTUYCCKUMHU
nporeccamu  (ACY TII), nHedTenepepabaThiBarOIeld MPOMBINLICHHOCTH, KOMIUIEKCHON
MeXaHU3aluu, OUTyM, HedTenepepadoTKa.
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