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Abstract: Introduction. Bituminous sands deposits are a very rich source of energy in bitumen.
However, access to the main part of these reserves is difficult, and the conversion of bitumen into liquid,
low-sulfur products require innovative solutions, since the properties of traditional oil and bitumen are
significantly different. Methods. To obtain the necessary products from bituminous sands, it is first
necessary to separate organic part from the bituminous sands, and only then it can be further processed.
Currently, industrial bitumen production in Canada is carried out using mining technology. In this regard,
Kazakhstan needs to develop domestic technology in accordance with its West Kazakhstan conditions and
domestic demand. Results and discussion. High-temperature cracking processes of West Kazakhstan
natural bitumens in the presence of mesoporous aluminosilicate, synthetic zeolite and natural zeolite
catalysts have been studied. The catalysts lead to the formation of liquid products up to 92.2%, reducing
the number of tar-asphaltene compounds from 52.4% to 16.3%. Conclusion. Natural bitumen from the
Beke and Munaily Mola fields is classified as heavy oil and consists mainly n-alkanes, terpanes, and
steranes. A mesoporous aluminosilicate catalyst enabled efficient catalytic cracking, giving up to 89%
liquid products and increasing oil and light fraction yields. High activity is attributed to the large pore
size. Cracking destroys aliphatic and polynaphthenic structures in asphaltenes, increases aromaticity, and
reduces oxygen-containing compounds, while resins show increased aromaticity due to the breakdown of
naphthenic rings and alkyl groups.

Key words: natural bitumen, catalysts, cracking, tar-asphaltene compounds, reaction direction

Yerzhan Imanbaiuly Imanbayev PhD, Associate Professor, Leading Researcher;
E-mail: erzhan.imanbayev@gmail.com

Yerzhan Asetovich Akkazin PhD, Associate Professor, Leading Researcher;
E-mail: erzhan_akkazin@mail.ru

Yerdos Kalimullauly Ongarbayev D.Sc., Professor, Head;
E-mail: erdos.ongarbaev@kaznu.edu.kz

Yerbol Tileuberdi PhD, Associate Professor, Leading Researcher;
E-mail: er.tileuberdi@gmail.com

Ainura Kairatovna Rakhimova PhD, Leading Researcher;
E-mail: ainura_302015@mail.ru

Yernar Kanzharkan Researcher; E-mail: kanzharkanyernar@gmail.com

Citation: Imanbayev Y.l, Akkazin Y.A. Ongarbayev Y.K., Tileuberdi Y., Rakhimova A.K.,
Kanzharkhan Y. Catalytic processing of natural bitumen from bituminous sands. Chem. J. Kaz., 2026,
2(94), 81-91. DOI: https://doi.org/10.51580/2026-2.2710-1185.16

81


https://doi.org/10.51580/2026-2.2710-1185.16
https://doi.org/10.51580/2026-2.2710-1185.16

ISSN 1813-1107, elSSN 2710-1185 Ne 2, 2026

1. Introduction

Kazakhstan's oil sector occupies a leading position in the national economy.
Today, many of Kazakhstan's oil and gas fields were discovered in the 1930s and
1940s and are in the late stages of development. Most of these fields are hard-to-
recover, highly viscous oils, and over 40% are sulfur and high-sulfur. Therefore,
the oil and gas industry will have to increasingly focus on developing and
bringing heavy, highly viscous, hard-to-recover oil fields into commercial
production [1].

Direct cracking of heavy feedstocks is the simplest method technically.
However, the presence of impurities in the feedstock deactivates the catalyst,
promotes intensive coke formation, reduces process selectivity, and degrades the
quality of the products. Pre-treatment of residual feedstock increases product
yield and quality, but increases the cost of the process. Solvent-based catalytic
cracking is most often used to upgrade feedstock. Deasphalting using various
hydrocarbon solvents from Cs to Cs or their mixtures, as well as light gasolines.
Less common are thermal adsorption deasphalting processes using contacts with
large pores, a small surface area, and low activity. The deasphalted products and
distillates obtained from these processes can be used (directly or after
desulfurization) as feedstock for catalytic cracking units. These processes result in
the removal of resins and asphaltenes, fairly deep demetallization , and partial
desulfurization and denitrogenation, which significantly facilitates subsequent
processing by catalytic processes [2-5].

The conversion of heavy crude oils into synthetic crude [6] involves mild
thermal cracking of fuel oil in soaking chambers downstream of the atmospheric
column. The possibility of additionally introducing physical energy into the
visbreaking process in the form of acoustic cavitation is indicated. The developed
technology enables the production of up to 70% synthetic crude, with a 20%
increase in gasoline fractions and a 17% increase in diesel fractions compared to
the original crude, and approximately 30% residue. The residual product after the
thermal polycondensation unit has a density of 990-1000 kg/m® and, in quality,
corresponds to the most liquid grades of road bitumen.

A variant of processing natural bitumen, called Donor Refined Bitumen [7],
where the distillate fractions are first distilled from the bitumen, and the residue
with a boiling point above 500°C is mixed with a hydrogen donor solvent. The
latter is the circulating product of the process, which is pre- hydrogenated to
restore the donor capacity. Hydrocracking of the mixture is carried out at a
temperature of 410-460°C and a pressure of 3.5-5.5 MPa, with the degree of
conversion reaching 70%. By mixing the final product with light fractions of
bitumen, synthetic oil is obtained, which does not contain residual fractions.
However, the use of hydrocracking as the main process for processing natural
bitumen requires higher hydrogen consumption and the involvement of significant
resources of natural gas or other hydrocarbon feedstock for its production.

Currently, global experience is based on approximately 20 processes for
upgrading natural bitumen, deposits of which are at various stages of
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development [8-10]. However, if we consider projects that have reached the
industrial level, it is necessary to note that technologies traditionally used for
processing heavy residues are being employed: coking, hydrogenation, and
deasphalting. There is an ongoing debate regarding the optimal method for
increasing the hydrogen:carbon ratio. Many researchers believe that delayed
coking offers potential. The advantage of this process is the absence of hydrogen
production, which significantly reduces capital investment. However, the low
quality of the products in terms of sulfur and unsaturated hydrocarbon content, as
well as problems with the use of low-grade coal, are increasingly limiting the use
of this technology.

Natural bitumens and heavy oils are characterized by high contents of metals,
N, S, and O, which create difficulties during oil refining. Concentrations of
heteroatom-containing compounds in oil may be relatively low, but their impact
during oil refining can be significant. The presence of these compounds in the
catalytic system creates significant process limitations, causing catalytic
poisoning and catalyst deactivation [11, 12]. In finished products, heteroatom-
containing compounds can also cause problems, including instability during
storage and discoloration. Therefore, studying the composition of high-molecular
heteroorganic compounds in oil is very important.

A literature review reveals that natural bitumen from oil-bituminous rocks is
an important source of hydrocarbon feedstock, and interest in it is growing
annually. However, its use as a feedstock requires efficient extraction of bitumen
from -bituminous sands, study of the physicochemical composition and
properties, and development of processing processes. Extraction of natural
bitumen from bituminous sands is dependent on the chemical composition and
nature of the natural bitumen, its resin, asphaltene, and heteroatom content.
Therefore, important objectives of this study include extracting natural bitumen
from bituminous sands and studying the changes in high-molecular compounds
during thermal processing of natural bitumen using catalytic additives. Thus, it
follows from the above that cracking natural bitumen produces synthetic crude oil
whose characteristics (density, viscosity, molecular weight and others) exceed
those of conventional crude oils, and its processing using a conventional process
flowsheet can yield a wide range of hydrocarbon components.

2. Experimental part

A distinctive feature of Kazakhstan's bituminous deposits is the outcrop of
bituminous sands at the surface. In these reactivated deposits, in zones of active
water exchange, light fractions have been lost, and the residual petroleum
components have been exposed to various supergene factors, which have led to a
heavier composition and the formation of slow-moving extra-heavy oils and solid
bitumens. Bitumen deposits occur in the form of small lenses and interlayers.
Visual analysis of a sample of bituminous sands reveals a rich black color with a
bitumen sheen. All rock grains are coated and glued together by viscous bitumen.
At a temperature of 20°C, the bituminous sands are difficult to separate into

83



ISSN 1813-1107, elSSN 2710-1185 Ne 2, 2026

individual pieces. When the temperature rises to 50-60°C, due to the decrease in
bitumen viscosity, the sands is easily crushed with a spatula and forms a mastic-
like mass. The organic part of the bituminous sands was extracted by solvent. The
solvent extraction method allows to determine the exact amount of organic matter
in bituminous sands and facilitates the complete extraction of the organic part.
Extraction of natural bitumen from bituminous sands was carried out with
chloroform.

Table 1 - Physical-chemical characteristics of natural bitumens

Indicator Bituminous sand depos_it
Beke Munaily Mola

Content in bituminous sands, wt. % 10-12 16-25
Density, g/cm?® 0.99 0.99
Total sulfur content, % 1.5 14
Ash content, % 0.4 0.5
Coking ability, % 30 35
Viscosity at 80°C, cSt 21 26
Softening temperature, °C 20 41
Pour point, °C 18 16
Content of mechanical impurities, wt. % 0.08 0.11

Table 1 present physical and chemical characteristics of natural bitumens
from two bituminous sands. Natural bitumen extracted from the Beke deposit is
characterized by the following indicators: density 0.99 g/cm?; freezing point
+18°C; degree of coking 30%; ash content 0.4%; softening point +20°C. The
content of natural bitumen in the sands of the Munaily Mola deposit ranges from
16 to 25% and is characterized by high values of density, viscosity, and degree of
coking. Extra-heavy oils also have these characteristics.

Methodology for thermal cracking of natural bitumen

Thermal catalytic cracking of natural bitumen was conducted in a steady-
state mode in 12-ml autoclave reactors. The bitumen mass loaded into the reactor
was 7 g. The experiments were conducted in air, which does not significantly
change the composition of the resulting products due to the small volume, at a
temperature of 450°C for 60 minutes. During the experiment, the mass of the
reactor without a sample and the mass of the reactor with a sample, prepared for
the experiment, were recorded. After the heat treatment of natural bitumen, the
yield of gaseous products was determined by the mass loss of the reactor with a
sample after removing the gas products from the reactor. After collecting the
liquid products, the reactor was washed with chloroform and weighed. The
resulting difference between the mass of the reactor before and after the
experiment was defined as coke.

Table 2 presents the characteristics of the mesoporous aluminosilicate (MP),
zeolite in active hydrogen form (HY), as well as natural zeolite (NZ) catalysis.
The zeolite catalyst (HY) has a high specific surface area of 874 m?/g with a small
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pore size (7.4 nm). In [12], it was shown that this catalyst increases the depth of
destruction of the resinous components of heavy oil with the production of low-
boiling fractions. The MP catalyst has a lower specific surface area (600 m?/g),
but its pore size is almost 7 times higher and is 50 nm. MP was used based on the
assumption that it is the large pore size that will increase the depth of destruction
of resins and asphaltenes without developing a coke deposition reaction. Zeolite
heulandite-clinoptilolite from the Tayzhuzgen deposit (East Kazakhstan region,
Tarbagatai district), activated by acid treatment and calcination, was used as a
natural catalyst.

Table 2 - Characteristics of natural bitumen cracking catalysts

. Specific surface area, Silicate Concentration of
Catalyst Pore size, nm 2 S
m?/g module acid sites, umol/g
MP 50 600 20
HY 7.4 874 4.9 929
NZ 10.4 7.2

Methodology for determining the material composition of liquid products

The organic matter composition was determined using a traditional approach:
first, the asphaltene content of the sample was determined using the "cold" Golde
method. The resin concentration in the resulting maltenes was then determined by
adsorption. The analyzed product was applied to activated silica gel, the mixture
was placed in a Soxhlet extractor, and the hydrocarbon components (oils) were
sequentially eluted with n-hexane and the resins with an ethanol-benzene mixture
(method 1217-2005, Institute of Petroleum Chemistry).

3. Results and discussion

Thermal degradation processes for heavy hydrocarbon feedstocks can
increase the yield of low-boiling liquid products, forming coke and gas as
byproducts. Cracking processes in the presence of various catalysts are of
particular interest. Thermal cracking of natural bitumen produces liquid products
and coke, along with a small amount of gas (Table 3). The yield of liquid cracking
products from Munaily Mola bitumen was 6% higher than from Beke bitumen,
while the yield of coke was lower 4.7%. Thermal processing increases the oil
content, while the total amount of high-molecular-weight components in the
bitumen decreases. This is likely due to increased coke formation and the
breakdown of resinous components, resulting in lighter products. The data
obtained indicate that the high-molecular-weight components of Munaily Mola
bitumen are more readily cracked than those of Beke bitumen.

The most probable mechanism of catalytic cracking of hydrocarbons is
considered to be the carbonium ion mechanism:

Catalyst + Bitumen — Coke/Catalyst + Liquid Product + Gas

Coke/catalyst + 20, — Catalyst + 2CO + CO- (regeneration)
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Table 3 - Material balance of the process of thermal catalytic cracking of bitumen

Content, wt . %
Process —
Gas Coke Liquid products
Natural bitumen from the Beke deposit
Natural bitumen 0 0 100.0
Cracking 1.4 30.9 67.7
Cracking with mesoporous cat. 2.2 8.8 89.0
Cracking with synthetic zeolite 27 7.7 89.6
Cracking with natural zeolite 1.0 19.1 79.9
Natural bitumen from the Munaily Mola deposit

Original bitumen 0 0 100.0
Cracking 0.2 26.2 73.6
Cracking with mesoporous cat. 14 7.4 91.2
Cracking with synthetic zeolite 1.6 6.2 92.2
Cracking with natural zeolite 1.2 134 85.4

Catalytic cracking of bitumen with a mesoporous catalyst reduces coke yield
by 3.5 times for both types of bitumen. For Beke bitumen, the yield of gaseous
products increases from 1.4% to 2.2%, while for Munaily Mola bitumen, the gas
content increases sevenfold to 1.4% by weight. Oil content increases by more
than 1.5 times compared to the initial content. This increase is due to the
extensive degradation of resins, the amount of which in the cracking products
decreases by more than fourfold.

The use of a synthetic zeolite (HY) catalyst also significantly slows down
coke formation, with the yield of solid cracking products being 1% lower by
weight compared to bitumen cracking with an MP catalyst. This catalyst allows
for the significant destruction of high-molecular components of bitumen (more
than 51% relative), but their content in liquid cracking products is higher than in
experiments using an MP catalyst.

A natural zeolite catalyst is a catalytic additive for thermal cracking and
hydrogenolysis of heavy hydrocarbons. Natural zeolite prevents secondary
polymerization of the resulting low-molecular-weight fragments, is resistant to
sulfur poisoning, and is capable of binding nitrogen and sulfur from the products.
It is also inert to the mineral component of bituminous sands and the metals
present in bitumen. At the same time, the coke and gas yields of both fields
decreased by 12.2% and 11.6%, respectively, at the Beke and Munaily Mola
fields, compared to thermal cracking.
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Table 4 - Group composition of products of thermal catalytic cracking of natural bitumen

Content, wt. %
Process - -
Oils Resins Asphaltenes
Natural bitumen from the Beke deposit
Natural bitumen 49.2 44.9 59
Cracking 61.3 28.3 104
Cracking with mesoporous cat. 77.2 13.7 9.1
Cracking with synthetic zeolite 72.8 16.8 104
Cracking with natural zeolite 77.0 144 8.6
Natural bitumen from the Munayily Mola deposit

Natural bitumen 47.6 46.4 6.0
Cracking 83.6 134 3.0
Cracking with mesoporous cat. 79.7 111 9.2
Cracking with synthetic zeolite 75.8 13.2 11.0
Cracking with natural zeolite 61.5 27.3 11.2

Table 4 presents the results of an analysis of the component composition of
the products of cracking of natural bitumen. The natural zeolite catalyst affected
the material composition of natural bitumen from the Beke field, with the oil
content reaching 77% and the resin content decreasing by 14.4%. For natural
bitumen from the Munaily Mola field, the yield of high-molecular components
was 22.1% higher than with cracking. The data obtained show that the total
content of resinous-asphaltene components in the cracking products of Munaily
Mola bitumen changes (compared to the composition of the initial bitumen), with
the asphaltene content decreasing by 50% and the resin content by 29%.
However, when processing Munaily Mola bitumen with a mesoporous catalysis,
despite a significant increase in the yield of liquid cracking products and their oil
content, an increase in the asphaltene component content is observed. Moreover,
the oil content in the liquid cracking products of Munaily Mola bitumen is 2%
higher than that of the Beke bitumen. Cracking with synthetic zeolite led to
increasing the resin and asphaltene content 22% for Munaily Mola bitumen and
27% for Beke bitumen. The resin content with the natural zeolite decreased by
30% for Beke bitumen compared to the composition of the initial bitumen, and
the asphaltene content increased by 2%. Munaily Mola bitumen led to increasing
the oil content 14% compared to the composition of the initial bitumen.

Thus, it has been established that the use of catalysts for these objects in the
cracking process increases the destruction of high-molecular-weight components
(up to 50% relative). The use of mesoporous and zeolite catalysts significantly
enhances the cracking process. The presence of a mesoporous structure in the
synthesized aluminosilicate ensures the accessibility of its active sites located in
the bulk to large molecules of petroleum feedstock (resins and asphaltenes),
where they undergo destruction. Metal particles promote disproportionation and
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redistribution of hydrogen from high-molecular-weight compounds to
components of gasoline and diesel fractions, thereby inhibiting coke formation.

Natural _ Cracking

bitumen ——» Asphaltenes + Maltenes + Gases
R A
_g _ Cyclization of alkyl chains
© 2 =
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Condensation of aromatic rings

Figure 1 - Scheme of reactions of catalytic cracking of natural bitumen

Cracking at 450°C causes chemical structural changes, resulting in the
formation of asphaltenes, coke, maltenes, and a small amount of gas (Figure 1).
Asphaltenes in bitumen form coke, resins, and gaseous products. Coke formation
occurs through dealkylation of the long aliphatic side chains of asphaltenes. The
resulting strong asphaltenes, in the presence of a catalyst, form low-molecular-
weight maltenes. Gaseous cracking products are then formed from the low-
molecular-weight maltenes and more stable asphaltenes. Maltenes are converted
at high temperatures via two reaction pathways: alkyl chain cyclization and
cracking. Alkyl chain cyclization leads to the formation of an intermediate
product a naphthenic ring. Naphthenic hydrocarbons then form more stable
products through aromatization and dehydrogenation. As the concentration of
low-molecular-weight maltenes in the system increases, the following reactions
occur: radical combination (polymerization) and condensation of aromatic rings.
All these reactions lead to the formation of more stable asphaltenes and then coke.
Thus, thermal processing of bitumen involves primary and secondary reactions.
Primary reactions during thermal cracking of bitumen mainly proceed in three
directions: stable asphaltenes (coke), maltenes, and gases. Strong asphaltenes and
maltenes can also undergo secondary reactions, such as dealkylation of aliphatic
side chains, cyclization of alkyl chains, recombination of ring radicals or
polymerization, dehydrogenation and aromatization of naphthenic rings, and
condensation of aromatic rings.
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4. Conclusion

The group and detailed physical-chemical composition of natural bitumen
from the Beke and Munayly Mola fields shows that both hydrocarbons are heavy
oils and the composition of the oils is represented by n-C,,-Cys -alkanes, aromatic
hydrocarbons such as terpanes (pentacyclanes), steranes (tetracyclanes).

A mesoporous aluminosilicate catalyst was proposed for the catalytic
cracking of natural bitumen from the Beke and Munaily Mola deposits. This
catalyst resulted in liquid products with an 89% yield and increased oil content
(77%) and light fractions. The high activity of the mesoporous catalyst is due to
the large pore size (50 nm).

As a result of cracking, aliphatic and polynaphthenic structures in the
asphaltene structure are destroyed, aromaticity increases, and the number of
oxygen-containing structures decreases. In the resin structure, the aromaticity
factor increases with the destruction of naphthenic rings and alkyl substituents.
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MYHAUBUTYM/bI ’KbIHBICTAPJAFbI TABUFU BUTYM/IAP/IbI
KATAJIMTUKAJIBIK OHJEY

E.HU. HUmanoaes, E.O. Axkasun, E.K. Onzapoaes, E. Tineyoepoi, A.K. Paxumosa, E. Kanscapran
Kany npobnemanapvr uncmumymesi, Anmamet, Kazaxcman

Tyiiinaeme. Kipicne. MyHallOUTYM/IbI JKBIHBICTAp KEHOPBIHAAPH!I OMTYMFa oTe Oail sHeprust ke3i 00JIbII
TaObuIagsl. JlerenMeH, Oyl KOpJiapAblH HeTisri OejiriHe KOJ JKeTKi3y KWBIH, al OUTyMIbl CYHBIK, a3
KYKIPTTi eHimMziepre aifHaIABIpy WHHOBAUMSUIBIK LICIIIMICPIl KaXeT eTeli, ce0edl macTypii MyHail MeH
OWTYMHBIH KacHeTTepi aWTapibIKTail epekiiencHeai. Odicmep. MyHaWOUTYMIbI KBIHBICTAH KaXXETTi
OHIMJIep/li ally YIUiH albIMEH OMTYM[bI JKbIHBICTAaH OHbI OeJIill aly Kepek, coJaH KeWiH FaHa OHbI dpi
Kapaii enzeyre Oonanpl. Kasipri yaxpirra Kanamama eHepkacinTik OMTYM eHZipici Tay-KeH
TEXHOJIOTHSACHIH KOJIZIaHY apKbUIbI 3Ky3ere aceipputazbl. OcbiFaH opait, Kasakcran e3iniH bateic
Kazakcran >xaralibiHa JKoHe 1IIKi CypaHbICKa caif OTaHABIK TEXHOJIOTUSHBI IaMBITY Kepek. Homuoicenep
oicone mankwinay. barsic Kazakcran Tabury OMTYMIApbIHBIH ME30KEYEKTI allFOMOCHIINKAT, CHHTETHUKAJIBIK
LEOJTUT JKOHE TAOUFHM LICONUT KaTalM3aTOpJIaphl KaTHICHIHAA JKOFAphl TEMIIEpaTypa KPEeKHHI HpoLecTepi
seprrenai. Karanuzatopiap 92,2 % neiiin cyiblK eHIMAEp TY3UIyiHE OKelei, MIalbIpibl-achanbTeH I
KOCBUIBICTapIbIH MeuiepiH 52,4 %-nan 16,3 % neitin temennereni. Kopvimoinovl. beke xone MyHaitnsl
Moia KeH OpbIHaPEIHBIH TAOUFH OMTyMIAphl ayblp MYHaiira )KaTaJ(bl koHE HETi3iHEH H-alKaHNapbIHAH,
TepmaHgap MeH CTepaHaapiaH Typaabl. Me30oKeyeKTi alOMOCHIMKATTBl KaTalu3aTOpAbl KOJJaHy
KaTaIUTAKAIBIK KPEKUHITIH THIMIUIITIH apTTBIPBIN, CYHBIK OHIMJAEpIiH WIBIFBIMBIH 89%-Fa neifin
JKETKI3/ KOHe >KeHUT (pakuusiap yiecin kebelTri. KaranuzaTopaslH jxorapbl OenceHainiri ipi keyek
emmeMimMeH Tycinaipineni. Kpexunr notmkecinze acdamprenaepaeri amudarTsl kKoHE MOIMHA(TEHII
KYpbUIBIMIAp Oy3bUIBIN, ApOMATTBUIBIK apTajpbl, ajl OTTEKKYpaMabl KOCBUIBICTAp CaHbI a3asiibl;
maifbIpyiap/ia apoMaTThIIbIK HAQTEH caKMHAIaphl MEH aJIKHJI TONTapbIHBIH bIAbIpaybl €ceOiHEeH oceli.

Tyiiinai ce3nep: Taburu OHTYM, Karaau3aTopiiap, KpPEKHHT, IIaWbIpibl-achaibTeHal KOCHUIbICTAp,
peakuusiiap OarbIThI
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KATAJITMTUYECKASA IEPEPABOTKA IPUPOJHBIX BUTYMOB
HE®TEBUTYMHUHO3HBIX IOPO/|

E.HU. Umanoaes, E.A. Akkazun, E.K. Onzapéoaes, E. Tuneyoepou, A.K. Paxumosa, E. Kanxcapkan
Hnemumym npobaem copenus, Aimamot, Kazaxcman

Pe3tome. Bsedenue. Burtymbl B 3anexax OMTYMHHO3HBIX NMECYAHUKOB IMOTCHLHUAIBHO IPEICTABISIOT
co0o0if oueHb OOraThlii MCTOYHHK SHEpruu. BmecTe ¢ TeM, JOCTYyn K OCHOBHOM 4YacTH ITHUX 3aIlacoB
3aTpylHEH, W JUIsl TOpeBpallleHuss OUTYMOB B JKHAKHE MAJIOCEPHHCThIE MPOIYKTHI IOTPEOYOTCS
HECTaH/IapTHBIC PEICHHUS, TaK KAaK CBOWCTBAa OOBIYHON He(TH M OMTYMOB CYIIECCTBEHHO Pa3IMYalOTCS.
Memoowr. [Inst nonydeHus 1eNeBbIX MPOIYKTOB U3 He(DTEOUTYMHUHO3HOM MOPOJBI CHavYana HeOOXOIMMO
OCYLIECTBUTH U3BJICYCHHE OUTYMOB U3 MOPObI, U TOJIBKO HOCIE STOT0 MOXKHO Jaliblle nepepadaThIBaTh.
B mHacrtosimiee Bpemsi TOpoOMBbIIUICHHas Jo0bida OutymoB B Kanajme BemeTcs ¢ mpUMEHEHHEM
TOPHOTEXHHYECKUX MeTOoB. B cBsi3um ¢ stum Kazaxcrany HeoOXoJUMO pa3BHBAaTh OTEUECTBCHHBIC
TEXHOJOTWH, aJaNTHpOBaHHBIE K yClIoBHAM 3amagHoro KaszaxcraHa ©  BHYTpPEHHEMY CIPOCY.
Pesyromamur 1 0bcyswcoenue. Bpuin  MCCIENOBaHbl MPOLECCHl  BBHICOKOTEMIIEPATYPHOTO KPEKUHIa
MpUPOAHBIX OuTyMOB 3amaaHoro KaszaxcraHa B IMPUCYTCTBHH ME30IMOPHCTOrO aJFOMOCHUIMKATHOTO,
CHHTETHYECKOTO IIEOJIUTHOTO M MPUPOJHOTO IICOJMTHOTO KaTauu3aTtopoB. IIpuMeHeHne KaTaau3aTopoB
00ecnedynio BIXO KHIKHX MPOAYKTOB 10 92,2 % M CHIKEHHE COJSPIKaHUsSI CMOJINCTO-ac(haabTeHOBBIX
coeaunennit ¢ 52,4 % mo 16,3 %. 3axnmouenue. TpynnoBoi U neTanbHbI (U3NKO-XUMHUYECKHI aHAIN3
1oKa3aj, YTO MpPUPOJHBIE OUTYMBI MecTopokaeHHi beke m MyHaiinsl Mona OTHOCATCS K TSDKEIBIM
He(TAM M COJACp)KaT H-aJIKaHBL, a TAK)XKE€ apOMaTHYECKHe yTJICBOAOPOBI (TepHaHsl U crepansl). it ux
KAaTAIUTUYECKOTO  KPEKMHTa  MPE/UIOKEH  ME30HOPHUCTBIA  aJIOMOCHJIMKATHBIA  KaTanu3arop,
o0ecreunBaroOIINiA BBIXO/ KUIKUX MPOAYKTOB 10 89% u moBbleHne noiu HedTsHO# daser g0 77% 3a
CYeT YBeJNMYeHHs JIeTKuX (pakumit. Beicokas axkTHBHOCTH KaTaim3aropa OOYCIIOBIIEHAa KpPYITHBIM
pa3mepom 1op. B pesyibrarte KpekHHra paspymarTcs anudaTHueckue W MOMHHA(QTEHOBBIC CTPYKTYPBI
acanpTeHOB, BO3pAaCTAaeT apOMAaTHYHOCTh M  CHIDKACTCS COZCPKAaHUE  KHUCIOPOJICOICPIKAIINX
COCJIMHEHHH; B CMOJIaX YBEIMYMBACTCS apOMATHYHOCTh 3a CYET pa3pylIeHUs HAPTEHOBBIX KOJIEI U
AJIKWJIBHBIX 3aMECTHTEICH.

KiioueBsble ciioBa: IPUPOAHBINA OHTYM, KaTalH3aTOP, KPEKUHT, CMOJIHMCTO-aC()aabTEHOBBIC KOMIIOHEHTHI,
HalpaBJICHUE PEaKIHH.
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