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research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bBacpengakrtoph
3. . 1., mpodeccop, KP ¥FA akagemuri
N.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pengakxnous ankacs

AbaxanoB T./. mpod. (Kazakctan)

Abumesa 3.C. pod., akagemuk (Kazakcran)
Ara6exoB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaikan)
Bakupor A.B. npod., (KsipreicTan)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpoo., akanemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anuer U.H. poo., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

Ken:xkanues B.K. npod. (Kazakcran)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Peceit)
KypckeeB A.K. mpod., akanemuk (KazakcTtan)
KypuaBoB A.M. nipod., (Peceit)

Meney A.P. mpod., akagemuk (Kazakcran)
MyxamenaxanoB M.A. ipod., kopp.-mymieci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noes C.M. npod., akagemuk (Kazakcran)
MocToaaruii B. mpod., akangemuk (MomoBa)
Pakunmes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. ipo@., kopp.-myteci (KasakcTaH)
CeiitmypaToBa I.10. npod., kopp.-myuieci (Kazakcran)
Crenanen B.I'. npod., (I'epmanms)

Xampepu Jx.J1. npod. (AKILI)

Teiinep M. npod. (I'epmanmst)

«KP ¥T' A Xa6apaapbl. ['eos1orust MeH TEXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Memnmrikrenymi: «Ka3akctan PecyOnuikachiHbH ¥ ATTHIK FRUIBIM akagemrisicby PKb (Anmartsl K. ).

Kazakcran pecryOnvKachiHBIH MoJIeHHET IeH akfapar MHHHUCTPIINiHIH AKHapaT jKOHE MyparaT KOMHUTETIHZE
30.04.2010 k. 6epinren Ne10892-2K mep3imik 6acbUIBIM TipKeyiHEe KOWBLTY Typalibl KYJIiK.

Mep3imuiniri: ®buibiHa 6 per.
Tupaxsr: 300 naHa.

Penaxiusaneig mekerkaiipl: 050010, Anmats K., [lleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical .kz

© Kazakcran PecrryOnukachiHbIH YITTHIK FBUIBIM akaeMusichbl, 2018

Penaxmmsaein  Kazakcran, 050010, Anmarsr K., Kaban6aii 6ateipa kerr., 69a.
mekemkaiiel: K. W. CorOaeB aTeIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

TumnorpadususlH MekeHkaibl: «ApyHa» XK, Anmarsr k., Mypat6aesa kemr., 75.

— 3 —



I'maBHBIH penakToOp
I. 3. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO PEAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHH. HAYK
PenakuuoHHas KONIETr U

AbaxanoB T./l. npod. (Kazaxcran)

Abumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (AzepOaiimkan)
Bakupor A.B. pod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bumum6aes B.K. npod., akanemuk (Kazaxcran)
BykrykoB H.C. mpog., akanemuk (Kazaxcrtan)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. npoo., akanemuk (TamkuKuCcTaH)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

Ken:kanues B.K. npod. (KazaxcTan)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Poccus)
Kypckee A.K. npod., akanemux (Kazaxcran)
KypuaBoB A.M. nipod., (Poccust)

Meaey A.P. npod., akagemuk (Kazaxcran)
MyxamenaxanoB M.A. ipod., ui.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3noeB C.M. nipod., akagemuk (Kazaxcran)
MocToaaruii B. mpod., akagemuk (MomnaoBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CentoB H.C. mpo@., wr.-kopp. (Kazaxcran)
CeiitmypaToBa 2.10. npod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanms)

Xampepu JIx.J1. npod. (CLIA)

Mreiinep M. npod. (I'epmanmst)

«H3BecTusi HAH PK. Cepusi reosioruu 1 TeXHU4ECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemus Hayk PecryOmwmkum
Kazaxcran (r. AnMatsr)

CBHUIETENBCTBO O NIOCTAHOBKE Ha yd4eT IIEPUOANYECKOro IedaTHoro u3fanus B Komurere mHGOpMaLUK U apXUBOB
MunucrepcTBa KyabTypsl 1 uHopmanun Pecriyonnku Kazaxcran Nel0892-K, Boinannoe 30.04.2010 r.

[TepuoguvaHOCTH: 6 pa3 B TO1
Tupax: 300 sx3eMIUTSIPOB

Anpec pegakuuu: 050010, r. Anmarsl, yi. Llleuenko, 28, xom. 219, 220, Ttem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecny6mmkn Kazaxcran, 2018

Anpec pegakunn:  Kazaxctan, 050010, r. Anmarter, yin. Ka6an0Oait 6aTeipa, 69a.
Wuctutyt reonorndeckux Hayk um. K. M. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kenzhaliyev B.K. prof. (Kazakhstan)
Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 430 (2018), 46 — 50

UDC 541.128

K. M. Lakhanova', B. Sh. Kedelbaev?, Zh. B. Makhatov?,
P. Lieberzeit’, B. S. Begaliev', G. A. Rysbayeva’, Zh. K. Ibraimova’

'Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan,
M. Auezov South Kazakhstan state university, Shymkent, Kazakhstan,
3University of Vienna, Vienna, Austria.

E-mail: kedelbaev@yandex.ru, mjasik92@mail.ru

DEVELOPMENT OF TECHNOLOGY
FOR PRODUCING SORBITOL
FROM WHEAT STRAW CELLULOSE

Abstract. The aim of the work is to develop an enzymatic technology for processing wheat straw cellulose for
the production of sorbitol by means of hydrolytic hydrogenation based on the use of a hybrid process.

Enzymatic hydrolytic hydrolysis and hydrogenation of wheat straw cellulose research have been carried out and
optimal process parameters have been developed. As a result, a combined (hybrid) hydrolysis-hydrogenation process
for production of sorbitol have been implemented. In this process, enzymes have been developed and tested for their
activity. The influence of the process time, the temperature of the test and the pH on the conversion of cellulose and
selectivity for sorbitol have been studied.

The developed technology will allow us to improve the traditional processes in terms of eliminating the nu-
merous stages of purification and isolation of intermediate products. It enables the realization of a single-reactor
combined (hybrid) process for the production of such a valuable chemical as sorbitol.

Key words: cellulose, wheat straw, hydrolysis, hydrogenation, polysaccharides, hydrolytic hydrogenation,
glucose, sorbitol, enzyme.

Introduction. The growing interest in the use of carbohydrate-containing agricultural plant waste,
rich in polysaccharides, determines the search for optimal methods for its processing [1, 2].The main
criterion for processing these wastes is their cost, volume, availability and localization, as well as their
chemical composition and technological properties. At the same time, the possibilities of using directly
microorganisms, enzyme complexes, chemical hydrolyzing agents for effective conversion of non-food
raw materials into digestible sugars [3].

The main factor restraining the processing of polysaccharides of wheat straw is the low profitability
of these industries, due to shortcomings in the preparation of raw materials, highly energy inputs and low
yield of the target product. This problem can be overcome when solving the problem of maximizing the
use of raw materials.

At present, there are no such industries in the Republic of Kazakhstan, which makes it difficult to
solve the problems of determining the prospects for introducing the scientific results obtained into
production. Therefore, the development of an acceptable technology for the depolymerization of carbo-
hydrate-containing plant raw materials is an extremely urgent task. Modern technologies for processing
cellulose-containing raw materials are extremely diverse. They differ in the type of feedstock, processing
processes, end products, and, therefore, are specific for use in different economic and regional conditions.
Direct combustion is the most widely used method of processing biomass (wood and wood waste, urban
solid waste, straw, etc.). It should be noted that even well-known technologies for the use of cellulosic raw
materials are being improved. The authors of [7-20] investigated the process of joint hydrolysis and
hydrogenation of cellulose.
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According to the statistical data of the Ministry of Agriculture of the Republic of Kazakhstan, wheat
is the leader among crops in terms of yield. Despite the fact that to date a number of measures developed
and implemented for the processing and utilization of wheat straw, most of them are unclaimed. In most
cases, it is used for feeding cattle and as litter to animals, the rest of it is plowed into the ground or burned
in the fields. Thus, this waste is a large-capacity, affordable and promising secondary agricultural pro-
duction resources in the Republic of Kazakhstan. The development of an integrated technology for the
processing of wheat straw to produce sorbitol will not only improve the ecological situation, but also will
provide raw materials and additional products for the industry.

Thus, the analysis of the literature showed that a significant increase in the number of scientific
publications devoted to the one-stage processing of biomass components, especially polysaccharides over
the last ten years, indicates the high relevance of the problem of its transformation into valuable chemical
substances.

The goal of this work is to develop a technology for enzymatic hydrolytic hydrogenation of wheat
straw pulp, in order to obtain sorbitol necessary for the food, pharmaceutical and chemical industries.

The development of such an efficient technology for processing wheat straw, with the possibility of
obtaining sorbitol, is an extremely urgent task.

Materials and methods. In the present work, studied wheat straw, which formed as waste in the
agricultural sector of the Republic of Kazakhstan. Previously investigated plant raw materials crushed and
sorted. For chemical analyzes, raw materials were used,were fractionated through a sieve with a particle
size of 2-3 mm.

The ash contents determined by burning the sample of raw materials followed by calcination in a
muffle furnace at a temperature of 600°C, the content of easily and hardly hydrolysable polysaccharides
determined by the method of Kiesel and Semiganovsky, lignin determined by the Koenig method in the
Komarov modification using 72% sulfuric acid, pentosans - determined on the content of pentoses in
hydrolysates of easily and hardly hydrolysable polysaccharides.

The analysis of the sugars carried out by the method of Bertrand and Maken-Shoorl, individual sugars
were determined on a liquid chromatograph HPLC; ShimadzuLC10-ATVP, Differential Digital Detector
TEST-900, Luna Column Investigation of the process of enzymatic hydrolytic hydrogenation of wheat
straw in the presence of a complex enzyme preparations.

In this case, enzymatic hydrolytic hydrolysis and hydrogenation of each wheat straw cellulose sample
carried out in an aqueous medium (the active acidity regulated with phosphoric acid and was within the
range of 4.8-4.9 pH units).

The substrate concentration in all the experiments was 45.0 g/l. As catalysts, a composition of en-
zyme preparations used, introduced in an amount of 0.03 g of enzyme per gram of substrate at the start of
fermentation. To carry out the hydrogenation-hydrolysis process, the amount of wheat straw, enzymes,
phosphoric acid weighed accurately on the analytical scales and the necessary amount of water placed in
the fermenter. After a specified period of time, the process was terminated and analyzes were carried out
for the content of sugar alcohols and the degree of conversion of cellulose was determined by means of
liquid chromatography.

Results and discussion. Studies of the processes of enzymatic hydrolytic hydrogenation of wheat
straw cellulose in the presence of complex enzymes carried out. Dependences of the rate of enzymatic
hydrolytic hydrolysis and hydrogenation of wheat straw cellulose on the process time showed in table 1.

Table 1 — Dependence of the rate of enzymatic hydrolytic hydrolysis and hydrogenation of wheat straw cellulose
on the time of the process

# T, Conversion Selectivity Selectivity Total output, Selectivity
min degree, % on sorbitol, % on mannitol, % % on glucose

1 80 32.0 1.9 1.0 214 19.1

2 160 37.1 29 1.4 335 21.8

3 240 54.0 3.6 1.8 46.1 35.0

4 320 45.7 3.0 1.6 40.0 333

5 400 44.6 23 1.3 36.7 31.1
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Table 1 shows the experimental data on the study of the regularities of the change in the rate of en-
zymatic hydrolytic hydrolysis and the hydrogenation of wheat straw from the time of the reaction. The
reaction time varied from 80 to 400 minutes. The optimal time for the process of catalytic conversion of
wheat straw in the conditions chosen by us is 240 minutes. Before this moment of reaction, the conversion
of wheat straw gradually increases, and after this index its values are within the margin of error. The same
pattern observed with the selectivity index for sorbitol. However, the selectivity for sorbitol and mannitol
is much lower than in chemical hydrolytic hydrolysis and hydrogenation. This explained by the prevalence
of the rate of the hydrolysis reaction over the rate of the hydrogenation reaction. This evidenced by the
high values of the selectivity on glucose (from 19.1 to 35.0%).

When studying the effect of the temperature of the process of enzymatic hydrolytic hydrolysis and
hydrogenation on the conversion of wheat straw cellulose and selectivity on sorbitol and mannitol, it
showed that, with an increase in temperature from 30 to 50°C, the conversion of wheat straw increased
from 12.7 to 42.7% (table 2). Selectivity on sorbitol with increasing temperature (30-50°C) increased from
7.7 to 17.8% and decreased to 7.0% with an increase in temperature to 70°C. The decrease in selectivity
for sorbitol due to the fact that at temperatures above 70°C the process of inactivation of the enzymes in
use takes place.

Table 2 — Experience temperature influence on enzymatic hydrolytic hydrolysis
and hydrogenation process of wheat straw cellulose

# T, Conversion degree, Selectivity on sorbitol, Selectivity on mannitol, Total output,
’c % % % %

1 30 12.7 7.7 1.8 10.2

2 40 28.3 14.3 2.0 16.1

3 50 42.7 17.8 1.1 18.9

4 60 343 12.1 1.1 14.8

5 70 19.7 7.0 1.2 9.0

Table 2 shows the optimal temperature for experience is 50°C, as soon as in this temperature we ob-
tained maximum selectivity on sorbitol and mannitol.

During the study of the effect of pH (Table 3) on the process of enzymatic hydrolytic hydrolysis and
hydrogenation of wheat straw cellulose on conversion and selectivity for polyols, it was established that
the highest selectivity values for sorbitol-17.8% and conversion-42.7% were observed in when using a pH
value of 5.0. The change in the pH of the medium leads to a change in the degree of ionization of the
acidic and basic groups as the active center of the enzyme, and the substrate itself.

Table 3 — Effect of pH on the process of enzymatic hydrolytic hydrolysis and hydrogenation of wheat straw cellulose

" (;l", Conversion degree, Selectivity on sorbitol, Selectivity on mannitol, Total output,
C % % % %

1 4.0 15.2 7.5 1.2 9.3

2 4.5 30.0 11.3 1.2 12.5

3 5.0 42.7 17.8 1.1 18.9

4 5.5 35.8 10.5 2.9 11.7

5 6.0 19.1 5.5 2.4 8.1

Consequently, a change in pH affects the affinity of the substrate to the active center of the enzyme
and to the catalytic mechanism of the reaction. The dependence of the rate of the enzymatic reaction on
the pH of the medium has the form of an extremum, since for each enzyme there is an optimum pH value
at which the enzyme exhibits the greatest catalytic activity (the optimum pH of the enzyme). The pH value
in the optimum corresponds to the best binding of the substrate by the enzyme and the highest catalysis
rate. In our case, this value is 5.0.
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Thus, we determined the optimal conditions for the enzymatic hydrolytic hydrolysis and hydroge-
nation of wheat straw pulp: pH 5.0, temperature 50°C, reaction time 3 hours.

Conclusion. Thus, we determined that the resource of wheat straw waste that we are interested in is
quite sufficient for further implementation of the task. The effectiveness of a complex of enzymes for
carrying out the process of enzymatic hydrolytic hydrogenation of cellulose of wheat straw substantiated
and experimentally confirmed for the first time. The optimal conditions for the enzymatic hydrolytic
hydrolysis and hydrogenation of wheat straw: pH 5.0, temperature 50°C, reaction time 3 hours are
determined.
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BUJIA CABAHBI LEJLTFOJIO3ACBIHAH COPBUTTI AJTY TEXHOJIOTUACHIH JKACAY

AnHotanusi. JKyMBICTBIH MakKcathl — yiecTipuireH (rHOpuaTi) ToclriHe Heri3aenreH ounai cabaHbl LEeJUII0NO0-
3achlHaH COPOMTTI T'MAPOIMUTHKAJIBIK THAPIJIEYJl KOJJaHa OTBHIPHIT (EepMEHTATHBTI OHAEY apKbUIBI aly TEXHOJIO-
THSCBHIH jkacay. DepMEeHTaTUBTI MMIPOJIUTUKAIBIK THIpJIEY JKoHE Oujall cabaHbl LEII0I03aChiH THAPOINTHKAIBIK
THIpIIey YpAicTepi 3epTTeni, YPAICTIH THIMI TapamMeTpiepi skacanbin ansiHabl. Hotmkecinae 013 copOUTTI amynbiH
yinecripinren (ruOpuaTi) THAPOIM3-TUAPIIEY SICiH icke achIpAbIK. Ochl ypaic YIiH (epMeHTTep *Kacallabl, oap-
JIbIH, OeJICeHAUTIKTepl aHBIKTAIABL. YPAICKE yaKbITTBIH dcepi, TeMIeparypa jKoHe IIeJluIioyio3a KOoHBepcuschiHa pH
acepi, copOuT OoiBIHIIA TaHJaMa >KacaiublHABL. bi3 acam IIBIFapFaH TEXHOJNOTHS AJCTYPIIK YpIic OaphICHIHAA,
KONTEreH Ta3alayjap MeH Oelim amymapna maiima OonlaTelH apaiblk eHiMaepai OommpipMaiimel. On 6i3 ymriH, 6ip
PEaKTOPIBI YiIeCTipinrer (THOPUATI) YPAICTI KOJJAHBIT COPOUT CEKUIII KYHABI XUMHUSIIBIK 3aTTHI allyFa MYMKIHIIK
Gepei.

Tyiiin ce3nep: Oumaii cabaHBI, THAPOIN3, LEIIIIOI03a, THAPIIEY, TOIUCAXapHATTEP, HepMEHTATHBTI THIAPOIIH-
TUKAJIBIK TUAPIIEY, TIII0K03a, COPOUT, (hepMEeHTTED.
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PA3PABOTKA TEXHOJIOI'MH NNOJYYEHUSA COPBUTA U3 IEJJIIOJI03bI COJIOMbBI HITEHUIBI

Annoranus. Llems paboTsl — pa3paboTka (hepMEHTATHBHOW TEXHOJOTHH MEpepadOTKU IIEIUTIONO3BI COJIOMBI
MIIEHHIBI ISl TTOJyYeHUs] COPOMTa MOCPEIACTBOM THIPOIUTHYECKOTO THIPUPOBAHUS, OCHOBAHHOIO HAa HCIIOJIB30-
BaHUM COBMEIIEHHOTO (THOpHUIHOTO) mporecca. [IpoBeneHsl uccaenoBanns M0 U3ydeHHI0 mporecca (GepMEeHTTHB-
HOTO THIPOJIMTHYECKOTO TUAPOJIN3a M TMAPUPOBAHUS LEJUIIOI03bI COJIOMBI IIIIEHHIIbI, pa3paboTaHbl ONTUMAJbHbIC
napameTpsl mpoiiecca. B pesynbraTe uero HaMu peajn3oBaH COBMELICHHBIN (TMOPUIHBINA) THAPOIU3-THAPHUPOBAHNE
nporecc nojydeHus copoura. Pazpabortanbl (epMEHTHI JUIS AaHHOTO Ipoliecca, UCCIEAOBaHa MX aKTUBHOCTB.
W3yyeHo BiusiHEE BpEMEHH Ipoliecca, TeMIepaTrypsl onbiTa 1 pH Ha KOHBEPCHIO LIEJUTIONI03bI M CEJIEKTUBHOCTD 110
copbutry. Pa3paboraHHas HaMH TEXHOJOTHS IMO3BOJMT YCOBEpIICHCTBOBATh TPAIAMIHOHHBIE IPOLECCHl B IUIaHE
JMKBHJALMK MHOTOYMCIICHHBIX CTaJMH OYMCTKH M BBIJIEJICHUS IIPOMEKYTOUYHBIX MTPpoaykToB. OHa 1aeT BO3MOKHOCTD
peanu3ayy 0JHOPEAKTOPHOTO COBMELIEHHOTO (TMOPUAHOIO) Mpolecca MOJy4YeHHs TaKOro [EHHOTO XUMHYECKOTO
BEIIECTBA, KaK COPOMT.

KiioueBble cj10Ba: cOJIOMa MIICHUIIBI, THIPOJIN3, HEIUTI0NI03a, THAPUPOBAHUE, TTOJIUCAXAPHIBI, (PePMEHTATHB-
HOE TUJIPOJIUTUYECKOE TUAPUPOBAHHUE, TIF0K03a, COPOUT, )ePMEHTBHI.
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