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BIOLOGICAL TREATMENT OF WASTE WATER:
THEORETICAL BACKGROUND AND EXPERIMENTAL RESEARCH

Abstract. Recent years have seen a rising interest in biofilters. This is due to the application of new materials
for particles in the charge and small energy expenditures. Biological purification before other methods has a number
of significant advantages. Microorganisms complete the decomposition of domestic sewage to neutral products (gas
and water), while ensuring the circulation of substances in nature. Thus, biological purification, unlike other
methods, does not extract and does not transfer contamination to other forms, which ensures practically no-waste
production. At the same time, biological methods are less expensive, since, with the exception of capital investments,
they almost do not require operating costs. All methods of biological purification are mainly divided into aerobic and
anaerobic. In aerobic method, microorganisms use dissolved oxygen in waste water, while in anaerobic process,
microorganisms do not have access to oxygen.

The further development of the bio-purification technology will be promoted by the elaboration of effective
methods for simulating the processes in purifying plants.

In the present paper, a model for calculating the bio-purification in a continuous reactor supported by
experiments on a laboratory facility is developed. Below, instead of empirical assumptions about the exponential
dependence of the decrease in the substrate concentration on the distance from the inlet to a reactor with parameters
having no clear physical meaning and determined from experiments, this law is calculated directly with the use of the
kinetics and mass transfer.

Key words: biofilm, water purification, modeling, biofilter.

Introduction

Environmental biotechnology uses microorganisms to improve environmental quality. This
improvement includes preventing the discharge of pollutants into environment and cleaning up the
contaminated mediums.

Nowadays there are sorbents, both natural, and artificial, which allow to clear waters from variety of
pollutants simultaneously, for example from ions of heavy metals and petroleum. Below we explore a
modified sorbent based on the use of one of a sol — gel process [1].

One of them is the biological treatment. Microorganisms capable of water remediation occur in nature
as suspended flocs and attached biofilms. Flocs are formed without a solid substratum, while biofilms
adhere to a solid substratum, i.e. on the surface of minerals.

Biofilms, which are naturally immobilized cells, occur ubiquitously in nature and are increasingly
important in processes used in pollution control, such as trickling filters, rotating biological contactors and
anaerobic filters. On the surface of the granules, microorganisms form a film into which the water-
dissolved contaminants diffuse to serve as substrates for microbial proliferation.

— 16 ——
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A mathematical modelling by a biofilm under steady state conditions is discussed. The nonlinear
differential Equations in biofilm reaction is solved using the Adomian decomposition method [2].

Biofilters are used successfully in cleaning water from various pollutants [3-5].

In works [6-8] some modern methods of sewage treatment are presented. However, in these works,
water purification is not related to the activity of living microorganisms, which is characteristic of
biological water treatment technologies.

The analysis of traditional (nitrification-denitrification) and the latest biotechnology wastewater from
inorganic nitrogen has been done. Current status of the present key technologies of nitrogen removal from
wastewater has been formulated. The main advantages and disadvantages of these biotechnologies are
described in [9].

Biofilm formation and adherence properties of bacterial strains commonly found in wastewater
treatment systems were studied in pure and mixed cultures using a crystal microtiter plate assay. These
results on attachment and biofilm formation can serve as a tool for the design of tailored systems for the
cleaning of municipal and industrial wastewater [10].

The stable effective operation of the biofilter is determined by a number of factors both promoting
reproduction of microorganisms (conditions of the biochemical reaction, transport intensity of impurities
and metabolic products) and inhibiting this process (film erosion by water flow, filling of charge pores,
inhibition of bio-reactions by products of their own vital activity).

The further development of the bio-purification technology will be promoted by the elaboration of
effective methods for simulating the processes in purifying plants.

In the paper, a model for calculating the bio-purification in a continuous reactor supported by
experiments on a laboratory facility is developed. This approach was proposed in describing the processes
proceeding in the biofilm [11].

Figure 1 -Schematical representation of the water purification process:
a) biofilter: I, inflowing water; O, outflowing water; A, air inflow;
b) part near the ring surface: 1) ring; 2) biofilm of thickness Lg; 3) water film of thickness Lj;,. ¢) Laboratory-scale plant

Experimental facility

Below we describe measurements of the efficiency of purification of an artificially prepared water
representing a low-concentration meat broth (the total inlet content of carbon in the aqueous solution was
varied from 5 to 58 mg/1). Experiments were performed on a drop biofilter representing a vertical pipe
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(Fig.1) with a working section length equal to 268 cm. The diameter of the pipe was 15 cm. The charge
grains represented Raschig rings of height 1.67 mm, inner diameter 1.23 c¢cm, and outer diameter 1.47 cm.
Water was supplied to the reactor through a sprinkler in the form of a downflow of drops equidistributed
over the reactor cross-section, and the trickling filtrate was removed upon reaching the bottom hole.
Microorganisms on the particle surface represented mixed cultures.

Samples of water were taken at both the reactor inlet and outlet and also at two other points at a
distance of 78 and 173 cm from the inlet.

The following indices were measured:

1. Total organic carbon. Hard balls of the biofilm carried out by the flow were filtered off from the
samples, and the water was investigated for the total organic carbon with the use of a TOC-analyzer of the
Groeger&Obst company (Germany).

2. Specific mass of the biofilm. At the same sampling points as for the analysis of water, ten rings
were taken out. The weight difference of rings covered with the biofilm and without it gives the mass of
the biofilm. Knowing the surface of the rings and measuring the biofilm density, we determined its total
volume. On the assumption of a uniform distribution of the biofilm over the surface of the rings its
average thickness was calculated.

MODEL OF WATER PURIFICATION IN THE BIOFILTER

Water running down in the biofilter flows over the biofilm surface on particles (Fig. 1a). The flow
rate of water is selected so that it flows around the porous charge grains in the form of film and there is
enough air between grains to provide aerobic microorganisms with oxygen.

1. Through the biofilm-water layer interface transport of the substrate into the biofilm occurs, so that
in the direction of the flow (y’) the substrate concentration in the water decreases:

d
0.5 — . (5,0)-5,0). m
Y

where the value of the substrate concentration on the biofilm surface S, is not known in advance.
2. The distribution of the substrate concentration in the biofilm is described by the equation

o°S, S,
ox’ qK+&

D; X 2)

with the boundary conditions:

oS oS
8_xf= 0 at x =0, and BW(Sl —Sf(Lf)): Dfa—xf at x=L;, S$;(L;(») =S, (»). 3)
The biomass production rate is equal to the death rate of microorganisms taken, as in proportional to

the squared concentration of the active biomass:

S
mK;S&=M7 4)
£
Equations (2) and (4) lead jointly to the relation
2
D d’s, _ g’Y( S, )
Ydx® b (K+S,

3. The biofilm thickness is determined by the equality of the production rate of biomass across the
whole width and the rate of its ablation:

YqL’ S
[ Xdx =1L, (6)
p o K+S;

— 18 ——



ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

In view of (4)—(6) the biofilm thickness is defined as
Y
Ly =—B, (Sl_Sb)’ (7
rp

A major quantity found from the calculation is the quantity of substrate taken up from the water by
the film.

ds
Finding the diffusion flow of the substrate into the film J = Dfd—f from Eq. (5) at the boundary

X z=L¢
conditions (3) and equating it to the substrate flow from the water into the film J =_(S,(»)—S,), we

obtain equations for finding S, .

Analysis of problem (3), (5) shows [12], that two reaction regimes can be distinguished: 1) in a
relatively thick film, substrate consumption occurs not across its whole width, but only in the water-
contacting layer (diffusion regime, unsaturated biofilm); 2) a relatively thin film is saturated with substrate
due to the diffusion and its consumption occurs across its whole width at an approximately equal rate
(kinetic regime, saturated biofilm).

For calculations, the following diffusion kinetic parameters were taken: Dyjq= 0.8 cm?/ day, D¢=0.64
cmz/day, K =0.01 mg/day, g =8days ', Y=0.5b=0.5 cm3/(day/mg), R =7.5cm, R=0.6775 cm,
H=1.67cm, ¢=0.704.

COMPARISON OF CALCULATIONS AND MEASUREMENTS

Calculations were performed with varying rate of substrate flow through the reactor O and substrate
concentration Sjiq(0) in water at the reactor inlet (column at y = 0). Measurements were made at the O
values given in the Tablel.

Table 1 - Various variants of the flow velocity measurements

Variant number 1 2 3 4 5 6 7 8 9
Q, cm/min 328 | 447 | 526 | 532 | 5.82 | 589 | 6.56 | 10.63 | 11.32

The change in Siio(y) along the working channel of the biofilter was measured.

Figure 2 presents the results of the calculations (curves) and the experimental values (dots) for all
variants of the values of substrate flow rates given in table 1. In all cases, there is a fairly good agreement
between the experimental and calculated data.

Stig(2) Stig(7/). Siiq()
0.015F 0.010
0.010p 0.008
0.0051 0.006
n
0.004
0 100 200 70 100 200 Y 0 100 200 7

Figure 2 - Substrate concentration in the liquid Sjq(v) versus the distance y down the bioreactor column
(curves show calculations, dots — experiments): a) relatively low flow rates of the substrate solution;
b) moderate flow rate of the substrate; c) relatively high flow rates of the substrate solution.

The curve number corresponds to the variant number in the table.
Both the experiment and the numerical calculation show that for high flow rates O the efficiency of
water purification, 1i.e., the ratio between the carbon concentrations at the reactor outlet and inlet,
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decreases. This is likely to be due to the reduction of the residence time of the substrate solution in the
reactor in spite of some increase in the mass transfer intensity.

The calculations provide an additional possibility of judging the behavior of other, not measured,
variables defining the process of water purification such as the substrate flow into the biofilm and the
biofilm thickness in each section of the biofilter.

However, comparison between measured and calculated thicknesses of the biofilm (Fig. 3) does not
always give a satisfactory result for several reasons, including the following ones:

1. Modeling of the biofilm as a smooth layer characterized by the thickness alone is obviously
insufficient. Models describing two-dimensional films are rather complicated and are under development
[13].

2. Measurements were taken after about a weak upon variation of the feed rate of the substrate
solution or its concentration. During this time, probably, the microflora concentration and, accordingly,
the substrate flow in the film manage to adjust themselves to the new conditions, and the corresponding
change in the biofilm thickness strongly depends on the erosion intensity and requires much more time.

3. Measurements of the thickness of the biofilm through measurements of the mass or its volume may
not be accurate enough, since they do not take into account the non-uniformity of the film distribution
over the surface of grains.

It is important to know the film thickness, because this characteristic correlates with the substrate
flow into the film. Figure 3 shows the curves reflecting the change in the biofilm thickness along the
working channel of the biofilter. It is seen that the biofilm thickness decreases with decreasing
concentration of the substrate in the liquid flow.

L) 0 o1
-2

0.1 L{y) o4
] -7

0.001

0.0001 s . : . . 0.01 .
0 100 200 Uy 0 100 200 Y

Figure 3 - Comparison of some of the calculated and measured thicknesses of the biofilm L in various sections along
the reactor y and under various flow conditions: 1, 2, 3, 4, 5, 6, 7) variant number. y, Ly, cm

The decrease in Ly with y happens due to the decrease in the substrate concentration in water. On the
other hand, a decrease in Ls leads to a decrease in the working volume of the biofilm, which in turn
decreases the intensity of water purification.

Conclusions

The developed theoretical model of water bio-purification in the biofilter agrees well with the
experimental data obtained on a laboratory bio-column. The agreement between calculations and
measurements of the decrease in the substrate concentration down the column is much better than the
corresponding comparison for the film thickness.

REFERENCES

[1] Privalova N.M., Dvadnenko M.V., Nekrasova A.A., Privalov D.M. (2017) Perfection of clearning of waters from
petroleum technology. Polytematic network electronic scientific magazine of kuban state agrarian university Ne127. P. 380-389.

https://cyberleninka.ru/article/v/sovershenstvovanie-tehnologii-ochistki-vod-ot-nefteproduktov-1

[2] Subramanian Muthukaruppan, Alagu Eswari, Lakshmanan Rajendran (2013) Mathematical modelling of a biofilm: The
Adomian decomposition method. Natural Science, Vol.5 No.4, April 19. https://www.ncbi.nlm.nih.gov/pubmed/17070991

— 20 ——



ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

[3] C.Cortes-Lorenzo, M.L.Molina-Munoz, B.Comez-Villalbat,. R.Vilhez, A. Ramost, B.Rodelas, E.Hontoria, J.Gonzales-
Lopez. (2006). Analysis of community composition of biofilms in a submerged filter system for the removal of ammonia and
phenol from industrial wastewater, Biochem. Soc. Trans., 34, 165. www.ncbi.nlm.nih.gov/pubmed/16417512

[4] J.Chung, B.E. Rittmann. (2007). Bio-reductive dechlorination of 1,1,1-trichloroethane and chloroform using a hydrogen-
based membrane biofilm reactor, Biotechnol./Bioeng., 97, 52 . onlinelibrary.wiley.com/doi/10.1002/bit.21212/abstract

[5]-Qi Lang, Shumei Ren, Peiling Yang, Zejun Tang, Lu Lu, Yunkai Li, Huiping Zhou, Nuan Sun, Wen Qi. (2016) Effect of
Aquatic Plants Combined with Compound Microorganism Preparations Control on Eutrophication in Reclaimed Water. Oxidation
communications. 3 (1) .2447 scibulcom.net/ocr.php?gd=2016&bk=3

[6] Harlamova T.A., Kolesnikov A.V., Sarbaeva M.T., Bayeshov A.B., Sarbaeva G.T.(2013) Advanced electrochemical
methods of waste water treatment. The bulletin of the national academy of sciences of the Republic of Kazakhstan.Ne5. P. 33-44.
http://www.bulletin-science.kz/index.php/en/arhive. https://doi.org/10.32014/2018.2518- 1467

[7] Turebekova G. Z., Dosbayeva A.M., Sihynbaeva Zh.S., Sataeva L.M., Orazymbetova A.O. (2014) Application of new
surfactants to improve sewage chemical production. The bulletin of the national academy of sciences of the Republic of
Kazakhstan.Ne4.P. 28-31. http://www.bulletin-science.kz/index.php/en/arhive. https://doi.org/10.32014/2018.2518- 1467

[8] Zhumamurat M.S., Ahmetova A.B.(2017) Selection of natural sorbents for wastewater treatment. NEWS of the academy
of sciences of the Republic of Kazakhstan. Series chemistry and technology Nel (421). P.59-66. http://chemistry-
technology.kz/index.php/en/arhiv. https://doi.org/10.32014/2018. 2518- 1491

[9] O.M. Shved, R.O. Petrunina, O. J. Karpenko, V.P. Novikov (2014): Modern technologies nitrogen extraction from
sewage water /l Biotechnologia ACTA, V. 7,
Ne5.http://biotechnology.kiev.ua/index.php?option=com_content&view=category&id=129&Itemid=150&lang=ru

[10] Sofia Andersson: Characterization of Bacterial Biofilms for Wastewater Treatment. School of Biotechnology, Royal
Institute of Technology (KTH), Sweden. http://www.diva-portal.org/smash/get/

[11] J. Dueck, S. Pylnik. (2008). Rate of the biochemical Reaction in a Biofilm in Contact with a Flowing Liquid.
Theoretical Foundations of Chemical Engineering, Vol. 5, 536 https://www.sparrho.com//rate-of-the-biochemical-reaction

[12] J.Dueck, S.V. Pylnik, A.V.Gorin. (2009) On the mass transfer in a sprinkled biofilter. Journal of Engineering Physics
and Thermophysics, 6(82), 86. https://www.deepdyve.com//on-the-mass-transfer-in-a-spri

[13] M.C.Van Loosdrecht, J.J.Heinen, H.Eberl, J.Kref, C.Picioreanu. (2002). Mathematical modeling of biofilm structures,
81,245

https://www.researchgate.net//11020038 Mathematical mo

UDC 574.635
Johann Dueck', Po3a Tataesa, Anus Baiimanosa, JKyma6uxe Bakemosa, Baybip:xan Kancansmos

'®©puapux-Anexcanmp-Yunsepcureri, dpaanren-Hropu6epr, epmanus;
*JLH.I'ymunes aTbingarst Eypasus yITThIK yHEBepCcHTETI, .AcTana, Kazakhstan;
3 . .
Kaparanasl MemnekeTTik MenuiHa yausepcuteti, Kaparanasl, Kazaxcran

AKABA CYJIAP/IbI BHOJIOT USJIBIK OHJIEY:
TEOPHMSIJIBIK HET'I3/IEPI )KOHE DKCIMEPMUEHTTIK 3EPTTEYJIEP.

AHHoTanusi. Bys ®KyMbICTa aFbIHABI peaKTop/a OUOJNOTHSIIBIK Ta3apTyAbl €CENTey YIIIH TEOPHSUIBIK MOJEIb
YCBIHBUTFaH. MOJIENb Cy arbIHBIH/IAFbl KOHTAMUHAHTTAP/IbIH KOMIPCYTEKTEpPl CyOCTpaT peTiHAe KhI3MET aTKapaThIH,
OMOIJICHKAHBIH TY3UIyiH ecerke aixyFa HerizjenreH. Ecenrteysep TazapTy mpolieci Ke3iHJe OMOIUIeHKAHbBIH ©CYiH
KaMTaMachl3 €TCTiH, Pammr cakdHajJapbIMEH TOJTHIPBUIFAH 3CPTXAHAIBIK TYTIKTI pPeakTopaa Kypri3iireH
IKCIIEPUMEHTTEPMEH KaCaNIbl.

AFBIHMCH IIBIFAPBUIFaH, OWOIUICHKAHBIH KATThI OOJIIIEKTEpi YJITUIepIeH CY3UIi, *OHE Cy ChlHAMa ayra
apHaJiFaH TepT HykTelneH anbinbin, Groeger & Obst (I'epmanums) dupmacsiabiy TOC-aHamM3aTOpbIH KOJIJIAHBIIL,
JKaJITIbl OPraHUKAJIBIK KOMIPTETIHIH KYpaMbIHa 3€PTTEIII.

BuorieHKaHbIH MEHIIKTI calMarbl aHBIKTAIIbL. J[o7 COJl Cy ChIHAMACHI AlIBIHATHIH HYKTENIEPJCH OH CaKHHA
KANTBIN aNbIHABL. BHOIUIEHKaMeH jKaOblIFaH CAaKUHATAP/IbIH CAIMAFbIHBIH allbIPMAIIbLIBIFGI, ONOTIIEHKAHBIH CaliMa-
FiH Oepeni. CakWHAHBIH OCTiH OUTIN JKOHE OMOTUICHKAHBIH THIFBI3ABIFBIH OIIIICH OTHIPHII, 013 OHBIH KBl KOJIEMIH
aHBIKTaAbIK. CakuHaIapAblH OeTiHAe OWOIUICHKAHBIH OipKeNKi eKeHIITiH eCKepil, OHBIH OpTalla KaJBIHIBIFBI
eCerTeni.
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BUOJIOI'NYECKASA OBPABOTKA CTOYHbBIX BOJ:
TEOPETHYECKASA OCHOBA U OKCHEPUMEHTAJIBHBIE NCCJIEJOBAHUA

Annoranusi. B nanHoii pabore npeioxkeHa TeopeTHYecKasi MOJEINb JUIsl pacueTa OMOOYUCTKU B MIPOTOYHOM
peakrope. Mozenp OCHOBBbIBaeTCsl Ha pacuyére oOpa3oBaHHs OHWOIUIEHKH, CyOCTpaTOoM Majisi KOTOPOH ciiyxar
YIJIEBOJIOPO/BI KOHTAMHHAHTOB B ITOTOKE BOJBL Pacy€Tel CONMPOBOXKIAIMCH IKCIIEPUMEHTaMH Ha J1a00paTOPHOM
TpyO4aTOM peaxTope, 3alI0JIHEHHOM KoJlbllaMy Paminra, Ha KOTOPBIX B ITPOLIECCE OYHCTKH HapacTalia OMOIIIEHKa.

TBepable yacTUUKK OMOIUICHKH, BEIHECEHHBIE TOTOKOM, OT(QHIBTPOBBIBAINCE M3 00pa3loB, H BOAA B YETHIPEX
TOYKax oTOOpa mpob MccienoBaiach Ha CoAepikKaHHe OOIIETO OPraHWYeCKOTo yriepona ¢ ucmois3oBanueM TOC-
ananmzatopa pupmel Groeger & Obst (I'epmanms).

Omnpenensiack  ynenbHas Macca OWOIUIEHKH. B Tex jke Toukax oTOopa mpod, 9To M UL aHaIM3a BOJEIL,
M3BIMANIOCh 110 JlecATh Kojel. Pa3Huila B Bece KoJjel, MOKPHITHIX OHOIUIEHKOH M 0e3 Hee JaeT MacCy OHOIUICHKH.
3Has MOBEPXHOCTh KOJIEI U U3MEPSISI TUIOTHOCTh OMOTIEHKH, MBI ONIPEISIIUIIN e 00muii o0beM. B mpenmonoxennn
PaBHOMEPHOT'O PACIIPEAEICHNs OMOIUIEHKH Ha IOBEPXHOCTU KoJIel] Oblla paccunTaHa €€ CpeHss TONIINHA.

Pa3paboranHass Teopernueckas MoOJeNb OWOOYMCTKH BOJABI B OMOQHIBTPE XOpOIIO COINACyeTcsi C
9KCIIEPUMEHTAILHBIMU JIaHHBIMH, MOJYY€HHBIMU Ha J1abopaTopHol OmokosionHe. Coriacue MeXIy pacueTamu U
W3MEPEHUSIMH T1aJIeHUsI KOHLEHTPALUK cyOcTpara BIOJIb KOJIOHHBl HAMHOTO JIy4Ile, YeM IPU COOTBETCTBYIOLIEM
CPaBHEHHUH TOJIIMHBI TICHKH.
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ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

MA3MYHbI

Tyneamaposa C.A., Kcanoonyno I'., Kaymenosa I'.H., JKymabex M., Batiscymanosa T.C., I pucopvesa B.11., Komawxo JI.B.,
becumosa I'.Y. MeTaHIbI CHHTE3 Ta3Fa KaTATUTHKAIBIK pHQOPMUHTICY/IC KaHY d/IiCIMCH KOMITO3UTTI MaTepHaIapabl xkacay...6
Johann Dueck, Tamaesa P., baiimanosa A., baxewosa JK., Kancanimog b. Akaba cynapabl OHOJIOTHSITBIK OHICY:

TCOPHSIBIK HETI13/1€P1 KOHE IKCHICPHUMEHTTIK 3EPTTCYIICD . . uveuverrerereeseeseeseessessessersassessessessesseessessensessessessessessesssessessessessessessansassense 16
Opvimbemosa I'.3., Conficoni D., Kaceimosa M.K., Kobacacaposa 3.U., Opvimbemos .M., Illambynosa I'.J]. CyT xoHe
CYT OHIMACPIHC KOPFACHIH TOYCKEIIH GAFAIIAY ... ..eueeueuteueetertesteseseesensestaseseasenseseaseneesesesesseneesenseneaseneeseseesteseneesesseseasenseseseseaseneesenee 22

Tansamos O.T., Oyesxanosa A.C., Tymabaes HIK., Axmemosa C.H., Ceiimxanuesa K.C., beemam E.O., Kapmazambemosa O.K.
DeHITANEeTUIICHI THAPIICYTe apHAIFaH MATHUTTI TACBIMAIJAFbIIIKA OTHIPFBI3BUIFAH OJUMEP-TIAIUTAANI KaTaln3aTopIaps! ....28
Epmazambem Bb.T., Pemnes I'.E., Mapmemvanos C.M., Byxapxun A.A., Kacenosa K. M., Hypeanues H.Y. MalikyObI jxoHE
OkibacTy3 keMip OacceiiHepiHiH ANIEKTPUKAIIBIK KaCHeTTepl

beticenbaes A.P., JKabaesa A.H., Cynyosa JLIL, [ywkun A.B., Aoexernos C.M. Okcruma MHHOCTPOOHHHBIH

CYIPAMOJICKYJISAPIIBIK KSIICHIH CHHTE3IEY MEH BEDTTCY ... veueuereererenenteesestaessesentssetesenessesesestasesesensssesesensssesesentasesesensssesesenesseseseneas 46
Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. lonTb! ancopOLUsSHBIH CaHbl OOWBIHINA KATEXY aTThl
JKaHFAKThIH KaOBIFBIHAH aJIbIHATBIH HAHO-0ETTIK OSNCeHAIPIITeH KOMIPIiH KOJIEMIiH aHBIKTAYABIH HKBULAAM OMICI...ccveerveeeeenese 53

Hypxenos O.4., @azvinos C./[., Hcaesa A.JK., Ceiinxanoe T.M., ’Kueomoea T.C., [llyneay 3.T., Kootcuna K. M.
OyHKIHOHAIIBIK-OPHIHOACHUTFaH H30HUKOTHH KBIIIKBUIBIHBIH THAPA30HIaPhl MEH [UKIOASKCTPUHICPIIH KOMILIECKCTIK

KEIITCHCDT TKOH. ... veuvententerterteetteutestestentententensesseeseebeebeebeeatentente s e besbe st e beebeeseeseemtententembenbe st eb e ehees e es b emtenbentensenbenbesbeebeeseestententenbenbenbenns 57
Epmacambem B.T., Hypeanues H.Y., Abvineasuna J1J]., Macnose H.A., Kacenosa JK.M., Kacenos b.K. Kemip mrak
KaJIJIBIKTAPBIHBIH OHIMJCPIHCH OaFa bl KOMIIOHCHTTEP QITYIBIH OJIICTED . eueeureuieurerrenrentersersereessessesseeneeneesensansessessessessessesseensensenes 67

Hlomanosa XK., Cagpapos P.3., )Kymaxanosa A.C., Hocenxo FO.I"., XKanubexoea A.T., Illanexoea H.JI., Jlopanm ]].
DeppoKOPHITIIAHBI OHJICY KAJIJBIKTAPhl HET131H e albIHFaH KaTaau3aTopiiap OCTiH JICKTPOH/IBIK MUKPOCKOIIHUS dTiCiMEH

BEPTTEY -.vveutertentertestertesteestestestentententeseabeabeebeeat et s esteateat et et e sa e e bt ehees e eb e eb e emt e st et e st e b e e bt e bt eh e e bt eh b e Rt e Rt et et e e E e bt bt eh e bt eb e e ae e st et et et e b e b e nhenaes 79
baewos A., I'aunos T.3., baewosa A.K., Konecnuxoe A.B. Mpic (II) noHaapbIH yIII BaleHTTi THTAH HOHAAPbIMEH

LEMEHTALMSIIAY apKbUIbI HAHO — YKOHE YJIBTPAIUCIEPCTI MBIC YHTAKTAPBIH ALY ..c.cveveuierrereaereereresesesesesessaseseaessesesesensesenenessesesens 87
baewos A.F., Mvipzabexos b.D., Konecnuxos A.B. Kypambiana tutan (IV) nonmapsl 6ap KYKipT KbIIIKBUIBI €piTIHAICIHAE

MBIC QaHOJIBIH KOJIIaHy KEe3iHJIE HJIEKTPOJIUT KOJIEMIH/Ie IUCIEPCTI MBIC YHTAKTaPBIHBIH TY3UILY 3aHIBIIBIKTAPBL.......cveveeeerennenene 96
Yupkyn /1. 1., Jlesoanckuii A.D., I'onybes B.I"., Capcenbexynvi /., Kymucbexos C.A. OHepkacinTik 6apabaH bl

JUIPMEHJIEP JKYMBICHIH CapanTaiay jKOHE OJMAPABI HKETUTIIPY HKOTIIAPBL....veuverrerrerrerserserserseeseessessessessessessesseeseessessessensessessessessanse 102

bpoockuii A.P., I'pueopwvesa B.I1., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [llanosanoe A.A., lllnvleuna U.A.,
Hcexesuu B.1. Monexyna 30u151 0ap Fe/y-Al,O5 xaTanus ik xkyiieHiH e3apa apekerrectiri L. y-Al,Os xone Fe/y-Al,O; 6actankst
FKYFICHIH BEDTTECITY L. veuveuvevertereeestertensessessessensesseeseaseeseassessensessensessessessessessesssessessensensessensesseeseessessessessensensessensensessensensesssesensensensensens 109

bpoockuii A.P., I'pueopwvesa B.11., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [llanosanos A.A., [lnvieuna U.A.,
Ackesuu B.H. BzanumoneiicTBue katanutuaeckoii cucremst Fe/y-Al,O; ¢ monexkynamu-3onnamu I1. McenenoBanue Hocurens
v-Al,O3 u cucremsl Fe/y-Al,O3 mocne B3auMOACUCTBHS C BOJOPOJIOM M AMMHUAKOM........cevverrerersesensensessensesassessessessessessessessens 120

Jlocnaes M. M., baewog A., ’Kymaxanosa A.C., Jocnaes J]. M., Cvi30vikosa b.b., Kaxenos K.C., Ecenbaesa I".A. Kannii
METaCHUIIMKAThl €PTIHAIH/IICIHE MBIC aHOABIH MOJSIPU3aLMsIAY Ke3iHAerT HAHOANCIIEPCTi MbIC CHIIMKAThI YHTAFbIHBIH TY31I1y
IMEXAHIBM. ... .vveeureeeureeeeseeeesseeeseeasseeesseeeseeessseesseeesssaaasseessseessssensseeasseeessseesssseassseassseessseeasseesseeesseeeasssenssessseseaseeeasseeesseeenseeeseeaanns 130

Haoupos K.C., Yepxaes I'.B., Yuxonaockux E.A., Maxxaseesa H.A., Caovipbaesa A.C., Opvimbemosa I".J. Exi OTBIHIBI
i KeMeJIep/IiH Maija aHbUIFaH ra3[apbIMEH 3UsHIbI 3aTTap IbIH IIBIFAPBUTYBIHBIH KOPIAFaH OpTaFa jKoHE TYPFBIHIAD

JICHCAYITBIFBIHA QCCPIH TATIIIAY ...vvvveuvenrersersersersersessessesseeseensensensensessessesseeseensensensensessensessessessessesntensensensensensensessessessesseeseensensensensenss 138
Xycaun B.X., Bunnuxosa K.K., Cacc A.C., Paxmemosa K.C., Kensun H.P.beiirapanTanapipy OponecTeri naianaHbuiFal
ra3Jiap IbIFYIBIH APOJHHAMUKAIIBIK MOCIIBIICY .e.vvevverrerrersersersessessessessesssessessessesersessessessessessesssessessessessensensessessessessssssessessensenss 150

Ymezenosa JIL.A., Hyprvibexosa A.K., Xaxcuaxbep Auca, Kenic JK. AKIIBUT CeNKiN ryNOCIMAITiHIH Maiiia epuTiH
KYPAMBIH BEPTTEY ....veuveurerenteereeuteutestententestessestessesseesesseeseensensensensessensessessesseessensensensensenseseessessesseestententensentensensensensessesseensensensensenne 156

—— 163 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

COJEP/KAHUE

Tyneamaposa C.A., Kcanoonyno I., Kaymenosa I'.H., JKymabex M., Batiscymanosa T.C., I pucopvesa B.11., Komawxo JI.B.,
bezumosa I'V. Pa3paboTka KOMIIO3UTHBIX MaTE€PUaIOB METOIOM FOPEHUS IS KAaTATUTHIECKOTO pU(GOPMIHTa METaHa

B CHTHTEB T3 .c.veettentteteeteenteenseesaesttesusesusesseesseenseenteeateestesaseestesetesbeenseemseenteeasees et seteeetesheemse e st embeemteeabeenbeeaseestesat e st e saeen bt et e enseenseenseennes 6
Johann Dueck, Tamaesa P., baiimanosa A., bakewosa JK., Kancansimog b. bruonorudeckast 00paboTKa CTOYHBIX BOJI:

TEOPETUYECKAS OCHOBA U SKCIICPHUMEHTATIBHBIC MCCITCIIOBAHMS. ... e.vvvrerrenrensenseseeseeseeseeseessessessessessensensessessessesseessensensensensessensensenses 16
Opuvimbemosa I'.3., Conficoni D., Kaceimosa M.K., Kobocacaposa 3.H., Opvimbemos D.M., Illambyrosa I /]. Ouenka

PHUCKA CBHHLA B MOJIOKE H MOJIOUHOM TIPOILYKLIEIH «....veuvenrenreneeutententensensensessensessesseesesseeseensensensensensessensessesseessessensensensensessessessesneenees 22

Taneamog O.T., Ayesxanosa A.C., Tymabaes HIK., Axmemosa C.H., Cetimxanuesa K.C., beemam E.A., ’Kapmacambemosa A.K.
INonnmep-naniaanueBble KaTaIN3aTOPbl HA MAHUTHOM HOCHTENE IJIsI THAPHPOBAHKS (EHIIIALETHIICHA
Epmazambem B.T., Pemnes I'.E., Mapmemvanos C.M., Byxapxun A.A., Kacenosa JK.M., Hypeanues H.V. ):[HaneKTpI/IquKI/Ie

cBolicTBa yriei MaiikyGeHckoro u 9KH6aCTy3CKOr0 BACCEITHOB. ...ttt ettt ettt ettt sttt ettt enes 37
beiicenbaes A.P., ’Kabaesa A.H., Cynyosa JLIL, Jywxun A.B., Aoexenos C.M. CUHTE3 ¥ N3y4eHHe CyNpaMOJIeKyJIIPHOTO
KOMIIIIEKCA OKCUMA MHHOCTPOOMHA. .....vevevieeeeerrisireueteateeteseateeesesestesesesest e et st eesesestesseseseseesesese s eaesestaesseseseseeseseseesaesestaeesesenesenene 46

Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. BeICTpbIil MeTOA OlpeaeeHuUs II0AAN HAHO-IIOBEPXHOCTU
AKTUBHUPOBAHHOTO YIJIS OJIy4€HHOTO M3 000JI0UYKH OpeXa KaTexXy 110 YUCITY aJCOPOLIMN HOMA. . ...veurerrereeererrerererrnereeireneneeenennene 53

Hyprenos O.A., @aszvinos C /1., HUcaesa A.JK., Ceiinxanos T.M., JKusomosa T.C., Llyrveay 3.T., Koorcuna JK.M.
Komrutekcnl BKIFOUEHHST (PyHKIIHOHAIBHO-3aMEIEHHBIX THAPA30HOB U30HUKOTHHOBOM KUCIIOTHI C IUKJIOASKCTPUHAMHE U UX

AHTUPATMKAITBHAST AKTHBHOCTD. ....ve.uteeutetterteeteenteensesseessesatesstesseenseenseesesssesaseassesseenstenseenseenseenseansesssesstesseenseenseenseensessesssesseesseesseense 57
Epmacambem b.T., Hypeanues H.Y., Abvineasuna JIJ., Macnos H.A., Kacenosa JK.M., Kacernog B.K. MeToabI U3BIICUCHUS
LEHHBIX KOMITIOHEHTOB U3 30JI0IIIAKOBBIX OTXOMOB YTUICH. ....ueevieutienieeteeneeriieeetesutesueeseenseenseenseansesnsesseesseenseenseenseensesnseansesseesseensenns 67

Hlomanosa JK.K., Cagpapos P.3., JKymaxanosa A.C., Hocenxo FO.I"., XKanubexoea A.T., [llanexoea H.JI., Jlopanm ]].
HccnenoBaHue METOIOM 2JIEKTPOHHONH MUKPOCKOITHH IIOBEPXHOCTH KaTalIN3aTOPOB, HOJIyICHHBIX HA OCHOBE OTXOJ0B

(DEPPOCIITIABHOTO TTPOMBBOICTBA. .. .v.veeveuvereatenesenseseaseneaseaseseasenseseasasesseneaseneeseaseneasenseneasentesensestaseseasenseseaseseasensesenseneaseneesesseneeseneesessan 79
baewos A., I'aunos T.D., Baewosa A.K., Konecnuxog A.B. [lony4enne HaHO- ¥ yIBTPaAUCIIEPCHBIX MTOPOIIKOB MEAH
HneMeHTanueil HoHOB MeIH (11) HOHAME TPEXBATECHTHOTO THTAHA ......cc.eeuveueeteruertersesuessesseestesesensessessessessesssensensensensessessessessesesseens 87

baewosA.b., Mvipsabexos B.E., Konecnuxog A.B. 3axoHOMepHOCTH 00pa30BaHUs JUCIEPCHBIX MEAHBIX TIOPOIIKOB
B 00BbEME IIIEKTPOIIUTA IIPU UCIIOIE30BAaHUU MEIHOTO aHOJIa B PACTBOPE CEPHOU KHUCIOTHI,coepxkanieid nonsl tTutana (IV) ... 96
Yupkyn /1. U., Jlesoanckuii A. 3., I'onybesB.I'., Capcenberynot J., Kymucbexos C.A. Anamu3 paboThl OapabaHHBIX
MIPOMBIIUICHHBIX MEJIBHHUIl M IYTU UX YCOBEPIIECHCTBOBAHMS ...vevveeeeneerueenseeseenseeneesneeeneesseesseesseenseenseenseensesnsesneesseesneessesnseenses 102
bpoockuii A.P., I'pueopwvesa B.11., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [llanosanos A.A., [lnvieuna U.A.,
AHckesuu B.H. B3aumoneiictBue katanutuyeckoit cucremsl Fe/y-Al,O; ¢ Mmonekynamu-3ouaamu 1. ccnenosanue y-Al,O3 u
HUCXOTHOM CHCTEMBI FE/Y-AL5003 ..ottt ettt h e st et e s b e st b eneeb et et et e st et e et e st ene et eneeneaneneaee 109
bpoockuii A.P., I'pueopwvesa B.11., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [Llanosanos A.A., [lnvieuna U.A.,
Acresuu B.H. BzaumoneiicTBue kaTanutudeckoii cucremst Fe/y-Al,O; ¢ monexkynamu-3onaamu 1. MccnenoBanue Hocurens
v-Al, 05 u cuctemsl Fe/y-Al,O; mociie B3auMOJeHCTBUSI C BOJXOPOIOM U aMMHAKOM ..
Jocnaes M. M., baewog A., ’Kymaxanosa A.C., [ocnaes [{ M., Cviz0viko6a B.b., Kakenos K.C., Ecenbaesa I"A.
MexaHn3M 00pa30BaHNs HAHOAWCIIEPCHOTO TIOPOIIKA CHIIMKATA MEIU B PACTBOPE METACHITHKATA KATTHS «..c..evvnrenreneenrenveneeneenee 130
Haoupos K.C., Yepxaes I'.B., Yuxonaockux E.A., Maxkaseesa H.A., Cadvipbaesa A.C., Opvimbemosa [".D. AHanu3 BIUSHASA
BEIOPOCOB BPEIHBIX BEIICCTB C OTPAOOTABIIMME I'a3aMH CYIOBBIX JIBYXTOIUIMBHBIX JBC Ha OKPYXKAIOIIYIO CPENy U 310POBHE

HaCeJIeHUS......... . s et st 138
Xycaun E X, BuHHuKoea K. K Cacc A C , Paxmemosa K. C

HPOXOXKACHHS BEIOPOCOB B IMIPOLECCE HEUTPAITHBALIHM. ...c...veeeereneenearentaseeestateseasensesessesessensesensesessensesesaestaseneesesseneesensenesseneasensenenne 150
Ymezenoea JI.A., Hyprvibexosa A.K., Xaxcuaxbep Auca, Kenic JK. UcciaenoBanue >xupopacTBOPUMOTO cOCTaBa paOuuKa

BIICITHOIIBETKOTO. ... ettt ettt ettt ettt sttt st b e bbbt st e e e s b e bt e b e bt e bt eh e bt eb e e st em b et e st bt ab e bt ebe e bt ebeebeentententenbensentenee 156

— 164 ——



ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

CONTENTS

Tungatarova S.A., Xanthopoulou G., Kaumenova G.N., Zhumabek M., Baizhumanova T.S., Grigorieva V.P., Komashko L.V,
Begimova G.U. Development of composite materials by combustion synthesis method for catalytic reforming of methane to

SYMENESIS AS...e.vetetiitiitietieiteite et e ettt et etteut et e este st e testesaesbeeseeseesteseenten s e st anbe s e be e bt eh e ekt eh e en e en b en b e st et e be st b e st eseententententenbententestenrenreene 6
Dueck Johann, Tatayeva R., Baymanova A., Bakeshova Zh., Kapsalyamov B. Biological treatment of waste water:

theoretical background and eXperimental TESEATCH...........ccieieieieieieieeeeeeee ettt ettt et seese et esse s essensensensensansenns 16
Orymbetova G.E., Conficoni D., Kassymova M.K., Kobzhasarova Z.1., Orymbetov E.M., Shambulova G.D. Risk assessment

of lead in Milk and dAITY PIOQUECLS .......c.eoiiuiiieieee ettt bttt s et e st e st ebe e b es e e b e s es e be e ete e e eebeneeaenteneas 22
Talgatov. E.T., Auyezkhanova A.S., Tumabayev N.Z., Akhmetova S.N., Seitkalieva K.S., Begmat Y.A., Zharmagambetova A.K.

Polymer-palladium catalysts on magnetic support for hydrogenation of phenylacethylene..............cocoevereriiniininiieneneneneneneeee 28
Ermagambet B.T., Remnev G.E., Martemyanov S.M., Bukharkin A.A., Kasenova Zh.M., Nurgaliyev N.U. Dielectric

properties of the coals of Maykuben and EKIDastuz Dasins..........cc.eeeveiriirinieininieienciniceene ettt ettt s 37
Beisenbayev A.R., Zhabayeva A.N., Suntsova L.P., Dushkin A.V., Adekenov S.M. Synthesis and study of pinostrobin

OXIME SUPTAMOICCUIAT COMPIEXES......vieuieeieiieieiieieitesterte st e sttt ettt et et et este s e besbesseeseesaeseesaesaessesessasssessessensensessesesseaseaseassassensensen 46
Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. Rapid method for determination of nano surface area

of arecanut shell derived activated carbon by iodine adSOrption MUMDET...........ccooeiririiiiiieieerte et 53
Nurkenov O.A., Fazylov S.D., Issayeva A.Zh., Seilkhanov T.M., Zhivotova T.S., Shulgau Z.T., Kozhina Zh.M. Complexes

of inclusion of functionally-substituted hydrasons of isonicothic acid with cyclodextrines and their antiradical activity............. 57
Yermagambet B.T., Nurgaliyev N.U., Abylgazina L.D., Maslov N.A., Kasenova Zh.M., Kasenov B.K. Methods for

extraction of valuable components from ash-and-slag Coal WaSLES.........c..ccevuiirireiinieiniencitcee et 67
Shomanova Zh.K., Safarov R.Z., Zhumakanova A.S., Nosenko Yu.G., Zhanibekova A.T., Shapekova N.L., Lorant D.

Electron microscopy surface study of catalysts based on ferroalloy production Waste............coecvecvreeerierierierieneneseeeeieeeseeseseenes 79
Bayeshov A., Gaipov T.E., Bayeshova A.K., Kolesnikov A.V. Synthesis of nano- and ultradisperse copper powders

by cementation of copper (II) ions by three-valent titanitm 100S........c.coueiririeirieirieeieeere ettt eneeas 87
Bayeshov A.B., MyrzabekovB.E.,KolesnikovA.V. Patterns of formation of dispersed copper powders in the body

of electrolyte during the use of copper anode in sulfuric acid solution along with titanium (IV) 100S.......ccccocevierereninienienrienieene 96
Chyrkun D.1I., Leudanski A.E., Golubev V.G., Sarsenbekuly D., Kumisbekov S.A. Analysis of industrial drum mills’ operation

and WaYS Of tNEIT TMPIOVEIMIENL. ........ceeiteieierierieete ettt ete sttt et eteete et e et estetestestessesseeseeneeseensensassensensensesseeseeseeneensensensessensensensens 102

Brodskiy A.R., Grigor’eva V.P., Komashko L.V., Nurmakanov Y.Y., Chanysheva LS., Shapovalov A.A., Shlygina I.A.,
Yaskevich V.1I. Interaction of the Fe/y-Al,O3 catalytic system with probe molecules I. Research of the y-Al,O3 and
the Fe/y-Aly03 IIIAL SYSTEIM ....oueiuiiiiiitiietietei ettt ettt et e st et e st b e st e st e b es e e b e s es e b e st es e e es et ene et eneesensene et eneeneaseneane 109
Brodskiy A.R., Grigor’eva V.P., Komashko L.V., Nurmakanov Y.Y., Chanysheva LS., Shapovalov A.A., Shlygina L. A.,
Yaskevich V.I. Interaction of the catalytic Fe/y-Al,O; system with probe molecules I1. Study OF y-Al,O5 support and
Fe/y-Al,O; system after interaction with hydrogen and ammONIa.............ccevereririiieiesieierese e sae e e see e eseeaeneens 120
Dospaev M.M., Bayeshov A., Zhumakanova A.S., Dospaev D.M., Syzdykova B.B., Kakenov K.S., Esenbaeva G.A.
Mechanism of forming nanodisperse copper silicate powder during anodic polzrization of copper electrode in
POLASSTUM STIICALE SOLULION. L..uiiiiiiiiii ettt e e ettt e e ettt e e e ettt e e et ettt e e e et etbn e eeeebbanaaaae 130
Nadirov K.S., Cherkaev G.V., Chikhonadskikh E.A., Makkaveeva N.A., Sadyrbaeva A.S., Orymbetova G.E. Analysis
of influence of emissions of harmful substances with exhaust gases of marine dual fuel internal combustion engine on the

environment and human REalthi............co.ooiiiiiiiii ettt ettt ettt 138
Khusain B.Kh., Vinnikova K.K., Sass A.S., Rakhmetova K.S., Kenzin N.R. Aerodynamic modeling of emissions passage

1N the NEULTALIZATION PIOCESS. .. vietieiieieteiierteriestesteseeteetestestetessesseesesseaseeseessessessessessesessesseessensensessensenseasessensesssnssessersensensensessensens 150
Utegenova L.A., Nurlybekova A.K., Hajiakber Aisa, Jenis J. Liposoluble constituents of Fritillaria pallidiflora................. 156

—— 165 =——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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

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

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

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

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

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

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

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

[TpaBuna opopmieHHst CTaTbU AJIS Ty OJUKALIIH
B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

http://www.chemistry-technology.kz/index.php/ru/

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penaxropei: M. C. Axmemosa, T. A. Anenoues, Anenos /I.C.
Bepctka Ha xomnbrotepe A.M. Kynveunbaesoii

IMoamucano B mewats 05.12.2018.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
9,8 m.i1. Tupax 300. 3axa3s 6.

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



