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accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
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STUDY OF ELECTROCHEMICAL PROPERTIES OF COPPER
IN SOLUTION OF SULPHURIC ACID WITH COPPER (II) IONS
AND TITAN THROUGH POTENTIODYNAMIC POLARIZED CURVE

Abstract. The electrochemical properties of copper, titanium in sulfuric acid and their ions in aqueous solution
are investigated in the potentiodynamic mode by the method of polarization curves. Electrochemical properties of
copper and titanium electrodes in a solution of sulfuric acid involving copper (II) ions and titanium with variable
valency by means of potentiodynamic polarization curves. The recovery of copper (II) ions and the regularity of
dissolution of the electrodes are determined. The reduction wave of tetravalent titanium ions in a solution of sulfuric
acid with copper and titanium electrodes is registered for the first time in the polarization program, and it is indicated
that the reduction wave of trivalent titanium ions in the above electrodes is not registered. It is also determined that
when copper (II) ions are present in the electrolyte composition, the reduction wave of tetravalent titanium ions in
the polarization curve is not registered. It is known that obtaining the main part of copper powders is performed by
electrochemical method [1-12].

Key words: copper, titanium, electrodes, copper powders, sulfuric acid, electrolysis potentiodynamic curves.

Previous studies have shown that when titanium (IV) ions are present in the composition of the
copper (II) solution with sulfuric acid, the formation of copper powders in the cathode increases in current
and fine metal powders are formed [10, 13-16]. The study of the electrochemical properties of copper,
titanium in a solution of sulfuric acid and their ions in an aqueous solution, in order to understand the
mechanism of these processes is carried out in the Abtolab potentiostat in the potentiodynamic mode using
the polarization curve method.

The main potentiodynamic polarization curves were captured at a 50 mV/s of potential change rate.
The reference electrode is a silver-chloride electrode (E = + 0,203B), and platinum or graphite electrodes
are used as auxiliary electrodes. The values of the potentials was compared to the silver-chloride
electrode. Before the tests, the electrodes were cleaned with emery-paper to remove the oxide film and
then washed with alcohol, then with distilled water and wiped with paper filter. The thermostat and a
special YaSE-2 electrochemical cell was used to conduct research at constant temperatures.

Literature data [16,17] and the results of our research show passivity of titanium electrode during
anode polarizationin solutions of sulfur and hydrochloric acids, and cathodic polarization curves show that
only hydrogen is released.

Data on the oxidation-reduction reactions of titanium (IV) and titanium (III) ions in the acidic
environment are insignificant in the literature because polarization curves do not show the oxidation and
reduction waves before hydrogen and oxygen release potential of these ions. Some articles mention only
the standard potential value of the reduction of the tetravalent titanium to thrivalent ions [18-22]:

Ti*"+e¢ o Ti*" E’=-0,05B (1)

Thus, some of the titanium (IV) ions can be reduced by cementing with some negative potential
metals. Such negative potential valued metals are - lead, zinc etc. There is also information in the literature
that these ions are oxidized by hydrogen-contained, carbon-contained and some other metallo-organic
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compounds. However, the reduction of titanium (I'V) ions at room temperature is considered to be at low
speeds. As per known methods, trivalent titanium ions are obtained by reduction of tetravalent titanium in
cathode environment for several hours.

Typically, when obtaining copper powder the titanium electrode is used as a cathode, and in the
sulfuric acid solution the cathode potentiodynamic polarization curve of this electrode shows only the
hydrogen ions reducing current (figure 1). The results show that as the sulfuric acid concentration
increases, cathodic potentiodiodynamic curves show a significant reduction in the hydrogen release
current. This phenomenon is associated with the increase in the concentration of hydrogen ions.
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Figure 1 — The cathode polarization curves recorded in the titanium electrode of the sulfuric acid solution
at V=50 mV/s, t=25°C, H,SO, g/l: 1 - 10,2 -25,3-50,4-75,5-100

When adding copper (II) ions to the sulfuric acid solution, the polarogram captures its maximum
reduction at the titanium cathode. With the increase in copper (II) ions, the increase in the maximum
current values of reduction is observed (figure 2).

As the concentration of copper (II) ions in the solution grows, it is possible to notice that the hydro-
gen ions discharge voltage drops significantly. This phenomenon can be explained by the fact that in the
copper electrode the hydrogen is released with less volatile than in titanium.
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Figure 2 — Cathode polarization curves registered in titanium electrode at concentrations of various copper (II) ions
in the sulfuric acid solution, V =50 mV/s, t = 25 °C, H,SO, - 50 g/L, Cu(Il), g/L: 1 - 1,0;2-2,5;3-5,0;4-10;5-15;6-20
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When adding tetravalent titanium ions to the copper (II) in sulfuric acid solution, the reduction
current of the obtained ions are not observed in the polarogram. And in the pure sulfuric acid solution, the
subtly visible reduction wave of the tetravalent titanium ions is recorded in the cathode potentiodynamic
curve (figure 3).
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Figure 3 — Cathodic polarization curve recorded on a titanium electrode in a solution of sulfuric acid containing
titanium (IV) ions (IV): 1 - 10 g/L H,SOy; 2 - 10 H,SO4 /L+ 10 g/L titanium (IV); V =50 mV/s; t = 25 °C

In the process of electrolysis copper (II) ions are reduced in cathode, then after short time covering
the titanium surface, functions as copper electrode. Therefore, in order to fully understand the mechanism
of reactions occurring in the electrodes during the formation of copper powders, the following studies
were conducted on the copper electrode.

The cathode polarization curves recorded in the copper electrode in the sulfuric acid solution show a
decrease in the voltage of the reduction of hydrogen ions due to the increase in electrolyte acidity (figure 4).
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Figure 4 — Cathode polarization curves recorded from copper electrode in sulfuric acid solution,
V =50mV/s; t = 25 °C; H,8O,, g/L: 1 - 50; 2 - 75; 3 - 100

When adding copper (II) ions to the sulfuric acid solution, the cathode reduction maximum rate in the
polarogram is recorded and the maximum value increases with straight linearity regularity due to the
increase in concentration of copper (II) ions (figure 5).
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Figure 5 — Cathode polarization curves of copper electrode in sulfuric acid solutions with different concentrations
of copper (II) ions, V =50 mV/s, H,SO, - 50 g/L, CuSO,, g/L:1-5,0;2-10;3 -15;4-20

In the above case, the increase in the rate of potential transfer increases the maximum of copper (II)
ions reduction (figure 6). It is assumed that the reduction of copper (II) ions occurs in the diffusion mode.
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Figure 6 — Cathode polarization curves of copper electrodes in sulfuric acid solution with copper (II) ions,
50 g/L H,SO4 + 10 g/L CuSOy4, V=50 mV/s: 1 - 25; 2 - 50; 3 - 100; 4 - 150; 5 - 200

When adding titanium (IV) ions to sulfuric acid solution with copper (II), the reduction wave of
subsequent ions in the copper electrode is not observed in the polarogram. In the pure sulfuric acid solu-
tion, the reduction wave of the tetra-valent titanium ions is clearly marked on the polarogram (figure 7).

Copper electrodes are used as copper anodes when copper powders are obtained from the sulfuric
acid copper (II) solution. Therefore, electrochemical properties of copper electrode in sulfuric acid
solution with copper (II) ions were investigated.

Anode, cathode and cyclic polarization curves were recorded for the copper electrode in the sulfuric
acid solution. When polarization begins to grow in the direction of the anode, the maximum current in the
polarogram is registered. On the surface of the electrode copper oxide is formed, passivated and the value
of the current decreases dramatically. Copper potential is further reduced to the right when copper melting
occurs at a very low speed under transpassivation (figure 8), and increase in the rate of the potential
transfer of copper the copper dissipation maximum rate increases (figure 9).
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Figure 7 — Cathode polarization curves recorded for copper electrode in sulfuric acid solution with titanium (IV) ions:

H,SO, — 20g/L; titanium (IV) — 30 g/L
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Figure 8 — Anode polarization curves of various copper electrodes in sulfuric acid solutions:

Potential applied (V)

V =50 mV/s; t =25 °C; H,SOy, g/L: 1 - 50; 2 - 75; 3 - 100; 4 - 150
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Figure 9 — Copper electrode polarization curves in sulfuric acid solution with different concentrations of the copper (II) ions,
H,S80,4-50g/L, V=50mV/s, CuSO4 g/L: 1 -1,0;2-2,5;3-5,0;4-7,5;,5-10,0

The presence of copper ions in the sulfuric acid solution and its concentration increase slightly in-

crease the maximum anode value.
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Figure 10 — Anode polarization curves of different potential transfer rates of the copper electrode in the sulfuric acid solution,
H,SO,-50g/L, V, mV/s: 1-20;2-50;3-100; 4 - 150; 5 - 200

~10.000 m [ 4
00000 F 4

10,000 m |- 3

WE(1).Current (A)

20000 m - -

20000 m = =

40.000 m EL L I 1 1 =
1.5 1 05 a 4.5 -1

Fotential applied (V)

~10.000 m /-
g

D.0000 - -

19,000 m - -

20000 m -

WE(1).Current (4)

30000 m = r

40.000 m - =

L L L 1 | L
1.5 1 0.8 o 0.5 “
Fatential applied (V)

Figure 11 — Potential anodic-cathode (a) and cathodic-anode (b) potentiodynamic polarization curves of copper electrode
in the 50 g/L sulfuric acid solution, V = 50 mV/s; t =25 °C
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Electrochemical properties of copper electrode in sulfuric acid solution were also studied by cyclic
potentiodynamic curves.

When the copper electrode in the sulfuric acid solution is displaced to the potential anode direction,
as it was shown previously, it is melting, followed by an oxidizing film forming, which is then passivated,
and then starting from the 10.0V potential area continues to melt at low velocities under transpassivation.
Oxygen gas release is not observed (up to "plus" 1.5 V). And when the potential is displaced to negative
potentials, the maximum reduction rate of the copper oxide film formed on the surface of the electrode
within the area of 0.0V potentials is registered, and at the "minus" 0.7V potential the hydrogen ion
discharge current is registered on the polarogram (figure 11a).

And in the cathodic-anode cyclic polarogram, the above reactions take place (figure 11b).

We cannot see the oxidation current of the tri-valent titanium ions on titanium and copper electrodes
in anode polarization curves.

Summarizing the above, the electrochemical properties of copper and titanium electrodes in the
sulfuric acid solution in relation with copper (II) and mixed-valence titanium ions were investigated by
potentiodynamic polarization curves. The regularities of copper (1) ions reductions and copper electrodes
melting are determined. The reduction wave of copper and titanium electrodes of the tetravalent titanium
ions in the sulfuric acid solution were recorded for the first time on the polarogram, and the oxidation
waves of the thrivalent titanium ions were not recorded in the above electrodes. We found that when the
electrolyte contains copper (II) ions the reduction wave of tetravalent titanium ions was not registered in
polarization curves.

A. Baemos, /I. A. AGm:kaHoBa, Y. A. AdayBanuena, M. ’KypbiHoB
J1. B. CoxonbCKUii aTBIHAAFBI )KaHapMai, KaTan3 jKoHe dekTpoxumust nHCTUTYTH AK, Anmartsl, Kazakcran

MBIC (II) ’KoHE TUTAH HOHJAPBI BAP KYKIPT KbIIIIKbIJIbI EPITIHIAICIHIE
MBbICTBIH, JIEKTPOXUMUSJIBIK KACUETIH HOTEHIHUOJANHAMMKAJIBIK
NOJIAAIPU3AIMAJBIK KUCBIKTAP TYCIPY APKBLJIbBI 3BEPTTEY

AnHotanus. KyKipT KbIIIKBUTBI epITIHIICIHAC MBICTHIH, THTAHHBIH JKOHE OJIAPJIBIH HOHIIAPBIHBIH CYJIBI ePiTiH-
UTePIHIET] JCKTPOXUMIBUIBIK KACHETI MOTCHIIMOAWHAMHKAIBIK PEXKUMIE, MOIIPU3AIIUIBIK KUCBIKTApD TYCIpPY
oziciMeH 3epTTeniHai. MpIC KOHE THTaH JJIEKTPOATAphIHBIH KYKIpPT KbIKbUIBI epiTiHaicinxe, mbic (II) »xone
aflHBIMAJIbI BAJICHTTI TUTAH HOHIAPHI KATHICHIH/IA JIEKTPOXMUMHSUIBIK KACUETTEeP] MOTSHIMOIUNHAMHUKAIIBIK MOJISIPH3a-
LUSUTBIK KUCBIKTAp TYCipy apkbuibl 3eprreimi. Mbic (II) HOHAAPBIHBIH TOTBIKCHI3JAHYbI JKOHE MBIC 3JIEKTPOIBIHBIH
epy 3aHIBUIBIKTAPHl aHBIKTAIABL. TOpPT BaJICHTTI THTAH HOHNAPBIHBIH KYKIPT KBIIKBUIBI €PITIHAICIHIC MBIC JKOHE
TUTaH AJIEKTPOJTAPBIHA TOTHIKCHI3[AHY TOJIKBIHBI aJIFalll PET MOJSIpOrpaMmaja TIPKeN[i, aj yll BaJeHTTI TUTaH
HMOHJAPBIHBIH TOTHIFY TOJKBIHAAPBIHBIH KOFApPBIIa KOPCETIIreH EKTPOoATapAa TIpKeIMEHTIHAIr KepceTinai. Diek-
Tponut Kypambiaaa mbic (1) nonmapsl O0ap ke3le TepT BaJCHTTI TUTAH MOHAAPBIHBIH TOTHIKCHI3IAHY TOJIKBIHBIHBIH
MOJISIPU3ALMSIIBIK KUCBIKTap/la TiPpKeJIMEHTIHAIr aHBIKTaNAbl. MbIC YHTaKTapbIHBIH HET13ri 06JIiri 3JIeKTPOXUMHUSIIBIK
TOCUIIEpPMEH JIBIHATBIHBIFGI Oenrini [1-12].

Tyiiin ce3mep: MBIC, TUTaH, AJICKTPOATAP, MBIC YHTAKTaphl, KYKIPT KBIIIKBUIBI, 3JICKTPOJIU3, MOTCHIMOIHHA-
MUKAJIBIK KUCBIKTAP.

A. Baewos, /I. A. Aou:xkaHoBa, Y. A. AoayBanunesa, M. ’KypuHos
AO HMuCcTuTyT TOTNMBA, KaTann3a u aiekTpoxumunu uM. J{. B. Cokonbckoro, Anmatsl, Kazaxcran
HNUCCIEJOBAHHUE SJIEKTPOXUMHUYECKOI'O ITIOBEJIEHUSA MEJIN

B PACTBOPE CEPHOM KHMCJIOTHI, COJIEPKAIIMX MOHBI ME/IH (IT) U TUTAHA
METOJOM CHSATHUS HOTEHIUOJNHAMMNYECKHUX TOJAPU3ALIMOHHBIX KPUBbIX

AHHOTANMA. DICKTPOXUMHUUECKUE CBOMCTBA MEIU, TUTAHA B CEPHOM KHUCIOTE U UX MOHOB B BOJHOM PacTBOpE
UCCIIeAYyeTCA B MOTEHIMOAMHAMUYHOM PEXKUME METOAOM MOJSPU3ALUOHHBIX KPHUBBIX. DJIEKTPOXUMHUUECKUE CBOM-
CTBa JJIEKTPOJIOB ME/IM M THTaHA B PACTBOpPE CEPHOI KUCIOTHI ¢ yyacTreM noHoB Meau (II) u TuTana c mepemeHHON
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BJICHTHOCTHIO ITyTEM NMOTEHIMOAWMHAMHWYHBIX MOJISIPU3ALUOHHBIX KPHUBBIX. Onpenensercs BOCCTAHOBICHHE HOHOB
menu (II) n 3akOHOMEPHOCTH PacTBOPEHUS 3IEKTPOAOB. BoslHa BOCCTaHOBIICHHSI HOHOB YETHIPEXBAJICHTHOTO TUTAaHA
B PacTBOPE CEPHOM KUCIOTHI MEKTPOAAMHU MEIH M TUTAHA 3apETHCTPUPOBAaHA B NEPBBII pa3 B MOJSPOIIPOTpaMMe, a
YKa3bIBA€TCsl, YTO BOJHA BOCCTAHOBJICHHS MOHOB TPEXBAJICHTHOTO THTAHA B BBIMICYKA3aHHBIX JIEKTPOJAaX HE 3ape-
rucTpupoBaHa. Takxke ompenensercs, YTO NMPU HAJIMYMM B cocTaBe dnekTpoiurta moHoB Mmeau (II) Bomna Boc-
CTaHOBJICHUS] HOHOB YETBIPEXBAJICHTHOTO TUTAHA B MOJIAPHU3ALIOHHON KPUBOH HE 3aperucTpuposaHa. M3sectHo, uTo
MOJy4eHHE OCHOBHOM 4acTH MOPOILIKOB MEIH MPOU3BOAUTCS JIEKTPOXUMHYECKUM criocobom [1-12].

KiroueBble cjioBa: Melb, TUTaH, AJIEKTPOABI, MEIHbIE MOPOLIKH, CepHas KHUCIOTa, IEKTPOJIU3, MOTEHINO-
JTUHAMHUYECKHE KPUBBIE.

Information about authors:

Bayeshov Abduali, JSC Institute of Fuel, Catalysis and Electrochemistry named after D. V. Sokolskiy, Almaty,
Kazakhstan; bayeshov@mail.ru; https://orcid.org/0000-0003-0745-039X

Abizhanova Dinara, JSC Institute of Fuel, Catalysis and Electrochemistry named after D. V. Sokolskiy,
Almaty, Kazakhstan; diko7778 1@mail.ru; https://orcid.org/0000-0002-6268-6250

Abduvaliyeva Umida, JSC Institute of Fuel, Catalysis and Electrochemistry named after D. V. Sokolskiy,
Almaty, Kazakhstan; https://orcid.org/0000-0002-9368-4813

Zhurinov Murat, JSC Institute of Fuel, Catalysis and Electrochemistry named after D. V. Sokolskiy, Almaty,
Kazakhstan; https://orcid.org/0000-0001-5314-1219

REFERENCES

1] Baymakov Yu.V., Zhurin A.I. Electrolysis in hydrometallurgy. M., 1963. 616 p.

2] Jones V.D. Basics of powder metallurgy. Properties and use of powder materials. M., 1965. 392 p.
3] Kiparissov S.S., Libenson G.A. Powder metallurgy. M., 1972. 528 p.

4] M. Nomberg Production of copper powder by electrochemical method. M.: Metallurgy, 1971. 134 p.
5] Libenson G.A. Basics of powder metallurgy. M.: Metallurgy, 1975. 200 p.

6] Fedochenko I.M., Andrievsky R.A. Basics of powder metallurgy. Kiev, 1952. 144 p.

7] Ayzenkolb F. Successes of powder metallurgy. M., 1969. 542 p.

[8] Kudra, OK, Gitman, E. B. Electrolytic production of metal powders. Kiev, 1952. 144 p.

[9] Bayeshov A. Electrochemical methods for the extraction of copper, chalcogen and the synthesis of their compounds,
1990, Science of the Kazakh SSR, 108 p.

[10] Bayeshov A., Bayeshova A K., Bayeshova S.A. Electrochemistry, Kazakh University, Almaty, 2014. 326 p.

[11] Bayeshov A., Bayeshova A.K., Abduvaliyeva U.A. Influence of cuproions on copper powders formation in electro-
refining of copper, The proceedings of the national Academy of Sciences Republic of Kazakhstan, Chemistry and technology
series, N 4, 2018

[12] Bayeshov A.B., Myrzabekov B.E., Kolesnikov A.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) ions // The proceedings of the
National academy of sciences Republic of Kazakhstan, Chemistry and technology series, N 6, 2018

[13] Bayeshov A.B., Kozhakov B.E., Buketov E.A. The method of obtaining copper powder, AS.SSSR Ne1082066 dated
07.17.1982. (Not subject to publication in the open press).

[14] Bayeshov A.B., Dauletbaev A.S., Bayeshova A.K. Electrochemical method of obtaining copper powder. Innovative
patent of the Republic of Kazakhstan No. 22669, Bull. N 7, 2010

[15] Bayeshov A.B., Bayeshova A.K., Bayeshov K.A. Electrochemical method of obtaining copper powder. Innovative
patent of the Republic of Kazakhstan Ne28225, Bull. N 7, 2014

[16] Letskih E.S., Levin A.l. Anodic processes in the electrochemical refining of copper, non-ferrous metals, 1963, N 7,
p. 29-35

[17] Milyutin N.N. Electrochemical behavior of copper in solutions of sulfuric acid // Journal of applied chemistry, 1961,
N 4. P. 848-856.

[18] Latimer V.M. Oxidative states of elements and their potentials in aqueous solutions. M.: Foreign literature, 1954.
400 p.

[19] Buketov E.A., Kozhakov B.E., Bayeshov A. On the Anodic Peak on the Cathode Potentiodynamic Curve of a Titanium
Electrode in an Acid Medium // Report for the SA USSR. 1982. Vol. 265, N 1. P. 113-115.

[20] Frumkin A.N., Bagotsky V.S., lofa Z.A., Kabanov B.N. Kinetics of electrode processes. M.: Moscow State University,
1952. 318 p.

[21] Tomashev N.D., Altovsky R.M. Corrosion and protection of titanium. M.: Mashgiz, 1969. 167 p.

[22] Damaskin B.B., Petriy O.A., Tsirlina G.A. Electrochemistry. M.: Koloss, 2006. 672 p.

[
[
[
[
[
[
[

—— 243 ——



ISSN 1991-3494 2.2019

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.

[IpaBuna opopmieHus cTaThy AJ1s MyONHUKAIMK B )KypHale CMOTPETh Ha caiTe:

www:nauka-nanrk.kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)

http://www.bulletin-science.kz/index.php/en/

Penaxropst M. C. Axmemosa, T. M. Anenoues, /]. C. Anenos
Bepctka na xomnsrotepe J. H. Kankabexosoil

IMoamucano B mewats 12.04.2019.
®dopmat 60x881/8. bymara ocetnas. [leuars — puzorpad.
16,0 .. Tupax 500. 3akas 2.

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



