ISSN 1991-3494

KA3AKCTAH PECITYBJIMKACBHI
YJITTBIK FBUJIBIM AKAJIEMUACBIHBIH

XABAPIHIbI Cbl

BECTHUK

HAITMOHAJIBHOM AKAJIEMUM HAYK

THE BULLETIN

OF THE NATIONAL ACADEMY OF SCIENCES

PECITYBJIKA KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN
1944 JKBIIJAH IIBIFA BACTAFAH
W3JIAETCSI C 1944 TOJIA
PUBLISHED SINCE 1944
AJIMATHBI HAVYPLI3
AJIMATHBI 2015 MAPT
ALMATY MARCH



bac penmakTtop

KP ¥Tt'A akagnemuri
M. K. ’KypbiHoB

Pemaxumusg ankacs:

ouoin. ¥. nokropsl, pod., KP ¥FA akamemuri Afitxoxkuna H.A.; tapux ¥. gokropsli, npod., KP ¥FA
akagemuri baiimakos K.M.; 6uon. . nokropsl, npod., KP ¥FA akanemuri Baiityaun H.O.; 6uomn. f.
nmokTopsl, ipod., KP ¥FA akanemuri Bepcim6aes P.U.; xum. r. nokropsl, npod., KP ¥YFA akagemuri
I'azanueB A.M.; a.-u1. ¥. goktopsl, npod., KP ¥FA akagemuri [yiicenoexor 3./.; a.-Il. ¥. TOKTOPBHI,
npod., KP ¥FA akanemuri Enewes P.E.; ¢us.-mar. . noxropsl, mpod., KP ¥FA akagemuri Kaamenos T.IL1.;
¢un. r. mokrtopel, mpod., KP ¥FA akamemuri Heican6aeB A.H.,; 3koH. ¥. mokTopbl, npod., YFA
akamemuri Cary6amgun C.C.; tapux f. goktopsl, mpod., KP ¥FA kopp. mymeci 96:xkanoB X.M.;
¢u3.-mat. r. qokTopsl, mpod., KP ¥FA kopp. mymeci 9oimeB M.E.; TexH. . nokropsl, npod., KP ¥FA
kopp. myuieci 9oimesa 3.C.; TexH. F. JokTopbl, mpod., KP ¥FA xopp. mymeci AdcansikoB B.H. (6ac
PEeIaKTOPIBIH OpBIHOACAPHI); a.-TI. F. JOKTOpHI, Ipod., KP ¥T'A kopp. mymeci baiimykanos JI.A.; Tapux
. goktopkl, pod., KP ¥FA kopp. mymieci baiitanaes B.A.; ¢us.-mat. ¥. noktopsl, npod., KP ¥FA
kopp. myueci JlaBieroB A.E.; ¢pus.-mar. ¥. 1okTopsl, npod., KP ¥FA kopp. mymeci Kamumosnaes M.H.;
reorp. ¥.J0KTOpbl, pod., KP ¥FA kopp. mymeci Meney A.; TexH. ¥. JOKTopbl, mpod., KP ¥FA xopp.
Mymreci MbipxaabsikoB JK.Y.; 6uon. F. moktopsl, pod., KP ¥FA kopp. mymeci Oraps H.IL.; TexH. F.
nokropsel, npod., KP ¥FA xopp. mymeci. TarkeeBa I'.I'.; a.-m. ¥. gokrtopsl, npod., KP ¥FA xopp.
mymeci YmOeraeB U.

Penakxngusga keHgect:

Peceii FA akanemuri BeanxoB E.IL. (Peceit); Ozipbaikan ¥FA akanemuri Fammm3zane @. (93ipoaii-
kaH); YkpanHanblH YFA akanemuri I'onuapyk B.B. (Ykpauna); Apmenus PecnyOnukaceibiH ¥YFA
akagemuri Jl:kpoamsan P.T. (Apmenus); Peceit FA akamemuri JlaBepos H.II. (Peceit); Momnmosa
PecrriyOommukaceiabiy ¥FA akamemuri Mockanenko C. (MommoBa), MonnoBa PecryonmukaceiHeiH ¥TA
akagemuri Pymux B. (MongoBa); Apmenuss PecnyOmukacoiabiy ¥FA akagemuri Carumsn  A.C.
(Apmenust); MonmoBa PecnyOmukaceiaeiy ¥YFA akamemuri Tomepam W. (Monmosa); Toxikcran
PecrryOommukaceiaeiy ¥FA akagemuri SIky6oBa M.M. (Toxikcran); Monmoa PecryomukaceiaeiH YA
kopp. mymeci Jlynamky ®. (MongoBa); TexH. ¥. 1oKTopbl, podeccop Adues P.LI. (Peceil); TexH. F.
noktopel, mnpodeccop ApamoB K.B. (Ykpauna); mexn. ¥. moktopsl, mpodeccop IOpren Amnmenn
(I'epmanus); men. ¥. mokropsl, npodeccop Hozed banac ([lompmra); TexH. F. HOKTOPHI, Tpodeccop
TI'apa6agxuy (Peceit); nokrop PhD, npodeccop MBaxnenko O.I1. (¥npiOpuranus); XuM. . JOKTOPEI,
npodeccop M3adeia HoBak (ITonbma); xum. F. goxTopsl, npodeccop oaemyk O.X. (Peceif); xuM. .
nmokTopsl, ipodeccop IonseB A.U. (Peceit); mpodeccop Moxn Xacan Cenamat (Manaiius); TexH. F.
nmokTopsl, mpodeccop XpunyHon I'.C. (YkpanHa)




'maBHBIY penaxkTop

akagemuk HAH PK
M. K. Kypunos

PenaknmuoHHAasad KONJIET U A

IIOKTOp Omoi. Hayk, mpod., akameMuk HAH PK H.A. AiiTX0KHUHA; TOKTOp UCT. HAayK, Mpod., akameMuk
HAH PK K.M. BaiinakoB; qokrop 6uon. Hayk, npod., akanemuk HAH PK HM.O. Baiityaun; noxrop
Ouoi. Hayk, mpod., akagemuk HAH PK P.1. Bepcum6aeB; 1okTop XuM. Hayk, pod., akagemuk HAH PK
A.M. T'azaaueB; JOKTOp C.-X. HayK, npod., akagemuk HAH PK 3./1. {roceH0eKk0B; JOKTOP CEIBCKOXO03.
Hayk, nipod., akanemuk HAH PK P.E. Enemes; nokrop ¢us.-mar. Hayk, npod., akagemuk HAH PK
T.l. KansmenoB; 1oktop ¢ui. Hayk, npogd., akagzeMuk HAH PK A.H. Heican6aeB; TOKTOp 9KOH. HayK,
npod., akanemuk HAH PK C.C. CaTtybanaun; 10KTOp HCT. HayK, pod., wi.-kopp. HAH PK X.M. Ad:xxaHoB;
IOKTOp (hm3.-Mar. HayK, mpod., wi.-kopp. HAH PK M.E. AGumieB; 1OKTOp TeXH. HayK, MPod., WIL-KOpPP.
HAH PK 3.C. AoumeBa; 1okTop TexH. HayK, npod., uwi.-kopp. HAH PK B.H. A6caapikoB (3amecTutens
TJIaBHOTO PEAAaKTOpa); JOKTOP C.-X. HayK, mpod., ui.-kopp. HAH PK JI.A. BaiimykanoB; goKTOp
WCT. HayK, mpod., wi.-kopp. HAH PK B.A. baiitanaeB; nokrop ¢wus.-mar. Hayk, npod., wi.-kopp. HAH
PK A.E. /laBaeToB; 10KTOp ¢u3.-Matr. HaykK, npod., wi.-kopp. HAH PK M.H. Kanumosgaes; noxrop
reorp. Hayk, npo¢., wi.-kopp. HAH PK A. Meney; noxtop TexH. Hayk, npo¢., ur.-kopp. HAH PK
7K. Y. MbIpxaabIkoB; AOKTOp OWon. Hayk, mpod., un.-kopp. HAH PK H.II. Orapsb; DOKTOp TeXH.
HayK, mipod., wr.-kopp. HAH PK I'.I'. TaTkeeBa; DOKTOp CEIBCKOX03. HayK, mpod., wi.-kopp. HAH PK
H. Ymberaes

PengaknmUWOHHBIH COBET:

akagemuk PAH E.JI. BeauxoB (Poccus); axagemuk HAH AsepOaiimkxanckoit PecmyOmuku
®@. I'amum3age (AzepOaiimkan); akanemuk HAH Ykpaunsr B.B. I'onuapyk (Yxpauna); akamemunk HAH
Pecniy6muxu Apmenus P.T. Jxkpoamsn (Apmenus); akagemuk PAH HL.IL. JlaBepos (Poccus); akageMuk
HAH Pecny6omuku Monmosa C. Mockaienko (Mongosa); akagemuk HAH PecnyOmuku Monmosa
B. Pyaux (MonnoBa); akamemuk HAH Pecrmyomukun Apmenus A.C. Carusin (ApMeHHS); aKaJIeMUK
HAH Pecny6muku MongoBa M. Tomepam (Mommosa); akamemuk HAH PecnyOmmkn Tamxukrcran
M.M. Sxy6oBa (Tamxuxucran), uieH-koppecnonneHT HAH PecnyOnukum Mongosa ®@. Jlymamky
(Momnmosa); n.1.H., mpodeccop P.II. AdueB (Poccus); n.1.H., mpodeccop K.B. ABpamoB (Ykpauna);
n.M.H., npodeccop FOpren Ammens (I'epmanms); mn.m.H., npodeccop Uosed banac (Ilompma); n.T.H.,
npogeccop A.B. IN'apadamkuy (Poccus); noxkrop PhD, npodeccop O.I1. UBaxnenko (BenukoOpuranus);
n.x.H., npodeccop U3adenna Howak (Ilosnbma); n.x.H., npodeccop O.X. Hoaemyk (Poccus); a.x.H.,
npocdeccop A.U. IonsieB (Poccus); mpodeccop Moxa Xacan Cenamat (Manaii3us); 1.1.H., mpodeccop
I'.C. XpunyHos (YkpanHa)

«BectHuk HanmonanbHoii akagemun Hayk Pecnyoaukn Kazaxcran». ISSN 1991-3494

Cob6crBennnk: POO «HammonansHas akagemus Hayk PecryOnukn Kazaxcram» (r. AiaMatsr)

CBHUIETENBCTBO O NIOCTAHOBKE HA y4eT IEPUOANYECKOro MedaTHOro u3zfanus B Komurere MHGOpMaLUK U apXUBOB
MunncTepcTBa Ky IbTyphl 1 nH(opMarn Pecryonmuku Kazaxcran NeS551-7K, sergannoe 01.06.2006 r.

IepronuuHocTh: 6 pa3 B rox
Tupax: 2000 3x3eMIIsIpoB

Anpec pegakuuu: 050010, r. Anmarsr, yi. Lllesuenko, 28, koM. 219, 220, ten. 272-13-19, 272-13-18.
www: nauka-nanrk.kz, bulletin-science.kz

© HanmonansHast akagemus Hayk Pecyonuku Kazaxcran, 2015

Anpec tunorpaduu: U1 «ApyHna», r. Anmartsl, yin. MypatOaeBa, 75

— 3 —



Editor in chief

M. Zh. Zhurinov,
academician of NAS RK

Editorial board:

N.A. Aitkhozhina, dr. biol. sc., prof., academician of NAS RK; K.M. Baipakov, dr. hist. sc., prof.,
academician of NAS RK; I.O. Baitulin, dr. biol. sc., prof., academician of NAS RK; R.I. Bersimbayev,
dr. biol. sc., prof., academician of NAS RK; A.M. Gazaliyev, dr. chem. sc., prof., academician of NAS
RK; Z.D. Dyusenbekov, dr. agr. sc., prof., academician of NAS RK; R.Ye. Yeleshev, dr. agr. sc., prof.,
academician of NAS RK; T.Sh. Kalmenov, dr. phys. math. sc., prof.,, academician of NAS RK;
A.N. Nysanbayev, dr. phil. sc., prof., academician of NAS RK; S.S. Satubaldin, dr. econ. sc.,
prof., academician of NAS RK; Kh.M. Abzhanov, dr. hist. sc., prof., corr. member of NAS RK;
M.Ye. Abishev, dr. phys. math. sc., prof., corr. member of NAS RK; Z.S. Abisheva, dr. eng. sc., prof.,
corr. member of NAS RK; B.N. Absadykov, dr. eng. sc., prof., corr. member of NAS RK (deputy editor);
D.A. Baimukanov, dr. agr. sc., prof., corr. member of NAS RK; B.A. Baytanayev, dr. hist. sc., prof.,
corr. member of NAS RK; A.Ye. Davletov, dr. phys. math. sc., prof.,, corr. member of NAS RK;
M.N. Kalimoldayeyv, dr. phys. math. sc., prof., corr. member of NAS RK; A. Medeu, dr. geogr. sc., prof.,
corr. member of NAS RK; Zh.U. Myrkhalykov, dr. eng. sc., prof., corr. member of NAS RK; N.P. Ogar,
dr. biol. sc., prof., corr. member of NAS RK; G.G. Tatkeeva, dr. eng. sc., prof., corr. member of NAS
RK; I. Umbetayev, dr. agr. sc., prof., corr. member of NAS RK

Editorial staff

E.P. Velikhov, RAS academician (Russia); F. Gashimzade, NAS Azerbaijan academician (Azerbaijan);
V.V. Goncharuk, NAS Ukraine academician (Ukraine); R.T. Dzhrbashian, NAS Armenia academician
(Armenia); N.P. Laverov, RAS academician (Russia); S.Moskalenko, NAS Moldova academician
(Moldova); V. Rudic, NAS Moldova academician (Moldova); A.S. Sagiyan, NAS Armenia academician
(Armenia); I. Toderas, NAS Moldova academician (Moldova); M. Yakubova, NAS Tajikistan
academician (Tajikistan); F. Lupascu, NAS Moldova corr. member (Moldova); R.Sh. Abiyev, dr.eng.sc.,
prof. (Russia); K.V. Avramov, dr.eng.sc., prof. (Ukraine); Jiirgen Appel, dr.med.sc., prof. (Germany);
Joseph Banas, dr.med.sc., prof. (Poland); A.V. Garabadzhiu, dr.eng.sc., prof. (Russia); O.P. Ivakhnenko,
PhD, prof. (UK); Isabella Nowak, dr.chem.sc., prof. (Poland); O.Kh. Poleshchuk, chem.sc., prof.
(Russia); A.I. Ponyaev, dr.chem.sc., prof. (Russia); Mohd Hassan Selamat, prof. (Malaysia);
G.S. Khripunov, dr.eng.sc., prof. (Ukraine)

Bulletin of the National Academy of Sciences of the Republic of Kazakhstan.
ISSN 1991-3494

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 5551-K, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 2000 copies

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

© National Academy of Sciences of the Republic of Kazakhstan, 2015

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

— 4 —



ISSN 1991-3494 Ne 2.2015

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 2, Number 354 (2015), 183 — 186

UDC 621.374.3

THE MULTILEVEL INVERTER ON IGBT TRANSISTORS
FOR TRANSFORMATION OF SOLAR ENERGY
TO THE ELECTRIC POWER
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Abstract. In this article the multilevel inverter on IGBT transistors for transformation of energy of the sun to
the electric power is investigated. At the exit of the multilevel inverter it is possible to receive tension close to a
sinusoidal form. The analysis of the received output curves of tension on a sinusoidal is carried out. Main objective
of this inverter is transformation of solar energy to the electric power of industrial frequency. Results of computer
modeling and a pilot study are given.

Introduction. Development of renewables is one of the major factors stimulating growth of the
market of power electronics, demanding continuous increase of efficiency of transformation and reliability
[1]. The scope of power electronics covers now practically all spheres of activity of the person, fuel a
power complex, the industry, transport, communication, life, etc. Use of devices of power electronics is
the biggest and important area the modern electric drive [2].

Wind power installations (WPI) and the solar energetic stations (SES) are considered as the most
perspective sources of alternative energy today. In all cases connection of the SES inverter to a network is
carried out at satisfaction of the demanded value of coefficient of harmonicas [1].

The set of inverters of common industrial and special execution is known. The problem of inverting
of the electric power is solved by mainly so-called static converters now, the most effective among which
on efficiency and mass-dimensional indicators are semiconductor transistor converters. The inverter thus
has to possess rather high power rates (specific power, efficiency, power factor, etc.) and quality of the
developed electric power (tension curve form sinusoidal, stability of frequency and tension [3].

The imitating model of the multilevel inverter was collected in the program MATLAB R2010a
environment. Analyses for eight, thirteen and twenty six levels were carried out. In figure 1, the imitating
model of the eight-level inverter on IGBT transistors is shown.

The multilevel inverter works at IGBT transistors as follows. The known bridge scheme of the
inverter 1 consists of transistors Til, Ti2, Ti3 and Ti4 and through n of transistor keys of KKn consisting
of n of Tn and n transistors of Dn diodes is connected to n to En power supplies and forms at the exit
squared tension, both in positive, and in a negative half-cycle.

To form the following positive half-cycle of tension the first specified algorithm repeats. Here it
should be noted that it is possible to form unlimited number of levels at the inverter exit.

N of consistently connected solar elements (SE) and m in parallel connected by SE to current equal to
I are necessary for transformation of solar energy to tension of alternating current with the operating value
U. Thus some solar platform which develops a certain power P = Ui. According to a method of calculation
of economy of solar elements and formation of multilevel tension at the exit of the inverter turns out
power P = 8,11 kW of a solar platform tension of alternating current with the operating value U = 220 V
was calculated (with amplitude Um value = 312 V). For this purpose n = 26 consistently connected solar
elements and m = 26 in parallel of the connected solar elements with current in I = is necessary for 1 A.Pri
it the economy of solar batteries depending on number of level of tension turns out.
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Figure 1 — Simulation model of the eight levels of inverters

For example, at 8 - the level of voltage of 28,2% and at 13 — the level of voltage of 30,5%, and at
26 — the level of voltage of 31,7%. Apparently from calculation, economy of expensive solar batteries
essential if to consider that the cost of solar batteries makes the most part in system of transformation of
energy "solar batteries — the switchboard — the inverter — loading".

Results of modeling confirmed the principle of work of system. As solar batteries sources of a direct

current were used. Results of computer modeling of the output inverter are given in figures 2 at 8 levels of
tension.

Figure 2 — Result of computer modeling the output 8-level tension of the inverter in the electric power of industrial frequency
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One of parameters of quality of the electric power at the exit of the inverter is the coefficient of
distortion of tension (THD), and the less its value, the output tension of the inverter closely to a sinusoid.

Apparently from schedules of tension, the number of levels of tension, the multilevel tension at the
exit of the inverter closely to a sinusoid is higher. i.e. coefficient of distortion of tension (THD) not
considerable. However thus the number of switching and according to loss in the switchboard increases
and the scheme of management becomes complicated. The most optimum option is 13 — the-level tension
at which it is possible not to use the power filter practically. As shows calculations, for the industrial
frequency of 50 Hz power filters at increase of power to ten kilowatts have the essential mass-dimensional
sizes (1).

Experimental research works are given. As power the key of switching is chosen the IGBT transistor (5).

The developed multilevel inverter looks as follows (figure 3).

Figure 3 — Appearance of the six-level inverter on IGBT transistors

The received curve of tension was removed on an oscilloscope and given in figure 4.

In drawing - 4 the oscilloscope of output tension of the inverter (from above) and tension of an
industrial network is submitted (from below). Apparently from the oscilloscope of output tension of the
inverter, tension it is close to a sinusoid.

Figure 4 — Oscilloscope of output tension of the inverter (from above) and tension of an industrial network (from below)
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Apparently from the oscilloscope the form of a curve of output tension of the inverter is-level, but
close to sinusoidal. In addition, there is an opportunity to smooth gradualness of tension by means of
filters. Further on the basis of results of modeling and the made pilot study when transforming energy of
solar elements development and research of the three-phase multilevel inverter is planned.
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IGBT TPAH3UCTOPJIbI KOIJEHTEJII HHBEPTOP APKbLJIBI KYH BATAPESICBIHAH
AJIBIHFAH DHEPTUSAHBI DJIEKTP DHEPT'UAFA TYPJIEHAIPY

H. T. Ucembeprenos, K. H. TaiicapueBa
K. 1. CotbaeB atsianars! Kazak YITTBIK TEXHUKAJIBIK YHUBEPCUTETI, AnMatel, Kasakcran

Tipek ce3nep: nHBepTOp, Tpan3uctop, IGBT, kyH snemenTi, Matnad, TypiaeHgiprim.

AnHoTanus. FruibiMu Makanaza KyH GatapesChlHaH ajbIHFaH SHEPIHsHbI JIEKTP SHEPTHACHIHA TYPJICHIIpETiH
kenaenreini IGBT tpansucropibl uHBepTOp 3eprrenreH. KemmeHreilli MHBEpTOPAbIH HIBIFBICHIHIA CHHYCOUIAFa
’KaKplH KepHey KUCBIFBIH aimyra 0onaipl Mogenbaey HOTHXKECIHIE ajbIHFAaH INBIFBIC KepHEYJepiHiH CHHYCOMIara
JKaKBIHIBIFBI Tayianabl. JKaumbl HErisri e3ekTi Mocene KYH OaTapesulapblHaH ajblHATBIH SHEPTHSHBI Callalibl
OHJIIPICTIK JKUUTIKIEH, CHHyCOMIaFa I1amajac KepHEY KHCBHIFbIH aJlaThIH KOIJIEHIeHIl MHBEPTOPIbl 3ePTTEY JKOHE
xeTuiaipy. JKyMbIcTa KOMITBIOTEPIIIK MOJIEIB/ICY )KOHE AKCIIEPUMEHTTIK Talliay HOTHXKEJIEepi KOpCeTLI .

MHOI'OYPOBBII HHBEPTOP HA IGBT TPAH3UCTOPAX .
JJIs1 IPEOBPA3OBAHUSA DOHEPTUN COJTHEYHBIX BATAPEN

H. T. Ucembeprenos, K. H. TaiicapueBa
Kazaxckuii HanmoHansHbIH TexHmueckuii yausepeutet uM. K. M. CarnaeBa, Anmartsl, Kazaxcran

KitoueBble ciioBa: naseptop, Tpanzucrop, IGBT, conneunsiii anement, Matinad, npeobpasoBareis.

AnHotanus. B nanHO# craThe mccienoBaH MHOTOypoBHEeBBIM WHBepTOop Ha IGBT Tpansucropax s mpeod-
pa30BaHMs PHEPTHHM COJHIA B 3JEKTPO3HEpryio. Ha BEIX0Ze MHOrOypOBHEBOIO MHBEPTOPA MOKHO TMOJTYYUTh HAIpsi-
JKeHue, ONM3Koe K CHHycounanbHoi dopme. IIpoBeaeH aHaIM3 MOIyYEHHBIX BBIXOJHBIX KPUBBIX HANpPSDKEHHS HA
cHHyconJanbHOCTh. OCHOBHAS 33/1a4a JaHHOTO WHBEPTOpA NMPeo0pa30BaHNE COTHEUHON 3HEPTUHU B SIEKTPOIHEPTUIO
MIPOMBIIICHHONW 4YacTOThl. [IpuBeneHBI pe3ynbTaThl KOMIIBIOTEPHOTO MOJEIHPOBAaHMSA M 3KCHEPHMEHTAIBHOTO
UCCIIEJOBAHHS.

Tlocmynuna 20.03.2015 2.
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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.

[IpaBumna opopmiieHHs cTaThH IS My OJIMKALIUK B )KypHaJIe CMOTPETh Ha CalTe:
www:nauka-nanrk.kz

bulletin-science.kz

Penakropst M. C. Axmemosa, /]. C. Anenos, T. A. Anenoues
Bepctka Ha xommbroTepe /. H. Kankabekosoii

ITopmucano B meuats 14.04.2015.
dopmat 60x881/8. bymara odcetnas. [leuats — pusorpad.
18,9 m.n. Tupax 2000. 3axa3 2.

Hayuonanvnas akademus nayk PK
050010, Anmamut, ya. Llesuenxo, 28, m. 272-13-18, 272-13-19



