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The emulsifying activity of several hydrocarbon-degrading microorganisms

Abstract: It is known that biosurfactants are capable of increasing the bioavailability of hydro-
carbons in oil and petroleum products, as well as modifying the external surfaces of bacteria by
hydrophobizing providing direct contact with hydrocarbon molecules. In this study the index of
emulsification index was studied for four hydrocarbon-degrading strains of microorganisms such as
Achromobacter zylosoxidans, Bacillus subtillus, Tessaracoccus flavescens, Acinetobacter calcoaceti-
cus. Diesel fuel and hexadecane were used as hydrophobic substrates.

It is shown that for all members of natural hydrocarbon-degrading microorganisms are charac-
terized by high rates of emulsification index. The highest index of emulsificationis has shown for
Acinetobacter calcoaceticus - 80-87%. Microorganisms having an emulsification index bigger than
50% are considered promising producers of surfactants. Since the microbial cell oxidizes hydrocar-
bons by adsorbing on their surface, as a result, the oil-oxidizing activity of the crops depends on its
ability to utilize the hydrocarbon substrate. This could indicate adestructive activity of microor-
ganisms.

Keywords: hydrocarbon-degrading microorganisms, emulsifying activity, hydrophobic sub-
strates.

Introduction. Contamination of soil by petroleum hydrocarbons and their derivatives is a serious
environmental problem all over the world.

Bioremediation is effective and environmental friendly but it often takes time and is not cost-
effective on treating large volumes of polluted materials.

The primary mechanism for elimination of hydrocarbons from contaminated sites is biodegra-
dation by the natural populations of microorganisms [1]. The enhancement of natural biological
degradation processes in what is termed “bioremediation” can be a preferred cost-effective method
of removing contaminant hydrocarbons from oil-contaminated environments [2]. Bioremediation,
which is the use of microorganism’s consortia or microbial processes to degrade and detoxify envi-
ronmental contaminants, is also amongst these new technologies, which derives its scientific justifi-
cation from the emerging concept of Green Chemistry and Green Engineering [3]. The success of
bioremediation of oil spill not only depends on the ability of the strains but also on the physical,
chemical and biological conditions of the contaminated environment [8].

One of the main problems that limit the effectiveness of this process is very low solubility and
high hydrophobicity of oil pollutants. These compounds strongly bind to soil particles, and thereby
they are poorly available for bacterial cells [5].

A large number of bacteria, yeast and fungi are able to metabolize one or more compounds in
crude oil. A few species of microorganisms, in particular bacteria, are able, by de novo synthesis, to
produce surface active compounds, so called biosurfactants. Crude oil emulsifying microorganisms
are able to transform crude oil into an oil-in-water emulsion, often by a combination of production
of biosurfactants and generation of surface active degradation products through their metabolism of
crude oil components [6].

Biosurfactant reduces surface tension or interfacial tension of an interface, depending whether it
is a water/air or water/oil interface. In water/oil interface, biosurfactant molecule generates a new
surface area by forming a surfactant oriented monolayer around the hydrocarbon particle with hy-
drophobic tail of the surfactant pointing out to the liquid phase [6]. This leads to increase in surface
area of hydrocarbon substrate and facilitates emulsification. The entire phenomena enhances the
bioavailability of contaminants for microbial degradation through better solubilization of hydrocar-
bons in water or water in hydrocarbons [7]. Due to the lower toxicity and biodegradable nature
in comparison to their synthetic counterparts, biosurfactants are considered to be more suitable
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for environmental applications such as hydrocarbon remediation. The biosurfactant molecules en-
hance the solubility of these sparsely soluble hydrophobic pollutants through emulsification, thereby
leading their better bioavailability for the existing micro-flora (8|

The aims of the study were to characterize emulsifying activity of natural hydrocarbon oxidizing
microorganisms.

Materials and methods

Microbial strains: The bacterial cultures were selected from samples of sludge. Day cultures
of microorganisms were transferred from agar medium on a standard medium.

Hydrophobic substrates: Diesel fuel and hexadecane were used as hydrophobic substrates.
Diesel fuels consist primarily of C9-C20 hydrocarbons.

Hexadecane (also called cetane) is an alkane hydrocarbon with the chemical formula C16H34.
Hexadecane consists of a chain of 16 carbon atoms, with three hydrogen atoms bonded to the two
end carbon atoms, and two hydrogens bonded to each of the 14 other carbon atoms. Cetane is often
used as a shorthand for cetane number, a measure of the detonation of diesel fuel. Cetane ignites
very easily under compression; for this reason, it is assigned a cetane number of 100, and serves as
a reference for other fuel mixtures. It has one of the lowest octane ratings, at < —30.

Emulsification index: Emulsification index (E24) In this study, diesel fuel and hexadecane
were added to the cell free supernatant in a ratio of 1:1 and vortexed vigorously for two minutes.
After 24 hours of incubation at room temperature, the height of the emulsified layer was measured.
The emulsification index (E24) was estimated as: E24 (%) = (HEL/HS) x 100 Where, E24 is the
emulsification activity after 24 hours, HEL is the height of the emulsified layer, and HS is the height
of the total liquid column [2].

Results and Discussion. In this study, as natural strains used strains isolated from sludge.
Natural strains of the following microorganisms are - Achromobacter xylosoxidans, Bacillus subtillus,
Tessaracoccus flavescens, Acinetobacter calcoaceticus.

All selected natural strains were able to grow in synthetic medium with addition of diesel fuel and
crude oil.

Emulsification activity is one of the criteria to determine the potential of biosurfactants. When
evaluating the surface-active properties of microorganisms, an emulsifying activity indicator is used
which is based on the property of surfactants to form an emulsion of a culture fluid of microorgan-
isms with a hydrocarbon. Experiments were conducted to determine the ability of natural to form
stable emulsions with an oil phase (emulsifying activity). Emulsifying activities (E24) determine the
productivity of bioemulsifier and given as a percentage of the height of the emulsified layer divided
by the total height of the liquid column.

Emulsification index of 30% or more was considered as significantly positive emulsification activity.

Our study revealed that all natural hydrocarbon-degrading microorganisms showed high rates of
emulsification index.

The potential of emulsifying activity in the culture liquid as the hydrophobic substrate of hex-
adecane (% E24) of 80-87% was obtained from Acinetobacter calcoaceticus. In the supernatant, the
index of the emulsification index was 45-50% (Fig.1, 2).

It is shown, that as a hydrophobic substrate used a diesel fuel, the emulsion index values for
Acinetobacter calcoaceticus were 50-77% in the culture liquid and 40-50% in the supernatant.

When Bacillus subtilis used a diesel fuel as a hydrophobic substrate, the index of the emulsification
index was 20-30%. In the supernatant, the index of the emulsification index was 4-5%.

It is shown, that as a hydrophobic substrate used a hexadecane, the emulsion index values for
Bacillus subtilis were 30-40% in the culture liquid and 6-9% in the supernatant.

In this study, as a hydrophobic substrate used a hexadecane, the emulsion index values for Tes-
saracoccus flavescens were 40-42% in the culture liquid and 11-13%.in the supernatant.

The potential of emulsifying activity in the culture liquid as the hydrophobic substrate of diesel
fuel (% E24) of 30-35% was obtained from Tessaracoccus flavescens. In the supernatant, the index
of the emulsification index was 10-14%. (Fig.1, 2).
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1 2 > 4

FicureE 1 — Emulsifying activity of hydrocarbon degrading microorganisms in a culture liquid using hex-
adecane as a hydrophobic substrate

1 - Achromobacter xylosoxidans, 2 - Bacillus subtilis, 3-Tessaracoccus flavescens, 4 —Acinetobacter calcoaceticus

100 60
90
20 50
70 40
60
50 + m diesel fuel 30 m diesel fuel
40
30 B hexadecane 20 ®m hexadecane
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0 0
1 2 3 4 1 2 3 4
culture liquid supernatant

FiGURE 2 — The rates of emulsification index of hydrocarbon degrading microorganisms

1 - Achromobacter zylosoxidans, 2 - Bacillus subtilis, 3-Tessaracoccus flavescens, 4 —Acinetobacter calcoaceticus

The lowest values of the emulsification index of the culture liquid when used as a hydrophobic
substrate for diesel fuel are shown for bacteria of the species Achromobacter xzylosoxidans. The
emulsification index was 10-20%. In the supernatant, the emulsification index values were 3-5%.

However, when using hexadecane as the hydrophobic substrate, the emulsification index values
were 60-64% (Fig. 1, 2). In the supernatant, the index of the emulsification index was 40-45%.

The ability of biosurfactants to create emulsions of hydrocarbon compounds, and thereby increase
their bioavailability, often used as a basis for determining their effectiveness in environmental biore-
mediation of hydrophobic contaminants. The biosurfactant produced showed a high hydrocarbon
emulsification index.

According to the literature, it is known that cultures with an emulsification index of more than
30% are considered promising producers of surfactants.

All bacterial cultures had a high destructive activity, and this is due primarily to the oxidation
of hydrocarbons. The availability of the hydrocarbon substrate is possibly provided by the syn-
thesis of biosurfactants. Microorganisms isolated in this study could be a valuable source of novel
environmentally friendly biosurfactants for the future replacement of synthetic surfactants.
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A.2K. Bekryposa , ¥.3. Carsinasikos, 2K.K. Macanumos

Espasutickuti nayuonasvruds yrnusepcumem umeny JI. H. l'ymunesa, Acmana, Kazaxcman

SMyJ'Ibl"PIpyIOIJ.IaH AKTUBHOCTBb psiga yTJI€eBOAJOPOJOKUCJIAINNX MUKPOOPraHu3MoB

Amnnortanus: l13BectHo, 1T0 6H0CypPaKTAHTEI CIIOCOOHBI IOBLIIIATE OUOJIOIHYECKYIO JOCTYIHOCTD YIJIEBOAOPOLOB HeDTH U
HeTENPOJYKTOB, a TaKyKe MOIMMUIMPOBATH BHEIIHNUE MTOBEPXHOCTH OakTepuil ImyTéM ruapodobusanun obecrednBasi MPsiMOil
KOHTAKT C MOJIEKYJIAMHU YTJIEBOJOPOIOB.

B pabore 6611 ncciIe10BaH HHIEKC SMYJIbIMPOBAHUS YIVIEBOIOPOIOKHUCIISIONINX MUKPOOPraHu3MoB Bu10B Achromobacter xy-
losoxidans, Bacillus subtillus, Tessaracoccus flavescens, Acinetobacter calcoaceticus. B kadecrBe ruapodoGHBIX cybGCTpaToB
WCIOJIb30BAJIH [IU3€JIbHOE TOIIMBO U T'€KCAEKaH.

HOKa3aHO, qTO OJId BCEX Hpe,ILCTaBI/ITeJ'IeI‘/‘I OPUPOAHBIX YTJIEBOAOPOJOKUCIAOIINX MUKPOOPraHU3MOB XapaKTEPHbI BBICOKUE
roKasaTeJd HHJEKCa SMyJIbrupoBanus. Hambosbmnili MHIEKC SMyJbrupoBaHusi mokasaH st Acinetobacter calcoaceticus —
80-87%. MuKpOOpraHU3Mbl, MMEIONME HHJIEKC MyJIbrupoBanus Gosbire 50%, CIUTAIOTCA NEpCHEeKTUBHBIM IIPOJYIEHTAMU
[IOBEPXHOCTHO-aKTUBHBIX BelIeCTB. I10CKO/IbKY MUKPOOHASI KJIETKA OKHUCJISIET YIVIEBOAOPOIbI, aJlCcOPOUPYsICh Ha UX IOBEPXHOCTH,
BCJIEJICTBHE 9TOrO HE(MPTEOKUCISIONasi aKTUBHOCTb KYJIBTYP 3aBHCHUT OT €€ CIIOCOOHOCTH YTUJIU3UPOBATH YIJIEBOAOPOHBIN
cy6erpar. Ciie[1oBaTeIbHO IIPUBE/IEHHBIE JIAHHBIE MOIYT CBUJIETEIbCTBOBATH O BBICOKOW JECTPYKTHBHOW aKTUBHOCTU
MUKPOOPTaHU3MOB.

KiirogyeBble cjoBa: yIyeBOJOPOJOKHUCIISIONIIE MUKPOOPIaHU3MbI, SMYJIbIUPYIOIias aKTUBHOCTE, r'uipodobHbIe CyOCTpaThI.

A.2K. Bekryposa , ¥.3. Carsinasikos , 2K. K. Macanumos
JILH. I'ymunes amwundaev, Eypasus yammok yrusepcumemi, Acmana, Kazaxcman

Keiibip KeMipCyTeKTOTBIKTHIPYLUIBI MUKPOAF3ajapAblH, 3MyJbrupJieyiai 6esceHainiri

Buocypdakranrapabiy MyHall »KoHe MyHall ©HIMIEp/IiH KOMipCyTeKTipiHiH OHOJIOrUsIIBIK, YKETKUIKTIrH yiaraiTy Kabizeri
OeJrrisi. ConbiMeH 6ipre KeMIpCyTeKTI MoJieKyJajapMeH Tikeseil Gaiiianbicta GosaTbiH TruApodOobU3ausanay apKbLIbl
OaKTepusiIap/AblH, ChIPTKBI Oerrepin e3repryi. Achromobacter xylosoxidans, Bacillus subtillus, Tessaracoccus flavescens,
Acinetobacter calcoaceticus Taburu KOMIpCYyTEKTOTBIKTBIPYIIIbI MUKDPOAF3AJAPAbIH OKUIIEPIHIH 3MyJIbrUpJey WHJIEKCIHI
3epTTeNI]. T'unpodobreik, cybeTpaTrTap peTiH/e TeKCaJeKaH »KOHE [IM3ejIbJibl OTBIH Iail1alaHIbl. Anbiaran  Taburn
KOMIPCYTEKTOTBIKTBHIPYIIIBI MHKpOAr3ajap OKUIJIEepiHiH SMyJbrupjey WHIEKCIHIH KOFaprbl KODPCETKIIITepiHe ToH OOJIFaHbL
KepCeTiai. DMyIbrupiiey/iis eH x)oraprbl unaekci Acinetobacter calcoaceticus ymin kopcerineni - 80-87%.

SOmynbraTopisik, uHaekci 50% -maH acaTblH MUKpoar3ajap GeTTiK-6esiCeH i 3aTTap/blH EePCIEeKTUBTI OHIIpYITiiepl 60IbII
TabbLIAIbI. MuKpoOTHIK, »Kacyllla KeMipcyTeri cyObCTpaThIHBIH Naiijansany Kabijerine O6ailjlaHBICTBI OHBIH €pITiHICIHIK
MYHa-TOTBIKTBIDFBIII OeJICeHiIirine 6allaHbICTBI KOMIpCYTeKTepAl OeTiHe CiHipill TOTBIKTBIPaJbl. ByJsl MUKpoOar3a/ap/iblH
JEeCTPYKTUBTI GeJICeH T HIH KoFapbl 60JIyblHa 6ail/IaHbICTHI.

TyiiH ce3aep: KoMipCyTeKTOTBIKTBIPYIIBI MUKPOaF3aiap, SMyJIbIupieyini 6ejce ik, rubpodobThIK cybcTparrap.
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«JI.H. 'ymunaeB arpiHmarsl Eypa3susi yaTTeIK yHUBepcuTeTiHiH, Xabapmibicbl. BuosiorussbiK, FeIIBIMAAP
CepUusiChI» >KYPHAJIBIH/IA MaKaJja >Kapusijiay epexkeci

1. 2KypHaa makcarbl. buoxumusi, MOJIEKyJIaJIBIK OHOJIOrUsT, GHOTEXHOIOT U, OGNOMH(MOPMATHKA, BUPYCOJIOrUsI, bnodusnka,
OuouH>KeHepus, (PU3NOJIOTHs, OOTAHUKA, 300JIOTUSA, SBOJIOIUSJIBIK, OUOJIOrUsl, TE€HETUKa, MUKPOOHOJIOTHUs, OUOMEIUIIUHA
caJjiajapbl OOMBIHINIA MYKUSIT TEKCEPY/IEH O6TKEH FBUIBIMU KYHBLIBIFBI 6ap MakaJjajgap >Kapusijiay.
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arbiHgarsl Eypasus yarTelk yHusepcureri, Bac rumapar, 408 xabumner) xkoHe eurjourbio@enu.kz 37JeKTPOHABIK IIONITACHIHA
PDF, Tex dbopmarTapblHaarsl HYCKaIapbIH XKibepy KaxkeT. MakaslaHyH MOTIHIHIH Kara3 HYCKAChl MEH 3JIEKTPOHIBI HYCKAJIaPbL
Oipieit Gosrynapsl KaxkeT. MakaJjianap Kasak, OpbIC, aFbUIIIbIH Tijjiepinge kabbliganaabl. MakaJsiaHblH TexX (apMaTbIHIAFbL
yarici bulbio.enu.kz »xypnas caifibITbiHga GepiareH.

3. ABTOpAbIH KoJI>ka30aHbl pelaknusira >kibepyi makasawubiyg, JI.H. 'ymnaeB arsiagarbl Eypasusi yiITTBHIK
yHuBepcuTeTiHig xabGapmibicbiHAa Oacyra KeJiciMmiz, mieres TisniHe aymapsuibill KaliTa GacbLIybIHaA KedjiciMmin
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Mexemenin, Mmoaviy, amayst, Kaiacvl, memaekemi (erep aBTopJsap opTYypJli MeKeMeJie KYMBIC »KacaiiTblH 6osica, oHJa
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Annomayus (100-200 ce3; dopmMysacsi3, MakaIaHbIH aTayblH MeiliHIIe KaiiTasamaybl Kaxker; ogebuerrepre ciaremesep
GoMaybl KaykeT; MaKaJaHbIH KypPbUIBICHIH (Kipicle /MaKaJlaHbIH MakcaTbl/ MiHJETTepl /KapacThIPBUIBII OTHIPFAH CYPAKTHIH
TapUXbl, 3ePTTEY OJAIiCTepi, HOTUKEJIEP/TAJKbLIay, KOPBITHIHIBI) CAKTail OTBHIPHIN, MaKAJAHBIH KbICKAIIA Ma3MyHBI Oepiiayi
KaXKer).

Tytin coeadep (6-8 ces me ce3 ripkeci. TyiliH ce3mep Makasa Ma3MYHBIH KODCETIN, MeHJiHIIE MakKaja aTaybl MeH
AHHOTAIUSIAFBl CO3IEP/l KaliTajmamail, MakKajia Ma3MyHBIHIAFbl ce3nepii KoJigaHy kKaxkeT. COHBIMEH KaTap, akKIapaTThbIK-
i3nectipy »Kyitesiepinjie MaKaJaHbl *KeHiT Tabyra MYMKIH/IIK GepeTiH FhUIBIM cajlajapblHbIH TEPMHUHIEPIH KOJIJAHY KasKeT).

Hezizei wmomin MakaJaHbBIH MakcaTbl/ MiHJIETTEpi/ KapaCTHIPBUIBII OTBIPFAH CYPAKTBIH TapUXbl,  3€pPTTEY
oJIicTepi, HOTHKEIED / TAJIKbLIAY, KOPBITBIHIBI GOIIMIEPIH KAMTYbI KArXKeT.

Tabauya, cypemmep — aTajfaHHAH KeHiH OPHAJIACTBIPBLIAIBI. Op Tab/IuUIA, CyPeT KAChIH/A OHBIH, aTajIybl OOJIybl KAXKET.
Cyper aflKbIH, CKAHEP/IEH OTIIEreH OOJIYbI KEPEK.

Makasamgarsl pOpMYAaAGD TEK MITIHJE OJapFa ciireMe Gepisice raHa HOMIpJIEHE .

2Kanner konpaubicta 6ap abbpesuamypaaap MeH Kbickapmyaapodar Gackasapbl MIHIETTI Typle ajfall KOJIJAHFAHIA
Tycinaipinyi 6epinyi kaxker. Kapotcvinaalli kemerx mypaast aknapar Oipinmii 6erre Kepceriiei.

dodebuemmep Mmiszimi

Moringe oaibuerrepre ciaremesnep TiKXKakiara ajbiHaabl. MoTingeri ojebuerrep TisimMine ciaTemesnep/in HOMeEpPJIeHy1 MoTiH e
KOJIJaHBLILY bIHA KATBICTBI »KYPrisiige: MoTiHIe Ke3/ieckeH oaebuerke aramkpl ciareme [1] apKpuibl, exinimi cireme [2] apKbLibt
T.c.c. xyprisiseni. Kiranka zkacanaTslH cinTemesepne KOJZaHBUIFaH GeTTep fe Kepcerimyl kepek (mbrcamsi, [1, 45 Ger]).
Kapusianbaran enbexrepre ciiremesep xkacanMaiiapl. COHbIMEH KaTap, PEleH3us1al oTIeHTIH GachlIbIMIapra Ja cliremesnep
»KacayuMaiinbl (sgebuerrep Ti3iMiHIH 93ipiey yirisepin TeMeHzeri MakaJaHbl pociMey YIriCiHEH KapaHbI3).

Maxkasia CoHpIHAAFBI 9/1ebnerTep TiziMineH Keilin 6ubauozpaPuabiy, Maaimemmep OpbIC XKOHe arbLIIbIH TiaiHge (erep
Makala Kasak TUIHIe »Kas3blica), Ka3ak KoHe afbUIIIBIH TLTiHZe (erep Makasa OpBIC TLTIHZIE Ka3bLICA), OPBIC KOHE KA3aK,
Tiniage (erep MakaJsia arbUIIIBIH TLTiHIE XKa3bliran Gosica) Gepinesi.

Asmopaap mypaabl MaATMEM: ABTOPJbIH AThI-?KOHI, FBIJIBIMA aTafbl, KbI3METI, >KYMBIC OPHbI, KYMBIC OPHBIHBIH MEKEH-
2Kaiibl, TesedoH, e-mail — Kazak, OpPbIC »KoHE aFbUIIIBbIH TiJIePiHIe TOITHIPHLIAIbI.

6. Korkasba MyKuar TekcepiareH Oosybl KaxkeT. TexXHHKaJbIK TajalTapra cail KejMereH KoJKasbajap KaifTa eHIeyre
KalTapbuiaabl. KomkazbaHbly KaiTapblIybl OHBIH *KypHaJ1a 6achlIyblHa 2Kibepinyin 6iaaipmeiini.

7. Penaknusira TYCKeH MakaJja KaOblk, (aHOHMMI) Tekcepyre »kibepineni. Bapublk perensusiiap aBropJapra 2Kibepinesi.
ABTOD (peleH3eHT MaKaaaHbl TY3eTyre YChIHBIC 6epreH yKaraiiia) Yl KyH apasiblFbIHIA KaliTa Kapaill, KOJKa3baHblH TY3eTiIren
HYCKACBIH peJlakiusifa KaiTa »Kibepyl kepek. PeleH3eHT »KapaMchbl3 JIell TaHbIFAH MaKaJja KalTapa KapaCThIPbLIMAaWIb.
MakaJjiaHblH, TY3€TiIleH HYCKAChl MEH aBTOD/IbIH PEleH3eHTKe »KayaObl peJlakiusira »Kibepinei.

8. Tenemaxkpl. BacbulbIMFa PYKCAT €TIIT€eH MakKaJia aBTOpJIapbIHA TOJIEM 2Kacay TypaJibl eckeptineni. Tenem kesemi 2018
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
BIOSCIENCE Series"

1.Purpose of the journal. Publication of carefully selected original scientific works in the fields of Biochemistry, Molecular
Biology, Biotechnology, Bioinformatics, Virology, Biophysics, Bioengineering, Physiology, Botany, Zoology, Evolutionary Biology,
Genetics, Microbiology, Biomedicine.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev St.,
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3. Submission of articles to the scientific publication office means the authors’ consent to the right of the
Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author
guarantees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article
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Author’s e-mail (s)
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contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the
text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.
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In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
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article is English language).
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Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
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8. Payment. Authors who have received a positive conclusion for publication should make payment on the following
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ITosio>keHMEe O PYyKONNCSIX, IIPEACTABJIsIEMbIX B >KypHas «BectHuk EBpasuiickoro HanjMOHAJIBHOTO yHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Buosiornyeckue Haykum»

1. Ieas >xkypHaJa. llybiukanus TImaTesbHO OTOOPAHHBIX OPUTMHAIBHBIX HAyIHBIX PabOT 1O HAIIPAaBJIEHUSIM OHOXMMUSI,
MOJIEKYJIsipHasi OuoJiorusi, OmoTexHoJIOrUsl, OMOMHMOpPMATUKA, BUPYCOJOrusi, OunodusnkKa, OHOMHI)KEHepUsi, (UINOJIOTHSI,
6oTaHMKa, 300JI0THSI, SBOJIIOINOHHAs ONOJIOIHSI, TEHETUKA, MUKPOOUOJIOrHsI, OHOMEIUIIIHA.

2. Aspropy, KejaoleMy OIyOJIMKOBATbH CTATHIO B 2KypHaje HEOOXOAMMO IPEJCTaBUTH PYKOINUCh B TBEPIOH Komuu
(pacneuaTaHHOM BapHaHTE) B OJHOM 3K3eMIUIApE, MOLIHCAHHOM aBropoM B Otries HayuHbIX u3ganuit (mo agpecy: 010008,
Kazaxcran, r.Acrana, yi. CarnaeBa, 2, EBpasuiickuii HaIlMOHAJbHBIA YHUBEPCUTET WM. JIL.LH.I'ymunea, YdyebHo-
aJIMIHUCTPATUBHBIA KopItyc, Kab. 408) u mo e-mail eurjourbio@enu.kz B dpopmare Tex u PDF . Ilpu sT0M JOMKHO GBITH CTPOrO
BBIJIEP?KAHO COOTBETCTBHE Mex 1y Tex-daitiom, PDF-daitnom u TBepoit konueii. [11abon crarsu B popmare tex npuBeieH HA
caiite xxypHaJsia bulbio.enu.kz.

S3bik myGaukanumit: Kazaxckuii, pycckuii, aHTJIHACKAT.

3. OrnopaBieHue craTell B peJaKIMIo O3HAYaeT coIjlacue aBTOpOoB Ha mnpaBo Msnarensi, EBpasuiickoro
HanuoHaJbHOro yHuBepcurera umenu JI.H. 'ymuneBa, usgaHusi crareil B >KypHajie M MNEePEU3JAaHUsI UX Ha
Jao60oM mHOCTpaHHOM s3bIKe. IIpenacraBiasisi TekcT paboThl A nNyGauKanuy B >KypHaJie, aBTOpP rapaHTUpyeT
NPaBUJIBHOCTb BCEX CBeAeHUil o cebe, OTCyTCTBHE ILIarnara u Apyrux (popM HEeNpaBOMEPHOr'O 3aMMCTBOBAHUS B
pyKomnucu, HajJjiexkainee oopMIIeHNE BCEX 3aMMCTBOBAHUN TEKCTa, TabGJull], CXeM, NJIIIOCTPALUIA.

4. O6beM cTaTby HE JOJIKEH IpeBblnarh 18 crpanur (ot 6 crpaHu).

5. CxeMa IOCTPOEHUS CTATbU

I'PHTH http://grnti.ru/

Hruyuaast v Pamuauro aemopa(os)

INoaroe naumenosarue opzanusdayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ANUAX, HEOOXOIUMO
[IOCTaBUThH OJIMHAKOBBIA 3HAYOK OKOJIO (DaMHJIMM aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 c0B; HE IOJKHA COAEPKATH (DOPMYJIBI, IO COAECPIKAHHUIO MOBTOPATH HA3BAHWE CTATHH; HE JOJIKHA
conepKarTh 6ubIHOrpadUIecKre CChUUIKH; JOJIKHA OTParXKaTh KPATKOE COJEPXKAaHUE CTaTbH, COXPaHsisl CTPYKTYyPYy CTaTbH —
BBeZleHNE,/ MOCTAHOBKA 3a1a4u, Iesy/ MCTOPUs, METOABI UCCJIEIOBAHNS, PE3YJIbTaThl/00Cy 2K IeHHs, 3aK/IIOUCHIE/ BEIBO/BL).

Karouesvie caosa (6-8 cios/cioBocoderanuii. KulrodeBble €I0Ba JOJXKHBI OTParkaThb OCHOBHOE COJEPYKAHUE CTATHH,
HCIIOJIb30BATH TEPMUHBI U3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, OMPEIEIISIONIUE MPEIMETHYIO O0JAaCTh W BKJIIOYAIONIUE IPYTUE
BasKHbIE TIOHSTHUS, [TO3BOJIAIONIAE OOJIErYUTh U PACIHIMNPUTH BO3MOXKHOCTH HAXOXKJECHHS CTaTbU CPEJICTBAMU WH(MOPMAIMOHHO-
[IOMCKOBOM CHCTEMBI).

OcHoeHOT merem cmambvbu JJOJKEH COJEPXKATh BBe/leHHe/ TOCTAHOBKY 3a/adn,/ 11eJii/ NCTOPHIO, METObI UCCIIEOBAHNSI,
Pe3yJIbTaThl/ O6CY 2K I€HHE, 3aK/TIOUEHUE / BBIBOJIBI.

Tabauynbt, pucyrku HEOOXOAUMO PACIIOIAraTh Mmocye ynoMuHanus. C KaXXJol WILTIOCTpalueil TOJXKHA CII€JOBATDH HAJIIIKCD.
Pucysku 10/12KHBI OBITh YETKUMU, YUCTBIMY, HECKAHUPOBAHHBIMU.

B crarbe nHymepyrorcs numb Te DOPMYABL, HA KOTOPBIE TIO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypur u coxkpauweHus, 3a UCKIIOYEHUEM 3aBeJIOMO OOIIEN3BECTHBIX, JOJIKHBI OBITH paciudpoBaHbl IIPU
IIEpBOM YTIOTPEOJIEHUN B TEKCTE.

Ceegenust o purarcosot noddepatcke paboThl YKA3bIBAIOTCS HA MEPBOI CTPAHUIE B BUAE CHOCKH.

Cnucox aumepamypot

B Tekcre ccplikn 0603HAYMAIOTCA B KBAAPATHBIX CKOOKax. CCBUIKM JOJIKHBI OBITH IIPOHYMEPOBAaHBLI CTPOTO IO MOPSIKY
YIOMHHAHUS B TeKcTe. lepBasi CChbUIKa B TEKCTE Ha JIUTEPATypPy JOJXKHA nMeTh HoMmep 1], Bropas - [2] u T.1. Ccblika Ha KHUATY
B OCHOBHOM TE€KCTe CTATBU JIOJIZKHA COIPOBOXKIATHCH yKa3aHHEM HCIOJB30BAHHBIX cTpaHun (Hampumep, |1, 45 crp.]). Ccpuikn
Ha HeoIlybJIMKOBaHHBbIE PAGOTHI He JOIycKaloTcs. HerkesraTeabHbl CCHUIKM Ha HEPEIEH3UpPyeMble U3aHus (IPUMEPbl OIMCAHWUS
CIIMCKA JIMTEPATyPhl, OUCAHUS CIINCKA JINTEPATYPHI CM. HHUXKe B 00pasie 0pOPMIIEHUS] CTATHH).

B komHIle cTaThH, MOCIE CIIUCKA JIATEPATYPbI, HEOOXOAMMO yKa3aTh bubauozpagpuueckue darHble Ha PYCCKOM U AHMTTUHACKOM
sa3bIKax (eciau craTbsi 0pOpMIIEHA Ha Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM U aHIVIMICKOM si3blKaxX (ecim crarbst odOpMIieHa Ha
PYCCKOM sI3BbIKE) M Ha PYCCKOM U Ka3aXCKOM fA3bIKaX (ec/in craTbs opopMIIeHa HA AHIVIMHCKOM SA3BIKE).

Ceedernus 06 aemopax: damuans, UMs, OTIECTBO, HAyIHAs CTEIEH, JOJKHOCTb, MECTO PabOTHI, ITOIHBIN CIIyKeOHBII
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIVIMACKOM S3BbIKaX.

6. Pykomuch mosrkHa OBITH TINATEJIBHO BbIBEpeHA. PyKOmncH, He COOTBETCTBYIONINE TEXHUYIECKUM TPEOOBAHUAM, OYIyT
BO3BpallleHbl Ha 10paboTKy. Bo3BpalieHrne Ha JOpabOTKY HE O3HAYAET, YTO PYKOIVMCH IPUHSATA K OIyOJIMKOBAHUIO.

7. PaGora ¢ 3JIeKTPOHHOI KOPPEKTYPOI. Crarpu, nocrynusmme B OThen HaydHbIX u3gaHuil (pegakims),
OTIPABJIAIOTCS Ha AHOHUMHOE PEleH3npOBanue. Bce PeleHsnu 1o CTaTbe OTIPABIIAIOTCHA aBTOPY. ABTOpaM B TE€YEHHE TPEX JHEH
HeOOXOIMMO OTIIPABUTEL KOPPEKTYPY crarbi. CTaTbH, IOy YUBIINE OTPUIATEILHYIO PEIEH3NIO K IOBTOPHOMY PaCCMOTPEHHIO HE
NpUHUMAIOTCHA. VcnpaBiieHHbIE BADUAHTBI CTATEH W OTBET aBTOPA PEIEH3EHTY MPUCHUIAIOTCA B penakimio. CraTbu, uMeronme
[IOJIO’KUTEJIbHBIE PEIEH3HH, [IPEICTABIISIIOTCS PEAKOJIVIETHH YKy PHAJIA 11T OOCYXKIEHUST ¥ YTBEPXKICHUS JJIsl IIyOIUKAI[AHN.

IlepuonuyHoOCTh >KypHaJa: 4 pa3a B rof.

8.Omiata. ABTropaM, MOJIYYHBIINM IIOJIOXKUTEIBHOE 3aKJIIOUEHNE K OIyOIIMKOBAHUIO HEOOXOINMO IPOU3BECTH OILIATY IIO
cnexyomuM peksusutaM (s corpyaaukos EHY — 4500 Tenre, misa croponaux opranusanuii — 5500 Tenre):
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Chulenbayeva L.E , Kashanskiy S.V, Ilderbayev O.Z.

MakaJjiaHbI paciMaey YJIrici
MPHTN 27.25.19
A.2K. XKy6anpimesa ! , H. Temupraaues?, A.B. Yrecos?

U nemumym meopemumeckoti mamemamury u nayumoix evucaernuti Bepasutickozo
HAYUOHAALHO020 Yrusepcumema umenu JI. H. lymunesa, Acmana, Kazaxcman
2 Axmaobuncrkuti pecuonasvol ocydapemeenioni ynusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)
Yucaennoe nuddepeniupoBanue pyHKIU B KOHTeKcTe KoMObOTEepHOro
(BBIYMCIATENBHOIO) IIONEPETHUKA
Ansoramusi: B pamMkax KOMIBIOTEDHOIO (BBIUUC/IUTENBHOIO) IIONEPEYHUKA  IIOJIHOCTHIO
perieHa  3ajiada npubnkeHHoro auddepeHiupoBanus (GyHKIUH, TPUHAIJIEKAIINX KJIACCAM
CobosieBa 110 HETOYHON MHMOPMAIUHN, MOJYUYEHHON OT MPOM3BOJBHOIO KOHEYHOI'O MHOYKECTBA
TpuroHomerpudeckux kKosbbuimentos Pypre-Jlebera nuddepennupyemoit dyukmuu... [100-200
cJioB|
KuaroueBbie caoBa: npubmmkennoe mudepeHnnpoBanne, BOCCTAHOBJIEHHE 110 HETOYHOM
na(OpPMAITIH, TPEIeIbHAsT HOTPENTHOCTb, KOMIBIOTEPHBIH (BBIYUCIUTENbHBIN) HOMepedHnK. [6-8
cJI0B/ citoBoCOUeTAHUI]]|

BBenenue

TekcT BBeIeHUA. ..
Apropam He ciielyeT MCHOIb30BaTh HecTaHgapTHble nakerbl LaTeX (ucmosb3yiiTe wX JMIIb B
citydae Kpaifueil HeoOXO0IIMOCTH )

3aroJioBOK CEeKIUU

1.1 3aro/i0oBOK NOJCEKIN
OkpykeHus.

Teopema 1. ...

JlemMma 1. ...

IIpennoxxkenue 1.

Onpenenenne 1. ...

Caencrsue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramaues H. [2]). Texcm meopemo.

JJoxkasaTenbcTsBo. Tekcr moka3aTenbCTBAa.

2. ®opmyJibl, TAGIUIBI, PUCYHKUI

. - ... — ; . 7(N)
On(en;DN)y = On(en; T F; D)y = (Z(N);I]lvf)eDN on <6N, (l 790N>>Y, (1)
rie

ON (5N; (l(N),gON>>Y =on(en; T F; (l(N),goN))y =

= s O —ew (00t () 40
feF v

"yﬁvﬂ ‘Sl(T:Lm,N)

Tabsmrbl, pUCYHKH HEOOXOINMO pACIoJiaraTh mocje yrnoMmuHanus. C KaxKJio# WLTIOCTpanueil JoKHa
cJIeJ0BaTh HAJIINACh.

3. Ccbuiku u 6ubdaunorpadus
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Tabpiunia 3 — HaszBanue Tabauigbt

IIpoctrie He mpocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucyHok 1 — HazBaHue pucyHka

s cchLIoK Ha yTBepzKIeHus, (pOPMyJIbI U T. II. MOXKHO HCIIOJIb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmya (1)

s pykosojicTBa o INTEX u B KauecTBe mpuMepa 0hOpMIIEHHS CChLIOK, CM., Harpumep, JIpBosckuit C.M.
Ha6op u Bepcrka B nakere KTREX. Mocksa: Kocmocurdopm, 1994.

Crucok guTepaTypbl 0QOPMIILETCS CJIELYIONUM 00PA30M.

Criucok smreparypsbl

1 Jlokyumesckuit O.M., l'aspurkos M.B. Hauana ynciaennoro anamuza. —M.: TOO "dAryc", 1995. =581 c. - kHura

2 Temupramues H. KoMubioTepHblit (BBIYUCIUTENBHBIN) IONEPEUHAK KAK CMHTE3 U3BECTHOIO M HOBOI'O B UUCJIEHHOM
anamuse // Becruuk Eppaswmiickoro nanmonanbaoro yHusepcurera umenn JI.H. Dymuinesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HasMuNKM) - CTATHS

3 Kybaubimesa A.2K., A6ukenosa 1. O Hopmax npoun3BoaHbIX DYHKIUA C HyJIeBbIMYA 3HAYEHUSIMU 3aJAaHHOT0 HAbOPa
JINHEAHBIX (DYHKIMOHAJIOB U UX IPUMEHEHHs! K IIONEPEYHUKOBBIM 3ajadaM // PyHKIMOHAJIbHBIE IPOCTPAHCTBA
u Teopusi npubsmkenus yarnmit: Tesucbr qokmamoB MexayHapomHoit KoHpepeHun, mocesierrast 110-geTuro
co aus poxjenus akajgemuka C.M.Huxosnbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KOHdepeHIuii

4 KypmykoB A.A. AHMHONIPOTEKTOPHAS U TUIOJUNUAEMUIECKasi aKTUBHOCTE jieykomusuta. —Anmarsr: Bacray, 2007.
—C. 3-5 - ra3zerHble cTaTHU

5 Ksipo B.A., Muxaiismaenko I.I. AHanuTudeckuii METOJ| BJIOKEHUS CUMILIEKTUIeCKO# reomerpun // Cubupckue
9JIEKTPOHHBIE MaTemaTudeckue uspecrust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenns: 08.01.2017). - JIeKTPOHHBIN Ky pPHAaJI

A.2K. XKy6ausimesa ! , H. Temiprasues ! , A.B. Vrecos 2

L JI.H.Nymunes amuvimdazol Eypasus yammork yHueepcumeming, meopuaiblk MamemamuKa JCoHe 2olablMU eCEnmeyiep
unemumymaot, Acmana, Kasaxeman
2 K. 2Kyb6anos amwmdaev, Axmebe onipaix memaexemmin yrnusepcumemi, Axmobe, Kazaxcmar

Kowmnsiorepiik (ecenreyim) guamerp MoHMOTiHIHAe DyHKUMsIapabl caHAbIK auddepeHnuanaay

Annoranus: Komnbiorepiik (ecenteyim) nuamerp monmoTininge Co6osieB KIAChIHIA YKATATHIH (DYHKIMATIAD/IBI OJIAPIBIH,
Tpuronomerpusiiiblk, Pypbe-Jleber koadduIMEHTTEPIHIY aKBIPJIBI >KUBIHBIHAH AJBIHFAH J19JI eMeC aKIapaT OONBIHINA YKYBIKTAY
ecebi TombrrbiMer mentiaai [100-200 ces|

Tyiin ce3gep: XywiKran auddepeHnnaniay, 197 eMec aklapaT OOWBbIHINA »KYybIKTay, IMIEKTIK Karejik, KoMmbooTepJik
(ecenreyim) nuamerp [6-8 ces/ce3 Tipkecrepil.

A.Zh.Zhubanysheva ! , N. Temirgaliyev !, A.B. Utesov 2

L Institute of Theoretical Mathematics and Scientific Computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-

ameter, massive limiting error. [6-8 words/word combinations|
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