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Stereoselective synthesis of terpinen-4-ol-based aminoalcohols

Abstract: Terpinen-4-ol 1, a monoterpene, is found as the main component of essential oils iso-
lated from cassumunar ginger and tea tree, exhibits different biological activities such as anticancer,
anti-inflammatory, antibacterial and antiviral. In this paper chemical transformation of terpinen-
4-0l 1 is investigated with the aim to synthesize its new derivatives for the further application as
potential candidates in drug discovery. Stereoselective synthesis of aminodiols 3-6 derived from
terpinen-4-ol 1 was achieved with good yields. Two steps procedure of chemical transformation of
terpinen-4-ol 1 to aminodiols 3-6 were performed by the stereoselective Payne epoxidation reaction
of allyl alcohol 1 followed by the regioselective lithium perchlorate-catalyzed oxirane ring opening
of epoxy alcohol 2 with benzyl amines. Obtained products were characterized by NMR, analysis
including two dimensional measurements.

Keywords: monoterpene, terpinen-4-ol, aminodiols, epoxidation, stereoselectivity, NMR spec-
troscopy.

Introduction. Terpinen-4-ol 1, a natural monoterpenoid is the major constituent of Melaleuca
alternifolia (tea tree oil) and Zingiber montanum (Koenig) Link ex Dietr essential oils [1-2]. It
has been found many biological activities are inherent to terpinen-4-ol 1 such as anti-inflammation,
antibacterial, antiviral, antifungal and antioxidant properties [3-7]. Moreover, the recently study
revealed that the antibacterial effect of monoterpene 1 is membrane-related and caused by its hy-
drophobic structure which is responsible for its ability to penetrate through cellular membranes of
pathogens [8].

The anticancer effects of terpinen-4-ol 1 have been reported in several cancer cell lines. Banjerd-
pongchai and Khaw-on’s investigation showed that monoterpenoid 1 is responsible for autophagic
cell death in human leukemic HL-60 cells through stimulation of LC3-1/II, ATG5 and Beclin-1 pro-
teins accumulation which are necessary for autophagy in mammalian cells [9]. Other reports have
also demonstrated that terpinen-4-ol 1 has the antitumor effects on human nonsmall cell lung cancer
cells as well as induces apoptosis in HCT116 and RKO colorectal cancer cell lines through reactive
oxygen species generation [10-11].

Despite the fact that numerous studies have been carried out to reveal various pharmacological
properties, the molecule 1 is still poorly investigated in terms of the chemical transformation which
might lead to products with higher rates of biological activity and selectivity of action. In this
study, we aimed to synthesize several amino alcohol derivatives of terpinen-4-ol 3-6 via epoxidation
reaction followed by oxirane ring opening with primary benzylamines.

Experimental part.

General experimental procedures: 'H and ' C NMR spectra were recorded on a Bruker Avance
DRX-500 spectrometer in the solvents indicated at 500.13 MHz and 125.76 MHz, respectively. Chem-
ical shifts are reported in § ppm relative to TMS as internal reference. J values are given in Hz.
The melting points were determined on 0100MPS SRS OptiMelt apparatus (Stanford Research Sys-
tem Inc., Sunnyvale, CA, USA). Reactions were monitored with Merk Kieselgel 60 F254-precoated
TLC plates. All reagents and solvents were used as obtained from their respective suppliers without
further purification. (R)-Terpinen-4-ol was isolated from the essential oil of Juniperus sabina L. and
its purity was checked on a Perkin-Elmer Clarus-SQ 8 GC/Mass spectrometer (PerkinElmer Inc.,
Waltham, MA, United States) using a Restek Rxi®-1 ms capillary column (0.25 mm x 30 m x 0.25
pm).
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General procedure for the epoxide ring opening with primary amines: To a solution of epoxy
alcohol 2 (1 mmol, 170.25 mg) in MeCN (5 mL) was added a solution of the appropriate amine (2.5
mmol) in MeCN (5 mL) and LiClO 4 (1 mmol, 106.39 mg). The mixture was refluxed for 1-1.5 days.
When the reaction was completed (indicated by TLC), the mixture was evaporated to dryness, and
the residue was dissolved in water (5 mL), then extracted with CHCl3 (3 x 10 mL). The organic
layer was dried (Nag SO 4 ), filtered and concentrated. The crude product was purified by column
chromatography on silica gel with appropriate mixture ratio of hexane and ethyl acetate as solvent,
resulting in compounds 3-6.

(15,25,4R)-2-(benzylamino )-4-isopropyl-1-methylcyclohexane-1,4-diol (3). Prepared with benzy-
lamine at reflux for 36h. Compound 3 was purified by column chromatography using Hexane/EtOAc
= 3:2 solvent system. Compound 3: 237 mg (85%); pale yellow semi-solid; * H NMR (500 MHz,
CDCls) ¢ (ppm): 0.91 (6H, dd, J = 1.48, 6.83 Hz), 1.25 (3H, s), 1.32-1.42 (1H, m), 1.42-1.52 (1H,
m), 1.59 (1H, septet, J — 6.87 Hz), 1.66 (1H, dt, J — 2.80, 14.21 Hz), 1.84 (2H, dquintet, J — 2.84,
13.30 Hz), 2.11 (1H, dd, J = 3.23, 14.24 Hz), 3.53 (1H, s), 3.68 (2H, dd, J — 12.40, 14.60 Hz), 7.19-
7.29 (1H, m), 7.26-7.35 (4H, m). 3C NMR (125.8 MHz, CDCl3) & (ppm): 16.67, 16.74, 23.24,
26.52, 29.50, 33.97, 38.20, 46.00, 55.33, 74.42, 75.29, 126.87, 128.13, 128.38, 141.39. Analytically
calculated for C17 Hoy NOo: C 73.61; H 9.81; N 5.05.

(15,25,4R)-2-((4-fluorobenzyl)amino )-4-isopropyl-1-methylcyclohexane-1,4-diol (4).  Prepared
with 4-fluorobenzylamine at reflux for 24h. Compound 4 was purified by column chromatogra-
phy using Hexane/EtOAc = 1:1 solvent system. Compound 4: 198 mg (67%); white powder; mp:
76-77°C; 'H NMR (500 MHz, CDCl3) & (ppm): 0.92 (6H, dd, J = 1.25, 6.85 Hz), 1.24 (3H, s),
1.32-1.40 (1H, m), 1.42-1.49 (1H, m), 1.58 (1H, septet, J = 6.85 Hz), 1.67 (1H, dt, J = 2.80, 14.26
Hz), 1.76-1.91 (2H, m), 1.95 (OH, br. s), 2.10 (1H, dd, J = 3.23, 14.23 Hz), 3.51 (1H, s), 3.64 (2H,
dd, J = 11.94, 14.30 Hz), 3.77 (OH, br. s), 6.97 (2H, t, J = 8.68 Hz), 7.26 (2H, dd, J = 5.68, 8.38
Hz). ' C NMR (125.8 MHz, CDCl3) ¢ (ppm): 16.65, 16.71, 23.35, 26.48, 29.52, 33.90, 38.31,
45.29, 55.27, 74.46, 75.33, 115.01, 115.17, 129.48, 129.55, 137.15 and 137.17 (doublet), 160.86 and
162.80 (doublet). Analytically calculated for C 17 Hog FNOo: C 69.12; H 8.87; F 6.43; N 4.74.

(15,2S,4 R )-4-isopropyl-2-( (4-methozybenzyl)amino )- 1-methylcyclohexane-1,4-diol (5). Prepared
with 4-methoxybenzylamine at reflux for 24h. Compound 5 was purified by column chromatography
using Hexane/EtOAc = 1:1 solvent system. Compound 5: 204 mg (66%); pale yellow powder; mp:
93-94° C; 'H NMR (500 MHz, CDCl3) § (ppm): 0.94 (6H, d, J = 6.85 Hz), 1.26 (3H, s), 1.34-1.44
(1H, m), 1.44-1.54 (1H, m), 1.61 (1H, septet, J = 6.85 Hz), 1.68 (1H, dt, J = 2.60, 14.20 Hz),
1.79-1.93 (2H, m), 2.13 (1H, dd, J = 3.15, 14.31 Hz) + 2.15 (OH, s), 3.54 (1H, s), 3.64 (2H, dd,
J = 12.50, 12.81 Hz), 3.80 (OCH 3, s) + 3.82 (OH, s), 3.86 (2H, d, J = 8.55 Hz), 7.25 (2H, d, J
= 8.50 Hz). !'3C NMR (125.8 MHz, CDCl3) § (ppm): 16.67, 16.74, 23.29, 26.49, 29.51, 33.91,
38.26, 45.36, 55.18, 55.31, 74.48, 75.28, 113.77, 129.20, 133.60, 158.54. Analytically calculated for
C1sHo9NO3: C 70.32; H 9.51; N 4.56.

(15,25,4R)-2-((2,4-dimethoxybenzyl)amino )-4-isopropyl-1-methylcyclohexane-1,4-diol (6). Pre-
pared with 24-dimethoxybenzylamine at reflux for 24h. Compound 6 was purified by column
chromatography using Hexane/EtOAc = 3:2 solvent system. Compound 6: 250 mg (74%); white
powder; mp: 113-114° C; 1 H NMR (500 MHz, CDCl3) 6 (ppm): 0.90 (6H, dd, J = 2.45, 6.85 Hz),
1.23 (3H, s), 1.33-1.43 (1H, m), 1.45-1.53 (1H, m), 1.57 (1H, septet, J — 6.85 Hz), 1.66 (1H, dt, J
— 2.95, 14.41 Hz), 1.80 (2H, dquintet, J — 2.88, 13.22 Hz), 2.01 (1H, dd, J = 3.05, 14.45 Hz), 2.09
(OH, br. s), 3.59 (3H, s), 3.65 (OH, br. s), 3.78 (20CH 3, d, J = 2.25 Hz), 6.41 (1H, d, J = 2.35
Hz), 6.42 (1H, d, J = 1.70 Hz), 7.15 (1H, dd, J = 1.70, 7.15 Hz). '3C NMR (125.8 MHz, CDCl3) §
(ppm): 16.67, 16.71, 22.89, 26.47, 29.55, 33.95, 38.14, 40.79, 55.15, 55.23, 55.40, 74.19, 75.10, 98.56,
103.95, 121.87, 130.20, 158.41, 159.94. Analytically calculated for C19 H31 NO4: C 67.63; H 9.26;
N 4.15.

Result and discussion. The cis-epoxy alcohol 2 was obtained stereoselectively by the Pane epox-
idation with acetonitrile/hydrogen peroxide system according to a literature method [12]. Lithium
perchlorate in acetonitrile was found to be the preferred medium for nucleophilic opening of epox-
ides [13] and application such system for aminolysis of epoxy alcohol 2 with primary amines (ben-
zylamine, 4-fluorobenzylamine, 4-methoxybenzylamine and 2,4-dimethoxybenzylamine) proved its
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effectiveness. Secondary aminodiols were synthesized stereoselectively by opening and occupying of
the less substituted position in oxirane ring by benzylamines resulting in trans-products with 66-85%
yields (Scheme 1).

TeCl, Kq005
DMF, rt, 45 h

1 2

Scheme 1. — Preparation of secondary aminodiols: (i) 2 equiv CH 3 CN, 2 equiv H2 O >, 0.2 equiv KHCO 3,
MeOH, 60-65 ° C; (ii) 4 equiv amines, 1 equiv LiClO 4, CH 3 CN, reflux, 1-1.5 days.

In order to confirm the exact structure of synthesized products (3-6) we provided full NMR
spectral characterization for only compound 3 (Table 1), due to similarity of remaining derivatives
by chemical structures and differing only by substitutes in phenyl groups.

'H NMR spectrum (Figure 1) provides with information about 14 integrated protons whereas
have to be 17 according to calculation: two protons from hydroxyl groups and the remaining from
secondary amino-group are invisible due to exchange tendency with deuterium of Do O mostly
contained in CDCl 3. It is possible to claim that doublet of doublets at 0.91 ppm in proton spectrum
corresponds to two methyl signals of isopropyl group, and singlet at 1.25 ppm relates to methyl group.
Applying the (n+1) empirical multiplicity rule it is clear that septet at 1.59 ppm match to CH-signal
of isopropyl group. There are also characteristic chemical shifts of phenyl protons — multiplets at
7.16-7.35 ppm.

In ¥ C NMR spectrum 15 signals were found whereas have to be 17 according to calculation:
phenyl carbons at 2 and 6, 3 and 5 positions are magnetically equivalent and give similar signals
at 128.13 and 128.38 ppm, respectively. There is also established from the DEPT technique that
negative resonances at 26.52, 29.50 and 33.97 ppm correspond to CH 5 -groups; disappearing signals
at 55.33 and 75.29 ppm evidence about quaternary carbons at these chemical shifts.

Using HSQC (Heteronuclear Single Quantum Coherence) experiment it was established proton-
carbon single bond correlations, where the protons lie along the observed F2 (X) axis and the carbons
are along the F1 (Y) axis. According to HSQC spectral data (Figure 2) it was found that tertiary
carbon at 38.20 ppm correlates with proton signal at 1.59 ppm of isopropyl group (septet) whereas
another tertiary carbon at 74.42 ppm — with proton resonance at 3.53 ppm (singlet) beside of NH-
group. Proton signal at 3.68 ppm correlating with CH 2 -group at 46.00 ppm resonates as doublet
of doublets and has a high probability of being part of benzyl moiety. The remaining secondary
carbons at 26.52, 29.50 and 33.97 ppm are correlative with the rest not mentioned proton signals
and might be considered as moieties of cyclohexane ring.

Valuable information about fine structure determination of compound 3 was also found and com-
plemented by Heteronuclear Multiple Bond Correlation (HMBC) and ! H-!'H Correlation Spec-
troscopy (COSY) experiments. Their spectral data were established and analyzed, are given in
Table 1 as well as schematically presented on Figure 3.

In conclusion, 4 new aminoalcohol derivatives of terpinen-4-ol were synthesized stereoselectively
in two steps. The obtained aminodiols were isolated in high pure form and characterized by yields
greater than 67%.
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Ficure 1 — 1 H NMR spectrum of compound (3)
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Ficure 2 — HSQC spectrum of compound (3)
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Ficure 3 — HMBC correlations of compound (3)

TasLE 1 — ' H, 3 C NMR, DEPT, ! H-! H COSY and HMBC spectral data of compound (3)

Atom|s (C)|DEPT |§ (H) | Multiplicity (J, Hz) | TH-'H HMBC
pPpPm pPpm COSY
1 55.33 C - - - 7
74.42 CH 3.53 s 39,3, 11 |7

3 33.97 CH, 1.66(a) dt(2.8, 14.21 Hz) 3%, 2, -
2.11(b) dd(3.23, 14.24 Hz) 302,

4 75.29 C - - - 9,10

5 26.52 CHy, | 1.42-152(a) | m 5b—6b 7
1.84(b) dqiunt(2.84, 13.30Hz) | 5a, 6a

6 29.50 CH, 1.42-1.52(a) | m 5b—6b -
1.84(b) dqiunt(2.84, 13.30Hz) | 5a, 6a

7 23.24 CHs; 1.25 s 9,10 -

8 38.20 CH 1.59 septet(6.87 Hz) 9,10 9,10

9 16.67 CHs 0.91 dd (1.48, 6.83 Hz) 7,8 10

10 16.74 CHs 0.91 dd (1.48, 6.83 Hz) 7,8 9

11 46.00 CH, 3.68 dd (12.40, 14.60 Hz) 2 -

1 141.39 C - - - 11

26" | 128.13 2CH 7.26-7.35 m - 11

3,5 | 128.38 2CH 7.26-7.35 m - -

4 126.87 CH 7.19-7.26 m - -

OH' |- - D- - - -
exchangeable

OH? |- - D- - - -
exchangeable

NH - - D- - - -
exchangeable
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Teprnunen-4-oJ1 Herizinmeri aMmuHOCIMPTTEpPiHiH cTepeocesIeKTUBTI cUHTE3i.

Awnvoranusi: Tepnunaen-4-o1 1, MoHOTepIeH, mail arammbl MeH 3iMOipmeH oKmayrnanran >GUP MafJapbIHBIH Herisri
KOMIIOHEHTI OOJIbIll TaObLIaJbl KOHE KaTepJli icikke, KaObIHyFa KapcChbl, OaKTepHsiFa »KOHE BHUPYCKa KapChl CHUSAKTBI TYPJIi
Ouosorusinblk, 6esicenainikTepi 6ap. Ochl Makajajga TepnuHEH-4-0JiablH, 1 XUMUSJIBIK, TYPJIEHYI apKbLIbl JOPLIK 3aTTap/ibl
aHBIKTay/[aFrbl 9JIeyeTTi KaHUJaTTap PETiHe OJaH 9Pi KOJIIBIHBICKA ne O60Jia ajlaThlH MaKCaTIIeH OHBIH YKaHA TYbIH/IbLIaPBIHBIH
cuHTe3l OastHmanran. TeprnuHeHeH-4-oiaH 1 aJbIHFAH AMUHOJUOJIIAPBIH, 3-6 CTEpeOCeJIeKTUBTI CHUHTE31 KAKChI IIBIFBIM
KepceTKinrepimen KoJ »KeTkizinai. By 3eprreyne tepnunen-4-ongan 1 TyblHIagraH 2-aMHHO-1-THAPOKCH KOCBLIBICTaPBIHBIH
3-6 crepeocesleKTUBTI cuHTe3l cunarrajgraH. lepumHeH-4-osman 1 amMumHOAMoOAapara 3-6 meiiHri XUMUSIIBIK, TYpJeHyi eki
caThl POCiM apKbLIbl OPBIHAAJIIBI: aJUINJI CHUPTiHIH 1 cTepeocesIeKTUBTI SMOKCHJ, PEAKIMSIChIHA YIILIPAYbl YKOHE OJIaH KeHiHTi
PEruoce/IeKTUBTI OKCUPAH CAKUHACBIHBIH, OEH3UJIAMUHIEPMEH JIMTUH MepXJ/IopaT KaTaJIu3aTOPhl KATBICYMEH AlllbLIybl. AJIbBIHFAH
enimaep SIMP criekTpiiepiMeH OHBIH, IIIIH/IE €Ki OJIIIeM/ Il CIIeKTPJIEPIMEH CUTIATTAJIIbI.

TyiiH ce3aep: MOHOTEPIIEH, TEPIUHEH-4-0J1, aMUHO/IUOJIIap, SIMOKCUITEY, CTePeoce/ieKTUBTIK, FAMP cnekrpockonusichr.
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CTepeOCeJ’IeKTHBHbIﬁ CHHTE3 aMUHOCIIMPTOB Ha OCHOBe Tepl'II/IHeH-4-OJ'Ia.

Annoranusi: Tepnunen-4-om 1, MOHOTEpIIEH, SIBJISIETCS OCHOBHBIM KOMIIOHEHTOM 3(UPHBIX MAaCes, BbIIEJIEHHBIX
U3 KaCyMyHapHOro HMOUpPsS H YaWHOIO JepeBa, O0JaJaeT pPa3JIUIHBIMA OHOJIOTHYECKHMH AaKTHBHOCTSMH, TAaKUMH KakK
IIPOTHBOOILYXOJIEBBIE, MIPOTHBOBOCIAJINTEIbHBIE, AHTHOAKTEpUAIbHbBIE XU IPOTHUBOBHPYCHbIE. DB 3Toil crarbe wncciaemyercs
XUMHYECKOEe IIpeBpallleHue TepluHeH-4-o7a 1 ¢ LesbIo CHHTe3a €ro HOBBIX IPOM3BOIHBIX [JIf JaJIbHEHINIEro IPUMEHEHHUs B
KadecTBe MOTEHIUAILHOTO KaHIUIaTa Ipyu OOHAPYKEHUHU JIEKaPCTBEHHBIX BelecTB. CTepeoCeeKTUBHBIN CHHTE3 aMUHOLHOJIOB
3-6, moJIyueHHBbIX U3 TepHuHeH-4-o7a 1, ObLI JOCTUIHYT C XOPOIIMMU BBIXOZAMH. JIBYXCTyIEHYATYIO IPOLELYPY XUMHIECKOIO
IIpeBpallleHusl TepnuHeH-4-o51a 1 B aMUHOAMOMBI 3-6 NPOBOJAMIIM C IOMOIIBIO PEAKIINU CTEPEOCEIEKTHBHOIO SMOKCHUINPOBAHUA
aJUTHJIOBOrO crupTa 1 ¢ IOCieayIomuUM PEruoCeIeKTUBHBIM OTKPBITHEM OKCHPAHOBOI'O KOJIBIA SIIOKCU CIUPTa 2 OeH3UIaMIHAMU,
KaTaJIM3UPYEMBIM IIE€PXJIOpaToM JuThs. llosmydeHHble IpoayKTHI XapakTepuzoBaau fMP cmexTpamu, BKiIOUas JByMepHBIE
U3MEPEHUSs.

KuarouyeBble cJyioBa:  MOHOTEpIIEH, TepIHHEH-4-0J1, AMHUHOJIMOJIbI, SIIOKCHIUPOBAHHE, CTEPEOCEeIeKTUBHOCT, SIMP

CIIEKTPOCKOITHA.
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«JI.H. I'ymuaes arbingarbl Eypas3ust yITThIK yHUBepcuTeriniy Xabapuibicbl. Xumusi. I'eorpadmusi.
DKoJIOrusi CepUsChI» >KYPHAJIbIHA MaKaJjia >Kapusijiay epekeci

1. 2Kypuan makcarbl. XuMus, reorpadus, IKOJIOrus cajajgapbl OOUBIHINIA MYKHUAT TEKCEPY/IEH OTKEH FBLIBIMHI
KYH/IBUIBIFBI 6ap MakKajagap Kapusiiay.

2. 2Kypramma makaga Kapusjaylibl aBTOP MAaKAJAHBIH KOJ KOWBLIFAH Oip JaHa Kara3 HYCKACHIH I'bLibiMu
GacbuibiMIap GemiMine (pemakimsra, MekemxKaiipl: 010008, Kasakcran pecrnybiukacesl, Acrana kanacsl, K. Cornaes
kemeci, 2, JL.LH. C'ymunes arwiamarst Eypasust yarTeik yamBepcuteri, Bac rumapar, 408 kabuaer) »KoHe e-mail
vest chem@enu.kz siexrponasik momracsiHa Tex, PDF dopmarrapemmarsr Hyckasmapein kibepy kaxker. Makasia
MOTIiHIHIH Kara3 HYCKAChl MeH 3JIEKTPOH/bI HyCKaJapbl Oipfeit 6osymapsl KaxkeT. Makasajgap Ka3ak, OpPbIC, aF bLIIIBIH
Tiepinae KaObLIIaHA b

3. ABTOpabIH KoJKaszbaHbl peaakuusira >kidoepyi makasanbiy JI.H. I'ymuaeB arbianmarsl Eypasust
VITTBIK, YyHHUBEPCUTETIHiH xabapiubIChbIHJa Oacyra KeJliciMiH, mIeTes TijliHe ayJapbLIbIil KalTa
OacpuIyblHa KediciMmin OGingipeai. ABTop MakaslaHbl pelakIusara >Kibepy apKbliibl aBTOP TYpPaJibl
MoJIiMeTTiH AypBICTBIFBIHA, Makaja KellipiiMmereHziride (miaruarTTbiH >KOKTBIFBIHA) >K9He Oacka Ia
3aHCBI3 KOIlIipMeJiepiH >KOKTBIFbIHA Kerijgaeme depeJi.

4. Maxkasiaubiy Kestemi 18 Gerren acnayra Tuic (6 Gerren Gacram).

5. MaxkasiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(aap)dvr, amuoi-atconi

Mexemenir, moavl, amaysvl, KaAACHL, Memaeremi (erep aBTOPJAD OPTYPJ MEKEMeJEe KYMBIC *KACAHTHIH
Gouica, OHJIa Op ABTOP MEH OHBIH *KYMBIC MEKeMeci KacbIHia 6ipzeit 6esri KONbLLy Kepek )

Aemop(aap)dvr, E-mail-v

Mawxana amaywe

Annomayus (100-200 ce3; dopmyrnachl3, MakaJaHbH aTayblH MeHiHine KafTajaMaybl KaxkeT; djebuerrepre
cinremeniep 6oIMAaybl KasKeT; MaKAJAHBIH KYPbUIBICHIH (Kipicrie /MaKaJaHbIH MAKCATHI/ MIHJETTEP] /KaPaCThIPBLIBIIT
OTBIPFAaH CYPaKTBIH TAPUXbl, 3€PTTEY SJICTEPl, HOTUKEJED/TAJKbLIAY, KOPBITHIHIBI) CAKTAH OTBIPHII, MAKAJIAHBIH
KBICKAIlla Ma3MYHBI 6epiityi Kaxer).

Tyiin cesdep (6-8 ce3 me co3 ripkeci. TyiliH co3mep Makaga MasMYHBIH KODCETIN, MEHJIIHIIE MaKaJIa aTaybl
MEH aHHOTAIMAJAFBI CO3JEPAl KalTajamail, Makaja Ma3MYHBIHIAFBI co37epai Kosmany kaxkeT. COHBIMEH Karap,
aKIapaTThIK-13/IeCTipy KyieIepinae MaKaJlaHbl 2KeHIJT TadyFa MyMKIH/IIK OepeTiH FhIJIbIM CaJIaJIapbIHbIH TEPMUHIEPIH
KOJIJIAHY KAXKET).

Hezizzi momin MakaJaHblH MAKCATbI/ MIHJETTEPI/ KAPACTHIPBUIBIT OTBIPFAH CYPAKTBIH TApUXbI, 3€PTTEY
oZicTepl, HOTHIKEIED / TATIKBLIAY, KOPBITHIHBI 6OIIMIEPIH KAMTYbBI KAXKET.

Tabauua, cypemmep — aTaaraHHAH KeifiH OpHAJIACTHIPBLIAIBL. Op Tab/IHIa, CypeT KACHIH/IA OHBIH ATAJIYbI OOJTYbI
Kaxker. Cyper ailKblH, CKAHEDJIEH OTIereH OOJIybl KEPeK.

MaxkaJiagarbl (POPMYAGAGDP TEK MOTIHJIE oJlapFa ciiTeme Gepijice FaHa HOMEPJIEHE]T].

Kammer konpambicta 6ap abbpesuamypanap MeH KwuicKapmyaapdar Oackajgapbl MIHIAETTI Typje ajFarrn
KOJIJIaHFaH 8 TYCIHIipiiayi 6epinyi kaxer. Kapotcvinali komex mypaas, aknapar OipiHiin 6erre Kopceriiei.

Odebuemmep Mizimi

Moringe omibumerTepre ciaremesep TiKXKaKIIara aJIbIHAIHI. Moringeri omebuerrep Ti3iMiHe ClITEMEIEPIiH,
HOMEpJIEHY1 MOTiHZE KOJJJAHBLIYbIHA KATBICTBI KYPrisimifge: MoTiHJE Ke3JecKeH ojebuerke ajramkpl ciareme [1]
apKbLIbL, eKiHmi cinreme [2] apkpuibl T.c.c. kyprizineni. Kiranka »kacajgaTslH clireMesepiie KOJJIAHBLIFAH GeTTTepi
e kepceriryl kepek (mbrcassi, [1, 45 Ger]|). ZKapusmanbaran enbekrepre cimremenep kacammaiinbl. CoHbIMEH
KaTap, PeIeH3nsIal oTHeNTiH 6achUIbIMIapra 1a cluremerep KacaaMmaiiae! (ogebuerrep Tizimin, ogebuertep TiziMiHin
aFBUIIIBIHINA 93ipJiey yiIriIepin ToMeHIeri MaKaaHbl pociMiey YIITICIHEH KapaHbI3).

MaxkaJjta COHBIHIAFBI OJIeOMETTEp Ti3IMIHEH KeiliH 6UbAU02PAPUAABIK, MIATMEMMED OPBIC KOHE AFBLIIIBIH
Tiniage (erep Makasa Kasak TLIiHZE »Ka3bliIca), Ka3aK »KOHe aFbUIINIbIH TiIiHge (erep Makasa OpbIC TLIH/IE XKA3BLICA),
OpBIC KOHE Ka3ak, TiTiH/e (erep MakaJa aFbLIIIBIH TLTIHIE XKa3burad Gosica) Gepiie.

Asmopaap mypasvt MaATMEM: ABTOPILIH aThI-’KOHI, FEIJIBIMUA ATAFbI, KBI3METI, JKYMBIC OPHBI, YKYMBIC OPHBIHBIH,
MeKeH-Kaiibl, TeesioH, e-mail — Ka3ak, OpbIC yKoHE arbLIIIbIH TiJIIEPIH/AE TOJTHIPHLIA IBI.

6. Komkazba MyKUST TeKcepiareH OOJybl KaykeT. TeXHUKAJBIK TajalTapra cail KeJMereH KoJrzkasbasap KaiTa
eoHgeyTe Kaiitapbutaabl. KosmkazbaHblH KaiTapbLIybl OHBIH, Ky pHAJIa 6achLIybIHA XKibeplryin 6iamipmerii.

7. Penakumsara TyckeH Makasia Kabblk (aHOHHMZL) Tekcepyre kibepinenl. Bapublk pelneHsusaap aBTopJapra
kibepiseni. ABrop (peleH3eHT MakKajaHbl Ty3eTyre YChIHBIC GepreH »kKafjafifia) yIl KyH apaJibIFbIHJ@ KaiiTa Kapall,
KOJT?Ka30aHbBIH TY3€TITeH HYCKACHIH PeJaKIusara KaiiTa Kibepyi kepek. PereH3eHT yKapaMChI3 Jel TaHBIFAH MaKaJIa
KaiiTapa KapacThIpbLIMaiiapl. MakaslaHbIH TY3€TLIT€H HYCKAChl MEH aBTOPIBIH PEIleH3eHTKE KayaObl PeTaKInsara
2Kibepimeni.
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8. Tesnemaxkpi. BacbuibiMra pykcaT eTiireH Makaja aBTOpJIAPBIHA TOJEM Kacay TypaJsibl eckepTiieni. Temaem
koseMi 2018 xkbutbr 4500 Tenre — EYY kpi3merkepJiepi yiria xkone 5500 TeHre 6acka yiAbIM KbI3MeTKepJIepiHe.
Pek3uBusurrep:

PI'Il na IIXB "EBpa3swuiicknit Harmonansuelil yausepcurer uMm JI.H. I'ymunesa"MOHPK
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BUK TSES KZ KA

Cuer B komupoBke IBAN-
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National
University. Chemistry. Geography. Ecology Series"

1. Purpose of the journal. Publication of carefully selected original scientific works in the fields of chemistry,
geography, ecology.

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., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail
vest chem@enu.kz in Word, PDF and Tex format. At the same time, the correspondence between Tex-version,
Word-version, PDF-version and the hard copy must be strictly maintained.

Language of publications: Kazakh, Russian, English.

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

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put
the same icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it
should not 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.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the
mention in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc.
The reference to the book in the main text of the article should be accompanied by an indication of the pages used
(for example, [1, 45 p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed
publications (examples of the description of the list of literature, descriptions of the list of literature in English, see
below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and
English (if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh
languages (if the article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work
address, telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for
revision. 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 the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.
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8. Payment. Authors who have received a positive conclusion for publication should make payment on the
following requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):
Requisites:
PI'Il na IIXB "EBpa3swuiicknit Harmonansuelil yausepcurer uMm JI.H. I'ymunesa"MOHPK
Crosmmunbiit bumman AO"Iecnabank"
KBE 16
BIMH 010140003594
BUK TSES KZ KA
Cuer B komupoBke IBAN-
KZ91998 BTB0000003104-
"3a mybumkanuo @O asropa”
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ITosio>keHMe 0 PyKOMUCSIX, IPECTaBIISIEMbIX B >XKypHasl «BecrHuk EBpa3smiickoro HanmoHaJIbHOrO
yauBepcurtera umenu JI.H.I'ymuneBa. Cepusi: Xumusi. T'eorpadusi. dkosorusi»

1. Iesn xxypHasia. [lyGaukanus TIaTe /bHO OTOOPAHHBIX OPUTMHAJIBHBIX HAYYHBIX paboT IT B 06JIACTH XUMUH,
reorpaduu, SKOJIOTUN.

2. Asropy, kenarorieMy oy6JIMKOBaTh CTATHIO B YKypHAJIe HEOOXOAMMO IIPEJICTABUTH PYKOIMCh B TBEPJIOH Kouu
(pacreuaraHHOM BapuaHTe) B OJHOM 3K3€MILIsIpEe, NOAIMCAHHOM aBropoM B OTiesr HaydHbIX m3jaHuil (IO aapecy:
010008, Kaszaxcran, r.Acrana, ya. Carnaesa, 2, Eppasuiickuii narumonayibubiii yausepcurer uMm. JIL.H.T'ymunesa,
Y4ebHo-aAMUHUCTPATUBHBIH Kopiryc, Kab. 408) u mo e-mail wvest chem@enu.kz B dpopmare Tex, PDF u Word. Ilpu
9TOM JOJI?)KHO OBITH CTPOI'O BBIAEP’KAHO COOTBETCTBHE MexkIy Tex-daitiom, Word-daitiom, PDF-daitiom u tBeproit
KOIIHEH.

Asbik mybaukanmii: Kazaxckuil, pycckuii, aHTJIMACKAIA.

3. OrmnpasJjieHue cTaTeil B peJaKIUIo O3HAYaET corjlacue aBTOpoB Ha npaso M3narensi, EBpa3suiickoro
HanuoHaJibHOro yHmBepcurera umenu JI.H. I'ymuneBa, nsgaHus crareii B >KypHajie U Iepen3JaHUS
X Ha JIO00M HMHOCTpPaHHOM s3bike. IIperncraBisisi TekcT paboTbl i myOJuKanmuu B >KypHaJe,
aBTOpP rapaHTHUPYeET MNPaBUJIbLHOCTh BCeX CBeAeHUil o cebe, OTCyTCTBHE ILIaruarta u JApyrux ¢opm
HeIPaBOMEPHOr'o 3aMMCTBOBAHUS B PYKOIIUCH, HaJJjiexkallee opopMieHre BCeX 3auMCTBOBAHUI TEKCTA,
TabJIniy, CXeM, UIJIIOCTPALUA.

4. OGbeM cTaTbu He JOJ/KeH HpeBbInaTh 18 crpanur (0T 6 cTpaHun).

5. CxeMa HOCTPOEHUsI CTATbU

I'PHTH http://grnti.ru/

Mruyuaasve v Pamuauro aemopa(os)

INoaroe naumenosaHue opzanusayuu, 20pod, cmparna (ecau aBTOPbl PAGOTAIOT B PA3HBIX OPraHU3AIMIX,
HEOOXO/IMIMO IIOCTABUTD OJMHAKOBLIH 3HAYOK OKOJIO (DaMUJIMKM aBTOPA U COOTBETCTBYIOIIEH OPraHM3aIyn)

E-mail asropa(oB)

Haszsanue cmamvu

Annomayus (100-200 csoB; He HOJKHA cofepkKarb (DOPMyJbI, IO COAEPXKAHMIO IOBTODSATH HA3BAHUE
craTby; HE JOJDKHA COAEpXKaTh OubiamorpadudecKue CCBLIKH; JIOJKHA OTPaykaTb KPATKOE COJEpXKaHHe CTaTbH,
COXpaHss CTPYKTYpPy CTaTbu — BBeJEHWE/ TMOCTAHOBKA 3a7[auu/ 1eju/ WCTOPHs, METOABl HCCJIEIOBAHUS,
pe3ysIbTaThl/00CY 2K AeHU, 3aKIIOYeHNEe/ BBIBOIDI).

Karoueesvie caosa (6-8 cnos/cioBocouerannit. Kirouesble c10Ba JOMKHBI OTpakaTh OCHOBHOE COJIEPIKAHUE
CTaTbU, WCIOJIL30BATh TEPMHUHBI U3 TEKCTa CTaTbHU, & TAKXKE TEPMUHBI, OIPEJEJIAIONNe IPeJAMEeTHYI0 00JacTh U
BKJIIOYAIOIINE JPYTe BaXKHbIE [MOHATHS, [TO3BOJISIONIE OOJErYUTh U PACIIMPUTH BO3MOYKHOCTH HAXOXKJEHUS CTATbU
cpeacTBaMu WHGPOPMAIMOHHO-TIOUCKOBOI CHCTEMBI ).

OcHosHoli. mekcm cmamovbu J0KEH CONEPXKATh BBEJEHHE, TOCTAHOBKY 33J@4r/ 1€,/ UCTOPUIO, METOIbL
HCCJIEIOBAHUS, PE3Y/IbTATHI/00CYKICHIe, 3aK/IIOYUEHNE / BBIBOIBL.

Tabauubt, pucyHKru HEOOXOINMO PACIIOIATATD Mocye yrnoMuHauus. C Kaxk 0¥ UITIOCTpaIieil JOIKHa C/IeI0BATH
HaJIUCh. PUCYHKU JIO/KHBI OBITH Y€TKUMH, YUCTHIMU, HECKAHUPOBAHHBIMU.

B crarbe Hy™Mepytorcs sumib Te pOpMYabL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKHU.

Bce abbpesuamypst u coxpaweHus, 3a WCKIIOYEHHWEM 3aBEeJOMO OOIIEM3BECTHBIX, JIOJIKHBI OBITH
pacmudpoBaHbl IPU IIEPBOM yIIOTPEOJIEHUU B TEKCTE.

Csenienusi o purarcosol noddepoicke paboThl YKA3bIBAIOTCS Ha IMEPBOIl CTPaHUIE B BUIE CHOCKHU.

Cnucokx aumepamyput

B Tekcre ccbuiku 0603HAYAIOTCS B KBaJIPATHBIX CKOOKax. CCbUIKM JIOJKHBI OBITH IIPOHYMEDPOBAHBI CTPOrO IO
HOPsIIKY yHOMUHaHUsSL B Tekcre. IlepBasi CChUIKA B TeKCTe Ha JIMTepaTypy JOJKHA MMeTb HoMmep (1], Bropas - [2] u
T.71. CchblIKa HA KHUTY B OCHOBHOM TEKCTE CTATBU JOJI?KHA COMPOBOXKIATHLCS YKA3aHUEM WCIOJb30BAHHBIX CTPAHMIT
(mampumep, [1, 45 crp.]). Ccbuikn Ha HeonyGJUKOBAHHBIE PAGOTBHI HE JIONMYCKAIOTCs. HeKeaaTesbHbl CChUIKU Ha
HepeleH3upyeMble n3/aHust (IIPIMephl OIMCAHUSI CLIMCKA JIUTEPATYPBI, OIUCAHUS CIMCKA JIMTEPATYPbI HA AHIVIAICKOM
SI3BIKE CM. HIDKE B 00pasne obOPMIICHUST CTATHH).

B koH1E craThu, mocie CIUCKa JIUTEPATyPbl, HEOOXOAUMO yKa3aTh bubauozpagpuueckue 0aHHbLE HA PYyCCKOM
U AHIVIMHACKOM sI3bIKaX (ecyu cTarbs ogopMIIeHa HA Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM M aHIVIMICKOM s3bIKax (ecim
cTaTba 0pOPMIIEHA HA PYCCKOM fA3BIKE) M HA PYCCKOM M Ka3aXCKOM A3BIKaxX (eCm cTaTbs 0pOpPMIICHA HA AHTJIMACKOM
SI3BIKE).

Csederus, 06 aemopax: damMuiins, UMsi, OTYECTBO, HaydHAasl CTEIEH, JOJZKHOCTb, MECTO PabOThI, ITOJTHBIA
cITyKeOHBII ajpec, TeqedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M AHTJIMICKOM SI3BIKAX.

6. Pykonmcy mosmkHa OBITH TIHIATEJNBHO BbIBEpPEHA. Pykomnmcu, He cooTBeTCTByOIINE TEXHUYECKUM
TpeboBaHUsIM, Oy/IlyT BO3BpallleHbl HA H0paboTKy. BosppalneHnue Ha H0pabOTKy He O3HAYAET, YTO PYKOIUCH MPUHSITA
K OITyOJINKOBaHUIO.

7. PaboTa c 3jIeKTpOHHOI KoppekTypoil. Crarbu, nocrynusmme B OTiaes HaydHBIX M3ZaHUi (perakims),
OTIIPABJISIIOTCS] HA AHOHMMHOE PeIleH3MpOBaHue. DBce pereHs3uu M0 CTaTbe OTIPABJSIOTCS aBTOpy. ABTOpaM B
TeUYeHne TpeX JHel HeoOXOAUMO OTIPABUTH KOPPEKTYpPy crarbu. CTaTbu, MOJYyUMBIIME OTPUIATEILHYIO PEIEH3UIO
K HOBTOPHOMY PACCMOTPEHHIO HE MPUHUMAIOTCdA. VIcIpaBjieHHbIE BAPDUAHTBI CTATEl U OTBET aBTOPA DPEIEeH3EHTY
MPUCHLIAIOTCS B pemakinioo. CTaTbu, UMEOIINE TOJOKUTEIbHBIE PEIEH3UH, TPEJICTABIISIIOTCS PEIKOJIIETHH XKYPHAJIA
1151 OOCY?KICHUS U YTBEPXKICHUST JIJIsl Iy OJIMKAIAN.
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IlepuomguyHoCTh XKypHAaJja: 4 pasa B rog,.

8.0mtata. ABTOpaM, HOJIYYMBIIUM IIOJOXKHUTEIbHOE 3aKJIIOYEHNE K OIYOJUKOBAHUIO HEOOXOIMMO ITPOU3BECTHU
omIaTy mo ciaeayommM peksusutam (s corpyaaukos EHY — 4500 renre, mis croponHmx oprammsanmii — 5500
TeHre):

Pek3uBusurrep:

PI'Tl na I[1XB "Eppazuiicknii HarmonaabHbli yausepcuTer um JI.H. I'ymumesa"MOHPK
Cronnunbtit punman AO"Ilecnabank"

KBE 16

BVH 010140003594

BUK TSES KZ KA

Cuer B koguposke IBAN-

KZ91998 BTB0000003104-

3a mybmukaruo PO aBTropa

MakaJjiaHbI paciMaey YJIrici
MPHTMU 27.25.19
A K. XKy6ansimnesa ', H. Temupranues?, A.B. Yrecos 3

2 Hnemumym meopemuneckoti Mamemamusy u Hayunur evucienuti Bepasutickozo
HAUUOHAALHO20 YHUsepcumema umeny JI. H. lymusresa, Acmana, Kasaxcman
3 Axmaobuncruti pecuonasvon 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucnennoe nuddepenimpoBanne pyHKINT B KOHTeKcTe KoMObioTepHOTO
(BBIYMCIINTENBHOIO) IIOIEPEYHNKA

Annoraimst B pamMkKax KOMIBIOTEDHOrO  (BBIYHCIUTEIHHOTO) MOMNEPEYHHUKA  IIOJHOCTHIO
perteHa  3ajada IpHOIMKEHHOrO guddepeHnnpoBannsd (QYHKINA, TPUHAIEKAITIX KIaCCaM
CobosieBa 110 HETOYHON WHQOPMAIMH, IIOJYUYEHHON OT IIPOM3BOJBHOIO KOHEYHOIO MHOYKECTBA
rpuronomerpuieckux koabdunuentos Pypoe-Jlebera muddepennupyemoii dbynkmuu... [100-200
cJ1oB|

KuaroueBbie cropanpubimmkennoe gud@epeHnupoBaHne, BOCCTAHOBIEHHE IO HETOTHOM
uHGOPMAIH, [peJeJIbHAsT [OTPEIIHOCTh, KOMIBIOTEPHbIH  (BBIYMCIINTENbHBI) ONEPETHK.
[6-8 cs10B/cotoBOCOUETAHMIA]

BBenenue

Tekcr BBeIEHUS]. ..
ABTopam He cieyer HCHOIB30BaTh HecTaHnapTHble makerol LaTeX (mcmosbsyiite mx Jumb B
cirydae Kpaifaeil HeoOXO0IIMOCTH )

2. 3aroJjioBOK CEeKIuun
OkpyKeHus.

Teopewma 1. ...

JlemmMma 1. ...

Ilpennoxkenue 1. ...

Onpejnenenune 1. ...

Ciaeacrsue 1. ...

3ameuyanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
HJoxkasaTenbcTsBo. TekcT moka3aTelbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKHI
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Tabsunpl, pucyHKH HEOOXOIMMO pacrosiaraTh mocie yrnomuHanusi. C KaXKJI0H HIUTIOCTpanueil JoJKHA
CJIe/IoBaTh HAIIUCh.

Tasnuna 2 — Hassauue Tabiauiibt

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

PucvyHok 4 — HazBanue pucysnka

3. Ccbuiku u 6ubaumorpadus

Jis cchLIOK Ha yTBep:KieHus, (pOPMyJIbI U T. II. MOXKHO HCIIO/Ih30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyna (1)

s pykosojicTBa o INTEX u B KadecTBe mpuMepa 0hOpMIIEHHS CChLIOK, CM., Harpumep, JIbBosckuii C.M.
Hab6op u Bepctka B nakere KTEX. Mocksa: Kocmocuudopm, 1994.

Crucok guTepaTypbl 0QOPMIISETCS CJIEJLYIONUM 00PA30M.

Crucok janreparypbl

1 Jlokymuesckuit O.M., 'aspukos M.B. Hauasia uncnennoro ananuza. —M.: TOO "duyc", 1995. —581 c. - kuura

2 Temuprasmues H. KoMIbioTepHbIil (BBIYUCIUTEIbHBI) IONEPEUHNK KaK CHHTE3 M3BECTHOIO M HOBOI'O B UHCJIEHHOM
anammse // Becrank Eppaswmiickoro manmonanpaoro yausepcurera umenn JI.H. Tymmnesa —2014. —~T.4. Ne101. —C.
16-33. doi: ... (upu HANIMYNK) - CTATHS

3 2Kybanbrmesa A.2K., A6ukenosa I1I. O Hopmax npon3BoaHbIX DYHKIHN C HYJIEBBIMY 3HAYEHUSIMI 3aJaHHOIO HAbOpa
JIMHEHHBIX (DYHKIMOHAJIOB W WX MPUMEHEHHs] K TONEPEIHUKOBBIM 3amadaM // PyHKIMOHAJIBHBIE MPOCTPAHCTBA
u Teopus npubsmxkenus oyuknuit: Tesucol mokmamoB Mexaynaponuoit kondepeHiuu, nocssiiennas 110-geTuio
co must poxaenusi akagemuka C.M.Hukosbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KOoH(epeHInit

4 KypmykoB A.A. AHrHONIPOTEKTOPHAS ¥ MHUIOJUIUIEMIYIEeCKasi aKTUBHOCTD jieykoMusuHa. —Anmarsr: Bacray, 2007.
—C. 3-5 - razeTHbIe CTAaTHU

5 Keipos B.A., Muxaitmmaenko I.I. Amanmtudaecknii MeTO/| BIOKEHHsI CUMILUIEKTHIECKOH reomerpun // Cubupckue
9JIEKTPOHHBIE MareMmaTudeckue wmspecrust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus:: 08.01.2017). - 3IeKTPOHHBINA >KypHAI

A.2K. 2Ky6aupimmesa ! , H. Temipramues ! , A.B. Yrecos 2

L JL.H.Tymunes amuirdazo, Eypasus yammors yrueepcumeminiy, meopusiols MAMeMamuKa Hcone eolivlmy ecenmeyiep
uncmumymot, Acmana, Kasaxcman
2 K. 2Ky6aros amvmodaes.. Axmebe enipaix memaexemmix. yrnusepcumemi, Axmobe, Kasaxcman

Kowmnsbiorepaik (ecenreyim) auamerp MoHMOoTiHIHAe DyHKUMsAAApAbl caHABIK AuddepeHnuanaay

Annoranusa: Komnbiorepnik (ecenteyim) quamerp monmorininge CoGosieB KIAChIHIA YKATATHIH (DYHKIMAIAD/ Bl OJIAPIbIH,
TpuroHomeTpusiyibik, Pypue-Jlebera koadduImeHTTepiHiH aKbIPJIbl YKUBIHBIHAH AJIBIHFAH JI9J1 eMeC aKIapaT OONBIHIIA YKYBIKTAY
ecebi Tosnbrrbiven memntini [100-200 ceszep].
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Tyitin ce3gep: xybikran nuddepeHnuaniay, I9J eMeC aKnapar OOMbIHINA KYybIKTay, IIEKTIK KaTesaik, KoMmnbiorepiik
(ecenreyim) nuamerp [6-8 co3/ces Tipkectepi|.

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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