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Comparative kinetic analysis of thermal destruction of hydrogel on the base of
polymethylvinyl maleic acid ester linked with polypropylene glycol

Abstract: Kinetic analysis was made applying TG/DTG/HF data in nitrogen and air atmosphere
for thermal decomposition of hydrogel of polymethylvinyl maleic acid ester, linked with polypropy-
lene glycol, at different heating rates. TG/DTG/HF data were processed according to the following
kinetic models: Friedman, Flynn-Wall-Ozawa, Kissinger-Akahira-Sunose, Coates-Redfern and non-
parametric kinetic method (NPK) was used, to obtain the following kinetic parameters: activation
energy and pre-exponential factor.

According to the attained values of activation energy, the mechanism of degradation of the hydro-
gel was suggested. Values of kinetic parameters attained by different methods, are compliant to each
other. Isoconversion method is one of the methods for definition of activation energy; this method
does not require knowledge on analytical form of conversion function, and gives the possibility to
define the activation energy against conversion degree as well.

To obtain full kinetic analysis it is necessary to process the data using non-parametric kinetic
method. Non-parametric kinetics method (NPK) of Serra, Nomen and Sempere is based upon the
suggestion that reaction velocity may be expressed as multiplication of two independent functions,
f(a) and k(T). Reaction model f(«) considers the dependence of conversion degree, and k (T)
considers the temperature dependence.

Keywords: dynamic thermogravimetry, thermal analysis, thermal destruction, hydrogel.

Introduction. One of the most important applied issues of chemistry of high-molecular com-
pounds is the creation of heat-resistant polymer and composite materials. Such materials will pre-
serve its properties influenced of high temperatures, aggressive media, moist and other destructive
factors [1-2|. From this viewpoint, methods of dynamic thermogravimetry allow defining the acti-
vation energy of thermal destruction, which is used for characterization of mechanisms of thermal
destruction and stability of polymers.

Issue on which method will be applied for definition of kinetic parameters of polymer destruction
and composite materials seems to be urgent.

Earlier the possibility to apply non-isothermal methods of calculation to define the thermodynamic
parameters of polymers [3] was shown. In this work we showed the possibility to apply isothermal
models of calculation [4] for defining main kinetic parameters of hydrogel decomposition on the base
of polymethylvinyl maleic acid ester linked with polypropylene glycol (PMVE-MA with PPG).

Authors have chosen the following models: Friedman, Flynn-Wall-Ozawa, Kissinger-Akahira-
Sunose, Coates-Redfern and NPK. They proved themselves well at processing of data of differential-
thermal analysis of nonorganic compounds [5]. NPK is the only method, which allows to estimate the
influence of temperature and conversion on reaction rate. Non-parametric kinetics method (NPK)
is a special approach for processing of kinetic data [6]. Non-parametric kinetics method (NPK) of
Serra, Nomen and Sempere is based upon the suggestion that reaction velocity may be expresses as
multiplication of two independent functions, f(«) and k(T) [7].

An objective of this work is to study the thermal decomposition of hydrogel on the basis of
polymethylvinyl maleic acid ester linked with polypropylene glycol, construction of formal kinetic
model by non-linear regression of isothermal curves TGA /DSC.
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Experimental. Poly(methyl-vinyl-co-maleic acid) or polymethylvinyl maleic acid ester (PMVE-
MA) was obtained by hydrolysis polymethylvinyl ester of maleic anhydride (PMVE-MAH):

OCHj,4
90°C

O n

OH OH
Scheme 1 — Reaction of hydrolysis of polymethylvinyl ester of maleic anhydride

Process was held on assembly of round-bottom ed flask with volume of 100 ml and backflow
condenser. Base mixture was prepared of 0,6500 g of PMVE-MAH and 20 ml of distilled water.
Hydrolysis was carried out at the temperature of 90° C during 2 hours. Gradually water solution
of polypropylene glycol (PPG) was added to generated polymethylvinyl maleic acid ester (PMVE-
MA) up to obtaining of homogenious mixture. Excess of water was drained by rotary evaporator.
Reaction mixture was firmed for 24 hours at 80° C. In the result of esterification reaction between
polymethylvinyl maleic acid ester and polypropylene glycol gel PMVE-MA with PPG was formed:

OCHj
CH
. Ho\r{'D\/Iq\O’YOH 80°C
O n m
OH OH CHs, CHs _,.MT,.CH3
O OH
0 =
OCH,

Scheme 2 — Esterification reaction between polymethylvinyl ester of maleic acid and polypropylene glycol

Registration of IR-spectra of hydrogel was made with Fourier IR-spectrometer FSM 1201. Study
of hydrogel thermal properties was made with differential scanning calorimeter Labsys Evolution
DTA/DSC of «Setaram» brand in dynamic regime with temperature range of 303-773K with heating
rate of 10 to 30 deg/min in atmosphere of air and nitrogen in Aly O3 crusible. Results and
discussion. Figure 1 (a) presents comparative thermal curves of weight loss and rate of weight
loss of hydrogel PMVE-MA with PPG decomposition at different heating rates (10-30 deg/min) in
stream of nitrogen and air.

44



A.Zh. Sarsenbekova, 1.V. Figurinene , A.I. Khalitova , Loketkyzy M.

1207 —— 10 K/min
15 K/min
100 20 K/min
] 25 K/min
30 K/min
< 80
)
|_
60 4
40
20 T T T T T T T T T T T 1
200 300 400 500 600 700 800
T,K
(a)
041 ——10K/min
————— 15 K/min
-------- 20 K/min
o4 gl s 25 K/min
o e 30 K/min
>
€
<_% 0.0 A
o
©
(0]
T
-0.2 4
-0.4 T T T T T T T T T T T 1
200 300 400 500 600 700 800

T, K

(b)

Ficure 1 — TG-DTG (a) and HF (b) curves of hydrogel PMVE-MA with PPG at heating rates of 10-30 deg/min

It is necessary to notice, that total weight losses at five heating rates amounted 74.9-81.6 %
(Figure 1, a). In all the change dependencies specific weight at different heating rates is manifested
at temperatures of 473-673 K. Change of heating rate of studied sample did not influence the
curves TG, DTG and HF (Figure 1, b) and no new peaks were found. Increasing of heating rates
results in just insignificant change of temperatures of peaks start, peaks minimum and finishing of
curve deviation from basic line. According to HF data, thermogram is characterized with slight
endothermic peak at "370 K and presence of endoeffect maximum at “511 K (Figure 1, b).

Apparently, this effect is accompanied with absorption of considerable amount of heat at thermal
destruction, which stipulates the biggest weight loss at this temperature.

Figure 2 presents IR-spectra for samples before and after dynamic thermogravimetric experiments
up to 800 K at heating in atmosphere of air and nitrogen.

45



JI.H. I'ymunaes arbiagarel EYY Xa6apubicel - Bectuuk EHY um. JI.H. I'ymuiesa, 2018, 1(122)

(a)
=
m‘ -
o
=
T
E =
=
o
e |
i
= -
T T T T T . T T T T 1
o 00 1000 1500 2000 2500 3000 3500 4000
Wavenumber, e
=
w
o
=
]
a8 -
=
o -
=
=
= 4
T T T T T T T T T T T 1
o 00 1000 1500 2000 2300 3000 3500 4000
Wavenumber, crm”
(c)
£
o
()
=
]
£ A
=
&
=
=
= 4
T T T T T T 4 T T 1
1] 500 1000 1300 2000 2500 3000 Fa00 4000

Wavemunber, o

Fi1GURE 2 — IR-spectra of hydrogel PMVE-MA with PPG; before (a) and after heating in atmosphere of nitrogen (b) and
air (c)

In IR-spectra of basic copolymers of PMVE-MA with PPG (Figure 2, a) before thermal processing
there are characteristic absorption bands of parts of comonomer fragments. The most peculiar
are: slight band of valence vibrations vc_p in groups of methylene fragment at 2994 cm ~!, and
absorption band vc—p of groups of parts of maleic acid at 1712 cm !, as well as intensive absorption
bands in the field of 3440 cm !, conditioned by valence vibrations vo_p of links of interacting
hydroxyl groups [8]. After thermal processing of hydrogel PMVE-MA with PPG (Figure 2, b) the
character of its spectrum is changed significantly. Relative intensity of absorption bands is decreased,
however, bands stay in spectrum after thermogravimetric analysis as well. Moreover, in spectrum
of hydrogel PMVE-MA with PPG an absorption band of carboxyl group of acid v_go)jon at
1712 cm ! is decreased after thermolysis and absorption bands at 2993 cm ~! and 1324 cm ~! are
manifested for aliphatic v_cy and v_cp, respectively. Besides, in the area of 1156 cm ~! valence
vibrations vo_p are manifested as well.

Results of IR-spectra of copolymers PMVE-MA with PPG before and after dynamic thermogravi-
metric experiments up to 800 K, showed that in course of temperature increase bands intensity is
gradually decreased at 1266 cm ~! | characterizing groups vc_o (Figure 2, a and b), which certifies
the destruction mainly along ester links of polypropylene glycol.
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Kinetic analysis of thermal destruction was held at different heating rates of sample PMVE-MA
with PPG applying isoconversion methods of Friedman (FR) [9], Flynn-Wall-Ozawa (FWO) [10],
Kissinger-Akahira-Sunose (KAS) [11, 12| and Coates-Redfern (CR) [13] (Table 1, Figure 3). For
objective estimation of complex processes proceeding in parallel with thermal destruction, non-
parametric kinetic method was applied (NPK) [14].

Application of above mentioned models allowed make a graphical definition of effective values of
activation energy at different heating rates of sample and conversion degrees (Figure 3, Table 1).

TaBLE 1 — Kinetic models for description of thermolysis of hydrogel PMVE-MA with PPG

Ne [ Method | Equation Graphical representation
1 FR In(Bd2) =In[A - f(a)] — £% In (B9%) vs. (1922)

2 FOW | In(f) = In gr45 —5.331 — L350 In (B) vs. (2F2)

3 |Kas (&) —mgARs - & n () vs. (92)

o Jer m(e) =m (R - & In (L2) vs. (192)

5 NPK |92 =k(T) f(a) 3D

Graphic view of kinetic model attained under differential method of Friedman, is shown in the
figure 3, (a). For kinetic analysis set of points with similar conversion coefficient is processed, and in
the graph we see the series of several right lines, each of them is characterized with its own activation
energy (Figure 3, a).
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Figure 3 — Graphic results of analysis, defined by methods of FR (a), FOW (b), KAS (c) and CR (d) for copolymers
PMVE-MA with PPG at heating rates of 10-30 deg/min
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Figure 4 — Dependence of activation energy (Eq) on conversion coefficient () (where o - relative error) for hydrogel
PMVE-MA with PPG in the atmosphere of nitrogen, calculated by methods of: a) FR, b) FWO, ¢) KAS and d) CR
Values of activation energy of hydrogel PMVE-MA with PPG thermolysis at different heating rates
depend on slope angle of the line, attained under the method of Flynn-Wall-Ozawa (Figure 3, b) and
method of Kissinger-Akahira-Sunose (Figure 3, ¢). Kind of characteristic curves, attained by method
of Coates-Redfern (Figure 3, d), is peculiar for kinetic analysis carried out by this method. Analysis
showed that attained kinetic dependences are described the most adequately within the framework
of model Fj (first-order dependence in relation to 0 ). Estimated data of kinetic parameters are
shown in figures 4 and 5.
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Figure 5 — Dependence of activation energy (Eq) on conversion coefficient (o) (where o - relative error) for hydrogel
PMVE-MA with PPG in the atmosphere of air, calculated by methods of: a) FR, b) FWO, ¢) KAS and d) CR

Values of activation energy (Figure 4) are differed on 0.51-0.62%, thus, mathematical exactness of
applied methods is satisfactory. Values of relative error (o) [15] (Figures 4, 5) certify high exactness
as well.

Intervals of calculated values of activation energy are 137.55-167.17 kJ /mol in the atmosphere of
nitrogen (Figure 4) and 191.78-149.37 kJ/mol in the atmosphere of air (Figure 5). It certifies the
proceeding of solid-phase transformations in kinetic mode.

For kinetic analysis of process of thermal destruction of studied sample nonparametric kinetic
method was applied as well. Non-parametric kinetic method (NPK) [14, 16] is a special approach
for processing of kinetic data. Method is a new viewpoint to kinetic analysis, which is based upon
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rounding of results of single-stage process kinetics. Experimental values of response time are located
in the matrix, which is expressed as multiplication of two vectors, containing the information on
E(T) and f(«). Actually, this mathematic model is the consequence of equation (1).

r=f(a) k(T) (1)
NPK method applies the algorithm of singular value decomposition (SVD) for decomposition of
matrix M into two vectors [17]. Matrix M is analyzed as follows:

M = U (diag - S) - V" (2)
The most important peculiarity of this method is the fact that it may decompose the submatrix
in relation to temperature (V') and conversion function, (U), without necessity of any suggestions
subject to their functionality. Data were attained during the analysis of vector u (first column U ) in
relation to kinetic model, suggested by Sestak and Berggren [18]: f(a) = o™ (1 — )™, respectively,
vector v (first column V) — temperature dependence 7' in Arrhenius equation. Value of explainable
variation, A, expresses the contribution of each simultaneous step for the whole process of thermal
decomposition, thus, Y A; = 100% . If A < 10% , we suggest that discussed stages could have been
neglected.
Results of NPK method are classified in table 2, dependence of response time (j—%) on temperature
(T") and conversion coefficient («) were interpolated as surface in 3D space (Figure 6).

Figure 6 — Surface of hydrogel PMVE-MA with PPG in 3D: dependence of response time (j—%

conversion coefficient («) in the atmosphere of nitrogen (a) and air (b)

) on temperature (7) and

TABLE 2 — Kinetic parameters of thermal destruction of hydrogel PMVE-MA with PPG for model of NPK

Sample Process | A, E., A, n m Sestak-Berggren
% kJ/mol |s7! glay=a™(1l—-a)™

PMVE- | in nitrogen atmosphere
MA with
PPG

1 54.3 | 119.12 [ 0.96x10% [ 4/5 [1/3 | (1 —a)*>.al/3

2 45.7 | 198.47 7.42x1010 | - 2 a?

in air

1 64.9 [120.78 [ 1.12x10™ [4/5 [1/3 [ (1 —a)¥".al/?

2 35.1 | 216.14 8.41x10™ |- 2 a?

It can be said that main process is the chemical reaction with reaction order n=4/5 and it is
accompanied by physical process (m=1/3). Secondary process requires similar activation energy,
comparative to value, required in primary process, but this makes small contribution to the main
process (explainable dispersion A =35.1%). At analysis of thermal decomposition two parallel pro-
cesses with values of activation energy of 80,78 and 105,4 kJ/mol were identified. Average value of
activation energy, attained by NPK method is E, =158,11 kJ/mol. It coincides with results attained
by isoconversion methods (Table 3).
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TABLE 3 — Average values of activation energy, attained by compared kinetic methods

Sample | E,, kJ/mol
PMVE- | Friedman | Flynn- Kissinger- Coates- NPK
MA with Wall- Akahira- Redfern O>-A-E,)
PPG Ozawa Sunose
in nitrogen atmosphere
160.94 16123 [ 162.96 [161.97 [ 158.79
in air
166.60 [ 167.16 [ 170.45 [170.67 ] 168.46

Conclusions. Simultaneous use of TG/DTG/HF data for kinetic analysis presents us the most
complete picture of thermal destruction of hydrogel PMVE-MA with PPG. This made it possible
to estimate kinetic parameters, applying five different kinetic methods, to compare the values of
activation energy, attained from different experimental data — TG, DTG and HF. Kinetic parameters
were calculated applying methods of Friedman, Flynn-Wall-Ozawa, Kissinger-Akahira-Sunose and
Coates-Redfern, as well as nonparametric kinetic method (NPK). Methods of Friedman, Flynn-Wall-
Ozawa, Kissinger-Akahira-Sunose and Coates-Redfern suggest invariant part of activation energy,
but kinetic description is too formal. NPK method suggests two main advantages: a) possibility to
separate two and more stages of complex decomposition reaction; b) possibility of discrimination
between conversion coeflicients, corresponding to temperature functions from rate equation.

References

Kopmax B.B. Ilporpecc monumepnoit xumuu. — M.: Hayka, 1965.

Kopmak B.B. Tepmocroiikue momumepst. — M.: Hayka, 1969.

Opeiizep A.I'. Beicokorepmocroiikue nosmmepsl. — M.: Xumus, 1971.

Sarsenbekova A.Zh. Khalitova A.IL et al. Processing of hydrogel isotermic data on the base of polymethyl vinyl ether

of maleic acid cross linked with polypropylene glycol under thermogravimetric data. Comparative kinetic analysis

by NPK method // Bulletin of University of Karaganda. — Series Chemistry. — 2017. — Ne3(87). — P.74-80.

5 Ledeti 1., Vlase G., Vlase T. et al. Kinetic analysis of solid-state degradation of pure pravastatin versus pharma-
ceutical formulation // Journal of Thermal Analysis and Calorimetry. — 2015. — Vol. 121. — Ne 3— P. 1103-1110. doi:
10.1007/s10973-015-4842-3.

6 Roduit B., Dermaut W., Lunghi A. et al. Advanced kinetics-based simulation of time to maximum rate under
adiabatic conditions // J Therm Anal Calorim. — 2008. — Vol. 1- Ne93 — P. 163. doi: 10.1007/s10973-007-8866-1.

7 Ruben Ruiz-Femenia, Jose A. Caballero Analysis of the relative strength of the singular values obtained from the
non-parametric kinetic method // Journal of Thermal Analysis and Calorimetry. — 2012. — Vol. 107. — P. 585-596.
doi. 10.1007/s10973-011-1349-4.

8 Kasunpina JI.A., Kymierckas H.B. [Ipumenenne K-, YO- SIMP-ciekTpockonuu B opraHudeckoit xumun. — M.:
Bericmt. mkoma, 1971.

9 Friedman H.L. Kinetic of thermal degradation of char-forming plastics from thermogravimetry. Application to
a phenolic plastic // Journal of Polymer Science Polymer Symposium. — 1964. — Vol. 6. — P. 183-195. doi:
10.1002/polc.5070060121.

10 Flynn J.H., Wall L.A. A quick, direct method for the determination of activation energy from thermogravi-
metric data // Journal of Polymer Science Part C: Polymer Letters. — 1966. —Vol. 4 — P. 323-328. doi:
10.1002/pol.1966.110040504.

11 Kissinger H.E. Reaction kinetics in differential thermal analysis // Analycal Chemistry. — 1957. — Vol. 29. — Nel1.
— P. 1702-1706. doi:10.1021/ac60131a045.

12 Akahira T., Sunose T. Trans. Joint Convention of Four Electrical Institutes, Paper No. 246, 1969 Research Report.
// Chiba Institute of Technology Sci. Technol. — 1971 — Vol. 16. — P. 22-31.

13 Coats A.W., Redfern J.P. Kinetic parameters from thermogravimetric data // Nature — 1964. — Vol. 201. — P.
68-96. doi: 10.1038/201068a0.

14 Wall ME et al. Singular Value Decomposition and Principal Component Analysis // In A practical approach to
microarray data analysis. — 2003. — Vol. 9 — P. 91-109.

15 Pomanosckmit B.M. OcuoBuble 3aa1un Teopun ommubok — M.: [ocrexusmar, 1947.

16 Fedyukhin A.V., Maikov I.L., Sinelshchikov V.A. Comparison of kinetic models of biomass thermal decomposition

// Book of Abstracts of International Conference on Interaction of Intense Energy Fluxes with Matter, Nalchik,

Russia. — 2011. — P. 114.

=W N =

50



A.Zh. Sarsenbekova, 1.V. Figurinene , A.I. Khalitova , Loketkyzy M.

17 Sempere, J., Nomen, R. & Serra, R. Progress in Non-parametric Kinetics, Journal of Thermal Analy-
sis and Calorimetry // Journal of Thermal Analysis and Calorimetry — 1999 — Vol. 56. — P. 843. doi:
10.1023/A:1010178827890.

18 Albu, P., Bolcu, C., Vlase, G. et al. Kinetics of degradation under non-isothermal conditions of a thermooxidative
stabilized polyurethane // J Therm Anal Calorim. — 2011. — Vol. 105. — P. 685. doi: 10.1007/s10973-011-1497-6.

A.2K. Capcenbekona ! , I.B. ®urypunene 2, A.1. Xamurosa ! , M. JIekeTKpbI3bI |

L E.A. Boxemoe amuvimdaev. Kapazarndv memaexemmix yrusepcumemi, Kapaeandv, Kazaxcman
2 Kapaeandve memaexemmir meduyuna yrusepcumemi, Kapaeandv, Kasaxcman

ITomMnponnJIEHIVINKOJIbMEH TIiriJireH rnmoJimMeTnJIBEHUI3PUPMAaJIENH KbIIIKbIJIbI Herizinaeri ruporesbais,
TEPMUSJIBIK JeCTPYKIUACBIHBIH, CAJIBICTBIPMAJIbl KUHETUKAJIBIK, aHAJIN31

Anuorauusi: [losMIIponmIeHIIIMKOJIBMEH TIrJIN€H MOJUMETHUIIBUHUI 3(DUP MaJIeUMH KBIIIKLLIbI HEri3iHJeri IuaporesibIiy,
TEPMUSIJIBIK bIABIPAYBI YIIIIH, a30T *KoHe aya arMocdepachinia op Typdi xbeuigamasikra TG /DTG /HF nepekrepin naiiganansi,
KUHETUKAJIbIK, aHAJJIN3 YKYPri3/ii.

TG/DTG/HF nepekrepi Keseci KuneTukaybik Mogenbaep: Ppuaman, Paunn-Ozasa-Yosur, Kuccunpkep- Akaxupa-CyHosa,
Koarc-Pendepunepain koHe akKTHBTEH/IIPY SHEPIUsIChI, IPEIIKCIOHEHIIUAbII KOOSHTKIII aly YIIH HapaMeTpJiK eMec 9icTep
KATBICHIH/A OHJIEJIJI.

AKTUBTEHJIPY SHEPrUsCHl Typajbl AaJbIHFAH JEpPeKTep OONBbIHINA, TUIPOTEJbIiH bIABIPAY MEXAHU3MI YCBIHBLIIBI.
30KOHBEPCHUSIIBI 9/IiCTEpMEH aHBIKTAJFaH KUHETUKAJBIK IapamMerpiiep 6ip-6ipiMeH »Kakchbl yitiecedi. V30KOHBEPCUSIIBIK, 9ic-
OeJiceHAIpily SHEPTHUSACHIH aHBIKTAUTBIH 9icTepain 6ipi. OJ1 KOHBEpCHOHIBI DYHKIUAIAPIBIH AHAJTUTUKAJIBIK, (DOPMACHI TYPAJIb
MOJIIMETT] KasKeT eTIel/li, COHbIMEH KOCa ©3repy JeHreilineH OesIceHIIipily SHEPIrUsChIH aHBIKTayFa MYMKIHIILIK Gepesi.

TonblK KHHETHKAJIBIK aHaJu3 aJjly VIIiH, JAepeKTepil HapaMeTpJiK eMeCc KUHETHUKa 9JiciMeH eHuey KakeT. Peaknms
2KBULIAMIBIFBL €Ki Toyesci3 dyukuusiapbiver, f (o) »xone k(T), cunarrasnysl, napaMeTpiIiK eMec KHHETHKA d/iCi Heri3/1esreH.
Mopgens peaknuscel f () Typaengipy gepexecine toyesaiiirin xoue k (T) TeMmueparypaJblk IopeKeH] eckepesi.

Tyiiin ce3nep: napamerpusisibik emec (IIEK) kuneTnka, TepMHUAIBIK TaJay, TEPMOJAECTPYKIH, IHAPOrelb.

A.2K. Capcenbekona ' , I.B. ®urypunene 2, A.1. Xamurosa ! , M. JIeKeTKbI3bI |

1 Kapazamnounckuti zocydapcmeennuiti yrusepcumem umernu E.A. Byxemosa, Kapazanda, Kasaxcman
2 Kapazandurcruil zocydapcmeenmoiti meduyunckut yrusepcumem, Kapaeanda, Kasaxcmarn

CpaBHUTEJIbHBII KNHETUYECKUIN aHAJIM3 TEPMUYECKON JEeCTPYKIMA I'UApPOoreJisd Ha OCHOBE
MOJIMMETUJIBUHUIIOBOTO 3duUpa MaJIEMHOBON KHUCJIOTHI CIIUTOTO MOJIMIPONUJIEHTIINKOJIEM

Anvoranus:  Kunernmdeckuil amamus nposoguin ¢ wucnosb3oBanmeMm ganubix TG/DTG/HF B armocdepe asora
U BO3JyxXa JJjIs TEPMHYECKOIO DPAa3JI0KEHUs T'UJPOresisi I[IOJUMETHUIBHHUIOBOIO 3(upa MaJEeUHOBON KHCJIOTHI, CIIUTOrO
MTOJTUIIPOITHIIEHIJIUKOJIEM, TIPH PAa3JIMYHbIX CKOPOCTSAX HArPEBA.

Hannbie TG/DTG/HF 6b11 06paboTanbl B COOTBETCTBUY CO CJISLYIONMMA KHHETHIeCKUME MogeaaMu: Ppuavmana, Oaunna-
Oszasbi-Yosuta, Kucennmkepa- Akaxupa-Cynosa, Koarca-Pendepna u meron nenapamerpudeckoit kuneruku (HITK), ¢ Tem uro6st
MOJIYYUTD CJIELYIOIUE KHHETUIECKNE [TapaMEeTPhl: SHEPIUsl aKTUBAIUY, [IPEIIKCIIOHEHIINAIBHBIA MHOXKHUTEJIb.

CornacHO INOJIyYEeHHBIM 3HAYEHHUSIM SHEPIUU AKTHBAIMK IIPEJJIOXKEH MEXaHU3M DPAa3JIOyKEHHs TUJIPOreJIs. SHavyeHsT
KUHETHUYECKUX I1apaMeTPOB, OIpeJeIeHHble H30KOHBEPCUOHHBIMH METOJAMU, XOPOIIO COIVIACYIOTCSI MEXKJIY CODOIA.
I30KOHBEPCUOHHBII METOJ SABJISETCS OJHUM U3 METOJOB ONPEJEJICHHs SHEPIUU aKTHUBAaIUU, JAaHHBIA MeToJx He Tpebyer
3HaHUU 00 AHAJIUTUYIECKON (POPMBI KOHBEPCHOHHON (DYHKIIHH, & TaAK?KE JAET BO3MOXKHOCTD OIPEIE/ICHUS SHEPIUH aKTHBAIMH OT
CTENEeH! IPEBPAILEHUSI.

Js  mosydeHHWsl IIOJHOTO KHWHETHYECKOIO aHaaW3a Heobxogmma oOpaboTKa [JaHHBIX C HCIOJbL30BAHHEM METOHA
HenapamMeTpuyueckoil Kuaeruku. Meroy nenapamerpudeckoit kunetuku (HITK) ocHoBbIBaeTCs Ha IPEIIONIOKEHIH, YTO CKOPOCTH
pEaKIuu MOXKET ObITh BBIparkeHa B KadecTBe IPOU3BeJeHus JAByX HesaucuMbix dyuknuii, f(a) m k(T). Mogens peaknun
f () yuurbIBaeT 3aBUCHMOCTD cTeneHn npeobpasoBanus u K (T) y4YuTbIBaeT TEMIEPATyPHYIO 3aBUCHMOCTb.

KuarouyeBrie ciioBa: JUHaMUA4YeCKas TePMOIDAaBUMETDHs, TEPMUYECKHUI aHaju3, TePMOJIECTPYKIUs, TI'UJIPOresb,

HenmapaMeTpudeCKad KHUHETUKa.
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kemeci, 2, JL.LH. C'ymunes arwiamarst Eypasust yarTeik yamBepcuteri, Bac rumapar, 408 kabuaer) »KoHe e-mail
vest chem@enu.kz snexrponabik momraceia Word, Tex, PDF dopmarrapbingarsl HycKajgapblH JKibepy KarKer.
MaxkaJia MoTiHIHIH Kara3 HYCKAChl MEH 3JIEKTPOHJIBI HYCKaJapbl O0ipaeit Oosynapsl KaxkeT. Makasamap Ka3ak, OpbIC,
aFBUIIIBIH TIAAEPIHIE KAOBLIIAHAIH.

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:

lecnabank: KBE16

BIMH 010140003594

PHH 031400075610

MUK KZ 91998

BTB 0000003104

TSES KZ KA
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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):

PexBusursbr:

Ilecnabank: KBE16

BUVH 010140003594

PHH 031400075610

NNK KZ 91998

BTB 0000003104

TSES KZ KA

67



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:

Tsesnabank: KBE16

BVH 010140003594

PHH 031400075610

MUK KZ 91998

BTB 0000003104

TSES KZ KA

MaxkaJsaHbl pociMey yJrici
MPHTU 27.25.19
A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos 3

2 Unemumym meopemuseckoti Mamemamury u Hayunsr evwucaenuti Eepasutickoeo
HAYUOHAALHO20 Yhusepcumema umenu JI. H. l'ymunesa, Acmana, Kazaxcman
3 Axmaobuncruti pecuonasvon 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucnennoe nuddepeHimpoBanne pyHKIiI B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTEIHHOIO) IIONEPEYHNKA

Bsenenue

TekcT BBEIEHMUSI. ..
ABropam He ciejlyer HCHOJIb30BaTh HecTaHjgapTHble makerbl LaTeX (ucmosb3yiive ux Jmib B
cilydae Kpaitaeil HeoOX0MMOCTH )

2. 3aroJoBOK CeKIUAM
Okpy:KeHwusl.

Teopema 1. ...

JlemmMma 1. ...

Ilpennoxxkenue 1. ...

Omnpenenenue 1. ...

Ciaeacrsue 1. ...

3ameyanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JlokaszaTenbcTBoO. Tekcr moka3aTelbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKU

. — L. — ; [ 7(N)
on(en; DN)y =0n(en; T; F; D)y = (z(N),;IJIVf)eDN ON <6N, (l 790N>>Y, (1)
rie On (en: (™), 0on))y = on(en; T F; (1), on))y =
= s TFO—en (I0 D00 (1) 85 -
fEF Y
‘,ngﬂ <1(r=1,...,N)

Tabsmrbl, pUCYHKH HEOOXOIUMO pACIoJiaraTh mocje yrnoMmuHanus. C KaxKJio# WLTIOCTpanueil JoKHa
cJ1e10BaTh HAJIINACh.

3. Ccbuiku u 6ubdaunorpadus
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JI.H. I'ymunaes arbiagarel EYY Xa6apubicel - Bectuuk EHY um. JI.H. I'ymuiesa, 2018, 1(122)

Tasnuua 1 — Hazsanue tabuibt

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

PucvHok 1 — HazBanue pucynka

s cchLIoK Ha yTBepzKIeHus, (pOPMyJIbI U T. II. MOXKHO KCIIOJIb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyaa (1)

s pykosojicTBa o INTEX u B KadecTBe 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 Jlokymmesckuit O.M., l'aspukos M.B. Hauana yunciaennoro anamuza. —M.: TOO "dAryc", 1995. —581 c. - kHura
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