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SYNTHESIS OF FUEL COMPOUND BASED ON LIGHT DISTILLATE
OF COAL TAR

K.A. Kadirbekov*!, A.Zh. Abyurov®, N.A. Buzayev!, N.N. Oralbayev?, G.G. Seitkhal® S. Dadyka?,
I.A. Safronova®, S.C. Zholdybayev! M.T. Oshakbaev', A.A. Yespenbetov *, S.A. Shitybaev*

1A.B. Bekturov Institute of Chemical Science, Almaty, Kazakhstan
2ERG Research and Engineering Center LLP, Astana, Kazakhstan
ERG Research and Engineering Center LLP, Pavlodar, Kazakhstan
4 South Kazakhstan Pedagogical University named after Ozbekali Zhanibekov, Shymkent, Kazakhstan

*E-mail: kkairati@mail.ru

Abstract. The paper considers the process of fuel compound production on the basis of light
distillate of coal tar (CT). The analysis of group and individual composition of CT fractions is carried out,
the main components including aromatic hydrocarbons, phenols, heteroatomic compounds and
asphaltenes are revealed, and their physical and chemical characteristics are established. The technique of
stabilisation of mixtures of CT distillate and petroleum fuel oil using a surfactant - acrylic acid - has been
developed. It is shown that surfactant introduction provides a high degree of homogeneity and stability of
fuel compositions, preventing the formation of precipitates even during long-term storage. Optimal ratios
of light distillate and fuel oil (70:30 and 50:50) allow to obtain fuel compounds, the characteristics of
which meet the requirements for boiler and furnace fuels. The obtained results demonstrate the promising
application of light distillate of CT for creation of highly efficient fuel products, which opens new
opportunities for processing of coal-chemical raw materials. The proposed approach contributes to
improving environmental safety, reducing the toxicity of the final product and expanding the raw material
base for fuel production.

Key words: coal tar, light distillate, fuel compound, surfactant, fuel oil, boiler fuel.
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1. Introduction

Coal tar (CT), a by-product of coke production, has a significant industrial
potential due to its complex chemical composition, including condensed aromatic
hydrocarbons and other high molecular weight compounds [1-3]. However, its
multicomponent nature, high reactivity, and the presence of carcinogenic and
toxic compounds make its processing technologically challenging. With the
growing global demand for alternative fuel sources and high-yielding chemical
products, the processing of CT becomes an important area of scientific research
and industrial application.

Current global trends demonstrate high activity in the field of development
of coal tar processing technologies for obtaining fuel compounds and valuable
chemicals. For example, in China, industrial plants for the production of diesel
fuel from CT have been introduced, which allows not only to effectively utilise
waste, but also to solve the issues of energy balance [4,5]. Similar studies are
actively conducted in the EU countries, where special attention is paid to the
creation of environmentally safe recycling processes [6-12].

This paper studies the possibilities of using light fractions of coal tar
produced by “Shubarkol Komir” JSC for the synthesis of fuel compound. The
study is aimed at developing an innovative approach to the processing of tar,
including the use of hydrocarbon component and surfactants, with an assessment
of the performance characteristics of the resulting products.

The results of the work have not only practical value for the industry of
Kazakhstan, but also correspond to the world trends in the field of creation of
effective and environmentally friendly technologies for processing of carbon-
containing waste, as the results of the study lays the foundation for the formation
of competitive technologies that can ensure sustainable development and
diversification of industrial production.

2. Experimental part

Objects and methods. Medium-temperature coal tar (CT) produced by
Shubarkol Komir JSC was used for the study. The fractionation process was
carried out using nitrogen to prevent secondary reactions and improve heat
transfer.

The component composition of the fractions was analysed using IR
spectroscopy and chromatography-mass spectrometry. NICOLET 5700
spectrophotometer (FT-IR) with Fourier transform in the range of wave numbers
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400-4000 cm-! was used to determine the qualitative composition of CT. The
spectra were processed and interpreted using OMNIC software.

Chromatographic analysis was performed on an Agilent 6890 N instrument
(Agilent Technologies, USA) with a DV-1 capillary column (27.5 m, 0.32 mm, 10
um).

Fuel oil of 100 grade with boiling point of 350-360 °C was used as a
hydrocarbon component.

The calorific values of fuel compositions based on light distillates of coal tar
were determined using Elementar Vario Micro Cub and calorimeter B-08NA ‘K’.

Toxicity indicators of fuel compositions were determined in accordance with
the interstate normative document GOST 12.1.044-2018 ‘Fire and explosion
hazard of substances and materials’ (paragraph 13), which allowed to establish
the hazard class of the samples under study.

3. Results and Discussion

The distillation results showed that the lightest fraction of CT (up to 170°C)
is 3.6% of the initial resin mass, and the main yields come from the absorption
(19.3%) and anthracene (17.2%) fractions [13]. The residue - pectic - was 36.5%
of the mass of CT, with characteristics corresponding to GOST: softening point
127°C and volatile content 50.6% [13].

The analysis of IR spectra showed that the light fraction is characterised by a
high content of aromatic hydrocarbons, including benzene and its derivatives.
This fact is associated with the formation of azeotropic mixtures and complexes
in the composition of CT. In this connection, phenol and naphthalene impurities
appear in the benzene fraction, and naphthalene is contained in the phenol
fraction, etc. Figure 1 compares the IR spectra of the distillation fractions of CT
with the IR spectrum of the initial CT and determines their convergence
coefficients (Table 1).

Absorance
— 15136
13781

8146
7524 152.9

1045.7

3500 3000 2500 2000 1500 1000 500
Wavenum bers cm-1)

Figure 1 — Comparison of IR spectra of initial CT and light (benzene) fraction
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Table 1 - Coefficients of convergence of IR spectra of fractions of CT distillation with IR spectrum of
initial CT

Ne Fractions Convergence coefficient, %
1 Light, % 68
2 Phenolic, % 78
3 Naphthalene, % 74
4 Absorbent, % 83
5 Anthracene, % 86

Fractions 4 and 5 are the closest to the initial resin in terms of chemical
composition, which indicates the predominance of hydrocarbons in this fraction,
constituting the organic mass of CT. Thus, the basis of the fraction ‘organic
bases’, according to the data of chromatography-mass-spectral analysis are
nitrogen-containing heterocyclic compounds of quinoline and carbazole types
with an admixture of aromatic amines and carbonitriles. The phenolic fraction
contains mainly phenols with the number of rings from 1 to 4, furans and long-
chain alkanes Cis-C2. Asphaltenes include arenas of various degrees of
condensation with predominance of three- and four-ringed ones, as well as
sulphur-, nitrogen- and oxygen-containing heteroatomic compounds - thiophenes,
quinolines, furans. Qils, the dominant fraction of CT, include mainly aromatic
compounds of hydrocarbon composition, including unsaturated ones of indene
series. Neutral resins are a mixture of nitrogen- and oxygen-containing
heteroatomic compounds - quinolines, carbazoles, carbonitriles, furans and
ketones.

According to the results of group chemical analysis, the main fractions of CT
are oils (63.6 %) and asphaltenes (11.7 %). The total share of other group
fractions is less significant - 24.7 %. It should be noted that among the majority of
valuable, expensive individual hydrocarbons constituting these fractions, CT also
contains substances that give it carcinogenic (pyrene, benz(a)pyrene,
benzfluoranthene, benz(a)anthracene, etc.) and toxic (carbazole, carbonitrile)
properties. This fact complicates the classified use of coal tar and its distillates.

Nevertheless, the obtained data on group and individual compositions of CT
fractions confirm the necessity of their use as a raw material source for obtaining
a variety of commercial products. In particular, for obtaining fuel compound on
the basis of fractions of CT with achievement of significant reduction of its
toxicity and carcinogenicity by mixing with commercial fuel oil.

It is known that petroleum fuel oils and coal tar are mutually insoluble.
When they are mixed together, a precipitate precipitates, presumably salting
occurs. In addition, the surface tensions of fuel oil and coal tar are different.
Between petroleum and tar oils there is, for equal viscosity, a difference in
surface tension of about 10 dyne/cm. The mixture was therefore stabilised by
the introduction of surfactants. Acrylic acid was tested as a surfactant.

Light distillate (n.k.-360°C) and fuel oil are dispersed systems, the state
of which depends on the temperature of experience, heating temperature, in

8
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connection with what, at mixing, the same temperature of components 60-80

°C was chosen.

Light distillate, surfactant and fuel oil were mixed

sequentially. Duration of mixing 10-60 minutes to obtain a homogeneous
mass. The ratio of components (light distillate:fuel oil) in the fuel compound
was, % - 30:70, 50:50 and 70:30. Surfactant was introduced in the amount of
0.5; 0.6; 1.0 or 4.0 %. As a result of homogenisation we obtained highly
dispersed fuel compounds with high stability to stratification during long-term
storage. Fuel compound of composition light distillate: fuel oil 70:30, as well as
50:50, have characteristics commensurate with those of commercial fuel oil and

heating oil shown in Table 2.

Table 2 - Quality indicators of the developed fuel compositions.

Ne Indicator Normative Indicator value
document Fuel Fuel Fuel oil | Domestic
composition | composition [commerci| heating oil;
L4 L5 al
(70% light (50% light | M-100; |ST RK 2951-
distillate distillate 2021
+30% fuel oil) | +50% fuel | GOST
+0.6% oil) 10585-99
surfactants) +0.6%
1 | Kinematic viscosity at 20°C, | GOST ) ) 3
not more than, mm2/s 33-2016 8.0
Kinematic viscosity
2 |ats0°C, GOST 1451 23.04 - -
2 33-2016
not more, mm#/s
Kinematic viscosity
at 80°C, GOST
3 ot more, mm?/s conditional, | 33-2016 5.388 7.598 1184 -
°VU:
Kinematic viscosity
4 |at100°C, o |3416 5.208 5.0 -
not more B
L ; GOST
5 Flash point |rlopen crucible, 4333- 116 102 110 )
not less than °C
2014
Ash content, GOST
6 not more, % 1461-75 01 0.006 0.14 0.02
Mass fraction of water, GOST
7 not more % Ef?Z' 0.4 0.7 1 traces
Coking ability, %, GOST )
8 | not more % 19932-09 | 177 240 0.35
9 Content of water-soluble GOST Weakly absence absence | absence
acids and alkalis 6307-75 | alkaline
. STRK 0.5
10 r':’(')ﬁ;ﬁ“;:” of sulphur, 1 AstMp [ 0.02 0.02 9% |(GosTR
' 4551- ) 51947)
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One of the most important technical characteristics of fuel is its calorific
value. Heat of combustion of fuel is the amount of heat released during complete
combustion of fuel. Values of heat of combustion of fuel compositions on the
basis of light distillates of coal tar make 39517 - 42 000 kJ/kg that correspond to
the interval of value of working lowest heat of combustion of furnace fuel oil
(Qrn = 35 500 - 42 000 kJ/kg) and boiler (furnace) fuel (Qrn ~ 40 000 kJ/Kkg).
Thus, the obtained fuel compositions, by many quality indicators, meet the
requirements and norms for boiler (furnace) fuel and by some indicators - for
commercial fuel oil. Toxicity indicators were determined and on their basis the
hazard class of fuel compositions in accordance with the interstate normative
document GOST12.1.044-2018 ‘Fire and explosion hazard of substances and
materials’, item 13 (Table 3).

Table 3 - Toxicity indicators and hazard class of fuel compositions according to GOST 12.1.044-2018
‘Fire-explosive hazard of substances and materials’, item 13.

Ne | Composition Toxicity Hazard Name of the category of
index, class, (Tn) fuel composition hazard
class
HCLsu
g/m?

(30 % Light distillate
1 + 70 % Fuel oil) + 0.6 % 72.36 (T2) Moderately hazardous
surfactant (acrylic acid)

(50 % Light distillate
2 + 50 % Fuel oil)+ 0.6 % 43.22 (T2) Moderately hazardous
surfactant (acrylic acid)

(70 % Light distillate
3 + 30 % Fuel oil) + 0.6 % 37.44 (T3) Highly hazardous
surfactant (acrylic acid)

4 100 % Light distillate (original) 55.72 (T2) Moderately hazardous

5 100 % Fuel oil (commercial) 30.33 (T3) Highly hazardous

Analysis of the data in Table 3 shows that according to the value of the
toxicity index of combustion products, the initial light distillate belongs to
moderately hazardous materials.

10
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4. Conclusion

The results of this study confirm the prospects of using light distillate of CT
as a basis for fuel compounds production. The study of the group and individual
composition of CT fractions showed a wide range of valuable hydrocarbon
compounds, including aromatic hydrocarbons, phenols, heteroatomic compounds
(quinolines, carbazoles, furans) and asphaltenes, which can be used in various
technological processes. A key limitation of the use of CT distillates remains the
presence of carcinogenic (pyrene, benz(a)pyrene) and toxic compounds
(carbazole, carbonitrile), which requires additional measures for their processing
or neutralisation. Nevertheless, the proposed method of producing fuel
compounds using surfactants such as acrylic acid, oleic acid and waste coolant
allows to significantly reduce the toxicity and carcinogenicity of the final product.
It has been experimentally established that the introduction of surfactants in
concentrations from 0.6% ensures the stability of the obtained fuel compositions,
preventing the formation of precipitates even during long-term storage. Optimal
ratios of fuel compound components (light distillate: fuel oil) in the range of
70:30 and 50:50 provide characteristics comparable to commercial boiler and
furnace fuels. The resulting fuel compounds exhibit a high degree of
homogeneity, thermal and chemical stability. Their properties such as viscosity,
density and heat of combustion meet the regulatory requirements for liquid fuels.
In addition, the proposed approach to the processing of CT allows to minimise
waste and expand the raw material base for the production of fuels.

Thus, the proposed technology of obtaining fuel compounds on the basis of
light distillate of coal tar represents an environmentally and economically
justified solution that allows to process secondary products of coal chemistry into
high-quality commercial fuels.

Conflict of Interest: The authors declare that there is no conflict of interest requiring disclosure in
this article.
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2TOO «Hayuno-uccnedosamensckuti uricunupunzoewiii yenmp ERG», Acmana, Kazaxcman
3TOO «Hayuno-uccredosamenvexuti unocunupunzosoiii yenmp ERGy, Ilaenodap, Kazaxcman
40aicno-Kazaxcmanckuii nedazoauueckutl ynugepcumem umenu O3zbexany XKanubexoaa,
HlIvimkenm, Kazaxcman

“E-mail: kkairati@mail.ru

Pestome. B cTathe pacCMOTpPEH IpOLECC IONYYECHUs TOIUIMBHOTO KOMIIayHIAa HAa OCHOBE JIETKOTO
mucturata kameHHoyronsHoOH cmouel (KYC). [lpoBenén aHanm3 rpynmoBOro W HWHAWBUIYaTBHOTO
coctaBa ¢paxuuii KYC, BbISBICHBI OCHOBHBIC KOMIIOHEHTBI, BKIIIOYAs apOMATHYECKUE YTIIEBOJOPOIBL,
(eHOIIBI, TeTepoaTOMHBIE COSAMHEHUSI U ac(albTeHbl, a TAKXKE YCTAHOBJIEHBI UX (PU3MKO-XUMHYECKHE
xapakTepuctuku. Pazpaborana meronuka cradbummnsanuu cmeceit quctmwniata KYC u HedTsaHOro Masyra ¢
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HCIOJIb30BAHUEM IOBEPXHOCTHO-akTUBHOTO BemiectBa ([TAB) — akpuoBoit kucnotsl. Ilokazano, uTo
BBereHue [IAB oOecrieunBaeT BBICOKYIO CTEIEHb TOMOI'CHHOCTH U CTaOMJIBHOCTH TOIUTMBHBIX
KOMITO3UINH, MpefoTBpanias o0pa30oBaHUE OCAJKOB Jake NPH UIUTENBHOM XpaHeHHH. ONTHMaibHbIC
cooTHOmIeHUsT nérkoro auctiwuiatTa u masyta (70:30 u 50:50) MO3BONSAIOT MOMYYHUTh TOIUIMBHBIC
KOMIAyH/Ibl, XapaKTEPUCTUKH KOTOPBIX COOTBETCTBYIOT TPEOOBAHUSIM K KOTEJIbHBIM U NEYHBIM TOIIMBAM.
[Tony4eHHbIe pe3ynbTaThl JEMOHCTPUPYIOT HEPCIECKTHBHOCTh NMpHMeHeHHs nérkoro auctwuisita KYC
JUISL CO3/IaHUsI BBICOKOA((EKTUBHBIX TOIUIMBHBIX MPOJYKTOB, YTO OTKPBIBAET HOBBIC BO3MOXXHOCTH JUIS
nepepaboTKU  yIIIEXUMHYECKOTO  ChIpbs. [IpeioeHHBI MOAXON  CHOCOOCTBYET — IIOBBILICHHIO
9KOJIOTHYECKOH 0e30MacHOCTH, CHH)KEHUIO TOKCHYHOCTH KOHEYHOTO NPOJYKTa U PACHIMPEHUIO CHIPHEBOH
0a3bl JUIs IPOU3BOCTBA TOILIUBA.

KiioueBble c10Ba: KaMEHHOYTOJIbHAsI CMOJIA, JIETKUN AMCTHIUIAT, TOIUIMBHBIA KomnayHa, [TAB, ma3yr,
KOTEJIEHOE TOTLIHMBO.

Kaoupbexoe Kaiipam Advipoexosuu Jlokmop xumuueckux HayK, npogeccop
Ab1opos Apman JKymazanuesuu HUnorcenep-mexnonoe 1 xkamezopuu
by3aes Hypoaynem Amansrconynot PhD cmyodenm

Opanbaes Hypcynman Hypasicanynot Mazucmp

Ceiimxan I'ynnapa baxanasp

[aovika Cepzeit Menedorcep no xumuu yens

Cagpponosa Huecca Anexcanoposna Hauanvnux nabopamopuu yenexumuu
Konovioaes Cynxap Cosemsrcanosuu baxanasp

Owakoaes Manc Tneyoepouesuu Jlokmop mexHuueckux Hayk, npogheccop
Ecnenoemos Acvinbex Anumbexosuu Jlokmop xumuyeckux Hayx

Illumuioaes Cepuxbexk Anmuinbexosun  Kanoudam xumuueckux Hayx, OoyeHm

KOMIP LIAMBIPBI dKEHLT JUCTUJIJIATBIHBIH HET'I3IHJE dKAHAPMAM
KOCBUIbICBIHBIH, CUHTE3I

K.A. Kaoupéexoe™, AJK. Abropos, H.A. Bysaes, H.H. Opanéaes, I'.T. Ceiimxanl* C laovika?,
H.A. Cagpponosa, C.C. JKonovivaes* M.T. Owaxéaesa*, A.A. Ecnendemos', C.A.Illumvidaes*

'0.B. bexmypoe amvinoazvl Xumus biabimMoapsl uncmumymol, Anmamot, Kazaxcman
2ERG-0iy 2vlibimu-3epmmey dicone undicunupune opmanvizbiy JKIIC, Acmana, Kazaxcman
SERG-0iy evirvimu-3epmmey sicone unscunupune opmanvizuiy KIIC, Iaenodap, Kasaxcman
4Osbexani Konibexos amvindazer Oymycmix Kazakcman nedazozuxansi ynusepcumeni,
Hlvimxenm, Kazakcman

*E-mail: kkairati@mail.ru

Tyiinoeme. Makanana sxeHin kemip maibipbiabiH qucTUuiAThl (K1) Heriinmeri OTbIH KOCIACBIH ay
nporeci Kapactbipbuiaabl. KII ¢pakuusuiapbHBIH TONTHIK JKOHE JKEKe KYpaMblHA Tajjay >Kyprisiuii,
HETi3rl KOMIIOHEHTTEp, OHBIH IIiHAE apOMaTThl KeMipcyTeKTep, (eHoIaap, TeTepoaToMIsI KOChUIBICTap
JKoHe acalbTeHIep aHBIKTAIABI )KOHE OJapIblH (HM3MKA-XUMHUSUIBIK CUMaTTamanapbl Oenrinennai. bB3
(GetTik OenceH i 3aT) — aKPUJT KBIIIKBUIBIH Maiifanana oteipbir, KILI iucTuimisTel MeH MyHail Ma3yThIHBIH
KOCIaJapblH TYPAaKTaHIBIPY oici o3ipieHai. berrik-OeinceHnl 3aTTapabl €HII3Y OTBIH KYpaMbIHBIH
JKOFapbl OIPTEKTUIIrT MEH TYpaKTHUIBIFBIH KaMTaMackl3 €TETiHI, TINTI y3aK CaKTay Ke3iHJe MeTiHAiIepaiy
naiiga GoybIHa K01 OepMeiTiHI kepceriired. JKeHiT QUCTHILIAT TeH Ma3yTThIH OHTalJIbl apaKaThIHACHI
(70:30 sxone 50:50) cunarraManapbl Ka3aHABIK XOHE TEII OThIHAAPbIHA KOWBUIATHIH TallanTapra ColKec
KEJIeTiH OTHIH KOCHAJapbIH allyFa MYMKIHIIK Oepeni. AJIBIHFaH HOTHXKENEp KOMIPIIH XHUMHSIBIK
[IMKI3aThIH KaiTa eHACY/IIH KaHa MYMKIHIIKTEPIH alIaThIH JKOFaphl THIM/II OTHIH ©HIMJIEpIiH jkacay YIIiH
skeHin quetmuattel K1 nadinanany yomecin kepcerei. ¥ ChIHBUIFAH TOCLT AKOIOTHSUIBIK KAYiMCi3miKTi
JKaKcapTyFa, COHFbl OHIMHIH YBITTBUIBIFBIH TOMEHJETYre >XOHE OTBIH OHJIPICIHIH MIMKi3aT 0a3achlH
KEHEHTyre KeMeKTece .
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Tyiiin ce3gep: keMip IIAHBIPHI, XKEHUI JUCTHJUIAT, OTHIH KOCBHIHIBICHL, OCTTiK O€NCEHHi 3aT, MasyT,
Ka3aH/BIK OTBHIH.

Kaoupoexos Kaiippam Aovipoexosuu Xumus 26116IMOAPbIHBIY OOKMOPbL, Npodeccop
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Ceiumxan I'ynnapa baxanasp

[aovika Cepzeit Kemip xumusicoinbiy meneorcepi
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Konowvioaes Cynkap Cosemicanoguu baxanasp

Quiaxoaes Manc Tneybepouesuu Texnuxa evliblMOapuiHbly 0OKMOopbl, npogdeccop
Ecnenoemos Acvliboex Anumoexosuu Xumus 26L16IMOAPBIHBIY OOKMOPbL

Illumuvioaes Cepuxioexk Anmoinoexosuu Xumus 2bLI6IMOAPBIHBIY KAHOUOAMbL, 00YeHMm
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SYNTHESIS AND STUDY OF MUCOADHESIVE PROPERTIES OF
THIOLATED POLYMERS BASED ON
POLYHYDROXYETHYLMETHACRYLATE AND
3-MERCAPTOPROPYLTRIMETHOXYSILANE

G.S. Irmukhametova!, D.N. Makhayeva'*, Zh. Kozhantayeva?, V.V. Khutoryanskiy?

tal-Farabi Kazakh National University, Almaty, Kazakhstan
2University of Reading, Reading, United Kingdom

“E-mail: Danelya.1993@gmail.com

Abstract. Introduction. Mucoadhesive drug delivery systems, which adhere to mucosal surfaces,
facilitate prolonged retention and uniform release of active substances, enhancing therapeutic efficacy.
These systems include adhesive patches, gels, tablets, films, discs, nanoparticles and microspheres.
Polymers with mucoadhesive properties should be hydrophilic and possess sufficient functional groups to
form hydrogen bonds. Poly(2-hydroxyethyl methacrylate) (PHEMA) is a biocompatible hydrophilic
polymer widely used as a biomaterial. Modification of PHEMA with various functional groups could
potentially extend its application range. The purpose of this work is to chemically modify nonionic
PHEMA (20 kDa) using 3-mercaptopropyltrimethoxysilane (3-MPTS) to improve mucoadhesive
properties, presenting a novel approach in the field. The methodology of this work includes the synthesis
of PHEMA modified with 3-MPTS, determination of thiol group content, preparation and
physicochemical characterisation of model tablets, evaluation of adhesive properties to ex vivo buccal
tissues and drug release. The results indicated that the new method for synthesising thiolated PHEMA
significantly enhanced adhesion compared to unmodified PHEMA. The use of an acidic catalyst increased
the efficiency of this reaction, resulting in a polymer with greater thiol group content. The release of
prochlorperazine from PHEMA-MPTS:- tablets occurred over 40 minutes, which is significantly higher
than the commercial product Bukastem. Conclusion. The developed buccal exhibited excellent
mucoadhesive properties and prolonged drug release.

Key words: buccal tablets, thiolation, adhesive properties, drug release, Ellman’s assay.
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CHUHTE3 U U3YUYEHUE MYKOAJIT'E3UBHBIX CBOMCTB THOJUPOBAHHBIX
MNOJIMMEPOB HA OCHOBE NOJIMI'MIPOKCU3THJIMETAKPHUJIAT U
3-MEPKANITONPONMUWJITPUMETOKCHUCHJ/IAHA

I.C. Hpmyxamemoea *, /I.H. Maxaesa™, K. Koxcanmaesa *, B.B. Xymopanckuii >

'Kazaxckuii nayuonansuwiii ynusepcumem um. ano-Papabu, Anmamet, Kazaxcman
2Vuusepcumem Pedunza, Peoune, Benuxobpumanus
“E-mail: Danelya.1993@gmail.com

Pe3tome. Bsedenue. Mykoaare3uBHbIE JIEKapCTBEHHBIE (HOPMBI, 00JIaJal0NHe CIOCOOHOCTHIO NPUIIUIIATh
K CIM3UCTEIM O0OJOYKaM, OOCCIICUMBAIOT UIMTEIBHOEC YyIEPKAaHHE W PABHOMEPHOE BBHICBOOOXKICHHUE
aKTHBHBIX BELIECTB, YTO yJydllaeT TepaneBTuueckuii a¢pdexr. K Takum Gopmam oTHOCATCS aare3uBHbIC
IUIACTBIPH, TelH, TaONEeTKH, IUICHKH, AUCKHM, HAHOYACTULBl M Mukpocdepsl. [Tomumepsl, obnanaronue
MYKO3r'€3UBHBIMU CBOHCTBAMH, AODKHBI ObITh THIPODHIBHBIMU U COJAEPHKATH JOCTATOYHOE KOJIUYECTBO
(YHKUHOHANBHBIX TPyNH A8 (GOPMHUPOBAHUS BOMOPOIHBIX CBsizei. [Toyu(2-THapOKCHATHIMETaKPUIIAT)
(II'5MA)  siBasieTcsi OMOCOBMECTUMBIM THAPOGHIBHBIM IIOJMMEPOM, AKTHBHO HCIIOJB3yEeMbIM B
pasnuuHbix Onomatepuanax. Moxpudukauus [MII'OMA  paznudyHbIME  (QYHKIMOHAIBHBIMU TPYIIAMH
pacumpsier ero npuMenenue. Lleas pabomer 3akiodanack B xumuueckoi monudukanuu [IINMA 20 k/la
¢ 3-mepkanronponmitpucuiokcanoM (3-MIITC), xapakTepucTHKE M HU3YYEHHH MYKOAATr€3UBHBIX
CBOMCTB MOAM(HUIIMPOBAHHOTO MOJMMEpA JUIs MCIIOJIb30BaHUS B BUJE TAaOIETOK B OYKKaJbHOM 10OCTaBKE
JICKapCTBEHHBIX BeLIEeCTB. Memoodonozusi pabomsl BKIOYaeT cuHTe3 MoauduuuposanHoro 3-MIITC
[IDI'MA, onpenenceHHe COACPXKAHWS THOJBHBIX —TPYII, MOJIyYeHHE U  (U3HKO-XHUMHYECKAs
XapaKkTepUCTUKa OYyKKaJbHBIX TabJETOK, M3YyYeHHE MYKOAIre3MBHBIX CBOMCTB TaOJIETOK U
BBICBOOOJK/ICHUSI JIEKAPCTBEHHOIO BEIIECTBA. Pe3yibmamyl TOKa3add, YTO B pe3yibTaTe CHHTE3a
THOJIMPOBAaHHBIX ToyMMepoB Ha ocHoBe [II'OMA u 3-MIITC, nomydyeHbl HONUMEPHI C YIIy4IICHHOW
MyKoairesueil 1o cpaBHEHHIO ¢ HemoxupuiupoBaHHEIM IIIOMA. Mcnonb3oBaHHE KHCIOTHOTO
KaTaJIn3aTopa cnocoOCTBOBAJIO MOBBIILICHUIO COJNEPIKAHHMS THOJBHBIX TPYII B HoiuMepe. TabneTku Ha
ocHoBe [I'OMA-MIITC obnanatoT nyumeid MyKoaare3uei K CIM3UCTON IMOBEPXHOCTH MO CPaBHEHHMIO €
Bbyxactem. BricBoOOXKAEHME mpoxioprepasuHa Jumaneata u3 Tabimerok Ha ocHose [IDI'MA-MIITC
OCYIIECTBIIAIOCH B TedeHHE 40 MUH, YTO 3HAYMTENIHFHO BBIIIE IT0 CPABHEHHUIO C KOMMEPYECKUM aHAJIOTOM
Bykactem. 3axmouenue. IlomyueHHble OyKKajibHbIE TaOJIETKH INPOJEMOHCTPHPOBAIN  OTJIHYHBIC
MYKOQJI'€3UBHBIE CBOMCTBA W JIMTENBHOE BBICBOOOXKICHHME AKTHBHOIO BEIIECTBA 10 CPABHEHHIO C
KOMMepUecKUM aHanorom bykacrem.

KitoueBble cjioBa: OyKkasibHbIE TaONETKU, THOMMPOBAHHE, MyKOAAT€3UBHbIE CBOWCTBA, BEICBOOOXKICHHE
JIeKapcTBa, MeTO DIuIMaHa.

Hpmyxamemosa I'anua Cepuxbaegna Kanouoam xumuyecxux nayx, ooyenm
Maxaesa /lansna Hypranogna PhD, ecmapwuii nayunwiii compyonuk
Koocanmaeea Kancan PhD cmyoenm

Xymopanuckuit Bumanuit Bukmopoeuu PhD, npogeccop

1. BeaeHue

[lepopanbHBIii TIyTh BBeIEHUS JeKapcTBeHHBIX BemiecTB (JIB) sBisercs
HanOoJiee pAaclIpoOCTPaHEHHBIM M MPEANOYTHTENBHBIM CHOCOOOM JIOCTaBKHU,
Onaronaps JIETKOCTH, TOYHOM JO3MPOBKE U KOHTPOJIMPYEMOMY rpaduKy IpHema
[1]. Omnako y 3TOro Meroma €CThb HEIOCTATKH, Takue Kak 3ddekt mepBoro
MIPOXOXIEHUS, SH3UMATHIECKOE PA3JIOKEHUE B JKEITYAOYHO-KUIIIEYHOM TPAKTE U
MeAJIeHHOe Havajo JeiicTBust. s pemeHust 3TUX mpodjeM MyKoaare3uBHas U
MOBSA3BIYHAS JOCTABKA MOTYT CTaTh JYYIINMH aJlbTepHATHBaMH [2].
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Mykoalre3uBHbIe JIEKapCTBEHHbIE (OPMBI  CIIOCOOHBI  TPWIMNATH K
CIIM3UCTHIM 000JI0YKaM, YTO YBEIMUYMBACT BPEMs UX yIep:KaHUS U 00ecTieunBaeT
MIPOJIOHTHPOBAaHHOE BBICBOOOXKIeHNe JIB. Crnmsncras o0onmouka MpUCYTCTBYET B
Pa3NMYHBIX YYacTKax OpraHu3Ma, TaKWX KaK IKellyJOYHO-KHIIEYHBIH TpPaKT,
yPOTr€HHUTAIIBHBIN TPAKT, HOCOBAs TMOJIOCTD U JbIXaTeNbHbIe MyTH [3].

BykkanpHast ~ ciam3ucTass — pOTOBOM — TOJNOCTH  00Jazaer  BBICOKOH
BaCKYJIIpU3alNeH, oOecrieunBas MPsIMOil KPOBOTOK B SIPEMHBIA BEHO3HBIM CHHYC,
YTO MO3BOJIsET U30exaTs MeTabonmima JIB B xemynouHo-kuiedHoM tpakre. K
OCHOBHBIM ITPEUMYILECTBAM OYKKaJIbHOW CHCTEMBI JOCTaBKU OTHOCSTCS JIETKOCTh
BBEJICHUS, BO3MOXKHOCTh HEMEJIEHHOTO MPEeKpalieHus: Npu moOoYHbIX 3 derTax
Y UCTI0JIb30BaHHE HHTUOUTOPOB YH3UMOB JUIS TIOBBIIICHHS IPOHHUIIAEMOCTH [4].

TuonupoBaHHbIE MOJUMEPHI, HJIM THOMEpHI, O00JaJal0T YHUKAIbHBIMHU
MYKOAQATe3UBHBIMH CBOWCTBAMH, ITIO3BOJISISI OOpa30BBIBATh MIPOUYHBIC KOBAJICHTHBIE
CBS3M C TIUKONPOTEHHAMH CIM3HUCTOW oOosouku. I[lo cpaBHeHHIO ¢
HETHOJMPOBAHHBIMY aHAJIOTaMH, OHH 00eCTIeYNBAIOT 00Jiee BRICOKYIO aJre3nuio U
JUTUTENILHOE BPeMsl yiepKaHHsl Ha TIOBEPXHOCTHU CIM3UCTO [5].

[II'BMA — OHWOCOBMECTUMBIH THUAPOMUILHBIA IOJHMEp, IITHPOKO
ucrioNb3yemMbii B Omomenwnuae. OcHOBHBIE oOnactu mpumeHeHus I[II'OMA
BKJIIOYAIOT MSATKHE KOHTAKTHBIE JIMH3BI, YCTPOWCTBA JIi JOCTABKU JIEKapCTB,
CTOMATOJIOTHYECKHE KOMITO3UTHI, UMIUIAHTHI, TUAPOTENIEBHIE MOBI3KU, KaTeTephl
u rpore3sl [6]. TlepBble MONBITKY YAYYIINT, MyKOaAre3uBHbIE cBolicTBa IITOMA
ObUIM TpeNnpuHATEl B pabore [7] ¢ mobaBieHMEM MOJMATHICHOKCHIA
MonekyisipHoi maccoir 1000 Hda k mukpouactunam I[II'OMA. Taxxke Obuia
mpoBeaeHa XxuMmudeckas Momudukarus [II'OMA 1 MOBBIICHUS MyKOAATE3HH
Npy  OKYJSIpHO#H noctaBke JsiekapctB [8]. Moaudukanus ¢ HCHOIb30BaHHEM
(eHnn00pOHOBOM KUCIOTH yNYyYIIWIa MyKOaJIre3uBHbIE CBOWCTBA M yKpemHia
B3auMozelcTBre cMauuBaronero areura ¢ [IINMA. B pesynbrare, npuMeHeHue
3-(akpunamu10)PeHUI00POHOBOM  KHUCIOTBI  MOXKET OBITh  IOJE3HO IS
pa3paboOTKH  THAPOTENEBBIX  KOHTAaKTHBIX  JIMH3 C  BBICBOOOXICHHEM
o¢ranemonoruyeckux JIB.

B macrosmieid pabore Oblla oCymiecTBIieHa XHMHYECKas MOIM(DHUKAIIHS
HEHOHHOTO [II'MA MOJIEKYJIIPHOU Macchl 20 000 Ha 3-
MepkanTonpornwiTpucuinokcanoM (3-MIITC) mng ynydimeHus MyKoaare3MBHBIX
CBOWCTB TOJIMMEpPA W €ro JaIbHEHIIero NMPUMEHEHHUS B COCTaBe OYKKaIbHBIX
TaOJIEeTOK.

2. DKCNepUMEHTAJILHAS YaCTh

2.1 Mamepuanwvi

I[I'5MA MM 20 000 [a, 5.5- autrobuc(2-HuTpoOEH30MHAs KHCIOTa)
(ITHB) (>98%), mucrenna rugpoxiopuna (99 %), npoxioprepasud auMaieat u
creapar maraus npousBojactsa (Sigma Aldrich), 3-MIITC (95 %) (ABCR GmbH
& Co., I'epmanmus), Bykacrem 3 mr (Alliance Pharmaceuticals, BenxnkoOpuranis).
Humernncynbpokeun (AMCO), NH4sOH, NaOH u HCI mapku «x.u.» (Fisher
Scientific Ltd., BenukoOpuranusi).
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2.2 Cunmes moouguyuposannozo 111 MA-MITTC

Momudukarnus [1I'.MA npoBomuiaach COTIacCHO METOAWKE, ONMMCAHHOW B
pa6ore [9]. st atoro, 0.52 r TITOMA pacteopsttu B 20 ma IMCO, mocie gero
no6asmsm 2.25 ma 3-MIITC u 1.5 ma 0.5 M NaOH wnu HCI. TMonyuennyto
CMecCh MepeMelInBaIi MpU KOMHATHOW Temneparype B TeueHue 24 dacos. [locie
OKOHYAHHS CHHTE3a MOAUGUITMPOBaHHBIE 00pa31sl [II'OMA ouunmanu 1uamn3omM
IIPOTUB BOJABI U 3THJIOBOTO CIUpPTa MooyepeHo B TeueHue 48 vacos. s sToit
IIeJTH UCTIONB30BaNIach Auain3nas memopana MM 12—14 kJla (Medicell Int. Ltd.,
BemukoOpuranus). Ilocme nuamu3HON OYHCTKH OOpas3Ibl OBUTM BBICYIICHBI B
mrodunsHOl cymmike (Heto Power Dry LL 3000, Thermo Electron Corp.).

2.3 Ilonyuenue OYKKaIbHLIX MAONEMOK HA OCHO8E MOOUPUYUPOBAHHBIX
oopaszyos [II'OMA u ux uzuko-xumuueckas xapaKkmepucmuxa

[TapTru TabneTok OBITH M3TOTOBIIEHBI U3 CMECEH, ITOITYYEHHBIX COBMECTHBIM
H3MeTbUYEeHUEM MOJIU(PHUINPOBAHHOTO [II'OMA (II'BMA_HCI u
[II'OMA_NaOH) u creapara maraus (1.5 macc.% ot maccer III'OMA) c
nmobaBienneM 3 Macc.% MpoKJIonepasuHa auMaiearta. M3MenpueHne mpoBOIIIH
METOJIOM IIEpeTHpa B CTYIKE BCEX KOMIIOHEHTOB /0 MOJYYEHUs] OJHOPOIHOU 110
CTPYKTYpe TOPOMIKOOOpa3HOW Macchl, 0€3 COAEpKaHUs KPYMHBIX YacTHI.
TabeTKu moayJaay ¢ UCIIOIB30BAHHEM PYyYHOr0 TabaeTouHoro mpecca Riva SA
Minipress MIl (BenukoOpuranusi). B pe3ynbraTe ObUTH MOJSYYEHBI TAOJSTKHA HA
ocHoe I[II'OMA, III'ODMA-MIITC HClI u TIII'ODMA-MIITC NaOH. s
CpPaBHEHHUS CBOWCTB W3Yy4YaeMbIX TaOJETOK HWCIONB30BAIA KOMMEPUYECKUI
MEJIUIUHCKAN TIpernapar B BuJie OyKKalbHbIX Tabnerok bykactem 3 mr.

CormnacHo uH(popManuy MPOU3BOAUTENA, TablneTka bykactema comepkut 3
MI' aKTHBHOT'O MHTPEAMEHTa MpOXJoplepasnHa Maneata. [lpyrue MHrpeaueHTHI:
npeccyeMbiii caxap (caxaposa), moBugoH K30, xcaHTaHoBas Kameab, KaMmelb
POKKOBOTO JIepeBa, TallbK, CTeapaT Maruus u pubodaaBuHa HaTpus Gocdar.

Teepoocms mabremox OICHWUBANACh C wcmoiab3oBanuem 6D Tablet tester,
Copley Scientific. Pasmepsl TabIeTOK H3MEPSUTUCH C MOMOMIBIO ITH(PPOBOTO
mukpometpa Flowler IP 54.

2.4 [Tlpucomosnenue pacmeopa uckycmeennoul caonwt (UC)

Pacteop VC 6bu1 tipurotosiieH 1o nporokony [10] mpu temmepatype 25 °C
u pH= 6.5- 6.8. 0.426 v Na;HPO,4, 1.68 r NaHCO3, u 0.147 r CaCl, Obum
pactBoper B 800 mu Boabl u no6aBuwiu 2.5 min 1 M HCI s perynupoBanust
3Hauenus pH. PactBop xpaHuiicst npu KOMHaTHOW TeMIiepaType B TEMHOM MeCTe.

2.5 Onpeoenenue cooepoicanus SH epynn memooom Snimana

ConepxaHue THOJIBHBIX TPYMIl B MOJIMMEpe OBUIO ONpEAEICHO METOAOM
Onnmana [11]. Jlnst aHanu3a Bce oOpasiiel OBUTM BBICYHICHBI B JHOPHIBHOM
cymmike. Jlucniepcun oOpasIoB ¢ KOHIEHTpanuei 2 MI/Mil MpurotoBieHsl B 500
MK docharaoro Oydepa (0,5M, pHE) u mepememmBanuch B Teuenune 4. Tem
BpeMmeHeM, 3 mr peareHta Diimana win JJTHB pactBopsutu B 10 M docdarroro
Oydepa. 3atem k 500 mxn pactBopa JHTB noGasunu 500 Mxi gucniepcuut u
WHKyOHpoBanu B TeMHOTe B Teuenne 90 muH. Ilocie atoro nucnepcuio o6pasion
¢ ATHB nenrpudyruposanu B Tedyenne 10 mun npu 13000 06/mMuH (Sanyo, MSE
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Micro Centaur). st 300 Mkn oTHeHTpU(YTHPOBAaHHOTO PACTBOpPA H3MEPSUIN
abcopOrmro mpu  405aM Ha VYD-cmekrpomerpe (Spectra max 340 [IK).
KoHuenTpanmoo THOMBHBIX TPYHI PACCUUTHIBAIM C IIOMOIIBIO KaJIHOPOBOYHOMN
KPHUBOHM THAPOXJIOPHIA IUCTEHHA, IOJYICHHON B BUIE CEPHH PACTBOPOB B TEX JKE
YCIIOBHSX U C nuana3oHoM kKoHmeHTpamuii 0.020 + 0.793 MKMOJIB/MIT.

2.6 U3yuenue MyKoao2e3usHvIX C8OUCME MEMOOOM OMPbIEA

Anre3uBHBIE CBOWCTBAa TabJETOK MO OTHOIICHHWIO K CBHHOH OyKambHOM
MYKO3€ OIleHHBaIUCh ¢ ucmoias3oBanuem TA.XT plus Texture Analyser (Stable
Micro System, Surrey, UK) cormiacHo MeToanke, peAcTaBIeHHOM B padoTe [12].
Obpazen; TKaHM CBHHOW OYKKaJIbHOM MYKO3bI OBII B3AT C JKEHCKOH 0cCOOH
Bonpmoii Oenoii cBuHBK BecoM 65-75 kr. OOpasubl TKaHU CBUHOW OyKKaIbHON
MyKO3bl pa3MepoM 3X3 cM yCTaHaBIMB&IM B HIKHEHl 4YacTH YCTAaHOBKH U
3aKpeIIsUIM C TOMOILBI0 METAJUIMYECKOH IIACTUHBI C KPYIJIBIM OTBEPCTHEM
(pucynok 1). Ilocime »sToro o0pasmbl OHOJOTMYECKOH TKaHW CMaYHBaIU
pactBopom UC (1-2 mi) ansi BOCIPOW3BENEHHUS PEANbHBIX YCIOBHHA POTOBOM
nosiocTy. VcnpITyemMble TaOJIeTKH 3aKpeIUIsIN Ha MOJIBMYKHOM 30HIE C MMOMOILBIO
IBOMHOTO cKoTda. Ilociie 3TOro MOABMKHBIN 30HA C TAaOIETKOW OITyCKaNIH /IO
YCTAHOBJICHUS KOHTAaKTa C IIOBEPXHOCTHIO CIHM3HCTOW OOOJOYKH U 3aTeM
HAauWHAIM TOABEM 30HAA JAJS OTphIBa TaONETKM OT OWOJOTMYECKOH TKaHH.
Kaxnp1ii 5KcriepuMeHT NOBTOPSUIN TPOEKPATHO.

brumn mcmonp30BaHbI cienyronme HaCTPOUKH: MpenckopocTHoil Tect — 1.00
MM/ceK; ckopocTh uctbitanus — 0.05 mm/cek; ckopocTh mocie ucnbitanus — 0.5
Mm/cek; mpunoxenHas cuna — 0.1 H; ycwime cpaGarbiBanus — 0,1H; Bpems
koHTakTa — 60 cex; u oOpatHoe pacctosHue — 20 mm. [Ipu m3ydennn aarezun
CTpomuCch KpuBbIe 3aBucuMOCTH criibl (N) OT paccrostHus (MM) M U3 TTOTy4EHBIX
KPHUBBIX OTpBIBA OBUIM BBIYHMCICHBI 2 OCHOBHBIX IMapaMeTpa: CHja OTphIBa U
pabora anresun. Cuia OTpeIBa OmIpeaenslach Kak MaKCUMajbHas CHIIa,
HeoOXomuMast Uil OTJENEHUs] TaOJNeTKH OT TOBEPXHOCTH W OHa SBISIETCS
MaKCUMyMOM Ha KpHBO#l oTpwiBa. O0mas pabora aare3mu pacuuTHIBANACH Kak
IUIOIA/Ab TOA KPHBOM W IpeAcTaBiseT co0Oi 3HEpruio, HEOOXOAUMYIO IS
paszaenenus IByx das.

1 — moABMXXHBIH 30H], 2 — TBOIHOM CKOTY, 3 — HCTIBITYeMast TabneTka, 4 — OuonoruyecKkas TKaHb
Pucynok 1 - zyuenne MyKkoaare3uBHBIX CBOMCTB METO/IOM OTpPBIBA
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2.7 U3zyuenue gvicob0xcOenus JIB uz mabaemox

Ormpenenenne BBICBOOOXKICHHUS IPOKIIONIepa3nHa auMajeara M3 TalJIeTOK
MPOBOAMIHN B siuelike dpaHIla ¢ UCMOIb30BAaHUEM AMATU3HOW MeMmOpanbl 12-14
k/la B mporouHbix ycioBusx. Sueiika Oblla MOrpyXeHA B TEPMOCTATUPYEMYIO
6anro (37°C) u HanosHeHa docdarno-0ydhepusim pacteopom (PBP) (pH 6.0-6.5).
Tabnerku c¢ JIB momemainch Ha TUAIM3HYI0O MeMOpaHy B JOHOPHOM dYacTH
sueiiku. Yepes kaxasle 5 MUHYT B TeueHue 30 MHUHYT, 3aTeM uepe3 Kaxjsle 10
MUHYT B TeueHne 90 MUHYT 0TOMpaIrch MpoObl 00beMoM | MIT U3 aKIENTOPHOMN
YacTH SYEWKW W OIpeNessUTd KOHIIEHTPAlWI0 TPOKJIONEepa3rHa auMajeara C
nomotrsio Y ®-cnekrpodoromerpa npu anuHe BoiHBL 524 HM. [ocne xaxaoro
orbopa mpoObl mobaBmsiim 1 Min cBexxero @BP mns momnmep:kaHus yclioBUit
npeaenbHoro pazbasineHus. KonmeHntpanuio BeiAenuBmerocs JIB paccuuTeiBamm
C HCIOJIb30BaHHEM KannOpoBouHOM kpuBoii (R?=0.99) M pacCUHTHIBATH CTETECHb
BeicBOOOKAeHUS (CB) JIB mo gopmyse (1):

m,+tmys+m
CB%=—2—2—2*Px100 % 1),

Mg

rlie My- 3TO KOJMYECTBO MPOKJIONepa3uHa AuManeaTa B TadleTKe, M, — 3TO
KOJINYECTBO MPOKJIONEepa3uHa AuManeara B | M1 mpoObl B MEpBbIE 5 MUHYT, Ma+b
— 3TO KOJIMYECTBO TPOKJIONEpa3uHa auManeara B 1 Mi mpoObl B ciexyromue 5
MUHYT, My — 3TO KOJMYECTBO INPOKIOINEpa3nHa JuMaineaTa B 2 MJI IpoObI B
MOMEHT BpeMeHH Touku b (10 MUHYT).

3. Pe3yabTaTsl U 00Cy:KIeHUE

B nHacrosineii padote Obuia npoBeaeHa xuMudeckas moaudukaius [IINOMA
¢ 3-MIITC B npucyrctBun HCl u NaOH B kauecTBe KaTaau3aToOpoOB C IIEIBIO
YIIyqIINTh MYKO3ATe3WBHBIE CBOWcTBa momuMepa. Ha puc. 2 wm3obpaxkeHa
cTpyktypa moauduiupoannoro [II'OMA. TuppokcunbHbie Tpymmsl [ITIOMA
BCTYMNAIOT B PEAKIMIO KOHJCHCAIIMH C METOKCUCHIaHOBBIMH rpynmnamu 3-MIITC,
B TPUCYTCTBMU KHCJOTHBIX W OCHOBHBIX KaTalM3aTOPOB, B pPE3yJbTaTe Yero
obpasytorcss  Si-O-CH2  c¢Bs3u  MeXAy  CHJIOKCAHOBBIMH  TIpPYIIaMHU
opranocuiiokcana ¥ OH rpynmamu nonmmepa. Takke, BO3MOXKHO IMPOTEKaHUE
no6ouHo# peakin Mexay rpymmnamu MITTC ¢ o6paszoBanuem Si-O-Si cBsizu.

CHy

13

o

Pucynoxk 2 - [Ipeanonaraemas crpykrypa Moauduiuposansoro [IINOMA
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Ta6auna 1 - Pesynbratsl PamMan-criekTpockonuu 1 MeToja DJiMaHa it MOAUGHUIUPOBAHHBIX 00pa3IoB
III'SMA-MIITC.

MoaudurmpoBanHbie 006pa3ib Pesynsratet PAMAH- Konuuectso SH rpymm,
CIICKTPOCKOIUH UMOJIB/MT
2569 cm — konebanus SH-rpymn
III'PIMA-MIITC HCI 652 cm! u 653 cm — xonebanus C-
- S-rpymm 149+15
TIFOMA-MITTC_NaOH 476 cm! - kone6anus Si-O-Si cBszu 5547

[Mony4yeHHBI MOANGUIMPOBAHHBIM MOJIMMEP paHee ObUI OXapakTepHU30BaH
MeToaaMu PamMaH-CIIEKTPOCKOIIMHA W METOAOM DJmMaHa. B Tabi. 1 mpemcTaBieHbI
MIOJTy4Y€HHBIE PEe3yJbTaThl, KOTOPhIE COBMANAIOT C AAaHHBIMH padotel [9]. U3
TabJAWLBl  BUIHO, YTO MOJU(QHULIMPOBAHHBIA IOJUMEp, TONYyYEHHBIH B
OpUCYTCTBHU  KucioTHOro kataimzatopa HCIl conmepxut Oombmiee uucio
THOJNBHBIX rpynm. Bo3moxno, npu wmomubpukamumu [MI'OMA ¢ 3-MIITC B
LIETIOYHOM cpelie BEPOSITHOCTh MPOTEKaHHUs MOOOYHON peakuuu OKuciieHus SH-
rpynn ¢ oOpa3oBaHMEM JAWUCYIb(QHUIHBIX CBS3€il BbIIE, YTO MNPHUBOAHUT K
YMEHBIIEHUIO KOJTM4ecTBa THONBHBIX Tpymi B [INOMA-MIITC NaOH.

CymectByer OONBIOIOE YHCIO PA3IWYHBIX JIO3WPOBOYHBIX (opm, st
KOTOPBIX BO3MOXKEH PAa3MUYHBIA MEXaHH3M MYKOAAre3ud WM CII0cOO0B
(dopMmupoBaHus MyKoaare3uBHbBIX cBs3eil [13]. B HacTosmeidr pabore ObLIH
W3YYEeHbl CyXH€ J03MpPOBOYHBIE (HOpMBI (TabNEeTKH), KOHTAKTHPYIOIIHE C
MTOBEPXHOCThI0 TOHKOI'O CIIOSI MyILMHa CBMHOI IekHu. B kauecTBe KOMITOHEHTa
CHCTEMBI AOCTaBKU JekapcTB, [IITOMA Takke MOXKET UCIOJIB30BaThCs B opMe
3aIUIaTOK B JICYEHHE Kapueca 3yOoB, BarMHaJbHBIX 3a00JI€BaHMM WM IUICHOK B
OKYJISIDHBIX CHUCTeMax JocTaBku JiekapctB. Tabnektu [II'OMA, TII'OMA-
MIITC NaOH wu III'ODMA-MIITC HCI, cogepxamme 3 %  comm
poxjoprepa3dHa JemManeaTa B KadecTBE MOJEJIBHOIO JIEKapcTBa ObUIN
H3TOTOBJIEHBI MTPSIMOM KOMITPECCHEH MOPOIIKOBBIX CMECEH CO CTeapaTOM MarHHus.
[Ipouenypa Kxommpeccuu NPOM3BOAWIACH C  HCIOJIB30BAaHHUEM  PYYHOTO
tabiierounoro mpoecca Riva SA Minipress MII (Aprentuna). [y cpaBHeHHs
CBOMCTB HW3y4YaeMbIX TabJETOK B KadecTBe CTAaHAAPTHOTO MEAMIIMHCKOTO
MPOAYKTa MCHOJb30BANINCH OyKanbHble Tabnerku bykacrem 3 mr. OcHoOBHBIC
XapaKkTePUCTUKHU TaOJIETOK NpuBeeHbI B Tabnuie 2.

Kak mnpaBuio, craHmapTHbBIE TECTBl, HCIIOIb3yeMbIe IJISi CpPaBHEHUS U
OMHCAaHUsI MYKOAQATe3WBHBIX CBOWCTB TaOJETOK, TaKHe KaK M3MEPEHHE CTENeHU
OTILENYIINBAHUS, YCTOWYMBOCTh K CKAaTHIO M pacTspkeHuio [14], HeoOxoammbl
IUIsl OTAEJICHUS TOJIMMEPHBIX KOMIIO3UIMHA OT MYKO3bl, HI3MEPEHHUS KOHTAKTHOTO
yIia ¥ OIEeHKH (DM3WKO-XMMHUYEKHUX CBOWCTB MOJMMEpOB. B HacTosmiel pabore
JUIS OLEHKH MYKOAJre3WBHBIX CBOICTB IMOJMMEPOB H3MEpPsUIaCh YCTONYHMBOCTH
TabJIETOK K OTPBIBY OT HOBEPXHOCTH HCCIELyeMOoro OnoMaTtepuana.
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Ta0mua 2 - OCHOBHbIE XapaKTEPUCTUKH TabIETOK

Tabnerku Macca, mr Juametp, MM Tommuna, MM Tsepaocts, N
bykactem 60.45+0.83 5.55+0.02 2.35+0.01 15.8+4.8
[MI'5MA 81.99+0.39 6.15+0.06 3.17+0.07 10.543.2
MI'SMA-MIITC_NaOH 76.94+3.34 6.07+0.03 2.94+0.11 343154
MI'SMA-MIITC_HCI 59.90+0.63 6.02+0.01 2.79+0.12 36.2+4.1

PesynpraTel nccnenoBaHus MMOKA3alH, YTO MPUCYTCTBHE THONBHBIX TPYMI B
MOJIMMEPE 3HAYUTEIIFHO M3MEHSIET €r0 MyKoaAre3uBHBIE CBOMCTBa (PucyHok 3).
ITpu sTOM, 06pasis! Tabnetok IIMMA-MITTC HCI nmokaszanu 60bIinyio paboTy
aare3sud W MaKCUMaJIbHYI0 CUJIy OTAeNeHus 1o cpaBHeHutro c¢ I[II'OMA-
MIITC_NaOH, 4ro, BeposiTHO, 00YCIOBIEHO OOJBIINM COICPKAaHHEM THOIBHBIX
TpyNI Ha WX TOBEpXHOCTU. [loilyueHHbIE pe3yJbTaThl MHOATBEPIKAAIOTCS
JaHHBIMU aHalIM3a JJJIMaHCa Ha CoJep)KaHUE THOJBHBIX TPYINN TA€ MOKa3aHo,
gro [IIMA-MIITC _HCI coaepxur 6oibiee drcio SH rpyIi mo cpaBHEHHIO ¢
MNI'OMA-MIITC_NaOH. Tabnerku Ha ocHoBe [IITOMA m Bykacrem mokazanu
OoJiee HU3KHE 3HAUYEHHSI CUIIBI OTPBIBA M 001Iel paboTHI aIre3uu 0 CPaBHEHUIO C
THONUPOBAaHHBIMU  oOpasmamu. Kpome  Toro, Bce BHABI  TaOIETOK
MIPOJIEMOHCTPUPOBAIH 00Jiee CHIIbHBIE MYKOAr€3UBHbIE CBOMCTBA 110 CPaBHEHHUIO
C KOMMEpYECKHM MEAWLMHCKUM TpoaykroM bykactem. Takoe moBeneHue
TabJETOK Ha OCHOBE THOJUPOBAHHBIX IOJIMMEPOB OOYCIOBIEHO TEM, YTO
THONIFHBIE  TPYMIIBI  IMONIMMEPa  CHOCOOHBI ~ 0Opa30OBBIBATH  KOBAJICHTHBIC
mucynsuaHele  cBs3n ¢ SH  rpynmmamMu  TOMKONpPOTEMHAa MYyIHHA B
MYKOQJITe3MBHOM CIIO€ CIM3UTBIX MOBEpXHOCTEe. B pesynbrare HaOmomaercs
yIydIIeHHe MyKOaAre3uBHBIX CBOMCTB THONMMpoBaHHOTro [ITOMA [15].

0.03 s

0 = B
0028

Li |

Bykactem MIFMA-MITC_NaOH NIIMA-MIITC_HCI [LLEELIEY Bykacren UMAMITC NaOH HIFMA-MITTC_HO LLLEL RS

=

Cuaa orpeisa, N
=

= B

= =

Odman padora aaresm, N*wv
g

Pucynok 3 - MakcumanbHas cuiia oTpbiBa (A) u obmast padota anresuu (b) Tabnerok Bykacrem,
III'OMA, TIIMA-MIITC_NaOH, IIMMA-MIITC_HCI ot cimsucroii Gnomarepuaia. Kasx it
SKCIIEPUMEHT BBITIOJTHSIICS 110 MEHBIIEH Mepe ¢ 3-4 TabieTkaMu 1 pe3yibTaThl MPEICTABICHBI KaK X
CpEIHSIS BENMHYMHA + CTaHIaPTHOE OTKIOHCHHE
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B pesynbrare uccienoBaHus BhIeNeHHS JiekapcTBa u3 Tabierok bykacrem,
[II'SMA " THONMHPOBAaHHBIX aHAJIOTOB OBLJIO YCTAHOBIIEHO, YTO LIS TAOJNETOK Ha
ocHoBe [IMMA-MIITC_HCI u IIMMA-MIITC_NaOH B teuenune 25-30 MuHyT
Beaensercs 90-100 % npoxiopnepasuHa qumaneara. HauMmenbliee KOJIUYECTBO
BBIJICJIUBIIETOCS JIEKapCTBEHHOro BemlectBa Mmenee 40% HaOmromaercss ans
TabneTok bykacteMm, 4YTO, BEpOSATHO, OOYCIIOBJIEHO, OoJiee  CIIOKHBIM
KOMITOHEHTHBIM COCTAaBOM JaHHBIX TaOJIETOK.

o W- ) 4
20 4
I]-/ T T r

0 30 60 90 120
BpeMa BHICBOOOXKTEHAT, MEH

CTeneHb BEICBOGOMKTCHUS,

PﬂCyHOK 4 - KI/IHGTI/IKa BBIACJICHUS [IPOXJIOpIIEpa3sruHa JUMaieaTa u3 TaGIICTOK
III'PMA-MIITC_HCI (1), ITOMA-MIITC_NaOH (2), TI'DMA (3) u Bykacrem (4)

4. 3akiil04eHune

B pabote OblIM CHHTE3MPOBaHBI TUOJIMPOBAHHBIE HEMOHHBIE MOJUMEPH HA
ocHoBe [II'OMA B mpucyrctBum karamuzatopoB HCI u NaOH. Moauduxarms
OCYILIECTBIISIETCA IYyTEM peakui KOHIECHCAMU MEXAY TMAPOKCHIBHOW IpyNIon
monmuMepa W MeTokcucwiaHoBoi rpymmoi 3-MIITC, B pesynbTare KoTOpo
obpasytotest Si-O-CHz cBs3u. Raman-crekTpockomnusi TMONMy4YeHHBIX MOJIMMEPOB
nokasana Haaunuue SH rpynn B ux coctase. V3yueHne MyKoaare3suBHBIX CBOWCTB
nosrydeHHbIX nonuMepoB [IIMNOMA-MIITC ¢ nomornpio MEXaHHYECKOTO aHaIu3a
[MOKa3aJl yBEIWYCHHWE BEJIWYWHBI CHJIBI HEOOXOAMMON Ha WX OTIENEHHS OT
[IOBEPXHOCTH MyLMHa UM oOmed paboTbl aiare3ud 10 CPaBHEHHIO C
HemoaudunupoanueiM [II'OMA  u  bBykacrem. IlpumeHeHHe KHCIOTHOTO
KaTajau3aTopa YBEJIWYHBACT COJEp)KaHHE THOJNBHBIX TPYI TIO CPaBHEHHUIO C
OCHOBHBIM KAaTaJn3aTOpPOM, BEPOSATHO, M3-3a NPOTEKaHMs IMOOOYHBIX PeaKUuit
o0pa3zoBaHusi TUCYNbQUAHBIX CBs3ed B MPUCYTCTBHHU IMoOcieqHero. M3ydeHue
BBICBOOOKICHHS TPOXJIOpIIEpasiHa JaruMaieara U3 IIOJyYeHHBIX TaOJIeToK
[I0Ka3aj0 BBICOKYIO CTENEHb BBICBOOOXKICHHMA B TeueHue 25-30 MUHYT uis
THOJIMPOBAHHBIX Ta0JIETOK HA OCHOBE MO CPAaBHEHHUIO C KOMMepUecKkuM bykactem.

®dunancupoBanue. Pabora BbinonHeHa B pamkax npoekra '@ MHBO PK AP19679560.
KoHuuKT MHTepecoB: ABTOpHI 3asBISIIOT 00 OTCYTCTBHM KOH()IMKTA HHTEPECOB MEKIY
aBTOpaMH, TPEOYIOIIEro PaCKPBITHS B JAHHOW CTaThe.
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HNOJUTUAPOKCUITUIMETAKPUJIAT ’KOHE 3-
MEPKAINITOIIPOIIMJITPUMETOKCHCUJIAH HEI'BIHAET'T THOJIJAHT'AH
HOJIMMEPJIEPAIH CUHTE31 MEH MYKOAITI'E3UBTI KACUETTEPIH 3EPTTEY

I.C. Hpmyxamemoea *, JI.H. Maxaesa.™, JK. Koxcanmaesa *, B.B. Xymopanckuii®

Yon -®@apabu amvinoaser Kazax ynmmuix ynueepcumemi, Anmamoi, Kazaxeman
2Peoune Yuusepcumemi, Pedunz, ¥1o16pumanusi
“E-mail: Danelya.1993@gmail.com

Tyiiingeme. Kipicne. lpIpeiiThl KaObIKTapra jxaObica ajlaTBIH MYKOQJITrE3WBTI JOpLTIK (opManap
OeJIceHIi 3aTTap/IbIH Y3aK YaKbIT OOIBI CaKTaybIH joHE OipKeNnki 60caThUIYBIH KaMTaMachl3 eTeli, Oy
TepanusUIbIK OCepIi Jkakcapraapl. byn mimiHmepre »aObICKaK maTdTap, Treibaep, Tabierkanap,
IUICHKaJIAp, JAUCKiIEp, HaHOOOINIIEKTep KoHe MUKpocdepanap karaabl. MyKoaare3nBTi KacHeTTepre ue
nonumepiep ruApopuibai O0Nybl KOHE CYTeKTiK OailaHbICTAp/bl KaIbINTACTBIPY YIIIH MKETKUIKTI
GYHKIMOHAIIBIK TONTApABl KaMTybl Kepek. [lomu(2-ruapokcustunmerakpunar) ([ITOMA) — oprypui
OuomaTtepuangapia KEHIHEH KOJJIAaHBUIATHIH OHOCOWKECTIKKE ue THApOQWIbAl monuMmep OoIbIn
Tabbuiazel. [IIOMA -HbI opTYpii QYHKIMOHAIBIK TONTAPMEH MOTU(UKALMSIAY OHBIH KOJAaHBLTYbIH
keHelireni. JKymoicmory maxcamor TIIT'DOMA-ub1 (20 kJla) 3-MepKanTONpONHITPUCHIIOKCAaHMEH (3-
MIITC) XUMHSUTBIK TYPJICHAIPY, AOPLTIK 3aTTapasl OYKKaIbAbl JKETKi3yde TabieTka TypiHae KOJIaHy
yiIiH MoauduKalMsiIaHFaH MOJMMEPAIH MYKOAAre3UsUIbIK KACHETTePIH 3€pTTey KOHE CHIaTTay.
Kymvicmuiy a0icmemeci mopudukanusinanrad 3-MITTC-IITOMA cunTe3iH, THOJ TONTAPbIHBIH KYPaMbIH
aHBIKTAy/bl, OYKKaJbIbl TaOJeTKaNapblH MAailbIHAAYAbl JKOHE (DH3MKA-XUMUSUIBIK CHIIATTaMAaChIH,
TabJIeTKaJIap/IbIH MIBIPBIITHI aAT€3USUIBIK KACHETTEPiH COHBIMEH KaTap JOpUTIK 3aTTap/blH LIBIFAPbLTYbIH
3eprreyai Kamtuael. Homuowenep xepcetkenaeit, I[II'OMA xone 3-MIITC Heri3iHzmeri THOJIaHFaH
nojuMepiIepain  cuHte3i  Momudukamusiianbaran  [ITOMA-MeH  caibICThIpFaHIa  JKaKcapThUIFaH
MyKOaAre3usicl 6ap mosnumepliep anbiHFaH. KpIIKBUIIBIK KaTAIH3aTOPAbl KOJNAAHY MOJIUMEPACTi THOJ
TONTApBIHBIH Meuepiiy aprybiHa biknan erti. [IFNOMA-MIITC werizinneri Tabnerkanap bykacremre
KaparaHJa IIBIPBILTEI OETKe JKaKchipak Mykoaaresus kepcereni. I[II'OMA-MIITC HETi3iH/er1
tabJieTKalap/iaH MPOXJIOpIIepasuH AuManearbi wbirapy 40 MHHYT ilIiHIE jKy3ere achIpbUIajbl, Oy
BykacTeMHIH KOMMEpIMSUIBIK aHAJIOTHIMEH CAaIBICTBIPFaH/AA ANTapibIKTail JKOFapbl. KopulmbiHObL.
AunplHFaH OyKKanabl TaOieTKansap KOMMEpIMSUIBIK BykacTeM aHajlorbIMeH CajbICTBIPFaHIA >KOFapbl
MYKOJTre€3UBTI KACHETTEP/li JKoHe OeJICeH 1i 3aTThIH Y3aK yaKbIT O0HbI 00CATBUTYBIH KOPCETTI.

Tyiiin ce3aep: Oykkaimsl TaOneTkanap, THONAQY, MyKOAQIre3WBTI KAaCHETTep, AJPIHIH OO0CATBUIYEI,
DIuIMaH aaici.
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INFLUENCE OF THE EFFECT OF REMOTE INTERACTION OF THE
INTERPOLYMER SYSTEM KU-2-8:AV-17-8

T.K. Jumadilov'?, G.T. Dyussembayeva *?*, Zh.S. Mukatayeva?
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Abstract. Introduction. Electrochemical properties of mutual activation of polymers as a result of
remote interaction of interpolymer system KU-2-8:AV-17-8 have been studied. Interpolymer systems
consisting of polymers cationite: anionite KU-2-8 and AV-17-8 were chosen as objects of study. As a
result of remote interaction, mutual activation of ion-exchangers occurs, as a result of which polymers
pass to the state of high ionization, significantly changing the electrochemical properties of solutions, such
as conductivity and pH. The purpose of the study is to investigate the features of mutual activation of
interpolymer systems KU-2-8:AV-17-8. The obtained results as the value of specific conductivity of
aqueous medium in 5:1 ratio gradually increased after 24 hours. It was noted that the pH value of the
medium in this ratio gradually decreases, and the swelling coefficient of the anionite AV-17-8 increased
to a maximum value of 3.86 after 1 hour at a ratio of 5:1 in the presence of the cationite KU-2-8. In the
ratios of the interpolymer systems KU-2-8: AV-17-8 4:2, the specific electrical conductivity of the
aqueous medium after 6 hours reaches a maximum value of 7.0, and the pH indicator decreases compared
to the initial value. The value of electrical conductivity gradually increases in the ratios 2:4 and 1.5 in
different time intervals. At 2.5 hours of the study, it can be observed that the pH of the medium decreased
from a maximum value of 7.45 to a minimum value of 4.85 at ratios of 3:3 and 2:4. The swelling ratio at
2:4 ratio increased after 2.5 hours and decreased after 6 hours. Conclusion. As a result of remote
interaction, changes in electrochemical properties of polymers of cationite KU-2-8 and anionite AV-17-8
are observed in all molar ratios. Remote interaction has a special influence on the electrochemical
properties of the environment. The experimental results obtained show that changing the initial state of
one component changes the electrochemical behavior of ionites and interpolymer systems.

Keywords: interpolymer system, KY-2-8, AV-17-8, remote interaction, mutual activation, specific
conductivity, pH value.
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KVY-2-8:AB-17-8 UHTEPIIOJITUMEPJIIK )KYHEJEPIHIH 63APA KAIIBIKTBIKTAH
9PEKETTECY EPEKIIEJIIKTEPI

T.K. Incymaounoe'?, I.T, Jiocembaeea*?", JK.C. Myxamaesa?, F0.B.I parxcynasuuioc®

14«O.B.Bexmypos amvindagl xumus olnbimoapsl uncmunymoyAK, Anmamul, Kasaxcman
246aii amvinoazer Kazax ynmmulx nedazozuxansis yuusepcumemi, Anvamo, Kaszaxeman
3Kaynac mexnonozuanwi ynueepcumemi, Kaynac, Jlumsa

“E-mail: g_gazinovna@mail.ru

Tyiiingeme. Kipicne. KY-2-8:AB-17-8 wuHTepnonmmMepiik >KyHeIepiHiH OpeKeTTeCyi HOTIKECiH/Ie
MOJIMMEPIIEPiH 03apa aKTUBTEHYIHIH IEKTPOXUMUSIIBIK KaCUETTEpPi 3epTTENreH. 3epTTey HblCaHAapblHa
KVY-2-8 xone AB-17-8 KaTHOHUT:aHMOHMT IOJIMMEpPJEPIHEH TYPAaThIH WHTEPIOIMMEpPIi Kyienep
TagnanraH. KaIIBIKTHIKTaH e3apa acep €Ty HOTIDKECIHAC HOH alIMaCTHIPFBINTAPABIH aKTHBTEHYI
Oaiikanaapl, HOTIDKECIHAE IOJMMEP JKOFapbl HOHAAHY KYHiHe Tycemi, Oyl epiTiHOiHIH MEHIIIKTI
3JIEKTPOTKISTIMITITIHIH koHe pH OpTACBIHBIH AIEKTPOXUMHUSIIBIK KACHETTEPIH alTapiibIKTail e3repTeji.
JKymoicmoity  maxcamoi.  KY-2-8:AB-17-8  uHTepnonumepiik —OKYHeNepiHiH e3apa  aKTUBTEILY
CPEKILETIKTEpIiH 3epTTey OONBII TaObUIANbL. Anvinean namudicenep. ¥3aK Mep3iMIl OpeKeTTeCyIiH
HOTIXKeCiHAe 5:1 KaTbIHACBIHIA CYJIbI OPTAHBIH MEHIIIKTI 3JeKTPOTKI3TIIITITIHIH MOHI 0ip TOYJIIKTEH COH
Oipringen >xorapnarad. J[onm ocbl KaTbiHacTa optaHblH pH MoHI OipTiHAen TeMeHJereHi OaiKanmabl.
KammbIKThIKTaH e3apa opeKeTTecy HoTIkeciHne 5:1 KaThlHachlHIa 1 caraTTaH coH KaTtHOHHT KVY-2-8
KaTbIChiHIa aHHOHUT AB-17-8 eH jxorapsl iciHy mopexeci 3.86 MakcumyM MoHiHE jieiiin ketepinren. KY-
2-8:AB-17-8 wuHTepnonuMmepni kydenepAiH 4:2 KaThlHACTapblHAA CYJIbl OPTAaHBIH  MEHIIIKTI
AEKTPOTKI3riWTIri 6 cararTaH coH 7.0 MakcuMyM MoHre >kerti, an pH kepcerkimi 6acTankbl MOHMEH
CabICTBIPFAaHABl TOMEHJCTeH. IciHy koaduueHTiHiIH ocipece KypT TeMeHneyi 6 caraTTaH Kedin 4:2
KaThIHACBIHAA OailiKanaapl, MyHAa iciHy mopexkeci 24 carartan keitin (0.25-ke KybIK TOMEHICHII.
DJEeKTPOTKI3TIIITITIHIH MOHI OPTYpIi yakKbIT apaiiblkrapbiHaa 2:4 jkoHe 1:5 KaTblHacTapblHIa YaKbITKA
OaitmanbicThl oxorapiaradH. Cynbl opranbiH pH MoHi 3eprreynin 2.5 caratbipa 3:3 xkoHe 2:4
KaTbIHAacTapblHa 7.45 MakcUMyM MoHiHEH 4.85 MHHMMyM MoHre JeiiiH TyCKeHiH 6alikail anamel3. Iciny
k03 uIeHTIHIH alTapIbIKTall aybITKYbl 2:4 KaThIHACBHIHIA OaiiKanaibl, cebebi 2.5 cararra keTepiim, 6
caraTKa )KCTKCHAEC TOMeHereH. KopuimuiHOvl. KalIbIKTEIKTaH ©3apa OPEKeTTeCY HOTIKECIHAE KATHOHHUT
KV-2-8 xone annoHHT AB-17-8 mommMepiepin 3epTrey GapbICHIHIA ICKTPOXHMHSIIBIK KACHETTEPIHIH
e3repicTepi 6apiBIK MOJBAIK KaThIHACTAapBhIHAA Oalikamansl. KaIIBIKTHIKTaH e3apa opeKeTTecy OpPTaHBIH
JJIEKTPOXUMUSUIBIK ~ KAaCHETTEpiHE a#pbhIKmia ocep eTeli. AJbBIHFAaH TOXipOMe HoTIKenepi Oip
KOMIIOHEHTTIH OacTankpl KYHiHIH e3repyi MOH aJMacTBIPFBIITAP MEH HMHTEPHOJUMEpIi >KyHelepaiH
EKTPOXUMHSIBIK OPEKETIH ©3repTeTiHIH KopceTe .

Tyiiin ce3nep: untepnonumepii xyiie, KY-2-8, AB-17-8, KalIBIKTBIKTaH ©3apa 9pEeKETTeCy, MEHIIIKTI
AEKTPOTKI3rimTiK, pH KopceTkili, 3apa aKTHBTEHY.

Jorcymaounoe Tankpioex Kosocamaesuu Xumus 2bL16IMOAPLIHBIY OOKMOPbL, NPOdeccop
Mrwocemoaesa I'ynonyp Tokmapzazunosna PhD ooxmopanm
Mykamaesa /Kazupa Cazambexosna Xumus 2o1161MOAPbIHLIY KAHOUOAMYL,
KaybIMOacmblpbLizan_npogeccop
I'pasicynasuuroc Kozac Buoac IIpogpeccop
1. Kipicne

Kazipri yakpITTa WOH ajlMacTBIPFBIIITAPIBIH TYpJepi KO Ke3lecelli KoHe
HapblkTa  Koul okeTiMai [1]. MoH anmacThIprblll IHaibipiap— KypambIHZA
KBIIIKBUIABIK ~ HeMece  Herisri  (YHKIWOHAIJBIK  TONTapsl 0ap  JKoHE
epiTiHAUTepaeTi Kapchl MOHIAPHI KAWTHIMABI aJiMacyFa KaOUIETTI VI eJmeMIi
MaKpOKEYEeKTI KypJIbIMbI 6ap epimeiiTin nonumepiep [2]. Marepnonumepii xyiie-
OyJ1 exi Hemece OJ]aH J1a KOIl SpTYPJli MoIuMepiep i OipiKTipy apKbUIbI KacainFaH
Marepuaiap. 3epTTey >KYMBICHIHBIH OOBEKTUIEpiHE KaTHOH aJMACTBIPFBIII
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perinae KY-2-8 noH anmMacTBIPFBIII MIAWBIPEL, ajl aHUOH aJMAaCTBIPFBIII PETiHAES
AB-17-8 tagmanmsi [3].

KY-2-8- xamuonum KyWTi KBIIKBUIABIK KOI (YHKIMOHANIBI KacHETTepre
ne. KaTtnoHUT KaHKachl OONBIN KENETiH MaKpOMOJIEKYJallbl KO3FaaMaWThiH R
AHUOHBIHA KOHE iciHrenae Kosranrsin H' siasipaiins: [4].

AB-17-8- anuonum KyIITI HETi3Ni rellb KYpJbIMBbI 0ap WOH aiMacCTBIPFBIII.
AB-17-8 aHHOHUTIH cCynbl MHHEPAICBHI3JAHIBIPYJA KOHE  IKYMCapTy
TEXHOJOTHsUIApbIHAa KojmaHaabl. OpraHukanblK epiTKIIITepAe XoHE Ccyna
epimMeiiai, KpIIKbUIAapaa KoHe CLITUIep e KaKChl OCMOCTHIK TYPAKTBIUTBIFBIMEH
’KOHE XMMUSUIBIK TO3IMAUTIrIMEH epekiieneHeni [5-7].

2. Toxipouesik 00J1imMm

3epmmeyee xasicemmi Kypan-osicabovikmap: Cynapl OpPTaHBIH MEHIIIKTI
ANEKTPOOTKI3rimTIrin enmey ymin «MAPK 603» (Peceii), KoHZyKTOMETpi MEH
pH emmeyre “Seven Easy” (METTLER TOLEDO, Keitait) pH-merpi
KOJIJAHBLIIBI.

Iciny k03h¢duIeHTIH aHBIKTay YIIiH, iciHyre AEHIHri »OHE iCIHreHHEeH
KEWiHT1 caMaFbIH eJImien OepinreH popMyiiara CaljbIK.

3epmmey uvicandapwi’: 3epTTey AWCTWINEHTEH Cy OPTACHIHIA JKoHE Oeimme
TeMIlepaTypaceiHma  Kyprizimmi.  JKympicka ~ GYHKOMOHAIABI  TOMTAPHI
KBIIKBUIABIK koHEe Heri3mik KY2-8:AB-17-8 enaipicTik HOHUTTEPi KOJJaHBUI/IBL.
Ocel monuTTepain Herizinge KVY2-8:AB-17-8  wuHTepmommmMepni KynTap
Kypouriel. VMHTepmomumepii  KyWenepAiH — dJeKTPOXHMUSUIBIK KacHeTTepiH
3epTTey YIIiH opOip KYpFaK HMOH aJMacTBIPFBIII Maccachl OJIIICHIN JKEKe
MIOJIMTIPOIMIICH TOPJIapbIHA OPHAIACTHIPBLIIBI.

3. HoTu:keJ1ep :KoHe TAJIKBLIAYJIap

3.1. Cy opmacwindagvl unmepnoIumMepix cyiienepoiy 21eKmpoXUMUSAIbIK
Kacuemmepi.  AJNIOBIHFBL  3€pTTEY  KYMBICTapbIHBIH HOTIKECI  Typiil
(yHKIIMOHANIRI TONTAphl Oap MHTEPHOIMMEPIi KYHeepiHiH e3apa aKTUBTENYi
OJIApABIH AJIEKTPOXUMHUSUIBIK KaCHUETTEPiHIH ©3repicKe YIIBIPaWThIHBIH KOPCETTI
[8-10]. KVY-2-8:AB-17-8 uHTeprmoauMep:ti KyHeNepiHiH 3JICKTPOTKI3MIIITITiHIH
YaKbITKa JKOHE TIOJTUMEPIIEPIiH MOJIBIIK KaThIHACTaphIHA OailIaHBICTHI ©3repyi |-
i cyperre kepcerinreH. MHteprnomumepii xylieHiH 6:0 KaThIHACBIHIA OapIbIK
yakpITTa Jepiiik mosuMmep OemIIeKTepiHiH eNmeMAepiHae OHIAll  KaTTbl
e3repicrep OalikanmmaraH, ce0ebi epTiHIiAe monmMmepiepaiH Oipeyi FaHa Oosca,
epTIHI/Ie *KaHa UOHJIAPBIH TY3UTyl OonMaraH Jien Tycinaipyre Oomaasl. An pH
kepcetkimi 6:0 kaTeiHachIHAA 1 cararTaH coH 7.9 MakcuMyM¥Fa KeTin, keiiin pH
MOHIHIH Kepcetkimi 6 cararra 5.95 TyckeH. J{on ochl KaThIHACKIHIA KATHOHHT
KY-2-8 iciny gapesxkeci opTypai yaksIT apanbikTapbiaga (1; 2.5; 6 xoHe 24 carar)
TYpaKThl MoHTre ue O0omaapl. CypeTTeH MUHUMAIBI SIEKTPOTKI3TIITIKTIH MoHi 1
caraTTaH KeiiH mamameH 1.83-ke neilin TeMeHaereni Oaiikanaapl. KamblkTeIKTaH
@3apa OpeKeTTecy OpTaHbIH JJIEKTPOXUMUSIIBIK KACHETTEpiHE aWpbhIKIIa ocep
eTemi. ¥3aK Mep3iMil OpeKeTTeCYiH HOTIKeCiHAe S5:1 KaThIHACHIHIA CYJIbI
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OpPTaHBIH MEHIIIKTI DJIEKTPOTKI3TIMITITiHIH MOHI Oip TOYNIKTEH COH OipTiHIen
KOFapJlaFaHbIH Kepyre 00aibl.

X,McCmic KY2-8(H"):AV-17-8(0H) Fm—1car
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Cyper 1- KVY-2-8:AB-17-8 unrepnoaumepii )yHeciHiH 3MeKTPOTKI3TIITITHIH
MOJIB/IIK KaThIHACTAPbIHA JKOHE YaKbITKA TOYEI LTI

5:1 xarpiHacBIHOA OAapIBIK YaKBIT apaybIKTapblHoa pH MoHIHIH 0acTamKel
JEHTeIeH OipTiHAen TeMEHACTeHI KopiHei, COHBIH HOTIDKeCiHae 24 caraTTaH
KeWiH caJbICTBIpMAaIIBl TYPZE TOMEeH MoHre xeTeni. by nepexrep KY-2-8:AB-17-
8 wuHTepnoaMMepii JKYHeJNepiHiH apachlHIaFrbl ©3apa OpEeKeTTeCy OJapAbIH
KATBIHACBI MEH OpeKeTTeCcy YyaKbIThlHa OalIaHBICTBl OpPTAHBIH  HOHJBIK
Oencenainiri meH pH MoHIHIH e3repyiHe oKeJeTiHiH kepceryi MyMmkiH. KY-2-
8:AB-17-8 unTteprnonumepii xyhenepnid 4:2 KaTblHachlHAa 6 caraTTaH KeiiH
CYJIBI OpPTaHBIH MEHIIIKTI 3JIEKTPOTKI3TIIITIKTIH MoHi 7.0 MaKCUMyM MOHTE XKeTTi,
OHBIH ce0eOiH TOoJMMEepNepAiH KAIIbIKTaH e3apa ocep €Tyl calgapblHaH,
koceiMma OH-wonnmapel maiima Oonanmsl jgen  TyciHemi3. 3epTTeyJiepiiH
HOTIDKECIHAE OPTaHBIH AJIEKTPOTKI3TIMTITI 3:3 KaThlHACHIHIA 24 caFaTTaH COH,
nesze Tyceni. by kapOOKCHI TONTaphIHBIH JTUCCOIHAIUSIIAHYBIH TEXKCHTIH JKOHE
TCUJIPOTEIIb MOHJAPBIHBIH €PKIH KO3FaJIbIChIHA KEAEPIi KENTIPeTiH KeHICHISPIiH
naiina OGonyesiMeH TyciHaipineai. JKyienepaiH opTypii yakbIT apaybIKTapbIHIIA
2:4, 1:5 karplHacTapbIHIa JJIEKTPOTKI3TIIITIKTIH MOHI YyakKbITKa cail OipTiHmen
ockeHiH OalikaiimMbI3. CypeTTeri MoaJiMeTTepre CyHMeHCEK, 3epTTeyIiH OapIibiK
yaKbITTapbIHJA 3JCKTPOTKITIIUTIKTIH MoHI 0:6 KaThIHACHIHIA >KOFaprbl MOHIe
KETKEeH. DIEKTPOTKI3TIIITIH dKOFapFbl KOPCETKIIITEPl, HHTEPIIOIMMEPITi KYHeaeri
cyabl opragarbl H' noHmapeiubiy Oapbie Oingipeni. Mureproaumepsi xyieneri
MOJIMMEPJIEP/IIH 63apa acep eTYIHIH HOTHKECIHIE MIEKTPOTKI3TIIITIK apTKaH.

3.2 Cy opmacvindazel unmepnonumepnix scyienepdiy pH sepmmeynepiniy
cunammamanapvl.  KY-2-8:AB-17-8  wmHTepnonmmepni  kyiecinig — pH
KOPCETKIIITEePiHIH MOJIbAIK KaThIHACTApPBIHA JKOHE YaKbITKA KATBICTHI ©3repyiHiH
ch30ackl 2-cypeTTe OCiHeICHIeH.
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pH | 1car

Ky2-8(H"):AV-17-8(OH") o 25001 oH
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Cyper 2- KY-2-8:AB-17-8 unrtepnonumepii sxyiecinig pH kepceTkimrepinig
CYJIBI OpTaJarbl yakbITKa TOYeJLNIiri

Byn cyperre ynkeH e3repicrep — KV2-8: AB-17-8 wunrepnomumepii
KyheciHig 6:0 KaThIHACBIHIA Ke37ece/li. Y aKbIT 6Te KeJie KopIliaraH opTaHbiH pH
KOPCETKIMTEPIIH TeMeHAeyl Oaikammel, Oynm pH KepceTkimi TeMeH MoHII
kopceTken  kezme, H' memece HsO TUAPOKCOHUN  HMOHJAPBIHBIH
KOHIIEHTPAIHSCHIHBIH JKOFapbUIAybIH kepcereni. CyTeri HWOHIAPBIHBIH
KOHIICHTPAITMACHIHBIH, TOMCHICYIH KOPCETETIH pH-MoHiHIH OacTamnkeina
JKOFapJjaybl, €H aJIbIMEH, IPOTOHHBIH JKOFaaybIHAH Maiaa 0oJiFaH OybIHAPAIIBIK
acCoIMAIMsUIapIbIH  OY3BUIBIN, WOH  aJIMAaCTBIPFBIIITAP/BIH TYHIHApaIIbIK
OyBIHJIAPBIHBIH, KOHPOPMANUSIBIK TpaHc(hopMalnusra yIiblpaybiHa OalTaHbICTHI
00IyBl MYMKiH. Acconuanmsuiap Kouburan Ke3ge H' nonmapel KaTagaH MOH
AJIMACTBIPFBIIITAP/IBIH H® wongapelMeH accomuanus Ty3emi. AJbIHFaH
HOTIDKEJIepACcH 3epTTeyaiH 2.5 carareiHga pH opraneiH HykTeci 5:1 xoHe 4:2
KaTbIHACTapbhIH/Ia OacTanmkpla OiprraMa KoFapiiar, YakpIT eTe TYCKeHI KopiHei.
3:3 sxoHe 2:4 KaThIHACTAapbIHAA 3epTTeydiH 2.5 carateiHga pH wmoni 7.45
MakcuMyM MoHiHeH 4.85-ke JeiiH TyckeHi Oalikamanael, Oyl KepceTKilrep
MOJIEKYJIAIIIUTIK accOoIMaTTapIblH TapalybiMeH TyciHaipineni. CypeTreH, e3apa
OpekeTTeCy yakuITHIHBIH 1:5 skone 0:6 KaTeiHacTapeiHma 1 cararraH 24 caraTka
JIeiiH alTapabIKTall e3repictep Oalikanmarad, pH MoHI jkaiiiamn TOMEHJIETreH.

3.3 Cy opmacvinoazel unmepnoaumepnix dcytienepoiy KoHGOPpMayusivly
3epmmeynepiniy 63eepicmepi kopcemineen. AnmOHUT AB-17-8 xateiceiaga KY-
2-8 iciHy JOpEeXKECiHIH CyJIbl OPTAJaFhl TOJIMMEPJICPIIH MOJIBJIK KaThIHACTAPhIHA
KOHE YaKbITKa TOYCIAUIIriHIH e3repici 3-11i CypeTTe KeNTipiireH.
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K E—car K . 3
51 KY2-8(H"):AV-L7-8(OH) o 2501 54 KY2-8(H"):AV-17-8(OH)

A 6car
A |V 2dcar

Cyper 3 - Aunonut AB-17-8 kateiceinna KY-2-8 iciny nopexeciHiH moauMepiepiH MOJIbIIK
KaThIHACTAPbIHA )KOHE YaKbITKA TAYEJIIUIIr]

Erep epitingine tex KVY-2-8 (kaTMOH anMacTBIPFBINI) TeK |-TIONIHMEp
OonraHna cynel ciHipy KaOimeri miekteymi Oojansl, SIFHU iCiHY KO3 QHIEHTI
0apibIK yakbIT apalibIKTapblHIa CajbICTBIpMalbl TYPAE TYPAKThl KOHE TOMEH
Oomanpl. 1 ToymikTeH coH S5:1 KaThIHAChIHAA ICiHY KO3 (HUIIEHTIHIH KYpPT
TeMeHaeyi Oaiikamanpl, cebebdi moIMMep KYpPIABIMBIHBIH SKHUBIPBLTYBIHBIH
HOTHXECiHEH OOJybl MYMKiH. 3:3 KaTblHachlHOa 6 caraTTaH COH MOJUMEpIi
TOPJIAPIBIH iCIHY Jopekeci jKorapblIaraH, Oipak ITod OCHI YaKbIT apanblkra 2:4
KaTbIHACHIH/A ICiHyl TOMEH MOHII KOpCeTKeH, OyJl TMOoNMMep apachIHIAFbl
OacekenecTikTi kepcereni. [lomumepnepain Oip-OipiMeH KalIBIKTBIKTAH ©3apa
opekeTTecyi onapAblH TOpal apaiblK OalaHbICTapyIblH KOH(OpMAaIMSIbI
e3repyine okeineni. COHBIH HOTIIKECIHIE OJlap KOCBHIMINA ICIHYyTe YIIBIpaiabl.
3eprreyain 2.5 xoHe O-caraThiHAa, HOJUMEPNCPAiH 1:5 KaThIHACBIHIA iCiHY
kodduuenHTiniy ~ ne3ge ockeH. SrHu, Oyn MomiMeTTep (YHKIHMOHAIIBI
TONITapAbIH AMCCOLMALMSIAHYbl Ke3iHIe Haiiga OonfaH MOHIAHY OOpPEKeciMeH
anbikTananpl. KY-2-8 (kaTHOH anMacTBhIPFBINITHIH) iciHy KoddduieHTi Oip
TOYJIKKE KETKEH COH TOMEH MOH/II KOPCETKEH.

OpTypii MONBIIK KaThiHacTapelHAa AB-17-8 (aHMOH amMacTBHIPFBIIITHIH)
iciny ko3ddurieHTiHiy cp30ack 4-cyperre Oeitnenenred. Heriznik annonutr AB-
17-8 KalIbIKTHIKTaH 63apa dpeKeTTecy HoTMXKeCiH e S:1 KaThiHackIHa | caraTTaH
COH, €H >Koraphl iciny koadduiuenti 3.86 MakCUMyM MoHIHE JEHiH KOTepiJireH.
Byn xapOokcmsl TONTapbIHBIH AWCCOLMALMSUIAHY JOPEXKECIHIH ©Te TeMEeH
0OJIyblHAa J>KOHE epITIHJIer KaTHOHIAPJBIH JKOFapbl KOHIICHTPAIMSICHIHBIH
cakTaldyblHa OailmaHpICThl. 3epTTeydiH OapiiblK apakaThHACTApBIHIA 1CiHY
Iopexeci KeTtepinim, OipHemre yakpITTaH COH OipriHaen temennereH. Ce6eoi,
TIOJTMMEPJIEP/IIH  alFalliKel Ja iciHTeHi Oaifkamampl, KeHiH Oenrii  yakbITKa
KETKEH/e CyAbl 0eyeTiH MoJuMep KYPBUIBIMBI KaHBIKKAHBIH KOpEMi3, Ol Ke3Jle
iciny nmopexeci Tokraiapl. CyperTeH 3:3 KaTbIHachIHAa 6 caraTTaH KeiiH KOFaphl
iciny koadduumenti Oaiikamamsr, Oipak KeiiH 2:4 KaTblHachiHAA OipTiHIEN
TOMEH/JICTCHIH KOpEMi3.
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Cyper 4 - Karnonut KY-2-8 karsicbinna AB-17-8 iciHy nopexeciHiH yaKbITKa )KOHE MOJIBIK
KaTbIHACTAapbIHA TOYEJLIIr

ToxipuOe yakpIThl OacTanFaHHaH KeHiH iciny koaduuuenri (K;) 6 caratran
Keiin 4:2 KaThIHACKIHIA TYCKEH, MyHIa KodddunreHt 24 carartad keiin 0,25-ke
KybIK ToMeHael . Ce0eo6i OH nonmapsinbiH Ken Meniepi icinyniH xone COOH
TONTApPBIHBIH TOMEH KOHIIEHTPAWSACHIMEH, COHAAl-aK Heri3ri (yHKIMOHAIIBI
Tonrapasld H' MOHIAPBIHBIH JKOFAphl iCIHY KBLUIIAMABIFEIMEH OPEKETTECYiMEH
OarimanpicTel.  JKyliemeri AB-17-8  (aHMOH  amMAacTBIPFBINI)  KOJEMiHIH
MUHUMYM/IBIK KOPCETKIII, 3epTTeyIiH 24 caraTbiHaa opTaHbiH 2:4; 3:3 COHbIMEH
karap 1:5 karelHacTapblHIa KepiHreH. byn alimakra IiciHYIiH TeMeHIeYyi
mostekymaiminik >NH" ... N< Oaitnanpic (QopManapbHBIH TY3UTyIMEH HeMmece
MOJIEKYJIAIIIUTIK ~ OCCOUMATTAPABIH KYpybIMeH OaitmanbicThl  Oomanmbl.  0:6
KaTbIHACHl VIIH iCiHy KO3(()UIIMEHTI CalbICTRIPMANbl TYPAE OHIAH KaTThI
e3repicke yibipamaras, Oyi KY-2-8 (kaTHOHUT anmMacTBIpFBINT) OONIMaraH Ke3Je
AB-17-8 (aHrOH amMaCTHIPFBIIITHIH) TYPaKThl KACHETTEPiH KOPCETYl MYMKIH.

4. KopbITBIHIBI

Kambikteiktan opekertecy kesinge KVY-2-8:AB-17-8 wunTepnomumepai
KYHeciHIH e3apa aKTHBTCHYIHIH esrepici AHBIKTAJIBITI, oJ1apJibIH
ANEKTPOXUMISUIBIK ~ KacuerTepi 3eprrenmi. JKyprisiireH 3eprreyiep MeH
TaJIayIapIslH HOTIKETIEPi, MOTuMepIiepIiH 0ip-0ipiMeH KaIIBIKTHIKTaH ocep €Ty
HETi3iHAE AJISKTPOTKI3TIIITIK KepceTkimrepi MeH pH-bI  op Typii yakbITTa
e3repeTiHirin  kepcerri. OchIIaiiia anblHFAH HOTIKENEp, KapaMa-Kapchl
3apsATaNFaH MOHAAPABIH TY3UIyl JKOHE CYJbl OpTalarbl HMHTEPIIOIUMEPIIL
KYHWENEepAIH  DIEKTPOXUMILUIBIK — MapaMeTplIepiHiH  e3repyiHiH  caijapsl,
MOJIMMEPJICP apachIHIarbl KAIBIKTBIKTAH OPEKETTECY OCepiHiH 0ap eKeHIIriH
kepceTTi. KymTi 37eKTpOauTTepaiH 3JIeKTPOTKI3TIMTITIHIH MOHI yaKbIT ©TKCH
caiiblH apTajpl, ce0edi MaKkpoMolleKyiagap Ti30eriHae OpHAIACKAH MOHU3AIUSFa
JKOHE JIUCCOIMAIMSIFA YINBIPAWTBIH TONTApIbIH KATHIHACHI  aWTapibIKTal
e3repicTepre YIIBIPaUTHIHIBIFBIH KOpceTeai. AJBIHFAH TOKIpOHe HOTHKenepi Oip
KOMIIOHEHTTIH OacTamkpl KYHIHIH e3repyl HWOH aJIMacTBIPFBINTap MeEH
UHTEPIIOJIMMEPIT  KYHENIEpIiH  SJIEKTPOXUMUSIIBIK  OPEKETiH  ©3TepTeTiHiH
KepceTesi.
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Pe3tome. Bsedenue. VI3ydeHbl SIIEKTPOXMMHYECKHE CBOWCTBAa B3aMMHOIl aKTHMBAllMM MOJMMEPOB B
pe3yibTaTe JUCTAHIMOHHOTO B3aUMOJACHCTBHS HMHTCPIONUMEpHOI cucreMmsl KVY-2-8:AB-17-8. B
KauyecTBE OOBEKTOB HCCIENOBAHUS ObUIM BBIOpaHBl HHTEPIIOJIMMEPHBIC CHUCTEMBI, COCTOSILAs U3
MOJIMMEPOB KaTHOHUT: aHHOHUT KY-2-8 u AB-17-8. B pesynbraTe AUCTaHIIMOHHOTO B3aMMOJCHUCTBHUS
MIPOMCXOANT B3aWMHAs AKTHBAIMS HOHOOOMECHHHKOB, B Ppe3yJbTaTe Yero IOJMMEpHl IEPEXOmiT B
COCTOSIHHE BBICOKOW MOHHU3AIMH, CYILIECTBEHHO U3MEHSIS AIEKTPOXHUMHYECKHE CBOWCTBA PACTBOPOB, TaKHE
Kak »JIeKTponpoBoaAHOCTh U PH. [Jens pabomul— 11€11b10 UCCIEN0BAHUS ABISCTCS U3ydeHHE 0COOEHHOCTEeH
B3aMMHOIl aKTUBAaLMM MHTEpPHOMUMEpHBIX cucteM KVY-2-8:AB-17-8. [lonyuennvie pesyivsmameoi.
3Ha4yeHNe yIEIbHON 3JIEKTPOIPOBOIHOCTH BOJIHOM Cpe/ibl B COOTHOLIEHUH 5:1 4epe3 CyTKH IOCTENIEHO
cHIDKaetcs, a ko3 dunueHt Habyxanus annonuta AB-17-8 yBenuuuBaiics 10 MAKCUMAJIbHOTO 3HAYCHHUS
3.86 uepe3 | uwac mpu cooTHomeHun 5:1 B mpucyrcTBuM KatHoHuTa KVY2-8. B cooTHOmIEHHSX
HHTEpHoIMMEpHBIX cucteM KVY-2-8: AB-17-8 4:2 ynenbHast 3JI€KTpOIPOBOAHOCTh BOJAHOW Cpebl yepes 6
yacoB jocturaer 7.0 MakCHMaJIbHOTO 3HAUEHHMS, a IToKa3aTelb PHCHIKaeTes 0 CpaBHEHHIO C UCXOIHBIM
3HaYeHHEM. BennmunHa 31eKTpOIPOBOIHOCTH MOCTEIIEHHO YBEIWYMBAETCS B COOTHOMICHUsX 2:4 u 1:5 B
PpasHble MpoMexyTKH BpemeHH. Ha 2,5 yace uccnenoBaHusi MOXXKHO 3aMETUTh, 4To PH cpeabl cHU3MICS OT
MaKCHMAJIFHOTO 3Ha4eHus 7.45 no MuHM ManbHOro 3HaueHHs 4.85 B coorHomreHWsx 3:3 u 2:4.
Koaddurmenra Habyxanust mpu COOTHOLICHHH 2:4 TIOBBIIIAETCS depe3 2.5 yaca U CHIXKAeTCs 4yepes 6
4acoB. Bwuigod. B pesynbrare IMCTAaHIMOHHOTO B3aMMOJAEHCTBUS W3MEHEHHs DJIEKTPOXUMUYECKUX
CBOWCTB monuMepoB KathoHuTa KVY-2-8 u anmonura AB-17-8 HaOmrojaroTcss BO BCEX MOJBHBIX
COOTHOIICHUSX. J[MCTAaHIMOHHOE B3aMMOJICHCTBHE OKa3bIBacT 0co00€ BIMSHUE HA HIICKTPOXMMHUYCCKHE
cBoiicTBa cpenbl. [lodydeHHbIE — AKCHIEPUMEHTAIBHBIC pE3YJbTAaThl IMOKA3BIBAIOT, YTO H3MEHEHHE
HCXOMHOTO COCTOSIHMSL OJHOTO KOMIIOHEHTa MEHSET OJJIEKTPOXMMUYECKOe MOBEJeHHE HOHUTOB U
HWHTEPIIOJIMMEPHBIX CHCTEM.

KiiroueBble ciioBa: nHTEeprnionuMepHas cucrema, KY-2-8, AB-17-8, a¢ ekt nansHoaeiCTBUS, B3aUMHAs
AKTHBALIUS, YACIbHAS JJICKTPOIIPOBOIHOCTD, MOKa3aresb PH.
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STRUCTURE OF POLYTETRAFLUOROETHYLENE FILM AFFECTED
BY ELECTRON RADIATION AND TEMPERATURES
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Abstract. Introduction. The thermal conductivity of the polytetrafluoroethylene film in the
temperature range of 80-330 K and radiation doses from 5 to 30 kGy was investigated. Methodology.
Thermal conductivity studies were carried out at the TAU-5 thermophysical facility. Results. The
temperature dependence of the thermal conductivity of polytetrafluoroethylene at different irradiation
doses was obtained, and the resulting thermal conductivity curves demonstrate phase transitions at
temperatures T: = 293 K and T2 = 303 K. The irradiation of polytetrafluoroethylene films with low doses
resulted in a shift of phase transition temperatures to the low temperature region, with a decrease in peak
amplitude. Irradiation with a dose of D = 30 kGy resulted in a 2 % decrease in thermal conductivity A, a
significant decrease in the intensity of the phase transition peak at T1 and a complete disappearance of the
second peak at T.. As the temperature and irradiation dose increased, there was a notable rise in
interplanar distances, degree of crystallinity, and unit cell volume. Conversely, there was a reduction in
crystal size, a rearrangement of the crystal structure, and a smoothing of phase transitions. Conclusion. It
was determined that the thermal conductivity of the polymer at low temperatures is attributed to skeletal
vibrations of the main chain, while at high temperatures and irradiation doses, it can be attributed not only
to the rearrangement of the crystal structure, but also to the disappearance of pores and the ordering of the
crystalline phase of polytetrafluoroethylene.

Keywords: thermal conductivity, polytetrafluoroethylene, electron radiation, high temperature,
phase transition, crystallization, crosslinking, pores, structure

Tlebaev Kairat Beishenovich Doctor of physical and mathematical sciences, professor;
E-mail: Tlebaev@mail.ru

Bektenov Nesipkhan Abzhaparovich ~ Doctor of chemical sciences, professor;
E-mail: bektenbna@gmail.com

Kupchishin Anatoly Ivanovich Doctor of physical and mathematical sciences, professor;
E-mail: ankupchishin@mail.ru

Zhanpeisov Nurbosyn Ularbaevich Candidate of chemical sciences, professor;
E-mail: nurbosynuz@gmail.com
Saburov Baktybek Uzakbekuly Doctoral Student; E-mail: baxa_89_89@mail.ru

Citation: Tlebaev K.B., Bektenov N.A., Kupchishin A.l., Zhanpeisov N. U., Saburov B.U. Structure of
polytetrafluoroethylene thin films affected by electron radiation and temperatures. Chem. J. Kaz., 2024,
4(88), 35-45. DOI: https://doi.org/10.51580/2024-4.2710-1185.46

35


https://doi.org/10.51580/2024-4.2710-1185.46
mailto:Tlebaev@mail.ru
mailto:Tlebaev@mail.ru
mailto:nurbosynuz@gmail.com
mailto:baxa_89_89@mail.ru
https://doi.org/10.51580/2024-4.2710-1185.46

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

1. Introduction

Polytetrafluoroethylene belongs to mass-consumption polymers due to its
unique complex of physico-chemical properties. Polymers used in space must
meet certain requirements, including, in some cases, sufficient resistance to
ionizing radiation and temperature. A large number of monographs and articles
have been devoted to the study of radiation resistance of various types of
polymers, in particular, fluoroplastic (F-4) [1-3]. However, the issue related to
the behavior of these polymers under irradiation with intense electron beams is
currently insufficiently covered. The objective of this study was to examine the
impact of temperature and electron irradiation on structural-phase transformations

| in poly(tetrafluoroethylene) (PTFE) films.

2. Methods and experiments

An industrial fluoroplastic film (F4) was used as the test material. The
samples were disks, 30 mm in diameter and 50 pm thick, cut from a fluoroplastic
film with a special knife._ The irradiation of PTFE films was carried out on the
linear electron accelerator ELU—-6 at the Physics and Technology Center of Abai
University. The main parameters of the accelerated electron beam at the
accelerator output are: maximum electron energy — E = 2 MeV, pulse current — |
= 0.3 mA / cm?, pulse duration — 10 ns, repetition rate — 400 Hz, at irradiation
doses D = 5, 10 and 30 kGy. The research objects were installed at a distance of
30 cm from the exit window of the accelerator. The irradiation temperature was T
= 25 ° C. X-ray diffractometric studies were performed on an automatic Bruker
D8 Advance diffractometer with digital recording of measurement results. The
study of the structures of the initial and irradiated films was carried out on an
Infrared spectrophotometer with a Fourier converter "FTIR Mattson Satellite
3000" in the frequency range 4000 — 400 cm™, on the XP-146JB optical
microscope and on the Quanta 3D 200i scanning electron microscope in the
nanolaboratory of the engineering profile of Al-Farabi Kazakh National
University.

3. Results and Discussion

The temperature dependence of the thermal conductivity of
polytetrafluoroethylene at different radiation doses was obtained (see Fig.1).
Phase transitions at temperatures T; = 293 K and T, = 303 K were revealed on the
curves of the dependence of thermal conductivity. Irradiation of
polytetrafluoroethylene films with small doses led to a shift in the temperatures of
phase transitions to the low temperature range by 1 K for a dose of D = 5 kGy and
by 13 K at D = 10 kGy and a decrease in peak amplitude. The irradiation of
polytetrafluoroethylene films with low doses resulted in a shift of phase transition
temperatures to the low temperature region, with a decrease in peak amplitude.
Irradiation with a dose of D = 30 kGy resulted in a 2 % decrease in thermal
conductivity A, a significant decrease in the intensity of the phase transition peak
at T1 and a complete disappearance of the second peak at T, [6].
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Figure 1 - Experimental curves of temperature dependence of PTFE thermal conductivity
at irradiation doses D = 5, 10 and 30 kGy
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Figure 2 - Diffractogram of a fluoroplastic film (a) at a temperature of 15 ° C (b) at a dose of 30 kGy
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Figure 2, a, b shows diffractograms of fluoroplastic film obtained at
temperature of 15° C and irradiation with a dose of 30 kGy. All diffractograms
contain a diffraction maximum at 26 = 18° with index hkl = 100, which dominates
in the spectra of the original polymer and the irradiated one; besides this line, a
broad diffuse halo is observed. In addition to the appearance of a number of
additional reflections splitting with index 100 and a superposition of lines 200 and
107 are observed at 278 K [4]. As thermal conductivity studies have shown [6],
the most important structural changes occur at the temperatures of phase
transitions. We studied how fluoroplastic changed using IR spectroscopy.
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Figure 3 - IR spectra of PTFE a) initial and b) irradiated with electrons at a dose of
30 kGy at a temperature of T= 19 °C

We looked at frequencies between 1000 and 400 cm™ (Fig. 3). Fig. 3 shows
the IR spectrum of PTFE is simple. This is due to the simple structure of its
polymer chains. The IR spectrum of the original PTFE (Fig. 3a) at 19° C shows
intense absorption bands at 518, 553 and a doublet at 638 cm™, as well as three
weaker bands at 720, 740 and 778 cm™. In addition to the above bands, two other
bands at 526 and 506 cm are observed as a shoulder at 518 cm™. A peculiarity of
the IR spectra of this frequency interval is the appearance of the 628 cm band of
the doublet component at the 638 cm™ band, expressed as a shoulder, and
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additional bands at 526 and 506 cm* of low intensity at the 518 cm* band. As
illustrated in Figure 3b, a broad and intense band at 1201 cm™ emerges in the
infrared (IR) spectrum of irradiated polytetrafluoroethylene (PTFE) within the
frequency range of 4000-500 cm. The most intense bands are related to the
valence vibrations of the CF, groups (1211 and 1154 cm™) and the v(CC)
vibration, which appears as a bend at ~1233 cm . The thicknesses of the original
and irradiated PTFE films measured with an optical microscope are shown in
Figure 4.

Width 43.88 um

(a) 109}
Figure 4— Micrographs of PTFE films a) initial and b) irradiated with electron at a dose of 30 kGy

The micrographs clearly show that irradiation results in a twofold increase in
film thickness. Scanning electron microscope examination of the chipping of the
original and irradiated PTFE films is shown in Figure 5.

®)

Figure 5- SEM images of PTFE films a) initial and b) irradiated with electrons at a dose of 30 kGy

The SEM images show that there is a significant change in the morphology
of the polymer matrix. With increasing irradiation dose, a significant disruption of
the polymer crystal structure is observed with the appearance of individual
irregularly shaped formations. Additionally, the matrix pores are clearly visible
on the chipping surfaces of the studied samples. The crystalline region is
represented by lamellae (plates) and consists of folded polymer structures
separated by interfacial boundaries. The amorphous (disordered) region of PTFE
is situated between crystallites and comprises randomly oriented and traversable
polymer chains that connect the lamellae (Figure 5b). The linear increase of the
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thermal conductivity A with temperature can be explained on the basis of the two-
phase model proposed in [6].

Tablel - Characteristics of X-ray diffraction spectra of initial and electron-irradiated
polytetrafluoroethylene samples

Miller indices Origin PTFE Irradiated

k 1 20° d, A 20° d, A
0 0 18.137 4.8871 18.040 491315
1 0 31.636 2.8259 31.574 2.83134
0 0 36.706 2.4464 36.623 245174
1 0 49.301 1.8469 49.111 1.85360
0 7 36.829 2.43851 36.706 2.4464
0 8 41.526 2.097 43.11 2.17292

Since the polymer is considered in terms of the vibrational motion of a
segment rather than the molecule as a whole, the vibrational motion (mobility) of
the segments is retarded with decreasing temperature. The value of A for the
crystalline phase increases with increasing temperature [7] because for complex
crystals, such as PTFE crystals, the phonon free path length is comparable to that
of the amorphous phase. Since Ak> Aa, the A values for PTFE should increase with
increasing degree of crystallinity, which is consistent with our data. The decrease
of A with irradiation up to dose D = 30 kGy is probably due to the destruction
processes leading to a disordered PTFE structure. Irradiation of PTFE by
electrons at 30 kGy (Fig. 2b) shifted all diffraction maxima toward smaller angles
(Table 1). The irradiated film's diffraction maximum at 20 = 18°, hkl = 100, is
10% smaller than the original. The shift and decrease in the diffraction maximum
at 20 = 18° are due to the diffraction maximum hkl = 100 consisting of two
components with different interplanar distances [4]. An irradiation result in an
increase in the interplanar distances (dna) of both types of PTFE crystals, yet the
extent of this increase differs between them. The expansion of the unit cell
volume in irradiated polytetrafluoroethylene (PTFE) is accompanied by a
reduction in the density, pc, despite the enhancement in the degree of crystallinity
of PTFE.

This conclusion is corroborated by the data obtained through the
measurement of the film thickness, which is illustrated in Figure 4. PTFE
macromolecules in the amorphous phase have greater mobility and experience
greater thermal expansion. This is confirmed by the fact that as the temperature
increases from 20 to 320°C, the molecular packing factor decreases from 0.66 to
0.60 in the crystalline region and from 0.58 to 0.46 in the amorphous region [10].
Therefore, the crystalline phase of PTFE contains crystals in both hexagonal and
triclinic conformations. Triclinic conformation crystals in the crystalline phase of
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PTFE define its unit cell at 15°C. This increases PTFE density. PTFE-based
composites filled with silica particles show that PTFE phase transitions are
"smoothed out"[4]. It can be inferred that the crystalline phase of PTFE at room
temperature may consist of both "triclinic" and "hexagonal™ crystals, which could
potentially give rise to two components of the observed diffraction maximum hkl
= 100 in the X-ray spectra of PTFE. Consequently, the irradiation of PTFE can
result in a reduction in the quantity of triclinic crystals and an increase in the
proportion of hexagonal crystals within the crystalline phase of the polymer. This
is corroborated by the correlation between thermal conductivity and temperature
and irradiation, as illustrated in Figure 1, as well as by scanning electron
microscopy (SEM) images, as depicted in Figure 5. The formation of the halo can
be attributed to the phenomenon of intramolecular scattering, which occurs when
disordered polymer chains exhibit a conformation that is similar to that observed
in PTFE crystals It is presumed that these macromolecules are present within the
smectic phase of the polymer [10]. The halo's spectral shape can be approximated
by two Gaussians, indicating two noncrystalline components in the smectic phase
of PTFE. The first contains partially ordered macromolecules and the second
contains hexagons. [4,10]. Analysis of the IR spectrum of the initial film in the
range of 1000-400 cm™ showed that the bands 518 and 553 cm™, according to
[5], characterize the deformation and pendulum vibrations of CF, groups,
respectively. The IR spectrum shows a well-defined doublet at 638 and 628 cm™
(see Fig. 3), which are characterized as yw (CF2) fan vibrations. The bands at 638,
628 and 518 cm™are considered to be ordering bands and crystallinity bands [5].
The bands at 720, 741 and 781 cm ™ characterize the amorphous phase of PTFE.
The appearance of the doublet band at 628 cm™ and the triplet bands at 524, 526
and 506 cm™in the IR spectra of PTFE at 638 and 518 cmlis related to the fact
that these absorption bands represent phase transitions observed in PTFE at room
temperature. The change in the amplitude of the bands at 628 cm™ and 638 cm™
is due to changes in the shape of macromolecules. It is assumed that the band at
628 cm'characterizes the defectivity of the structure, i.e., chain regions where
transitions between left- and right-handed helices occur, and the band at 638 cm™
reflects the presence of a regular helix in the structure of polytetrafluoroethylene.
Analysis of the IR spectrum of the irradiated sample of polytetrafluoroethylene in
the region below 1000 cm*shows that the bands characterizing valence vibrations
of C-F and C-C, deformation vibrations of CCC and CF, groups, out-of-plane
vibrations of CF; groups, individual fragments and the whole chain [5,7,10] are
preserved even at high irradiation doses. This indicates that external irradiation
does not lead to complete destruction of the PTFE molecular chain. The most
intense band at 1201 cm™, which appears as a bend, belongs to the valence
vibrations of CF; groups and v(CC) vibrations. Moreover, the IR spectrum of
irradiated PTFE samples exhibits a band at 1794 cm™, which is attributed to the
vibrations of — CF = CF; end groups according to quantum chemical calculations.
On this basis, it was concluded that the number of these groups is sufficient to
register the band corresponding to them, indicating the presence of shorter
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macromolecules in the structure of the samples than in the original PTFE. The IR
spectra of samples irradiated at high doses show bands at 1546 and 1452 cm.
According to quantum chemical calculations [5], they can be attributed to the —
CF = CF- (1546 cm™) and — CF= C < (1452 cm™) vibrations. In the IR spectra of
air-irradiated PTFE samples at high doses (~ 30kGy), a band at 2363 cm*appears
in addition to the band at 1794 cm™[8, 9]. It is natural to assume that at high
irradiation doses the interaction of formed radicals with air oxygen occurs,
especially in the presence of water vapor. The band at 2363 cmis attributed to
vibrations of — COOH — groups [5]. The analysis of PTFE film chips, shown in
Figure 5, based on X-ray diffraction studies, shows that at high irradiation doses
the transition from the helical structure of polytetrafluoroethylene to the planar
structure is realized. The process of irradiation of PTFE has been observed to
result in a reduction in the quantity of triclinic crystals present within the
crystalline phase of the polymer, accompanied by an increase in the proportion of
hexagonal crystals.

4. Conclusion

The study of the changes in thermal conductivity of PTFE film induced by
temperature and electron irradiation led to the following conclusions:

1. At low temperatures, the phonon free path length increases due to the
retardation of segment motion. Heat transfer in PTFE is due to skeletal vibrations
of the main chain of PTFE. In this temperature range, the thermal conductivity
varies linearly with temperature.

2. An increase in temperature leads to a smooth behavior initially and then to
an abrupt change in thermal conductivity at 19°C. The smooth behavior of the
thermal conductivity is due to the unfreezing of the segmental mobility of the
polymer chain, and the abrupt one is caused by a phase transition of the first type,
namely the rearrangement of the crystalline triclinic conformation into a
hexagonal conformation.

3. Above the temperature of 19°C, the value of the thermal conductivity
returns to the initial value, which is due to the ordering of the crystal structure.

4. Low dose irradiation of polytetrafluoroethylene results in an increase in
thermal conductivity associated with an increase in crystallinity.

5. An increase in the irradiation dose results in a reduction in thermal
conductivity and the cessation of phase transitions associated with alterations in
the polymer structure. These changes are not solely the result of bond rupture, the
formation of pores, and the generation of short macromolecular chains; they also
stem from the emergence of branched structures and the crossing of chains. The
absence of phase transitions can be attributed to the "smoothing” of phase
transitions during irradiation, which results in a reduction in the triclinic crystal
content and an increase in hexagonal crystal content within the polymer's
crystalline phase.
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Tyiiingeme.  Kipicne.  3eprrey  xymbichiHga 80-330 K Temmeparypa — apasibiFbIHIAFbI
HOJMUTETPaTOPITUICH IUICHKAHBIH JKBUTy OTKI3rimTiri sxkoHe 5-reH 30 kI['p-fa jeiinri coyneneHy
nosanmapbl  3eprrengi. Ooicmeme. Kbty erkisrimririn  3eprrey  TAY-5  xbury-usHKaibIK
KOHJIBIPFBICBIHIA JKYPri3uimi. Homuowenep dcane mankviiay. Op TYpill COyJeleHy 03alapbIHAa
NMONUTEeTPaTOPAITHIICHHIH KbUIy —OTKI3TILITINHIH — TeMmepaTypara TOyelnaunri amsiHisl  JKbuty
eTKi3rimrikke Toyenninik kuceikrapsiaa Ti = 293K xone T2 =303 K temneparypanapsiaia ¢asanbik
aypicynap ansikTanapl. D = 30 k['p mo3acsiMeH coylieneHy A jKbuly OTKI3riuTirinia 2% - ra ToMeHaeyiHe,
Ti-ne ¢a3zanblk aybiCy IIBIHBIHBIH KapKbIHJIBUIBIFBIHBIH aWTapiblKTal TeMeHaeyiHe jxone Tz -ae
eKIHIIICIHIH TOJBIK >XOFalyblHa okeinai. Temmeparypa MeH CoOyJeleHy J103aChIHBbIH JKOFapbulaybl
[UIAHETAAPaJbIK APaKAIIBIKTHIKTBIH, KPUCTAJIBIK NOPEKEHIH JKOHE OIpIiK YSIIBIFBIHBIH KOJEMIiHIH
YJIFAIObIHA, COH/IAM-aK KPUCTANIAap MOJLIEPIHIH a3al0oblHa, KPUCTAIIBIK KYPBUIBIMHBIH KaiiTa KypbUTybIHA
JKoHE (ha3alblK aybICyNapAbIH TericTenyine okeneai. Kopvimuinovl. ToMeH TemnepaTypaaa MoJuMEpIiH
JKBUTY OTKI3MILITIr HEeri3ri Ti30eKTiH KaHKa TepOernicTepine OaillaHbICThl €KEHIIT aHBIKTAIIbI, 1 JKOFapbl
TeMIepaTypa MEH COyJelieHy A03ajJapblHla KPUCTAABIK KYPBUIBIMHBIH KalTa KypbUIyblHa FaHa eMec,
COHBIMEH KaTap KEYEKTEep/iH J>KOFalyblHa JKOHE MOJUTETPAPTOPITUICHHIH KPHCTAIABIK (ha3achbIHBIH
perTenyine OGaitaHbICTBI GOTYBI MYMKIH.

Tyiiin ce3mep: JKbuly OTKI3TIINTIK;, MOIUTETPa(TOPITHIICH; OSIEKTPOHIBI COyIENCHY, >KOFaphl
TeMIeparypa; (a3ajblK aybIlCy; KpHCTAJIaHy; alKacHansl OailaHbIC; KeyeKTep; KYPhUIbIM

Tinebaee Kanpam betiwenynut Guszuxa-mamemamura oli6IMOAPLIHLIY OOKMOPLL,
npogheccop

bexmenoe Hecinxan Abscanapynot XUMUSL 2bLILIMOAPBIHBIH, OOKMOPbL, Npogheccop

Kynuuwun Anamonuin Heanosuu uzura-mamemamura olibIMOAPLIHLIY OOKMOPLL,
npogheccop

Kanuneucos Hypoocwin Ynapoaitynut XUMUSL 2bLTLIMOAPLIHBIY KAHOUOAmMbl, npogeccop

Cadypos bakmuvibekY3akoexyno dokmopanm

CTPYKTYPA IIVIEHKHA NIOJIUTETPA®TOPOTUJIEHA, IOABEP)KEHHAS
BO3JEACTBHUIO QJIEKTPOHHOT'O U3JIYYEHUS U TEMIIEPATYP

K.b. Tnebaes*", H.A. Bexmenos %, A.H. Kynuuwun *, H.Y. JKanneucoe °,_B.Y. Cabypos *
'Kasaxckuii nayuonansuwiii nedazozuueckutl ynugepcumem um. Abas, Anmamol, Kazaxcman
2 4O "Hncmumym xumuyeckux nayk um. 5. Bexmypoea", Anmamui, Kazaxcman

3VHueepcumem Toxoxky, Cunoei, Anonus
*E-mail: Tlebaev@mail.ru

43


mailto:Tlebaev@mail.ru
mailto:Tlebaev@mail.ru

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Pe3ome. Bseoenue B pabore ucciefoBaHa TEIUIONPOBOJHOCTh IUICHKH IOJUTETPadTOPITHICHA B
naTepBaie temmepatyp 80-330 K m mo3 obmywenus or 5 mo 30 kI'p. Memoouka. ViccnenoBanus
TEIUIONPOBOJHOCTH TPOBOIMIM Ha Teruodusndeckoil ycranoske TAY-5. Pesynomamoi u o6cysicoenue.
[Tonyuyena TemmeparypHas 3aBUCHMOCTb TEIUIONPOBOAHOCTH MONUTETPA(TOPITHICHA TPH Pa3IMIHBIX
no3ax obmydeHus. Ha KpHBBIX 3aBHCHMOCTH TEIUIONPOBOJHOCTH BBISBIEHBI (ha3oBble Mepexoibl Mpu
temneparypax Ti = 293K u Tz =303 K. OOnyuenue nozoit D = 30 x['p npuBesno K yMEHbLICHHIO
TEIUIONPOBOJHOCTH A Ha 2 %, K 3HAYUTEILHOMY CHIIKCHHIO MHTCHCUBHOCTH IHKa (pa30BOro Iepexoja
npu T1 ¥ MONHOMY HCYe3HOBEHHIO BTOporo mpu T2. IloBblmleHue TemmepaTypbl W J03bI OOTydeHUS
MPUBOAT K YBEIMYEHHIO MEXIUIOCKOCTHBIX PACCTOSHUM, CTENEHM KPUCTAUIMYHOCTH M o0bema
9JIEMECHTApHOH SYCHKH, a TAKKE K YMCHBLICHUIO pa3Mepa KPHCTAIUIOB, HEPECTPOMKEe KPUCTAINYECKOH
CTPYKTYPBI U CIVIQKHBAaHHIO (Da30BBIX MEPEXONOB. 3aKiioueHue. Y CTAaHOBJICHO, YTO TEIUIONPOBOAHOCTH
MoJMMepa NpHU HU3KUX TeMIepaTypax OOYCIOBJICHA CKEJIETHBIMU KOJICOAHUSIMH OCHOBHOH LM, a MpU
OOJBIIMX TEeMIepaTypax M [03aX OOJyd4eHUs MOTYT ObITh OOYCIOBJICHBI HE TOJNBKO NEPECTPOMKON
KPHUCTAUINYECKON CTPYKTYPbI, HO TAK)KE HCUC3HOBEHUEM MOP U YIIOPSJOUYCHUEM KPUCTAIUTHYECKOM (asbl
moauTeTpad TOPITHICHA.

KmoueBpie cioBa. TemnonpoBOJHOCTb; NONUTETPAQTOPITUIICH; DJIEKTPOHHOE H3JTy4YEHUE; BBICOKHE
TEeMIIepaTypbl; (a3oBbIi EPeXO; KPUCTAIIN3ALMS; CIINBAHUE; IIOPBL; CTPYKTYpa

Tnebaes Kaiipam beiiwenosuu 00KMOp DUUKO-MAMeMamuyeckux Hayk, npogeccop
bexmenoe Hecunxan Abscanaposuy OOKMOP XUMUHECKUX HAYK, npogeccop
Kynuuwiun Anamonui Heanoguu O00KMOp PuU3UKO-MAMeMAMUYecKux Hayk, npogeccop
Kanneucoe Hypoocein Ynapoaesuu KaHOUOam XumMuueckux Hayx, npogeccop
Caoypoe bakmuioek Y3akoexynvt dokmopanm
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Chemical Journal of Kazakhstan
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VJIK 621.794.62

INVESTIGATION OF POSSIBILITY OF MANGANESE ORE
CONCENTRATION WASTES INVOLVEMENT IN INORGANIC
MATERIALS PRODUCTION

Sh. N.Kubekova, V.1.Kapralova, A.S.Raimbekova*, 1.U.Motovilov,
G.T.lbraimova, N.4. Ihsan, V.E.Kuznetsov

Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan
“E-mail: ainura_748@mail.ru

Abstract: Introduction. The problem of processing waste from the mining and metallurgical
complex of the Republic of Kazakhstan, including manganese ore processing waste, is relevant both from
a technological (expanding the raw material base and assortment of marketable products) and from a geo-
ecological (minimizing waste, preserving resources and the environment) point of view. The purpose of
this work is to study the possibility of processing manganese ore processing waste from some deposits in
Kazakhstan into phosphating solutions. Results and discussion. Using electron-probe, energy-dispersive
X-ray fluorescence, X-ray phase analysis, the material and mineral composition of manganese ore
concentration wastes from the Borly, Zhayrem and Altyn-Shoko deposits was studied. It was found that
the total content of soluble compounds in the productive solution of phosphate leaching of waste from
Borly is 3.0-3.1 g/l with a ratio of total acidity to free acidity of 1.6-1.9, which excludes the possibility of
using this solution to create anti-corrosion coatings. Productive solutions of phosphate leaching of
manganese ore concentration wastes of Zhayrem and Altyn-Shoko deposits have total content of soluble
dihydrogen phosphates of 26.0-29.3 g/l (Zhayrem) and 30.2-34.5 g/l (Altyn-Shoko) with total acidity to
free acidity ratio of 1.8-2.7. Conclusion. The possibility of obtaining anticorrosive phosphating solutions
based on manganese ore concentration wastes from the Zhaipem and Altyn-Shoko deposits is shown.

Keywords: manganese ores, concentration wastes, phosphating solutions, phosphoric acid leaching,
productive solution
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HUCCIIEJOBAHHUE BO3MOXXHOCTHU BOBJIEYEHHA OTX0O/JJOB OBOI'ALIEHUSA
MAPI'AHIEBBIX PYJl B IPOU3BOJCTBO HEOP'TAHUYECKHUX MATEPHUAJIOB

111 H. Kybexosa, B.H. Kanpanoea, A.C. Paumbexosa”, H.IOQ. Momosunos,
I.T. Hopaumosa, H.A. Hxcan, B.E. Ky3neyoe

Kasaxckuil HayuoHanoHulll ucciedosamensekull mexnuveckuti ynugepcumem umenu K.1M. Camnaesa,
Anmamer, Kazaxcman
“E-mail: ainura_748@mail.ru

Pe3wme. Bseoenue. Tlpobnema nepepadbotku ortxonoB 'MK PK, B Tom uwmcie oTxom0B oboramieHus
MapraHieBblX py[, SBISETCS aKTyalbHOW Kak C TEXHOJIOIMYECKOH (pacliMpeHHe ChIpheBOW 0asbl U
a4CCOPTUMEHTA TOBAPHON MPOJYKILKH), TAK M C F€0IKOJIOrHYECKOM (MHHUMHU3ALMS OTXO/O0B, COXPaHEHHE
PECYpCoOB U OKpYKaroleil cpeipl) TOYeK 3peHus. L[lenvro Oanuou pabomel SIBISIETCS HCCIEAOBAHUE
BO3MOXKHOCTH MeEpepabOTKH OTXOJOB OOOramieHHsi MapraHIEBBIX pPyJ HEKOTOPBIX MECTOPOXKICHHUN
Kazaxcrana Ha pactBopbl QocharupoBanus. Pesyrbmamol u o6cyscoenue. C  HUCIONB30BAHUEM
9JIEKTPOHHO-30HI0BOT0,  JHEPrOJUCIEPCHOHHOIO  PEHTIeHO(IYOPECLEHTHOro,  peHTreHo(azoBoro
aHAJM30B W3YYEH BELICCTBEHHbIH M MHHEpAJbHBII COCTAB OTXOJOB OOOTallleHUs] MapraHueBBbIX PyI
MecropoxaeHuit  bopabl, JKaiipem u  AntbiH-1lloko. YCTaHOBIEHO, YTO CyMMapHOE COJEpKaHHe
PacTBOPHMBIX COCAMHEHHI B MPOJYKTUBHOM pacTBope (ocHOPHOKUCIOTHOrO BBINIECTAYNBAHHS OTXOJ0B
m.bopnst coctaBmsier 3.0-3.1 r/m mpu OTHOLIEHMH OOIIEH KUCIOTHOCTH K cBobommoi 1.6-1.9, uto
HCKIIIOYAaeT BO3MOXKHOCTh HCIOJIB30BAHUS JAHHOTO pacTBopa A CO3JaHUS aHTHKOPPO3HOHHBIX
MOKpbITHH. [IpoyKTHBHBIE pacTBOPBI (HOCHOPHOKUCIOTHOrO BBILIEIAYHBAHUS OTXOI0B 000TALICHHS PY/I
mecropoxaennii  XKaiipem u  AntbiH-IIIoko HMEIOT CyMMapHOE COJEp)KAHHE PacTBOPHMBIX
nuruapodocdaror 26.0-29.3 r/a (m.XKaiipem) u 30.2-34.5 r/n (m.Anteia-11loko) npu oTHOMmICHNH 00MIEH
KHCJIOTHOCTH K cBOOOAHON B mpexmenax 1.8-2.7. 3axmouenue. TlokazaHa BO3MOXKHOCTbH IONYYEHHS
AHTUKOPPO3HOHHBIX (HOCPATHPYIOMIUX PACTBOPOB HA OCHOBE OTXOAOB O0OTALICHHs MapraHIEBBIX PYI
MecTtopoxaeHuit XKaipem u Antera-11oxko.

KinoueBble ¢€jI0Ba: MapraHueBble pyIbl, OTXOAbl oOoramieHus, pacTBOpbl (ocdaTupoBaHus,
(hocdopHOKHCIOTHOE BBIIIEIAYMBAHUE, TPOYKTUBHBIH pacTBOp

Kyoexoea Illonnan Hakuwoexkosna Kanouoam mexnuyeckux Hayx

Kanpanosa Bukxmopusa Heopesna Jlokmop mexunuueckux Hayx

Paumoexosa Aiinyp Cazunscankoizol Mazucmp mexnuueckux Hayx

Momosunos Hzops IOpvesuu Hoxmop ¢gurocoguu (PhD)

Hopaumosa I'ynonyp Tanunbaeena Mazucmp mexnuueckux Hayx

Hxcan Hypait Apmanksi3ol Cmyoenm 4 200a ooyuenus, OI1 6B07116 - TO[TuHM
Ky3neuyoe Banepuii Eezenveguu Cmyoenm 2 200a ooyuenus, OI1 6B07116 - TO[TuHM

1. Beenenue

B Hacrosimiee BpeMsi OJTHOW W3 OCTPBIX MHPOBBIX IMPOOJIEM, TPeOYIOMIHMX
BHUMAaHMUA, SABIICTCA Hpo6neMa HaAKOIIJICHHUA 6OJ'IBIHI/IX KOJINYECTB
HEYTWIM3UPYEMBIX TPOMBINUICHHBIX OTXOJOB, OCHOBHBIMH TIPOAYIICHTAMHU
KOTOPBIX SIBIISIOTCS TOPHO-T0OBIBAIONINE U 00OTaTUTENbHBIC peAnpusTus [1-4].
ITo cmeneHmsM aBTOPOB [5-6], B pe3ynbTare MHOTOJETHEH NEATeIHLHOCTH
npeanpuaruii MK PK B xBocToXpaHwiMillax ¥ OTBajax B HACTOSIIEE BpeMs
HakoIUIeHO Oonee 50 MIpJ. TOHH MPOMBINUICHHBIX OTXOAOB, 3aHHMAIOIIUX
OTrPOMHBIE TEPPUTOPHHU. E3KEroHO 3TO KOJIUUECTBO yBeInYUBaeTcs (Tabnuma 1).
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Ta6auna 1 - Otxo/ab1 000raTUTENBHBIX MPEANPUATHIA 10 00acTsM PK [5]

HaumenoBanue odnacreit KonuectBo 3amnacel, ThIC.TOHH HJ’IOIII?.JII;,
KM
AXMOIMHCKAs 11 76834.50 12.30
AKkTrOOMHCKAs 8 30675.30 6.30
AJsMaTHHCKas 5 47914.90 2.99
Bocrouno-Kazaxcranckas 39 887914.57 19.57
XKamOynckas 6 44188.93 1.58
Kaparanauuckas 37 2809342.13 89.20
Kocranaiickast 4 611101.70 27.45
IMaBnoxapckas 2 8770.86 1.23
1OsxH0-Kasaxcranckast 5 142355.30 3.52

B To ke BpeMs OTBambl TPOIECCOB OOOTAIEHUS PyI COMAEpKAT TaKue
[IEHHBIE KOMIIOHEHTHI, KaK COCTUHEHHS [IBETHBIX METAJLIOB, KOTOPHIE MOTYT OBITH
MIPUMCHCHBI JUISL IMpOU3BOJACTBA KOMITO3UTHBIX BAXKYIIUX, OrHCYIIOpPOB,
(yTEepOBOYHBIX MaTepHaloB, MHHEPAJIbHOTO BOJOKHA U JPYTHX BHJIOB
npoaykiuu [7-9].

[lepepaboTka TakuxX OTXOMIOB OCOOEHHO aKTyallbHa KaK C TEXHOJOTHYECKOMH
(pacmmpenue ChIpbEeBBIX MCTOYHHKOB M aCCOPTHMEHTAa TOBApHOW MPOIYKIIMH),
TaK M C 9KOJIOTUYECKOW TOUYEK 3PEHHsI, TOCKOIBKY TIO3BOJISIET PElIaTh BOMPOCHI
T€0IKOJIOTUIECKON 0€30MaCHOCTH B YacTH MUHHMM3AIUN 00Pa30BaHUS OTXOOB,
COXpaHEHUs MHUHEPAJIbHBIX PECYPCOB, PHEProcOEpPEKEHUs, BOCCTAHOBIEHHE U
COXpaHeHHe OKpyxaromied cpenpl. OHAKO 0 CUX TOp MepepaboTKa OTXOJI0B
TOpPHOJOObIBAIONIEH TMPOMBINIIEHHOCTH HE CTaja pPaclupoCTpaHEHHOU
npakTukod 1 Kasaxctana um ypoBEeHb HX HCIIOJIB30BaHUS B HacToOsIIEe
BpEMsl OCTAETCs J0CTATOYHO HU3KUM [5; 9].

OcoOblii HayuHBIH W TPAaKTHYECKHH HHTEpEC TMPEACTaBISsIET BOMPOC
YTHIN3AIUU OTXOJOB TOPHOAOOBIBAIOIINX W METAJUTYPTHYECKHUX MPEANPUATHIA
PecriyOnmmkm  Kaszaxcran, ocymecTBIAOmMUX  A0OBIYy ©  oOoramieHue
MaprasueBbIX pyd. MapraHieBble MHUHEPAIbl HMEIOT CX0XKHE XapaKTEPUCTHKH C
HEpYIHBIMH MUHEPAIaMH, YTO jAeaeT (IIOTalMOHHOE 000ralieHne MapraHIeBbIX
Pyl Ha TpOM3BOJACTBE MeHee 3(G(EKTUBHBIM W BBIBOJUT Ha IEPBBIA ILIaH
MIpUMEHEHNE B OCHOBHOM T'PaBUTAIIIOHHOTO O0OTaIeHUs. DTO, B CBOIO OYEpE/Ib,
OPUBOAWT K 3HAYMTENBHBIM IOTEPSM MapraHia ¢ MEJIKAMH KJIacCaMu,
OCTAIOIMMHUCS B XBOCTaX, KOTOpPBIE B HAcCTOsILee BpeMs He yTuiausupytorcs [10].
B cBs3U ¢ 3TUM aKTyaJbHOW CTAHOBHUTCA 3aJa4da MOMCKAa TEXHUYECKUX PELICHUN
10 BOBJICUEHUIO ATHX OTXO/OB B IIPOM3BOJICTBO HOBBIX MaTE€PHAJIOB.

OxHuM W3 BO3MOXHBIX IyTed peLIeHus npoOiieMbl ImepepaboTKu
BTOPHUYHOTO MapraHeLCOACPIKAIEr0 ChIPhSl SBISETCS CO3AaHHME HAa WX OCHOBE
TaKUAX TIEPCIICKTUBHBIX aHTHKOPPO3HMOHHBIX MaTephalioB Kak (ocdarupyromue
pactBopsl [11-12]. OnnHako u3BecTHBIE (hoChaTHPYIOIINE PACTBOPHI, TOTydaeMbIe
Ha OCHOBE MHIMBHUAYaJbHBIX COJEW MapraHia, B OCHOBHOM HMIIOPTHPYIOTCS U3
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CTpaH OJIKHETO M JAJIBHEr0 3apyOekKbs, TOCKOJBKY COOCTBEHHOE HX
mpon3BoAcTBO B PK oTcyTCTBYeET, HECMOTpS Ha HATMYHE CHIPHEBBIX PECYPCOB.

Ilenvio  Oannon  pabomwt  SIBASETCS  HCCIETOBAHUE  BO3MOKHOCTH
nepepaboTKM  OTXOJOB ~ OOOTaleHHMs  MAapraHieBBIX  pya  HEKOTOPBIX
MecTopokaeHni Kasaxcrana Ha pacTBopsI ochaTHpOBaAHMSL.

2. DKCNepUMEHTAJbHAS YaCTh

OObeKTaMH  HUCCIEOBaHUS  SIBISUIACH  OTXOABl  I'PAaBUTALMOHHOTO
oOoraieHus: MEePBUYHBIX, & TaK)Ke OKUCICHHBIX MapraHUEBBIX PYyI CIECTYIOUIHX
MecTtopoxaeHuit Kazaxcrana:

| — bopmsr; Il — XKaitpem; |1l — Anteia-1oko, mepBudHas pyna;

IV — Anteia-1oK0, OKUCTIEHHAS py/a.

KayecTBeHHOE U KOJUYECTBEHHOE OIPEAEICHNE OCHOBHBIX M IMPHUMECHBIX
JIIEMEHTOB B OOBEKTaX MCCICIOBAHUN TNPOBOAMICA METOAOM DIIEKTPOHHO-
30HZI0BOTO aHAIIM3a C TIOMOIIBIO AIEKTPOHHOTO MuKpockona ¢upmel JEOL-733 ¢
PEHTI'CHOBCKMM aHAJIM3aTOPOM, a TaKKe PEHTI€HO(IYOPECLIEHTHBIM aHAJIU30M C
HCIIOJIb30BaHHEM BBICOKOIIPOU3BOAUTEIHHOTO 3HEProUCIIEPCHOHHOTO
peHTreHoBckoro guyopectenTHoro criektpomerpa NEX CG komnannu Rigaku.

@Da30BbIi COCTaB OTXOZOB OOOTaLICHUS] MAapraHLUEBBIX Py ObLIM H3y4YCHBI
METOAOM  PEHTTCHOBCKOrOo  TU(PPAKTOMETPUUECKOTO  aHalu3a, KOTOPHIH
MpoOBOAWICS Ha aBTOMaTu3upoBaHHOM mudpakromerpe JPOH-3 ¢ Cuk, -
u3nydeHueM, S-punbtp. Ycnosusa cbemku nudpakrorpamm: U=35 kB; 1=20 MA;
mkana: 2000 uMIL.; TOCTOsIHHAS BpeMeHH 2 ¢; cheMKa 0-20; neTexrop 2 rpaj/MuH.
Pacmmdposka nudpakrorpamm npoBoauiack no aaHHeM kaptoteku ICDD: baza
JaHHBIX MOpOIKOBEIX audpakTomerpoB PDF2 (Powder Diffraction File) u
IuQpaKTOorpaMM YHCTBIX OT IPUMECEl MUHEPAJIOB.

CopeprxaHne COeTUHEHMI MapraHIla M Xelle3a B MPOAYKTHBHBIX pacTBOpax
BBIIIIETIAYMBAHUS ONIPENEIsUTH (POTOKOIOPUMETPUIECKIM METOJIOM 110 M3BECTHBIM
meroaukaM [13]. ConepkaHue B pacTBOpax COCAMHEHUW KalbIUsl U MAarHus
omnpenesuii  METOAOM  KOMIUIEKCOHOMETpUYecKoro TuTpoBanus [13], a
PacTBOPUMBIX COEIMHEHHI KPEMHHS BECOBBIM MeTo1oM [13].

3. Pe3ybTaThl M 00CyKIeHHE

BemiecTBeHHBI cOCTaB HCXOAHBIX MPOO OOBEKTOB HMCCIECAOBAHUNA IO
JAHHBIM  JJIEKTPOHHO-30HJOBOTO M PEHTICHO(IYOPECIIEHTHOTO  aHAJM30B
MpencTaBiIeH B Tabmuie 1, a MUHEpanbHBIN cocTaB MO pe3yiabTaramMm POA — B
Taduie 2.
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Tab6auna 2 - BeliecTBeHHbIH COCTaB OTBAIbHBIX XBOCTOB OOOTAICHHSI MapraHLEBBIX PYJ HEKOTOPBIX
MectopoxaeHuit Ka3zaxcrana 10 JaHHBIM DJIEKTPOHHO-30HJOBOTO UM PEHTICHO(IIyOPECIIEHTHOTO
aHAJIN30B.

006Bb- | Meroxn CpenHee coziepKaHie COCTaBIISIOIINX KOMIIOHEHTOB, Macc.% (KHCIOPO IO CTEXHOMETPHH,
€KT HOPMAJIM30BaH)

Na,O | MgO | Al,O; | SiO; | SO; | KO | CaO | TiO; | MnO | FeO | BaO

| O/30mx | 0.00 0.00 | 4.86 79.04 | 0.00 | 0.36 | 0.00 0.00 | 10.51 | 5.23 | 0.00

S/Ppd | 0.00 0.00 | 5.10 81.20 | 0.06 | 0.22 | 0.10 0.14 | 841 4.32 | 0.00

1 O/30ux | 0.96 156 | 3.50 2434 | 1.09 | 0.77 | 54.42 | 056 | 10.12 | 2.67 | 0.00

S/1Pd | 0.00 0.00 | 3.88 23.00 | 049 | 051 | 5530 | 0.19 | 11.8 2.99 | 0.00

11 O/3oun | 1.06 135 | 3.08 19.60 | 0.27 | 0.48 | 61.15 | 0.39 | 7.46 5.16 | 0.00

S/1Pd | 0.00 0.00 | 4.52 24.00 | 0.13 | 0.52 | 56.90 | 0.13 | 7.56 5.40 | 0.00

v 9/30un | 0.72 0.85 | 5.04 27.76 | 0.00 | 142 | 3538 | 0.23 | 26.17 | 1.93 | 0.49

S/1Pd | 0.00 0.00 | 557 32.20 | 0.00 | 1.01 | 3460 | 0.16 | 23.20 | 2.02 | 0.17

Tadmuma 3 - Pesynbratel PDA kpucrajumueckux (a3 HCXOAHBIX NPOO OTXOIOB OOOramieHus
MapraHIIeBBIX Py HEKOTOPHIX MecTopoxkaeHuil Kazaxcrana.

Munepan Xumnueckast popmyna OOBEKTHI HCCIIeIOBaHUMH
L[ o [ m [ v
Coneprxanue, macc. %
Kanpuut CaCOs3 0.0 76.4 75.0 58.0
Ksapn SiO2 76.7 16.4 15.0 38.0
Kaonmuuut Al2(Si20s)(OH)4 11.8 0.0 0.0 0.0
Bpaynut (Mn203)3sMnSiO3 0.0 2.4 0.0 IIpu-
Mech
Manrano- K2Mn2*2(S04)3 0.0 0.0 5.0 0.0
JIaHrOeHUT
IMupomo3ut MnO; 6.8 0.0 0.0 0.0
Temarur Fe203 4.7 0.0 0.0 0.0
Anpbut (TTHI) | Na(AlSizOs) 0.0 49 5.0 2.0
Xoput (Mg, Fe)s(Si,Al)4010(OH)2- (Mg, Fe)s(OH)s 0.0 0.0 0.0 2.0

W3 pesyabTatoB cieayeT (TaOmuipl 2-3), 4TO OCHOBHBIM KOMIIOHEHTOM
XBOCTOB O0OTaIlleHNs] IEPBHYHBIX MapraHueBbIX pya sBisiercss kanbuur CaCOs
(75.0+76.4 wmacc.%) mpum coxepkannu Kambimsa 54.42+61.15 wmacc.% CaO.
JlauHbie oTX0JbI Takke cojaepxar keapi SiO; (15.0+16.4 macc.%) u anbOuT
Na(AlSisOs) — 4.9+5.0 macc.%. Mapranen B XBocTax o0OOTramieHUs pPY.bI
Mecropokaenus XKatipem (nmpo6a |l) mpucyrcTByeT B Buae MuHepana OpayHHUTa
(Mn303)sMnSiOs — 2.4 macc.% (tabauma 3) ¢

coznepxkanueM maprania 10.12 mace.%MnO (tabnuia 2).

B orxomax oOoramenus nepsuuHoi pyasl M.AnteiH-Iloko (mpo6a Ill) mo
naHHbIM P®A o6HapyxeH MuHepan Masranojanroeidrur K,Mn;*2(SO.); B
kommdectBe 5.0 macc.% (tabmuna 3) ¢ cojepkaHueM Mapranna — 7.46 macc.%
MnO (Tabmuua 2).
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OCHOBHBIMH KPHUCTAJUTMIECKUMH (pa3aMH OTXOIOB 00OTamIeHNs OKUCIICHHOM
pynst M.AnteiH-IHoko (mpo6a V) Tarxke sBmstorcs kamsiutr — 58.0 macc.%
(tabmuria 3) mpu coaepykanuK Kaiabims 35.38 mace.%Ca0 (tabnuna 2) u KBapi
SiO; — 38.0 macc.% (tabmuia 2). OTMEYeHO HanM4Yue TMosieBoro Immara (2
Macc.%) u xmopurta (2 macc.%) (tadnuma 3). OKpUCTaITU30BaHHBIE MUHEPAIBI
Mapranima B OTXoJax oOOramieHdsi JaHHOW pyasl TO pesynsTatam POA
MNPUCYTCTBYIOT B BUAe npumecu Opaynuta (Tabmuua 3). XOTs MO pe3ylibTaraMm
AJIEKTPOHHO-30HIOBOTO M PEHTTEHO(MIYOPECIICHTHOTO AaHAIHM30B COJICPIKaHHE
COCIMHCHMI MapraHila B OTXOJax OOOTallleHUs OKHCICHHOH pPyAbl M.AJITBIH-
[loko mOBOJBHO 3HauyMTeNbHOE M cocraBmsaeT 23.20-26.17 macc.% MnO
(Tabmura 2).

OCHOBHBIMH ~KPHCTAJUIMIECKUMHU  (pa3aMH OTXOJOB OOOTaIlCHHs PYJIbI
Mm.Bopibl sBisitoTest kBapi SiO2 — 76.7 mace.% W TIMHUCTBIA MUHEpall KAOJHMHUT
Aly(SizOs)(OH)s — 11.8 macc.% mpu oTCyrcTBUM KajbiuTa (Tabmuma 3).
Mapranen npucyTcTByeT B BuAe MHHepana nupostosuta MnOz — 6.8 macc.% c
cogepxanuem mapranma 10.51 macc.% MnO (tabmuna 2). B orxomax Taxke
cogepskutcs reMatut Fe,03 — 4.7 macc.% (tabmuma 3).

Jlns  BBIABICHUS BO3MOXHOCTH MepepabOTKH  OTXOJOB  OOOTameHus
MaprafieBblX pyJ Ha aHTHKOPPO3HOHHBIE PacTBOphHl (GochaTHpOBaHHUS ObLT
u3ydeH  mpouecc  (HOCPOPHOKHMCIOTHOTO  BBINICJIAYMBAHUS  OCHOBHBIX
KOMIIOHEHTOB BBINIEPACCMOTPEHHBIX OTXOJIOB 00OTAICHHUs MapraHIeBbIX pya. B
Ka4yeCcTBE BBINIECIAYNBAIOIIETO peareHTa Obl1 ucroib3oBaH 40 %-HbI pacTBOp
optodochopHOii KUCIIOTHI. BhilenaunBanue npoBoguin mpu cootHomnennu T:0K
= 1:25, temneparypax 25°C u 50°C npu moCTOSHHOM ME€PEMEUTUBAHUH ITYJIBITBI U
BpeMeHH BhiteaunBanus 30 muH. [Tociie OKOHYAHUS MPOIecca BhIeTaunBaAHUS
MyJbIy QUIBTPOBAIM Yepe3 IIOTHBIH QuibTp. OCTaTOK TBEPIOTO BHICYIIUBAIN
mpu 105°C B TedeHue Yaca U PacCUMTHIBAIM OOIIYI0 PacTBOPHUMOCTH OTXOIOB
oOorameHuss B pactBope (GocGOpHOH KHCIOTHI MO IOTEPEe MacChl TBEPAOTO
(oTH.%). PesynpTathl mpeacTaBieHs! B Ta0bauUIe 4.

Taomuma 4 - OOmas pacTBOPUMOCTb OTXOJOB OOOTAICHHsS] MApraHieBbIX Pyl HEKOTOPHIX
MectopoxaeHuit Kazaxcrana B 40%-Hoit ¢pocopHO# KUCIOTE B 3aBUCHMOCTH OT TEMIIEPaTyphl M 00mIas
1 CBOOOIHAS KHCIIOTHOCTH IPOLYKTHBHBIX PACTBOPOB.

OO0BEKT Tewmme- PactBopu- Konrenr- O0mas CBobojiHas Koou/Kesos
Hccee- parypa, °C MOCTb, pauus coiieil | KHCIOTHOCTh | KHCJIOTHOCTb,
JIOBaHMI oTH.% B pacTBope, Ko6u, Kesos, TOUCK
r/n TOYEK
| 25 7.2 3.0 21.2 13.2 1.6
50 7.6 3.1 214 11.2 1.9
1 25 60.1 26.0 21.6 10.6 2.1
50 69.2 29.3 20.8 9.6 2.2
11 25 73.4 34.5 215 11.8 1.8
50 69.3 30.2 20.3 10.2 2.0
v 25 55.0 25.8 214 8.9 2.4
50 56.8 26.6 20.5 7.6 2.7
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QunbTpaT moCAe  BBHIIIETAYMBAaHMA ~ OTXOJOB  oOoramieHus  ObLI
MpOoaHaJIM3UPOBaH Ha YCIOBHO-00HIYIO0 Kosm M cBOOOAHYIO Kcpos KHCIOTHOCTB,
MOCKOJIBKY OSTH IIOKa3aTeNH B MPOMBIIUICHHOCTH ONPEACISIOT KadeCTBO
pactBopoB ¢ocarupoBanus [12]. YVCmoBHO-00IIYI0 KHUCIOTHOCTh (CyMMapHOE
coJepxanue cBOOOTHON (ochopHON KHCIOTH M (ocdar-MoHOB) Ompenesiu
TUTPOBAaHUEM MPOOBI ¢ HHAUKATOpOM (perondranernnom 1 M pacreopom NaOH.
CBOOOIHYIO KHCIOTHOCTH (COnepKaHWe TOIBKO CBOOOMHOHN ocdopHOit
KHCJIOTBI) ompenensiin TuTpoBanuem 1 M pactBopom NaOH B mpucyrcrBun
MHIUKaTopa MeTwiopamwka. [Ipm sTom B mpakTuke ¢ocdaTupoBaHus TPUHATO
KOJIMYECTBO MWUIMJINTPOB IMIEJNOYH, TIOMIEAIIe Ha THTPOBAaHHE YCIOBHO
BBIpaKaTh B TOYKaX, TO ecThb 1 Mi — 1 Touka. [lomydeHHbIe pe3yibTaThl TAKKe
MpeICTaBICHbI B TabuIe 4.

W3 pe3ynbTaToB CleoyeT, YTO MUHUMAJIBHONH pacTBOpUMOCTHIO B 40 %-HOM
pactBope H3PO4 — 7.2-7.6 oTH.% 00nagaroT oTxoas! odorameHus pyas! M.bopist
MpU CyMMapHOM COJAEPKaHHH PAacCTBOPHMBIX coenuHeHuil B ¢unbrpare 3.0-3.1
r/n (tabmuna 4, npoda ). Torma kak KOHIIEHTpaus COJe B U3BECTHOM PAacTBOpE
dbocharupoBanus nomkaa coctaBasate 30-35 r/n [12]. CoorHomenne Kosm/Kesos
cocraBiser 1.6-1.9. Huskoe coyecomepkaHue U BbICOKas CBOOOJHAs
KHCIOTHOCTh ~ WCKIIIOYAaeT  BO3MOXKHOCTh  (DOpMHPOBaHHMsSI  KayeCTBEHHBIX
(dochaTHBIX TOKPBITHH Ha CTalM, YTO HE IO3BOJIIET PEKOMEHJOBATH OTXOIbI
oOoramenust pynasl M.Bopnbl kak ceippe Ui TonydeHHs (GochaTHPYIOIHX
KOHIIGHTPATOB.

Haubonseit pactBopumoctsio B HsPO4 00magarot XBocTel oOorameHus py
mectopoxaeauit JKaiipem (60.1-69.2 otH.%) 1 AnteH-1oko (73.4-69.3 oTH.%).
CHmxenne koHueHtpaumun HzPOs, Kak W  TOBBIIIEHHE  TeMIepaTypbl
BBILIETAYMBAHHS YCKOPSIET MPOIECC THUAPOIUTUYECKON JAECTPYKIMH MEPBUYHBIX
¢docharoB keneza M MapraHia ¢ 0oOpa3oBaHHUEM HEPACTBOPUMBIX THIPO- U
optodochaToB, OCTAOIINXCS B TBEPI0H (ha3e, YTO U MOATBEPIKIAIOT PE3yJIbTaThl
P®A (tabnura 5) u 211€eKTPOHHO-30HI0BOTO aHajm3a (Tabmura 6).

Tadimua 5 - Pesynbratet POA kpuctamwmueckux (a3 TBEpIbIX OCTATKOB IOCIHE BbILICIAUYUBAHHS
(bochopHOIt KHCIOTOH 0TXOTOB 0OOTANIEHNS MAPTaHIIEBBIX PYI.

Musepa, XUMHYECKas OO6BEKTHI HCCICTOBAHUN
dopmyna I | Il | 1T | v
Temnepatypa BeimenaunBanus, °C
25 | 50 | 25 [ 50 [ 25 [ 50 | 25 | 50
Coneprxanue,%

Kasnbiut, CaCOs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kaapu, SiO2 91.0 95.0 77.0 80.0 67.0 68.0 86.0 | 84.0
Kaomuawut, Ala(Si20s)(OH)4 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bpaynut, (Mn203)sMnSiOs 1.0 1.0 10.0 8.0 4.0 3.0 4.0 3.0
Iuposmosut, MnO2 2.0 4.0 0.0 0.0 0.0 0.0 5.0 6.0
JIunckomouT, 0.0 0.0 3.0 4.0 0.0 1.0 0.0 0.0
Fe1.375(PO4)(OH)
Ceppabpankaut, MNPO4*H20 0.0 0.0 0.0 0.0 8.0 8.0 0.0 0.0
Asp6ut, Na(AlSizOs) 0.0 0.0 10.0 8.0 21.0 20.0 2.0 4.0
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Taﬁnnua 6 - BGHICCTBCHHLIﬁ COCTaB TBEPAbIX OCTATKOB IIOCJIC q)OC(i)OpHOKI/ICIIOTHOFO BhIIICIIAYBaAHUA

OTXO/I0B O00OTramieHuss MapraHLIEBBIX pyJ HEKOTOphIX MecTopoxiaeHnii PK B 3aBHUCHMOCTH OT
TEMIIePATYPHI.
06- | Tem- CozepxaHue KOMIIOHEHTOB, Macc.% (KHCIOpO/] 0 CTEXHOMETPHH, HOPMAJIN30BaH)
ekt | mepa- | Na2O | MgO | AlzOs | SiO2 | P20s | SOs3 | KoO | CaO | TiOz2 | MnO | FeO
Typa,
°C

| 25 0.00 | 0.00 511 | 80.25 | 0.00 | 0.00 | 0.55 | 0.00 | 0.00 | 8.77 | 5.32

50 0.00 | 0.00 5.03 | 82.03 | 0.00 | 0.00 | 0.51 | 0.00 | 0.00 | 8.25 | 4.18

1l 25 243 | 2.68 8.49 | 6424 | 066 | 0.74 | 1.93 | 0.49 | 1.28 | 1145 | 5.61

50 2.65 | 1.87 655 | 61.96 | 258 | 097 | 154 | 0.59 | 1.47 | 13.79 | 6.03

1 25 2.69 | 1.46 8.80 | 59.35 | 7.38 | 0.00 | 2.30 | 0.46 | 0.49 | 859 | 8.48

50 271 | 1.52 717 | 5885 | 724 | 0.00 | 1.17 | 0.25 | 045 | 10.16 | 10.48

v 25 081 | 1.07 | 7.23 | 48.31 | 0.93 | 0.00 | 3.93 | 0.23 | 0.13 | 3440 | 2.96

50 0.72 | 0.82 6.18 | 51.00 | 1.63 | 0.00 | 1.58 | 0.25 | 0.30 | 34.70 | 2.82

Coneconepkanne B TMPOAYKTHBHBIX PacTBOpax BHIMIENAYUBAHUS OTXOJOB
oborameHns TepBUYHBIX Py cocTaBisieT (26.0-29.3) r/m (m.XKaiipem) u (34.5-
30.2) r/n (M. Anteia-1oko). CootHomenue Kosu/Kesos Haxomaures B mpenenax 1.8-
2.2 (tabnuua 4).

KonneHTpanioHHBId  COCTaB  PacTBOPOB  BBINIENAYMBAHHUA  OTXOJIIOB
oOoraieHns: MapraieBbsix pyn Mectopoxkaenuii JXKaiipem u AnteiH-Ioko 1o
OCHOBHBIM KOMIIOHEHTaM, OTIPE/IEIICHHBIH M0 pe3yIbTaTaM XHMHUYECKOTO aHanu3a
TIpeICTaBJIeH B TabmuIe 7.

Tadumua 7 - KoHneHTpaiys KOMIOHEHTOB B IPOJYKTHBHBIX PACTBOPAX BBIIIEIAYMBAHUS B 3aBUCHMOCTH
OT TEMIEPaTypBHl.

OG’BCKT Tewmme- KOHHGHTpaHHﬂ KOMIIOHCHTOB B TIEPECUCTEC HA OKCUBI, 1"/.]'[
HCCIIeNo- parypa MgO Al2O3 SiO2 Ca0O MnO FeO
BaHUI °C
1l 20 0.21 0.05 0.00 22.88 2.56 0.20
50 0.43 0.66 2.70 23.49 2.85 0.37
1 20 0.00 1.00 3.86 26.72 2.48 1.48
50 0.00 1.16 3.40 26.74 2.20 1.13
v 20 0.00 0.50 4.30 16.36 0.37 0.06
50 0.00 1.40 4.00 16.37 4.02 0.40

W3 pe3ynpTaToB ciemyer, YTO OCHOBHBIMH KOMITOHEHTAMH pPacTBOPOB
BBIIIIETIAYMBAHUS OTXOJOB OOOTAIIEHUs] MapraHIEeBBIX pPYA MECTOPOXKACHUN
XKaitpem u Antei-llloko sBistores nuruapodocdarsl Kaublusi, Maprasia,
JKeJe3a M aIFOMUHUS, 4TO MO3BOJISIET PEKOMEHI0BaTh UX B Ka4e€CTBE PACTBOPOB
dbocharupoBanus st GOPMHPOBAHWUS HA  CTAIBHBIX  KOHCTPYKIIHSX
KOHBEPCHOHHBIX 3AIIUTHBIX MOKPHITHH.

4. 3aka04eHue

IIpoBemeHO KOMIUIEKCHOE HCCIIEIOBAHHME BEIIECTBEHHOTO W MUHEPAIHHOTO
cocTaBa OTXOJOB OOOTaIlCHHs MAapTaHIEBLIX PYI MECTOPOXKICHUN bopisl,
Katipem wu Aunteia-11loko. BeIsgBICHO, YTO OCHOBHBEIMH (DazaMH OTXOIOB
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oboramenust pyabl M.bopner sBrsitotest kBapy (76.7%) u kaomunut (11.8%).
Mapranen npucyTCTBYET B BUI€ TUPOIIIO3UTA ¢ coaepxanueM 8.41-10.51 mace.%
MnO. OcHoBHOI#1 (ha30il 0TXOA0B 00OTAIICHUS MEPBHYHBIX PYI MECTOPOMKICHUH
XKaitipem u AnteiH-Illoko sBrsieTcs kanpuuT — 75-76 macc.%. Mapranen
Npe/ICTaBIeH B Buae MuHepana Opaynura (Mnz03)sMnSiOs ¢ coxepkanuem 10-
11 macc.% MnO (m.XKaiipem) wiam wmasranonmanr6eiiruta KoMn;*2(SOs)s ¢
cojepkanueM Mapranna 7.5 wmacc% MnO (Mm.Antera-11loko). OTx0mBI
oOoramenns: OKHCIeHHBIX pya M.AnteiH-Loko cozepxkat kampuut (58 %) m
kBap1 (38%). OxkpHucTAIM30BaHHbIC COCIUHEHUSI MapraHia B 3TUX OTXOAAX IO
pesynabTataMm POA OTCYTCTBYIOT, XOTA MO JAHHBIM 3JEKTPOHHO-30HJOBOTO M
SHEPTOAUCIIEPCHOHHOTO  PEHTTCHO(IYOPECIICHTHOTO aHaJM30B  COJEpKaHHE
Maprasua 3aech Hambosnee Bbicokoe - 23-26 macc.% MnO. YcraHoBieHO, 4TO
CyMMapHO€ COJep)KaHHE PaCTBOPUMBIX COCIUHEHUI B MPOLYKTUBHOM PacTBOpPE
(hochOpHOKHUCIOTHOTO BHIMIETAYUBAHUSA OTX0M0B M.bopmbl cocraBmser 3.0-3.1
/]l IpYU OTHOUIIEHWH OOIIel KUCIOTHOCTH K cBOOOoaHOM 1.6-1.9, yTo Mckimovaer
BO3MOXHOCTb ~ HCIIOJIb30BaHMSl ~ JAHHOI'O  pacTBopa  UId  CO3JaHHUs
AHTUKOPPO3UOHHBIX MOKPHITUH. [IponyKkTHBHBEIE pacTBOPHI HOCHOPHOKHCIOTHOTO
BBIIENIAYNBAHUSI OTXOJOB OOOTAIllCHHsT MapraHlEBBIX PYA MECTOPOXKICHHN
XKaiipem u AnrteiH-llloko wuMeOT cymMMapHOe COJEp)KaHHE PacTBOPUMBIX
muruapodocdaros 26.0-29.3 r/n (m.XKatipem) u 30.2-34.5 r/n (M. Anteia-1oxo)
MIpU OTHONIICHHWM OOIIeH KHCIOTHOCTH K CBOOOmHON B mpenemax 1.8-2.7, 4rto
MO3BOJISIET PEKOMEHIOBaTh WX B KadecTBE PacTBOPOB GochaTHpOBaHUS st
3aLIUTHI CTAJIBHBIX KOHCTPYKIUN OT KOPPO3HH.

®unancupoBanue. J[lannas pabora BeimonHena no HUIT AP23489432 mo teme: «HoBbie
KOHBEPCHOHHBIE AHTUKOPPO3HOHHBIE IOKPHITHSI Ha OCHOBE OTXOJOB OOOralleHHs MapraHLEBBIX Py
Kazaxcrana» Ha 2024-2026 roapl, ¢punancupyembiM KomureTroM Haykn MUHHCTEPCTBA HAYKH U BBICILETO
obpasoBanus PK.

KonaukT naTepecoB: KOHGINKT HHTEPECOB MEXKIY aBTOPAMH OTCYTCTBYET.
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KeH/IepiH 0albITy KaJIbIKTapblH KaiiTa eHJey MpoOiieMachl TEXHOJOTHSJIBIK (IIMKI3aT 0a3achlH KOHE
Tayap OHIMIHIH AaCCOPTHMEHTIH KEHEWTy), COHAalH-aK TI'eO3KOJIOTHSUIBIK (KAJABIKTapAbl a3aiTy,
MHHEpaIIBIK PeCypcTap MEH KOpIIaraH OpTaHbl CaKTay) Ke3KapacTapbIMEH €3¢KTi OOJIBIN TaObLIaabl. hyn
JHCYMBICIBIH, MAKCamul KaNAbIKTap/bl KaliTa enyey KaszakcTaHHBIH KelOip KeH OpbIHIapbIHBIH MapraHel
KeHiepiH ¢ocdarray epiTiHAiIepiHe OalbITY MYMKIHAITIH 3epTTey 00BN TaObuansl. Hamuoicenep scarne
Mankwlaay. DIEKTPOHIBIK-30HATHL, SHEPTOAUCHEPCHSIIBIK PEHTICH-(IIYOPECIIeHTTI, PEeHTreH-(ha3albIK
Tangaynapapl naiganaHa oteipbin, bopabl, JKolipem xone AnthiH-lIlloko Mapranen keHiHiH OaibITy
KaJIILIKTapbIHBIH ~ MUHEPAJIBIK  KypaMbl — 3epTTeni. bopmsl KeH  OpHBIHBIH — KaJJbIKTapblH
(bochOpKBIIIKEUIIE MafiManay bl eHIMAI epiTiHiCiHAerl epUTiH KOCBUIBICTAP/BIH JKUBIHTHIK KYpaMbl
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3.0-3.1 1/ ;1 an anmnbl KbIIIKBULABIKTBIH 00C KBIIIKBUIABIKKA KaThIHACHI 1.6-1.9 KypaHThIHBI aHBIKTAIIIbI,
OyJ1 epiTiHiHI KOppO3WsFa Kapchl xKaOBIHIAPABI JKacay YIIiH MaliiaTaHy MYMKIHJIITH JKOKKa IIBIFapaibl.
HKoiipem xone AnTeiH-ILIOKO KeH OpBIHAAPBIHBIH MapraHel| KeHIepiH 0aubITy KalIbIKTapbiH (ocdop
KBILIKBUIBIMEH I[IafiManayblH OHIMII epITIHAUIEpIHAe JKaNIbl KBIIKBUIABIFEI 00C KBIIIKbUIIBIKKA
KaTbIHAckl 1.8-2.7 merinze, an eputin auruapodocdarTapasH KUBIHTHIK Kypamsl 26.0-29.3 r/x (Kasiipem
keH opHbl) xoHe 30.2-34.5 r/n (Antein-11loko keH opHbl) Oonansl. Kopuimuinoel. Koiipem xoHe ANThIH-
Illoko KeH OpBIHAAPBIHBIH MapraHel] KeHAEpiH OalbITy KaJIbIKTapbl HETi3iHIe KOpPpO3HsSFa KapcChl
¢ocdarraynisl epiTiHALIEp aTy MYMKIHIIT KOPCETLITEH.

Tyiiinai ce3nep: Mapraner KeHaepi, 6aibITy KalabIKTapsl, pocdarray epitinainepi, Gochop KbIIKbLIIIbI
ciariney, eHiMIi epiTiHai
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ELECTROCHEMICAL AND CONFORMATIONAL PROPERTIES OF
POLYACRYLIC ACID AND POLY-2-METHYL-5-VINYLPYRIDINE
HYDROGELS DURING THEIR REMOTE INTERACTION IN AQUEQOUS
ENVIRONMENT

T.K.J umadilovt?, M.T. Suleimenoval?*, J.V. Grazulevicius®

1 A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3Kaunas University of Technology, Kaunas, Lithuania

“E-mail: suleimenova.te@gmail.com

Abstract. Introduction. Previous research on the intergel system of polyacrylicacid(PAA) and
polyethyleneimine (PEI) revealed that at a hydrogel ratio of 3:3, significant activation occurs at 24 hours.
This indicates substantial changes in electrochemical and conformational properties at this ratio. The
purpose of this research is to investigate the remote interaction between the weak polyelectrolyte
polyacrylic acid (PAA) and the weak polybase poly-2-methyl-5-vinylpyridine (P2M5VP) over time and at
various molar ratios in an aqueous environment. The study seeks to explore the activation potential of
these hydrogels by analyzing their electrochemical properties using conductometry and pH-metry, and to
determine the effect of molar ratios on the specific conductivity and swelling degree of the hydrogels.The
obtained results.The maximum conductivity of 14.4 pS/cm was achieved at a ratio of 2:4 at 2.5 hours,
coinciding with the minimum pH value of 4.4. In the 6:0 ratio, where only the PAA hydrogel is present,
the conductivity changes remained minimal within the range of 1-2 uS/cm, indicating the stability of this
hydrogel in the absence of P2M5VP. The swelling coefficient also exhibited interesting dynamic changes
depending on the time and component ratios. The swelling coefficient of PAA remained stable at 11-14
for the individual hydrogel but showed a maximum value of 41 at a ratio of 1:5 after 24 hours, indicating
significant interaction between the hydrogels. The maximum swelling coefficient of P2M5VP, 7.5 and
7.6, was observed at ratios of 5:1 and 2:4, respectively, 2.5 hours into the study, suggesting optimal
interaction of the hydrogels during these time intervals. Conclusion. The studies showed that initial
differences in conductivity are minimal; however, significant changes occur over time due to
intermolecular interactions between the components. The obtained results can be useful for optimizing the
sorption properties of hydrogels in metal extraction processes.

Key words: swelling coefficient, remote effect, intergel system, hydrogels, specific conductivity,
pH value.
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KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

JIEKTPOXUMUYECKHE U KOH®OPMAIIMOHHBIE CBOMCTBA T'IPOTEJIEN
NOJIMAKPUJIOBASI KUCJIOTA U NTOJIU-2-METWI-5-BUHWJINIMPUIUH TP UX
YIAJIEHHOM B3AUMO/JIEUCTBHUU B BOJHOU CPEJIE

T.K. /Incymaounoe*?, M.T. Cyneiimenosa.*", I0.B. I'pasxcynasuuioc®

Y40 «HMncmumym xumuveckux nayx umenu A.B. bexmyposay, Anmamowt, Kazaxcman
2Kazaxckuii HAYUOHANbHbLI nedazocudeckuli ynusepcumem umenu Abas, Anmamol, Kazaxcman
3Kaynacckuii mexnonoeuueckuii ynusepcumem, Kaynac, Jlumsa

“E-mail: suleimenova.te@gmail.com

Pe3ome. Bseoenue. ViccrnenoBaHueM MPOBEACHHOE paHEe WHTEPrelieBOM CHCTEMOW MOJNIHAKPUIIOBAsS
kucinora u nommdTwieHnMuH (rIIAK:rII9M)BbisBieHO, YTO NpH COOTHOLIEHWM ruzaporeneit 3:3, Ha
244acy ncCIeOBaHMs NMPOUCXOTUT AaKTHBALMS B MaKCHMAaIbHOW CTENEHHM M YKa3blBaeT Ha TO, YTO B
JAHHOM  COOTHOLICHHH MPOUCXONUT 3HAUMTEIbHbIE M3MEHEHUs B  DJCKTPOXUMUYECKUX U
KOH(OPMALMOHHBIX 3HAa4YeHUsX. [lenb pabombl — U3YyYUTh NUCTAHLMOHHOE B3aUMOJCHCTBUE MEXIY
C1a0bIM TOJIMAIIEKTPOINTOM nNonuakpuioBoit kuciotsl (rTIAK) u ciaObiM MOJHMOCHOBaHHEM IOJH-2-
MeTun-5-sunmianupuauaoM (rlI2MSBII) B 3aBucumMocTH OT BpeMEHM M HX Da3JIMYHBIX MOJBHBIX
COOTHOIIECHUH B BOJHOM cpene. McciemoBaTh BO3MOXHOCTh AKTHUBALMHM JAHHBIX THAPOTENECH IyTeM
aHaJIM3a UX JIEKTPOXMMHYECKHX CBOMCTB C OMOILBIO METOA0B KOHAYKTOMETpUH U pH-MeTpuu, a Takxe
OIPE/IENIUTh BIIUSIHUE MOJBHBIX COOTHOLIGHHMH KOMIIOHEHTOB Ha YJIEIbHYIO 3JIEKTPOHPOBOJAHOCTb U
creneHb ~ HaOyxaHust — rupporeneid.  [lonyuenmvlie  pesyibmamol.  MakcuUMaJbHOE — 3HAuYCHHE
anektponpoBogHocTH 14.4mMkCwm/cM JOCTHraeTCs MpH COOTHOIIEHHH 2:4 Ha 2.54acy, 4TO COBHaJaeT C
MHHUMaJIbHBIM 3HauenueM pH 4.4. B coornomenun 6:0, rae npucyrcTByer Tosbko ruaporens [TAK,
H3MEHCHUsST B OJIEKTPONPOBOAHOCTH OCTAIOTCS MHHHMaJIbHBIMH B mpepenax 1-2mMxCwm/cM, dTO
CBHUJIETENBCTBYET O CTaOMIIBHOCTH 3TOT0 TUaporens B orcyrcTBue [12MSBII. Koadduuuent nadbyxanus
TAKKE MOKa3bIBACT MHTEPECHBIC TMHAMUYECKUE U3MEHEHUS B 3aBUCHMOCTU OT BPEMEHH M COOTHOILECHUS
komnoHeHToB. Koadouument nHaOyxanus TrIIAK ocraercs craOuiabHBIM —NpU  HPHCYTCTBHU
WHMBUyaIbHOTO Tuaporens B mpepenax 11-14, Ho moka3piBaeT MakcHMalibHOe 3HaueHue 41 mpu
coOoTHOWEHUHN 1:5 yepe3 24 waca, 4TO CBUAETEIBCTBYET O 3HAYUTEIBHOM B3aUMOJCHCTBHH MEXIY
ruaporesnsiMi.  MakcuManbHbid  kodd¢uiment Habyxanus rII2MS5SBII 7.5 u 7.6 nHaGmrogaercs mnpu
cooTHomeHuAX 5:1 U 2:4 COOTBETCTBEHHO, yepe3 2.5 uaca Hauajga HCCIENOBAHUs, YTO yKa3blBaeT Ha
ONTHMAJbHOE B3aUMOJCHCTBHE THIpOTeieil B 3TH BpPEMEHHbIE NPOMEXYTKH. Bwvisod. MccnenoBanus
MOKa3aJM, YTO Ha HA4YaJIbHOM JTale pPa3inyuus B OJIEKTPONPOBOIHOCTH HE3HAUYMTENIBHBI, OIHAKO, C
TEYEHHEM BpPEMEHH, HaOJIIONAIOTCA 3HAUMTENbHBIC HM3MEHEHUs, CBS3aHHBIE C MEXMOJICKYJISIPHBIM
B3aUMOJICHCTBHEM KOMIIOHEHTOB. [lomydyeHHbIE pe3ynbTaThl MOTYT OBITh IOJE3HBI AJS ONTHMH3ALUU
COPOLIMOHHBIX CBOWCTB THIPOTEIIeH B MPOIECCaX U3BICYCHHS METAILIOB.

KioueBbie cioBa: kodddunment HaOyxanus, s¢dexT nampHOIEHCTBYUS, HHTEpreneBas CUCTEMa,
THJIPOTEIH, YIEIbHAS IEKTPONPOBOAHOCT, TOKa3aTenb pH.

Jrcymaounoe Tankvioex Koscamaesuu  Jlokmop xumuueckux Hayk, npogeccop

Cyneiimenosa Mepyepm Typexanosna PhD ooxmopanm

I'pascynasuuroc FOozac Buoac Jlokmop xumuueckux HayK, npogheccop

1. BBeaenue

FH}IpOFe.HI/I SABJIAKOTCA HepCHeKTI/IBHBIMI/I MaTepI/IaJ'IaMI/I JJI1 UCITOJIB30BAHUA B
Pa3IMUHBIX LENSIX Onarojaps MX CIOCOOHOCTH K 3HAYUTEIILHOMY HaOYXaHHIO B
BOJIHBIX CpeJiaX, BBICOKOW COpPOIMOHHONW E€MKOCTH U PErylUpyeMbIM (HHU3UKO-
XUMUYCCKAM CBONCTBaM, OHHM CIIOCOOHBI TIOTJIOIIATh M YACPKUBATH OOJBIIOE
KOJIMYECTBO BOJBI B TIOJIHOCTBIO THAPATHPOBaHHOM cocrostHumn [1-5]. Ux
YHHUKAJIBHbIE CTPYKTYPHBIE OCOOCHHOCTH IIO3BOJISIOT YACPKHBATH BOJY B
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KOJIMYECTBAX, JOCTHTAIONIMX THICSYCKPATHOTO YBEIMYECHUS OT UX CyXOro Beca,
HauMHasg ¢ HrkHero mpenena B 10-20%. DT Martepuanbl Takke o00IamaroT
TaKMMHU CBOWCTBaMH, KaK M3MEHEHHE 00beMa U BIHATH Ha 3JIEKTPONPOBOJHOCTH
u pH okpyxatomieit cpesbl 3a c4€T HOHOOOMEHa, MOTJIOMEHHUS M BBICBOOOXK ACHUS
HOHOB [6-7].

DNEeKTPONPOBOIHOCTh SABISETCS KIIIOYEBBIM MMapaMeTpPoOM, OTPaKaIOIINM
HOHHYIO MIPOBOJUMOCTH CPENIbI, U MOXKET CIYKUTh HHIUKATOPOM CTPYKTYPHBIX H
(OyHKIIMOHANBHBIX ~ M3MEHEHHH B  MEXMOJICKYJSIDHOM  B3aWMOJICHCTBUU
MOJUMEPHBIX 1enel.pH cpelibl UrpaeT BaXXHYIO pOJib B MOBEJAEHUU THIPOTEIEH.
ITAK u TII2M5BII 00gamaroT KHCJIOTHBIMH M OCHOBHBIMH CBOMCTBaMU
COOTBETCTBEHHO, YTO MPHUBOAMUT K CIOXXHBIM B3aUMOJICHCTBHSIM MEXIYy HUMH U
OKpyXaromel wux cpemo. Hekotopeie u3 (akTOpOB, BIUAIOMUX HAa
3JIEKTPOIIPOBOTHOCTh W HAOyXaHUE THUApOTeNIel, BKItoUaoT pH, HOHHYIO CHITy,
TeMIIepaTypy | dJICKTPOMarHuTHoOe u3nyueHue [8-9].

l'ugporenm Takke MOTYT JEMOHCTPHUPOBATH TOBEJAEHHE HaOyXaHUS,
3aBucsiiee ot BHerHe# cpensl [10-11].Koaddunuent HabyxaHus onpeaensercs
KaK OTHOIIeHHEe 00beMa HaOyXIIero ruporeist K ero cyxomy o0beMy M CHIIBHO
3aBHCHT OT XMMHUYECKOTO COCTaBa M CTPYKTYPHI IMOJIMMEPHON CETH, a TaKXe OT
BHEIITHUX YCIIOBUH, TAaKUX KaK TeMIlepaTypa, HoHHas cwia u pH pactBopa [12]. B
naTepreneBbix cucremax [TAK:TI2MSBII nabyxaHue MOXKET peryJupoBaThCs 3a
CYeT B3aUMOJICHCTBUIA MeXITy (DYHKIMOHAIBHBIMH TPYHIaMH MOJUMEPOB, YTO
MTO3BOJISIET CO3AaBaTh MATE€PHANbl C 33JaHHBIMH CBOWCTBAMHU JUII KOHKPETHBIX
npuMeHeHuil. Beicoknii koad¢uimenT HaOyxaHHUs OOECIeYMBAET yBEITUYECHHE
MIOBEPXHOCTH B3aMMOJICHCTBUS MEXKIY THUIAPOTeIeM M HOHAMU METaJUIOB, YTO
cnocobcTByeT Oosee 3 (HEeKTUBHOI COpOITHH.

Takum 06pa3zoM, HccIeA0BaHNE IEKTPONpoBogHOCTH, pH 1 KO3 ummeHTa
HaOyxanus uHTepreneBeix cucreM I[TAK:TI2MSBII npejcraBiser akTHBAILUIO
JIBYX CHIMTBHIX MOJIUAJIEKTPOIIMTOB HA MYTH K CO3AaHUIO0 HOBBIX ()YHKIIHOHAIBHBIX
MatepuanoB. B pmaHHOW paboTe paccMaTpUBAIOTCS OCHOBHBIE MEXaHHU3MBI,
Jie)Kale B OCHOBE JTHX CBOWCTB, U MX B3aWMOCBSI3b, YTO IO3BOJIUT YIUIyOWUTH
HAII¢ IOHUMAaHUE MTOBEJICHUS THIPOTeIeH 1 PaCIIUPUTh 00JIACTh UX MPUMEHEHUS
B METAJUTYPrUYE€CKON MPOMBITIIIEHHOCTH.

2. DKcnepUMeHTAJIbHASA YaCTh

Obwvexm uccreoosanus:Tunporenu I[TAK u [12MS5BII. Ha ux ocHoBe Obuia
CO3/laHa WMHTEpresieBas CHUCTEMa C Pa3THYHBIMH MOJBHBIMHA COOTHOIICHHUSIMHU.
Hccnenopanre HHTEPreaeBON CUCTEMbI MPOBOAMIIOCH CIICIYIONUM 00pa3oMm.

1) Kaxnapiii rugporenb, Maccy KOTOPOTO TMPEABAPUTENLHO H3MEPSUTH,
MOMEIIANH B OTJECNbHBIC MOJUMPOMUICHOBbIE suekku. [lopbl sveexk ObUIH
MPOHUIIAEMBI JJIT HU3KOMOJICKYJISPHBIX HOHOB U MOJICKYJ, HO HEIPOHHUI[ACMbI
JUISL AUCTIEPCUU TUAPOTENEH.

2) TlonunponuICHOBBIC SYCHKH C THUAPOTEISIMU, MOMEIIATH B CTaKaHbI C
JUCTU/UTMPOBAHHOM BOJIOM, paciosarast X Ha PacCTOSIHUU 2 CM JIPYT OT JApyra.
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3) DeKTPOXMMHUYECKHE M3MEHEHUS B BOJHOM PacTBOPE M3MEPSUTUCH depe3
paznuyHble TpoMexyTku BpeMmeHu. [lokazatenu snektponpoBoaHoctd u pH
BOJHOHN Cpelbl, ONpEeAessuld IOCie W3BIEYCHUS MOJUIPONHIICHOBEIX SUeeK C
THAPOTEISIMA M3 cTakaHoB. CTemneHh HAOyXaHUSA THAPOTENEH IS ONpeacIeHUs
WX WUCXOIHBIX KOH(M)OPMAIMOHHBIX CBOWCTB PACCUHUTHIBATIACH IO CIICAYIOIICH

hopmye:

m,
r7Ie My — Macca CyXoro THAPOTEIs, My— Macca HaDYXIIero THApoTes

Obopyodosanue: Jlnsd W3MEpeHHs 3IEKTPOINPOBOIHOCTH OBLI HCIIONB30BaH
kouaykromerp «MAPK 603» (Poccus) m pH-merp Metrohm 827 pH-Lab
(IBeitmapus). Maccy HaOyxmmx oOpas3IoB THIpOTeNed s IMOCIEIYIONMETO
pacuyeta cremeHn HaOyxanus (0) H3MEPSUIA C TOMOINBIO DIEKTPOHHBIX
aHamutnaeckux BecoB SHIMADZU AY220 (Snonwms). DKCHEpUMEHTHI
MIPOBOAMIINCH B TUCTHJUIMPOBAHHOW BOJIE, TP KOMHATHOW TeMIIepaType.

3. Pe3yabTaThl U 00CY:KIeHUS

Ha pucynke 1 mokazaHa 3aBUCUMOCTh AJIEKTPOIIPOBOJIHOCTUA BOJHOM CpeJibl
naTeprionumepHoil cucremsl TIIAK:TII2MSBII oT cOOTHOIIEHNN U OT BpEMEHH.
HccenenoBanre NpoBOAUIOCH B TEUEHUU OJHOM cyTKH. Ha IpoTskeHUu nepBoro
Yaca UCCIENOBAHNA PA3NIHYMS B 3JIEKTPOIPOBOJIHOCTH PACTBOPOB, HE3ABUCHMO OT
COOTHONIICHHUH THPOTENEH, He SBIAIOTCS 3HAYMTEIbHBIMU. OTHAKO, C TEYEHHEM
BpPEMEHHU HaOJI0JaeTcs U3MEHEHHE AJIEKTPOIIPOBOAHOCTH, NMPHUUYEM B HEKOTOPBIX
COOTHOUIEHUSAX TOSABISAIOTCS SABHbIE NMHUKM MAaKCUMyMOB M MHMHHMYMOB. OTO
MOXKET YKa3bplBaTb Ha CIOXKHBIE IPOLECCHl  B3aUMOJCHCTBHS  MEXAY
KOMIIOHCHTaMH,  BIHSIOIIME  HA  DJIEKTPONpOBOAHOCTh.  HaOmromaercs
3HAYUTENBHBIH POCT 3JIEKTPONPOBOTHOCTH JUId CUCTeMbl Ha 2,5 dacy
HCCIICIOBAHUS, YTO MOKET CBHJETEIbCTBOBATH O Hayaje O0Opa30BaHUS MOHHBIX
nap 1 yJay4lleHUH HOHHOU MPOBOUMOCTH.

16 HSfem MTTAK:rTI2MSBIT T ;_”5 16-1Slcm rTTAK:rI12M5BIT —=— 60
e 254

14 —~— —a— 6y 144
i

124 o \ | v 244 12

104

'MOJIB:MOIIb

1h 250 6h 24h

Pucynok 1 — 3aBHCHMOCTb 3IIEKTPOIIPOBOIHOCTH BOIHOM CPeIbl HHTEPIIOIUMEPHOIT CHCTEMbI
ITAK:TI2MS5BII oT COOTHOILIICHUH U OT BPEMEHHU B BOJIHOM Cpee.
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Ha pucynke BugHo, depe3 2.5 dYacoB BO BCEX COOTHOIICHHUSIX
3JICKTPOIIPOBOHOCTh  BO3pPACTaeT, MaKCcUMaibHOe 3HadeHue 14.4MxCwm/cm
HaOJroaeTCsl MPH COOTHOIIEHHH 2:4, B TO BpeMs KaK BOJOPOITHBIN TOKa3aTelb
BOJHOW CpeIbl COOTHOUIEHWH 2:4 [OCTHUraeT MHUHHMAaJbHOTO 3Ha4YeHus. B
MHTEPIOIMMEPHON Cpelle YCHIINBAaeT B3aUMOJIEHCTBHE MEXIY THAPO(QUIHLHBIMU
IpyNIamMy THIPOTENEeH W MOHAMH B PacTBOPE, YTO CIIOCOOCTBYET YBEIMYCHHUIO
ANIEKTPOTIPOBOJHOCTH M CHIDKEHHIO pH cpenpl 3a cueT pocra KOHLEHTpaLuu
HOHOB BoJOpoaa. Takke 3aMeueHo, YTO OTCYTCTBHUE BTOPOTO THAPOTENs B
CIIyJasx, KOT/ia B PaCTBOPE MPHUCYTCTBYET TOJIBKO OJUH THIT TIOJTMMEPA, IIPUBOTUT
K TOMY, YTO PacTBOp HE MOXXET NMEPEUTH B BHICOKOMOHH3MPOBAHHOE COCTOSHHE,
41O O0OYCIIaBIMBAeT MHUHUMAJBHBIC 3HAYEHUS JIICKTPOIIPOBOAHOCTH. TaKike
WHTEpeC TPENCTaBiseT HAOJIOJeHHEe, YTO B TPUCYTCTBUH HHIWBUIYATHHOTO
rugporens [TAK n3MeHeHus B 3J€KTPOIPOBOJHOCTH 110 CPABHEHUIO ¢ HAYAIbHBIM
U KOHEYHHIM MOMEHTOM BPEMEHH HCCIICJIOBaHUS HE SIBISIFOTCS BBIPAYKEHHBIMHU.
OTO MOXET CBUAETEIHCTBOBATH O CTAOMIBLHOCTH JAHHOTO THIPOTENS B BOJTHOM
pactBope 0e3 yuactus ruaporens [[12MSBIIL.

pH rITAK:rTI2MSBIT —=— 1y pH rITAK:rI1I2M5BIT —=— 6:0|
e 2,5y 6,4 —e—5:1
. 6y 6,2 —A—4:2

—v— 3:3|
— \ v 24y 6.0+
6,0 \ 58
A !
\
. 5,6

—o— 2:4
—<— 1:5]
—— 0:6]

554 Y—_ . \ \ 5,4

\‘\ \ 5,2

5,0+ \ K 5,0
\ 4,8
4,64
44 T T T T

6,54

454 e

60 51 42 33 24 15 o mokmol

PucyHnok 2 — 3aBucumMocTs 3HaueHNs: pH BOXHOI cpeabl HHTEPIOINMEPHOH CHCTEMBI
TTAK:TI2M5BII oT COOTHOILIEHHH U OT BpEMEHH B BOJIHOMU cpere

Ha pucyske 2 noka3aHo u3MeHeHHE KOHIIEHTPAllK BOJIOPO/ia BOJHOM cpeibl
B 3aBHCHMOCTH OT MOIIBHBIX COOTHOIIEHWH THApOTelled M B pa3jnMdHbIC
BPEMEHHBIE  IMPOMEXYTKH, B  TPHUCYTCTBUM  WHTEPIreleBOM  CHUCTEMBI
rITAK:rII2M5BII. B Teuenne mnepBoro uvaca pH BomHOMl cpenbl ocraercs
OTHOCHTEIHHO CTAOMJIBHBIM TPH PA3IUYHBIX COOTHOIIEHUSX THAPOTEIEH,
OCTaBasiCh B mpezaenax or 5.8 mo 6,2, 94To yka3bplBaeT Ha HU3KYIO KHUCIOTHOCTh
cpensl. Co BpemeneM pH cpeapl HCHBITBIBAET 3aMeTHbIe W3MeHeHUs. [lpu
cooTHomieHnu 6:0, rae NpUCyTCTBYET WHIAUBUAYyalbHbIA rugporens IIAK,
3Hauenne pH ocraercs Oomee cTaOMIBHBIM M B TIpenelNax HEUTPaIbHOW /10
crnabormienouHoi naxe yepe3 24 vaca. B coornomenun 2:4, pH cpens! magaet 1o
3HaueHui Ookoo 4.5 yepe3 2.5 dyaca, 4TO HpPEJCTABIsAET COOOW camMoe HU3KOE
3HaueHne pH Ha rpaduike W yka3pIBaeT Ha 3HAYUTEIHHOE YCHIIEHUE KCHIIOTHOCTh
cpenbl. 3HaunTeNbHBIE W3MEHEHUsT pH MoOryT OBITH pe3yibTaTOM IPOLECCOB
JUCCOLMAMA M accouuanvy (QyHKIMOHAIBHBIX TPYIIN THIPOTENEH, a TaKxke
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00pa3oBaHMsl HOBBIX MOHHBIX ITap M HM3MEHEHHWH B CTEMEHH WX THIpaTalvu.
WnTepecHplli B3MIAA TNpENCTaBIsieT COOTHoIIeHWe 1:5 (roe IoMuHHpYeT
r[I12M5BII), rae nocie w3HauanpHOTO CHIKeHUs pH depes 2,5 gaca mpoucxoaut
€ro MOBBIIIEHHWE K O-My 4Yacy HCCIEIOBaHMS M OCTaBaThCSl CTAOMJIBHBIM B
TeueHnn 24 dYacoB. OTH JaHHBIE MOTYT CBHUAETEIHCTBOBATH O TOM, YTO
B3aumozeiicteue Mexay ruaporernsimu [TAK u [I2MSBII npuBoauT K U3MEHEHUIO
HMOHHOW akTUBHOCTU U pH cpenpl B 3aBUCMMOCTH OT UX COOTHOIIEHUS U BPEMEHHU
B3aUMO/IEHCTBHUA.

Ha pucynke 3 npuBeneH rpaduk 3aBucumMoctu creneHu HaOyxanus rIIAK B
npucytctBun ruaporens [12MSBII oT cooTHOmIEHHMH M OT BPEMEHH B BOJHOMU
cpene. HaOmiomenne wu3meHenmii B kooddummente nHaOyxanwms TIIAK B
pa3auyHble  BPEMEHHBbIE WHTEpBaJbl  IO3BOJISIET  BBIABUTH  HWHTEPECHBIE
3aKOHOMEPHOCTH, KOTOpPble MOTYT OBITb  TOJNE3HBl A  NOHUMAaHUS
B3aUMOJCUCTBHS MEXKIY THAPOTEIIMH U UX CIIOCOOHOCTHIO K aOCOPOIIMH BOIBI.
[Ipu coorHomenun 6:0, To ecTh KOTJa B pacTBOpe MpHUCYTCTBYeT ToIbKO TIIAK,
ko3 dueHT HabyXaHHsl 0CTAETCS OTHOCUTENBHO CTA0MIBLHBIM M HEBBICOKHM BO
BCEX BPEMEHHBIX IPOMEXKYTKaX. JTO yKa3blBaeT HA OrPAaHUYCHHYIO CIIOCOOHOCTh
rlIAK x abcop6muu Boasl B orcyrctBue TII2MSBIIL. Cootnomenmue 1:5, rme
npeobmagaer r[I2M5SBII, moka3piBaeT MakcMMalbHOE 3HaYCHUE KOAPPHUIHEHTA
HaOyxaHus Ha 24 yacy U3MEpeHusl.
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Pucynok 3 - 3aBucumocts crenenu HaOyxanus rIIAK B npucyTcTBHM rHAPOTENS
[12MS5BII oT cooTHOLIEHUH U OT BpEMEHHU B BOJHOH cpejie

3HaunTenbHbIe KoJeOaHus Kod(p¢uumueHTa HaOyxaHHs HaOMIOJAIOTCS HpU
COOTHOIIEHUSX 3:3 U 2:4. DTO MOXKET CBUACTEIBCTBOBATH O KOMILIEKCHOM
B3anMozericteun Mexay rlIIAK u rII2M5SBII, koTopoe npuBOIUT K W3MEHEHUSIM
B CTPYKTYpe M CBOWCTBAax THIpOreNici, BIMSIOMIMX Ha HMX CHOCOOHOCTH K
HaOyxaHnto. CaMbIli MHTEPECHBIH Pe3yJIbTaT OTMEYEH NMPH COOTHOUIeHWH 1:5 u
BpEMCHHOM WHTepBasie B 24 dHaca, e KOIPOUIIMEHT HAOyXaHHUS PE3KO
Bo3pacraeT. Ilpenmonaraercsi, 4To Takue pe3yJbTaThl MOTYT OBITH CBSI3aHBI C
(hopMHPOBaHMEM MEXCETYATHIX CBSI3€H, M3MEHEHHEM CTETIEHH MOHU3ALMH TPYIII
B THAPOTENSAX M JIPYTHMMH MOJIEKYJISIPHBIME TPOIECCAMH, MMPOUCXOAIMINMHU TIPU
HUX B3aUMOJIENCTBUM B BOJHOM Cpee.
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Pucynok 4 - 3aBucumocts crenenu Hadyxanus rlI2M5BII B npucyTcTBun rugporens
ITAK ot cooTHOIIEHUH U OT BPEMEHH B BOJHOU cpere

Ha pucynke 4 npuBeneHbl M3MEHEHUS KO3 PUIEeHTa HaOyXaHUs THIPOTEIS
TI2MS5BII B 3aBucumoctu OT cooTHouieHus ¢ ruaporeidem ITAK B TedyeHue
pa3IMYHBIX BPEMEHHBIX HMHTEPBaJOB. B HawambHBIE MOMEHTHI JKCIEPHUMEHTA
Habmronaercs pe3koe yBenuueHHeKH Ui BceX COOTHOIIEHM, 32 HCKITIOYEHHEM
0:6, 9TO CBHUIETENBCTBYET O OBICTpOM HavaabHOM HaOyxanmm I[12M5SBII.
MakcumanbHble 3HaueHHsT Ky JOCTHTAIOTCS Ha BPEMEHHOM HMHTEpBajie 2.5 daca
MOYTH AJIS1 BCEX COOTHOILICHHH, MpHYeM HauOoJIblliee 3HaUeHUe HabroAaeTcs Ipu
cootHomeHusax 5:1 m 3:3, 4TO yKa3plBaeT Ha ONTHMAalIbHOE B3aMMOJICHCTBUE
ruaporeneit. JlanpHelas JMHaMUKa MOKa3bIBA€T, YTO HA BPEMEHHOM HMHTEpBasie
6 dacoB mpoucxoauT cHrkeHne K, /uia OONpIIMHCTBA COOTHOUICHHWH, YKa3bIBast
Ha TpOIECChl MepepaclpesieNieHus] BOJAbl U BPEMEHHYIO IEpPETPYNIUPOBKY
MOJIMMEPHBIX 1erneil. Bropuunoe ysenuuenne K, Ha 24 yacy HaOmomaeTcs ais
Bcex cooTHomeHnd, kpome 1:5. CoorHomenue 0:6 TOKa3bIBaeT HAUMEHBIITYIO
CHOCOOHOCTh K HaOyXaHWIO, ¢ MHUHUMaJIbHbIM 3HaueHuem K, Ha 1 dace u
HE3HAYUTEIbHBIM YBEIHMUEHUEM JI0 2 Ha 24 4YacaX, 4TO MOAYEPKUBAET BaXKHOCTh
npucytctBust [TAK nmns 3HaumrensHOTO HaOyxaHus. BpemeHHass 3aBHCHMOCTB
HaOyXaHWsS TOATBEPKAACT HAIMYHE DPA3IMYHBIX JTAloB, BKIIOYAs HAYalbHYIO
¢a3y ObicTporo HaOyxaHHs, MPOMEKYTOYHOE DPABHOBECHE W JOJTOCPOUHYIO
CTaOWIIU3alIHIO.

4. 3axiaiovyeHune

Ha ocHOBaHMM NpPOBEAECHHBIX HCCIEJOBAHHN YCTAHOBJIEHA 3aBUCHUMOCTH
M3MEHEHHUS JJIEKTPOXUMHYECKUX W THAPOJUHAMHYECKHX CBOWCTB THApOTENEH
[NAK:II2M5BII  mpu  ynaneHHOM  B3aMMOAEWCTBUM B BOJHON  cpeje.
CooTHoleHue rugporeneit 2:4 B Xoae MUCCIEIOBaHUS MOKa3aJI0 MaKCHMaIbHYIO
3JIEKTPONPOBOAHOCTL, ONTUMaNbHBIE PH cpeasl M BBICOKYIO CIIOCOOHOCTH K
HaOyxaHuto Ha 2.5 wyacy. MccienoBaHue IOKa3ano, YTO B3aMMOJCHUCTBUE
ruzaporeneit [TAK u I12ZMSBII B BogHOH cpene 3HAUUTEIbHO BIMSAET HA TakKue
mapameTpbl, Kak 3JEeKTponpoBogHocts, pH u cremenr  HaOyxaHus.
MaxkcumanbHOe 3Ha4eHHE DJIEKTPONPOBOIHOCTH YKa3bIBA€T HA WHTEHCHBHOE
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CHIKCHHE KOHIICHTPAIMH TPOTHBOMOHOB C O0Opa30BaHHEM MOJEKYJIBI BOBI.
3HaunuTeNnpHOE CHUXEHUE pH B 3TOM COOTHOIICHUM CBUICTEIBCTBYET O POCTE
KOHIIEHTPAIH HOHOB BOJIOPO/IA.

®unancupoBanue: J[anHas pabora Obuta npodpuHaHcupoBana Komurerom Haykun MuUHHCTEpCTBA
HayKH ¥ BbIcuero odpasosanust Pecriy6onuku Kazaxcran (rpant Ne BR21882220).
Konduaukr unrepecos: Bce aBTopsI 3asBISIOT 00 OTCYTCTBUU KOH(DIMKTA HHTEPECOB.

KAIIBIKTAH OPEKETTECY BAPBICBIHJIA IIOJIMAKPIJI KbIIIKbILJIbI ’)KOHE
NOJIN-2-METWJI-5-BUHUJINTAPUAWH TUAPOT'EJBbAEPIHIH CY OPTACBIHJIAF b
JEKTPOXUMMUSAJIBIK )KOHE KOH®OPMALMAJIBIK KACUETTEPIHIH
O3I'EPICIH 3EPTTEY
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246aii amoinoazer Kazax ynmmulk nedazozuxanvis yuusepcumemi, Anvame, Kazaxeman
3Kaynac mexnonozuanvix ynueepcumemi, Kaynac, Jlumsa

“E-mail: suleimenova.te@gmail.com

Tyiiingeme. Kipicne. Tlomuakpun KelUKbUTbl koHe mommdTHieHuMuH (TITAK:TIIDU) wunHTeprespaik
JKy#eci OOMBIHILIA JKYPri3UIreH ajIblHFbI 3epTTeyiepae TuaAporenbaepaid 3:3 KartelHachiHIAa 24 caraTra
MakcuMmanabl OenceHiipy OaiiKairaHbl aHBIKTalgbl, Oy OChl KATbIHACTA OSJIEKTPOXUMUSUIBIK KOHE
KOH(MOPMALUSIIBIK KACHSTTEP/iH eJeysli e3repicTepiH KepceTemdi. Kymblcmbly MaKcamyl — yakbIT MEH
THIPOTEIBACPIIH OPTYPIl MOJSIPIIBIK KAThIHACTAPBIHA OANIAHBICTBI QJICI3 MOIHAICKTPOIUT MOJHAKPHUIT
kpimkbUIbl (FTTAK) men onci3 monuHeri3 nosau-2-metuin-S-suHuwinupuaud (rlI2MSBIT) apackinnarst
KAIIBIKTaH ©3apa OpeKeTTeCyiH 3epTrey. Bys ruaporenbaepiai KOHAYKTOMETpHs oHe pH-merpus
anicTepiMeH OJapbIH AIEKTPOXUMHUSUIBIK KaCHETTEPIH Tajiay apKbUlbl OeJICeHipy MYMKIHIITIH 3epTTey,
COHJIal-aK KOMITOHEHTTEP/IiH MOJISIPJIBIK KaTbIHACTAPBIHBIH THIPOTENbACPIIH MEHIIIKTI
9JIEKTPOTKI3TIIMTIIT MEH ICIHY JOpeXeciHe ocepiH aHBIKTay. AuvlHzan Hamudcerep. MaKcUMaiIbl
9NEeKTPOTKI3rimTiK MoHI 14.4 MkCwm/cM 2:4 KaTblHachIHAA 2.5 cararTa xereni, 6y pH kepceTkimiHig
MHUHUMaIAbl  MoHiMeH 4.4 colikec kenemi. Tek ITAK ruaporemi 6Gap 6:0 KarblHachiHzAA
3JIEKTPOTKI3TIMITIKTIH e3repicTepi MUHUMANIbI AeHreiae 1-2 MmxCm/cMm merinae KanraH, 6y [12MSBIT
ruaporeni 6onmaran xxarnaiina ITAK ruaporenbiHiH TYpaKkThUIBIFBIH KepceTeai. IciHy koadduimentTi e
YaKbIT TIeH THUAPOTENbACPAiH MOJIBIIK KAaThIHACBIHA OAMJIaHBICTBI JMHAMHKAIBIK ©3repicTepli KOpCeTTi.
Wunusuayanael ruaporenbain Katbicsinga rlIAK iciny xoaddunumenti 11-14 meringe TypakThl 0O0JIbIIT
Kajajbl, Oipak 24 cararta 1:5 KaThlHachIHOa MakcHUMaiabl MoHI 41 Kepceremi, Oy THAPOTEIbICPAIH
apachIHAFbl alTapibIKTall e3apa opekeTTecyniH 6ap OosyblH Ooikayra MyMKiHIik Gepeni. rII2M5BII-
HIH MakcHUMaJbl iciHy Koddduuuenti 7.5 xoHe 7.6 colikeciHmie 5:1 »xoHe 2:4 KaTbhIHACTapbIHZIA
3epTTeyAiH 2.5 caraThiHAa Oaiikanasl, OYJI OChI yaKbIT apalbIKTapbIHAa THAPOTENbICP/IiH OHTAIBI 63apa
opekeTTecyiH Kepcereai. Kopwuimuinowi. 3epTTeyiepliH HOTIKeJIepl OOMbIHIIA OacTankbl Ke3eHJE Cy
OPTaChIHBIH AIEKTPOTKI3TIIITIrIHAE alTapibIKTal aifblpMalIblIbIKTap OalkanManbl, Oipak yakbIT eTe Keje
KOMIIOHEHTTEP/IIH MOJIEKyJlaapaJlblK ©3apa SpeKeTTECTiriHe OailaHbICThI eJeyii e3repicTep Oaiikanaisbl.
AJBIHFaH HOTHKENep THUAPOTeNbICpaiH COPOLMSIIBIK KAaCHETTePiH METalAapisl aly MpoLecTepiHie
OHTaMIaHBIPY YLIIH MaliaaIbl 00Iybl MYMKIH.

Tyiiin ce3mep: iciHy ko3(duienTi, KambIKTaH opekerrecy dGhdexTici, HHTeprenabai xKyiie,
THIPOTelIbJIep, MEHIIIKTI AIeKTPOTKI3rimTiK, pH KepceTkiri.

[Mncymaounoe Tankpioex Koscamaiiynot Xumust 261161MOaAPbIHBIY OOKMOPSL, RPOGheccop
Cyneiimenosa Mepyepm Typexankuizol PhD odoxmopanm
I'pasicynasuuroc FOozac Buoac Xumus 2oLibimoapsinbly 0oKmopul, npogeccop
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Abstract. Introduction. Development of effective, cheap and environmentally friendly methods for
increasing oil recovery of reservoirs is one of the relevant problems of the oil industry all over the world
due to the decrease in the extraction of oil due to the decline in reservoir energy. In this regard, various
methods of increasing oil recovery in the fields are applied, including gas flooding. Enhanced oil recovery
(EOR) techniques play a crucial role in maximizing oil production from reservoirs. The purpose of this
work to investigate the integration of nanoparticles which has gained significant attention due to their
potential to address challenges associated with traditional EOR methods. Discussion. The paper focuses
on the fundamentals and application of surfactants and nanoparticle mixtures for enhancing oil recovery
through CO: flooding. One of the key challenges when using COz to increase oil production is controlling
gas mobility. Conclusion. In this paper, the potential of using surfactants and a mixture of surfactants with
nanoparticles to create a stable foam that reduces gas mobility and increases oil production is investigated.

Key words: enhanced oil recovery, nanoparticles, foam, surfactants, CO2 flooding, interfacial
tension, sol-gel method, polymers, dilational rheology
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1. Introduction

The oil industry faces two important challenges: enhanced oil recovery
(EOR) and environmental protection. The effects of petroleum products on soil,
water and air require special attention. A key factor in process optimization is the
study of the physical and chemical properties of petroleum emulsions and soil
dispersions. In this context, it is important to consider the effects of surfactants,
polymers, alkalines and nanoparticles. Modern materials science is actively
engaged in the development of new nanodisperse materials. The study of the
formation of surface-active adsorption layers at the interface of phases, as well as
picketing emulsions, is important for the prediction and development of effective
EOR methods.

Injecting carbon dioxide (CO.) into oil reservoirs has emerged as a
promising technique for enhanced oil recovery (EOR). Not only does this
approach enhance oil production, but it also contributes to mitigating climate
change by sequestering CO. underground. However, one of the significant
challenges faced by CO- injection projects is mobility control. High CO, mobility
can lead to unfavorable and unsuccessful outcomes.

The study by Yousef at al. (2020) investigates the ability of this novel
approach to generate stable foam in porous media, even at extreme conditions
such as supercritical CO; (sc-CO,) and high temperatures. Coreflood experiments
demonstrate that the use of surfactants and surfactant-nanoparticle mixtures
significantly improves oil recovery compared to traditional methods. The addition
of nanoparticles to surfactants further enhances recovery rates, making this
approach a promising avenue for efficient EOR [1].

Nanotechnology has emerged as a promising tool for EOR from mature
reservoirs. The study by Cheraghian et al. (2020) provides a comprehensive
overview of the application of nanotechnology in EOR. The authors discuss the
various types of nanomaterials used in EOR, including nanoparticles, nanofluids,
and nanoemulsions. They also highlight the different mechanisms by which
nanomaterials can improve oil recovery, such as wettability alteration, interfacial
tension reduction, and mobility control. The review also addresses the challenges
and limitations associated with the use of nanotechnology in EOR, such as high
costs, environmental concerns, and the need for further research and development.
Overall, the study emphasizes the significant potential of nanotechnology to
revolutionize EOR and contribute to sustainable oil production [2].

The use of nanoparticles in EOR has gained significant attention in recent
years. The study by Iravani et al. (2023) provides a comprehensive review of the
application of nanoparticles for EOR purposes, covering both the history and
current challenges. The review highlights the various mechanisms by which
nanoparticles can improve oil recovery, including wettability alteration,
interfacial tension reduction, and mobility control. The authors also discuss the
challenges associated with the use of nanoparticles in EOR, such as nanoparticle
stability, transport, and retention in porous media. The review concludes by
highlighting the potential of nanoparticles to revolutionize EOR and the need for
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further research to address the existing challenges and unlock their full potential

[3].
In this paper, we delve into surfactant and nanoparticle interactions, explore
their industrial applications, and discuss the potential impact on oil recovery.

2. Surface-active properties

A recent study investigated an enhanced foam-flooding system that
incorporates nanoparticles and polymers under geological conditions of a
reservoir.

2.1 Foam Formulation

The system primarily consists of an anionic foaming agent (CQS-1) and a
nonionic surfactant (FH-1). Researchers screened 17 foams based on foaming
volumes and foam half-lives. Nanoparticles were selected after evaluating each
foam’s concentration, the ratio of the main agent to the auxiliary agent, and the
foam stabilizer dosage [4].

2.2 Microstructure and Rheological Properties

The selected system’s microstructure and rheological properties were
analyzed. This included assessing the reservoir’s adaptability to temperature
resistance, salt tolerance, and adsorption resistance. The study supported the field
application of CO, foam flooding.

Surface dilational rheology is a critical aspect of foam behavior. It involves
determining the surface dilational moduli by observing changes in surface
tensions and interface area during bubble sinusoidal oscillation (Hongsheng, et
al., 2016). Understanding these properties helps optimize foam stability and
performance [5].

Surfactant properties play a key role in the processes of improving oil
production using mixtures of surfactants and nanoparticles. Let's look at some
aspects related to this topic:

Surface tension: Surfactants reduce the surface tension between oil and
water, which contributes to the formation of effective foam systems. This makes
it possible to increase the contact between the phases and improve oil production.

Stabilization of foaming: Surfactants and nanoparticles stabilize foaming in
the COy/water system. This helps to reduce CO: mobility and increase oil
production.

Research in this area is ongoing, and understanding the surface-active
properties of surfactant and nanoparticle mixtures will help develop more
effective methods to improve oil production.

2.2.1 Interfacial Tension Reduction

The interfacial tension (IFT) between CO; and crude oil is a critical factor
influencing the success of CO; flooding in enhanced oil recovery (EOR). The
injection of CO; into a reservoir can lead to a reduction in IFT, promoting better
miscibility and mobilization of the trapped oil. The extent of this IFT reduction is
significantly influenced by both pressure and temperature, as highlighted in the
study by Yang et al. (2015) [6].
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The Impact of Pressure

The researchers observed a general trend of decreasing IFT with increasing
pressure, which can be attributed to the enhanced solubility of CO, in the oil
phase at higher pressures. This increased solubility leads to swelling of the oil and
a reduction in its viscosity, facilitating its flow through the reservoir. However,
the presence of heavy components, such as asphaltenes and resins, in crude oil
can hinder this IFT reduction at elevated pressures. The study observed that the
IFT reduction rate slowed down considerably at higher pressures, particularly for
heavier crude oils. This phenomenon can be attributed to the precipitation of
asphaltenes at high pressures, which can adversely affect the interfacial properties
and hinder oil recovery.

The Impact of Temperature

Temperature also plays a significant role in influencing IFT. The study
revealed that increasing temperature generally leads to a further decrease in IFT.
This behavior can be explained by the increased molecular motion and decreased
viscosity of the fluids at higher temperatures, which promotes better mixing and
interaction between CO, and oil.

—a— 45T

—o—50 T
w0

—¥— 1257

0 10 0 n an ()
Pressure, MPa

Figure 1 - Interfacial Tension of CO2 + Crude Oil Systems at Different Temperatures

The figure 1 shows that interfacial tension leads to pressure change for the
state of crude oils. In addition, the rate of regulation of interfacial tension is also
dependent on temperature, with higher temperatures resulting in a faster initial
decrease in interfacial tension.

The study by Alvarado et al. (2010) investigated the interfacial tension (IFT)
between CO; and reservoir crude oils, as well as CO; and hexadecane, under high
pressure and temperature conditions. The researchers observed that IFT decreased
rapidly with increasing pressure initially. However, as pressure continued to rise,
the decrease in IFT slowed down due to the presence of heavy components in the
crude oils. The study also highlighted that ultra-low or zero IFT was not achieved
in CO, + crude oil systems, whereas CO, + hexadecane systems exhibited
vanishing IFT and miscibility at 318.15K [7].
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2.2.2. Adsorption at Interfaces

Surfactants play a crucial role in various applications due to their unique
adsorption properties and surface activities. Specifically, when surfactants adsorb
at the gas-liquid interface, they form a protective monolayer around gas bubbles.
This monolayer acts as a barrier, effectively preventing gas bubble coalescence
and drainage (Yang, et al., 2015). The phenomenon of surfactant adsorption at
solid/liquid interfaces is also of interest, as it significantly influences the
wettability of solid surfaces and provides stability to dispersions of solid particles
in liquids [6].

3. Methods of stabilizing CO; foam

During CO; flooding of oil reservoirs, foam stabilization plays a crucial role.
Foam reduces the mobility of injected CO-, inhibits gas channeling, and improves
sweep efficiency. There are several methods of foam stabilization (Hartono, et al.,
2024) [8].

3.1 Sol-Gel Method

The stability of CO, foam is essential for its effectiveness in various
applications, including enhanced oil recovery (EOR) and in-situ carbonation. The
study by Ngo et al. (2024) explored the use of a sol-gel method to stabilize CO,
foam for enhanced in-situ carbonation in foamed fly ash backfill materials. The
researchers found that the addition of CO and sodium silicate (SS) to an anionic
surfactant solution led to the formation of a stable foam with reduced drainage
and strengthened liquid films. The gel network formed by the reaction of SS with
CO; further enhanced foam stability by adhering to the foam surface. The
stabilized foam exhibited improved mechanical properties, making it suitable for
use in foamed backfill materials. The enhanced in-situ carbonation achieved with
the sol-gel-stabilized CO, foam has the potential to improve the strength and
durability of backfill materials, contributing to more sustainable mining practices
[9].

3.2 Particle/Cationic Surfactant Mixtures

Foam stability is a critical factor in various industrial processes, including
enhanced oil recovery (EOR). The study by Amankeldi et al. (2023) investigated
the use of surfactant/SiO2 composite nanofluids as foam stabilizers. The
researchers examined the effects of different chain lengths and concentrations of
the cationic surfactant CTAB (cetyltrimethyl ammonium bromide) on the
performance of CTAB-SiO2 nanofluids. The results showed that the addition of
SiO2 nanoparticles enhanced foam stability compared to using CTAB alone. The
optimal concentration of CTAB for foam stability was found to be 0.5 mM. This
study highlights the potential of using surfactant/SiO2 composite nanofluids as
effective foam stabilizers in various industrial applications. Figure 2 by
Amankeldi et al. (2023) visually demonstrates how the interaction between
cationic surfactants and silica particles affects their behavior and, consequently,
the stability of the foam. In the absence of surfactants, the particles repel each
other due to the negative surface charge. As the surfactant concentration
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increases, monolayer adsorption occurs, leading to hydrophobic attraction and
particle flocculation. A further increase in surfactant concentration leads to the
formation of a bilayer and a change in the surface charge of the particles to
positive, which causes their redispersion due to electrostatic repulsion [10].

Particle Particle Particle

3 , , ‘ E AP OIRY
\ ra il \

R AR

(~) Repulsion Hydrophobic Attraction (+) Repulsion
STEY, Q2

/\ )}A{K ] Y 1
Particle Particle Particle
(a) (b) (c)

Figure 2 - Microcosmic behavior of two silica particles during different stages of surfactant adsorption:
(a) without any adsorption; (b) monolayer adsorption; (c) bilayer adsorption.

(a) Pure C.TAB

Cio*Si Cu#Si CutSi Cis*Si

Figure 3 - Morphology of foams generated with (a) pure CnTAB and (b) CnTAB-SiO2 mixed sol

Figure 3a by Amankeldi, F. et al (2023) shows the foam morphology for the
pure surfactants at a concentration of 1 x 1073 mol/L, taken 10 minutes after foam
formation. It was observed that with increasing surfactant chain length, the bubble
size decreased and the bubble shape became more spherical. Figure 3b shows that
for all CnTAB-SiO2 blends, the bubbles generally appeared more spherical, more
uniform and smaller, resulting in an effective packing density without significant
bubble deformations [10].

3.3 Nanopatrticles and Viscosifiers

Nanocellulose-based Pickering emulsions face a challenge due to the
hydrophilic nature of nanocellulose, which prevents effective interactions with the
oil phase. However, in research by Agustin et al. (2023) they have found a
solution by incorporating lignin nanoparticles (LNPs) as co-stabilizers. These
LNPs help decrease oil droplet size and slow creaming, especially at pH 5 and 8,
with increasing LNP content. Interestingly, emulsification at pH 3, along with
LNP cationization, leads to droplet flocculation and rapid creaming. By adding
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LNPs either before or simultaneously with nanocellulose, stability improves due
to enhanced interactions with the oil phase. Moreover, these Pickering emulsions
can be freeze-dried, resulting in a solid macroporous foam that acts as an
adsorbent for pharmaceutical pollutants. This innovative approach offers a green
and cost-effective method to stabilize biphasic systems using bio-based
nanomaterials without complex modification procedures [11].

4, Stabilization of Foam During CO- Flooding Using SiO, Nanoparticles

SiO: nanoparticles hold significant promise for enhanced oil recovery (EOR)
applications. However, their initial surface properties alone are insufficient to
play a substantial role in EOR. Recent studies by Iravani et al. (2023), Rizvi et al.
(2024), Cheraghian et al. (2020) have demonstrated that functionalizing SiO:
nanoparticles can significantly enhance their effectiveness in promoting EOR. As
a result, there is considerable interest in exploring the application of
functionalized SiO: nanoparticles in EOR These functionalized nanoparticles
exhibit various properties that enable mechanisms such as improved wettability,
reduced interfacial tension, enhanced thermal stability, selective plugging, fluid
diversion, and catalytic effects [3,12,2].

Engineered nanoparticles have shown great potential in enhancing oil
recovery (EOR) due to their unique properties and ability to interact with
reservoir fluids and rocks. The study by Ejike and Deumah (2022) provides a
concise overview of the application of engineered nanoparticles in EOR. The
authors discuss the different types of engineered nanoparticles used in EOR,
including silica nanoparticles, metal oxide nanoparticles, and carbon nanotubes.
They also highlight the various mechanisms by which engineered nanoparticles
can improve oil recovery, such as wettability alteration, interfacial tension
reduction, and mobility control. The study also addresses the challenges and
opportunities associated with the use of engineered nanoparticles in EOR. The
authors emphasize the importance of careful design and selection of nanoparticles
to ensure their effectiveness and minimize any potential environmental impacts.
Overall, the study provides a valuable overview of the current state of engineered
nanoparticle applications in EOR and highlights the potential for further
advancements in this field [13].

Another important outcome of the core flooding experiment was the oil
recovery factor (RF) during foam flooding. Tables 1 and 2 show recovery factor
during SF and NAF flooding to cores (cores 3 and 4) saturated with oil 1 and oil
2, respectively.
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Table 1 — Recovery Factor (oil 1)
Cumulative oil Cumulative oil Original Recovery Recovery
(no produced for produced for oil in factor for factor for
asphaltene) SDS SDS + NPs place SDS SDS + NPs
5ml 8.10 ml 13.36 ml 37.42 % 60.65 %
Table 2 — Recovery Factor (oil 2)
Cumulative oil Cumulative oil Original Recovery Recovery
(high produced for produced for oil in factor for factor for
asphaltene) SDS SDS + NPs place SDS SDS + NPs
4 ml 9ml 13.19 ml 30.33% 68.23%

The recovery factor increase from approximately 38 % to 61 % demonstrates
that the foam flooding technique improved oil recovery, but its efficiency is
limited without the destabilizing effect of asphaltenes. The addition of
nanoparticles in the foam formulation further increases oil recovery, suggesting
that nanoparticles enhance foam stability and mobility control. The recovery
factor for oil 2 reached almost 69 %, indicating that nanoparticle-stabilized foam
is highly effective for heavy oil with high asphaltene content. The higher recovery
factor compared to synthetic oil implies that nanoparticles can counteract the
destabilizing effects of asphaltenes and significantly improve foam performance.

Overall, the results underscore the importance of incorporating nanoparticles
into surfactant-based foam formulations to optimize oil recovery, particularly in
reservoirs with challenging oil compositions. The comparison between the two
oils highlights that nanoparticle-enhanced foams can effectively increase the
recovery factor by providing better stability and mobility control, even in the
presence of high asphaltene content

5. Conclusion

In summary, the application of surfactants and nanoparticles in enhanced oil
recovery (EOR) processes holds significant promise. By reducing interfacial
tension and enhancing foam stability during CO. flooding, these additives
improve oil recovery from reservoirs. Key areas of focus include surface-active
properties, microstructure, rheological properties, and adsorption at interfaces.
Additionally, methods such as the Sol-Gel approach, particle/cationic surfactant
mixtures, and SiO; nanoparticles contribute to stabilizing CO; foam.
Understanding the role of polymers in liquid lamellae is crucial for optimizing
EOR efficiency. Overall, this research area continues to evolve, offering
innovative solutions for sustainable oil production.
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Tyiiinaeme. Kipicne. MyHaii eHIIpyi apTTBIPYABIH THIMII, ap3aH >KOHE JKOJOTMSUIBIK Ta3a dJiCTepiH
Kacay KabaT OSHEprusiChIHBIH TOMEHJeyiHe OaillaHbICTBl MYHAil ©HIpY KeJIeMiHiH TeMeHeyiHe
OaililTaHBICTHI JYHHE XKY3iHIEri MyHall ©HEpKoCiOiHIH e3eKTi MocenenepiHiH Oipi OoNbII TaObLIAIBL.
OcplfaH 0ailIaHBICTBI KEH OpPBIHAAPBIHIA MYHAHIBIH OepiayiH apTThIpy YILIH OpTYpii ojicTep
KOJIIaHBLIA/Ibl, COHBIH IIIiHJAE a3 TacKbIHbl. MyHall eHIIpYIiH JKETUAIpUIreH omicTepi KabaTrapaaH
MyHail eHJipyai OapblHIIA apTTHIPyJa MaHBI3IBI POl aTKapaabl. byn owcymvicmely Makcamsl MyHan
OHIPYAIH JOCTYpli JKaKcapTBUIFaH OficTepiMeH OalaHBICTBI MOCENCIepAl MLICIIyre oJeyeTiHiH
apKachlHAa YIIKSH Ha3zap aylapbUlFaH HAHOOOJIIEKTepAl MaijainaHyabl 3epTTey OOJNbIT TaObLIAIbL
Tanxvinay. byn makanaga CO2 TacKbIHBI apKbLIbI MYHAH/IbI KaKCAPTY YIIiH OCTTIK OejceH/i 3aTTap MeH
HaHOOOUIILIEK KOCHAJIapbIHBIH HEri3epi MeH KOJIAaHbUIYbl TAJIKbUIAHAAbl. MyHalIbIH OepinyiH apTThIpy
yuin CO2 maiijananynarbl HEri3ri KHBIHABIKTApAbIH Oipi Tra3jiblH KO3FAIFBIIITHIFBIH OaKpuiay OOJBIIN
Tabbutanbl. Kopuimeinovl. By KyKat ra3iplH KO3FalIFbILITHIFBIH TOMEHCTETIH XKHEe MyHall[bIH Oepinyin
apTTHIPATHIH TYPaKThl KOOIK jkacay yLIiH Oerrik-Oencenni 3arrap MeH BA3-HaHOOeIIek KocnalapbiH
naiianany olieyeTiH 3epTTeni.

Tyiiin ce3iep: xakcapTbulFaH MyHail Oepy, HaHoOemekTep, ke0ik, Oerrik Oencenai 3arrap, CO2
TacKbIHBI, (pa3zaapajblk Kepily, 301b-Tellb dJIici, IOIUMepIIep, KEHEI0 PEOTOTHACH!
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Pe3tome. Bsedenue. Pazpadborka 3 heKTUBHBIX, ACMIEBBIX U YKOJIOTHYECKU YUCTHIX METOJOB HOBBILICHHS
He()TEOTaaul IUTACTOB SBISIETCS. OAHOM M3 aKTyalbHBIX MPOOIeM He(TSIHOM MPOMBINUICHHOCTH BO BCEM
MHpE B CBS3M CO CHIDKCHHEM J00BIMM He()TH M3-3a CHIDKCHHS JHEPrUM IUlacta. B CBA3M ¢ 9TuM
MPUMEHSIIOTCS Pa3JIMYHbIC METOJbI [OBBILICHHUS HEPTEOTHAYH HAa MECTOPOXKICHHAX, B TOM YHCIEC
3aBOJIHCHHE IUIaCTa ra30M. MeToJbl MOBBILICHHS HEPTEOTAaYM WIPAIOT PEIIAIOIIYI0 pOJib B
MaKCUMHU3aluu J00bluM He)TH u3 IIacToB. [leavio OanHol pabomel SBISETCS HCCISIOBAHUE
HCIIONIb30BaHMsI HAHOYACTHII, KOTOPOE TPUBICKIO 3HAYATENbHOC BHUMAHHE OJarofapsi WX MOTCHIIHATY
peuieHust TpobiieM, CBSI3aHHBIX C TPAAMIHMOHHBIMU METOAAaMH MOBbIIeHUsT HedTeoTaaun. ObcycoeHue.
B cratbe paccMaTpuBalOTCS OCHOBBI M IMPHUMEHEHHE IOBEPXHOCTHO-aKTHBHBIX BEIIECTB W cMecei
HAHOYACTHUIL JUISl TOBBILICHAS HEPTEOTAaYM IUIACTOB MOCPEACTBOM 3aBojHeHus wiacta CO2. OxHoil u3
KIIIOYEBBIX mpobieM mpu ucnoib3oBaHud COz Uil NOBBILEHHS TOOBIMHM He(TH SBISIETCS KOHTPOJb
MOABIDKHOCTH Tra3a. 3axnwouenue. B HaHHOH cTaTbe HMCCIACAYCTCs IMOTCHLHMAN HCIOIb30BAHHUS
MMOBEPXHOCTHO-aKTUBHBIX BELIECTB M CMECH IOBEPXHOCTHO-aKTHBHBIX BEIIECTB C HAHOYACTHUIIAMH JUIS
CO3/IaHHsl YCTONYMBOM TEHBI, KOTOPAsi CHIKAET TTOJIBHKHOCTD ra3a M YBEJIMYMUBACT 100b14y HE(PTH.

KuiioueBbie cj10Ba: NOBbIIEHHE HEPTEOTAYH, HAHOYACTHUIIBI, TIEHA, TOBEPXHOCTHO-AKTHBHbIC BEIIECTRA,
3akayka CO2, MexdazHOe HATSDKEHUE, 30J1b-T€JIb METO/I, OJIMMEPHI, UIaTallMOHHAs PEOJIOTUs
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SYNTHESIS OF NEW ION-EXCHANGE SORBENTS ON AN
ORGANOMINERAL BASIS

"K.A. Sadykov'?, N.A. Bektenov*?, T.K. Chalov?, N.S. Chinibageva?,
N.S. Zhusipbekova?, A.K. Baidullayeva?

INJSC “Abai Kazakh National Pedagogical University , Astana, Kazakhstan
2]JSC Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan

“E-mail: kanat.sadykov.80@bk.ru

Abstract. Introduction. According to scientists, the shortage of drinking and fresh water may
become a global environmental issue. This article discusses the synthesis of new ion exchangers using
natural resources. An ion-exchange sorbent was synthesized from the mineral vermiculite for the sorption
of metal ions from water resources. Purpose: To create an organomineral sorbent using vermiculite and
epoxyacrylate copolymers and evaluate its sorption properties for MoO4+*~ and ReOs™ ions. Methods:
Synthesis was conducted in a microwave at 300 W for 10 minutes, with orthophosphoric acid amounts
increased two- and threefold. Results and Discussion: The sorbent is suitable for hydrometallurgy and
water purification. Optimal conditions for modifying vermiculite with glycidyl methacrylate and
orthophosphoric acid were established. The static exchange capacity for a 0.1 N HCI solution was 5.91
mg-eq/g. Sorption capacity reached 39.8 mg/g for MoO4+* ions (94% recovery) and 39.06 mg/g for ReOa~
ions (96% recovery). Conclusion: The studies demonstrated that the organomineral sorbent exhibits high
sorption capacity for MoO4*" ions, reaching 39.8 mg/g with a recovery rate of 94%, and for ReO4™ ions,
the sorption capacity was 39.06 mg/g, with a recovery rate of 96%.

Keywords: ion exchangers, sorption tank, epoxyacrylate copolymer, modified mineral, vermiculite,
organomineral sorbent
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OPI'AHOMMHEPAJI HET'T3IHAEI'T X)KAHA HOHAJIMACTBIPFALL
COPBEHTTEP CUHTE3I

“K.A.Caovixoe'?, H.A.Fexmenoe*?, T.K. Yanoe®, H.C. Yunubaesa,
H.C. XKycunéexoea', A.K. Baiidynnaeea’

Y«Abaii amvindasvr Kazax yimmuix nedazozuxanois ynueepcumemi» KeAK, Anmamo, Kazaxcman
2«0.5. bexmypos amvinoazel Xumus biibMOapsl uncmumymoly AK, Anmamol, Kazaxcman
“E-mail: kanat.sadykov.80@bk.ru

Tyiiinaeme. Kipicne. FanpiMpapapiH Oomkambl OOMBIHINIA, aybl3 Cy MEH TYIUbBI CyJbIH TANIIBUIBIFBI
QNIEMJIIK 3KOJIOTHSIBIK MpobieMara aiHamybl MyMKiH. OCbhl MOCENICHIH IIEHIiMi JKOJOTHSIIBIK Kayinci3
MopudUKauUsIaHFaH cOpOeHTTep OOoNysl MyMKiH. Makanazga TaOuFu pecypcTapisl KOJAAHY apKbLIbI
JKaHa MOHAJIMACTBIPFAIITAPABIH CHHTE31 KapacThIpbUIabl. BEpMUKYIUT MUHEPAIBIHBIH HETIi3iHIC METaILT
HOHJIAPBIH Cy pECypcTapblHaH copOLuMsulayFa apHajlfaH HOHAIMacy COpOCHTI alblHIbL. Kymvicmbly
Makcamsl — BEPMHUKYIIUT TI€H 3MOKCHAKPUIIAT COMOJIMMEpIIep] HETI3iHAeri OpraHOMHHEpPaIbl COPOCHT
any. Ansiaran copOeHTTiH MoO+*, ReOs HOHIapblHa KaThICTbl COPOLMSIIBIK KAaCHETTEpiH 3eprTrey.
Ooicmep: CunTe3 MHUKpOTONKbIHAB! nemTe 300 BT Kyarmen 10 muHyTTa 0pTodhoCchOp KBHIIKBUIBIHBIH
MaccachlH 2 jKoHE 3 ecere apTThIpa OTBIPBIN KYPri3ingi. Homuoicenep men manxvliaynap: AJbIHFaH
COpOEHT rUIPOMETAILTYPrHsi/ia, HIapyallbUIbIK-aybI3, OHIIPICTIK KOHE aFbIH/IbI CyJapAbl TYPJIi JaCTayIIbl
3aTTapiaH Ta3zapTyga KoJiaHyra ojeyerTi. TaOufu MHHEpaNJIblK MIMKI3aTThl  (BEPMUKYJIUTTI),
TITHLIUIHIMETaKPUIAT JKoHe OpTO(ochOp KBILIKBUIBI COMOIUMEpPIIepiH MOAU(HUKAIMUIIAYABIH OHTANIIBI
miaprrapsl  aHbikTanael. Opranomunepanasl copOentriH 0.1H HCl epitingici OoWbIHIIA CTaTHKAJIBIK
anMacy chldbIMABUIBIFEL 5.91 wMr-ske/r TeH. CopOentiniH MoO4*", ReOs  HOHIapblHA KaTHICTHI
COPOIMAIBIK CHIBIMIBUIBIFE ePITIHIIepAiH KOHICHTPAUsAChIHA OallIaHbICTEI 3ePTTENi. KopbimblHObl:
3eprreyinep opraHomuHepanabl copOeHTTiH MoO4+*" xoHe ReOs  HMOHAAphl YIIIH JKOFapbl COPOIMSIIBIK
CHIABIMIBLIBIFE Oap ekeHiH kepcerTi. MoO4*~ nonaaps! yuriH on 39.8 mr/r, an cinipy aapexeci 94%, an
ReOs™ moHmaps! yIiH copOLMsUIbIK ChIABIMABUIBIK 39.06 MI/T, CiHipy nopexeci 96%.

TyiiiH ce31ep: HOHATIMACTBIPFBIIIITAP, COPOLHSIIBIK CHIMBIMIBLIBIK, STOKCHAKPUIAT COMIOIUMEPI,
MoU(UKaUsIaHFaH MUHEPaJl, BEpPMHUKYJIUT, OPraHOMUHEPAJIIbl COPOCHT.

Kanam Omipkynynst Cadvikos SbLILIMU KbI3SMEMKep, a2d OKbIMYuiblL
Hecinxan Qoacanapynot bekmenos XUMUSL 2bLTLIMOAPBIHBIH OOKMOPb, NPogheccop
Yanoe Tonezen Kamenosuu XUMUSL bLTLIMOAPBIHBIY OOKMOPbL, NPogeccop
Yunubaesa Hypycan Capcendaesna XUMUSA BLTLIMOAPBIHBIY KAHOUOAMbL, A2d OKbINYULbL
Kycunoexosa Hypcyny Capcenosna XUMUS 2BITLIMOAPBIHBIH KAHOUOAMbL, A2Ad OKbIMYULbL
Baioynnaesa Aunaw Kaiipamosna UHOICEHeD, OKbLMYULbL

1. Kipicne

Cynarpl MeTaJUI HOHAAPBIH Ta3apTyAbIH 3KOJOTHSUIBIK THIMAI MEeiMAEPiHiH
Oipi mBIFy Teri TaOWFW >KOHE JKacaHIbl HMOHAIMACTBIPFAll CcoOpOeHTTepl

naianany OOJIBIIT TaOBUIAEL. Moaudukanusianrad LIEOJIUT
(MALO,(Si0;)(H0)y, mynnasrst - M - H*  memece Na®™  wuompmapsl,
MOHTMOPHJUIOHUT (Al,(Si14,019)(0OH), - nH,0) JKOHE BEPMHUKYJIUT

((Mg*?,Fe*?, Fet3);3[(AlSi)4040] - (OH), - 4H,0)  cuskthl  copOeHTTepi
3epTTey KOHE KOJAaHy OJapAblH KEYeKTUIrl MeH aKTHBTEHIIpireH
OPTaJIBIKTAPBIHBIH 00JTybIHA OaliTaHBICTI KapacThipbuia sl [1-3].

Kazipri yakpiTTa eHepkocinTe joHe Oacka cajamapia KOJIIAHBUIATHIH
COpPOCHTTEP/IIH KOMIIIri KbIMOAT UMIIOPTTHIK MaTepuaiijap OOJbII TaObLIaIbI
KOHE opAalbIM Tananrtapra coiikec kene Oepmeiini. OcbiFan OaiIaHbICThI KOFAPHI
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COPOLIMSITBIK CBHIABIMBUIBIKKA, KaKcapThUIFaH (bU3MKa-XUMUSIIBIK
cUmaTTaManapbl 0ap, Kaiita maiijanaHyra skapamMabl OTaHIBIK HOHAJIMacy
copOeHTTEpiH aTyAbIH KOJDKETIMIII JKOHE THIMIl 9/iCTepiH d3ipiiey FhUIBIM MEH
9KOHOMHKA KAKETTUTIKTEPIH KaHAaFaTTaHIBIPY YIUiH MaHBI3ABI MiHIET OOJIBII
TaOBUIABL.

3epTTeynep KOPCETKeHIEH, BEPMHUKYIUT ayblp MeETaIJapAblH opTYpIi
nonzapeiH, mbicanel Ni (1), Cu (1), Pb (II) xone Cd(II) wonmapbiH Cyiibl
epiTinainepaeH xorora THiMaitiria kepcetked. Ni (II) HOHIapBIHBIH BEPMUKYIHT
OeTiHe copOmmsutaHy Mexanm3Mi Han skoHe Oacka a aBTOPJIApABIH KYMBICHIHIA
erKeH-TerKEHI KapacThIPBUILIN, OYyJI MpOIEecTe KabaTapaiblK KEHICTIKTEpPIiH
HICIIYITi POJI aTKApaThIHBIFGI aTal oTiireH [4-7].

BepMukynutTi  Moaudukanusiay OOWBIHIIA 3epTTEYyJep MBIHAJIAP.IBI
KaMTHUIBI: XAMUSIIBIK aKTHBAIHS- CUITLI €PITIHIIIEP i, MBICAITBI, HATPUIII )KOHE
OpTaHMKAJBIK KOCBUIBICTApbI Maiiiaany BEPMUKYIUTKE HETi3eNITeH COPOCHTTIH
COpPOIVSIIBIK ~ CBIMBIMABUIBIFBIH ~ apTThipaabl. HartpuiiMen Monudukauusiay
BEPMUKYIJIUTTIH KYPBUIBIMBIHIAFBI KaOaTapaliblK KAIIBIKTHIKTBl apTTBIPaIbI, OJ1
JaHTaH MOHBIH ancopOuusaiinel. HatpuiiMen Moaudukanusiay MakcaTThl HOH
anmacy copOeHTiH Oepeni. Bytunamuamen moaudukanusiay BEepMHUKYIHTTIH
oetinme kopracelH (II) xome kammuii (II) CHAKTBI ayplp MeTaI HOHIAPHIH
aICOpOLMSIIANTBIH aMUH TONTAPBIH TyabIpansl. COHABIKTAH MOJU(HKAUIIAHFAH
BEPMUKYIIUTTIH COPOIMSIIBIK CHIABIMIBLIBIFBI apTaspl [8-11] .

KpimkpuiMeH 1maiManay - KbIIIKbUIIAPAGl TMaianaHy akayiaapAblH Hakja
OoxypiHa KoHE OETTIK ayJaHBIHBIH apTyblHa oKeJemi, Oyi e3 Ke3erinie
BEPMUKYJIUTTIH COPOLMSIBIK CHIABIMIBUIBIFBIH apTThIpasl [ 12-14].

KabarapanbIK KeHicTiKTepai MoauduKanusuiay - KadatapaiblKk KaTHOHAAP.IbI
aybICTBIDy  HEMece  XeJaTTayllbl  areHTTepAi  €HTi3y  BepMHUKYIHTTIH
CENIEKTUBTIIITI MEH COPOIMSIIBIK CHIABIMABLTBIFBIH JKaKcapTa sl [15-17].

KoMno3unusisik Matepuaniap - moJidMepiepMeH HeMece TaHUH KBIIIKbUIbI
CHSIKTBI Oacka MaTepHaiiapMeH BEPMUKYJIHUTTIK KOMITO3ULIMSIIBIK
MaTepHaIIaApAbl CHHTE3NIEY HOTIDKECIHAE KEYEKTUTIK, OCpIKTIK JKOHE copOmms
CHSIKTBI J)KOFapbl KacueTTepi 6ap copOenTrep anbiHa s [18, 19].

Anaiina, BEpMHKYIUT HeETi3iHIEri copOeHTTepIi adyIblH KOJIaHBICTAFbI
OIICTEepiHIIe YIBl pearcHTTEepAl KOJIaHy, JKOFaphl TeMIlepaTypaja oHACY >KOHE
MPOILECTIH Y3aKTHIFbI CHSKTHI OipkaTap kemmrinmikrep Oap. JKorapbina artanran
(dakTopnapAblH ocepiH a3aiiTy yIIiH TaOWFM BEPMUKYIUTTI MOJMMEPJCHETIH
OpTaHMKAaJIbIK peareHTTepAl naigananbin GU3NKa-XUMUSUIBIK OHICYAl, COHIal-aK
TYWipmiikTepaiH OeTiHe Tikelell HMOH anMmacy MalbIpplHAH OPTaHUKAIBIK 3aT
KabaThlH KaJlbINTAaCThIPY YCHIHBUIAABL. OCBI KYMBICTa aBTOpJiap KOJDKETIMII
TaOWFU MIMKi3aT — BEPMHUKYIUTTI (U3UKA-XUMHSIIBIK OHJIEYJeH OTKi3iIl,
MOAUGUKANMSIIANT JKOHE (PU3NKA-XUMUSIIBIK OHACYJACH OTKEH KeIIeHIepi
MOJIUMEPJIl  MaTepualfapiblH  OeTiHe  eHri3enl. Horwxecinne — xana
MonudHKauusIaHFaH — HOHaJIMacy  copOeHtrepi  anmbiHabl.  CopOeHTTepui
CHHTE3/ICY JKYMCAK JKarJaiiia 3MOKCHJITIK TONTAPJIbl KOHE JKOFaphl PEaKIIUSIIBIK
KaOiJIeTTI KOMIUIEKC TY3ETiH 3aTTap/bl Maiiaiany apKbUIbl JKY3€re achIpbLIajbl.
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By mporecc xem yakpIT T€H YJbl peareHTTepl MaianaHyapl Tajam eTHeii.
JKyMBICTBIH MakcaThl — aFbIHABI CyJapibl ayblp MeTalnapliaH Ta3apTyra
apHaJFaH BEpPMHUKYIUT HETi3iHAeri opraHOMWHEpalIIbl THIM/I KoHE KOJDKETIMIi
COpOEHTTI a3ipiiey.

2. 3epTTey HbICAHAAPBI MeH daicTepi

OpranomuHepanapl  COpOEHT  CHHTE31  KOICHITBUIFAH  BEPMHKYIIUT,
mmnuanamerakpuwiatr - (IMA),  akpmmonuntpun  (AKH) xome  85%-mpIk
optoochop KBIMIKBUIBI HETI3IHAC IKYPri3uiefi, MYHJa MacCajblK KaThIHAC
BepMHUKYIUT:70%-n61Kk  TMA:30%-nmeik AKH :  opTtodocdop  KbIIKBLIBI
1:0.35:0.15:1 Ten. Kocmansik maTepuan 300 BT KyaTTsl MUKPOTOJKBIH/IBI TICIIKE
10 munyTka (Temmnepatypa 110 °C) KpI3apIpy YIIiH OpHATIACTHIPBUIAABI. AJBIHFAH
copOent 'OCT Nel0896 «Honutrep. CoiHayFa qaiblHIAY» CTaHAAPTHIHA COHKEC
chIHaKKa maierHmanael. OpranomuHepanasl copoenTTid 0.1 mH HCI epitiamicine
KATBICTBI ~ CTaTHKaIBIK  anMacy  CceidbiMubuieiFel  (CAC)  oprtodocdop
KBIIIKBUIBIHBIH MeJtiiepine coiikec 4.70 Mr-ske/r -HaH 5.91 Mr-sk/r — ra JeiiH
KETTI.

Bepmuxynut-I'MA-AKH-H3 PO, opraHoMuHepaIbl COPOCHTTI CHHTE3/IeY MapTTaphl

Bep- | TMA | AKH | 85%-abik Mukpo- VaxpIT, Temme- | CAC,

MUK oprodoctop | TONKbIH MUH parypa, | mr-

VIHUT KBIIIKBUIBI KyaTbl, BaT °C 9KB/T
Toxipube 1 10 35 15 10 300 10 110 4.7
Taxipuoe 2 10 3.5 15 20 300 10 110 5.4
Taxipube 3 10 3.5 15 30 300 10 110 5.91

1-3 toxipubenep HOTHXKECIH]IE ANBIHFAH OPTaHOMHHEPAIIbI COPOSHTTEPIiH
CTaTHKaNBIK anMmacy ChIABIMIBUTBIFEI  (CAC) 85%-1p1k  opTOodochop
KBIIKBUIBIHBIH Moiepine OainanbicThl 0.1 H HCI Ootibiama 4.70 Mr-sks/r TeH
5.91 Mr-3KkB/T apanbIFbIHIA OOJIBL.

3. HoTm:kesiep :koHe 0JIapabl TAJKbLIAY

OpraHomMuHepanasl COpPOSHTTEPAl SMOKCHATIK XoHE Qochop TomTapbeiH
TAaOWFHU IINKI3aT — BEPMHUKYJIUT OETiHE OTHIPFBI3Y apKbUIBI AJILIHFAH COPOSHTTIH
(Bepmukymur-I'MA-AKH-H; PO, ) UK-criektp nepexrepi hochop KbIIIKBIIBIHBIH
OH-tonTapel MeH ¢ocdop aToMaapbl apachiHAa IIIKI MOJIEKYJAIBIK CYTEKTiK
Oaitnanpic 6ap ekeHiH pactaiiabl. ®ocdop KerukpuTBIHAAFE P=0 (1223; 1298 cm
Y, P-O-C (1081 cm™); P-O-CH3 (1173 cm?), commaii-ax rumpoxcmnbai OH-
tonraps! (1407 cvm®; 3201; 3441 cm™*) MIK-cniextp xomnareiHaa kepinesi (cyp. I).
P=0O (1223; 1298 cm'), P-O-C (1081 cm?), P-O-CH3 (1173 cm?)
(YHKIMOHANIBIK TONTAphlHA COMKEC KENETIH TOJKBIH Y3BIHABIKTaphl (ocdop
TONTApPBIHBIH BEPMHUKYJIUT COpOCHTIHE COTTI EHTI3UIreHiH Kepceremi. byn
TONITapAbIH 00Tyl MOIU(HUKaLUsIIaHFaH cOPOEHTTIH (ochop KBIIKBUIBIHA YKCAC
CYTEKTIK OallaHBICTAp MEH JJIEKTPOCTATHKAIBIK 9cepiecyliepre He EKeHIiH
kepcereni. I[mapokcnmins Ttomrapsl (Gocop KBIIKBUIBI  MOJEKyJalapbIMeH
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CYTeKTiK OalJaHBICTap OpHATyJa MaHBI3IBI POIl aTKaphIN, COPOLHUsS IMpoleciHe
pIKITan eredi. OpraHoMuHEpanAsl COPOCHTTIH KYPBUIBIMBIHIAFBI CYTEK JKOHE
dochop TONTAPBIHBIH OOJYBl MOJICKYJApajablK CYTEKTIK OalJaHBICTapAbIH
Ty3inyiH xeHingereni. TMA xone AKH comonumepi apKpuibl MoanUKaLHsIAY
BEPMUKYJIUT COPOCHTIHIH KYPBUIBIMBIHA KOCHIMITA (DYHKITMOHAIIABIK TOTTAPIIBI
€HT131M, OHBIH HOHAJIMAacCy KaOiJleTiH apTThIPaIbl.

L

Absarbance

aooo  asio T Taoo " est0 i 2000 T s " 1odo . o0
Wavarumbars (cm-1)

Cyper 1 - Bepmuxynur-I'MA-AKH-H; PO, opraHomunepainist copbentinig UK-crnexrpi

MoaudukanusimanFad  TaOUFM ~ MUHEpalAbl  IIUKi3aT  (BEPMHUKYJIUT),
[ITUIMIUIMETaKpHIIaT COMOIUMEpIIEpl koHe opTOPoctOp KBIIKBUIBI CHUHTE31HIH
OHTAWNBl MIAPTTApBIH  aHBIKTAy YIOIH OacTamkpsl — peareHTTepAiH  apa
KATBIHACHIHBIH,  TEMIIEPAaTYpaHbIH  (MUKPOTOJNKBIHIBI ~ KyaTTBUIBIK)  KOHE
MPOLECTIH Y3aKTHIFBIHBIH CTATUKAIBIK aJIMacy ChIHBIMABUIBIFBIHA 9CEpi 3epTTENII.

Ocputaiilia,  MHKpPOTOJIKBIHIABI ~ 9AiC  apKpUIbl  MOIU(HUKaLUSIaHFaH
BEpPMUKYJIUT, TIIHIUIAIMETAKPIIIAT  COMOJMMEpPIepi  xkoHe  opTodocdop
KBIIIKBUIBl HETi3iHIEe CHUHTE3JeYAIH OHTainbl maptrapsl Bepmukynut-I' MA-
AKH-H3 PO, KOMITOHEHTTEPiHIH 1:0.35:0.15:3 apaKaThIHACBIMEH
MUKPOTOJIKBIHIBI COYJIETICHIIPY apKbUIbl aHBIKTANIBL. HoTWXKeciHle alblHFaH
OpraHOMHUHEPAJIbl COPOCHTTIH CTATHKAIBIK anmacy chlitbiMabuibirbl 0.1 H HCI
epitinici 0o¥ibiHIa 5.91 Mr-skB/T Kypas! (kecte).

Mouaubaat nonaapsin (MoO4*) Moaenbi epiTinainepaeH copouusiay

AybI3 cyaBl Ta3apTy, ayblp, KOIBAICHTTI JKOHE OTIENI METaap UOHAAPhIH
TUPOMETALTYPrHsiia, MEIWIMHAAA, TaMaK eHEepKociOiHae, cy naibiHaayzaa,
M30TONTAP/IBI COPOITUsIIAY KOHE KOHIICHTPIICY, COHa-aKk MYHali TOTiHIIICPiHIH
MaceJesIepiH MICHTy YINiH JaHa >XOFapbl THIMJII COPOCHTTEp »Kacay Mocelieci
©3€KTi OOJIBIN Kay/a.

Bepmukynut-I'MA-AKH-H3 PO, opranoMuHepaibl copOeHTTepiHiH
MoO+>, ReOs  uOHIapblHAa  COPOLHUSIIBIK  KAaCHETTEpl  epITIHAUICPIiH
KOHIIEHTpauuschiHa  OainanbicTel  3eprrengi. CopOumsara JeWiHTT  KoHE
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copOuMsagaH KEWIHrl METaJul HOHIAPBIHBIH  KOHIICHTPAIMSCHI  ATOM/IbI-
SMHCCHUSIIBIK CIIEKTPOPOTOMETPIE OIIICH]I].

CC, mr/r
a
S

P g
35 3808 398

25 28,74 25 24

15 19,48 15 1971
- / 10
: / e S / o
0
9 0 20 40 60 80 100 120 140
0 20 40 60 80 100 120 140
C (ReOs™), mr/n

€ (Mo04*), mr/n

Cyper 2 - Na2MoOs-2H:O Ty3siHaH ansiarad MoO«*
nonapsHbH Bepmukymt-I'MA-AKH-

H3;PO, OpraHOMHHEpAIIbI COPOEHTIMEH cOpOLIS H30TepPMack!

Cyper 3 - NH4 ReO4 TY3BIHAH ajbiHFaH ReOs™
nonjapeiHbiH BepMukymr-I'MA-AKH-
H 3P 04 OpraHOMIHEPaIbl cOpOeHTIMEH COpOLIHs H30TepMAachl

2-m1i xoHe 3-1i cyperrepae Na2MoO4-2H20 Ty3bIHBIH CYJIbl €pITIHAICIHICT
momubaen (MoO+*") wuonmapeiMmen NHyReO, Tty3piHan ansiaran (ReOq)
HMOHIaPBIHBIH 0.05 r Bepmuxynut-I'MA-AKH-H; PO, Herizinaeri
OpraHOMUHEpaJIbl  COPOCHTIIEH  copOIMs  M30TEPMUSICHI  KOPCETIITEH.
Epitingineri MonauOJeH  MOHIAPBIHBIH  KOHIICHTPALUSACHIHBIH  apTYbIMEH
COpPOCHTTIH COpPOUHUSIBIK CHIUBIMABUIBIFEI 9.86 Mr/r-HaH 39.8 wMr/r-ra nedin
apThIn, TypakTanansl. An ReOs  MOHIApH! YIIIH COPONMUSUTBIK CHIABIMIBITBIKTHIH
moHi 10.4 Mr/tr - Han 39.06 Mr/r - ra aeHiH JKeTil, MAaKCUMYM MOHIH KOpeTei.
Aram  exi  epitingine nme Meramn  (MoOs*, ReOqs) HMOHAAPBIHBIH
KOHIEHTpalwsIchlH  ofgadH opi  aprreipy 0.05 1 Bepmukymur-I'MA-AKH-
H3 PO, copOeHTi YIIiH COPOIMSIBIK CHIHBIMIBUIBIKTEI AP TTHIPMAIBI.

REO4™

iddyl Methacr]
Gloemachyte-Acrof

E)) Glycidyl methac
- ~Acrylion nittrrilll
H3PM - H3PO)

Elecrostatic interaction

Cypert 4 - Bepmukynmut-I'MA-AKH- Cyper 5 - Bepmukynmut-I'MA-AKH-
H3PO0, copbenriMer MoO4> HOHIapEIHBIH COPOIHsL H3PO0, copbenriMer ReOs HOHIapEIHBIH
MPOLECIH CYPETTEY CXeMachl cOpOLHS POLIECIH CypeTTey CXeMachl

Momubnen (VI) woHmapbIHBIH COpPOLMS TMPOILECIHIH CXEMachblH CUIATTay
yurin OipHerne Herisri sjgemeHtTepai arayra Oomanel (4 cyper): Epitinmine
moubeH (Mbicanbl, MoO4?") HOHAAPBIHBIH ePITIHAIACTI epKiH KYii KOpCeTiIemi.
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CopOeHT OetiHaeri OelCeH i OpTanbIKTap OeiIIek TYpiHAe KOpCeTiTyl MyMKiH.
MommbaeH noHIaps! COPOSHTTIH OeJICeHI OPTATBIKTaphIMEH OaiiTaHbICKA TYCEi.
Omnbl cOpOEHT O€TiHIEeTT MOHAAPABIH KO3FaJIbICHIH KOPCETETIH jKeOelep apKblIbl
oenrineyre Oonaapl. CopOeHT OeTiHIe MOHATIMacy HEMece JJIeKTPOCTATHUKAIIBIK
acepirecy XKypyl MYMKiH. Ocepiiecy MeXaHU3MIEPl PETIHAEe - SIEKTPOCTATUKAIIBIK
KYIITEPIII HEMece XHUMISUIBIK OalmaHpicTapapl arayra Oonaapl. CopOmusmgan
KeiiH MONHOJCH HOHAAphl COpOSHT OeTiHae TypakraHaibl. Onapapl COpOCHT
OetiHne OalmaHBICKaH KYHiHAE KopceTyre 00abl.

Penuit monnapei (ReOs) NHsReOs Ty3biHAH epiTiHAineH Bepmukymwurt-
I'MA-AKH-H3PO0, copbenTiMen  copOuusiiay  mpomeci  OipHemie — HeTisri
XUMHUSUIBIK Ke3eHaepai kamtusl (5 cyper):

NH4ReOs Ty3w1 cyna epirenae, ReOs4” nonmaps! epitiHzire oTim, epkiH Kyiine
Oomamer. ReOs wonmapsl Oap epiTiHAI copOeHTIeH OaimaHBICKAa TYCKEHIE,
copbenrtin,  [CopOenT-POsH]"  kypambiagarsl  docdar Tontapel  ReOa”
WOHJAaphIMEH HWOHJIBIK OaiinmaHbicka Tycemi. bynm yakeirta NHs® unonmapsi
epITIH/IIe KaJIBII, JKaJIbl 3apsSATHIH HEHTPaIIbUILIFBIH cakTaiiibl. CopOeHTTIH
HeTi3ri OeJceHai OpTaabIKTaphl: ¢y OaimaHbIcTaphlH Kypa anateiH OH Tomrapsr
JKOHE epITIHIIIeri aHWOHZapMEH HOH ajMmacyra malbiH Qocdar Tomrapsl.
CopOenttiH  KypambiHAarel  ¢ocdar  tomraper  ReOs  noHmapbIMeH
ANIEKTPOCTATHKAIIBIK OpEKeTTeCy apKbUIbl HOHABIK KEIIeHIep Ty3€ anajbl.
Hormxecinge, ReO4” noHnaper copOeHT OeTiHe IIci3 OailylaHBICKaH aHHOHIaPAbI
BIFBICTHIPHINT,  O€JICeHAI  OpTaiblKTapna oOpHbeFaapl. MoHammacy — koHe
ANEKTPOCTATHUKANBIK OpeKeTTeCcy asKTanraHHaH kKeifiH, ReOs moHmapel copOeHT
Oeringe MBIKTBH Oaitmaneicangpl. CopOeHTTIH (ocdarThl KoHE THUAPOKCHIIL
TONTAaphl MEH PEHWH HOHIAPbl apachlHIa CYTEKTiK OalaHbICTapAbIH Maiina
Ooubin, ¢pochaT TONTAPBIHBIH 3JIEKTPOCTATUKAIBIK dpeKeTTecynep apKplibl ReOa”
WOHIIAPBIH ycTan Typy KaOineri apraapl. IIpomecti KypremiyiriHe KapaMacTaH,
OHBI KeNlecijierigeil sxanmbuiama Typae skasyra Oomamel: [CopGent-POJH]™ +
ReOs — Cop6enr-POsH-ReO4. Penuit mongapeiH copOumsiay NpOLECiHiH
OipHelle Herisri XUMHUSUIBIK Ke3eHaepiH (5 CypeT) KOPBIThIHIbUIAN —Kelie
KeJecigel cunarrama Oepyre Oomnansl: MyHAa TOJBIK HOH anMacy emec, ReOs
HOHBI MEH COpOeHTTIH OH 3apsaramran Oemiri Cop6ent-PO.H" apacwinmarsi
AIEKTPOCTATHUKANBIK TapTBUIBIC TIporeci kypemi. MyHma copOeHT OeriHzeri
tdhocdar To6s1 (POsH) copOeHTKE OCKITIITEH OH OPTAIBIKTHIH POJTIH aTKapaabl J1a
ReO4~ aHHMOHBIH 3JEKTPOCTATUKAIBIK ©3apa OpPEKETTECY apKBUIBI TapTalbl.
Mynza 6i3 GenceHai opTajbIKTapAa PeHUH MOHAAPBIHBIH aJCOPOLUSICHIH TONBIK
HOHANIMacy FaHa €MeC, 3JIEKTPOCTATHUKAIBIK ©3apa OpeKeTTeCy apKbUIbl Ja
KYPETIHIHITIH OaiKaiiMbI3.

4. KopbITBIHIBI

Kasipri yakpiTTa KOJNJaHbUIATBIH COPOEHTTEPIiH KOMIIUIri UMIOPTTalIFaH,
KBIMOAT JKOHE OpKallaH JKOJOTHUSIBIK Ta3a emec. CopOeHTTEepIi MaMBITYIBIH
Heri3i periHze Oiperell COpOLMSIBIK KaCUETTEepl Oap *OHE OJIAPJbIH TUIMILIITIH
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apTTBIPy YLIIH ©3repTilyl MYMKIH BEPMHUKYJIUT CHSKTHI TaOUFM MUHepaigap
taggangsl. Optodocdop KBILIKBUIBIMEH OipiKTIpUIreH TIIHIUAXIMETaKpUIaT
JKOHE aKPHIJIOHUTPHILIL COMOMUMEpIep i KOJNIaHy >KOFapbl THIMAI COpOeHTTepIi
JKacayra MYMKIiHAIK Oepexmi. 3eprTreyliep HOTHXKeciHAe Oenriini Oonranmai
OpraHOMHHEPAIIBl COPOCHT ally MPOIECi KYpAENl TEeXHOJOTHSIIBIK >Ka0IBIKTHI
KaXeT eTHeHal »oHE THIPOMETAILTYPrHsUIBIK KOCIMOPBIHAApAa TYPMBICTHIK,
OHEPKACINTIK JKOHE aFbIHIBI CyJapIaH PEeHUH XoHe MOJMOACH HOHIApPBIHHAH
Ta3zapTy YUIIH KOJIAAHBITYbl MYMKIH.

Kap:xkblianasipy. 3epTrey ®yMbIchl AOaii arsiaarsl Kasak YITTHIK Me1aroruKaibik
yHUBEpCcUTETiHIH 2024 XbUTFa apHAIFaH FBUIBIMH 3ePTTEYyJIep/li MaKCATThl KAPXKbLUIAHIBIPY
6arnmapnamacel, Ne05-04/368 24.05.2024 sx. Oyiipsik OoiibiHIa "MuHepanaap Heri3iH/e xKaHa KOFapbl
OTKI3IiII HOHAJIMACY MaTepUAJapPbIHBIH CHHTE31" TaKbIPHIOBIH/IA FEUTBIMU-3EPTTEY MHTETPALIUSIIBIK
yo0asapIbl iCKe achIpy IPaHThI IEHOEPIH/E XKY3ere aChIPbUIIBL.

Myaaeiiep KakTbIFbIChI: ABTOpiap Oyi1 Makanazia e3apa MyAJesep KaKThIFbICHIHBIH XKOKTBIFbIH
MoITiMICH .

CHUHTE3 HOBBIX HOHOOBMEHHBIX COPBEHTOB HA
OPI'AHOMMHEPAJIbHOM OCHOBE

“K.A.Caovixoe ?, H.A.Fexmenos*?, T.K. Yanoe’, H.C. Hunubaesa,
H.C. Kycunbexosa', A.K. Baiidynnaesa®

YHAO "Kazaxckuii nayuonansmulii nedazozuseckuii yuusepcument umenu A6asy, Anmamol, Kazaxcman
240 «HMucmumym xumuueckux nayk umenu A.5. Bexmypoea», Anmamei, Kazaxcman
“E-mail: kanat.sadykov.80@bk.ru

Pe3tome. Bgeoenue. Ilo mporHo3am yd4eHbIX, HEXBaTKa IUTHEBOH M MPECHOIl BOIBI MOXET CTaTh
rI00aNbHOM  3KOJIOTHYECKO# mpobnemoii. PerieHneM 3Toit MpoOIeMbl MOTYT CTaTh 3KOJIOTHYECKU
OesomacHple  MOAM(HIMPOBaHHBIE CcOpOEHTB. B crathe paccMaTpUBaeTcss CHHTE3  HOBBIX
HOHOOOMEHHHKOB C HCIIOJb30BaHHEM IIPUPOIHBIX pecypcoB. Ha oOCHOBe MuHepana BepMHUKYIHTA
MOJIy4eH MOHOOOMEHHBIN COPOCHT Uil COPOLIMM MOHOB METAIIOB M3 BOTHBIX pecypcoB. [lers pabomoi-
TMonyyenre OpraHOMHHEPAIBHOIO COPOCHTA HAa OCHOBE COIMOJIMMEPOB BEPMHUKYJIHUTA U SMOKCHAKPHJIATA.
HccnenoBanre coOpOIMOHHBIX CBOMCTB ITOJIYYEHHOTO COpPOEHTA 10 OTHOIIEHHIO K HoHaM MoO4*", ReOq4™.
Memoovi: CuHTE3 IPOBOJMIN B MUKPOBOJIHOBOH neun npu MomHocTd 300 Bt 3a 10 MuHyT, yBenmuuBas
maccy oprodochopHoit Kuciotel B 2 U 3 pasza. Pezynvmamor u obcyscoenus: TlonydeHHblid copOeHT
MOTEHIMAIBHO MOXET HCIIOJIb30BaThCS B T'HAPOMETAUTYPTHH, TPH OYHCTKE XO3SIMCTBEHHO-NMUTHEBBIX,
MPOMBIIUICHHBIX M CTOYHBIX BOJA OT Pa3MuHBIX 3arpsi3HuUTeneid. OnpeneneHbl ONTUMANBHBIC YCIOBHS
MOAM(HKAIMHI TIPUPOTHOTO MHHEPATIBHOTO CHIPbsl (BEPMHUKYJIUTA), COTIOIMMEPOB TIHIMANIMETaKpHIaTa
u oprodpochoproii kucimotel. Crartuueckas oOMeHHas emkocte 1o pactBopy 0.1 ® HCI
OpraHOMHHEPAIBLHOTO copOeHTa paBHa 5.91 Mr-skB/r. CopOIHOHHAS €eMKOCTh COPOEHTa 10 OTHOILICHHUIO K
noHaMm MoO+*, ReOs wuccnenoBaHHa B 3aBUCHMOCTH OT KOHIEHTPAILMH PACTBOPOB. 3aKiiouenue:
HccnenoBanus 1oKas3aid, 4YTO OpraHOMHHEPAJbHBIH COpPOEHT 00JafaeT BBICOKOW COPOIMOHHOMN
crocoOHocThIo st HoHOB MoO4*~ KoTopast coctasiseT 39.8 Mr/r, co crenensto u3BiedeHus 94%, a ms
noHoB ReO4~ copbrmonHas eMkocTh coctaBisieT 39.06 mr / T, co crenenbio ussneueHus 96%.

KmoyeBble c10Ba: HOHOOOMECHHUKM, COpPOLIMOHHAs EMKOCTb, CONONHMEp OIOKCHAKpHiaTa,
MOAMGUIMPOBAHHBINH MUHEPAJI, BEPMHUKYJIUT, OPraHOMHHEPAIBHBIH COPOCHT

Caovikoé Kanam Amupkynoeuu HAY4HbI COMPYOHUK, NPEN0OABAMmeb
bexmenoe Hecunxan Abscanaposuy 00KMOP XUMUYECKUX HAYK, npogheccop
Yanos Tonezen Kamenosuu 00KMOP XUMUYECKUX HAYK, npogheccop
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Yunubaeea Hypacan Capcenoaesna KAHOUOAM XUMUYECKUX HAYK, CIMapuiuil
npenodasameind

Kycunoéexosa Hypcynmy Capcenosna KAHOUOAm XUMUYECKUX HAYK, CIapuiuil
npenodasameib

banoynnaesa Ainaw Kaiipamoena UHOICEHep, npenooasameid
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Abstract. Introduction. Nickel ferrite (NiFe20a4) spinel nanoparticles have attracted great interest in
recent years due to their unique physicochemical properties and wide range of applications in various
fields. Methodology. In this work, the synthesis of NiFe2O4 nanoparticles by the sol-gel method was
studied. The synthesized NiFe204 nanoparticles were characterized using methods such as X-ray
diffraction analysis and energy-dispersive X-ray microanalysis. Results and discussion. The results of X-
ray diffraction analysis showed that the main phase in the analyzed samples is iron-containing oxide of
cubic structure NiFe204, and the position and relative intensity of the peaks correspond to the standard
JCPDS No. 54-0964. Also, EDS analysis of the studied samples showed that the nanopowders consist of
the elements Ni, Fe and O, which indicates the purity of the synthesized sample and the absence of any
impurities. FTIR spectrum of NiFe204 nanoparticles showed two main peaks at 458 cm™' and 548 cm!
corresponding to the metal-oxygen band. Conclusion. The results of the study of the magnetic properties
of the obtained NiFe204 nanoparticles show that the magnetic properties change depending on the alloy
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1. Introduction

One of the most problems troubling the scientific community in recent years
is environmental pollution. Organic pollutants, especially dyes from the textile,
leather and petroleum industries, discharged into surface and groundwater,
annually cause serious damage to the environment [1]. The high structural
stability of these pollutants and their nonbiodegradability make the removal of
these molecules difficult. Therefore, treatment methods such as adsorption,
advanced oxidation processes, coagulation, biological and membrane treatment
have recently been widely used for wastewater treatment [2]. Additionally, the
most widely used method is catalytic reduction as it is predominantly efficient,
fast, environmentally friendly and cheap, unlike other methods which are usually
expensive, slow and difficult to use. Thus, it is important to find and develop a
good, inexpensive, efficient, easily recoverable and recyclable catalyst. Among
the many existing catalysts, magnetic materials are of particular interest because
they have a large specific surface area, low cost, and ease of preparation and reuse
[3]. Nickel ferrite (NiFe,O4) spinel nanoparticles have attracted great interest in
recent years due to their unique physicochemical properties and wide range of
applications in various fields [4]. Being nanomaterials, they exhibit unique
behavior and functionality compared to their bulk counterparts, making them very
attractive for advanced technological applications. NiFe.O4 is a ferrimagnetic
material with high electrochemical stability, low conductivity, low saturation
magnetization (Ms), low coercivity (Hc). Ni** as well as Fe** are capable of
exchanging electrons in the octahedral site, this demonstrates excellent electrical
and magnetic properties and distinguishes them as unique materials. Also, nickel
ferrite nanoparticles, depending on their size, can exhibit both superparamagnetic
and ferrimagnetic properties. NiFe;O4 nanoparticles smaller than 15 nm can act as
superparamagnetic, and those larger than 15 nm can act as a ferrimagnetic
material [5].

Understanding the synthesis, characterization and applications of NiFe;O4
spinels is essential to fully exploit their potential in various fields such as
electronics, medicine, energy and environmental engineering. In recent years,
significant research has been carried out to study the synthesis methods, structural
characterization and functional properties of NiFe;O4 spinel nanoparticles [6].
Various synthesis methods, including sol-gel, co-precipitation, hydrothermal and
combustion methods, have been explored to tailor the size, morphology and
magnetic properties of nanoparticles. In this work, the structural properties and
elemental analysis of nanoparticles synthesized by the sol-gel method were
investigated.

In this work, the authors studied the synthesis of NiFe;O. nanoparticles by
the sol-gel method, and also carried out X-ray structural and energy-dispersive X-
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ray analyses, and investigated the magnetic properties of the obtained
nanomaterials.
2. Conditions and methods of research

Materials: iron (lll) nitrate nonahydrate, purity >99.95%, nickel (II)
acetylacetonate, purity >95% were obtained from Sigma-Aldrich. All chemicals were
of analytical grade and used without pretreatment.

Methods: X-ray diffraction analysis was carried out on an automated
diffractometer DRON-3 with CuKa radiation, pB-filter. Conditions for taking
diffraction patterns: U=35 kV; 1=20 mA,; shooting 6-26; detector 2 deg/min. EDS
analysis was carried out on a scanning electron microscope Zeiss Crossbeam 540 —
FE — SEM. The Crossbeam 540 is a dual-beam FIB-SEM microscope for
nanotomography and nanofabrication that enables EDS studies. The FTIR analysis of
nanopowders was carried out on Nicolet iS10 FT-IR Spectrometer

Preparation of NiFe,O4 nanoparticles

The molar ratio of metal salts (8:4), iron (I11) nitrate nonahydrate (3.308 g),
nickel (1) acetylacetonate (0.996 g) was used as a precursor of metal powders.
The original precursor salts were dissolved in ethanol in a three-neck flask
equipped with a heated magnetic stirrer and a reflux condenser. 1 mL of acetic
acid was used as a catalyst to increase the rate of hydrolysis. After 20 minutes, 2-
methoxyethanol is added as a solvent, and H,O, ethylene glycol and ethanol are
added to form a gel while heating and stirring. The synthesized gel solutions were
dried at a temperature of 100°C for approximately 24 hours in an oven. A well-
dried sample was calcined at a temperature (600°C) for 8 hours in a muffle
furnace.

3. Discussion of research results

X-ray diffraction patterns of the studied NiFe,O4 sample are presented in
Figure 1. X-ray diffraction analysis of the synthesized NiFe,O, sample showed all
peaks corresponding to metallic ferrites. Also, the identified phases are consistent
with the experimental results. From the X-ray diffraction analysis data it is clear
that the studied NiFe;O4 sample has nano-sized polycrystalline structures, this is
evidenced by the broadening and low intensity of the diffraction peaks. The main
phase in the analyzed samples is iron-containing oxide for NiFe,Os cubic
structure. It can be noted that the position and relative intensity of the peaks are
consistent with the standard NiFe.O4 according to JCPDS No. 54-0964, which
confirms the structure [7].
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N M
100 M

Figure 1 - X-ray diffraction analysis of NiFe2O4 nanoparticles

Figure 2 shows the results of EDS analysis of the synthesized NiFe,Oa
nanopowders. According to the results of EDS analysis, the nanopowder samples
consist of the elements Ni, Fe and O. In addition, signals corresponding to N and
C were not detected in the EDS spectrum, which indicates the purity of the
synthesized sample and does not contain any impurities [8].

Figure 2 - EDS spectrum of NiFe204 nanoparticles

The formation of nickel ferrite nanoparticles was further identified by FTIR
spectrum. Figure 3 shows the FTIR spectrum of NiFe,O4 nanoparticles is in the
wavenumber range of 400-1250 cm™'. Two main peaks at 458 cm™' and 548 cm™'
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correspond to the metal-oxygen band. The band appearing at 458 cm™' is
attributed to the octahedral stretching vibrations of the metal (Fe**— O and
Ni**— 0), and the strong absorption band at 548 cm™' corresponds to the
stretching vibrations of the metal in the tetrahedral position of Fe <> O.
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Figure 3 - FTIR spectrum of NiFe.O4 nanoparticles

Figure 4 shows the results of measuring the magnetic characteristics of the
samples under study using vibration magnetometry. The measurements were
carried out by the induction method, by measuring the induced electromotive
force of induction in signal coils by a magnetized sample oscillating at a certain
frequency, while recording the temperature and external magnetic field at the time
of measurement. This method ensures an error in the magnetization measurement
result of no worse than 1.5% when the measured magnetization value is not lower
than +£1-10-6 A-m? (£1:10-3 A-m?).
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Figure 4 - Hysteresis loops of the NiFe204 nanoparticles
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Based on the presented graph of field dependencies, the main magnetic
characteristics were determined (Hc - coercivity, Mr - remanent magnetization,
Ms - saturation magnetization, Mr / Ms - hysteresis loop squareness coefficient),
which are given in Table 1.

Table 1 - Main magnetic characteristics

Compound Hc. Oe M:. emu/g Ms. emu/g M: / My
FeNiO 15.60 7.20 38.30 0.19

When analyzing the course of the hysteresis loop, a change in the magnetic
properties is obvious, depending on the components of the alloys and the phase
composition of the samples under consideration. The FeNiO sample (77% Fe304
— Magnetite 23% Fege4Nio36) is @ multicomponent ferromagnetic powder with a
predominance of the magnetite phase with a particle size of about 25 nm and with
low coercivity and relatively large saturation magnetization values, corresponding
to the characteristics of magnetite particles with similar sizes [9]. The magnetic
contribution of FeNi particles, which is a soft magnetic material, is significant
[10].

4. Conclusion

NiFe,O4 nanoparticles were successfully synthesized by sol-gel method. The
synthesized NiFe,O4 nanoparticles were characterized using techniques such as
X-ray diffraction, energy-dispersive X-ray microanalysis. The results of X-ray
diffraction analysis showed that the main phase in the analyzed samples is the
iron-containing oxide of cubic structure NiFe,O4. Also, EDS analysis of the
studied samples showed that nanopowders consist of the elements Ni, Fe and O,
which indicates the purity of the synthesized sample and the absence of any
impurities. FTIR spectrum of NiFe,O4 nanoparticles showed two main peaks at
458 cm—1 and 548 cm—1 corresponding to the metal-oxygen band.The results of
the study of the magnetic properties of the obtained NiFe,O4 nanoparticles show
that the magnetic properties change depending on the alloy components and phase
composition, i.e. FeNiO (77% FesO4 - magnetite 23% FeossNioss) is a particle of
about 25 nm size, a multicomponent ferromagnetic powder with a predominant
magnetite phase, low coercivity and relatively large saturation magnetization
values. This means that they are a soft magnetic material with high magnetic
properties.
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Tyiiinaeme. Kipicne. Huxens deppuri (NiFe204) mmunensbi HaHOOOMIIEKTePi COHFBI XKbLIAAPbI Oipereit
(u3NKa-XUMUSIIBIK KACHETTEPIHE JKOHE JPTYpJi cajajapja KOJJaHy[AbIH KEH ayKbIMbIHAa OailjIaHBICTHI
YJIKCH KBI3BIFYLIBUIBIK TyAbIpyAa. byi skymbicta NiFe2Os4 HaHOGOINIIEKTEPiHIH 30/1b-Teb JMICIMEH
cunresi 3eprrenni. CunresnenreH NiFe2Os HaHOOOMIIEKTEP] PEHTICHAIK JUPAKIMSIBIK KOHE SHEPIHs-
JMCTIEPCHSIIBIK PEHTIeHAIK Tajjnay oiictepi OOHMbIHIIA CHNATTANABL Homuoicenep odicone mankwiiay.
Pentrenaix audpakuusuIblK Tangay HOTHOXKENEpl TanJaHaThiH yirinepaeri Herisri ¢asa NiFe2Os Tekie
KYPBUIBIMJIBI TeMipi 0ap OKCHI OOJbIN TaObLIATHIHBIH, Al IBIHAAPIBIH OPHATACYbl MEH CaJIbICTHIPMAIIBI
KapkbiHAbUIbIFE JCPDS No 54-0964 crangaprtbiHa caiikec keseTiHiH kepceTti. CoHpaii-ak, 3epTTenrexn
YJTUIEpAiH dHEPIUs-AUCIIEPCUSIIBIK PEHTICHIK Taljay HOTHKelepi HaHoyHTakrapiasiH Ni, Fe sxone O
JJIEMEHTTEPIHEH TYPAThIHBIH KOPCETTi, O/l CHHTE3JENIeH YITiHIH Ta3albIFblH JKOHE CLIKAHAal
KocnanapablH KOKTeIFbIH Kepcereni. NiFe:04 nanoGemmekrepiniy MK-®ypbe crnekTpi Merami-orreri
JKOJIAFbIHA Ccoiikec eki Herisri 458 cm! sxome 548 cm ! mbIHAapbiH KopceTTi. KopbimuvinObl. AIbIHFaH
NiFe204 HaHOGOMIIEKTEPiHIH MArHUTTIK KAaCHETTEPIiH 3€PTTCY HOTIDKENECPi KOPHITIA KOMIIOHEHTTEpiHE
xoHe (azanbIK KypamblHa OaiIaHBICTBI MarHUTTIK KacuerTepiiH e3repyiH, srHu FeNiO (77% FesOs —
Maruetut 23% FeoesNioss) — Oemmiexrepinin emmremi maMaMeH 25 HM OOJaTHIHBIH, 6aChIM MarHeTHT
(a3zacel Oap KONKOMIOHEHTTI (JEpPOMATHUTTIK YHTAK JKOHE TOMEH KOJIPLHBTUIITI JKOHE CalIBICTBIPMAJIbI
TYpA€ YJIKEH KaHbIFY MarHUTTeNly MOHJEpiH ue OOJaThIHABIFBIH KepceTedi. by omapiplH MarHHUTTIK
KacHeTTepi KOFaphl )KYMCAK MAarHUTTIK MaTepuall eKeHiH alKbIHaMIbI.

Tyiiin ce3nep: HUKeNb (EpPPUTi, MINMKUHETb, HAHOOOIIEKTED, 30JIb-TElIb CHHTE31, MATHUTTIK KaCHETTEPI,
pentrenaik audpakuus, EDS, FTIR, ructepesuc inmekTepi, GeppuMarHuTTik MaTepuan
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CHUHTE3 U XAPAKTEPUCTUKA HAHOYACTHUL IHNITKMHEJIN NiFe;O4
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Pe3tome. Bseoenue. Hanouactuusl mmunenu gepputa Hukenst (NiFe204) B mocneanue roasl NpUBIeKaoT
OoibIION WHTepec Oylaromaps CBOMM YHUKAIBHBIM (DH3UKO-XMMHYECKAM CBOHCTBAM U IIMPOKOMY
CHEKTPY INMpPUMEHEHMS] B DPa3IMyYHbIX 00JacTsAX. B naHHOW paboTe ucClenoBaH CHHTE3 HAHOYACTHIL
NiFe204 3omb-rens Merogom. CuHTe3upoBaHHbIe HaHo4yacThIbl NiFe2Os ObUTH O0XapaKTepu30BaHbI C
HCIOJIb30BAaHUEM TAaKUX METOJIOB, KaK PEHTTCHOCTPYKTYPHBIH M SHEPrOAUCIEPCHOHHBIA PEHTTCHOBCKUH
aHau3bl. Pezynomamol u obcydcoenue. Pe3ynbraThl PEeHTTCHOCTPYKTYPHOTO aHalW3a MOKAa3ald, 4TO
OCHOBHOW (ha30il B aHANIM3UPyEeMBIX 0Opa3slax sBISIETCS HKEJIE30COACPKALIMNA OKCHI KyOW4ecKon
ctpyktypsl NiFe204, a MOJOKEHHE U OTHOCHTEIbHAS HHTCHCHBHOCTH ITMKOB COOTBETCTBYIOT CTAHIAPTY
JCPDS Ne 54-0964. Takxxe HEproJUCIICPCHOHHBI PEHTICHOBCKUM aHAIN3 HCCICIOBAaHHBIX 00pasIoB
MOKa3aj, 4TO HAHOIOPOIIKH COCTOAT M3 31eMeHTOB Ni, Fe m O, 4To CBHIETEIBCTBYET O YHCTOTE
CHHTE3UPOBAHHOTO O0pasiia M OTCYTCTBMM Kakux-mnbo mpumeceit. Crnektp MK-®ypre HanouacTHIl
NiFe20s mokasan aBa OCHOBHBIX NuKa npu 458 cM ™' u 548 cM !, COOTBETCTBYIONIMX II0JIOCE METaLI-
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kucnopoy. 3axntouenue. Pe3ynbTaThl HMCCIEIOBaHHS MAarHUTHBIX CBOMCTB IOJNYYEHHBIX HAaHOYACTHIL
NiFe204 1oKa3bIBAIOT, YTO MATHUTHBIE CBOMCTBA U3MEHSIOTCS B 3aBUCHMOCTH OT KOMIIOHEHTOB CILJIaBa U
¢azosoro cocrasa, To ecth FeNiO (77% FesO4 - marunerut 23% Feo64Nio36) - actuma Pasmep oxoino 25
HM, MHOTOKOMITOHCHTHBIH (peppOMarHUTHBIA MOPOIIOK C mpeobanaroiieil (a3oil MarHeTuTa, HHU3KON
KODPIUTHBHOW CHJIOH M OTHOCHUTENHHO OOJBIIMMH 3HAYEHHSIMH HAMAarHWYEHHOCTH HACBHIICHUS. JTO
03HAYaeT, YTO OHM IPEJCTABIAIOT COOONW MATHUTOMSATKHH MarepHan C BBICOKUMH MAarHUTHBIMH
CBOMCTBaMH.

KmoueBbie cioBa: GeppuT HUKETIA, IINIUHEIb, HAHOYACTHULIBI, 30/Ib-T€/Ib CUHTE3. MarHUTHBIC CBOMCTBA,
mudpakuus peHrreHoBekux syueit, EDS, FTIR, nernu rucrepesuca, heppuMarHuTHbIN MaTepua

Kyoanobepeenosa Pabuza Mycanaposna PhD
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ELECTROCHEMICAL PROPERTIES OF MOLYBDENUM IN AN
AQUEOUS SOLUTION OF DIMETHYLESULPHOXIDE
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Abstract. Molybdenum and its compounds are widely used in production and industry due to their
properties, such as mechanical strength, heat resistance, high electrical conductivity, high melting point
and electrochemical catalytic activity. Therefore, their processing is undoubtedly a very urgent problem.
One of the ways to solve this problem is associated with the use of aqueous-organic electrolyte solutions.
The purpose of the work: to determine the patterns of electrochemical dissolution of molybdenum in
aqueous solutions of dimethyl sulfoxide. Research methods. The work uses electrochemical (polarization
measurements, electrolysis), X-ray spectral, microphotographs, and mathematical analysis methods.
Results and discussion. Electrochemical dissolution of molybdenum in 0.25 M, 0.5 M, and 2 M LiCl
solutions in an aqueous solution of dimethyl sulfoxide at different potential transfer rates is considered.
The presence of water in electrolytes enhances the process of molybdenum transition into solution, the
appropriate concentration of 0.25 M LiCl water was 38 mol/L H20. At these electrolyte concentrations,
the thickness of the film formed on the molybdenum surface was estimated, the distance between adjacent
defects, and the electrical conductivity of the film were determined. Concept. Electrochemical properties
of the molybdenum electrode in an aqueous solution of dimethyl sulfoxide do not obey the laws of
classical electrochemistry. Separation of molybdenum from the solid phase under such electrolytic
conditions will undoubtedly have great application, for example, in the processing of solid foundry waste
and the production of biosensors.

Keywords: molybdenum, electrochemical properties, dimethyl sulfoxide, shell, electrical
conductivity, shell roughness, distance between adjacent defects.
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MOJIMBJAEHHIH CYJIbl JUMETUCYJb®OKCHUJ EPITIHAICIHAEI'T
SJIEKTPOXUMMUSIIBIK KACUETI

JLK. Kyopeega”, M.b. A6y, A.M. Capcenébaesa, /I.X. Kamvicoaes, K.A. Hcabexosa

Kaszaxcrkuu Hayuonanenoiti Yuusepcumem umenu Anv-@apabu, Anmamol, Kazaxcman
“E-mail: Leila.Kudreyeva@kaznu.kz

Tyiiingeme. Kipicie. MonubaeH >xoHe oOnapblH KOCBUIBICTAPBIHBIH MEXaHHKAIBIK OEpIKTIri, BICTHIKKA
TO3IMJIUIIT, JKOFapbl HJIEKTP OTKI3IiIITIri, OaJIKy TeMIepaTypachiHbIH JKOFAPBUIBIFbI )KOHE JIEKTPOXUMHSUIBIK
KATATMTHKAIBIK aKTHBTLUIIN CHSKTHI KACHETTEPiHIH OOybIHA OaiIaHBICTBI OHIIPICTE YKOHE OHEPKACINTE
JKOFapbl KapKbIHIa KoiiaHbuiaasl. COHIBIKTaH OJap/ibl OHEY aca ©3eKTi Mocene eKeHi ce3ci. by maceneHi
HIeIIy/AiH Oip JKOJIbl CYJIBI-OPraHUKAIBIK EPITIHII SIEKTPOJIMTTEPIH KOJJaHyMeH OaimaHbIcThl JKyMbic
MaKcaTbl: CyJlbl — JUMETWICYIb(GOKCH] CpiTIHAUIepiHIe MONUOJCHHIH JICKTPXUMHSIBIK —epy
3aHJIBUIBIKTAPbIH aHbIKTay. 3epTTey oaictepi. JKyMbIcTa 3NMEKTPXUMUSIIBIK (TTOJSPU3ALMSIIBIK OJIIIeyep,
9JIEKTPOJIN3), PEHTICH-CIEKTPIIK, MHKPOPOTOCYpETTEp, COHBIMEH Karap MAaTeMAaTHKablK Tajaay
omictepi Konmaueuinel. Hotmxkenep MeH Tainkpuiay. Cyibl-TUMETHCYIbGOKCHI epIiTIHIICIHAE opTypii
noTeHiman Oepiny ksupmamasikrapeina 0.25 M, 0.5M 2M  LIiCl epitinaginepiane monuGmeHHIH
NEKTPOXUMHSIIBIK €pY KapacThIPbUIABL DJEKTPOIUTTEPre Cy KAThICYbl MOJMOJICHHIH epiTiHaire oty
npouecid ywiraitaasl, 0.25 M LiCl IMCO cynpiH Konaiinel koHueHTpanusicel 38 mous/nm H20 6osbim
TabbULABL. ATaliFaH SJICKTPOJIMT KOHLCHTpPALUsIIApbIHbIIA MOMHOJICH O€TiHAe Ty3UIreH KaObIpLIAKTHIH
KaJbIHIBIFBl OaFajaHblll, KEOeprici, COHAal-aK KaOBIPIIAKTHIH JJICKTPOTKIMIIITIT  aHBIKTAJJIBL.
TyxpippiM.  Cymbl-qUMETHCYIb(QOKCH  epITIHAICIHAE MOJTHOACH JICKTPOABIHBIH AJICKTPXUMHSIBIK
KacHeTi KJIACCHUKAJbIK JJIEKTPXUMHsS 3aHIapblHa aca OarbIHOAW/bI, aHBIKTAJIFaH OApJIbIK 3aHIBUIBIKTAP
OIpTeKTI KaTThl OJICKTPOJIHUTTEP TEOPUACHI TYPFBICHIHAH — KapacThipbuiafbl. OChI  AIEKTPOIUT
JKaFJaiapeIMeH KarThl (azagaH MONHOIeHAl Oellilm any YIKeH KOJJIAHBICKA He OOJNAThIHBI CO3Ci3,
MBICAJIbl: KATThl KyiMallapAblH KAIIBIKTAPbIH KaiTa eHjey/e KoHe OHOCceHcopiap »acay eHjipiciHue
KOJIJaHBICKA He 0oJabl.

Tyiiin  ce3aep: MonuOIEH, SIEKTPOXMMHSIBIK  KAaCHeTi, JUMETWICYJIb(QOKCHZA,  KaObIpIIAK,
9JIEKTPOTKI3TIIITIK, KAOBIPIIAK KbUIBIHIBIFHI.

Jeina Kaoupcuzosna Kyopeesa Xumus 2bIIbIMOGPLIHBIY KAHOUOAMbL,
Kayvimoacmolpolizan npogheccop
Jyiicex Xaiicacanuesuu Kamvicoaes Xumusi 26L1bIMOGPLIHBIY OOKMOPYL, NPopeccop
Monoup bakumowcanosna Aoy Maz2ucmp, XUMUK-eblibIMU Kbl3MemKep
Anua Mypamoena Capcenbaesa OOKMOPAHM, XUMUK-BbLILIMU Kbl3MEmKep
Kapuna Ackapoena Hcabekosa Mmazucmp
1. Kipicne

MonubeH MeH OJlapiblH KOCBUIBICTAphl DIIEKTPTEXHUKAA, OHOCCHCOpIap
’Kacayqa, a’spoFapbllll CalachlHIa, MAalldHA >Kacay aclanTapbiHIa, XAMHSIIBIK
MalIllFHA jKacayjia koHe 1e 0acka Jja KemTereH canaiapja KeH KojgaHbicka ue [1].
CoHFBI yaKpITTa MOJIMOJICH MEH OHBIK KOCBUIBICTAPBIH OHIPICTE KOHE OHEPKACIMTE
GroceHcopap acay/ia KapKeIHIBI KOIIaHsI keei [2-20].

OnebuerTepaeri MastiMeTTepai Tanaan Kere, MOJTMOIEHHIH
AIIEKTPXUMUSUIBIK KYHI OpTypIli skarmaiiapra Toyelal TeK CUITI, KBIIIKbUT jKOHE
HHUTPATTHI epiTiHminepae 3eprreireni ansikramasl [1, 21-22]. Bipak, LiCl cynsr
JUMETHCYIb(OKCH] (AMCO) ANEKTPOIUTTEPIH/IE MOJIUOICHHIH
ANEKTPXUMUSUTBIK TOTBIFY mpotieci 3epTrenmereH. COHIBIKTAH, )XYMBICTA CYJIbI
aumetucyibhokeunti LICl epitinainepinge MomuGAEHHIH 3JEKTPXUMUSIIBIK €py
pEeaKIusIChIHA CY/ABIH dCEpi 3ePTTEII.
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2. 3eptTey daicTepi

MonuOaeHiH SIeKTPXUMHMAIBIK TOTHIFYBIH BOJIBTAMIIEPIIK KHUCBHIKTAPIIBI
TYCipy aaiciMeH «Metrohm, Autolab, noreHiocrar-101»
BOJITAMIIEPOMETPUSUIBIK ~ KOHIBIPFBICBIHAA ~TEPMOCTATThl  YII  BJIEKTPOITHI
YAMBIKTa 3epTTemingi. JKyMbIcmibl (aHOM) DSIEKTPOA peTTiHme TedioHFa
MIpeCTeNin, THIFBIHAANFAH MOJUOAEH ©3eKTepiHeH KypajfaH CTallOHAPIBI
ANEKTPOATAP KOJIAAHBLIJIBL.

Kemexmni anmexkTpos peTiHae MIaTHHA IUIACTUHKACHIH, Al CalbICTBIPMAIIbI
3JIEKTPOJ peTiHAe KaHbIKKaH TuThi xmopuainig JIMCO epringiciHe OaThIpbIIFaH
XJIOP-KYMICTi 3JIEKTPO/IbI Al JanaHbUIIbL.

Op OKCHEpUMEHT alAblHAA KOHIBIPFBUIAP ©31HIH OKCIUTyaTalHsIIbIK
MIHJIETTEpiHE call )KYMBICKA JaWbIHIABII OTHIPBUIIBI.

DIEeKTPOJ MOJSPU3AIMSICHl IEKTPXUMHUSUIBIK MPOLECTEP/IH  OTY JKarIaibl
MEH KYMBICIIBI JJICKTPOIBIHBIH TaburarbiHa OaitnansicTel 0.00 men 2.0B
TTOTEHITHAIT apaNTBIFBIHIA JKYPTi31IIi.

3. 3epTTey HITHKENEPi MEH TATKBLIAHYBI

Cynel-IMCO epitinainepinae aHOATHIK epy NPOLECIHEH KeWiH 3IIeKTPoa
OeTi DIIEKTPOHIBI MUKPOCKOIITHIK KOHE PEHTTEHCIIEKTPIIIK dMiCTEPMEH 3€PTTENI.
AHOATHIK TIONApH3aNUsA Ke3iHZe Ty3iireH KaOBIpIIakTap KypaMbl JKOHE
KYPBUIBICBI dp TEeKTI OONaThIHBI aHBIKTaMAbL. Onapaa “KeyeKTi KypbUIBICTBHI. —
KYBICTBI €peKIlle aKTHUBTI aiiMakrap 0Oy MYMKiH, olap “HOHIapIbIH epeKIle
KMHETHKACBIMEH CHIATTAaAbl, COHIal-aK JIIEKTPOa OeTiHAe aKTHBTI JXKoHE
naccuBTi aiiMakTap 0oy MyMKin [23-24].

Oprypii aiiMakTa KaObIpIIaK KYPbUIBICHI OipKenki 00IMaWTRIHEI OaWKAIIbI,
COHBIMEH KaTap OHbl PEHTTCHCIEKTPJIK Tajgay HOTHXKEIEPIHEH 1€ Kepyre
oonasi[1].

PenrtrencniexTpiik Tannay HoTwkenepi l-kecrene OeitHeneHreH. AK JaKTap
KPHCTAJIBI KYPBUIBICTBI TUIITEC OETTIK KYPhUIBIMIAP, COHBIMEH KaTap aK 1ak oap
alfiMakTapja Jia XJop MeJiepi Korapbl OonysiH Galikayra 6omansl (1-kecte). AK
JaKTap MOJIMOMCHHIH Ty316l KocbutbicTapeiHan (Mmbicanmsl, MOCI,) Typarein
KaOBIpIIaKTap €KeHi aHbIKTanAsl. MyHJIail KOCBUIBICTapAblH 0omybl, Mo
SIIEKTPOABI OETiHIAE KOPPO3us TpoIeci HOTHKECiHae KaObIpImakrap Ty3iaeTiHi
oenrimi [1].

Kecre 1 - MomuGmenni IMCO 2M LICl epirtiaginepine 33Monb/T Cy KaThICBIHIA AHOATHIK €py
npoleciHeH KEHIHTI pEHTTEeHCIEKTPIIK Tajqay HOTHXKEepI.

OnemeHtTep Menmepi, % JKanmsl Kypamsl,
%
Na Cl K Ca Mo )
0.24 2.64 0.94 0.29 89.18 4.7 99.9
- - - - 93.82 6.18 100
0.32 - - - 92.81 6.87 100
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MukpocypeTTepaeH (Kapa Jakrap) JKOHE PEHTIEHCIEKTPJIIK —Tanaay
KOPBITBIHBUIAPBIHAH MOJIMOICH OKCHUITEPIHEH TYPATHIHBIH (OKCHUATEP MOIIepi
JKOFapbl) MOJIMOJCH  KOCBUIBICTAPBIHBIH ~ OOJybIHAH Jen  Jko0anaiiMbI3.
DNEeKTPOHIB MUKPOCKONTHIK JXOHE PEHTICHCHEKTPINIK 3ePTTeY HOTHIKENEpiHeH
(1-xecte) KaOBIPIIAKTHIH KypaMbIHa KeJIECi 3JeMEHTTep Kipedi: MOIHOIeH, XIop,
OoTTeK. MOMUOJCH JJIEKTPOJABIHBIH  OCTIH  PEHTICHCHEKTPATIAbl  Taujay
HOTH)KECIHEH KYPBUIBICHI OPTEKTI, SIFHH OKCHATIK, TY3IbIK, COHBIMEH Kartap
epiTKItITepaiH  DJIEKTPIIOJUMEPIICHY  HOTIDKECIHIAE  MOJAMMEP  TaOUFATTHI
KaObIpIIaKTap Ty3iayl MyMKIH €KeHiH Kepyre 0oiabl.

LiCl  oprypmi  koHueHtpauwstapbiHga  cy-JIMCO  epitinainepinig
BOJIBTAMMEPIIK KUCBIKTaphl Tycipingi. Kwucbikrapasin mimidi cyced IMCO
epITIHAUIepiHACT] MOTUOJCHHIH ICKTPXUMHUSIIBIK TOISPU3ALHUSIBIK KUCBIKTAPhI
Topizaec OonaTbIHBIH Kepyre Oomaznpl, Oipak cy-AMCO epitinainepinae TOK
THIFBI3IBIFBLIHBIH MoHI oTe skoraphl [1]. LiCl 6apiblk KOHIEHTPAIMSCH YIIH CYIBI
ycremenen KOCy MOJIMOJCHHIH aHOATHIK epyiH yiraitane, an  LiCl
KOHLICHTPAIMACBHIHBIH ocepi opTypui. Meicansl, 1-cyperre 0.25M LiCl 0.1-10
Monmb/m cyma mamamen 0,008-0,01 A/cm? 0,5M LiCl 0,1-10 mons/n cyna
mamamen 0.011-0.014 A/cm?, an 2 M LiCl 0.1-10 mons/n cyna mamamen 0.065-
0.25 Alem?. Cy KOHIIeHTpanusAChIHBIH ocyimMeH xone 2 M LiCl epitinainepinme
MOJHOJCHHIH SJeKTpXuUMISLIBIK epyi 0.25 M xome 0.5 M LiCI-IMCO
epiTIHAUTIepiMEH CaBICTRIPFAaHa JKOFaphl 0O TaObIIambl, 2-cyperteri IMCO
LiCl, cy KOHIECHTpaIMSICBHIHBIH KEIeprire TOYENUIr KUCBHIFBIHAH KepyTre
Oonanel. OHBIH ce0e0i, MONMONEHHIH OSIEKTPXUMUSIIBIK epyiHe aHHOHAAp
ocepiHiH OonybiHaH Aenm ecenTenmi. [loMApU3anUsIBIK TY3YIIH Wiy OYpPBHITIIBI
KaOBIPIIAKTHIH KEAEPTici MEH KAIBIHABIFBIH CHITATTalTHIHEI Oi3re Oenrimi [1, 24-
25]. Mine, ocbifaH OailylaHBICTBI 2-CypeTTe Cy KOHIICHTPALUSICHIHBIH Keeprire
toyenui rpaduri keckinnenred. Cy KOHIEHTPAIMACHIHBIH 6CYiMEH KeJepri 3aHIbl
TYpFBIa TOMeHeH i, comsiMern Karap 0.25 M xome 2 M LiCl (JIMCO)
epITIHAUIepiHAEe KaOBIPIIAKTBIH OTKI3TIMITIIT ©cei, SFHH KaOBIPIIAKTHIH
Keneprici Temenaeni. MyHbI Cy XoHE XJIOpWJ HOHIAPBIHBIH OCEpPIHEH JKOHE
KaObIpmrakTeiy Oetinge MoQO; xone Mo020s KOCBUTBICTAPBIHBIH MoOs> neiiin
TOTBIFYBIHAH Jen TyciHaipyre Oonanel. 3-4 - cyperTepiHze CYIbIH OpTYpIii
koHnenTparmsapeiaaa JIMCO 0.25 M LiCl, MonmuOaeHHIH aHOATHIK TOTBHIFYBIH
OPHEKTEUTIH MOTeHIMANAbIH Qi apachiHIarsl TOyenIiTiK rpaduri KeCKiHIereH.
Bapibik Igi-E  koopaumHatTapbiHAarel TpadUKTEp Ty3y ChI3BIKKa Oipriama
JKaKbIHJaraHbIH OalKaliMEI3, MyHIai KILIKEHE Oyrimicriy 00IyBI,
MOJISIPU3AIMSUIBIK, ~ KHCBIKTapJbsl  Tycipy  OapbIChIHAAa  KaOBIpIIAKTap/IbIH
KIBIHABIFBIHAA — e3repicTep 0oyl  MyMkiH.  KeiiH, momsspu3amusuibK
KUCBIKTapJbl TY3Y CBHI3BIKTHI JKargail TyBIHAANTBHIHIAN KoHE KaOBIpIIaK
KaJIBIHJIBIFBIH €CKEePE OTBIPATBHIH JKOJIMEH OHJENI, OJ YIIiH WHTeTpaAal, SFHU
MHTETpalaraH TMOTEHIMAIMEeH Igi  apachiHmarbl Toyenaumik rpaduri cy
kateicybiMeH 0.25 M LiCl epitinginepinae Ttypreibuiisl (3-4 cyperrep).
Kuceikrapgan 0.8-1.6 B mnoTeHumangap apajblFbIHAAFBl  TY3y  CBHI3BIKTHI
aiiMakTapapl aiikeiH kepyre Oomamel (1, 3-4 cyperrep). Onebuerrepre [1]
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HETI3/Iell OTBIPBIN, COJ aiMaKTapiaH KaOBIPIIAKTBHIH KAaJIbIHIABIFBl MEH JJIEKTP
eTKi3rinrriri 3eprreningi ( 5-6 cyperrep).
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5 - CypeTTeH MOTeHIHaN Oepiay KbLIIaM/IBIFBIHBIH OCYIMEH KaOBIPIIAKTHIH
KaJBIHABIFEl TOMeHIeH D, Oyir kyOsupic LiCl GapiblKk KOHIIEHTPAMACH VIMiH
Oaiikanaapl, cede0i )KOFaphl IOTEHIMAN OepiTy JKbUIAAMIBIFBIHIA KaOBIPIIAKTHIH
KaJIBIHIBIFBI JKyKa O0omazpl. 6 -cyperte 0.25 M, 0.5 M xkone 2 M LiCl, 50 mB/c,
Cy KOHIIEHTPAIUSICBIHA IIEKTPOTKI3TIMTIKTIH TOYENAUTIK rpaduri KepceTiireH.
LiCl Oapiblk KOHIEHTpalUsAIAPbIHAA, CYALIH KOHIIEHTPALMSACHIHBIH OCYiIMEH
KaOBIPLIAKTBIH KAJIBIHABIFEl oceai. KaObIpmiakra 31eKTpeTKi3IiITIri OFaphl
epeKiIe aiiMakTap O0ybIHaH, KaOBIPIIAKTBIH OTKI3TIIITIr ecei.

ConbiMeH, LICl OGapiblk KOHIEHTpanusulapblHaa CyIbl  yCTeMeseyIiH
OCYIMEH OTKI3TIITIK ecei, OChl epITIHAIIepAeH KypanFraH KaObIpIIaK opi Kapai
epyi MYMKiH.

MonubaeHHIH epy peakuusIChl CaThUIbl TYPFbIIA XKY3ere acausl [1]:

Mo — Mo™ + ne

Kocemas Tenaeyi: Mo + xH20 — ne” = [Mo(H20)x]™ epirisi)

nemece Mo + 3H,0 — MoOs + 6H" +6¢”

4. KopbITHIHBI

MonubieH 3JIeKTPOJBIHBIH AIICKTPXUMUSUIBIK €py 3aHIBUIBIFBIH 3EpPTTeY
HOTWKECIHAC ajbIHFaH MOJIIMETTEpIl Taljgail Keie, Kejeci KOPBITHIHIBUIAPIBI
Jkacayra OOJasbl:

1. MonubaeH SICKTPOABIHBIH  JIIEKTPXUMUSUIBIK ~ KYHI  KIACCHKAIBIK
ANIEKTPXMMUS 3aHJapblHA aca OarbIHOAW/bI, aHBIKTAIFaH OapibIK 3aHJBUIBIKTAp
OIpTEKTI KATThI JIEKTPOIIMTTEP TCOPHUICH TYPFBICHIHAH KapaCThIPhLIAIbI.

2. MonuOaeHHIH 3JeKTPOXUMUSUIBIK epy TPOIECiHeH KEHiH Ae 3IeKTpo
OeTiHe KaObIpIIaK OOJYBIH JISKTPOHIBI MUKPOCKONITHIK XKOHE PEHTICHCIICKTPIIIK
TaNJiay HOTHKEICPIHIH KOPBITHIHBLIIAPbIHAH aliTyFa Oojaabl. DieKkTpo OeTiHae
TY3UITEH KaOBIPIIAKTHIH KaJTBIHABIFBI, KEICPTiCi KoHE DJEKTP OTKI3TIIITIT
3epTTENi.

3. Xorapbia aTanmblll KETKEH 3JCKTPOJIUTTEPre Cy KATHICYhl MOJUOJECHHIH
epitinaire ety npouecid yirrairansl, 0.25 M LiCl JIMCO epitinmici yimis Cyasig
KOJIaimbl KOHTIeHTpanusachl 38 Moib/1 HoO 60 TaObLIIEL.

Kap:kbuianasipy: Byi 3eprrey sxymbichin Kazakcran PecryOnukacs! Foutbiv xoHe XKoraps! binim
Mumnuctpairiig Feuisim Komuteri kapsksutanasipanst (I'pant UPH AP23490197).

Mynaesnep KaKTBIFBICBI: aBTOpIap Oyl Makamdaja MyJjelep KaKTBIFBICHIHBIH JKOKTBHIFBIH
MoiMIEH .

SJIEKTPOXUMHYECKHUE CBOMCTBA MOJIUBJIEHA B BOJHOM PACTBOPE
JAUMETUCYJb®OKCHUIA
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Pe3tome. Bsedenue. MomubaeH M €ro COECOWHCHMS IIMPOKO HCIIOJIB3YIOTCS B IPOU3BOJICTBE U
MPOMBIIUIEHHOCTH OJiaroiapsi CBOMM CBOMCTBaM, TAKMM KakK MEXaHHYECKas MPOYHOCTh, TEPMOCTONKOCTb,
BBICOKAsl  DJICKTPOIPOBOJHOCTb,  BBICOKAas ~ TeMIeparypa IUIAQBICHHS M DJICKTPOXUMHYECKas
KaTaJMTHYeCKask aKTUBHOCTh. [103TOMy HX mnepepaboTka, HECOMHEHHO, SIBIISICTCS BECbMa aKTyallbHOU
mpobnemoil. OpuH W3 CrHOcOOOB pelIeHHs: 3TOM NpoOJeMbl CBSI3aH C  HCIOJIb30BAHHEM BOJHO-
OpraHMYECKHX  PACTBOPOB  JIIEKTPOJUTOB.  [lens  pabomel:  ONPENEIWTh  3aKOHOMEPHOCTH
9JIEKTPOXMMHUYECKOTO  PAacTBOPEHHs MOJMOJeHAa B BOAHBIX AMMETWICYJIb(OKCHIa pacTBOpax
EKTPOIUTOB. MeTox nccienoBanus. B pabore HCIoab30BaHbl JIEKTPOXUMUYECKUE (TTOJSIPH3AL[MOHHbIC
U3MEpPEHHs, DIICKTPOJM3), PEHTTCHOCIIEKTPAIbHBIC AaHAIN3bl, MHUKpO(OTOrpadum, a TaKKE METOIbI
MaTeMaTH4eCKoro aHanusa. Pesyremamsl  u  o6cydcoeHue. PaccMOTPEHO — 3IEKTPOXHUMHUYECKOE
pactBopenne wmomubaena B 0.25 M, 0.5 M, 2 M pacrBopax LiCl B BogHOM pacTBOpe
JUMETHICYIb()OKCHIA TPH pPA3NUYHBIX CKOPOCTSX pa3BepTKH IMoOTeHIMana. Hanuuwe BOabl B
3JIEKTPOJIMTAX YCHUIMBAET MPOIECC MEePeXxo/ia MOIUOIeHA B pacTBOP, MOAXOAsMIeH KoHIeHTparmeil 0.25
M Boxsr LiCl IMCO okazanocs 38 monbs/1 H20. Tlpu 3THX KOHIEHTpaLUsIX SJEKTPOJIHTA OLIEHUBAIN
TOJIIMHY IUICHKH, 00pa3yromieiicsi Ha MOBEPXHOCTH MOJIMO/IEHA, ONPEACIISUT COPOTUBICHUE TOJIIHHBI
IUICHKH, a TaKKe OJJICKTPONPOBOAHOCTh IUICHKU. 3akimioyenue. DIEKTPOXHUMHYECKHE CBOICTBA
MOJHOCHOBOTO 3IIEKTPOJa B BOJHOM pPACTBOPE AMMETWICYIb(OKCHIA HE MNOAYMHSIOTCS 3aKOHAM
KJIacCUYeCcKOl anekTpoxuMun. OTaeneHue MonMOAeHa OT TBepAoW (a3bl B TaKHX AIICKTPOJIUTHBIX
YCJIOBHSIX, HECOMHEHHO, Oy/ZeT MMETh OOJbIIOe NMPUMEHEHHE, HAapHMep, MpU IepepaboTKe TBEPIbIX
OTXOIOB U TIPOM3BO/ICTBE OMOCEHCOPOB.

KioueBble cjoBa: MOJMOJCH, OJIEKTPOXMMHUYECKHE CBOMCTBA, JIUMETWICYIb()OKCH], IUICHKH,
3JIEKTPOIIPOBOAHOCT, TONIINHA IUICHKH.
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Aoby Monoup baxumoswcanoena Ma2ucmp, Hay4Hulll COMpyOHUK
Capcenbaesa Anus Mypamosna doKkmopanm
Kamwicoaes /yiicex Xaiicazanueeuu O0KMOP XUMUYECKUX HAYK, npogheccop
Hcabexosa Kapuna Ackaposna Mazucmpanm
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THE AMINO- AND FATTY ACID COMPOSITION OF SEEDS
CANAVALIA ENSIFORMIS (L.) DC

Zh.N. Uvaniskanova'®, G.A. Seitimova!, G.Sh. Burasheva!, M.1. Choudhary?
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Almaty, Kazakhstan
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Abstract: Introduction. This study aims to analyze the amino- and fatty acid composition of
Canavalia ensiformis (L.) DC. seeds using various analytical methods. The findings will support the
development of a biologically active composition with potential applications in pharmaceuticals.
Objectives. The study focuses on evaluating the amino- and fatty acid composition of Canavalia
ensiformis seeds. Methods. Seed quality assessment was performed in accordance with the requirements
of the State Pharmacopoeia of the Republic of Kazakhstan. The Canavalia ensiformis seeds were
extracted and subsequently fractionated using solvents with progressively increasing polarity.
Chromatographic methods, including HPLC and GC-MS, were employed to analyze the amino and fatty
acid composition. Results and Discussion. An optimal solvent was selected for the extraction process. The
fatty acid composition was assessed through methylation, and a comparative analysis of amino acids in
the butanol and aqueous extracts was conducted. Conclusion. The results provide a comprehensive
understanding of the composition of Canavalia ensiformis seeds and offer insights into their potential use
in developing biologically active compositions. This research holds significance for the pharmaceutical
industry, as it opens new avenues for creating plant-based drugs with possible therapeutic benefits.

Keywords: Canavalia ensiformis, maceration, GC-MS, fatty acid, amino acid.
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AMMHO- Y1 )KUPHOKHCJIOTHBI COCTAB CEMSTH KAHABIJIMA MEUEBUIHO¥
(CANAVALIA ENSIFORMIS (L.) DC)

JK.H. Yeanuckanosa'", I A. Ceiimumoea', I Ill. Bypawesa', M.H. Yayoxapu®

'Kasaxckuii nayuonansuwiii ynusepcumem umenu anb-Papabu, gaxyibmem Xumuu u XuMu4ecKkou
mexnono2uu, Anmamor, Kazaxcman

2MedicOynapoonsiii yenmp xumuueckux u Guonoauueckux nayx, H.E.J. nayuno-uccredosamenvckuii
uHCcmumym xumuu u L{enmp MonexyispHou Meouyumbl U UCCIe008aHUll IeKAPCME UMeHU OOKMOopa
Ianoceanu, Ynusepcumem Kapauu, Kapayu, Ilakucman

“E-mail: zhuldyz.uvaniskanova@gmail.com

Pestome: Bseoenue. Hacrosiluee MccIeI0BaHUE HANPABICHO HAa U3YYCHHE aMUHO- M JKHPHOKHCIOTHOTO
cocraBa cemssH Canavalia ensiformis (L.) DC ¢ npumeHneHreM pa3iInYHBIX METOIOB aHalIM3a. Pe3ysbTarhl
HCCIe0BaHMsT OyIyT WCIIONB30BaHbl UL CO3MAHMSL OHOJOTMYECKH AaKTUBHOH KOMIIO3HIHH C
BO3MOXKHOCTBIO €€ mpuMeHeHus: B (apmareBtrke. [Jesvlo NaHHOI PabOThI SIBISETCS OLEHKA aMHHO- U
JKUPHOKUCIIOTHOTO coctaBa cemsH Canavalia ensiformis. Memoow: uccnedosanus. J1o6poka4ecTBEHHOCT
CeMsH IPOBOAWIACH B COOTBETCTBMM TpeGoBaHMsMH ['ocynapcTBeHHOH (apmaxonen PecryOnuku
Kasaxcran. Cemena Canavalia ensiformis skcrparupoBanu, mocie d4ero mpoBOIWiH 00pabOTKy ¢
[OC/IeI0BATEIbHBIM OBBIIIEHHEM MOJSIPHOCTH pacTBOpuTeneil. B JaHHOM HCCIeOBaHHM aMHHO- U
JKMPHOKHUCJIOTHBIA cocTaB ceMsH mpoaHanusupoBaH Merogamu BOXX u I'X-MC. Pesyremamer u
obcysicoenus. TIpoBeneH Hoa0Op ONTHMAIBHOIO PACTBOPHTENSL. VI3ydeH JKHPHOKUCIOTHBIH COCTaB
METOZIOM MeTHIHpoBaHus. KpoMe TOro, mpoBeaéH CPaBHUTENbHbIN aHAIH3 aMHHOKUCIOT OYTaHOILHOTO
1 BOJHOTO 9KCTPAKTOB. 3axirouenue. T10IydeHHbIC pe3yIbTaThl CIOCOOCTBYIOT H3YUCHHIO COCTaBa CEMSH
Canavalia ensiformis u o3BosrOT IPOrHO3MPOBATH IPHMEHEHHE B Pa3paboTKe GHOIOrHIECKH aKTUBHBIX
kommo3unuii. Hacrosiiee uccienoBaHWe MMEET BaKHOE 3HaueHHe sl (hapMaleBTHYECKOi oTpacin,
MOCKOJIBKY OTKPBIBACT HOBBIE BO3MOXKHOCTH IJIsi CO3[aHHs MPENapaToB Ha OCHOBE DPAaCTUTENbHBIX
KOMIIOHEHTOB C NOTEHLMAJIbHOM TepareBTUYECKOM aKTHBHOCTBIO.

KaroueBnbie ciioBa: Canavalia ensiformis, mauepanust, I'X-MC, )KupHbIE KHCIIOTHI, aMUHOKHCIIOTBL.

Yeanuckanosa 7Kynowiz Haiitmanza3zvikpizo Mazucmp mexnuueckux Hayx
Ceiimumoga I'ynvnasz A6cammapogna PhD, accoyuuposannwiii npogeccop
Bypawesa I'ayxap Lllaxmanoena Jlokmop xumuueckux HayK, npogeccop
Myxammao Hxéan Yayoxapu PhD, ooxmop, npogeccop

1. BeaeHue

HecMoTpsi Ha 3HAYMTENBHBIA MPOTpPECC B HCIONB30BAHUU CUHTETHUYECKHX
mpenapaToB, CpPEACTBA MPUPOJHOTO TPOUCXOKACHUS 3aHMMalOT BcE€ Ooisee
BaXHOE MECTO B KIMHMYECKOH NpakTHKe. PacturenbHble (apmakonornuecku
aKTHBHbIC KOMIIOHEHTHI, KaK HpPaBWIO, 001aJai0T BBHICOKOW OMOIOCTYNHOCTHIO,
MUHHMHU3UPYIOT ~ TOOOYHBIE  3QQEKTBl W XapaKTepU3ylTCs  HHU3KOH
TOKCHYHOCTBIO. JIeKapCTBeHHBIE pacTEeHHsI COJEpKaT HE TOJIBKO aKTUBHBIE, HO U
BCIIOMOTaTelIbHbIE M OanacTHbIE BEIIECTBA, KOTOPBIE COBMECTHO (OPMHUPYIOT
obmuit TepaneBTUYCCKUN Ad(DPEKT, TOMONHIST W YCHUIHBAs JIECHCTBHE aKTHUBHBIX
komroHeHTOB [1]. Cpenu pacTUTENIBHOTO ChIpbs 0000BBIC KYJIBTYPhl OCOOCHHO
LEHSTCS KaK UCTOYHMK Oelka, He3aMEHUMBIX aMHUHOKHUCIIOT, MUIIEBBIX BOJIOKOH,
BUTaMHHOB Tpymmbsl B u munepanoB [2]. B cBs3u ¢ 3TuMm pacTér uHTEpec K
H3yYeHHI0 OOOOBBIX KYJIBTYp, OOJaNarolluX YHUKAIbHBIMU (apMaKoIOTHYEeCKH
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AKTUBHBIMA KOMITOHEHTaMH, KOTOPBIE MOTYT CIIY’)KHTh OCHOBOH JUIS CO3JIaHUS
3 PEeKTUBHBIX U OE30TaCHBIX TIPETIapaToB.

Canavalia ensiformis (L.) DC. otnocutcs k otpsay Fabales, cemeiictry
Fabaceae Lindl., moncemeiictey Faboideae, mpouspacraer B LleHTpanbHOi
Amepuke u B 3anagHodl MHIUM U IIMPOKO KYJIHTUBUPYETCS B TPOMHUYECKUX W
cyOTporuueckux pernonax [3, 4]. B GHOXMMHYECKHX HCCIIEAOBAHHUAX CEMEHA
C. ensiformis sBnsiroTcss MEpCMEKTHBHBIM HCTOYHMKOM PACTUTEILHOTO Oenka, B
YaCTHOCTH KOHKaHaBaiWHa A  (Kjacc JIGKTHMHOB), KOTOpBIM  oOnagaer
CIOCOOHOCTBIO CBSI3BIBATHCA C YTIIEBOJHBIMH OCTAaTKaMH HA TIOBEPXHOCTH KIETOK
[5-7]. Vpeaza u nektun u3 C. ensiformis sBISIOTCS IIUPOKO HM3YyYCHHBIMH
OenkaMu U SIPKUMH IIPUMEPAMHU BaXKHOCTH OUOJIOTHYECKH aKTHBHBIX COSTUHEHUH
9TOrO BHIA pactenuii [8-10].

2. JKCcepUMEeHTAIbHAs YacTh

OObekToM mHcciemoBaHusi siBisitoTcst  cemena Canavalia — ensiformis,
coOpaHHbIe BO BpeMsl IUIOI0OHOIIICHHUS B OKpecTHOCTsIX T. Kapaun ([Takucram).

Wsmenvuénnsie cemena C. ensiformis (10 kr) skcTparupoBaiu ImyTeM
Malepalid B TEYeHHWEe 72 dYacoB MpH KOMHAaTHOM Temmepatype, 80%-HbiM
JTAaHOJOM, TPEXKpaTHO. OTaHONBHBIH OKCTPAKT KOHIEHTPUPOBAIH  HA
POTAllMOHHOM HCHapuTeNle 0 MOJy4YeHHsS TyCcToro sKcrpakra (427 r). 'ycroii
9KCTPaKT pacTBOpSUIM B BOJE, a 3aTeM IOCleA0BaTelbHO o0paboranu
CICIYIONIUMH PacTBOPUTEIAMHU: #H-TekcaH (85 1), muxmopmeran (3.67 1),
stunanerar (2.66 ) u #-6yranon (49 r). Kaxnplii 3KCTpakT KOHIEHTPHUPOBAIIH.
KadecTBeHHBIN cOCTaB KCTPAKTOB HUCCIAEAOBANN MeTOoAoM ToHKOCTIOHON (TCX)
u 6ymaxsoii (bX) xpomaTtorpaduei.

Buvioenenue memunnpou3g00HbIX HCUpHLIX Kuciom. ['€KCAaHOBBIH 3KCTPAKT
cemsH 200 MKJI IOMECTHIIM B KPYTJIOAOHHYIO KOOy, nobasuimu 4 ma 0.5M KOH
B MetaHose. CoJepKUMO€ NPUCOCAMHSUIM K OOpaTHOMY XOJIOOWIBHHKY U
HarpeBajik Ha BOJsHOW Gane mo kunenus (15 mun.). ITocne storo mobasuimu 1,6
mi pactBopa HCl B meTtanomne (cootHomenne 4:1) ¥ MpogoiDKaI KUTITIYECHUE B
TEUCHUE 25 MUHYT. 3aTeM CMECh OXJIJWIH, J00aBHIN 8§ MJI JUCTHILIUPOBAHHON
BOJBI, a 3aTeM 6 Mu H-TekcaHa. ColepKUMOe KOJIOBI MEPEHECIH B CTEKJISTHHYIO
poOHMpPKy, OOecreynB OTAETCHHE CJI0S TeKcaHa. |'eKCaHOBBIA CIION OCYyIIHIN
cyibdaroM HATpUs ¥ OTHUIBTPOBAIN Yepe3 MEMOpaHHBIA QUIBTP C AUAMETPOM
nop 0.45 MKM.

CocraB ®HPHBIX KHCIIOT aHAIM3UpOBaIK Ha xpomatorpade Agilent 7890N,
OCHalIeHHBIM Macc-aerekropom Agilent system Triple Quad 7000A, B pexxume El
npu 70 5B (mmamazon m/z 40-600 a.e.m) ¢ Temneparypoit moHoB 250 °C u
naraukom Agilent. Mudpopmanmonnas cuctema ChemStation. IT'X ocHamien
kosionkoit AGILENTDB-35-MS (30 M*x320 mrmx0.25 MKM), HHKXEKTOPOM 0e3
pasnenenusi, HarpeBaembiM npu 200 °C, u I1UIAMEHHO-MOHU3AIMOHHBIM
nerextopoM (FID) npu 230 °C.

AMHHOKHCIIOTHBIE ~ COCTaB  3KCTPAaKTOB  CEMSH  HU3y4alld  METOJIOM
BBICOKO3((PEKTUBHOW  KHMJIKOCTHOH  xpomatorpadpuu ¢  ayopecueHTHOH
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nerekiuern (BOXX-FLD) ¢ wucnonbp3oBaHMeM >KHIKOCTHOTO XxpomaTorpada
Agilent 1200 (Agilent Technologies, CIIA). Pa3nmemnenue mnpoBoauiaM Ha
xpomatorpaduueckoii kononke Kinetex EVO CI18 (4.6 = 100 MM, 2.6 MkM)
(Phenomenex, CIIIA). IIpo6a mMmOATOTOBKAa 3KCTPAKTOB CEMSH IPOBOIWIH
corimacio MBU MH 1363-2000 [11].

YcnoBust xpomatorpaduu:

IMonsuxHas dasza A
ToxBuxHas dasa J|

ACN:MeOH:H.0 (45:45:10)
10 MM Na2HPO4, 10 MM Na2B4O7, 0.5 MM
NaNs3 (pH=8.2)

CKOpOCTh TIOTOKA 1.150 ma/muH

Temneparypa KOJIOHKH 40°C
O0beM MHBEKIIUHI 5 MKI
Bpewmst octaHOBKH 16 mun

3. Pe3yibTaThl M 00CYKICHHE

IlobpokauectBeHHOCT, ceMsaH Canavalia ensiformis ompegensior 1o
OOIIENPUHSITEIM METOAWKAM YCTaHOBJIEHHBIM B ['ocynapcTBeHHOH (apmakoriee
PK I uznanus (Tab. 1). BnaxxHocTh 1 001Iasi 3071bHOCTD, SBISIOTCS KIIOUEBBIMU
(bakTopaMu KOHTPOJISI KAYECTBA UCCIIEAYEMBIX PACTUTEIBHBIX 00bEKTOB [12].

OKCTPaKTUBHBIE BEIECTBA B PACTUTEIBHOM CBIPbE — 3TO OHOJOTMYECKU
AKTHBHBIC COCIMHEHHsI, U3BJIEKaEMBbIE C MOMOINBIO Pa3IMYHBIX PACTBOPHUTENCH.
Taxo#l moaxoxa MO3BOJISIET ONPEACTUTh ONTUMAJIbHBIM HOAOOP PacTBOPUTENS AJIS
MaKCHUMaJbHOTO BBIXOZA 3KCTPAKTHBHBIX BELIECTB, YTO BAXKHO IS IMOJYYCHHS
KAa4eCTBEHHBIX  PACTUTENBHBIX  JKCTpakToB. [lo  pesynbraraMm  aHanm3a,
HanOOJNBINNI BBIXOJ SKCTPAKTUBHBIX BEIECTB BBISIBICHO NPH HCIONB30BAaHHU
80%-woro pactBopa sTaHoa (25.86%).

Taomuua 1 — ITokasatenu nodpokavectBeHHOCTH cemsin Canavalia ensiformis

HanmenoBanne | BnaxknocTs, | O0mas | DKCTPaKTUBHOCTE | DKCTPAKTHBHOCTH | DKCTPAaKTHBHOCTH
pacTUTENBEHOTO % 30114, B 30% sTanoe, B 50% sTanoie, B 80% sTanoie,
CBIPBS % % % %
Canavalia 6.51 3.87 17.96 23.81 25.86
ensiformis

I'excanoBbiii 9KcTpakT cemsH Canavalia ensiformis ucciemoBan merogom

I'X-MC,

pe3ynbraTte

UACHTU(OUITUPOBAHBI

13

COeIUHEHUU

(Tabm. 2).

HawuGonbmee COACPIKAHNEC B TI'CKCAHOBOM DJKCTPAKTEC HUMCKOT JBa OCHOBHBIX

COCTMHEHUS

— aymeon (42.04%),
MPOTHUBOBOCHIAJIMTCIIbHBIMU

okTtajeneHmIoBbIi) (18.92%).
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Tadauua 2 — I'’X-MC ananu3 rekcaHoBoro skcTpakTa cemsta Canavalia ensiformis.
Bpewms JIunelineiii ConeprxaHusi, HaumenoBanue coequHeHus Bpytro
YACpIKaHHS MHJICKC (%) (dopmyna
(Mun) YAEPKUBaHU
s
OTUN0BKIN 3up
22 1978 3.2 NaJbMUTHHOBOM KHMCIOTBI C18H3602
OTHUIIOBBIH (P ONEUHOBON
26 2185 6.3 KHCJIOTBI CaoHys0,
26.2 2453 9.09 TlabMUTOMIT STAHOJIAMHUJT CyHNO,
30.2 1389 1.69 MeTunnonenmioBsiid s¢gup Cy3H,0
2-TTupponuauHoH, 1-(9-
325 2618 18.92 OKTa/ICIIEHUIIOBBI) C,H,NO
MMupponnmu, 1-(1-okco-7,10-
32.6 2356 4.69 reKcaeKpaneHUIbHBIN) CyoH3sNO
33.1 2572 1.18 bpaccununoBas kuciora Cy,H,,0,
2-IMMETHIIAMHHO3 THIIOBBIH
34.4 1431 8.44 3(Hp OKTaHOBOI KUCITOTHI C1,H:NO,
2H-
34.6 2330 1.96 Bensookcupenobenzodypan-9- CH,N,0,4
METHII
Aunerar (3¢up) nacukapnuaHa-
34.9 2453 0.5 1-meraHona CaoH26N;0,
2-MoHoonenH C.H.O
35.3 2705 0.87 21M4009,
38.1 3942 1.11 1-FCHTanI/IaKOTaHOJ'I C37H7GO
46.8 2848 42.04 Jlyneon CaoHs0
HOHy‘IeHI/Ie MCETUJIIIPOU3BOJAHBIX T€KCAaHOBOI'O 9KCTpaKTa IO3BOJIUIO

unentuduiuposats 33 coemunenuss merogom ['X-MC (Ta6. 3). Bricokoe
COJIEpIKaHUE MPAaHC-BAKIICHOBOW KHUCIOTHI (44.64%), sBISIOIIEHCS BaKHOU
HEHACHIIIIEHHOW JKUPHON KHUCIIOTOH, o0O0Najamomell aHTHOKCHUAAHTHBIMH U
MIPOTHBOBOCHIANINTENBHBIME CBOMCTBaMH [14], OTKpbIBaeT BO3MOXKHOCTH IS €€
MIPUMEHEHUS B 00JIACTH HYTPUIICBTHKH.

Kpome Ttoro, oOHapyxeHo mpeoOnamaHWe  METHIOBBIX  3(HpOB
mansMuTHHOBOW (21.81%) w muHOomeBoi (15.8%) KHCIOT, KOTOpBIE HTPAIOT
BOXHYIO POJIb B METa0OJM3ME U MOTYT OKa3blBaTh BJIUSHHE Ha 3JI0POBbE
YeJIOoBeKa.
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Taomuma 3 — JKupHO-KHCIOTHBIM COCTaB TeKCaHOBOro sKcrpakra cemsH Canavalia ensiformis c
romouipro ['’X-MC ananmsa

Bpewms Jlunetinenii uanexkc | ConepxaHus HaumenoBanue coequaeHus Bpytto
yAEpKAHUS yAEp)KUBAHUS (%) hopmyna
(mMuH)
41.3 1680 0.32 MertunoBelit 3¢up CisH30,
MUPHCTHHOBOH KHCIIOTBI
44 2085 0.02 MeTunoBslit 3¢up onenHoBoOH C,oH360,
KHUCJIOTBI
445 2085 0.05 MeTunosblii 3pup 01enHOBOH CioH30,
KHCJIOTBI
44.6 1779 0.29 MertunoBblii 3dup C16H3,0,
MEHTAeKAaHOBOH KHCIIOTBI
47.5 1886 0.73 MeTunoBslit 3¢up C,;H;,0,
HaIbMUTOJICHHOBOM KHCIIOTHI
47.7 1886 0.64 MertunoBblii 3dup C,7H;,0,
HaJIbMUTOJIICUHOBON KHCIIOTBI
48 1878 21.81 MeTunoBslit 3¢up C;;H,,0,
[aIbMHUTHHOBAS KHCIIOTHI
50.8 1986 0.11 Merunossiii 3¢up mwuc-10- C.gH3:0,
TEeNTaell€HOBOM KHUCIOTHI
50.9 1986 0.02 Metun-9-rentaaenesoar uimu 9- C.gH3,0,
17:1
51.1 1978 0.2 MertunoBslit 3¢up CieH30,
renTaieKaHoBOIl KMCIIOTHI
52.5 2041 0.15 Merun-2- C,;H,,0,4
IHIPOKCUIEKCaICKaHOAT
54 2085 44.64 Mertunosslit 3¢up mparc- CioH30,
BAKIEHOBOH KHCIIOTBI
54.2 2093 15.8 MeTunoBslit 3¢up THUHOIEBOK C,H3,0,
KHCJIOTBI
54.3 2085 0.04 MeTunoBslii 53Gup OICHHOBON CioH30,
KHCJIOTBI
54.7 2101 7.32 MeTunoBslit 2¢up THHOTEHOBOK C,H3,0,
KHCJIOTBI
61 2284 0.54 Mertunossrii 3¢up 11- C,H,0,
9HKO36HOBON KHCIIOTHI
61.6 2276 0.16 Metunosblit 3¢up dHK03aHOBOI C,H,,0,
KHCJIOTBI
75.7 2475 0.12 MeTuioBslii 3¢up H0K03aHOBOI C,3H460,
KHUCIIOTBI
77.4 2402 0.59 Merwuosstii 3¢up 9,10- CioH360,
JMTHAPOKCH-, OKTaJeKaHOBOH
KHCJIOTBI
79.3 2510 0.05 Mertun 21-MeTHIIOKO3aHOAT C,,H,0,
81.2 2674 0.57 MerwuioBblii 3¢up C,sHg00,
TETPAKO3aHOBOW KHCIIOTHI
82.3 3093 0.1 2,2,A-Tpumermi-3-(3,8,12,16- CyH5,0
TEeTpaMETHIITeIITaIeIIIII-
3,7,11,15-rerpameTnn)-
LIUKJIOTCKCaHOI
82.5 2773 0.12 MeTunoBslit 3¢up C,Hs,0,
HEHTAKO3aHOBO KHCIIOTHI
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[Iponomxenue Tabauis! 3
83.2 3094 0.07 OTHIIOBBIH H30-aI0XO0NaT Cu6H1405
83.5 2872 0.15 MertunoBelii 3¢up C,,H:,0,
TeKCAK03aHOBON KHCIIOTBI
85.6 3094 0.05 OTUI0BBIH M30-aJI0X0JIAT Cu6H 1,05
85.8 3094 0.02 OTHIIOBBIH N30-aMI0X0NaT Co6H 4405
88.3 2739 0.21 Crurmacrepon C,H,0
89.1 2731 0.09 p-Crurmacrepon CyoHs,0
90.4 3942 0.14 1-T'enTarprakoraHon CyH,0
90.9 3094 0.04 OTHIIOBBIH N30-aMI0X0NaT Co6H 4405
91 3145 0.06 7,8-Onoxcunanocran-11-om1, 3- C,,H.,0,
aIeTOKCH-
91.4 2848 4.8 Jlyneon CaoHs00

Pan uccnenosanmii [15—16] HampaBieHBl Ha W3y4YE€HHE aMUHOKHCIOTHOTO
COCTaBa CEMsSH C HCIONb30BAaHUEM METOJIOB,
ABTOKJIABUPOBaHWE WM MPUMEHEHUE PA3JUYHBIX PACTBOPUTENEH, YTO CBA3aHO C
BaXHOW pOJIBI0 AMHHOKHCIOT KaK CTPYKTYPHBIX KOMIIOHEHTOB CEMSH. JTO
MOCTYKUJI0 OCHOBAaHHMEM JJIsl aHATH3a aMHHOKHCIOTHOTO COCTaBa JKCTPAKTOB
cemau C. ensiformis, momydeHHBIX Ha OCHOBE IONAPHBIX PACTBOPHUTENEH, B
pe3yabpTaTe KoToporo uaeHTuduimposano 17 amuaokucior (Tabm. 4).

TaKMX KaK 3aMadYuBaHHC,

Taéauua 4 — AMHHOKHCIOTHBIH COCTaB OyTaHOJBHOTO M BOJHOIO 3KCTpakToB cemsiH Canavalia

ensiformis
mr/100 r
HaumenoBanyue aMUHOKHCIIOT = ~
BoaHblit 9kcTpaKT ByTaHOJIBHBIH KCTPAKT

AcmaparnHoBasi KHCJIOTa 1158.06 1221.31
I'myramMuHOBasi KMCJIOTa 2049.82 2464.91
Cepun 324.04 483.05
T'uctuaun 1114.32 2534.57
Ty 284.52 744.37
Tpeounn 173.13 697.56
ApruHuH 2317.14 889.38
AnaHuH 158.24 -

Tupo3un 1363.71 566.09
IucTuH 6837.45 -

Bamun - 580.59
MeTHoHUH 167.54 501.94
Tpunrodan 2639.54 426.57
DeHunaaHuH 2480.84 1079.38
M3oneima - 642.61
Jleinpn 335.78 -

Jluzun 132.48 258.59

BonaHpIi  3KCTPAaKT JEMOHCTPHPYET BBICOKOE COJIEpKAHWUE IIHCTHHA

(6837.45 Mr/100 t) u Tpunrodana (2639.54 wmr/100 r), B TO BpeMs Kak

OyTaHONBHBI  HKCTPAKT

COJEPKUT
acnaparnHoByio kuciory (1221.31

TUCTHIUH
Mmr/100 1).

(253457 wMr/100 1) wm
Banun u wusonednuH He
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O6Hapy>KeHI>I B BOJHOM OJKCTPAKTC, TOTAa KaK aJlaHWH, OUCTHUH U HeﬁHHH HC
BBISIBJICHBI B OyTaHOJBLHOM DKCTPAKTE. DTO MOKET CBHJICTCILCTBOBATh O HU3KOU
pPacTBOPUMOCTH JAHHBIX AMHUHOKHCIOT B YKa3aHHBIX PACTBOPUTENSIX, UTO
MTOAYEPKUBACT BaXKHOCTH MPABUIILHOTO BHIOOpA dKCTpareHTa It 3P GEeKTHBHOTO
HU3BJICUCHUA aMHUHOKHUCIIOT.

4. 3ak04enue

1. BriepBbie HauaThl UCCIIEAOBAHUS XUMHYECKOrO coctaBa cemsiH Canavalia
ensiformis (L.) DC 3arotoBnennsie B T. Kapaum (ITakucran), ompesaesieHa
NI0OpPOKaueCTBEHHOCTb.

2. B pesynbrare aHanmM3a TeKCAHOBOrO OKcTpakra cemstH Canavalia
ensiformis meromom I'X-MC oOHapyxeHbl 13 coenmuHEHHi, C BBICOKUM
cozepxanueM nyneona (42.04%).

3. BrmepBble U3y4eH >KHPHOKHCIOTHBIH COCTaB T'€KCAaHOBOTO JKCTPAKTa, B
pe3yabTaTe uIeHTUGUIUPOBAHO 33 COCTMHECHMS.

4. TIpoBelneH CpaBHUTEJIBHBIA aHAIM3 AMHHOKUCIOT OYTaHOJIBHOTO |
BOTHOTO JKCTPAKTOB. B pesymprare oOHapyXeHBI 17 aMHHOKHCIOT, C
npeobagaHieM TIyTaMHUHOBOHM KucioThl B BogHoM 2049.82 mr/100 r u 2464.91
Mr/100 r B OyTaHOJILHOM 3KCTPAaKTE.

®dunancupoBanue: J[lanHoe wuccrenoBanue (UHAHCHPOBAaHO MUHHCTEPCTBOM OOpa30BaHUS H
Hayku Pecnyonuku Kazaxcran (mokropantckas cruneus XKyiap3 Y BaHUCKaHOBO# ).

Baaroaapuoctu: XK.Y. Belpaxaer 61arogapHocTh HayuHO-mcCne1oBaTeIbCKUl MHCTUTYT XUMHUH
H.E.J. n llenTp MONeKyIApHOW MEIWIMHBI U HCCICIOBAHUH JIEKAPCTBEHHBIX CPEJCTB MMEHH IOKTOpa
Manmxeann npu Yuuepcurere Kapaum (r. Kapaum, [lakucran), 3a mpeaocTaBiCHHBIC YCIOBHS IS
MPOBEJCHUS €€ UCCIIEeJOBAHUI.

KoHpaukT nHTepecoB: ABTOPBI JaHHOH PaOOTHI 3asBIISIOT, YTO Y HUX HET KOH(IUKTa HHTEPECOB.

CEMCEP TOPI3 I KAHABIWJIMSI TYKbIMJIAPBIHBIH (CANAVALIA ENSIFORMIS (L.) DC)
AMUH )K9HE MAU KbIIIKbIJIbI KYPAMbI

JK.H. Yeanuckanosa'", I A. Ceiimumoea’, I IIl. Bypawesa', M.H. Yayoxapu®

1On6-@apabu amvinoazer Kazax, ynmmuix yuueepcumemi, XuMus JiCone XUMUATLK MEXHOAOSUALBIK
¢axynomemi, Armamol, Kazaxcman

2Xumus dicone 6Guono2us eviiviMu-3epmmey uncmumymot, 0oxkmop Ilonoxceanu Oapinik 3ammap men
npenapammapovl MONEKyIaablK sepmmey opmanviesl, Kapauu ynusepcumemi, Kapayu, Ilaxucman
“E-mail: zhuldyz.uvaniskanova@gmail.com

Tyiiinaeme: Kipicne. By 3eprrey opTypiii Tajay 9iicTepid Kosiiana oteipsir, Canavalia ensiformis (L.)
DC. TyKpIMIapbIHBIH aMHH JKOHE Mail KbIIIKBUILIAPBIHBIH KYPAMbBIH 3€pTTEyre OarbITTanfaH. 3epTrey
HOTHKeNepi (apManeBTHKaaa KOJIJaHy MYMKIHAIr 6ap OHOJIOTHSUIBIK OSJICeH/1I KOMITO3HUIIMSHBI JKacayFa
Heris Oomanpl. 3epmmey maxcamer. Canavalia ensiformis TyKeIMIapBIHBIH aMHH JKOHE Maif
KBILIKBUIBIHBIH KYpaMbIH Oaranay. 3epmmey adicmepi. TykpIMHBIH HiblHaibFel KP M® Tanmanrapsina
coiikec kyprizimmi. Canavalia ensiformis TyKeiMmapsl SKCTpPakKTBUIAHABI, OHBI  CPITKIIITEPHIH
MOJISIPIIBIFBIHBIH JKOFapbUIAybIMeH (pakuusiay Kyprizingi. AMUH KoHE Mail KbIIIKBUIIAPBIHBIH KYPaMbl
KICX xone 'X-MC xpomarorpadusiiblK 9IiCTep/l KONJaHY apKbUIbl TaljaHanwl. Haomuoicenep men
mankwpiiaynap. OHTAWIBI epiTKIOI Typi TaHmaIAsl. Mail KBIIKBUIBIHBIH Kypambl METHIIEY OAiciMeH
3eprrenmi. COHBIMEH KaTtap, OYTaHOI MEH Cy CHIFBIHABUIAPBIHBIH aMHUHKBIIIKBUIIAPBIHA CABICTHIPMATbI
Tangay xacaniapl. Kopuimeinowvl. Ansiaran HoTikesnep Canavalia ensiformis TyKpIMaapbIHBIH KypaMbiH
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HEFYpPJIbIM TOJBIK 3€PTTEYre BIKMAN €TEHi JKOHE OHBIH OHOJOTHSJIBIK OEJICeHAlI KOMITO3UIMSIIAP/IbI
a3ipieyne KONIAHBUIYBIH OoibKayFa MYMKIHOIK Oepenmi. 3epTTey IKYMBICBHIHBIH (hapMaieBTHKA
caylachIHJIaFbl MaHBI3IBUIBIFBI, EMJIIK OelceHIuIiri 6ap eciMIiK Heri3iHjeri mpenaparTapibl jKacayablH
»KaHa MYMKIHAIKTEpiH allajsl.

Tyiiinai cesnep: Canavalia ensiformis, manepanms, I'X-MC, Maii KbIIIKbUIIAPHI, AMUAH KBIIIKBULIAPHI.
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INTERPHASE PROCESSES IN MODIFIED BITUMEN SYSTEMS

A.l. Degert, A.N. Dyuryagina, Y.S. Byzova“, G.B. Aubakirova, A.A. Lutsenko
M. Kozybayev North Kazakhstan University, Petropavlovsk, Kazakhstan
“E-mail: yuliyabyzovwva@gmail.com

Abstract: Introduction. The unsatisfactory quality of asphalt concrete road surfaces in most cases is
due to poor adhesion between the bitumen binder and the surface of the mineral filler. The aim is to
establish the influence of modifiers of various natures on the development of interphase processes in
modified bitumen compositions. The methodology of the work included measuring the contact angle of the
crushed stone surface with modified bitumen systems depending on the quantitative content of additives
in bitumen and evaluating the adhesive effectiveness of modifiers. Results and discussion. As follows
from the analysis of the data obtained, the introduction of AC-2 into bitumen favours the wetting of the
crushed stone surface, which, as a result, is confirmed by a decrease in the contact angle. The values 6 of
solutions of bitumen with AC-2 decreased by 6.73° as its concentration increased from 0 to 3.0 g/dm?.
The results of measurements of the wetting edge angle in the binary bitumen-AG-4l system indicate that
the polymer additive also stimulates the process of wetting crushed stone with bitumen, but less
intensively. The maximum decrease in § was 3.26° at Cac.a1 =1.5 g/dm®. Conclusion. With an increased
content of AC-2 (Cac2=1.0 g/dm?), cohesion and adhesion increase and reach their maximum at Cac2=2.5
g/dm3: Wk=89.68 mN/m, Wa=13.90 mN/m, A=68.55%. In the presence of a sealing liquid in bitumen, the
adhesive-cohesive effect has a maximum at the same concentration point (Cac.4r =2.5 g/dm®) and is:
Wx=90.20 mN/m, Wa=10.79 mN/m, A=92.25%.

Keywords: bitumen modification, polymer, surfactants, surface tension, wetting, adhesion,
cohesion.
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MEK®A3HBIE IPOLIECCHI B MOANPUIINPOBAHHBIX BUTYMHBIX CUCTEMAX
Jezepm A.U., /lopazuna A.H., Bvizoea 10.C.", Aybaxuposa I.B., Jlyyenxo A.A.

HAO «Cesepo-Kazaxcmanckuii Yuusepcumem um. M.Koswvibaesay, [lemponasnosck, Kazaxcman
“E-mail: yuliyabyzovwva@gmail.com

Pe3ome. Bsedenue. HeymoBieTBOpUTENbHOE KadecTBO ac(hanibTOOCTOHHBIX TOPOXKHBIX MOKPHITHIA B
OOJBLIMHCTBE CllydaeB 0OYCJIOBJICHO HEYIOBIECTBOPUTEIBHOM aire3nei Mexay OUTYMHBIM BSDKYIUUM U
MOBEPXHOCTBIO MHHEPAIBHOTO HANONHUTENA. O(G(EKTUBHBIM CHOCOOOM IIOBBILICHHS aAre3HOHHO-
KOTe3HMOHHOH NPOYHOCTH OMTYMOMMHEPAIbHBIX KOMIIO3UTOB SIBIISETCS MOAMU(DUIMPOBAHUE BSDKYIIETO
pa3IMYHBIMM AJAMTUBAMU. [[enb — yCTaHOBICHUE BIUSHUS MOAM(GHUKATOPOB PA3IMYHOW HPHPOJBI HA
pasBuTHE MeX(pasHbIX HPOLECCOB B MOAM(MHIMPOBAHHBIX OMTYMHBIX KOMIIO3HLMAX. Memooonozus
pabompl BKIIOYATa U3MEPEHHE KPaeBOIO yIila CMaYUBaHUS IIOBEPXHOCTH IEOHS MOAUGHUIMPOBAHHBIMU
OUTYMHBIMH CHCTEMaMM B 3aBHCHMOCTH OT KOJMYECTBEHHBIX COJCP)KaHHH AJUIMTUBOB B OHMTYME W
OIICHKY aJIr€3MOHHON 3((PEKTUBHOCTH MOIU(PHUKATOPOB METOIOM OTCIaWBaHHs OMTyMa OT MOBEPXHOCTH
mebHs. Pesynomamol u obcyscoenue. Kak cieqyer U3 aHainu3a HONTYyYCHHBIX JAaHHbBIX, BBeaeHne AC-2 B
OUTyM OJaronpHATCTBYET CMAuUMBAHHIO MOBEPXHOCTH ILIEOHS, 4TO, KaK CIEACTBHE, IIOATBEPXKIACTCS
YMEHBIICHHEM KPaeBOro yrjia cMadyuMBaHUs. 3HaueHus O pacTBopoB Outyma ¢ AC-2 yMeHbIIAIUCh Ha
6,73° o Mepe yBenudeHus ero konneHTpanuu ot 0 10 3.0 r/qm°. PesysTaThl n3MepeHHii KpaeBoro yria
CcMa4uBaHUs B OMHApHOH cucteme «OuTyM-Al-411» CBUICTENBCTBYIOT, YTO MMOJIUMEPHBIH aIIUTHB TaKXKe
CTUMYJIUPYET MPOLECC CMauuBaHUs 111eOHsI ONTYMOM, HO MEHee MHTEHCHUBHO. MaKCUMaIbHOE CHIDKEHHE
0 cocraBuno 3.26° mpu Car4u=1.5 r/am% 4T0 TpakTHYecKM B 2 pasa MeHbLIE B CPAaBHEHHH CO
cmaunsarommm sddexrom AC-2. 3axmouenue. Tlpu nosbimenHom conepxanun AC-2 (Cac2>1.0 r/am®)
KOT€3Hsl U a/IF€3Hsl yCUITMBAIOTCS M JIOCTUIAIOT cBOero Makcumyma ipu Cac-2=2.5 r/am® Wk=89.68 mH/m,
Wa=13.90 MmH/M, A=68.55%. B mpucyrcTBUHM repMeTH3UPYIOLIEH KUAKOCTH B OMTYME aJre3nOHHO-
KOTEe3HOHHBIH 3(h(EeKT MMeeT MaKkCUMyM B TOH ke KOHIeHTpanuoHHOH Touke (Car4u=2.5 r/mm®) u
cocrasjsieT: Wk=90.20 mH/M, Wa=10.79 MH/M, A=92.25%.

KaroueBble cioBa: MoaupuuppoBanue OHTyMa, MOJNUMEp, IOBEPXHOCTHO-AKTHBHBIC BELIECTBA,
MTOBEPXHOCTHOE HATSDKCHUE, CMaYMBaHHE, aAre3Hsi, KOTe3Husl.

[Mezepm AnenaHleanosna PhD ooxmopanm

Mwopazuna Aumonuna Hukonaeena Kanouoam xumuuecxux nayx, npogheccop

Buviz06a FOnus Cepzeesna PhD, cmapwuii npenooasamens

Aybakuposa I'vivcum bazpamosna Kanouoam xumuueckux Hayk, 3aciyiceHHblll
npogeccop

Jyyenxo Auoa Anexcanoposna PhD, ooyenm

1. BBenenue

Kak un3BeCTHO, OCHOBHBIMM KOMIIOHEHTaMH ac(anbTOOETOHA SIBISIIOTCS
OouTyM 1 MUHEpabHbI Matepuan [1-3]. TIpouHOCTh creruieHUs (QAre3us) MEKIy
OMTYMOM W HAIOJHUTEIEM HEMOCPECTBEHHO BIHUSICT Ha OJKCIUTyaTal[OHHBIC
XapakTePUCTUKH W JOJTOBEYHOCTH  (QOpMUpYyeMOTo  acdaabToOeTOHHOTO
JOpOXKHOTro TOKpbITUs [4-5]. HeynomnerBopurtenbHas aare3us CrocoOCTBYeT
OTCIIOCHHIO OUTyMa OT MOBEPXHOCTH MIEOHS B IPUCYTCTBUH BIIATH, YTO MPUBOAUT
K TPEXICBPEMECHHOMY Ppa3pyLICHUIO JOPOXKHOTrO MojoTHa [6-8], mostomy s
MOJTYYECHHUS! BBICOKOKAYECTBEHHBIX JTOPOXHBIX MOKPBITHH KIIOUEBHIM (PaKTOPOM
SBJIsSIeTCS O0ECHEeYeHNE BBICOKOW aJre3ud Mexay OWTYMOM M MHHEpaJbHOU
COCTaBJISIOIIEH HOpOXKHOTO TOKphITHs [8-10].
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HemanoBakHyr0 pOJIb WIpaeT TakXke KOTe3MOHHOE B3aWMOJCHCTBHE B
00BeMHOH (haze OMUTYMHOTO OMTYMa, XapaKTEPHU3YIOIIEe COMPOTHUBIICHUE CIABUTY
CIIOEB BSDKYILEr0 Ha MOJEKyJsipHoM ypoBHe [11-12]. Koresus, kak u airesus,
sBisieTcss  (QyHIaMEHTAJbHBIM IOKa3aTeneM, [AlollUM IpeJICTaBIeHUE O
MEXaHHMYECKOM ITOBEICHUH OUTYMa IIPH MOJIO0KHUTENBHEIX TeMepaTypax [11, 13-
14]. TlokazaTenu anare3sud M KOTe3MH OUTyMa TO3BOJISIOT IPOTHO3UPOBATH
ne@opMaliOHHbBIE W MPOYHOCTHBIE  XaPaKTEPHCTHKH  (OPMHPYEMOTO
acanprodeToHa [15-16]. DddekTuBHBIM CIIOCOOOM IOBBIMICHUS AATE3HOHHO-
KOT€3MOHHOW  IPOYHOCTH  OUTYMOMUHEpPAIBHBIX  KOMIIO3UTOB  SIBIISIETCS
MOIM(UIMPOBAHKE BSDKYLIETO pa3inyHbIMU aanutuBamu [7, 13].

Llenpl0 HACTOSILETO MCCIENOBAHUS SBISUIOCH YCTAHOBJICHHWE BIUSHHUS
MOIU(HUKATOPOB PA3IMYHON IMPHUPOABI HAa Pa3BUTHE MEX(a3HBIX IMPOLECCOB B
MOIUGHUITITPOBAHHBIX OUTYMHBIX KOMIIO3HUITUSIX. ITO TOTPEOOBATIO UCCIICIOBAHUS
MPOIECCOB CMAauyMBaHUS MHHEPAJIbHOTO HAMOJHUTENS] B 3aBUCHUMOCTH OT
KOJINYECTBEHHBIX COJIEPXKAHWH aJauTHBa B OWTyMe; a TaKXkKe U3y4YeHHUs
3aKOHOMEPHOCTEW BIHMSHUS MOAM(UKATOPOB HA TEPMOJMHAMUYECKYIO paboTy
aAre3uH U aAre3HOHHYI0 3P PEKTUBHOCT MOIU(PHUKATOPOB B COCTaBE OMTYMHOTO
BSDKYILETO.

2. DKcnepUMeHTAJIbHAA YaCTh

2.1 Mamepuansi

1. Oxucnennsrii 6utym ¢ nenerpanueir 100/130.

2. Moauuuupyomye aJjInTHBbL:

- AC-2 — mpoaykT B3auMoieiicTBUsl KyOOBBIX ocTaTKkoB Hedrexumun KOH-
92 (TY 38.302-75-03-92) c kapbamMuaoM B MPHUCYTCTBHHM aKTHBUPYIOILEH
NO0aBKM — YKCYCHOM KHCIIOTBI, YTO TIO3BOJIIET OOECIIEYNTh KOJIMYECTBEHHOE
AMHHUPOBAHNE BBICHIMX aJIbACTHIOB M MCKIIOYNTh NPUMEHEHHE ra3000pa3Horo
ammuaka [17];

- AT'-4U1 — otpaboTaHHas TepMETU3UPYIOMIAs KHUIKOCTh, POJYKT Ha OCHOBE
BBICOKOMOJIEKYJISIPHOTO TIOJIMU300yTHIIEHA U HE(DTSIHBIX Macerl.

2.2 Ilpueomognerue MoOuUYUPOBAHHBIX OUMYMHBIX KOMNOZUYUL

DddexT MmoandunrpoBaHus yCTaHABIMBAIN IIPH ITIOCTOSHHON TeMIieparype
(130°C), Bapbupysi B OMTyMe KOJIMUECTBEHHOE COJICPIKaHHUE a[INTHBOB
(Cy=0+3.00 r/nm%). Metomuka MIPUTOTOBJIEHUS] KOMIIO3ULIMK 3aJaHHOTO COCTaBa
aHaJIOTHYHA ONMCcaHHO panee [18].

2.3 H3mepenue Kpaegozo yaaa cMaiu8anusl

N3mepenne O ocymECTBISUIM C UCIIOJIB30BAaHUEM aBTOMATHUECKOW CHCTEMBbI
M3MEpPeHNH AMHAMHUYECKOTO yTJIa CMAadWBaHUS W CBOOOJHOW TMOBEPXHOCTHOM
sHeprun cepun ACAM. Meronnka u3MepeHHs KpaeBOro yria CMauyWBaHUS
noApoOHO npecTaieHa B padore [19].
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2.4 Oyenxa adee3uonnwix d¢hgexmusnocmu mMooupuramopa
OnpefeieHue pPaBHOBECHOM TepMOAMHAMUYECKONH paboThl anresun W,
OCYIIECTBIISUTH HA OCHOBaHUH 00beIMHEHHOTO ypaBHenus Jronpe-tOnra (1):

Wa=0,c-(1+cos0), (D)

TJI€ Oy — IOBEPXHOCTHOE HATSKECHUE OUTYMHOTO BSDKYIIETro Ha MexX(pasHOH
TPaHHMIIE C BO3TYXOM;
0 — paBHOBECHBI KpaeBOM yrojl CMayMBaHUS [MOBEPXHOCTH MHHEPAIBHOTO
HaTOJHUTENS OUTYMOM.
TepMmoauHamuueckyto paboty korezurt Wy paccUMTHIBaM 10 ypaBHEHHUIO
(2):
Wi=206,-. 2

2.4.2 Onpeoenenue noxazamens ade2e3uoHHOU 3¢gexmusHocmu oumyma
MemoooM OmCAAUBAHUSL

MuHepalbHbI HAMOJIHUTEIh MNPOMBIBAIA JUCTUIUIMPOBAHHON BOJOH U
soicymmBany 1pu 100°C B cymmnsHoM mkady, GUKCHPOBATN MAacCy M BBOIMIHN
mebeHbp B pasorpeTsiii Outym. CMech HepeMelMBalid A0 IOJHOTO TMOKPBITUS
MTOBEPXHOCTH MUHEPAIHHOTO HAMOJHUTENS OuTymMoM. [lociie moHOTO MOKPBITHS
meOeHpb OXJIaKJAIN 10 KOMHATHOW TeMITepaTyphl, 3aTeM 00pasIlbl BRIAECPKUBAIH
B kurmsmiedt Boge B TedeHue 30 muH. [lo Macce oTcrmoumBiierocss 6utyma oOT
MMOBEPXHOCTH MIEOHS TOCJHE KUITYCHHS PACCUMTHIBANM TOKA3aTellb aare3vd u
anre3noHHYI0 (D (PEKTUBHOCTH MOTHU(DUKATOPORB.

Pacuer mokazatenst anresun omryma X (% mac.) Ipou3BOIMIM 10 (hOpMYIIe

@):
m 1 —m
X=——.100%, ©)
my
rJie mi— Macca OUTYMOMHHEPATBHOW CMECH MOCIIe KUISYCHUS, T;
M — HaBECKa MUHEPAIBHOTO MaTepuala, r;
M,— HaBeCcKa OUTyMa, T.
Anre3norayto 3pdexkTuBHOCTL 100aBku A (%) paccunuThBaH 1O GHOpMYIIe
(4):
X;—X
A :f .100%, (4)

(2]

rae Xi— mokaszareib aire3uu Ouryma, mMoauduimpoaHHoro modaskoit (%o
Mmac.);
Xo— MoKa3aTelib aJre3uu ucxoHoro ouryma (% mac.).
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3. Pe3yabTaThl U 00CyxKACHUE

Bmusane  xoHmeHtpanmuu — Mmomudukaropa AC-2  Ha  M3MCHEHWHS,
MpOUCXOASIIME Ha MexX(asHbIX TpaHUIAX OWUTymMa C  MHUHEPAJbHBIM
HaIlOJIHUTEIIEM U BO3AYXOM, IIpeICcTaBleHO B Tadnuie 1.

Ta6auna 1 - [Tokazarenu GpuU3NKO-XUMHIECKUX XapaKTEPUCTHK OMHAPHOMN cucTeMbl «OUTYyM-AC-2».

Cac-2, r/nm® 0,° cosf o, MH/m Wi, MH/M Wa MH/M
0 140.10 -0.77 40.50 81.00 9.43
0.5 137.59 -0.74 38.36 76.72 10.04
1.0 135.66 -0.72 36.24 72.48 10.32
15 134.32 -0.70 37.54 75.08 11.31
2.0 133.55 -0.69 40.18 80.36 12.50
2.5 133.37 -0.69 44.84 89.68 13.90
3.0 133.77 -0.69 44.10 88.20 13.67

Jlns o6ocHOBaHUS MpoIecCOB Mexk(ha3HBIX U3MEHCHH B OMHAPHOM CHCTEME
«outyM-AC-2», 0T4aCTH HPEJACTABICHHBIX paHee [23], Ha OCHOBE COMOCTABICHUS
MMOBEPXHOCTHBIX HATSDKEHUIH PacTBOPOB MOIU(PHUIIMPOBAHHOTO OUTYMa (Ox.r) U
KpaeBoro yriia CMaduBaHUS WMH TOBepXHOCTH 1meOHs (0) MoxkHO
KOHCTaTHUPOBATh CIEAYIOIIEE:

1. Beenenne AC-2 B OUTyM ONaronpusiTCTBYeT CMauyMBaHUIO MMOBEPXHOCTH
meOHs, YTO, KaK CJEICTBUE, MOJTBEPKIAACTCS YMCHBIICHHEM KpacBOro yria
cmaunBaHus. 3HadueHus O pactBopoB Outyma ¢ AC-2 ymeHbpmanuchk Ha 6,73° mo
Mepe yBenuueHus ero KoHneHTpamnuu ot 0 10 3.0 o/am.,

2. YObulb 3HaueHWH O corjmacyercsi ¢ YMEHBIICHHEM I[TOBEPXHOCTHOTO
HaTsDKeHUs1 B oOiactu koHneHTparmii AC-2 C<1.0 F/,I[MS; BMECTE C TE€M, NpHU
conepxkannn AC-2 cebime 1.0 r/aM® oTMeuanu pasHOBEKTOPHOCTh B H3MEHEHHH
3THX JIBYX XapaKTePUCTHK: CTAOWJIM3AlMI0 KPAeBOro yrja CMadyuBaHHs TMPU
OJTHOBPEMEHHOM TIOBBIIIIEHUH 3HAYCHUH G

Paccuntanupie 3HaueHust paborel koresmn (Wi) wu  amresunm (W),
ompesesieMble, C OJHOW CTOPOHBI M3MEHEHHEM XapaKTEPUCTUK PACTBOPOB, a C
JIPYroi — uX cMavYuBaOMUM PGEKTOM B OTHOIIEHUH TBepAO(]a3HBIX TUCTIEPCUit
meOHsT B 3aBUCHMOCTH OT KOJIMYECTBEHHBIX cozaepkannit AC-2 B mcciemyemMon
cucteme, mpeactaBieHsl B Tabmuie 1. CormacHO TMOJMYYCHHBIM —JaHHBIM,
noBsIlieHue coaepxanus AC-2 B outryme BILIoTh 1o 1.0 r/mm° COIIPOBOXAAJIOCH
YMEHBIIIEHHEM CHIJI MEXKMOIEKYJISIPHOTO B3aUMOJICHCTBHSI B 00BeMe; YOBLIb
paboTel KOTe3nn B OMHAPHOW KOMIO3UIMH «OUTyM-AC-2» TIpu yBeIHYCHHUH
KoHIeHTparuu agautusa ot 0 mo 1.0 r/nm®  cocraBumia 8.52 MH/M. B stom ke
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psany n3MeHeHune koHueHTpaun AC-2, cyas 1o 3Ha4YeHUsIM paBHOBECHOM pabOThI
aare3ny, HaONIOAAETCs] HE3HAUYUTEIbHOE MOBBIIICHHE MPOYHOCTH 3aKpeIIeHUs
OuTyMa Ha MOBEPXHOCTH MHUHEPAIBHOIO HAIIOJHUTEINS; 3HA4YEHHs paOOThI
aire3uy TpH yBenmueHnn konuentpauun AC-2 ot 0 go 1.0 r/am® yBemmunmucs
or 943 mo 10.32 mH/m. bonee rmybGokoe Bo3aeiictBue AC-2 Ha mpoIECcCHI
KOT€3UU U aJAre3ud MPOMCXOIUT B JUAla30HE €ro MOBBIILICHHBIX KOHLIEHTpaLUH
(C>1.0 r/mv®). Ha yuactke or 1.0 o 3.0 r/am® mpomcXoauT ycHiIeHHe
KOTE3MOHHBIX B3aUMOJICUCTBHM B 00beMe OMTYyMHOTO Bspkymiero (ot 72.48 mo
88.20 mH/m), compoBoxkIaemMoe OJHOBPEMEHHBIM MOBBIIIEHHEM pPadoThl Wa,
HEOOXOIUMOM AJIsl pa3pbiBa €IUHMLBI IUIOMAAN MeX(a3HOro MoBEpXHOCTHOTO
cios (ot 10.32 no 13.67 mH/m).

Bnusiane  xoHueHtpauuu — Mmogudukaropa Al-4M1  Ha  u3MeHeHwHH,
OPOUCXOsIIe Ha MeK(a3sHbIX TpaHuIax OHTyMa C IIeOHEM U BO3AYXOM
MIPEACTABIICHO B TabIHIIE 2.

Taoauua 2 - [Tokazarenu GU3NKO-XUMHYECKHUX XapaKTepUCTUK OMHAPHON cucteMbl «OUTyM-Al-411».

Car-am, T/mM° 0, ° cos@ o, MH/™M Wi MH/M Wa, MH/M

0 140.10 -0.77 40.50 81.00 9.43
0.5 138.57 -0.75 38.42 76.84 9.61
1.0 137.35 -0.74 36.32 72.64 9.61
15 136.84 -0.74 34.24 68.48 9.63
2.0 137.03 -0.73 38.06 76.12 10.21
2.5 139.53 -0.76 45.10 90.20 10.79
3.0 137.93 -0.74 41.54 83.08 10.70

Pe3ynbraTel M3MepeHMH KpaeBOro yria CMadMBaHHUS B OMHApHOW cucTeMe
«outym-Al'-4N» (tabmuna 2) CBUACTEILCTBYIOT, YTO MOJMMEPHBIA aIIUTHB
TaKKE CTHUMYJIHPYET TpOIecC CMauyMBaHWsA MIeOHS OWTyMOM, HO MeEHee
HWHTEHCUBHO. MakcuMajbHoe cHibkeHue 0 coctaBuio 3.26° npu Car.4n=1.5 /oM,
YTO MPAKTHUYECKU B 2 pa3a MEHBIIE B CPAaBHCHHH CO CMadyMBarOIIUM 3(hdekTom
AC-2. Ha ToM ’ke KOHIIGHTPAallHOHHOM Yy4YacTKe HaOmojanacek Ooiee
3HaYUTENbHas yObUTb PaOOTHI KOTE€3MH: MPH yBenu4eHnu copepkanns Al'-4U ot
0 10 1.5 r/mm® 3Havenne Wy ymMeHbmmnoch Ha 12.52 MH/M, TIpE 0JHOBpEMEHHOM
HE3HAYUTEIHHOM TOBBIIICHUU TPOYHOCTU 3aKPEIUICHUS MOIUPUIIMPOBAHHOTO
outyma Ha moBepxHocTH ImeOH (AWa=0.20 mH/M). Opnako, manbHeiimee
TOBBIIEHHE cojepkanns Mogudukaropa (or 1.5 o 2.5 r/mm®) B 6GuHApHOIM
CHCTEME «outym-Al-41» CTUMYJIUPOBAJIO YCUJICHHE KOT'€3HOHHBIX
B3aMMOJCHCTBUH B 00beMe OutymHOro Bspkymero (ot 81.00 no 90.20 mH/m), a
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TaKXKe yBEIMYCHHE PABHOBECHON TEPMOIMHAMUYECKON paboThl aare3uu (ot 9.63
mo 10.79 mH/m), d9ro cowsMepumMo C ypOBHEM  HW3MEHCHHS aATre3WOHHO-
KOTE3MOHHBIX B3aMMO/JIEHCTBUN B OuTy™me o BiusaneMm AC-2 (Tabm.1).
ANre3uoHHO-KOTe3MOHHAsA  d((EKTUBHOCTH  MOTUPHKATOPOB, MTOMHUMO
OIpeNeNcHHss TEePMOIUHAMUYECKOM paBHOBecHOM anresunm (W), Obuia
MOJTBEPXKJICHA METOZOM OIpPENENICHHS MAacChl OTCJIOMBIIETOCS OUTYMHOTO
BSDKYILIETO C OBEPXHOCTH IeOHSI, TIOCIIE ero KUMSYeHUs B Boje (Tabnuia 3).

Ta6auna 3 - Axare3uonHas 3QQEeKTHBHOCTE MOAM(DUKATOPOB B COCTaBe OMHAPHBIX KOMITO3MIUH IO
OTHOLICHHIO K TIOBEPXHOCTH IIEOHS.

Cac-2, X, %mMacc. A, % Car-au, T/mm3 X, %macc. A, %
r/mm3
0 34.38 0 0 34.38 0
0.5 35.18 2.32 0.5 43.88 27.62
1.0 41.08 19.49 1.0 53.27 54.96
15 46.72 35.89 15 60.66 76.43
2.0 49.24 43.21 2.0 62.02 80.41
25 57.95 68.55 2.5 66.10 92.25
3.0 46.70 35.83 3.0 58.79 71.00
Pe3ynbTaThl  MCCIIENOBAHMM,  NIpeJACTaBIeHHblE B Tabouue 3,

CBHJIIETETILCTBYIOT, YTO B CPAaBHEHHH C HEMOAW(UIMPOBAHHBIM OUTYMOM, B
OunapHol cucteme «OuTyM-AC-2» MakcuMallbHasi aAre3noHHas 3G PeKTHBHOCTD
(68.55%) 3aduKcHpOBaHa B TOH Xke KOHIEHTPAanHoHHOH Touke (Cac-2=2.5 r/amd),
YTO ¥ MaKCUMyM TepMoJIuHamMu4deckoi padotel aaresnn (13.90 mH/M, Tabnuma
1). TIpu TakoMm xe conepxannn AT-41 B 6uryme (Car-4u=2.5 r/1M°) aare3noHHas
3¢ (GEKTUBHOCTh MO OTHOLICHHIO K IOBEPXHOCTH LICOHS OKa3ajach BBIIIE U
cocrasmia 92.25 %.

4. 3aka09eHue

1. AAre3noHHO-KOT€3UOHHBIE TPOIECCH B MOAU(DHUIIMPOBAHHBIX OMTYMHBIX
crcTeMax JIMMUTUPYIOTCS 3()(HEKTOM CMauyuBaHWs MUHEPATBHBIX HATIOJTHUTEINEH
1 MHTEHCHBHOCTBIO MEXMOJIEKYJISIPHBIX CHJI B KOHJICHCUPOBAaHHOM (a3ze.

2. Tlpu orpanmuenHbix comepxkanusax AC-2 (Cac2<1.0 r/nm°) B Guryme
BBISIBJICHA PAa3HOBEKTOPHOCTH B XapaKTepe M3MEHEHHS KOTE€3NOHHO-aIre3NOHHBIX
B3aMMOJICHCTBUI: yMeHblieHue padoThl kore3uu (ot 81.00 no 72.48 mH/M) u
yBenuueHue padboTsl aaresuu (ot 9.43 no 10.32 mH/m).

3. llpu mnosemmeHHoM conepxkanuun AC-2 (Cac2>1.0 r/L[MS) Koresus o
aare3usi yCHJIMBAIOTCA M JOCTHralOT CBOEro Makcumyma npu Cac-2=2.5 r/ame;
Wk=89.68 MH/M, Wx=13.90 MH/M, A=68.55%.

4. B mpuCyTCTBUHM TEepMETH3UPYIOMIEH XHUIKOCTH B OHTyMe aJare3MOHHO-
KOT€3MOHHBIA 3¢ (eKT MMeeT MaKCHMyM B TOH jk€ KOHIICHTPAIIMOHHON TOYKE
(Car-an=2.5 v/nm°) u cocranser: Wx=90.20 MH/m, W2=10.79 mH/m, A=92.25%.
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Tyitingeme. Kipicne. AcdanbTOSTOHIBI KON KaOBIHIAPHIHEIH KaHAFaTTaHAPIBIKCHI3 Calachl Kell
Kargaina OMTyMIbl  OaiIaHBICTBIPFBII II€H MHHEpagbl TONTHIPFBILTHIH OeTi  apachIHAAFbI
KaHAFaTTAaHAPJIBIKCBI3 aJre3usira OalIaHBICTBL. BUTYMIbpl MHUHEpanibl KOMIO3HUTTEPIIH aAre3usuIbIK-
KOre3HsUIBIK OEpPIKTIriH apTThIPYIbIH THIMJI 9iCi TYTKbIP 3aTThl OPTYPIIi aAUTUBTEPMEH ©3repTy OOJIbII
tabbutanbl. Makcamul-opTypili  CHIATTaFbl  MOAU(UKATOPIAPIBIH  MOAUGBHUKAIMSIIAHFAaH OUTYMJIBIK
KOMIO3ULMSIIApAarbl  (ha3aapaiblk IMPOLECTEPIiH JaMyblHA SCEpiH aHbIKTay. JKymbic 20icHamacsl
OUTYMAaFbl aJIUTUBTEPMAIH CaHIBIK Ma3MyHbIHa OalaHBICTBI ©3repTUIreH OUTyM KyiierepiMeH
KUBIPIIBIK Tac OCTiH CyJay/blH METKI OYPHIIIBIH 6JIIIeyAl )KoHEe OUTYyM/IbI KHBIPIIBIK Tac OeTiHeH OeniHy
onmiciMeH MoaubHKaTOpNapAblH aare3us TUIMAUICH Oaranaynbl KaMmTbiibl. Homuoicenep oicomne
mankpiiay. ANbIHFaH IEpeKTep/i Tanaay/jaH KepiHin typrannail, AC-2-Hi OUTyMFa €HTi3y KUBIPLIBIK Tac
OCTiHIH CyJlaHybIHA JKaF[al TYFbI3aJibl, HOTWKECIH/IE bUIFAJIaHYAbIH IETKI OYPBIIBIHBIH TOMEHCYIMEH
pacranansl. AC-2 6ap 6uTyMm epitininepinin 0 MoHnepi oHbIH KoHIEHTparmsichl O-nen 3.0 r/nm3-ke feiiin
JKOFapbUIaraH caifbiH 6,73°-ka a3zaiinsl. "butym-Al-411" GuHapibl xKyleciHaer] bUIFaIJaHAbIPY IbIH MEeTKi
OYPBILIBIH OJIIIey HOTHKENepl MONUMepIi aJMTUB COHbIMEH KaTap KUBIPIIBIK TaCThl OUTYMMEH Cylay
MPOIIECIH BIHTAIAH/IBIPATHIHBIH, OlpaK a3 KapKbIHIbI €KeHIH Kepcereai. 0 mMakcumanasl Tomenaeyi Car-
=15 t/nm® kesinge 3.26° Gommpl, 6y AC-2 cynaHy ocepiMeH CalbICTBIpFaHJA IIaMameH 2 ece as3.
Kopoimpinovt. AC-2 (Cac-2>1.0 r/mm®) soFapsimaFan Ke3ae Koresus MeH afresus Kymreiinm, Cac2=2.5
r/nm® Wk=89.68 MH/M, Wa=13.90 mH/mM, A=68.55% ke3inge MakcUMyMFa sxeTeli. burymaa
TBIFBI3/IAFBIII CYHBIKTBIKTBIH KATBICYBIMEH aJIr€3UsUIBIK-KOTE3HSUIBIK 9Cepi COJl KOHLICHTPALs HYKTECiH e
makcumymra ue (Car4n=2.5 r/am®) sxone: Wk=90.20 MH/mM, Wa=10.79 MH/m, A=92.25% Kypaiinbr.
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Abstract,_Introduction. A significant disadvantage of materials and products of light industry is
flammability. Analysis and statistics of fires show that the easy flammability of clothing materials and the
high speed of flame spread lead to significant human casualties. In this regard, most countries of the world
have adopted laws prohibiting the use of combustible materials in the production of workwear for work in
conditions of high temperatures and splashes of molten metal, clothing for the elderly, bed linen in
nursing homes, children's toys, as upholstery and finishing materials and for other purposes. Therefore,
the problem of reducing the flammability of materials and products of light industry is relevant and of
paramount importance.

The purpose. The article is devoted to the development of flame retardant technology for polyester
and blends of cotton and polyester fabrics. An analysis of existing methods for imparting fire-retardant
properties to textile materials and assessing their effectiveness is carried out.

Methodology. The following tissues were chosen as the object of study: polyester 100 % (surface
density 180 g/m?), polyester 65 %/ cotton 35 % (surface density 180 g/m?), polyester 65 %/ cotton 35 %
(surface density 250 g/m?), polyester 40 %/ cotton 60 % (surface density 230 g/m?). The following
components are used for the preparation of the compositions: sodium hexametaphosphate 150-200 17/,
polyethylene glycol 40 r/n, urea 80 r/n. The fabric is impregnated with a finishing solution, added, dried
and thermofixed.

Results and discussion. Effective flame-retardant compositions for textile materials have been
developed. Optimal technological parameters for fire-retardant treatment of textile materials are
determined. The effect of treatment on the combustion processes of fire-retardant textile materials has
been studied. The effect of fire-retardant treatment on the physical and mechanical properties of finished
materials is investigated.

Conclusion. Optimal concentrations were selected to give textile fabrics fire-retardant properties, as
well as to improve their consumer properties. Treatment of the material with flame retardants does not
worsen the consumer properties of the fabric. This technology is available and versatile to ensure fire
resistance.

Key words: textile materials, blended fabrics, sodium hexametaphosphate, flame retardant, flame
retardant coating, flame retardant efficiency, flammability, combustion, fire resistance of fabric materials,
flame retardant properties, final finishing.

Dyussenbiyeva Kulmairam Zhamanbaevna PhD; E-mail: d.kulmairam@mail.ru

Burkitbay Asemgul PhD; E-mail: asemka76@mail.ru

Citation: Dyussenbiyeva K.Zh., Burkitbay A. Creation of flame retardant compositions for polyester and
cotton-polyester  textile  materials.  Chem. J. Kaz., 2024, 4(88), 123-131. DOI:
https://doi.org/10.51580/2024-4.2710-1185.55

123


https://doi.org/10.51580/2024-4.2710-1185.55
mailto:d.kulmairam@mail.ru
mailto:d.kulmairam@mail.ru
mailto:%20asemka76@mail.ru
https://doi.org/10.51580/2024-4.2710-1185.55

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

1. Introduction

Textile materials are flammable, burn quickly, having a significant area of
flame coverage, emit toxic combustion products during combustion and for the
most part have a high smoke-forming ability. In this regard, at present, a
significant number of scientific studies are devoted to the problem of developing
flame retardants and technology for their application, which make it possible to
reduce flammability, smoke formation and toxicity of combustion products, as
well as to studying the process of thermal oxidation of fiber-forming polymers.
Most of the fibers and textile materials produced are flammable and combustible.
During a fire, fabrics easily catch fire and quickly spread flames. Textile fires are
the cause of a large number of fires in residential and public buildings. Therefore,
the problem of imparting fire-retardant properties to textile materials of various
nature and purposes has become increasingly relevant in recent years [1,2,3].

Currently, a wide range of fire retardants are produced to reduce the fire
hazard of textile materials. Flame retardants differ in structure (inorganic and
organic) and in the method of application or finishing [4,5,6].

Recently, for effective methods of fire-retardant modification of textile
materials, impregnation and plus methods have also been used using additional
special effects on the surface and structure of fibers in order to form active centers
that ensure the chemical interaction of the inoculant with the fiber polymer. These
may include the use of energetically powerful physical fields: electrophysical
treatment in a corona glow discharge in air or other gaseous medium, high-
frequency plasma treatment, photochemical treatment, radiation treatment. Each
of these methods has its advantages and disadvantages, and in each specific case,
certain requirements are imposed on fire retardants.

An analysis of the literature over the past decade has shown that various
methods are used to create fire-retardant textile materials. These include the use
of high-temperature fibre-forming organic polymers and inorganic fibres, various
types of effective flame retardants that are used as additive additives in spinning
solutions or polymer melts in fibre formation, and for the treatment of fibres and
fabrics to form chemical bonds between the flame retardants and the fibre-
forming polymer macromolecule [7,8,9].

Flame retardants, which have received practical application for imparting
flame retardant properties to fabrics, can be divided into the following main
groups:

- inorganic salts that are difficult to wash off from the surface of the fabric;

- halogenated hydrocarbons in combination with antimony or titanium oxide;

- flame retardants based on phosphoric acid and nitrogen-containing
compounds;

- polymers formed on the surface of the fabric as a result of heat treatment.

Early fire impregnation of fabrics with a fire retardant composition will
allow you to localize the source of a possible fire at the initial stages. But there
are often cases when it is unprotected fabrics that are the main conductor of flame
in internal spaces. The main objective of the study is to develop a composition for
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flame retardant treatment of fabrics made of mixed fibers (cotton/polyester) of
twill weave, providing flame retardant properties, permanence and preservation of
the neck of the fabric after its processing [10,11,12].

2. Experimental part

The composition and structure of textile material are the main parameters
affecting its fire properties, since the process of thermal destruction is different
for different types of fiber-forming polymers. The choice of effective
compositions and methods of their application is determined by the nature of the
interaction of the flame retarder system - polymer. At the same time, an important
practical issue is to study the possibility of developing a flame retardant
impregnating composition for fabric that does not have a negative effect on
human skin.

For the fire retardant composition, the following components are used:
sodium hexametaphosphate 150-200 g/l, polyethylene glycol 40 g/l, urea 80 g/l.
The fabric is impregnated with a finishing solution, added, dried and thermofixed.
The following tissues were chosen as the object of study: polyester 100 %
(surface density 180 g/m?), polyester 65 %/ cotton 35 % (surface density 180
g/m?), polyester 65 %/ cotton 35 % (surface density 250 g/m?), polyester 40 %/
cotton 60 % (surface density 230 g/m?). The assessment of the effectiveness of
fire retardants for textile materials was carried out in accordance with GOST R
50810-95 [13]. Determination of the tensile properties of cotton fabrics was
carried out in accordance with GOST 3813-72 [14]. The study of the stiffness of
textile materials was carried out in accordance with GOST 10550-93 [15].
Determination of fabric resistance to surface wetting was carried out in
accordance with GOST 30292-96 [16], MT 032 device.

3. Results and discussion

Currently, a wide range of fire retardants are produced to reduce the fire
hazard of textile materials. Flame retardants differ in structure (inorganic and
organic) and in the method of application or finishing. Reducing the fire hazard of
fabric materials is the main task that needs to be solved by both manufacturers of
textile materials and specialists conducting scientific research in the field of fire
safety of facilities.

Treatment of textile materials with fire retardants reduces the fire hazard of
fibers, yarns, fabrics, nonwovens and products made of them, as well as carpet
textile coverings. It is necessary to use textile materials treated with a fire
retardant in buildings and premises intended for cultural events - in theaters and
sports and entertainment complexes, museums, recreation areas, as well as
residential premises. As a result of treatment with effective means of fire
protection, the possibility of ignition of textile materials from low-calorie ignition
sources is excluded, the ability of flame to spread over the surface is reduced, the
smoke-forming ability and toxicity of thermal decomposition products are
reduced.
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According to table 1 and figure 1, the best indicators of fire protection
efficiency for textile materials are: polyester 65 %/ cotton 35 % (180 and 250
g/m?), flame exposure time is 15 seconds, for polyester 100% flame exposure
time is 4 s. For the composition of polyester 40% / cotton 60%, the flame
exposure time is 20 seconds, at an average concentration of 175 g/l. This is due to
the highest content of cotton in the composition of the fabric.

Table 1 - Performance indicators of flame retardants for polyester and cotton. and polyester fabric blends

concentration of components, g/l
) _ 25 e g3 flame exposure time, seconds
Ne textile materials £ S 8|32 g ;: raw materials processed
= ol 1883 materials
S c E =
1 | polyester 100 %, 180 g/m? 40 80 200 1 4
2 | polyester 65 %/ cotton 35 %, 200 2 15
180 g/m?
3 | polyester 65 %/ cotton 35 %, 200 2 15
250 g/m?
4 | polyester 40 %/ cotton 60 %, 175 2 20
230 g/m?

Ne3 Ned

Figure 1 - Destruction of textile material impregnated with flame retardants under the influence
of open fire

Samples of textile materials measuring 20 cm by 20 cm were subjected to a
fire test. Samples without impregnation caught fire instantly when immersed in an
open flame. And after the flame was removed, they continued to burn and burned
completely to the ground. The sample is 100% polyester, burned completely in 3
minutes, the rest in 5-6 minutes. Based on this experiment, it can be said that
samples without impregnation are flammable and do not have fire resistance, the
complete combustion time was 1-3 minutes.
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Treatment of the material with flame retardants should not worsen other
consumer properties of the fabric - affect its neck and significantly weigh down
the products. The final finish requires special study of the following properties:
fire retardant properties, structural rigidity, breaking load, water repellency and
other properties. In this regard, the fire-retardant and physical-mechanical
properties of the developed fire-retardant textile materials have been investigated.
To determine the tensile characteristics, the RT-250M GOST 3813-72 tensile
machine was used. The results are presented in table 2.

Table 2 - Indicators of the absolute breaking load of modified samples, kgs

breaking load, kgs

sodium sodium sodium raw materials
Ne hexametaphosphate, hexametaphosphate,1 | hexametaphosphat,2
150 g/l 75 g/l 00 g/l
base weft base weft base weft base weft

1 F=58.3 F=63.6 F=62.2 F=56.6 F=68.7 F=73.1 F=38.0 | F=41.1
L=68.3 L=54.2 L=71.3 L=44.2 L=79.2 L=63.4 L=58.6 | L=69.2

2 F=40.6 F=73.6 F=38.6 F=70.3 F=48.0 F=68.6 F=32.5 | F=53.2
L=60.8 L=34.2 L=68.2 L=48.3 L=71.8 L=44.2 L=416 | L=39.3
3 F=48.0 F=60.7 F=38.3 F=68.3 F=42.6 F=62.3 F=47.0 | F=54.8
L=54.3 L=39.7 L=46.1 L=48.9 L=58.3 L=41.2 L=59.1 | L=32.2

4 F=38.7 F=35.8 F=35.5 F=39.7 F=43.3 F=46.9 F=38.1 | F=39.6
L=29.5 L=31.9 L=35.6 L=42.3 L=55.1 L=34.5 L=32.4 | L=28.9

The stiffness of textile materials is influenced by their fibrous composition,
structure, properties of fibers and yarns, as well as the structure and finish of the
material itself. The more straightened and oriented the chain molecules of the
fiber-forming polymer, the greater the internal friction limiting the movement of
molecular chains, the less flexibility of fibers. Finishing operations, especially
finishing, significantly affect the stiffness of fabrics. The stiffness of fabrics also
depends on atmospheric conditions. Under the influence of temperature and
humidity, the stiffness of tissues changes, and in less dense fabrics these changes
are associated with the properties of the fibers, in denser fabrics with the structure
of the fabric itself.

Stiffness is one of the main characteristics used to assess the recyclability of
textile materials, as it determines the behavior of the material and products during
further processing and operation. The stiffness does not increase significantly in
modified samples G=1,601, in untreated samples G=1,288, table 3.
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Table 3 - Hardness indicators of processed samples according to the proposed technologies

concentration of sodium hexametaphosphate, g/l.
components, g/l
polyethylene glycol 40 150 175 200 raw materials
all,
urea 80 g/l.
Ne

- X - X - X - S
(%2} Y (2] 5 (2] by (2] 5
£z 8 | £3| & | £3| & £3| &
Eg| 2 Eg| 2 E6| 2| Eo| =

1 | polyester 100 %, 180 | 3.109 | 74.7 | 3.806 | 78.6 | 4.307 | 83.3 | 2.205 | 79.2
g/m?

2 | polyester 65 %/ cotton 35 | 1.601 | 59.2 | 1986 | 61.6 | 2.208 | 70.2 | 1.288 | 55.8
%, g/m?

3 | polyester 65 %/ cotton 35 | 1.989 | 69.8 | 2.109 | 71.9 | 2.675 | 62.2 | 1.901 | 66.5
%, 250 g/m?

4 | polyester 40 %/ cotton 60 | 1.765 55.6 2.348 74.7 2.695 72.6 1.955 60.2
%, 230 g/m?

A characteristic feature of materials used in light industry is their fibrous
capillary-porous structure. In the process of operation of products, the surface
layers of materials are primarily exposed to external mechanical, thermal,
chemical influences, and the durability of products depends on their strength and
resistance. Determination of the resistance of the fabric to surface wetting was
carried out in accordance with GOST 30292, device MT 032. The degree of water
repellency is estimated in conventional units depending on the condition of the
wet surface of the sample, the results are in table 4.

Table 4 - Degree of water repellency of polyester and blends of cotton and polyester fabrics

Ne sample state, conventional units
1 raw materials processed materials
2

polyester 65 %/ cotton 35
%, 180 g/m?
polyester 65 %/ cotton 35
%, 250 g/m?
polyester 40 %/ cotton 60
%, 230 g/m?
polyester 65 %/ cotton 35
%, 180 g/m?
polyester 65 %/ cotton 35
%, 250 g/m?
polyester 40 %/ cotton 60
%, 230 g/m?

 [polyester 100 %, 180 g/m?

o
o

.| polyester 100 %, 180 g/m?

50 60

al
o

00 60 80

]
o

According to the results obtained, the hydrophobic treatment of the textile
material with the developed composition reduces moisture absorption. After
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hydrophobization, the fabric remains breathable, maintaining its basic hygienic
properties.

4. Conclusion

Effective flame retardant formulations have been developed for polyester
fabrics and cotton and polyester fabric blends. For fire resistance, this technology
is versatile, affordable and easy to implement. Processing of mixed materials
using this technology will make it possible to obtain materials with a high degree
of fire resistance, the time of flame exposure in untreated samples is 1-2 seconds,
the best fire resistance indicators were 60% polyester for samples with a content
of 40 % cotton. Based on these results, it can be said that samples without
impregnation are flammable and do not have fire resistance. In samples with fire-
retardant impregnation, fire resistance increased by 2 times. As a result of the
tests, the optimal composition and concentration of the chemicals used, the
optimal temperature and drying time were determined. The resulting textile
materials have the best performance in all parameters of physical and mechanical
properties.

Acknowledgment: The work was carried out at the Almaty technological university.
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CO3JJAHME OTHECTOMKHUX KOMITO3UIIUI JJIS1 MOJIMI®UPHBIX U
XJONKOIMOJNIPUPHBIX TEKCTU/IBHBIX MATEPHAJIOB
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Pe3some:_Bsedenue. CyniecTBEHHBIM HEAOCTATKOM MaTEPHAIOB M W3/CIUIN JIETKOW MPOMBIIIICHHOCTH
SBIISIETCS. TOPIOYECTb. AHAMNM3 U CTATHUCTHKA II0XKAPOB MOKA3BIBAIOT, YTO JIETKas BOCILIAMCHAEMOCTD
MaTepHaoB ONEKIbl M BBICOKAs CKOPOCTh PACHpPOCTPAHECHHs IUIAMEHH INPHUBOAAT K 3HAYUTEIbHBIM
YeJI0BEYECKHUM JKepTBaM. B CBs3M ¢ 3TUM, B OOJBIIMHCTBE CTPAH MUPA MPHHSTHI 3aKOHBI, 3alPELIaoIHe
MPUMEHEHHE TOPIOYNX MATEPHAIIOB B TIPOM3BOJICTBE CIELOACHKIBI /sl PA0OTHI B YCIIOBHUSIX MOBBIIICHHBIX
TEeMIepaTyp U OpbI3r paciuiaBa MeTailia, OASKAbl Ul MOXKHUIBIX JIIOJCH, MOCTENILHOrO OeNbs B A0Max
mpecTapesblx, IeTCKUX MIPYIICeK, B KaueCTBE OOMBOYHBIX M OTACIIOYHBIX MATEPHUANIOB M JPYTUX LICICH.
ITosTomy mpoGiemMa CHMXKEHHSI TOPIOYECTH MAaTepHANIOB M U3JIENHUH JIETKOH MPOMBILIIEHHOCTH SIBISIETCS
aKTyaJIbHOIl M MMeeT NepBOCTeNeHHoe 3HaueHue. [Jeav. CTaThs MOCBAIICHA pa3paboTKe OrHE3ALUTHOMH
TEXHOJOTHH [JIsl MONUI(UPHBIX W CMeceil XJIOMKOBBIX M MONUA(GHUPHBIX TKaHeW. [IpoBexeH aHanm3
CYIIECTBYIOIMX CHOCOOOB MPHIAHHs OTHE3AlIUTHBIX CBOMCTB TEKCTHIBHBIM MaTepHallaM M OLICHKH HX
s dextuBHOCTH. Memodonozus. B kauecTBe 00BEKTa HCCIEIOBAaHUS BBHIOPAHBI TKAHU CIIEAYIOLIETO
coctaBa: momugup 100 % (moBepxHOCTHas MIOoTHOCTH 180 T/M?), monmmadup 65 %/ xnomok 35 %
(noBepxHocTHas mIOTHOCTE 180 r/M?), momuadup 65 %/ xynonok 35 % (MOBEPXHOCTHAS ILIOTHOCTH 250
r/m?), monmadup 40 %/ xnomok 60 % (MoBepxHOCTHast MIOTHOCTL 230 1/M2). JIA NPUrOTOBJICHHS
COCTaBOB IPUMCHEHBI CIICAYIOUIME COCTABIISIOLIHE: rekcameragocdar Hatpus 150-200 r/m,
o3 THICHTIHKoNb 40 1/11, MoueBnHA 80 /1. TKaHP NPONMTHIBAIOT ANIPETHPYIOIIUM PACTBOPOM,
IUTIOCYIOT, CYyIIAaT U TepMO(UKCUPYIOT. Pesynbmamosl _u _obcyacoenue. Paspaboranbl 3¢dexTuBHbIC
OTHECTOHWKHE COCTaBBbl JUISl TEKCTHJIBHBIX MarepHayioB. OnpeneneHbl ONTHMAIbHBIE TEXHOJIOTHYECKHE
IapamMeTphl UIsl OTHE3aIUTHOW 00pabOTKM TEKCTUIBHBIX MaTepHANIOB. M3y4eHo BiusHHE 00pabOTKH Ha
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MPOIIECChl  TOPEHHsl OTHE3AlMTHBIX TEKCTWIBHBIX MarepuanoB. FccriempoBaHo BO3/eiicTBHUE
OTHE3alUTHON 00paboTKH Ha (PM3MKO-MEXaHHYECKUE CBOWCTBA alllPETHPOBAaHHBIX MaTEepHaIOB.
3axnouenue. TlomoOpaHbl ONTUMANbHBIC KOHLEHTPALMU [UISI TPHAAHHS TEKCTHIBHBIM II0JOTHAM
OTHE3AIUTHBIX CBOMCTB, a TalKe /I YJIy4LIIeHHs HX MOTpeOuTenbckux cBoiictB. OOpaboTka
MaTepHaloB OrHE3AIUTHBIMU COCTaBaMM HE yXYAILIAeT JKCIUTyaTallMOHHBbIE CBOMCTBA TKaHU. JlaHHas
TEXHOJIOTHUS JOCTYITHA M YHUBEPCAIbHA /ISl 00ECIIeYeH s OTHECTOMKOCTH TEKCTHIIBHBIM MaTepHaaM.

KuroueBble c/10Ba: TEKCTHIbHBIE MaTepUallbl, CMECOBBIC TKaHHU, rekcameradocdar HaTpusl, aHTUIHMPEH,
OTHE3aIMTHOE MOKPBITHE, OrHe3aIUTHAs Y(G(PEKTUBHOCTD, BOCIUIAMEHAEMOCTb, TOPEHUE, OTHECTOHKOCTD,
BO3rOpaHKE TKaHEBBIX MAaTEPHAJIOB, OTHE3AIIMTHBIC CBOMCTBA, 3aK/IIOYHUTEIIbHAS OT/IEIIKA.
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Tyiiinaeme. Kipicne.J)Kenin enepkocin OyibIMaapsl MEH MaTepHaNAPbIHBIH HETi3ri KeMILUIri
JKAHFBIITHIFBL.  ©OpT  JKaFjaiiiapblHAH JKACAJIFaH aHAJIM3 JKOHE CTATHCTHKA OOWBIHIIA  KHIM
MaTepHalJapblHbIH T€3 TYTAHBIN, JKaJbIHHBIH JKbULIAM Tapajlybl aJaM eMipiHe aiTapibIKTail Kayin
TyIbIpaThIHBl  aHbIKTanFaH. COHABIKTaH KONTEreH eJJiepJe JKOFaphl TeMIeparypaja MeTall
OanKpIMaIaphl IANIBIPARTBIH KYMBIC JKaFJaillapblHa apHAJFaH apHaibl KHIMJEpre, KapT aJamaapiablH
KHIMIEpiHe, KapTTap YiliHIH TOCEK OPBIH jKab/IbIKTapbIHA, OaTaaap ONBIHIIBIKTAPBIHA, MEOEIb KATAFbIII
JKoHe T.0. OyibIMAapFa Te3 TYTaHAaThIH MaTepHaap/ibl KOJIaHyFa THIM CcajlaThiH 3aH KaObuiganraH. Con
ce0enTi, XKEeHIT eHepKacin OyiibIMIapbl MEH MaTepualiapblHa XKaHOANUTBIH KacueT Oepy ©3eKTi XKoHe eTe
MaHpBI3ABl Macene. JKymvicmuiy maxcamul, Maxkana nommddup skoHe MakTa MeH nonmddup apanac
TaJIIBIKTAPBIHBIH MaTalapblHa OTKA TO3IMALTIK KacueT Oepyre apHalFaH TEXHOJIOTHS alyFa OarbITTalIFaH.
TexkcTunp MaTepuangapblHa OTKa TO3IMIUTIK KacueT Oepy TocUIAepiHe Tanjay >acaliblll, OJapbIH
TUIMIUIITT OarananraH. Oodicmeme:3epTTey HBICAHBI PETIHIAE KeJeci KypaMmIarbl Marajap TaHJaJpbl:
nommdup 100 % (GeTTik ThEbBABELI 180 r/M?%), mommadup 65 %/ makra 35 % (6eTTiK THIFBIBABELL 180
r/M?), monmadup 65 %/ Makra 35 % (6eTTik ThIFbI3ABIFB 250 1/M2), monuadup 40 %/ Makra 60 % (6eTTik
THIFB3ABIFEL 230 1/M%). OHIEy KOMIOSHIMACHIH NalblHAAy YIIIH KeJeci MpemnaparTap KOJAaHBUIIbI:
Hatpuil rekcameradocdarsr 150-200 r/n, mommsTmieHrmukons 40 r/n, ModuesmHa 80 /1. Mara
annpeTTeyu epiTinzine OHIEITIIL, CBHIFBLIBIII, KeNTIpUTII ~ JKOHE  TepMO(UKCAIMSIIAHIBL.
Homuoicenep. TekcTinb MaTepHaliapblHa apHaJIFaH oTe THIMII OTKa TO3IMIi KypaMm anbIHIbl. TeKCTHIb
MaTepHalIJapblH OTKa TO3IMIUIIK OHJICYAIH OHTAaWJIbl TEXHOJOTHMSIIBIK MapaMeTpliepi aHBIKTaJJIbl.
OHzeyJiH TEKCTHIb MaTepHalIapbIHBIH KaHy TporecciHe acepi 3eprrenai. OTKa TO3IMAUIIK eHIeYIiH
aNnpeTTeNTeH MaTepHalIapAblH (U3MKa-MEXaHUKAJBIK KaCHeTTepiHe ocepi 3epTTeiui. KopulmbiHObl.
TexkcTunp kaiiManapbiHa OTKa TO3IMIUIIK KacueT OepeTiH, COHJal-aK TYTHIHBIMIBIK KAacHETiH
apTTBIPATBIH KYPaMHBIH OHTAWJIbl KOHICHTpAUUsIapbl TaHaaaasl. OTka TO3IMAUTIK KacHeT OepeTiH
KypaMMeH OHJECIIeH MaTepHalIbIH JKCIUTyaTalMsUIBIK KACHETTepl TOMEHIEMEHTIHI aHBIKTAJIbL.
TexcTuinp MaTepuaniapblHa OTKA TO3IMAUIIK KacueT OepeTiH OyJ1 TeXHOJIOTUs KapanaibIM xoHe ambedarn
0OJIBIN TaOBLIAIBI.

Tyiiinai ce3aep: TEKCTHIb MaTepHalgaphl, apajac maraiap, HaTpuil rekcameradocdaTsl, aHTHITHPEH,
OTKa Te3iM/i JKaObIHABI, OTKAa TO3IMIUIIK THIMIUIN, TYyTaHy, JKaHy, OTKa Te3IMIUIK, Mara
MaTepHalJapbIHbIH )KaHYbI, 0TKa TO3IM/ILTIK KACHET, COHFBI OHIEY.
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SYNTHESIS AND STUDY OF LUMINESCENT CHARACTERISTICS
OF GaBOs: Yb**
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A.K. Bolatov!, K.A. Kokh?
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Abstract. Introduction. Borates of rare earth elements attract attention due to their unique physical
properties due to the peculiarities of their electronic structure and crystal lattice. Ytterbium orthoborates
are of great practical importance in the field of infrared luminescence. The aim of the work. Investigation
of the structure, phase composition and luminescent properties of GaBOs-based solid solutions doped with
ytterbium ions. Methodology. GaixYbxBOs (x = 0, 0.005, 0.01, 0.02, 0.03, 0.05, 0.06 and 1) were obtained
by solid-phase synthesis. Results and discussions. SEM EDS analysis showed that ~1 mol.% Yb dissolves
in GaBOs at a temperature of 700°C and ~2 mol.% Yb at temperatures of at 800 and 900°C. The results of
diffusion experiments indicate that the maximum is ~2 mol.% of Yb ions can be dissolved in gallium
borate. These data are consistent with the results of X-ray phase analysis, showing that the ytterbium
content is over 2 mol.%, significant impurities and signs of incomplete synthesis are observed.
Conclusion. The Gao.gesYbo.00sBO3 and Gao.seYbo.0:BOs compounds exhibit stable luminescent properties
with broad peaks at 919 nm and 970 nm. These results highlight the potential of the materials for
applications in optoelectronics and photonics.

Key words: crystal structure, phase composition, solid solutions, solid phase synthesis, X-ray phase
analysis, rare earth borates, ytterbium, GaBOs: Yb®**, doping, infrared luminescent material.
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CHUHTE3 U UCCJIEJOBAHUE JIOMUHECHEHTHBIX XAPAKTEPUCTHUK GaBOs: Yb®

E.A. XKonoac'", A.b. Kaiipoea®, A.b. Kysneyos®, A.M. baxadyp*, M.H. Paxmanoea®,
A.K. Bornamosé', K.A. Kox?

Ylenmp usuxo-xumuueckux memooos ucciedoeanus u ananusa, Kaszaxcxuii nayuonanvbwlii
yHugepcumem umernu anv-Papabu, Anmamel, Kazaxcman

2Uncmumym 2eonozuu u munepanozuu umenu B.C. Cobonesa, Hosocubupck, Poccus
3Hﬂcmumym Heopeanuyeckou xumuu umenu A.B. Huxonaesa, Hosocubupck, Poccus
“E-mail: yerassylzholdas1996@gmail.com

Pe3tome. Bsedenue. bBopaTbl peqKO3eMENBHBIX JJIEMEHTOB IPUBJICKAIOT BHUMaHUE Onarojaps
YHHUKATBHBIM (PU3MIECKUM CBOICTBaM, 00YCIOBICHHBIM OCOOCHHOCTSIMH UX SJICKTPOHHOM CTPYKTYPBI H
KpUcTaJUI4ecko pemetkd. OpToOopaThl UTTEPOHsI HMEIOT BaXKHOE MPAKTHYECKOE 3HAYCHHE B 00IacTu
nHppakpacHoi somuHecueHumu. [Jens.  VccnenmoBanue — CTPYKTyphl, (ha3oBoro cocraBa U
JIFOMUHECLICHTHBIX CBOWCTB TBEPIbIX PacTBOpPoB Ha ocHOBe GaBOs, jernpoBaHHBIX HOHAMH HTTEPOMS.
Memooonoeus. Meronom TBepaodasnoro cunresza Osutn moydersr GaixYbxBOs (x = 0, 0.005, 0.01,
0.02, 0.03, 0.05, 0.06 u 1). Pesyrvmamot u o6cysrcoenus. Ananuz COM DJIC mokaszan, yto B GaBOs
pactBopsiercst ~1 Mon.% Yb mpu temmeparype 700°C u ~2 mon.% Yb npu temmeparypax 800 u 900°C.
Pesynbrarel An(dy3HOHHBIX YKCIEPUMEHTOB CBUACTEIILCTBYIOT O TOM, YTO MAaKCUMyM ~2 MOJI.% HOHOB
Yb MokeT pacTBOpSATECs B Gopare rajwiust. DTH JaHHBIE COTIIACYIOTCS C PE3yIbTaTaMU PEHTTCHO()A30BOTO
aHanmu3a, [OKa3bIBAIOUIMMH, YTO IMPU COJACpKAHMM HUTTepOHMs cBbimie 2 Moa.% HabmromaroTcs
3HAYMTEJIbHBIC TPUMECH W IPH3HAKH HEMOJHOr0 MpoTeKaHus cuHTe3a. 3axniouenue. CoeauHEHUs
Ga0.995Yb0.00sBO3 11 Gao.g9Ybo.01BOs nposiBisitor craGuiIbHbIC JTIOMHHECLIEHTHBIE CBOWCTBA C MIMPOKUMH
mukamMd Ha 919 BM u 970 HM. DTH pe3ynbTaThl MOAYEPKHBAIOT TEPCIEKTHBBI MAaTEPHANOB IS
MPHUMEHEHHUS B ONITOAICKTPOHHUKE U (HOTOHHKE.

KiroueBble ciioBa: KPHCTAUTMIECKAs CTPYKTYpa, (ha3oBbIil COCTaB, TBEP/bIC PACTBOPHI, TBEPIO(a3HBII
CHHTE3, PeHTTeHO(A30BHIl aHANN3, pPeaKO3eMeTbHEIE GopaTsl, nTTepbuii, GaBOs: Yb%, mermpopanme,
HMH(pPAKPACHBII JIIOMHUHECIIEHTHBIA MaTepHall.
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baxaoyp Ackap Myxmapynut PhD, rayunseiii compyonux
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bonamoe Acem Kyanviuesuu PhD, eedywuii nayunuiii compyonux

Kox Koncmanmun Anexcandposuu OOKMOp 2€071020-MUHEPANO2ULECKUX HAYK

1. BBenenue

Bopats! penkozeMenbHBIX 3JIEMEHTOB NMPHUBJIEKAIOT 3HAYUTEIHHOE BHUMaHUE
uccnenoBareneil Onarofaps MWHUPOKOMY CHEKTPY (U3NUECKUX CBOMCTB, KOTOPBIN
00YyCJIOBJIEH YHUKAJIBHBIMH OCOOCHHOCTSIMH HX OBJICKTPOHHOH CTPYKTYpHl H
Kpuctayumyeckoir pemretkn [1-4]. Cpenut 3THX COCIMHCHUEH BBIACISIOTCS
opTOo0OpaThl UTTEPOHS, KOTOPBIC UMEIOT BaXKHOE MpaKTHUeCcKoe 3HaueHue [5, 6].
JInst SHepreTHUecKHMX ypoBHeil HOHOB Yb** BEIIENseTcs eqMHCTBEHHBIIH MepexoN
2Fs;; — 2Fap, COOTBETCTBYIOIINI M3aydeHnio B auamasone 900 — 1000 um [7].
3T0 M3NMy4YeHHe, B COYETaHUHM C BPEMEHAMH XH3HH BO30YXKIECHHBIX COCTOSHUIM,
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JIOCTUTAIONIUMH  HECKOJIBKUX MHWLIMCEKYHJ, JeNlaeT JaHHbIC COCAMHEHUS
0COOEHHO TPUBICKATENBHBIMU JUIS DPa3AMYHBIX MPUMEHEHHH, Kak JasepHas
00paboTka MaTepuajoB, MEAUIMHA, TEICKOMMYHHKAIMH W  HAy4HbIC
uccinenosanus [8-11].

WccnenoBanus, HampaBiICHHbIE Ha IIOMCK IOAXOAIIMX MATPHUIl IS
JOTUPOBAHUS  CpeAr OpTOOOPaTOB TPEXBAJICHTHBIX METAJUIOB, 3a4acTyIO
COCPEZI0TOYCHBI MPEUMYIIIECTBEHHO HA OOPATHBIX COCTUHEHUSIX PEIKO3EMETbHBIX
anementoB (P33), takux kak Y, In u Bi [12-14]. Omxako B 3TO#t oOmactu
CYIIECTBYET 3HAYMTEIbHBIA NPOOET: COCHUHEHHS C YYaCTHEM METalIOB C
MEHBIIUMHA HOHHBIMH paauycamu, Takux kak Al, Ga u SC, moutd He
MPEJCTaBICHbl B HAy4yHOW JMTepaType. TONBKO B PEIKHX ClIydasX MOXKHO
BCTPETUTh YIIOMUHAHMS O TAKUX MaTepUaliaX, KaK CMEIIAHHbIC OPTOOOPATHI THIIA
LnM3(BOs)s [15] u YbGa(BOs), [16]. HecmoTps Ha HX MOTCHIUAILHYIO
MEPCIEKTHUBHOCTD, OTH COSJMHEHHS OCTAIOTCS HEIOCTATOYHO U3yUCHHBIMHU.

B nanHoit paboTe mpeacTaBiieHbl PE3Y/IbTaThl KOMIUIEKCHOTO MCCIICIOBAHUS
cucreMbl YbBO3; — GaBO3z. OcHOBHOE BHHMaHHWE yJIEICHO U3y4eHHUIO (pa3oBOro
cocTaBa M OCOOCHHOCTSAM CHHTe3a OmHO(a3HBIX o0pasmnoB. Takum o0Opazom,
pacilupeHde MCCIASIOBAaHUM Ha COCJAMHEHHS C TaJUIMEM MOXET HE TOJIbKO
o0oratuth (hyHIaMEHTAJIbHBbIC 3HAHMS B 00JaCTH XMMUHU U MaTepUAIOBEICHUS,
HO ¥ TPEIJIOXKHUTh HOBBIC pEIICHHUS JJIsI TPAKTHUYSCKHX MPUIOKEHHH B
BBICOKOTEXHOJIOTHYHBIX OTpacisX, TaKMX Kak OMNTOdJCKTPOHUKA, Ja3epHas
TEXHUKA U CCHCOPHBIC TEXHOJIOTHH.

2. JKcnepuMeHTAIbHAs YacTh

Coemunennst GaixYbxBO3 (x = 0, 0.005, 0.01, 0.02, 0.03, 0.05, 0.06 u 1)
ObUIM CHHTE3MPOBAHBI METOJIOM TBepaodasHol peakiuu. CTEXHOMETPUYECKU
pacuynuTaHHBIC KOJMYECTBA BBICOKOUYHMCTHIX MCXOAHBIX BemiecTB Gax0Os, Y03 u
HsBO3 Obutn B3BEIICHBI Ha aHAIMTHYECKMX Becax, THIATECIBHO IMEPEMEIIaHbl U
M3MEJbUCHBI B SIIMOBOH cTymnke. BaxHo oTMmeruTh, uTo mpu cuHTe3e Gai-
xYbxBOs (x = 0, 0.005, 0.01, 0.02, 0.03, 0.05 u 0.06) B cMech ObLIO 100aBICHO
10% ©OopHOU KHCIOTBI OT OOIEH MacChl pPEareHTOB IS KOMIICHCAIlUU
yieryuuBanus BoOz npu BEICOKHX TeMIepaTypax.

[Tony4yeHHyo cMmech MPOKANMBAIU B IJIATUHOBOM THUTJIE MPU TEMIEpaType
550°C B Tewenme 12 wdacoB. 3areM cMech IOBTOPHO II€peMENIMBAIN U
noaBeprain mnpokainke mnpu temieparype 700°C (mis GaBOs) u 900°C (ans
YbBQO3). Tnsa cmemranusix obpasios GaixYbxBOs; (x = 0.005, 0.01, 0.02, 0.03,
0.05 u 0.06) mocie nepBOTO ATarna MPOBOIMIH JBa MOCIEAOBATEILHBIX OTKUTA C
nmepeMemmBaHueM — npu  Temmeparypax 700w 850°C,  KaxmbIid
MIPOJODKUTENBHOCTHIO 12 yacoB. 1o okoHuanuu 12-gacoBoro HarpeBa oOpasIibl
OBICTpO  OXJIaXkJaidu Ha  Bo3myxe. llomHOTa  TpOTEKaHHWS  peaKIUuu
KOHTPOJINPOBAJIaCh PEHTTeHO()Aa30BbIM aHAITH30M.

Da30BBIl aHATU3 TOMYYCHHBIX COCAMHCHWNA OB BBIIOJHEH METOJIOM
PEHTTEHOBCKOW JU(pPaKIMK Ha TOPOIIKE C HCIOJIb30BaHHEM IU(ppPaKTOMETpa
bperra-bpenrano TD-3700 (Tongda, Kurait) ¢ mpumenernnem CuKo usnydenus.
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Hduana3zon ckanupoBaHus coctaBisii ot 10° mo 60° ¢ marom 0.02° Ha mar
CKaHUPOBAHWS.

[ns Gonee TOYHOrO W3Yy4EHHWs IIHMPHHBI OOJIACTEl TOMOTEHHOCTH ObUIN
npoBeJeHbl  TU((GY3UOHHBIC SKCIIEPUMEHTHI IIYTEM OTKUTA CIPECOBAHHBIX
IBYXKOMIIOHCHTHBIX Ta0neTok, coctosmux w3 GaBOs; m YbBOs;. Metomnka
3aKiII0Yanach B CIEIYIOIIEM: CHHTE3MPOBAHHBIE METOAOM TBepAO0(ha3HOTO
cunresa coequHennss GaBOsz u YbBO; Obuin M3MenbueHsl B SIIIMOBOM CTYIIKE B
TeueHrne 3 MuHYT. M3 3TO# cMecu ObLIM cripeccoBaHbl TadieTku auamerpom 10
MM mnox naBnenueM 1o 1 T1/cM’. TlonydeHHBle TaGNETKM OTKHIaud IIPH
temrieparypax 700, 800 u 900°C B Teuenne 12 yacoB. Ilocne dero moiayueHHBIE
o0pa3ipl  3aMMBAIKMCh OSMOKCHIHOM CMOJOW W HM3Y4alluCh C ITOMOIUIBIO
CKaHHUPYIOMIEH SJIEKTPOHHOH MHKPOCKONHMH. XHMHYECKHE COCTaBBl OBLIH
HU3MEPEHBl METOJOM CKaHUPYIOLIEH 3JEKTPOHHONM MHUKPOCKOIMM € HPHUCTABKOU
JUI SHEpProJUCIepCHOHHON peHTreHoBckol crnekrpockonueit (COM 3/IC) Ha
mpubope MIRA 3LMU (TESCAN, UYexus). Crekrpsl BO30OYKIEHHA U
WCIyCKaHWA  OAHO(MA3HBIX  COEAWHEHWH  ObUIM  3aperucTpUpOBaHBl  C
ucnonb3oBanueM crnekrpodayopumerpa Horiba Fluorolog3, koropslit ochamien
HenpepblBHEIME 450 BT ¥ MMIynbCHBIMH KCEHOHOBBIMH JIAMITAMU B Ka4eCTBE
WCTOYHHUKOB CBETA.

3. Pe3yabTaThl U 00Cy:KIeHUS

Ha pucynke la mpencraBieHbl PEHTIEHOBCKHE —IU(PPAKTOTPAMMEI
moiydeHHsIX coemmHennit GaixYbxBOs; (X = 0, 0.005, 0.01, 0.02 u 0.05) u
pacuetHas mudpaktorpamma GaBOjz [17]. TIpu cuHTE3e YHUCTOTO COEAMHEHHS
GaBOs3 6butn 00Hapy) eHbI NHKH, cooTBeTcTBYIOINEe Ga,Oz (X Ha pucyHke la).
HobGaBka 10% OopHOI KHCIOTHI OT OOmEH Macchl PEareHTOB MO3BOJMIIA
noJiyuuTh uncToe coeaunenne GaBOs mpu temnepatype 700°C.

CormnacHo audpakrorpammam coeaunenuit GaixYbyBOs; (x = 0.005, 0.01,
0.02 u 0.05) mocne omkura mpu Ttemmeparype 700°C (pucynok la), ObLIO
3a()UKCUPOBAHO MHOKECTBO NMPHUMECHBIX TTHKOB, COOTBETCTBYIOMUX Gax0s, uTO
yKa3bIBaeT Ha HETOJHOE 3aBepliecHne cuHTe3a. Takke Ha qudpakTorpammax Gai-
xYbyBO3 (x = 0.005, 0.01, 0.02 u 0.05) HaGmomaroTcs nmuku 6opara urrepous (*
Ha PHUCYHKE 1a), MHTEHCUBHOCTD KOTOPHIX YBEINYHBACTCS C POCTOM COJICPIKAHUS
UTTEpOUs, MPH 3TOM MMUKH MOCTETNIEHHO CMEIIAIOTCS B CTOPOHY MEHBIIIUX YTJIOB C
yBenuueHneM KonnenTpanun Yh** B 06pasie. Yuureipas Hamuuue MMKOB OKCHIA
rajus B o0pasiax, ObUIO MPHUHSATO PELICHUE MOBBICUTH TEMIIEpaTypy CHHTE3a J10
temneparypsl 850°C. Bropoii sTan 3akitouaics B omkure oopasinos Gai.xYhBOs
(x = 0.005, 0.01, 0.03 u 0.06) mpu Temneparype 850°C (pucynok 16). Ha
OCHOBaHUHM JaHHBIX PEHTTeHO()A30BOrO aHaIM3a MOXKHO C/ENATh BBHIBOJ, YTO
ObLTH TOJTyYeHbl uucThie coemuueHuss GaixYbyBOsz (x = 0.005 u 0.01).
Kpucramnuueckas CTpyKTypa OTHX COCOUHEHHH OCTaeTcs IMPaKTUYECKH
HeM3MEeHHOW M u3ocTpykTypHa GaBOs, mpu 3ToM HaOmOAalOTCS 3aMETHBIC
CIIBUTH BCEX MU(PPAKIIMOHHBIX TMKOB B CTOPOHY MEHBIIUX YIJIOB C YBEIUICHHEM
xonnenTpamuy nonos Yb®*. B nugppaxrorpammax GaixY0bxBOs (x = 0.03 u 0.06)
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HaOmoMalTes MKW Oopara utrepOus (* Ha pucynke 10). Ilpu yBenuveHHn
KOHLICHTPAIIUM HUTTEpOUs WHTEHCUBHOCTh JTUX IMKOB BO3pacTacT, U OHHU
MOCTETIEHHO CMELIAKOTCS B CTOPOHY MEHBIINX YIJIOB C YBEIHYCHUEM COJCPIKAHHS
nonos Yb3*

a) | | YbBO, 96-151-1288 6} YbBO, 96-151-1288
1 I 1 1 [ 1n 1 II I 1R I I
Ga,0, 96-200-4988 L1 1 R A I .l i A
i | I Ga,0, 96-200-4988
Lol N ll..u.h.uj.
X Gaon5Yb005803 I | |
% ’ﬂﬂ"‘*ﬁ “\_ M PR B PR B I I Lol i, ll
X
R {.“JJ *‘"“’:J M X s Gag g, Ybg 05805
o « ¥ . Gay 98“’0 ozB O, . |
c L x X * x X X i % %
L x e quux{-\_" L0 b ex A e e b
§ ’\( T Gag ooYby B0, L Gayg;Yby 03B0;
X X
m xJox X XF X b
5 xR N s I 5815 4 BT N
X Gay o Yby osBO
E \ Soses P05 GaongbomBoa
s XMk ﬁ'h JJ\ /‘ﬁ_wa_y_»;ﬂ_)s e l
I GaBO, + 10%HB0,| | SN W W W
Gag g95Y by 50 BO
I S W W \ 0.995 1 Pp.0055V3
GaBO,
| I NN SR U N S
| \ ’. L 1 1 1 1 1 | 1 1
SR LS O WV SO GaBO, 96-152-0322
| GaBO, 96-152-0322
1 | || 1 | II L I 1 I\Il 1 1 | 1 1 II L I 1 IIIL_

10 15 20 25 30 35 40 45 50 55 60 10 15 20 25 30 35 40 45 50 55 60
20, rpag. 26, rpag.

Pucynok 1 - Tudpakrorpammsr GaixYbxBOs (x = 0, 0.005, 0.01, 0.02, 0.03, 0.05 u 0.06)
nociie oTKura mpu temreparypax: a) 700°C u 6) 850°C (X — Ga203 u * — YbBOs).

Taxoke ObITa TIpOBEPEHA TEOPHS cymnecTBoBaHus coequnenust YbGaz(BOs)a.
ITo pesynbratam peHTreHodaszoBoro aHaimmza obOpasma (pUCyHOK — 2),
CHUHTE3UPOBAHHOTO NPHU IAHHOM COOTHOIIEHHH PEareHTOB, ObLIHN 3a(hUKCUPOBAHEI
daser Ga,03 (* Ha pucynke 2), Yb,0s (° Ha pucynke 2) n YbBOs (* Ha pucynke
2). O6pasoBanue HOBOI (ha3bl, mpeanosiaraemoii kak YbGas(BOz3)s, He BbISBICHO.
Crienyer OTMETHUTBb, YTO MO Mepe YBEIMYECHHs TEMIIepaTypbl HMHTEHCHBHOCTD
mukoB  YbyO3 cuwkaercs. Ilpu  goctmwkennu temmeparypbl g0 900°C Ha
nudpakTorpaMMe TOSBIAIOTCS HOBEIE KM (' Ha pUCYHKe 2), OTCYTCTBYIOIIHE HA
HU3KOTEMIIEPATYpHBIX JTamax. OJTH MUKH MOTYT YyKa3blBaTh Ha BO3MOXKHOE
dopmupoBanre  ¢azpl  YbGa(BOs)z,  HOCKONBKY €€  CyIIeCTBOBaHHE
MIPEIONIoKEHO aBTopamu [16] Ha ocHoBanuHM AaHHBIX MK-CIIEKTPOCKOITHY, XOTS
I(paKTOrpaMMbl TOTO COSTUHEHUS B JOCTYITHBIX HCTOYHHKAX OTCYTCTBYIOT.

Jnsa monmydyenusi Oojee TouHOW wHHGpOpManuMu O cocraBax ¢a3 Obun
npoBeneHbl JU(QQy3UOHHBIE SKCHEPUMEHTHI. JKCIEPUMEHTHl BKIIOYATN OTKHUT

136



ISSN 1813-1107, elSSN 2710-1185 Ne 4,2024

JBYXKOMIIOHEHTHBIX Ta0JeTOK, cocTosmux u3 coenunenuit GaBOs u YbBOs,
KOTOpBIE OBUTH TPEABAPUTEIHLHO CHHTE3MpPOBaHBI Tpu Temmeparypax /(00 wm
900°C cooterctBerHo. AHanmn3z COM D/IC nokazain, uro B GaBOs pacTBopsiercs
~1 mo1.% Yb npu temmneparype 700°C u ~2 mon.% Yb npu temmneparypax 800 u
900°C  (pucynok 3). Pesynbratel  AupQy3HOHHBIX  DKCIIEPUMEHTOB
CBHJCTEILCTBYIOT O TOM, YTO MakCcMMyM ~2 Moi.% wuoHOB Ybh Moxer
pacTBopsiTbc B Oopare rajumdsi. JTH JaHHBIE COTJIACYIOTCS C pe3yJbTaTaMu
peHTreHo(}a3oBoro aHaiu3a, KOTOPhIE IOKA3bIBAIOT, YTO B CHHTE3WPOBAHHBIX
COEOMHEHHAX TPH JIETHPOBAHWM HWOHAMHU HTTepOus cBbime 2 Mod.%
HAOIONAIOTCST 3HAYMTENbHBIE MPHUMECH, a TaKKe YyKa3blBaeT Ha MpPU3HAKU
HETOJHOro TNpoTekaHus cuHre3a. CornacHo naHHbIM PDPA u nuddy3noHHBIX
JKCIIEPUMEHTOB ToibKo coenmaeHus ¢ 0.5 u 1 Mon.% Yb sBisroTcs TBepABIMHU
pactBopamu Ha ocHoBe GaBOs. Torga kak Bce apyrue MoidydeHHblE COeTUHEHUS
MIPeICTaBIEHBI CMECHIO (a3.

Yb,0, 96-101-0333

| YbEOa 96-151- 1233

Yoo,

I
JL ﬁ U

1 1 1 I 1 1 1
F Yb,0, : 3Ga 205 ! 45 20,

Xk
J\ J\J\ npu TeMnepaType 900°C
Ix
0/\ J\.A /\/\x N\

YbO SGBO 430

I ﬂ E

—g,x

npu TeMnepaType 800°C

xk x" X e }(,XWAM,.
1 L

K

MHTEHCUMBHOCTbL, MN.€.

vhzog 3G3203 148,0,

’Lﬁh npu reMnepaYype 700°C
— %,_-M _.A/L_JL.,’\(O_A J\'\A j\_’(

Yb 0 3Ga O 4B O
npy Temnepatype 600°C

I “‘)(T'“."—u Tﬂ( ’&MMA Jﬂ\& _Xlif\

Ga 0 96-200-4988

10 15 20 25 30 35 40 45 560 65 60

20, rpag.

Pucynok 2 - Tudpakrorpammsr: a) YbGas(BOs)s u 6) YbBO3
(¥~ Gaz03, ° - Yb203, * — YbBOs u ' — YbGa(BO3)2).
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Pucynok 3 - ®ororpaduu dazossix koHtakroB GaBOs (A) u YbBOs (B) npu remneparypax 700, 800 u
900°C, nonyuennsie ¢ nomorisn COM

Hdnsa  GaoogsYbooosBOz m GaggoYboo:BOs Obut  mM3ydeHBI  CHEKTPBHI
B030yxmenus  potomomunectienimn  (CBJI) u  doromomunectienimn  (CJI)
(pI/ICYHOK 4). CBJI 06paSHOB Gao,gngbo,005803 n Gao,gngo,mBOs
JEMOHCTPUPYIOT MIMPOKUH THUK B JAMana3oHe UIHH BoidH 875 — 920 HM ¢
MakcuMyMoM Ha 919 HM. OTH muKH OOYCJIOBIEHBI NEPEeXOdaMH SJIEKTPOHOB C
noypoBHs 2F7/2 B BO3OYKIEHHOE COCTOSHHE 2Fs2, 4TO XapaKTEpPHO JUI MOHOB
Yb®*. VHTepecHO, dYTO WMHTEHCHBHOCTH CIIGKTPOB sl 00OMX 0Opa3loB
pa3IMyalOTCsl HE3HAYMTEIbHO, OCTABasACh B IpENeNax JKCIEpUMEHTAIbHOU
MOTPENTHOCTH. JTOT (DaKT yKas3bIBaeT Ha CTAOWIBHOCTH M BOCIIPOM3BOIMMOCTH
MEXaHH3MOB IIepeHoca SHEPTHHU B JaHHBIX MaTepHaliaX, HECMOTPS Ha pa3jinyue B
KOHIIEHTPALMK UTTEPOHSL.

CJI 06pa3LIOB Gao_gg5Ybo_005803 u Gao_gngo_mBOs XapaKTEPU3YIOTCA
HaJTU4HEeM IIUPOKOT0 MHKa B aWama3oHe umH BoH 950 — 1000 HM, ¢ spKo
BEIpQKEHHBIM MakCUMyMoM Ha ypoBHe 970 HM. OTOT muK 0O0yCIOBIECH
3JIEKTPOHHBIMH MEPEX0JaMH C MOAYPOBHS B BO3OYkKICHHOM COCTOSHUH “Fs/p Ha
TIepBEIi MOTypOBEHh B OCHOBHOM cOCTOSHMH F7 monoB Yb*, uro sBmsercs
XapaKTEPHOU 4epTOM JIJIsl TAKUX MATEPUATIOB.

Gag 9950005803

Gag49Y001B0;
cBn cn
hom = 970 HM Ao = 919 HM

VIHTEHCHBHOCTD, N.e.

T T 1
750 775 800 825 850 875 900 925 950 975 1000 1025 1050
[nvHa BONHbI, HM

Pucynok 4 - CBJI u CJ1 GaBOs: xYb (x = 0.005 1 0.01).
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4. 3aka0ueHune

Pe3ynmpraTel mcciaemoBaHWN TPOASMOHCTPUPOBANM, 4YTO coenuHeHUs (Gaj-
xYbxBO3 (x = 0.005 u 0.01) sBsrOTCS TBEpABIME pacTBOpamu Ha ocHoBe GaBOs,
4YTo TOATBEpXKAaeTcss AaHHbIMH PDPA u 1udQyu3sHOHHBIX SKCIEPUMEHTOB.
Hecmotpst Ha 6GmM30CTh HOHHBIX paauycoB Yb u Ga (0.868A u 0.620A B VI
KOOpJIMHAIUK cOOTBEeTCTBeHHO [18]), m3oMopdusm Mexay HHMH OrpaHHUYCH U
coctaBisietr He 6onee 2% B crpykType GaBOs. Coennnenns Gagogs Yo 00sBOs 1
GaogoYboo1BO3, momydeHHble B XO0Je CHHTE3a, HPOSBIAIOT CTAaOWIBHBIE U
BOCHPOHM3BOIMMBIE JIIOMHHECIIEHTHBIE CBOICTBa. OHU JEMOHCTPUPYIOT IINPOKHE
nuku Ha CBJI u CJI ¢ makcumymamu Ha 919 HM 1 970 HM COOTBETCTBEHHO.

®unaHcupoBanue. Pabora Obuta BhIMONHEHA NpU (QUHAHCOBOW mojmepxkke rpanta MHBO PK
«KpucTajuloxuMusi W ONTHYECKHE CBOWCTBA (YHKIHOHAIBHBIX opToOoparoB wurTepOusi» [MPH
AP19575956]; rocynapcreennoro 3aganus UI'M CO PAH Ne 122041400031-2.

KoH(paukT wuHTepecoB: ABTOpBI 3asBIISIOT 00 OTCYTCTBHHM KOH(DJIMKTa HHTEPECOB MEXIY
aBTOpaMH, TPEOYIOIIETO PACKPBITHS B JAHHOM CTaThe.

GaBOs: Yb* CUHTE3I )KOHE JIIOMUHECUEHTTI CHIIATTAMAJIAPBIH 3EPTTEY

E.A. XKonoac'", A.b. Kaiipoea®, A.b. Kysneyos?, A.M. baxadyp*, M.H. Paxmanoea®,
A.K. Bonamoé', K.A. Kox?

L Dusura-xumusnoix sepmmey sicone manoay adicmepi opmansizvl, an-Papabu amviHOaAbL KA3aK YAMMbLK
yuusepcumemi, Armamul, Kazaxcman

2B.C. Cobones amvinoazul 2eonozus dicane munepanoaus uncmumymst, Xayacibip, Peceil

34.B. Huxonaee amvindazvl betiop2anuxansix Xumus uncmumymet, Kawacioip, Peceil

“E-mail: yerassylzholdas1996 @gmail.com

Tyiiinaeme. Kipicne. Cupexxep 3JIeMEHTTEepiHIH OopaTTapbl 3JIEKTPOH/BI KYPbUIBIM MEH KPUCTAJIBIK
TOp epeKUIeNiKTepiHe OailaHbICThl Oiperelt (DMU3MKAIBIK KaCHETTepIMEH 3epTTEYLIJIepAiH Ha3apblH
aynapanel.  MrtrepOuiinin oproOoparTapbl HMH(PAKBI3bLI JIOMUHECHCHIMS CallaChlHIAAa MaHBI3IbI
MIPAaKTUKAJIBIK MaHbI3Fa ue. Kymvic maxcamel. Vtepomii nonmapeiMeH nerupieared GaBOs Herisinzeri
KATThl ePITIHAUICPAIH KYPBUIBIMBIH, (ha3allblk KYPaMbIH XKQHE JIOMHHECICHTTIK KACHETTEpiH 3epTTey.
Ooicmep. Ga1xYbxBO3 xoceutbicTapsl (x = 0, 0.005, 0.01, 0.02, 0.03, 0.05, 0.06 xoHe 1) karThl (azanbK
CUHTE3 apKbUIbl aNbIHABL. Homuowcenep men mangoirayiap. [T COM nHotmxkeci OoiibiHma GaBOs-te
700°C temmeparypana ~1 mon.% Yb xone 800 sxone 900°C Temmeparypanapaa ~2 Mon.% Yb epirenin
kepcerTi. uddy3usuisik Toxipubenepain HoTmKeepi ranmii OoparsiHaa Makcumym ~2 moin% Yb
HOHJIAPBIH epiTyre OONAThIHBIH KopceTeai. bys ManimerTep nTTepOuiiniy Memmepi 2 Moi.%-1aH KOFapsl
OonFaH Ke3Ze eyieylli Kocmanap »KOHE TOJBIK eMeC CHHTe3 Oenrijepi OalKalaThIHBIH KOPCETeTiH
peHTreHbazanblK Tangay HOTIDKENepiMeH coiikec keneni. Kopwimuinowvi. GaogesYbooosBOz xone
Ga0.99Y0001BOs kocsutbicTapsr 919 HM- jxoHe 970 HM-Ie KeH LIBIHAApHI 0ap TYPaKThl JIOMHHECLICHTTI
KacueTTepai kepcereli. by HoTmkenep mMarepuanaapablH ONTOMIEKTPOHHKA MEH (HOTOHMKAIA KOJIaHY
MYMKIHIIKTEPiH alKbIHAANIbL.

Tyiiin ce3aep: KPHCTAIIBIK KYPBUIBIM, (pa3aibslk Kypam, KarTsl epiTiHainep, KaTThl (as3aiblK CHHTE3,
penTrendasanblK Tanaay, cuperkep Oopartaphl, utTep6uii, GaBOs: Yb®, meruprney, uHGbpaKb3bIT
JIFOMHHECLIEHTTI MaTepHal.
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[IpaBuna od)opMneHmI CTaTel B )KypHaie
«XUMHNYECKHUHU )KYPHAJ KASAXCTAHA»

1. OBIME ITOJIOKEHUSA

Kypuan «Xumuueckuii xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BhIMycKkaeTcsa opaeHa Tpynosoro Kpacnoro 3umamenn AO «VHCTUTYTOM XMMHUYECKHX
Hayk uM. A.b. BektypoBa» 4 pasa B rox u myOnmKyeT pabOThI IO IIMPOKOMY KpPYTY
(yHIaMEHTAIBHBIX, MPUKIAIHBIX 1 HHHOBAIMOHHBIX MCCIIEOBAHUN B 00JIaCTH XUMHU U
XMMHYECKOH TEXHOJIOTHH.

SI3pIKM TyONWKanuM: Ka3axXCKUi, pycCKui, aHrimmickuil. JKypHan MHIEKCUpyeTcs
Kazaxcranckoit OubOmmomeTpuueckoil cucreMoid W BKmMoueH B [lepedeHp u3maHui,
pekomeHayeMblx KomureromM 1o KoHTposmto B cdepe o00pazoBaHHS U HAYKH
MuHuctepcTBa o0pa3oBanMs W Hayku Pecrybnmukm Kaszaxctam mis  myOJMkamuu
OCHOBHBIX P€3yJIbTaTOB HAYYHOH AEATEILHOCTH.

W3nanue umeer crieayromnye pyopuKu:

1. OG63o0pHbIe cTaThy J0 20 MeYaTHBIX CTPAHUI]

2. OpuruHanbHble cTaThH (10 8—10 meyaTHBIX CTPaHUIL)
3. Kpatkue cooOmenns (10 4—5 neyaTHbIX CTPAHUILL)

2. IPEJICTABJIEHUE CTATEA

Penakims mpuHAMaeT cTaThl OT Ka3aXCTAaHCKUX M 3apyOeKHBIX aBTOpOB. B memsax
nonyisipu3anuu JKypHana, peJakilIMOHHON KOJUIETHEHW MPUBETCTBYETCS MPUEM CTaTeil Ha
AHIJIMHCKOM SI3bIKE.

s peructpauuu ¥ nmyO0JdUMKAIUMM CTATHU MAaTE€pPHall CTaTbU TIPEICTABISAETCA B
pelakiuio uepe3 CUCTeMy OJEKTPOHHOM Tojauyu cTaThd Ha caiite JKypHama
(https://mww.chemjournal.kz/) B komIiekTe co CleayONMMU JOKYMEHTAMH:

1. Dnexrponnas Bepcust cratbu B popmarax Word u PDF co BCTpOeHHBIMHU B TEKCT
TaOIUIIAMHK, CXeMaMH, pUCyHKamu ((ailm Ao/KeH ObITh Ha3BaH MO (paMWIMK TIEPBOTO
aBTOpA Ha aHTJIMHCKOM SI3BIKE).

2. ConpoBoUTENBHOE MTUCEMO, aapecoBaHHoOe B Pepakiuio XMMHUUECKOTO KypHaja
Kazaxcrana oT opraHuzanmy, B KOTOPOW JaHHOE WCCIICAOBAHHE BBIIOIHECHO, C
YTBEPIKIICHUEM, YTO MAaTepHal PYKOIHCH HUTNIC HE ITyOJMKOBAJICs, HE HAXOMUTCS Ha
pacCMOTpEHHUH s OIyONMKOBAaHWS B APYTHX JKypHalaX M B MaTepHanax CTaTbd
OTCYTCTBYIOT CEKPETHBIEC TaHHBIE. B COMPOBOANTEFHOM MMUCHME YKa3bIBAIOTCS CBEICHUS
00 aBTOpe a1 KoppecnoHaeHIny: @aMmins, UM 1 0TYECTBO aBTOPA, CIIY>KEOHBIH ampec
C YKa3aHUEM TIOYTOBOTO MHJIEKCA, afpec NIEKTPOHHOH mouThl, Tenedon u ORCID.

3. Bce crarbu, ony0auKkoBaHHBIC B XuMHUecKoM KypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOiuKyrOTCS B OTKPHITOM gocTyme. YToObl 00ecreuuTh
CBOOOJHBIN JIOCTYI YHUTATENSIM W TIOKPBITH PACXOAbl Ha OKCHCPTHYIO OICHKY,
pelakTHpOBaHUe, IONAEP)KaHUE CalTa J>KypHaia, JOJTOCPOYHOE apXHBHPOBAHUE H
BEJICHUE >KypHalla, B3WMaeTcs IulaTa 3a o0paborky crarbu. [IpaBunma omnatel 3a
OITyOJMKOBAaHUE MIPUHATON K NICUYATH CTAThH HAXOISATCS B OTNICIEHOM JOKYMEHTE Ha caiite
Kypnana «OnaTa 3a ormyOIMKOBaHUC.

4. CtaTbe IpUCBaNBACTCS PETHCTPANMOHHBIA HOMEP, KOTOPBIH COOOIIaeTCst aBTOpam
B TE€UCHHE HENENIM MOCHE MONyYeHHs YKa3aHHOTO MEepedHs JOKYMEHTOB; Ha 3TOT HOMEp
HEO0XOJNMO CCBUTATHCS TPH MTEPEITHCKE.
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5. [lpuHATBIM K TICYaTH CTaThsIM ITIPUCBAMBACTCS IUPPOBOH HACHTHU(PHUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTeiBass HEBO3MOXKHOCTH MPOBOIUTH CTAThH HAa Ka3axCKOM SI3BIKE Uepes
CUCTEMY aHTHIUIaTHaT, OYAyT YYHUTHIBATHCS (POPMYIHUPOBKH PELEH3CHTOB H PEIICHHE
M3IATEIBCKON KOJUICTHH.

7. CTaTh¥l TOJDKHBI OBITH OPOPMIIEHBI COTJIACHO ITA0JIOHY, KOTOPBIH MOYKHO CKaJaTh
B pazaene «OTmnpaBka MaTepralioBy Ha caiite Xumudeckoro XKyprana Kazaxcrana.

3. CTPYKTYPA IIYBJIUKALIUIA

3.1. B Hayarme 0030poB, OPUTHHAJBHBIX CTaTeill W KPATKHUX COOOIIeHMII Ha
MIEPBOH CTPOKE YKa3bIBaeTCs HOMEpP 110 YHHBEPCAIBHOH JECSITUYHOU KIIacCU(PHKAILINMH
(YAK wm UDC), cOOTBETCTBYIOIINI 3asBICHHON TeMe. JlaeTcs mponmucHbBIME OyKBaMH B
BEpPXHEM JIeBOM yriy. Takke Ha IepBOl CTpOKe cHpaBa MNPONHCHBIMH OyKBaMH
nomyxupHbM mpudom Ne 14 ykaseiBaercsa HasBamme kypHata XUMWUYECKHAM
KYPHAJI KA3AXCTAHA (KA3AKCTAHHBIH XWMUS JXKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), rox, HOMep.

3.2. Jlanee uepe3 CTPOKY MPUBOAMTCS MEKAYHAPOIHBIA CTAaHAAPTHBIA CEPHATBLHBIN
Homep xypHasa (ISSN 1813-1107, eISSN 2710-1185) u Ha ciemyromiei CTpoke ciieBa
mpusoautcst DOI: xoTopsiit OyaeT nMeTh 3HaYSHHE TI0CIIe IPUHATHS CTaThU K TICYaTH.

3.3. [Janee, mocie OTCTyIlla CTPOKH YKa3bIBaeTCs 3arjiaBHE CTATBhHU IPOIMUCHBIMH
OykBamu, mpudt Ne 14 — momy>KUpHBIi, BeIpaBHHBaHHE TEKCTa MO IEeHTpYy. HazBaHue
JOJDKHO MAaKCHUMaJIbHO IIOJIHO W TOYHO OIIMCBIBATH COACPKAHWE CTaTbU, BKIIOYATh
KITIOUEBBIE CJIOBA, OTPAXKAIOIINE HAIIPABJICHHE /UM OCHOBHOW PE3yNbTaT MCCIIEA0BaHNUS,
HO B TO € BpeMsl ObITh KOPOTKUM U SCHBIM U HE COJIEPKaTh COKPAICHUH.

3.4. lanee, mocye OTCTyNa CTPOKH, yKa3bIBalOTCS HHMIUAIBI U aMuaun aBropa(-
OB) CTPOYHBIMH OykBamu, MPUMT Ne 12 Moy XUpHBIH, KypCHB, BRIPABHUBAHUE TEKCTA TI0
neHtpy. Pamunus aBTOpa, € KOTOPBIM CIEIyeT BECTH IIEpENHcKy, MOJDKHA OBITh
orMmeueHa 3Be3noukoit (*): C.C. Camaeea*™, A.M. /rcybananuesa.

3.5. UYepes crpoky mpuprom Ne 12, cTpodHBIMH OyKBamMH, KYpCHBOM C
BBIPABHUBAHHEM TEKCTa IO IEHTPY CIEAYIOT HauMeHOBaHue(s1)) opranu3zamum(ii) C
YKa3aHUEM YaCTU Ha3dBaHUA OpraHU3alluU, KOTOPast OTHOCUTCA K NOHATUIO FOPUANIECCKOTO
nmina (B aHTJIMHCKOM TEKCTe HEOOXOJMMO YKa3blBaTh O(HUIMANBHO MPHHATHI MEpeBO
Ha3BaHUs), TOPOJ, CTpaHa. B aHTrIMIiCKOM BapuaHTe aJpecHbIe CBEJCHHUS JOJDKHBI OBITh
TIpeCTaBIICHbI HA AHTIIMHCKOM SI3bIKE, B T.4. TOPOJI M CTPaHa.

Crpoku ¢ ¢aMWIMsIMM aBTOPOB U  HA3BaHMSAMHM OpraHU3allMi  CoOJepiKaT
HAQJCTPOYHBIE WHJIEKCH (mociie (GaMWwIMk W Tepel] Ha3BaHHUEM OpraHM3alin),
YKa3bIBaIOIIME HA MECTO pabOTHI aBTOPOB.

Ha cnenyrommeit crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BelpaBHUBaHHEM
TEKCTa 10 LEHTPY YKa3bIBACTCS ANEKTPOHHBIN afpec Al MePETINCKH.

3.6. Pe3tome (Abstract, Tyiiingeme) cocTouT U3 KpaTKoro Tekcra (He menee 150—
250 cnos, mwpupT Ne 12) Ha s3bike ctaTth. Abstract myGnukyercs B MeKIyHapOIHBIX
0a3ax, JaHHBIX B OTPBIBE OT OCHOBHOTO TE€KCTa. Pe3toMe MOKHO OBITH aBTOHOMHEIM, BCE
BBOJMMbIC 0003HAYCHHUS U COKPAICHUS HEOOX0IMMO pacinudpoBaTh 31€Ch XKe.

[TpuBeTcTBYeTCS CTPYKTYPHPOBAHHOE PE3IOME, TOBTOPSIOIIEE CTPYKTYPY CTaTbu U
BKIIIOYAIOIICE: G6eOeHUe, Yelu U 3a0auu, Memoovl, pe3yibmamsl U 00cyxicoeHue,
3akmoueHue (6b1600b1). B TO e BpeMs, 1IeJM U 3aJa4yl ONHMCBHIBAIOTCS, €CJIM OHU HE SICHBI
W3 3aryiaBusi CTaThU, METOJIbI CIIEAYET OIMCHIBATh, €CJIM OHU OTJIMYAIOTCS HOBH3HOW. B
pe3ioMe BKJIIOYAIOTCS. HOBBIC PE3YJIbTAThl, MMEIOMINE JONTOCPOYHOE 3HAUCHUE, Ba’KHbIC
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OTKpBITHS, ONPOBEPraroIline CYLIECTBYIOIIME TEOPUH, a4 TaKXKe [aHHBIC, HMEIOLINE
npakTudeckoe 3HaueHue. ClemyeT HCIOJIb30BaTh TEXHUYECKYIO (CHEIHalbHYIO)
TCPMHUHOJIOTUIO Ballen JUCHUIIIINHBI.

Pesrome maercst 06e3 ab3al[HOrO OTCTyIA CTPOYHBIMH OYKBaMH; OHO HE OJDKHO
COJZIEpP’KaTh HOMEPA COEAVUHEHUM, SKCIIEPUMEHTAIILHBIE ITaHHBIE U CCBUIKU Ha JIUTEPaTypy.
Pe3iome TOJIBKO OIHO — B Ha4aje TEKCTa.

3.7. lanee Ha s13pIKe cTaThy 0€3 a03aI[HOTO OTCTYTA CTPOYHBIMH OyKBaMH MIPUPTOM
Ne 12, BeIpaBHUBaHHNE TEKCTA 10 JIEBOMY Kparo MPUBOSITCS KII0YeBbIe cIoBa (0T 5 /10
10 mrt.), obecneunBaromye HanbdoIee MOJIHOE PACKPHITHE COJACPIKAHNS CTAThU.

3.8. B kparkux coobmeHusx npuBoautcs pesiome (150-200 cioB), KIrodeBEIC
CJIOBa, HO AETEHUs Ha pasfensl He TpeOyercs. JlaeTcs TEKCT KpaTKoro COOOIICHMS Ha
OJIHOM U3 TpeX S3BIKOB C BBINTOJIHEHHEM TpeOoBanuil kK YIK, Ha3BaHUIO CTAThU, TIEPEUHIO
aBTOPOB, HAMMEHOBAHUI OpraHM3alyii, B KOTOPBIX OHU PabOTAIOT, YKAa3aHHUIO aBTOPA IS
MepenucKu. B TekcTe KpaTKoro cooOOIIEHMS HPUBOASTCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpedylolIue 3aKpelnjeHHs TPHOPUTETa C HEOOXOAUMBIMU
9KCIEPUMEHTABHBIMA ~ MOAPOOHOCTAMHU.  3areM  cliefyloT:  uHpopMamus o
(uHaHCHPOBaHKUH, OJATOAPHOCTH, CBEJCHHS O KOH(IMKTE UHTEPECOB, HH(popMaIus 00
aBTOpax ¥ CIHCOK JINTEPATypPHI.

3.9. Crarbs HaumHaeTcs C BBedeHHS, B KOTOPOM (OpMyJIUpYyeTCsl ILelb H
HEOOXOMMOCTh MIPOBEJCHUS NCCIIEIOBAHMS, KPATKO OCBEUIAETCSI COCTOSHHE BOIIPOCA CO
CCBUTKAaMM Ha HawmOolee 3HaYMMble IMyONHKaluu ¢ W30EeraHueM CCBUIOK Ha YCTapeBIINE
pe3ynbTaTbl. M3mararoTcsi OTKPBITHS, CHCNAaHHBIE B XOJ€ MAAaHHOTO MCCIIEAOBAHUS.
YKa3bIBacTCs CTPYKTypa CTaThH.

3.10. DOkcmepuMeEHTAJbHAS YACTh COIEPXKHT OIHMCAHHE XOJa M Pe3yJbTaToB
9KCIIEPUMEHTA, XapaKTEPUCTUKY MOy 49E€HHBIX COEIMHEHUII. B Hayaie
OKCIIEPUMEHTAIHOM  4YacTW  TNPUBOAATCS  Ha3BaHWs NPHOOPOB, Ha  KOTOPBIX
3apEruCTpupoOBaHbl (bI/ISI/IKO-XI/IMI/I‘ICCKI/Ie XapaKTCPUCTUKN BEIIECCTB M YKa3bIBAIOTCA
yciaoBusa HU3MEPCHUA, TaKXeE YKa3bIBaIOTCA o0 HUCTOYHUKHU HUCITIOJIB30BAHHBIX
HETPUBHAIBHBIX PEAreHTOB (HAIpUMeEp, «KKOMMEPUECKHE Npernaparsl, Ha3BaHue GUPMBD»),
100 AAIOTCS CCHUTKM HA METOAUKHU MX MOJTy4EHHUS.

Kaxnplit maparpad SKCIEpUMEHTAJIBHOW YacTH, ONMUCHIBAIONIMH  TIOJydeHHE
KOHKPETHOTO COCAMHEHHUS, JIOJDKEH COJEepXKaTh €ero II0JJHOE HauMEHOBAaHHUE II0
nomenknarype MIOITAK n ero nopsaxoBslii HOMEp B cTaTthe. B MeTonukax o0s3aTenbHO
yKa3blBaTh KOJMYECTBA PEarcHTOB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (Ui
KaTaJn3aToOpoOB — MAacCy M MOJBHBIE IIPOLEHTHI), 00BEMBI pacTBOpHTENneil. Meroanka
9KCIIEPUMEHTA U3JIaraeTcs B npouieduiemM BPEMEHH.

JIsl M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OIMYyOIMKOBAHHBIM PAHEE METOAOM,
HeO6XO}]I/IMO MMPUBECTU CCBUIKY Ha JUTCPATYPHBIC HJaHHBIC. HJ’[S{ N3BCCTHBIX BCUICCTB,
IMOJTYYCHHBIX HOBBIMH nIn MOJII/Iq)I/IHI/IpOBaHHBIMI/I MCTOOaMH, JOJIDKHBI OBITH
MIPEACTaBJICHbl X (PU3NUECKHE M CHEKTPaJbHbIE XapaKTEePHCTHKH, UCIIOIb30BAaHHBIC IS
TTOJTBEPIKACHHS UIEHTUIHOCTH CTPYKTYpPBI, METOJI CHHTE3a M CCBUIKA Ha JINTEPAaTypHbIE
JIaHHBIE.

Jist  Bcex BIEpBBIE CHHTE3MPOBAHHBIX COCAMHEHHWH HEOOXOJMMO MPUBECTH
JIOKa3aTeJIbCTBA MPUIHCHIBAEMOTO MM CTPOCHUS U JTaHHBIC, TIO3BOJISIOIINE CYAUTh 00 HX
WHIMBHUYaIbHOCTH M CTEIIEHH YMCTOTHL. B 49acTHOCTH, NOMKHBEI OBITH MPEACTAaBIICHBI
JAHHBIC 3JIEMEHTHOTO aHAJIN3a WM Macc-CIEKTPBI BBICOKOTO paspemteHus, K criekTps! u
cnektpsl SIMP *H u °C.
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JlaHHBIE PEHTICHOCTPYKTYPHOTO aHAlIM3a MPEICTABISIOTCS B BHJIC PUCYHKOB H
Tadauu. Bce HoBble coenunenus, fanubie PCA KOTOpPBIX MPUBOJSTCS B CTAThE, TOJIKHBI
ObITh 3aperncTtpupoBansl B KemOpumkckoii 6a3e CTPYKTYPHBIX JTaHHBIX U HUMEThH
cootserctByronie CCDC nomepa.

Ecmm, mo MHEHHWIO peleH3eHTa WM pelaKkTopa, HOBBIC COCAMHEHUS HE OBLIH
YIOBJIETBOPUTEIHHO OXaPaKTEPHU3OBAHBI, CTAThs HE OyIeT IpUHATA K Me9aTH.

Mpumep METOTUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH yield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Brumanue! B cTaThix, TOCBAIICHHBIX CHHTE3Y HOBBIX COCAMHEHUH, TOITYCKAECTCS
pa3MelieHue IKCNEePUMEeHTATBHON YaCTH 32 paserioM Pe3ybTaThl u 00Cy:KIeHHE.

3.11. B pasnene Pe3yabTaThl M 00CY:KAeHHMe, KOTOPBIM SBIIAETCS Hamboee
BOXHBIM, CcIIeAyeT OOCyIUTh W OOBSCHUTH IOJNyYCHHbIE B paboTe pe3yabTaThl,
MIPOAHATN3UPOBATh OCOOCHHOCTH CHHTE3a, IPOJAEMOHCTPUPOBATh M YKa3aTh BO3MOXKHBIE
OrpaHUYCHUA. HpOBCCTI/I CpPaBHCHUC IMOJYYCHHBIX PE3YJIbTATOB C OHyGHI/IKOBaHHHMI/I
panee. Bce HOBbIE COEIMHEHHsI JIODKHBI OBITh TIOJIHOCTBIO —OXapaKTEPH30BaHBI
COOTBETCTBYIOIIUMU CIICKTpaJIbHBIMU U APYTUMHU (I)I/ISI/IKO-XI/IMI/I‘IGCKI/IMI/I JaHHBbIMU. B
TEKCTe O00O0OMIAIOTCS ¥ Pa3bsCHIIOTCS TOJIBKO TE€ CIIEKTPAIbHBIE NaHHBIE, KOTOpPHIE
WCIIONIB3YIOTCSL  JUISl  TIOATBEPXKACHHS  CTPYKTYpbl  HOJYYSHHBIX  COEAWHEHUH.
[lepeuncnenne OMHUX W TEX JXK€ JAHHBIX B TEKCTE, TaONMIAX W HA PHCYHKaX HE
norryckaercs. JIis HOBBIX METOJZOB CHHTE3a JKEIAaTeNbHO OOCYAWTh MEXaHU3M PEaKIIHH.
Juist 0000mIeHNsT TaHHBIX HEOOXOMUMO HCIOJIH30BATh MOHSATHBIC PUCYHKH W TAOIHIIBL.
[IpencraBneHHbIe JaHHBIE JOJDKHBI TIOAIABATHCSI WHTEPIPETALINH.

I[Ipu oOcyXnmeHWH pe3yabTaTOB CIIEAyeT MNPHUACPKHUBATHCS  OPHUIMAITEHON
tepmuHoioruu [IUPAC. Pe3ynbTaTsl peKOMEHIyeTCs U3JlaraTh B IMPOIIEANIEM BPEMEHH.

OO0cy:kaeHue He MOJDKHO IIOBTOPATH OIMCAHWE Pe3yNbTaTOB HccienoBaHus. B
TEKCTe [OJUKHBI OBITH HCIOJBb30BaHBI OOIICHIPUHATHIC B HAYYHOW JIMTEpaType
cokpauienus. HecTanmapTHble COKpalleHUs JOJDKHBI ObITh pacuugpoBaHbl IocCie
MEPBOTO TMOSBJICHUS B TEKCTEC. EJMUHWIBI W3MEPEHUH JODKHBI OBITh YKa3aHbl B
Mexaynapoasoii cucreme CU.

3.12. 3arem pekoMmeHayercs cHOpMYyTHUPOBATh 3aKJIKYEHHE, B KOTOPOM yKa3aTh
OCHOBHBIC JIOCTHKCHUS, TPEACTABICHHBIC B CTaThe, U OCHOBHOHM BBIBOJ, COJCPIKAIIHIA
OTBET Ha BOIPOC, MOCTABIICHHBII BO BBOJHOW YaCTH CTaThH, a TAaKKE BO3MOXKHOCTP
WCIOJB30BaHUS  MaTepualia CTaThl B (YHOAMCHTAIBHBIX WM TPUKIIAIHBIX
HCCIIEZIOBAaHUSIX.

3.13. ITpuBoauTcs nHGOPMAIHS O (PUHAHCHPOBAHUY UCCIICIOBAHMA.

3.14. BeipaxkaeTcs 6JarogapHocTh TeM, KTO TIOMOT BaM B ITOJATOTOBKE Baleit
paboTHI.

3.15. B pykomucu J0MKHO OBITh 3afBIEHO O TOM, HUMEETCS JH KOHQJIMKT
HHTEPECOB

3.16. B undopmanum 00 aBTOpax YKa3bIBAIOTCS: Yy4Y€Has CTENEHb, 3BaHUE,
noikHocTh, e-mail, ORCID.
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3.17. Ctarbs 3aKaHUMBACTCS CHUCKOM JIMTEPATYPBI CO CCHUTKAMH Ha PYCCKOM (WM
Ka3aXxCKOM) f3bIKE€ M CCBUIKAMH Ha si3blke OpuruHana. CChUIKM Ha JHUTEpaTypHbIC
UCTOYHHMKUA B TEKCTE MPUBOISATCS IMOPSIKOBBIMU apaOCKMMH LudpaMu B KBaJpaTHBIX
cKoOKax Mo Mepe yrnomuHaHusi. Kaxknas ccbUIka JIOJDKHA COZEPXKarh TOJIBKO OJHY
nurepaTypHyto uuraty. CHHCOK JMTEpaTypbl IOJDKEH OBITh NpeACTaBJeH Haubolee
CBE)KMMH U aKTyaJbHBIMH UCTOYHHMKaMH 0€3 M3JIMIIHEro caMouuTHpoBaHus(He Ooee 20
npoueHToB). [ crareil kenareleH cHHCOK W3 He MeHee 10 CChUIOK CO CTpOKamu
JOCTyIIa B UHTEPHETE.

3.18. ObGs3arensHa unHbopManuss o0 aBTopax. B Hell yKka3pIBaroTCs: ydeHas
CTeleHb, 3BaHKe, TODKHOCTD, e-Mail, ORCID, ¢pamunaus, umMs, 0T4€CTBO [TOJHOCTHIO HA
TpeX SA3bIKAX.
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Crucok  muTHpyeMoW — smTeparypsl  oopmusieTcsi B COOTBETCTBHHM  C
HIDKETIPUBEICHHBIME 00pa3iaMu OnOIuorpaduaeckux onucanmii (4.8.).

3.19. B koHIle cTaThW TOCIE CIUCKA JUTEPATYPHl OONOIHUMENbHO TPUBOIUTCS
nepesoz Pestome Ha kazaxckuii (Tyitingeme) u Ha anrnuiickuii s3piku (Abstract). Cioso
Pesrome (Abstract, Tyitingeme) maercs mo wnentpy. Ha crnemyromeir crpoke ¢
BBIPABHUBAHUEM 10 JIEBOMY Kparo MPOMUCHBIME OyKBaMHU HONIYKUPHBIM 1pudTom No 12
NPUBOJMTCS Ha3BaHMe cTaThbu. Yepe3 cTpoky Oe3 ab3alHOro OTCTyna KypCHUBOM,
oy kupHbIM mpudToM Ne 11 narorcst ”HUIUAIB! U (aMUIAN aBTOPOB.

Ha cnenyromeii crpoke 6e3 ab3amHOro OTCTyna KypCHBOM, CTPOYHBIMH OyKBamw,
mpudrom Ne 11 mpuBoasTCs MecTa padOTHI aBTOPOB C HAJICTPOYHBIMHU MHAEKCaMH (T10cie
(¢amMmMu ¥ mepes Ha3BaHWEM OPTaHH3ALNH), YKa3bIBAIONINE Ha MECTO pabOTHI aBTOPOB.
3areM 4Yepe3 CTPOKY ¢ a03aIlHOrO OTCTyHa C BBIPABHHUBAHHEM TEKCTA IO INHUPUHE HIET
TEKCT pe3toMe, HaOpaHHBIH CTPOUHBIM mpudToM Ne 12.

Jlanee uepe3 CTpOKy ¢ ab3aIlHBIM OTCTYIIOM CTPOYHBIMH OykBaMu ImpudTom Ne 12, ¢
BBIPAaBHUBAHUEM TEKCTa IO IIMPUHE TPUBOIATCS KJIK4YeBbIe cjoBa (oT 5 mo 10 mr.),
obecrieunBaroye Handoee MOIHOE PACKPBITHE COAEPKAHUS CTATHH.

3.20. Insa crateil, mojaBaeMbIX Ha SI3bIKE, OTJIMYHOM OT aHTIUHCKOTO (Ha Ka3aXCKOM
WM PYCCKOM sI3bIKE), B KOHIIE CTaThbH HAXOAWTCSA aHrjmiickuit Omok (Abstract,
Information about authors, References).

3.21. Bce cTpaHUIBI pYKOIIMCH CIIEAYET IPOHYMEPOBATh.

4. TPEBOBAHHUSA K O®OPMJIEHUIO PYKOIIMCEN

4.1. O6beM cTaThy, BKIIIOYAS aHHOTAIMIO M CIHCOK JIUTepaTypsl: 10 8—10 crpanu.
O63opHbIe cratbu MOTyT ObITh 10 20 ctpanunn. CraTbs AOJDKHA OBITH HalleyaTaHa Ha
omHoit cropone Jymcrta A4 mpudrom Times New Roman, pasmep kerns 14 T,
MEXCTPOYHBIH MHTEPBAI — OJMHAPHBIA W TojisiMu: BepxHee — 2.0 cM, HmxkHee — 2.0 cMm,
neBoe — 3.0 cm, mpaBoe — 1.5 cM; paccTaHOBKa MEPEHOCOB HE JOITYCKAaeTCs; ab3aIHbIi
orctym — 1.0 cm; popmaTupoBanue — o nupuHe. J{oKeH ObITh HCITOIB30BaH TEKCTOBBIM
penakrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gosiee mo3aHue.

Jist KpaTKOCTH M HaTJISITHOCTH OOCYX/IEHHs COEIMHEHUs, YIOMUHaeMble Ooee
OJTHOTO paza, Clie/lyeT HyMepoBaTh apadCcKUMM LM(paMyu B COUYETAHUH CO CTPOYHBIMHU
JIATHHCKUMM OyKkBamH (17151 0003HAYEHUSI COEIMHEHUH C ITEPEMEHHBIM 3aMECTHTEIIEM).
[Tpy ynoMHHaHHY MTOJTHOTO HA3BaHUS COSMHEHHUS IU(P TaeTcsi B CKOOKaXx.

CrepeoXnMHUYECKHe CHUMBOJIBI M IIPHUCTABKH, XapaKTEPU3YIOUIHE CTPYKTYpHBIC
0COOCHHOCTH WJIM TIOJIOXKEHHE 3aMECTHTENSI B MOJIEKYyJe, CIeAyeT HaOupaTh KypcHBOM
(italic): (R)-snanTHOMEp, mMpem-OyTHI, napa-KCUION. BMecTo IpoMO3AKHMX Ha3BaHHI
HEOPraHWYECKHX M 9acTO YIOTPEeOIIIEMbIX OPraHUIECKIX COCTMHEHHH CIeIyeT JaBaTh UX
dopmynel: NaBr, TsOH Bmecto Opomua HaTpus W TOIYOJICYlIb(GOHOBas Kuciora. [lpu
WCIIONIb30BAHUM TEPMHHOB M OOO3HAYECHWH, HE HMMEIOIIMX LIMPOKOTO INPHMEHEHHS B
JIUTEPATYPEC, UX 3HAUYCHHUA MOACHAIOTCA B TEKCTE NIPHU IICPBOM yHOTpe6HCHI/II/IZ Hanpumep,
nonuyTunenrepedranar ([ITD).

Jlns u300pakeHust CTPYKTYPHBIX (HOPMYJ XUMHYECKHUX COCAMHCHHHA HEO0OXOIMMO
HCIOJIB30BaTh penaktop xumudeckux ¢opmyn ChemDrawUltra. Bee Haamucn Ha
cXeMax TIpHBOJATCS Ha aHIVIMICKOM s3bIke. B cxeme HeoOX0AMMO YKasblBaTh Bce
YCIIOBUSI pPEaKIMi: HaJ CTPENKOM — peareHThl, KaTaJu3aTOpbl, PacTBOPHUTENH, IO
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CTpEJIKOM — TeMIiepaTypa, Bpemsi, BbIXoJA. Eciu yclnoBusi peakiuil CHJIbHO 3arpyKaroT
CXeMy, UX MOXHO MEPEHECTH B KOHEI| CXeMbl, pacuin(poBbiBasi OYKBEHHBIMU HHICKCAMH,
Hanpumep, i: HCI, H2O, 80 °C, 5h. Takoii ke OYKBEHHBIH HHIEKC AOKCH OBITh YKa3aH
HaJl CTPEJIKOIl COOTBETCTBYIOLIEH PEaKLIUH.

4.2. YpaBHeHHsI, CXeMBbl, TaOIHIbl, PUCYHKH U CCBUIKH Ha JIUTEPATypy HyMEpYIOTCS
B TNOPAJKE UX YIOMUHAHUS B TEKCTE M OOJJNCHbL ObiMb 6CMAGIEHbI 8 MEKCM CMAmbu
T10CIIe NMEPBOr0 YIIOMUHAHUSL. TaOJUIbl M PUCYHKH JIOJDKHBI COTIPOBOXKIATHCS TIOAITUCHIO;
3aroJIOBKH K CXeMaM JIAI0TCsl IPH HEOOXO0MMOCTH.

4.3. Tlo BO3MOXXHOCTH CIEIyeT TOTOBHUTh PHCYHKH C ITOMOINBI0 KOMITBIOTEPA.
OmHOTHITHBIE KPHBBIC IOJDKHBI OBITH BBITOJHEHHI B OAMHAKOBOM MacmTabe Ha OJHOM
pucynke. KpuBble Ha pHCYHKax HyMepylTcs apaOCKumu [uUdpaMH, KOTOpBIE
pacmmpoBBIBAIOTCS B TOAMHUCAX K pUCYHKaM. [lIi BCeX PHCYHKOB HEOOXOIMMO
[peAcTaBuTh rpaduueckure (aiasl B popMaTe jpeg ¢ MUHMMAIbHBIM paspemeHremM 300
dpi. Hagnucn Ha pucyHKaxX JODKHBI OBITh Ha AHTIMHCKOM SI3BIKE U 10 BO3MOXHOCTH
3aMeHeHbl nudpamu, pacuudpoBKa KOTOPIX JaeTCsl B TIOAUCH K PUCYHKY.

OpvHOYHBIE TIPSIMBbIE, KaK MMPaBUIIO, HE PUBOJAT, a 3aMEHSIOT ypaBHEHHEM JIMHUH
perpeccun. [lepecedeHre oceli KOOPIMHAT CIEAYET pacrojiarath B JIEBOM YIJIy PHCYHKa,
CTPENIKM Ha KOHI[aX OCeH He CTaBATCS, JIMHHH, OrPaHWYMBAIOLIME IOJE PUCYHKa HE
MIPUBOJATCS, MaclTaOHas CeTKa HE HAHOCHTCS. MalonH(pOpMaTHBHBIE PHCYHKH, HE
o0CyX/maeMble B CTaThe CIEKTPHI, BOJIBTAMIICPOTPAMMBI W JAPYTHE 3aBHUCHMOCTH HE
myOnuKyoTCs. PHCYHKH CHEKTPOB He JOJKHBI ObITh BBINOJHEHBI OT PyKH. Bce
PUCYHKH IOJDKHBI UMETh HyMepamuio apaOCKkuMmu mudpamu (€Cii PUCYHOK HE OIIFH).
CnoBo «PuCyHOK» W HaWMEHOBAaHHE IIOMEIIAIOT IIOCJIE MOSCHUTENBHBIX NAaHHBIX H
pacrofararot cienyronmmM oopazom: Pucyrok 1 — Jleramu npudopa.

4.4, Kaxnas TadJuua ODKHA MMETh TEMAaTHYECKHH 3arojIOBOK M IOPSAKOBBIN
apaOckuii HoMep (0e3 3Haka No), Ha KOTOpBIA IaeTcs CChUIKa B TeKcTe (Tabmuma 1).
HaszBanue Tabauipl pacroniaraetcsi Haja TaOuuie ciea 0e3 ab3allHOTO OTCTYNa B OJIHY
CTPOKY C € HOMEPOM 4epe3 THpe 0e3 TOUKHM mocie Ha3BaHus. ['padbl B TaOIHIIE JOKHBI
UMETh KpaTKHE 3aroJIOBKH, OTPa)KalollMe IMapaMeTphl, YHCIEHHbIE 3HAYEHUS KOTOPBIX
MIpYBE/ICHBI B Ta0JUIIE; OHM MHIIYTCS B UMEHUTEILHOM I1a/Ie)Ke €JMHCTBEHHOTO YHCIIa C
MIPONKCHOI OYKBBI M Uepe3 3arsTyl0 CONPOBOXKAAIOTCS COOTBETCTBYIOUIMMH €AMHHUIIAMH
n3MepeHus (B cokpameHHoi ¢opme). Pucynku mmm crpykrypHble (opmynsl B rpadax
Tabnui He nomyckatorcs. [Ipomyckn B rpadax mpu OTCYTCTBHMHM JAHHBIX 0003HAUYaroT
Tpems TOYKaMH, pu OTCYTCTBUH SIBIICHUS - 3HAKOM «THpEe».
IIpumedanus k TabIUIAaM HWHACKCHPYIOTCS apaOCKUMK [HdpaMHd W TOMEMIAIOTCS B
rpaHUIax TaOIHIE Mo MaTepranoM Tabmuisl. CinoBo «IIpruMedanney ciemyer meyaraTh
¢ mponurcHOK OyKBHI ¢ ab3amna. Eciaum mpuMmedanue oHo, TO Tocie cioBa «lIpuMedanuey
CTaBUTCS THUPE U NPUMEUYaHHE MedaTaeTcs ¢ IponucHoi OykBbl. Heckompko mpumedaHuii
HYMEPYIOT 10 MOPSAKY apaOCKuMH Ludpamu 0e3 MpOCTAaBICHUS TOYKU M TeYararoT C
ab3ana. B Tabauuax MCIoab3yIOT TOT K€ IWPUQT, YTO M B TEKCTE CTAThH; JIOMYCKACTCS
ymeHbieHHbld (He MeHee Ne 10 mpudt TimesNewRoman).

4.5. Tlpu BHIOOpE eAMHMII W3MEPEHUS] PEKOMEHIYeTCs IMPUACPKHBATHCS CHUCTEMBI
CHU: 1, Mr, M, cM, MKM (MHKPOMETp, MUKPOH); HM (HAHOMETp, MWUINMHKDPOH); IM
(rmxometp); E (anrctpem); ¢ (cekynma); muH, 4 (dac), ['m (repu); MI'm (merarepi); 3
(apcren); I'c (raycc); B (Bombt); 3B (3mextponBOibT); A (ammep); Owm, Ila (mackams);
MIla (meranackanp); rlla (rekromackans); Jx (mkoymp); K (kemsBuH), °C (rpamyc

Henwcus); 11 (Jebaii).
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B necATHYHBIX ApOOSIX Hesasi 4ACTh OTAeJsieTcsl OT APOOHOH He 3amsATOH, a
TOYKOM.

Hcnonp3ytoTcst CIeAylomue COKpAmleHUs:: T.KUM. ¥ T.OUI. (TOYKM KHIIEHHA U
IUIaBlieHUs) — Tmepen mmdpamu; KOHI. (KOHIEHTPUPOBAHHEIM mepen (opMyInoit
coenHeHUs); M — MoNeKylspHas Macca), MOJb, Kaj, KKajJ, H. (HOpMalbHEIH), M.
(MONAPHBII); KOHIEHTPALKs PacTBOPOB 0003HavaeTcs (r/cM®, 1/71, Momb/m).

J1s BceX BHepBble CHHTE3UPOBAHHBIX COeJUHEHUIH 00s3aTeJIbHbI [JaHHbIE
3J1€eMeHTHOT0 aHAJIN3a JIH00 Macc-CEKTPbI BLICOKOTO pa3penieHns.

B 6pymmo-gopmyrax snementsl pacnonaraiorcsi B cienytonieM nopsiake: C, H u
Jajee COrjacHO JIaTHHCKOMY aindaBuTy. DopMyibl MOJIEKYJISPHBIX COCIUHEHHH H
OHUEBBIX coueil narorcst uepe3 Touky (Hanpumep, CsHsN.HCI). [Ipumep 3anmcu koHCTaHT
W JaHHBIX JIeMeHTHoro anammsa: T.kum. 78°C (100 mm pt. c1.), 1. 50°C (EtOH),
ds%°0.9809, n?°1.5256; Haiineno, %: C 59.06; H 7.05; 1 21.00; N 8.01. CaHplcN¢Oe.
Beraucieno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK u Y® cnekrpsl. B skcnepumentansHoll vact mist MK u YO cnekrpos
JOJDKHBI OBITh YKa3aHbl XapaKTePUCTHYECKHE YaCTOTHI MOJIOC, [UTMHBI BOJH MakCHMYMOB
TTOTJIOMIEHUS, KOAPDHUITUEHTH! SKCTUHITUH (MITH UX JIOTApU(PMBI) U yCIOBHS, TIPA KOTOPBIX
3aIlicaH CHEKTP.

Hpumepwi 3anucu: UK cnextp (ToHKHII coif), v, cM™: 1650 (C=N), 32003440 (O-
H). YO cnektp (EtOH), Amax, HM (1g€): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u ®C. Jlomxkubl ObITH yKka3aHsl pabouas wyacToTa Ipubopa,
UCIIONIb30BaHHBIA CTaHIAPT M PacTBOPHUTENb. [IPOTOHBI B cOCTaBe CIOXKHBIX TPYIHI, K
KOTOPBIM OTHOCHTCSl CHTHA&JN, CJEAyeT HOAYepKHyThb cHu3y — 3.17-3.55 (4H, wm,
N(CH2CHs),); asst monoxeHusl 3aMeCTUTeNed HCIob30BaTh 0003HaueHust 3-CHs; mst
o0o3HaueHus monoxkeHuss atomoB — C-3, N-4 u 1.1, Ecnm kakod-HHOYIs CHUTHAT B
CIIEKTPE OIHCHIBAETCSA Kak JyOJeT, TPUILIET MM AyOJeT ayOieToB M T.II. (2 HE CHHIJIET
WM MyJbTHIUIET), HeoOxoaumo mpuBectu coorBercTBytomme KCCB. Ecnu nmposeneHs
JOTIOJTHUTEIBbHBIC HCCIIEAOBAHUS Ul YCTAHOBIICHUSI CTPOCHUSI MM HPOCTPAHCTBEHHBIX
B3aMMOAEHCTBUII aTOMOB, JOJDKHBI OBITh YKa3aHBI UCIIOJIB30BAHHBIC TBYMEPHBIC METOIbI.
B onucannu cniektpos SIMP °C oTHeceHne KOHKPETHOTO CUTHANA K KOHKPETHOMY aTOMY
yriepoia NPUBOAMUTCS TOJBKO TOTJA, KOTAa OINpeJelieHue IMPOBEIEHO Ha OCHOBE
JIBYMEPHBIX KCIIEPHUMEHTOB.

Ilpumepot 3anucu:

Crnexrp IMPH (400 MI'u, CDCls), 3, m. 1. (J, I'm): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, k,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCHy); 7.10-7.55 (6H, m, H-6,7,8, NHCH,CgHs);
7.80 (1H,
c, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, 1. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, c, NH).

Crnektp SIMPEC (100 MT'n, JIMCO-ds), 3, M. a. (J, T'm): 36.3 (CH,CH3); 48.5 (C-5);
62.3
(CH2CHs); 123.0(CAr); 125.8 (11, 2Jcr = 26.1, C-3',5" Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl MPUBOAATCS B BHIC YKCIOBBIX 3HAYCHHH M/Z M OTHOCHTEIBHBIX
3HAa4eHUH MOHHOrO Toka. HeoOXoauMoO yKa3blBaTh METOJl M OJHEPTrUI0 HOHU3AIINH,
MacCOBbIe YHCJIa XapaKTePUCTHUECKHX HOHOB, WX HMHTEHCHBHOCTbH IO OTHOIICHHUIO K
OCHOBHOMY HMOHY U IO BO3MOKHOCTH MX TeHe3HC. B ciryyae XMMUUECKOH HOHM3AIMN TIPU
OIMCaHWM Ipudopa HEOOXOTUMO YKa3aTh Tra3-peareHT. B Macc-clieKTpax BBICOKOTO
pa3pelieHHs] HalJCHHBIC W BBIYMCICHHBIC 3HAYCHUS M/Z TPHUBOIATCS C YCTHIPHMS
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JNECATHYHBIMHA  3HAKaMM; €CITM Haf[lcHHOe 3HaueHWe M/Z COOTBETCTBYeT HE
MOJIEKYJIIPHOMY HOHY, OpyTTO-GOpMyJia ¥ BBIYHCICHHOE 3Ha4YeHHe M/Z TaxKke
IMPUBOJAUTCA IJIsL TOI'O KE MOHA.

Ilpumep 3anucu oannvix macc-cnekmpa: Macc-cuextp (Y, 70 3B), M/Z (lom, %):
386 [M]* (36),368 [M—H20O]* (100), 353 [M—H20-CH3]"* (23).

Macc-crexrp (XU, 200 3B), m/z (lom, %): 387 [M+H]*(100), 369 [M+H-H,0]* (23).

Ilpumep 3anucu OAHHBIX MACC-CREKMPA BbICOKO20 PA3PCULEHUA:

Haiineno, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brrancieno, m/z: 282.1828.

4.6. laHHbIe PEHTreHOCTPYKTYPHOI'0 HMCCJIeIOBAHHUS CIEIyeT NPEJOCTABIATH B
BHJIC PUCYHKA MOJICKYJIBI C TIPOHYMEPOBaHHBIMU aToMamu, Hampumep, C(1), N(3) (mo
BO3MOXKHOCTH B IIPEACTaBICHUN aTOMOB 3JIJIMIICO U JaMHUTEIUIOBBIX Kosebanuii). [TomHble
KpHucTayuiorpadueckue JaHHble, TaONHIBl KOOPAWHAT aTOMOB, JUIMH CBA3EH W
BAJICHTHBIX YIJIOB, TEeMIlEpaTypHble (AaKToppl B JKypHaje He MyOnIuKyroTcs, a
JenoHupyrTces B KeMOpHIDKCKOM OaHKe CTPYKTYPHBIX JaHHBIX (B CTaThe yKa3bIBAeTCS
pEerUCTpalIOHHBIH HOMEp JCTIOHEHTA).

4.7. Tlo TpeboBaHMAM MeXTyHapoIHbIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mpu oLeHKe NyOJMKalWi Ha $3bIKAaX, OTJIMYHBIX OT AHTJIHMHCKOTO,
6ubmmorpaduyeckie CUCKN JODKHBI 1aBaThCsl HE TOJIBKO Ha SI3bIKE OPHTHHAlA, HO M Ha
natuaAIe (pomaHckuM andasutom). [ToaToMy aBTOPHI CTaTeH, MOIaBaEMBIX Ha PyCCKOM
1 Ka3aXCKOM S3bIKE, JOJDKHBI IPEIOCTAaBIATH CHHCOK JIUTEPATyphl B IBYX BapHaHTax:
o0oun na sazvike opueunana (CIUCOK JUTEPATYpPHI), & IPYTOM — B poMarcKoMm angasume
(References). Tlocnenuuii CIIMCOK BXOAUT B AHIIIMACKUI OJIOK, KOTOPBIA PacIIoaOXKeH B
KOHIIE CTaTbhU.

Ecnu B crnmcke ecTh CCBUIKM Ha HMHOCTPAHHBIC MyOJHMKAllMH, OHH MOJHOCTBHIO
noBropsiforcst B crmcke References. Tlpu 1uTHpoBaHWUM PYCCKOSI3BIYHOTO JKypHAua,
HepeBOIMMOTO 32 PyOeKOM, B pyCCKOSI3bIUHOM Bepcun CHucKa JUTepaTypbl HEOOXOAUMO
MPUBECTH TMOJNHYI CCHUIKY Ha PYCCKOsA3BIYHYKO Bepcuio, a B References — Ha
MEXIYHapOAHYIO.

Crmcok ucrounnkoB B References nomken ObITh HamMCaH TOJBKO Ha POMaHCKOM
andaBure- JgaTMHUIE (TIPH 3TOM OH JOJDKEH OCTaBaThCS IMOJHBIM aHaitoroM Crmcka
JIUTEPaTypbl, B KOTOPOM HCTOYHHWKH OBLIM TIPEJCTABICHBI HAa OPHUTHHAIBGHOM SI3BIKE
OITyOJINKOBaHMSA).

JIysl HamMcaHus CCHUIOK HA PYCCKOS3BIYHBIE HCTOYHUKH (M NCTOYHHKH HA WHBIX, HE
HCTIONB3YFOIINX POMaHCKHUH angasur, A3BIKAX) CllelyeT  WCIHONb30BaTh
O®UIIAJIBHBIN IMEPEBO/I 1 TPAHCJIMTEPAIUIO (cM. TpeGoBanms K mepeBoLy
U TPAHCITUTEPAIINHT).

B References tpeGyercst ciemyromas cTpykrypa OMOIHOrpaduUecKoil CCHUIKH W3
PYCCKOSI3BIYHBIX HCTOYHHKOB: aBTODHI (TpaHCIUTEPAIKs), IEPEBO]] HAa3BaHUS CTAThH HIIH
KHUTH Ha aHIVIMICKNH s13bIK, Ha3BaHHE MCTOYHUKA (TpaHCIUTEpanus — JUIsl TeX M3JIaHuH,
KOTOpbIE HE MMEIOT YCTAaHOBJICHHOTO pPEIAKLHEeH aHTJIMICKOrOo Ha3BaHWS), BBIXOJHBIC
JaHHBIC B II(pOBOM opMmare, yKa3zaHHe Ha A3bIK CTaTbd B ckoOKax (in Russian mim in
Kazakh).TpaHcnutepamiro MOKHO BBIIONHHUTH Ha caiite http://www.translit.ru.

YCIIOBHBIE COKpAleHNS! Ha3BaHWH PYCCKOSI3BIYHBIX JKypHAJIOB W CIIPABOYHHKOB
TIPUBOJSITCS B COOTBETCTBUH C COKPAIICHUSMH, IPUHATHIMU B «PedepaTtnBHOM XypHae
XUMHSD». aHTJIOS3BIYHBIX M JAPYTMX HHOCTPAHHBIX JKypHAJOB — B COOTBETCTBHH C
COKpAIICHUSIMH, PEKOMEHIyeMbIMH W3IaTenbcTBOM «Springer and Business Mediay:
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I/IJIeHTI/I(bI/IKaTOp, €ro HeO6XO}II/IMO YKa3blBaTb B CaMOM KOHIE ONHCAaHHUA HUCTOYHHUKA.
[poBepsaTh Hanmuume doi y WCTOYHMKA ciexyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Jnst popMupoBaHHMs CIHCKa JUTEpaTyphl (BceX ©0€3 HMCKIIOYEHHS CCBUIOK) B
XKypnane npunst 6ubnuorpadudeckuii crannapt 0€3 HCHOIB30BAHUS PA3IESITUTEINS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J1st Ka3axCKO- WIIM PYCCKOS3BIYHOTO UCTOYHHKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hwxe mpuBeneHs! 00pasiisl 0(OPMIICHUS PA3IHMYHBIX BHJOB JOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKUBATBCS aBTOpaM Mpu  OGOPMIICHUH POMAHCKOTO — CITHCKa
References.

OnucaHue cTaThbH U3 KYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Oil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crateu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne NurepHeT-pecypca:

Kondrat’ev V.B. Global naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost _2011-
07-18.html (Accessed 23.06.2013).

nin

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

nin

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

OnucaHnmne CTaTbU U3 JIEKTPOHHOTI'0 5KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanne cTaTbU U3 NMPOAOJKAIONIETOCs U3TaHNs (COOPHUKA TPYA0B)

Astakhov M.V, Tagantsev T.V. Eksperimental ' noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-

155


http://chemister.ru/Chemie/journal-abbreviations.htm.
http://search.crossref.org/
https://www.citethisforme.com./
http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-07-18.html
http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-07-18.html
http://www.apastyle.org/apa-style-help.aspx
http://www.apastyle.org/apa-style-help.aspx
http://www.scribd.com/doc/1034528/
http://www.ascusc.org/jcmc/vol.5/issue2/

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHH )XYPHAJI KA3AXCTAHA

composite»]. Trudy MGTU

«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistemy» [Proc. Of the
Bauman MSTU

«Mathematic Modeling of the Complex Technical Systemsy], 2006, No. 593, 125-130.

Onucanue MaTepuaJioB KOH(epeHMii:

Usmanov T.S, GusmanovA A, Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachiy [Proc.
6" Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexemarenpbHO OCTAaBIATH OOHO IEPEBOJHOE Ha3BaHUE KOHGepeHIuu (B ciaydae
€CJIH HEeT TIePEBEJICHHOTO0 Ha aHTIUHCKWHN S3bIK Ha3BaHHWA KOH(MEpEeHINH), TaK KaK OHO
TIPH TIOTBITKE KEM- TUOO HANTH dTH MaTePHAIIbI, HACHTUPHUITUPYETCS ¢ OOIBIITAM TPYIOM.

Onucanne KHUTH (MOHOrpaduu, cOOPHUKA):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanne nepeBoHON KHUIH:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onucanue quccepTanuy WM apropedepara quccepTamuu:

Grigor’ev Yu. A. Razrabotka nauchnykh osnhov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanne 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia izmerenii. Izmerenie raskhoda |
kolichestva zhidkostei I gazov s pomoshch’iu standartnykh suzhaiushchikh ustroistv [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.

niIn

State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
and volume of liquids and gases by means of orifice devices. Moscow, Standartinform
Publ., 2007. 10 p. (In Russian).

Onucanmne NaTeHTAa:

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
opticheskoi golovkoi samonavedeniia [The way to orient on the roll of aircraft with optical
homing head]., Palkin M.V., Ivanov N.M., Gusev B.B., Petrov R.H., 2006.

156



ISSN 1813-1107, elSSN 2710-1185 Ned, 2024

4.9. IlpumMep aHTJIOSI3BIYHOTO 0JIOKA /ISl MPEACTABJIEHNS CTATHH, HANMCAHHOI

Ha fA3bIKE, OTJIHYHOM OT AHTJIHHCKOIO0:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.%, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.?

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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Fouapivm KapUUIAHBIMHBIH 3 TUKACHI

«Ka3zakcTaHHBIH XUMHUSJIBIK KypHaJIbD» (0yaan api — ’Kypnai) 6acnmacbIHbIH
agkKacel MeH Oac pemakTopbl «KapusiiaHy 3THKACBHI KOHIHIEri KOMHTET —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eypomnaabik FBLIBIMHA peIaKkTopJIapaAbIH
KaybIMaacThiFel  » (European  Association of Science Editors - EASE)

(http://www.ease.org.uk) xoHe FbLIBLIMH KAPUSAHBIM 3THKACHIHBIH KOMHTETiH]IE
(http://publicet.org/code/) KaGbLIAAHBUIFAH XAABIKAPAIBIK TAJIANTAPALI YCTAHAIBL.

Bacma KpI3MeTIHZETI ofienke cail emec ic - opekeTTepAi (IUIaruar, sKajaraH aKmapaT
xoHe T.0.) OOJBIpMayFa >KOHE FBUIBIMH JKapHsUIAHBIMIAPIBIH JKOFaphl CamachiH
KaMTaMachl3 €Ty YIIiH, KOJI JKETKi3reH FhUIBIMH HOTHKEIEPIi )KYPTIIBUIBIKKA JKapUsIIay
MaKCaThIHAa PENaKiMs ajKachl, aBTOpJap, PEUECH3EHTTEpP, COHal-ak Oacma yaepiciHe
KATBICATHIH MEKEMEJIep JTHKAJBIK HOpMaiap MEH epejkeNnepi caKkTayFa MiHACTTi JKOHE
onmapiablH Oy3buIMayblHa  Oapiblk Iiapamapisl naiimamanysl Taic. Ockl  yaepicke
KATBICYIIBLIAP/IBIH OapIBIFGIHBIH FHUIBIMUA JKAPHSUIAHBIMAAD JTUKACHIHBIH epexenepin
CakTaybl, aBTOPJAPIbIH 3UATKEPNIK MEHINK OOBEKTiepiHe KYKBIKTAphIH KaMTamachl3
eTyre, >KapHsUIaHbIMJAAp CalachlH apTThIPYFa JKOHE AaBTOPJIBIK KYKBIKIICH KOpFalfaH
MaTepHalgapasl JKeKe TYIFalIapAblH My[Ieci YIIH MMalgasaHy MYMKIHZIITIH JKOIOFa
KOMEKTECE/I].

Penakiusira xibepiireH OapiblK FBUIBIME Makajajap MIHICTTI TypAe €Ki jKaKThl
Kymus capamnTtaMara xioepineni. JKypHanaslH peJakIUsIbIK alKachkl MaKajlaHbIH KypHAT
TaKBIPHIOBIHA KOHE TAJNANTAphIHA COWKECTITIH aHBIKTAN/IbI, )KypHAJIFa TIPKEYy YIIiH OHBI
QIJIBIH ajla capajayFa >KypHAIIBIH KayanThl XaTIIbIChiHA Ki0epemi. On Komka30aHbIH
FBUIBIMU KYHIBUIBIFBIH QHBIKTAIl, MAaKala TaKbIPHIObIHA KAKBIH FHUIBIMH MaMaHIbIKTaPhI
06ap ekl Toyesci3 capamilblHbl aHBIKTaNAbl. Makanamapasl PeJakiUsUIbIK ajlKa JKOHEe
PEeNaKIMSIIBIK alKa MyIIeNepi, COHal-aK 0acka enjep/eH MIAKbIPbUIFAH PELECH3CHTTEP
capanTaiasl. MakajaHbl capanTay YIIH pElEeH3eHTTEpII TaHIay Typalsibl menrimMzai 6ac
penakTop Kabputnaiiapl. Capanrtay Mep3imi 2-4 anTa »oHE PEIEeH3CHT OTIHINI OOWBIHIIIA
OHBI 2 amnTara y3apTyra 0oJajpl.

Penaknusi MeH pelieH3eHT Kapayra jkiOepisireH kapusuiaHOaraH MarepuanaapIbiy
KYNUSUTBIIBIFBIHA KeNUIiK Oepeai. XKapusiiay Typaiibl HICIIiM JKYPHAIBIH PEAAKIUSITBIK
aJKachl TEKCEpreHHEH KeliH KaOwuimaHaabl. Kaxker OonraH sxarmaiina (pemaktop(iap)
JKOHE/HEMece perieH3eHT(JIep) TapalblHAH eCKepTYJepIiH 00Jybl) Kohka30a aBTopiapra
KOCBIMIIIA TY3€TyJiepre xiOepijieni, CoaaH KeiliH on KaiTa Kapajiaabl. ITHKa HOpMaJIaphbl
Oy3bUTFaH JKaFfaiija, MakKalaHbl jXapusuiaylaH Oac TapTy KYKbIFbIH Penmakuusi esiHe
KaJaeipazpl. JKayanTel peakTop Makaiaja IUlardat Jer eCenTeyre »eTKUTIKTI akmapar
OoJrFaH >karaaiiia OHbI JKapHsIayFa pykcaT oepMeii.

ABTOpJIap penakiysra KibepiireH MaTepraniapAblH kKaHa, OYpbIH XapHusiaanOaraH
JKOHE TYIHYCKA eKCHJIriHe Kemummik Oepemi. ABTOpiap FBUIBIMH HOTHXKEIICP/IiH
CEHIMIUTINI MEH MaHBI3ABUIBIFBIHA, COHJAW-aK FBUIBIMH O3THKA KaFUAATTapbIHBIH
CaKkTalyblHa, aTan aiTKaHAa, FBUIBIMH JTHKAaHbI OY3bUIMayblHa (FBUIBIMH JIEPEKTEep/i
KOJITaH jKacay, 3epTTey JACpeKTepiH OypManayra OKeJeTiH Oypmaiay, IUIardar >KoHe
JKaJIFaH OIpJICCKeH aBTOPJIBIK, KaiiTaay, Oacka agaMIapablH HOTHKEICPIH HEMICHY JKOHE
T.0.)TiKenei xayanThl.

Makanansl penakiusra Oepy aBTOpJap/blH MakajaHbl (TYITHYCKana Hemece Oacka
TiIEpre HEMece TULICH ayaapMaia) Oacka KypHanra(Jiapra) »KiOCpMEreHIH XoHE Oy
MaTepuaIblH OYpBIH KapusiaHOaraHeiH Oinmmipenmi. Omaii OonmMmaraH jkarmaiina mMakana
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aBTOpJiapra «ABTOPJBIK KYKBIKTHI Oy3FaHbl YIIIH MakKaJaHbl jKapusuiamay» JereH
mienriMMen Kaiftapbuiaisl. backa aBTop/bIH TybIHABICHIHBIH 10 Maiibl3aH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPCKKO3re CLITEMeNiepi KepceTnel ce30e-co3 Kemlipyre o
OepinMelini. AJBIHFaH Y3iHALIEp HeMece MaJliMJieMeNep aBTOp MEH JepEeKKe3/i MiHAETTI
TYple KepceTe OTHIpbIN pecimMaenyi kepek. lllamanmaH Teic e3re MaTepHangapbl
naiianany, COHAai-ak Ke3 KeNreH HBICAHAAFbl IUIarkaT, COHBIH IIIiHAe JsHeKci3
nokiekcesnep, Oacka amaMAapAblH 3CPTTCYJICPIHIH HOTIDKCICPIH HEMJCHY JSTHKara
KaTmailopl JkoHe KaOburmaHOaWmbpl. 3epTrTey OapbiChlHA KATBIHACKAH 6apJIbIK
TYJIFANApIbIH YJIECIH MOMBIHIAY KaXeT *KOHEe Makajiajaa 3epTTEy/i *Kyprizyae MaHbI3/IbI
OonraH >KYMBICTapFa cinremenep Oepimyi kepek. bipiecken aBropiap apackiHOa
3epTTeyre KaThICIaraH afiaMIapbl KOPCEeTyre ol Oepinmeiii.

ABTOp(J1ap) XKYMBICTapbIHIa KaTeikTep Oaiikajnca, OYJI Typaibl JAepey peaakTopra
xabapiar, Ty3eTy Typasibl YChIHBIC Oepyi THiC.

Komka36anbl Oacwlll mIBIFapynaH 0ac TapTy Typaibl IIENIM pereH3eHTTepIiH
YCBIHBICTApPBIH €CKEPE OTBIPBIN, PCAaKUA aJIKACbIHBIH OTbIPbICBIHAA Ka6LIJ'[[[aHa}II)I.
PenakiusuislK alKaHbIH MICHIIMIMEH jKapusilayFa YCHIHBUIMaraH Makajla Kaita Kapayra
KabbuImaHOaiapl. JKapusutayman 6ac TapTy Typaiasl xabapiiamMa aBTOPFa 3JICKTPOHIIBIK
TIOLITa apKBUIBI XKiOepineni.

KypHanaslH peaakuusuIbIK alKachl MakajlaHbl jKapusulayra pykcaT Oepy Typaiibl
mienriM KaOblaFraHHAH KeHiH peJakiusUIbIK aJlka OYJ1 Typasibl aBTopra xabapaii/ibl JKoHe
Kapusuiay MapTTapblH Kepcereni. Makanara OepiireH mikipiaepAiH TymHycKacel JKypHan
PEeNaKIMACHIH/AA 3 KbUT CAKTAIBIHA/IBL.
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ITHKa HAYYHBIX My0IuKANMIl

Penakumnonnas KOJIerust u TJIaBHBII penakTop HAY4YHOTO
KypHasa «XumMndeckuii :kxypHaa Kazaxcrana» (nanee — AKypHaj) npuaepKuBaroTcs
NMPUHSITBIX MeKTYHAPOAHBIX crangapToB «Komurera 3THKH o
nyoaukamusam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «kEBponeiickoii accouuanuu HAYYHBIX
penakrTopos» (European Association of Science Editors - EASE)
(http:/lwww.ease.org.uk) n «KoMuTeTa 1m0 ITHKEe HAYYHBIX IyOJIMKALMID

(http://publicet.org/code/)..

Bo m3bexxanune HemoOpOCOBECTHOW NPAKTHKH B ITyOJWKAIIMOHHOW JEATEIHHOCTH
(HJ'[aFI/IaT, H3JI0OKCHUE HEJOCTOBCPHBIX CBC}IeHHﬁ n }:[p) U B LICJIIIX 06eCHC‘IeHI/IH BBICOKOI'O
Ka4y€CTBa HAYYHbBIX Hy6J’[HKaHHI>i, IMPpU3HAHUA 06L[ICCTBCHHOCTI)IO, IMOJYYCHHBIX aBTOPOM
HaY4YHBIX PE3YJILTATOB, YJICHBI PEAAKIIMOHHOI'O COBCTA, aBTOPbI, PCICH3CHTLI, a TaKKE
VUPEKACHHUS, YIACTBYIONIUE B U3ATEIBCKOM MpoIiecce, 00s3aHbI COONIOIATh STHUCCKUE
CTaHIApTHl, HOPMBI M TpaBWIAa W TPUHUMATh BCE MEPBI I MPEIOTBPAIICHUS HUX
HapymeHuit. CoOiroieHNe TPaBWI ITHKH HAYYHBIX ITyOJMMKAIMA BCEMH YYaCTHHUKAMH
9TOTO TIpoIecca CHOCOOCTBYET OOECIICYCHUIO IIPaB aBTOPOB HAa HHTEILICKTYAIBHYIO
COOCTBCHHOCTB, TIOBBIIICHHIO KadyecTBAa W3MAHWS W WCKIIOYCHHIO BO3MOXXHOCTH
HENPaBOMEPHOTO HCIIOIB30BAHMS aBTOPCKIX MAaTEPUAIOB B HHTEpEcaxX OTACIHHBIX JIHII.

Bce HayuHBIE CTaTbu, MOCTYNHMBIIHE B DPENAKIHIO, MOUIEKAT OO0S3aTCIFHOMY
JIBOMHOMY CIlienoMy pelieH3upoBaHuio. Penakuus XKypHana ycraHaBIMBaeT COOTBETCTBHE
ctatbu mpodwito JKypHana, TpeOOBaHMSIM K OGOPMIICHHIO M HAMpaBIIsIET e¢ Ha IEePBOE
paccMOTpeHHe OTBETCTBEHHOMY cekperapio JKypHasia, KOTOpBIH ompenesnsier Hay4dHYIo
HCHHOCTb PYKOIMMCHU W Ha3HA4YacT ABYX HC3aBUCHUMBLIX PEICH3CHTOB — CIICUAIMCTOB,
MMEIOIINX Hanbojee OMM3KUE K TeMe CTaThbU HAy4YHBIE CICIUANTA3ANNH. PerleH3upoBanue
CTaTel OCYLIECTBIISIETCS WIEHAMHU PENAKIMOHHOI'O COBETA M PEIAaKIIMOHHOM KOJUIeruy, a
TaKXKe MPUTIANICHHBIME PELCH3CHTAMHU NPYTUX CTpaH. PeleHne o BRIOOpPE TOTO HIIH
WHOTO PELEH3EHTA IS MPOBEICHUS SKCIICPTU3HI CTAThH MPUHUMACT TIABHBIA PelaKkTop.
Cpok pereH3upOBaHHS COCTABIIET 2-4 HEJENH, HO MO MPOCHEOE PEIeH3eHTa OH MOXET
OBITH MPOJIJICH, HO He OoJiee YeM Ha 2 HeJeIH.

Penakuusi W peleH3eHT TapaHTUPYIOT COXpaHEHHE KOH(HUACHIHMAIHLHOCTH
HEeOITyOJMKOBaHHBIX MAaTEpPHaJIOB MPHUCIAHHBIX HA paccMOTpeHwe paboT. Pemrenme o
MyOJMKAIMY TIPUHAMAETCS pEAaKIIMOHHON KoJuterueit JKypHana rmocie pereH3upoBaHusl.
B ciydae HeoOXoquMOCTH (HAJTMYKME 3aMeUaHnil pelakTopa(-oB) U /UIN pelieH3eHTa(-0B))
PYKOIIUCh HAIpaBiIsIeTCs aBTOpaM Ha JOPadOTKYy, IOCIE€ 4Yero OHa MOBTOPHO
pereH3upyeTcs. Penakius ocTaBiaseT 3a co00i MpaBO OTKIOHUTH MMyOJIMKAIIAIO CTaThU B
cllydae HapylIeHUs mpaBui 3THKH. OTBETCTBCHHBIA PEIAKTOP HE JIOJKCH JIOMYCKaTh K
MyOuKauu UHPOPMAIIUIO, SCIIH UMEETCs JOCTATOYHO OCHOBAHMI IOJIaraTh, YTO OHA
SIBIISICTCS TIaTHATOM.

ABTOpPBI TapaHTHUPYIOT, YTO MPEACTABICHHBIC B PEAAKIIHIO MAaTCPUAITBI SBISIOTCS
HOBBIMH, paHee HCONMYOIMKOBAaHHEIMH W  OPUTHHAJNBHBIMH. ABTOPBI  HECYT
OTBETCTBEHHOCTh 3a JIOCTOBEPHOCTh W 3HAYMMOCTh HAyYHBIX DPE3YJIbTATOB, a TaKXKe
COONfO/IeHNEe TIPUHITUIIOB HAyYHOH OJTHKHA, B YaCTHOCTH, HEIOMyIIeHne (HaKTOB
HapyIIeHUs HAyIHOU 3THKH ((padpukaius HaydHBIX TaHHBIX, GaTbcuduKamys, Bexymas K
HUCKQKCHUIO  HCCIICOBATCIbCKUX  JAHHBIX, IUIAarMaT W JIOKHOE  COAaBTOPCTBO,
nyOnupoBaHHe, IPUCBOCHHUE Ty XKHUX PE3yIbTaToOB U Jp.)
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HamnpasneHnue craTby B PEAAKIUIO O3HAYAET, YTO aBTOPHI HE NEPEAABAIN CTAThIO (B
OpPHUTMHAJIC WJIN B INEPEBOAE HAa APYIUE SI3bIKM WM C APYTHX SI3BIKOB) B IpPyrow(-ue)
XKypHaJI(BI) U YTO 3TOT Marepuayl He ObUI paHee OmyOIMKOBaH. B mpoTuBHOM cityyae
CTaThsl HEMEIUIEHHO BO3Bpalaercs aBropaM ¢ (GopMysMpoBKoil «OTKIOHUTH CTaThIO 3a
HapyllIeHHe aBTOpPCKHX mpaB». He nomyckaercst AocioBHOe KomupoBanue Oonee 10
MIPOIIEHTOB pabOoTHI IPYroro aBTopa 0e3 yKa3aHUs €ro aBTOPCTBA U CCHUIOK Ha NCTOYHHK.
3anMcTBOBaHHBIE (parMEHTHl WM YTBEPXKICHHS MOJDKHBI OBITH OQOpMIICHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpPa W IEPBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBaHUS, a
TaKKe IuIaruaT B ar00oi ¢opme, BKIToUast Heo(OpMIIEHHBIE IIUTATHI, TepedpasupoBaHue
WM TIPICBOCHUE IIPaB Ha PE3yJIbTATHl Ty>KUX HCCIEIOBaHU, HEITHYHBI U HETIPHEMIICMEL.
HeobxoguMo mpu3HaBaTh BKJIAA BCEX JIMI, TaK WIM HHAade NOBIMABIINX HA XOX
WCCIIEIOBAHNSA, B YACTHOCTH, B CTaThe JAOJDKHBI OBITh MIPEACTABICHBI CCHUIKH Ha PabOTBHI,
KOTOpblEé HWMENHM 3HadeHHE TIpH MPOBEJCHUH wHccienoBaHus. Cpenu  COaBTOpPOB
HEZIOMyCTUMO yKa3bIBaTh JIUII, HE YIaCTBOBABIINX B UCCIIEIOBAaHHU.

Ecnu aBropom(-amu) oOHapykeHa omuOka B paboTe, HEOOXOAWMO CpPOYHO
YBEIOMUTH PEIAKTOpa M BMECTE IPUHATH pelieHre 00 UCTIPaBICHHH.

Pemenne 00 oTkaze B NyONMKAalUMM PYKOIHMCH MNPUHUMAETCS Ha 3aceJaHuM
PENaKIMOHHOW KOJUIETMM C YYeTOM peKoMeHjanuii peneH3eHToB. CraTbs, He
PEKOMEH/IOBaHHAs pElICHUEM DPEAaKIMOHHOM KOJUIEIMH K ITyOJIMKaluu, K MOBTOPHOMY
paccmoTpennio He npuHHMaercs. CooOmenne 00 oTkase B MyOJMKALMK HarpaBiIsieTCs
aBTOPY MO 3JEKTPOHHON TIOUTE.

IMocne mpumsTHs penkomterneid JKypHama pemieHHs O JONMyCKEe CTaTbU K
MyOJIUKAUK peakiusg HHGOpMHUpYeT 00 3TOM aBTOpa M YKa3bIBae€T CPOKH ITyOTHKAITUH.
OpuruHaisl peLeH3ui XpaHsaTces B pegakunu JKypHana B TeueHue 3 Jer.
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Scientific Publication Ethics

The Editorial Board and Editor-in-Chief of the scientific journal the “Chemical
Journal of Kazakhstan” (hereinafter referred to as the Journal) adhere to the
accepted international standards of the “Committee on Publication Ethics”
(Committee on Publication Ethics— COPE) (http://publicationethics.org/about), the
“European Association of Science Editors” (European Association of Science Editors —
EASE) (http://www.ease.org.uk) and the “Committee on Scientific Publication
Ethics” (http://publicet.org/code/).

To avoid unfair practices in the publishing activities (plagiarism, false information,
etc.) and in order to ensure the high quality of the scientific publications and public
recognition of the scientific results, obtained by the author, the members of the Editorial
Board, authors, reviewers, as well as institutions, involved in the publishing process, are
obliged to comply with ethical standards, rules and regulations, and take all measures to
prevent their violation. The compliance with the rules of the scientific publication ethics
by all process participants contributes to ensuring the rights of authors to intellectual
property, improving the quality of the publication and excluding the possibility of misuse
of the copyrighted materials in the interests of the individuals.

All scientific articles submitted to the editors are subject to mandatory double-blind
peer reviewing. The Editorial Board of the Journal determines the compliance of the
article with the specificity of the Journal, the registration requirements and sends it for the
first reviewing to the Executive Secretary of the Journal, who determines the scientific
value of the manuscript and appoints two independent reviewers — the specialists with the
scientific specializations closest to the topic of the article. The articles are reviewed by the
members of the Editorial Board and the Editorial Staff, as well as the invited reviewers
from the other countries. The decision to choose one or another reviewer for reviewing the
article is made by the Editor-in-Chief. The reviewing period is 2-4 weeks, though at the
request of the reviewer, it can be extended, but no more than for 2 weeks.

The editors and the reviewer guarantee the confidentiality of the unpublished
materials submitted for reviewing. The decision to publish is made by the Editorial Board
of the Journal after reviewing. If necessary (the presence of comments by the editor(s)
and/or reviewer(s)) the manuscript is sent to the authors for revision, after which it is re-
reviewed. The editors reserve the right to reject from the publication of the article in case
of violation of the rules of ethics. The Executive Editor should not allow the information
to be published if there is sufficient reason to believe that it is plagiarism.

The authors guarantee that the materials, submitted to the editors are new,
previously unpublished and original. The authors are responsible for the reliability and
significance of the scientific results, as well as compliance with the principles of scientific
ethics, in particular, the prevention of violations of scientific ethics (fabrication of the
scientific data, falsification leading to distortion of the research data, plagiarism and false
co-authorship, duplication, appropriation of other people’s results, etc.).

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory
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indication of the author and source. Excessive borrowing, as well as plagiarism in any
form, including inaccurate quotations, paraphrasing, or appropriation of the rights to the
results of the other people's research, is unethical and unacceptable. It is necessary to
recognize the contribution of all persons, who in one way or another influenced the course
of the research, in particular, the article should provide links to the works, which were
important in the research conduction. Among the co-authors, it is unacceptable to indicate
persons, who did not participate in the research.

If the author(s) finds an error in the work, it is necessary to immediately notify the
editor thereof, and together decide on the correction.

The decision to refuse from the publication of the manuscript is made at a Meeting
of the Editorial Board, taking into account the recommendations of the reviewers. An
article, which is not recommended by the decision of the Editorial Board for the
publication, is not accepted for re-consideration. A notice of the refusal to publish is sent
to the author by e-mail.

After the Editorial Board of the Journal makes a decision on the admission of the
article for the publication, the Editorial Board informs the author thereof, and specifies the
terms of the publication. The original reviews are kept in the Editorial Office of the
Journal for 3 years.
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